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Pazpemaronuii onepartop 44

Perynspnas Touka 307, 376, 378

- yacTh MHOXkecTBa 206

Perynspaoe auddepenunaabHoe
ypaBHeHue 7

Pe3zonbBenTa 44

Pemenne nuddepeHmansHOro
ypaBHEHUSA 5

Pon noBepxnoctu Pumana 417

Porop 137

Psin Jlopana 373

Cseprka 434

CBoiicTBO, BBINIOJIHAIONIEECS B-mouTn
Bcroay 485

- Montens 495

- yCTOM4UMBOCTH 77

CekBeHIMAIBHO MOJIHOE IPOCTPAHCTBO
462

Curnarypa 79

Cummerpusanust oToopaxxkenus 81

Cummerpuunoe otoOpakenue 80

Cucrtema uHTEpBasIa U 11apa
Oe3onacHocTH 8

- OpHeHTaluu MHOrooOpasus 151

- - - HeTIpepbIBHAs B Touke 153

- - - - Ha YacTu MHOroobpasus 153

- TPaHCBEPCAJIbHBIX OPUEHTALIUN
TUIEPHOBEPXHOCTH 163

- - - - HenpepbIBHAS B TOUke 163

CkanspHoe nuddepeHnmraabHOe
ypaBuenue 41, 51, 68, 71

CioxxeHue UKIOB 258

CwMmelraHHO€ IPOU3BEIEHUE BEKTOPOB
104

Cnexktp 367

CrpykTypa KOMIAKTHON CXOIUMOCTH
471

- paBHOMepHOU cxogumocTH 470

CymecTBeHHO ocobast Touka 376

Cdepa Pumana 393

Cxopsmasics mociaeq0BaTeIbHoCcTh 461

Tenecuslii yron 285

Teopema Anamapa 425

- banaxa-IIreiinraysa 485

- Betiepmrpacca 369, 379, 419

- I'enbdanna 367

- Jlamam6Gepa 318, 358, 366

- e Pama 250

- Ko 9

- JInyBunns 366

- Mazypa-Ynama 369

- Murrar-Jlepdnepa 408

- Monrens 497

- Mopepst 345

- 0 BBIyerax 381, 427

- - cpeaHem 355

- - CTporom makcumyme 349

- [Tukapa 380

- [lyankape 144

- Pyme 317

- Ctokca 218

- CyILIECTBOBAHUS U €IMHCTBEHHOCTH 8§

- Xépucaiina 73

- Ilaynepa o HenoaBu»xHOM Touke 321

Tomnonornueckas crenenp 323

- - oToOpaxeHwus B Touke 314

Tomnonornueckoe nonoaHeHue 483

- IPOCTPAHCTBO N-CBA3HOE 283

TormoJrorus KOMIIaKTHOM CXOAUMOCTH
471,472

- IpOCTOM cxoauMocTH 466

- paBHOMepHO# cxogumocTH 470

Touku, 6mu3kue mopsiaka AL 460

Tomee MHOXECTBO 485

TpaHcBepcanbHas OpUEHTALUS
TUNIEPIOBEPXHOCTH 172

- - C TIOMOILIBIO HETIPEPHIBHBIX MOJIEH
HOPMaJIbHBIX BEKTOPOB 164



TpaHcBepcalbHO OpUEHTUPOBAHHAS
TUIEPIOBEPXHOCTh 162, 164

- OPUEHTHpYEMas TUIEPIIOBEPXHOCTh
164

Tpetbs Teopema Ackoinu 489

YnopsaoueHHslii 6azuc 97

VYpaBHeHue B Bapuanusax 54

- - monHbIX Auddepenmanax 5

VYcenosue Komm 7

- Komm-Pumana 328

OuibTpyloleecs cemeicTBo 456

®opma crenenu p 83, 111

p-popma 111

®opmyna ['puna 243

- nonioaHeHus 448

- Octporpanckoro 241

- Pumana 236

- Crokca 218, 219, 242

OynanamenTanbHas N-popma 103

Oynkuusa K-ananurnueckas 352

- apryMeHT 256

- (M roomopduas 332

- p-nuctHas 402

- Ditnepa 451

XapakTepucTUYeCKUii KOpeHb 67

Henas pynkmms 365

Huxm 218

CM yipki 246

- C™ roMOJIOTUYHBIN HYJTIO 259

Hukner CM -romonorugasie 263

Hupkynauus nons 237

YacTte MHOTOOOpA3Hs, N-MEPHO
npeHedpexumas 206

YetHas nepectanoBka 80

UYucno bepunymnnu 415

Yucno nHBEpcHil mepecTaHOBKU 79

Hlap 6e3omacHocTH 8

OKBUBAJICHTHBIE TOTyMETPUUECKHE
CTPYKTYypbI 459

- yropsiioueHHbIe 6a3ucer 97

OkcnoHeHTa oneparopa 59, 61

OKCIOHEHIIMAIbHBIA MHOKHATENDE 438

DOnemeHTapHas paboTa BEKTOPHOTO
nostst 238

- reopema Crokca 219



FIABA V

Tuddepennnaarusie ypaBHeHMI

§ . NOCTAHOBKA 3AIDATH

Kaxue bonpoch MOMHO H3Y4YHTb, paccMaTpusas Auddepenuu-
aJbHOe YPABHCHHE BHIA

> =
y=~L{x,y)? V,EuD

IMycte 3agadbl OTKPLITHH, NOAYOTK blTbIﬁ H/AH  3aMKHYThI
nurepead | a, &| Beuwecreenton nupaMoin R 1), OTKPHTOE MHOKECTBO
Q apduunoro HOPMHPOBAHHOrG NPOCTPAHCTBA F3%) n uenpepwiaroe

oToGpaKenne L MHO¥ecTB2 |@, b | X8 8 F BHACHAM, CYIUECT-
ByeT MM Ha |4, | Takas anpdeperuupyeman Qysxuusa fry =F(x)
€O 3HAYGHHAMH B Q, yTOOB AJia Hee H e¢ NpoH3BOIHON yHKUHH
AMEI0 MeCTO TOMACCTBO

Foy=L{x, | (o) (v, 1;2)

CorsacHe TeopeMe O CJAOKHOA (YHKUMH, TPU TaKO# mocra-
-

HOBKe BOnpoca ¢yHKuudA f° Beerjga GyLeT HelpepHBHO, a, 3HAYKT,
byukuua { Gymer He TOJbKO ﬂncpcbepeﬂuﬂpyeuoﬁ HO H Hedpe-
priBHO AHPpdepenunpyemoi,

GOynxuug, obaasaioian >THMR CBORCTBEMH, HAILIBAETCH pele-
Kuem WIH pHTe2pasosM IMddepeHUUaILHOr YV PABHEHHA,

B yactHOM c¢hyvae, Korga F ecTe NPOCTPAHCTBO R*, aanauue
byoruuy f PABROCHJABHO 34 AHHKD (:HCTeMbl n CKanfapRHEX PyHK-

et fi, o ..., fuo OroGpamenne L 9KBHRAJEHTHO CHCTEME &

') SnavedwAMN 4 H b MOTY? Obith —oo W -+ oo, Ho TOrAa {4, b| ux me

CONEPRUT d, CaefoBaTeNkHo, |2, 5] =R, a ne R.
) [lpocTpanceTso F — agupHuKCe NPOCTPAHCTEO HAL NOIEM Bemec‘raemmx HIH

KOMIIEKCHBIX WHCed, HO | @, | — 2To Beerfa netepsan B R: {x) ects npo-

UIBOAHLE DEKTOp, T.e., cormacho onpegenennie (II[,3;1), a1o sneMeHT W3 F,
Ecan samemnts R acpclmrmuu HOPHHPOBAHHMM NpOcTparRcTROM £, TC MH DOAYy-
qHM fpasreste 8 noansx Oudipepenyuanax, obnanawouiee CymecTBERHO HHEMH
ceoftcreaMu. Cayvait, xorga £ aBAseTcs noAeM KOMIAeHCHBIX uween, Gynet
H3y4YeH N03HkKe,



6 Fa V. Quirdrepenyuarvnnte ypashenos

HEMNpPePLIBHBIX CKAJAPHEX OYHKUHA Ly Loy ..., L, 3aBHCAWHX OT
4 | nepeMeHHBIR X, ¥y, U2, « - +» Uy & AHDD2peHunansbioe ypae-
HCHHe SKEBHBAJICNTNO «IHddepenuHanLuofi cHoTaME»:

=L (% Uy Har oy U,)s
Ya=Lo( ¥ps by -5 Y)s (V. 1;3)

L O N T T B T

CuL =L, (% y e oo 1)

Hererpast unu pelenne Takoil autbhepeHuBatsHol cHCTeME
OpeacTaBaneT cofoil cHCTeMY A cKaAaApHBIX GyvHKimuid f, fo, ...
evvs I YAOBACTBOPRIOWMK CAEGAYIOUWLAM TOKIACCTBAM:

f';(x)ELi(x, f|(x)’ f?(x), R f:a(-“'.})r i=1,2, ..., 0. (V, ;4)

Burmicauueie auddepeHliinansite ypaBHEHHA ABJIKIOTCA YPAaB-
HeHEHAMH NePROro MopaiKa B ToM CMBICAE, YTO B HHX BXOINT apo-
H3IBGQHAA TOJABKO H&pHO]"O nopanka. ECTGCTBEHHO, TUTO MOIEHO pac-
CMATPUBATH YPaBHEHHA H BLICIIHX NOPHIKOB, HO OHH CBOAATCH K
YPaBHeHHAM TNepBOTO NOpALKA.

Pacemorpum, nanpumep, cacaymoiuee sudrhepeHuHaAbHOE ypas-
HeHHe:

Ed T -
Y =L,y y, y7s .., PN (V, 1:45)
Bynem cuntathk, uro | @, b|— 3T0 HHTEDRAJ BEILECTBEHHOH [1ps-

Mo, F — athdnuuoe HopMAPOBaKHOE (pOCTPAHCTBO, AU — otk prHITOR
e
MHOKECTRO npocq‘paucma FX FP-D g i HeMpCpBIBHOE 0TOBpA-

wenue {a, b DU s f. Mu otuickuBaeM dynkunw f, onpencaen-
Hyio Ha |a, b|, mprHEMalomyo 3sHavendd B8 F, p pas andde-
PEHIHPYEMYH) W TAKYRK, YTO JIAA KaxIoro x H3 | g, b| Touka

s
{f(x),f)’(x}, cens f“"”(x)) JexKUT B QU W HMEST MecTO TOMXAECTBO

Frwm=L i@ . ..., fe= (x)). (V. 1;5)

TTonoxum

-

- - E
f=gn F'=gu.... 1" V=gp1 (V,1;6)

(OHfeBIGIHO, OTHICKAHHE (YHKNUH [ DABHOCHABHO HAXOKASHHIO
ENS - .
creremMu QyHKuUnA gy, 815 €n - vy &p—1y YAOBJETBOPAIUIKX AHG-



§ 1. Hocranosia 3adawn 7

QepeHUHANDBHOE cHCTEME:

8,=4

> >

g';:gz?

C e v, 57
el >

grﬂ—2=gp—|’

> o EN
E, 1 = Lix, G Dyr v s gp_.1)-

DTa cHCTeMa npeacTabsusieT cofoil gudwbepeHunansioe ypaBHeHHe,
AHAAOTHYAOE PAcCMAaTpPHBABLICMYCA paHee YPABHEHHIO, B KOTOPOM

.

npocTpaucTee F 3aMeHeHo rdonssefedneM F X FP~! a oTKpuiTOe
MHOKECTBO Q — MHOWecTBOM Q. Honaran (yg, #1, o, -+ .y Yot} =
= 2, Mbl NPUXCGAHM K suddepeHUAaNRHOMY YPABHECHHIO

2 =2(x, 2), (V,1;8)
. e B -
rae z=g(x)=(go(x), g\ (x) ..., go=1{x)), a & ectp oTOGpawxe-
> s > - - S
Hue (X, (Fo) Y14 « v «s yp-*l)} -:,(_yi! Yo v os Hp—b» L(x, o Yis o0 0y yp-l))

MHOXKeCTBa | a, O | XU B FF,

Mnul npeanoaaradd, uTo paccmaTpHBaeMoe Anddeperiyalsyoe
Y paBilellie peeyApHo, T. €. Pa3pelinMo OTHOCHTEJNBHO MPOH3BOI-
Roll BeICWers nopAaka, Ha mpaktuie 310 uacro He Tax, uTo npm-
BOAHT K MHOTOUHCIEHHEIM TPY RHOCTAM, H B HACTHOCTH K OTCYTCTBHID
pPeNieHHs WIW K CYHIeCTBOBAHUIQ HECKONLKHX peIleHWid, C¢ooT-
BETCTBYKIUIHX 3aJaHHHM HaYaJbHBIM YCIOREAM. B Teopemax, KOToO-
pele MBIl NIPHBELEM B gadbHellleM, sceedu OyieT Upeanoaararthes,
YTO YPABHCHHE pAa3spellieHO OTHOCHTEADHO NPOHIBOLHOA HAKBLIC-
mero NopagKa, T. ¢, BCCRAa Opeicrastenc B suge (V, ;1)

J5s Takoro ypaBHeHMS 3a4a3HHE 3HaweHHs ¥, peUIeHHS [ B
TOUKe Xy HHTepBada [a, b| "aseBaeTca yeaoauesn Kown. KopoTko
TOBOPAT Tak: «ycdoBue Komm xg, y». Ecaw sanaso anddepeHun-
A4JbHOS YpaBHEHHe noprika p euna (V, 1;4), 10, yUMThIEEH, YTO
oN0 MoXKeT OniTh HpHBedeHo K Buay (V, 1;1), MCHKHO YCJI0BEE

KowH 3amucatp B BHLE 3UAUCHHA Zp==(ifg, Y1, « .+ ¥p—1) QYHKIHH
Z=g (%) &ANA X =g T. & 3HAUeHHS QYHKLHU [ H €& NPOU3IRO AHEIX
nopsiakoB 1,2, ..., p—1{ B Toure x, uHTEpBaJIa {4a, b

3.

[1oab3yACH HEROTOPRIMH YCNOBUAMHE, OTHOCANIAMECH K bYHKLHH L,
JLOKaacM, 4TO paccMarpuBacMoe AHddepeHuHalbHOE Y paBHCINg
HMeRT, H NPHUTOM ¢AMHCTBEHHOR, PEILUEHHE, COOTBCTCTEBYIOLEE 3a0aH-
ucMy yeaopuiw Komn, : .



8 Fa. V. Augpepenguarpesie yposresin

§ 2, TEOPEMbl CYWECTBOBAHHA W ENHHCTBEHHOCTH

JlanuM npexae Bcero CAeLYODIee OnpeaenaeHHe.

lF'oBopaT, uro orpaHuveHHb HHTepBad J== |x,—a, £ +B|,
o, B >0, comepxamniica B a, &|, 1 3aMKuyTHA map B ¢ weHT-
poM I, paanyca R >0 (KoHeuHOro nmAH 6GeCKOHeYHOT), COACpMKa-

-
muiicd B Q, obpasyror unTepean N wap esonacHocT das L oTHo-
cUTEAbHO xp=|a, b, yy =8, ecau cylecTByeT Takoe yHcao M = 0

S

{koueuHoe nAK GeCKOHeHHOE), UTO, ¢ 0AHOM ¢cToporsl, HOpMa || L (x, )
GyneT MAXOPHPOBATACH uMcaoM M Ha npoussezenuu J X B, a ¢
APYTOH CTOPOHH, HMEIOT MEeCTO HepapeHeTBA O < R/M, B < R/IM ).
CiacTeMa HHTEpBaJa W apa 0e30nacHocTd 8ceeda cyuecTayer.

>

B camoM aene, Tak Kax dyHKO®A L NpeZnonaranach IenpepuBrOi,

TO MOXHO Bubparb waTepBana fy=|x;—a, X+ B | ¥ wap B ¢
>

LEHTPOM ¥, paawyca R, Takne, utofpl orolpamenne L Guiio

e
orpannvernuM Ha J, X B. flycte M —rpanana || L(x, g)il s J, XB.
Beepem uutepBaa J=|xy—ua, x;+p[, rie ¢ 0 f onpemeseHn
COOTHOMMEHNAMH o ==inf(a,, R/M),B=ini (B;, R/M). Torma f u B
OyAYT YAOBJAETBODATL TpeByeMblM YCAOBHAM.

Koneuto, MOXHO, ecnd 370 noTpefiyercd IO TeM WM HHBIM
NpHUYHHAM, 3aMEHHTbL MHCAD R MeHblIHM wHodoM R’, Ho torna npu
BeiGpankoM R’ Bydyr cnoea onpedesnrsca wucaa & u P’ TakaM
obpasom, ecau J, B cocramagior cHeteMy 6e30nacHOCTH B eCaH
I'cl] uw BB, vo /', B’ "e ofn3aTeqpHo 06pasylor cUCTEMY
GescnackocTH, OAHako [’, B Tagyw cuc-remy_boﬁpaaymr.

Mer OygeM roBopHTe, ure orobpamende L zoxassno obaadaer
ceonicraom Junmuya no ya|a, 6> Q, ecay, KaKoBel 6l A OLIIA
TOYKH ¥, M3 |a, 8| W gy U3 L, CYLECTBYIOT TAKHE OKPECTHOCTH
S u B 3THK TOYEK M Takoe udcao k=0, yro gaa x = &, v €8,
¥y = % HMeeT MeCTO HEPaBEHCTBO

> > 5 -
FL{x, w0 — LAx, g IS RNy — o,

b V,2; 1)

B 3TOM cnyuae npH 3apaHlBX X, H Y, MOXHO, KaK W paHxee,
OUpededHTh HHTepBAA 6GesomacHoetd [ M wap  SesonacHocTd

'} Toaexo B 9TOH riaBe Mol NOIBGNMEM cefie mpaaraTh R == + 0o, UTOOH
npu B = F npopomxars roROpuT: 0 B KaK ¢ lmape ¢ uentposm g, B 3Tom cay-
Y3€ MOMHO NMOAOKHTE M= oo, Hucna ¢ w0 § Torga MoOryT GLITL NPOHABOAL
HHMH, O koHeuHtMH (wnTepran J pomkeH 61Ts orpaspdenamm). B ocodoM eny-
yae, Koraa ToMKa xp COBHEAAET ¢ JEBWM KOHUOM @ (COOTBETCTBENHO ¢ NPaBuM
KoHUOM  b) wuTepmRada |a. b|. mETepman GesomacHocTH  GYNeT HUMETB BHO
{@ at+B| B> 0 (cootseretietno [b— &, B), a > 0). Cyujecroerunes A6%eTCH
TOT HAKT, yTO TAKGH UKTEPREA DEFORLCHOCTH ABARETCA HEKOTOROE GRPECTHOCTHIO
roukd %y 8 | @, b|. Mu Goabwe ee §ynev roEODHTb 08 STHX OCODHX CAYYAAK
Ecan 8To noTpeSyeTcd, YMTATENs CAM BHECET HEOHXONAMEIE HIMEHERHS.



§ 2. Teopesni cyujecreosantis w euncTaeRHOCTY g9

B rtak, urobw ortcolpamenne E obGragano caofictBoM JIHNWANIA
no 4 BJ X B, 1. e, yaoeaersopasio uepapencrsy (V, 2; 1) nna x = J,
=8 u y =8

CymecTBOBaHHE H €IHHCTBEHHOCTL NOKAALHBIX peitteHH i

Teopema | (Kowu) qura sadano Juippepenyuarenoe ypae-
wenue (V, 1; 1), 8 koropox L seaserca HenpepoigHsis oTOApaNE-
>

wuem |a, b1 & noanoe npocrpancreo F, soxassro obaadarw-
wipum caofieraon Jiunwuya no g. Toz0a npu s3adanHos yeaosuu
Kowitt x4, 4y & TaKoOil cucresme unrepsasa besondacrocta I u wapa

e
BeSONACHOCTH [ OTHOCUTEALHO Xy, g, 4T0 Pynkyur L obaadaer
a I XX B caollcraom Jlunwuya no y, pacesmarpusaemoe dugpepen-
HUANBHOS YPABHEHIIE HMEET, It NPuTOM e0URCTBeHHOC, pewedue |,
ydosaersopaotee 3adannomy yeaosuro Kowtr fxg) =y, onpede-
AeHHoe & J u raxoe, wro [(J)< B.

JoxasarteapcrBo. Mel MoxeM 3aMenuts Audpeperurans-
Hoe YpA4BHEHHe ¢ HAYAJbHHM YC/OBHEM HAa SKBHBAMEHTHOE eMy
HETErpansHoe ypaBHeHHe, B camoM nede, ecnu anddepeHunpyeman
dynkuns f aeafercs peuedneM AHQQpepeHUHANLHOTO YpaBHEHHA
H YZOBAETBOPAET HAWaNLHOMY YCMOBHIO fxo) =y, TO B CHAY He-

_).
npepuBHocTH [ H L dyHxuua x— L (x, f(x)) Ho Teopeme o caow-
HOH ¢QYHKIHE HenpepwBHA, a H3 cJAeACTBHA | TeopeMbr 89 ra. I
BHTERACT, UTe [ Kak nepeooGpasunan oToll QYHKUHM eCTy Heompe-
AenenHuifl MuTerpan. TakuMm obpasoM, f— HenpepuiBHas Ppyukuus,
ABJSIOINASICA PelleHHeM HHTerpaJbHOre YpaBHeHHS

Fod=vo+ (L FRD4E (v, 22)

O6paTHo, ecld HempepulBHAA (YHKUHR [ ABAAETCA pelleHneM
3TONQG HHTErpajbpHOrQ YpaBHEHHA, TO Ta Ke camad Teopema 89
ra. Il yreepxjiaeT, 4To NpaBad 4yacTe paBeHcTBa {V,2;2) andde-

5
PeHUHpPYEMa H ee OPOM3BOLHan OyHkuus pasHa x — L (x, f(x).
Cneloeatennno, [ — pemenne anddepeHnHalpHOrO YpaBHeHHA,
KpoMe Ttoro, odeBulno, uToO f(x)) =¥y

OGosnaunm vepes £ MeTpHuecKoe npoctpatctso (BY),, Henpe-
PHIBHBIX OTpaHH4eHHuIX oToGpaxennid J B B, Ilyers f — HexoTophil
snement E, Mexoasa ua ¢yHkund f, noctpoum QyHEKLHIO g, onpe
ASJAeHRYW Ha J ¢co sHaueHHAMH B F, mo dopMyne

g =m+ [ LG [@) v, 2;3)



10 Fa. V. Huipgpeperyuaronione yprarenun

B cuny Boifiopa HHTepBada W Wapa ©$e30NacHOCTH 3Ta HyHK-
Hust OPHHHMACT B ACACTBUTENBHOCTH CBOH 3HAucHHA He B F,
4 B ape Ge30MacHOCTH B. 3TO BHAHO H3 CAeXYIOUAX HePaBeHCTR!

1200 = gl <l v ~ xolsupl (&, FEN I

<le—xlsupl L WIS FHM=R (V.29
LE=F:]

HUrag, xakiomMy saemeHty [ n3 E M MOCTABMJH B COOTBeT-
CTBHEe IPYTofl aneMedT g H3 F ¥, c1eMORATe.T6HO, ONPefeluay He-
kKoTopoe oTofpaxenne @ npoerpakcrea E B £ g=@(f). Pac-
CHATPHBAEMOE HHTErPaJbHOe ypasHeHHE IKBHBAJCHTHO YpaBHeHHK

=0 (V,2;5)

JLaa Ttoro utoOu AOKA3aTh, TG 3TO YpaBHeHHe HMeeT pelle-
HHE, N NPHTOM eZHHCTBEHHOE, HAM A0CTATOuHO OyXeT NCKasaTs,
4TO MEl HAXOHHMCA B YCJAOBHAX NDHMEHUMOCTH TEOPEME O Heloi-
BHXKION Touke (Teopema 46 ra. ID.

MuoxecTBo £ — 5T0 nosoe MeTpHURCKOe NPOCTPaHcTBO. B ca-
MOM flesie, [uap B 3aMKHYT B NOJHOM 10 RPeiNod0¥KeHHIo Npo-
cTpaHcTBe F; caenorartespHo, 1o TeopeMe 43 ra. I o nodowm,
a TOrfla B cuay caeacTeHa 2 teopemul 65 ru. [1 muoxkecteo (BY),
noaro. ITpoBepuM Tenepb, ABAfeTCA JH OToGpakenne @ cxaTHeM
npocrpanctaa £, Jua usEnveE b cuay (V, 2, 1)

1LG u@)— Lt vENI -
< k(8 — a_@) < hd(u, v) mns it (V,2:6)
d (D), (o) <sup (e, B &d i, v), v,2:7)

NOCKOABKY | X — Xy |sssup{u, B). Mul mosayunnd coorHoiucHuae Jlun-
IHEA, B KOTOpOM KozbhuuHedT Jlumnuua He obszatensHo <1,
a sHauut, P He ofasaTeqbHe sBaferc® cxkaTaem. OgHAKO apH
BuidpanHoM Wape B Bcerna MOMKHO, 3aMeHsd & HAW B HA MeHpllue
unedaa oy, fly, Taxkue, uTOo max (g, f,) < /4, 3aMeuuTe Hutepsaa J
MCHBIUEM HHTepBadoM J; Tak, urobum otoGpaxenne D Gno
cxatHem '), OZH2KO 3T0 HC O6A32TCALHO, TAK KAK MU cciigac yBH-

'y Mowyo OHJIC OBl ACEONBCTEGBATLOH 1f STHM, CAETKA HIMEHNK YCAOBWE:
BMECTO TOTQ, #T00H ToROpPHTR wxaxoga Gu kit Goraa cHereMa GezomacuoceTu J, B,
-

rakan, ure L ¢fnanact emoitcrnon Jlanmmua B 73X £, cymectsyer peme-
e, H OPHTOM eIHACTBEHHOE?, IOCTATOUHO OHAO OB cKARATL aCywi2CTayer
Takas cyeTema Gegonacitoctd o X B, mpn koTopofl CYUIECTBYET, i MPHTOM CIHE-
CTECHHOE. PEIIEHHE ...»,

Ecaw peur mnet auws o teopin aunpdeponnuansunix ypaslueHufi, o Taxoe
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AuM, uTo npu JwboM Bubope J u B acesda cyujecreyer HekoTopas
wurepanua orobpaxenus 0, ggigiowaacn cxarues. B caMmon nede,
OTNIPABAAACh OT JBYX NPOH3BOJDBHHX 3JeMEHTOB # H U NPOCTpaH-
crea £, mocTpoum ux o0pasdl ¢ NOMOUIbLIO TIOCAeAOBATENbHEX HTe-
paunit pyuxunna D, Fimeem uy=u, tt; =D(uy), ..., tt,=0,_;) ...
Hoy=v, 9y =0(w), ..., v,=D(v,—y), .... JI% 5THX HTepauui
cnpasenHBE OUEHKH

+

- s
la){x) — e ()N o — % L od (12, o) (v,2;8)
Tax Kak

4 (5) ~ v (x J G o0 ) — LG o ©Dds, (V.28

TQ
_ _
lug(e) — oIS [ Bl () — 0, @) 1dE <
| %00 % |
<Ed v | 18— xlde =22 g, o). (V,2,9)
|.$o.x|

Jlerko nodayukrk odmylo dopmyay. [lpeanosnomnM, uro HaMH
yiKe A0KA3aHO HepaBeHCTEO

_ n—1 n— )
Ity (£} — Uy (%) ual’-‘géﬁ,lr R (g, ), (V, 25 10)

H TCKa)KeM, UTO TAKOE K8 HEeDAREHCTBO HMeeT MeCTO JINA u, — U,
B camoMm feJe,

o () — 0 () = | (LAE, ey @) — L&, vam @ AE, (V.25 10)

Xy

OTKY LA
- .
laale) = 0a (NI [ Rl (8 = vamy B dE <
[ Xe, % |
S n=1 — n
SR gy ) | g{nfl'” dg = 1220l pog (g, vy),
| %o 5|

H3MEHEHIIe YCAOBIA He OTPAKAETCT HA cyimlecTBe fena, HOo B A0GoM ¢Ayuae
TeopeMa 2 NOIBOAKT OUHAPY:KHTH DellieHde BO Bcell oflacTH CYIICCTBOBAHMA,

Opnako B pasnexaXx, Omisknx K Teopuu  anddepeduHansHHX ypanzeHpi
(MHTETrpaABHLIC YpPABISNHA}, B KOTOPHX HeQBGXOIHMO HMEeTh BCe DEILEHHE [eaH=-
KoM, @ He KVCOK 5TOI0 pPeLIEHHA, CYMATh TAK YCJ0BIA Melbid, Kpowe Toro,
YECTO BOMESHO HMETb B CBOEM PACHOPHKCHHL KX MONXHO J0AbLUN HHTE PBAX !,
B ROTOPOM OpOiecs RNOCAe 0BaTeAbHLIX {IpHSTINKeHH 1aeT HCKOMOe pelleHHe.
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Takum ofpazom, nrepauus OF ogrofpaxenns P yaoBaeTso-
PRET HEPABEHCTRY

d (O (1), fl1”(v)]<Mk"d(u o), (V,2:12)

JAnaa pocratodno HOALIIHX SHAMEHHH 1 HMeeM

]
{sup (e, B)) <,
!

4 970 03HavaeT, Uro COOTBercTBYlomaf Hrepauua O° apnmerca
cxkathem Ha E. W3 3aMeuauns, cAeAYWIEro nocae teopemu 46
ra, 11, BoTeKaeT, YTO B 3TOM CAYy4Yae NPHMEHHM MeTOji NOocAe)oBa-
TEeNbHLIX NPROAHMEHHE W YTO CYLIECTBYET, H MPHTOM €NHHCTBEH-
Haf, HeMOABHMKHAA Touyka mpcobpazosanna P. TeMm cambim Toxa-
JAHEL Cy].L[ECTBOBaHHe H efHHCTBSHHOLTE pemeﬁuﬂ paccua*rpuaae-
Moro nyddepenuyalsHOre ypaBHeHHA. TONLKO UYTO HOJAYydeHHHe
OLEHKE MNOKa3HBAKT, KPOMe TOTO, YTO eCNH ITO pelleHHe | HCKaTh
MeTCOIOK NOCAeICBATEJAbHBEIX llpHﬁJ]H}KEHHﬁ, TO MOKHO NOJNYUHTD.
€T0 MpencTaeicHHe B BHAE psija

f=fu+(f1—fo)+(f9—f|)+ +(fﬂ_frz—])+ ey

fa)=ya+ [ L far (®)at, (V. 2; 13)

npu 3TOM 6}’)ICT BBLINOMHATLCS HEPABECHCTEO
—_—
1Fa— Facr I S B o 20 (v, 219)

O6uwirlt 4iaeH psasa odeHb CHCTPO yOHBaer, Kak yOBBawT
yMeHbl PALA, WPEACTABJAIOUICTO SKCODHeHUHAJAbHY® yHREUHIO,

Jamevannd 1° B cayvae xoueunomeprore F MONHO NOKa-

3aTh, YTO OJHOH TOJLKO HeOpeprBHOCTH I 6ea ycaoena Junuuya
JOCTATOYHO /1 Toro, uyrolin aAnddepeHilHadbHoe YPaBHEHHE UMEID
no Kpadued mepe OUHO JIOKAJbHOE pelleHHe, YIOBJIETBOpPAIOILEE
sajaHHOMY YycaoBHi0 Komn, JpyrHMH cl1oBaMy, CYLIECTROBAHHE
peluenHa BcerZa ofecneueno H MOWer OGbiTo TOABKO Hapymeﬂ_g

ycaosue eduncrgentocTy. Eciu e F BecrkoHeunoMepHo, a L
TOJABKO HENMpepHIBHO, TO, BOIMOXKHO, Mbl He TOJYUHM HH CYlIeCT-

BOBAHH, HH CAHHCTBEHHOCTH.
S
Ouenn mpocTo#l npHEMep NOKA3HBAaeT, UTO €CAH L He yA0Bfe-

TBOPRET YCAOBHIO JIMDUINOA, TO NPK OAHOM H TOM Ke YCJOBHH
Kown guddepeHunasbHOoe YPABHEHHE MOXeET HMeTh HECKOJBKO
pewedni. PaccvoTpuM, Hanpumep, ckRaaapuoe AHd Qe pednralbloe
ypasuenne (F=RK);

y =3y, (V. 2; 15)
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lg*2—0] __ 1
- 153
fy=0 |y
g 7 0, crpeMsaumenmcs K 0, TO B OKpeCcTHOCTH TOUKH y =0 yecaoBHe
Junmuiga He BpIMoJHgeTcs.
Ofwee pelieHHe 3TOr0 ypasHEHHR TAaKOBO:

Tak xaw OTHOIIEHHE

He OrpanHuYeHO npH

y={x—cP, rae ¢ —nocroannan u y=10, (V,2;16)

Ecapy Mun GyjeMm ucKath pewedue anbdepeHINaJbuoro ypan-
HeHH#A, COOTBETCTBYIOIIEE HAaYaJbHOMY YCAOBHIO y =0 npu x==10,
TO YBHAMM, MYTO TAKHX pPeLICHMH HMceTed GeCcUHCNCHHOS MHOMKe-
CTBO, M B YACTHOCTH UYeThipe ¢JIeAYOLIHX pelieHnn:

0 mna x=0,

a) y =G, b)yE{x3 aas x> 0

¥ o x <9, (V.2 18,)

=z — 43
Ay {D a x =0 d) y =

2°) Jlerko BHACTB, UTO OPPAHKHYEHHE HHTCDPBANOM 6e30nacHocTH J
# Wwapom Ge3CNacKoCTH B HeolxodamMo, 3Ta cucrema GesomaciocT
HIrpaeT TPOHHYO POab;

a) Ing TOTO Y4To0H UMENO MeCTO HepaBeHCTRO (V, 2; 12), nurep-
Bas J posxken ObTe OFPAHHYeHHHM (HHTepBanX |a, b| He ofd3a-
TeAbHO OI'DAHHYEH H MOXKeT cOBOanarh co Bcell npamoi R),

b) Oaa tore yrtofn MOXKUO €HLJIC NPHMEHHTE TEOPeMY © He-
NOABHXKHOA TOUKe, mpoctpancTeo E pomkno OuTh TaKuM, 4TOOU
orofpaxenne @ He BLBOAKIO OH 32 ero npenetul. ONHAKO eCan
OKaeTCd, UTO [ oNpefielleHe HA |a, b| X F (ApyrHME caoBaMy,
ecan == F), TO MOKHO, ¢ 2TOM TOUKM 3pPeHH:, TOJOKHTh R==
=M=+ oo, E=(F/),, rae J-—poH3BOAbHHIl OrpaHHYeHHbIH
HHTEpBAN H3 | &, b|. )

¢} Yencpde JIunmuua NpeanosaracTes BLINOAHEHHHM TOJBKO
NOKAJdbHO, H HALo BHOHpaTe § H B Tax, yTolbl OHO BHIIONHSJIOCH
5 X B. STzi HeOBXCAHMOCTD, OUEBHAHO, HCY€3AeT, eCJH NpeLno-

Narate, 4r0 L yaoBJeTBOpSeT riofasJbHOMY Yeaosnio Jlnmuuna,
T. €. HMEeT MecTo coorHoweHHe (V,2:1) npu aobom x Ela, b
H mobnx ¥, ¥, B £,

=

Orciopa caeayer, uto ecau L wenpepsisno walae, b X F u ydo-
saeréoprer ycaosuw Junwuya (V,2;1) e snomecrse |a, b1 X F,
70 6 cucreme Ge3aondachocTy HeoOxoOumMocTi Ker o pewenue Gudgd-
(PePeRyUAISHORO YPABHENUA CHI4ECTOYET, U NPUTOM OHO edun-
CTBEHHO Ha gcem | a, b|. [Tocaedosarersnsie npubiurcenus cxodarca

6CI00Y & RPUTOM DUBHOMEDHO HA KAIKGOH O2panuueHHol 4acTu
unrepedsa fa, bl
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E
Mu ceffuac mpusefiem OpaMep, B KoropoM L onpeiedenc na
R F, ecwody npunadiemur gaaccy C*, Ho pewenne AxdbhepeH-
HE4MBHOrO YPABHEHHA, OGHARQ, CYLLECTBYET TONLKO B MAJIOM HHETep-
BaJe ¢ IEHTPOM B HAYaJILHOH TouKe kg Koueurno, ycsiosue Jlun-
ULHIA 3}ech Oy AeT BEIDOJIHEHO TOIBKO J0KAABHO.
B camom Zede, paccMOTpHM cKaJagpHeoe AHddepeHunanbHO
¥y paBHCHHe
y = — yo (V,2;17)

PeryaspuocTs npanofl 4acTH NO3BOJAET 3apaHee HATeAThCHA,
yTo pelienHe Oyner onpeienene Ha neelt nemecrneHHoll mpaMod,
Pemrag 510 ypapHeHHe, HAXOAHM

4= xl o+ DAe ¢ — MOCTORHHAT U ¥ =0, (V,2;18)

Mnl BuouM, 4TO OpH 3a4aHHON AOCTOAHHON ¢ pelleHHe HMeeT
nenpedgudennyry ocodeninoctTe x = ¢, Ecan Mbl BoifepeM HavadbHOe .
yeqorpe B Buie f{)=y,=— l/c, ¢ >0, T0 MoxeM OHTL YBE~
PEHHBIMH B TOM, YTO HHTEPBAJ Oe301aCHOCTH He IOMIeT A0 TOYKH C.
BuiicHuM smeck, UTo HpeacTapitior coboli J B B,

Bo3bMcM, HADpHMCP, B KAMCCTEE £ Wwap ¢ USHTPOM Yy H pa-
auycoM R. Torma M =(l/c + R)*, orkyma p==R/1lfc + R)*. Ham
xoTenock O BRIGpaTe R Tax, 4TeOu f OLIIO Kak MOXKHO GO.JIbIIHM.
OMHAaK0 ReJIHYMHA, CTORINAA B NpaBofl YacTH MpelwIVHIEro paBeH-
CTBa, MeHbile ¢, HOCKOAbKY R << ¢ (l/c 4- ) — HEpABeHCTRO, 3KBU-
BaJeHTHOE HepaBeHCTBY R < 1fc -+ 2R -+ ¢ R?, xoTopoe BCerga cnpa-
BeAJIHBO, TaGK Kak R < 2R,

PacnpocTpasenne MeTOA2 HA DeUIEHHE HEKOTOPHLX
HHTErpadbHbMX YPABHEHHH

Iyere Tenepps £ — noance addpuHHOS HOPMHPOBAHHOS MNpG-
CTPARCTERO, Q—OTKpuToc MHOXECTBO npocTpanctda F, |a, b]—

HHTEPBaJI npamoi K # Lmneﬂpepbmnoe otolpaxenue (x, &, y)—r

-—>L(X £, ¥) MHOXecTBa [a, | Xla, 81X Q B NpocTpaucTso F
ITycTs, Kpose Toro, ¥ — A{x} — HenpepoiBuad dyuxuua nala, b|
¢0 3sHaveunAMu B F 11 x; — newoTopas Touka |a, b
PaccMOTpHM HHTErpalbHOE YpaBHeHHE

Py =nh(x) + j Lix &, D ez, (v, 2;19)

rne [ — uckoMmas $yHKumS, HenpepuiBHas na la, B| ¢co 3nade-
HuaMa B Q. Tak Kak nckoMaa (yHKUHA [ HAXOOUTCH MO 3HAKOM
HHTErpana, TC HanucanHOe YPaBHEHWE Ha3LIBAETCA UNTL2PAAGHBIM.
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D10 ypasHedus sBagerca ofolmienHe™ ypaBresua (V, 2;2), skpi-
BAACHTIICTO HEROTOPOMY AP depeninarbioMy YpasHelRIo ¢ Ha-

YaJMbHEIMH YCNOBUAMN. 3/1€Ck BMECTO o Ramucano i (x), a L samu-
cHT OT ¥ ¢ E, T. e. X TaKMKe HAXOAUTCA MOJ 3MAKOM MHTerpasa,
STo ypapdeHWe He CBOANTCA K JHP¢epeHUHATBHOMY YDABHEHHIO.
B danuom caguae uugercs, soobuje gogopnr, pewerue f, onpede-
ACHHOE Ha 8cem unrepedaqe [a, bl

Teopema 1, [Hycre aadane: Toura yo=F, wucao R=20
(koHetroe wal Beckonegnoe), wicao M 220 (koneynoe uru Oeckoneunoe)
u qucac k=0, rakwe, arobor wmap B=B(yy R} ¢ yenrpom y,
padiiyea R aexcan 6 Q u 4robot SHROARAINCE CACOYIOUUE YCAOBUR:

1°) dam x=|a, b, E<=ia, b, y= B umeer mecro Hepasen-
T80

-
IL(x, & p)I<M; (V. 2;20)

Youax=s|a bl E=a, bluy, v npudadiercaniuy ToMy e
wapy B, umeer mecro Hepasencrso Junwnya

- > -
NL(x, & g) =L, B mdl<<klon—olh (V,2;20,)
3% gas seex x usz ta, b| umeer mecro nepasexcrdo

e
I (e) — ol 4] x — xo IM <R (V,2; 20,)

Toeda unreepasbroe ypassenue (V,2;19) umeer, u nputom
eGuHCT8EANOE, pelentie, NPURLMALLiee sHavenus 8 B u onpelease-
MOe METODOM ROCACOOBATEALHOLX HPUGIUNCCHUL, PASHOMEPHO (X0
datguxen Ha nobom ocpanuuennom untepeate | o', ¥ | unrepsasa
a, &1

JIOKa3aTeJbCTBO COBMAafaetT € [OOKA3aTeNbCTBOM TeopeMHbl I,
rne E= (B %)), a orobpamenne O: f—»g=0(f) nsa E B E
COPeACASICTes N0 HOopMyae

X
gy=h(n+ [ L(x & FE)E (v, 2;20,)

3aMeqyaune. [IpeANoNOKNM, UTO MBL MOXKEM B3ATh R = + 00,
M= - 00 H uTo AJA KAXKAOrO OrpaHHUEHHOTO HHTCpBada | a’, b’
u3 | @, bl cymeersyer uncao &=k (a’, &) (1o He AJA caMoOro NHTED-
Bana | a, b]), Torxa sakdToueHHe TeopeMB!l COXPAHAET CBOK CUJY.

Mposonsenne JOKANbHBIX pemeHHii
AudrpepeAIHANBHOTO YDABHEHHA

Hatepsan J, Bnilpanenil ¢ BOMOLIBIO DOPEeALIAYIIErC METOA,
ABJMETCA TAKHM HITCPBAJOM, B KOTOPOM HMCCT MECTO TCOpPEMA
0 HeNOABHXKAOH TOUKe M NPAMEHAM MeTOA HOCAE[0BATCAbUHX
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IPEOJRMKENUA. DFOT BHTEpBAA He 00AIATLALHO cosnadaer ¢ nau-
D0AbLLUMN UNTEPBAAOM, 8 KOTOPOM CYIECTBYeT pelertie Oudiepen-
' YUAABHOZO YDABHEHUA,

Teopema 2, Ecau g npednoromentax teopemsl | na Hegos
ropoxr noduxrepsaie | ey, b | unrepsasa |a, b) dea peuwenus dugp-
HEPERUaIbROZ0 YPABHERNR RPUHLMAIOT 00RO U TO e 3Havenue
G TOHKE €, TO 3TH Peuierus cOBRAOGIOT 80 sces uRrepsaae | a,, b l,

Jdokasartenwcrso. [lyets J, B ecTh cHCTeMA G€30NACHOCTH
OTHOCHTeMbHO ToUKH ¢. ITockoapky pewenns f; a f, uenpepoiBHH,
TG MOXHO HAATH TAKoH Meubinnit uurepsanr J ' J, uro f,(/)=B
u f,(J'yc B. Toraa I/, B T1akike 6yvIeT CHeTeMoll GeiomacuocTH,
TMockoabky B J” CyuiecTByeT eAHHCTBEHHOE PellieHie, NPHHAMAOIee
SaflaHHOE 3HAYeHWe B TOYKE ¢, 3HAUCHHA KOTOPOTC JEXAT B B
{reopema 1), To f, u f, commamaror B J/. CremoearenbHo, ecin
pemeHus f, A f, COBIAIai0T B HEKOTOPOH TOUKE MIITepBaJte | 4, b, |,
TO OHH HeOBXOLUMO COBAZAAKT B HEKOTOPOH OKPECTHOCTH 5Tol
TOURH. TaKAM 06pasOM, MHOKECTRO & TeX TOYEK X, B KOTODHIX
fi{x)==f,(x}, ecrs HemycToe OTKpHITOE MHOKECTBO u3 |a, & |.

. DT0 MHOXECTBO TaKKe H 3AMEHYTO, MOCKOJbKY OHO SBJIAETCS
npoobpasom MuoxkecTBa {0} & F npu HenpepuBHOM OTOGpPaXKeHHH
———y >

fi—f, otpeska |a;, b/} 8 F. TockoabKy otpesck | a,, &, ¢Bazemn,
Mbl noJydaeM, urto & ==|q, b;|, UTO M TpPeSOBANOCHE A0Ka3aTh,

Cnencrene. Jaa dudgepenyuarsnozo ypasuenun (V, ;1)
yO08AeTEOPAIOWESD YCA08UAM Teopeydt | 4 ycaosuwo Kowu x,,
Yor CHIUECTOHET MAKCUMAAbHOLT UHTepBal |G, by, a<say < xp St
S by<b, 06 Koropom cywjecreyer petuenue JugpeperuuaisHo2o
ypasrerus, yoosaergopiowee ycrosuw Kown x,, 4, Iro pewe-
nie eduucrgenno ¢ srom wurepsase. Ezo weassa npodoaxcurs
d0 TOUKI Qg KpOME, BO3MONHO, TO20 CAGHAA, Koadt ay==a, u
npodoaxure Jo TouKu by, Kpome, 66iTe MOMET, TO20 cAyuaR,
ko02da by="51).

HoxasaTteancTBO. B cAaMOM fiede, PACCMOTPHM BCE TaKMe
TOUKH ¥, DPH KOTOPHX CYIleCTBYET peurenne AHddepesnnannaoro
ypaBHEHHA, COOTBETCTBYMWOLee yeaoshie Kowmn x,, y, B nuTepsane
[x0, ¥]. Cornacho TeopeMe, cC Yy H y; — ABe TaKHE TOUKH, V) 2V,
TO PelleHHe, onpelesieHHoe B {xg, v], ABAsSETCS MpoRoMmKenHeM pe-
WeHHsA, ONpeeNeHHOro B [Xg, Vo] MHOXKeCTBO Beex TakHX uuced y

HMeeT TOUHYIO BepXuiolo rpanb by B K. Pewcnne rorga, oyesnsgHo,
cyuecTByer B wutepeare [xg, byl

"y Miuaue roeopa, ]aq. bo[ ABASETCR OTRPHITHIM uuTepeatoM K, KpoMe,
GuITH MOIKeT, TOTO CAYYAR, KOLAA qp=2a WAl &y=b.
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[Tokaxem, aTo ecan by < &, 1O 2TO pelIeHHE HE MOXKeT OBTh
NpOAOMKERO A0 TOURH by, T. €. [(¥) He umeer npebeaw, Koeda
¥ < by crpemuren K by B camoM jese, mpeanOsodMM, 9TO TAKOH

npenen CYWECTBYET, H 0503HAURM ero wepes f(by). Torma -?’{x)

UMEET mpemed Z(bo, fiby)). M3 reopemu 14 ra, 1II caepyer, uto
dyrkuma [ uMeeT B TouKe b, IPOU3BOAHYID CJ€BA, PABHYIO

3
L{by, f(bo)). Ho Torza B OKpecTHOCTH TOUKY by CYHIECTBYET peie-
HYE VDABHEHHH, COOTBeTCcTBYWIee yciosuio Kown by, fiby). Ho-
CKOABKY [ YIOBJETBODHET YDAaBHEHWIO <€JIeBA OT TOUKH &y, TO
B CHAY eIHNCTBEHHOCTH 3TO pPeIleHHe COBNAKAET ¢ [ caeBa oOT
Toukn b, Taxum oGpa3oM, { okasalacy RPOLOMKEHHON A0 HeKo-
TOPOTO PpeINEHNA cHPG8a OT TOUKH b, uTo NPOTHROPEYUT TOMY,
UTO TOUKA Hy ABAHETCS TOYHON BePXHEH T panbio MHONECTBA TOUEK Y.

TouHo Takye Ke pacCyKAeHHT NDPHBORAT K CYLILCTBOBAHHIO
HAHGOMBILEr0 MHTEPBAMA ]y, Xy H IOKA3aTE/AbCTBY TOTO, YTO NpH
a4y 7 a Oyukyus [ He MoxeT GLiTh NMPOXOIMEHA 10 TOUKH .

Ec/an Mbl BepHeMcst K DpuMepy, NpPHBeAHHOMY BhIHIE B $O]D-
mMyJge (V,2;17), To YBHIHM, YTO, OTHPABJASACE ©OT HAYa/bHEIX
anavennft x; =0, gy==-1f¢c, MOKHO ROAYYHT: MAIKCHMAJBLHKIA
HATEPBAN CYLIECTROBAHAA pellieHHs B BHZe | — o0, ¢[. 3To peure-
HHE He MOXeT ObiThb NPOLO/IKEHO 10 CAMOR TOYKH £.

JLas nosyyueHHA raodanbHbX pemeunfl, ONpeneeHHEIX HA CAMOM

HHTepBade | @, b |, HALO HanoKUTE HA L Bonee orpaHHuHTE/bHbIE
YCAOBHS. Sm KaK pa3 TO, uTO MH BHIJH B 3aMeuaHun 2°) na

crp. 13 (L onpefesneHa Ka | @, &) F 1 yooBAeTBOPAET TOMY e
riaodaibHoMy YCIoBHE JIunwupa no g na |a, & | X F). Tloaxe,
NOMbL3yfch AMPHOPHONR OueHKOH pelieHni (TeopeMa 3), M npuaeM
K Gosee ofwedl TeopeMe 4.

AnpuopiHan oueHKA pemeHnii anddepeninansuoro ybanneunﬂ
Teopesma 3. Paccmorpun ckargpuoe Oudppepenyuarvhoe
ypasHenue
Z=Mlx, 2), (V,2;21)

ede M — sewectaennaq pyaxyus =0, onpedesesnan 1 Nenpepois-
Aas Ha mroxcecTae [xy, by) X Ry 1.

fTycre | — Quppepenyupyenan na [xg, bg] pynryun co snaze-
AuaMl 6 appunnos nopmuposannon npocrpancree F, ydoaaserso-
pRAIOWAS CTPO2UM OUPPeperyitaisnsly HEPABeHLTRAM

IF < M 1700 — 01, wee 1971< Mx. g —01), (V,2;22)

Y B4, ®ak Beerga, #BAAETCA MHOKECTEOM BCUIECTBEHHBIX uiceq 2= (.



Je 0 — gmifipannoe Heuaao Koopdunar npocrparcrsa F. Eca
(xd==Yo B ecatt G — HEOTPULATEIbHOE  PEIMEHUE LPABHCHIL
-

V, 2;21), €OOTBEICTBYIOWEE HANAIOROIM FHAYEHUAM Xy |y, — 0
onpedesennoe ¢ [xy bol, 70 048 kamcdoao x us [x,, by| usee
IECTD OHEHKI

00— 0 1< g (), (V. 2;9:

d¢ 048 X 3> Xy HMEET MECTO 3HAK <.

Ecau nunrepsar (x,, byl 3amenen unrepaaionm [a, X, 70 00HC
peMennG eaedyer 3amerurs g pewieHues h =0 ppasnenus I' =
= — M (X, 2), COOTBETCTSYOILUM TEM HCC COMBLM HALEAGHOLM SHAHE

e

HAM Xo, H o — 0 || f

[Mpexic ueM TpUCTYMHTL K AOKA34TEALCTRBY, OOGBLACHHM, nC
EMY 3TA4 TEOPEMAa HAILIBAETCS <KAMPUOPION ONENKOiR pewmenH
ndepesnnateuux ypasHennfi». Tlycrs sagano mi@u]:epemmam

o¢ ypasHenHe (V,1;1), rue Q=F, U 1peAnOgoKHM, YTO i JIC
YCKAeT ONCHKY

> D ——
FL (e, )I<Mx, Il g — 0l (V, 2; 23,

Torna ecan cyntectByer penteHne [ ypaBresns (V, !5 1), onpe
eeHH0E B [X¢, &p] ¥ coDTBeTCTBYOWIEE HAYAABHBIM 3HAUCHAAM X,
o (MBI HE yTBepKAAeM, YTO TAKOE PEIUEHHE CYLLECTBYET, Mi
oaopnm: «eCaH OHO CYIUIECTBYET»}, TO OHO a priori Jgonyckae

uenky (V, 2; 23}, Mascopupys npasyw wacte L dugdeperyuarone
O YPABHERU, MbL MA¥COPUDYEM W €20 PeINeHUA.

Howasartenncrro. [loKaaaTe pcTBO OUeHs OJHIKO K JIOK?
aTebCTBY JEMMB 149 (QOPMYJALL KOHeUHHX INpRpaniendit (Tec
ema 13 ra. I}

Iycte & > xg. PYHKUAA g, OUCBUIAHO, ABAACTCH Bo3pacrapouei
)G03HauNM Yepe3d A MIHOKCCTBO TAKMX TOUCK § nuTepBada [Xg, £
JIST KOTODHLIX HMeeT MeCTO Hepabeuctio {V,2;23) (rze Bmecro
210 NOACTaBHTh E). Tak Kaxk x; <= A, TO 370 MHOXECTBO HelyCTe
IycTh ¢ — ero TouyHad BepXasds rpanb. Tak Kak npepes TOUeK }
AOBACTBOPAIIKE HepasencThy (V, 25 23), yIORIETBOPAST 3TOMY K
epaBeicTByY, TO MHOMXKeCTBO A 3aMKHYTO, CheoBaTedbHO, MHC
KECTBO A CONepPWUT TOUKY ¢,

JOKa ke M, YTO MPELNOJOXKCHHC ¢ < X NPOTHBOPEUMBO, B camol
eJ/ie, ecsaH Onl OHO OLIAD BeplBlM, TO AJH £ 2> ¢ AOKIO GLIIO 6

. —_—
BITh cOpaBefAnBHM fepasencteo | f{E) — 0| > gif). Verpeman
S

>0 K ¢, noayvaem otciofa | fle) — 025 (ch, a T KAK B CHJ
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lIf(C)—~5IJ‘~S;§(6L TO

-
1f{e) — Ol}=g(c)- (V, 2; 24)
B stom cayuae .

e

IF@I< M, 1F @) =01 =M, geh=g'(c). (V,225)

> ) .

Mostomy |77 (e) | < g (¢). Ecau A ABAfercs YACAOM, 3aKTI0UEHHBIM
CTPOTO MCKAY 3STHUMH ABYMA HHCAAMH, 4 Y — LOCTATOTHO Majoe
no MOAYJIO BewecTBEHHOE THCIAO, TO

D ——

1 e +v)—Fle)li<< ry,
lglc+v)—gle)| > Ay, tV,226)
4a CAexoBaTe/ibHO,

e+ v—FHall<ligle+v)—glo)!. (V.2;27)
Komouasnnya (V,2;24) 1 (V,2;27), a1a y >0 noaydaem

1+ ) — OIS (@) — 0l +1F G - v) — )l <
<gl)+@le+v—gle=glc+v), (V.,2;281

uTO NPOTHBOPEMHT C¢BOACTBY Touloit pepxuefl rpamd ¢. ITosTomy
€ = X, YeM NOKasuBaerca coortuomende (V, 2; 23) ¢ nepasencTBoM <,
Ocraercsi J0KA3aTh CTPOrOE HEPABEHCTBO AJ8 X > X, llpef-
ONOK KM, UTO B HeKOTODUH TOUKE & > X, HMEeT MeCTO PAREeHCTBO,
T. e.O(V, 2;24). Msl BosbMmew na sTOT pas B (V, 2;27) —y BMecTo
y >0,
Croea gomGunupys (V, 2;24) u (V, 2; 27), noayuaen

(e =)= 011 (0) = 0f—[1Fle =M = F (@I >
Sgle)—lgl)—gle—W=gle—v. (V,231)

_—

Hepagencrso || f(c —y) — 0 > g(c — v} upu y > 0 npoTusope-
uHT YHe EMewleMyca HepaBeHermy (V,2;23), Caegosarebro,
(V,2;23) nna x > x, BeliCTBHTEbHO SHBAAGTCA CTPOTHM HepaBeH-
creoM. TakuM ofpasoM, aas muTepBanda [xg, bgl, by > xg Teopema
ACKaszana,

( AHAJOTHYHEIM METOLOM OHA AOKA3HBAaeTeA H AR OTPe3Ka
2y, xO]-

SaMeuaund. 1% Ecan uMeTs B BHAY Heparemcrtno (V,2: 22)
€0 3HAKOM <, TO 6e3 JOHOAHUTeJbHBX NPeNOA0MHKEHHH NOMY UHTh

') Hymepauns dopuys 3aeck u nafee COOTBETCTRYET opHruiaay. — Hpum.
ped,
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(V,2;24) co 3HakoM <=3, Boofiile rosops, Hedb3s. Boinbvem, Ha-
npaMep, paBy0 uacTh ypasmreHus (V,2;15) B kavectse M, F=R
Il B KayecTBe TOYKH 0 uneso uyap, Ecan f n g — asa penieHna 3toro
YPABUEHHA, CCOTBCTCTEYIOHIMG OJUMM U . TCM  3KC HAYAALHLIM
shavennam 0, 0, To aaa x>0 umeer MecTo iepaBeHCTBO [ < g,
a CAeMORATEALHO, TAaKKe g<f T. €. CKOHYaTeNBHO f=g, Apy-
THMH CAOBAMH, B 3TOM cayyae a4 ypaBHenus (V, 2;15) peuenue
€IRHCTBEHHO, YTO, KAK ML BHIEAN DAHee, He HMEeT MecTa.

2%y Dra Teopema BOIBpAILAET HAC K TEOPEME O KOHEYHHIX NpPH-
pamennax (reopema 13 ru, III) u demme, cavmupiuieih nas ee
AoKasareabcTBA. PaceMoTpuM, wampuMep, 3Ty JeMMYy, Oojee
OOLLy0, UeM cama TeopeMma.

DyuaknHi x—g(x)~ g(0) -+ ex 4- £ M3 5T0H JNeMML ABIAETCA
pelileHHeM D.H(i)q,lepe}iLlHEJlEHOFO YpaBHeHHA £’ = g’ (X} -+ E, H uMeer

Mcero HepascheTBo [/ (x))[< g"(x) + e. Hepamencreo (V, 2;23)

5
Tenepsb Aaet HepasercTno | F(1) — f(O} |} < g (1) — g (0) - 2e, oTRyAAQ,
NIOCKOJABKY € TIpOH3BONBHO, crleayer (IIL, 5;3).

Oatiako Jemma # reopema 13 ra. 111 gokasauwm Ges npenno-
JAOXKEHHA O CYUIeCTBOBAHHH NpoH3Boanoil $yHKUHM [ na KoHnax
HHTepBaJga. 34ech Mbl HOMKHB NPeANOnalrarts He TOJALKO TO, YTO

-
upouspoanan [ (x;) cyllecTByeT, HO H TO, YTO 0HA YNOBJCTBOPAET

+ >
cTporoMy HepasercTBY [ [/ (xohll< M (x, |y — 00). Ecmi e 310
He TaK, TO TOT K& caMblH mpumep (V,2; 15) nokasniaer, uro 3sa-
KAUeHHe TeopeMbl GYAeT HEeBePHH M.

Ycaobne cyumlecTsoBaHHA raoGadsHbiX pemennit Ha |a, b

Teopema 4. Paccmorpum Ouddepenyuasonve ypasHenue
-

{V, 1; 1) 4 npedrosoxcum, uro L obaadaer caedyrmowuni ceoficr-
saMil:

B
19}y L onpedenseno nala, b | X F (r. e, Q==F), u uneer mecro
oyeHKa

V(e h<nlly — 0l v, (v, 2 32)

20e L 4 v — HeoTpuyaressnole nocroaunsie, a 0 — astdpannoe Ha-
waao 8 Fl)

2°) kaxoso 6ot HE GbiA0 4lca0 p >0, CYU{ECTEYET TAKOE HUCAO
k=Fkl(p), wro npu x, uamenuowenca e la, b\, u Apu y,, y, 13-

1) 310 nawamo ocoBoit ponn He wrpaer. EcAM ero 3aMCHHTh APYUHM Haua-
Jom ¢, TO MB DOAYYHM TO ke CaMO& HePABEHCTBO ¢ APYFHMI NOUTOAHILME

pP=pavepll—0|+v. Moxuo no menannio B3aTe 0= g,
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merapugucr ¢ wape B(0, p), umeer wmecro yeaoeue Junuwuya
(V,2; ) ¢ nocrosuwnod k(p).
Toeda, ecau F noano, 028 kaxOuix HALQILRGIX ZHOYEHUE X,

Yo Qipghepenyuatonoe ypasHene UMeET, u APHTOM eJURCTEEHN O,
petienue na acem tuTepsaae |a, b,

HoxasateapcTBOo, BcaMoM Jene, onpelelHM BOSMOKHBH
HHTepBad Oe3ONACHOCTH COKOJAC TOUKHM X, 3alagnM NPOHIBOJBHO
HEKOTOPOE KOHEHUHOe YHeM0 R > 0 B BO3bMeM B KawecTse DB wap

C LEHTPOM y, palnyca R. B sTtoM Imape BeaHumua |ff(x, g

=
Mamopupyered uncaoM M =p g, — 0|+ R} + v.
ChenoBaTebHO, WHTEPBAA Ge30MACHOCTH ONDelesiseTed Tak:
J=[xs—a, x,+8], rae ' 2
sup(o, B) <X ————=3 . (V,2;32)
B{lga—00+R)+»

Hs NPEANONOHCHHR OTHOCHTEABHO yeaosua JIRMWHIA Cleayer,
.

uTO B MHOWecTBe GesonacHocth J X B orobpaweHHe [ oGramaer
CBOHCTBOM JiMnHua no y (nocroAasHHas £ COOTEETCTBYET paiuycy

—_— .
p=llge— 0+ R).
I3 pcero ckazaHHOre Ml MoJyuaeM cJIeIyUIHH YHIaMeH-
TANbHBIA PE3YAbTAT: AR BCeXx HAYARBROLX 3HAYCHIE (g, NP KOTOZOLX
——

nopama || 4y — 0| vepanusena durcuposarnsim LUCIOM, OAURA Ut~
T€PEAAA GEIONACHOCTH 0LPANUYEHE CHUBY HEKOTOPUM QUKCHDOBAN-
nots wucaron >0, OTnpasaaace OT TOMKE X, MO HHTepBany Ges-

——
ONACHOCTH MPONHIeM BUPABO N0 TOUKH X,=x,+ R/ (Il yo—0 |4 R)++].
Hcexons 13 31Ol TOYKH U HAYANBHOrQ 3HAYeHHs f(x,), MOXHO moO-
CTPOHTE HOBHIA HHTEPBaA Ge30NACHOCTH, KOTOPHIT MO3ROJHT HaM
AOWTH A0 TOMKH X, HlcXoma H3 Hee M HOBOrO HAYANLHOTOG 3HAvE-
HHS [(x;), MOXHNO NO HOBOMY HHTepRaNy Ge3omacHOCTH NpPolTH
AO TOYKH X3 W T. 4. TaxkuM nyTeM Mbl IOJYYHM NOCTeAOBATENb-
HOCTh nHTEDBATOB [¥g %], [x1 X, [Xes Xls oo vs [Kncis Xnls -t
Kaxawi paz, nallia netepRad [x,_,, x,], Mbl TeM CaMbM onpe-
JeaseM pemenve AudPepeHuHAILHOTO YPABHEHHA B HHTeDBAJE
[¥o, x,]. Ham wamo poxasare, 4re B AEHCTBUTE/BHOCTH TOCAe KO-
HICYHOTO YHCJIA IAT0B NOCTPOSHHSY HHTEPBAJOB Ge30MACHOCTH Mbl
06a3aTe/bHO AOCTHIHEM JIOOOH Hancpel 3afaHHoll TOuKw O’ u3
MHTepRana [a, bl '

lag 3TOTO MOCTATOMHO TOKa3aTh, UTO HAJMHH HHTePBAJOB
[%41, X:] OrpaHpuEHE CHH3Y HeKoTopwiM yucnou > 0, CoraacHo
H3A0MEHHOMY Bbillle, 3TO yC(/0BHe OyIeT BLINOAHERO, eCAUW 3apaHee
H3BECTHO, 4YTO NOCAECNOBATENbHBle HadadbHble aHaveHua [(xy),
T, vovs Floa), oo mpr x <8 HaxosaTea B HEKOTOPOM
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orpaniduennoM Muorecrse. [To ycnoBH0 dMeer MecTo  ouenka
(V,2;32). 3uauar, BLINOJHCHLI YC/JAOBHA TeopeMbl 3 ¢ ypasHCHHeM

2=M(x, 2)=pz+4+v4e e£>0 {V,2;33)
PelieHne 3TOTO YPABHEHHH, COOTBETCTBYIOLIEE HAUANLHHIM 3HA-
=

yeEHUsIM Xg, | 4o — O[), moAyvaetcsa sneMentapuo. MM 6ynmer ¢pyuKums
———

gs{x)zftlyo—0u+-‘%i)eu<x-x,>__v{¢. (V, 2; 34)

Takum obpasom, npa Awfom €>0 B KawjioM RnuTepnaje

¢ HAUAJOM Xy, B KOTOPOM CYLIECTRBYeT DellleHHE PACCMATPHBASMOTO
¥ paBhennsa, HMeetT MeCTO anNpHopHoe HepaABREeHCTRO

10— 01 2, (5), (V, 2; 35)

Ono cnpaeegause aas wdore & >0, Tlosromy ameer mecTo
TAaKAe HepElBEHCTBO

—_— > .
17— 01l go— O 4 L)eneemsi — 2. (v,2;36)
B 4acTHOCTH, AN Ramaore x, << b’
IS - 3 fen W
PG = 01 (150 = 01+ L] env=s = 2. v, 2;37)

Orcioga CICAyeT, 4TO 3uauenua f{r,) HaxoAaTcd B HEKOTOPOI
OrpaHuIeHnoll uacTy TpocTparcTBa F, a4 3TO O3HAUART, UTO ANA
X, < b UHTEPBAJBL [X,, X;4i] HWMEOT ANHHLL, OTDARKUCHHHE CHU3Y
HeKOTODHIM {PHKCHPOBAHKBIM uieaoM > 0, T. e. 4to §” HocTHraeTcs
UpH KOHEMHOM uncie #., OTClOAa C/AIeLyer, YTO PEeUICHHe CYIECT-
BYeT B [xp, b'] Aaa Kamaore Koueunoro »” <L b u, sHauur, B[ &1,

TouHo TAK KC A0KASLIBALTCA CYLIECTEORAHIE PeuIeHHs B | a, X
If, CNeAOBATENRHO, B [, b |

3amevarnnsg 1°) Ecaw HepaseuctBo (V,2;32) 3aMeHuTh
001ee cnadoim TpedoBaHHeM BHMA

o —_—
LG, pHISplig =01 +v, a>0, (V,2;38)

TO 3aKAIoUeHHC Teopemul 4 Oyder HeBephuiM, Tak, HanpHMep, cka-
JAfSpHOE YDaBHeHHE

Y == —pyrE, p >0, (V,2;39)
Y10BJETROPSET 3TOMY YCJAOBUK B muTepsadje [0, - oo npamoii R

¢ a==1/8. Omnaxo mpu Hadatpablx snadenuax 0, 1feb (¢ > 0) ero
pellicHAE HMeeT BHA,

Ho=(c=/ (V.2 40)

[ 4
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n onpeaencio g [0, ¢, HO He MOKeT GRITH NPOAOIKEHQ A0 cCaMoH
TOYKH (.

2°) Teopema 4 HMeeT MeCTO IpPH HeCKOAbKO GoJec oGWNX
yeaosuax, IlpeanonosknM, Hanpumep, urto b= + oo, Toraa aaa
TOro, urefsl PelUeHHE CYllecTBOBANAO B | @, b | npu smodoM KoHey-
HOM b7, T. e. B |a, + o[, ZOCTATOUHO, UTOOH yeAoBHS TeopeMbl 4
BMINOJHAJNNCLE B KaXKIOM HuTepsane |a, b’

-

Touno Tark Ke B ¢Iyuae KOHeUHnX « W &, ecan dynwuus L
ofipejesena TONBLKO HAa NPOH3BelIeHHER |a, b |XQ, roe Q -— map
¢ ueHtpoM (O pazuyca Ry, M eCNH BLINONHEHH OCTANLHEIE YCAOBHA
TEOPeMEL 4, TO MOKHO YTBEDKIATh, 4YTO peillecRHe B MHHTepBaJe
fa, b| cyulecTBYeT, ecqaH TOALKO aipHopHana onedka (V,2;36)
vaepxubaer f{x) Ha paccroanan <L Ri<< Ry ot 0, 1. e. ecin npu
[ =sup (b — xg), (xy— @)) NMeeT MecTo HepaBeHCTBO

= v v
(19o— 011+ - )er — L < Ro. (v, 2;41)

[MpHMeneHHe K MeXaHHKe

Pacemorpum B KauccTBe THRHYHOTO MpHMepa OCHOBHYIO 3a1a4Yy
AUHAMHKH MarepHaJblol TOUYKH.

MaTepnajpHas Touka B TPEeXMEPHOM TNPCCTPAHCTBE NOARE-
ragrcH ,ElEf{CTBP‘IiO CHIBL LE', BEiBHCS!]J.Leﬁ OT TTONOXNEeHHA MaTepaans-
HONl TOYKH, €€ CKOPOCTH H Bpemgnn, iumenﬁo: ?:::?'(l‘, M, ﬁ).

OcHoBHOR ypaBHeHHe AHHAMBEH F=my JANHILETCH TOrda B BHAS
CMeayomero nuddepenHaasHOr0 ypaBHeHHd 2-70 NopAaaxa:
—
dz)_\«,l % dM
mW=f(t, M, —d}-]. (V,2;42)
= > > >
3amenas 3gece M Ha f uan gy u nodaras ['=g win ¥y’ =z,
nepeiseM K cucreMe AHGPEpPeHHHATbHEIX ¥PABHEBHH MepBOTO HO-
panka')

- - *

¥y =z,

S > e
Z=Fi, y 2.

-
[lycrs Tenepn cuna F gpasercs Henpepusholi ¢yuruuef, no-

S
KaJbHO YIOBJeTBOpAWWEH ycaoBro Jumnuna mo (M, v), a Takxe
CAEAYIOMESH OLEHKe;

UF@ M, D I<al M —O0+Bioli+y.  (V,243)

1} Tae nepemenian x otosHaucHa wepes f,
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(B kauecTBe HOpMb MOXKHO B3ATh, HANDHME], €CTECTBEHHYC
HOPMY TPeXMepHOTO eBKJIHAoBa NpocrpaHcTBa.) Toraa, npuMenas
NPeJbIYILYIO TEOPEMY, MOXKHC YOeRHTLCA, YTO TPAEKTOPHA TOYKH,

- -

COOTBETCTBYIOWAA HAYAIbHOMY ycaoBHw M=M, v=wy, aia
t=1;, MoxeT GHTb NPONONAKeHA 100 {=-co. EcJH xe cuna He
YRoRJAeTBOpAeT oucHre (V,2;43), to sroro, BoOGWE roBops,
YTBePXKAATL HEMB2A, MOKET CAYUNTBCH, UTO CYWLECTBYET HEKOTOPOE
npenfeanHoe BpeMsa !y, Takoe, UTG TpaeKTOpHA OyLeT OnpepeneHa
B OTKPLITOM MATepBade [, £ 0 He MOKeT OHThH NpOLOMKEHA A0
TOYKH f,. B 2TOM cayuae cHTyaums aHaJOrHUHA TOH, KoTopas
HMeJa MecTo AJa AHddepenuuansuore ypastueuud (V, 2; 17).

HenpepuBHOCTL pemleHns KaK PYHKUHH RapaMeTpa

[TpeanonomumM, uto IHGGEpPeHNHATBHOE YPABHEHHE SABHCHT
0T HERKOTOpOro mapamerpa A, npoberawuiero TONOJOTHYECKOE MPO-
==

crpadeTBo A, Tlyers dynkuna L wenpepwibra Ha ja, | X QX A,
Byiem npennoaaratk, Kpose TOre, YTC 312 QYHKUUS L0KAALMO
ydosaergopaer yeaosuo Junmuyga no y, T. e. 1A 1060l TOUKY x4,
o » u3 | a, b X QXA ualtayres Takas okpectnoerh S X B X P
3TOH TOUKHM H TaKaa NOCTOAHHAR R, YTO A9 Kawioro x &=J, Jo-
ObiX ¥ ¥ Yo H3 B H awboro Ae ¥ Bunoansercd yc/aoBue Jlum-
HTHI&

e

. e
WL (x, g1, A} — Lk, g, MISE it — e Il (V,2;44)

Ipegnaraerca BwACHHTH, Oyaer aH  pewenne gud depen-
LHAJLHOTD ypaauezmﬂ, COOTBECTCTBYOLLC Ha'-IaJIh}IOMy YCJIO0BHIO
y=1yo(A) npu x = xy(R), Henpepeigro 3qsucsyeMy OF A, BIATHCA
HeldpephlBHOR (iyukuued mapamerpa A, Uepes f, My Oynev ofo-
3payars peimleHue AHddepeHUAANBHOrG ¥ paBHEHHA, COOTBETCTRYO-
mMee AZHHOMY HaYalbHOMY YCJOBHK NPH 33aTaHHOM 3HAYEHWH na-
pamerpa A. B aeficTBHTeNbHOCTH [ aBdAcTcA GYHKOHeR x H A,
a BeJdYHHa [, eCTh COOTBETCTRYIOUAA vacrHad &YHKUHA HpPH
(GHAKCHPOBAHHOM 3HAYEHHH NapaMerpa A.

JAupdepenunanbioe ypaBHeHHE H HAYAAbHOE YCAOBHE 3amu-
WyTCH B cleiyIoleM BHAE:

G ) =25 (v, my =T (x, F(x, ), ),
Flrg (M), &)= g9 (A).

-4
Teopema B. fHyers L — nenpepsignan pynkyus nale, b
X QX A, roxasono yoosteTsopowas yeaosuo Jurmuya no y.
Ecauw A— xy(A) u A — 4o () cyre uenpeposnnie dyniyun na A co
spagenuamu 6 |a, bl u Q coorsercreenno u npocrpaHeTee F

(V,2;45)
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FLOARD, TO, KaKoso Obl Hu Goli0o 3HQuewrie napaMerpa hg, MONHO
naiitu  reroropoid uarepsaa J=|xo(i)—e, x(A)+Bl, >0,
B>0, wap B ¢ yewrpom yy{dg) paduyca R u oxpectnocrs ¥
rouku Ay 8 A, Takue, wro dag raxdozo A =¥ cywecrayer, u npy-
ToM eQuHCTBERAOE, peuienue OudPepeHyLatbHOz0 Y PASHENUS, O~
OTBETCTBYIOULCE HAudAbHOIM 3Hauweruam x,(k), t,(A), onpederennoe
8 J u npunusaioujee snagenus 8 B. Kpose rtozo, 3ro pewedie
ABARCTCA HEMLPEPBIBRON yrKyuetl RAPAMETpa; TodHee, PUHKYUA
(¥, A} —[(x, A} s8aserca HenpepuisHoim oTobpawenten ] X ¥ 8 B
i HACTHOE OTODpaNcerue l—»ﬂ okpecTuocTi ¥ @ Merpuueckoe
npocrpancrao (B}, uenpepusno.

Jdorkazartennrctro. OfpariMea K TeopeMe 46, ra, 1I, ofo-
CHOBbIBAWOLLEH HeMpepnlBHOCTb OTHOCHTENbHO MAPAMETDA Herno-
EBUKHOM TOWKN cxkaTeA. ByaeM HcxoanTh cHakana u3 HHTepBaga
Ty =1 x9(h0) — @i, x9(Ag} +Bi 1, chepn B =By, (Rh; R) n okpecr-
HOCTH | TOURM Ay, TAKHX, 4TO >

a) B Muoxkectse J, X B X ¥, pyHxuua L ynopiersopaer yeao-
Bt JInnmirHua (V, 2;44) ¢ HeKoTOPHM KoadbdunuentoMm k;

byl E(x, 4, M)l mMeer B 7, X B X 7’| KOHEYHYIO TOUHYIO BEPXHIK
rpae M.

Tarol BLIGOP BEJWUHH BOAMOMEH, NOCKOARKY (PYHKUHA E He-
NpepHBHA H JIOKAJAbHO YACBNETBOPAET YCJAOBHIO Jlummuua no y.

Onpenennm Tenepb MHTepBad J =| x45(Rq) — @, Xo(Ag) 4B Tag,
uTobel gL e, PSP K

{
o (V, 2; 45,)

Onpese/aM, HaKOHCL, OKPeCTHOCTR # TOUKH Ay ¥ < ¥, Tak,
yToOBl AA4 A& ¥ uUMeJH MeCTO HepapcHCTBA
Xolhe) — @ T xg Ay << xp (g} + B,

> (V,2;46
150 ~ sl 1< . )

D10 BO3MOKHO B CHJY NPEAROAOKEHKH O HEmPeDHBHOCTH Ha-
YAaNEHBIX 3HaYeHHN NO mapameTpy.

Bo3bmeM Tenepb nosnoc mpocrpancteo E=(BY),;. Yepes @,
obosHauum ortobpaxenne E B (F’),, onpepcasemMoe papencTbaMmu

Bh=2. eW=pm+ [LE i@ D (V,247)

x.I?-l

HokaxeM npexie Bcero, 4ro g NPHHMMAET 3HaueHHs B B.
Hurepsaan J n wap B obGpasywor CHCTEMY OG€30NACHOCTH, NPH-
TOAHYI0 AJdsi BCex 3nauehHil A u3 7, a Oy aan ecex A =7 Gyuer
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oroGpamennes npocrpanctea £ B cefa. B camom jene, cornacuo
V,2;45,) n (V, 2;46), umeem

lg (x) = g Q)N 9o (A) — gro (Ao} | | & — 2 ()T M <
<R te+rpM<E+Rar w249

CaepoBareabio, g IpHHHMAcCT 3HaueHna B 3, a D, ABIAeTCH
otobpamwennem £ B E.
Tak Kak, cornacuo (V,2;45,), (a+p k<1 u

&

| N >
d (D (), Do =supl [ (L(& u(®), H—LE v @), A)de| <

TE xw

<o+ B kd (a, v), (V,2,49

To otofpamenue @), aBAgeTcs CiKarHeM c kosdduuuentod Jlun-
wHua <1, Ae 3asneAwWHM Or A,

[lakonen, AnA xaskA0ro PUKCHPOBAHKHOIG [ n3 £ dactnoe o1o-
opaxenne A-»D, (/) sHenpepuBHOo Ha #°. B caMom pedac, ecan A
CTPEMHTCA K Aj, TO

4 (@ (), O, )<l 70 M) — go (A0 | +

| x x

B2 Xk

-+ sup (V,2; 50

B cuay Toro uro Havagawsroe 3HaueHHe 1, {A) HENpEpHIBHO NG A,
nepnbl® uwick npapofl yacTH cTpeMuTea K 0, Koraa A ¢TpeMHTCA
K A;. BTOpod uieH Ma:KOPHPYETCA BeJHYHHOI

EN N ;
L F©, maz| +
xy (A}
+ sup | (L F@), =L, FE), M) de ‘ (V. 2; 51)
Xglhy)

Tleppoe cnaraemoe n (V,2;51) crpesurca ¥ 0, woraia A crpe-
MATCA K Ay, TAK KaK OHO He npepocxoluT | xg(A) — xy(A) 1M, a no
npeanosiomeHHD vy (L) HempeprlBHo no i. Bropoe caaraemoe Mma-
HKOPHPYETCH HHTErPAIOM

[IZ6 i@ »—L e, mlde v, 25
7

TMockonsky npu &, HaMedgomeMmcs & koMmnawre Jf, Touxa
(&, f(£)) npoGeraer nekoropmii xomnaxT K u3 JXQ, u3 teo-
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pemb 66 ra. IV BHTeRaer, uro, KOPAA A CTPEMHTCH K Aj, HODMA

-
;ﬁi(g, f(), Ay — L (g, F(E), A cTpemutcs x O papHOMEpHO OTHOCH-
reawo (&, fEN = K, 1. e. orHocuTeanno E=J, a 3710 O3Hauaer,
uro (V,2;52) crpeMurca g 0.

Mer HAXOOAHWMCH, TAKHM 06[3330!\1, B YCJAOBHAX NPHMEHHMOCTH
Teopemn 46, ra. II. Henoasnxuas Touka croGpaxenus D, as-
AdeTes peuleRueM f, muddepeHUHAILHORO YPABHEHHA, ONpeASIeH-
HbiM B J €O 3HAYEHHAMH B B M COOTBETCTBYIUIHM HaYaJbHBIM
3HaYEHuaM Xo(A), yo(A). M3 teopemm 46, cremyer, uto A-—f, a8~
JAASTCA HENPephIBHEIM OTOGpaxeHueM ¥ B £ =(B"),. 310 yTeep-
XKAeHHe, BOPCYEM, SKBUBAAECHTHO HEMDEPBIBHOCTH GTOOPaMEHHA
(x, M)—=[ix, A} muoxectsa /X ¥ B B. B camom neae,

175 =G I |
S, &) —F e, AR ) = Flx, A IS
gd(fv f}hl)+ﬂf;\,t(x)_f1](x]) | (Vs 2; 53)

3meck mepRul ulIeH crpeMuTes X 0, MOCKOJABKY HAMH Jl0Ka-
33HA HENPEPHLIBHOCTE OTOGPAXKEHHA A —» [y, a BTOPOA uAeH CTpe-
MHTCA K HYJI0, NOCKOALKY f, HenpephBso B TOuKe x,. 3Hauwr,
dyukuma (x, A)—f{x, &) Hempepwrna wa JX ¥°. (OGparno, Tak
KaX J KOMNakTHO, TG B cuiy TeopeMbl 66 ra. [V M3 Henpepws-
HOCTH oToGpamenus (x, A)->f(x, &) chelyer HenpepuBHOCTH OTO-
Gpaxenna A-»f,.) Teopema 5 morasana.

e
Crencrrue. {lyers L, - nocaedosaressnocts Henpepsianstx
>
thyrrgud, onpedesennox ua |l a, b | X Q co suaseruann 8 F u ao-

KQAHO DOABHOMEPHO €XOAUIUXCA K HEROTOPOMY npedery 3 npu n,
CTpeMAemMc K OeckoneunocT. Hyers (xy), — nocaedosareasnocrs
roder u3 |a, b, exodayuxca & Towke x, unrepsasa |a, b,
a (yo)n — nocaedosareasnocte Touek us Q, cx0O0RUNCA K TOUKe
Hy = Q.

fTyers, kpome ro20, Kemdas rouka muoxcecrea la, b|X Q

UMeeT OKPeCTHOCTE, 8 KOTOpot (hynxyuu E,,, yI08ACTBOPAIOT YCAG-
suto Jlunutuya no y ¢ nocroannod Junmnya, ve sagucswedli or n,

Tozda cywiecTsyior Taxoi unrepsas I, Asasiouguiics okpect-
HOCTUI TO4KU Xo 6 a, D |, raxodl wap B ¢ yenrpos 8 y, 4 rakoe
HeAoe HUCAO P, HTO HPU 1 Z2p nocaedosaressrocte (xg, =/, no-

credogaressocts (y.), = B, a ypasnerue §’=_En(x, ¥} unmeer,
4 npuToM eOuHcTeennoe, peweniie ¢ | co sHauenusmu s B, co-
OTEETCTBYIOUEE HAYAAGHOIM FHAYCHUAM (L) (Ho)w U APU A, CTPe-
numemcs K Geckoneurocrd, [, cxodurca  pasnomepno 8
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K HexoTopumy npedeay [, ABATOwenyen eDUNCTBERROIMN DEuERUEM
>

> .
Judbcpepenyuansnozo ypasrerus y' = L(x, y), coorsercragyomum
HOYQI6HBIM BHAYCHUAM Xg, o

JoKaszarteabcTBO, OéosﬂaqHM yepes A TONOMOTHYECKOE

NOANPOCTPAHCTBO o, 1,2, ..., i + o) na R IToaoxkum
-

L. —L {xp)o = Xps (yo)m—yo. Tor‘na Mol TIpHAEM K TeopeMe 5.
(ﬂor:a;jbﬂo paBHOMEPHAR CXOAUMOCTD L K L o3Hadaer, qare Pynk-

una (x, y, A)— E;L (¥, ¥) ABAACTCA HCMpPEPLIBILIM OTOGDPAKCHHLM
la, BIXQ}A B E HOD, KOrTAa X, CXOMAHTCA K x ¥y CXOIHTCA
Ky Ay CXOANTER K A, nMeer MECTO HEepaBeHCTBO I L(xx, Yoy Ay} —

— L0 g MISHZ (0 200 ) = Lt 9 DI L0009 B —
HL[x, 4, A, uneHnl Kortoporo corpemaArca k O npu v, crpeMa-

meMcd K OECKOHeYHOCTH, H3 KOTOPOTO CAEOYOT BCE HeoOXONHMBIE
BEIBOJEL.)

[Mpeanaywasn TcopeMa, €CTECTBEHHO, HENONHONENIa, Kak H
caMa TeopeMa 1, B TOM CMBIC/e, YTO OHA ofecneynpaer Henpe-
PEIBHOCTR DelleHHA JIH(PpepeHIiHATLHOrD ¥ PABHEHHA TONBKO B GUEHB
mMatoM HHTepBaJde J. TIosToMy HMEET CMBICA YAVUMHTL Pe3yib-
TaThl B CJAeAYiolleM HaNpaBJeHHH:

Teope Ma 6. Hycre L — renpepbianoe orobparcenue | a, &<

OAXA g F. fIpednoaoxeum, Kpome Toz0, w70 048 Kawdozo 3Ha-
YeHUR NAPAMETPU h GBROAHAIOTCA ycAvsius Teopemvr 3, 2de no-
crosnrme w, v & k{p) we zasucar or A. Toeda npu wobom 3nHa-
HeHUU napamerpa h cyuecTayer, i ApuTos eQUHCTEEHROS, pelenie
udPepenyualbHoz0  YPABHEHNR, COOTELTCTYIOWEE  HAYGABHOMY
yeaosur ¥y = Yo (L) npy x =xy(A) u onpedesennoe 8o scem UHTEp-
gate |a, b|. Kpome roeo, ecatt A—» xy(A) u A—go(d) ssatdorcn
renpepusAnMi oToOparXceruamuy A 8la, b| u F cooreercreenno,
TO petucHue MEenpepuisHo 3astcur Or RAPAMETPa A Ha KawOoM
kKomnakTrOM unrrepsare [a’, ¥, codepmawenmcr & |a, b, 1. e

oroSpaxcerue A —f, npocrpancrea A 8 E = (F" ", nenpepoano.

HokazartenbcTro, [Ipexkae Bcero cyUlecTROBAHNE pellleHH A
ApH J060M A B KAXAOM HHTepRaje [g&, H| ofecneynBaeTca Teo-
pemodt 3. 3anauuMm Teneps € > €. B culy HONPEepHBHOCTH HaYadb-
HHX 3HAYEeHHA a1 TOYKH Ay ¥3 A wnafizercs Taxkas ee OKpecT-

H0oTh £, UTO AaA Boex A H3 7 BeJHYNKHH llg( }—0!| H x5 ()
orpaunycunt. Ipu stHx yenosuax oyenra (V,2;36) pewenus no-
Ka3ptgaer, 4T0 3TO pelieriée OoCTReICA O2pasi4eHnbis 8 AR000M
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unrepsare [@, b'1 nesasucumo or napamerpa A, npobeeaiowezo
OKPECTHOCTS ?]

Dyurunn L Temepk yaoBAeTBOpseT ycnosuw Jlunmmuma (V, 2; 1)
R OCPAHHUCHHOM MHOMKECTRe 3HAueHnii pewenns, Ilycre & — co-
OTBETCTBYOIHAA MOcTOAHHAR JlHowiuua,
¥lmeewn
=,

T — I (=L, £, (0, &)~ L(x, fy(x), )=
= [L(x 000 &)= L(x F (0 W) +
FL (b (oh )= L(x, £ (0 A} (V. 2:54)

-

Tlpr A, crpemsaliemMcs K Ay, DpaBafd 4“acTe CcrTpeMuTcs K 0O
PABHOMEPHO OTHOCHTEJABHO X B KOMIAKTHOM HHTepBate o/, ]
uutcpsana | a, b | (teopema 66 ra. IV; eM. vacTh mAoKasaTeaAbcTBa
reopemul 5, oruocauryioesa k (V,2;532)). 3naunt, MoxKuo onpele-
MHTb HEKOTOPYI OKPECTHOCTh ¥ TOUKH Ay, 77 < ¥°|, Taknm ofpa-
30M, YTOGE ATOT WieH MOMHO OBIJIO OUEHUTh MO HOpMe NJRA A & ¥/
sapasee 3aJaHHBIM uHcaoMm O >0, ITo mpauwnawm, Koropue GyryT
ACHBEl TNO3Ke, Mbl BO3bMeM

6 =g/[(1 -} 1/k) ek 1¥'~aD],
B cnay yeaosns Jlunwuna (V,2; 1) uMmeeT MeCTO HePABEHCTBO

s S —_——
WE (e, Fi(x), M) — L (x, Fo (o), TR () — fr ()1 (V,2; 55)
. \
Caenosateasno, dyukuus Y =f, —f,, yaosacteopaer audde-
PeHUHATRHOMY HepageHCTaY

. .
Y IS RIVIH-0. (V,2; 56)
dynxuusg ¥ B Touke x,(A) npanuuMaer suauenue

Fafxo ) — F, (3 (W) = (g0 (A) — 516 (%)‘i =+ (Fp, (x Ag)) — [, (g (WD)
(V,2; 57)

Bripawenne B neproii ckobBke cTpemurca k O npa A, cTpemd-
meMes K Ay (B CMAY HENpPEepPHIBHOCTH HAUYAMBHOTO 3HAUYEHHR Yo(A)
o napamerpy A). Betpawenne Bo BTOpOiH ckobxe cTpeMuTcd X 0,
NOCKOJABKY Xo(A) cTpeMuTCa K xo(Ay) (B CHAY HeNpepuiBHOCTH X,(A)
1o A), a f;, HCOPEPHBHA B TOUKE ¥5(Aq). CaeioBaTENBHO, MpaBas
1aeTh cooTHomenns (V, 2; 57) cTpemuTca k HyJ/10 H, 3HAUAT, MOXKHO
HANTH TaKkyw OKpecTHOCTe ¥ Touku Ay, ¥°7 < ¥, uro tipaBast
uacTe Npu A S 7°” no HopMe He Gyner NPeBOCXOXUTL HHCMA b

Terna ada A= =7"N7" K dOyHKUHH ¥ moxuo IPHMEHHTH
oluerky (V,2;36), nmocKOMBKY OHA YROBAETBOPAET COOTHOLIEHHIO
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{V.,2;56) ¢ navanpHEIM 3HAUEHHEM, MAKOPHDYeMbIM NpPH X == X (A)
o HOopMe uneaoM d.
Takum obpasom, aasa A= ¥ u x =[a, §] nveem

Jmm—mM%ﬂnmg
{(6 + 2)3!@ (x—xg i | _ Y (1 + )ek {b’-a’;=a’ (V, 2; 58)

u TeopeMa ApoKasana,

3aMeuanne. B nampnefmem (reopema 15,) MB Toayunm
APYCYIo TIOGANBHYIO TeopeMy BuMecTe ¢ reopeMoli o muddeperiy-
PYyeMOCTH MO MapaMeTpy.

{IponspoanAble BHICIIAX TOPAJLKOB pewleHAn
AudpdepeHuHaNLHOrO YPABHEHUS

-
Teopeuva 8. FEcau L — oropaxenue xaacca C mnoxmecrea
Ja, 81X Q e F, to xawdoe pewterue dugddepenijtiainnozo ypasre-
ansn (V, 13 1) npunadaercur xracey C™FF

dokxasaTteaseTro. Kak Mu FORCpHAN B camMom Hauade,
-

ecan L denpepuBio, To [ 00a3arelbuo npuHANTEKUT Kaacey C'.
HpOBf.‘ileM TeNepb HHAVKIHIO N0 1. an,ILHOJ'IOH\HM yro np}man&le}w

HOCTL | Kitacey C™ B ehyuae, KOI‘,I& npuRagIexuT gaacey €

LOKA3aHA, H JOIYCTHM, 4TO ! l'lpHHﬂﬂ,J'lE}KHT wnacey C™. Torma L

TeM Gonee MPHRAATENRT KAacey C™' %, 3uauuT, Mo MpeanoToNce-
HHIO HELYKUMH [ npaaagaexnar wkiaacey €. Ho Ttorma, corsacno
TeopeMe © cAOKHANX $yuxuuax {(Teopema 19 ra. III), dysruua
- >
o x— L{x, f{x)) npuwagnexur gaacey C”, a 310 o3anavaer, 4to f
npARALACKAT KAaccy £ u TEOpeMAa NOKasana.

Koieuno, npH BHUHCAENHH TOCJHeLOBATRNLRBIX NPOH3BOLHHX
anMEHHETCFI TeOpeMa O CJAOMKHBX GYRKuAAX. Harnpumep,

= aun»+ memﬁg

—E-Ucf f(l)H- (6, 1(0) - Lix, (), (V,2,70)

3aMeyaTeseuEIM  HAKTOM ABAASTEA TO, UTO ANMA BRIUHCAEHHA
N0CIENIOBATENLHEIX NIPOU3BOAHEX pellleHUs B TOUKe X, HeT HeoGxo-
LAMOCTH peliats fhudpepeHnHANLHOS YPABHEHHE, TAK KaK DocTa-
TOUHQ 3HATb TOJAbKO JHUWDL RavyaJdbHOe 3HAYEHHE Yfg STOrC DEINSHHA
B TOUKE Xp.
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Tax MOXKHO NOAYYUTH

f (xe) == yo, .
- >
i () = L (xq, yo)s (V,2;71)
- =
%, al, aL >
I (%)= W(-‘fos ¥a) + W(xo, go) + L{xor yob -« -

Sro saMeuanue #BAASTCA HCTOTTHHKOM MMOTOUICIEHHBEIX METC-
J0B PeMCHUN, APUMORNUMBIY & TOM CAyHae, K0200 MONHO 3apanee
GoiTo YREPEHHMIM 8 TOM, YTO PRIICHUE HE TOALKO UMEET HPON3snd-
HbiE GCex NOPANKUB, HO TaRNCe § 8 TOM, 470 8 HEKOTUPOL OKpecT-
HOCTH TOYKH Xy OHO npedcTasumo pasaoxcenues Tedropa (Metoz
Maxopaur KolH, ¢ KOTOPLIM Mbl IO3HAKOMHMCHA TIO3XKC),

-
Cnencreue. Ecau L npunadaesur xaaccy C%, ro kaqucdoe
petienne Cupgepenyunasnoeo ypasuenua (V, 1, 1) npunadacour
icaaccy C™.

Mepeuie nrTerpann AuddepennnanbHOT0 YpaBHEHUR

Ilepsoen unreepaaos Anpdepednnaisiore ypasuenua {(V, 1; 1)
Ha3LIBAGTCH HEMuuTus liHAsl cKaagpHas (GyHKuMA [f, onpeneienHas
Ha |a, | > x, y— H{x, y), KOoropas CTAaHOBMTC MNOCTUSIHNGH,
ecJIN § 3aMellHTh INPOHIBOJBIBIM DenicnHeM AHPPEPEHIHAILEOTD
ypaBHeHHd, T. e, NpH JwoboM pewenuu [ sesnunua H(x, f{x)
noCcTOSHAA. -

[peanoiomum 1149 oNpefeleHHOCTH, UTO NPOCTPAHCTEBO F HMeeT
PA3SMEPHOCTb 2 H B HEM BBEICHA HCKUTODAS CHCTEMA KOOPIHHAT.
IMyets f — pontente, COCTBETCTRY OWCE HAYAIBHLIM 3HAUCHHUSIM Xy, ¥o.
3apuxeupyeM xy, 10 6yacm HaMenath y,. Torza f 6ymer ¢yok-
mield x W oy, ¥YpaBuenne y={{(x, y,) Momer, BoOGUle TOROPH,
GhiTh paspelleHo OTHOCUTENLHD g B BHAE iy—= A(x, §), O Kpai-
Heli Mepe Jokadabho. B camom aAede, Mt(x, y) ABAAETCA 3HAUSHHEM
B TOUKE X, pPrCHUH JLH(])L%)K:pi.‘l[LLIIa‘-’IbHOFO YPABHCHHA, (TPHHAMAK-
Wersc B TOUKEC x suavenHe y. [IosToMY Kamnad H3 KOMIIGHEHT
Hi, H, ..., H, Takim o6paszoM nafiacHHON $YHKUEH R sBaaeTed,
OUEBH/(HO, HEKOTOPLIM MEPBLIM JIHTErPasoM,

JeficTBUTeABHO, echi [ — HeKOTOpoe pellennte AuddepeHiuanb-
HOTO YDPaBieHHst, TO 3HAMCHHE Yy, KOTODOE OHO MPHEAMAeT B TOUKE X,
OUEBNHO, MOCTOAKHO, a4 HMenno f(x) (A{x, f(x) =7F(xy), u, caeno-
BATCILIIC, MOCTOAHHA KAXKAAA COCTABAAIILAA ITONC BEKTOpa. ITH
NepBHE HUTCTPAIN ABAKIOTCA A IC3ABICHMBIMH CKaNAPHBIME QyHEK-
DUAMU NEPEeMEHHBIX X, ¥, Uy -+., Uy DB CamMoM [ete, Tak Kak
B TOUKE X, MOXHO NPON3ROJABHO 3a(pUKCHPOBATL HAYAALHOE 3HAUe-
HAC Yy, TO OHH MOTYT NPHHKMATE NPOH3BOJLHLIE 33pauce 3an1H-
HEIE 3HAYeHMI. JIpyrux UepBbiX WHTRIPAJOB, HE 3SABHCHALLHX OT
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3THX, € CcyLecTBYET, NOCKOJLKY, 341aB 3HaueHRA H;, M TeM
caMEIM ONpelefisieM g, 4 SHAVNAT, ONpRmedsaeM pellelHe ypasieHni.

TMpenuinyuinii METofl MPHMEHHM TOABLKO JMOKAALHO. O no3so-
JIAET AOKA34Thb CYUIECTBOBRAHHE /2 MEDPBLIX He3ABHCHMEIX HHTErpa/oB
TOALKO 8 OKPECTHOCTY HEKOTOPOI TO4RY (¢, v) sinomecTsal a, b X Q.
C ero noMowpw 2400a46A0€ CYLECTBOBAHHE MEPBLIX HILTErPpaach
He ZOXasLBaeTcdA, T. €. OH Iic [03BOJAsteT NAATH dysKuEKD H,
OnpeneeHHYID HA BCeM MHOXecTBe | a, b | Q. Bonpoc o raoGadp-
HOM CYLIECTBOBAHHH HOCHT COBCeM IpPYTOH Xapakrep, 4eM npejbl-
IYUIHR BONPOC, & daxce g cayrae ovens apoctsy Qugpdepenyuassholy
YPABHENIE He CYWecTeyeT, s0ahLe c0BOPA, AELPBLIX UHATezpasns,

-
onpedesenusiy 80 seed obaacTi cyuecraosakun pynkyuu L. Hmenno
8 3TOM COCTOUT OCHOBHAR TPYOHOCTs Haywenus duddeperniansrsty
ypasHenui.

MMpyBeaeM Hanbonee BaAOE NPUMEHEHHE MOJYUEHHBIX PE3Yilb-
taree B Mexanake, HudrpepedunadbHoe ypaBHEHHE OCHOBKON
57240 MeXaHHUKH UMEST TAKOH BHA:

;” =_ﬁ' (¢, q, ‘?)s (V: 2; 72)

rAe ¢ npenctapaser coBod Touky npocrpaxctea K7, 1. & KOHeuHoe

YHCAIO CKAAAPOB iy oy oy §no ECIAH MOAOKHTE q r, TO 3Ta
CHCTeMa CraHeT CHCTeMOH gHddepeHUHANBHBIX YPABHEHHH NEPBOTO
nopAAKa

.-—-_.f"

> - {(V,2:73)
=F, g, r).

L

RURY’

Tleppuift muTerpas npeacrasaserT coSoH B 3TOM CJAYYAE HEKO-

> >
Topyle yHkuu [ nepemeHHnX {, ¢ W r =¢’, COXPaHAWWYIO
NOCTOSHHOE 3HAYEHHE BHOJbL TPAacKTOPHH paceMaTpuBaeMoi 3azavn.

B HekOTOpHX cAy4asAx, KaK ML 5TO BHIEIR pamnee, 3TOT Nep-
Bulfi HHTErpan BLIDAXKALT 3HEPLIO KAK CYMMY HOTEHHAILHOH 1
KHHeTHUECKOA »HeprHil.

IMpocreiimne TeopeMbl MeXaHHKHU, TaK#e, KaK TeOpeMa 0 LeflTpe
TSAKECTH, TeopeMa o K{HETHUECKOH SHePrHl W Ap., 4acTo [03BO-
JAOT NOAYUHTE OpPYTHe He3ABHCHMBIE NepBole HHTErpaJibl SHCPIHH,

Hsyuenrc NepBLIX HHTErPanNoOB HIPAeT BAMNYIO POJb, MOTOMY
yTO 3HAHWE OEepPBOTC HHTErpaJda NO3BOAART JerKC HaliTH obwmee
peulente AdpPepeHUNANLHOTO Y PABHRHH.

TTpennosolKHM, HAaNmpHMep, YTO HAM HARKO PELINTh HeKOTOpoe
nrpdepeHunalpHoe ypPaBHEHHE UOPAAKA £ OTHOCATEABHO BELIS-
CTBeHHOH DYHKUHH, 3aMHCAHHON B BHAE

y(P):gL(x‘ Y, y’; 40y yw-”): (Vr 2! 74)



§ 2. Teopesst CyiecTRORARUR 1t eOUHLTAERROCTY 33

I NpeinofodHM, 4YTO MBI YiKe 1allJdH ¢ro T!OI}Bblﬁ HHTETpaM

Hix, g ¢, .., y*70) D10 o3Hauaer, MT0 I/ KAXKAOID pelleHHs
Al dpepeHIHAILHOTO YPABHRHAS HMEeT MECTOD DABEeHCTBO
Hix,g, 9, ..., g ) =c, (V,2;75)

rj1e ¢ — HexoTopas moctofHHas. Ecau temeps 370 ypaBHenHe MoxKeT
OMTH paspelieH0 OTHOCHTEABRO P~ B BHje

=g, g v, ... g, 0), (V,2:76)

to ypagHenne (V,2;74) samenurca ypasnennem (V,2;76), asasio-
UIHMCA HEKOTODHIM AHdepeHnHanbueM YpaBHeHHeM nopajka p— 1,
a4 He TOPAAKA p, HO 3ABHCAUIHM OT TNPOH3ROABHON TOCTOAHHOIM,
Ecau OyOET M3BECTEH HOBLIH MepBbi HHTErpad, He 338UCAINMUN OT
NpefbAYILEro, TO 5TC MO3BOJHT CBeCTH 3alaHHOE Y[HBHEHHE
K AH¢pepeHUHANBHOMY YPABHEHHKD Nopagka p—2 n T, 4.7)

Juddepernnassioe ypasHeHHe, onpeiencHHOE
BEKTOPHBM NOJeM -

IMycre V — muorooGpasne pasmepnoctn 7 B addunuoM npo-
crpancree E pasmepHoctH N Ham nofdeM BemecTBEHHLIX Uuces,
npuHuagacxkamee Kiacey C”. Bexropuom nosesm sa V HassBaercs

> >

Taxkoe otobpamenue X: x — X(x) mmorooGpasus V B BekropHoe
= >
npocTpadcTdo £, uro 1aa xaxaoro x <V Bekrop X(x) Aexur

o
B BexTOpHOM TmpoctpaHcrBe 7T (x; V), KacarteseHOM B TOuKe X
K MuorooGpasnio V. T[o0BOPAT, UTO BEKTOpPHOE [OMe NPHUHALJIEHKHT
B

-

kaaccy €7 (p<{m), ecanm oroGpamenne X muorooSpasun V B E

npunazsexuT Kaacey CF {cm, ompemencuue, 1. I, crp. 336). Sro
BEKTOPHOS NoJie onpenenserT AHphepelunaNbHOe YpaBHenne

—_

dx

=X, nm ¥ =X(x). (V,277)

PewenneM storo ypabnenus apagerca Qynkmma f: £—f(f),
onpeaeneHHas Ha HEKOTOPOM HHTepBale BpemeHHsfi ot R co

3HAYeCHNAMH B V, T2Kas, UTO AJs KaXAOro { CKOPOCTb F(i) nipen-

e
crapaser coGoit Bewrop X(f(f)) racaressnoft K V B Touke f(f).
D70 YpaBHEHHE AaxKe B CHyYae HENPEPLIBHOTO TOJSA HE SIBJAASTCS
=

ypasuenuem BHIa (V,1;1), uGo pyuruna X omnpeneseHa TOJLKG
Ha V, a He #Ha E HJH Ha HEKOTODOM OTKPHTOM MHOXKecTBe F,
[

C apyroit croponst, X 3aBucuT oT ¥, a He OT £, 270 TaKue ypas-

'} Takoit cayuall serpeuaercss penwol Tlepemit muterpat H nacro apadercs

MIOKANLHEM, H ETO HEBO3MOKHO paspewmnts oTHocuTeasHo y* . ¥pasuenue
(V,2;75) aanexo He Beerna sKOWGQAERTNO YPABHEHHIO V2,74 0 1 p
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HEHAA, C KOTOPHIMI WMEIOT €10 NPH OTHICKAHHH A¢HMITOTHUeCKHX
JMEPH, JUHKE KPHBH3HH H AaKe ueKeTopoll morepxuocri adduu-
HOP'O €BKJINWA0BA TPEeXMEPHOrO NpOoCTPaHcTBA.

Lopopar, 4TO roae ackar6n0 ydosrersopseT yeaosto Jdunwmitya,
€CJTH, KaKeBa Ob Ha Ohida TOuKa & H3 V, CYLWECTBYOT Takas
oxpectHoeTh ¥ 3T0H Touky B E W Takoe wkeao k20, yro opH
JOOEX ¥ B Xy, B3 71V umMeer MecTo nepaseHCTBO

-

1K (x0) = X (o) | << el oy — g1, (V, 2 78)

Teopewa 8, [Tycrs dudpipepennyuansnne ypasrenne (V, 2;77)
=

onpedesero nosem X, 10karon0 ydosiereoprowuy yeioswo JTun-
uwuya wa snozoodpasuu V kaacea C" npocrpancraa E npy m 3z 2,
Fean hheR u xo=V onpedeasior ycaveue Kowwn, 10 wafideres
orkpaiToil unrepaaar apawod R Jfy—a, t+B[, a>0, >0,
8 KOTOPDOM CHHECTBYET, # ApuTom eQUHCTAERHOE, peiierne Jud-
PEPEHLUANOHOZO YPABHERILE, COOTBETCTOYIOWCe 3TOMY  YCAVBUIN
Kowu, xoropoe Heas3n npodoaxcuts fAu do rouku I, —a, Au o
704Ky t,+f. B uxrepsaie, codepacawem by, ne mower eyuecreo-
8aTe H0aCe 00HO20 peweHuR, NPURUMEIOWE20 3adantoe aHaweHUEe
8 . Ecau mnozoobpasue V KOMRAKTHO uAH €CAH OHO 3AMKHYTO
I HMEET MEUTO OHEHRA

IX(l<ulx— 0+, (V,2;78,)
ede 1 # v—nocroannse =0, a O — gukcuposanran rouxa E,

-
10 =8 =4 00. Ecau none X npunadaexcur xaracey C* (p<m),
70 pewesue S8aseTcA pynkyued craeca CFY,

Hokazareascrso. Iyers M O — @ () — nexotopas kapra
OKDECTHOCTH TOUKH x5 HA V. Jaecs ¢ — HEKOTOpPOE OTKPEITOE MHO-
#ectBo R" u xoe= D(F). MuoxectBo (¢ MOXKHO CUNTATH AOCTA-
TOUHO MAa/HM [AJA TOrO, YTOObl CYLLECTBOBAN0 [POAOLMEeHHE ©

|
'oroGpaxienis ® Kaacca C, ompesefieHHOE B HEKOTOPOM OTKpH-
TOM MHOXecTBe Q& npocrpamerBa E (reopema 33 ra, III).
»*

Tenepb BeKTOpHOE MoJde X MOKHO NePEHECTH B BEKTOPHOC MoJe
o
na 0. Kaxnoh touke u & ¢ nocrapav B cootsetcrene sextop U (),
—
o6pas kotoporo npu oroSpamenun & (u) Gymer sektopom X (D (u)).

'} 310 ycaoBHe O03HAvaET, 4TO NPOCTPAHCTRO £ 3ABELOMO NPeLNOJEraeTen
HOPMHPOBAHKMM, O HAKO TNOCKONBRY BCe HOPMEL B NpocTpaHceTse £ SKBHBa-
AeaTnm  {reopema 13 ra. II), To nose, ToKanbho 00AAAAIOUICE CBOHACTBOM
JIHMANA  OTHOCHTEABHO OAMOH HOPME, OVAe8T ofGNAZATE 5THM  CBONCTBOM
H OTHOCHTEIBHO BCAKOH APYroft >KBHBAJAENTHON HOpMbl (¢ APYTOR NocToRHAOH k).
Tor ®axt, 4To HeKOTOpOe NOde JNOKAaTbHO oOAagaer CBORCTEROM JIMnlumua, ne
3aBHCHT oT pBEOOpa UCPMLL
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310 Bo3MoOmHO, nocKoabky D' (n) asaderca Gueknuein R* Ha Bek-
TOpHOE [TPOCTRAHCTBO, KacaTeabyoe K V B Touke @{z) (caencraue |
Teopembl 33, ra. I1I). Kpome Toro, coraacno caeactshio 2 stofi e
TeOpeMbl, MOMHO 3a0HCaTb, YTO

Jmy=e @) - X(®@), nm FOE)=x)-Xx),

: (V,2;79)
(@) = ) U ).

TTokamxem, 4To onpenedieHHOS HaMKi HA OTKPHMTOM MHOMecTBe O

-
npocrpancrea K* none U yRosaeTBopser JMoraJbHO yoiosHio Jlun-
mmua. Tyers 4y =0 1 ®(ny) = x, = V. TIOCKOALKY M 222, MOXHO
HalTH OKpecTHOCTH (fy TOUKM ty B O B OKpecTHOCTh Q, TOUKH X,
B Q, rne B{0) = Q,, Takue, uro oroSpaxenns @, &’ orpaynyeHw
B O, a o'roﬁpamefuﬂ O, &, ©” orpaundedst B ) H TAKOBHI,
yto oToGpaxkedne X oGnafaer CBOHCTBOM JIHNILAIA H OFPaHHYEHO
g &NV, Tlycrs & — nocrosrran Jlummuuna, a M — rpasdua HOpM
BCEX THX PyHRUNIA. :

H#As u) Bty B Oy UMeeT MeCTO clefyiomas OueHKa:

1T @) — U () h= 18 (@) X (@) ~ & (@) X @ )<
<& @) - (X @) — X @@+
>
T & (D (1)) — & (@ () - X (@ (u)) | <
O —
SMEND () — D (erg) [+ 1€ (Dety)) ~ € (D (wn)) | M,
(V. 2; 80)
U3 $opMyan KOHEUHHX MpHpaumlenuii CAepyeT, uTo 5TC BLIpA-
AHeHHe He NpeBOoLXO0AMT
> > P —_ . - >
Ml oy — uoll + M3 D)) — Pl MR A MY ut, — s, ),
(V,2; 81
a CMEeLOBATEABHO, U aoransuo YROBJISTBOPSAIET ¢BOjtcTRY Jinnwnua.
Tak xak ¢ npemecrasaser cofoft orxpeiroe muoxecrso 8 K%, 1o

— .
Aupepennnansuoe ypasuesne dufdf= ﬁ(u) MOAHOCTRIO V/IOBJe-
TBOPART YCJAOBHAM Teopembl |. 3HAYHT, NpPH 3alaHHHX HAYAJL-
HBIX SHAUEHHAX fy, #y=9O{x;) nMeeTcA HHTePBAJ [l — ay, & +Bol,
B KOTOPOM  CYIUECTBYET, H NPHTOM eZHHCTBEHHOE, pelle-
une AnpPepeHRNANBLHONO YPABHEHHA, COOTBETCTBYIOUICE 9TOMY

1} 3pecs ocamucano, ure O (a) — & (b}[[élla_—--SEI sup  [[@" (&) .
E=a, &)

B aTOM MecTe HCNOJB30BAEO Yesomke m 222, MucrooSpasue V = (o, B] poamEo
IPREAZNEXATE To MeHbwed Mepe knacey C2,
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HAYAJBHOMY YCJAOBHIO. Ecnn Taxoe pellcHue MH 0503HATHM qepes
¢ L), 70 dyuxuua Dog: { — D(p(f)) Gyuer pewenuem ypag-
nenaa (V,2;77), nfo, coraacho {V,2;79),

G @)= (@)

¢ =) Uet) =X @)

(V,2;82)
O6paruo,

L @EON=& GO - FH=8G ) Xy =T ®¢ o)

(V, 2;82,)
HIHA

cp’(t)=!j(q: (), v ccnu moaoxurs @ () =06 (f (1)),

to peuwerne x =f{f} ypasuenns (V,2;77) o6a3arensuo mosyuurca
H2 TaKOrO pPelleHHs TIo KpalieH mepe NJd 3nauenuii {, LOCTATOUHO
GAU3KAX K £y, JAA KOTOPHIX f(f) & ©(Cy).

3THM [1OKA3EIRAETCA CYLLECTRORAHHE JOKAJNBHBIX peniennil ypas-
neuusn (V, 2;77). Kpome Toro, asa pewenust ypasueuna (V,2;77),
IPHHHUMAIOIIHAE B TOYKE Ij OAHO H TO K¢ 3HAUYSHHE X, COBUALAIOT
B KAXAOH OKPECTHOCTH TOYKH Xo, H FOTOMY METONH TeopeMbl 2 n
ee CAeACTBHA HAWT OAHH W Te JKe Pe3yJabTaThl Kak Ana ypabBHe-
wust (V,2;77), Tak w mas ypasmgenus (V, 1; 1)

IpennonownmM, ure MHOTONGpasie V¥V kommakrtHo. IMyets Jy—a,
I 4+ Bl — MakcuManbEBT HHTEDBAN onpeie.lenud pemenns f. Byrem
cuntate f KoHeunwM. HaBecTHo, uro ecaw { < iy +p crpemures
K fg+P, 1o dyuruns f{f) umcer npemea JAHE B TOM CAyuae,

Koraa umeer mpeien X (f{({)), m Torma pewrenpe MOMeT OHITH NpPo-
HOMEEHO A0 caMoft TouKH I+ fA. OJHAKO ME BHAEJH, UTO 3TO
HeBO3MOXKHO., Ho, nockoasky ¥V KoMIlakTHO, MOMHO HAHTH TaKYID
NoCAeAOBATENBHOCTD £y, Iy I, ..., cTpeMAIYIOCT K i+ B, DpH 7,
cTpeMalleMca K GeckoneuHocry, uto f(f,) uMeer npenen B V. To xe
caMoe MMeeT MeCTo, et/ MHorTooOpasne V npennofaraeTcA TOMBKO
3AMKHYTHIM B ecJl HMeeT MecTo onenka (V,2;78,). B cavoM gede,
B 9TCM cJaydyae HMeeT MecTo anddepeHIIHANBHOE HEPABEHCTBO

- > —_—

Ndfidtl =1 X (FONN<pl f@)—0 |+ », a cnepoBarearno, dyukuns f
YAOBNETBOPSET HepaBeHcrBY (V,2;36) (rne x cheiyer SaMeHHTb
Ha t). Orcona caeayer, yro ¢yukuud f(f) orpamnyeHa, 1. e, Ads
[ <ty+ B comepmurcss B HCKOTOPOM 3aMxHyToM wape, Caenoba-
TeJlbHO, OHA TPAHALNCKHT MEpeceUSHHIO STOTC 3aMKHYTOTO uIapa
H 3aMKHYTOr0o MHOrooOpazus V, T. €. EHeKOTOPOMY KOMINAKTY
MHorootpasna V. Ho Torga CHOBa MOM(HO HafiTH nociaegoRaTtefpb-
HOCTb !,, erpemsyloca K fp + f, ua KOT(::_[JOﬁ fit,) nmeer npemen

>
g V. N2 caeacrsua teopemsl 5 (rme L, =L} pHtekaer, 410 MOXKHO
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HaATH Tako# wHrtepmaa [ty+P—e, LH+B+ &, e>0, uro Bce
pemredys ypapueHnd (V, 2; 77), CooTBeTCTBY IOLLIME HaYa  bHEIM 3HAYe-~
HAAM 1, [(,), GYAYT onperfeseHsl B 3TOM HHTepBade NPH HOCTA-
TOYHO GOAbILOM fi. 3TC TOBOPHT ¢ TOM, 4YTO PellleHHe [ MOXKHO
NPOLOAKHTL A0 TOUKH &+ e> 4+ B v Mu moayuuan upo-
THBOpPeUHe. JHAuMT, f— 4 o0 H aHAJOPHYHO a = 4 o,

Harounen, ecan X npraanaexur kiacey CP, p<lm, T0 moka-
3aTeqBCTBO, OPOBELCHHOE B TeopeMe 8 WMHAYKUHeld 110 M, NOKasu-

1
BAeT, YTO pellieHust npHHaJekat kaacey C°.

o>

Cnepcreue, {Iycre X — sexToproe ROAE, AOKAABHO GOAQ-
darotyee ceoiicteom Jurimuya 8 orkpuron mHOoxecTee D addun-
noeo npocrparcrea E. Hyere V — sauknyroe muozoobpasue
kaaeca O, m 22 1), 8 muosxcecree Q. fpednosomxcun, uro 8 randod

S

Toyke x macevoopasus V. oesektop X(x) HeaReTca KacaresbnoiMm

e Touke x K V. Ecau pynryus' [: } —[{l} ecto raxoe pewenue
—

dupdepenyiatbRO2O IPUBHENNS dxfdtmf(x(r)) €O IHAYEHUAMU
8 F, onpedesennce na untepsase R, npasoi K, wro f{t,) asexcur
e V, ro [t} dana kamdoeo t aewmur 8 V (kawdan unrezpaisian
Kkpueas, umeonan odny Touxy 6 V, yeauxom aexur g V).

JoxasateancTho. CorfacHo TeOpeMe, B HEKOTOPOH OKpecT-
HOCTH TOUKH ?; cywecTBYer peirenuwe Anddepeniunansioro ypas-
HeHHA ¢O sHaverusaMu B V., B cuay reopemul | B E cywecrayer
JHUE eJHHCTBEHHOE pELLIEHPIE‘. Cﬂe,ﬂOB&TerHO, EAHRCTBEHHORS B E
pemenue AAA Beex {, AOCTATOUHO GIH3KHX K Iy, sexut B V. Ecaum
uepes & oB03IRAUHTE MHOKeCTBO TeX | M3 Ry, Aan xotopoix f(H &V,
TO 3T0 MHOMXECTRO OYAeT CTKPBITHIM, HOCKOJBKY KaKaas e€ro To4Ka
BXOAHT B Here ¢ HexoTepofl cBoefl okpectHocThlo. Tak kak sto
MHOMKECTBO fBJARCTCA mpoofpasoM 2aMKHYyTOTO MUcKectBa V mmpu
HETPepBBHOM OTOOpaXkeHHH f, To oMo 3aMrayTo. [lockoaexy R,
CBA3HO, TO 3TO 03HAYaeT, UTO & COBOajaeT ¢ K.

§ 3. JHHEWHLIE AHGSEPEHUHAJNLHBIE YPABHEHHSA

>

[Iyers | @, | — BewecTeeHHbI HHTEPRAN, @ F — 82KTOpHOE HOP-
MHPOBAHHOR NPOCTPAHCTRO. Junednsis dudpeperuarsHotst ypaare-
Hiesm HA3BIBACTCHA YDABHEHUE BHIA

> kS
g'=A(x)-y, V,3: 1)
rie gns moboro x u3 |a, b| oroSpamenre A(x) ArjaAercs JHHeH-
. el -
HBIM HENpepbiBHBIM oTOGpamkennem F B F, T, €. HEKOTOPLIM 3¢~

'}y Bast 9TOCO CNEACTBUA IGCTATOMHO BIATh M zx 1.
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MEHTOM TPOCTPAHCTBA 9’(1?; F) Taruu ogpazom, A x— A(x) ects
HenpepuBHOE OTOOpakenHe | g, bl B F(F:. F).

Hpenno.ﬂomum HanpuMep, uto F copnamaer ¢ NPOCTPAHCTBOM IR"
Torna (GyHKHA f onpefeNeHHasn Ha |a, b| co sHaueHMaMH B F
SKBHBAJCHTRA CHCTCMe 71 CKadapHuX GYuknuf fi, fo ..., fa 010-

6pamenue A{x) onpelennercs MaTpHuel ¢ # CTPORAMH H 7 CTOAG-
namu. O6osnaunm uepes A;;(x) rosddwunmests stofi Marpuum.

Torza pnddeperunannpice ypasHenHe Mo:KeT ObITh 3anHcaHo
B MATPHUHOR QopMe

¥ L4
o Aplx) Anp(x) oo Ap(x) )
o Am (1) Aplx) ... AEB (x) :;2 V,3:9)
i An (x) An? (x) tea Ann (x)
1Y, Yn

HJR EC B BHAC

yj=I‘2A”.(x)y}, i=1,2 ..., n (V.3;3)
==

Tlycrs Tenepk Ham HYXKHO pelldTh AHddepeRuHaIBHOS YPaBHEHHe
nopsaaKka p, aafiHcanyoe B BHAE

PO A ) g+ A (O 5 4 e A (5 gD, (V,3:4)

Toe A;— HETIDE]JhIBHb‘Ie DYHKLHH, Oupene/leHane Ha |a, & | co 3na-
YCHHAIMH B Q’(F F)
—)

ES -
TMonaran y—zo, y -wzl, cony g N=2,_, MM C¢BeleM 3TO
ypaBHeHHE K JHHEAHOH CHCTeMe

-

My
)

Ziy
> >
2] =22

.- (V.3,5)

> >
zP-—Q = zp—l’

Zpot = Al 2+ A (D2 A v A+ Aoy (1) 25

JTa cucreMa n nrdpepPeHUHANTLHEX YpaRHenuil 1-ro nopsaxa,
aHaaoruuHas cucreme (V,3:2), Takme mower OwTb 3an-
cana B marpuunofi GopMe (3aeMeHTH 3TOA MATPHUH NPHHAANCKAT
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POCTPAHCTBY .??(f:; zg); ofHYHAA MATPHUA NOJAYHYHTCA, Korua
. .
F=R uau C):

.

’ ["

Z0 2y

o 0 ! 0 0 0 >

I 2y

. 0 0 i 0 0 .

: el R I (V,3:6)
- 0 0 0 0 I 5

2 AW Al A Ay (W Apmi (9) ] | F

Zp-1 Zp—1

(I — ToxecTBenHoe OTOGpPAKEHHE Fo E, [EQ’(?; :‘5)).

el
Teopewma 9. Ecau npoctpancrao F noano, To auneinoe dugp-
depenyuarvroe ypasrenue suda (V,3; 1) umeer, u npurom edus-
CTBERHOE, pPeuierue, onpederenroe 80 scem unrepaase \a, b, coor-
seTerayrouiee 3adannomy yeaosuro Kown xy, .. Kpome rozo, ecan A
AeaReTcA hyHryuet Ha | a, b | kaacca C™ co snanenuamu ¢ & {ﬁ !?),
To pewenne Gyder dyHryueri na la, b| xaacca C™ co smaue-
-

Huamu 6 F,

Hoxkasateabcrao. Tlockonbky A sBAAeTcA HenmpepHBHHIM

bl >
orob6paxkenveM |a, o] B F(F; F), To OHO OrpaHHucHO HA KAKIOM
KOMIAKTHOM WHTepBane [a’, b"] uurepsana | e, b|. IMycte M—rou-
Y

HAf BEPXUAA rpadb cro HOpMHl. Toraa QyHxuua L, onpemeneiiHas
= - -

ajiech pasedcrsoM L(x, y)=A(x) y, yLoBaeTBOpsAeT, ¢ OJHOIl

CTOpPOHbE, HEDUABEHCTBY

- £ >
NL(x, DMyl V.37
H, C APYTOH CTOPOHEI, yCaAOBHI JlumitiMpa mo ;:

e - = -
1L, 50 — Lix, g 1< M1 41— gl (V,3;8)

Orcwona chepyer, uto B uHTepBade (¢, b'] MOKHO HPHMeHHTD
rTeopemMy 4, B CHAY KOTOPOH pellleHHe CYIIECTBYET H €SHHCTBEHHO.
(M3 3aMeuanus 2°) wa c1p. 13 HemocpeACTBEHHO C/EXyeT, YTO
3iecb B cucTeMe 6e30NacHOCTH HeoGXOOMMOCTH HeT M UTO MeTof,
IOCJE0BaTeIbHBIX NpHOAKKenUull paBHOMepHaO cxonuTes Ha [a, #].)
Ilockoabpky 310 yTBEpKICHHE BEPHO AMs JoGore orpeska [a’, o),
TO OHO CNPABEIJHBO H AAA caMoro uatepsada |a, &|. [Mpanaanex-

nocrh pemresna Kaacey C™F' pnTexaer Temepb n3 TeopeMbl 8.
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Teopewva 10, Muodcecrao & pewenui ypaewenns (V,3; 1)
REASETCA HEKOTOPHIAM  SCKTNPROLM  ROONPICTPAGHETEOM NPOCTPaH-

-
crea FI®. Orospawmenue, crasauze & cooreeTcréue Kaxwdomy
>

-
PELUeHILID [ e2o 3ra4eNue lg 8 TOYKE Xy, ABAAETCA AUAHENHGHA OUeK-
-
yuen & na F.
NoxasateaberBo. Tak Kak ypaBHeHiue JHHelHO, TO CYMMa
ABYX peleHAH W Npou3BeXeHHe PEWEHUA Ha NPOU3IBONLHOE YHCO

TaKKe ARJIAIOTCHA pelleRHAMIE. ChnenoRaTe b0, MHOEECTRO & —aTo
REKTOPHO? MPOCTPAHLTBO.

Otofpamensne, ¢TasaLlce KaXKAOMY 'feé’ B COOTBCTCTBHE 3ie-

ES
MeHT T(x0)=y0, Anueiino. Vi3 rteopemel 9 CYINeCTBOBAHHA H e1HH-
CTREHHOCTH CcAefyeT, 4YT0 3TO OTofpaiKeHHe sBiAeTca GlleKuHed.

Crnenctihe 1, [Jaz toeo wrobet B pouiennid Gotauw Aurnetino
HEFAGUCUMBIMI SAEMEHTAMI 6 GEKTOPHOM npocTpanctee &, rech-
x0duMO 1 OOCTATOURO, YTODN BHOQHEHNE STUX POeHUN 8 TOUKE X,
unrepeasn |a, E;l oeLan kR AUREHHO  RHEZABUCUMBIAMU BEKTOPAMU

tipocrpancTsa F. Pewenue, obpauawougeecs & Hyab 6 TouKe Xy,
PONCALCTEERHO DPABHC HYNIO,
3710 YTBEPKACHHE BHITEKACT M3 CBOACTBA HHBEKTHBHOCTH OTO-

6pameHHn F—»?(xo) npoctpadeTBa & B NPOCTPAHCTBO ﬁ

N
Crnencrete 2. Feau F — npocTpancren pasMepHocTi n, 70
mromcecrso & peutenuid TAKKE uMELT PAIMEPHOCTH N.

STO cHaeacTBHe, OYeBHAHD, BRITEKaeT H3 TCOPEMEL,
>

Ecan B sToM ciyuae Mo BuGepem B F HekoTope#t 6asuc

L o -

€1, € 240y By (3T0 nenaeTcA ABTOMAaTHYECKH, eC/JdH B KavecTBe F-
. S

BasTh npoerpaucteo K}, TO KAKIOMY #3 BEKTOPOB €;, PACCMATPH~

BaeMOMY KaK HauajlbHOe 3HAUeHHE B TOUKe X, HHTepBaja |a, bl,

COOTBETCTBYET HEKQTOPOE pelleHHue,
> > -
TakuM oGpasoM, HMReTCA £ HE3ABACHMBIX PELUCHEE 1), Yoy ooy Ths
©6pasyIolHX HEKOTOpPLIE 0a3HC B BEKTOPHOM NPOCTPAHCTBE pellle-

n
Ed 4 -
fmft &, KamioMy HaualbHOMY 3RHAUSHHIO fo= 2 #;€; COOTBRT*
’ dr=]

I . " >
eIBYeT ELUNCTBCHHO® pelleHue T=D um.
==l

S e
dyuknua 7 B Gasnce mpoctpancrBa F3annchiBaercs B BHAe

:Ei (x}= él"]ik (x) ;kr (V.39
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TL€ Tp — CKAAADPHME (QYHKUNH, @ PEILEHHE, COOTBETCTBYIOLILE
HAYAARHOMY YCJIOBHKY, HMEET BHA

n

Fly= 3 umls) e (V,3; 10)

7, k=]

ToabKo uTO onpepenesnbie $yAKUMH M;(¥) ® myy (x) cBA3aHH
¢ BHOGOPOM Hauanbuol Touxn x;. Hx nuorza nosesnoc o603aHavath
uepes m; (x, xo) U Mgy (X, Xo) .

Ec;:u uepes [, o6o3HAYATL cocTaBAsILYle QYIUKUHY [ O BeK-

TOPY &,, TO0 PYHKUMH [, VIORJIeTROPsIOT addpepesunaasioll cu-
creme (V,3;2) nan (V, 33, a (V,3; 1)) MoxKHO 3anucarek B BHJAE

= 3 e, 5o (V, 3: 10)

PaceMOTPHM YaCTHBIE CAvuai ckaaaprozo ) anddeperunann-
HOrO ypasHenua nopsika p suna (V,3; 4). [Mpoussogn yxe ykasau-
HYIO paHee zameny SYHRKUHE, MOKHO npHATH K 0AHOMY AH(depen-

o>

IMaJdLHOMY YPaBHEHHIO, paccMaTpnBaeMoMy B npocTpadcTe F =RP.

> [] ’” 1p=1]
Hosas nemssectvast dyuxuna g=(, 1, {7, ..., [*7") sasasercs
hyHKuMedH, onpeaefenuod na |a, b co snavennAamu B K7
Hagaabnoe ycsaobue 3KBHBAJACHTHO 3aJ4lHIO B TOYKE X, BeH-

>
Topa 2, U3 R?, . e. sananuio ckanapor 9, g=0, 1, 2 e p—1,
3gayeHnid (YHKUHN H e€¢ NpPOH3BOAHHX mOopsaixa I, ey p—l
Korna Mul COBOPHM O HE3ABHCHMOCTH CHOTEMHl & HaLIHJIBHbIX 3Ha-
UeHHHE, MBI HMEEM B BHIY HE3ABHCHMOCTh COOTBETCTBYIOLIHX Bek-
Topos mpocrpancrea kP,

Ecan pacemarpusatores &  pelueHult YpaBHEHMSR, TO ¢/10BA

, 3ABHCHMBICH HJAM «IIC3ABHCHMDLICS 4 priOt‘i ,D,B}"CMIJICJTEHI-I]:I. He SICRO,

COBODRTCA JH O He?aBHCHMOCTH (l'J)'HKII_HH g HAH O HE3ABHCHMOCTH
dy HKuné [?
Aecko euders, «ro 066 aru yreepmcienus O HEIASUCUMOCTH,

TOYRO TUK MWe, KaKk I ob yreepmdeuuﬂ 0 3Q8UHCHMOCTIH, IK6I-
> = g
aqlenTHbl, B caMoM nene, ecau MeXAy B PENICHHAMA &), Zg, -+ +» Lh

HMeeTCH JIHHEHHOe cooTHoWeHHe ¢ KosdduuvenTaMy, e paBHEIMHU
O1HOBDEMEHHO HYJIO, TO TO Ke CaMoe COOTHOIleHHe OypeT, OvYe-
BILHO, HMETh MCCTO MeXIy dYHKUHAMKA ;. O6paTHO, €N TAKOrO
POZA COOTHOWIEHHE HMEET MecTO MemAy GyHRumama fi, fo, ..v, fas
TO OHO COXPAHAETCHA A8 MePBHX OPOH3BCOAHLIX, BTOPHIX NpPpOH3BOI-

') Koshhumuenta A, (#), ¢=0, 1,2, ..., p— 1, spasioTces a0eck uempe-

PHBHEEMH CKATIpHEME DyRxudsmu. {Tonem ckaanpos oSwyro SyHeT nojge XoMI-
LCKCHEX YHCed
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HBIX H T. A., BEAOYAA MPOH3BOLHBIE [IODRIKE p — I T. €. 3TO COOT-

HOLIeHHe HMEeT MECTO MEKILY COOTBETCTBYIOIIHMR GYHKLIHEAMH gg.

Muosectso peutenuii f ypassenns (V,3;4) asamerca Takxke
¥ BEKTOPHBIM NOANPOCTPAHCTEOM Pa3MEPHOCTH # NPOCTPAHCTBA
“(la bl). B cBAzsH ¢ npeabAYWHM MB ROJKHBI 4EDEs 1),

i=0,1,2, ..., p—11", o6o3Haunts pewenne ypasuenns (V, 3; 4),
COOTBCTCTBYIOUIEE HAYATBUOMY YCAOBHIO
@ (x)=0 nma g==1i, P (x)=1, vV,3 1)
HAH
7 (xg) == 8], vV, 3 12)

rac 67 — cumson Kpoxekepa. Ecan teneps mexkoTopoe peinenne
onpeaesieHO HAUAALHLIME YCIOBHAMU

u(q) —_— ys]ﬁl'} — I.{ql (x.n), (V, 3, 13)

TO OHO 3agaeTtcd dopMysioa
p—1

p=1
Fe)= 2 g (x) man ﬁﬂ=éﬁ@JQWG& (V,3;14)

TMo nosoxy 3THX AuPDepeHUHANbHBX CKANAPHHIX ypaBHeHHH
NOpAAKA p HaNOMHHM HEKOTOPHEe peayanam KOTOpblE H3Aa-
TapnTCA B CNCOHAJBHEIX KYPLax,

Ilpn p=1 ypapHeHHe PpelwaeTcan HENOCPEACTBCHIIO B KBAApa-
Typax. B caMoMm nene, B sTOM ¢Iyuae OHO HMeeT BHZ

L=a, (V,3; 15)

a4 €F0 pellcHHe HAXOIHTCR MO Q)OPMYJI&M
’ X

Ards
g=C M fmge . (V,3,16)

OfoHako B TOM CJAyuYae, KOrJa MOPANOK AHGdEPEHLHANBHOTO
ypaaﬂermﬂ =22, ero peileHHe B oOIeM mme yepe3 WHTErpadbl
He BEpAXAeTcs.

O6nuR0, ONHPAsCh HA H3BECTHEIE YACTHEIE PELIEHHS, CTAPAIOTEA
NOHH3HTE NOPSAOK yparnenus. Ecaw ypaseenHe (V,3;4) nmeer
HACTHOE pellenHe Y, To, HCHOMbL3YA 3aMeRy ¢yHEUHA y=7VYu,
HEMOCPENCTBEHHO NPOBEPRIOT, UYTO # ABJAAETCH pelleHHEM AHG-
pepenunaabHore ypaBHEHHS, B KOTOpoM kKoO3(PHUHEHT NpH &
pasen (.

'y 3necs whaexew 0, 1, 2, ..., p=1 ncno,nbaymca A7 HYMEpRIHE aje-
MEHTOR Oashca NMPOCTPARCTHA RP,
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ﬂ,p}’I‘HMH CJAOBAMH, €CJdd IIOJIOXHTHb u’=v, TO MB NOAYUHM
OTHOCHTRALHO © AHdpepedilnajbHoe ypaBHeHnHe nopsgxka p— L.
Pewye ero, MOXHO 3aT€M HAHTH ¥ KBaAparypoi.

Korpa peds naer o chHcreMe JHGHDEpPeHUHAILHEIX ¥ PaBHEHUH
HAH © ,rmq)_)chbepenunanbnom YV paBHeHHH, COOTBETCTBYHIUIEM ITpoO-

CTPaHCTBY F  pa3sMepHOCTH 222, TO, AaXKe €CaH 3TO YpaBHEHHe
HMeeF HeprRpifl NOPANOK, ABHOe pelleHde €ro B KiajpaTypax,
BO0OUIE TOBODH, HE H3BECTHO.

Paspewawmuii onepatop (pezoJbBeHra) JHKelAHOTO
nudpepeaUnanpHOTO YPABHEHHA

-

[MycTs OPOCTPAHCTRO F TMOAHO, W AYCTH X), Xy — JIBE TOYKA
uutepBadna | ¢, #|, Cornacio Teopeme 9, CylUecTBYeT €IAHCTBEH-
Hoe peweHue ypabHerds (V,3;1), npunnMaiolice 3aaaHHoe 3Ha-

+

UYeHH® 4, B TOUKe )S| B Touke X, 3TO0 pRUI€HHE TMIDHHHMAST Onpe-
JedeHRoe 3Ha‘-IEH}1e yQ. Teu caMum onpepeadaeTcsd HEKOTOPOL OTO-

Gpaxenne Fs F KOTOpPOe Ka)KAOMY 3HAYEHUIO PELICHHS B TOYKE X,
CTEBHT B COOTBETCTEHE €0 3HAMEHHE B TOUKe X, 3TO oTobpawe-
HEEe, DUERHIHO, JHHEHHO, MOCKOJAbKY CyMMe JIBYX HAYaJbHBIX 3Ha-
ueiyfi B TOUKe X; COUTBETCTBYET pelleHHe, PaBHOE CyMMe ABVX
COOTBETCTRYIOLINX DEUIeHHH, ©, CAefioBaTeqbHO, €ro 3HaUeHHe
B TOYKE X, PABHO CYMMC ABYX COOTBCTCTBYIOLIHX 3Haueuwi, Auxa-
VJOTHUHGE YTBCRHKACHHC HMEEeT MECTC OTHOCHTEABRO YMHQHKeHHA
Ha ckanap. Ecau vepes m, Mu ofo3Haunm 6H6Kul{>}0 OpOCTPaHCTBA
» )

pewennil & Ha F, KOTOpaf KaKAOMY DElleHHIO [ CTaBUT B COOT-
N
BeTCTBHE €0 sHAUEHHE B TOUKE X nxf=f(x) (Teopema 10}, To
paccMaTpHBaeMoe OTOGpaxeHne Oyider HUMeTh BHL m om !,
" > ] X,
10 AzHelHOe orodpamesHne F B F HempepuBuo, B camom
dede, ecjM DPACCMOTPETH MOCAENOBATEJNLHOCTh HAYANbHHIX 3HAYe-

auf (g, v=0, 1, 2, ..., COOTBETCTEYKIUUX OLHOH H TOH Ke
TOUKE X, H CXOAAULMXCA MpH v, CTpemsuieMca K GecKOHeUnoCTH,
ES >

K HEKOTOPOMY mpefeay y, B F, ToO H3 Teopemu 6 0 Hempepup-
HOCTH DEIeHHS OTHOCHTE/LHO HAYAJBHHX 3HAUEHHIl CJIeLyeT, yTo

[0C/IEA0BATNbHOCTS pewes i fv, COOTBETCTBYIOUINX  UAHAMBHEM
3RAYCHHAM (yl)v, CXOLHTCH K PeUieHHio f, COOTBETCTBYIOILEMY

HAYAMBHOMY 3HAYCHHIO yl, PABHOMEPHO HA KAKAOM KOMITAKTE HUTEpP-
Baga ja, b|. B 4acTHOCTH, CXOZHMOCTbD HMEET MECTO B TOUKE X,
yeM H JIOKashlBaeTCs HeTpepHBHOCTb OTOOpaenua «, on"

Orofpamenne n, on;! apasercs JnHelHeM HenpcpuBHbIM oTOo-
=

Opamxennem F B F T. & 3/IeMeNTOM NPOCTPAlCTBA .Cf(F F), KoTo-
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piit oGoznavaerca udepes R{xo; x)} '} Fror oneparop noanocrsio
=

XAPAKTepusyeTca TeM (PakTom, #TO0 Jag Kamdozo pewerusn f
QurhepertatbRoO20 YPASHERILR UMEET MECTO (POPMY AQ
e

T("E) =R{xp x)) - [(x), 20¢ R(xy, x)=m, ca7’. (V.317)

Omnepatop R(x,, X|) HasKBaCTCA pazperaiomun oneparoposn (Nan
Pe3casEeHToR) NHMPEDLeHUNANLHOTO Y PABHEHHS OTHOCHTEbHO TOUEK
X M X, HuTEpBaRd [ g, b|. To, 4To OOBIUHO HA3BIBAKOT Pa3peruaio-
HIHM ollepaTopom Aand(epeHunaNbHoro ypasHeH i, aBasercs pynk-
muel R {xs, xﬂ—»i{(xg, x). 31o HEKoTOpOe oTobpamkenue | a, & X

—->
Xla, bl B .9?(,;; F). Ecau B F Bufpan 6aznc ¢ o603RaueHdsMY,
NPURSTEMH HA cTp. 40, TO paspelrawliuil onepaTop npeacTa-
BJAAETCA € DNOMOUILI) MaTPHUB, TPAHCHOHNPOBAHHOH K MaTpHue
Nt Ry (xg x1)=ny (%2, X1}

Teopewma 1l. Pasperiarowuid oneparop obaadaer caedyro-
WUMY OCHOBHSIMU CBOTCTEAMIL

R(xy, x2)o Rixy x1) =R (x;5 x)),

R (x), x)= (R (xs, x))", (V,3;18)

Rix, x)=1,

JoKkasaTenbcTBO, ITH COOTHOUICHHS BWTEKAIOT HENMOCPeN-
CTBEHHO M3 ompefiefehust R(x,, x)=gn, on;! [aan, eme nyuwe,
u3 nepsoii dopmyam (V,3;17), mupaxalomed Tor $akr, 4ro
R{xy, x,)—;f IaeT 3HAYeHHe B TOUKE X, pPellieHdd, OPHHAMARLIETD
3HAYUCHHE ;] B TOYKe x].

Teopesma 12, Orobpamenue R muowecrsa la, b X|a, b|

e
8 FAF, F) neasercn eOUHCTEEHHOIM OTOBPAICENUEM, UMEIOUILM
HACTHYR NPOU3BOORYI0 no Mepaot nepemennold u ylosaergopaio-
wuM, ¢ 00RO CTOPOHB, CUPePEREUEIOHOMY YPABHERLNO

(e, =AW R(x, 1), (V. 3;19)

a ¢ dpyeoli — nanareHOMYy YeAOBUKD

Rix, x)=1. (V.3:20)

) Hun yao6eTBa 3amHCA RadbHeRWHx  GopMy., 8 OCOGEHHOCTH (HOPMY.L
(V,3;,18), uecto R (%, xz) nuwyr R (xy x,)
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HoxaszaTteabcrsu. B caMowm gede, ecin Mol 3adnKeHpyeM §
B HHTepsafte |a, &| I paccMOTpHM R Kak (YHKUHIO OAHOH mepe-
MCINGH ¥, TO MNOAYUUM HEKOTOPYW) (VHKINHIO CO0 3HAYEHHAMH He
-
B BEKTOPHOM HODMHDOBAHHOM MPOCTPAHCTBe F, a B BEKTOPHOM
> =
HOPMHPOBAHHOM NpOCTpaucTBe & == ¥ (F; F), Tak wxak npocrpas-
> >

ctBO F mosHo, To G takke moxao (reopema 50 ra. 1I).
Pacemorpis Temeph A4 HEKOTOPOH (PYHKOHA, OnpelaedaeHHOH
a3

na ja, &i co 3nagennsaMn B G, oHQOCpeHLRANBHOE ypaBHEIHC
¥'=Alx)e . (V. 3; 20,)

CHavasa vGeanMcd, YTO yPaBHEHHME ABAETCA JHHEHHHM AH-
(gepeHUIaIbHbIM YPaBHCHAEM B cMbicie onpemenenna (V,3; 1),
Jdaa ¢urcHpobauHoro x oroSpamenue A{x) Apngerca seMen-
> -

o -
ToM apocrpascrea £ (F; F). Ho roraa ¥ — A(x)e ¥ mpemcrasaser
cof0l HeKoTOpoe JNHHefiHOe HeupepuBHOe orofpamenHe B (x) npo-

> > > e
crpauctBa f == F(F; F) B ceba, 1. e. B(x)= Z(G; G). Cootno-
> -

wesue (V, 3;20) soxno zanucate B Buie Y’ = B{x) Y. Kpome
TOTO, B CHJIY Teopembl 54 ra, 11 nopma || 8{x)|| oroGpaxkenus B(x)

B IPOCTPAHCTBE ,?i((r?; 5), onpededasemas PopMyToi
sup KA()oull

>
©es XIF F)
iledl =1t

ue npesocxoruT § A(x)l — nopmu A(x) B npocrpancrse Q(?; .E).

Jas toro urofel AoKa3saTe, 9TO Mbl HMeeM Agto ¢ ARPpdepen~
UHAJLHHIM YpasHegheM eupa {V,3; 1), ME MOMKUE AOKA33THL, YTO
B: x— B(x) aBAfAeTcs HemlpepHBHHM CTOOpaXKeHUeM |a, b|

> 3
B Z(G; (), uHaue rosopd, Mol JO0KHHM JA0Ka3aTh, YTO IpPH X,
cTpeMseMca K ¥y, HOpMa || B(x) — B{x,){l crpemurca K 0. Bra
BeJHUMHA, COTJACHC ONPEJeNeHHI0 HOPME, HE MHPeBOCXOIAT
>

| A{x) — Al{xy) |} =~ sopmsr 8 £ {F; F). CnegoBaTesbHo, OHa CTpe~
wurcad K 0 B cuny ,IPSIANOAOKEHHA O HEMPEPLIBHOCTH oTobpaKe-
Hig A mo x B .CF(F F}

3HAUUT, ME MOXKeM MPUMEHHTb TeopeMy 9 H YTBepKIATBH, YTO
CYWECTBYET, H MPHTOM €IHHCTBEHHOE, pElIeHHe 3TOT0 AHddepen-
UHAIbHOTO yPABHEHNS, YIOBIETBOPAIOLIEe HAYATLHOMY YCAOBHIO

Y(E)=1{, rae J'--TOH\JJ,E‘CTBEHHB[H onepatop S F SBAAIOIIHACA

FIEMEHTOM IPOCTPAHCTBA G == S’(F; F),
QOGosnauny uepes S(x, ) pewrenne 3Toro AHGHEPERIHAIBHOTO
E =

YpaBHeHHA. PaccMOTDHM Temepb NPH 331aHHOM BeKTOpe ¥, H3 F
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- E
dyuKuHK [, onpeaesncHuyo na{a, bl co sgateHnamMn B F no Jop-
MYyae

F)=8(x, 8- o) (V,3;21)

Ira yuxuua pupdepeHIHpyeMa, a e¢ NPOHIROIHAA B CHIY
chencreun | teopemur 11 ra. 111 (o nepecranoBovyHOCTH OpOU3BOA=~
HOH ¥ JHKEAHOro HempepsBHOrD OTOOPAKEHUA) HMEeT BUX

Fy=22e 8y (v, 3:22)

>
Tak Kak Y sapagerca penrenreM AubepeHUHAILHOM0 YPABHE
wua (V, 3; 20), 70, KpoMe TOrO,

Fly=(A)eS(x, ) s=Ax)T(x).  (V,3;23)

.
3TO TOBODHT O TOM, UTC [ ecTh pelieHRe LubdepeHuHansHOro
ypaekennsa {V,3;1). Tak Kark HavaJsbHBIM YCJOBHEM  sRJAGETCH

4 > > =

[EY=S8I(L, &)y =¢,, T0 | — eRUHCTBeHHOE pewenue Auddepen-

pHageHOro ypaBHeHHa (V,3;1), COOTBeTCTDYIONICE HA'NAJLHOMY
R

yeaosHio f(E)==y,. [TockoabKy aqaueHue 3TOro peiledns B TOYKE X
sapaeres Qopmydoil (V,3;21) u »r0 cnpasenanso s moGoro
-

HAvYadbHOrO BeKTOpa g, 1o S(x, &)= R (x, E), 4yeM H 3aKanunbBaercd
IOK23aTeIbeTBC TEOPEME,

Teopewma 13. Ecau @ gpaswenuu (V,3;1) ¢pynryus A npu-
nadsesncur Kageey C™, To pesoaseenra R asagerca gynkijieli nepe-

setnbix x u L kaacea C™T, 1. e, sgaseren orobpamenuen |a, bl X
> >
1
X1a, b| a npocrparicreo Z(F; Fy xaacca C™.

JdokasareanctBo. Tor (akT, urTo pesonsBedra R HMeer
BCe MOCJAeNoBATE/NBHBIE TPOH3BOJAHBIE A0 MOPALKA m+1 no x,
BHITEKAET H3 TOTO, YTO OHA YAOBJACTBOPACT AHG PEPCHUMAILROMY
ypasnennio (V,3;19) ¢ xospduunenramu Kaacca € n us caen-
CTEBHUSI TeOpeMH 8.

Hnapdepedunanpuoe ypaesHenHe, KOTOPOMY yIOBJISTBOpHAET
¢yuknna R, He aaepcHt oT mapaMerpa E. OT napamerpa { 3aBh-
CHT HAYAJNLHOE YCAOBHE B CMbIC/e, yKasaHHoMm B Tecpeme B. I3
708 TeopeMbl BHITEKAeT, YTO PE30JABBEHTA R ABJAETCS HENPCPHB-
HBIM oOToGpamennem wmuomxectsa |a, b|X]|a, b} b upocrpancrso

P .
Z (F; F). Ee nepeasi npodseofinas mo y, onpejensemas mno ¢op-

- > >
'y ©yuaxuna f sasucHT oT smbepa y. Caenosano B uncato f, (¥).
-1}
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Myase (V,3; 19}, TakKe aABJIgeTcsl HENPEPHIBHHM OTOGPAMEHHEM

Fs
la, 81X1a, b| 8 FIF;, Fu

Hag Toro uroful NoKaszaTh, HYTo R HMeeT YacTHYIo MPOH3BOMA-
uyw mo E, HALo BpLIO OH BOCNOJAL30BATHCA TeopeMol o aAndde-
penmHpyeMocTd no mapamerpy & Ho Mpr panguwm npsamoe pokasa-
redeeT80. € 3TOMl 1eabl BOCHOABRYEMCH BTOPHM pPABEHCTBOM
(V,3;18), 7. e. pasenctsoM R(x, EY=(R(L, x))~. Orciona munno,
YTO HaCTHAd NPOH3BOAHAH N0 &, T. e, YacTHas MPOH3IBORHAH NO
#ropoll uepemedHol QysKOHA R, sBAAeTcd "acTHOA NPOH3BOAHOM

o o =1
no neprofl nepeveHHOH GyHKuUHH R . KpoMe Tore, Mbl 3naem,

uro otobparkenHe R->R™ LupbepeHuHpyeMo, H HAM H3IBECTHA
opuyaa (111, 8; 32) nuddepenuuporanna ofpaTHOTO ONEpPATODA.
Mbl BuAKHM, ciejoBaTeabHO, vTe R ZuddepeHuupyeMa no § H

SE i D= (R 1) == (RE )7 e GEE o RE 1)

(V,3;24)

3amensnn 37ech cpefHAH YleH ¢ MOMOLbIo fAHpdepeHul adnHoro
ypasrenus {V,3;19), nonyyaem saMevaTedskyo dopMmyay:

%;—{x, Ee=—R(5, (Ao RE )(RE N, (V,3;24)

HJTH
R B=—R(x, DoA). (v, 3; 25)

912 dopuyna ananoruuna dpopmytse (V,3;19). Ona orauuaer-
¢l OT HEe TOJABLKO 3HAKOM H NMOPAJKOM KOMIO3HIHK oneparopa A:
cnpaea, a we caepa. Orciona chesiyer, uro pe3obBeHTa R HMeeT
HETPEPLIBHYID OTHOCHTEAbHO COBOKYNHOCTH NEpEeMEHHbIX X, § wacT-
HY® HPOH3BOLHY 0O § M, CJefOBATeNbHO, B CHAY TeopeMbi 15
ra. Il asngerca orobpaenueM Kaacca C! muomecrsa |a, | X

>

Xla, bl s Z(F;, F).
Teneph ROCTATOUHO TPORECTH WHAYKUm©O mo m. Ilpeanoao-
UM, 4TO €CJH A NPHHAAISKNAT KJACCY crt orobpaxenHit |a,b|
> > >
B Z(F; F), vo R asaaerca orobpaxenuen |4, b1 X|a, bls L(F; F}
kaacca C™. INycrs Temeps A npuxanaexknt kaacey C™ npu m 22 1.

Torna sta Gyuxuna B JOGOM CAy4ae NMPUHALIEKHT KAACCY cm,
4 caemoBaTeNbHO, R MPHBALISKHT No Kpaiued mepe Kaaccy C™
B 3toM cayuae ¢yukumn dR/0x m IR[OE, onpepensemee dopmy-
aamu (V,3;19) u (V,3:25), s ecuay reopemss 18 ru. Il npunan-
Jdexar knacey C™. DTo 03HAUAET, YTO PE3ONbBEHTa R MpHHALIE

wat kaacey CU7', u reopema 1oxasana,
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Jiunefinoe ypasueHne Co CBOGOJHHM 4JieHOM

ol
Cunrtaa F HOPMAPOBAHHBLIM BEKTOPHBIM NBOCTPAHCTBOM, GyaeM
HA3HBATh JIMHEHHBIM YPaBHEHHeM €O CBODOMHBIM 4IEHOM ypas-
HEHHe BUAa

V=AW g+ B, (V,3;96)

- e
rae A — HenpepniBHOe oTOOpaKeHue |a@, B| B f(ﬁ; F), a B—wue-

=
npepuBHOE oTOGpaxenne |a, &| B F. Beipamenue </uHeHROE cO
cBOGOOHBIM YICHOM» HE COBCEM yaaudo, Jlyume 6wln0 &bl cKasaTe:
«appuntoe auddepeHuHaTbHOS ypapHeHHe», IOCKOABKY AJA Ka-

KIoro x oToGpaxyeHnHe ;—» Alx) - g}:+ E(x) spageTe® aphOHHHLIM
e >

orofpaxkenneM F B F, ®yaguna B HaspiBaeTcs cBOOOAHHIM 4ile-
BOM auddepeHUnaabHOrG ypablendad. ¥ pasHenne (V, 3, 1) ¢ rof
ke caMol QyHxiunel A HazpRaeTCs COOTBETCTBYIOMIHM JHHEeHHbHM
YPABHEHHEM WU COOTBETCTBYICULAM OIHOPOLHHM ypaBHeHHeM ).

- Teopema 14, Obuee petienne AUREHHO20 [pagHERUA (O
ce06odrotM waekom (V,3; 26) noayuaerca 0obasaeHues Kk KaKoMy-
Anbo eeo wacThOMY peweduo 004Leeo  pelieniu’  CoaTBeTCTaY o
Hez0 odHopoOHOEG YPaBHEHUA.

ﬂDKﬁSaTeﬂbCTBO OUeBHINHO,

Koneuno, »1a TeopeMa He dorazeisaer CYOeCTROBAHHA pellie-
HHA, MOCKOJBKY B Hell HeoGXomHMO ApeUTONarars CYMECTBOBAHNE
-

yacTHOre pemends, Oanako B ¢/yuae noauoth F cyllecTBOBaHHE
UACTHOTC PEIHeHHH HEMOCPENCTBRHHO CcJeLYeT H3 TeopeMu 4! Aiaq
M

JOOHX HAYAAbHBIX 3HAUEHHH Xg, My CYUIECTBYET, H IPHTOM ELHH-
CTBEHHOE, pElleHHe, OnpelLe/ieHHOe BO BCeM UHTepBade |4, b

. . >
Teopema 15, Jas 3a0aHABIX HOUGABNGIX 3HAYEHUIL X, Yo

eduncTaenroe pewerue ypasterus (V,3; 26) {ecau npocrpancreo F
noano) sadaerca Qopryaol

fo) =R x) 5o+ [ Rx 9 BEyds,  (V,3;20)

N

2de R~ peaonbeenta coorseTcrayiouect 0IROPOJHOZO ypasHents.

Sta hopMy/na NOKAILIBAET, HTO CCJAH MOMHO PeliliTh COOTBET-
CTBYIOULEE ORHOPOAHOE Au(pdepeRUNAILHOE YPABHEHHE, TO MOKHO
PelIHTh yDABHEHUE ¢ JMOOGHM CBOGOAHMM WIGHOM B KBAAPATYpax,

1y Hayuenue adippumerx andpbepeHuHATBHEX YpagHelUHE AOMAHO OWA0 Opl
. ->

npoBojuTeeR B adipuumex npocrpancreax. Oaxake npoxrisecss F o Bcerpa
ABIACTCA BEKTOPHBIM, & He TOABKO a(upuHHHM TPOCTRAUCTBOM.
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Hokazartenecrtso. Jlad A0Ka3aTe bCTBA BOCAOJIbIYEMCS
METOAOM, KOTOpHIl HAa3HBAeTCH METOLOM SapHALUU RPOUSAOIBHHLK
nocrosnintx, OGuice peurenHe CAHOPOLHOMD VPABHCIRA HMECT BHA

T(9) =R (x, ) - C, (V, 3; 28)

Tae C'—‘HeKOTOPaH MOCTO#HHAA, A4 HMEHHO HavYaJbHO® 3AHaye-
-

HHe y, Temepp Mu Oyjem mocrymark Tak, Kax Gyiato sra no-
CTOSHHAA ARJAAEGTCA TNepeMeHHONW ReJuyHHONR. JIpyrumu cloeaMu,
MBL TTPORBEAeM 3aMeHy (QYHKUHA:

Flo)=R(x, 1) C (x). (V,3: 29)

[anaup
Taxas 3aMeHa Bcerfga Bo3MoXHa. Kaxnas GyHkuma [ mowmer
ObITh NpeICTaBAeHa, H NPHTOM €AHMHCTEEHHEIM 0OpPA30OM, B BHOe
(V,3;29), noCKONBKY AJS 3TOr0 AOCTATOYHC IOJOMHTD

Cl)=(R (x, 2) " - Ty =Rxo ¥} - F(x).  (V,3;30)

-
Dyukuda C anddepenunpyemMa TOrga M TOJABKO TOTAA, KOTXA
>

nudbepenunpyema dywkuua f. Cornackso teopeme 12 ra. III,
yyureiBaA TOT GaxT, 4To OWIHHellHOe KaHOHHYecKOoe oToOpaw eHHe

> > >
Z(F, F) X F nenpepbiBrO, GopMyay AuddepeHIHPOBAHNA MOKHO
3aMHCcaTh B CJAENYIOUIeM BHe:

(0 =32 () 3) - () + R(x, x0) - © (1) =
— (A ()0 Rx, %)) - C(x)+ R(x, x0) - & (x) =
= A(x) T + R(x, x0) - € (x0). (V,3; 31)

Ecau s10 BHpameHne nopcrasite B ypabnenue (V,3;26) u
>
yuecTh HCUC3HOBEHHE WJeHa, coaepxaumero C, TO MHE HOJAYUHM
R{x, x)- C'(x) = B(x) (v, 3;32)
HAH '
- =
C7(x)=R(xy, x) B(x). (V,3;33)

O
Ofmee pemenue Gymer nosiyueHo, ecau B KauecTBe C B3ATH
>
NPOUBOAbHY IO Neproodpasuyio PyHKUHH x — R (xy, x) - B{x).
-
Ecap yuecTh mayaapHoe ycioBHe, T0 (ynxiua C AoKHA npH-
HHMATL HAUANBHOE 3HaUYeHHe

C (xg) = R(xq, x0) - Flxg) =g, (v, 3; 34)
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H, CJeAOBATE/IbHO, €NHHCTBEHECEe BO3MOKHOE Pellene OYAeT onpe-
Jensthea no dopMyne

CO=p+ [ Rlxw ©)-B®)d (v, 3; 35)
KoTOpan aas CIJ}-'HKLLHH ? RaeT BHpalKeHHe
TW=R(x, 5) - go+ Rix, 20+ [ R(w, B de. (V,3;36)

Odas 3ajavepx x H x; oneparop R{x, x;) €CTh JHHEHHB one-
> >

paTop, Zeitereyrownit uz F B F. [TooToMy ero MoOMHO BBECTH MO
3HAK uHTerpana (reopema 6 ra. IV) ¥ OKOHYATeNbHO NONYUMTH
TAKYW {opMyay:

F)=Rx x0) g0+ [ (RUx, 7)o R(xo, 8) - B®)AE, (V. 3;37)

copmagarwouyio, ¢ yuerom coormowenns (V,3;18), ¢ dopmyao#
(V,3; 27).

3amcyannc, O6a unena dopvyim (V,3;27) nMeoT paxuoe
anaveHHe. Ilepshil aBaseTca pellieHHeM OIHOPOAHOTO YpaBlLENHS,
>

COOTRETCTRYIILETO 33aJAHHOMY HauaJBHOMY 3HAUeHHo Y, BTopod
ABJAAETCH pEIIeHHEeM JAHHOIQ YPABHEHHS CO CBOGOLHBIM HIEHOM,
L

COOTEETCTRYIINM HauaNbHOMY 3HAateHHio 0.
B ToM, uro (V,3;27) apagercs HCKOMHM pellleHueM NAHHOrO
AndppepeHIInanbHOrG YPABHEeNHA, MOXHO yOeZHThea Mpsimoil npo-

pepKoit., B caMoM pede, MBl yxe 3HaeM, uto R{x, i)+ gy, ABAseTcn
>

pelleHHEM ONHOPOIZHOrG YPABHEHHS € HAYAAbHBIM 3HAUEHHEM g,
PaccmoTpuM  HHTerpanbHuii uneH. OH, oueBHAHO, ofpamaercs
B HYJib IpH X ==X, Kpome TOro, OH AHDGEPeHIHPYEM 0 X H €T0
OPON3BOAKAA NI¢ X NOAYYaeTcA TAK e, KaK NPOH3BOZHAA (YHK-
uag (IV,9;41), no Meroay, yKasanroMy Ha ctp. 798 1. [

%(jR(x, a)~5(§)da)=

=R, %) B+ [ 5(x, 0 Bioyde =

X
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=Bw+ [ A0 (R, - Bignaz—

=B+ A0 [Rix, 0 -B®dE  (V.337)

1o 03HavyaeT, UTO l{HTel‘pau‘Ihl'IblF] yieH ICACTBATEJALKO ABJSETCA
pewengeM aadepenunanvuoro ypasienna (V,3; 26) ¢ HavaabHuM
=

sgaveruem O, CaezoBaTeNnbHO, NPaABad uacTh cOOTHOWeHHn (V, 3; 27)
sBysieTcds pewennesm ypassenus (V,3;26) ¢ wavadbHbM 3Hauye-
-

HueM #, Tak Kak peimtenne Momer GHTBH TOALKO ORHO, TO Mb TéM
caMbLM TMOJYUHAH HOBOE JOKA3aTeRbCTBO TeopeMel 15.

Cayuail ckaaspHoro AnddepenunaabHore ypasHeHus

NOPAAKA P ¢O0 CBOGOAHLIM UlcHOM

Peun uper o6 ypaBHeuuH, NPEACTABUMOM B Byle
g =A@y + AWy + ... F A (g Bx). (V,3;38)

[Mepexons, KaKk o6LUHO, K HOBOR QYHRIUH 2= (2, 2}, +.ry Zp— )=
=y, ¢, y”, ..., ¥*~V), LaHHOE ypaBHEHUE MOKHO 3aNHCATh
B cnedywlied MatpuuHoi gopme:

2y 0 1 o ... H 0 2, 0

2, o 0 1 ... 0 0 2, 0

= L T T T T T T T : + *

2;_2 Q 0 0 ... 0 1 2, 0
z;_l Afx) A(x) Afx) ... p—Q(x) A RSN R KA B(x)
(V,3;39)

YVyuTHEBAA 3HAUCHHE PeSOJBBEHTH, ONMPCACACHHOE Ha <Tp, 44
p ofoanaveuHnx, OPHEATHX Ha <Tp. 42, Mompo yGenHThed, 4TO
PellieHRe 3TOTO YPABHEHHA, COOTBETCTBYMOUIEe HAYA/BHOMY 3IHAue-
HHR (Y Y Hgr + 00 ¥ Y), 3anaerca no xexoropodt gpopmyde, ns
KOTOPOH MBI OCTABHM JHIUB TO, YTO HAET ZH=—4:
-t
Floy== ¥ n(x, %) [ xu}+jﬂp— L OB(BE (V,340)

{==i)

B 4acTHOCTH, ¢CJH OTHICKHBACTCA Polleline YPAaBHCHHA €O CBO-
S0aHLIM UWIeHOM B, COOTBETCTEYHOUlEE HAUANBLHHIM YCACBHAM =0,
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yo=0, ..., yif~" =0, 10 oHO OnpegeaneTca 00 POpMyJIe
F
Fx)= | Mo (x, &) B(E) dE. (V. 3;41)

31ech CHOBA MOKHO TPOM3BECTH HEMOCPEACTBEHHYID NDOBEPKY,
aHAJOTHYAYIO TOH, Kakas ObJia cacaada aas dopMyan {V, 3; 37,).
Mmeem

2 [y (x, ) BEIdE =M, (x, 1) B()+

Xy

4+ {0 BBEE (V.3 41)

3ieck Mepeoe CAAraeMoe PaBHO HYJIO MO onpefedeHAD QyHKUAH
Np~1» LlOCTEACBATENBHO LA DePeHUUPYA, NOTYYaEM

(LY jnp_,(x HBEE= [ 7%, (v, DBEdE 111 k<p—1
* (V, 3: 41,)

n

(L) [ st 9 B @ d2 =

o

- fn“” (x, 8 B(©) dz + = (x, D B()=

- fni;’_’l(x, YBE) dE+ B, (V,3:41)

Orcioga HaxogHM, YTO

(( o) - ‘“ ﬂ(ax)) me (v, BYBE) s

- [l -Eaeol s g]] )42 01300

i=0

(V; 3; 415)

MOCKOABLKY My-; €CTb pEUIEHHE COOTBETCTBYIOLIEFO OAHOPOLHOTO
Y PaBHeHus.
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HanncauHell HHTerpaa sBJfercd, CJAEAOBATENbHO, pelleHHEM
ypaBHEHHA CO CBOOOAHLIM YJIEHOM, KOTGPOE yHOBJAETBODAET HYJe-
BEIM HAYAJbHBIM YCJIOBHAM B TOUKE X,

[Ipn peureHus JAwniefioro ypaplieHHS cO CROCOMHBIM WJAEHOM
gceada  MONCHO AYTEM U3MCHEeHUA RPABUI 4ACTH C8ECTH 3TO Ypas-
HenHe K CAYRI0, K020a 60 HAYAILNBE 3NAYCHUR pPUsHbl Hiawo').
Mer gudus, 470 pewenie dugdpeperiiaibrozo YpasHenus ¢o cao-
BOOHBLM HACHOM NGAROCTBIO ONPEedeAs2TC R, CCAN HIBECTHA DONT AL
Pynrxyus Mp—{x, &), cooTsercréyOMAn HALAIGNHLY  YCACBUAM
4,6 =0, yi (&} ==0, ..., g2 (&) =0, g{f~" ()= [. Koneuno, s7qa
Pynryua 0oaxna Gure usgecTra 048 Kawdod Towky § unTEpsaA
la, 51%).

Ecsn paceMoTpeTh yacTHHI cayuail, korfa Bee A; paBHu HY.MO,
TO MH NOJAYUYHM YpaBHeHHe

" = B(x). (V,3;42)

PeuleHueM ofHOPOIHOTO YpaskeHHA P =), COOTBETCTBYOUIHM
HayabHuM 3HadeHuwsaM O, 0, 0, ..., 1 B Touke f, aABnaerca ¢yHK-
s Mp—i (2, B)=(x — &) /(m — 1.

Coraacuo (V,3;4!), pemenuwem ypasHenus (V,3;42), cooreer-
CTBYWUIHM HYJEBHM HayaJbHBIM YCAOBHAM B TOUKe X,={,
apisieTcd PyHEUUS

X _ gym=t
fin= [ = B@ s (V. 3; 43)

1o paer (ecan ckaaapHoe nHddepenunaisnoe ypasuerne (V, 3;42)
3aMeHHTh AHddepeHUHAAbHBM YPaBHeHHeM OTHOCHTENBHO hyHKUNHA
>

CO 3HAUCHHAMH B GaHaXOBOM HpoCTpaHCTBe F) HOBOE HOKazaTeb-
cTBO TeopeMu 91 ra, IV.

n—1
— e\
)y B ecamom gene, noxownMm g{x) =F{x}— E(x—%ft'”(xo). Ita
=

OYHKERA 00PALARTCA B TOUKE X5 B HY/Ib BMECT2 CO BCENMH CBOHMH TIPOHIEOHKMH
nmopanxd i, 2, ..., p— 1. Ecan k ked npuMenars gnddepenliraiolull onepatop

p—=1
d VW % RN
vy Ag {x) e ) r TO M MGNYGTM pa3HOCTh dyHrn B (x) # Hexo-
=
Topolt m3pecTROR QYHKUNH — peayaLTaT npuMcHelnn aupdepennaibHoTO onepa-
I=1
T (x— g, )9
TOPA K TORHHOMY 2‘ —-qT—" F9 (x4). TakuM 0GPasoM, g WBAAETCS DElteHHeM
q=|] ’
A PhepeHUNANbEOrD YPABIIERUA ¢ HIBECTHWM ¢ROGOAHLM wieroM (OTTHIHBIM
oT B} W ¢ HYAeBHIMH HAualeHHMH 3HAYECHAAMH B Xo.

?) Hagaauibe snavenan 0, 0, ... ! HrpaKT, chefoBaTeALi®, 0codyIlo pPub.
C HUMH MH ﬁy;’leM B ,ﬂ\a-"lhﬂeﬁll.!eM HaCTO BCTPEuaThbCH.
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Npumenenne Teopus IHHEHHHX IudidepenunanbHbiX ypasuenki
K BOMPOCY O HenpepbiBHOCTH M AH(depeHuupyemMocTs pelleHus
AuddepeHIHATEHO0 YPABHEHAA, 3ABHCAWIETO OT NapaMerpa

Teopewma L5, iflycre \a, b|—unrepsas npamoi R, F—
QPURNOE HOPMUPOBAHHOR NOANOE NPOCTPAHCTEO, A — TOROA024-
> >
weckoe npocrpukcreo, Lo (x, y, Ay—>L(x, y, A)— xeapepolanoe
>
orobpancente la, bl X QXA 8 F u d—xy(d), A~ y4(h) — nenpe-

poigroie orodpaxenua A 8 |a, b| 4 Q c00T8eTCTBEHHO,
Es
[pednosowcus, wro L umeer aacrayio npoussodnyio GL[0y,

-
AGARIOUYIOCA HENPePaiBHbLM oTOBpanentexn (a, b XQXA e E(F; F).
Ecau a8 anauenua by napaserpa i Quddeperyudaisnoe ypagtesie
(V,1: 1) umeer pewenue [i, onpedeienioe 8 JaMKHYTOM UATEPEAAE
[a°, b} unrepsaaa | a, b, coorsercTayiOtee HRLAALAIMN SHALCHILAM
x0(8), #ofho), TO matderca raxas oxkpecrwocts ¥ rouku hy & A,

qro fan Kaxdogo W =¥ dupdepenyudibroe yPABHERLE UMEET, U
npurom eduncieennoe, pewente [, 8 [af, V'], cooreercrsyrouice
nawaasusty Fnaueduan xo(A), y.(A). Kpome roeo, b — [, nsaserca

. y o L
nenpepuishod dyukynel #a ¥ co snavenmianu g Q)
Ecan A — orkpmroe muodcectso agupunnczo npocrpancraa

w L npunadasexcur waaccy C7 (mZzz1) na la, 6| XQXA, ro,
Koeda V' oTKpeiTa, pewenie onpedeaser gynxyuo i (x, A)— fr(x)
kaacca C™ na @, BV X ¥ co anauenuanu & F

¥l .
Hpoussaduas g[x]=§{—(x, Loy ecre Ppynryua na o, ) co
e
snatenuanu 6 LG, F), asamoujaica pewenuen aunednozo Oud-
epeHylanbHO20 YPABHERY 2 (HALIBUL MO0 YPASHEHLEM 6 BAPUAYUIX)

g =50 (5 @), Ao g () 4 35 (1, I (), Roh (V.35 44)

COOTBETCTRYIOWUM HAYAAGHROMY aNAden 2y apu x = xo(Ag), ede
Y
z,= yfj(%n) — [ (xc(l.ﬂ), Y, (JLO], )..0) x; (?.,0). (V,3; 45)

Iepen noKazaTeabCTEOM NOACHHM HANKHCARHLIE BEIIIE GOPMY b

1) 55, hlo), hoe (G . Tax xak g0 =2(G; P

g_i;(x! f%(x)' lD)Eg(n‘g; F), TG gg—(x’ f}“ (x), ?@U)og(;\:)ef(é; ‘E)'

E
Caejoratenanio, g'i{x)e Z(G; F).
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-

2) 4 S (G F). Tax war L{xoO) o), MmeF

a 10(10)597((}" )Y, o L(xo(lo) Yo lholy Ao} X7 (ho) = 26 F}

OrobpaxeHue v—r[xg{lg) Y)L(xo(ho), 4o(he), Ag) mpocTpancTBa G
B MPOCTPAHCTBO F ecTh JHHelHO® HenpepLiBHOE OTOGpaXKeHHe.

OueBuaHO 3HaYeHHe 3TOA TeOpeMH H ypasHeHHsl B BApPHALHAX,

Atinefino2o oTHOCUTEAbHO Z==g. EciH MH MOXeM pellHTh IHdbe-

PeHLHAALHOS YDABHEHHE AJS 3HAWEHUA Napamerpa A, TO PellieHHe

AURelROZ0 ypaBHeHNs B BapHanuax (V,3;44), anaudtesbro Sodaee
NPOCTOr0, YeM TpPOH3BOJBHOE YpPaBHeHHE, JHaeT INPOH3IBOZHYIO

-5;:—(x, Ay), @ 3HAYHT, MO3BOJAALT <APHOIHKEHHO» C NIOMOUBID Pas-

-

aoxkenna Tefnopa fi(o)=Ff, () +g(x}(A—A)) + ... moayunis
peLIcHHe AAHHOTO YpaBHEGHHA AJA 3HAuYeHHI napaMerpa A, GNUSKHX
K Ay 3aMeTHM, HAKOMCU, YTO H3 YC/OBHHA paceMaTpuBIeMoOil Teo-
peMbl BbIT€K2eT BBLIIOJHEHHe YCJAOBHH TeopeMHl CYUIECTBOBaHHA
(Teopema 1) H3 ¢opMy b KOHeUHBIX NpHpALLEHHH CAeLyeT, TO

OTOO paAKEHHE L UMeIoliee HelpepPHBHY MNPOUIBOLHYIO auaj,
JOKANBHO ¥EOBJAETBOPSET YCNOBHIO JIHNUIHLA,

JdoxasateawcTso. PacemarpusaeMoc mHbdepeausaabHoe
ypaBHeHHE € HauaJbHLIMH YCJIOBHAMH U OapaMeTpoM A 3sKBHBA-
JeHTHO yPABHEHHO

¥ (f, 4) =0, (V, 3; 46)

;o il PR Ve
rue ‘F—OTOGpa}KeHne YU XA= (Q'“‘“)ca IXAY B (F‘“‘“)c;,l
Orto6pawetne B '{’(f 1) ectb HEDPEPHBHAT OrpaHHTIeHHAS $yRK-
nnua "a [¢f, '] co 3naveHHAMH B F, onpeneaerdsad no dopMyJe

X
A =T —w® + [ LG, 1@, man. (v,3;47)

10

1y xa (Ag) wergetca anusAnoll Gopmod HA MPOCTpancTse -ﬁ, paCCMATOHBASMOM
KAK DCKTOPHO® OPOCTPAHCTBO Haf TOAEM BemectBeHHWX uncen. JIpyrumu cao-
BaMH, dyHKUMIO & = %y (A} MO®HO nuidepenumposaTh TOALKG OTHOCHTRALRG NONSA
BenlecThenBNX NHCEA, H TOrga caMma OYHKUHA | anddepenuupyema AHML OTHO-
CHTENBHO STOFG MOJA, a4 Bee TMpOCTpaHcTBa £ ABMATCA AHHEAHEIME NPOCTIDAE-
¢TDAMH OTNOCHTEALHC NOAN BeulecTHEHHEIX YHeed, Tem He MeHee ecau £y He 3a-
BHCHT oT h, TO x('; {A) = 0, u moxHo SygeT BCwAY paceMaTpuRaTh Iubdepen-
UHPYEMOCTE OTHOCHTENABHY DOMH KOMIASKCHBIX aHCeN.

?) Mon (%), | w1 noawmaen noanpoctparcrso npoerpanersa (F*70)
ofipazonannoe cb:.rﬁxunauu f co smauenaany 8 @ = F fe3 ofpaHAueAns Ha sHa-
YEHHA MPOMSBOAHOA ',



"6 Fa, V. Juigepenguaionole gpaakonun

Mbl mocTApaeMCA CBECTH 10KA3aTEMRCTBO K TEOPEME O HESBHEIX
dyuxunax. Coraacuo teopeme 37 ra. I, 2 asaserca oTKPHTHIM

MHOKCCTBOM AdPHHEOMO NPOCTPAICTBA Fre ol .. B cBow oue-
chi |

peasp A €CTh OTKPBHITOR MHOMKecTBO a(PHHHOrC HOPMHPOBAHHOLD

npocrpaicta (. Cacgosareantio, U X A apaAfeTc OTKPHTHM

Muo:kecTBoM adhUHHOrO HOpPMHpOBaHHOre npoctpaHerea F X G,
—

OroGpaxenne ¥ ecrth HelpepbiBHOZ oToGpakenHe U X A B Hop-

It R
MHDOBAHHOE BEKTOPHOE IPOCTPAHCTBO (F[“'b])cb_,. DT0 BHIHO U3

OlLEHOK, KOTOphle MK 3Jech He GYAeM YTOUHATH, OHU RONOBHEL
TeM, KOTODBEIE COCTZBJAAKT CYULHOCTH TeOpPEMbl O HJAH BapHAHOH-

goro ucuucnenus (reopema 38 ra. lI). Teneps nmoxvorpus, olxaa-
5
zaer Jan (pyaxuwa ¥ uactHon npoussoguofi no f. Odo3Hauum

tepe3 i3 NpHpaileHHe f, KAaK 3T0 JefaJIOCh B BADHAUHOHHOM HCHHC-
aesud (em. 7. 1, crp. 372). Torna, noabiyace MetToiOM, HOpHMe-

=
HeHHBIM B Teopeme 38 rta. [II, MoxHO mokasars, u4ro PyHKuHg W
a¥
KMeeT YACTHYIO TPOH3BOAHY d_f(f’ A), onpepensieMy opuy-
JAdaMH

5% =5 (f, M -5,
—_ — x - (\ry 3) 48)
ol (x) =&/ (x) — W('é, FE), A)&f (g) dE,
x; (A

¥
W MTO UACTHAA MPOUIBOANAS —5r ABJACTCR HEMPEPLIBULIM orobipa-

I, o Zle’, b
xerem UX A B @ (F ])Cb 5 (P )cb-, .
- Tak kak npoctpaHcTeo F ModRo, TO MDOAHWM OYAST H TPOCT-

PAaHETBO (Fr”"w (reopema 113 ra. V). IMosromy ecan Mbl a0-

chi 1
av
KaxeM, UTG T(f”; iy ARAsercd OGpPATHMHM 3JMeMEHTOM NpoCT-

paHeTRA Q([?"“"b'])ﬁll; (F[""b'])w_ ), 10 cmowem nmpuMenuTs Teo-

peney 25 i, 11 o HeaBuwiX OyHKUUAX. [ad HoxkasaTe ncTBA 05pa-
THMOCTH JOCTATOUHO, Bymer mokazaTe, 4TO fpopwy.m (V,3 48) no-
—

3BOJIIET BHPA3HTh 6f Kak ¢yaxuuw or 6% u uro 6‘{" *éf ABJANETCH
MeNpCPHBHEIM IHHCHHBIM oTefpaxenneM. HrTak, npu 3anaHHoOM
— —

papuaunn Y papuaunsa & AnAAercs pelueHHeM JamEeHHOrO AHD-
(epeHlUNa.ThHOTO YPABHEHHA CO CBOGOAHBIM WieHOM

o () = (5, (), 20 S0+ 8P (5), (V. 3,49)
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. -y
COOTBETCTBYIOILHM HadadbHoOMY YCI0BHIO &f (xy{iy)) = 6_1})" (xo o)),
dro andpepednranscHoe ypabHenne BHia (V,3;1), rae A{x)=

— S5 (%2 B ), 2o

HycTte R — peszonseekTa sTore AMO(PeperUHaNbLHOr0 Y paBHeHnd,
Torma (V, 3;48) 8 cuay ¢opmyan (V, 3;27) paspewmaercs oTHOCH-
—_

TENLHO 6f:

F () = Rx. ¥oliol) - 3% (1 ) [ R(x, &) - 89 () a.

Xy '10}

{V,3;50)

—

310 o3uavaer, urto ecAn Bapuanud &Y Geperca B mpocrpaucrse
= r

(F'“’b')cb (» TO OHJ onpene.rmercs{ HEKOTOPbIM, H MDHTOM €IHHCT-

BeHHbIM AEMEHTOM 6f 3TOT0 Ke MPpICTPaHCTAd, H 419 oTobpawe-
nHe 6‘}’ — éf Anuefino H uenpepesne, Cagiosareapto, otrodpaxe-
HHue —(fao, h;) oGPATHMO H TDHMEHHEMa TeopeMa O HeABHHIX
(byuxu,nﬂx. Hs mnee caegyer, uto B A HMeeTcd OKpeCTHoCTh #°

TOUKH Ay H B (!;21"!’ b")w_l HMeercss okpecTHOCTs F TOUKH [y, TakHe,
UTO A KamAoero A ¥ ypasuenne (V,3;46) uMeer, H npuTom
eJHHCTBeHHOR, pelileHHe B oOKpecTHocT#H F. Torda naa Ae ¥
danuoe IHdpbdepeHUnAJIbHOS YPABHEHHE HMECT, W NPHTOM €AHHCT-
BEHHOE, PeLISHHe, onpelienenHoe wa [a, b'] co agauendHaMmu B Q,
COCTBETCTBYIONIEE HAYANMLHBIM 3HAUSHHAM x,{L), #,(A) v TaxKoe,
uro f, e F.

[®pasa «rakoe, uro f, =F» oforawaer noayueHHHA nepen
Hell pesysabTaT B TOM, UTO KacaeTCAd ¢yuecreosanus (peliedue
He TOJBLKO CYLIRCTBYET, HO M NpHHAAAeKUT 57), HO oBedHAET €ro
B TOM, 4TO Kacaercs eduxcreennoctu (eIMHCTBEHHOE PEUEHHC Cy-
IIECTBYET B OKPeCTHOCTH F TOMKHM [, HO TAKWX PeImeHHH MOMKeT

b
OBITh HECKOJAbKO B (F[“ ]]ca- n)- Onuako TeopeMa 2 oGecmeyuBaer

Flet, b
eLHHCTBEHHOCTD B (F°° )cb_l.]
U3 Teopembr 0 HessBHBIX (PYHKIHAX, KPOME TOrO, Clelyer Hes

il P
MpepribHOCTb OTOGpaNenna A-—»f, owpecrnoctn ¥ b (F*°*),

IMyctb A——ompmme MHO¥KECTBO AdGUHHOIO HOpMHpOBaHHDT‘O

npoCTPaHCTEA G AHanoru¥II0 MOKHO YCTALOBHMTH, YTO ecau L
npuuamiaexut kaacey C' ma la, 6|XQ XA, a x, u g, npurazg-
aemar kiacey C' ma A, 7o W npuragiexur kaaccy C' Ha XA
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oy
co awauennavu B (F* I)ca- . Ha veopemw 28 ra. Il caenyer,
yro OToGpamenne A—»f, oTkphrToro muowecrsa # B (@ 1)

npuHamiexuT Kiaaccy C'. Kpome Toro, npoxsBogHas 5To# byHKOHA
Moxer OuTh moayucHa no opasuay (111, 8; 24). [Mpognpdepenuu-
poBae 'F (f, A} =0 B rouke fr, ko, NONYUHM

X

— C)L . —_ ; —
8 (x) — W(E, L E), Ag) - 8 B)dE — g (Ay) - 6L —
LIS ENY
oL = >
J (ﬁ (E, f;.w (E), ?\.) 67\.\ dg,-!-(xﬂ(?»u) 6?\.) (xﬁ(kﬁ) ¥y (A, vo) ==(),
Xy \Ag)
(V, 3,580
3payvHr, 4? MO HC NOAYUHTE KAK (PYHKUMO OT Ei CAeY OlHM
oﬁpasom' f?HBJIHETCH PelICHHEM }lHClJ(bepe}lLlHaJ[hHOFO ypasHeRud

oF (x) = (x Fag (), Ro) - o (1) + 2 T L (%, F (), Ao) - 8k, (V,3;52)
COOTBETCTBYIOLIHM HAYAABHOMY YCIOBHI

8f (o (Mo) =y (Mo} - OA — (i (o) - SAY L (%, (Bg)s #o{Rs) Ao} (V)35 53)
yTo BOSBpAILAET Ha(iK (V,3;44) u (V, 3; 45),

Haxouew, ecan L npunannexur kaaccy 7, a xy M 4, NPHEAA-
Jexar Kaaccy C™ wa A, 10 HHAyKnuedl npopepsieTcs, UT0 A—> [,
THPUHAMIERHT Kaaccy C™. '

§ 4, JUHEAHLIE AHOSEPEHIHAJNBHBLE YPABHEHHA
C NOCTOAHHbLIMH KO3GOHLHEHTAMYH

Tak HasnBawT AHddepennnatbEHe YPaBHeHHA BHIA
-
y=A-y v, 41
rie A— c]mxcuposannoe HENPEPBIBHOE AuHedHoe orolpaxkenue
npOCTPAHCTRA F B ceba: AEEZ’(F F) 3necs | a, bl——R B ka-

yecTBe NOMA CKAJADOB NJist BeKTOPHOTO NPOCTPAHCTBA 7 BCEraa
Geperca nojie KOMANEKCHHX HHCE.

Pewenne 3TOrc ypaBHEHAS MOJAYyYa€TICH C nomombro AOHATHA
3KCNOHEHTH omeparopa. PaccMorpum pag

o A
mt*
#=0

expAd= V,42)



§ 4. Tuueduste dupcpepernitarvisie ypaanenus [44]

=
3tor pag a6COMOTHO CXOOUTCs B mpoctpanctee F{F; F),
b = B

(Ecan F — npocrpauncrso Banaxa, to £ (F; F) ects mpocTpanctso
banaxa.)
B camom nene, rtak kak [ A" 1| AI® (em. 1. I, erp. 114), 10

lexp A< ™. (V,4;3)

CrepoBaTenbHO, CYMMa 3TOFO PSINA #IBJAAETCH HOBHIM Hempe-

. -

pPHBREM JHHelHbIM oTofpakenHem F p cefa. 1o orolpaxkeHHe
o6oanavaior uepea e uan exp A, Ouesnpano, exp(0) =7 — Toxne-
CTBeHHO® OTOODAKeRNE.

JKCOOHEHTA oneparopa obnangaer CIEAY IIIHMHE 2aMeyaTeNEHRIMH
CBOACTBAMH:

1°) Ecan A n B — kommyTupylowjite ONEPaTopH, T. e, omepa-
TOPHl, AAA KoTOpuiXx AB = BA, To cnpascnnnea $opMyna

exp(A - B)==(exp A)o (exp B) '}, (V, 4; 4)
JeHcTRUTEARHO, €CMH NepeMHOXHTH ofa aGcomoTHo cXond-
UIUXCA pAaa, NPeAcTaBAaoWHX e€Xxp A H exp B, TCO Mbl HOAYYHM

oo

(exp A} (exp B)= ¥,

e, g==0

AP B3
F?]"i (Vi 4! 5)
oTKyda nocAe neperpynmuupoBRKH YJAeHOB fPHXOOHM K HCHOMOMY
BHIDAKEHURIO

oo

{exp A) (exp B)w—*Zﬁ( 2 m! A”B"))=

plg!
== P4 g=m

- 2 M_+Tm'i_=exp (A4 B)Y3. (V,4:6)

!
=}

B uacTHOCTH, eclH A — HeKOTOPHH OmepaTtop, a A H P — KOM-
IJ€KCHbIE CEAJADBI, TO

exp(AA) exp (uA) = exp (A + p} A). V.47

[Toaaraa A= —p, BuIMM, uTO onepaTop exp A obpartnM, a ero
oGpatHHi cnepatop paeen exp(— A).

'} B xaue¢TBe CHMBOJA KOMMOSHORH MB HCNOALaYem ¢, ONHAKO HANOMEWM,
ol

>
uto F (F; F) pacemaTpuhaeTca Kak mexotopas aareSpa 4 uro s wefl, soofule
COBOPA, 2TOT CHMBO,J Re BBOAHTCH. Brpouew, onpeneqans A7, mu HMEHHO TEK H
NOCTYNATH,

?) Ilpn mepexoge or 2-ro x 3-My udeHy papeHcTe (QopMyAa Smuaoma) cyine-
CTBEHHO NPEANOAOMNEHNe © TOM, UTO onepatopsl A B B KOMMYTHPYOT.
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3ameruM, uTo onepatope A H expA Beeraa KOMMYTHDYIOT
H NpH 3TOM

)’Im-‘-t

(V,4;8)

mt

Aexp A={exp A)A=2
m==(]

2°) Tlyete A — nexoropuifi oneparop. Pacemorpum orofpae-

nue & —exp(xA) pemecTpennofi npamodt K B .‘2’(?‘; ?3).

HoxameM, ur0o 5T0 OTOOpaKeHHe HeNpPepHBHO H Hame and-
(pepeunupyeMo. [JIas sTOr0, COMAACKO CAEICTBHIO Teopeme 111
ra. IV, nane cnavana QopMalbHO MOUNEHHO Mpoauddeperunpo-
BAaTb paccMaTpHBAaeMblil DAL, T. €. HANWCaTh

d il m—I m i m m
E(expr]:E -{;_—I}IA =E ::EI_A 1= Aexp (xA).
m=] =0

(V. 4;8,)

TTocne 3Toro HOCTATOMHO YGEAHTLCH, YTO TOJAYUEHHBIH pal
JOKANBHO paBHOMepHO cxoauted Ha R, Oanako 370 ouesuiHo,
TAK Kak a4 | x |=: £ HMeeT MeCTO O0eHKA

“%ﬁﬂmung%ﬂﬂmu i Y T AT < oo (V,49)

=0

OueBHIHO naJjee, YTO Npeabiaymas OYHKUMS YAOBJETROPAET
i ddepeanHalbEoOMY YPaBHEHHIO

I (exp(xA)=Aexp(xd), mam Y’ =A-¥=YoA (V,410)

TMockoabky aas x=0 umeer MecTo papetcrso exp(0A)=I,
IpeAnyas GYHKIHA ABAAETCA pelleHHeM AHpdEpeHUHAIBHOrO
VPABHeHHA JJA paspemaioluero onepatopa (V,3;19), coorser-
cTBYlOIMM 3Havennio E=0, [lo>tomy pJs sroro paspelaiomiers
oltepartopa, corJacHo teopeMe 12, uMeer mecto dopmyJa

Rix, 0)==exp(xA). (V.4 11)

Mockoabky Mal pacemarphuBaem auddepenunansnoe ypapHenue
¢ MOCTOAHHLIMH KO3¢ddHIHEeHTaMH, OHO HABAPHAHTHO OTHOCHTEMAbHO
CRBHFZ 1O X, H, CHeLoBaTeNbHO, paspelalomill oneparop OTHO-
cuTeMlLHO TOUKR £ BHIpaxkaerca uepes paspellalcmuil CNepaTop
OTHOCHTENBHO TOuKH O dopmynod

R(x, )= R(x —§, 0)=exp(x — 5} A) (V, 4 12)
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O1cioaa cAeayer, uTo eJHHCTBEHHOE pelienne AHddepeHnHaIb-
-

HOTO YpaBHEeHMHA, COOTBETCTBYIOUIEE NAYAJILHEIM JHAUCHHAM Xy, Yo,
3anaercd CA€LYOULHM 06paaoM:

?(x) ==exp ((x — x¢) A) -T(xn) = exp{{x — xp) A} - ;m (V,4;13)

Peirs OAHOPOAHOE YPABHCHHE, MOXKHO pewuts nubdepen-
IHAJbIIOE YPABUEHHE ¢ NOCTORNKBIMH KospdHuHeHTaMH H cBoSou-
HLIM UJeHOM:

¥ =A g+ Bx) (v, 4; 14)

E
PeuteHHe, COOTBETCTBYIOLIEE HAYAJBLHLIM 3HAYCHHAM X, ¥,
6yIeT HMETH BHI

fi)=exptix — ) A) - o+ [ exp((x —8) A)- B (V.4; 1)

Xy

IToaBOAS HTOr MPEABIAYLIHM Pe3y/bTATAM, NOJAYUAEM CASTYIO-
IIYIO TeopeMy:

Teopema 16 Pad (V,4;2) onpedesser zaemenr exp A npo-

CTPancT3a _?;’(F F) Hmeer mecto coorrnowenue (V 4. 7), a ecau A

u B rkommyrupyror, 1o u coornowernue (V,4:4). Capasediuso

duppepenyuassnoe ypasnente (V,4:10), Paspemamwuu oneparop

ypasrenus (V,4:1) sadaerca popuyaoii (V,4;12). Eduncreeusoe

peruenne dupdepenyuarsnozo ypasnenusn (V, 4; 14), coorserersyo-
=

4eC HOLAALHBLM IHAUCHUAM Lo, Yo, O pedeanerca dopmyaoi (V, 4; 15),

Hpammecxn BCE 3ATPYMHEHHA NPH PpeIIeHHH TeéX HJAH WHEX
38131 CBOAATCA K YMEHHI0O BHMHCAATL JKCMNOHEHTY ONEepaTopa.

e
YacTumit caywah, korpa mpoctpanctsoe F ABJAneTcs #-MEpHBIM.
Nocrpoenne SKCMOHEHTH onepaTopa

ldaxe B 3TOM cayyae NOCTPOSHHE SKCMOHEHTH OmepaTopa He
ABJAETCA CTONB Y WPOCTHIM ACJOM. IpeanosnoxuM Ans onpe-

,ILEJIEHHOCTH yro B F BLIGpaR HekoTopu il Gasuc. Torga oneparop A
MOXKHO TIPEACTABHTE B BHJIe HEKOTOPOH MaTpHLOW M, u My Gyzem
HCKATh 3KCTOHEHTY 3TOH MATpHUB, onpeledekHyio psmom (V,4;2).
OnHako 3»TOT paA He DpHCnmocoGAeH 1A APAMBIX BHYHCJACHHH,
I'IOCKOJ]]:K}" Ana ero MOCTPOCHUA Hajo YMeTh BBIUHCAATE TOCA€H0-
BaTeNbHHE ¢Tened MatpHuw M. Ecaw HaMm He yzaerea TeM HJH
HHBIM CTOcO00M y3HATH COGCTBEHHBIE AHAUEHHA HTON MATPHUM, TO
DPaKTHUYECKHE BHYHCAEHHA 3KCAOHEHTH OYVAYT HeJZeTKHMH. ECJH Xe
COGCTBeHNME 3HAYENHS MaTpuibl A — 9T0 pasAYHbE 4YHCAAE
Iy Py ooy I'p, TO, UCROAL3YA 8 KayecToe Oadtica Habop coorger-
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cTBYtOMUx COGCTEERNBIX BEKTOPO8, MOXKHO TNPWBECTH MaTpHLY
nmepatopa A K AHarcHaAbHOMY BHIY

O 0.0
0 ry 0 ... 0

M=10 0 2.0, 0] (V,4; 18)
0 0 0 ... ry

Torna ana mocaeloBaTeJbHBIX CTENeHEN MaTrpHis HMEeM:

rm 0o 0 ... 0
0 0 ... 0
Mi=lgo 0 ™ ... 0 V,4;17)

I . I I T T

¢ 0o 0 ...

H, CAeNOBATEbHO, 3KCNOHEHTA TAKCH MaTpPHIbLl OVAST LUATOHAD-
HOlt Marpuuch prza
en 0 0 ... O

0 e+ 0 ... 0
expM=10 0 e: ... 0 1 (V,4; 18)
r e L] A B » * |

0 0 0 ... ¢n}

B wactHOCTH, €caw A —roMoTeTdsa ¢ oTHOLteHHeM A, A=A{, TO

exp A =—=eM., PaceMorpum Teneps ofmull cayual, Korma xapakrepu-

CTHYCCKHC KOPHH omeparopa A He 00A3aTeIbHO PasTHYHEL
OGo3pauuM KOPHH  XaPaKTepHCTHUECKOTO ypapHenua tuepes

Fyy o5 vaey Py CUHHTARA, UTC r;-—KOpeHb KpaTHOCTH Pi Epjmn.
=

Torjga, COMNaCHO TeOPHH SKOPHAHOBHIX MPeICTABAEHHIT MATPHIIH

JHHEAHOTO OTOGpAKEeHHT KOHEYHOMEPHOTO BEeKTOPHOTO MpOCTpat-

cTBa B ceff, KAMAOMY KCPHIO r; COOTBETCTBYST ONHO3HAUIO ORpe-
-

AeJeHHOE BEKTOPHOE MNOANPOCTPAHCTBO F; pasMepHOCTH p, Npo-
-

crpauctea F, cogep:kauee Bce COGCTBRININE BEKTODPH, OTBEYAIOUIHE

coGCTBEHHOMY 3HaueHulo r;') omeparopa A, u taroe, uro omepa-

"y CywectByeT no Kpafneli mepe omnH Takoii coGcTBedawndl rexTop, Col-
CTEGHEHE REKTOPH, COOTBATCTBYOIINE COBGCTREHROMY SHAUEHHKY rj, obpasyiot
Iy I ¥

HeKOTOpoe moampocrparcTBo npoctpancTea Fj,
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top (A — rid)i PABCH HYMO B STOM HOANPOCTpaKCTSe. Kpoue toro,
NpOCTPaHCTBO F ABASETCA npsaMel cyMMOfi BCKTGPHBX MOLNPO-
CTPAHCTB F1, Fg, e I‘, ).

3anamum 'l‘Eﬂepb n;m nucp(pepejuua.nbﬁom YPaBHeHHA HavaNb-
poc yeaosne g{xy) =1y, Bektop Yy MOKeT OhITb NPeACTABJEH, H

. > I r
NPUTOM €1HHCTEEHHBIM QUPA3OCM, B BHAE ¥y — 21 ty, PAC BEKTOPDLI U,
=l

et
npuaannckat F; Pewewe, coorpercTByloniee 9TOMY HayadLHOMY
ycAOBHIO, Tel‘lepb MOXeT OBLiTE 3aNHCAHO B BHAES

Flx= Z exp((x — x0) A) - ;. (V,4; 19)

Janeuefiine paccyxAeHHA Mhl NDOBeJeM cJIeAyRIHM obpa-
3oM. JJs npocToThl MBI ROJAOMAM x — x,={. Torxa

exp(tA) 1, =exp(t(A — r;0))- [explr ) 2, (V, 4 20)

Keagpateymo CKOBKY MOMHO 3alHCaTh B BHAS e"-‘-;,f. C npyroi
CTOPOHEI, YYHATBHIBAS H3JOMeHHOe BbIWIE, 3AMETHM, UYTO pasac-
wenue expf(Ad —r;f) no mnociegoBaTeNBHEM CTEMEHAM ONCPATOPA
A—r;] conepxnT JHLIL KOHEYHOR YHC/IO YJISHOB H MOMeT OHThb
330HCAHO B BHIE

Pyl
expt(A—r)= ¥, (A~ rd" (V, 4; 21)
P

IMosroMy OKOHHATENBHO pelleHHe ?(x) 3aMACHBAETCA B BHIE

i P!
?(x)=2 E in—!(A—r;I)me”:‘;; , d=xe=x, (V,4;22)
=\ m=0

Mu BHAHM, YTO KAaXKnOe pelneHde uddepedndaabloro ypas-
HeHHA MOMKeT OHTEL 3anHcaHo B dopme

i
=Y 7B, ), (V. 4;23)

=1

N
1} Muaue roBoDa, KakAwi BexTOp H3 F nmpa}xae'rcn, A OpHTOM CAMIISTReEN-

HHM 06?&30\‘[, B BHAE CYMMBl HEKOTOPOI‘O ECKTOpPa H3 Fl: HEKOTOPOIO BEKTOPA
n3 Fz, «es [ HEKOTOPOTO BEKTOPA H3 F;
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>
roe Kaacabil unen 77 P;{(x) upemctaBamer coGoll nmpoM3BeleHNe

SKCAIOMEHTH € /° HA HeKOTOPHIl TQJAHHOM OTHOCHTEABHO X CTe-
meHy < p; C Koaqaqmuuemamn OpHHALJEKAIHME BeKTOPHOMY

.

NOLNPOCTPAHCTBY F,a npocrparcrea F. Ecan Bce cobcrBesHBR 3Ha~

YelHST PA3JIHYHBL, TO PA3MEPHOCTh KAMIAOTD H3 MOANPOCTPaHCTR F';
paBHa | ¥ MB Bo3BpawaeMcsa K HafilekHON paHee KJACCHUECKON
dopme 006mero pelleHAs:

Tio= ﬁ e i, (V. 4; 24)

=t

Ha IpaKTHKE pelrenHe YpaBHeHHA HAYHHARTCA ¢ OTHBICKAHHA
XapAKTEPHCTHYECKHX KopHell omepatopa A. Jlas 3TOr0 pacemarpa-

BaeTCH YPaBHEHHE
det(A—rhH=10, (V,4;25)

>
KoTopoe JAerko 3anmcaTh mocte Bwbopa nekoToporo Gasmca B F.
3areMm onpefeaseTcad MOPAIOK KPATHOCTH p; KaXAOTO H3 Xapak-

TepucTRUeCKHX Kopuedl rp [loce 3Toro pelenne Hwered B ke
onpenenenucid dopme (V,4;23), rae KO3(QDHIUHCHTH P CUNTaoTCA
IPHHAZI2XK AlEMH npOCTpaHCTBy Ff, H OCTAETCH J'IHIITB onpe,ue.rm'rb
KaxAbld NOJAHHOM P;. CBoSonHBIH YieH NOAHHOMA P fepercs B Ff
NPOU3BONLHE, a OCTaJbHBIE ero KO3(pgHUHedTs WLy TCH B NOXNpPo-
CTpaHCTBE F;, ucxoma ua AQHAOTO ypapucuesa. Ecsn caoGonnni

uden P; 0BOIHAUHTL YEPe3 j, TO PelleHue, BHDAKEHHOE B BUIE

(V, 4;23), AMeeT B KAUECTRE HAYAJLHOIO 3HAYEHHHA, COOTBETCTBYIO-
niero x =0, BekTOp

Fo)= g,l o (V, 4;26)

Sror Haqaﬂbﬂmﬁ BEKTOP MOKHC BHOHPATh DPOM3BOMBHO; €TO €O~
CTABJAAWOUIHE Cm HB.T.[HEOTCH NPpoH3BOJBHBIMHA BeKTOPAMH B PasjHy-
HBIX TOANPOCTPAHCTBAX F; OH onpepenaer eLHHCTEEHHOE pelienne

paccmarpupaeMcro ypasHeHus. IToauHOMBL P,«. OUEBHAHO, HEIbSH
BHGHPATh NPOH3BOJBHG, 3TO TOMHHOMEl CTENEHH < p; ¢ RPOL3-
goabHblM CB0600nbM waenom. Kamgui#i cBOGOAHMH 4ien npole-
raeT HEKGTOPOEC BEKTOPHOE NOANPOCTPAHRCTBD PASMCPROCTH P T. €,
NOJMHHOM 5, 33BHCHT B JeHCTBHTEALHOCTH OT p; TNPOUIBOJBLHHIX,
¢KaJAAPIBIX focrofHHHX. [lostoMy, oKoHuareabHo, pewenne Aug-
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!
L

depeHIHAMBHOrO YPABHEHUS 3ABHCHT 0T A= X p; TPOH3BOJBHHY
=

CKAAMPHBIX MOCTORHHBIX,

Jamevwanne Mowker orasathea, 4YTO XapaKTepHCTHYECKHE
KONHH KPATHH, HU, HECMOTPH Ha 3TO, pelleHue HMeeT BUA (V, 4; 24),
T. e. NOAHHOMH CBOAATCH K HX CBOGOIMHHM uwieHaM. (Kak Mw
YEMOAMM [O33#e, COTJMacHO cAeacteuio Teopemu 18, sToro ne cay-
ypTeA, €CAH Peub HACT O cKaaapHoMm AudQepelHaNLIOM Ypasuc-

Hun nopsnka p.) Takoe OﬁcTOﬂTeJ‘leTBO HmeeT MECTO TOTIA H
TOABKO TOTAA, KOrA4 BCe no,unpoc-rpauc'rso F,, AIBJISETCA CcOBCTBOH-

HBM B'EKTOPHHM HO,U.HPOCTPE}HCTBOM onepaTopa A, COOTBETCTBY KO-
ur M COﬁC’I‘BEHHOM}F IHAUYEHHK ry, T. € ,EUIF[ KaxI0T0 BeKTOpa
>

>
¢; eFj UMeeT MecTo coorHomenue A - ¢ —r;c b0 TorAa AAA KaK-
e
Z.0r0 CEF; MBI HMeeM 3?(_;_3 / )=cr,—e =(A- c)e "1*. B atoM
' -

chyuae dKCMoHeHTa omepatopa A B F; CBOLHTCH K TOMOTETHHA C OT-
HoweHHeN € /. '

B cayuae xoraa F=F* u Inpdepenunaisioe ypapHenne
HMEeeT BHI
y;=ryi‘ £=15 2» vy 1, (V!4;27)

CYLIECTRY ST eAMHCTBEHHBIE XapaKTePUCTHUECKHH KOPEHb r KpaT-
HoCTH f. PellleHHe TOrAa BHpaH{aeTCH B BHAE

b"l
s, (V, 4; 28)
lon

TTonayueHHEe peayAbTATH MOMHO IOALITOKHTL B BHAE CJEAYIO-
kel TeopeMsl:

Teopewma 7. Hycre sadano dupgepenyuassioe ypasHenue
(V. 4; 1). Tozda kam0osmy cOBCTBENHROMY SHOHERUIO Ty KPATAOCTY Py
MaTpuyot A MONMEHO ROCTABUTS 8 COOTGETCTEUE BEKTOPHOR NOJNpPO-
CTPAHCTBO F ; NPOCTPANCTBA F passeprocri p;, codeprcawyee sce
COOCTBEHKbIE  BeKTOPLI, COOTAETCTRYIOWNE COOCTELHNOMY 3HAYE:
HILIO Ty, 8 KOTOPOM MATpUHG (A —r)°! passa wgawo. {Tpoctpas-
c160 F agasercA nPAMoli  cymmol noORPOCT PANCTE F ry O61yee
pewene ypasrerus sanucvisaerca e sude (V,4;23), ede Py — no-
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> 3>
AuHon eTenenn < p; ¢ koapduntentamu, sewcawgumu 6 Fy. B Fy
MONCHG RPOUIBOALHO 8uIGUPATL ¢80GOTMBIL HACH 37020 ROAUROMY,

.
u 10eda P; onpedeien 00HO3HQUHO.

Caysall ckanaproro audpepeHuUHANLHONO YPABHEHHA
nopagKa p ¢ NOCTOSHHRIMH KoadpuupeHTaMH

3anHieM Takee YDarRHeHHE B BUME
p=I

Dy =y — 3 Ay=01), (v, 4; 29)

=l
rae Ag Ay ooy Ay — HEKOTOPBIE NMOCTOSHEBIE. ECAH TPOH3BECTH
sameny $yuxunii z=(y, ¢’, ..., y7"), 10 MBI nOAYUHM GyHK-

nuio z ¢o apavenuama 8 K¥, ynonaerpopaowyno nuddepeaypans-
nomy ypasmeuuw (V,4;1), rae A — matpuua Bumga (V,3;39) ¢ no-
CTOSHHBIMH 3deMeHTaMH A;. Tenepn MOKHO ObIIO Obl MA pele-
HHS TONYUEHHOTO YDABHEHHA NPHMEHHTb “yse PpaspaloTaHnylo
TEOpHIO, KO B 5TOM ¢AyHae uedeccofpasHee BOCMOMNb30BATBCA CJe-
AYIOLHEM He3ABHCHMBIM MeT0J10M HCCHeILOBAHYSA.

Tlycts P — HCKOTOPHIE MHOJHIIOM € KOMNJIEKCHBIMH KO3{du-
IHMeHTaMH OTHOCHTEABHC TPOH3ROILHOK TepeMeHHOK 2:

p .
P(e)= Z e’ (V. 4; 30)
Torna uepes P(:—x) mMu OyAem o6o03HauaTh mupdepennnao-
HbIA onepaTop
]
d ~ FERY:
P(W)=2ﬂ" (71?) . (V,4;31)

HOeyM nonuaoMaM P u Q cooTBercIByloT ABa AuddepeHuHANbHBX
onepaTtopa P(%) H Q(_:T)' CymMe noaupomos R=PF 4 Q or-
pevaer JuddepeHuUatbHEHE Oneparop R(%)-—-P(%){-Q(Ti),

HA3BBAaeMHH CyMMOHl ONmeparopoB, a IIPOH3BEAECHHI MMOJAHHOMOB
S=PQ coorpercTByer KoMmnosuuua nuddepeHUHANLHBIX ONepa-

d d o
TOPOB S(H)zp(ﬁ)"Q(W)’ TaK:Ke OG03HAYAEMAs B BHIE

d d
NpOH3BeEHAs P(E)Q(_ﬂ)
1) Moxuno Spne 6B Mpu MeNZHHH UOJOMHTL = A;==a; n ap =1, u TorAa

D= i ag(%)i.

=0
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Huddepenunansinit oneparop D, onperennemslli GopMyaof
(V,4;29), voxer OuiTh 3anmHcas B BHie L(%), roe L — noan-
HOM:

=1

)
L{z)=2" — 3 A2’ =X a;2")). (V, 4; 32)
i=f] i=0

ITo teopeme Jlanambepa (Teopema 30 ra. I1) sroT mosmrnom
MOMeT OHTL NpegcTaB/Ien eAHHCTBEHHEM ofpasoM B BHAE MPOH3Be-
JIeHHSI CTeNeHed NOJMUHOMOB TepBoOil CTemeHH:

I
L(2) =-II_-[|(2 — 1)l (V,4:33)

XapakTepUCTHUECKUMH KODPHAMH JAHG(epPeHUNaNBEHOro omepa-
TOpa ABJAKTCH NO ONpeleleHHld KOPHU NOAUHOMA L, T. €. KOPHH
YPABHEHHR

L(®)=0, z=C, (V, 4; 34)

npHuYeM KOKAHA KODEeHb CUHTAETCA CTONMBKO Pas, KakoBa e€ro
KDATHOCTD 2).
Jupdepennnanpuniii oneparop D moxer GHTb 3anucan B BHIe

S | (s T

f=

HaitzeM Tereps, npn KAaKOM YCJORHH 3KCTIONEHTA € ABJISeTCS
petienueM guddrepeHuaisHoro ypasrenus (V,4;29). Mmeem:
d R rx

P
rE__ L tX d rx
-7 ¢ =re'", otkyna (—dx) g™ == pRot%,

3uaunT,
L{£) e =Lire™ (V, 4; 36)

TaxuM o6pasem, ¢ aBaserca pemenneM IHbdepeliHaTsHOIO
ypasrenus -(V,4;29) Torma W TOJbKC TOrAd, KOTJAAa r €CTb Xa-
pakTepHCTHUCCKRI Kopewb Auddepenuunansuoro omeparopa L.

'} CM. mpumeuaHne #a cTp. 66.

) Mu naem amech onpedergnye XapakrepllctHuecKux xopwelt omepatopa D,
KOTOPOE AOCTATOUHG RAA TOAHOTH pelieHHd  anddepesUHARBHOTO  YpaABHCHRA.
Hanxo Gune 60 doxazars, uro aTo JeHCTERATENBHO XAPAKTEPHOTHISCKRUE KOPHH £}
¢ TOPRIKOM KPaTHOCTH py, cooTmetcrmyloutne Matpume A w3 (V.4 39), 4ToOH
CBA2ATE DACCMATPHBASMBI 3Hech wacTHHE cayuail ¢ ofuum caydaem. Mo npea-
MaraeM  UHTATEN0 CAMOMY TPOBECTRE STH paccyxiewun. Jlpsmoli mosbam oT
3TOTO HET, NOCKOJABKY B TAHHGM YACTHOM CJydae MH HCOOAB3YEM CaMocTon-
TeALHWA MeTox ncciaeacBanus. HeoSXonuwmeifl pe3ynpTiT BHTEKZeT DPAMO HR
caefcTEHR Teopemu 18,
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Ecni Bce XapakTepHCTHYECKHE KOPHH pasauunu, 1O faudbdepes-
IHAJLHOE YDPaBHeHde UMeeT p pelleHHd, a UMCHHO 1%, e 2% |, ™%,
ITozwe wmbl moxameM (Teopema 18), uro 5TH pelienus anuefino
He3aBUCHMMBL, H TOrAa ofllee pelleHHe YPAaBHEHUA GyIeT HMeTb BHE,

P
fixy = gl g%, (V, 4:37)

Ecnp e uMeoTcq KPaTHBle XAPARTEPHCTHUGCKHE KOpPRIN, TO
JHAHHE SKCOIOHeHUHAMLHBIX ]JE'LL[EHHﬁ HeJOCTATOYHO AJig onpeje-
JdeHHsl oferc pelteEns AuddeperHuyanbHoOro ypasheHus, B stom
Cay4ae CASLYET BBECTH YHKIHK

xk

e (V, 4; 38)

H BBIMHCAHTL PE3YIhTaT AeHdcTBAA AHMDEpPeHUNATBHOTO OOepaTopa
p _
~F — 5 Ha a1y GyHEUMIO;

a £

(Ti}‘ )?em r— ) +(k pie”e (V. 439)

Orcioga npu r=s noayuaem dopmyny

d £ Pl r .
(F;—r)-k—,e”—{k_”!e-“ (V, 4; 40)
n, GoJsee ofulo, popMyay
0, el g=k+ 1,
k
(i_r)q—x-—erx-:: xk—q (V,4;41)
dx Kl We”‘, acnu Qé k.

d T
Ecnn ke $<=r, TO (W_S) P(x)e'™* apngercsa npon3pene-

HHEM e'* Ha HeKOTOPHi MOJKHHOM CTENeH:H p.
[Npegnoaoxum, UTO r; — KOPeHb KPATHOCTH pj; MOJAHHOMa L,
Toraa nagdepenusanbHbri oneparop D Mmomxer GHTb 3anucan

B BHIE ,
Lgr)=til )l =)

(V,4; 42}
Li(z)= 1;1;[1 (z —r).

Jlerko Buperh, trm €CJH 3TOT ONEpaTop NPHMERHTH K NPOH3~

BOJBLHONH (DyHKITHU -;—z,—e} npn k< p;—1, 10 Mel noayusum O
JLpyrHMA CHOBAMH, p; TEKHX (QYHKLHE ABJAIOTCA pelICHHAMH Pac-
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tMATPHBAEMOro AH(depeHlHaIbHOrC ypaBHenus. OTciona caetyer,
110 3TO Y PABHEHHE HMeeT 1o KpafHell Mepe p CAeNyIOWMHX peileui:
-4
X -
Feri”, k=0, 1,2, ....,pp—1, j=1,2,..,1 (V,443)
Ecau Tenepb Mbl cyMeeM [OKA34Th, UTO 3TH PELISHHA JAHHENHO
103ABUCHMBL, TO, 3HAA, YTO NPOCTPAHCTRO pPellleHuil p-MepHO, MO-
J¥YYHM oOuiee pelleHne ypaBHeHRs (V,4;29) s Buae
roPil .
— X rox .
f(x)—E(E e gre] ) (V, 4; 44)

=1 k=0

Teopewua 1B, Cosoxynnocrs p ¢pynryuid suda (V,4;43) au-
HCOHO HeaasucuMd, T. e. PUNKyur suda (V, 4;44) uoxcer rowde-
CTGEHHO PABHATOCH HYAI0 TOLKO ro2dd, Kozda gce ee koafou-
HHGHTBI PAGHBL HI 110,

Tleproe a0cKasatTenbcTBo. IlpeAnonoxkimM, 4o BHBOIH
TeopeMbl Ne Beplubl, K IIOKaXEeM, UTC 3TC MPHBOAHT K IIPOTHBO-
peunto. Ecan He Bee KosdHUHeHTH ¢, B cooTHomennd (V, 4; 44)
PABHE RYMIO, TO HaflJeTcs TAKoH Kos(pdHuHeHT Cjay 7 0, uTo BCE
KOY(DOHIHEHTE €;, HPH 2 > g; PaBHH HYAW (310 KO3 PHUHEHT

RAUBBICUIEH CTeNeHH MOJHHOMA, COOTBETCTBYIOLEro ¢’i*). Pacewo-
TPHM Tenepb cAepymuit fuddepeHunaabERfi onepaTtop:

Mi{5E) e M@=t T —r)r e~ ).

=)0 ot |
(V,4d; 45)

Tax rak & M;(2) sxonur muoxnredp (z — r,)’*, 70, ncficTeys
fad
El
PHCTHICCKHI KOpPeHe & r; U R<{p, — |, MBI MOAYUAM HyJb (yKe
rerpedaBlueecs paccy:kienue; oM. (V,4;42)). Tak kak B M;(2)
BAOAUT MHONKuTedb (2 —r)/, To B pesyasrare pnefcTBHA OuEpa-
Topa Ha :—Ie’»‘” NpH R<Cg; — 1 Mb Takke noaydyum Hyabs. Ilpu-
ay

d q
MCIEM 9TOT omepaTop K ¢y uKIHH —(:—f)!— &7, Muoxurean (E — r,] !

upeofpasyer ee B GyHKnuio €, Ha Koropyio Gyner neflcTBOBaTh
OHCPATOR LJ‘ L rie

THM ONEPATOPOM HA KAKAYIO H3 PYHRUME S &'¥", FAe r, — XapaKTe-

fi(z)= —LE)—pr-]__[(z-r,,)p" (popmyna (V,4;42)), (V,4;45,)
(=)'t 4 .
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yro nacr L{r;)e/* == 0. TTosTomy
M, (%) f)=ciq,Li(ri}e ", {V, 4; 46)

Onwako ecan nuueitnag komGuwauwsa (V, 4;44) pasua uyno,
TO, AEACTRYHA HA Hee TNPOHIBOJABEHM AHPdepeHlMANBHLIM oOnepa-
TOPOM, MBl MOXMeEM TNOJYYHTb TOALKO Hydb. OTCIOAA BhITEKAeT,
Y10 BCE ch’,=0, 4YTO HEBOIMOKHO,

Bropoe goKaaaTedbCTRO. OyHKIUHS T, onpenenenqan
no dgopmyne (V,4;44), Moxer Guirk APOLOJIKEHA 10 HEKOTOPOH
tbynkouH Knacca C B KOMNJIEKCHOH MJIOCKOCTH, MOCKOMLKY Takoe
NPONOMIKEHHE BO3MOMKHO KAK JAd 3KCHOUCHUHAABHLUX (YHKURH,
TaK M I8 nofHHOMOR., KpoMe TOro, TaK KaK 3KCOOHENTH pPas-
JOKHMB B paf Teilopa No CTeNEHSAM 2z, TO TAKOe XKe pasfosge-
HHE BOAMOKKO H AJ8 paccmatpuBaemoil Gpyukudd. Tak Kak xosd-
duunentsl psana TeAaopa ABJNAKTCH 10CAEAOBATEALHEIMH MPONS3-
BOAHBMK pasgaraemMofl ¢yukuuu npn x=0, TO pasnoweHne
Teitnopa mo cremeHaM 2z MoWerT Otk pasHuM 0 das awbozo
BEWELCTBEHAOZO 2 ==X TOJBKO B TOM CJy4ae, KOCLA BCC €r¢ Kosp-
puanenty paBue Hymo. CaexobarTedbHo, ara GyHKuHA, pasnas
NO TMPeANOJONEHHIC HV.II A BellECTBEHHBIX 3HAVEHHH 2=x,
GYRE‘T TAKKe PABHATLCH HYJAK H U8 BCEX KOMRASKCHBIX 3HAUe-
HHA 2. JanbHeRIlHEe PacCyIeHHA GyleM NpOBOAHTH METOLOM QT
NPOTHBHOTO,

OGogHauum wuepes r; Kakoii-1udo MAKCHMAJLHEA MO MOAYMO
XapaKTePRCTHYCCKKA Kopewb, BXOZAMWNA 9 (EKTHBHO B Bbipae-
HHe AAs f, H NycTh §; — HANGOMLUIAA CTENEHb HJEHA %e’f" B f
€ He PaBHBIM WYMo Kospduuuentom. OBosnaunm depes |r;| ero
MOAY/b, A Uepe3 B; €ro apryMedt: r;==|r; 16’1, u notomnm z~—
== pe ', PaccMoTpHM Teneph MoBeieHHE UACHOR cymubl (V, 4;44)

NPpH 2, CTPeMALIEMES K §eCKOHEUHOCTH NPH GUKCHPORAHIOM apry-
menTe — B;. Tak Kax

q; a;
24 rz P [rile
ig. =€ =gy, | ——el 1",
Civ; (g ¢ (g)!
£ R
z [ .
[enrerss|=tenifreliit,

(V,4;47)

2* L pk |'r ip
|"31’k—;ﬁ'9"' %Wmlge vV g e b<<irgl,

k ] 5
T oraEl p r;lcos{6 —0,3D i)
|cl"k_k! e ""lf"m}“;,‘el jleos{&,—9;) 17 fv-,\’__.—l.p-i]g v,
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TO MOMYJM BCeX UieHOB NMPH p, cTpeMslleMcd K GECKOHEYHOCTH,
HMEIDT MeHBIWHH MOpPAAcK pocTa, 4eM MCAYJAb NEpPBOTO UJ/eHa:
BTOPOH — notomy, uto & < g;, Tpernit — noromy, uro |r, <] syl

& YCTBEPTHE — MOTOMY, ¥T0 B, %= 0, 3Haunr, QyHKUNS f(pe"""f)

2q;
JIKBUBAACHTHE TIPH P, CTPEMALLEMCH K 6ECKOHEUHOCTH, €l G Lelmile,
Teneps TowAectBo f(2)=0 sJueuer 3a cofoii paBencTBO Cq, ==
YTO HEBO3IMOXKHC 110 NPJeAN0NOMKEeHHID. TeopeMd AoKkaszana.

Cnencrsue, Ecau duddeperyuassnoe ypasnerue (V, 4; 29),
ede D=L (%), uMeeT XQPAKTePUCTURECKUe KODHL t, Iy, ..., Iy

(xopuu L(2)) kparHocT Py, Poy ..., Pp COOTEETCTRCHHO, TO O0Uee
periehne ypaskenus onpeldeaneres gopayaod (V, 4; 44).

Cranapuoe anddepeHnaNbHOS YPaBHeHHEe NMOPANKE P
¢ MOCTOAHHLIMH K03(dHUHENTAME H ¢ NpaBod uacTbio

IMycTe 3apmano ypaBHeHHe
b |
Dy =y — .go A= B (x), (V, 4;48)

rae A; — NOCTOAHHBE, a B — HenpepHBHAA KOMIIeKcHadA $YHKUHA.

CornacHo HaJIOMKEeHUOMY Ha crp. 51, ypapuedue Gyjler nmoa-
HOCThIC Ppeluend, eCIH MBl Hafilem peilieRHe 1 =1n,_, (x, ) Aad-
{epeHUHANBHOTO YDABHEHHHA, COOTBETCTRYIOUIEE HAUAJBHBIM 3HA-
verusim G, 0, 0, ..., | B Touke &. OGo3HaunM 4epes W,_, pelleHue,
COOTBETCTBYIONEE HAYANBHEIM 3HauveHusam 0, 0, ..., 1 B Touke O,
Torna ¢ noMollki) CABHUCA JETKO yOelaHThes B TOM, 4UTC pelieHue,
COOTBETCTBYIOMISE TeM e CAMbIM HAYd/JbHEIM SHAYEHHAM B TOUKE §,
npencrasiser cofoil dpyHKuMo x — np {x — E). Bmecro roro 4toln
NPHMENATE MeTOA, YKaszauHbii B npamevasuk ') wa crp. 53,
},m06uee OyAerT BOCHOJB3OBATLCS Pa3peilaoluM ONepaTopom,
C 2100 Leblo HaBJeM peleHHs W nuqaq;epeuunanbuoro yparHe-

{Hf, COOTBETCTBYIOIIHE HAYAJABHBIM YCJAOBHAM n‘ (0)--6 rie

b7 — enmBoa KpomneKepa.
Tlokaxem, uro nag A=1, 2, ..., p

No—t = — Ap_p 1) — Ap~n+2"'l’ — = A2 e Ha=D, (V, 4; 49)

Ecas anddepennualpHoe ypaBHEHHe 3anucaTb B 0003HaYe-
NHAX, O KOTOPHIX roBepuTcA B NpHMeYaHHOn Ha c¢rp, 66, To Mu
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ﬂOﬂYqHM

Np—-1==T»

Np—2==N + ap1n,
Mo—a=N" -+ ap-11 -+ ap—zﬂr

. o L ] L N L )

fn.—n"’ 2"+1:1! n‘*’ 3’+ oo a4 o,

=" Fap P34 . dam” Faew +am ).
3T0 OUEBHAHO AJA fi==], KOTA HMEET MEeCTO PABEHCTBO M,_, =A).
Ocranbubie COOTHOWEHHS JAOKaMeM MO HHAYKHUHH, NPOBepdad, uTO
M3 COPAREANUBOCTH 3THX COOTHOLIEHWH AJA IHAUEHHy f# — | cuie-
AYET HX CHPABEAAUBOCTh AJMA 3Hadenna . 3aMETHM NMpekIe BCero,
uto ¢yHsRuxsa, ompegenennas ¢dopuydon (V,4;49), apnsercs pe-
IICHHEM paccMartpuBaemoro AH$depenuHaNLHOrO YPABHEHHH, NO-
CKOJBKY Ji00as NPOH3IBOZHAS pelleHHa €aMa ABJAAETCHT PelleHHeM
gToro ypasueHusi. Ocraercs HOKA3aTh, WTO OHa YHOBAETBOpPHET
TpeGyeMBEIM HauaJbHLM Yycnoeuam upH x=20. Tlockoarky upH
x=0 B HYIb 06pamwAanTCa BCE NPOK3BOAHEIE GYHKIUMH 1) NOPATKOB
sp—2, 70 paBHbI HYJI0 NMPOU3BONHBE PACCMATPUBASMON DYHKUHH
NopAikoB <, p — A — 1. Ec nponsponnas nopsanKa p— fi papna
NPOoH3BOAHOH (p — 1)-ro mopsaka dysxuuu u, T. e [,

ITponaroauas nopagka p — k- | BHuHCAAETCA TakK:

nL;L—&h+i){O)m_‘4 Tl(.v-lJ ({}) ntp}(0)=
=(— A, T YD) =—n30{0) (V,450)
n ofpamaercs B HYJAb B CHJAY CBOACTBA, KOTOPOE Mbl CUHTAEM

NOKA3aHHHM A PYHKUHH TMp_,. Tar MB mpoaBHraeMcs aanee
J0 MPOH3BOTHOH mMOpAaKa p — 2 '

(V,4; 49,)

NP0y = — A,y P (0) = ... — A, P+ (0) 4
+ n“’*”‘“” (0) ==nlp= (0), (V,4:51)

KoTopad CcHOBAa OOPpalllaeTcs B HYNb, TNOCKOABKY 3THM CBOHCTROM
no MpeandIoKeHH 00aAafaeT (PYHKUHA Ny p—y. OKOHUATENLHO

JJIs TPOH3BOLHON nopaaka p — 1 NOYyuaeM CAeayiowyio Gopmyay:
MO =—A,_,, WO — A _, 0y~ ...
v — Apo PRI 0) - P HR-R (), (V, 4;52)

TMpeoGpasyem ary dopMmyay, yuHrelgad, uro nt*2 sgasercs
pettenuem guddepeHumanpiore ypasnenka. [1oabsysach CBORCTBAMH

) Bnamem HATIDHME, ypaBHeHHe g ag” by - ey==0. Han sero
=1 =70 +an =9"+an’' +bn.
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byaxuun n, noayyaem
Age®=2 (0 + ... A+ AT (0) 4 A -2(0) =0, (V,4;53)

yeM M 3aKAHUHBAETCHA HOKA3aTeNbCTRO YKA3aHHOTO BLINE CBOHCTRA,
Mu MOXKeM Tenmeph cpOpPMYJIHPOBATH CASAYIOILHE PE3YJIbTAT:

Teopema 19, Pewenue Ouddeperyuarsroeo YpPasSHerus
(V,4;48), cooTBETCTOYIOMEE HAYAALHOLM  SHAYERUAN Y, Yo

Yoo oo PPN, Banuceisaercs 8 sude
p=1 x .
)= Don, (x— x) + [ nix — D B©AE (V.4 54)
1= Xq
ede N — pewenue OdHOPOIROSO YPASHEHHA, COOTBETCTSYoNee HA-
waronotn snavenudn 0, 0. ..., 11) & roure 0, a v onpedeantoren

ao gopuyae (V, 4; 49).

Jra ¢opMyJa NOKasbBaeT, KAK HaAHUHe penlewus 1 aHdPe-
PEHUHANLHOTO YPaBHEHHd, COOTBETCYBYOLICTO HAYANLHBIM 3Ha-
yenuaM O, 0, ..., 1 B HavaJe KOOPAHMHAT, HO3BOJAET MOAHOCTLIO
oUpeledtTh PeleHHE 3TOTC ypapHeHHA,

Mpunvepw. [TycTs nano AuddepeHunatbEce ypapHeHUe
y” + o’y = B(x), (V,4;55)
1l COOTBETCTBYIOUINE BAUAJBHBIE 3HAYEHHS Y, Yo B TOUKe X, OOliee
pelréHHe COCTEETCTEYIOUIETO OLHOPOIHOrO YpaBHeHHT HMeeT BHE
acos ox + bsinwx, (¥, 4;56)
PYyHKIHA 7, COOTBETCTBYOAA HAHAJIbHLIM 3Havenuam 0, I,
onpefenferca PopMyJaon

nix) =202 (V,4; 57)

[0
i1, CAe0BATEJLHO, HCKOMOE DeleHHe f YPaBHEHHI, COOTBETCTBYO-
mee JTaHHEM Hauyd/bHBIM YCHAOBHAM, 3aNlHOETCA Tak:

mx)=ni{x)= Sin—mmx: Ne{x) =1 (x) = cos wx,

(V,4;58)
Fx)=gocos @ (x — xg) + gy SreLE= 0y [I000 8 py g

E7) .

Teopema 20 (Xemucahn). Pewenue nN=mn,_, YpPasHenus
(V,4;29), coorgercrayrouee nasaibrotsm 3nauenusn 0, 0, ..., 0, 1
npu x=0, onpederserca no popmyase (V,4,44), ede ¢y — K03~

(0)‘) ,Elm nopgaka 1, p=1, HMEETCA TOABKO O0JH0 HAYAJALHOE YCAQBHE
o =1,
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PUYBENTOL PASACHCERUR KA npocTae dpobl paquoHareHOd  ynK-
yuu (L onpedeaseres gropmyaci (V,4;32))

P!
=Y ( 3 [z_:)w) (V, 459

=1

1
Lzy

. HoxasaTedescTRo. 1°) PaccMoTpuM pasioxeHne THRA mpa-
BOi yacTu pasencrea (V,4;09) ¢ npoussoasasinn  xozduuned-
TAMH ¢jp JTO PA3JTOKEHHE HA MPOCTBIE APOGH PANHOHANLHON APOCH
H{Z)}{L(Z), rae H — uckotopnifi nosupoM creneny <o p. Koadda-
LHEHTH ¢y, NPHVeusaMue B coorHowennd (V, 4;59), coorseTeTByIOT
TeM, KoTophie moayuwatotea upd H(Zy=1. Oru xapaskrepusyrorca
TeM, UTO PA3/IoKeHHe Mpasofl €acTd no crteneHaM lfz ans mocra-
TOUKO Goapmore Z=—z wHasunaerca ¢ 1f27, 1. e, KophdHULHEHTH
npH 1/27 pan ¢ < p paRHH HYJ0, a Ko>hPHIMEHT NpY §/2? pasen .

B4l
]

2%y Kosdhdunuenr npn 1/2° pasnoxenna oyuruny (z_r)
no cTeneHsM 1/z npu 2, crpeMsuieMcs X GECKOHF:‘-IHOCTH, paBeH

NPOH3BOANOA BOpAAKa ¢ — | ¢yREUHA & ———
B caMoM Jehe, ¢ onHOft CTOpOHEH,

=) =S ) ()= 3 sy S
k41

kt e upu x=0._

(V, 4; 60)
a ¢ apyrofi —
k i k+ﬂ m1 rq_k_jxq_1 .
k_ "Z Rl z wa—k—nr' (V.46
n=0 q=Rk+1
oTKY Aa
_I k _— -1
[(—d?—_T) (x_ g'-‘)} wﬂ_ (V, 4 62)
AR e Mg k= 1N

O6a rkosddunuenra paBub Mexnay cobofi.

3°}) Kosdduunenr upn 1/z° B pasnoxesun nparoit vactu co-
orHomerHA (V, 4;59) no crenensam 1/z npd 2, cTpeMsiemca K Gec-
KOHEYHOCTH, PaBeH NPOK3BOAHON (q—l)-ro nopaika npuH x =120
Bblpaenna, croauicro B npasoft wactu (V,4;44) ¢ TeMn *e ca-
MBHMH KoshpuuneHTAME ¢j,. EchH Mbl 3aniuieM, Kak TC roBo-
punock B 1n.1°), pasnoxenue npaeoit uacry (V,4;59) no crene-
HAM 1/z, maurnag ¢ 1/2°, To yBuauM, uto GyHKINS, NPeACTABHMAS
cooTHolennem (V, 4; 44), ynoeJersopser nmpu ¥ =10 HAYAMLHHIM
ycaosusm 0, 0, ..., 1. OTOoR QyaKunedl ABAAETCH Mo ==1, H
TeopeMa AOKasaHa.
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Mpuwmep. PaccMoTpHM AHG(epeHLnansHoe ¥ PaBHeEHHe

¥’ — 58y 4+ 6=0. (V. 4; 63)
3neck
L(ZY=2"—5Z +8. (V,4; 64)
Tak Kax |
1 1
TO
M1 () == 1 (x) = &3 — &2¥, (V, 4; 66)

TIpuBesientNoe HAMH MIOKAZATEIBCTBO TeoPeMe XemHcafiga co-
CTOAT B NPAMOI TMPOBEPKE BHICKAZAHHOTO YTBEPKIEHHA W He faeT
BO3MOJKHOCTH NOHATb, ROYEMY HMEIOT MECTO TaKHe COOTHOLICHHA.
Dto OyjgeT ¢JelaHO MNO3Ke B TadK HAsbBAeMOM OIE¢pallHOHHGM
HCYUHCJCHIIH,

3aMevanusa, 1°) B Hekoropux cayuasx pasyMiee LaHHOS
ypaBHeHKWe TNOPANKA p CBECTH K cHCTeMe p AHd{ePEHIHAABHLIX
ypaBHeHu#l i-ro NopAiKa, pelleHHe KOTOPOH MLLETCA 3aTeM MaTpiy-
HHIM METOLOM, 4 B APYTHX CayuasX Jyywe cHcTeMy IH(depen-
UKAJNBHEX ypaBHeHHfi [-r0 NopaiKa CBECTH K OLHOMY CKAJIADHOMY
YpAaBHEHHID TOPAAKA p.

2%} B wacTuoM c¢ayuae¢, KOra npasas YAcTh B ABJAseTCA JHHeH-
noil KOMOWHALHEH TpPOH3BeleHHA SKCROHEHT Ha NOJKHOMBL, T, €,

nmect BHA B(x)= > P,(x)e’™’, B cncumaJpHOM Kypce aHaausa
LYy

NOKA3LIBACTCHA, KAK MOXKHO HAHTH uacTIoe pellenHe AHddepen-
LHATLHOTG YPABHEHHS B TOM 3Ke CAMOM BHRE ¢ [ONHHOMAMH
60Jiee BHICOKOR CTeTeHH, eCH HEKOTOPhIe U3 8, OKAXKYTCA KOPHSMH
XApaKTePUCTHUECKOTO YDABHeHNA. Bropouem, 148 HaXomJeHEA
5TOTC YACTHOrO DPEeIUennd MOMHO OblAc OB BOCHOAL30BATHCA COOT-
HOINEHHAMH, YCTAHOBJIEHHBIMH Ha CTp. B8,

[Toce Toro kak HafileHo wactHoe pelienue, ofilece pelleHHe
YDPABHEHHs MOXKHO TNOMYUHTBL, A00aBANA X HeMmy ofllee pelieHHe

COOTBETCTEYIOLLTG CAHGPCIHOTO Y[DABHCHHS.

Orpannuentsle pewenns JuHefinux Anddepenuvansubx
YpaBHEHHIH ¢ MocToAHHBIMK KoaddnuneHTaAMH

Teopema 21. Has rozo urobet aioboe peuentie duddepens

=
yuasbpoeo ypasenun (V,4;1), xoeda F rowegnosepno (coorser-
cTéenno dudepenyuansrnoee ypasrenua (V,4;29), npu x, crpe-
MALEMCA K - 00, 00TABAACCL OePaHuNEeHHmM, HeoBxolumo i
Jocrarouto, 4Tobbl, ¢ OOHON CTOPOHBL, BCE XAPAKTEPUCTHHECKIE
Kopru umesu eewecrsenuyre wacte <0 o wrobst, ¢ Opyeod cro-
porot, U048 XQPAKTEPUCTUHECKUX KOPHED ¢ HYAeBOL 8eu{ecTEeNHON
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QACTHH0 ROAUHOMEL .3} uz gopuyast (V,4;23) csoduance & nocrost-
Hotm (COOTEGETCTEEHNO, HTOBOL XAPAKTEPUCTHUECKIE KOPHIL ¢ Hyaes
GO1l B2ECTOCNHOL €aCTLI0 Bbvtal nPoOCTHEMIL).

3ameuauHre CorgacHo nanoxeH#oMy Ha crp. 65, noc-
Jdennee caOHCTBO 03HAYAET, YTO eCAM YHCAO f; ABAAETCSE XApuK-
TEPHCTHUECKUM KOPHEM KPATHOCTH P£; 1 HMEEeT HYJeBRyid Belle-
CTRBCHHYIO YaCTh, TO COOTBSTCTBYIOICS €MY BEKTOPHOS MOAIIPOCTPaH-
CTBO .\gi SIRAAETCA COOCTBEHHEIM MOANPOCTPAHCTBOM, OTBEYAWMIHM
COOCTBEHHOMY 3HAUEHHIO rp

Hoxasarteapcrno. JlokasaTeJpcTBO NpoBeleM IJA ypap-
genua {V,4; 1), woraa !? KOHeuHOMepHo. B atoM cayuae ofimee
pellieline YPaBHEHUS UMEET BUJL (V,4;23), The r; — xapakTepHueTH-
YeCKHe KDpHH, & PJ‘"HEKOTOPBIE NOAHHOMEI, CBOﬁOﬂHbIe YJACHBI

KOTOPBIX NPOH3BOAbHE, [1OCTATCUYHOCTE YOAOBHA TROPEME OYeBUAHA;
RO3TOMY HAM HAJ0 AMUIbL LOKA3aTh HX HeobxoauMocTe. HanoMmuuw,
yto Jawofafd NPOH3BOAHAA pelieHHA AH(GEpPeHIIHANBHOTO ¥ PABHE-
nug (V,4;1) Takxe dABnsieTcs pelleHHeM 3TOrC YpaBHeHHdA, H,
CJAeIOBATENLHO, €CAH NPH X, CTPpeMgRineMca K (eCKOHeUROCTH, Andoe
pelleHHe STOrG YPABHEHHH OTPAHHYEHO, TO OPpPAHHMUEHHOW Oyner
KaxOoas NPOH3BOAHAA pelneHHA. T[Q3TOMY HAM JOCT4ATOUHO OYOET
o
NOKA3aTh, 9TC écau Hekoropaa dywruun [ suda (V,4;23) npu x,
CTPeMAENCA K - 0O, O0ZPOHNYEHR BMECTE CO (SOUMU RPON3B00-
HOLMI, TO 8ce ry umeloT Bewectsenuyo wacte L0 u dan ry

¢ H.éf,‘fBBO.'i BGH{BCTG‘BHHO& HaACTHI0 COOT&G’T(‘TGQ&OJ&{M“? HOALHOMBE
=
ceodarce K ux ceololnom waenas. Ilyere quj—Koaq](lJHu[/lEHT

—-
npn HauGoMee BHICOKOH cTemeHH HOAHHOMA P, pa3nokKeHHOro

no x%/kl. PaccMorpuM InddepenuHatpHBE onepaTop M,(-;—x),
) ,

onpegesennmit 8 (V,4;45) ¢ L(z)=H(z—-r;)°f. Mpl nmokasaJau,
=l

-
yTo 3TOT AuddepeHuHaNpHLA OnepaTop npeobpasyct QYRKUHK |
>
B chie'f". 3T0 BHpPaKEHHE JOJKHO OCTABATHCH OFPAHHUEHHRIM
-
PH f, CTPeMAMEMCR K + o0, Tak Kak KosQduuieHT cjq, MoCTOR-

HeH, TO OTPaHHYCHHOH HOMEKHa ObiTh sKCNOHcHta. OnHAaKO 5TO
BO3MOXKHO TOGABKC B TOM CJAyY&e, KoTAa BellecTBeHHAA UAacTh
yyeaa r; He NOJNONMHTETBHA.

PaccMoTpuM Teneps APYroH IEGEPEHIHAABHEIA oDepaTop

'LJ(Fd,{)’ onpepencHunf B (V, 4;45;). 13 naaomennoro na crp. 68
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]
CAEAYeT, UTO STOT omepaTop npeobpasyver GyHKuUHIO [ B BLIpaNe-

Y > >
wne Q (x)e'l, rae Q; — moaHHoM 7Toil ae crenemu, wo n P,
EcaH BelleCTBGHHAs Y4CTb WHCAA #; PaBHA HYJII0, TO HOPMA

- i > .
HQJ(x) e’r"HzllQ,-(x}[i MOer ObITb OCPAHWVeHHOH TPH X, Crpe-
=
MAuleMca K 4 oo, TOABKO B TOM clyude, KOrfa MOJIRNOM Q; cpo-
—

AATCA K DOCTOAHHONH, T. e, KOrZa NoJHHOM P; ¢aM  CBOLMTCH
K JocroAanuolt (K cBoGofHomy wieny). Teopewa jaoKazaua.

3aMeTHM, UYTO B 3TOM CAydde Juddepenyuavtioe ypasuenie
0baadaer  eaxcHbiM  QONOINUTEABHBIM CBOHCTEOM  YCTOHNHBOCTH!
MAIOZ UIMEHRHILE HAHAAGMBIX Yraosull aaeqeT 34 (0bod maaoce
H3MEHEHIE petent s Judodepenyuarenozo YpasHeRta, 1t 310 cnpa-
6E0AUBD He TOAGKO OAR 0ePUNUKYEHNOZ0 MHUNECTER 3MAYEeHUd X,
HO 1 048 x, 3akmiouentoix memdy xy 4 + oo, Tounee, KaKOBO Obi
o Gpio €20, wHafierea Takoe n>0, 4To H3 HepaBencTBa

> > > >
lgo — 2o << Ana peleHHH | W g ypaBHEHHS, COOTBETCTBYIOLIHX
= -
HAYANLHBIM 3HAYCHHAM Y, H Z; B TOUKE Xj, BHITEKAeT HEPABEHCTBO
> >
17 (x) — g (x)| < e weaaBucHMO or BHOOpa ¥ 22x, B caMmoM gede,
.

PYHKUHH v, ompepeasempie mo $opuyae (V.3 9), obaapawr
CBOHCTBOM OPPAHHYEHHOCTH AAs x =0, PesoanbBentHad MarpHLua

R(x, xp), onpenenennaa Ha crp. 44 naA x =2 x; TOXKe HMeer
> E

OFDAaHHUERHYI0O HOPMY. @yHRuMM [ # g onpelenswores (opmy-
aoi (V,3;17), rae xy=1x, x, =x,, a HauajbHble 3HAUCHUA DABHHI
> >

COQTBETCTBCHHO ¥y H 25 llpenwmpymee cpolicrBo Temepn Syner
=
NOJHOCThIC JOKASAHO, €CNH YUECTh, UTO II—F(x)—g(x) =Sl R (x, xo} DX

O
Kl go—=oll, u npu 3anaEaoM € >0 noaexKHATL =8/ sgpIIR(x, Xo) Il
Xx=5x

Cuaepncreue. Jaa rozo 4robe pemenue ypasuenus (V, 4 1),
.

ecau F roneunomepro (CooTeeTc Taer O pewenye ypasnernn (V,4;29)),

OCTABRAOLO OZPAHUHCHFOIM 0% AIODO2O BEUECTEEHN020 ¥, HEOBX0-

Juno u 00CcTATOYRO, 4TOB6L BCe XAPAKTEPUCTUHECKUE KOPHU r)
=

GBI HUCTG MNUMBLMI 1 4TOG6L 6ce noaunosMsr By, onpedeasemvie
8 (V, 4, 23), esoduauce & ux c806odusis waenam (cOOTEETCTEENNHO,
4TOCObL 8Ce KOPHU T'; Bbiatt NPOCTHIMIL).

Paccy®aienne pocraroulio npoBeCTH pasieNbHo NS MepeMeH-
HOit x, cTpeMawelica kK - oo (¢ NPHMEHEHHEM TEOPEMLi), H A/ X,
CTpeMsEMesT K — 00 (¢ NPHMCHEHHeM TeopeMbl MOC/]e 3AMEHH £
Ha —ry). JlokasaHeas TeopeMa M ee CNeICTBHE HMEIT BaMHHE
HPEMCHEHNA B MexaHHKe (MaJele KoJeGaHKHA CHCTEMBl OKOJIO0 N0J0-
HKEeHHA YCTOHYHBOTQ PABHOBECHS),



rnaga vi

Buemnee auddepenumansnoe
ACUNCACHNO

§ f. MYJIbTHJIUHEAHBE ANBTEPHHPYIOLWUHE OTOBPAKEHHA

Mycth J - KOHEYHOE MHOMECTBO M © — MHOKECTBO €ro nepe-
CTAHOBOK, T. €. MHOWecTBO Ouexumfi J Ha ceba. Ecam yepes ot
o003HAUHTE KOMAOSHLAW O =¥ NEePEeCcTAHOEOK ¢ H t, TO, KaK Hase-
CTHO, 38KOH KOMMC3HOHH (6, T)-> 6T NpeBpaulaer muokecreo ©
B FPynny, HA3LBAEMYIO CPYNNOH NePecTAHOBOK MHOMECTRA J.

Teopesma . Cywecrayer, u ApuTOM eQUACTEENHOR, OTOGPG-
acenite & 0 — 8, epynnst S nePecTanoBok KOHEHHO20 muowecTsa T
& Jsy xaaementroe muowecrso (41, —1}, oGaadarotyee caedyougum
CBOLCTaAMIL:

1°) g4, = 480

2°) gy= 41, ecau [ -— romwdecTeennan nepecranosKa  MHO-
aecrea f,

) gs=—1, ecau O — rpaHcno3itir, T. €. AEPECTANOERY,
OCTABAROUAA UHBAPUAHTHOLMIE 8CE 3ABMRHTH, Kpome J6yx, KOTO-
pole OHG MEHRET MecTaMmu.

OByxsneMenTHoe MHOMecTBO {41, —1}, cHAGKEHHOE 3AKOHOM
YMHOMEHUS, ABJAASTCS TPYNNOH € eIHHUYHKIM sleMeHToM 1.
Veaosua 1°) w 2°) BHpaxkamoT TOT (akT, uto oro0paiKeHue €
coxpadsier CPYNMNOBYW CTPyKTypy © u {+1, —1}. B camom mede,
310 OTODpaiKeHHe COXPAHACT B4AKOH YMHOMKEHHA H eRUHHYHELI
3JEMENT, & TOCKOAEBRY

g —18, 5==g 1 =g = +1, (VI, 1, 1)

TO OHO COXPaHAeT U Nepexod K o6paTHOMY 3JeMEHTY.

HokazaTeabcTBo. EAHHCTBEHHOCTE (PYRKIEH & OUEBHJHA,
B camom mene, 374 $YHKUHA H3BECTHA BA RCEX IJIEMEHTAX O,
NpeIcTABAAWHEX cofoll Tpaucnosuunu Mpoxecrsa J. ITockoabky
KA JAad MepecTAHOBKA eCTh NPOU3BELEHHE KOHEUHOr0 uMesaa TpaHc-
nosunii, TO u3 ycaoBusA 1°) BETexaer, uTo QyHKUNA € onpeslednieHa
g Beex anementor € n, caenosatenbno, eanncrsenua. Ocraercs
LOKA34aTh Cymecrsosanue GyHUnH e JIas sTOH UeaH MBI MOKEM
cunrath, 4to J —sro MEONCTBO {1, 2, ..., N}. Paccmorpuum
npoH3Be/leHHe
p= 11 (- (VL 1;2)

hisd, i<



§ I Myavrusunednoe asbreprupyrotjue o100 parenus 79

Ecan o i —»o;=¢c({) ecTh HeKoTOpan MNEPeCTAIHOBKE [, TO
MoaaKnM

o(P)= Hﬁ{a;—uf)=_£lj(a(f)—c(r:)). (VI 1;3)

Ii=sii
Torna, OYeRUIHO, HMEeT MeEeCTO COOTHOIReHHe
c(Py=e,P ¢ g=(—1)"" VI, 3 4

rae v(o) MOXMHO HAZBATbL HUCAOM UMBEPCUNl NePECTAHOBKY O, T. e,
nHesoM Takux nap (4, f), uwto 1<Ki<fsCN u o0;>0; Orcona
cjepyeT, U0 eclid [ ABJAAETCA OPOH3BOJBHEIM OTOGpAMeHHEM
mMHoxecTBa N nepsbX ueanx uHcen ~» 1 Ha cebs, TO

11 (o) —Fle)=e I (F() —FED). VL, 1, 6)
i<y i<i

JIns NBYX TVepecTAHOBOK © H T CHOPAaBeNJHBH CJEAYIOUIHE
paBeHCTRa:

eg P ={o7) (P} = i1;[f (lot); — (o)) =
= J{]} (0(r))—o(m)=e, iI-:Ij (¢() —o(MD=
=¢,0(P)==e.,P, (VI [;6)

OTKYAS caenyer cooTHowenne 17,

Yenosue 2°) npopepsercs TPHBHAILHO.

Tak e Jaerko npoBepsaerca yenaonume 3°), B camoMm gene,
eCclH O MPeACTaBseT CO00H TPAHCNO3HUNK, MEeHA LY IO MECTAMH O
H f H OCTABJALYI HEW3MCHHBIMH OCTAJbHBIE YJIEHH, H eCiH
NPCANONAraeTcs, HanpuMep, 4ro «-<f, To 0 He MPHBOAHT K HH:
BePCHH AR TaKHX map (i, j), y xoropux { B j Anbo oba <aq,
audo oba . MHBepcua BozHukaer AJA MapH (¢, #) M TApH
(2, 8} npu o< £<B. Bce paccMoTpeHHBIE A0 CHX TIOp BAPHAHTH
1aBaJH JMIlb YETHoe 4AC0 HHBepcHit, [ToCKOARKY npH  3TOH
TpaHCnosHLMH napa (o, B) nepexomutr B mapy (B, ¢}, To OHA JaeT
OAHY WHBepcHw. B Hrorc noayuaercs HeueTHoe YHCJAO HHBEPCHH,
H, CAEIOBATENLHO, €C/IH O — HEKOTOPAas TPAHCIOSHIMA, TO 5= —1.

Beanynna €, HA3bBAGTCHA CUZHATYPOL RePecTanoskit G. IT0
HeKOTOpOE uyueno, papHoe -1 HAIn —1 B 3aRHCHMOCTH OT TOTO,
MOMET JH ¢ ObITh BHIPAXKEHO B BUIe UETHOTO HMAH HEYETHOTO
yncaa TPancnoanuuii. OTcioaa ¢/eLyer, Yre YeTHOCTh 4MC/a TPAHC:

) Ecni 6paTh BCe uMeHm NPOHIBefeNAAs NeRofl uACTH, TO ¢ TOUHOCThIO
A0 30AKa NH M0AYYIM ORI M TOALKO OAIR PA3 WIKH TPOHIBEICHHA, CTOALICTO
B npasoft vacTd, Yueao xe wamedeHndl 3uaka B TOUHGCTH paBHQO v (O).

2} 3aece HENOABICBAHO COOTHOLIEHHE {VL, 1;5}, B notopou f sameHens Ha @,
4§ J—HA T,



80 Fa. VI Buemnee Juppeperyuasbnoe dowicsgiue

HO3WUHUH, NPHBOAANINX K OLHOGH U TOf Ke 3anaHHOf nepecTaHoBKE O,
Beerjga ofHa H Ta me!), Eemp e= 4 | (coormercraenno —1), To
rOBOPAT, UYTC MEPECTAROBKA ¢ YETHA (COOTBETCTEEHHO HEYeTHa),

CHMMETDH'{HNG H @HTHCHMMETPHYHDBIC OTOGPEI}KEHHFI

[lyers £ u F— pBa mponsBosibHeX MHOXKecTBa, N — nejtoe
ypeao 21 B [— orofpawenue £Y 8 F. Ecan o — uekoropas
MepECTAHOBKA MHOXeCTBa UeaHX wncen 1, 2, ..., N, 1o npeotpa-
30BaHHCM [ € MOMOIILIO MNEPCCTANOBKH ¢ HashbibacTcsa oToGpaske-
uue of Muoxkecrsa EY B F, onpenensemoe cnenymwlnest dpopvyaoi

Gf(xh Xav «v ey x.’\’)ﬂf(xﬁir XUQ_, vy xGN)' (VI, l; 7)

Ouepuino,
c{1f) = (o}, (VI ;7))

Tonopar, ute otobpaxenne f uroxmectea EVY B F cummerpriuno,
ecaM OHD UHBAPHAHTHO OTHOCHTEABHO MwGeH TepecTaHoBKH 6.
T. €., HHAUYe TOROPA, KAKOBA OW um OblTa mepecTaHoska o =&,
HMEET MeCTO PAaBEHCTBG of =[ MNM Ke, KAKOBEL Gbf HH ObLITH 3ne.
MEHTH X|, Xs, ..., Xy U3 £ 9 ¢ =S, AMeeT MeCTO PABEHCTBO

f(xﬂlr xﬁg'! ey xUN)=f(‘r1: x2' ey xh’)' (VI, ]; 8)

ES

Myers TCNepD F — Bextopuoe npocrpanctso. Fopopst, uro oro-

Gpaxenne f s EN g F AHTUCUMMETPURHD, ©C/I1 HMeeT MeCTo COOoT-
HOLIGHHE

Y 5

of = g,f paa nwboro o= &; VI, 1,9

APYTHMU CJAOBAMH, NG JIOBHIX X, Xo, ...y ¥y H3 E 0 0=6
CNPAaBeAIHBO COOTHOMIECHHE

e
F(Xoy ¥op s %o )= el (s X3 ooy xx) (VL 15 10)
. —n "
D10 o3navaer, ure of =—fFf nas 000Kk ‘TpaHCROIMLNU .

B camom nene, Ka}l(,ll'lfl nepecTraHoBKa 0 HBJHBTCH TPOH3BCACHHICM

TPAHCMO3HUMA, a crjr eCTh nponaseneuﬂef Ha —1 B crenmenw,
paBHON uHCAY 3THX TPAHCMO3HUHA, T. €. HA &,

N 3ro yreeprienne a prioti we oueknrwo. He ouepnaeH w ToT hakT, uto
TOMACCTBEIEYIO NePECTANGnEY Venh3d NPCACTARBHTL B BHIC NPOH3BCACHHA He-
UeTHOTO UHCHE CODTBETCTBVIOMMM o0pazoM nAnA00PAHHBIX TPaHCHo3HUWH. 310
AGKA3LDAETCR TOALKO ¢ nomoinslos Teopemnd |, yrBepicpamuell cymecTsoBande
GYBELIH CHTHATYPH €]
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- -
Cummerpusayneii Sf oroGpawenug | muoxectea EV B Bek-
-
TOPHOE MPOCTPaHCTBO F  HasmBaerca ¢YyHKLHA, ONpereleHHaf
COOTHCIIRH M
sf= 3 of, (VL L; 11)
=g
HAH

(S (%1 Ko +evr 2= 2 T (Ko Xay oes Xa) (VI 1 12)

(L=

e
Anrucusserpusayueti oToBpamkenna 7H&3blﬁaeTCH $yuxuua Af,
onpedenseMas PaBeHCTBOM

AF=UZ‘ eqcf, (V1,15 18)
=8
HAH

(AN (eps Ko v e o xN)=G§“ bl (¥app Koy oo r Fay) (VI 15 14)

Teopema 2. Jas rozo 4tobn orobpamenue mnoxcecrsa EN

.
8 BEKTOPHOC RPOCTPARCTEO F BBLA0 CUMMETPULHOIM (COOTBETCTBEHHO
URTHCHMMETPUNHBLM), HE0GX00UM0 & JOCTATOUHO, 4TO0b OHO Gbii0
cHMMET DUy el (cooreercraen&o GRTUCHAMMET PU3QUUel) HekoTo-

pozo orobpaxenus EN g F

HoKazatenwcTtso. FlpupeneM MoKa3aTeAbCTBO, HANPHMeD,
AT AHTHCHMMETPHYHOrG cayyas, Tlpemae Bcerc aHTRCHMMETPH-
yuas QyHKUHA paBHA CBOSH AHTHCHMMETPH3AUHH, YMHOXKEHHOI
va IfN!. B caMom pere, IOAd KaxAoH NepeCTAHOBKH o CIpAa-
ReNJHBC COOTHOWlenHe (VI 1;9), OTKyZA, CRAAAHBAS (POPMYIbI,
COOTBeTCTBYIOIME N1 mepecTaHOBKAM, NMONyYaeM!:

Af = N1 T, Vi, 1; 15)

IMokakeM Teneprb, YTO AHTHCHMMETPH3AAT HEKOTOPOH Yy HKLHA
caMa fBAACTCA AHTHCHMMeTpHunoll ¢dyuxkunedi., HeficTBHTeABHO,
5TO YTBep:KAeHHe BRITCKaeT H3 TOro, 4ro mphH Jioboil nepecra-
iI0BKE T MHOKecTea N MepBhIX LeMnX YHCEN AMeeT MecTo (hopMyna

= 3 ereh)=e. 3 e lro)fi =eA?. (V1,15 16)

————

1 Onepatop g - T AHHCEH, nOSTONY
1:(2 eocrf) = ¥ &4t (0}
[ ¥

% llncxnnhl(y ecmi o npoferseT P, To lIepecTAHOBKA TJ Taige npobe
vaeT B, m IpHTOM TOABKO DANH pai
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>

Oropawenue EY B F HA3LIBAGTCA QisTeprUpyiOUUM, eCAH
oHO npunumaer 3HadedHne 0 Ha nwOOH creTeMe N sMeMeHTOB
Xi, X, ..., Xy npocrpancrsa E, B Kortopoil mMmeercs gea cosia-
AAWINAK sAeMeHTa,

Teopewa 3. ﬂ.fm TO20 4TOOB MyAbTHAUHedNOe OTOGPANCE-

sue E*"" e F 20 Eu F—Bexropua;e npoerpanerea Had nogem K
SGII{ECTBQHHMX NAU ROMBLAGKCHMY Hilcea, Gt e CIHT!ICHMMQT,DH‘.‘!HNM,
HeOOx00uMO 1 Docrarouno, HTOGH OHO GbLAD AABTEPHUDYIONUM,

Jlokazarenberro. Jfloxaxem cHavaaa, uro mMofoe aHTH-
cHMMeTpHUHoe oToGpamene FY, rie E~—~TPOH3IBOIbHOE MEOKECTRO,
—-

B BEKTOPHOE TpocTPpancTeo F BCerda ABJAASTCA AJbTECDHUDPYIOLIHM,
B camMoMm aene, ecay x|, Xy, ..., Xy == HEKOTOPHE 3JeMenTH H3 F
A een X =Xx;, TO

F(¥00 fop vevs $0)=Flt1, 2y ovvs xp), (VL 1;17)

TIAe uepes o 0003HAYEHA TPARCIORHUHA, NepecTABAAIOUIAA 5Me-
MEHTHL i H ,’ H OCTABJIAWOUIAA HEHAIMEHHLIME OCTAJbBHBIE ZJEMEHTHI.
O,ElliaKO, COrMACHO COOTHOIMEHHIQ AHTHCHMMETPHE, OIHOBpPEMEHHO
AOTKHO HMOeTh MECTO PABEHCTBO

K

(tﬂ‘ Xy oy Xo ) —flxn X oo, xy). (VI 12 18)

Hs oGonx paBeHCTB CJAeLVeT, YT0 00e HX UYACTH DABHH HY.JIIO-

Moxkamem Teneph, YTQ BCAKOE Mynbmmmeﬁnoe ATBTEPHUDYIO.

ree orofipakenne EN B F rre Eu F-—BEKTOpr]e NPoCTPaANCTEA,
AHTHCHMMETPHUHO,

—

S =
B camom nmese, ecauw X;, X, ..., Xy — HEKOTODHE BEKTOPH

H3 E, To B cuny wmyneTHAuRefinocrd otofpakenua f onpu i< f
CIPaBeOJHEO COOTHOM@HHE

}?{ hlt vy Xf—[, Xi+Xfr Xi-l-h-'-b Xj—ln XE+X}; qu-].-- ,fN)z
B = i > S
=f(X]="‘IX$!"'»XH"'1 N)+f(XI""> !"'9}: 1XN)+
> > - ey
FFE o Koo R BT E o B s X

VI, 1;19)

=
Ho tak Kak no ycfoBuio oTofpamenne f adpbTepHHPYIONLEE, TO
HEKOTOPHE H3 3aNUCAHHHIX 31eCh UISHOB PABHE HYWIO, W MOTOMY
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nmMeeT MeCTO COOTHOLUeHHe

D > > e > > == =

Py ooos Xoyovs Xpoooe, XdHF X oo, Xy o X, Xi=00,
(VI, 1; 20)

AOKas3nBapoce, 9T0 oroﬁpameune ?MeHHQT 3HaK, KOTha Han

NepeMEHHEMH TPOHIBOAHTCA HEKOTCOPASI TPAHCIOIHLEKSA, 2TO 03Ha-

yaer, uto orolipaKenne FaHTHCHMMETquHD H TEOPQMH JNoKasaua.
> -
Ecau E 1 F — BekTOpHIE npoc'rpaﬂcma H u ABJIATCA p- -JHHef-

HBIM AHTHCHMMETPHYHEIM OToﬁpameHHeM E" B F TO YaCTOo npn-
MATO MHCATh UHCIO p Ak u H o6osnauarb 3T0 oToGpamenre

yepes u. TloBopsar TAKHKe, HTO T ects BHEUINAR p-popsa, UIK
POpMA CTENEHU P HA E €0 SHa4eHuAML & F'}

Ec:m HpOCTpaHCTBa E H F HOPMHPOBAHE, TO MHOECTBO
AZ, (E" F) meHeHHhIx AHTHCHMMETPHUYHLIX HENPEepLIBHEIX OTO-

O A CHHi E* 5 F eCTb, OYEBHAHO, BCKTOPHOE LPOCTPAHCTBEO,
ABJAMIONUICECH BEKTOPHBIM TOANPOCTPAHCTEOM BEKTOPHOTO MpPOCTPAH-

CTBA ,‘Z’p(fi")i; F) BCEBO3MOMKHBIX p-HHEARBX HempepuBHbIX OTO-
Gpawennst EX B F.

B JJacroM cayyae, koraa F — none ckanspos K, Bmecro
AZ, (E"' K OHWYT TaKike APE, Eoan p=1, 10 A'E’ ABJAAETCH
POCTPANCTBOM E’ CONPSKEHRBIM K NPOCTPAHCTBY E DneMeHT
npOCTPancTBa E’ NaSHIBACTCA TAKIKE KOBEKTOPOM HA E DeMenT
MPOCTPAHCTE A APEY Ha3LIBARTCS TOTAIA P-KOBEKTOPOM HE E Snement
1pOCTPanCTaa AL, (E F) ABAACTCH P-KOSEKTOPOM Ha E co anase-
HULaMlt 8 F

Opn p=10 NPAHSATO CYHTATE, Y70 AL?’D(E“' F)— s70 CaKo sex-
TOPHOE RPOCTPAHCTBO F B YACTHOCTH NOJE CKAadapoB, €c/H F= K.

Teopema 4. ITycrs E—~semopuoe RPOCTPARCTEO  pa3meps
> e -> > - -
nocree N ¢ Gasucom e, ey ..., ey. Hycre (X, Xay ooy Xy)m

'} llonycxan BOABHOCTE PEUN, ME HCOOMB3YEM 3uech cAoBO sdopMar. Ofuyxo
(opma mpHHEMAeT CKaAsmpHEE SHaYeHNS. llpy p=1 nonyuaem l(popmy Hau

PpopMy Ha €0 3NAVENHAMHE B F, — 3AeMEHT BPOCTPRHCTRE .‘Z’(E F} Tarme
.
AJA NPUCTOTH! NANOHKEHHA FoBOPAT p-GopMa .., na E, a ne ua E”
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>
HekoToputl  asement npocrparctsa EN. Yepes X;; obosnawum
S

j-10 koopdunary i-zo sexropo X,
Toeda anTucummerpusaqns N-aurednod (ckaagprod) dopant

(X Koo ooy X Xy Xog oo Xyow (VL 1;20)

ecTd OeTePMUHAHTHAA (DYRKYUA, Koropag xaxdob cucreme uz N
GERTGPOS cTaguT @ CcOoTeeTreraie 0!1,0{?08.*33‘&?‘84‘!6, COCTAGACHHLLL 13
KOOpOLKAT 3TUX 8EKTOPOE 6 paccmarpusacsom Gasuce.

JdoxazarenncTBo, ITa AHTHCHMMETpU3AUNS OTpeseasercs
no dopMyne

> > e
{Xls Xﬂs R XN] ")Ugl__ eQX'::‘|, IXUQ‘Q L XU’N-‘ NS (Vlr 1322)

COMIACHe OWpPEfefieHHIO, 3TO NPOCTo OOEIUHBIA OUpeleHTeNRb, pac-
cvatpueaeMuil B anredpe. B fannuefintem Mel GyieM o003HAYaTh
ero yepes det (X, ).

l=is N

Lo
> >
TeOpema B, fTycre E u F — gexroprvie npocTpancrea;, npo-
CTPARCTEO E N “MEPHO maéxeuo Hexoropsiya Gasucon. Orobpaxce-
Hue u RPOCTPAHCTHA E‘" 8 F Oyder p-AuHelHOLM U UHTHCUMME-
TPUYROIM TO20Q [ TOABKO TO20d, Koeda €20 HONMHO FANLCATL 8 8i0e

> > >
u(XItXEQ ey Xp)=

2 > A -’? } )‘?
= d. : e '
I<h << <fyuN Y forven g e ...!,( | 2(VI i 2§)
¥ ¥
2de
> 2 >
Aty ty o 1 1K1 Koy ooy Xp)=
Xip X oo Ko,
Koy Kojg, 0 Xy Ie det (X 1L
S T
Xoty XKooty oo Xpy | '5F

- -

@ BeAutUNL 4, ;. RBARIOTCR saemenTanu npocTparcrea £. 3ro
.II 2""! p

bEPUNCEHIIE eOUHCTBLHRO, I HMEET MECTO PABCHLTBO

a (e, e, 1524
a}‘l,)',...rfp_u(‘-'le‘.""‘} F) (VI, N )
Saementol Ay y ... 00pa3ylT nO’TOMY HeKOTOpbL Oasuc

e
8 MPOCTPARCTEE A"E’ D-AUHEIRDLX GRTUCUMMET PGS HOpM KA E®,
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> >
Ecau apocrpancrea E u F uopxuposauu, TO coomercmue,

P KOTOPOM RO cUcTemMe KOIPPIUYHEATOE af ; 7 =F (c HUCAOM
g

(p) =CN) cozaacro popuyae V1, 1; 23), crpourca orobpamenue u
& i
R6.48eTc A AUnedAOl Guekyued npocrpadcreaa (F )(P) HA RPOCTPARCTBO
> b
AZ (EF; F), nenpepoisnol emecre co ceoell o0parioll Ouekyuet,

HDokaszatenabeTBo. MyneTuannefinnii xapakrep oTolpaxe-
B
HHA # NO3BOJAET 3aNHCATh TAKOE PABEHCTBO!

B R e Y
H’(le XQ, LECRLE ] X.ﬂ)=

+ s
= X X /X X ey, ..'.eq, (VI, 1; 24,)
o 1, }'l 2, P j}.’? f }pr
In !2 ---- fp .
riac cymma pacnpocwauge'r‘csq HaQ 868803M0mﬂb€8 CHCTeMbL HHOCKL08
(]I, 12, vy f ) Ecqak 1BAa B3 3THX HHJEKCOB ,lk OKAMYTCA DABHBIMH,

TO COOTBCTCTBYIOLIEE BhIpaKelnHe OyAeT pasHO 1Y/, NMOCKOJBKY
orobpaxenne ; ABTEPHHUPYIOUIEES.

3amaInuMeA Temnepb YHCJAOBOH NOCASIOBATENLHOCTLIY, HMELLed
nepapHule HHZeKen fy < jo < ... <jp, DACNONOKEHHBIE B nopﬂm{e
nospacranud, CoGepeM BCe Y4IeHBl, ¥ KOTOPHX CHCTEMA jf, ip ...,,i
ARJAETCH HEKOTOPOH NEPeCcTAHOBKOM HHABKCOR Ji, fh ..., f, yuu_

tetBas  coordomenue {VI, 1;10), monyuaem, uro Bce HalijeHHsle
uIeHE COCTABJASIOT CyMMY )

2] X ¥ ¥ K =
€, e Ko g, u(e‘,,cj,...,e‘,p)=

o f

‘(E'l_."‘"p
ile, e det (X, VI, 1;25
mue.,e,...,e e : 1
( THRRF ]gkgp( ) ( )
l=i<p
Usmerstst Temepb CHCTEMY HHIAGKCOB (fy, fo ..., fp), MOXHO

nonyuuts Gopmyay (Vi, 1;23) Bmecre ¢ coornomenneM (VI, 1; 24).
O6parae, kaxgaa dyuxuus snga (VI, 1; 23) ¢ npoH3BONBHEIME
-

kospduunenramu @, ;. OUEBHIHO, p-AuHefiHa H aHTHCHM-
et

merpuuna. B camom zmeje, ona seAsiercd cymmoll pynkunit, kaxgas
H3 KOTOPEIX NPONOPUHOHANLEA HEKOTOPOMY ONPENeUuTEN0, 4 BhILIE
ME BUJEIH, YTO ONpele]nTe]b SBJAAETCRA MyJAbTHAKHEHHOA anTi-
cuMMeETpH3auHel, T, €. AHTHCHMMeTPHYECH.

Haxoxen, Takoe suipamenne, Kak (VI, 1;23), sasenomo eanu-
CTBEHHO, T. €. ofgzareasno Hseer Mecro pasercrso {VI, 1;24)

1) Tne &, ecto rpynna nepecraHosok wicea {1, 2, ..., ph
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S
B caumom fmese, eenn s (VI [; 23) noromute X =&, MIA =

=1,2 ., pk<hh< ... <k TO MBI no.rlytmm

-
8,8, vy B, = Ve
A“’ Jgoeen, "’p( kP TRy kp) afl' kléjz' k, 61';,, kg

+(+ > > -
(cnmeoset Kpouekepa), oTkyna ule, . e, , ..., &, =y by, )

T. €. MB NpHUIH K cooTHoWenulo (VI l;24).+ .
ITpennoJoxny, Tenephb, _4T0 TpOCTpaHCTAA Ewm F nopmuposanmu,
TTockoapry npoc*rpancreo F3 KONEYHOMEPHO, TO BCAKOE MYABTHIH-
HeuHoe OTOﬁpa}KEHHe F*" B F nenpepeiBro, Cregoparennuo,
u = A,Q’_,,(E“’; F). Uncno koahdHIKHERTOB: & iy, i, PABHO unCIY
NOAMHOKECTE 10 p 3hementos MHoxecrsa {1, 2, ..., N}, 1. e,
paBHO C‘{,=(‘§). Cucrema KosppHUHEHTOBR .Ei.' fyoor 1, €CTB,
CNQIOBATEILHO, 3JeMeHT MHO}KQCTBa (J‘-"(gf)I H, 3HAUYAT, COOTBeT-

N

CTBHE MEXJAY CHCTEMOH a, H 4 CCTh OHeKuus (F)F)Ha

!] 112 re -f
AZ, (E"’ F) 3ra Guexuus, oueBHAHO, AHHefiHA, Ona Takxe menpe-
PHEBHA, nocxo.nblfy
) - >
IIulI= sup ||!4E (Xh Ko oony XIS
AR

g;fl. e ’] SN | TN L) (VI 125,

tae [y, 1, ., 1, | ABASIETCA HOPMOH p-THHERHON DOPMBI At 1o, 15
Tak Kak peuh HAeT © p-AnHeiHOH GOPME HA KOHEUHOMEDHOM Npo-

CTpaucTBE E", TO 9Ta (opMa HeNpepHBHA, a €€ NODPM& KOHeuHa,
[TosTOMy HMEeT MecTo OLEHKAa BHAA

la < const Bfa, , ! (VI, 1; 25,
4 3HAUNT, PACCMATPHBAEMAS 6Hexum:| HempepwBHA, TaK Kag
1t 1, <IN o+ [ [N comst (30, (VE, 15 25,)

10 ofparHan GHeKUMA TAKMKe HempepLHBHA, H TeOpeMa HoKAaaaHa,

3aMevanwme. M noxazany, uro ecau oromaecmum o0T0-

=

Opaxcenie o ¢ cucTemod eeo ROIfiPuynenTos a TO TeM

[ E PART TN J‘p,
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caxstn 6yder npotizgedeno oromdecreaenue npocrparcre AF (E F)

N
H F( } COXPAHAIOWES BERTOPHOIE CTPYKTYPOL i HOPMOL ¢ TOUHOCT 610
3o AKBUBAACHTHOCTL,
3T0 CTOXKAECTEBACKHE, €CTRCTREHHO, HE ABJAAECTCH KAHOHHUSCKH M,
N

NOCKOJNBKY OHO 3aBHCHT oT BHGOpa Gasdca B npoctpanctee E.

ITpumep. Pacemorpum cayuafi p=2, lamenas cooTeercr-
ByWEM 00pasom ofosHauenns, MOMHO yOEAHThBCS B TOM, YTO
£

ccar B E BriGpan nekoropult 6asue, 10 dodoe GHAHHCHHOS AHTH-
> E
CHMMETPHYHOE OTOGpaKeH4He £ B F HMeer BHA

S > E
M(X, Y)z;gigfs;!\(at'I(X‘IY}_XI‘YE)’ rage a; !—-u(€£. 3;)
V1, [;26)

Caegcreue 1, .-’?pu P> BCAKOR pP-AuHeliHOe QabTepHupyio-
Lee omﬁpawceﬂue E*" a8 F pasko wyato. ITpu atom npocrparcrao
AZ (E F) c800UTCA K 3ACMERTY 0.

Caemersue 2, Kawdasa N-iuneinana auTucummerpuynaa

> >

Gopma, Jetcrsyonas uz EN g F, asaserca npoussedenuen onpe-

deaurean {yrasawnozo g reopeme 4) Ha PUKCUPOSAHKLIL 6eKTOD
>

u3 F. Oynkyua <onpedeantens cucremsi N 8eKT0p08 OTHOCUTEABHO
HEKOTOPOEO Dasucar ecto eduncraennoe N-1unednoe anTuc mmer piuy-
.

Hoe orobpawmenue EN 8 noae ckarapos, npukusaowee akanenie |
Ha cucreme N sexkropoes Basnea.

Paameprocre npocTpancrea ANE’ paera 1,

Chreagcteure 3. Pasmeprocre npocrpancrea APE pasHa paa-
MEPHOCTH NPOCT PAHCT 80 K(g), 7. . pasHa ({:)=Cir‘).

;l‘amm oﬁpfaom, Pa3MEPHOCTH MPOCTPAHCTB A“E’——=EK AE =
=F£, ..., APE", ..., AYE’' paBHBl uHCAam 1 =%, N=C_]
L Ch L 1=CN 0,0, ...,

IR

1y Mpu ,IOKaaaTe.TL-CTBC CACACTBHA 3 MU NGAb30BA/MHCE HEKOTOPHM (HECH-

pUBAHHBEIM GAZHCOM B E CYULECTBOBARKHE KOTOPOFO HENOCPEACTBEHHO CaenyeT H3
OMPefeNeHNa BEKTODHHX NpeeTpawerh. [TosToMy crefcTeae 3 MOMKET CAYKUTE

.
AT OKA3aTENBCTRA TOLD GaKTa, YTo gce Busucw apocTpancrod E umewr odno
g TO XHE HUCAQ AACMENTOS. ITO YHCAQ == PASMEDHOCTh N «— ABASETCH TaKHM

-
HAUMEHBIINY UEABIM YFCIOM, PH KOTOPOM AN+'E"={O}.
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BremHee Npouseelende MyJaLTHAHHERHBIX
ABTHCHMMETPHIHLIX G OpM

Ipeanosomum cnadana, 49r0 F ecTb mosie cKaaspos., TIycrs

=

Uy Uy -y Hp CYTh p JuHeAHHX dopm Ha £, Hexoas us - stax

GOpM, MONKHO TOCTPONTE P-JHHEHHYXO aHTHCHMMETPHYHYIO (GOPMY
>

Ha F?, a AMEHHO 4HTHCHMMETPH3ALHIO pP-THHEHRON GopMh
t e - > > -
(X, Xoo oo, Xt )y (X)) .. ug(X,). (VI 1;27)
JTa aUTHCHMMETPH3AIHA ONPEAE/ACTeA Takol (hopMy 10i: .

> > - > - -
(XI) XZ! ey Xﬁ)ﬁoés_l_;}p Egli| (XUI) u?(XUz) e up(Xg'p)=

= det (u, (X)), (VI,1;28)

%%
BTy $OpPMY YCAOBHIHCh HAAMBATH BHEMHUM npowisederien ')
u o0o3navars uepes u; Aus A ... Au, IlosTomy wumeer mecro
dopMyta
- - -> =~
AN A (X, Xy, o X)) =|£?L (e (X (VI 1;29)
D
Isf<p

.
B vactHocTH, Aas ABYX JAumefiumx GopM 4 u v #a E mMeer
MECTO COOTHOIISHHE

wAe) (X, V=u®o@ —u@od. VI, 1;29)

PaccmorpuM Teneps p 4 ¢ Janneliumx GopM uy, t, ..., U,
Uy, Uy ..., Uy 1A HHX MOXKHO ONDEACJHTE TPH NPOH3IBELEHHUA:

P q
uzu,/\uﬂ\.../\up, v=v|/‘\U2/\.../\vq,
p4q

W =u Ao A ... NUGADIATA 0 AT,

CoracHo CUpeleeHHo,
pta = s >

> >
w Xy, Koy ooy Xpw Xpity vy Xprg)=
> . > > -
=“&_§+ E’C‘ul(X"l) ty (X"z) Uy (‘X"p) i (X"p-{-l) o Uy (X"ph})‘
e (V1, 1;30)

'} 370 mponsnesenne HAINRADT GHEMNNM, TOCKOILKY OHO MpHEANLAERAT He
il
NPOCTPAACTRY MuomMTenen £/, a nekoTopoMy mpyromy npocrpauersy APE',



§ 1. Myasrurunednoe aasTeprupgioijie 0ol paxenas R0

O6o3nauum uepez & (coorpercraenno S”) modarpynny rpynas
@y 1 ¢» COCTABJEHHYIO H3 EPECTAHOBOK, OCTABJAIUIMNX HHBAPHAHTHEL-

MH TIOCHeAHHE ¢ LCABIX YUHCEN H MEHAOMHY MECTAMH TOABKO P TEPBEX
(COOTBETCTBEHEO MOAI'PYNNY MePeCTAHOBOK, OCTABMANUINX HHBAPU-
AHTHBEIMH [ l'lepBbIX Lenblx qHCed 3§ MeHAKHNIHX MEecTamMe TONLRKO q
nocnexuHx). ToBOPAT, YTO DEPECTAROBKA ¢ NPHHALACKUT Knaccy
{epecTAHOBKA T, eCViH QHA MOKeT OblTb 3anmKcana B BHAe 0 =16'0",
re ¢ =& p o =",

Tag cocrasaennslfi Kiace copepxkur plg! nepecranorok. Tenepn
CYMMY 2 MOKHO 3alHCaTh B BHAE  Tle ¢’ npoteraer &',

4] T, O, F

¢” npoGeraer ©”, a t npoferaer MHOKECTBO nepectanosok T,
coflepKaLee N0 OLHOH W TOMLKO ORHON ME¢PeCTAHOBKE W3 KamAO0ro
KJI2CCa.

Ho toria mo onpegeaendo p-THHeRHOH El)Othl ¥ W g-NTHHEHHOH
GOPMBl U MOXKHO 3amlHcaTh, YTO

w(k’,, fz, e :’Eﬁq}:
=2 o (Kep) e Kee) -+ 5 He) X
(% o (Koo ';H)) % (X'v(v:w)) e 2 Keey)) =

> -
_-téra u(th Xt?, vees X )zl X%H. R Xfp,rq). VI, :31)

Tak Kak p-iuseitgaa ¢opMa ¥ aHTHCHMMETPHUHA, TO OlIA pPaBHA
CBOEH AHTHCHMMeETPU3AIMH, YMHOWeHnoil na I/pl. Awanoraumo,
g-MTHHEAHAs (OPMa ¢ PABHA CROel AHTHCHMMETPH3ALNH, YMHOKEH-
Ho ma 1/gl. TMosToMy MOXHO, HCOONb3yA BCE NePeCcTAHORKH,
3aBHCATD

( To+1?

-)

= 2 = (2 “‘( o f(o) o o)

Gp'l'l), t(ﬂp+2)' T p+q )
1
o E 771 ot (Xo,» Xa,..., X, )v(Xaw‘ s %) (V1, 1;32)

UE@p_I_q

D10 03HAUAeT, YTO GOpPMA W HBAAETCS AHTHCHMMETpU3amuedl
(p+q) -AHHef HOT t;popmu

-
(Xp er ‘- Xpa Xp+l’ s X.o+q)"‘"
> >
Wi Forooor R0 F e Fprn oos Fpag (VI 133)

X

S

pI ql
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Mu opuwag K caedyiouiemy onpesedeniio. Ecaw i (coorser-
CTBEHHO U) ABAmercs p-amnefinofl (cooTBeTCTBEHHO g-NHHEHHOI)

e

anTacHMMeTpuyRold dopMoll Ha EP (cOOTBETCTBCHNO Ha E"), TO
sHeHUM npousgedentem >TUX PopPM u A v HasuBaeres (p + q)-
JHHEfinad QopMa w, ORpeneNeHHas Kak aHTHCHMMeTPH3aLHs
dynkuun (VI,1;33), 1. e. Qopua, onpelerennas no opmyne
(VI, 1;32). TTo ycnoBuio ecnnt p =0, a ceL0BaTEILHO, €CAH U ~ He-
kotopuiifickanap us i, To # A v npeacrasaser coSoil dopMy uv, T. e,
npouaseiene GopMul U HAa cKaJdap #. To XKe CAMOC HMEET MecTO
ana ¢=0. .

U3 370TO ONpefieNeHAst BEITEKACT, UTO €CAH U ABJIRETCS MPOH3-
BEACHHEM Uy Aty oo Allp, 8 U — MPOU3BEASHHEM U, AU, A .. Atg,
TO # A ¥ €CTh NPON3BEACHNE, ONIPEANAEMOE NPOCTO KaK &) Ay A o ..
ver Npg NOLA A Lo Ao,

TouHO Tak Ke eC/iH 4, ¥ U @ — COOTBeTCTBEHHO p-JnHeliHan,
g-nuHelinas B rJiMHEHHAA aRTHCHMMETpPHYHLIE GOPMEL, TO HX BHEII-
HCC DPOH3BENeHHE 4 A v A w onpeaenserest Kak (p + g -+ ri-innes-
nass ¢opma, ABAAOLIAACH AHTHCHMMETPH3IAUBCH GYHKUHA

- i = 2 r. . > >
X0 Koy ooy Xp Xpits Xpior v oos Xpagy Xoigun <o v, Xptqre) =
1 e Y > .
i plalrl u(X"Xﬂ’ e Xﬂ)v(Xp-l-ls R Xp+q))<
s =
X@Xgrqrnr oo Xpagurdy (VL 1;34)

H, CNefOBATENBLHO, onpelendercst no dopuye
> 3
(Xi Xy ooy Xpigqur) >

1 > 2 f 2 >
> prgin 2 Eoll (X"l' Koy oen "p) U(X"p+1’ Ty X°p+q) X
9SS tgtr

> -
X @(Xepyopy oor Koppoy ) (VI 1535)

-
[Tpeanonoxum, 4Te DPOCTPAHCTBO E HMeeT KOHEUHYIO pasmep-
> > > >

pocTe N H uTO €, &y, ..., &y — Hexoropuil 6asuc B E. O6osHauum
uepes (&) aunelinyio GopMy «i-a KOOPIHHATA», KOTOPASI KAXKAOMY
>
BEKTOPY 43 E CTABUT B COOTBETCTBHE €r0 (-0 KOOPAMHATY,
Toraa, oueBHAHO, BHEIIKEe NPOH3BELCHHE (gh) A (512) Ao A (E"rp)
OpefcTaBisier Cco60f  p-anHefHYI0 AHTICHMMETPHuYHYIO dopMy
Aj iy oo ip B3 Gopuyant (VI 15 23), koTopas kaxpol cucreme u3 p
_),

> >
BeKkTOpOB X;, X,, ..., X, CTABUT B COOTBETCTRHE OMpeleanTeNs,
COCTABJEHHEH 53 MX KOOPAHMHAT ¢ HOMEPAMH fi, Jo ..., fp!

6) A 8) A ) (o o o )= 8 () (V15359
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Teneps p-1uneiinas dopua, onpegeaseman dopuyaeh (VI, 1; 23),
MoKeT ObiTh 3allHCaHa B BHIE

e=3a o EIAE)A - AR (VL1536)

dopMa CTelleHH p HA3LIBACTCH PA3A0KUMOI, eClTH OHa npel-
CTABHMA B BHIE BHEIUHETO NPOU3BeLeHHH P NHHEHHBIX (hOopM.

.
Teopema 6. Ecan apoctpancrao E xonewnomepro, to aobas
-

D-AUHEGHAR AHTHCUMMETDURHAS hopama wa EP asaserca auneinod
>

KoMGUHanierd ROREHHO20O HHCAR , POIAOHUMLY dopx, Ecau e

obpasyror HerkoTopbli baszuc 8 E T0 opust gi /"\g! Mo /‘\.5,Jl

EAh, PR fh<jy< ... <j, obpasytor Gasuc & &‘”E'

OfoznauynM vepes J HeKOTOPYIO UYACTh H3 p JEMEHTOR MHO-
wecTBa nenux uucea {1, 2, ..., N}, uepes (§,) — BHemnee npous-
Benente (§;) A (Em) Av AE)s tre i<y < e <y —ades

-

MedTh f, 4 uepes GJ—KOE)CIJC]JHLLHGHT{I“ P fbopmyna (VI1, 1; 36)

B 3THX 00O3HAYCHHAX 34MHWIETCA B BH,Ele.

_}
H= > a,(E), (VI, 1:37)
T8, (1.2 w0 Y

TAe gl‘;,(/‘x)—'r»mt‘m(ec'rlam yactell To p 3MEMEHTOB MHOKecTBA A.

Teopema 7. Buewnes ymuomentte MyLbTHANHETHOY HOpM
A8.aAeTea MyasTuanelinold u accoyuaruenod onepayuerl.

JdokaszaTteascrso. Korga ropopar, UTo 0Tro6pa KeHne Myib-
TRANHEHHO, TO ITO O3HAYALT, HATIPHMEP, UTO OTOGpaKenue (1, v, w)—

< - “
—uAv Aw wmuoxeersa APE Y AE' Y A'EY B node cRans-
por K Apaferca TPHAHHCHHLM OTOGpaKeHHEM, T. €. UTO Chopa-
BeIMUBL COOTHOILEIH

(mtu)rhvAhw=uAcAet+AvAw, .
uh(mtv)Aw=s A Aw-tuAv,Aw,
uhvAlmFwl=uAvAw FuAvAw, (VI,137)
A Apr Ave=iuvig Av A w)
(A, p, v — mobrie cKanapu).

D1 cBOHCTBA- OYEBHAHBL.
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Korsa Mn rosopum o6 accoudaTHBHOCTH BHEWHEro yMHOMKe-
HHfA, TO 5TO O3HAUACT, HANPUMEP, UYTO AJIA MYJbTHJENHBX AHTH-
CHMMETPHUHEIX DopM  #, U, @, 2 HMEIOT MecTo CJedylomue
thopMy IH;

BAVARAzZ=HADANWAZ=tARARAD=
=@ANAWAD=EA)ARAz=
=g AleAw)Az=u AvAlwA2). (V1,38

DTr OpMY.Ibl OUEBHANH, €CAH 4, U, W, X SABAAITCA PasioxH-
MBIMH (opMaMu, T. e, npencTaBasor coboil BHeUnIHE npousbe-
Benusa JuuedHeXx ¢$opM suga

b= AU AN AU, DU AT L AU,

VI, 1; 39
W=w AWA.. AT, Z2=2ALMN ... A 2. ( )

B caMoum neae, B 370M cayuae see Bunucanape B (VI 1;38)
YIeHb DABHBHI

MAGLA AU ANUAA AT A
Aoy AwA . A Az A A Az (VIL1;40)

-

B cayvae Korga npocTpaicTBO L KOHEUHOMEPHO, COTACHO
reopeme 6, Kaxaaa MyARTHAMEeNHAA aurucumMMerpuunan dopma
ABNAETCH KOHEYHOHR KoMOHHaunell pasnoxumuX gopM. Paanuudue
urednl B pasercrBax (VI, 1;38) myabtunuueitHo 3asucAT or u,
v, w, 7. [loCcKONBKY 3TH (OPMBI Pasa0KHMbl, TO OHH PaBHbi, Mbl
He DPHBOAHJAH HOKA3aTeabCeTIBa Had  caydas, Korga [pocTpan-

>

cTB0 £ GeCKOHEUHOMEPHO, HO €ro Jerko CBECTH K KOHeuHoMmep-
HOMY CJIy Halo.

Teopema 8 Brewree npoussedenue MyibTUAUHRANGIX GHTH-
CHMMETPUYROLX  GOPM  QHTUEOMMYTRTUBHO: €CAU W  P-AUHCHNG,
6 U g-aunedna, To cnpasedausa Gopmyad

tAv=(—1YvAu (VI 1;41)

Mokasatenbcrro. Jleras uwacte onpenensercs 0o ¢op-
myne (VI, 1;30). OGo3zuauuM uepes v OEPeCTAHOBKY, ¢ MOMOLIBI
kotopoii ot 1, 2, ..., o, p+1,..., p++ g nponssoanTCa Nepexon
K g-+1 ¢-+2, ..., ¢4+p 1,2 ..., g Tak xax s31a nepecra-
HOBKA HMEeT pg HHBepcafi, TO e¢ curuatypa pasua (— )7 3ame-
yag, yToO NPU NepectanoBke ¢, mpoberaioued rpynny ©,. ., nepe-

CTAuOBKA 0T npoleraerT 2Ty Tpynoy CIHMH H TOMEKO OHH pas,
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Mbl MOMKEM 34THCATH JIBYI0 YacTh coornowenas (VI, [;41) unave;

(@ Av) Ky Xy oo, Koy )=
1 % i 2 >
= plal & L 'u(X“(H)‘ Xo (T ooy Xo (19))><
TES54q
.
XU(XU {t +l)’ - XU("p+q))=
pi q' <rar l) 2 ”(XG +1° XUq+2’ T q-rp)x
UE-§p+q
> > S
>< U(‘X,Cl]! Xﬁz} ey XOQ)=
> > >
=DM A (X1, Xo ..oy Xppp)o (VI 1:42)

Crnencrene . Eeau u v v — aunednsie gpopmsr uau, 6oree
offo, ecan 370 p-AuHEiinas M g-tuxelnas opsot, 20e p u g
HEHeTrsl, TO CRPABEOANBA TAKAA QOPMIAL

uAhv=—v Aul. . (VI, 1;43)

Ecau me xora 6o 00HO U3 yeAwlxy 4uCeA P UAU § HETHO, TO
HMCET MECTO Takan gopmysa

HAD=U AL (VI, 1; 44

Cneacteue 2. flycrs uy, iy, ..., %, CYTd P AUHEURGIX ops,
K RYETL O — HeKoTopas nepecroroska uucer 1, 2, ..., p. Tozda
imeer MecTo cAedyrouee COOTHOUEHE

g, A tigy N oo Nttg, =gty Ay A - A i, (VI1, 1; 45)

HoxasaTtegbcrBo, [lpeanonoxuM cHavafda, uTO mepecra-
HOBKA € ABJAZETCH TPAHCNOSHIIHEH NBYX MOCASAQBATENLHBIX IEJHIX
unced. Torma dopmyay (VI 1; 45} MoxHO 3anucaTh Tak:

WA N AL AL A A U=
= Al A e Al A Ao Ay (VL1 46)

3TO PaBeHCTBO OUSBHAHCG, TAX KAK B CHJIY ACCOUHATHBHOCTH OHO
CBOJHTCA K PABERHCTBY #y,, A 8y = =— ; A th;4;, BHTCRAOIEMY H3
dopmyau (VI, 1;43),

K cny4alo npoH3BONLHON NepecTaHoBKH ¢ MOMHO UepeiTh,
34MEYafA, YTO OHA ABJAETCH KOMNO3HIMEH KOHEUHOro YMCHa TPaHC-
HO3HUWH ABYX MOC/EN0BATENbHHIX SJE€MEHTOB H UTO YETHOCTH YHCAA
TAKHX TPAHCIO3HLKI PABHA YeTHOCTH \epectanoBkn ¢, ClefcTBHE 2

W Hna p=g=1 9TO YTBEPRNEHHE Cpagy He Caen eT HS QOPMYJIH
(VL 1 90} YTBED pazy ¥



94 Fa VI Buetunee Supgpepenytaronoe ucwlicaentie

LONOAEAET TeOpeMy 7, Bmpaxad TOT $aKT, HTO BHEWUHee yMHO-
KeHHe aunelinsix QOPM ABAAETCH AHTACHMMETPHYHOR onmepanued,
Corslaceo teopeMe 3, Ta omepauus aabTepHupywomas, [Mostomy
cnpapenanno

CnencrBHe 3, BueutHee npousgedenle HECKOAGKUX AUNEHHOLY
Popa, cpedit KoTopelx Jse nponopyuoRALbRb, PASHO HILUO,

EcrecTBeHHO, 3TO YTBEKIeHHE HE BEPHO, &CJU NPHXCAMTCA
HMETh NeJ0 ¢ BHeIHHM ApOK3BejeHHeM {HOpPM cTenedu == 1, Ha-
NPHMED, ECaH B YeThpPexMepHom npoctpadcree (N =4) ¢ Gasucom
B

e &y, €3, €, uepes © Mu ofozmauum 2-popMy, onpeieaeHHylo

bopMynoi
= (&) A &)+ E) A G (V1,1;47)
TO €¢ KBajpaT He PaBeH HYyJI:
p Au=2{F) A (&) A (&) A (). (VI, [; 48)

-
Bnpouem, ecan crenenb Gpopmbl paBha 0, 1o ACE’ Syaer nosem
cranapos K, a Kpagpat cRasApa He BCErf2 DABCH HYJIO!

Teopema 9, [Jaa roeo wrobsl p aunelinsix Gopm Ha sex-

N
roprost npocrTparcree E Gorau Hesasucusoimu, Heobxodumo u docra-
TOUHO, 4T0Bb Hx sHewmee npousgedenue == 0.

Hoxasartenaserso, 1% [lpeanonoxuM cHavaaa, 49To 3TH
dhOpMBL By, Uy, ..., Hp HE3ABHCHMHL. Toria MoOmHO HAaHTH p TaKUX
e == > -

BekTOpOB X1, Xy, ... X, B E, ANE KOTOPHIX HMEIOT MECTO COOT-
HOULIEHUS

H ()?Jr)='3”, (Vl, 1,49)
rxe &;; —cumpoa Kponerepa. Coraacno (VI 1;29), umeer Mecto
dopmyna '

o AmA ARy, Ry o, R=1, (VI 1;50)
B3 KOTOPON CJejyer, UTO BHelHee TpoHaBefeHnne = 0.

2°) Tlpeanoaoxum teneps, uto $opmb sasucamn. Torpa
x0T# Obl 0JHA W3 HHX, HANpPHMEp H,, ABJATETCA NUHERHON KoMOU-

pnauueil 0cTAABHHX (OpPM, a2 HMEHHO:
p==cit) + eotty -+ oo Cpottpoie (V1 I;51)
Temeps B CHNY JHHEHHOCTH
p—1

Uy ANy AL A up=£§lc,-u1 Abs A oo Aligy Aty, (VI 1352)

TAe Kamapfi H3 WieHOB B cuay clelcrsua 3 reopemul 8 pased
HY 7O '



§ 1. Mypasraaunednoe aagrepaupyrotijie orolpamenys gh

BHellHee MPOM3BEACHHE MYALTHAMHEHHWX 0ToOpaXKeHnil

l'[y(:'rb it &CTb p-JMHHEHHDNE AHTHCHMMETPHYHCE DTOGpAKEeHUS E*"
5 F H ¢ €CTb §-JHHEHHOe AHTHCHMMETPHYHOE OTofpaKeHne E"
B G“ Toria MOXHO 06pPA3oBATh HX BHeIUHee MPOH3BENLCHHE & A 5V

Y s
OTHOCHTEMbHO GuAHHeHiHOTO OTeOpaxiedaHa B mpocetpancrsa F X @
-
E BEKTOPHOE OpocTpaHctBo [, D10 HeKoTopoe (g -4 g)-1uneiiHoe
=
orobpaxenne E/TY p H, onpezenennce Kak AHTHCHMMETPH3AUHI
(pyHKIHH '

= >
(X1 Xo ooos Xpig)—>

> > > > >
Xoy ooy Xoh 0 pars Xpaay o ooy Xpag (VI 15 53)
T. €. OnpenedenHoe (0 HOpPMy.Ie
- e >
uA(B}U{XI’ X?! ] Xp-l-q):
24 > > > > .
— 2 T Xop Xop veor Ko (&g, o0 Koy I
UEUF:‘ip+q

(V1, 1; 54)

3pech He BO3HHKaer, Roobule romops, BOHpoca 06 accouna-
THBHOCTH HAM O MPaBuJe AHTHKOMMYTATHBHOCTH 3TOrC NDOH3BeE-
meuds. OnHAKO 3TR CBOHCTBA OYAYT HMETh MECTO B JIBYX cje-
AVIOWHX CAY4aAxX, HMeloUlHX BEeCbMa BaKHEIE MPAKTHUECKHE MpH-
JAQMEeHH

t9) Tlycrs E—BEKTODHOE npompancrno HAJ HoJeM BeHlecTBeH-
o

aoix ukcea R, a F, G n H COBNAJZAIOT ¢ IOJEM KOMIIEKCHBIX
yncea C, paccMaTPHBASMEIM KaK ABYMEPHOE BEKTOPHOE MPOCTPaH-
creo manm nosem E. Ecnn nuneiinoe orobpaxkenuwe B gegsercd
OGLIUABIM YMHOMEHHEM B ToJe KOMILTEKCHBIX HHCEN, TO, KAK H
pasee, HMET MECTO ACCOUHATHBHOCTE M AHTHKOMMYTATHBHOCTB.
BHeIJ.IHEE NpoOH3IBEICHHE KOHeYHOro 4Yucaa NPOA3BOJIBHEIX MYJBTH-
JHHeHHbIX AHTHCHMMETPHYHDBIX L]JD])M CO JHAYCHUHAMYH B @ yaoBJe-
TBOPHACT BCCM TPEILINYIUBM COOTHOLUEHHAM.

Kpome Tore, BHelIHee NPOH3BeNellHe jgaxme MYJAbLTHAHHERHO
OTHOCHTEALHO NOJAA KOMIJECHHX YHCEN B TOM CMBIC/E, MTO IOCJgeI-
udaa $opmyna (VI, 1;37,) ocrtaercs pepHoit, ecau A, | H v — KOM-
MASKCHLI2 YHCJHA. N

.)20) [lpeanonomum, uTo G — noae ckamsipos K, H copnagaer
¢ F, a Ouindefinoe oroGpaKeHHe B ecTh O6BIYHO® YMHOMEHHe
BeKTOpa Ha cKaJap. Toraa, OYeBHAHO, MOXKHO 0OPA3OBATb BHELI-
Hee NPOH3BELeHHE HECKQJbKHX MYJAbTHAHHEHHbIX (POpM, 3HAYEHHE
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e

ONHOH M3 KOTOpPHIX JeXHT B F, & oCTaAsHuble [PHHHMAT CKa-
AfipHBle aHaverns. OO6pa3oBaHHBIE TaKHM o0pasoM NPONU3BENEHHA
TaKyKe YHOBJETBOPAIOT MPeZHIYIIHM COOTHOIIEHHRM,

IMMpumepn, B neppoMm cayuae BHOepeM B KauecTBe E‘ W F
noae KOMIONAEKCHHX YHCEJI C, paceMarpiapaeMoc KaxK BERTOPIOE
EBYMEpPHOEe MPOCTPAHCTBO Hajx nodem K,

Ofoanayym uepes £ n v QopMel «mepsas M BTOPAf KOOPIH-
HAThLI®», T. €. Cl)OprI CTandinlie B COOTRETCTBHE KOMDJAEKCHOMY
yHCay z—-x-i-:y erg BeleCTBeHBYH) YaCTbhb X H MHHMYO YacThb Y.
MoKHO Takxe paccmoTperb R-annelinbie otodpamxenaa 8 O

{=E«inu f==t -~ i1, onpegencHHbe HOPMYAAMH
t{z)=2 u L=z (VI, 1; 35)
Tlpn 3TOM HMEWT MeCTO CAeAYWILHE COOTHOLIEHHS:
EANE, 2)=xy —yx,
EAE=E+mAE—in=—2EAn, (VI,I;56)
tAL(z, 2)=2% —2'Z=—2i{xy’ — yx').

Buemhsan aareSpa npocrpancrea £

- >
Jlaa mpocrpalcTBA E’ conpnmcnﬂoro K £, MH onpeRednaH

panee MpOCTPAHCTBO A*"E" Onuare acau E KOHEUHOMEPHO, TO ero
MOMXHO PAacCMATPHBATH KAK CODPSKEHHOS K E’. TTostoMy MOMHO
CHpEeReIHTs MPOCTPAHCTBO AF’E-—-npoc'rpch'mo p-THHEHHBIX aAHTH-
CHAMMETPHYHBIX (POPM HA }:5’-. AJdreGpadueckast cTPYKTYpa BHEIIHeN
anredpo npompgncma gana.rmrwma CTPYKTYPe BHew el aareGput

npocrpancrea E'. daemeHt npocrpaHctBa ATE HasmBaercd p-BeK-
TOPOM.
Crenyer oGpaTHTb ocoﬁoe BHEMAHME HA IOJA CKaasapos. Bek-

TOPHOE IIPOCTPAHCTBO E Ha,a, noaed O onpeseaser HEKOTOPOe BeK-
TOPHOE NPOCTPAHCTBO ER nan nonem K. Oanako compsiKenioe
NPOCTPAHCTEO E {npocTpascTBO C JAHHEHNHX oToGpaKennli Es C)
HE CBA3AHO ¢ NPOCTDPEHCTBOM (Ep) (npocrpascreoM R-nunednbix

>

oro6paxennii £ B R). Caeaosatenno, A’E s A’Ep ne connagaior

H JaXe MMeioT pasuble pasmeprocts. Hampumep, ecam rRomrnec
=

HAd Pa3MEpHOCTs MPOCTPAHCTEA £ paBHA 4, TO €r0 BRiNeCTBEHHAA

1) Ototpamenne § Takme O-mHHEAHD, 0 3 yike He C-auncido,



§ 2. OpuenTagua KOHCUHOMEPHOO SEXTOPROCG NpocTpancrda wad R QF

pasmepHocts paBea 2n. Toraa xowmnaekcuas pasmepHOCT upo-

ctpancrsa A*E pasnaln(n — 1)}/2, asHaqnt, BewecTBenuan pasmep-
nocte papHa n(f ~— 1), B TO BPEMA KaK BellleCTBEHHAst PA3MEPHOCTS
»

npocrpaucrsa A?Er paBHa [2n(2n — 1)]/2=n(2n — |). Buopouew,
> 5 -> >
a9 e E Bexropni e H fe spaawored sasvcumuiMu 8 O, a caego-
> >
natesbHo, e Apie=0 (reopema 9). OQHAKO 3TH BEKTOPHl He3a-
> o> >

sucumn B K, a anaunt, e Arie == 0.
Yaiue BCero HCUOJB3YIOTE p-JOPME U PEAKO pP-BCKTOPHL,

§ 2 OPHEHTAILIHA KOHEYHOMEPHOFO BEKTOPHOFO
NPOCTPAHCTBA HAIN R

HanoMuuM, 4te ecqH # — JuHHEeHHOe OTOGpaKCeHHE R-MepHOTO
=
BEKTOPHOTO npocTpacTBa E B ceff, TO MOMKHO roBopute 00 onpe-

W
peantefie OoTobGpamenun . Ecan 3agan HeRoTopeift Oasuc B E,
TO oTOBpaXkeHHe u ONpefeNifieTcA OTHOCHTEAbHO 3TOr0 Ga3nca Heko-
_topoit Marpuueli. OnpenennTtedb OTOGPAKEHHA K COBMAIAET C ONpe-
neanteneM 3TOH MaTPUIL npu JMwobom Bhbope BGasuca.

Onpepeantens TPOM3BEAEHHS (KOMIOZNUAA) JIBYX JIHHeHHHIX
OTOOpaKeHHi pABEH NPousBEASHHUIO onpelleantencit. Onpenenintess
TOKAECTBEHROIO OTOOPAMEHHA paBed eIHHHOE, a OnPefeNHTeNH
ABYX B3anMHo ofparHbix OdeKuuH B3aHMHO ofpatubl IpYyr
Apyry.

Bce sTH ceoficTBa CHpABeNJIHBE A4S MOGOCO 10JA CKAJSPOB.

>

B stom naparpade E Gyner mpeacraBasTte cofof N-mepHoe
BEKTOPHOE NPOCTPAHCTBO HAM MOMEM BellecTBeHHHX yucen K, Ecan
ITO HpDCTpaHCTBO 3anang Kayg H-MEDHOE HPOCTP&HCTBO Hag fuoJeM
KOMIJIeKCHBIX uHcen U, TO ero MOXKHO 6yJeT paccMarTpHBaTh Kak
BeXTOPHOE NPOCTPAHCTBO PasMePHOCTH N =2n Haa nonem BELIJ,&*

CTBEHHHX uucea R.
>
HanomunmM, uTo ynopazoyeHHHM G6a3ucoM B E HaskBaerea

TAKOoE OToﬁpa}KEHHe ¢ muoxecrsa {1, 2, ..., N} B E. z—»e;, npu

KOTOPOM BeKTOPH ("35);51, 2 ... n JIMEENHO HE3aBHCHMH B E

B mnoxecTBe 5THX 63314(:013 MOMHO YCTAHOBHTL OTHOILEHHE
JKBHBAJEHTHOCTH. Bynem FOBOPUTh, UTO 6asuc & HKeuBRAEHTEN
GEISHC}T €, eClH OCIpeJefiaTeNb ¢’ OTHOCHTENBHO € MOJ0MKHTEJEH,
STOT ONPeAe/IHTEb ABARETCA OTPENCARTENEN ONIHOIHATHO ONpeie:

JIEHHOTO JIiHeHHOro o'roﬁpameﬂnﬂ Es E npy K0T0pOM ofpasoM

KamA0ro GasHCHOTO BEKTOPA eg ABJAETCA BEKTOP e,. ¥eraHoBaACH-
Hoe TakaM 06pazoM  OTHOWEHHe HAeHCTBHTCALHO NpeiCTaBAfeT
co00lf HEKOTOPOe OTHOIEHHe IKBHBAMEHTHOCTH, B caMom peae;
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1°)y Ono pedaekcupHo: ecan ¢ ==e, TO OUpeNe/MUTE) b PABEH
1> 90

29 OHO CHMMeTPHUHO: ONWpeleSHTeNL $A3HCA ¢ OTHOCHTCABHO
6azuca e ofipaTer onpeJennteaio 6a3Nca ¢ OTHOCHTEALHO HasHca &,
NOCKO/IBKY OHH ABJSIOTCS ONpPeAeHTeAIMH IBYX B2aMMHO 00pat
HHIX OTUGI)HH\EH[»]ﬁ Ecam ouHH H3 HUX >0, 1o TakumM we Oyjer
H Ipyroil.

3% OHO TPAH3UTHBHO; TYCTh e, €', ”w-rpn Y0P AAOUEHHBIX
6asnca E. Toraa apueiinoe otofpaxenue Ee F nepesossitee
- >

e, 8 8‘ eCTe TIpOH3BeIdeHHE JIHHEHHOTO OI‘OG[JH}K&HHS{, neperoin-
-

- > -
Wero €, B €, H JirHefiHOro oToGpaenus, MePeBOLAILETO e} B e,
3nauuT, onpelnedftese ¢” OTHOCHTEABHO € SIBJAKETCH TPOH3Beje-
HHEM OOpedeAHTeNa e’ OTHOCHTE/BHO € Ha ONpeisJuTed]b ” OTHO-
cuTeAbRo &, Ecn ofa nocaenuuy onpeleauteds > 0, T0 TaKHEM xe
6yaeT H mepBLIA onpejensTese,

BpeleHHOE OTHOMEHHE 3KBHBAJACHTHOCTH pa3fMBAeT MHOMECTBO

-
BCEBO3MOXKHBIX YNOpaAoueHubx Gasucos E ma sBa Kaacca,
=

B camom nede, B E MOXKHO HANTH NBA NCSKBHBAJEHTHBIX
E Y S >
Gasnca e u ¢ (HanpuMep, ¢, &y, ..., 8y H &9, €, ..., ey). [Iycib

¢” — Kaxoli-anGo TpeThi OJasuc. Toraa oTHOLIeHHe ONpelequTe-
Jdeli e” OTHOCHTeABHO ¢ H e’ pPaBuo OonpeleuTelio & OTHOCH-
TEMLHO €, KOToPWi, O9eBHIUO, oTpuuareaen. ChaefiobaTtebHO,
XOTA OBl O KH H3 3THX JIBYX ONpele/IHTe el NONQKATENEH, a 3HAYNT,
fasuc e skBHBAJIeHTeH JHGO e, audo o ),

-

Tosopar, 4ro sekroproe npocrpancreo E opuentuposano, ecau

>
o0us u3 Kaaeccos ynopadouennsix 6asucoe 8 E awibpan 8 xayecrae
ROACHCUTEA6HO20 KAQCCA, @ OPYeod CHUTOETCS OTPUIATLAbHBIM,

Jameuvaund 1° CywecTByloT ABe BO3MOKHEE OPMEHTZUHH
-
npocrpancrea E. Ecap puifpana HCKOTOPAsl OPHCHTALHS TPOCTPAH-
-

crea E, 10 BTOpas opueHTauHus, B KOTOPOH NOJOKUTEALHBIM HA3bI-
BawT HKJaacc §asHCOB, CYMTABIUHACH OTPHUATEJbHBIM B HMepBOi
OPHCHTALHH, HA3BIBAETCH NPOTHBONOAOKHOH. B  adeMeHTapHBIX

-
Kypcax aHa/Nu3a 4acTo rosopar, urc phbop opueHTauuu £ mpous-
BOJIeH, HO «B CJlyYae JIBYMEPHOr¢ BeKTOPHOTO fIpOCTPAHCTRA Mpen-
NOYTHTE/bHEE B KaueCTBE NOJIOMHTENABLHOrO KJjacca Oparte Takofl

Kaace YNOPHAOUEHHNX GA3HCOB, B KOTOPBIX BTQPON BEKTOP JEKHT
¢ACBa OT MepBOTo»,

'} HMeHHO 31eCh HCNGABAYETCA TOT AKT, YTO B KAUSCTBE MNOAR CKAAADOB
BuGpano none R.
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Cosepuienno o4ceudno, ¥ro ara ppasa Hecemueaennn. TloHATHS
<NIPaBLIfi» H «JIeBBUI» ABJAKIOTCA YHCTO (HU3HYSCKHMHM NOHRTHAMH,
HMEIOIHMK CMBEICH B 3aHHMACMOH HAMH OTHOCHTENMbHO HeSOALUIOH
06.14CTH BeeneHnoi '), B IBYMCDHOM BEKTODHOM NPOCTPAHCTEC HAJ
BELIECTBEHIBIM NoAeM NOHATHI <«mpaBuifi» 4 «1eBHii» He cymect-
pyer. Ecnw, Hanpumep, paccMarpuzaeTcs IBY MEPHOE BEKTOPHOE PO~
CTPEHCTBG TOJAHHOMOR CTEOEHN <1 OTHOCHTENLHO X, T0 COBep-
WeHAD HEeBO3MOMKHEO CKd3aTh, KAaKOH U3 NOJHHOMOB CHCTEMBL X
g |4 x jNexur upagee Lpyroro.

2°y Ecan 0 ~- HEKoTOpad MNepecTanoBKa MHOKECTBA HHASKCOB

{l, 2, ..., N}, To Ruace, onpenedeMel Gasucom [ — &y, ABJsgeTcd

*
KAgccoM Gazdca (—e;, YMHOMEHHHM Ha CHIHATYPY g, Hepecra-

HOBKH 0.
o

3% Ecan u — Aunednasn SxeKUHA npoctpadersa £ Ha cedsa
- >
ecau {e;);,_, , .y ABAsercs OasucoM npocrpauctsa £, 1o Gasue

-
(14€)); o ... v BPHHALJICKHT TOMY XK€ KJAacCy H/Id HeT B 3aBH-
CHMOCTH OT TOre, OyAeTr JH onpegenureds Guekuwd u« >0 nan
< 0, YacTo roBOpaT, 4YTO B 3TOM 3aK/JKYACTCH <«TeoMeTpHuecKas
HHTEPNpeTanud» 3HaKa D]'Ipe,ELEJ[HT'EJ'lH, HO 3T0 H€ COBCeM TOUHO,
HOCKOABKY OPUEHTAUUS HE AGARLTCH BHYTDCHHANM 200METDUHCCKUM
noMNATHEM — OHA BHITEKaeT H3 CBOHCTB onpejaendteneil JAUHeHHbIX
07106 paN eHu . '

JIpyrye MeToAb OPHEHTALHA BEKTOPHOTO MPOCTPAHCTBA

PaccMOTPHM c€HAYAIA OJHOMEPHOE BEKTOPHOE [ROCTPAHCTEO
HAll ToJeM BeUlECTBEHHMWX uucen, JIGme [GBA €ro OTAHYHBIX OT
HY /I JeMesTa nponopunouaanbz. H HX OTHOWeHHE JAHOo > 0,
o <0,

[Tosromy nomonneuuce K § B BCKTOPLUOM NPOCTPALICTBC MOMHO
PA3SOXKHTE HA JABAa KJacca, CUHTAad ABAa sJeMeHTa JKBHBAMEHT-
HEIMH, HWJH NPHRHALJAENKAMHMH OLHOMY W TOMY 3Ke KJaccy, ecad
ux oTAcIUenHe > (. OPHEHTHPORATH REKTOPHOE NMDOCTPAHCTEO — 3TO
ZHAYHT BHIOpPaTe OJHH H3 3THX ABYX KJIACCOB B KAUECTBE OMOKH-

TCJALHOTO. 3aMeTHM TCOCPhL, MTO CCJOH £ sBaserca BEKTOPIIEIM [IPO-
CTPAHCTBOM NPOH3BOJBHOA KOHeYHON pasMepHOCcTH N, TO NPOCTPaH-

.

oTBO ANE’, coctosimee n3 N-JHHeHAHBIX aHTHCHMMETPHYHEX (opuM
>

na E, ogHoMcpro (cacpereHe 2 Teopemel B} M, chenoBaTtesbHO,

voxer OMTL OPHENTHpPCBaHO. B 3TOM ¢aydae 3a OPHEHTALHIO NpO-

Yy Ecay 06 HAM ¥HAA0CH YCTAHOBHTL CBE3L ¢ HHIKEHEpAMH [AAHETH, pac
GAMOWENHOR OF WAC A PACCTOMHMM MHMLIMAPAA CBETORMX JAeT, To He fAcRO,
6K OBl MBI OObACHHIN MAL, 41O MBL LOHUMACM 0} CIOBAMH ®UPABLA» M <1eBBIN».
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e
crpanctea E Geperea no ONpemeeHHI0 OPHEHTAUHA OJHOMEPHOrO
- ol

. -«
rekTOpHOro npocrpauctsa ANME’. OpuentHposaTe £ — 3IHAYHT
BHGpaTh Te N-NHHeliHne AHTHCHMMeTPHYHBle boOpME = 0, KoTo-
puie CUHTAIOTCH NOAOKHTEALHBIMH.

TToka)ceM, 4TO 3TH ABAa MeTOLA OPHEHTAUHH BEKTOPHOrD Npo-
CTPAHCTBA 3KBHBANEHTHLL.

B camoM mene, nycTh € — HeKoTopeifi §a3uc, Itot Ga3He onpe-
pedasner Koopaudaruble ¢yHenux (E;) H, cjemoBatesbHo, onpene-
naeT HeKoTopylo N-bopMy — BHelliee Apouamemenue (B A (5) A ...
.. A{Ey). Touno TaKk xe ecqaw & ecTh HeKoTopuldl Apyroé Gasuc,
TO €MY MOMKHO [OCTABHTE B COOTBETCTBYME JAPYrywy N-dopmy
ENVAE)NA .. A(EL) Obosnawnm uepes A onpeaenuredr BTOPOro
fa3Hca OTHOCHTENbHO nepBore. COTAAcHG OMPEAE/]IeHHI0 BHeILHEero
npousseaenna dopm {(popmynnl (VI, 1; 35,)), uMeoT MecTo Caeayio-
WHe COOTHOUICHHA:

EVACIA o Ay) (& ..o =0,

' ’ ’ J > (VI' 2y
EVAEIA o A e - ) =1
M3 seinacanumx Gopmyn cneayer, uto Mexiy N-popmaMu
(00A3are/bHO MPONOPIHOHATbHBIMH), COOTBETCTBYIONIUMH ABYM 3THM
GasHcaM, HMEET MecTO COOTHOUISHHE

EVAEDA - AE)=SEVACGIA - AG) (VL2

HBa ©asHca 3KBHBAJNEHTHH (B CMHIC/AE YCTAHOBJEHHOIG RHINE
OTHOIUEHHA 3IKBHBAMCHTHOCTH MeiAY O0asucaMi) TOFNa M TOJBKO
TOTAA, KOPRa OTHOWEHHE cCcoorBeTcraywomux N-fopm  nonoxu-
T&Jb1IO, T, €, &CAH 3TH ClJOpMI.-I SKBHBAJCHTHE B CMBICAE OTHOILLe-
HUS 3IKBHBANEHTHOCTH, YCTAHOBMACHHOTO paHee B [POCTPAHCTBE
N-topm.

OpuenTHpOBATH MPOCTPAHCTBO B CMBIC/E BHIGOPE MOJOKHTENb-
HOT'O Kaacca 6&3HCOB-—3TO 3HAYHT, CJAefOBATEJNbHO, OPHEHTHPO-
BaTh €ro B CMbiCAe BuGOPa NOJMOKHTEABHOTO Kaacca N-dopm;
f-(i_:}opmaigl) AEIA ... AEy), cooTBercTBYIOWLAn Gasucy e
), &, ..., €y, NPHHAJJICKET HONOKHTEALHOMY KNaccy N-dopm toraa
H TOJbKO TOrAa, KOTAA Ga3HC @ NPHHALIEKRT NOFOMHTEABHOMY
Kaaccy. Ecan 4 aBasercs N-topmoii %= 0, nomoxuTeALHOR

B opuentauun E, To MoxHpo nucarh #>>0. EclE w=0 wm
u>0, 70 nuwyr #2220, 70 nouarue suake N-gopmur na
> b

E umeer cmbica aub 8 TOM caywae, ecau E opuenrupoeaxo.
Buiiue M BHAGAH, YTO B BEKTOPHHIX NPOCTPAHCTBAX CyLIECT-
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BYIOT ABe BO3MOKHBIe ODHEHTALMH, HH ONHA M3 KOTOPHX He 0§.Ja-
JaeT KAKUMHA-THOO NpenvMylecTBaMH RO CDaBHEHHI ¢ JAPYrof.
Oaunako, Xak Mb ceffvac YBULHM, 3TO BOBCE HE TakK, KOrga peyb
HIET O BEKTOPHMX DPOCTPAKCTBAX HAL AOJEM KOMIEKCHHX YHCENL

=
Teopema 0. fTycrs E — gexToproe T-MepHOe RpOCTPaHCTEo
—)

Had nosem xo,mﬂemumx qucea C, Hycm e,, e:,, e iny €y — HEKOTO-
> > —)

-
peut C-baaue e E Tozda e, ie, ez, .tez, ciay &y, 8, ABARETLH

R-Gasucon & E {paceMarpusae Mom KaK BexTOpROE 2r-MepHOE 1po-
cTpanctao nad noses sewecraennoix qucen). Kaace arceo R-6asuca
Ke sasucutr or swbopa ucxodnoeo C-basuca.

IMpekae yeM JAoKaspiBaTE 5TY TCOPEMY, 3AMETHM, Y10 H3 Hee
BLITEKAET CYIICCTBOBAHHE «MPHBHNICTHPOBAHHONS OPHENTALHH BeK-
TOPHOTO MNPOCTPAHCTBA HAL TNOJAeM KOMIMEKCHHX uHcesd, Hcxods
U3 8eKTOpHO20 6a3UCa, MONCHO 1OCTPouTs Hexoropuwi K-0asuc, u
Kaace dcex Taxum 06pasom nocrpoesnnix RK-Gasucos eceda odun
o TOT Me. E20 MOMRO CHUTATH NosoxuTeAdHoim Kiaaccosm. Tax
onpedesennas OPUCHTAYUR HAIWBRETCR KAKORUYECKOU opuedTayuerl
BEKTOPHOZO NPOCTPARCTBA HAO NOAEM KOMRACKCHBLY &ucen. B cay-
4a€ OAHOMEPHOTO BeKTOPHOrO NPOCTPAHCTBA Haj NoJdeM KOMIIEKC-
HBIX WHCel STO YTBEPHKACHHE CBOANTCA K TOMY, UTO NIOJOKHTENb-

HBIM CunTaercs Gasuc e, ie, rie &€ — NIPDOH3BOJBHHA Bexktop = (.
B 4YacTHOCTH, OPHEHTAU{A caMoro MoAf KoMnaeKcHmx uucea C
ABJAACTCS TAKOH opHewranHeH, B KoropoH Gasmc, 06Pa30BaHHbIH
ypesamu 1 u {, CUMTaeTCs MONOXKHTEALHBIM.

Hokasarenscrteo. PacemarpueraeMuii C-8azne onpenenser
KOMIUTEKCHBIE KOOPLHHATHBEIE (OYHKUHUH, KOTOPble MBl OyneM obo-
3HAYATh Yepes {,, Lo, ..., {s CooTBeTCTBYIOWHE R-Gasuc onpene-
AAET BELIECTBEHHRIE KOOPAWHATHLIE (VHKUHM, KOTOphle MBl 000c-
sHauuM depes &y, ny, &9, Moy ooy Euy Mg [IpH 5TOM "a-j‘:gi"'i'ﬂ,h

C;-E,—m; [Mycre Tenepsr 3ajzan Apyrofl KOMILIEKCHIA Oa3uc
>, N

e., €y + -+, £, ONpEReasiound KoopAnHaTH £, 1), ;’;,.
Mul XOTHM LOKa3aTh, UTO

EIAG)AE) A (YA - A A

T AT A AM A A At — D~

rae D -~ onpegenutens eroporo R-Gasuca, coOTRETCTBYIOIUETO BTO-
poMy C-6a3ucy, oTHoCHTeABHO RepBOTO GasHuca,
Coraacno (VI, 1;56), M0ORKHO 3amucats, uTO

ENAEIA AR A (_ii) A (§£) A A (Cn)
tf;l}z\(;zm”.mcnmt;g)/\@?)/\...A(c,.) )

(V1,2;3)

. (VL2 4}
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Onnaxo JnHeliEbie GopMbl §; He ToAbKO R-anuelinw, o ©
C-nnaednn. OTcofla chelyer, YTO BHEWIHHE NPOAR3BE/leHHS (hopM

EYAEYA oo AE) 1 EYAEYA - A(E,) nponopuHoHabHE
C KOMMIEKCHMM Ko3pdHUHSHTaM EBPONOPUHOHANLHOCTH: MOXHO
CHOBA TMOBTOPHTH BHIKJAKH, KOTOpbie Mb AMAAH 49 O0JyYeHRd
dopmyan (VI,2; 1), npoBoas paccyXEeHHT Hall NOJEM KOMIJEKC-
HBX YHCEJ TaK e, Kak B CJAyuae NOAA BEUIECTBEHHBIX MHHCeJ,
I[Tpn stom MB NOAYYHM, YTO

CINEA  AEY=FEAGIA - ALY VL Z5)

>
roe A gaaserca onpedleantenem (-Gasuca ej orHocutenbuo (-6a-
=

JHCa ¢&;. HOS\TOMY OKORYATEALHO MLF NPHXOAHM K TAKOMY COOTHO-
IUeHHIO:

L1l wm D=AR=|AF>0, (VL 26)
D A A
KOTOPOe ¥ JLOKa3HBAeT Hallié¢ YTBLPKAEHHC.

3ameuvanue Dopuyda D=|AP ecrectBenso pacnpocrpa-
HAeTCH W HA AKoGHAHK, [TycTh | — Hekortopoe oTobpaxenne adoua-
HOrO TNpocTpaucTtBa £ PAIMEPHOCTH M1 HAlL NOJEM KOMIJEKCHBIX
yucea s agpgHHHOE NPOCTPAHCTEBO F pasMepHocTH /M Hag nodem
KOMIIJTeKCHHX uhced. TIpenmonomuM, uro oTodparkenne f anbde-
PEHLHPYEMO OTIOCHTEABNG TOJ KOMIJIEKCHEIX uHced. Torza oHo
TeM Godaee aH(depeHUHPYeMO OTHOCUTEARHO ROMA BEIECTBEHHHIX
yuea.

Ecamw B F v F puGpanel CHCTEMB KQOPAHHAT OTHOCHTENBHO
NoJds KOMILIEKCHBIX YHCET, TO ITOT BbIOOP aBTOMATHYECKH onpeae-
JIfieT HEKOTOPYI0 CHCTEMY KOODIHHAT OTHOCHIENBHC INOJA BelecT-
BEHHEIX YHCCH, £CJH BOCNONLAOBATHLCA METOAOM, ¢ MOMOILY KOTO-
poro Mu nmo C-Gazucy crpouan cooTeeretBytournil R-6asuc, Temeps
MOXHG, ¢ OZHOH CTOPOHBI, paccMoOTpeTh akolHad Jf¢ orolOpaxe-
HHS [ B TOYKEe @ OTHOCHTeNbHO CHCTEMb KOOPAWHAT HAK IoJdeM
KOMOJEKCHBIX YHCeN, a ¢ Apyrofi — ero axoGuar Jp OTHOCHTEJBHO
CHCTEMB KOOPAHHAT Hail MOAEM BEUIECTBEHHEIX YHCEA. 3TH Olpe-
JNCJaHTRNH ABAFIOTCA O peleETCAAMH oﬁpasos npu otobpake-

uuy f(a@) Gasucon E OTHOCHTEMEHO $43HCOR F Toapko 4TO f0Ka-
34UH0e MOWET ObITh, CJHEA0BATENBHO, 3IUMULAHO B CACIYIOWEM
BHLE;

Je=Jp =0 (VI,2;7)

1) Haemy npexirie BHURCIEHWS Awid nposefens maz cayyas Jo = 0.
Onuako ecan J- =0, 710 oToOpamenue [ (g} OyIeT TepeBOANTH NPOCTPaH-
-

cTBO. E B HEKOTOpOe REKTOPHOE NOJNPOCTPAaHCTBO NpocTpancTBa £, OTNHYHOE
oT F u toras Jo=10
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Ocolble cBOHCTBA AHTACHMMETPHUHMX pP-(hOoPM HAA eBKAHAOBLIM
OPHERTHPOBAHALIM N-MepHBIM DPOCTPANCTBOM

TlycTh € — OpTONOPMUPOBARRBLE ROAONUTSIbHOUE 6a3Uc B g
O onpegeaser nekotopyl N-dopmy () A E) A ... A{Ey). Ecan
-

¢ — Npyroit OpTOHOPMUpOBAHHEIT nNoMOMHTENbHME OGazue B E,
to u3 popMyan (VI,2; 1) cieayer, uto

EVAEA - AC)=E)AEGIA .- Alky). (VL2;8)

B camom Jjene, TaK Kak pevys HIAer 08 OPTOHOPMHDOBAHHEIX
f6asHcax, TO ONPefeqHTesis BTOPOro $Aa3HCA OTHOCHTENABHO NEPBOTO
ofgaaredbho paBed = | uaH, touHee, + 1, NOCKOAbKY 00a GasHca
NPHHALNEKAT NOJOKHTEALHOMY KJAaccy.

Unaue rosopst, N-popma (ENA(EIA ... AEy), ecooreer-
e ENTAALT Eproaop,uuposanuo,wy noaoxuTeBHOMY Dasucy npo-

crpancrea E, ne sasucur or srogo 6azuca, Jra N-popma, ompe-
AGNEHHAA Pa3 N HABCErAA 3agaHdeM eBKJIHAOBONH CTPYKTYPHI H

opHeHTaunu B .’: Ha3blRACTCS gb_mélaweumqanou N-popmod npo-

CTPaHCTEA E Mur 6ynem ofo3nauaTe ee qepea E. He’rpy,&ﬂo YTOY-

HHTEL ee 3HAaYeHHe Ha cHcreMme N BeKTopoB X., Xg, XN ITHM
sHayeHHeM AeJadercs, cordacuo (VI, 1;35;), onpencmrrenb N pex-
TOPOB OTHOCHTENLHO NPOHIBOJALLONe OPTOHOPMHPOBAULICIC MMONO-

-
®KuTeIbHOrO Gazuca E. Ero a6conioTHad BeAndHHA pPaBHA ofbeMy
napalJe/iennneia C BepIiHHOA B Hauyake KOODAHAAT, ONPEACJieH-
Horo staMH N-BexTopamu (caepctBue 5, teopemsr 102 ra. IV),
Ecan 310T 00BbeM HEe PaBeH EYJ0, TO €ro 3NAK ONPCACIAET Kaace
GasHca, cocToamero H3 5THX N BeKTOPOB, OTHOCHTEALHO 3ALAHHON

-
oprepTatu E. YacTo TrOBOPAT, UTO 3TO 3HAYEHHE ABJACTCA d.ee-
O’pauqecﬂ:uu oé'aemou napasieaenunedq, onpedesentozo 8eKTO-

pasi Xl, Xz,... XN, B OPHENTHPOBANHOM NPOCTPAHCTEE E
(taxofl anrebpaHueckuit o6beM MOXKer OblThb ONPefgneH TOJALKO
nocAe KOPPEeKTHOTO OlpeaefeHHd NOHATHA ODHEHTALHH),

CymecreoBanue GyHmaMeHTanpHOH N-GOpPMbl NMOSBOAHT HaM
YCTAHOBUTL 3aMeYaTeJbHHE COOTHOMISHNA MEeXKAY BEKTOpPaMH H
GopMaMH,

e
1°) Mexny npoerpamcreom N-popm nan £ i nosem Bellect-
BeHHHY ukceJd R MOMHO yCTAaHOBWTH Ouernuwo. Jlaa srtoro docra-
TOUHO KakKAoH N-popMe mOCTABHTb B COOTBETCTBHE OTHOLIEHHE
37T0#1 (opMbl K PyuaamenTaabHoll N-popme. Taknm obpasom, Oyner
YCTAHOBJEHO COOTBeTCTBHB MEKAY BELIECTBCHHLIM vuciaoM X H

N-KOBeKTOpOM X§
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o >

2°y Kaxnel cucreme w3z N pexkropos X, X, ..., Xy MOXKHO
MOCTABHTL B COOTBETCTBHE BEILECTBEHHOE YHC.I0, HA3LIBAEMOE CMe-
IIAHHEM [OPOH3BeIeHHEM 3THX REKTOPOE. 2710 poCTO 3HA4YEHHE

N & >

E(X,, Xy, ..., Xp) byunamentaabaol M-hOPMbt HA 3a1aRHCH CHCTEMe
pekropoB. CMEIIAHEOS NPOH3BENGHHE PABHO oNpelefiiTesio CH-
cTeMbl BEKTOPOB OTHOCUTEAbHO TPOH3BOJIBHOTO OPTOROPMAJBHOTO
NOJOKHKTEILHOTO Gasuca, Hau aarebpanyeckomy o0beMy Mapadie-
nennnena, odpazcpanporo 3TAvA N Bekropamy. UTobpaxenie

> > »
«CMellaHHoe TIpOuaBeneHHe», Koropoe BekropaMm X, Xi ..., Xy
CTaBHT B COOTBETCTBHEe WX cCcMellaHHoe I'IPOI‘ISBBH.EHHG, HABAACTCA

- N
N-topmoit HAa E, cosmagamomied ¢ &,

- > -
Bonee ofuto, ecaH 3afana cHetema p BeKTopoB Xy, Xo ..., A,
.
uz F, T0 CH MOMHO TMOCTABHTE B COOTBETCTBME HEKOTOPYIO
(N — p)»dopmy Ry » 3 » ONpeJeNeHHYIO CHIeAYIOUAM ofipasoM,
| - A
. > —>
3Havedne @y > ~ Ha cucreme N —p wekropos Yy, Yy ...

pr e e An

>
evoy Yy—, fABAAETCH CMEWAHHBIM TNPOH3IBELEHHEM N Bexropos

P w > - . |

Yoo Voo oovr Yor Koo Kow ooy X0
= - S

G}I.}z,...,?p. (Y;.I Yz, ey YN—p)=

n e e £ £ Y £
=§'(Ylt YEI ey YN—.UI Xl’ X?‘ LS XD)‘ (VI?2=9)

-~

. M=
lak onpefedennas #a E° ° OyHKUHA ¢y 3 sBAAETCA

y Ky e Xy
(N — p)-munefinoli anTucHMMerpuunofl Qopumoir, 1. e ay » %
Nep Bt e
ABAseTCS sAeMEHTOM npoctpaHcTsa ATTYE .
Kpome Toro, orToGpaskemie @, CTABALLEE B COOTBETCTBHE p
Y — >

pektopaM  X;, X5, ..., X, ACCOUHHPOBAHHYIO C HUME (OpMY,
e >

7. e, orobpaxenne Xy, Xy, ..., Xp—>y » 5, ABAAETCA p-ay-
e Xy Xy

el Ko <y
HeBHMM AHTHCHMMETPHUKHM OTOSpaKeHueM £ B AP R

> e e =
1) MomHO OHJI0 BHGpaTe Apyrofl nopanok: X, Xz* “ens Xp’ ¥io Voo Yn.'—p'

Bro mpaBeNd GH K YMHOREHHI HA (—I)NN"-"’. Taxoh mm6op waBanraga 6m
Hac oT creneded (—1) B oAKHX dopMyaax, HO OpaBoAia Out K cTenenam (—1)
B Apyrux gopmyaaxl
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.
Jdan p=N noayuaem N-juneiinoe oro6pamenue £ B noxe
<

ckanapos  AYE“: 310 OTOGpAKEHHE CTABHT B COOTBETCTBHE N Bek-
TOpPaM HX CMewaHHOe TPOH3BeleHwe, T. €. hYyHAAMEHTaJbHOe OTO-
N

Opamenne E. Ec;m € AIBJAASTCA OPTOHOPMHDPOBAHHLIM NOJOKHTENB-
HELM 6a3ncow B E as KayecTBe p BEKTOpPoB OepyTes BeKTOPH

-

Cx_pils eh_pﬂ, eAir H2 caMoro §azuca, TO, KAK 3TO MONHO
BHIeTk H3 cooTHourenus (VI,2;9), cootBercrBYOman dhopma omnpe-
nenserca no dopmyae

> > =E)AEIA ... Ay-p) (VL2;10)
R

Ecan J — noamuoxkecteo Muoxectha {I, 2, ..., N}, cocrosimee

H3 MEMEHTOR J, < j,<< ... < j, a K=CJ cocrour n3 aremen-

ToB By < Ry ... < ky_, TO

N—p
u}l_?}z, ““-;r'p= = ( E'k)= * (E‘";) A (Eke) A A (gkN—p)’
VL2111

rie =+ fBJRETCH CHTHATYPOH NepecTaHOBKH, npeobpa3youlef 1,
s NB R R BNen gy iy

B uactsoctd, Aad p=1 nMeeT mecTo QopMyna
ay = (=DTTEIAGIA o ARG A G) A o A,

N (VI,2;11y)
Ecau X; —koopaunars Bektopa X, To

N
= ZDTTHEIAG A - ABD A G A A G,
VI, 2, k)
Ira gopmyard nOKA3bIEAET, 4TO dﬁs p=1 orobpaxenue o
28A8TCR AuHelinoll Guexyuet E‘ na AV E.
3amedanne. Coornouenua 1°) u 2°) 8 Qdelicrauresssocru
3GBUCAT HE OT e8KARG080! CprﬁTypr 1L OPUEHT ALY E, a or 3ada-

HiA dvyudauercm,ebnoﬁ Goprb ’g Ecan na N-Mepuom BEKlopHOM

npocTpancTae E 3a4aH2 HEeKOTOPas PynOaMeNTarbHAR POpMY E 0
(1. e. HekoTopad Mepa OGBLEMOB U OPHeHTAUMA 0e3 SBKAWIOBOH
CTPYKTYPH), T0 cBoficTBa 1°) B 2°) ocratores B cuae. Koraa dyw-
LAMeHT2JbHBI# N-KOBEKTOD YMMOXKAI0T HA Bemecrsenuoe gucao &,

TO TEM <¢aMbiM YMHOXKAIOT omepaTop o ka 2, Ecau B E BHGpaTH
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N o =
npouasonbﬁbzu fazne H TONOXKHTE §- (g, €94 <., eN)— riue

§=ME1} AGI A o Ay, 1o popuyan (V1,2 11,) n (VL 25 115)

OCTAHYTCA CNPABENIUBEIME, €CJAH TOJBKO HX NMPABYI YAcTb VMHO-
HKHTE HA A,

3% HspecTHOo, uro B TPeXMePHOM OPHEHTHPOBAHHOM €BRJIHZO-
BOM EEKTCDOM DPOCTPAHCTBE KAMAOH CHCTEMe H3 JRYX BEKTOPOB

e
X, Y Moxno MOCTaBHTb B COGTBETCTEHE TPETHA BEKTOP, HaabiBae-

MBI BEKTOPHLM NpPOR3BeJeHHeM JBYX JAluHX. OT0 cBoficrso
MoWer ObITh 0G0GIEHO CAeAVIOIHMM O6pasoM.

>
Ecan E apnaderca AN-MepHEIM OPHENTHPOBAHHLEIM €BKAHAOBBM
NpPOCTPAHCTBOM, TO KaXKAOH cHcTeMe H3 N — | BEeKTOpPOB MOMKHO
>

NOCTABHTE B COOTBETCTBHE HOBHII BeKTOp Z, Ha3HBaeMulii gexkrop-
HbLM npouseedeuuem NAHHEIX N —1 pekropos H ofo3HavaeMbli

yepea Z [X /\XQA /\XN_,]) JTOT BEKTOP OIpemesercs
Tak. TIpA ¢OOTBeTCTBHH, VKAa3aHuoM B m. 2°), cHcteme N — 1 mex-

TOPOB OTBEYALT HEKOTOpas l-popma, T. e. HeROTOpad JMHelinas
bopma nma E. B ra. Il (popmyaa (III, I;19)) mer Bumeau, utoO
B 3TOM cChay¥de Kaxaol JuAetnof (popme ua E, T. €. Kaxaomy
NEMEHTY CONPAKEHHOTO mpocTpancTRa E’ MOXRO  NOCTABHTE

B COGTBETCTBHE ONPeAedeHHHHA 3JeMeHT z H3 E DToT NEMEHT Z
# Ha3HIBAKT BeKTOPHBIM npon3scacunem N — [ sekropos, OTtobpa-
XeHHe, KoTopoe N - | peékTopaM CTaBHT B COOTBETCTBHE HX BEk-
TOpHOE NpoH3BeleHHe, saafgeTca (N — lj-MuHeAHEIM AHTHCHMMe-

e >
TPHYEHM OoTOGpakennem EN-! s E,

dopua a+ R ONpefeJAeTeA 3lech CASAYIOIHM obpa-
LA |

=
aoM. Ecuay Y—nponsnonbumﬁ BeKTOp B E, TO

> N oy > >
0 gy 3 N=E X Xy X)) (VL2 19)

A Ay

e
Bextop Z onpeaenseTca M3 TeX coofpameHn#i, uTo Zad mpo-
R S

M3BOJBHOIC BeKTOpa Y& £ JomxHAa HMeTh MecTo hopuyna
(ITL, 1; 19%

x> >
S0 SR 1

y (D=C 1. (V1,2 13)

N

1} Dro ofoakateune He COBCEM KOPpeKTRO. B nprunrme cHMBOA A BHem-
HEro MPOM3BEASHHA HAN0 GHLIO Gl HCHOJL30BATL TG/ABKO 1R OSOIHANEHWA Npo-
H3ReJeHNA, He ABHCAWNX OT eBKAWAORDH CTPYRTYPH H OPHEHTANME HPOCTPAHCTA.
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Dra d}OpMy.}Ia osuaqael‘, YTO CMEMAHHOS IPOH3BEJcHHE BEK-
TOpPOB Y Xl, XN—: COBMAZAET CO CKAMAPHHIM nponaaeneuueu

BEKTOpa Y ua BEKTOPHOE MpOH3BEAEHHE 7= [X1 /\XNﬁl]
W3Mensns 0603HAYEHHN W YYHTHIBAA NPABHJIA aAHTHKOMMYTAILHH,
MBI MOMEM [1aTHCATh CJACAYIOLHC PABCHCTBA:

N > > > - e >
%(Xn X!r IR XN)E{XIH"(z: T X:\'])E

.?V—IN > > > Nl o> - >
=(—=1)"" Xy X oo Xpd=(=D""{[X0, ..., XpJ1XR)
YRameM TeoMeTpUUecKHHi ¢nocol NOCTPOCHHS BEKTOPHOIC MPo-
useenennd. Tak Kak npasas yacTh dopMyas (VI 2;(2) npu .rm-

HeHHO 3aBHCHMBIX N — | eexTopax pabBHa Hyaw ans atoforo Y,

TO papHa Hymo ¢opma oy % z -+ Crenopate/bio, B 3TOM
1 e -y
e

cnydyae obpaniaerca B Hyab sextop Z. O6paTHO, €caH BeKTOp E
PaBeH Ky, TO 3T0 O3HAYaeT, HTO paBHa HYJMO H dopua
a‘-{l‘ Yz"“'_‘;ﬁ—tl)’ a Torxa BeKTophl X, ofs3aredbHO JHHeHHO 3a-
BUCHMEL. B camoM Jeae, cCam ORH JNHEHHO He3aBHCHMHEI, TO MOMKHO
HalTH Hexompuu fiasnc E 0fpa3eBAHHBIA BeKTOpaMH X, H BeK-

TOpPOM Y a Toraa npasaf 4acTs dopmyae (VI 2;12) =40, 4o

NpoTHEOPEUNT TOMY (dakTy, uTo $opMa o 3 7 paBHa
A gt U —|

nyao. Takum ofpasoM, sexropuoe npouszeedenue N — 1 cexropos
pasHo Hyao T020a 4 TOALKO T020d, K0204 3T GOKTOPL! AUREHHO
3Q8ULCUMYL.

e
ITpeanonoxuM Temepb, YTO BeKTOpH X; JMHHeAHO HesaBUCHMEL
>
Ecau BekTop ¥ JEXHT B BEKTOPHOM MOAMPOCTPAHCTRE, FOPO-
=

HMACHHOM  STHMH BEKTOpaMH, TO &y 7 {Y), coraacHo
L L

{VL, 2; 12), o6g3aTessbiio pasHO Hymo, 3HAUHT, (_f[‘?)—;(). Chnezo-
BATEJ/IBHO, BEKTOp Z OpPTOrQHAAeH BEKTOPHOMY TOANPOCTPAHCTBY,
MOPOXAEHHOMY BCKTODPaMH };.

Buifepem Temepb enumrHYHHIA BEKTOD 3, OpPTOTOHAABHBIE BEK-
TOPHOMY TNIOANPOCTPAHCTBY, MOPOMISHHOMY BEKTOpaMH }f, raK,
urobet Gasue v, X;, Xy ...y, Xy—1 OHJ 0ONOAKHTEABHHM OTHOCH-

1 Ha crp. 190 7, I Mol BHAEAR, YTO COOTBeTCTEHE MeXcHy HOPMOA

£
Gy > U BEKTOPOM Z ABAgeTcR OHekuHef,
X, 2,...,XN -1
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>
TesibHO OpueHTaluu E. Onpenennte s 310ro 6astica (0THOCHTEABHO
NOA0AKHTENEHLX OPTOHODMHEPOBAHELIX 5&3}{003), ABJAAIOIIHHCA MO~
JICXKHTEALHEIM YHCAOM, paseH obbeMy Napafnedennnena, o0pazo-
EY =

RanHoro mexkTopamy v u X; (caencTeie 8§, teopemur 102 ra. IV).
DTOT OonpegesATeNb PaBeH TaKMke NPOH3BeleHH [JOWAAH OCHO-
>

BaHHs ita BoicoTy (Teopema 104 ra1. IV). IMockoasky no ycaosuo v
SBAACTCA €IHHHYRHIM BEKTOPOM, PaccMaTpHBAEMBblil OnNpefeauTessb
ENE

paBeH MJAOUIAAH OCHOBAHAHA, ITOT XK ONpeReuTeNb paseH (Z|v).
. £

3TO TOBODHT O TOM, UTO BKTOP Z Pasen npoudsedenuio 6eKTopa v
Ha wsexorapoe wucao >0, paswoe (N — |)-mepnoil naowadu na-
=

parsesenunedn, onpedeiennozo gekTopamu X,
A

EciH Mol paccMoTpuM B npocTpaHcTie £ NMPOH3BOABHBIA NoJo-
HHTEJIBHBI OPTOHOPMHPOBAHHBIH Baskic, TO HeTpyAHO 6yaer HANATH
COCTABNSIOUHE BeKTOPHOTO TpoH3seneHHa paHuux ¥ — 1 sekropos.
Ecau sTH cocTaBJslolwHde o003HA4UTL depes Z, a_vepes Y; obo-

3HaYHTb COCTABASAIIIHE MPOH3BOJALHOTO BEKTOPA Y n e, Kax
-

ofuyto, yepe3 X, ; c603HAYHTb KOOPIHNATL BCKTOPOB X; TO MH
NoAyYAM Takyw Qopmyay:

-

N > > N o> 3> > . .
El ZY = ZI =g 3 g V=R X Ko Ky,
(VL 2; 14)

H3 KOTOpOH caelyeT, 4T0 Z; fBJfercd Kosdpduunesrom mpu ¥;
B PASICKEHHH ONpelesHTenA

Yl Yz YN
Xl,] X].Q Cas X].N'
Xoo XKooz oo Xay (VL, 1; 15)

Xo-11 Kywrz oo Xyon
no »AeMeHTaM Tnepeoll cTpokd. TlosToMy HMeer mecTo GOpMmyna
Xl,! Xl,‘Z e Xl.f"l XI.!’I-I . Xl-.‘\i’
Z,m(-—l)f_' Xor Koo i Xy Xogp oo Xy

XN—I.I XN—I,z e XN—h j=l XN*'I. L 2 B XN'-I. L
(VI, 2;16)
Bee pesgaerarn n. 3°) 308ucAT 00HOBPEMENKD OT e€8KARO0BOI
>

CTPYKTYPEE t opuesTayuu apoctpaxcrea E.
Bee BelnensnomenHoe MOMHO ¢hOpPMYJIHPOBATL TaK:
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e
Teopema L. Ecau E a813e1¢a N-Meprotm OpUERTU POBAHABIM
=
esr.audospts npocTpancTecs, To &8 E cyecrsyer gyndamentaisnan
N
N-popra &, npedcrasuman 8 sude {TPA{ENA ... AlEy) ede

(5:) — roopdunarnsie HoOpmbt OTHOCUTEABHO HPOU3BOABHOZO OPTO-
HOPMUPOBAHHO20 noaoxcureabrozo ba3uca. Cyiecreuer Ankelinan

. -
duekyun npocrpancrec N-gopu AME' wa noac crka1apos, Keropan
r«r
kaxcdoti N-popwe crasur 6 coorgerersue ee ornomenue K & Cyuje-
. = N—pE

CTBYET P-AUNELIHOE GHTUCUMMETpUdHOe 0TOobpaxcenue EX 8 A fE,
onpedeasemoe opmyaanu (VI,2:9), (VI, 2,100 u (V1,2; L1), Ecau
= > - -

X, Xgo ...y Xy cyre N eexropos npoctpancraa E, T0 ux cme-
wansoe npouasedenue AGANETCA BEULOCTACHHOIM HUCAOM, PABHHIM

N o> >

E(X[, Xo ..., Xp) uau onpedeauTenso 371y 8eKTOPOB OTHOCUTEABHO

AHDB020 OPTOROPMUPOSAHRO20 ROAOHUTE bR da3tuca. CMeliannoe

npouaee@euue KaK OT‘Oﬁpa!M‘BHUE’ REBARETCR AUMEHHOH QHTUHCUMME-
N

-

Tpu:mo;,: qbop,uou Ha E¥, pasnoii E, Bexropﬂoe npouase@eaue aex-

TOPOB X,, XQ, - X,,,_l ecTh BEKTOP 7 —[Xl A XQ Ao N XN_,]

PaBHBLE HYAIO mada it ToaeKa TO2da, Koeda aTH eerc'ropm Aunelino
>

agaucumbl. Ecaud ace OHU AUHCHRG HE3Q8ULUMbEL, TO 8eKTDp Z OpTO-
20MAABK K ROPOICIAEMOMY UM BEKTOPHOMY ROTAPOCTPARCTEY 8 TOM
> > - -

cMuicae, HTO cucresma 8exkropoe Z, X, X, ..., Xy_| obpasyer
o

-

noaoxcuTessroll bazuc, o Gauna sexropa Z paswa naowadu na-
> 3

e
pasaesenunedn, nocrpoenroze Ha sekropax Xy, Xoo vy Xnoie
Bekroproe npoussedenue agigerc (N — Vyaunelnoin anrucumme-

o >

TPHYUHBLY OTOBPANCEHUEM ENY s E. Cocrasasouue 8eKTOPHO20
npouseedert s OTHOCHTEABHO OPTOHOPMUPOBAHHOZD Basuca onpede-
agrores no gopuyae (V1,2; 16),

.
3amevanud. |°) Ecnn E asasercqa, nampuMep, JIBYMepHEIM
OPHEHTHDOBAINEM  CBKIUAOBLIM [POCTPAKCTEOM, TO BEKTOPHOE

Npou3BeaeHHE [X] MOXKHO 06pa3oBaTh H H3 ONIHOTO  BEKTOpA X

(¥ —1=1). Cornacuo onpeaeeNnlo, 3TO BEKTOP Z, [TOAYYeHHEB
3

H3 BekTOpa X MOBOpPOTOM Ha yroa— m/2 ),

') Bunmanne! [IOHATHE OpPHEHTHPOBAHHOTO Yria oRKPAETCH HA MOHATHE
= e
opHeHTAUHR! ¥roa (U, V) MexAy ABYMS OPTOrOHANBHEIMH BEKTOPAMH €BKTHA0BOA

V-
CPHEHTHDPORARHON NOCKOCTH CYUHTAETCH PABHHM -+ mf2, ecau Gasuc U, V nodto-
MHTEeJeH .
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2%) Bee, uto 6ul10 OnpesesieHo B 3TOM maparpade, 3aBHCHT,
Booﬁme roeOpsl, HE TOJLKO OT €BKAHLOBON CTPYKTYpHI HpocTpaH-

cTsa f: RO TaKke u or e20 opuearayun. Ecan opuenTauuio E

3AMEHHTH HA ODOTHBONOMOMKHYIO, TO HAMEHHTCH 3HAK DyHAAMEH-

TabHOA  N-upMBl, CcMewWAadHOr0 TNpoH3BeACHHA N  BeKTopos,

(N — p)-dopmbl, cooTpeTCIBYVIOULER ) BeKTOpaM, BEKTOPHOTO Npo-

n3gezenyud ¥ — [ BekTOpOR. I'[&II]}O’I;IIB, CBAJH MEHIY BEKTOPAMU
E -

popmamp (adpefinas Guexnust £ na E', paccMoTpenuas Ha
ctp. 190 7. I) 33aBHCHT TOABKO OT eRKJIHAOBOH CTPYKTYDH Opo-
CTPAHCTBA H Il€ 3ABHCHAT OT €r0 OPAGHTAUHH TOMHO TAK XKe, KAK
370 OBVIO B C¢JAyYae CKaJAPHOIC MPOH3BEICHHA HBYX BEKTOpOB!
Yacto FOBOPAT, HTO CKAJMAPHOC IIPOA3BCACHHC JABYX BCKTOPOB
ABNSeTeA MONASPRON, HAM OPAMON, WJAH YETHOrO pojia BeJHYHHO,
© B TO BpeMs KAK CMellalHoe Npouaseiedde N ReKTOPOB ABIASTCH
axcHalbHOI, AR 3aKPpyYeHHOH (sic!), HJIH HEUeTHOFO pOIa BeJH-
4HHOH.

§ 3. IH®SEPEHIIHAJIGALIE $OPMbl B A¢PHHHOM OPOCTPAHCTBE

[MycTe Q — oTKpbITOE MHOKECTBO aPPUHHOTO HOPMUPOBAHHOTO
s

npocTpanctsa £ H F — BEeKTOPHO® HOPMUPOBAHHOE NPOCTPAHCTBO,
Euqbcpepem,ﬁua;zmou dropaod crenerm P ra & 0 3RQUCHUAMU

e F HA3bIBAETCS cToGpaskenne co’) MHOMKecTBa £ B MPOCTPAHCTEO
A.t':"’(E"’; FJ p-HHEHADIX AHTHCHMMETDHUHLIX HeNpPepblRbIX GTO-
GpaxieHuil u3 Ex R ATo oTObpaxeHHe Kamgmu TOYKe x H3 £
CTABAT B COOTBETCTBHE HEKOTODHIA 3AeMENT w(\,) IpOCTpaKCTBa
AEZ"’{E*‘" F} T. €. HEKOTOPBII pP-KOBEKTOp Ha E co smanenusamu
 F. MowHo Takie cKa3aTh, UTo ﬂ,Hd)(beEH_}LLHﬂJIbHaH bopMa cre-

NCHH p ABAACTCS f04exm p-KocerTopos na E co anauenuasu 6 F,
noaem, onpefeneHHuiM Ha Q. [lpH p=10 noayuaeM moje BEKTOpOB
-
H3 F T. € TpOCTO HEKOTOpylo $GYHKUHIG HA § CO 3HAYCHHAMH
B F Ecnn F= K, To MB nojyyaecm nosc CKaNApoB HAH CKAJSIP-
Hyo dyHKIHI, ,[lam p =1 370 — noMle JHUelHBIX _HeIIpepHBHEIX
i

otolparkenudl £ B Forne orofGpaenne { B 9?(5 F Ecan x

ES
') Crpeata 1ag @ cTaBRTCA NOTOMY, UTO @ FBJAETCH HEKOTOPoR GOpMOR
>

. I d
co 3HaveHudamH B F. CTpeska ouyckaeTod, ecak Forpeactapianer coboil noae
ckamapop. B 5ToM wacTHOM cnydae © aBaseTcs Heroropoll dynruwed Ha £ co

«
3HaaehnaMi B APEY, un HCKOTODLIM NOJCM  p-KODCKTOPOB, ORNPEAGICHHMX B £,
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- = -
apaserca Tquoﬁ MHOK ECTBA 9 a X,, X v, X, — BexoToOphie
S
BEKTOPE M3 E TO Uepes m(x) (X;, Xg, p)EF oﬁoguaqaercx
=

aHaYeHHe oZ{x}EASf”(E" >) HA (X], Xo oons X, )EE"’ Ecau
npocrpancrso E umeer pasmeprocrs N w ecau p> N, ro dugp-
epenyuasenan opua crenent p TOWOCCTEEHRO PABHA HYA10,

HacTo ANA KpaTKecTh AnddepeHnHaNbHyo ¢GOPMY CTENEHH p
HASHBAKT GDOCTO Popmor cTenent p HAH p-ghopmod, UTO TPH-
BOAHT K CMelleHHio p-hhopM, onpeletensnx B § 1, u nnddepen-
UHAJABHEX 1ODPM, FBAAIOLIIHXCA [ONAMH TAKHX p-DOPM MJH OTO-
OpaxeHnamu Muoxecrsa & B npoectpancreo p-gpopm. Jam Toro
YTOCEl H30€HKATD ITOT0 CMCIUCHHSA, ApeonROuTHTEABHEe, 6000tye
zogopa, 9aa p-ipopm, scrpenarousca 8 § 1, ucnosszosars repmun
P-KOBEKTOP, 0 JudeperttarbRuMil p-hopmanit Ha3sears popuet,
PACCMOATpUBae MbiE 8 3TOM napacpade.

Tosopar, uto nudrpepedunanbuan p-hopma m pas gubhepes-
nppyema (cooTBeTCTBEHHO MpUHALASKUT Kaacey C% m2=0),

ecay o Agaaerca m paz pudbepenuupyemoit dyukuneit (cootret-
CTBEHHO MPHHAAMExkalled Kaaccy C7) Ha Q cO 3HAYCHUSIMH B HOP-

b S
MHPOBAHHOM BEKTOPHOM lLipocrpaHctee AZP(E7; F).

Teopewma 12. Ecau npocrparcreo E umeer KoHewHywo pas-
meprocts N 4 crabaceno rekoTopoil cucremolf Koopdunar, a 4weped
(&) ofoanauena aunelinaa opma «i-8 Koopdunara», 10 Ka#daR
Jugpdepenyuarsras p-hopsa 00HOSHAYHO HpedeTasAfeTeR & sude

o D S A A A CAZ RN CA D
natt

2 >

o {x) = lé!mrg;—-mpéw @1, oo DV EYAGIIA o0 A1
it

E¥m

= 3 )

1SR, 2 e, W)

> -
ede @; RBARIOTCA pyrKkyuany g & co sHavenunsmy & F. 3ra dug-
pepenyuaibHan p-popra tm pas Suddepenyupyema (cooreercTaenno
npunadaexcur kaacey C™) to2da u Toaeko rToeda, rozda m pas
Oudppepenynpyesot  {cooTeercreenno npudadaemar wxaaccy C™)
> e

Fyaryuy o, onpedeaennoie na Q co suavenuimu 8 F.
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HokasartearcTso. JAA nokasarenwcrsa IOOCTATOYHO ANA
=
KamIOH TOUKH £ 3anMcaTL, UTo @ (k) ABAAETCA pP-KOBEKTOPOM CO

aHAUEHHAMY B f_“) B apuMendrh zarteM dopmyanl (VI 1;23) wu
(VI, 1;36). 2tn dopmyasl H 3aMeyanne, cjelylles 3a Teopemoit 5,

- .

MOKa3HBAIOT, YTO BeKTOPHOC mnpocrpancteo AZFF(E?; F) Moxer
N

GLITh OTOMNECTERNEHO ¢ MPOHARENEHHEM (p) BEKTOPHKIX HOPMH-
-

POBAHHLIX TPOCTPaHCTB, conagamwuwux ¢ F. Ha Teopemnr 8; ra. II1

cirelyer, 4TO GYHRKLWS €O 3HAUSHUAMI B IPOU3IBLAEHHH BEKTO]-

HBIX HODMHUPOBAHHRWIX NPOCTPAHCTB NPHHAAJEKHUT Kaacey C™ Toraa
H TOJBKC TOTMA, KOTAA KaXAaH U3 €€ COCTABAAIIMNYX NPHHALAEHHT
-~

kracey C™, 3r1o oznauaer, yTo OTOOpAMEHHEe @ MIOKecTBa )
B [POCTPANCTRO AQ"(E’”; F) npuHAnAexuT Kaoacey C™ Torma o
TOMLKO TOrRA, Korja Kamnas H3 OyHKIHE 3;, ONPEACAEHHBIX Ha
€} €0 3HaueHHAMH B F, NPHHANLAEKHT KAacey C™ Kpoms TOTO,

COTTACHO TOH e teopeMe ra, III, mofas nponssoanas o umeer
B Ka‘IECTBe COCTABRVIAIOLIENX COOTBETCTB} WolIHe NPOH3IBOAHE S (I)YHK'

UM w;. Hpyrumu crioBaME, ecH D" ABJSETCH CHMBOJOM NHdde-

PEHUHPOBAHNA NOPHIKA p (popmyaa (111, 6; 26)}, 10 umeer Mecro
cnenyiomas dopmyaa auddepeHUMpoBaHRs:

DPo — ) DPa, (E)). VI, 3:2)

Jaa qacTHHX NPOH3BOAUBX J/0%,; OTHOCHTSJLHO KOOPIHHAT cnpa-
pegnusa bopmyJaa:

60) .
_--2 7 ) (VI, 3; 3)

Baecro (8 u (&) no npuqunam, KoTopste 640yT AcHst no3uice,
niwyr dx; v dx,; 270 ofo3nHadenne OyIeT NPHMEHATLCA CHCTe-
MATHYECKH B natcredmeMm, Opuako clelyer DOHAMATb, YTO 3TO
MOMET NPHBECTH K HCKOTOPHIM Henopasymenusm. J1o H&(“I‘OSIILleFO

MOMEHTA CHMBON dx| oﬁosﬂat[aw [0 KOOPAHHATY ReKTODZ dx
'BEKTOPHOTO MPOCTPAHCTBA E a Teneps dx; oﬁoauaqaer ALHELIRYIO

dopny na E KOTOPAR KAXKAOMY BeKTOPY ¥ ws E CTABHT B COOT-
BETCTBHE €r0 i-10 KOOPAHHATY, TAK UTO HMeeT MecTO Gopmyaa

Ay (X)=X,. R
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CHMBOM dx; MoXKeT TaKKe ofosnavarh Auddeperunaneiyw popmy
-
cTenedu | Ha FE, 3HayeHHEe KOTODOR B KaKNoi TOUKe x sABJAfeTCA
-
anHefiaodt dopMoit Ha E, craBsimedl B COOTBETCTBHE KAMEOMY
-

BEeKTOPY H3 £ erc {-10 KOOPIHHATY, TAK UTO MMEeT MCCTO COGT-
HOUIeHHE >
dy;(x)- X=X, (V1, 3;5)

Cuellenue NepeoTo B IBYX NOCAEHHX CMBICJOB CHMBOJA dx;
B raaee, ortociueiicst K nudpdeperuHansHelM  dopMaM, MokKer
NPRBECTH K TPYyOHM omHOKaM. CMELICHHE e BTOPOrd H TPEThEro
CMEICJAOR HE CYLICCTBCHHO — He GoJiee CYILIECTBEHHO, YeM cMelle-
une 1, obosnauaomedt yueao 1, ¥ 1, ofosnataonieli NOCTOSHAYIO
PyHKIHO, paBHve 1.

Tenepb Haubohee obulee BEHIpaXeRHe A depedinansio

p-popmel co na Q= f co 3HavYeHuAMH B F HMeeT cneaytoulnti Bua;

e >
w= - IR dxj. /\dx], /\dx,, ,
R S I L AR I 2 V1.3:6)
5 >
o(x)= p o oo de Ade AL Adxy,
1£f1<i2<...<;p€;\; 1v Fgeera Ig 1 ¥ »
UTO MOMKHO 3AMHCATh TAKKe B BHAE
P
> >
= 2 @y dxy,
TSB, 002 0, N VL 3:7)

®(x)= 123,, (x)dx,.

Mpumepsl anddepennualbibx opm

1) Juddepennnansuan dopma crenesd 0 #a BeIHeCTBEHHON
npamoll K — 1o dynkuus na R co 3nayennaMmn B 7, Anddepen-
I.I,)Ha.flbi-[aﬂ tpopma crenenwn | sanuceBaercad B BHﬂf jdx, rie

A — nexkoropana PyHruEa Ha R co zpavednamu B F, u Oas ka-
#poro Bekropa X uz R umeer Mecto dopmyaa

Alx)dr- X =XA(x)"). (VI1,3;8)

2%y Juddepedunansuand popma crenend ¢ B ABYMEPHOM NIPO-
crpauctBe K° mpencrasaser coGofl HekoTopyw GyHKuHb. Iudde-

> -
1) Mponsneneure pektopa A(x)=F na pewectbenknit ckanap X. Ecau
e
F =R —noxe ckaanpop, ro Mu noayvaem apocro XA (¢) =R
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DEEUHAJNBHAA q:-opma cTelleHH | sanucsiBaercn B BHAE

Alx, nde+B(x, p)dy, Als, y=F, B, y)EE (VI, 3;8)

Ee 3nauenue B Touke (¥, ¥) NPOCTPAHCTBA R? wa sekrope (X, V)
npoctpanctBa K%, sapaerca cieryiowei q)opwy.uo;i

(A (x, y)dx + B(x. 9y - (X, Vy=Alx, X + B, Y. (V1, 39)

Auddepesunansuag popMa creneHH 2 3anucHBaeTCs B BHAe

> > >
Alx, ;ydx ANdy, Az, NpeF, (VI, 3; 10)

a ee 3HAUGHREe B TOUKe (¥, y) mpocrpaHersa R, Ha nape BeKTOpPOB
(X5, Vi (Xp Yo w3 K2, onpepeaserca tpopmy.non

Ax, 9)dx Ady - (X;, V), (Xa, Yol = A(x, 9)(X:Ys — XoF)).
' (VL3 11)

ECTeCTBEHHO, UTO IPH 5TOM HMEeT MECTO COOTHOUIEHHE aHTH:
KOMMYTaTHBHOCTH

dx Ady=—dy A dx. {V1,3; 12)

3°) B tpexmepuom mpocrpanctee K3 qudrpepennuansnas popma

crenenn 0 ecth Heroropast pyuxuus. Huddepennnanbnas dpopma
crenend | sanvcelBaeTca TakK:

/i,(x, y, 2)dx + g(x, o, 2dy + E(x, ¥, 2)dz. (V1,3 13)

Ee suawenne B Ttouke {x, y, 2) =R?, na sekrope (X, ¥, Z) = K5,
onpefeaserca no Gopmyae

(A(x, 5, z)dx+B(x J,z)dj-{-C{x y, 2)d2)- (X, ¥, Z)=
—A(t y,z)X—|—B(x W2 )Y+C(x y, 2374, (VL3 14)

Oubdepennrannuan ¢opma cremcHu 2 samucniBaercs ¢ Mo-
MOMbID UHKAHYECKHX HepeCTaHOBOK TaK:

Z‘(x, Y, 2)dyg Adz + §(x, i, 2 dz A dx-|—5(x, ¥, 2ydx Ady').
(V1,3; 15)
1} Dapuyna (VI, 3;6) monwna npesesnts g mpumenemmo dx A dy, dx Adz

wdy Adz 3nech ws coobpamenull CHMMETpEI Ml Bwecto dx A\ di mpeamo-
uHTAEM NOJMB0BATHCH BHpaMeHHeM dz A dx.
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Ee 3mauenuc B TOUKe (x, y, 2) npoerpancrBa K3, na cuereme
aByx pextopon (X, Y, Z) n (X, ¥, Z,) us K3, onpenensercs
no dopwmy.ie

(A0, 4, 2)dy Adz -+ Blx, g, D dz A dx +Clx, 4, 2)dx A dy] »

C(Ke Y1 20, (Ko, Yo, Z) = A (s, 9, 2 (V12— VoZ) +
+ Bx, y. Z Xy — Z,X) + Clx, v, 2) (XY, — XY, (V1,35 16)

EcrecTBeHH0, uTo CHPABENJRBO npapuio AHTHKOMMYTATHBHOCTH

dipdy=—dyrdx, dynde=—dzAdy, dzpdr=—dxiAdz
VL, 3;17)

Hakouen, auddepenunansuas ¢GopMa cremedd 3 3agaercs
dopMya0i

Ale, y, 2)dx Ady Adz, Alx, g, 2)eF. (V] 3;18)

Ee 3nauenue B tosuke (x, y, 2) =F3, na crcreme Tpex BekTo-
po (X, Y, Z) (X., Yy, Zo), (Xi Ys, Z3) mpocrpancrea K3, ompe-
peaserca dopmyaodh

Z(x, h2ydr ANdy Adz - (X1, Y, 2), (Xo. Yoy Zo), (X3, ¥y, Zo))=

N X Y Z
=Ax,y, )| Xo Yo Z,|. (V1,3;19)

BaewHee nponsBeAeHHe AHPHepeHIHAABHNX GopM

Nudgeperunankublie GOpMLl CTENEHH p HAJL OTKPHITHEM MHO-
—_

eereoM @ n3 £ o sHavedusmn B F o0pasywwT BeKTopHOE
npocTpancTBo. Kak pas B cMBIC/ie CAONEHHA 3JeMEHTOB B 3TOM
BEKTOPHOM TNpPOCTPAHCTBE Mbl HCIOJNB30BAMH CHMBOJ X B TAKHX
dopmyanax, kax (VI, 3;6).
- -
Ecan o u o — ae puddepenuuansusie Gopmb creneHn p
Ha® §2 n npoctpancrso £ cHaGeHO CHCTeMOH KOODAHHAT, OTHO-

>
CHTE€NBHO KOTOPOH 3TH (OpPMB BHPAXAOTCA B BHJAE Em;dx_; |
L}
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E;de;, TO HMEIOT MECTO OUeBRINLIE $OPMY.IH
Fj
o4 o= (0, + @ )dx,, ko= ko) de, (VI,3;20)
i

rne & -— ckanaap.

Kpove voro, cymniecTsyer omepauHsi BHEIMHEr0 YMHOXKEHHR
anddepenunanbnx dopu. PaccvartpHpas YMHOXKeHHe, Mbl Orpa-
HHYHMCA CAYYAAMH, YKEe M3yueHHeIMH B § [ peus Syaer naTH

-

HAR © CcKaJaspeelX [dddepediHalbHNX  Popmax (F #BAseres

modeM ckaanpos K), HaAW ke ecaM NogeM CKanapos apagercd R,
S

T0 F Gyper mnojeMm KoMINEKCHHX uncen C, pacemaTpHBaeMbiM
KAK IBYMEPHOE BeKTOPHOE NPOCTPAHCTBO HAL R, HJIH Ke BHeMyee
YMHOXKEHHE OYJeT IPUMERAThed K jJupdiepeHuralbHbiM  HopMam,
OAHA H3 KOTOPL{X [IPHHHMAET BEKTOpHble 3HAYEHHA, a BCe Apy-
THe — CKaJdspHue,

3annulem HECKOALKO (QOpPMYJ, mpeanonarad IJ44 NPOCTOTH,
uto ece nuddepenunaibhbie GOPME CKANSIPHLL

n q
Ilycte & v v — cxaaapuue xaddepenuuanbisie Gopunl pal Q
CTENEHH p H g CoOTBETCTEREHHO, OnpejefHM HX BHENIHee TPOM3-
P q
BellelHe 4 A U ClelyIomHM odpasoM,

Tosopar, uTc 3HayenHeM 3ITOrO NPOHIBELEHHA B TOUKE X
ABJA LTS (p—i—q) KOBeKTOD, paBHuf{ BHEIIHEMY NPOH3IBENEHHIO

prKOBEKTOpA u[x) Ha ¢-KOBEKTOp U{x)

(e A vilx)=u{x) A vlx). (VI, 3; 21)

Teneph BUAHO, UT0 HaNHCAHHOE DaHee BHIpAKeHHe dx; A
Adxg, Ao A dx,-p ABMAETCA BHEIIHHM NDOH3BEACHWEM, Tae dx;

paceMatpuBawTes, coraacHe ¢opmyne (VI, 3; 5), kak zuddepen-
HHAJbHBIE (POPMBL cTeleHH 1.
OrmeTaM Takxke, uyto B dopmyae (VI, 3;6) Takoe Bmpaskenne,

-
KaK o dx; ANdxy A ... /\dx,:p. MOXKHO MHTCPIPETHpO-

fgaveen Iy
Y

BATh KaK BHellHee npousselleHue p—+ 1 popm: TS J ;.'0 — oud-

dpeperunaabuell dopmet crenenn 0 H dxs, dxg, oo, dx;p—-cxa-

AgpueXx  gpddepennransHux GopMm creneny l. TaxuM ofpasom,
UCNOJAB3OBAHHE PASJHYHLIX CHMBOJIOB JU1A 00O3HAYEHHA CYMMEl H
npousseneHus B popmyae {VI, 3; 6) Tenepb noAHGCTbIO 0GOCHOBAHO,
TOTAA KaK A0 HACTOSILCTC MOMENTA OHH NPHMEHAIHCE YHCTO dop-
MaabHo. OAHAKO 3HAYeHHE CHUMBOJMA 4 OyAeT MOJNHOCTBIO PAlBAC-
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HeHo Jauwb no3xe {eM. § 4). EcrecTBenno, YTO BHElWIHEE YMHCHKEHHE
nudbepenupanbiex GOpM ABJIAECTCA ACCOUUATHBHON MYJIBTHJMHefi-
HOH onepawded, ofjganalomell CBOHCTEOM ARTHKOMMYTATHRBHOCTH
{(Teopenmur 7, 8 u dopuyaa (VI, 1;41)).

[Ipumepn. B TpexuepHOM BeKTOPHOM npocrpaHcTee K
HMET MecTo ¢negyoliHe (OopMyJbl:

(Adx + Bdy -+ Cdz) A (A" dx + B dy + C' dz) =

=(BC' — CB)dy Adz + (CA'— AC") dz Adx 4 (AB' — BA'Ydx Ady;

(Ady Adz—+ Bdz Ads+Cdx Ady) A (A dx + B dy + € dz)—
=(AA" 4+ BB’ £ CCYdx Ady Adz, (VI,3;29)

(Adx + Bdy + Cdz) AMA dx + B dy -+ C’ dz) A

A B C
AA"dx +B"dy +C"da)=| A B € |dx AdyAda
Aﬂ B!r" C!f

Aubdepennnaabnast GopMa, COOTBETCIBYOUIAN
NPONSBORHOH GYHKIHH

-
Hyere | — pudepennupyeMand dyHkuua #Ha Q< £ co 3Have-
nusivu 8 F. Toraa /' (a) — 1o, uro MM HasHBANAH ee HPOHSBO,U.HOH

B TOYKE @, — FABJIAETCH 3JEMEHTOM NPOCTPAHCTBA Q(E F) Cune-
LOBATeAbHO, MPOH3BOJHAA ABASETCA B TePMHUHOMOTHE § 1 Jnuei-
> =

HOK ¢opmofi Wa E O 3Hauenuamu B F, H, 3HAUHT, NPOH3BONHAA
Gy HKIUA " onpemnenser Hexo'ropylo,uuqacpepeauna.nbﬂyto cpopmy c1e

mewn | Ha Q& co 3HAYEHHAMH B F BAH oTodpaxente Q B Q(E P)

{(uMenHo B 5TOM CMLICJE MLI BCErja PACCMATPHBANH OPOHABOAHYIO

dyuxuno ¢ynxkuun f1). CooreercrBynoumian AHdpepenuHaIbHasn
-

dopma @ onpepesnaerca ne dopMyne
1

o) D=F(x)X. V1, 3; 23)

oty ﬂ.Hd)(bepeHLlHithHY}O Ppopmy ynoﬁﬂb o803HavaThk Jepes df:

Ecan npocrpancteo £ N-MepHo H B HEM BBELEHL CHCTCMa KOOP-
JHHAT ¥ KoOpAuuaTHhle iy HKuMH, TO, corsacHo popmyae (VI, 3;6),

Y HanpoTas, npouzpozuas nopsaka p 3= 2 dyukunn | asadgerca oroépa}xe-
_).

HHEM £ B MPOCTPAHCTEC p-JIMHEAHBIX CUMMETPULHIY OTOGDAKERMI 2 g fiu
crenonaTes b, O1Ia e onpegcaseT mHbbepeHuHanLHOR dopMAL
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auddepennuan d? 3anHchBaeTest B BHIe

d? E d-\fh

=1
N

if=Y, f;% (¥)dxs, VI, 3; 24)

f=|

h's -
X=3 50X
=l
Mpl npHinnu, TakuM ofpaszom, K ofo3HaueHuaM GopMyam
B

(ITI, 3; 18), o0bAcCHAKILHM BBeAcHHOe obo3HAYeHHe df.

IMpn takom ofoznavednn BHpaeHHe dXx; KAXKETCA MOAHOCTRIO
ofocHoBaHubIM. Ecau uepes x; 0603HAUMTL PYHKmHIW0, CAPEAENerH-
HYI Ha £, KoTOopaf Kaxuoli Touke E ¢TaBHT B COOTBETOTBHE €@
{10 KOOpABHATY, TO nupdepenunaspnan dopma creneHd l, coor-
BETCTRYIOUIAA NPOH3BOAHOR GVHKNHE, sBAsercs LuddepeHunanb-
HOH QopMmoii dx;, ynosJersopmiomlell paseunctry (VI, 3;5). Mu
pasoBbeM 3TH coobpaxennd B § 4. Ecrecrsenne, uto 310 noby-
KILACT HAC BMECTC 3anuch OHPepeHunanbuofl ¢opMsl B BHAE
dopumyan Tuna (VI1, 3;6) moab3oparbea, ccin 370 HEOBXOMHMO,
dopMynoll BuAA

£ >

== d . daf; ,

© tg;£<;2<2...<1ps;mm""!2""' fpdfh/\ f;z.r'\ A fjp |
(VI 3;25)

rae fi, forvevy fy— cKanapuble auddepesuupyeMue GYHKUHU
na , NPOH3BOLHEIC KOTOPLX B KAMKAOH TOUKE ABAAIOTCA HE3ABH-

=
CHMEIMH JHHeRHHMH ¢opMamMe HA E,

Teopewma 13, Ecau fi, fa ..., [p— charapuoe Quippepen-

yupyemse Pynryuy wa Q, ro dupdepenyuasonan gopua df; A
Adi, A oo Adf, orrocurersno reroropoii cucremsvi KoopOUHAT
6 E moxcer Owrs npedcragaena 8 sude

df]/\dfg/\ L Adfpm
D fo over f)

— dx .
2 D(xj,xf,.. ’xf) fl/\dJC,i A Adx;
I, < g <IN

(VI, 3; 26)

Jorxasareabctso, Mnq goxkasarenncrsa AOCTATOYHO NMPH-
MeH#Ts dopmyay (VI 1;23), samenur B Hedl Ay, . ..,; HA
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dx;, Adxp, Ao A dx,p (dopmyaa (VI, I; 35,)). Coraaeno (VI, 1; 24),
uMeem
Qi tgeeres 1, ™=

= (@, (DAL A o A () 6 )=

> s
= det (@fi(e )= det (32 (v), (VI,327)
1<i<p il \OXp,
1< kalp 15 ks p
OTKYAA M BbiTeKaeT EHeOOXOUHMLIA pesynbTart.
3TOT pPe3yAbTaT, BOPOUEM, MONKHO NOAYUHTE H HENOCPexeT-

£
af:
BEHHO: ClelyeT 3aMeHutb df; Ha E%dx; ¥ o0pa30BaTh NPOH3-
!
=1
BeJEeHHe, NDHMCHAS NPABHAA AHTHKOMMYTATHBHOCTH!

Ipumepw. Hafinem Bupamenne anddepeHuHANLHON POPML
B MOJSPHHX KOOPAHHATaxX r, 0, ¢ mpocrpanctsa K2,

PaccMOTPAM OTKPBLITO® MHOKECTBO Q -~ NOMOJHEHHE K MOJy-
m1ockoeTh ¥ =0, x =20. Bosbmewm r >0, 0<0<n, 0< g < 2n.
Besnukunl r, B, ¢ MOXHO paccMatTpHBaTh Kak (yrkiyuy kaacca C
Ha €. Xopolio H3BecTHBI BHpaMeHHda HX AH(QepeHuuanor dr, do,
d¢ Kak oynkuui dx, dy, dz, m o6patHo. Hanprmep,

dx=drsinOcosp +rcosfcosgdd —rsinBsingpdy,
dy =drsinBsing 4 rcosOsing dd -+ rsinfcospde, (VI,3;28)
dz=2drcos0 — rsin0 40,

Teneph MOXKHO 2anucaTs GOPMyRy

de Ady A d2=g£+—g’;}dr AdB A dp=risinQdr A dﬂ/\dcp:
' (V1,3;29)

B sroli dopMmyne dx Ady Adz apasercs PpYHAAMEHTAAbHOH
Ladhepenunaloioll 3-hopmoil.

B nparofi vacrtn pasescrea (VI, 3; 2%) cront suipaxesue, B KO-
TopoM r, B, @ paccMmaTpuBarTes Kak PYHKUMA X, Y, 2 H B KOTO-
poM dr, d8, dg sBasawTes nHbdeperuHaspabiMe  GoOpPMaAMH  cTe-
neHH 1, enperefennnlMy Yepe3s NPOHU3BOLHLIE byurusi r, 6, ¢ no
%, 4, 2. KoHeuHo, HeoGXOLuMO CAEOUTh 33 MOPAAKOM, B KOTOPOM
3aMHCHIBAIOTCA MHOXKHTENH, MOCKOJABKY, HampUmep, dr A dO A do
PaBHO — d0 Ao dr A deo.

OTMeTHM, YTO BBIYAC/CHHA, CBA3AHABE ¢ HuddePeHUUANBHEIMA
dopmamn, upesprIMafiHO MPOCTLI OHH NPOH3BOAATCH ABTOMATHYECKH

1) 3necs uenoassosaia dopmyaa (V1, 1; 29) ans sHemnero ymmoxkenus Gopi.
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C YUeTOoM M)"J’!bTHJlHHEﬁHOCTH, 4CCOUHATHBRHOCTH H AHTHKOMMYTa-
THBHOCTH BHEIIHETO YMHOXKEHHA,

MpooGpas nrddepeHunanniHoi dopMb Dpu oToBpPaKeHHN

TTyeTh € — HeKOTOPOE OTKPHITOE MHOZKECTBO NPOCTPAHCTBA £,
Q, — OTKPLITO®E MHOXKeCTBO adPHHHONO HOPMHPOBAHHOTO IIPOCT-
pauctea E, v N — auddepenunpyeMoe orobpawende ;8 L. Iad
Kaxpoi ¢yaknui f, onpemencuuoll wa £ n npunnMamweil sna-
Yye[H B NEKOTOPOM MHOMECTBE, MOXKHO onpeneluth pooHpas
npu orobpaxenny H: H'f==fo H, apasouniica HekoTopodl GyHK-
HHel Ha ), CO AAAUEHHAMH B 3TOM MHOXeCTBE . Bonee obwo, AT

Kaxach anddepeHunanbioi Qopmnt c} cTeneHH p Ha Q co 3ua-
> >

uenusAMH B F ME onpenenum npoobpaz H'e KaK HEKOTOPY Aud-
' >

QepennHadpHy0 PopMy cremeru p Ha £}y co 3Hawenuamu B F.
Ita popMa O6YNET NOJHOCTBW OfNpeneseHa CBOHMH SHaqemmMH

B Ka}Knoﬁ TOUKe X MHOMECTBa Qy Ha cucTEMEe REKTOPOR XI,
Xz, X,, LIpOCTPaHCTBA ED IT0 3HaueHHe N0 ONDeAESEHHIO

=
PABHO 3HAMEHHIO ® B TOUKe H{x) ma cucreme ofipasoe X; npn
npousecoHoM artobpaxenun H’ (x}

(H'o) (t) (X,, Koo, K=
=o(H (- (H ()X, H (- Ko .., H (1) X (V1. 3;30)

¥ieanMcd, 4To TAKHM 00pasoM Mbl A€HCTBHTEALHO ONPEILINTH
H’; KAK HcRoTOpYIo AnddepcHunaniyio dopuy crenenn p ua £,
CcO 3HAMEHHAMH B F. G sroi 1enwo 3adrrcupyeM r. Ecan f;,
}?, Ceay }p— BEKTOPH MPOCTPAHCTBA EG, TO MpaBas HacTbh BMeeT

CMBICA, B TEM CaMbIM OMpeRefeHo (H‘-z)) (¥) kar nexotopan GyHEK-
LAA Ha E.ﬁ" T2 PYHKUNSA, OYEBHIHO, ABAAETCH p-THHEHHOW AHTH-
CHMMETPHYHOH, TOCKONBKY (;(H{x ecTh p-AulefliRAS AHTHACHM-
MeTpuiHas byHKIHA Ha E? u H’ (x) — auuefigoe otobpamedue
.Eg B E

Takum 06pa30n_1; (H'g] (x) onpemensercs Jkax p-KOBEKTOp Ha Q,
¢O 3HaueHusaMu B F, B, clefopareabus, H'e: x - (H'oY(x) onpe-

'y B stoM cayuae I momeT GUTE npousnoabHuy orTodpamennes. Omraxo,

AH TOCO YTCOBN HMETh BDIMOMCHOCTB BHIUMCANTE MPooSpa3 AuddepemHABROH
dopual crenenrr > 0, orofpamente H na1e cuuTats Juddeperunpyersim,
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Jellena TOJHOCTRIO XaK AupdepeHnHaapuas $opma CTEMeHH p
3

Ha €, coO 3HaYeHusaMH B F.
[Tpr p=0 s3ra dopmyia CBOAKTCA K PAaBCHCTBY

H'[(x) =] (H (), (VI 3;31)

H Mbl CHOBAa MOAydYaew npoodpas ¢yHEUWH. BnpoueM, nounartue
npoodpasa auddeperuuaIoioll GOpMbl MoXeT ObITL BCeria cae-
ACHO K MOHATHI npoofpasa nekoropoit dyrkunn. B cavom gene,
oroGpaxenne H umuoxecrsa Q) B Lj ONPEALJRET TAKIKE HEKOTOPOR

otoGpaxcenie H Muomectsa Q, X E; B MHoxectso Q X E”:

(0, Xy Xy oo, X (H (%), H'(0)- Xy, H (5} Xy, o, H ()X,
(V1,3:32)

e -
Ecan auddepennnansuoil dopme o na L €O 3HavYeHHsMH B F

k3 >

NOCTABHTL B COOTBETCTBHE yHKuUMIO ®, Ompeledenuyio Ha QX E?
>

€0 3HaueHHAMH B F mo dopmyane

x5 > e > - > e >
m(y» Yl‘ YE’ Py Yp)zw{y).(yh Y2: LN Y;J): (Vls 3; 33)

a ee npooﬁpasy—mlc]:q:'epeﬁuuanbnoﬁ thopume H'Z), onpeaeneHHol
Ha Q; co 3H3HEHHHMH B F NOCTABHTL B COOTBETCTBHE ana.uoruq-
HYIO quHKumo (H m) . onpegeaenuyio Ha & ¥ EU. co 3H&‘I€HHFIMH F
To (H” m) Gyner npepcrasaath coGoi fipoobpas yuknuu m opu
oroSpaenun A: (H'w)™ = F (a).

3aMmevanne Ecan N asnaercs C-udpdeomopdusmoM @,
Ha €, TO MOXKHO TaKKe ONpPENeSHTh n,qi:,uoe'i obpaz npu oTobpa-

#eHun A puddepennnaasnoii GopMH wy, onpedenenHoli Ha Q.
3o Gyner nuddepenunanbnas popMa Ha O, cnpeneneunas co-
OTHOILCHHEM

Hey = (H™') o (V1,3 33,)

- -
Hanee, ecnn x = Q, u X,, Xg, «..s Xy — BEKTOPH H3 E; TO

Hoog(H (x0) - (H (x) - K1y H' (o) Ko oo, HY (g}~ Xp) =
= wp (%0} (X Xy oony Kb (V1,35 33y)

- >
Teopema 14. Orobpamenue H'. o-— H'e ssaserca aunei-
ROt onepayuell (7. e. coxpanser cacwenue Jdudgepenyuaabnoix



199 Fa. VI Brewnee duiibopesyuaisnog nealicasnue

dopm 8 yuuodeHue Ux Ha craasnpst). Kpome ro2o, oo coxpa-
HACT amewNee npouseelente dupdepenynaronbix ops, r. e.

H*(u A v)y= H% A H'o. (V1,3; 34)

Kpome ftoco, ecan [ — Quiprepenyuipyenan ¢yntuus na Q,

a wepes df obosuawena Judrdepenyuassnan popua crenenu 1,

onpedeacnnas ee apouzsodnod, o H xommyrupyer ¢ duppepen-
yuaaoM, T. e

Idf =dHf. (V1, 3; 35)

Haroney, ecan H sasaserca orobpamenuen kaacca C' mwuo-

mecrea Q, & Q, K —orobpawenuen xaacca C' mnomecrea €,

>
8 Q. u o npedcradaner cobul Jupdrepenyuaisnyo opry Ha Q;,
TO UMEET MECTO COGTHOWEHUE

(Ko HY o= H" (K'®). VI, 3; 35,)

OdoxasartensctBo. Jluuchinoers oroSpamenua H'  oye-
puana. TlekameM, uro oTobpawkenne H' coxpanser BuCmiee
ympoxedne, JlJId mpocToTel Mb OrparHYnNMCA  OGO3SHAUCHHAMH
H TOHATHAMH AMs ciayuad GOpM ¢0 CKAAAPHBIMH 3HAYEHHSMH,
Ecan u (COOTRETCTBEHHO U) HMEET CTENeHb 7 (COOTBeTCTBeHHo q),
TO CIpPaBef/iBH crzeﬂ.ylomue QopMyabL:

A0 @ oo By =
=G AW (G () Koy H 06 Koy oy B () K =
=;I—UE§+[1¢(H (H () Xg,H’(x) Xop oo b7 () Ko ) X

X o{H(x))- (H’ (x} - X°p+1’ vony H(x)- X.,p_!_q)]
T TN CETER A S A

aE%ﬁH‘Q

X (H'0) (x (xc, ~ Xopop oo Ko, )] =
=(Hu A H'0)(x) (X, Xy ..., ’pﬂ). (V1, 3; 36)

Yem ¥ JOKAasbiBaeTcA TpefyeMoe YTBepKAeHHE.

dopmyna (VI, 3;35) apaserca peayabrTatoM CHAEAYIONIHX BH-
QHCACHHN!

" - e , ‘ > I
(Hdf)(x)- K=df (H{x))- (H (x) - )= [ (H (x}} - (H' (x) - X)) =

- - . -

=(f(Hx)o H (N - X=(Fo HY () X)=(dH(x)- X. (VI_,B; 37)

Y Mo onpenenernio anddepennuancucit gopum df crenenn 1 (dopmyma

{V1, 3; 23}).
9) Coraacno Teopeme © caoauol dyukuuu (reopema Il ra. III)
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Hakoreu, yrobn mokasaTh paeeuctso (VI, 3;35,), samerHm, yto
> [ el >

g x=Q) u p BektropoB Xy, Xy, ..., X, H3 E| HMeEOT MecTo
TaKne COOTHOLISHHA:

(K oY D) - K Xov oo, X =K 0 H)(x)) -
(Ko HY () Xy, (Ko HY (9)- Xy ooy (Ko HY () Kp) =
— (K (F (o)) - (K (H() - (H () - X)), K (H () - (B (o) - X, ..
o KH ) (H () - X)) =
= (KO} (H ()« (H ()« Xiy H (1) Koy o, H(x) K )=
=(H* Ko (x) Ko, X ooy K)o (V1,337

Cnepncteue |, Ecan Oudpepenynassias Ppopma ?n 8bipa-
acaerca 8 aude (VI,3:26), ede f; — ckarapusie Qudgepenyupye-
Mote yHkyii, To ee npoofipas npedcrasanerca 6 sude

o
H‘( pY LTI ;pdf;l Adig, A - f\dfjp)=

S

> L]
= . g o (o, 1yt )A(HTI)NA(H YA oo AAHf),
1 g p
(V1,3; 38)

.
u H'fi —npoobpasw pyuryuil o 1, .., 1, & s

‘-)v
ede Hoy ,

Ty oeni 1p
e
7. e. ynkguil oy g, .50 0 8 fio H.

Caepcreue 2. {Tycro H — oroSpaxcenite orxpuirozo mHo-
acectea npocrpancrea K* e npocrpancreo R™, onpedersemce gop-

MYAARL
y = H(x),

yi=H(x, xg, oo, x0), i=1,2,..., m, (V],3;39)
Toeda npoobpas Ougdepenyuaronoit popmbt

>
© = > . fz_...,fp{y)dyfl r'\dyrzx‘\ /\dy!p

h<hy <<y,
npu oroGpawcenny H onpedeasercs @opmyodl
-»
Ho= ¥ 0 g, (HVAH AdH A o A dH )=
f<hy< <y,
N
i

HAu

D(Hfj’ﬁig‘ - pr)
Wfy dpeern, i (x) D(x

dx,e Adxk /\.--/\dxk .
R,xk,...,xk) 1 2 P

By <y T 2

k <k, <<k,

(V1, 3; 40)
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Hokasartensvcrso. B cnny cnemereun 1 stor upoobpas
npencrasam B BHAe (VI,3;38). Ho 3zees f,=y;, 1 nosromy
H'f;=H"(4;}=H; Tlepexox or 2-f opmyan K 3-H npousso-
autes ¢ momombl {(VI, 3; 26).

3 Brex THX 3aMeyaHuHd BHTexaer CleAvIOllee TPABHAO BB~
uncaeusa npoodpaza auddepeduHaTbroll dopue:

-

Mpasuno. TMyers @ — anddepeniiHansaan GopMa HA OTKDPS-
TOM MHOKecTBe (@ [OPOCTPAHCTBA £, BHIpAMEHHAH KaK QyHKIHA
KOOPAMHAT &; W KX Inddepenunanos dy,. [Jlad BHuHCcTeHHA ee
npoodpasa caeayer, coraacae (VI 3;39), samennrs y, Ha Bupa-
wenua H;, cunraa noclegune PynwxuMaAMH or x, a dy; — Ha RHG-
pepenunaan dH; STHX BHPAKEHHH. 32TeM HYKHO BOCHO.IL30-
BAaThCA NPABHAAMH ACCONHATHBHOCTH H  AHTHEKOMMYTATHBHOCTH
BHEIUHNX TPOHIBEAEH®H. ITC NPABUAO O3HAUAET, UTC ONepauus
nepexoaa K npoodpasam Anddepedunanpupx Gopm npocTa H Ho-
CHT aBTOMATHUeCKUHN XapaxTtep.

Jamcuanua. 1% Hacro, mAonyckad BOJABLHOCTB pPeYH, KAK 3T0
1eJa00Ch B TEOPHH 3aMEHB mepemedHblX (etp. 240 T. I), rosopsdr,
-

yro H'e ssaserca Tofi ke AuddepenuHasbroil dopMolt, yto H

-
@ (sicl), Ho pHpamennoH Uepes MEepeMEHHBIE X; BMECTO MepeMeH-
HHIX #;. DBmecto <«npoofpasa apuddepedHuuaabHol Gopmui» HacTo

ropopaT «npeolpasosanuc nuddeperunaapaoit GopMel myTeMm 2a-
MeHBl HepeMeHHBX if = H (x)».

2%y Korga Mbt 2anicblBaeM, HaOPHMeR, B NMOJREPHBIX KOOPIH-
garax, uto umeer wmecto dopmyaa (VI, 3;29), 1o ee MoKHo Io-
HHMATb TEMEPh B ABYX CMBICAAX:

a) mam we B 9TON POpMyNe, KaK MH YiKe TOBOpHAM, ¥, O U @
paceMmarpupawTed Kak ¢ynxnun Ha [, a dr, dO, d¢ — Kak Hx
nupdepeHIHaNL;

b) nay e dx Ady Adz nuMeeT B xauectse npoodpasa r’sinQdr A
A dO A dg npu otoSpawenun P npocrpancrsa K B K3, onpege
JAeHHOM QOpPMYJaaMH

P(r, 9, ) ={(x, ¥, 2@)={(rsinBcos ¢, rsinb sing, rcos).

JonyulcHEas BOALIOCTb PEYH, © KOTOPOH FOBGPHJOCE B 3aMe-
gaunn 1°), oromiectsader ofa 3TH CMBEICTA U TéM ONpPaBLEHBAET
cebi.

TeopeMa 14,. Ecau orobpaxenue H npunadaedcur xaaccy C™,
.

> -1
a dopsa © — kagcey C7, ro H'o npunadsexur Kaaccy Cmrh @
P ¥y 3
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.
(kpome cayaan crenenw 0, Ko2da H'w npunadaexcur kaac-
cy len{m,q])_

IToxasateapcreo. Cayuall crenenH O CBOAHMTCH K TEO-
peme 19 ra II1 (Teopema o caoxHbBX ¢yuknmax). JLas apyrux
cTenedell, HCNOAL3YH TO, HTG T'OBOPHAOCE OTHOCHTEMBHO cpopm.rm

(V1. 3;33), samerum, uYro oTodpaxcHHe H MHOXecTBa QOXE"
e

8 QY EP, onpenenemnoe dopmyaoit (VI,3;32), B cuny nammuus
nponssonnoﬁ H' B sroit dopmy.e, MPHHAMNEKUT TOIBKO KAACCY

C™'. Tenepp AOCTATOMHO K BYHKULHAM m 3| Hm CHOBA MPHMESHHTD
TeopeM) 19 ra, I

Omemu B YACTHOCTH, YTO eciu H npuua()‘ﬂem:m" kaaecy C

u gopna @ Henpepuera, TO q’;o,oma H'o rakwe HERPEPOIBHA,
Emu H npunadaexcur xaacey C° u ® npusadrexnur gaaccy C,
ro H'e npunadaenur Kiaccy C.

Onddepenunanphnle dopmMpt Ha afcTpakTHHX MHoroofpasuax

[Myers V — MHorooGpasne, nNpuHajJexalee ro Kpafixei mepe
xagcey C', pasMepHOCTH n, copepikauleeca B addHHHOM npo-
cTpancree E pasmepaocTn N, mam Aaxe aGerpaxrtiuoc. Torma ma
HeM MOMHO OmpefefutTs noHAatrHe AHpdepeHuMaAbHON $OPMEL
B caMoM jefe, NOHATHE KACATENLHOMO BEKTOpPAa K TAKOMY MEOrO-
o6pasHly HAM Yie RnapectHo. OrpanpusBasch, HANDHMED, CJay-
yaeM MHOrOOOPasHsa H3 FE, MOKHO TELKH{E onpesesuTh P-KOBEKTOP

B Touke ¥ <=V c¢o 3pmadeHusaMu B F KaK HeKoTOpOe p-aunednoe
> >
AHTHCHMMETPRUHOE 0TOGpaKenne npocTpanctsa (T (x; V)’ B F, rne

S

T (x; V)— BeKTOPHOE NPOCTPAHCTBO, Kacarteabhoe K MHoroolpa-

anio ¥V B Toure x, Toumo TakuM e CnocofoM MOXKHO Teneps
ol

onpeledAaTe Avddeperunaneiyr QopMy @ cremeHu p Ha V co
=
3HAYEHUAMI B BCKTOPHOM HOPMHPOBAHHOM npoc*rpaucmc F Kkak

HOJe p-KOBEKTOPOB Ha V €0 SHAYEHHAMU B F T. e. Kag orobpa-
JEHHUC, CTaBAllee B COOTBETCTBHE KAMJIOH Touxe x &V HekoTo-

- -

polii p-KOBCKTOP w(x) B Towke x =V co suayenuamn B F.
Herpyzno onpeneanTe cyMMy # Blellnee npousseieHve AHG-

depeHunaNbHEX GopM, a Takime o0O0UWIHTE OOMBIIYIO 4acTb pac-

CMOTPeHHH X paHee cpolicts. B panbHeiilueM Mu 6ynem wacTo

roeoputh 0 AudpbepednradbHElX GOPMax Ha MHOroobpaskn V, He

YTOYHHA €TC Aapakrepa. MOmHO orpaHHuMTLCA MHOTOOGpasHeM V,
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aexawum B addunuom apoctpancTBe £, u (opmamn, onpeise-
JEHHHMY B OKpecTHOCTH & MHoroodpasua V » £,

JnbdepeHunancioie GopMb H 018 B OPHEHTHPOBAKHOM
€BKARA0BOM N-MEpHOM mpOCTpaHCTBe

1°) PaccMOTPHM B €BKAHIOBOM NPOCTPaHCTBE E BeLIECTREHAY

anddeperunansuyo dopmy crenenn 1. 3ta dopma gasasercs

noneM KopektopoB, Ha corp. 190 1. | Mt BHmean, 4To MOXKHO

}'CT&IIOBHTI} BIAHMHO OIHOIVAYHOE COOTECTCTBHE MEKILY KOBCKTO-
>

pamu H saeménramu u3 E. Crenoratenmno, Auddepernuaibuoi
dopme crenean 1 MOXKHO NOCTABHTE B COOTBETCTBHE HEKOTODOE
BeKTOpHOe moJe, Ecam B HeKoTOPO# OPTOHOPMMPOBAHHON cHCTeMe
KoopAnHar fuddepenunanbian Gopma Oymer onpeneaeHa GopMy-
JA0H Z Aidx;, T¢ BekTopHOe none Oyier onpenenfrTbia COOTHO-

£
wennem x— (A4 (x), A, (x), ..., Ay(x)). Iro cooreercreue sacu-
CUT TOALKO OT eskaudosold crpykTypsl npocrpancrsa F i He sa-
BUCHT OT €20 OPUCHTIHUNL.

2" Ecau e npocTpaHcTBO £ OPHEHTHPOBAHO, TO MeEKLY
N-KOBeKTODAMH U CKAJMAPAMH MOMHO YCTAHOBHTh B33aUMHO OMHO-
3HAUHOE cooTReTcTRUE (Teopema 11). Crenosatennto, MOXUO yeTa-
HOEHTb B32aHMHO OJHO3HAUHOE COOTBETCTBHE MEMIY CKAJSIPHBIMH
AwddepeHuranbEpi My hopMaMu CTenend N d TOJAMH cKaanpos,
T. €. CKaAAPHHMH DyHRnEAMH.  OTHOCHTEABHO INMOAOKHTEABHO
OPHEHTHPOBAHAG{l OPTOHOPMUPOBAHHOR cHeTeMEl Koopanuatr audg-
pepennnansnan  dopma fdx, Adxy A ... Adxy cooTBercrmyer
dbyuknuy |

3°) Hakodeun, MOKHO YCTAHOBHTb B3aHMHO OAHO3HAYHOE CO-
oTBeTcTBHEe Mexay {N — l)-KoBexropamu n Bextopamu H3 L (dop-
myaa (VI, 2; 1)), a c1eposaTentHo, B3AHMHO ONAO3HEUHOE COOT-
BETCTRHE MeKIY BRNeCTBelNHMA audddepeliunaibiuiMi opmMasu
creiedd N — | B BekTopHBIMH NOAAMH., OTHOCHTENBHO ROJ0MKH-
TeJARHOH OPTOHOPMHPOBAHKON CHCTEMHB KOOpanHaT AuddepeHIinann-
HOH dopme

N
dadyy Ade, A oo Adxp_g Adxja Ao Adey (V13 41)

=1
OTBEYALT BEKTOPHOE MOAE
= {—=1""To (), (=1 P 0p(x), 444, (—I)N"jm; (x), v 0, 0y(x).
VI, 3;42)
B uactHoM c¢ayuae TPexMepHOTO mNpocTpaxcTBa Anddepen-

nnaacEof ¢opMe Ady Adz+ Bdz Adx+Cds Ady coorBer-
CTBYET BEKTOpHOE Rose ¢ cocrasamiomumn A, B, @
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CooteeterBHa 2°) u 3°) 3aBHCAT He OT 3a0aHHA €BKJHIOBOM

kY

CTPYKTYPH NPOCTPAHCTBA H €T0 ODHEHTAUHM, A OT 3a0aHHA Ha £
N

HeKoToporo pyHaaMeHTaabdoro N-kopektopa & = 0 (Mepa ofbeMoB
W OPHEHTALIA), l'lpumlyume [l)‘)p\{}.ﬂbl ror:ta [»{\16101‘ MeCTO miis

> -

Modoro rakoro fasnca e, e,, R ev q7o g (e, ez, e, eN)—- 1.

Ecnn B3ATH npouaeo,wmm f6aane, TO Oymer WMeT: MecTOo pa-
N > >

BeHCTBO E - {e|, L9, ..., Cy)=A, WIN g—i\dm Mdxe Ao Ndxy,

a nome (VI,3;42) accomnupyeres ¢ nupdepenuransuoll dopmon

I
A?‘_,m,dx] ANdxg Ao Adxjoy Adxj o A Adxy. (VI 3;42,)
=]

Oo6oznauan cHMBOAOM ~ !} YOTAMORJIEHHBIE BHILE COOTBCTCTBRA

MeKAY AHbhepeHIHaNbHEIME GOPMAMHE B NONAME, NMOJYUAEM CJIe-
AYIOUIHE COOTHOINEHHA:

I N >
(.D=2 Aldx£~ A=(Al‘ AQ' ey AN)I

i=]

. fdey Adey, A oo Adxy ~ |, (VI, 3; 43)
N—-l

Z (opdey Adxo A oo Adxjy Adxgg A oo Adxy) ~

~ A1 ay, (=1 oy oo, (=1 ey, - a).

3aMeuauud. 1°) Verawnosaenwoe cooreereTane coXpanseTca

Pl YMHOKMEHUN HO CKGAAPHYO quHun.*O. Hanpnmep, ecnu
1 >

o~ A #H g— BeuiecTBernan HYHKIMA Ha Q< F, To gm ~ gA
2°) B HeKOTOpHIX cAydYadx OKAa3BIBAETCA NONESHBIM H3YaTh 3T0

COOTRETCTBYHE, BHIOHDAA M8 KamXIOH TOMKH H3 E Gasuc, mensio-
IWHACA BMecTe ¢ 8TOH TOUKOH, DT0 KAk Pa% TO, UTO MEl Jenand
B ¢yyae moJADHBLIX KOODAUHAT Ha crp. 119,

3°) B KaKoO{-TO Mepe 3TH COOTEETCTAUR HOCAT KaKk «aKpofa-
TUNCCKHA», Tak & <apxauveckuits xapoxrep. OHM %acT0 NPHHOCAT
GOJBIUYIO MOJBIY, HO MENOIMYID, 4eM 3T0 NPUHATO Jymars, ubo
ABAAIOTCS NacJAeIHEM TOre BpeMeHH, KoTha Teopun AH{bepen-
nMaNbHHX HOPM elle HE CYILECTBOBAJO. '

'Y Otioanavenne ~ me yI06HO, HO, IPEHESPEras STHHM, MH HCNOABIYEM erds
4TO upeBATO ODACKOCTAMH. EcaH Nr——2, 10 1=N-—1, a2 notomy l-2 i 3-1
popmyia B srom cayuae oxwofi (dopme cTenewuw | CTAaBaT B COOTBETCTBHE
OPTCronanblcie BeKTOpHEE moag. Buxoe Ou weueseccobpasitmm ofoznatars ofd
COOTBETUTHHIL QMIHIIM CLOCOGOM.
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§ 4. KOTPAHHOA HJIH BHEUIHHA AHOREPEHILHAJ
BHEWIHEA OH$SEPEHLHANLHOH $OPMBI

IMycrs © — orkphiroe MHOXKecTBo N-MepHoro adduunoro npo-
=
erpatctBa £ 1 o — nuddepequupyeman 1nddepennnaabians dopMa
B

cTeleHH p, ONpeieeHHad HA Q ¢O 3HadedusMu B F. Ecan B F
BEIOpaHA HEKOTOpas cueTeMa Koopiuuat R, To 374 GopMa  MOXKeT
6biTh BbDZKEHA ¢ HOMOWbBK dopmyan (VI, 3; 7).

Byaem HasmsaTe Jdudepennuaron Man roepanuyed Jdud-

>
PepenyuaibHol QopME @ OTHOCUTEABHO cuCTeMbl Koopdunar R
MuddepeHnnaJbHyo (OpMY CTENeHH p -+ |, onpenetennyio Ha Q
-

O 3HAYEHHAMH B F COOTHOMIEGHHEM

_).

*"’—Zax xa/\dx_;—zdmj/\dx;,
HJH (V1,4; 1)
dao = ¥, dxa A 52

_>
Hanomuum, u4ro B 3Tofi QopMyne o, ectb $YHKUHA, onpele-
Ea >

JeRHAA na  co 3HAueHHAMH B F, u, caencearenbno, do; nMeer
CMHICJ KaK AnpdepernnancHas bopMa cremeud 1, COOTRETCTRYI0-

was nponssoanoit sTofl ¢yrknuu. Ilpr Takux ycaoBuax dm;/\
A dx; ABAmeTcs BHEIIHHM NPOH3BCIeHHCM (GOPMBL CTenehn |
H GOpMBL CTENGHH p W, 2HAUMT, aBJAercs HopMoll cremenn p + 1.

3ameTuM, uto ¢opmyaa (VI 4;1) skmwouaer dx, A dx,, 4 He
NMPOTHROMNGJQKHOE €My BhIpaMenne dx; A dx,. 31ect HeDOXOILHMO
pa3 n nascerna seGpaTe OAHY H3 ABYX PaBHONPABRBIX BO3MOMK-
HOCTEH, a4 HMEHHO TY, KOTOPad vaine OyAeT BCTPEMATHCA B Aadb-
Hefimewm,

Honyuennoe TaxuM cnocoGoM BEHIPAKEHHe He ABJAfETCH KAalo-

-
nuuecknM npeacrasdennem (VI 3;7) otnocureabno Gopmu dzpae
CTenesu p + 1, NoCKoJbRY AuddepeHunansl KOOPAHHAT Pacnono-
JeHD He B O0blYHOM NOPHAAKE, HO TaxKad [EPEecTAHCBKA METKO
BLHINTOJMIHAETCH.

IMpureneM HeCKOMBKO NpHMEpOB.

Ilpexne Bcero, ecnau peus Jhmer o Auddepennuatbuoll popme
crenenn O, T, e, 0 QyHKUHH f TO d;-}?}? ABJIBETCH HEe YeM WHBIM,

Kax nuddeperunanom atoll dyuxuuu df
Paccmorpum teneps puddepeHnuaibhyio GopMy CTemeHH | ua
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oTEpuTOM Muoxectee H3 R Toraa
dg(Adx + Bdy +Cdz)=dAAde+dB Ady +dC A dz =
EY, 3A aA
=(a—xdx + 5 du + G dz) A dx+

e D PR
+ (G2 de 45 dy+5 dz) A dy +

— — — o —
aC ac al B dA
+(-§dx+§;—dy+ﬁ?d2) A dz:(a—x—w)dx Ady+

EyS Py o —
¢ 98 a4 o ‘
{5 — 32V ay Az (52— E)de Adx. (VI 42)

Ecnyu 2476 AHdPepeHndatsiyio GopMy CTemedn 2, To MH NOJy-
JHM

dy(Ady Adz+ Bdz Adx+Cdx A dy) =
—dAAdy Adz+dB Adz Adx+dC Adx Ady =

iz 2 A
ﬂ(adx —I—Wdy +Edz)1\dy Ndz -+
ab o8 38
+( G de b Gdy + 51 dz) Adz Adx +
o . ac ac

+ (G de+ G dy + G- dz) A de A dy —

oA , 3k , ¢
=G+ 5 )dx Adg Adz (V1,4 9)
Pasymeerca, uaro rozparuya gropmor crenenn N wa 8, b6y~

Qydu popmuoit crenenn N + 1, romodecraenrno passa Hyo.

Teopema 15, Onepayus dy, onpedesennas  Gopmyaol
(V1,4; 1), ofiradaer caedyowgumi 2erops Hi c60ACTEAMU:
i°} Ecau f— Cuddhepenyupyeras pyrrkyus na Q, paccmarpu-

—

saeman Kanw Jupdepenyuarsnan gopua crenexu 0, ro df — Jug-

thepenyuarenar Gopma crenenu 1, coorsercreyoujan npouseco-
=

nott gynxyuu f no popuyse (VI, 3; 23).
2°) Onepayus dz sunedna:

> > > >
dz (o) 4 @,) = dzo; + dza,,

I N (V1,4;4)
dz (k6) = kdae,

2de k — ckaaap,
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3% Ecau u) u ;—8u(b4bepem;upyemw duhipepencuarsnne

Gopabr CTEHEH COOTBETCTEERNO P U G HG ) €0 HAHEHUAML COOT-

> >

BETCTBEHHO 8 BEKTOPHLIX HOPMUpvUsankbxy apocrparcTeax F u G
-

U ecat, Kpome TO20, B ABANETCA HEAPCPUBHHIM OUAUHEHHOLM

> > >
orobpaxceriues FY U 8 BeKTOPHOE HOPRUPIBARKOE NPOCTpaneTs0 H,
70 048 Kozpanuyst Npou3eederua UMERT MecTO caedipouwas dop-
MYy
i)

—";- R f‘i > - ES
dgff (u /\(B)i’)) = d,-;gu A(B) [ —-I— (_])p‘ U /\(B}dﬁﬂ. (VI, 4', 5)

B nactHocTi, ecan u U U — cRaAApHbe Ouddepenynarsuoe
popmot, TO

da(ie A v)=dsit A v+ (=P Adgo'). (V1 46)

4°%) Ecau P dudhpeperyupyenan duddepenyuaibiai
dopsa uwa i, TO

ES
dadaw =0, (VI,47)

HDoxasateanctso. Ceofictea 1% u 2°) ovesuauw. Tlpewxie
weM JOKasbBaTh cBOWCTBO 37), 3aMeTHM, uTO Qopmyaa onpedese-
s (VI, 4; 1) coxpansier CMbICa, eI cuYHTars, uto J ue ofasa-
TENBHO ABAASTCH BO3IPACTALLEN NOCTENOBATENLHOCTEIO HIEMEHTOB
{10 f2s - - > jp mHOmecTRa {1, 2, ..., NL B camom pene, ecau
B 3TOM CAyuae Mbl uepes f, j,, ..., j; OB03HAUHM TOCNAe10BATENb-
HOCTH TeX JKe 3JEMEeHTOE, HO pPACOOJONEHHHX B NOPAAKe Bo3pa-
CTAHUS, 2 Uepel ¢ OGO3HAYHM CHUHATYPY TIEPECTAHORKH MHOMKe-

CTBA SJABMEHTOB fi, f,, ..., f,, Nepebonsied ux B i Jon voes j;,
TO TMOAYUHM, UTO
_)
Df ) fgver ;pdx;l A a'xf? Ao A a’x;p~——
.

=gow; ; J,pdxfr]/\dxj;/\ /\dxf;. (VI,4;8)

172

HenocpencthenHoe npuMenenne dopmyas (VI, 4; 1) npueoaur
K TAKOMY COOTHOLICHHIO:

N -
> X BgODs fy oo Iy

A = Bva dxa/\dxj.; /\dxjrz/\ /\dxf;,

. e dp
(V1, 4;9)

1) Jlerwo sanomuuts snak {—1}P, cenn 3aMeTHTB, 4TO oN AOABAALTCH NOCAS

?
TOrO, Kak dy «OcpenpHIHBAeT» YEPe3 QOPMY 1 CTEMCHH P,
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KOoTOpoe MOKHO 3alHcaTh B BHAC

e
N 99,
dapo = ad 3%y
It oo A
qa

d\: /\dx; /\dx,:z/\ /\dx,-p;

V1, 4; 10)
TeM CAMBIM 1ame YTBEP}KIL('Z‘HHE OOKa3aH0,

> -

Jloraxem Tenepb yteepxaenne 3°). Tlyere u n v — nudde-
peguupyemuie Anddepedunatbibne QOPMH Ha £ CTeNeHH p H g
CQOTBETCTBEHHO, APEACTABJACHHLIE B BHAC

E:;ﬁ,dx,, ;——*%;de;(. V1, 4; 11)

Torga ¢opma ;Afm; (crenenu p + ¢} 3anumercs B Bufe
p /\[B); =I2K B(;J- ;K) dx; A dxg. (VI,4; 12)

B cnay caeNaHHOTC BHINE 2aMeuaHus pPe3yJbTaT NPHMEHEeHH:
omepaumn dx K 3TOMY INPOH3BEJEHHI0 BHuUHCHAerca Oes Tpyia
JLa)Ke TOrEa, Korja B OpoMaBefeHHH dx; A dxg, NOCAeIOBATEIb-
HOCTB fi, for +«vs Jpr R1o Rayv oo Ry B3 JUK ne pacnofioxena B
nopsaKe Bozpactaud. B molom cayvae HMeeT Mecte QOpMyJaa

- > g = > >
dalt Aoy =Y, o Bl v dra Adey Adee. (VI 413)
I K

C nomoiip GopMyan AnddepeHunpoBannd OHAHAEHHON He-
npepeBaoll pvuxknuu (reopema 12 ra. [1I) nocaeamion dopmyny
MOMCHO 3AliNCaTh TaK:

du >
Y (0:: , vx)dxa/\dxn\dxx—l-

-
a
5 2 E(ﬁ,, -aL;;'-)dxu/\dx;/\dem

LK a

3
2 ,;; dxy A dxj) Ay 2, Vg dxyg +
dv 1
+(—1) () 2, a‘xj) Ato) (E T iy dxk) )=
i K, a

- > > -
) == dglt A{B;v+(—~1)"u A dzv, (VI,4; 14)
u yrBepxaenne 3°) L0KasaHo.

"} 3nax {—1)? owoaBasercs eestegctsHe Toro, uro  dx, A dxa=
{ -1)*? dxa A dxy (popMyaa anTHKOMMYTaTHBHOCTH (V1, 1; 41)).
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.

Horaniem temcpn yroep:kiaenue 4°). Flyers o — gBamabl Ancb-
teperugpyeran  AMQeperuyalsian  popma cTenedun p na Q.
Toraa nocaenosaTeNpuo MOMYUaeM TakHe QOPMYJHL

)-

\vm_E Ly, Ad,
FI S

(VL, 1; 15)

')'
d.,g (dnp?(l)) E m—t"— dxﬁ /\ dxu /\ der
Jou B

B sToilt cyMue coxpaHdoTes TOABKG cHCTEMB! ¢, f§, J, B KoTo-
pHX ¢ P U B KOTOPRIX HU OLHAH H3 JIRYX 3MeMENTOR q, f He
npuHaaaexat f, TaK Kak B NPOTHBHOM CJayyae duxg A dxg A dx =0,
Ecrmu g omHoA M Toll e cocteMi o, B onpy « < f MH crpyn-
nHpyeM uiensl ¢ dxg Adxg Adxy n dxyg Adxy Adx,, To B cuny

] a3, e,
CBOHCTBA CHMMETPUH UYACTHBIX TPOHIBOIHBIX —o—s— = =

o U4g Fp Ui
(rcopema 16 ra. TI) modysuM BuIpaKCHHE, DABHOE HYJO. JTHM
H 3aKAHUHBATCH AOKA3ATENLCTBO TeopeMul !}

Caencreue 1. Ecan u, v, w — ckaanpusie dupgepenyuas-
Hute qupM.bI CTERECRI P, g H r CO0T8eTCT8eHHO, TO
dalu hvAwy=dau Av Aw+ (=1 e Aduo AN+
4+ (=1 u Av Adaw. (V] 4;16)

Mu moayunM sty GOpMyJay, eCIM MOIORMM o A YA w=
= AV)A® H ABAXAL NPHMEHHM TPeThC YTBEDMHKICHHE Teo-
PeMEL.

-
Caepcrsue 2, Ecau o agasercs dudpipepenyupyenod dop-
e
woti na & u swpasaeren o aude (V1,3;25), ede oy, 4, ..., i, — Oudp-

pepeniupyessie pyangun, a f; — craraproe dsamdst auqbq';epeﬂ-
upyesmsle (PyRKGUL, TO CRPABEIAUBO COOTHOMEHILE

> \ > .
dpo= pd @1, fpeo, f /\df,ﬂl Adi, A /\d,’fi,_
S N » i
V1, 4;17)

5 e
') Bomee TOHKHMH METQNAMH MOKHO LOKA3aTh, TO dpdpt =0 same B TOM
B
eAYUAe, KOPAA © He ApageTea ARANIH  gnddepenuupyesolr dopuoi, auus Gw

- >
TOALKS ofe dopMb @ i dy o npuuataekann kaacey C
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NokasaTeascTBO. B camom fAene, coraciHo ceoficTBaM
1°) — 3°) umeem

- — = .
dg;g):f N 2. . [d{:)fll fyreeen fy A dh. A dfi'z A s dfl'p-i-
1"‘“’2‘“ co. ol f
4 fe—pl -
+ 20"y, b, Ao Adfy, A dudby A
fe=|
ANdlp A - /\-dffp]- (V1,4;17,)
Peayanrat reneps cleiyeT u3 TOTO (axra, 4ro, COMIacHo
CBOfCTRY ), dag dffk, = dﬁdﬂfik =1{.

Teopeuma 16 {oGparnan x Teopeme 15). Onepayun dg, xoro-

pas kawdod Juggepenyupyenod Ouddepenyuarerol Hopme o
crenenu p, onpedeiennod na Q o SHAUEHUAMUE B8 HOPMUPOGAHHOM

-
oeKTOpHOM ApocTpaHeTée F, crasut 8 coorsercreue dugppepes-
yuiaseAyro dopuy crenenn p 41, asaterca eQUHCTECHHOL onepa-
yueti, obaadaiowedi caoiicraanu 1°) — 4°) reopemst 15.

JlokazaTeanbcTRO. B caMOM melde, TIVCTh § — MPOH3BOJb-
-

Has onepauns, ofJazaiouian sTHMYA ceoficTsamu. Ecay o spaaerca
supbepenuuansioit popmot, zanacamiofl B sune (VI, 3;8) orno-
CHTeJbHO HeKOTOPOH cHCTeMbl KOOPAHHAT #, 10 B CHAY ee MUHEH-
HOCTH {cBoficTRO 2°)) HMeeM

6—* a > oot d d L d .
wﬁf.ﬂﬁz-:--ﬂp (91 1y oo 1 dxg Adxp, A A dxy ]
(VI 4; 18)

C apyroft cropoHwl, coriacHo ¢opmyJte, OTHOCAHIEALA K MPOU3BE-
nennwo {croiicTro 3%)), 570 BUpPaKeHHe MOKHO 3aMdcaTh TakK:

S -
dmz_ . E 3 [60]“, fyee By A dx,-] A dx;? A s A dx,rp +
fsiy< - <y

# R
+%(—I) O, fy oo 1,50 A oo Adxg,_ A0 dxy, A
Ndxj A oo Adxg | (VL 419)

>
B cuy cmoitetha 1°) Bupaxenun do; 4, ..., 1, ABAADTCA nag-

S
pepennnaapueivn opuamu doy, ..., ;, CTENEHH I, cooTBercrnyio-
>

upiME  NPOHIBOAHBIM  QYHKUMA oy, 4, ..., iy Touno Tak xe
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day = dx,. Haxonen, cornacio csoiicrny 4°), ddx, ==0 dx, papuu
> -
uyaw, Orcioga cnenyer, uto du =dpon. Teopema aokazaua.

Crnepcteue, Onepauua dg, onpedeseHnas ¢ ROMOUBIO He-
rOTOPOL cucremvr kKoopdunar R, He 3QBUCUT OT 3TOH CHCTEMb
Koopdurat. 370 Heroropes onepayud d, xoropas kamdoi Jug-

>

epernyupyenol Ougpepenyuarsnol Hopme @ crenewu p, onpe-
>
denennott na Q C £ co snavenunmu 8 F, crasur 8 coorsercrsue
rexoTopyo duirpepenyunadhyio popmy creneru p+ 1, onpede-
>

Aernyio da Q co anavenuanu g F u obaadwowyw csolicTeamu
1°) — 4%) reopesmsr 15,

HNokxaazatenscrso, BubGepev JBe CHCTeMH KOOpAHHAT $#
n % B E. Kanas ns onepannit dg n dg oOjaztaer csoficTsamu
1°) — 4°) reopemm 15. Oanako, coraacuo teopenme 10, cyulectByer
TOJABKO OflHa onepauls, ofaanawman >TuMy cBofictsaMu, [ostomy
da=dsz . i

Onepauyus d HazosaeTci enewnun dupgepenyuposanien uau
onepayued 83aTus Kozparunst Auddepenyuaisnsix Hopm. Popua,
Ko2pasuyua KOTOPOL pPABHA HYAR, HA3MBRETER 3IAMKHYTON Jdudge-
peryuassHof opmoil), uan KOYUKAOM.

Teopema 17. fycre Ly orkpeitoe muoxecreo us £,
Q — orkpuroe mnomecrao u3 E u H — dsamdet dugppepenyupye-

smoe orobpascerue Q, e . {Tycte ® — duppepenyupyenan -
Peperyuarsnad popma Ha Q. Toala umeer mecro dopmyda KoM-
smyruposanus npooopasa H' u xoepanuyel d.

> >
dH"a = H'dw. (VI, 4 20)

HorasatTenbeTBo, Ecau o_;—q:»opma cremenn 0, To Hamm-
canuas §opmynaa coenanaer ¢ gopmynodi (VI,3;35). B srom cay-
Yde OHA OCTaeTCA CHPAaBeNAMBOH, Aaxe ecau ortobpawenue ff
nmpcpepeﬂuupyemo_;ronbl{o OIHH pas.

ITycTt Teneps o ABAAeTCH NMPOH3BOAbHOH ARGDCPCHIHPYeMOf
puddepeHnuasioll dopmofl crenenn p. Ita GopMa Beeraa MOKeET
ObiTh 3afHcawa B Bume cymmbl (VI,3;25), vae f; — ABamiAu TH-

S

pepeniipyeMeie CKadgpHeie GYHKUAH, 8 ©f 1 ..., ;p—unc]:{pepeu-
_)

uspyemele (YHKLHK €O 3HadeHHAMH B F, JlocTaroyuo B3ATH, Ha-
BpHMEP, B Ka4eCTBG f; KOOpAWHATHHE (PYHKUHH X; OTHOCHTEABHO

1} Ecan MHORecTBO Q cBA3HO, To dopMma crenmedy () 3aMKEYTa Torga
TOALKO TOTZA, KOCZA OHA ABAACTCH nOCTOAHHOA dywrumedi (rcepesta 22 ra. TI).
OubpdepeHuransiag gopma ¢Tenewy &, paBHod pasMepHocTd hpocTpaucrga E,
BCOrNA 3aMKHYTa,
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HEKOTOPOH CHCTeMhl KoopnuuaT B £. Tlpi 310M itMeeT Mecto dop-
mynra (VI 3;38). Orcwza moayyaeM, 410

dHo= X [dH'; ... AdHT A ... AdHF +
i< <y p £
p ou+ '3 £ *
+k§] lop, j oo, BTy A oo NdHT A ddHF A
NAHTj, A NAHT L (VL4 20)

>
Tak  xak  wp g, ..., i, — auddepernupyeMas  dyakuns,

a ddH'[;=0 (f; n H, a creqopateneno, u H'f; Apaman pude-

> >
perumpyemtl), 10 dif'e; , ..., ;= H'do ; .. 4
JyeT TpebyeMbli pe3yasTAaT.

,» OTEYAa cae-

-
Oboduenne na adcrpaxtherd cayuai. Ecau dopma o cre-
neHn p onpejedena TOAbKO na Muoroo6pasnH V kaacca C? pas-
MEPHOCTH #I, COACPKAIIEMCH B HOPMHPOBAHHOM addHHHOM npo-
cTpakcTBe £, WM Rake ecaH 370 aGCTPaKTEOe MHOPOOODasue
kaacca C?, TO modcHO onpedestiTs ORePayud 63NTUA Koepanuys. d,
>

KoTOpan Kampod anddepeHunansnoil GopMe o creneHu p, onpe-
AeneHHOf Ha V, CTABUT B COOTBETCTBHC HEKOTOPYW An(pdeped-

B
LHHaxbHY0 (opMy dw ctemenn p -+ 1, 06M3JAOWY0 YETHPbEMA
cpoficTBaMn Teopemst 15 (04HO U3 CBOACTB TpefyeT, UTOGH & NPH-
uaancxkada xaacey C%, a suwawur, V —kaacey C% 9710 MOXeT npu-
BECTH K HEKOTOPWM IC3NAYHTEALHEM TpyAnocTAM). Ho Mu e
6yaeM MoaApPOGHO OCTAHABJAMEATBCS HA 3THX (aKTax, NpeAcTaBJIno-
HAX OOJIBRIOR HHTEPeC B TeOPHU AHpdepeHuHaIbHEIX GOPM,

[paauent, anseprenndn, porop B addHHHOM €BKAHIOBOM
OpHEHTHPORAHHOM N-Mepnom mnpoctpaHcree E

—

1°} Oneparop epaduenra: grad. Bewectsenwas nuddepenun-
pyeman ¢yukuua [ uMeer korpannuy df. Cormacwo m, 1°) Ha
¢1p. 126, ell MOXRO NOCTABUTL B COOTBETCTBHE HEKOTOPOE BEKTOP-
noe nose. Tak onpenenasercs rpainent dyunkuuu f. Dra onepanns
J38BHCHT HC OT OPHCHTANHH, a TOAbKO OT eBKJHAOBOH CTPYETY oI
upoctpanctBa £, C Heli MH YyXe BeTpedadnck B Qopmyae
(111, 3; 23).

2°) Hueepeenyun sextoproezo noa: div. Korna paccMarpusaercs
JjnddepeHnupyemoe BEKTOPHOE NOJE, TO C HHM MOJKHO CBEA3aTh
anpdepennupyemys Thddepennnaibiye dopmy crenenn N — 1,
T2 QOPMA HMEeT KOrPAamuLy, DPelcTaBaswulylo <o6ofi Andde-
PCHOHAABHYIO (GOPMY cTenedH N, KOTOPoH MOKHO B ¢BOIO QYes
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peib TOCTABHTE B COOTBETCTBHE HEKOTOPYIO CKAMAPHYIO Y HKIHIO.
Dra dynxaua, ymuomenras Ha {(—1)""', nasemaercs dusepeen-
yuell BEXTOPHOTO n0AA ).

Jusepeenyna He 3a8uUCHT Hu OT eskiudosot cTPYKTYPbL, HY
o7 opuenrayuu apocTpancrsa E. OHa cBA3aHA HCTOCPCACTBEHHO
¢ apdunnofi cTpykrypoit sroro npoctpancrea. B camom geae, zaa
ee MOCTPOEHHS NPUMEHNIOTCH IBe ONEPAilUH, 3aBUCHWHE OT BEbopa

M

-
(yHIAMeHTANLHOTO N-KoBeKTOpPa E==0 Ha E, M a7Te onepayuu,
Kak 3To mHAHO H3 Oopmyast (VI 4;24), «nedrpatuayors dpya
dpyea.

Lcau cOCTABAADUMAMHE BEKTOPHOTO MOJ5 OTHOCHTEJABHO ApROL3-
G0.46HOM  CHCTEMEI KOOPIHHAT ABAARTCA  GYHKUHH  x — A; (x),
i==1, 2, ..., N, 70 coorBercrBylomas auddepenuuaisaag popma
onpeaensercd, cordacuo (VI, 3,42,), no dopuyae

N
m=a;1(—1)m“’A,dxlAdx2A coe Adxjoy Adxpa A L. Adxy,
VI, 4; 22)

N
rie A ssnaeTcqd 3sHauenuneM N-popMBl § B BHOPAHHOH CHCTeMe
KOOPAHHAT:

N » o > N :
A=§‘(0[} gy v ey eN)! g-—_-v-AdX] Adxg/\ .o-/\dJCN. (VI,4,222)

{Moxno 6L10 orpaHHuUHTLCA cAyvaeM, worja E ABAAETCH CBKJH-

JOBRIM OpHeHTHPOBaHHbIM NpoOCTpAaNCTBOM, a4 CHCTEMA KOOPI{HH&T'—'

HONOKUTEILHASA W OpTOHOpMApPOoBaunag. Torga A=1.)
Korparuna gopuel (VI, 4; 22) eruncagerca no dopuyne

N
dm:ﬂE(—l)”""dA, Ads, Adey A ...

=1

- Adxf_lf\dx‘q_;f\ e Adem

=A

L=

_; 94
(—I)N fﬁdx;z\dx,/\d.rg/\ v

..l_,

e /\dx;_l/\d'x;“/\ e /\deﬁ
ot R 47 -
=A(—1) 23; dxy ANdxg A oo Adxy, (V1,4;23)

==t

‘) Comuowntens (—D¥! apogures ans TOPO, UTOOLI mMOAYRHTE HOPMYTY
(V1 £; 24) Ges anana muuyc.
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OTKYAAa BHITEKAET CJAeAyHOIas Q)opM)fIla AAS JAHBEPreHIfHAL
diV(AII Az: vy AN):

o aAf_ A, 04, 24, _
“’EA){ ;‘1 ax, 5 + 7 + ... +-é;;. (VI, 4; 24)
- -

3% Porop @exTOpHO20 HOAA 8 CAHMAC TPEXMEPHOESOG MPOCTPAH-
¢78q. CywectByeT apyrag 3aMeyaTefMbRas oOuepanus, KOTCPYio
MOKHO ONpefeNHTh TOMBKO B OPHEHTHPOBAHHOM €BKJHAOBOM IIDO-
CTPAHCTBE pasmepHocTH N =3.

-

Byjiem ucxonute u3 Auddeperuupyemoro noas A. DTomy noJio
MOMHO NOCTABHTL B COOTBETCTBHE HEKOTOPY!o AHGDEpeHIHAIRHYIO
¢dopmy crenenn . Korpanuua sroil Gopmbl sBssieTca akbpepen-
uHaJdeiofi (opmofl creneun 2. Opnaxo Torna 2=AN — |, H MOXHO
DOJYUEHHOH (QopMe NMOCTABUTE B COOTERTCTEHE HEKOTOPOE BEKTOP-
Hoe mose').

TakuM NyTeM onpefedaerca ONEpaTop, KoTopuid anddepen-
LHPYEMOMY BEKTODHOMY [OJK CTABHT B COOTBETCTBHE HEKOTOPOE
BEKTOpHO® noig. 3TOT ONepaTop HA3HBAKT POTOPOM H oﬁoaua-

uapT uepez rot. Ilyete A, B, € —Tpu cocrasagiouiue NoJida A
OTHOCHTENBHO TOJOKUTEARHONO OpTaHOpMUpOBARHOrO Ga3uca. Jludg-
>

(pepennnaipEan Gopma crencHiu |, coorBeTcTBYIOMAA A, UMeeT BHA

Adx 4+ Bdy + Cd=z. (V1, 4, 25)

Ee korpanMna omnpenersercs no dopmyae (VI,4;2). Caenosa-
TeJI5HO, COrMIACHO (VI.3;42) (gna N = 3), cocTas/JAAOLUHMA BEKTOP-
e

HOrO noad rot/ asasoTea $yuUKUHE

ac ki d 4 dA ?
A=T -5, B=0-, a=5—-5%). (VL4229

3ameunanue, Hacre sTH GOpMyas PACHPOCTPAHAIOT HAa KOM-
RJeKCHBIE GYHKUME H KOMIJSKCHBIE MOJIA. Ecm{ [ siBnserca xom-

naekcHolt dynxunell f==g - ik, To uyepes gradf oﬁosﬂaqaim‘ KOM~
—_— —
MJEKCHOE BekTopHoe noae grad g +-igradh. Ecau A spamerca

") 3nece ameerca roavke odro onepayHA, SABHCAIAA OT GPUCHTAUHI
nepexon OT fapMut ¢TCREHA 2 K REXTODHOMY Momie. CRefOBATCABHO, HOAYWEH-
HOE f0ae MOAANNC, T. €. JUGHCHT OT OPUEHTAHUL. Ono sapucuT TaKke, QUe-
RHIHD, 1 OT @BKAHIORCH CTRYKTYPH OPOCTPAHCTRA.

2} K poTOPY 4ACTHYHO OTHOCATCH 3ameuaHuc 3°), OpUBCHEULOE A0 APYroMy
noBoaAy Ha crp. 127,
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= il >
KOMIJIEKCHBIM  BeKTOpHHIM noJem A=V +{W, To #moaaralor

- > 3 —_ > — —> »
divA=divV +idivW urot A=rotV 4 irot W.

Teopema 18. I°) B orkpuirom muomecree agrdrumnnozo esxai-
J08a OPUEATUPOBANHOZC TPEXMEPHORO NPOCTPAKCTEA POTOP 2pa-
Quenra esewjectsennol Osaxcdn Oupgeperyupyemoli (pyrKyul 1
dusepeenyun poropa deamdn Jupdepenyuplienvzo BeKkTOpHOZO
NOARL PABHBL HIATR, .

2°) Eeau | ssaserca Osaddee Ougpcpepennyupyenoi ecwectoen-
ROW pyukyueti, onpedeleniol HA OTEPHITOM MHOWECTSe apun-
HO0 eaxandosa RPOCTPARCTBR pasMepnocte N, To umeer mecro
dhopmiyan :

——
Af =divgradf, Vi, 4;27)

20e A -— Oudppeperyuarsusii oneparop 2-20 nopadka, KoOTOpsL
HO3BIBUETCR AQRAUCHAROM U RPedcTaaAfSeTCA 8 4060 0PTOHOP M-
POSanHOR cucTese Koopdunar & eude

N
r=¥ > ' (VI, 4; 28)
=l

=

3% Ecau A ssaserca deaxedot Oudgepenyitpyemoin 8eKTopHbLL
ROACM, ONPeOelCHHBINL N@ OTKPBITOM MHONECTEE OPUEHTHPOGaN-
HO20 agrpurnveo esKkandosa TPeXMepHOG HPOCTPAHCTEA, TG 048
aansecuana A cnpagedauea caedyiowan gopmyra:

> — . —_— 3
AAd=graddiv A — rotrot A. VI, 4;29

Hokaszarteascrpo, ¥Tsepxkienne 1°) BhTekaeT Henocpes-
CTREHHO H3 cootTHowWweHns dd = 0.

Yreepxaennn 2°) u 3°) oueBuauw. Jocrarouno s3aTh OpTO-
HODMHPOBAHHY) CHCTEMY KOOPTHHAT (MOJIOKHTEALHYIO, SCIH MPo-
CTPAaHCTBO £ OPHEHTHDOBAHO) W NMPHMEHUTE BOPMYJE, OMpeieasio-
IUHE FPAJHEHT, POTOP H NHBEPreHIHID.

3ameuaune. IlogBefeM HTOF M3A0KEHHOMY:

a) HuBeprenuns BEKTOPHOTO IORA 3ABUCHT OT abPHHHONH CTPYK-
TYPH OpocTpancTsa L.

b} I'paanent ¢yHKUHH 3aBHcHT oT adHUNOA CBKANLOBOHN
CTPYKTYPH npoctpaHeTBa E.

¢) Jlansnachan A aasHCHT OT agdUHHON EBKANLOBON CTPYKTYPH
npocrpancrea E. )

d) Porop BekTOPHOTO NOJA CYUIECTBYET JHWh B TOM CJaydae,
Korja npocTpaHcTse E TpeiMepHo, W 3aBHCHT OT apPHHHOA eBKAU-
A0BOH OPHEHTHPOBAUHON CTPYKTYpL npocrpauctea k,
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Mexannueckas WHTepnpeTaUHA ANBEpPreHUHH

PacemorpeM  Tedenue KuAXocTd B TpexmepHoMm adduuHOM
€BKJIHICBOM TIPOCTPaHCTBe, BHIGPAB OPTOHOPMHDOBAHHYIO CHCTEMY
EQOPIHIAT, MH MOMEM OTQMACCTBHTH 3TO NPOCTPAHCTRO € MPO-
crpancreom R3. «YacTuua», 3aHUMABIAA B MOMEHT BPeMeHH I
nodoxenue (xy, i, 25) B K3 B MOMedT Bpemexu ! 3afiMeT moJG~
KEHne

X = .’C()Cg, Yo, 20, t]) =Y (xO; Yios 20s t); -4 =Z(J€0, Has Zgy t}* (Vlr 4; 292)

Ckopoerk 3TOfl YACTHILE B 3AJAHHBIL MOMEHT BpeMeHH ! paBHa

(%f ) %L:-. %f.—)={§, M, £). I1a cxopocte ABAdercis dYHEOHehR
OT Xy, Yo» - ORHAKO MOxHO GHJIO O TakKe AJ4 3aLaHHOrO f
BHPA3HTb Xy, Yy, Zp KAK QYHKUHA 0T x, ¥, 2'). [lomcrasads ath
3Hayenun B (&, m, &), DMOAYUNM HX BREIPaKeHHe B BHAe AYHKUHH
OT X, ¥, 2 M TaKum 00pa3oM OUPEueInM & Kaxcdoiti MOMEMT epe-
Mertt £ noae cropocred.

PaccMOTDHM MHOXKECTBO qac'mu, 3ANCJOHAKIHX B MOMENT Bpe-
MeHH f, 3ananuyio obaacts ;. B MomeHT BpemedH [ 370 MHONKe-
CTBG 2afMer obaacTb £, oObeMEaa Mmepa KoTopoi B cuay dop-
MyJbl 32MEHH MNePEeMEHHEX B KPATHRIX HHTeTpanax {cnencrsie 3
reopembl 102 ra. IV) BHuyHcaAserca no gopuyne

V, = j” dxdydz = j”] Dﬂg’i‘ 2 | dxydyodze. (V1 4; 20

N
V=

HPOHSBO,[LHEH No BpeMeHdH 3Toil 0GbeMHOB MepH

a_v___j”i D (x, 4, 2)

T, D (x,, o o dxodyg.dZQ

]
BHUYHCARETCA RHGPePeHUHPOBAHHEM MOA 3HAKOM f_f . Koropoe,
OMEBHJHO, NONYCTHMO, eCAH £y OTpaHHueHa, x, ¥, Z BPHHALAEIKAT

kaaccy C? u D—?}?—y&% Bclony 0 (cnegcTeue Teopemu 115 ra. IV).
BLIURCIAM 9Ty nNpoH3BORHYK ApH f =1y Jiax {, GANSKHX K &,

HMRIOT MECTC CACHYIOUHE (OPMYJILL

a g%

Fe=ltagmt—t+ . =1+ 50—+ ...,

d i

a—;;: "Txa{(t_t)"i- PR —_— "“"““(f—tu}—'_ ....(VI,4;294)
l4) é

T = azaf(f Wt ... = g(f—fo)+-'-

') Beerma npeanonaraeTes, 4TO MePex0 OT MOMEHTA fy K MOMEHTY I

ABNAETCH HEKOTOPWM rovcomophuamom (H paxe, goolie ropopd, C!- nddeonop-
DHIMOM).
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H (hopMYJAHN TOTC Ke THRA 4Ja y H 2. SIxoGunad, pasHui@l | npy
{ =1, pasnaraercd OPH JECKOHEUHO MaNOM f—{y IO caeaylowel
opuyne:

Dixs, g, 2)
D {xp. yy. 20} T
ot F
_n(:—tOH- a(f—fo)-{-... . \
==t + gl . (;1“ =)+ ... |
ac f?f,
m(f—fo)ﬂ‘- 0;0( —lg) -+ . {f—fo)+ l
(VT, 4: 295)

Ecan coxpauuTs Juile UJTefsl, conepxaiume ! —i;, TO Mbl I0.Jy-
YHUM, UYTO

Divg2d 4 (08 4 om 4 BN, 4 ;
___.1+(axo+am+dzu)(z B4 . (VE 4299

o {xﬁ* Mo 30)
OTKYLa

d Di(x, y, 2) . - dn — div o )
(a e Y )mn axo + - + divo, (VI 4;29)
OKoUYATCALIO MOAYUAEM Q)meyﬂy
( ‘;:’ — j j [ div oy dxs dyy dzo (VI 4; 28,)

Onnaxko sHO0p MOMeHTa BpeMeHm f, ocofofl poanm me urpaer.
dopmyna (VI, 4;29;) sanuceipaerTea /1A NPOH3ROJBHONO MOMEHTA
EpemMeHH ! Tax.

av o Lo
&= [[[dvodrdyde= (|| divoar, (V1,4 29,)
& Y
roe dtT — ofbeMHAf Mepa B EBKJHACBOM npocrpanctee F.

PaccmorpuM npegea Jsorapudmuveckoit npouseoignoil ofbema
I 4V
V oar
«paBHOMEpHO CTATHBaeTcA» K Touke M = F, DToT npeses sblud-
casnercs 1o Popmyde
J J‘ J dive dt
1 dv

.
im — —— = i di MY VI, 429
!;zI:—I)HM V ! QI;-TM J.[ j dv =ive (). 2

B3ATH# B TOT MOMEHT f, KOTJa paccMaTpHeaeMaa 006JacTb

) C paccywaecnheM TAKOIO DPOfa Mbl yiKe BCTPeuaancs B caeacTsud 6
Teopemun 102 ra. 1V,
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Humenno orclona TPHLIIGC CI0BO <TUBEPLEHLHRA?, T, €, PUCXO-
wKaenne. ToT (axt, uTo KHIKOCTL HECHIMALHE, O3UAUALT, UTO
0 KamObli mosmeAr | Ousepenius NOAA CROPOCTEN PAGHA Hy-40.

DTN Pe3yNbTATH NMOKA3bIBAIT CHOBA, YTG SHEEPTreHIIHA 3aBUCHT
TOJLKO OT ApQHHHOR CTPYKTYPH apoctpancTea £. JleficTEnTenbNO,

ofheMH GYIYT ONPEIeSeHbl ¢ TOIO MOMENT4, kak Oyaer BMOpaHa
A

HeKoYOpas dyuwnamenraioaay GopMa & HA £, HO BAUFHNE 3TOFD
Bhfopa #cuesaeT BpH paccMorperun dvjl.

v

BruncacHua 8 noaapuex Kooppunartax s K*
PaccMoTpuM, Kak o6LiuHo, orobpaskenne P obaacty Q=R
B K%, onpenenennce dopmynamu (IV,9;93).
—_— — —
ap  aP AP
Bektopn —-, B o iy BhigHcaenw Ha crp, 750 1. 1,
u umeet Mecro dopmyaa (IV, 10; 19). Coxpanum e ke 06o3HaUHN.

a
Iycrs f — cramapuas $yuxuug xaacca C' v [8. Ecun uepes a—i,
i 7}
'?ng—’ a—; 0603HAYaTL YACTHRIE MPOH3BOJHME O r, 6 H @ KOoMmo-
3HUMK [P, TO OHM COBIAZANT ¢ NPON3BOAHBIMH (YHKUMH [ To
s .
TpeM BeKTOPaM #, rf, rsinb&.
B cavmom jfese, COMTacHO TeopeMme O CIOMHOA QYHKIAH, Ha-
npHMep, HMeeM

%(m)=d—?p (fo PYUm) =" (P (m)) - g_g (1) =
- (D o8 tm]f) (= (D sinbe f) (m) (VL 4 30}

5

Ho srn mpoussoanme B cuny dopmyau (III, 8; 21) ssasorcs

—_—
CKANSPHEIMU NPOU3BeLeHHAMH grad/ Ha paccMATpUBaeMHE BeK-
TOPH, TAK YTO OKOHUATEJBHO MB TOAVUAEM Taxkue PopMyabl:
—
af . 1 4 — >
F=tgradf (D, ;op=(eradfl], gl —(gradfib),
(V1, 4;31)

H, CNe0BATENBHO, NPEACTABJCHHE TPaJHEHTA B NMOJASPHHIX KOOP-
AHHATAX HMECT meﬂyrou.lm“i BHA:

laf"‘ 1
gradf_() £+ r 0B +rsir18

r

O—f?% (V1, 4; 32)

Hafizem reneps nudgepenigadbubie GopMbel cTeneru 1, coor-
[FAR A
BETCTBYIOINHE BCKTOPHHM NOAAM £, j, £ B eBRINACBOK CTPYKTYpE
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DpocTpancTea E. Nlo onpepenenuio popmam dr, dO, d¢ ') oTBenawoT
- -
gradr grade grad g, 1. e, cornacao (VI 4;32), mextopw i,
e |
T Tsme

. ﬂoa'romy
EN >
dr~£, rdb~j, rsinBdp~£&, (V1, 4:33)

rie CHMBOJ ~ 0allauaeT JKBUBAMeHTHOCTE Auddepenunaabliofi
Gopumsl cTenenn | B BEKTOPHOrO MOMA, ONPELAAeMOr0 eBKIN10B0I
eTpykTypoi K3

TTockonpKy BeKTOPEI .f, ;, i o6pasyioT NOVKKHTEIbHAI?) opro-
HOpMEpOBAHEHHA Gaznc npocrpawctda k¥, ro coorBercTnRE MEKAY

BEKTOPHLIMH MONAMNH B AHpdepeHuHaANbHEMY BOPMaMK CTeNeHR 2,
onpefensemoe dopuyaoit (VI 2; 11y, sanuueres B rume

T~rsinbde A de, [~rsinBdg AdB, hk~rdr AdB. {VI,1;34)

Haxoseu, coOTBETCTBHE MeXAY CKAAAPHbIMH (YHKUHAMH H
JuddepenHaILHEME popMaMu 3-1 CTeneHd 3ampuIeTes TaK:

Il ~dx Ady Adz=r?sinbdr Add Ado. (VI 4;35)

3ananum Teneps BEKTOPHOE (10J€ TDeMd ero COCTaBAS)UHMH
B NOAAPHBIX KOOPIWHATAX

A= A+ R+ Ch. (VI, 4; 36)

Coraacrno (VI,4;34), emy orseuaer anddepenunansHas Gopma
crenenn 2:

Ar?sinBd0 A dop + BrsinOde A dr + Crdr A dO. (V1, 4;37)

Ee Korpauuua onpefengerca TaK:

[(2A +r' )blnB—i—(BcosG—{—wsm@\r—i—r?]dr/\de/\d(p,
(VI, 4; 38)

OTKYJa, HCNOJAB3ya cooTeeTcrsHe (VI, 4;35), nonysaem nusepren-
o %)

» ac )

dWA—__-I_ + Ct B+r 39+r31n3 99 * (VI, 4; 39)

'y Aon dr, d9, d¢ 3meck nonkmaTen An(GdepeanHattl (ﬁyﬂm{ﬂ,ﬁ r, 9, 9

na R Hanpunep, ¢ asanerca dpynkuuchk M -» 3-1 koopannata P~ (M), voropan
K43KZOH TOuKe M CTAaBHT B COOTBETCTBHE €€ JOJArOTY.

2) 3710 RppeANoNOKEHNE CUHTACTCA 3M8CB BLIMQIICHNLIM. Crm. pamee npuMe-
YapHe Ha CTp. 197

8 Muoknreas (—DY™! HeoOxopuupit  Gpr  BHUMCISHHM  AHBEpTEHLHM
{ctp. 138), nn1a N =23 pazen 4+ L.
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Brugcium Teneps nanfacHal CKaJdApHOA (YHKIHH.

Hwmeer mecto dopuyaa (VI 4; 27). TlostoMy mocraroyso no-
CIe0BATEIBHO TPHMeHHTh Gopuysas (VI 4;32) u (VI 4;3%) n
HOMY UHTh

24 tgd & 1 g
M_-Ta}? r ai + crg f + ,-2 69’ + Tl 0 5@{7' (VI 4; 40)

Mpl BHOHM, UTO NpeATaraeMble 3/1&Ch METOAL 3HAWHTEIRHO
yroGuee MeTonos, ykadandeix B ra. IIT (erp. 246 1. I). 3to
0OBLACHAETCH TEM, UTO UPH BHYHMCAEHHH JAaNiacHaHa MEBl BOCOOMA-
30BaANCh TeM (DAKTOM, YTO0 OH CYLLECTBEHHO ¢RA3aH ¢ CBKAHIOBOI
CTPYKTYpOH mpocrpaHcTBa.

Buewmmas nepeoobpasnasn guddepennuansHoil Gopmul

Tycts o— HenpepuiBraA AHOPEPesUEanbHas HOPMa CTENEHA P
ya Q< E co 3mauendaMH B F BoIsicHuM, TPH KAKHX YCAOBHAX
CYIECTBYET RHEMIHARA nepaooﬁpasuag dopMbl g T. €. HEKoTopag
JHQ)cpepeHuHa.anaﬁ dhopma w crefeHs p— 1 Ha ‘Q €O 3HAYCHHAMH
B F mpukagnexalias mo kpailuell mepe knaccy €' u raxas, uyro
dw = w

EcTeCTReHHo, UTO 3T0 BOZMOMKHO JHIIb B TOM c/iyyae, KOraa
cTenens g Hopmbl b Gyner =1.

Hpennonomum uTO E fIBJAETCHE  KOTPanHuedl HeKOTODOH
opMbl w, HpHHaJL.‘IE)i(aLI.LeH HE TOJIBKO K.Taccy ¢!, ro u kaaccy C%
Toraa dm—ddw—[) dopma m DOMKHA OBITE 3aMERYTOH. 91'0
YCJA0BHE N0 Kpaideidl mMepe HeoOXOUHMO [Las TOro, urotn dopva oa

-
Gblia KOTPAHHIEH HCKOTOPOi GOPME or kaacca C%. Yenorke 3710
aBTOMAaTHYECKH BHIIOJNHseTcd, ecau p==N — pasMepHoCcTH mnpo-
crpanctBa E). JLoKaxem caepyiolllee o6pPaTHOE YTBEPHKAEHHE:

-
1y Ecat dopua o NPUHALASHAT Toaeke Knacey C! u seaserca Korpanuueit
-

HekoTopodl Popmn OF, TakKe npnHanaemamed TO."J!bKC! gaacey G, ro B CH.r[y

-
npeMeyaHua Ha crp. 132 umeer mMecTo pascHeTRO dio="0. Ecu we hopma ®
JHIUb HENPEPRIBHA, TO STHM CBOACTHOM OHA MD)KE:T He oGnagate. Opnaro, 78

TOro 4To0H BHACHHTE, ABIFETCRA JH dopMa m Korpanuiel Hexoropodl fopmel m',
>
ECTECTRENHG NPeAnoaraTs, uTS m’ npAEATmeHT kraccy C!, wo Her Huraxoi

HeoGXOANMECTH CIHTATEL HOpMY (9 anppepenuupyesofi, Teopua pacnpesenenni
5TH 3ATPYIHEHHA CHAMACT.
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>

Teopewma 19 (Tlyauxape). [Tycrs o — Judpdepenyuarsnan
samkryTaa (1. e. do =20) popua crenenu p =1 Ha oTkpoTos MHO-
aecrae Q npocTpanctaa E co SHAYERUAMI 6 GAHAXOBOM RPOCT PAH-

cTee F gaacca C'. [lpednoaoxcus, Hro CyuiecTayer TaKan cUCTEMA
Koopadunar 8 E, oraocuressno Koropoi Q obaadaer credyougusu

ceoicTeany. Kamdas napassers K Kaxomy-aulbo sexropy 6a3uca
-

npocrpancraa E nepecercer Q no orkpeiromy orpesky, Koropsii,
eCAu O He nycT, cOOBPHUT RO KpaiiNed Mepe oOny Toury aunep-
HAOCKOCTH, RPOSEOCHHON wepe3 HawaA0 KOOPIUHAT RAPAAILALHO
Fpyenm seKTOpAM DA3UCQ.

-
Toz0a cywecraytor takue Oupepenyuarsnse dopmot w cre-
> >

ke
nertt p— 1 Ha Q co 3naqerusmu e F gaccca O, wro do = 0. Bcee
aTU HOPMLL HUNCHO ROAYLUTL, BpuOasAiid K O0HOMN 43 RUX npou3-
BOAOHYIO CuPHepeHUNANOHYIO SAMERYTHIO, T, €. TAKYIO, KOZPAHUYA
roropoti pasua ngaro'), popmy creneny p—1 Ha Q co 3Raue-
=

wusmu 8 £ waacca C.

Ecan gopua @ npunadaeseur Kagccy C™ (¢ KoHewnbis wan
beckoneunoiy m = 1), 1o popay @ HONCHO snbpars 8 Kaacce C™2),
Mpu p="0 gopsa = npunadiewur xaacey €.

¥caoBuA, Hataraemble HaMH Ha Q, ABJAAIOTCH, OUEBHINHO,
CAYLIKOM OTrDAHHYUHTENbHLIMH, Ogn BHIITOJIHAIOTCH, HAanpHiMep,
cene Q) npeacraBadeT cofofi OTKPHTHA napaanenenunel, CTOPOHLA
KOTOPOro napafiensiiel 5a3ycHuM BeKTOPAM, WAH ¢/ £ — OTKDEL-
THIl AP OTHOCUTENLHO HEeKOTOpOH moaxoasuled Hopumu B F.

JIerko BRUIETh, QIHAKO, YTO eCNH Opelpaymue orpaHHuenns
CAHIUKOM CHJALHBI, TO HEKOTORLE OZPAHUYEHUR TORGIOZUHECKOZO
xapakrepa, Hasacaemue Ha £, seusbesxcros. TIpennonoxum, Ha-
npumMep, uro E — maockocts K2 u uro w — gudgepennuaipnan

popma crencur !, ofuuno obo3navaeman uepes dg, — <IHPde-
PEHLHAJ aPryMEHTA WJAW DOJASAPHOrO Yraa», T. e,
xdy—udx .
d[p:‘,.w—. (V[, 4; 41)

$opma o apagercs anddepeunraabuoil popmoit crenedu |
knacca C%, oppefenenucii B OOMOMHEeHNHH £ K Hauady KOOPAHHAT.
Ona samruyta: di = 0. OFHAKO 1e2K0 eudeTs, 4TO OHA He ABARETCA
8 Q Ruepanuyeid wekoropod oysucgun (v, e, o00uyubiM nuddepen-
nuanom ¢pyuxiguy kaacca C!' Ha Q). Tlyere A — nekortopas touxa K2,

'} Takas samwiyTan Gopya aphdeTed NOCTOnkUoR Pyuruned, ecad p — | = 0,
H KOCpanHLeR 0pOH3BOALLOR hopyu cTenenn p— 2 waacea €V, ecnn p — § 22 1.
Onmako pee pelicHns ue npuragtekar kraccy C™
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Jlaa moGoit toukuw M na K? ofosnawny uepes ®{A; M) yroa,
HA KOTOPH HALO NOBCPHYTH IJIOCKOCTE BOKPYT HauaJga KOOPAUHAT,
ytoBu TOuka A mnonada ma noaynpamyw OM. Ecan nanoxure
orpanntenne —usg D{A4, M}<m, TO 3TOT Yyroam onpeieaurca
onHozRauen, Oboszuaunu uepes #° MHOMecTBO Touer M usz £, naa
ROTopHX — 1t < M (A; M) < ;. 3T0 MHONKECTBO ABNHETCA OTKPHITOH
OKpPecTHOCThi0 TouKH A B Q.

B 3TOH OKPeCTHOCTH TOURH A cymecreywT Mepeoobpaznoie
dopmel @, a amenno dyuxmia @ (M) =¢, + (4; M}). Tak rakg
MHOMECTEO 7 CBA3HO, 3TH PYHKUMH eAMHCTBeHHH. (JOHaKo 80 sced
obaacre L} NepgoolpasHol He CHMEcTBYET, T. . He CHUEcTayer
e0UHO20 HERpepuieNc20 ORpedescHin noiapuozo yeaa, B camowm
Iede, JioGas nepeeoofipaznad B 8 sBJasercd TeM Gogee mnepso-
oGpasnofi B 7. C/leROBATENbLHO, €€ MONKHO NIPEACTABHTD B ¥ TaK, KaK
ykasauo poime. [Iyers M crpemures, ocraBasick B MHOMeCTBE F7,
K rakoii rouke M, uro @{4; My)= —=x Korna oua crpemurcs
K M, ¢ onxofl ¥ Apyroft cropons or noaynpamoli AM, 1o ¢ (M)
CTPEMUTCA COOTBETCTBEHHO K Qp— & H Pp-+ [, a CIeloBaTelbHo,
@ He Moxer ObTB NPOACAKEHA /A0 HenpepHBHOH yHKUEH
Ha €.

Ha stroM npumcpe BHLHO, UTO o603uawenue d¢ reylaqno,
NOCKOMBKY @ He siBasieress korpauuued ¢ypxann. OHO HMeer
CMEIC/T TOMALKO B MEHBIIHX OTEPLITHIX MHOSKECTBAX, TAKHX, Kak #°,
B KOTOPHIX MOXHO Onpemenuth Gyukuuio ¢. Kodeuno, eciu Q
He OGJiajdaer CBOHACTBAMH, AOCTATOUHBIMH AR OﬁeCHeLEHHF[ cylie-

CTBOBAHHA nepmoobpasHoil Anddepenunaneiodl ¢opMu @, TC Beerga
MOKHO YTBEPHIAThH, YTO KaXAaa TOUK2Z a<{} HMEeeT Takyw
oxpecTHOCTH /7 B (), B KOTOPO#i TAKAad NeprooGpazHad CyLIeCTRYer.
I[DC'TBTO'-IHO B KAa4yeCTBE OKPECTHOCTH B3ATE OTK]JhITb]ﬁ napaJane-
Jgenuned wAn OTKPHITHH wap.

Horaszarenscrno, Ecnn cywmecreyer 1exoropan BHewWnsia

L4
neprooBpasHan =y, TO COBEPUIEHHO SCHO, YTO BCE IPYTHE MEPBO-
o0pasHble MOUMHO JOJYHHTh, A00aBASd K HEll NPOHSBOJbHYIO

S > =
saMKHYTYI0 $opMmy 6, ulo torna d(;; +G}=d;=a}. ITpn sTOM
HMeeTCsE GeCKOHeYHOoe MHOMKECTBO MepsoodDA3HHX (NOCKOABKY
CYIeCTBYeT GecKOoHeYHOoe MHOMKECTRO JAMKHYTBIX GOpM: Kamnas
Inddepenunnanpaas opMa ¢ NOCTOAHHBIMA  Kos(wpHuenTamMu
3aMkHyTa. JIJiA HYJeBOH CTENEeHH B CHAY CBAZHOCTH & €IMHCTBEH-
HBIMH 3aMKHYTHMH (opMavy SBJAITCA NOCTOAHHBIE; A8 CTeneHedl
DLICOKOI'O TOPASKA HMCETCS MHOMO ILPYrHX 3aMkayTtHx dopm!).

Mt Symev J0KAa3BIBATE TCOPEMY HHAYKOUEH No pasMepHOocTH N
npocTpaucTea E. BbIBOEb] Teopemel BepHH Ana N={p—1, no-

CKOJIbKY TOrza (opMa @ TOMACCTBEHHO PABHA HYJAK B CHJAY TOlO,
YTO ee ctemenb p=N 41,
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Tlpeanonoxum, 4Te TEOopeMa BepHa Ans Brex adUHHBIX Tpo-
cTpaHeTB pasmepaoetn 1, 2, ..., N—1, W JHokaxeMm ee cnpa-
BEAJMBOCT, AJf pasMcpHocTH N, Xom B YCJOBHH TEOPEMBl IOJICM
cKkanapos Mower 6bith K uwau €, mbl npueeaeM 3aecs Dokasa-
TeNBCTEO TONBKO man noaa . Cn}qau nona € moxker 6pirh
pasobpad TOJBKO Nocke TOr, Kak OY/eT PasBATA TeopHA PYHKIHH
KOMILJeHCHO nepeMexHo,

Mu moxem spfpate B ppocrpaHctBe £ HEKOTODYI) CHCTEMY
KOODAHHAT Il TeM CAMLIM OTOMACCTBHTb CTO ¢ R¥,

B {opMe o, npercraenewuoit B Bume (VI, 3;6), moirenam sce
TiAeHH, cogepxamue dx,. Terad MOMHO 3an4caTh, 4r0

- - e
o=de AL+ M, (V1,442

> >
rie L u M — pudpdeponanaapunte Qopme crenenn p—1 u p
COOTBETCTRENHO, KOTOPLIE, eCJH MX peleTabHTh B BHAe {VI, 3;6),

He copep:car Auddepennnana dxy,.
ks
Paccmorprim Teneps Au(pdepenyuadasiyio popmy A creneHu

p— 1, YEORMETBOPAIILYIO YPABHEHHID

L I,4;43
T (V . 4;43)
B cuay npepnonoeHnuil oTHoOcHTERBHO & TaKym (opMy JocTa-

TOAHG OMPeRefdTbh ¢ MOMOLbLID HHTErpaia

Xy

> >

A(x]» Koy -0y X'N): I‘J‘ (%} Yo, vy xN)dg‘ (V[94> 44)
0
DTOT WHTErpPaN nMeer cMmbica. B camoum jaene, aaa KaxigoH
TOYKH Xy, Xoy .»., Xy H3 (@ OTPe30K, COCINHAKMIHA 3TY TOUKY
¢ rouroit (0, xy, ..., Xy), TOANCCTBHIO NPHHALIACKHT &, H, CJe-
s

gosaTenpHo, ¢opva L HA HeéM onpelededa W HenpepbieHa. Jas
(ORKCRPOBAHHBIX Xy, X ..., X BEAHYHHA, CTOALIAA B NpaBoi

JACTH NOJ, 3UAKOM J‘. ABJASIETCA HenpepruiBHoHl dyaxuHed & co zna-

YEHHAMH B AQP(EP_'; ﬁ) ITockonbKy npocTpanetBo F no YCI0BHIO
nofe, To A.Q’p"](g”"; F) ABAACTCSl 0allaXOBLIM MPGCTPAHCTBOM;
IHAUHT, HHTETPAN HMeeT CMBICA H ONpefgnseT K(xi, Koy vvuy Xy)
Kak  HexoTopwfi  saemenr  npoctpamcta  AZYTHEPT F),
a A xax HeKoTOPYIo AR depenunannuyo  (GopMy CTenenu
p=~1 Ha Q CcO 3HAUEHMAMH B F. Teneps BHAHO, 4TO A HMeer
YACTHY! NPOUIBCARYID RO x|, COBOALAIMYIO C L.
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.

Kpome toro, Buano, 410 ecan L npuHaifexnt Raaccy €7,
.
m>=l, 1o TO xKe camoe Oyner Bepuo nad A, B camoM nede,
>

Kaxmgad udcTHAd MNpoH3Bojdast A, He cogep:awan auddeped-
UHPOBAHAS MO Xy, BBYHCAASTCA B CHAY CJAeNCTBHA Teopemst 115

. IV HenocpeacTeenuo NMOL 3HAKOM J Kaxnasa vacruas npouns-
BOAHAA, comepaaman Au(ddepeHunpesadue 10 ¥, BBEIYHCAILTCH
nnGdepeunPOBAHHEM OTUOCITEIBUO Xy, + .., £y NOJA 3LUAKOM f,

B TO BpeMd Kak vyactHoe nujpdepeHIHPOBARME NO X NMPOH3BOAUTCA
no Rpaekay ARGPepPeHuHPOBAHAA HHTETPANA [0 €ro BepXHeMY
npeneny {(reopema 89 ra, 1V).

=

B uwactHOoCTH, TaK Kak dopma L mo IpelloNoxeHdHI0 MPHHAL-
e
JexxHt kaaccy C!, To dopma A Takke UpHHaAdewHT Kaacey
-
H HMCCT Korpauuuy dA, KOTopaﬂ BHIUHCJAAETCA 110 JopMyie

ok 9k T
d/\ dxu’\——Jr‘ /\a—”=dxl/\L+dA, {VI, 4; 45)
f—?
rae d’ — ONepPAUNs B3ATHA KOTPAHHIE KOTHOCHTEABRO Xy, ..., Xx>,
O’

T, e, wacTias Korpawmua, pasdadg 4’ = 2 dx; A Ea'—". Kpoue Toro,
=2 H
-> >
(dA)(xl, Xo, v sy xN)-:de FAN L(JC], Xay wvn, JCN)—l—
X
-
+ [ QDY s 2 DAE (V1,4 46)
1]
Opuako dopua Z; He MPOH3IBOJIBHA, MOCKOALKY OHA 3AMKHYTA,
IMosTOMY HMEeT MECTO COOTHOLICHHE
. > > £ B3 > >
O0=do=d{dx A L)+ dM=(ddx, A dL --d'ct AdL} +dM =
= —dx, AL 4+ dx, A Qﬂ +d’ M. (VI,4;47)

Ecan, B 9yacTHOCTH, MH cofepem Bce uiedbl, colepxamue dxg,
sateM WNeHH, Be comepmamue dx, TO B OOOMX CIHyqasX Mbl
-

posxHb noayunth Q. ITostomy

i A{—dL f"”]zo, dM=0. (V4 48)

3agaouenHoe B CKOOKY BHpaweHi#e B TePpBOM paBeHcTRe He
COASPXKHT uaeHa C dxl. C.JIE‘:,’IDB?ITE‘JIBHO, er0o BHeliHee TMPDOH3BENE~
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HEe Ha dx, MomeT ofpawarbed B HYJb TOIbKO TOT1a, KOT3a OHO
camo pasdo aviaw. Orcona

>
am

e >
S &'M=0, (V1, 4;48,)
Xy

>
AL ==

TostoMy B cuay (VI 4;46) n nepsoli dopmyaus (VI 4;48,)

dA(x), Koy ooy xxd==dey AL(y Xou oo, Xg) =
+ 'I. %{E! x2y LI ) x:\.’) d‘:":':v:d"’l A K— (II! x?s sy 't;\'] +
0 = .
My Ko onny 2y — MO, %o ..y xy) (VI 4 49)

R ; .

CaenoBareanto, Kiacey C npunadaewur we Torsko dopuna A,

e =

Ho Takwe u opua dA, (TTocaegnee BoBce He O3WavaeT, uyto A
k-

Zomxkua Outh w3 kaacca C™'t Korpamdua €A BkAOuUAaCT ToMbKo

2
YACTh YACTHRIX NPOWAROAHWY diopMul Al Hampumep, dopva makcu-
MaabHOH cTenenn Kiacca ClBeerga 3aMKHYTd, H TOTOMY ee PaBHas
HYJK KOTPAHHUA RPHHALASXHT whaacey €T, a 3TO HHYEro ge Jaer
nas caMoii ¢opMBL)

Taxum 06pa3oM, nMeeT MeCTO C/JAeAyIOIlee PABEHCTDO (B CHJY
coorHoweHnin (VI,4;42) u (VI1, 4;49):

@ —dR) (), %p0 .., X)) =P Xy, Ky ooy Xy) =

=M, xs ..., xg). (VI,4:50)

=

Ecan MK CMOXeM JNoKa3aTth, YTo P ecTh KOPAHHIIA HEKOTOPOIl

nupdepenunaapioll Gopyp creneHH p-— 1, W MOCKOJABKY TO XKe
e - -

caMoe uMeer MecTo AJA dopMbl A gorpammuu A, To dGopMa @

Oymer obmnazate TeM ke cBoiicrBoM. Ecau, Kpome Toro, Gopma P
npunagAexxut xaaccy C™, To MH A0MKHH OyAeM NOKasaTh, 4TO
OHa ABJAETCH KOTPAHHLEH HeKoTOpoH AHdGepeHUnanbHol GOpME
KJacca C™,

OjHaxo 3—31"0 Andepenunateras $opMa, B KOTOPYIO He
BXOJAT HU x|, HH dx,. Hedicreutearno, dx, B ﬁ}/! He BXOAMT, 4 Tak
xak M BeluMeaserca B rouke (0, x,, ..., xy), TO X, Takke He
BXOJIHT B 112 Qopma £ 3aMKHYTa, NOCKOALKY B CHAY (POPMYJAH
VI, 4;48) umerT MecTo pabenctha

> Y >
dP=d'M =0. (VI, 4;51)
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[

3uaunt, P MOMHO PACCMATPHBATL KaX 3aMKuyTYIO Auddepen-
HHAJBNYIO HOPMY KJacca 7 cremend p Ha OTRPHITOM MIOXKE-
crée £ OpocTpancTBa R¥~!, o6nazamomem TeMmu ke cBoficTBamu,
UTo H HCXOJNOE OTKPHITOe MUOkKecTBo & b mpoctpaictee kY, rak
kxak @, sBaserca caefem £ Ha runepmiaockeetn x,=1{. s npen-
GOJOKeuna HlmyKlLHH ¢lenyer, UTO CYIECTBYEr "LH{[}l‘lJ(EI)EHLI,HaJIb*

Hast QopmMa B crenent p-1 Kaacca €7 na sTOM OTKPEITOM MHO-
meeTBe K, I1AA KOTOpPOi P ABJAASTCA Korpannueu JTHUM 3aKaH-

UHBAETCH JO0KA3aTeJbCTBO CYLICCTBOBAHLA (ODMLI w.

310 AOKA3ATENLCTEO B TO XKe BpeMA COJEPKHT NPAKTHYECKHIT
cnocof BoiuHceAeHus . O 9Tol LeABI0 HAKO MEePEXOANTE K AH(-
depeHUHANBENM (GODPMAM, COMEDKANIAM BCEe MEHbUIEE ¥ MeHbllee
YnCAo NepeMenpux, Toraa HA HEKOTOPOM [are Mbl  NPHIeM
k adpdepeHunanpuoii ¢opMme CTENEHR P OT P NEPEMEHHBIX,
a Ha c¢jeaymouieM mare — K $opMe cremehu p -1, T, e. popme,
TOMLeCTBEHHO pasHoil uymo. [lodessno moipolnee nNOCMOTPETD,
YTO K€ MPONCXOAUT B 3TOT MOMEHT. l'[peﬂ,no.mmum YTO MEI
nonyunnn nuoddepenunansiylo GopMy m kaIacca C™ cTemeHd p,
3ABHCALLYIO OT p IepeMeHHHX, KoTopete Mbl Oyznem o003HavaTsb
YEPE3 U1, Y -+ er Hpr TOCAA CC MOKHO NPCACTABNTD B BHAC (VI 4; 42),

Ifle BMecTo dx, clAepyeT Hanmucare dif. 3aech M—-O T. &,
> EN
o=fdy Adys A ... Ndy,=
Y >
=dyp  AGdy, A - Ady)=dy AL. (V] 451,

>
Teneph HOCTATOUYKO HaliTu A, HCROMB3Y A peib Ay IR MeTom,

n sagaua Oyjaer pelicHa, HOCKOMLKY o=dA.
Ilyers p=1, Ecan (popma o npuHagAexxXHT Kaacey C7,

neJydeHnas  QyHKUuA m'—f. QUEBHAHO, OyAeT NPHHALIEIKATDH
xaacey C™', nocxonbky ona sBaserca dyHKimed, onpeaeneHnoit
e

Ha Q co 3HAYSHMAMH B F, NPOU3BOAHAH KOTOPOH sABNACTCA OTO-

>
OpaxenneM kKaacca C™ muoxecrsa Q 8 F(E; F). Takum obpasom,
TeopeMa MOMHOCTRIO aokazada. ChopMysupyem B BHIe CJEICTBHA
ee yacTHHf cavuall mpu p =1,

Chaepcreue l. Jas 7020 urober ¢pynxuuu Ay, Ao .., Ay
kaaeca C', onpedesenmvte Ha OTEpbroMm mMro¥cecree L addur-
1020 N-mepHo2o RPOCTPAHCTEG, KOTOpoEe 06AAORLT YKASGHHOIMU
COOHCTOAMU, 1 RPURUMAIONIUE BHAYCHUS 8 COHAXOBOM NPOCTPan-

- bl

>
cree F, Goiau wacrTroemu npoussodnuvemie Ay =0[/0x; nexoropod
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> -
Pyrryuy | oraacca C', onpedesennoi va Q co snauenuame e F,
weobxodumo 1 AocTarauno, 4Tebbl OHl YOOBAETAOPRAN COOTHOWE-
HUAM COBMECTHOCTH
a4 a4, .. .
a—xiz—é}}—, £,f=l, 2,-.., N. (\"I,4;52)

>
B sroum cagwae Ppyuskyua | onpedeanercn ¢ rouHoctee 8o ao-
cToanrod U npunadexcur gaacey C*. Kpose roz2o, ecau himx-
e

+ )
yuu A; npunadaexar raaccy €7, To yarqus | npunadaexur
xaaccy CTT.

Ecan E apasercy eBKAHAOBHM ab@HEHEM TPeXMepHHM ODH-
CHTHPOBAHHLIM MNPOCTPAHCTEOM, TO, HCOOJAB3YA HAQHATHE BRETOp-
HOro Mo, MOMKNO CHOPMYAHPOBATL CACAYIOWLEE CIACICTBHE:

Caencrene 2. Hyere Q — OTKPOITOL MHOMECTBO APHUNHOLO
eerAud0o8d OPUEHTHPOBAHMOZD TPEXMEPHO2ZD APOCTPANCTEE, ©06AQ-
darougeeo yKasandviny 6 reopeme ceolcreaxu. Tozda

1) Jlas Toeo u«Tafut 8eKTOPHOE noaAe, onpedeschnoe Ha Q o
npunadaencauee Kagecy C', Gotro epadienton seugecTeernol Gyni-
yuu kaacca C', neobxodumo u docTarauno, 4Tobsl e2a poTop
pasHfact uyaw, B atom caywae dynkyus | 6yder onpedesena
C TOUHOCTORr Q0 AfOUTUGHON ROCT OAHHOH.

2°) J1as toeo «robes cexroproe noae xaacea G, onpedeaennoce
na Q, OeLi0 poTOpoM HEKOTOPO20 BeKTOPNOLC noaft Kaacca (),
HEOOXNOUMO 1 BDLTATOUNO, 4ToBb 020 Jdusepsenyus pPaABHAAACH
Hyaro. B atoM caywae anae, porop Koropo2o sadad, onpedeanerca
€ TouROCTHIO 0 HEKOTUPOLO BLKTOPHOZO ROAR, A6AR0I4e20CA 2pa-
QuenToM npoussoacrol gurkquu Kaacca C2.

3") Kawdan pynxyus raacca C', onpedesennas na Q, ecrs
dusepeenyul HEKOTOPO20 @eKTOPHO2G Roan Kaacea Cl. Fro  eek-
TOPHOZ RORe OnpedeasiercA ¢ TOUROCTHI 00 &EKTOPHOZO RAOAA.
xaacca C', ABAIOUE20CK POTOPOM HEKOTOPOLD 6eKTOPHOZ0 MOAR
&aacca Cl,

§ 5. OPHEHTALHKA AHOPEPEHUHPYEMBIX MHOTOOBPAIHA
HARR [TOJIEM BELWECTBEHHBX YHCEN

ITycers V — nekoropoe mnorcodpasue pasMcpiocTn # kaacca Cl,
comepxalteecs B N-MepHoM addHEHOM npocTpancree E,
BHACHHM, B KAKOM CMBICAE MOXHO T'CBOPHTE 06 OPUEHTALHM

B NPHMEYANIE HA TP, 143 Mo rosopinii, 4TO NPEANCAOKEHHe O Lpu-

HEAIeRHOTH A waacey €7 BOBCe He ABAAETLA ecTecTBEHHEM. B Teopuu pace
npefeaeHnl  yoa0BHq CORMEQTHOCTH 3aNHCHEAKTER A7 CAYYAd HeApephBHbHX
dyrKuul,
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vuorooépasus V. Tlyere g — vekoropas touka V., Torma V' oGaa-
IAaeT B TOUKE d KAaCaTE bHbBIM BEKTOPHHM ]IOJ.LHPUCT]J&HCTBOM pa3-

MCPIIOCTH r, KOTOpoe MBl ofosnaunay wepes T {a; V). 3ro Hexo-
TOpOe BEKTOPHOE NPOCTPAHCTBO HAJ NOJeM BelleCTBEHHHIX 4HCel,
H €rc MOXHo CHAGAHTh HEKOTOPOH opHeHTaitned,

HenpepwBHaa cucTeMa opHeHTAUul mMHorcobGpasun

Cucrenoll opuesrauui ¥ mporoofpasua ¥V Mu GyneM wHaswl-
BATh BHGOP ANA Ka#JoOro ¢ =1 HeKoTOpPoH OPHEHTALHH &l BeK-

>
TOpHOro xacartessHoro npocrpauctsa ¥ (a; V), Cucrema opuenraiui
MHorooGpasus V ABAAeTCA, caAcHOBATeNbHC, HeKoTOpoH ¢yHK-
wacit F7, onpemenennoil Ha V, KoTopas b kawnoilt touke a=V
npuHuMaeT 3HaveHHe 7 (@), NPHHALAeKAIEE ABYXSNEMEHTHOMY
MHOMNECTBY, COCTOSILIEMY H3 [IBYX BORMOMHBIX OpHeHTALH npo-

s
crpauctea T{a; V). O6bacHuM, 4YTO MB OYIeM DOHWMATE A0OG
nenpepuenon cucremofi opuenrayui 9 muopooGpasus Vo (uau
Hekoropoi e20 wacrn). CucreMa opueHTAUNd ke As828eTcH PyHRs
yued obGbignnz0 TUNQ, TOCKOJBKY MAOKECTBO, B KOTOPOM 0HA
NMPHHHMAET CECH 3HAYEHHA, B KaKIOW TOYKe @ 3aBHCHT OT CaMoi
aToit Touxkd. [losToMy paccMaTpHzaemMoe MOHATHE He ABJAAETCH
OOBUHEIM TICHATHEM HENPEephBHOA (GyHKUHY.

Mycte ®: G > () ABAACTCSA HCTHHHLIM TNAPANCTPHYCCKHM
npeacrasienneM Kaacca €' pasMepHOCTH # OTKPLITOTO MHONKE-
crea @ () mmorcodpasua V. I[lyers o — takaa touka ¢, uro
D (o) =a. MBl 3H2eM, UTO TIPOH3BOAHOE OTOOpaKenne ¥ (a) yera-

-
HaBAnBaer Jugeinyo O6Hernmio K" wa T{a; V). Otciona cnenyer,
uTo OHO ABYM KJaccaMm Basucos b R’ ¢TanuT B COOTBETCTBHE ABA

Kaacca GAINCOR R ?{a; 3. OGo3nauny teneps vepes i (a; O, )=
=0 (a; ) =0(0) BeanynHy, pasayw —+1, ecau orobpamenne O
CTABHT B COOTBETCTBHE NOJOIKUTENbHOMY Kazccy K7 (B ero obblvyHOM
KAHOHHYCCKON OpPHeHTALHH) MOJOMKHTRNbHE{l KJAACC HpOCTPaHCTBA

>

T{a; V) B cmpcne opuwedtauHd ¥ (@), H paBeyo —1 B NpOTHRO-
noxokuoM cayuae, Mrag, kapra @ onpenenser HeKOTOpylo QyHK-
uHio B: a->0(x; @), ONpPeleSeHHYI® Ha OTKPHTOM MHOxecrse O
CO 3HAUEHUAMH B JBYX3JeMeHTHOM Muomectse {41, —1}. Jaganue
stofi pyurunu @ na Muomcecrse ¢ OMPCAENSICT CHCTCMY OPHEH-
raniil a vactu () muoroobpasus V. Onnako ua »10T pas ¢ydk-

-
1) B camom aene, auueliHag GHeKUMA o BeKTOpHUrO npocTpanctBa £ na

—
Npyroe BEKTOPHOE [pOCTDARCTRO F npecfpazver Apa Gazuca &, & ODHOMO H
TOTO #¢ RJ2cca (COOTRETCTBEHHC NPOTHRONCANKHMWX KiafccoB) B [Ba Gaauca
fie), w{e"), TaKNe NPHHAMASHKAINE CAHOMY H TOMY Xe KJacCyY {COOTReTCTBRHHO
DPOTHEOTOLOKHEIM KaaccaMm) 3T0 caeiyeT Ha TOro, uio onpepeantens u {e’)
OTHOCHTeNbHO # (¢} paReH OMpEieHTEND ¢ OTHOCHTEMbHO @,
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A 0 OPHHHMAET 3HAYCHUA B OJHOM H TOM JKe ABYXIEMEHTHOM
MHOkecThe {+1, —1},

ToBopar, ut0 cucrema F opuenrayui smnozoobpaszus V. nenpe:
pHISHA 8 TOuKe @ OTHOcuTeavko KaprTs: (P, ofpas Koropofi mMoKph-
Baer ¢, ecau ¢yHKUMA B, oTBeyalowan 3ToH cHcTeme opuedTAnuHf
u orofpaxkenuw @, FenpepoiBHA B Touke «. [1ocKoMbKy »Ta (yHK-
OUA NPHHAMAeT 3HAYEHHT B RHCKPETHOM ABYXINEMEHTHOM MHO-
#ectee {1, =1), TO €& HenpPEephIBEOCThL B TOYKE & O3HAYAeT,
YTQ OHA [MOCTOAHHA B OKPECTHOCTH G

I'opopar, uro cnerema opHentaunll ¥ nenpepuBHA OTHOCH-
TeJbEO (D HA KaXAOM OTKpHTOM Muoxectse dM{), echn dyuk-
nMa 8, ccorpercTRYIOINAA (D, HENPEDPHBHA HA KA LOM OTKPLHITOM
Muo¥ecTBe (7. BTO 03HAMAET, YTO KaxIad TOUKA OTKPHEITOrO MHO-
Keerba  mMeer GKPECTHOCTh, B KoTopoll O mocroduna, wau uto O
NOCTOAHHA B KaXAOH OTKPHTON CBASHOH uacTH & v, B uvacr
HOCTH, 1A caMOM Muoxcerse (F, coal ono cBa3io, B camowm neie,
KaKnas H3 OBYX Touek 41 m —1 sBisieTcss OMHOBPEMEHHO OTKPHI-
THM ¥ 3AMKHYTBIM NOJMHOMXECTEOM PacCMaTPHBAEMOTO IBYX3Je:
MEHTHOTC MHOXECTBA, H, CHARIOBATEARHO, HENpPEpPHBHOCTE O o3Ha-
yaeTt, 4To npoolpas AwGOTO U3 3THX ABYX 3NEMEHTOR OAHOBpe-
MEHHO OTKDHT H 3aMKHYT B TONOJOTHYecKOM npocrpauctse (I,

Teopema 20. Ecan cucrema opuenrayud 7 smnozootpasua V
REAPEPBIBHE 6 TOYKC @ OTHOCHTEABRO HeKoTopod Kaprol D, obpas
KOTOPOL NOKPBIBRET ¢, TO OHO HENPepHisHa 8 TOYKE 4 H OTHOCU-
Te.asHo atobod dpyaeoi kaprer, 0Opa3 Koropod nokpbisaer a.

Hokasateapcreo, B camom nere, nycte O ¢, =@, (C))
u D,: O, — @, (T} — nBe KapTol, 06passl KOTOPBIX HOKPLIBAIOT TOUKY @,
u O, (a)) =a, Tlockoanky pecub HEET © HEMPCPHBHOCTH B CAMON
TOUKE @, MBl MOXEM OTPAHHUATBCH OTRPHITEIMH MHOKECTBAMH,
menbuiny, yem &) B f,. Tak Kak B V cyllecTBYeT 0AHA M TA Ke
OKPECTHOCTh TOUKH @, KOTOpas OAHORPEMENHO MOKPhIBaeTCH ofpa-
3AMH STHX [BYX KapT, Mbl MOMKEM OrpaHudHTHCH NMPooGpasamu
3TOCO OTKPHITOTO MHOMeCTBa, ofo3Hawad UX NO-TIPEKHEMY uepes
C, n J,. D10 npuBeIZeT HAC K YACTHOMY Clyuaw, KOTAa ofpaswl
O {7) u ®,(F,;) ABaAAIOTCA OLHHM H TEM K€ OTKPHITHM MHOME-
cTBOM H3 V. B cuay caencrsus | teopemu 33 ra. Il oroSpaxenne
(D{'o{D.=tD2-. apasercd aupdcomopduavom gaacca C' maOHC-
crea O Ha muomecrso Oy,

-
Pacesmorpuy Tenepbh HeKoTopblit Jazuc npocrpaHcTea T i{a; V),
NOJOKHTEABHBIA B cHCeTeMe opueHTawin 7 (a). Orobpaxennn
(@] ()™ 1 (Dh{e,))™' cTaBaT eMy B cooTBeTCTBHMe ARA Gasuca R%,
3HAKH KOTOPHX B KaHOHAuecKoN opuenramuda R® coorsers
CTBeHHO paBnbl 3HakaM By{a)=0{u; ®) 1 () = 0 {ay D)
Ot nepporo Gasuca K" Ko BTOpOMY MOMHO NICPElTH ¢ NOMOLIBI
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N

anuelnoro otobpameuns Py (o)) npoctpancraa =" » =% [losrouy
CHH BMCIOT A0S0 ORHIT N TOT RKe 3(aK, JIHO OPGTALCTOTOIKALIC
aHaK# B COOTBETCTBUN ¢ TeM, Oyaer A1 skodnan deidh (o) > 0
uan << 0. OKoHHATOARHO MOAYHACM TAKY1ID HOpMY.ay:

0, (a,) = & (o)) sign (det (D3 (@) (VL3 1)

Tockoabky Qyuxuna B, | opuoALICKKT Raacey € 0 ce fAKo-
Guaw, He PaBIBIH BV.TO B TOUKe ), lCNPCPLBEN, TO O coXpa-
HSIET 3HAK B AEKOTONOH okpecTHocTi 210d Towki. CagloraTeqanlo,
ecan B coxpamser 312K B HCKOTOPUA OKPCCTHOCTH TOMKH o), TO
HANJIETCsl Takasd OKPLCTHOCTD TOYKY oy, B KoTopofl 0, TaKsae coxpa-
HHT 3Hak., Tcopema Joraszana.

3710 MOIROAALT NAM BBECTN CARIVIONCC onpededcune, [opopar,
UTO cHeTeMa T opuentTagul waozoadpaann Vo nenpepssna e rodke a,
CCJIH OHA HEREPeDHEBHA B 3TOI TOUKE OTHOCHTCALIIO J0O0[ [apTh
MAOTOOOPA3HSA, 0GPA3 KOTOPOH NUKPBIBaeT . CueTeada 7 apueH-
ragut V nenpepoassa ma vacri A mroeooGpasus Vouan na cason
Muoeoobpasin V, ecan oHG HeRpepuisna 6 Kawdon rouke @ NHONCE-
eroa A uau V.

CpaBHEHHE NBYX HENPEPbIBHBIX CUCTEM OpHenTaNHil

Pacemorpum jipe cnctesie opuentanhit F | 1 ¥ . cAHOrD AIIOTO-
oGpasna V. MomHO rosopnte 00 OTHOILCHHN 3THEL NBYX CHCTEM
OPHEHTAUHA B TOUKe &, pagHOM -+1 uan —1, B 34ABUCHMOCTH OT
Toro, Gynyt ap opuewraunu F {a) u T .(a} Kacateiabuoro npo-

=
crpauctsa I (a; V), oupcaessieMblc 3THMH CHCTEMAMM, OIHHAKO-
BHMH HJIH TTPOTHROIONO K HE M.

OTHowende 4By X CACTEM CpHCHTANNG Microobpasus ¥V asaderca
dyHKuHed, onpeaaicnoll ua Irov MHOUOOOPASHH CO 3UAUCHISMY
B ADyXaJdeMmeHTHoM Muoxecrse {41, —I1}.

Teopema 21. Ecaw dae cucresst opuentanui 1w & 4 MHO20-
obpaaua V RrenpepsiGast 8 TOUKE 4, TO OTHOMCHHC 3TUX CUCTEM
OPUEHTAUI NB.IFCTCR HOCTUIRNON  Pynriet a 000 0KpecT-
HocTw Touk al). QOparHo, ecaw 370 OTHOMERUC ABAICTER RO-
CTOAHRON (hyHRQHell 8 HCKOTOPOU OKPECTHOCTH TOYRN & I ¢cau
odna u3 Ogyx cucrem OpHEeHTAuW wenpepuisna 8 a, 70 Jpyens
TAKNCE MHERPEPLIBHA 8 TG TOUKE,

B camom aene, ecsmnm Mp paccMmotpum Kaprty D, ofipaz Koro-
poit (D(T) comepm AT TOURY @, TO OTHOIUBHIC ABYX CHCTEM OPHCI-

1Y 910 we vox oteoudnc, KAK RAMKCTCAT CHCTCMA HCTPCPUBUME OpHcATaIil
¢ SBAACTCHE NETPepHBHOH ¢yvirineid B oDLIMIOM CMLICAS, IOCKOILEY o0 ala-
FICUHG O TOUHE @ JTeXHHT O AITOMCCTRC, DaMCImGumeMersl DvecTe © (. ”03'[‘1’].‘.!}?'
Cpazy Ae YTBEDIK,14Th, UTO OTHOMEHI® [BYX TAHIOX <HENPCPWRULIX (PYIKLHLE
HellpepelBUG, HEAL3A.
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Talni B Touke x =V pasHo

8, (07" (x); @0, (D' (x); D), VL, 5;2)

rie B, w B, — (yuxnuyu, accounnpoBauusie ¢ P u IBYMEA CHCTe-
Mama opuentaunii, Oreioia reTekaer TpedyeMoe 3aAKMOYEHHE.

Crnencteue l. Feau dse cucremnt opueHTayurl 00020 Mro26-
ofpasaus V HenpepeisHel 8 vORKe d 4 cosnad@rmT 8 3TOH Touke,
TO ORI COBRACAIOT 60 Bret OKPECTHOCTH TOUKH @,

Caencrene 2. Ecau mnozoobpasue V csazno, 1o dee nenpe-
puisuele cucremot opuentayuli mnogoolpasun Vo oaubo cocradaror
Ha seem V., anbo nporugonoromcnst wna seen V.

B camoM fede, MX OTHONICHHE ABJSIETCH HeNPepHBHOR (YHK-
uvelt Ha V co 3mavenusyMu 8 MHoxkectne {41, —1}. TIpooSpas
OTHOCHTEABHO 3T0# PYyHEUNYN MHOxecTBa {4+ |} Had MHOMKeCTBA {—1}
OAHOBPEMEHHO W OTKPHT, H 3AMKHYT, a4 3HAYMHT, NYCT WAH COBHA-
naer ¢o BCeM Miorootpasuem .

OpHEHTHPYEMOCTL W OPUEHTAIHA MHOTG0ODa3ZHA

Onpencaennc. losopar, uro muoeoobpazue V Kaacca C
PAGMEPHOCTH 11 OpUEHTUDYEMO, €01 OHO HMEeeT XOTH Onl OaHY
HeNpepLBHY CHCTEMY OpHedraunii. I'oBopsT, YTO 70 MHOrO-
06})33}18 OpUERTUPORIRD, €CJH SEICI)HKCH]JOBBHH OJHA U3 TAKUX Henpe-
PHBHEX CHCTEM, KOTOPas B 3TOM CJyuae HA3ILIBAGTCH opuesrayueil
sroecobpasus V. Ecau MHorooGpasne V CBA3HO B OpHEATHPYeMO,
TO OHO 00MaLacT ABYMA BOSMOMHLIMH OPHCHTALHAMH H BHOOD
OPHCHTAHT KAacaTeAabHOro BeI{TOPHOI‘O NPOCTPAHCTBA B OTASALHOI
TOYKe OonpefengeT OPHEeHTAalpio Reero MHOI‘OOﬁpaBHF{ B UeJd0oM,
Hanpnmep, apdHHEOE NPOCTPAHCTBO HRAACTCH OPHEHTHDYEMBIM
muorooGpasneM, OpuenrtnpoBaTh ahdHHHGE TPOCTPAHCTEO — 3TO
3HAYHT OPHCHTHPOBATE €ro NPHCOCIHHEHHOE BEKTOPHOE npocTpan-
CTBO, NMOCKOJBKY OHO fIBASCTCH KACATEABHLIM BCKTOPHHM HPOCTpaH-
CTBOM B /MI00OH TOUKe 3TOr0 Muoroobpasug. B paabuelureM Mul
NPHBeleM NPHMEpPH KaK OPHEHTHPYEMHX, TaK K HEOPHLHTHPYEMREIX
MHOrQoOpasuil. IpnMeM Takoe cornallente: ecii HEKOTOPOE MHO20-
ofpasue umeer pasmepuocre O, 7. €. ecad ONO AEATETCA APOCTPAK-
CTEOM, COCTORUUM U3 UIOAUPOBANRBLY TOLEK, TG OPHENTGHUR 3TO20
MHOEOOG}J(ISRR COCTOUT ¢ RPURNCBIBAEHIIL Kaxcdod u3 ezo Toyex
sHara -+ aau —, Ecnu 370 MHOTOOGpaske CRAZUO, T. €. CBOLNTCH
K OIHeHl TouKe, TO oOHO obaamaer, OYeBHIMNO, IBYMA TNPOTHBO-
NOJOMNHBIMA OpHeHTALNSIMY. EcnH MHOroc06pasne ¥V opHentHpyeMo,

10 uepes V Moxhc of03HaunTp MuporooGpazue, cnaGiKeHHOE

Fsind
HEKOTCPOH opnenrauned. B stoM caynae V 6yzer oGosMauato
MHoroc6pazne ', cHabieHROE NPOTHBONOJOKHOH OPHEHTALNRD.
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OpueHTAONA MHOT000DAIHA KOOPHEHTHPYEMBIMH KapTAMH

Flycte @, » D, — gBe Kaprel H3 HEKOTOPOrc ar/iaca MHOrO-
ofipasua V. [opopsr, 4TO OHH KoOpuexHTUpyeMs:, €CIH HX ofpastl

a0 He nepecexatorcd, Jud0 oToOpaKeHHE 4:[‘12_1=C113'o(1). MHO-
KeerBa §, Ha L, (rae £} aABagerca npoodpasoM NpH otobpaxe-
uhe D, nepecevenus Q =@, (¢)1D,((};)) nmeer BciOAY NOIOKH-
TedbHET arROGHAH,

Teopema 21, Jan Toco wrobe mrozochpasite V ob140 opuer-
THpYEMbIM, HEOOXO3uMO U JocTArOYHO, WTOGLL CYIEETBO8UR 220
ArAdc, COCTORUUT U3 NONAPHO Koopuearupyemoty rapr. 3adauue
TaKO20 aTAGCA PURCUPYET OpUeHTayuW Miczoodpasus V,

Jorkasareabctro, [lpennonsoxuM, uro suorcobpasue V
opHenTuporano. [Tycts ®—takan kapra, uTO MAOMKecTso ¢ CBA3HO.
Oynguusa 0 oraocutrenanno O 6yjer nocrosuueid wa ¢, Ecau sra
nocTogHHad parHa -1, To MH HHYeTO MeHATh He OyaeM U NOJO-
wiM W =@. Ecan ke onHa paBHa —1, TO PACCMOTPHM HOBYIG
kapry 'V, onpeneaennyio no dopmyae Wy, ws, ..., t)=
=M(—uy, U ..., u,). Oua orodpakaer HEKOTOPOE OTKPHITOE
MHOKecTBO U3 R® (KoTopoe copnajaer He ¢ MUOKeCTBOM ¢, 4 € ero
ofipazom mpu crofpamenns (4, Ha, ..., )= (— Uy, s ..., Uy))
Ha TO e camoe OTEpsiToe Muoxecrso w3 V, a ee (pynxuma 9,.
OUEBMIHO, ToxAecTsenno pasuma =1, B cuay (VI,5: 1} cucrema
Beex Kapt ¥ koopuentupyema, [Tockonpky mro¥ecrsa ¥ () =D {()
nokpumBaioT V, oHHW 00pasyioT HCKOTOPHH aTdac H3 NONapHO
KOOPHEHTHPYEMEX Kapr.

O6paTHO, DPenNOJOXKHM, uT0 32mZan rtakof artnac. Ecau ans
KaxJod ToUKH X u3 V' MH pacCMOTPHM HeKOTODYIO OpHentaunio F (x)

npocrpanctsa T (x; V), 1o aam scex xapr @, ofpasbl KOTOPHX
NOKPBIBAIOT TOURY X, B cuay (VI, 5: 1) # Ipernonoxemua © ROOPHCH-

THPYeMOCTH KapT coorsercreyiowas Beanynna 0(@™' (x); ®) 6yaer
opuHakosofl, ClneloBaTellbHO, MOMWHO BHOPATH OpHeHTanuw I (x)
TaK, 4ToGBH 9Ta BeAHTHH2 HmJa BCOAY pabsia +1. Tewm caMBIM
OnpefeNseTcs HEKOTOPAA cUeTemMa OpuenTanuil ¥ MHorooOpasua V.
Taxk kKak ¢yukous © sciony passa -+, To sra CHeTEMa HeENpe-
PHBHE H, C/AGAOBATENbHO, 3aLaer OpHenwrauuwo MHOroobpasus V.

Opuentayus MHOTGO6P2A3UsA € IIOMOMBI0 HEMpePLIBHBIX
BEKTOPHHX NoJIeH

Teopema 22 Hycre V— muoeoobpasiue pasmeproctd n, chab-
HeHRoe HeKoTopol cucremofi opuenrayud 9, u Ji, 32, ceey [?,,
((j”;: x - E}’; (x)) cyre n sexropueix noaeli, onpedesenrny o V,
3decs f:"; (X} — Aumedno nesasucumsle  8eKTOPL, KACATEALRLIC
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K sHceoobpasuo Vo8 roure x. Ecan cucresma opuenrauyudl & ne-
npepslstn 8 rouke 4, To, kaK ol 8bt Hi ObiAa cHcTeMa 1 BeKTOPHBIX

- =
noaeid, Henpepwiansix 8 Toxke a, sHark Gasuca U, (x), U,(x), ...
>

vy Unlx) 8 opuenraynu T (x) nocroswen 0as ecex x, docra-
TOUNG OAH3KUE K TOYKE Q.

06parao, ccau 048 HCKOTOPOH CUCTEMEL N ROACTHOLX BCKTOPROLY
floael, Henpepuansiy 8 TONKE &, JTOT 3INAK NOCTOAHEH 8 HEKOTOo-
POLi ORPECTHOCTH TOURIL 4, TO cucresma T opreHTauuid MHO20006-
pa3ua vV renpepuiaHe 8 TodKe Q.

Hokasateasbctso. Tyers @ — xapra, ofpas koropoh @ ()
NOKPHIBAET HEKOTODYID oOKpecTHeoTh TOUukn @ Ilyere x =@ (&) u

a=O(a). Tpu orodpawennu (I¥(£)™' mexropy 5;(x) COOTBET-
CTBYET HEKOTOpHIil BekTop GZC,- (z) na K", CnenomartensHo, no cH-
creMe # JUHEHHO Ne3aBHCHMLIX BCOKTOPHLIX TOJcH -'j’i onpeae-
JSIETCA CHACTEMa JAVHEHHO He3aBHCHMBIX BEKTOPHBIX [0JIefl 027;
Ha O. Ua caencrena 6 reopemut 33, ra. 111 soiTexaer, uTo ecau g,—
HenpepelBHEl B TOoUEe @=D(a), TO ¢ooTBeTCTBYHOLHe mHOAA B,

N
Ra O HenpepuBHEl B TOUKe «¢. 3HAK CHCTEMBl 72 BeKTODOB 2/, (X)
B ToUKe x={ (B KanoHmyecxkofi opuentaumd K") paBen 3naky
ONPCLCAUTENA 3THX # BCKTopoB, OLHAKO 3TOT ONPCACJAHTCAL He-
NpepLIBEH B TOUKE o (IOCKOALKY NENPeprBlisl Hosa) H Beerfa == 0,
3HAUAT, €TC 3HAK B HEKOTOPOHA OKPECTHOCTH TOUKH « HENpPephIBeH,

e
T. €, NOCTOAHEH. 3HaK cHcTeMu Bektopos U (x) B opnenrauny 7 (x)
PaBek TMPOU3BLNEHAK Opeanayiiere suaka na 0(g; P).

4

Orcoga BHTEKAeT, YTO 3HAK CHCTEMH Bektopos U {x) anaa x,
BAH3KHX K 4, MOCTOSHEed TOT/ld ¥ TOALBKO TOrAA, KOTZa HyHKuNs 0
MOCTOAHHA B OKPECTHOCTH TOYKH @, T. €. TOTAR H TOJAbKCG TOCLa,
Korga cmorema J opHenTaudit Muoroodpasud |V nenpepmBHa
B TOYKe a oTHocutenbHo Kaptet O, a 2mauyT, coraacuo teopeme 20,
HPOCTO HCMDCPLIBHA B TOUKE &, '

JasMcuyanue, Beerma woxkmo ualita cuacreMy s JduieiiHno

> > bl
HEIaBUCHMBIX KacaTeJwHHIX RekTopuwx nanen U, I, ..., U,
HeTPePHIBHEIX B TOYKe 4 Muoroodpasua V. Jlia pokasarenscrsa
JLOCTATOUHO paceMoTpeTh Kapty P, o6pas xoTopoll NOKpHBAET &,
H DB3dATh B Kauecrse ai(x) o6paz £t=™D""(x) npu oTofpaxe-
auy @O (E) f-ro mekropa Gasmca K'. Omuaxo, BoOGIE TOBODHE, He-
BOZMOMHO TOCTPOUTH CHCTEMY # HETNDPEePHBEHYX JNHedHO He3lapd-
CHMEIX Hodell Ha Bcew MHOroofpasun V, 4 daxe odno Henpepots-

.
HOC HOAC KacaTeabrelx GexTopos 6ciody == 0 (cy. crp. 321),
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OpreATALNS MHOrOOGPAa3HA ¢ NOMOIBIO 3HAKA BELIECTBEHHBIX
EHdpepeHUHAABHBIX PopM

Teopema 23. Hycre V — wmuoeoobpasue xaacca C! passep-
HOCTU R, CHADMEHHOR HeroTopoil cuctemord opuentayud . Pac-
CMOTPUM BEUECTREHAYO Qudepedinate iyt hopmy o cTénent 1,
onpedesennyro Ha V, cyxcenue KuTopoit & Kawcdod rouke x =V

-

onpedeaner wa Tix; V) nerkoropyio n-iunelnyio anrucummerpud-
nyro nesyaceyo gopmy. Ecan cuctema T opuenrayul mMno2o-
obpasua V HenpepsisHa 8 TOUKe @, TO BHAK N-KOBEKTOpO, onpede-

-
Aennsii opmoli o 8 Touke X na T (x; V) orrocureasno opuenra-
au T (x) aroeo npocTpancrea, ROCTORMER Jas 6Cex X, JOCTATOURHO
GAuskux K a4, HeAQGUCUMO OT 86150pa opust ®, Henpepusrol
8 TOuKe a.

O6patuo, ecan 041 HPKOTOPOL HACTHOU hOpMbL ©, REpepbis-
HOUL 8 TOYKe @, 3T0OT 3HAK ROCTOAHEH 68 HeKOTOpPOIl OKPEerTrHOCTH
TOYKL @, TO PACCHMATPHEBAEMART CHCTEMG Opuentayuid T Henpe-
PHIBHE 8 TOHKE (L,

= o> >
Hoxasateasctro., Ilyers Uy, Uy ..., U, —cucrema n
BEKTOPHBIX fONeH, KACATEIbHEIX K MHorooOpasuilo V, JAnnciine ne-
3aDHCHMBIX H (ICOPEPHBHBIX B TOYKe ¢. B npefuiiyileM 3aMedaHHH
M BHIEJH, UTO TaKHe MoJaq ¢yniecTByklT. BelecTBéHHada QyHK-

= e >
maa x— e (x) (U (x), Uglx), ..., U.(x)) menpepoiera n == 0
B Touke a. CJepoBaTedpHO, €€ 3HAK MOCTOAHEH B HEKOTOPOH
OKPeCTHOCTH TOYKH &, Ou paBeH NPOoH3BENENHIO 311aKa mr-KOBCK-

> > >
ropa o(x) u smaga Gasuca U (x), U,(x), ..., U.{x) npocrpau-
=
etea Tix; V) orHocntennye opmenranny & (x} npocrpaucTsa

?(x; V)., 3nag popMmu GyAET MOCTOAHHEIM B OKPECTHOCTH TOUKH o
TOF1a U TOJBKO TOTMA, Korga GyIeT TOCTOSHHBM 3HAK CHCTEMBL #
BeKTOPOB, T. €. B CHAY Teopembl 23, KorZa cHeTema oprHeHTanHil
MHOTOOGpAsHsA Y Oymer HenpepelBHOH B TOuKe .

3amevanne Ecap B HeKOTOPOR cHCTeMe OpPHEHTAUNI MHOrO-
ofpasus V pemtecreennas xuddepennpansuan Gbopma o CTeREHH 1,
onpesenennas Ha V, Takosa, yto B Kammoll touke x us V a-xo-

=
sekTop @(x) HeoTpunateaen Ha T (x: V) (onpeicichHue freorpHLa-
TCABHOTO  H-KOBCKTOpa oM. na crp. 100), to Mo 6yiem nu-
cath ®~20. OT10 nousdrHe 3Haka auddepenuyaneyoll opMut
MakcuMaNneLHOl  CTemeHH # HAa MHOPooBpaszmu V' pasMepHocTd
7 AMEeT CMBICJ TOJNBKO NPH 3a0aHHCH OpHeNnTauud MHoroolpa-
sus V.
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lIpumep weopuenTupyeMoro muoroofpazusa. Jiuer M&Guyca

BosnMem npamoyroabhak ABB’A’ w cikaenm ase ero nporumo-
nogoxuue croponst AB u A'B’. Tlpk stoM Touka A coBmecTHTCR
¢ tougoit A’ v Touka B —c Toukoi B’. Urofu NOAYYHTH mueT
MEGuyca, a0 MPAMOYIOMSHAK TNPeIBAPHTEALHO NEePeKPyTHTh,
T. €. CACHATB TaK, YTOOH TO4KZ A COBMECTHMAch ¢ TOUKOR A,
a2 Touka B —c touxoit A'. Ecau AM = B'M’, 1o touka M nomxmua
coBnactb ¢ roukoit M’. Jluer MéBGuyca MomHO onpexcants xak
IRYMEPHYIO MOBEPXHOCTh Kiacca ™ B K3,

A A
M
o= ————t
M
8 &'
Puc 1.

B xauecree cpemuefi oxpymHOCTH Jncra MEGuyca BosbMeM
oKpyxRHOCTE I, oupenenennyio ypasuennamu x°2 4 1 =a?, 2 =0 Hau
NapaMeTpPHYECKHMH YPABHEHHAMH x=ac08¢, y=asing, z=10.

ITycts m{p) = m — Touka 3T0H OKPY)XROCTH, COOTBLTCTBYIOLLAN
napaMerpy . OnpemesuM Ha aucre MEGMyca OTKPBITBIL OTpe3oK
LAuHb 2 < 2a, nepneninkyaapouii sToll cpomuedl OKPyIKHOCTH, NO
bopuye :

. P = P ES
Mg, p)=mlg)—psinguTpcosye, —I<p<l, (V59
> " > -

rae g; — eAHHNYHEH BeKTOR OCH 2, 4 # - ¢AHNHYILIT BCHETOpP OCH
— -

Om: Om=aqau. Tlpn =0 sror ortpe3ox BReprHxkaden. Korma
YIO& @ BO3DACTAET, OVPE30K <NOBOPAYHBUCTCH BOKPYT KacarTesb-
HOH K cpenHeR OKpyxXHOCTH®» Ha yron ¢/2. Korna m Bosspaimaercn
B HCXOAHOC NMOJOKEHUE NPH ¢ = 2;x, OTPE3CK TaK)Ke BO3Bpailaercd
B HCXO0IHOEe MOJOCHEeHHe, HO «ﬁBPEBepH}'BmHCb».

Tak MOXHO NOAYYHTR DApaMeTPHYECKOE MPEACTABJCHHE JHCTA
Mébuyca:

x=(a_psin§)cosqa,

" . q)ElR, —I<P<l:
={a—psinZ)sin g, VL5 4
Y ( P 2) Y a ¢ sanamm, 0<i<a, { )
z=pcos%—,
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3aMeTHM, YTO eCJH 3IAMEHHT: @ Ha ¢+ 2n H o HA — o, TO
Mbl TpHAeM K ToH e TouKe aAucrta MeéGuyca. ChaenosaredabHo,
OPENLAYILES HAPAMETPHYCCKOE NPCACTABACHHE SABJAALTCH <€HECO6-
CTBEHHEIM HapaMeTpuieckKum npencrasiedueM». ONHAKG J0Ka/dbHO
3T0 UCTRHHOE NapaMeTPHuYSCKoe NPENCcTaBJA€HHE B CMbICAE onpeipe-
Jerus ra. [I1 (erp. 321, 1. I). B camom pnene, ecqn OTPAHUUHTLCA
u3MeHeHueM (@, ¢} B OTKPHITOM DNPAMOYTOJBHUKe (fo,=0C npo-
cTpadcTea 2, onpeieseHHOM He PABEHCTBAMHE @p — 71 < @ < g -+ 1,
~ 1 < p<1, 1o bopuyaa (VL,5:4) anpeneanr roMmeomopdusm O

Puec 2.

kiracca C% TPAMOVIONbHUKA ( HA HEKOTOPOE OTKPHTOE MHONKE-
eTtBo adcta Mébuyca. Jlast toro yroGE A0Ka3aTh, UTO mapaMerpu-
JECHOe npele'raB.ncmic D sasanercs HCTHHHBIM, HNOCTATOUHO N0OKAa-
34Th, YTO !’IPOHSBO@HOQ oroopa:m:enue OTOOPGJPC&HLIR D s RO 3
804bHOL TOUKe npasoyeoasnura O umeer paune 2.

Hunpdepenuuporanue ¢popmyier {VI,4;3) mo p naer coorHo-
HnieHiie

M

aM q)" .
-{K——sm—-u—l—a::t)s2 (VI, 5;5)

e
H3 KOTOpPOro BHUHO, 4YTO BEKTOP ﬁM{dp He paseH 0 (ero cocra-
BaAIIMe —sSing/2 U coS@/2 N0 B3AMMHO NePNeHAUKYJ/IAPHBIM
0CAM ORHOBPEMEHHO B HYJbL He odpainainTcs) d HAnpasaed BJOJb

MOABHAKHOIO  orpeska. JIupQepeHuHPOBAHHE 0O @ RPUBOAMT
K COOTHOLLEHHID

>
?7234 (ampsmg)z—;—-g—cosgg—-%sin %;3. {VI, 5;6)

Hs TeOMeTPHIECKIIX coobpaxennil BUAHO, YTO MOJYUCHNLIH BeK-
TOP OMfdcp NeplenfuKyaaped OpeAblIylieMy BeKTopy (370 nony-
qaercn Cpa3y, eC/IH BOCOOJL3OBATLCA ToM (PaKTOM, 9TO d;/dcp, u
H es onapxo OPTOTOHAJBLER), 4 ¢ JApYyrod CTOPOHH, OH He pa-

BEH O [IOCKOJBKY €0 COCTaBJAAKIUINE N0 BEKTOPaAM u H 63 QLHO-
BpeMeHHO B HYJAL HE oﬁpaw,alorca.
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e Y

Takum ofpazoM, pekropua dM[3p n dM/d¢ aciictsurcabno au-
HelHO HEZABACHMBI H napaMeTpudeckoe npeicrasnenne @ apaneTcs
HCeTHHHBM. JTHer Méduyca ecth LBYMepHad NOBepXHOCTE KAacca C°
B npocTpanctee 2,

Tecopema 23, Juer MéGuyea ue opuenrupyes.

Adorazatetbpcerso, IlogakeM, uT0 He CYMIECTEYET CHCTEMH
opuenTaunit 7 ancra Méduyca V, cyscense KOToOpoil Ha cpeldHiolo
oxpysicrocts T HEenpepriRte (T. . HENPEPLIBHO HAMeHsieTed ni10as [').
IIlna 3r0oro NpPeANoJOXHM, 4TC TAKasd cHcremMa J CYUIECTBYeT, H
MNOKAXKEeM, YTO HTO [PHBOAHT K [IPOTHBOPEUHK,

PaccMorpum wapry @, COOTBCTCTBYWUIYID OTKPHTOMY MHOMKeE-

=

-»

¢18y (C¢,. Bekropw dM/dg w 6M/dp obpazyior cAacTeMy IBYX He-
OpepPEIBHBIX BeKTOPHHIX moJelt Ha D((F). Pra cucrema, cordacHo
teopeMe 22, JAQJMHA HMeTh [IOCTOHHHHEIA 3HAK OTHOCHTRJBHO CH-
crembl ¥ opuentauuit mucra V, xoropada mo npenmonosKeHn He-
npepuiBHa na cgazsoi kpupoit '@ (C). Huaue rosopda, 6asuc

= -
AMfdp, aM/dp & Touxe M{qp, 0) uMeeT NOCTOANKHEIR 3HAK, KOPJa @
u3MeHseTCs B unrepsane ¢y — n < @ < @y -+ n. [TockonbKy 3Haue-
HHMe @, OPOH3BOJbHO, 3TOT Ga3HC HMEeT NOCTOAHHLIN 3HAK G.4n
6CEX BEULCCTEEHHOLY cp Ho »sto HGBOBMO}K HO, TAK KaK M {p42xn, 0)=

=M (@, 0), npmuen (@ + 23, 0) = 5L ‘3’“ 0, 0) a—p(cp+2n,0)——~

m——%—g?(qj, 0), 1. e. dea baszucg. coorsercrayomue ¢ i ¢+ 21,
UMEIOT NPOTHAONOACHCHDE 3Haxy, Mp IpHIIAH K nPOTHBOPCUHIC.
ITUM obbACHAETCH CJASAYIOLME $aKT: HOTAA NHTAIOTCA OPHEHTH-
poBaTe Juct  MBGHyca, RLIONPAIDT  HEKOTOPYIY OPHEHTAIHIO
B Touxe (@, 0), a 3aTeM TNpPOLOJKANT ee MO HeMPEePbIRHOCTH, ABH-
raach BAOIb OKPyacHOCTH [, HO mocge oaworo oGopora (mo
{9 -+ 2Zn, 0)) monagamT B HCXOLHYK TOUKY ¢ OpHEHTAauked, [pO-
THBONOJOMHOE HCXOJHOA, ITO CHOBA TOBOPHT O HEBOSMOMKHOCTH
opHeuTHponaTh Jnct MEGayca,

Jlaer Meﬁuyca ofiagaer ApyruMu HHTEPECHEIMH TONOJOTHUE-
CKHMH cBolicTnavn. Hanpumep, ecau eeo paapesats edoas cpedned
OKPYICHOCTH, TO OH HC pacnaderca na dee 4acTi, DTO O3HAYAET,
YTO AONOJHEHIle K cpeaHedl OKPYyMHOCTH Ha V' CBH3HO H JAaXe€
ARHCHEO CBA3KO, YTO HeBepHo OJA JHCTA, CKACCHHOTO OOBIYHLIM
cnocofoM. Dro ¢BOHCTBO oueBHII0, B ¢aMoM Aede, Jerko HaiTH
ny™s, coeannrsmomuli 8 V — 1 roury M (g, p,) ¢ Toukoit M (,, poh
rae p, ¥ p, 5= 0. Jlaa 5ToT0 KOCTATOMHO HENpePHBHO HIMEHATE ¢
OT @ K ¢, U p OT P K [, HE Nepexons uepes 0, ecaH TOJBKO Py
H Po HMEOT OJMH H TOT e 3HaK. Ecid me py H Py HMEWT Opo-
THBOMOJQKHEIE 3HAKH, TO Hale OyAST HEIpPePHBHO H3MCHATE ¢
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OT @ A0 @ +2r B p OT P K0 —py, TAKKE He Tnepexoad
yepes 0

Ynpaxuenge, HenocpencerseHH0 HOKA3arh npelpiiyline
CBORCTBA JuCTa MEGNyca, OTPeNenCHHOrO KaK abCTPAKTHOE MHOTO-
ofpasue. JlAs 9T0rO RANO PACCMOTPETh MPAMOYTOABHHE ABB' A’
H COBMECTHTL TOUKH OTpe3ska AB ¢ Touxamu orpeaka B'A’, oro-
Aaecraaad roukn M n M/, pacmoNOMEHHEE HA OJHHAKOBOM pac-
croaHnd oT A n B’ HyxHO nokaiate, 4To Ha (DakTOpMHONKecTBe
TErKO YCTAHABJMBAETCHA TOMOJOrHYECKAA CTPYKTYPA H jJaie CTPYK-
TYpa aGCTPAKTHOTO MHOTOOOpasHA pasMepHocTH 2 wknacca C™,
C apyrofi cropone, cacaver y@emuthea, uTo jpononuente k Q0!
CBA3HO W UTO He CYLUECTBYET CHCTEMH OpPHEHTAUMA MHOTOOCpasus,
KOTOpas HenpepwBHO H3MeHsaack OBl BLOM GO’

EcTecTBEHHO, HMEIOTCA MHOIOYHCJCHHBIE IPHMEDH OPHERTHDPYe-
Mux MHorooGpasuil. Tak, opuenTupyeMa cdepa adpbHHHOMO eBKAU-
EOBA TPOCTPAHCTBA, OPHEHTHPYeMBI KaK MHOrOoOpasms nosepx-
HOCTH 2-70 MOPAAKA — MBI 570 L0KAXKeM NMo3Ke (cheicTBHe 2 Teo-
pemsl 30). B kanecrBe ynpamuenud Ono OB NOMEIHHM YixKe celf-
yac AoKasaTs 3TH aKTH.

OpUEHTHPYEMOCTh KOMNACKCHBIX MHOT0OOpa3ail

Teopema 24, Jdwboe mnoeoodpasue V xaacca C' nad noses
KOMAACKCHBX YHCCT C OPRUCHTUPYEMQ U aOHnyCQBT KARGHUYSCCK IO
OPUEHTAHLIO.

Horasarenbcrao. IlyeTs 7 — KOMRNEKCHAS pasMeprocTs V
W 2n —ee BellleCTREHHass pasMepHocTh. KacaTensHoe BeKTOpHOR

-

npoctpauctso T (x; V) ABAACICA BEKTODHBIM NPOCTPAHCTBOM Haj
MOJeM KOMMJJAZKCHHX YHCCT KOMMACKCHOM pasmepnocm a H Bele-
C¢TBEHHOA pasMepHocTn 2n. CornacHo TeopeMe 10, oHO HMee? KaHO~
HHYeCcKYK opuenTanuio  (x). 3nauut, Ha MHOrooOpas3un V uMeercs
cHCTEMa KaHOHHYecknX opueHtanyit 7. OcraeTca AokasaTs ee
HeNpPePHBHOCT,, W TOTAA QHA ONpeLeJHT KAHOHHYECKYI) OPHEHTA-
une V.

Toyno Tak xe, Kak H B 3aMCUAHHH, caenymIeM 3a Teope

= >

MoOf 22, MOXHO HA{lTH CHCTEMY 1 BeKTOpHUX noaeht Uy, U,, o1, Uy,

KacareqMbibX K V, HempephbBHbix B TouKe a &V u BeoAy JHHefiHO

HeIABHCHMEX OTHOCHTENBbHO IMOJA EKOMAMEKCHHIX UHCen, TOI‘I[&
> >

- > > >

U, iU, Uy, iU, ..., U,, iU, GyayroGpa3oBHBATE CHCTEMY Kaca-
TECJBHEHY BCKTOPHBX no.ueﬁ, HENPCPHIBHBEIX B TOYKE ( H BCHILY
JHHEHHO HE3ABHCHMEIX OTHOCHTENIBHO INOJA DEULECTBEHHLIX HHCE,
CoraacHo OnpeneseHdId KaHOHHUeCKROH opuenTauun F (x) Kom-

N
naekcHoro npocrpanctsa T (x; V), ee Kaacc BCIOAY NOJIOHKHTENEH,
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TMosToMy OH MMeeT MOCTOMHHEIA 3HAK B OKPECTHOCTH TOUYKH 4.
CoraacHo teopeMe 22, cucreMa OpHeHTAUHY HenpepbiBHA B TOUKE a.
Tak Kak Touxka o OPOH3BOJLHA, TeoPema ALoKa3alia.

Tpancsepcansnas OpHEHTaUHA MHorooGpasna I paszMepHocTn
n=N—1 s apdunuom npocrpaucree E pasmepuoctu N
Haj TMoJeM BELIeCTBEHHBIX uHCEN

Pacemorpum B N-mepuom addunuoM npocTpancTee £ Hap
noJeM BEIUSCTBEHHHEIX UHCE/ THIEPNOBEPXi0CTh 2 kaacca ('), r, ¢
Muoroofpasue knacca C' pasMmepHoeTr #=N — 1. ¥ Hac umeercs
HHTYHTHBHOE TNpexctTaBieAne O TOM, UTO [PEACTABAAKT OGO
«NB& CTOPOHBI» 3TON TrHIePNOBePXHOCTH. Hanpumep, HX MOACHC
GBIIO O MOKPaCHTh: ONHY KDPAaCHHIM, a LPYTYI0 KEATHM LBETOM
(sbi0Op HEBETOB NpOH3BONbHLI)., Hama 3azava Temeps cocrout
B TOM, UYTOOBl NPHAATL TOUHHIA CMEIC STOMY DOHATHIO.

BrifepeMm cHavana H&KOTOP}’}O TOUKY & noBepxuocrH X. Ee

KacaTensHoe NPOCTPAHCTBO T(a- Z) sBAseTCA HEKOTOPOH ranep-

NAOCKOCTLIO B NPOGCTPAHCTEC E Oxa pemur mpocTpaHcTBO E Ha
JB2 OTKPHTHX nofdynpocrpanctea. HpyrEMu c¢joBamH, B MHCXKe-
S

CTE€ BEKTOPOB NMPOCTPAHCTBA E OHA OOpene/seT AB2 KAACCA Bex-
TOPOB, TPANCBEPCAMBHHIX K CHACPIOBEPXHOCTH T B TOUKE 4, T. €.

™
He JeXKaIHX B KacaTeJbHoM npocrpadcrBe T {a; I),
[Ecnu ypaBueuHe 3TOrG KacarelbHOrO NPOCTPAHCTBA HMEET BHA
—=

F(x)=0, rne F— nexoropasn nuuchinas ¢opMa Ha F, 10 ABa atn
KONYIPOCTPAHCTBA OYVAYT ONPCAENATHECA COQTEETCTBEHHO HepaBew-
creamMi F{x}>0 u F{x)< 0. 3TR noaynpocTpaicrea ABALOTCA
npoofpa3aMHu NPH HENPEPHIBHOM OTOGPaMeHHH F OTKPBITHIX MHO-
HECTB §:;0 H E<0 npamoit R, a crenoBaTeabHO, OHHM CaMH OT-

KpeITHl B E, a Takxe B J0ONogHeHuH K runepmiockoctH, Caenopa-

TEJBbHO, STO AONMOJHEHHe He cBA3HO. Kaxiaoe H3 aByX moaynpo-

CTPAECTB OTKPHTO H CBA3HO H LajKe JHHeHHO cBH3HO. B camom
> >

fene, ecJAH IBe TOYKH Y u Z NDHHAAJAeKaT OLHOMY M TOMY e

NOAYNPOCTPAHCTBY, TO COEAMHAIONIKA HX OTPE30K THUMEPIIOCKOCTH
He nepecexkaer. JleHcTBUTENbHO, TAaK KaK F anueiino,

FET + (-0 =tFO+(=DHF(Z), 0<i<1,  (VI,57)

T. . F coxpanaer NOCTOAHMLIN SHAK HA PACCMATPUBAeMoM OTpeske.)

TOBOPAT, UTO 2uNEPROBEPXHOCTS T TPANCBEPCAALHO OPUEHTU-
POBAHA B8 TOMKE @ HAU HTO 3APUKCUPOSAHBL COOTBETCTBYIOLLE
sraKku OJsyx cropon L 8 TOYKE 4, €CJH OAHQ W3 ABYX NOJYNpO-

CTPAHCTR, ONpefeJeHHBIX THAepnJaocKoersio T (a; I} B mpocTpan-
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e
cree £, cnaGxkeno sgakoM -, a Apyroe anakom —. O Bekrope
¥3 NOMOKHTENBHOTO KJIAcCa, TPAHCBEPCANBHOM B TOUKE (, COBO-
PAT, UTO «OH Nepecekaer BEKTOPHOE MPOCTPAHCTBO, KacaTe/lbHO
K 2 B TOUKE a» B NOJACNKHTEISHOM HALPABJAEHHH HAH YTO OH pac-
HOJIOKeH HA TOJOKHTEdLHOH CropoHe THOEPNOBEPXHOCTH X
B TOUKe @, 2T0 03HAUAET TaKKe W TO, UTO PaccMaTpHBaeTCs dak-

>
TOPIOPOCTPAHCTBO TIpocTpateTea £ no runepnaeckocty I {a; X). 310
BeKTOPHOE (haKTOPIPOCTPAHCTBO ABJALTCA OOHOMEpPHOLM APOCTPAN-
cTBOM HAO noAem eeujecTaenmslx 4uces. [OBODHUTH © TPaHCBep-
caJbHOH OpHEeHTauHuM V B TOYKE 4 BCe PABHO, YTO roBOpUT: 00
OPHEHTAIlHH 3TOTO GaKTOPNPOCTPaHCTBA B IPEHHEM CMBIC/IE,

Cucresmodd N') rpancsepcassnbix opuexTayuil  eunepnosepx-
#ocrit 3 HAILBAETCHA TaKoe OTODPAIKEHNE, KOTOPOE KAKIOH TOUKE X
H2 2 CTABHT B COOTBETCTBHE HEKOTOPYIO TPAHCBEPCANLHYID ODPHeH-
tan®p A (x) NOBepXHOCTH X B TOUKe x. ITO HeKOTOPan dyHKIHH,
onpepesiedHan Ha Z, KOoTopad B KaxJof Touke r NPHHHMaeT 3Ha-
YeHHE B MHOMKECTBE, COCTOAIMEM H3 JABYX 3JeMeHTOB (KoTopoe
3ABHCHT OT TOUKH X), & HMEEROC B MHOMKECTBE H3 APYX BO3MOIKHHX

£ >
opHeHTAUNil BeKTOpHOro (aktopnpoctpanctea £ no 7T (x; Z).

BriacHMM, KaK MOXKHO ONpPEAeJHTh HENpePHIBHOCTE CHCTEMEL
TPaHCBePCAabHEX OpHeHTamud A MHOTOOGpazna I B ToUKe a & 2.
.

Toeopart, uro mode X BeKTOPOB NMpOCTpaHCTBA £, oNpedefeH-
HHX HAd 2, TPAHCBEPCAMbHO, €CAH IR KamwJAOH TOYKH x H3 I Bek-

-

Top X (x) TpaucBepcasen B TOUKe x K FCHOEPHOBepXHOCTK Z. Tpasc-
BepPCcaNBHHE NONA, HeNPePHIBHKE B TOUKe o & X, OUeBHIHO, Cylle-
¢TBYIOT. B caMoM gedqe, CyIecTBYeT OKPeCTHOCTh TOHKH &, B KOTO-
pofi MHOroo6pasue MOXKeT OHMTE 3ANHCAHO B BUIE YPABHEHHA BHIA
2 =g(xy ..., xy), TAE g NpHHALACKHT KAacCy C', OTHOCHTCNLHO
nogxonamdM o6pasoM BHOGPaHHOH cucTeMu KoopauHat. B sTof

=

OKPECTHOCTH MOCTOAHHOE BEKTOPHOE MOJe, DABHOE BEKTORY ¢, He-
HENPEPHIBHO H TPAHCBEPCANBHO.

Onpeasenenue, opopar, uro cucresny N TpanceepCalbnblx
OPUEHTANUL 2UNEPROGEPXHOCTI 3 Henpepuaa 8 TouKe @ & Z, ecaH,
KakoBO Obl HH GBI ONpeAcieHHOe Ha & HeNpepuBHOE B TOYUKE @

- -
u  TPAauCBepCAlnnOe BeKTOpHOE node X: x— X(x), 3HAK Bek-

Y) dpauuysckhe caosa tangentiel (kacaressmas) m transversal (rpanesep-
cams) ofa HaviHAWOTCA ¢ OYKBH [, Mo 3aMeHmiH TPaHcBEpCalb HA HOPMAJNbL H
uepes F o603MaynamM cMCTEMY OOSHIHEIX (TAHCEHMMATLHEIX WAM KACATENBEBIX)
ODHEHTAUHM, a yepe3 A — CHCTEMY TPAaACBePCAdbHHEX HAKX HOPMAALHHE OpHenTa-
unit. TToHsTHe RopMARU HMEET CMEICA TOMLKO TOPAA, KOrAa B £ BBEEHA QBKIM+
IoBd CTPYETYpa, = [Tpus. nepea.
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-
Topa X(x) oTHOCHTeNBHG TpaHcBepcadpHofl opuentaubn A (x)
ABJseTCS HenpepuiRHON DYHKUHe# x B TOUKe a, T. €. NOCTOAHHOH
B HEKOTOPOHd OKPECTHOCTH TOUKH 4.

Teopema 25, Ecau na 2 sadanst 382 cucremsl HENPEPoIBHBLY
6 TORKE ( TPAHCEEACAAOHUIX OpuenTayud, To ux orsowenie (dyni-
yus, onpedescnnan wa % u acrody pasnan 1 use —1)} Henpe-
PHBHO 8 TOYKE d, T. €. ROCTOSHHO 6 HEKOTOPOoI OKPECTHOCTH 3TOH
TotKLE. O6PATHO, ecAll 9T0 OTHOUICHILE RERLPEPBIBHG 11 O0ra u3 ds8yx
CUCTEM TPOHCEEPOAABHOIX OPUERTANUL Henpepusn®, TO Henpepyis
ot Gyder u 6ropas CUCTEMA.

Teopema ouepupna.

Cranencreue. Fcan 2unepnosepxrocTs 2 c8A3Ra u dae cu-
CTEHMBl TPAHCBEPCAALHOLY opitenrawuld V wenpepsianst, T0 oHiL agda
scrody cosnadaor na V, aubo scrody na V nporagonoaoscre:.

B camoM gnene, HX OTHOWIEHMe HENPePLIBAO HA £ H MOXKET
NpHHHEMAaTh TOAbkO aHavenus —+1 w —I1. TlockoJasky V cBA3HO,
3TO OTHOWIEHHE TOCTOHHHO,

ToBopsar, uTo eunepnosepxnocTs = npocrparcrsa £ rTpancaep-
CAABHO OPUEHTHPYEME, €CAH 0HA AONYCKAET HENPCUPLIBHYIO CHCTEMY
TPARCBEPCAJLHHX oOpHeHTaunfl. [ HIepHoB¢PXHOCTL HA3BBAGTCA
TPAHCBEPCAILHO OPURHTHPOBANNOH, eCiil 331aHA OMHA H3 TAKHX
CHCTEM.

EcJan runepnoBepxHoCTe X CBA3HA M @CJAH OHA TPAHCBEPCAILHO
OPHERTHpPYEMA, TO OHA JONVCKAeT ABE BO3MOMKHHIE TPAHCBEPCAb-
Hble OPHEHTALHH, POTHBOMOIOKHBIE APYT APyry. TpaHceepcadnb-
Haa opaenTtanus L Gyaer QuUCHpoBaHiof, €cnd 3alaTh TpaHC-
BepeatbHYI0 ODHEHTAUWIO B ONHOH TOUKe IHIEPMOBEPXHOCTH 2 7),

Tpaﬂcnepcanbnan OpHEeHTAUHA ¢ NOMOMLK Henpepbmuux
nonei HOPMAJ&HMX BEKTOfOB

[IpuseneM Temeps HEKOTOPHIE TEOPEMHEL OTHOCHTEILHO TPAHC-
BePCaAbHON OPHEHTAIMH THOEPNOBEPXHOCTEN C MOMOLILIO OPHEHTA-
UHH HX HOpMaJgel B adpuaHHOM eskaundosom IPOCTPAHCTBE,

Teopewma 26. Tycre E — sunepnosepxrocrs xaacca C e ag-
gunnos esgaudosom npoctpancree E. [aa kawdod rowku a u3 I

'} B uekoropoit Touke ¥V 9to OTHOLIEHHe paBHo -F], €CON HOMOMATENEHHE
KAZCCH TPAMCBEPCAMbEMK BCHTOPOD, ONPeICACHHLIX ABYMA CHCTeMOMH TpaHe-
BEPCASBHLEIX OPHENTAUMH, COBNAnatoT B Hef, B npeTHBHOM cAyuae OHo pasHo —l.

Yy Taucenyuaistaq OpPHCNTRUNS  MIOrooGpasnd, paccMoTpenHas  pamee,
ABAACTCA BHYTPEHHHUM CBOHCTBOM MHOTOOOPAZHA, MHOr0OGHAIHE MONKET OMTE
abcTpakTHuM. T pancsepcussnan OPHERTANNS OTHGCHTCA K MHOr0OGpadnIo, Jeka-
WeMy B OCHDYXAIOIWEM €ro MnpocrpaHcTse. MOMKHO ONDEAJHTB [JBE CTODOHK
XPHBOA H& NAOCKOCTH, HO 5T0 HEBOIMOMKHO CAGNATR HH AMa KPHDOR, .Texwawef
B K% By nia abcrpakTaoR kpuBOR.
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8 HEeROTOPOIl ee OKPECTHOCTIL CYWErTayeT Henpepsisroe noae edu-
RUYHBIX HOPMAALRMX GCKTOPOB.

Cucrema Tpanceepcaibusly opuentayuil N nosepyuocty 3
Henpepoigha a Touke o Toeda 4 ToABKO To2da, Koeda YyRaslannoe
RoAe UMEET NOCTOAHAGUL 3HAK 8 HeKOTOPOL OKPecTHOCTY TOYKU O
OTHOCUTEABHO TPAHCBePCAALROL opueHTayuy N .

JokasatenscTbBo. B cuay caencrsua reopemur 33, ra. 111
CYLICCTBYCT HEKOTGPas OKPCCTHOCTL TOYKH @, B KOTOPOf rumepno-
BEPXHOCTE ONpPEAeNASTCA HOPMAJAbHHM yparHenHeM [{x)=0, rae
f — ueroropan cp}rnxuﬂmacca C'. BekTopHoe moJe, onpefeiantoe

grad f (x)

—
llgrad f (x)l
HHYEBIX HOPMaJbHbIX BeKTOpOB., EC/H HenpepEHBHAA CHCTEMA TPaHC-
Bepcanpuex opuedTaunii A 3alaHa B OKPECTHOCTH TOYKH 4, TO
no ONUPCASNCHHIO TAKOE HENPCPHBHOS MOJE LOMKIO HMeTh NOCTO-
SHNEA 3HAK OTHOCHTeNBHO A B HeKOTOPOA OKPeCTHOCTH TOYKH .
O6paTio, APEeANOJOMHM, YTO pacCMaTPHBAEMOe NOJe HMeeT
NOCTOAHHLIA 3HAK B HEKOTOPOH OKPeCTHOCTH TOUYKH & OTHOCHTE/BHO
HEKOTOPON CHCTEMBI TPAHCBEPCAJIBHBIX OpHEHTaUR A nosepxHo-
¢tu % B OKpecTHOCTH Toukd a. [lycte X — mpoH3BoAbHOe Hempe-
PHIBHOE TPAHCBCPCAMBHOE TOJE, ONpeac/eHHOe B HEKOTOPOR OKpe-

e -
ctHoCTH TowkM a, Torma ckagspHoe mnpoHapenerne {X (x}lv(x))
HeMpPepEIBHO B TOUKe @. ITO mpoussenesHe scwopy =0, a noromy
OHO COXPAHAET MOCTOAKHHI 3HAK B OKPECTHOCTH TOMKH 4, OTKYZAA

e
BCKTOPAMH v{x) == s ABJACTCH [ICTPEDHBHLM NOJEM SIH-

> -
CAEAYCT, 4T0 B 3Toft okpectHoetdH X(x) u w(x) uMmewT aubo ogu-
HAKOBEE, JHOO MPOTHBONOJOKHBIE 3HAKH OTHOCHTENBHO MGOR
CHOTEMEl TPANCREPCAJBHHIX OPHEHTANHH, HENPEpPLIBHOH HAH HeT,
Ecna_}paccmanHBaemaa cuerema  opuentauuit A4 TakoBa, 4TO

TOMC v HMECT MOCTOAHNHHE 3HAK B CKpeCcTHOCTH TOUKH &, TO TO Xe
e

camoe ByfeT BepHO AR noJA X, a 3TO JIO ONPEIE/EHHIO BJever
3a ¢000li HERpPEeDPEIBHOCTL CHCTeMB A TPAHCBEPCAJBHBIX OpPHEHTA-
ned B TOUKRE 4.

Chencrpoue l. Haz rozo 410bu ctcrenad N TPanceepcars-
HOLY OPUEHTAIUN 2UREPROBEPXHOCTH L feiaa Henpepuisroli 8 TOYKE @,
=

neobxoduso 1 JocTarouno, 4Tobu noae v, HopxaaoHvix K I edu-
Hitd MOty BeRTOpo8, NOAOWUTEALHOLY QTHOCUTEABHD CHCTEMBE JY’,
OOLA0 HERPEPBIBHOIM 8 TOUKE 4,

MelCcTRYTENRAO, €CAH NOJE eAHHAUHBX HOPDMAJBHEIX IIOJOMH-
T&/JbHbBIX OTHOCHTJBHO J‘Io BEKTOPOB HeNPEPLIBHO B TOYKE &, TO
Mbl HMeed HCOPEPbIBHOS THOJAE CIHEHYHLIX }lOpMﬂﬂbllh'[X BEKTOPOB
HOCTOFAHHOFO 3HaKa, a SUBAYAT, CHCTeMa opHentauull & wenpe
pLIBHA B TOUKe &,
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O6paTHo, DPEANONONKHM, UYTO cHcTema A TPAHCBEDCAMLEHX
OpPHEHTAUWE HenpepelBHA B Touke a. ME y:Ke paccMaTpHBaJH
e

HenpepuBlice NMOJAC ¥ CAHIHUHLIX NOPMATLUEIX BEKTOPOB. DTO MOMAC

cOXpaHsier MOCTOSAHHBIT 3HAK OTHOCHTENsHO .4° B HEKOTOpOH okpe-

CTHOCTH TOYKH @, CrenoBareasno, €amo 310 NOJAEe WIH €ro NpoTu-
-

BOOOJOKHOE ABJASETCA NOJeM v, €IHHHYHLX HOPMAJABHBIX NOJO-
WHHUTEAbHEIX BEKTODOB H HCNPCPHBHG B TOUKE d.

ChnenctrHe 2. Jaa 7020 4T06st 2URCPROBEPXHOCTS L 8K AL~
dora npocrpadetsa E  Owvlaa  Tpanceepcaasio  OPUEHTUNGE MO,
HEOOX0OUMG & O0CTATOHHO, 4TOOM HO 2 CHWECTBO8A.10 Hefipepoie-
HOE H0Ae eQURUYHOIE HOpMHAteHLX 6eKTOpoe, Ecau tosepxHocTs 3
TPARCGE PEAABHG OPHEHTUPYCME, TO H04e eQUNHNANOIX HODMAIbHOLY
SOKTOPOB, NOAOHUTOALHBIY & TPAHCBEPCAALHOL OpueHTAUUL, He-
NPepbIBHO.

S
B camom aAene, €CAH CYUIECTBYCT HENPEpPLIBHOE fHOe v €0H-

EHUEBIX HOPMAMBHME BEKTOPOB W €CJAH B KAaKIOH TOUKE x MHOLG-
obpasasa £ Mb! 3apHKCHPYeM TPaHcRepeanLayK opueHTaniw A (x)

TakK, YTOGE RBEKTOp ;(x) BLLT MONCIKHTENSH B opueHTAlWH A°(x),
TO H3 TEOPEMH CAENYET, 4TO CNpelefleHHAA TaKHM OGpa30M Cu-
cTeMa opueHtaumi A° HenpepnlBHa, a C¢AeloBaTesbHo, THIEPIO-
BEPXHOCTh X TPAHCBCPCAJILHO OPHEHTHPYEMA.

Ofpario, €CH THOCPOOBEPXHOCTE 3 TPAHCBEPCAMABLHO OPHEH-
THPYeMa, 70, COTVIACHO CNEACTBHIO 1, MoJe eluHHYHHX HOPMaJb-
HHX MOJOKHTEIRHEX BEKTOPOB HEHPePHBHO.

Cnencreue 3. Kawdan cunepnosepxnocte Kiacca C' appun-
HO20 KOHEHHOMEPHOZO npocTpancTea E, 2a0baavne onpedesennan
odnum ropmarsrom ypasnesuesm [{xy=0, 2d¢ [ npunadiercur
kiaccy C' e E, rpancsepcarsno opuenrupyema, Kawdas samimy-
Tai SUNCPROBEPXROCTH Kaaced C' agpunnozo npocTparcTea TpaKc-
gepraiono vphenrupyesa. Cohepot eskaudosq RPocTPANCTEL TPAHC-
BEPLAABHO OPUEHTUPYE MbL.

Ecan £ cuabxeno HeKoTOPOH eBKMHMIOBOj CTPYKTY PO, TO Npu
NePsOM TPeANOIOKEeAHH CYIUIECTBYET HENPEPHBHOE N0Je €LHAHY-

— —
HplX HOPMaJAbHEIX BeKTOpOB, a umenHo gradf/| gradf|l. Temeps
JAOCTATOUHO TMPHMEHHTh CHedCTBHE 2.

Mbl Bujenu (sameyanne 2°) ua crp. 808 r. ), uro Kaxpag
3AMKHYTAS THIEPHOBEPXHOCTH KAacca C™ MoxeT Obith onpeje-
Jdcha OJHHM HOpMaJdAbHbLIM Y PABHEHHEM, HOE)TOM)" 0HA BCeErga
TPaHCBEpPCaaLHO OpHeRTHPYyeMa., Moxuo AoKasarth, 4ro pesyJanTat
COXPAHSIeTCH B CJIyuae THMEPHOBEPXHOCTH Edacca ('),

') [erazareancTso 0delb CAGKHO, I MM 3ITOT Pe3y/bTar apaMeM 6e3 Joxa-
3aTeJABECTRA.
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Cdyepsl €BKJII10BA NPOCTPAHCTRA H IOBEPXIIOCTH BTOPOLC NOPALKA
(6e3 0cO0BIX TOUEK) HMEIOT HOPDMAMBHOE YPABHEHNUE, 4 3HAYHT, TPAHC-
BepcaspHe opueHTHPyeMbl. Jna chepw ¢ ypapnewuem || x — QO jf—
— R'=0 noJae, onpeacicHn0e nNPeIuAyHM COOCOGOM, HMEeT

—_—

o x -0
TAKOA BHA! X —> —p—. 3TO0 «BHXOJLALICEH HOPMANLHOE [OJE,
HANPaBACHHOE TO IMPOAOKEHHIO PAnHYC-BEKTOPa ¢ HAUAIOM
B neurpe. [oBopdar, uTo cdepy MOKRO TPAHCBEPCAJABHC OpueH-
THPUBATL TaK, YTO BEIXOAALLHE BEKTODLI 6YIVT DONOKHTEALUEMHA.

Cunegcrene 4. [Tycre X — ecucrema rpancsepeasonsty opuc-
rauutl Ra aunepnogepxmoctTd L N-mepHozo agpdunnozo npocrpan-
crga E. Foalt 8 HEKOTOPOH OKPPCTHOCTU TOUKU & (yiljecrayer

-

X0TR 6ot 00HO Henpepoigroe nose X TPAHCBEPCAABHOIX BEKTOPOE,
wMeiOWCe NOCTORKMBII 3HAK 8 BTON OKPECTHOCTH OTHOCUTEAbHO
N, 1o cucrema & HenpepeigHa @ Touke Q.

NorkasatenscTBo, 3apuxcapyeM Ha £ HEKOTOPYIO eBKJM-
JOBY CTPYKTYpPY; HAIpHMe]P, BHOPAB HEKOTCDYIO CHCTEMY KOODPIU-
. e

nart, oromaectsumM E ¢ RY, TlycTe v — nenpepuBHOE NoNe enu-
HHYHEX HOPMAJLHWIX BEKTOPOB B OKPECTHOCTH a. Toraa cxansp-

HO€ IPOH3BCACHHE (le) uenpepuano, H, CASI0BATC/ILHO, KAK MBI

BUAENH B TeopeMme 26, noJe X " node v BCETHA AMET AHG0 OAHH
H TOT € B3HAK, JHO0C TNPOTHBONCAMKHHE 3HAKH OTHOCHTENLHO
NPOU3RWILHONA, HeNpePEBHON HAH HEeT, CHCTeMul TPAHCBEPCAMLHBIX

. -

ODHEHTAUMI B OKDECTHOCTH ToYKH ¢. OfHAKO Tak Kak note X

HMeeT TOCTOAHHHH SHAK OTHOCHTeNbHO A B OKPeCTHOCTH &, TO
S

To ke camoe OyJeT BEPHO ANA HOJA v, a U3 Teopemn 26 Gyaer
CAEA0BaTh, YTO cHereMa A TpaHCBepcadbHbBlXx OPHEHTALHH Hempe-
PBIBHA B TOUKRE &.

.

3amevyanne Korma B ©OH3HKe TOBOPAT O JBYX CTOpOHAX
CBA3HOH THHEPNOBEPXHOCTH I eBKJIHAOBA NPOCTPAHCTRBA, TO CHH-
TAKT, YTO Z €YTOANIEHA®, T. e, elf npunawT HeKoTopuid obneM G,
OTpaHnYeHHH i ABYMA THIEPNOBEPXHOCTAMA X H 2, «napanienh-
HBIMA Z» W DOJAYYSHHBIMH OTKNAJHBAHWEM HA HOPMAJW K Z B KamK-

-
Aofi €€ TOUKe & ABYX MaJBX BeKTOPOB = ev(@) C ONLHOH H ApPyroi
CTOPOHEL OT 3TOW TOUKM. JlOKAJBHO 3T0 HE NPHBOIHT K TPYAHO-
craM '}, Opnako €CTh AH ¥ HAC YEEPEHHOCTH B TOM, UTO IMIODAMBHO
9TH NoBepxXHOCTH 27 H LY «pasinunel»? Ouu OyoyT TakHMH, T. €,

-
1y Heofxoaumo Takme, uTofs TOUKH X =+ ev (¥} geficTouTenbino onwewpanu
HEKQTOPHIE MHOrOOOpasHA. ECJIH DOBEPXHOCTD I KOMOAKTHA H DPHHALACKHT
gaaccy €%, To 9TO YTBOPMAEUHE MOKHO AOKA3ATE. :
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rpaHyna C?[ iMeeT OR€, a4 He OJHY CBH3HEble COCTanJgAdioline torga
H TOJLKO TOrAd, KOrAa I TPaHCBepcaJbHe opHenTupyema., Ecnu

. - -
We 970 He Tak, 10 aFevia) U a —ev{a) Moryr OLTL COefHHEHH
HEKOTOPHIM TyTeM {ie pACHONONKEHHHM UEJHKOM B OKPECTHOCTH
TOUKH q).
Mpr zaMeunM moAxon, B KOTOPOM YYACTBYET <yTOJIHLEHHES fié
-

H TOYKH & = ev{a), Gonee YLOOGHHM H3yUYecHHCM MO HOPMAJcChk v,

Pa3zBueHne npocrpaHcTrea ka o06aacTH ¢ MoMoOmKLIC
TENePIIOBEPXHOCTEH

JazuMm Temeps Apyroe omnpegeneHMe ABYX CTOPOH THREpNo-
RepPXHOCTH F, ofpaurasch X 0ojee HENOCPELCTREHHOMY TpPencTas-
JleHHI0 O pasfeNeHHH NPOCTPAHCTBA TRIECPIOBEPXHOCTBEY HA OBe
YacTH.

peanodokuM AJs  ONDEICJACHHOCTH, YTO MOBEPXHOCTh I
apaneTcsl HeKoropolt cdepoll epkanposa npocrpancrna. Toraa
OHA pazzeNAeT BPOCTPAaHCTBO £ Ha Ape 00JacTH, KOTOPLIE HAasbl-
Balorcd OOBYHO, KCTATH TOBOPA MOBOJbLHG HEYMAHHO, BHYTPEH-
HOCTBK) H BHEUIHOCTBIO Cdepel. MOKHO cKa3aTh, YTO U3 RBYX
CTOpoH cdeprl OLHA «CMOTPHT BHYTPR cdepbl», a apyras <CcMoT-
putT BHe chepuin, OAHAKO COBCPLICHHO OUYCBHEKEO, YTO TAKOC ONH-
Canue B oﬁmem CAYTAe HEBOIMOMKHO.

[pennono:xuM, wanpuMmep, uto B miockoetn K? runmepmoBepx-
HOCTE % ABJAfeTcd OTKpHTHM oTpeskom JO, [  BetecTrReHHOMH
ocs R. flcHo, YTO T2 rUNEPNOBEPXHOCTL TPAHCBEPCAALHO OPHEHTH-
pyeMa, OAHAKO Z He JeJHT NPOCTPAHCTBA HA JABe 0OJacTH, H
MeTod, NPHMEeHeHEBHA Aas cdep, B 3TOM Cay4ac Henpurojen.

QaHako N0KAALHO TAKOH OTPe3oK ele MOMeT pasAeNHTh Npo-
CcTpaHeTBO Ha jaBe ofjactd. HlEade romopsa, e€ChH B3aTL NPoOHs-
BOJRHYKD TOUKY paccMarTpuesaeMoro oTpeska |0, 1f u madennkyio
OKPeCTHOCTh 3TOH TOYKH, TO 3Ta OKPECTHOCTh, €CJAH OHA XOPOWO
Bbifpana, OeNHTCA OTPe3KoM Ha e o0JacTh.

Onpenenenne, TOBOPAT, HTO C8A3N0E TOROAOUKECKOE
nnpocrpancrso E Jeaurca muomecrsom A na k «obaacrei» (£ Ko-
HeTHO HAHM GecKoneyHe), ecan ACnoAHeHme K A cocTONT u3 R
CBA3HBIX KOMIICHEHT. ITH CBA3HLIE KOMHOHEHTB HA3BBAIOTCS
obractamu, onpedereniinl ¢ E suonecraon A.

B enyuaax, Kotopbie Mbl coGHpaeMcqa paceMoTpeTh, MPOCTPAaH-
cTBO £ OyIeT JIOKaAbHO CBR3HEIM (Hanpumep, adPHHHEM HOPMH-
POBAHHEIM NIPOCTPAHCTBOM, HJH OTKPHTHIM MHOMeCTBOM adhdHHHOTO
HOPMHPOBAHHOTG [POCTPANCTRA, HJIH MHOFOOBpastcM), a MIGKC-
erBo A zaMmruyTHiM B E. Torga CA ortkpuito B E u JoKaasno
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¢BA3HO. B gonmosanennn uo ofwedl TONOAOrHN CBA3HBIX TMPOCTPAHCTR
{(reopemu 36; u B caeyOWHX 32 Hell aamevannax ra. Il toma D)
OTMEYaNocL, UTo Kanias cpasnad kouaopenta CA otgpuira 8 CA,
a cneqosatensHo, 1 B E, nockoabky aononucnue CA oTkpwTo
B £, Taxum ob6pasoM, CA ssiserca ofbeidHeHHEM £ HENYCTHX
OTKPHITHX CBAAHHX HENEPecerarnulHXcad YacTedl.

Teopema 27. [Tyere T — eunepnosepxunocrs waacca C' 6 E.
Toeda, xakosa Obt Hu Obraq TOowka ¢ u3 I, cyWecTsyer orkpol-
ran okpectHocTo ¥ Touku a & E, o6aadawwal caedyrouitmi
CBOLCTBAMU,

1%} Oxpecrrocrs ¥ 20Me0MOPHRA HEKOTOPOMY OTKPHITOMY
mapy.

2°) Mepecewenne T Y FaMikyro 8 oxpecTHocTu ¥ u deaur
ee na dge obaacru ¥, u ¥, JlwoGas rouxa nepecewerun B ¥
ACAAETCR TOUROU RPUKOCHOBEHUR KAV U3 aTux dayx obaacred ).

3°) Tunepnosepxnocrs T umeeT 8 ¥ Hopmaisnoe ypagHenue
f(x}=0, 1 ofe ofiaacru onpedeastores nepasencreamu f{x) >0
# flx)<0.

JokasateanberBo, CoracHo CReICTBHIO 2, Teopemu 32
ra. I, cywecrsyer Cl-nudbdeomoppusm @ OTKPLITOro MHOKE-
ctea € u3 RY Ha okpecriocts @ (¢!) Toukn a B E, Takyo, uTo
nepecedeune (| O(C) sBanercs ofpasom nupH orobpaxenun @
nepeceyenun (¢ ¢ rHneprnosepxnoctbio #, =190. Ecan ® () =a, To
RoctarouHo Gyaer BLIGpaTe B ' HeKOTOPHIA OTKPHTHH wWap ¢ iem-
TPOM @& H MH HOOJYUYHM OTKPLITOE MHOMECTBO u3 (f, pasnenen-
HOE THMepPNoBEPXHOCTBIO H; =10 ua 1Be oBaacTu.

LCenp Teneph B Kauectse #° B3ATh 00pas 3TOrO iIapa npH
otobpaxenu @, 1o, nockopky @ sBAAETCH TOMEOMOPHH3IMOM,
MBI NOJYMHM HCKOMO® OTKPBITOC MHOMCCTBO. Pyukuus | asagerca
peayasTaToM mnpeobpasoBaHHe PywKumu #— u; na R¥ ¢ novomsio
oroopaxenns @, 1. e. f(x)=nepsas KoOOpAUHATA OTOGpaANKe-

s O (x)

1} 370 cRONCTBO NOKA3HBAET, HTO FHNEPNIBEPXHOCT: HMEST He OYEHD
caocHbil BHA. Ecam pacemMorpeTh 3aMRHYTOR MHOMECTBO A, H30GpazKkemioe na
pHe. 3, TO MOMHO 3aMETHTH, 4TO OHD ASTHT MACCKOCTh HA ABe OSJacTH. OJHAKD

A

Puc 3

HMUIOTER TAKHE €0 TOUKH, KAK TOWKA 4, KOTOpHE ABATOTES TOMKAMA NPHKOCHO-
nenugl TOABKD OAHOH 113 aTHX Ofadctefl.
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Chopmymupyem Tenepn raobasipHyr TeopeMy, KOTopasa npH-
MEHHMA B CAyuae 3aMKHYTOM THOEPIoBepXHOCTH 2,

TeopeMa 28. Kawmdan samKHyTas HenycTas euneprogepy-
nocre 2 kaacca C' apunnozo npocrparcrea £ pasdeaser ezo
70 Kpained mepe na 0s8e 00AGcTH, U TO4HO HA 066 0DracTl, ecal
2HAEPROGEPXROCTE X CBA3HA.

Jdoxasatenscrso. 1°) Jokasareascrso toro, uto Q =C2
COCTOHT 1o Kpaiined sMepe W3 NBYX oGJacTel, A0BOBHD CAOKHO,
H TTOTOMY Mbl €ro OH}'CK&EM.

2°) Hanpotue, OTHOCHTRMLHO JIETKO YGEAHWTLCT B TOM, UTO €CJH
FHTIEPTIOBEPXHOCTE I CBA3HA, TO HMeeTcd He GoJee IByX ofiacreii.
B camoMm aeae, nyctb (Q),., — CBA3HBE KOMMOHEHTH OGMACTH
Q=C=.

JoKameM, YTO MHOMECTBO TOUEK THNEPNOBEPXHOCTR I, ARIAI-
MMHXCA TOYKAMH TNPHKOCHOBEHHA OHHOTe H3 £;, OnHOBPEeMEHHO
OTEPLITO H 3AMKHYTO B X, JTO MHOKECTBO, OUEBHAHO, 3aMKHYTO
B Z, MNOCKOALKY OHO HBJASTCA HepeceucHHeM 2 ¢ SAMEKHYTHEIM

MHBOKeCTBOM ) w3 E. JloxaxeM, uTo oHO OTKpLITO B 2. B camoM
aeae, MyCeTh 4 — TOUKA N3 3, ABAKOWAACA TOUKOH NPHKOCHOBEHRA
muOecrBa Q;. [lycers ¥ — okpectuocts Touku a B £, ofinagawuasn
YKa32yHeIMu B Teopeme 27 cpoitcteamu. [lockoabky a apasercs
TOUKO# MPHROCHORRHHS ANA Q,, TO Xo0TH BB OAHO H3 ABYX OTKPhE-
THIX MHBOXKeCTB #'; MM ¥, nepecexaeTca ¢ ;. Ecau, naopnmep,
7y nepecexaerca ¢ L, TO MHOXxecTBO ¥ UQ; asasercs oGpemH-
HEHHEM JBYX CBRSHBIX NOAMHOXECTB, HMEWILHX HEenyCcToe nepe-
CeUeHHe, a CAELOBATCABHO, COMMAcHO Tteopeme 36, (ctp. 92 . I),
¢BsI3HO. OaHako ; ABJgETcA CBA3HON KoMIOHeHTOl Q, a clenosa-
TedhHO, He CYLIeCTBYeT CRA3HOH uacTH MHoKecrsa €, CTPOTO
Sonvtredd, weM £, 3Haunr, 0¥, =Q;, v ¥, cQ,. B 3ToM
cAyvae Bee TOoYKH, OanskHe K @ (TOYKH Depecedenna 7)),
ABMAIOTCA TOUKAMA MPHKOCHOBEHUS OKpecTHOCTH ¥, a smaunt, u Q.

ITockoALKY FHNEPOOBEPXAOCTL L 10 HPEANOAOKEHHIO CBA3HA,
TO Kamnad TOUKa X ABJAETCH TOUKON IPUKOCHOBEHHT MHOXKecTBA 1)
HAH e B X Her HH ONHOH TOUKH NPHKOCHOBEHHH 3TOTO MHO-
xectBa. OaHAKO BTOPOH CAyYall He MOKET HMETb MecTa. B caMoM
Aedle, nycTh my — HekoTopanr Ttouka &, Hapectno {(crp. 83 1. ),
uTo B X MMeeTcd TOYKA ¢;, PACCTOAHHE OT KOTOPOH OO My MHHH-
manbne. OTpesok Ja;, #t;] ¥ MHOMeCTBO €; CBA3MK H HMEOT
HemyCTOe MNepeceueHHe, HOCKOJBKY 0Ga OHH COAePXAT TOMRY ;.
CnenoBareapro, HX o0befHHeHMe CBIIHO, H Tak Kak {Q; aApasercs
cBg3nofi kKomnonentol Q, to la;, Ml = Q,. Ho toria q¢; =X seanercs
TOUKOH NPHKGCHOBEHHA OTpe3ka la,, ], a 3HAUUT, H MHOKECTB2 ;.
Qrcioda caedyer, 410 KA OAR TOXKE 2UNEPROBEPEXROCTI & ABARETCR
TOYKOU APUKOCHOSEHUA MHONecTEq £
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OnHako TO4ka H3 I MOXKET OblTh TOYKOA HPUKOCHOBEHHA
He DoJee yeM ABYX H2 3THX MHOMCeCTB, B camoM jeqe, BOSbMeM
CHOBA TOUKY @ & L M YiKe PACCMOTPEHHOE OTKPBITO® MIICHKECTBO ¥°,
KoTOpOe MeNUTCA MHOMKecTBOM X[|# Ha JBa OTKPHITHIX MHOMe-
etRa ¥ B ¥, Mur BHaend, uTO eC/H @ ABJSETCS TOYKOH DpH-
KocHoBeHus £, TO XOTsi Obl OJHO H3 OTKPBITBIX MHOKECTB ¥
HIAH ¥y HENHKOM JeKHT B £, YeM H J0KA3BBaeTCH Hallle YTBep-
HKIACHHC.

Taxum ofpaseM, ME [OKA3adH, YTC TOUKA ¢ <= I ABAACTCH
TOUKOA MPHKOCHOBEHHS KaMIore MHOXKeCTBA L) H He MoxeT OHThb
TOUKOH NPHKOCHOEEeHUS GoJee 4yeM IBYX Ha 9THX MEOXKects. OTewaa
BHTEKAET, 4TO £ COCTONT He Oo0Jee ueM H3 JIByX obJacteil.
TeopeMa nokasaa,

3ameuvarna. 1°) TeopeMy MONKIO PACTHPOCTPAHHTL A He-
anbdepeHunpyeMse THIEPROBEPXHOCTH, WO 9T2 32anaua  elle
CJON Hee,

Hanpumep, Mmaoxkecteo addimnnoro N-mepuoro npocrpaunctea £,
romeoMopduoe chepe B KN, Ges yerosus Augppepenyupyesmocru,
Aeant E Ha gse ofaacrth. [ITpy N =2 370 yTBepKICHHE ABITCTCH
Teoperoit JKopaaka: «3amMEAyTas npoctasn (GC3 ABOHELIX TOUYEK)
KpHBafA, T. €..MHOXeECTBO, TOMeoMOP(HOE OKPYMHOCTH, JEJHT
NJOCKOCTb Ha aBe ofaacta», Ilpn N =23 — 310 Teopema Jledera,]

27y Ecan renepnoBepXHocTs I He 3AMKHYTA, TO €€ JONO/JAHeHHs
B £ Moxer OuTh CBA3KEIM, Tag Gyoer, HANPHMED, eClH L uBJseTca
OTKPHTEM oTpe3akom |0, 1[ BewecTsenHoll ocu B N

3°) Ecau cBA3HAR NOBCPXHOCTL & HE KOMNAKTHA (HANIPHMEP, CCAH
5TO THHEPHAOCKOCTL), TO NH ofda W3 ofaacTefi, OOpeedeHHBIX
MOREPXHOCTRY X, He ABRAETCS <IIPHBHJITHDOBAHHO» IO cpaBHe-
HHIO ¢ BPYrof.

Ecau e cessnas eunepnosepxsocts X KoumnakTaa 6 E, 10
ona oepakivena, Ilycers B — samkgyTwit wap, comepmawmii Z.
Jomoaneine kx B ABNASTCA OTKPLITHM CBH3HBIM MHOMXKESCTBOM B E,
HEe HMERIIHM OO0MUX TOUeK ¢ £, M CJIeJ0BATCABID, NESAHKOM JeXKHT
B OonHOB M3 nByx obJaacreli () m L, onpeneidendunX B E runep-
nosepxHacTeiy X, IlyeTh 10 Gvaer obaacts 3. OHa He 3aBHCHT
o1 Boibopa wapa B. B camom gede, ecnu B — npyro saMKHEYTHIH
wap, cogepmamuii T, u ecan CB’ couepxures B €y, TO MH J10-
dyupau Opl, 4TO 148 3aMKHyTOro mapa B”, COLePHKAILETO OAHD-
speMento B u B, nononunenne CB” 6yaer OOHOBPEMENNO J€HKATh
B Oy 1 L), UTO HEeBOIMOXKHO.

Obaacre Q, HaswBaeTcss ofaacTsio, codepwcaneil DecKONeHHO
YOUABHNYIO TOYKY, WA C8AINOL KOMROHEHTOH BeckoreqrocTy 8 C3,
HIH grewred o0aact o0, onpedeasenoli nosepxrocreio T, a o0JIacTb
) — gngrpenned obaacteio, Tax Kak ) CONEPMHUTCA B KamaoM
SAMENYTOM 1Uape, cofcp:kalleM &, To 08facTh () orpanu<ena.
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TpanceepcaabHas OPHEHTALHA THOEPNOBEPXHOCTH
H pazbuenHe APOCTPAHCTBA HAa obGnacTH

C noMowsio ABYX ofnacred, onpelefeHHHX NOBEPXHOCTRIO 2
B OPOCTPAHCTEE £, MOXHO ONPeAe/HTE TPAHCBEPCAMALHYID ODHeH-
TALHK HOBCIO THIIA.

Onpeneaenye, Ilyere X — ranepnoeepxnocth kaacea O
adpUEHOre EpocTpancTsa E, M IVCTB 77 — Tak0e€ OTKPHTOE MHO-
#ectBo B L, uyto 17 3aMEHyTO R AeqdT 7° Ha Awe obnactu ¥
n ¥ Ilyete a—rTouka I, ABMIOWANACA OLHOBPCMCHHO TOYKoH

NPHKOCHOBENUA ana ¥ u ¥, Bekrop X npocrtpauctRa E, Tpamuc.
BepCAJBHBIA K I B TOMKE &, HASLIBAETCS 8X00MUM 6 001acTs ¥,
€C/IH OH ABJARETCA BEKTOPOM <«HAYaJbHOH CHKOPOCTI® A1 HEKOTO-
poit Ttpaektopun M: f— M), 0<CEiCYy, M(0) =10, kaacca !,
HeJBKoM Jexkamwed npd >0 B obhactn ¥°,, (Hanovoum, uro
BEKTODOM CKODOCTH B TOuKe ! Tpaektophn M xaacca C' seasercq

3

NPOH3BOHHBIH BeKTep dM/dE. 3gecy npeanonaraeres, 4t M (=g
- >

n dM[dt(0)=X.) BekropoM, swixodawum uz ofaacty ¥y, Has-

BAaWT Ne OoNpefeNlerHIw BEKTOP, BXOARWIHKA B oGaactk #%. (Bosce

He ouesudHO, UTO TPAHCBEPCATLHLIA BEKTOP HE MOKET OGBITH OLHO-

BPeMEHHO BXOASLIHM H BBIXOASAIIHM HJIH HH TeM, HH RpyTHM!
Meu B atom yGeauMCa mos3ke B Teopeme 28, n. 49)

Japum apyroe onpeiesente BXOAAMHX I BHXOAAILHX BEKTOPOB,
Teopema 29. Mycre I — HeKOTOPAA EHNEPRUBEPXHOCTD
kaacca C' appunnozo npocrpancrea E. Iycrs a — uexoropas

rouka X u ¥ — OTKPHITAR OKpecTROCTS Touku a 8 E, obaadatowas
csoricTeamu, yiasannsimi 8 teopese 27. Tozda:

.
1°) Tas rToeo ur0boi rpawceepcaisuuiti eekrop X 8 Touke
xS ENVY Gua axodawun e ¥, Heobxodumo u Jocrarouno, 4robu

-
daa docrarouno maaceo t >0 Touka x ~tX sexcara 8 ¥y,

2% Ecau [{x)=0— woprarsnoe ypasnenue eunepnoseprro-
ctu I 6 ¥, Taroe, uTo obaacte ¥ onpedeaneres HepasencTBOM

-
f(x}> 0, 70 sextop X 6yder rpanceepcaisnsim 8 Touke x = X[ ¥
>
u gxodawum ¢ ¥ roeda u Toasxko rozda, xeeda [{x) X > 0.

e

3% Lcau eexrop X 3848eTca TPANCEePCAILHBIN 8 X U 6XCOAUUM
8 ¥y, To 0aa xamdol semjecTaennon dynxyuy ¢ kaacca C, onpe-
Qeaennonl 8 17, pasHoli rymio K@ X u = Ha P, uMeeT MerTo

e >
nepaserncrso ¢ (x)- X 22 0. Obparuo, ecau sexrop X rpasceepcaien
W ecau Gaa HEKOTOPOL QurKNUU § 57020 TUQ UMECT MECTO He-

- x
pasercrao @ (x) - X > 0, 70 X agaserca 6xo0sumum 6 ', 8 rouke £,
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4%) B Ramdod Tourke x & I ¥ MHONECTSO TPaHCBEPCAIbHBIE
geKTOpPOs, axodduwux 8 17|, 0 MHOMNECT80 TPAHCGEPLAALHbIX BeK-
Topog, sxodiuix a ¥, o0pasyor 8a KAACCL TPAHCBEPLAIBHBLY

E

8eKTOpO8, onpedesennoy  eunepnaockoctere T(x; Z) & E. Fean
KAQCC BERTOPO8, BX00RUHYX 8 7'\, HAIBATH HOAOWUTEABHLIM, TO
resm carmotn #a Z(1F Oyder onpedeisena HenpepuisNOf cuCTEMO
TPARCECPCAAGHELY OPUENTAUHL,

-
Hoxasateabctso. 1° a} Iycts X — Tpancsepca.abHEl
BCKTOp K X B TOYKEe x, Takol, uTo #pH HekoropoM £ >0
> >
TOuKa x X Aexut B 7). Torfa M HMeeM TpaekTopuio x + tX,

==
Anad KoTopofl BeKTOP X ABJSIETCS BEKTOPOM HAYAJbLHOH CKOPOCTH,
-

TAK UTo, COrMacHO ompenenennio, X ABIAMeTcsi BXORAIMM B 7).
O6parnoe yTBepiKIerde OYyIeT A0KA34HO HECKOJAbKO MO3IKe.
b

3% a} Horaxem, utd ecan BexTop X ABAAETCA TpaHCBEPCaJlb-
HuiM K X B x B BXOoAAmEM B ¥, a dyurupa ¢ kaacea C' pabha
-

uyaio Ha S u 20 ra 7, 10 9 (x) - X 220, Ilyete M — nekotopan
-

TpaekrTopus B ¥, AnA xoropoi X ABAFETCA BEKTOPOM HAYANLHOM
ckopoetn. Torga oyeruHA @o M neorpunatesbna aas f =0, pabna
wyadio npy {=0 H npuHamaewnT kaaccy C'. Ee¢ npouspoinas
npu =0, ouerugno, =0. CoriacHO TeopeMe O NPOH3BOAHOM

—=
CA0KHOA OGYHKUMH, 5TO TNPHUBGIHT K HepaBercTBY ¢ (v)- X ==0.
2°) a) Qyukuua f ARAAETCS UACTHHIM cayyaeM GyHRUEE .
N

ITostomy ecan BekTop X TpaHCBepcadieH H BXOAHT B #°) B TOUKe X,
S e -
10 f'{x): X 20. Ho [(x)- X =0 sBaserca ypapHeHHEM KalaTesb-

e
HOTO BeKTOPHOTO noanpocrpadcrsa, - Bektop X, Oynyund Tpamc-
BCpCcaNbHBIM, HE JA€XHT B 3TOM NOANPOCTPAHCTEE, & CJAeA0Ra-

TensHo, f{x)- X >0,
> >
2°) b) O6paruo, mycrtb {(}-Tamﬁ BeKTOP, uTo fix)- X >0,
Torza ¢yuxuna f—>f(x +{X) npunagnemnt kaaccy C' n papna
-

nydaw mpd =0, a ee npouseomHas [ (x)-X >0 npm {==0.
CrepoBareabno, npu foctatouHo MaaoM !> 0 sta dymRums >0.

=
OTtclona BeiTeKaeT, 9To Touka x -} {X npH mocrTaTouno masoMm ¢ > 0

-
JeXHAT B ¥°), a 3HayHT, coraacHo 1°)a), Bextop X mxoaur B ¥,
Tey cambM yrsepKaeHHe 2°) NOJHOCTBIO ANCKA3AHO,

4°) Ecan samennts ¥, Ma ¥, n f na —f, 1o, cornacuo 2°),

e

KaxKABA TPAHCBEPCAAbHEI BEKTOP BXOAHMT WAH B #°|, WK B ¥y X
-

BXOLUT B #°) (COOTBETCTBEHHO B Y',) B TOUKe x, ecsiu [/ (x) - X >0
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{cootBercTRenHo <C0). MHOXECTBO TPAHCBEPCAJALHHIX BEKTOPOE.
BXOAAIWHYX B 7’|, H MHOXECTBO TPAHCBEPCAJEILIX BEKTODOB, BXG
AAUWHX B ¥, ABNAIOTCH ABYMS TNMONYNPOCTPAHCTBAMH, Onpeneley-

>
HbMK rHmepnaockoersio T (x; E), ypaBnenue KOTOpOM HMeeT BUA
- -
frixy-X=0.
HazoBeM nofoKuTeMbHEM KJACC TPAHCBEPCAJBHEIX BEKTOPOB,
Bxogamux 8 7. Tewm campim Oyaer onpenededa HeKoTOpas tH-

e =
crema A4 TpaHCBepcadbHblX opuentauui. Ecmu Xt x— X (x) sasngercs

-

HENPEPLIBHEIM #0.48M TPABCBEPCANLHLIX BEKTOPOB, 10 x—f* {x)- X (¥

OyneT BelecTBeHHON HeNpepulBHON dyukiued na ZN¥, rcony

=0, a aHAUKT, COXPAHAIOIIEH 3HAK B OKDECTHOCTH KAaXJNoH TOYKH
Y

DTo roBopuT o TOM, 4TO BCKTOP X COoXpaHACT NOCTOSMHHBIA 3HAK
OTHOCHTEJIBHO A7, 3HAUAT, CHCTEMa TPAHCBEPCAMLHEIX OPHEHTA-
il A’ HenpepeiBHA, M TeM CAMBIM [J0KA32HO YTBepiKieHHe 4°).

=
1°} b) Ecan Bektop X BXOAMT B #°| B TOYKE X, TO, COrMacHo 2°)a),
>
Flo)- X >0 CremoparesbHO, COMACHO JAOKA3aHHOMY B 2°)h),
=

Touka x +{X maa pocraTouno Magaoro £ >0 mexnT B ¥ ITHM
3aKAHYIBAETCH A0KA34TeABCTBO yTBepKaedua 1°).

3°) b) Tlycre ¢ — BelecTReHHan dyHkuua kaacca €', pasmnas

> >

By Ha Z(1#°, 2=0 B ¥, # Takada, vro ¢ (x)- X > 0. Bexrop X
TPeANOAarasTcs TpancpepeansnsiM '), CnenosaresibHO, COMIACHO 4°),
o~ >

peKToD X uan Bektop — X Bxoawt B ¥, Bo BTopoM cayuae,

—
corsacuo 3°)a), BHNOAHSNOCE Obl HepaBeHcTEO @ (x) - X <0, uTo
NPOTHBOPEUAT HCXONHOMY Npeanogexenuio. CAeloBaTelbHO, Bek-

ol

Top X BXOANT B #°;, 4yeM H 3aKaHYHMBACTCHA AOKA3ATeJbCTBO yTBEp-
wAeana 3°) n Beell TeopeMu,

3ameuanns, 1° Yreepxaenusa 1°), 3°), 4°) Teopemu coxpa-
HAWTCA B TOM CayUae, KOTAA ob6aacTe ¥ sIBJAALTCA RPOUIGOADHBIM
OTKPHTHM MHOKECTBOM HpocTpaHcIBa E, B KOTOPOM nepeceyeHHe
N7 saMKHyTO M HenutT #° Wa npe ofgacTn 7’y u 17y, AnA KaxkNOH
H3 KOTOPHX BCe TOUKH TNepeceueHdd Z(|¥ ABJIAWTCA TOYKaMH
npyKocHoBennd, ECAN cymecTByeT HOpManbHoe ypasrenHe f(x)=10
nepeceyenna £} ¥ B ¥, To cnpaBedJHBbiM 6YAET HyTBepwAeHHe 2°),

TIpennonoxum, 4T0 NPocTpaHcTBO £ €BKIHAGBO M UTO TOBEPX-
HocTh ¥ aABAserca cepoil ¢ HOpMANbHEIM YPaBHenHew || x — O |F—
— R?=0. «BuyTpeHueil ofaactoio» MHOXecTBa E — I [IPHHATO
Ea3HBaTbL €ro 4acTh, COdepmainyr nentp chepw O, a «sHemHed
06J1acThlo» — TY YacTh, KOTOpaA 3THM CBOHCTBOM HE OfJagaer.

> >
Yy Jlerko BUfeTb, YTO B cHAY yeroBua ¢ (x}- X =0 Bextop X o0f3aTesbHo
ABAARTCA TPAaHCBePCaMbHbIM.
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—_— —

Hepapenersa ||x — O < R? u {x — O |P > R? asasioTeA cooTBeT-
CTBEHHO YPaBHEHHAMH 3THX uacteii. Bxogamumu (COOTBETCTBEHHO
BHXOMSLLAMME) BEKTOPAMH B TOuke cdepbl HA3HBAKT BXOAALINE
{COOTBETCTBEHHO BHIXOANIIHE) BCKTOPH OTHOCHTEALHO BHYTpEHHEH
ofaactn, Tparceepcadbhoil KaHOHWTecKOH opueHTanuei cdepol
RA3HBAIOT TY OPHEHTALXI0, AAA KOTOPOH BBIXOAAINHE BEKTODH
NOJOMK HTENBHEL,

2°) Ecau I — 3aMKHYTAA CBsA2HAA FHNEPIOBEPXHOCTL IPOCTPAH-
cTBa F, TO OHA AJMT 3TO TNPOCTPAHCTBO Ha IBe ofmactu Q i &,
(reopema 28). CheposaresbHo, THNEPHOBEPXHOCTh I TpancBep-
CaJbHO OPHENTHPYeMa H MOXKHO 6yaer, HanpuMéeP, HA3BATL MOJAO-
JKHTEILHEMH TPAHCBEPCAJBHBIE BEKTOPE!, BXoAsULAe B Q. Mzl cnoBa
noyyuaeMm cjepcTsie 3 reopemm 26. Ecaw riNepnoBepXHOCTh I
KOMTaKTHA, TO H3 3ameuasHHs 3°) Ha crp. 171 BoiTekaet, uT0 &
B O, HrpaoT HEOAHHAKOBYIO poab: & ABAAeTCA BHYTpeHHe#l (HAH
orpannuedtoli} obhaacToio, a Qy—BHeMHeA o6sacTh0 (HAK 06JaCTHIO
GeCROHEUHOCTH), VYUHTHBAA 3ameuaHne 1°), moxcno onpedeatrs
N PUOUACZUPOBAHRYIOY TPAHCBEPCAABHYIO OPUENTALUIO EUREPROBED K-
HocTit T, B KOTOPOH BXOAAIHE B Q, HJH BHXOIALIHE 03 Q) BEKTODHI,
HA3HBAEMBEE NPOCTO BHXOAAIMMH BEKTOPAaMH, NOJOKHTRALHL,

Cease MeXAy TPaHCRepCAAbHOE M KacaTedbHON opueHTALHAMY

Teopema 30. Har roeo wrobes eunepnosepxnocte X agpun-
#o20 npocrpancTea Oeiaa opuentupyenod, neobxodumo u docra-
TOYNO, H#TODM OHA Obiad TPAHCEEDCOABHO opuentupyemod. Ecau,
Kpose T020, npocTpanctee E opuenruposano, To ono onpedesner
KQHOHUHECKOE COOTEETCTaNE MeHcAy OOBINHbIMNI, WAl KACATEABHOLMIL,
OPUEHTRUUAMY 2UNEPNOBEPXHOCTI 5 U €€ TPAHCACPCAALNUIMU OpU-
ENTAYUAML.

HokaszaTeancrso, [Ipeanonoxum, 4YTo NPOCTPaHCTRO £
OPHEHTHPOBAHO H 3ajaHa cucreMa J KacaTeJbHbX OpHEHTALHA
THIEPOOBEDXHOCTH Z.

TTocTpoum cucTeMy A TPAaHCBEPCANBHHIX OPHEHTANHH CJeIyi0-
UM oﬁpaaoM. ByleM TOBOpHUTb, YTO TPAHCBEPCAJBHHIA B X BEK-

TOD X monomurenen (COOTBETCTBEHHO OTPHNATENER), €CJIH A

ueno*roporo ROAOGUTEAGHOZ0 & OPUEHTAYlU F (x) fasuca UI,
-

Uz, . U,, 2URCPAAOCKOLTH T(x' Z} Gasuc X U,, «vey U, npo-

CTDaHCTBA E‘ MOJIOKHTENCH (COOTBETCTBEHNO OTPHILATEMNEH) B CMBICHAE
opueHTAauMH npocTpancrsa E, Ecam sro cnoﬁcmo BHIIOAHARTEA

JA HeKoTopozo Oastica THNEPNJOCKOCTH T(x, Z), TO OHO BHIOJ-
HAeTca 1 048 4100020 pyeoeo ROAOICHTEAGKO20 Basicy,
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B camom neqe, eciu U: U|, Ug, e UN.,. —-IICKOTOpb]H Gasnc
NpOCTpaHeTRA T(x I on U +1, U’, Uv .1 — DYTOH €ro
6asme, TO onpeﬂemrrenb L/’ OTHOCHTEALKG U paBen onpeieaHTeN)
ﬁaauca X Ut, UN_.I DNpoCTPaHCTEA E OTHOCHTEMBHO §a3Hca
X, U,, Ug, Ceay UN.,l. ClenoBaTeabo, Iallc ONPCICACHHE 1€

-
23BHCHT 0T BHOPAHHOTO MOAOMHTEnBHOMD fazuca B T (x; ).
Onpenenednas HaMH OPHeHTALMA HABAKETCA TPAHCBEPCATLHON
.

oprenrandell £ b rouke x. B camom geac, ecar ¥ — apyroi npo-
H3RONLHLI Tpaucaepcanbumu BEKTOD B TOUKE x, TO Mbl MOKEM
3anncarth, %rIo Y——?LX-HL U. + ... «l—h,\,_IUN_. ITpn 3T0M B 3a-
BHCHMOCTH oOT TOro, Oymer Ju A >0 nan <0, BexTopuw Xu?
A€M AT HJAH HET B OJHOM H TOM XKE noANPOCTPAHCTES, onpe,u.e.nen-
= -
HoM B E runepmiockoetsio T (x; Z). 31ece A — oTo onpeneu-
= e

TeJb CHCTeMH BeKtopos Y, Uy, ..., {/y_, oTHocHTendsHO {azuca
> o >

X, Uy, ..., Uyo. ClenoBareibio, BCe BCKTOPH, IPHHALICKALIHS
OZHOMY H3 NOAYONPOCTPAHCTB, HMET B CHAY NMPeAbAYLEero onpe-
JleJeHUs OIHE H TOT JKe 3HaK, 4 JBA BEKTOPa, NPHHALAeHKANlHe
Pa3ANYHEM NMOAYIPOCTPAHCTEAM, WMEOT TPOTHRONOANKHEBIE FHAKH.
JTO O3HaYaeT, YTO MBI OOPeL&aN/H HEKOTOPYHO TPAHCBEPCAABHYID

ODHEHTAUMIO THIEPNOBEPXHOCTH I B TOYKE X M, CNEAOBATENLHO,
HEKOTODYio cleTeMy ¥ co TpaHChepeasnLHuXx OPHEHTALHN.

OfpaTHo, €CH MBl OydeM HCXOL#Tb H3 CHCreMH A TpaKcBep-
canbHbIX OPHCHTAURMA TRACPIIOBEPXHOCTH 2, TO cMOKeM cKasatb,
YTO0 HEKOTOPHIA ©aznc Ul, UN_, rnnepnﬂocmcm T(x' E)

> o

noJoxurenen, ecan Gasue X, Uy, ..., U_\,_[ npoCTPAHCTBA E
ES

NOJI0KHTeAeH OTHOCHTENBHO GPHeHTaniu £, koraa X—no.‘;o‘{m-
TeNbHBIA TPAHCBEPCANbHBIH BEKTOPD OTHOCHTEILHO A {x).
Paccyxienne, anaJorHyHoe HUPEABYUIEMY, TOKA3BIBAET, 4TO
=

3TO OMpeJeJeHHC HE 3aBHCHT OT BeiGopa BeKropa X, IOJAQKHTEMb-
HOTG B OpHeHTamun A (x), H ¥TO ME TEeM CaMLIM OOPCACAHIH

KacaTellbHYX0 OPHEHTALHIC % B TO4YKe X, T. e, cHcreMy F kaca-
TeJbHBIX OpHenTauni. Kpome toro, cootseteteug 7 —> A U N =T
—-

B3aHMHO ofparunl APYT APYrY. Ec.-‘m_)aenlop X Tpancsepeanel
B TOUKe x K runepmosepxuoctd & a Uy, U, ..., UN_I—ﬁisnc
TEIEPNJOCKOCTH IF(x‘ Z), TO B3HAK CHCTEMHl )? [T’], cony Uyt
B OpHeHTanum £ pasen npou33egeﬂn}o syaka pexropa X B A°(x)
Ha 3HAK CHCTEMEl Ul, cie UN -1 B T {(x).



§ 5. Opuenranus dudpeperyupyemMsiX MRO2000 50300 177

OcTaercd nOKA3aTh, YTG €CJOH CHCTeMa 5 KacaTeJbHBIX OpHeH-
Tannit HempepHpHA, TO cucTeMa A TPAHCBEPCAJBHEIX ONHeHTaIni
TAKKe HelpephBHa, H 00PATHO,

B HEKOTOPOH OKPeCTHOCTH TOWUKH @ MHOroobpazus 2 MOMNHO
HafiTH cHcTeMy AN — 1 KacaTedbHBIX K MHOTOOOPA3Hid BCKTOPHBIX
nodcH, KOTOphle SBJAAIOTCH HeNnpephlBHEIMH H JHHEAHO He3aBHCcH-
MEIME B Ra;kAofl Touke sroro muoroobpasns. OfoanaunM X Tak:

=

x=U(x), i=1,2, ..., N—1I. Moxuo Takxe HafiTH HeNpepbiB-
.

noe MoJe TpalcpepcanbHuX BekTopos X — X {x), Cncrema BekTOpOB

> = .

X(x), Ui (x), ..., Uy~ (x) aBaserca cucTeMoit N Juueino neaa-

BHCHMHX # HenPephlBHGIX B TOUKe & BeKTGPHHX noJeil. Orciona
. -

CJAeLYET, 4TO €€ 3HAK OTHOCHTEJAbHO OQPHEHTAUNH E nocrosHeH
>

B OKpPCCTHOCTH TOYKH 4, H, H3IMEeHAS NpN HeOGXOMHUMOCTH noJfe X,
MOZKHO CUHTATE, UYTO 3STOT 3HAK B OKPQCTHOCTH TOUKH & BCIOAY

e
NOJ0KATENeH OTHOCHTEILHO BhGpanucit opuentanun B £, H3 Bcero
CKA3AHHOPO BBITEKAET, YTO 3HAK CHeTeMh M3 AN -1 BeKTOPOB

> o >
U (x), Uy (x), ..., Uy (x) oTHOCHTENBHO KacaTe/IbHOW opHeHTa-

>

nun F (x) cosnmagaer co 2HAEKOM BeKTopa X {x) OTHOCHTEJLHO
COOTBETCTRYIGWIEH TpaHcBepcaasHol opuentauun A (x). CornacHo
Teopeme 22, nepBLE 314K NOCToAlEN B OKPCCTHOCTH TOUKH & TOTAA
H TOJBLKO TOCZA, KOLAA cHcTeMa & KacaTeNbHBIX  opHeHTauud
HENpepHBHA B TOYKE @, 4, COMACHO ¢JIeicTBHIC 4 TeoDeMn 26,
BTOPON 3HAK TOCTOSHEH B OKPECTHOCTH TOUKH & TOTAA H TOJBKO
TOrAa, Korga cucrema JA° TPAaHCBEPCAJbHBIX OPHEHTALMA Henpe-
pwBHa B TOyke a. CnefoBaTedbHO, OpPHEHTAUWA F HENpPEpPHIBHA
Torla H TOJLKO TOrAa, KOrma HempepmsHa opunenranua A, Tem
caMblM Teopeva JAOKazaHa,

3amevanun 1°) Ecay B KauecTBe THOEDMOBEPXHOCTH X MH
BO3bMEM CHMepmAOCKoeTh x; =0, TO 0pHeHTalUHA 3TOro MHUrQoGpa-
> >

314, B KOTO])OI”I CHCTEMA BCKTOPOB &5, ..., €y HOJOKHTERLHA,

HAXOAHTCA B COOTBETCTBHYU C TOHl TPAHCBEPCAJBHOA OpPHEHTANHEH,
N .
B KOTOPO# NOJOKHTEARHO BEKTOPHOE HOME &).

Ecan B KadecTpe FHOEPNOBEPXHOCTH  B2ATH FHHED]‘IJ’[OCKOCTB
xk=0, TO OPHEHT&]LHH, B KDTOpDﬁ noJaoxKuTeJJbHa CHCTEMAa BEeKTO-
- - Y L

POB €1, +1vy €hels Chpls +++y Ey, HAXOINTCA B COOTBETCTBHE C TPAHC-
BePCaJbHOR OpMCHTAUHCH, B KOTOPOR NONOKHTENLHO BEKTOPHOE

kel
noie (—1)°7 e,
e . £
2°) Tiyere U=1U, U,y ..., Uy-;— 6aszuc rUOCPIIOCKOCTH
> >
T(x; Z). Ecan E aBagercs OPHEHTHPOBAUHBLIM ERKAHAOBEIM NPOCT-
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PARCTBOM, TO MOXHO ONpeXe/NTs BEKTODHO® [NPOH3RemeHMe
—) > -

X=[U AU A ... A UN..,] Hopma.nbnoe K 2 B Totn{e x (teo-
PeMa 11), C apyroit cropousl, Gasuc }5_ Ul, Uz, . UN_, nono-

JUTENEH B OpHeHTauud OpocTpancrea I, Caeaenareseno, fasue
ROACKHCUTEACH 6 KACATeAbHOU opuenTayun Toeda u ToabK0 TO204,

-
Kozda aerrop X noaoxwuresen @ cOOTEeTCTayiOuweld Tpanceepeatt-
HOO opuenTaUlL.

[Tycry @ — xapra mHOrOOGpasns, o6pas KOTOPOR NOKpPBIBAaeT
touky a, rae Pfo}=a, n ?—Hexoropﬁ} CHCTEMA OpHEeHTAIHA

il .
ranepnoBepxHocTH 2. CACTEMA BEKTOPOB e (w),i=1,2,..., N—1,
i

AsadeTcA ofpasom mnpm orobpamennn D(e) cucTembl BeKTOpOB

-l
KaHOHHYeCKOro Gasnca mpocrpanctsa RY™'. Caenosarenwno, ecau
0 — dyuxnua, COOTBEICTBYIOAR cHCTeMe J KacaTeAbHLIX OPHEH-

*

tawnii {crp. 151), TO 3HaK sTod cHeTemul Bektopos B T (a; V)
pasen 6 {a; D).

3HAUNT, BEKTODHOE MPOU3BELEHHE ITHX BEKTOPOB HMEET TaKodl e
3HaK OTHOCHTEJbHO COOTBETCTBYIOUlell tpaunceepeanuuoil opHenta-
uuH. JADpyruMu CiAOBaMH, TPaHCBepcaNbHON opnerTauuefi A°, cooT-
BeT¢TBYONEH panuofl kacaTesnbHOH OpHEeHTauwn F, Oyier Ta,
B KoTOpO#f BeKTOp

a‘«£

8 B[ G- @A G @A ... A Fuy @ (VLE;§)

AIBASLTCA HOPMAJLHLIM INOJOKHTEAbDHHM BeKTOpOM A%A Modof
gaprel O ¥ mobofi TOURM a.

3°) Bosbmem uacTHHIEE cayuali, Korga pasmepuocts N=1, u
NyCTh £ -— HEKOTOPAA TOUKA NPOCTPAHCTBR E, KOTOPY0 MH Oyaem
paccmartphearb KakK THHOEPNOBEPXHOCTR. B 5TOM CAyYar COOTBET-
CTBHE MeX/y KacaTesbHBIMH H TPAHCBEPCAJABHBIMH ODHEHTAUHAMH
YCTAUABANBACTCA RO onpededenuio CAelyiomEM 06pasomM,

OpuenrnpoBath TOUKY ¢ KACATEJbHO — STO SHAYKT NPHIHCATE
efi 3HaK ~ HAH —. OpPHUEHTHPOBATL ¢e TPAHCBEPCANBLHO — STO
BHAYHT DPHNHMCATH 3HAK -+ HJAH — JABYM moAYNPAMEIM, Onpene-

JIAeMbIM HAYAJA0M B TOYKE £, T. €. 3HAUHT OPHEHTHDOBATE F Bem E
cHaGKelo HeKOTOPGH opHeHTaumed, 10 Mbl GyLeM YCTaHAB/ABATD
COOTBETCTBHE MEXKAY KacaredAbHoll H TPaHCBEPCAALHON OPHEHTA-
UHAMHA TOUKH ¢, NPUIIHCHBAA 3TO# TOYKe 3HAK -}, ecsIH ee TpaHe-

S
BepcasbHasi OPUEHTALHMA COBNAJAET C 3aAAHHON ODPHeHrammed F.

Caencreue 1, Jucr MéGuyca He opuexrupyes Tpanceep-
caavro ¢ 3,
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B camom meste, MB BHAEMH, YTO OH He OPHEHTUPYEM (Teopema 23,).
3apHKCHPOBATL «IBE CTOPOHBIY 3TOH MOBEPXHOCTH HEBO3MOKHO.
Jucr Mébuyra asaserca OOROCTOPOHHEE SHHEPROSEPLHOETLI) HPO-
crparcrsa K3, Hanpumep, BoasMeM TOYKY ¢ =0, p=0 u HasoBeM
NOJOXKHTEAbHOR CTOPOHOH B 9TOH TOUKe TY CTOPOHY, XKOTopad
ofpallieda X Hauaay ROOPAHAAT. 3areM OVAEM H3MeHATs Hempe-
PEIBHO HapaMmeTp { H CHOBA BepHeMcH K HauaJqy KOOPIHHAT CO
3HaveEneM napamerpa ¢==2n u p=0. B pesyabrare noJoxu-
TEeJNBHOH CTOPOHOH OKaeTed Ta, KoTopad ofpalleHa B NPOTHEO-
NOJACHKHYIO CTOPBOHY OT Uauana KoopoaHuHar. B sagamiol Touke
NMOBEPXHOCTE ALHCTBHTEIBHO HMEeRT IBe CTOPOMH, HO T06aMBHO
3TO YTBEPMKIEHHE HEBEPHO, MOCKOMABKY MOKHO, HelpepHBHO nepe-
MEUIAACh [0 MOBEPXHOCTH, DEpeliTH C ONHOH CTODOHH B HeKOTOpOH
TOUKe K ApYyroil CTopoHe B TOH Ke caMmofi Touke'),

Crnepersne 2. Kawdas aunepnosepxnocts Kaacca C adppun-
HOZ0 KOHEYHOMEPHO20 NPOCTPANCTER, NOAMOCTSIO onpedeieHHan
HopmarsHotm ypaswenuen f(x)=0, opuenrtupyema. Kawdaa sauk-
HYTAR eunepnosepxnocTe Kaacca C' GhGUHHD20 KOMELHOMEPHOZO
npocTpanctea opueHrTupyena. Chepot adounnozo esxiudose Koxet-
HOMEPHO20 RPOCTPRHCTBA OPUEHTLPYE MbL.

Jlid JOKAa3aTeabCTBA AOCTATOUHC MPHMEHHTL CJERCTBHE 3 Teo-
pemtl 267). B 4acTHOCTH, ecJiy THNEePNOBEPXHOCTb S ABJAACTCH KOM-
NAKTHOH THMePNOBePXHOCTBI0 Kiaacca €', To oma Jomyckaer npH-
BHACTHPOBAHHYIO TPAHCBEPCAJBHYIO OpHeHTauuio (B  KOTODOH,
COraacHo 3ameqanuic 2°) na crp. 175, BRXOIAIMHE BEKTOPLL 100K H-
TEABHBI) H, CJELOBATEABHO, NPUBHIErHPOBAHHYI0 KACATENbHYIO

OPHEHTAUHID, €CJIH TNPOCTPAHCTBO £ OpPHEHTHPOBAHO. YUYHTHIBAA
AaHHOe B A0KA24TeNBCTBEe TeOpeMbl JolpeneficHHe COOTBETCTBHA
MeXY TPAHCBePCAJbHHMHA H KACATEJAbLHBIMH OPHEHTAIMA M, MOXHO
BHAETh, 4TO cHCTeMa N — | JHHEHHO He3ABHCHMBIX BEeKTQPOB,
KacaTesibHBlX K £ B TOUKE X, NOJOXKMTEJIbHZ B 3TOH KacaTedh-
HOMl OpPHEHTAUMH, €CAH NPH NOACTAHOBKE Nepel, 3Tofl cucreMof

'} ToBopaT, uTO OAHH GOpPOAZY, Re 2HAasd, KYAa KJACTE CBOK GOPOLY HOUBWD —
NO4 OAeAJ0 HJM N4 liero, Kynaa cefe noctennee B BHAE JHcTa Maéduyca, Hmewo-
Bero TOABKG OAHY cTOpoHY. OAHAKO €MY He YRAI0CH BHMITH M3 CO3MABIIErGeRn
NOJMOXKEHHA, NOCKOIbLKY €ro GOPOAA NOKPHIA QACHAC HC NOJHOCTLO, 4 JAOKaABLHO.
B AeKOTOPOE OKPECTHOCTH KamnoH TOUKH BCAKAN rHOEPNOBEPXNOCTH TPANC-
BepradbHe OPHEeHTHPYEMa W BCerfa HMEET IRe CTOpOL!

2} Jlucr M@duyca, onpenenedruii cooTHomendAMH (VI,5;4), me samewmyr
(B3aTe crpozoe mepasencrro — I <{p<{). Ecan Ou OWRJIO B3ATO pacmuperHoe
HEPABEHCTBO ~~[= p =/, TO Toria MH OH He NOAYYHAH MHOIOOTPA3HHA, DO~
CKOMBKY HMenca 6bt «kpaii». Oawako ecrecTBeHno, uto B addrinHom N-mepuon
npocTpaAcTse £ MOTYT CYIMECTBUBATE AMKHYTHE H JAKE KOMIAKTHBIE HEOpHeH-
THpYe Mbie MHOTOOGPAsHA pPasMepuocTH n< N — | (KOTopre, CHeLOBATRABHD, He
HBJAKTCR THOEPIOBEPXROCTAMH),
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BEKTODOE «BHIXOIAAILUIErC®» BEKTOPa noO.1ydHaeTca TONOK NTENE I
' >

GasHe B OPHEHTALHW npocTpancTsa £,

Ecna, B MaCTHOCTH, NOJOXKATE N == 2, T0 5To CHOBa Aaer o0uu-
HYW <TPAMYIO» OPHEHTALUHI0 HEKOTOpoH KOMMAaKTHON KPHBOH
raacca C' B OpHEUTHPOBALNOH MAGCKOCTH H <OPAMYIO» OPHEITA-
[IHI0 TPUFOHOMETPHUECKOH OKDYKHOoCTH B K2

3avmeuvanna. ) Tlogsoga wnTor pesynbTaTaM TeopeMel 28,
cacaeTeus 3 TeopeMpl 26 M caeacteus 2 rteopemn 30, MH MOKeM
YTBePKIATh CAelylee:

CAR31HAA 3AMKRYTAS 2unepnorepxnocTs 3 kaacca C koneuno e p-
HO2o afpunnozo npocrpancTea £ Kacareibno U TPGHCBEPCAALHG
opueRrupyesMa 4 Jeaut 3ro npocTpancrdo R dae offiaacru. Eeau
SHREPHOBEPXHOCTE & KOMRAKTHA, TO 8TH (6 004QcTit HE PAGHO-
yenust (00na 13 nux ocparuucra), CymeeTayoT TPANCOCPLAIERAA
KauOoHRUHeckad opuenTayus (ssixodauue aex'ropbi ROAONCUTEAHHbL)

{ KACareAonat KQROJURECKAA OPRENTALUNIAR, eCAU E CPUEHTHPOSUHG,

27 Judare KacareAvRYO OPUERTANUK HO KPpusoli Kadcod
C' — snauur sadare Hanpasrenue obxoda atoli Kpueot., B rauceTne
NONOKHTENRHOTD Hanpaeieund cdxona Belfupaercd Takoil o6xon,
IPH KOTOPOM BEKTOD CRODOCTH B Kaxaofl TOuKe, ecan oH =0,
ABNACTCH TONOMHTERbHBIM K CMBICTE OPHEHTALHHA B STOR{ TOUKE.

3°) Qpuenruposars dsymeproe muHoeoofpasue V — snauur yKa-
8uTb Hanpasserte 006x0d@ KOMRAKTHOLY KPUEHLX 8 OKPECTHOCTH
raxdod rowku. B camom Aefe, ecdH, HanpuMmep, OKpPYyKAalomce
npocrpaHcTee £ HaneseHo eBKAHZ0BOH cTpyKrypoli, To opTore-
Haapnad DPOEKIUS MHOTOOGDA3UA HA €ro KacaTesNbHOE MNOAGPO-
CTPAHCTRO B TOUKe ¢, CYXEHHAd HA AOCTATOUHOG Malylo OKpecT-
HOCTR ¥ TOUKH @, seaserca C-auddeomopdnamom. Caenosareabo,
Hanpapaenie 06xona KOMMAKTREIX KPHBBHIX MHOT00Gpa3HA, ColdepiKa-
HEXCA B OKPCCTHOCTH y’ TOUKH &, 3KBHBAJICHTHO HanpasaACHKID
ofx01a X NpoekuMil B KACATRJALIOA NAOCKOCTH K MIUOTo00paznio
B TOuke a. B cHay uMmewlledcd opHeHTaund Muorcobpaszus V' Kaca-
TefibHAA TAOCKOCTE OVAET TaKike cnafxeda opueHTanMedl, a Mu
TOJBKO YTO BHIRJH, YTQO OPHEHTAUHA IJOCKOCTH OpHEeHTHDYET eg
KOMIAKTHHE KPHBBlE, T. €. ONpefefReT Ha HHX HEKOTOPOE Halpa-
BJeHHE 0fxo1a ')

4°) ITyern V ecTh n-MepHoe muorcoGpasue kaacca ¢! S — ra-
RepIIOBEPXROCTE, T. €, HEKOTOPOe NoAMHoroobpaste V pasmepnocTH
fn— 1 gaacca C'. Torga coxpaHAOTCA BCe AOKUA6HbIC DEe3YALTATH,

1) Sror peayasTar HOCHT YHETO AGKAABMbtE XQpaxTep: AAS KA AR TOURM
ae=V MOMNO HaHTH TaKyw OKPeCTHOCTh #° STOR TOUKH, 4TO OpHedTauua V
AMPCACHACT HANpaBgeHHe 00XOLA KOMOAKTHWX Henpepsiassi¥ KPHRBIX B r.
Qanake ecad chepa 8 F® opHenTHpyema, TO 3TO He JacT uPHBHNEH PUBAKHOIO
Hanpaeaenus 06X00a Ha «GOJBIIAX Kpyraxs $Toll chep,
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LoKazaiiue nauunas ¢ reopemsl 25. Ecaw muoroobpasne V opuen-
THPYeMO, TO MHOrc0GpasiHe I KacaTejibHO OPHEHTHPYESMO TOTId M
TOMABKO TOT4, KOTJa 3T0 MHOTOOOpasHe TPaHCBEPCaabHO OPHEHTH-
pyemo. Ecam muorooGpasue V OpueHTAPYeMO, TO CyLleCTBYeT
B3AUMHO ONHO3HAYHOE COOTBETCTBHE MEXAY KacaTeJIbHbIMH ODHeH-
TAUHAME MHOreof6pasnfa = H ero TPAlCBepcabHLIMUI OPHEITALMAMY.
Ojgunako rnOGANBHEE TeOPeMBl OTHOCHTEJEHO OPHEHTALHH HJH
0 pasjedeHHd Ha OHMACTH He MMeloT Mecta. Ecam muorootpasme 2
samkuyto B V, TO OHO MOXKeT HMeTh CBA3HOE fonoadenne. Hamp-
Mép, Napajiieny WM MePHAHAHB HA TOPE ABJAAIOTCA KOMIAKTHBIMH
FHNEPNOBEPXAOCTAMH, He PaseqsiOmWHME TOP HE HECKOABKO of.a-
crefi. To &€ caMmMoe BCPHO H OAA <peAnedl OKPYMKHOCTH JIHCTA
Mé6uyca (cm. crp. 160). B mononnenun V x mavaay koopamnar
B F2 nonynpamad, BRXOAAmWAA M3 Hadala KOOPAMHAT, ABJIAETCSH
3AMKHYTOH THNEPNOBEpXHOCTBEY, He Jesduteli 1V HA  HECKOJBKO
ofnactefi, B KaKAOM H3 3THX CJYyY4eB THIEPNOBEPXHOCTL HE MOMKET
OIPENlENAThCS €AHHCTBEHHEIM HOPMaabhbiM ypasuediem f(x)=0
(B TPOTHBHOM CJIYHAE, KAK 5TO OLLIO MOKA34HO NPH JOKAZATC/LCTBE
reopempl 28, ona geanaa 6w V ono kpaiinedl mepe Ha ABe ofaacTu).
Cpeanad OKPYIKHOCTE JHcTa MEDHyCa KacaTenbHO OPHEHTHpyeMa,
HO He OPHEHTAPyeMa TpakcBepcaloHo. [IpupenerHble paHee rag-
Galtbuble TeOpeMbl HOCAT YaCTHH XapaKTep H CBH3aHbl € 3aMK-
HYTHMH THOEPLOBEPXHOCTAMN @gypunnoz0 npocrpancrsea. Bee atu
CBOHCTBA OTHOCATCH K OOJACTH aseelpaiiveckod Tonoaceuu,

ﬂB.’IﬁeTCE Al HOUNE PEAAGHAR BCEICHAAA OPUEHTHpHEMBIM MHO20-
obpasnes? TIpn usyuednu 3T0ro BONPOCA MBI OCTABHM B CTOPOHE
TOYKY 3PEeHHF TeCPHH OTHOCHTEIBHOCTH, KOTOPAA oGSskBaeT nac
pPaccMaTPHBATDL ‘-IETBIDEXMEDH}’]O BCEJIEHHYIO H He BHOCHT Cylie-
CTBEHHHX YCJAOXHEHHE B TO, MT0 KACaeTcs OPHEHTAUMH.

ITpuMeM B KayecTse MOMLCIH BCENEHHOH, B KOTODON Mbl XKHBEM,
HEKOTOPOC TpexMepHOC MHoroobpazue kKnacca C° ¥ mnommrTaeMmcH
BLISICHATE, OYAeT AH ONO OPHEHTHPYEMHBIM, H MOXKHO JH, YUHTHBASA
HEKOTOPEIE (hHIHUECKNE 3AKOHBI, CHAGANTE €r0 KalnoHHIecKOo! OpHeR-
rauuei. ITpeanosoxuM N OonpefelleHHOCTH, UTO 3TO MHOTOOGpa-
3He HE ODHEHTHPYEMO, DTO O3HAYLET, UYTO CYIIECTBYIT HEKOTOpPLIE
nyTH, @HAJOTHUHBIE CPeiHed OKpyuocrtdH aucta MéGryca, Takue,
4TO, OTIPABMAAACH OT HEKOTOPOH HCXOAHOA OPHEHTALHH B TOYKE,
rpie MBI Ha'THIldeM JABHXKCHHC, M DpoloJKad HeIPepPRIBHO 3TY
OPHEHTAUHIO BAOJAE TAKHX NYyTeH, MOMKHO BEPHYTHCA B HCXOAHYIO
TOUKY ¢ NPOTHBONOMOKAOLN opneHTaunedl Y). Yenosek, COBEPIIHBILHA
TAKO€ NYTeNIeCTBHE, BEPHVBIUHChA HA 3eMJA0, Hauwea OB, YTO ero

'} B camom Aege, MOKHO ACKA3ATh, YTO PaKTH, CRAIAHEME & JAHCTOM ME0H-
yca ABAAOTEA QOMHMH: ecJH NCKOTOpOE '\-1I!01‘00fp€ldll(. He CGPHEHTHPYCMO, TO
CYWECTBYIOT HYTH AL30PHERTAILAN® — KOMLAKTHLIE KPHBME, BAOAbL KOTOPWX He
CYULECTBYET HAKAKOH HenpepelBHOA CHCTEMEL opuenTaunil Muoroofpasusa.
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ceplne paclo/oXeHo cnpaBa, a IedeHb — chaeBa, Ecan O o
3axBaTHJ ¢ COOOH KHNrH Ba (paHUy3CKOM $I3bKe, TO NO BO3Bpa-
LLEHHH 0Ka3aJoch O8l, YTO OHH HaTleHaTaHsl CIPABA HAJIEBO, A e¢JH Ol
OH B34J ¢ co00f BHIIHORAMEHHYIO NPABOBPAIIAIONIYIO KHCAOTY, TO Bep-
HyqcA Gbl ¢ BuHHOKaMennofi JepoBpaulaiwett kucraoroli ') M ece
ITO, PLTECTBOHMO, AP OTCYTCTAUN KAKUX-AUB0 uaMenentiti 8 Kawdoll
TOuKe nyTi. BRpouew, sTOT uyesoBeK cUYHTAJA Obl cels aGeoMiTHO
HOPMAaJbHEM H AEM3IMEHHBITUMCA, 4 OODPEWEHHLIME OKA3AJHCh Obl
NN HEr0 BCE ABJEHHS, ¢ KOTOPHMH OH BCTPETHJICA Ha JeMJe.
Jans Toro utoful BePHYTh BCe K NPEMHCMY COCTOAHHIO, eMY AOCTA-
TouHe GbptIo OR COBEPUIMTL TaKoe MyTellleCTBHE €€ pas.

ITOT NPOCTOH NPUMEp NMOKAsHIBAST, KAK WIATKH T¢ OCHOBAHHUE,
H& KOTOPHIX MOKOATCH BCe NOHATHH OPHEHTAIdH, NABaeMble B 3.e-
MEHTAPHLIX y4YeDHUKAX MO (H3IHKe H MaTEMaTHKe,

AMneposckoe npapu/ao OGypaBuuKka 8 e20 ofodnol Popmirat-
posKe, CAPABLAMHEOS B TPeXMEDHOM OPUEHTHUPOSAHNOM MHOTO-
o0pasHl, CTPOre roBOPH, HE HMEEST CMLICNA, eCJAH He BHE6DaHa
Npabag WM JeBad OPHeHTAUuA HpocTpancTBa, PacemarpHBas 2To
IpaBHAQ OoJee BHHMATENABHO € 3TOH TOUKH 3PeHRA, MOKHO 2aMe-
THTE, YTO B COOpede/IeHHH MATHHTHOrO DROJAA HMECTCHA HE’:KOTOpaH
HETOMHOCTE. Ye 0BeK, ¢ KOTOPOM M FOBOPHJAH BHILIE, COBEPLIHBIIHN
LJAHTENBHOE MNYTeMeCTBHE A9 TOrQ, HTOOM M[OJAYYHTH JAPYIYIO
OPMENITALLHIO, BCPUYICH OB ¢ O0OPAeHAOIM KOMAGCOM, CEBEPHEIR
noatoe Koroporo Gui Gu ofosiagen 6yreofi S, a 10KHEIA NoJoc —
6yKBOA N (onpenelenne »THX NOJI0COE CBA3aHO ¢ 3eMaeil, a ee
OH ¢ cOOOM B nopory He Gpaa). Ecau Gbr 3T0T UeJOBEK B3I ¢ cOG0H
WPOBVA, NO KOTOPOMY UPOXOANT 3NEKTPHYECKHH TOK, H Komnac,
TO IJISl HEre 3a BPeMs ero JAaJdbHErQ CTPAHCTBHA HHYero Ol He
H3MeNHI0ch. Ho Mbr §bl npH ero BOSBpAalIeHHMH 3aMETHJH, UTO €r0
KOMIAC OpPHEHTHPOBall B HANpPABMREHUH, TIPOTHBOTICIONHOM AMIe-
POBCKOMY mpasuny Gypaeruuka. OpnHako 310 G0 OB IPOCTO
BHAMMOCTBIO, MOCKOJIBKY 0f03naueHus N H S NOJIOCOR €r0 KOMOaca
Oblin Ok! HeBepHbiME. MBr BHIHM, 9TG MalHMTHOE HOJE HE ABJAAETCH
HACTORIUKM BEKTOpPOM. 3TQ — aKCHaJbEbl BeKTOP, AHAJOTHYHHH
BEKTODHOMY Npoussefennw. OrTciofa <aelyeT, YTO HAI AYTEINECT-
BeHHRAK, MPOHAS 0 IYTH, NPEBOAALIEMY K HIMEHEHHIO ODHEHTALHH,
He Hame] Ob Aa)ke H3MeHeHMii B 3VIEKTPOMArHHTHLIX 3aKoHax!
DTH 3aKOHB He TPeSylwT, uTofLl hu3snyecKoe NMPOCTPAHCTEO Gulno
OPHEHTHPYEMBIM ).

'} «Citocof» HenpoMLLLIEHHOrG H3TOTOBJAEHHA BUHHOKAMEHHON JeBoBpalla-
el KuerorTh. :

%) B T€OPHH OTHOCHTENBHOCTH pa3fefATh 3JeKTPHYECKOt H MACHHTHGE noas
He pazpemaeTod. MMeeTes HEKOTOPOS «3MeKTPOMATHUTHOS NORSY, AHTHCHMMETPHY-
Huf TeH3op 2-r0 nopaaka (HMEKWLLNF, CIe10BaTeJblo, LIECTE QCHOBHMWX cocTa-
BIAWKINY], KOTopHA gRAAeTCS [o CYTH Jena HekoTopol dudppepenyuasrenold
gopmod 2-i creneqs B 4EeTEDPEXMepHON TpOCTpanCTBCHHO-BPCMCNIISH BoedeHHoMH.
B raanneercxofi cucTeMe KOOPAWHAT 3ToH HOPMe MOMHO NOCTABHTL B COOTBETY
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OnuaKo necaeaHHe OTKPHTHA B ¢pHSHKe, OTHOCALIMECA K pa-
JHOAKTHBHOMY P-pacmany, Kax OyATO YKa3BIBaWT Ha TO, ¥TO npo-
CTPAHCTEO OPHENTHPYEMO.

PaccMmoTpuM aToOMHOe sAp0O, HMEOIIee CIOHH, T. €. WMewllee
3afgaHyoe cof¢TBeHHOe Bpamenne. Ero BektTop YricBOre MOMeHTE
ABJAETCA BEKTOPHEIM NPOU3SBEIeHAEM — HEKOTODHM aAKCHAMbHLIM
BEKTODOM, T. €. BEeKTOPOM, 3aBMCAmMHM oT opuexrauny. [lpeano-
JOFKUM, UIO 3TO SAPC PAAHCAKTHBHO M UTCG ONLITHEIM OYTeM Loka-
34HO, YTO Np¥ P-pacname aMeeTcs GOJbLIAR BePOATHOCTDL HCOYCKA-
HHA =A€KTPOHAa B QLHC H3 ABYVX NOJNYNPOCTPAUCTB, ONPEAS/ISEMbIX
NJOCKOCTBIO, MePpneHAHKyNapHOl K ero OCH BpalleHusa, 3To Asfe-
HHe He 3aBHCHT OT OPHeHTAlUH NpocTpancTBA. Temeps MOMKHO
ONpefeNuTh NPHBHJETHPORAHHYID ODHEHTALHIO MPOCTPAHCTBA, Ha-
NpUMep Taxkyio, NPH KOTOPOH yrjoBoil MOMEHT sApa OyaeT JexaTb
B TOM TNOJYRPOCTPAHCTBE, BEPOATHOCTH HCNYCKAHHA B KOTOpPOE
Menbmie. (3TO TA OpHeHTALMA, KOTOPOH HA 3eMAC COOTBETCTBYeT
npaBo-JAeBas OPHENTALHs vesoBedeckoro Tena. Oxa Guia skenepu-
MeHTa/bHO YyCTaHOBNeHa OH3HKOM By B ometTe ¢ ko6aabToMm-60,
npopenennoM B 1956 r. ¥ noATRepANBINEM TecpeTHuecKHe coofpa-
skenng Aura u Jn,)

Tem He Meuee, 370 (H3UYeCKOe SBJSHHE HE AOCTATOUHO yGe-
IWTENBHO, TIOCKOJBKY HHYTO He AOKA3WBAET, YTO B O4YeHb YLAJIEH-
HHX oF Hac o6JacTAx BcesienHoH HeT KoSaabra-60, «cHMmMeTpHu-
HOTO» IO OTHOLIEHUK) X HalleMy, AJA KOTOPOro MMedH OH MecTo
APOTHUBORONOKHEIE ARACHUA. [[06GAaBEM Ko BceMy 3TOMY, YTO HalUH
NPeCTABJCHHA O Becefi BCesJeHHOM, ObITb MOKET, TaK JAJEKH OT
NeHCTBHTEIbHOCTH, YTO BONPOC 00 OpHEHTAUHH HEe HMEET HHKAKOTO
CMBICAR,

§ 6. HHTETPHPOBAHHE JH&SEPEHIHAJBLHOA SOPMBl HA
OPHEHTHPOBAHHOM MHOTOOBPA3ZHH

Mepa Panoua, onpegeneHHas HempephiBHON Anrddepennnanbnol
>

dopMolt @ CTenens n HA OPHEHTHPOBAHHOM f-MepHOM
MuorooGpaanu kracca C!

-

Ilyere V — opuenruposannce n-mepuoe MEOroogpasne kaacca C!
Haji NojeM BellecTBeHUHX uHcen (aGCTPakTHOE BIH cOomepxalieecd
8 adPHAHOM BPOCTPAHCTBE), CUECTHOE B GECKOHEWHOCTH 1),

>
Myers O O — O(C) — ueroropas kapra V. Ilyers @ — gnd-
depenunanbHas $opMa MAKCHMAJBHON CTeUeHH f, HeTpepeEHAA

CTEHE HeROTODHIE DONAPHENA BeRTOP (2AEKTPHUSCKOS TOAE) B HEKOTOPHN AKCHANE-
HUA BeKTOpP (MArHHTHOE TOJE),

'} B 3ToM naparpade MR NpeINoAaraeM, YTo Bee PACCMAETPHBAEMHE B HEM
uitorooGpazna caeTin B GeckOHedHocTH, Henmpepueuoe muoroofpasie, conepmxa-
weecd B apiHAOM NPOCTPAHCTRE, CHYETHO B (ECKOHE@UHOCTH. ’
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4
Ha V W DpuEMManllad 3Havelds B Oawaxogosm npocrpuxcrsee F N,
.
Paccumorpum Tenepe npooGpas ¢GopMH ® IIPH OTOGPAXKEHHH
-3

(VIR CD'(:. Tak kak ¢opma © HenpepuBHA B oToGpaKedne @ mpu-
HAAMEKHT Kaaccy C', 7o STOT OpooBpas fABafeTcd [eNpephiBHOM
AudrpepeHunaIbuod GopMod Ha oTKpHITOM MHOKecTee (¢ mpoct-
paHcTBa K* (Teopema [4,). Cremens sTo# ¢opusl pasua Paimep-
HOCTH n npocTpadcTBa K®, TaK YTO. @& MOKHO 3ANHCATL B BHJE

Do=F, ty, ..., w)du; Adig A ... Adita (V1,6 1)

CoaxeM ¢ s7oli Qopmoit mepy Paioma, onpeaenenaywo Ha
o
OTKPHTOM MHOXKecTEe (F cO 3HAUeHMSIMH B F2), No dopmyne

> > >
B, HAH @, HIH pz’¢=

=_f)(“|:“2, ceer W) 0y, tyy oy iy DA Qdu,® . .. Rdu,, (VI 6;2)

rie O — pyHKUnA, CBA3aHHAdA ¢ opHeHTauueil V' ¢ nomoulsio
kaptet B, Ilockomnky @ seaserca romeomoppusmom C na ©(0),
e

£
TO Mg uMeeT 06pas Mng, aBasownAca MepOH Ha OTKPHITOM MHO-
weerse PO w3 V.,
Takum obpaszom, 3amanue Muoroobpasua V, oprenrauun sroro
>

muorooGpasua, AuddepeHUHaABHOH QOPMBH @ HA MHOroo6pasuu

# ero kaptu O onpeseaner wexotopyw Mepy Pagona Dug, na ©(0).
-

Teopema 3L [Tyere V — opuenruposannoe mnoeoobpasue u

5 — Henpepoisrai dudrdepenyuatsuai popaa, onpedesennas na vV 3.
yero O Oy =D {0 u Dy Oy~ O, () — dse kapror V, obpaset
woropux Op(0) u D, (0,) uneror nenyeroe nepecewesiue 8,

g
f) Moxho SymeT aga npocroTe B KauecTBe F BIATH NOAE CKAMAPOB.

. >
%) B cuay TOro, Yre OPOCTPAHCTBO F MPeaTofaraeTCH MOMHE M, popmyar
L
(VL,6;2) onpenenster wepy co sHaueHHaun B F kaKk npousmegenne Mepu JleSera

>
da @ du @ ... @du, na nenpepuipnye ¢YUKUHIO €O SHAYCHHAMH B Fi O
Onpeneacane nano B dopuyae (IV,56). C 3Toro MoMedr Ml He GyieM Hano-
-
MHHATE, uTo F ABJAAETCA GAHAXODEIM MPOCTPANCTROM,
3} Ovems =acto V Oymer aewars B HEKOTOPOM OTKPHTOM MHOMNECTHE
e

adduiHOry MPOCTPancTBA, @ @ GYLCT OUPEAeAEua H HEMpPePhIBHA B ITOM OTKPHI-
TOM MHOKecrse.
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Tozda Ose mepul fD,p., u (Iiz‘uz, onpeaeeeﬂﬁb:e raprase P, u O,
ucxo0s 43 opuenmposamoeo MmHO20O0pA3UA V u dudgpepensyuarn-
Hotl Jopaet o) cOBRA3AOT 8 OTKPUTOM MrOMecTse Q.

Hoxasateascrso, [lyere @ B Q, —npoodpaan £ 1upu
oroGpaxienuax @ u @, coorserctsenno. Orépocus &) # s, MH
B naJbHeflueM OorpaHudanMcs MHoxectBamu Q) x £, [lockonery
Dy 1 = 07 "o @, asaserca C'-anddeomopdnavom @, mHa Q, (cnen-
creie | teopemsl 33 ra. IlI), To oH paer ognospeMeHHO 0GpPasH H
npooBpasel aas ¢yokouil, auddepenpHaspabx OpM, MCp H T. 1.
Byaer yAOGHEM HCNORB3GBATE CHMBOA ~ JJISl MATEMATHHECKHX
06beKTOB, ONpelnedeHHHX HA MHOXectBax §; M Q, M COOTBer-
CTBYIOLIHX ADPYT ApPYTy npu orobpasxkeHHH D q.

TTokaxem, 4TO

> > >
=@y RAH My~ My (VI, 6; 3)
Torna 8 ey pasencTsa @O, =D, D, , 6yneT HMeTb MECTO C€OOT-

HOUIEHH e (Dlp, CDQ;,:,2
Mol BHaenn, ute otob6pakenne @, | npuHazgexur Kaiaccy C',
[Tpeanmonoxum, uro 310 oTOGpamende onpefeneHo Gpopmyaoci

u—so==0 () =20(u),

(V1,6 4)
V;=0; (l(, Usy «vey Un) i=1,2 ..., n

IMpoo6paz anddepenunaavunofi dopmul dv, Adu, A ... A duy,
npu orobpaxenun Dy, pased (popmyaa (VI, 3; 40)

@, ,(dv, Adoy A ... Ade)y=(det®]  (@))du, Adu, A ... Adu,

(V1, 6;5)
HAH
(det @  (Ndu, Aduy A oo Adu, ~do, Ado, A ... Ado,
(VL 6;6)

Kpome roro,
.
Fodu, Aduy A oo A du,—Dlg=(B,cD, Vo=

=, ,(Bo)=; , (l,dv, Ado, A ... Adv). (VL.67)
HJH

Fiduy Adug A oo Adig~ Fodv, Ado; A .. Ado,.  (V],6;8)
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Uz (VI,6;6) n (V],6;8) nyreM AeAeHHA HAXOLHM, YTO

-
filw) —~ ¥y [ .
(det CD;’ [ (t{)) f? (U) )‘ (VI, 6» 9}

Cornacno (V1,5; 1), ana dbysxunit 8, 1 0,, CBAIAHHBIX ¢ OpueH-
rauuefi V, n oro6paxkenuii @ n @, cnpareasnBo COOTHOINEHHe
0, (1) sgn (det D} | (1)) ~ B {v). (VI, 6; 10)

IMepemuoxkan (V1,6;9) a (VL, 6; [0), noayvaem

e
fi () 6, (4}

sl il S 9, (v} 6; 11
raral T ~ 0 0:0) (V1, 6 11)
Cornacuo dopmyae 3aMeds mepeMeHHBHX B KPATHEX HHTErpanax
(caencreue | Teopemz 102 ro. IV), ofpasz mepu |det® (u)|da

npn oroSpamenan Oy, asasercs mepodl du
|det @, | (u)|du, @du,® ... @du, ~do,Qdv,®...Qdv,. {V1,6;12)

[Tepemuoxkas mouremno (VI 6; 11) n (VI, 6;12), noayuaem
>
HCKOMO®@ COOTHOIIGHHE [1) ~ Jlot

FL )0 (n)duy @ duy ® ... ® duy ~ (1) B,(0)d0, ®de, ® ... @ do,,
(V1,6;13)

-
Caenctrue Ecau V 26480708 OPUEHTUPOBANHOLM TL-HEDHOIM

-

nrozoobpasues xaacca C' u o nppedcrasaser co6oi Herpepsienyso

Ha V OQuibghepenuiaibhyio gopmy crenent 1t co SHA4EHUAMU 8 OARA-
—

xosom npoctpancree F, ro na V cywecrayer, u npurom edun-
> > >
cT8eRAAR, Mepa Padona [C!)]ﬁ =[w]?) co swawenussu 8 F, rakas,

K.
470 04 kaxdold xKapror @ mepa (0] pasna & OTRPHITOM MHONME-

'} Ecan zamenuts v na @, (u), 10 3mak ~ gaa $yuxuuli Syner o6o-
aHAYATH 3HAK =,

2} OGosunaucune [E;] SBJIACTCA YODOLEHHEM, NOCKOJABKY Mepa oupegsnaerca
zanannem gn OPUEHTUPOBAHHO20 MHOCOOOPAIRA v - >

B wrore BO3MOMHOCTE onpeneneHna Mepn Paponz [@], uexoxns u2 @ w
Hex?;ropoﬁ opuentanuy V, a Takme BOIMOMHOCTE ONPefefeHHs HETerpana ot ®

na V {topuyaa {V],6; 14)) purckaer uz Toro, 4To 3aMCHA DePOMCHHEIX B GOPME
CTENEHH # WCAOJb3YeT AKOOGHAM, 3aMEHA NepeMeHRbLX B KPATHHX HETerpanax
UCNIOIB2YeT MONYAbL AKOGHAHA, A 3HAX AKOGHANA CBAJAH ¢ OpHenTauuxel,

CaepyeT saMeTMTh, UTo 3dece Mo Ooaxcunt Oplal BOCAOADIOEATHCRA TEQ-
peMoft 102 ra 1V (2aMema nepemEHNMX B KPaTHBIX MRTerpanzx), M NOTOMY
HZMAraeMan TeopHn He IpejocTaBaReT BUAMOKHOCTH JATh EAPHAHT MOKA3aTe/lbs
crea Teopemu 02 ra IV,
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cree D) obpasy 'Ii(;o) Mepot ;m, coordercregrowei #a ¢ mHozo-
o6pastiro ’l} u chopme cT) npu orobpascenui D,

JMokasarteabcTro. B camoM pene, wkorma @ npoberaer
BcesoaMoXknbe xapte V, @ () o6pasywoT OTKPHITOE MOKpHITHE V.
KampoRk Ha 3THX K4apT CTABHTCA B COOTBETCTEME HEKOTOpas Mepa

e
D(pg) B oTEpeToM MuOKecTse D(0), H B MepecedeHUN ABYX 3THX
OTKPBITHX MHOMCCTB CCOTBCTCTBYHOIMIHG HM MepLl COBNAMAIOT. ,HJIFI
SaBépU.IEf[HFI AOKAZATEeALCTREA JOCTATOUHO ﬂpHMeIII‘ITb Tenepb TEO-
peMy 17 rn. IV © CKAEHBAHHH KYCKOB.

Jamevanus. [° Hafizennags mepa [w] 6vEer =0 toria n
TOJIBKO TOrZa, Xoraa ckadsapras Audoeperunagavras Gopma @ 220
OTHOCHTEALHO OpHeHTaunn V.

B camoM fene, anst TOro uTOGH yGeANTbCA B TOM, UTO [w] nono-
AHUTEABRHA, AOCTATOYHO NPOBEPUTH 3ITO CBOHCTRO B KAMAOM OTKPHI-
ToM MuomkecTse G{F). MMockoapky I ABNAerTcs roMecMOpPHIMOM,
TO [A0CTATOUHO YGENUTbCA, YTO Mepa R, 4 =0. Ilocaennee xe
HepaBeHCTBO OyjAer BuINOJAHATLCA TOTLA W TOJNbBKO TOP1d, KOrAAa
byuknua 76 =07,

1o osnauaer, yro aupdepennnanvuan Gpopma fodu Adu A ...

.. A di, HeoTpHHATENBHA OTHOCUTEHNBHO KAHOHHUYSCKOH OpHeH-
taund K°. Tak xak fdu, Adus A ... Adu,=Tw, To 10 onpe-
geaenniy € sTo ¢BOAHTCH K YTBEPHASHUIO O TOM, 4To GopMa @
HEOTPHUATENbHA OTHOCHTEABHO OPHeHTANMH MEOrooSpasus V.

. 2°) Ecnu opuenrtauus Muoroo6pasus V' He HHKCHDPOBaHA, TO
- .

Buppepenyuaronan gopma @ sepst Ha V ne onpedeaner. B atoM

cloyyae JHAONYCTHMO, uTO0H  ¢opMa o ONpeneasnd  HeKOTOPYD
noapuyio mepy Ha V, T. e. urofbl OHA KaMJOH OpUEHTALUHA
MHOrooGpasua V craenaa B COOTBETCTBHE ONPEUENEHHYI MEPY
Panona u dsym nporusoncaoscnum opuentayian V — 0se nporugo-
noacKHcHute mepot Padona,

3°) EcAH OTKPHTOE MHOMNKECTREO 11’/ wa V cuaﬁxceuo OpHEHTa-

uHed W" onpenenenﬂou OpHeHT a1Kel V 170 Mepa [m].», onpeleeH-

Haa dopmoh m na W, apasercs cymKeHHeM MepH [m]fl; Ha OTKpH-

TOe MHOXecTRO W.
B camou geae, nycrs @ apasercs Takoii kaprodl, uro P{(0) C;-V.

-
Toraa [e]; u cymenue [E;]? na W coenagaior B ®{U) ¢ D{uy)

') B neficTBHTEALHOCTH B CHAY CARACTBHA Teopenmu 52 7. IV Torza N ToAbKD
TOrNM2, Korna $dyHEung f8 Symet nowrn acwdy =0 (nowrw OTHOCUTEABHO MEpBL
Jlebera). [Tochonbky [0 uenpepwBha, TO 9T0 PABHOCHABHO YTBEPMASINIY, TO
oHa scrody 0.
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Caenosarednno, our coenagamnTt (reopema 13 ra. IV) B oGbepu-
HEeHHH TAKHX OTKPHTHIX MHOmecT, Kak O{), T. e. 3 W,

R
4°) Mepa [m]; AUHEHHO 3ABHCHT oT AH(QbepennHaNbEOk

dopMul :3: . N .
[o; + mz]{; = [mi];, + [ogls .

» N (VI,6; 13,)
[k_m]l? =k [m];,, rae R — CKaXSPHAS NOCTOAHHAS.

Hurerpan ot aAnddepennnaabtHofi dopMbl CTeNenn 2 HA A-MepPHOM
OPHECHTHPYEMOM MHOTQOOpa3uH

lad
Onpenenenne. Ilyete V — opuenTnpoBannoe n-MepHoe

mHorocobpaske kiacca €' U © — HenpepmBHad LA dHEPEHLAAABRAS
-
dpopma cremenn n Ha V. ToBopar, uto w uarespupyema na V,
> ~+ -
eCcnH npH Mepe Pajaoda [m]ﬁ cooTBeTecTBYOWEd V H ©, WHTerpHu-

pyeMa Mo Mepe m[ G yHERUNA l B _3TOM c/lydae WHTerpai Hasu-
BAGTCH HKTEZPAACM HOPMBL m Ha V H 0603HAUAeTCS yepes Im.

V

[o= [l =l ()=lal,®)). (VI 6;14)
{; s

E S
HrTeepaa or o ceeda cyiyecTeyer, ecat o UMEET KOMAAKTHOLE
noctireas Ha V u tem 6oaee ecan V. KOMRAKTHO,

-
DTOT HHTerpajd CYUIECTBYET, eCIH HOPMa MepH [o}]? Koseyua

e
u npoctpaucTso F gomeunomepHo (cnegcrsue Teopemul 54, ra. 1V).

. -
'} Bro wnterpan or |, Han mepa V oTHocHTeMsno sextoprai mepn [w], .
¥

Mul cqm_*fem, uTo 0 uMeer cumuea coraacko (IV,5; 10). D10 ozmavaer, uro
Mepa [m],ij HMmeeT Gasy =20, Takcoe yoJoBHE BCETIA BHINOAHAETCA, €CIH

.
F sphgeTca ckanapHeM OofeM MMH KoHewnoMepHo {Teopema 54 ra. IV). Oanaxe
37ech MOMHO JaXe J0KA3aTh, YTO 9TO0 YoJAoBHE OYacT BHOOJABATECA [PH

=
moGom F, Ecar Vo comepmutea B aphHHHOM OPOCTP2HCEBE, TO Bro MOKHO
HARANTEL CBEJAHLOBOA cTpykTypefl, a Torfa Mz TcopemH 32 caegyer, uTO

=
{@] umeer Gasoll dS-mepy n-mepuux wiowssedh wa V,
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DieMenTaprble cpoficrBa HHTErpaJa

. -
1°) Huterpan menser 3Hak, echH Maoroobpazne V' aaMeHHTB

.
MHorooGpasHeM V, T. e. TeM Ke MHOTGOGpasHEM, HO ¢ NPOTHBO-
NONOXHuON OpHenTaluned.

A
2%) Huterpas JanHefiHO 3aBHCHT OT @
> > > >
j (o 'i"(ﬂ?)mj @ 4 _[ Wy,
v v ¢ (VI, 6; 15)
> > .
J ko =% J @, TiAe K — cKanapHaa MOCTOAMRAfA,
[ad
s v

CymecTBOBaHNE NPaBOH YAcTH MePpBCA (GOPMYJE BJSUeT 3a
cofoil cymecTseoBaHHe ee Jepoll vactH. OGe uacth BTOPOH dop-
My/sl CYLIECTBYOT OGLROBPeMenHo (KpoMe cayvas k=0, korna
H3 CY[UeCTBOBAHHA NPABON 4acTH CJAEAYeT CYUIECTBOBAHHE JIBOH,
1O He HaoBopotl).

B camom mefe, AAA JOKA34TCMLCTRA AOCTATOUIO NPHMCHHTDL
{V1,6;13,}), a misg naTerpHpoBaHHA | no MepaM, BXOLAIIHM B 5TH
popMy AL, — popuyay {1V, 5;16) (reopema 54 ra. IV}

MpakTnyeckoe BHIYHCAEHHE HHTErpaaa

>
[IpennonoXuM, 4T0 ® HMeeT KOMOAKTHH mocwtrent K. Bynewm
paccMaTpPHBATE TAKYIO KOHEYHYIO CHCTeMy Kapr @;, npH KOTopo#
oTKpHTHe MHOKecTBa O; () ofpasyor nokpurie K.
OfGoznayum vepes o r;?mnﬂeﬂnoe pasnoxenie eannnue. Torga

ML MONYYHM DABEHCTBO &= > (a‘(;) H, CJAOBATENLHO, dOPMYNY
3
fa=Y [ao. (V1,6; 16)
V ty

HaM nocTatouHo §yIeT BHYHCTHTS KAKIBIT H3 nHTerpancs Npasou
>

yacTH. JNa 3TOr0 3aMeTHM, YTO, COMMIACHO ONPEefeHHIO MePbl [y

3

¢ nomoiukio dopMyast (VI,6;2), 3TH HHTErpaiw MOXKHO 3aBdCaTh
B EHIeg OOBYHBIX KPATHRIX HHTET‘pa.JIOB

fao= [ o= [a@®@)iw@6w oo, ... 0du,
v (%) oy
(V1,6;17)

BwmecTo PasdOREeHna eANHNLE MOKHO, CCTCCTBCHHO, BOC-
NOAbB30BATBCH TRKKEe NPelCcTABACHHEM MHOI"OOﬁpa3Hﬂ V B puge
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o5 be AU HEHHSA UV[ (KOHEMHOro HJAW CUETHOro) HenepeceKawUIHXCA
7

£
Iw}; -H3MEPHMBIX MHOXKECTB, AQCTATOMHO MAJBIX AJAA TEro, YToGb

Kampgoe H3 HHX cojepwatock b oGpaze raprol. Ecan V; co-
zepxutesn B O (0}, To umMeer Mecro dopmydaa

= > b
[o= J[m]gﬂz J[@]E—’:Z [ Hovam o ... @adu,
P F Y oyl

(V1,6; 18)
NPHBOAALIAT HAC K BEIUHCNEHHIO OOLIYHBIX KPATHEIX WHTETPAsOB.
[Moa:xe Mbr yRaKeM Gosee KOHKpeTHEIe mpaMeptl (erp. 194 u nanee).

3aMeuaKHe, PacemorpuM vactHel eayuail MuorooGpasng V

pasmeprocts 0, T. e, MHOroOGpa3ust, 0GpasOBAHHOIO M3OAHPOBAH-
e

HHMH ToukaMH. Torna $Hopma @ HyJSBOH CTemeHH CBOAHTCH K He-

N
KOTOPOI prHKl.lHHF, a Mepa [w] Oyner mo ompegeaeHHId PABHA

el -
ol =3 £ (@) bda,), s sV (VI,6; 19)
v .

Mnl anaeM, YTO ODHEHTHPOBATH TOUKY — 9TC SHAYHT NPHINCATH

eit onpenenendnlli snak. IMosToMy auak - HIH — B moctenseM
BHIPAKEHHH COOTRETCTBYET OPHCHTAUHH KaXKEOH TOMKE @, TakdM
o6padon, HHTErpaa GyjeT ompegeaatbea GOpPMyJoi

[o=Y xTw@. (V1,6;20)
§ v

OueHka uHTerpana

-~
Teopema 32, flycre V — opuenruposannoe muozoofipasie
gaacea C' pasmepnocru n, codepmaiyeecs 8 N-meprom appunnom

eeKALQ0B0M RPOCTPANCTEE, CHACHEHHOM OPTOROPMUPOBAMHON Cu-
e

cremod koopousar. ycrse @ — onpedeaenran u nenpepsiguas va 'V
Qupepenyuarsnas dopua ctenenu n, sanucanrnan 8 éude V1,3, 7)
(ede ] npobezaer muoxecTeo 8cex NOGMHONECT8, COJePIHAMUN
n asemenros MHomecraa {1, 2, ..., N).

'} Kasanoce 6m a priori, 4Te B caysae HYJAEBOH PaIMEPHOCTH H CTENGHA

sHaxy = mpocto maanwAn. Ha weopuenruposanwos maorooGpaszuu V' dopua E
onpefetneT mepy no dopmyae {VI,6; 19} sewony co avaxoM -+ u HMeeT Belomy
uhrerpad (VI 6; 20} co snakom -+. Oanano npuuAThe COMMAICHHA Agas f==0
GVAYT nenbXOANME NPH PACCMOTPEHUU opmyan Croxea, © ROTOPol M BeTpe-
THMCT Noapiee (Teopembl 37 u 39).



§ 6. Hutezpupoaanue Bupdepennuaivncd dopys 191

Tozda mepa [E;], onpedeietnan hopmoi o Ha f/, useer 6030l
dS-mepy n-mepuox naowjadeid wa V. {fpu sromn

S > >
[0l=p{x)dS, 2de p nenpepwana wa V,

- >
Ip I 2l e ()
HDoxasareasvcrbo. Ilycte O 4 — x =D {u} apaserca He-
: >
koropoil xaptoi V. Torma O'¢ npexcraeasger codol auddepeH-
uHaJbHYIO $OPMY CTeleHH H Ha OTKPHTOM MHOKecTse  nmpo-
¢ipanctBa R®, xoTopyio, cornacHo CASECTBHIO 2 TeOpeMe 14, MOMHO
3amugars B BHAE

e
o= fduy Aduy A ... A du,=

=( Y e, @)

IS, << <[, SN

V1, 8; 21)

D(x,l, xfz, vhay .\:‘,n)
D(t‘t], gy ey ﬂn)

)><
Xduy Adug A oo. Adug (VI 6;22)
Mepa Panona ;ﬁ;_, o CEAdannag ® ¢ nomowsio V u @, onpe-
G,
neqaserca Ha C oo $opMmyJe

- >
du={8 2 Of . L vves 1y
IS[, << v <J, SN

D(xh, TRETE xjﬂ)
D{“l: oy oves ﬂn}

X

Xduy ®@du, ® ... @du, (VI 6;,23)
C xpyroil cToporH, Mepa Pagona, cooTBeTCTBYI0INAN H-MEPHOM
maoutanid Ha V, sanawercs va & kar D (u)du, roe D{u) asaserca
K5
o
A-TIAOWANBIO NAPAIeNeIHTEAa, ONPEASACHHOrO ## BEKTOPAMA -~ (),
i
Hde=duy, @du, ® ... ® du,.
Sta naowany He MeHbINe MIOMAAN €& OPTOrORaAbHON NPOSKUHH
> - =
HA MOANPOCTPAHCTBO, TOPONKACHHOE BEKTOPAME &y, €, ..., €}
=
Gasuca £'), CnegoparenpHO, HMEET MECTO HEPABCHCTBO

D(x;l, Typeem xjn)
Dy, vy v .o, ug)

D) =

. (V1,6;24)

1} 310 BuTerkaer na teopemw 100 ra, 1V npu n= N — [ (DpockunA MIomAa-
neft ranepnacckoctel). Jna UPoHIBOALHOrC £ 9TO CJAGOYeT H3 Pe3ayabTaTa
{R¢ NOKAIAHHOTO)} YUPAKHEHHA, NPHBENEHHOrO ua cTp. 757 T I, ubo nmacwaane
Napajienenuilerd pPapHa KBANPaTHOMY KODHIO H2 CYMMH KBajfpaToR TLIOUIAZEH
ero mpOeKuAd Ha NOANPOCTPAHCTRa, ONpéjenfeMie s BekTOpamu Gasmca. Yka-
SaHHBIH pesysbTaT 3AECh NOYTH OYeBHAeH. Ero MOKHO nOAYYHTb HHAYKUHER
NG A, BHPAKas MICWAAL B BHIE NPOUSBEASHUA NJAOMAAH OCHOBAHMA HA AJIUHY
BHCOTH (Teopema 104 ra. IV), '
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Tenepb MOKHO 3ANHCATH

dp = g (u) (D () du), (V1, 6; 25)
THE
B ES
g () =0 (u; ‘[‘)|: E O g een 1, D (1])X
1]y < fy e < Iy SN

D(x-,x.....x )
1 i f in .
>< D(”) . D(u]p H: Ceeg un) ]' (V]1 6,26)

> :
Gyuxknus ¢ Henpepusua #a & M, coriacuo (V1, 6;24), jonyckaer
ONEHKY:

17 l< ZH(')J (@ @) ] (VI, 6;27)

Mocroauky @ spascres romeomopdpusmom ¢ ua O(C), o aaa
OTEpBITOrC MHOxecrda O(C) u3 V Moxuo 3amncath, YTo

(0] =p (x)dS, Tae plx)==q @ (x)..  (VI,6:28)

N
OyHKUMA P HeNPEPHIBHA 0 YAOBAETBOPACT HepaseHeTBy (VI, 6;21).
Oua onpegeaena na @{C) ornocrteantio Kapre ®. Oguaxo, ecau
O u O, — ane kaptu, a D {) u O, ((F,) uMedT HenycToe TePe-
> >

ceucnue £, TO ¢GOTEETCTBYIOIUE ynkyuu py & p, cosnadaror
Hag . Jdasg toro urobn B 3TOM VOEAUThCHA, HAAO AOCKA3aTh, HTO
ecan cysute O w D, ua npoobpazm @, u & MroKecrna £, To
B 0003HRUEHWAX, BBeJeHHBIX APH AOKA3aTeJbCTBE TEOPEeMbl 31
HMéEST MeCTO COOTHOIIeHHe

D(x‘,], xl,z, very ,'cjn)
D ey, 1ty ooy tin) Dy (u)

D(xf; x’| LN xf) ’ .
Do Y2 +00r On) Dilv}?
(VI, 6;29)

0, {u)

~ B, (v)

the D # D,— mMuHOXuTenH, onpejeisioulie an-MepHbIE NAOMAAH
OTHOCHTENRHO KapT @) # @D, IT0 OYEBHIHO, NOCKONIBRY

8, (v) ~ 0, {u) sign (det Dy, (u)), coraacno (VI,6;10),

“':J({‘:in1 sz, Tt xju) —~ D(x'lx' xfz’ T xfn) 1

D{u, 23, ..., Ug) Duy, woy oo, Ug) ' det La};‘l (a)) (VI' 6;30)
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rae detDs (1) == giu"l E: L'Z; . Temeps, corsacuo (VI, 10,19},
DQ(U)N Dy {a) T

| det ©; () |

-
MYHKIHA P;, COOTBCTCTBYIOUIHC pasindnbiM kapram Iy, ompe-
B3
HeNFT OHY W Ty e dynkuuio p Ha V; nocledusa HempepsiBHa,
-
DPUHHMAET 3HAUCHHS B f‘ u gomyckaer onewky (VI, 6;21). C apy-

rOf CTOPOHE!, Mepa [o}] — pd.S PABHA HYMO B CEMENCTBE OTKPHITHX
MHoKecTs D, ((J;), OOpazyIGIHX NOKPBITHE V, a ChenoBaATeNsHO,
pPaEHA HYJ/JW Ha V (teopema 13 ra. 1V). Teopeva nokasawa.

S

CHCECTB He 1. Ecati 8 ycaosuax reopemst ROIPHUYLEHTHE o

popust @ oepanuaens: no nopme wa Vo u ecau V umeer rowueungro
- -

ranwadn, TO uNTeepas OT @ Ha V cywectayer u timeer mecro
OHOHEG

* [o]< (2 s m) S, (V1,6;31)
g 1

ede S — naomadn V.

,[Lo KaszaTenberro. Oyuruua l HHTErpUPYEMA OTHOCHTEABHO

{(o]:pdS TOTAa ¥ TOJLKO TOrga, Kopaa p ABJneress dS-HHTErpH-
pyemoit {onpepenennce n gopmyac (IV,5; 10)), Pesvasrat Temepe
BEITEKAET #3 CAeleTBHA 2 reopems 39 ra. IV.

Caencrere 2. Ecan W ssanerca rodMHOZO00 DA EM MHO20"
uépaarm V' puassteprocry <1, TO OHO UMEET HYIEBYIQ Mepy 10

sepe [m]f», coorgercreyowed Jupdeperynarsioll popae o na V.

ITpeanoaounM 48 NpocToThl, Yo V JA€KHUT B KOHEUHOMEPHOM
:ubq)mmom npocrpascrse . Cuabanv £ 0pou3BoabHON eBKIH o~
BOit crpyxrtypoii. HMa caencrona 3 tcopemust 107 ro. [V Burekacr,
uto W HMmeeT HyJieByKr Mepy no s-miaowann dS.

+
'} Bro pokazaTeibCIBO COBMANEHNS hynKun p. H ope B B O [OMOUDIG
{VL,6:30) MOmKeT GHITb 3aMeHeRD HPEMEM TpEMeHerHcM TeopeMmhu JleGera —
Hukomima (Teopc'.la 52 r."I. IV), B camou peae, B E& ,j,o.rmmbl BAIUOAHATRC A

PaBEKCT BA {w]-—p] dS—pgdS d4  CAeNDBATENEHO, p; H pg AOMKNN  GLTD
d3-uouTir pereay  pasndl. Tak xak ofe yBKIHF LeOPEPHBHL, TO OHH PABHH
NCIG LY,
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“pHMCHeHHe K NPAKTHMECKHM BEIMHCJACHUAM

.
HPE,ELHO.HD}KHM, Yr0 HAOO BHYNCJUTE HYHTErpana J(I} OT HeKQTO-

>
poit wenpepbleHOfl LuddepeHunanntoll dopMmsl @ cTenenn N — 1
.

Ha cepe I ¢ HEHTPOM B Hayade KOQODIHHAT pagHyca R B Opo-
cTpaneTBe =Y, Kovopanm cuafmena cBocil KaHOWHYECKO OpHEHTA-
et (cooTBercTBYIOWEN TPAHCBEPCAABION OPHEHTALNH, B KoTOpoil
BHXOAMUIHE BEKTOPL NOAOM HTEILHBL, CM. CAETCTEHE 2 TeopeMm 30).
3xparop x, =0 aBjisercs MHorooHpasHeM pa3MePHOCTH, CTPOro
Menblueil, 4eMm pPasMEpPHOCTb C<depsl, H, CJIeAORATENBHO, B CHAY
CACACTBAA 2 8 UATE2paAe €20 MONCHO OorGpocuTs. 3HAMNT, MHTE-
Fpad paeex (,‘,YMMC ABYX PIHTEFPEIJIOB COOTBQTCTBYIOLLLHX BEPKHCH

noaycgepe E+ W HHXHEH poJycdepe 2,_

[o=[161= flolg+ [@lg= [ o+ [ & (V1,63
s z =, 5

o+ o
s, ¥_

rne T, onpepenseTcs HePaBeHCTBOM 1y >0, a I_ onpemeaserca
>
nepasenctsoMm xy << 0. [CywecTsoanue wurerpana ot []. na 2

B CHAY KOMNAKTHOCTH cdepul Z BacueT 3a cofofi CylLIecTBOBAHME
STHX HHTErpanoB Ha Awboi dS-usMepumoll wacTH I, a 3HAYHT,
Ha X, 1 X_, T.e. CyUeCTBOBAHKE NOCAEIHAX HATerpa10s B (VI, 6;31),]

PacemoTpuM, HanpuMep, uMTerpan no BepxHeld noaychepe.
Kapra arofl noaycdepwt onpegexserca oroGpaxeunem @, zana-
BA€MBIM COOTHOIICHHEM

(X Xg0 ooy Xy = (g 2o .., Ky,
(VI, 6;33)

=V o P
xN_VR — X —Xr— ... —Xy—p
N=1
rie O — oTkphiTHE wap X x2< R? 8 R¥Y~!, Chauana uago Haitu
=i

E
npoobpaa @, onpeneaseMuil 3Tolt Kaprofi. JJAd 9TOrO LOCTATOMHO
]

3amucath @ B BuAe (VI,3;6) M 3aMenuts COOTRETCTBEHHO X, H
dxy cootHoutenuem (VI,6;33) ¥ coorHoweHHeM, NOJYYEHHBIM H3
HeTo AnddepeRIHpOBAHHEM:
—x de,—x,de,— ... — Xy_gdxy (VI 6‘34)
VR2— z__ 3 _ _ .z ) re
x|~ ¥y Lyt

9
Tax noayuaerca Auddepenunanbvuas ¢dopma P'w, nmewman
BHJ

de =

TO X0 o vne g} dt, Adxg A oo Adxy-,, (VI,6;35)
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ity ?— HepepuiBHAA (YHKLHA HA OTKPHTOM Wape &, 3atem nazo
BLIUHCIANTD (YHKIMIO B (x|, x4 ..., ¥y-;; D). Cucrema BekTopos
- -

eys g ..., Ey—y NOJOKHTENbHA B KAHOHHYECKOH OPHEHTALHH NPO-
crparcrBa R¥~! Fe o6paa npn oteGpamenun @7 (x, x,, ..., £y_4)
LPEeNCTaBAAeT COOG0H CHCTEMY BeKTOPOB, KacaTe/bHBIX K BepXHed
noaycdepe b TOUKe (X5, Xy, ..., Xywy, Xy} TPOEKHUHH KOTOPLIX
DaBHB! MPEALAYIUMM BEKTOPAM. OGo3nauuM 9TH BEKTOPW depes

€, €, ..., ¢y_,. JAMETHM, U4TO B KaXNoH{ TOUKe BEpXHedl mory-

S > ,-f -*.F -)!

c{pepH BeKTOP ey — BHIXOARMMKEA, 3HaK Gasuca &y, e, €5, ..., e~
- B e =
3 RY (apasiolwmiics rakike 311aKOM 6a3uca ey, €, €3, . 1., €y 1),
> > >
T. e. (—D¥') pasen snaky Gaauca e, e}, ..., e, _, B Kacaress-
HOW opuerTaunu cheps. OKonuaTenbHo Gynkuus § pasua (—13W-1,
[MoaroMy HMEET MecTo opMyaa

[o=t=1pt | (%0 Xor vony 2yo) didry .. day.y, (V1,6;36)
& a

2y

CBOLAUIAST BEIUHC/JACHHE HHTErpata or mHpdepeHuHaILHOA (POPME
K BBIYHCJ2HHIO OﬁbIIIHOI'O KPATHOTO HHTeTpaJgaa,

Takumu xe SyAYT BHUMCACHWA, OTHOCALIHECS K HIDKHEH MOMy-
chepe, oaHaKo B dopmynax (VI, 6; 33), (VI, 6; 34) crexyer nmucatob
3MAK —, A4 HMEHHO:

A"'N=—VR2—K¥—_I§— e — a2,
dry =+ AR o ey day (VE637)
VRgmx?—xg— e — X

.

B kaxnoll TOuKe nmKHed moaycdepsl BeKTOP &y ABMIACTCA
axodgutism, H, CAeNORATeNLHO, COOTBeTCTRYIOLIAA GyHKNAA 0
pasua (— 1),

PaceMorpum Hac_’l;HHﬁ cayuall, Korga pasMepHocth N =3,

MpexnodoKaM, 9T0 ®@ HMECT BHI:
o==AdyAdz + BdzAdx--CdxAdy.  (V1,6;38)
C nomowpio dopmya (VI, 6; 33) n (V1, 6; 34) popmyay {V1, 6; 35)
MOX{HO 3allHCATb B BHOe

‘D:(T)=—-ElydyA rdx 4 g dy _"é‘ xdx -+ ydy /‘\dx—l—adx/\dy:

’;R?wxz_yz lf’Rz__xz_ya
> ﬁx—kﬁb
=(c + ﬁﬁ%{) dx A dy. (V1,6;39)

> > e
1) Tak KaK ¢ == €, + A€y, 10 ONPeAeMTENs OZHOTO 13 GASHCOB OTHOCH-
TEJbHG ApYrore pabeh I, -
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3nech @ ={(—1¥ = -1, nosromy

fa= [T I((,-l—-'—j—{_“__i'_?y—)dxdy. (V1,6; 40)

2 oyt R? VE
-
Janee,
(o [ Bmp2tB Jacay iy
‘é" ey 2 RE—xt =y

Oxonyarenpuo OyneM HMeTh

[o=[6o+ [o.

-

+

CoBepurenyo acHo, uto B (VI 6; 40) [coorpererrenso (V1,6;41)]
.

B Bhipamennax Ana A, B, C, apaaowuxces QYEKOHAMI OT X, ¥, 2,
cacayer samemnth 2z una Y RP—x— 42 (cootmercreemio ua
— VR — %% — 3%). Kpome T0ro, B TOASPHEIX KOOPANHATAX UMEETS
gapra M=P cdepu, onpepenasemas cootnomernneM (IV,9:33)
3mece ¢ npeactaraser coboit npamoyrossuuk K2, onpesenenumii
nepapeHcTRamn 0 < 8 < x, 0 < ¢ << 2n (cuntaem r =K). [Jlonosue-
nie K obpasy P(C) sToll KapTu ABA4eTCA MePHLIOHAILHO mony-
OKPYKHOCTLIO H HMeET, CefOBATE/BHO, COMIACHO MpeiblLylenmy

CAeLCTBIHIO, IYAERYIO MCPY OTHOCHTENBHO MepH [o], ccorteercTRYIO-
£4 :

mefl popme «. 3HAYNT, JErKO BBIUHCAAeTCA HHTerpasd Ha obpase
kapth. B (VI, 6;38) caegyeT 3aMeHHTb X, §f, 2 EX BHPamKEHIAMM
(1V,9; 33), a dx, dy, dz ux nuddepernuanamn (rae r = R, dr =20),
ITpu 3ToM ML NOJIYUYHM PABCIUCTBO

Po—1(8, ¢)do A dg. (V1, 6:42)

Teneps nafo BHUHCAHTS (YIKLMIO OpHEHTALUN & . Mas atoro
HYXKHC B onpededelinoil Touxe (0, ¢) l'lpHMO)'I'OJIbH]IKFI ()’ DRITHEN T

OPHEHTAIHI) CHCTEMBl H3 JBYX BEeKTOPOB ra(} (0, ¢} 1 - (0 @) 1a

cepe. Hx reomerpuyueckoe pacnonoxenie (usy ucnuoe m\ crp. 750
7. F) TOROPUT O TOM, UTO CHCTEMAa 3THX JIBYX BCKTOPOR IMOJAONKH-
TeMbHd B TOH opueHTauyu chepnl, PyHKUHA OPUELHTAUHH KOTOPOI
pasna +17). OKOHYATEBHO BHIYHCIEHHE CBOANTCA K BRUACISHIIO

'Y Peur nier agech o Ppyurunn opuenTanud O (1 O), ne noveromed HusGso20
oriomenns & apore O — oguoll ux noaspEmx koopiular. [evaanioe cregs
cTBHE TOr0 hakTa, UTO aapaRiT KOHCHSIL
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oGpIaHOrO ABOHHOTO HMHTErpana

> Y
[o=[]7®. v)aode. (V1,6; 43)
g ¢
Paccmmpm\{ B KauecTBe YHACTHOrC NPHMCHA HATcrpad
dy —yd
| ==, (V1,6; 44)
T

-
rae T = TPHIOHOMETPHUECKAA OKDYXHOCTh, CHAGHEHHAA KAaHOHH-
yecKolt opuenTaudeit. CyuwiecTByer, OUYEBHIHO, KapTa 3TOH OKPY#HK-
HOCTH, ONpefeseHHan ortobpamenwem D; p-—+(cos ¢, sing). 3mech
O — otrpuroe unoweerso 0 < ¢ < 2x npamoit K. O6pas @ (0)
aBadgerca Ha I JOUO/AHeHHeM K TOUKe, T. e. K MHOXKeCTBY HYyJe-

.
Boli Meppl Mo wmepe [w]. Mul BuanM, TaxpM o00pazoMm, YTO N0po-
o6pas andpepenunaavuoii hopmel- Aranercn dopmoii dy wa R

1 B 5707 MOMCUT, HAW N¢ MOCBRULCHHM® B TaRHL OpHEHTIURH unTa-
TeIH, ME He OGPATIVIH HHKAKOIG BHUMAHHA HAa 70, SBAACTCA AR TPIRAP
oo Dix ¢ z)
i, 1. & nomouTensnuiM wAn 1ct. [ToaToMy Mu A0KAZAAW JHWL, UTO m

3
pasHo =1, a.3TOTY BMOJAHe ZOCTATOYHD AR 3aMeHH NepeMeHllkX B KPATablX
HITErpanax.

1.2 doresaresserse. HenocpescTeednuin aupdhepenuuposanies §ynkuuf

X, J z MD}KHO BMYNCILITE AKOBHAH B Ha wepaseHcTsa + r? sin B> 0 monyunte,

1To z, j, k 08pasyioT NOAOKHTENbNLH Gasne. HegocTaTox 3T0r0 MCTOAA 3aKTM0-
TAeTCA B TOM, MTO NPH €TO RCHOJB30BAHHE TEpATCd Bee NPEPHMYIIECTBA, NONY-
YaeMbie IPH [ROMETPHYECKOM ONPRISAENINE MOV SKOOHANA.

2-¢ Jorasareavcrao. ITpoBeNey ¢HRYaNz paccyHZeHHe LJA AIOCKHX TOATD-
nux koopaunar p a . Cormacno BLiBOpY MOMOKUTCILIOMD NANPABABHNST 114
TPHIOHOMETPHYECKOIT UKPYRHOCTA B OPHEATHPOBUHKON (AOCKOCTH (HanpaBacHHs
YIACB), B KALATEIRHOR ODHORTAUMMH Y0l OKPYmBOCTH, COOTBETCTRYOMEH Toft
TPAHCBLPLAMBHOT opwel{;{'agnu, 5 };ompbﬂ BbIXOATILHE BeK'l‘Opbl_;IﬂJlHKJTU{ OO+

MHTeNbHEIMH, §a30¢ #, ¢ (FIe # — BuIXOAALIAS HOpMAanab, a U ~ KACATEALHAR
B OPTMOM IAnpansAclii} NeNOKHTERSE,
Eqmr Ml mepefineM K KaHOWHYeCKH OpPHeHTHPOBAHHOMY npocTpaiersy K2, To
> - :

+
YRHILHM, 9TO REKTODH { N g5, TILe & — TPETHH RekToD Gammca (och 2) u
£ o= s_;gn 2, 25=0, SBATIOTCH BEIXGNLLH M omomrenbuo chepnl. Tak KaK BexTOpu
> -
i M k cacaTentun k cthope, to Gasue i, |, k Hmee'r TOT Ke 3Ha!\, uro M ﬁaanc
> e

> >
*f’av i, # Ho torpa or cosnagaer co zpakonm eea, i ko uau fo, ko, £as, Tk ;ﬂ 7]
).

>
J'\n—uI‘L}p[iJOI[IHJIbllNE‘ OPOSKUNE DEKTOPOR I k Bextopul fp kg C YOUNOCTEG
> > b

A0 IOJOMHT CABIORO MIOKHTCAA COBNAJAIGT ¢ BEXKTOpaMH &t H ®, TAt i H O
COOTEETCTBYIOT NOIAPHBIM KOOPIHHATAM B {x, y}-MROCKOCTH, OKOHYATEABHO TPofika
> > > >

f. j, B 1MEET aHMAK CHCTEMH BEKTOPOR ef, ¢, g2, B R° HIAH 3HAK CH{TEMEL
> > >

wov, ey b B rae 4, v onemar B RE T . nofoxptemwua. 3toT pesyastar, jio-
WAAATEHEITT 108 2=, OCTAHETES 1O HENPePHBHOCTH CNPABEILIMBEIM MDY 2=,

Vak KAk TOMAA BE’KTI’)D! SBAAETCA BHIXOAAWSH HOPMATRIO, TO ;, k nfipasyinT
ICHIITEARHIR $431C B KACRTe BHOR opHeHTAUH# CdepH,
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dyukung 6 opueHTauMu paBHA +-l, HHEIME cRoBamH, oTobpake-
HHe [ MepeBOAMT NOJOXKHTENbHOS HampabJexue odxora R B moao-
KUTeNbHOE HANPaBJeHHe 06X0Na TPHTCHOMETPHYIECKO OKPYIKHOCTH.,
TlosTomy HMeeT MecTO (HOpPMyJa

j%ﬁ= [ do=2n iV1,6; 45)
E,‘ 10, 2R[

DTH paccyRAeHHA CCHOBAHK B 5OJAbUIOH CTeNeHH Ha HHTYHLUHH.
ITpu npuodpereniy HeKOTOPORO ORBITA PUCCMOTPERHBIE ORCDALUY
A6INCANAIOTCA 04eHb GoicTpo. Becs 3ror gopmaduam ydawno co-
yerager 8 cebe unryunwio u asromaruam. Odnako ocezda rado
08patyars HEKOTOPOE BHUMAHUE HQ 3BHAKKE, KOTOpbie Hopoxcdaer
aeedensan opuenTayu,

Cnepereue 3. Egan 8 yeaosusy Teopesbt HeKoTOpas wHe-
npepsiBHan Judhepenyialenal Gopua LE\, api v, C?‘peaﬁiﬁu{e.ﬂwﬁ
K BeckonednocTl, cxoduTes Kk dugipepenynatoroil gopme @ pasHo-
MepuO Ha Kawdom komnaxre ua 'V, ro mepa [&,], COOTBETETRYIO-
waa 3-)\,, JloRAALRO cxodurca o HOpME, U TeM ooaee i poko,

K aepe [w], cooraercrayiouedl w.

- -
JdokazateawcTBo. Mubl roBopuM, uTO @, CXOAMICH K @,

=
ecdn B BupaKenuu (VI,3;7) kamnaa us dbyarunil (vy); cxonnresa
>

K dyukunyu {w),;. (B »ToM onpelefeHHd MPeANMONATAETCH, YTO MHO-
rooGpasue ¥V 3a71aHO B OTKPEITOM MHOIKECTBE AQQHHHOIO NPOCT-
> .

patcTea, a GopMa © ONPeAeaeHa H HEeNPEPHIBNA B OTHPEITOM
MIOIKECTRE.)
L -
Quenka (VI1,6;21), npuMeHeHnaa K w, — ®, NOKa3bBaer, 4T
ol kg -
PYHKUHA p,, COOTBETCTBYIOWIAR ®,, CXOANTCH K QYUKIOHH p, COOT-
>

BETCTBYIOUIEH ®, DPaBHOMEPHO HAa KaxkaoMm Kommakte n3 V., Cue-
AOBATENBHO, HA KamxkioM KoMmaKte K Ha V

1Py dS — pdS le < {supllp, (x) — 5 () [ 45 (VL. 6:46)
rs K

cxoauted K 0. Teopema JleOera (reopema 35 ra. IV) maer sna-
YATEJBHO MEHee OFPAHNYHTENbHLIE YCJIOBHS AAA MOJAYUYEHUA TAKOTO
-

Ke peaynaprTarta (eM, mpumep Ha ctp. 631 T. I) ecan o, npocTo
> >
CXOAHTCH dS-NOUTH BCIOLY K @ 0 HMERT MeCTO OLieHKA E o) ()=
Fi

< g{x), e g — HewoTOpas JOKANLHO dS-umrerpupyeMas ¢ymk-
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> -
gud =0 va V, ro [w,] mokaneao cxogartcs no Hopme K [w], Ecan
dyHRUNS g orpannvena Ha ¥V # ec/im V' HMeetr KOHEUHYIO NIOWALE,
- >

T0 U3 TeopeMu JleGera caemyer, uro J @, CXONHTCA K Im.

~ -
v v
Cayuali THNEPMOBEPXAOCTH €BKAHAOBA NMPOCTPAHCT3A

>
BuuncanM geruo Qyukunw p dopmynu (VI,6;21) 1aa cayyas
FHIEPNOBEPXHOCTH Z eBKAMA0BA NPOCTPAHCTBA.

Teopema 33. Hycre E ecro N-mepuoe opuenruposannoe
apPunnce eekaudoso RPOCTPAHCTEO, CHAGHEHHOE OPTOHOPMUDO-
BAHRULIM noaDKuTeALNwM Bazucon. Hyers I — opuenruposantan

-

zunepnosepxrocts Kaaccn C' us E. Ecau o — nenpepoienai Oudde-
penyuaaenas popma crenentt N — 1 @ E, onpedeaennasn dopmyaoi

N
;=§|$;(x)dx;Adx2A cos Ndxjo Adxg A .. Adxy,
(V1,6; 47)

0 COOTBETCTRYIOWAR Mepl [-;)] Hra 3 onpedeaserea no opuyare
> 4 _l-b
[m]*—_fi (~1)"""o; (x) cosa; (x) dS, (V1,6; 48)
=]

ede a;{x) — yeoa, obpasosannsvul j-M eekTOpOM OaA3UCA NPOCTPAH-
>

cT8a E ¢ ROA0KUTEABMOE HOpMaArsio K I @ Touke x (8 Tpancaep-
CanBHOL OPUENTQUULN, COOTEETCTOYIOWENR KACATEALHOE opuenTayuu
: >

8 opuenrayuu npocrpancrea E).
Hoxaszarteawncreo, Ilyers @ — nexkoropas rapra V. Co-
raacuo (VI,5;7), MOXHO OnpefejanTh Ha HOPMAJH NOJOMKUTENb-

HHI B TpaHcBepcasbuoill oprenranuu Bektop. CoOOTBETCTBYOLHI
e\HHUYHEIH BeKTOD HOpMaJan onpe,u,e.nﬂerca noe dopmyne
- B (u; O D
V=i e @A G @A . A g @], (V16 49)

rie D{u)— naowans napaasaefenunefa, o00pas0BaHAOrO BEKTO-
>

pamu %(u}, T. € AJHHA HX BEKTOPHOTO NPOH3BEILeHUA.
13
CornacHo dopmyae (VI,2; 16), oH MMeer XOOPIHHATH
0(; O

je1 D0 For oo os Bt Ejaps oo y) :
LOSG;-—W( ) 3_(“1’ PREVR “an) .(VI, 6, 50)
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Hernoansya dopuyay (VI, 6;26), noayygaem

g )= 2 a; (PN (—1)"cosa,, (VI,6;51)
otkyaa B cuay (VL,G; 28) Burekaer coorgourenne (VI,6; 48).
CiacacTene. B yca0su8xy Teopesvt UHTEEpRl ]‘:; 8oiiie-

o

CARCTER KK wHTeepdy 1o ROBEPXHOCTIL

N
- - -
Im:}](—])’ ]J w; cos oy 4S. {VI1,6:59)
S =i

M3 cywmecrsoBanus OQHOH M3 yacTeR 3TOr0 PABEHCTBA BHTe-
KaeT CYIleCTBO3aHHe APyroi.

Mpumep. B K? copasegyuea popmyaa
| (Ady Adz+ Bdz Adx+Cdx ANdy)=

b} —_—

= j (Acosa + BcosB-+Ccosy)dS. (VI,6;53)
z

Sameuauwe. B cuny opuyaw (VI,3;43) dopumy c;cm-
menn N -— 1 uacto nmHIYT B BHIeE
o N =i

o=2 (=D A,de, A ... Ads Adxp g A Lo Adxy.

==l
f (V1,6:53,)
Torna

[ RIS
S

N
= —1)N#1 f Ez;cosajds. (V1,6:53,)
Z =l

[Ipeodpa3zosanne ¢ noMolblo auddeomopdpuama

- -

Teopewma 34, Hycrs V u V' — dsa n-mepubiX OpueHTUpOsan-

Hotx muoeoofpasus xaacea CL Hycrs H — nexoropuili Cl-Oupgeo-
>

soppusn V ra V', coxpanauowgui opruenrayuio')., Ecau o fsanercs

Henpepwertor: Juchheperyiaibro qbop MO crenestt 1 na Vi

.
Heo — ee obpas wa V%), 1o mepa [Hco]» coorsercraywuan Ha,

1) Br1e oamavact, 1o ofpas npu oredpamenud H{x) uckoropero nomemn-
o
TEDROFO & OPHEATHINIM vV Gaama s T (x; V} aBasercs  0000MUTSIbHLEIM

B OPHEHT’il[HH V’ HAZHCOM H3 T(H (x); ¥
3y HNockoaery H spaserca C‘-mlcpqmmwprpumom To HMeInTCA kax obpasn,
TaKk H 1pooGpa3bl.
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-
Hg.a8erc obpazoen api orotpaxcesutt H sepu [m];. COOTBETETYIO-
=
weld @, a 048 UATe:paI0s UMEBT MECTO CALOYMAn (opmya:

jHZS:jE. (VI, 6; 54)

Cruwecrgosantie O0HOI 13 HaACTEH 3T020 PABEHCTEA IREUBHACHTRO
cyecTeosanin dpyeod.

HoraszarteawcTpo. [MHocrarowne pacemorTpers kapry @
oTHOCHTeNbAO V, Tak uro M o@ Syner xkaptoft oTHocuTedbHo V',
[Tpa aToM MBI cpasy Ke NOJIyudeM ClefyiOlHe (HOPMY.THl:

D' =O'H" Ho=(H > T) (Ho). (VI,6; 55)

CnejloBarelbHo, cbopmazdu. Adue A -0 A gun a3 (V1,6;1) oana

H Ta ke Aaa GopMe o Ha V o dopmer He na ¥V’ xpome toro,
cNpaBelAuBO PaBeHCTBO

(8 (u; DY)y =(0(1; H oDy, {V1, 6; 56)
NOCKOJBKY oTOGpakenne ff coxpanger opHEHTAUHBIO,
> e

Coraacno (VI, 6; 2), Mepu p-> Hp > copnaiawnT. [ostomy

Hw, Hol
leI»—(H gy =(Hocmiih=
= H (On, ) H([m}) | (V1,6;57)

>
T. ¢. MePa, COOTBETCTBYIOW A Hao na V’([Hm];;), paBna ofpasy

- >
npn orobpaxennn ] mepn, cooTBETCTBYIOLIE o Ha V(H ([u)lr-))
,[Lanee B_CHAY Teopem 60 ra. IV uurerpasu ot 1 mo Mepam

[m] i [Hm] COBOAMAIOT, YTC Aaer coorHoluenue (VI,6;54).
Moxno TaKxKe HCXOANTb M3 HENPepuHBHOA AHDDepeHHATLHON
—

popmul @ cremenn n Ha V', roria

- - :
j Hw = w. (V1, 6; 58)
7 7

OGe uacti 3T0H GoOPMYAaR 0CTamTCA CHPABSANNBLIME, Korna H
ABRAETCA TOJNKKO OTOOpaxedneM Knacca Cl, @ we dudddeonopiptia-
smom. Ho toeda ne sepra cama gopmyaq, nocKoaskly ofe ee wacru,
soobue cosopa, wne cosnadwor. (Onu Gydyr cosnadars, ecau H
6yder C'-Quipeonopdusmon, #e coxrpansougur opuentayui!l)
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Hanpauep, ecan ¥V =V’ spaserca orpeskom |—1, +1[ npamoi R
B ee KAHOHHUECKofi opHeHRTauuH, H ABAACTCA oOTOofparKeHHeM
x—»y=x’n w=dy, 0 H'mw=2xdx u

[w= [ dg=2,

5 =1, 411
(VI, 6;59)

[Hw= [ 2xdc=0.
Y =L -+t

Huterpaa ot auddepeHunarnioil popMul N0 ocobomy
OPHEHTHPOBAHHOMY MHOT006pa3Kio

PaccMoTpHM B OTKPHITOM MHOXKecrBe @ ad@HHHOTC KOHEUHO-
MepHoTo npocTpanctsa E ocofoe n-mepnoe muoroobpasue knacca L',
onpeAencrHoe orofpaxenuem H waacca C! HCTHHHOIO A-MEPHOTO
muoroo6pasua ¥V kaacca C' s Q. Mu Gyzmem 0603mauaTh 3TO 0CO-

p

Goe muorootpasue uepes H |V, Ecnn V chabxeno opuentannei V,

TO B STOM CJAyHAE HMEIOT LeJo € 0COOLM OPHEeHTHPOBAHHLIM MHO-
~

roopasneM, Koropoe oGosHauvatr Hepes H V.

=-_
[TycTh ® — HenpepuBHAn RAdPeperaHadbaas opma CTENCHH 7
B {} CO 3HAUEHHAMH B HEKOTOPOM O3aHAXOBOM NpOCTPAHCTBE., Jra
dopMa HMeer npoodpasoM HEOPEPHBHYI JIHOQepeHUNAILHYIO
N

popmy H'e cTenenr n Ha V, onperendiomyio HEKOTOPYIO Mepy
>

Papona [H* m]f- na ¥, coOTBETCTBYIOILY K OPHEHTALNH V. Ecan mer

OMACHOCTH cmemenuﬂ, T0 ee Oyaer yaoGHee 0003HAMATE uepes

-l
[m]m'\j Hau paxe [w].

>
HurerpaioM or @ Ha ocoGOM OPHEHTHPOBAHHOM MHOTOO0paE-
-,
aun H |V, ecau oW cymeciByer, Ha3biBaercs WHTErpat OT Npoos-
>

-
pasa H'e® Ha OpHeHNTHPORAHHOM Muoroo6pazmu V. Taxkuu ob6pa-
30M, N0 COpPEeAeNeHHIO

o= H;_ [Hm | (V1, 6; 60)
Jo I [
HIV

EcrecTBEeEHO, UYTO TOT HHTErpas CymlecTBYer BCerjla, eciu
>
npocGpas npu oro(pakeHun H HOCHTENA ® ABJARETCA KOMIIAKTOM
>

MuorcoGpasns V. D10 3aBefoMO Tag, €ClH @ AMEET KOMNAKTHLIA
HOCHTEN: H orobpamenne H cofiereennoe (cM. erp. 618 1. 1) uam
ecan V KOMIIAKTHO.
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TIlpumep. DBepuemca x dopuyae (VI,6;59). Hurerpan
IH‘O)=0 ABJAETCA 10 ONpefeleHHI0 HHTErpalcM oT o ==dy Ha

Fad
v
ocoB0M MHOPOOGPA3NH, ONPene’JedHoM oTOspaxeHHeM H: x — x?
natepsana |1, J1[ B npamyio B [Hosromy scecda umetor
MecTo PASEACTER .

[ 2eax= | ay (V1, 6; 60,)

- ——y

J=1, 411 H1)=1, +11

OaHAKe HeT HHKAKHX OCHOBAHHA 3aMeHATb 0co6oe MHOroofdpasie
H|1—1, 41 muorootpasmem |—1, +1[.

Teopewma 35. Hureeparot or dudpepenyuarsnod dopmer na
dagix 0coBHIX  OPUEHTUPOBANHBIY SKBUBAAEHTHBIX MHO2000pa3UAX
CLYUEETBYIOT OOHOBPEMEHHO Ut PagHbl Mexucdy coboil.

JdowasarenweTBo. Ilyers V), 1 Vo= nBa n-MepHEIX MHO-
rooGpasna kaacca C' w H|, H, -~ orodpawenns V, u V, B E, on-
pegedsomne aea ocolslXx MEOrooGpasus 8 E. Byasem cuutats,
YTO 5TH MHOTOOOPA3Hs SKBHBAJEHTHRI, T. € WYTO CYIIECTBYET Ta-
koii Cl-anddeovopdusm K wmmorooGpasus V, Ha V, uro H ==
e= H

Nziuor'ooﬁpasuﬂ V, 1V, no npeinoAoeHH10 OPHEHTHPOBAHHL
UToOH HMaTh IBA OPUEHTUPORAHANY OCODLIX 3KBHRANEHTHH X MHOTO-
00pa3ud, HeOOXO0IHMO NPeANOJAraTh, Y70 OTOGpaeHHe K mnepe-

Fad Pl

BOIHT OPHeuTauHic V, B opHeHrauHio V, B cMBIcIe Teopemit 34,
[TycTs Teneps [T)—Henpepbuanaﬁ anpdepeHnuaneiag  Qopma
crenend A Ha E. Ora dopma Hmeer npoofpaz ch-; Ha V,, koto-
peIfi B CHAY OPHEHTHPORBAHHOCTH f/’l onpeleser Ka V| HeKOTOpPYIO
mepy Panona [o:-] i Touno Tak xKe Hzm onpegeaser Ha V¥, He-

+

KOTOPYID Mepy Panona [(;]Hll?'
KpoMe Toro, B chay OPUBEACHHRIX BHINE COOTHOLIEHHH
P M . . e o
Alo=(H,c K) o =K"(Hiw), wnu K(Hw)= Hie. (V] 6 61)
[1ostomy H3 Teopembl 34 caeayer, ure mepa [HEE;]F ABJSETCA
ofpazoM Mephl {H}’c:]n npun otobGpamensn K, a u3 ¢opMyan

(V1,6;54) caenyer, uTo _[Hmamj Hzco a 3HAUMT, Im-—— J )

. Vl 1 HJ]V; AR
Teopera JoKazana,
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Cnencreue. Ifyere H —orodpamenue gaacca GV opuenrtu-
-+

pocarioeo n-seproze muroeeobpazus Vo6 adiusnoe RpocTpau-
ergo E, onpedesdwwjee 000002 OPUCHTIPOGARROC MH02000pa3UE.
Ecau o6pas H (V) asaseres n-smeprots Mrozoodpasiesn Vyrkaacca C1
s npocrpaveree E n orobpascenue H sasagerca C'-duipcheonop-
Juamosn V oua Vo, TO uMvezpas OF genpepsishofi Juddepeniitaan-

e iad
wof dropant @ crenenu n wa E na ocobom mnocoobpasun H |V

e
CCTH He 4TO WHOe, KaK UHTEe2pas OF @ Ha odpase Vy, caadicer-
~ ad

nox opuentraquelt Vo, nepenccennod orobpawentes H wa V.

JdoxazareabcrBo, B caMoMd idefe, ocodo: MHOrooSpazne
H |V skeuBaJjentHa ccobomy Muoroodpaznw f |V, rae f — Tox1e-
CIBeHHDe oToOpamenne. 3jech K =H, a torna A = /[ K.

CpolicTha uuTerpana or ¢opmm Ha ocobom mMuOrooOpasmuH

1°y Ecqin  opMeHTaunx ocoboro MHOCO0Opa3sns V 2aMeHuTH
&
NPOTHBOMONOMHOR opueHTanded V, To HATerpa’ H3MeHHT 3HAK.
==

2°) Murerpan JAHHeHHO 3aBHCHT OT .

3%) Teopema 32 ocTaeTcd cupaBemdHBOl B CAGAYIOWHX Opef-
nenoxeuusax, Ecau npocrpadcetso E eBKAMLOBO, To ocolue MHO-
roeobpasue 1|V (rae H —orobpamenne ¥V B E} HMeer wmepy
n-MCPHEIX  maoiiagcd; 3ta  Mcpa dS 220 wmaxvodurca wa V

ira. 1V, reopema 107). Mepa na V, [H*_c:)]g, aMeer Basy dS #

> e
pasna pds, rge PyuxkuHs p HempeprmiBHa Ha V', H HMeeT MecTo
HePABEHCTRO

Ip (< S o HEY, teV. (V1,6;62)

Y
OTC100a2 BRITEKAET, B YACTHOCTH, 4TO J @ 3aBEIOMO Cylie-
Fad
HIV
> >
CTBYOT, eclH KOS(O(HIHEHTH ©, GOPMB © OTPaHUuYeHnl M eciH
A-naowais V KoHeuHna.
Ecnn n-mepuoe MHorootpasne V umeer obpaz H{V), nexa-

UHE B nouMuoroo6pasud  Kaacca €' pasMepHocTH < n uz F,
HMEIOUEM, COTJACHO CaeAcTBHI0 3 teopemul 107 ra. IV, paenyo
n

-
HY/O 72-IA0WANb, TO HOTCTPad OT @ MO 0cOBOMY MHOTO0OPA3HIL
Fad
1|V pasen nymio. Tak me Jerko obobniaercs Teopesma 33.
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Hurerpan or auddepeHlinaibibx GopM Ha MHorooHpasunx,
HMEWHX 0CO0CHHOCTH

PacemoTpuM 44 nTDHMepa MHOMKECTBO X npoctpancrea [R3,
npeiacrasasoliee cofold ofveAHHeHHe KPYyTa

z=0, x*4 <1 VI, 6; 63)
1 KOHHUSCKOH TMOREPXHOCTH RpAMeHnd
FtyP=(—17 0Kz (VI, 6; 64)

{cyM. pric. 4). MpomcecTBo X ROMOAKTHO.

2

4
[
t
!
]

(i1it)]

_-‘_'-"""--.

- 1
(0.0,0) *‘\ ————— ————— .)...y

KoHeuno, wWMHOMXeCTBO Z HE ABNAETCA THNEPIOBEDXHOCTEI)
giaacca €', Ono npencrasfseT <0G0d oO0beIHHEHNE OTKPLITOrO
kpyra 2 2=0, x* 4 y*> <1 — runepnoBepxuocTH Kaacca C%, Ko-
RHYCCKOH MOBEPXHOCTH Xy (603 BEPLIMuLL M ocHOBamnA) x* 4 y=
—(z— 12 0« z< | —runepnosepxHoctd Kaacca C~, TOUKH
¢ Koopanuatamu (0, 0, 1} u okpysuoetn z=0, x?+ y*=1—on-
HoMepHOTO MuorooHpaznd kiracea C7. WMmeioTcd, Takum o6pasoM,
«0cobble TOUKH® (BEPIIMHA KOHYCA W TOYKH OKPYKHOCTH), BCJ&.A-
eTBHE uero ¥ He MO:KeT OpiTh MHorooGpasueM. MoxkHo ckasary,
yto L ABAfeTcH «MHOTooGpazueM ¢ OCOOHIMH TOYRAMN, WIH
ncepAoMIOTO00pasHeM», Knacca € pasmepnocta 2.

TfonpTaeMca aate 06ulee OMpefeneHile 3TOMY NOHATHIO. [ OBO-
paT, 410 uaCTh MHOTOOGPASHA KNacea C' R-MepHO npeHedpexcuma,
ecqV OHa ABJAETCA O0GLelHHeHHeM KOHEYHOTO WM CUETHOTO MHO-
AcecTBa joaMnoroobpasuii (kaacca G') pasmephocTH < . Ecmu
fe=1, l-Mepno npexeGprKHMAA YACTh ABJSCTCH KOMEUHBIM MJIH
CUCTHLIM MuosccToom ToUeK. Eean #=10, 0-mepuo npenedpexu-
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Mas yactb nycra. Onpenesienasie BHUIE A-MeDHC NpeHedpesHMue
HACTH MPEICTABJAMIOT HHTEPec 110 TOH NPHYHHE, YTO HHTErpaa or
>

nenpepuBHol aagdepenunalibuoil Gopvbl @ cTeneHu n no Jwodoi
f-Mepue  nDeHeGpeRMMON  MACTH #-MepHOTO MHorooGpasus UV
kaacca C' ofsaaTenplo pascH nymo {cieactBhe 2 Teopemu 32).

[Iycte Teneps V -— muoroofpasue wnacca C" npouseodbHol pas-

mepnoctu. [OBOpAT, UTO Hekoropas 4acTte ¥V MuorooGpasus V
ABAAETCH ACe8d0MROZ000pA3MeM, HIAH MHOZ00ODPA3UEM € GCODBMU
TouKasmy, Klacca C™ pa3MEPHOCTH #, €CIH CYNICCTBYCE 4acTe U
MHOEKCCTRA V, ATKpLITan OTHOCHT&JIBHO V H ABJAKILIAACA TOH-

mHoroobpaanem V wnacca C™ paaMepHOCTH 7, H ¢CJIH AonRoadc-
Hne V — Q¢ wmuoxecrsa 44 5 V n-mepno npenedpemumo. Bubop
3TOTO OTKPBITOTO MHOXKecTBa U B |/, eCTeCTReHHO, MOBOJABHO
NMPOY3BOJeH, HOCKOJABKY €CJAH B3ATh OOHO TaKoo MHOKECTBG, TO
3aTeM MOKHO BHOpPATh MeHblee, OTOPACHIBAN KAKOS-AHGO 3aMK-
HyTOE noxMHorocOpasnme pasmepHoctH < n. OAHAKO CywecTBYeT
- MHOMECTRO %, KOTCpOEe ABJAGTCA HAHOOALILNM Cpeﬂ.ll ,El,py]‘HX
MHOKECTE 9TOI) THMA: MHOMECTBO TOUEK V, B OKPEeCTHOCTH KGTO-
pRIX V ABJSETCA UCTHHHEIM MHorooGpasmem Knaacca €7 pasmep-
HOCTH #i. DTO OTKPHITOR MHOXKECTBO Q4 HA3LiBAeTCHA PEryAsapHOA
gacTelo MAoxecTBa V. Muoxkecrso V — 4 HasmBaeTcs 0co6ok
yacTbio. [lcepaoMuorooGpasue V' HazuBaeTcd OPHEHTHPOBAHHLIM,
ecaAH OPHEHTHPOBAHO MOAMHOTO0GDasue Zf.

B ¢ayivac onpeaeaciiHOre BLILIe HCCB,‘ILOMHOI"OOépa3HH I UMeeM
@ =2, 1) T, OcoGaa uacre L — 9¢ npeictapaser coboii obbend-
HEeHHe OKPYKMOCTH M TOUKH. Mpl MOKEM ODHeHTHDORATb 2, Ha-
npuMep, caenvwioulnv obpaszoMm, B kamaofl tTouke kpyra I, Kaca-
TebHOE BEKTOPHOE nOANpPOCTPAHCTBO 2CTh NOLANPOCTPAHCTBO 2,
OHpEALACHHOE ABYMA ICPBLIMH KOOPIHHATHHMH OCAMH, B kayecrse
ODHEHTALHH MBl BLOepeM OpPHEHTAUN, RPOTHSOHOAONCHYIO KAHO-
Hudeckoti  opuenTayur. BekTopHoe KacaTeJbHOE IPOCTPAHCTEO
B KAXKAOH TOUKe KOHHUECKON NoBepXHocTH I Mul Oy/eM OpHEHTH-
pOBaTh, CYUHTAs, YTO JABa BekTopa oOpa3yloT 0asHC NOJONKHTENb-
HOTO 3HaKa, €C/I0 HX FrOPHIOHTaAbEAA IPOeKUNs Ha npocTpancTBo K2,
oOpa30BaKHOe ABYMS TEePBHMH KOOPAHHATHRIMH OCAMH, FABJAETCA
6a3HCOM NOJOKUTCILHOTO 3HAKA 6 Kawouuwecxor opuenrayuu K2,
INeepnoMiutorooGpaane £ AeJMUT APOCTPAHCTEO HA IBE 00JACTH,
KOTOPHE MOKHO HA3BATb BHYyTpeHHEH (OrpaHnueHnoil) oGaacTbio
K BHellHed o6JacThlo (Beckoneunan obnacte). TpaucsepcarsHol
opuexnrayueli X, coorBercTBylomed npdipiAyiledl  OpneHTauMH,
Oyaer ra, B XKOTOPOH [ONOMMTENBHEIMH CUHTAIOTCA BEKTOPH, BXO-
AAINIHE BO BHEWHWO 064acTh (HAH BHXOAALIHE H3 BHYTPEHIEH

=

ofaacty). Tperuit Bextop 6asHca e; TPAHCBREPCAARHC OTpPHUATENEH
B KAaXNOH TOYKE Z; M TPAHCBePCAJIbHO NONOKHTENEH B KanAOH
TOUKE Zg.
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Kaxk 60110 CKazaHo BHLIE, TPAHCBEPCAABHAR AL KGCQTeAbHAA
QPUEHTAUUSR ONPedearioTca TOABKO Ha peeyaapHol yacTu X, B rou-
KGX OKPYNCHOCTH U 68 BepUILHE KOHYCQ, 8 KOTOPBIX HE CHUECT8YeT
KAcareAsHol NMAOCKOCTY, HUKQKON OPHENTANUN He Gnpededfiocs.

> -~

Hurerpanom or nBddpepenunanbaoit GopMbl » crenens u Ha V

L)
Mul 6yZeM Teneph HA3BIBATE HHTErpas Ha peryaapHofl vactH @,
3ro onpeaenenHe BNOAHE ONPaBpmaHo, nockodeky V — @£ n-mepHo
npexnedpexRkumMo.

I s
B paccMoTpeHHOM NPHMEpPE MB NOAYYHM HHTETpan Ha I J I,
k3

Ecau dopMa ¢ HenpepelBHA B OKPECTHOCTH NCEBAOMHOrooBpasng
% B % ro oWa orpauwyena WA KOMODAKTHOM MHOMECTBE I, a,
NOCKOMBKY Zy H I, HMEIT KOHeUHHe MJIOLHaAH, paccMaTpHBaeMblil
HHTECTpad HMEeT CMEICI.

Tyers Tenmepb V-ncennom~10rooﬁpaaue kaacca C7 pasmep-
HOCTH An ¢ perv.agpHoii wactewwe @ H H — HenpepeisHoe oToGpa-
wenwe V' B OTKpHITOR MHOMKeECTRO Q addHHHOMO TpOCTpaHCTBA.
lopopar, uro H |V aBasercs 0co0HM UCEBAOMHOTOOGDAZHEM
kaacca C n3 €, ecan cyuleCTBYeT TaKoe OTKPLITOE NOIMHOMECTRO
Uy B U, uro H Ha LUy npunagnexur knacey C™, a MHoxe-
cTe0 U — Uy n-MeprO npeneSpekumo. Bubop MHOmceTna @y
3gece AOBOJIEHO MNPOH3BOJCH, OIHAKO CDeAM  3THX MHOMKeCTB
uMeeTcA HAHBOABINER: 2TO MHOMECTRO TOYEK H3 %, ] OKpECTHOCTH
KOTOPHIX oTo6paxenue H npHHaanexuT kaacey C”, Ecan V opuen-

- -~
THPOBAHO, TO HATCrpadoM ©T @ no H |V HaswBaeTes, ccaH OH
- - -
CYIMEeCTBYCGT, HHTerpaJ oT @ mo H |{4fy, 7. e. u¥rerpaa or H'e
[1{8] %H'

KprBoanueunit uurerpad

-

[ycts » — gutrdpepennnaivuan Gopua crenenn 1, onpegengH-
Ha§ M HeNpephlBHAA HA HeKOTOPOM MROT00GpA3MM, NpeAcTaBAsIo-
wem co00fl OFKpeiToe MuoKecTse AN-mepHoro addHEHOr® npo-
crpanctea £. Torna ee MOMHO NDOMHTErPHPOBATH 10 DapaMeTpH-
YeCKH OPUCHTHPOBAHHOH KDHBOP KJacca Cﬂ;ecnn,nanpumep,ara

KPHBASI HMEeT KOHEWHYID AJRHY, a POpMa & OTPAHHUEHA HA 3TOMH
KpHBOIii.

N .
$dopma @ N0 OTHOMEHHMIO K MNPOHUIBOABHO BLIOPAHHOH cucreMe
koOpAHHAT B E 3anucuBaerca B BHEe

a N
o= A (¥, % ..., xy)dx;, (V1,6; 65)

=t
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rae Ay — pyHKUHKE, onpegefeHHbS HA MEOKeCTse & €O 3HAUCHHAMY
>

B DpocTpaneTse F.

Pacemorpum ocoboe oplieHTHPOBaHHO® MHOTOOSpazHe, olIpesie-
qeunoe caenyomum obpasom. TTyers [e, B] — koMnakTubtlt nurep-
BaJ BelgecTsendolt npaMoit R, npuueM pasuocTs B — o =% 0 umeer
DPoH3BoAbHu 3Hak, Tlvers £ — M ({) — Hegoropwi nyTe Ha ©Q,
onpeacacHitullt otnépaxennem M waacca €' mitepsana [a, p] 8 Q.
Brnoepem na [o, f] nampanaenie or « x B, uto npuBcdcT
K oprenraunn npamoil K, ecan e < B, u npornBonoacinoii ophen-

Tannk, ecn o >f. Toraa {o, 8] Gyaer opueHTHPOBAHIMM [CeB;10-
MHOTO00pasieM pasmMepHocTH | © peryaspHoii  uacteio Ja, B[,

Loy
a M ![a, B] 6yneT ODHEnTHDOBAHHEIM OCOOKI M nceBrOMIOroodpa-

suem I’ pasmepnocty 1 koneywoit anuubl. [lyers x;(6), j=1, 2, ...
ey N, — koopaunare voukn M (),
Cornacno ompepescHus,

[a= [ ma= [ o Woa=

T T Ja, B
P
= ( {E A (e (), e ll), ooy 2y () A (z‘)) dt. (V1,6;66)
N T

IToscuum nonpodro 31H QGopMyasm. [lpexie ecere waM 1ano
>

HafiTh Jidepennnaasay popuy M@ (BTOPOIl u.Ten upeamaymei
dopumyawr), Ona onpeacadercs no popmyae (VI,3; 30);

(M@ (D 1=aMO)- M =R, (VL 6066,

- - - —_—> =
rie (;(ﬂf’f (!))E.@’(g; F?) n M) e P}, TAK UTQ 06 UACTI COOTIOMe-

k
nis (VI, 6;66,) apasoTea saemedramu npocrpancrsa F'). Heko-
MBI npooGpaz asagerca ausgdepenunansuofl ¢opvoil na Ja, B

> > —_—
€O 3HaueHusMu B F, pasucit o (M (@) M {f)di. Tlocacauni wren
B (V],6;66) nogyyaerca nepexojom K BuOpPanHOl clicTeMe Ko-
OPLHHAT.

B yrHx Qopmysax df paccMaTpHBAeTCA KAK HEKOTOPas did-
gepenyuancnan popua Ha R, a UHTErPAT BbIUNCAKCTCH 11O OpHEeN-
THPOBAHHOMY wHTepBaay Jo, B[. Dyuxuns &, onpexeaswoman
OPHeUTALHI, B JIAHHOM c¢iayuae pasaa —+ 1, ccam o <fB, u —1,

=
'}y Hanounms, uto Bo BeeM sTow maparpade GopMa © npiuNacr uancin
>
£ DanaxoBoM npocrpaHcTBE F,
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ecnit o> f. TTostroMy HHTErpada paBes = oo dt, rie di

Ja Bl
ABJsterca Temeps sepoi Jebeza na R. B KoHue Kowuos MH mpu-
B

XOOHM K OOPEeieJeHTIoONY HHTerpanay f .+ df OTHOCHTEABHO MEDH

i
Jlebera df ua R, onpenenseMoMy B Kypce MATEMATHUECKOTO aHa-

ausa no gopmyae {IV,9; 1)}). OKoruaTeAbHO ToJyYaeM

£
[o=[a@e)- Mt dt =

: -
=j YA, 220 . @)X ]dl (V1 6;67)
o =l

D10 ONpelctEHHE XOPOWG eoriacyeres ¢ oOLMHBIM OApcieNc-
HHCM f{puao.-'ume;‘moeo UNTCZpOAG, TPHABOAKMBIM B Kypce MaTeMa-
THUCCKOTO aHaaH3a. Mb cHoBa NpHXOIHM K BBIBOLY, UTO TaKoH
KPHBOMUIEHHHIT AHTerpad MOMKET BEIUNCGIATRCA TOJABKO Ha ODHEH-
THPOBARWBIX KPMBLIX, T. €. HA KPHBHYX, CHAGMEHHRIN HANP4ABAE-
HHeM o0Xoma, H UTO 33aMeHa opHedTagHyy Kp[‘lBOﬁ npuBoOANT K H3=~
MEHEHHK SHAKA HHTerpana?l).

Kpupoanneitnuit purerpas MOKIO BLMACANTD 1 TYTH Kaacca O,
A TAK)Ke Ha NMyTH, KYCOUHC NPHHAJJeHALIEMY KJaaccy ! (uanpn—
Mep, Ha ODHEHTHPOBAHHOH JMOManofi sumnH). B stom cayuvae
vepea M B 6yiem ofloanauaTh HEmpepHBHOE oToGpaxeune [u, f
B L), NJA KOTOPOro MOXKHO HAaATH KOHEeYHOE YHCJIO TOoYeK =,
Ly by oony By Bipgy ooe, =0, 00pPasyOIWUX TAKYH KOHCMHYIO AO-

1y Hseores Goasitas nyranuna s namucdnnn 3rax popuya Npunato (K co-
}Ka.}]eil}{ﬂ)!} OJIiNM ¥ Tep e CHMBOJIOM d! uf03InaAnaTh COBENIWERILD PAsHBE
e mudipepenrmanuny:o dopuy 1- cremeun (anddepennmar ToxIecTseHHON
hyukmim { ~» £} u Mepy Paaona (mepy JleGera wa B). Ecan npowssoaares npe-
obpazozanne { => — {, To QOpMA 3AMEHAETCA HA OPOTHBONOIOKHYED, B TO BpeMs
Kax sepa octaetes nensMendofl. Bupowem, corgzemo caenactBumie Teopemu 31,
wopd cBizana o hopmol npi xanormveckodt opuentanun B, Butio 65 Ayuwe mepy
Jefera ofosHauuTh uyepes | df] [coraacio  Popmyae  3aMEHB e PeMeirluol
(TV;9;,72)], a ogoanavende de—| glﬁ(t‘)ldt‘ sanueath B rujie Ldx == E(4) || 4¢ ]

Maul BUJCEL TAKEE, YTO CHMBOM I HEASETCA MHTErPANOM ©OT HEKOTOpvii  aup-

13
(pepennnaikioil Gopuer eTemedn 1 4a HeKOTOpPOM OpHeRTHPORANHOM MHOrDOGpPA-
SHH,
! £

7} 3ro npuponnt B dopuyne (VI 6;67) k samenc j, na J'.
o B
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| CNeaoBATENLHOCTD (BO3PacTaOWlY0 HJAH YyOLIBAKCIMYIG B 3aBHCH-
MOCTH OT TOTO, BymeT JH ¢ << P uau ¢ > B), urobu oTo6pamenne M
npuHangexano Kaaccy €' B KaxJom untrepeane [f;, #;.4],
i=0,1,2,..., n— 1. B gamnoit Toure {;, oroOpaxenne M ne-
npepb}BHO, HO €ro HPOHSBOJIHHE CléRa H cnpaBa B STHX TOYKAX
He ofasaveanHo coenapalor. Torpa M| |e, B] Gyuer ocoGum mneer-
LOMHOr0O§pasHeM B CMLCJe oOpelefeHHs, NanHore Ha crp. 200,
MHoxecTBO 2y ABAACTCA ACTIONHEHHEM K MHOJ CCTBY (7Y ST

B [, B]: KpuBoannedHEA HHTErpan J @ TeNeph Onpejeasercsa

M4, B}

j?e,mni [ = (V1, 6; 68)

wh N

pPaB¢HETBOM

rie Kaxabii uiew unpercrashsier cofioli HHTErpad Ha OPUEHTHPO-

BAHROM 0COBGOM MHoTOoOOpaszny Kracca C'. Buuncieunsi, nponaro-

AnMele no gopmyae (VI,6;60) ans xawmero werepsana [4, 4],

npuBONAT K Bhpakerusam (VI, 6; 67), umeomus cMeca 1jia PyHK-
et

uun M’, onpelenenHol BCIOLY, KPOMe KOHEYHOID YHUCJAA TOYEK,
T. €. di-nouTH BCOAY, H TNPABHJBHOH, a 3HauHT, dIL-HHTErpHpYe-
Moit (M Haxke uHrerpupyeMecii no Pumany).

Kpunonﬂﬂeunuu WHTErpan N0 HPOH3BOALHOMY TyTH
KOHEYHOH JJHHBI

19y Onpepecanenne. Ilyere M — nyth, onpeaenennut nenpe-
PHBHEIM OroBpazKenneM oTpeska [a, P} mpamoit R B oTkpmIToe
MHOM(ecTBO £} KoHeunoMepHoro adHHHOr0 npocTpaHcTea £
Bymem cuutath, ure 3TOT NYTh {He 0GA3aTe/bHO TIPUHARJEKA-
muit kmaccy C') nMeerT KOHeUHY® AJNKHY, T. € 410 dyHKOMA M
HMEET OTPAHHUEHHYIO BapUALMIO (crp. 701 . I}, Ilycrts, wpowe

Toro, w — auddepenunasbaas GopMa cTenedn 1, HenpepeiBHasn
>

Ha MHOWecTBe Q. MuTerpas 0T @ 1o OPHEHTUPOBAHHOMY OyTH M
(rme [a, B] opuenTHpOBAH TaK, Kak OHA0 yKasaHo Ha crp. 208)
onpenennM no dopmyae

B
@ Im(M) d= jm(M ) - aM (. (VI, 6;69)
miah "

—

Peur njger o BEpakenun J.B(E dpu), onpexeseHHoM B (opMydae

(1V, 5; 13). 3aech t—)-g(M (f)) aBraerca HenpepbiBHBIM OTOOPAME-
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HHEM F orpeska (o, P} B npowpancmo S"(E F) dM du ecTh

mepa Ha [a, f] cO 2HAYCHHAMH B E Ans Koropoi tyakumua M
ARJARETCA Heonpefde/eHHEIM HaTerpadom (reopema 88 ra. V),
Uro xe Kacaerca orobpamenus B, 10 0HO sABAfercH Henpepys-

HMM KAHOHHUYCCKHM OHJANHENHBLM omﬁpameﬂnew =»S)(E F))(E
_)-

R £, onpepeseHHBIM no gopuyae {(u, X)—»u X,
Ecan npoctpancteo £ cHaGKeHo cHCTEMOH KOODAHHAT, OTHO-
5
CHTC/EHO KOTOPOH @ Aonyckaer npeicrabnenne (VI,6;65), a dyux-

unga M mmeer koopamuaTel f— x;(f), TO paceMaTPUBAEMEIR BhIlIe
HHTeTPasa MOMKHO 3aIHCATH B BHIE

a B
[ e=Y[dtwdge.  v1,670
“r[a"‘é’ I=1a
3;[,3% ME paceMAaTpHBACM HHTETPAJH 0T Hel'[pepblBHbIX cI)yHKuHu

t— A, (M (1)), onpenenerauwx Ha [o, fi] co sHavYeHuaAMA B F OTHO-
CHTENBHO Mep dx; Ha [u, B], cooTBeTCTBYWOINUX B CHAY Teopemul 8BS
ra. 1V pyakuuam orpasudedroll Bapuaunu [ -—»x;({). Ecau oka-
wered, uro M npunasaexkur Kaacey C' MAM KYCOUNHO npHHAANE-
JHT TOMY KJACCy, TO MOMHO B caay chaeicTBua | reopemu 89

= =
ri1. IV #amucath, yro dM (f) = M’ (f)df, dx;({)=x}()df. Tak mut
BepheMea K dopMyae (VI 6;67), a sto o3uanaer, yro omnpepeseH-
-

HBHE HAMH HHTETPAS OT HENMPELPRIBHCH AR(deperiiHanLEol GOPME ©
cTelleHl | no nyri konewnod Oaunet ABAACTCA O0OOGIUIEHHEM YXKe
H3BECTHOIO HHTErpada 1o OyTH KAacca C! mam 1o yTH, KYyCQUYHO
APHHALJACHAWEMY 3TOMY KIaccy,

-
2°) Ouesnka. Ecam npoctpanctRo E HOPMHDOBAHO, TO HH-
rerpada (VI,6; 69) MoKiHO OLUeHHT: CAeAyIOIHM 0GpasoM:

[ ol<(max ta@apnL, (V1,6;71)
. = o,
M1 B
roe | (|— mopma B Q’(E; E) # L — nonnas Bapuapus dyHRumn M

na [a, Bl, 1. e. damua nyre M|[«, f] B MerpHUeCKOM mpocTpan-
¢ree E. B camom geae, corsacHo caefctBuio 2 teopems 90 u ero

- >
nokasaredecrBy, dM (=g ds(f), tae ds, mMepa AIHH OTHOCH-
e
TEABHC OYTH, €CTh HKeoTpHuaTensHasds mepa Ha [«, f] u wopma g
+

pasna 1. IIyrt d4smouTH BCIOLY HMeeT Kacarehnuyiw, H g4(f)
ABMAETCA e€NHHHYHLIM BeKTOPOM KacarTedqbHoffi B Touke M (f),
OpHEeHTHPOBAHHOA B HaNpaB/eHHH BO3PACTAHUA 3Haveduii { (@ che-
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HOBATEALHO, 1PH o > B, HMewomell uanpapsiekie, OPOTHBOUONOK-
10C DPOGETannIo MyTH).
Torma, corndcho onpeneneruo (IV,5; 13),

f
[ o= { oM qasw. (VI, 6, 72)

Ml Bl @

o s = =
Tax kar || g 1= 1, o | o (M) - g(HI <o (M @) [, oTRy 14 caegyeT
(VI, 6:71). Dra onenka H€anouuuaer ouenxy (VI1,6;31),

Ecak upocrpanctso £ eBRAHIOBO, TO uepes coso;{f) MOKKO
0603HAYNTD HANPABAAWNAC KOCHUYCH Kacareqapnci B rouxe M (f),
[Tosromy dx;{fy={(cosa; () ds(f). Tenmepr B cuay cooTHOWEUNA
(V1, 6; 70) noayuaeM olUgHKY

| :
')L, (VL, 6:73)

: o
< lo, B &=

‘ I :)|1 < Lmax “\“‘ A () cos o; (1)

stite |
KOTOPYI0 ¢ nomomplo Hepapencrsa Koww — lllpapua MoEHO yeu-

JUTh:
>
[ o

M| Bl

A

N
H(tg",ﬂ?ﬁ, / zuﬁj(mznuz)b (V1 6; 74)
f=1

3°) Buuyncaewxe aoTerpaJa fnOyTeM MNEPExona
kK npeneny. I[Tycto A — pasbuenne fy=uo, £, & ..., i, fig, s
iy bn=Pp orpeska la, ], rac unaundoabilaa W3 [JOIH OTPe3KOB
{t;, ;4] paeua v, BerumcAum pasHOCT:  MeHMY HHTerpajoM
(VI,6;69) 1 cymmoi
n-—l_)_
E (M8 - (M)~ M), 8, [ty ti). (VL 6;75)
{==i}
Boipaxenue (VI,6;75) mMOKHO sanncath B BHAC

B £ —
[ @ dvi, (V1,6;76)
L1}
EN > >
rre o - bynkuns na [a, B] co suauemusmu B F(L; F), pasnas
S(M (8;)) B nurepsane |4; £ [. Takum 00paszoM, HMeeM

|

n=1
[ o= ey (M) - M)

=

<

M1, B

ﬁ —_
ghj (@ (M) — = (t) - dM (f)u. (V1,6;77)



& 7. ®opmyaa Croxca 213

JagaauM e > 0. BubepeM n nacToasko MaaubM, yTo0LL NpH BCCX

> e
| & — ¢ |<<m BHOOAHAAOCH HepaseHeTBO |[o (M)} — o (M (") [ <
s e/l, rue L —pauna nytH (370 BO3MOMHO, TakK KoK (yHKIHA

f—»Z)(M ()}, dvenmpcpuBuaa n1a KoMmmakre [a, ], paBnoMcpuo lic-
. - >
npepuinia Ha uem). Toria [le(M{))—a (Bl<<e/l n npasas

E
7 L=c¢s.
- 3

Orcwpfa caeilyer, 4re HHTerpal oT @ no nyth Mile, f] apagerca
npeaeqaom cyMM Pumana (VI,0;7D) nph ), cTpemaweMcs K HYJ0.
Ha »1oro yrBep;AeHHA BHAHO, YTO HHTErpaJd ie 3aBHCHT OT napa-
MCT[JHS&IJ,HH nyTH. ,l']\Be SKBHBAJCHTHEIE T[Elpﬂ.hiel‘p}{?.aullil Y TH
10T OJHH H TOT K€ HHTErpad; STOT (AaKT pacmpocTpaHseT Teo-
pemy 3B Ha caydafi, korga nyte M MMeeT TOALKO KOHEUHY D
Aauuy. [ToayueHuple pesyAbTarel MOXHO CHOPMYNHPOBATH B BHAE
CAeUYUEH TeopeMbt;

uactp Hepaserctsa (VI, 6;77) He npeRocxodutT uHCAA

Teopema 36. Hureepar or Odupgpepenyuaronoi dopsiot 0,,)

nepeoLl CTENERU, ONPEOCABHNON U HERPEePHIBHONG HA OTKPHITOM MHO-
wecrae Q aurno20 KoHewHOMEPHO2O MpocTpancTed K, no nyri
™

M| la, B] xaacca C' e Q gupamaercs & sude (VI,6;67). Ecau
YT Korcuroi Qaunot He obasaressro npunadaexmur xaaccy C',
TO HHTE2PaA MONKHO ODOOWUTE 6 (OOTECTETSHU ¢ PopMyaani
(VI,6,69) u (VI,6;70). 3ror usrespas He 3aeticut oT napamer-
pusauuu nyTH: 484 SKAUAQALHTMBIX iyTH darr oduK U TOT we
uwrezpaa. Harezpaa donyckaer ogewxy (VI,6,71), (VI.6;73)
(VI,6; 74). Or smsaserca npedeaosm cyus Pumana (V1,6;75), xveda
raudoaswan w3 daun orpesroe padbuenun N unrepsasa la, f
CTPEMUTCR K HIA0.

§ 7. ¢OPMYJIA CTOKCA
MHoroo6paska ¢ KpaeM

Beenem cHauana noHsaTHe MHoroofpaszus ¢ kpaem. ITpotorn-
MOM TAKOTQ MHOTOOOPA3HA MOMKET CJYHKUTh 3AMKHYThIE [Ap eBKAH-
Hosd  a@pHHEOrC NPOCTPAHCTBE, TPAHHUEH KOTOPOTD Oy KHT
COOTBETCTBYIOMIAn cdepa, '

Mrocoobpasuen ¢ kpaew waacca C" pasmeprocty 1 Hasbl-
BaeTCs 3dMKHyTas dyacTb V mnorooGpasus V gaacca C™ pasmep-
HOCTH #, COBNAJAMMAS € 3aMEIKAHHEM CBOEH BHYTPEHHOCTH,

[+

V=V, rpaunua xoropot V=2 apnserca TunepnoBepXHOCTHIO
B V, 1. ¢. noaMHOrooGpasnem Kaacca C™ pasmepHocTs 2 — 1. Dra
rpanHua £ HashBaeTCA KpaeM, WU epanruged, MHOrooGpasusa V
n oGoananacrca uepes bV, Muoroofpasne ¢ kpaem V aApasercs
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LORCARHO YaCTHBIM CAy4YaeM MCeBJAOMHOTOOOpa3uAa Kaacca C™ pas-
meprocTH #. JIByMepHoe mncepaoMuoroofpashe kJiacca C%, ompe-
setenrnoe B (V1,6:63) u (VI, 6;64), muoroobpasnem ¢ xpaewm He
apasercs, [lekoToprHe TOMOJOrHYeCKHe CBOHCTBA, OTHOCALIHECH
K caydalo, korga IV — wap cBrANgoBA npocTpanctsa n b1 — co-
OTBETCTBYIOWLAA Cdepa, NDepPeHOCcATesA  Ha O00WHiE caygail, Ecau
rpanHua X nycTa, 7o V cTaHOBHTCA OOBIGHBIM MHorooOpaszuem Oe3
Kpast. PaccuoTpuM nostoMy cayvadl, korna rpasmia £ He mycra.

Ee nonoamenue CX B V asaserca ofbefHHeHHeM NBYX Heneépe-
[+

CEKAUINXCH OTKPBITEX MHOMECTB: BHYTPEeHHOCTH V' MHoMecTsa IV
n aonodsenna OV, suemmnedi vactn V. H onHO W3 3THX OBYX
OTKPBITEIX MIOMKECTD HE MOJKET 6mb nyctuiM. B camom pene,

cem 61 V 6ni10 nyeTo, o V= V Takxe 6uo mycro. C apyroi
cropount, ecan CV nycro, 1o Muowmecrso V cosmanaer ¢ V u,
CJe10BATeTbHO, ero rpanula X nycra. Ortciona caenyer, wro CZ
ecTs 00helHHEHHE ABYX OTKPHITHX HEMNEPeceKatomuXcd M HenyCTRX
MHOKECTB, 2 CAelOBATeJIBHO, OHO HE CBA3HO W COLEPHKHT He MeHee
AByx ofnacted.

OBosnauum uepes (), ., ceasHbe Komnonenrst CZ; kaxias

o
M3 HHX, €ClH OHA HMeeT 06IlHe TOYKH oiHoBpeMenno ¢ V u CV,
cornacHo teopeme 36 ra. I, noaxza wverb ofimue TOYKH ¢ I,
a TC HeBO3MOKHO, TAK KaK OHa JeXHT B gonoJdeHHn K 2, Cle-
[=]

JLOBATENLHO, KaXnas H3 oBaacredl Q; conepskircs NoddocThio B V
Han noasoctsiw B CV. JIpYyriMH CROBAMMK, MHOKECTBO / MOKHO
npeACTaBHTh B BHuE 06'[:8}1HHEHHH OBYX AONOJHHTEALHBIX MHO-

xeers J H K, Tak uro V= U ) CV = U Q,. BuyrpenuocTth

=) ie K
H BHEINHAA vacTd V aBJIAI0TCA ofbedMHeHHeM ofJacTefi, ACNOAKN-
TenbHuX K X, Ecan oramerca, yro 2 peant V poero Ha 1IBe
o
yacTh, To oGe 3TH obnacTH pasuel V u CV, Paccyxienne, ana-
JOI'HYHGE NPOBeIeHHOMY B Teopeme 28, nokaswisaer, uro ecaun V

n I cesamu, 1o £ meant V He 6osee ueM Ha Ape o6aactu’).
Oorako Tak KaKk B CAeNaHHHX NPCIANONONKEHMSAX (¥ sIBAACTCA

rpanuuefl V) cywecrsyer He MmeHee ABYX oGjaacreil, TO I AeJHT 1%
=]
posuo Ha ABe obnactu V u CV,

1) Mockoneky Npy ACKA3ATRARCTEE Teopewn 28 ¥ NpeAnonaranoeh aphuH-
HEIM UPOCTPQHCTBOM TC MOKHD GHJIO HCMCJE3OBATE OTPeSOK DpﬁMOH cOenH-
Hawoned Touky ofnacTi c Toqkoﬂ % 3npect V CBAI3HO, A4 CMeA0BATEnLHO, M-
nefigo ceasue (r. 1, ra. M, § 10, Teopema 36;). I'loammy TOUKY OGAECTH H
CTOUKY X MOXWHO COEIHHNTS HEKOTOPHM O¥TaM, & 5TOTD AOCTATOUHO AAR NpoBe-
AeHHR HEO0XOAMMBLX pacCymusHAE,
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Myets ¢ — oTspuiToe MHOMecTBO Ha V. Torma nepeceyeHue
VN npeacrasaser coGofi B ¢ MHOrooGpaske ¢ KPaeM, H €ro
TPAHHNA €CTh He WTO HHoe, xax Z()C.

[3T0 uyueto TonoJOrHueckoe CcBORCTBO, BHTCKAIOLIES H3 TGTO,
yto ¢ — oTkpHTOe MHOMKecTBe. Korga romopar, ute Touka a = (O
apaseTca BHyTpeHHefl B V (1(f orrocurenvno {J, 310 o3Hauaer,
yro V (10 aABAgeTcs orpecTHOCTHIO @ B . OfHAKO, TaK KAK MHO-
®ecTBO (J OTKPHTO, 3T0 YTBEPKAEHHE CBOAMTCA K CACAYIOWIEMY:

V aBagercda oKpecTHOCTRO @ B VW, 3HAUNT, @ JeXHT B mepece-
Q N
yennn BRyTpeHnoctn V muoxectsa V u muomectBa O. Caenoa-

o
reasho, (VNOP=V 0. C Lpyroii CTOpoHH, Mt TOTO YTOGH
rouka a & ¢ NpUHALTeKANa TpaHuUue MHoxectBa V |, Heobxo-
IHMO H AOCTATOYHO, %TOGH KaMKiaas OKPecTHOCTh & B O conep-
xkana t1oukd V n Toukn CV. 3710 yreBEpxAcHHE PABHOCHJLHO
TOMY, YTO KaXAAas OKPeCTHOCTh TOUKH a B V obmamaeT TeM xe
¢BONCTBOM, TOCKOALKY (§ OTKPHTO, T. €. & JICIKAT Ha TPaHile
Muokecrsa V', a anauur, B L, TakuM o6pasom, NoJaYLaeM

Vvno) = VO =2NC. Muoxectso 510 ssasercs MmHOrooGpa-
sueM kjaacca C™ pasmeproctn n— 1. Flakomen, xaxzpad Todxa

mHOKecrBa V{1 asagerca Toukod npurocHoseHns B V maa V,

-
a clenoBateabdo, 8 ¢ amna VN O, 3uauur, VO asiadercs 8 O
3AMBIKAHHEM CBOeH BHYTDEHHOCTH.]
Ecan okaxeres, 4te rpaHea = genur ¢ #a ase ofaacrtu, TO

[+]
stemu oGaactamn G6ynyt VOO u CV (1 O. B reopeme 27 umbl Bu-
e, 4TO Kamxaad Touka g H3 I oGJagaer OTKPHITHIMH OKPECTHO-
cTAME #°, KOTOPble HASARTCA HOBEPXHOCTBIO & HA ABe ofaactd, AJd
KamA0H H3 KOTOPLIX TOUKA ¢ MBJAACTCS TOUKOH NPHKOCHOBEHHA.
~ OTcionra BLITEKAeT, HTO KaX1aa TOUKA @ H3 Z ABJISETCA OJLHOBpe-

£
MEHHO TOYKCA nphHxocuosenus Aja V u gna CV.

MisorooGpasne ¢ ncesgokpaem

dna ¢opmyiu Crokca Ham NoHamoGsTes MHOXNKECTBA, Npeg-
cTapAasiomme coBoil TOMBKO MHOroOBpPA3UA € NCERAOKPAEM.

[oBopaT, uTo MHOXKecTBO V' ecTs mmozpobpasue ¢ ncesldo-
kpaes Kagcca C™ pasmepuocTi n, eC/AH OHO SBJAETCH HAcCTbiO

HeKoToporo MuorooGpasua V' kaacca C™ pasMepHoCTH 2, 3aMKHyTOH

BV W copnajawnine#t ¢ saMHKAHHeM CBOeH BHYTPEHHOCTH, T'pa-
HHlA koToporo I ABJseTcs ncenoMHoroolpaswem xkaacca C™ pas-
MepHocTH # — 1Y),

1} 214 rpandua uaswsaetca neepforpaduuell. — Hpum. ped.
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Tax, Hanpumep, MHOKECTBO TOUeK (x, g, 2) npoctpaucrna <3,
y,ﬂ,OBJ[ETBOpH[OI.LlHX HEPABCHCTBAM

x2+y2<(1_z)2v ngéhr (VI»?;I)

oGpasyeT MuOro0bpA3HE ¢ NeejokpaeM knacea CF pazvepuocTn 3,
=]

BILYTPCUNOCTE KOTOPOTO V' ABJACTCH MIUOKCCTBOM TOUCK, YOBJIE-
TBOPAIOUIHX HEPABEHCTBAM

R l—20 0<z2<], VI, 7:2)

A rpaHKNa KOTOPOrs I ABAACTCH NCEBIOTHNEPHCBEPXHOCTRIO, CRpe-
geqaetHol cootnouendsMu {V1,6;63) u (VI 6;64). Touro Tar e
ecMH B MOCKOCTH MBI PACCMOTPHM BLIYKJALIL MHOTOYTOJAbHHEK, TO
OH Oyjer nNpeiCTaBiATE Co60H MHOTCOGpA3HE © NCeBaoKpacm
kJacca C7 pasMepHOCTH 2, BHYTPEHHOCTh KOTODOLO SIBASETCS BHY-
TPeHHER YacThid MHOTOYFOJBHHKA, 4 €r0 CPAHHIA — KOHTYP MHOTO-
YIroJbHHKA — SIBASCTCA O0BEAHHEHHEM KOHEUHOFO YHCAA OTPE3KOB
NPAMBIX, T. € MCEBAOMHAOrOOGpasmeM Kaacca €™ pasmepuocty 1.
Bonce o6wo, mnoausipafibHOC Tead0 ABJAAETCH  MHOTOOGDA3HEM
¢ MCeBAOKpaeM,

Muoroofpaszne ¢ nceBAOKpaeM @BASETCH UACTHBHIM  CAYYaeM
MCeROMHOTO0G a3 [MOBEPXHOCTh 2, ODPeAeNeHHAsl COOTHOIMe-
nusiMu (VI, 6; 63) n (V1, 6;64), e asadercs MHOTOOOPAIHEM ¢ ACER-
A0KPaeM; OJHaKC Mbl TOJBKO UYTO BHAMH, UTO OHA HBJAAETCH
NCCBAOTPAHHLCIt HEKOTOPOro MHOroo6pa3ns ¢ meepaokpaes].

Ecan V asaserca muoroodpasiem ¢ Kpaem, TO Cro rpaHuna
Z eCTh HCTHHHOE MHOTOOGpasHe Oe3 kpas, [lostomy bHV =0, Ha-
NPOTHE, ecNH V — Muoroofpaszue ¢ NCeRMOKpaeM, TO €ro MCEBLO-
rpamHla = — BCETO JMHIIL HEKOTOPOe [ICERMOMHOrcofpasue.

B uTore Mnl mosnyuaeM CAENVIOLIHE HMIIEKAUHY ')

_ V— V— ;
V— Miornobpa- MU OGEpa- ; Vo
) IHE © KpaeM, 3He © V recRToe
obpasie, oV~ | =) neesnonpaem, | —>| (T
bV — B MIOrootpa- bV — abpasie
3He, MNCe B IOMHO-
bV =0 roofpazne

IMycre Temeps V — MucoroofSipasue ¢ ncempokpaew xaacea C7
pasMepHocTH # H M ~~orofpamxente KAacea O HEKOTOPOil

pkpectpocty ¥V u3 ¥V B MuorooOpasme & {koropoe 3gmech, ROOD-
Hie ropopda, GYNeT HEKOTOPHM OTKDEITHIM MHOMeCTBOM adiun-
Horo npocrpatcrea)., Torma H |V saeasterca  oCo0bIM  MHOIO-

Y Bce 3TH «BapBapCKie® 0OIATHA BLOIATCA He pany yaosoaucrdis! Ofeno
4 NPAKTHKE UPRXOARTCA BBOANTH GopMyay CTOKCA MJIa MPOCT PAHCTE, aHAAOCI-
HUX MOAMIAPAM, T. €. AuA MuoroOGpaskil ¢ neessokpaew,
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ofipazHeM ¢ nceplokpaes B & Kaacca C™ paswepuocta n. Ero
mcesioKpalil  sBAMETCH  OCOBHMM  NCeBAOMHOrooGpasmenm /| oV
Kaacca €™ pasmepurocti #— 1.

OpueHTalLNA TICeBAOKPAN

IIycre chnagana V <V — HekoTtopoe MHoTOOGpasue ¢ Lpaem
gaacca €. [Mpeanoaoxum, uro V opuentHposano. Torna IV Takxke
Gyler OPHEHTHDPO3AHHBIM B CMLICAE OPHEHTAUHH [CEBIOMHGTO05-

O -

pasuil: ero peryadpuas vyacth V' — OTKpHITOR MHOKECTBO W3 V —
opHeHTHPOBaHA. Kpowme TOro, Kpad I Hoxuo cHaOOUTE KaHONu-
HECKOIT opueHTayien.

B camoM [fene, CpaHHALY MOKHO CHAGIHTDL TpaHCEC]}C&HbHOI"[
OpPHEHTAUMEH, B KOTOPOH BHIXOHANIHE OTHOCHTEJBHO V' BeKTODHI
CUHTAIOTCA NOOXATEbHEIME (Teopema 29). Tlocko/bKy rpannua X
ABJAETCA CRIEPOOBEPXHOCTHIO B DDHEHTHPORAHHOM MHOTO08pasun ¥,
TO Temepb £€ MOKHO CHAOINTD COOTBETCTBYIOWEH KacaledbHO
opnentauneit {reopeMa 30 n samesaune na crp. 177). Basuc ka-
COTENILHOTO BEKTOPHOTO TNPOCTPAHCTBA B TOUYKE X TOBCPXHOCTH X
Gy IeT TOA0KHTCABHLMM B 5TOf OPHEHTALHH, eCAH nocie Oplucoe-
JUIHEHHS! K HEMY slepeilH BEKTOPd, BHIXOAALUEr0 OTHOCHTEMLHO v

B TOUKE X, OH GyOeT MOMOMKUTENLHEIM B OPHEHTALHH V. B sroMm
clyyUae TOBOPAT, UTO OPHEHTHPOBAHHOE Mﬂomoﬁpasneﬁ ABJACTCA
KPaeM OPHEHTHPOBAHKOTO Mnorooﬁpaauﬂ ¢ Kpaem Von MUY T:
E—:.W Ecan V 3aMEHUTH Ha V, T, €. Ha V ¢ npornsonommﬂou

opHelnTanHed, TO  saMemuTcs Ha 2. VYMecTHO 3aMeTHTh, UTO CV

TaKKe RBJASerTcH MHOToOGPa3Hen ¢ KpPaeM ¢ BHYTperHeil yacteio CF
[=]

A TCM e caMblM Kpaem 3. Eean CV opreuaruponaio B coome-r-

CTRHN ¢ OpHeHTauMeidl V, TO opuedramin X KaK Epaniitjot ol npo-

THBOROAOKHE ee opuedTayui kak epanuyst V. Ecau, Haupumep,
V asasercd saMikayTus mapoM | x [|<L R Hekoroporo ad@uHHOrO
€BKJANA0BA TNPOCTPAHCTRA, TO OpueHtTands 2 KAk rpandun V
ABJARETCH KAHOHHYECKOH opHeHTauHell cdep epKANOOBA NPOCTRAH-
ctBa (cTp. 179). OprcHrauus L K4k rpanuunl MEoxecTea || x| = R
NPOTHRONOMOKHA MPeAHAYINell OopHeHTaUNH.

Ecnu paccMarpHBaeTes opHeHTHPOBaHHOE 0cobae MHOFOOBpasne

lad

¢ Kpaem f[V, onpesenennoe orodpaxeunem Kaacea C! Heko-
TOPOro OPHCITHPOBANHOTO MHOTOOOPAsHS € Kpaeu V TO r‘pammen
aToro ocodoro muoroofpazud _HazbiBaeTCs CyKeKne Hibi/ --HIZ
oro0paxenua H Ha rpanHuy 2 MHorogtpasnua 7.
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fad

Ecan V sBAsercsd JAHlb OPHEHTHPOBAHHHIM MHOTOGHpPasHEM
¢ NCeBIOKPaeM, TO MOXHO TeM XK€ CAMhM METOIOM CDHEHTHPO-
BaTh PeryaapHymo vYacts B ncesJokpasa Z. DT0 TO Ke caMmoe, UTO
Mbl Ha3uiBaau opuentauueil . ChegoBaTenbHO, 31€Ch NCEBAOTPA-
NAIA OPHCHTHPOBAHIIONG MHOTCOOPa3Hs ¢ NCEeBRORPAEM SBAAETCH
OPHEHTHPOBARHLIM NceBloMHOr0CGpasueM. Hanmpumep, ecnn V —
noAksAp, TO OpHeHTANHA V OIpejeffer OPHEHTALHIO TPaxedl noad-

snpa. Ecam V — muoxecTBo, onpegeneruoe dopayaoi (VI,7;1)
B mpocTpancTee K3 U cHa:xeHROE KaHOHAYeCKOH opuentamuch R°
o

TO er0 NCeBAOKPAN ABMASTCA NCEBIOTHIEPNOBEPXHOLTEY 2, 0N pede-
nenuott dopmyaamn (VI,6;63) n (V1,6;64) n cHabxedHnoit pauee
onpenenenHoii opedtaunedl, To e camoe MOMHO cHenatbs A
ocofioro MHOrooGpasHA ¢ NCEBIOKPaeM.

OpuenrThposaunoe MuorooGpaaue (6e3 Rpan) naspBAT TaKKe
yux.204. HanpuMep, OpHEHTUPOBAHHASA ChHepd eBRKANAOBA NPOCTPAH-
CTBA #ABMAETCHA KOMIAKTHHIM LHKIoM, OTtobpaxkenne H nukna
ABASETCA OCOOBIM UMKAOM. Taxkum obpasom, kpaifl mMHoroodpaans
(cooTBeTCTBEHKO OCOGOr0O MHOPOOOPA3HS) ¢ KPaeM ABJIAAETCH LHKIIOM
(COOTBETCTBEHHO OCOGHIM LIMKJIOM).

Teopema Crokca

- e
Tlyets V <=V — opueHTUpoBaHHoe MHOroofpasue Raacca Ci

>
Pa3MepHOCTH # ¢ KpaeM WJH HccBIoKpaeM. I1ycTh @ — guddepen-
pnaanHas ¢popma cremenu s — | wnacca € ma V,

Hmeer mecto popMyaa Croxea

[do=1{0. V1, 7;3)
K W

CordacHo 3T0f $opMyJe, OONYyCTHMA MePECTAHOBKA ONEPALHH
e

B3ATUA TPAHHIM MHOroo6pasua V' K onepaunH B3ATHA KoOrpa-
ES

HEUb AHG GepeHunaapHofl popMmbl @. (Mmenno 0TC0Aa npousomIIo

HA3BAHME «KOTPAHHIA», €CTECTBEHHO COIJIACYIOLLeeCs ¢ MHOHATHEM
rpagHus  MHOrooGpasns.) B atofl dopmyde, ¢ OXHOH Cropous,
e

HHTerpRpyerea AnpepeHunHasbHas ¢opMa o cremenn n— | na
-,
OPHEHTHPOBANKOM TCeBAOMHOr006pasan bY pasmepuocTa n—1 n,
S
¢ npyrof, — xhddepennnaipuan dopMa da CTENCHE # Ha OpPRell-
Pl

THPOBAHHOM MNCEBIOMHOTO0GpAsHY V pasMepHoCTH 4.

3ra Teopema NPUMENLMA TOAKC RPU NEKOTOPOLLY BECHMQ 02pa-
nuurescrsix ycaosunx. Ee MOXHO, ecTectBeHHO, 0G0OIHTL Ha
OCOOHE I)\'IHOII‘OOGpaSHH ¢ Kpaem WId NCEBAOKpaeM (oM. ¢popMmyay
(V1,7;49).



§ 7. Dopuyan Croxca 219

Baementapiaa teopema CTokca

Teopema 37, [Tyera V CV — opuenruposasioe mHozood pa-
aue ¢ xpaest T xaacea C? pasmeprocru n. Hycre H — oroGpace-

nue kaacca C® Hekoropoil owxpectnocTu muozoobpasus Vous V
8 mrozonbpasue Q kaacea C', onpedeasionyee HEKOTOPOE OPUEHTU-
Fad

posassos ocoboe muozootpasue ¢ xpaem H|V snoeocobpasus Q).
fTycre @ —6::¢¢epeaqua.¢maa popma crenenn 1 — | Kaacen C'
onpedeteHnaA 8 £} CO SHaYeRUAMU & GaHaxoesoM APOCTPUHCTSE F

Ecau V nepecexaer npoobpasz npu orobpawentn H nocureas &
no HeKOTOPOMY romnaxty (a sro tax, kKo2da V KouMnaxktHo®) uau

roeda m LMEET KOMAAKTHOUE #ocuTeas u orobpamenue H ssaserca
cobereennoin na V), ro umeer mecro dopmyra Croxea

> -
[do= [a. (VI, 7; 4)
" ~
HIV Hisv
DTa Teopema HasnBacTes sgemenTapiod Teopevoil Crokca mo

70fi TpHUMHe, 4TO MHOroofpazue V mmeer Kpaf bV, gsasomuics
UCTHHHBIM MHOrCOCpa3HeM.

NlokasarenbcTso. 1-4 cayaad. Iyers Q=V =V =R*
(CﬂeﬂOBaTe.ﬂbHO S =), H —TomaecTBeHloe oTOGpaKende H
popma m HMeeT KOMMAaKTHHIEH MocwTedb. [Ipennonaraercd, 4To npo-
erpanerso K™ cnadweHo cBOel KAHOWHYECKOH opueﬂrauueu

MonHo cudrtatb, uro gnddepenuransbHan gopma & samucana
B BHAe (VI, 3; 41):

_ N
‘352. opdv Adxs A <o Adxjss Adsisc A ooo Adxa (VL7;5)

Torna
-

> ” da
do={ ¥} (=1y- -6,";—: dxy Ndss A oo Adxa. (VLT;6)

=

Ham a1ocratouso ©Oyner nokaszath, uro Gopmyna (VI 7;3)
CHPABEAJNBA B C/Iyuae, KOTJAA CYMMa CBOIHTCA K 00HOMY UeHY,

) B ganpmefilleM B 3ITOM Kypce MHorooGpasve @ OYmeT OTKPLITHIM MHO-
KEeCTROM KOHEUHOMepHROro adbhruworo npoctparcrBa. HueHHo Tak OYi1eT B TOM
cayuae, korga V JIRHHT B KOHeYHOMepHOM addmaHoM mpocTpamierse nt A —ro-
HApCTREHHOE Npeclpa3oBaHue,

3y 310 eayuall, ¢ KOTOPEIM MH OYZem BCTPeuaThed MAWE BCEro,
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> >
T. &. loKa3zaTe ee AJI4 DopMb o =®; dx, /\dxg/\ e Adxi A
A dygg f\ Adx,.

IMpn V R” CHAGKEHHOM KaHOHHUecKOH opHenTauued, tyuk-
Uy opuHeHTaudn @, veasamras Ha crp. 151, paena +1, 0 nosTomy

I Ldxy Adeg A . Adx,= IJ J...dxldxﬂ...dxn

R (VL 7,7)
ARJHAETCH OGI:IT-]HBIM KpaTHHM HHTEP]}EIJ[OM. HaHHCBHHHe HHTEFP&TIH
-

=,

HMEWT CMBICHA, MOCKOALKY @ HeNpCphlBHa W HMEET_KOMH&KTHH?{
HOCHTEME.

ad
Tak rak gpaii X nyer, T6 HHETerpad Ha I paBeH HYJIO, U j0-
KaspiBaemas (OpMyaa ANHLIETCS B BHe

» dm
[ dx|dx2...dcn—0 (V1,7; 8)
R}! .
MpuMennm Teopemy OyouHu {Tecpema 77 ta. V)2

J..[ J@xi dxidxy ... di,=

do,
:J' J-dx,dxg N 5 TIT: 5 ST dr,‘f 3 Lixy, %o o0, xaddxy

ra—I R
{(V1,7.9)
B rteopesme QyOUHW YKA3KWBAETCH, UTO NOCHeXHHI HHTerpan
MMEET CMbICA TOMbKO Aad (dxy ... dx;o dx;y oo, dx,)TIOUTH BCEX
AHAYEHHI X, X3, ..., Xjo1, Xjy1s 0., ¥y H UTO OK OUPENEAHAET
ldx, ... d,v:j_jfx;“ <. dxg)yunTerpupyeMyo  Pyakun, OiHako
T4K KAk I8 © C KOMIAKTHBEM HOCHTEAeM HMeeT MECTO PARCHCTBO
6‘@
(x]! '\"21 rvay xrr.) dxf=
'“Ii' (x 5, x e L3 (V1,70 10)
=@l Ko ey Xpop Sy Xpagy ey Xale 0= > 05

TO AOCACORIN HHTE2PAN 8CE200 CYMECTRYET 1 PABeR Ny,

-6 cayqal. Mnoroofpasue Y ABAAGTCA BAMKHYThiM 110J1Y LLPO-

eTpanetroM x, <L 0 npocrpanetra V =Q =K", H — toxnecrsenuoe
>

oToGpamedne H @ — aAuddepeHunanpias DdopMa © KOMNAKTHBIM

HocuTesieM. Mn npegmoaaraes, uro K" cHadmeno KaMOHHUCCKOMH
opuenTauncii., B sToM caydae I npeicrasfger €000l runepnio-
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ckoets x; =0, W, KaK 3To VKaswBaJgock Ha e¢rp. 177, opHenTa-

uua S ABJNASTCA KAHOHHYecKON opueHTanmed, B KOTOPOH Oasuc

- B

€5 1.0, €y NOJONKETeNeH. Kaxk H B mepBoM caylae, mpeinoickiM,
>

wro @ wmeer Bun (VI 7;8), rie cyMma E CBOJHTCH K OILHOMY
yjeny, Jlepas uactk paseHcrBa (VI, 7;4) sBaaercs mHTerpagcy,
PABHHM HHTETpANy, CTOAWEMY B JeBoil uactn pasenctsa (VI,7; 8),
Ko Bhiumcsennomy ue na K*, a na V — noaynpoerpancrse é(}
INpapan uacTe paBeHcTBa (VI 7; 4} BBlUHCAdeTCA CAENYIOUIHM obpa-
zoM. . Jna MHorootﬁpaaﬁg b3 ﬁepe'rca 'IO}I\,IleCTBEHHaH kapra. Ilpo-

oGpas (opMul o na R seasercs (bopmoid na E” , MOAYYeHHO
B pesyabrTate 3aMeHsl x, 0 dx; na 0 B ¢popme m T, €. ABJASeTCA

HndheperinaabHoi popMoit Buad oy {0, xe, .. ., X)) dxa AdXs, ..., dXy.
ITockonpsy & HMEET KAHOHNUECKY D OPHEHTALHI MPOCTPAHCTRA

R"', ¢yHxung opHeHTauun § CHoBa paBHA |, H MH NOJyYaeM:

j' cedry Adxs A .. Ndxg= [ ... f e dxydiy .. dx,

Py

g R (VL7 11)

Takum oﬁpaaom, dopmyaa Croxca samuwercss B BUAE

Il

i

Xor voey Xp)dxydxy oo dx,=0 pan j==1
VI, 7;12)

i du:-
J.[ Cee j—ax—l Ny Koy 0 ay xn)dxldxg e d,‘cn=

X =20
= o ., x)dey o dee (V17513)

gr—l

dopmyaa (VI,7; 12) mokasmBaerca TaK e, KaK IOKA3HBANACH
popmyaa (VI,7,8). Coraacio Teopeme Pybunu (dopmyaa
(IV, 8; 33)), '

fi-- Omf dxy oo dig=

a0
>

dw

=[ . [du .. dodsg . .dx, [ Ghde, V1710
* - i i

OpRUeM MOCJHEJAHHA HHTerpat pareH HY.J0.

Haa dpopmyan (VI,7;13) cnoa BocmoabsyeMmen Teopemoi Py-
GHIH, KOTOPAS AACT A ZTOT Pas ¢ APYTHMH npededamu  HUTCrpH-
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poBaRHA TaK.O'E‘ PaBeHCTBO;

[J J am' dx| el dx, =

= . fdep... dx, ja""d.. (V1, 7; 15)

R 6x;
pr—t X0

Ho nocaendifl HHTErPaI pabed :

£

dw

j ax; (JC|, Xay v o0y xn)dx|=
n<i - >
=[0G £ -0 2N =010, %y, .., 20 (V1,7 16)

Honcraeasa ero B (VI, 7; 13}, moayuaenm (VI,7; 13).

3-#f cayuai. MrorooSpasne V npoussossuo, Q =V, H — 1ox-

s
IecTBeHHOe oToOpaxkeHune, HoCHTeldb AHM(epeHUHaNblOl HOPMB @
nepecexaeT MHorgoGpasue ¥V Mo HeKOTOPOMY KOMIAKTY.
o

Ilycrs @ — touka V. Ecau sra Touka nmeKHT B V, TO oHa HMeer
o]
CBsI3HYI0 OEpecTHoCcTs #°p B V, ssisouywoca obSpazoMm Kapte @,

[+]
muoxeernsa V. Kapra @, orofipaxaer orkpuroe MHOKecTBO (0,
ng ' BV, tak uro @ (C,)=7.

Ecan xe Touxka a npuuamiexur X, TO, COTJIACHO CAeACTBHIO 2,
teopemu 32 ra, III, moxno na#iiTh Takok C*-iuddeomoppnam @,
orkpuTore wmapa ¢, ua3z R% na orxpuTyo ofnacre ¥, B V, cosep-
HKAWYW @, 40 mepeceueHme %[ ¥°, OGyaer obpasoM npu oro6pa-
weHur O, nepecevenns f, ¢ rUNepPNORePIHOCTEI0 &, = 0 npocTpas-
ctBa K®. 3Dra runepmosepxHocrs paspesaeT wap Ha ABe OGJACTH
u) <0 ua >0, ofipasm koropelx npH otoSpaxennn D, ApagwTCA
ABYM#A oﬁﬂacmmu onpefereHHLIME B #°, [OBEDPXHOCTHIO OE Ha

ctp. 215 Mpl BHOeAH, uTO 3TH OGJACTH 06H3ATEAbHO DaBHm V [ 7,
n CV N7, 3aMeHan, ecan 370 HeoGXOLKMO, 4, HA — i, (uT0
03HAYEeT, OUCBHIHO, 3aAMEHY KAPTH), MOMHO CUATATh, HTO 00Pa3OM

a
i) < 0 npu oroGpamennn O, spasercs nepeceverue VN 7,.
MHOmecTBO NOCTPOSHHBIX OKPeCcTHOCTEH ¥°, o6pasyer HEKOTO-
poe NMOKpuITHE V H Tem GoJee NOKPHTHE KOMITAKTHOLC IO YCAORHIO
.

nepecedenus V u nocuresasn dopMul ®. 3HAUHT, CYUIeCTBYET KOHeu-
HOoe 4YHCJO0 OKPecTHOCTell 7, MOKPLIBAIOWIEX 3TO IepeceyenHs
(rrycﬂ. 310 OyayT (F°;), o, COOTBETCTBYIOLINE TOUKAM ai). IMyern

(ag); g ; ~— MOAYHMEHHOE PA3NOKEHHe eIHHALE, 06Pa3oBasHoe hyHK-
wnAMA Kaacca C2, Tagk Kak V' #0 NPeangaoXeHHy TPHHaLNeKHT

kaacey €7, Takoe pasaoxende s cday Teopemu 11 ra, IV sos-
MOKHO, :
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(I)ODMYJIa CroKca Tenepb 3anulieTcs B BHAg

2 I d(a,g) z== 2 J rz;?o, VI, 7;17)
Vv

il IEIE“}‘

.
NOCKOMBKY Oy &; paBHa | HA mepeceucHnu V H HOCHTEAd .
i=f

JoxakeM, uro Kaawpil uied nepeofi cyMMbl PaBeH COOTEET-
cTBYOLEMY uleny BTopoit cyMMbl. Ilockospky otobpaxende @
apagerca ChOuggeomopdusmom, T0 OH0 NEPeCTAHOBOUHO C XOrpa-

nnueit d (reopema 17) n Cl):(a‘.(:) mpHHagAeKHT Kaacey C' B O,
(teopema l4,). Tlosromy

f d{ai$)=aj O (a,6)= | d(®; ()

v t o
> VI, 7; 18)
_[ugw=0,
W
eCaH a;e[‘}, H
> ., >
fdeo)= | 4@@o)
v G, 0 (2, <0}
5 N (VL 7; 19)
[eo= [ ®(@0)
W X
;N =0}

el q; 2.
> .
IMpozoaxum dopmy @j(aim), onpenefentyic Toabko B (O,

>

nyrem 0 B C¢O,. Oua 6yzer torpa pasaa mymo B CK,, rie
K, —uocurens @a,. flpoaomxennas raknm o6pazom na R* dopma
npuHanAeKAT Kaaccy C', 4To oueBMANO, Tak Kak oHa TPHHALJe-
KUT ITOMY Ki4cCy B 08yx orkperrsix muoxecersax Op n CK,
JawIHX B Oﬁ'bE,JIHHeHliH K*. Ecan yenosuThLCa 0603MAUaThL Io-
npexHEMY Yepes CD;(ujw) APOAD/KEHHYIO GODMY, TC B (OpMYNax
(V1,7 18) u (VL,7; 19) momno zamennrs (; va R™

OpuenTauna, KOropoft Hazao cHadauTs K®, seiserca kanoHu-
4eCKOd OpHenTapuell HAM TNPOTHBOMONOMKHONK el (B 3aBHCHMOCTH
OT (PYNKIOHH OPHCHTANHH €, cBA3aHHOA ¢ O;; MOCTOAHCTRO 3HAKA
ofecrieunBaeTCs CBA3HOCTRI0 MHOXKeceTBa ;). Bupouem, aTo ocoboit
pOJIH He HFPaeT B MOMXHO B3ATb, HATPHMED, K2HOHHYECKYIO OPHEH-
ranuio [R®, MOCKONBKY NDH STOM ONHOBPEMEHHO COXPAaHATCA MAH
H3MEHATCR 3HaKH o0enx uacrefl,

PapencTBo oGenx ctpok B ¢opmyae (VI,7;18) soirexkaer H3
l-ro nokasauHoro caydas, a paBeHCTBO ofenx ¢Tpok B (VI, 7; 19)
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BHITEKACT U3 2-ro cayuad. Takum obpazom, (VI,7;17), a suauur,
H 3-f cayuaji pMOKA3AHLL

4-1f eayuad: obugud caywaii. Ilycets Teneps otobpawkenue H npo-
H3BOJIbHO, COTNAacHO ONPEefeNeHH) HHTEeTPaNa OT Anpdepernnans-
goit GopME N0 ocofoMY MHOrooGpasHwo, dopmy.da CToKca 9K-
BIUBAJEHTHA COOTHOUIECHHK
> -
[ do= | #. (V1, 7; 20)
-~ o~
¥ L¥

Tak xax otobpaskenie H no NpeanOAGIKCHHIO NPHHAAMNEKHUT

ka1acey C*, 1o ortoGpaxtenHe H™ KOMMYyTUPYeT ¢ KorpaHuueil d
(Teopema 17), a 3TO APUHBOZAT K PaBeHCTBY
> >
[2e)= [ Ha. V1, 7;21)
v bV

-

Ho no mpennosoxcennio Hocutedl H w nepecekacres ¢ V no kom-

HAKTY, W MOJYUeHHAs @GopuMy.Ja nodayvaercs 3 3-ro clAyuas oTHo-
>

cuteasHo f{'w. Tem camuM afeMenrtapnas Teopema CTOKCA 110A-
HOCTBK) HOKa3ana.

Jamecuanuc. B GoabIBHCTBE CAyHaeR MOKHO OTPAHAMHTHCA

Apenno/oxeHleM o ToM, yro H u ¥V npusapnexar ne gaacey C2
a Jauib Xaacey €. Mp He 6yaeM HPHBOAMTH 3jech TOVUHBIE Y¥CA0-
BUA 417 3Toro cayuas. Milorga 1o fie BIOCHT HHKAKHX CCPbEe3linX
AONOAHUTEILHBIX TPYAHOCTEl; Huorda mepexoq or € x €' caxm no
cefe ARJAALTCH WORCH M TOHKOH TcOpHed.

Obwasn reopema Crokea

B cayuae, koada wmnozoobpazue V umeer ncesdoepantifiy I,
CPHOPMYAUPOBANEL YCAOBUI RPUMERUMOCTY hopayast CTOKCA, KOTo-
pele MOIYyT OXBATHTb Xo0Ta Ob HauO0/dee 4acTo BCTPeyawilHecs
cayuan. Mu orpawnupmMcs atecs paccMoTpeduem cayuas fogee
HJIN MEeHeE YIOBJACTBOPHTENBHOH OGILHOCTH.

Ilyete X — 3aMKayTas nNCeBAOTHNePNOBEPXHOCTL Kaacca C!

Ex
u3 K" nan nekotopmit oTkpuiThil wap ns K% OGosnaunm uepes F,
j<={l, 2, ..., n}, sexropnoe noprpoctpancrso B K", nopoxacuaoe
> > ES > >
043MCHBIME BeKTOpAMU &, By, vvvy Bi_qy Biply v eey Lo

-
[Tycrv P; — onmepauys «npoeKTHPOBAHAA Ha £; NapanielbHo €;»;
(JC], Kagy ooy xﬂ)_)(xfs Xou vn s Xjmty Xjpts oo xn)- 9710 JnHefinoe

> o
Henpepuproe orodpakenne R* pa F;=R""". IMycth & — nexoro-
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>
paa touka £, Tlpeano/oxxum, uTo B nNOANPOCTPAHCTBe F,; cyulecT-
ByeT OKpecTHOCTL # TOUKH b, NpeoeKTHpYl WU UNARHAP KOTOpOI

P;".%‘ nepecekaer & B KOHeynom uuciae ! (BO3MOMKHO, H Hy/1e30M)
CBA3HBIX KOMNOHEeHT Z,, k=1, 2, ..., {, Kamxuas H3 KOTOPBHIX
HMeeT ABUOE YpaBHenue x;=F, (%), Xo o0y Xpops Xjsls ooes Xn),

nprdemM GyHRuonn Fp opugaitexat Kiaccy C' wa B, Orcona cae-
ayer, uto P7'@N T aexuT B perysapHoi vacty 94 noeepxnoctn .
e

B atom cayuae rosopar, uro Touka b ms F; apaaerca Ppperyasp-
Hoil maa X.

Bynem HasnBaTh MOBEPXHOCTb I PETYJSPHOM AAS NPOEKIUH Py,

-

ecan kKawxaan ToYKa b HMs F; aBnaercs Ppperyasaprofi aan I,
KpoMe, ObITh MOKET, TOYEK b HCKJIO9HTEIBHOTO  MHOKECTBA Fy

n3 Ff AeberoBOl  MepH HYJI]: B - MPOCTPANCTBE F,, NpOeKTHPY 10~

KA UHAHEAP KoToporo P 5", nepeceKaer PeryaapHYH) uacTh 24
MHOXKECTBA Z N0 MHOXECTBY HyJeBoill (1 — |)-MepHOH nAGIIAZH..
Cpel TOYEK 3TOrO lepeceueHus QRIYPHPYIOT TOUKH «BHAHMOFQ
KOHTYPa» YacThH @, T. €. TAKHE TOUKH H3 94, B KOTODwX Kaca~

>
TeJbHAA FHOEPILTOCKOCTE NapaJiiebHa é; (H BC¢ TOYKH nepeceuc-

HuA 2{ C NPOEKTHDYKNUHM UHJIHHIPOM BHAMMOTC Koutypa). [Ipen-
noAaraeTes, UTO MHOKECTBO 3THX TOYeK BHAHMOTO KOHTYPA HMeeT,
B YAaCTHOCTH, HYJleBYIO (i — |}-MepHYIO muomamb. (310 He TOT ey~
ual, KOrjia, Hanpumep, ¥ aABAfAeTCH NMCeRnOrTpanAueil xyfa ¢ peb-
pamMH, NapaliefbHbiMM KOOPAIHHATHHM oCaM. OJLHAKO TeopeMa
Crokca npumenuMa K KyOy! [lpocroe HaMeHeHHe cHCTeMbl Koop-
AHHAT ACJAACT Ne¢eprorpaHMuy kyba PprperynapHofi Aaa Kaxaoro
j=1, 2, ..., n, a 3TO0ro HAM AOCTATOUYHO.) '

Teopema 38, flycre V — mroeoobpgaue ¢ nceadorpaes
raacea Cl HeROTOPOZO OPUEHTUPOBARHOZO R-MEPHO20 MHO2006pa
r

aua V waacca C'. Hpednoaowunr, wro daa kawdoid rowke a oco-
bod wacru nceadoepanuyer T cyujecrayer Cl-dupgeomoppusn @,
HekaTopozo OTRpuiTo20 wapa O, npoerpancrsa K" (wau camoeo
npocrpancréa K*) na nexoropyro orxpury.vo oxpectrocte D ()

Touku a 8 V, raxot, 4o obaacts ©;' () asanercs P-peayasprod
8 O, dan gaxdoco j=1\, 2, ..., B & UMECET DEIYAAPRYIQ HACTH
;! () ronewnoii (n— 1)-meprod naouyadu,

Hycre H — orobpaxcenue xaacca C' orkpurod oxpecrnocty
V us V 8 nexoropoe muoeoobpasue Q xaacca C.

flycre c-;——ampfpepeuqua.abnaﬂ popsa crenent 1 — 1 kaacca C

& Q co snavenuAmu & Ganaxogos npocrparctee F, Ecau nepeces
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>
wenne V' ou npoobpasa npu orobpamenuu H wocureas o kos-

RAKTHO, TO umeeT mecto gopuyara Crokca (V1,7; 4).

Konguno, 3Ta Teopema colepKUT KaK 4ACTHHR C/ydafl npesw-
Aywyio. Moxso 6010 GH ZoKazaTe ee cpazy. (MiHako MW npes-
NOWIH [aTh CHAYANA 3JEMEHTAPHOE AOKA3ATEILCTBO S/AEMEHTap-
HOro cay4an. TOYHO Tak JKe, KaK ¥ B Opeabymell Teopee, MH
NIPHBEACM LOKA3ATENbCTBO TONLKO AMAS 3HAYKTEILHO GOJICce mpo-
cToro cenyuasa, korga C' seoay samedeno Ha 2,

Hokaszarenserpo. l-cayuai. Ilyetb V — otkpuThit map
uz K* uan camo npocrpauncreo K*. Jlas yopourenns TexHMueckoil

CTOPOHHI AOKasaTeapcTBa mojoxuM V —R* [lcesmorpanuua S
MHOrO0GpaskA V  Prperyiapia oas Kaxporo j=1, 2, ..., n,

4 €e perynspHas uacTb %/ nMeeT KoHeunywo (r — l1)-MepHuyo mio-
mags, [lyers Q=V, H — toxaccreendoe oToGpamenne W HOCH-
Tens GopMu pt KOMAaKkTeH. B sToM neprom ciayuae npeinonoxe-
HHE O TOM, 4TO @/ NpHHAAAEKHT KAaccy C', He yoloKHSeT aanavy.
Mb 6ynem cynTaTh, uto dopma 3 3agana B Buje (VI, 7;5) c enun-
CTBEHHBIM WiCHOM ) B cymue 3

Ham pocrarouso gas kaxaore j=1, 2, ..., n NoKa3aTh, UTO

S _f%%dx. dxy oon diy—
v

= [od0 Ady A oo Adxpo Adep A .. Adse (V1 7;92)
z

rae Murerpan f paben I , @ 4 — peryaapHan wacte I,
Pasnuuupe spaveHus j ajeck HrpaioT OfHHAKOBYIO poab. [To-
STOMY NOCTATOYHO MPOBECTH LOKAIATENBCTRO, HANPUMED, Aas j=1.

A) JleBy1o 4aCTh MOKHO BuYHCAHTL Mo popmyne Pybmuu, uTO
JdaeT HHTerpada

£
[ oo [dydz, ... dx, [ Z—[)':[xl,..., x)de, (VI 7;23)

Vv ("‘2- xn)

rne V{x,, ..., x,) — MHOmecTRO K3 R, o6pasosannoe TaguMH apa-
YCHHUAMH X;, TO (X3, Xy, ..., X, ) EV [chen muoroodpazus V ua
NPAMOA, MapajsienbHOR OCH Xy, C KOODAHHATAMH Xy X4y ..., Xp—
eM, dopmyay (IV,8;35)]. Teopema Py6unn yTBepiiaer TOabKO,
YTO NOCJeNHHN HHTErpaN uMeeT cMuCH Aad (dx, dx; ... dx,)-nourn
BCEX  SHAYeHUHl - X3 X3 ..., X; M ONPEAGIALT HEKOTOPYIQ
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{dx,dxy ... dx,)-anrerpupyemyo Gyakuo. Bosplie 3gzecs HHuero
HeNb3d CKAa3aTh, KAK 3TO OBJAO B HEPBOM HAH BTOPOM €JAydARx
JOKa3aTeNsCTBa TeopeMel 37,

Y
QO6osHauuM nocheIHdil HHTerpan uepes Jix,, xj, ..., xl,,), Oy
(dx,dx; ... dx,)-unrerpupyem, ¥, crerorareabso, Ha '~ mepa
b
J{xy, %3, ..., Xn)dxsdx; ... dr, umeer koHeuwyw nopmy. Ofo-
-

3HAYAM 3TY Mepy duepes v, Toria Jepasg 4acTh COOTHOLUSHHA
+ .
(VI, 7; 23) 6ynmer paBmua _[ dv. Taxum o6pasom,

Rn—l
> de
Ty ooy x0) = J‘ df:l {1 %20 +o0y Xg)dxy,
e )
dv=17I(xy ..., x)d%s ... dxy, V1, 7;24)
> -
[do="[ dav.
o~ gn—1

B) PaccvorpuM TENeps Auddepennuaneiyio gopMy 5 Ha
perynsiprofi  4actH al (opuenrnpoeannoil Kak rpaHHuUa MHOXKe-
ctBa /) noBepXHOCTH I OHa onpeﬂ.eme'r neKOTopylo Mepy I(o]==
= [(o]p. [Tockoneky ¢Qopma co. C0 3HAYCHHAMH B F HenpPepPHBHA
H nmeeI KOMDAKTHLIN HOCHTeqB, ¢ jlopma orpanuuena. C apyrof
CTOPOHBI, TAK KaK 4acTh @ mo mpesmooxentio HMEET KOHSUHYIO

(rn — 1}-MepHYIO mAOWAb, H3 TeopeMbl 32 caenyer, uro [w] aBaserca
Mepol ¢ KOHeYHOA HopMoi# v Oaszoll dS, spaswowelica mepoit =0
¢ KOHEGYHOH HOPMOH. Tenepsr B CHAY HeNPephIBHOCTH _)npoeKLlHH
P (x), X5, X3, oo, Tp)—>(Xg, X3, ..., £,) 06pas p=Pla] cymect-
ByeT I HABJAsIETCA Mepofi KOHEUHOH HOpME HAa R (reopema 59
ra. IV n ee oGoblienne Ha cAyuad BEKTODHRIX Mep; cM. cTp. 627

S
. I). Mpapass wacrs cooTHOmenua (VI,7;4) pasua J [m]‘ﬁ.
| %
1} B npoTHBCHOAOKHGETh TOMY, UTO TOBOPHIOCE Pakee Ha cTp. 627 1. | Teneps
-

HeT necSXOLAMOCTH NPELNGMAATaTe NPOCTPAHCTBO F KOHEIHOMEPHEIM, NOCKOADKY
>
MK ywe IHaeM, 4TO ["’]cu uMeer Gazy 45 W NAOTHOCTE, OCPAaHHYRHRYK BeqH-

.
annoft (lf e[| <+ eo.

> >

HanpoThe, HaMm HeHaBecTHO, GyleT A ofpasz P, [w] mepu [0] mpa croGpa-
wenHd £, nverts Gazy = 0. 3HAYHT, MBR HE MOMEM TNDPUMEHHTh K HEMY TeoDHIO
uponomkenun JleGera {crp, 610 1. I), a noToMy IO/MDKHH TOMHHTE @ TOM, YTO
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—> ——
C) Iyete b==(by, ..., by} — TOURZ mpocTpanctsa F, =R*,
P -peryaapuana aqs E, n oyete B — HeKOTOpAs OTKPHTAA CBRIHASA

>
oKpecTHOCTh Toukd b B F|, oOJamaioman cBOMCTBAMH, YKa3au-

HHIMH Ha cTp. 225,
£

INoxaxeM, uro p.—'v 8 OKPeCTHOCTY .93 Ecan orpauduntees
TOMBKC SHadelHAMR ofpasa [{ﬂ]» npu orobpaxennd P, aexa-

e
AMH B %, To [©)- MOXHO 3aMeHuTh Ha [w] _ — Me
In, el (al, Slgag T MEPY,

COOTBETCTBYIOULYI0 dopMe o na OPHEHTHPOBAHHOM MHOT00Gpasun
Pri@NaLY.

3aecs Pr '.@ﬂ%hE,UEQU e US

PacemoTpunM mepy [m]ﬁ , ONpeAencHHYI0 dopMoi ® ua Ek.

Cyxense P, , npoexuun P] na X, apaaerea Cl-auddeomappmus-
MoM X, Ha %, NOCKOIBKY 3TO CYKeHHe NOomycKaeT ofpatioe oro-
Gpaxenne

Pl (g ooy X) = (0 = Felxy, ooy Koy Xa0 -oey ) (VI 7;26)

kaacca €' okpecthocTH # 8 R*.

KpoMe TOro, MOXHO cKazaTh, YTO P['k: B - ¥, arasgercd ye-
KOTOPOH KapToil MuoxkecTBa Z,. COrnacHo OnNpelefeHHI MepH,
cooTBeTeTBYOWeA asuddeperaunanbuclt (opve HZ OPHEHTHPOBAH-
HOM MHOT0OGPA3HH H MOCTPOSHHCH MO KapTe 3TOre MHOrCoOpa3HA

(dopmyna (VI1,6;2)), [3]2TB aBJsgercsd 0o6pazoM apu oTobpaxe-

-1
HHH P, mepu

o = 850y (Fs(Xa ooy Xads Koy ovey Xaddxg .. die (VI 7:27)

3Ta TeOpHS 31eCh HEOPHMeRHMA. (AHAKO Mbl HACTORTEALHO pexoMenOyem quras
7410 #e OOPCMOBATE CeGA TPYZHOCTAMM, CBASAHEBIMH, BO3MONHO, ¢ BECKOHSUHO-

—-

MEPHOCTRID HAM nake ¢ BeKTOpHOd NpHpofoil npocTpaHcTBa F. Henoassya apy-
rie MeTomM (chaGue  wnTerpasdul, Teopesy Xana — Danaxa), MOMHO CcBECTH
cayaalk auepenuuancnofi QOpMbt ¢ BERTOPHHMY 3uaueHHaAME Henocpedcraenno
K cayualo GOPMbL €O CKATHPHHIMH 3HA4YEHHAMH!

') 310 BORCe He Tak nuesuano, kax kamerca! Ha crp. 187 MM BHaeAdH,

- ES
yTo Mepa @] _, -~ RBAAETCH CyHennem Ha P '8 9% wepw {w] . .C apyrod
Py @nag U

CTOPOHH, [ETKO [OKa3aTe CECHCTBO 0GDPA30R Mep, He YNOMHHapweeca B § 6
ra. IV: ecan Py anaaetcs menpepotnniM A-coBcTmerubiM otoGpamenven X — 3
BY=R""l u @ spanerca OTKpUTHM MuOKeCTBOM 8 ¥, To eywemne o6paza
MepH A HAa OTKpHTCe MHOKECTBO # cnnna,rlaer ¢ ofpaiom opu OToGpaRME-
ags Py cymenun A Ba oTkpurToe MuoOKecto Py '%.
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onpelesieHnoi Ha B. 3necs 6, — HYHKUMA OPHEHTAURH, CBA3AHHAA

¢ Raprof PT . Tax xax oxpecTHOCTE F NO NPeANOA0KEHHID CBA3HE,
2Ta (QYHKUHA D0OCTOAHHa (paBHa =1). Chnenosaresbao, 00pas
> - :

MEpH [e}]fi npa otoGpakeruu P; paBeH we. OKoHYaTeNbHO 00pas
4

- -
MepH [m]P“sné',c npd oroGpamenna P, T. e, Cymxenue MepH p
=
Ha #, sensetca Mepoit X p. TakuM 06pasoM, B oxkpectuocty
&
{ >
= 2 Be =
k=t

! -
=(A2 Bp0, (Fi (o « v vr 23), Xgr vves x,,}] dey ... dx,. (V1 7;28)

Jlng toro uytoOE 3aKOHUHTE BbltmcneHue p B &, yroq}mm 0.
PacemoTpaM B TOUYKE X K3 I, BeKTODPH eg, 33, e xacaTenb-

Hoi TANEPHAOCKOCTH T(x' Z), MPOCKLLEAMH KOTOPHX Ha Fl cny-
-
AT BeKTOpL eg, es, cv., &, Bazuca F,.

[Mockoabky ypaBHeHHe KacaTeNbHON FATEPIAOCKOCTH T(x Z),
cornacuo Popmyae (111, 3; 19,), uMmeer BuA

XI*Z s ey o 1) Xy (V1, 7: 29)

-) .
n e; ABIAETCA BEKTOPOM, [-A KOOPAHUHATE KOTODPOTO PABHA 1, 2 Bce

>
OCTAJLHBIE — HYJIH, TO NepBOfl CcOCTamANIOUIEd BekTOpa € Gyaer
6Fk
(%1) +ces Xp), B M MOJIYUHM
l

=Py, o, x) e Fep) (V1, 7, 30)
!

- >
Io onpemenenuio, 8, — 3To 3Hak Gasmca &, ..., e Kacatesb-

~ L el

ot runepniockoctd T (x; Z,). B cuay (VI, 7; 30) 6asuc ef, e, ..., e

npoctpanctea K" uMeeT Takol e 3HAK, UTO H KAHOHHYECKUH
fasnc ;l, ;2, ...,;m T. e, 3TOT 3HaX rlc_-;rlommenen. Caenopa-
TeJAbHO, B — 3TO TAKIKE SHAK BeKTOPA e B TPAHCBEPCANBHON
OpPHEHTAUNH ﬁk, COOTBETCTBYIOULEH KacaTeAbHO# OPHEHTALMH mno-
BePXHOCTH :‘L"k. OEako NOBEPXHOCTD ik HMeeT OPHEHTamHuio rpa-
wausl V. 3Hauur, PyHKuuA 6, paBra 1, €CNH BEKTOP e 8biX0-
Sur w3 V B Toukax I, W paBHa —1], ECAM 3T0T BeKTOP 8500KT
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Q
B V B TO4Rax nomepxHocTH I Popmyaa (VI,7; 28) temepr nox-
HOCTLID COBLACHERA.

>
PaccMOTpaM Temeph Mepy v B okpecthoerhH &, JlAa Touky
(30 X3, ..., %) & B napaaneas D =Dy, «, ..., x K OCH X;, MPOXO-

=) ~
LAuas yepes 5Ty TOUKY, nepecekaer V u IV —V =CV no nexo-
TOPEIM OTKPHITHIM MHOXECTBEAM. | DAHHUHBIMH TOYKAMH 3THX OTKDH-
TEIX MIIOMCCTB MOTYT OLTL TOJBKO TCYKH nepecededds DI, (nau

DNV, rae V sinngercs rpawuusoit cdepoii wapa V, ecan ToAbKo
V — rap; Kax YIKe OrMevdasJoch Bhlie, ME npOBe,ﬂeM A0Ka3aTedb-
erBo JA cayyas, korpa V =K"), O6paTtHo, ccan rtouwka A, =

. -]
=DNZ n ¥, asnaerca OKpecTHUCTRIO Touka A, 8 PT F, obaa-
Aawied OTNOCHTENbHO Xy CBOHCTBAMH, YKA3AHHBIMH B TeopeMe 27,
TO, Kak Mbl BHIeAW wa crp. 215, ape obaactH, OnpeledseMble
okpecTHocTolo #p B Iy, pasunl V1 #, n CV N#,. Mapanieas D,
TPaHCBePCadpHaa K X, B A,, NPOXOIHT OT OLHOW 10 Jpyroi
ofnacTy B A, (reopema 29). CaezosaTeabHo, A, ACRCTBUTCILHO
Qo
ABARETCA CPaHHYHOH TOUKOH oOAHOBPeMeHHo aasa DV w aam
Dncv.
Pacnosoxuy TouKH /, B MOPAAKE BO3PACTANNS KOODAMHATLL X,
a nmenno Af, 4%, ..., Al. Onu geaar npamyw D na {41 or-
KPBITHIN HHTEePRAJOR (ua KOTOPRX fRa noaynpameie). Kammgoe Ha
mHoweets DNV w DN CV npepcrasaner codol o6berdHeHHE He-
KOTOPEIX U3 3THX HHTEpPBAJOSB (paccyx{ﬂ.eﬁue, npoBeselnIce Ha

ctp. 214). Oawe U2 ABYX NOCACLOBATEABHHIX HHTEPBAJIOB JAEIKHT
o

B D1V, a apyroii —e D CV, a ux o0WHe KOHUN HE SBAAIOTCS
TPAaHHYHBIMH TOYKaMH. Ecan moroBopuThea uepes Al 0603HavaThH

TOYKY MONOAHEHHOH OpAMo# D ¢ KoopauHatollh x3=—o0, TO
bnv 5Y,B.E5T npenctaBdaATe cofoll  ofbeiMHeHHe HHTEPBAJOB
AL, A, [Az, Aa] (44, A5], ... uaH oObeAMHEHHe HHTEDBAJIOB

{41, 43, [Aa, AR

Teneps !(xg, .« .y Xy) BRIUHCARETCA cpasy {opuyaa (VI, 7; 24)).
Ecan [Af, Ajy1] aBasercs uutepsaioM u3 Vi i %, TO

j gm]( Xy Xgy vee, Xptdxy=

—on(xm. Xa, ..., xn}—-;. (¥t X2, ..., ¥a), (VL 7. 30)

N Ha cTp. 205 MBEL BujfeTH, 4TO Vﬂ(? CVNE& u 2N gBaai0Tes BHYTPER-
Hell, BAewrHel H rpadnunoli yactamu suoxeersa V(& oTnocntearuo €, ecan
TOMBKU MHOKECTBO & OTKPHETO. 3ITe TOHONOCHUeckoe cBofcTeo, 3neck D He
ABNASTCA OTKPEITHM MHOMECTBOM, HO YKA3Z4HHOe CBOACTRO, KAk MM TOJBKO YTO
BHAEMH, COXPAHAETCS, NACKOAbKY S TPeACTABJIRIOT COB0H CHAEPHOBEPXHOCTH
Knacca C', MO OTHOLIEHHIO K KOTOPHIM RpAMAR { TpaHCBepCaibHa,
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>
rae x: ecth l-4 koopaunara rtouxn A; ¢ @ (xi, Az, ..., %) =0,
-

€CHIN X; = 00, NOCKOJBKY ®, WMEET KOMIAKTHBHIA HOCHTENb,
CyMMHPYS 00 Pas/HYHHM HHTEPBANAM, NOJY4aEMm

> ! >
Tt oy )= 2 a0 (Faln ooy 5y %oy ooy %)y (VLT3 32)

rae ne PpasRo + 1, ecan npsMas D nepecékaeT NOBEPXHOCTb Ek,
nepexoasa us V B CV, woraa x, Bo3pacTaer, +. . €CJH REKTOp 81

BHXOAHT M3 V B TOuKe Az. B nporeeaOM cayuae yy = — 1. Co-
TAACHO HBJ0MKEHHOMY B, 3TO O3nauaer, uro m, =46, Cpasuu-
Bas popMyan (VI1,7;32) n (VI,7;28), Mu Teneps BWIHM, 4TO
> >

B==v B OKPeCcTHOCTH &,
>
D) Cornacio teopeMme i3 ra. 1V, Mmepa p — v, paBuas mymo
-

BO BCEX OTKPHTHIX MHOKecrBax & npocrpadcrea F|, pasBHa HYAw
5 X obveaunedun. Ho s1o ofmeIHHeHHe ABAALTCA OTKPHITHM

g
muoxkecteoM CF | =0, touer b u3 F|, AeasiownAxcs P-peryaap-
- >

HeIMU nJis Z. B 5TOM oTKphITOM MHOkecrse €| Mepa B — v paBHa
Y 110.

Mul Bumenn, uto B MHOMecTBe (J; Mepa :.t Hmeer 6azoli Mepy

dx,dxs ... dx, 220, 160 Ty Xe 6asy uMeeT Mepa v. K wel Moxno
TPHMEHNTE  TEOPHIO NPONONKeHHs JleGera n HHTErpHPOBATH ee

no ¢,. locKoabRy mepa p. Apaserca ofpasom P [m]», Mbi OOy~
yaeM

= > - ’
dv={dp= j [®] . (VI,7;33)
a U '

310 COOTHOLIEHHE Teleps NO3BOJNT Ham AoKazarth GopMyAy
Croxca. B camoM nefe, NockodbKy NOBEPXHOCTE X P -Deryaapua,

10 F,=C0C, HMeer 1ynesyio Mepy OTHOCHTEIbHO dXp ... dXn.
-> -
Clle0BaTeNBHO, _[dva u, cornacko (V1,7;24),
JI h
fav= | av={da. (VI,7;34)
&, - ~ .

lAﬁa.noruquo, [IOCKOJBKY  TNOBEPXHOCTE X P-perydasipua,
PT#F N9 wumeer HyaeByw (n — l1)}-MepHYN OJOWAagk, a Tak
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- > -
KaKk {o]~ nameer Gazoii 4S8, 1o _[ [w]~ =0, TaK uro
G @
P]—%rrln%
[ el = [6.=a (V1,7;25)
2 U $
Pl-lﬁln‘u &7 W

IMoacrardsas teneps (VI,7:34) u (V1,7;35) B (VI, 7: 33), noay-
ygem (VI,7; 3):

2-4 caguaid, Myorootpasue 1% IPOH3BEOLHO, Qw?, H —rox-
-

ecTBeHHOe oTOOpaKeHHe, HOCHTEdb w NepecekaeT ¥V no HeKoTo-
POMY KOMNAKTY,

Cr

B stoM cayuae naa kamaol ToukM a =V uaum peryaspuolt
Yact 2/ noBepXHOCTH X MOMHO HAHTH OTKPHTOE MHOXKecTBO (I,
B K" n oro6paxenne ®,, ofaanawomee cBolcTBAMM, YKa3anuu MH
B IOKA3ATEAbCTRC TPETHETO Caydan paeMeAraproi Teopemn CTokca.
Ecau g smaserea ocoBoll TOYKON NOBepxuOCTH 2, TO MOMKHO HaliTH
wap G, B R" n oToGpaxenue @, obanaomue cooficTsamu, yKa-~
3@HHBIMH B YCJAOBHH HAcToAweHd TeopeMb!, [oKa3aTelbcTBO 33-
KaHYHBAETCA C MOMOUBIO PARNOKEHHS eNHHHUB TOYHO TAK IKe,
KaKk B TPETbEM CAyvae MEMEHNTAPHON TeOpeMu ¢ TOH pazumueii,
Y70 3jech Halo OyAev mnepeitd MO0 K LEPEOMY CAyHam (npu

aeﬁ’), nid KO BTOpoMYy cayual (npu a &) snemenTtapHoH

TEOPEeMb, JHGO K NepBOMY C/AyYal0o HacToslled TeopeMm (npH
asZ-—494).

3-8 caywad, Obwud caywart TOYHO TAKOW e, KAK 0 YeTBep-
THE cAyual sfeMeurapuoi rteopemm. Taxnm obpasoM, ofuas
reopema CTokca NOIMOCTbIO JOKasama (N0 KpaiHedi Mepe, ecan
BCIORY 3amednts C' Ha C9).

Ynpaxuenus 1°) Jlokasarh, 40 koMUakTHHil noauszp V
2 GHHHOTO KOHEYHOMEPHOFO NPOCTPAHCTBA YAORACTBOPSET YeJI0-
BHAM Te¢OPeMbl, Buifhpan cucremy KoopAuHAT, HH OLHH W3 GaswHc-
HEHX BEHTOPOR KOTOPOH He napajiieseH HH OZHON M3 rpaneii nojne
3Epa, MHE TpHAESM K NEPBOMY CAYHAD HOKA3ATEJbCTBA. B sTOM
¢lydae MOKHO NPOBECTH H NPAMOE OOKA3aTEJbCTBO Aawe Toria,
KOraa GasHCHbIe BEKTOPH BHIGPANHON CHCTEMBI KOOPAMHAT Napad-
JJIbHBL FPAHSM HOAMBIPE. JlOCTATOUHO B3ATH, HAUPHMEp, B Ka-
yecTie V' Ky6 ¢ peGpaMu, NapanJeibHEIMH Ga3HCHBIM BEKTOpAaMm,
H IIPOBEPHTE, 4TO Teopema CTOKCA TOraa HemOCPeACTBEHHO CJAELYeT
H3 TeopeMmsl PyOuuu,

2°) Mpeanonoxum, uro V npeacrasiser cofofi MuorooGpasue
€ KOMNAKTHEIM NOceBAOKpaeM Ha nJaockocrd V= E, roe ncesmo-
Kpafl #BJfeTCs HEKOTOPof Kkpusofk I, KycouHo npumapaexaulef



§ 7. @opuysa Croxca 233

knaccy C'. 3to 03Hauaer, uto mcepiomMHorootpasue ¥ knacca C!
HMEET TOMBKO KOHEHHOE 4YHC/IA0 oCofBX TOYeK, B OKPECTHOCTH
KOTOPHX KPHBasl X sAsjasercd ODBEeJHHEHHEM KOHEYHOrQ YHGAA
Iyr xnacca C!, nepecexawownxca 8 3108 Touke. Takum ofpazow,
MLl OKa3biBaeMCR B YCJIOBHAN TNPHMEHHMOCTH PacCMOTPEHHOR
reopud. {Jnsa Kamxao# ocoBoll TOUKH kpHBOB T OOCTATOUHO BhI-
GpaTe cHCTEMY KOOPIAHHAT, OCH KOTODOA He Napanisibunl Kaca-
TEMbHLIM B 3T0H TOUKe.)

Pure 5
¥ — 33WTpHEOBANHAA 06A3CTE.

Hayuyenue aacTHoro ¢ayuas n—1

Teopema 39. Ecau M]|e, B asaserca nyrem Kowesnol
JauHbl 8 OTKpusiToMm MHOMeEcTRe Q QPPUHHOEG KONELHOMEPHOZO
npocrpancrea E, opuentuposanmom 8 Hanpogaexul npobezaHus

o-—+p, a 7&3::39?;:3 dynsyueld gaacca C' e Q co anavenuanu 6 6g-
o y
HaxosoM npocrpancree F, 1o umeer mecto dopauysra Croxca

[ df =T @) —Tm ). (VI, 7; 36)

M|la, Bl

3zecy wMuorootpasne V' — nutepsad [o, f]l =R, cnHabmenutiit
OopHeHTAanHed, cooTBeTcTBYOUell Hampapidendw or ¢ K f, 0 H —
orofpaxenne M wutepsanz fa, f] B Q.

Mul BHAMM, 4YTC TPaHCBepcaAbHAs OpHeHTauud rpaunud {c, B}
l'IOJ[‘}"-IaETCH B TOM c.nyqae, Korna noJOMKHTCABHEIMH B TOUKE O
CUMTAIOTCH BEKTODHI, HMeWNIHe HanpabJeHre f—+ ¢, a NOJOKH-
TeJAbHLIME B TO4YKe [ -— BEKTOPM, HMCIOUIHE Hanpapjaeuune o— fi.
COOTBETCTBYIOLaA KAcaTe1hHAA OPHEHTAUHA, KAK MBl 3T0 BHIAEJH
Ha ¢1p. 178, aaknouaeTca B IpPHOHCHBAHMH TouKe B 3HaKa -+ H

Toyke « 3Haka — . Ocob6mM MHOroo{paznem, rpanunesi Mila, f],

B Koﬁuequom cueTe dopdyaa Crokea ABIAETCA 0GO6WEHHCM KIACCHYSCKOH

bopMy j Flede m?{ﬁ] -?{a}. cooreercTRyiomel £ =R, rie M - T10-

L1
WASCTEERNOR oToGpaxenng,
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Gyner Ml{{a, —), B, +)}. Coraacvo onpegencumo (VI,6; 20),

HATETPAA OT [ HA 370M ocofoM MHOrooGpasHA paBReH NpabBoil
yact pasencrsa (VI,7; 36).

HokasarenncTeo. Popmyna {VI,7,36) ne sinnAercs vyacr-
KHM cayuaenm obuieil gopmyast CTokca, NOCKOAbKY B caydae n =1
peyr naer (reopema 36) of wurerpane or AxddepenunaabHOR
$opMbl IO WYTH, e NPHHALNEKALLEMY, BOOGILE FOBOPs, Kaaccy C!
H Jame KycouHo HC npunapdexawemy kaacey €', a mmewowemy
JHDIBE KOHEUHYIO AJHIY.

>

BuGepew B £ kakywo-nmuGo Hopwmy. K pyHKU#AHN -f [pHUMEeHHM
GopMyay KoHeunblx npupautennd (caencrsne 1 reopemu 13 ra. 1)

_ >
OTHOCHTENbHO TOUKH x == M (¥) u npupaLLeHHs b= My — M),
Tak noayyaerea cAcayiollas dopmyaa:

Fm @) — ey — ey - e — MEpi<
<OIM) ~ M (]|

rie & MONycKaeT TAKyK OLEHKY:
8 sup PP —FMEDL (VL7:38)

P ML My

., (VL7;37)

HOaa nw6ore sazaunoro & >> (0 Teneps MOXHO HaHTH Taxoe
yncao ¢ > 0, uro mepaBencrso [P — M<K el Bl P=Q)
BAgUeT 3a ¢ob0H HepaBeHCTBO

1Py — (MM < 5 (V1,7; 39)

rRe L - ammba nytd M. 370 BLITeK2ZeT HZ TeOPEeME O PaBHOMEp-
HOHl HENmDepHBHOCTH HeNpepHBHEX BYHKUHA Ha KOMTAaKTe (Teo-
pema 31 ra. Il B ycnaenuoit opme, NPUBEASHHAA B NPHMEYAHHH 7)
Ha c7p. 374 Toma ), npHMeHeHHOH X HempepeiBHON dyHKuan [,
onpegencunoit na xomnakre M ([a, B]) — ob6pase unteprana [a, p]
NpH OTOOpaXKeHHH M MeTpHuecKoro npocrpamcTsa £,

[lpuMeHsa zaTeM K HemlpepeBHON ¢yHKuur M Ha KOMMAaKTe
[a,B) obmuuyio Teopemy 31 ra. II, B, ¢ apyroil cTOpPeoHLI, Teo-
pemy 36 Hacrosllel rMaBel, MOMKHC HAHTH Takoe n>>(, 4TOCH!

1°y w3 mepaBeHcTBa |7 — ¢ |<{7 <¢JCJNOBANO HEPaBEHCTBO
————

IM@)—MUE)N<E

2°) PasHOCTD MEMAY .ne}loﬁ yactbio cootHomenuii (VI,7;36)
H (VI,6;75) npu O,=4# n m=d? Oolna < g2, korna HanmbOab-
mWas W3 AW pazbwenns A HyTepraga [a, f]l He npeBOCXOIAHT 1.

Ecan tenepp Mbl BHGepeM Takce pastuedne A ¢ Hanboaslueft

N3 OJAHH YaCTHHIX HuTepBanoB = m, T¢ HepasenctBo (VI,7;37)
6yneT cnpasefMMBEIM AJa ! =1, =14, npn d< e/2L.
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Toraa
df — F (M @) —F (M@

Mo, )

‘s;

n=1
<| [ =YX rmen M) - M@
Mlla, gl =0

+

=1 -
A+ Y D) M) — M)~ TG — F M) <

(]

<5+ -L=e (VL7;40)

PasHocte memay ofenMH vacramd cootHowlenus (VI, 7; 36)
0Kazanoch =, e. [IOCKONBKY € NPOH3IBOABHO, 3TO O3HAYAET, UTO
ofe Y4ACTH paBHH, W TeopeMa JOKa3aHa.

Yacruwii cayuah n—=2 8 nxockoctn K% dopmyna Pumana

[TycTe ¥V — KOMIaKTHOE MHOrOOGpasHe ¢ MeeBAoKpae B V = R2,

o
Torga V 6yner orpaHMYeHHRIM OTKPBITEIM MHOMECTBOM B K2
Byaem mpeanosaraTh, uTo rpanduefl SB/IAeTCA KPUBAA I, KYCOUHO
npuHannexawan xaaccy C' [opamep 2%, crp. 232], uro V cHa6-
KCHO, HaOPUMEp, KaHOHHYecKOHh opuentaudei K2, a wpupas 3

Fad
HMEET KAHOHHYECKYIO OPHEHTALH 0 TICEB LOT pAHHLIE MAOr0O6pazHa V.

B xauectBe NpHUMePa MOXHO B3fTE OBJaCTH, H306paxeHHhle Ha
=]
puc. 8. Mmbl sawrpuxopaan V K yKasanan nanpasaenne o6xopa
~ Fad
NCeBLOTPAHHUE & MHorooGpasus V:
£ =] -
[B nmepeom npumepe V ceasHo, Bo BropoM — HeT (V uMeer nars
CBA3HHX KOMUOHeHT, a V — nee). Brpouem, B kauectBe V MomHO
o
BaATH OfTLeNHHcHHe ABYX MEOXecTB pHeyHka. Torga Vo Gymer
HMETL LHEeCTh CBA3HBIX KOMNOHeHT, a V — Tpu.]
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ES - -

Oycts o = Adx + Bdy — nuddepennnamsras hopma kaacca £,
onpejefiennas B OTKPLITOM MHOXecTBe £ mpocTpaHcTBa K*, comep-
xKaueM V, # IpHAMMAKWAA 3ddueHHa B GAHAX0BOM NPOCTPaH-

"
cTBe F. Toraa, yunteBas cooTHowenue (VI, 4; 2), npucnocoGraen-
noe K R? sumecto R, dopMmyay (VI,7;3) MOMHO 340MCATb B BHJE

JI(%%—'%?:)C“ A dy=fj4dx+§dy. V1,7, 41)
g 3

Mo onpefesenHld HHTerpasa oT AuddepeHnuadvHOH ¢opMul nu-
Terpan I_[ oo fdx ANdy MOXKHO 3aMeHATh OOBIUHBIM - JBOMHBIM

Fa
2

HRTErPaaoM J j‘ ... dxdy. (PYHKUHA OpPHeHTAUMH 0, ONMpefeeHHan
v

Q
wa crp. 151, paBHa 4 1, MOCKOJABKY MHl OPHeHTHPOBANH ¥ B COOT-
BETCTBUH ¢ KAHOHWYECKOH opuenTamuelt K%, BespasauuHo, 6yleM

AW MB IHCATh H. HaH _[_[, NOCKOJLKY rpaHuya 3 HMeeT HyJae-
< v

v
BYI0 Mepy OTHOCHTeNRbHC Mephl dxdy.) Orciofla BeITEKAeT Kak
vacTHHE cnyvail gopmydan Croxca dopmysa Pumana

[f (g—g)dxdy=fﬁdx+§dy. (V1,7;42)
4 o

Moxno Owao O6n nomwTateed oGoOMmHTE 3Ty GopMyJay Ha
cAayuaf, Koria kpusas 2 MMeeT JHb KOHGYHYIO NJAMHY H HE
NPHHAMNEKHT Kycouno kusaccy C'. Mul noJyunas 6ul Teopems,
oTHOCALHECA K ¢aydaaM n=2, 1 — | = | H BLIXOAsLIHe 3a PaMKH
obweli Teopemn Crokca, CyIecTBYeT MHOCO CJOXHBIX CJAYUaes,
O KOTODHX MB 34¢Cb He ynomuuaad, Oud 6YAYT HIYUATHCH Che-
LUYAJbHHMH METOAAMH.

Boapmem Tel[epbgB KavecTee V ¢urypy, u3o0pakeHHyl Ha

puc. 7, B KOTOpoOil V| cHadmkeda KaHOHMHUecKci opueHTauuned R,



§ 7. Popugaa Croxca 237

Q
a VV, — nporuponoaoxofl oprenTanieil ¥ rae I HMeeT OPHEHTANHIO
NCeBAOT PAHK B,

Qopuyaa (VL 7; 41) 0CTARTCA Bepﬂoﬁ HO (DYHKUHA OpHeHTa-
une O pasHa 1 B V, n - B Vz, Tax 4TO ff oodx A dy

Ind
o

paBey .”...dxdg, _” .. dx A dy pasen —-Vj_[...dxdy.
qbopmy.r:; Pumana ® 3‘TD\1 cnyl{ae sanBUieTcn TaK: ”
“’ Jx——-—)d dy f(ﬁ—i‘{)d dy—fAdx—}-de.

Vc

(V1, 7;43)

3aMeuaTebHble HHTErpadeHbie HOPMYNL BEXTOpPHOro aHajJn3a

1%} Pabora sexTopro2d noas 8304b OPUEHTUPOSAHAHOL Kpueold

> >
aipgunnozo eskaudosa npocrparcrea. [yerb X: x — X (x) — Henpe-
PHIBHOE BEKTOPHOE MOJIe HA OTKPHITOM MHOXecTBe £} KOHeTHOMEpHOro
Lo

apduudoro esgaunosa npoctpancrea £. [lycrs I' — opnesTtupo-
BAHHAA KpHBas B , KYCOYHO npHHAanfexaniad wiaccy €', O6o-

- +
3gaunM vepes f(rx) eAMHHUHBI BeKTOp KacaTesbHON B TOUuKe X,
noJoxutenpHsli 8 opventandd ', Hurerpaa

&= [ (XIf) s, VI, 7; 44)

rle (8 — HeOTPHUATRNBHAS Mepa AJMUH Ha r, naamaaercq paGorod
HAH uupxynfuneﬁ % moas X suonb r. I{ai:m Yepes ds 0B03Ha~
qalor Mepy ¥ds Ha [' co agavenuamu B E. Torga, cornacHo dop-
myae (£V, 5; 13), nurerpaa (VI, 7; 44) sanuuiercs B BHAS

&= [ (X|a5). (VI, 7;45)
r

3o npumenenne dopmyan (IV,5; 13) Kk HenpepwsHof wa I co
- =
aHauenHsMH B E $yuruud X, K vepe ds (¢ 6asoi ds20) na T
>
co 3HadeHuuaMH B £ B K OGuaunrefiHod opme B, ABAAROWLERCA
eBEJAHIOBHM CKAJXAPHBIM HpoHseejgedneM Ha £ X E. Ecan B mpo-

cTpaHcTBe F BBeJGHA CPTOHOPMHPOBANINAM CHCTEMA KOOPAHHAT H
yepes cosay, j=1, 2, ..., ¥, 0003HaueRs HanpapJfRlHe KOCH-
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HYCH 110/10KHTebHOR nosykacarteqavuoit k [, a wepes X; — cocra-
BAAKUIHE OOAR, TO

M
7= | (E X,:cosa,) ds. (V1,7;46)

P =l ¢

Ecan o — guddepedunanbias dopMa (¢ BEUECTESHHBIMH 3HAa-
-

YedHSAMH) NepBOfi CTeNeHY, COOTBEICTBYOLLAN 1010 X B EBKJIH-
noBofl crpyrrype L.

o(x) - Z =X (2)12),

X _
a= X X,;dx;, (V1, 7; 47)
=
TO I

@?=J.co 1, (V1,7; 48)
T

B umexaHunke nudhepedHunansHas dopMa o HAILBAECTCA Ide-
MEHTAPHOI paGorod esexropioeen noaa. QuUeBHAHO, 3AeMeHTapHast
pafoTa — 5T0 He JecKOoNeHHD MOAQR GeANUMUHG, @ HeRoTopaa Jdid-
Ppepenyuaasnas popua. Uacto ee OLRGONHO 3aNHCRIBAIOT B BHIC dF,
YTO He BePHO, TAK Kak, BOOOME FoBopH, 3T0 He AHQPpepeHUHan

-
ckanspuofl dyuxkuun, Ecau X — dyuguns wkaacca C!, To, 1as Toro
9106 ¢ Obvia TaxkuM anddepednnancd, HeofxoaaMmo, uTOOM
do=0 (1. e. B cayuae, Koraa paimepuocts £ paena 3, urofwu
— e -
rot X =0). DTto OpHBOLHT K KAacCHUeCKUM ycAaosHav (VI, 4; 52),
B Kotopbix A; samedensl H4a X; Ecan ofnacte 2 uMeer BHI,

VKaszanHeif B Teopewe (9 ITlyaukape, TO 3TO YCAOBHE, COTJACHD

gTOH Teopeme, HRANETCA u JocTaroukbiM,. Torma nonarawt o = —di/
- —
uau X = —grad U » ckanapnas ¢yukuna U, onpeaescunas ¢ Tou-

HOCThEY OO a,‘lﬂ.HTHBHDE:I HOCTOﬂHHOﬁ, ABAACTCA HOTEHLUAATM GEK~
TOPHOEO noAR (caeicTBHe 2 Teopempl 19),

1} Oan toro uToSH ODOMYYHTL 3TO PABEHCTRO, JAOCTATOUHO (0KA2AThH, HTO
>
mepH Pagona [w] . v {(X|{)ds cosnagawr ua I'. CornacHo npusugiy Kyeousod
r

CENeHKA, LOCTATOYHO YOEOHTLCH, HTO 3TO BePHO B DKPLCTHOCTH KAXAOH Toukd I
Ecan ¢ - M {f}) apnaercA xaproil (ue nage cmewrnBate napamerp { ¢ ean-
s

HHYHLIM DeKTOROM {}, coxpansiomed opuewraumine {byukuna opucutamnn O =1},
TO B OKPeCTHOCTH TAaKol TOUKA ABR 9TH mMeDW pasHH o0pazy npu OTODpaN e-
J\[

# M wmepol Ha E: 12{ ij;-dt. rae df ~ sepa flefera na K.
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[TpeapiayLue pesynbTate MOXHO ofobuwurs, saMenss I' opuen-

tHpoBaHHEM nyTeM M |[a, B] KOHeunoh AAkHM, Kak B Teopeme 36,
3aTeM MOXKHO HENOCPEICTBEHHO MPHMEHHTE 3TY TEOpeMy, onpe-
—

Jerga € mno topmyae (VI,7;48). Ecan wepes dM oBosnayurms

Mepy co 3snHaueHH#ME B E, Aja Koropoll (yHxuHa M szaderca
HEONpeleNICHHEIM HHTErpPajoM, TO B CHAY Teopembl 36 MOKHO
3JanicaTte '

B i BsN BN
@:j(){|rfﬁr’)=j(i|q)ds= f (E X,-cosﬂ;)ds=f2X;dx,- ),
a a e =l o j=f

{V1,7;48,)

-
FI¢ § — CAUHHUHLIA BEKTOP, COOTBETCTBYIOUIHI HaNPABJEHHIQ BO3s
pacranna apavenuit £, a cosP; —ero roopaduarts. (Ecanm o >,
B

e -
TO g=-—1{ 1 cosfl;=—cosa;. [Tockonwbky -j=-—- _[, TO MBl

1] la, B
CHOBA mOJyYaeM TOT ke pesyieTatr, uro B (VI, 7;44) u (VI, 7; 46)).

Ecan f=g7?fif=-—£?§i U, To, cormacuo (VI,7;36), dop-
myna CrTokeca sanuwercds B BHOe

[ (Riamy=uM@)— U ME)=F (M @) — (M (@).
M1a, Bl

(VI,7; 48y

2°) iTorox eexTOPHOZO MOAR 4eped TPANCEEPCAALHO OPUEHT«

POSAMHYIO 2UREPROGEPXHOCTE 8 APHPUHHOM eBRANGOEOM KOHEUFO-

MEPHOM RPOCTpancTee. ByneM paccMATPHBATL TO XKe CaMOe Bex-
>

TopHoe nede X. Tlycrts Teneph £ — rUNEpmoOBEPXHOCTE C TPAHHLER
Kaacca C!, koMmnaktHan B Q n cralwmennai TPaHcsepcassHol

-
opuenrayuerd. Uepez v(x} 0603HAYEM €NHHHUHLIA HOAOMULTEALHOLI
BEKTOP HOPDMAJH B KaXKAOH TOYKe x =32,

-

[Motok mesa X uepe3 moeepxHocTh & onpejaensercs hopmysoi

D= j (X|¥)dS, (V1,7; 49)
B

rie HHTCrPasd OepeTca OTHGCHTENBHO MOBEPXHOCTHOR Mepw dS.
B opronopmuposannofi cucreMe KoopauHar 3ta (GOPMyJaa MOWKET

i=f
'} Hnrerpuposanne pegercs no f na (e, B] Iostomy I pPAPHARTCH I .
. @ 2t
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OTE 3anHcaHa B BHAe

. N _
¢’=I(2X;COSQ;) ds, (V1,7;50)
=1 ’

z

rge o; — yrod, oGpasobaunpi j-ii OCbI0 KOOPIHRAT H TOJOKH-
S
TeskROW HOpMAaALic K OoBepXHOCTH Z. Bekropaymw Mepy v(x)dS

MOBEPXHOCTH T 4acTO OKasbiBaeTcs yA0OHuIM oB03HA4aTh depes dS.
[Tpr >THX YONOBHAX MOTOK BeXTOPIOTO MOJA Uepe3 TPAHCBEPCA/b-
HO ODHEHTHPOBAHHYKY MOBEPXHOCT: X MoxeT OwITh  3amAcal

B BHIAe
e

c:p=j(5’f|d ). (V1, 7;51)
z

ATOT HHTErpaa ABAACTCA HHTErpasioM B CMuIcse popmyaut (IV, 5; 13),

o &> —e

X — HenpephiBHad (yHKUUA HA T €O 3HAUEHHAMH B E, dS—wmepa
E

Ha & ¢o sHaueHusMn B E, a B — Oununefinan dopma, cxanap-

- >
Hoe npouzeenedne Ha £ X E. Ha cnpeaenenss (IV,5;13) ueno-
cpeAcTeeHHO ciaenyer, uto nHrerpad (IV,7;8!) pasen nuterpany
(1v,7;49).

HakoHen, ecin yepes o 06034aunTh LH(ppepeHnnamsuy Gdopuy
crenedd N — 1, MOAyYeHHYIO M0 33QaHHOMY BCRTOPHOMY TOJI0
B cooTsetcTeHu ¢ dopmyaocdt (VI,3;43), w ecan npoctpancreo E
OPUEHTHPOBAHG, To, Henoassysa dopumynw (VI, 3;43) u (VI, 6;52),
MOXHO y6eIHThC B TOM, 4TO NOTORK BEKTORHOTO [IOAS Uepes
TOBEPXHOCTh 2, CHAGKEHHYIO TPAHCBEPCAJNDHOH ODHEHTAIHEH, paBeH
npou3penetu {—1)¥~! Ha wuuTerpan oT CoOTBETCTBYHOMEH AH(-

-

(pepeHnHaNbLHOH HOPME ¢ MO MOBEPXHOCTRH 2 € KacaTedbHOH OpHeH-
Taudel, COOTReTCTBYIOMEH e TPaHCBLPCAAbHOH OPHEHTALNH, ONpe-
Heneynoi, COrJAacHo u30DpanHHoH opueHTAuHH B £

o=(—1)*"'{ o. (V1,7;51,)

z

Vuntusan (V1, 4; 24), nas nosepxaoctH &, apagouiedicst nces1o-
rpaiunell HerRoToporo «ofwema» V' (MHOroo0pasHa ¢ NCeRIADKpaen)

B V=E, ¢ nomompio ¢opmyae Croxca NPHXCAHM K COOTHOLIS-
HHAM:

f{ilz)ds=(—1)fv-' j mm(—l)“’"ljdm=f(divf}dx.
¥ 3 ¥ v (V1,7:52)
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Mol moavunan dropagay Ocrpoepadckozo. B opToHOpMHpoO-
BaKHOA cHCTEMe KOOPAMHAT oHa HMeeT TAKON BHL;

[ [Xwas=[[... [divDdx=
b4 v

al 50X,
—-—I...I(ZX;cosu; dS=j‘I..._[ P )dx,...dxﬁ.
z = v

= (LT 593)

Y
31ech v — «BHeuIuAd HopMmaib» K V. Popmyna OcTporpan-
CKOTO HE€ 3@BHCHUT OT opHeHTaudd £, NOCKOJILKY 3Ta opHeHTauHﬂ

yuacTeyer B Hell IBA pasa’ OAMH pa3 upd mepexoxe ot X x m

a BTOpoll pas mpu oGpaTHoM fNepexoie OT m K X $opuyaa
Pumaua (VI1, 7; 42) spasercs, eCTECTBEHHO, YACTHBIM cayuaeM $op-
Myast QeTporpaicroro, coa‘rnercmylomeﬁ cayvaw N =2, no ¢ apy-
rHMH 0Go3HAURHHAMM, NMOCKOMBKY 00e OHM MpPeACTARAAIE COBOM
popuyny Croxca AJaA MHOroofipasua ¢ fceslokpaem V' Hekoro-

poro N-mepuoro addgurnoro npocrparcrsa ¥V =E

3%} Hepeorauarenas gopsuyan Croxkea 343 ROBEPLHOCTH, 02PAHL-
YeNHOH KPUBOT 8 TPeXMePHOM OPUERTUPOBARHOM esKatdosom npo-
crparctse. Jlyers 3 — wAoroofipasde ¢ BceBAOKDaeM Ha [OREPX-
noctd X knacca Cl TPpeXwMepHOro ODHEHTHPOBAHHOrG ahPHHHOTO
eBKJIHAOBA npoctpareTsa. Ilyers I'— ero ncesnorpaduiua, Kpueas,
KYCOYHO npunalJgexamas kaaccy C'. TIpefLmogokus, 4ro eskJH-
JOBO NPOCTPAHCTBO £ OPHEHTHPOBZHO, a TAKMEe YTO NOBEPXHOCTh
- :

Z OpHEHTHPOBAHA (a CIeAoBATENbHO, TPAHCBEPCANbHO OPHEHTHPO-
4 .

Bana). ITycte X — BekTopHoe nose Kaacca €' na E.
Q6o3HaunmM vepes o GOpMy cTeneHd 1, COOTBETCTBYKIULYID
+

moaio X B eBRAHAOBOH crpykType E. Tax Kak npocTpaHcTBO £
ABJASIETCY €BKAMAOBHIM ODHEHTHPOBAHHEIM H TPeXMEPHHM, TO
> =

(popume da COOTBETCTBY T BEKTOPHOS MOJIE rot X (es. 0. 39, cTp. 137),
H3 dopuyn (VI,7;48) u (VL,7; 51,) noayuaem

%’m‘[(flza:)=fm=j'dm=I(Q’Ef]:)d8~—~¢', (VI, 7: 54)
r 2 % b

3 —_ 3
T. e. pafota mona X sAone kpueoil I’ paBga motory Bekropa rot X

uepes MOBepXHOCTh 2. Ecan B3aTh OPTOHOPMHPOBAHHYIO NOROMKH-
TENABHYIO CHCTEMY KOOPAHMHAT M uepea X, Y, Z ofiozwauiurte cocra-
e

BAALILKME 0o X, a4 4epes cosG, cosP, coSy — HanpasaAwUKe
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KOCHHYCHl DOJOXKHTENBHOH HODMANA K I, TO

[Xde+Ydy+Zde=

ﬁ

(1122 = 2o+ (22 ot (3 — 35 oo
(VI,7;55)

HMenno ata dopMyna 6usa moxasana CTOKCOM, M €& HAa3BagHe
6eLno nepeneceno na obwyto dopmyay Croxea (VI,7;3)

[Nomsenem Teneps utor pesyabratam 1°)-—3°), ne yToumas
YCJOBHIE NX NPUMEHHEMOCTH,

MpaBuna NpeoBpasoOBAHME WHTETPANIOB B BEKTOPHOM aHalu3e

1°) Hauenente gpyskyit npu nepexode or odxodl Touky & Opy-
206l 8 egkandosom addunnom npocTpaHcTae pasHo paloTe ee epa-
Juenta 800ab Oyeu, COCOUNRIOWEH HAHAADHYKD TOUKY € KONEHROM
{gpopayaa (VI, 7; 48))

2°%) floror eexkroproe0 roAR wepes o2panuxuearduwyio obsem V
ROGEPYHOCTE X, KOTOPbIY NepeceKaerT NOSeRpXHOCTS 8 HAHPAgAeHu
servoda uzx V, 8 agdpunnom esxaudosom npPOCTPARCTEE PABER
urTeepary or duseperyin noar no V.

3% ﬁPaéom BOKTOPHORO NOAAR 830A6 Lopuenruposaunoﬂ) 2pa-

ritgsr U opuentu posanuol nOoSepxXroOCTd L TPEXMCPHOZO OPUENTU-
POBAHHOLG Qpiinno20 esrkAud08d NPOCTPANCTEN POABHA NOTOKY
POTOPA ROAR 42pe3 NOREPXHOCTS X, CHADWEHHYI TRARCEEPCAABHON
opuenTauuel, couTeeTCTegoMel e KRACATECALHON OPUECHTALUN.

3iech MOMHO HOBTOPHTE CKA3aHHOE B 3aMedanuH 3°) na ¢rp. 127;
CHCTCMATHYCCKOC HCNONMB30BAHKE Au(prdrepeHnHaabnsx GopM 1 dop-
Mmyan CTokca npeinouTHTeAbHEee YNOTPefJieHHS MHOTOUHCAEHHBIX
SHOPMYT, OTHOCSIIHXCA K TOJSIM,

BoT HeckoAwKO ApPYrux GopMyda, B KOTOPHIX 0003HAUEHNAA, OUe-
BHJHBIE CaMH [0 cefe, BupameHb 4Yepes BEeJIcHHHEe paHee (YHK-
wHy (3nece £ ecte N-MepHOe OPHGHTHPOBaHHOC abhHHHOE eBKAHU-
A0BO NPOCTPRHCTRO):

[f-- gﬁi?lde:_[...jUd_)S,
v bV
”f"—‘ﬁ}?d"z*ﬂlf/\ﬁl') (N=3), (VI,7;56)
L4 by

If[ﬁdUAEEJ ‘)m—j UdS (N=3).
z F:34

'} CumBoa [A] osnavaeT BeKTOPHOE NpoHsBeAsHHE; oM crp. 106
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EcJim BBECTH OPTGHODMHPOBAHHYIO CHCTEMY KOODIHMHAT, TO
AOKAa3aTe/I5CTBA HTHX (POPMYA CTAHYT QUEBHIHBIMH. PaccMoTpHM,
HanpuMep, BTOpY0 dopMyay. OTHOCHTEABHO MEp80H KOOPAMHATH
OHa 3aNHCLIBAETCA TaK:

[ (55— drdydz—=—[ [ (¥ cosy — ZcospaS. (V1,7:57)

IJra dopMyaa ABAASTCS YacTHRIM chaydaem dopuyas Ocerpo-
rpaackero, B Kotopo#h X, Y, Z samcuenw wa @, Z, — V.

[lpusesenm, HakoHelu, popMyny ['puna, mOCTOAHHO NPUMEHACMY O
B ME&XAHHKe B (PHIHKE:

Teopema 40. Tycrs V ects N-seprHoe muozoo6pasie ¢ neeado-

gpaenm kaacca C' 8 orkpmros muowecrae V = Q appunnozo eakiu-

dosa N-mepnoeo npocrpanctea E. Hycre U, W — seugecraento

pyrsyuu waacca €2 6 Q. O6osnawum wepza T nceadocpanuyy V u
S

wepes v(x) —edunuqnot eexrop roprary & I, eorxodamed us V
8 Touxe x ncesdoeparuyn X, Tozda, ecair otmoctiteasso V u 2
suROANENSL feA08UR Teopemal 38, a wocutean Pynryun U nepecexaer
suozoodpasue V no Hekoroposmy KOMRARTY, cnpased.ausst ¢aedylo-

wue Hopmyase
4w _ K
j,; ?:dsﬁ_” 5 j AW dx, (V1, 7;58)
j ju—as—”...j(gﬁﬁulg?ﬁ'&lr/dxw
Vv
+{[ . fuawdx, (vV1,7;59)

[ ju as= [ .. j|agradwf2+jj . fUAU ax,

v (VI, 7;60)
U~——W’— dS = (VAW —WAU) dx.
[z ) Hed o

B smhx dopmyaax A — nannacuam, a d/dv-—nponanou,nan no
-
BEKTOPY v [oﬁoauat{asmas{cq B topmyne (III, 3; 4) uepes D:]‘

Jokasatreascrno. Jokaxem chavana dopmyay (VI, 7;59).
Aas aToro A0CTATOUHO OpHMeHHTL dopmyay OcTporpaackord
(VI1,7,52) oTHOCHTeNlbHO BEKTOPHOTO IOJAS, ONpPeNeldfeMOro ¢ Oo-

—
Mowplo ¥ grad W. B camom pedne, vz (I, 3;21) noayuaem

—_— £ —_— > dw?
(UgradWivi=U(grad W W) =U . (V1,7;62)

dv
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C npyroéi ctopoHbl, ecan Be(paTh HEKOTOPYIO ODPTOHOPMHPO-
BAHHYIO CHCTEMY 'KOOPAKHAT, TO Mbl MOAYYHM, YTO

div(U gm W) = 2 dx ( Jx )

I A'
=N 4 N T = (grat Ulgrad W) + UAW. (VL 7;63)

=l =l

TpebyeMmuill pe3yJsibTaT BHITEKAeT Teneph H3 (popmyan OcTporpas-
CKOro.

dopmyna OcTpOrpafckoro NPpegnonaraetT, Yro molfe Ugrad 14
npuuanaexur kaacey C', a sto mepuo, ecnn U npuHamiexut
xhaccy C', a W npusamiemur Kaaccy C2

l'lpnmeuﬂﬂ gopmyay (VI,7;59) k /=1, wmoxHo cpasy nony-
uare Gopmyny (VI, 7,58} Ecan U npuuagnexur raaccy C%, to,
nonaraa W=U & (VI,7,59), nonyuaem dopmyay (VI, 7; 60).

Ecan U n W npunagnesxxat kaaccy C%, 1o, npumerss ¢op-
myay (VI,7;59), menna B Heil poaamu  u W u BuunTas pesy.ib-
TaT B3 HAYANRHOH GOPMYJR, MOXKHO ToayuuTk Gopmyay (VI, 7;61).

[Mpeasiayuye GOpMY bl YACTO NPUMEHSIOTCR B CAyUae dyRKUNA
C KOMIWVIEKCHBIME 3HAYeHHAMH, EKaK 3TO POBOPHJOCCLH B 3aMedYaHHH
Ha cTp. 137. B sTom cayuae B dopmyne (VE,7;59) obwuno W
samensiercd Ha W. Ecau 8 {VI, 7; 539) samenuts W na U (BMecto ),
TG MQAYYNTCA PaBeHCTBO, aHadorH4Hoe pasenctsy (VI, 7;60),

—_
B motopoM || grad U i samenen ua

U al

N
(grad U |grad U) = ax 6)"

=i

20 V1, 7, 64)

=l

OTHOCHTENEHO HEKOTOPOH OPTOHOPMHUPOBAHHON CHCTEMBI KOOPAKEHAT.

B TeopuH ypanHeHwn il ¢ JaCTHLIMH NPOH3IBOIHBIMH H3 STHX POPMY
BHBOAHTCA 00/IbLIOE MMCIO cAeAcTBHWE. Hampuwep, Afa rapMons-
ueCKHX (ydKnuil noJyuaercd CJAeAyOUlas TeOpPeMa, K KOTOPOR ME
BEPHEMCS MO3XKe: ecAd pyukuua UV knacca C? B E aBaserca rap-
MOHHYECKOH, T. €. YAOBJAETBOPACT VpaBHeHHIO Jlamnaca AU =0,
H €CAH OHA DPABHA HYJI0 Ha rparnue Z oGaactd V, TO oHa ToX-
AeCTBEHNO paBHA HyJdw & V,

B camom pmene, 1sM A0Ka3aTeNLCTBA LOCTATOUHO BOCNOABL3O-
Batbea dopmyaod (VI,7;60), 8 kortopolt ¢ywruna U 3ameHena

¢yuxuneii U, Tak xak ¢yuxuus U no npepnosomxennio pasna
EYJ0 Ha 3, TO HHTErpaj MO NOBEPXHOCTH PaBeH HYJ.
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[Moekomuky U po npeanofomeHHW €CTh FApPMOHHYECKAd dyHK-
nusa, To AU oﬁpamaemﬂ B HY/AbL H OKOHYaTeJbHO OCTASTCH JHIOb

H I(grad U Igrad Uydx.

HO,ILHHTePpaJIbHaﬂ byHruna 3aech z=0; noaToMy H3 TeopeMel 26
ca. IV cnepyer, uto ee MHTerpan MoxeT obpaniathcn B HYJb
TOJMBKO TOTAa, KOTAAa 3Ta (yHKUHN NOYTH BClo1Y PABHA HYJAI0
(roury Bcway no wmepe JleGera). OnHako NOCKOABKY OHA Hempe-
pLBHZ, TO 3TO MOMET DPOH3ONTH TOMBKC B TOM cJydae, Koraa
OHA TOMIECTBEHHO PaBHA Hyaw ‘).

8§ 8. IPAMEHEHHE TEOPHH NHS4SEPEHUHAJLHBIX ¢®OPM
K AJFEEPAHYECKOH TOROGJ/JOTHH

Hurerpann Auddepenunanpbx 3aMKHYTHX dopm _
N0 KOMMAKTHLIM GPHCHTHPOBAHHHIM MHorooGpasnaM fe3 kpas

HanoMium, 4TO KOUMKAOM HA OTKPLTOM MHOmecTBe £) N-Mep-
noro adduHHore mpocTpaHcTBa E HAa3HBAETCA 3aMKHyTas aud-

-
depeHuHanbHan dopMa @ %) raacca C', 1. e. Takaa bopMa, uto
el - -

do =10. Topopar, yro HenpeppiBlian L depenunaapuas Gopma o
¢TeMeHH P ABJAeTCA Korpanuuei& €CMH CyImecTByeT TaKan ;mcp

e
tdepenniaasHas QopMa m- creneuu p— | kaacca C', uro o=dao.
H3 coorthowmieHnn deod =0 ciaenyer, 4YTO KOrpawHiua, eCJH o©OHa
caMa fpaseTed HeKoTopoil AndppepeHuHaIbnol dopmoil Kaacca €1,
offaareono OGyder xounkiaom?). Teopema 19 ([lyaukape) noka-
3EIBAET, YTO ec/i1 OTKPHTOe MHOKeCcTBO (¥ ofaanaer HeKOTo-
PHIMH 8CcHMO CREYUAABHBI MY TONOJOTHUECKHMH CROACTRAMY, TO H,
00paTHO, KOUHKA ABAFETCH KOTpaHHLeH.

Ocobbim C™-IHKJIOM OTKPBITOrO MHOMecTBa Q@ u3 £ Mbl Hasbi-
Baan {cTp. 218) ocoboe opHeHTHPOBAHHO: MHOroOGpasHe 623 Kpad
kaacca C* u3 Q, 1. e. oroGpaxenne H kaacca C™ opHeutupo-
BAHHOIO MHOrOOGpasua V kaacca C" B Q4.

—
1) Mz sroro paccywpeuns caeayer, uro grad U =0, T. e. U = const, uo
TaK K4k wa rpanvue I ¢yHKuma U pasna mymo, 1o U = 0. — Tpum. ped.
%) Kak Beerga, pedb HJJ.ET o aadpepeHniansHEY GOPMAX €O IHATEHUAMH

B 5aHAXOBOM npocTpakcTae Z
.

%) 3pect hopMa @ NPCAOAAracTeR TOARKO Henpepubhofl, Ona MomeT GuTh
KorpaHuuef, aaxe ecqd oHa He AnddepeHUHAPYEMa, H B 3TOM CAYY4e HET cMbicaa
BHACHATh, GYI8T JH OHA KoUMKAOM]

*) HanomuuM, uto ocoBice MmHoroobpaske V| curTaeTcA tewauyum & Q,
echi oBpas H (V) conepurea 8 Q. [xe naxoantes V, neussecrno (oo momer
OKA3ETbCH AGCTRAKTHHM),
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Bo scem aros napaspagie Mbl fiylesm paccMaTpPHBATH TORBKO
cayuad, Koraa mHorooOpasue V koMmnakruo. Msel Gyzem Hashl-
Bath C™-gurtom B Q 0C0608 KOMIAKTHOE OPHEHTHPOBAHHOE MHOMO-
o6pasre H |V kr1acca C™ B @, T. e. Takoe MHOrOOGpa3ie, B KOTO-
pom V KoMmakTHo,

C xpyrod croperel, C7-rpannuefl pasmeprocTd n s @ Mu 6ynem
HAasHBATE ocofoe OPHEHTHPOBAHHGOE KOMOAKTHOE MHorooﬁpaane
PA3MEPROCTH 1, ABAAIDILEECH [PAHALS [l HEKOTOPOro 0coGOr0 OPHeH-
THPOBAHHOIO KOMOAKTHOTO MHOroofpas3usa ¢ KpaeM PpasMepPHOCTH
n -+ 1 knacca C™ us Q).

Ouernauo, C™-unrA (cooteerctBenno C™-rpanuna) sasegomo

apasieres  Clupkaom  (COOTBETCTBEHHO Clrpannued) ans 1<<m,

I'paunua wveoBxomMMo aABaserca uuraoM. Haoporne, muka e
ofd3aTedsHO dApAgerca rpauduelf. PaccMorpuM, HAampuMmep, B OT-
KPHTOM MHOKECTRe (), NIOMOJHEHAH K HY M0 eBKAHIXOBA addHHROTO
NPOCTPAHCTBY, OPHEHTHPOBAHHLIA WHKJ, oNpefedeHHbfi <depod
¢ ueHTpom B HyJe. OH, OUeBHHO, ABJAAETCA rpadHiell Bo Bcem
npocTpanctee F 3aMKHYTOrO 1apa, CHAOMEHHOTO COOTBETCTRYIO-
mefl opuedtaumeid. B orkpoiToM Muomecrse 2 on Gyaer Takmxe
rpaHdueil saMKHYTOrO mapa ¢ BHOPONIEHHBIM EHTPOM, HO TaKoe
MHOTOODpasne ¢ Kpaem wue KOMRAKTHG. B npemsiayuieM CMeIc/e
cthepa me asanerca epantyed 8 QY.

B npuBeaeHHBX onpeleseHHAX Mof scezda npednosazaai, 4To
mz=l, MU HHKorLa #e paccMaTPHBAJH TONOAOT HYECKHE MHOoroodpa-
3HA HAW MHOrooGpasns wkaacea €9 a Tem Gonee HX OPHEHNTALHH,
Ofuako MB OyleM no3solarte cefe B AasdpHelilleM roBOPHTH
o COjuxaax n CPrpaunnax. To 7ol NpHuHne Henpepsidroe OTO-

-

6paxicHue fH OPHEHTHPOBAHHOTO KOMIAKTHOrC MHOrooGpasua V

¢ KpaeM knmacca C! mur Symem naswBsaTh oColuiM OPHENTHPOBAH-

HHM KOMRAKTHHIM MHOToOGpasnem ¢ kpaewm kaacca C° Kaace C°

mHorcofipasua AV cooreercreyer winaccy C° orodpaxkesns H;

apech V peerda npeamofaraercs npuHaLIexalmM kaacey Gl
Fparnua store 0cofore muoroofpasns AsAneTCH cyRepHem H

~

Ha TPAHHUY MHOTOOGpasua ¥V, ciiabenHoro opHeuTALHEH TPalBILL.
B stoMm cayuae C%-upkn ABJIAETCA OPHEHTHPOBAHHLIM KOMIZKTHEIM
ocobuiM  C-muorooGpaszuem Ge3 xpad, a C'rpaunua seasgeTcd
FPEHHLER HEKOTOPOro ocofOoro OPHERTHPOBAHHOIG KOMIAKTHOTO
C%Muoroo6pasna ¢ kpaem. Onepainua B3fATHS TPARULEB & 4 oIle-
pauMs B3ATHA Korpanduu d B cHAY dopmyns CToKca Tecio cnf-
3aHel Mexay coboil, Kpome Toro, bob=0 u dod=0,

) B s10M naparpade Me HE GYyAEM PacCMATPUBATD MHOTQOGPEIUA € NCEBI0-
KpasM.

%) 3T0 roBOpHT O TOM, WTO LHKN H3 & MO#Mer OwmTo rpandued. B E u ue
GulTe cpannuedl B Q. Mpt Toasxo uTOo BMAsaM, 4TC chepa se AeameTcs rpaHHLei
B 2. JloKkasalenseTBo GYAET DPHBEACHO Aadce, B CACACTBHE 2 Teopemn 03,
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HHterpad oT KOUMKAA MO URKAY

Teopema 41. Hureepar ot xoyusaa no C'-zpanuye pascn
nyato, Hurezpan or xozpawuyst no Cl-yukay pasen ayao. Hure-
epas or xoepamuyst no C'-epanuye tem Goaee paged HYAI.

,H, CEA3ATeALCTE O BHTEKAET HE]'[OCPE,ELCTBE]I[]O H3 TeOpeMbI
37 Croxea.

o
1°) Ecau f |V asaserca C'-rpannued, To cyulecTeyer Takoe
Pl
0c0o00¢ OPHEHTHPOBANHOE KOMUaKTHOe Muoroobpasue H|W, uro
~ — >
H|V =HlbW. Ecnu © — KOINKA, TO
Ed = -
j 0= [ do=0. (VL8 1)
HioW Hi ¥
S
2°) Ecan « — Korpaluna, TO CYIIECTBYeT Takas Audpepen-
> > > -
uHassHas dopMa w waacca ¢!, uto e =dw. Ecan H|V — uwka,
T, e. OV =4, T0
S Y =
jdm=j @ =0. (V1,8;2)
HIV HbV

3%) TlockoabKy rpanina 3aBefomMo ABAKETCH UHKIOM, TO yTBEp-
mIeHne 3°) BHITEKaeT H3 yTBepwneHas 2°).

3ameuvanusa 1°) Hawu npeanofoxedna © KOMOAXKTHOCTH
LAKTOBR H rCpaHulL HeH30EXHBI, TAK KAaK MbB H€ JAeJaJH HHKAKHX
IPeATONOKeHHA O KOMNAKTHOCTH HOCATeded AuddepeHunansubix
dopm (no yeaosnio TeopeMnr CToKca HOCHTENL mpoodpasa PopMuI
npH otofpaxenun H mepecckaer muoroobpasne V no KOMDakTy).
EcrectBenno, moraa 6H CyUIeCTBOBATH 4HANIOTHUMAA TeOPHA, He
COAePKAMAA NPeANOIoKeHHR 0 KOMIAKTHOCTH UHKJOB H TDAHHIL,
HO BK/AOYAIOLIAS HX HJA HocHTed el auddepenunanbHeX ¢GopM.

2°) HUnrerpan oT KOWHKJAAZ N0 UHKJY HeoGA3aTeqNbHO PaBeH
HY IO,

PaccMoTpHM, HaDpuMep, B NAOCKOCTH IHQ(PpepedUHaIBHYO
dopMy HOASPHOro yraa, cnpeaefennyio dopmynoi (VI, 4;41). Mu
BHMleJH, UTO OHA Npeacrasaser coboll HeKOTOPLIN KOUMKN KAacca
C* B R*— 0. Paccmorpum, ¢ NPYroil CTOPOHBI, TPATOHOMETPHYE-
CKYIO ORDYIKHOCTB, CIAGKENNYI0 ee KaHOUHYeCKoH OpHeHTALNel,
Sto "ekoroputlt C*-uuxa p K? — 0, Hurerpan ot sToro xoumdkaa
IO PACCMATPHBAEMOMY NHKAY paBer —+2m = 0. 210 Hogoe Joka-
3aresbcT8O TOTO, UTO paccMaTpuBaemas fuddepenunansran gopma
HE ecTh KorpaHHua. ODHOBPeMEHHO AOKa3aHO, fo Kpadned mepe
048 caysas N =2, BHICKa3aHHOe BHIIC YTBEpPiKICHHE, a HMEHHO:
B OTKPBITOM AOMOJMHEHHH K Hayaady KoopiHHAT B N-MePHOM ¢BKJH-
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Z0oBOM adPUHHOM NPOCTPAHCTBE LHKJ, ONPEAEIACMY il OPHEHTHDO-
BaHyOR cdepoil, He asaserca Cl-rpaHnuedn.

Hoka3zaTeNbeTBO, NPHBENCHHOE B CARICTEHH 2 Teopemul 58,
cayxkur ofobiennem chOpMYJHPOBAHAOMG YTBCPIKACHHS HA CAY-
uail APOH3BOABHOTO N. ITOT Pe3yabTAT TURWYeH AAA 3TOTO Mapa-
rpada: ToT (PAKT, 4TO HHTErPAJT OT HEKOTOPOrse KJUHKIA 10 HEKOTO-
POMY LIHKJIY He PaBeH Hy IO, OJHIAP2 HEHHO ROKAIMAZET, Ur0 KOULAKT
He ABMAETCA KOTPAHHUEH H UTO LUKJA HE HBJHETCH TPaHHielt.

E
3%) Ecan ¢opMa o sBJigercs Korpauuieid, TO ee HHTerpajd no
0cOGOMY KOMNAKTHOMY OPUEHTHUPOBAHHOMY MHOrOOGDATHIO ¢ KPaeM

HIV saeucar toaeko ot rpannupl H|#HV, a He oT caMoro MuOro-
- = S
obpasksa | V. Tlockoasky @ =dwm, To dopmysa Crokca gaer
- >
[ o= [ = (V1 8; 3)
L "y
HIV Hihv
ChelyeT 3aMeTuTh, 4YTO 3TO CBOACTEO CNPABEMJAHBO TOJALKO
o~
TOTAQ, Koraa (opMa o ABAAeTCH HeKOTODoll KOrpadduel, a B ToM
-

¢aydae, KOOJa o fpeactapildeT codoli TOMBKO KOUAKA, OHO MOMET
HE BBINOAHATBCA. B yacTroM cayuae, Koraa rpawmina ¥V omycra,
_}

MbI TIQJYUASM, 4TO HHTCrpaJ oOT @ paBeH Hyaw. Mpr kak pas
>

BHIEJH, YTO 3TOT $aKT cnpapendnt, ecan GOPMa ® SBAAETCS KO-
TPaHHLEl, ¥ HE 06A3aTeNbHO BePELH, €C/1A 5Ta PopMa MpeiucTaBasneT
coO0H TOMBKO KOLUHKJ.

4%} EctecrBeHHo, uYTO He CYyuIeCTBYeT TNOLOGHOrO pe3yabTara
OTHOCHTeNABHO CP-nukacs wam Co-rpanuu. BrnpoueM, B 3THX Cay-
YANX HHTETPaA H¢ HMECT HHKAKOro cMuicsa. HanoMHHM, YTO MBI
Rafn doxasaressctao Teopemnt CTOKCa TOABKO 1JA Muorcodpasui
knacca C° u npunnMaeM ee ez dokazarerscrea  ARA MHOr0OGpa-
anil xaacca C

3ajfiMeMca Teneps W3yueHHeM HEKOTODHIX TeOpeM, OGPaTHHX
K JOKA3aHHHM paHee. Bor gna Hauana teopema, oO6paTHAA K nep-
BoH yacTH Teopemul 41:

>
Teopema 42, Hycre o — dudPpepenyuatonast Gopma cre-
nent p kaacca C' 8 weroTopos OTKputom muoxcecrge Q appuxn-
o>

rozo N-mepnozo npocrpancrsa. Ecatt untezpas oT gopsu @ 1o
gcem C™-epanuyam passcprocra p'), codepmwangumea 6 Q, pasen
-

HYMO, TO hopma © RBASCTEA KOWYUKIOM.

'} Bepa C€*°-rpaHHLy, mu paccwaTpusaed Goaee ¢1aloe yoIoBHE, UeM B CIy-
nae Cl-ppannus. OAHAKO ME nprXomEyv K TPEGYeMOMY 32KMDYEHHIO, H, CTEN0BA-
TeABRO, Hawa POPMYARDPOBKa Teopambl ABAReTCA Goace cHabHol. [loame, B sa-
MEUAHHH, COIeIVIOWeM 32 TeopeMoll 43, MB YBHIHM, 1TC HALGH NMPeAN0JONKeHHs
MOEHG ClWe oCAabHTD.
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HokaszateavcrBo. B camom nese, pas kaxaoro (p - i)
MEPHOrO OPHEHTHPOBAHHOTO KOMNIAKTIIONO Mﬂorooﬁpasﬂa ¢ Kpaem V
Knacéa C°, copepaalierocs B £, HHTerpasa dm = J' W= a

v
Hawe yTBepxpcune Tenepb cpaay ¥e BHTEeKIeT H3 CJIEB.}’IOHLEFI

TeOpeMbl (HPHMEHEeHHOH K w—=do n n—= p—+ 1), xoropan yreep-
WAaeT, UTO HeMpephIBHAA mic])q:nepeﬁuuanbuaa bopMa NOJHOCTEIO
ONPelesNena, €cJH H3RECTHH €8 HHTErpajbl MO OPHEHTHPOBAHHLIM
KOMIAKTHBIM Muoroofpa3naM ¢ kKpaeMm Kiaacca €7,

Onpepenencane nenpepuienofi  auddepennunanbhol  dopmui
£ MOMOWILI0 ee HHTErpajoB MO OPHEHTHPOBAHHLIM KOMMAKTHBIM
MHOrooGpaanaM ¢ Kpaem

Teopewma 43. [Tycre Q — orxpuiroe MHONeECTE0 agPunnozo

. -
npocrpanersa £ xoweanod pazmeprocru N, [lycts w — nenpepsie-
Has dugrpepenyuarsnan dopso na Q crenenu n. Ecau Jan gax-
dozo N-MEPROZO OPUCHTUPOBARKOZO KOMRAKTHO20 MHOECOOpa3ud

€ KpaeM V kaacca C™, codeprecawezocs 8 Q, unreepas Jm pasew

V
HY A0, TO dopma m- PUBHE HYAID.

JdorkasaTenneTso. HYCTBXI,XZ,.. ,X — 4 BeKropOB us3 E

H a — TouKka mHoxecrsa Q. INokaxewm, uto m{a) (X],Xn, X,,)— .
Hycts F—aq:cbnﬂnoe NOANPOCTPAHCTEO E, NOPOKLEHHOE TOY:

Kot 4 ¥ BeKTOpAMH X, MOXKHO CUMTATh, HUTO OHO HMeer pasMep:
e

HOCTL #, TaK KAk B NPOTHBHOM CJy4Yae ReKTODH X; OBJIH Oh
AHHeHRO 3aaucnmumn, a peay.nbraT cuesnauelM. DBruiSepen B F

CHCTeMY KOOPAKHAT &, X,, XQ, ey Xn. Hupdepennnaneias popma m‘
OUpPeALNAeT Ha F HeKOTOPYK ﬂncpcpepeﬂuuanbuyfo dopmy cTe-

NEHH 11, KOTOPYIO MOMHO 3&[HCATH B BHIE fdxl Adxa A\ ..o Adx,.
Hueem

- = b ) -
w(a) (X}, Xy oov, Xo)=fa). (VI, & 4)
=
CuafanM npocrpancrso F opuenrauuedl, cuntas ero- GasHe
-
MOJCHKHTEeABHBIM. Mepa Pamona [wl? Toraa OyJeT HMeTh BHA

e
de, dxy...dx,=[ dx. Ecti B kavectBe ¥V Mbl BO3bMEM HEKOTO-



250 Fa. VI Bueiwnee dubpepenitaavtoe ucwlucAenue

puiii wap B(R) (B eBKANAOBOA HOPME, OMpefefeHHOR BBENEHHON
CHCTEMOA KOOPIHWAT) € LEHTPOM B TOYKe @ pajnyca R ofpeMa
V (R), To no npeinooXeHHID NoJyYdM

> > B
JTndx=0. (V1, 8;5)
B (R)
Hanee, cnpaneilTHBO HEPABElCTBO

eS| Fods
B (R) —Fla) 5;?:_5 jj Ilﬁ{x)—?{a)lldx%
B (R)

.[J‘...‘[dx

B (R

< sup 1T —F @l (VI 86)
lx—ali< R

B ROTOPOM nochelnnil el crpeMuTes k 0 sMecre ¢ R, TOCKOJLKY

GYHKIAA f Henpepuieua B Touke ¢. C momoiunso (VI,8; 5) nepexo-
=

IOM K Npeleny MNOAYyYacM, 4YTO F(a)=0 T. €. m-—(}

3amevyanne ERRAyNOBLI Iaphl 3neck BC EBUpaloT ocobof

poan. fas cnpagedansocTu pasencraa =0 QocTATOUHO, HTOGD
g xaxcded Touxe a u3 Q 943 awobozo apdunnozo n-meprozo nod-
npocTpancree F npocrpancrea £, codepaauwieeo a, cyuiecraosana
nocaefosareabHocTe  f- MEPHOLY  OPUEKTUPOBARHOLY HHo2000pasuil

¢ Kpaem Hall ncesdokpae V;c:V;_F PABHOMEPHO CTA2U8010-
WUXCA K TOYKe @ RPU |, CTpeMaieMc K OeCKOHEYHOCTH, U TAKLX,

4T J.;m(] Ecau nceedogpaniiybr TaKoss, TO K RUM MONHO
v
) > -
npuserurs o0wo reopemy 38 (CToxca), TO (L3 pasercTen j w==10
v
s seex V; 6yder svitekarb rarxce aakaroweHue reopemst 42,

Hokayxem Tenepb Teopembl, O0paTHEe KO BTOpO# 4acTH Teo-
pembl 41,

Teopema e Pama

Teopewma 44. Ecau unreepasor 3uq)q!wepeﬂquaﬁbﬂou Gop bt ®
kaacca €' no orrpuromy muoscecrsy ) agpunnozo npocrparcren
pagen Hymo Ha seex CT-yuraax '}, codepacauyuxcs & Q, To ara

Y

opma Asagerca xoepanuyed. Ecau, Kpome 1020, @ RPURGOACHUT

1} Cwm. npumeuanue ma crp. 248,
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kaacey C", m 2|, ro moxmuo nalry dasn Hee BHEWNIONW REPEO-
obpaskyro, raxice npunadiexcauyio Kraccy C™.

Teopema ge¢ Pama — OAMH U3 caMuiX CAYGOKHX pesyJbTATOB
afreGpanyeckoit TonosornH, (OHa ABAAETCA KCTOYHHKOM BCEX CO-
BPDEMEHHBIX Pe3yAbTATOB »TON MmaTeMmarudyeckofl teopuu. Ee noxa-
3aTENLCTBO ABJAECTCA OUEHb TOHKHM, H MBl €TO PACCMATPHBATbL He
Oynem. Bo acaxom cayvae, 8 Oaavneduesm Msl He bydem e20
ucrnosv3cears. OrPaHNUHMCA TEM, YTO MOKAaXKeM, KaK 3Ta Teopema
¢ HoBolt Toukn 3penus odvacuser TeopeMy IMyankape (teopemy 19).

>

Ecan @ — samkeytan audpeperunasvuas dopma crenenn p > |
xaacca C' Ha OTKPLITOM MHOXKecTBe Q, TO H3 Teopembl 41 BuiTe-
KaeT, uTO ee HHTerpaJ no scem C™-zpanuyan pased Hyawo. OLHako
H3 3TOrO enMe He CJACAYCT, HYTCG OHA ABJANEICH KoTpawnuefi, das
3TOr0 Hajae GuAo 6el NoTPefoBaTh GOMLIIETD, 4 HMEHHO YTOOK
ObI PaBeH HYJI0 HHTErpan orT 3tofi dopmMu mo BeeM C™-yukaas,
Eci oKamercd, uTo B OTKPHITOM MHOXKeCTBe £ Bce C™-UHK.IL pa3-
MepHocTH p == | ABAAIOTCA TaKKe C*-rpandnaMn, T6 aTO cBOHCTRO

OyLeT BLINOJHEHO H @ OYACT korpanuuefl, Tak uto B 3T0M cAy-
4ae B OTKPHITOM MHEOMecTBe Q pCe KouuKAn cTenenn > 0 §yayT
TaKKe Korpanuuamu u 8 & 6yder cnpasedausa reopesmea {lyanxape.
[Toske MH yBHAHM, uTO CRONCTRO C™-ypkoB GHTL C-rpanHIaMu
BHINQWIHACTCA C TOUYHOCTBI IO HeSOMBINHX BHIOH3MEHEHWH (CM.
caeAcTBHEe 5 TeopeMbl 54) 4aA BCeX OTKPBITHX MHOXKECTB L, y1o-
BICTBOPAIOWINK BeChbMa KEeCTKHM YC/1oBnsamM Teopempl 19'). Onnaxo
CYWIECTBYIOT APYrHe YCJIOBHS, NPH KOTOPLIX 5TO ¢BOHCTBO TaKmKe
Byaet cnpaBeatusmivM. To cBORCTBO OTKpHTOrO MuokecTsa Q ad-
bunHoro npocTpanctBa (Hau MmHoroo6pasmua Q xaacca C?), uro
KaMIAblH KOUMKJ cTenmeHn >0 ns Q sBAReTCS Korpaduiueil, oye-
BHAHO, coXpandAeTcst npu CE-and peomopdusMe (B cuay Teopemu 17
raxoli C-nnpdeomopdysm KoMMyTHDPYeT ¢ ). MOKHO N0Ka3aTs,
H 9TO BechbMa MOGONLITHLIA H 3aMeuateNbHnil pesyabiar, YTo 3To
CBOHCTBO COXPAHRLTCA Jaxe npu npocTom 20meomoppusse Gea
yeaosHa  anrpepennnpyeMoctr. [lozske OGyayT NPUBEIEHH  He-
KOTOPHIE YaCTHbLIE ROKA3ATEALCTRA TOM0 YTBeDKJeHua (caencreye |
TeopeMn 53), .

Cefivac Mpl gOKa}KeM Teopemy me PaMma n pacCMOTPHM HEKo-
TOPEie €€ CJCACTBHA AMA YACTHOrO cayuas AnddepeHunaIbHBIX
popM nepsoit creneuns. Mpr HadoxnM Gogee caabLie YCAOBHA, UeM
MpeAbAyIMe, U AAZHM NOKA3aTeNLCTBO, B KOTODOM Teopema 19
HE HCITONMBIYeTCo.

'} Takam ofpasom, Teopenra ITyatxape ABIACTCA YACTHLM ¢AYdden TeopeMbl
Ze Pawa. QZgako A0K23aTe’scTRO TeopeMel e Pawa, KOTODO2 MH 2IECh He
NPHBOAKM, Henoasager Teopemy Ilyankape, aBAmOmyOca UCHIGEIKHNDIM NpoOMe-
HMYTQUHBM 9TANOM PpaccyXAeHHH.
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Teopewva 45. [Hycrs Q — orkpuiroe muoxecTar aduniozo
.

RPOCTPARCTBA KOHEYROI pasmeproctTu, o — Henpepugnas dudde-
penytasrsnan gopma crenenn | Kaacea C™, mz=0, na Q co na-

HeHUAML 8 BAHAX080M NPOCTPAHCTEE F. Ecau uHTeZpAA OT ® 1o
kaxdomy CT-yukay, onpedesennory orobpaxcenuen M xaacca C*
OPUERTUPOBAHKOI TPUEOROMET PLYeCKOL OKPYMHOCTH 13 R & Q,

pasen wyato, TO cymectsyer raxax pynryus f kaacca C™owa Q
o aﬁaqenuxﬂu 8 F $ro dF— o, Ecaue murowecrao Q c8A3HO, TO
pynryun f onpedeateTca ¢ TOYHOCTHIO 0 adduTUBHOE NOCTOANKON.

>

3aMetuM, uro npH m =0 PopMa o MpefnONATALTCA Menpepus-

Hod, a He NpHHagJexameh Knacey C'. B rteopeme 19 Tlyauxape
e

HeoBXonHMO Obi/o cuHTaTh ® NpHHagqexanled Kaacey C!, urofnl
>

HMETE BO3MOMKHOCTH TOBODHTE ¢ do. [TpeAnonoxenHe ¢ npHHAl-
JeRHOCTH (opmul Kraccy €', caefan#oe HAMH ¢ IeJibis  yGe-
ANTBCA B TOM, YTO OHA sABAAeTcAd ILRpHEperLBasoM HeKOTOpOH
Apyrofi ¢opMel, BHeecrecTBeHHo. Mpl AMeeM B JaHHOM cJayuae
YCJA0BHE MHTErPafnHOTO, a Je IHQhepeHuRaILHOTO XapaKkTepa,

KOTOPOe HO3ROAAET CYHTATE ® TONLKO HeNpPepLIBHOMH.
HoxasarteascTBo. Tor ¢axky, 4To B ¢JAyYae CBAIHOrO MHO-
N

mecTsa ) YHKUHA | OUpe]e]seTcA ¢ TOUHOCTBIO RO ARKHTHBHOR
HOCTOSHHOH, BBITekaeT us TeopeMer 22 ra. IIIL
Y

1-4 sran. JIokaeM, 9YTO HHTerpas OT ® PaBeH HYJMO TO BCEM
0CO0BM ODHEHTHPOBAHHBIM KOMIAKTHHMM TICeBAOMHOTOOODAZNAM,
onperedelneim  oToGpamenneM H, #xycouno npunalacscawn
C”™, OPHEHTHPOBANHOR TPHUCOHOMETPHUECKON OKPYKHOCTH B Q.

B camom pese, mapaMeTPH3yeM TDUTOHOMETDHUECKYIO OKDYIK-.
HOCTE C NOMOINIbIC NOAAPHOrS yrJoa 8, Hamedrwowerocs ot 0 po 2.
Bynem npeanonaratk, uro Harepsad [0, 2x] moxuo pasénrth TON-
Kame B;==0, 0, ..., 0 ..., 6,=2x TaK, urobut oTobpaeune H
npHIagaexano kKmaacey C% B wampom uwrepease [0, 9,,,]. Ho-
KaXKeM, Y70 CYWecTBYEeT . TAKOe OToGpaxeHue g; HHTepBaia
[6:, 8;,1]=R wua npawywo R, kotopoe nprHaagexur kaaccy C%,
CTPOTO BO3PACTAET, MPHUEM BCE €r0 NOCNEA0BaTe/LHBE NDOU3BOA-
Hble PABRM HYJIO Ha KoHuax B, B 0,,, narepBana [B;, 0,4

[das 3TOrC HOCTPOMM CHAYANZ TaKY® (yHKEHO HA HHTep-
page [0, 1). C 2Tofi ueablo BOCTONBL3IYEMCS METOAOM AOKA3ATE/b-
CTBA TeOpeMbH © pasjoxeHUH emunuusl (teopema 11 ra. 1V).
IMoctpoum ¢yuruuio G no gopmy.ae (1V,2; 23} 1), cooTBETCTRY OILYIO

1) Hanosnum, uto G(s)=0 apuy sEq’ n eme WUV qpy gl
fpun ped,
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n=1/2. 3arem noayudm (cTp. 455 1. 1) dyukumio v, 1a R: t—»y, (=

=Gl —a)H=GCG{(f — 1/2}?), coorBercTBYyOIWYW g = /2. Ona

NPHHEAAJEXKAT kaacey C%, noaoxureasua ada |[f—1/2| < 1/2 nau

0<#<1 1 paBra nymo npu {0 u {221, O603HaunM uepes y

QYHKIHI, NPOMNOPUHOHANBHYIO Y|, HHTETPAJ OT KOTOpoN pasen .
; :

Torpa glfi= Jv('l.')d‘l: Oyner uckoMmoil pyukuueir, Oua npunanne-

AT Kaaccy C* kak mepsoo6pa3nan dynkuHu kaacca C™, ctporo
Bospactaer b nurepsane (0, 1] {nockoabky ee npomaroanas y > 0),

paBHa uyao npn <0 H paBHa Iv:l npu £ 2= 1. Bee ee npous-
BOAHLIE pasHB Hy o npH f=0 g f==1 (cm. pnc. 8)

Pue 8

Onpepennm GYHKUHH g; ¢ NOMONbI0 PaBEHCTBA
0—0
g:(0) =g[m)- V1,8, 7)

PaccMoTpum panee otoGpaxedHue K uarepsana [0, 2z] 8 Q, onpe-
neJeHnce o dopmyde

K®y=H({g,®) nanma 6, <<0<06;,,. (VI, 8:8)

210 oTofpaxkenne mpuuaggewuT knacey C® 8 rawdom unrep-
gase [B;, 8;1,]. OHHAKO nOCKOJABKY BCE ero MNOC/eHNOBATENbHHE
TPOH3BOAHHE DABHE HYJ/IIO HA KOHIAX 3TOMC HHTEPBANA, TO NPO-
H3BOAHBIE CNpaBa H NPOH3ROAHHE ¢AeRa oToOpaxenuna K 8 kaxuoil
us todex (; coBnamawT, H, cAeAOBaTe]bHO, K #BANETCS OTOGpa-
xenuem Kageca C° otpeska [0, 2] 8 Q.

Kpome roro, K(0)==K (2n), u BCe nocaexoBaTeALHbIE NPOH3-
BoZHEe ¢GyuxkuuH K 8 Toukax 0 B 2n pasHel mysuo. [Tostomy K
MOXHO PAaccMaTPHBATL KaK oTo0paKenne Khaacca C° TPHTOHO-

-

MeTpHUeckoil okpymuocrn [ g Q.
C apyroii CTOpPOHH, Jerko yGeiuTeCA B TOM, YTO HHTErpaJibl
. ~ -~

or o no HII' u K|I' coBnaaawr. B camom pene, st muterpanul
ABASIOTCA . COOTBETCTBEHHO CyMMaMme nHTerpanos no A ([0, 8;,]

H K |[080;4]. Oanaro orobpawmenns K n H orpeska [8;, 6;,]
B ) onperenaoT ABA IKBUSHACHTHBIX TMYyTH Kaacca C™. Chreaposa-
=

Te/IbHO, HHTErpadbl oT GOPME @ IO ABYM 3THEM [YTAM PaBHH
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> Il
(teopema 35). Tlockonbky mnuTerpaa or q)op.wgl o e KI|T' ne
-+

MPeAnONOMEHHIO PABEH HYNH, TO HHETerpat or o no | Ttakxe
paBeH HYJ0.

2-if aran. MOXHRO, OUEBHANO, OFPAHHVHTBCA 1OKA3ATENBCTBOM
AN CBA3HOrO MHEOXeECTBa £}, TAK KAK B NPOTHBHOM CJaydae pac-
CYIKOEHHY MOMNHO NPOBOAMTb PasfedbHO AAa KAXKI0H M3 ero

e

Kommouent. Buifepem pas W uaBcerma TOUKY & H sHauedne j(a)
-

pyukiuun { B Touke a. Ompenennm yukuuw [ mo dopmyme

fo=Ffa+ [o (V1,8;9)
(a. %

rA¢ HHTErPAN SABIACTEA KPHBOJHHCHHHIM MHTETPANOM MO HPOU3-
8OALKOMY NYTU, KyCOUNO npunadaexcaigeny kaacey C u qenanemy
8 MHoxecTee ) C HAYAJIOM B TOYKE 4 H KOHUOM B TOWKe %, Tako#
TyTh 3aBeLOMO cylilecTayer. B camoM jpene, MHOWECTBO £ CRAZHO
N ABJACTCH OTKPHITHIM  MHOXKecTBOM ad(pHuHOr0 NpoCTPaHCTBA,
INosroMy cyuiecTByer nTOMaHAA AHHAA, COSIRHAIOUIAT TOYKH @ M X
(em. crp. 96 7. I}, 1. e. cywmecrayer nyTh, KYCOYHO RpHHAMLMC-
awyh kaacey €™, TToxaxem, uTo pesyserar He 3ABACHT OT BEI-
Gpanuoro nytd, B caMoMm ZJende, e¢jim MB BO3bMeM [Ba TAKHX
NyTH, TO HHUTO He MENIAeT HAM, HEMOJAb3yA COOTRETLTBYIBILYID
3aMeHy NapaMmeTPoB, CYHTATh, YTO MepBbili NyTh ONpPeAefeH OToO-

.l
Gpamentem M orpeska [0, n] n2 R B ©, Kycouno npHHALNEKAUIHM
knacey £, a pTopolt nyte onpegenen oro6paxeHueM M oT-

peska [2n, 1] B Q, KycouHO npuHamiexamuM xjaccy C,
Orvobpamenne M wuntepsana [0,2n] B , mocTpoeHHOe ¢ No-

MOWbI0 APCALAYINHX (YHKUHA (0WH NPHHAMAOT OAHO K TO e

3HAYEHHE B TOUKEe x, TaKk uro orobpaxenHe M HenpepuBHO),

.
onpeasesner orobpaxenne [0,2x] B Q, KycouHO TpHHALJEKALLEE
kaaccy C%, 1. e, nockonbky M(0)=M{2n}=a, onpegeaser
orodpakenie H ODHeHTHPOBAHHOW TPHTOHOMETPHUECKOH OKDYMHK-
HOCTH B Q, KycoyHo npHHamgAemamee kaaccy €°!). M3 pesydb-

1) fleno, OYENY Mel BEHYA€HB Guian nepeitn oT OToOpakenufl kracca €™
K oTobpaenunM, xycoqno npusadsencaman sToMy kiaecy. C oguofi cropouw,
NOMAHAH  AHHHWA KYCOUHO NPHEALAEHHT Kiraccy C°°, & ¢ Apyroi cTOpoHn, Mbl
NOAYUHAK OTOGPAXKeHne TPHrOROMeTPHUECKol OKpYRHOCTH B Q, npHHARNERAUee
T(}-'ibE(O Kyeouro Knaccy °°, KoHewHo, ecau reope e doxasand, TO Ml 3HAEM,

uTo m-—df H NPHMERAT TeoDeMy 3% 1 bopmyny (VL7 36) MH YBHIHM, 4TC
HHTErpan of m no H]I‘ paREH HYMO 6;?,1 aoliozo nyru H’} [0, 2n] ronewnor

dannst; MoXit0 OYAeT TAKXKE BhHIINCAUTH ,f(x) ¢ noMowpie Hererpana (VI, 8;9)
no gamdomy nyTH Konedrod daunn, COBMHEAIOWEMY TOUKY a ¢ TOSKOE X
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TaTa, NOAYYEHHOTO Ha srane |, Tenepb BHTEKAET, YTQ HHTETpPaJg
.

0T @ IO NOCTPOCHHOMY 0COGOMY NCEBAOMHOr0OOPA3NI0 Panen HyJam,
a 10 03HadaeT, uTe oba HHTerpaaa (VI, 8;9), cooTBeTCcTBYIOMIHE
IEYM NYTAM, PABHBH.

-
3-i sran. QcracTed OOKA3ATh, YT0 dyukuus f ofaagaer seemu
TpeGyeMBMH CBOHCTBAMM,

N
BridepemM HeKOTOPYIo CHCTeMY koopnuHat B E. Torra dopmy o

B £
MOMHO NpeicTaBHTL B Bute (VI 6;72): m=2 Ardxg.
f=1

-

Ec/in Mbl nokaxem, YTO [ HMeeT YACTHLE [PON3BOJREE H
—
aF __ .
o, =4, (V1,8 1)

T0, TOCKOALKY (YHKUHH Xf 00 NPeENCACHKEHHIO HelpepPHBHH
B CHAY Teopenmn 13 ra. I1I, dynkuua -f 6y.r:e1‘ npuua,&.ﬂemaTb
kaaccy ' s 6)ne"r BEINIOJIHATBCH PABEHCTRO d;‘—m Ecan {o
a 3maudT, A, npHHalaexkar waaccy C™, To f KpOMe TorQ,
npurasnexuT xaaccy C™*' Urax, TeopeMa AOKa3aHa,

[TycTs Temepb x M3MeHAETCA B OKPECTHOCTH Xo BAOAL MPAMOH,
npoxonsintefi 4epex TOUKY X, mapasfesdbHo j-My Ga3fCHOMY BeK-
TOPY. BmiGepem B dopmyae (V1 8;9) nyTs, coeIHHAWUHA & ¢ X
H COCTABJEHHHA MOCASHOBATENBHO 13 (GHKCHPOBAHHOTO [YTH,
COCHOHHAWWErO ¢ € Xp, H OPAMOANHEAHOTO NYTH [x5 x]. Torna

fo=Fu+ [ o=

{x;, x|

f
> S

=)+ [ Al ooy 2o B %5400 000y x0) dE. (VI 8; 18)

(*o}s
Tenmepb ¢ momoutblo TeopeMsr 89 ra, IV, pawiuchi npoH3IBOAHYIO
HeONPeAefeHHOrO HHTErpada NO €F0 BepXHEMY NpPeAeay, AJd

TOUKH Xy MLl DOAYYHM (OpMyty
>

af > 14
a}‘(xo)=f11(xu)’ (VI, 8; 14
KoTopas 3aBeplIdeT AOKA3ATeJBCTBO TEOPQMH.
-
Caexcrene 1. Fcau X f618€TCA HenpepoigHelM BeKTODHbIM

fOACH HA OTKPUITOM MHOMECT6E (4 KOHEHHOMEPRO20 eaKALB06a
RPOCTPAKcTéa, Pabora KOTORO20 HA AOBOM WUKAE, ONPEedereHNOM
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vrodpameriesm Kaacca C7 opueuruposaﬂﬁoz‘f TPUROROMET PHYECKOLL

OKPYITHOCT Y, PUSHQ MU, TO X AGARETLR NPOUIBOIHDE HEKOTO-
poeo noresynaan e £,

Npnmenenue x dynkunam sapryment» B R2

HYC'I‘I: Q— OTKPEITOS MHOXECTBO, CoJepameeca B JOTMOJHEHHH
K Hauany Koopnuuat B R Dyaryuedi-apeysenrosm @ B 3TOM MHO-
WecTBe HashBaercs Mobaa dyuknua M — (M), paBHaa B XaXJ0#

>
Touke M oAHOMY H2 3HaueHHH aprymenta (Ox, OM) & 3TOl TOUKe
{no onpefefieHH0 HMeercd OeCKONEYHOE MHOMKECTBO 3HAUEHHI
APryMeHTa, a PA3HOCTL MEIKAY HHMH PaBHa HeJoMY KpaTHOoMY 2m),
OueBHANO, HMCET CMHICA PAaccMaTPHBATE TOALKO HEMPEPLIBHEIS
Gy HKUHH-aPTy MeHTH.

Crencteue 2, Ecinl (ByRKHUS-QP2YMENT 8 OTKPOITOM MHO-
acecrae Q us B2 — 0 nenpeposra, 10 ona npusadaedcur gracey C°
i ee OQugpdepernyuar npedcraganer cofoii hopmy o az (VI 4,41)
(obosnanaemyto wepes dg). Haa cymecr8o8anus Texobd PynKiiti
8 L wreobxodumo u docraroro, wrobel 0an kaxdozo oroépaie-

nua H rxracea C¥ rpueonomerpunecxon oxpymnocru I' ¢ QO unre-

-
epas ofr @ no HIT Gsa pasen wyaro uan 410dei gopsma o Boiaa
koepanuyed 6 Q. B srom cayuae, ecan MHowcecTeo R c8Aino,
Umeercs GecKonewHoe MMOMCecT80 grynKuyuli-apeysmenrog. Pasuocte
MeneOy OBYMA TAKHME DURKHUAML PABHE HEKOTOPOMY HeloMy
kKparsomy 2m, a 3adante gpaymeNTd 8 o0Hol Touke 843 L 00HO-
BHAUKO onpedessier (YNKLUIO 80 8CeM 3TOM MHONECTSE.

HokasateabcTBo. 1% Ilyetse A — Hekotopas Touka Q.
Beezem dyuknuwo M-—O{A4; M), paccmoTpennyilo Ha ctp. 149,
Ona nprHazJexHT kaaccy C™, korna M npHBAgACKUT OTKPHITOMY
mMuoxecTey | @(4; M) |<m, u ABnasiercd TaM HeKoTopoH mepmo-
obpasnoil ana o. I1asa Toro 4rtofn ¢ Oua QyHKUHeA-apryMeHToM,
HeOoOX0OHMO H JCCTATOMHO, UTOOL Pa3HOCTh

@ (M) — g (A4) — DA, M) (VI, 8; 15)

B Kaxnol touxe M Ona HEKOTOPHIM UENBIM KDATHHM 20 H UTOOH
snavenue @ (Mg} B nerotopoi Touke M, 6BAI0 CAHMM M3 apryMen-
ToB ToukH M, FEcau ¢yunkuus-aprymedr @ senpeposna B 8, TO
310 lenoe KpatHoe 2m nmenpepuieHO AAa M u3 Hexoropolt okpect-
HOCTH TOUKH A, a 3HauuT, NOCTOAHHO. C/1e10BaTebHO, B OKPECT-
HOCTH TOMKH A (YHKUHA @ DPHHALNEKHT Kaaccy C* H HMeeT @
B Kauecrne Aunddepenunana. ITockonbry 3TO yTBEpiKIAEHNE cnpa-
BeJJanBe AaA Kamach Toukd A ra Q, yuxuHs ¢ DPUHAINCKHT
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kaaccy C° B € W umeer kKorpawuleli ¢opmy o. Takuu oGpasom,
gopMa © AeHCTBHTENbHO ABAseTCA KOrpaHuued B .

2%) Haa rore urobel dopma @ Ouaa KOPpaHNueH B Q, HeoOxo-
aumo (coraacno teopeMe 41) H AOCTATOYHC (corsacuo Teopeme 45),
YTOGH _[ w=40 A Kawgoro oToGpaxeHnss H Kiacca €T Tpu-

HIT
FOHONMETPHUCCKOH OKpyHuocTH B 0.

3% Ocraerea AOKasaTe, UTO ecan dopMma o ABIAETCH Korpa-
Hrbedl B Q, o=d%¥, 10 cymectsyer ¢yuskuHda-apryment, Ilpu
AOKa3artensiTbe MOXKHO npe,u,no.nara'rb, yro MHOKeeTBO () cBd2HO.
HeT myKakuy ccuosamufi aasa Toro, yrofist cama gyHruHa ¥ Guina
dyukunefi-apryventoM. OGozHauhHM uepez & MHOXKECTBO Tex
touek M u3 Q, B xoropux ¥ (M) ABAseTcH 0OZHHM H3 apTYMEHTOB
Toukn M. Mb ceiidac nokaKeM, YTO MHOKeCTEO & ONHOBPeMEHHO
OTEPHTO B 3aMunyTo B Q. Toraa one nubo 6ymer wycto, JnGo GygeT
COBNAATh ¢o CBA3NLIM MioxceTsoM . Tlostomy ecan gyuxuuio ¥
HIMEeHHTE HA TaKy1 NOCTOSEHYIO, YTOOH 8 HEKOTOPOi roiuke L)
OHA TIPHHMMAMA 3HAYeHHe, PaRHOE OJIHOMY H3 apryMeHTOB 3TOH
TOUKH, TO 3T0 e OygeT BepHO AN KaxIoH Toukn H3 Q. Tew
CaMpiM OygeT JAOKA3aHO CYLISCTBOBAHKE HeNpPepbBHHX (YHKUHIH-
apryMentos B Q. Takux coyuknuit B @ cyUiecTBYCT GecKOHeuRoe
MHOKeCTBO., PHRCUPYA OXHY TaKkyic PYHKUHIO B HCKOTOPOK ToUKe £,
MB QHKCHpYeM €& BO BCeM MHOMKecTBe (X PasHOCTe Mexay AByMA
TaKHMH PYHKUHSAMH PaBHA NOCTOAHHON, KOTOpan B KAXKAOH TOUKe
npeactariger cofoil HeKOTOPOE neJoe KpaTHoe 2:t. TakuM o0pasoM,
TeopeMa OyIerT I0KA3aHd, €CJAH Mbl CyMeeM INOKasath, 410 &
OJAHOBPEMEHHO OTKPHITO H 3aMKHYTO B Q.

Tyete A = Q. O6o3nauumM Yepes ¥ TAKYIo OTKPHTYIO CBA3HYIO
okpecTHocTs TOukH A B ©, urofm ans Todek M mn3 ¥ umeno
Mecto uepasenctso | D(4; M)|<m, Torza B ¥ dyuxuna ¥ u
dyugunaa M — 1 (A) + ©(A; M) spagoTes neppoobpasibiMi LI @,
papubiMH B Touke A. TIoCKOJBKY CKpeCTHOCTh 7° CBf2HA, OHU
COBNANAIT BCG BCell 9TOH OKPeCTHOCTH.

CorJacHo c¢KasanHoMy no mnosony (VI,8;15), dynkuns W
SBASeTCA YHKUHEeA-apryMeHToM B #°, eCau @ mexoropoit rouke ¥’
ee 3IHaYeHHe paaﬂo O0JIHOMY H3 apry MenToB 3TOH TOYKH. ,E[pyl“HMH
CAOBAMH, €CAH OKPeCTHOCTh ¥ COMEKHT X0TA Ol OLHY TOUYKY
3 &, to ¥ uenukom Jaexur 8 &. Toraa

a) yeaogue A= & Baeger 3a coboii P &; Muomectso &
ABAAETCA OTKPLITHIM MHOMECTBOM B Q;

b) yeaosge A=Q —& Baewer 3a coboit < Q— &, wmuo-
KecrBo Q — & oTKpHTO B 2.

CaenoBaTefbHO, MHOKECTBEO & 3amMKHyTe B L, H CASICTBHE
NoKa3auo.
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Tlpn stom, 3axaean sdaveune @A) B UeKOTOPOA Touke A,
€C/Il MHOIKecTs80 @ ©opsf3ne, MHE 3HaeM, KAK onperneanth ¢ (M)

sM=g(hH+ [ o (VI 8; 18)
lAf.‘fiu

Toe uHTerpan Gepercda TO NPOHIBOABHOMY NYTH KOHEUHCH IJAMHE
¢ HaTanoMm b Touke A M Komuom b TouKe M.

IMosxke MBI YBHAMM, UTO MOMHO PACCYHAATL Hilaue: ecian
REOpaHO @ (A}, TO nro HenpepLGHEETH ONDeIedqIOT 3HAUSHHE a]ry-
MEHTd RAQJL NPOH3BOJBHOTD IIVTH, COSTAHAOILErO Toukx A o A,
TloHAaTne 3TO AOBOJNBHO HHTYHTHBHO, HO He TAK JeTKO Aarb eMmy
crporoe mcroskosanue, K stoMmy Bonpocy mMul Bepaeycd B ra. VI

Onepauﬂﬁ CAOREeHAA NHKACH

l'Ipe:rK,ne qeM HAYaTh COOCTBEHHO TOMOJAOTHUYECKHe HCCIeL0BAa-
oHA, oOpeIendy onepauHid CJOOMKCIIHA BWHKAGE,

[ Fad

Paccmorpum asa C™-mmwaa Hy |V, n Ho,| V, onH0it v Toit xe pas-
MepuocTh B . IMpennosoxum cHauana, uyto mHOxecTBa V|, m V,
He HMewT o0mMX ToueK. Ecim uepes V ofosgauurs Hx o0benH-
HeHHe, TO MOMKHO CHadAHTb V CTPYKTYPOM TOMOAOTHYCCKOTO Npo-
¢cTpaHcTsa, B KoTopoM Mnoxecrsa V, u V, 6yoyr cauospeMenio
OTHPHTLIME H  2AMKHYTeIMH. a4 35TOro J10CTATOYMHO HA3BATh
CTKPHITHM KawIoe MHOWeoTBO H3 IV, nepecekaloliee oznOBpe-
MeRao ¥V, B V, 10 OTKDHITHIM MHOMKECTDAM. 3aTes MHOxecTBo V
MOJKHO CHaOOWTE CIPYKTYPOH OpPHEHTADOBAHHOIO MHOTCOGpPA3HA
Kaacca € (pmOupaa B Kawecrse Kaptel V Bee Kaptu V, w
kapto Vy). Ecan temepe uepes H ofoanauuts orofpawxenmne V
B Q, mpuuuMaloulee 3uauenue H, na V|, n zpavenne H, vHa V,,
TO TeM CaMLIM OV IeT onpensieH HOBRH UHKI B (), KOTOPHE MOMNHO
6YAeT HAzBaTh CcyMmmof ABVX DACCMATPURAEMBIX NUKJOB.

Ecan okawxerca, ute V|, v V, ABJAANTCA YaCTAMH OUHOTO H
TOrQ e MHOKECTB4d H HMEWT ofilHe TOYKH (MO:KeT Jaxe Cay-
yaThesl, yro V, w V, cosnagawt), To uepes ¥V nHano Oyzer obos-
naynth He obweduncrue, a cymmy V, oV, T. ¢, npoH3BOJALHOE
MHOMKECTBO, ABNSIOMIeecH OOhelHHEeHNeM LBYX HENEPECCKArOUIULXCA
vyacteit Vi, Vi, Haxoasumuxcs BO B3AUMHO OJHOIHATHOM CODTBET-
creun ¢ mHomectBaMmn ¥V, u V.. 3arem V| u V, savenaworcs Ha Vi
H V5 ¢ nepeHocoOM #a HHX B CHAY HMEIOIWIHXCH B3aUMHO 0JIHO3HAV-
HHIX COOTBETCTBHE CTPYETYDE AHddePeHHHPYCMEIX MACCOOGpasHH
i orobpamcenuit ) n fH, Tlocae sroro Touno Tak ke, Kak H
pamee, gefictoylor ¢ muoxectsom V =VilJV; Cymma nuxaos
He eIMHCTBEHHA, NOCKOJNLKY OHA 24BHCHT OT BeGopa V. (QLHako
OHA geegda onpedeastercd ¢ TOYHOCTHIO 60 IKBUBAAEHTHOCTH B TOM
CMDbICJIE, YTO NBE TAKHM 00PAIcM CNPeACASHHbIX UHKAS BCErAd IKBH-
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BAMCHTHE B CMDBICAIE SKBHBAJCHTHOCTH OPUEHTHPOBAHHBIX OCOGLIX
muorootpaznit (cM. crp. 203). Hrtak, 8o scex caynanxy moxHo
onpedestiTo cymmy OByX LUKA08 KGK HUKA, ORpedesennpti Ta16K0
£ TOounOCTO0 do srenegaeHrHocTu, EcaM nBa 13aHHHIX UHKJAa 34-
MEHHTb SKBMBAJEHTHBIMH NIKJAAMI, TO M06OH UHKJI, PAaBHBIT HX
CYMME, 3AMEHHICH S3KBHBAJGHTHEIM nHKkAcM. OnpenenelHas Hamu
CYMMa IO CYWeCTBY He ABJASETCA CYMMOIl ABYX UHKJOH, a Ipei-
crapaser coboll eyMMy JABYX KJdaccoB umkacn, Kaace uukaos
SIBAACTCA KMHMACCOM SKBHBAJSHTHOCTH 10 OTHOIWECHIKC SKBHBAJASHT-
HOCTH MeXAY 0COOBMH OPHEHTHPOBAHHEIMH MHorooopaMHmi.

Kor:[a 3amiChi3A10T CCOTHOLIEHN® BHAA I‘_—I‘ +T‘2, rie F
I‘l, IQ— UEKOTODPLIC LHKJAH, TO 3TO 03HAYACT, 4YTO I‘ ¢ TOYHOCTBIO

i+ =g
L0 3KRURANBHTHOCTE pasugeTcd cymume ') 0 [y, MoxHO, oueBnauo,
TOYRO TdK ¢ OIpeleJINTL CYMMY HpOH3BOJIbHOI‘0 YHCJIA OHKJAOB

H [eN10e KPRTHOe HEKOTOPOFD LHKJA nI‘ rie n — lLenoe uHeao =1,
KAk CYMMy n ITHK/JOB, SKBHRANCHTHBHX WHKTY . Bosee 06110,
eCsH 3a3aHBI UKL ]"1, Fz, . I‘; OTHOH It TOH Ke DAIMEPHOCTH,
TO MOIKHO FOBODHTD 00 HX JAHeiTHON KOMOHHATIHH p,ﬁ -+ pgf‘; + ...

oo o0y rae pp—ueane uucaa = 1. MoxHO naXe noroeo-

pHTBCH OpaTh 3TH HHCAL DPABHBIMH HVJAK, €CAH CUHTATh, YTO
+ ld

nuga 0" sasgercs wmuraom 0 umaw nyermm unxioM. Onpenenas

UK € TOYHOCTHIO 0 SKBHRAMEHTHOCTH, MBI IPAXOAUM K BHIBOLY,

HUTO CADMEHIE YUKA08 TCOOUHATHBHO U KOMMYTATHBHO,

U,HKJII)[, TOMOJOTHYHBIC HY IO

OnpeflenM COMOJOTIH LHKJIOE, BBEIS HOBOE OTHOLIEHUE 3KBH-
BaJEHTHOCTH, B KOTODOM MEl GyaeM OpeHeSperaTh BHPOXKISHHBIMH
-

HAKAAMH B TpauduaMmi. Ilasopem C™-uuka H |V pasmepHoctd n
OTKPREITOrC MHOkeCTBA & addrunoro npocrpancrea £ guepodcden-
HoiM, €CAH B CAyuae, KOTAZ pasMepyocTs n =0, OH NYCT, a KOTda
pasmepHocTe f =1, o6paz V npu orofpamennn A sABAsgeTCH
KOHEURBIM MHOXeCTEoW ).

-~
Tosopar, uro C"-yuka ' n3 oTkpmTOro MHomecrtna £ C™"-zo-
-~ -~ .
sogozuqen O 8 Q, ecan cymecreyior gse Crpanmus A n B v asa
~

BRIPOACAEHHBIX UHKAa A" v B’ B Q, TakHe, 4TO MMEET MeCTO
COOTHOIICHHE

C+ A4 A =B 4B (VI, 8; 19)

1}y Poith BLIpOAMCICHNBIX IUULIGE BLACILIICS dHWL B CASACTDHH 2 Teopeasl 4.
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U3 storo onpensaeHnn CJAEAYET, YTO BHPOMIEHHBIH LHKT H
C-rpapnua C™-roMogorndusl 0. LIWKJ, SKBHBAXeHTHBU IHEKAY,
C™.roMoaornunomy 0, cam C™-romogornuer 0. [luka, C"-romo-

aornuHuil 0, sasenovo Chromomornyen O mpu I <Cm.

fad
Teopewma 46, Ecau quxio Ty eosonozuenn O uecat p; — ye-
d Fad
avie wncae =0, ro yusa }__]p;l‘; zomo.aceuyer 0. Fcau quxa T
f

=y
2omoqczuven O, ro raxum e 6yder yuxa I,

Teopema oueBuana {cyMMa JBYX TDaHHI ABAHETCH rpapuuei,
4 CYMMa BBIPOMKACHHBIX UAKAOB ABARETCA BLIDOMKACHHDIM [HKIOM).

Teopewa 47. Ecau T —npoussossnett C™-yuka, 70 yuka
P i
I'4 I’ ssagerca C™-epanuyedd,

Norkasateapcrso. Jaa N0Ka3aTEALCTBA ML BOCTIONb3Y eMes
caeayouell meMmMoii:

"
od B
JMemsma Lean V <V — opuentuposannoe muozoobpasue

) ad o ~
¢ kpaem pasmeprocry 1 kaacca C™, ro [0, 1] XV =R XV nrasgerca
Mrozoobpasuesn pasmepwocte n4-1 raacca C7 ¢ nceedoxpaen.
Peeyaspras qacre ezo neesdoepaniyst npedcTasaser cobod oboedi-
HEHUe TPex HenepeceKarOjirest OPUENTIPIBARNBLY MHO2000PA3L:

Fan™ P «a [a)
16, 11X 8V, {1} XV u {0} XV 1),

Jokazareascrso. Ecan V — MuorooGpaswe ¢ kpaem us V
(pasmcpuoets #), 1o [0, 1]XV cots wacts Mworco@pasmna KXV
pasMepuoctH a2} 1, B cpasy e BHAHO, YTO OHO ABJSIETCA TaM
MHOroofOpasHes ¢ nceBpokpaeM. [lceBiorpaHmua npeacTtasaser
€000l obneanHenne muomects [0, 1] X} 6V, {0} XV, {1} X V. Pery-
JAPRAH YACTb 3TCOH NCEBLOTPAWHLE fBJAAETCH ofbelNHEeHHEM MHO-

o =
xeers [0, L[ X BV, {0} XV, {1} XV, a ee CuUWry/apHAg wacTk
Apasderca odneldHennem smuoecrs {0) X oV n {1} > bl. Bee sto
MOMKHO MPOBEPUTH TeoMeTpHUYeckd Ha puc. 9 (rie B xauecrpe V
B3AT 3aUTPUXOBAHHEI 3aMKHyTHIE Kpyr; toraa [0, 1] X oV — «6o-

KOBAA ROBEPXHOCTb UHAHRAPa», a {0} XV u {1} XV — ero ocuona-
BHA) H J0Ka3aTb HCNOCPCACTBCHHO,

— .-a

Muoxectso [0, 1] X V opuentnpyeTes caeayiomim obpasom:
KACATEAbHOE BEKTOPHOE NPOCTPAHCTEO B KawJIo# Touke (£, x)
ABAAETCS NPAMOH CYMMON BeinecTBeHHOR npsimoil R, KacatenbHoro
BCKTORHOrO npoctpancrsa K [0, 1] B Touke f, W KAacaTeNLHOr) BeK-
TopHOre npoctpauctea K V¥ B Touke x. Dasnc 3Toro KacatedbHOro

1) Hage aHamartenbHe ciaefMTh 3a ODHEOTandaeil!
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NPOCTPAHCTEA B ToyKe (£, x) muoxkeersa [0, XV cuuraercs moaoxsu-

TeJdbLHblM, ECAH OH NOCIeAGBATENEHO COCTABJEH 13 MO0 K HTCABIOrO
> Pa—

BEK’]‘O]JEI ey & N u nonoxurescroro Gasuca e, €ay 40 sy .9ﬂ npocTpaH-

CTBA Ti,x V) Tcumo TaK K& OMPEAEANCTCA OPHCHTALHA MHOMKe-
crBa [0, []}(bV NOCKONRKY BV rakue OpHEHTHPOBaHD

—————————
o —_——
- b

éO
(L) g,
él'
111% v
8v
Prc @

-, -+
Uro xe wKacaeTcs MuorooBpaswit {0} XV wuau {1} XV, 1o ax
OPHEHTALHS ONpeAe]fdeTcs OUEBHAHLM OBPAa30M HCXOIA W3 OpHeH-
Taunu V.
JoKakeM Tenepb YTBEPIKAEHHA JeMME, KACAIMHECHT OPHEHTAar
-
nur, Iycts (f, x) — Touxa muoxectsa |0, L [X 4V, [1ycrb e, — BeK-
a

TOD, KacaTEJinbli’i Kk IV B Touke x, smxoamwmd us V., Ilycre
> -

Ciy O +: o 0n—1 - HBKOTO[JHH nonommenbumﬁ Bazlc MpocTpancTha
> >
(t’ bV) Torna es, €|, €, ...,en_|-HOJIO)KHTeJ[hHh[ﬁ Gasnc
- - - Ed
B T(x V), a 3uauwr, e, e, e, €y »e e BN_I—HDHO}KHTeﬂbHHH
- -

Ga3ue NPOCTPAHCTBA T(l'f i R}(V\ Basuc es, € €Ly <o s €ny
OUCBHIO, OTPHLATCJICH, HOCKOFIBK} e Buxo,zmr 3 }0, 1[><V
B touxe (f, x}), TO Gamc eD. 31, @9y uu-y en_l OTPHUATEJeH B Tpa-
HHYHOH OPHEHTALMH T((t, x); ]0 1[><bV) M B TO K& BpeMa oH

NCACKHTRNIEH B OPHEHTALHH ]0 1{X V. BTo o3nauaer, uTo MHo-
HECTRO ]0 I[>< bV Kak peryaspdas 4acTh HCeBLOTPARMIL MHOXKe-

CTEA ]0 1< V LOJKHO HMETH OPHEHTALMIO MHO}{{eCTBa ]0 l[>< bl/’
[IycTh Tenepp x — HEKOTGPAA TOUKA V W NyCTh e;, ez, . en—

- [=]
noJoxuteabHuid  Gasuc npocrpancrsa T (x; V). Toraa  Gasuc
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U >
€y 815 +res En HO.‘IO}KHTBJ'!E‘H B T (¢, x); PXV} npH mosoM ;. HOCKO.FII:K}’

npu [ ==1 BekTop eu ABACTCH BHXOLIUHM OTHOCHTENRHO ]0 1[X g
¥ BXOmAllHM npH ! =0, TO cHCTEMa BEKTOPOB 81. eg. en npea-
cragpaget coboli NoJMoKUTENBHEH 6A3HE NPOCTPAHCTBA T ( , Xh {l})(!})
¥ OTPHLATENBHE Ga3nc UPOCTPAHCTBA F(( 0, x); {0} < V'J B OpHedTa-
IHH TPAaHHIB MHOMKECTEA {0 1] X? C-J'Ie,ELOBaTe.."IbHO ADJIAACH Pery-
JAPHBIME HACTAMHM INCEBIOTPAHUILEL, {1} X % n {0} XV JLOJ A HH

O

HMETh OPHEHTALHH MHOKECTB {I}XV u {0} XV, yem H 3aKaHuyu-
BACTCA A0KA3ATEALCTBO JEMMH,

Teneph MEl MOMEM TDHCTYOHTE K AOKAZATENLCTBY TEOPeME!.
HPE)KJIE RCEFQ 3AMETHM, UTO e¢CJH B NPeANON0KedHIX JeMMH ¥

——— -
ABAAeTCH MHOrooGpasHes fes kpas (BV =0), 7010, 1 [ X V aAsaserca
HEe TOJNBKO MllOl"ODﬁpEl:iHEM ¢ MNCeBAOKPaeM, 10 TaKKe H MACTO-
ofpasueM ¢ Kpaes, TOCKOJBKY CHHTYJASPHAA UacTb CPAHHMUE
{0, 1j X 6V nycTta v rpanunes 3TOrO Mnorooﬁpasnﬂ C KpaeM CJAyXKHT

oG BeNHEHRS MHOXeCTB {1} V ou {O}X V

Ecau Teneps P ABAACTCA LHKTIOM IV TO F 6yaeT urkaom H iV
PaccmoTpuyd ocofioe OPHEHTHPOBAHHOE KOMIAKTHOS MHOLOOGpa3ve

¢ KpaeM, onpelelerloe oTobpakennem K mMuoxecrsa [0, I]Xf’,me
Kt x)= H(x), (V1,8; 20}

M2 nposepeunnx bpriie paccyxgenué chaeayer, Yro rpanuled
3T0rc 0cQGOro MHOroOGpasNd CAYKHT

KIb(0, 11Xy =K ({1} X7 + 10X V), (V1,821)

. =,
4 3TO €CThb NMKJA, 3KBHBaneHTHEIE UuKAY [' 4 T, uem 3akauunsaerca
AOKA3ATeNMBCTRO TeOPEeMEL.

-~ - -
Cneactene. Ecau Ty u Ty— dea C™yuraa u ecau Ty, u

fad Lo ad

I'y + T, C™eosoro0euwdns 0, ro yuxa T, C™-20s0a0zuqen 0.

HokazaTeascTBo. B caMoM nedae, NMeeT MeCTO COOTHO
ureHHe

[y 4 (Fy 4 Tp) = (' + T') + I, (V1,8;22)

npasan 4Yacib KOTOpOro, OyAy4yH CYMMOH LBYX UHKJAOB, rOMOJO-
THYHEIX HYJW, TOMOJIOTHYH4 HYJ/AO, 3HAYUT, FOMOJOTHYHA HY IO
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€ro JdeBas HacTh, OTKvJda

f, + (f‘2 -+ Fg) 4 rpasHila 4 BBHIPOKIEHHBIH UK ==
=rpaunua + BLPOXKACHHBI muKA. {VI, 8; 23)

Fag a
ITockoabKyY, coriacHo ﬁ'reopeme, [+ I, spaseres rpaunuet,
M noayuaem, uto uuka [y roMosornuen mnyiue.

FNoMONOTHYHBIE WUKAR

Teo pema 48. Bunaproe oTHoweHLe mexcaq C™-yukasanu 6 Q.

KUUKA l",-l—F2 C™-zomonrczunen O 8 Q> 8813eTcH OTHOWEHNUEM
FKBUBAACHTHOCTY, CUSMECTUMBIN ¢ ONEPAYUAMIL CAONEHUR HUKA08
U YMHONCEHOA HX KO Heaovie wucaa =0

- i -~
Ecau nuga I'y + T, C*-romosorauen 0, To ropopst, ure yuxao P

P
4 Ty C™eomonceuunit 6 Q. Kaace axBiBaAeHTHOCTH, 06DA30RAHHLIH
Beemu C™-umknamu, C™-rOMOJOrHYHbIME JPYE LPYTY, HASLIBASTCA
Kaaccom C™eomoasceuil 6 Q.

- -,
Horasareanescrso. 1°) Pegaekeusnocrs. Tak vak uugn I'4T
sBJaAeTcs rpauuumeli (teopema 47), To on C”’-romonor}met{ 0.

2%} Cummerpuenocrs. Ecam uukn I‘] —|—F2 romonoruties 0, 1O
TOMOJIOTHUHEIM  HYJIo GYfeT WHKJ NPOTHBOMOMONKHON OpHeHTLUH

1‘2—1-1‘..
3%) Tpamumeuoc?a l'[j,c'rb I,, 12, F3—~Tpu uniaa. [Ipeano-

JIOXKAM, Y9TQ IHKJBE I‘, +]“9 5 I‘2+ 1‘3 romogrorugsl 0. Torga wx
CyMMa TakiKe OyIeT TOMOJIOTHYEOH HYAlo. B ey accouHaTHBHOCTH

- o, o i
9Ty CYMMY MOKHO 3anucarth B suze ', -+ (I, 4+ L) + Iy To Teo-
peme 47 cKoGKa roMoJIONHYAA HYJI0, a4 W3 CAEACTBHR 3TOH TeopeMu
o,

-
BLITeKaeT, 4T0o UHKJ [') -} I'; romMoaornued uyaw, 4eM W J0Ka3bl-
BaeTCA TPRAIISHTHBIIOCTD.
Taxkum o6pasom, peys AeRCTBHTENBHO 1AeT 06 OTHOLICHIEH SKRH-
BAJIEHTHOCTH, ['OMOJIOrHYHOCTE LHKJIOE COXPAHACTCA OPH HX CJA0Ke-
-~

HHH H YyMHOMKEHHH HA Uesble yncaa 22 0: ecan unkao I'; romono-
-~

THUHBI LHKNEM I"‘} A f=1,2, ..., I uecan p; — neane uncaa =0,

TO UHKJ Z pj, ; TOMOJIOTHYEH WHKIY E I l" 3T0 OYeBHIHO,

NIOCKOAbKY, COrAacHO Teopeme 40, LHKA L P; (l‘ + I‘) rOMOVIOT il-
yen 0,
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Y

Tecopema 49, Eeau o asageren samenyroli duddepenyuans-
#otl popaoti kKaacca C' g oTapotToM MHONCecTEe B KOHCYHOMERHOZO
agpunnozo npocrparcrea £, To ee uxTeepas no Kawdomy qikiy,
Cl-zonoaceuanony O 8 Q, pasen Hyto, a ee ur».:reapa 200 10 Ay M
Cl-pomonozuunbiast yukaan 8 Q pasusl.

Hoxasateascrso. Hanomuum cnavaaa {rcopema 39), uro
HHTETPATH OT ® 1o IBYM 3KBHBAJEHTHLIM UMKJAAM paBHa. OTCw1a
cpa3y ke BLITCKAET, YTO HHTCTPAd OT © 10 CyMMe IBYX UHK/JIOB
PABEIl CYMME ¢¢ HNTErpasion [0 STHM IHKJIAM, [Mpeanoaoicnm, 4TO
KK I roMonorsuen HyJao, u nycrb A, B cyTs C'-Tpanmmb, a 4’

B — ragne BHPOMACHHBE UHKJGL, I44 KOTOpb!X HMEET MECTO CO-
otnowenye (VI, 8; 19}, Toraa :

jm—}jm—i-jmujm—}-jm. (VI, 8; 24)

I‘ A A’ b‘ B
>

M3 teopempr 41 BEITERAET, UTO HHTErPaJHl OT KOUHKAA @& MO
TpaHHLAM An B paprn Hyaw., Kpowme Tore, sTh HUTCT AT,
cordacro szamevannio 39 Ha crp. 204—205, no umkaIaM A B
paBiHbL Hy Mo, ECJ‘IH Tenepb I‘l H Fg—maa C!'-rOMOIOTHYHBIX LKA,
TO UHKI 11 +l‘ CT-romonornuen 0, u CJ‘EQ,E[OBJTCJIL)[{O,

I m-0 4 3HAYHT, Im— J o. (VI, 8; 25)
r'4+r'= I‘| f'
Teuepb 5 MHOXKECTBE KOIHKJIQB HJAH 3aMKHYTHX guddepen-
-

IHAaXLHEX (opM Kaacca €' B Q co sHaveHHAMH B F MOXKHO pac-
- ==

CMOTpETh (HEAPHOE OTHOIIEHHE <«6); — Gy ABJICTCH KOrpaHHLER»,
KO'!'O]JO& CHOBdA, OUEBHIAHO, ABJIAETCA HE,’KOTO,{JMM OTHOWEHUEEM BRE8LU~
sasenriocTy, (B NMPOTHBOMOMOMHOCTE TOALKO YTC NOPOBEILEHHHM
PacCy X aeHHaM AJF TOMOJIOPHH 3T0 YTBCPKIARHHAE COBEPIUCIIHO
OY4YEBHIHO.}

Jse bhopMBl oaHoro M TOrG e Kiacca Mu OyAeM HA3HIRATh
Kozomosceuqnstmy  (dopMa, Koromonornunas O, — 310 dopma
kaacca C', sBaspowases xorpauuneil). Knace sKBusaNeHTHOCTH

-
HasblBaeTCAd Kadacconm Kozomosoeud co snavenusmy B F, Kaace
KOTOMOJIOTHIT HEXROTOPOIt 3aMKHYTOl ¢opmul kaacca C! ecTh MHOXe-
CTBO BCeX (hOPM, KOTOMOAOTHUHHX AAHHOH QopMe.

Cneacrene. Hureepar or woyuskaa no Clyuray aasucur
TOABKO O KAGLed Ko2omoaoeud Koyuxaa u kaacca Cl-eomoavendl
yukaa.
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> e d
Hoxasarteascreo. [lycrh @ W @, — B3 KOrOMONOTHUHEIX

-~ i
koupkaa u Iy B Iy~ asa C'-romosornunmx Cl-unkaa.
TOI‘,H,E} HMEeWT MeCTd COOTHOLIEHHA

> . > > >
0 — J Wy == J031+JUJ|+ Iﬁ-‘ll— _[032
-~ - . o ~
T Ty T, £ T

= _[ o + J (U)l "‘92) (VI, 8; 26)

i+ Pﬂ 1‘1

Ho B cuny noxazansoil Teopemm MepRLIT HHTErPAK npanon HacTH pa-

BEH HYJUO, MOCKOJADKY w. ABJAETCA KOLMKJIIOM, a IHKA I‘; + I‘2 Cl- TO-

moaorpued 0. Bropoit uuterpan eépanaeres B Hy /b, Tax KAk ml -— w2
e

ABaAeTcH KorpauaueH, a |, npepcrasaser cobofi Cl-uukn (Te-
opema 41).

Sameuvanna 1% [aa pudbepeHIHANLIMX $HOPM M pac-
CMATPHBAJMHA TOABKO KOUHKJB H KOTPAHHLUBl, B TO BPEMS KAK MCHKHO
Gb10 Gpl BBecTH C™M-xouukianl 1 C™-KorpaHrusl. Mbl NoeTynuAN Tak
TOJABKO € IEJLH) YOPONICHHA PacCyKAeHHH,

2%y Crapa nepen cofof Takyw Ke Uelb, Mbl BCe PAaBHO He
cMOCAR Op CIeJaTh 3TOre AJs LHKJACE M Ipapun!

Hau aScomotHo HeOGXONMMBL LHRJAB M rpaunus Kaacca G,
TaKk Kak ©@e3 3TOro yCMOBHA HEUTErpaJd Io LHKJAAM oT mzuddeped-
nHaneHoil PopMel He HMead Oo cMEcaa. OfHAKO MBI JOKANKEM
HEeROTOPHIE CROHCTBA, B KOTOPHX OYAYT HCIONLIOBRAHR TOJBKO
HeNnpepoigiste 0TOOPAKEHNA H Tonoaozus Ge3 npenlioNoxeHns aud-
depedipyemoctd (e, Teopemst 59, 61, 69), C srofi ueanto,
a, XpoMe TOTO, HAM 5TO HYHHO I3 NpakTHYeCKHX coofpamedHd,
HaM norpebylotea Chuvran o COrpannup. Takem o6pa3zom, pac-
cMoTpenne C™-uuka0oB ¥ C7-rpanun mo Kpafinell Mepe A4 JABYX
sHauendl m==0 1 m==1 Henabexuo. OJIHAKO HHUYTb HE CAOKHEE
Gpath npouseonbune M, Mlazee SynyT PaccMOTPEeHBl HHTEpeCcHBIE
TEOPEMHl, MO3BOAGILNHE NePEXOIHTh OT OIHOI0 SHAYEHHA T K ApY-
romy {(uanpumep, cieactere 4 Teopembl H4).

3%} DaKTopupOCTPAHCTEO iemopnoro NPOCTPAHCTREA KOLHKJIOB

Ha Q < E ¢O 3HauenHAMH B F MO BeKTOPHOMY DOANPOCTPAHCTRY
KOTPAHHI HA3HBAGTCR BEXTOPHOIM NPOCTPARCTEOM Ko2omoaoaui €
=

co anxanenuamy 6 F. Taxum o6pa3om, MHOMECTS8O KAACCOS KOSOMO-
. =
A020EE €O BHAUEHUAMU 8 F ymeer crpyKTypy 8eKTOPHO20 NPOCTPAH-
-

¢rsa (wan F nan C B aasucumocTn ot Toro, Gyaer am F BekTop-
HHM npocrpanersoy Hag R uau C),
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MHo¥ecTBO Kiaccos CT-TOMOAOTHI MHOXeCTRA £ uMeer
CTPYKTYpY abeaesoii rpynno

—+ -~
B camom gene, ecam ¢ B oy —ABa Kmacca u Iy u Ty — asa

~ ~

IPOH3BOMbHLIX UHKJAA, NPHHAATeKAMHE THM KaaccaM, To 'y + T,

DPHRATAECKHT OJNHOMY H TOMY e KHACCY, KOTOpPHI Moxuno oba-

3HAYHTbL 4epe3 &, -+ o, 3TO CAOKEHHe aCCOUHATHEHO H KOMMYTa-

THEHO. B mHOxecTBe TAKHX KJaCcCOB HMEETCH H)r.HEBOFI ITeMCHT —

Knace O nycroro uuxaa (msaomcerso seex CT-unkaos, C™-romoino-
el

ruugbix 0). Eenn o apasieres TakdM KiraccoM H ecqd [ — unuka

ey
H3 2TOrO Kjacca, TO Knace @, colepwauuid [, yioBJaeTBOpHeT
paseuctBy o+ o' = 0 {Tcopema 47), a caenosateseHY, o ABASETCH
KJaCCOM — ¢, TPOTHBONMOJCKHBIN KAaccy o. Takuum obpasom,
MHOXKECTBO Kaaccor C™-roMonoruii MHOmecTBa Q apagercsa abese-
Boll rpymnnofi, nasusaemoit epynnon CT-zomosozui mnowecrsa Q).
DTOT (akT HABOAHT HA MBICAL BEECTH HOBOE O0O03EadYeHRHE,

-
Ecam Py, j=1, 2, ..., {, — UHKAL H p; — UCAHE YHCAA RPOLU3-
[ad
BOABHORO 3HAKA, TO Hepes Zp;l‘, Mhl OyneM o0Go3Hauath LHUKA
i

-
lef“"‘; (onpegedeHHBHl Hak BCAKAA CYMMa ¢ TOYHOCTBIO 190
i
- - -~ -

$KBHBAJIEATIIOCTH), TAS l‘;= I ecanp, >0, u l“; =T, ccam p, < 0.
Ilpu 3TOM CTAHOBATCA BO3MOXKHBIMH CJAQMEHHE H ¥MHOMXKEHHE Ha
Ue/He YACIA MPOHIBOARLOrO 3114KA; 5TH OOCPALHK YAORJACTBOPAIT
OBBLIYHBIM MPABHAZM NPH VCJOBNH, UTO PE3VILTAT paccMaTpHBAeTCs
He C TOUHOCTBIO A0 SKBHBAJEHTHOCTH (B CMEICAE 3KBHBATEHTHOCTH
0COCbIX MHOTOOGPAZHA), A ¢ TOWHOCTHIO GO 20MOACHY: HuKA

2 p;f‘, + 2 Q;ﬁ; He pasen wau sreusascnren yuxay 2 (p;+q,) f‘;,
i i i

a 2oMoao2uner emy. BLIUMCASHNT BeAyTca He HAM DHKJaMH, a4 Haj
KnaccaMu C™-rOMOJOTHA HJH Ke B rpynie C™-romojoruit (nanpH-

~ ~ — )
mep, UHKA I' + {~T)=T 4 I' romosaornuey 0, o He 3KBHBAJIEHTEH
NYCTOMY LHKAY).

') Hawe onpegcacHne TGMONOTHN M TPYNOE TOMOXOCHA MHOMcccTRZ O oTnM-
Y4ETCA OT DPHINITOIO B COBPCMCHHOA afrefpanteckofl TONOJICTHN — Teopum,
BRIXOAMEH 34 PAMEM JaHHOMe Xypoa. Kpome TOro, meT rapantHi, wTo LM
Beex L HaliiyTea «Xxopowne® rpynmnm romoacrnfi. Ho ana aanbhefiero sto ue
paxue. Haww younas csofgred K ToMy, uTofu

1°) IlenoaL20eaTL HHTEMPAd OT Anddepcrnpaisnn X dopu n popuyay CTokca
AR OHPEABICHES HHAEKCA H TONOAOrIUeCcKo# crenedHd (eM. orp. 302 uw 314) u
JOKAATENMLCTEA HCKOTOPH Y BAMHLEIX TEOPeM, TaKHX, KaK ¢iacacTeue 2 Teopemu 68
HAH Teopema 0%

2°) noyuMTL XOPOWYIO GA3Y LA HaA0KEHHS TEOPHH aHAIMTHICCKAX bynKuml
BOMIVICKCHAIX NePEMCHHLX H HHTELPANCE OT HHX.
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4°) Tlyers Q' — otkpuiToe Muoxkecree £, coldep:kamecea 5 Q.
-
Kamxjaana auddepenunanciay dopma o na Q 3arenomo Oyaer aud-

depenunanbnoi popMoii na Q. Eesmn o aBaderes KOUHKIOM Ha Q,
TO ona ypeT KOUMKJIoM H Ha €. Ecan ona apaserca XKorpawuuei
Ha Q, To oHa OyJeT TaxKe Korpamulell w wa Q', OgHako nepexof
oT & K 1, BoOBIe roBopda, BPOM3BOAHTh Heab3s., Konuka wa QF
He 06532Te/IbH0 IPOLOJMIKAGTCA B KOUWKA Ha £ [HATpPHMED, ecnH
Q=F2 Q"= —0, 10 nupdepennnaasnan popma @ 13 (VI 4; 41)
ABAZETCH KOUHKAOM Ha £, HO B Hayajte KOOPLHHAT HMEETCA OCo-
GenroCTh, H 3TO He N03BOASICT MPOIOIKUTL ¢€ Kak KOUHKI ua Q.

Mower cAyuHTbCH, MTO HEKOTOPHH KOUHKA Ha {1 ABJIAeTCs
KOrpanHued Ha MeHblIeM OTKPHITOM MHoXecTBe LY, HO He Ovaer
xorpaHuuelt Ha Q [wanpumep, ecom @ =R — 0 u ecau £’ arnsercs
ponoaxennenm B R? K HeKOTOPO# noaynpamoi, nexonsawed 13 Havala,
To ta e caman dopma o n3 (VI 4;41) apasercs wouuxaoMm s Q,
korpanniei B £, uc ue Oymer KorpaWnued B Q, Kag 5T0 MH
BHAedH coraacuo (VI, 4:41)).

J1a npka0B HMeeT MecTo oGpaTHas cutyauud. [Iuka s Q7
8aBeAOMO ABJAAETCA UHKAOM B O (1bo oTobpanenue / ophentupo-

-

BaHHOro MHOrooGpasua V B Q' gpngercs orodpameHnem H MHoro-

Fad
obpasua V 5 Q). Liskn, romogoruyusii O B £, rosonornuen O s L.
3neck mepexoda ot £ kK Q°, moofuie roeopd, HepozMokeH. Llnka
H3 Q He o0a3aTeSibHO JexHT B (7. Moxer caAyyuThes, UTO UHKJ
B Q" 6yaer romodoruven 0 B Q u ve Oyger romoaordied 0 B 7,

~

Hanpumep, ecitn Q==5* ' ==K? — 0 u T’ asazercs opueurnponaq-
HOR TPHTOHOMETPHYECKOH OKPYWHOCTBIO, TO OHA sABAdercs (™-rpa-
HHLER B R, HO He Oyler C™-rpannuell R Q° W He Oyner roMoJjo-
ruynofi 0 B £ (cMm. 3aMevanue 2°) na ctp. 247).

I'omoTonus

Onpenenenne. Ilyere f, u f, — nenpepeiansic oro6pakenns
TONOJOTHYECKOrO npocTpahcTa X B TONOMOrKUeCKOe NPOCTPaH-
¢rso Y. Tosopsr, uTo »1H oTofpasmenus 20MoTOnHL, ©CAN CYHIe-
CTBYeT HEMPepHiBHAA AefOPMallus OLHOTG H3 HHX B LDPYroe, T. e.
eclH cyuiecTByeT OToGpaxeHdHe £ npoussegzenus [a, f] X X 8 ¥,

©» -
rae [a, ] — Takoli orpesox u3 R, ure maa modoro x < X umelor
MeCTO PaBeHCTBA

Fio, x}=f(x), F{@, O)=F(x). (VI, 8&;27)

i Ecnu tenepn aas { < [a, f) paccMoTperh wacTHoe oTOGpaKeHHe
Fy x— F({f, x) npoctpanctea X B npocTpaHcTBO Y, To 14 { =g
OHO coBnapget ¢ oroGpamenuev f, npocrparcta X 8 Y, a aasn
I=f oHo copmager ¢ oroBpamcuneM f, mpocipamcrtza X B Y,
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INocxoabky otobparkenne F asaaeTca HenpePHBHLIM 0TOOPAKEHHEM
npouaseAeHns fo, Bl X X B ¥, To paccmarpuBacMoe oTofpameHne
<H3MEHSeTCH HeNpepLIBHO®» BMeCTe ¢ H3MelleHneM f, T. €, MH UMeeM
<HEIPEPLIBHYIO AedopMaunio», nepesoaaulyie f, B fo.

Ecau X smsaserca xomnaxtreim, @ Y — MeTpuseckus npocrpas-
¢raos, TO H3 Teopemwm 66 ri. IV casaver, sro dpvukuna {— F
npeacTasaseT cofoil HenpepwBuoe otolpaxcHue [u, Bl B (¥X),,.
3HaunT, UMeeTea TOMKa mpocrpaeTsa (YX).,, KOTOpas HeApepbBHO
H3MCHSIETCA BMeCTe ¢ 7 OT f, npH {=a a0 f, upn =3, Moxuo
TAKIKE CKA3aTh, UTO HMeeTcA ayTs, coeguumomuil fi n [, 8 (YX),,
B UTO JIBAa HenpepuBRHuIX OTOOGpaenHa X B YV TOMOTOMNHE, CCIH
OHM ABJAKTCE JABYMS Toukamu mnpocrpaHctsa (¥X),, KoTOopHe
MOXHO COSNHHHTE HEKOTOPHIM NyreM. Bo Bcex cayyanx, ¢ KoTo-
PHMH Mbl BCTPeTHMCH B 3TOM Raparpade, npocTpanctee X GVAeT
KOMIaKTHHM, a Y — verphnueckum.

Omﬁpa}heﬂne F naswBaeres 2omoronuet, nepesoasmeil f; B fo.
EcTecTBeHHO, ecid UMeeTcs OAHA TaKas TOMOTOMUA OTHOCUTENBLHO
orpeska [¢,f] M3 R, To moxkwo HaliTH H JIpyryw, B KOTOpOi
otpesok [o, Bl 2amenen mo6mm apyrum orpeskoM u3 R, Hanpumep
orpeakoM [0, 1]. B camom Aede, xis $TOr0 NOCTATOUHO 3AMEHHTD
oroOpaxcenne F orobpamenuewm F,, omnpeledeHHmu no dopuy.e

Foll, x)=Flo+iB—a)x), OIS (V] 828)

TOMOTONHA SABJAETCA YHCTO TOMOMNOTHYECKMM IOHATHEM,
ROCKOJBKY NMPpH £¢ onpefelcHHH HCAOALIYIOTCA TONLKO
HE¢NPepHBHEIE OoTOGpaKeHna

Onpako mpu HsyUeHHW HHTETpajoB oT AHdPepeHUHAIBHHX
(hODM, B KOTOPLIE BXOAAT MHOroo6pazus Kaacea C7, m1 221, novano-
fiuTes GoJee Y3KGE MOHATHE, 2 HMEHHO NOHATHE C"-rOMOTONHH,

OQupeneaecuve. [lycrs X u ¥ — MuorooGpasus xaacca C7,
rae m KodeuHo MAM GeckoHeuHo. ['osopar, uro npa orobpawke:
nua f, n [, xnacea €™ npoctpanctsa X 8 mpocrpauctno Y C™-zoso-
TORMO, CCJAH cymeeTsyer oTobpa:kense F mnoxkectna f{o, f] XX
B ¥ kaacca C™, vioBfersopsiolige cootHomennio {(VI, 8;27)').

Koneuno, Apa C™-roMoronsux oTobpaxenns waacca ¢ npu-

nasaexar kaacey C' u Cl-romoronsn npu !<{m, B 1aibuefimem
TOMOTONHA Q3HadaeT CO‘FOMOTOHHIO.

Teopema 50. Feau X u Y — muoeoobpazus Kracea C7,
Pea orobpaxcenus kiacea C™ mmozoo6pasun X ¢ Y, C™ -3omomnﬂme

1} Miroxeerso [, B] 3¢ X ananetca ne mnoroofipaswes, a mMuoroofpasuiem
¢ kpaeM W3 R X X, Tem He wmeunee, npuaHMad BO BHITMAHHE TIPHMCUAIHE HA
erp. 198 I-ra toma, MomNo TOBOPLTS, uTO oTOGpamcune F Muomectsa o, Bl XX
NPHHALJEHRHT Kiaacey C™,
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Tpervesy orobpancenuro, CT-eomoronnss mexcdy coboli. JIpyeumu
CAOBAME, OTHOWCHNE, Golpaskarowiee TOT (akT, 470 dsa oTobpastenun
C™-20M0TORNOL, AGARETCA OTHOWEHUEM IKBUBEICHTHOCTIL 8 MHONCE-
crae oropamenuti Kaacca C" mrozoobpasus X e muozoodpasue Y.
Raacc sKksusareHTHOCTU HasoteaeTca Kiaccom C™zostoroniu.

Hoxasartenvcrtio. Ilyers fu [y f,—Tpu Takux oroGpa-
wennn X B Y kaacea €, uro f, romoronuo [, a f; roMoronso f,.
Ilyets G —romotonus, neperoiswan f, B f, 1 H — romoronus,
nepegosfdmas f; B f,. Bcerma MoxuO cunTars, yTo HETEpBAAH
npsamMoit K, CoOTBeTCTBYIOmME STHM rOMOTONUAM, SBASIOTCA MHTEp-
pagamet [¢, 1] u [I, 2]. Ecam m=0 (8 kawectse X u Y 71020a
MONCHO B3ATE NPOUIBOALHBIE TOROAOSUYECKIE APOCTPARCTEA, & HE
06A3ATeALHO MHO200OPASUA), TO CPaly Ke ONPeleaAeTCs [OMOTO-
nus F, nepeBogAwad fo B f; W cooTBeTCTBYIOMW as narepsaay [0, 2|<R,
no takofl dopmyae:

G xy npu 0s{I<CI,

Fi, ")={ Hit, x) npu 1<i<2

(uto naer F(l, x)==f,(x)), vem ¥ nokasbBaeTCs Teopema AJA
m=0. Eeau X — koMnakthoe u Y — Merpnueckoe npocTpancTea,
TO %10 03HAuaeT, YTG JBe TOYKH, KOTOPHIE MOXKHO COSAHHUTL
AYTAMH ¢ TPeTbeH TOUKOH B TOMOJNCTHYECKOM npocrpaHctee (YX),
MOIKNO TAKMKC COGIAMHHTH MEKAY COo00H HEKOTOPRIM NMyTeM. STOT
(4KT COBEPLUICHHO OEBHAECH, H ME CUMTAJH €ro TakHM Ha cTp. 91
1. 1. JlokazarenncTBo, KOHEUHOS, Heé TAK npocto npu = |, B ca-
MoM jelte, ecaH ODpHMeHutH Gopmyny (VI, 8;29), 1o woayuyennoe
npH 3ToM oTOGpaxeHue F He OyneT MpHHALJeKaTs knacey C™,
HGO He CYINEeCTBYET €T0 4YacTHOH NMpPOH3BORHOI RO ¢ B TOYKe, COOT-
peTcTBylowcli {=1, a CymecTBYIOT TONBKO NPOMIBOAHAA cAeBa
M NMpOH3BOLHAA CmpaBa o f, (370 DIHAYALT, UTO CTHIKOBKA ABYX
nytefi kaacca C” TORBKO KYyCOUHO NPHHAZJERHT Knaccy C™; mut
JOJMKHB PACCY HAATH TAK 3Ke, KAK NPH AOKA3aTebCTBE TeopeMEl 45,
4T00bl 34aMEHHTB {IyTh, KYCOUYHQ HUPHHAAJAEXKAMAH Kaaccy C7
nyTeM wJiacca C™))

O06o3paynM ¥epe3 gg CTPOrO BO3PACTANNICE OTOGpAXK eHHe KJIAC-
ca C™ uureppana [0, 1] ua cebs, HMewoILee, KpoMe TOro, Bee
nocAeACBaTeJbEHE NPCHIBOAHRS, PABHBIE HY /0 Ha KoHuax O g !
storo unTepeana. (bosuauum wepez g, orolpaikeHHe TAKOrO Ke
THNA ueTepBaja [l, 2] na ce6q (CM. 10Ka3aTembETRO Teopemur 45).
Torpa MoxHO onpefiesiuTh GyHKuHIO F N0 clenyiolell gopMyme:

Fit {G(go(fo), x}) Aag 0K,
GA=1niew, o am 1<i<a V180
Ha sror pas dyexuua £ OpPHHALAEKHT Kaaccy C™, B camom fee,

‘oHa npunanaexut xaacey € v [0, 1] X X n [I, 2] X X. Ee npo-
H3poAnse MpH =1 ¢opaBa M €JAeBA TPHHUMAIT ONHG W TO XKe

(V1, 8;29)
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snauenne, Jleficteareanno, cc1H ML PACCMOTPIM  0POHIROINYIO
a g .k > T .

'JFJ nopesf, gelN Y, caesn, 4 Taoke cupasa, To ysuami,
§TO Olla NPHHIMACT ONO B TO JKC 3HAUCHHE: B CUAY CBOMCTB

> .

PYHRUNA gy v gy ona passa DY, npu p=0 w pasna Hymo npH
pz 1. Taguwm olpazoM, Mbl HOCTPONIH FOMOTONMEY Kaacca L™,
NePeBOASIIY IO fi, B [, ¥ TCM CAMDIM IOKA3ANH FeopeMy,

Mp cefiuac ybeanmes B TOM, YTO €I JLAUIOE NPOCTPABCTDO
KOMIAKTHO, A OPOCTPAHCTBO-O0DA3 ABAACTC] OTKPHTLIM MHOME-
CTBOM HEKOTOPOTO EGQUHIOTO HOPMHADPORAHENTO TPOCTPAHCTRA,
TO OTOOPUMERUR, COOCTUTONNO GAUSKHE? K HEROTOPOMY OTOBpG-
HCEHUIO, EOMOTUILHOL eMY,

Teopema 5L Hyere 2 —orkpoiroe muomecrso adpdunnoeo
Hopmuposanuozo npocrpanctoa E.

1%y Ecau muoxcectso L3 2805010, 8 4acTHOCTIL €CAll OHO 8pt-
nyxao (wau ecan Q=F), uanw ecan ono odaaduer csoicTeamu,
yrasaunvimd 8 reopese 19 fyanrape, o daa  npoussosssix
orodpaxcerun Kaacca C™ npoussoasnoil wacru K Hexoropozo muo-
eoofpasun V. gaacca C" (uwin npor3soisnoso TOROACRUHUCCKOE0
npocrpancraa K, ecaw m=10) ¢ & C"zomoronne ¢ U9,

2°) Ecau | anamercs orabpaxcenties rageca C™  wnekoropoil
KomnaxTrold wacra K mpoeoodpusug Vo kaacca C7 (wan nmpous-
BOABHOE0 TOROA0EUUECKO20 KOMAARTHO20 Apocrpascran K, ecan
m==0) 8 Q u ecau uepes > 0 0003HAYCHO HAlMeHDLLEC PACCTO
aunue d(f(K), CQ) or kounarra [{K) ua E 3o aamknyrozo mxomce-

Yy 3zece n — paameprocte X. JIng Toro uToGM NOAB30BATECA S3LIKOM YacT-
HHX MPOHABOIHEIX, CIRAYET DPelIoraraTs, 1Te X n V' — OTKpBITHe Mlo¥ccTRa
adpPHIUMX MpoTIpancTB. Korga peub A3eT TOJABKO 00 OKPECTHOCTH  KAX O
TOUKH, TO BCETRA MOMNIHG, Bu6|1paﬂ COOTDETETBYIOWHE KApTL X 4 ¥, ceect
LEAG K 3TOMY Cayuan

7} MomHO (kpoMe BCRANUMTLALHIIY CAYUACD, YKASAMNLIL B DNPAMeuanng na
crp. 198 1. I} rorupute of croGpamenmi €™ TOMLKO B cAvUAe MHOTOOGDAMA
RRA OTKPTO20  (0AMiHGHecToA duoreplpazng. Bemi K — waots MHorooGpa-
aun V., to orofipamenuey xiacea C™ yacrn K 8 Q Mm wazoneM cywenne | oua i
oTeOpamelHA | knacea O nerotopodi GTEPRTOR OKPecTilocTH H uacru K B Mno-
roebpaznn VB npoctpauctho £. (Torna eco MoxI0 CUHTATL TAKME 0T00pane-
aueM knacca O™ oxpectiiocTn ¥ a Q. B cavow geqe, fTH(Q) seamercs or-
KPHTLM MUOHCCcTsoN )y w3 #, coiepwamud K, M f oTodpawmacT X & L)

Koraa ww rorepus, yTo nsa Takux oTo(pameyna f o g vacte K B Q C™-ro-
MOTOIIHE 1B Q, T MLL LG 3THM OB MAEM CARIVIOUHICE: CYUBCTEBYRT HEKOTOpASE
romotormun F Meway f w g B 2, T e Honpepuicaoe oroBpamenue [a, B] XK
B &, yiaveseTBopsioles paBeuctoam {YI, & 27), KOTOPoS MOMET OBTb Mpoaoa-
WCEHO A0 HCKOTOpPOf ToMoTomuH RKaacca O™ wexay f n & 8 £, T. & A0 oTo-
Gpamenua wunacca C us [a, Bl X ¥ n F (v, ecan xorate, B Q). B yenonuax
TEOPeMEl HAL0 OLA0 OU yTouluts & o { oxwopemenns ¢ K u f. Odnaxo
pess uder roaoko 0 K u f, 470650 He §eAONHATE MU YCAVGHR TeGpeMbl, U €
Jona3are.lscrea.
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&y

ersa CQ, 7o xamdoe orobparcenue g xaacea C™ u3 K 8 Q, raxoe,
aro [|7— gl < 81), asaserca C™-zomoronuen | g Q.

HdorkasaredscTB0o. [ 10KA3aTe bCTBE ML BOCHOMb3YEMCH
caenylolell aeMMofi:

Jemma. Hycre | v g —dsa Takux orobpanenusn kaacca C™
nexoropoli wacru K muozoobpazua V e Q, uro daa aobozo x= K
aecs orpesok [f(x), g(x)] ua E aexur 8 Q. Tozda orobpamenus f
u g Ch-zgomoronns & Q.

B camom pesc, OOPCAC/HM FOMOTOHNHIO, MNEPEBORAWYID [ B g
ne hopMyae

_—
Fit, ) =F(x) + (g (x) — [ (x)). (V1,8;31)
2ro otofpaxcenne kaacca C™ muomectsa [0, 11X K B Q, npu-

uem F{0, x)=F(x), F(l, x)=g{x), veM n 3axanyupaercf IOKa-
3aTeNLETRS JICMMEL.

Ecan muOxecTBO Q BHIYK/O, T0 ¢BOICTBO oTpeska [f{x), g (x)]
rag aboro x & K neflukom JexaTh B ) COXDaHseTea npu
abetx [ Hog.

TopopaT, uyro mnoaMHoxecTsBOo A npocrpaucrea E  3Be3go
OTHOCHTCJALHO TOYKH &, GCAH [1J8 Joboll ToukH x ns A Bech
otpe3ok [a, x] dexut B A. TlonMHOKEeCTBO HAasuBacTes 3Be3AHBINM,
ecJiiT B HEeM CYI]_I,ECTB_VEF TaKaHd TOYKa &, OTHOCHTEALHO KDTOPOﬁ
ORHO 3Be3HO. BLIYKNGe MHOMKSCTRO 3Be3JHO OTHOCHTENbHO Kax-
ol CBOEH TOYKH.

Ecan Q 2Be3iHO OTHOCHTENbHO 4, TO KaxAve orobpamxedue f
yacta K B @ knacca €%, coraacho n3AoxeHHoMy sbliue, C™-rovo-
TONNO NOCTOsHIOMY oTobpaxennio K-»{q}, Jhobue asa C™-oro-
6paskenna C™-roMOTONHE 3TOMY OTOGPANKENNIO, a CALMODATENLND,
C™-rOMOTOMHE MEKIY COOO0IL.

Ecan K — womnagT, To f(K) GyaeT KoMnaktom 8 E, W TOrpa

. —

(crp. 84 1. I) d=d({(K), CQ) > 0. Ecim teneps ||f — g || < 6,

10 orpesok [f(x), g(x}] mas Beex x =K qekuT B Q, afng
C™-roMOTONHBI.

Ilpeanoacmum, Haxonen, uro Q obJiagzaer cBOHCTBAMM, YKa3aH-

veiMd Boreopeme 19 Ilyaukape,. Ecin vepea P (x) AIA KamIOH

TOUKH ¥ & €2 Mp! 0003HAYHM DPOCKUUIO ¥ NAPANIeILHO 6a3HCHOMY

BEKTOPY ¢ 11a MOINpocTpalcTso Fy, RopOMKACHHOC HAYAAOM KOOD-
> > >

AUHAT M OA3HCHBIMH ReKTCDAME &y, &, ..., &y, T0 AJ4 KamJA0i
Toukn X = K orpesox [f(x), P, (J{x))] Gymer aexkars B Q. Toraa

") Mz gamgan {| . 3mecs pews waer o Jj o We, TAK EAK NPOH3IBOIHEE

> —_—
B 2TY uopmy ue nrogar. Taknm obpssom, ||f— ¢ [||K '—-';n_i_li If () — g ¢zl
=
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orobpaxenna [ n Pyof gaacca C" apamworea C"-TOMOTOMHbBIMIY,
Adagoruuno, ecay g — Apyroe orofipaxenne Kaacca O™ uactu K
B Q, To orodpawenus g n P o g Takmke C™romotonur. Byaem
TeNepp NPOBOIMTE paceyXRaeHHe no mMMAVKUUH. JdckasmBaemasn
TeOpeMa OTHOCHTEALHO Q, OWEBHAHO, EBepHAa, eCJdH Pa3MEeploCTh
npocrpadcrsa E paswa 0 {usn ). Ilpeanosioxum, uTO OHAa JoO-
KazaHa xAg cayuad, KOTAA TNPOCTPAHCTBO £ uMeeT pasmepHocts
N—1. Toraa P/ef n Piog O6yayr orofpaxeHusaMn kaacca C™
4acTH K B OTKPBITOS MHoXecTBO P\ =QNF, nz £, obaa-
Aaiouiee cooilerbaMi, ykasanibiM B TeopeMe 19. [Tockoabky mpo-
cTpanerso |, asaserca (A — 1)}-MepHEIM, TO IO NpelOAQEKEHHIO
MHAYKIHE 5TH OoroOpaxenus C”-romoromuu. Temeps B £ Mu
HMeeM C™-romoronun: f->FPiof > P og—>g, M u3 TeopeMre 50
caenyer, yro orobpaxkenua [ m g CT-TOMOTONRBI H B cAyuae,
Korna L N-mepmo. Tem campiM Tpedyemoe yTBepmueHHE A0-
Ka3aHo,

Tenepe mut MoeM cpOpMYJHPOBATL BAKHYIO TEOPEMY O MpH-
G.113KeHHH HeNPEPHIBHOMO OTOBPAKEHHSA OTODPAKEHUAMY KIacca O™,

Teopema 52, [lyere K — nekoropoifi Komnart muoeoofipa-
sus V Kaacca C™, u nyers [ — Henpepstenoe orobpaxenue K
8 OTKPDITOC MHONECTGO Q aPuuAaO2D HOPMULDOBAHNOZO RPOCT Pat-
ersa E. Tozda, kakoso Dot wu 6Gur10 «ucao &> 0, cywecreyer
Taxoe orobpascenue g Kaacce C7 mrocoodpazuaVoe E, uro
2(K)=QY, aputesm na Komnaxre K umeer MeCro Hepasexcso

N =zl<e.

doxasareapcreo. Ilycte & < min(e, 8), rae & — pac-
croaune or Kommakra f(K) no CQ. Jaa waxzofi Toukn a = K
MOMHO HAUTH TAKYW OTKPHTYId OKPecTHocTe #°, Touku @ B V,
YTO A8 BeeX x = K[]1#°, uMeeT MecTo HepaBeHCTBO

1700 — F@ I <e. (V1,8; 32)

Tak rax MmuomecTBo K KOMNAKTHO, TO €0 MOMKHO HOKPHTBL KO-
HEUHEIM YHCAOM OTKPHITHIX MHOXKecTB ¥#°,. [lycTb 310 GyAyT OKpe-
creocra {7%), o, Touex a;. [lyems (g;), ., — MogunuenHOe pasio-
KEHUE €AMHUUE, [1e oy NpuHanaexar kaacey C™ na V. [Mockonpky
mHoroobpazue V npuuaznexur kaacey €, 10, COrIAacHO Teopeme
0 pasaoxkerHu eiunHnbl (Teopema Il ra. IV), Takoe pasnoxenue
BO3MOIKHO,

1} Eercernenio, uto g—! {Q) aBaacTen HeKoTopOR OTKPOITON OKPECTHOCTEID &
muomecrsa K, a g oTo0paMALT BACIO 9Ty OKPECTHOCTL B Q.
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Odo3naunm Ttenepbp ueped O OPOH3BOJBHYIO TOYKY NPOCTPaH-
crea E. [loctpons ¢yaKUAI

gix)=0 + ‘%m ()} (f (a} — O). (VI, 8; 33)

IMockoaeky a; mpuHanaexar knaaccy C™, TO 3Ta $ymxuus Kak
orotopaxeune V 8 E npuuannexnt kaaccy €. C Apyrofi cropons,
UMEIT MeCTO COOTHOWEHHH

jx)=04+ Do, (x){f(x)—=0) nna x <K,
is1 (VI, 8; 34)

g0 ~F () 1< Sa @i —f@i<e am =K.

B cnay BhiGopa e, nocaeaHce BrpayKenue < 2. [ToCKO/BKY, KpoMe
T0r0, 8, < 3, TO g(x) npe BCeX x = K JaexHT B O, yeM H 3aKaH-
UHBAETCH AOKA3ATEJNLCTBO TEOPEMBI,

C moMomibix 3TOH TEoPeMb Mbl CMOKEM YCTAHOBHTb HEKOTOPOE
COOTHOUWIGHHE MEMXIY PA3NMMYHEIME C™-roMOTONNAMM.

Teopema 53. flycre K — KOMHAKT HEKOTOPO2O MHO2000-
pazua V gaacca C™, u nycrs | u f, — dea orobpaxcenus kaacea C™
Komnarkra K 8 oTxpoiToe muoxNecTso & adPuMHOL0 HOPMUPOBAH-
nozo npocrpancrea E. Ecau oroGpamenun [ u g CVeomoronmet,
ro onu {™-20moTonHAsL.

HorkasateabcrBo. B camom jgene, nycte F - oro6paxe-
e {0, 1] XK B Q, onpefeasiomee TONOJOMHUECKYIO TOMGTONHIO
Mexay f| M fy Torna F ssasercs HenpepelBHEIM OTOGPa’ieHHEM
HEKOTOpPOTO KoMMNakKra Muoroobpasmna R XV s Q. CornacHo Teo-
peMe 52, Kakoso Onl nH Bbio uacao & > 0, cyllecTByer Takoe
oroGpaxenue G: [0, 1] X K—Q khacca €™, gas xoroporo cmpa-

>

Bef/IHBO HepaBeHCTBo || F — G ||| << e. Bu6epem e < 8, rae 6 — nan-
MeHbllee H3 paccroandil §; u & or [ (K) n f,(K} no CQ. 3ame-
™M, 410 @ aBadercs roMoromuedl ®aacca C™ MmeXAy ABYMA
OTOOparKCUMSIMA £, H g, KoMnakra K B (, onpene/eHHLIMH PaBeH-

CTBAMH
2(x)=000,x) v gx)=0C(,x. (V835

Takum oGpasom, ucxonn us CO-romoromnun Mexay f, u f,, Mu
Haman C™-TOMOTONRI0 MEMAY OTOCPaKEHHAMH &, U g,, <OueHb
Sauskamnr K [ u f,.

Tax kak ofa orobpaenna f, u g, NpHHaAfex)ar Raaccy C™

—
n il fi — gl <8y, o orobpaskenns f, n g, B cuay reopemm 51,
C"-roMOTO NN,
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AHanornyHe npoBepsierces, Ur0 OToOpaKeHHs [, ¥ g, Takke
CM-roMOTONHS!.

Takum o6pasoM, umeercs Tpu C™-TOMOTONHM, Nepesogaluue f,
B g, £ B g B & B fo. B cuay TeopeMu 50 oTcioma BETeKaer,
yro otofpamxenud [, ¥ [, Takxke C™-romoTonuH,

Cnencrteue 1. Hycre K — KkoMRGRT HEKOTOP0O20 MMHO2000-
pasua V wmaacca C™ 1 L — OTKPOITOE MHOMECTED aPUHHOZO HOP-
Muposannoso npocrparcroa E. Ecan 0af Hexoroposo yeao2q 4ii-
caa Iy s m 06a nPOUIBOALHOLX OTOOPANCERUR Kaaccd Ch komnagra K
¢ Q zomoronmne, To Jar Kawdoezo yeaozo < m Jea npousscis-

neix orodpawerusn kaacca C' komnaxra K 6 Q Cl-eomoronuet.
370 €8GicTE0 3QBUCUT TOALKOC OT TOROADSHN mHoxecran L, dpy-
SUMU CADBAMU, OHO OCTOETCS cAPABEOAUSBLM, eCcal MHOMKecTeo
3QMERUTS MOGBIN Opyaim TEpuTeis mroycecraosm Y adpunnoeo
HODMUPOSARNOBO NPOCTPANCTER, 20MEOMOPhHdIM MuONecTay 2.

HokasarteawcTso. Bosesmem cuanata [=0. Tlyers f, u
fo — nma wenpepoiensix orToGpaxenna Komnakra K B 8. [lycts
¢ > 0 -—upeno, cvporo Mensbmee paccrosiiuil ot [ (K} u [{K)
a0 CO. Cornacuo TeopeMe 52, CYMECTBYIOT TaKHe OTOODAKEHHS g,

e e
W g, Knacca Ch xommakra K 3 Q, wio |If —goll<e w

N, — “el<<e. B cny Tteopempt 51 o ToMoTOmmH cooTseT-
CTBEHHO [1 H fao. OLHAKQ, COrMACHO mpednoaodcentto, cOeaannomy
OTHOCUTEABHO [, OTOOpaskeHus g, H &, roMoronHu. CJaegosa-
TeJABHO, HMEKIT MeCTG FOMOTONHH fi—> g, > g, —>f,. B cnay Teo-
pembl DO 0r00paKeHus f; H [, TOMOTOMHH.

Bo3apMeM Tenepb NPOH3BOJABHOR Liedoe wHeAD [ =S m. CoraacHo

H3JA0MEHHOMY BbIUIe, NBA OTOGPAKE U Komnakta K B Q kaacca CF
HeNpePHIBHE, 4 3NAYHT, TOMOTONHEL. CJI@ILOB&TE.-‘II:HO, B CHJY TeO-

peMsl 53 one C'-romoromsb:.

JhoBoe cBOHCTBO OTHGCHTENbHO oOToGpaxenuil kiacca C' me
0fig33HO anpHOpH coXpaHAThCA Npu roMeomopduame, Kazaaoch
Gbl, YTO YCTAHOBJIEHHOE Bpiille CBOHCTEG JN0MKHG GblJID COXpa-

nuThest Toapko npu ClanddeoMophuame, OLHaKO, TOCKOILKY OHO
SKBUBAJEHTHO TOMY 3Ke cBOfcTBY npu I =10, oHO COXpaHAETCA M
IpH ToMeoMopdHIMe,

Caeacreue 2. llycre Q@ — OTKPOITOE MHOMECTEO ApdunHO0
ROPMUPOBANKO20 NPOCTPANCTEA, 20MEOMOPHHOL BbINYKAOMY UL
38eA0ONOMY  OTKPHITOMY MHOWECTRY UAU OTKPBITOMY MNOXELTBY,
obaadaoue sy ceolicTeami, ykazansoint 8 Teopesme 19 Hyanxape.
-Taeda dea npoussoasumx orodpawenui xaacca C* komnaxra K
mreeeobpasud saacca O 6 @ asanrorca CT-eomorondumii,
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B caMOM jeJse, 43 CneAcTBHs | BuWTeKaeT, UTO 3TO CBOHCTBO
coxpaHseTca npH romeomopdusme. Ocraercd Jumb obpaTtHTbes
K Teopeme 51,

COOTHOMEHHST MeKAYy roMoronueit o romoJoruen

N Fd
Teopewa 54. Tyera T u Ty —dsa yuraa gsacca €% wexo-
T0p020  OTKPHTO20 MHowecTsa Q us E. Ecaw T84 yugast 2omo-
ronnet 8 Q, 1o oru C™-comoaozuanet 6 Q.

NoxasarenscTro. Ilpexkne Bcero TOROPAT, 4TO JiBA
C™UHKJAA TOMOTOIHBl, €CJH OHH OHpPeledeHbB Kak oToOpamKeHHH
H, v Hy waacca C™ oduoeo i 100 Me KOMNAKTHOTO OpPHEHTHpo-

~
RaHHOrO Muoroofpaaus V (0ez Kpaa) u ecmH ff;, u H, romo-
ronrel. CoraacHo Teopesme 53, B 3TOM cjayuyae oHHM C™-LOMOTOMHEL,
Mycts K — mekoropas C™-romortonns, 1. €. C7-0T06paxenue
[0, 1} XV, monyckalowee llepesof OT oAHOro oTobpaxeHua K npy-
e

romy. Tax kak OV =0, 1o, cornacuo dopmyne (VI,8;2I),

Vil I = -~ *~ "
BUKN0, IIXVI=HolV 4 [V =T+ T'. (V1, 8; 36)

Cael0BATEARHO, LHKI I‘1 + I‘g SABAETCS c"- rpaHHueu A 3HAYHT,

oH C™-romonoravet 0, H nMOTOMY LMKJL] I‘l 3 [‘ C™-TOMOMOTH UL
APYT APYTY.

3ameuanue. O6paTHOe YTBepKIeHHe HeBepHO. JBa nukna

- ~

Hy IV n He IV MoryT GbiTb, KaK 3TO JerKC BHIETb, TOMOJOTHY-
HEIMH, HO He TOMOTOUHBIMH, KpoMe Toro, o roMoronum gsyx
KHRJIOB MO0 TOROPHTH TOJLKO B TOM CAy4ac, KOTAA MB HMCCM
ABA OTOBPAaKeHHS O00HO20 & TO20 Xe MHO02000pasus, TOrga Kak
3TO BOBCE HE TAaK, KOTAA peub WAeT O FOMOJOTHH.

Caeacteue 1. Fcau I') u Ty — 08a eomoronnsix n-MepHoLy

yukaa xagece C' u3 orxpeirozoe suomecran L2 E u ecau o —
BaMKHYTAR ducquepeﬂquaawaﬂ gropaa crenenn n Ha 8 kaacca C,

TO HHTeepitiv: OT & no I‘l u 1‘2 pasHbL.

-+ -

B camom gedae, wukau Iy I, Cl-romosiornutel B O u ocTaerca
AL OPHMEHHTh cHEefCTBHE K Teopeme 49,

9TO CHARICTBUE FOBOPHT €We ¥ O TOM, UTO HHTerpal OT Ko-
npkiaa no Cl-unkay Moxker He ObiTh Hyaem [cM. crp. 247, same-
yauue 2°), HO OH HE MSMEHACTCH, KOTA4 2TOT LHKA NOABCpraercd
nenpepLiBHON JehopManiuH,
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Jaa uesaell nanbHeHUlEro H3MA0KEHHS! YI0O0HO BBECTH NOHHTHE
oTOOPANKEHAA, TOMOTOIHOTD HY 0.

Onpencaenne, Ecin f-— nenpepuiBaoe orofpaxenne Tomo-
JOTHYCCKODO mpocrpancTsa X B TONOMAOTHYeCKOE NPoCTpalleTio ¥,
70 TOBOPAT, YTO 3TC orobpaxente 2omoronno (0, ecan ono rowo-
TOOHO HEKOTOPOMY ROCTOAHHOMY OTOGPAKEHUN,

Tak Kak BCAKOE TMOCTOSHHOE oToGpakeHHe r-MePHOrO KOMMAKT-
HOTO MHOFOOﬁDﬁS][F{ B L} ABJAACTCH ODHKAOM, FOMOAOMAIHLIM 0, LCJH
pasmepuocTh A 3Toro muraAa > 0'), 1o nmMeer mecTo

Caencreue 2. Fcau U — gura passeprocru i > 0 kageca C°
us orkporoeo Muovcectsa QC E, eomoronusui 0, TO sTOT Huka
CM-zosmoaoeusen O u npu m 21 unreapas nO 3ITOMY qUKAy o7

e -

Kaocdozo KOUHEAU @ CTENEeRl n pasen Ry,

EcTecTBeHHO, 4TO 3TO CBOHCTEO He cOXpaHAerTcs, echan pasmep-
#octh #=10 (4Bo NOCTOAHHOEe OTOGPAKEeHHe He ARASETCA G0Jee
-

BHDOXKIASHHEM LHKAOM). Ecay /m =0, To naTerpan or @ He nmeer
CMBICAA,

Cnencrrue 3. Feau Q — gunyrace wan 3823dnoe OTKpuiTO2
MHONELTBO KOHCHHOMEPHOZO adipunnozo npoctpancrss E, wan
OTKPBITOE MHONECTEO, 00Aadarouiee CEGUCTBAMI, HKASIHRLLMY 6 TEOx
pese 19, wAU OTKPHITOE MRONCECTBO, Z0MPOMOPPHGE oduoMy ul
npedudyuiis MAONECTS, TO Kaxndoul yuks xaacca €7 uz ) pas-
smeprocty 1 >0 CM-zomonceunen O u, ecau mz21, unreepar no
TEKOMY YUKAY OT Kaxedozo Koyukia creneiit n pagen nywo. Ka-

o :

acdot Koyuka © creneny n > 0 na Q asanreTca gosparmuyed.

fad
B camom peae, ecan oroGpaxenue H|V apaserca C™-uuKioMm

B D, 10 ono C™-romoTonno Jodomy apyromy C7-unxay Hy |V, raoe
Hy,— orobpasenne knacca €™ wmuoroofpasns V s Q. Bmbnpas
B kauecTBe H nocrodAduoe oroGpax eHHe, MH YGCHAACMCA B TOM,

[ad
yro uvka H|V  C™romortoner 0, a ¢aenoBaTednho, C™-romosiory-
yen O npw n > 0.

-

Huarerpad oT xaX/A0To KOUHKAA @ N0 TAKOMY OHKJAY paBeH
ByaAio. s Teopemu 44 ne Pama mb 31aeM Tenmeps, YTO Kamawh
KOuHKa ¢reneHd >0 B £ sABaaeTcA KoerpapHueil: Teopema 19
[lyankape B 5TOM OTKPLITOM MHOXecTBe cnparei HBa. OueBHHO
TAKKe, UTO OHA CNPaBeIJHBA He TOJLKO AAS OTKPHTHX MHOMNECTE,
o6aajaKX CBOACTBAMH, YEA3aHHBIMM B Teopeme 19, Ho Takxe

1} Huenno 2mech ME MCIOABIVEM EBHPOMASHHHE LUKIE, BBeJeHHmIE Ha
CTi 259 npH ONPeUEIeHHH TOMOCIHH.
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JIS BHIMYKJKMX HAH 3BE3IHBIX OTKPHITHIX MHOMKECIB H JIJA MHO-
*ecTs, M romeomoppuuix, [lpasaa, Mw npunsty Ges Jorasareso-
¢rea Teopemy Ae Pama. B cuny teopemsr 45 Hale yTBEpmAeHHE
AOKA3aHO mO KpalHel Mepe AJaA CTeneHH n = 1.

Cnepcreue 4. Kawdeui Cl-guxa oraporozo smmoicecrea €
KOHedROMepHO20 adpunnoeo npocrpancrea E, CY-zomonoeuysoul
uyato, Cl-zomorceiuen HyMmo. MuTeepal no 3TomMy yuxay or 4wo-
A020 KOYUKAA DABEH RYAO.

Jloka3aTe bCTBO, KOTOPOE MH JANTHM, HECMOTPA HA AHAJIOTHY-
HOCTb HallMX YCJAOBHA YCAOBHAM TeopeMul 53, He NepefocHTCH Ha
Kaace €, JHo IPHrONHO B OAHOM SaCTHOM ¢aydae: ocoboe CO-muoro-
ofpasHe onpeAedeHO KaK HenpeprsHoe oTobpamenne H mHOro-
obGpasus kaacca C'. 3amenars smecs C! pa C™ nenvas.

~
HDokazateawscTso. ITycts Al V—pacematpapaemulfl Cl-muw,
To, wro on C%romojornuen 0, no onpepeaeunrr (VI,8;19) oauna-

-
uaeT, UTO MOMHO HAafATH opHeuTHpoBalHoe wmuoroobpasne W
kaacca C' u serpepoisioe oro6pamende K muorcofpasna W e Q,
ofaananiiue cnexyrom.nun ceoficTBaMH:

A) MuorooGpasue W ABJsETCA oﬁ'beAHHeHHeM Tpex OTKpblTblx
HENEePeCeKARILHXCA TOJLMHONKECTB V .4 B. Honwuomecmo A

fABAAETCH TPaHUUEl MHOTOOGpASHA € KpaeM 9 gJ1acca CL. Orto-
Gpamenne K coBnagaer ¢ H ua V. Ero MoXHO NPOIOIMKHTL 10

HEKOTOPOro HEeNnpepulBHOro OToGpaxeudd K muorooGpasua A s Q.
Kpoume roro, K Bolpoxaenno Ha B (LpyreMu caosamiu, K {B) sBagercs
KOHEYHBEIM MHOKECTBOM, ¢cau pasMepHocts B >0, u nycto, ecan
T4 pa3MepHOCTh paBHA Hy.1o. EctecrBenno, orofpamenne K npH-
HaLIeKHT Kaacey C' Ha B, Hﬁo OHO NOCTOSIHKO Ha Kamnoa cBa3-

Hoit KoMuoHeHTe B). Tor,ala K| W = Hl Vv + K Ib?I + K| B.
B} MuorooGpasue W rame ABJISETCA oﬁ'bemmcnﬂem ABYX He-
MepecekaiolliXeAd OTKPHITBIX MHOMKECTR A’ B, MHoXectBO A’

Pt
ABJAETCH TpaHuued Hexoroporo muoroobpasust ¢ kpaem W, Oro-
6paxenne K MOXHO DPOAOJIKETE L0 HENPepLIBIOrO QTOGpaMe-

HH A f’ Muorooﬁpaanﬁ A B Q; OHO BLIPOKIASHHO Ha 5. Teneps
KIW K’Ib‘ll’+KlB")

.
Tor ¢dakr, 410 nHKa H|V romonornuen (b, Tenepb ssasercd
CACIACTBHEM CJAEYICIICIO COOTHOILEHHAS

HIV A RIBU+KIB=R 10 + K\ B (V1,8;37)

!y MuorooGpasns ¥ 1 W He gexar » W.
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Ilycte &> 0 —uucao, CTPOro MeHbllee paccTONHH OT KOM-

nakroe K () u ff"(?[’) Ao CQ. Cornacro TeopeMe B2, rockoasky
N u W apunadaexcar xaaccy C', MOKHO HalTH TakHe O0ToOpaxke-

HASA Ky H K MHorooﬁpamﬁ A w AW B Q kaacca C', uto

EN
&, —Kll<e u [j K — K’ lisce. B cuay rtcopemul 51 3TH oTo-

opanceHns CL-roMoTOMHH K 1 K’ cOOTBETCTBEHHD.
TCHCpb MGl HMeeM CJACAYIOIHC CO‘]‘OMOTOHHH HHKJIOB:

HIV+KNA+KIB>HIV+KIA+KIB=
=K|W=K|A+KIB->K|A+K|B. (VI838)

TMepBbifi n nocJegHul YaCTH PaBeHCTB — 3TO yukasi Kaacca C',
Tak kak oHu C'-TOMOTONHB, TO B CHAY Teopemb 53 olH Cl-romo-

TonHel. [lo Teopeme 84 oun Cl-zomo.aoeiunsl. I—Io Kllf’l—}(,]b‘l[

H K A= b‘ll’ ssasioTes Cl-rpaunmamit, a K| B H KIB’ BHIpO-
HOLEHHB, H 3HatlHT, see Cl-romoaoruune 0. CremopaTeslbHO, COMIACHD

. lad
teopeme 47, uuka H|V ClroMonornuen ny.o.
>
Ecnn ¢dopMa ® aABJsieTCH KOUHMKAOM Ha £, TOo TOT ¢dakrt, 4To

unka H |V teasko Clgomoaceuqen 0, ve Baguer 3a coGoli anpuopn
>

>
pPAaBEHCTBA I @=0. OQHaKO 35TO pPABEHCTBO BHINOAHAETCH, 0O~
-~
HIV
Fag
ckoubky Leka H |V Cl-romonoruuen 0N,

Chnepcreue 5. [Tycre Q — OTEPHTOE MHONECTEO. KOHEYHO-
meprozo apdunnocee npoctpancraa E. Toeda caedyrouiue c8oitcraa
areusarenThor: 6 R sce C%yuxave Cl-comonocuuner 0 u ace
Clyurase C'-zomosrocuunet 0. Ecan stu cooficTéa cnpasedrugot
dan Q, 1o ontt Sydyr cnpasedauseiml u Oaf A0G020 OTKPLITO20
MHONCECTEA, 20MEOMOppHOZO €1,

HNokasareancrso. 19 Mpeanonowxnm, uro Aw6oi COnuxa
COrosonornyen 0. Torjia mi06oi Cl-uukn, 6vayun C%romonorny-
EbM 0, B cHay cdaeilctsna 4, Cl-roMonoriuen 0.

2% Hpegnonomnm, yro Kamawi C'-uggsa Cl-rosodornven 0,

Iyete AV asaserca Clunkaom, Ecan H, — takoe oTofpaxenne

'} Mu chopmynaposann Teopemy 37 Crokea nan Kjacca CL Ho mbt oTme-
uaak, 9TO e NOKAIATeNRCTRO haA STOrO KJASCCA CAHWESM CAOKKHO, H OPOBEA
€ro TOALKO A cAytam khaacca CF TakHM oGpazom, Mbl 3uech GNHpaeMes Ha
CBORCTRO, fpHHATOe Ged MOKA3ATENLCTRA.

3uaucune CpofCTB, NOMY4CHABIK B cAelcTBIAX 1, 2 u 4, yAKIDYAETCs B AOKA-
3ATENLCTRE TOTO [I}EIF\'Tﬂ, HTO HITErpan OT KOILEKTa na ILHKAY 3ABHCHT TGABKO
OT TOADA02MYECKUX CBOACTD LHEAd OTHOCHTEMABHO OTKDLTONG MHOMWECTBEA Q.
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kaacca CF MHorooﬁpaauﬂ V B Q, uro || H—F HI I <d{H{), CQ),
TO UHKA HIV C“—romomnen HHKAY | Hle a cAeloBATE/bHO,

COromonoruuer emy. Ilo nmpeanonoxenno uuka H|V knacca 7
C'-romonornyen 0, a cnenoBateneHo, H nonasHo C%roMonornuen 0,

o
a Torna Uuka H|V raxkwxke C'romonoruyen 0.

[Tpn roMeomopduame, OUEBHIHO, COXPAHAETCHS CBOMCTBO, OTHO-
cAeecd K G a 3HAYAT, TAKOE e CBOACTBO OTHOCHTEAbHO O,
JlJn BCeX OTKPHITHX MHONECTE, OOBAAA0WINX STHM CBOACTBOM,
cnpapenaupa Teopema [lyankape. Cm. no stoMy nosoay crp, 276,
rie Mbl TOBOPHJM O COXPAHEHMH NPU roMeoMopdusMe OTKPEITRX
MHOX€CTB, OJIf KOTODHIX CHOpAaBelRJHBA TeopeMa I"IyaHKape:

>
CrnepctBHe 6, Hycre o.— Koyura creneru | #3 oTKpoirozo
mﬂoa;cecrea 0 roHeuHOMeprO20 aPPunHO20 npocrpancrsaa E, u

nycre 1| P ecre CO- LUK KOHeYHO aazuh:m Clzomopoceuanetd 0,
Toeda unrezpaa or (o no yukay Hj r pases HYyA0.

HoxazartenscTso. Jag ynpouwleHns TeXHHUSCKON CTOPOHE
”

J0KA34TeAbCTBA NPEANOJOKHM, YT I ABALETCH TPHTOHOMeETpHUe-
CKOHA OKpy¥HOCThlo B 2,
Mp sHacM, cormacHo clemcTBHIO 4, UTO ecaH orobpacuue [

-
npuHagTexkut kaaccy C'w nuka H| T Clrovonorauen O, 10 anre-
rpan pased HyJ/lo. Mbl cuutaeM afech, UTO LMK HMeeT KOHeUHYIo
OJIHHY, H TNOMb3yeMcA ORpeAeNeHHeM HHTerpana, NaHHbIM B Teo-
peme 36.

1°) Tlyers 8—paccroanue or H{T) g0 CQ b epxanzsosofl uopme
npoctpancTra E, Ilockodrky orobpakenne / HeNnpepHBHO HA KOM-
nakte I', To oOHO paBHOMEpHO HeNPepPHEBHO HA HeM, FEca npen-
NOJAOKHTb, YT0 OKPYXHOCT, [ papaMeTpH30BaHa ¢ NOMOLLbI)
0 =[0, 2n], To MOxHO HaliTh Takoe 7 3> 0, 4TOGH H3 HepaBEHCTEA

-

|8 — 67 |<{n caeposano HepapenctBo || H () — H{(0”) | < 8/2.
[Tyete A: 6,=0, 6;,, 8, ..., 6, = 2% — HeKOTOPOE pasbueHue
orpeska [0, 2xf, npuveM wanGoasluad NAUHA OTPE3KOE 3ITOLD Pass
Giennn <cv. OTkpuiTeiil wap B; ¢ uearpoM H (0, paadyca &2
yn,osne'mopﬂer yeaorKaMm Teopemer 19 I'Iyanxape Cﬂe,uoaaTe.ano,

dopma w HMEET BHEIIHIOWw NepBoobpa3nyio fi B By co—a'f Ecre-
CTBElIHO, YTO (BYHKLMA f; 3aBUCHT OF WHAekca f, Kawawl nyrh
M[e;, 9£+1] JARMHT B 3TOM OTKPBITOM ilape, #, CJSAOBATENbLHO,
no teopeme 39

j o= H@LN)—HHO). (V1839

HI[,. |
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O6o3naunM vepes H| orobpaxenue [' B Q, onpeneaennoe dop-
MyJiaMHu

Hi0)==H{0)+ 5—% 9+ S (H (0,41} — H(6:)) (VI,8;40)
s B, s 0<0;,,.

O6pa3zom okpyxkuocte I' npu orofpasxennu /, asnaerca nova-
nas ¢ sepwHnamn f(0;). Ilpu srom aas 6,<C0 <8,y

IH® - HE) < S

I, (8) — H(B¥||<||H(9a+|)—H(93)!I< . (V1,8 41)

a CJlefoBaTeAbHO, A Kaxaoro € CnpaseannMBO  HePaBEHCTBO
T ——
1 H®)— H,(8) ) <9. Orcrona

| H—=H, ] <s. (V1,8; 42)

” T
CoramacHo TeopeMe DI, ato o3ravaer, wro uukaw H}I' u AT
CU-rOMOTONHE,, 4 3HAUAT, [0 TeopeMe 54 COramonornuus. ITo-

CKOMBKY [0 NPELHOJMOKEHHID [HKA HiF Chromo.orusen 0, To
C’romonornuurtm 0 Gymer w umka H, 1I‘ Cornacuo Teopeme 39,

[ e=limeu)—fiH @) (V1,849

L
Hy 10 9;4,)

- - -~ Fiad
CnepoBatenpto, mHTErpadnl or & no mukaaM H{I' u H, | paeum.
2°) dan .noxasa'renbc'rna Teopemm ROCTATOURO NOKA3ATh, ITo

HHTErpaa or @ 10 naKny | r pasen uymo. OgHako t[‘ Teneps
“SABJSIETCA UHKJAOM, KYCOUHO NPHHALAEKAMNM K20CCY C‘ (1 paxe
Kaacey C%), C°-r0m0.nomqumm 0,

Ilpu nokaszarenscrse meprod yacty TeopeMsl 45 Guiio mo-
cTPOeHO oToOpaxenne H, okpyxuocd I' B Q xaacca C*, a Be
TOJILKO KYCOUHO HPHHRAMeRAMee STOMY KJacey, Takoe, 9T0 HHTe-

rpadiel oT m no AByM UHKIaM H | P nf |I‘ OBLAH OAHH H TE XK€,
B xaxaoM unrtepsane [0, 0,,() umeer mecra gopmyaa (VI 8, 8):
H, (B)—Hl (g:(0)). Otpesok [H,(8), H,(6)] conepKHTCA B OTpesKe
[H(B;), (0;.))], a ciepoBareabHo, n B @, H3 aeMmu K Teopeme 51
CNeAVEer, UTO OTOGPAIKEHRA Hl u H, TOMOTOTILL, CAeLOBATebHO,

C“-romonornqum LBKJIB] HllI‘ H H2|I‘ a MOTOMY LHKJ H.,ll"
C%romoaoruven 0,
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3% TaKHM oﬁpa:—tom aM NOCTATOUNO fyaer y6canTbea B TOM,

10 HHTErpAd OT @ 0o C™-nnxny H,| I‘ CU-roMOJIOTHUHOMY HY IO,
paBeH Hyawo. Ho sto BEITEKAET H3 CJEACTBYS 4, n6o TOrga UMKA

i, I Clromoaornuer HY.TIO.

OnHocea3HEE npocTpalcTBa

Tomosorrveckoe NpocTpancTBO X HA3LBACTCH OOHOCGAZHBLAL,
eCan J10060€ NenpepeBHOE OTOGDAKEHHE [ WAOCKOH OKPYIKHOCTH
B X romoronuo 0. EcreeTeenuo, Beersa MOIKHO NpPeRnonarath, 9TO
3Ta OKPY KHOCTb ABAAETCH TpHrOHOMeTqueCKou OKpYxHOCTHIO B RE,
ONHOCBAZHOCTL SIBJAAETCS] UYHCTO TOROAC2UNECKUM CBOACTBOM Apo-
CTPaHCTBa X, HHBAPHAHTHBIM OTHOCHTENBHO FOMEOMOPHHIMA.

Oﬁosnalmm yepes A ednHnuebll Kpyr B R Orto6paxenue

{t, m}—-»fm okpy:xuoctH I' B Rpyr A nenpepuisuo. Kaxzas TOUKA

Kpyra A e@uncrseﬂnmm 06pazom 3anucCLIBAETCE B BHIE im
=

0P, mEI‘) Kpome Hauada KOOpAHHAT 0, Kotopoe 3amm-
CEIBAETCH B BHIE Om, rae m—-nponasoﬂbﬂaﬂ Touka I,

Teopewma bb. [asg roeo urobet orobpaxenne [ rpuzonomer-
puveckod okpyxcaocTu [ @ Tonoaozuueckoe npocrpanctac X 68040
eosmoronrbim 0, neobxodumo u docrarowne, wroder orobpancenue |

donyckaro npodoanenue 30 Henpepueroeo orobpamenus [ edu-
nugnozo kpyea A e X.

Horxaszateascrno, 17 Hpennonomﬂm CHAaYaaa, 4To OTo-

6paxenne [ JONyCKAaeT Takoe NpofoJkeHne . TOFLa Mb MOXKeM
ONpPEAEAHTh TOMOTONHIO F MeXAy [ H INOCTOSHHEIM OTOOpaKe-
vves I' B X no dopmyae

- - > E
Fit, my=fm), 0<Ii<], meTl. (VI,8;44)

Orobpanenne F—-Taxoe HenpepuBHoe o*roﬁpameune [0, 1] XT

B X, uto F(l, m)-—f(m)——f(m) u F{0, m)-_f(O Caencpa-
TeNbHo, f romoronHe O,
2°) TpennonoxuM Teneps, uro orobpaxerue [ romortonuo 0,
H nycts F — roMoTonus, COOTBETCTBYIOLIAA TAKOMY OToﬁpaﬁ{euum
=
[0, 1] XT B npoctpanctso X, uto F (1, my==f{m), F(0, m)=a,
e sneMedT a $HKcHpoBAH.

Torsa mpogoamenue | orTofpameHdHa | MOKST GWTH onpepe-
JAeHo no dopmyae

Fim=F(t, m), O0<t<l, meT. (VI8 45)
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B sroil Qopmyde wmer HUKAKON HeOOROIHANHOCTH TOCKOJALKY
- .
F {0, m) npuurmaer Bcerna 0aNO M TO Ke Auavenue a <= X, To
-
Jdf LeHTpa Kpyra MOMHO B3aTs {=0 H BHOHpaTeE #1 TpPOH3-
BOJLHQ,

C aApyroil cTOpoMwW, onpenesendas Bume (yHKNus f Hempe-
prisHa, JAs Toro uToOB B 3TOM YOEAHTBCS, DPEANCJIOMHM A%
NpocToTLl, 9TO X — MeTPHYSCKOE TPOCTPAHCTRO.

Tax xax ¢ynkura F wenpepoiBna Ha KoMmmaxte [0, 1] X F, To
OHA DaBHOMepHO Hellpepoidna Ha Hem. IMosromy naa nwdoro aa-
Zaruoro g€ > 0 cylmecTByeT Takoe 1> (0, UTO H3 HEpaBeHCTH

[& — ¢ sz u ]| .;?)1’&:;” |57 BHITEKAET HeDABREHCTBO
d(F{, m), F(t', m") <. (VI1, 8; 46)

> %

Ecan Tepepb iy sBJsgercs Touxkofi Kpyra A, OTRHuHOM oOF
=
favaia KoOpIWHAT, TO MHOMKECTBO TeX TOUYEK Im, AAA KOTOPHX

> >
[ f—fl<Sm ¥ lm— myl XM, ABASIETCS OKPeCTHOCTRIO STOW TOMKH,
E KOTOPOH HMeeT MECTO HEePAReHCTBO

d(F (tm), | tym) <e, (VI, 8 47)

H3 KOTOPOrO CflefyeT HelpepeBHOCT (VHKUEH | B TOUKe
> == B
fynty == 0. C;,n;pyr‘oﬁ CTOPOHB, MHOKECTBO TOUEK /a1, 118 KOTOPHIX

l£]1<<n o m UPOH3BOABHO, 00pa3yeT OKPECTHOCTh HAUYAAA KOOD-
AHHAT, B KOTODOH

- - - >
d(f@em), Q) =d(F¢t, m), FO, m)<Le. (VI,8;48)
3T0 03HAYALST, HTO cbyHKuHﬂ F HeTpepLIBHA B 6, a chaejgoBa-
TeasHo, H Beweny. TMockoasky f=/F w#a T, 10 QyHkwan | asasercs
nponosxeHneM (yHKUMHE f Ha A,

Cnepcreue 1. Tonoaoeuweckoe npoctpancrao X odnocsaino
rozda it To4sKo To2da, Koeda Kamdoe RenpepbleHoe OTOGpaxceHue
¢ X ospyacnocty U — epaniyor kpyea A — momer O6ite npodoi-

gceno 0o wenpepeisnozo orTobpascenus | kpyea A e X.

JameTus, 4TO OOHUCBRAIHOCTL B0BCE HE 20BOPUT O C8ABHOCTH,
TIpocTpaneTBd MOMKeT ObiTh CRAIHEIM M He OLTh OLHOCBASHGBIM.
Hampuwvep, Ha etp. 288 '} MBI YBUILRM, UTo JomoAHeH#e £ K Hayady
koopnuHaT B [R° He #ABASETCA ONHOCBASHHM (TaK KAK TPHIOHO-
METPHUECKYH) OKPYXHOCTh HYTEM HENpepHBHOH HedOpMauHH CTA-
HYTHb B TOYKY B £ HCRO3MOYKHO), B TO BpeMs KaK 3T0 MHOMKECTBO

) Cregcteue 3 Teopenmu 58,
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cBA3HO., OfpaTao, NpoCTPAHCTEO X MOKET OHITh OJHOCBS3HbIM, HO He
ObiTe cBaA3HLIM. Hanpamep, ecau Mbl IIPe]oJ0KAM, TO NPOCTPAH-
ctB0 X He CBA3HO, HO sABJAsAeTCH OOBeLUHEHAeM JBYX OTKpPLL-
TBIX HenepeceKamwiudxca wmuoxeers X, u X,, To X OfAHOCBA3HO
TOTHA ¥ TOJILKO TOTAA, KOFJA OfHOCBASHE ofia MHOXecTBa X, H X,
B camowm xesde, Kaxihoe HenpePHIBHOE OTOODAIKEHHE DKPYHKHOCTH
HIx Kpyra B X EenpeMeHHo HMeer 00pas, Jexalidi B OAHOM U3
a1ux Muoxcers X, Xy, ubo sror ofpas ceasen (reopema 33 ra, II),

Jaa caxxaoro uenoro n220 MOENO ONPeNeaHTh NOHATHE R-CBA3-
noctu. Tomosornueckoe npoctpancteo X M Gymem HasLBaTh
A-CBAZAHM, €CJIH KAaWNoe HenpepuBHOe oTOoOpasKeHHe elHHHUHOH

chepu ma R**' 3 X romoronsno 0 usn momer Guh NPOACIKEHO 10

HeMPEPHEBHOTO OTOOpaeHHs SIHHHYHOrQ LIApa H3 R B X, 310
UHCTO TOMONOTHUECKOe c¢BoficTso npoctpanerea X. Ecau npocrpan-
crBo X 1-cBs3nO, TO OHO 0AHOCBA3HO. [IOCKOJBKY eAHNUYHAd
chepa H3 R sBasercs IByXsneMeHTHHM MHOMecTBOM f—1, -1},
a8 eAHHHYHBIH wWap npeacrasnser coGoif otpesog [—1, +1i], ToO
¢pasy xe BHAHO, uTo npocrpaHcerBo X 0-CBA3HO TOCAA H TOJBKO
TOrAd, Korja [Be NpPOH3BOJBHBE TOYKM X MOTYT OHTbL COSAHHEHH
HeKOTOPHIM MyTeM, T. €. Korzma X aHuciino ceasno. Takum o6pa-
30M, € TIOHATHEM CBA3HOCTH, H3yYeHHeM B § 10 ra. Il, cpasawo
nouarve 0-cBASHOCTH, 4 He OXHOCBAIHOCTH MHAK |-CBA3IHOCTH.
[ToHATHA A-CBASHOCTH AAS Pa3NHYHHX 3HAYCHHH 72 HE 3aBHCAT OJHO
oT Apyroro, Ecay sgech Mbl rOBOpHM TOJBKO O caydae n=1, 10
3TO 0 GDACHAETCA TOH HCK/AORHTENDHOH POJbI0, KOTODYK HIDAKT
KpHBOAHIEHHbLIC HITerpadan or faddepenngansnnix dopy 1-it cre-
negn B i VI, Ha teopemir 5l BHTexaer

Teopewma 56. Orxpotroe muomecreo Q apgunriozo npocrpan-
¢80 E, 04A3N0e, Al 38€30K0C, Ul YOOLAETAOPRIOWEE YOAOBUAM
reopemet 19 iTyanxape, uan eomeomopgaoe odnomy us npo-
CTPANCTS ITHX THROS, N-C8A3NO npu sebon n =0,

Teopema 57, Coepa, donosnenue x TO4Ke, WAPOEOH cAOH
8 N-mepnonr eskaudosos npocrpancrae E k-ceasne npu 0 AN -2,
Onu odnocemsner npu N> 2 (¢ raxwe, owesudno, npa N==1Y, a c.ae-
dosareasno, okonyaressro npu N =5 2),

Hanportus, B caeacteHn 3 rteopemst 58 Mml YBHAUM, UTO 5TH
Muoxkectsa He (N — 1)-cBasuH, B 4acrHOCTH, OKPYIKHOCTD €BKJM-
dosofl nvockoctH (N =2) He oAHOCBAzHA,

Hllokasareabcreo., 1° Jaaum cHavaga mOKa3aTeNLCTBO
Ana npoctpauctea CO, rae O — safannas Touxa u3 £. [Tyers

') Mdo kamnoe M3 9THX TPeX OTKPHMTHX MHOKecTB B R npencTasiser coboft
of e HEEHHS apyi OTKPHITHX HEIEPECeKAGILUKCE OZUOCBAIHMX OTKPLITHX
MIOIKECT B,
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S —eanununan chepa B R*¥', J— nenpepninoe otofpakenue S
8 CO. Orobpamkenne f MO¥HO NPUGIN3UTL FOMOTONKLIM €My 0TG-
gpawenneM g knacca €' (reopemm 52 m 51).

B npocrpancree E oro6paxenne g C'-romotonuo 0 (Teopema 51},
[Tyers & —romoTonud MeXAY £ H NOCTOAHHHIM OTOSpaKeHHeM
kaacca C' muokeera [0, 11X S B £. Pasuepuocrs npoeTpaucraa
[0, 1] X8 < N. O6paz G([0, 1] X 8) umeer Hynenyld Mepy mo
Mmepe JleGera oTHOCHTENRHO 11pOH3BONBHOH CHCTEME KOOPUHHAT (CJef
CTBHE 1 TCOpeMbl 102; ro. IV). 3wauwTt, moutH oas BCEX BEKTO-

poe woms E MHOKECTRBO G ([0, 1] X S) He coaepmnr O — i1, Oro-

b
6pameﬂne g+ 0 x—G (x) 4+ u muomecrsa [0, 1] X S8 E apasercs
B ,E[,EHCTBHTGJII:HOCT]I oTofpaAXKeHNeM B CO. Torgza orodpame-

H1IE g—]—u romoronuo 0 B CO. Haa |]u|l< d (g (S), 0) oHo romo-
tonvo g 3 CO (0o Teopeme 51), a cheloBaTesbHO, OTOOPA ke~
ane g romoronHo O 8 CO. Ho rtorma romoronsmm 0 5 CO
Gyner ortobpaxedHe [, a aTo o3Havaer, uTe MHOWKecTBo CO
k-cBasno.

Jameuanne. Chepy S MONKHO 3aMEHHTb MOGHIM KOMIAKT-
HbIM MHOT0OOpas3reM pasmepHocTd < N—1, Muoxkectso CO Moxno
saMeHuTh MHOKecTEOM CA, Fre A—NPOH3BOARHOE CUSTHOS 3AMKHY-
TOE MHOMECTBO H3 E [Hanec'mo UTd B 3ITOM clydae AAd DOuTH

BeeX  SHANGHHA i u3 E MHOKECTBO (O +u)([0 11X 8) He

COLEPIKHT TOYKH ¢; H3 Muoxeersa A, B cuay teopemu 21 ra. IV

(OTHOCHTEMBHO CYTHOrO MHOKECTBA NMOUTH BCIOAY BHNOJHANIIKEXCH
.

CBOJICTB) Mbl 3HAEM, YTO [IOYTH AJA BCEX 3HAUEHHR U MHOXKECTBO
S
(G -+ u)([0, 1] X 8} ne codepaur nu odnoil us rowex A, a caego-
_}
BaTeNbHO, O0TOGpakenue g -+ u romoronuo 0 B CA.]

2°) PaCCMOTpHM Temepb cayva#h cdepn Z. TIpn 3T0oM MOKHO
BCerad mepefTH K ¢Jyuam, Koraa 2 — eunHnuHan cepa npocrpas-

CTB& f. IMycre f — uenpepuiBnoe oroSpamenne S 3 2. Coraacho
aokazanxeMy B . 1°), B CO cymecTsyer Hekoropas roMoromua £

>
(1enpepeiBHOe oToGpaxkenue MuHoectBa [0, 1] X 8 B CO) otobpa-
MEHHS f B NocTOfHHOE OTOﬁpa}KeHHe

Otobpaxenne {f, x)-— F(t x/HF(t x)|| aBasgerca rOMOTONHed
Ha edunuunorl chepe I MexAy OTOGpaKenHeM [ H NOCTOSHHBIM
orofpamennem. CnepoparesbHo, cpepa ¥ AeficTBUTENBHO £-CBA3HA,

e
3°) PaccmorpnM, nakoney, B £ wapoBoi ¢aoi ¢ LeHTDPOM
e

B 70uke O, Ecnu [ — nenpepuBHOoe oToOpaxenne chepn S B Q
u Z—coepa ¢ uentpoMm O pagmyca R, cogepxawancia B £, 10
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0TPE30K [}"{'x), R{J—x;} JdexuT B £} Aax awboro y= 8. Caeno-
(FEE9]
e

BaTe/lbHO, OTOGpaxenue f roMoronHo B ) HempepoHBHOMY OTOGpa-
-

WEHHO x—»R% chepur S B chepy . B n. 29 Mo Buaean,
Iiix)|

yTo 310 oTodpaxcuHe romoronHoe O B B CAel0BATENBHO, OHO

3aBenoMo roMoronHo (O B MHOKecTBe [, KOTODOE TeM caMBIM OKa-

3HBARTCA R-CBE3HBIM,

CoBeplIeNHO OURRHIHO, UTO TOKJECTREHHOE OTOBPAXKEHHE TPH-
FOHOMETPHYECKOfl OKPyxHOCTH U3 K* B pnononnenns CO x nauaay
KOODAHHAT HE TOMOTORHO HYAK. B NPOTHBHOM CAYYae KAHOHH-
YCCKHM OPHENTHPOBAHHAA TPHIOHOMCT PHYUECKAS OKPYIK HOCTE Gptaa Onl
C%romoaornuna 0 8 CO (teopema 54), a cnegosarennio, C'-romo-
Joruuna 0 {(caenctsue 4 TeopeMut 54). MHTerpad mo srod owpym-
HOCTH OT Kouukaa de ua (VI, 4; 41) paren 2x == 0. CrejloBaTesbHO,
OKPYIKHOCTL He roMoTonHa () B MOANDPOCTPAHCTBE [LIOCKOCTH, CO-
LepiKalleM OKPYKHOCTD H HE cogepxalleM ee uentpa. Takum

: .\

06pa3oM, OKPYICHOCTE, Kpyeosoe koasyo Ry <l x — al << Ry, donoa-
HENHE K TOYKE HAl K HEKOTOPOMY HEnycTOMYy KOMAGKTY, NPous-
8026HOE NOGNPOCTPAHCTBO €6KAUJO0BOE NAOCKOCTH, codepiauiee
OKPYNCHOCTS U HE coBepaaujee ee UHEHTPA, He ABAROTLA 00HO-
CEAIHBIMU.

Mel ceffuac pacnpocrpaHuM 3To cBoficTRO Ha noatde (N-—1)-
CBA3HOCTH B N-mepHOoM adbHHHOM eBKAMAOBOM NPGCTPAHCTBE,

Jdupdepesunanbnran dopMa ¢TeNecubil yron»

JLnA BLHIMOJIHeHNR NOCTZBJAeHHOH 3231a4H OnmpellesUM B OpPHEeH-
THPOBAHHOM €BKJHACBOM N-MepHOM MPOCTPAHCTBE CIEUHANBHYIO
Anpdepenunansnyio dopMy crenedn N — 1, HasHBAEMYIO resec-
HotM yaroM, Kotopas npn N =2 umeer sug (VI 4;41). [lycrs
£ — adpuntoe eBKANZOBO N-MCPHOE mNPOCTPAHCTBO, H  OyCTL
O —rouka £. Ilyets B — 7pasecsepeansero opuesTuposansas runep-
nopepxAncTh Kjiacca C' n3 E, He npoxonamias wepes (. Ecamn sra
OpHEHTAUNA TAKOBA, HTO B KaxmJoh Touke M &Z papnyc-Bek-
Top OM TpaHcBepcadieH u NOAOMKHUTE/EH, TO eCTECTBEHHO Ha3saTh
aar¢GpaHuYCCKHM  TeJeCHBIM YIAoM, 004 KojopuM M3 O BHAHA
NOBePXHOCTD L, TeJIecHBH yroa 20, onpezesennbiit B r. IV
¢ NoMOWEK MHTerpanxa (IV,10; 25} (rac V 3amenesno ua Z)
Hanomuum, uTo B sroft ¢opMmyne r ectb paccrosuune OM U
b — ocTpoedi yrod, oSpasoravueit OM ¢ nopmaasio. [Tpe HexoTo-
PLix NPeAlCI0KEHHAX, CASAAHHBIX OTHOCHTE/EHO TPaHCBEpPCANRHON
OpHEHTAUNH NOBePXHOCTH &, yroJ O Takme #BARETCA yroaom, obpa-

30BAHHBIM OM ¢ eQHHHYHHIM [ONCKHTEJLHBIM BCKTODOM HOP-
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i -
mamu v. Cornacuo (VI, 7; 49), 37oT HuTerpaf MOXeT GHTH BLPAXKEH
Kak TNOTOK uYepe3 MNOBEePXHOCTE £ BEKTOPHOIC MOJS
e

K=, (VI, 8: 49)

4

-
rae { — COFHIYHLE BeKTOP moaynpsMoii OM.

Boage ofuo, nycTh I — ApOu3SeALHAA SUREPHOBEPIHOCTS
kaacca C' w3z E — O, uMewo11ad BPOHABOABHYI0 TPaHcBepcasbHylo
opuentauuio, TesecHom arzefipauseckum yz2aonl), NOA KOTOPHIM
13 TOUKH O BHAHA NOBEPXHOCTH Z, Mbl HA30BEM NOTOK BEKTOPHOTO
noas (VI, 8;49) yepes nosepxuocts 2.

OTOT Yyro: 3aBHCHT TOJABKO OT NOBEPXHOCTH X, ee TpaHcscp-
caabHOH opyHeHTauHH H eBKAHAoBOH CTpykrTYpu E. Cocrannsiouye

.-

noaa X OTHOCHTEBHO OPTOHOPMHPOBAHHOA CHCTEMH B £ ¢ Haua-
JaoM B O onpegeadamnTcs ne GopMmyse
i

X;==, Jj=1,2,...,N. (V1, 8; 50)

r

Iycte mpoctpanctBo E  opuentHpoBano. Torma, coraacHo
-

(VI,3;42), nomo X MOMXKHO HOCTABUTH B COOTBETCIBHE HEKOTODYIO
N=1L

I pdepedinnansuyo popMy. YMuoxas ee Ha (—1) ~, noayuaeM

dudhgpeperyua oRy HopMY <TeAeCKbLT J20A» 0 = @, CTededd N~-1,

[ad
HHTerpad OT KoTopoli no nopepxuoctH X, cHadMKelloil KacaTeab-

p
HOU OPHEeHTAUMel, COOTBeTCTBYIOIeH OTHOCHTe bHO F €e TpaHCBep-
Ca.IbHOR OPHEHTAUMHM, PaBeH aare(ipanveckoMy TeJecHOMY YLy,
Mo KOTCPHIM H3 TOuYKH O Obiaa BHEHA HoBepxHocTd I {dopmyna
(VI,7;51)). B opToHOpPMHPOBAHKON NOAOKATEILHOR CHCTEME KOOP-
IHHAT ¢ A3yYaJoM B (J HMeeT MECTO PABEHCTBO

N
=Y (1! %dx'] Adeg A Adeo Adxia Ae. . Adx, ).
= (V1,8;51)

) Paanuua Meikay OTMPetefeniniM 2MCCh Mi2efpandeckiLs TENSLIM YraoM
(NpoN3RLIBHOrC 3119Ka), 3ABUCALLIMM OT Tpancaepcadblofl OPUENTAUNN 2, ¥ abeo-
NIOTHBIM Teaecuwt™ yraoMm o IV (Beerga -2 0), HE 2aBRCAUIHM OT Kakoi-anbo
opuenTauuy, cuesngna. Ecnn E - ofbenunnennwe fRYX cdep ¢ ueaTpoMm B O H
¢ MPOTHEONOMNOKEEIMU OPHEHTANNAMY, TO ASCONIOTIHIL TefeC i Yroa pases QSN '
B TO BPeMa Kak anredpanyeckuil Tenecmwilt yroa pasen (.

) Mbl samncLiBaeM 3mech 3T DABEHCTEY B HEKOTOPON CHCTEME XOODLHRAT,
HO ) SABHCHT TOABKO OT EBKAHAOBOH CTPYKTYPRl H OPHEHTAUHH, TOCKOJEKY

—->
nede X, sanasaemoe ¢ nomowpin (VI 8;49), 3aBUCHT TOALKO OT eBKIKIOEGH
CTPYETYPb 1iDOCTPAHCTBA,
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[MTogvepkueMm €HOBA, 4TQ AJAA ONPeAeeHNS 3TOH (PopMH Cie-
AYET Npelnotarats NpPOCTPAHCTBO £ OpUEHTHPOSAHHMM €BKAKWNO-
euiM. EcnlH, lie Menas CRXJAWAOBOH CTPYXTYPL NpocTpaHersa £,
H3MEHHTh €rQ OpPMEHTAalMI, To Bektopuoe mone (VI, 8; 49) ne ocra-
HeTCH HEH3IMeHHLIM H, CJAeA0BaTe bHO, dipdeperiiuatonad Gopad wy
DoANCHA ROMEHATE GHOK.

HexoTtopue npaMepw. %) Ilpeanonokum, uro £ apaaertcs
eBKJHACBON OpueHTHPOBaHHDE nnockoeTeid K2 Toraa mugupepen-
nHajeHas (Gopma €CTb He Wre HHOe, KaK TO, UYTO MBI Ha3bBaJIH
Iuddepenunatom aprysesra HAM NOJAAPHOre Yyraa d¢, H onpe-
peaserca no gopmyne (VI 4;41). HOuddepenunansvuan dopMa o,
fpJsiercd odoGnieHdeM d@ Ha CAYY4E NPOH3BOJLHOTO N,

2°) ITpeanodonM, 4TO NPOCTPAHCTED £ eCTh KE M UTO B HeM
BBEJEHa CHCTEMA DOJAPHEIX Koopiwwar r, 0, . [lpanuMas Bo
BHHMAHHE COOTBETCTBHE MEKAY BeKTOPHBIMH NOAAME W gadgepen-
HHAJALIHME  HOPMAMH CTCHEHH 2, oOoRnpedencHHOC 1o GOPMYJTe
(VI, 4; 34}, Mul BHAMM, 4uTO BekTOpHOMY fomo (VI, 8; 49) cooTset-
cTByeT IH$depeHUHATBHAT HOpMA

@, =sin b dB A do¢. (V1,8;52)
Tak xaKk sgecb N—1=2, (—1)"""
My Qopuy.
3% dag N=1 ¢opma w, apBarerca $opMoil cTemenu 0 uau
dyvakuneit. M3 dopmyam (VI,8;5l) caeayer, uro sra yHKOus
paBHa sgnx, T. ¢, +1 ana x>0 n —1 nna x <0,

=], T¢C MH TOJYYHJIH HCKO-

fad
Teopesma 58. Ecau E ecrs N-mepuoe opuentupoeannoe earitl-
doso npocrparcrao u O — rouxa E, To dudgepenynarsnad popma
«reaecHutil gena» oy npunadaexdur gaaccy C7 4 3amrHyTa 8 Jonoa-
-~

wenuu k 0. Kposme vo2o, ee uUHTEZpaA HO RPOUIBONGHOL cihepe T
¢ yenrpom 8 Touke O, OpUCHTUPOSAHHOL KAK 2POHUNE €OOTBET-
cTeyie20 wapa, pasen Sy, (N — l}-meprod naowadu eduniy-
Hot cepst npocrpancrea E:

0, =Sy (V1, 8:53)

[ F Y —

Joraszareanrcerno To, uto dopMa ©, PPUHAIICKHT
KJgaccy C” B E -— O, BuTekaer k3 ee npeacrasaenus (VI, 8;51).
HeTpyaHo NOAYUNTE KOTPaEuLy 2TCH (Gopmu:

N
1 3 A
d"’:(;l}i(r—’{’) dx A dgy Ao Adxy. (VI 8; 54)
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3aech
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=t =1

a aTo o3mayaeTr, uTo PopMa @; IAMKHYTAa.

C apyroff CTOpOHR, ee HHTErpa’d Mo NPOM2ROILHON RaHoWH-
YeCKH OPHeHTHpoBaHHOH cdepe ¢ uentpoMm O paaxvca R paer
N=—1

S
norow BexkTopHoro nojia (VI, & 49), xotopmil pasen %«r-ﬁ—'

T. ¢. DACILANY eAuHHuHON cdepw ).

3ameuanune [lockonabky dopma w, samxHyta B £—Q, ee
puterpaiu no AsyM ClromojornuswM unkaam H3 E — O cosna-
naior. Hampotue, u3 ¢opMmyam (VI,8;51) ciaenyer, uro andde-
peHnuaibuan ¢opmMa @, HMeeT ocoOeHHOCT, B Hauase KOODAHHAT
H 3aMeHnTh £ — O Ha E, €CTeCTBEHHO, HeBO3IMOKHO.

Caegcroue 1, Koyuks o, He 28486TeA Kogpanuiyed ¢ E—O.
~

B camomM Oefle, B NPOTHBHOM €JyYae ero HHTErpad Io UKy =
Onill Gbl paBeH HYJIO.

2ror dakt o6obmaeT CBOHCTBO, KOTOPOE Mbl YXe PacCMaTpH-
Baan nas ¢opmu (VI, 4; 41),

Ecnu Baate dopmyay (VI 8;52), To Mo noaywmim, ut0
oy =d[—cosBdg]. Onnaro dyurUau 0 H ¢ onpedeneH H AHP-
depeRuUHpVeMH, HANDHMED, B AOMOJHEHHA K 3aMKHYTOH MeDHAHAH-
HOH MONYNAOCKOCTH, HPOXOAAILed uepes z2° 1 Ox, a He B R*— O,

Cranencrere 2. OpuenTupoSaHHaR ¢depa KOHLUHOMEPHOED
esKAtdO8a appurRoz0 npocTpancTaa He 20amoaozudna 0 8 donna-
HeMIU K ee yenTpy u Tem Ooaee He zomoronHa 0.

B camMoM Acde, B OPOTHBHOM cJayuae, COTVIACHO CAeIcTRHIO 4
Teopemsl 54, HHTErpaJ OT KOUHKJAA @y NMO STOMY WHMKAY ObLA Ob
paBeH HY.TO.

Caencreue 3. B N-mepronm eoxaudosom npocTpascTse
cepa, JonoaxeHie K HeKOTOpotl Towke, wapoeold caoft wak, bosee
06w, nodmuoxecteo, codepucauee cepy, HO He codepagatyee
ee yeunrpa, we (N — 1)-cadasnst

'} Tax kax Buxoanmnfl pagayc-BeKTOP TpaHCBepCaTbHO TOM0KATEICH, TO
snech axrebpanveckul TedecHerli yrom pamed aGcoNOTHOMY TEJECHOMY Yray.
MMostevy Doay9eHNuafl  peayapTaT ABATETCA HERGCPLACTREINIMM  CASACTDHEM
onpedetentf aGCOMIGTHOrD TedecHoro yraa (crp. 769 7 I). [Ipy N=1 nHTe-
rPan OT Sgn & Mo apHcHTHPoBaHAol cdepe {(odpasosamnoft w3 {41, +} w {—1, —h
M. eTp. 233) paeen =2 — paowmail endHuuHol CQeps HIH HHCIY €€ TOUEK
{cM. damedauue 5°) ma crp. 766 [-ro toma).
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B cumoM amenc, B TakoM mognpocTpaHcTse cdepa e romoTon-
ima 0, TaK Kax oHa ¢ romoronna 0 naxe B AONOJRCUHN K eC UEHTPY,

[loayyeHHBIH peayapTat ZonogHsier GakT, KOTOPHft MBI OTMe-
qany B Teopeme B7. (MIHako ocTaerTes OTKpHITOA npobaema k-crAs-
HocTy cPepsl B A-mMepHoM RpocTpanceTee npa &2 2= N, 1o cJA0mKHadA
npodieMa, NOKa ¢lile MOJAHOCTBYY HE PenreHHad.

Cacactone 4. He cyumecroyer wenpepslano2a oTo0 paicesu i
wapa B eskaudona  KONEYHOMPPROZO HPOCTDAHCTEA HEA O2PAHHYL-
BAWYK €20 Cihepy S, CORRAOMIOWE20 € TOMIECTBEHHHM omﬁpa«
HeaHHem HE 3TON cqbepe

fcan Obol Taxoc OTODPa}KQHHC CYWeCTBOBAdIe, TO 3ITQ O3Ha-
gade 6Ll clredviouiee: TOxAecTIRemHoe orodpamenne cpepu S
Ha ¢e0fd MOKHO HPCAOJKHTE A0 HENPephlBHOTO oT06paKeHHsd
mapa B Ha cpepy S, a ciaerosatenpHo (Teopema B5), chepa S
roMoronHa O B S H TeMm GoJdee B ICNOJAHEHHH K e UEHTPY, 4TO
MPOTHEOPEYNT CJICLCTBHIG 2.

Chencreue b. [Jse eoxaudoseis chepat paztinrbly KORELHOLY
passeprocred He eoxeomopius, Hea adpumrms npocT pascTeo
PA3ANHRON KOHEUHOIL PAIMEPROCTIL HE 20MEOMODDHbL,

B camou aene, myctb ¥ u N — nBa weaplx unedaa >0u ¥ > N,
Ciepa N'-Mmeproro eskanjosa a@pduuuoro npoctpasctea (N — 1)-
¢Bsi3Ha (TeopevMa B57), a cdepa eBxanaoBa N-MePHOTO NPOCTPAHCTBA
3THM ceoficTeoM de obnagmaer (caeacreue 3). CaenoBartennHo, 2TH
cheprl rOMEOMOPPHBIMHE OHTh HE MOTYT.

Ecny 6ml npa addunnmx npocrpakctea pasMepHocteft N n N/
SHIA TOMeoMOPGHBIMA, TO AONOAHEHHA X HEKOTOPOH TOUKe B 3THX
MPOCTPAKCTBAX TaKHke O Obl TOMEOMOD{DHK M, UTD HEBO3MOMHO,
NOCKOABKY OJHO U3 HUX {N — l)-cB43HO, a IpYyroe — HeT.

DTH peayipratel OuayM cHOpPMYJIHpPOBaHb PaHbile, Ha cTp. 938
T. I. MBI BHOHM Tenepb, KaK MHOTO FeopeM OBLAC HCTONLIOBAHO
AnA ux  Hokagarteawctsa!l Ecan 3aMenMTh <roMeoMopdHiMe la
«Cl-andpeomopduan», TO HHBAPHAHTHOCTE DAIMEPHOCTH YCTa-
HABJAHBAETCA 3JeMeHTAPHO, Kak 5T0 bl Bpaend B i 11 (coen-
¢rBHe 4 Teopemu 11 M npumeuvanwe Ha crtp. 234 1. I).

Tenepbs mb cMoxeMm AononHnaTs TeopeMy 19 Ilyamxape.

Teopewma 59, [Tycrs Q — 00KOCBAIHOE OTKPOITOL MHOMELTS0
- -

KOMERHOMEPH OO acfxﬁuuwoeo apocrpancraa E, © — samnxuyrar dug-
epenyuatenan gopya 1-i crenenu rageca C’” {mz=1) Ha Q

CO 3JHAYEHUAMU 8 OUHIX08OM RPOCTPANCTSE F Toeda popua ©
R64RCTCR Qugphepenyuanon wexoTopoll dynxyui F xaacca C,
onpedereunoll Ha Q €0 HOQUECKUIMU 8 F.

HorasatreascTso. BocnoawayeMes KputepieM Teopemu 45,
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ITyern H —oroGpaikenne xaacca €% OpPHCHTUPOBAHHOA TPITOHO-

Merpuueckoit okpyxuocrd 1I' B Q. Ilocrodnky muomecTso U mo
OpeillloAOKEHHIe 00HoC8R3H0, oTobpaKeane  ronmoTongo 0, a cae-

kel

aoparesabro, C-romotomue 0 (reopema 53). 3Hauut, uura M T
>

C™-rovonornuen 0 (reopeMma 54), a Torma mHuterpad oT w 0O

~ >

uakny M |I' pasen nyaw. Ha teopemut 45 caenyer, urc ¢opMa o
AIBAACTCHA KOTPaHHUS.

3aveuanue. DTOT pe3yaALTAT, OYEBHANO, 3HAUHTCABHO IIHpE
TeopeMbt 189, Hanpusep, » 10OMOMHEHHN K Touke © addunuom
npocTpaucTre pazmepHoctd N > 2 teopewa Ilyaukape cnpasei-
Jpa 33 creneny 1, mockoabKy MHAOMectro GO oavocuaHo
{reopema 57). Onnaxo muomecréo GO ne odaudaer cooricraasn
snoxecron reopesmur 19, OTrpbiTeie MHOWeCTBa TeopeMsl 19 gaa
Kaucnoro R zz0 Ouwam E-cBasHul (reopeMa 51), B TO BPCMA Kak
sanecs GO nna N 542 onmocea3Ho, HO He (N — 1)-ceasiuo {(caen-
cTane 3 TeopeMst 88). Brnpouem, Mbl AOKA3BIBACM 3HECh CYLIECTBO-
panue pHelHed nepsooGpasHoll TOALKO Ias ¢opMil cTenend |
B CBSI3H € OnHOCBAsHOCrhw. Ho B CO HopMa Gy ABARETCA He-
KOTOPBIM KOUMKAOM cTeledn N — |, KOTOpPLIA He €CThb KOTpaHula
(caenctsre | Teopemur 58), B 70 BpeMs Kak Teopema 19 Gmaa mpu-
MeHHMOR KO BeeM cTenensaM >>0. Teopema 59 He 0GoButaetca Ha cTe-
TeHl == 1; OTKPHITOe MHOMKECTBO ) adhHHHOrO NPOCTPAHCTEA MOMKET
GHITh £-CBA3HBIM, 4 BCE KOIMHKAL! CTENEHH £ He GYAYT KOCDauMnaMu.
TeopeMa 44 fe Pama nospoaser YTBEPKAQTh, UTO BCE KOLMKJIH
cTelledd & OYAYT KOorpaHHUAMH, ecanl J0Gol [HKI pasvMepHOCcTH &
romovnforauen 0, a 570 He SKBHBAJAEHTHO &-CBF3HOCTH.

Ilppy N =2 wmuoxecrro CO He ONHOCBA3HO, M MBE BHMeJH,
uro TeopeMa Ilyankape He HMeeT MecTo JAAs crenedu 1 (dop-
nmyaa (VI, 4; 41)).

o>
Cueupcreue 1, [fyere X—aekropuoe noae kaacea CF (m=),
onpedelennoe 6 OOHOCBAIMOM OTKPOITOM mNowecrse 3 u3 N-uep-
Ho2o ahGunnozo esxandosa npocrpancrex E. fpednosoxcum, aro
cocragatomie X; 97080 BEKTOPHO20 NOAN & GPTOHOPMUDOSAHHON
ciere e Roopdurar ydosaeraopawt coornowennam (VI 4, 52);

ax, éx,

dx k dx i *

i, k=1,2, ..., N. {Vi,8; 55)

(B caywae N =3 274 COOTHOHIEHUA O3RQUAIOT, 4TO POTOP GCKTOp-

HO20 noas paser Hyao.) Toeda aro gexropuoe noae se.gerca dugp-

gepenguaron nexoropogo noreryuasa U xaacca C™Fl.

Cnencreue 2. Ecan Q — 00100893108 OTKPOITOE MHOMECTEO
ns K2—0, 70 8 Q cymecrayer pynkyuz-apzyment rgaacca €7,
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Ecan muomxectso (& oMHOCBA3HD, TO, COTMACHO TEUPEME, KO-
nnka o w3 (VI[, 4, 41) apagercs Korpauvues, a Toraa B Cuay ciei-
cTBHA 2 TeopeMmHl 43 B Q CYWIECTBYIOT HCNPCPLIDHEIEC (BYHKUUH-
aprymMeHTH.

FoMonoruss B JONONHCHHH K KOHEWHOMY MHOMKCCTRY
a$PHHHOrO NMPOCTPAHCTES

Mu Bmacan (cneacrsue 3 Teopemn 34), yto B £ naw B or-
KPLITOM 3BE3/NOM MIOXKCCTBE H3 E wamamit C™-unka paamep-
goern 2> 0 C-romotornmen 0. Jasee wmbl 3afivevcs uayuesnes
C™-TOMONOTHA B JIDMOJHEHHN K KOHEUHOMY MHOMECTRY A-MEPHOro
ap@uugoro npecrpanctea E. Mel yie oTMeuamy, 4To OpPHEHTHDO-
BaHHas cdepa He TOMOAOTHYHA O B JONOJIHEHHE K €€ LEHTpY.

Teopema 60. [{ycre Q — orspurog mHoiecTen N-sepnozo

OPUCHTUPOBANKO20 adhtinnoeo npocTparcrea E nad noaes ecue-
creenniiy wtced, fycre A==la), 4, ..., @)} — KoHeunoe MMONE-

crec 8 Q. Hyere V.oV =Q ecte N-mepuoe komnaxtuoe HHO2O-
obpasue ¢ kpaen xaacea £ (m =1}, CAabern0E OPUEHTaLHUer V
ORPEEACHHON OPUCHTAIHEN 1LPOCT PaAKCTE F it Taxoe, «ro a; =V
das HEKOTOPO2D { 4 a &V 0ar j== i, Tozda Kaace C-aouoaoci

NOSEPXHOCT ! Tl g orepatros muoxcectee LY — A ne sasucur
T o7 sbbopa MHo2c00pazua V.

Hdoxasateascrtso. CHadnuy E NPoH3BOJBHON €BKIHIOBOH
CTPYKTYpOH H ofo3HauHM uepe3 B; 3aMKHYTHll Wap ¢ 0eATpoM
B TOUKC (&;, HACTOJAbKO Maﬂbiﬁ, uTedn OH He COACDKAN HHKAKHX
APYTHX TOUEK 4, fs=i, a caM Jsexaa BB B OTKPLITOM MHO-

wecrpe V. Opﬂeu'rnpye_\{ ero ¢ TMOMOILL KD opﬁeHTdumi JpocTpan-

CTBA E [TonoxuM crf-bB; Muoxectero V — B’f, He copepiKalnee
TOUKH &;, SDAFCTCH KOMMAKTHLIM OPHEHTHPOBANHHY (C NOMOWEI
OpHEHTAUNE B F) MHoToOOpa3neM ¢ Kpaew Kaacea C"e Q—A4
¢ rpanxie 2 to, C.T[ﬁ‘;IOBaTe'ib!-IO NOBEPXHOCTE S B MHOMECTBE
Q— 4 C" -TOMOTOrHUAA 0‘;. Ecin Teneps B3aTh ABE TaKime rCHOEp-

,a

HOBEPXHOCTH %, Z, H uepez B; o003HAYHTb HACTOMBKO MAJLLH
map, g7100H OH CO,‘lep!KﬂJ[CFI COAHOBPCMEHHO B COO]Be?CI‘BYIOLII.HX

OTKPLITEIX MHONECTEAX I/"1 68 Vq, T0 ofe MrHOePROBePXHOCTH 2,1 2] Eg

GYAYT TOMOMOrHYHE 0’, B Q — 4 4, caenoBarenbHo, roMoa00 HHR
Apyr npyry {puc. 10),
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3ameuaune, 1°) Kakum 6u ng 6na raace €™, ppka or:;-,
ONpeNeNeHHEf ROJOKHTENBHO OPHEHTHPOBAHHON €BKIHAOBOA che-
poit ¢ NeHTPGM B a;, RCErJlA NPHHANJISKAT Kiaaccy €%

2%} Tak kak wMH He onpefeasem MHOTDOGpasuii ¢ Kpaem
knacca €Y, TC TeopeMa He uMeer cMmelcad AaR m o= 0.

Iod
PaceMotpIM RCe runeproBepxuocTH S kaacce CF yrazagoro

B Teopeme THIA (HanpHMep, TAKME eBKANMIOBEI Cepw, KaK o)
Oun mnonapue C -romosorndvel B Q— A, a  CJACI0BATCMBHO,

Ck'l"OMOﬂOl"}*I'-IHhI A KaXA0ro KOHEYHOro 3HAYeHWd &, BKAOYaw

Pue [0

u k=0. 3uawur, onu onpedeamor oduM & TOT We KAGCC
Ct-comoaoeiti 8 2 — A, KOTOpotil mot Gyde s 0603HAHATS wepe3 (a‘f’).

Ecnu I npunagacxur kaacey €%, m =1, M ydosaersopser
YCJIOBHAM TEOPEMbI, TO 3TA PHNEPNOBCPXIOCTD IPHHALACKHT TAKHC
kiaccy C™-romoaornfi (ai™) i kaacey CE-romomornii (@) man

0Kk, Tlpu m=0 Bce 3TO He uMeET CMEICAA,
- fad
Ectecrsenyuo, 4to ¢; HAH I ABAMIOTCH TPauHUAMA B £, a aHa-

yut, C7-romodornunnr 0 g . Caepozaredsuo, Bee O MURIH
Kaacca (™) w3 Q@ — A C7-romosoruudsr B Q. O1Hako sTHM

cpoficTeoM B £ — A oun me ofmazawt (creacreue 2 teopemul 58,

Qfumee Boipaenue ANA KAACCOR rOMosoTHI B @ — A
loMoa0rHYHOCTS HY G B &

Teopema 6l. Hycre Q — orkpoirae Muoxectao N-ueproao
fad
OpUEHTUPOBAnHG20  aduanoee  npoctpancrea E. Hycre A=

-
={a,, @, ..., @) — koneynag qacrs Q. Hyers T ecrs CM-ynra
(mz=0) ua Q— A, C"-eomorczunmsi O g W, Feru paamepHocts
aroen gukaa < N-— 1, 1o on C"-zomosveuien 0 u 6 @ — A. Ecan
eeo pazmeproctt pasia N — 1, 70 sro yreepacdenue, soobiye 20-
sopa, He sepro. OOHAKO cltyecT8yoT Takue 0dHosKauHO onpede-
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ACHHBIE HEAbIE HUCAQ P|, Pg, - ... [ HPOURIGOAGHSLY 3HAKOG, 4TO
par:cmarpueaeubw yuka npunadaexmur  Kaaccy CM-zomoaozail

Z p{a™y s Q—A
Kpome toeo, ecan npocrpavcreés E egraudoso n ecau W,
Aeaserca Jugepenyuatonod gopmold  «TeaccHBUi Y204 OTHO-

cureasno rouku q; (Popmyaa (VI,8,51)) u nuxe I npunadaiexur
raaecy C(uan xaacey C° u umeer rwomeunyro dauny 04 N =2, ro

pr= [0
Sy J Ve {V1,8; 56)
r

-
Ecau E — noae gomnaexcneix wicea C, paccsarpusaemoe Kak
ABYMEPHOR OPUEHTUPOBAHKOE 28KARDOBO NPOCTPAHCTEO Had R, 10

o
daa yussa I xonennoid daunet kaacca C¥ usmeer mecro pasencrso

1 dz 1)

p"_ﬂ.[z—a . V1, 8: 57
A i (V1, 8;37)

r
TIpexze weM J0KA3HBATB 3TY TeOpeMy, 3aMeTHM, UFO AMA {10-
JAYUYEeHUs] BCEX €e Pe3ysTaTOB CJAelYeT PaCCMAarTpPHRATh TO26KO
uHKaAN u3 Q — A, romodaordunme 0 & Q. B caMoMm nene, Mul
TOABKO YTC BHEJH, YTO KaxAwil uuka knacca {e{™) romoaoriies O
B Q. Lluknsl pasmeproet’ N —1 u3 Q — A, He ToMOJGTHYHbE O
B £, He 0GA3aTeNbHO NPEICTABUMB B YKa3aHHOM BuAe. LEcan muo-
HKecTEO Q BLIMYKAO0 HJAH 3BE3AHO, TO 3TO He ABAALTCA OrPaHH4Ye-
HHEeM, H TCOpCMA ﬁyxl',e']‘ CnpaBe,‘l.l']HBOH i3 | Kaxedozo HuKaa 13
Q— 4. OrveruM, YTO CAOMKEHHe K/AACCOB [OMOJICTHA MNPOH3BO-
LUTCA TaK, KaK OHO OwJI0 onpejgleHo B Tpynme COMOJIOTHH Ha

cTp. 266.

Jdokazatenscreo. B neprofl YacTH HOKA3aTeNhCTBA MBb
paccmoTpuM Goaee cloxAHbE caydail pasMmepuocty N -— 1 v moka-
MEM CYHMECTBOBAHNE UYHCE p;, VKAIAHHEIX B yCAOBHH TeOPeMHL.
Bo BTopofi yacTH ML NOKakeM HX CIHHCTBEHHOCTh, a B TPCTbEH
HacTH PAcCMOTPHM cavual paamepHoctd & < N — 1.

{lepaaa wacrs. PaccMoTpHM CcHawaMa chomIbIA cayyail, Kornma
PazMepHecTs pasHa N — |, u Jdokaxes cyugecta0sanie 4uces py.
.

Hepswd  cayuai. Tlpeanonoxmm, uro ocobudi C™-umka I

B QA paamepuoctdn N — 1 umeer sun i IbV rae 17 CV eCTh

1} B stoil $opMyne i umeeT [ra pasIduHHX CMECTA. JTO Uedulll HRASKE
B p; 0t @y HO 3TO R VZis B pamcca 2.
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NM-meproe OPUEHTHPOBAHHOE KOMNAKTHO® MHOMOOGPa3He ¢ Kpaew

gaacca C™ (kaacea €7, coon m=0), H — otofipaxenue rsacca C™

sToro MHEOrOoGpazua V a Q'). KpoMe Toro, nMpennonoxkum, uto

npooiipasomM Kaxaoi tourn «; ua A npa ototpakenun H spnmerca
"

KOHCHHOE 4uc.10 TOHCK o, , u3 V {oHIl Ue soryT MexaTh ua bV,

nocroabky [ Jdewur s £ — A), uTo Kamnas Todka o, , uMeeT
B VY HeKOTODYO OKDeCTHOCTB, B KOTOPoW A MPHHAIISKAT 1O
KpaitHed mepe kaaccy C' (sro uaw cayuas, koraa m=10), u, Ha-
KoM, uTo  TPOH3BO1HOE oroopawemle H (e s V) annsercs

URDERTUBHOIM OTOGPAKEHNEM ]’"(al o V) E T. €. 11MCceT MAaKCH-
Mandsiuii panr, pasiuwi A, #au GuerTuBOO, Tor,.ia {reopema 29 n
chencrane 2 Teopesmel 31 ra. III) cyulecTtyerT Takaa oTKpPLITad

.
CBH3HAM OKPECTHOCTD #'; , TOUKH «; , B V, uTo H(¥%; ) sapaseres
OTHPLITUM MHO)ecTEOM B E W cyweHne H wHa # , seagercs
C™-anddeomophnamon (C'-nupdeorophuamon, ecnu e ==0} oxpe-
CTHOCTH ¥°; , Ha H(#; ,). Koneuro, okpecTHOCT #7f, ,, KpOMe a; .,
He CODEIKMT HIKAKHX APYTHX Mpoofpa3oB TOUKH a;. MKl ee Mo-
KeM BHODArb HACTOMBKO Maaol, uTodsl GHA HE COIEPKLNA HH-
Kaknx npoofpasop Todek a; npn j<=i. OGoanawum luepez f; ,
KOMIAKTHOC MUOFOOGGPasue ¢ Kpaem N3 By ,= ¥, , wiaacca C7
(xnacca €', ecan m=0), conepxkawes «; ,. Jast Toro 1To0H 110-
JAYUNTL 3TO MHOTOOOPA3Ne, OCTATOUHO B3ATG B KAueCTee B , Ipo-
oGpas npa cymenunn A ua ¥, nckoroporo wapa By . ¢ ncuTpoM
B TOUKe @;, colepxaugtiica 8 H (¥ ), Tlockoanky oxkpectnocts #7;
craana, To Clauddeomopdpusm H, neperozsmmit ¥, Ha ee
olpa3, cOXpaRdAET BCIOAY JIAHHYI0 WM NPOTHROMOAGKEYIO OPHeH-

traunio (opneatauuio V u E). O603HauWM uvepe3 e, ., BeJHURHY,
pasuyio 1 wam —1 B 3aBHCHMOCTH OT TOFO, KAaKo#l H3 CJyuUdes
paccumpﬂaae'rc:ﬂ — nepBull HAM BTOpOH. ITC 03HaYALT, UTO & .,

HMeeT B f:: 3HAK HEKOTOPOro Gaznca- OU}‘Id'Sﬂ npi OTOJ}_]HA(L‘:IIII

A (o, ) MOAOKKTEARHOMO Ha3dca 13 I(u; »» V). Ecmis ¢ noMoluso
JAOKAABHBIX KapT, COXPUHUONLIIY OPUSHTAHIE , MAMKECTRO #7; , H
H(?;,) cBecTH K OTKDLTHM MHOKecTBaM B K, 10 € , Gyaer
HMETh IHAK AKOOWAHA oTohpamennda H.
Muoroofpaswe §; . cHaSTiM opHeHTamteil cortacun opHenTa-
fad

-

aun V, a wap B ,— COTIAcHO OPNMeHTAUHI [npocTpadeTia £,
Tor,u.a H|ﬁ,, ¢ O¥AeT 0co0LIM MHOroGOPa3ICM, 3KBNE aACHTLIE M B1 v
"M B,.v B 3aRHCIMOCTH OT Toro, Oyjer v g, , =+ 1 maw — |,

—~
1} Hanoyuum, wro wuka I ono sipeaooaciaceune C™-rovonorien ¢ o 8. My
3J€Ch DPACCMATPHBAAN e[y BEChMa YaCTHuIl caytai: C™-zpamityy.
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Haka (7168, ) supneadenvenn unkay &, b8, ,, npuragaexauemy
knacey Crromonornii e, (a8 Q— A.

@ ~
Muoroc6pa3sue ¢ kpaem V — Uﬁ;_ ¢ KMacca €' ¢ opuentaunel ¥V
iLw

o D
HMeeT B KadecTBe rpaHnun obbeanHenne bV u 0f; .. Chenosa-
VY

TeNRRO, ocoloe  MHOToOGpasme HI V— U B v coOdeprcatieccs
[

8 0 — A, uvMeer B Kauecree CPaBHULE! LUK | bl/ -+ Z H |bﬁ; "

Ey W

OTcoaa BHTeKaeT CAeAVIOLIRHA De3VABTAT:

Huxa HIW CMeomoaccuren ¢ Q— A yusay X H| by o,

iv
SKAUBGACHTHOMY Hukay 2 e, bB, ,. Feo kiaccos C-zomorozuil
1,V
S

a8AR0TCS Zx_,pi {alm), ede pi_=}:_eilv~—pa3nocrb MeHeDY  HHCAOM
apoobpases ToHeK a;, 8 KoTOopelx ordbpawcesue H coxpawner
OPUCHTRUING, L HUCA0MN apoolpasog, 8 koropsty H smenger opuen-
TR0,

TeopeMa NOAHOCTRIO A0KA34HA A5 PaccMaTPHBASMOTO YACTHOTO
CAYUan, i, KPOME TOTO, Mbl LMEEM SCOMET PUUCCRYIO HHTE P DETRULIO
KQagpuyuentos py.

Bropod cayuad. T' — npouaroasteti C™-uura us 0 — 4, C™-ro-
ModoryuuLli 0 5 Q) toe m =),
B muoxcecTee L2 AMEIOT MeCTO PopMYJkt

T=H|3,

. . . - N (V1, 8; 58)
HISE-HIVIHIW=HV 1L HW.

- Pt Ead T

Hakaw H |V, HIW, H|V" o HW aexar 8 Q u ne oGaza-
resono 8 Q@ — A, Obpazst (W) u H{W’) ABAf0TCH KOHEYHBIMH
MHOKECTBANH (u MOTYT CONEDIKATL HEKOTOPLLE TOTKH 2;). C apyrof
cTopousl, ff H"—HHJX” H |V’_H]bﬁ’” rae H n H' apagiortes
OTOBPAKCHHAME Kiaacca C™ KOMOAKTHBLIX ODHEHTHDOBAHHLIX MHO-

o -

rooGpazuii ¢ Kpaem #°, 7 pasmepnocta N B Q. 3xech He npej-
{(IO/araeres, YTC BBINOJHEHE JOBOJBHO CcHeNMalbHEe CBOACTBA
I-ro Cﬂyuaﬂ

TTveTh Lt-—HtKO'lU[JbIH BEKTOP 113 E. PaccMOTpuM BMECTO OTO-
Gpascesns H oToGpaskeHne H+u mHoroobpazna ¥ u3 E, onpe-
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. -
zedernoe mo Qopmyae £— H(E) 4 u. Tloraxen, uro, xkaexoso Got
e
Hu Obt10 4ucao &> 0, nowra A48 Beex 6eKTOPOS 1, TAKHI, YTO

>
fulls<e (8 aeno*ropou subpannci Hopye npocrpakcrea E), oro-

Gparenue H -+ u mHoeoobpasua ¥ 8 R obradaer csoiicteami, Ko-
TOPHIE ML CHUTAAN Obiroancnusimy 6 1-u cayuae,

Bribepem u sadHREcHpyeM B nmpocTpaHcrse £ Hexkoropyo CII-
CTEMY KOODIHHAT M PAcCMOTPHM CBS3aHHYI ¢ Hell Mepy JleGera.
JLng npon3rosbHOH TOYKH a <= ¥’ BHOepeM ee OKPeCTHOCTE 27,
B ¥, xorgpaa Golia Gbl 00pa3zoMm OTHOLHTBJI[:HU kaprtel @, Hexoro-

POTO  OTKDPHTOFO MHOxecTRa O, w3 RY. Torna Ho D, 6y ner oro-
C\pame}mem kaacca C™ wmuosecrsa O, B Q. NTaep}KneHne, uto
B Touke § u3 7, padar H'(§) menbwe N, akBHBajeHTHO yTBEp-

HKIOEHHIO, 4TO siKOGHAR oTabpakeHHda f od, pasen HyJ 0 B TouKe

©;'(z). Vs teopemn 102, r1. IV BWTeKaeT, 4TO ecaM MH pac-
CMOTPHUM MHOMECTBO TAKHX TOUEK L, B KOTOPHX sKOBHAH OTO-

Opamenns H o@D, pasen Hymdo, TO ero ofpa3 npH oToSpaKenuu

Ho®@, nmeer HyaeBylo MePy oTHOcHTedbHo Mcepu Jledera. Dro
S3HAUHT, YTO €C/H MBl paccMaTpPHBAEM MHOKECTBO ToueK § na 7,

B KOTOPuIX paur otobpaxcuna A’ mcubuie N, 10 ero ofpas npH
otofpaxenun /{ nmMeeT HYJIeBYIO Mepy B £,

Takum ofpaszom, Kaaas Todka o <V UMeeT Takyio OKpecT-
HOCTh J7;, HTO MHOMKECTBO TOUEK 3TOH OKPECTHOCTH, B KOTOPHIX

panr H’ scHume N, uvecr npu oTopamennu H o6pas HY e BOi
mepul. [lockoabky MHOKecTBO 7° KOMNAKTHO, CTO MOMHO IOKPHITH

KOHeYNLIM YHCMOM 3THX OKpecTHoCTel, CaeaoBaTe/lbio, MHONECTE0
Todex £ us ¥°, 8 koropumx pase H'(E) menswe N, uneer npit
oTo6parcenuu H ofipas nyeson Mepn 8 E.

CJIEAOBdl‘eﬂbHO, eCcJH Mbl PAacCMOTPHM MHOMKECTBO TaKHX BeK-
‘TOpOB u, YTO Hull<e TO NOuTH 332 8oex 3THX BHOYeHI u TOUKAa
a-—u He TNPHHANAEKHT STOMY oﬁpa%y Momtﬂo TAKKE CKA34Th,

4TQ IQUTH IS8 BCeX 3HaYeHHH u H3 wapa || u e TOuKa g
ABALETCR TOUYKCH, Dee npoodpashl KOTOPO mnpH oro6pa:ﬂ<ennn

—~ -
H 4+ 4 gpagwTes toukaMi o , &= 7, B KOTOPHX NPOK3IBOILHOE OTO-

— -
Opamenne ot /f 4 u nmeet panr, pasublfl N, Touky stux npoos-
Pa3op TOrAa HeoGXOIMMO H30JHpOBaHW (B OKpecTHOCTH %, Ka-
KHAOH N3 ToueK a; , orobpamenne H sABIsAeres TOMeOMOPQHIMOM
U TOUKA @; B KauecTBe npooHpaza HMeeT TOJLKO TOUKY & ),
a MOCKOJBKY MHOTO0GDA3Re ¥° KOMBAKTHO, TO HX HMEETCHs KOHey-

—1
une uucae {muoxecrso H ™ (a;) AUCKPeTHO, NOCKOJABKY BCe ero
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TOUKY HM20JHPOBANL, H 3aMKHYTO B ¥, a4 CACAOBATEAbHO, KOM-
MakTHo, JHCKDEeTHHIH KOMO4AKT BCerna koreuen !)). C npvroil cro-
polint, MuoxeeTee H (V) == /{ (67°) apaserca obpaiod npu orodpa-
KeHNN, npunadaewaues no Kpairett mepe Kiaccy C', NCKOTOPOTO
MHoroodpasua pasMepuoctH N — 1. Quo wsmecr uyJesByic Mepy
>
g £, ChepoBaTeasHO, NOUTH AJS BCeX BEKTOPOB # ¢ Hopmoil <K&
- -
TOUKHA 4; — & lle Jemat B 370M obpasze, w11 xe unave: (H -+ u) (V)
He COACPKHT TOUCK @; M BPooGpash ToveK g; OpH oToSparkeHHH

= =3

H 4« nexat BO BHYTpPeHHOCTH ¥° MHOWKecTRa ¥
D10 CIPaBeldHBY 149 KaKOA0A TOUuKM q; = A,
HenocpeacTBennoe NpaMeHedHe Teo[]e’\dbl 21 ra. IV umcam-

BAET CJENYIOIIee: ROUTH 049 80eX SHAUEHN u TAKIY, 470 || it ]|<e
l'lpOClﬁ[JaBbI Joboji n3 Touek g, i=1, 2, ..., I, npu oTo0paxeHHH

H+u JA€3KAaT BHe IPaAHHIBE #°; 4HCAC 3THX NPoofpas’es KOHEuHO,
o B

H B KamaoM u3 nNpooGpazos padr otodpamenun (F + u) pasen V.

Taxnu o0paseM, ML HAXOOHMCA B YCJOBHAX NPHMEHHMOCTH mep-

pOTQ CNy4as TEopeMel,
Tenm campim AOKE3aHO, UTO CYWIECTBYIOT TaRHE UEAbte UHCAA

Qs Gor -+, G uTo (H + 1 bP = (H + ) |V sBasercn C™unkiosn
B TPOKOJOTOM OTKPHTOM MHOXecTBe Q- A, npiuafIexdlLiis
kaaccy C™-romonoruit?) g, (al™)+ g, (ag’"‘) + .. g (@)

Bce mpogeaanuoe namy iaa C™-uuenaa i [ﬁ' a {VI, 8, 58) wo-
WeT OBITH NOBTOPEHO M AAsn uukaa H| 3 Kpose tore, ecan gawxe
ofpa3 BLIPONWIEHHOTO UHKNa H |@ unuw H ilﬁ' H comep:HT HeKo-
TOpPHIE TOYKH &, TO €ro TEpeHoC Ha BeKTOp 't:a_ conepath Mx
yke He 6yner, @ 3TO BepHo AJds BCEX 3HAYCHAH t, Kpone Komel-

HOTO HX YHCJA, T. €, jIA MOYTH BCCX 3iadeiti #. DTOT nmepenoc

ABJAETCHA, CNEZOBATENBHEO, BEHPOKASHHBM HHKAOM 113 Q — A, ro-
MOJIOTHYUHRIM O B £ — A,

[MpnMeusas eime pas teopemy 21 ra. IV, Mot noayvaem Takoi
pesysbTart:

e -
ffowrn daa ecex auavenuit u, tarux, 4ro |lu|<se, Aepenocot

- o —
#a gexrop 1 yuraos H|\V u HIV' aemar 8 Q — A 4 apudadae-
acer Kaaccas CTMreomoa02iuil, RBATOUUMCR KOHEUHOIMN KOMOUNA-

Y} Ecan mMuokecTBO K KOMDAKTHO M ANCKPETHD, TO KAMCA4A 13 ©[0 TOHRK
ABAACTCH  GTKPBITHM MUOMECTBOM, H STH GTKPbITLE MIQKECTBA 00pasyior no-
kpwrie. Tax nar cyu[ec'rayer KOlCglioe noanoxpsiTie, 1o K KOTIeN0.

4y Uuka (H 4+ ::}[V MO0 [1A3BATL DCPEHOCOM Lukaa | V ¢ NoMOUIBIO : .g
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gugMy  AUda Eqi(aif’”}, Zri(aﬁ”ﬁ) 1Y, @ nepenocot i |@ a H |-Wn"‘

ABAROTCA BHPOICTEHHNMIL kI 8 @ — A,
Tenepb nouTy 048 8cex 3HAHeNuil u Neperoc HA BEKTOp o
LAKJIa I JesknT 8 @ — A 4 ero kaaccoMm C-roMoJoruii 5 O — A

CAIY HKHT zpi(ag""), rie p,=r,—¢q, (B cuaAy npeacTaBIeHHT
[3

(VI,8;58) gna IN).

OJIHELKO ecdd £ BHOpPAHO CTPOTO MEHBINHM PAaccTOAHIs 6 oT
ofipasa F (nmexkamgero B @ — A) a0 C(Q — A}, To nepenoc I ua
REKTO] i C™.TomMonorngen I B © — A (reopentet 51 uw 53). Caeno-

- 1 .
RAaTEeJBHO, HEA T rakmke TPHHANNCHKUT Kaaccy ZI’;“E'”]- 0 Teo-
i
PeMa ILJ8 3TOrMO cAyuas Aokasada.
3ilecb HeT TPAMOHA TeOMETPHUECKON MHTePUpPeTalUMH uHCen py.
N "
Onrako nocTatovdo’ MaJbifi Nepenoc ¢ uwkaa I° Nospodner Haira
-
TaKy[0 HHTepapeTallily TWOUTH 49 BCeX 3Havenud u,

Tperuii (06uqudl) cayvad., Hav octazoch pa3ofpaTo Jub cay.
yait m==0, IlycTs e H ii ecTh Otk na @ — A, Cl-romono-
riuseidt 0 5 Q. Muoroofpasue § npuHaLaekuT Kaacey C', a oro-
bpamenne H Tonvko nenpepuBue, [Myets M| — raxoc oTofpamenune
kracca €' ma S 2 Q— A, wro | H— H, || < d(H(Z), C@—4)

(reopema 52). Toraa C'-uuka H,|Z .CProMonorsiven f 1%
(teopemnr Bl u 54 B @ — 4 n Tem donee s Q. Caenosateds:
HO, 2ToT uugA C'romodornuct 0B Q. [Tockoabky sro Cl-uuka, To

o Cl-rososornuew 0 8 Q (chencrsue 4 teopemn 54). M3 sroporo
caydan cAeAyeT, uTO B Q-—A on Cl-romonoriuen l\oummaum«r

Zp;m‘ rae o; ectb C*-UHKA Kaacca aP. Mo rorna uuka H!E

CO-roMONOTHYHBE  UHRAY 112 B £ — A, C"romo.iornych Z.p,;-:r;,
. i

a CJAel0BATRdbHC, €ro KAaccoM CoroMesornit neasercy Epl.(a“.m).
i

ueM W 2AKAHYHBALTCA JIOKA3ATEALCTBO TeoPeMBl SJs c¢iydasa pass
vepaocetu N — 1,

>
") ¢ 11 rp MOryT sapucers OT .
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Has nurepuperansu p, B caysae 22=0 1a%0 Cnavaja annpok-
cHMUpOBRATE oToOpakenHe M orobpaxenunem H, xjaacca !, ugo
npiseleT HAC KO BTOPOMY cayuaw ')

Brapaa uaets. JlOKaxew eNHHCTREHHOCTE UHCET p; B (GOPMYALL
(VI.& 56y it (VI,8:57) any pasmepHoery N - L.

Cruatiinv £ nponzsoabeoll eBKANAOBOH CTpyRTYpol, Tlvers
o; — cpepa ¢ UNTPOM B TOUKe 4, FPaNMLA wWapa, cogepialie-
rocst 1 () B He COCPikAlere Hu oiHoll U3 TOUCK a; Mpu f = i

-
Toraa o; GyiaeT Apuuasdexars waaccey {ai™) ompu modom m.
[?} Tlpeineaosmus cravadd, uyto m==1 nam ke yro N =2,
—
m=0 u yuxa I" UMCCT KOHEHHYIO AMHHY.

[MTockoanry  audp:pepenunansuas  ¢opma Gy, TPHHALIENKHUT
waacey C' w savwriuyra B & — q;, TO OHa 3aBeloMe OYACT Takol
we w o Q— A

Mockoabky nUKA 1' 0o NPeAnodoKeHino roMaIoriued NAKTY

p[dl—f—p202+ vo- POy, TO HHTETPANH OT @y, MO 3THM ABYM
UHK.1aM 06AzaTenbH0 pasHbl (ChAeacTBRe Teopembl 49 npu m 2= 1
n caeicrede 6 Teopemw 54 mpH N=2 m=0 n I kovewnoi
Aanuet). CoraacHo dopmyae (VI, 8;53), narerpat no coepe «i pa-
pell Sy, a HurTerpada no xKakofl-aubo 13 chep G(:' npn =~§{ pasen

"y, ndo Taxas cipepa apfAsercA rpaunnuefl wapa B @ — a;. Tem
caMblM, ¢ OJHOR CTOPOHR, JoKazana dopmyaa (VI, &;56), a ¢ gpy-
-
TOf — CAHHCTBENHOCTL KOYppHUHEenTOB p;, Koraa ukika I' npuonag-
JOKHT Kiaacey C7 npn m > [, NOCKOABKY HATETPAadbl, 3aidaHHble
31oft  popMyAON, NOAUOCTLIO ONPCACASIOTCS TOABKO ZagalHeM
. .

nugda 1.
B uactnom cayuae, xorga E=C, noayvaem

Aode L dxdidy | 1 wdedydy | 1 xdy—yds

Zim oz %m x4y %m xPpgl 21 xtdgyr T
e T ! .
-—-de(lnl/x T )—!—Emo, VL, 8; 59)

rie o, — dopma (VI, 4,419, ITockoapky InV 2+ 2 asasercs
dyurunelt kaacca €% p CO,. 10 ee gudpepennnal uUMeeT HyTe-

'} Itanomnuy, wTo nenpepuipHbii 06paz OFPeska MOMKET 3aNCAHATH Bech
RY0 (erp. 97 1. Ijl CP-umkn — 210 yxachan senhy 680 G 9¥00M NCAYYHTE
TaRine Teopemu 3am CP-nunnos!

#) HueeM dzfe=d(lnz)=dn|z|+ide Onuaxo Inz v q He AraAfOTCR
HOPPERTHO OnMpedeacliimMn li}}"}lkllllﬂ.\lll, H 2TO ].)ZI(’C}’}{\',H.{‘.IIIIE TPQO}?ET CIIeUHad b
nore afochoBadis. OO e CIoAL CAOXNG, HO 3HAUHTEILNO JIHHNES HDORENEH~
HOrd DLWE DBLIYHCAEeIINsT.
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rpas, pasuslii bHyaw no I (cmeunaasnas dopwyra Croxca Aas

cayuan n==I[; reopema 39). Teueps (VI,8,57) BuiTeKaeT u3

(V1, 8; 56). .
~

2°y Ecsn I’ asngerca unkaod waacca €Y 10 HeoGXoanMo npo-

BECTH OC0B0e J0KAa3aTeNscTBO enuHcTBeHdoctH. [lyers N npouas-

-
poJsbHO {a ecan N =2, 10 I' me oGs3aTe.TbHO lMeeT KOHeUHY
nauiy). 3acch, MBI He CTARHM cpoeil zadadvedl BLIYMCICUNE HHTE-

rpaJsa J‘mal_. Mb npejnoJaraes, UTO MOMHO HAaHTH TaKHe Iedble
-~
IS . :
yHeaa p; Hogy, utofer uuka 17 8 Q@ — A 6wma Clromosoruten
UNKAAM 2 2%;: B 2 g:0;, TOCAA M TOCACLHHEE LUHKADI 6yayT Chro-
; i
Moaormuubivi, JAHAKG MOCKOABKY pPedb HIAET © ABYX MHHKAAX
karacca C! v game C™ {Tak KaK eBKINIOBH Cdepel ABAAIGTCH
runepnopepxuocTamy Kaacca C7), 1o u3 efeicrsud 4 Teopems 54
BLITEKAET, YTO 3TH IBA LHKJA Takxke Cl-rovodoraunu. M3 Toabko

YTO TIPOBENeHHBIX PACCyHeHRl BLITEKAET, WYTO p;=g;, ¥eM i
AOKA3BIBaeTCA eIAHHCTBEHHOCTh AAA cayuas m==0.

Tperos wacte. Peub noiaet o0 pasmepuoctax £ < N — 1. Pac-
CYMOEHHA MOXHO Oum0 Ol pasduTL Ha Te€ e 3TalBl, HO B Jau-
HOM c¢Jyuae Aeso OOCTOHT TOPa3io npoue.

Ilepsstit cayyuail. f = H |br17, roe A n V npnuainexar gracey C%
(V npuuapsexur xracey C', ecnu m=0 u V)= Q—A Pe-

3YJBTAT B 2TOM cCayuae ouebHpen: upuwa ' C™-romonoruuen 0
B QA

P -~
Bropoit caywaif. 1'= H{Z, rie H UpHHALIOHKHT 0O MeHmLIel

mMepe xmacey (L Tlockoawxy weka H |2 1o mpeanooxenuwo

Cl-romonornuer 0B €}, TO uUMeeT MecTO dopuyaa (VI, 8; 58). [o-

CKOJbKY TOrda pasMepnocts ¥ Menblie N, 10 H |7 nveer wy.e-
» > >

Byio mepy. llourn gna Beex suawenud we<=FE, H + u(¥) aexar

B Q—A, 0 M npumsn K l-My cayuato.

Tpernid caywail, Kak 0 B NepBodi uacTH, OH CDOAHUTCA KO BTO-
poMy CJAYUAl0. '

.
3ameuvauna 1° Ecan I ectv C%nuka, to uense wncaa p;,
BOOOIE roBOPA, He MOrYT OBHITB BHUHCASHH ¢ NOMOUILIG HHTCrpa-
~ s
aos no I Ho oun moryr Guite BBumcaedn no Clenukay Ty, na-
lad
CTOALKO OJangkoMy K 1, uro on emy CVromonormuch,
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2°) MurtepecHo OTMETHTb, UTO UHCAO f; MOKCT OBITh BEIUH~

CHeHO, e H3BECTHB! [EHK.I I' & Touka {a;, IpHYeM ApPYyrHe TOUYKH ad;
MpH | 5= { HE UCHOJBIYIOTCH,

3°) Ecan  McuACTSS OpHCHTAUHS npecrpanctsa E, To Kiace

[ad
rovonor#i muxaa I' B O — A ue mendercs, Oanako wiaced (o)
MEHAIDT 3HAK, MOCKOALKY MeHAeTCA OPHEHTALHS WAPOB, a SHAMMT,
H cipep. CiaeloBiaTeabHO, MeEHSIOT 3HAK YHCIA p;. JT0 MOKHO BH-
aetb Takxke Ma (VI, 8; 56), nockoabky GOPMHE ©,, 3aMEHIOTCA HA
TNPOTHBOIOAO K HEIE,

Caencrsie. [ycro E —agpunnoe N-mepuoe npacrpas-
cT80 HG R, 1 nyere A — Roneunas wacte E, cocroswas us | sae-
senroe, Ppynna CM-comoaveuii mnowecrea E — A Jas paasepro-
cret, saxarouchdots crpoco mexcdy O u N —1, ecsodurca k {0},
Jdaa pazsepnocti 0 ona uzomopdue adSuTUSHON epynne L yessx
wiices Apousssionozo 3naka. Has passmepaocty N— 1 owna uzo-
moppua 7.

o

19) Nyere T ects C™-uukn u3s £ — A pasmepHoetn £, 0 < k<
< N — 1. Tak kak on C™-romonoruuey 0 B E (cheacreue 3 teo-
pesin 54), To, coraacuo teopeme 61, TOT KA romoaoruvuex 0

B E— A. Cacaosateasno, rpynma C™-roMoaorHii pasMepHOCTH &
ceoanres K {0},

2%} 3agaium opuentauuw B npocrpauctee E. B rpynne C™-ro-
i

MOJOTHI pasmephocTd N — | Y9acTBYIOT KIaccH BHAA Dy P, (@)
i=l

JlioGnie aBa TAKHX KJaacca, HE COOTBETCTBYIOIUME 0AHOf M T0H Ke
CHCTEME LUEAHX YHCCN py, Pasduynpl, [locKOALRYy Kamapll LUK
us E— A rosmonoruven 0 B £ (caemcrsue 3 reopevsl 54},
COTAACHO TeopeMe, APYLHX KJUCCOB, KPOME 3THX, He CYLIECTBYeT.
Cae10BATE IR0, HMMEETed B3AUMHO OLHO3HAYHOE COOTBETCTBHE
MeJKLY rpynnoii TOMOJNOMHE M MHOMECTEOM Z' cucreM pe==
= (py, Ps ---. P}, COCTOSILLUX H3 [ IJ.EJ]bIX ynce HpOl!BBOJleOl"O

sHaKa. Kposc Toro, cyMaa Kaacca H p.(a/™} n xnacca Z g, (a™)

L

ABAALTCH KJACCOM Z(pf-{-qi)(a{{“'). Ca0KeHHe KJaccDB COOTBET-
=1

CTBYET CJOMEHHIO B MHOXecTBe Z', paccMaTpHBaeMOM KaK Tpynna-

npoussenenne Z X Z X ... X Z.

Crenyet 3aMCTHTb, 4TO COOTBETCTBHE MeEXAY IPYNuofl romo-
aorpit pasmeproctd N — 1 n Z' ne npadercs kadonndeckuM. OHO
GyLeT KaHOHHYECKNM TOJLKO B TOM ¢AydYae, roeda npocrpancreo L

lad

opuedaTuposarc. Ecan B HeKoTOpo! OpHeHTauUHH E HEKOTOPBIH Kaace
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COOTRETCTBYCT p = 2, TO B NPOTHBONOAOKHOI OPIENTANHI TOT Ke
CAOMBIA KJUCC COOTBETCTBYRT — p={—p, — ff, ..., — Pih

JF) JdokazaTedbCTRO B CJyUae pasMepHOCTI ( Mpl MPEAOCTABUM
yraTesdo. Hyxuo OyAeT MOK42aTe MOCACAORATCABIIO CVCLY KOUIce:

a} Urto see wiakau {x, +}, ¥ =E — 4, npanainexar oiHoMy
H TOMY K€ KJaaccy romonoriil., DvoT Kaace MH ofosauiy depes |
{(vTo BETRKAET W1 TOMO, UTn £ — A JHHETHO CrRT3HON

by Uro kamawii upka H Y pasmepuoctu U NPHIALACKUT

. el
rnacey pl npu p= £, (70 oueBHAHO, TaK KaX I ABAAETCA KO-
HMEUABIM MHOMECTBOM TOUeK, CHAOKeHHBHIY 3Hakamu . Torza p
GYyIZeT pasHOe YHCAY 3HAKOB -+, YMEUbLIEHHOMY Ha YICI0 3Ha-
KOB —.)

¢) Uro waaccr pl m p/t commanaloT Toabke TOMAA, KOrja
p==p". (ITocroaunaa 1 asngerca kouukgom creneun 0. Ero nure-
FpAIsl 116 JIBYM POMOSAGLIUHBIM IHK.JIau passepiocty O copfa-
maoT; ero nHTerpas no p {x, -} paeen p.)

Tenepb yCeranaBMIBHETCH B3aHUMHO QAHOMIAUINCE CODTBETUTBHE
MEKALY TPYNNOA roModorkil ans pasMepuoctd 0 # rpymnoi Z
UEABIX WIHCEJ TPOH3BOJABHOIO 3HAKA, MPHUCM 370  COOTHBCTCTBHE
coxpansct caQKelnne. 3aech B MPOTHRONOJCKHOCTE 0. 2°} CoOT-
BEETCTBNE KAHOHHYECKOE; OHO HE 3aBHCHT OT OPHEHTAUHH NPOSTPAH-
crea £ PesyabtaT 3% HMeeT MecTo He TOABKO IS MIGHKECTSA
E— A, no n 129 1w00oro QTEPBITOre CBSASHOIO MHOMKECTBY adupHH-
HOTO NMPOCTPAHCTBA.

Hxnexe uukna pasmepuocT™ N — 1 OTHOCUMTENBHO TOMKH
B OpUeHTHpOBAHAOM N-MepHoM addHHAOM NpoCTpaHCTBE

Y

Onpeneaenie [lyers FE —opueHruposannoe N-McpHoe

~
adduunoe npocTpancTso, a — T0uka E u I ecte (N — [J-mepHri
HHKA B F— . HrdexcoM 3To20 UHKAQ OTHOCUTEA6HO TOUKI O
Ha3blBAETCA llefloe YHCJIO p NPOH3BOJABHOTO 3HAKA, OMHO3IHATHO
o

ONDELCAICMOC YCAOBHCM, YTO UHKA I mprinaanexuT kiaccy CUro-
monoruilt pla™y s F—a.

Jro onpeneserde KOPPEKTHe, TaK KaK & npuerpancree E
~

uuka 1" peerga Cl-roMOJOrHUCH UYAI0 H K HEMY MOKHO RpHME-
HATE Teopemy 61, Ecau p seaserca raxkum uxndekeor, 10 écre-

Fad

CTOEHHD EOBOPHTH, YT0 dacebpauyeckoe aucav o0xodos yukaa T
fad

gokpye Touku a pasno p. B camom neae, ecan o — cdepa ¢ ueh-

TPOM B TOUKE a € MONOXKHTEJTbHOH OpHeHTauHell, TC ECTECTEEHHO

CK2a3aTh, YTO OHa 0OX0AMT -+ 1 pas TOYKY @, 4 pO UMCET HHAEKT P,

Hs teopemm 61 Torma caeayer, 410 €CaH A ABAACTCA KOHEYHOMH
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-
vacteio Q@ K ecnp I' — uuka w3 Q — A, romonoruuntifi 0 58 Q, To
BXOAAIUIHEG B HErO LeJue YHCAa p; — 570 HHIeKcH uHkAa M oTHo-
-
CHTEMbLNO TOUSK ;. OTCIOJIa BHITCKAET TaRM¥e, UTO CCAd E HAMEeT,

KpOME TOTO, eRKJINMOBY CTPYKTYPY H ecad UukA [0 NpPRHEZIIEHMT
rnacey €' (nan kaacey C® M umeeT KOHeunvio AAuuy mpu N =2),
TO M0 HHIEKS paBeH uHCAY /Sy, YMHOMKEHHOMY Ha HHTerpad

-
no [ ot puddepenunansiofi GopMul «TegeCTHbIl YIOI» @, HAN He
qaeay 1/S,, YMHOMEHHOMY Ha anrebpanyeckuil TesecHmit yrou,

A
noJA KOTOPHM U3 TOUKE a BuicH uuka I, Ecan E seaserca noaem
romnackeHuwx uncen €, 1o, coraacmo dopmyae (VI, § 57), nuaexc
1 I‘ dz
pane 2in ) z—a
Fad
r
-~
OfoznaunM stor maHmexc uepes (I a). On cywecrsenno sa-
-

BHCHT OT QpPHEeNTALHH NpocTpaHcTea E # MeHser 3Hak, ecdu sTa
opnentanua MeHseTcs. Bonee obwo, ecan K spaseres Cl-nag-
deomophu3oM £ Ha OTKPHTOE MHOKECTBO Q7 w3 £, COXpansio-

WEM (COOTBRTCTBEKHO H3MEHAIOUIMM) OPHEHTAUHH, T. €. TaKuM,
uTo ﬂKoﬁnau >0 (COOTBeTchemlo <0) TO HHRA-06Pa3 KT {ecomu

F =f" 2 10 unka Ki- -paBen Ko H |E) OTHOCHTEALID TOUKH- o(paaa
a —K{a) HMEET HHIEKC (COOTBETCTBEHHO TIPOTHBOMNOACMHL HH-

-
AcKc), paBHB nuaekey nueaa [ oTHocenrenbno Toukn 4. B caMowm
oese, UYCTh ¢ —TPaHHud HEKOTOPOro esKanfoBa mapa B ¢ Nnen-
~

"+ - -
TpoM B Touxe a. Torma ¢’ = K (o) apaserca rpavnuecii B ==K (B).
[ockonbky orodpaskenne K coxpaHser (COOTBeTCTBeRHO obpa-

waer) opuesTanmo B F, 0 B’ uMeeT opHeHTauno £ (cooTBeT-
"

CTBEHHC NPOTHBONOJOMIHY IO O]JHGHT&LUIIO), a4 cJaencsartenLuo, o

umeer kaace CO-romoaoruti (a’') (coorsercraenno — (o). Tak rak
orofpameHie K sisaserca roweowop(pnamom TO OHO COXpakaer

COI'OMOJIOI'HH CJ]B;lOBaTe.HbHO eC/IH  ITHKJ 'y C“romomrnueu po
~—1([ Q}, TO [HKJ KF OJI‘DMO.I'IO[‘HLIGH UHKIY p!(c—p(r a 3Ha-
UHT, HMeeT MeCcTO pPABEHCTBO !(KI‘ Kiay=p (coorBeTCTBeHHo
- p)
3aMevaune., AUPHOPH COBEPIUICHHO HE OUEBHAHO,
] [l
1°) weo nurerpan ?;J W, OYBCT feants 4ucAcm,

-
T
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2°} uro %TOT WHTETPA] He 3aBHCHT OT €RKJAWIOBOA CTPYKTYpPH'
lad —

(OT KOTOPOH 3ABUCHT @), 4 3aBACAT ToabKo OT T', opuemtanun £
H OT . '

BCC 3TH (l}aKTb[, eCTeCTBE€HHO, BeCbMd HHTYHTHBHBI, H MOMXKHO
YKa348¥b MHOM CTapblX MATEMATHUECKHX K}’DCOB, B KOTOpDLIX BCC
OHA HPHHHMAJHCE 0e3 jAoKaszaTenscTsa. OAHAKO MB ¥ OeAHJMCH,
Kakye OodbpllKe TPYMLUOCTH Haio 6110 MPeOsoacTe 148 X A0KA-
2aTefIBCTEA.

[Tpy N =2, N—1=1, popma e =dp asagerca «anpdepen-
nHaToM» ToRApHorn Yriaa H <X0DOoIN0 BHHO®, TS a;tre()paime-
r

(i

CKoe yueno obx0L08 NukaoM [T HAvaaa KOOpaHHAT PABHO 5 | deg
I

H TBAFETCH [[EJHM HYICAOM.

HHBaApHAHTHOCTE WHOEKCA [PH HelIpephiBHOR HedopMalnu

I

JdoxamenM, uTo HHEAexke HuKJIa 1" H3 F OTHOCHTENBHO TOYKH
a=F ue MeHsoTCd, Korna T u @ W3MEHSIOTCA HeNPephBHO, HO
TOYKA @ He TIPHHALAEKHAT 00pa3y UHKIa I, TouHee, HMeeT MecTO

Teopewnma 62. flyere H |52 u H [% — Joa (N — D-meprocx
qurag N-mepnozo HOPMUPOBAHHOZO OPUEHTUPOBAHROZO APPUHNGZO
RPOCTPUNCTRY f:‘. a, @’ —dse rouku uz E u ags H(Z).

Toeda, ecaulla —a’ ||+ ||| I — I?’ 1< d{(H (), a), Toa’ & H(Z)
U HUHOEKC Hikaa H"iﬁ OTHOCUTEALHO TOaRW & paegen undekcy

uuxaa H L ornocuressno Towkd o.

Hoxasavenbcrpo. IIpn nepewoce {asaaomemest Cl-nnd-

theovopduzmom ¢ axoduamom > 0) wngeke wnia |2 oTHocu-
TeJIbHO TOYKH & paBeH HHAeKCY Nepenecenxoro umkaa H 4+

Ea -~ ——
+{a—a’} | ordHocuTedbno TOKH a +{a-—a’)=a. Tak Kax
>

—— s
WH +(a—"a— HI| <d{H(Z), @), To uHgas A }-(a —a’) |[E u
H |Z romotonke 8 Ca (Teopema 51). CaeoBaTenbils, OHH TOMO-

nornueb B Ca (reopeMa 54), a 3HAUUT, UMeT OLMH H TOT KE
HHAEKC B TOUKE 4.

-
Chnencrene 1, Hycrs E ccre N-sueproe opuenruposansoc

-

aipunnoe npocTpanctso, a ¥ gsaterc s (N — 1)-Mepasm opuenti-
POBHHABIN KOMRAKTHOM MRO2000pasues Oe3 spat. fTycre A — T0-
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noaoetiveckoe apucTpancireo 1w H, — neapepoignoe orodpazcerne =

e E, nenpepuieno 3agucauiee or napaserpa A uz A 7. e h—H,

SBARETCA HERPEPUIGHBIM OTOBpameruen N 8 {EZ), ), 1, Kxpose Tozo,

nYyeTs y: A=, REASETCA Henpepstgroiyv orobpawccnucs N 6 E.

Ecau Teneps 048 gaxdoco 3naueHus A TOURG ), He APUHAD.eMuT
o

obpasy H,(Z)., o undexc yuxaa Hy |2 ornocureabro Touku a,
MEHACTCH Henpepol6re npu uiserentiu s, Caedosareisno, kawdaz
TOUKG A UMEET HEKOTOPYIO OKPECTHOCTL, 6 KOTOpoil 3TOT undexe
CCTACTCA ROCTORAHRBIM, B HMacTHOCTU, 0N 0CTAETCE MOCTORKHBIM HO
Kamdoit 88340 KoMAOHeRTe N 1t Ha acem npoCTPaHcTse, ecan A
CEA3NO.

Cnencreue 2. Ifyers Hy, H\, Hy, ..., H,, ... — flocaedo-
~ ~

BATEADROCTS HENpepoisrHolx oToDpasteri & 8 £, PAsHOMEPHO CXG-

dawuxen uwa L Kk nexotropomy orobpamenurto H npu n, erpems-

wemess Kk Oeckonewnocti. Hycrs a,, @, @, ..., @, ... — fOCAE"

dosareabrocTs TOHER (3 £, ¢YOGAWAACA K TOUKe & npu M, crpe-

MAEMCR & HeckonenrnocTu. Eeatw a € H(Z), 1o npu docTarouno
Tad

Boasuom n Toukt a, & H, (E) i nnderne yuxae H, | oTHocuTe tHD
TOUKL @, paaen undexcy wyuraa H|Z oTrocureseno Touku a.

Canepcroue 3. [Tyere H|§~aemompmﬁ (N — 1)-seprori

itk QPPUHHO20 OPUeRTHUPOSaNHD20 npocTpadcrea E.  HuOexc
37020 YUKAQ OTHOCHTEABRO TO4KH &, NPHHAOACICAER MHONECTRY
E — H{(Z), ocTaercA HewsmernotM, Koeda Towka a tipobeeaeT cens-
RYIO KOMHNOHEHTYH 3TO2Q OTHKPUTOSO MAQKECTOR, @ TOAKME aa'lﬂ
R ilelil5q asyx TORCK, KOTOP6IC MOMHO CoOeOUHITS nyrem, He nepe-
cekarowum 06paz H(X). Ecau @ deyx roukax a u b undexe yukaa

-
H |2 He oQuuakos, r0 HE cywjecrsyer myrid, coeFURANWes0 aru
dse rowku 1 Me nepeceraqiouieco ofpas H (L),

31O cneAcTBHe, BHITEKAWLUCe NEToCPeCTBeHHO W3 CleAcTBs 1,
ABJAACTCSI OIHHM H3 CAMLX CHJALHLIX CPCACTB OJ# A0KXA3ATCJALCTBA
Tore (akTa, UTo IBA MHOMKECTBA HMelT O0UWVI TOUKY.

PaccMoTpHM  clenywldid npusmep (npaMoe A0Ka3aATeIBCTBO
KOTOPOTO BeckMa cloxkuo), Iyetws y— orkpyxkHoers B KZ, a AA  u
BB’ — nBa B3aMMHO NAPOEHIHKYJAAPHHWX anaMmetpa. OOGo3HAYAM
yepes o (COOTBETCTHEHHO dYepes f) uyTob, coegnuarcwiil A ¢ A
(CoOTBeTCTBeHHO B ¢ BY), uennkoMm nexauinil (KpoMe ero KCOHLOB)
B 06JaCTH, BHYTPeHHER CTIOCHTCALHO Y. JoKamem, 4710 ati nyri
06A3ATEABRO REPECERUOTCA.

'} 310 eaHavaeT, uUTG NPH A, CTPEMALIEMCE K A, B A, orToSpameHue M,
cxoputess K otobpastenmo , paenomepuo na E Ipir sTom mpeaiotaraetis,

uTO N4 E 3a02u2 Kakas-1ube Hopua.
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PaccMOTpUM NYTe &, ONPeNedeHHBA HenpePhIBHEM 0ToGpANe-
nuem H otpeska [0, alcR na &2, rae H{O\=A, H{n)=4".

[lycth y" — oKpYikHOCTL, Npoxonaan uwepes A un A, Géosna-
UMV CIePe3 ¥; (COOTBCTCTBEHIO uYepes y,) YacTe OKPYIKHOCTH, Dac-
NONMKEHHY D BC BHYTpPeHHell (COOTBETCTBEHHO BHeliHeH) odnactn
OTHOCHTEABHO OKPVIKUOCTA Y.

Moctpoum nenpepninnoe orofpakennwe H TPHTOHOMETPHYSCKOH
okpywuocty 0 B K caeaywouny o6pasom. A8 00JYOKDYKHOCTH

Pue¢ [I.

0< 0 orobpakceme H == H wssectno. Oas n < 0<% 803b-
MeM B KauecTse i1 cyKelite Ha [n, 2a] Takoro oueBwAHOrO roMeo-
mopipH3aMa H TPUTOHOMET PHULCKOH OKPY KHOCTH Ha OKPY KHOCTL ¥/,
LA KOTOPOTo H (M=A u H (2n)=A. A

Haitnen oumescst Touek B n B OTHOCHTeNBHO UHKJA FHI‘.
3TOT UHKJA rOMOTORNYSH f-}’if‘ B MHOecTBe [R®-— B -— B, no-
CKOJbKY KaMAWH OTPE3OK [A (), H’(0)] qexuT B 3TOM OTKPHITOM
MHO:KecThe, (DTo oveBHAHO nJada m< 0<2a Ecan 0<B<m, 10
H®) n H’{0) aexar B OTKPLITOM Kpyre, OTpallMYeHHOM OKPY K-
HOCTBIO Y, @ 3TOT KPYr ABJAeTCs BpOYKJIbiM,) CrlenoeatensHo,
HCROMBE HBHAGRCH HeOJXOIUMO HABASIOTCS WHIeKCAMH TOUek B

H B ortHocHTeabno (mkya H\T #AH OTHOCHTEJBHO 3KBHBAJEHT-
Ca

HORD TUEKAA \)’, OpI-IEHTI-IpOBaIIHOI"O R ﬂpOTHBOl‘IOJ‘lO}KHOM HanpaBJ!e-
HEH, 2DFH NITEKCH, SnelosaTeLH), DPABHBL COOTBETCTREHHO —~1
i 0 U He pasubl APYr Apyry. 3waunt, #yrtb , coepnnalomuii B
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¢ B', nepecekaer 06pas H (I'). Tax kak on e MoKCT uepecevynes
¢ H([x, 2]}, TO OH TepeceraeT ¢, UTO Mu It NOTeAH AOKA3ATh,

Cad
Caeancreue 4. HHycre H|Z ecre (N~ 1)-meproti yura opu-
enTuposaunozo N-mepnoeo addunnoeo npocrpancrea E, codepra-
a

wudict 8 oTkpoiros wape B o genrpon O paduyea K. Tozda ezo
UHOEKEC OTHOCUTEALRO MOG0H TOUKI @&, HP AeMCQiyeni B 3TOM wape,
obasaredsre pagsen wymo. Ecan b — rouxn, OTHOCUTEIBHO KOTO-
pod undexe yuraa 7= 0, To HE CHHEcTyeT HUREKV20 0BO0UENHOE0
nytu'), coedunmouwezo Touky b ¢ GocxomeuHocTolO o HE nepece-
KArowe2oca ¢ 0b6pason yuraaq.

dokazareasereo. Huki, nmpunailtemaltuii oTKpuITOMY
=]

mapy B, Bteraa romoucrayed 0 B 3TOM Mape, MOCKOMbKY HIAp
ABASETCH BHINYKALM MHOKECTBOM (edeacrBue 3 Teopembl 54),
H, CJACAOBATCJAbREO, ToMoJoruded 0 B wMuoskectie £ -—a, ecau
TOYKA ¢ N0 NPHIAIJCIKHT 1W2ApY. 3HAYHT, ©r0 HHICKS OTHOCH-
TeAbHO TOUKH g pasen 0. BrnpouyeMm, WHTYUTHRHO $CHO, UTO Takoh
LHES] He MOMeT ‘KOKP}’}I{HTb» TOULLY .

TpeanofoxuM, UTO CYIIECTBYET TaKoh oGobLiennnd myTh
Mil0, 4 ool, coexnuawowUil TOUKY & © GECKOHEUMOCTEW B Mpo-
cTpancTBe £, oGpas Koroporo we nepecekaer ofpasa /7 {Z) nnkaa.
Toraa dnfeke Onkna oTiocHTeanno Toukn M (£} poaswen S6mtoh
NOCTORKHBIM, KOTAa { uzMensercda oT 0 po + oo, Hauunan ¢ zo-
¢Tatoune OOMBIWIHX 3HAveHnil 1, roT unaeke pared 0. Caencea-
TeMEHO, HHAECKC OTHOCHTEJBHO TOUKH b Takyke PaBed Hya. JTHM
AOKA3LIBAETCA, 4TO €CJH HHAEKC B TOMKe & He paBeH HY/K, TO He
cyuiecTByeT 00OBLIEHHOrO NyTH, COSAHHAMILETD TOUKY & ¢ Gecko-
IEYBOCTLID B 11e Nepecekanuero obpasa nuxaa H ().

H3aMmeHeHWe WHIeKca HMKTa MpH MEPECCUEHHH 06[)33& HKEA

MBl BHAeH, UTO HHIEKC UHKAA OTHOCHTEJNBHO TOUKH & MOXKeT
HAMEHATHCA TOJRKO TOMILA, KOT/A TOUKA @ NePecekaeT o6pas LuKaa.
Mpl cefivac yBUAHM, K@K H3MeHAETCA PaccMATpHBAEMBIH HHieKc,
ecAH TOYKA 4 MepeceKaeT WK B A0CTATOUHO DEryAApHOH TOuke,

NMycte H |2 ects (N — 1)-Mepublii nuka B N-mepron adduumnon
~
OPHEeHTHPOBAHROM npocTpadcTse E, Ilycrs @y — Touka H(Z). Touxa
iy = (L) nasniBaeTca pecyafprod Ha o0pase UWKMa, ©CAH QHA
1} OGofinesHe# NyTe, CORIHHAIOLINA Toury & c GeCKOHeYNOCTLIN, ABIAeTCA
HENPePwBHbIY  oTobpamenner M noaynpamod ws B, wanpusep {0, - [, 8 £,
 —

rakuM. uTo M {(0)=6& u lim M ()= b| ==} oo,
-
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UMEeeT TOJBKO OJHWH npoodpas ¢, TPH oToOpawmcunn M u ecan
CYIMEeCTY 0T TAKAA OTKPBITAA OKPECTHOCTh ¥° TOUKH @, b £ W Taxaq
OTKPSHITAS OKpecTHOCTD 2 TOUKM @, B 3, uro H~ ' (#) =4, a oro-
Gpaxmende H aBagercs Cl-nuddeoMopPU3MOM OKpecTHOCTH 24 Ha
ranepnosepxnocta H (U) =73, razcca €' us ¥, Hcnoawsva Teo-
pembl 00 00paTiibX PYHKUHAX H O MOCTOAHCTBE PaHTa (TeopeMbl 29
1 33; ra. 1II), & TaxkmKe KOMUAKEHOCTL S, MOMKHO [OKA3aTh, U4TO
aTil CBONCTBA OYAYT BBLINOJHATBCA TOCDA, KOPda TOUKA 4, HMEeT
TOMBKC OAHH Npeodpaz ay B X, orobpaxcane H npuEansexut
Kaaccy C! B OKPecTHOCTH TOUKH @y u H'{c,) ABAAETET HUBEKTHB-
HRIM OTOODAXEHHEM WJIH oToGpaxceHdeM pawra N — | MHokectBa

- ; >
Tluy 5y s L

OroBpaxenue f nepeHoCHT OPHENTALMIO OKPECTHOCTH 24 (onpe-

-

HeNeHHY MHorooGpasneM Z) Ha HEKOTOPYH OPHEHTAllHIC MEOTC-

o0pasua X, = I (9). D10 UPHBOIHT K TPAHCBEPCATbHOH OPHEHTA-

UHH aTOf CHOCPIOBEPXHOCTH, CQOTBETCTBYIOULEH -ee OPHEHT&LTHH,
o~

onpefleleHHoll 3alaHHON opHeHTauueid mpocrpanctsa E. Temepe
MOXHO CKAa3aTh, YTO MNePEeMEHHAd TOUKZ & MepeceKasT UK.
B TOYKE @y B [IOJ0KHTEAbHOM HANPaBJEHHH, eCJH OHA OMHCHIRAeT
Tpaektopuio Kaacca C, {—a(f), {H<TEly, all) =a, a(l) & H (D)
Adia [ dy, 1 ecdn BEKTOP CKODOCTH B MOMEHT !, TPAHCREPCATLHO
NOJI0KATENCH OTHOCHTEAbHO Xy (cM. puc. 12),

Teopewma 63. Hycre H Iﬁ ecrs \N — 1)-mepuotii yura ¢ N-sep-

HOM OPUPHTURORAHHOM aipdunHon npocTpaneree E. Ecan Toura a
u3 E nepecexaer o6pas yukaa 8 pezyanpHol TOYKe B8 ROAONCUTENL-
HOM HORPABACHILY, TO UKROCKE HUKAR OTHOCUTEABHO TOUKL d Y MCHb-
waerea wa eduHuyy.

Horasateascrno. CoxpasuMm 0003HaUeHN:A, BBeleHHHE
nepes  gopvymuposkoll teopemul Ilyers a,=al(ly), ay=al) —
KOHIIN paccMarpueaeMolt Tpaextopud. Ham Hazo pokaszars, uTo

HHIS a) =15 ap—1,

HJIH VI, 3, 60)
f221] -_ l.
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ECJ'J_H BOCUOALIOBATECY NepeHoLoM, TO 3ajaua CBeieTea K A0-
Ka3aTe dbCTBY COOTHOWICHNA

> - B )
HH+a—alE a)=1{H|Z; a)— 1. (VI, §; 61)
Ham Halo CpaBHHTb HHJeKCH fo W [| JIBYX PasAHYHEIX LHKJIOB
OTHOCHTEAROHO OO 4 TON we ToRU qj.
Mo 3Ha4eM, UTG B £ CYIMIECTBYET TOMOTONHA, UEPEeROAAILAA

oauH UMKA B Apyrofi. 3ro orobpawmenne H muoxceetea [{), Ll X X
B E, onpejeseHHoe COOTHOLIEHHEM

¢, ) H t, )= H (x) - @, — a . (VI 8; 62)

———
,[Lnﬂ BBEIUNCeHUA HHALKCOR [, 1 /) MOXHO BaMeHHTh H—l—a,—ao |2.

n H| T SKBHBANEHTHDIMH nukaamu M| {f?} > E‘. n H| )% E H npu-

MeHHTE dopmuyay (VI 8;21) (B xoTopol Hago 3aMeHUTh OTpPe3OK
[0, 1] ua I, £,]):

At X2+ A1) X E=Hb([h, 5] X3), (V],8;63)
TAe HCKOMAas PasHoeTh [, — I GyaeT HHIeKCOM IMKJAA AEBGH YacTH

B TOUKE &,

Ho wmul HAXOAHMCA B YCIOBHAX NPHMEHHMOCTH NEPBOTO cay-
yag Mepeoll YACTH MOKA3ATEABCTBA TeopéMul 61,

Lluxa, sauucaureli cnpasa, fABJIieTcs TpaHHued B E. Kpome

TOTO, Npoolpas TOUKH @, TIpH oToOpakeunn H aApdsercs eaud-
cTBeHHOI TOuKoh (£, x} w3 [4), 4] X E, Taxoi, uro

H(x) —a () =0, V1, 8; 64)

T, €. TOUKOH (fy, 0g) (# {) = ag), TIOCKOMBKY NO mpPelnoIoKEHHIO
TPAEKTOpiA mepeceraeren ¢ I B eRHHCTBCHHON TOYKe 4y, COOTBET-
CTBYIOILEEH MOMEHTY BPeMeHH f,. B okpecTnocTn 5TOH TOUKH oTO-

Gpamcune H npHuainexnr kaaccy C', NMOCKOABKY TOMY KJjaccy
NPHHAAJEKHT TPAeKTOpUH, a TaKxe oToOpamcenne H B okpect-

HOCTH ToukH «;. C Apyrofl cTopousl, nponseonuyie H' (I, @) Aerko

BHYHCAHTE. B aHddepenunaabiblx 0603HAYCHAAX 3Ta HPOH3BOLH AN
3anHCHBAETCA TakK:

at, a2) >4, aydi 4 2, ) @ =

= — o’ (t)d + H’ (a) - dE. (VI,8:65)

Mockoasky panr oro6pawxkenun ' (a;) pasen N — 1, 10 oHo
MePeBOJINT KACATeNkHOe TPOCTPAHCTRO ?(ao; 3) B KacaTeJbHoe
NPOCTPAHCTBO %(au; 2, Tak kag Bekrop E’(ta) TpaHCBepCadeH
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upoupmmav T(a., 2, To omﬁpameﬁue A’ {fy ) HEPEBOIHT

npoc*rpam,mo T (o, ot [t L] XS b L a4 CJaefoBATeALHO, HMeeT
panr . Kpoxe Toro, 370 oTodpaxenne Npeofpasyer eIHHNWIbIA

o
HOJOKNTILIEA BEKTOP, KacaTedsHHIfi K {{), £], B BeKTOp — &’ (),
TPAUCBEDCNABHO OT HIATADHHIT OTHOCUTETBHO FHEEPROBEPXHOCTH ¥y

-

Tak kak opuenyaisn moBepxHocTH Y, d8I4eTCH PexynbTartoM Ne-

penoca opncHraminm maoroobpazwa ¥ npis orolpawenun A, To
paccMmaTpugaeMoe oTodpaXenis HePeBOAHT LONCKHTENbHbIE Gasne
- —

npo-:Tp'mcha Tiuy Z) B noMouTedbHoldl Ga3ke MOpOCTPaHCTBa
T(al,, _,) C'IE'LOBaTe.J‘IpHO OHO mepeBOIHT OOJOKKUTABUHIT Gazne
HPOCTPAHCTBA T((il.. [I|,f>]><2‘. B HEKOTOPBIT OTPRHIIATEAbHLIA

Gaanc IpocTpaHeTDA E‘

F» peayawtara, npurcicHiiore o Kouue 1-ro caydaa l-# gacrtd
AOKA3ATEILCTRA TeopeMH 61, reneps cJaeiyer, WTO LMK, 2AMICAH-
HHUA B 0Ppasoll vacTh coordoitedna (VI, 8; 83), npuHanilexur 8 £—a
kaacey C'-roxoaorii — (o). CaczoBaTensno, ero HHAEKS OTHOCH-
TENEHG TOUKH @, paBed — |, a Tax Kak 3TOT MHAeKC DaBeH fy,—1,
TO TEOPEMA TOKAZAHA.

HPHMO}I{CHI‘]C K BHYHACACHHID HHACKCOB B PA3IAHTHHIX 00aaCTAX
npoCcTPAHCTEA, OMpeeNeHHbX HEKOTOPHIM UHKAOM

PaccmOTpuM, HanpdMep, 1MEd, H3IoOPAKeHHHH HA NPHEBE/leH-
HOM HHxe pue. 13, Mbl ero GyfteM paccMaTpHBaTh KakK OCOGHIA
UAKA — OOPA3  TPHIOHOMETPHYECKON OKDPYHHOCTH, DTy TPHIOHO-
MEeTPHUYCCKY G OKPY HMHOCTE ¢HAGANM O0BIUHOH KaHOHHUCCKOH OpHeH-
Taunei. Torza UHKA MOMKHO PaccMaTpHBaTE KAK KPHBYIO, HMelo-
Uiylo HanpaBleHne o0Xona, YKazaHHOeR cTrpedxaMiu. B KaxIof
OBJACTIE AONOJAHEHHA K 3TOMY UHKJAY HHIEKe COXpaHaeT NOCTOSH-
Hog¢ 3H3YcHHe. HeTpyAHo ¥3HATE, ueMy DaReH TOT NMHIEKE B KaiK-

. |
ROH TOUKE, BLITHCINE —— J dpg, MAM BApHACOMIO APTYMeENTA (C 11a-

1anaoM b @), OIHAKO 3TO MOMHO CACAATD INAUHTCAbHO OGHICTpee,
FAMETHB, UTC B CBASHOR KOMDOHeHTe OeCcKOHeuHoCTH, T. €. ‘1A
JLOCTATOUHS YIAJIEHHHX TOUEK, HEIAEKC PABEH YT 1 MTO KaM Bl
Pas npyu nepeceueHMH TPANHUL B BOJOMHTENLHOM {COOTBETCTBEHHU
OTPHUATESBHOM) HAIPABMEHHH HHAEKC M3MeHsetcs ia — b {cooT-
BeTCTBeHEO + 1),

B cayuac, usefpaxennom na puc. 13, cacayer uaberate fe-
pecexaTh Kpubyw B OCOGLIX TOUKax, YToObl OCTaBaTbCH B ¥CAO-
BHAX TEO]EMHL.



§ 8 Hpumenenue teopnn Suddepenyugaonuty Popa 3

~
Caencreue |. fJycre H|ZE — nenoropoil quiki oplenTipo-
~

sarF020 aipunnodo npocrpancrea E u o — Toara, we npuradie-
¥eaues 220 obpasy. [pedroacxitn, 470 MONWHR ROCTPUHTL TAROI
nyTe, wdyuiul O TOMKH @ 8 DECKOHeHHOCTh, KOTOPLGE RCOPeCeraest
06 pa3 YUKAQ TOALKO 8 KOHCUHOM wucAe TuHex, Kuxwdas 13 Koro-
poIx ABARETCR peyAapHod 0af 00pasza qukKAq, apUNes 8 [RG3AH-
HOLX TOHKQX MYyTo6 AEepeceKder Huka Tparcsepcatono. Tocda un-

FpueHmauui

LRI t 2
f

N L

Pue 13

CTpPenkn yKasuibaw T Haupasienne oixopla, a NYHHTHPHBLE CTDEAKN = TRANCBEN-

CARENOS HanpaBnelire > 0. (HanodiuM, YTo TPRICRENCAALI0 WOASHIETE DL bl

BEXTOD W CAeGyouied 3 HUM KECATEARRM NOApaHTE LIl BeXTon obpany 0T
TONCAHTENLHIY GA3KC B opHenTRPOBANNGR NAOCKOITHY

dexe 1{a) yurxia OTHOCUTEALNO TOUKH @ PABEH RA2EEPAHLCCKOMY
wnHeay nepeceriemm fyre o YUK, T, e, HUHEAY TOUER, 8 RKOTOP6IX
nyre nepecekqer uuka (Jateafics OT TOUKN (O 6 DECRONCUHOCTS)
8 ROAOMCUTEAGHOM HARPABACHIIN, MUHYC HHCAO0 TOUCK, & KGTopely
yry nepeceKaeT HHKA 8 OTPIH{(IT{?.’?EJH.O.‘H HORPABAICHLU L,

STH BHBOAH OYEBHIHH, NOCKOJLKY TPH KaxKAOM nepecedeHull
(B MPEAROJOKEHHSX TEOPEMEI) WHAEKC HaMenaeTcd Ha -+ 1 nan — |
H MOCKOJIBKY JAJn JZOCTATOYHO YAAJCHHEIX TOUYeK HHASKC pased
nymo, ClegoBaTeNpho, ecal § ABJAAETCA aJarcOpaiueckiM YHeI0mM
nepeceyeynfl, 10 [f{a) —i=20, uan [(a) =i DTOT NPOLELCC MOKHO
ROCNPOH3IBECTH HA DHCYHKR, BLIMBCAAA HHAEKS TOUKD ¢ ¢ NOMOUILID
NyTH, H300DaKEHHOro MHUPHON JHHIEH 11 HAYUICTO 0T @ JIo (ecKo-
neynocTy, Pesyavrar, oueBniHo, e 3aBUcdT OT BROPAUHOTO HYTIL.
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Crnepcrete 2. [IycTp T — C8A3HAT KOMAGKTHAR OpPHEHTU-
pUemas 2uneprOsepYHoCcTe Kracca C1 KoReuHOMEDHO20 A unH02o
npocrpancrea E. Tozda noescpiwocté X 0eAur mpocipancrso Ha
dse odaacTu: 0IRQ U3 RUX — 3T0 CBRIHAL KOMROHEHTA Gecronew-
HOCTH, 8 ROTOPOL uHACKe T PABCH HYUO, H GTOPAR — 37O 02pa-
HUMCHRAR 06AacTs, 6 KoTopol undexe L pasen =+ | a sasucu-
MOCTH OT opuentayun X u E,

Cornacnuo aaMeyavminy 3°) nocde TeopPembl 28, THTIepnomepx-
HOCTh X AeJHT NPOCTPAHCTBO £ Ha gBe o0nacTH, 0JlHAa H2 KOTOPHX

=]
CBfi3alla ¢ GECKOMCYNOCTLE, a Apyras orpaunvena. Eemn V —
<

-OrpadHAveddast o08aacTh, To V=V |JZ sgBA9eTCqE MROroodpasnem
¢ KpaeM, KOTepoe ODHEHTHDOBAHO, eC/d OPHERTHPOBAHO NPOCTpPAH-
c¢teo £, rpanxuesi Kotopore asaserca 2. Ecan npusedute 1eo-
pemy 60, To MoxHO yOeAHTHCA, UTO FHNEPNOBCPXHOCTL X NPHHAI-
JAEMUT CACIVIOUICMY  KJaaccy (,I rorﬂo.normi muomecrsa E-—a:

0, ec.ﬂ}{aeCV (a!th, ecan aEV " ec.rm E H’\i&&T OPHEHTALHIO

MHOKeCTBA bV — {a'h, ecau aeV H Esz. Takum obpasoM,
TpeGyCcMutil Pe3VARTAT BHTCKAET H3 CKA3aMHNOT0 pauee,

OaHako, paccMartpusan pasiesenne npoctpalctea E cBA3Hoi
NOBEPXHOCTLIC X, MBI TOKAa3andi B Teopeme 28, UTO cymecrryer
ne bonee dayx obracred. INf AOKA3ATeNLCTBA CYIM@CTEOBAHHA
He MeHee ABYX 0ofMacTell ME BOCHOJBLIOBAAHCE TeM (akrtom, NTO
NOBEPXHOCTH HMEET HOPMAJLHOE YPABHEHHE COrAcHo HCI0KA3aH-
nomy 3amcuanuic Ha crp. 808 [-ro Toma (310, ACHCTRUTEALHO,
ouedb TPyOlo cledatb). Teneps mst moscen Jdars dokaszareaberso
CACTCTBUA, HE ORUPAIOWEECA KO 9T0 3aMEYanue.

M3 gokazatenncTsa TeopeMsl 28 ME COXDAWHM TOMBKO NGJ-
HOCTBIC [10KA3aNHBA daxkT, a uUMeHHO: AMeeTcA He Oofee ABYX

-~
obaacrefi. 3areM, ROCKOALKY MNoBepxnocts £ Kaacca €' no npex-

-
NOJMOKEHNIO ODHENTHPOBAKA B OPHCUTHPOBARHOM TPoCTpaHcTRe E,
OHA HMCET TPaHCBEPCadbHY10 OPHEHTAUMIO H €€ MOMKHO TPaHCBE]-

fad

CaALIO Tepeceub B AGoR u3 ec rouek., Mugexe momepxmocti X
TOTAA H3MEHHTCH Ha enuuuny. TaknMm ofpazom, HMeeTCa e MeHee
dayx adavweHnHl UHAeKca AAs Ttoudex ¢ w3 CI3. CrenosareflbHo,
HMEETCS! He MeHee JBYX obaacteli, a 3HAUKT, TOUHO [Be OLTACTH.
H3 paccympenuil, nposedennsix Ha cTp. 171, ciaenyer, Yto cyuue-
CTBYET 00.1aCTh, COHSPIKALLAA JONOJMHEeHHe K KaXKIOMY 3aMKHYTOMY
Wapy, codepikameMy 2, HAH CBA3NAT KOMIOHERTA GCCKOHEUHOCTH.
Coraacuo caciereHio 4 Tcopemul 62, 8 3toll OGMACTH HHAGKC
pased 0. Hpyras oGaacts orpanurieda, H WHAeKk< B Hedl paped = I,

Mul fi0Kazanu MeHBWe TOrD, 4TO OPHHHVAAOCL paHee Ges
AokazatenbeTBa, Celluac MK NpeATONATAEM TOBEPXHOCTE & KOM-
RAKTHON H OpHeATHPYEMGil, a Panee CUNTAAH ce TOAbKO 3aMk-
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BYTOH W Adoxassiéaan, YTO oOHa opuedtHpyema. [edaem To, yuto
MO HO!

ORAAKO €C/H THIePROBRPXHOCTE & He TOJBKO 3aMKHYTa, HO
¥ KOMOAKTHA, TO MOMKRO TOBOPHTH 00 HMHICKCAX, W HAUWl HACTOR-
utHfi pesyabTaT OTHOCHTE/IbHO HHAKCOB O W =+ | msyx obuaacreil
npucbperaer uHTEpEC,

K/acchl BHYETOE KOLHKIA ¢ HIQIHPOBAHHLIMH OCOGERHOCTAMH

Tyete Q — OTKPBITOR MHOXeCTBO M-MePHOrO OPHEHTHPOBAH-

goro apdunaoro npocrpadersa £, A={a;, @y, ..., @;} — KoHeuHoe
>
MIOXKRCTBO 13 O 10 & — ROUMET crenent N—1 u3 Q— A ¢o 3ua-
'

YeHHAMH B (aHafoBOM NPOCTPAHCTBE F.
o
Kaaccom suineTos KOUMKIA o B TOUKe ¢; = A HA3LIBAETCS MHH-
-

Terpan OT « [0 NPOH3BOJbHOMY Cl-uuray kiaacca C'-romofordi

(@) B @— A (rak kak Bee 31H unkas C'roMosIOrnYKLI, TO HH-
terpan GyfeT OLHHM W TeM 3ke). IJTOT KJACC BHIYETOB ABARETCH

. - -
HEKOTOPEIM REXKTOPOM N3 F (ckaxspom, ecaun dopua @ DpHHHMAST
~

cKadapHbie anadenna), Ou 3aBUCHT OT OPHEHTALHK F M H3MEHAST
3RAK OJHOBPEMEHHO ¢ 3TOH opHeHTauHel, 3ToT KAace, ECTECTBEINO,
-

3aBHCHT TOJBLKC OT TIOBeLeHHs (OpMBl © B OKPECTHOCTH TOUKH 4,

NOCKOJBKY BCErLa MOMKHO HaliTu COOTEETCTBYOULHE LMKJEL B CKOJIB

YIOOHO MaJCH OKPCCTHOCTH TOYKH @;. B 9acTHOCTH, MOMKHC V0e-
=

JUTBCH, UTO el GopMa & OrPAHHYEHA B OKPECTHOCTH TOUKM
-
nau, Gonee obwo, ecan ee wopMa |w(x)]| sBAgeTCA BEAHUHHON

1
nopaaka O( NpH x, CTPeMSIMIeMCsT X & (OTIIOCH-

FON -1
[l |

TeJIbHO NPOH3BOJbHON HOpME B E), TO KJace BHYETOB B TOUKE &
3aBENOMO PABEH Hya, :

-
B camom nede, ecaH Mu BosbMeM cdepy o; ¢ LeNTpoM

B TOUKE &; DAANYCA p, CHAGKERHYIC KaHOHHYECKOH opHeHTaumed,
Fad

TO OJR AOCTATOYHO MadbX suavedui p (1As toro urofiu cepa o
ApHHajsex ada Kaacey {a)} umeer mecto ouenka (VI,6; 31);

fol<( max o NSeey-. (V1, 8; 66)
—
~ | x=& l=p

9

£

B cuny nipeaunonomendil, CAeJaAHEHX OTHOCHTENBHO NOBEIEHHS @

B OKDECTHOCTH TOYKH @; H3 3TOH (GOpPMYJE CJISAYET, YTO HH-
Il

Terpan no cdepe o; CTPEMITCH K HYMIO, KOrda (O CTDEMIUTSH
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K HYJ 0. 3ra seJdundi NOCTOAHHA H PABRA KJAACCY BHYETOB,
a 30aUHF, ITOT KAACC BbIYETOB paBeéR HyJw, Ecau B kauectse
A pepeaunanviofl GopMbl © Mbl BOZbMCM AHQDCPCHLEAABHY IO
dhopMy ®,, ONPRAEARNILYIO TEAECHHE YTJB OTHOCHTEAbUO TOUKH 4,
TO €8 KJ3acC BEYETOB B TOUKe ¢ PaBeH NJIomain Sy .cdep pa-
Jnyca 1 B E.

Teopesma 64, Hycre E ecre N-meproe apgunnos apuentu-
poBantoe RPocTPancTes, Q — orkpoirae anoxectes E u A — ko-

-

newuoe muoxecrsv roges w3 8. [ycrs, gpome To2o, w— Koyika
~

crencau N—1 8 Q— A, u nyers U eers Cl-ygura ua QO — A uau
Clyuwxa KoHeadol daunet, ecatt N=2(N — | =1), Czomo.a0euu-
unii 0 6 .

. -
Toeda, ecau obosuawurt uepes R; wxaacc esiteros gopyut o
P

& Touke a; u wepes m — underc guwga T orHocureasno rouxa ay,
UMEET MCETO hopMyaa

I |
Jo=XrnRs) (VI, 8; 67)
.

i=1

JokaszatenbcTo. CornacHo Teopeme 61, mHKA T' Co-ro-
MOQIOTHYeH KOMGHHAIHY Ep;(;; B O — A Tlockoasxy KOUHKA o
AMKHYT, TO €rO WHTErPaJT Mo T puaBEH €ro HHFeTPaJdy no C:"-Lluk-
ay Zp,o, {cormacHo creacreuio 4 reopemsi 54, ecan I npu-

ad
najnesxkut Kaaccy C', n, corjacuo caegcteuio 6, ecau I' sapiaseres
CO-NHKAOM KOHEUHOR [IJAUHLI W N=2), a B CHIy ONpejeieHus
KJdCCOB BRIYETOB 3TOT HHTErpas paseH npasofi wacta Gopmybl
(VIL, §; 67).

Tononornueckas creneHb HenpEPHBROTO OTO0PANEHNA

o o~

Ilyers V.oV ecte N-meproe KOMIGKTHOE OPHEHTHPOBaHHOE
muorooGpasne ¢ gKpaesm xaacca €', ® nyers fl — HenpepLBHOe
-

orobpaenne 1 B abduHROE OPHEHTHPOBANHOE NPOCTPAHCTBO £
TOf ke pazMeproctd N, Fonoaoenueckoil crenensio orobipascenus H
8 Touke a = F, ue npuuanneskamen odpasy f(bK) rpanuue bV

MHorooGpastia V, uaselsaeTca MHAexe umsaa H |8V oTnocurennHo

'y Ecni masMennTe ODIERTALMIO DPOCTPAHCTBA F, TO NIMEHHTCd 3HAK Wl-
Es

eeld p; 1l Ry D10, xoueuuo, ue N3MCINT HOTErpana Ju).

-~

r
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Toukn a'). Vs Teopemu 81 (1-# cayuail 1-it wactn JoxkasarcancTal
NpH YCJAOBHH, UTO IPo0oDPaz TOUKH @ COIepXKHT TO.IbKO KoHeuHoe
v

YHCAO TOYeK HA V', B okpecTHocT® Kotopelx orobpamenne H npu-
BagdexurT Knacey €' M B Kam10d M3 KOTOPHIX NPOH3BOLHOE OTO-
Gpaxenne H Hnveer MaKcHMaabHbit panr, pasrmit N, nogyuaercy
npocTas TEOMCTPHYCCKAR WINTePHnpeTauusa 3TOH  TONOJOTHYeCKOH
cTenend. B camMoMm gene, B 3TOM ¢/y'lae TONOJOrHIECKas CTeNeHb
oTOOpakends PABHA UHCJAY NPooGpa3oB TOUKH &, B OKDECTHOCTH
KOTOPEIX OoTo6DaxeHwe H COXPAHAET OPHEHTAUHK, MUHYC UNCA0
ppoofpazoB TOUKM &, B OKPECTHOCTA KOTODHIX f{ H3MeH®eT oplieH-
TalMic HA DPOTHBONGAOHHYW. HHTepnpeTauun Takoro pona ans
LDYTHX CAYYAeB He CYIecTBYeT, T¢M [IC MEHCE 3Ta TONOJOTH-
yeCcKam CTCNCHL NOCTOAHHA, KOTAA TOUKA & lUeNpPepuiBHO HalMe-
HseTCH, He Mepecekaa oOpaz rpapuaw A (V). Cornacuo rtomy,
YTG MBl BUAENH MOpPH goKasaTedbcTRe Teopesmbsl 61 (2-fi chyuafi
1-fi uacTH), ecH cyuTaTb, wTO H mpuHaagcxuT kaacey C', ¥ ecau
& — MNPOHSBONBHAA TOYKA, He npaHasaexawas H(HV), to nas
BCEX TOYEK, JOCTATOMHO OJANIKHX K &, TOUOJACCHYECKAs CTeneHb
Syaer OoAWHAKOBON M MOYTH IJd5 BCCX STHX TOUEK ADNYCTHMA
OpeabLIvUIas TeoMerpuueckad HuTepnperannda. Ecan orofpaxke-
e H TOABKO HeNPepPHBHO, TG €O MOKHO NPUGANINTE HEKOTOPHM
oTobpakenueM Kracca Cl, ¥ MB NPAXOIHV K TPV IEMY CTRY-
uaio, C APVFOH CTOPOHBLL, BCERdd OCTAercd CUpaBeNIHBRIM BaXK-
HHil pe3yabTaT:

Teopema 65, Ecau rouka He noxposaerea oGpazomn iV,
TO TORQACSHYECKAR cTenent oTobpaxcexus H o Touke a paona
HIYARG.

—
B camoM pmene, B 3TOM cAyuae uuka H| oV arngercsa rpauuiled

H|V, u#, cneposareqpdo, ol C%-romomornuen {0 B aAcnoaueHun
K TOUKe ¢ 3HAYHT, ¢T0 HWUAEKE B TOUKE @ PABCH HY.TIO.
Otparnoe yraoepycdenue, oweeuduo, we ocpro. B camon aene,
ecJH TOUKA & HMeeT JIBa Hpoolpasa, B OKPeCTHOCTH Kanijioro H3
KOTOPBIX oToGpaKeHue A apruainexur kaaccy C' W nMeer npous-
RO/HYI Nopfika N, npudem ff coxpaHger OpHEeNTANHIO B OAHOH
H3Z 3THX OKPeCTHOCTEH II MEHSET ee B APyrolf, TO TONOJAOCHYeCcKAR
cTenenb oTtofpadienun H B Towke g pasna oya. Bupouem, ccal
muoroodpasuc V' He wumeer rpauiinn (O =0), Tomogoruucckan
cTenetts panna () BO BCEX TOUKAX @, eCaAll AAXKe TOUKA @ JeIT

"y Ecnn psMenuTen onHa H3 ABYY opdedrtaunil 17w £, To Tononorauoeckas
STEMCRE TAK A D 1ESMSHET 311aK. EC.TII HINMCITTC Oﬁ(‘. {)])I-!QTIT('IILI]II, TO RIK OCTa-
HeTest TPeRCHINL

Fean V pe wmeer cpanuyee (OV =8), ro ronoaccunecran crencss padun
KLU,
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B A (V). Moxer oKa3zarbcd, 4TO UPH NPOH3IBOJBHOM H, B YACTHOCTH,
HYJ/eBOH TOMOJOTHYECKOH CTeNeHH TOYKAa ¢ HMeeT KOHTHHYYM OPo-
ofpasop!
Hanponm, COMMACHO TCODEeME, &cay TOMOA0ZHYeCKAR CTENERb
8 Touke ¢ orauung or 0, To Touka g umeer Henycrod npoodpas:
k=]

ypasueHne T (x)==qa uMeeT xe menee o0rOzo pewenus B Y. (Ecau
TOTIOJNIOTHYECKAan CTeneHk PabBHa mzm+1 u =0, o Momer cay-
YHTECH, UTC 3TO YPaBHeHHE HMEeT TOJMbKO OIHO pelleHHe o, HMeio-
mee CBOEro poja «KPATHOCTB», ITO MOKeT OHTH TOTZAa, KoTIa
oTobpaxeHye H B OKPECTHOCTH TOUKH o« NMPRHANAEKHT Kaaccy !
u H' {(a) umeer paur < N.)

Jloka3are 6780 TO20 (PaKTa, ¥TO TORDADEURECKA cTenerns =),
RABAACTCE MOUHOIM cPeFCTEOM AL NOAYLERUR TEOPLM Cif HiCCTR0-
sanua pericnus gpaguenytf, C NoA0GHLIMH NPHMCPAMH MLT BOTPE-
THMCH HO2IKE.

Tonogorgueckas crenedb B TOUKe g oToGpaxenwa A muoro-

-

bt B .
ofipasns V B npocrpancrso £ HaspBaeTea TakMmKe B CHAY AaHHON
BLIMIE I"EOMET[JHIICCKOI:? HHTCPIPETAnHH axieeﬁpauftecmm HHCAOM

-~

nospeiTull Toukl @ ofpazom V npu orotpawenun H.

Teopema 66. Fcau orofpamenue H, sasucur or napa-
METPR A # 8 yCeAOBUAX, yRa3AHABLY 8 caedcTeun 1 Teopemer 62,
HIMEHRETCR HERPEPOIBHO EMECTE € A, €Call TOUKL &, TOAKWE 3a6U-
CHT OT 3T020 RAPAMCT[IE U HeAPepOlBHO U3MEHHCTLA 8MCCTE ¢ HUM
UeCAl BRI Apu  KaROM SMHauenNi A TO4KG &, He RPUHGAAexCUT
ofpasy epanttot 8V npu orobpawenuu H,, T0 Tonoasceuweckas

~

crenens orofipaxenun H, muozoodpaaurV e rouxe a, HenpepusHo
sasucdr or A. OHG O0cTRETCA HOCTOARHOL, €CAU Hapamerp A se-
HACTEA 8 HOKOTONOM CER3HOM ROOMHONELTSE.

Dra TeopeMa ABJAETCA OUEBHAHEIM C/ENCTBHEM TeopeMer A2,
Mocmorpum Tenepw, xaxk npn gukcuposaruslx I H a TOMOMO-
rudecKan CcreneHk 3asucut oT V. ByJem npH 3TOM YUHTHEBATB, UTO

ecan uamenste VBV rak, uro6e npooSpas H '{a} 8 V ocrasancs
HEH3MEHHHM, TO TOTIOAOCHUECKAs CTeNeHbs MEHATBCA He OyierT.

Teopesa 67. Hycre H — nenpepoisrioe orodpascenue N-sep-
-

HO20 UPUCHTIPOBAKKOZO mHozoo0pasua ¥ e N-ueproe opuentupo-

BAHKOC NPOCTPAHCTEO E. fHyero V u 'V, v—asa KOMRAKTHOLY MHO20-

obpasunc spaen 43 V. Ecau npoobpazer H- o)V, & H )NV,
cognadawT u ne nepecefcmorcﬂ ¢ bV, u BV, 10 Tonomewzecxue

CTeneHM 8 TOUKe ek orobpaxcennt unoaooopasuﬂ V; u V2
E.‘ PusHbL,
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HloxazaTendbCTEO. HonommW=V.UV9,K1=H(W—10/.)

L -
HK,=H{W—V,)., 3nece W — roMmnakrHoe MHOKecTBO us V,
a MHomecTsa K, u K, KOMOARTHHL B F, NOCKOALKY OUH #BJIAKTCHA
ofpazamMn KOMNAaKTOB TNpPH oTofpaxennn M. OdosHatinm uepes &
HaMMeHbllee U3 PAcCTOAHHH (DTHOCHTENRHO HeKOTOPOH HOPMH B £)
or Touxkn & 1o K, ¥ K;. Ecny oroGpamenae H xounakra W r E
3AMEHHTh HEKOTOPHIM [IPYLHM OTOGDEDKEHHQM H, 1 TOuKy @ — apy-

=

roff Toukoli «, Tak, uro || H—Hnl||<6f2 lla —ayll << 8/2, TO
Hy (W — vV br He(W — V ;) He BYAYT ComepKaTh TOUKH . Caego-
BaTeabEo, npoodpas Hy ' ({a)) B W ocramevca B 1% 0 ﬂVg HAH IKe

npooGpasel TOUKK ay rpu oTobpaxcenun Hy, 8 V| u V, cosnadyr,

QoHAKO TIPH STHX YCJAOBHAX MOKHO Gyner BmOpath If; u3
knacca C' na W (reopeMa 52) Tarum o6pazoM, uralr Hg"[{a{,}}
OBLIG KOHEYHEIM MHOMECTBOM H 4TOOb B KaXAOH TOYKe 3TOre
MHOXecTBa oTOOpaxkekHe ff wMexo pawr, pasubifl N (2-it chyvai
nepeofl ¥acTH Aoka3aTtedbcrsa Teopemu 61). B cuny l-ro cayuas

— Ealin 9

DepBOH YAaCTH HOKA3ATENbeTBA TeopeMbl HRIeRew Hy| bV, n Hyl bV,

B TOUKe @, PABHH UYACAY TOUEK NMPooGPA3GE TOYKH @, npH oTedpa-
o o

xeuun Hy, B V; u V, B Kotopmx H, coxpasser opneHTauiio-
YMEHBIUSHHOMY H& HHCMO TOUeK NMpoobpasa, B KOTOPLIX CPHEHTA,
UMA H3MEHASTCA Ha NPOTHBONOJCKHYIO. OTCofa Ccaenyer, yro oba

—_— —
THX HHAekca paBue. HHmekcnl Ho| b8V, n II| 6V, B Touke g
—~— —
Te e caMble, WTo W HHIexew M| BV, w H|bV, B Touke a (reo-

lad Fad
pema 62}, B gBAAOTCA TONOJOTHUYecKNMH crenenamu FV, u |V,
B TOYKE d.

Teopewma 68 (Pyme). Tycrs H — nenpepuionce orobpanenue

OPUEHTU POBAHHOZ0 KOMAQKTHOZ0 MHo2006paszut ¢ xpaem V. pas-
Mmepuoctu N 8 orkpotroe HNOMECTEO. £ u3 N-meproeo opuenripo-

BAHROZ0 ADPUHROZ0 APOCTPaNCTE E. ITyers, kpome to2o, K — ne-
HpepueHoe OTOO,UCI?-‘C(?H{LB V 8 cODTRETCTayOee BERTOPROE NPO-
>

crpanctat E. Ecan o6pa3 epaniyse OV npu oroopaxenun Il ne
codepwuT Touku a U ecau & xawmdod Touke x epanuyst BY wueer
MECTO HEePUBEHCTBO

IR <IH ) — al, (V1, 8; 68)

10 muomecreo (Il + KWbV) se codepwmur rouku a u orobpare-
Y

uue H 4+ K umeer 8 Toure a Ty ae TONOAGUMECKYIO CTENEHb, UTO
u orobpamenue .
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Ecau mepasencrso (V1,8;68) cnpagedauneo ¢o srakom < aMe-

-
€TO <, TO Heas3R yreepxwdars, wro muowecrso (H 4+ K}bV) ne
CO0EPIUT TOYKU @, OOHUKO eCAl 3TO TAK, TO 3AKUOYEHLE Teopembl
NCTAHETCR CROABED AUGHLA.

Hoxazatenserno. Tlpernosomus cwavana, uro uMeer
mecTo cTporoe Hepaepencrso, Cor 1acHO (VI, 8,68), 119 a060f TOUKH

s bV orpesok [H (x), (,\}—I—K(x)] USTHKOM JekHT B Ca. Hs

JeMMbl K TeopeMe 51 cneayer, uTo INKJEI HIbV 11 H+Kle
romoTonHel B G, @ 3HAUMT, rOMOJOTHYHBE H HMEIT OAIIH H TOT JKe
HHISKC B TOUKE &, OTKYAA N BuTeKaeT TpedyeMblll pe3yJabrar,
Ilpegnoaoxum Tenepes, ¥TC COPABCAAHBO HEPABEHCTBO <O 3HA-

>

roM <. Toria (H - K){&l7) MoKeT coleD:KaTh TOUKY & (Hanpu-
> » > >

Mep, ecan £ siBASETCH BeKTOPHEM NPOCTPAHCTBOM, @ =01 K = — H],
H TONOJOTHUCCKAR CTeMeHL HC AMeeT ¢MBICAa. (QAHAKO €clH 3TO
MHOMKECTBO TOUKH @ Te COAEPAHT, TO TOMOAOTNYEeCKasd CTeneHDh

=
paBHa TONOIOrHHecKON crenentt otofpaxenns H 4+ {1 —e)K npn
AccTaTouno Madom &> 0 {reopema 66), n aaa orolpaXkeHnun

-
{1 —e) K crnpapenninBo CTPOTOE IEPABEICTBO <, 4 3HAUHT, TONO-
JAoTHYecKad CTeNeHb COENafaer ¢ TONOACTUUecKOH CTeNeHBIO OTO-
Gpawenna H.

Cancacrone | dreopeva Hanaudepa) Kawdoul noatnom
KOMRACKCHON HCPEMEHHDN CTEHCHN M ¢ KOMRACKCHOMIL KOIPPu-
HUSHTOMIL WMECT 11 KOPHRH, eC KAWL KOPENS CHUTATS CTOABKG
pas, KaKosa €20 KPATHOCTS.

Kak Yy&Ke 0OTMEYAA0CHs BHINE, 174 A0KA3aTeNbCTEA CYVIUIRCTBO-
BAHHA KO})HI’;‘ﬁ HeXOTOPOTO YPABHEHHA MH HCIOJb3IYEM TEODHIO
TONMONOTHUECKHX CTEnenei.

dokasaTteascTtpe, Kaxk o0muno, A0CTATONHO TNOKA34Th,
970 NpH M 2= | moaHHOM UmeeT XoTH OBl OJHH KOPeHb. Bhiffepem
cravaaa wdeao R >0 rax, wrobel naa | 3] 22 R GHI0 cipaBefanBo

HEPABEHCTBO _
FP(2) —ape™ | < | ag2™ | (V1,8,69)

ric a,-- KoshdmuueuT npu crapwed crenenu nomanoma P(z2).
Ternepr moxuno npusmenute Teopemy Pyme ¢ H(z)=ga2™ 1
K{(2) = P(2) — ay2”. Ona nokazuBaer, uTo oTO6pakenNe, onpene-
JiEHHOe NOJIHHOMOM P, kpyra |2 |€{ K B KOMMAEKCHYID IIOCKOCTH
UMEET TY JKe TORNOJOIMUECKYIo CrefieHs B Touke 0, ute u orolpa-
Kenne z-—»a@e™, CorpacHo onpedeneHnio, sTa CTEMEHb paBHA
MHACKCY oTHOcHTeapHO Touku { UMKIa, onpeneseHHOro oTebpa-
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wenneM H: z— Z=a,2" oxpymucctn It |z|=R, cuabmxennoi
Kanonnueckoll opuenranker, 8 C. B enay (VI,8; 57} 5707 noneke
paseH
a‘Z | dz .
w | T=mm ("D (V1,8;70)
wiT i3

T. ¢. HHZerey I, yMHGKcuHOMY Ha m, WAH paben s,

Mu nokazanm, uro orofpaserie Kpyed |z |<. R 6 komatekc-
Hyto naoekocts L, onpedeaennve orobparcenues P, uneer 1on040-
auueckyro erenens m g rovke 0. Tlockonsky m==0, To B 5TOM KpyTe
MMEETCA x0T dut o0um Kopenos. TIO HAAYKUNH, HCX0ZA U3 CylLe-
CTBOBAHIIE KOPHA, MOMIO A0Ka2aTb CYLUECTBORAuMC #I KOpHel,
Oduaro, NO-BUAHMOMY, FTOT PC3YALTAT HOMHO ROALHUTH U RPAMG,
HCROABAYA TOT (PAKT, 4TO TOROAOUUCCKAS CTEACHL POBHA I,

B sroM Mel yGepumca B Teopeme 25 ra. VIL

Caneacreue 2. MMycre E — roneunomepuog wopuRposStnnoe
adpurnoe npocTpaHeTa0 HAd nodem eeiycoraendoty vucer, Kaxedoe
HENPepuIeroe OTOOPANCEHIE JAMKHYTO20 WAPA 3TOe0 NPOCTPAHCTSA
8 ceba umeer x0T G0l 0OWY HEROJeUNCHIIO TOYKY.

3nech Mbl CHOBA HMeeM MPHJAOMKEHHC NOHATHA TONQJOTHUYSCKOH
CTENEHH K AOKA3aTEJbCTBY CYHLECTBOBAHUA KOPHell HEKOTOPOro
YPaBHeHHA.

Joxkasatesserno. 19 [lpeanonomum chavana, uTé B 0po-
crpaHcrse £ BpeieMa eprauposa Hopma. [lyerb { — aawHoe He-
npepuBHOe oToBpaxKeHHe wapd £ ¢ LWeHTPOM a paiuyca R B ceds.

-

Ecan Kak-uWOyAb OPHeHTHPOBATbL BCKTOPHOC NPOCTpaneTBe £, TO
TeM CAMBIM OYAYT OPHCUTHPOBAUL npocTpadHceTso £ § map B.
— -~ %
OGo3naunm wepes H orodpakeHHe x—>x—a Luapa BB £, nmemw-
Lige TOMOJOTHYECKYIO CTelleHk | B g (MOCKOIBKY 0 wmeer elH-
CTBEHHbH MNpooOpas — TOYKY @, B KOTOpOM axoGHan oTolpaxe-

. R —
nua f1 paser ! >0), u uepes fmoroﬁpamenlie x~—->—_~(f(x)—a)
uapa B b El), '

. Y =
Tak kak f otoipaKaer B s B, To anx /f, R’ It 5=OEE nph
x=bB wuveer wecto depasenerso (VI,8;68) co 3nakom <

=

'y Tonoaorugeckye CrTenedy 34€Cs He 3aBHCHT 0T BWOOpa  QPHCHTAUHH
-~ -

BEKTOPHOLO HPOCTPAHCTRA £, AOCKOALKY TPH HIMEHCHHI OPHCNTAINK £ 0nII0-
BPEMEIING MEHSCTCA OPHCHTALNA npocTpancersa £, a suoyet, v wapa B
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s —_
[fix) —allssR==Ilx—a]|. 3pecs (H 4+ }(a)'(x) =x—f(x). Cae-
A0BATEIBHO, COTaacHO TeopeMe Pyime, umeeM

- 4 4
a) ando obpas bB upn orobpamennuy H + K cozepxut 0 u
CYILECTBYET TOUKA X, IPHHAIJEKAWAs rpaHiue bB, a 3HAuHT, H
S -
wapy B, taxas, uto (A4 K)(x)=0, otkyna x=Ff{x)
by nubo zT0 He TaK, TOrZAa TOMOJOTHYECKAd CTeneHe OTGO-

GpaxKeHnH (H»;I— i) (._;) 50 paBHa =1 ¥ cylLlecTByer TOUKAa X, [IpH-

naigexaniaa B, a sxmaywsr, u B, Takasg, uro x=Ff(x).
Cienersie JOKA3aH0 B 0BOUX CAVUAAX.

2°) TIpeniiofioHM Teneph, UYro B NPOCTpancTeé F BReneHa
HPOK3BOABHAA HOPMA, Torna Opefbl1VIUWE MeTOA He NPHMEeHHM,
HOCKOJbKY ciepa He Byger Sonabuie MHoroodpasue M.

3aMeTHM, YTO ACKA3aHHOE CBONCTBO HMMEST YHCTO TOMQJIOTHUe-
CKMH xapakrep. Byayun cuipapesusBbiM AJA4 HEKOTOPOrO €BKM-
ZOBY 1I1APa, OHC OCTACTCA COpaBeiJHBHM A4A A1000ro TONOAOTH-
HeCKOr0 NPOCTPAHCTBA, TOMeoMopdoro eBRAMAOBY Wapy. Hanee,
WAPLL OTHOCHTEALHO Jayx nPoussosskolx HOpM 43 E zomeonoppuu.
CaeoBaTeAbHO, Kamkawlit wap roMeoMopded eBKJHAOBY lUapy.
B Ld‘\{OM Jege, nyete i | H | Lg—ﬂae npousso.nbuue BOpMbI

B E PacemoTpum oTobpameHye h 13 Es E onpefedeEHoe 0o
dpopMyae

-->h(x)-— x npH x#=0 H k{O}-— . (VL& 7hH

X |.2

K

370 oToGpaiKeHie HENPePHIBHO B KAXKAOH Touke =0, NocKoAbKY
HOPMB HENpepPHBHLE, @ 3HAMEeHaTeab He ofpamaeTca B HYMb. 370
OTOGpANCHYE HCOPCPHIBHO TaKKe H B HYJAC, TAK KaK JNBe HOPME

-
B E 3KBHBa.rIEHTHb1 (reopema 13 ra. II}), H TOI‘,lIﬂ OTHOWIERHE
]|x|||;!|xi|2 OrpaAHHYEHO (TeOpema 12ra. I u h(x) CTpeMHTCA K 0

npH x CIpeMalleMen K 0 Tak xak

17 (9 =i % 1, (u |[1"e(3?)i|]='1."%‘). (V1,8;72)

* e
- " =
To A oToGpamacT ciunuuunil wap By B sopme || | B exuHuUHL
wap B, b wopme || L.
1y Mpn uopue i {*p Ep ey Xy [= lgnax \rl X | B Ry wap ApAmercd
=2 vae,

wydos. [Ipi apyrux nopmax o MoMeF OWTh YCTPOCH TOPa3ad CAGHKIUCE!
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E -
Kpoue Toro, orofipaxeHie A uMeeT 00paTHOe oToGpakeHne k;

".9”2 I) (VI,S; 73)
IIyIIl
> 2
310 orobpamenne E B [ HenpepulRHCG H NePeBOAHT H; B B,
-
CregoBatessho, fi ABIdeTCH roMeoMopdnsmMoM mapa B, na uap B,,
qeM H 3aKaHYHBAETCH MOKA3ATEAbCTBO CAeICTBHA.

Jadeuvanda 1% B arou dokasarersctae npednorormediie
0 KOHEUHOMEDHOCTH RPOCTPANCT8A £ ABIALTCA CYUECTECHHBIM.
C OHOH CTOPCHM, GHO [03BO.JISeT OPHMEHHTB TLOPHID TCHOJOMH-
UeCKOH CTeleHH, a, ¢ APYTrofl CTOPOHH, B 0. 2°) NpHBOANT K 3KBH-
BAJIEHTHEIM HOPMAM, MO}KHO [IOKAa3AaTh, YTO allAJOTHYALIC TCOPeMEl
OyAyT NCBCPHEIMH, el £ aBJseTcs GecKOHeUHOMEPHBIM HOPMHPO-
BaHHBM abuHHEM npecTpaHeTBoM. OHAKO HMeeT MeCTo 3aMela-
TeNbHass TeopemMa, KOTOPYIo. Mbl npuMeM (€3 JNOKa3aTeMbCTBa:

Teopema 68, (reopema Ilaymepa © HenoABMKHON TOHKeE).
fTycro E — Ganaxoso npocrpancreo. Tozda wwoboe Henpepoisioe
orofpaxcertic sunyKkices Komnakra K u3 E & cebn umeer xora Ot
odny renoJeUNCHIIG TORKY.

Ecnu upocrpadctso £ KOHeUHOMEPHO, TO BCe WIapH B HeM
KOMIMGKTHR H BBITYKJIH.

2°) 31a TeopeMa O HCMOABHXKHOM TOYUKe HC CBA3aHa ¢ Teope-
mon 46 ra. II. HajoxenHble 37ech YOAOBHA 3HAUHTENBHO MeHee
OTPAHKUNTEABHE, MOCKOAEKY H He 0BsA3aTeNbHe ABAASTCA COKATHEM.
O14ak0 3dech AOKAIRIBAETCH TOJALKO CYIIECTBORAHHE HEHOIBH K HOM
TOUKH, a He €€ eTHHCTBeHHoCTh., Hanpudep, ecan H susasgerca
TOXKACCTBEHHHIM OTOOPAKEHHEM, TC¢ BCe TOUKHM chepor 6yayT He-
NOABHXXHLIMH TCUYKAMH TaKOro Hp606p330BaIIHﬂ.

>

Teopewma 69. llyers X: x— X(x) — nenpepuoténoe noae xaca-
TEAbHLIX 8eRTOPo& K HekoTopod edepe N-mepuno2o esxandosa npo-
crpancrea E, Tozda, ecan wucao N Hewetro, cyugecTayer no xpalined

sepe odna Towka x copepot, 6 rotopod gexrop X (x) ofpawyaerca
8 Hyab.

HDoxasarcenbcteo. OpHcHTHDYEM KaKAM-HuOyIip ofpasom

-
NPOCTpPAHCTRO £, Moxno BCerfia CYHTATh, YTO X — eNHHHYHASR
chepa U3 E [Tockoabky cepa X ABIAETCA KOMIOAKTHHM MHOTO-

>
I} B caMou gaae, AnA A0KA33TeXsCTBA JACCTATOMHO O0KAJATh, 4T Aeof H
SR e
& ft ABAAKTCA TOHKIASCTEEHNBIMHK OTot‘SpameHua\m. Hanpnmep,

> >
Bt | =
2% = [uxnl x] lFxh Sp L LA

1% 1 M N5l 4% Iy
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2
obpasuey u3 £, KoTOPOR MH MOMeM cHaGONTL ero Kauonu4YeCkoll
Ead

< -
opnentanve#ft B £, 1o nose X MONHO paccMaTpHEAaTh Kak flode,

onpeneastee chompoc '-[CII]JCPLIBHOC oTofpaxente 31oil chepn 5
5 =
B E, T. ¢. HEKOTOPWH LHUKA XI Ha £.

fTpednorowun, «ro noae X Huede 6 rnyae He obpaiyaercs.
Torna o6Gpa3s 2TOrD LHKJAA HE COZePIKHT HYJAR NPOCTPAHCTBA H,
+

- E
CHENOBATEILHO, HMEET BeKOTOPLI Huleke B U, OGosnaunm yepes ¥
neJe HOPMAAbHBIX €AHHAYHBIX BEETOPOB, BHXOASWHX A3 cdepsl,
o~
> o >
D10 Node TaKk:Ke ONPEeAedaet HeKOTOPRE k1 V|2 w3 E, v e cuny
-

=
TOTO, 4T¢ ¥ ABJAETCA TOMXAECTBEHHBIM OTOfpameHnem 2 B £, nu-
NeKe »TOFO UMKAA OTHOCHTEAbLHO Hauada pacen 1. ITpu nwbowm ¢,

0! < 1, BexTOp tf(;) + (1 —1)?(;) 9&6. CleloBaTesbdo, ecau
paccmoTpets orobpamenne [0, 1] 2 B E samanHoe mo Gopmy.ae
(t, DX (@4 (1 — 5T, V1, 8,74)
TO OHO onpeﬂe.nm HEKOTOPYIO FOMOTONHIO MeAKAY UAKIOM X}E "
LHKAOM |\ B CD Otcoaa cleqyer, YTO HHIERD yuKAQ X|“?l
OTHOCUTEADRO 0 rakme posed =+ 1.
Ob603HaunM uepes % HenpeprBHOE NOJAe @IHHHUHLIX BEKTOPOB,
HOBMa.TIbHO Bxoaawnx B chepy, Orobpaxkenne E [LOBEPXHOCTY g

-
B £ onpejensteT HeKOTODHH UMKN., Ere HUAEKC MOXKHO BLIYMCIHTE
C NOMOUWBIO HHTE]‘[JE.UIFJ OT TeJIeCHOTO VrJaa L:)D OTHOCUTEJBHO TOUKH (!

[Z18 0= f mg._— f Z'o,. (V1,8 75)
ZIV

- >
Orodpakenne Z apaacres obuuioll cnmme?pneﬁ x—+—x OTHO-
CHTE/IbHO Haualla KOOPHHHAT. Mz dopuyau (VI 8; 51) cacpyer,

uTQ Z ‘o=(—1Y @, 1 Mb ROJy“aEM TaKoe COOTHOUIeHHE;

d (=& A
1215 0 =52 [ o=~ (V1,8;76)
. N4
x
ECJH Teneph POCHONLI0ORATLCH TOMOTOTHEH
> > > > > '
G x)—=tX () + (1 —8 Z{x), (V1,8 77)

TO NPOBEeHHOE Bhle paccymnemie MOKA3HRALT, UTO IIHKA X[E
HMEET TOT K€ HHJAGKS B TOUKE 0 TG H HHKJ Z!Z T. €. (—D)%,
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Ecan N — mevernoc uneso, To pasedeTso (~—1)Y =1 He303M0KHO.
3uaydT, BEKTODHOEe IMoJe 00palaeTest B HY.Jb X0TA Gbl B OJHOM
TOUYEKe C[l)epbl, H Mbl ODHLIAH K INPOTHROPEYHD ¢ HCXOAHBIM npe,z(-
TOMOHKEHY M. ﬂOKa?&TeJ[bCTBO TCOPEMbL 3AKOHYSHO.

3Jamevande, ITO NOKAIATEIBCTBO, OUERHIHO, He MPHrOINO
mpH YETHOM N, TaK Kak B 3TOM CAyuae MOde BHIXOAANIMX BEKTO-

pOB Y H Ticdle BXOJAAIIHX BEKTOPOB Z onpeneﬂﬂw'r JBa LHKJIA YI

i Zi E O LHOMO U TOrG Me aHlexca -+1 B Touke (}. Bopouem, B 3TOM
cAyyae TeopeMa CTAHOBHTCH HEBEPHOIl, K CylUecTBVeT MNOJe He-
NPepHIBHHIX BEKTOPOB, HHrjAe He oOpalfatclueecs B HyJib Ha cepe.
Ecan, wanpumep, paccMaTPHBAeTCs TPHIOHOMETPHYECKAA OKPY K-
HOCTE (N =2) M ecaH B KaxAOH TOYKe OKPYKHOCTH MOCTPOCH
eNMHHYHEI A BEKTOP MOMMKHTEIBHOM TOIVKACATE IO, TO TeM CAMBIN

>
JYZeT onpele/ieHo HeNpPephiBHOE BEKTOPHOe NOMe BcoAy =0 Ha
OKPYHEOCTH. 3HAUYHTEJAbHO GoJge CJIOMHLIMH METOLAMH MOMHO
ODOCTPOHTH TaKHe IeJA Ha c¢pepax B eBKAWAOBHK NPOCTPAHCTBAX
NPOH3BOMLHOH YeTHOH pPasMepHOCTH.

Cneacreue. ITycrs [ — nenpepusnoe otodpanenue chepor 3
N-meproeo adpunnoeo earxiudosa npocrpanctea E & cedn. Tozda,
ecau aucro N weverno, wmaddercs ror1a 6oi odna rtowka x &= I,
obpaz roropot npu orofpaxcenty | S6yder cosmadars ¢ camod
TOUKOH X wau 6yder Toukod cdeper B, JuAMETPANOHO RPOTHEO-
ROAONMHOU TOUKe X.

JokasaTeapcTho. PaccMoTpuM HenpephirHOE BEKTOPHOE

_—
noJie x->f(x) — x. D70, KOHeYHO, He T0JI@ KacaTeMbHLIX BEKTOPOR.
OfHako ¢caH B KaxIoh TOYKe cdepul Mbl OPTOroHAJBHO CIPOEKTH-
p}’EM BCKTOPB! OOJA Ha KaCaTe/MbHYID NJAGCKOCTh, TO TE€M CaMbIM
fyner ONpeneNeHO HeNpepLBHOE [OJE BEKTOPOB, KACATENBHEIX
Kk chepe, Tlockoasky N HeueTHo, cymecTeyeT XoTd S 0LHA TOYKA,
OPOEKNHA KOTOPOM paBHA HYJ, T. € TOUKA, B KOTOPON BEKTOp

E——

f(x) — x saBaAerca HOPMaabio. TTOCKOMLKY [(x) ABJSETCd TOUKOM
cheprl, TO 310 CAYYHTCA TOALKC B TOM CAYYae, KOTZa 3ITA TOYKA
COBIAJIAET C TOUKOM X NJN ABJAETCA TOYKON, AHaMETPASLHO NPO-
THRONOJAOKHOH TOYKE X.

0006 meHHe TeOpHN TOTIDXOTAYECKON CTemeHM
Teopuna TONOAOTHUECKOH CTemeHd AOMYCKAEST SHAYHTENbHOE
oﬁoﬁmem{e

TTyeTo V ou W—opnenmposaﬂume MHOTOOGpasHs  odHod U
roii ske paaseprocruy N, rae V, ObiTb MOKET, ABAACTCA MHOrQ-
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ofpa3sneM ¢ KpaeM, HO BCerfa KOMNAKTHRIM, a MHoroofipasne
W — ecTe mHOrooGpasne Gea Kpas, [Iyere A — raxoe wenpepmshos
otobpamenne V 8 W, uyro obpas &V npuw otolpamenvn H He co-
depmuT Toukd ¢ = W. Toria MomHO ONpencinTs TONOIOMHYECKY 0
cTeneds otofpasxkenna f B Touke @ ITa TONO/JIOTIHYECKAA CTEMEHD
ofaafaer ceolCTBAMH, AHAAOCHYHLIMI TeM, KAaKHe Ml OTMEYa,TH
Buitie. ITpedcraeiseT uATepec cayuafi, Korma V' AR;MAeTeR KOM-
MaKTHHM MHOrooOpasuem Ce3 kpasa. Toria MOIKHO OOPEASTUTH TO-

NOJOTHYECKY10 cTenenb orobpaxenns H muaoroobpasua V B Muoro-

o6pasue W B Kax0if Touke a 13 W. 3Ta Tono.goruueckaa cremnens
HEHPCPHIBHO H3MCHAETCH BMeCTe ¢ U3MEHeHHE£M TOUYRKH 4 H, cJaeg-
JCBATCABHO, NOCTOAHHA HA KamAOH CBA3ZHON KOMMOHEHTE MHOMe-
crpa W, '



Fnasa Vi

DOyHKRIUN KOMILUIEKCHBIX
nepeMeHHbIX

§ 1. MIHOCEPEHUHPYEMOCTh OTHOCHTEﬂbHO NMOJIEH
BEIMECTBEHHBLIX H KOMITNIEKCHMX YHCEJ

Bee u3znoxenunoe B A Il anddepednnansHoe HCUNCIEHHE
NPHTOOHO KaK /8 cydad N0JA BelleCTBEHHBIX, TAK W JJIA CAYYAS
HQJ]H KOMIJASKCIBIX 4YHCSA, 38 HCKJIOYeHHEeM TCOPHH MAKCHMYMOB
H MHHHMYMOCB (M, B YACTHOCTH, BAPHALHOHHOIG HCUHCASHHA), rAe
CYUIECTBEHHO INPEINoNOXKeHHe, YTO pPaccMATpHBAaeMble DYUKIHE
NMPUHUMACT BelleCTBEHHBle 3HAUEHMA. C APYrof cTopoHH, B A V
0 addepeHIHaabHEIX  YPAaBHEHHAX BCErjla pPacCMarpHBaJ/HCh
TOABKO QYHKUHAH BelleCTBEeHHOH nepeMenHoi, T. e (PyHKUHH, Onpe-
HeNeHHble Ha HEKOTOPOM WHTepBale seujecTeenuoil ocu R, co 3RA-
ueHHaMu B OAHAXOBOM [POCTPAHCTRBE HAX MOJAeM BELIECTBEHHBIX
BJAY KOMIJEKCHBIX YHCE,

Kax mue ormeuanu s wnavaae v, III, eectyn E v F— adpdmu-
HhIE HOPMHPOBAHHBIE TpPoCTpPaHcTBa Wan nosem C, 1o TeM Gogee
HX MOMKHO CYHTATH apOHHHBIMH HOPMHPOBAHHLIMH N1POCTPAHCTBAMA
Hax nodeM R, n Beskoe oToGpakenue OTKPLITOrO MHOMKecTBa
na £ s F, auddepeHuupyemoe orrocktesbHo {, H nogasno Aug-
bepenunpyemo ornocutenruo R. Oanako B 3TOM cayvae mpou3-
BOAHOEe oTobpaxenHe f'{(a) B Touke a < ( ABJINETCH HE TOMBKO

> >
R-Aneefinem, Ho Takke u C-nuHefinbim oToGpaxennem £ B F.

O6parno, cenn f — HekotTopoe oToSpamenne @ B F, R-and-
fepenuypyeMoe B TOUKE @, H €CHM ero npouseoinas [’ (a) He
ToAbKO R-nuuelina, wo u C-nauneiina, 7o ono C-nudpepennupyemo
W UMEeT TY JKe NMPOH3BOAMYID f'{a). DTO HeNOCPENCTBEHHO BHITE:
Kaer H3 onpesenenua (I, 3; 13).

e >
Teopema 1. flyere £ u F —sexroprsie npocrparcrsa Had
no.tes fco,un,wncnmt wucea. Hdag rogo '£T05b£ R-auneiinoe orobpa-
aeertte L Apoctpancraa Ee APOCT PAKCTEO F 6ot10 C—.em&eanbm,

s
HeoOXx0du Mo U Jocrarcyno, 4T0G6l dAa Kawdo2o 8EKTONG X u3 E

HHEA0 MECTO PABCHCTEO
LX) =iL (X). (VIL 13 1)

e
Ecanu . npocrpaucmo E koneunomepHo u (ef) j=1 2, ..., n, ecTs

{-basuc E 70 JocTarTo4HO, 4Tobbl O Kaxcdoeo saemenTa Gasucy
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GHNOANAALONE COOTHOIENRILE
a8 E
L(ie)) =il (e)). (VIL, 15 9)

Joxasavenscreo. Hanucaudsie YCAOBHA CUESBHIHEM 00D a-
30M Heo0Xxoxudel, W HOSTOMY HiaM HAZOo A0Ka3aTh TOJBKO HX Q-
CTATOMHOCTS,

Ecan (VII, [; I) numoditeno 1 celn A + ip — IPOH3BONBHOC KOM-
NAeKCHOE YHLa0, TO
L(+ i) 5y =L (K) + ol (R = +iw LX), (VIL 1;9)
ueM Aokasusacrea C-auHefiHocTh oTofpamenus L.

-
fanee, ecmu npocTpadeTss E KOHEUHOMEDHO, TO B ciay R-an-
Helidoctd L 129 Buinoanenua cootHomenuws (VI 1; 1) mocratodso,
o

yrofLl OHO BHIMOMTIAAOCH A 3AeMmedTos K-Gasnca E. Ho ecan avo
-
COOTHOTUSHHE BBINMNOJHEHO AJAA 3AeMeHTOB E’; HEKOTOPOFO C'ﬁﬁSHC&,
[
TO OHO TaKixe GyaeT BHNOAHATLECH A/1A 2TeMenTOB i2;, HbO

Liep=il{e), nmu L{—e)=il{e;), wan L -iey)=iL(iep)

-» >
a MHOKeCTRO 33MeMeHTOB ej-, !'é?‘; COCTARIAST R'GEBHC l'lpOCTpaH-
> .

cTBa £.

Caeacreue L. fMycro £ u F— C-apdpunnoie npocrpancrea
t [ — orobpamenue orkpuroco smowecroa Q< E ¢ F, R-dugdge-
pentptipyesoe e touike a=1L. Jaa ro20 yrobeu | G540 C-dudpcpe-

PEHYUPYeMBIM 8 TOUKE &, HEOBX0JUMO 1 JOCTATOURO, 4TO0b UMEAD
MEUTO COCTHOWEHHE

> ->- - >
Frlay - (iX)=if’ (a) - das awbozo X <= E. (VI 1: 4)
Jamevanue BepueMmca K cayuaio KOHQ‘IHOMEPHOI"O npo-
crpauctea E. [lyers 0, ;J, ;Q. 4:-,’,1 mexoropana (-cherema
koopaurar 8 E£. [lycTe Bextop }EE‘ H 2; —ero (KOMRJCKCHEIE)

B = L2 >
KOOPAMHATH OTHOCHTeJbHo Gasuca e;. Toria X= D z& =
=

> > >
= 2‘,} Cegeg b g iggh). Orcioaa enenyer, uro x;=Rez;u gy, =1Imz;
= -
> -
ABAAIOTCA KOOPAHHATAME BekTOpa X oTHOCHTeNbHO R-Basuca ey,

—
ie;, MoHO cKasaTh, 4TO ecan uepes X; H y; o0o3HAYEHH KOOP-
JIHHAaTHHES QYHKUKH oruocu’renbﬁo R-cHcremul koopamdar, o6paszo-

BaHnGi u3 0 # BekTODOB e,:, zef, TO 2; == X; + iy ~ KOOPAHHATHHE



§ 1 BupepenyupyeiocTe OTROCUTE BRG ROAR 397

dVHKUNK oTtHOCcUTeabHO (-cueTeMbl KOOPIHHAT, 06pasoBanHol u3 0
._)
u e;. Ecau orobpaxenne [ R-andppepenunpyemo, To oxo mMeer
—

S 6 ')' X
yacTyeie MpoussoiHble [ (a) - &; =% (@), (@) ie;= (¢) B Be-
*y

2y .

i

mecteeHHoM cMuche. Ho ecan ono C-uimbpdepeduupyenmo, To 3To
-

. > EY >
oTofpaykente UMeeT NPOH3BOIHBIE [’ (a)-e;= 55— {a), /'q) - ie; —
N i

s > . oF :
=if (@) - e;=1 -(?(a)*rax:«e H B KOMO/ARKCHOM CMBICHe. JIpyr HMA

caoBamy, B ey (VI 1;2) umeer wmecro

.
Cnencrtaue 2. Ecau E KomeunOMepio U ecay seKTopst e

= -
cocragasior C-6usuc ¢ E, ro orobpowenne |1 Q — F, B-dupgpe-
penyupyesoe & Toure a = Q, Gyder C-dudpdepenyupyeson roeda
u Toabro roeda, koeda

—> —
d ) : i
‘ajj(“)=‘a_:2,(‘”’ =1, 2, ..., n. (VI ;5)

B arom caynae

- > —
a a . d , >
-agj—(a) ——-O—i;(a)_——zwi(a)zf (a).-2,. (VIL 1:6)

3ameuanne. Coornowenuns (VII,1;6) momno noayunrs
HHaue: NPpH QUKCHPOBAHHBIX Xi, §1y « vy Xjmls Ymis Xjs1s Yittr o
ey X, Yo OTOBpaskenne f MoxHO pacemMaTpuBaTh KaK CACKIYIO
GYHKUMHIO X7, y;, OOPA30BAHHYW TIPH NOMOMK 2;, M MOXKHO NpPH-
MeHATh TeoPeMy © CACKHMYX QyURUHAX:

G G, FFF o
ax; ~ 8z, ax,  0z;" Ty —'rﬁ}—()yf_t 9z, °

f

_—

Aror cnocod dYeHb TWPOCT, HO CAHOBpPeMeHHOe HPUCYTCTBHe
NPOH3BOAHHX B DBEIIECTBCHHOM M B KOMIJICKCHOM CMEICAC Tpelyer
HeKOTOPHX NPefoCTOPOKHOCTeH, ¥ AaBarTh ero cTporoe 060CHOBa-
K¥e MeHee yAoOHO, UeM MPHMEHSTE NPeiblAYUIHA MeTol.

Caepcrence 3. Tyers | — orobpanenue nexoropoco orkpot-
ro20 muoacecTsa O agdunnoeo C-npocrpancreéa E g nose som-
naexchsix wucear C, a P u Q — sengecreennan u mrumas wacty f,
7. e. f=P4iQ. Toeda ecau P u Q ssatmores R-updeperiyupye-
MotMi pyHEuuAMd Ha L2, 10 048 Toeo wrodwut ynkyua [ dolia
C-Qudepenupyenoi, neobxodumo u OJocrarouno, «roGut 04
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'y >
ramdozo X = E umero mecro pageHcrso

DP=—DQ (VIL, 1;6,)

Ecau .E--C s TO BTO YCA0BUE 3ANULIETCA (ecan nocaedogareasro
ROAVFICRT & X—ﬁe;, w} a8 aude ycacsuly Koww — Pusana

op_ 90 P _ _ 30 .
F = T == =L (ILLD)

Ias aoKasaTenbCTBa AGCTATOTHO PACCMOTPETh BEULECTBEHHYIO
n MHnMYw© dactd coorHomweHns (VII, 1;5).

Cnencreune 4. Eecau Q — orkpuroe c8I3H0E  MHONECTS0
C-agppunnceo npocrpancrea E, [ — C-dudpdepenyupyenar rkom-
RACKCHOIHAUHAR PYHEWEL HA Q ¢ HOCTORRHO BEECTREHHO HACTLIO
8 0, To U cama yHKUuR [-nocToaH.

B caMoM jJege, MHHMAaA 4acTh {J oTolpaxeHuda | wMmeeT npo-
H3BOOHYI0, KOTOPan B cHay cootHomenusa (VII, 1;6,) pasHa mymio,
Tlockonbky MuOMKeCTRO O CBA3HOG, TO no reopewe 22 ra. IIl dyHk-
uua Q nocToaHpa.

Cnenctrue 5. Feau rounrerchoanaunan C-Ouddgepenyir-
pyesnad pyuxkyun [ onpedesena Ha cananom muomecree Q u3 F u
ecan ee modyae [f| nocroasen 8 §, 10 4 came Gyrkyus | ono-
CTORMAC,

3 -
B cavom mgcne, nas xamaoro X= £

A D21 [Pe= 5 Dy (P + Q) = PD3P+QD,Q = PD,P—QD 2P =0.

- -
3aMmenaa X Ha (X, moayuaem

QD‘?P 4 PDi?P ={.

B rtouke a=Q Mbl HMeeM JBa JHHeHHHX YpaBHeHHs C ABYMHA
HeH3BEeCTHH MH Di_«P(a) H D,-‘;E'P{a) ¢ onpegeauteaen P?(a) -+ Q*{a).

Ecimn mocroauray PP+ QP==|[P pasHa sy, TO CJeACTBHE HO-
Ka3aHo. B npoTneHoM cnyuae D?P (ay =0, DJP(a)=0 LAs Ka-

-
Wwaoit ToukH @ W xawjoro X. Ho rtoraa mpoussoanas P’ pasua
Hymo Ha Q, H TOYHO TaK XKe PaBHA HYJW RpoH3BOAHAR @', 4 3Ha-
YHT, NMOCKOAbKY & CBA3HO, QYHKUAA [ HOCTOAHHA,
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a é
Bse¢nenye cumeoaos —, —=-
621 sz

TMycrs E — koneuHoMepHoe npocrpauctso mai C, M nyers (;;),
j=1,2, ..., 2, — Hegoroput C-6a3nc E Eesau, kak B npeabiyiiem
caydae, paccMOTpPeTh BellleCTBeHHLE KOOPAHH aTHEE PYHKUHA Xy, ¥,
TO MOMNHO BHIUHCJANTE HX fnuddepennunans dx; dy;.

Touno Tak mxe KOMDJeKCHbBIE KOOP,U,HHETBI 2]' ABJAAIDTCA KOM-
MACKCHO3HAYRBIMH GYHKUAAMA Ha £ H nMenT Luddepenunans dz .
Tipn stoM cnpaBeiiuse Gopuyas dz; =dx; -+ idy; Tlepexoas
K KOMNNEKCHO CONpPAXKEHHHM QVHKLHAM Z;=X; — fy;, N0JYYHM
dé;=dx;——£dy1.

ITycte Tenepb [ — oToGpamenHe OTKPHITONO MHOMecTBa @ n3 F
B ahduHHoe mpocTpaHcTBo F Had KOMMJIAeKcHBIM moaeM. Dyaem
npeanoaaratk Toasko, uto f R-guddepenunpyema B rouke a & Q.

Torga ee nponssofnan B XH PepcHUHANBHLIX 0603Rauennax rv. 111
BHpPASHTCA 8 BHAE

it

—
-f—dx,-|--5yidy,. (VIL, 1; 8)
i

Ecan wul 3anuweM dx; u dy; xak dyukuuu dz; n di
dz, +dz dz dz
dey=IT T gy (VII, 1;9)
TO NCAYUHM HOBOZ BHIPaMeHHE
" -
rIANNTN S B ; af :
df—E(Q (7e—i )4 ,+2( +isL)dz. (VIL1; 10

TeM caveIM MB noNyYaeM {HANMOMHNM ellle pa3, YTO peyvb HIET
0 YHKUHH, Als R-qubqbepeni;upyeuoﬁ)'

A I dy T3y gy
62 T (é?x‘, dyf)' 9z, (()‘xJi r
OTKYZA

G_F @ @ _yd
— =t =, =iz — = VI 1; 11

0x,; 9z, -+ 0z; dy, : (0:.2jT 621,)' { 2)
TaK 9T0 NPOH3BOLHOe OTOGpameHHe {ellle pPas B BEIIECTBEHHOM

cMEICde) BeIpaxaerca B AuddepenupanpHbx o0Go3Hadeldax 0¢o-

GeHHo TPOCTO:
it

E}'=E( 5} dz,+; dz,) (VI1, 15 12)
=1
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a 7
Bpeeunble CHMBOJIB -, Z—— OUeHb yI106ikl Ha MPAKTHKe.
f i

Yenonua (VII, 1;5) denocpeactbetio NawpT
Caexcrreue B. Jaa rozo urote K-duddepenyupyesce oro-
bpawenue | orkpwroeo muovscecrsa Q< C" 8 F doeav C-dugpipe-
perybpyesbin, #eosxodumo 4 docraroano, 470060 OHO y3F08.4€TEO-
PRIO YPABHEHUAM 8 HACTROLY RPOUIBOGHBIX
-

i

EW
U 8 ITOM CAYHAL HACTHGIE RPON3SOONLIe Of/02; OTHOCUTEIEHO KOM-
RAEKCHOEO 104A, onpedeaennvie no gopmyae (V11, 1;6), cosnadaor

¢ BEALLHLHA ML 6?;'(32;, onpedesennoimi no gopuyae (VI 1;11),

5 .
Teopenma 2. fdycre o — R-Qudppepenqupyenas duppepen-
HUAILHAA HopMa cTenery p, onpederennan Ha o*rprzro M MHONCE-

erge O npocrpancrea U7, co swacenuanu 8 F Toeda dw aacaercs
hopMYyACHE, ARAICSUHHON 8TOpOL gbop;u yae (VI 4; 1)

2=V
dm_—_‘_‘(dz /\—+d 2 A ) (VII, 1; 14)
j=I
HdoxazarcaveTno. B camom zede, ¢ nomoursio GopMyanl
(VI, 4; |} HenocpeACTEEHNO TOAYMAEM

5 o _ .
N gy p o L

do ;‘;( fA@x;-t_dy’A@y;)
!’1 d:. a_} > a -

ﬁE(dzi—F ﬁj/\( ) c'rm)_l_ ——dz,/\l( m 6m)=

2 dz, + 03, 9z, a3

il !

—Z(d /\dz dzi A ) (VII, 1; 15)

=1
Teopema 3. Hycre | — dsamdu R-dudgeperyupyemoe oro-
Gpaxcerue orapouiroen sroxecrea QT 8 F. Ecau sro orobpa-

ocenue odun paz U-dugdeperyupyesmo, 70 OHO 2apPMORIYecKOe,
Tr. e ydOS.-?E?'B-‘.’JpRQT COOTHMEH LG

Afu?(a?f a*?*')za

ax? By

rtﬁ
Ecau suavenus [ aexar 8 komniaexcHom nose C, P u Q — seuge-

CTBEHMAAR H MAUMGR wacTi [, TO yrryun P u Q Taxace 200 M0~
Hu%ecKue,
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JdokazaTteascTBo., Jlanaacknan A B 0003ilavyeHHAX
(VII, 1; 1}) sanHcwBaeTcd B BHjE

W d
A=4Y 4 2, (VIL, I; 16)

OTKY& B CHAY [Ipeleliylero CJAeLCTBHA H  BHTEKAeT liepsoe
YTBEPH ACHHE.

Tak Kag npH seutectBeHabX AP 1 AQ nmeem A(P - iQ)=AP +
+iAQ, To npu F=C yrBepmAeHUe OTHOCUTRIBHO P 1 Q oue-
BU,1HO,

3ameuanne. 09 cAyuan KOMIJIEKCHOR Pa3MepHOCTH n=1I,
KaK Mbl YBHAHM HHKe B Teopeme 10, xaxpas onue pas C-mud-
bepenunpyesan dyHxuud, pefcrbywoman u3 Q< L B F, zaseso-
Mo OeckoHewro AnddepeHunpyema, rtak yTe Ge3 Kakux-nudo
JONOAHKTEBHBX Npeanoaokeini, kpome C-1ndpdepemmpyerocTi
NePBOre NMOPAIKA, MOMHO YTBEPKAATh, uTo (PYHKINA f, a B cayuae
F={ ¢yukuun P n Q— rapMonsnueckue {cnencrsne | teopemer 10),

MoxHo 1aTh HeKoTopoe ofpamiende TPejbl/Iy LIed TEopPeMbi.
[TycTs P — BeluecTBeHHan {[}}]-IKLIHFI ONMpeIeJeHHAA BA OTKPLITOM
muoxectse Q n3 C, seaxaw R-auddepennnpyemas u rapmonu-
yeckad. BpacsuMm, OyIeT JH OHA TOTHA BELIECTBCHHON YacTbIo
vekoropoil C-nnddepenunpyemoti pyHKUUH ¢ KOMIAEKCHEIMH 3Ha-
YeHHAAIMH, ONpelelenHoll Ha &,

Teopenma 4. {lycre Q — 0dnoceasnoe OTKPOITOE MHONECTEO
noan C u P— eapronuneckan sewecracnnas pynkyun xaacca C?
wa Q, 7. e. pyuryun, yooereTsoprowas ypasnenurw Jlanaaca
AP=0. Toeda CHLEETRYET OECKORCUROE MHOIKECTED KOMIACKCHO-
anayney ynxdgun |, C-0udpepenyupyesorx ga Q, ¢ BCUPCTBEN-
roti wacrero P, Ecau muowmecrse Q cessne, 70 smuumas wicre Q
rakux GyRkyulr | oonpedeanerca ¢ townocteto Jo addurusHor
ROCTOANHON U, CAedosarTersno, caMu (ywkynu | onpedersroren
¢ TOHROCTHIO 00 YNCTO MHUMOL @OCUTUBHON NOCTORAKHHOH.

JdoxaszartenbcTso. Ham wazo onpefeants dyHKuHIO Q Tak,
0GB BHAOAHSAMCL cooTRowenna Kown (VI 1.7) 1as n=1.
[Tosromy, npeanonaran @ K-nuddepennupyemoii, Mm BHIUM, 4TO
eg YQIACTHHE IpOKU3BOI4HBLE HEpBOI‘O nopsaaKa Yae ONnpeAcneHEl.

Kax MH 23Haem M3 cheactsus | Teopemu 59 . ‘u’l npH

OJHOCBASHOM MHOMeCTBe & U BeJgHYHHAX — + ax, npu-
BaAAeKAWUX KAaaccy Cl, ana onpeneneuus Taxou C]J} HKUHK  He-

d ar
OGXOANMO B AQCTATOYHO BHIGJHEHHE PABEHCTBY E-y-(-— —0}“)
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=a—6x{%), T. € AP ==0, [lockoasky $yHKUAA P OpHEAANEIKHT
kaaccy C? 1 TapMOHHYECKAA, TO 5TO YCJAOBHE BHOOJHASTCH. 3HAUHT,
pyHrun @ onpefenHts MOxHO. Ecam £ ¢BA3HO, TO pellleHHe
¢ TOYHOCTHIO O afIHTHBHOA MOCTORHHON eANHCTEEHHO (NOCKOAbKY
PA3HOCTL MEOHKAY ARYMS DeUIcHATAME eCcTh (OYHKUNA, HMellasn
HYJeBEIC NePBbie MPON3BOAHLIE H, CGIeA0BaTEILHO, M0 TeopeMe 22
ra. 11l mocTosunas).

Sameuaunue ITOT Pe3yAsTAT HEsepeHn O0AR KOMNACKCHNOU
pyuryuu Ha C" npa n 22,

BemecTBeHEAd W MHuMan uactn C-anddepenuupyemol xom-
INeKCHO3RAYHOA (DYHKUHH Ha Q < € waseBawTCch BeLec TOERHM MU
SOPMORIHECKUMI  conpasternoimt Gyuxyuamy. Ecau B OTKPHITOM
OLHOCBABHOM MHOMECTBC 3ajana rapsmontvdeckas (ysrRuua, 7To
AAd Hee HMeeTcsi GeCKOHeuHOe MHOMECTBO rapMOHHUECKHX CONpSH-
WeHHBX (YHKUDHNA. Ecan MHOXeCTBO { CBA3HO, TO CONPHAKEHHLIE
¢ AaHHOA TapMoHHYeCKHe (yHKUUR ONpPedgeJAdTCA € TOMHOCTbIO
A0 afJHTHBHOH NOCTCAHHOM.

3aMeTuM, 4TO eCAH  — FapMOHHuecKan (yHKIUHS, COXPAKEH-
Hafd ¢ $ynxuuen P, 1o dyuxuns —P Gyner rapMOHEHIeCKOH
byaruue, conpaxennoll ¢ dyagnHe Q.

§ 2. 3JNEMEHTAPHAA TEOPHS TONOMOPGHEIX ¢YHKIOHH
KOMINJMEKCHOH NEPEMEHHOH. HHTETPAJIBHBLIE ¢0PMYJIB KOWH

IMyete £ — apprnnoe HOPMUPOBAHHOE UPOCTPARCTBG  HAX
=
noaem C, F — Ganaxoso npocrpanctee nal C (BooGiue HeT HY Kbl
3

Beale npeancfaarath F seKTOPHBM H NOJHGLIM, HO B B0JBIUIHHCTBE
cayuaeR 3TO HeoOXOAHMO, TAK KaK Haio OyIeT uxTeapuposars
>

HenpepoiBible QyHKUHH €0 3HaveHnamuy B F. Mo Ovzem BcCiony

CHUHTaTh €rd BEKTOPHHIM H TOJHBIM H He DOBTOPATL 3TOFD 6e3

0co00fi HaloGHOCTH B yeJaobBusux TeopeM). OyHRUHA, ONpeieacHHAdA
-

Ha OTKPHITOM MHOMecTBe Q — F, O sHAueHWAMM B F HasmBaeTcH
C™-ronoMop¢HOl, ecau oHa NpdHHAaaNexuT kaaccy C7 OTHOCH-
TeJbHO N[O/ KOMIJIEKCHEIX YHCEJ,

B teopeme 10 Mm YBHAOMM, YTO ecad £ uMeET KOMMJACKCHYID
pasMepHOCTb, pabuyw I, 7o C'-TonoMopdrocTs $YHKUBH BJACUET
3a coboil ee C¥-rosoMophHOCT:, 3HAUMTEABHO MO3Xe MBl pacmpo-
CTPaHHM 3TO CBOMCTEO Ha NPOHSBOABHOe IpocTpancTeo E. Jo Teo-
peMul 10 Mbl OyIeM THMATeABHO PA3JHYATh 5TH YCJAOBHA, Aajee JKe
naa gioboro £ GyIeM nucaTs BPOCTO eoAoMOp@uas, i 370 Oyder
oarnavare CT-zoaomopgpusm, Taxoe TpeANoNOMenie B HEKOTOPHX
yTBepxAcHHAX OYZAeT, NO-BHAHMOMY, 9peiMepibiM, OANAKO OTO
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HE HMEEeT 3HaYeHHH, TIOCKOJABKY [1033Ke OKAaMEeTcd, YTD BCe ToJo-
mopfinamst ooMHakoBel. Tloka e B TeopeMaX M CHOBA Bynewm
n0JL30BaThesl TepMEnamn Cl-roaomopdnaM u C”-rododopduam.

3Haugrenbiiag MacTh pe3y eTaros OyIZer OTHOCHTBCA TONBKO
K cayvaio E=C, HO HeKOTOPHE W K C¢Ay4alw OPOHIBOJLHOIO
npocrpancrea £,

Teopeva 5, [Jan Tozo 4rofet Pynryus ?Hﬂ 0 =C co 3na-
-*

genuamit 8 F xaacca C' ornocureasno R Guaa C'-zoaomopduod,
neobxodumo o docTarodre, 4¢Tober GuddepenyuaasHan  gropaa

> >
o= F{2)dz nepsor crenenu Kaacca C' 5ot 3AMRHYTOL.

Hoxazareascreo. Mz (VIL I; 14) venocpelcTBeHHO cCJe-
Aver, UTO

> &
do = Edz,f\dz. (VII,2; 1)

IMockoabry dZ A dz=2idx A dy =0, 10 yTBepiKIeHHA do-;=0 H

>
df{32 =0 pasuocHabHu, CNpaBe[lJHEOCTL TeOpeMbl TeilePb BHITE-
Kaer u3 ¢JencrBHd O Teopemm 1. '

Sameuvanue Econ Q@c=C" roe n npoH3soabRo, To PyHK-

N
una [ ClromomopdHa Torga M TOABKO TOrAa, Korga n-popMa
fdzy Adz, A ..o A dz, 3aMKHYTA. D10 YTBEPKIeHHE NPUMEHAETCS
penxo.

fMepean ocuoBHASt uATErpanbHan dopmyna Kommu

= a

Teopema 6. Jar 1020 urober orobpawenue [ us Qc C 8 F
kaacea C1 ornocuressno gewecrsenno2o noan R fwuro Cl-zoso-
smOpPHoLY, HeoBxodumo U AocTarouno, ¥rober dan kaxcdod C'-2pa-
Huyot T passeproctu 1 6 £ umeao MecTo CGOTHOUEHUE

[Fyaz=0n. V11, 2% 2)
r

£
JlokaszaTeabcTRO. B camom fede, ecan ¢ynxuns j C'-rono-

- -
Moppra, To @ = [{2)dz Syner KOUHKIOM (Teopema B), 1 H3 Teopemsl

) Kaogalil pas, Korda MHl OYIeM NOJE30BATLCA BHIPAKEHHIMH KHK2, 2pa-
HEE, MNO2000pa3te © Kpaes, 310 GYAET KYMKHO AJH HHTECPHPOBAHHA HEKO-
topott aubdepenunashofii dopmu # npumencsns PopMyan Croxca. B coor-
BeTCTRHH ¢ cOTJIdmennsmi, nPIRATHME B § 8 ra. VI, sce onn S6ydyr komnaxr-
woisg. B dassmeliues mwm o020 noeropars we Bydes. Hampumep, szecn
I' — Kommaxy, FpaHuud MHOTQCOPAsHs ¢ KpaeM —- KOMIAKT. Jlanee, MHoroobpasna
¢ Kpaed GYIYT HMeThL BElIECTBEHHYIo DA3MePHOCTb, PABHYIC 2, 2 MUKIN K rpa-
HILB — BEILECIBUHRYIQ PAIMEPHUCTE, pasuyw 1,
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41 v, VI {CTOKCA) BUITEKART, TTO €ro WITErpan no Kaukion Cl-rpa-
HHle pareH HYJ0.

£
ObpatHo, ecan o — anddgepennnancian ¢opsa Kaacca o,
nurerpan ot xotopoil ne kaxuof Cl-rparuiuc paeH uyaio, To
>

13 reopemnl 42 ra, VI caesyer, uTo @ — HeROTODRA KOIAKA, & 3TO
B CcuJy TEOPEMH D O3HaMaer, uro (yHRKLuA FC'-FOJ‘[O]\-IOPQJH&.

3aMeuyanna. MOXHD 3HAYHTCALHO YAyUIIATH YCJAOBHA 3TOR
TCOPEMEL.

-
1°) Ecan dyHrnus [ C-roaovopdka, To, COPTACHO caecTBHIO 6
rTeopemt 54 A, IlI, cHOBA wmeer MECTO COOTHOLIEHHE

[ iGlaz=0,

T

nawe ecnn I'— opocTo ocofioe KOMMDAKTHOE OPHEHTHPORAHHOE
1-mepHOe MHOrO00pa3ne KOHeMHOH KAHHH, AB.TAICLIEECA HEKOTOPOH
Cl-rpanuneii B Q.

2°) Cornacuo TOOPGME 42 ra. VI 1 ee Aoka3zaTedLCTRBY, LS TOTO

YTOOH cby HKLHH .f 6una C-rosoMopHOl, BOCTAaTOUHO, YTOGH paBeH-

CTBO j f(z)dz =0 Gp0 BepHUM AJA JI000H OpPUHEHTHPOBAHHON OK-
r

pysmuoctun T, orpaannBa}omeﬁ KPyr A, neanrom Jexawnfl B Q, 1aH
pame, uTober gas aodofl Toukn a =Q oo GHAC BEPHEM TOJALKO
JUIE MOCAEIOBATENLHOCTH TAKHX OKpyXKHocTefl I'y, ¢ meHtpamn
B TOUKE @, PANHYCH KOTOPHLIX eTpemsrcd K O.

Huxxe (cM. cnemcteie 3 TeopeMn! 10) Mb faKe IOKa’KeM, UTO
B CBOEH JOCTATOYHOR YacTH 3TOT Pe3YALTAT COXPAHHTCH, eC/H
BPeANOIaraTs, YTO nbopmy.nz; (VIL, 2;2) BoimoJHseTcA HA TaKux

okpyxuocrax I', a dyuxuus [ aums wenpepoigna, a He R-nude-
peHUHDYeMA.

3°} Hanpotus, 8 recpeMe 6 secema cyiec roesno, ¥robor I Goaa
HekoTopotl aparuyett,

Bor oucBnmlblii KouTpnpuMep 1A exyuas, Korna [ He qBaseTes
rpaHnlei:

Oyuruna [{2)=1/z ronomopgsa B OTKPHTOM MHOMECTBE
Q=C0. OBosnauam vepes ' okpy:sknocrs ¢ nentpom B 0 pagnyca R,
OPHEHTHPOBAHHYI0O B IMOACKHWTeJabHoM Hanpapieeun B C. 2ra
OKPYXKHOCTE GVJeT, OueBMuHO, rpasnueil B €, HO, KAK Mbl YiKe
yﬁaamsann He B CO (caeactene 2 teopemn 58 ra. VI). Tlonaras
z==Re®, cpasy noayuaem dopmyay

j %:ggﬂ, (V11,2:3)
T
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o

Jra fopsyan uepaer QyHIAMEATAISHYIO PO 80 BCeli Teopuy
eoroMoproty gryrrgul. Ha neli ocnosoigaerca reopema 19 o dore-
rax. H3 (VII, 2; 3) cuoea eudno, yro I' ne a8.ascres epanueti 6 CO,

: >
Cnegcrene. Ecan ¢hynryus [ Cleoaomoppua o ecau muo-
aecT8o  00HOCGRING, TO Popry.la (VH,-,?) crpasedausa dan
aiotoze C-yuxaa T (u daxce dan awboee Chyurae U woneunoi
Jauns).
B caMoM Jtene, MOCKOMbKY MHOMECTEO O 0AHOCBSZHO, TO KA AL
maka ' sBasiercss rpanMuel (caenctene 2 TeopeMe 54 ra. VI).

Momxuo 6nao 66 cKasaTs 1 Tak: TNIOCKQJAbKY MHOMECTBO Q@ OJHO-
-

CBAZHO, TO KOUHKI @ eCcTh Korpaunaua (reopeMa 59 v VI,
CHEJORETENRBHD, €70 WHTerpas nmo Kaxnomy unkay o' pasew uy mo
(Teopema 39 wan 41 rv. VI).

Tleppoobpasnan ronomopiduoii pyHKLHM
o
Teopema 7. Ecau |— zoaomoppuan gynkyus & odnocsss-
HOM  MHOXMCECTGE QO co 3xauenuamu N OaHayoeoM npocTpan-
crae Gl), TO ORO UMEET AEPBOOOPASKbLIC F 7. e raue C' -20.40-

Mophrble Gurrynn na L £0 3HQUCHUAMN 8 G, aro Fr =f. Feau
MRONECT0 Q OJROCBAING, TO ITH REPBCOGPAIHLLE ORPedeiRiOTCR
¢ TOYROCTHI 00 adduTUBHONE NOCTOIHKOG,

JokasaTedAbcTRo, Ec.m rpylmunﬂf Cl-roomopdina, To

pubdepeauuansan popma fdz ABAAETCA KOUHKJIOM. [locKoaeRy
MHOMKECTBO & 1O yCAOBHW OLHOCBAZHO, TO W3 Teopemsl 59 r1. VI

=
clelyer, UTO OHo aeBagerca kKorpannueit. Ilyers F — pHemuss
e
mepeoofpasnan GyHKURA 0MA . Toraa uveer MecTo (opMy.Ja

>
dF —e=Ff(2}d=. (VII, 2; 4)
= OF oF . .-
Onnako dF=-5-z-dz+ E—a’z, yeM JAOKA3LBaeTCd, ¢ oduoil CcTO-

>
-
POHBI, YTC %‘%zo, T. © 4To ¢yuxunsg £ C'-FOJIOMOp[lJHa, H,

¢ ApYroH CTOPOHH, UTO TPOH3BOIHAS F OTHOCHTEABHO [OAA KOM-
s
9F _ x
MAEKCHEIX YHCEN DABHA —— = .

=
1) BuecTo oSkivuoro obozmavenns F A npocrpancTza Banaxa  wul
e o

nHmewm {7, ‘!T‘OObl HMETE BOSMOKNOCTL ofosnavaTt acpes F nepeoodpasinpe
byrrusr zag f
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TMockoaery ¢ynxuus THPHHaJ.-'Ie}KET Knacey C', To uz Teo-

pemsl 59 ra. VI caenyer, uro dynkuns F npunajiaexkut Kaacey G2,
Ecan MrOXKeCTBO Q ONHOCBH3HO, To H3 Tteopembl 22 ra. IIT cae-
e

Iyer, 49T0 F oOpeleqafcTcd © TOMHOCTLI 00 NOCTOAHHOMR. Teo-
pema 59 ra. VI oxHoBpeMerHO HaeT HAM IDAKTHYeCKOE CPeiCTBO
—

—-
Ans BblYHCaAeHHS GyHKUWH F. EcaH ee 3nauvenne Fa) B TOuUKe
g =1 BuDaTE NPOHU3BOALHED, TO 3Ta OQYHKINA OlpeleadeTed
B TO4YKe & TOH Ke CBASHOH KOMHOHEeHTH &2 {4TO W Touxka a) no
HHTETpannion GopMye

z

Fy—Fa= [ fda, (VIL, 2;5)

TIe HHTerpan fGepetcs MO NPOHIBOABHOMY MYTH KOHOUHON AJHHE

€ Ha4YadOoM B TOUEE @ H KOHUOM B TOUYKe Z, [HeJHKOM .']e}Ka].[JLEMy’
B Q.

Jameuyanye. TpeGoBaHHe OLHOCBASHOCTH MHOXKectBa Q 31ech
cywectBenno. Eean Q=C0 n f(2)=1/z, 10 ¢dyuxuns { ne nony-
ckaer meppoofpaizgofl B £, MOCKOALKY B LOMOANCHHH K avaay
KOCPAHHAT HET ONPeAeNEeHHOTO H HelpepuiBHOrO Jorapndma. (7o
BHTYHTHRHO SICHO. He ato mokuo JUOKAIATE A CCIBepLUEHHO CTpOTO.
Ecan 6ut Takofl Jorapudm cyniectsoead, To, 0603Hayad depez I
TPHIOHOMETPHYECKYID CPHEHTHPOBAHHY IO OKPYKHOCTh, Mb! 0Kl GOy~

wau 2in= [ £ = [ g(ing)=0.)
T r

MH OPHXOAWM K HeoGXOLHMOCTH PACCMATPHEATEL HENpepHIRHLIE
3Hauenns Jdorapudma. HenpepsiBHbIM (COOTBETCTBEHHO TONOMODD-
HbIM) 3HAUeHHeM Jorapu{diMa B OTKPEITOM MHOKeCTBe £ mpocTpaH-
etsa C HasuBaerca menpepoinuas (COOTBETCTBEHHO roaoMopdnan)
dynakung f, xoropan B KARAOR TOYKC UPHNHMACT oAl H3 3lla-
yenuit Inz, T. e. Takas, wro el =7,

Teopema 8. [iycre Q— orkporoe muomecrso uz Co{0).
Kamdoe nenpepetsroa anavenue aczapugma 8 ) CT-2010m0ppuo.
Ecau Takoe 3HAUENNE CHecTBYeT i ecAl MHOeCcT80 ) 08A3HG,
TO pashocty mexwdy dayma ToKuMH SHOHeHNAMU Kparka 2iau
Purctposanne TaKG20 3HAKERID 8 KAKOH-Hubyde odnold Toure Q
Gurcupyer ceo 8o scem muoxcecroe Q. Takove anavenue oceeda
cyuiectayer, ecau ) odrocefIHO.

HorkasatenscTBoe. [lpennonoxuM cHavaxa, uto f apaserca
HefpepPHBHBIM 3HaueHHeM Jaorapidma B Q. Tloaarag Z=[(2),
n3 TeopeMbl 00 00paTHRIX QYHKUHAX (CAelcTEHE 4 Teopems! 11
ra. 11, npuroance nas cayvasn Anddepenunposanns 0THOCHTE/bHO
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NQJA KOMOJCKCHBLIX ':IPICGJI) 1oJdy4aeMm, uro

P (o) = == (VIL2;6)

Orcoga caeayeT, 410 pyHKuusa f C™-ronoMopdna H HMeeT Nepso-
obpasuyto 1/z B ). Ecan MHOMXKecTBO O ¢BA3NHO, TO Pa3slOCTh MOKAY
ABYMS HEMPEPWBHEIMH 3HAYEHHAMN, HMes HYJeBYH IPOU3BOLHYIO,
PABHA HOCTOAHHON, HeOOXOOHMO KPATHOR 2i-x.

Ecan MuoMecrsa £ ©XHOCBA3HO, TO 1z mo Teopeme 7 HMeEET
nepeooBpasusie. BmGepesm oany #3 mepsooSpasubix YHKLHH |
B TouKe « =L Tak, urofb f(¢) paBHAnace OZHOMY H3 3Hade-
wuti ina. Toraa uz rToro, uTo npouasoaHan f pacHa l/z, bHTekaer,
yTo yHROEM ¢/ B 2 MMeT 01Uy H Ty Ke JOTAPHPMHUUECKYIO
mpoH3roaHY B Q. Tak xak © ce93HO, TO OTCH12 CAEAYeT, HTO HX
OTHOlleHHe AocTOoAHHC (CM. 3aMevanue 3°) Ha cTp. 788 ra. IV} Pro
OTHOUleHHe, OYIyuH PaBHelM | B TOuKke ¢, paBHo | BO BCeM MHO-
KeeTee Q, a 3HauuT, QyHRuus [ ZeHCTBHTENBHO SABIAETCA TOMO-
MOPQHEIM 3HAUeHHEM Jorapidma B Q.

GaMmeuwaunsg, [°) daa toro utole 00eCreydTs CYWECTBOBA-
HHe rOJIOMOP{HHOro 3HaueHdA Jorapidma B €, MH npeInonaranm
MHOMKECTBO £} OAHOCBA3HBIM, HO 3TO YCJI0BHE, eCTeCTBEHHO, He
ABAseTCA HeoOxonumbim. Hanpamep, Taxoe aHaueiHe CYLiecTBYer
B Koaele r <[22 —a|< R npula|> R, TOCKONLKY OHO CYIIECTBYET
B OgHOCBsI3HOM Kpyre |2 —a| < R. Cornacuo teopeme 45 ra. VI,
NpHMEeHeHHOH K nuhepeHinanpHoil dopMe dz2/z, Xad cymlecTBOBRA-

HHA TaKOrD 3HadYeHUd AOCTATOYHO, YTOOb jdz;’z 65la PaBeH HY A
i

aag moboro CT-uuxaa T u3 €}, vag ¢ yderom roro, uTo OHIO
CKA3aHO Ha cTp. 302 ra. VI, utobu g & He cymecrsosano C-UHKIA,
«Ienawllere 0HB0POT BOKPYT NMAYAJa KOOPJHHAT®, T. €. UHKJAA,
HHACKC KOTOPOro OTHOCHTE/bHO Hayada KOODAUHAT OTINUYeH OT
Hyaq. .

2%) Mockoavky aas z==re nveem Inz==Inr 49, To cyue-
CTBOBAHHE HENPEPLIBHOrD 3UAYCHHRE JOTapHdMa 3KEHBAJILHTIO
CYIWECTROBAHRIKD HENMPEPHIBHOTO 3HAUEHHA NOJMGPHOTO yrmaa.

Teopema 45 u caegersue 2 teopemu 59 ro. VI pawt anag Q
KaK pa3 Te YCJAOBH#, KOTOPHE Mbl TOJBKC UTO YKAa3aiu.

Ha npakthre aaa onpefdeficHHA B £ TOAOMOPQHOLO sHaveHHR
aorapudma, sajxapacMOro ero 3nMaveHuem B ToUKe @ = £, ompe-
ASJANT ero IHAYeHHA B Kaxiaol Touke z & (& UYTH, mAywero OT &
K 2, IPH YCNOBHH HeNPepHBHOTO M3MeHeHMA Jorapudpma. Ecmu
MHOXKECTBO £ OLHOCBA3HO, TO TOJYUEHHOe 3HaUeHHe B TOHUKE 2
He 3aBHCHT OT BBLIOPAHHOrO NyTH.



aas Fa. VIL Dgueyun kosniekcnsyx nepriagsisx

ToYEC TaK e MOMHO H3yYaTh HeNpeprBHbe (11, CAEI0BaTENBHO,
roJoMopdHbc) 3HAUENAA HeKOTOPLIX APYTHX «MHOTG3NAYNbIX PyHK-
Uiy, Takux, Kak z—> 2%=p""2, Takyo GyHKIEKQ MON.HO cope-
ZedlTh, NoJaras crosa z= re'® a satem 2% =r%"® Tlpu s10M
B KaJNOM OTKDRITOM MHOMCCTRE .Q, B KOTOPOM MOWAHO OTIPeAennTh
HeIpePHBHOE 3HAUEHHE NOJAPHOrO ¥4, MOXIEO TAKME OlPelelNTh
rofioMophHse 3HAYCHHR BeeX dyururi 2%

HanpoTuis, H3BecTHO, YTO TagUC 3i1a4elHA B UCOAHOCBA3HLIX
obnactax £ MOryT He cyllecTnopath. B JonodmeHHH K Hauamy
xoopansar B € aawe ans dyukuny V 'z HeBO3MOKHO BHLAETHTD
[ag nenpepunume DeTBH. B caMmom Aese, ecd HEXOARTL H3 OJHOTO
43 ABYX 3HAueHBH »70i PyYNKURM B nanuofl Touke a, 3aTeM oboiiTH
BOKPYL HAYaNa W BePHYTRCA B 3TY TOUKY, WaMeHAS HeNpepHEBHO
3HAUEHHE KBAJApPATHOrC KOPHS, TO MBl ODHAEM K 3HAYCHHO
C NPOTHBOHOAQKHBM 3HaKoM. (310 usTymiusno dcno, Crporo
rosops, Inz npu TakOM HameReHHNW YBeJHYHTCH Ha =+2im, a Cie-

— = Iaz ) .
AoBaTedpno, V2 =e? VMHOAHTCA Ha gt =— _1)

Horaszareascrso teopemot Tyanxape © 8Heiriy Repsoodpas-
oty Qupgepenyuatbroty  GOpM OAR CAYYAT ROAT KOMILACKCHOLX
wucea. [pu nokasateabcTse TeopeMbl [Tyaukape {Teopema 19 . VI)
Mbl IPEANOTArani, uYTo peup uier o AnddepenudaibueX Gopvax
Hajl RellleCTReHHKM NoJeM {3TC OrpaHHYeHHe DTMeuello B NMpoUecce
ADKazaTenscTBa Ha cTp. 146).

Hpemongmum Temeps, UTO paccMarpuBaercs THQghepeHLHANb:

Haad dopMa o Knacca C! OTHOCHTENBHO KOMINEKCHOTO NOJA, OMpe-
JeJieHlian HA OTKDWMTOM MHoMecTee 22 mpoctpancTea OV co 2Ha-
veHHsiMN B GaHAXUBOM NpocTpancTse F.

Byzem cunrars, wro @ oﬁ-aa:taer CBOMCTBAMH, YKa3aHHLIMH

B ¥CJI0BHN Teopemul 19, n urto dopma ® 3aMKHYTa U ee {Tenens 2= i.
B NefcTRHTENbHOCTH MOMKHO APeINoNaraTh, uto {2 yoOBMeTBOPAET
HeCKoJIBKO fosee nﬁumw YCAIOBHSM, MeM YCHOBHA TEOPEMbl 19.

OGosHauny uepes ej, eg, en kanonnueckri Gasue CV.
[ipennoaosknm, uro ecan ucpes NpoH3BOJBHYIO TOUKY ¢ = O mpo-
BecTH JBYMEPHYIO B BeUIeCTBEHHAOM CMbicle WIOCKoCTb (addiiHnoe
TOAMPOCTPEHCTBO, OAHOMEPHOE B KOMILIEKCHOM CMELOMTE), Tapan-

. >

NEJTBHYI0 BEKTOpam e;, fe;, TO ©OHA NepeceueT MHOXecTBO & no
HeKOTOPOMY OJHOBPEMEHHO CBAZHOMY ¥ OJHOCBABHOMY MHOMKe-
cTBY &j(a), KOTODOe, ecam OHO HEMYyCTo, HEeOOX0AuMO COAEPHKHT
TOYKY, Jemamyo B (2# — 2)-MepHoM BeilecTBeHHoM (Hau (n — 1)
MEPHOM KOMINWIEKCHOM) [IOAMPOCTPAHCTBE, NPOXOAAUWeM  depes

Hadaao napadanefbHo BEKTopam $a3dnca B BEKTOpaM, MOAYUYEHHHM
yMHOMEIHEM HX Ha L,
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3aTem NPOBOJHTCA TO »Ke CaMoe NOKA3aTeJbCTBO NO HHAYKUHH,
o H B Tcopeme 19. Hnd sToro namo, Kak 370 A€AaJ0Ch B TOM
IoKazaTe.1bcTBE, HailTH nepBoobpazuyie dopuy A or L omnocu-
TeNeHO £, C 3Tol Uelbio JI0CTATOYUO NPHMEHHTH JopMyay, aHa-
Aornunayo (V1 4; 44), a wmenno

3

A (21, Loy vasy ZN]=‘|. L(;h Zay v vy z_.\:} dé“ {VII,2;7)

0

Fo¢ MHTerpad Gepered B OTKPBITOM CBA3HOM U OQHOCBA3HOM MHO-
wecrne (2|, 2,, ..., 24) 10 TPOU3BONRHOMY TYTH Knacca (',
coBMHsIOLEMY TOUKY (0, &5, ..., 2y} C TOUKOH (2, Zg ..., Zy)
HuTerpasl He 3aBHCAT OT UYTH HHTErPUPOBAHHS, MOCKOIbKY £
opHocssazHo.  QcTandbiad YacTh A0Ka3aTedbeTBa NRPOXOAHT 0e3
H3MCHETHH,

Bropasa ocHoBHad uHTerpaabHana gpopmyaa Kowmn

Teopesma 9. flycrs T— pyrryns, Cl-cosomoppras 6 oTrpse-
Y

oM muomecrse O C, co sHaueHu i 8 6uHAX0B0M npoCTpatcTee F.
Ecau V f8agerca muoeoobpasues ¢ kpaest 6 Q xaacca C\, umerouiun
KAHORUYECK YO OPUEHTANUO KOMIEACKCHON AOCKOCTH, € epaﬂuuea‘
bV =T, cnabucennotl xanonutecxorl opuenrayied 2zpanuys, 710
cnpagedausa dopmyaa
—
1 F(2) o

7 | L& 4, 3, (VIL, 2;8)

ecatt a &V, u

= j @d2=f@) (VII,2,9)
2in 2 g ’ 3 =y
r
eean a=V. (Huarezpas ne useer cxocaa, ecan a<=T.)
—
HokasartensctBo. [°) Ilvers a&V. dynrnus z__}_zfiz]a.

Cl-rodomopdna 8 Coa. Tak kax V < Cga, 1o [ asaserca rpanuuedr
B Cpe, » U3 Teopemnl 6 BHTekaer coorsouwesue (VI 2;8),

o
2% Ilycrs teneps a=V. Torna mpenwayilee paccykAeHHE
—

P-4

He mnpuMeHumMo. B cawmom Hene, GpyHKUHS Z-> z“—_}a C*-rogqo-
mopbua neony B Coa, Ho V & Coa. MoKHO 60110 6B yUYeCTs, UTO
Cva < Cgaa, » cudratse, uto I’ sansgercs rpaxnieil MHoxkeeTra Gra.
Onunako 31ecsk Cypo He KOMOAKTHO, Tak Yto B cMbtciae § 8 ra. VI

I' ne saBnAerca rpannnelt 5 Cga. Cootnomenne (VII, 2;8) ne cox-
panserca,
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OGo3HAYHM Yepes v OKPYKHOCTD € LEHTPOM B TOYKe g, ofxo-
H,HMYIO B MOJOAEHATEABHOM Hanpaaﬂemm H TdKYH, Ut orpauuqu-
L]

BASMEI €0 KPYD A HeJHkou coaepmutea B V., Torga —y Oynet
TOH K€ OKPYHHOCTbIO, HO 0OX0IHMMOH B NPOTHROMGIOKHOM Halpa-
BJAEHHH.

B Coa I'—y ABJACTCA HEKOTOPOH rpaHuued, a WMeHHO IpadHu-
reit muoxectBa C,A. CliefloraTeIbHO, MOKHO NPHMERATH TeopeMy 6,
KOTOpas jaer

i@ . 2 3 J@ 1 i@
J.z_ﬂdzh{], Han ﬂf———dz—mjz“adz.

z—a
T'—y r ¥

(VII, 2; 10)

3TOT pesyabTAT HE 3aBHCHT OT PAANYCA OKPYIKHOCTH Y.
JIng £oKasareNbeTRA TCOPCMH HAM 6y 16T HOCTATOUHO N0Ka3arh,
YTO HHTerpa.

‘——P
1 (i@ g,
2t z—a
¥

—
paveH f(a) uau Aake, NOCKO.IsKY OH He 3aBHCHT OT pamnyca r
——

OKPYIKHOCTH Y, UTO 0N CTPeMHTCs K f(a), Korma paimyc r OKpyx-
HoCcTH ¥ c¢Tpemutca K 0. D707 HHTErpas ecTb CyMMa ABYX caa-
raeMux:

L[ i@ f@ ¢ 4 0O @

2 a z z a .

TE ) r—a = _I'g—-a CITY | —-——dz (VI1,2; 11)
¥ ¥ v .

—

Tleppoe cnaraemoe, coraacuo dopwmyae (VII, 2;3), pazuo f(a).

ITosTomy Kam GyaeT LOCTATOUHO TNOKA3ATH, UTo BTOPOe CJaraemoe
[

crpemutes K 0, Korma pamHyc r OKPYyXKHOCTH ¥ crpemites & 0,
-v)' -
[Tockoavky dyHkuua | no opeinodoxkenws C-anddepeniy-

—
'f{z)~—1(a}
r—a

pyeMma, TO Be&IHUWHA

He NMPeBOoCXOIHT NeKOToporo dmurcHpoBanuoroe yrena M. Cnenona-
Tenbno, BTOPOl wHTerpas upasoit vactk B (VII, 2;11) aonyckaer
OLEHKY

npH r, CTpeMAULEMCA K HYJo,

L_Hﬁfmm
2in Z=u
¥

<LMQm=%,Wm&m

H3 KOTODOH caenyer, uro od cTpemuten K 0, Korja paiamye r
OKPYKHOCTH y CTPeMHTCS K 0, ueM H 3aBepuwiaerca [0Ka3arelbs
CTBO TEOPEMEL,
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Jameuvanusa 1°) Hacro 6rsacT ynobHO HIMEHHTH HCOOGAL-
3yeMele OYKBEL M 3alMCATh

—— =]
1 " mdz_!f(Z) s zeV,
2in g E—z = >

(VI1,2:13
| 0 naa zeV, }

2°) MomHo mOKa2atTe JHaYHTeILHO (osee 00ILME Pe3yabTAT:
Ecan T — pexoropouti ocotelil Clyurka xoneanoii dannst 8 Caoa
u ecau on asaserca Clepanuei 8 Q, To cnpasedausa gopsyaa

>

L f(2)

Qim 22—
r

de=F(a)- 1Dy ), (VI 2;14)

ede I(T'; &) — undexc T ornocureasno rowru a') {erp. 302 ra. VI)
U3 s1oit dopmyas, B 4aLTIOCTH, TOAVYalOTCA cooTHOMeHEA (VII, 2; 8)
u(VH,2;9). B camom aene, ecns a¢&V, 1o xpukag ' aniaserca
rpausieil B8 Coa, a CAElOBATENRHO, €€ HHASKC OTHOCHTEIBHO &

pases uymo, Ecin a=V, 10 kpupaa [' roMoJiorHuna xpupofi y
B Cqq, a crepoBaTenbo, e WHAEKC pasen —+ l.
Hoxazateancten dopMmynast (VI 2, 13) BuiTekaer Henocpen-
cTeeHHn H3 Teopesy 64 1. V1. M3 npeawiayuiero paccysKneHus
(KOTZa paddyc r OKPYIKHOCTH y yCTpeMjsercda K HYJo) caeiyer,
=
1 fiz

=
57— 4% ectb f (a). Ocraetes npu-

>
YTO KJ4act BRIYETOB IJH () —
mesnts Qopmyay (VI, 8;67).

3°) Mis TeopeMn 9 BriTeKaer 3amMedarTedbHOE CAEACTBHE! €CAH

-

dyukuua [ C'-rosomopdua B Q v eclid ee IHAUEHHUA H3BECTHLI HA
['==4l/, T0 OHH H3BECTHBl M Ha BCEM MHOro00pasun V, NOCKOAbKY
3TH 3HaueHus onpefensiotes uurerpatom (VIL 2;9), B koropui

BXOAAT TOABKO 3HAUEHUST QYHKLHH ?Ha I

E
MOKeT BO3HAKHYTb BONPOC: MOXKHO AM 3Haverds [ Ha I' BwGu-
pPaTb HPOH3BOJAbHO {(JNLib Obl TONBKO 3TH 3HAUCHHA OMPEASAANH

el
HekoToOpoe HenpepriBHOe oTofpaxenue ' 8 F)?
Jlerko BHISTD, UTO 5T0 He Tak. B camom gHene, samernm,

—
sz}a dz noJamen

!
HanpHMep, 9T0 TOT Ke Camblil HETerpaj HI o
r

paBHATECA Hy/l0o ANIA @&V u uTo OH APH a, H3IMeHTWIIeMesn

g gV, HaaaraeT Ha QyHKOAW fﬁecmneqﬁoe MHOMECTBO YCJAOBHH,
KOTODHM OHa AOMAMKHA YA0BJAeTBOPATH Ha I,

'} Hamomuas, 4to NpR BuMacAeHdH AHOekca T npeanogarastes OpHerTHpo-
BaHELM; Q Tdakme OPHENTHPORAHA (KAMOHHYECKaA OpueHTala npocrpanctea Ch
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B}ﬂ,e\l HCXOJI[’TE TENEePp: H2 [IChOTOpOI] TI[)D[[&BOJIB[IOH Henpe-
pusHOol  pyRKINA f Ha I' co smavennawn B F. Jlerxo BHIETb, UTO

1 T 9
HHTErpan 2 -— -5~ I ;H—]z d; onpenenser B V, panno kak u B CgV,
L

C”-ronoviop(piee dYyHKNUK TepeMeHHoll 2. B cauvom 1ese, no
CKOJBKY HHTETPUPOB&HHe WPOBOAWTCA [0 KOMNAKTY, 2 (PYHKUHA

(z, 1) — m

S HenpepHBHA OTHOCHTETHHO (z, D) n A hepeHnnpyenMa
OTilOC}Ire.‘IbHO Z DPH (PHECHDOBAHHOM C, npnqem ec OPOM3BOAHAA

=
FAE)

(£~ 2z
TeabHO (2, &), T0 uz caeicteus Teopesor 15 rat IV seiTekaer, uro
HOTCTPaR sinAseres dydkuueil Kaacca C' OTUOCHTENBHO 2 B TOJe
KOMMIeKeHp®x udcey. M3 wawrero J0KazatefibeTsa CJelyeT, UTO
3Ta GYHKUHA npEAALIeKHT H kiaaccy C™').

Huterpad ne onpeflened 119 z = I'. OIHaKko MOXKHEO BHACHUTE,
HMEeT JIH OH npeged NpH 2, m"pewmuemca K Touke 2, =T

onpenedser GyHkmo (2, {)— , HelpepHBHYK = OTHOCH-

B caMom pedc, ecad (pyHkUnn f B3nTa u3 xaacea €' wa T,
TO MOZKHO TOKA3ATH, HTO KOTAA 2 CTPCMHTCA K TouKe 2y KOHTYpa,

OCTABARACh B V HHTErpAd HMeeT HEKOTOPHH npenen f, (z,), a worna
2 CTPEMMTCS K 2 OCTABawCh B Cyl, 2707 MHTErpaJa crpemMutcs

K HCKOTOPOMY npeﬂeny fz (2p) M UTO DA3HOCTE MEMKAY ITHMH AByMA
npejfefasMH paeAa ?(20)

F 20 — Tz =1 (o). (VII, 2; 15)

B yacTHOGCTH, ecaM MCXOIHTb 13 DYHKIUHHA f, C'- ronomopq:-uon
B Q, T0 3HauYCHAE f2 2} Oyaer paBHO HYMO, a 3luatdeHHe f, (zD)

6yaeT paBHO F(z) Ecnan ucxoants u3 TlpOPISBDJleOH DYHKIHA f
T0 370, BooOwWwe I'0BOPA, He Tak. Hanporus, ecau 3aparee H3BeCTHO,
yro $yEKUHA F[(Jlacca C' ynopaersopaeT DecKOHEUHOMY MHOMECTBY

yCJAOBUH E:;If gf‘j}z deD AR z €V, TO MOXKHO YTBepPXKIATh,

1y Caenerane TeopeMu 115 OMAC chopMyYIHPOBANG IJA HHTEDAACE OTHOCH-
dz
TebHO HekoTopoli Mepw =0. 3aecs mMepa dz wa I' komnnekena, Ho dz = H——ds‘

rae ds — EpHeocanHeduan abcuneca ma T — ecrb Mepa 2= uTo mE3BOJSICT mpo-

.f(f;) 48

BECTH paccyiaeHns nnp dynkuHn (g, §) —» == —F ds*
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>
YTO HHTEerpaJg, olpejeneHHH no (opuy.ae L f ;H:}z di, zséﬁ,
T

o

gasercss Cl-romoMopduell dyuruygedr B V, npHHHMawunlell 3Have-

>
uxe f aa T.

[Tyers f — ckaasipuan pyuxunda. [TosxKe NpH H3yYeHUH TAPMOHH-
yecKHX ¢QyHKUMA MBl YBHIHM, 4TO rapMoHHYeckaa ¢veKUHA P,
T. €. Bel[leCTBeHHAR Y4cTh roJoMophHold Oyaxkumy f, onpefenagerca
Ha V eIMHCTIBEHHEIM 00pasoM, CCAH B KavecTBe et B3HaUYeHHA Ha
kpusoit ' knacca €' pnifpatt TPOH3BONLHYMO IenpepuBHyle Ha I'
pctwecTBennyo dyukuunio. Torfa dyHruus P onpegensercas V eann-
¢TBEHHEIM 06pa30M, [TocAe 5TOTO MOMKROC € TOUNOCTBIO A0 AAAHTHBHOR
no%ToquHoﬁ ONPENENHTE FAPMOHHUECKY IO CONPSYKEHHYIO _[IJ};HKIIHIO Q

B V, mo xpafitefi mepe ana caydan, Korjga MHoOEecTBO V' cmssio

1 OOHOCRA2HO. TeM CaMulM ¢ TOUHOCTHIO AC YHCTO MHUMOA NOCTOAH-

Hofi Gymer ompeienena oyukuus . Flo cymectsy ¢ynkunn Q w |
o

Tak MOTYT OHTb onpefienenn Toabko B V. Ho moxuo noxasar,
yro ccau AAA KpuBoR I', npyHaadexaniei xaacey C', dyukina P
npueasdexdt kaacey C' Ha I, 10 Q v | BMeloT npefess B Toukax I,
Temepe CTAHORATCS sACHEe, [OUEeMY HEAb3d OBIG NPOH3ROABHO
puBHpaTE dVHERUHG [ Ha ' 0 npononKath ee HA V' 10 HeKoTOpOI

o
ronoMopbHoll dyHkuur B V. MoxHno BuIOHPATE BelleCTBEHHYIO
qactk P ga I, H Torga ee MHUMAA YacTh TPH CRHA3HOM M OJIHO-
CB3IHOM MHoXKeeTBe V' GyJeT onpemeneda ¢ TOUHOCTLID A0 AXAM-
THBHON TOCTOAHHONM.

§ 3. CNEACTBHA H3 BTOPOH HHTETPAJILHOM GOPMY b KOLIH

Wurerpansnaa $opmyana Komm (VII,2;9) apnsereqd ueHTpanb-
Hoil dopMyaoi Teopur rodoMopdHEX OYHXUHE. C ee MOMOILLID
BHACHAITCA OCHOBHbLIE CBOMCTBE 3THX (DYHKIHI,

Teopema 10. Kamdas C'-20a0m0pdhrat pyakyus 8 oTKpoiToM
MHONCeCToE Q npocrpanctea T co aHAeRUIMY 8 DANOX0CON APO-

CTPUHCTBE F apunadaenur Kaaccy CF #ud KOMNAGKCHOLHE ROI01L.
Ecau V < ectv nekorcpoe KomnaxTroe sozoobpasue Kaacce C
£ Kpaes, cnaﬁ;mmme Karosuaecxkoi opaentayued C, o ¢ epain-
geid BY =1 {chabmeennod mrtommecaot‘i opuenrayiet ep(murm},

TO NPOUIsodHbIe (;b_,fmcr{uu f onpedestrorca 3 kewdoil TouKe 2 EV
HCXOOR U3 SHAUCHIL f #a T, no dopuysan

N _
miz) == [ G . .
9 (2) erf T dt, (VIL3; 1)
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wau
P i®
f L . ’
nl 2in I'J‘ (= 2)"+! dt. (VIL, 3; 1)

Ina  rokazaTenbcTRa  A0CTATOYHO  npoguddepeHlHPOBATD
(VII, 2;9) non 3HakoM HHTerpagta, a Takoe auddepenuupoBanie
33KOHHO B CHJIY JAOKasarteibeTBa, NPHBeAEHHoro Ha coTp. I42.
Tlyctb Tenepb & — NPOH3IBCIbHAR TOYKA M3 £, Toraa B xauecrse V
MOMKIIO B3fATL KPYT A ¢ LeNTpOM B TOYKS &, Cofep:xawpfcs B &,

=
a ®» KauecrBe [' —ero rpanuny, n ybGeaurscsd, uro [ OeckoHeuHo
ful

auddepenuupyema B A. [lockoqawsRy 3TO CHpaBeiJHBO B OKpecT-
HOCTH KAMJOM TOUKH &, TO paccMaTpHBaeMad yHKUUA GECKOHEUHO
anddeperitupvema B .

Sra TEQPEMI COGEPIICHNQ JAMEYATEALHG It HOAROCT 20 RPOTHEG
pedur TOMY, 4TC Mbi SHAAL npexde no hosody GrHRYud sewe-
CTEEHKOE nepeMennol: 0TODDANENHE OTKPHTOTO MIOMKeeTBa "3 R
B 0aHAXOBO NPOCTPAHCTBO MOXET NPHHaLMAeXaTh Kaaccy C™ wan
noden BelleCTReHHLN 4YHCel H He TPHHALNEXKATH KJaccey Cm+1.
Onsake 1ocTarouno oToGpaskeHHI0 NpHIaanexaTh Kiaccy C!
B Q< C Hal mojeM KOMNJEKCHHEX Yuced, Kak OHO ¢pasy ke
OKa3HBaeTes NMPRHIAMeKawaM kiaccy C¥.

Caencreue 1. Kawdas pynryua, Cl-2o20MopPuar 8 oTKpbi-
roym suoxecrse @ < C, asaserca eapmonusecxoli. Fcau ona npu-
RUMAET KOMILACKCHOIE 3SHAMEHURA, TO 8¢ BCLIECTBCHHAR U MRUMAR
HACTH — 2GPMOHUYCCKNE PyHRYNU,

B camou xene, paHee MEl BHIENH, 9TO 3TO COPaBeNJHBO 1na

-
pyurmuit f, npunagiexammx kaaccy C2, a Tenepb Mbl BUIHM, UTO
3TO YCJIOBHE BBRITOJNASTCS BCETAA.
[loaxke MH yGeanmcs, YTo CBOHCTBO, YKA34HHO@ B 3TOM CJel-
CTRHE, COXpaHserca H B cAyuae npocrpancrsa CF,

Chnencreue 2. Kawdar zapmonuneckan pyniyus ne @ C
C BEULECTBEHHBIMIL Ul KOMRICKCHOLMU SHOEHNIMU NPUHAOACHKUT
Raacey o™ OPHOCUTEN6HO NOAR 8EUECTOCHHLLX HRCLA,

JoeraTouno, oUeBHAHO, AOKA3ATh 3TO YTBEPKIAEHHES M9 FapMo-
unyeckoit hyHKUAN ¢ BellecTBERHBIME 3EaYeyaME. [IycTh P — Takad
dyukuua, I[lycts @ — Touka H3 @, A — KPYr ¢ LEHTPOM B TOUKS 4,
cogepxamuics B . ITor Kpyr OLHOCBA3eH, H, CNeOBATENBHO,
B HeM MOIKHO HANTH TARYIC TAPMOHHYECKYId CONPEKEHHYI (YHK-
uaw @, uyto P -+iQ asnserca C'-ronoMopduoil ¢yHKUHeR B A,
Jta ¢yeKUMA npuHadJexur Kraccy C%, a 3HAUNT, ITOMY Ke
KMaccy NpHHaAdeKHT H dyukuna P.
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 3ameuaunn 1° Mo BHIMM, 9TO e¢can HYHKUHA YIOBJIETBO-
PAET HEKOTOPLIM YPaBHEeHUAM B YACTHBEIX INPOH3BOIHBIX, TaKHM,
Kak Off3Z=0 nm Af==0, To 118 Hee CYMECTBYOT MOCIe10Ba-
TeNbHblEe MPOH3IBGAHHE BCEX TMOPAZKOB. JTe He AO/KHO HAC yiH-
BAATH. Y PABHeH[IH B YACTHBIX TPOU3ROMHBIX ARJANTCH ofobuteHeMm
Ha ¢Iy4yafl MHOCMX BEULECTBEHHLIX UEPeMeHHbIX OOLIKHOBEHHBIX
IMddepeninaibinX ypasHeHad. B ra. V Mo BHI&AM, 4TO Kaxian
hyHKunA wiacca C7, ABAAOUWANCS PelleHHeM 0OBIKHOBEHHOTO AR
depeRUHATBUOTD ypaBliemua nepsaika /m Kracca C*, neodxonumo
npuHagrekut knaccy €% {caenctene Teopeunt 8 ra, V). Temepe
Mbl BHAHM, YTO HeKOTOpnle dyHKmuM kiacca C' wan C2, deaso-
mWecd PEeuledHeM ypaBHEHHA B JACTHHX NPOH3B0AHKX Klacca C%,
Heo0XOUMHMO NpHHaaexaT kaaccy €. OAHAKO B TEODHH ypaBHe-
HHA B 4acTHHX OPOA3EOAHHIX OTMEeYEeHHOE CBOMCTBO HMEET HHOI
XaPAKTCP, HEXKCAH B TCOPHH OOHKUOBCHHHKX HIHMPepelntalbHEX
ypaeuerult. OHO OTHOCHTCA MNUIb K HEKOTOPBIM KATeTODHAM ypaB-
HeHHUll B WACTHBIX MPOH3BOAHLIX, & HMEHHO, K 3JJHOTHYECKHAM ypas-
HEeHHAM, K KOTOIRIM DPHHAANEKAT YKAZAHHDIE YPABHEHAS B YACTHHIX
npousoannx Off0Z=0 n Af==0, B 0 Bpema Kak AJ1 ADPYTHX
YPAaBHEHHH B YACTHHIX DPOH3BOAHEIX, TAKHX, KAK, HAPHMED, BOJHO-
BOE ypagHeHHe, ¢ KOTOPHM MEl BCTPEeYaJHCh PaHee, 5T0 CBOHCTBO
HE BHIOJIISETCA.

2°} CpoficTBO rapMOHHYeCKUX (QYHKUAR kaacca C? npunagne-
#arth kaaccy CT 3fech N0OKa3aHo TOALKS AAa $yHxuuit #a R a
rapMonHueckKaX ODYHKUHA ¢ BellecTBEeHHBIMH HJH KOMILIEKCHBIMH
3HaveHHaMH. Jlo3xe ME YBHIMM, 94TO OHO DACOPOCTPaHAeTCA Ha
rapMoEHYecKde PyHRUHH Ha R" ¢co sHaueHHAMH B TPOM3BOJBHOM

fa#axoBOM NPOCTPAHCTRE F. Toyno Tak e Kampaa QyHruud
knacca C' na C" npuvamgencut knaccy CT. B yacTaocTH, Kawjioe
avdPpepenunpyemoe muorootpasne kaacca C' wa C npunanaexnt
Knacey C%,

; -
Chaenctene 3 (reopema Mopeprnt). Kawmdan ¢yrryun |,
onpedeiennan 8 orkporron mmomecree Qo C, co sHauenusamu
.
& DanaxosoM APOCTPANCTOE O, HeAPCPLIOHAR U TAKAR, HTO UKTE2DAA
Y
‘{f(z)dz pasen Hywo 048 mobod CT-gpanuys, aewawjer ¢ Q,

;eoﬁxod‘uno 2040 MODIHA.

B camom nene, us reopewb 45 ra. VI cneayer, ure wmenpe-
puBHaA naddepesunaibHadg dopma ?dz ABJRETCH KOrpaHunei
HEI(OTO])OH ¢y BrUHH F raacca C!, onpenencm:on B Q, ¢o 3Haye-
wiava B G. Ho TOTAAa CNPABEINHBA (bopmyna dF_f(z)dz a cle-
AODATEAbHO, HMEIOT MCCTO PAaBEHCTBA 0F/c'?z—-—-0 u BF/az:F,
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>
KOTOpLle O3HauaoT, yto dyekuusn F ClronoMopdua H uro (yuk-
- >
Lua | ABAAeTCE NPOH3BOAHON (GYHKIHN F OTHOCHTeNLHO HOJS

£

KOMIJICKCUWX ukcesa. He Torpa, coraacHo Teopeme, dynxuus F

NPIHATNLKHT KIaccy C™ u, clenosarelblo, ce ncpeasg MPOH3BOA-
>

Hag [ caMa NPUHAAKRIKHT 3TOMY RNACCY HAN KOMNASKCHHM M0JeM,
T, €. ToJoMop(ma,

3aMewadud. 1°) IT0 Kak paz Ta Teopema, O KOTOPOH Mul
TOROPHUAY B 3aMeuaHud 2°) k Teopeme 6: a9 HempeDHIBHBEIX (IyHK-
nufl MOXHO OnpefeanTh CROHCTBO ModoMopdHOCTH, He NPelnoaaras
3apaHee HHKaKOH nudpEpeHLHPYeMOCTH.

2°) Moxuo Takke noKasate, 4to Kaxaaa C-nuddepenunpyemasn
Ha Q=C dyukuns, a priori e npHnapaexaman khracey C,
ToAoMOpdHa.

Cnenctene 4. Kaxdar 2040m0pdHad KoMHILKCHOZHALHAR
PyREQUR, He uMelowan nyaelt 8 OTKpsiTOM OOHOCGAIHOM MHONCC-
cree Q= C, soxer 6mte npedcrasaena 8 esude [(z)=2e% 4%, a2de
£ — HEKOTOPGR KOMAAGKCHAR 2oaomopiuad dyukiyua 8 L.

HdoxaszatcabeTs o, OUeDHIHO, MOXHO CYHTAT! MEOKECTE0 Q
CBA3HBIM, TaK KaK B IIPOTHBHOM COyHAe PACCYKACIHS MOHO BECTH
OTASNBHO N4 KaxJol u3 ero KoMNoHeHT, [Tockogaery ¢yHruug f
B HYNb HUTAe He ofipamaeTen n OpHHaAlexkuT xaacey C!, 7o
BlOJHe onpeseneda GyYHKu#a [f7ff, opuHalJemamas wiacey C',
T. €. romovopgpuan. Tax xak wmuaOMecTBO & OUHOCBA3HO, TO 3Ta
GynKuua 0o 7eopeme 7 useeT nepsoobpasnyio g. Pyukumd [ n ef
HMEIOT OAHY M TY ke JorapupumHuecKylo npoussoauyie ['/f.
TTocKOMBKY MHOMeECTBO € CBS2HO, TO HX OTHOLICHHKE B CHAY 3aMe-
yanng Ha crp. 788 rn. IV nocTodrHO. ITY NOCTOAHHYIO MOKHO
BHeCTH B [CKA3aTe.db 3KCOOHEHTH, Y&M H 3aKAHUYHBAeTcdA NOKa-
3aTeqBCTBO CISICTBHA,

3amevaunue CrasaHnoe o3Hauaer, 4YTO ecau @yuxyus |
2000MOPPHA U He OOPAUACTCR 8 HYAs 8 OOHOCBRAIHOM OTKPLITOM
mromecrae Q, 10 cgeeT8yOT 2odomopguee snawenit Inf g Q.

e d
Caeactsne 5 (HepaseHctBa Komn). Hycrs [ — ao.-wiwpr;b-
rwar pyusyur 8 Q= C, u nycre M{a, p) — marcumys ||fl| #a

okpyxnocTit |z —a|=p npu p<dla, CQ). Toeda cnpased.iust
cAeQYyronlie HepaseHeTaa:

17 (@)
.fn {ﬂ] n
! P

L M la, p), 8 wacrrocT n?(a) =X Mda, p). (VIL,3;2)
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JoxaszareawceTrso. docrarouto K okpyuoctu I | 2—a |=p
npuMenuts dopmyay (VIL, 3; 1)

17 gy ) = o “'Qu

2m [ 0 —a)yt+l

H

L — #l M(a, p)J‘ds—

2n9n+| i n+t M{a, o) 2np

no
nl
=7 Ma, 0). (VI1,3;3)

b
3ameuannqa, 17 Ecry Rr3gTh paznoxenne ¢(yukuus [ mo
>
. f{ﬂ} (a)
bopmyae Teitnopa, To kopMa uaena — == (

|7 @)

n!

2 — a)" Ha ORPYIKHOCTH
o". IMostomy cdeacteue 3 MOMKHO Ohi-

T

! nl‘al (z—a)*
pasioxenun Tediopa Maywcopupyes RO HOPME RQ OKPYIHOCTH
Yz — a|=p rascunymom Mia, p) Pyuryuu |[_f)i| RA 3Tol OKpYyMC-

HOCTLL,
2°) He chenyeT ayMath, 4T0 & kamBoid 1ouKke 2 OKPYIKHOCTH

-
HopMa OGyHKUHH f(z) He MeHbIIE HODMBI KAaXJOTQ H3 YACHOB
pasnoxenua Teftnopal Ecam Mo paccMoTpum, wanpumep, roJo-
MOphHYe PYHKLWEIO €°, olipefeasieMy0 1O QOPMYNeE

|z —a|=p pabHa

J0 GBI CHOPMYMUPOBATE CHEAVIOUHM 0Bpaz0v: g.aex

oo

F=¥ =, (V1L,3;9)

f=(}
p"
T0 oA 2= —p < 0 COOTHOUIEHUE e-ﬂ‘_ém He HMeeT MeCTa., Mu

-
YTBEPKIAEM TOALKO, YTO MAKCUMYM HOPMB DYHKUAU [ Ha OKPY K-
HOCTH OPEeBOCKXOAHT HODMY KaxkAoro H3 uiaedoB fopmyan Tellaopa.

O6o6weHne HepaseHcTs Komm

Kak ofobwatores popmynn Kown (VII, 3; 1Y ua cayuaft £=10C7,
Mbl YBRIMM 0Oo3me. OJHAKO ¥Ke cefivac MoXHo obobuints Ha E
HEKOTOPhie H3 HepaBewcTs (VI 3;2).

Iyers | —ronomopdnan ¢yurkuus na Q< E co 3HaUeuHAMH
=%

8 DaHaxoroM npoctpateTBe F. Tlyete a = Q w unedo p > 0 TakoBsH,
YyTO 3aMKHYTod map 8(g, p) ¢ LEHTPOM B TOYKE o paiHyca p
JEIKAT B L2,
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Aaa x <= Bla, o) MoXHO HamucaTs dopmyay Teitropa (cM.
{rn)
(111, 7:2)), © KoTOPOH 4.led NOPSIOKA 1 HMeeT BHi 'Fm[ ](x }

ITOT uAeH MOPRAKA A TOJHOCTRIC BBIUHCIASTCH B anquHOM nox-
TMPOCTpanCTBE £, , KOMILIEKCHOH pasMepHocTH 1, npoxoRsiuem
yepez ToUKH @ W x. OH Ke ABAACTCA WIEHOM TIOpsaRa M B pas-

. LS
goxennn Tefiiopa ronoMopdrofi dyukuny g: z-»f(a 4 2z (x — a))
npu 2= 1. Caegoearedbno, k HeMy npuscHuma oueaxa (VII, 3;2),
KOTOpaH A4eT HepaBeHcho

f‘mJ [‘5'-) S
LA "gm @ x, p), (VIL, 3; 4,)

-
rne Mia, x, p)— Mammym [l Ha oxpywHOCTH ¢ LeHTPOM
B TOYKe g paiHyca p B E, .. Tem Ooaee

‘ F"Ma).

TTmil
roe M(e, p) — Tovnad BepxHAs rpaHb [|fl wa cdepe ¢ uedrpom
B TOYKe a pajuyca @ B £, Mb roBOpHM ToYHAS BepXHAA TPaHb,
a He MaKCHMYM, TOCKOJBKY 3Ta cpepa » caydae OecKoHeUHOMEp-

L
Horo npocrpaictda £ dekomumaktHa. [Tostomy nopma || f| moxer
He AOCTHPATR HA Hell cBoefl TouHOA Depxmeill TPaHH; OHA MOXKeT
GbITb JaXie HeorpaHHueHHoll, Tak uto M{a, p} < - oo,

Hanomnay, 4o [ (g} abascTen m-nHNCHOBIM HENPEPHBHBIM
CHMMETPRUHKMY 0oTOGpamenHeM E™ 8 F. TTosToMy AN KaXOOro
BeXTOpa ¥uw Eec HOPMOR p H, cAeA0BaTEMbHO, B CHAY OLHOPOA-
HOCTH, A4 JIGOTO X 13 E HMeeT MecTo HepaBeHCTBO

(x — a]m “-—M(a o), (VII, 3; 4,

F @) Zm 1% _

‘ Lol ¥ H Ma, o) ( ) (VII, 3; 4,)
- = - >

IMyers Xy, X,, ..., X,; — /1 DPOU3IBOALHLIX BEKTOPOB U3 E ¢ HOP-

Mol < 1. ,[[.Jm KOMI‘IJIEKCHHX upcen Iy, &, ..., £, ¢ MOAYJIAMH < |

BEKTOP a’X +t2X2-|— HMeeT HopMy < m. Mwl 3naem
> -
Takxe, uTO f“")(a){Xh Xg, X ) ABNSETCH KOSPHUACHTOM (1DH

1771} .
fily ... 1, B pPasdcHKeHHH ! (t X1 —HEX2 + oo X (oM.
™. 111, morazaTelBeTRO .HEMMH K Teopeme 21,).

OHAKO BEKTOPHO® NPOCTPARCTEO NOJHHOMOB OTHOCHTEJALHO
ti, B3y ov ., £, CTENEHE <€/ KOHEYHOMeDHO. B KoneyHoMepHOM
BCKTOPHOM NPOCTPAHCTBe Bee qHHeHHHe (OPML HCOPEePHBHB {CM.
nauano § 13 ra. IIL Crnepopatednno, ecau uepes o {(P) 0603HaunTh
Ko>(puuuent npu ff,...%, B TaKOM nosuHOoMe P, 10 u Oyner
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JAuHefHol ¢opMOA M, caenosBaTeanHo, OYyAET HMeTb MECTO Hepa-
BEHCTRO
II”(P)lgC ];nrg( |P(£Is 'tQ) vy tm)l‘ (VII,3;45)
! H

rie ¢ — noaxoAsuwinM obpasoM noaodpandan moctofHuafn. [1o3xe
MEl YEHIHM, 4TQ 9Ta nocTroAudas pasaa L. [Tockoasky ona ne 6yner
HrpaTk B AaJbHeHdileM CYULeCTBEHHOH POJH, TO MH €¢ NMPHMeM
ceffuac paenoft 1. M meay4YaeM HepAaBEHCTBO

m} - Il - m i
1@ (R Ko oo EISM @ 0 (2] V11, 3;49
. . > -
[Tepexons k Tounol sepxHeit rpaHn oTuocHTeqbHo X |, Xoy o0 0y Xy
¢ HopMaMH = |, moayunM HcKoMmoe oGoGliende HepaBeHcTe Kown.

Crencreue 5. ffycre }’— 2040 MOpPHAR (Pyrkuus sa L £
b

co anauenuanmu 6 F, Ecau wap Bla, p) sewcur 8 Q, 1o cnpased-
AUBHL CACOYROULIE MEPABERCTB,

Ak (1]
1™ @l <M e, o) (%)

i}
.
i

1™ (@) (X, Xy s KUK N D X M G, 0 (2] (V1 334,)

£~
ede M(a, p) L+ oo asarerca Touwod eepxwed epanseo (|| Ha
cihepe ¢ yewTpom 6 TouKe & U PAGHHCOM p.

JaMeuaHue. DTH HePABCHCTBA XYiKe, YEM COOTBETCTBYIOLLHE
Hepasencrsa npr E=0C, mockoasry m™ > m! npa m =2,

CrhnenpctBne 6 (Teopema o CTporoM MakcuMyMe) [fyere
.

E — apunnoe nopmuposannoe npocrpancreo wad C, F — sexrop-
noe Hopmuposanhoe npocrpanerao wad C. Mycre Q — orkpeiroe

¥
muowcecTso 8 E u | — eosomopdpras (Gyuryun He Q co 3HAYEHUAMY

> >
g F. Toeda |} He momer umers g roure a& € ornocuTessHblit
CTPOSUI MAKCHMYM,

HdokaaaTeascreo. Ecan E aABageTcs nodeM KOMMJMEKCHBIX
HHCeM, TO 3TO YTBEPKJAEHHE HEMOCPEACTBEHIO BBITEKAST H3 OUEHHK
(VIL, 3;2) mpu n=0. 370 HCPARCHCTBO NOKA3LiBacT, YTO €CJH
p<dfa, CQ), 10 Ha OKpY}KIi‘OCTH | z—a|=p nafijerca xora OH

e

OOHA TOUKA Zy, Takasn, uto |f(z)l=If (@)l
B cayvae moGoro £ mocTaTouHo pPaccMOTpeTh NPOH3BOJABHOE
ad quunoe noxnpocrpanctie £) n3 £ KoMNAeKeHOH pasMepHocTH 1,
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cogepmainee a. [lyers b= E|, b+=a. Toria Ouekuua z-»g -

>
+ 2z (b — @) oTONKIecTBAAET E| ¢ KOMMARKCHnM noaeM C, Touky
ac E ¢ Toukoll 0=C, mHomectBo Q) E, =1(} ¢ OTKPLITHM MHO-

xecrsom @ n3 O, u, csesosateNbho, MOXKHO PAccMATPHBATH cy-

i x >
Kenue fi QYHKLHA [ Ha MHOZKECTBO ) KaK HEeKOTOPYo (PDYHKUHI f,
na oTKpHTOM MHONecte O, w3 C. Orawna aaa xamnoro p <
< d {0, CQ,) BEITEKALT CYHIECTBOBAHHE TAKOI TOUKH 2, | ) | = 0, UTO

= . T . .
1 Fiizd 2= (0) ], a caesomaTembio, Takoll TOUKH c,=a + z, (h—a)

s @ <O, dia. c)=pd(a bh w10 [Fcol =IF (@l orkyia n
cnenyer Tpebyemulll pesyJabTar,

3aveuanne ECTecTBEHHO MOCTABHTE BONpoc: Gyaer Ju
CIPABEANHBEIM 3TC K€ CACACTEHE € «OTUOCHTEMLHBIM MAaKCH MY MOM
B [IMPOKOM CMbICJe» BMeCTO «OTHOCHTEILHO CTPOrOrc MakCHMyMay,
€C/IH HCKJAIOUHTD, KOHEYWHO, MOCTOAHHEE pyHKuMH? Ecax npocrpau-

-

¢reO F {IpOM3BOMLHO, TO TaKoe YTBepieHne HeeepHo. IlycTs,
B
HanpHyep, rpoctpanctso F =", #2222, cHabmeno uopmoil

iz, 2, ..oy Zdli=max(lzl [2] ..., {z,]) (VI 3;5)

-
Oyers |r 2—(a, a, ..., @, 2), a5 0, — OYHKEUA, QNpefenenHas
Ha C, 3ra QyHkius we NOCTOSHHA, HO €e HOPMA NOCTOSHHA M
pakHa |al aan |z]{=l|a]

O1nako ecan F aABAderTcd NOJEM KOMIIAEKCHBIX UHCE (HAH,
Bonce obuge, ©CIW OHO HMeeT PA3MCPHOCTH 1), TO BO3MOKHC He-
KOTOpoe 0fobliende. 3TO MB YBHIHM HIKE nocae PaCcCMOTperRHSA
¢BOfICTB AHAAHTHYHOCTH (c/ezeTBHe 1 TeopeMu [2),

Paanoxenne B pan Teiinepa
= .
Teopewma L. Mycrs [ — conomopduan (hynkiua 8 oTKPHITOM

srowectse Q npocrpancrea © ¢o swatenuasmu 8 DAHAX080M RpPO-
>

cTpancrae F, 4 nycrs a — HekoTopaa Towka Q. O6osnaqum 4epes A
HAUOOALIN OTRPOITOLE KPYE ¢ HeHTPOM 8 TOYKE a, code preaujiiics

g Q. flyeres R —eeo paduage. Toeda f‘-uomer ObiTE PASACHEHU
8 pad Tediopa

fa=fa+e—al @+ ... €L Fo gy .,
{VII, 3; 6)

AGCOUOTHO CXORuunca 8 A 1 HOPMAABHO cXOOAWIGCR 8 Kawdon
Kpyee ¢ yenrpom a paduyea < R.
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JoKasaTeabcTBO. B caMoM aene, HMeeT MeCTO pasno-
HKeHHe

1 r— ai”" R
;___EIEHH (VIL 3,7
nes

cnpapenanBoe Ans |z—a|< | —al

MMyerh Tenmeps R W R” — 1Ba TAKHX BENIGCTREHHKIX UHCTA,
yro 0 < R’ << R” < R, Hannmem nurerpagsivio fopmyay Koy
A | 2 —a | << R OTHOCHTENbHO OKpY#HOCTH [ ¢ IeHTPOM B TOUKE ¢
paauyca R7. -

dopuyaa (VII, 3;7) HABOLHMT HA WHCAbL HAMHIATE PABLICTEO

(&) 1 %) -
flay=gs f{ 0 =¥ o LS (VIL3;8)
n=3

OcTacTesl AHIIb CBGOCHOBATE MEPECTAHOBKY 3HAKOR O, H
Ina Toro uToBH MORYYHT, HHTErpPas OTHOCHTENbHO Mepbl
ar ) )
1| = l. Teraa
TaKan fMepecTaHCBKa GydeT BO3IMOXKHON, JAullib Obl TOJBKO TIpH
3aMeHe BCeX BXONAWKX B COOTHOLUeHHe (yHKUHHE HA HX HOPME
0Ha U3 JIBYX uacTell WMeNna KoHeuHoe 3HaveHne (teopeMa 37 ra. [V).

Ecan uepes M(a, R”) Mb 0S03HAUMM MaKCHMYM HOpDMH FHa
OKPYHCHOCTH ¢ LCHTpOM B @ paAdyca R”, To Oyacr cnpapelJHBa
OLeHKa

ds =0, MOMHO Be3je 3aMeHMTh df HA %ds,

_ FID R® M (a,R") ‘01 3
H(z—a T C—art ‘"‘-—.. R ’ o (VII, 29
11
%‘ R OM {2, R") |" ds=Mla, R or—s < - o0
d RS2 LT R —FR ’

OTKYL& CHelyeT, UTO B PACCMATPHBAeMMHX HaMH YCHOBHAX nepe-
cTaHOBKA tonycruma. Coorsowedne (VI 3; 1) Teuepe rosopur
¢ ToM, u4te pasedcteo (VI 3;8) 3xkBHBaJEHTHO Pa3foiKeHHID
(VII, 3;6). Kpome Toro, moaydeHHHI pPAX HOPMAJbBHO CXOLHTCA
Aaa |z —a <5 R/, TaK gaK OH MamopupyeTes cxoaswchcn uncao-
BOJl TeoMeTPHUeCKON nporpeccHed.

Anaaurunecrue ¢ynkyuu. Mp 2HaEM, 9TC B [0Je BeilleCTBEH-
Huix uncenl psa Tefinopa HekoTopoH ¢yukuwm kAacca C° mMoXer
DACXOAHTGCA B OKPECTHOCTH TOMKA @ W 4TO, €CAM Jaxe oOH
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-
cxonanTes, To le oBs3aredLio NpeacrasiseT GyuKkunw [ (eM., Ha-
npHMep, ¢Tp. 455 ra. 1V).

HampoTHa, Mer TOABKO YTe BHIEIH, UTO ecau £ dBJgercd mo-

-
JAeM KOMEOMeXCHuX yaced C w ecau QyHxiin | C-andPpepenus-
pyeMa, TO CXOAHMOCTL €¢ pRIa TeillJopa W NpzIcTaBHMOCTE KM
PyNKUAN rapanThposadbl. Boaee Toro, pad Tedtopa cxodurca 6o
BCAKOM Kpy2e, 8 KOTOPOM PURKYNA 2010M0pDHA,

IMyets f— dyaruus Ha OTRPLHITOM Muoxectse & addnanoro
HOPMHPORAHHOTO mnpocTpancTBa K co axadenusMu B apdHHAOM
HOpMHPOBAHHOM UpocTpaHciee £ Hal noteM =K nm . Toro-
par, uro dyuxuua [ K-awaiuruena, ecin oHa NpuHALNEKHT
kaaccy C% w ccam mas 0G0l TOUKH @ CYWecTBYeT Takad ee
okpecTHoeTh ¥ B 2, uro B 7° ¢yuxuus [ dpemcrasuma B Buge
pana Tez“mopa

W =Hay+FVi{a)- {xu—a]+ —I-f )(‘” () .. . (VI1,3;10)

JhoGaa C-anaanthveckas {pym:uﬂﬂ Tem Gogee R-aHaintauna,

Caenctane 1. [ycrs E — nopuuposantoe apipunnoce npo-
.

crpanctso Had notem C u F — npoerpancreo Banaxa nad noaen C,
To2da kawdan 2oromopdpras pyukyus f wa Q< F eo 3naqenitam

-
6 £ C-anaauruxna.

dokasareascrtpo. [lycrs B{a, p) — OTKpBITHI Wap C lleH-
TpoM B a4, co,&epmamnﬁcn B €. Torma naa xEB(a P yHK-
- -

—_—
Ha g z»f(a-}-z(x—-a)}—f {a) co 3naueHHAMH B F olnpepeneHa

LA |z < —&— (mocnennss seanynHa >» 1) B OpHHALNEKHT
x—a

kaaccy C* oTHocuredsHo moas C, T. e. roxomopdua. M3 reo-

pempl 11 cuemyer, 4ro ee _pan Tetiaopa no CT‘BI‘[@HHM z Cxo-

antes naa z=1. Tak xak g‘”}(a)—f“"(a) (x — —a) to pan Teit-
10pa YRKUMK [ cxoduTes B Touke £ = B(a, p).

CaexcrBhe 2. Kawdan capMOAu4eckan GeuiccTGenNan Al
KOMAACKCHAR PYHKYUS, ORPEOCACHHAR 8 OTKPUITOM MHONCECTEE
QK2 R-anaruruuna.

JlocTaTouno B 3TOM  yGenuTees JAAA cnyvyad BellecrBeHuo#
Gyakuny, Ho rtaxasd ¢yHKuMA, coraacHo TeopeMme 4, fABAgercd
BEUICCTBEHHON YacThi0 HEKOTOPOR roJomMophHOR (yHKUNY.

Gamedanue, IDTOT BHBOZ CUpPABEANHB MJA Ka:KkAol rapmo-
HHUECKOR QYHKUUH B KOHCHUIOMEPHOM CBKJIHACBOM HPOCTPAHCTBE
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Hal 1oAaeM X c0 3HaYSHUAMH B APOH3BONBHOM faHaxoBOM npo-
CTRANCTRE.

Caencreue 3. Kawdas z0i0MOpPRA[ hyHryis, 3a0anNai

=
6 OTKPOTOM co3n0M MrowecTee Q@ noas U, co sunaswcrusan 6 F,
pmmaq R0 BMECTE €O BCEMU COOUMU APONSBOINDILN 8 TOYKE
a = L), roxedecreenno pasna wyro @ L.

>

Jdoxrxaszateabcrso. [MockoabKky $YHKUHS [ B OKPECTHOCTH
TOUKH a < @ npejcTaBuMa & BUIe paga Telnopa, ro oHa pasHa
HYIC BCKAY B HekoTopoll OKpeeTiHoCTH TOUKH a. OfosHavynM

-
yepe3 & MHOKECTBO TOUEK, B KOTOPHIX (PYNKLUHS [ BMeCTe C0 CBOHMH
MocAe10BaTelbHBMH NPOH3BOIHEIMHE o6paliaercs B HY b, 3TO MHO-
WECTRU 3AMKHYTC Kak nepecedeHHe 3aMKHYTHX MHOXKECTB {z & 4;
—

-
[z =10}, OAHaKO Mbl TOJIBKO YTO BHAEIM, 4TO 5TO MHONECTBO
TakXe B OTKpBITO. [TOCKOMBKY OHO CO1SPMHT 10 KpaiiHell Mepe
o1Ay ToURY 20 W Q eB3HG, TO ONO COBHANACT €0 BCEM MIG-
HKeeTBoM Q.

B uactroCTH, CNIPABEIJHBO

Caneacrsue 4. Kawdan yHryua, 20i0MOpHHAt 8 CEAHOM
snoncecrae QT C 1 pasuwas Hya0 8 HeKOTOPOM OTKPHTOM Heny-
crom frofdMHoxcecrse uz Q, pasHa Ry 80 acem Mroxecree Q.

Cieacteua 3 v 4 JONYCKAT HecKosbko o06o0wennii. Ha-
npuMep: .

Cunencreue 5. 1°) flycre £ u F— nopmuposannoe apdun-
woie npoctpancrdd wad nosesm K=K uan C, 12 — orrpeiroe c8a3-
#oe Muowecrso uz E, f-—Kana.mmuecrcas pyrryus Ho Q co
suaqenuami 8 F. Ecaun 8ce nocaedosareisnbie npou3sodnste Hunk-
i | nopadsa =1 pasuel HEAO 8 HEKOTOPOU TOoYKe @ = uau
ecat ynkqua [ ROCTOARRG B HenycToM OTKPOITOM ROGMHONECTEE
MHomecTaa Q, To pynryun | nocroanna 8 Q.

-
2°) Ifycro E — nopauposannoe npoctpancrso Had T, F — 6a-
naxoao npocrpancteo #ad C u QC E —ceqsnoe MHONCECTE0,
e

=
Toeda raxcdoe eoaomopgroe oTobpascenue | mnoxecrea Q & F,
HHEOee ROCACTOBATEALHBIC NPOU3BCONLIE, PABKLIC HYAG ¢ HEKO-
Topot Touke a <L), wAH ROCTOAHHOE 8 HEKOTOPOM HERYCTOM
OTKDHITOM nodMuonecTse Muomecran Q, noerognno & 0,

3°) Hyerds V — c8a3H0e 2020 MOPPHOE MHO2006pA3Ue KOMRACKE-

-y
noi paasepnoctu n. Toeda kaxdan eosomopdras dynryus f na V
=

£O BHAWEHUAMI 8 OANAXDBOM npocTpaHcTee F, HOCTOSHHAA 8 He-
KOTOPOM HERYCTOM OTKPLITOM MHONECTEE @ TV, HOCTORHAG HE V.,
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4% fHyere V u W — dea coromopdhnsix muneoobpasun paamep-
HOOTH Mou N, apuven mrcevofipasue V cessno. Tozda gawdoe
eoaomopproe orodpasucente f uz 'V s W, nocrosunoe 8 nexoropom
HERYCTOM OTKPOITOM MHowecTee w =V, nocroguno na V.

HoxkasatenwvcrBo. JlokasaTtedscTBo yTepxiedus 1°) co-
BNAAEET C JOKA3aTeNBCTROM CJeICTBHA 3: 3Mech Mbl HCOOAb3VEM
TOJBKO TOT (aKT, uTo Kaxkaaa ¢yrxaada, roJomopdiast HA HEKo-
TOPOM OTKPHTOM MaoxkectBe Q Ha C, C-ananutnuna, Yteepxae-
HHe 2°) BwTekaer us 1°) m cnezcreua 1. ¥rTeepxaenus 3°) m 4%)
LUKA3BBAIOTCH AHAJOTHUHBIM cnocoGoM, PaceMOTPHM, HanpaMep,
yTeepxaenne 4°). lMycre & — MuoxecTBo Touek H3 V, Kamnan M3
KOTOPBbiX HMEET OKPecTHOCTh, B KoTopoll dyHRUUA f OOCTOSAHE &
u pasna [{w). Torma MHOmxecTBO & OTKPHTO HO ONpPEeie/eHHIO
H HemycTo 1o Mpeloono:Kenuw. J[lokameM, UTO o110 3aMKHYTO.
Ilycre b; — HekoTopan nNOCAeLOBATENBHOCT: TOUEK H3 &, CTpeMd-
IAXeHA K Touke h =V npu {, cTpeMaevcs K 6ecKoHeydocTH, Bhi-
OHpan KapTh oxpecTtHocTed Touek & B V' n f(b) B W, mMb cBedem
AeJO K ¢AyY¥aw, Korga Vo osaBndeTca OTKPHTHM MHOXKecTBOM O
atpunHOrO ROPMHAPOBANEOTG MPOCTpARCTBA E, a W apagerca fa-

HaXOBhIM MPOCTPAHCTBOM F rae £ u F KOHEYHOMEPHH.

CHumas Tenepb DNpeAno/0MKenHe o KOHeWwHOH pasmMepHocTH,
MOHHO OHOBPEMEHHO J0KA3aTh K yrRepx aenne 3°), flycts Bk, R)—
map ¢ LUeHTPOM B TOUke b, copepmamuiica B 2, Haa aocratouHo
GoabLIHX 3Hauelunit ! Touka by acxkut B wape B, R/3). Ho toraa,

|

HOCKONBKY (yHKLHA 7921[3113 [{®) B OKPecTHOCTH TOUKH b, 0oMa
6yAeT NPHHAMATL, CODMACHC CASICTBHIO 1, TO Xe 3Ha'leHHE B KakK-
JOM Iuape ¢ LeHTpoM B b, cojepaanieMcs B Q, a c/leloBaTedbHO,
B mape B(b, 2R/ B{b, )= Q. To xe 3Hauedne sta ¢yHk-
WMs npuHMeT Takxe M B mape B(b, R/ B, 2R/3), a Toraa
b= &, uro osHavaer 3aMkuyTocth &. [lockoaeky V' ceaA3HO, TO
&=V, uem u jpokasbiBawores YTRepkaeHus 3°) u 4°),

3ameygyanue. Koneyno, ecau zamenutre C wa R, To Havero
AHAJOTHYHOTO YTRepKAeHHAM 2°), 3°), 4°) caeacTeua 5 He noay-
yurca., Hanpumep, B Teopeme 11 ra. IV Mbl nocrponad Gecko-
HEYHO AHdGepeHunpyYeMble DYHKOHH ¢ KOMITAKTHRM HOCHTeJEM
Ha K. 3t cpynkum{ DABHH HYJIO Ha HEMYCTOM OTKPBITOM MHO-
Kecrse H3 K%, HO TOX[JECTBEHHO B Hy/b He o0palsaiorcd.

Cneacrerue 6. Ecau Fﬁemerm eoromopdnol dyuryuet
8 ceasuon orxpouros muoxecrse @< u ecau owna obpawaerca
& HijAb HA HCKOTOPOU ROCACOOBATEASHOCTU  pA3AUAHBIX TOHEK
ay, gy ..., CcXOOfweiica npu CTPEMALYEMCR K BecKOREUHOCTH,

K HEROTOpOI Touke a <= Q, TO PYHKKUA | TOMOECTEERHO pPAGHQ
HYALO,
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HoxazatedbeTBo. HoCTATOMHO MOKA3aTh, YTO BCe MOCAe-

LOBATe/BELHE NPOU3BOAHBE (YHKUHY ? B TOYKe & PaBRH HYJIO,
T4X KaxK TOTAa MH OKaemcs B yeaopaax caeacreud 3. [Npexno-

> .
JOXKUM, 4TO 3TO He TaK. OYHKUNA [ B OKPCCTHOCTH TOYKH @ HMeeT
ks & ) -r >
Bug c(z—a) +O0(|z—af™") nps 2->4a, ¢, #=0; £ ecrs nopa-
LOK [epsod He oﬁpama:omeﬁca B HYJAb MpOH3BOAHOH B @, Te-
f( )

Meps BUAHO, UTO Caf CTPeMuTea K ck npH 2, <TpeMAuleMca

K da, a cnenoaa’rcnbuo. LA JOCTATOYHO MaJHX |2—al B Hyab
ne obpatmaeTca, UTO OPOTHBOPEUHT NPEANIONCHKEHHIO.

Jameuvanue., Tor xe BHBOL COXpaHUTCA, €CJH OPEIION0-

_)
WHTE AHUIL, UTO ?(a,):O AJS HEKOTOPOTo GeCKOHEUHOrd MHO-
JeCTBa TOUYEK a; CBAIHOrQ MHOMNKECTBa (2, CONePHKAUIHXCA B KOM
nakre K u3 Q. JleficTBUTe/LAO, B TAKOM CAYYAE M3 3TOr0 MHO-
HKECTBa MOXHO H3BJEUYbL CXDI]\HLLLY}OCH ﬂO,H,HDC.F]E,&SBaTBJ]bHOCTh.

Tor e pesyabTaT nogaydaercs B c¢ayvyae, Koraa [ ofpamaercs
B HYJAb HA HeKOTCPOH A¥re KPHBOH, colepiKauefica B £, rarpu-
MeD Ha OTpe3Ke BelllecTBeRHOHA ocH,

B OpOTHBOMOACGKHOCTE CJAEACTBHAM 3 H 4 HacTOAWee YTBep-
MAeude He ofobwiaeTcH Ha cayuail, korpa C samennercs Ha C°,
n 2. Hanpumep, ¢ynkuns {2,, 2} — 2z, Aeficreyioian n3 C? s C,
rojloMopoua, ofpaiiaerca B HyJAp HAa BEKTOPNOM [OANPOCTPAHCTEE
z;=0, HO TOKIECTBEHHO HYJI) He DaBHA.

-
Ecau e,(2 — a)* ecto nepswili Hemyaesoii usem pada Teiiropa

dan pynxyun Fe TOYKE @Q, TO 2080pAT, 4TO hynKyul Fu,ueer
8 TOHKE 0 Kparwelli Aitas nopadkn k. Kawdan eoaomopdras
8 OTKPHTOM CBRIHOM MHOEECTSE S JUHENUA, PABHAA HEAO
8 TOUKe (, UMEET & 370U TOuKe KPATHOLII HYa6 ROpAdKka k, ede
k—yeaoe wucao Zzl, 3a HckuOueHteM TO2O CAYHAR, Ko2dx ona
TOMCQECCTBEHHO DABHE HY.MO,

Teopesma 12 {reopeva o cpenHem). Ecau F— onpedescHias
>

8 Qc C eotomoppras Gyrigun co 3Hauenussi 6 F wan zapmo-
HUYECRAR BCUECTOCHHAR WAl KOMAACKCHAA QYuKyus, TO ge SHA-
qente 8 NPOUIBCALHON TOURe a =} ASAALTCA CPeOHHM 13 ¢ IHAG-
qenutt Ha npoussoasnofl oxpgwnoctT I ¢ yenTpom e rouke a,
TGKOII, 4T0 O2paduiusnessiti e kpye yeankom codepwurcn 8 Q.

Hoxasarteascrao. Hckomaa dopuyia aaa roaomopdroii
pyuKlIdK ecTh DPOCTO HHTerpalibHan dopmyna Komn (VII, 2;9),
npMeHeHHad K KOHTYpY I'. B cavom jfene, ecqH AJA TOUEK 2
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Ha £ NoJ0KHUTE 2 =4 + pe’®, To modyuaercs, 4To

L F ?:l'l___)‘
@)= [ 72 de;:—;;lJ Fla+pe®an. (VL 3 10,)

ft—ea
r

Cuntas F=0C u orgenqs BEeLLeCTBEHHY® H MHHMY uactd P u Q,
nosyuaem
e

2n
Pla)=r5z [ Pla+pe®)d8, Qa)= o [ Qla-pei®)do.
] 1]

(VII, 3; 10;)

JTo chpaBeMVHBO AdA JOG0H pyuxkuuy P, ABAARIEHCH B OK-
POCTHOCTH TOUKH & BCUICCTBCINIGH YacTLEd HEXOTODOH rosoMopd-
EOA (QyHEUHN, T. €., COMTAcHO Teopedme 4, IJ9 NPOHIBOJLHOH
rapMoHnueckofi BeluecTredliofl ¢yurkuuy Ha R2. Ho torga sto we
COPABEAJIHEO H JIJ8 TPOH3BONBHOH TapMOHHYSCKOH KOMNJIeKCHOH
PYHKLHH Ha 2

3aMevqanne, Teopema OCTaeTed B CHIIe 1.8 I'I[)OH'%BO"‘IHHOﬁ
rapMonnyeckoll GyHKIUHH, 3alaHHOR HA OTKPLTOM MHOJKeCTBe
KOHeYHOMepRaro adg@HHHOrO eBKJMIOBOrG MOpOoCTpaHeTsa Hal R,

€0 3HaUYeHHAMH B GaHAXOBOM MPOCTPAHCTBE F zai k. Hago toabko
OKPYIHOCTH H KPYTH 3aMeHHTb HA cdepnl M LIapEL

MoxHO noxa3zate TaKKe, UTO T4 TeOpeMa XapaKTepHIVeT
rapMoHiyeckne PvHKLHH:

i
Ecan | — nenpepotenan dynrkyua na oTrputton maocsectee O
KORRUHOMEPHO20 adunno2n  cerkatdoaq RPOCTPANCTBR €O 3HQ-
—

qeHUAMI 8 GUHOX080M NpocTpancTee F u ecatl ee suouerie 8 K-

doii Toake @ =0 PUGHO ee CPEOHEMY ISHANEHHI) KA NPOH3E0AONOL

chepe X ¢ ueHTpoM 8 TOdKe & JocTAToOwHD mdaogo paduycd,
£

ro [ Reobxodumo npunadaexcur xaacey C™ (orHocuTeAbHO NOAR
BeHECTBEHARbIX uces) & L U ABARCTCH 2APMORLYECKO (yHKueti:
> >

Af =0.

3TO cBOMCTBO MOMKCT OLTh [NPHHAATO 3a ONpeeseHHe TAPMONH-
neckKUX (PYHKUHi, He Tpefymollee CYLIeCTBOBAHHS NH OIHoll npo-
H3BO RO,

Teopema 0 cpejreM JlaeT BO3MOXHOCTE NOJMYUUTL TeopeMy
00 OTHOCHTEAbHOM MAKCHMYME B INHPOKOM CMbICJIE.

Cunencrene 1. Feay P — 8emecToennas  2UpMURKLECKR
hUHKYUA 8 OTKPoiTOM cafsnom smuoxectae Q@ us K2, 1o ara pynk-
una Posmoder UMeTo OTHOCUTCALHUIE MAKCUMYM UAL MURUMYM
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& WMUPOKOM CMOILAE 8 HEKOTOPOH TOWKe G TOA6KD Toada, Koeda
OHA ROCTORKNG &8 Q.

HNogkasateabctro, [Ipefnonoxuy, HampHMmep, uTo QyHK-
ung P HMeeT B TOUKC @ OTHOCHTEJbHBIA MAKCHMYM B IUHPOKOM
cMBicJe. ITO O3HAYaet CYIIECTBOBAHHe TaKOTO YHCMAA P, 4TO A.14
|z —a|< 0 EMeeT MeCTO HepaBOHCTBOR

P2) < Pla). (VI 3 1)

3annilem TeopeMy O CpelHeM B BHAe
27

j(P(a}—P(a+refe))de=o, r<lp. (VII,3:12)
0

Mrr nmeem yrxuM0 220, WHTErpaa oT KoTopoH paBeH Hy.o. Ha
Teopembl 26 ra. IV BrmiTeKaeT, uTo oHa ¢0-mOYTH BCOAY PABHA
nyaio. [TocKoaBKY, ©IHAKO, OHA HENPepHBHA, OHA PavHa HYMNX
Aaa awforo aHayeHna B. Tax Kak 370 CnpaseiAMBo NpH JI0G0M
r<.p, TO $YyHKUHA P [OCTORHHA B OKPECTHOCTH TOYKH d. {lo-
CKOABKY (yHKuUHA P R-ananutidsa (caeactsre 2 Teopemb 1),
TO OHa mocToAHHA B ) (cnexctere 5 Teopemm 11).

JaMeuaHnne. 3T0 yTBepH[eHHe COXPAHNET CHIY U B CJy-
uge K%,

CaenctBue 2. flyers E — qdpunnoe HopuIposaHKoe RPO-
crpancrao wad noses C uaw nexoropoe 200 MOPPHOE MHO200OpA-
sue. Ecan [ — KOMRACKCHOIHAYHAA 2040MOPPHAR  PYHKUUA Ha
cananom muosecree Y FE w ecau g mexoropoidl touke a ee ge-
H{CLTRERHAR HALL MHUMAR HACTH UMEET OTHOCHTEAbMNBI] MAKCHMYM
WAL MURUMYM 8 WUpoKoM cabtcae, To 3Ta dyakyua [ rocrognna
8 Q,

B camom dene, ecau E=0C, To B cuay caencTeua | MHHUMAaA
HJH BelleCTBeHHAR 4YacTh paccMaTpHBaemod (YHKNHH MOCTOAHHA.
CorsacHo TeopeMe 4, ecAn OLHA H3 3TAX dactell MOCTOAHHA, TO
Takoli ke Oymer W apyras.

Ecan £ — npoMsBoaeloe HOPMRDOBAHHOE ITPOCTPAHCTBO, TO
clielyer paccMorpeTk adiihuHHBE NOANPOCTPAHCTBA KOMMACKCHOH
pasMepHOCTH |, comepialube TOYKY a, Kak, Hampumep, B Chej-
ctBHH 1 Teopemw 11, ITpu srom moayddTea, wro Gynkuus f no-
CTOAHHA B Ka:KAOM ilape ¢ UeHTPOM B TOYKe @, JAekaeM B L,
a QHAYHT, B CHJY caAcAcTBHA 5 Tcopemut Il Bo Boem  wmHo-
KecTBe L,

Ecau E — muorcofpasue, To ¢ MOMOMEBIO KAPTH HeKOTOPOH
OKPECTHOCTH TOUKH @ MOMHC HepefiTh K caydaio E=C". Ilocae
3TOrC CAeAyeT BOCMOJL3OBATHCA CHeacrtsheM D Teopemsi 1],
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Cneacteue 3, flycre £ — adunrnoe nHopmuposannoe npo-
cerpancrae nad noaex T wan wekoropoe zoaosmopproe muozoobipa-
sue. Ecan [ — KOMRAGKCROIHANHAA 20A0MOPHAR PYHRLUR 8 c4A3
HOM MHONCecTRe Q U ecau 8 TORRE 4 e ,uodyzw IMEET OTHOCH-
TeALREIN MAKCHMEM @ HWUPOROM (HBICA2, TO ,f RICTORMAL.

HokazareabcTso. [lyere chavada E=C. FHpeanonoxuwu,
yto | f| HMeeT B TOYKe & OTHOCHTGJbHHIE MAKCHMYM B IIHPOKOM
empicsie. Ecan f(a)=0, 1o oTcwaa cheayer, w910 [ pasHa Hy.ao
B OKPCCTHOCTH TOUKH @, a4 3HAUHT, B CUAY cAaefcteua 4 Teo-
pemn 11 TosaecTeedno pasHa HYM0. B opoTHRHOM caydae MOXKHO
6uin0 OB HalTH TaKod Kpyr A ¢ LUeHTPOM B TOUKe @, Cofepka-
nimiics B Q, B KoropoM ¢yHKUAA [ wurae Owt B HyJb He ofpa-
masiach.

TMockoabky 3»TOT KPYr OJHOCBASEH, TO B HeM MOMHO HAATH
HCKOTOpoe rosoMopduoe snadenue Inf(z) (coeactsne 4 Teo-
pemur 10)Y). M3 uwexonHoro npennosomeHud cJaAeflyeT, UTO Belle-
CTBEHHAA YacTh 3Tof (QYHKIWMH, paBEas In|f(2)], nmeer B Touke o
OTHOCHTeJBHEIl MAKCHMYM B IIHPOKOM cMbicle. OFciofa BHTEKAeT,
yro (ynkuana Inf nocrosHna B Kpyre H, <¢JenoBaTenbHo, pac-
cMaTpHBaeMasi OYHKUMA [ TIOCTOAHHA B HeM, & 3HAUHT, B CHJY
cacnersia 4 TeopeMbl 11 mocTosEHA BO BeoM  MHOXKceTme 2,
K cayuawo npoH3RoJBHOTO NpOCTpaHcTBA £ MOXKHO NepefiTH TOYHO
TAK e, KAK M Bblle.

Chneacreue 4. Hycre E— nopsuposannoe apdunnoc npo-
cTpatcree Had nosem 1AL HERKOTOPOE 20A0MOPPHOE MHOOCOPA-
aue, Ecau romnackenan gynxuus [ coromopdpna ¢ censmom muo-
aecTse QC FE u ecau ee modyap umeer & Towke a <8 ornocu-
TEABHBIIL MURLEMYM 8 HLPOKOM cHbicae, To aubo f(a)=0, aubo f
nocToArHd & Q.

HdokasareancTpo. B camom npene, ecau f{a)=~90, To
MOMKHO, KAK M B npeipnyUleM CJAeACTBHH, PACCMOTPETBE PVHELIHIO
Inf(2) n ¢ ee NOMOLILID AOAYYHTb TOT ¥Ke BEIBOA, & HMEHHO yToO f
TOCTOAHHA B .

3aMeuaune, BoaMmoxuocTs f(a) = 0 He uckmouaetca, B stom
cayyae, O4eBHAHO, (PyHKUHA |[] OyldeT HMeTb MHHUMYM B HIKPO-
KOM CMbICJe B TOUKe «, A 3TO He BJAeYeT 3a <ofoH Toro, u4ro
dyuruya f mocroanHa.

Cnencreuc 5 (tcopema Janambepa), JTwodod noaumom cre-
HneH[ M € KOMRACKCHBIMI KO3huulienTashit o 000l nepemensor
uxseer pogro m kopued & C, ecaw cwurars Kaxcdsii KopeHs ¢ NO-
PAJKOM €20 KPATHOCTH.

1}y 9ro, pupouen. OUSBUALD W eNOCPEACTBEHID, €CAH TOMLKG KPYr A jo-
¢TaTOUHe wanal
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Jdokazarenbctso. TouHO Tak Ke, KakK 3T0 JIenatoch
B TeopeMe 30 ra, lI, AocTaTOYHO MOKa3aTh, YTO CYLIECTBYET NpH
mzz1 xors 6B oauo kKopemb, Tak xe, Kak W 8 ri. 11, mowHo
Oyler HalTH TAKY1o OKPYKHOCTh ¢ LUeRTPoM B TOUYKe 0 paimyca R,
urofisl HUMe 0 MecTo HepaseHcTBO | P(2)|22| P{(0)| nas |z|3= R,
Torna @ymrkuns | P| #a KoMNakre |2 |<R HMeeT MHHUMYM B
HEKOTOPOH TOUKE 4, KOTOPHH, Kak Mpl Buaeax B . I, Byner
MHHHMYMOM OJas Beell KoMdekcHof naockoetrn €. Tak kax
pyuruns P ye nocroanaa,To B cuay eaelctsHA 4 Pa) =0, uem
H AOKA3BIBAeTCd AAaHHAA TeOpeEMa,

3aMeTHM, UTO TPHBEAGHHOE 3Iech HCKMIOUHTEIBHO ROPOTKO
JOKA3aTebeTBO OUeHk GJAM3KO K TOMY, KOTODOE Mbl JABRAJH
B . JI. MeTod, ¢ MOMOIILIO KOTOPOro Mbl ceffyac A0OKasamH, uTo
TOYKA ¢ HE MOMKeT JaBatbh MHHHMYM MOIVAK, ABJMAETCH BapHaH-
TOM 0Ka3aTe/aLeTBA caefcTBHA 4, OCHOBAHHHIM HE LA TeopeMme
O cpeaHeM, a Ha ¢opmyae Teflaopa.

-
Canepncreue 6. flycrs [ — coromoppioe orobparcenue Q < E
-

8 F, onpedeaennce u nenpepoisnoe na Q. Bydem cuurars, xpome
7020, MHONcecT60 L ozpanunennsis. To20a usmeroT mecro pagercrsa

> >
supl (o) = suphf ()= sup [T ()] (VI1,3;12,)
xeil 1= xs1
Ecau E komewnomepro, 10 pynsyus [ Jocrueaer ceoezo
MAKCUMY ML XOTH Got 68 OCHOL TowKke 2paduisl €.

HNoxazarteancreo. Ilpegnonoxum cunavama, uro E=(,
Torpa muoxkecTBo £} 6yAeT 3aMKHYTBIM H OrpPaHHYEHHBIM, T, €,

.
OyzeT HekoTopeiM KomoakToM, Ho Torma dyukuua ||f[ 6yzer no-
CTUCATL CBOErO MaKkcHMyMa B £, EcTH 3T0T MAKCUMYM JOCTH-

raeTcs B HEKOTOPOH Towuke £, TO CJAEACTBHe AOKa3aHO. B nporus-
-

HOM cJdyvac Touka, B KoTopoit [[f|| nocturaer makcumyma, npu-
Hagaexut L. CoraacHo Teopeme 12 o cpexHem, maA KDyra

¢ HEHTPOM B TOYKE g pajuyca @, coiepsKamerocs B £, Hmcer
MECTO COOTHOLIeHHE

- 1 o - .
M=|F@I< 5 [ ITa+pe®)as,
O

Han (VIL, 3;12,)
on
[ UFa+peyil — anyao 0.
0
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3xech mbl HMeeMm QYHEUHW0 =20, gHTerpaa ot goropoir Z=0. Puc-

CysIas TOUNO TAK Xe, KaK B C/TeICTBHH |, noayuaes, uTo | ?]|=M
BO BCEM Kpyre ¢ UEHTPOM B TOUKe ¢, coAepikatlemcs B Q.

-

Mvers & — muoxectso Touek 13 Q, B Kovopux |If (2)|=M
D70 MHOMKECTBO OMCBILALLIM OHPA30M 3aMKHYTO, HCNYCTO M, KaK
Mbl TOJABKO 9TO BHAEAH, OTKDHTO. CJAeI0BaTCILHO, ONG COLEDIKHT
BCH0 KOMNOHeHTY cBA3HOCTH £, Toukd a B 2. Ho Torga mo Henpe-

> — -

peiBrocH ||j =M ra Q, MHox)ectBo L, MemycTo, TaKk Kax B npo-
THBHOM CJayuyae CBA3HOe MHOXecT80  6blJI0 Gbl 0GbEAHHEHHEM
JBYX OTKPEITHIX HEOYCTHIX leNepeceKalOUNXCa MHOKECTE £ H

CQ, (CQ, nenycro, Tax KaK MHOZKECTBO Q orpannyeno), Touka
b:.m JeHT TaKMKe B ‘! H 'If(f Ji= M. Maxecumys dyHKULHIN
||fi; B Q, ecad Jaxe oH MOCTHraeTcH B TOUKe @ = @, GYNeT TakKe

.
AOCTHIATLES] XOTA OBl B OAHOF TOUKe & rpanuuei L. 3DTuM, oue-
BRAHO, 3oKazano paseHereo (VI 3; 12,). B camom gene, tak Kak
*

KaAadad TOUKa CFDAHHUB L sapagerca npeaeloM  TOYeK Q, TO
sup{sup Ho Taxk kKax MakciuMyM JOCTHTaeTcs B HEeKoTopoil

‘,C“ ER==E1)

TOUKe !2, TO SUP < sup, T. e. sup = sup. Bcpow oucpennb sup Q
ze=1 2= zs i e Py
paBeH HAHOObIIEMY H3 ABYX LPYTHX, T.8. PABeH STHM JKE BETUUHHAM,

Ecad npocTpaucTBo £ KOHEWHOMepPHO, TO MHONKECTBO U KOM-
C .

naKkTHO, 1t Toraa ||f |l AOCTHTACT CBOEro MaKcHMYMa B HEKOTOPOf
ToUKe ¢ EcAH 3Ta Touka ¢ =4, T0 MoxHuo OyLeT NPeDecTH Bee-
BOSMOXKHUIE cetedus ahQURHNME NOATPOCTPAHCTE AMH KOMIIEKCHOMH

>
pasmeprocTH 1, npoxolsiuide vepe3 TOYKY a, # roraa Hopma | f||
choea Oyzer paBHa M Ha KamAaom Liape ¢ LEHTPOM B TOUKe @,
codcpmatieMea B Q, a cJeloBaTedbHO, ¥ B {Qy, H TO Ke camoe
paccy};{ﬂ.euﬂe NeKa2eBaLT, YT MAKCHMYM JIOCTHTAeTCA 10 Kpaﬁmeﬁ

Mepe B OJHOH Touke & u3 &
Ecan E OecKOHeYHOMepHO, TO nouoxenue OyLET COBCEM HHbBIM.

MHOMecTBO (I Temepb He KOMMAAKTHO, a4 sup OOk He ABIAETCA

MakcuMymMoM, BoJee toro, Hopma | TII MOXeT OBTh HeorpaHHYel-
HOH H MOKeT NPpHHHMATL 3HA49ellHe +0°. KaK Beerpa, usMeeM
SUp =3 sup. Oagako ecld @< £, TO MOMEO NPOBECTH CeyeHHe

P r=10

¢ noMouwsio adGUHHOTG MOANMpPOCTpaHCTBA KOMHJICKCHOH pasMep-
HOCTH l HPOXO,H.HI.L[EE llepes &, 0 BIUYTPH 1Ier'o HadTH TaKkYW TOYKY

bEQ 4yTO Ilf(b)ll)nf(a)“ TakuM o06pazoM, suUp . sup, ueu
xe=0 =0

HoKaswBsaerca yTeepxjenne (VII, 3;12,) B obuiem cayuae,
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3amevauue I. M3 goxkaszatembcTBa CJIelVeT, YTO ecly MHO-

e
KecTBo Q cBA3HO M HopMa [[f|| He moctosuna (1. e. mpn F=C
He TocToAHAa GYHUKUHA f), TO TOUNAf BepXHSS TPaHbL He MOMeT
docruzarecs HH B OJHOH Touke ().
Jameyauue 2. PesynbraT MONKHO VJAYYIINTh, a WMEHHO He
NpeAnoaaraTb, MTO ?'OH]JE,}].&JIEHEI Ha Q. Tlodqoxum B Kaxuof
TOuKe £

M (@)= lim sumlf(x)ll—LIm sup 17 (01

S0z B, 0

3
Torga 8.an gynrguu | xaacea C' 8 oepantivention muoxcecrse O
uMees

sup uf(x) == sup M (x). (V1I, 3; 12))

r=h

. .

B camom mene, dywxumsa, pasnas [[f)|B @ u M B Q, oueBnnxo,
noAyHenpepsieia ceepxy. ClenosaTensio, 144 npocrpaietna E==C
HJAH IR lpretmomepHoro nNpoCTpaHCTRBA E oua AOCTHT aeT MAaKCH-

myma B 8. Jakec [OKA3aTeJAbCTEO 3aBepluacTes, KaK ¥ paHec,
>

Ecan [ nenpepnisra Ha Q, 170 M pabua |1}P|| Ha Q H ME TpPH-

xoarm K (VIL,3;12,) TouHo TaK ke, KaKk B 4YaCTHOM Cjayuae
(VII, 3; 12,).

Jameuanne 3. CAeacTBHe CYINECTBEHHO OMHPAETCA Ha KOM-

MTAKTHOCTB MHOMECTBA & XAA KOHEYHOMEDPHOTO NpPOoCTpaHcTBa E.
Ono HesepHo, ecai MHOMecTso Q neoeparuwenn. B camoM mene,
paccMOTpHM, Hanpumep, B { OTRpmTOe MHOKECTBO

Q={z=C, Re2>0, rie Q={z=C, Rez =0}.

®yHKUAA ¢° HeorpaHHueHa B @, # B TO e BpeMA €& MOAYJb

ua {2 pasen 1.
Bumecto (ViI, 3;12,) B aTov cay4yae MOXKHO DOAYYHTH ApPYroe
cooTHOWeHHE, Ecn MuoxecTBo (Q HeoTpaHHueHo, TO MOMKHO BBECTH

&BeCcKOHEUHO YIAACHHYIO TOYKY» @ = f! H D00 EATE
M{o)=lim sup ||}'(x)u_—_ lm  sup 1Fen (VI 3; 12;)
1%y > 00 ® g i—re e

Torna OvieT HMETh MecTO PABEHCTBO

supllf(x)ll—mah(sup Mx), Mo}y (VIL,3;12)

ch
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Urols B sToM yfeauThed, paccMoTpum choea E=C. Mno-
weetso QJ{e} P noaxonswed TOHOMNOTHE OyAeT KOMIAKTHHIM,
H MOMKHO OyAeT OOBTOPHTbL TO, YTO OBLEO CKAIAHO B 3AMeUYaNHH 2.
' Tak, B ToALKC 4TO UpHBejJeHHOM HPHMepe GYHKUHH &° HMeeM

sup|f(2) | =+ oo, suplf(@)I=1, M(o)=-+oo.
Te=

z=0

SaMeuanue 4. V3 npesmzymero BhTeKaer, Uro paccMaTph-
BABIIAACA Y:He MHOTO Pa3 BeaMuHda M (aq, p) — TOYHAR RepxHsH

—
rpane ¢yukunu || f|| wa cdhepe ¢ HeHTpoM B ToYRe g paanyca

S

f — paBHa TOYHO!H BepxHefl rpasd PpyHKUHH [[F|| B wwape ¢ HedaTpoM
B Touke 4 pannyca p. IloaToMy ACHO, UTO OHA ARJIRETCA BO3pa-
cratowell byukuned p (LaKe CTPOro BO3pacTarowed A KOHeuHo-
meproro £ u F=C, Kpome cAydas, Korda [ nocToAHRa B ¢BA3-
HOH KOMIONCIUTC TOYKH @ B (4 B camMoM mene, ecna Mia, p)=—
=Ml{a, p,), T0 B cHAY KOMEAKTHOCTH cepu CYUICCTBYCT TOUKA
cpepu pamHyca p,, ABAAIOULANCH TOUKON OTHOCHTEABHOTO MAKCH-
MyMa B [IHPOKOM CMHcJe AA% OYHKUuK |f|, a 3HauuT, B cHay
caeacTeud 3 dynkuua [ noctosHua).

Cheactene 6, Ecan F=C u ¢ynkyusa [ nuade ne obpa-
Waercs &8 Hyss, To cnpagedaisst Te e yTeepiucdenun, Hro i
8 caedcrsun 6, 20e max mado samerurs Ha min, @ sup #a inf.

B cawoM mene, AOCTATOUHO NPOBECTH PaCCyXIeHHE ¢ (PYHK-
unei 1/f.

Ecan dynkuus [ B HekoTOpOil Touke a = Q ofpaulastcs B Hyh,
TO pe3yJapTaT, OUeBHHAHC, Heé COXpPallHTCA, TAaK KaK B 3TOM CJay-
yae |f| moctHraer aGeOMIOTHOrD MakcuiMyMa 0 B ToUKe 4, B TO

BpeMsd Kak Ha MHoOX<ecTBe £2 ee TO4YHAH HMIKHAA rpadb, Booflle
ropopsa, > 0.
> >

Ecan F3=C, To gaxe B TOM cJayude, Korja | HHTHe He obpa-
WAeTCA B HYJAL, YTBEDMKIASHHT 3TOTO CASACTBHA He COXPAHAKITCA.

PaccmorpuMm, nanpumep,  OyHrnu© 2—({a, ¢, ..., @, 2} (cM.
cTp. 350) Ha MHOecTBe &, re Q —Kpyr |2 |< 2| a|. Ee nopma
JOCTHraeT CBOEro MHHHMyMa |a| BO BeeX Touxkax kpyra | z|=la,

HQ He Ha rpattnue L {OKpyKHOCTH | 2z |==2| a |), TJie oua papda 2| a |

Caeacrene 7. fTycrs V — caasnoe Kosmnaxrroe eoaomopd-
==
Hoe mrozooOpasue. Kaxdas zoromopidman pyuxyus [ #a V co
o
SHauwenuAMy 6 Oarnaxosom napocTpamcTee F nocrostra.

S
HoxasareabcTBo. ®yuxuad ([, HEmpepeiBHAS HA XKOM-
nakre V, gocturaer cboero Makcumyma M., MuoxectBo & TuueK
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na ¥V, 8 xotopsix | ﬂ| pabEa M, HeRyeTO H 3aMKHYTO, a H3 J0Ka-
3aTedbcTRA NpeAsAyUIero cAeicTBHA ¢ NPHMeHeHHeM KapT BHAHO,
YTO OHO OTKPBITO. [TOCKONBEKY MHOXecTBO V CBSA3HO, TO 3TO 3HAYMT,

>

uro &=V u Ufll nocroauna na V. To xe camoe BMEeeT MecTO
> > > -

aaa Juobol dyHknum |f —cl, rae c= F. Ecom @ v b — ape pas-

JHuHble TOYKY V', TO pyHKuHg || — f(a) || nocTrosnua na V 4 paBHa
HYJI0 B TOYKe &, T, e, f(B)=F(a). Jlpyramu caoBanu, DYHKIHA f
nocroadia na V.

3ameyvanne, DTHM MOKAZAHO, UTO KaKAOE roNoMopdHOE KOM-
DAKTHO® CBA3H0e MHorooOpasue pasmepHocTH > 0 «adCTpakrHO®,
Ono He MoKeT OHTb NoLMHorooGpazueM mnpoctpancrea (V.
B npoTHBHOM cJay4ae KaXJAas U3 KOODAMAATHRIX  PYHKUHE
Z1: 23y «v.y Iy, TOJOMODDHad HA V, Obaa Obl nocToAdHo# Ha V
H MHO#ecTBO V cBeaock Gl K ONHOH TOuKe,

Cnencteue 8 {ouweHka MPOU3BONABIX cpyuxuuu fBQ, ne
NOJb3YIoWad OlUeHKY PYHKIHH ||?|| Ha !,2) Hycn f—eonom,oqu

Har pynkguns Ha QS E co asnanenuamu g }' onpedesennan u

nenpepntenai wa Q. Bydem cqutars mromcecreo C 02paHUYeHROIM.
Tozda cnpaseditsb HepPUBEHCTBA (étm re=Q)

[ic) Fri m
I ol <m(Fg) (aan M lm, ecan E=C), (VI1,3;13)

ede d (x} — DACCTOARUE OT TOUKY X G0 epanitor QuM= sup'l? (x) |

v ef)

HokasaTtenscTro. Ilyete p< d(x). Torma map Bla, p)
JewnT B @ H cnpaseganso HepaseHctso (VII, 3; 4,3 wan (VI1, 3; 3),
ecvii E=C (rne a sameneno Ha x}. OIKako B CHAY caencTeis 6
M{a, p) s M. Tostomy, yerpemaas p v d(x), moaydaeM HYIKHHR
pesyaLTAaT.

Samevande l. Kak u B KCNIOAB30BAHHOM HaMiU CJIEACTBHH O,
MHOMKECTEO Q AOKHO OpITE OTPAHHUCHHLIM,

3amcganne 2, Ouenka H?ﬂ Ha rpanunie £ naer Xopouymo
OUEHKY NOCAeA0BATEABHEIX TPOH3BOAHHX TOJIBKO AJ4 Toyek £,
He CAMMIKOM GAHSKHEX K rpadnue (4™ (x) Haxogures B 3HaMeHaTedel),
PasHomeproti ouexKi RPOU3BOOHBIY 60 6ceM MHOWecTse Q He
CyigecTeyer.,
PaccMmorpuM, HanpnMep, (YHKLKIO, ONPEACNEHHYI0O B Kpyre
oo

Q—={2=C; |2|<1} no dopMyne f(z)zz%. HopMaabuan
n=I1
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CAGIANMOCTL priA afeclueuniBaeTca HeNMpepPuBHOCTLIO L]]\"HKLI,II]‘] f

B £, 4 HOPMA/LHZA CXOZNMOCTb PALa W3 MPOMIBOAHLIX BO BCeM
Kpyre |z|scp <1 obecnedunaerca I'OﬂO\-IOpCbHDCTb]O i B Q=

={z={; |2]<1}. Oanako f’(;z)=}}l znl =—~;—In(f — z)
=]

sBAsieTed pyHkuned, weorpadnuenHoi 8 L (ee MOIYJB CTpeMmuTes
K 0GecKOHeYHOCTH npH 2, crpeMmsieMcs X 1). He cieayer GuTh
cauKoy TpeboBaTedsHbM. OQueHb XOPOLID YMHe H TO, 9TO DUEHKH

z
Aas GYHKOHE [ NO3BOJHOT OUEHHTb €e NpoH3roAHbe!

Cnepcraue 8. flycTs }_’)— 2020 MOPPRAT PYHKYUT B OTKPBLTOM

-

mroacectse QU co sraqenuamu o8 Ganaxosom npocrpanctae F

walt QApMORBYOCKAL qbynm;uﬂ g Q¢ BEUICCTBCHHOI I MM KOM-

HACKCHBIME 3Hayentdmy. [Tygers A —Kpye ¢ yesTpom 8 TOuke a
>

paduyca R, codeprauwuice 8 Q. Toeda fla) paswaerca cpednemy
2 _
snaueruro f 3 A

?(a)=a,|?—,‘[_|-f(z)dxdy. (VI 3; 14)
A

JoxazaTenreTBO o4eBHAHO, TAK KAaK JBONHOH HHTerpad
paBen ;

2

R :I‘T.
e [ [Tlatoe®)ododo= ks [ odp | (@ + pei®) 40 =
i)

=

= J pdp 2af (@) =T(a). (VIL 314,
0

310 CAe CTBHC [NPCACTABMASTL He CTOJB HHTepeCi{b!M, KaK
caMa TeopeMa, HO WHOrga oHo fojee nodesHo, Hanpumep (Kak
H cama TeopeMa 12), ouo oboGinaerca oueBHIHBIM OGPa3oM Ha
rapMoH#HYecKHe (PYHKUHH HA KXOHEYHOMEDPHOM €BKJIHACBOM Mpo-
CTpaHCTBEE HAa R CO 3HAYEHHAMH B NOPOH3IBOJLBHOM GaHaXOBOM

>
npectpadeTBe £, Tam Oyner capaBedfHBbIM H OOpaTHOe yTBep-
MAende: Kaxdad GyRKUAA, ofM21al0Mad B Ilapax 2THM CBolicTBOM
ocpenyedns, GyjeT rapMoHuueckoi. Ho cyuwecrecsarue cpedHe2o

-
BHACNUR TPEOYET AUULb AOKQACHOL HNTEZPUPyeMocTd (yuryuy f
oTHOcuTeAH0 Mepol Jlebeea. CrenoBareabHO, MOXKHO ONPEAEIHTH
TapMOHHUYeCKHe (YHKUHH, HCXOAA TOABKO M3 NOKaJIbHOH HHTErPH-
pyemocTtd. (Bnpoues, TeopHs pacnpefeseHHl RaeT ewle JAyYIUHE
BO3MOMKHOCTH. )
Dot apyrofi HenocpeAcTBeHHbIH BLIBGE H3 caeacTsua %
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Chencreue 9. Hycre asoutoanenm Yeacsus caederens 9.
Toz0a cnpasedansa oqenia
1

iFla) |11_(m?2 [ [nf (2) [ dxa’_;) L p<+oo. (VI3 14)
Y
Ecan Oas xamdozo romnakra K CQ meroropas nocaedosa-
TeHOCTE Gyuiyuts [, cxoduren x 0 aokaasno 8 L¥, 1. e,
>

- »
68 LP{dxdy, K; F), 70 ona cxodurca k 0 rakme 1 A0KQA6HO
PUBHOMEPHO,

HokaszateabcTBo. HepapeHCTBO MOAYYNTCA, ecdH  pac-
CMOTPerTh qnTerpana ot  @yIKuH ?n?)(l OTHOCHTCTLIIO Meph|
du-——-n—ll,?zd.rdy c maccod | W MpUMEeHATh HepaReHcTRo Iédnnepa
(1V, 4;61) {cnepctnue 3 Teopemun 46),

-
PaccMorpuy  Telleph HocdezoBaTellbHOCT (yukuui f, Ha Q.
Tak xax
1

(j [1Fe@rax au) < maxlf, (2) | (mes (K)?

K

TO, €CAH 3TN DYNKLHH CXGIATCHA JOKAMLIG pasHomepHo K (, OHH

Tem Gomee OVAYT cxomnnthes K O goxkaawwc B LP. Ham wamo no-

Ka3aTh ofpaTHoe yTBepXJIeHHE JAA roJomopdHEX 1AM FapMOHH-
>

vecknx dyHKuMit f,. Ityers K — xomnakr, a R > 0 — uneso, crporo
Melibillee KpaTdafitiero pacctoanna oT K noe CQ (em. ra. II,
cTp. 84). O6o3naunm depes H  MiloKecTHO TOUCK, PAaCCTOSHHE
OT KOTOpHX N0 K He mpeBocxofnT R. Mrowxecrso H dasasercsa
ROMIAKTOM, cofepKammmes B L, mpuueM B cuay (VII, 3; 14,

i

max I, (2) | < (aR"’J [1i@ "pdm)

OTKyOa& #1 BHTEKART BLICKAa3aHHOE YTBepHICHHeE,

=
3amevauue, Koueuno, cxoaumoctb B LP{dxdy; @, F) He
BreveT 3a cobofl paRHOMepHOR cxonuMocTH 60 ecem . U3 uee
CAedYeT TONBKO PABHOMEPHAS A0KX2bHAR CXOLHMOCTE. BHJAOTHYIO
K rpanyie ROXXOAHTE HeJb3!

Leave dyuwunn. Teopema Jluysnaas

MMyetn E, F — abbunHHbe HOPMAPOBAHHBE NPOCTPAHCTBA HAL
nosem K=K nas C. Ilesod dpynxuneh nHa E co sHaveHusMH B F
nHaseiBacetTen K-agaantnucekan ¢yukuua f, pasnoxenne Teitaopa
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KOTOPOfi B OKPeCTHOCTH KaM10n Toukn a &= E exoaurcsi u pasro f(x)
B Kaxaol rouke x = E. {lppn K=0C #3 caencrsua 1 teopeMsr 1i
BbITEKAeT, 4T0 Jo0as rosoMopduas Ppyukuus "Ha £ €O 3HaUe-
uaavu B F uenan. Mpn K=K kaxkpana ¢yexkunsg, rapMonuuecKan
Ha KOH&HHOMGPHOM ERK.THAOBROM ﬂpOCTpaHCTBE‘ E, HeJad.

B sanvueiies caoso uenan Gymer BCWAY ozhavare C-uenan,

Teopewma 13 (recpema Jinysuaas). 1° Kowdas D2PaHLIHEH-

HaR yeaas dyrcqun fﬁ:a E co snavennsnu ¢ F nocroanna.
0
2%y Ecau eywgecreyror wueao C 220, yeaoe wucao m 20 u rouka

—
a S E, rakue, uro das docraroxno Goasuol Hopuet [ x — al|
r, e
DI Clx—al™, (VII, 3; 15)

e
T0 [ ABAALTCR NOAUHOMOM CTeneny <, in.

Hokasareascrro. MdoxkaxeM cHavana yreepxienue 2°),
W3 nepaveners (VII, 3; 4;) nenocpencreenno noayyaem

fn
17 (a)] < M (a, p) =z S Cn"p™ " (VIL, 3; 16)

Yerpemanas p K G oo HPH # >>m, 00IyYaeM f('”(aj=0. Pax

-
Telimopa B OKpeCcTHoCTH TOYKH &, Npencras okl yHKUHIO f{x)
AJIA BCeX X, CBGJCA K HEKOTOPOMY NOJHHOMY CTeMeHH . m, 4YeM
YTEep:kIcude 2°) W pokazano.
[Moaarag rerepe m =0, moayuyaeMm yreepxienne 1°),

Crnenpcrpue 1 (Teopema Janambepa). Cm. crp. 318.
(Uem Lanbwme, veMm 0KasaTenbcTsa Kopodel)

B camom amene, mpeanonomum, yTo nogdHoMm P crenedn m =1
He umeer nyaefl wa O, Toraa 1/P Gyner ueaoil dyukuned. Onnaxo
| P(2)| npu |z|->co cTPeMUTCH K GeCKOHEYHOCTH, a CJaedOBa-
TEJNLHO, CyilecTBYeT Takoe uuesne R, uto [P(2)i=1 zas Beex
{z|Zz2R. Ho torma ¢ynkuwsa | I/P| 6yieT orpaHnveHa uHCAOM
max(l, max -'—) A 3HAYMT, B CHAY TeopeMul JIHYBHANA

lz|<R I 2{=) 1

GyAeT MOCTORAHHON, 4TO HEBO3IMOIKHO.

Chexzcrane 2. 1° Hycre P — 2apMOAUYECKAR BELUECTOEHAAR
uan xomnaexcHan gynkyua na R Ecau ¢yrngus | P ozpanisena
uau ecau pynkyus PoeewecToenna 4 02panuYeHa C8epXy ual
CHUBY, TO OHG ROCTOAHMHA.

2°} Kaxedas komnaekcHo3Naqnas yeaas pynxyug f na £, seue-
CTOCHHQA (LT MHUMASA WACT6 KOTOPOUL O2PARUYEHE C6epXy Al
CHU3Y, NOCTORKHA,
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AokasarteabcTBo. JloKaeM CHAYAAA BTOPYIO 4acTh Cdel-
¢, Ilyere [ —uenan ¢dyuxkups na E ¢ KOMO/EKCHWMH 3Hade-
naamu, f==P 4 iQ, rie pynaxuna P orpaunuexa csepxy: PsgM,
Torna e Takxke Gymer mesoli @yHKWMell ¢ OrpAHHYEHHBIM MO-
nydem |ef |=e” <L eM Tlo Teopeme Juyenans byukupa e no-
CTOSIHHA, A 3HAUNT, NocTosnRa ¥ QyuruHa f. Eeaw dyaxuua P
orpannvyeHa cHu3y: P 22— M, 1o caenyer paccMoTpeTh GYHKIMIO e,
Ecan orpannieHa c¢BepxXy HKJAN CHH3Y (YyHKuuA Q, TO caeayer
B PAacCyKICHHAX 3aMenuTh [ Ha if.

Iepefizem Temepb K Mepsofl YacTH AN CAyUas mpocTpancrna R2,
Ecan P —rapMoHudeckaa QYHKLUHSA, TO OHA SBARETCA BEHECTBEH-
HOoflL uacTeio ReKOoTOPOA rodoMoDduol Gyuruuu [ (Teopema 4).
Ecan ¢yukuna P orpanuvesa CBePXY HJAH CHH3Y, TO, KAaK MM
FOJIBKO 9TO BHAEAH, (YHKLHS f, a BMecTe ¢ HeH n ¢GyHKuna P
MOCTORIIIEE.

3To chelcTBRE AOMYycKaeT pasnuunue o6obmenus na rapMmeo-
HUYECKHE HJAH TodoMopdHbHe GYHKUHE B OPOCTPAHSTEAX HPOH3-
BOMLHBIX pa3MepHecTefl. Mbl ¢ HHMH TO3HAKOMHMCA [1Q3I1Hee.

Teopema JIuyBuANA HMeeT BaKHbIe MPUMEHeHHS B CNEKTPalh-
HON TeCPHH oNepatopos B npocTpadctBax Danaxa.

Ilycts u© — nuneifinoe nenpepolBioe OToGpakenHe OHaHaXoBa
npocTpaHeTsa £ (Hax mojeM KOMNJEKCHLIX THeeR) B ce6a, ToBopsT,
UTO KOMMJIeKCHOE UYHCAO A NPUHALMEKHT CHEKTRY OTOGpAaXKeHHs u,
ey onepatop # — Al He oBpaTum.

Touno Tax e onpenesdercd CNeKTP 3JeMeHTa & GaHAXOBOH
aareSpol ¢ waa C (ra. 11, crp. 127).

Coraaciio teopeme 62 ra. II, MHOKECTBO OOPATHMBIX 3JEMeH-
T0B & OTKPLITO, K, CNENOBATCAbHO, LAA 3aNaHHOTO SAeMEHTA
i = S MHOXKecTBO Q (1) sHAaueHWE A, ANA KOTOPHIX aJeMeHdT & — Af
OHPATUM, ABJANETCH HEKOTOPLIM OTKPBEITHIM MHOMECTBOM KOMILIEKE-
HOH naockocTH. OTciona caeayeT, uTo CIeKTP 3TeMeHTa i 3AMKHYT.
C apyro# ctopoub, MB eugean (caeactene 1 teopemm 31 ra, II),
uTO oToHpakeHue d—u~' npuHagnexur kKiaacey C* (orTHocH-
TEJNBHO IOJS KOMMAEKCHEIX dnced), Orcioga BHTeKaer, 9To otobpa-
wenue A—>(u — AN nprHanexyr kKJaccy CF (man noseMm Kom-

ITeKCHBIX YHCCN), T. €. SABAASTCA TOJOMOPDHEM 0TOOpDaXKeHHeM
Qu) B S,

Teopema 14 (Temdann)., Crexrp saementa u banaxosott
areebpo nad nosem C 26848eT¢A KOMRAKTHOIM HERYCTOLM MHO-
HECTBOM KOMNAGKCHOUE NAOCKOCTH.

Hoxasareasctso, Tak Kak CnekTp samxuyT, To Aas o6o-
CHOBAHHA erd KOMIOAKTHOCTH JIO0STATOUHO ﬁyner A0KA3atTe ero
OQTPAHHYEHHOCTE, HHAUE ropopda, I0KazaTh, UYTO AJA9 AOCTATOUHO
foabmnX 3Havennii | A | sgement u — A o6paTHM. Mbl 3HaeM, uTO
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3JeMEHTH, AocTaTouHe Gamskne K f, o6parhmol. Tak Kak npu
| & |— -+ o0 zjaement l—% crpeMuTest K [, TO AAa A0cTATOYNO
GoMblNX 3HAUYCHHA | A | 5TOT 3J€MEHT, a BMeCTe ¢ HHM M 3JeMeHT
u— il =— ?L(I — 1”—) Svayr obparumpMu. TovHee, U3 Teopems 62

LY
]
ra, Il eaeayer, uro saemeHt !_T' a2 BMECTE C HHM H 3JeMeHT

14
2 — Al 6ynyT oGpaTHMBIMY, €CAH _l{?LI]i < |, wnu | A > «|. Tagum
00DA30M, CHEKTP 3MeMEeHTA i COAePHUTSA B Kpyre | A [<[lu |l
Hav ocraetcs ioKasars, uTO cnekrP HenmyeT. [Tpeimo.oxnw,

qTC FT0 He TaK, H NOKAMeM, UTD TaKoe NPelnofoiKeHue NPOTHEO-

-1
pesuso, Ecan cnextp myer, To dyHKUMA A —>{x — il)” meAgercs
eaoll  gyuknuedi, onpeaenexHofi na €, €O 3HaueHuaMH B Gaxa-
XOBOM mpocTpancTse . JIErKO BHAETh, UTO UPH A, CTPeMALIEMCS

K GBeckoneunoctn, (v — AN~ crpemaTen x HyJw. B camom mene,

1= (= =) il 57

. (VIL3;17)

1]
Tlpx A, cTpeMsimevea ¥ oo, 2JeMeHT ‘J_T cTpeMuTes K 1, M,

B CHJAY HENPCPBIBHOCTH oﬁpameﬂﬂﬁ, oﬁpammﬁ K HeMY 3/MeMedT
TAKMKe CTpeMUTCHA K f, TEK 4YTQ npasadg 4JacTh, 4 3HAYUT, H JAeBAafA

1
npu [ ] cTpemamemes K 0o, MaMOPHPYIOTCA [POHIBELCHHEM I
Had HEKOTOPYHK MOCTOAHHYIO.

Ha reopemp Jluysuaas caenyer, wro paccMaTpHBaevas (hyHK-
uHsa OYyIACT NOCTOAHHON, H, NOCKOJBKY OHa cTpemuress Kk O Ha
GECROHEUHOCTH, Olld TOXASCTREIHo pasHa HY.w0, Onkako haly b3 |
KaXAoro A ee 3aHaueHHe HABRJSETCS HIEMENITOM, OGPQTHMM K He-

KOTOPOMY 3JeMeHTY, a OOpPaTHBHH 2deMeHT He MOMeT ObITh
PaBHEIM HY.HO.

Sameuanne, [lycte E — KOHEUHOMCPHOC BCKTOPHOE HOpMH-
POBAHHOE TpocTpancTBe Had noaeM € pasmepuoctu > (. Torna
npocrpancreo F(E; E}=.¢ ecTs GanaxoBa aJnrefipa, DIeMeHT
.5 06paTHM TOTLA H TOJLKO TOTAa, KOrda # SBASETCs HHheK-
nueil £ B E, unaye rosopsa, KOIOa y HEro Her coGCTReHHoro sHa-
YeHHA, pastioro uyswo, T. €. koraa ero detu 50, TMostomy
COEKTP OTOGpaKeHNd # COCTOHT H3 MHOKECTBA €TI0 COGCTBCHHLIX
3HAYEHHH. 3ITO WMHOKECTBO KOHEUHO, a  3HAYMT, KOMIAKTIO,
OHO  HemyCTO, MOCKOMLKY COGCTBEHHBIE  3HAUSHHSA A; ABRJA-
I0TCA  KOPHSIMH  adreSpaHyeckoro ypapaeHnd det(y — ) =0,
a Teopema Manambepa ToBOPHT © TOM, 910 TO YPABHCHHE HMeeT
XoTa Gu oAHE KOpeHb,
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Mer yxKe OTMeuaqH, 4Te MeTod, NO3ROMABIIHA JIOKA3ATh Helmy-
CTOTY COEKTPA, NPHMEHHM H AJf ACKA3aTedsCTBA TeopeMmbl fla-
aanbepa!l

Caejcreue (reopeMa Masypa — Yaama). Jrodoe Ganaxoso
a8 KAQHOHN"RercKu HBOMOPC,bHO RO KOMITACRCHOLX Huce.r.

fToae Banaxa — 310 Ganaxoea afaredpa &£, B KoTopol 00paThm
Kamoblil saement = 0.

Otobpameine A — Al spaserca orofipakenucM noas C b &,
COXPAHAIOIIAM OMePALKH CACKEHHS H YMHOMKeHHs, a TaKKe H
wopubl, Ero ofpas Asasercs HEKOTOPHIM MONTOJeM oA SF, H30-
MOpHOHEM Mok KoMmaekcisix uncen . Takum o6pasoM, nam
OyeT A0CTATOYHO NOKa3aTh, YTO 3TC NOANOJE COBNALAeT C CAMHM
modeM &, ITo o3jHadaeT, yTO AAA JJW0Oro 3MeMeHTa # = .94 a0a-
AeH cywecTBOBATL Takol slement A=, 1o u=A4il. Mu 2naem,
ITO COEKTP # HemycT. 3HAUWT, CYLIeeTBYET Takol sieMment 4 =

A9 KOTOPOro sacMeHT u — Af deobparum. Tlockoabky & siBaseTea
TOMeM, 10 HeoUPAaTHMHA 3MeMeHT AOMKeH OBITE PaBeH HYM0, e
U 10K424H0 PACCMATPHBAEMOE CJIEICTBHE.

Teopema 15 (teopema Befiepuitpacca o cxonumocru). Hycrs
- e e
Foo 74y fao oo — ROCAPODBATEABHOETE  2020MOPPROLE  DYRKYUY, 3a-

DGARDLY 8 OZPUHUYEHHOM OTKPoITOM mroxcecTee & npocrpaxcrsa E,
HERPEPOLERLY 8 020 3UMBIKAHUL L), (0 3RAYCHUAML 8 GAHax080M
>

npocrpanctse F.
Ecau noc 46‘6080?‘8;1&}{067'5 f,, PABHOMEDHD CXodUTeS K HEKOTO:
pomy npedeay f Ha epanuye Q, 70 ona PABHOMEPHO c»\oau?’fm K f

go sces muoxcectae Q. Ira npedessuan yarigus f Henpepsiana

2 Q u aoaomopdra 8 ), u dag rawmdoeo Heio2o M npoussod-
weie U cxodarea x nponasodnod [ gokaatho pasnomepro 6 Q.

Jokazarteanbctpo. Toullaa BePXHAA IPAHL HOPM Hm m?ﬂmg
by LROKE F:—f: 3 O, coraaciio ¢leactsuio 6 Teopcsul 12, paBHa
TOYHON BepxHeldl T'PAHH HOPM |||}:——?,, lla Ha rpanuue Q. Tak xax
PyHKIMY F,, PaBHOMEPHO CXORATCH K HEKOTOPOMY Dpeleny Ba rpa-

prue 9, To Hif:—-fnﬂb cXONHTCA K O mpa { U 1, cTpeMAIHKCA
K (eCKOHeYHOCTH. CJIEILOBaTeJleO cylecTByer 7y = N, Takoe, yro
N

npu 1 3=, HOPMA !I‘—fn m“] < 1, a snaunr, u |if, Iz <L

e
e. (hYHKUHE fn—fm npH a Zzn, orpaimyvednl #a ©. B nopmu-

l_fﬂo

-~ EN -
18] r r
poBaHHOM UpocTpaHcTBe (FV), dyHKuRM f, fn? 0fpasyor nocae:
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-
JoBatedanpdocTs Kown., Tak kar npoerpalcTeoe F 0o npeanonoxe-
HHIO T0HO (BO Beell riaee), TO 3TO OPOCTPAHCTBO aBAserca Ga-

HaxopbM (chencreue 2 Teopemu 65 T, [I). 3rto o3nagaer, uro
>

x

pasuoCTd [, — fn,‘ a BMECTE C HUMH H QyHKUUH [ CXOLATCHA K He-
KOTOPOMY Tpeienay paBHOMe[HO B &L,

Ilycre Tenepk 3anaaHa Toura a<0, n d{a) —ee paccroguue
or 2 naw CQ. Jar xaxzoro x us mapa 8= Bia, p), p < d(u),
HuMeeM HepaseHcTBo d{x)z=d(e)—p. Hz dopmyan (VII, 3 13)
CJCAYET, UTO FAPON3BOAHLIe f“’”—f‘”” 06pa3y10t' IICKOTOPY 0 No-
cnenopatenshocts Kowu s (Q’M(F”1 F)]Ch. ClenoBaTeabllo, Kak
n pauee, pyagunn fU cxoasTCA K HEKOTOPOMY Npeflely g, Pab-
noMepHo B mape B{a, p). Oxonvatesbno (yHKUMM [ cxonaTea
K £,, A0KaNbH0 paBHOMepHo B . V3 Teopemul 111 ra. 1V caenyer,

-

yto ¢hyHRuua { npuragaekur kaacey € (ka C) u uro fi =g
JJa BCEX A1, YeM M 34KAUUYHBACTCS MOKA3ATCALCTBO TEOPEMbI.

3ameuanud. 1% OrpaHuveHHOCTh MHOXEcTBA & npeanoaa-
rath 00a3aTesipho (NOCKOJAbKY NDuMensorcd caeactead 6 0 8 Teo-
peMbl 12). PaceMoTpHM oTRpPHTOe MHOKeTEo Q= {z = ; Rez > 0},
TIPUBEJCHHDE B sameqamgu 3 x ¢aeacTBuw 6, H nocdejoBaTens-

HOCTE PYHKUHA f,{2) = - . 2t $yHRumn cxojates K O pasHo-

MCPHO Ha Q, no He cxoasTes B Q # cTpeMATCA K OCCKOHCYLIOCTH
B Kamuofl N0 1CIKHTeJbROH TOUKe BeUIeCTBEHHOH OCH.

2°) B ra. IV MBl yKa3sbBaiu, YTO CXOAHMMOCTE NGCAEIOBATE k-
HOCTH (PYHKUHMH He BJevyeT CXONHMOCTH WX OpPoH3ROIHLWEX, [lafo
B TOM, YTO Mbl OPOBOIHAH PacCyKUEHHA, MPHTOAHBIE OIHOBpE-
Mewno u maa R, u aaa C, Temepr Mbl 3MaeM, 470 CXOLHMOCTh
pyurunii kaacca C! wa C maeuer 3a coBoli cxoAnMocTh HX npo-
H3BOHKIX. -

Caeactiue 1. Ecau nocaedosaresbHocTs 2020 OPPHBLL
Gynrygul E, 8 ﬁﬁmwcecme Q  E (He o6a3areabHo 02PAHUHERHOM)
co swauenuan 8 F AP R, CTPEMAUEMCR K OCCKOHOHNOCTU, cxo-
JUTCA  ADKAABHO | passorepro s Q & uekoropoi (PyrKyLy f

TO 3TQ GYHKGUS )‘ eoaomoppra & O u npousgodnse F™ cxoldarca
ROKAAGHO pasHomepro 6 Q K npousgodunod fi,

JoxasateaseTBoe., B camom mgete, nyeTh & — TPOHIBOMD-
Haa Toyka Q " RBla, p)—ﬂmp ¢ LEeHTPOM B &, comepiKautuiica

B £}, na KoTopoMm ¢yuxuim fn paBaOMeplo cxoaatea. Torga Aas
ﬂ,oxaaa'renbcma OCTAeTCs TOJLKO NPAMeHHTh Teopemy L5,
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o0
>
Crnencteue 2. Ecau pad 2, U, COCTABACHNOIE U3 zo40-
=0
mopipnoex ynkyuis wa 3 E co snagenufnn 8 6anaxosom npo-
S

cTpancTae F, (xoQuTcR JA0KAARO PRABHOMEPHO, TO €20 cyMma
AganercA eonomopprod pyuxyued 6 R, a cam pad dongexaer
nodaetnoe dugdeperyuposanite:

b [Ficd] o
p> ;T,,) = 3 am, (VIL, 3; 18)

W=l
2de 8ce padolr w3 nPORIGOOHNX CXORTCA AOKARLGHO PABHOMEPHD 8 Q,

o
Ecayu Becroreunoe npouasedenue Hum EOCTABACHHOL N3 20.410-
n==i}

MOpPHBIL PyHKYuIE 8 R ¢ KOMAAGKCHOIMI 3HAYEHUAMI, Cx00UTA
AOKQABHO pasnomepro 8 Q K wexoroposy npedeay I1, ro pynk-
yusa Il zoromopghra uw Jdonycrumo novaIeHROE A02APUPMUYECKOE
duppepenyuposanue:

W\
=X (VIL,3; 19)

R 3
ede pad X upfu, cxodurca A0KaILRO pasHoMepro & Q.
n=={]

HokasaTeabcTBO. YTBeDKACHHA, OTHOCALIHECA K DifaM,
KenocPefiCTBEHHO BLITCKAWT H3 NPeLHAYIIETO CASACTBHA.
Ecan paccMoTpeTh GeCKOHEUHOE NPOH3BEAEHUS H MOJOXKHTD

H,vmﬂun, TG B CHJAY NOPeOpAyNEro CJAeICTRHA [})YHK[LHH H'N
=0}

GyAyT CX0AuTbCA JOKaaAbHO paBHOMepHO K 17, a dyukuna [1 Gyger
rosiomopduoi. C npyrofl croponn, dynkunn /Iy AokanbHo paBHo-
Mepuo cXoAatcAa K pyHkuun HII (eM. ctp. 168 ra. 11}, u, chego-

pateanho, [IW/Ily = 2 ufju. cxoanres k /I aoxaaseo paBHo-

=

MepHO. -
Chnencreune 3. fycrs Q — OTKPbITOC MHONMCCTEO APOCTPAi-
crea E u F — Ganaxoso npocrpancrao. Toeda apocrpancTao 2040~
MOppHBLX U oepanutennsix  PyRKYUL na Q co sHaweHUAMI 8 f?,
cHObaeHNnoe HopMoL |- sup ||T x)||--|||; iy, o mOARO.

B camom Jjede, RPOCTPAHCTBO (FQ)L.;, HENpEPBaRnx 1 OrpaHd-
i
YeHHBIX H4 &) QYHKOMA cO SHAYeHMAMHM B F NOAHO (chencTBHe 2
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Teapem 65 ra, 1), a npocTpaHCcTRo rowwopqmu\ OrPA IS HEBIX
PyHKoai, cornacHo teopeme 15, saMKnyTe B (F‘?)(b.

Cnencreune 4. fyere Q — orxpetroe smuowecreo 8 F ou
-

F —npocrparcrsc banaxa. Teeda nrpocrpancrsn oepadit«eHHbLX
REALPE PLIBHOLY pynkuiii na Q, 2010M0pPusIx 8 O, CO INAUCHULMIL
-

4 F cradrcennoe nopuoi fif (g o noano.

.
B camoM dede, »To MPOCTPAHCTRO TaKkKe 3aMKHYTO B (F¥),.
AHAamOrHYHO, HMEET MECTO

Caexncrteue 5. Tpoctpancrso Pyrequd, eoaosmopproty 6 €,
€O BHAUCHUAMU 8 f? OBPIHUNOHNNY BMECTE ¢ UX APOHIBOOHbIMU
popadKos Sy m, cHafmernoe Hopaol |||F-|HQ o Rar0. [1poctpan-
CT0 (,bJH,aquu nenpepotonsty Ha Q, eoromoppuoiy na Q, €o Ha-

YeHUAML 8 F OEPAHUMEHANY HA L I GZPAHUHEHHBLK GHCCTE €O
coop M npoussodnmmu nopadkos s, m Ha L), cHuOxcernoe ROPMOD

=+
i Flllg, p mOaRO.

§ 4. MEPOMOPOHKWE ®YHKILHH. -TIOJ'IHJCI)] B CYWLECTBEHRO
OCOBbLIE TOYKH, TEOPHA BLIYETOB.
BHIYHCNEHHE HHTErPAJIOB METOAOM BBHYETOB

B § 3 moxHo Onido pokaszath pasenctso Koweit niis rodo-
MopdHRX PYHKILMA Ha OTRpPHTRX MHoxkecTsaX H3 C, uexons ua
HMEIOMHXCHA TAM MEPABCHCTE, 4 3TH HEPAaRGHCTBA MOMKHO Pacnpo-
crpaduth Ha yHKRMi kaaccos €' pan €%, orpanuyMente Ha OT-
KDRTHX MHOMCCTBaXx NPCHSBOJAbHOMO afPpHHHOrO HODMHPORAHHOTO
npocipancerea E (gap moaem C). B nmacromwes § 4 takne 06006-
HIEEHA HEBO3MOMHL. B camoM neqe, ziecs OGyayr HIy4aTbed
hYBKUITH, HMemlIHe ugosuposandyo ocobylo Touky a=C, 1. e.
roaqomopipusie B Ca, vHanpumep 1/(z—ga). Tloae MH YBHIHM,
yro B U nmpr 7222 Kawmpas ronomoppHan dyukuua B Ca npo-
JAofxaerca N0 HekoTopol rosomopduoil HyHKUMH BO BCeM npo-
crpacerse. CACAOBATCABHO, GUHAYUL ¢ U30AUPOSANKLLMY OCODEH-
HOCTAME € TARiX npocTpancreax He cyuecteyer. [loaToMy BO BeeM
5TOM maparpafe B KauecThe £ Mbl GyJem OpaTh NoJe KOMINEK-
CHLIX YHCEJ.

Tecopema 16. {Tyere [ — ynryus, zoromoppHas 8 Koasye
Qc C, onpedeseNHoM HepaseHcToa MY R; <|z—al< R, o sna-

HeHUAME 8 OQHAX080M HPOCTPAHCTEE F. Toeda ona momer dvire
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PAIIONERA 6 PRI, najvisaemsid pador Jopana:
+ o0

b -
fa)= X cale—a) (VIL 4 1)
Ma=—oa
370 pasaoxerie abcoHoTHO cxo0uTca 8 Koaoye S i HOPauAIbHO
cxoduren 8o ecakom koasye R < Ri<|z— a|< RS < R
Koadhuyuenror pada Jopasa onpedesaworca eUHCTBEHHUM
obpa3oM 1 mc2yT BbiTe BLIMUCAEHOL N0 dopryae
> i Fo '
o= [ T, (VII, 4; 2)
2in 3 (E—a)
20e I — npouseoasusii Ch-yura xoneunot dauns: 8 8, 06xodauuil
OduA PA3 TOUKH @ 8 HOAONUTeABHOM RUMPAB AL ).

OTMETHM TO HHTE[RECHOE, 4Te HMeeTcs B 3ToH dopmy.ie. Paz-
JaoxeHue Jlopana cayxur ofofuwennem pasaomxenun Teiaopa.
OnHaxo OHO MNPECOOHO HE B OKPeCTHOCTH TOYKH &, a TOJALKO
B KOJbLE Ha HEKOTOPOELpaCCTOﬂHHH OT TOUEH Q. B YICTHOCTH, BEI-

-
pasuTb KO3 HLHEHTH ¢,, YePe3 MPOH3BOAHbIE QYHKUHY [ B TOUKe &
=

HEeBOIMOKHO, TaK KaK ¢yHKUHA [ He OnpesedeHa B OKPECTHOCTH
TOUKH &.

JoxasareancTBo. O003HAUHM Yepes v, (COOTBRTCTBEHHD Y,)
OKPYXHOCTE € LEHTPOM B TOYKe @ paguyca R (cooTBeTcTBenHO RY),
rac Ry < R < R{ < Ry << RY < R;, OpHEHTHPOBAUNYI0 B NOJOMKH-
TaARHOM HaHpaBﬂeHHH.

Torxa B OTKpHITOM MHOXecTBe £} WHKA ¥, — ¥, $BJGETCH OpHeH-
THPOBAHHON FpaHnell KoAwila RY <) 2 — a | <5 RY, umeoteli opHeH-
Taunwy mpocrpanctBa C, W K HEMY MOMKHO NPHMEHHTb HHTErpadb-
nyto $opmyay Kown
| ! f© l 1

fo=gr [ {dimgy [ =5z [ VIL43)
Yi—¥: 2 ¥
aaa Ri<{|z—a|<<RL

Pacemorpum cHauada nmepBrii uuterpaJd. Ero moXHo BEIUHCAHTE

TOUHO THK Xe€, Kax H B TeopeMe |1, pasaaraa 1AL —z) mo cre-

—1
>
'Y B nancrefimen 2 ¢n ({ — a)Y* uasupaeTes 2agawod dacrsto pape Jlo-

—_a

o
.
pana, a X eq (f — aff — npasussnoi wacron. — Hpum. ped.
]
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nenaM 2z —a. Tak O0AYYHaeTCA pa3nokenHe
» o0
1 ] n
7w | tos A= Nel—at (VLG
». n

>
rfle koshPHUNERTH ¢,, 1 = 0, BRudeasoTeR 110 dopmyne (VII, 4; 2),
B KOTOpOfi uHTerpan OGepercAd mo Yo, Kak Mb yiKe roBopH/H, efuH-
i

CTBCUHODE pasJiulie COCTOHT 3aech B ToM, 4T KosbdHumenT ¢,

TeNepb HEAB3S BHIPA3HTH YeDe3 MPOUIBOMHKE dlyHKuHH TB TOUYKE 4.
Panuyc ¢XOANMOCTH HamHcaHHOTO pafa —=RS. (Dto caeayer u3

Fia
> | HOY M{a, RY)

Toro, 4roe o, 1|-M—n- f preml R 7
v R 2
BHSETCA MAKCHMYMY HODMBEI ilfll HA OKPYXHOCTH |2 —af==p. 3a-
MeTHM, YTO 3jlech B NPOTHBONOJAOXHOCTE § 3 Bennunna M (a, p)

, rae Mia, p) pa-

>
He paBHa Gondee max|lf)l 8 kpyre |z —a|< p, B KoTOpOM ¢YyHK-
>

uug f Aaxe He onpeleseHa.) B uwacTHOCTH, pAL HOPMAJLHO CXO-

IuTCH A |z — a|<l Ri. _
PaccMmorpuM remepk BTopofl HHTerpas. Ha »ToT pas mm mpo-

H3BeAeM PasdQ:KeHHe NO OTPpHRATENLHEIM CTeneHaMm z —a. Vmeem:

1 1 _ 1 1

t—: G~d-G-o  z=a _Z=a
z—4u
—1
e t=a _ (E—ay - (z—a)*
T zea  @=a® @-of 7 E(C—a)"“’

Hm—n0

V11, 4; 5)

TAe pAA HOPMAaJdbHO CXOANTCH RaA [L—al=R{, |z—al=RI.
EcqH Temeph NepecTaBHTh SHAKH X H |, TO NOAyuMTCA

— -)-
o= | é@z 4t = Elcn(z—a)", (V11 4; 6)
v, A=

e
rae ¢, (npn n<, — 1) cHoBa onpefenniorea no dopuyae (VII, 4;2),
B KOTOpPOH HHTerpaJ GepeTca IO ¥,.

IpouspeaeHHas NepecTaHOBKA BO3MOXHA, €CAH B TeX e yCJao-
BHAX, YTO K B JA0Ka3aTeNbCTBe TeopeMul 11, npm saMmeHe BedHuHH
i A\

-’%‘L}% HX HOpPMAMH OIHa H3 ABYX uacreli fopmynn (VII, 4; 6)

—
IpHuEMAaeT KOHCuHOe 3HaweHHe. [lockonbky RI/RU > 1 u cymmu-
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poBaHHE BeleTCA OT n=—1 10 — 00, TO UMEeT MeCTO OL@HKA

1 j‘ I? Vil —al?

Rf n
__‘H_—d QM ’ T _(}r‘) + II: )
arersat (2 R.)(RI (VIL, 4,7)

2:!‘.
¥

Orciofa cneayeT 3akoHHOCTh nepecTaHOBKI, Noaywaemu# pag
HOPMAJABHO CXOAHTCH A8 |2 —a| = R).

O6peaunaa {(VII.4;4) n (VIL, 4;6), Ml RoayuaeM COOTHOMEHHe
(VIL, 4, 1) co anaveHuamn wosbPruuertor (VII, 4 2), Bruyncaze-
MLIMH € OOMOINbK HHTETPaAOB, B3ATEIX N0 y; HJAH Yy, B 3aBHCH-
MOCTH OT 3HAKA .

Oaun  H3 nMONYueHHHX DALOB HOPMANLHO exoauTea  Aas
2 —al|< R, a apyroii ~— ans |z —a | = R{. lostoMy pacecmarpa-
BAEMHT pAL (VII 4;1) HOpMANbHO CXOMHTCA B KOJblle R} <
wlz—al|< RS

Adas snavcaudl KosQHHUMEHTOB MBI HAILJIK HHTErPAJbl, BHIYH-
cAseMble N0 HEKOTOPLIM OKPYMKHOCTAM Yy, IpH n 20 n v, npu
n<, — 1 ¢ UeHTPOM B TOUKe @&, OPHEHTHPOBAHHEIM B MOJOKHTEb-
HOM HampasJseHHH. Tak Kaxk 3jeck peub HIeT 00 HHTErpa’gax OT
roaoMOpprEX PyHKUHA B Koablte Q, T, e, of naTErpaax OT 3aMK-
HYTHX AHdPeperuranbrblx dopm cremenn [, 70 110Gy 10 K3 OKPY K-
HOCTEH ¥y W/AM Yy, MOXHO 3AMEHHTb Ha NPOH3BOABHHEA CU-LHKI Ko-
HEUHOH ANHOL, CP-TOMOJOMHYHLIA 5THM OKDYXKHOCTAM B Q (caex-
creie 6 Teopemnl 54 ra IV). Jlaaee, ecan HewkoTopufi CO-LHKJ
KOHEUHOH jiHEl ' B Q netaerT oayuH 0G0pOT BOKPYT TOUKH ¢ B 11O-
JOMHUTEALHOM HANPAaBJAEHHK, T. €. eclIH TOUKA & HMeeT OTHOCH-
TeJIBHO 3TOrO LHEJAA HHAeKC <=1, TO 310 O3HawaeT (cM. ra. VI,
cTp. 302), uro 70T unka CO-ToMOJIOrHYEH HEKOTOPOA OXpYIKHOCTH
¢ LUeHTPOM B TOYKe a4, pacnodoxeHdod B & B npoberaeMoll B
NONOXHTENSH0M HARPABJICHHH., -~

B cayuae paga Teitnopa sicHo, 4TO pasfomeHHe SAHHCTBEHHO

> g
H ero KOshOHUHEHTH ONpelensiorTes no dopMmyte ¢, = -
B camom peae, crenenHol pRa ¢ nokasareasmu =0 Beerga o-
YJIeHHO ,&HQ)Q)&]JQHL[H}SEZEM BHYTPH €T0 Xpyra cxoanmocty, ITosroMy

MOMKHO BHYHCMTE [(z) ¢ mOMONIbIO paxa, 3aTeM NOJAOKHTS

£
Z2=a W NOAYYHTh ?E’” (a) =nlc,.
. -

3nech Xe ANA JOKA3ATEJIbCTBA €NHHCTBEHHOCTH ¢, MOIKHO NO-
CTYIHTb CAeLYIOWHM 06pa3oM. TTocKOMBRY pSAX B K0Jbiie CXOAUTCS

Y

f (z)
{ ﬂ}m+| dz

Ha OKPYMHOCTH y ¢ LEHTPOM B 0, Aexameii B KoJplie n npode-
raeMol B NOAOKHTEIBHOM HanpaB.ueHHu OLHAKO UUTerpad

paBHOMEpHO, TO MOMKHO [1OWIeHHO HHTErpHPOERATE
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-t
I(z — )" dz npu n—m =0 pasen 0, NOCKOJLKY ero MOKHO
¥

2'__ a)n—m

d
3ATMHCATh KaK HHTerpal j (n_m y T. €. KaK HHTerpan or

¥
Hekoropofi korpaHuun Ha uukae, Flpu #— m =0 sT0T HuTerpaa
3aNHCHEBAETC B Bme J‘
fizydz
(L_“a}m+l

— H paeed 2im. Oxondaregsio moay-

>
yaeTcd, UTO J. = 2inc,, YTO H Haer HCKOMYIo popMydy.

Bb]HHC.f[Flﬂ cﬂ ¢ MOMOWLIG HHTeTPANOB MO OKPYIKHOCTH pa-
aMyca p, noJyuaem

Caenctrue 1. Koagguyuesrsr pada Jlopawa donryckaor
QUEHKY

le,lo" < M(a, 0), R <p<R, V1L, 4; 8)

.

Hpyaumu caosamu, kaxdvti wien ¢ (2 — a)' psda Jopana xa awo-

001l ORPYMHOCTH C UeHTPOM &8 Touke a paduyca p, sewauyed

8 Koasye Q, mawopupyesm no wopse maxcumysmon Ma, p) Hopmot
>

Pyniciiute | Ra aroi okpymcuocri,

Cayeasi R =0. Psap Te#inopa ecTh dYacTHHA cAydall paja
Jlopana, B KOTODOM KOARLUC ONpenefiseTcH HePABEHCTRAMMH
0<|z—al< R, a KosdpduuHeuTH, COOTBETCTBYlOUHe £ <0,
pasaet aymo. Ecan dvukuya rosomopdna B ¢ <[ z—a|< Ry, TO
34BeNOMO M3BEeCTHO, YTO OHa HMeeT paajoXeHne JlopaHa, Hop-
MaJbIo CXOASIeecs B KaxA0M Koaslde 0 < B} i.éi 2 —a|< R < R..

Ecnu okamxercn, uro Bce KoadhHUMEHTH ¢, NPH # <0 paBHbl
.

HYNo, 70, AaBast PYHKIHH 3HaUeHHe ¢y B TOUKE &, ee MOMHO [1po-
LOAKHTE A0 DYHKUWH, rosoMoppHOid B Kpyre |z —al< R, ubo
OHAa TOrja NPeIcTaBHMA B BHIe JIOKAJAbHO PABHOMEPHO CXOAS-
merocs pafa ¢ynkuuit, ronomopdHelx B |z —al|< Ry B artom
caydae TOQUKY & Ha3bIBAWT peayaaphold rTourofl,

>
Touky @ UABEIBAWT HOAMCOM ROPATKA HT, €CAn KO3DOHIHEHT ¢y
e

He paBeH HYJAo, a Boe KoadduuuenTu ¢, ANA 7 < — mt HYJIH. Ecau
HMEETCH 0eCKOHEUHOe MHOMKECTBO anavenusi # < 0, nnas KOPOPHX

t:',1 lie PaBHLI HYMio, TO TOBGPAT, YTO cbyHKLLHH _f) HMeeT B TOYKe
CyuecTeeHnyio ocoberdocTs. Kosgopuunenr .9_1 HA3HBAETCH 8biae-
E
ToM GYHKUHH ? B TOMKe @ ¥ ofo3HavaeTcA vepes Res,f.
-

e

Oynkuus [ co snavenusamMH B DaHaxoBoM npoeTpancree F Ha-
RBAETCH  MEPOMOPPHOIE B OTKPHTOM MHOMXKecTBe < npocTpan-
crea C, ecad cymecTsyeT TaKoe KOHeYHOE HAH GecKOHEYHOE MHO-
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HMECTRO W30JHPOBAHHEIX TOYeK {ai},_, B L, KakKaasi H3 KOTOPBIX
- >
ABAAETCH DOXIOCOM A4 [, uTa hYHKNKA | rosoMopdua B @ — {1}, _ .
.
Cnencreue 2. Ecau ynxyus | zoromoppua 8 roasye

0< |z —al < R, unpu z, crpesmamencs & a, wopaa || [ (2 useer
. 1
nﬂpﬂao.’c MOEHBIINE, YeM 12

—— | 70 a Asaserca pezyaaproit Tou-
=
Kol ¢ynryuy f.
B cavom aene, 13 ouenox (VI 4; 8) npu p, crpemsiuemen x 0,
-
cliefiyeT, 4To BCe Kosh@HUUeHTH £, paBHbl HYIIC Oad 7 < 0.
S
Caencreue 3. Ecau ¢uuryus [ eoromopgra daa 0 <

Llz—a|< Ry u npu 2, cTpemyesnct £ &, Hopya | ?(2}” i Meer
1 ‘m+[

nopROOK MeHbuUL, “eM | —— , €de m — yeaoe wucao =1,
TO TOYKQ Q@ ABARSTCR WA peeyAfpHol TOHKoW, wAll AGAHOCOM RO-
padka scm punRunl ?
JloKa3aTeAbCcTBO TO e, HTO H B TPeABLAYLIEM CAyuae.
Chnencrane 4. [Jar roeo urobot 2oaomopphas s 0<] z—a [< R,

unKyus ? umeaq ¢ TowRe @ npu yeaom m 2z 1 noare nopsdka m,
#eoBXa0uMO 1 GoCTATOYHG, HTOOV CYUieCTEOBAAR TAKAR ROCTOAH-

> o -
ran ¢ %= 0 (pasnaa Kosgduyuerry c_,), 0an KoTopoi Pyuxyus f
=
Gotaa ot axousarentnol ¢flz — a)” npu z, crpematiencs k a.
._).

310 cAelCcTBUE O3HAUAST, UTO €ClH QYHKNHA f B TOUKe & uMeer
[OJIC, TO ee paido:Kedde Jlopana ABAAETCH ACHMOTOTHYECKMM,
nogotro pasaoxkennwy TefJopa B peryaapHod TouKe g,

HJokaszarteabcTBo. ¥YcaosHe AocrarouHo. B camom aene,

L5
W| I'IEH Z, CTpemd-
.
weMcA K @, AMeeT NOPAJOK MEHLUIHH, YeM 'z_a , H ToTOMY,
corJiaclo CJACRCTBHIO 3, cOPaBeranBo pasjoxennc Jlopadwa ¢ noka-
- ES

3aTensiMl =—m- 1, " fumeer NONIOC NMOPALKA M € (_,=c¢,
bl -

-
¢CAH OHO BbIMOJIHEHD, TO HOPMA “f(z)—-

OGpaTHO, ecaH [ HMeeT B TOYKe & MOMOC MOpSAKa M, TO pas-
.

Com

HOCTH f(z)—m- OpencTaBafeT coG0i CyMMY HeKOTOPOro no-
JHUOMA OTHOCHTCAbHO /(2 — @) cremenn << m — 1, a, 3HauuT, 0OpH

. 1 |m .
Z—>0, HMEIero mMopanok MenbITHH, YeM |m| , H HEKOTOPOH

rodoMopdHoll QyHKUHN, OcTarcmelcs orpaHHYeHHOR npH 2 —» q.
TeM cammm YKA3aHHCC YCG/AOBHE [NOAHOCTLH) BLHINONRCHO,
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>
Cayuati Ry= -+ oo, TIpeanonioxuy renepe, 910 GyHKUNA [ roao-
MoppHA naa R, <|2 —a} Ira pyHKuHa JOnycKaeT pasdaokeHHe
Jopalia, cCOpaBeAdHBOC BHE OKPYXKHOCTH H HOPMANLHO CXOAfWeacH
BO BCAKOM Kosblle Ry < Ri<C|lz — @ | << RL< + oo,
HPH ITHX YC.’IOBHHX ECTECTBEHHC TOBOPHTE, UYTO 6ECKOHE‘-IHO

YA2JEHHAR TOSKA ABAACTCSH pezyasproli ToHKol (yHKUMA ,f ecJn
Bce KoathHUREHTH r;,, paBHel HyJ/o aaa n > 0; uro 5601{01-[0‘{1-]0
YAaJeHHAs TOUKA ABASLTES ROMOCOM nopadra m GyHKUHH f ec.IH

KosdpdhHUASNT Cm OTJHYEH OT HYJaA, a Bee Ko HUHEHTH c,; npu
2 > m PaEHBL HYJO, H UTO BeCKOHEUHO YAANEHHAS TOYKA ABJfeTCA

A ?cymecraenuo ocob0if To¥KOE, eCAM CYUIECTBYET GeCKOHeUYHoe

>

MHOKCCT80 KO3(KhHNHCHTOB ¢, NpH # 20, He PaBHHIX HY O,
Hanpumep, wuenad, t. e. rofoMmMoppHas BO 3cefl KOMIJIEKCHOM

IJIOCKOCTH PYHHOUSA, eCAH OHA He €CTh MONHHOM, HMeeT fHecko-

HEYHO YAaNAeHHYI0 TOYKY B KayecTBe CYIUeCTBEHHO oco60H TOYRH,
TTo an‘IHHaM KOTOphie OyAYT BHACHEHH 0O3Ke, Kozddu-

LRenT —c_] HA3HIBAETCS GLIMETOM Sy Tﬂa BeCROHEHROCTH 1
oGospavaerca uepes Res, f

Caencreued. Ecau (;bymcqu.sz})emomopzpna Bag R <|lz—a|

u ecan nopma ||f(2)|| umeer npu |z | cTpemAwencs & oo, nops-
dox merewtt, wesm | 2|, 0 Geckoredno YOAACHHAR TOUKQ RGARETCA

-
peeyanprotd roukol. Ecau wopma |[[(2) || useer nopadox semeiur,

' I
wem | 27, npu yesom m =1, To OeckonewHo YONAeHHAA TOUKA
PeayARPHE HAU SGARETCR MHOAOCOM ROPAGKA S M, 4 BCAH 9T0

L EY
noatoe rouno nopadea m, to }(z) sxsusarentna ¢nz" npu | z|,
CTPeMALeNCR K GeCKOReHHOCTH,

Caenctaue 6. Jar 7020 4robet TO4KA a H6IAA CYULETEENHO

ocobol dan pyrkyuL }P, HeoBXoUMO 1 DOCTATORHO, HTOOBL PyHK-
. 1

yusr Ma, p) so3pacrara Gsicrpee Ar0b0L cTenenu o Y P CcTpe-

smawencs & 0, Jlas Toeo wrobet OeckoneuHo ydasennas Toura
Goiaa cywecreenno ocoboil Toukod, Heobxodumo u Jocraroddo,
yrobol gynryus M (a, p) scapactata Bewrpeé 060l cTenenu p
Rpu P, CTPEMALEMER K OeCKONEHROCTY.

MoBetenne PpyHKUHH B onpecmocm CYWECTREHHO
0Co60l TOUKHK

Hs caencrsua 6 BeTekaeT, Yr0 B OKPECTHOCTH CYWIECTBEHHO
0coG0H TOUKH @ _Cp}fHKu.HHT MOMKET BO3PACTATE BeCbMAa OLICTPO,
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EcaH MPO3KCTPANOJHPOBATL TO, YTO MB 3HaeM O MOAOCAX, TO
Ka3anaock OB ECTECTBENHMM OXRIaTh, UYTO MNPR 2, CTpeMAlleMCcH

K cyiuecTBeHHD ocoBOH TOUKe a4, HOPMA HYHKUHH -f Gyier pasHoO-
MEeDHO CTDeMHTLCE K OeCKOHEYHOCTH OHCTpee awbofi crenenu
Zhl_a[ Onuaro 370 coecem He Tax.
Xora makcumym wopmsr M(a, p) npu p, e¢rpemawenca k 0,
o:zenb ObicTPO CTPEMUTCR K DECKOMEHHOCTH, HOpMA || F[i 8 caydae

F=C, xak wmot ceiinac 8 370M Y6eOUMCH, NPU 2, CTPEMAULMCS
K @, K GECKOMEYHOCTU HE CTPRMUTCR,

Teopema 17 ({Beitepwrpacc). Hycrs [— zoromopduna
6 0<<|{z —al< R roMAeKCHOSHQUHAR yHKuUs, Jaf KoTopol a
ABARETCR cyuyecTeenno ccobori Toykod, Toeda apu z, cTpemAuEeMCR
K a, snaqesue [(2) MowHO cOeaars ckoab y20dHO 6auzkum K AfO-
BOMY KOMNACKCHOMY HUCAY, UHade 2080pR, DOPA3 npu oToGpaxce-
nuu | moboeo kpyea 0 <tz —a|s{p<< Ry ¢ (8uibpoutennsis) yeH-
TPOM & TOUKE A HACTEH 8 KOMAACKCHOU RAOCKOCTH,

JokazaTeabcTBO. B caMoM nelne, NPeiNofOKHM, U4TC 3TO
He Tak. [TyeTh ecywecTByer Taxad TOUKA ¢, KOTODAA He MOKer
6ure npulankena aHauvennamn dyerumn f npr 0 <)z —al<p.

Torza dyHRDUA P rosoMopdea oA 0<<lz—a|<p n,
f(z)—e

KEpome TOroQ, orpaHndeda. COrJacHO chencTBHio 2 Teopembl |6,
OHA MOXET OHTh NPCRAOJIKEHA A0 HEeKOTOpoH rofomoppHoi dyuk-
UHH B Kpyre |z—al<<p. DTa OYHKOAA MOMKeT o0pailaTeed
B HYJb B TOUKE Z=—g, HO OH4 HE PABHa HYMO TOXIACCTBENHO H,
CJIe0RATENLHO, HMEeT TOUKY 4 B KAueCTBe HYJS KOHEUHOI'D IIO-
paaka m. [T03TOMY MOXKHO HAGHCATE:

m]_—c=(z—a)’“k(z}, (VIL, 4;9)
rae A -—rodmoMopdran 8 (2 —a|<p yHKnHA, He paBHas HyJiQ
B Touke g. PyHKUHA | A | orpaHwvena CHH3Y HEKOTOPHIM YACJOM
¢ >0 B HeKOTOPOH OKPeCTHOCTHW TUKH &, B 3TOH OKpecTHOCTH

1@ —e | < 57 (VIL 4 10)

a 2TC TOBOPHT O TOM, HTO TONKA @ 149 ¢YHKUHH [ OyieT wid
PEFYAAPHOM, WAN IOMIOCOM MOPAAKA s 7!, YTO NPOTHBODEUHT cphe-
JAHHOMY ODEATION0MeHH,

Samevyanue |. Mo BUINM, UTO TOBEREHHE OYHKUHN B OKPECT-
HOCTH CYINECTBEHHO ©CO00H TOUKH B KOpHe OTJHYAETCA OT NOBe-
AcHHA €€ B OKPECTHOCTH MOMAKCA H YTO CYUIECTBEHHO 0Co00H TOUKe
H¢ MOAXOAHT Ha3BaHHe N0/110¢ GeckoHeyHoro nopaaka. (Pasaoixe-



380 Fa. VI @yrrgun koMriescholx Repesrensstx

e JlopaHa He nmeeT 3gech (oJbIne HHYEre OOIIEr0 C ACHMMOTO-
THUYECKHM Pa3dlOKeHHeM, B KOTOPOM MepPBHIl Wien BolaeaneTcs xak
rnasHast 4aeTe.) EcTecTBeHHO, TOT Ke CaMBH DPESYJbTAT HMeeT
MecTO ANR OeCKOHEYHO YAANeHHON cyllecTBeiHo 0co60k Toukn, On
NPUMEHKHM K Ka*KA0H nefoh GyHKUHN, He CBOAAILRHCH K MOAHHOMY.

PacemoTpum, nanpusMep, tenywo ¢yRKuMi© €° H ybeaumes, uro
B OTKPLITOM MHOMECTBE |2} > p OHa NPOM3IBOABHG GJIHIKO NOLXO-
oHT K J0GOMYy KOMIJEKCHOMY uHCNY., Mb joxaxem maxe Goab-
wee: OHa NpHHHMaeT OCCHOHEYHOE MHOMECTBO pas Jmboe 3Hade-
nHe, KpoMe 0, B caMom Aene, ypaBHelHe &° = b uMeeT GecyncaeHHoe
MHOMECTRO pellleHHil 2 =2z2,4 2&ix, rie 2z,— OAHO w2z 3zHAaYe-
Huit Inb. Bre paccMaTpPHRAEMOro Kpyra HAMeeTes GeCudCleHHOS
MHOJKECTBO TAaKHX PpeleHHH.

Ecan paccmoTperk Takde uenbe PYBKOHH, Kak Sinz HJAH COS 2,
TO MOJKHO YBHAeTh, YTO BHe Jk3GOTC KDYyra oHH GeCcKOHEYHOe YHCMAO
pPas NPHIUHMAIOT Bee 3aveHna Oe3 HcKJMOUeHHs. B camom gese,
ypaBHedue $inz =, MMeeT NpK moboM b BeCKOHEUHOE MHOH{eCTBO
KOpHed 2==2y-1 2An wWin r — 2,4+ 2fn, rie z; — OAHO H3 3HATE-
Huft arcsind.

Teopesa Beliepuirpdaceca e080PUT Autub O TOM, HTO (DYHKYUA
RPON3R05HO §AUIKO HOFXOJUT K A0BOMY BHOHERIIO, HO HE O TOM,
YTO OHA HPUHHMAET 6C€ 3HOUEHUTA.

3uaunTespbu0 OoJlee cHJBHA", HO H G0Jce TPYHHAH Teopema
fTukapa YTBEPKIAeT, UTO 8 OKPECTHOCTU CYH{CCTAEHHO O0C000L
TOUKN PynKNUA | Rpusumaer OecKOHERHOE MHONCECT60 pPa3 Bre
BHOYEHUA {PAJYMEETCR, KOHGUNSIE), 3G UCKAIQYEHUEM, BbiTO MOWET,
00r020. TaKoe HCKMIOUMTENbHOE 3HAUYSHUE CYLUeCTBYeT, Hampumep,
IS SKCTOHEHUHAJBHOH (DYyHKIHH,

=
3amevanue 2. Ecan mpocrpaHcTeo F He eete T, T0 dyHK-
- -

uMA [ co 3HaveHHsAMH B F, mmewwans B Touke g = L cywecrTreH-
HYI0 O0COGEHHOCTB, MOMKET N0 HOPME CTPEMHTbCA K BeCKOHeYHOCTH

=
npu 2, crpemdAuleMea K a. Paccmorpum, Hampumep, F=C% nu
I

N
QY HKILHIO z—e-(z_a; ez“"). Touka g ana Hee sBAAeTed CylnecT-
Be{lHO 0cOOO0H, DOCKOMBKY 3TO HMEeT MeCTO JIAA BTOPOH ¢ocTa-

Bafwed. OjHaxko i]?l] NpH 2z, CTpeMaAWEMCcd K &, CTPeMHTCH
K 0eCKONeUHOCTH, NOCKOJMbKY NepBas CocTapasollads (QyHKuMA
cTpeMATCA K GeCKOHeTHOCTH,

e
Teopema 18, [MTycre [— dyuxyus, zoromopprar e O
0< Je—a|< Ry Karace setieros 3umKHyTot Judiepentyuassrodl
=

dopuot [ (2)dz OTHOCHTeABHO TO4KW @ pasen npousaedenuro 2im
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s
HA «8GyeT» ynkyul [ Touke a, T. e, Ha Koafputjuenr Jlo-
-

pana c._.

Hokazatenncreo. IlycTb 4 — OKPYIKHOCTH ¢ UeHTPOM
L TOYKe & pajnuyca p < R,, o6XxonumMan B NMOJOKHTEALHOM Halpa-
Bacigt, [Te camomy onpegeacimio (VII, 4:2) kospoduuacntos Jo-

pawa ! fl2)dz = ch_[. DTOT HHTErpan Mo CHpefledeHUId ABATeTCS
¥

KaaccoM BhueToB (TeopeMa 64 ra. Vi) nan anddepenunaavuol

Qopmur kracca €' B Coa.

1
Teopewa 19 (o Buuerax). Tyers {a;}, o, — 3amKnyToe') Mo
HKeCTEO HIOAUPOBUNHbIX Y} TOweK OTKPuTO20 MHOWecT8a Q npo-

crpancrsa O, u nycre f PyHRyUA, eoaomop(ﬁnaﬁ 6 QL—{a}, o p

CO BHAYCHUAMU 8 OAREX0O80M PUCTPARCT6E F.

Hyern, daace, V < Q — nodunceootipasite ¢ kpaem raacea Cl,
cnatoecnnoe Kanoruueckod opuenrayued C, u eco epanuya ' ne
codeprcuT Hu o0Hold w3 towek a;. Toeda cnpasedaied hopayad
an4eTos

[Fardz=2in Y (Ress )y (VI 4 11)
—_ n H ( ﬂi ) ) » 1

¥ .
& Kotopori ' umeerT opuexrayum;r  2pauyb myozoobpaszus V),
@ Y MM 2 PACAPOCT PARERA HA 8CE TOYKH (), codepraryuecs ¢ V ).

') Mu EL{HIPACH MHOKCCTBO TOUEK @; 3aMKHYTBIM, /Kenas HCKLIQUATE <AY-
vafl nocaeaopaTeawlocTH, crTpeMsitedics Kk Touke oo Q. Mowio samerurs, uTo
€CIH ¢y — 0CODHE TOURKH, TO TOUKA d Takke OyIeT 6co00f, HO He H30MHpPoBAHHOR
ocobofl Toukol, [Tpegnonvikenne «HIVIHPOBAHHOCTHS PEICTABANETCH 1103TOMY
AOCTATOUIKIM IO TOMD, UTOORD He HMETE gena ¢ STHM CAYUaeM. O;II—IaKO MBIl HE
XOTHM OBA3WBATE TOUKH &, OHTH ocodevd. [peanosaras dyuxio | roromopd-

HDﬁ B CQ {di}j = !, ML CuHTAaCM TOUKH ({i JdHIIE BOAMOIKHBI MA ocoteHIGCTAMIL,
He caeayer ordpactisaTe 1ot coiyvalt, KOTAa HeKOTOpHE M3 d&; UKamyres pery-
agpHuMiY. Mu Beeraa  paccumaTpuBaeM  BEKTOPHBI@ [IPOCTPAHCTBE  hYHKIILH.
B aTix npocTpakcTBaX cyMMa aBYX QyHKuul, HMewWwHX ocofieHAOCTR B TOUKE @,
P

MOKET OHARATLCA PETYAAPHOH B 3ToR Touke {naopawmep, { — f = 0). Botr nouvemy
HEAACASTEA YUAOBHE K3AMKHYTOCTHS.

¥) 3710 oanawasT, WTO Eaxpan TouKa a; ABAAETCS USRTPOM KPYra, Ue co-
AepMANIero WH QRHN0H TOUKH a‘,, ==

5 Comeoa { B 970l opMyAe HMeeT [gBa PAJHUHHX CMLICAA: 3TO HIAEKS
et uosmon V=1 3 BH paxcesnn i,

)Tax Kak TOYHU «; H3IOAKPOBAHE B R, TO WX B KOMMaKTe V KoHeuHo®
diicao. B NPOTHBIOM ¢Ayyae MOMHO Oulae Ol N3 MHOMCCTBY STHX TOYCK B~
ACJNTH [OCACIORATETRHOCTE, CXOIAIIYIOC K HEROTOPOMY Npenety a, npuHaiie-
MALICHY MHOMECTEY 0cOCHX TOMCK, HO 11 ABARIOMEMYCH HIOMIPOBANUCH 0CO-
G0H TQUEOCH,
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Mel mokamem Daxke OGoaee ofwee cpoiicTBO.
A HMeHHO, 3aMeTHM, 4TO rpannua I uMeeT Huzere -+1 oTHO-
C

cHTeqabRo ToueK a; <V u wnpeke 0 orHocuTeabHo touek g; = CV
(teopema 60 ra. VI). TMoaromy

Ecau I msaneren ocodold CMepanuged Q goneanoli Jatinet 4
ecat ee 06pa3 we CcodepicuT Ry OOHOH U3 TOYCK G, TO UMEET
MecTO gopmyaa

Jf{z)dz—‘)m ¥ e, T Rese, ], (VIL 4;12)

ief
ade [{a;, Ty — uadexe T ornocuTesbno a;.

Jta ofulan TeopeMa HeNOCPEACTBEHHO cAelyeT A3 Teopembl 64

¥
ra. VI v Teopeus 18 o Kaacce BHUeTOB [(2)dz B TOuKe a.

OpHako, VUHTLIBAR BAMHOCTh HACTHOZ0 YTBePxIeHHA, cdop-
MYyJMHPOBAHHOTG B TeopeMme 19, Mbl JAIUM JOKA3aTILCTBO, COBHA-
dawowee ¢ Jokasareascréom reopesst 64 ea. VI, HO npucnocobuen-
HOe K HAlIHM YACTHBIM YCJOBHAM,

o
Ofo3nauum uepes y; ANA ¢; <V rpaunuy EKpyra A; ¢ UeHTPOM
o
B a;, DeanroM Jsexawero B V. [lockoabky Touek 4; KOHeuHoe
YHCJ0, TO MOMKHO 3TH KPYTH Bu6paTe TaK, 4TOoOnl A; monapHo
He DepeceKadanch. Torma uuka I — > ¥: SABJAACTCA FpaHHueH
i

[
B Cofa;}, o, a nMenHO rpannuelt muoxectsa C, (Ua,-). 3 Teo-
i
peMnl 6 Kommn (meppan w#murerpassuas Qopmyaa) BLITEKaeT, uTo

[ Feyae=35, (VI1, 4; 13)
W

I

> v > v ) =
[T@az=Y j fladz= ¥, 2inRes,[.  (VIL 4;14)
! f aiE ¢
3avevyauuc. Bropas ocHOBHag wHTerpanbHas dopMyna
Kowu caymknt mas ofocuosauns sced Teopud, B MACTHOCTH AAA
HDHY'—]QIIHH pa3.ﬂ0>KEHI-1ﬂ J'[opaﬂa, a ¢JlefoBaredsbdo, H AJA9 BRYHC-

Aenng poteron. Ofnako ona a posteriori sABIAETCT CAENCTBHEM
TEOPEMBl ¢ BEHIYETAX. B caMoM Jlene, AAd ro,r;omop(pﬁoﬁ B Q dyux-

uiH ?(bYI{KU.HH z—rf 2)/(z — @) HMeeT TOUYKY @ KaK BO3MOXKIYIO

ocobeHHocTs. Ee phiuer B.Hefi pased f(a}‘ JelcreATeIbHO, TOYKA O
ABMALTCH JHO0 DeryAupHoi TOYKCH, JUGO NIPOCTHIM MOJIOCOM, H

eC/ld McKaTh pasacenue Pyuxuny [(2){(z — a), nenoabsya pasao-
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xenne Tennopa ¢yuruuu f(2) no cremenam z — a: )?[z)=;£(a)-[-

+{z — a)_f’ (@) + ..., 1o KoshdbuumentTom npn 1/(z — a) Symer F(a).

[tpn sroM cootHouienne (VII,4;11), npuvenednoe x f(2)fiz — a),
naer (VI[,2;8) n (VI[,2;9. Touwdo Tak e mnoayuaiored dop-
Myaot {VII, 3;1).

Cneacreue. HycTe BoiMoIneHbl HCAPBUI TEOPeMH 1L MHO-

+

wecreo €, Kpome Toz0, odnocessne. Has Toeo wrodor yHkuus |

uneaq eoaomopprue nepsoodpasiste ¢ Colay, ., Heobrodumo u
JocTarowny, wrodnl 6ce ee sbiersl Oblal PDASHsE HYA0 '),

. -3
OdokasatenwbcrTeo. Ecny ¢gyskuun [ umeer roaoMopbHy©
nepeooGpasuylc, TO OHa ABAAeTCA MepBoofpasHoll 3aMKHYTOI
-

l-bopmur f(z)dz (cM. paccyxTenve, NPHMEHEHHOE NPH M0OKA3IATENb-
c¢tBe Teopemnl 7). CrenomaTenbHo, OHA ABJAETCH KOrpaHuuel, a ee
WHTErpan Ha KamaoM uurge us Cofa},., paren nymo. Bubupas
B KaueCTBe LHKJIA OKPYIKHOCTb, COAEPIKAWIYI BHYTDPH celsi elln-
>
CTBEHHYH) TOYKY &, Mbl BHIHM, UTQ BCE BbideThl ($yHKUHK [ DABHbI
uy. 0. OGpartso, noKaxem, YTO €CAH RocdefHee BePHO, TO BHIIOJI-
HeHo ycsobHe TeopeMul 45 ra. VI [lyere ['= H [y — ortobpaxe-
Hoe xJacca C! (B BeulecTBEHHOM CMBIC/E) TPHLOHOMETPHUECKOH
okpyxnocrr ¥ u3 K? 8 Co{a}, o, TMockoauky muomectse Q on-
HOCBSI3HO, oToOpaykeHHe I/ UPOAOAKHMO A0 HEKOTGPOrc HEnpe-
pHIBHOTO oTOOpakenna eanHudnoro Kpyra A ma R B ©Q {no, wo-
HeUHO, He B MIIOMKCCTBO Cg{a;}iE‘,, e fBJIAIDEEeCT OAHOCRAIHBIM:
OKPYKHOCTB, COACPIKAILan TOYKY d; He romortonuna Hyao!l). Tax
KaK BCC BLiYeTH PaBlibl Hy 1o, T0 H3 o6mefl GopMyan o BLIUeTax
>
(VIL, 4; 12) caenver, uro worerpaa ot f(z)dz no T pameH Hyaw,
YTO COBNALAeT C paccMarpHeaeMmM Kpurepuem. Takum oGpa3owm,

>

{ (2} dz umeer nmeppoobpasuue B Ceofa};,, a B3 paccyxfiennd,

NPOBEAEHHONO B TEOpeMe 7, CASLYEeT, YTO 3T0 roloMopdubie nep-
=

pooGpasnble dyuxunn |. Kpome Toro, ecau MHONeeTBO  CBA3IO,

a suaunt, cBA2H0 H Mioxeerso Cgfa;), ., TO 3T nepBoobpasunle

OTAHYAKTLA TOABKO HA HeKOTOPYH) MOCTOAHHYIO.

Teopema 19 Ba3biBaeTCA TAKWKC GHYTPCHHER TEopemol 0 aorie-
rax. CpaBelanBa, KpoMme TOrO, BHCUIHAL TeOpeMda 0 BbIMeTARX,
HMeowWas NPaKTHYeCKHe MPHIOXKEHUS,

-
) Oreigpa e caeayeT oTeyTeTaie ocofelntocted: BLIUET DABCH £y, HO
> >
KOQPUUHEHTH Cq, # < = 2, MoTyT OnlTe (.
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.
Ecau dyukuus | ronomopdua uns |z —a|> Ry, To oHa gony-
cxaeT pasqomenus JlopaHa, Kospduument npu 184z — a} ¢ uame-
-
HeHHLIM 3HAKOM, T. €. — ), Mbl GyJeM HA3LIBATE 86UeTOM PYHK-

>
unu | a BecronewnoeTu.

QueBHAHG, HMeEeT MecTd cheiviouiee c¢pOfcrBO, aHAJOTHUNCS
reopeme 18:

Ecau vy — oKpyanOcTs, PAcAor0xeRian 8 kodeye |2 —a|> R,
U 00XOQUMAR 8 OTPRUATEALNOM HARDASICHUN, TO CRpasedausa
popry.a

[ T@)dz=—2inc_, =2in Res, f. V11, 4; 15)
T

Qrmerusn ewje pas, xro 08x00 y Apou3soduTCA 8 OTPULATEAb
nox nanpasaerut, [Moswke MH YBHAHM BDHUHHY, BBIHYKIAIWYK
HAaC CORCPLUATL TAKOEe TPIOKAUECTBRO,

3aMenantne. DYHKIAS MOXKET HMETh BmdeT 5= 0 B Touke g,
HaxoAAWEeNcsT HAa KOHEUHOM DacCTORHHM, TOJBKO B TOM CJavuae,
Ko2da a— JedcTsuTeAbHO 0c006aA ToHKA, B TO BPEeMA KakK Ona
MOMET HMeTh HeHyJdepoil BhYeT B GeCKOHEUHOCTH JaXe B TOM
cayuae, Korga GecKOHEUHO yialennas TOYKa peryaapHa. B camom
fede, PerylapHoCTt OeCKOHEUHO YUAJIeHHOA TOUKH 0JHAUAeT, 4To
pasaoxenue JlopaHa COfeDIKUT TOJILKO nokaszaTean =0, uTo He
HCK0YaeT Haanua noKaszatens — |, OfbacHerne »ToMy Gyaer
Aaiio Ha crpanuue 396. Ecan I' — nmpouseoapuwit C*-unki KoHew-
ol BARHB, cOAepxKawuidca B |z~ a|> R, H o6X0onqmLuil TOURY a

==
01WH Pa3 B OTPHLATEABHOM HANPABJACHHH, TO HHTErPal [f(z)dz
: N
paged puucty [(z) B GeckoHeunocTH.

B camoM nese, KAK MEl BHISJH HPH A0KA3ATeNRLTRE TEOPeMHl } 8,
uuka I" €roMosiornyen 8 | 2 —a | > By 11090{ GKPY 4 HOCTH C LeH-
TPOM B TOUKe &, npoderaeMol B OTPHUATEAbHOM HANMPARAESHAH.
aTD oidaydaet, YTO BLIYUET B (EeCKOHEYHOCTH He 3aBHCHT OT Bb[f)opa
TOUYKEH d 1aa pa3noXeHHA J’lopaHa, d 3ABHCHT HCEJAKNTHTEAEHO OT

noseneHusd GyHKUHU [ B GeckoHeyHocTd, JPYTHMH CAOBAaMH, €CJH

>

bs=a, 10 GYHKUNS [ Takke ToaomMopdHA M a8 |z2—bHi> R,
+la—06| Kosdduumnenr opu 1£z — b)Y B pasnomenuu Jlopawa
OTHOCHTE/LHO TOMKH & TOT Ke, 4Te H Koabdyuuent npu 1/{(z — a)
B PAa3Jio;KeHHH OTHOCHTeJbHO &, BRewHas Teopema 0 8uveTAx
tellepb MOXKeT GHITE CHOPMYJAHPORAHA CHASAYIOWHM OOpazoM:

Teopema 19, Hycre Q@ — orrporoe muowecrso ¢ C, donoa-

HUTCALHOC K HeKOTopomy xomnakry. [ycrs {ap), o, — samknyroe
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CELDOHURCHHOE MHEONECTB0 HIOAUDOBARHLIY TOHEK 8 Q, u RYCTH

f— pynayus, eoromoppran 6 Q@ —{a},_,, co snawenusmu & bo-
: »>
naxosom npocrparcree F.

flyers W — mnoeoobpasue kracca C' ¢ kpaem, codepmcaweecs
o

6 C, cnabwennoe opuenrayueli C u rakoe, uro V =CW aexur
6 Q u zpanuya T muocoocbpazus W we codepwcur wu odnod u3

rouek a;. Hptidadus U opuentayumo epaniyet aoacecrsa V = Cﬁ?’,
7. €. OPHERTANUIO, RPOTUBONOAONHHFIO OpUeHTayLin zpanuyn W,
Hua4ge 2080PR, OTPUUATEABRYIC OpPUEKTALILIO.

Tozda umeer mecro Gopmyr

[F2)dz=2in ( Y. Res,, F+ Resj)"). (VIL, 4 16)
r o
ogEY

CaenyeT MOXUEDKHYTh, UTO B 3TOH GOPMYJInpoBxe GUTYpuUDdyeT
mioxeeTeo ¥V, a KoMnakrHoeTh Tpefyercs oT MHOWecTRa W.
Camo me muokecTBe V HeRoMHAKTHO, a sHauur, LHMkJa ' He
ABAAETCA rpaHuued B Q B paccMaTPHBaBIUeMSA DAHee CMEICJe!
Bo Bcell mnockoetH C xpupan T ects rpammma W, NOCKOJBKY
B C mo6oit uukn sepaseTcA HEKOTOPOH rpanuuedi (comencteue 3
Teopemsl 54 ra. VI

HoxasarteabcTso. B camom nene, ofoswauuM uepea A
NPOH3BOMLIHA OTKPHTHE KPYT, HOCTATOYRO OGOJBLIGH Aaf TOTO,
utoGul comnepxkate CQ, Bee Touku g; (ofipasywliie MO npeznoao-
JKEHHIO OTpPAHHYeHHOe MHO}KECTBO} ¥ MuowecetBo I'. Torma moxno
NPHMEHUTh BHYTPeHH0O Teopey 19 o BHYETAX OTHOCHT&ABHO
unkaa pA 4T (kpyr A opuedruposan Kak C, A —Kak rpausua,
T, €. B NMOACKHTCABHOM HATPaBAeHHH, ' — Kak FPaHHIld MHOME-

CTRA Cl}, T. €. B OTPHIATENbHOM HARPABJSHUH), KOTOPHIH ABAAETCH
rpanrucit A1 CV. Teayvntea dopmuyaa
[Flrdz+ [f@dz=2in ¥ Res,J. (VI 417)

i
r BA a,=CV

3Ty GOPMYNYy MOKHO TaKKe 3aNMHCATb B BHfe

Jf(z)dz--2m Y. Res,f— j F(2)dz, (VL 4;18)

asCy

') B stoit popuyne Res,, BHUMCAAOTCA, KAK BCETAA, C TOMOWLY0 HATELPE-
AOB M0 OKPYHHOCTAM, NpoferaeMyM B MOJOKHTEIEHOM HANDABAGHHY, B TO BpeMs
kaKk Res, BEIUHCASETCH ¢ NOMOMWBID HHTEMpana mo oKpysHocrd, npoleraemof
B OTPALATENBNGM HALPaBJICHHH,
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W TOrfa Teopema OylerT J0KA3aHA, eCAH YuYecTh ToT (AT, UYTO
NOCAeMHHA HHTErpajl pased BbideTy B OECKOHEYHOCTH, YMHOJKEH-
HOMY Ha Zim.

Caencrsue. Hycrs {(a;},., — Koreunoe mnoxcecreo rowex C.

>
ITycre f'._.. coaomoppras va Colay), -, pynkyus co spawenusnu s F.

>
Toeda cymma seex svieTos ywruun | e rtoukax & i ¢ Oecko-
HeuHO YOUAeRHON TOUKE PABHA HYy.uo.

Hokxazarenscrro. [Iyere ¥V — noamuoroctpasne ¢ kpaeM
2, rpasnIla KOTOPOTO He COALPHHT HH OXHON 13 Tovek ¢;. MuTerpan

oT f(z]dz no 3TOH TpaHHue, opnegmpOBanHoﬁ Kak rpaHiua V,

PABREH CYMME BBIVETOR TOUeK a; =V, YMHOXeHHOI Ha 2im. HHTe-
Tpana no 31‘01"1 XK TpaHHLe, OPHRHTHPOBAHHON KaK TPaHHUA MHO-

HECTRA CV T. 2. B OOPATHOM HaNPAaBJeHUH, PABEH CYMMC BHYC-
ToB B Toukax ¢; & CV n B TOUKe o0, YMHOKeHRO# Ha 2im. OT-
cl0ja H BhTeKaeT TpefiyeMoe yTBep}Kﬂ,eHHe. Butop V npouszsonen,
Moxcno Gono 0o B3ate V NycThiM, W TOTAa MBI 00Ay4dnd Gel,

=
ure Jesas uacTh Gopmyasl (VII, 4; 16) papsa 0, nockoabky mnnTe-
rpan ot l-GpopMb nHa l-umkmae paBed HyMo. MomHo OSnio G,
HATPOTHB, R3ATh MHAOKecTBO V' HaeToMBKO GoOMbluuM, 4TOBH OHO
coepKAA0 pCe ;. Murerpasd mo ero rpaeule, npoGeraemoit
B NOJOKKTENSHOM HANpPaBJCHHH, AET CYMMY BblUETOB B d;, YMHO-
MEHHYI0O Ha 2/, B TO BPEMA KAaK HHTETPaJ, BhlUHCAREMbH B MpPo-
THBOMOMOXXHOM Haﬂp&B«’IEHHH Jd€T BLIYET B 6CCI\OHel~IHOCTH, no-

CKOMBKY (yHKUAS f npH 3ToM ronomopdra B CV.

.).
Hpn mMep, Ilycte | — paunonadibHas QyiKusa, 7, €. DYHKIHS
> >
BHJA —, [Ae P — NONUECM ¢ KoshpHIHeHTaMu B F, a @ — moau-
Q

HOM ¢ KOMILIEKCHBEIMH Ko2(h¢HukeHTaMH. BHUYETH OTHOCHTEJILHO
Pa3aMYHLIX NOJIOCOB @; NOJYYAKTCH NPR PasJOMKeHHH Ha NMpocTble
apobu. Hs Takoro paadoskedus HemocPENCTBEHHO BHIHO, 4TO
CYMMa BLIYCTOB paeHa Kosdduusaedty npu 1/z B pasnomennu
{/Topana) no crenenamM z B GeckoneynoctH. Ilo camomy ompefe-
JedH 3TOT KO3(pHUHeHT NPOTHBONOJCIKEH BEINETY B 0ecKoNey-
HOCTH (cM. €Tp. 384), D10 npaMoe paccysijieHHe (He HCIOJAb3Yolnee
TEOPHH PYHKUHA KOMNJIEKCHHIX DepeMeHHbLX) O6yner ofobuieHo

nosxe (cTp, 392} M jact Apyroe AOKA3aTeaAbeTBO [PEAHAYIKETO
CACACTBHS.
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CoxpaHeHHe BHueTOB AHDdepeHUHANbELIX dOpM
npu C'-nuddheomopdhnime

Myete f; —rodomopdran pyuxuus 8 Ce {a}, rae Q5 — oTkpur-
TOe MHOMECTBO, COmep:aulce 4;.

[ycts H ectd Cl-anddeomopduam (OTHOCHTENBLO KOMRAEKC-
HOTO MOJA) MHOXKeCTBA &) Ha OTRPHITOE MHOXKECTBO Ly KOMIJeKC-
HOH IJIOCKOCTH: 2, — 2, = H (z)). [lyers H (a))=a,. Torza odpas

H(;f:,) K (H_I)‘E ApaseTca  pyHKNHeHd F2=?IDH_E: 2y —>

-1 (H7 (2,)), B T0 Bpema Rak o6pa3 H|[f, (2 dz] npercrasiser
coboll 1uddepennnaiwuvio hopmy

> - d -y
g (n)dz=h (22)‘3%4522: rie g—zl:(H Y (2).

= -
Oyurwn [, B g, coBepento pasanudu. Obe onu rogoMopdHer
B Co,{a)}, BO UMeOT PasauUHbIe BHUETH B TOUKE .

>
Teopema 20. Buuer ynsyuu [, 6 Towxe a, pased ssidery
b
Puynrusy g, 8 TORKE iy,
EctecTsenHo cKkasaTb, UTo emuer Ougdepenyuaronoli popme

?l(z,)dz] 8 TO4Re a; pasex sueTy Oupdepenyuarsrnor Hopus-
-
obpa3sa-g,(2,)dz, 8 ToUKE Q5.

Nowasateavereo. [Tyers V|, — noamuaoroobpaswe ¢ rpa-
HHnel B Q) kaacca C!, cHafKeHHOe KaHOHMYECKOW opHenTaumedt

(=3
nnockocTd C o rakoe, uto a, V.
Kpusas I'| =6V, o0xoaaT 0guH pa3 TOYKY @, B MOJOIKETEAbs

-
HOM HanpaB/eHHH N, COMIacHo ONpefchennio BHUeTa QYHKIWH [,
HMeeM :

[ (20 dz = 2in Resa . (VII, 4 19)
r

Muoxectso H(V,)=V, ecrs HeKOTopoe mOAMHOrooGpasue
¢ KpaeMm Kaacca C' B MHOmecTBe Q.

C apyroil cropors, B cnay dopuyas (VI, 2;7) skoGuan oTo-
6paxenns f Heofbxoanumo >0, T. c. orobpamcHnue H coxpaHser
opuentaluio. Opuenrauns Muoxectsa M (V(), nHAyuMpoBaHHadA
OpHeHTallieR V| ¢ NoMouplo ortobpamenns H, apagerca opHen-
Tauuefi V,, onpenefednoll opuedTauHeil naockoctH . OTciona
caenyer, uro kpueas H (I'))=T, o00xoaur OAHH Pa3s TOUKY &,
B NOAQMHTENbHOM HanpasJfeund. Otcofa clelyeT TaK®e, 4TO

[ 2o(20) dz, = 2t Resq, g (V11, 4 20)
L
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Jlesue uwactu coornomenni (VI 4; 19) u (VII,; 4; 20), coraacho
reopeMe 34 ra. VI, Bepamamiief HEBApHAHTHOCTE HHTerpada oT
DHddepentnanbuofl dopMu npu anddeomopdranme, paBHLl, yeM M
3aKAHYHBAETCA AOKA3ATEILCTBO TEOPCMH.

J1a TeopeMa OCTAeTCA BepHOl, eCJH pPaceMaTPHBATL BH-
yer B OecKOHeuwooTH. PaceMoTpuM, HalnpaMep, oroGpakeHHe

H: 2|—+22=% kpyra |z, [< | B obaacts | 2, | > 1. 310 orodpa-

KeHHe npeobpasyeT MHOKeCTBO V|, onpedefeHHOe HEPABEHCTBOM
| 2)| << p, B MuomecTBo Vo= (V|), onpedescnHoe HepaBeHCTBOM

[ 2] > ik Kax ™Mbl BHAeJH DaHee, OHD TakKkKe COXPAHSET OPHEH-

Tauuie. Jahee, 3To oToGpakenHe [peofpasyeT CpaHHNY MHOKe-
ctea V', T. €. OKPyXKNOCTH y, ¢ ucutpoM B O paanyca p, npo-
feraeMylo b OpIMOM HAmpamJdeHHH, B FPaHiIly MHONecTBa Vy, T. e,

8 OKPYMHOCTE Yy ¢ yenrpom 6 0 paduyea ;}, npobezae My 8 Hpo-

TUBCROADNHOM Hanpagienun. Bupoyem, sT0 BHAHO u HEnocpen-
CTBEHHO!

Ioneaysack TOABKO UTO YUOMHHaBLIeHCA TeopeMmoli ©f HHBa-
pradTHOCTH W3 ra, VI, noflyyaeM paBeHCTBO

[Fiendz = [ gatza az,. (VI 4 21)
i Vs

-
DTHM L0KazaHo, UTO guiweT dyuxyun |, e Hevase woopdunar
-

pasen sotieTy (PYHKyUU gy 8 OECKOHEHHOUTH — UMEHHG RGTOMY,
4TO 8614ET 8 GECKOHEUROCTH ONPefeAsich € UCHOLBICBARUEM OK-
PYNCHOCTEH, NPobeeaeMels 8 OTPUYATEALHOM NARPABACHUL.

- >
3amevanne. Koabbuunent £_; pasnomenus QyHkuuy f
B OKPeCTHOCTH TOUKH & MBI HA3BalM CHAYaJa BHUETOM (QYHKIHH f,

=
a 3aTteM, Ho3ke, BHYetoM Auddeperunanvuofl dopmu f(z)dz.
Hacroauas teopema nokqastsaer, «ro adecs CoRYcKAeTcs 6046
HOCTH peti, ONACHAA NPU 3AMEHE RepeMeHMO, NocKoasky 8 Jeti-
CTBUTRABHOCTH NPU 3OMEHE NePeMeNHOl COXPOHALTCR TOABKO 8bl-
wer Ougppepenyuassrod  @opsvi. ToJBKO OH HMeeT peasbHBIH
CMBICJ, KaK 3TC Yike Obl0 BHAKO B TeopeMaX O Beluerax 18 u 19.
IDTO He AOAXKHO Hac yaWeAAThk. Ia crp. 313 Mmu onpeledannu
K/ace BHIYETOB B TOYKe AJA HekOTOPOH guddeperuransuoii dopmu
crenetu N — 1 B N-mepuom adduuHOM npocTPaHCTBe HaL Bellle-
creeHduM nodem. [Tockonsky C — AByMepHOe NPOCTPAHCTBO HAA
BeMeCTBEHHEM MOJIeM, TO MOJKHO T'OBOPHTE TOJBKO O BRIUETAX
JH(pepenuancioil dopmsl 1-A creneHd, a He 0 BHYeTax GYHK-

LK. BUHeRTHBHOE COQTBETCTBHE T—e—?dz MeKAY TOIOMOPPHHMH
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GYHKIMAMHE H ToNoMOpPhUBMH l-opMaMH MOXET HATOMKHYTH HA
QUIHGOYHEE HIEH.

MosepxnocTH PuMana, chepa Pumana, BoieTh
AndrpepenunanbEpx QOPM © HI0AHPOBAHHON 0COGEHHOCTHIO

ITpenmiaynine PesyAbTATEL elle AYHIIE HATEPTPETHPYIOTER B TEpP-
MHHAX rOJMOMOPOHEX MHOrCoBpasnil. [oaoMopdHoe MHOTOOGD asHe W
KOMNJEKCHON pasMepHOCTH | HaswBaeTCH ApaepxrocTsro Pumana
(NOBEPXHOCTBK, NOCKOALKY €¢ BEIIeCTBEHHAA PA3MEPHOCTh panHa 2).
Tonomopdubie PyuknEu Ha TAKOH NMOBepXHOCTH OLIIH HAME Ompe-
Aejedsl Kak ¢yHkuuM knacea C' (a cnrexosarensno, C™) oTHocH-

% .
teapio C. $ynkous f va W oco 3sHaveHMaMH B GaHaxoBoM nOpo-
=

crpadcTee F rosoMopdiiia Toraa M TOABKO TOTJa, KorAa AAf Ka-
KAOH nmokadasHol wapror (I O’—hCD(O”)CV rae U -= OTKpHTO®

MHOkecTBO B O, caomuas $yHKUKA CDf f @ roaomopdna ua O,
Ecau oTKpbiToe MHOMecTRO ¥ H3 V aBaserca obaacThio HEKO-

Topofi kapth D2 O — D (F)=¥ 1 ecan cpymumﬂ? Ha ¥ ra-
koBa, 4T foiD, rotomophta Ha |, TO 370 HKe Gyper CHpPaBen-
N4B0 AaA Awdolt APyroll JoKaapuoH KapTel By O, = O {(Co) =7

ofnactH ¥° (teopema 33, ra. III), u motoumy ?ronomopcbna Ha ¥,

[Tyeth Tenmeph :)—,ILHIIN]JB]JEHliHa.HhHaﬂ ipopma 1-fi creneun
va W c¢o 3HAYEHUTMH B F flyers @ ¢ — D (0) — qokaabHan
Kapta n @7 m—npooﬁpas m npu omﬁpameuﬁn @, STo HeKOTOpas
1-popma ra ¢, 1. e. dopma, HMewLLAA BHLI Adx—I—BdJ, roe A
H E—quHKLum Ha 0; Ho TOMLA €¢ MOMHO 3amuCcaTh B BHAE
B x  A4iB

3

Cdz+Ddz r,n,eC———-l— w D=

3 , H o6patho. [NoBOpAT,

uro dopma "c)c goaomopspra #a W, ecan gas awoboli xaprer D
npooGpas ED“; HMERT BHA a(z)dz. rie (yHKUAA E‘ ronomopdua
Ha ' (510 03Hauaer, YTo yHKUHS 5 roJomMopdua, a hyBKIUHA 5
paBHa Hymo). Ecan © sBaseTcs t-hopmoit Ha ¥ — obmacTH ompe-
JeJeHH KapTol tD, —H €cn iD]'_l‘:‘) UMeeT BHA, El dz ¢ roaoMopp-
HOH (yHKUHES CI, TO Aha .rnoﬁoﬁ Apyron KapTu @, TOre e or-
KPHTOrO MHOMKeCTBA ¥° fDQw nMeer BH;L ngzq, Tae HyBKUAA Cg
roaoMopdua B (s H, CAEI10BATENBHO, (u. ecTh l-popma, roaomopd-
Haa Ha 7. B camom geqe, @7'@, sasasercs AnddheoMopdnivMom
(otnocutenbno moasa ) MuowecTsa ; Ha MHONKeCTBO (J; U CD;E
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_) —
fABasieTca npeoBpasonanieM dopMmu Djw npu oTobpamennn 7 'D,,
OcraeTcA NPUMeHMTh BLIUACAENHS, TPOBOIHBLIHECH Ha cTp. 152,

.
Ecan 7— roJoMopiHas GYBELHA, TO ee KOrpannna Jf araserca
rofoMopPHol I-hopmoit. HJeReTBHTENbHO, eC.lH HA KaXAOH JoKaTb-

HOA KapTe MNOJOMHTB §=<IJ*F, TO MBl DOAVYAM dé:é’(z]dz.
[MockoNbKYy pPACCMaTPHBAIOTCA JOKAJAbHEIE KapThl, TO Kaxaas Io-
aomoptiuaa |-popma 3zamxuyra. CnegoBaTesbHO, HMeeT MeCTO
cheqyoman ModuguKauHa nepsolfl ocHOBHOA HHTerpasbHolt dop-
Myan Ko (370 RemocpencTRenHoe nphMeHenne Teopemul CToKca
n3 rJa. VI

Teopema 22a. Hurezpar or 20a0moppuoid l-gpopmst na xa-
wmdod C'-epanue pasen HYAH.

Huuero awanernunoro gas ronovopdubix dyukunit Her, [Noae-
syack Teopemoit 19 ri. VI, MoxHo obobwurh Teopemy 7:

Teopema 22b. Ecau muoaooﬁpaaue W oaﬂocsssno T0 Rd-
acdan eoaomopdran 1-ghopma ® Ha W co SHAKERUANL O F uneer

nepeooBpisHLIe, T, €. TAKIE 2040MOPPHbIE PYHKI L f, 4T a‘fzm.
Ecau mnoeoobpasue W ceasno, To wofsie 08e u3 aTux nepaood-
PAIRMY OTARLWOTCR Opye OT Jpyia HA ROCTORHHYI.

Henocpeacraentoro cGobuieH A BTopofl HATET PaIbHOA GODMY N
Komn u TeopeMnl o cpeaneM He cyliectsyeT. Hanporas, 3tn dop-
MYJIBl MOMKHO PACCMATPHBATE KAaK YacTHHe cayvan TeopeMwet 14
O BpiYeray (CcM. clelylomee 3a Hefd 2aMevaHHe), KoTopasm caMa
00061 AETCA CARLYIOUIEM 00DA3OM.

-

[Tyers cnawana | — dynruna, ronomopdpnas e C; {a}, rae
7 — HexoTopasd OTKpHITAfA OKPeCTHOCT: TOUKW @ Ha W, T, e,

—-_
F-— dyuKuMA, HMEIOAA TOYKY @ B XKAa46CTEE BO3MOMKHON H30.HpO-
BaHuoifl 0C060H Touxu. Ecan ®{a)=q, T0 na KapTe ofpas g (Df

¢y HEUHE fnmee'r paziokenHe Jlopana B TouKe @, KosdduimeuTn
Jlopasa MOJHOCTHIO 3AaBHCAT OT BHGPAHHOH KapTel H He HMeloT
HHKAKOro CamoCTOATEABHOIO CMBICAA. O,IlHElKO HETIOC]JE;ICTBGHHO

BHIHO, UTO €C/IH TOMKa @ ABARETCA PEeTyJARPHOH Touked ana q Ha

HeKOTOPOH Kapte, TO To e caMmoe OymeT H ANA BCAKON ApPYyroil

KapTbl, H NO3TOMY HOMeD NePROTO OTJAMUHOTO OT HYJS KOadhdH-
2

uHenta Tefinopa, T. ¢, nopAAoK HyJAa QYHKUNH g B TOuKe @, He
-
3aBHCHT OT KapTH. ET0 HA3LBAWT HOpROKOM HYAR PYMKIHH [
>

B TOUKe @. Ecan « gBaserca noaoceM nopaaka m (yHKUHH g,
TO 9TO DePHO H AAA Mool IPyrol KapTel H B 2TOM CJay4ae rose-
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e o
paT, uro byuxruua | uMeer B TOUKe a no.noc nopadxa m. To ke
camMoe OymeT H AAs cyliecTBeHHO 0coGoi TOukH. MoXHO, HaRoHet,

.
TOYHA Tak Ke gefcTBoBath ¢ l-dopMoit @ Ha #°, rofomopdyoH
S
na C; {a}. Ha HewoTopoll KapTe oHa samamercs B Bujie C(z)dz,
-
H ecil GyHkous C perysAspHa H HMeeT HYJb NOPAAKA A WJIH ecJill
S

Gyakuupg € uMeeT NOAIOC MOPHAKA /M WAH CYUECTBEHHO 0COOYI0
TOYKY, TO 3TO e ﬁyILET BHINOJHATLCH .15 Kax, 101 KAPThl H B 3TOM
-

¢Aydae ropopar, 4To dopMa @ odJamaeT paccMaTpHBACMBM CBO-
CTBOM B TOUKeC a iia W.
He cymecTByer moraTHA Buivera ¢ynkuum na W, uyuenomeit
B

H3onHpoBaHuy ocofyi Touky, [lycrs, oaxaxke, o — l-dopma,
ronomopdran 8 Cya, e 7 — OKPECTHOCT: TOUKH &, T, €, 06/4acTh
HeKoTopolt noxaabuolt Kapter. Touka e aBaAeICs (BO3MOIKHOW)

=

H30JHPOBAHHOA 0CO00A Touxoll a8 GopMe . B nponssofbHO
>

Kxapre VY, O 0-¥, Pa)=qg, dopMa w SAIACHRALTCH B BHAE

Cdz H, KaK NOKA3bIBAET TeopeMa 20, rosppnumenr c_l pasnoxe-

A Jlopana ¢dyHKUAH C B H30JHPOBAHHOH ocofolf TOUKe o He
3aBHCUT OT BHIGPAHHOR JA0XAAbHOW KapThl, Ero HA3HBaOT goiveTom
>

dopmm ® B ocoboit Touke a. Mmeercs u mHTerpanbHas MHTep-
npetaugsa: ecan V' — noAMKorooGpaste PasMepHOCTH 2 ¢ rpaHuledn
Kaacca C' muomecrsa ¥ (paccma’rpuaaemor‘o KAK MHOrooGpasue
pazmepuoctu 2 mag K), Taxoe, uto aEV ¥ ecnd V HMeeT OpHen-
TAllHl0, ONPefeNIeHHYIo MHOKecTBOM ¥, a ero rpamuna ' umeer

OPHCHTaUAw I'PaHHUE, TO fl.!) pabeH BBLIYCTY (l} B TOYKE &, YMHO-

KEeHHOMY Ha 2/m,
TakuM ofipasoM, CHPABeRJHBA

Teopema 22c, Hycro W ~ nosepxocrs Pu.uaua; {a}

ier

BaMKRYTOE MHOMECTEO usoauposannsx rotex W, m—emo»&opqﬁ
Han - .:,bop,na 8 Cy {ai}, =, co anauerunmu ¢ 6anaxosom RPOCTPan-

cT8e F; V — nodmnocoobpaaune ¢ kpaes kaacca C' 8 W sewyectsen-
nod paameprocri 21, cnabacennoe opuenrayued, onpedeinemor
nosepxrocrars W, I' —ezo epanuya, crabwcennan opuenrauyued
ePanuLsl 1 He codepaaiyans wu odnoid ua rouex @, Toeda

jm_m ¥ Res,, o (VIL, 1;22)

P

'} Kax beerpa, noamuoroobpasue V Komnaxtao.
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Moxuo 6nis0 6bl RonHTathes obobuwute dopmyay (VII, 4;12),
Oauaro nonarue underca & 24. V1 onpedeasiocs, u ono momer
0T ONPedeleH) TOABKC OAA OTKPHITELY  MHOMCCTE KOHOHHO-
MEPHBLY BEKTOPHLIX RPOCTPAHCTS, G Hé daa ofuux -mHozoobpasuii,
91‘0 MOHATHE C¥TeCTBEHHO onnpaei‘ca Ha TOT {I)EIKT, 9T0 B BeKTCOP-
HEIX NNPOCTPAHCTEAX KOHEUHOH BEUIECTBEHHON paaMepaocTs N rpyona
roMonoryit 061acTd, LONOJAHHTEALHON K TO4HKe, 8 Cjaydae pasMmep-
HocTi & — 1 Hsomopdha MHOMeCTBY £ — (HaKT, HAKOHM 00pa3oM
e coxpandiniics A ofmHX wmnorooGpasnfl, CaHaKo cyule-
c¢TByeT ofoGweHHe, HCNONb3IYRIIee MOHATHE TOROIOUMCCKON CTe-
nexd, KOTOPOR ME 31eCh PaccMATPHBATE He Oyiaem. JIOKa3zaTedb-
CTBO 3TOH TeopeMH © BblMeTaX HA INOBepPxHocTH Pumana conep-
[HEHHO aHaloTHYHO A0KasaTedbpcTBY TeopeMol 19, M3 Teopemel 22¢
H KPHTepHA, NpHBCIEHHOrO B TeopeMe 45 ra. VI, TeMu ke camblMH
PACCYMACHHAMH, YTO H B CJIGACTBHH Teopemul 19, nmoayzaerca

Teopema 22d. Ecau 8 ycaosuax teopemsr 22¢ nosepx-
=

HocTe W odnocesasna, To l-ghopaa o 10200 4 TOABKO TO200 umeer
8 Gy {ai}; o, e0r0MOpPHOIE NEpsoobpaansie, T. e. TaKue 2020MOPP-

o - -
note gyrryun f, 4T0 df = ®, Kozda ec estueTol 60 SLeX TOHKAX @
PABHEL RY A

31ech yKe HCT BHYTpeHIeN ©H sHEmHell TeopeM © BbYeTax,
HyMeeTerd JMillk TeopeMad, YKA3aHHaA Bullle, Ecnu apeinodaaraTte
nopepxHocTs W KOMNAKTHON, a clAejoBaTeNbHO, afCTPaKTHREIM
MHOT006DA3deM (CM. 3aMedaHHe TOCAe CNencTBHS 7 TEOPE Ml 12),

TO He TOMILKO MHOMKecTBO V, HO Takke H Mioxecrro CV 6ymer
noamyoroofpasneM ¢ KpaeM, I K HeMy MOXXHO Oyner NPHMEHUTD
L+]

Ty ke teopemy. Omuaxo I' kax rpaumua CV umeeT opueuTtaumnso,
IPOTHBOMOAOKIYIO OPHeNTAUHH Tpandun V. B 3Toil HoBoR opHen-

- -
TAGWH UHTErpat OT & LAeT Resﬂ{.m. 31cch ML HMEeM He IBe

a,=0V
Pa3dHYHHE TeQpeMui, HMeHORABIIHECH PAaHee BHYTpDeHHeHR # RBHedl-

i
Hell, a4 IBA TPHMeHCHHs! OfHON u ToH me Teopemwm K V n CV
cooTBeTcTBedno! MX KOMOHHAUHA, eCcTecTBeHHO, HaeT o300meHHe
caeacTeAL Teopemu 19,

e
Teopema 22e. Ecau muowecrao W KOMRAKTHO, O 0 R8ARETCH
eoroMopgaod  1-dopmoil 8crody, KPOME KOHEUHOZ0 HUCAQ OCOGOIX
TOYCK, TO CYMMO €8 BLIHETGE PUGHA MU0,

3Ta TeopeMa DNOJYUASTCA HENOCDERACTEEHHBIM  NPUMeHeHHEM
TeOpPeMEt O BblUeraX K MHOXecTBY V =W c uycToli rparnuei.
Momxno Smio 6o mommTaThed oGOOUWMTE TeopeMy 19, Ho nas
MHOroo6pashii HET XOpPOWers MOHATHA BbideTa B GeCKOHEUHOCTH,
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Hanpotns, cama reopesa 19, seaserca {8 3asyaiiposantas sude)
RPOCTHIM 1 Rpasoir caedeTsuesm edunot obugerd Teopexun o saive-
rax. Iag Toro uroful $T0 YBHAETh, CAEAYET BBECTH MOHATHE cdephl
Pumaua.

Copepoli PuMana Ha3plBaeTCA MHOIKECTB0, 06pa3oBadHoOe H3 noaA
gKomnaekcheix ducen C H «GecKoHeuHo yaadeHHOH» TOYKH, 0603HA-

yaeMmofl uepes co. Cdepy Pumana ofosznavawr uepes C. D10 yxe
He noJe; JHIIL ero NoaMHoxecTBo (- apaserca modacm. Omnaxo

. 1
1A Kaxgoll Toukn @ <= oTodpaenne 2—> ——, OIpeAeneHHOC

obuunem o6pasom B Cofa), MoxeT GHTE NPOAOIKENO 10 HEKOTO-

“ 2, |
poil OWekuuu MHOXecTBa (. Ha cefd, ecaH NOJOXKNTL F=®n
1
——=0, Dra Gnexuns oTobpaaer TOUYKY ¢ B o> H <o B Touky (.

o0

CnadauMm Teneps chepy € romonmormed (TouHo Tak e, KaK aTo
Lenajoch NJa nonoaucnHol npavoid ma crp. 60 ro. ). Muome-

cteo (7, He colepikaniee TOUKH oo, HA3eBeM oTkpnairaim 8 L, ecnd
ono orkpuro B C. Ecan xe MHOKECTBO O conepur TOUKY oo,
TQO OHO CUHTAETCHA OTKPHITHM B C, eCJIH ero JAONQJHeHHe eCTh
koMmmakt B C.

HeuocpeaeTBeHHO BUAHO, YTC T4K onpefeJeHHHe OTKPBITHE
MHOMKECTBA YAOBJETEODAIOT AKCHOMAM OTKPHTHX MHOXKeCTB He-
KOTOPOIt TONOJOTHH. 3TO YTBEPHEICHHE OCTAHCTCST DEPHLIM, €CJIH
samenuts { Ba OPOH3BOJBHOE TOMOJOTHUECKOE (POCTPAHCTBO X,

CrpapeAnuBa TAaKMe AKCHOMA OTACHHMOCTH Xaycnepda: ecau
a W b-—jBe pasnuuHne TOURH, Jexamue B , TO cyuecrnylor
HemepeceKaniLHecs OKPeCTHOCTH Kawjoit H3 nux. Echu ozua
H3 HHX, RAOPUMep 4, JeXHT B C. a apyrad €CcTb ©G, TO B KauecCTae
HernepeCeKamUIHXCH Ol{pECTHOCTeﬁ MOMHAG B3ATE KOMIAKTHY
OKPECTHOCTh TOYKH &4 B C H AONOJHEHWE a B C, ABJAIOILeRCH
(OTKPBITOIT) OKPECTHOCTBIC TOYMKH ©0, 3TO CHPABENJHMEO He TOJbKO
ans €, Ho w dan A0D020 A0KQAALRO KOMIAKTHOZ0 RPOCT PARCTOR X.

B npoctpaHerse X, moayueHHOM AoGaBdeHueM OecKOHeUYHOH
ToukH K X, (yHAAMEHTAABHYID CHCTEMY OKpPeCTHOCTell TOUKH oo
0ofpasyoT NONOAHEHHS] K KommaKram npoerpaHersa X. Tipoerpas-
¢TBO X BCErAad KOMAQKTHO W HA3EBACTCA KOMAQKTHDuKayued #0
Anexcandposy npoctpauctBa X. B camom Jnene, ecan {(0),_,

npeAcCTaBAAET COOOH NOKPHTHE X OTKDPHTHMH MHOXECTBAMH, TO
0AHO U3 MiozecTs (J; COOSPIKHT TOYKY ©0, a €ro JONoJHeHHe
AsNfgeTCH HeKOTOPHIM KOMNAKTOM KB X, H AOCTATOUYHG KOHEUHOrO
ypeaa MuoKecTs (7, uroBel NOKpwTh K, 3 TeM CaMbiM CYIIECTBYET

KOHCHHOC NOANOKPLITHE BCCTO X,
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HOCJIQJ_{OB&TE.H]:HOCTH H3 @, CXOAAUHSCAd K TOYEaM B3 C,"""
3TC¢ OPOCTO OObIuAbIe NOC/ENOBaTEASHOCTH (.-‘IHU.Ih KOHEUHOEe YHCAO0

HX SJMeMeHTOB MOKeT paBHATLCA o), Ilocaenomarenvhocte 2, = C
CXOOHTCA K <o, ecdd | 2,;| (Mn cyHTaeMm | oo == -} 00) CcTpeMuTeA

= 1
K + o na K. Hakoney, Guexuus Z =~» ———, OUEBHIUOC, ABJIsCTCHA
romeoMopdu3MoM npoctpanctsa © Ha cebs.

BeemeM Tenepb Ha ciepe C CTPYKTYPY HoBepxHocTH Pumana,
iy roJomopdHOrO  MHOTQOOGPA3HA  KOMOJARKCHOH — pasmep-
Hoctm 1. Tlepsof kaproi Oyller TOXAeCTBEHHOe OTOOpaxeHHe

O: 2 >z, oTobpakawiiee F =0C Ha c=l. Hpyroil xaptoit Gyner
otoépamenne Wy z—>-—— n3 =C na Co{0) = C. Jaa roro
HTOﬁth yOEIHTBEA, UTO MHE ONPeNeNH/iH TOJOMOPDHYIO CTPYKTYDY
ua €, wam c¢ieayer, corMacHo ckazaHHomy Ha crp. 335 ra. I,
npoBepuTh, UTo roMeoMopbuamp D oW, W lo®, W;'.W,

- |
ronoMopdub. 3aece O 'o W, asasercn oTobpakenneM 2 —> Sz

mroxkecrsa Cefa) na Col{0), WS o® — oToGpaxelie z—> 4 +%

muokecrsa Cof{0) Ha Cele), Vi'e¥, — oroSpaxenne z-—»
— 24 b —a mnoxecrsa C Ha L. Bce o0ToBpaKeHHS roJoMOpdHbL

Teopema 23. Coepa Pumarna  R813erc8 R0BEPYHGLTHIO
PumaHa, Al 2040MOPEHBIM KOMIGKTHOIM MAO2000DA3IUEM KOM-
naercral paameprocre 1. Crepecepaguucckaa npoeryun H yera-
nagausner CT-OupHeomopPusm OTHOCUTEANO ROAR BELICCTEEHRBLY

vucea R memdy C u edunusnod cpepori 8 3

HoxasaTteabctso., O ToM, YTG TaKoe CTepeorpaduuccran
NMPOCKUUA, MB YiKe roBopnan. PaccMoTpuM ejuununyio chepy Z
B [, onpenensemymw ypasuennem u? -+ 0¥ w?=1, u o6o3HauHM
ABa ee nonwea vyepez N (0, 0, 1) u S{0, 0, —1). Crepeorpadureckoi
npoekimedt Py n3 noawoca N asnserca otoGpaxenne H cdhepn X
Ha ., onpegengeMoe CAeAYWIkAMH popmynami (4, v, w — KOOpLH-
katu B K% x, y — B R

== N <
A=ig o W= g gyt
2
y=1—vw' ”if—ﬂ:{e—q_‘r, {(VII, 4; 23)
4y — |

R
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Jlerko npoeepsietcsa, uto 10 romeoMopduam £ Ha C ') Ham
HY)KHO TOKa3aTb, 4TO 3TO orobpameHHde ectb C™-aHddeomopdhusm
(OTHOCHT&JALHO OoJA F). JIJAA 3TOTO HAM CJAeIVeT BOCIOIb30BATHCHA
KpurepueM, ykasanuwM Ha ctp. 336 ra. [[I. BospmeM ABe xaprl

D V=W, 2— lfz gan muoxectoa © w ase Oy =PF u

(DS:Pg' AJ0A MHOXEeCTBA 2, ITHX KapT AOCTATOUHO, NMOCKONBKY
B KAaMAOM cydac 3TH ABe KapTel NMOKPLIBAKT BCC MIUOTO00pa3sne
H KapThl oJHOCC MHOTGOGpa3Hd cojep:kaT o6JdacTd, B TOUHOCTH
COOTBETCTRYIONIME 0fMacTAM KapT APYroro MHOTGOOpPa3HA; 37O
COOTRETCTBHe JaerTcsa orodpaxkenueM ff. QcTaerTcd mokaszath, uTo
orodpamenns @yoHoh ™' n Oge Ho W™ geasmorcs orofpaxe-
muamu K? B K? knacca C™. TlepBoe W3 HHX — 3TC TOXIeCTRO
P;loPN e f=], BTOopoe e ecTh OTOOpAXKEHNE P§' oPyo¥. Onpako

orobpamenne P5'o Py npescrapaser coGoil MHBEPCHIO OTHOCH-
TEeJAbHO TPACOHOMeTpHueckoli orpyzkuoctH, a U sABasiercs chu-
MeTpHe# OTHOCHTEeNBLHO ocH Ox ¢ nocaenyroue# HuBepcnedl, Tak

YTO OKOHYATEAbHC OTOGpameHHe P3'oPyoW¥ ecTh cHMMETDHS.
O6a 3TH upeobpazoBaKid, OYCBHAHG, SBJASIOTCA oTO6paKennavu K
Ha K? gnacca C%.

3ameuvande, HanporHe, cTepeorpadiuyeckas NPOeKIHA He eCTh
auddeomepdiadM OTHOCHTERNBRO 1048 O, nockoAbky 3 He aznneres
KOMIWIEKCHBIM BEKTOPHEIM NPOCTPAKCTBOM, a CJel0BaTeJbHO, B He

HMeeT KOMINERCHOH eTPYRTYPH. Bapouem, npocrpaunctso L, 6yayun
KOMITAKTHbIM, «a0CTPaKTHO® H AOTOMY HE MOKeT ObITh HOMPYKEHO
B BEKTOPHOE NPOCTpaHCTBO Han moaeM C (3amedaHHe K cJaex-
creHo 7 Teopemsl 12). OzHako ¢ moMomibio crepeorpadriueckoi

NPOEKUHH MOMKHO THepeHecTH KOMAMEKCHYW cTpykTypy { Ha Zm
npcspaTuTs TakuM oGpasom I B rodaomopdHoe Muoroobpashe (o
He B KadecTBe MOAMHOrcobpasus K3, He sB/AIoIErocs KOMNJeKce-
HBIM).

'y Tu, uro rouka (#, v, @) HeNpepwBHO 3ABHCHT 0T (¥, §) B CTPEMHATCA
K (0,0, 1) npu (%, y), cTpeMsmemca Kk GeckoreunocTH B (, OYeBHsHBIM odpa-
30M  cAeuyeT U3 3THX  dopuya. HcHo Takwke H o6paTHoe! OToOpaMeHHe
{4, v, w) > (X, y) HeNpPepHBHO BCIOAY, Kpoue, OHTh MOXKET, TOMEK, rne o = L.
C ueproto R3chAaa ke BAZHO, 6yneT Ad Touna {x, y) CTpeMHThcA K (ecKoHew-
HocTH B L, korma Touka {w, v, w) c"r?euu'rcn kK (0,0, 1) [ge crenver zabmBaTh,
yTo #, U, & Ile Te3aBHCHMH (u9 4?4 wi=1), a cAenOBATERLHO, BOIMOMKIM
apyrue GOpMYAsl AAA TOr0 Ke 0T0SpameHAn Z—)E]. OnHako Kacare/bHas
OAOCKOCT K L B Touke N ropusontatoHa. CaAeQ0BaTeM:HD, | — @ NBARETCH
Gecroneuno Manoli 2-ro nopaaxa oTHocHTenbHo (u, v) (dopmyaa Tefinopa), ure
W LeNaeT HYKHBIA Pe3yabTAaT TEOMETPHyecKH oOvesHpHoM. Bo Beaxow caydae,

NOCKOALKY € — xomnarr n oTOfpamkente G-z HCNpeppBHO H DHEKTHBHO, TO
aTe FoMeoMoDOhHAM!
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Temeps Mb! MOKeM WHTCPNPETHPOBATL MOHATHE BLIUETa B Oec-
KOHEUHOCTH, PAcCMOTPEHHOe Ha CT). 378, B TepMHHaX BblYeTOB
Ha noBepxHocrn Pumana i(, B Touke oo. Ilycte 7 ~—— OTKpRITad
OKPECTHOCTE TOYKH o0 B O, T. €, J0ONOJUeHHe HEKOTOPOrO KOM-

- r
nakta B L. floaowum ¥ = Cyp {co} =7 NC. Tlyers | — dyurnng,

roroMopdHad Ha 77, a cAeJOBaTe bHO, HMelas Ha #° TOUKy o0
B KAUecTBe BOIMOIKHON H3OMHPOBAHEOH TOMKH.
COri14cHO CKa3aHHOMY Bblle, BBEIICHHTb, GVieT JH TOUKa oo

peryasaplofi gas T, HAW K¢ DOAIOCOM TOPAILKA ri, IR Ke Cylie-
CTBeHRO ©0C000 TOUKOH, MOKHO ¢ TMOMOLBK HEROTOPOHR KapTH
OKpecTdoCTH OECKOHEYHO YIaJdeHHON TOUKH, HanphMep z— l/z.
3arem CACLYET PACCMOTPETh MOBejeHHe npecBPA30BAHHONE yHK-

unn E z—f(1/2) B Touke 0.

Kosppunnentu Jlopana C]JyIII(LIHH g B Toure 0 cpaAzanm ¢ Kosd-
qml.men'ramn Jlopana dyHrRuIMY f B GECKOHEUHOCTH COOTHOLICHH AME
€n (f)_é’_n@ CaenosatreqbHo, TOYKA 00 6yneT perynﬂpnon TOYKOH
byuKnun ,f TOPAa W TOABKO Toraa, Korjia ck )—O s k< —1,

e >
T. e. ¢, ()=0 nna n”‘:»l, H perympﬁoﬁ TOUKON HIH MOAKOCOM
l‘lOpﬂ}lKa s m, ecad ck(g)-_{} aas kAsi—m—1, T. e. upm

cn(f)—O ang nzm-4 1. 910 Kak pas Te, O 4eM Mb TOBOpPHAH
Ha cTp. 384. -

>
CobceM nrade obGctouT menac aas i-popmbl o, roJoMopgHOi
> >
B 7. 3neck @w==[(2)dz nox nelicTRHeM KapTH 2 —> — NePeXOHUuT

B popMy C(z) dz=—} ( ) 7 » KOTOPYI0 ¢IeflyeT H3YYaTh B OKPeCT-

Aocri toukn 0. Kosddpuumentn Jlopana ¢yakuuaw f B OeCKOHeY-
HOCTH W cpym(umi 5 B Hawafle KOOPAHHAT CBA3Allbl HA STOT pas
COOTHOICHANMH cn (T)—C—(M-z. (C). Caenosareawno, o opesiene-
HHIe dopma co OydeT Peryasploil B Touxe e cthepn Pumana C
TOTAA M TONLKO TOTAY, KOMAZ byHKLLs C 6Wle1* peryﬂﬁpuou
B T0uke 0, T. €. npu ck(C‘)—O LA k<—l HJIH c,,{f)—(] oA
nzz+«1. Touno TaK Ke TOuUKa oo ni C+6y,1&1' [Je_[;y.JI_;F{pHO_i'I HJAN
NOJICCOM MuPAxKa <om aas Gopusl o, ccad ¢, (Cy=0 gan
hsl—m—1, 7. e ?:',,(?):6 ana nzm—1.

Taxitm olpasoM, 4 Towxe oo gopua dz usmeer noawoe 2-20 no-
padxa, hopua dziz umeer Tam noaoc 1-20 nopadkya, a gopma ¥ dz
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npu k2 ~1 —noawc nopadka k42, Kak 310 BRANO H3 KapTw,

ecay (pyHKUEa fu-weer B TOYKe ¢ noeepxuoctH Pumana W nodioc
nopaika m, 1o ee IudrbepeHLEAA HMEeT TaM MOOC NOpsIAKA i1
[Emw%+...gaer d§=§’(z)dz=dz(——’1@:—”’—+ )]
: (Z'- a)m {z_a)m-t-! A N A

hyuktua z-—2 umeer 8 Beckoucunoctit neaoc l-2o nopadka, a
caedoaareabro, ee 3uq!i¢€perr£qua.-i—nomoc 2-20 nopadka,

OToXmecTBAeHHE | H fdz 8 C npusoaur & © K rpyGmn
ownGraM, rockoabky dz umeer 8 Geckoxeddocru Hosoc, Twa-
Teabloe pasanvenne ¢yuxkuud M 1-dopM poMoraer nafeKaTb
MHOTHX OWHOOK. OJHaKo Ha caMoil naockoety C B 3ToM HeT He-
OOXOAUMOCTH, H B TEOPHH OQYHKIHA KOMILISKCHRX [OepevedHHX
NPeINOUNTAIOT NPOBOAUTD paccyxaeud B C, HanpuMep MoMis3yach
BTOPOA oOCHOBHON RHTerpaibHoll dopmyaeci, He ofofimawineiica
Ha MHOTOOGpasHs.

) >
Ecan Tenepr Mm OyldcM HeKaTb BLieT OPMH ® B TOUKe o0,
TO, CcOT/JacHO onpepedeHunn (crp. 391), mnoxyuum xosdduUuHeHT

£ - - =

e {C), T. e. —c_,{), a 3T0 coBmapaer ¢ ompesesienyeM, L1AHKELM

Ha cTp. 378. Qopma dzfz nmeer nodoc l-ro nopazka, HO3TOMY

HE YAHBHUTENBHC, UTO ee BHUeT paBeh — 1, BHueT mMeeT cielylio-
.

WY HHTerpaJIbHym HHTepnpeTau.mo. o onpenenenuro Res,

-
paBeH Resu(C(z) dz}—m I C(2)dz (vhne v - manad OKPY KHOCTh
v
¢ uedtpoM 0, npoGeraeMad B NOJOXHTENLHOM - HANPABJSHHH) ==
1 > [ T
padrm .[ 0= 5 — j flz)dz (roe v — Goablas OKPYIKHOCTh, MOJAY-
v ¥

yeHnas u3 vy’ npeoGpasoBanuvem z— 1/2 H npoberaemas B IPOTHBO-
NoaoXHOM HanpasdeHuu). Mul ¢HOBa Bo3Bpaulaemcs K OOpeag/e-

.

KN, TPHRATOMY AM4 Res, [ Ha crp. 384 (crporo rosopd, Hago
k4 >

Owmiic O6u mucats Res,{fdz), a He Res, [, Tak kak nocaegnee

BLIPAXKEHHE He UMEeT C¢MHC/Ia),

Jannm, HakoHen, HHTeprperauny BHeHeA TeOPeMbl 0 Bblue-
Tax — Teopembl 19,. CornacyeMm cHa4asa Halln 0603Ha%eHHA ¢ ofo-

SHAYCHHAMH, OPHHEATHIMH B 3T0R TeopeMe. Ilosaoxkum Q=0 oo},
a4 3HAYAT, Q=C§oo=fan. Muoxeerpo & AB/IAETCA AOTOJHe-
naem B U K HEKOTOPOMY KOMMARTY, a C/Ae0BATeAbHO, ABIAETCH
OTKPLTHM MHOXKECTEOM B C, comepmamnm s Hocxonbxv dyux-

nus f roaomoptna B Cafag),.,, Popma m=fa‘z rosoMophEa

s Cy [{a;}iE,U{m}]. CrenoBareapHo, K Hel MOKHO IPHMEHHTH
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. 0
TeopeMy 22¢ 0 BHITETaX OTHOCHTeNbHO Miomectsa V = CxW (una

BO3MOMKHOCTH TPHMeHeHHA TeopeMH 22¢ Halo, YTOBH OHO GBLIO

ROMOaKTHHM) H cro rpasuns . Kpusas T’ kak rpannsa ¥V jpoakaa
06X0ANTLCA B OTPHUATE/ILHOM HaUpaBIewHi, BoasMoxupME oco-

OBIMH TOUKAMH $OPMBL o) B Q OyayT TONLKO a; B . Ins Kaxkaon
H3 1IAX U210 OyJeT BHAUHCAHRTL BLIUCT GOPMDI m=f(z) 2, KOTOpUt
-

Mbl HasuiBaeM (HeCTPOTo) BHUETOM [ COOTBETCTBEHHO B TOUKE
(Mo onpeiedeHnrd, A4HHOMY HA cTp. 376}, W B Touke oo {no onpe-
Jgeqekuo Ha crp. 378). [IpuMeHeHHe Teopewbl 22¢ JAe€T TOT XKe
peayavrar, 4yro H Teopema 19, Ecau paccmoTpcHUC BecTH Ha
chepe Pumana, To cnpaBefHBA AHIIEL OAHA TEOPEMa O BHIYETAX —
TeopeMa 22¢, a TouKa oo chepsl C unuem He oramuaerca or
OCTAMBIILIX €& TOUEK,

Hrak, Bce vaaeTca OOBACHATE, ecAil KaK CHeIyeT NOWEB&JNTh
MOATaMK. Bcad MBl eficTBHTENBHO XOTHM HHKOTZAA He GIIHGATbCH,
TO — NOLYEPKHEM ITO ellle Pa3 -~ padpemlarts cefe CMeIIHBATh $YHK-

- >
nuwe [ ¢ gopmoi fdz moxuao toasko B C B Toasko Torna, Koraa
HeT peyH o GeCcKOHeWHO VAAJEHHHX TOUKax 1 auddeomopdusmax,
B0 BeeX oCTAABIHX CayHdasdX HX Hago TLAaTeMbRO OTAHYATL APYr
OT APYra H FOBOPHTbL O BHUeTe (4 HMEHHO O BbiUeTe B GecKoHed-

-
HOCTH} TOABKO aNa dopuMbl [dz. Brruer [-gopmm nmeeT ¢Muica,
B TO BpeMmA KaK BuYeT QYHEUHH — HeT. B manwHelimem Mo GyzeM
ONYCKATE BOJBHOCTL PEUH, HO € 3THM HAJLO0 OHTH HACTOPONe.

¥ MecTHO 3aMeTHTh, 4TC PHMaH BBea cBow cdepy HMeHHO LJA
TOro, 4ToGH H30exaTh 3aTPYAHEHHN, BOSHHKAWUHX H3-3a NOABJe-
HHA OCCKONCUHD YAaJeHHOH TOUKH., DTO H APyrHe 00CTOATENBCTBA,
4HAJOrUHLIe PACCMOTPEHHHM RPexae, NPUBOIAT K HEOOXOAHMOCTH
pazaHvaTte OVHKIYH M rodoMopddcie 1-¢goOpME, a 3aTeM K Heodxo-
AMMOCTH BOOOIIE BBOAHTh W H3YyUaTh HoepxHOCcTH Pumana. Bmep-
BhIe NO-HACTOAMEMY KOPPeKTHOE onpefeseHne nosepxHocteil Pamana
umo jgano TlepmaHom Besinem (Die Idee der Riemannschen
Fidche, 1923) ¢ noMombplo ¢HCTEMATHYECKOTO NPHMEHEHHA BBeleH-
HOro UM MNOHATHS JOKanblkX Kapr. Orciopa H feper Havasuo
cogpenernoe onpedenertie 00mMHX AHpQgepeHUHPYeMbBX MHOr0OGpa-
auii, M3 aaTpyadenuit, cBAsSaHHEMX € TOYKCH ©0, MOCJe PALA HCCe-
AOBAHHH POJIHJAHCH HEKOTOPHe HaHGOJee BAaKHble NMOHNTHA COBpe-
MEHHOH maTeMaTHKH.

Teopema 24. [Tag toco 4rotsl pyskyus (uan 1-gpopua) Gora
MepOMOPPHOL HA 8ol KOMRACKCHON HAOCKOCTR, 6RA04aR Gecko-

HEYHOCTS, T. 2. Ha cdhepe Pusana C #eQOX00UMO Tt JOCTATOYNO,
4ToGbl OHA OBLAG PAiUORGAGHOL,
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,ﬂDK&SaTerCTBO. Ecay f'“ paugoHanpHasn f.bVHKLlI[ﬁ, T. B,

f—P}Q raoe P—-I]OJIHHOM ¢ Koy(pHuuHSHTAMH B F a Q@ — KoM-
NJGKCHH NOJMUHOM, TO, 0UEBHIHO, Takaa ¢yHKIHA Mepomopcbna

na C. Ham nano 1okasats oGparnoe yTBEpRAEHHE. Ilyets f — Mepo-

mopuas dynxoua ua {. Ocobennocty f na € 00pasyioT 3aMKHy-
TOE MHOKECTBO H3OAHDPOBAHHEIX ToueK., Tak Kak ¢ KOMDAKTHO, TO
TAKHX TOYeK HMeeTCA JHUIE KOHCYIOC UHCJO. l'IyCTb a; — 0colue
TOUKM B KOHeudHoll uvacTy HJIOC!{DCTPI ﬂJ‘Iﬂ Kaxnol N3 TOueK &;

OTAENHM «HOASPHYIO 4acTh» f T. €. CYMMY f, YeHOB Paia0MeHHs
JIopaHa B OKpPeCTHOCTH &; ¢ MNoXasaTenamd << 0. PasHocTsb

§=})-(§ E) ecTh Iesas (yHKuua Ha C, MOCKOMLKY ee elum-
CTBEHHBIE BOIMOMKHHIE OCOGHE TOYKH Q; ABJAKTCA PeryiapHBIMH
Touxavm, Ha GecKOHeYHOCTH OYHKUHA | HMEET 10Ji0C, HO H0ARp-
Hbl€ YacTH E TaM PeryaapHel B Lake pasHbl HYJI0, a 3HAUMT,
dynKUHA 1gzrau{:»[{e nmeet moaoc. Cornacto reopene 13 Jluysuans,

(PyHKLHA g ABMAeTCA MOJHIIOMOM, 2 3HAYHT, GyIKUHA f-— pauuo-
HAJBHOH Apobbio, MOJVUEHHOH, KCTATH, B QODMe PA3NOKeHHA Ha
npocrue 1pobu.

Ec.ma Ke peus uier of l-dopme, To ee CTeAyeT 3anucath

B BHAE f(z) dz ¥ TNPOBECTH paccyiKAeHHA ¢ QyHRUHedH f

dopmyna ana HyJded u nodrocop mepomopdroil pyHKUHA

Teopema 28, flycre Q — orxpuroe mromecreo w3z € u
f— meposopgran  komnaexcnosnasnan pyuxyus ¢ Q. Hyers
V = Q — romnaxrroe mHoz006pasue ¢ kpaem xracca C' sewecraen-
HOM pasmeprocTd 2, cHOOmennoe rawonuueckot opuexrayuen C.

fTycre ¢ — xkomnaekchoe wucao, u nycre epanuya ' sMuoeo-
obpasus V wue npoxodur Hu wepes odun u3 kopred ypasHesuA
F(z2)=c u nu wepes odun u3 novocos f. Toeda, ecan I' obxodurcs
6 wanpasiennun epanuysr V, capasedausa ghopmyaa

I F -
o | L de= NG Vi e) = NG, V5 oo), (VIL, 424)
;

8 woropoi N}, V;c)— wucaro ropreil ypaswenus f(z)=c, codep-

aauiuxcr 8 'V, gawdoii H3 KOTOPOLY CHUTAETCR CTOALKD pas,
k-]

raxosa e20 gparnocrtes, a N{f;V: o) —vucio noarwcos | e V,
Kawedotl U3 KOTOPLIX CHUTASTCR CTORBKO PA3, KAKOE €20 ROPRIOK.
Ecan, 8 sactaoery, pywkyua | eosomopdua 8 Q, To npasan 4acrs
pasna N(f;V;c).
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L F(z)
e (T I'O.J'lo--
MOp(pHA B OTKPHITOM MHOKECTBe, [MOJNYHeHHOM yaadeHuem H3 4
rophell ypasHenus f==¢ W noswcos QyHKUMH [

Mycts a — xopenb Yypasueuus f(2)=¢ KparHoctu k. Toraa

E OerCTHOCTH TOUKH @ HUMeeT MecCTO pa3JTO)KEHHe BRIA
fR)—-c=(z—a)‘gz), (VIL, 4; 25)

rie g — rorovopdnran QyHKOHS, OTJAHYHAH OT HYJAA B OKPeCTHOCTH
TOUKH a. OTcioza CIeAYeT, uTO

P g {2 )
f[z}—r:_z—a+ ) (VII, 4; 26)
(AoTaprpMAUecKan NPOH3BOARAA GYHKUMH [ —¢) M uTO, Clenusa-
Tenbno, dylkuns f/(f —e) uMmeer B Touke & npoctoli momoc
¢ BHIYETOM &, rle k- KpaTHOCTb KOpHA & ypaBHeHus [(2)=—c¢.
Fcai Teneps (yHKua f aMeer NOJOC B TOUKE & IOPAAKE Hl, TO
cnpasenavsa gopmyna .
m
f&)—c=(+=] ni, (VIL, 4; 27)

a

Horasateabctreo, <$yrxuar

rae h(z) —ronomopdHan dHYHKUHA, He uMeman HyJell B oxpect-
HOCTH TOUKH 4.

TaxnM o6pasom,

o m "!', e
==t e (VIL 428

a 370 03HAYAeT, YTo BRYET Gyukunu ['/(f - £) B TOUKe a paned --m,
rie m — NopAIoK modioca a dyuknuy f, HyKHuA peaysbrar Teneps
HeNOCPEACTBEHHC BhHITeKaeT u3 Teopemsul 19.

Cnencrare |, fTycre sumoanens ycrosun reopemor. flycrs,
kpome To20, PyHKyua [ eoromopgra e Q. Tozda orobpaxcenue |
KOMNAKTHO20 OPUEHTUPOSAHHO20 MHpzooGpazur V U ¢ kpasa
useer 8 rouxe ¢ =0, He npunadsemamed obpazy f(T) epanuyost,
TONOACRUHECKYIO CTENEHG, PABHYI0 ey Kopred ypasnenun [ (2} =c,
Ka¥dbui 03 KOTOPBIX CRUTAETCR CTOALKO pA3, KAKOBA €20 KparT-
HOCTL, U

diW; =g [ 7L dz=NGE Vo). (VL 429)
r

HDoxazateabcrso. CornacHo onpene/ieniio, NpuseleHHOMY
Ha crp. 314 ra. VI, Tonogorndeckas cTeneds paBHa HHAEKCY
uakaa f|T OTHOCHTEABHC TOUKH C¢. JTOT HHAEKC BBIUHCASETCA
(etp. 303 ra. VI) ¢ noMowmno HHTeTpaaa

LGN =g | +25 (VII, 4; 30)

2in —¢
Py
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flo onpegeqenuiy HHTerpala no ocoloMy uHKAY (hopmy.aa
(V1, 6, 60)) ator uurerpan coeaanaer ¢ muterpagom (VII, 4;29), g
cJeACTBHe ACKA3ANO.

3aMeuanne. M3 caeaersna | BeTekaeT, UTo TORONOTHYRCKANA
cTeneits GpYHKUWH [ OTHOCHTENLHO KOMITAKTHOTO OPHEHTHPORANHONO
Mioroo6pasud IV ¢ kpaem B ITPeJUINN0KEHUH FONOMOp(HOCTH GYHK-
UM f BHIUHCANETCH GUeHb NPOCTO MAME MPH HAJAHUUH KpaTHEIX
KOpHel.

BepHescs K BLIUMCASHAK TONOIOTBYUSCKON CTemeHH, MPOROJIHB-
mevycs 1a crp. 315 ra. VI. Tam aeno CBOANROCH K DPACCMOTPEHHIO
npoo6pazoB TOYKH ¢, T. €. B JJAHHOH CMTYALHH KOpHeA yDaBHEHHA
f(z)==c. Ecan Td kopun 430AHpPOBAHB M €CAH B KaKIAOM H3 HUX
akobuad == 0, TOo TononoTHUECKAR CTeleHb paBHa pa3HOCTH YHCAA
Kopueil ¢ .akoGuasom >0 H uncaa kopHelt ¢ sikofuanom <0
(AKODHAH gBicARAc 8 oTHOCUTE abHD noAR ), Mul 3Haem, uto siko-
Gian roJomopguoro otobpamentn (oTHochTennno K) Beerga =0
[no popmyae (V1,2;7) axobnau ¢yuxunn f paped | F' (2) Fl. oTkyna
BHAHO, NOYEMY Telepb BhiUncJeHde TOMOMOTHTECKOH cTeneHH
cBesioch NPOCTC K NoAcueTy uyucha Kopeef. Oaparo serton ra. VI
NeNPHMEHHM K TOUKaM, B KOTODHX sKoOHaH pabed myao. Mu
BHAMM, YTO AAS rooMopdRrOro oTo6paxeHHs f, ecAun B HEKOTOPHX
TOUKAX ero GpoH3poiHAas f’ obpainaerce B HYJb, T. €. €CIH KOPBEH
KpaTHbl, [pH BHYHCJIGHHH TONOMOTHUYLCKOH CTeleHH HAL0 YHUH-
THBATL KPATHOCTh TakuX Kopuefi. Jaa R-nuddeperunpyembrx
oToGpaKelund CToAb 3Xe NPOCTHIX pe3ynbraToB HeT. [loayueHuole
BRIBOJL TMO3BOJAIT AATh HOBYX: HHTEPNPeTALHI ROKA3ATENLCTBA
reopeMul JlanamBepa, npaBeleNHoro B caeAcTeUH 1 Teopemul TA. VI,
Tayv MBE VCTaHOBH./IHM, UTO TONOJNOCHYeCKAA cTefleMb MOARHOMa P
B Touke O paBHa m. Tor ¢axr, yTo m == 0, oGecnedusan cyuse-
CTEOBAHHE HE MeMee QNHOTO KopHA. Teneps sTOMY (aKTy MONKHO
LaTh OoJee TOYHOE HCTOJKOBAHHE, a HMEHHO: TOJHHOM HMeeT
B TOUHOCTH /# KOPiCH, eCAH CYHTATh KAKAHA ero KopeHh CTOMbKO
pa3, KakoBa eTo KPATHOCTH.

Caencreue 2, fIyeres fy, F, fon -+ —nocaedosareisnocts
KOMILIEKCHOLY 2040MOPDPROLX PURKYUL, ONPeOde 1eHHBLY HQ OTKPOITOM
muomecrae Q naocxocty C, 20KAA6HO PABHOMEPHO CXOGAMUACH
npu 1, CTPEHAMEMCA K DECRONSRHOCTH, K eoaomopdnod dynsyuu f.

Ecan V < Q ecre muoz2000pasue ¢ Kpoaem SeuecT8eHHON pas-
seprocTy 2 xaacca C' w ecan ypasnenue [(2)=0 ne nmeer xop-
nelt wa V, ro das Qoerarouno Gosswmux n ypasHedue [,(2)=¢c
TeM Ocaee He umeer woptietl #Ha V u wucac ropued ypaseunt

fo(2y=1¢ 8 V pasno nucay sopueii ypaswenun f(z)y=c 8 Y, ecan
CHUTATE KAWLl KopeHs ¢ €20 NoPACKOM KPATHOCTH.
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JogasaTenbeTBOo., YTBeDKACHHE, OTHOCALIEECH K KOHTY PY,
noaydaerca c¢paszy. B caMowm gene, ecau ypaBHeHne f(z)==¢ He

nmeeT KopHeil na V, To sennunda | f(2) — ¢ | aMeeT MuanMyM 6 > 0
Ba KOMUAKTHOM MHOMKecTBe V. EcaH 83ATh 1 HACTOABKO G0.IbUIHM,
yrobe paszaocts ' f—f, | Geita <L 8/2 na V, 10 ypasuenne {,(z)=¢

He Oyner uMeThk KopHel Ha V. IAA 3aBepuleHMs Z0Ka3aTeNbCTBA
JOCTATOUHO BBIYHCHTL HHTEI'palbHoe BHpaxkeune N (f,3 V; ¢), onpe-
yeanemoe no popuysae (VII, 4; 29}, 1 BLINOJHATL B 3TOM HHTErpade
Nepexoa K apejeny {nmpoctedwnH cayyall paBHOMEPHOH CXOIUMOCTH
Ha KOMIaKTe).

davevagre, C vueloM NOpefibIYLIEro CHASACTBUA TOJYUSH-
HL# peay.qbTaT €oBnajlaer ¢ Teopemol 66 ra. VI

IMycete f — KoMNAeKcHO3HAYHAA ToAoMOPdHan PYHKUHA, 3a4aH-
Han na oTKpuToM Muoxecrse Qo U, Toropar, uro qynxius f
p-ancTRa, ecnM IAA Kamiod Toukw ¢ =0 ypasHenue f(z)=¢
HveeT He Godee p xopHedl B ) (cuxTasm Kawxiabil KOPedb ¢ ero
KPaTHOCTbIO) H POBHO £ KOpHel xorA OH AAA OIHOH TOYKH c.
OTtciona chaegyer, 4To [ OTJMYHA OT TMOCTOAHHOIM.

Cheactahe 3. Eean zoromophuvie KOMAALKCHOZHAYLHbE
pyrsyun f,, sadannoe 6 cea3nom Mronecrse Q, CXO0ATCA AORAROHO
passosepro 6 Q £ nexkoropomy npedeay [ u ecau sce dyuikyuu f,
p-AHCTHOL, TO ANGO 3TOT npedea [ ecTé nOCTOAHHAA (PUHKHUA,
AUBO pynkyun | casa p-auctaa.

HoxasarteabcTBo. 3amMeTHM CHAYana, UTO OOCTOSHHAA
$GYRKUAA, 04Y€BHJHO, HE S-JMCTHA, DOCKOJbKY CYIMECTBYeT SHade-
HHe, KOTOPOe OHA NpHHHMAeT GecKOoHeuHoe 4HCAO pas.

[IpepnoaoxuM nosremy, uto mnpegedbHas (yHruua [ ne fno-
croaxia. Torna KopuH ypapHenus f(2)==c GVIYT K30ARPOBAHHLIMH
TOUKaMH Muoskecrsz (. Ecan 6m TaM uMeoch g > p (g =< 4+ o)
.KopHel 3TOro YDABHERHA, TO MOXKHO OBINO Okl HAHTH Takoe KoM-
IlaKTHoe MuorcoGpazue V ¢ Kpaew, codepikauieec B Q, 49ro ero

rpaHHua He coaep:xaJna Opt 3TUX KopHefl, a ¥V coaepxana 6wl g, > p

RopHell (npHueM ¢, == ¢, ecAn ¢ KoHedHo). Torna H3 CJAACTRHA 2

BHITEKANO GBI, 4TO AJAA KOCTATOYHO GOJBWIHX A YpaBHenne [, {(2) =¢
[a]

iMeno Obl He MeHee ¢, KopHeil, aexawmnx B V', uro mpotuBopeuut
MPeNONOKEHHID O TOM, UTO DYHKUHM [, p-THCTHE. IDTHM H KOKa-
34aHO CJedACTRUE. -

JameuaHue, EcrecTBesro, uro cayvalfi, Koria npeaeiibHas
Gyukima [ NOCTOAHHA, BNOJHE BO3MGMKEH. J[lOCTATOYHO pPaccMo-
TPETh NOC/ELOBATEALHOCTE DYHKUHA [,{2)= z/n. PyHKUEH s5TH
OIHOIHCTIILL H PAGHOMEPUHO CXOAATCA K 0 HE KaWaoM KOMIIAKTe H3
C. Hx mpenen 0 He ABNAsAETCA OAHOMMCTHON dynkuuefl,
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Chaencrane 4. llyers [ — KOMRIEKCHAR 2ciohophrat drymk-
yun, onpedesennan 8 rnexoropol okpecrrocry roukn ¢ =C. fiped-
noaoxcus, «ro 048 pyuxkyun [ e Touke a apouseodnvie nopadka
1, 2, ..., m—1 paenst Hytio, @ NPou3BOOHAR HOPADKa M He
pasna Hyaio. Tozda cywecrayior Takue oxkpectroctu & Towku «
u B rouku b=F[(n), wro | orobpamaer & na B, npunes [(sf)
nokpeteaer B roeno m pas.

Korna mbl rosopum, uto f{(s#) mokpeiBger & {TOUHO) m pas,
TO 3TO 03HAYAeT, YTO AJ8 KawA0H Toukd ¢ & B yparHenue f{z)=¢
#MeeT TOUHO 1 KOpHell B & (CYATAA KAWMILIE ¢ €70 KPAaTHOCTRID),

Jlokazarearcerro. OBo3naunu uepes A Kpyr ¢ UeHTPOM
B TOUKe ¢, B KOTOPOM YpaBHeHHe f(2)==» He uMeeT IDYTHX Kop-
Hell, KPoMe @, ABNAILErOCH KOpPHEM KpaTHocTd s, Torpa tonofo-
ruyecKas cTeneHs otobparennsn { kpyra A 8 U B Touke b pasna n1.
0aHaKo TONGJOTHYECKAA CTENEeHb B TOUKE ¢, HEMPepblBHO ABHMKY-
uciied Tak, 4robH He NepecekaTh ofpasa TPaHHLW y ofJgactH A
nupu orofpaxednu f, moctoauHa (Teopema 66 ra. VI wian npesw-
Aviuee cdejlcTBHe 2). 3HAYUT, CYLIECTBYET TAKOe OTKPHTOEe MHO-
HecTBo B, cojepikaliee TOUKY b, WTO ANA ¢ & & TonoJorHyecKkad
crenerp [|A B TOouke ¢ Besle paBHa m. Ecuad Temeph uepes of

° -1
ofo3HaunTh nepeceuenne A (), To MH noayuum, uro f(5f) = #
H Y4TO IS KaXKjoll ToukH ¢ & £ ypasHedue [(2)==c Mmeer m
KopHell B ¢, YeM W ADKA34HO cAeACTBHe 4,

Caencreue 5. Hyers f~ komntrexcnas eoromopduas Pynr-
HUA, 3ROQRHAA HA OTKPslTOM MHOxNcecrae Q naocxocry {0 u He
ROCTORMKAR Hit 6 Kaxofd caasnol Komnowenrte 2. Toeda orobpaxe-
nue [ mromecrea Q 8 C orkpuro u, 8 wacraoctd, obpas f(Q)
orkpatr. Ecan ynryun | unsekrusna, to ona asaserca C-dud-
deomopipusnon Q na ().

Hokxasarearcrpo, Ilyere a<=Q. Tlockoawky ¢yHKUHA f
He TIOCTOHHHA B CBA3HON KOMIOHeHTe MHOXKecTBa (), cofepxatle
TOYKY @, TO H3 caelcTBia 3 TeopeMm [l BoITeKaer, YTO XOTA O
OJMHa n3 ee NNpON3BOJIHLIX HE Oﬁpa].U,EETCFI B HYJMBE B TGHKE 4,
[Ipnmenaa npenmyiee clefcTBHE K CYKeHMIo [ Ha NPOH3BOJBHYIO
OTKPHTYIQ OKPEeCTHOCTE TOUKH &, MOMXHO yOeiHTbcs, 4TO oOpas
NpH oTeOpaeHHH [ 3TOR OKPCCTHOCTH ABJACTCS HEKOTOPOH OKpeCT-
HOCTBIO Touku b= f{a). CregoBarespno (¢M, Tadauuy Ha crp. 312
ra. 111}, oroGpaxenue [ orkpoiro. Hadee, ecin (yakiua [ HHBeK-
THEHA, TO OHa AO/KHA GbITh romeoMopduaMom Q Ha f{Q). Kpome
TOrO, €& MpoM3BolHad B Kaxaol Touke == 0. 3uaunr, B cHay
TeopeMul o6 obGpatunix dyukuusax {B camoll npocToli ¢opme, no-
CKOJIBKY felb HAET © KOMIVICKCHOH QYUROMH OT KOMIAEKCHoil me-
peMeHHOI) 2To oTo6paieHue aABAAeTed AudDHeOMOpPHIMOM.
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3 aMenanue . CJ[E}ICI‘BH&, OQCBHIHO, HCCNPABLAINBG, €CAH
$YHELHS TIOCTOAHHA. .

3ameuaune I, M3 cxazauiore, sooliuwe rosops, BOBCe He
cAelyeT, KaK MH 3TO yie suaedan B ra, [, uto [ ectb nokaabubtit
romeovopdusm. Brupouem, 310 COBEPLIEHHO FACHO, NOCKDALKY €CAH
MEl HAXOMITMCA B YCJOBUAX MPEAbAYLIETo CAeNCTBHA ¢ Mt =22, To |
3aBe10MO He OyleT JIOKAJBbHBIM DUMEOMOD{HHIMOM,

3Jameuanne 2. MOXHO YTOUHHTE CJACACTBHE H 0GOJWIHTD TEO-
pemy 29 ro. 11 o6 ofpathbix dyskugax. [lycte [ — KoMILIeKCHas
ronoMopphas pyHKUHES B OXpPecTHOCT TOuRM ¢ =L n f{a)=1b,
[Ipumennm teopemy 20 ra. III x momo C. Jlerko suners, d4ro
ecad [ (2) 7= 0, TO CVIUIECTBYIOT TAKad OKDPECTHOCTG & TOUKH @
M Takas OKpecTHOCTb & Toukd B, yto [ ectb U-andpdeomopduam
(kaacca C) okpecruoctu & na oxpectiocTe BY). Ecau ke 7 (@) =0,
TC C [IOMOLLBIO peSy.ﬂbTaTOB ra. I vH4Yero 3axkgmUHTD HeNnb3s
(eCJIy HCKMIOUHTD TAKHE CNELHAJbHLE MeTOAbl, KAK METO0, K3.10KeH-
el Ha crp. 34l[). 3xeck ke, OOCKOIbKY cKalAPUBM NOJEM
spaserca € v pasmepHocTh paBHa |, BCeCZAa MOIKHO CAeJaTh
onpegedeHnHil BuBoj. [Ipennonozxkum, Uro B TOUKE 4 TPOH3BOIHLIE
GyHKURA [ mopwakos 1, 2, ..., m— 1 paBHpl HYyJi0, a 1POU3BOA-
Has nopsafKa #i OTJANYHa OT HyJad. Torga MOXKHO 3alUCATb

ey —b=(z—a)" h(2), (VII, 4; 31)

rae &YHKUHA £ B TOMKe o B HYJAb He ofpawaercsa. Ilostomy
CYWECTBYET TAKAA OTKPLITAd OKPeCTHOCTh .5, TOUKH @, B KOTOPOH

MOJKHO BWODaTh rofioMopdHoe 3HadeEHe GYHKUHH ink, a 3HAYHT,
1 1

— —Inh P
Em=em , MomEHO Jajce MOAYyUnTh MOYAenno paanoxkennc Tel-
1

aopa GYHKUMW B™ B TOUKE @, NOJb3YACH Pa3fOXKeHHueM fi H pas-
]

SO EHHEM ﬁ‘imoma: ecaH A(D=h{a)(l + ...), ITO (h(z))?

==k (14 ...)", rie k — xakoe-u6o auavenne (R (a)™, a (1 +.. )"
i
pasaaraerca no gopmyse Suuoma. Oyukuus (f — b)) HMeeT B &,
|

HEeKOTODOe ronomophuoe snauenne g(z)=(z—a)(h(z))™. Kpome
TOro, TAK Kak IpOH3BOAHAR 5ToH ¢YHKLUHM B TOYKE ¢ He pasHa
HYJK (0Ha pasHa k), To OYEKUHA g, NPHHHMalouwan sHaveHne 0
B TOYKC &, YAOBJETBOPAET YCAOBHAM TNPUMEHHEMOCTA Teopemil 06
obpatiodl hyngunu. Cre10BaTeNEHO, CYILECTBYIOT OTKPHTAN OKpecT-
HOCTE & < &f, ToukKM @ H OTKpHT2A OKpecTHOCTR & TOukKM O,
Taxhe, uyTo g apnadercst L-audeoMopdusmom & HA K. YMeHbluiad

1) Bro Ohae e a3 YCTAHUBIEHO B CACACTRHH 5,
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3TH OTKPBITHIC MHOKECTBA, MOMKHO BCETAd CUNTATh, YTO 4 #BAfeTcH
KPyITOM ¢ UeHTpOM B TouKe 0,

Iyctes g=!-—o6pathmit muddeomopdusm ¥ wa &, u nyers
MBl XOTHM PelinTb ypaBHeHHe f(2)==c. Byaem npemnonarate, uto
ceb+ K" (roe K™ — mHomecTRO sHavennil {™ npu =X sro
CHOBA KpPYr ¢ LeHTposm B 0). MO OPHXOAMM - K HeOOXOIH MOCTH

!
HeKaTh pedlenne ypaenenus (F{z) — B)™ = (c — by, cojepa-
UIET0 BLIPAXKEHHS, HMemoLde /1 PASAHUYHLIX 3HAUYeHHT B . Peme-
nusmn 8 S 8yayr 2z =g~ ({c — 4)'""). Bee m pewieHNH pazNHUHM
BClOAY, KPOME TOUKM £ =, B KOTODOH OHA cOBIagawlT ¢ a. Moxuo
CKa3aTb, 4T0 obpauledne GYHKUHY ¢ = f(Z) B OKPECTHOCTH TOUKH o
AdeTcl  «MHOrosHawHoR (yHKUHEH» C m 3HAYEHHAMH & Z ==
!

=g~ '((w — 0)"™). Ecam u=F(z) —ronomopdaas ¢yuknns ot z
Hoecmu [ —b B TOUKe @ UMeeT HY/Ab KPATHOCTH A2, TO JIOKaJbHO 2
SBJASETCA roqoMopdHolt dymkumedr ot {« — »HY". TMonoxns aaa
npocrotre @=206~=10, noayunM, uro ecau # =/{(z) ronsomoppua
B OKPeCTUOCTH TOYKA 0 W B TOYKe 0 HMEET HyAb KpaTHOCTH M,
TO 2 B OKpecTHOCTH O aB/sieTcal roloMOpdHOR (yHKUmeH oT '/
(a cJefoBaTeRbHO, «MHOTO3HAUHOM» QVUKIMeldl aprymenrta u).

Teopema 26. Ecau & ycaosuax reopemst 25 gynxgus O 20-
aomophra 8 O, 10 umeer mecro gopmyra

o | 0 752 dz= N 0w) = Y o@), (viL 432

r

=] 5]
efe a; — kopru ypaswenun f(z)=c ¢ V u By—noaocee f eV,
KaxCObtit U3 KOTOPHA CHUTUETCR C(T0ALKO Pad, KAKO8Q e2o Kpar-
HOCTD.

HokasateabctBo., [Ipn dokasaTelncTBe TeopeMnl 25 M
BrAean, yre dpyHknua FAf —c) umeer B Kamaol Touke @; npocToft
HOMIOC € BHIYCTOM X, PABHWM NOPAZKY HyJas o; OVHRUHA | — .

Dyaxkuna ¢ 7 f_c HMeeT NpocTol noMmoc ¢ BeMeroM 2P {w;). Towno

‘4

TAK XKe ecan B, —nomoc GyHxuMH [ mopsdRa m, TO f_ij HMeeT
L

NpocToll noawoe ¢ BudeToM — m, CJaefoBaTeaho, fI)—F{—c HMeeT

npoerod momoc ¢ Bhgerom — m®P(B;), wro u naer mymunmit pe

3YJbTAT B CHJAY TEOPEMBl O BLIUSTAX.

O6o6menne na mopepxnoctd Pumana

HekoTopele H3 npeabAyliux yTeepxenuii obobmwaTea na
nosepxHocrn PrMaHa.

Teopema 27. iTyers W—noeepxnocre Pusana, f—somnaexc-
Has mepomoppras gyskyuana W u V —rkonxnakrnoe hodwnocoobpa-
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atte waacea C' sewecTeennoil passepnocru 2 ¢ epanuged I, [ycre T
CHADICOHD OPUCHTAKUEN epanust KoMraxkra V', usewweso 6 ceor
owepeds opuenTaic, enpedeate o opuerrauted nogepxrocry W,
Byden npednozazare, 4ro Gynkqus [ —c He umeer nu wyaedi, Hu
noaocod A U He ROCTORHHA HW 8 00RO CBR3RDE KOMHOHCHTE
nogepyocru W, fTycre, xpome roco, wa W sadana Kommiekcran
eogomopfina gynrgua B Toeda cnpagedanso pasercreq

Q—E,;PJ{—P;:NG; Vie)— N Vs o),

| (V1I, 4; 33)

o [0 =Y @) - T o)
r

20e NV, oY — wucao xopred o, ypaswerus [(z2)=c¢ & 17’,

a N{f; V; o) —aucao noawcos By dyuxyuu | 8 V, kamdoui us
KOTOPUIX CHUTAETCS O C80UM ROPAGKOM KPATHOCTIL.

HoxasatearcTso. Hanucaudve $opMyasl sBIAITCA pe-
YABTATOM MpUMeHeHHS QOPMyJ/e! BelitleToB {TeopeMa 22¢) K mepo-
Mophabim L-popmam dfff —e) v R dH(f —c). Beiuucreune su-
YeTOR — JMOKAARHAR OMepalHd H MOXeT TPOHABOLHTLCA ¢ no-
MOIBIO KapT, a Ha Kapre df ==f"(Z)dz2, Tak YTO BLIYETH COBIIAAAT
C BhiueTaMH, NOJAyYaeMHMH IO Teopemam 25 u 26,

Caencteua. CaeacTsus GYAYT TakHe XKe, KaK H Y Npeibl-
Aymux teopeM. HanGoace murtepeciitiM OygeT ToT caydail, Korga
W ABageTcHa CBASHEIM KOMIAZKTOM H Korla MoxHo Opats V =W,
T. e. Koraa rpasuna I' — nyerce Muoxkectro !). Torpa noayuaercs,
ytro N{(f; W; c)=N(f; W; o), a caepoparensyo, uncao N(f; W; ¢)
He 3aBHCHT oT BHGopa c.

Cnencreue 1. Mepomopirar wHerocTORHHGA KOMRAEKCHAR
Pynkyun, onpedesennar na cafsron xounarre W, npunumaer gee
L0 BHAYERUR OOHG U TO Xe KOHeHHOS HULAO paas.

DrToMy (awTy JAerkKo AATH HCTOJAKOBAHME.

_Mepovopbdan pyuxuns f va W onpeseaser orcGpamenne W
r C, npunuMalomee 3Haverme co B KaxAOM Todwce a dyuruin f.
Mosromy oua eceromopgro orobpaxaer W B L, B camom Zese,
€CAN TOYKA @ ABJAAETCA MOJWOCOM, TO |/ff B OKPeCTHOCTH TOUKH a
eCThb ronoMophHas Gyuruns co snadenusmi B € (nanpumep, co-
raacHo caeacrsuic 2 Teopemn 16), paepaas HyJio B TOUKe 4, H
LaS TOPOBEPKH CKA3AHHOIO OCTaeTcad JHMIL PacCMOTPeTh KapTy
{— 1z, oroGpamawwyio MHOKecrs0 (= Ha MIOXKecTBO

4} B 3ToM cayuae BTopaA (opMyna He MPenCTABJACT HEKAKOTO WHTEDECE
nockoanky gynrnm O, ronomoppuan na W, nocTomuna (cnenctune 7 teopemts 12))
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C@{O}C:@ (reopema 33, ra. 1I[). B uactHOCTH, B KauecTBe He-

npepsiBRoro oToGpaenns W s C oro6pamenne 1ff umeer ozmy
H Ty K€ TOROJOFHYECKYIO CTelleHb JJS BCeX TOUeK MHOXecrsa U
(cm. mocaesuwio dpasy ra. VI). H3 caeactsua | Teopemsl 25 BH-
TeKaeT, YTO T4 TONOJOTHYECKAR CTeNeHB €CTh B TOYHOCTH YHCAO
pas, xorTopoc OYHKUM [ OPHAHMACT KaKAOC CBOE 3nAdeHne:
a{f, W; ey=N{, W; ¢). Dro unciao OyleM 3anHCHBAaTh INPOLLE
B Bua¢ d(f) unu N{f) v "azuBate cTenenso pyncunn [. Bopouem,
ocoBoii HeoGxonuMocTH paccMaTpuBath umenHo U Her:

Carnemgcteue 2. Henocrosunoe zoiomopdnoe orofpajxcerie
cen3non RoMuarTHot nosepxroctu Pusana W na dpyeyio Takymo xce
nosepxuocte W orkpmro u umeer 6o scex rowkax W ooduy u
Ty Ke Tonoocudeckyo ctenens dify > 0, pasuyio wucay N(f) npu-
Humaemsx ewo 8 W anauenuil,

TIpennosioXKuM, B YaCTHOCTH, 4TO f— HENOCTOAHHAS pauUnO-
HaabHas Apo6b — MepoMopdHAn (YHKUHA HA C nau ronomopdHOe
otobpamenne © B C. TlyeTh cHavada [f= P — NoanHoM CTemeHA
m > 0. Tloaudovw P npuauMaeT 3HaueHHe 00 TOJNLKG B TOUKE 00,
IMoabaysachk ANA He3aBHCHMOR MepeMeHHOH d QYHKIHH OAHOH H
Toll e Raprofl £ —» 17, otoGpaxawmed ¢ =C na Cs {0}, v ywu-
TeiBaA, uto /P {2} ~ 1f(2,2™), noayuaem, yto ypasHeHHe P {2)=co
HMECT KOpCHOb KPATHGCTH 1 B ToUKe oo, CJaeloBaTedbllo, CTCOEHb
¢ynkune f~ P pasna m 0 P npuHEMaeT KaX]0e 3HAUCHHE m Pas,
Mu crosa mogydaeM Teopewmy Jarambepa. Ecan Tenepbh B3ATH
f=P/Q, rieg P U Q — MOJHHOMK CTeNeHH p H §, He HMeollie
obuex HyJ efi, t0 QyHKUMA [ 3nHaveHne oo IpHHHMaeT ¢ pas
B HYJaX NoAuHOMa € H, KpoMe TOTQ, NPH P2 > ¢ B TOUKe o©
¢ kparuocthio p —¢q. Ec cTremems pasHa, caenoBaTeqsHO,
g4+ ip—gi=p npt p>g H g npE p<ig;, BO BCex CJAyTanAX
d = max{p, g). [To3TOMYy ecau HYXKHO PelilTL Ypasnenne | ==,
TO CAeYET PenTh ypasuenhe P —eQ =0, nmewnee d==max(p, ¢)
kopHeit B U (ecnn p==g M ecJM uUHCAO ¢ TaKoBo, uTe P — Q)
UMEET MEHbUIVIO CTeleHb, TO QYHKUHA [ TMPHUHMAeT 3naveHHe ¢
B TOYKe 00},

Mepeas npoGaema Ky3zena B KOMNJIEKCHOH MI0CKOCTH

[yers {a;}; ., — 3aMKHYTOE MHOKECTBO H30/HPOBAHHKX TOUCK C.
Jlas gamnpo#l M3 ToueK a; ompefeanm (VHRUHID P; — NOJAHHOM
OTHOCHTEABHO |f(z — ;) CO 3HAYeHHAMH B GaHaXOBOM NPOCTPAaH-

-

crBe F

> o - \ &
Pite)e= Y cme i () (V1L 4; 34)

=)
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flepsan npolaema Kysena 8 KoMnaexcHON RACCKOCTH 3AK.JH0-
YaeTcd B ONpeleneHHH MepPOMOPPHOR (yHKUHH ?‘ B C co suave-
HHAMH B ;g, HMelomled TOUYKH a; B KadecTBe MNOMIOCOB, W ¢ TJIaR-
HBMR YacTAMH P B 3THX noawcax: $yHKIUA ?m?; ACJNKHE ObITh
pervaspnoil B TO‘l.l{e a;.

Ecaun pax sz PABHOMEDHO CXOAHTCA HA KAMAOM KOMIaKTe,
He CcOJepxauleM MONIOCOB, TO 3aXaYa, OUEBH/HO, DAa3peuIuma,
TaK KaK nekomas (PYHKUHA ©CThb CyMMa 3Toro pama. B camowm
AeJe, ona npedctangaser coboll vexoTopyio roneMophHy OYHENHIO
B OTKPHITOM MHOKeCTBE, MONOTHHTENEHOM K MHOXMeCTBY TOUEK a;
(caezcrere 1 Teopemu 16 Beifepurrpacca). C Apyroé croposs,

eCJH pacCMOTPETE NPOHIBOMBHYID TOUKY &, TO paf Z P; paBHO-
il

MEDIO CXOAMTCH M4 OKPYKHOCTH € UBHTPOM B @, H, CJel0BA-
TeThHO, O TeopeMe Befiepiivpacca BO BCEM KPYTe, CrpaHHYeHHOM
3TCH OLPYXHOCTBIO, 4 3HAYHT, Ha JMOGOM KOMNAKTE, He coaep-
JKaneM HH OXHOH H3 ToYer a; 3 ag.

TToayyensas cyMMa NpeAcCTaBJAAET coGOH rogoMopdayie PpyHk-

IHIO B C{a;}hﬁk, a 9TO 3HAYHT, YTO P,@ €cTh FAZBHAR YacTh

q:;yHKu.HHI B Touke a,. Oinako, Boofme rosopd, paj EP; He
CXOOHTCH M 3apaHes HE fACHO, WMERT JAH MNOCTABAEHHAA 3a7ava
pemeHne,
Teopema 28 (Murrar-Jlepdaep). Kakosa 6ot au Goira no-
s
CATOBATLALHOCTE TOYCK @ U eaasnux qacred Py, Cyugectayer
MEROMOPPHAL DYHRUUR f g8 C co suaqenumm 8 F wMeowan

ROAIOCHE 0y (i 3a0QHHHIE 2RAEHBLE HACTU P;. Obuyee pewenue srod
3adany ROAYHAETCR NPUOABASHUL M K HACTHOMY Pelerio Npous-
.

goabn0t yeaod gynkyur co Fraqeruasu g F,

Hoxazareascrso. Ilycte & — npoussosavnan'} Touxa, He
anHa,me::Kamaﬁ MHD}KECTBY TOUCK 4;. HYCTb 3agaHa TaKaa Io-

CAeLOBaTeAbHOCTE uHced € >0, uto pAn O € cXomktea. $yax-
-

una P; ronoMopdHa B Kpyre |2 — b | <|a; — b |, a cnemosaTenbHo,

uMeeT pasaoxenue Tefiaopa, HOPMadpHO cXoaduleecs B Jibom

KPyre CTPOro MeHBlErc pafuyca ¢ UeHTPOM B TOUke H. 3HAUuT,
>

CYILIECTBYET TOAHHOM (Q;, ABJAIOMUICA KOUeHMHOA CymMMmoh cre-

" BooGwe rosopa, 6epyT b =10. Qarako MoKeT caywntecs, 4o 0 comma-
naer ¢ OaRON H3 TOuek & Hawe & sroM caydae sanauy Murrar-Jleddnepa

PEWAIOT CHAYAAA OTHOCHTEIBHO cHCTeMb Touek a; %= 0 upn 6=10, a sarem
K DOAYYEHHOMY DPe3yabTaty ACUABAAKT NI4BHYIG wacTh, 38JaHHYK AMA Touku O,
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> -

nenefi z—b, Tako#h, uro |F;(z) ~ Qiz){=Ce, mia |z — 6|2
a,— b

<lu=tl

Pacemorpum puan

f@)—= 24 3 (P (2) — Qu(2)). (VIL, 4; 35)

3T0T DAL HOPMAIbHO CXOAMTCA HA KAaXKAOM KOMIakTe K, He
COJlepKalileM HH OJHOMD H3 NCJAICOB a;. B cavoMm gere, Taxoe
MHOXKECTEO K COIePKHTCA B HEKOTOPOM KpyTe | 2 — b |< R. Ecan
BHOpPATh LEAOE UHCAC P TaK, YTOOH |4, — & |22 2R maa a2=p, 10

S
OpH 22 p OyleT HMeTh MeCTO HepaBeHCTBO | P, (:e)~—|§,1 (2) L
-

148 ze= K, CyMMa storo paza f, coraacno teopeme Bedtepmrpacca,
ABAAETCA TOACMOPPHOA qbyuxunen B OTKPBITOM AOTOJIHEHHH K TOY-

KaM g,  DyYHEUEA F Qk} ecTe CYMM4 HeKOTOpors pdaa,
KOTOpBIlt B cHaY paccymne}mﬁ, AHAJOTHYHBIX TIPEABIAYUIHM, CXO-
AHTCA PABHOMEPHO B JOHONHEHHH K MHONKECTRY TOUEK @; 7= dp,
a CnenoBaTeaLHO, ABASETCA roaoMophaoi yHKUKEH B OKpecT-

HOCTH TOUKH ap. Tak Kak Qk — FOAWIOM, TO 3TO OIHAHACT, TO f

UMEET MOJEC B TOUKE @ C rEaBHONl YacThio Pk, ueM M 3aKaHYH-
BaeTcs JOKAa34aTe/dbCTBC TEODPEMH.

3ameuvaHue |. TeopeMma coxpandeT cuay, ecnn 3aMenuts C
Ha MNPOM3BOJbHOE OTKEPBITOE MHONectBo Q — . Quikako noxasa-
TeAbLTBC, XOTR H OCHOBAHO Ha TexX e uiesx, TpefyeTr ropasno
Gonee TORKUX pacCyxIAEHHA.

SamMeuaunne 2, Tpenpayulyic 3anauyy MOWHO 3HAUHTEBHO
0008iNTE.

3anaanMcA TOURAMH ¢; H AAA KaMAOH H3 HHX Pa3foXMeHHeM
J'Iopana C O]‘paHH‘-[QHHhIMH B OGOHX Ha['[])aB.I'IEHHﬂX noRasarefaMH:

P(z) = Z Cilz— @), peZ, q;eZ gi == pi. (VI 4,35,

ﬂt—Pf

Byaem temepn HMckate Taryio mepoMopdHyio ¢yNKIHIO f wa C,
4yToBL ee pas.rlomeﬂne Jlepara B OerCTHocm TOUKH @4y AN Ka®

WAOTO { HMENO BHIL Z c,,b;(z—a;}“, rie c,,,i — KoatdHEHEHTH P
=g
¢ e
by
a.+1
0

A8 Kampaore n< ¢, Torpa QJkauHﬁ rofoMopdua

g=—a
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B kpyre |z |<la;| H, caeposaTesbHR, MOKHC HAATH TaKo# uon-
2
RoM {;, urto

> 7;+1
{ Py (?Hrl O, (z )| <g,( Iifl) aaa |z )< 1 , (VII, 4; 35,)
£ ) ;
a HOTOMY

1@ — ¢ —a)* Ql <o amn 121

= > -

Cxonnmiicn paz f(2)= 2 (P, (2) — (2 — ap%* Q:(2)) smaseren
peuleHHeM NeCTAaBASHHOH 3&;[8.111{

B qacmo-:'rn, AN KaxkAoe pasaoKeHHe P{ CBUAHTCA K MO-
cTOARHCH c;e)* TO NOJyuaeTes Ueras ro:;omopbnan yHKUHA
na € co suaueHuamH B F OPHHHMA0WAS 3HaYeHHs C; B TOUKAX d;.

Bamuple YACTHbIE CA Y4an

Ecan Bce TouKn @; 2aZaHbBl Kak RpocTole ROAMOCH. H LA Ka-
MO0A H3 HHX 3an4Hb TJaBHBIE Ya¢TH _!:'3,- (z)zz,/(z—-a;), npuueM
pAn EII.;:: I/l @; | cxoanTea, To B KauecrBe pewmenda 3azatn Mur-
rvar-Jledpdriepa MOXKHO  B3ATh Z!SL B cavoM penre, ans
|2 1= gy |2 neer mecTo oleHKa

AN

|2 ~—a;| = la |’

(VII, 4: 36)

H3 KOTOPO# CJeMlyeT, ¥TO paccMATpUBAEMBIH PAJ HOPMATbHO cXo-
JUTCA H& KaMAOM KOMNAKTE - H3 OTKPHTOTO AONOJHEHHHA K MHG-
KECTBY TOUYeK «; (CM. paccyxieHHe, npoBenentoe BbIIIIE),

Ecau B chytae NpOCTHX MOMIOCOB sl El] ¢l a;| ne cxoamres,
a psig Zilcf W a [ npu HEKOTOPOM r CXOJIUTCH, TO B KAUECTBE
PeleHH MOXHO B3ATb (YHKIHID

?(z)=23’;(r‘%+;—_+§+ +‘) (VL 4; 37)

[

(3necs MB moJoxkHAH h=0. 3aTeM DPACCMATPHRAETCH MOJHHOM

= {1 2 2! x .
- (a—+-?+ N )mQ; (2), ABAAWMHACA HAYaI0M pas-
; @

JOFKEHHH PyHKLHH ct,’(z—a;) no cTemeHaM zZ B kpyre |2 |<|a;},
H COCTABAACTCA DA3IHOCTH P; Q;)
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B camom Adefte, npH |zl a; /2 cnpaselsinBO HEPABEHCTBO

Lt )
z-a‘- a;

a4

- o0 2 4
_ Tl
EA il

? H‘”:|| y

]ai| 1

||cs fil=

|a |r+1 4

z
a

(VII, 4; 38)

=~
-

F4
“:

TAK T"TO paCCManHBaeMbei paZ HOPMAJABHO CXOAHTCA B KAMKIOM
KOMIIAKTE H3 JAOMOAHeHHS K MHOKeCTBY ToUeK 4. Ecoyn takoro
neJgoro o, pH KOTODOM HMeno O M@CTO HepPaABeHCLTBO

S +1

e/ a; [T < 4 0o, me eymectsyer, 10 Hago GpaTh mepeMeH-
uGe r;, H3MEHSIONMEESsT BMeCTe ¢ ¥ cTpeMsmeecs K -} oo npu | a, |,
cTpeMaueMes K -4 oo,

Pe3yabTat Ae€rko 06o0InaeTcs Ba KpaTHble MOJHCH.

TTpumep. Bubepem B KauecTBE MOAOCOB LeARE YHcda (nesZ)
H B KauyecTBe MABHOA YACTH B OKPECTHOCTH TOHYKH Z =1 — QYHK-

42
LHIO ( er . Torna B cuay lepaBeHCTBA

2 -

i 2 4 n .
s <o mm 21< (V11 4 39)

z--n n? 2

2
z-—-r;) HOpMAJABHO CXOAHTCA B KaXkA0M KOM-
h

= Y
pax flzh= 2,

F == -
NaKkTe W3 JOMOJHCHHA K nodmcaM, Bonee Ttoro, pan Gyzer Hop-
MATbHO CXOMNNThCH B KaxJodl momoce |x [ A (z=ux +7y), ecan
HblﬁpOCHTh YJIEeHEl, COOTBETCTRYIOIIHE MOJCAM, CDJIEIJ)KQLIIHMCH

B 3ToH TmoJ0ce; JdeHcTBUTEAbHO, HepapeHcrso (VII, 4;39) coxpa-
H .
HuTea Aaa |x|g§ jz—n|l=lxt+iy—nl=lx—n)|.

OrMmeTAM, uTo GyHKUNMS [ MepHOAHYAA ¢ HepHogoM 1.

Ho dyuxuuna z—n®fsin®nz uMeeT Te Xe NONOCH H Te Xe
r1aBHole YacTH. (Tak Kak OHA UHepHOAHYHA, TO OOCTATOUHO 3TO
npoBepATL ana a=0. [MockoJbky npw z, crpemmuemea k 0, 3Ta
pyukuna sksHpasenTHa 1/2* w uerna, To ee FJAABHOR YacTbio
dvaer dyuxuns 1/z2} TNostomy pasHocTs

sin?

S1 (z—u) - ‘n;z=g(z) (VI, 4; 40y

n=—ﬂo

ABJIACTCHE Leaol roaomopdHoli OynxuHed.
Ecar wmbl, coXpaHfifi KOOPAHHATY X OrpasuyedHofdl no adco-
MOTHOA BENHYAHC, YCTPEMHM 4 K & 00, TO NOAYyYHM, uTO $YHK-
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uua [ Gymer cTpemureea K 0. B camom aene, Mb BHAENH, 9TO

paan naa f PABHOMEPHO CXOEATCA B nonoce | x | A, a Kamxauii

H3 ero WIenos B OTAeJBHOCTH crpemuTeds Kk 0, Tak uro Hauie

yTBEPMKICHEE OTHOCHTEIBHO | BHTékaer W3 TeopeMul 66 ra. 11,
C apyroif cTopork, ¢yHKUHA SiN YIOBAETBOPAET YCAOBHIO

itz _ e——mz

24

Syl
~ =, (VIL, 4; 41)
Tak uTo mifsin’mz Opm Tex Ke yCAOBMRX TaKkKe cTpeMUTCH K O.

CacaoBatensio, TMPpH 3agadioM A Moxio waliTH Takoe B,
yToGBl A3 COOTHOMeHHH | ¥ | A, | # | 2 B ¢ileDoBat0o HepABSHCTRO
| g{z)|s< . Tlockoasky dyHRUNA g B KoMmaxkTe | x| A, |y |sC B
OTpaHHYeHa, OHA oOTpaHHYeHa B NOAoce | x|sc A, a Tak KaK oHa
nepHognyHa (¢ mepuogom 1), To oHa oOrpaHHYeHa BO BCell KoM-
NAeKCHOR TJAOCKOCTH.

W3 teopemnt JIHYBHILAA chenyer, uTo 5Ta OYHKUHA NOCTOAHHE,
a TaK Kak OHa upH (UKCHPOBAHHWHX X H Y, CTPeMALINXCA K Oec-

KOHCUHOCTH, CTPeMHTCA XK UV, TO OHa JOMKHa OHTL TOMOCCT-
BEHHC PaBHCH HyJI0.

|sinmz|=

1
EcJH Teneph 3aMeHdATb Z Ha 2 — 3, TO Mbl 0Ty YHM clefyiomee
YTBCPIKAEHHE:

Teopema 29. Hmetor mecro romdecrsa

F= 3 (),

fl==woo

+oo (VII, 4; 42)

= 2 (—)
costmz 1)'

filmzmps |\ € — 8 — "“2—
Brorupensas Tel'[epb HepBOOﬁpaaHHe, noﬂyanM

Chneacteue I, Mueror mecro romdecrsa

:rcctgnz—-»-[- E (z_n +%).

f===—03

foo (V1I1, 4; 43)
nig nz = 2 ! 7 + ] -
== 2—3—5 ﬂ+?
Foe ’
HokaaateawvceTBo. Pax 2 B OpaBoil YacTH mepeofl ua
fi==—00
1ol ()

dopmya (VII, 4;43) oucengunin o6pasoM cxoputea mpu 2 =0 (ero
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cymMma pasua 0), a pAX, COCTaB/JEGHHRIA W3 [PON3BOLHBIX,

-+ o
¥
il
L=
nouel
ceasuon mMuoxectee Q=Ccfnef, n==0}. Hz Teopemm 111
ria. IV chenyer, uTo 5T0T DAL CXOAHTCA JDKaJbHO PABHOMCPHO
e Q @ uTo ero cymMa paBHa TeprooOpasuofl aag  PYHKUHH

4

— s[nr;:rtz —, a4 CAel0BATeJbHO, C TOYHOCTBEO A0 ALIATHBHOA
nocroanioft pasua Aclgnz — lfz. Tax kag ofe sTH yuxuUHY
PA4BHH HYMK» B HauajJe KOOPAMHAT (MH 5TO BWASANH BhlIne A8
pana, dyHRUAR ke nmelg nz — 1/2 HeueTHA), TO OHH TOMAECTBEHHO

connanawT. 3aMeTyM, YTO MH B3A4JH HE NePBYID NONABIIYHCH
e
nepeooGpasnyic A PYHKUHA u(m) . Hanpumep, ccan 6ul

2
2—.‘1) CXOAHTCA JAOKAJAbHO DAaBHOMEDHO B OTKPHTOM

Mbl B3AJA B KauecTBe MepBoofpasHoi

1
—» T0 f0oayuHIH Obl

2 l n +-E' pas-
Rbie HYJdo B HAYaJde KCOPIAWHAT, ¢ TéM, YTOOB!I MOJYYHUTE CXOMIE -
MOCTE XOTH OBl B OAHOH TOUKe {Hauane KOOPNHHAT) M MMETb BG3-
MOMKHOCTh HpHMeHHTE Teopemy 111 ra, 1V, Bor moueMy npemJocs
BHIACAHTL H3 nepworo pana (VI 4;42) wnen 1/2%, umewnmnd oco-
feHHOCTb B Haladz KoopAuHar, Okonuateablo nogaydeHdmi pe-
3YJBTAT BHOJHE corgacvercsa ¢ dopmyaod (VI 4,37) npy r=11n
€0 CHKA3AHUWM B NPHMeUYaHHH HA cTp. 408,

Tor ke caMmblii MeTON AOKA3aTeAbCTBA NPHMEHHM KO BTOPOIi
dopuyae (VI 4;43). Tak kax 0 Goabue He ABJAAETCH MOJIOCOM,
Te BCe WIeHH paccMmartpHpaioTces pasHonpas#o., OGe wacT paBen-
CTB& CHOBA COBNANAICT B HaUade KOOPAHHAT, I'Je OHH, OUSHHIHO,
PABHE HYAOEW,

pacxonawgica piaa. Mot BaGpany reproobpasHbie

3aMevaknue I'pynoupyd uleHsl ¢ HOMePAMA H H — 12, Y&CTO
mAmy T

nclga2=%+ i (L).

(VII, 4; 44)

utgnz=22r§ﬂm.

Hn pas oxuHo#t w3 dopumya (VII, 4;43) uan (VII, 4; 44) Heno-
CPCACTREHHO HE BHAHO, HYTO MNP&BBEIEC YacTH MNEepPHOIHYHBR ¢ Te-
paogom 1. Tlposepky sroro daxkra Mm OPeROCTABHM YHTATEMO
B KAUeCcTBe JErkoro ynpakHeHud,
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dyurnua metgnz — 1/2 ronomopdra naa |21« 1 n 3anaercs
B BHIe JIOKAJbHO PABHOMEPHO CXOIAUIErocH pARA H3 COTOMOPHHBX
qryngunii, CaenoraTenbHO, HMeeT MeCTO JAOKAABHO paBHoOMepHad
CXOOHMOCTb PHZa W3 TNPOH3BOAHBIX (cheicTBue | Teopemsl 15
Beflepwtpacca); B yacTHOCTH, AONYCTHM (EPEX0I K NPeIRTy B KO3h-
uuHcuTax Telgopa B Ravate KOOPAMHAT.

Taxum obpasoM, k-fi Kosbduaueur Tefliopa dyukoun w ctg nz—
— /2 ¢cormanaer ¢ cyMMmoll &-X Kospduunentos Teftopa dyukumi
22/(2% — n?). Mz pasno:KeHnn

S E T S T T — (VII, 4; 45)
BHTeKaeT (opmy.ta

H 2 2 2p—1 . .
ctgz=—z~——?§(2)z- —uTDQ(Qp)zP — ..., {VIL 4; 46)

rae ¢ ectb L-bvukuug PnauaHa

o

BE{OE S (VIL, 4;47)

n=]

onpencheduas gopmyaoit (I, 16;4) ra. II.

Pasnoxenue J[lopada dyHxune clgz mo crefeHaMm 2 noJy-
YaeTCA HEMNOCPEACTBEHHO AededneM PasjJomelHd c0$2 Ha pasdo-
HeHne sinz., 210 GyzeT pasnoskense, Bee K03PHHUHEHTH KOTOPOTo
PANHOHAMBHE, MOePBHE YWISHH MMeOT Takol RUIL:

1 z o 22° z .
Ctgz—?_‘g‘_ﬁ—'%‘—m P (VII,4,48)
OTCTO,U.EI CACAVET, UTC YUCd ‘:(92;)} PanHOHAJBHE ¥ HTO HX MOKHO
n

NOCJICIOBATCALHO BHYHCAATE no (popmysaM

(V1I, 4; 49)
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HMapectiio, uro {s) crpemurca K 1, woraa Res crpeMmutcs
o=
S
ik +oo. B camom nmene, aas Reszzl4e>1 pay 2‘ 5 CXO-
l =
AUTCA PABIIOMEPNO, a4 KaXALl ero wien -5 ¢TpemnTea x O npw

Re s — 400, KpoMe Tepsoro uiewa, pasuoro | (eme opno npu-
sedenne Teopemul 66 rn. 11). CuenoBaredbHo, uncIoBas Nocaeno-
BaTeIbHOCTh n46, m%90, a5/945, n%/9450 ctpemmtcs K |.
Suauenun £(2p + 1) aast nedeTHHX uwucen 2p 4+ 1 HeHzmecTHH,
YulThipaa ckasannoe no nosody opmyant (I1,16; 19) ras
sHaKouepeaylowmnxea pagos {,(2p), noayyaem dopmyas

Al o2
L=y =

n=I

(VIL, 4, 50)

—yr! Tt

S
Qa{4)=2 T:W’ e

=l
Caeactene 2. Hmewr mecro pazioxcenie

e

| { L 1 1 7 .

P =?_‘_+ 2{ (2+2m'3¥__2m'315) (\“,4}51)
n=—sm )

ns0

6, KpoMe T020, 8 OKpPecTHOCTH Touku z==0 pasaoxenue

MY B _
- m%—%-{- E%—-Bﬁ,zw ' Oan |2 | < 2m, (VI1I, 4; 52)
g=l

= 2 IR ) e 1) .
By = an) 2 (2p), uau') oY Bp=""ggmr - (VII, 4,53)

Hast 10K434TebCTBA NOCTATOYHO, HCXOAA H3 QYHKIHH eig,

]
3anucaTh (YHKUAD —>—3 B BHRe

1,1 ] ;
e =—§+§Ctg'§=—]?+2ic’rg—‘2i (VIL, 4; 54)

U BOCMO.Jgb30BATheA (opumynamu (VII, 4;43) u (VII, 4; 46). Mowmne
TaKKe JaTh NPAMOEe HOKA3aTeJhCTBO, AHAJIOPHYMHOE TPEMBIAYILHM.
Paunoxanbdble wucla B, HaseBaWTCA suciaMuy Bepryaiu.

') 3aech HOBOMBHO HCKYCCTBRHHO BBEASH WieH (2p)l, NOAEIHLA B HEKOTOPHX
NPUIACKEHNAX,
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Ony npuMerA0TCR OpH PelieRiH PAla 3a3a4 A4aRH3a N Teopuu
ynces. [lepBuie U3 HNX TaKOBR:

1 | 1
B|=F, BQ_:'E(]'; B3:T2-! B4=‘§6i"" (VII’4;55)

Sameuvaune. Qopmyan (VII, 4;42), (VIIL, 4;43) u (VII, 4; 51)
MOMHO PAcCMaTPHBaATh KAK CBOErO Poga ¢PA3J0KeHHe HA IPOCTHEe
ApoOH» (GYHKUHEA, cToAWMX cieBa. OIHAKO B DPasfoKEHHH PailHO-
1 L3

+- )

2t il

HAJRHBIX ApoGeli Ha IpocThie IPOGH TAKHX YJ1£HOB, KaK(

. 1
ne oGwBaer. Caaraemoe o BDCAENO 37ech A7 ofecHeuelna cXo-

AuMocTH. C APYTOi CTOPOHEL, €IeJas YACTHY Pa3/I0KeHHs, KOTOPAs
B MPHHUHIE MOrAa Obl GbITe NPOH3BOJLHON ieJoil dyuxuwei, cpe-
AeHa 31ech K CBOEMY [POCTeHWIEMY BHIY € NOMOLIbIC PACCyXKie-
HHH, OCIHOBANHBIX Ha Teopeme Jluysuana (cm. ctp. 412),

MMepsan npoGaema Kysewa na nopepxnoctu Pumana

To, utTo GBLIO coeaaHo AAd KoMiJexcnod naockoctd C, mMoxHo
NOBTOPHTL A9 NPOH3ROJBHON puMaHosoil nosepxucern W, [lycte
{a;}iEf—sanikﬂyfToe MHOMKECTBO H3OWTHPOBAHELX Touek W. B oxpecr-

HOCTH TOUKH ; HeJibaf Y3e 2aRaThb TOJAHHOM OT —— - TAK KaK

ocJAefHee BHPAsKeHHe He HMeeT cMelcad. OEHAKO B OKPeCTHOCTH
—=
TOUKH g; MOXHO 3amaTh MepoMOpPhHYH dyuxudio P; W HCKaTh
-
TAKYI0 MepoMOpdHYI0O dyukumw [ wa W, uwrofm aas kamioro
2 =

byuna f—P; 6p1a ronomopbHol B 3TOH oXpecTHOCTH, DTa 3a1aua
H HA3WBAeTCH nepeol npobaesmoi Kysena na W. Mowno cunrars,
UTOo B OKPeCTHOCTH Ka)I{,ELOFI TOYKH &; 3afadHa JoKaleHag KapTa

; ) -

O O, C—»DAC), Dy{o,)=aq;, 2 notoMy dyukuma P, 3azasa
B OKDECTHOCTH TOYKK a; B (J; B Bulie HeKOTOpOro MOAHHOMA OT
1
E—o i )
qoMopdroil PyHKUNHE, He Mrpawlleli 3fecs HHKakol poan, Hame-

! f
HeHHe krapto, T. e. C-puddeomophusm {—>L, C:—>C; xora H

1 1
HE HEPEBOIAHT ROJHHOM OT —— B TOMAUIGM OT ———, HO mje-
~— [
I i

HJAR e B BUAe CYMMB TAKOTQ MDOJIHHOMA M HeKOTDpOi’[ ro-

ofpasyer cyMMy HOJARIOMA OT T roAoMopdHOl QyIKUHH

3
B AHAJOrHYHy® cyvMmy. MokHO Ty xe 3amady MNOCTAaBHTh He
TOMBKO A4 (ynKudil, HO B AL1s1 mepoMophuasix [-dopwm. Odnaro
ace pesgaeTaret OyOyT CHALHO OTAUMATOHCA OT Tex, KOTopole Goial
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noaguenst dan caguas T uau orkpoaroeo muoxecrsa us C. sadasa
He geeada umeeT pewienue. Mil ceiivac noapodio TpoasHaJH3HpyeM,
UTO MPOHCXOAKT Ha KOMOAKTHOH mosepxHocTH Pumana W. B sTom
cAyuas HMeEeTCd KOHe'uHOoe 4HHOH TOueK ;. ﬂpeﬂ,nom):mm 414
APOCTOTH, YTO [pedb HLeT O CKANAPHMX (QOPMAX H (PyHKIHAX:
e
F=C.

1°) PemuwM cuauaia opodaemy Kyseua wag 1-dopmp w. Han
KAWRON TOVYKM a4y nmveTs Pp— MepoMopdnan 1-dopma, salanuad
B OKPCCTIOCTH ;. Zra (popva onpeaesieT iIeKoTODHE BHIUCT.
Ecan l-dopma ® cywecrsyer, To dopma o — P; rosomopdHa
B TOUKe &;, 4 CJ1eA0BaTelbHO, l-QopMa ® HMeeT TOT Ke BLIUET,
yr0 U P, Ins Toro urofinl 3azavya 6Gunra pazpe.ntmof, HeoOXo-
AKMO O MeHblllef Mepe, 49ToOLL CYMMAa 3THX BhiyeroB Oblja pasha
aval (teopema 22¢)., Moxdo mgokasate (MO 3To oYeHs TPYZRO),
4TO 5T0 YEJIOBHE W AOCTATOYHO! €CAH GHO BBLINOJAHEHO, TO CYLIECT-
BYeT peluenne npodnemel Kyzena — ¢opmy @ Halltu MomkHO, Br-
SICHHM TenePb (TeNeHb HeOIPeReJeHHOCTH 3a’auvH. Bce pLuleHHs
moJaydaioTes OpHOABAGHHEM K OJHOMY W3 HHX TIPOM3BODIHOH rogac-
mopduod 1-popmpl va W, 3anaga cBesach K BHISICHEHHID pasmep-
nocta C-Bekroproro npoctpanersa [ roaoMopdunx 1-gopM na W.
Pacemorpum rpymny romodorndi W B pasmepnoctn | {ra, VI,
ctp. 266). Moxkno mokasarte, 4r0 oHa H3oMopdHa Z£°%, rae g —
HEKOTOPOE Iej0e YHCJI0, HaablpaeMoe podom nosepynocty Pumana
H SABNAIOUIEECH KOMRASKCHOO pasmMepiocTery npocTpanctea H,
3TOT pod CBA3AH ¢ OJLHHM IOHATHeM, OOGHYHO HEYETKO OIpeje-
JAeMBM B MaTeMaTn4ecKHX Kypcax. Korma paccmarpuBaercd
«aareOpaHvecKkan KPUBAad» B NPOSKTHBHOM IPOCTPAHCTBE, TO MHO-
HMECTBO €e KOMIIEKCHHIX TOUeR (BR/KYAA GecKOHEUHNO YIaJAeHHLIS
TOUKH)} HUMeeT CTPYKTYPY pHMaHosoit nomepxHoctH W (B cnyuae
YHURYpcaJpinofi Kpusol 310 Gyaer cepa Pumana C). To,uro Hasu-
BAIOT POAOM KEDHBOH, H €CThb Kak pa3 YKa3aRHHIH 2xech pon g.

2°) PacemotpuM Temepp mpobuaeny Kysena aas  ¢yvHKumi,
MoxHo yKasaTh yea0BHA, HeOOXOAWMHE ANA TOTO, YTOOH 3Ta
npodaeMa HMesaa peutenne, B camMom pede, eciy @ — roaoMopdHaasn
I-dopma, wm=H, u P; — mepomopdras oyHxuma, sagaHpas
B OKPGCTHOCTH TOUKH &;, To P,w Oyaer mepouopbuoit I-dopmoi
B OKPECTHOCTH ¢, Ecam cymecrByer Takaa mepoMopdHas ¢yHK-
mia [ Ha W, uro aas kaxgoro / ¢yuxuua f— P; ronomopdna
B OKDECTHOCTH TOUKH &;, T0 [ #BJAAeTcs TaKoll MepoMopdHOH
I-¢opmoit Ha W, uTo for— P, TosioMopdEa B OKPECTHOCTH TOUKH 4.
CaenosaTesbHO, CYMMa BBHYETOB GopM P,or 10J4KHA ObiTh PABHE
nymo. Tak ao/KHO ObiTh nJa Kaxacl ¢opme @ = H, [lockoabky
HMEETCA £ He3aBHCHMBIX [OIOMOPPHLIX QOPM a7, @y, + .., Wy, 3TO
RACT & YCJIOBHH, KOTOPBIM AQ/MMKHA YAOBAETBOPATL cHcTeMa (YHK-
mui Py 3pech TakKe MOKHO [0KA3aTH (10Ka3aTeqbCTBO OUCHD
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CJIOJKHO), YTO 9TH YCJAOBHS H [0CTATOYHB! AJ4 TOro, YTodH 3anada
nMeaa pewreHne. Kaxkora xe mpH atoM 6yier CTemedb Heonpeme-
JAenHocTH? OTBET B HALleM CAyYae NpPOCT: Kamzas roaoMophHasn
byrkUmA nOocTOANHA (cmencTRHe 7 reopeMsl 12), a sHaudt, perme-
Hde OlUpeneseHO ¢ TOYHOCTBID A0 AMAUTHBHON NOCTOHHHAOR. 3TH
pesyJibTATH M AHAJOTHYHEE HM OBLIH JOKa3aHu B NpeRulAyIieM
peke Pumanom, Beficpwitpaccom m Adenem. 3aMmeruM, uto pad
I-popm HMeerca OIHO YCJACBHE PA3pPEIIHMOCTH H £ CTCICHCH He-
ONPeAeNeHHOCTH, a AAA QYHKIHR uMeeTcAa g ycaoBdil paspewH-
MOCTH H OJHA CTeNeHb HeoNpeleNeHHOCTH. Mexay 3THMH 3ana-
4aMH HMEST MECTO CBOero poaa ABCHCTBEHHOLTE.

Cymectayer oGobllekHe TAKore poja ABOACTBERHOCTH, YTO CO-
cTaBAfeT coiepaHHe Teopemn Pumana — Poxa, coBpeMenHbie
o6oB1Ienna KOTOPOH OTHOCATCA K Haudoac¢e MIyBGOKHM TeopeMaM
MATeMATHEH, ~

PaccmorpaM B KadecTBe uyacTHoro ciyvas coepy Pumana C,

1%} Tak rak cidepa B ¥ onwocsaswa (reopema 57 ra. VI, To
ee POI g paBeH HYMK, a 3HAUYWT, 8¢ TPYNMA TOMOAOTHHE CBORUTCA
K {0} (ramapéi 1-vepuniél ouks rovonoraued 0 0 gake roMoTtoned Q).
CrepoBaTe/Ibio, npoctpatcrse # ronomopdaux l-dopM csonntes
k {0}. 3aece s10, BOpoueMm, oueBunHO. [onomop¢uas 1-popma
na € spsserca uenod ma C. Ho Torna ecau oHa He paBHa TO-
HAECTBEHHO HYJK, TO B TOUKe o0 Yy Hee 00643aTeALHO HOMIOC MO-
pAfka 22 (HanmoMHHM, 4TO 2°dz HmMeeT moamwe nopsika k4 2—
cM. ctp. 396). ITosromy npoGnema Kysena paa I-popm Gyrer pas-
pemnmoﬁ, €C/IH TOMBEO CYMMA BHYETOB PabBHa HYJAD, H €C¢ pelue-
HHe eAUNICTBEHHO. DTO PCIIEHHE MOXKHO MOAYIHTD HENOCPeACTREHHO
caeayuy o6pazoM. Jag kamJiol TOUKH 4; = & B KauecTse
TAABHOM YaCcTH MOXKHO B3ATh Py = A; dz, rae A; — DOJHHOM OTHOCH-

i
TeAbHO ———_— Ge3 cBoGogHoro uaena. [lonomum ¢, ;= Res,, Pi.
(]

dz
JLas TOUKR 00 NaBHYIO MacTh BHGepeM B BHAE P=c_, . —z~+B dz,

dz
rne B - HekoTopeill nomuHOM (EanmoMEHM, YTO (OpMb — 4 dz

oco0bie). UmeeM ¢, ,==Res,P.. Ecnmd A= X A4, T0 HcKomasl
a; #a

13
dopMa © HeoDXOAUMO uMeeT BUR ® = Adz 4 Rdz, rae R — no-
JuHOM, Ecay B3tk TOUKY ©0, TO AOJIKHO HMETh MECTO PABEHCTBO

dz dz
Calo T Bdez== E ¢-1.¢ -+ Rda
7L
BTo KaeT, RO-NEPBHX, YeMoBHe X £+ (— ey ) =0—cymMmMa

{If*m
BHUQTOB JOJIMHA PABHATECA NYJIO; BO-BTOPEX, paBenctso B=R,
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oM eJHHCTBeHHEIM oGpasoMm onpegeaserca R. HMueeres ofno
YCAOBHE paSDEIHHMOCTH H Her HHKakoi HEDHPEHBJEHHOCTH.

2°) IlepefimeM Kk npobGaeme Kysena na © aas dyarumi. Taa
Ka'KAON TOYKH @; ¥ o TJaBHOH vacTblo Oyfer mOJHHOM P; oT

Ge3 ¢cBofoAHOrO WieHA, JIAA TOUKH o0 3T0 GyAer noJdsuoM P

& —a;
oT  6¢a cBoGonROro WieHa. IToaoxum P= > P;. Toraa aomkuo
a‘wﬁoo
BBITOAHATLCA PaBedcTBo f =P 4 R, rie R — nomunou. [Tyers ¢y —
CBOOOAHBIA UfeH TOAHHOMA R. 3aancHBAf YC/OBHe Ha GecKOHeu-
HOCTH, Nody4aem P = R --¢y, 4TO onpefieaser NOMHHOM R ¢ Tou-
HOCTBIO A0 MOCTOANHOH. 3Aech HCT HAKAKAX YCMOBHA paspewu-
MOCTH, a CTefleHk HeONpPeAeseHHOCTH paBHa 1,

Bropan npobmema KyseHa B KOMIJIEKCHOH MIOCKOCTH

ITycTe 3alaH0 3aMKHYTOE MHOMXKECTBO {0}, o, M30AHPOBAHHEIX
Touek u3 & M ana Kawnoro i memoe uaedo gy »=1. Bropas upo-
6aema Kysena 2akaouaeTcd B ONpPelleNleHHH KOMHACKCHOE 11eJI0H
dyuxumn wa C, nveoell TOWKH @; B KavecTRe HyJelt KPaTHOCTH py.

Teopema 30 (Befiepmpace). Kaxoser 6ot wiu Ovitu nocaedo-
BATRAGHOCTI TOHEK @y W 4ucen [y, aropan npobiena Kyseaa umeer
pewente. Bee ee peruenus noaywaOToR YMHOMERIEM 00H020 U3 HuX
Ha MPOUIBONBHYIO LEAYID PYHKYNIO, He umetowlio nyaed, T. e, HA
pynkyuro euda ef, 20e g — npouseorsHas Heaasl Gyuryua.

Hokaszartenwsctro. Ilyers £ — komMnaekcHas MepomopdHas
dyrxuud 8 C, amerowias OpocTHe MOAOCH @; ¢ BHYeTaMH p;. (10
Teopeme 28 Murrar-Jleddaepa takas pynruus cymecrayer. [lyers
2y -~ (pukcupoBaHuan Touka C, oramumas or a;.

&
PaccMOTPHM HETErpa.l H(z}=j k(@) dt sroas nyti G KoReu-

Ty
HOA IJHHE, COGMHHMIOILETO TOUKY 25 ¢ TOWKON 2 H He upoxofs-
IEr0 Hepes TOYKH & [IPpH H3MeHeHHEHM NYTU B OTKPHTOM OJHO-
CBSI3HOM MHOMKeeTBe @ U3 C;{af}(.ﬁlr HETErDad He MeuAeTcsa H
npencrasager cobod HEKOTOPYI roJoMopdHyo nepeoobpasnyio f,
Gynxunn A B Q (reopeMa 7). OAHAKO TAK KAK OKPYIKHOCTh, OXBATHI-
BANINAA ORHY H3 TOUEK &;, He TOMOTONHA HYJAK, TO MHOKECTBO
Cofa)),_, e dy1eT ooHOCBASHLIM H, CICAOBATENbHO, (IPEIBIAY MIHI
HHETErpaa a priori HMeeT GecKOHEYHOE MHOKECTBO BO3MOMKHBIX 3Ha-
YeHHH B 3aBHCHMOCTH OT BHIGPaHHOTO NYTH. 3/6Ch PA3HOCTh MeKAY
EBYMA STHMH 3HaYewHAM¥ pasHa wuHTerpaay or A#(5)di enons
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Clunrna T xoHewHol NJMHB {3aMKHYTOrO NVTH, HAYLETO OT 2,
10 2g). TIoCKOIBKY DAOCKOCTE oARocsAada, HHKA 1' romoTonen 0,
a 3HauaT, romodorkded 0 B U, ¥ K HeMy MOKHO NpuMeHHTh Teo-
pemy 19 o BEIYeTax: 3TOT HHTerpad pased Npor3BeleHAC 2im Ha
CYMMY BulUeTOB (YHKUNH A, Oduako sce sstuersl i — yeaote wucaq.
CAelOoBATeNbHO, PA3HOCTh MEXAY ABYMA 3HAUeHHAMH H B TauKe 2
PaBHa NeJoMy KpaTHoMy 2im, a sHauuT, e & yueer snoane onpe-
deaennoe SHadenye.

Tax onpegeaenuan ¢yuruna ¢ rosomopdua u He HMeeT nyach
B Cofa), o B camoM nese, mycts 2, — TOUKA 5TOTO OTKPHTOTO .
MROXKecTBa M A — KPYr ¢ LUCHTPOM B 2, coAacPiawHies b 3ToM
OTKPHTOM MHOXKeCTBe. JAsa Kaxkioro z & A Moxuo eHOpaTh 3Ha-

e F4

uensie ff no dopmyae H(2) ::I + j , T1e Nepsbli HHTerpaJq BuYy-
< 21

crAeTcA MO HEKOTOPOMY Pas HaBceria (HMKCHPOBAHHOMY HYTH,

a BTOpPOfl —To IYyTH, Jemamemy B A. [TockoJsky Kpyr A oxdo-

¢BAi3eH, TO TOT BTOPOH MHTErpad HBJAAeTCH rofomMopduoll (yHk-

unedl or 2z (meprooGpasnas AAf A B A) M, C/IENOBATEABHO, SBIASTCH

TAKIKE COOTBETCTBYIOWIHM 3HaWwcHHeM H, a 3HauHT, pyukung ef

rofoMopdua H He pMmeer Hynefi, B Touke z, oHa npuHRMaeT ana-
_4eHHe, pasHoe |,

P
Paccmorpum teneps oany 3 Touck a;. Mwcew hz———z _i,l + &,
2

rae pyHKRUNR £ ronoMopdua B OKPCCTHOCTH TOYKH ;. EcaH B3ATh
z

a3JIMUHbE 3HAYEHMn Jorapagma n K(2)= | 2{{)df, To passuu-
p P

L5

F4 F4
. P ag
HHe 3HaveHus H (2) MOKHO 3aMKCATh B BHIe J'—,—f:.—+ ( B0 dz,
23 ° ‘ z‘;
2 —a z—a Py
wag e pin{———|) 4 K(2), otkyna e”(zlz(i ekizr,
2y — @ Lz, — g

B cnay nposcaenHoro BHlE AOKA3ATeNBLCTBA JIA  OKPECTHOCTH
TOUKH 2, GyHKUHN ef roaomopdHa M He umeeT Hyaefl B OKpecT-
IOCTH TOUKH G, Tak uTo e UMeer TOUKY a; HyJeM KPaTHOCTH p;.
3uaunt, 3ta dyukona f=ef apaaetca pewenuem mpodaemu Ky-
zexa. IlocKoNBKY MHOMKECTBO C;'{a;}iEH CBSI3HO, TO PYIKIHA B 3TOM
OTKPHITOM MIUOMCCTBE OUPeAeAcHa ¢ TOUHOCTBIO MO ee JOTapHdMH-
YecKO¥ npouwasonneii. Taxkum ofpasom. f—enuscTBeMHas roJjo-
vopbhuaa GyHKUHE ¢ JorapudMHYeCKOR NMpoussoanoR, pasuol A,
rakas, uro f(z)=1.

[Moabsyacs Metonom Murrar-Jleddrepa onpefesenua i, uecle-
AyeM NoipoGHee BHI (YHKUHH f
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Hexons M3 Toukd b==2),, OTJHYHON OT BCEX TOUYEK &;, ONpe-
acaum pag (VII, 4; 35)

ne =¥ (22— Q). (V11, 4; 56)
.

Z—-ﬂ‘

PABHOMEPHO CXOUSWIHICA B JOMOHEHUH K TOUKAM a.

3neck Q;—HeroTopril noanHoM. OGoinaunm vepes R; e THHCTBEH-
HVI0 NepBoOOPa3HyI0 3TOTO NOJHHOMA, DABHYK HYJA0 B TOYKe 2,
Toraa

CEELE | [(E= R IR

[HenocpedCTBEHHO BHAHO, UTO MB HMeeM 37ech OeCKOHEuHOe
MPOH3BeAcHAe, MPHHAMAICIICe 3HAYeHHe | B TouKe z), AorapHdvu-
tecKasl NPOM3BOAHAA KOTOPOFO JCKAJbLHC PaBHOMEPHC CXOOHTCH
K A B CBARHOM OTKPHTOM MHOMKecrse Cg {a;}ia, 4 3HAYUT, B CHIY
teopeMer 112 ra. IV cxoaHTea noKadbio paBHOMGPHO B TOM JKe
OTKPHTOM MHOMECTBE H, OUCBHIHO, 00Mafaer TPefyeMhMH CHO-
cTBAMHA.]

OBniuHo Hepyr zy==b =0 (ecau OK&mKeTCA, YTO 3Ta TOUKA COB-
1agaer ¢ 0AHOA H3 TOYeK @y HaNPHUMep &, TO HALO cHalaJda
BMACAHTE 4JeH 2, COOTBeTCTBYIWHH KPATHOCTM 3TOTO HYJA,
a 3aTeM 3aHATbCA TOHCKAMH GYUKUPH, HMCWOUeH APYTHe HYJH
¢ sapaHHBIME XparteoctsiMu), Ecak ywectw (VII, 4; 37}, 7o nony-
YHTCH PYHKUUA BHAA :

2 2
w o (L+JT+.‘.+

f@=TI\(1 - Z)" ‘ ) ] v, e 58)

=0 i

Cobpepienito fCHO, UYTO OTHOWEHWe [BYX pellenuii sBasercq
MPOUIBOILHON LeT0H Qynknuell 6ea nynel. CorsgacHo CleiCTBHIO 4
TeopeMer 10, oHa nmpegcrasager c¢oB6ofi SKCMOHERATY HEKATOPOH
MPOH3BOALHON w1esaoA (GYHKIIHY.

3amedanue 1. Tor daxy, wro T ofHocRA3HO, chirpat cyllue-
CTBEHHYK) POJb IPH A0KazaTedbcTBe TeoPeMbl. [IycTh £ — OTKPRL-
toe MmHomecTso u3 . Kax Mbl yxe Buaedaud (3ameuaHHe 1 Ha
ctp. 409), nepsas npoSaema Kysewa Bcerma mMeeT pelleHHs B Q,
3HAUYHT, MOKHO 0CCTPOUTE GYHKUHIO fi, PHOYPHPYIOLIYI® B IIPeAB-
EYWeM JokasaTeskeTee. Ho seauuuna H(z) "e 6yaer Sojee ompe-
ILeMeHa ¢ TOUHOCThLID A0 LEeJOro KPaTHoro 2im, MOCKOJLKY TeopeMma
0 BRIMETAX OpUMEHHMa JHWEL Torfia, Korga Kpueas [ romodao-
rHYHa O, @ 3TO BO3MOKHC TOMbKO TOTAA, KOTAA MHOMKECTBO Q
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ozuoceAans, OjHaXo MH pacfiofaraeM HeKoTopoll cmofogofl, mo-
CKOJIBRY BHIOOP (YHKUHH f HC cIEBECTBeH. MOKHO NORa3aTh, ¥TO
A8 OTKPRITOTO MHOMXKECTBA Qc C 3ajaua BCerga HMeeT peilleriHe.
He tax Gymer obctoAaTh fAedo ANA [NOBepXHOCTeR Pumana zae
TOorga, Korda nepeas npofiema Kysewa pazpemnma. CooTser-
CTRYIOULMH DNPHMED Mbl TPHBEASM IMO3XKeE.

S
3ameuanne 2. Moxuo 6110 Bol dekaTh QYHKUEO f CO 3Ha-
>

YeHHAMH B GaHAXOBOM NpPOCTPaHCTBE F, V0B ICTBODAIOUIY IO TEM 2Ke

yeaopuam. [1o Takoe o8o0weHHe TPHBHAMBHO! AOCTATOYHO YMHO-

WHTh CKaaspuyo ynkuHIo, AMEIOILYIO 3afaHHLIe HYAH, Ha QHKCH-
=

POBAHHEI HEHYNEBONl BekTOp u3 F.

Sameuanne 3. OyHrunio f MB CTPOHAM TaK, YTOGH OHA
UMeada HYAH TOALKO B TOUKAX & W TOABKO TOPAAKA p;. MOXHO
norpedoBarh, YTCOGH OHA HMERAa HYJAN #0 Kpaidel mepe B TOUKAX &,
{HO, BOSMOJKHO, H B ADYTHX TOUKAX) MOPAIKOB HO Kpaiikeil mepe p,,
T. €. yToGbl K KOJblUE nedslX GyHKiul QyRKnua [ jgesuaacs 6w
HA KaX1yl K3 QyHxumii {(z —qa)i. Torza QyHKUUA, NOCTPOEHHAA
pH JAOKARATEeNRCTRE, CHOB2R HARJIAEGTCHA DENIEHHEeM 3aXavYH, & BLe
ApyrHe PYyHKUHY MOXKHO TONYUHTE YMHOXKEHHEM €& Ha NPOH3BOJb-
Hylo neaywe GyHKUMD (C HyJaaMH Han 6es Hux).

Ba;wn:me wacThoe cagaad, TIpeinodoxuM, UTO pAL Zp;/ta;l
¢XonnTes., Torma MOMKHO HamHCaTh CIEAYIOIES pelleHHe:

a=[l{1-&)" VII, 4; 59
i) ];[0( = ( )
B camom meuae, cormacHo Ttcopeme 70 ra. I, manmcannoc npoua-

BeLEHHE JIOKAJMbHO PABHOMEPRO CXOAMTCS B 0O6AaCTH, JOTOJHH-
TENLHOH K HY.NsM.

Ecan HamacauHuit BHIIE pAd He CXOIHTCH, HO CXOJAHTCH DAT

2: P
_l lr_H » TO PEIICHHE MOKHO 34IIHCATh B BHIE
a

2

F- zz zr pi
ki a_+ 232+'”+rnr
ra=1] ( ——':—‘)ei * 1L (IL 4 60)

i=
ITO MONMyuaeTea MPEABLAYIMM cnocofom, ecan yueers (VII,4;37),

NP
Ecau 2‘——#=+m npr MmoboM r, TO BYOET UMEThH MECTO
@

dopmyaa (VIL, 4;58), rae r; crpemurcs K GeCKOHEUHOCTH IpH 4y
CTpeMAlleMcd K OeCKOHEUHOCTH,
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Cacagcreue |, Capagedauea dopmyaa

sinnz =nz IWI ((I —%)e%)ﬂm_lml (l'—-;f;—), (VII, 4; 61}
fr=— 0 =l
a0

ade beckowneunsie npoussedentn aoxareno cxodares 8 CZ.
sin mz -
B camom gene, - ABJAETCH e1HHCTBeHHOH ronomMopihHoO#R

dyukuued ¢ aorapudMuueckoin npomssoiHoR nctgaz — 1/z, pae-
ot | p wavade xoopawHar. Ocraercsa npameduts (VIT, 4; 43).

3ameuvanne, logobuo ToMy kak Ha cTp. 416 Mw ¢pasHu-
RAMH TOJMYUYeHHEIE pa3fIOKeHHs ¢ PASNOMEHHAMH DALHOHAJbHLIX
npofeii Ha TpocTHE 1podH, MOXKHO CPARKHUTL ccoTRoWeHue (VI 4; 61)
C PA3JMOMEHHENM NOJHHBOMA HA l'lpDCTbIE COMHAOMHTENH. ﬂ,u‘lﬂ obecle-~

- z .
PR
UeHUA CXOAMMOCTH MEI THILIEM S,T.Le(‘,i:-[I(( 1 -—7) en ) , @ He II (z—n).

C Zpyrofi cTopoHH, TaK KaX NOAdHOM 0e3 uyJseli ecTb INOCTOSH-
uasi (reopema Mamambepa), To B cayyae NOJHHOMOB COXDaHseTCA
TOJBKO TMPOH3BOJBILIE NOCTOMHHEA MuowETesAb CoxpaudeTcs H
NpoOH3BOAbHAA Lesas ¢yHKUHSA Ges HyJdell. MHTepecHo oTMeTHTD,
uTOo LA PyHKUHE sin OHA MOCTOAHHA,

Caencreue 2. flyers {a;op {b));ay — O8a samERyTOHX He-
nepecexaromuxcs MHONECTA 30U posantoix Tovex u3 C u i— p,,
i—q;— dsa oroGpaxenusn muomecrs I, J 6 Muoxectéo yeinx
qncer > 0. Toeda wa U cywjecreyer smepomopduas KOMRACKCHO-
SHAYHAS PYRKYLE [, HMeOWas TOYKW O HYAIMU KPATHOCTH Py,
a Towku b;— nonocamu nopadkoe q; (8ropas ofwjas npodrema

Kysena). Ecau [ — odrna us rarux pyuaxyud, ro ace dpyeue dynk-
nuy, ofaadawme aTUMIL e CROHCTEOML, NOAYLANTCR Y MHONCE
HUEM €€ KA RPOUSEOABHYI Heayro ynryur0 0e3 nyaed.

HokasareabcTBo. Ilycrs g (COOTBETCTBEHHO f)-— Ledasn
GyHKUMS, HMeULAA HYJIAMH KPAaTHOCTH p; (COOTBETCTBEHHO §))
TOUKH &; (cooTBercTReHHO ;). Torma gfh n Oyaer bymkuwmed, yno-
BJAETROPAIONE]l YCJCBRSIM CNSACTBHA.

: e
Crencraue 3. Kawdas mepomopgras na C pynryus | co
ol
BHaYERUAME 6 Ganaxosom npocTparcree F A64ReTcR OTHOULEHUEM
o=

yeroll Pyrryul co IMauerusMu 8 F u yeaoll KoMRAEKCHOSHAYHOM
YLK,

Hoxazateascrno. Iyers b; — nomocn $ynxuns T nopsia-
KOB g;. MEI 3HaewM, UTO CYyIIRCTBYeT Lenaq cKanqapHasa ¢pyHKuud A,
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HMewwasn TOUKH by IyJAAMK KpaTHocTH g, Toraa fh 6y;1e-r uenoi
£
dYHRUACH g o 3HAUeHHAMH B F H, ¢JegosaTeabHO, f=%.

Caencroue 4, yers {a;}; ., — 3aHRRYTOC MHOWECTEO li30-
>

auposannox Togex C, u nyers i-»¢; - orofipamenue | 8 6aun-

> >
roso npoctpancrao F. Toeda wa U cyujecrayer yeran pyuxyua |

> >
o 3Hawenuami 6 F, npunumaouiar 8 TOYKAX @ IHAYEHUE [y,

=
Ecan | — rakan ¢ynkyqua, 10 ace dpyzue Pynkyitd noaywarores
npubaBreHuesM K Hel mpoudsoabuol yeaod pymnxyun, odpatyaro-
welica 8 HYAb BO 6CEX TOYKAX a;.

llogkaszateansctso, Ilyers £ —craaspras dyUKURA, HMEIO-
uag TOUKH a; B KAUECTBE MPOCTHIX nyJaeit (BTopas mpofaema Ky-

sena). Torma ecan Gy HEmuA f CYWEcTBYeT, TO ?h ABAAETCH Mepo-
Mmop PHOf c])yummcn nmoromeu B KayecThe JIpocTHIX MOJIIOCOB

TOYKH G;, B KOTOHIX c; #:0 a BLIYETH pasHe! c;!h’ {r;). O6paruo,

NYCTE g—cbyHKuHﬂ, YIOBJIETBOPHICLLAA STUM YCJOBHAM (nepBas mpo-
> >

6nema Kysena). Torga dysaruua f= gh — uckoman, Ouesuzno, see

OCTAAbHbE PYHKUAH 00Jy4aTea NDHGABACHHEM K Fue.noﬁ dyHK-
nHu, ofpauwtaineiica B HYJAb BO BCEX TOMKAX 4, T. €, YMHOXe-
HueM NPOW3BCIAEHHA A 11a NPOHIBOMALHYIO NENYIo (YHKIHIO,

Hpnmep Haiiaem ¢yHEUHIO l}, APHHAMAWLIYI0O TaKHe 3Haye-
-
HUA Cn B TOUKAX # < 7, 4T0 EHJ ep 1/ n <400, 3necw A{z) MOKeT

sinnz >
OuTE paBHOl ——— . d>ym{uﬂﬂ g A0J13K HA HMETH BHYET €, B TOUKE 1.

-
I ' leall
OCKOJBKY pAN P CXOLHTCA, MOMXBRO B3ATh

el
® > L) -
> . . T sinmz n
g =Y 2, j@="02)
Ti=— 00 fi=m— 0

3ameuanne 1. IMpeamnymas u Zaxe Godee ofuias 3apaud
yiKe Onljla peuleHa B 3amevaHnn 2, caenylomeM 3a Teopemofi 28,

Jamevanne 2. B cayvuae, Xoraa WMeeTca KOHEUHGE WHCAQ TO-
YEK, MB IOJYYAeM HHTEPNOAARHOHHYIO dQopmyay Jlarpanka. B ca-
MOM Jie/i€, B KAYeCTBE £ MOMKHO B3ATb PYHKUHIG (2 — @) (2 — @) + s
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-tz —ay). Torpa

h’(e)=(" : )h(z), wiay=[[@—a) V11,461

el z—a
=0 Y
oTRYAA
- :; 1
g(2)= ' ]
. Z fl_{”t_a;] iy
J#i (VII, 4;61)
> -y z——a;
f(z)=3 Ci Ia —a
i

Teopema 32 (Anavap). Mycrs | — KomnsereHan yesran Gyt~
yus na C, Gonyckaowas dan SocTarotko Goasuux snatenui | 2|
OUEHKY '

1 F(2) 1< Cel 2P, (V1l, 4; 62)
AL

Tocda ecan a; —ee Hyau KPATHoCTH Py, TO pagd )_‘ P cxo-
ay

;0
Jurcr 048 awboeo sewecrgennoeo wucia p > 0. Ecan p<r -1,
ede r — geaoe wucao 20, 1o gynryuro | momno ewpaszurs & sude

npottsaederind MuoxuTesed BefdepuTpocea
. r
LR

( Iy
flzy=eP @20 Y ((1 —ai)e @ e ) , (V11,4;693)

i
;0

A0K0ABNO pasnosepro cxodsumezoca 8 Cefla), o, 20 po 20—
EPATHOCTS HYaf 8 nduare goopdunar, a P — noaunom cre-
neny <.r.

Jloxa3aTeNbCTRO 3TOH TeOpeMH OYeHb CJAOMHO, H MH €ro [pH-
BOAMTL He Gydem. DTO OAHZ U3 NMEPBEX TeOpeM, AOKA3AHHHX Ajxa-
MapoMm (1892 r.; emy Toraa Guwao 27 Jer), H OPATOM OZHA H3
HanfoAee prnevaTasiownx. (Memyap, B KoTOpoM CcOmepiKatach 3Ta
TEOpéMa, H pAd APYTHX CTOJb e 3aMeYaTeabHEIX TeopeM Ol
yaocTOeHH Boapmioil npemun Pdpangysckoil Akanemyu Hayk.)

[ponemoncTpupyem cuny 370it TeopeMul. PacCMOTPHM, HanpH-
Mep, byHKunw sinnz. COr#4cHO HePaBEHCIRBY

inz inz

et —g

2

|sinnz | = sse™lzl, {VII, 4; 64}
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3Ta GVHRUAA NAONYCKAeT YKAa3aHHYX B TeopeMe OUEHKY ¢ NMoKa-

sareaeM p=1, Orcwaa chegyer, uro ansg k& > 1 uHMeeT MecTo
1
HepaBelcTRo 27<m (korTopoe MEH YM¢ 3HAaCM) H UTO TpH
nz=l
r=1
hid z
sin fz = e b2 H ((1 uﬁ-)e“), (VIL, 4; 65)
He=—00
noki

rae o n P— HexkoTOpbiE NOCTOAHHBIe. QYHKOHS Sinmz HeyeTHa:
Oyakuua z 8 npasoil YacTH HevyeTHz, a OecKOHEYHOE NPOH3BELE-
HH¢ veTHO. 3Haumt, e®¥B gonxua Gure verHolt Qyukunedi, a aTo

sin Lz
ozHauaer, uro o=»0, QcraercH JAMETUTE, 4YTO - CTpeMUTCH

K o Opi 2, crpemacieMcs K 0, ¥ 49T0 BCe WieHH OeCKOHeYHOro
npoH3BefeHHA npH z=0 pasun [, oTRyAa caeayer, 910 ef =g,
Orciofa cuoea BHTeKaeT romuecteo (VII, 4;61). Taxum o6pasou,
dopuyra (VIL, 4,61) nenocpedcrecrio noaywaerTes u3 reopemst
Adamapa 623 1Cn0Ab30BAHUA KAKIX-AU00 IPEABADUTEABRAIX HOPMYA.

Teopema AnaMapa TOBOPUT O TOM, UTO €CJH MLl 3HAeM HYJH
QYHKUHH H HX KPATHOCTH, HPHUYEM BHIIOAHEHO HEKOTODOE VCAOBHE
Ha ee poct (VI 4;62), T0 Tem caMbiM MBI TICMTH 3HAEM CAMY
Gy HKIHIC, NOCKOABLKY OHa omnpefefdeTcsd ¢ TOYHOCTBID 10 MHOIKH-
Teas e, rge P — HEKOTOPHIA MOAHHOM CTENEHH <.r,

IMpeanoaoknM, 8 BACTHOCTH, UTO HepaBedcTBo (VII, 4;62) umeer
MecTo ¢ p<C 1. Torzia MoMHO B3ATL r=={, H MHCKHTEJL &’ CRe-
JeTcs K noctosiniofl, HMeHHO Tak #u noJyuaetrcs, Korna f-—~moJniom.
Takum ofpasoM, TeopeMa 32 COACPHHT K3K YacTHBI . cayuaf
TAKCe cyiecTacnioe ofobmentie Teopemul anambepa:

Caepctreue. Ecau yerar charapuan ¢yuxgua ua C Qony-
ckaer oyenky (VI 4;62) ¢ p<<r 41 u #e umeer nyaed, 10 OHa
useer aund ef, 20e P -— noaunom crenenu <. r. B wacrrocru,
ecat p=<_1, TO OHZ NOCTORARMA.

MOXHO cKa3aTe ewre M Tak: pysxyut [, ydosiereoparoujas
coortomernuio (V11 4;62) ¢ p<| u ne AsrA0ased nOAUIHOMOM,
umeer Oeckoneynoe MHONcECTBO Hyated {ecan OB OHAa HMeJda HX
TOJMBLKO KOHEUHO® HMCA0, TO OHa umena Ol BHA NPOH3BEAEHHA

] H
CH(] _cT)’ 7. e. Obia OB NMOAHHOMOM), @ c.aedosaredsno,
t
I}

B2CROHRUNDE MHOKECTBO PAS NPUHUMART Moboe aHaterue ¢ (BMecTo |
CAEAYET pACCMOTPeTh (yvHKuM© f—¢). Kak MeKaskisaer npuvep
HUCAe Re ofpawawulefica B HyAb (PYHKUHH e°, 3TO YTBEpHACHHE
KeBepHO Aad p =1,
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§ 5. TIPHMEHEHHUE TEOPEMbLI O BBLIYETAX K BBHIYHCAEHUKO
OMNPEAEAEHHHX UHTE[PAJOB

Teopema 19 o BbiYeTax MOO3BOJAAET CBOLUTH BHUHCJECHEE He-
KOTOPHX ONpeldeteHHBX HHTErPANOB B KOMIJEKCHOH RJIOCKOCTH
K BBIYHCAIEHRI0 BHIYETOB, T. €. KO3DPHUHESHTOR PA3NOKEHHHA B OKpe-
CTHOCTH HEKOTOPHX 0CcOo0HX ToueK., OOHAKO H MHOTHE HHTErpaJbl
Ha BEUIeCTBEHHOH OCH, HE COLEPIHAIIHE HHKAKHX OQVUKUHH KOM-
NJAeKCHOH fepeMelnof, ¢ ROMOIIbLID TOAXOAAIHKX NPestpaloBaHHi
MOTYT OBITh BbLIYHCAEHH TeM XKe CaMpiM CHOocOfOM. DTO 03HH H3
HaHGoRee CHJIBHBIX METONIOR BBIUACJEHHS! QNpefeleHHBIX HHTErpa-
NOB, ANA KOTOPHX COOTBETCTBYIOIIHE HECNpefeseHdne HHTErpasnl
B KOHEYHOM BHjie He JepyTcd.

NMpuwep . Hurezpas or O do 2n dpobro-paynonassrod
>

z P

Ky or Tpueodaser puneckux gpynryud. Tlyers R = T -— pauuo-
=
MaJbHas APOOB OT ABYX KOMILNEKCHEIX NePeMeHHEX, P — MoAHHOM
—_
¢ Ko3(pbuuneHTaMs B 6aRaX0BOM NpOCTpaHcTBe F, a Q — moJIHEOM
¢ KOMNJeKcHBIME Kos(rbrunerravu, TIpeanoacakuM, yTo Ham Hajgo
BHIUHCAUTh

25
[ R (cos®, sin6) do. (VIL,5: 1)
1]

Copepwny sameny nepeMchtol ¢ == 2, Toraa dbopmaibioe moayunm
3 1 IRV
e

rae [ — TPHrOHOMETpHYECKAA OKPYKHOCTh, 1poberaeMad B 110J0-
WKHTe/MbHOM Hanpardenud. Insg Toro urobu OGOCHOBATE TAaKYIO
3aMeHY, 3aMeTHM, 4H4T0 AAA BHYHCJAeHHHA NOCJAeIHEro HHTerpaJia oT
ﬂ,H(i)LbepeHuHa.Hbﬁou dopMEl MOMHO HapaMerpu30BaTh Kpueyp T
¢ momomblo bynxkuun z=2e% B caay (VI,6;69) mbn noayunm
unterpaa (VI 5; 1), a teneps uurerpan (VII, 5,2) MOMHO BHIYH-
CAHTE [0 BHyTpeHHeH Teopeme 19 uAH BHelunedlt TeopeMme 19,
0 BHUETAX.
[MpexnosokuM, HANPHMED, UYTC HAKO BLIYHCARTh HHTETPan
n

J a+dceosﬁ yrae acsl, agg[—1, +1] (VIL, 5; 3)
¢

CorsacHo CKa3aHHOMY BRHINIE, NMEEM

j 1 ldz J‘“%
1 | i
T

a+?(z+?) 0 : (VIL, 5; 4)

2a2+1’
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roe tpextien 2% 2qz 4+ | uMeeT ABa KOPH:, NPON3BEICHHE KOTO-
pHX paBHO l. OHH H3 HHX JI€KUT B TPHIOHOMETPHUECKOM KPyTe A,
orpannyentoM xpusoit I'. O603HaunM ero yepes a=—a-+ Va2 — I,
CUHTAas, UYTO KODeHb BHOHDAETCS COOTBETCTBYIOUHM 0Opa3oM: ecad,
HANpHMEP, G BeMeCTBEHNO W > 1, TO pubHpaerTcss Kopeub > 0,
ecau ke a < — 1, 70 Geperca Kopedb ‘< 0. BriueT B TOUKe @ paBeH

2 |
TaT Uro Aaer

S 4 om
atcos  yY@E—~’

{VIL, 5, 5)

Moxuo Gui0 bl B kavecTBe yNPAXKHEHRA MPHMEHHTb OOCBIYHGBIM
MeToh, noaoxus tg 0/2 =74, ToavepkHem, 4TO mo HawWleMy MeToOdy
MB BEIUHCASJIN BEHYST B TOUKe ©, 4 He HCKAJH NepBoobpasHYm

1
PYRKINH e B nopsiake KDHT‘pOJ‘[ﬂ. OTMeTHM, YTO MpH a,
CTPEMSALIEMCA K o0, HAIl HHTErpad OYeBHAHBIM O6DPa30M SKBUBA-
2

ao n
JASHTCH HHTerpafny j Tz 2’
0

MMpuwmep. 2. Hureepaswe no sewecrseinod ocu. [lyers
>
> P > .
R= g — Paudouanenas npebh, rie P — noannoM ¢ KoadiHUReH-

-

taMp B 630axX0BOM MpocTpaHcTBe F Haj noneMm , 2 Q — noaunom

€ KOMUJIEKCHHIMA KozhdiitnenTamMi. CrapnTed 3a3a4a BLIUHCJAEHUS
-

p
HHTErpana I"de‘ BTOT UHTErpan CYIECTBYeT, €c/d, ¢ ORHOMH
154

CTOPOHH, @ He UMEeT REINECTBEHHBIX HYJel W eCdH, ¢ APYroi ¢To-

K
pount, (cremens Q) Z={crenenn F)-}2 (marerpupyemocrb na Gec-
KOHCUHOCTH).

MoxHO paccMoTpeTh # RecKOABKO Gotee oOWuAiE cayuail, cuu-
Tasg, Y710 (@ HMeeT, BOSMOIKHO, BeNIeCTBeHHble HYJAW KpPaTHO-
cti 1. B aroM caywae png xaxioro u3 Takux HyJel 4, Halo
6ynetT BLIUHCAATB TJIaBHOe 3HAaueHue uHTerpana no Kowm:

fim _f (ra. IV, c1p. 736). Touno Tak ke MOXKHO npeanona-
e}
|x—-a£[;z

e
raTh, UTo (cTenmenb Q) Z=(ctenmeds P} + 1, €CAH OrpaHHUHTLEA pac-
+4

CMOTPeHHEM I'AaBHOrO 3HAUEHHHA Kouw lllTl j Ha GeCKOHEUEOCTH.
A->

Y
Mocaeanee B03MOXKHO NOTOMY, 4To P/Q AsaneTcA CYMMOit Heuers



- § 5 Hpumeuenue renpestet o srwerox 499

Hofi paunofnaanilofi npodu, HuTerpupoBanHe xoropolt no Kowm
>

Azet 0, v uvetnofl paudenambiolt npofin Pp/Qy, aas koropoit (cre-
nenb (Qy) == (crenenn Py) + 2, noCKoaBKY pasHocTb cTemenedt =1 n
yeTHa. OKOHUATENLHO 3232Ua CBOIMTCA K BEYNCJASHHIO

oo >
Pix) ., ?ix) I
v. p. _L o dx_-*?gwlx_a[p}e“”‘“} dx, (VII, 5;6)

e @; — BRINECTReHHHe HYAN MoJHHOMa (.
2
Cuavana, pasaaras P/Q Ha npocTHe APoGH, MOMHO BHIMHC-

Ll
P «
AUTE V. P. Jﬁdx. B cuny yeaopufi, HanaraeMueXx Ha CTeheln,
—x

NOAHHOMMAABHAA YacTb PaBHA Hy.ao. TlosToMmy

;{x] N S € g e, —k; .
q(x) “;[a(x_ai+(x._ﬂ£)2+ +—(x—a,-)*f)’ (VIL,5;7)

rae @; —UyJH NoaHAoMa ) (BellecTBeHHHle HJAH KOMILIEKCHHE).
IMpr £ 222

de [ % ! e
e e

—on

-I.CO

Ocraercs BHYHCAHTD V. P. _[
uto Ima; > 0. Bubupas —an < arg(z—a} <0, MoXHo paa
Imz<<Tma, nan Im(z—q;) <0 paccMoTpPeTb HeTPepPHBHOE 3HA-
Yenne QYHKNHE 22— In{z — q;). Aror dorapudm C-auddepennn-

1
PyeM, a cro nmponseofinas paena z-—>——— (reopema 8). Caexo-
!

dx

)f.""-ﬂ“.

. [lpeanosoxkum cHavada,

BaTelblO, OYRENHA x> In{t - &), onpereacunmas ua R co

suaveruagnu 8 C, RE-anddepenuupyema u ee npouspogHas paena
i

. 3uaumT,
X — ai
U
[ Z=nA—a)—la(—A—a)=
iy ¢
A—
=In T_ﬁjﬁ'—{—f(arg(zﬂlm ﬂ{)""“aTg (—A_ag})- (VII,S, 8)
A—aq
TTocKOMBKY A, | ¢tpemures k1 mpu A, crpeMstuemen
i

K (CCKOHEYHOCTH, MePRRIU WaeH nparoil YacTH CTPeMHTCS K HYJW0,
a BTOPOH Y/I€H, OYEBHAHO, CTPeMUTCH K in, [TpoBofs aHaNOTHYHbIE
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BRIYHCIEHHH 1A T a; << ¢ ¥ TpABHAALHOE BuIMcAeH e 1,14 [m ¢; =0
(cM. gopMyny (1V,9; 119)), moayunm
P ia, ecnn [ma; >0,
V. p. f ?g%—= 0, ccan Ima, =0, (VI 5;9)
—co g —im, ecqd Ima; < 1,

OTKYAA I BETeKaeT rpedvemulii pesyavTtar:

o 3 , 3 3
v. p [ —Q—dx=i:m 2 Resa,—ﬁ" E Resaij).

—a lmal-‘;vo lnlai-{()
(VII, 5; 10)

3neck MH BOCHONB30BaNECE ¢yHKUUeH In xoMmiiaekcuoll mepemen-
HOH, YTO eCTECTBeHHO, MOCKOABKY UHCJAa @; KOMJIeKcHE. OlHaxo

Y
MBI BOBCE He TI0Jb3CEAJTHCE KPHBOJHHEAHHM HHTErPasom If () dz

8 KOMINeKCHOfl maAockocTH. Ham¥ 6bL1 HCNOAB30BAH TO.JILKO HHTE-
Tpan OT KOMIJEKCHO3HAYHOH (YHKUHH HAn (QYHKIHA <o 3Haue-
HHAMA B GAHAXOBOM NpOCTpaHeTse Haa R OTHOCHTENBHO Mepwl dX,
yKJAaapiBawonniica B paMku ra, [V, BelueTos e Obl/IO, a BhIYHCJE-
HHA BeJHCh C MOMOWDbIC NepBoofpasueiX. Temepb Mbl HACAYYHM
TOT ¥C PC3YJBTAT, BLHYHCASA HHTErPaJL B KOMIJICKCHOI IJI0CKOCTH
¢ nomoupl BoideTop. Ilpeamcaomum cravana, uro {(cTenens Q) =
e ==
(ctenneds PY4+2 v Bce @; HesewecTsennn. HHTerpan (%dz
BLOJS MOMY OKPYIKHOCTH ¥, |2 |= A, 0 < argz < n, npu A, crpemsa-
eMesl K GeCKOHEUMOCTH, cTpeMuTess K 0, MOCKOMBKY HA 3TOH fio-

e
AyOKpyAHOCTH HopMma || P/Q[| mamopupyema nocroauuoit /A% a
I AHHEA DoAyokpy:KHoctd paBua wA. [lostomy MoxKuo Hanucato

=5 o
__L Fdx=All_)mw__£ 3dx=

ES >
=um(( %m+]%w,(wmm)

Ao J
|—A4. {-4] ¥

riae v, oOxoaMtrea B manpasaewun ot A K — A. Ho Toraa
Po=[—A, +AllUy, ecThb kpHBas, KycouHO UpHMHaA/esxawman
kiacey C¥, ABAAWINAACA MCEBJOrpaHullell HeKOTOPOro MHOTGGHPa-
aHA C NCEBROCPAHHLUERA, a MMeHHO Noayrpyra Ay |z [<C 4, Im z =0,
IMockonbky moaykpyr A, opueHtnpoBan ¢ nomownw O, To T,
00X04NTCA B TOJCHKHTSARHOM Hanpagaetind, Hs oQuell TeopeMu
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Crogea 38 ra. VI caeayer, uTto B stoM caydae npuMedama ¢op-
mMyna Crokca (ymp. 2°) Ha crp. 232), a cAeZOBaTeNbHO, NpPHMe-
naMa i TeopeMa 19 o Buuetax. CoOTBETCTBYIOUIHI HHTErpa/ paBeH
CyMMe BHYETOB B I0JIOCAX, COMAEPKAIMXCA B 3TOM NOAYKPYreE,
yMHAOKeHHOH Ha 2im (aunie OBl TOMABLKO He GHJO NMOJIOCOE Ha y,).
IMpa pocraToudo GoJbliHX A 3Ta cyMMa He 3aBHCHT or A it paBHa
CYMMe BLIYETOB B NOJIOCax, cOACPIKAIUHXCA B BepXHCH moaynac-
ckeetd Imz >0, 1. e,

4+ S K

P . P
| ﬁ.ﬂ;x=2m| E}URes%—é—. (V1L, 5; 12)
— mc.'l-

Orciopa a  posferiori BHTeKaer, uto ocofasa {popua KoH-
trypa B €, a uMenno I'y, poinm He urpasa ¥ YTo MPOU3BOJIBHLI
Kontyp € koHeSHol LJAHNE, OGXOAAIEH OARMY paz B NOJOKHTEJh-

-

BOM HanpaBJeHUH Rce NOMOCH GyHKUHMH R B BepxHed noay-
IA0CKOCTH, Aad Obl TOT e pesyabrar! OMHAKC MH IOMKHE OBTH
S+ oa

-
HCXOAHTH W3 R(x)dx u mepefity K J' AAs TOro, 4rolu GHITH
—_r rA
yBepeHHmmy, ute lim _[=j.
Ao »
r, R

MoxHo 08110 TaKike BOCIOJB3OBATHCH APYIOH NOMYOKPYHKHO-
eTeio ¥ |2]=A4, —a < argz <0, npoxomumoil, kak Breraa,
B HanpasaeHHWH 0T -+ A K — A, H NOAyYdaTh Ha 5TOT pas, YO
[ ={—A, 4+ AU/, ofxolurca 5 OTpHUATEILHOM HANpaBJCHHH,
T, €. B HAUPABACNNH, NPOTHBOMONOKHOM OEX0AY TPaHHEE OAY-

r, .
kpyra &7 |2 | A, Im2 <0, opuenruposanunoro miockocthio
B p

. "l
| Gdx=—2ia ¥ Resqg. (VIL513)

- Ima; <0

Bece tpn pesyasrara (VIL5; 10), (VII, 5 12) u (VI 5;13)
cOBRafaoT. B caMoM gese, cyMMa BLIUETOB, BK/OUAA BHYET Ha
GecKOHeUHOCTH, COTVIACHO CJEACTBHIO H3 TeopeMEl 19, paBHa HyTiO,

5 .

a B CHAY HepaBeHcTBAa (crenenb Q) == (crenens P}-+-2 BrYET Ha
GeCEOHEUHOCTH PaBeH HYJIO,
=

[lpennonoxum Temeps, uto (crenens Q) Z=(crenens P)--1,
IpuyeM, Kak u paHee, a; HeBellecTBeHHH. MHTerpanom no KpH-
BOH v, Openefperarb y:xe Heabsd, Mmeew:

Ty

-
Q ((:)) =ty g. ), (VIL, 5; 14)
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- P |
roe —c,, - = Res_ = # ]g (2)] < const — T2F HNA AOCTATOMHO G0JIbe
kol dZ . Ed
wyux |z|. ITosromy j- CTRPEMHTCA K € —) |‘~z—=mcm,ﬁ[, 4TO
V4 Ta
Jpaer
TR f 5 7 >
v.p. | Gdx=lim [ == lim f Fdz+ J‘Q—dz e inC =
e Ao _a A= -1, 4) ?A
3 P
==2in ? Resq, & -I- in Resm-—Q—. (VII, 5, 15)
[ma >0

Ipuvenenue gpyrofi neIyoKpyKiuoeTy aano Gu

+o -> - -
Y. P, [ —Q—dx = —2n )_‘ Resa‘% — in Res,, g (VI1,5; 16}
—t Iin o <0

CHora 3jaece Bece Tpa pesyawtara (VIL 5 10), (VI 5;15) n
{VII,5; 16} coBpanaloT, vak Kak cYMma BhlYeToB (BKAlOUas Res,)
pPaBHA HYAO,

IIpeAMOACHKHAM TCIEPh, UTO HMEeTCA €IUHCTBEHHHIH HY.b @
noguaoma @, Aexawmni ua K. TmasHoe 3gavenne paBHO Opejeay
HHTerpaaa 1o NOMOTHEHNIO I'lpP] €, CTheMALIEMCH K U, K CHMMeT-
pHUHOMY HuTepRaNy [a; —e, a; +&]. TIpHcoesdsAM MOAYOKPYK-

HOCTE ¥y, .0 |2 —a;|=¢&, Imz 220, npoGeraemyio B Hal'l[)aBJ]E'H[d}l oT
-
- P c y -
a; —¢ K a; + e. Ecnu VUECTh pa3sioxenue ?({E]Lw 2‘ a] —Ing; {2},

rie seaHdyuHa | g, (z)|| orpanmrdeHa npyu =z, crpemAmeMcd K d;, TO
HHTeTpan ne 3Tol [OAYOKPY:KHOCTH OyIer npu e, cTpeMsmeMcsd
-
. . P
K O, cTpeMutbea Kk —imgy o =—in Resai?. Ecar na ocu R

HMEeTCH HEeCKOABKO MOJICOB, TO TO H€ CaMOe NMOCTPOeIHE CJCAYeT
TPOBECTH [I0JA KX JIOOro M3 HHX, TaK UTO OKOHUATE/NHHO NOIYHASHM

B F
V. p. J jdac=)qll_)n‘1}0 f -adx=
- g0

lxl=A4
fx—ai|'_25, a; =R

- >
. P ) A R 7
== lim dz |+ in Res  — + in Res,, —
(\Ae_-}p;o‘f‘a. e ew ¢ “%& ¢

—2ix ¥ Res, 2 t+in Y, Resi, 5 +inRese g, (VIL517)

Ima =1 ]mn—U
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rae ', , — KpHean, opoGeraeMas 8 NOAQXKHTEbHOM HauPaBISHAH,
K KOTOpOit NPHMEHseTCst TeopeMa O BBIMETaX:

va: l2l=4, Imz2=0.
ITpuMenenye HUMHUX DOAYCKDPYXHocTell Zano Ou

+eo -)- >
v. P. I —d.*.'—-—-2m 2 Resa'—g—
Img; <0
— {1 2 Res,, % in Resm g" (V1L 5; 18)
lmal‘zo

Tax Rax ¢yMMa BLIYSTOB pPaBHa IIYII0, TO BCe TPH peayJbTara
COBMaLaoT.

Yoot lz-a;|=c Imz 20
_____ ~ A oY o N B
- A a; - —_— +4
g
Pue 14,

Ha stux popMyn BHAHO, UTC BLIYET Ha GECKOHEUHOCTH Hrpaer
Ty e DOJb, YTO H BHIYETHl B IOJIOCAX, pacNofoKeHHEX Ha K.
Kaxanifi A3 O00AKCOB ASJHTCA Kax OW Ha JABe [TOJNOBHHK, OTHO-
CAIIHECS K BEPXHEH M HHMHeN noJyHaocKOCTAM,

Bo Bcex paccyXAeHHAX CYLIECTBEHHYIO pOJb Hrpalia caepyio-
nrad JeMMmas

Jlemma, Ecau na nexoropoii dyze S okpywcrocru paduyca R

HHEQUA 7(2) 1O HOPME MANOPUPLYeM const , TO HOpMA ?(z) dz
i P RC
6ydeT MaxcopUPYEMA R 1 . Caedoearersno, daa a > 1 sror unre-

epaa crpesmurca £ O ppu R, cTpemAujesca K DECROHEYROCTH, @ AR
c< | erpesturen £ O apu R, erpemauemecs £ Hyuo.

Hay uacto nprjierca @UMETh AEN0 ¢ 3TOH OUEHKOH.
l'loslyqeuﬁble PE3YTbTATHI MO}KHO NOABITOKHTL B BAAS CJACAYIO-
Well TeopemBl:



434 Fa. VI Syuctun KONRACKIMOLE NEPEMAHHELY

Teopema 32, [yere F}Q — paynonaivHan dpobs, ade noau-
nox P umeer rospuyuexror, npunadsemauiie Oawaxosy npo-
£

crpancrey F, a Q uMeer Komnaekcrole KOSHPUUUEATH, NpUtEM
nyau @ noaunoma Q HCBCI{ECTSERNY UAU OKE BOU4ECTECHAU U

nopﬂé‘.-ca 1, a (crenens Q) z= (crenens P) + 1. Toeda

- E e

. I 1 P P

— Zm( E RESaI‘a‘ +—2- E Resa. 3 +E Resm-b—
Imai>0 Ima£=0

\“"-_-“/

D] oy

=
=—2:‘.:I'[( 2 Resai Q +_' L ReSa %‘l‘?ReS

Im a; <0 Ima-——=0 )

— n( Y, Resso— ) Res%%). (V1L,5; 19)

Tmog, 6 I1ua5-<20

Mpuiokenne K BLYHCACHAI CBEPTOK ')

Ceeprrod nyx ¢yukmuii f ¥ g BewecTBeRUof nepeMenHofl X
HA3HBaeTCH QYHKUMA A, onpeneneHHan $opMyoi
+ =

k)= | He—nghat=irglx) (x=R.

EcTecTBeHHO, 9TO AJA CXOAMMOCTH MHTCrPAa’toB Ha dyHkmuu [
H £ DPHXOAHTCA HAJaraTs HexoTOpHe orpanuuenna. Ecau, na-
npumep, fe L7, gc—:L"". TO

| (%)) f F(x =1 g®)1dt <NFf=l gD,

B CBEPTKA ONpcAesieda mpH BeeX X, AHAJOrHYHO, OHA ONpefefieHa
A Beex x npu fe L2 w g L%, npuueM

+ e - o
P [ 1ix—nFdl [ 10 Pa<IfINgI,

- 1) B aToM nyHkTe aBTOp wacTO cowmXaeTes wa pasnen «Pacnpemenenmis,
CBCPTHa, nuTerpan Qypue®, KOTOPHA o ppeamoaaran JoGaBETE K KEULE
B OKOHUATEJNLHON pelaKiiH.

B cpasu ¢ oreyTcTmheM 9TOTQ PpasAeNa B TEKCT BHECCH paj AcGaBaeHHi
H H3MeReRHE. — [Tpum. ped,
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Herpyamo npoBephTs, YTO B OGOHX cAy4Uadx crepTrea j=g(x)
ABJAETCA HeNPepPHBHCH OrpaHHYeHHOH (YHKUHER.

Ecam f, g= L}, 1o, nogesysicb reopemofi Py6HHH, MOKHO
noKa3aTh, YTO CcBePTKa [+ g{x) onpefieseHa NOUTH BCIOAY M Takxe
nprRagAexut L',

Ecnu p-—mepa Pagona Ha R ¢ KovmaxTHrM BOCHTeseMm, To
Eaq Jioboll HenpepblsHO# GYHKUMH OOpelcieHa CBEPTKA

+ o
fan= j f(x — Ddp o).

-0

Ecsn, nanpuamep, == 8(4), 10 { * 81y =110y (¥) = (x — a). OTMeTHM
ellle, YTO ONEPAUHA CBEPTKH KOMMYTarHBHA').
Tlepeiigem Tenepb K BolakcaeHnaAM. IlycTe @ v & HeBemecTBeHER.

i I
BoruvemuM ——— * ——5- O0e s1u dyHKuMH npunapaexar L?,

No3TOMY HX CBePTEA

+o9
1 1 d¢
=t =] —au—r—pn (VIL520)

fyJeT HeNpephlBHOH B orpanuueHHol OyHrumed, Mo npuxogum
K HETerpaty no R OT paunonansrofl Apo6u. OHa HMeeT NOJIOCEH
npu {=ua, {=x — b, COOTEETCTBYIOUIHE BEIYETH! PABHH

1 1

“—a—5' Resgp=—_——p, (VI,521)

Resg == ¥ —a

CyMMa 3THX BHIYETOB DaBHA HYJIO, KaK 5TO H NOJKHO GLIIO ObITh,
NOCKOABKY BHIYET B GeCKOHEYHOLTH DaseH HyJo. I103ToMy moJy-
YaeM cied¥YWwud pesyJ/bTaT:

Teopema 33, Ecau qucaa ¢ u b nesewjecreenun, 1o

%, ecau lma >0, Imb > 0,
1, L 2= cag Ima < g, Imb < 0, (V1I, 5; 22
T Iy s oas Ima <o, Im , , 5; 22)
0, ecat Ilma u Imé pas-

AURHDIX IRAKCE.

') O Gosee ofureM ONPERENCHHH CBEPTKH CM., HENPHMED, KAWTy JI. HIeapna
«MatemMaTHTECKHE METOAN Aa9 GHIHYCCKRX HayK», «Mups, M, 1965, — [T pumn, ped,
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Orciona AudhepednpoBanueM N0 a W b MOKHO MOMYUHTD

Creperpue 1. Hueer secro pasencrso

+1

~1 i2n
0/

(+1, —1 usu 0 & sasucumocre or swaxos Ima u Imob).

Ecnn Tenepb nNoWanoOMTCH BLIMACIHTE CREPTKY NBYX PAaLiHO-
HAJbHBIX ApoUell, PAaBHBX HYJAK Ha OeCKOHEYHOCTH M He KWMEIHX
BELUCCTRCHHEX TMOJAKCCE, TQ MOKHO JIH60 HeNOCPeLCTBEHHO MpH-
MEHHTb TeopeMy 32, JHGO NPOH3BECTH PAINOKEHHE HA TPOCTHE
npoGr, a sartem mpumenuts dopmyast (VI 5;22) u (VII, 5; 23),
BHYMCAHA CBE‘DTKH NOYJIEHHO.

B Teopuu BeposATHOCTEH BeTDEuaeTes (B CRBASH ¢ 33aKOHOM

& 1 b |
Kown) ceeprra T ETE fw ATy MAe au b BemecTBeHHB

H > 0. B 37oM cayuae, npunmenns dopmyay (VIL,5; 22), noayuyaem

m! r!

" - _ {m + n)t
(x —a)ymt! {(x — 5ttt

l'x —_—a— b)m+n+l

(VII, 5; 23)

e 1 b ] __'(__‘__. 1 )*‘_(__[__ ! )__
noxtta? m xR Ya\x—ai xFai) 2m\x —6F xbi)

| Qi 1 —ia 1 a-+b (VII,S; 94)

Ia x—ai—b Al xtal F&H  nCF (@t on

(M3 4YerHIpEX CBCPTOK AB€ PABHBl HyJMo). TakuM o0pasoM, uveer
MeCTO

Cnepcroue 2. [l1n 6ou4ecToenHoLY RONOKCUTOLOHOX HICEA O
u b enpasedansa popuyaa

& _ 1 b 1 _a+bh, 1
x4t on 24T 2+ {a+m?"

(VIL, 5; 24,)

Ecnn rteneps @ — BelniecTREHHOE WHCNO, TO OYHKIHA 1/(x - a)
HE ABJIAETCR JOKaJbHO HHTErPHPYEMOH H NO3TOMY AJS Hee CBEPTKa
HeMOCPEICTBEHHO He onpefenena. OAHAKO CYWIECTEYET PHAL KOC-
BEHHLIX NyTeil, HCNOALIVIOWNX ITaBHOe sHavyedwue nmo Komu, ans
BB€NeHWUA MMOHATHHA CBEPTKH H B 3TOM cayuyae. Bor OOHI H3 HHX,
Bocnoneayemea dopuyaofi {1V, 9;98), coraacuo Rotopof

20, £0 x—a+ie

+a0 4o
lim _[ _elehdx o p. j %—mq}(a) (VI11, 5; 25)

-

AA® JAOCTATOYHO [JadkuX OyHKUHE @ (x). COKpauleHHo MOXHO
SarnHecara

' 1
lim —————
eer0, e>0 ¥ — @t ie

e —ind. (V11 5;26)

=V.p. 3
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Kax orMedanock B Hauane § 9 ra. IV, npemen caesa Heabsn
NOHUMATH B CMHICAE ¢XOAMMOCTH MeD PajfoHa; ero mazo MoOHMMaTs
B cMbic/e Teopul pacnpenenenuii. Ma (VII, 5;26) moayuaem

l . | .
V. p. Py == eél&f']:)ﬂm + Iﬂa(a] . (VII, 5, 27)

1 1 L
Tt *7—=p 1 ey * T—F CYLIECTBYKOT, NOSTOMY

MOXHO MO OOpeAesIeHHIO HOA0KHTh

(V’ P-ﬁ)* x-l-b =

Ceepriu

(VI1, 5; 28)

. | 1 . 1
—a-)liino( x—g-ie ¥ x_b) +”l6(a} "X=b"
Ecan Tm b >0, to, coraacho (VII,5;22), sro naer
. [ i
0 4 intra) x—b rx—a-—b"

rie Ty — napanjeasibii nepedoc Ha a. Ecau Imb <0, 10
— i

. , 1
ol e b p R T g =
2im . 1 in
" p— +in T—a—b  r—a—b"

TMoayuennse npegesl SBAROTCT HyHKUMAMY Kaacca C7(a 4+ b&R).
TouHO Tak e MOXHO MHefAcTROBaTL H B TOM CJyd4ae, Koraa
0fa YyHCAa ¢ H O BEIlECTEEHHB, TaK, HaOpPHMEp, OQ ONPeAeNeHHIO

5V P

A Sy x—f
. i 1 . 1
-_s—>lol,r2>u(v‘ Pz x--b-l—fs)_'—tﬁv'p' x—a—b
. —in ; 1
= lim : Fimv. p oy = — 78

e-20, 8 >0 r—a—bie
TTosToMy Teopemy 33 MOXKHO AOMOJHHTD:

CaencreMe 3. Ecau wucao @ sewgecT8enno, a wicio b ne
BRIYCCTEENHD, TO

i
i I ‘m, ecan Il’ﬂb>0,

VPt = , (VIL, 5; 29)
“ b e , ecan Imb <0,

T x—a—b
Ecau wucra a u b sewecreennot, ro
i
VoD Ve p.x_b*—““n?é(““. {(V1I1, 5; 30)
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B wacrwocri,
1 1
V. p. 5 * V. p.}vz—ni’é. (VIL, 5 31)
3ameuande A5 BEUECTBEHHOIO YHCAA @ H HEBellecTBeH-
HOTO UHcJaa & MOJAYUEHHOE 3IHa4YeHHe COBHAZACT C 3lav9CHHeM

=]
di , -
V. P [ Toa =75 AaBacMbM reopemoit 32 (cM. sbiumcne-

—

HYA, MpOBeleHHBle NPH L0Ka3aTelbCTBE TeopeMH 33).

BereicHHE IKCMIOHEHUHAJBHBIX MHOMXKHTENEH

BoluncaeHHe Bol9eTOB B Teopeme 32 ObiA0 YAOGHBIM CHOCOGOM
AoKa3aTeAbCTBa, HO (€3 Hero MOXHO Oblio ofodTHeb. 3aMeTuM,
YTO APIMOH METON BLIUHCACHHA HHTErpadns Sul Ou maxe Kopoue.
O',ElHaKO 11e ¢cneaver AyMark, 4TO NpH NPHMeHEeHAH BHIYETOR MOXKHO
fAMeTh [eJ0 TONBKO ¢ pPALHOHANBHOH Apobbie. Jleska yrasars
caguan, KoeGa dHTe2paA MONET OOtTE BHHUCACH TOABKG € LOMOULID
86I4€TO8 MU GHAACEUHHHIX YXUUPERUE, & ui HenocpedcTeenio,

o

T. e. caguan, roeda onpelescHHblll HNTE2paA I Mopcer GuiTe a8ot-
—0
HUCAeH, 8 TO BpeMA Kak nepscofpasnas uau Heonpedeaennoil
x

uKTeZpaA j HeuzsecTus!, PaccMOTPHM, HANDHMED, HKHTerpas
(@ypoe)
4
V. p. I %emdx, « pemutecreerno, (VII,5;32)

Y

P .
rAe -5 = paunoOHaAbHAs Rpofb, [pHUEM NOJHHOM € MMeEeT He-
BeJUCCTBCIIHBIE HYJH HJAH K¢ BelleCcTREIIHHE HYAH nopaiKa ]. H

-
{crenens Q) =(crenewn P} 4+ 1. FlockoAbKY ycJOBHA, YKa3aHHbLE
B reopeme 101 ry, IV, oueBHAHLIM 00pasoM EBHOOJHRIOTCA, TO
rIaBHOe 3HaueHHe HHTeTpajda HMeeT CMBICA 1JiA KarKLoro Beille-
cTeeHHoro moatoca. Tlpw «==0 uATerpas Ha GecKOHEUHOCTH cJe-
AyeT OOHAMATE B CMBICKE TMaBHOro 3Havends no Kown, B cayuqae
e U Kak Aaa x— - o0, Tak H AAA X —> — 00 HHTErpan GyAerT,
coTJacHe xKpuTepulo Abes, YEAOBHO  CXORRUIRMCA (coiencTeHe

P
reopemul 98 ra. IV): oTHoumeHHe g HMeer Ha GeCKOHEUNOCTH

OrPAHHYEHAYIO BAPHAUHI0 (MOCKOJLKY er0 MPOU3BOAHASK, MaXKOPH-

1
pyeMan 00 HopMe const?, HHTErpHpyeMa Ha OGeCKOHEYHOCTH)
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B
2
Je‘”dx gl—al—; CM.
A
npumep (IV,9;83), 3necs mpAMoe BHUNCIEHHE YiKE HEBOIMOIKHO.
Bocliosib3yeMed METOAOM BLIYETOB ¢ NPUMEHEHHEM BepXHHX
noayokpyxHocreli. CHoBa paccMoTpuM koutyp I’y , (em. crp. 433).
Tak ke Kak H paHee, HHTErpal WO NOJYOKPYKHOCTH y; , CTpe-
e

. -4
MHTCH K —mResa‘(Q{{;e‘W). UTo e Kacdercs HHTerpaga

no Soabwol moAyoKpymioeTH yui [z|=A, Imz2=0, To npm
-

YCIOBHH, UTO (CTeneHb Q) == (ctemeus P}4+2 ® a 20, oH crpe-
MHTCH K Hya10; IlEHCTBHTeJ'inO,

E 2 {(3 == const

(mockodeky le'**{=e-t"™egll gaa Imz ?,0). Ecan ke wMeeT

e

MECTO JHIIb  paBeHeTBo  (creneH: Q) == (cremens P) 4+ 1, To
-

B ;’m . > |

T=—5+g e IIE'[Z)I! <const o, W AN as=0 umeen

) -
n crpeMutced K O Ha OecKoHeURoCTH, a

elilz

; P& e = _L, =
;1_1::0 Ty ¢ dz= cm _1“11:‘:’1”o dz')y=
A A
> —iaA fed L. F3
= Coo, 1 lim (“" e+ [ £ dz)———o, (VI1, 5; 33)
A m '\"A
TaxuM oOGpasoM, AAa o« > 0 uMeer mecro caegyloman dopMyaa:
+oo
P
V. p. J Q:i; el*rdy =
— 1 P(z) ; Fz)
—ng_il;lo J e“zdz—l-mz Resa(Q(z)eﬁz)
&= A e
e ¥ B B e
2”‘[ %&}f"“( @ "“"’)4“”1 Y Reso (5 e)-
m g maf——D
(VIL, 5; 34)

Mm BHAHM, HYTO B NPOTHBONOJOMKHOCTE CAYYAID a==0 1IpH a0
A8 ROAYHEHUA MIYIKHO20 PeSyrbTATA HET ReoBxodumoeru 8o eae-

') My BOCNOAN30BANHCH 3AeCH HHTErPHPOBANMes 00 uacTa W GOpMysolt
Crokea, umeromedl ana anppepennpanpnelx popu creneuelt O a 1 TpumnantBbl
BH; JdF—F(-—A]—F(+A).

Ta
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OEHHN soiveTa Ha OeCKOHeYHOCTH. 3aMEeTHM, UTO ANA (GYHKUHH
P(2) iar mpow 6oit
Q) €7 TOUKa oo ABARETCA HE NOMLOCOM, & CYIIECTBERHO 0C00O
TOUKCfl (4To He Memaer efi HMeThb BbiueT B GecKoHeuHocTH). Cae-
AyeT B OCOCEHHOCTH OTMETHTH. TOT $akT, 970 434 a > ( Heas3d
NOALI0BEATHCA HHMHWMH TOJYOKPYHIOCTAMH, a 3HadkT, a priori
HeT dopmMyas Buga {VI[,5; [8)., B camom nene, Ha Ty |2 i= A,
Imz < 0 dyuxkuua e'%? HeorpaHuueHa, OHA BOZPACTAET MO SKCHO-
HeHUHMANbHOMY 24KOHY, OOCKOAbKY |e'* i=e~%Imz C  ppyroi
CTODOHDI, OCTAECTCR CHPABEAJHBEIM TOT (GaKT, UTO _CYMMa BHIUETOB

P
(cunTaqd u BHYET R GeCKOHEUYHOCTH) ¢yHKUNH Q((Z; 2% paena
wyaw. Caeacsatensho, us {VII, 5;39) moxuo noavunte dopmyny
sufa (VIL5; 18) (k 2ToMy e MOMKHO NpHATH, /W K KOHTYPY FA s
NPHMENHTL BHELHIOW TeopeMy 19, 0 ButdeTax)

+ @

r ( ) fax s 1 \ ;{2} ax
Y. p. ..‘,I; g ¢ dx 2in [m%‘@ Resa‘.( 20 et )...
= >
—in Y Ress (g e'er) — 2inRes, (£ ), (VI1,5;35)
Im a;==

OTKyna, OGepa cpefiiee apudmerHucckoe, nogaydaeM GopMyay
BHAA (VII 5; L0):

V. p. .[ Q{Jemd‘ Y ReSa.-(gE?} """“‘)"

Ima; >0

—in Y, Resa‘.(gg i) — im Resm(fﬁefw). (V11,5; 36)

Q ()
Tua; <0

Bce nmpoHcxoant Tax, Kak GYATO B CHAY NMOBeNeHHS (YHKUHH ei®?
npr o >0 Ha OeCKOHEYHOCTH TOUKaZ ©O CUHTaeTes Jematued
B o6aactH Imz < 0, Toria kak nmpH a=={ oHa CuUATaeTCA Jexa-
med #a npamod Imz=10. Jaa o < O clenyer BOCNOJb3CBATHCH
HYKHHME NOJYOKDYMHOCTAME, NOAYY4EM

+3@ i
v. P j E(&}) elei gy zfn( 2 Resq, + Res,, — E Resai)_—,
—%0 [ma, =0 [m “i<0
=2m( Y, Resq,+Res.+3 3 Rcsai)=
. Ime; >0 i a,=)
= _25:;( Y Rese,+3 ), Resa‘,). (VI1,5; 37)

fm a;{& m a;=0
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rae BHYeT B GeCKOHEUHOCTH CYHTAETCA TAK, Kak §yiTo oo Haxo-
JHMTCA B NORYIAOCKOCTH [mz >0,

Teopema 34, Hycrs .3,’Q - payuoraabnar 0pobs wa T, ade

E
P — noaunom co snawenufni 8 Ganaxogom npocrpancree F, a no-
AUHOM Q NPURLLHAET KOMAICKCHOIE SHAVENUR, RPUYCN BYAU O
ROAUKOME Q HPBEUIECTBEHHOL LA M BEWECTBEHHEL U APOCTHL, U,

ade
kpose 1020, {crenens Q)= (crenent PY-+ 1. Toeda das eewecr-
BEHHOZO SHANCHUR & uMCIOT MECTO caedyroujue Gopmyast, 6 KoTo-
Y

Pz
poix Res A64810TCA GotueTamy (yniiyiin Q({z; etz

v. p. J Q(x}e*‘“dx—“

=2t'n( 2 R*csa,‘-i-2l E Resa,.)ﬁ
fma;>0 )

I a;=0

= 253( Y Resy+Res.+1 ) Resai) =

Im a; <t im a=t

==fn( E Res,, — 2 Resg, — Resm) dan o >0;

Imm a >0 [ma‘n{.D

'n( Z Res,, + Res,, + -%- 2 Resai) =

Im >0 Im a=0

_ =—2£a’c( Y Res+3 Y Resaf)-—— (Vi1,5; 38)

Im G, <0 Ima‘.=0

I

=£:rx( E Ress, + Res,, — 2 Resa‘) dar 0 < 0;

[ma; >0 Im g, <0

=2£:rc( E Resai-i—% E Resai+%RESW)=

Ima£>0 lmai==l]
===-—2m( 2 Resai-]- > 2 Resa -+ = Res)
Im a; <9 Imanﬂ

=£n( 2 Res,, — 2 Resa‘) dang a=0,
Imal‘)ﬂ

lm a;(O
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C.ne;gcnaue 1. Ecau a =€ u o sewecreennn, 10

s‘ax
dx
v. p. .[ x—a
a3 o; ( eiuz )_... 2_ ( etaz) o; roa
==2in Res, == in Res,_, o = 2ine
arg Ima>0, a>0;
=2{n Res,, = - 2/n Res, = — 2ineios

dag Ima<0, a0

=0 fa2 Ima u &, uMelOuUx NpPoTUSONOAODNM-

- woie snakie; (V1195 89)

=in Res, = — in Res,, == ine i@

gaz a>0, Ima=0 wstt 0=0, Ima>
= - jnt Res, = 4 in Res,, == — ineios

deg o <0, Ima=0 gau a=0, Ima <0
=10 paa e=Ima=0.

CHMBOA V. P. HEOGXOAHM TOABKO npH =0 pin Ima=0.)
P p
Caepcrpue 2, lHpu agsR useror secto pasexcrea
2r (i)™ '™ daz lma >0, o> 0;

m J' mxd,:_i_, — ) — 2n(in)"e"™ 94z Ima <0, a <0
(&= a) 0 das Ilma u o nporusonoicdHbLy
U anaros uau Gan o=20,
(VI11, 5; 40)

Jdorasarteabereo, QueBHiHe, 3TH PopPMYas HOJyYatoTes
3 NPeAHAYWHX dopuyd guddepeHUHPOBAHHEM MO & IIOA 3Ha-

KoM J Hane auwb oGocHomate 3710 auddepernupopanue. Tax

Kak ¢ &R, To HZ KOHEYHOM pPACCTOAHHK 31eCh OcobeHHOCTEH He
HMeeTCA. JaMeTHM, Aajee, YTO B CHJAY ClelcTBHS TeopeMmul 11D
ra. IV naa uArerpasa mo orpaumvueHHOMY HHTepBaAy Anddepen-

IJPOBAHHE MON 3HAKOM I BO3IMO¥KHO.

& B
d Lt olnr
'E( J x—a d")‘“““ _[‘(;‘:;,)—zdx- (VIL, 5; 41)

-4

Ycrpemum A M B k GeckoHewHOCTH. HMuTerpafet B JeBoll M npa-
Bofi  wactax (V1L 5;46) OGyayr c¢XomuTbes  COOTBETCTBEHHO
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+on =+
eiu.x glos
14 ‘[ T—=a dx w J. 'i;____a?‘z— dx PaBHCMEPHO OTHOCHTERBHO O, I‘Ipo-

- -
Gerawuero Jwo6oif komnakr ofnactas Imz25=0: nepswi no Teo-
peme Abesss, a BTOPOAl NpocTo B CHay alCOMIOTHON CXOAHMOCTH.
M3 rteopemm 111 ra. IV caenyer Teneph, uTo BTOPOHA mpejeln
ABJASIETCA NPOW3BOJAHON NepBOro mnpenena o . To e cnpaBex-
JUBO H AJAA CACAYIOUIHX NPOH3IBOAHHX, HOCKOJABKY adcoMoTHad
CXOAMMOCTE LJA BCeX HHUX coxpaHsAerca. Brnpouem, Bce 3T0 nody-
Y2eTCH HEMOCPEACTBEHHEIM NpHMeHeHHeM reopeMe [17 ra. IV,
W d [
MoOKHOLGbLIO O BOCNO/IB30BATECA TaKKe QopMyaol v (m)=
1
===y g7 1 TPOHHTErpHpOBATS (VII, 5; 39) mo yacrsam {cHawaaa

N0 OFpaHHYEHHOMY HHTEpBasy, & 3areM, HEDEeXOAfl K Hpeaeny,
no R, 4To csoxgurea K npuMeneHHio reopeMuo 98 ra, IV),

Haronew, smomno Gouao o Joxazare gopsmyast (VII, 5; 40) xe-
nocpedcreenno, Kak OblaH goxasanst dopuyas (VIL5;39) ¢ mo-
mowbio dopmyasr (VII, 5; 38).

oo

P (x)
Q(x)

—

An00 HeNoCPeACTEEHHO BOCROJL30BATRCA TeopeMoi 34, aubo paa-
—

3aMeuanue, Jna BHUHCACHHA V. P, &% x MOXKHO

P
TOKNTE o Ha npocThie ApobH M NMpHMEHWTL chaepcTeua 1 u 2,
Cnencrere 3, Jaz a>0 n eenjecrsenttogo A

1 ; d
-TTJ e 2imhx #’;f —e=inalbly (V]I 5; 49)

€Ae0068aTEALHO, JAR B8LUECTBLHHOZO §

x {sx

T dx=mnels), (V11,5;43)
[

Jaa poxasarenbetBa pocrarouno npeMenuth (VII,5; 38), rae a
3aMEeHEeH0o Ha 2mA, H pacCMOTPeTh NOCHEN0BATeNbHO A >0, A <0,
A=0, B zeficTBHTeNBHOCTH, KAK TOJBKO HYXkHaa (opMysaa mony-
TeHa a8 A >0, ocTaeTcs 8aMeTHTb, ¥TO UPH 3aMeHe A Ha — A
OHaA JOAXKHA MepeHTH B KOMILIEKCHO conpAmcHHYIC dopmy, T. e.
JOJNKHEA OCTATBCS B CHAY BEIMECTBEHHOCTH HeHaMeHHOA, B cuay e
HEMPEPHMBHOCTH MO A B TOYKe A=0, NMPEMEeRAA OUEBHAHHIM ofpa-
30M° TCOPEMY O CXOOHMOCTH Jlefera, MONKHO YyOeIHTbcA B Clpa-
BCANHBOCTH Hawel Gopmyaw H npu A= 0. Takum ofpasom, Teq-



444 Fa. VII @guryuu KOMAABKCRHIN NEPEHEHMBIE

peMa BepHa TNpH Beex 2daueHusXx A, Moxuo Onao O Tagkxe
HaTHCaTh PABEHCTBO

i oa ( t ] )
noxi4ar T 2\ x—ia x+ia
» npaMenuTs caeacrere |. Hamomuum, uro coornomenne (VII, 5;42)

6e10 ykasano  0e3  jpoxaszarteasctea B . 1V (dopmyna
(IV, 11; 50)). :

Cnencrene 4. Hueer mecto pasencran {reopema 118 21, 1V}

oo
[ rax=3. (VII,5; 44)
i}
HorkaszaTenweTBO.
oo . . { + oo in | Fo i
sIn X 51N X . g
I de=? J P d-‘t‘—?v. P- j‘ de—-
0 — -

+roo '
1 e in—{—ix) _n )
———i}.—v. P. I —x-dx——‘l;———'——g. (V[I, 5:45)

3amevanue. [Ipe nokazaTeNbcTBe MH HCAOMAB3ICBANH V. P
OTHOCHTENBHO 0CO0eHHOCTH B Haua/e KOOPIHHAT, B TO BP¢MA Kak
B CaMy AOKa3BBAEMYI0 GODPMYJY V. D. HC BXOMAHT.

Mpumep 3. Hurespuposanue no noayocu or O do - oo,
Hekotoprie HuTerpaisl o Q0 10 + oo TPHBHAJBHO CBOJLATEH K HHTe-
rpajaaM no Beedl npamoit R B cnay ueTHOCTH NOANMBTErDaNbHOH
PYHKUHA: ’ :

g 1 4 s C s

X _ 1 f x ) sin x 1 sinx
[ e =3 [ o | SFav=g | s
)] —oao 0 —o9

Hae unrepecyer He 3TOT cayuail.

- >
[Tyets R = P/Q — pauMoHasHas Apodb H o — KOMIIGKCHOE
yncao. Paccmorpust umrerpadn

oo
. -
fzf(a)zj R(x) xdx (V11, 5; 46)
g .
'
B HOPEANONONEHUH, UTO R He HMEeST BeIECTBEHHLHIX NMOJcoB =20
- >
H R(0)7=0. UmeeM | x%|=|e?Inx|=eRerlar—=yRee 13 4yrg HH-
rerpantt / umeer cmuica, cean Rea > —1 (uurerpupyemoctd B na-
: .

yaae KoopauHdat) M Rew + (ctenens P) — (crenmets Q) < =1 (MHTex
TPHPYEMOCTE Ha OeCKOHEUHOCTH).



§ 5. Tpusenennte reopemul ¢ seiuerax 445

PaccMoTpuM HETErpan J ﬁ (2)2%dz no caegylomeMy KOH-
Ta e
TYPY l‘A'a:
vactk (1) — orpesog [e +ie, A+ ie];
uyacTh (2} — oTpesor [A —fe, & — ig];
uactbk (3) — nyra okpy:KHOCTH | 2 |==} A*+4-¢*, Rez < A;
vacte (4) — ayra oxpyxnocty |2 |=— } 2e, Rez <e.

Hanpasaenne ofxola yka3aHo cCTPeJKAMH (MOJ0KHTeALHOE
HanpaBaetue). B moguurterpadbkoll QyHKOWH A% MHOTOIHAUHOLO

Puc 15

MHOKHTEAA 20==p¥ N2 =] 2 |* % 322 g i6pana nerss 0 < arg 2 < 27,
ITa GyRKuEA 2* rofoMopOHa B KOMMJEKCHOR NAOCKOCTH ¢ yAa-

5
Jenrodl noaynpamMoii R, W, caeioBateanHo, GyHKuHMA R(z)z°
MepomMopdia.

Hsetor MecTo caeayienine ouendkd. Ipu |z |, crpemamemca « 0,

ol .
| R(z)z%||ssconstjz®[=const |e* "z j=consl eRet*Inz —
:COHSH P lReue-lrnaargzg-conS“ 2 Iu.

{nockoabky 0 < arg 2 < 2n). Tlpm | 2|, cTpemanieMea k¥ GeckoHeu-
HOCTH,

- , >
R (2} 2% g CDI‘ISH P |-Rc atictenens Pl—icTeliens Q) \
Ecn y4ecTs IPeinonoKeHnda OTHOCHTeIsHO Req, TO moayvaertcs,

YTe HHTErpadbl no KouTypaM (4) o (3} cTpeMaTcs K HYJIO NDH
e—=>0n A— 4 oo (¢M. aemmy Ha crp. 433).
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Hurerpan no orpesky (1) cTPeMHTC K HCKOMOMY HHTerpay /I,
B caMoM pene, er0 MOXHO 3aNHCATH B BHIE

A

ey
JRO+m (i de=[ Rlx+ie)(r +i0) 5 409 dx,
0

£

(VII, 5; 47)

rae Y a@) =1 ana eLasKA 0 % 4(0)=0 maa x<e unam
x> A
MMoanurerpansias  ¢yukuus B KaxJoh TOoUKe CTpeMHTCA

K ﬁ(r} x* Jna Toro 9To0W NPHMEHHTh TelePs TeopeMy CXOMU-
voctu Jlefera, HAO0 NOKa3aTk, 4YTO HHTeTpHpyeMad (yHKLMA
MAMKOPHPYETCH HeKoTopoH QHKCHPOEaHHON HHTerpupyeMoll HeoTpH-
mateabHOH dyukuueit. Bofepem e, >0, Ay > 0 rax, uro6u npH
¥ =, &< ey HMCAH MECTO HePABeHCTBA

£
1[ ﬁ (JC + is) “_H‘(\ COI‘IS‘EE % + ie l(creneub Pl=(eTenene @) g

.
< const x{c‘reneub Pl={cTenens )
S

=
H urobn npu x < Ay u e<(e, penuunHa | R{x -+ ie)|| 6mna orpa-
HAUeHHOH, Toma pu 3<30 6yeT copaBe]JIHBEIM HePABeHCTBO

- >
| R (x + ie) [ << const (1 4 sforenens Pr—(crenens Q’),

OnnospeMenHo npH x =&, xrs|x4ie|= Vaa+eV2x,
4 CAeIOBATENLHO, NPH 2%y &

Yo 4 (6) | (x + 76)%| < const £F¢°,

ES =3
Ye. A (x) ” R (x + fB) (x + Ea)(‘.'. ”g const xRe a(I + x(c'rerrem Pl=(cTeTenk Q])

—-ume}rpnpyemaa dvuxuys, nockoarky Rea > —1 m Rew 4 {cre-

neus P}-—(cremens Q)< —1. Taxmm o6pasoM, WHTerpan mo oT-
pesky (1) meficTBHTenbHO cTpemuTed K 1.

PaccMorpuM Tenepb mHTerpad no orpesky (2). Ero moxHo
3aMHcaTh B BAAE

]

——_f R(x — ie) (x — ie)" dx:—I Ye. A x)R(x—~w)(x—-w) dx.
{VIL, 5; 48)

IMocKkoneky upu g, crpeMsawescsa K 0, u A, crpeMsineMcss K -f oo,

. -} - -

apryMent x-—ie cTPeMHTES K 2m, TO Y 4(x) R(x —ie)(x — ie)*
e

B KaXIOH TOUKe CXOZHMTCH K R(x)x®e*™t, 3r1a (PyHKUHA Maxko-
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-
pupyecresa dgpyuHnpesi xRec ([ -} gfeTenese Py=(cTenein Q*). ITosToMy H3
TeOpeME CXOAMMOCTH JleGera caenyeT, uTo HHTErpaJ O OTPE3Ky (2)
cTpeMuTes K — e*™%] 1), OKoRuaTeNAbHO NOAyYaeMm

im | R@ztdz=(l—em)1, (VI,549)

Artoo e30 T4 .

Orcoaa caenyer, 4TO NPM HEUeJ oM o (Zad Toro 4roGH
| — ¥4 == 0) MOKUO BBIYHCAHTE naTerpan I, mexoaa #n3 HHTe-

rpaza I . Ho T',,, aABngercs nyreM, KYCOUHO NPUHAAJIEKAIUUM
[',4| €

kaaccy C®, a KpoMe TOro, NCeBLOrpaHHnest sautrpuxosBaHHoll 06-

JaCTH — MHOTOOOPa3na ¢ ncesnorpavduell. TeM caMEM MM HaXo-

JUMCA B YCAOBHAX IPHMEHMMOCTH obulel Teopemu 38 Crokea us
ra. VI, ynp. 2%, erp. 232. M3 Teopemel 19 o BhiMeTaX cCJemyer,

4TO paBeH YMHOXEHHOR Ha 2in cyMMe BHYeTOB OYHKUHH

Fqe
R(z)2* B nomocax, cogepxaiuxca B sToft ofnacTu, T. e. npu
ROCTATOUNO GOMBHIEX A H XOCTATOYHO MAaJLIX €, BO BCEX NOM0CAX

e
a; ¢pyHKmun R (2). :

ITH NOJKCH — HYAH a; noaxnHoMma Q. Tipw nojxcuere BHuYeTOR
B KaXAOM M2 HMHX CJAefyel VUHTHBaTh 3HaueHue dGyHKUMH 2T,
T. e, e*lnz,

CKa3aHHOe BHIIUE MOKHO PeSIOMHPOBATD B BHLE TEOPEMBL

N _
Teopema 35, Ecau R= g — Payuionatbras dpobe or odHoL
RePEMCHRO, HE HMEIOWAR HEOTPUHATEALHBLX BCLYECTEEHNLIX HOAIO-

!} SasacTyo 3T0 ZOKA3ATEABCTBO <YNpOmAawT», cyuarad orpeskn (1} n (2)
UYTAMM C HYJZEBHMH OPNHHATAMHY, «OANH H3 KOTOPHX JEMKHT HA BepiHed,
& apyroff — xa HAxHeR cropone npamolt Ry, Koutyp I'y , npu sTom nueeT bug

O

Puc. 16.

Ho raxoe 7onkosanme npepnonaraet mpumeHenHe GYHKUMA, CTPHHHMAIOWLHE Pade
MHUHEHE 3HAYEHHst Ha ABYX CTOpoHax mpsamoli B», T, e. npuMenerne GoMee clox-
HBIX TONOACTHYECKUX CPeicTh.
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CO8 Gy, H & — Tarcoe+ﬂeqeﬁoe KOMRABKCHOE #4iCa0, 470 Rea > — |
4 Rea+ (crenens P)—(crencns Q) < —1, 70

+ oo
=1{a)= [ R()xtds = —25Y Res, (R(2)29), (VIL5;50)

i—e

1] a;
2de pyuryua z¢ onpedesena no opmyae 2°=¢*"z Inz=In|z|+
+iargz, O<argz<2m.

Caencreue. Jaa P-gyuxyuu Jiaepal) useer mecro «pop-
MYAa BOROAHEHUAD

Tl —z) =, (VIL, 5; 51)
Jorasarensbcreo. Kak Hasecrro,
4o

z=1
MAT(l—2)=[ {55 ds aan 0<Rez< 1. (VII, 552
0
3T0 HATErpajg OPeALIAYILETD THEa ¢ a=2z — [ H R (x})=1/1 + x).
Tojpsnterpafsdan  ¢yHKIHAT HMeeT eAWHCTBEHHLY nomoe —1,

B KOTODOM €e BhiueT paBeH {— 1) =e -1, Nan 0 < Rez < |
no dopmyne (VII, 5; 50) noayuaem

2ine' TN _gmet™ 9w o

| = 2ilz= T R T mime i T nz

Tor e pe3yapTarl NONYHYaeTCH IJA NPOH3BOABHOFO 2 Aubo
us coo6paxenui nepuomnusocry (obe ¢yHrRupH T (2)T{l — 2)

sin nz AHTHIEPBOAHYNB %) ¢ aHTHnepmomoM 1}, Jubo ¢ mo-

MOLIbIO AHAMHTHYECKONS NPOIOJKeHHA (00e uacTH MepoMopdHb!
00 Z N MOryT CoBlafare Mexay coboil opy 0 < Rez < | Tonmexo
‘feraa, KOrga OHH COBHOAZAT BCIEY).

Cayuall uesoro o He MOAXOMHT NMOJ YC/AOBUA NpeAbLAyLIEl Teo-
pemul. B sTOM cayvae | — ¥ ==( u ofHOBPEMECHHO DaBEeH HYJIO

-
HHTErpan f (mocKOJBKY pyHKIHR R (2) 2° aBaserca PauHOHAIb-

Ta,e
HOM ApOOBIO, CyMMa ee BHIYETOB, CYHTAA H BHUET B GECKOHeu-

>
HOCTH, PaBHa Hy/o) ¥ noTomy [==0/0. Tak Kax peyb HHeT O pa-
HHOHAJIBHOR ApoGH, TO B 3TOM CAYYae BHYHCAEHHA MOKHO DpO-
BOOHTE OOHIYHBIMH MeTOmaMH. To e caMoe MOXKHO cmedaTh AIf
HE[EJIoTo «, a 3aTeM nepeliTH K npefeday, 210 BO3MOKHO, OCKOALKY
nph o, xRea < a, rne BemecTBeHHLle UWCJAA @, H &, YAOBNETBO-
PAIOT yKasaulblM YCACBHAM, OQynxuua f(a} HenpepuBHA TO 4.

) Onpeaenenne T-dynxusn cm. wuKe, dopmyaa’, (VIL 5;65). — Tpuxn. ped.
%) Oyuxing HASBIBACTCA AHTHAGPHOARTHOE ¢ anTiuneprofom T, ecan f (x + )=
= — | (x). — Tpun. ped,
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=5 .
B camom gene, R(x)x® nenpepbinia no & 1ad awdoro v =0 u
'S

-
nmeer mecto oleHka | R (x) x¢ ||| R (x) |(x% + x™), oTKyAa B cuAy
TeopeMbl cxoguMoctH Jlefera (reopema 114 ra, IV) crenyer He-
[t pepbIBHOCTL [.
Jlanee, nAA HeLeEJNEIX ¢ MOXHO BHUHC/AHTH

T 2 Resq, (R (2) 29

H COBepIUMTb NpemefbHHIl TepexoN K UENHM ¢, PACKDHBASL He.
-
onpeneaennocts 0/0. 21O Merko cleaats ¢ moMomplo npasuaa Jlo-
NHTaMA. ,[I.I"IH ueqblxX @
. . 2in - >
Hoy= lim @)= lim ——;= ¥ Res,,(R(2) ") =
B> pan 1 —e
B neneace oy

=l g LResn (R @ 2=

—_— 2 Res,, (R(z)2%inz). (VII,5; 53)

o
CymectByer 4 aApyrofi Metel. PaccMoTpiM cnefyiowail neTerpad:

e
[ Rzt v+ (g) a2, (V11, 5: 54)
T4 e
rie a (Lejoe MJIH HeleJoe) YIOBJAETBOPHAET BCE TéM Me YCAO0BHAM
E m— ueace yucao 220, Hurerpaam mo koutypam (3) u (4) npu A,

cTpemsilieMesl K GeCKORCYHOCTH, H &, CTPeMAlleMca K 0, CTpeMATCA
K wyso, Harerpas no otpesky (1} cTpemuTes K

+ o0
[ Byaetom (v dx, (VIL, 5; 55)
i}
B 10 BpeMf KaK HHTeTpan mo orpesky (2) cTpeMutca K
oo
[ Rtx)xoerias (in x + 2im)™ d, (VII, 5; 56)
1]
TaK aTo
25312‘ Resg (R z) 2o InmHz) == Ilm I ﬁ(z) 2ot {2y dz =
& .80 Tae

= _[ R (x) & (Inm+1x — e¥ma (Inx 4= 2im)™ N ax. (VI 5; 57)
0
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Das genux ¢ v m=1_ noaydaem

2in ¥, Resy, (R (2) 2° lnz}_—zmj R(x)xedx, (VII,5;58)
“
yeM @ penlaeTcA MmocTapaeHHaa safava. Hdna m =1

Qm)‘ Resﬂ‘,(R(z) 2 In?2) =
ﬂi .
+o - o+ oo N
= —din [ Rxtlnrde+4at [ R{x)xade. (VII,5;59)
O Ji] . )

Takum obpazom, TeopeMmy 35 MOXHO ACTOJHHTB:

Teopewma 36. B ycaoounx teopems: 35 npu yeaom o
-+ -} oo
I E{x)x“dk=—ZResa‘.{f?(z)z“lnz), I Rixyx®*lnxdy=
a a; 1]
- %Resa;(ﬁ(z)z“ In?z) — in E Resal.(}':’ (2)z*in2). (VII,5; 60)
%
3aMeTaM eme, uro uureepas | duddepenyupyem no o nod
SHOKOM _f (mpr Ueablx H Heuenwx «). B camom nene, hopmasn-
Hoe puaddepenunpopanie Raer
+f e
df =
W=ﬂf B (x) x%In x dx. (VI1, 5; 61)

TonyueHHbI! HHTErpaA MO TeM e KPHTEPHSIM H AHAJOHYHBM
. OLIEHKAM CXOAHTCH, TAK 4TO 33KOHHOCTb BHROJHEHHOrO (GopManbHo
AaddepeHnHpOBaHHA BuiTeKaeT H3 TeopeMbl (15 ra. IV. Boaee
o610,

S+ o0

"
Lﬁ:j R (x) x%1n0™ x dx. ~ (VIL, 5;69)
m
Mpouasoauyw EE,‘:T MOXHO BBIYHCJNTE € MOMOIIBIO TeopeMu 33,

YTO J4CT AAS BHUHCASHHA Tpasof YacTH COOTHOLICHHA (VII, b; 62)
npu ueaux m 20 dopmyay

T, m _gm %im o
I R (x)xeln xdx-—}q—m(—l——-WZResai(R(z z)) (VIL, 5; 63)

v
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(1719 HeleMWMX <& PesyJ/bTaT [0/YYaeTCA HEMOCPEOCTBEHHO, a MaN

. ->
LeJARX @ — patEprTAacM neonpegeneanocta 00),
Hanpuyep, zaa 0 < Rez < | umeem

-+ i
“ling d P
!'(2)3{;[ ‘ml+x dx=72—(uj —|+xd.¥)ﬂ

d( n )=__isfzs_-‘z._ (V11, 5; 64)

T odz \sinmz sin® ez

Mpuvep 4 [Hpusenenue x dyuxyusn Idaepa. MOXHO
YKA34Th G0JBIIOE WHCJAO CRYUaeR NPUMEHeHHH BHIYLTOB B TEOPHH
CREUNANbHEIX $YHKNMA. Mbl orpagHyuMcA 37echb NMPHMEPOM HHTeE-
pecHoit ¢opmydasl, OTHOTHWeEHCH K 3WIepOBHM HHTErpafgaM H
ABJAAWIENCA CKOpee TPUMEpPOM MpHMEHeHHH TIepBOH HHTerpaJbHOH
depMyan Komwu, ueM TCOpeMb O BLIYETAX.

Kaxk usecrro, [-pyHKLEA IHaepa onpenensderca ads Reo >0
dopMynof

-+ o
M(@)= [ e-sxe—t dr, (V11, 5; 65)
4
OKasbIBaeTCA, MOXKHO 3AMEHHTh OYTh HHTETPHPOBAHHA — BEILLCT-
BeHHY!0 noaynpamyio 20 — noaynpaMoit ¢ apryMenTom O B KoM-
EASKCHOH MJOCKOCTH!
i0

o

Ie—zz“"dz. -l =ete-hlez aroa={. (VII,35; 66)

a

€

ﬂ.ﬂﬁ TOTO UTODHI B 3TOM }’66}1?1‘[‘&:(1?1, fHajgo JoKa3aTh, UTo pa3sHocTh

0 PR

j — j (VII, 5: 67)
¢ 0
b oo
paBHa HyJ0. Bropoii uHTerpan f =J e~ (rei®) = 210 g umeer
) 0
cMHICA, ecan DyHKUHA |01 | =g~ 08 BpRea—lpg=01Im 2 yyrerpy-

pyema #a GECKOHEUHOCTH, T. €. ecH c0sB > O (MHTerpHpyeMocTs
B Haua. e KQOpIAHHAT Tpeﬁyer BEIMOJHEHHA YNOMHHABIICTOCH BHILIC

yeaosus Reo > 0). Bosemew, nanpumep, 036 < % Ipr  sTux
yeaoBHAX pasHocTh (VII, 5; 67) soxkHO sanMcarp B BHie

A e84
i —_ . VIL, 5; 68
A-)+1£:ls->u é[ 3;(!; ( )
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HMobasum nyrs nmo ayre |z |=A ¢ apryMeuToM, H3IMeHTIOLIEMCI
or 0 Ao 0, ¥ nyTe NO gyre | 2l=¢e ¢ AprYMEHTOM, HAMEHSIOIHMCS
or 6 go 0. [lMockosbky ¢yuxuma {e=?2*"!| ma Goanlwoii orpyx-
& -4 B gHe u— -
HOCTH OrpaHnueHa BeaHwnHodl conste™ " A% “71 4 ya maaoit —
BenHYnHOA consteRe =l To HPTCPpaABl MO 9THM WYTAM CTpeMATCA
K 0, rorza A cTpeMHTcAd K GeCKOHEUHOCTH M € CTPCMHTCsl K O,
CJIE,[[OBB.T@JII:HO, Pa3HOCTE pasHa Inpeseay HHTETDAIA -[, roe
. Pae

T, .— KOHTYD, yKa3aHHWIH Ha puc. [7.

Ho 310T KOHTYD ABARETCH OPHEHTHPOBAHHON NCEBAOTpaHAlelt

OPHEHTUPOBAHKOTO MHOrOOGPA3HA ¢ ncesporpamunell D, . (3a-
LITPAXOBAHHAS 00AACTb A PHCYHKE), OPHEHTHPOBAHHOTO COI/ACHO

'n.‘P',’
% rd
‘05
e 7
LY
Wil Al ————
[ —_— A
Puec 17,

oprenTanui nrockoetd C. Mbpl HaxOMHMCA B YCJAOBHAX [PHEMeHH-
mMocTH Tenpemul CTtokca (o6mas Tteopema 38 ra. IV, yup. 29,
cTp. 232}, a ¢Jel0BaTeNbHO, MepBoil OCHORKON WHTerpaasnof $op-
My Ko,

[Moannterpanbuas GyHKRu#d rodoMoppHA R HEKOTOPOM GTKpHI-
TOM MHOKeCTBe, colepxaweM D, ., a HMEHHO B OTKPBITOM MHC-
weeTse — /2 <argz < @2, 2550, ClaenceartedpHo, HHTerpaJa

J paseH HYJI0, YeM H A0OKA3aHO paseHcrso ¢yuruui (VII, 5;65)

Ta e
u (VIL, 5;66). Takum o6paszom,
i

g o -}-00
Pw= [ em2zm-ldz={ e=re"pa-tetoadr. (VII,5;69)
0 ]

n {2
IMoaexum  Temeps B ==, a CJAEAOBATEIBHO &'

B cnny kpurepuns Abean npu Rea <1 aamucaunmnit uurterpad
ABJAETCA MOJAYCXOIRILHMCS HA GeCKOHEUHOCTH (UHTeTPHPYeMOCTh
B Hayane KOOPAHHAT npn Rew > 0 obecneyena), B camom uene,
papuauus QYHKoHH r*~! orpanndesa Ha GECKOHEUHOCTH {NOCKOABKY

— p—IF
=€ f
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wocaay teopemsl 87 ria. IV ee npouasognas (¢ — 1) r®? udterpu-
pyema Ha OecKOHEUHOCTH) H CTPeMHTCA K HYJWO NPH r, CTPEMS-
Ji4

meMes K GeCKOReUHOCTH, a J e~ irdr | 2.

Kpoue Toro, npu 0<g 8<nf2 HHTETPAM DaBHOMEPHO CXOAHTCA
ina 6e(:K011e11H00TH 91‘0 BuITeKaeT K3 TeopeMel Afens upd
0< 8, <0< n/2. B caMom jfeane,

P (e sos fpa—ty | o — | |#Re0=2 ff (e=r cos Oy |,Rea~1 (V][] §; 70)

0TRYAa B cHay (1V, 9;23)
V([A Foefi emmeos b
=0
< J' (@ — 1 |rRe 5= | (2=t c03 ) | rRe a1y g &

‘ e \ AR AR —congt AR, (VI B; T1)
Corgacao (IV,9; 102),

J\ (e-r Tus ﬂru-l) (e—ir sin B) dr =~..<:_‘
A

A
Lconst AR” [emir o ar| < eonst A% “' 2 (V1,5 79)
A

P
A
= Oy

‘?’\‘, =

Ho ana 0<SO<C0, B cHAY oOUEHKH ]e—7¢''rt=1|g gmr cos foyRe at
aHCOMOTHAR CXOJIHMOCTL 112 GeCKOHCUHOCTH DaBHOMCPHA, H, 3HA-
unt, a4 Rea <1 n 0 0<In/2 uMeeT MeCTO YKA3AHHAH PABHO-
MepHad CXOQHMOCTE HA 6@CKOHE‘JHOCTH

CaezoBarenpio, H3 Teopemil 116 ra. IV surekaer, 4To ¥am
HHTErpaJ AslseTcAd HenpephBHOH (yHKUHEA OT 0, a MOCKOJbKY
5Ta GQYRKNME OocTosanHa npun 00 < nf2, oHa noctoadHHa W IIpH
00 < /2, TTosromy maa ¢ < Ree < 1 MOXHO HAMHCATH

+oo It
P(w)= [ e=rrm=te” T ar, (VIL, 5: 73)
u]
HJH
— _J't__ too
T (o) = [ e—irpt=1dr. (VII, 5; 74)

0
n
IIporoa Te me paccyXkIeHHd ¢ 0= — . noayunm TOT Ke
PE3yNBTAT ¢ 3aMEHOH —{ Ha {; KOMOHHHPYR STHA Pe3yJbTAaThHl,
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HAXOLHM
+ oo
T(e) cos%:_f r=leosrdr,
e (VLI 5; 75)
I'{w) sinag—“= f r*~lsinrdr.

1}

B ToM, uTo KacaeTed BTOPOro HHTerpaJa, MOKHG MOHTH Aanblue,
B camom jecje, KaK B MCPBOM, TaK H BO BTOPOM HHTErpaiax ;144
CXCAHMOCTH HA OecKoHeuHOcTH no Afesle TpefyeTcd BLINOAHEHHE
HepaBeHcTra Rea < 1, a Aa9 HHTerpupyeMoCcTH B Hauale KoOpIH-
HAT HeoOXOAMMO BHTOJHEHNe HepaBeHeTBa Rea >0, Qpnaxo
BBHJY HRJNYHR CHHYCA BTOPOH HHTErpad HMEeeT CMRICA B HaYade
Koopaunar fnaxe npu Reae > — |, T4k 470 OKOHUATE/IBHO OH UMEET
eMulca B nofoce — 1 < Rea < 4 1. 3roT uHTerpan onpenenser
GynRunL o1 «, rodoMopdHy B yKazanuci monoce (popmansHoe

+oo

IndPepeHunposaumue Mo ¢ NOA 3HAKOM _[ lLaer j r—nrsinrdr,

0
A

H QCTAeTCAd [PEAMEHHTH K J’ Teopemy 115 ra. 1V u Tteopemy 117

0
rn. IV nng nepexoma k npemeay npu A, crpemauemca K Gecko-

- .
HEYHOCTH), a NOCKOJIsKY TO K€ CaMOe HMeeT MecTd afas I (o) sin =~
{a=0 sapageres momocom [{¢) 7 oxHOBpeMeHIIO NYJICM CHHYCA,
4 CMefoBATeJbHO, peryasapHoii  ToWKoH), o0Ge dyERUEM  DpH

0<Rea <1 COBI’IHI[,dH)'[‘ BO BCell 3T0fl moJoce. MTak, HMeeT MecTo

Tecpema 37. Popmgan (V11,5;75) cnpasedauso: nepeas
dans 0 < Rea< |, a saropas das — | < Rea < 4+ 1.

ChoeicTBHe.

o
sinxy __i[._
,I- x 2!
0}
oo d ¢“‘ +o= + oo d‘
exix 25 Ve IR jcosx f sin x —2% = 2
Jesmyg=v Jeosx gz VT
-0 in +oa —_—
[ erwdr=YE>7, j costdi= [ sinfar=VZ.
0 o 0 V2

(VI1, 5; 76)
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JorkasarteascTno. [Toraras so sropol dopuvae (ViI, 5; 75)

' an "
=10, mnoaysaem (I‘(a)smT) . Ora BeJIHYHHA paBHA 5
a=i}
1 . an an
MOCKOJIbKY I‘(a)wg H sin—-~—— NpH €, CTpeMAueMea K 0.

®dopMyas BTOpOt cTpokM mnonyuaores, ecan B (VIL5;73) u
(VI11,5:75) noaowuTh am% H YYecTb, 4TO P(—é)=]/ﬁ Tpersa
CTPOKA TOJyMaeTcsd H3 BTOPOH 3ameHoll nepeMeHHON x =#. 21
thopuyam uaspBaores dopmynamua Ppeness (OHW NPHMERATCH
5 Teopru AHdpakuun). Cwm, ra [V, dopmynu (IV,9; 110,) u
{1V, 9; 113),

§ 6. LONONMHEHHE MO OBLIEA TOMOJOTHH.
TEOPEMbBI ACKOJIH H MORTEJNA

MoayMeTpHYeCKne MPOCTPAHCTBA

Bo BTopofi rnase Mbl BBeJH CHAYaZa MeTPHUECKHE, a 3aTeM
TONOJOI' JeCKHe ﬂpOCTp AHCTBA. KB}I{,ILOE METPHECCKOE npOCTpaHCTBO
ABNAETCA TONOMOTHYECKUM, HO MeTpHUecKas CTPYKTypa Goraue,
YeM TOMOJOTHYECKAH, H NO3BOJIAET PACCMATPHBATE JOMOJIHHTEIbHEIE
cpoficTBa M mouATHA (mocJacAOBaTeLROCTH KOIIH H noaubie mpo-
CTPAHCTBA, OTPAHHUEHHEIC MHO)KECTBZ, DABHOMEPHO HENPEpHIBHBE
orobpaxewnst u . ju.). Tomodoruueckoe MpOCTPAHCTBO, TOMOJOIHIO
KOTOPOr0 MOMKHO ONpeledHTb ¢ HOMOLIBIO HEKOTOPOH MeTpHKH,
Ha3bBAETCA MeTpH3yeMbIM. PasmuuHble METPHKH, ONpeledsioilde
CrQ TONOJIOTHIO, HA3LIRAKTCA SKBHBAJNCHTHBIMH, HO OHH He «H/JEH-
THUHLI»! MOMET OKAa3aTheid, HANPHMEP, UTO NMPOCTPAHCTBO TNOJHO
B O[HOH H2 MeTPHK, HO He INOJHO B APYrofl

CywWwecTBYIOT W He MeTpusyeMble TONOJOIHUeCKHe NPOCTPAHCTRA,

TToHATHE MeTPHYECKOTC MPOCTPAHCTBA MOMKHG HECKOJBKO 0G60G-
wuTh. BeeneM creayiollee onpeaenaenue:

floaypaccroanuesm Ha MBoXecTRe E HaswBaercd orofpaxenue d
MHOXecTBa £ X E B BeliecTBenHylo moayoce Ry, ofnamamowee
CACAYIOMHAMHE CBONCTBAMHE:

) cumMerpuanoete: d(x, y)=d{y, x);
2) nonynonoxutenstocTs: d (x, y)=20 u d (x, £}=0;
3) HepaBeHCTBO TPeyroJbHHKA: (VIL, 6, 1)

dix, 2) <d{x,g) + 4y, 2).

Bosmomxno, uro d(x, y)=0 naxe B ToM cayuae, Korna x = y,

PacceMaTpiBaTh MHOMECTBA, ¢HAGXKeHHEIE OAHHM-2 1 KHCTBEHHEIM
OOy paccTOARUEM, He OQUeHE HHTEePecHO! TakHe TONQJQTHUecKUe
NPOCTPAHCTBA HeOTACAnMBL, (TaKOBH, HAMPUMep, NPoCTpAHCTEA F7)
eM. ra. IV, crp. 667.)
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Muosxecreo F 6vhaeM HA3LIBaTh RO4Y HETPUHECKEM APOCTPAK-
€T80OM, CCRH OHO cHalkcHO cemelictsoM {dy), _, moaypaccrosHuit

(Pe MHOXKECTBO HHIAEKCOB [ HMEET MPOH3BOALHYID MOLIHOCT), VA0~
BJETBODSIOUHX CASAYIOUCMY YCIORHIO:

Ceneticrao (dy), o ; seaseres nanpasaennoin (Puas-

TPYFOUMER), T. e, 348 Kaxedoil Koneunod wacru J Mo~ V11, 6; 1,)
acectea | cyujecreyer Taxkoe R &, wro dy,2=d; das z
seex je=/,

MuoxecTso x = E, takux, uto d;{a, x) < R{Co0TBeTCTBe HHO <L R),
HA3LIBACTCST OTKPOIToLM wapor By, y{a, R) (COOTBCTCTBEHHO 3aMKAY-
rorm wapoys By{a, R)) c uentpom B touke a<= E, paguycom R>0
H WHeKCcOM (=1

ITosy MeTpHYecKO® TPOCTPAHCTBO Mb HATEAHM CAeNyIIIER Tono-
JAcrheit: noaMuoxecTso ¢ Ha E OyaeM HasHBaTh OTKPHITbIM, €CJH
BMECTE ¢ KEXKAOH TOYKOH OHO COJEPIKMT TakiKe HEKOTOpHMA wap
¢ LSHTPOM B 5TOH TOUYKe, T. ¢, ecad

Yac O Jie!l u e>0, takne, uto B;{a, )=, (VI 6;2)

Moxno yGeantsen, uto akcuoMsl (II, 2; 1) OTKPHTHX MHOKECTB
IpH 3TOM YAOBJCTBOPAWTCA. He coBCeM TpHBHA/bHA JHINB TPO-
BEpPKa AKCHOMBI b) © KOHEUHOM MepeceueHHH; MepecedeHde KoHed-
HOPQO YHCJA OTKPHTHX MHOXKECTB OTKpuTe. [lyere Oy, Oy, ..., Op—
OTKDHTHE MAOXECTBA, ' — UX Nepecedente, H nyets 4 = 0. Torna
CYHUECTBYIOT TaKHe HHIEKCH [y, oy ..., [y U YHCHA E), By, ..., 8, >0,
YTO KamAbih wap By, ., (e, &) Jexur 8 &, v=1, 2, ..., n. Ecom
k — raxofl HHIeKe, UTO dp MAKOPHpPYRT dy, dy,y v, di (axcHOMa
HaAPaBJACHHOCTH), eC/IH e = min (g;, &y, .., Eu) o wmap By (a, &)
aexut B O, a suaunt, & OTKPHTO. MOKHO CKa3aTh, YTO MHOKECTBO
OTKPHTO TOTAA H TONLKO TOTAA, KOLLA OHO SBITETCH 06LeaHieHHeM
OTKPHTHX mapos. lapwu B,.(a, £) ¢ HeHTpoM B TOUKe & (HpU Nepe-
MEHHBIX & H i) 00pasyloT GyHAAMEHTAMBHYIO CHCTEMY OKpeCTHOCTER
TOYKH 4,

Beegennas rtonoJsords orgesuMa (T. €. VAOBIETBOPAET AKCH-
ome d) Xaycpnopda) TOrAa H TOMBKO TOTAA, KOTAA,

KaKOBb: Oot Hit O6LAL pasAtiansie Towku x & i 43 E, VIL 6: 2
cytyecrayer taxol undexe i <1, uro d;(x, y) > 0. (VL 6; 2,)

TTonyMeTpuuecKoe NPOCTPAHCTBO HA3RIBAETCH OTASNHMEIM, €CAH
€ro TOROJOUHA OTAeNEMA. Jame ecan aTo He GyderT yKasano S6HO,
MbL 8Ce20a by e M CuUTATE, 4T0 HOAY MET PUHECK 08 NPOCT PANCTBO U MELCT
OTDCAUMYI CTPYRTYPY.

Tonypaccroausa d;, 0UeBHANO, SABIAIOTCA HENPEPHIBHEIME (Y HK-
uHAMU, AeHcTBYtomwnMu w3 EX E B R,

Moxer cayynteesn, uro Bee mNoaypaccroaHus d; 6yayr B Aeh-
CTBHTE/ILHOCTH PACCTOAHRAMH, O0nako dase 6 3ToM Caywae, ecau
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POABKO CRMEHCTR0 PACCTOARUN codepxcur Hoaee, wem OCUH 3AeMEHT,
RPOCTPAHCTBO OYGET HA3BIBATHCA NOAYMETDUHCCKUM, G HE MeTpu-
HECKUM,

ToBopsAT, UT0 TONOJNOTHYECKOE MPOCTPAHCTBO ROAYMETPU3HEMO,
CCTH ero TONOGIOrHA MOMeT OLITh Cfipelefena ¢ NOMOULBIO HEKOTO-
poro ceMeficTBa NOJYPacCTOfHIIA,

Teopewma 38, Jlar 1020 2Tobei TONDA0ZUYECKOE APOCTPaAH-
c160 £ 6bia0 noaymerpusyessts, Reofxodumo u JocTaroiso, 47006
oie 064a0a40 cACOYO UM CBOLICTEOM:

raxkoast Get mu Gotan Tonka a= E u orkpsitas oxpecrHocrs L)
TOUKY Q, CHUecTByeT Henpepulsnan PyAkyus v na E ¢ seugecraen-
dotut 3Hewenudsi =0, HOACKUTEABHAR 8 TOUKE 4 W PAsHAR
nyaw 8 CQ, '

Hoxkazsareascrro. 1) ITyers mpoeTpaacTBO E ~= NONYMETPH-
qecKoe M {d;), _ —ero cemeitctro noaypaccroannit. Ecau Q apaseres

OKPECTHOCTBIO TOHKY &, TO CYMECTBYT [& [ 1 ¢ > 0, Takne, 4To
map B; (a, &) qexur B Q. Mckoman dyHKIUg pasHa x — e—d (x, @)
B MHOXecTe B # papua 0 BHe €ro. DTa KOHCTPYKUHA YiKe BCTpe-
yagach 5 Jemsie 1 K. teopeme 11 ra. 1V (0 pasnokenuu emHHHIH)
Taw npeinodaranaoch, 4To ILPOCTPAHCTBO MCTPHYECKOC M JOKAMLHO
KOMDAKTHOE, B UeM N7 paccMaTpHBAaEMOTO pe3yJ/nTara HeOO0X0-
AUMOCTH HET.

2) O6patHo, NpeanoomuM, YT0 E — TonoaorHyeckoe npocTpaH-
CTEQ, ofJagawines yKa3aHHEIM CBOHcTBOM. Kaknofi menpepuBuo#
¢yakuun vy Ha £ ¢ HeoTpHuATEAbHHMMH 3HAYCHHAMH [OCTABHM
B coOTBeTCTBHe dyakunio Ha E X E, onpeienennyio no ¢opmyae,
(x, gy = v (x}—y () | [Toaywennaa ynguua, ouepuino, 6yner ROAy-
paccrosinneM. Mut Gynem ee oGosnauarh uepes d,.

Menan y, MB moayvaem ceMeficTBO NOAYPACCTOSNHHEN, a CAENO-
BaTeAbLUD, HEKOTOPYI0 NOAYMCTPHUECKYK CTPYKTYpY. 9Ta CTPyK-
Ty pa onpeneaseT HexoTopyw Touonoruic F ', llokakem, 9T0 3Ta
TOTOJOTHA CORManaeT ¢ uexomuad Tonosoruein 7, B camom nede,
OTKpHTHE waps By, (@, £) 06pasywT GyHIAMEHTAJbHYIO CHCTEMY
OK[eCTHOCTEl TOUKH @ B TomodornH 7. ORHEKG, NOCKOAbKY
Kaxaad OyHRLUN y HeNpephlBHA B TONOAOrHH &, 3TH [1a PEL OTK PLATHI,
a 30aMAT, ABAAIOTCA OKPECTHOCTAMH TOYKM @ B Tomoqoran 7,
CrnenoBaTteabno, Kamxnaa J '-0KpeCTHOCTh TOUKH & ABJACTCA H e
g -orkpecTHocThio. O6paTho, eeH 1 —OTKpUTAS OKPECTHOCTE TOUKH 0
B TomoJorud J, TO cymiecTBYeT Takafd {(yHKnad y, Koropas >0
B TO4Ke 'a¢ M paBHa uyao B AonosHenun CQ. Torga map

[+
B.., (a, ?(2)) KAK MHIOMEeCTBO TOuEK ¥, YHOBJSTBODAUINX Hepa-

BeHCTRY |y {x)—y (a}lgléﬂ (a IHAUAT, V(X) = v(za) >O). AQAHT
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B £} B ABASeTCS HEKOTOPO OKPECTHOCTLIO TOYKHE a B TOROJOTHN F 7,
Takgm obpasom, B & H T/ Kamjad TOUKA HMeeT ONHH H T Ke
DKPeCcTHOCTH, MOsTOMY ¥ =T,

3ameuanne 3ITa TeopeMa He AdeT TPaKTHUECKOTO KpHTe:
pHA ANA BHISICHENHS TOTO, MOJYMETPH3YEMO JIH JaHHOE IpOCTpal-
cTBo. Kak 6b To HE 6Bia0, €CNH H BepHO, 4TO MHOLHE HacTo
NpUMEeHSEMBlE B aHAMM3e NPOCTPAHCTBA HEMETPUIYEMH, TO MOYTH
BCE ONU ROAyMeTpu3yemsi. B YACTHOCTH, KaXEOe KOMIAKTHOE
HJH JOKAJbHO KOMIAKTEOE NPOCTPAHCTBO NOJAYMETPHIYEMO ).

HenpepbiRHOCTD M paBHOMEDHAS HENPEPHIBHOCTH

[Iycts E # F -~ 0Ba DOAYMETPUTECKHX TPOCTPAHCTBA ¢ ceMeli-
CTBAMH Moaypacctofnuit (d;),_, 1 (‘51)151‘ OrtoGpakedaue | npo-
CTPaHCTBZ E B NpOCTpaHcTBO F HenpephIBEO (NOHATHE YHCTO TOMO-
JIOPHUECKOE), ecaH

VasE, Ve>0, Viel, 3n>0, Ji="I
(di(x —a) <n=>8;(f(x), FlaN<e). (VI 6;3)

KpoMe Toro, 0HO MOIRET GLITb H PRBHOMEPHO HENPLPbLaHO (BBECTH
3TO MOHATHe, BMeH B CBOBM PACHOPAMEHHH JHWDL TCTNOJICTHIECKHE
CTPYKTYpPH, HEBO3MOMKHO), A HMCHHO OHO TAaKOBO, €CJH

Ve>»0, Vijel, dn>0, 3Jiesl
(di (1", x)ysn=20,(F(x), T(x")<e). (VI 6, 4)

Teopewma 3D Henpeprienoe orobpamentie norymerpuseckoeo
KOMRQAKTHO20 npocTpancTaa £ 8 noaymeTpuneckoe npoctrpancrao F
PasHOMEPHO HENDEPBIBHO.

HokazarteabeTBo. 3ra 1copeMa apasercs ofobileHHeM Teo-
pemst 31 ra. 1l Ha noaymerpHeeckue npoctpamctsa. O1HAKO mMpH-
BeAeHHOE TaM JNOKa3aTeAbCTRO 34eCh He MOAXOIAT, TAK KAaK OHO
OCHOBRIBAJOCE Ha TeopeMe Donwliano — Bellepwirpacca, B KOTOpO#
NpPelnoNaraeTed MeTPH3yeMOeTb, Mbl HaguM HOBOE T0KA3IATENbLTRO,
KOTOpOe, KOHeYHO, Oy NeT rOLHTECA H AJA YACTHOTO CAydas MeTpH-
qeCKOro NmpocTPaHCTRA.

[peamonoxum, uto yTBEPIKIEHHE TEOPEMBl HECNMPaBELJAHBO, H
NOKdKeM, UTO TAKOE NpeiNoNoXKende MPUBOAHT K NDOTHBOPEUHIO,

'y Ora Tore uToBH YGEAMTRCS B STOM, AOCTATOURG NPAMEHNTE AeMmy |
Teopemsl 1 ra IV, w3 roTopolt BHANO, 94TO YCAOBHA TeopeMi 35 BHUOMHCHH.
3aMeTHM, ONHAKO, uTO MH 3TY JeMMY B OBILEM CAYYaAR He ;OKAIWBAAH, 3 1pO-
DeAH AOKAIATEILCTDO TOJLKO AAA MEeTPHYECKOTO WK [OAYMETPHUECKOTQ Cayyan!
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IMyers cyurectyor j&J u ¢ > 0, Takue, uro Ans moboro iesf
u moforo 7> 0 Halaerea napa (x7, x7) = E X E, yaosaeTBopsio-
[Lad HepABEHCTEAM

&, xy=Ln 6, [Ix™) Z=e. (VIL, 6; 4,)

JuadukeupyeM takde | # e. JIa9 Kaxaoro { M Kawaoro 1 MHOxe-
etB0 £y map (X', x”) & £ X E, yA0BNETBOPAKINUX COOTHOIIERHAM
(VI1,6;4,), 3aMKHYTO B KOMLAKTHOM MHOxecTse F X £ (MoCKOJBKY
. d;, 6; HenpepbiBHEI} H HemycTo.

ITocKOMBKY ceMCHCTBO MOAYpAcCTOSHKE HanpaBneHO, TO Hepe-
ceqene KOHeYHOro HHchMa MHOMECTB Ei.T], COLEepPMHT MHOMKECTBO,
o0aaAalolee TeMA Ke CROACTBAMYN, a CNefoBaTe/lLHO, HeNyCTo.
3HaunT, nepeceuenne acex £; , Hemycro.

Ecau napa (x, %) JeXKUT B 3TOM Mepeceuyetid, 10 419 KaXIoro
ie=1 naveeM d; (¥, x¥)==0, a Tak Kak TpOCTPaHCTRO F OTALIHMO,
0 ¥ =x". B 10 ®e Bpems &;(f{x"), f(x"))=e — nporuBopeune.

I'oBopaT, uto oTodpamenne f npocrpancTea £ B npocTpaketso £
ydoaaersopaer ycaodwio JTunmwmunga (i, Kopode, AHRUYER0),
€cqH, Kakos On HH Ol nugeke [ = J, cywecrsywor (=1 0 & =0,
TAKHE, YTO AJA Awéwx x7, x" = E

8, (F(x"), Hx)y Chdy{e!, x7). (VIL, 8; 4y)

Beskoe numunieso oTo0paKeHNe DPARHOMEpIIo HelpepHIBHO.

PasHoMepnan cTpykTypa. JIHMWHOEBa cTPYKTYpa

JlBe moJymeTpHtllecKMe CTPYKTYPH HA OZHOM H TOM KEC MHO-
JKECTBE HASKIBAIOTCA 3K6UBAAGNTHEIMY, €CAH DHH ONpelefloT OAHY
H TY e TOMOJOTHIO, T. €. eclid TOx JecTBeHHOe OTOOpAKeHHe MHO-
kecrsa E, cHaGxeHHoro M0GOH H3 3THX ABYX CTPYKTYp, B MHO-
kecTBo E, chadeHHOe APYToll €TPYKTY poit, HempepbBHo. [0BODAT,
UTO OHH PAGHOMEPHO IKBUEAASHTHEL UJIN UTO OHH onpedesanT odnYy
U TY e PABHOMEPHHIO cTPYKTYpY tHa E, ecy TOWMICCTRENHOE OTO-
6paxenne MHowecTBa K, cHabxeHnuoro Jodof H3 STHX JABYX
CTPYKTY D, B MHOXKeCTEO £, cHabKeHHOe APYTOH CTPYKTYpOl, papHo-
MepPHO HenpepriBHO, [lpe paBHOMepHO SKBUBAJeHTHbE TOJAYMETpH-
HECKHE CTPYKTY Db, DPasyMeeTcs, 3KBHBAJEHTHBHI,

ToBopat, 4TO ABE NOJYMETPHUECKHE CTPYKTYDBl 3KGUBAASHTHOE
no Junwuyy (aunwiny-sKeuealenthet), HIH ONPedeAdioT CGIHY H
TY Xe JHNIIHUEBY CTPYKTYPY, €CJH TOKAECTBeHHoe OToGpaiKeHHe
MHOMecTBa £, cHAGMeRHOTO moOOH H2 3THX CTPYKTYP, B MHOXe-
¢80 E, cHaGxenHoe Apyrodl CTPYKTYPOR, AuUNmHueso. JIRe CTPYK-
TYPH, 3KBHBAAeHTHhe 10 JIHOwHUy, Tem 6oJee PaBHOMEDHO 3KBH-
BaJdeHTHR. [lanpuMep, ecau x cemeficTey noaypaccroadauil B £ no-
6abuTL BCe TOYILIE BepXHHE PPANN HAH CYMMEL KOHRUHOTO YHCAA STHX
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[OJY PACCTOAHH, TO MOJYUHTCA CTPYKTY Pa, JHNDIU-2KBABAJACNTHAR
HCXOIHOI,

HenpepuBHOCTE (COOTBETCTBEHHO PABHOMEPHAS HeHPEPHEBHOCTE,
COOTBETCTREHHO NHIIUMIEBOCTE) 0TODpAKeHHA £ B F wue Hapy-
LIAETCA, eCAH NOAYMeTpPHUeCKhe CTPYKTYpel 8 £ W1 B F 3aMoHWTE
H3 5KBHBAJEHTHLIE (COOTBETCTBEHHO HYU PABHOMEPHO 3KBUBAJEITHEIE,
COOTBeTCTBEHHO HA SKBHBAJIEHTHbie MO JIHMOIHUY) CTPYKTY PHL.

Ecan E — KOMNAKTHOe TOMOAOTHYCCKOE INPOCTPAHCTIRO, TO, KaK
MB BiLieau {cM, 3aMeyanye nOCIc Teopemisl 38), ¢ro TORGACrHIO
MOXKHO 3a0aTh NOAYMeTpHUeCKOR CTpYKTYpofl. Coraacuo Teopeye 39,
BCE TAKHe CTPYKTYDH PABHOMEDHO SKRUEBAJEHTHHI, HHAaue TOROPH,
KOMIAKTHOE TOMOJQTHYECKOS NPOCTPAHCTED HMEET eRUHCTBEHHYIO
PABHOMEPHYID CTPYKTYPY.

Onpcaenenne paBHOMEPHON CTPYKTYPH MOXHO [1aTh Oo.ee
o0IAM 06pazoM, HEeMOCPEACTBRINIO, KAK 3TC OuI0 CA2iaie 1.
TONOJIOTHUECKUX CTPYKTYP. A HMEHHO [OCTYIAI0T C.JelylouHM
ofpazoM.

Pasnovepraa cTpykType Ha MHOXKecTBe £ onpenesseTca saga-
HHEM ceMcHCTDA MOAMHOMEeCTE B E X £, HA3EIBAGMUIX OKPYICCHILAMI,
YIACBJACTBOPAIOIIETO CACIYIOIHM ¥YCAOBHAM

1"} BcAkoe moaMBEOXKecTBC B £ X £, cojepauice
OKPYXKeHHe, ABJASETCA OKPYHKEeHHeM;

2°) nepecetetne MOBONG KOHEYHOTO YHCAA OKDY-
MEHAR FABJAASTCA OKDYIHEHHEM;

3°%) ecan ¥ < E X E—oKpymenue, TO CYUECTBYET
TaKoe QKpYKeHEE ¥, uTo (v, y) = 7 Baever 3a ¢obol
(y, xy & A (cHMMETPUIHOCTDL);

4°) ecan U < E X E—okpyxerue, To cyuecteyer  (VII, 6; 4))
TaKOE OKpYXKeHue ¥, uto (X, ) € ¥, (4, 2) & ¥ BAeKyT
33 co0oit (x, 2) =%¢ {HepaBeHCTBD TPEYroJdbHHKA);

5% AnA BCAKOTO OXKpy:eHHA @ n BeAKol TOUuKM
x = E napa (x, x) npudagnexur

6°) akcHOMa OTIGNNMOCTH: ACPCCEYCHIC BLeX OKDY-
JeHHi CcOoBnajgaeT ¢ adarosadaeie E X E, T, ¢, MHO-
KEeCTBOM Bcex nap (x, x), rie x = E,

OKpyMeHus CAVKaT CBOEr0 poja MEPOA  0JH30CTH; €CTH
(x, yY)= 2, To rOBOPAT, UTC TOUKM X H y O4u3ku nopidka U,
HaH GL-OJTH3KH,

PaBHoMepHasn CTPYKTYPA @CTECTBEHHHM 0GpA3oM onpeiessier
TONOMONKIO: MHEONKecTB0 F B £ OTKPHTO B 3TOH TONOMOTHH, €CaH
JUI Beskore a (7 CyUlecTBYeT TaKoe OKpyKenne @ EXE,
uto H2 (2, x) = @ caenyer x = . Tonoaorpueckoe nPOCTPAHCTBO
Ha3HBaGTCH PAGHOMEPUBLEMHIM, €CIH €r0 TONOJOTHA MOXKET GbiTb
ONpeACAcHA € NOMOILED HEKOTOPofl paBHOMEDPHOH CTPYKTY PHL
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Mycto tenepy £ M F — nea papioMepuelx npocrpasetsa, Oro-
Gpasenie [ npocrpancrsa £ B npocTpaleTso F HasnpaeTed pasho-
MEPHO HeMpepsieHsts, CCJH, KAKOBO Obl HH GLIIO OKpydieHHe
B FY F, cylectsyer Takoe okpyxenne @ b EX E, uro ns (x, i) &%
caenyer {f (x), f(y)) = ¥. B arom cnyuae f W NOAaBHO RENpepHEHO.

Ecan E — gosiy MeTpHUECKO# TIPOCTPAHCTRO ¢ NOJYPACCTOSHHAMYE
d;, i=1, 10 MuoxkecTno A < E )X E Ha3oBeM OKDYIKeHHEM, eC.H
cyllecrsyT takue &1 u &> 0, uTo n3 wepasedcTa o; (1, y) <&
cneayer BEIovedie (x, y)= 4. Tem caMelM nodymeTphuecKas
CTPYKTYDa ONPEACMICT paBlOMEpHYIr CTPYKIYPY. OKasnBaercd,
YTO XOTS TOMOJOTHYUECKAS CTPYKTYPA He Beerda MoxKer GbiTh onpe-
JeJeHa C NOMOIBo ceMeHCTRa MOJy paceTostHui (eM. Teopemy 38),
HO KAMKIVIO DABHOMEPHYR CTDYKTYDY (B CMbIC/e TOABKG 4¥TO ZaH-
HOFQ HaMH oOWEero onpeiefelns) ¢ NOMOUIbIK HEKOTOpOro cemefi-
CTBAa l'iO.J'IypElCCTOHH]‘Iﬁ onpefeJaiTh MOXKHO. I—[OBTOM}' A3 TOHOAO=
THYRCKHX DPOCTPAHCTE NOHATUS PABHOMEPH3YCMOCTH H TOAYMCTpH-
3YEMOCTH PABHOCHALHHL. JTO 3HATHT, YTO MBI HKUSTO He [OTEPSEM,
ecay OyZeM paccMaTPHBATL JHIb DABHOMEDHEIE CTPYKTYpPbl, Onpe-
AeJeBHEE HCXOAA H3 MOAYMEeTPHUECKHX CTPYKTYP.

Uto e KacaeTcs JAMNWAHUEBBIE CTPYKTYP, TO BPAZ ya Oyaer
HHTeDECHHM OIpefedsiTh HX €3 NOMOIUM TOJYPACCTOTHYI,

Ecay E H F — modayMeTpPHUCCKYe NPOCTPAHCTBA, TO, CJACLYHA
cnocoby, yxasaumoMmy B i 1, crp. 63, na £X F moxkno onpe-
ZeduTh Pa3fAYitble RNOAyMeTpHUecKHe CTPYKTYpul. Bee oun sKey-
BaJeHTHEl no Jiunmmiy. TIpy sTOoM Bee (YHKUHM pacCTOSHHA d;
03 EX E B R, OyLyT JHILHUEBEMY,

MocaeponatreasHoct Komn. Cekpenlinannio NoeJHbie
NPOCTPAHCTBA

Ilyets F — noayMeTpateckoe TPOCTPAHCTRO.

CX0IHMOCTE {I0CAedOBATETbHOCTH 3aBHCHT TOALKO OT TONO-
aornu. IlocaenoBarebHocTe Xoo Xg, oovy Xpy o0 HIEMEHTOB U3 E
cxodurea ¥ a < E, ecan, kKakosw Ow uu Ouidn <=1 m e > 0, Hafi-
JeTcsl TAKOE Uesoe YHMCNIO p, YTC NPH # = p BHOCAEAIOTCA Hepa:
BeHCTBaA d; (x,, a) = &.

Oznake B HalleM cJayuYae MOKHO ONpelefiATb H [OHATHE MO
caegoBaTeabHOCTH Koun, dero Henwss caenaTh, eC/IH HMETh HeJc
Miilb ¢ TONO/OrHYeCKO cTPYyXRTypoil. [loc/enoBaTeNsHOCTD X, HA3B!
BaeTCA nocAedosaTeabHoCTor0 Ko, ecan npu aioboM § & I nocae
ZOBATEALIOCTS d; (X, Xp) CXOAHTCH K O NPH m W 1, CTPEMAIIHKCS
K GeCKOHeUHOCTH, HIIaYe TORBOPA, ecAl

Vil Ve>0,dps N (mz2p, n2p>d;(x,, x,) KL8). (VIL, 6,5

310 CBOHCTBO NOC/AEA0BATENLHOCTH He HAPYIOAETCH, eCTH HMEW
MY©0CA CTPYKTYPY SaMeHHTh HAa PaBHOMEPHO ef 3IKBHBAMCHTHY K
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{(HO OHO MOXKET HAPYINTBGH, eCAH e 3AMEHHTb Ha HPOCTO SKRUBA-
JEHTHYR CTPYKTYDY). Brnpouem, nocaeposareabnocty Kown MoxHoO
ONPefesIUTL HENOCPEICTBCHRO ¢ MOMOUIbIY ORPYIKeMHH paBHOMEp-
Hetx crpykTyp. [locaemoeateavnoets x, ©6vaeT HocaedosaTers-
HOCTER Kouttt, €CtH ans J06oro okpymennn @ nafigercs Takoe
wneno p =0, Urto ANM M ZEp M onZzp HMEET MECTC COOTHOIWEHHe
(X xp) = 4L,

MonywmeTprueckoe NPOCTPAHCTBO HA3BIBABTCS CEKACHYUTADHO
ROAKLIM (MW ROAYAOAHBIM), €CTHN B HEM KANAAH NOCAELOBATEJ b
HOCTL Komn cxopnren, Mbl ro30pHM «CeKBEHINAMDHO MOMHbIMS,
4 He <TIOJHBIM», TOCKOMBKY B ¢AYYAE, KOTAA BLIXOLANT 34 MPeLensl
METPHUECKHX TNPOCTPAHCTE, PACCMOTPEHHE MOCAELOBATENBHOCTEdH
MOKET OKa3aTbCA HepoctatoynelM. Cyllecreyer dofee CcHALHOE
NOHATHE MOJMHOTH NPOCTPAHCTRA, O KOTOPOM MBI 3ech He TOROPHM,
CoBllagaoulec ¢ NMOHATHEM CEKBEHUHAJABHOA MOJHOTH AJA MeTpH-

YeCKHX NMPOCTPAICTB HJW NPOCTPAHCTB, DABHOMEPHO SKBHBAJEHT-
HEIX METPHUECKHM.

MeTpr3yeMuie nonyMeTpHueckHe MPOCTPAHCTBA

Teopewma 40. [figers E — noaymerpuseckoe Apocrpancrao,
onpedenennoe € ROMOWLI0 KOHME4RO20 WAl CHETHOZ0 MHOMECTSU
noaypaccroanud dy, dy, ..., dy, .... Tozda na E cywecrsyer
METPUHECRAR CTPYKTYPA, PAGHOMEPHO JKEUBAACHTHAR dawnnod.
B uacTHOCTHE, pacemarpusgemog Tonoad2uweckoe apocrpanerdo E
METPUIRYEMO.

JokKazatenbcTBO, 3aMeFHM OpeXje BCErD, UTO CeMeldCTRO
noAvpaccToauni dy, dy+dy, ..., do+d,+ ... +d, ... paBHO-
MEeDHO $SKBHBAJEGHTHO MTaHHOMY ceMeHcTBY. CJaeroBarenrHo, He
yMmenblias ofWEOCTH, MOKHO CcYHTaTh, 49To ceMeilcTso moaypac-
¢rosigHil Bospacrawwee: d, 2 d,-, ana godoro #.

Ecan 2aMednThk Telleps Kaxioe d, Ha 6,=inild,, 1), T. e,
MOJOMHTD

6. (x, y)=min(d,(x, ), 1}, {VII, 6; 6)

TO MBl CHOBA TIOAYYHM DABHOMEPHO 5KBABaNeHTHOC ceMelicTeo. Cae-
J0BaTeAblle, MOMHO CYHTATE, UTO 3ajalHa BO3PacTAallEsl noche-
AoBaTeNEHOCTh paccroauyit &, < L. Ilonoxum temepe

o=sup(gh), tae b(x, p)=max(2HL) (VILET)

73
n=0 2

3roT MaKCI/]M}’M CYI.U,&CTBYET, ['IOCKOJIBK)’ Add X H 4 =F nocae-
nosaTenrHoCTh &, (¥, ¥)/2" crpemutcas K O apw a1, cTpeMdAmevcs
K OeckxoHeudocTd. PYHKUEA &, OUGBHAHO, NDelcTaBA"eT COGOH
HEKOTODOE loAypaccToanHe, OHa Ja:Ke ABJHETCA MPOCTO paccros-
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HHeM, OOCKOIbKY B CHAY MPeLNOJOMeHHA OTISTHMOCTH Cyie-
CTBYET TaKoe yueao #, uro 6,(x, ) >0, a sgauwur, u 6(x, ) >0,

[MokaeM, uro mMeTpuyeckass CTPYKTypa, ompefenaseMas pac-
CTOAHHEM 8, PABHOMEpHO »KBHBAJeHTHA AaHHOHA cTpyxkType. ITycTe
cuauana n<[MN 4 e >0, Torza 3z 8<Ce/2" oueBMANLIM oBpazoM
cnenyer 6,27 <(&/2" uau &, <Ce. Ilycts Temepb 3adaHo e > 0.
Hafnem Takoe n, ana koroporo /2% <Je. Torna us 8, <Je cleayer
8:/2" < e npH i <1, NOCKOIRKY 8,/2° < 8,/2' < e/2 e, a npu i 21
notomy, uto 8,1 n 1/2° < 1/2° < e. Crenosarenbuo, -cTpyKTYpH
(E:.,,)nEm H § paBHOMepHO 3xBURANeHTHH. Tem DoJiee OHH NPOCTO
SKBUBAMEHTHB, A 3MAUAT, TONOIOTHUECKAA CTPYKTYpAa, ONpeneJsen-
HAS [epsofl U3 HHX, METDH3YeMa.

3amevanwne. Haoporus, n3 camoro cmocofia, Mo KoTOPOMY
MH ofpasopmBanH 8, =inf(d,, 1), BHAHO, YTO MOAYYeHHAA METPH-
yecKafl ¢TPyRTypa, BooGlie TOBODA, lIe ABAAETCA SKBHBAJECHTHOM
no JIMNHIY HCXOMHOH CTPYKTYpe,

Orp AHHYEHHLIE MOIMHOKECTEA NMOJAYMETPpHYSCKOrO
npoCTPpaHCTBA

MnposecTBe A MoKyMeTPHUSCKOTO MPOCTPAHCTBA E HA3LIBAETEA
O2PUMULEHNNM, ©CRH IS JoGOoro { & [ OHO CONePIKHTCA B HEKO-
TOPOM LIape OTHOCHTENBHO ToJypaccrosnds d;. CeoficTBo orpauu-
YEHHOCTH 3aBUCHT TOADKO OT MHNMUOEBOH CTPYKTYpH. B 1O XKe
BpeMA MHOMECTBO MOMKET OblTh OFpPAKHYCHHBIM B HEeKOTOPGH IOAY-
METPHKE R He JLITh orpainyesiuy B npyrof, efl panuoMepHO 3KBH-
BaJeHTHOM. Hanpumep, ecnut BepHYTBHCA K JAOK23aTeABCTBY TeO-
peMer 39, Te B erpyKRTYPax {d,), o W (8., oy, THe 8, ==inf(d,, 1),
COBOKYTHOCTH OTPAHHYEHHHX MHOMECTE He COBINARAIOT! CHAMEM,
BO BTOPON CTPYKTYpPe BCE MPOCTPAHCTRO OTPAHHULHO.

[MockoabKy BYHKIHH DACCTOAHHA HEMNPEPHIBHB, TO 3QMOIKAHIE
OLPARUYENHDE0 NOGKRONECTIN 0ZPAHUYENO.

MoaynopMupoBaHHbIE BEKTOPHBIE NPOCTPAHCTBA

Mul YHe onpelcdAad MNOHATHe OOAYHOPMEI B BEKTOPHOM MIpPO-
-

ctpanctee £, K nowatue HOpMBEL OHO OTHOCHTCA TaK ¥e, Kak
OTHOCHTCH NOHATHE NOAYPACCTONHAA K MOHATHIO PACCTOAHHA. 310
.

HeKoTOpana &YHKUHA p, ONpeledicHHad Ha £, co sHauennamu B R,
obnanawuas credyWHMA CBONCTBAMH:
1% no AYNONONCUTELEHOCTG: p(;) =0, p(ﬁ) =0;
2°) 0010 POIHOCT b p(kx)—{l]p(r) rnel—cxamp, (VII, 6; 7,)
3°) HepaseHeTE0 BLiNYK 20CTU: P x+y)<p(x)—|—p(y)
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-
BeKTOpHOR NPOCTPAHCTBO E HA3LIBACTCH ROAYHOPMUPOSAHHbIM '),
ecNi OHO CHa®KEHO HEKOTOPHIM CeMeHCTBOM NOAyHOPM (p);_,

(koTOpHie MBI Oylem ofoanavare Takke uepes [ [;, HecMoTps Ha
70 9T0 vacto obo3nauveune || | pelepBUPYOT JUWDL AAR OOBIYHHEX
HODM), TpHYEM 3TO ceMeficTBO ABJRAETCS HaNpaBAeHHHM (QHIb-
TPYIOIHMCHY: KaKoso Oot Hi 65140 KOMeuroe MHowceeTso fc i,
cyujecrsyer taxkoe k, uwro xopma ll | mawmopupyer 8ce Hopib
Iy, j=1.

Kpome Toro, name B Tex cAyyasx, KOrga 3aTo sBHO He Oyfer
CKa3aHo, CUHTAETCA, UTO CTPYKTYPa OTAeJHMA, T. €

- >
KarkoBO On HH Omino X == 0, cylecTBYeT TaKoe
bt .
il uro x|, ==0.

Ecan p — noaysepma, to dysxnada (x, y) — p (x—y) ectv noay-
paccToAHHe, H NPHTOM cCoTraacyiouleeca ¢ BEKTOPHOH CTPyETYpoil:
OHO HHBAPHAHTHO OTHOCHTENBHO CABHTE H NPH TOMOTETHH YMHO-
JKAeTes HA MOAYAL Kosddriupenta rosorerhn, CneapoparesbHo,
BEKTOPHOE HOJYHODMHDPOBAHHOE TPOCTPAHCTBO ABAAETCH TAKXKE K
TONQAOTHYECKHM MPOCTpaHCTROM. Bodee toro,

(VIL,6; 7))

Teopewma 41, BexropHoe ROAYHOPMLPOBARHOZ NPOCTPAHCTRO
ABARETER TORCACEUMECKUM BEKTOPHMM APOCTPARCTOOM. Orcpace-
=

Hits (;, ;)—»(; +-§) MHONCECTRA EXE ¢ Eu (%, E')_m{c’ MAONCE-
crea KX Es E HeRpepLIsHoL,

JorvasatenavcTeo. B camMoM fexe, nyeTh 2amdaHu a4 = L,
b=E, i=f n >0 Torna us HepaseHCTH _ii;—;zllggsm H

> > >
ly—b1l; =< ef2 6yner BuiTeKaTs Hepaneile1ro || {x + #)—(a + b} ||, & e,
JMOKA3HBAOLUIEE HeNPEPEHBHOCTE (M Jaxe PaBHOMEPHYIO HenpepLHB-
HOCTB) caoxeHusi, TTyeTs Teneps a & K. Torna nmeer mecTo Hepa-
BEHCTBO

1A¥ — od [y <IA — e £l +iallE — &l (VIL 6;75)

>

IMpu |A—a ||[;||¢ <e2 u lallx —;I!, £ g/2 Oyner BBNOAHATbCA
> >

HEPABEACTBO

Px —oa ;< e. Bropoe n3 HepapeHCTE BHIOOJIHACTCH
npH []x—alrigs;] Qa! a mepsoe —nph |A— a2kl T, e

B3
eCqi CUHTATD IIx—aliggl npi |A—alse/2(|all+1). Taxum
00pa3oM, H3 HePABEHCTB

1A —a | — ||;—_t;|ld5..:;mil‘l(l, WZT) (VII, 8; 75)
2(all; + 1

1) Uame moMynopMEpOBAHHMM NPOCTDAHCTBOM MASHIBA0T MPOCTPAHLTRO,
nageaenuoe odnod noaynepmod. — Jpum, ped,
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> >
cAeAyeT HePaBeHCTBO Ay —oal,; <le, 10Ka3bBawLiee NCNPephIB-

-
NOCTb yMHOMEHHS Ha CKaJdp B TOouke (¢, @) mpouspenenus K X E.
OAHaKo YMHOXKERHE HE pPaBHOMEDHO HENpPepuBHO (¢M. ra. II,
erp. 24),

- >
Teopewma 42. [yere E u F -~ gexropuste npocrpancrea,
>

ROAYHOPHUPOBAKIGIE € NOMOWLIO CemeilcTe noaynopm (m), ., #a E

-
1] (QI)]EI Ha .F.
i
Has rozo arober aunednoe orobpamenue u npocrparcrsa E
e

3 npocrpancrgo F Osta0 Henpepoissmim, Heobxodumo u docra-
TO4HO, 4T006L OO Gbin0 HENPEPLIBHRLIM B HYAC, U 8 BTOM cayuae
OHO bYOeT DABHOMEPHO HEnPePbleROIM 1 Jame AURIULeSHM. AR
To20 4rober u G6i10 Henpepuldno & nyae, nHeobxodumo u Jocra-
TOUHO, 4T0G6I 348 Kaxcdozo undekca =T nawaucs rakod undexc
i=1! u raxas nocroannas k =0, yto

q;(u(:;))ékpg (;) dan awbozo ;E E“’, uan gron < kp. (VI 6;8)

HdokazaTeabcTBo. Jra Teopema #ABAseTCH OF0GLIeHHEM
Tcopemnl 47 ra. 11 B A0Ka3HIBAETCA MOYTH TEM e CnocoBom.
IIpeanonoxnm, uTo OTOGpAKEHHE © HENPepLIBHO B Hauade.

e - -

Mpy j=J wap By==8;(0, ) aiaeTcss 6KPecTHOCTLIO ToukH 0 B F,

. -

Caea0BaTeAbHO, CYILECTBYET Takad OKPECTHOCTh 24 TOYkH 0 B E,

wro u{Aé)= B, Haaee, cywecTYioT TAKOH HHAEKS { H Takoe
-

yeae R >0, uto wap B, (0, 1/2) aexur B 9, Tak urto uz

p;(;)glfk BEITEKALT q,(u(;))s’gl. B cHAy opmuopoadocTH H3
+

P (x) M CAelyeT g (u (;)) 5. A. [Noaaras tenepr A = &p, (3):), noay-
-

vaem g; (u{0)) < kpy ().
OGpatno, ecin yXa3aHHOE YCAOBHE BRINOAHEHO, TO OoTOGpaxke-
HHE 4 OUeBHIHHM 0CpPasOM HenPePHIBHO U4 £ U ZaKe NRRIIANEBO.

CanencTBHe [Hyers (P) ey 1 (q;)}.e_, — dsa cemeiicTod noay-
—

Hopit HA sekTophos npocrpancrse E. Jlag 1020 wr06st oru onpe-
Jensan 00Ry & Ty He TONOACUID, HEODXOAUMO U O0CTATOUHO,
urolor Oaa abozo =1 ciwecrsosaan takue i=1 u k=0, yro

4 << kpy, (VIL, 6;9)
u uroGe: dasn modoeo I =1 cywyecrsosaan taxue ' =T u kB =20,
470 Py ﬁk’q;,.
ffpu ebitossenun ITux Hoaosuy O08Q CeMedeTaA ROAYHOPM
onpedessiOT 0OrY U Ty e PAGHOMEIHYIO it OORY It TY e AURLLY-
yesy CTpYKTYpoL.
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I 10Ka3aTenbeTBa AOCTATOUHO NPHMEHHTb TEOPEMY K TOXK-
.
JecTBerHOMY oToOpasKeHHlo npoctpakersa E, cHabMeHHOrO ONNOH
=

H3 IBYX CTPYKTYP, B MPOCTPAHCTBO E, cHab:eHHOE LPYyrodl CTPykK-
Typoil. 310 cnelcTBHe obobwaer Teopemy 12 ra. II, Aeaswomyocs,
KAK MBl YKA3bIBAAU B 3aMeyaHun mocnae teopemul 47 ri. 11, cneg-
CTBHEM MOCAe HeH Teopemu.

Hs storo craegcrsus BHTEKAET, B HACTHOCTH, YT0 A8 BEKTOP-
—

HOrO MONYILOPMHPOBAHHOTO NMpocTPaHeTBa E£ paBHOMEpIBIE H AHM-

IHNERL CTPYKTYPLI 3ABMCHT He OT MOAYHOPM, 2 TOJALKG OT TOMO-

qaorri. MoOXKHO yGequTbesl, YTO, HANPHMED, PABHOMEDHAS Hempe-
-

prBLOCTh OTOOpaXkeHHsa [ npoctpadctea £ B NOJAYMETPHYECKOE

npocrpaneTso F ¢ noaypaceroannamn (&; );ef onpedeaneTeA HEKAK-

YHTEMBHO TOMOJOTHEH IMPOCTpaHCTBA E a He 3a7130MHMM 3TY
TONOJIOTHIO TNOJYHOPMAMM: KaKOBH O HH O®EIH fEJ' He>0,

e
CYLIECTBYET TAKAA OerCTHOL‘Tb Q¢ Touxn Oe E YTO H3 i = U

caAeOyer, 4To d;(f(x f(x”)<:s.

Bnpovew, Kamaoe TOMOROTHYeCKOe BeKTOPHOE IPOCTPAHCTRO,
He3aBHCHMO OT TOFO, ONPEACJHACTCA €rg TOMOAOTHA TOMYHOPMAaMH
HIH HET, DABHOMEPHSYeMO, a HMEHHO PaBUOMEPHYIO CTPYKTYpPY

MOKHO CHPEAEMHTE CAENY IOLIHM 00pasoM: NOAMHOKECTBO B EX E
ABNACTCA OKPYKCHHEM, €C/d CYLLeCTBYe! Takas OKPecTHocTh #°
. R

3 > > e -
ToukH 0 B £, uro M3 x—y< ¥ caeayer (x, y=4%. Ecan E
NOJYNODMHPOBAHO, TG 3Ta CTPYKTYPA paBHOMEpPHA W ONpenesaeTca
¢ noMoubly noayHopm. CoraacHo ckasakuomy Ha crp. 461, otcioaa
ClEYeT, UTO BCAKOE BEKTODHOE TONOJOrAYecKoe NpoOCTPAHCTEBO
NOJaYMETPH3IYEMO, HO 3TC BOBCE HE O3HAYAEST, UTO QHO IOJAYHOPMH-
pyemMo. OnHako nNouYTH BCe BEKTOPHBIE TOMOJAGTHYECKHE IPOCTDaH-
CTR2 dHail3a NOJYHOPMHDYEMEL, H HX TOROJOrAA O0LIMHO ONMpefe-
JAfeTCA KAK Pas 3alaHHEM LOJYHOPM.

IousTue moayHOPMHPOBAHHOTO MPOCTPAHCTBE, HEMHOTHM Gonee
CAOKHOE, YeM ROHATHE HOPMHPOBAHOTQ MPOCTPANCTEA, OKAILIBALTCA
OMeHb noNe3nnM. OHO HaM celiyac nocayxuT AAd OIpeleaeHusd
HEKOTOPHIX TOTIOJIO[‘Hﬁ Kompme MKE He MOCNH HIVUATHE A0 HACTOH-
WETo MOMEHTA, H MACT HAM BO3MOMHOCTL NMPHBECTH NPOCTHE OPH-
MEpbl HCMETDH3YEMbX TOMOMOrHYECKHX [POCTPAHCTB HJH HeHop-
MHPYEMBIX BEKTOPULX TOMOAOTHUYSCKHX IpPOCTPAHCTSE.

Ilpumep 1. Toncaozunr npocroit exodumocrie. [Tyers E—npous-
BOJIBHOE MHOMECTBO H F— NOAYMETPHYECKOE HPOCTPAHCTBG € oY
paccroannamu &;, fe<J. Hanomunwm, uro uyepes FZ mp o6osna-

THAH  MHOMECTBO BCEBO3MOXKHHWX oToOpamenni £ B F, Pynk-
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lHd O, ,, OTpeleAeHHAn Ha MHoxecTBe FF X FE pasencrsom
5, g)=28,([{x), gx)), Jj&I, x=E, (VI 610)

ABJSCTCA [EKOTCPLIM IoaypacerosiineM. TTpH nepeMenuwmx | v ox
ceMelicTRO 9THX NOJYpPAcCTOAHHH We ¢uabTpyioweecs. [lostomy
|Leﬂec006pa3ﬂo pacCcMOTPeTE TaK&e TOuHbie BerHHE FpaHH

8, alf, g)Z;%}é'Pl b, (f(x), glx) (VIL 6; 11)

N0 BCEM KOHCUHLIM MOAMHOMecTBaM A muoxcersa E. Tem caveru
onpeAenaeTes DOMYMETPHYECKAR, 4 3HAYHT, H TONGJIOrnvecKas
cTpyKRTYPa Ha FE, Ee HAaswBalT acaysmerpuvecrof crpykrypor
npocToii cxodumocry. IlocaegoBarenshocTs f, oToGpameuan £
B F cx0AnTcs K 0ToGpaxenny [ B 970 TONMIOLHH TOrLa U TO.bKO
TOrAA, Koraa aaf JAobod KoHeuHol vacTH A MHOxkecTsa £ B Jio-

Gore j=J nocaegosaredsHoctk O 4 (f., f) cXommTea K mvamo,
a TakKe TOCRA H TOJRKO TOTAA, Korja Juis Jgwbore x = £ o
aoboro j=J nocneaosareasHoctd 8 ,{f, f) cxoawTes x wydo.
ITocaennee MOXHO BHIPAa3HTB, C€KA3aB, 4TC LJAA KaMAOro ¥ = K
nocaenoBatedbsocTs f,(x) cxomures k f{x) wam uwro f, npoeto
cxonures x f.

JaMeTHM, YTO OKPeCTHOCTH TOYEK B 3TOH TOMOROLHH «FpoMafs
Hblc»; APYTHMH CHOBAMH, 3Ta TOMNOAOTHS OYcHB c¢Aafad B CXO-
AHMOCTE B He#l esafas (mpocrad CXOANMOCTE). B caMom Jede,
ecni jeJ u A — xonewnoe noamuomectso £, To map By 4{f, e)
ABAAETCA MIOMKeCTBOM oTOGpamennit g mpoctpanctez E B mpo-
cTpanetso F, 138 woTophlx 8,(g(x), f(x))<Ce npu x = A u cosep-
wenno npoussoasno daa x = CA.

Beenennas TONOJOTES 3aBHCHT, OUEBHAHO, TOMLKC OT TOMOJO-
FHH mpocrpadHeTBa F, a He OT ero HoJyMeTpukH. B camom neae,
GYHIaMEHTAABHYIO CHCTEMY ORpecTHOCTEH Touku | & FF o6pasywor
MHOKECTBA

[0 oo 0y P o Pl =g = F5, gx) =70 10 g =74,
(VII, 6; 12)

FIE X; — NMPON3BOJIbHLIE TOUYKH #3 E B ¥°; — NPOH3BOAbHbIE OKpPeCT-
noctl Touek f(x;) u3 F. 3gece FE paccMaTpuBaerci KaK DpPOHS-
pefeHne £ okacmnaspoB npocrpauctsa F. B ra 11 wmm onpefe-
JSAW  TONOJIOTHIO ITPOH3BEJEHHA TOALKO JJsl KOHEUHHX NMPOHIBe-
}J,EHHljl, HO MOMNCHO ¢ OMPENSNHTb H 18 l'IpOH3BOJIbHHX npousaeﬂenuﬁ,
H NpejHAyWAd TOMOAOTHA Kax pai n Oyner TonoJorxeil npous-
Beselnda. TeM He MeHee YyacTo }'ﬂOﬁHO HCXOIHTb RMEHHO H3 MOJY-
MeTpuyeckoro mnpoctpanctsa £ # paccMarpusate FE kak mouay-
MeTPHYECKOE 11POCTPaHCTEO,
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Mycte a = £, Otodpaxenue [ — f(a), crapsifee B COOTRETCTBHE
KasMhoR  (PYHKUHY f wa E co 3HaueHHsMH B F e 3HAvEHHE
B TOUKe @, IBJACTCA JIMNWHUEBBM oTodpaxedned £ s F.
B camom neqe, Las Kamaoro j=J WMecM paselctno §, , (f, gl==
=6;([(a), g{x)) v Tem Gonee HCPABEHCTRO €. ITO OTOBPANKEHHE,
C/Ie/10BATC/ALHO, PaBILOMePNO Nenpepuwsio. Ecan pacematpusate FE
Kag GecKoHevHOe RPOHIBEABHHE, TO MH TeM Campiu 0800I
yTBepWACHHKe, Buckasanuoe B § 6 ra. Il: B TonoJornu npousee-
AEHHSA BCe OToﬁpa}KeHI-iﬂ_)HPOEKTH]JOB&HHH HenpepLIBILL,

B yacTHOCTH, ecCJH F—BEKTODHOE NOMYHODMADOBAHHOE TPo-

S
cTpaHeTso ¢ moaynopMamu I |, j<J, o FE cranosatea Takke

NOAYHOPMHPOBAHHEIM BCKTODHBIM MPOCTPAHCTEOM ¢ HOAYHOPMAMH
Il fi;, 4 onpemenennmmu dopmy.aoir

U7l a=maxl ()

-

Hame ecan F — MeTprueckoe am f — HopmupoBaHuoe apo-
cTpaucTBO, npocrpaHcetea £Z wan FE 6yayr aumb coorpeTcTBeHHO
NOJY METPHUYECKHM HAH NOJYHOPMHPORAHHBIM. Ecan F ==, To npo-
crpatcreo ©F xomnaekenux Qynkunii Ha MuomecTRe F amraserca
DOJAYHOPMKPOBAHHEIM TOMOJOIAYECKHM BEKTOPHBIM LPOCTPAHCTBOM
¢ noayHopmamu || |4, onpedeaenuoyMu dpopmyaci

iIf||,4=?1§jlf(x}l. (VIL, 6; 13)

L. (VIL, 6; 12,)

Hanouuuu, urc B npoctpancrse %' (X) mep Panoua Ha Jo-
KAAbHO KOMOAKTHOM mnpocTpadcree X Mp! BBOIHAW UIHPOKYK TO-
nosoruto (ta. FV, § 7). D70 He YTO HHOE, KaK TONOJOTHA NPOCTOH
cxopumoctd Ha F(X), onpetedeHHAs € HOMOLWbIO [0AYHOPM

e ilg= su};l pi{p)l, rne A — KoneuHan uvacte & (X). (VI 6; 13,)
q =

Eean mnoxmecrso E wecuwerno, to Takum ofpasom oppedesen-
nan ronosoeun na CF nemerpusyema.

B camoM meae, Kaaoce cHeTHOC MNepecedyeHie OKpPCCTHOCTCH
Toukn 0 COZepIKHT HeKoTopoe GecKOHeUNOMEPHOE REKTOPHOE NOJ-
npoctpascteo, [eficTeuTenbno, nyete Ay, A, A, ... — nocsieno-
BAT&/bHOCTD KOHRUHHX MNOAMHOMecTE B F£. Kaxona 6 wu 6el1a
NOCASAOBATEABHOCTh €, >> 0, mnepeceueHue IHapoBs BAH{O, g, )=
= {f=CF |f(x) | e, a5 x & A) CONePKUT MHOKecTBO N, KOM-
NJeKCHbIX QYHKUHMH [ Ha F, paBHBIX HYJI0 Ha OOBeluHedHu 4
MHOXecTB A, H OPHHHMAWIMHX [POH3BOJbHbBIE 3HAYEHHH BHE €r0,
Hockoapky muomecTso A cdeTHo, a [ HecuerdHo, MHOmecTBo R,
ecTb 0eCKOHQUIOMEPHOE¢ BCKTOpNOE NOATPOCTPAHCTBO MPOCTPAH-
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crea CF.] Ho B a1060M MeTpHUeCKOM MPOCTpAHCTBE KAMLAA TOUKA
o6nagaer MOCJAEN0BATETbHOCTHI0 OKPECTHOCTCH, TCPRCEUCHHE KOTO-
PLX CBOAMTCH K 3TOH TOUKe, TaKOB3, CKAMEM, NIOCJAeL0BaTe/b-
HOCTB WaPOB ¢ UEHTPOM B STOH TOUKE pajinyca UQ”

Ecat wMHoxecTBo F  cueTho, To B cuay Teoperm 40, npo-
crpaHeTBo CF MeTpu3yeMo (TO Ke caMOe BepHO R AAA NpoCTpaH-
crea FE, ecanm oTpyXTypa F onpegeseHa CUETHHIM MHOMECTBOM
oAy paccToAlHil). OORAKO ITO NPOCTPAKCTEO HEROPMUPYEMO, €CAU
TOALKO MHONCECTa0 E He xouexro').

B camom pene, KaKaaa OKpecTHOCTh Todkd O CONEPKHT HEKO-
TOpOe GeckOHEUROMEepHOe ReKTopHOe noianpocTpaHctro. [Illap
B 40, £} COREPXHT MOANPOCTPAHCTBO M, QYHKIMY, PaBHHX HY.II0
H8 MHOMecTBE A M ODHHEMHIOILAX [POH3BOABHEE 3HAUSHUA BHE
ere, [MocKoabKy WHOMKECTBO A KOHeYyHO, a MHoxectso £ Gecko-
neupo, N, ApaseTca GCCROUCUIOMEPHMM BCKTODHEIM NOANDOCTPaH-
crBom C£.] Ho B J060M HOPMHPOBAHHOM BeKTOPHOM NPOCTPAHCTRE
Hayajo oBnafaeT OKPEeCTHOCTRIO, He coepikalledl Y 01HOTO OT-
agunoro ot {0} BEKTOpPHOrO NMOANPOCTPAHCTEA; TAKOB, CKAMEM,
€0HHHYHBIA Wap.

Takum oGpaszoM, ROAYAOPMUPOBAHHOE TORDAOZUYECKOE BEKTOp-
HOE NPOCTPAHCTSC MOXET ObiTL METPUIYEMBIAL, HO He HEeHOPMU-
pyeasise. ITO H HE YAHBHTEALHC — HOPMA SIBJAAETCS PACCTORHHEM
BecbMa COeUHAJBRHOTO BHAA,

PaceMOTPHM ROCAeROBATEMRHOCTE NOJAYHOPM p,. Kak H fpH
LOK2a3ate beTBE TeopeMbl 40, HX MOXHWO CUHTATE BO3PACTAICLIHMH.
Cnenyﬂ 3TOMY AOKA3ATeJbCTBY, MBI HOJKHB NONGHHTL §,==
=inf (p,, |}, a zatem q—sup(qn/2 ), m Torga paccresnne & Ha £

onpeAesHTcA Kak O(x, u)—q{x— Yo Odnaxo ¢ — ne nopua. He
6YOYT HopMamu Yme g, HOCKONBKY g, <51 ¥ gas c¢kanapa A pa-
BEHCTBO ¢, (Ax)=={4|g,(x) He BumoJHseTcA. 3 cka3zaHHOrO BH-
TeKAET, YTO MAPhH OTHOCHTENBHO PACCTORARHA &, 06pazyH (QyHMA-
MEHTAJBHYI0 CHCTEMY OKPecTHoCTeH HyJd, coaepxar ©GecKo-
HeYHOMEDHbIE BEKTOpHBIe NoanpocTpancTBa, IlosToMy oHH BechMa
OTJAHYAIOTCA OT Wap0B, OHPeAESAeMbX ¢ MOMOWBIO HOpM. MeTpH-
syemocts Cf gisi cwerHoro mmokectna £ owan, G6ogee 00O,
Merpnayemocte FE paa cuetnoro £ m moayMerpuueckoro Foco
CYETHBIM MHOMECTBOM PACCTOAHKA BeChMa NOQJe3HK AAA NPHJIO-
WeHHH TeopeM OOGImEH ToOmosoruH, TPeOYIOIHX MeTPHIVEMOCTH
(nanpumep, veopembl 16 ra, IT uau TEOPEMBI Boeaenano — Beliep-
IITPpAacca TOH JKe IAaBbl, XAPAKTCPHAYOIIed KOMIAKTHHE HOAMHO-
wectea B FE). Ograko B GonpmunctBe cayuaes B npocTpaticree £F

I3
1) Ecan E coctont Ms # saementss, To cE momoppuo C u, snaunr, nop-
MHPYEMO,
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0PEANOYHTAIOT HCIONBACBATE CYETHOE CEMelCTBO NMONYHOPM, CBH-
301HEX ¢ BeKTOpHOfl CTPYKTYpO#, a He ¢ ONpPEeACACHHHIM BHlUIe
PACCTOAHHEM. :

Mipumep 2. Tonoaocaun paswomeprod cxodumocry, Bo sro-
poft TIaRe ME ONPEAENTHAH PaBHOMEPHEW CXOAHMOCTE NOCNEL0Ba-
TenbHOCTH HYHROHI [,. onpelenedubnx Ha E, ¢O 3HadeRuamu B F,
K HeXOTOopoMy Opaieiy [ TOABKO 1A MEeTPHYeCKOro NpOCTpaH-
ctea £, Tellepb 3To MOKHD CHENATH AAA MOJYMETPHYESKOrO TPoO-
cTpanctsa Fi noche oBaTeNLNoCTs [, CXOAHTCA K | ApH #, cTpe-
MAluleMed K OecKOHEYHOCTH, TOTAa M TOABKC TOrAZ, KOFAA AJst
Kaxjore [ nocaenoBareabnocts &;{f,, /)= sup & (f,(x), f(xh<

: x =K

. + oo cxoauTeA K Hydio. Maaue roeops, sa mpocrpaHerse (FE),
ogpanuyenrsty 0To6paxkeHnt E B F BBOAHTCH HOMAYMeTPHUECKAS

CTPYKTYDPA, HA3BIBAEMAA CTPYRTHPOH pasrOMEpHON ¢XO0UMOCTY,
¢ MOMOQUIbID NOMYPacCTOAHUH

6,1, &) =321355; (f(x), g(x)) < + . (VII, 6; 14)

Ecan F — meTpuueckoe HRPOCTPAHCTBO, TO MBI BO3BpaHIaeMes
K paccrosiueo (11, 19;3), eeenennomy B ra. I,

PaBrOMEDHAA CXOHMOCTD NOCNSTOBATEALHOCTH OTOOPAKeHuit £
B F 34BHCHT HE TOJbKO OT TUNOJOTHH NpOCTpaHcTBA F, 4 Takxke
H OT €ro pPaBHOMEepHOll CTPYKTYpul. OHAKO eCJH 3aMeHHTL (10Jy-
MeTPHYeCKYIO CTPYKTYpY £ Ha Opyryi, paBHOMEepHO eff SKBHBaA-
JeHTHYIO, TO H3MEHATCH OrpAHH'ICNHHE MHOXKecTBa B F, a caemo-
BATENbHO, H3MeHHTCA npocrpancteo (FE),. TMostomy, ecam M
HHTEPeCcYeMesl TOJBKO TONOAOHYeCKHMH H PABHOMEDHHMH CTPYK-
TypaMH, a HE€ NOJAYMETPHYECKHMH, TO Tofaypaccrosdms §; B F

MOMHO BCerga 3aMeHHTh Ha PaBHOMEPHO IKBHBAACHTHHIE MM
inf (8;, 1). Torma npocTpakcTBO F craHeT OTPAHUMEHEBIM, NPO-
CTpaHCTBO [(F%), coBmaler ¢ npocrpanctsoM FZ, Takixe orpaeu-
YeHHBIM, a TOMNOJOCHYECKHE PaBHOMEpHBE CTPYKTYDH ParRHOMepHOH
CXOAMMOCTH Ha FE OyAyT onpeseasrTpes  HOAYPACCTOAHHAMH
inf (8;(f, g), 1), 3aBUCALINMH TOABKO OT pABHOMEPHO#H CTPYKTYpal F '),
BopoueM, paBHOMEPHYIO CTPYKTVPY B FE MOXKHO ONpenesuTs He-
MOCPEACTBEHHO HCXOA U3 DABHOMEePHOH cTpyrTypw B F1 ¥ < FE X
K FE 6ymer oKpyKeHHEM, €C/H CYIIECTBYET TaKoe OKpYKeHHe
U=FXF, uro «Vxe£ (fx), g{x)) =U» Baeuer sa coboit
prJAOUeHHE «{f, g) <= P>,

I) Komneyno, APE 3TOM TEPALTCA BCAKAN BOIMOKHOCTR H3Y4aTk OrPaHHYLH-
HHE MNOIMHONESTRA, H eChu &f QIPeIeTeH HCXOOA H3 MONYHOPM HA BEKTOPHOM

> .
npoctpanctse F, To inf {6;, 1) sTHM cpoficTBOM Goablle He 056JKAZAET, TaK 410
TEPASTCA CUA3E ¢ BEKTOPHOH CIPYRTYpoit
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[Tpumep 3. Tonoaoceun romnaxraoi cxodumocrn. Ilyere E —
TONOJAOrHYECKOE MPOCTPAHCTBO H F — MOMYMETPHUCCKOE MpoCTpal-
CTRO ¢ noaypaccTosHuasMu &;, j=J. PaccMoTpuM NpocTpaHcTBO
{FB), menpepoteneix otobpaxenuii £ B F. Tak Kak xaxpan ue-
npepuRHas (GYHKUMS HA KOMNAKTe AOCTHCAET CBOEr0 MAKCHMYMa,
TO AA% Jao60ro KoMuakta K # Jawobore j=J QyHKUHA

8;, x (I, g)=gﬂ;§ 8; (F (x), g(x)) (V1L, 6; 15)

KOHEUHA H sARJfeTCA modypaccrosinuem Ha (FE),. Tlpu nepemen-
WHX j W K 3Tu noJdypaccrosuua onpenedasioT xa (FF), nekotopyio
ToJyMeTprueckyio crpykrypy. IlocaenoBaresbROCTD ICPepHBEBIX
otobpamennfi f, npocrpaucTea £ B F cxopures B COOTBETCTBYIO-
Blell TONOAOTHH K OTOOpPaKeHH f Torma ¥ TOJBKO TOrnoa, KOIJLA
And kaxiaore je J n Kaxnoro xodnakra K u3 £ nocaeiosaredb-
Hocth O g {(f., [) cxomurca k O mpe #, crpemamemca kK Oeckoneu-
HOCTH, T. €. TOTA2 H TOJAbKO TOFAa, KorAa AAa nwboro KoM-
nakta K mocaemoBaTeqbHocTh f, cxoguTes K [ pasHomepuo Ha K.
DTa CTPYKTYPA HA3LIBAETCA AOAYMETPUHECKON CTPYKTY POl PAGHO-
MEPHOL €XOOUMOCTU HG KOXOOM KOMAQKTE, WIA CTPYKTYPOL KOM-
naktaot cxodumocty. COOTBETCTBYWUIAA  TOMOJOTHA  3aBHCHT

. -
TOJBKO OT TOMONOrHH E H papHoMepHoil ¢Tpyktypw F. Ecaw F —
HONYHOPMUPOBAHHOE TONOJOTHUECKOE BEKTOPHOE MPOCTPAHCTBO,

. .
1o (FE), ByAeT TaKKe NOJYHOPMHPOBAIIHBIM TOTIOJOTHYECKHM BEK-
TOPHHM NPOCTPANCTBOM ¢ NOJYHOPMAMH

1FU ;. o= mas| F . (V11, 6; 16)

Hanpumep, npocrpancrso {CF), HENDEpPHBHEHX KOMIJIEKCHBIX
dynkuui 5a E Gyaer HMeTb MOJYHODMBEI, OnpesieadeMble GOPMYIoH

1Fllk = gl;;(il flx) | (VII, 6; 16,)

Ecaun E — goKadsHo KOMNAKTHO® NPOCTPAHCTBO, CHETHOR
B OGCKOHEUHOCTH, a F — MoJyMeTPHYeCKoe NPOCTPadCcTBO CO CHeT-
HBIM MHOMKECTBOM ROJAYPAcCTOAHHH, TO TONOJOIHYECKOE NPOCTPAH-
cteo (FE), merTpusyemo. B camoMm peae, myets A, — MocjenoBa-
TEJbHOCTL KOMIAKTOB, OOLCINBCHHC KOTOPLIX PABHO E, wn B,—
NOCJAeAOBATEALHOCTE KOMIAKTHRIX OKpecTHOCTeH Kommaktor A,
Torga kamnomil Kommakr K 4¥3 E AJA JAoCTaToyHo OOJbLIHX 12
copepxuTeA B B,'), a CUETHO® MHOMKECTBO MOJYpPAcCTOAHUR Oy, pn
SKBHBAJEHTHO OO JIHmuHLY CceMeficTBY Bcex O g, rAe K — Kom-

'y CwoTpr gokasarenscrso reopemsl 11 na. IV (o pasnomendn exHHALL)—
cTp. 457 1. L.
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MakTh H3 £, TaK YTo AAA A0Ka3aTelbCTBA OCTAeTCA Nlib Boc-
noJibsosaTteca TeopeMod 40. Ecan JoKaAsn0 KOMNAKTHOE Npo-
CcTpPaucTBo F  HEKOMNAKTHO, TO H3 DPACCYKOEHHH, NIPOBEACHHLIX
B npHMepe |, cAeAyeT, UTO MEeTPHIYEMOe BEKTOPHOE NPOCTPAHCTBO
{CF), HeHOpMHpPYeMO, NOCKOJILKY KAaXAas OKPECTHOCTB HyJs Co-
JepXKHT HeroTopeifi wap Bg(0, €), a chaeloBaTeabHo, H Bex-
TOpHOE GeckoHeuHoMepHOe DOANPOCTpaHcTBO My dyHKIHA, paBHMX
HYJR0 Ha KoMOakTe K W NMPUHHMAKUHX TPOH3BOALIEE 3HAYCHHA
BEe erol).

MNpuvep 4. Hpocrpancrea Jupdepenyupyemars pynryuil.
e
TlyeTs Q — nekoTopoe OTKpHTOe MHOXKecTBO H3 R*%) u F — Heko-
Topoe GaHaxoBO NPOCTPancTBo. PaccMOTPHM NPOCTPAHCTBO (Fg)am
ES

pyukunil xJacca C™ wa @ co swavexnamu B F, Ero ofosmazalor

> >
rakxe gepes &7 (Q; F) wau uepes &m(Q), ecan F=C. 3ro npo-
CTPABCTBO MOMHO CHAaBAMTL NOJYHOPMAaMA

[l = max | DF ()1 (VIL,6; 17)
I» IéKm

_) ~ -3
Toceaopatenbhocts GyHkumui f; uz E7(Q; F) cxoantesa K fB co-
OFBETCTBYIOUWEH TOMOAOrHH NpH [, cTpeMAmCMea K GeCKOHEUHOCTH,
TOraa M TOJLKO TOrAa, Korna maaa JgioGoro Hniekca auddepenuu-

poBaHusi p NopRAKa | p|<Im OyRKmuy D"f: CXOAATCA K QYHKIHH

D*"? paBHOMepEO Ha KaxJoM KomnakTe w3 Q. 3Tta TONOJOrHA
HA3BEIBACTCH Tanoan2ueld KoMRAKTHOH CxodUMOCTH OTHOCUT @ABHO

npoussodneix nopfdra <o m. MOXKHO Takxe DaccMOTPETh NPO-
- o

.
ctpaucteo &(Q; F)=&"(Q; F) (F(Q), ecan F=C) orobpaxenni
-

knacca €C” MHoxeerea R B F u nad xaxiore nenoro m =0
N KaXJoro koMmMmakta K w3 Q onpefnenurh B HeM MOAYHOPMY
Il W k- {lockoaeky Q npeacrasaser cofoii ofbeRHHEHHE CUeT-
HOTO MHOMECTBA KOMIAKTOB [ec/M OHO OrpaHHuYeHO, TO MOMKHO
B3ATH MocAefoBaTedabHocTh K, =fx &= R* d(x, CQ)Z=1/v}, B npo-
THBHOM CJlyuae — nocnegosatesedocts K,={r e Q; dix, CQ) =
=1/v, d(x, 0)<<v)], TO 3TH MOJNYHOPMHPOBAHHBIE BeKTODHEE NPO-
CTPAHCTBA METPH3YEMEI, XOTA W HeHOpMMpyewmEl. Ecan and Kax-
noro xoMmnakrta K — Q uepes Dy () (cootsercTrenno uepes Ty (Q))
0003RAYHTE HOATNPOCTPAHCTBO mpocTpadersa &7 (Q) (coorser-

1) Ecar npocrpancreo £ kommaktso, 10 (CF).p==@F (£) - Ganaxoso npo-
CTPEHCTRO.

7y Has npoctotw Mo Gepem &% Mowuo Swno 6H BIATE WDOU3BORBHOR
KOH €YHOMEPHOE BEKTOPHOE APOCTPAHLTRO,



§ 6. Honoasnenne no obuyeri Tondaozun 473

creenno & (Q)) dyukumh ¢ nocmreaem B K, T0 €0 MoMHO cHab-
JHTE HHAYUHpoBaRHON Tonouaordefi. Ona ompegeaneTcd HOPMOH
I b ¢ {(cooTBeTcTBeAHO HOPMAMM | |, x NpH Uenmx m 2=0).
Hopma || W x Ba @’;{'(E‘!) TaKKe HuAyuupyerca Hopmoit || ||,

JanaxoBa mNpOCTPaHCTBA (Cg)gb:m (caerzcreue 2 Teopemul LI
ra. V). [Tockoabky noamnpocrpanctee i (Q) ovesnauniM 06pasom
3AMKHYTO B (Cg)cb;m, OHO TaKKe ABAACTCA GAHAXOBBIM MPOCTpaH-
eTEOM. HANPOTHR, MoKMO NOKa3aTh, YTO NPOCTPAHCTBO Dy (Q)
MeTpHayeMGce H NOJYHOPMHDOBAHHOE, HO HEHODMHpYEMOE (STD He
OUYEBHAEO, JoKa3aTeAbCTBO H3 [IpHMepa L HEMPAroIHO, TOCKOJIBKY
[l lm x ABAAIOTCH HopMamMH Ha Dg(R) B Wap He COAEPKHT HH
OXHOTG BEKTOpHOrQ mnpoctpanctsa, Kpome {0}). Met B atoMm y6e-
JHMCA HHXe (CM. 3aMeuande K clemcTeHo 6 Teopemm 47).

Mpumep b. Hpocrpancreo eosomopgusix Ppynsyut. ITyeTo

Q — oTkpmToe MHOMKecTBO W3 C7, T, e. H3 R, [Mogab3yace 0aHOR

BRIUISCTBEHKON CTPYKTYPOH, T. e. cuntas C"=R™, onpeaeanum

> > >

npoctpanctesa E7(Q; F) n &(Q; F). OGosxauumM uepes # (Q; F)

NPOCTPAHCTBO ToAoMOPRHEIX GyHKNHA HAa Q CO 3HAUeHHAMH B Ba-
N

HaXOBOM mUpocTpancTBe F {Hag DoJeM KOMILIEKCHBIX uncesn). Ivo
-3
3AMKHYTOE MOAMPOCTPaHCTBO NpocTpaHerea &7 (1 F) nna scex m
#, cornacuo TeopeMe |5 BeflepwiTpacca, mOAIPOCTPAHCTEC HpO-
it ol -
crpanctea & (Q; F). Kpome Toro, tomoaoruw B 56 (Q; F), nuayuu-
- -
poBaHHBle TonmodoraaMu npocrpancts & (Q; Fya &(Q; F), cosna-
paior. IlpoeTpanerso 3To MeTpuayeMoe H NMOAYHOPMHIpyeMoe, HO
HeHOPMHPYeMoe. 3MeCh CHOBA €ro HEHOPMHPYEMOCTh He OUeBHIHA.

(B camom mene, Ans MHOMecTBa K, HMEIIEro BHYTPeHHHE TOUKH,
H CBA3HOTO MHOKeCTBa (2 BCe MOAYHOPMEL | L, x ABJAANTCH

==
nopmamu B J6(Q; F). Heflicrsurensuo, ecnu ronoMopébnas ¢yHx-
-

A § pasHa uynio wa K, To, coraacHo caenctsHio 5 reopemu 11,
OHA paBHa Hy/Mi0 Ha ceaznoM wmHoxecrse £ Ho Torza coorser-
CTBYIOUIHE 1Maphl He cOfep:KaT APYrAX BERTOPHHIX NOANPOCTP AHCTB,
kpome {0}, B mnpoBoanMble B npuMepe | pACCYXICHHS HeNpH-
rogHH.) Mo ycraioBuM »70 B 3aMeyalHHd K CJeacTBHIO § Teo-
pemur 47,

3aMey AHRE, HME’.‘IOT MeCTO BRAUCHHA!
(FE), = FE, (FE), F5,
&Q; He e @ He ).,

>

#(@ H=&® P,
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H COQTBETCTBYHUWIHE KAHCHHYECKHE HHDbEKIHH HEIIPEpBIBHbI,

-
Teopema 43. Ecau npocrpancrso F uan F cexsenyuassio
noaro, To npocrpancréa FE (E — muoscecrsoy, (FE), (E - mmo-
scecte0), {FE), (F — aoxkaasno KosmnakTroe TOROAOZUYECKOE NPO-

erpancrso), &(Q; F) (@ — orxpuitoe mromeerao uz R™), & (Q; F)
=

v (% F) (@ —orsporoe muomecrso uz C") cexeenyuavno
NOAHBE.

Jdorazareascrso. 1) Ilyets f, — nocnegoraressuocts
Komu w3 F€ (npocrasa cxoaumocts)., Toraa pad nwboro x= E
T04KH [,{x) o6Gpasyior nocaegoBarensHocrs Komu B npoctpan-
cTBe F, O NpPeAOoA0KeHHo CeKBEHIHAIbHD NeJIHOM, a cJeloBa-
TEABHO, CXOLATCH K HeKoTopoMy mpegeay f{x). B stom cayuae [,
npocto cxomaresl K f, a 3mawnT, FE cekBenuHaABHO MOJHO.

2) INyets f, — nocaenoBatensnocth Kowwu us (F£), (pasuomep-
nas cxoaumocts). Cornacuo 1), dyHkumu f, opocro cxomarcs
K npeaeny [. KpoMe Tore, aat j&J n e >0 cymectsyer Taxoe
neaoe wuco p, 4to O;(f,, fu)<e mpw m=p n nZ=p, a caelo-
BaTensho, O;(f,(x), f,(x)<Le ana moboro x < E. Tlepexoas
K IOpegeny TNpH M, CcTPeMslieMcsl K OSCKOHEUHOCTH, MoaydaeM
orciona O;(f(x), .(x)<e, 1. & &;{f, [,)<{e. Taxum oSpasom,
DYRKUAN [, NpH #, eTpeMAweMcs K 6eCKOHEUHOCTH, DARHOMEDHO
cxomared kK f. Janee, NOCKOMbKY [, OTpAHNYEHB, H3 HATHCAHHOTO
BHILIE HEDABEHCTBA C/AEAYET, 4TO (BYHKUHA [ orpaHHYena H, 3Ha-
unt, = (FE), a ¢yaxuun f, cxomarea K [ 8 npocrpancree (FE),
4TO H 03HAYAeT CeKBCHUHAJBHYK [OJAHOTY STOLO MPOCTPAHCTBA,

3} Nyers f, — nocaegoBarensHocTe Koun B (FE), (paBHOMep-
HAH CXOOWMOCTh H4 KAXKAOM Kommakte)., M3 1) chexyer, urto f,
NPOCTO CXOAATCA K HEKOTOpoMY npedeay f. EcAd TNPEMEHHTH 2)
K Hexkotopomy KoMnakty K< E BMecTo caMore NpOcTPaHCTEa £, TO
noJayuuM, uTo f, paBHOMepHO cxoAArca K [ Ha K. M3 Teopemwr 65
ra. II (xoTa W A0KasaHHON MAHIIE IAS METPHUECKOTO NPOCTPaH-
c¢TBa F, HO, OWEBHAHD, TAKXKe CNpaBelIUBOH W IJs NMOAYMETpH-
YeCKOro npocTpaHcTsa £) caexyeT, aro cyxeHde [ Ha K Henpe-
prizao, TTocKoabKY Kamjaan Toyka £ HMeeT KOMIAKTHYE OKpecT-
HOCTB, TO [ HempepbieHa Ha E, T. e. f =(FE), Ho toraa f, cxo-
antea X f B npocrpaunctee (FF),, KoTopoe TE€M CaMblM OKAa3blBaeTcd
CeKBCHLHAJIbHO MOJMHBIM.

-
4) llyers f, —nocaemosaretsrocre Komu B &™(Q; F), rne
F — npocrpancreo Daunaxa, Tlpn m =0 uckoMBIA pe3yabTaT Bhi»
e
Texaer u3 3). Ilpu mZ21 n |p|< m tourn DPf, o6pazywr mo-

e
caenoBaredpnocts Komu B (FY),, KoTopas, ClleloBaTebHO, PaBHO-
MeDHO CXOANTCA Ha KamAoM KOoMNakre M3 & K HekoTope#d ¢yHK-
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> >
LLHH f,J Ha 0 co snHaueHHaMmu B F. M3 crnexcrteus | teopembr 11t
> > >
1. 1V euwreraer, uro [ npusanaexnt knacey C™ u uro f,= D?f

> = >
npy | p|ssm. 3Haumr, })E EF"(Q; F), a [, cxonaresa K f B8 npo-
-
crpaucree &T(Q; F), KoTopoe TeM camBIM OKa3blBAeTCA CeKBEH-
k3
nuanpRe noaHeiM. To e camoe cupapeaqause aas & (Q; F).

Yy
5) Mp sHaem, uto J6(Q; F) —aaMKHyTOe, A CJefoOBRATENRHO,
CEKREHIHAJTLHO 3aMKHYTOE MNOANMPOCTPAHCTBO CEKBEHUHAIBHO [OJ-

-
#ore mpocrpanciea & (Q; F). 3na4iT, OHO <AMO CEKBEHUHAABHO
noano (ouesnguoe obobweHune Teopemul 43 ra. Il wa nosyuerpu-
uecKHe NMPOCTPAHCTRA).

Zameyanue Kax oTMevadocs Ha cTpaHrue 462, B cayuae
[POCTPAHCTB €O CUETHHIM MHOKECTBOM UOOJYPACCTOAHMN CEKBEH-
UHEAJSbHO TOJAHBE TPOCTPAHCTEA MOXKHO HA3BIBATE OPOCTO MOJHBIMH,
Tak Gyaer B cayuae 1}, ecan mHOXecTBo £ KOHEUHO MM CUeTHO;
B cnyuae 2); B caywae 3), ecau E cuyeTHo B OCCKOHEYHOCTH, NpH
YCJAOBHY, UTO B KAXKJIDM H3 STHX CAYYAEB MOJNYMETPHUCKAA CTPYK-
Typa £ onpefesaeHa CUETHBIM MHOMECTBOM TMOJYPaCcCTOAHAM, Ta}n

6yneT Beeraa B cayuasnx 4) u 5) npu TOM Ke CaMOM YCJOBHH Ha F,
NOCKOJBKY £ — oObeiHHeHHe CHETHOTO MHOMECTBA KOMIAKTOB.
KpoMme TOro, MOMIMNO ZOKa3arh, UTO €CJH MpOocTpaHcTso F no.JaHC
{nonsiTHe, 3]¢ch He oUpeieiABWEEcH), TO BO Beex cayyaax |j—b5)
paccMaTpHBaeMblé NPOCTPAHCTRA TAKKe HOAHLL

OrpaHudcHHBIE MHOMKECTBA B TOMOJOTHYECKOM
BEKTOPHOM OPOCTPAHCTEE

Ha ctp. 463 MBI Dann onpeiefdednc¢ OrpaRMUEeHHBIX MHOKSCTI
B TIOJY MeTpUUeCKOM NpocTpaucrpe, Jlod MoayHOPMEPOBAHHOTC BEK
TOPHOTO NPOCTPARCTEA € NOAYRGpMaMH p;, { & 1, 3T0 03H4YAeT cae
Lyiolee: MHOMKECTEO B orpasuueHo, ecan s A0doro { moJyHOPM:
p; orpasnydena wa 8. XoTs, BooOwWIe FOBOpPsA, OrpaHHYueHHble MHOKE
CTBa 3aBHCAT OT JHALNMUEBOH CTPYKTYPH, B MOJYHOPMHPOBAHHOL
BEKTCPHOM NPOCTPAHCTBE B CHAY CJASICTBHS TeopeMll 42 oiti BNOJH
ONpPEASASIOTCH TOMONOrHel, A MMEHHO, MHOXeCTBO B orpanmden

>

B TONOJOMHYSCKOM BEKTOPHOM MNpoCTpaHcTBe £ TOrAa W TOJBK:
-
TOrRa, Korga a4 awboft okpecTHocTH #° Toykn 0 mafifercA Tako
ggeao N >0, uro nB ¥, YraieM OUpaHHUYSHHEI® MHOMKECTE
B NpPeARAYyLUINX NpHMepax.
- -
Ipumep 1. Muoxecreo 5 orpanndeno B FE (E — MHOKE
B

¢TBo, ' — BeKTOploe MOJYHOPMHPOBAKIOE DPOCTPAHCTBO)} TOrAA
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TOABKO TOMLA, KOrIa MHO}KQCTBO B(r)—{f(.n,) }’EB} an JG0M

x = E orpaHHueHo B F {(Topopar ewe, uro QyHKLUHA f H3 B orpa-
HHYE:AB B COBOKYIHOCTH B Ka}aod Touke £.) B wactnoetn, B < CE
OrPAHHUYEHO TOCTA M TOJBKO TOMRA, KOTAA B Kaw0lt Touke x = £
dyuxunn | f(x)| opy [ = B orpanuyiedsl B COBOKYIHOCTH (Ppanuia,
KOHEYUNO, 3aBMCHT OT X).

- .
Npnmep 2. B npocrpancrse {F), orpaunveniux byHKuHi,
OnpedeeHELIX HA MHOacTBe E, CO 3HAVMCHHAME B HOJYHOPMH-
>

POBAHHOM BEKTODHOM NDPOCTPAHCTBE £ MHOXKECTBO B OrpaHHUeHO
> -
Torga ¥ TOJLKO TOTA4, Korga Muomeerso f{x}), rae x=FE, f= B,

= >
orpannyeno o F (cHOBa roBopsT, uTe PYUKUHH | = B orpannucHl
B copoxymuocTd Ha E}. B uacTHocTH, MHOKecTBO B orpanuuseHo

B (CF), Torma u TombKo Torna, Korma  sup | f{x)| komeuyewu.
yr=E =B

=2
[Ipumep 3. B npoctpanctse (FE), HenpepblsHeX 0TOGpawe-
HHIl TOMOJOIHUSCKOTO MNPOCTPAHCTBA £ B BeKTOPHOE NOIYHOPMH-
-3

pOBaHHOE MPOCTPAHCTBO F MHOKECTBO B-orpaHHYeHO TOTA H TOJALKG
Toma, Korpa JoJs moﬁoro KoMmakTa K H3 F MHOMXeCTBO anaqe-

HHi f(r} e x=K, fe B, OTpaHHYeHO B F (roBopsT eme, 410

GYNKUUH ] = B OFpAHMMSHb B COBOKYNHOCTH HA KAXKIOM KOM-
nakte K u3 F). B yacraoctu, muoxecteo B orpanuucio B {CF),
TOTJA M TOJBKO TOTZa, KOTAa Aad Joboro kommakta K uz E se-
JHUHHA sup |f{x}| KoHeuHa, T.ec. ecau Jna JA0FOro KOM-

1=K f=h

nakTa K uaiinercs Takoe uxcao My, =0, uro
[ <M, naa rx=K, [=B. (VIL, 6; 18)

- -

[pumep 4. B mpoctpauctee &™(Q; F), rae F — 6aHaxoBo
HPOCTPAHCTED, MHOMKECTRO B orpadHueHo TOCKA H TOARKO TOT1A,
KOrga 3. hd}K,J,OI‘O KoMnakta K u3 & KOHEUHA BCAHYHHA

sup [DP; {x}|l, T. e. KOrAa AIA KamAoro K cyulecTeyer

xeX, |plsimfehB
TaKoe uncao Mg 220, uto

DS Mg ana x=K, |pl<m, =B VIL619)

A
B npocrpauctse &(Q; Fy=&"( F} MHOKECTBO B orpaHHueHo
TOrAAa H TOJABKO TOPJa, KOTAA ONA KaXKAore KoMmakTa K H3 Q H

Ed
KauATo uesoro m =0 KoHeuHa BeaAnYHHa sup | D7 (x)]),
_)
rek Ipl€<mfeB
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T. €. Koria AA% Kaxaoro KoMmakta K W Kamjoro i Haitgercs
rakoe uueao My, ,, 20, uro

HD‘U-F(;C)““-{..A'I}(,m nm x =K, Iplm, fen. (VII, 6; 19,)

>
Mpumep 5. Tlockoasky J8(Q; F) ABAAETCA TONONOTHUYECKHM
>
BeKTODHBIM  HOLMPOCTPAHCTBOM mpocTpadcTea &7 (Q; F)  man
-
&(Q; F), sroT npuMep cBOJNTSH K NpuMepy 4,

DT NPAMEPH YKA3BIBAKWT HA CYLIECTBEIHOE Pa3HuMe MeW Iy
HOPMHPOBAHHKMH BEKTOPHBIMH MPOCTPAHCTBAMH H MOJYHOPMUDO-
BAHHBIMH OpPOCTPaNCTBAMA. B HOPMHPOBAHHOM NPOCTPAHCTEE (Hapst

>

¢ yenrpos 8 0 ABAROTCR OOHOBPEMEHND OKPELCTHOCTAMI HYAZ U

O2PARECHM I MAOICECTRAMIL, Mnosxectro OF[JE]HHHE!HO, acly OHO

MEHKHT B Hexoropom wape. OHO GyaeT OKDECFHOCTbKY HYJHA, €CJH
i

COHe[IKHT HeKkoTOpwiil map ¢ uedrpoM B 0. B noaynopuupoBan-
HOM Xe¢ OpPOCTPAHCTBE E MHOKeCcTBO RBJAETCH OKPeCTHOCTERY HY 14,
eCNH CyujecTeyer TaKoe { & f, 4TO 3T0 MHOKECTBO CONE[KHT 1wap

OTHOCHTEJLHO OOAYHOPMH || |, 4 OTDARHYER0 OHO, eCAW ANA K-
awdoeo i =1 3T0 MHONKECTBO COHEDIKUTCA B HEKOTOPOM ildpe OT-
HocHTe1bHO moaynopMel [ . B npexmaymmx npumepax 1—5

OKPECTIIOCTH HYJIS 1€ OrpaHH+elbl (KpOMe Cay4vacB BHIDOMICHHA:
>

R npumepe |, ecqu E KoHeuHo ¥ F HOPMHPOBANG; B MpHMepe 2,

S

ecnin F onopmupoanc, n B npumepe 3, ecan £ xommaktHo B F

HOpMHpoBauo). MOMKHO LOKA3aTh, UTO, eCAH 8 HOAYHOPMUEPOGUH-

HOM GEKTOPHOM RPOCTPAHCTSS CHWECTBYET O2PARULEHHIEI OKPECT-
o>

#ocre (0, TO aTO APOCTPAHCTEO HOPMUPYEMO,

MHOKeCTBEA DABHOCTENCHHO HenpephiBHMX OTOGpAMenni
# TeopeMbl ACKOJH

Hycrp E - tomogoruveckoe npocTpascTeo W F — noayMerpy-
HECKOE IMPOCTPAHCTBO € monypaccrodsnamn (§,), _,. Hamomuuy,
4To oToGpawieHne f mpoctpanctBa E B npoctpancTso F  Hempe-
pblBHO B TOUK® (IEE, eCcaAn IO Kad jJoro HEHEeKCa fEJ ¥ Ka-
AHOTO uHcaa & > 0 Halgerca Takas OKpecTHOCTh 4 TouxkH a B E,
wTG S Beex X M3 24 cmpamednnsel nepasencTsa §;(f (1), fla)) <e.
PaccMOTPHM TCOCPh NEROTOPOE MiloxkKecTBo F NCHPEPRIBHBIX DYHK-
uuit ¥ npeamoaokus, Mro AAn Jawboro j=J u mwoboro & >0
MOIKHO YKa3aTh OJHY u Ty e oxpecTHocTs U rodskn o ¢ E,
TAKYI0, UTO AAsl BeeX x &= Q¢ U Beex fe=F uMeeT MECTO Hepa-
‘BeHcTBO &; ([ (x), (@)} <{e. B 310M cayuae roBopAT, 4To (YHKLHH
f=F pasnocrencruo nenpeposhor 6 Toure @ € F HAM 4TO MHO-
WEeCTBO & PABHOCTENEHHO HENPEPLIBHO 6 TOYKe @. | OBOPAT, YTC
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byhkual f £ F pasnocTenenHo HERPEPoIBHNS! HIH YTO MHOXKECTBO &
PABHOCTEAESHRD HENPEPLIBHO, ECIH YKA3aHHOE BEIIE CBOMCTBG HMeeT
MecTO Aad Kaxjaolt Toukd a= E. Kami1oe KoHeUHoe MHOMeECTRO
HenpepuiBHbIY GYHKLKIT pasHocTeneHHO HelpepuiBHO. O6beLHEE Hie
ABRYX DaBHOCTENIEHHO HENPEePLIBHEX MHOMKECTE PRBHOCTENEHHO He-
IPEPHRHO.

Ecan npocrpancrso E, KpoMe Toro, noJayMeTpHYECKOEe ¢ MOJY-
paccrosiiuaMu (d;), _ ,, To MEOXKecTBO F Mbl 6V A€M HA3LIBATL JGEHO-
MEPHO DUBHOCTEREHHO HPRPEeRbigHbiM, eCan 1Ad JAwdoro j=J u
dioboro € 2> 0 HalgyTen Takue £ w 5> 0, uto 1449 Beex f = F
ns d;(x", x7y<in caegyer &; (F(x’), [ (x”)) <.

Hanpusep, ecnd nee Gynkuue { = & JunWLEUEBL H ecad 11
BCeX [< [ HaflayTea oAMH U TOT Ke HHA2KC [ =] 4 0AHO H TO Ke
aucno k=0, rakue, uro 8, (F(x'), f{x”) < kd,{x’, ") ang moboi
byakuun feF, To MHOXECT30 F  PABHOMEPHO PAaBHOCTEMNEHHO

HEeNDPEPLIBRAO, H MOMHO AdAHEe CKaz3arb, UTO CHO PABHOCTENERMO
-

>
aunwuyeso, Tax, ecau E W F — UOPMHPOBAIITLE DEKTOPILIE TIPO-
--> =
CTPpAHCTBA, TO MHOMeCTBO oTofpawenuil u = Z (E: F), Takux, 4ro

E—
oM (wap pannyca M 8 Z(E; F)), 6y et parHocTeneny > dniy-
>~ o >
nesbis (nockonky || u{e) —u(y) IsSM il x —g ), a caemoBaTebHO, PABe
- = -
HOMEPHO PABHOCTENENHO HeOopepuBbiM na £, Ecan E v F — nmoay-

> >

HOP MHPOBANHLIE TPOCTPAHCTRA, TO MHOKeCTBO F — F(F: F) pasHo-
CTENEHHO HENPEPLIBHO TOrDA H TOJABKO TOrZa, KOrZa OHO PaBHO-
CTEMEHHO HE{IPepbIBHO B Hauafle, M B »ToM Cjayudae F pasHOCTE-
MeHHO JAUOMHKLEBG, a 3HAYHT, H PABHNOMEPHO PABHOCTEIEHHO HE-
npepeieae. JJA roro UTOOH 5TO HMEJQ MeCTo, HeoBXoAHMO H
LOCTATOUHO, 4YToOH ANA BeeX & J CYUeCTBOBAAH TAKOH HHIEKS
il n takoe unciac k220, uto g;(u)<lkp; Ana Beex dyHxUui
4 =F {obo0lieHue TeopeMbpl 42).

Mycers £ u F—adonHEbEe HOPMUPOBAHAME NPOCTPAHCTBA,
{2 — OTKPLITOE MHOKecTBC B £ M F — MHOXKECTBO TaRUX Qupde-
penyupyemstx orobpaxkenud [ Muoxectsa Q B F, y KOTOpLIX

a &> >
nopuet {7 (x}[] opoussogubx F(x}= FI(E, F)upn x=Q u feF
OrPAHHYEHB! OIHAM H TeM ke yuctom A =0, Toria muo:kecTtBo F
PaABHOCTENEHHO HenpepniHo. B camom gene, w3z hopMyas KoHeu-

T T———— =

HBIX DpHpameHné caemyet, uto (") —Fx Y<K M| x” — x| ann
Kax o dynknnn f= &, Auws OB TOJIBKO OTPesoK [x/, x”| nexan
B Q. CnejomartenpHo, ecad ae=Q 10 safamo e >0, To, AJA TOTO
YTOObl NipH Bcex x =% H [=F BHNOJINAJIOCE HEPABEHCTBO

—_—
WI{x) —T(a)I<|e, nocraTodHe B KavecTBe @ BHOpaTh WIAP C IEH-
TPOM B TOYKe a painyca =%e/M, ueankom Jemawné s £, B npei-
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cTBHTENBHOCTH HOCTATOUHO NPeinodarath eme meublie. Ecan gan
Haw Aol ToUKH @ = Q HalayTes Takag Ce OTKPLITAR CKPCCTHOCTh ©
u Takoe wicgo M =0, uro ||F(x)ifscM ansBeex xSo u feF,
TO Pe3yJbTAT COXPAHHTCA, MOCKOJABKY B 5TOM CIYYa€ MOMKHO B Ka-
uecTBe @4 B3ATH Wap, JexamHil B o.

B uacTHOCTH, BO3BpAlladch K cKaszaHHOMY 00 OrpaHHuYeHHHX
MHOMKecTBaX B Hpumepe 4 npd m=1 ¥ yuuTelBadA, 4YTC OTpaHu-
YeHHBIE MHOMECTBA B MpHMepe § — Te Ke camble, 4TO H B mpy-

Mepe 4, MH BHIHM, HTO K2XK/AA ONPAHHUEHHAT YacTh A3 &1 (s }'}
HAH H3 76 (2, F) ABJSETCA PABHOCTENEHHO HERPEPHIBHHM MHOME-
CTBOM OTOGpaxkeHuit @ B 3

Teopema 44 (nepsar Teopema AckKoaw), Hyers E — rono-

AOZUHECKOE APOCTPRHETBO 1 F — nOAyMETPUECKOE RPOCTPANCTEO,
Hycre F — mnomecrao orobpawxenui E 6 F, pasnocrenenno ne-

npepoisnoe & Touke a < E, Toeda saweikanue F  mnowecrea F
¢ FE (FE — npocrpancreo scex orobpaxenud E & F, cuabrennoe
TonoAQ2tel NPOCTOl CXOOUMOCTY) TAKMCE PABHOCTENENHO Henpe-
PHIBRO 8 TOuKe a.

JdokasareabcTBo. 3JalaluMCA OAMHM M3 [OJYypaccros-
Hnit &; #a F u e > 0. INockoasky wmuoxecTso F PaBROCTENLHHO
HeNpepLBHO B TOUKE a, CYl(eCTBYET TAKas OKpecTHOCTh U, , = U
TouKH a B E, uto gas x =, y =% suninoadsgercs HepapeHCTBO

bilgla), g (<< (V11, 6; 20)

[Tycrs Témeps x — npOWaBOJbHAs TOYKa ¥4, a [~ mpomssosabHas
bynkuya u3 Muokecrea F. Cpenu nonypaccrosHuit Ha FZ
HMEeTcAa l'lOJIypaCCTOHHHE 6{ {a, xis onpefesdemMoe paBeHCTBOM
b a. ny (e, ) =supld;{x(a), via)), ,{(u(x), vix))]. Cuaeaosateasno,
Ras GYBKIHH [, MPUHAMJEKALICH 3AMBKAHHIO F, waiieTca Takas
Pyuxuna g= F (g 2asucur ot f, a, x, §, €, ur0

5 (@) g@N<3, 8,0, gN<g. (VL6 20
AcHo, uro a7 x = U u f& F cupasennnso HepaBeHCIBO
8 (@), L) <6, (f(a), g la)) +6,(g(a), g(x)) +
+o,(g() N5+ 5 +5=68 (V1622

CNefOBATENLHO, AAA KAXKAOrO j&J # kaxaoro &> 0 cyuiecTsyer

Takad OKpecTHocTb 2 Touku a B E, uto gaa x = U, f = F nmeer
MmecTo HepasesctBo §,{f(a), f(x)} < e, ueM N ncKazaHa pasHOCTE-
NeHHAY HENPePHEBHOCTE MHOXecrBa F B TOUKe 4.
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Cheacreue 1. B gcawsuay reopesse sce duanyan | us F
Henpeplignut & Touke a. Kawdsii upocrofi upedea') [ nocaedosa-
reasnoeTi ynkiai [y w3 Fonenpepmeen 8 Toune a.

Javesaune, DTo cledeTBHE CYLIECTBEINO AONOAHNCT Teo~
pemy 65 ra, M. Teopeva sra v1sepwmaer, ute J0nd.asHe paco-
AMepiolt Npeled HOCACLOBATEALHOCTI Nenpepripling  Ppyvinauii f,
el pepubeil. Mol BIAnM, W1o ICHPEPLBIEIM MOMET GLITh H 11 pocTod
npeies MoCCAGBATEbUITIN HelPOePBIBHBIX Yy NKILLI [,, ecan »TH
Gy UKL f UC TOILKO HCAPEPLIBHL B OTALABIOCT, HO |l pagHo-
CTeNneHHO IRIPePLEIBHEL

B aeicraureasiiocty Teopema 65 ra. I n mpeawavulas teo-
peMa ouelib 013K

1} Leaw  nocaedosareaswocte  gynsuud  f,, Henpepoisroix
8 TOURE @, AOKAILHO PGEHOMEPHO cxodurcs r upede.y [ {reobyo-
Juao Takxce Henpepwsnomy 8 370l Touke), TO dymruun |, pasro-
CTEHEHHO Henpepouiensl & TouKe @.

B camom gene, nycte 3ailatik j&J 1w e >0, B caay pasno-
MEPHOL  J0OKAIBNON CXOIHMOCTH MOMHO HaliTH Takyio okpect-
HocTs ) ToUKN @ B L W Takoe weaoe upcao p 220, uto npn 1 = p
1 x = U patioanacrcs nepasedcreo O (. (1), [N <Ce/3. Has ko-
neunoro wicaa gyuxuyit fo fy, fr, ..., fpop, ENPEPLIBULIX B TOYKE @,
MOMHO AT TAKYI OKpecTHOCTh ‘U, TOUKM @, 4TO I7A Beex
xe%b BLIIQUIIOTCS ucpaBCHCTBa S, (f(x), [la)=<ei3 n

6;(fn(®), Fula))=<Xe aaa n<<p. Ho toraa aas v<=2U (12, Bu-
nonHmOTCH _HCpABCHCTBA

&;(Muta), [u(x) e upn n<p (VII, 8; 23)
1

8 (ada), Jy (N <O (T (@), [ (@) + 8,6} (), (1)) +
T, LN g+ gt g=e npu n>p, (VI 6;24)

HYeM I IoKa3’ada pPaBIOCTEREHHAS HemlpephiBlIOCTb  MUOIKECTREA
dvokonil f, B rouke a.

OdbpaTtio, Mbl VBUauM niae {(cheacrelie | caenywouleil reo-
penul}, UTo

2) Leau £ aoxaasno KosnaxrHo, ro awdas npecro ¢xods-
WAACcA 1oL 2edoBaTeI6HOCTS PASHOCTONEHHO ReNpepolsHoty Ha E
PYHEHUL €XOOUTCS 1ORAIHO PASHOMEPHO.

Takum 06paszoM, eCAx HENPEPLIBHbIE Ha JUKAABUO KOMIIAKTHOM
npoctpalctse £ ¢yHrun f, mpocto cxoaATcd K f, To Npeano.io-
WKeune, YTo COHH JIOKAJABNO pPaslOMEPHO CXOAATCA, PABHOCHABIO
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HPEANOJOAKEHAD, YTO OHU DPABHOCTENEHHO HEeMpephiBHW Ha E, M
B 3TOM cayyae ux mpeaen [ Hempepused. Ho xors teopema 65
ra. Il u mpenpiayman Teopeua 44, Takum 06pa3oM, <TEOPETHULCKU»
SKBHBAJEHTHH, NPAKTUXECK! OHH JAAWT NBa CYry6o pasjHUHBIX
KpPHTEpHA HENPEPHIBHOCTH mpenedbHol dyHruua f.

CnepcrBue 2. Anaaceuunvie pe3yasTarst UMeOT MecTo Jaa
PABHOCTEREHHOL HEnPepHsHoeTl Ha 8cem npocrpancree E uwau
PAGHOMEPHOL PASHOCTENEHHOU NHEnPepusHOCT 8 caydae, Koz0a
npocrpancTeo E noayMeTpudeckos.

Teopema 45 (sropan TeopeMa Ackonn). {fyers E — rono-
Aceuseckoe 1 F — noaymerpuveckoe npoctpancrea. Ha passocre-
newto wHenpepusrosm mucxecree F  orobpawenud £ 8 F noay-
MeTpusecKue CTPYKTYPoL NPOCTOR CXOOUMOCTH HA RACGTHOM HOO-
mnoxcectee Ey npocrpancrea E, npocroi cxodumocru na E u
pasHomepHol cxodumocTy Ha Kaxdod komnaxThoi waeTu 13 E
PABHOMEPHO 3KBUSANEHTHOL (UHaYe 2080pR, COOTEETLTEYIOUME pa-
GROMEDHOIE CTPYKTYPOL TONOECTBEHHb, W, 8 HACTHOCTU, COOTBET-
CTYION e TOHOACHI COBRAJAIOT).

Hoxazarteasctso, [loaymerputeckas cTPYKTYpa NpOCTOH
CXOOUMOCTH Ha £, ONpeACAAETCH NOJYpACCTONHHSIMH

s @) -—-flea}uﬁf (f (x), g (£)), (VII, 6; 25)

rae A, — KoHeunas uactek £, CTpykTypa mpocTolt ¢xoluMocT Ha E
ollpefleifieTesl NONAYPACCTOAHRAMA

6)'”1 {fs g) ﬁf}iajf 6}' (f(x)1 g ("C)): (VI I, 6 26)

rne A — koneunas udacts E.
Haxoneu, cTpykrypa paBHOMEpHOH CXOLHMOCTH Ha KOMHAKT-
HHX wactaAx E onpeneasercsl 1MouaypaccTOSHUAMH

.k, 8)= 131;);6; (f (x), g (%)}, (VI1,6; 27)

rre K — xoMnakruas yacts E.

IMockonbKy BTOpas M3 THX DPaBHOMEDHBIX CTPYKTYP HBJAAETCA
NPOMEXYTOUHON MeXOy NepBoH M TpeThel, AOCTATOYHO MOKA3ATH,
YTO STH MOCNENHWe PaBHOMEDHO 3KBHBANEHTHH. Bnpouem, no-
CKOAbKY KaXKJOe M3 NOAYPACCTOAHHA NepBOH CTPYKTYDH ABAAETCH
TAKKE NOAYpaccTOAHHEM B Tperbell {MOxHO B3ars K= A, < Ey),
TO HOCTATOMIIO YCTAHOBHTL /ML 0OpaTHOE YTBepxAeHHE. ITO
yTBePIKASHHE, OUEBKHAHO, HeBEPHO ANA MHOMeECTBa (FE), meex ne-
TpepHBHHX crobpamennii £ B F. Oauako peus HeT JHWE O CTPYK=
TYPaX, HHAYUHDOBAHKEIX HA PABHOCTENERHO HENPePLIBHOA HacTH &F
MHoKecTBa (FZ),,
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Hrax, nyete K — BekoTOpu Komnaxt u3 E, j=T ne>0.
JoKakeM, Y4TO TOTNA CYLUECTBYIOT TaKaf KOHRYHAH YacTh A, MHO-
xecTBa F, W Taxoe uucao v >0, uro apu & 4, (f, g)<{n dan f
u g uz & BHNOJHAGTCA HepaBeHCTBO 9,  (f, gy<ie. JoKkasaTth 3To
OUeHb MpocTo. B cuay paBHOCTeneHHON HENPepHBHOCTH MHOMKe-
cTBa & asA Kaxjoll TOURH ¢ H3 K MOXHO YKa3aTb TaKyio oKpecT-
HOoCTh @, TOUKH @ B E, wro IpH x =%, u A= F puROIHACTCH

nepaeeHcTBO &, (% (a), h(x))g%‘ Idaa noxpuitua kKoMnakra K jo-

CTATOYHO KOHEUIOTC uHeaa oKpecrHoctell @24, Ilyere sto Oyayr
U, v=1,2,..., n. Tax kaK MHOKecTBO E; N0 NpPaanooKeHn

IJCTHO, Kakaasi H3 OKpecTHocTeH %av COAEPHHT HEKOTOPYIO
Toury b, u3 Ep. [lostomy aait fn g us & n x S U,, uvMee

8;(F(x), g (N8 (Fx), Fla) + 8, (Flay), FlON +
+9,(F(6.), g (b)) + 8,{g (b)), gla.)) +8;(g(a)). g(x)). (VII, 6;28)

Ecan tenepe nonomuts Ag={b,),_ »

CKONIBKY Kaxkiast u3 Touek v < K JexuT B ommoM u3s U,

u3 HepaenctBa & 4, (f, g)<<n OyRer cueloBAaTH HepaBEHCTBO
o, ¢ g)<e

CaencerBue 1. Ecan nocaedoB8aTeAbHGCTS PABHOCTEHEHHO
nenpepotenax  gyuryul f, na E co onavenunamu s F cxodurcs
K Hexoropoil wenpepwisnolt $ynryuu | na E e kamlol rouke ne-
KoTopo2o naoTHo20 8 E nodmnoxecrsa E, To dyuxuyun [, cxo-
d8rcsa k [ 8o secex Toukax E # cX00UMOCT: 3TQ PABHOMEPHE HA
kamdom Komnaxrte u3 E.

B camowm nede, Muoxkectso & dynrunil f, m [ paBnocTeneHHO
HenpepuelBEG Ha E. TlosroMy Znd o0GOCHOBAHHA YTBEPIKAERHS
JOCTATOYHO NMPHMEHHUTH Teopemy 45.

3aMeTHM, 9TO AJAA TOrO 4TOSHI NPHMEHHTH Teopemy 45 pus
JOKa3aTeNbLCTBE 3TOrO CJAEHCTBHH, HAM IIPHULIOCH PACCMOTPETH
muoxeecrso dyuryud [, o f. TIpeanodokHM, ©QHAKO, YTO HAM
H3BECTIIO JHIIb, YTO AJA KAXKAOTO X H3 MIOTHOC MIIOXCCTBA Ej
Gyuxunn f,{x) cxogatca K HekotopoMy npeneay f(x). Coraacuo
Teopeme 44, dyuKupa [ menpepoiBHa Ha Ey, HO, 8006ie FORODH,
He MoWweT OrTh NpefodKenda A0 HenpepoizHO# QYHKUMH Ha E.
Tlostomy 3aKaOyenne CASACTBHA He HMEeT MecTa, H ME He MOEKeM
YTBEPHKAaTh, 4To f,(x} cxodarca i npedeay a8 xawdol rotke x
w3 E. VMeoTcs, BnpoueM, ABa caydad, KOrla TaKoe 3aK/Ai0YeHHe
cnpapeanuBo, [lpexwne Beero sto Oyier npH Eg==£E, Tak Kak
TOPA, KAK ME 9TO TOMBKO YTO BHAeAU, [ HempepsiBHA Ha BeeM £y
H npaMenHMo chaegcrere 1. Jlanee, sTo BepHO, ecau [ CEKBeH-
UHAJAbHO IIGJHO, HaH, GoJee oGDIO, €cad A Joboro x & E MHO-

£
o W=7, To, mo-
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mecteo F (x)={f,(x); ne=N} cozepmurea B CeKBEHUHAIBHO
noavoff wacrys F. B cavmom paene, AAA m ¥ #, CTpPeMANIHXCH
K OBCKOHEYHOCTH, H KOHeYHoro MHOKecTBa A, < F; paccTosiHKe
85, 4, (fmy 1) cTpeMuTea K 0, a CI010BATENLHO, B CHAY TOXKECTBEH-
HOCTH PABHOMEDHBIX CTPYKTYDP, HHAYUHPOBAHHHX Ha F MHOKe-

creami F& w FP, crpemutes k O seauuuna &; 4 (f.. f,) 2na kax-
Aoft koneuHoit yacth A muokecTBa F. CrneloBaTedwdo, 1J9 Kax-
poro x = F QyHKuUnA f, (x) o6pa3yiorT nocsegoBarenssocte Komu,
EQTOpaf, COrJAcHO HAlleMy RPedTOJOMNEHHI0, CXOIHTCH, U ee IIpe-
HeA HenpepHBeH Ha E, uTO mo3BoafeT NpHMeHHTH ¢haeiacTeHe |,
Otcioga BuiTE€KaeT

Cnencreue 2. Ecau pynrynu [, prasnocTenesno Henpepsionst
o RpocTo cxodAren K | wa E, To Qyukdgua [ Henpepwisna, a cxo-
dunacts pasrosepna Ha xaxdox sKomnaxre us E.

Cnencrene 3. Ecan pasrocrenenno neapepsisnas nocaedo-
BATEALHOCTS OTOOpaXcenitl [, ToOnoAozuveckozo npocrpascrea E
& noaymerputeckoe npocrpancrae Fcxodurca e kawmdold Touxe
KeroTopozo nodsnowecren Ey naotiozo 6 E, 4 ecan a rawdoid
royke x u3 E muomecrso F (x)={{,(x); n =N} codepwurca e ue-
ROTOPOIL cexgenyuanstio noanold vacry F, ro nocaedoeareasnocrs |,
cxodures 8 kaxdon Touke E u ee npeden Henpepoier wa E,
4 CXO0UMOCTS pPasHOMepHa na kawdosm xomnarre us E.

Tononoruveckne aonoanckiuda. Teepembpr Bapa
H Banaxa —Illlteitnraysa

B ra. 1V 6o npusenens Teopems! Bspa u Banaxa — Llrefin-
rayaa, YcoTaHORAM 33eChb HEKOTOPHE LOTIOJIR2HHA K 5THM TeopeMauM.

[TpocTpanecraom Bapa (HIAH 63pOSCKEM MPOCTPARCTEOM) HA3h
BAaeTCA TAKO¢ TONOJOTHYECKOe MPOCTPAHCTBO £, B KOTOPOM Jko6oe
NepeceycHEne CHeTHOTO MHAQMKECTEA [WMIOTHEIX OTKPHITHIX MHOXKECTB
nA0Tho. Ecan mepefiTh K IomoaHeHHAM, TO 5TO OYAeT O3HAYATH,
yro moboe OGBLEAHHEHHe CUCTHOMO MHQOMECTBA 3AMXHYTHX MHO-
WECTB, He COLSPIKALIMX BHYTPEHHHNX TOUEK, ARAAECTCH MHOMECTBOM
Ge3 BHYTpeHuuX Touek. Ms memuu Kk Teopeme 65 ra, IV caeayer,
uyTo Jwboe NOAHOE MeTPHUecKOe NDOCTPAHCTBO SBASETCA Mpo-
crpanctBoM DBapa. Coenyer 3aMeTHTb, 4YTO 3[e€Ch CMELIHBAeTCs
YHCTO TOMOJIOTHYECKOE ¢BOHCTBRO OnTh NpoCcTpaHCcTBOM Dspa co
CBOHCTBOM, OTHOCALIMMCH K MeTpHUECKOH ¢TPYKType. Bepnee Gyzer
CKaz2aTk: eCclH TOIOONCrHYeCKOoe TIPOCT])&HCTBO E TAKOBO, YTO €rQ
TOMONOTHA MOXKeT OHTL ONpeReneHa MeTpHKoil, B KOTopoil oOHO
MOJHG, TO STO NPOCTPAHCTRO ARJAseTcs TpocrpancTeoM Bapa. Ha-
upnMep, ecld £ — neJIHOE DOJAYMeTPUYeCcKoe NPOCTPAHCTEC CQ CYeT-
HHIM MHQMECTBOM MOJYPACCTOAHHI, To OHO O32poBcKoe, [eHcTBH-
TEAbHO, COTVIACHO TeéopeMe 40, cro cTpyKTypa pPaBHOMEPHO
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9KBHBAJNEHTHA HEKOTOPOI MeTpPHYeCKON CTPYKTYpe, OTHOCHTEJbHO
]{O’TOpOﬁ STO IMPOCTPAHCTBO NGJHMG, NMOCKOJALKY MOCHAeIOBATEAbLHOCTH
Komu, onpeaeasenMble paBgOMepHON CTPYKTYDPON, ¥ HHX OLHH H
Te xe. Kaxiaoe 6aHaXORD NPOCTPAHCTBO #BASETCA NPOCTPAHCTBOM
Bspa. Ilpoctpancrea (FE),, rie F — noJHOE NoOAYMeTpHUeCKoe
NPOCTPAHCTEBO CO CUSTHLIM MHOKECTRBOM NOJAYPaceTosHUA B E—ofne-

.
AHHEHHE CYETHOTO MHOMKECTBAa KOMNAKTOB; NPOCTPaHCTBA &7 (L2 F),

rie F — moJHoe TOJYHODMHpPOBAHHOE MPOCTPAHCTBO €O CYETHBM
ol -
MHOMKECTBOM NOAYRODM; TNpocTpadcTsa &(Q; F) v (U F) npu

T€X e YCAOBHAX — BCe ABAAIOTCA O3DOBCKHMH. MOKHO TakXe
AOKA3ATL, HO MEl ITHM IOMNB30BATHCA He OyeM, YTO Kamxiaoe Jao-
KaJbHO KOMMaKTHOe MPOCTPAHCTBO ecTh MpocTpanctsd Bapa. Ha-
NPOTHB, HoJe Q PAHOHAMLHEIX UHCEN B TOMOJNOTHH, UHAYUHPOBAH-
HOil u3 [N, He aBaAeTcs G3POBCKHM, NMOCKOJBKY OHO TPejCTABASET
coGoii o0belMHeHHe CYETHOTO MHOKECTBA 3AMKHYTHIX MHOMNECTB
bes BHYTPEHHHX TOYEK, KaxAoe H3F KOTOPHX <COCTOHT H3 oA HOHA
TOYKH. Heno/Hoe BeKTOPHOE HOPMH POBAHHOR TPOCTPAHCTBO, Booble
roBOpst, He ABJIACTCA O3IPOBCKHM. [PaceMoTpHM, Hanmpumep, npo-
crpadcerse E=C[0, 1], cHaG:keHHoe HODMOH, HIAYLHDPOBAHHOH
nz ZV([0, 1], dx)'). DTo npocTpaHCTBO HENOJHO, TMOCKOABKY OHO
nioTho B ZF'. IloKkaxkeM, UYTO OHO He ABISIETCS TPOCTPAHCTBOM
Bapa. OGo3HauuM yepes B eIHHHUYHHIN 11AP OTHOCHTENbHO O6HIY-
noH HopMe mnpoctpanctea C[0, 1] (I fY =, mag | f(x) ). TIyers
B x

B —ero sampkanne 8 ). ITockoAbky 3 6ol cxonnanieiica B &
MOCJAEOBATENLHOCTH MOXKHO H3B/eYb ¢ X-NOYTH BCIOAY CXOAAIMYIOCHA
Nnoadnoc/aeAoBaTensHOCT (Teopeme 38 ra. IV), vo MHOMecTBO B
BCE COCTOHT H3 (IYHKUMH, dX-TIOYTH BCIOAY, A 3HAYAT, B CHAY
HeNMPePHBHOCTA H_BCIOAY, OFPAaRHUYCHHBIX 1O MOXYJK uHcaoM I.
2T0 3HAUMT, 410 B=2R, T. e. 4T0 wWap B 3avkayr B E. Onxako B
He uMeeT BHYTpeHHeH YacTH. B camoM fedae, ecnn Owl B coaepixano
HeKOTOPHI Wap (1o HopMe Z') ¢ uenrpom g = C[0, 1] paauyca R,

TO H3 HepaBeHCTBA I|fmg|dng caeforanc Gul HepABEHCTBO

L1}
max |f{x){<{1, yro HeBo3MoKHO. TOYHO TaAK ke IPH MIOGOM LeTOM
pex <l

1t MHOKECTBO 18 3aMKHYT0 B E # He HMeeT BHYTpDeHHHX TOYeH.
Oznnaxo U3 TOTe, UTO MROMKECTBO B SIBAAETCH €NHHHYHBLIM I1APOM
3 €0, 1] B o6uynoit Hopme, cienyeT, uTo OObLEIMHEHHE BeeX nf3
coBmajaer co BeeM npoctpancerroM C0, 1], a sraunT, £ e sBaseTca
npocTpaneTeoM Bapa (B Hopme ')

'} Ipocrpanero 2! JanWs NOAYROPMHPOBAHO H HE OTHeHMO. GAHAKO ero
NCAYHOPMA HHAYLHDPYET 1a C HODPMY, NOCKOASKY HEenpepHEHaa yukund, ox-mo-
YTH BCIOAY PABHAA HY/T0, DABHA HYMO BCKAY,
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IMycte E — S3posckoe npoctpancTbo, Yacte A << £ BasnRaetcq
TOWgel, eCiu 0HA COePHATCA B OObeJHHEHRH CUETHOrO MEOKECTBA
3AMKHYTEIX HOIMHOKECTB Ge3 BHYTDeHHHX ToueK, O belHHEHHR CYeT-
HOTO MHOQMEeCTBA TOUHX yacTel ABAACTCA TOWHM MIOXKeCTDOM. Tor
¢rakT, YTO NPOCTPAHCTEO D55POBCKOE, 03HAYALT, YTO Kam1ad TOLWAR
ero 4acTb He HMeeT BHYTPeHHUX Touex, HanpoTHe, B Heh»3poBCKOM
RPOCTPAHCTBE TOWAA YACTh MOMET OBITh BCeM NMPOCTPAHCTROM, H
ITC NOHATHE WHTepeca He NpeacTaBianer. [OBOPSAT, uTO HeKOTOpOE
cBOHCTBO P ToYeK H3 £ BHOOAHAETCA B-E0YTH Boiogy (B — of
Baire {Bsp)), cClMH MIOKeCTBO ToX TOYeK £, B KOTOPLIX OHO He
BHOOJAHACECH, Tollee, Tomue MHOKeCTBa OTHOCATEH K KATETOPHH
«npeHaGPeIKEMBIX? MHOMXKECTE AHANOPHYHO MEOMECTBAM HYJIeBOH
Mepsl OTHOCWTeBHO HEKOTODOH HeoTpHUAaTedbHOW MepH. ORHAKO
3TO CBOHCTBO YHCTO TONOJMOIHYECKOE, HE CEA3AHHOE C TeOPHEH MEpHI,
(BnpouewM, vwaule Bcero £ Oyaer He JOKAApHO KOMIAKTHEIM GaHa-
XOBLIM I[POCTPAHCTBOM, KOTOPoe BOODIIE HC MOMKET HeeTH MepH
Panona.) Mexay NOAATHAMY «B-N0UTH BCOAY> Y «U-TOUTH BCIOAY>
(018 HeKoTOPOH Mepnl W) HENOCPEICTBEHHOW cBA3W HET. PaceMoT-
PAM, HanpaMe], BeulecTBeHHY0 ock R, TIycTs ag, apy v uey Qny oo —
CYETHOE MHOMECTBO, MaorTHoe B R, OGossauum uepes O, , OTKPH-
THH WHTEpPBAJ C LEHTPOM &, AMHHBL £/2" H uepes O, o0belnHEHHE
no n=20,1,2, ... uarepsanos ,,, npu salanuom €. Torpa &,

oo
Gyier OTKPHTHM RJCTHHIM MHOMECTBOM ¢ Mepoll = Z 8/2" =28

(5, a He = noToMy, uTO HHTepBaAH (,,, MOTYT nepeceKaTh(:H)
Mepeceyenne A muomecrs O, (MO}KHO B3AThL =1, —]2—, T oeee
ABJAETCH NepecedeHHeM CUeTHOTC MHOXECTRA THOTHBIX OTKPHITHIX
MHOMECTB, 4 3HAYHT, ero ACNOJHEHHE ABJAETCHA TOWHM MHOMe-
¢TBOM. TeM He MeHee A umeer HyJeByw dx-mMepy. Takum oGpasom,
TOYHH MHOXKeCTBA A PacmonomeHsl «OUTH BCOAY>» B cMHCIe Bapa,
a TOUKH er'0 AONOJHeHHS — «MOYTH BCIOAY» B CMBICJKe Mephl dx. Man
ene: A sBnseTcA MHOMECTSOM <«B-MOUTH BCex» TOURK, HO HMEeT
nyaesylo dx-mepy; ero mornogaerne GA ecTh MHOKECTRO «d X-TIOYTH
BCEX®> TOMECK, HO TOLICE, Oﬁ’benHHeHHe CU2THOrO MHOMECTBA TOWIHX
gaACTel ABAALTCH TOWMHM, PABHO K4k Oﬁ‘beJIHHEHHe CHeTHOrQ MHO-
WECTBA MHOMKECTB HYJeBOH dx-Mepbi HMCCT HYJEeBY dx-Mepy,
HO ofbenuiienHe Tomero Mucmceerra CA u MuomecTna A HyJeBol
dx-Mepbl MOXeT commapate co Beefl npamoll K. Hrkorna me che-
AyeT cMelldRaTh 3TH noaATus! Bnpouem, MOMHO NOKAa3aTh, ¥TO
BCAKOE MHOM(ECTBO <«B-TIOUTH Rcex» ToueK Ha R, 34BE€N10OMO HE
ABJAIOIEECH CUETHBIM, HMEST B TOYHOCTH MOULHOCTh KOHTHHYYMA,

> >
Teopema 46 (Banaxa — Llireiinraysa). Hycre E u F — aex-
e
TOPHBIC ToHOACZUYECKHE NPOCTpaHcTea, apiitem E — Gaposcroe,
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.

a F — ceksenyua.ionoe noanoe, I[lycrs un — noc,zedoeare,zbﬂocrb

AUREHOIX HenpepmaroX oTO0pawerull Es F cxodmuascs K He-
KOTOpOMYy npededy npi f, CTPEMAWEMCT K 6ecn0f~;ewocw 8 Kaxc-
e

ES
dod rouxe nodnpocrpancrsa E,, aaornozo & E. Toada:
1) AL ROCALOGBATEALHOCTS U, pacrodurca B-noutu ecwdy

Ao E i Jawe B-nowru aciody HEOZPARUYEHL,

2y nau ona gewdy cxodurea Ko E‘, ee npedes U ecTe Henpe-
PHIBHOL AUNEHDe OTODPANCene, DYRAKLUL U, PABROLTEHEHHO Henpe-

e
poterot, G CX00UMOCTe DABHOMEPRA HA Kaxdos wosnarxTe us E').

ﬂoxaaaTenbc:rso. daa npocroTel GyaeM cUHTaTe [pO-
CTPAHCTRO F MOJYHOPMHPOBAHHEIM ¢ HO"I}HmeaMH g, is /.
Mycre Ay, npn & E—N——no;uﬂomecrao B E OMpefe/eHH0e CoOT-

HOLISHHEM A;,k={er; Y, gi(u, (N << R). [Tockoabky $yHK-
HHH N, HenpepuBHbl MHOXeCTBO Ay, , 3aMKHYTO. 3RaAYHT, €CJH
>

B HEKOTOPOH To4ke x ofipassl u, (x) uMewoT npelen, To OHH Orpa-

HHYEHE, H, CHASAOBATENbHO, JAJAf KAKHEOro | TOYKa x AT
B 00BbeIUHCHHH A;=UA,;, pe CHAENOBATEIbHO, €CAH X0TA Ot 048
k

0dnoeo j Bce MHOMXeCTBA A, , HMEIT NYCTYX BHYTDEHHIOW YACTD,
TO MHOXKECTBO A; Toiee K PEATN3YETCA BOIMOXKROCTH [): nas

-
xeéA,, T. e, Aag B-mourd xKaxKzoro x, [OCTE10BATENBHOCTD #y, (X)
He 'CXO/IATCA H jaxe He OrpaHHdeda. B npoTHUBHOM cAydae 3To
03HAYaJ0 OH, uTO J28 Kawdoeo [ HARIeTed Takoe B, YTO MHOMEs
cTB0 Ay, HMEET HENYCTYH BHYTPEHHIOW qa(:'rb. OiHako ecad

MHOJKECTBO Ahk ABJACTCH OKPEC’I‘HOCTbIO TOUKH a TO MHO}KGCTBO

iy
{Ap » —a)?) GyRET ORPECTHOCTRIO TOUKH 0. Ho MaoxkecTBO Ay, 5 — a
COAePHKHTCH B MHO}KeCTBe A on nocKo.any AAA Kaxkaorag nEN

i KaX[I0ro BeKTopa XE(/LH#—G) BLIOJINAIOTCA HEPaBCUCTBA
.
g {ty, (x+a)]<k ¢ (uq (@) sk, a 3naumT, q,—(ua(t))<12k C::e)lo-

BATCJABHO, MHOMKECTBO Aj 5 TAKKe ABAACTCA OKPECTHOCTBIO TOUKH 0
Has mwéoro jeJ n moﬁoro £ >0 MOXHO HafTH TAKYyIOo OKpe-

CTHOCTD '—A,:, ok TOUKH O B E uyTO AAA KaX[Ore BeKTOpa x H3

€
o5 Anox H Kakaoro n BLINOTHACTES HepaBeUcTBO 4 u,,(x)}%a
CrenoBatessHo, OYHKUUN #, DARNOCTENEHHO HEIDEPHIBHH B Ha-

1) OGOGLueHHe TenpeMH 65 ra. [V, xokazaTenscThe, BApOYEM, TO JHE.
P {:";,k—a)—{x-—a, xEA‘:,g}
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yaqae, a 3HAUHT, B CHJAY JHHeldnocTn Beiony., M caegcrenar 3 teo-
peMb 45 BuiTEKAOT Teneps Bee 3AKAIOUEHHS cayuas 2) (MOCKoAbKY
e

NPOCTPAHCTBO F CEKREHUMATLHO MOHO, JHHEHHOCTS Hpefeta u oYe-
Buiua). Teopeva gokazara.

Mpr BitnuM, uto Teopema Bazaxa - Illrefinraysa noayuaercs
COMOCTaBACHHEM TeopeM DBapa u Ackoan.

ITpusegeM HexoTopbie MPHJIOKEHTA MOy UCHHEIX Pe3yAnTaTOB
K TCOpHH Mep H pacnpeiencuuii ')

paCCMOTpHM OpILVIGKEHHA, BE KOTOPHBIX peanﬁsye'rca BO3MOIK-
HocTE 1) Tecpemu 46. ITyeTh 2a714H2 NOC/eI0BATENBHOCTE JHHE-
HHIX HENpepeBHEIX dopM u, , wa C[0, 1]:

olg) = HEEU 8@ -y Bl — S (VIL6;29)

DopMnl &, cxoxaTes K 6“1}: g— ¢’ {d) Ha 0AOTHOM NOA-

MHOKecTEe DYHKUH{A, AHQODepenuUMpyeMuIx B Touke 4. OLHAKO
HOPMA 4, , pasuas 2a {(popmyna (IV,2;7)), cTpeMuTes BMecTe
¢ 1 K + oo. CaenobarenbHo, MHoxecTBo dyHxun# ¢« C[0, 1],
A7 KOTODHIX U, CXOAATCHA, Toliee. JIpYTHMH C/JOBAMH, HE TOJBKO
He KaxKias HenpepelBHAA (hyHKIAA NHhDeperHpyeMa B TOUKe @ —
9TO M yiKe 3HaNH, — HO W B-nourh 8ce uenpepulanble yHKyLY
He Oupgepenyupyesno: 8 Toyxe . DTOT peayJBTAT LAST damel
AHTYHUHH [OCTATOYHOS MOpaAbHOE TPABO CHATATL, HTO, 800OWYe
2080pR, HemMpepulBHAA ¢yaruns ne aucddepenunpyema. Ilycrs
Tenepb K| — mAoTdas cueTHas uacte oTpeska [0, I]. Muoixecrso
byHKiHA, A0 ddepeHLHpyeMBX B Touke a & R, Tomee. O6benHeHHE
TAKHX MHOMECTB cHoBa Tollece. [TostoMy B-mMOUTH Ka}Iad Hempe-
poiBHAA GyHKOHA e AudrbepeHunpyema B Kamaol touke Ry. (Ha
caMoM Hefe HMEeeT MeCTO Jame Sonplee; Figys: B-nouTH BCex
byuxunfi ¢ & C[0, 1] nocaezosartensioeTs #, 4 {@) He orpaHHUeHa
HH «B -OXHOH Touke ¢ M3 R,.) HanpoTue, RO-BHAUMOMY, HEREPHO
H, BO BCAKOM c/y4ae, He OUCBHAHO, YTO B-I0YTH KamkLaf HENpe-
priBHAs QYHKUHA HHrOe He anddeperudpyema.

OtMernm, oaHako, npyroe. Ilpu aokasarensctee Teopemnl 46
AUHEUHOCTE hyHRyul U, H CXodUMOCTS UX HO AAOTHOM MHONCE-
crae Ey He ueypuposasy & nepaoil 803MoNcHOCTY: Jadice 6e3 aTux
npednoaoaennll, ecau XoTa Got d.aa 0dnoeo | ace muowcecrsa A; ,

HE UHMEIOT CGHYTPEHRUX TOYEK, TO MARONECT80 TOYER cxodumocT
dyurquil u, ecceda rouyjee. 310 Kax pas GYOET uMeTs MECTO, eCAl
-

8 kaxdot TOYKE X HEROTOPO20 MHOWEETSA E, nA0THOZO 8 E,
dyrgun u,,{x) HEO2PARUYCHDL h €CAl RPOCTPARCTEO F HOPMUPO=

1) IMpunomenna, kacawinstecs pacnpegenennii (0S0GMeHHX GYHKONRE} Opd
nepesoAe onymensl (M. npumeuanme Ha crp. 434). — Hpus. ped.
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garo. B »TOM cayyae HMEETCA TOTLKO OLEA HOPMa g;, Mol Gyaem
ofosHadaTh ¢ uepes | || M CODTBETCTBEHHO OyIcM BMecTo Aj ,

> e
¥ A; nncats npocte A, n A Jflaa kamnporo ¢ u3 £ hyukumY iz, (x)

S

HeorpaHuveHH, a s3HzuHt, x & A. CaefonarenbHo, MHOXKecTEO A

IC COACPKHT NH OXUIOA TOWKE M3 E| M, 31a4HT, H€ HMEeT BHYTPCH-

Heft uactd. Ho Torma He nmeer BuyTpeunefl WacTH HH OJLHO H3

MHOMKECTE Ay H, 3MaYKT, MEOKECTRO A Tollee: MOCILAOBATENLHOCTE

$YHKOUG 1, PACKOIUTCS H J4XKE HEOTPAHHUEHA B B-MOYTH Kaxjon
.

Touke E.

Ilyete R, — cyeTHoe MNJOTHOE HOIMHOXKECTBO oTpeska [0, 1]
flyets @ —-Takag GyHkuus, IMA KoTopoli B Kax1od Touke a = R,
NOCJeNoBATENbHOCTE i, (@) Hecrpanuuena. Mwum vme BHaenn
(Teopesa 46, BO3MOKHOCTb 1), UTO Takue DYHKUHH ¢ HCYEDNEIBAKT
«B-nourn Bce» mpocrpanctee Cl0, 1], 3apuxcuposas dyHKuH©O @,
odpasyeM NOCNeAOBaTeIbHOCTL PyHKUHH

_ @dx+1/n)— g {x)
Pa (x)_ I/n -

3TO MOCRCAOBATEALICCTh HENpepuiBHHKE (He MuHefinmxl) dyiux-
umit ka GapobckoM npocrpauctee [0, 1], ne orpanutueHHast 1H B OAHOH
TOYRE CYeTHOrO nJoTHOro MHoxectsa RK,. CHOBa peanusyercs
BOBMOMHOCTE 1} TeopeMbl 46, 0 MK TOAYUaeM, UTO Ta nOCJego-
BATE/IbHOCTD HEOTPAHHYEHA B B-MOYTH KaMOOH TOYKE X OTPe3xa
[0, 1]. B wactHocTH, BYHKUMA ¢ B-nouTH B4y He IdddepeHiH-
pyema. Takum oGpasom, B-nourt ace Henpepoisnoie GyrKGLY
B-rioury eciwdy He Jduppepenyupyemst. Ha sspike Kpantopos;
«(3L, tomwee B C[0, 1]) (Vpe& L) (M, towee p [0, 1]) (Vx & M):
(p e auddepeHnnpyema B xp». 31ecs M 3asHcHT OT @) mpo-
crpancrso € [0, 1] moxno samennts Ha (CF),.

YKameM LpPYroe npumedende tTeopemut 46. B Teopnu Tpurouo-
MeTPUYECKHX PALOB JAOKA3BBACTCA, 4TO eCH [ — HempeprBxas
nepuonHyecKan ¢yHKuHA ¢ nepHodom T, To ee pan Pypbe He
0653aT¢MbHO cxoauTeA. C NOMOIWbI TOH JKe LUeHOYKH paccyXAeHni,
HCOOMEB3YIOULHX  NOCASAOBATENIBHO TeopeMy 46 nas  §3pOBCKOro
NpoCTPANCTBA (PyRKUHA, NICNPEPLIBHEIX HA OKPYXHOCTH T, 0 and
69pOBCKOr0 NpoCcTpaucTsa I', MOXKIIO NoKalaTe, YTe aAd B-modTH
BCeX HenpepblBHHX MepHofuveckHX (ydHxkumi pag Dypee B-noytH
BCIOY PACXOMUTCA (CM. «IONOAHEHHE O pAfe U HHTeTpane Dypbes).
Vimeercsd MHOMKECTBO APYMHX aHaMOTHUHHX TPHAOKeHHH Te-
opembl 46. Bor TeopeMa, KOTOPYIO 4HTaTeNb MOXeT paccMarpH-
BaTh KaK ylpamHeHue:

Tyere E —npocrpancrso Bapa # u, — HOCAe306aTEABHOCTS
Henpepotsrux orobpayesduli E & merpuneckoe npocrpancrao F,
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RPOCTO CXOOAMIAACT K HeKOTOPIMY napedesy u. Toeda MHOKECTSO
TotER paspooa PuynKyuy & Touee.

MMyctb, " HanpuMep, ¢ — BeurecTBeHHasi Auddepenunpyevas
pvuxkuaa na K. Torza nocneroBaTensliocts PynkiuHi ¢, (x)=
_ gl M) — g

1 {12
apoussodnad 9 senpepudra & B-nouru gcey tousaxr R, Tak uto
npoussodnad PyHKURA HMCCT «Ouelh MAJ0» TOYCK Pa3PLiBal

npocto cxonutest Ha = K ¢°. CaegosaTelsHo,
!

Teopema 47 (Tpetba Teopema Ackahn). flycrs £ — nexkoropoe
TOROAO2UYELEOE RPOCTPARCTRO, F — noaymeTpuueckoe NpoCTpam-
eréo, F — MROMECTHO Henpepsieubiy ovodparenyy E e F. fJan
rogc 4ro6or F OorA0 OTHOCUTEABHO KOMAAKTHOLM') 6 NPoCTpax-
croe (FE), (nenpepmenmx orcbpaxcenuii E 8 F, cnalmennon
TONOA02UEH ROMRAKTHOL cx0duMocTu), 3ocmmrmo, uTOOb! 8LIHO.A-
HAAUCH CAedyoune d8a Yeaoeus:

1) muomecrenr F PABHOCTEREHHD HEAPEPHIGHD,

2) 0as kawlazo X = £ mnomeerso § () ={f{x); f = F} ornocu-
TeAbHO KOMRAKTHO 8 F,

Ecau E 10KQAGHO KOMRGKTHO, TO 3TH yCA08UR TUKMCE U Her
obxodu not,

HokaszatreascTh o, 1°) Jokamem A0CTATOYHOCTD YCAOBHA 1)
n 2). Tlpeanono:xHM, 4TO 3TH VCJIORHA BBINOAHENH. CyuiccTByer
pecbMa ofllee H OYeHb KOPOTKOE AOKA3aTEIbCTBO JOCTATOWHOCTH,
HO, K COXKAMEHHID, HCMOJAR3YMWolee TeopeMy THXOHOBA, KOTOpOH
HeT B RaweM pacnopsikenuH. Coraacno teopeve TUXOHORA (KOHeu-
Hoe HaH OeCKOHEWHOoe), MPOH3BeIeHHE KOMIAKTOB HBJAAETCH KOM-
naktox, Ee f0Ka3ate1bcTBO ONHPAETCA Ha MOHATHE YIBTPAGUILTPaA

H TeopeMy L[opHa. Jlas Kamaoro x € F aamsikanne F (1) MHOXe-
crea F (x} 3 F no npeinoaokeunno KoMuoakTao, 1losTomy B cuay

TeopeMel THXOHOBA NMPOHIBEAEHHE H F (x) KOMIAKTHG. TO 03Ha-

4aeT, 4YTO MHOXKecTBG QyHKund [E FE, taxux, wro J{x) npu
JwoboM x = E aeXur B 9'(:5 ), kKoMnaxteo B FE, ChnegopaTenbho,
Hawe MHOxecTBO F, cofepalieeci B KOMIAKTE, OTHOCHTEILHO
KoMnakTHo B FF (Ges kakux-nu6o mpennotoKeinii O paBHOCTENEH-

HOM HeNpepPHIBHOCTH), a €ro 3amHKanne F B FE RoMmmakTHo.
Onnaxo MHOXKeCTBO F pABHOCTENEHHO HeNPepLIBHO (MepBas TeopeMa

') HanomumM (onpenencnue fiz oOwed Tonomoran}, uto zacts A TOMOJOrAYE-
CKOTO NPoCTpancTa X HASBIBAETCH OTHOCHTENBHO KOMuakTHO# B X, ecan ee

sampganre 4 B X goMnakTHo. 370 pasliocHanHe ToMY, uTOo A cogepmHuTCa
B HeXOTOPOA KOMAAKTHOE wacTn B upocTpancTsa X, NOCKOMEKY B TOM CAyuae

MHOGIKECTBO A 3aMKHYTO B KOMNakTe O, a 3HAUHT, KOMNAKTHO,
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Ackoan). [llosromy wa & rtonogornu FE u (FE), cosmamanT;
aHaunt, & KOMIaKTHO B UpocTpaHcTse (FE), W, €Ae10BATENbHO,
MHOKeCTRO F OTHOCHTENbHO KoMmakTHO B (FF).

TIOCKONLKY MblL XOTHM NPH A0Ka3aTEALCTBE MOJb30BATLLA TONMLKO
paHee NOKA3aHHBIMH TeOpeMaMH, Mbl BBIHYXAEHBI TaTh RPYIoOe,
HeCKOALKO HOACC CAOKHOLC ACKa3ATEMBSTHC, NPHYEM HAM NPHACTCH
HaA0MHTeE Ha E 0 F gonoanntennubie (HO BecsMa obmue) yC/NIOBHS,
Mwu 6yaem npeanonarath, YTo CTPYKTYPa mpocTpaleTra F anpe-
AeneHa cueTHBIM MHOMECTROM noJypaccrosnmil §;, j=0,1, 2, ...,
H 4TO upocTpakcTBo F cenmapalenbHo, T. €. COREDHMHT CUYETHOE
naoTHoe viHomecTBo Eg=={a,, a1, a, « - .}

Jame He npuberas K TeopeMme¢ THXOHOB4, MLI BHAHM, HTO
MHOXKecTBO GyHrRunit FE, mpwnuMalommx piaa kaxioro x & E
2HcUYeHHAT B SZ'(x), FAMKHYTO Kak nepecetleHHe 3GMEHYTHIX MHO-
ecTs, OHo copePikutT &, a 3HAUNT, H 3aMbKanne F MHOMecTBa F
B FE. CaenosaTenbho, mHokectso F () ={f(x); f = F ) coaepxurcd
B F (x), a noroMy TakKe OTHOCHTEJbHO KoMRakTHO B F. C apyrof
CTOPOHLl, MIOKECTBO & paBuocTeneHHo ncnpepusho. Crexosa-
TenbHo, F obaafaer TeMd ke cBolictBamM, 4t U F, B, KDOME
Toroe, samkHyro B FE, a Tem Goace B (FE),. Mul cefluac 1okaxeM,
yto F KoMOnakthHo B (FE),; Tem cambim &F Oyner OTHOCHTENSHO
KOMIAKTHLIM. _

Cornacno teopeme 45, TONOAOrus, HHAYUMpORaHHad Ha F
us (FF),, copnapaer ¢ tonosornefl, unayunpoeannofl s F5, 1. e,
¢ TOMQJOTHEH NPOCTON CXOAMMOCTH Ha MHOKecTBe Eg, Hoaypac-
¢TosHHA B KoTopofl 3anawTea dopuynamu (VI 6;25). Moxuo
CYHTATH, UTO MHOMECTBO STHX NOAypaccTosHHi cuerHO (F; cyeTHo,
2 NOTOMY CUYeTHRIM OyAeT H MHOWECTRO ero KOHeUHBIX YacTed).
ChegoraTeqbHo, cornacio TteopeMe 40, ronono2us muowecrsa F

serpusyema. s 10Ka2aTeabCTEd KOMIAKTHOCTH F MOXKHO TeMepb
NpUMEHHTh TeopeMy DBoasuaec — Befiepwrpacca. Mel ceffuac no-
KaXem, uro w3 mwobofi noclemosarensnoetd fy, fi, fo, ... B8 F
MOMKHO M3BNeYh CXOASIIYIOCA NOMANMOCIE[ORaTENbHOCTE. MHOXKe-
cTB0 & (i) KOMIAKTHG B METPH3yeMoM mpoctpaHcTee F. CacpoBa-
TEJBHO, U3 MOCAEAOBATENLHOCTH [, MOJKHO H3BJeUB MOMANOCIEAOBA-
TeJbHOCTh, CXOALAWYIOCA B TOYKe «¢p ©OO603HAUHM ee uepes
Set oo fio,1m «+or Flavny -« 308k (0, 7) 03HauaeT HeEKOTOpoe
uetoe umcao =0, npuuem (0, n) > (0, n — 1}. Muoxectso F (a,)
TaKXe KOMRAKTHO B MeTPU3yeMoM npocTpaHceTee F. ChejoBaTelbHO,
M3 TOCTPOCHHO® NOANOCIEIOBATEALHOCTH MO HO H3BJSYL HOBYIO
OOANOCAEN0BATEbHOCTE, CXOAALWYIOCH B HEKOTOPOH TOuYKe 4,
a 3HAYHT, OAHOBPEMEHHO B TOYKAX @ W &. OGo3HaYHM 3Ty nocae-
ROBATEABHOCTD YePed S1i Fiyon fL1)r oo Fila) o+ v o (3R€CH CHOBA




, ) —uence uwena 20 a (1, a)> (1, —1), a nockonexy
1 IRETCA MOANOCCI0BATENBHOCTEIC S, To 145 Awdare # Haitaer
xoe i’ 2z, uto (0, )= (1, 1) 2 (0, n}.) D10 paccyxieHne MOXK!
POOOJKATD Aadee wiar 3a maros. HYepes S, 6yaeMm o6osHava
OCAEAOBATENABHOCTE fim obs fom (s <+ »s F(m. oy« » o0 D€ (M, Ay — L
e UHedo > (m, n — 1), S, fAsnfceres AOANOCAENOBATENLHOCTE
OCNEIOBATEBHOCTH Sy, T. €. A8 KaXKIOor0 7 MOXKHO Hafl’
koe n”Z=n, wro (m— 1, nY=(m, n) ={m— 1, n), Tocaenon
JIBHOCTL S, CXOIHTCH B KasKAoidl U3 Touex &, 4, ..., 4, =
JCAeA0oBaTe e HOCTH, eCH YIroadHo, MOAHO paCl’[OJ[O}KHTb Lpyr [
PYroMm:

fo.0n Tt iy »ven Floom -
f(l,ﬂ}: f[l.l)u lf(l.Qh ey f(l.nh vy

. . . = e s - LI}

Fionom Foon 0 Femsrs <o Ftanmye =0 s

LI T . LR T T TR T T

PaceMoTpuM  Temepp  AMArOHaNBHYKD — NOCJEA0BATEJbHOC
: foop faots <o fimas oo . Kamkaaa M3 HamECAHHHX BB
DCACAOBATENBHOCTEH ABJINCTCH NOAIOC/E10BATEALHOCTEH) Npes
ywed. llosroMy npn a3azanuoM  Oas M050T0 A =M MOX
afTH Takoe micdo n’ Zzn, uro (m, a')==(n, n) z2(m, n) 1, Kpo
o, (n,a)>(mrn—1)2n—1,a2—1), 1. e nawunas ¢ 1>
YHKGUL  [(n, ny ODDA3YIOT  HEKOTOPYID ROONOEAAOBATLABNOC
ocaedogareabHoCTy S, TaK UTO IMaroHa bHas INOCAedoBaTe,
OCTh § CXOAHTCH B TOUKE &,. CJeIOBATENBHO, HOCAEA0BATE.
0CTh S CXoAHTCA B Kawaol Touke MHoxkectBa E.

[lyers fy — ce npegpen, oroSpaxenne £, 8 F, Torga otoGpax
e f) TPOROIKHMO [0 HENPEPHIBHOTO O0TOGPaKeHusn f mpocTps
rea £ 8 F, a nocrenopatedblocTs S cXOoAHTed K f B KaXn
YK€ £ H IPHTOM PABHOMEPHO HA KAaM/OM KoMmakre 3 E. 3
bITEKALT H3 CICRCTBHS 3 Teopembl 45, OHO NPHMERHMO, NOCKO/Ib
aaas YacTh F (x) COOePIKHTCA B KOMIAKTHOM, 4 CAELOBATETbE
“KBEHIIHANBHO MNoJHOM MHOKecTBe F (x). B Teopeme 4f ra.
Bl AOKA3aMH, YTO KaXABH MeTPHUECKHN KOMAAKT CeKBEHIHAJD
0A0H., C 1OMOWBIO TAKOrD Ke PACCYKMEHHA MOKHO YCTAHOBE
OT K€ Pe3yJbTAT IJd J0GOr0 KOMOAKTHOTO IMOJYMETPHYECKC
POCTPAICTREA €O CYCTHBIM MHOMCCTBOM MOJAYPAaccTOsiHuA. B cam
e¢, 3TO TPOCTPAHCTBO MeTpuayemo (reopema 40), u ec
2~ NocaefoBaTeapHOCTh Kown, To, cornacio teopeme Boabuang
efepurrpacca, 13 Hee MOMHO HIBAEYTDb CXOTAUIYIOCA TIGANOCIe,
arTeJIbHOCTh, 4 3HayHT, no Teopente 40 ra. Il v cama nocaeno:
2JBHOCTE cxofutes. [lockoawky & samyeyTo B FE, npenen
AR A TARATA ML Ar T O e G uwonfivonre nosran o @ La aa e
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HON TOCJeAOBATEIBHGCTIN §, B F  Mbl UIBA€KIH TO1NocjaeloBa-
TenbHOCTE S, cXodawyioes B (FE), & snemenry f 13 F. Caenosa-

TeMbHO, F KOMIAKTHO B TOMOJAOTHH, HHIVIMPO3AHHON LpoCTpan-
CTBOM (F-’: Yo @ & OTHOCHTEALNO KOMOAKTIO B {FE),.

2% O6parTino, NpCifoAvKIM, UTO MIOKECTBO F OTHOCHTEIbHO
komuaxino B (FE) & caegosatretblo, ero samekanne F ') Kou-
naktHo. Ero ofpaz # (¥) npu wuenpepusHoM orofpakedmnn
Oceit [—>[{x) upocrpancisa (F5, (wan F5 B F 6yaer Takwxe
KOMIAKTHBIM, 4 caeloparedbyo, F (x) (= F . (x)) oTHOCHTeIBHO
koMnaxTtoo B F. Jaa 370ro HC HYMHB HHKAKHE CHeNHA.JbHbIE
veaokusl na £ owan F. Ilyers Ttenmepn K — mexoTopwil KomMnakt
H3 E. O0603nauHM uepes H CYKEHHE QYHKIK f A KommakT K.
OroGpamenue f—f muomectra (FE), B {FX), ouesuawo, Hempe-
PHIBHO (U anie anmwuneeo). [[Toaypaccrosana 3 (FX), 06031aunmM

yepes &; 4, =TI} Obpaz F_ . Muoikecrza S’F Tp® 9TCM QTO-

6pakennn ABIsgeTcs KOMnakTioil wactelo (FX). 3anamm TCIEph
JE{ ne >0 Hyeerca Koneuoe MIOKECTBO TAKNX S18MeITOB [, 4,

v=1,2 .., 0 u3F, g UT0 Wapsl B;,K(a’v,;\-,g) nokprsatT ¥, .
JlpyruMi chaoBavH, A KawAoll QyHKUHY fKEfC”,‘, nratiferca
Takoe v, UTO &; .y ,“h-)-‘ég%. Oanaxe Koileviioe MHOMKCCTBO
HENPEPHIBALIX (YUKW [, , BCEr1a PABHOCTEMENHO HEMpEpHIRHO.

CaepoBaTeabHo, AT KaKA0H TowKH @ & E nalfercs Takad ee
okpecrioctt ¢ B K, ute aAds Aw6oil Touxd ¥ & U v aw060ro v

OyleT BHOOINATECS MepaBeHCTBO &, (f, . (a), f\,,,((x})g:}. Cre-

AOBaAT&IbHO, LJIA KamAOH TOUKH X &% B KaxioH (yHEUMA
fe= &, numeem

5, (o), ()<
KO ), Fole)) + 6 (Fu(a) £, () + 8; (f(x), F(xD e (VI 6; 30)

N Muommmev Fo, uogs F. Rak Beiue; F — 5T0 2aMbKAIte WiokecTh I
s FE a Fo— o sdMbIkale B (FE L. A priori ony pasaminy. O’LI[&KO © 02NOR
CTOPOULT, ONCBIITG, F o F oo ¢ apyroi CTOPONL, THBERI(NH (FE ), u FE e pe-
PHEBHA, THK UTO MUOKESTEO & ., kownaxTuoe 3 (FEY. ABoseTca TaRme Kom-
IIaI\TIlH\I 5 toucnormn FE (reopema 28 ra. M) u, caeaosatearno, saMknyro

2 FE 4 wmamir, F.o . Mu nonyunan, uto F .= &, 1ak 170 Homoe ofo-
Thadene MO GEIG M I BBOINTD.

Mu sranm. kpove taro, wTo muemecTsa T {x) 1 F (x}, koTopHe Mu pauee

pasnuaLn, cosiraatior. Neetenrenio, & {(x)—=F (x), Oauaxo maomcecTeo F (x)
AOAMHG LT KOMLAKTENM, & CACADBATLIBID, 3AMKIIYTUN B F 1t conepkate F (x),

a suaunt, 0 F jx), Orcoas 1 caciyer BRICKAZARHOR VTR P IEHHE,
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DTHM JIOK233aHO, HTO MHOMKECTBO F . . HEUPEDHBHBIX () YHELMH
Ha K paBHOCTeneHHo Henpephiako, OANAKO 370 BOBCe He 03H4Yaer,

YTO MHOXecTBO F, DAaBHOCTENEeHHO HENpepwlBEO Ha F. Ecan xe
MH DPeANOJAONKAM, YTO NPOCTPAHCTBO £ JIOKATbHO KOMIAKTHO, TO
nas nboit Toukd ¢ = F nafigerca KoMnaxrioas ee OKpecTiocTs K
B FE., Ilostomy HafigeHHas Builie OKPeCTHOCTb %2 Toukn a B K
ABNSIETCS OKPeCTHOCTHIO 5TOl TOoukH M B E (Teopema 6 ra. 1),

H u3 HepaseHeTa (VII, 6; 30) BuTekaer, uto F,, a c.1e10BAaTE/IBHO,
¥ ¥ DABHOCTENEHEO HENpPePHBHH .B TOUke . ChaeloBaTelbHo,
yenopua 1) w 2) melicTBHTeNBHO HeoBXOIUMBI B cayuae, Korjia
NpPOCTPAHCTBO £ J10KaJqbHO KOMIAKTHO.

Cnenctiue 1. Hyere F — A08QA6HO KOMRAKTHOE HPOCTPAN-
c780 (RUNPUME], KOHEYHOMEPROE TOROAOZHYECKOE BeKTOPHOE RpO-
e

CTPAHCTBO), u RYCTL F — ROHEUHOMEDHOE TOROAOLUHECKOE BEKTOpP-
noe npocrpanctao (nanpunep, R* wau CF), Jas ro2o arods: wacrs &
—-

npocrpancraa (FE), Goiaa orHocuTeABNO KoMRAKTHOL, HeoGx0dUMO
u Gocrarouno, ¥Tolst GuINOAHAAUC caedyouue 084 YCAOSUR:

1) nodmuoncecrao F pPABHOCTENEHHO HERpPePoIGHO;

2) dan _icasvcaoeo x & E muomecrso F (x)={f (x); | = F} oepa-

Rudeno 8 F, _

B caMOM ndefle, OTHOCHTE/NbHO KOMIAKTHBIE YACTH NMPOCTPaH-
ctea F — 510 ero OrpaHHYEHHEI® YACTH. 3TO YCJAOBHE YXKE HE BH-
NOJHAETCA, €CJIH F GecKoHeH HOMePHO.

Canepcreue 2. Hycre Q — orxparoe muoxecrao us R* u
e
F — xoneynomeproe Oanaxceo npocrpancrao. JHaa roee «T106oi
-

gacte F muowecrsa &7 (G F) 6614a OTHOCUTEASHO KOMAOKTHOL,
neoGxodumo u AocTaATOUHO, HTODB BHIAOAHAAUCH caedyrouiue J8a
YrA08uA:

1} dan Raxdoeo wundexca Jugpepenyuposanus p nopadka
- >
| p | << m nnoxcecrao F , npousaodusiy DPf, ede fe F — mnowecrao
) g

pyrxyud nwa Q co 3navenuanmu 8 F, — pasroctTenanno Henpepolono;
2) 9aa rawdoeo urdekca p nopadke | plssm & wmoGoi To4Ku
>

x=Q muosceerso F ,{x)={D?}{x); | = F} oepanuneno a F,

Hoxazateaverro. Ilpg m=0 s10 vacranil cayuait upe-
ampywero cheactBusa. I[lyers m npousBodbHo. TIpeanonosuamM
wie

CHaYamna, 4TO MHOMECTBO F OTHOCHTENBHO KoMRakTHO 8 &7 (Q; F).
- ES ) e -

Junelinoe otobpaxenne D f->DPf w3 &™(Q; F) B &UF)

HenpepeiRHo. B camom Jlene, ecnu paccmoTpers noaynopmy ||| llle
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B &°(Q; J"?) u psectd MOAYHOPMY ||| |||ln x B &™(Q; E), T Gyger
CNPABEAJHBLHM HEPABEHCTEO

I D"} o, ¢ < |||fﬂlm.x‘

O6pas D*F KOMTaKTa F s E™(Q; F) ABMSIETC NOSTOMY KOM-

naxrtom &°{Q; F) DT0T 00pas cOIep!KHT MHOmKecTBO DPF =&,
KOTOpoe TeM C¢aMBIM OKA3bIBAETCA OTIHOCHTEALIUO KOMTAKTHBIM,
CJIF.'ILOB&TEJI]:HO, OHD AO0JMHHO }’,LT,OBJIETBOPHTb YC/aoBHAM  ¢nea-
CTBHA ], uUeM JOKAa3aHkl YTBEPIKAEHHS 1) U 2) OTHOCHTEABHO p.
Taxum 08pa3om, BTH YCJIOBFA HeOOXOIHME.

Qo6parHo, NPeANOI0KHM, YTO yCA0BHS l) 1 2) BEDOAHeHH,

Myers & — savnxaune & B &*(Q; F). Muoxeerso &F yaoBJge-
TBOpAET ycaoBuAM 1) u 2). B cavom nede, vHOKeCTRO PyHKIHI ?
L8 KOTOPbIX DP})E.‘B? TpH BCeX p mOpRiKa | pl|<S m, 3aMKHYTO
H CONBPIKNT F. Tem caMuiM OHO COLEpPKUT F, H, CAA0BATELHY,
D*"32'c:37'p, WM (9")9:9" Ecau MaokecTRo F, DABHOCTENEHHO

HEMPEPHBHC, TO TaKHM 2Ke GyAeT mo TeopeMe 44 MHOMKECTBO S"p
H Tem Oonee (?) C apyro#i cropoHH, ecan MHOKecTBO F ,(x)
OTpaHKyYedn, To orpaHquHo W ero saMblkanme F,(x p{x): Tewm Gonee
OPpaHUUEHO MHOMKecTRO F (%), a caenosartensuo, u (SZ' I ().
Jlokdmem Temepb, UTO MHOMKECTBO F ABAASTCH KOMMAKTOM
B &M(Q; f} [ToCKOJBKY 3TO MHOMKECTBO MeTPH3YeMO, ZOCTATOYHO
TPOBEPUTE BLNOJIHEHKE yeaosuit Boapuano— Beflepwrpacca. Ilycts
?,, :F)E, vevy by o oo — MOCARAOBATAABHOCTL B &, st Kaxhoro
mmexca p nopaika | p | m Muoxecrso &, yA0BAETBODACT yeao-
BHAM CJECTRUA 1, 4 NOTOMY OTHOCHTENBHO KOMMAKTHO B &7 (Q; F).
SH&'-IHT, 13 »Tol NOCAeTOBATEALHACTH MOXKHAQ H3IBJAEUL Tarkyw moeg-
MOCAeAOBATCABLIOCTL S, UTO COOTBCTCTBYIOUIME YHKIHK D’Fn
CXOQATCA PABHOMEPHO HA KaMKAOM KOMIOakre, T. €, JA0KalbHO

- -
PaBHOMEPHO, K HEKOTOPOMY HENpephIBHOMY npelety g, I[lycrs g
coornerernyer p=0, C noMoumw TOro xe crnocoda, KOTOPHHA Gbi1
EPHMEHEH NPH AOKAIATE/BLCTBE TEOPEMbl, MOIKHO MPH MPOH3BG/Ib-
HOM QHECHPOBAHHOM YNOPAAOYEHHH HBAEKCOB p, | | < m, BHOpaTh
NOCARAGEBATEALHOCTH S,, TAK, MTOOH KaxAafd H3 HHX Oblna non-
MOCAEAOBATEAbHOCThIO npeasiaymwell. Torma nocaenusa H3 3THX
NOJNOCTEROBATENBHOCTEN (MX HUMERTCH JIMMIb  KOHEYHOR UHCAO)
ABJASETCH MOANOCAEI0BATENBHOCThIG S, AJAdA KOTG[)OH MpH BCex P

nopaaKa | p |<3 M COOTBCTCTEYIOWINE Py HKLHH D"f,, HMEIOT JOKaNbHO
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PABHOMEDPHEIH npee g,,. CoranacHo €IeACTBHIO lreopemm 111
ra. 1V, pyuxums g MPHHAANENRAT KAACCY C™ n gp—-. De g [MozTomy
MOCACLOEATEMLHOCTE § CXOLHTCH K g B &7{Q; F) Tlockonbky

MHOKECTBO & 3amMKHYyTo B &™ (L F), GbyHRUHS g HEKHUT B F.

Takum ofpa3oM, MHOMKECTBO F KOMIIAKTHO, a CcAeNoBaTeNLHO,
MHOKECTBO & OTHOCHTEMLHO KOMIOAKTHO.

. e
Cnencreue 3. Ecau npocrpamncrao F KOMEUHOMEPHO, T@
o
raxcoan oepantyennad 1acte us E™{Q; F) orHoCUTEALHO KOMRAKTHE

¢ & B,

e

B cavoM Jfefe, »Ta Y4CTh, OTPAHHUEHA B & '(Q; F), a che-
LOBATEIbHO, YCJOBHE 2) BhimonHeHo. B cusy CBOACTB orpaHHyeH-
aeix vacteit (VII,6;19), &, nas xaxaoro HHUEKCA p HOpAlKa
S

|plsSm~—1 ecTs MHOMKECTBO QyHKuME HA @ co sHaveHHAMHA B F,

_,
orpausuenioe 32 &' (Q; F), a caeloBaTesbHO, PABHOCTEMNEHHO HE-
npepHBHOe (CM. cTp. 479); TeM CaMBIM YCJIOBKE |) TAKKe BEIOJHEHO,

CaoitictBo MoRrTenn

B KoHeuHOMepPHOM TOMOJOMHYECKOM BEKTODHOM MpPOCTPaHCTBe
MOHSTHS KOMIAKTHOH UACTH H 3aMKHYTOH OTPaHHUYCHHOH YacTH
aaM (MOCKONBKY 3aMBIKaRHE OTPAHHUEHHOH 4acTH OrpaHHyYeHo) No-
HATHSA OTHOCHTEJAbHO KOMDAKTHOH YacTH ¥ OTPAHHYEHHOR 4acTH
(tecpema 23, ra. ) copnagawt. B npoH3BCABHOM TONGHCTHYUECKOM
BEKTOPHOM NPOCTPANCTBE KOMNAKTHEIE HACTH BCEra 33MKHYTH H
OrpaHHYeHH. [3aMKHYTOCThL 3fech ODyc/iaBiuBaetcA TeopeMoit 23
ra. 1l OrpaHHueHHOCTE CUEBHJHA & ¢Jy4ae NOAYHOPMWpPOBAH-
HEIX NPCGCTPAHCTB, TaK KakK Kamjad NoJayHopMa, onpemennlias
CTPYKTYPY, HCIpPEpBIBHA, & 3SHAHWHOT, H OFpaHHYEHA Ha HKOMIaKTe,
3TO e CNpapefJHBO H AJ1A He NOAYHOPMHDOBAHHBIX TONOJOTH-
YeCKHX BCKTOPHHX npocTpaHcts.] OnHaxo ofparuoe yreepxiaeHue,
BooGme roBopsA, HeBepHo. MBI y3e BRIeJH, YTO OHO HEBEPHO
B GECKOHEYHOMEPHOM HOPMHDOBAHHOM BEKTOPHOM NPOCTPAHCTBE,
eAMHAUHLIE 1Map KOTOpOre He KommakrteH (reopema 45, ra, II).
TeM He MeHee B HE HOPMUPOSAHHOM TONOMNOTHYECKOM BEKTOP-
HOM TPOCTPAHCTBE MOMET CAYIHTLCH, YTO ofpaTHoe yTBEPKACHHE
OKaMeTed H COPaBelJHBLIM, MNOCKOALKY ST0 He INpOTHBOPEYHT
Teopeme 45, ra. II, u6o wm cgHa M3 okpectHocteh ( He orpa-
HuveHa (cy. crp. 477). ToBopAT, 4TOG TOUOJOIHYECKOE BEKTOpHOe
BPOCTPAHCTBO ofnanaeTr caoicreom MowTead, ecii B BeM NOHA-
THA KOMIAKTHOH 4YaCTH H 3AMKHYTOH Orpa#HyY¢yHQA YacTH, WJaH,
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9TO TO e CaMoe, OTHOCHTEAbHO KOMIAKTHGH YacTH H OrpaHHYeH-
HOH vacTH CoBOApaioT.

Caencreue 4. Fecau 0 — orkpsiroe snomcecreo uz R*
>
F — KOHeqROMepHOE OQHAX080 APOCTPAHETEO, TO NIPOCTPANCTEO
EY =
&(Q F)=&%(Q; F) o6aadaer caoiicrsom Monreas.

JorazaTtedbeTRo. HaM Hazo AOKA3aTh, 4YTo Kaxiad

=
3QMKEMYTAR OTpadHnYeHHaa dacth F upoctpanctBa & (2; F) Kom-
nakTtHa. [IOCKOADKY 3TO MPOCTPAHCTBO METPH3IYEMO, MBI MOMKEM
npumesnts TeopeMy Doaeruano — Bedepwrpacca. Urak, nyers
E

f:,, it far .+ — HEXOTOpAA MOCIeAOBATEABHOCTH B F, JI4 KamKaoro

>
uHacKea p Mnoxectno & ,=DPF crpanvueno B8 &' (Q; F). Cae-
AOBATEJLHO, BHIMOJAHAWOTCA yeJaoBHa 1) v 2) caencrena 1, a aua-
UHT, COLJMaCHO CJAeACTBHIO 1, 3TO MHOXKECTBO OTHOCHTENLHO KOM-

>
naktio B &°(RQ; F). M3 paccmaTpupaemoll noc/efoBaTeabHOCTH
MO:KHO H3BACYDL HO,C[]'[OCJIE,ILDBEITDI[I:HOCTIJ Sp, JOKAJLREG PaBHOMEpHO

CXOAAUYVIOCA K HEKOTODOH (hYHRKIMH g,, QGosnaunM uepes g q:uym{-

w41, coorsercrsyomyle p=0. Kak a4 B caencteun 2, MHOXKeCTBO
HHAEKCOE p ecTwh IN® W, 3auHT, cuerHo, CIeA0BaTEARHO, MEL MOXEM
€ro BROJHE YOOPANOUHTH, HOCTABHR B OHEKTHBHOE COOTRETCTBHE
¢ M. Janee MOXHO KaMAY NMOCA€A0BATEIbROCTD S, BEIOpaTh KaK
MQALOCASAOBATEABHOCTS TPEAbILYULEd W TOYHO TaK e, KaK MpH
JoKaszarenbCcTBe TeopeMbl, B3ATb AHATOHAJIBHYIO MOCAEI0BATENb-
HocTh 8. Torga S 6yneT Takoi DOAMOCASIOBATEILHOCTLIO HCXOLHOH

NoCAeACBaTeABHOCTH, UTO coo’raemrﬁy’mmue b yHKII K D*"?,, a0-
KaJBHO PaBHOMEPHO CXOAATCA K gn. Hs TeopeMEl Ill ra. IV
cneqyer, uTo g ApUHARJEKHT KJIaccy C°° A 4TO D:g gp. IMTocae-
AOBATEJRHOCTE & CXOAHTCH NO3TOMY K g B &(Q; F), H, N0CKONbKY

b -
MHoAecTBO F  3aMxHyTo B &(LQ; F), g nexur B MHowecTee F,
KOTOpOe TeM CaAMBIM OKa3hBaeTed KOMNAKTHGLIM.

CaencteHe 5. Hycre sunordener ycaosus caederaus 4.
Toeda ecan muomecreo K ssafierca Komragirom & Q, ro npo-

erpancTes Dy (8 f?) obaadaer ceodcracm Monreas.

B caMom Aeae, MHOKecTso Dy (Q; 'ﬁ) ABAAETCA IAMKHYTHIM
noanpocrpanctsoM B & (Q; F); cnedosareabHo, mobast 3aMKHyTad
OIpAHHUEHHAN YaCTh MHOMWecTBa Dy (& fi‘) 3AMKHYTa M OTpaHH-
yeha B & (Q; F), a4 3HAYHT, KOMIOAKTHA.
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Caepnctene 6 (reopema Mowurena). FEcau  — orxpsroe
-
suoxcecTeo uz U u ecanu F — KoneuHoMeproe KoMRAEKCHOE BaHA-
-
X080 npocrpancTso, TO npocrpancreo 76 (Q; F) zoaomopprets
>

dynxyuii He € co smaweruanu o8 F, cHaGwenHoe Tonoasozueid
xomnaktiod cxodusocry (uan Tonosczuell KOMRQKTROG cXxodu-
MOCTH dad ecex npoussodueix), obiradaer cacictgosn Monrean:
MOHATUS KOMRAKTHOU HACTH U 30OMKHYTON 02PAHUYEHNHON ACTH
copnadaT, wAl, ¥TO TO e caMmee, C0shadalT RUHATHR OTHO-
CUTEAOHG KOMNAKTHOU 4ACTi W CepanuydenHol 4acTi.

Horkasareascrso. Cornacuo rteopeMme Beftepmtpacca n
>
cnencTer 1 Teopemml 15, F(Q; F) apaserca 3aMEHYTHM 0OA-
-3
NpPOCTPAHCTBOM NPGCTpaHcTBa & (LQ; F), Tak 4To 3T0 yTBEPKIEHHE
CTO/Ib e TpHBHAJBLHO, KaK H ¢JeicTsHe D
3ameuanune, Kak We oTMeYasn Ha _LTp. 473, 3 noKa-

3aHHOMO CJefyeT, YTo NpocTpanctsa Dy (9 F) HEQ F ) HeHOD-
MUpYeMH, HEO HOPMHpyeMoOe RNpPOCTPAHCTBO 05afact cBOHCTBOM
MoOHTeJA TOABKO TOTAa, KOTJAAa OHO KOHEYHOMEpPHO.

Crencteue 6 -~ OCHOBHOE B TeopHH GYHKUHE KOMINEKCHHX Me-
PEMEHHEIX. B MpeAnaymem AoKAa3ATENLCTBE OHO ODOAYUYHAOCH Kak
pe3ynbTaT ueqsofl uenH caenctedil, Hedecnonesno yfeintbes He-
NOCPeiCTEEHHO, YTO OHO ABJAETCH TPHBHAALHBEIM CJAEACTBHEM TEO-

b

pem Ackomn. Ilyers F —orpannueHHan yacTk MHoXKecTBa J6 (Q; F).
> Y
Aaa awboro x &= @ MHOKeereo F (x) orpaHuueHo, a CJAEAOBA-
TE/bHO, OTHOCHTE/BbHO KOMIAKTHO R KOHEYHOMEPHOM MpocTpad-
2 :
cree F. C apyrofl cTopoHB, TaK Kak MHOXKecTBO F OrpaHHYEHo,
-}

.
TO AAs mapa B{a, R) ¢ USHTpOoM @, CONEPXKANEroCA B 3aMKHY-
TOM, a4 3HAYUT, KOMOAKTHOM MHOXKeCTBe £, MOMKHO HAHTH TaKoe
ygcno M 220, 0JA KOTOpPOTo BHIOOJAHAETCA HEPaBEHCTBO

If?(-?)lléM Aas ;EB(E, R), )?E.?'. (VII, 6; 31)

Cornacio HepapercTsy Ko,
e 9 - > R >
A< oM nan s B(a, 5), fed, (VILE32)

oTKyfa 1o PopMy/C KOHCHHLIX OPHPAIEHHI BHITEKaeT HepaBew-
CTBO
Y -

IF@—T@I<ed nn s=B(a, §), T=7.
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DTHM JIoeKazdHa PABHOCTENCHEHASA HENPEPLHIBHOCTE B TOUKe &
MHo¥eoTBa F  yHRunHA Ha Q. MuowecTBo &  yaoBJIETBOpAET
YCAOBHAM TpeTbeﬁ TeopeMbl ACKOJH 44, 4 3HAUHT, OTHOCHTRJBHO

KOMIIAKTHO B (FQ)C. OLraKe NOCKOALKY N[O Teopeve Beﬁeplmpacca
{cacacteue 1 Teopemm 15) MHONecTBO H# (L; F) 3AMKHYTO B (FQ)“
0 (KOMH&KTHOE] aambikanHe ¥ wMHoWecTsa F B (Fg)c ACKHT

B (% F) H, CJeL0BATe/bHO, & OTHOCKTEAbHO KOMOAKTHO
-
B H#(Q; F).
HOCJIEILHee CASNCTBHE MOMKHO 060511.[}1‘1‘]::
C.ne,n.cTBHe 7. Ecan V — eoaomopdroe mMmuocoobpaue,
a meonequo,uepnoe BaKAXOBG RPOCTPAHCTED, TO npOCTPANCTEO

#V; F) ecaomoptrely dyuryuid Ha V co snauenuamu 6 F CHAG-
acennoe Tono.aoeUel KOMROKTHOL cx00uMoCcTU (uu@yz;uposaﬂﬁou

iy
u3 (FY),), obaadaer ceoiicreom MouTean.

HoxasatedbcTBo, IIyeth MuokectBo & orpaHHueHo
- >
8 J(V, F). Torgpa pns xaxJoii Toukn x =V MHoKecrBo F (x)
e

orpannyeno B F, a cJefopaTe/bHO, OTHOCHTENBHO KOMMAKTHO.
Mycrb nadee a =V u ¥ — HEKOTOpas OKPECTHOCTb TOUKH 4 B V,
{
KpeACTABAAIOLAR coG0l 06aacTh Kaprhl & = 0 —» ¥ =D (C)=V.
IMycrs P () =a.
> >, o
JAna pyuruny fe F o06o3HauEM Yepes [ ee npooﬁpaa O =
.
= o @ — rogomopduyie pyHkuno da ¢ co SHAYEHUSMH B F a 4e-
pes F' obosraunM Muoxectso ¢yukuuit fT, rae feF,
TIpoBesenHLIe Briiue pacey:xpaenns [Hepapencrsa. (VII,6;31) u
(V1I1, 6; 32)] mokaswBalOT, YTO MHOMecTBO F° DPABHOCTENEHHG He-
npepuBHo HA O B Touke o. ClNeioBaTesNsHO, MHOXKECTBO F paBHO-
CTENEeHHO HenpepeigHo Ha B TouKe . 3HauHT, MHOKeCTBO F
OTHOCHTEIbIIO KOMOAKTHO B (F Ver @ C/eLOBATELIO, B NOANPO-

cTpaucTBe 26 (V; F) SHMKHyTOM B (FV)C.

3ameuanne, Bo BCEX NPCABUIYHIHX CACACTBHAX NPEANOAC-
WeHne KOHE‘IHOME[’)HOCTH F OLI0, QUEBHIHO, CYILIECTBEHHBIM.

MycTs F— GeckoHeuHoMepHOe GaHAXOBO NpOCTpaHCTBO. MBI 3HaeM,
4TO0 B HEM €IHHHYHHE map HekommakTeH, I103TOMY MOMHO HaiTH
e e

nocaenopaTensnocts fo, fi, fzy ..+ PEKTOPOB eXHHHYHON HODPME,
He COLEPXKALIVED HAKAKoH CcXopAmedcd NOANOC/ASNOBATEILHOCTH,

>
Mocaeaosarenprocts roaomopdusix $ynxunii va O z—2f, orpa-
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- )
HHYeHa B 54 (C; F), HO He COMEPNHT HUKAKoH cxoaswefica nog-
-
nocaenoBatenshoct; #(C, F) coficteomM MoHTens e 06a3naeT.

fTpunoscerun Teopemus Monrean. D1a TeopeMa CAYKHT Aas
DOKA3ATENECTBA OTPAHHYEHHOCTH HEKOTOPHIX BEAHTHH, CBA3IAHHBIX
¢ (PYHKIHUAMH KOMIJIEKCHEIX NepeMeHHbX. [IpuBefeM OfHH mo-
CTOAHHO HCNOJABIYeMBIT npuMep.

Teopewma 48. flfycrs Q —orkpsiroe mrowecrso uz C u
K — nexoropotd xomnaxr ug Q. Ecau xawcdoti eoromopdunil kom-
naeKkenold  Qyukyun | oua @ nocrasurs e cooraercTeue 4uc.ao
N, KY<+ co ee nyaei ua gomnarre K ¢ HHETOM uX KpaTHOCTH,
ro gyuryun [ —N{f; K) (co sravenuany ¢ N=N{ (4 o)} 6yder
nOAYHENPePLBHA £BEPXY Ha npocTpancTge £ (Q).

Jdoxaaareaberso. ITyers dyukuaa f < 34 (Q). Eenn uucao
£¢ HyJed na kompnakrte K GeckoHeuno (B 3TOM Cayude OHA TOMIe-
CTBEHHO PaBHA HY.10 HA HeKOoTOpoH CBAZHOH KoMnouemre ), To
JoKasuiBath nevero, TlpeanodomxuM nostoMy, urTo na K oHA HMeer
P < oo myaren ¢ yyetom ux KparHocrd. IlyeTw @y, { =1, — nyau
{ na K, u nycms Az, — Taxne OTKpHITHIE KPYTH C UEHTpaMH aq,

410 KpyrTit A, He nepecekatores. Hx ofbeauuenue, Boobuie rosop,
KoMIakT K e mokpeiBaet, OAHaKO ecan OAA KaXA0M TOUKA §
13 K, He sBaglomeiics ayneMm $YHKUHH [, MH paccMOTpEM TaKoi
OTKPHITHA Kpyr A, ¢ LEHTPOM B TOUKe b, uro A, He COMEPIKAT
HyJel @yuxomu f, 70 KOMDAakT K 6yler MOKPHT KpYyTaMmH A“s
u Ay 1 MOKHO BHOPATh KOHEYHOE UHCIIO KPYIros Aﬂ,I H Ab!, jelt
(koHeunoe mHOXecTBO), nokpsiBalomux K., ITyers H — o6Legune-
HHE Kpyron Kai, iel, m, Ebf’ jeJ. 210 KoMmakTHa®s OKpecT-

HocTh K. Tlo caeficTBHIO 2 TeopeMul 25 MOXHO HaiiTH Takoe 1> 0,
UTO NipA BMWNONHEHHH HepaBeHcTBA supl| g(z) —f(2) <<y
FI=¥ )

I) dyuKuua g He uMeer HyJefl B Kpyrax Eb;, jiek

2) B KaKIOM Kpyre Aq, i</, uncno Hygelt GpyHxuME g paBro
uneay Hymefl ¢pyuKumn f, T. e. kpaTHOCTH p,, HYAd @; GyHKUAM f.

TlocKoMEKY Kpyru Aa‘_ He Tepecekamwred, YHOI0 HyJAeid dynk-
UM g na H paedo ;p{“:p M, CJef0BaTeJbHO, YMCJAO HYJeli

oyuxuun g wa K H ne Soabme p. [ToCKOALKY MHOXECTBO
{g; suplg (@) —f(2) |s<n} ABAsleTcH OKPECTHOCTHIO TOYKA [ B MPO-
ze H

cTpauctse 6 (Q) < (C®,, To TeM caMplM I0Kasana oMy HenpepbiB-
HOCTb CBEpXy QyHEUMH [— N (f; K).
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3aveuvanue. HenocpeacreeEHo BHAHO, 470 €caH H — Takasn
HpOH3BONLHAS KOMIIAKTHAS ORpecTHOCTE K, YTo GVHKUHA | HmeeT
B H TOMBKO HYJAH, Npulaffexamide K, TO HAHZETCA TAaKoe YHCAO
>0, 1t Koroporo HEpaBEHCTBO ma}{l g @) —f @ | n saeuer

za cofoil paBEHCTBO Nig, Hy=N(}; H)=N(f; K). Orciona Bu-
Tekaer, uto N(g; K)<KN(, K) 310 03HAYEET, YTO HMEEeT MecTo
HMEHHO MOJYHEeNPepHBHOCTL CBEPXY, 4 He HenpepeiBHOCTh. IMpesn-
MOJIOXHM, Hanpumep, 4T0 K CBOAUTCA K ¢AHHCTBEHHOH TOUKe &
1 4TO 3Ta TOYKA @& ABAASTCA NPOCTHM HyaeM pyHrunm f: N (f; {a) =
=1, Ecaiu H — npou3Bo/IbHEIR 3aMKHYTHH KPYT ¢ UCHTPOM B TOYKE
g, He colepiKawlnit, KpoMe &, HHKAKHX JAPYTHX Hynell GyHKuuu f,
10 A7 (QYHKUHA g, JOCTATOUHO 6Ju3Kof Ha H K dyuxuum f,
N{g; Hy=1. OmHako uyJIe OYEKUHA g B Kpyre 4 BoBce He
o6d#3aH coBOAZaTh ¢ camMofl TOUKOH &, Taxk YTO MBIl HMESM /HIIb
N fah) < 1.

IMpneesem apyro#i, GuiTh Moxer, Go/dee [OKAa3aTeNbHHH NpH-
mep. llvere K — Kpyr. ﬂpe,uno.noxcum CHauafla, uTO BCE HyJaH

¢yurunn f B3 K nexar BO BHYTpeHHedl wacTH K kpyra K. Toraa
Haftperen crporo MeHelA# Kpyr K', Takoit, uto N (f; K)= N (f; K).
Hanee paccyxaeHns MOXHO BecTH Ha Kpyre K # 144 Hero no-
goxute H' =K, Jlna ¢pyukuni g, nocraToudo BAH3KOH K yHK-
upy f aa K, 6yayT chpaBegiusul paBeweTBa N(g: K)== N (f; K'}=
== N{(f; K), a creaoBatenbno, GyAeT HUMeTb MECTG HENPEPHBHOCTE
DACCMATPHBACMOrO OTOJpAMKEHHA B TOUYKe [ mpocrpaHcTBa 78 ().
OnHaro ecan uekoTopnle H3 Hy e ¢yurnndg [ ra K Jemxar Ha
rpanale K kpyra K, TO loJoikeHde H3MeHHTCHA. B sToM cayuae
NpHXQLHTCA BEPHYTLCA K Oﬁl.U.HM pPacCcyKAcHIAM, € OOMQbI) KO-
TOPHIX MOXHO mOsTyyuth coothomenus N (g; K)<S ¥ (g; Hy=N (f; K).
Y aeficTBUTe b RO, (QYHKUMY, OJU3KHE K [, MOTYT MMETh HEKOTO-
pHe H3 CBONX HyJdeli B H posae rpanaust K Kpyra K, Ho BHe
3ITOTO KPyTa.

Ecay F sBadeTcd Beero JMHb 3AMKHYTHM MHOMECTBOM, TO
gynxunda [ — N(f; F) HAKakAMH CBOHCTBAMH MOIYHENPEpHIBHOCTH
yae He ofaanaer.

Iycte teneps & — otrpeiToe MHOKecTBo < Q. [TpeanonoxuM,
uto ¢yHKUHA [ HMeer B C’P‘ro.ﬂb}{o H30JH POBAHHLIC HYJIH B XOHEY-
HOM HJH OeckoHeunoM unese p. IlycTb ¢ — MpoH3BOJBHOE KOHEY-
Hoe YHCIO, eclil p==-4-co, H g==p, ecHu p KoHeuHo. [Iyerb a,,
i<, rae I koneuno, — uyan gyuxnnu [ B O, cyMmMa KpaTsocreit
KOTOPbIX p,, He MeHee g, A, — TaKkie OTKPEITHE KPYLH C UEHTPAMH
B TOUKaX ;, U4TO 33MKHYTEIE KPYTH i\,.,,i He nepecekawTesd, H

H — xomnanr UK. Haa  fAoctatouHo  Manakx N >0 wus

maxl gz —7| z)l 1] ¢regyeT, UTQ (YHKUMA g HMEeT B TOYHOCTH
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Pa, Hyaelt B Ao, Tak uto N(g; O)Z2g. 3naudr, dyukuua g-—»
— N{g; O) noayuenpepuBHa cuuay Ha F8{Q) B Touxke f. Ilpeano-
JOXKHM, YTO GYHKUHS [ TOXKIASCTE€HHO paBHA HYJII0 HA HEKOTOPOH
cesisboll KoMnonente ¢, MuOoKecTBa (F. Cpean (yHKUUH, GARIKHX
k hyHKmuE [ B (7, EMeTCA nocToAHHbe == 0. OHB He HMewT
nyaeit 8 &) IlosromMy B Takoit Touke [ Qyukuus g-—>N(g, O)
He ABJAeTcA GoJee MoayHenpepuBHOH CHH3Y Ha J€(C). MomHo
JUBIB CKA34Th, YTO (GyHRIMA [ — N (f; ) NoayHeupepHBHA CHH3Y
HA MOAMHOXeCTBe B 76 (£), cocToAleM H3 PVHKIMI, He MOCTOSHHBIX
HH Ha Kakof CBH3HON KOMOOHEHTE MHOMecrsa .

Caenctene (Morteab). [Tycre £ — oTkpoiToe 84300 MHO-
acecrgo u3z C, M — nesoropoe wucao 20, K — xosnaxr mnosce-
crea L, a—7TouKka u3z Q, O — HEKOTOPOE BEU|ECTBEHHOE HUCAO
> 0. Tozda cywjecrayer yeaoe xoneunoe uncao N{(Q, M, K, a, a),
TaKkoe, «TO 0ax woboh 2osomopdroi ywkuuu na 2, ozpaxu-
qeHAroll #o Mmodyaro wucaom M u ydossersopaioujeli YeA0aU0
|V {0) | =2, sotnoanaerca nepasencrso N{f; Ky N(Q, M, K, a, a).

JoxazaTeabeTh 0. MHOXKeCTBO rogoMopdHbix  GyHEIME
HA £, OTpaHHYEHHBIX TO MOAYAD uncaoM M H yRoBaeTBOpAKLIMX
yeaonuio | (a) | 22 «, 3aMKKYTC M orpaudvyenc B #6{Q), a 3naumr,
KoMnakTHo (caeacteie 6 Teopemm 47). CaenoBarenbHo, dyHKUHA
f—N{f; K) va sToM MHONeCTBE MMe2T MAKCHMYM. 3TOT MAKCH-
MYM KoBReuyeH, B caMoM nefe, ec/Ad 3TOT MAKCHMYM JOCTHrAeTCA
Ha $yuKkuHn f B 3Ta QYHKUNH HMeeT GeCKOHEYHOe MHOMKECTBO
Hy#el Ha K, 10 H3 3TOro MHOMCCTBA MOMKHO H3BAGYD CXOLAIIYIO-
¢ ROCNEMOBATEIBHOCTh, a4 Torga QyHKLUA [ OKamercs ToXKie-
CTBEHHO paBHON HYJAl0 Ha CBA3HOM MHOXecTBe £ (caencraHe §
TeopeMr 11), UTO HEROAMOIKHO, MOCKOABKY | {a)|=a > 0.



JOTOIIEHHE O TIPOCTOM
H PABHOMEPHOH CXOONMOCTH PAOA ®YPBE
H MHTETPANIA O¥PLE

Kaxnaa H3 NPHBOAMMBIX HHI)KE€ TeOpDEM COCTOUT H3 LBYX 4a-
cTefl: nepRas GTHOCHTCA K OZHOH (YHKUHH H CXOOHMOCTH B TOUKe,
BTOpaf — K MHOMecTBaM (QYHKLHW ¥ DABHOMEPHON CXOAHMOCTH HA
MHOMKecTBaX ToueK. TlocneNHAN HOCHT 3HAUNTENLHO Gonee TOHKHA
XapaKxTep, M IOpPH MePBOM YTEHHH ee MOXKHO OMNYCKaTh, €CJH OHA
He CBA3aHA ¢ NepBofl. Hanpumep, ecIH uMTATeAT HHTEPECYET JHIIb
npocras cxogumocts pAa3 Pypbe (reopema 3', TO AOCTATOYHO
UPOUHTATL HACTL TCOPEMH l, oTHOCS Wy OCST TONBKO K OAHOl (yHK-

UHK f, W Tak e TNOCTYNHTE CO CAeICTBHeM 3TOH TeapemMsl H
¢ TeopeMofi 2. 3aTeM OH MOMKET PaccMOTpeTh c/aeACTBHE TeopeMbr 2
-

Aaq cayuas onnoll SyHKuHK T:g npn b =yp. [locse srorc zo-
CTaTouro OyHeT mepeiiTH K Nepaoi YACTH NOKa3aTe JbCTRA TeopeMu 3
H 3aBEpPIIMTE YTeHHe caejicTBHEM .

Cxoaumocts unterpata ®ypne

-
Teopema 1, [ycre [ — unreepupyesan dyukyus na R co
e
sHauenuasmu 8 6anaxosonm npocrpancree F. Toeda unrezpar dypse

CH=Ciny= [ Flx)etimeay (1)
4 .

npﬁ(?c;"aaﬁse? coboil  HenpepsiaNyio  PYRKKWO A, CTpesayyocs
£ 0 npu A— + oo (Jedee). Kpome roeo, ara cxodumocre £ 0
PasHoMepHa, Koada F npobeanerT OTHOCUTRALHO KOMHGKTRYQ #ACTS
npocrpancrsa L'(R, dx; F‘}.

S
JdoKkasarenscTBo, HenpepuerocTe ¢pyHRuHA € QYEBHIHA

(OHa BhiTEKAeT M3 H3BecTHON Teopembl Jledera).
C apyroll CTOpOHH, Tax Kak [iZ‘(}.)IIQII?HL., TO (yHKUHA E
orpanuueHa. IloxameM, 4Te oHa CTPEMHTCH K i npu A — oo,
Ecau ¢yuxous T npuHaajexut kaaccy C' m HHTerpupyema

—2inhx
———dx, a

BMECTE €O CBOEH NpPOM3BOAHON, TO C(A)—J f’ x) ik

SHAUMLT, EJC(A) | const ————, H yTBepXJeHYe NOKA3aHO,

lll ’
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Cornacno teopeme 49 ru, IV, nenpepuiBHbie PyHKUHE C KOM-
>

OaKTHEIM HOcHTeleM RjaoTHel B LU'(R, dx; F). Hanee, coriaacuo
Teopeme o6 ANMPOKCHMANNY, KAXKAaA HenpePHBHas PYHKNHAA ¢ KOM-
>

MAKTHHM HOCHTeN1eM O 3HAYEHHAMH B F sIBAsAeTCA PEaBROMEPHBIM

e
npenenom [a caeaoBarensuo, n mpemenom 8 L'(R, dx; F)] nocne-
NOBATEIBHOCTH GecKoHeuHo muddepeHnpyeMblx PYHKUHE ¢ HOCH-
7e]eM B HEKOTOROM (MHKCHDOBAHHOM KOMIAKTE, a CJARJ0BaTelnHO,

-
npocrpancteo & (K; F) Geckoneuno audbepenurpyeMulx $yHKLHI
—_
€0 3HaueHHAMM B F M KOMIAKTHRIMH HOCHTEAAMH B & mioTHO
> > > s
8 L'(R, dx; F). Tlosromy nunefinue oroSpamenur uy: [— C(A; f)
-

—
ua L'(R, dx; F) B F, zaBucamue or mapaMerpa AeR npn A,
CTPEMAMEMCS K OGeCKOHEUHOCTH, CXOAATCA K HYJAEBOMY OToGpa-

-
KEHHIO Ha TMJIoTHOM noaMHoxectse D (R; F) npocrpancea

e
L'(R, dx; F). TTockoJbKy MX HOpMa <¢ 1, TO IPH A, H3MeHsIOUIEMen
B R, oHn paBHocTenenHo HempepniRHet, M3 2-ii Teopemsl AcKoan
cleayer, uTo otobpakeHna i CXoadATcd npocro K O Ha BceM npo-

crpatcrse LUK, dx; 1?), T. €, HHTerpad ¢ (% ?) CXORHTCH X 0 npH 4,

— =
crpemaiieMca K Seckoneunoctd, gaa gamxuoro = L(R, dx; F), u
CXOJHMOCTh DABHOMEPHA HAa KaxKAOM KOMIAKTe.

Cnepncreue. Ecan ¢pyuxyus f nepuoduwna ¢ nepuodom T
se R u soraasno untezpupyema, ro ee xodppuuentor dypse
=

gk(f) npu | R, crpemsmgesca K GeckomewHocTi, crpemarcs K 0,
I eXO0NMOCTS pragromepra, ko2da ?npoéeeaer OTHOCHTEAEHO KOM-
naxrayro wacre npocrpancraeq L' (T, dx; F)').

B camon mene, ofo3nauny uepes § pyaxunwo Ha R, coBnagato-
wyx ¢ ? Ha HEKOTOPDOM OTpeske AAWHR T U paBHYO HYJAK BHe

> > - o .
ero. Toraa ¢, (?)=C(?u; g)= J- gxye~ 2™ dy npu 2nh = ke (roe
R
o =2n/T), u Hame yTBepKIcHHe TENepb BHITEKAET M3 TEOPEMHI.

Teopema 2, Hycre 7.— pynryus, unrezpupyesei wa R,
- - -
co aravenunnn 8¢ F u o =F, Toeda unreepas Jupnxae

T0:

x

+ oy
T=[ T a4y, a0, @)
0

1} Cwm. npumedanne Ea e1p. 512,
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+ o
i > i sinx
npu h—4 o'y exodurcs & Jo, 2de I =J
\J
Heno O0HO U3 deyx caedylolux yoaosui:

dx, ecan evinog-

S >
Yecaopue ) Pyaxyus L}:U unTespupyeMa 8 oKpect-

HOCTH Hauaaa koopduHat®),

D16 HMEeeT MECTO, 8 HQCTHOCTU, €€t GUHKYUR f UMEET 8 HYAL
npedes cnpaca ?(0—{—0} 4 YJosaeTEOPACT 8 OKPECTHOCTU HYAR
YE€ADBUIO Fé;wdepa 1?(t’]—?(0—|—0}l<(3x“ C ua>0, 8 vacr-
KOCTL, ecal f Quppependupyera a Haud.ie xoopaunar

fTpu arom cxodumocTs uH,reapana !(Jx. ,r) K Ia‘ fyder pasuo-
Hepuold npu h— 4 oo, ecau f wo USMENAIOTCA TOK, 410 Yea0-
sue 1} goroansercs a8 kawdoid naps (_F, ), Kceda qbynm{uﬂ f

npobecaer OTHOCUTEABHCG KOMAAKTRYW 4acTe u3 L' (R dx; F),

{x)

&
- -
T — ogparudendyro qacrs 43 F u uxreapan I“ “dt cxo-

0
Jurca K 0 npu 6, crpemawenca & 0, PABHOMEPHO OTHOCU-
TEALHO f v

>
Yenoene 2% Oyukyua [ usteer O2PARUHEHRYIO BaPUARUI0
g8 OJ‘CPECTMOL T HUYdAL hOU,U()!ih’(IF RPOCTPUIHCTEO F KUHB‘&HOJ{BPRO,

@ U—f(O-l—O)

4
STo umeer MeCTo, 8 HACTROCTY, ecau PyHKyus | sewecTgenna,

MOHOTOKKQ il 02PAHIUCHT & OKPECTROCTU 0. fIpu sro.y cxoumocTs
-
UHTEEPAIa 1(7\. 5 K JU PABKOMEPHE, eCAl [ i O UIHEHRIOTCR TAK,

Yro f RP0682AET DTHOCUTEALHO KOMRAKTHYIO 40CTE U3 L [[R dx; F)
(04-0) — cepantitennyo wacrs F, a noaxaa sapuayua V (f 10:6D)
gynkyun | e 10,8 crpemurca k O npu b, crpemaumenca £ 0,
PABHOMEPHD OTHOCHTEA6HO

.
Y Mut Gepers A 22 0. Ipn A-=— a0 nurerpaa crpemures g — fo. Hasecrno,
yro f=n/2 (Qpopuyaa (VL 1t;51)), onnako M 3i4eCh _,&UKEI}KEM 3TQ 34HOBO.
k-

?} Orecwna He cleayer, 4TO OYHKUAA f CTPeMHTCH K 0 NpH x-—)-(] OnHaro
echy GyHKuHA f HMEET OPeReN, TO M MOMeT ﬁb[’l‘h TOABEO cr [ackonpry
dyurupa /% e HUTErPHPYEMa B OKpecTHocTH 0, 10 fOl'lpe;Le.l’UI&T cr
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JokazaTeanctpo. [Ipecanoioxum cllatada, UTo BuOOJIHEHO
yenosre 1), MmeeM

ey

J( F)— f_;:j. u‘%‘lsinﬁuxd,\:—l—
13

a
+(J‘ wSI"xlx dx )a + J ‘Fm T sindxdr. (3

4 ;

IMycTe 3amano a>0 Bb{éepem d Tak, utoObl TpeThe cCJaarae-

moe B (3) npu Bpeex f cr, YI0BJICTBOPRIOWMHX 3aMaHHBIM YCA0-
BHAM, BLINC paauomepqo OTPAHHUEHO TO HOpMe uHcaoMm &f3. 3a-
(HKCHDOBAB Takoe §, 3aTHIIeM BTqpoe chaaraemoe B BHAE

Y] Y
sin x > = sin x
(J.de—f U———GI dx.

X
a b

> >
TTocKoAbKY REKTOD ¢ orpaHnven p F, MOxHe BROpaTk A Ha-
CTOJIBKO GOJLIIAM, YTOOH 3TO caaraemoe Gblio M0 HOpMEe orpa-

-
nnyero yucaoM ¢/3. [Mockoabky orHoiuenne f(x)/x nurerpupyemo

Ha [, +oof, K HeMy MOWHO nNpHMEHHTh Teopemy 1 (nom}xnn
{hx —ihx
sin hx=i~—-—) Kpowme Toro, orobpaxenne (f Ha [0, + oo} —

-—r{_f(x)/x Ha [6, 4 cof) apaderca JuHeHAHLIM HeNPepHEBHHM OTD-
6pawenneM L(R, dx; F‘) BL'([6, + 0], dx; F) (c HopMoOUt < 1/6).
C/leaosaTeasR0, €CAn ? npoteraer kommnakr H3 LI(R, dx; ?),

byHKIHA ?{x)/x npoGeraer KOMUAXT B !._'([6,-!—00[, dx; ;‘3), "

ZAA Aoctarodro §0bLWMX 3HaUeHHH A u vcex QyHkunit f, ynosJje-
TBOPAIOUIAX YK23aHHLIM YCJOBHAM, NCpPBOe cjaracMoe Gyler
PABHOMEPHO OIpPAHHUEHO @O HOpMe uHcaoM ef3. DTUM MOKasH-
BaeTCA YTBepXKAeHHe TeOPeMB ANA  ¢JY4Yad, KOrAd BeINOJHEHO
ycaosue 1) '

ITepefizeM Temepb K ¢/AyvYak, KOraa BLHINOJHEHO ycaosue 2).

Myers cpym{unﬂ ? HMeeT OrpaHHTeHnyio BapHAWMio B 10, 4],
IpOCTPAHCTBO F KOHEYHOMEPHC, as f(0—|—0} Moxuo cuntarts,
4To  (hy¥HRUUA f HENpepHIBEA B HYJAe, TaK 910 ?(0}-—?{04—0)
(Bnavenne _f)(O) He HrpaeT B ;Loxaaa'renbc'rse HUKAKOH poJn.)
Moxuo npexnonarath TaKie, 10 PyHKUMSA fHenpepbmHa c1eBa,
3aMendn Tx) HE f(x~0) Tau, TAe 3TH 3HAUCHHA PasanvaAOTCH,
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310 KacaeTca TOJNBKO He O0Jee 4eM CUETHOrO0 MHOMKECTBA TOYeK,
TToe He MeHsAeT 3HaueHHH HHTerpaJioe H MOMeT TOAbKO YMEHBNINTE

NOJIHYIO BapHaUHW PYHRUAH }g
CorsacHo reopeme 88 ra. IV, npu 3THX YCAOBH#X d]yHKLLHﬂ?
-

ABAASTCA HeONpeleseHubM HHTErpanoM HexoTopoll Meps u ¢ fa-
z0ff 20. KpoMe TOro, BO3MOMHO HHTErpHpOBAHHE [I0 YaCTAM
{reopema 92 ra. IV).

48

1]
Moaowpm Ty (x) = _[ %d.\f e J’ S'fﬂdf. Torza T (0) =0,

0 . 0
Ecan x¥<£0, 10 npu A - -+ oo nurerpan T,(x) crpemurea k J,
OCTaBasAch OTPaHHYeHHBIM. HMueeM
B 3

E ]
1 h—To = @ sinhrdr + [ Fi0) 22 4z — rf(0)=

X
&

X

+oo oy &
= f i (x) sinAxdx + T (6)?(&) — ff(o) — f Tk(x]d; (x) =
b a

m

-

8

£
I{x)
X

sinhxdx + T, ) F 0) — T (@) +

]
+TO = DO~ [ Tiwdi . ()
o}

Tlonran Bapnauus GyHRUHH /-"B 0, 3] (wnau & ]0, 8!, no-
&

-
CKOABKY OH#a TpeAnoJarajiacs HeIPepLiBHOH) pasBHa Idlui il
a

-> >
207 (6) — {0} Tlocwoavky dyukuma 7T, orpaunuena, 1o 6> 0
MOKHO BHOpaTh TakK, uTOOM BTODOe M UETBEpPTOS CJara2eMmpe
B RnochenHefi wacTh $opMyasl (3,) €blAH 1O HOPME OF paHHUYeHHl

9HCAOM &/4 paBHOMepHO AAA BeeX PYHKIHE [, YIOBJIETBOPHIOLIHX

YKA32HHEEIM BHLIE yea0BHAM, Jlaflee, NOCKOIBKY BECe 3HAUEHHA }?(0)
OTDaHHUeHB], TO MOJMKHO BHIOPATh A HACTONLKO GOALIINM, UTOGH
—_

TPeThe caaraeMoe OHAC =. /4 PABHOMEPHO OTHOCHTENBHO [. Ecan
BOCNOJABL30BATHCA T2OpeMOf 1, TO Xe caMoe MOKHO YTBEPIKIATh
W jand mepBore caaraemoro. Tem camuim TeéopeMma JA0OKa3aHa H
npH BHOONHEAHH ycnoBRA 2),

b -
Canenpcrene. [Tycrs ‘f) U g — uxrezpupyemuie Na R PyHKyUL,
cosnadarouiie 6 nexoropod oxkpecrioctu 0, Mycre o — Komarekc:
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Naa QynKyus #a B, usMepuman, o2paHudennan cHu3y ewe a0boik
oxpectroery 0, deawdo Juppepenyupyeman 6 oxpecrrocru 0
g rakasn, wro () =0, «" (0)= 1. Tosomun

+

Kwg)=[ g0 qr,  p0. 3
0 .

> = >
To2da scarxui paa, xo2da J(M[) umeer npedes Js npu
> > >
A——+ oo, unrezpaar KW, gt umeer ToT swe npedea Js npu
p— -+ oo, Hodee 7020, HE3IABUCUMO OT CYUECTBOBAKHURA ITUX
s -
npedenos, ecau ynxyun [ u g npobesGrOT OTHOCUTEAOHO KOM-

-
naktHue wacry u3 LR, dx; F), cosnadas ¢ oduoi u roif ace
OKPEeCTHOCTU  TOHKY 0, To npu Aowuw N, erpesAwuxcs K+ co,

-~

pastocts K(p., f)—f A f) crpesurcs £ 0 pasmomepno oraocu-
Te.18HO f u g NP YEA0BUI, 4TO OCTAETCA CZPAHLLCHNOL BeAttLling
[A—wh

Hoxasatenbctro. Ilo cymecrsy peus mmer, cobcTBenHo,
0 CAGACTBHHH U3 TeopeMsl 1, a He TeopeMb 2. OAHAKO Mbi ero
moMellaeM 3Nech NOTOMY, UTO TeopeMa 2 c NOMOULLIO chIOBHH

pAa 1} HAu 2} nosBoJisieT HafiTH mpefen Js HuTerpada J’(?(. f),
a HACTOAWEE CACHCTBHE HaeT nperes dyaxuAK K[u, ), TaK¥Ke

paBHEA Js, J[lOCTATOYHO A0KA3aTh JHIIE BTOPOE YTBEDPIKACHHE
CHeACTBHS.
Hveem

R:(Pr; 5) —T0s ?)=
—RKwd—Jiw+T@ma—Twh+Tewd—7ohH=

+oe o >
=J E{x)(u;x) l)sinuxdx -Iuvfuﬂ@x—}-sinuxdx—l—
0 o
e —A
o F(x)sin K X
+2J x 2 cos"glxdx. (3.
(]
PyHKLAA T H3MepHMa H orpasuuena Ha R. B camoMm

Aexe, sTa QYHUKUHS OFpalHYeHa BHe 060K oxpectHoctn 0.
B okpectHocTH Hauaza KoopamHaT, coraacso dopMyne Tefinopa,
2

@ (%) —x=a(x) — a{0) — xa’ (0} ~ x?a” (0) npu x — 0 (Teopema 21
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ta. 1), Tak wro a:x) —%z %ﬂpeunmﬁ K —La”(O) pH

x—0. Caejonarteabio, sTa (HYHKUWS OrpaHWuYeHa H B oxpECT-
Hoctd 0. Cornacuo teopeme 1, nepBbm HHTETPAJ CTPEMHTCA K 0 npx
i - <4 oo, Kpome Toro, ecan f npobderaet koMnakT H3 LR, dx; F),
TO e camoe BRDHO M 44 ¢y uKOUA f)(x)(a(lx) l y DOCKORBKY

Al
f—-—)-(?———)f ABNARTCH HENPEPHBHBIM OTOOpPAKEHHEM MPOCTPAH-

crea L'(R, dx; F} B cefa. CaepoBaTenbHo, CXOAHMOCTE PaBlO-
MEPHA OTHOCHMTEJbHO T DTHM [0KA3aTeJNbCTBO CJEACTEHA 3aKAHUU.
BAETCH, €CJiH OTPAHHUUHThCA CJydaen }P=§ HA=N
Tak xax pasnocrs g— oﬁpamaemﬁ B HYJL B HeKOTOpO#H
2() —F(x)
X

okpecTHocTH U, TO OTHOMIEHHE HHTETPHPYEMO, HOSTOM}'

no reopeme | L mpa p > 0 BTODOA HHTETPAA CTPEMHTCA KU Kpome

TOFO, KOraa f H g npoGerawr Komnakte us L' {R, dx; F) qpynx-

-1
X

unA npoderaer HekoTopuft KomMmakt H3 LI([8, oo, dx; F),
> >

H, MOCKOMLKY [ u g cosnajaiwT B [0, 8], BTOopoe cnaraemoe ¢Bo-

ANTes K uETerpany mno [8, ool CaegomaTenwHo, npu p-+ 4 co

.

BTOPOC Ccaaraemoe CTPEeMHTCA K HYJ/H PABHOMEPHO OTHOCKTEJIIJHOf
e

H g, VAOBMSTBODAMLIMX YKA3AHHEIM BLILE VCIOBHSIM.
Ecan orpanduntben cayvaeM A =Wu, TO HA ITOM /0KA3ATeJNb-
CTBO 3aKaHYHBaeTcA. [IpeAnoaoX uM Tenepb, UTO BEAMUHEA | L — 4 |

BCCro JAulIb orpaindeda. OToGpamenne ( Fg ) —>7g asaserca Gu-
JHHEHHHM HenpepLIBHbIM oroGpaxkednem - L' (R, dx; F X(CR)C;,
B L'(R, dx; F) ¢ BopMoit < 1. TNockoasky

"
sil ———— &
) T4
. cos '2%' 2 L=,

suUp

xR

=sup2

=K

sint”x  sintx
=4

S TX
oTobpaKenne 't——)(cpym{uﬂﬂ ) npocrpanctea R 8 npocrpau-
®
erso (CF),, HENPEPEIBHO H NaKe yaoa.ne'rsc)pﬂen' yeaoBnio Jinnmuna,

a CAEOBaTedbHo, (f t)—»(tbynxuﬂﬁ f(x) sin ”) ABAAETCA Henpe-

DPHBHBIM OTOﬁDa}KEHHeM LYR, dx; F]XR B L'(R, dx; F} Ecan
Teneps dyHRuuA f apoferaeT OTHOCHTe JbHEHH KOMRAKT H3
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-_
LMK, dx; F), a t — OTHOCHTeAbHEIE KOMMakT n3 &, To GyHKumA
F sin Tx .. e
f(x) —— 1NpOGEraeT -OTHOCHTEABHHN KOMIAKT U3 LYR, dx; F).

CaenoeaTeneHo, ecad PyHKOHA ?npoﬁeraer OTHOCHTEILHHNA KoM-
=

nakr w3z L'(K, dx; FY u ecam pasnocrb A —p ocraercs orpadu-
n—Ai
n

X
2 -
deHHOH, To GyHKUHA f(x)f-x— npoderaeT OTHOCHTEJbHBIA

komnakt H3 L' (R, dx; F). B cuay rteopembt 2 npu p+A— -+ oo
-

nochefHHii HHTerpad B {3,) paBHoMepiio cxojuress K 0, yeM u
33KAHYHBAETCS AOKA3ATENLCTBO CJEACTBHA,

Cxoaumocts paga dypee

Teopewma 3. [lTycrs ?— nepuouseckan @yuxyus Ha R
-

¢ nepuodom T u w=2n(T. lIpednororwunr, uro dynxyun | uxre-
2pUPYEMA HQ HEeKOTOPOM unTepsa.re Jaunst T

i
Hyere s F u sotnoansieres odwo u3 credywuux oeyx
Jeaosul; :

> > >
1) wernas pyuxqus > H‘*"'f)'l"z(a“”_gs HHTE2PUPYOMA

8 Heroropoil okpecriocty O

Fla+n +Fa—t¢
ACh };H(“_ ) ymeer o oxpect-

noeru 0 OZPARUAERRYIO BapuaL LD, ee apedea cnpasa (¢ cacsa)
npit t=0 pasexn S a npocrpancmeo F KOHEYLHOMEPHO,
Toeda pad Pypee Pyustuu f

2} uwernam Pynxyua i-—>

a-l'—;

2 Benss, e W= [ Femr k(g

Fr=—o0
.

S
npu X = cXoQUTCA 6 cMBICAE 2AQBHO20 BHavenun Kowwn K s:

- N >
lim Sy{a; = i 3 thwe — g,
N_le wia T) N—le 2 (‘F}e t=3s (5)

oo
Kpome roeo, uureepar J = ‘.
0

sin x

dx pasen nf2').

1} 310 Symer moBunM xoxasaTeascTROM dopmyam (IV, 11; 1),
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fTycrs A --3amunyroe muoomcecrso us R, pynsyua })uenpe-
poiena wa R 6 waxcdoii touke A'} u swsmoamero odno us Jeyx
caedyrowy yorosuil;

Ycnosue V), Dynryusn ?a Herorapok okpecrrocty A' muo-
scecrsa A ydogaereopser ycaosuw éavdepa

-
1IFe —FI<Clx—yF npu x=4 yea,
ede C o a>Q,
-
Yenosne 2). Pynkyun [ umeer aokaiono ocepanutennyio
sapuayur 8 Hexkotopoid okpectrocry A’ mnomcecrsa A, u npo-
e
CTPARCTE0 £ KOHEHHOMEPHD.
S S
Tozda cxodumocrs Sy{f) & | npu N, crpemiigencs & Gecxo-
REYHOCTY, PUSHOMEPHE Ha A.

JorkasaTeabctTro. Tak gKax

a-}--—iE
Ge(hemn= [ Fyemon-nts ©)
%
™0
> > a+% dE a
Sv@h= [ TORy@—9%, me RyH= Y et (1)
T . k=
a7

Dyurunio Ry MOXHO BHYAC/IHTD KAK CYMMY WIEHOB FEOMETPH-
uecKofi Aporpeccnu:

. ] . ]

SNt _ —itat (N“‘":T)‘“_ — (N”{"z') ot

Rylly= = - =
N o9t ] it ioE -

82——9 2

sin{ ¥+ <o
=L(s.;_i_f)i_ (8)

2

-_-
'} Bro yeaopue npesmoaaraet GoAbuIee, MeM HeNpepHBROCTD cyxennd | Ha A,
=

C Rpyrofl CTOpOHE!, CHO He NPeANOJAraeT HEUPEPHBIOCTH f B OKPECTHOCTH MHO-
xecrna A .
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ITosTomy
Ti2 T2 1
dt sin| ¥4+ — | ot
v = [Ta—nry 0% —ﬁ(a—ﬂ—*—( mf) =
o e sin -
Tz sin (N + %) of

_J (Fla+0—Fla—0) di.  (9)

[sn _)/‘“
BeeneM dymHKuUHIO CD {t), paeuyio
Out)=3 Fla+0+Fia—n) (%)
8 [0, T/2] n uynwo BHe 3TOro oTpeska. IlosomUM p=(N-|~ -1-)

H BheleM Qynxuiio a(f), pasayp (sm )/—— Ha orpeske [0, 7'/2]

H M000MY MOCTOSHHOMY udHCAY = { BHe ero, PyHKUHA « OrpaHH-
YeHA CHU3Y BHe 060N oKpecTHOCTH HyaA H a(0)=0, o’ (0)==1.
Torna u3 {9) Mb IOLYYHM HHTErpad (3;).

> >

Tak Kax OpH g==—3§

o0 —s=+Fa+o+Fa—-H-29 9

®,0+0=2.-LFa+0+T@—0)=25

To, ecie (QYHKIHA ?Y,ELOBJIQTBOPHCT ycaosrio 1) wiri 2) TeopeMu 3,
-
pyuruua @, yrosaersopaeT ycaosuo 1) HIH 2) Teopems 2 (r,u,e

> 9 >
s 23).
e
-
M3 teopemu 2 H ee cHeNCTBHA BHITEKAST, YTO SN(a, Y mpu N,
2 -
cTpeMslleMc K OecKOHEUHOCTH, CXOAUTCA K Jo’-—! o 5 TAe

sin x
Jm_[ —— dx. IloaToMy ecnn MH MOKaXKeM, HUTO I=mnf2, 10

]
6YAeT A0Ka3aH pe3yabTaT, OTHOCAIIHACH K CXOAHMOCTH B TOUXE 4.
Ho nas 3roro [oCTaTOYHO NPHMEHHTH MOJAYYeHHOS BBIE K IO-
cTomunoit $yuxunn =1, Torza Bee ¢, (f) 6yAyT paenm 0, kpoMe
o()=1, u cymva Sy(a; 1}=1 zapegoMo 6yzer CTpEMHTbCF{

2
1. Ho Tak Kak OHa LOJXHA cTpemuTbed K [« — - i, 1o neay-
yaeM, 4ro J=nj2.
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TTpeTe uem A0KA2LIBATE TY UECThL, KOTOPAR OTHOCHTCA K PABHO-
MepHOl CXOIHMOCTH, TpHBeLeM OUeRUINOE CAeISTBHE YTBEepMKie-
HH4, OTHOCALEroCcs K MpOCTOll ¢XOIHMOCTH.

Caeactrue 1. fIyers pynkyus [ ydosieraopaer credyrouun
HCAOBURM!

17) dyuryus ,* umeer npedes cnpasa ?-(a + 0) u npeden caresa

-
Fla—0) 6 rowse a, a gyakquuy t— ”a’H}'; [fat® g,
> > )
S Ala=D T'f (@ —9) unrezpupyenn na R, 6 oxpectnoctn Towku 0.

Tax 6yder, 8 4ACTHOCTU, 8 TOM cayuae, xoeda Pyusyus f ydo-
gaereopner ycnosuas Iénsdepa ||f(x} — f (a4 0figClx—al
npu x=a alf(x)—Ha—0)<Clx—al npu x < a. llocaednee

cnpasedauso, wanpimep, ecalt PyHkyus f Qudpipepenyupyesma
8 ToHKe a.

2% Pyuryua Fu_ueer OLPAHLUYERAYI0 BAPUAYIIO 8 OKPECTHOCTH
-
Touku a, @ npoerpancreo F Koweunomepro., Tak 6yder, 8 wacte

HoCTH, To2da, Koeda pyHK{uA 782:&}80?'68&!{6!, MOHOTONHA U 02pa-
HU4YeHRd 8 OKPBCTHOCTH TOYKL o,

Tozda prd Dypee qbymcquu f npu x=a cxodurcA 8 Ccubicae
2a08n020 3Hauenuf Koww K — (f {a+0)+ f (@ — 0.

TTepeiinem Teneph K C-TI)”-IalO pagﬂomepuoﬁ cxoanmocTu. Ilpn
paccMaTpHBAEMEIX YCIOBHAX cyMMa Sy (a; f) opH N, cTpeMsauemca

K GeCKOHeYHOCTH, CXOAHTCH K T{a) B KaxaoHd Touke ¢ & A, W HaM
HYXHO [I0Ka3aTh, YTO 3TA CXOAHMOCTE PaBHOMEpPHA OTHOCHTEJbLHO
o

ac= A, Jdaa »70ro AOCTATOUHC [I0Ka3aTh, ure ¢ydkuug O, yigo-
BJCTBOPAET YCNOBHAM TEOPEeME 2, MO3BOJANLINM YTBEPKLATb, YTO
oo

sin pi

CYR ——dl K J’o’=f(a) pn 9..«—»—|-oo

S
CXOAHMOCTb HHTerpana j D, ({)
o

PABHOMEPHA OTHOCHTEJNBHO 4 = A,

TlokameM cHavana, 4YTO NpH GUKCHPOBAHHOH QyHKUMH _F H
nepeMeHHON TOuKe a_Ha Ty ¢yukuny EI}‘I!‘I 06pa3yT HeKOTOpHIH
xomnaxT 8 LI(K, df; F). OGoznaunm depes g, HenpepuipHoe JMHHEH-

T} Mp cucTeMaTHYECKH OTOMASCTBAASM (YHKUHH HA OKPYKHOCTH € MepHG-
JHuecKHMA QyHRUHAMA Ha B nreprona T. 370 npuRGAAT K HeKoTOPGH BONMLROCTH
H3/M0AEHNA, OANAKe He MEWaeT NOHHMaHHIO,
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HOe OTOG]paMenne )?-—~> C_ﬁd npocrpanctea L' (T, df; F) B OpOCTpaH-
creo L'(R, d4i; P:) Hopma storo oro€paKeHun olpaHHYEHA HYHC-
Jou Ifx. Ecnn i?— HerpeprBRAA rbyHKuuﬁ TO NPH @, CTPEMSIIEMER
K @, $yHKIua uaf CTpEMUTCA K ua.,f v LY(R, di; F) HOCKONbKY

OHA CXOMHTCH K uaof panroMepiio ua orpesre [0, T/2} u ocraercs
paBHOIl HYJIO BHe 3TOCO OTpe2Ka. 3JHAUAT, i, CXOIHTCA npocto
>

K Hg Ha TVIOTHOM nonmuomecTke (5 Fy ns LUYT; df; F] Co-
rxacio 2-# TeopeMbI Acxoan, u 7’]"&1{}1(0 CXOANTCA K &g AAN JIO-
o cpyHKmm f us LN, di ) ATo 03HAUAET, UTO omﬁpa}xenne
a— uaf lI) LA GuxcHpoBauuoll  (YHKUHA F B L‘(I‘ dt; F)
ABIGETCH HENPePHLIBHEIM oToGpaxenneM I' B LYER, df; F) Cxeno-
BaTeaLHo, o00pa3  kKoMmakta V  ARIgaTed (:Hoaa KOMTAKTOM
s L (P:)dt; f) JTo BuHITeKaeT U3 OOHOH TOJBKO HHTETPHpYe-

MocTdH | HA I,

Jonyetum Temepb, uTo BHOOAHeHO Yenosue 7). Tyers §; —
HauMenblee paccroriue oT A go CA (eMm. ra. 11, crp. 83). Has
O, 0; NPH o = A HMeeT MeCTC CJICLVIOWAN OUeHK4:

8 B0 (1) =2 T i)

e

TaK 4to mpH 9§, cTpeMAmemMca K 0, JeBasg 4acTh GYAeT CTPEMHTLCR
K 0 paBHOMEpHO OTHOCHTENBHO ae A, Us CACACTBAA TEOPeM bl 2

Teneph RLITRKAET, UTO NOCASI0BATEeBHOCTH SN (F) CXOOMTCA K f
paBHOMepHO Ha A,

Ilpennoaozum, naxkoHeH, YTO BHINOJAHEHO ycaosue 2°). Tloka-
HeM, UTO eCJH VCaOBHe 2) TeopeMbl 2 CUMTATH HE BHIOJHAID-
HIAMCH, TO MGl MPHACM K NPOTHBOpPeudio. B camom gede, B sroM
cAydae HAWMHCh OH Takad TOCNeJOBATENLHOCTE TOUEK &, H3 A W
TaKoe YHCAo & 2> O, NpH KOTOPHIX

V(@ 10, tn[) =e. (10,

OaHaKoO, MOCKOAbKY MHOXECTBO A sIBAAeTCH KOoMNakToM Ha T,
H3 TOCICIOBATEMLHOCTH (@; MOJKHO HSBJIEYb IOJIOCeI0BATeNBHOCTS,
CXOAAMYIOCH K HEKOTOPGH Touke a B A. Toqrm a, £ 1/n npd 3TOM

6yRyT Takke CTPeMHThes K g, DYHKIHS f no OPeTNoJCHKEHHIO
HMeeT OPAHHYEHHYI0 BAPHAUMIO B OKDECTHOCTH TOUKH ¢ W Hempe-

1 3%
<20, (10)

pHBHA B 3T0# Touke. Cuaenomarc/ubHO, Bapranua cpyHKLlnHT B OT-
peake [a—m, a+v) crpemurcs Kk 0 pMecre ¢ 7 (reopema 84,



b4 Honoanenue

ra. IV), a sHaunr, ee Baphauua B orpeske [a, — 1/n, a,+ 1/n]
CTPeMHTCA K 0 mpm #, crpemsiweMcs K Geckoneswocrd, Orciopa

V(CD%, [0; 1/r]) npu n, crpeMAmeMcH K GeCKOHEYTHOCTH, CTPEMHTCS
K 0, 9To NpOTHBGPEUHT HepaBeHCTsy (10,).
s

TakuM oBpaaowm, BapualiMs ¢yuruur O, 8 orpesre [0, § | mpy &,
cTpemsmenmcd K 0, eTpeMuTes K § paBHOMEPEO OTHOCHTENRHO & = A.
TeM caMbiM BBIIDOJHASTCH YCJAOBHe 2} TeopeMbl 2, H HoCaei0Ba-

e
TEALHOCTh SN(T} CXOINTCH K ?paanomepuo na A npu N, crpema-
meMcqd K GeCKOHSUHOLTH.

W3 arolfi papHOMepHOH CXOAUMOCTH BEITEKART

Cnenctrue 2, Ecau pynnius F HMEET AOKTABHO O2pani-
wenngro sapuayute we R o nPOLTPaNCTEo F KOHEUHOMEPHO, TO

CXOOUHOCTE ROCALJOBATEABHOLTI SN(D K hynryuu f npu N, crpe-
MAWEMCA K GECKOHEYHOLTH, PREHOMEPHA HAQ MHo¥cecTse A Touer
- .

renpepoisoctie pynryuu |, Ecau dyncyua | ydosrersopaer yeao-
sutp [éasdepa (o caedosareasuo, nenpepoara) e R, 1. ¢. aoinoas
RACTCR HEPAGEHCTEO

F@~Twi<clx~yP, €ua>0, (10)

AL BCAH OHA HMEET AOKQABHO 02PDARUYEHHYID Bapuayun u 8co0y
henpepolana, @ RPOCTPAHCTEO F KOREUHOMEPHO, TO Rocaedoeq-
TEABMOCTS §N(} nfu N, cTpemsuesmcn Kk DeCKOHEYHOCTH, CXO-
durca & Qunsyun | paenomepno #a R,

Bameuannna 1° ¥Ycaosusa 1} 1 2) oTHOCHTENbHO T(a + <4+
+T(a—f) He TaK OTpPaHNUYHTEABHHE, KaxX pasfe/bHBE YCAOBHA
- =
ana jla-+1) w fla-—1), yxasaneele B cuaelcrsun 1, Boabmew,

. > S ks
"K npuMepy, a=0 n Hewernyw ¢yukunw f. Torza f{+F(—1)
TOXIECTBEHHO PABHA HYJIO, A CJENOBATEMBHO, Du2) BHINOARSIOTCS

H s——D Pax ®Pypwe COCTOHT B3 CHHYCOB, ECE CVMMEI SN (0, 1?
PABHB HYJO, H CXOIMMOCTB K 0 OuUeBHAHA. DBrAO 651 CMELIHO
HaJaTaTh HAa } TAKHE YCJOBHA, KAK HHTCIPAPYEMOCTb f(t}/t HAH

OrPaHHYEHHOCTh BaPHAUHE (PYAKIHH
2°}) Mul nontlepl{m;a.m uTO pAR CJ{OJJ,HTCFI B CMbICJE 2448K020

sngwenun Kowwu, T. ¢. K s CXOAHTCSH Z , B TO BpeM#l Kak paak
==y ‘
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—_—r oo

> u X MOryT pacxomutbcs. BrifepeM, HanpHMep, B KauecTBe f
k=0

=— |
HeveTHYI0 (yHEKUHIO, paBEylo =1 B |—T/2, O] u paByw +1
g ]0, 4 T/2[. Ee xospduunerTs paBHb

c()=0 man weramx b, oy (N=+ Fpme (D

Paz ®ypre npeAcTamisier cofol pAA H3 CHHYCOB

- 4 sin(2 4 1) ox '
+H'E 2+ (113)
Kax v B sameuarun 1°}, cxognmocts K O npr x =1{ oussHgHa.
o oo
) 9 SZHH1) dox
Onnako cymua Eck () et*9* pabua F; g © ofa pana

k=0
-

> u Z npH x =0 pacxoxsTed,
k= k=0

3% PaccMmoTpum MOCAGNOBATENBHOCTE (PYHKUME -;—RN(x) Ha
okpyxuocta T,

1
Mocmorpry, GyaeT aH T2 NOCAELOBATEABHOCTD —= Ry LIAPOKO

cxonuthes K 8-bywmknunn? W BooGime, Bceraa JsH psn Dypbe He-
npepblBHOH GYHKURH DPGCTO CXOAMTCA K oTefl QYHKUHH?
IToxazkem, uTO HeNpepeiBHOCTY HyHuKytL He AGARETCA Hi
HeOOXOOUMBLM, Hil JOCTATOUHBIM Yca08HeM dad Toezo, urobsl pad
>

Dypse a10l ynxyuu cxoduacn npocto K pynxkyun f.
fIpexkne Beero ecau Ha OTpesKe, AJHHA KOTOPOro papda me-
.}

pnony, (}JyHKuni f HMeer orpaHHuenuyw Bapuauno u f(g)=
=-=—(f {e +0)+f (¢ —0)) B kaxpof Touxe g, To pag Pypbe Gyux-

13K f HECMOTPS KA HAJWYHE PA3PHIBOB, NPOCTO CXOMHTCS K 9TOM

$yuxunn f ITosTomy HENPEPHIBHOCTD (PYHKIHA ?He ABJACTCA He-
OOX0IHMHEM F¥CNORHEM TAKOH CXOAHRMOCTH,

Oua We ABJFeTcH TaKxe K JOCTATOUHEIM yeaoBueM, ITpusectn
HpHMep HENPePHBHON (yHKUNE, paji Dypee Kotopoil He CXORHTECA,
He Jerko. Oxuako TeopeMa DBamaxa — llitefiHrayza nossosser
YCTAHOBNTL 3TOT Pe3yJAbTAT, He Npuberas K AOCTPOSHHIO KOHTp-
npHMepa. _

[Tpeanoncxnm, uro aas gwboil RenpepoisHOl Ha I' dyHKuME @

psn ®ypbe 3TOR (HYHKIHERW CcXopHTcd B Touke O, T, e. uro —;.-RN
wuporo cxoiutea K O-bynxund nps N, crpemamemcs K Gecko-
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neyHoctH. Torza us Teopemel Banaxa —IllTeliaraysa cnesioranc 6w,
1

UT0 HOPME Mep —— Ry dx Obl.1H OH OrpaHHuensl HEKOTOPHIM (uK-

cupoBaHuEIM uHchom M > 6

72
|- Rudx]= [ 1Ry (x) 155 < . (12)
e
Hneew
Tiz de Tiz | sin ( ; ) or |
__.I-j2 | Ry (%) 5~ T | I T snwx2 | T =
+(-’"+?) 5

sin @ dt
T (13

- J v ] @ T
-(M+~é~)%( +§j' (N —— 2]

[Moaunterpadpuvic ¢yHKNN®O fy MOXKHO paccMaTpuBaTe Ha R
sin @i
KaK npousBeleHue (GyHKIHH 2

(N +7‘]2—) sin

1T INr
TePHCTHYECKYI0 DYHKLHIO HHTEDRANA [—(N-l-?jjj, + (N—I— 3)31.
IMpu N, cTpemAlEeMCA K OeCKOHEMHOCTH, OHA CTPeMHTCH K (yHK-

- o HA xapak-

HHA % -rs-'?ﬂ—éﬁ , unreepas or koropolt #a R pasen |- oo, Ionokam
gm,rt:i“f Fas fm+h ceey [y RZZmMm, 01 g,= lim B (HPEJ].E!JI
H =¥ o0
i : 2 | sin of
yénpatwell nocaefeBaTebrocTH). Toraa lim Em="TF
= ©f

npejea po3pacTaomlefi mocnepobatenbHOcTH, CoraacHo Teopeme
®aty (teopema 36 ra. VI), wnrerpan fgm OpH Hi, CTPeMALIeMCs
K GecKoHeuHocTH, crpemntesi K +f co, Ilockossky [r22 g, unpa
nzm TO f f. TaRXe cTpeMHTCS K -F 0o, UTO NpOTHBEPEUHT He-

paseHeTey (12), TakuM oSpasoM, HenpepnBHOCTh (YHKLMH ¢ He
JocTaTouda nadA obecnedeHHsa npocTofl cxodnMocTH pasa $ypbe,
C mnomowrle tcopembl Barnaxa — Ulrefinraysa B ee ofmedt
dopme, mpusezenuoli B § 6 ra. VII (reopema 46), MoxxHO yray-
O6uTb sTOT pesy.bTaT. TeopeMa yTBepikJaeT, UTo AnA B-NOUTH Ka-
KJI0M HenpepbiBHON KoMMueKcHoN dynKUHH { Ha T' uwacTHRIe cyMMH
S, (0; ) pana dypbe meorpaduverw, To e camoe BEpHO H AAs
Jwbdof xpyroii Toukd a n3 I'. Ho rtorpa, nockosbky o0belHHEHHE
CYeTHOTO MHOMKECTBA TOMMX MHOMKECTB ABAACTCA TOIHM MHOMKE-
CTBOM, JAas cuyeTuorg MHoxkectBa A us I gus B-nourn Kaxnaof
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nenpepobacit ¢pvaruud f Ha b cymvu Sy(e; f) ne orpannvent
we B opnoli touke ¢ uz A. A fortiori B-moutH ace oOyukuuun f
HMEIT pacxofgwnecs pais Qypbe B KaxIod Touke g MiloXde-
ctBa A, Oauako 803ce He TAK RPOCTO NPUBECTU npumep (yHk-
yuu §, obaadaromjeri arum ceoticraos, Ecom MHoXecTBO A NAIOTHO,
TO MeTOMN, YKazaHuw# noche teopemu 46 ra. VII, nozronster npo-
BEpHTb, YTO KaKAad (QyHKUNA {, 119 KoTOpO#H CYMMB SN(a; f)
He OrpaHHYeHsl HH B OIHOA Touke g W3 A, GyaerT TakikKe HMeTb
HeorpadnyeHable cymMmsl Sy (@; f) B B-nouth kaxXaof rouke @ ua I
B-nouru sce nenpepotensie gpyasyun umeror B-noaru eciody pac-
yodauuecs pader bypse. 3anumeMm 3TOT PAKT yepPed KBAHTOPLL
(F — towee Muoxeerso 8 C{I) (Vf & F) (3B — touee MHOKe-
etBe us K): (pan dypoe Gpyukumu f pacxoiures B kaxaoi rouke CB).

TMockoibKY Kampaoe «B-noutn BCIOAY» MHOXecTBO n3 [N HMmeer
MOLINOCTE KOHTHHYYMA, CYILECTBYIOT HEmpephiBHEE MepHOLMTECKHE
QYHKIHE, MHOMKECTBO TOYEK PACXOAMMOCTY pAfa ©ypbe KOTOPHIX
AMEeT MONHOCTE KOHTHHYyMa, OnHako 3T0 He 03HAYaeT, YTO MHO-
KECTBO TOUEK PACXONHMOCTH mMeeT Mepy JleGera > 0, moCKOJAbKY
«B-MOYTH BCIOAY» MHOXECTBO MOMKET HMeTh Mepy JleGera, paBHYIO
nyao.

HensgecTHo, cyllecTByeT JH Henpepwbuas dyukUEA, pat ypre
KoTopo#l Celh OB BCIOLY HJAH NOYTH ECIOAY pacXOAfLWHMCH.

1
Tor ¢akt, aro 4 Ry cxomarcs K $-QYHKUHH, HO HE CXOUATCH

IHPOKO, ABJACTCA CBOETG POAA MATeMaTHUecKoH «oceukoit» — Gonee
crabHM Pe3yarTATOM, UEM MOMKHO OHJIO 0XHAaTh. ONuaxo OH
SBUACH HCTOYHHKOM MHOTOUHCABHHRX paloT, cnocoGeTBOBABIIEX
Da3BHTHIC MHOIMX BeTBeR aHaJH3a.

4% Hmerwrea npuMepht HenpepbBHBX ¢yHKuuf, pagst Pypoe
KOTOPEIX CXOAATCH BCIOLY, HO HE PABHOMCPHO.

5%) Mut pumesu, uto ecan f = LI(T; dx), o pan Pypre ¢ysk-
uux [ cxoamrca K [ B L27). DTOT Me pesyJBTAT COXPAHNETCH H
ana feLf, 1< p<-}00, HO er0 [OKa3aTeMhCTBG HE TPOCTO.
Hamppotus, 370 yTBepiKieHHE He BEPHO, ecak p=1 Wil - oo, 10
CAGAYET K3 NPEABLZYMEro aJst p== 0o (NOCKOMBKY eciu (GYHKUHs f
HeMpepPHBHA, TC OHA NPHHAANENHT MpocTpaHeTBY L™, a CyMMEL
Sy (f) me cxomarcs X | paBnoMepuo ¥, cneIOBATEBHO, HE CXO-
aAres K f B L),

[Moraxem a1o 348 cayuas p= 1. Cornacro Teopeme Banaxa—
LIteiinraysa, ecan uaa Benkod gyukunn f & LV(T) cyMMul Sy (f)==

[
=—T-RN*f c¢xofaTea B LU K f, To oneparopul —,}Rwe, geftcTRylo-

N 1y 3Tc  yToepmaeNHe MOKHO pacnpocTpaHHTe Ha cnyiall  pyurgmi
- - -

fe L (I, dx; F}, ccan Tomnke mpoctpanciBo F KousuHoMepHo. [JAA nmponzBOIb-
: >

Koo DpocTpancTEa F ITOro caetarTh HeNb3A.



518 Jonoanentes

. | .
mue H3 Lt a LL f—rT Ry #f, AMRIOT OTPpaHHUEHHBIE B COROKYM-

HOCTH HOpMbI m—]?.—RNsI. dukcupyem N. llycte p; — nmocaexona-

TeMLHOCTh HenpepuBuux Qynkuuit =0 Ha I', HocuTe H KOTOPHX
CTATHBAOTCA K HAYany H HHTerpaqs or koTopwx pasus 1. Co-
rnacHo npuMepy |, npmeegeHdomy nocae TeopeMmu 67 ra. 1V,
MepH p;dX LIHPOKO CXOAATCH HpH f-—» 00 K O-dpyukiun na I'. Io-

sTOMY B cHny coiepersus 3 Teopemut 66 ra. [V, dyHkuun
% Ry * 9;, ONpele/eHHEIEe N0 (PopMyIe X ~> ':[F f Ry (x —E)p;(B) de,
e

. 1 -
CXORSTCA MPH j— oo K - Ry pasuoMepuo na I'. Torma nnterpan

1 1
”T_Rﬁmpf‘ CXOAHTCA K HHTREPATy ”’T‘RN|' Jaaee,
r r

o
LI

1
| &y v,
losllgs

e LR

Tak Kak, COTVIACHO PacCyXIOSHHAM, NPHBEJeHHHM focae dop-
l
myast (13), uaTerpadan “-f.— RN‘ CTpeMATead K -} oo npu N — oo,
T

TO MBl NPHXOAHM K NPOTHBOPEUHIO. 3Heck Takke, MOAL3VACh MO-
HATHEM TOIIHX MHOXKECTB, MOMXHO IIOK&34Th, 4YTO B-nourn EBce
dyaxunn w3 L'(T) umeor pag ®ypbe, pacxomawwiics s L', Hs-
secten mpuMep oynxumn us L'(L), ona koropolt pax dypre pac-
XOAUTCA B KaXKIOH TOUKe.

Onuaxo ecan ¢ynuuus [F|In(l--|f|) uurerpupyema na T,

TO MOKHO TOKa3aTh, 4ro pAR Dypbe PyHKunn | cxomutes K f
s L'('; dx).

JloxanpHoe noBefeHHe HYHKUMR W CPABHCHHE CXOAHMOCTH
paga dypee u pHTerpana dypbe

Hyets ?—- wHTerpupyeman Ha R dynkuus. Ee unrerpan ®ypoe
onpenensierca no dopmyae (1). Bonpoc o exolumoctn paga ®ypre
=

K QYHKUEH | 2aMeHsIeTCA 37eCh BOMPOCOM O COPABENJHBOCTH (op-
Myab ofpamennss Pypbe B CMHCJe (TJABHOTO 3KadeHHa Komu:

L
N
flay=lim [T@; fezmear, (1)
L=»oa 2L
.}
®yuxknua C RenpepsBHA B, COMAcHO TeopeMe I, Ha Geckdmeus

HOCTH CTpeMuTea K 0, Tak 4TO Opasad 4YacTb, BOOSLIE robopd, He
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ofsizare/bHO HMeeT cMbicad, Ecanm :Ke oHa nMeeT ¢MHc/, TO peub

HJeT, BooblIe ropopdA, ¢ HeaGCOMOTHOA CXOIHMOCTH., 3/eCh HMeeT

MeCTO JIHIME CXOLUMOCTh B CMHIC/AE PJIABHOTO 3HaveHHsa Koww, no-
+8

+L
CROJILKY MBI paccMaTpuiaedm lim ,. ,are lim j . [BosMO}KHO,
Lo 4 A, B>t

yTO0 paBeHcTBo (l4) cnpapesquBo, B TO BPeMHI Kak KHTEpaJib
0 “+co

_—

J H f paCXG,Il.ﬂTCﬂ.]
0

Butuncanenne npasof uvactn (14) Hecnowkuo:

- +L > +L + o0 -
S@h= [ Cosfemean= [ maan | Flo)e-2imsge—
L —L —L —oc

iu—2x

+ao.', +L Fea
J‘ Flx)dx I e2iﬂlta—x3dh=_:;. IM_(EL_Q.F;;)dx._
o ~L

—_—0

o . Hoo
o f(a—f)dt=of;'[f(a+f)+ﬁa—f)]L“fﬂdf‘).

(15)

Takum obpasom, MB npunind K ngrerpany JMprxJe H Teo-
peMe 2, HO IPH YCAOBHAX, ¢lle Godee NMPOCTBIX, YeM B Cayyae

pada @ypre, HOCKOABKY 3]8Ch HET MHOXHTEJA a(t)=%,

o0sspBasilero B $opMyse (9) NpuMenATo BMECTO caMoll Teopemb 2
¢aeacTBHe 7o Teopemur, OTcI0Aa CPasy BEITEKAWT C/eAYIOUIHE
aHAJMOPH NpEALAYIIHX TEeOpeM:

-

Teopewma 4. Ecau gynkyus Funmepupyeua Ha R, ro co-
xpanaercs reopema u oba ee cﬁeacrsus, 20e craedyer Aums 3a-

MEHUTSE CXOOUMOCTO .S‘N CXOFUMOCT IO E;_, pasHomeprio cxoadu-

1) HepecTanoska EHTErpasfon 1ONYCTHMA, NOCKOALKY HOPMA i‘f ()|l (d2@dA)-
unrerpupyema ua R X [~ L, <4 L] {reopema PyOauu). (Hanpomn. 3Ta HOPME

He muTerpupyema na R X R, [osromy Ans neTerpana J gimla=2) 2 nepe-
—_—

CTaHoBKA China GH HeOGOCHOBAHHON, H B OGIIEM CAYYae, KAk MH Yie OBODHAHM,
4o

WETErpaR f E(l) 221G ) kax warerpan MeGera He UMeeT CMBCAA, TOCKOABKY
— O

$ynKLHA ¢ ne asanercs dA-uurerpupyemon.)
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HocTo Ha A wau R pasaosmeproll ¢X00UMOCTHIO Ha KAWJoH KOM-
naxte u3 A uan usz RY).

KpoMme Toro, caeicTBHe TeopeMbl 2 NO3BO/ISET CPABHUBATD PAAH
H muterpadasl Pypee ©T pasnHYHBIX GYHKILHA, COBMajalolfHX Ha
HQKO‘T‘OPOM DTKprTOM MHOMECTRE,

> .
Teopema 5. [iyers [ — roraasno UHTeZPUPYENAR Heptiodi-
veckaa gynxyua Ha R ¢ nepuodom 1, u nyers g— umeepup_;e,uan

Qynryua na K, Hpednoroxcum, «ro DynKyne f u g COBRAINIT
H& OKpPeCcTHOCTH A HEROTGPO20 KOMRAKTA A naR. Tozda pasuocrs

SN(f}-—Z‘. (g) cxXoduTeA K i PREHOMEPHO Ha Anpu L u N, crpe-
MAWUKCE K -F oo Tak, 1o pasrocts |L — N | ocraerca oepamu-
HEHHOTL.

Jorasarteabpcrro. Hmeem

”2 sin (N’ + -_12_) ot
S (w 'I- (f @i+ f (a— {sin nt )/ di,

+oo (16)
Ef.(-ﬂ‘v: E)= J- (g (a-+H+ g(a _ gy Stnzali sin QnLt i,

0

Mbl yXe BHASAHM, YTO 0OpH @, HIMEHAWILEMCH HA KOMIAaKTe,
1 > >
nponsBeseHne QYHKUKH E-(f(a—{-t)%—f(a—f]) Ha XapaKTepHCTH-

B -

yecKyto dyukunw orpeska [0, /2] u C]J}_)’HKLLHH (glat+ 8+ gla—di=
apoberaioT koMmnaxtel w3 LH{K, df; F). Ecan 8, — HanMeHsblllee pac-
cTosiHHe MewaAy MmuoxecThamu A n CA’, To naa xamgoro a< A
OHH coBmagaier Ha orpeaxe [0, §)). Temepp AOCTATOUHO WPHMEHHTH
¢lepereue TeopeMbl 2 npu A==2nl, p=2n(N - 1/2) u byuruuu

« (f) ==(sinnf)/n na orpeske [0, 1/2] u a(f} =const = 0 pue sToOrO
oTpesKa.

B3
3ameuanne 1. Mu B3aau dyuxunwo [ nepuojnveckoi ¢ ne-
> —-
puozoM | motomy, uro B onpefenenun % {(i; [} Gpammch Gyuk-

1y Sr1o HeSeabwioe pasliYHe MeKAY PAAOM H HHTerpasoM Pyphe BnOAue
nouaTno, Eei savkHYTOE MHOKECTBO A KOMNAKTHO Ha I° #fiH ecqi SaMKHYTOe
MHOMESCTBO A NepnoanyecKd WOBTopdaeTcn Ha H, 10 papHOMEPHAR CXOAHMOCTh
mepHOAHUSCKHY (GyHKUAG Ha KK I0M KOMTAKTE H3 A eaedyeT 33 COGOA HX pab-
HOMEPHYI CXOZuMOCTD Ha A,
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uau e~ 2% gan e~ mpn @=2x, 2nfo=1. Ecau xe BSF[TbF
¢ TpOM3BOJbHEM TepHOTOM T, To Hago ByneT HJH M3MEHHTb HHTe-
-

rpaa dypbe a8 QYHKOHH g, HAH JKE COXPAHHTH BCE NO-BPEKHEMY,
HO CUHTATh, uTo pasHocth N — T'L orpanudena tag, utoBwB ocTa-

BaJach OUPAaHHuYEeHHOHR BenHuuHa |[A —p| mpn A =(N _;_%)m 1
n=2nl.

3ameuwanne 2, ITockoabKy MHpOCTasg CXOAHMOCTB PSAA WJIH
naterpada ®ypee Noayya’nach U3 TeOPeMBl ¢ Ii¢ MPOCTLIM AOKasa-
TeALCTBOM, TO M3 HEe MOUTH BCerAa BHITEKAOT OUGHB HHTepecHbie
$opMyJIHL, o

sin x Jt
Hanpumep, ¢opmyia I —x-—dx=§. Hrpamwuias  BCOAY
1]

sechMa CYILECTBEHAYIO POJsb, OBJIA HOAYUCHA B XOAE€ MOKA3ATEMh-
¢TBA TeopPeMbl 3 € HCMOJb30BAHHEM OUEBHAHON CXORMMOCTH piaAa
Dypbe ANA nocTosnHON dyHruHM f=1. Temepn 31y dopmyay
MO¥HO paccMaTpHBaTh Kak (opMmyay obpaiulekns Pypbe, Koraa f
l'IpEJI,(:TaBJ]ﬂET] coG0fi  XapaxkTepHCTHYECKYHD (YHKUHID OTpesKa

L 11.
[_ﬁ o * on |
+ 2R in
3N
C) = lL e2inhx fy == STX (7)
-] F2TX

bopmyaa obpamenss (14) npy a =0 naer
+ oo

4o
ind ini
1= | “5rdh wan Oj M d=2 (18)

P 2
~oa
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