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IPESUCJIOBUE

3a mocaemiue HeCATHIETHS B TEOPUU HeJIMHONHEX K0JeOaHHRE MoK
HO 3aMETHTh HPEMMYIIECTBEHHOE DAa3BHUTHE MCCJIEIOBAHUN, OCHOBH-
BAaOIMUXCA HA KiIaccwmuecKHXx mMeTomax komma XIX — magana XX se-
Ka. [lpumepoM TOMY ABIfETCA Pa3BHTHE METOM[a MAJOro IapaMerpa B
monorpagusx A. A. Auxponosa, A. A. Burra u C. 9. Xaiiknua [4],
B. B. Byarakosa [25], WM. I'. Mankmna [79a,6], passurme Mmerona
yepenuennsa m3 Meroga Baw-mep Iloxs (H. H. BoroawGos u
10. A. Murpomoasckuii [17, 85r], B. M. Boaocos m B. Y. Mopry-
nos [33]), nosaa reopus Boamymenuit B. . Aproasma [218], ocHo-
BHBAIMAACA HA KIACCHYECKHX MeTojaX Bo3MymieHHWi, Meronm V-Qym-
kit I'. B. Kamenwxosa [54], 1. II, Gasmpyroumiica na dyagamen-
TaNIbHHX pesyiasratax JlamynoBa — Yeraesa.

BuMecre ¢ TeM B TeopHio HeJINHEHHHX KOJNeCaHWH HOPOHUKAJA H
HOBHIE METOMH: acHMOTOTHYecKme Meromnl, passuthie H. H. Boromwo-
gosrim, H. M. Kprimosmm u 10. A. Murpononscrum [17, 72, 19, 858],
QYHKIHOHATbHO-aHANATHYECKNE MeroAsl, BBegerHeie M. A. Hpacno-
cexsckuM [67a,6; 273a — r] u ero mkomoir [68, 69], meron TogeunEIX
npeoGpasoBannii, passatsiilt A. A. AugponossiM 1 A. A. Burrom [3,4]
u 10. U. Heitmaprom [94a,0], crpoGockonmuecknit meron H. Munop-
croro {183a,b,c], ocummaammonusit meroq @. P. Tanrmaxepa —
M. T'. Kpeiiua [36], meToq onpeneneHus ycIoBHO-IIePUOAAISCKAX ABU-
swenmit A. H. Konmoroposa u B. W. Apronnna [261, 218]. IlomsTre
HOBH3HH METO[a, Pa3yMeercs, OTHOCHTEJIHHO, €CIH BCIOMHHTH, Ha-
npmamep, uro eme mo Bam-nep lons ycpenmenme mpumersnm Jixep,
Jlarpamx = Jlaminac. Bmpouem, aTo saMedanme Aus Oynymmx mccie-
JoBaTeJeil. ‘

ITepBas 9acTh KHMIE DOCBAMEHA COYGTAHMI0 MeTOooB JlamyHoma,
Ilyauxkape @ Meroma ycpequeHHA OpW H3yIeHHH Kojebanmii cmcTem
JlaoynoBa H cucteM, 6iu3kux K HuM. IlpeacraBisier MHTepec Hccie-
moBaHEE KoJefaTelbHEX CHCTEM, OHACHBAEMHIX AHATHTHICCKEMHE aBTO-
HOMHHIME An(depeHnAadbHEMA YPABHCHHAMH, HEe COJEDKAMAMHA
MaJHi mapaMerp. B KoHcepBaTHBHOM cilydae (cEcTeMH JIamyHoBa) m3-
BeCTeH MeTon JlamymoBa ONpeleJeHHA NePHOAUYECKHEX PpemeHmi.
OpgHaKo M[OCTaBIseMoe METOJOM JIgmyroBa mepHofmMYeécKoe pemieHHe
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3aBHCHT TOJBKO OT ABYX IIPOH3BOJBHHX mocToamHuuXx. IlosToMy mus
cacrteM (oliee YeM ¢ OIHOM CTeIeHLI0 CBOGOABI OHO HE MOKeT OBITh
ofmuM 1o cBoedl Ipmpome, KpOMe TOT0, M3BECTHH CJaydad, KOTAA
meron JIanymoBa orkassiBaer. B § I,1 passuro mpeoGpasoBanme HC-
XOAHOW CHCTeMBl, HaMeUYeHHOe JIANYHOBEIM, IIDH KOTOPOM NIOPAROK
CUCTEMEl MOHMKAETCA HA J{Be eHUIBI I BBOAUTCA HapaMerp, paBHHIHA
KOPHIO KBaJPATHOMY W3 BeJHMUMHH IIDHBefeHHON dHeprmu, a cama
cucTeMa craHoBUTCA HeaBToHoMHo#. Ecam sror mapaMerp pocrartod-
HO MaJ, TO K Ipeo0pasoBaHHOM KBA3WJIWHEHHOH HEABTOHOMHOM CH-
cremMe IPHMEHHME METONEI Majioro Iapamerpa.

IIpennoskeHHEI#i BapuaHT MeTONa OKa3alcs 3QPEeKTHBHEIM B psale
3ajad, B 9YACTHOCTH, B 3ajade o Iepexauxe sHepruH. llepBriM ee
PTANIOM SBJIAETCS YCTAHOBJEHWE MCXOMHOTO HePHOLHIeCKOI'0 PerRUMa
H ompepeienye obiacTedl ero HeyCTOMIMBOCTH B IPOCTPAHCTBE Na-
paMeTpoB CHCTEMBl HA OCHOBE MAaTeéMATHYECKOH TeOpHHM IlapaMeTpH-
geckoro pesonanca [796, 146]. Bropoit sran pemeHus 3aKI0Yaercs
B OTHCKAHHA IePHOAWIECKAX PE)KHMOB, BOSHHKAKMUX HPH KDHUTH-
YeCKHX BHAYCHHAX NMAPAMETPOB M OTJAMYHBIX, pasymeercd, OT HMCXO[-
HOro. I9TOT BTAN OCHOBHBAETCHA HA YKAaBaHHHX BHIIE IpeoOpasoraHm-
AX W IpPHEMEHeHWH X mnpeobpasoBamHoli cucreme Meroma Ilyamkape
oupefesieHNA NEePHONMIECKAX pPEUIeHUU [T HeaBTOHOMHBIX CHCTEM.
- Opnako K mpeo6pa3oBaHHO# cuUCTeMe MOKHO IIDHMEHATHL M Apyrue
METOHK MANOTO IapaMeTpa, HalpuMep, MeTOJ[ YCpeqHeHHs, I03BO-
JAIMZAR OPOBOCTH TPETHM 3Tal peneHUA — HCCJIeloBaHHME Iepexon-
HOTO mporecca, 9acTo Ha3HBAaeMOTo HepeKavkoil sHeprusm. Bce Tpu
aTama mpomincTpupoBans B ri. [Il ma mpumepax npy:RuHHOTO
MasATHHKA, MasATHUKA HA YOPYroii monBecke W OeTaTPOHHHX KoJe-
6andii 9acTHI, B NUKJINYECKHX YCKOPHTeIsX co caaboit orycHmpoB-
KOH. 3amermM, 4TO 3aada O HePeKadKe DHEPTHH OCHOBHBAETCH Ha
obmeil Teopun KojebaTeAbHHIX Ieneil, passmroit B ru. II.

- Ilepeiimem Temepsr K mpuMeneHmio Teopmm Bosmymernmi (§ IV, 1).
LomycrmM, 9T0 HeBO3MYmIEBHAs HeJAWHeHHAs ABTOHOMHAH CHCTEMA
AAnyHOBcKOro Buaa (2k-2)-ro mopsajaka Bo3MYymeHa aHAJIATAYIECKAM
¥ IOCTATOYHO MaJKIM @0 HOopMme AeMmundmpoBanmeM. lIpomomurcss mpe-
o6pa3oBanve BOSMYIIEHHOM CHCTEMH, IIpH KOTODOM - HEBOIMYIIeHHA S
cacTeMa Moj;keT GHITH Ipeo0pasoBaHa B KBAa3WIMHEHHYI0O HEABTOHOM-
HYy10 cucreMy 2k-ro mopsgxa. [Ipexmomnaraercst M3BeCTHHIM ee pemte-
HEe [JIg JOCTATOYHO MAJOTO IO CPABHEHUIO C eWHWIEH KOopHA KBaJ-
paTHOTO M3 HAYaJIbHOTO 3HAYEHHA NPHUBENEHHOH OHEPIHMH CHCTEMBI.
JJis HepBoi m mocaepylomeidl MONMPAaBOK COOTBETCTBYWIEro (T. e.
€ TeMH jKe HaJaJAbHHIMH YCJIOBHAMHM) PENICHAA BO3BMYIHEHHOH CHCTEMEL
cocTaBlsAeTcA WOJHAf CHCTeMAa YPaBHEHWH B BapmauuWaXx OO Hapa-
MeTpy — TIOCJeJ0BaTeJbHOCTh HEOJHOPOIHEIX CHCTeM JHHeWHHX mud-
diepeHnualbHEIX . ypaBueHuit (2k + 1)-ro mopsgka ¢ TepeMeHHHMA
xoapdunmentamn. Ilonnas cmcrema 3anmcaHa B OLePATOPHOM BHJE
AJs - o0mero KOHEYHOMEPHOTO CIydas aHAJHMTHIECKOHR TEODHH BO3-
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mymenuit. Ecim m3pecten o0muil uuTerpal HeBOSMYIIEHHONR CHCTEMH,
TO AHTETPUPOBAHNE WOJHOM CHCTeMHI corixacuo Ilyamkape cBommres
K KBajipaTypam.

Ilocnenumit maparpad nepnon 9acTH LOCBANCH KoJeGaHUAM B
cucTeMax THuma JlgmyHoBa. 3lech M3NAraloTCA HEKOTOPHE pe3yib-
raret B. C. Hycrposa [301a,6], o comepskaHME KOTOPHX MOMKHO CO-
CTaBUTH CY’KIeHHEe IO OIJaBIEHHIO.

Bropas wacTh KHHIM TaKKe OCHOBHIBAGTCS HA PAaSBHTHHM OHOIO
U3 KIaccmyeckux MeronoB Kouua XIX — mawama XX Bera — Teopum
vopMansHEX ¢opm (Ilyanrape, JI;myHOB, I'. Hwonsx, K. JI. Surens,
I0. Mosep, B. 1. Apuoxnsx, B. A. Ilmuce m ap.).

B paGorax A. [l. Bpono [234a — n] momygennt oGoGuiarniue
Pe3yIbTaTH I[0 TEODHH HOPMAJBHEIX (ODPM HEJMHEHHHIX AHAJIWTH-
YeCKUX ABTOHOMHHEIX CHCTeM OOHIKHOBEHHHIX nudepennuaibubX ypa-
Buenmit. Havamno sromy merony monoseui Ilyanxape [188]. Ha ocrose
9TO# TEOPHMH BO BTOPOH YaCTH PACCMATPHBAIOTCA HEKOTODHIE 3aMadn
KoNe0aHui, OmMCHBaeMble HA3BAHHHIMA ypPaBHEHUSIMM.

B rn. V npuBomsaTca meobxommmeie 1131;1 YuTATeNs CBEJASHHUS IO
TEOPHE HOPMAJIBHEIX (OPM.

IIpeskpe Bcero (rax. VI) Bhiftesisiercs TOT KJAacc 3ajjad, B KOTOPOM
HOpMaJIbHAA popMa MMeeT CaMHBIil NPOCTO# BUJM, JOCTABJSIEMEIA Teope-
moii Ilyamkape, m mpepcraBienme pemenus 3agadu Homm B o6mem
BHJle MOKeT OHKITH OCYIHECTBIEHO HAa KaKIOM Iare NpubIM;ReHns B
asdppexruBaoM Bupue. Cona OTHOCATCA HeMIPHPOBAHHHE KOJeOATEIDh-
HHE CHCTeMH (aCHMUTOTHYECKH YCTOMYMBEIE IO JIMHEeHAHOMY Hpr6In-
JREHUIO) ¢ AHAJATHYECKHMN HeJuHefHocTAME o0mero Bupa. Peay.nb-
TATH MILTIOCTPAPYIOTCHA HPEMEPAMA MEXaHHUECKHX CHCTeM C ONHOM ¥
JIBYMsI CTEIIeHAMH CBOOOIEHL.

3aTeM WCCIEIYIOTCSA CHUCTEMH TPETHEr0 HMOPANKA ¢ JBYMSA YHCTO
MHEMEMA u TpeTsuM orpunareabasM (§ VII, 1) mam nynessm (§ VII, 2)
cOOCTBOHHBIME 3HAYCHUWAMH JmHeHHOM wactu. Ilaparpa¢ VII, 1 3a-
BEPIIAETCH MCCHAeOBaHWeM KojdeGaHmit B 3JIEKTPOMEXAHMYECKUX CH-
CTeMaX «C HOJYTOPA CTEHeHAMH CBOOOED.

Haxoner; mccuegyrorcs nopMmaibaue GOPMH H PE30HAHCH, BO3-
HUKAOI{e B AHAJATAYCCKHX ABTOHOMHBIX = CHCTEMAX deTBePTOIO
(§ VIIL, 1) u mecroro mopsara (§ VIII, 4) ¢ ;ByMs 1 cOOTBETCTBEHHO
TpeMs TIapaMd pPasIH9IHBIX YACTO MHUMEX COGCTBeHHEIX 3HAYCHHH
MATDHIIH JHHEHHOM YacTH, HO, BOOOIIE TOBOPS, HEKOHCEPBATHBHHIX.
IlpuBopurca pemenme s3amavun Homwm B o6mem Bujie ¢ y4eToM KBaj-
PaTHYHEIX 9ieHOB. J[Jia HOPMAJBHHX GOpM TpeTheil cremeHH 00CY:K-
HAIOTCA  Pe3YJbTAaTH, IOJydYaeMHe K3 KDHTePHEB YCTOMYHBOCTH
A. M. Moagasosa m 0. H. buburoa — B. A. Ilaucca. IIpemuara-
erca mocTpoeHme ¢ymxmuu JIAnyHoBa B clydae KOHCEDBATHBHBIX
cucTeM, KakK HeIocpeXcTBeHHOro, Tak m mo Merony FH. I'. Ueraesa
CBA3KHM MHTEIDAJIOB, [OCTABIAEMBX HOPMaJLHHMA (OPMaMH TpeTbei
crenenn. Pesynstatn mpumensiorca k 3agave A. 0. Umamnckoro o
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ABW;KEHUH THPOCKOINHMYECKOH DPAMH YYBCTBHTENBHOTO 9JIEMEHTA TH-
poropmsonrtkomuaca (§ VIII, 2).

O6e WacTM KHHTH B IePBOM HPHOIMKEeHUM He3aBHCHMEL.

Kugra npeguasHadena Qi MaTeMaTHUeCKM o6GpasoBaHHBIX MHIKE-
HEpPOB, HAYIHHIX pPaGOTHUKOB B 0GJAaCTH MEXaHMKH ¥ NPHKIAJHOHR
MAaTeMaTHKH, CTYeHTOB CTapIIAX KYyPCOB W ACHHPAHTOB (HBUKO-TEX-
HEYECKNX M (PUBWKO-MATEMATHIECKHX (aKyJIbTETOB.

JTa KHAra BO3HUKIA M3 JEKIWH, YATAHHHX ABTOPOM Ha WHKEHEp-
HOM IIOTOKE MeXaHHKo-MaTeMaTHiecKoro garyiasrera MI'Y B 1956 —76
rogax. Biaromaps toBapmueckoii mommep:kke KoJlaer mo Kadexpe
fipukiIagHoit mMexammkd MI'Y d"acTh IaB KHMTEH YBHAelIa CBeT B
poranpuaTHOM Hagapmm 1970—72 rr. [125]. ‘

Ecim aBTop 4eMy-TO MOMKeT HAYIMTH YHTATEJH B 00JNACTH TEODHH
KoneGaHni ¥ yCTOWYMBOCTH, TO 9THM OH IIPEKIe BCero 00sA3aH Iperk-
AeBpeMeHHO ymemmuMm oT Hac Bopmcy Barapmmuposuwy Byarakoy
u Huxonaw I'ypreBuay Yeraesy.

Heasio npegucnosus: Gro 0O6pHCOBaTh KHUTY M €6 MECTO B CAMEX
ofmux yeprax. Ymecruee Ovuio On nasBanme «Hexoroprie mpukaan-
HEHIe BapHaiTH METON0B HEJIMHEHHBIX KoJeOaHmiiy.

B xnure nmpummsTta mHymepanmsa (QopMyJa KO TyHKTaM (mOAmapar-
padam), HoMep maparpada He yrasmiBaerca. [Ipm ccriake Ha dopmyny
apyroro maparpada B HoMep QOPMYJH BHOCHICH HOMep maparpada,
OpH CCHIKe Ha ¢(GopMyJIy Apyro# riaBel BOepegH CTABHTCA HOMep
INaBH, OTACAAEMHN 3amATOH OT mociefyomux mudp. ITO IPABHIO
CHPaBe[JIEBO M HPH CCHUIKAX HAa maparpags N IOAOYHKTH.

Asmop



Yacry nepgas
ROJIEBAHNA B CUCTEMAX JTANYHOBA

Taasa T
BBOIHAA

~ § 1. IIpeoGpasosanne cucrem JIsanynosa

B cucremax Jlanynosa ([77al, §§ 33—45; [79al, ra. IV; [796], ra.
VII) mosxer OpITh HOHUMALEH HOPAMOK HA IBE eIMHUIEI, eCJH BOCIOJb-
.30BaThCsA HMHTErpalioM SHEePTHH ¥ BHIOpPATh 3a.He3aBUCMMOE mepeMeH-
HOe, KaK 3710 Jlenax JIAnyHoB, HOAAPHHA yroJ B IJIOCKOCTH KPHTH-
qeckux mepeMmeHHBIX. [IpeoGpasoBammaa cmerema {3221 — X, K, O,
y, Gl 6yner neaBToHOMHOH U cofiepskameii mapaMeTp, PABHHIH KBaApaT-
HOMY KODHIO U3 NIPHBEIeHHON HOCTOAHHOU dHeprun. Eciu nocaegsas
JOCTAaTOYHO MaJa IO CPABHEHHIO ¢ eJuHHUIel, T0 K npeoOpa3oBaHHOMN
cucreMe MoykeT OnTh npumeneH mertof [lyaurape ([107al, r. I, ra. 111)
OIpeJeNIeH 1 TePUOIUICCKMX PelleHuil HeaBTOHOVHBIX cucTeM (eM. § 2
u ri. 1II). Ocobmii uarepec npnmenenune merona Ilyankape npencras-
AAeT B TeX ¢IydYasax, KOrja Jias NCXOoQHo#N cmeTeMsl Meroj JIgmyHOBa
([77al, §§ 34—45; [79al, §§ 26 —29; [796], rax. VII, §§ 1—4) otricKanua
MepHOANIECKIX PEmieHHi HelmpUMeHUM.

Onnaxo k mpeo6pas3oBanHOi cHCTeMe MOKHO, BooOIe roBops, Ipu-
MEHATh W APYTHe MEeTONbI MaJIoOro mapaMeTpa, HampuMep, MeTo ycpen-
genus [30, 17, 85r, 33, 39]. Hockoasky upm saToMm mceaenyercs Goaee
IMUPOKUHA KPYTr BOIPOCOB, 4eM ONpelesieHHe NePHOoJAUIeC KX pemeHHi,
B YaCTHOCTH, N3yUeHNe MePeXOJHBIX MPOLecCOB M AP., TO 3TAM M OIpe-
AeIAETCA IONe3HOCTh mpeolpasoBamma cucreM JlamyHoBa. 9Ta cro-
poHa Bompoca pasButa B ra. I1I.

1.1. O6wuwmii enywaii [3227 — :x, K, y]. Paccmorpum cucremy aud-
(epeHUHANbHbIX YPaBHeHUN JlanynoBa
dx

d
B = M X e ) L = Ao Y (2, Y, 2, - T,
1.4)
dxs
ar pslxl + ... +psnxn+Xs(‘Z7 Yy L1y o o ey xn)
(s=1,...,n).
3neck A, p,. — BeleCTBeHHHNE HocTogHHEE, a X, Y, X,, . .., X,

CyTh BeleCTBeHHBIE aHAIMTHIeCKMe GyHKOEE T, Y, Xy, . . ., Zn, Pa3-
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JIOFKEHMA KOTODHX HA4MHAKTICA ¢ WIEHOB HE HUe BTOPOTO HOPAAKA.
JlanysoBEIM nokasana Teopema ([77al, § 42): ecau

a) ypasuenue det | ps, — 85x% | = O ne umeem wopmeil uda mhi
(m=0, 1, £2, ..., i =V =1),

0) 603modcHo Halimu gopmarvro Yydosaemsopsiowue cucmenme (1.1)
pAads no-cmeneHaM NPOUSEONLHOT, NOCMOIHHOT €

z = cxW) - c22® | | G Y= cy(l) -+ c2y(2_) 4., 19
z, =z’ + 2@ + . .. (s=1, ..., n), ‘(')
npusem z®, yo g0 LB e — 1,2, .. .) — nepuodunecrue

Pynryuu t o0nozo nepuoda u x® (1) = y® (t,) = 0 npu k > 1,
mo naiifennue padv abcosomuo cxodAmes, noka ¢ He npesocrodum He-
KOomopo2o npedeaa u npedcmagAsiom RPU IMUL SHUHEHUAZ ¢ hepuodu-
yeckoe peuenue ucxodnoui cucmemvt (1.1).

OcTaHOBHMCS HA TEX CIYyYasuX, KOT/1a 0 KpaiiHeiiMepe 0HO M3 3THX
ycaoBmit Hapymeno m Teopema JismyuoBa orkasmBaer. Hapymenue
YCJIOBHSA 2) OBHAYAET NOSABIEHHE «PE30OHAHCHOIO» CIydasd, YeMy IOCBA-
mena cratha JO. A. PaGosa [316al. Ycemosue 6) mapymaercs, Korja
B pasmoskenuss X, Y, X;, ..., X, He BXogaT wienw 2°u y* (v = 2,
3, ...). B nocaennem ciyuae ma KajjioM muare ompefeneHds Kodd-
¢uimentoB 11060ro u3 pagon (1.2) GyAyT HOAYIATBCS TOKAECTBEHHBIE
HYJTH.

OnHako u B 9THX CIyYasX, Kak Oyner moxasano B ra. 111, Boamosx-
HO OIpPeNeluTh mepuojwdeckne penrenusa cucteMn (1.1), ecnm onnm cy-
mecTByIoT. ViMes B BEAy TaKKe cKa3aHHOE BO BBeleHMM K maparpagy,
nepeiiieM K mpeo0pasoBaHui0 CUCTeMH JIgnyHOBAa He NOAYEHEHHOM,
BooOme roBops, ycaomam a) u 6). Byaem npexmonaraTh Aas 1adib-
uefiniero, 4ro cucrema (1.1) gomyckaer mepBrii mHTErpad '), KOTOPHI
HeoOxozfuMO Oy/er ananurTnaecKon QyHRImell nepeMeHHbIX T, Y, Ty, --.
.o xn ([77al, § 38; [79al, § 25; 1796], ra. VII, § 1) Buna

H:x2+y2+W($1a ey xn)+S3'(x, Yy Tys o o 171):”2
(n > 0), (1.3)

rae W — kBafgparnunas gopma. HogcTaHOBKa Jlanynora
z=pcos®, y=psind, z;=pz (s=1, ..., n (1.4)

npusefer cactemy (1.1) u nepsnii murerpan (1.3) k BrAy

G = OR (0,8, 2), Gr=1+00(, )
dz (1'5)
d_ts- = PaZ1+ ... + DenZa + sz (p’ B, Z) :
(321,..., n)1
p* 11 + W (2) + pS (p, &, 2)] = p* (1.6)

1) 970 BXOAUT B OUpeAeseHme CHCTeMH JIAIYHOBA.
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3necs R, ©, Zy, ..., Z, n § — anajutudeckue QPyHKUHM nepeMeH-
HHX O, %y, . . ., &, B HEKOTOPO#l OKPECTHOCTH HYJIEBLIX 3HAYCHHI, Pa3-
JIO}KEeHHsI KOTOPHX [0 CTemeHAM 0 HaYMHAITCH, BooOHie roBops, ¢ die-
HOB HYJI€BOM CTéNeHH, KOPPUIHEHTH CTENEeHHBIX PAXOB 1O P, Zy, - . .

. «y 2, CYThb nepuofudeckue QyHKmuu & mepmona 27, ABAAOIMMAECH
MHOTOUYJIEHaMH OTHOCHTENXbHO cos ¥ m sin &, uMenno:

R = p2[X (p cos ¥, p sin?, pz) cos 9 -+

+ Y (p cos 9, p sin' ¥, pz) sin 9],
O =p2[-Xsind+Y cos 91, (1.7)
Z, =p2X,(pcosV p sin 9, pz) — ( p, 0, z) (s =1, ... n)
S = p-38, (p cos 9, p sin ¥, pz)

H Z €CTh BEKTODP C KOMIOHEHTAMH Zy, . . .,

Ilpegnonosxum, uro 1 4- W > 0 B (1.6). E)To Oymer mMeThb MeCTO
AIA BCeX 3HAYEHMH Zy, . . ., Z,, ecau W eCTh onpefeleHHO-TI0J0KN-
TexbHad KBaApaTHdIHAA Popma (YT0 HMeeT MECTO [Jjis MHTerpaia dHep-
THHU) ¥ A5 HEKOTOPHX HOCTATOYHO MAJBIX 3HAYCHUHA Z;, . . ., Z, B 00-
meM caydae. Paspemum (1.6) orHOoCcHTEnBHO P, B3AB ONHY M3 BeTBei
aHANTMTAYECKOX (QYHKIUU, UMEHHO — BCIOLY HMEETCH B BULY apmb
METHYeCKOe 3HAYeHMe KOpHA:

p= 4wyt — -+ WS (0, 8, Hut (1.8)
+[F A+ W)820,0,2) — (1 + W)2 8,0, 8, 2) |02} + 0 ().

Ilpepnonaras p gocTaTodsno MajeIM, BBefiem (asoBoe Bpems O, aid
4Yero pasjelnmM mociaefnne n ypasaenuni (1.5) Ha Bropoe:
dzs __pslzl+"'+Psﬁz;+sz(p’6’Z) (8—1 )
aw = A1 p8(p, 0, 2) - '
3anumeM pe3yahbTaT NOACTAHOBKH paa.no;}\ennﬂ (1.8) B mocaenuION0 CH-
cTeMy:
dz

A 'ﬁ = Ps12y + L + DPsn?n + [1 -+ w (z)]—1,2 [Zs (O, 1()', Z) e
Pttt Pz 00, 8, 1) | (W @)

o 9Z (0, 9, z)
dp

— MW @IS0, 8,2)2,0, 9, 2) —
—a-8(0, 9, 2) Z, (0, 9, 2) +
o Pzt - Do) [-0°(0, 8, 1) — ZCD

o+ W)TS0,9,20(0,9, )|} p* + 0w (1.9)
(s=1,...,n)
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K cucreme (1.9) BuepBsie npumen U. I'. Mankun ([79al, § 26), Bbhimn-
caB ABHO Jumb ee nocTosiHHyw 9acth. U. I'. Mankuu orpannuuBaercs
AOKA3ATEJIBCTBOM CYNIECTBOBAHHSA lUEPHOAMYECKOTO pEmEeHH:A B OK-
PeCTHOCTH HYJEBOTO IOPO;Aanmero pemenus. 3iech e (ru. III)
OyayT OTHICKHBATHCHA NEPHOAMYECKHM® pelIeHHS B OKPECTHOCTH HEHY-
JIeBBIX TMOPOKIAIAX PEIICHAM, 4 TAKMKE UCCIeNOBAThCH MePexo/[HEe
unpoieccn. Ilopsnok cacremur (1.9) Ha 8e eImHUIBL HUKE IOPAJKA UC-
xonuoit cuetemur (1.1), a KozpduuEenTs ee HeaWneHHoH YacTH CYTh
nepuonndeckue Gyuruua ¥ mepmofa 270 m AHATATHIECKH 3aBHCHT OT
Z1y - - +y Zp M MAJOTO mapaMerpa M.

1.2. Cacremsl ypasrennii sroporo mopsaka [322 k, o, y, ¢]. Pac-
CMOTPHEM KJacc cucTeMm JlamyHoBa, onuchiBaeMux k 4 1 ypasHenmem
BTOPOTO IOPAJKA

d2u

EZ— + 7\.21/0 == U(ll/, l.l', Uiy o ooy Upy Uiy e v oy Uk),
o, 2.0)
TitT.-*— AyrVy + oo Aupl = V‘x(u, WUy Uty o ooy Uy U1y v oy Uk)
(x=1,..., k).
3neck A >0, ajx = ax; (%, j =1, ..., k) — BemecTBenHLIe NO-
croasusie, a U, Vy, ..., V, CyThb BemecTBeHHBE AHAIUTHIECKHUE
OYHKIWME U, U, Uy, « « oy Vg, Uy, .« .+, Uy, PABTOKEHHA KOTOPHIX HAYH-

HAIOTCA ¢ 4IEHOB He HUKEe BTOpOoro mopanka. bymem mpepmomarars,
gro cucrema (2.1) fonyckaer nmepBhlil HHTErPaJ, KOTOPHIA HEOOXOZMMO

fymer aHaNMTAYIECKOH QYHKIMEN TePeMeHHBIX U, U, Uy, . . ., Up, Uy, ...
.. Uy ([T7al, § 38; [79al, § 25) Buga
H=10>+2Mu2 4+ W@, ...V, ... )+

+ Sg (@, B, Uy, .y Uy Uy oouy D) = pE (n > 0), (2.2)

rpe W — xBagparmaaaa ¢gopma, a S; 03HaUaeT COBOKYIHOCTD YieHOB
H6 HIKe TpeThero mopsaka. llogcranoBka Jlanynosa ([77al, § 33)

Vi = PZe Uk = P2pax (6 =1, .., k)

npusefer cuctemy (2.1) u mepsuiit maTerpadn (2.2) K BUAY

d . d®

-EF:- =p*R(p, ¥, 2), —=h+ B (p, O, 2),

dz,

dt = Zgix + pr (P, '\()7 Z), (’K = 11 LR k) (2’4)
dzlt+x
T— = — Ay31%1 ~" s e — axkzk + ka+K (97 ’&’ z)'

o* 1 + W (z) + pS (p) B, )] = p> (2.9)
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3mecs R, 0, 2Z,, ...,Zy, uS, raku B u, 1.1,— amainrudeckue
QYHKIMK IIePeMEeHHBIX P, Z;, . . ., Zp; B HEKOTOPOH OKPECTHOCTH HY-
JIeBHIX 3HAYCHHUN, PA3jI0KEHHA KOTOPHIX MO CTENEeHAM ) HAYMHAKTCH,
BoOGmIe TOBOPSA, C WIEHOB HYJIEBOM cTemen:, KosdduumenTs cremen-

HHBIX PAJOB 10 O, Zy, . . ., 25, CYTH HEepHOAMYEcKUe QYHKIMA U HepHORa
257, AMEHHO:

R = p~2U (A~'p sin 9, p cos ¥, pz) cos &,

6 = — p~2U (A~'p sin ¥, p cos ¥, pz) sin 9,

Zx == '“*’ZKR (p’ "51, Z), (M = 1’ e k)’ (2'6)
Zpix = p72Vx (;"_lp sin®, p cos ¥, pz) — 244 R (0, ¥, Z),

S = p=8; (A-1p sin 9, p cos B, p2)

W Z eCTh BEKTOD C KOMIIOHEHTAMM 2, . . ., Zo. DB NPENNONOKEHNH, ITO
1 4+ W(z) > 038 (2.5) (cm. m. 1.1), paspemum (2.5) oTHOCHTEABHO P:

o= -+W @l — 11+ W @S0, )u} + 0 (w).
2.7

IpepnososkumM | HACTONHKO MaJbiM, 9TO IIPaBas YacTh BTOPOTO
ypaBHenda (2,4) MOJOKMUTENbHA, T. €.

A+ p (0 7 )8 (o (B, 2 ), 8, 2) >0,

u BBefieM (asoBoe BpeMsa ¥, s 9€r0 Pas3mesnM DOCHefHNe [iBe TPYUIb
ypaBmenuii (2.4) Ha Bropoe:

dz,  Zy e (8, 7 WZ, (0 (D, 7 1), 9, 2)

A% T T AFe(® m w0 (p(0, % p), 0,2)
A2pyy =gt —. . —agn (8, 2, W2, (p (B, 2 1), 9, z)
ad Ap (8,2 1) 0 (p (D, z; n), B, 2)
x=1,... k).

danmmeM pesyabTaT HOACTAHOBKA PasnoskeHns (2.7) B HOCHEAHION CH-
cTemy: ‘

A 'Z—i:- = Zg4x + '3 [1 + w (z)]—llz [Z (0’ 9, Z) _ 7v_12k+x® (0, 9, z)] +
+0@H, (x=1,...,k), (2.8)
dzh'+x

75 = — Galit ... —agz + p L+ W(z) ><>
X1 Zksx 0, B, 2) + M @z + - . . + 3az) © (0, B, 2)] + O (%)

A
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W3 nonyyeHHOH CHCTeMB MCKIIOUUM Zj.q, . . ., Z5p; OYHEM HMeETb
d2z ' . oz,
P @it o G = B W @ it At

2 (@az F - A Gz © —

% ’ azx
zZ;— M Z—z] + Z (zn Boe; — m) X
X (a11Z1.—}— .- .‘—F a,-kzk)] + 0 (}L ) (= 1,..., k). (2-9)

3mecs B aprymenrax Bcex GyHKuui (a i YACTHBIX IMPOM3BONHEIX
TI0CJTe HX B3ATHA) P IOJIOKEHO PABHHIM HYI0, & KOMIIOHEHTHI Zkiq, - - -
. . ., By BEKTOPA Z 3aMEHEHH COOTBETCTBEHHO HA Az, . . ., Az (mTpHX
03HauaeT mpousBoguyo mo ). Mu yunm Tamke, uro TPOMBBOIHAA OT
W (z), B3aran B cuny nudepennualbHbIX yPaBHEHH ePBOro mpub-
JM;KEHNsA, paBHA HYJI0, T. €.

k k
ow r 1 ow
Bz, J—TZ‘azM.(ajlzl*f‘-u“l"ajkzk):(),
j el P2k

’

i=1 =
‘ubo W (z), wak caegyer ma murterpasa (2.2), ectb mHTErpas HeBO3-
mymesHO# (1. e. mpu p = 0) cacremmr (2.8).
3amerum, uro ecaum U, Vi, ..., V, He zaBuesar or Uy, ..., Uy,
. KaK 9TO MMEeT MeCTO B PA/e HPUIOKEHMIT, TO MOCHEHAA CYMMa B KBaJI-
paTroii ckobke (2.9) paBua Aynw.

M3t me ocTamaBIMBaeMcs 3MeCh HA Ciydae HCXOAHOM cmereMsl Jis-
IyHOBa BTOPOT'0 HOPAAKA, B YACTHOCTH, MEXaHAYECKOH CHCTEMSE C Off-
HOU cTemensio cBoGois. Hannume mepBoro muTerpala IM03BoJIAeT CBe-
CTAMHTET PUPOBAHAE TAKOM CHCTEMH K KBagparypam. ILis xoHecepBaTuB-
HOM TOJOHOMHOI CHCTEMBI ¢ OJ{HOM CTENeHbI0 CBOOOAK TIEPUOIUIECKOE
pemenme Gymer 3aBUCeTH OT [BYX IPOU3BONBHHX MNOCTOAHHKX (HAOpHU-
Mep, HaUYaJIbHEIX 3Ha9eHU Onpefen Al el KOOPANHATH K ee IIPOM3BOJI-
HOM) |, ciiegoBaTensbno, Oyaer ABAATHCA ofmuM pemenneM. Bce aTo
MOCTATOYHO IMMPOKO OCBEIIeHO B JIuTeéparype. 3aMeTuM AHIOb, 4TO
pojicranoBka Jlaimynosa (1.4) (mmm (2.3)), pA (1.8) m BTOpOE ypas-
werue (1.5) moryr mare mamboiee mpuemyembiii BHJ IePHOAUIECKOTO
pemenus. Mst otcsitaem wirarens x § 4, ra. VII monorpadmun [796]
H. I'. Maxxuna.

§ 2. O meroe ITyanxape ompeneneuus NePUOXWIECKAX PerHeHmH
HEABTOHOMHEIX KBa3W/IMHEHHEIX cucTeM
W3 pasnimuasx METONOB B TEOPAM HENWHEHHHX KojeCaHWH 3HA-
YATENbHOE MPAMEHEHHE TMONYUYMI METON MAJOTo mapamerpa. BO3HAK-
HYB H3 TEOPHH MaJIbIX BO3MyieHuii B HebecHOH MeXalAKe, 3TOT METON
ORI M3J0;KeH BOoepBeie B Kiaaccuueckom Tpyae Ilyamkape ([107al,
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r. I, ra. I1I). Jlanseeiiniee pasBuTme MeToXa HauGoabmuM o00pasoM
CBA32HO C COBETCKUMHE IIKOJAMH N HANpPaBICGHMAMHA HCCIeTOBAHHIA.
OcHoBHEIME B HUX aBiasiorcs paboror A: A. AmgponoBa u A. A. Bur-
ta [3,4], B. B. Byarakosa [25] m W. T'. Maxkuna [79a,6].

2.1. Indpdepennnansapie ypasHeHds HOPOKAAIOIEr0 pPemIeHHs
W IEPBHIX NMONPAaBOK. ME XOTHM, He HPETeHAYA HA HOBHU3HY pe3yib-
TaTOB, MOKA3aTh, 9TO [UIA CHCTEM ¢ OOJIHHIEM YHCJIOM CTeneHeir cBo6o-
IH BecbMa IOJE3HHIM ABJIAETCA HCHOJH30BAHHE AallapaTa TEOPHH
MATPHI] 1 HEKOTODHIX DIEMEHTAPHHIX IIOJOKEHHN TEOPHH OIEePATOPOB.
Pacemorpum nermueiinyio cueremy k mnddepeHnuaibHuX ypaBHeHHR
BTOPOTO MOPAJKA, IPEACTABUMYIO B BHjle BEKTOPHOTO YpaBHEHUA

2 .
MET 4 QoY - Py = 1(1) + pe(t, v, v, p), (1.1)

rie M, Qy, Py cyrp nocrosiHunie BeuleCTBEHHRE MATPHUH TOPANKA
k X k, upm atrom M u P, cummerpnueckue, a Marpuna Q, — xococmm-
merpudeckasn: f (f) — mepuwoamdeckan ¢ mepuogom I = 2x/® wuHTe-
rpEpyeMas KyCcOYHO-HelnpepHBHAaA BeRTop-QyHrumsa; g (¢, v, Vv, p) —
aHaJguTAYeCKAs BerTop-PpyHKuma p mpu u = 0, T — mepuogmIecKas
0 ! M HMenINasg J0CTATOTHOe KOIMYECTBO HPOM3BONHBHIX HO V I V B
paccMaTpuBaeMoit 00JacTH MBMEHEHHMA YePEeMEeHHEIX.

Byngem mckars T-mepmopgmueckme pemenms ypasmenus (1.1), as-
NA0MAECT AHANUTHYCCKUME QYHKumaAMA p opu g = 0:

V() = VO (@) b pv® @)+ pve () ... (1)

IMopcrasusas B (1.1), monyumm, yro mopompaiomee pemenue V© (f)-
MOJIKHO YIOBIETBOPATH CHCTeMe JHHeHHHX anddepennuanbubx
YPaBHEHH{l ¢ NOCTOAHHEME KO3(dHIMenTaMa

220 o
M+ QoL + Py = £ (1), (1.3)

a ImepBag M BTOpaA HNOOPaBKM — CHCTEMaM

v av@® )
M s + Q, —— -+ Py = g (¢, v, v, 0),

(1.4)

d*v® av® og < og ) . og
] @ = (28} yo 28 98
M di2 }— QO dt + POv ( v )0 v + v OV(I) + (au )01

Ifle MHAEKC HYJIb Yy YaCTHHIX IPOMBBOAHHIX 03HAYAeT, YTO HOcie Amp-

depennupoBanua moxokeno p = 0, v = v, v = v, CamBomamn

dg/0v m 0g/0v mu Gynem 0603HATATH HIKE MATPHUIE COOTBETCTBYIONMX
YaCTHHIX NPOA3BOLHEIX '

os 81

o4 -

dv

x

Bg1
Bv

og

_ og |
ov

b

1 av

\k 8k
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Has omHOpOnRHO#E chcTeMsl, oTBedawmen cucreme (1.3)

d2v©® av®

_%.‘ + Q ;t + Pov©® = 0, (1.5)
gepes A.j, T Aip 0003HAYMM KOPHH XaPAKTEPHUCTAYECKOTO ypaB-
geans (A_, = A,)

det (MM + AQ, + P)) =0 (1.6)

n 4yepe3 a, — COOTBETCTBYHWIIHE COﬁCTBeHHHe BEKTODH
WM + A,Q, + Polay =0 (v = =1, ..., =k).

Paccmorpum fiBa caydas.
2.2. HepezonaHcHblit ciygaii. Cuctema (J.5) He mMeer T-mepmonn-
YeCKUX PEMICHHH,— JIA 3TOT0 HeoOXOMUMO H JOCTATOIHO, ITOGH

M= ipo (v = A, ..., £k p =0, +1, £2,...). (2.1)

B 31oM Tak HasmBaeMoM HepesoHaHCHOM ciaydae cactema (1.3) (u ama-
jgormano cucremu (1.4) u mocienymoume) umeer equHCTBeHHOEe [-MEpH-
oamveckoe pemenue (cm. Hmxe). Ilo Teopeme Ilyanwape [(107al, 1. I,
ra. ITI) (em. Taxsxe [79al) psax (1.2) cxopmresa npu p = 0, 1. e. cymecT-
BYeT eIMHCTBEHHOE aHAJIUTHYECKOe mO W upu p = 0 I-Depmopmueckoe
pelieHne NCXONHON HeauHeiHoi cucTeMsl ypasuenmii (1.1).

Homyanm opmyny niaa T-nepuofmuecKoro pemends cacrems (1.3).
Orpasmuamcs 1yia opocToTH caydaem Qg = 0 u, He Hapymas o6muo-
cta, monosxum My, = I, m sanmmem ypaBmenue

d*v©®
di2

L PO =f(t)  (Pf =Py (2.2)

B BHJl¢ BEKTOPHOTO YpaBHEHMsA NMEPBOTO IOPAAKA:

’ &) 0 I 0
gx A — k —
T = Ax + h (¢?), x_<{y(o)), A_< P, 0), h_,(f). (2.3)

Pemenue cucremsr (2.3) ¢ HavaabHbBIME yCIAOBHAME Jaercs GopMyroi
(cm., nanpumep, [146], u. II, 1.4)

t .

X (t) = etA [x 0) + Se"SAh (s) ds] .

OTcrona maijeM s
b4

4T
x(t +T) = eTAetA [x 0)+ Se‘SAh (s)ds + S e~sAh (s) ds] =

t+T
= eTA [x )+ S elt-94h (s) ds] .
¢
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3ameHnM B mociexHeM uHTerpase s Ha T =71 -} { — § u BHIOHDIEM He-
ob6xommMoe 1 focTaToIHOE yCIoBHe nepuopndHoctTa X (¢ + T) = x (I):

T
eTA [x )+ S eC-TAh (¢ — 1) dr] = X ().

Ilockonsky matpmma I,, — eT4 meocobas B cuny yciaoBas (2.1), 10
equHcTBeHHOE T-mIepmofmIeckoe pelreHne cueremn (2.3) maercsa ¢op-
MyJoi

T

x(f) = [Ty — ™A1\ eah (¢t — 1) dr. (2.4)

0
Jike;] ManhuaﬂTa e!A gajipem B cuany (2.3)
SA — ( cos(tVP) (VP tsingV E»)

—VP,sin(t VPy) cos (¢ VFO) ’
rie BBefeHHBI® MATPHUIB-(PYHKIHM OIPeNeIAoTCH d)opmy.namn [1461],
(2.3), o. 1,2.1. lns mepBoro muommTENs GopMyan (2. 4) Haiigem
(T — eTA]—l = —1— T (VPO)‘I o8 &_-)‘- T VPO)

—VP,ctg ( TVP ) I

YTO MOKHO IpPOBEPHTH yMHO;kemmem Ha I, — exp (TA). IIpm atom
RIA ] [OCTaTO‘IHO Masoit mo mopme Matpumu J P, mmeen

ctgk VP0>: (]/PO)“———T]/PO—SZE)(;TVFo)g——....

Jlns Tak BBeJEGHHHX TPHTOHOMETPHYECKHX MATDUI-QYHKIUE clipaBes-
auBe 06mue gopmyist Tparonomerpun (cm. [146], § [, 2). IlosTomy us
(2.4) monydum maa eguHcTBeHnoro (mpu ycaosuu (2.1)) I'-nepuonutdec-
KOTO pelieHus cucTems! (2.2) u ero mpousBopHOi

b

T
vo (1) = 5| VP sin @ Y Py Et — mdr +
0 ‘ r
(VP tetg (-;_ T VE,)S cos (1) Py) I (¢ — 7)d,
. (2.5)
v () — — L 1 P. i P _
v () = 5 ctg( 3 T]/Po>g sin (T} Po)f (t — 1) dv +

.
—{-%S cos (T) Py f(t — 1) dr.

]
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- 2.3. Pesonancumiii caywaii. J[omycrum, ogHopoguas cucrema (1.5)
umeer 2d (1. < d < k) nmueitno-gesaBaCHMEX T-1ePAONHICCKAX pe-
merni. Torga 6ynyr mmers mMecto 2d PaBEHCTB
. , 21
Aj = ipj» (J=i1,---,id; p-j=—Pj ®= T) '

a [VIA OCTAJIBHBIX KOPHEil XapaxTepumcTHgecKoro ypaBmenus (1.6) me-
paBeHCTBa

M#ipo  (h=Hx(d-+1), ... xk),
I7ie p; ¥ p CYTh menvie gucia. 3anumem 2d 7-mepuoindecKHX BEKTOD-
pewrenuii cuctemul (1.5) B KommiercHoll dgopme
vi) = eHP%;  (j=1,...,4d). (3.1)

BoisicauM meoGXomuMEIe W JOCTATOTHHIG YCJHOBUA CYIECTBOBAHMSA
T-uepmopmdecknx pemendit y cmetemsl (1.3) B paccmMaTpuBaeMOM pe-
3oHaHCHOM caydae. Ilycts u (t) u W (f) — BexTop-QyHKIHUH, JOoOyCKa-
jolilde WHTerPHPYeMble KYCOYHO-HEIpepLIBHEE BTODHE IPOM3BOAHEE
na orpeske [0, 7], u 3magenns Bextrop-QyHKIU 1 UX IMEPBHX NPOU3-
BOJHBIX HA KOHIIAX OTPE3Ka PaBHHI:

u(7) =u (), (I =),
w(T) =w(0), w(T)=w(0).

Torza umeer mecro dopmyina 1)

T T
\ Mt Qou + Pou, wydt = (u, MW + Qow + Pow)dt. (3.2)
0 1]

IleiictBuTenbro, mo gopmyre (Ax, y) = (x, A*y) mmeenm
T ;

S (Mu + Qou - Pyu, w)dt =

0

T T T
(@ Mwyar —§ @, Qwydz + | (u, Pow)

¥ NPEMEHSA A BTOPOTO MHTErpaja W ABaJKAH A MEePBOTO MHTErpa-
Ja HATErPUPOBAHHE IO dacTAM, moiydum dopmyrny (3.2). Homycrum,
uto y cmcremn (1.1) cymectByer mepmoiimdeckoe pemexne v (¢, ).

1) Ecam
(3 ‘ m
X = . B Y= . s

Ex N
To (X, y) = &1y + ... + &xfjx (Jepra Haj CKaNApHHIME BeJIHIMHAMH O3HATaAET
KOMIVICKCHO-CONPSIKEHHEYIO BeJIRYNHY).
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Nopcrasnsas ero u Kakyo-uubyns us 2d ¢pypruuit (3.1) B (I)opmynv
(3.2), nojyaum TOxKIECTBA IO |

T : ' )
(@) +pge, v, v, m Vi)t =0 (G -1,...d, (33)
) |

OOCKOJBKY
Mv(+) + Qov(i) + poV&) =0 (=1,...,4d).

Monaras 8 (3.3) p = 0, nonyaum
T
V@, vi@)de=0 (j=1,...,4d).
: .

Bynaem npenmonaraTth 3TH PAaBEHCTBA BHIIOIHEHHHMMA; BEHUTEM HX W3
TOXAECTB (3.3) M, COKPATHB HA [, HOJYUUM TOMJECTBA

T o ;
g(g(t v, ¥, W), v(+)) dt=0 (j=1,...,4d). (3.4)

MoxouB B Hux p = 0 u moacTaBuB v(i) u3 (3.1), monyuum, uTo mo-

poxpampmee pemenwe v©() B pesoHchHOM ciygae Heobxomumo
yaoBierBopsaer caegyomum 2d yCIOBHAM:

T

pi=\ P (g (t, v, ¥, 0), 8,)dt = 0 (3.5)
0
(G=1,... d).

Iloposxnaromee pemeHne v®(t) Gynem mckarh B BHJe

VO = wO) () 4- P 2 e ey (Li="Cs py=— D)),
rge W (f) — HexkoTOpOe YacTHOE HMePHOJUIECKOe DPemeHne CHCTeMH
(1.3). Ilpu srom (3.5) mpencrasasior coGoii cucreMy 2d ypaBHeHmi 1)
IJS OUPEJeIeHAs KOMIUIEKCHHX 9wcex {.g, . .., bg — YPABHEHHA
A noposkpaiommx ammiantyn. O0osmadmm uepes C_Od, .. C“’) pe-
nienne cucremsr (3.5). Momxuno moxasars, 410 ecn ;11(0612[31{ CHCTeMH
ypasreHmi (3.5) OTIMIEH OT HYJA, T. €.

DMW_go. ¥y

ZoVarer e R
D9, ...t =5

1) 9t ypaBHEHMS OOTYIa0TCA U3 00IIel B TEOPHY OHEePATOPOB TeOPEeME! fpen-
TOABMOBCKOTO THIIA.
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To pemenne (1.2) cymecTByer 11 ABAAETCA aHAIUTHYECKHM 110 [\ IPH

1lpnpaBauBas B ToxkmecTBe (3.4) WieHH ¢ p, p?, . . ., OAYydIUM
$ /[ 0g \ X g’
% E} e Pt «a_%_)o vy 4 (%)09(1) + (_5%—);0’ a,-) dt =0
(=1, F4), (3.6)

T7le HHAGKC HYJIh 03HAYAET, YTO mociie qupdepeHHEPOBAHNA MOI0KEHO
p=0,v=vO(),v=v®(®{).

2.4. Ypapnenua B BApHAHUAX JJIA NEPHOANYLCKOTO HEBO3MYILEH-
Horo npwikeHus. Ilpunumasn (1.2) 3a HeBosmymenHoOe IBUIKEHHE, COC-
TaBuM auddepeHnnanbibie YPaBHEHHSA BO3MYHIEHIOTO IBIKEHUS

v:V(t’M)‘I"y

d BHIOHIIEM UX IepBoe npuliimkenne, T. €. CUCTEMY ypaBHeHuid B Ba-
pranuax

M+ +Po>~u<av>y+u( )'ﬁ :

T7le B YACTHHIX IPOM3BOMHBIX HOCTE mld)tbbpenunponaﬂnﬂ TIOJCTABI IO
HeBoaMymennoe aBmuenue (1.2): v = v (¢, p), v = v (¢, p). BBe;(eM
oGo3HaveHna I MaTPAI-QYHRIAHA

p (-Z%) = —uP(, p), u(g—f) = —pQ(t, .

Pasnoxum st nocjaennyue B PAAK 110 CTEIIeHAM M.

pP (¢, p) = pPy () + pP (1) + .. .,
pQ (¢, p) = pnQu (8) + Qe (8) + . . -,

P=—(5), QO=—(3), (1)

rje

v

1puYeM HHJEKC HYJAb O3HA4aer, 9ro mociae pauddepeHnupoBaHus
monokeno p = 0, v = v® (f), v = v® (#). IIpegcraBum BexTopHOE
ypaBHeHMe, 3aNWCHBA0INEe CHCTEMY YpaBHEHME B BapHalusax,
B BHJE

M%zt%" + [Qo + v Qu () + p*Qa (2) + ... % +
+ [Po + pPy (2) + p*P, (#)+ -1y =0. (4.2)

Mb moayumam cuctemy JuHEHHHX AnPPepeHHATbHHIX ypaBHEHHI
¢ T-nepmopmuecKuME Ko3dpPnnumenTamu.
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2.5. Cayyaii pasaMYBERIX MYJILTHILUIMKATOPOB HEBO3MYINECHHOH CH-
cTeMbl yPaBHeHui B BapuaguAx. PaccMOTpEM cHCTeMy ypaBHEHHUH B Ba-
pmanusax (4.2) opa p = 0 »

dZ

MEY 4 Qi 4Py = (.1)
Hpn ycaoussx M* =M >0, Pj =P, >0, Q; = —Q, Bce kop-
HU ee XapaKTepHCTUIeCKOTo ypaBueHus (1.6) 4mCTO MHHAMEL:

Ah=io, v=4%£1, ... zxk o, = — o). (5.2)
HomycTaM, 9T0 BCe MYJBTHINIMKATODH cucTeMbr (5.1), oTBeuarompue
nepuony T

py=2""T  (v=1, .., k),

PaSIHYHEL: Oy F= Py, T. €. _
Oy FE o, (modmzz—;) o, v==+1, ..., +k).

WNuaue roBops, KaKIAu#A KIACC CPAaBHAMBIX TI0 MOAYII0 2n/7T umcen o,
COCTOMT U3 OJIHOTO 4uCIa. XapPAKTEPUCTHICCKHE IIOKABATENH CHCTeMBI
ypaBHeHU# B Bapuauuax pasun ([146], m. IV, 3.4)
o; (W) = io; — igjjsignj-p + 0 (u?) (G ==+1,..., £k),
rge 1)
det [—oiM + i6;Q, + Pyl = 0,
0;; = — (PP + i0;QPlay, a,), (5.3)

T T

1 1

TS P, (t)dt, QP Z?S Q. (t)dt
0

0

P](.O) —

M a; CyTh HOPMHPOBAHHEIE COOCTBEHHEE BEKTOPHI

(—oM + i0;Qq + Pga; = 0,
([20;M — iQolaj, a;) =signj (=1, ... xk). (5.4
Jaa BemecTBeHHEIX YacTell XapaKTePHCTAYECKAX IOKAa3aTeded CH-

cTeMH ypaBHeHWH B BapHamuax (4.1) Gyzem umers B paccMaTpuBaeMoM
caydae

Re o; (p) = — sign j-Im [(P§°) -+ uo,Q(o)]a,-, a;)jp + 0 (pn?)
G==x1,..., k).
CienoBaTenbHo, ecau

sign j-Im ([P + i0;Q"la;, a;) >0 (=1, ..., +k), (5.5)

1) HauoManM, 9t0 (X, y) = Z&, ), (cM. cgockry B m. 2.3).
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m. e. 0aa écex j, mo nesosmywennoe deuxeenue (1.2) acumnmomunecku
yemotinueo [77a, 145al npu docmamouno maswiz nososeumesvnuzr W,
a ecau xroms 6v 048 00H020 U3 CKAAADHBLL npoussedenuil (npu Hexomo-
pom’j' us nocaedosamesvrocmu + 1, . .., k)

signj’-Im ([P{” + i0;Qla;, a;) <O, (5.6)

mo nesosmywennoe deudecerue (1.2) neyemoiinueo [77a; 145al npu docma-
MOUHO MAANT NOLONCUMEALHBLT L.

" MIpuvMeganne. B pamxax paccmaTpmBaemoro ciydasg pas-
AWYHBIX MYJIbTHILIMKATOPOB HONYCTHM, YTO

(PP, a) (=1, ..., k)

BeNeCTBeHHEH. JT0 3aBeIoM0 OyIeT AMeTb MeCTO TIpH TPUBU-

anbEoM yeaosun P = 0, a raxske mpn yemosmm Q, = 0. B mocnen-
HEM CAy4ae a;, . . ., a;, KAK COOGCTBEHHEE BEKTODH CHUMMETPHIECKON
marpans M-1P,, BemectBeRan ma_; = a; (f = 1, .. ., k). Ilockonn-
Ky o; signj >0 (cm. (5.2)), To

Rea; () = — Re (Q"a;, a))u + 0 (u?) (= %1, ..., xk).
CanenoBaTenbHo, ecau 0as écex |
8;=— Re (Qi"a;, a;) =

— 1 Re <§ (%)o dt-a, ay-)<0 (=1, ..., +k), (5.5)
) ,

mo HesoamywerHnoe deuncerue (1.2) acumnmomunecku ycmotinuso npu
d0CMAmoNHO MAAWL NOLONSUMEALHHT W, & ecau xoms Ov 0aa 00H020
U3 CEQAAPHYBZT npoussedeHul

T

pufans)n o

Mo He03MYWeHHOe JeUdceHUe HeYycmouuuso npu HocmamouHo MaablT
noaoxeumesvknz . Ecau Qo = 0, mo ycaosus (5.5") u (5.6") docmamo-
UHO UCHBMBEAMb MOALKO 04 00HUL NOAOHCUMEALHBLL UHOEKC08 U 3HAK

Re asmomamuuecku onyckaemcs us-3a eewecmeennocmu (Q¥a;, a;)
G=1,...k).

2.6. Cnyuaii kparHbiXx myabrammkaropos ([146], u. V, 3.4). [o-
nycTuM, 9T0 CUCTeMa ypaBHeHu# (5.1) uMeeT r-KpaTHHEA MYJIbTHINIHKA-
TOP 0y, OTBeYatomumit nepuony 71':

9

il

po — eim(mT .

Hyers @y, « . ., ®j — KIacc KOpHe# ypaBHeHHA (5.3), orBevaromumit
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9TOMY MYJBTHANJIAKATODPY, T. €.
@y = 0® (modco——-]—,—) (G =J1y .5y Jr)

Wraxk, cucrema ypasuennit (4.2) umeer mpu |1 = 0 KpaTHHI XapaxTe-
pucTHYecKui moxasaTeasb iw(®). Ompemenum nennie gucia m; Gopmy-
aaMy

. 2% . R .
;=00 +mi=  (j=ju .. jr)

IIpencraBam Marpunbi-Qyuxiuu (M. (4.1))

PO =—(5) @O=—(3)

ov

MaTpmuERIME pafaMu Oyphe B KOMIUIEKCHO# ¢opme

o0 oo

Pl(t);” Z exp <lm——>P(m)7 Qi () ~ Z exp (im%) m.

M=—0 M=
Onpenenum wmcaa o;, (popmynamn
(m, m;i)
om=—(Py ™" t i Q ' Nay, ay)
Us b= Jus ooy Ju)y (6.1)
rfie a; IPOHOPMHEPOBAHH ycaoBmamE (5.4), a 4

m,-mp) 4

P, - e Py (1) dt,

(my—mj) 1
1 ==

e et Q (2) dt

Bregem amcaa

0 j+h,
Vin == L j=r>0, (j,h=j1 o)
—1 j=hrL0
H COCTABAM YpaBHEeHHE
det | o — ixvn s, h“‘.’h, iy = 0. : (6.2)

Ecau eewecmeennvie wacmu Kophell smozo Ypasrenus Xjpr 4 Xiy

OMPUYAMENbHEL U IMO UMeE MECMO OAR 6CEX MYLbIMUNAUEAMODOS CUC-
membl ypasnerui (5.1), mo nesoamyuernnoe deuscenue (1.2) acumnmomu-
wecku - yemotinueo [77a, 145al npu docmamouno masvxz noaoxcumess-
Hox w. Feau sewecmeennas wacme xoms 6v, 001020 U2 KopHell ypaske-
nua (6.2) e o0mom u3 Kaaccos nosoxseumesbHa, MO HEEOIMYUJEHHOE
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dsumncernue (1.2) neycmoiiwuso [77a, 145al npu, docrmamoiHo Masvx
NOAONCUMELLHBT W

JLas r xapakTepHCTATECKUX NOKA3aTeNeldl CACTeMEl ypaBHEeHH B Ba-
pranmax (4.2), oGpama:om;ntca ompu p = 0 B iw®, cnpaBegiuBa
dopmyna »

aj (W) = 0@ 4+ xu + 0 @) 0 >0;7=ju,.. i

T/e YACAa ; ABAAIOTCA KOopHAME ypaBHenns (6.2).
2.7. lpavepnr. Ypumep 1. Paccmorpum craasproe ypaBHenume

Bau-nep Hom; ‘
EhoE=lsintFp(—E)E  (03>0, 1>0),

metandbHO mccaefmoBanEoe A. A. Auppomossim m A. A. Bmrrom (3],
ctp. 70—84%). Hopru xapakrepucrugeckoro ypapnenus (1.6) cyrs A =
= = i¢. Uccaexyem 06a BO3MOKHBIX CAydYas.

a) Hepesonancnsuii cayuaii (o He ecmb Hamypaavroe wucao). Y pas-
genne (1.3) sanmmerca B BEpe

£O 1 62O — [ sin ¢

H IOUIYCKAaeT equHCTBeHHOoe 2ri-nepuogadeckoe (I' = 2x) moposkparomee
peliesne

sin t.

!
© =
§ F—1

W3 nepBoro ypasrenna (1.4)

L) 2 (1) | _,lzsinzt:l i
B 0% = [1 — g | g ot

OOpefeJINTCA mepBad IIoOnpaBKa

l 2 A4
g(l) — (0’2_-1)2 ['1 —_ 4(02_ 1)2] cos i + mcos 3t.

Bce mocnenywomue wiensr psaxa (1.2) oupefensresa Taxke eIHHCTBEH-
HHM o0pasoM m3, Broporo ypaBHenusa (1.4) w mocaenyomux ypaBHe-
mguii. Vickomoe pemenue (1.2) ectsb

l t 12
B0 1) = 5 g ([ Tt eost +
12cos 3t

+ 77(52—:1,(—04;—95}-%- O (n?).

s cysxperus 06 ero ycroiumBoeTr BaraucamM & no dopmyre (5.5°)

=5 2§ (-} o=

=%S[1—@2—Lﬁ—sin?t]dt=i—2~@2—-—%,
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u, coraacHo (9.5") u (5.6") sakapuMM, YTO JAA JOCTATOYHO MAJBIX W
u npn

12> 2 (g2—1) (7.1)

Haliiennoe 2-nepuoindecKoe pemenne § (¢, i) aCHMOTOTHIECKH YCTO-
4YHBO, U HEYCTONUMBO, ecau 3HAK HepaBeHCTBAa 0OpaTHHI.

6) Pesonancuulii cayuaii (0 = p, e¢0e p — HaAMypasbHoe HUCAO).
Ypasueame (1.3) npumer Buj

,E(o) + p2§(0) = lsint

U JonycKaer 2m-epHOAUYECKoe pemeHue Aias Jioboro p waumHas
¢ AByx, uto ® Oyaem mpemmoaarars B gajbmeiimem. Cornacuo m. 2.3,

EO = pzl_ i sint - §y cos pt 4 L, sin pt.

Tlocie oueBHAHBIX BEIYHCJIEHUE OMPENETATCA JeBhie YaCTH ypaBHEHHH
(3.5) m camMu ypaBHEHUA 3aUAMYTCA KaK

Pr = — "Z—sz [@i'ﬁ‘;g'i“ _—“(pzz_lzi)z —4] =0,
\l'z:%PQ [§3+C§+ EE%{ -*4]':0-

IIpu m100HIX 3RaYeHUAX MapaMeTpoB p u | ypaBHEHHA JONIYCKAIT HY-
jieBoe penrenne

(1.2)

;1 = §2 = O’
anpn | < )2 (p? —1) cBepx TOTO eme W pemeHHe

(0)2

(0 ) (0 —_ 212
.C1:§1), §2:§2)2+l/4—(—1,2’:—1')?—§1 ’
TIe CEO) — nr060e B3 BENmeCTBEHHHX YACEN, HE IPEBOCXOJAMMX IO

sonyao YV 4—20%/(p*—1)2. Jlns nociennero pemenns sxoGuan m. 2.3
D (‘l’p 1‘p2)

D (g, Co)

(
=y, t=ty?

H, OCHOBHIBAACh HA 1. 2.3, HEAB3A YTBEPMJATh, UTO CYMIECTBYeT aHa~
auTuyeckoe mo p mpa p = 0 2n-mepHojMYecKoe pemienie, AJA KOTO-
POro NOPOKAAIONAM peleHueM SIBIACTCS

B0 = sint Cﬁo) cos pi + Q;o) sin pt.

pr—1

Ilns momonnuTeAbHHIX HWCCIeN0BaHMA orchmaeM wurtatens k [3].
O6paTaMca k mepBomy pemesnmio ypasuennit (7.2), 1. e. §; = §, =
= (. flrobman

D (1, ¥2) T RS LI
D(Co o) bu=te 0 & P [—-————‘(_,,z__i)z 2] +
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npn [ % V' 2 (p*—1), u coraacuo m. 2.3, cymecTByeT aHATHUTHIECKOe
no u upu p = 0 pemesnne. 3 mepBoro ypasuenas (1.4) 6ynem umers
ANA MepPBO¥ NMONDpPABKA B CJAY9ae UETHOTO P

l 12
E(l)—————-—-—( _1)2 [1—~m]cost+
> 1 .
T I Ip R =gy ©08 3t 4 T cos pt + My sin pt,

Iie 1), H 1), OUpefensiorca us ypabuenns (3.6). YcaoBuem ycToiiumpo-
cra ocraerca (7.1).

Hpumep 2. Pacemotpum cmeremy ABYX nmb(bepenuna.nbﬁmx ypas-
nenmit ([140], crp. 117):

i+ = (1—mi — m) i + g cos ¢,
Ha o+ ofna = p (1— ni — )0, (7.3)
e p >0, ¢ <0, 03 >0 mo,# —;— m (m — HATypaJbHOE JHCJO).
Hopun xapawreprcradeckoro ypaBmenusn (1.6) cyrs
hxp = Fi, gy = Foy
H, IOCKOABRY & = 21/T = 1, TO MMEeT MeCTO PE30HAHCHHI ciydJaii:

P = —%t,py =1, hxy 5 pi (cM Hadayo m. 2.3). Hopomnamm,ee 2m-
uepno;mqecxoe pelmenne CUCTEME (7 3) 6ymem mcKaTh B BHAE 1)y O =

= L6t + Tt = 2Re ({e™) = 2, cost —2P;sint,

2

opa arom obosHadeno §, = a; -+ if;. Bouncaium teneph deBHe wacTH
CHCTEMH YpaBHeHuil (3.5)

Py = 21 [% q—ili(1— Clil)] ,
o= 2 g+ i (U — 4|
Bunnmem ypaBuenus (3.5), ckilagnBag HX B BHYATAA, HOJXYIHM
0 —251 (1— oy — ﬁi) =0, 2o, (1— o — BE) = 0.

Orcrona maiinem, uto oy = 0, a B, momskao GpiTh KOpHEeM KybmIecKoro
ypaBHeHAd

ﬂm=ﬁ—m+i@=& (1.4

Hpn g << —4 V' 3/9 a10 ypaBuenne umeer TOJIBKO OJIHH BelecTBeHHHIN
kopersb P >213/3, a npn —4 /' 3/9 < ¢ < 0 ommu momoskureds-
muit kopeus B (1 < B < 2)/3/3) n ipa oTpEOATENLHHX pasIRd-
mux kopua By u Py (B << By ). Urax, IOPOsK/IAI0INee PEemeHue CHC-
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reMbt (7. 3) mmeer Bux ) = 0,

= V" + Ve = —2B;sint (L” = iB),  (7.5)
rue By YROBJIETBODSET yPaBHEHHIO (7. 4) ermc.umx AKOOMAH CHCTOMBI
ypaBrenmi (3.5)
» D%, ¥0) OF 002 __ #0)5FO 2 (3p% 2
W At (1 — 20700 — 8 G 1 = 4n® (3P — 4Pi+1).
fIko6uan D oGpamaerca B Hynb TombKo mpH B, — I V' 3/3 u B, =
= F 1. Iockonsky B > 1, 10 aupu $.='B” sxobman orrmden ot
Hynsa. Jlamee, ciyuait f, =71 meBosmosxer, mnockoabkry f (F1)<<0.
~ IlosToMy axobman D paBer HYZI0 TOTXA M TOABKO TOTHA, KOTAA
By = —V'3/3, 1. e. upu g = —4)/ 3/9. 3necs aToT caydail HCKIIOUTAET-
¢, Kax Tpebyommii [omoaHWTEeIbHOTO uccaenoBanua. Bo Bcex oc-
TaJAbHHX ciaydaax pemenue (1.3) CYIECTBYeT ¥ fABJIAETCH AHAMMTH-
weckuM mo p npu p = 0. Cucrema ypasuennmii (1.4) pua nepBou mo-
DPaBKU IPHEMET BHJ

i + 0 = —2Bicos3t, i’ + o =0,
OTKYy/A
= pyett - gy et —t——-ﬁlcos3t s =0.

Hanee Hy;KHO ONpENeINTH MOPOIKIAINYI0 AMIIATYAY Y; HEPBOM HO-
. IpPaBKW, HAa 9eM MHI, OJ[HAKO, He OyoeM OCTaHABIEBAThCH, a MepeiieM
K HCCIeNOBaHHIO ycrToiiamBocTn pemenus (1.2).

YpaBrenns B Bapmanuax (4.2) ans cucreMs (7.3) H IOPOKAA0OMEro
pemeHHH (7 5) cyTh

LU+ ] [P P () ]y =0,
.,453 sin 2¢ 0”

P04l‘0 m2" Pl(t)—'__(%)o):l 0 0

Q (t)~—("g) = (— 1+ 2B} — 282 cos 20) .

e

ov
Tawrum ob6pasowm,

PO _ PrY t — 21 0“
0o o}’
(0) =(—1 + zﬁz I2a (2) Q(_2) - 51127 2 = “ l ’

a Bce OCTANBHHIE koadpPanmentsr DOypoe marpuu-pynrumit Py (t)
u Q, (f) pasaH mYI0.
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Kopum ypasnenna (5.3) ¢yt o, =1, o, =1, 0, = —,
1 o, CobGcTBeHHBI® BEKTODH a; U a, MarTpunw P,, HopmuipoBaHHbe
yeaoBuamu (5.4), cyTh

1 1
) = —= e Qg = ~—===" €.
1 V2 1 2 VZ(;)Z 2

Umeercs kiacc u3 ABYX Kopuen {®-y, ®;}, COU3MEPUAMHBIX 110 MOJYJIIO
2r/T = 1, a Bce ocTajlbHBIE KOPHH 110 YCIOBHIO Mg 7= —5~ M 11e cous-

MEDHMB C HUMHI U HECOM3MEPHUME MemAy coGoii, m o0pasdyir naBa
KJIacca no oguoMy KopHO: {0 o} U {w,}. Haunem ¢ xmacca us gByx
KODHEHf U oIpefelnM Iielible YHCIA mM_y U My A3 BEPAIKeHnH

o =0+ (=1)1, @ =011,

oTRyAa m_; =— 1, m; = 1. Buumeaum oj, mo gopmymam (6.1)
— i 2 — 1 9.
011 = On == 5~ (2p1—1), oyy=01,= 5 Pit

# cocTaBuM vpaBHenue (6.2)
O+ Oy

| 054 O3 — X

=[x+ g (=1 + 2] - -pi=0.
Kopuu ero '
Yo= (=B, %a =5 (1— 3.

Tpu B; = ¥ >1 %, ® ¥, orpunmarenvur. Ilpnm f=p<0 mam
B, = Bi" << 0 (uro BoamoHO ammb Tpu q > —4) 3/9) y, moxokE-
TesbHO, B60 3 (7.4) umeem

«2 1 7 ~ #a? 1 q - i

L=bh =5 >0 1=pb =5 =20
1 1

B cuny sarurouenns n. 2.6 nepuonmueckoe pemenne (1.2) ¢ mopoxxaa-
jomumMu  ammutyiama —2P; m —2p7° (em. (7.5)) — HeycroiumBo.
s cympenus o6 ycroitamBocTu nepuognieckoro pemenus (1.2) ¢ mo-
poxpapomeit ammanrymoit 2p” Hamo 06paTHTECH K OCTABILEMCS IBYM
knaccaM {®_p} & {w,}. Brramcaum 9., m ¥, no gopmyire (5.5°)

1282
2(1)2

, .
By = — (Qi )32, a,) = y O =0
Ilpm B, = [5§°) > 1 ¥, orpanatenpno. Takum o6pasoM, mepmogmuec-
Koe pemenme (1.2) ¢ moposxgaomei aMOXATYAOH 2B acmmmroTHUEC-
KH YCTOHYMBO.

Crenymomuii npuMep BHJeJHM B OTAeIbHBI maparpad.
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§ 3. Bunyxkjenuste KosieOanuA NPANMIALHLIX HeHTPEPYr

3.1. HocranoBka 3agaum u ypaBHenus JBWKeHas. B mpomssomcTse
BHECKO3HOTO IIeJKa IPAMEHseTCA HpAIuIbHad NeRTpudyra, npeacras-
asoman co0ol coueTanme 3MEKTPOBEPETEHA ¢ UPANMABHON KPYKKOH,
YKPEmIeHHOM HA KOHI{e BEPTHKAIHHOI0 KOHCOJBPHOTO TMOKOr0 IIHH-
mensa. Pabouas ckopocTh BpameHns MIKH/ENA TPAGIMKAETCA B COBpe-
MeHHH X HpAAmIbHEX Heatpudpyrax K 9000 o6/mun. dTa cKOpocTH 3Ha-
TUTENBHO MPEBHIIAET TY YIIOBYI CKOPOCTH, MPH KOTOPOH HAYAHAIOT
3aMETHO NPOSBIATLCA YIPYTHe cBoiicTBa mumuiena. [Ipu oupenenen-
HO¥ CKOPOCTH yOpyrue BOCCTAHABIHBAIOUING CHJIK H MOMEHTHI, BO3HH-
Kapmue BexefacTBue nedopMaluu WINAHIEIA, HECYHEro UPAANAbHY0
KPY/KY, YPaBHOBEIIMBAIOTCA MHEPIMOHHBMA CHIAMH M MOMEHTaMH,
obycaoBreHHNMY ero BpamenueM. [lo ofmenpunaToit TepMEHOIOrAMN
rE0KEM BaJIOM Ha3HBAIOT TAKO#, OCHOBHAA COOCTBEHHAA 9ACTOTA IIO-
HepeYHbIX KoJieGaHMil KOTOPOTO HHMKEe YIJOBOHM CKOPOCTH ero Bpaile-
HUA. BonpmuM nocromacrBom ieHTpudyr ¢ rHOKAM BallOM ABIAETCH
X cBoiicTBO camouenTpuposanusa. Ilpm yxasammmx paGounmx oGopo-
Tax BO3HHKAET TeH[EHNMA K YCTPAHEHMI0 KaK CTaTHYEeCKOH, TaK B JIH-
HAMHYeCKO# HEeYpPaBHOBEIIEHHOCTH POTOPA.

Onnako B ycrpoiicTBax ¢ THOKUM RBaJIOM IIPU OIPEIEIEHHEIX YCIIO-
BHUAX MOT'YT BOBHNKHYTH HEYCTOMIHBHE PE;KEMEL IBIKeHUsA. Bo3Mosxk-
HH TaK}Ke aBTOKOJIe0aHus, T. €. TAKHE PERUMH, KOTHa HAPALY ¢ IHC-
TO BHHY;KRIEHHLIMA KoneGaHuaMu ot febaianca poropa 5030 Y:RNA0OTCA
He3aTyXaHmue KoJeO0aHHuA, MPOUCXONANIMe ¢ YacTOTaMd, OIH3KMMH
K COOCTBEHHBIM 4YacTOTaM JIHHEApH30BaHHOR cucTeMmu AuddepeHun-
albHHX YDaBHEHHH, ONUCHBANMAX [ABMKEHAE YCTPOHCTBA.

Ilpmameoif mOTEPH YCTOWYABOCTH pEHUMA UHMCTO-BHHYKICHHBIX
Kojle0aHMl B 3aKPUTAYECKOM obxacTh MoskeT GHITh BHYTPEHHEE Tpe-
nue B mMaTepmane rmbroro Baxa ([74], crp. 108—113). Cornacuo u3-
BECTHOMY TEOPETHIECKOMY IIOJOM(EHWIO CHIAB BHEIIHWX CONPOTHBIE-
HHA OTOABUIAXOT TPAHUIY YCTOHYMBOCTH B 00JMacTh BHICOKMX YaCTOT
[44, 45].-B cBsi3u ¢ sTuM mpesicTaBIAeT WHTEpeC 3a/1aUa, COCTOALNAs
B OIPe/eIeHAA TAKAX COOTHOIMGHHA Me;KAY NapamMeTpaMd BHYTPEHHE-
IO TPeHHA W BHENIHAX CONPOTHBICHMH, MPU KOTOPHX BHIHYKICHHHIE
Kone0aHmsA HeHTPAYIH OKA3HIBAIOTCA ACHMIOTOTHYECKH YCTOHIMBEIMHM.

Haa BuBona nuddepeHumanbubX ypaBHeHWH ABMIKeHHS IEHTPH-
dyrm Bocmombayemcs pacuerHoi cxemoii, mpemiosxermoit 1. U. Ko-
pariicexnm ([66], crp. 383). Ipencrabienune o pacuernoil cxeme mpsa-
AWIBHOM deKTponeHTpudyrn tana IB-3M mosxno néxyunts n3 pue. 1.

Tam xe yKazaHH KOODAHHATH, ONpPeAeITIONAE MHOJNOKEHHe YCT-
POMCTBA OTHOCHTEIBHO HEMOABUAHOHK cmcTeMnl orcdera zuv. Och =z
B {eHCTBHTEIbHOCTH HANPaBiIeHA BePTHRAILHO BBepx. COrTacHo mpH-
HATOM NEHAMAYECKON MONENH H YYUTHIBAS HEKOTODHE eCTeCTBEeHHBIE
nonmymeHus, NPAHEMAEeMBe MHOTHMH aBropamu [66, 74] roneGanus
QJIEKTPOMEHTPUPYTH MOMHO ONHCATH KBA3HJIMHEHO# HeaBTOHOMHOM
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cucTeMoit muddepeHnATbHIX YPABHEHHHA ¢ HOCTOAHHRMHA Road)(bmm-
eHTaMH OPH BEAYMUX *UIeHaX. danmcanHaA B KOMINIEKCHOI d)opMe
OHA HMeeT CIeAYImuA BAX:

mily 4 €338y — €Uy — C13Us = mev? exp (ivt) —
— {m Ly + dev exp (DI + 2|1 )
+ hey (Gy — Vi) — heyy (g — iVUy) — heyg(bg — ivug)},
Kiiy — iVKol.lz — Corlly 1 Coglly I~ Coplly =

=p [( VK gly -+ Coylly — Caolly — c23u3)iu2| -

— (ivKouy —2Kytig)Re (lalhy) + heyy (80 — ivyy) — (1.1)
—heys (g — Vug) — hegy (B — ivug)l,
Aiig — cy1uy + Caaus + (Cga + Hug = u lheyy (dy — ivuy) —

— hegy (B, — iviy) — hegs (g — ivuy) — Awgilyl.

CMBICIT KOMIUIEKCHO3HAYHKX KOOPAMHAT u; (j == 1, 2, 3) nerko Boi-
aAcaserca @3 puc. 1: uy = n - iE, e n ¥ § — KOOpPAMHATH IEHTpa

Puec. 1.

TAKECTH HKECTKOIf JaCTH POTOPA & BMECTEe ¢ HPAWIBHON KPYKKOIT 3;
uy, = a, - ip,y, roe oy u P; — yran Pesans, xapaxrepusyromue Ha-
npaBJIeHME KAcaTeJIbHOM K YUPYroHl OCH BePTHKAJHHOIO KOHCOIBHOTO
ru0xoro Banuka 4 B TOYKE HACAJKH KECTKOIl dacT poTopa 5; u, =
=P -+ ¥, rne P 1 & — yras, xapaxkTepusyomme OTKIOHEHHA OCH
Koplyca 3JeKTpoBepereHa I 0T HeMOABIKUHOM ocH Z.

HMocrosmunic koaddmiuenth ¢, = cy;, ¢ (7, k = 1, 2, 3) saBm-
CAT OT KOHCTPYKTHBHLIX 11 H3MIECKNX TapamMeTpoR yctpoitcTsa. Hiect-
KOCTE aMOPTH3AaTOPOB KoOpHyca 2 IO OTHOWIEHHI0 K YIIOBEIM mepe-
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MemeHusaM Kopuyca I ompenensiercst xoafdumimentom f. Jlmmeitnwiii
9KCIEHTPHUCHTET ¢ POTOpa CIMTAETCH MAJIOH BEIWINHOM IO CpaBHe-
HHIO ¢ Bepymumu uileHamu auddepennuanbunx ypaBHenuit. Ocrannb-
HbI€ BeJIMYHHH, BXousAique B ypapuenusa (1.1), mmeror caenyromue sua-
genmsa: Ky, K; — COOTBeTCTBEHHO NMOJAAPHHA M 9KBATOPUAJIbHBIN TeH-
TPANbHHIE MOMEHTH MHEPIHH PoTopa; A — DKBATOPHAJIbHHN MOMEHT
HHEPIUE YCTPOMCTBA JUISI €r0 HEemOJBHKHOR TOYKH; M — Macca poTo-
Pa; %o, Ky, Ho — KOOPPHIMEHTH BHOMHEX IUCCANATHBHHIX CHI; h —
Ko?Q(QHUIuenT BHYTDEHHEr0 TPEHHA B MaTepmaje THOKOTO BaJHMKa
44, 66].

OrmernM, HakoHel, 4TO mapaMerp W BBeJeH B fU(depennuaIbHie
ypaBHeHEA asmkeHua (1.1) AnA BHAeNeHHS WICHOB, MAJEX HO CPaB-
HEHHIO ¢ WIeHAMW, 3aITMCAHHEIMY B JIEBHX YaCTAX OTHX yPaBHEHUH.

3.2. Onpenenenne mnepmofnueckoro pemeHuA. Haxk cBmpeTenn-
CTBYIOT BKCIEDMMEHTAJNbHLIC TaHWHE, a TaK:Ke HAOJIO[eHHA 33 IeH-
" TpAQYroi B mpomecce DKCIIYATAl[MH, HEYDPABHOBENEHHOCTh POTOPA
ABNAETCA NPUINHOW BOSHMKHOBEHMA IHCTO-BHIHYKEEHHHX Kojxeba-
HAH ycTpoiicTBAa. ITHM KOJNEO0AHHAM COOTBETCTBYET IIEPHOJUYECKOE
pemmenne MCXORHHX puddepennmanpusix ypawenmit (1.1), ompepe-
aaTh KoTopoe Gynem MeronoM Ilyanrape. Ilpegsapurensuo mexogaymo
cacreMy Tpex muddepennmanpunx ypasuermi (1.1) Broporo mopsaaka
OTHOCHTEJIBHO KOMINIEKCHOBHAYHHX (yHrumi u; (j = 1, 2, 3) sann-
HieM B BUJe ommro BemecTBeHHoro BEKTOPHOTrO ypasmemmsa (2,1.1)

dtz =+ Oo + Pyv =1 () + pg(t, v, v). (2.1)
3mechk BBefeHH cieqyoimue 0003HAYCHAA: BeKTopH
zy cos vi 81
Ty sin vt 82
%3 0 . g |
V= zg | f(t) = mev? 0 , BE(, YV, V) =W g ’
xg 0 8s
Tg 0 ge
“THe Xy =M, xz = g’ Zg = Oy, Ty = ﬁl, z; =P, g = "3‘9 a (I)YHRI[HH
ug; (j =1, ., 6) maxomsaTcAa B pe3yabTaTe PACHIEIVIEHHS COOT-

BeTCTBymmnx ' KOMIUICKCHBIX ypasrennit cacremsr (1.1);
MaTpALE

M= diag (m’ n, Kl’ Kh A, A)’ QO = ” qin "gr

npuueM ¢, = KoV, ¢53 = -— Kgv, a oCralbHEHE 3JIEMEHTH MAaTPHI[E
Q, pasHH HYIDO.

B pesyabpraTe pacmenieHENA HCXONHOMN CHCTEMH KOMIVIEKCHHX ypaB-
menmit (1. 1) ompefenseTcss MaTpPHIA Po, KOTOpag OKAa3EBaeTCAa A
HCCITYeMOR CHCTEME CHMMETPUYECKOH W IOJIOKUTEIHHO-ONpefeleH-
HOli., dIeMeHTaMH 9TOi Marpumu mopsfaka 6 X 6 apaaorca Koaddm-

2 B. M. Crap>xmHCKH
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HBeHETH Cjp = Cpy, Cos + f (, £ = 1, 2, 3). Tarxam o6pasom, BEKTOD
v mpejcraBiser cO00X KOOPHUHATH YCTPOHCTBA, a BEKTOP-QYHKIHA
ug (t, v, V) — mepmonmyeckas mo Bpemenm ¢ ¢ mepmomom I' = 2z/v.
Bynem mckats T-mepumopmueckoe pemenne ypaBuenns (2.1) B Bm-
ne psaga (2,1.2) 0o mexHM cremeHsAM MalOT0 mapaMeTpa |, OrpaHIYH-
BafCh IIPH HTOM IEPBOH MONPAaBKOH K HOPOXKAAIOUWEMY PEIISHHIO:

vt w) =vO () + pv® @) + ... 2.2)

B pesyanrate npuMeHeHus maBecTHO#R umpomexypH (cM. m. 2.1) momy-
9aeM BOKTODHHE nuddepennuansane ypaprenusa (2,1.3) — paa mo-
poKmamomero pemeHus, a Tamke (2,1.4) — masA mepBodl mODpaBKH.
XapaKkrepdcTuaecKoe ypasmenme (2,1.6) mas OXHOPORHON CHCTEME
(2,1.5) mMeer caegyomui BHA: )

[det (P, — M)l + {[(cyy + mA2)(cs + f + AN2) —cBlK v A2 = 0.

OHo, 096BAAHO, IMEET YUCTO MHUMEE KOPHA Ay = i0; (f = F 1, . ..
. « -, F6). Ilpennonaraercs, 410 cped dTUX KOPHeH HeT IHCON BUJA
ipv(p =0, F1, T2, ...; i =} —1). B orom caydae ypaBHEHH®
IS NOPOKAAIET0 pemeHns, a TAaKKe Kajkgoe H3 IOCHeAyIoIHX.
ypaBHeHmil GYZYT MMeTh €NUHCTBEHHOE I-MepHOWYECKOE DemICHHE.
QaKTHIeCKA STH PeImeHAA 1elecoo0pasHo HaXONHETh, BHOBb O0OpaTHB-
mMuCh K KOMINIEKCHOHM 3amMcH HCXOAHHX ypaBHeHHWH. Torga mopox-
Aalolee peImeHre IIPeJCTABHTCH CIeNYIOIHmM 06pa3soM:

20+ iz = meviD'(w)D,; W)exp (wt) (B =1, 2, 3).

Hamomemm, wro z¥ (j =1, ..., 6) — KoMmoHeHnTH BerTOpa V)
noposkjawmero pemenns, a Beamunaa D,y (v) mpeacTaBagoT coboi
ajrefpamuecKue JOIOJHEHHA K COOTBOTCTRYIOIUM DIeMeHTaM B GyH/a-
MEHTaJIbHOM OIIpe/ieliuTelie ’

D (v) = det (—v*M + ivQ, + B,).

31ecs:
M = diag (m, K,, A4), Q, = diag (0, —ivK,, 0),
en —C2 —Cl
i)'o = |~ C12 Cop Cog

—Csp cas c3y+f

IlepBhie HOTPAaBKE ONPOHEIATCA TaK:

3
W (ks + i) = D (W) D riDi(v) (k=1,2,3).
J=1
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B mocmemmumx ¢opmynax BBefeHH clegyomue 00O3HAUGHHAA:
x,(l) (j =1, ... 6) — xoMnomenTH BeKTOpa V),

Tp = &okr-1 (t’ V(o)a ‘.7(0)) + igon (t’ v, ",(0)) (k = 1’ 2’ 3)'
Taxmm oGpaszom,)

ry = ivme‘[%o 4 %y <m—ev1—2)%;—(v—)>2] (1 3~ VZD{;)(V)) exp (ivt),

2D 3 K, .
g = — (ml)(;_z)(v)) K (1 — EITOI) exp (ivt),
rg= — ivszm—eVDi(’%)i—m exp (ivt).

ABaJormYEO HAXOAATCA MOCAERYIIYe TPROIMKeHAA.

3.3. Ucenenoanue ycroiiampocru. VMspectHo, 910 (mamueckm pe-
aJHM3yIOTCA TOJNBKO ycroitumpHe ABmxenna. llosroMy HaliileAHOe B mpe-
IHAYIEeM OYHKTe NePHORMYecKOoe DeIeRne HeoGXOZMMO HCCIeN0BaTh
Ha YCTOMYMBOCTE, UTO HAET TAKIKE BOBMOYKHOCTH OHPEHelIuTh 00JIacTH
CYIIeCTBOBAHAA NEPHOJUICCKHX JBI:KeHWH nenrpudyra. [as mc-
CIe0BAaHAA YCTOXYMBOCTH COCTABAM YPABHOHHA B BapHANHAAX, IPH-
HEMAas 34 HEBO3MYIIEHHOE JIBHKeHHEe Hail[eHHOE HepPHONWIecKoe J[BH-
JKEHUe,

OGosHaumM BEKTODOM Yy MAaj0€ OTKJIOHEHWEe OT HeBO3MYIICHHOI'O
OBAKEHHS; TOTJa BOBMYMIGHHO® JBMIKEHME ITPENCTABHTCH TaK:

v=v(tp+y.

Ioncrasnsaa BoaMymenHoe fem:xenme B cucreMy (2.1), sammmem ypas-
HeHHS B BapmanuAx B BeKTopHO# dopme (2,4.2), orpaHAYIMBaACH UpH
9TOM WIEHAMH, COMleP;KAll¥MA [\ B II€PBOH CTemeHH:

M%‘ +1Qo +pQu(®) + -] % + [Py +pPy () +...]y=0. (3.1)

B nccaenyemoMm cayuae, Kak GHIIO OTMEYEHO BHIIG, BCE KOPHH XapaK-
TePUCTUIECKOTO YDABHEHHUS 9IHCTO MHEMEE U BCE MYJILTHIIHKATOPE
cucreMmtt (3.1) mpm p = 0, orsevaromume nepmony I' = 2n/v, pasamyu-
HH. XapaKTepHCTHYECKAe mOKaszaredam cucreMul (3.1) ompepensarca
dopmynamm (2,5.3):

aj (u) = io; —ioy; sign jp +-0 (u?) (G ==F1, ., F6),

rne o5 = — ([P0 i(o}Qf’)] aj, a;), K a; — HOPMEPOBaHHHE COGCT-
BEeHHEIE BEKTODEH

. 2*
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B xavecTBe KOMIOHEHTOB COGCTBEHHLIX BEKTODOB MOKHO B3ATH Cle-
nyronme BEeJINYUHEL:

Doy (@) Dy (@)
) 2 @ _ “n\Ty (3) _ ..
i D22(<D)c % T Dyp(0)’ @7 =,
a® o g® _Dne) o _ Dis (@)
P T Dye) YT Du(e)
(=F1,...,F6),
rae
2 1 4 Ds; (0 Kov Dog(@¥ 1t . .
€= 7 [mD @F + K, <1 — ZKlm]-> + A W] sign j,

a I cy;RmeHHA 00 YCTOHYMBOCTH B CIydYae PAa3IMIHEIX MYJAbTHIIH-
KATOPOB HOPMHPOBKA He CYIIECTBEHHA.
BceaepcrBre BEMECTBEHHOCTH BEAMIUH (P1 aj,a) (j=F1,...
., F6) ycimopma acEMUTOTHYECKOH YCTOMYHABOCTE MCCAELYEMOTO
aemxenns (2.2) samumyrcs B Buge (2,5.9'):

Re (Qa;, a;) >0 G=1,...6).

Marpuna pQ”, Buuncienmas mis cmeremsr (2.1), Takosa:

M + heyy 0 — heyg 0 — heyg 0
0 M + heyy 0 — hegs 0 — heyg
— heye 0 hegs K s keyy 0
0 — hegq — K 1vf§ hcgs 0 hegs ,
— heyg 0 heog 0 hcg3 + A%, 0
0 — heyg 0 heag 0 hcgs -+ Ax,
rue

M =m (xy +ufD), fr = mevD'W)Dy, (v) (=1, 2).

YenoBua acUMITOTHYECKOH YCTOMYMBOCTH YHMCTO-BLIHYAEHHBEIX
KoJnebaHUA HPANUIBHON IeHTPHPYTH B PA3BEPHYTOM BHAC MPECTABAT-
¢s CHeXyIOmuM 00pas3oM:

[m (tg + %,/DDy; (0;)* + A%,Doq (0)? -
2 2 2
+ kmoiDy; (0;)* — ho; (Kgyv — K10,)Dgs (05)* —
2 . (
—h(f —Aej)Dy, (0 >0 (G=1,...,6.
3necs Dy, (0;) — anreGpamaeckue NOMONHEHHA K COOTBETCTBYIOIMEM
3JleMeHTaM B (yHIaMeHTAILHOM oupefenntede cucreMsr (2.1).

W3 amanmsa yciaoBuil aCHMITOTHIECKON YCTONYHBOCTH MOYKHO CHe-
JaTh BEIBOJ O TOM, 9TO IPAKTHYECKH B yCTPOHCTBAX, NOJOOHKX pac-
CMOTDeHHOI 3fech HeHTpudYyre, CHIbLI BHYTPEHHEI0 TPEHHS HE MOTYT
HAPYUIATH aCHMITOTHYECKOH YCTOMYMBOCTH BHHEYKICHHKX KoJeGanni,
BHI3BAHHKHX HEYPaBHOBEIIEHHOCTBIO POTODA.
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KOJIEBATEJILHBIE TEIIA

IBa crepyomux maparpada HOCBAMIEHH IIOCKHM K0Je0aTeAbHKM
nensM. B nepsoM maparpade [322r] stm nmemm cBoGojmie um meamkom
yupyrue, T. €. eCliA pedn MAET 0 MeXAaHHYeCKHX CHCTEMAX, TO PAcCMaT-
PHBAeTCS CHCTEMA MAaTepHAIbHEX TOYeK, CBA3AHHHIX HEBECOMEIMH
npysmEamMu. B derBeproM maparpade [322B] mapymaercs opmHO m3
9THX YCIAOBUH, HMEHHO HEKOTOPHE H3 IDYKHH 3aMEHANTCA HEBECO-
MBIMH CTeDIKHAMY, 8 B OHOM U3 IPAMEPOB K TOMY ke [BI/KeHHAEC HEKO-
TOPO# H3 MacC CTECHEHO HANPABIAIUMY, — KojJebareibHasd IIeOb
nmepecraer GHTH M IEAMWKOM YHPYroil m CBOGORHOH.

Ha nepBuiit B3risy 3T0 4aCTHH® BOHPOCH MEXaHAYECKHX Koaeba-
mmit. OgHakro Takoe mpefcrasienne omnbouno. [axxe B MexaHWYeCKHX
3ala9aX MOKHO PacCMATPUBAThL CTEP/KeHb KAaK KOJe0aTelIbHYI0 Lelb
# TPYAHO PEMMTH, ITO JY4le OTPAKaeT NeHCTBHTENHHOCTS — CINIOMI-
Hafl WIN JACKPeTHAA MoJelb. FCim jke pacCMaTPHBATH W SJIEKTPONM-
HaMH4ecKne CHCTeMH, TO aHajoruu eme Goxee ruaybokme. Oronmiem
gmrarens K kamre JI. V1. Mamgeasmrama [80] (7. I, mermusa 29; . 11,
aexnua 12). B § I1I, 2 Gymer BriAcHeHa CBA3H Kode(ammit gacTHI
B IEKJIAYECKAX YCKOPHTEAAX ¢ KOJeGaHAAME IPYKAHHFX MaATHAKOB;
5TO JEMb OAHH A3 MHOTHX IIPAMEPOB.

§ 1. Csofoaubie, MenKOM ympyrue KojedaTejbHBIC IEIn

1.1. Oumpegenemme nomaTnsa konefarensbabie nenu. PaceMorpmm
MeXaHAYECKYI0 CHCTeMY, CTECHOHHYIO TOJOHOMHHMY U He 3aBACAIAME
sIBHO 0T BpeMenum cassamu. Ilyers ¢y, . . ., ¢, CYTh JTarpaHMKEBH KOOD-
AWHATH CHCTEMEI, & {;, ..., (5, — COOTBETCTBYIoImHEe 0GOGIeHHEI®
crkopoctr. [lomycruM, uro o6o6menHas cuIa, COOTBETCTBYIOMAA KOOP-
auHATE ¢,, MOKeT OHTH IpefcTaBieHa B BHIE

QV (q11 LS | qn) _B\’ (él? ¢ vy én) ('V = 1‘7 ¢ o vy n)'

3mecs (, # R, — HenpepHBHEHe u AudpepeHnEpyeMbe QYHKINH
CBOMX apryMenToB B ofuacTé ux oumpefeleHusa: [(Ja BHAENCHHRX CHJI
couporuBienusa GyaeM mpemmosnarath, 970 mX pabora Ha I0GoM BO3-
MOKHOM IIepeMelleHEM (COBHAZAIOMEM B paccMaTPHBAEMOM - CIYydae
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C OHAM W3 NEeMCTBHTEIBHHIX) OTPANATENHHA:

- E Ry(§1y v gn) ¢v<< 0. (1.'1)
v=1

Orciofa W U3 HENPEPHBHOCTH CIELYeT, 4To

RO ..,0=0 (=1, ... n).

B npocreiimeM HeXmHe#dHOM ciydae, korma R, =f(§) (v =1,...
« .., n), ycuxome (1.1) ozmagaer, uro af(a) > 0 (@ = 0), a Tpebo-
BaH¥We HeNPePHBHOCTH o3HAvaer, B dactHOCTH, 410 f (0) = 0. B 1m-
HeilHoM caydae yciaopma (1.1) osmawaior, wTo AWccEmamEA moaHas.

_ Kunermueckasa sHeprusa I cmCTeMH B CHIY He3aBHCEMOCTH CBA3ei
ABHO OT BpeMeHH Oymer KBagparnaaoi Gopmoit 0006MEeH X CROpocTei
¢ xoappunEenTaMu, 3aBUCAMEME JHUIOL OT JATPAHIKEBHX KOODAMHAT

n
1 . . .,
=73 Z ai]'(qh-‘-sqn) a:9; (aj'i:"a'ij; z,]=1,...,n).

i,j=1

Ypasuenmsa asmxends B opme Jlarpamma BTOpPOro poja 3amdNIYTCH

B BHJE
da.;
3o + Z (- 352) dt=Q—R (1)

i=<] i, 7=1
v =1,.. , ).

IlontTaeMcst MO OTHOMEHMIO K HEPEMEHEEIM y, « - «y Gry G1y + o »
e o oy Gp (r < n) EBYIATH YCTORIMBOCTH B CMEICHE JIATTyHOBa HEBO3MY-
MEHHOTO JBYKEHMS

dv = 4w (t)1 Gv = Cw (t) .(V = 11 AT n) (1.3)

Has BosMymeHHOTO HABM/KEEHA 3HAYCHHS KOODAWHAT M CKOpOCTei
o6o3HaIuM

v=qw () + %, b=¢w @+ % v=1,..,n).

Jdndpdepennuansare ypaBHEHHs IEPBOr0 HPHGIMKEHHSA BO3MYIIeH-
HOTO IBW)KeHUA (YPaBHEHAA B BAPHATWAX) MOI'YT GHITH IPeCTABICHE
B BHNE
n
an, dx, g
Y@ Za +bu(® G+ ew@m] =0 (v="1,...,0), (1.4

i=1
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rge
bviU)-Zl/%f;) +(5), - (52) |+ (G),» a9
o $ ) o $(252).-

_.%.<76:1979’q_i>0]g'j0(t)(jk0(t)}5(%:)0 @i=1,... n), (1.6

a HHJIGKC HYJb IPH &,; A YaCTHHX HOPOH3BOAHLIX O03HAYaeT MOJACTAHOB-
Ky B HX 3HaYeHuA

Quo (s « + s Tno )y 1o () « + -y dno (B)-

VYenosnMes HAa3HBATH HCXONHYI0O MEXAHAYECKYIO CHCTEMY <KO.e-
6ameabHol yenvioy OTHOCHTENHHO HEBO3MYINERHOTO ABEKeHHES (1.3),
©CJIH BO3MOKHO BHIGpaTh TaKWe JIarpPAH’iKeBH KOOPAMHATHI, IPH KOTO-
peIx KoaddruumenTH (@, )y, by; (¢) mey; (f) TaKOBH, ITO NIA HEKOTOPOTO
HaTypaapHOTO M < N

| (aydy = 0 (1.7)
=1, ..,.mi=m+1, ..., n;v=m-+1, , M, i o=
=1, ... m),
R\
bn(t)a_< a7, ) (v,i=1,...,n), (1.8)
oR,
(aéi )0:0 (1.9)
=1 ..,mi=m+1, .., nv=m-+1, ...,ni=
' =1, ..., m),
cvi(t)=0
=1 ..,mi=m+1, ..,nv=m+1,...,n i=
=1, ..., m)

A BceX f, He MEHBIIAX HEKOTOPoro #,. Ycaosma (1.7) — (1.10)
03HAYAIOT, YTO MAaTPHNH-QYHKOHHE KoodpdummentoB cucremn (1.4)
HMEIOT BHJ

(“ (@4)o Iﬁn 0 ) (" cy; (1) Hin 0 ) ,
0 o sy 7 0 ey I,
Gl
|G|
R,
0 “ ( aq.i )0

0

n

m+1
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Ypasaenna B papuanuax (1.4) npum Brmoamemmm yceaommix (1.7) —
(1.10) pasbmBatoTca Ha fBe IPYMOB U3 M U I — M ypaBHeHHI

- d*x; oR, 8ni
2[(“vi)o & T <7;r)0 - e (t) ui] =0 (1.11)
i=1
(v=14,...,m),
= &, (oR, dx,
Y, [ G+ (57) T+ en0m] =0 a2
t=m--1 .
v=m+1,...,n).

1.2. Onpepenenne monoskennit pasHoBecust. Ilpocrelimum mpume-
poM «KouebarelbHol Iemm» OyHeT ce0600HaAR, yeAUKOM Ynpyzas Koae-
6ameabHaf Yenb OTHOCHTENBHO BEPTHKAIBHEX KoixeGaumit (T. e,
KOTAA 3a HEBO3MYIIEHHO® [BH/KEHHEe INPHHAMAETCA BEPTHKAILHOE

KoJe6baHye HASBAHHON CHCTEMEI).
0 Ha puc. 2 npencrasiena cacrema
N MaTepUaNbHHX TOUEK ¢ Macca-
MH M, . . ., My, HOCAE0OBATEIdb-
y HO CoefMHEHHHX /N Opy;KHHaMH
1 (Maccoit KoTOpPHX mpeneGperaem)
€ JRECTKOCTAMY Cy, . . ., Cy U M-
HaMU B HEHANDSKEHHOM COCTOHA-
gAY ly, . . ., Iy. Havaxo mepsoit
OPY/KUHH 3aKpemiieno B Touke O,
Y Ha9aJa KQyKoH M3 MOCIeNYIOMHAX
IPHEKPEIVIeHE K HEeBECOMEIM IIap-
Yy HUpaM, OCH KOTODHX IepIeH/u-
KYJAAPHE K BePTHKAIBHOM IIIO-
ckocta Ozy, 4910 06ycaaBAMBaer
IVIOCKAY XapaKTep [BH)KEHHUA.
Taxkum ofpasoM, Ha cucTeMy Ha-
JIOKeHO Jumb N TpHBAAALHHIX
Cemazent: z, =0, ..., zy=0nm
3a 2N JarpamKeBHIX KOOPOHHAT
TIPEMEM Zyy « « oy TNy Y1y o « o9 YN —
(1 - Ly JAeKapTOBH KOODAMHATHL MaTepH-
</ 4, @IbHHIX TOYEK my, . . ., My. Kn-
" HetmdecKasg »Heprma I° B 3TOM
Zy My, npocTedmeM ciydae

N
1 . g
q TZTka(.’Ei—l— ykd)’

Puc. 2. k=1
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T. e. a;; =m;8;; (§;; — camBon Hpomerepa; i, j =1, ..., N).

BuameuM HOTeHIEANBHYI0 BHEPrui0 V (Ly, ..., TN, Y1, - - «» YN)
JUHEAHNX CAJI YOPYrOCTH OPYHEH B CHI THH{GCTH

V= Z{ gmgl, + 5 08 1@ — T} -+ (U, — ) —

— 2V =P F Wy — B @)

cudrad z, = Yo = 0 m paccMaTpmBaA BCIOAY AL apHPMeTHICCKHE
smavennsi Xopus. HawmeMm ¢ ompefelleHHA NOJOKEHAN pPaBHOBECHS
CHUCTEMEI, AJIA Yero PACCMOTPHM CHCTEMY

oV

o, CiZi-1 + (Ck + Cra1) T — CrrrTirs — Ol [(Xg — 1) +
+ (¥ — V)] I (@ — Tpa) 4 Cpnrlinr (@ — 2x)® +
+ Wy — Y @ —2) =0, (2.2)
aV ’ r ’
;’3? = — myg — Yy + (k1 Che1) Yy — Chrrlliyy —
K

— oy [(@ — 21+ (¥, — 3/;{_1)2]_”2(.% — Y +
+ Crsalirr [(@par — 2)* 4 (Yhyy — y;c)zl_qz Uy — ¥ =0k =1,..,N),

cuaTas €y = Iy = 0. Ora cmcreMa momyckaer pemeHue (HEmKHee
MOJIO}KEHAE PaBHOBECHA)

2 =0, ¥, =0 +M)+ ...+ x4+ i) k=1, ..., N)
(2.3)
THe Aj; o3HauUaeT craTHYecKoe YIUIMHEHHME j-H NPY:RUHE
Ai=(m;+mjyy+...+my)gle; (G=1,..., N).

Halidennoe nososcenue pasmosecust 6ydem usoauposarrvim. Jlek-
CTBHTENBHO, AKOOHAH CACTEMH ypaBHenui (2.2) IpH 3HAYCHHAX Iepe-
meHuHX (2.3) D = D,-D,, tne D, u D, — onpefennrtenn AKoOGHEeBHX
Marpen N-To mopAgKa

eithy Cohg ___Cahg 0 0
hth Ltk Lt
___Cshe Cohs + Cshs _ C3hg L. 0
D, = Lo+ 2y Lid-he  lgd-hg lg+ s
0 0 0 Lok
Iy +hy
a D, monywaerca m3 D, mpa I, =0, Ay =1 (k =1, ..., N). Boc-

mOJAb30BaBIWKUCh GOPMYIOH AJIA ompefeduTend AKOOMEBOH MAaTpPHIHL,
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HaligeM

0
K
D= II >0
k=1
YTO0 B Tpe6osanocb yc'ranonn'r:.
BBeI[BM nepemeHHme Y, HOPeacTaBiAmmue OTKJIOHGHHH 0o BepTH-
xanm k-i MaTepnanbnon TOYKA OT HHKHEro HOJIOHCBHEH pPaBHOBECHA

Ye=Yyr — (L +A) — ... — (G + M) k=1,...,N).
(2.4)
B HmKHEM D[OJOMEHHHA DABHOBECHA Xy =...=IN = l§; = . ..

..= yy = 0. [lag onpefeleHns NOXOKeHAN PaBHOBECHA, OTIMIHEIX
OT HEJKHEr0, 3ammuIeM cHcTeMy ypaBHemmid (2.2) B Bmpe
—Cx (T — Tp-1) X
X { b [y — 29)® + (b + M + Y — yk )21 — 1} +
+ Csy (T — y) {lesr [(Zge1 — 2)® -+
+ (e + Mpor + Yo — Yo — 1) =

D= (U + At Yk — Y1) X
Xl g — 2-0)® + (e + M+ yp — Yen)?17 — 1} 4
+ err1 (e + Mer + Yiern — Y { bl (@ — 2)* -
+ (ks + Mgy + Yprr — Y10 — 1) = myg.
Bunnmem ypaBmenms, orsBeuamomme k, pasHOMy N,
ey @y —an-){1 — Iy oy — 2n-0)? +
_ + (v + Ay 4 yv — yn-1)*172} =0,
ey Un + A+ yv —yn-) {1 — In l(av — xN-1)2
+ (v + Mv + yv — yn-1)’17} = myg.
(Dnrypnaa CKOOKa OTAMYHA OT HYJNA, TaK KaK B IPDOTHBHOM CJIydae

BTOPO€ YpPaBHEHHME HO MOKeT OHITH YIOBJIETBOPEHO. Torga ms mepBoro
YPABHOHHA HaWAEM Iy = Zy-1, & BTOPO€ YPaBHOHHE IPHMET BHJ

en (In + Av + yv — Yn-1) X
X {1 —In| Iy + M+ yv —yn |1} = myg.
ITocegnee ypaBHenHme BCErfa MMeeT pelieHAe Yy = YN-1, & IPH
yonosuu Ay < Iy B pemenwe yy = yy-; — 2ly. Bynmem paccmarpm-

BaTh HamboJlee pacOpPOCTPAHEHHHE caydail, KOrjja CTaTHYeCcCKoe YIAd-
HeHHe Ka)KAoil M3 NpPYXMH MeHbIIe JIUHE ee B HOHANDA'KEHHOM CO-

CTOAHAN .
< bzl =1, ... N). (2.6)

Ilocrynas ¢ ypasrennmamn (2.5), orsedaromama k. = N — 1, N—2, ...
.« « 1, amamormaEnM 06pasoMm, Haiimem 2N DoJOKeHHH paBHOBOCHA

(2.5)
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cBoGoiHON KogebaTeNbHON Iemu:

x1=...=x1v=0, (97)

. { 0 . { % _{ Yn-a
b - 2l1’ Va= Y1 — 2l2,’ R yl\{ YN — 2'ZN.

Ilpm aroM HOMKEO GHTH OTOBOPEHO, 9TO IIAOCKOCTH [BIIKEHHA KasKI0#
73 /N MaTepHaJBLEKX TOYEK PasJMYHH H IapaJileJbHH BePTHKAJIbHOK
OJIOCKOCTH. ‘

1.3. Acumnrornueckas ycroiiausocTh B GOJBIIOM HIGKHEro II0JIO-
SKEHUA PABHOBECHsA NPH- HAJMYAY CHJI CONPOTHBICHASA. 'Y DABHEHHS
aemxenna (1.2) cBoGomHOM, MEMMKOM YHOPYroid KoieGaTelbHOA menm
BaIACHBAIOTCA BECHMA IIPOCTO:

.. av . . . .
MmyZy = — axk— Rlc ($1, ce s TNy Yry oy yN)y
3.4)
. av . . . (
MYy = — a—yk - RN-I-k (wli cen In, Yty o o0y yN)

(k=1,...,N)

O6Gozuaumm "epes inf V HamMeHbIIee 3HaYeHME NOTEHIHUAJILHON SHEp-
rud cBoGORHOM IEeANKOM yIpyroi KodebareasHo#t memn cpedu 2V — 1
noAONCeHUL pasHogecus, OTIAYHHX OT HAKHero. B ¢asooM mpocrpan-

CTBO Lyy o o o9 TNy Y1y « + o9 YN» L1y + o oy Ny U1y + + -y YN OLPENEIHM
3aMKRYTYI0 00racTs G HepaBeHCTBOM
T+ Vinf V.

Teopema. Ilpu Haiuuuu cus CORPOMUSBACHUR, YO06AeMBOPAIOUWUL
yeaosuro (1.1), muscnee noaoxcenue pagHosecus c60600HOK, YeAUKOM
ynpyeoli KosrebameavHoll yenu ACuMnIMoOmuyeckl ycmoiiuuso 045 Hauaib-
HBLZ OMKAOHEHULL

0 © © (0 2(0) - (0) - (0
x§.)1 .. ey xN)’ Yr7s o o o yN)! 131), ey xN)v Y1y ¢ o yN)’

npunadaexcawyuxr obaacmu G. Iocaednee osnanaem, umo I 4 VO
yOoesemsopsem HepaseHcmey

TO 4 VO L inf V, 3.2)
20e ¢ ewpasxcenuu T u VO nodcmasseno z, = 4x§°), A g§f;).

JloxasarTexscTso. llpamem 3a pyakmuio v Teopemsr 14.1
H. H. Kpacoscroro [70] monmyio smepruio cmcreMst

v=T+V—-V(0,..., 0. (3.3)
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Brraucmmm V (0, . . ., 0) — Bermumny moTenmuannLuol YHEPrud B HUMK~
HeM TIOJIOJKeHHUH DPaBHOBECHA

N
VO, 0 ==Y {mg il +2)+ o+ e+ M)+
k=1

el — D).

Torasem, uro V. — V (0, . . ., 0) 6ymer onpeieleERO-I0I0KATEILHOMR
B cMucie JIaoyeoBa ¢ymanumed xy, . . ., ZN, Yy, - - -» Yn. LIpeobpasyem
V-V ... 0 x sagy .
1 N
V—-7v(@,..,0)= Tch (@ — 24-1)® + Ys—yp-2)*+ 20 (B -+ Ay +
k=1

+ Yp— Yr-1) — 2L V (@ — 250 + (e + M+ Y — Y)?]
M YCTAHOBHM CIPABeIIHBOCTH HEPABEHCTB
(% — Tp-1)® + Y — Yi-1)® + 20 (e 4+ Mg 4y — Yi1) >
> 2LV (@ — #pa)® + (b + M+ Y= Yea?® (3-4)

k=1,..., N; 2y =y, =0). JleBag dUacTp 9THX HEPaBEeHCTB MO-
sker OBHITH mpejcTaBiieHA B BUJE

(T —21)* + (U — Yoa + W) + L (I + 2M)

W, 0UEBHIIHO, MOJOKHTeNbHA. BosBerieM HepaBeHCTBA (3.4) B KBajgpaT
H {ocie npeofpa3oBaHHA NOXYIAM

[z — 2ea)® + Wk — Ye-1)® + 20 (Yo — Y-0)PP +

+ 4l [ — 21)® + (Y — y-1)?1 >0 k=1, ..., N).
Ilonryuennsie HepaBeHCTBa NOCTOBEDPHH, B HHX OJIHOBPEMEHHO® HAJIH-
ufe 3HAKA PAaBEHCTBA BO3MOKHO JHNIb UPH Ty = ... = Ty = Y, =

=...=yy = 0. CuegoBarenpno, momuasa smepras (3.3) cucTeMH
GymeT OmpefeNeHHO-IOJI0KATENILHOR B cMEcHe JlanyHoBa QyHRuMER
BCeX Jarpam;KeBHX KOOpAmHAT M cKopocreil. [IponsBoguas ee B cuny
ypasuesuit (3.1) pasma

N

T +T =V 0.0 = = ¥ (B4 Ryvaai) < 0.

k=1

Ilpm aToM B cuay onpeeseERA PacCMATPABAEMEIX CHJ CONPOTHBICHUA
PABEHCTBO HYJIO B mOCJAEeIHEM HePaBEHCTBE BO3MOYKHO JHIIb B IOJIO-
JKeHAH DaBHOBecHsa. [|BuiKeHHe, HadaBmieecAa B obiaactd (G, He MOYKET
H3 Hee BHIATH, B o0ixact: ke (G moJo;KeHHe PaBHOBecHA GyjmeT equH-
crBeHHHIM. Taxkum 06pa3soM, BHIONHeHH Yycaosds teopemu 14.1
H. H. HKpacosckoro [70]. Teopema moxasasa.
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IIpamevarume. Momkuo ycranoBuTh OPMYJIBI A paguayca
cheps mam pebpa KyGa, BOHCAHHHIX B BaMKHYTyI0 4/N-MepHY 006-

Jacth G
1.4. Ypasuenunss B Bapmagusax Qgisi BOPTUKAJILHBIX KOJeGamuit

cucreMbl. Brimmmem mopgpo6uo ypapmemma (3.1)

mydy =
= —C; (Tp — Tp-1) + Gy @ — ) + by (Tp — Tp1) X
X[(ze — xpa)® + (e + M + ¥ — Yp0)?17 —
— il (T — 2r) (@ — @) -
+ (I + My Ypn — yp?1e —
— Ry (&4, « « oy BNy U1y « » 5 UN),y (41)
My = —Cply + Craalisr — & W — Y1) -+

+ ki1 (Yenn — Yn) + el (e + M + Y — Yp-y) X
X Wy —2p1)® + (U + M + Yo — Ypn)?17 —
— Cpsalpsy (i + Men + Yrn — Y X
X @y — 2)® 4 ey + Mrr + Yoo — Y212 —
— Ry (Byy o« oy &Ny Ypy - - Un) (=1, ..., N).
" [lomyeTuM, 9TO HPOEKIMY HA OCH £ CHJI COLPOTHBICHHAS YOBIETBO-
PAIT YCIOBHAM

RO, ..y 0, 0y «vu ) =0 (=1, ..., N).
Cucrema (4.1) nonycraer pemenne (HeBoaMymenuoe asmxenue (1.3))
=0, Gr=uyn () (E=1, ..., N) (4.2)

IOPA 3TOM Yy, (£)’ YAOBIETBOPAIOT CHCTeMe ypaBHeHHIA

., 1 : Y
o + WRNM. ©0,...,0,710, - - -, Uno) — Prlfi-1,0 +
+ (P + Wier1Piert) Yoo — BrraPrerierso = 0 (4.3)
(k:i,...,N)-
3nech
pk—’—‘ﬂk" (k=1,..,N; pya =0),

= "k (k=2,...,N; pyy = 0).

IIposepum BHmoamenue ycaosmit (1.7) —(1.10) (n = 2N, m=N).
Yeaosma (1.7) m (1.8) Bmmosmens, TaK Kak

a___{m\,ﬁvi (v=1,..,N; i=1,...,2N),
" myy8; (W=N41,...,2N; i=1,...,2N).
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Ycanosune (1.9) .Tpeﬁyefr, 9TOOH _
8Rk . <6R Nk ) _ _
@%X_n, ) =0 Gnl=1, M), G

I7ie WHAEKC HYJb 03HAYAET, 9T0 mociae AudQepenrupoBannd mMoJCTaB-

JeHH 3HA9eHHsA apryMenToB u3 (4.2). Ycaosusa (4.4) Gymyr BeImol-

HeHH, B 9acTHOCTH, ecid I, He 3aBmCAT oT §;, a Ryy — or % (&,

{ =1, ..., N). Bygem npeaunonarats yciaosus (4.4) BEINOJHEHHEIMH.
Ycaosue (1.10) tpebyer, arobn

o2V
2\ =0 (j,k=1,...,N),
(6xj6yk) 0 (] )

9T0 BHINOJIHEHO, TAK KaK MHAEKC HYJIb O3HAYAeT, B YACTHOCTH, 9YTO
" mocie pudpdepeHNEPOBAHUA WOMOKEHO T; = . .. = zy = 0, Cuego-
BaTeIHHO, WMOIOT MecTO ypaBHeHMs B Bapuamumax (1.11) m (1.12)

auadg BosmMymenHoro mBmmenus (ry = 0 -+ &, yr = Yo (£) + M
k=1, ...,

N
d?ak 1 v
aE” " Ty Z [( 9z, )0 dat -+ (090433:,{)0 E;1=0,
N
en <6RN+k dn, < v
di? +Th;[ agf)o @+ a;,iayk>0m =0,

k=1,...N)

HI¥, B PasBepHYTOH 3anmcH,

N
d% R\ dE, -
—+ mi—kz (E}-\) - Pk{i - [1 + Ve li(yko(t) — Yr-1, o(t))] }X
X (§k~1 — &) + Pri1Prn {1 - [1 + Vi1 -+ '—(7/k+1, o () — Jhl)(t))]

>< (gk — 1) = (4.5)
@ N /oR an.
d:lgk 4 }..I ( a’;:k )0 % — PiMi-1 + (P - BgraPers) Mk —

i=1

— Pps1PeeMer = 0 (4.6)
(k=1,...,N)

3aMernM, 9T0 9TH ypaBHeHHS BHOACAHE, HECMOTPA Ha TO, 4TO
BOIpoC 06 yCTOHYEBOCTE B GOJBIIOM HUJKHEIO IOJNO)KEHHS PAaBHOBE-
cuA npm BHooiamenwd ycaopusa (1.1) pemen teopemoii m. 1.3. Hme-
OTCA B BHAY, BO-IIePBHX, CJydYad HeBHnoJaHeHud yciosuma (1.1)
(EampuMep, npy YaCTHYHOM AMCCHIANHUM), BO-BTOPHIX, MCHOJH30BAHHE
ypaBHeHR# (4.5) — (4.6) masm cy:xaenms o6 yCTOMYHBOCTH HEBO3MY~
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MeHHOTo ABmueHns (4.2) m, B-TPETBHX, OTCYTCTBHE CUJ COIPOTHBIIE-
mua. K sroMy KoHCEepBATHBHOMY CJIYdYalo MH WM NEDPeXOJuM.

1.5. Koncepparupnpiii coywaii. Ilpn orcyrereum cma compormBie-
HEA cBoOoMHAA IEJAKOM yOopyras KojeOaTelpHasd Lenb Oy/eT KOH-
cepBaTmBHO# cmcremoii. OTRIOHEHAA Yy, (£) @€ MACC OT HHIKHETO IO-
JI0KeHNA PABHOBECHA IPH BePTHKAILHHLIX KojdeGanmax (HEBOSMYILEH-
HOe [BHKeHme) ymobierBopsior cucreMe (4.3) npm Ry =0 (K =
=1, ..., N) (onmcuBaromeil Mashe KOIe0aHHA INTYPMOBHX CHCTEM
[36]). Ypasnenme wacToT @ 9TOH CACTEMHl OKA3HBALTCA BEKOBHM YPaB-
HEHVEM HEKOTOPOH sAKOOMEeBOH MAaTpHUIH

@ — (py - Mave) Wapg o ... 0
P2Pe ©>— (P4 Mgmg)  MsP3 . . . 0 = 0.
0 0 0 ... 0¥—py
Ypagnernns (4.5) #3 cucTeMH ypaBHEHHI NepPBOro npuGIm/KeHHS BO3-
mymenHoro asmxenus opm R; =0 (j =1, ..., 2N) Gynyr umers
nmGo mepuommueckme K0d(pPHUMEHTH, €CIE YACTOTH Oy, ..., ON

COM3MEpHUMEI, Ju60 NOYTH-HePHOAMYeCKAe —.B IPOTHBHOM Cclydae.
Wccnemopaame yerofumpocTa HeBO3MYINEHHOTO [IBUKEHUS B obonx
CIy9asix SBIAETCSA JOBOJBLHO CIOJKHOHE Bafadeil.

Ucenegopanne obieruaerca tTeM o6CTOATENHLCTBOM, 4TO B Roncep-
BATHBHOM CJIydYae BCe pemenms cucteMu (4.6) orpammvens. ITo cie-
AYeT 13 MONORUTEeIbHOCTH COOCTBEHHHX 3HAYCHWY BHITMCAHHOM BHIIIE
aKoOueBoit Marpunu. OrpaHmYeHHOCTH pemeHwil Mos;keT OHTB ycra-
HOBJIEHa M HemOCPeJCTBeHHO, JUIfA 9ero 3auumeM CHCTEMY (4.6) npm

Ry, = Ryye = ... = R,y =0 B BHRE
dn .
._.t.’f = M,
dny, «
i = PiMe-1— (Pk F Wia1Piera) M+ Wi PraaMiess
(k=1,...,N).
PachOTpnM OnpeJleleHHO-TIOJOKUTEIbHYI0  KBApPaTUIHYI0 Qopmy
TePEMEHHBIX My, - « +5 TN, Mgy « « +5 T)¥ C IOCTOSAHHEIMEA Roa(bq)nn;neﬁ-
TaMa
. N
U= ".—‘Zpl- oo P [P (M — M) + il =1 M= 0).
k=1

IlpousBomHas ee, B3ATash B CHJY BHIOMCAHHHX YDaBHeHHH, paBHA
HyN0, 9T0 X YCTaHABIMBAeT OTPAHMYCHHOCTH PpeINeHH.

1.6. YcTofiunBOoCTh BEPTHKANBLHBIX KOJI€0aBUi NPYXEHHOTO Ma-
saranka. OXEO3BeHHAs cBOGOMHAA, IENMMKOM ynpyras KoxebGarelXnHasA
mens IpefcTaBasger cofod MaTeMaTHUYeCKHH MAafATHHK MacCH M Ha
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HPY)KEHE [INA0H | B HEHANPSKEHHOM COCTOAHAH H 3KECTKOCTBIO C

(puc. 3). Cacrema ypaeHeHmii (4.3) CBOJHTCA K OJHOMY
' mijy + ¢yo = 0.

A MH 0ygeM EMeTh [JiA HEBO3MYIIEHHOr0 ABM/KeHNS

xEO’y'=\yo(t)=YCOS(Dt (@:V-_%>.
Ypapueunsa B sapmanuax (4.5) u (4.6) sanmmyrcsa B BHIE

E+ 0)2[1-— 11 ]E-——- 0, n+aoM=0. (6.1)
1+v+TYcosmt» -

3aMeTHM, 9T0 BEmogHeHHEe yciaoBuA (1.8) He ABIAeTCA BHYTPOHHAM
CBOHCTBOM caMoOii MeXaHHYeCKOH CHCTeMHl W BHOpPaHHOTO HEBO3MY-
MEeHHOTO [MBIJKOHHA, a OIpefesdaeTcs
0 TAKIKe M BEIOODOM JArPAHIKEBEIX KOOP-
z i auHAT. Eciam B paccMaTpuBaeMoM IpH-
Mepe mepeiTH K HOJAPHHM KOOpPAMHA-

Tam, TO OygeM HMeThb :

T = %m(pzip2 + p?),

®
AT

V= 2e(p— 2 —mgpcos,

# ypaBuenusa Jlarpamska Opm OTCYTCT-
J BUH CHJI CODPOTHBICHHA 33OHANIYTCH
B BHJE

v . 0+ 2pp9 = —gpsin e,
Puc. 3. 6 —pg? = ——(p— 1)+ geos .

IpuusToe 3a HEBOBMYIIEHHOe [BI/KeHHe BEPTHKANbHOE KoleGaHume
MacCH M BHPA3ATCHA TeIePh B IPEKHMX 0003HAYCHAAX KaK .

. q>=(PoEO, p=po(t):l+7\:+YCOS(\)t
®opumyna (1.5) macr mus wosddummenta by, (f) 3HaueHume
by (t) = 2mpopy == 0,

w10 ¥ o3Hagaer Hapymenue yciaosus (1.8). YpasHenns B BapHanuax
wiA BosmymenHoro pemxenua (¢ = 0 4 @, p = p, (/) + P) mpm-
MYT B TIONAPHHX KOOPJAWHATAX BHJI :
a® usinv a0 Y -0
d_tf_—zi-[—y-{—pcosr dr+1—{-y+p.cos-1:® ’

d2p / A Y —
W—FP:O \VZT, b= 7, T—“”)-
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Har BupuM, mosBiIeHze wieHa ¢ HePBOil IPOM3BOJHOA B YPAaBHEHUAX
B BapmamuAX BO3MOKHO M B KOHCEPBATHBHOH cHcTeMe.
BosepaTEMCE K JeKapTOBHIM KOOpAWHATAM M, BBOAS 0Ge3pasmep-
HOe BpeMf T = of, 3ammmeM AuPepeHInaATbHNe YPABHEHAS BO3MY-
IMeHHOTO NBYJKEHHS B BHME
d%

d2
Tt T B (21 =0, T+ [21=0.

37ech, Kak W BHIIe, Y H U 03HAYAIOT Ge3pa3MepHEIe IapaMeTpHl, BEpa-
JRAIONUe OTHOIIGHHE CTATAYECKOro YIJIMHEHHSA M AaMIUIATYOH Bep-
THKAJTLHHX KodeOanmit K HefeGOPMEPOBAHHOH [IHMHe HDPYKHHE

Y
v=7. B=T

*

a [2] — wmensr BTOPOTO WOpAMKA MAJOCTH.

YeroitanBocTh 1160 HEYCTOHNIABOCTD TPHBHAIHHOIO PEIIEHUS YPaB-
meranii B Bapmamuax (6.1) ompemensercAa TaKOBOH ANA IepPBOro u3
ypasuenuit (6.1). Ognaxko B paccMaTpmBaeMoM KOHCEDPBATHBHOM CIY-
Yae YCTOHYMBOCTh TPUBHAJBbHOTO pemenua cuctems (6.1) me ompe-
mensger BooOIe YCTOWYABOCTH HEBO3MYIMEHHOTO ABUIKEHUS WO OTHO-
OIeHMI0 XK TepeMeHHHM Z, Y, 4, I/, TaK KaK MMeer MeCTO OJiH M3
KPUTHYECKHEX caydaeB. HeycroiumBoCTh ke TPUBHAIBHOTO DPOIICHHUA
cucreMu (6.1) B1eger 3a co6oil (3a mCKIIOIeHHEM, GHITH MOKET, TPAHAY-
HEIX CIIydaeB) HEyCTOMYMBOCTH HeBo3MyIlenuoro nsmwenms ([145al,
m. 70) mo oTHOmeHnwo K mepemeHuEM' Z, Y, £, I.

9710 00yCciOBAEHO TEM, UTO IEPBOE M3 ypPaBHeHHH B BapHaruAX
mMeeT CBOMM KO3PPUIMEHTOM HepHoaudecKyl0 (YHKIWIO M HpH He-
YCTOHUYMBOCTA €r0 TPHBHAIBHOTO pEIIEHAS HAMHUSMIEe XaPaKTEPH--
CTHYHOE THUCIO0 B CMBICHe JIANMYyHOBA OTPHIATEIHHO.

Ilepexoas Kk mcciaemoBaHMIO HOYCTOHIABOCTH TPHBUANBHOTO DeIIe-
HUA YpaBHEHHS

Tt Tt =0, (6.2)
dt? 1+4+v+ucost ,
HagHeM, ofHaKo, ¢ kpurepusa jHyxosckoro [251], rapamTmpyiomero
YCTOUYMBOCTH IIPW BHIIOOJHEHUNM HEPABEHCTB

IR<pO<FERADT  (k=0,1,2,...).

IIpm ycmosmm p << 1 -+ 9y, BHpaskalOMEM €CTECTBEHHOE OrDaHUICHIE,
9TO aMIJIATYAA HPOMOJBHEIX KOJeOGaHuWH MeHbIIe CTATHUeCKH Hampsd-
JKEeHHO! [IIMHH NPY:KAHE, WMeeM

: _ y—w I Al
mfp(r)_—i—kv—u" supp(r)#—i_l_v_l_p.
Hpurepmit Hykosckoro tpefyer BHMONHEHMs HEPABEHCTB

~ 1
PSSV BSSg— (upu k = 0),
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aub0 HepaBeHCTBa
_ 1
pS—g+v  (opm k=1).

Ipu % > 1 xpurtepumit orkasmBaer. PesyapTupyomas ofiacts yc-
TOHYMBOCTU TPUBUAJIBLHOTO pemenumsa ypasuenmsa (6.2), mocrasisemast
npuMeHerueM Kputepus sHykoBckoro, samrpuxosaHa Ha puc. 4.
TIpomenannoe mocTpoenne OKaKeTCH IMOJNE3HKIM JIIA COIMOCTABIEHHAS C
06acThI0 HEYCTOXIMBOCTH.

Aus  oreckamma ofbxacTE  He-
YCTOHYMBOCTA [0 METOLY MAaJoro
mapaMerpa OpUMeM |L 33 MAaJHHK
mapaMerp W SamHIIeM YpaBHeHHE
(6.2) B BHUuE

ZZT%‘I‘IPO(V)"}‘Mpl(T’ v)+
+ P (Tt )+ .. 1E=0;

OpE 3TOM

7

R 4
pO (Y) - 1 + v ,
pi(T, ) = 2p{ (y)cos T
1
( —_—
(v 0 = 7 735)-
B CHRaJAPHOM CJIydae 06JIaCTK He}’CTOﬁ‘IHBOCTH B IINIOCKOCTH ImapaMmer-

POB Py MOTYT HPAMHKATh Ha ocE u = ( K TeM TOYKAaM Y,, KOTODHE
ABIsAOTCA KOpHAME ypasHemma ([146], (V, 2.5))

2V P (V) =m mm '\’m’:Z_lz,ﬁ (m=1,2,...). (6.3)

IIpm y > 0 mmpokas oGxacts HeyCTOMYMBOCTH (T. €. C OTIUYHHIM OT

1
HYJI5E YEIOM MOy KacaTeAbHBIMA) HPAMBIKAET IUINb K TOUKe Y1 = 7,
I EPYTHX TAKAX To9eK Ha moayoc: y > 0 mer. Tamrenc yraa Haxiona
KacareJIpHOH B HameM IpHEMepe ompejeiantcs mo gopmysne, mOIyda-
emoii ma [146], (V, 2.24)

1) :
= — | P ) — 1

Orcona omnpegeisercs B IepBOM NpUOIHMKEHAN 06J1aCTh HEYCTOHYM-
BOCTH BePTHKAIBHHX KoJe0aHUH MasgTHMKA HA TIPYKEHE

1 1 ‘ 1 1
F—ght. . <v<g+5pt+...
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Jlyum, orpammgmparomue 3Ty 061acTb, 0603HAYEHH HA PHC. 4 IITPH-
XOBOH JIMHHEM.
N3 o6meit Teopun ([146], u. V,2.3)) caegyer, 410 TaK Kak
dpy
d_'\’ Y=Y1 i

TO ypaBHEHHA IPAHAL GYAYT AHATATHUECKUME GYHKIIAMHE IIapaMeTpa
1L, II03TOMY OTGpPOIIeHHEe WIeHH IO MOPAAKY He ke p2. Crexyomue
KOO(QOUIMEHTH pABIOKEHAA MOKHO BRIYHCIHTH, BOCIOIB30BAB-
IHCh TeM, 9T0 Ha IPABANAX 9TOH 0GIACTH HEYCTOMUMBOCTH CYIIECT-
BYeT aHTHIIePHOMIECKOE (IOCKONBKY m HedeTHo) pemenme. Ilpupe-
JeM JHIb OKOHYATeNbHHI Pe3yJlbTaT: BO BTOPOM IDHOIM/KEHHH OG-
JMACTh HEYCTOHIMBOCTH OIPENENAETCA M3 HEPABEHCTB

1 1 1 : 1 15

5 — 3H + E%u2+---<v<%+3u+mu2+---- (6.9)

OrpapmuynBaipomme 5Ty 00JacTh KpUBHE MaHE HAa pHC. 4 INTPHUX-
OYHRKTADPHOH JHHMAEN.

W3 onrrroB masectro [240], 910 BO3MymeHHe BEPTUKAJLHREX KOJE-
faHmil OTpM HAIMYMEA CHJ COIPOTUBICHWA MMEET MeCTO JJIA MaATHAKA

1 1 o«
Ha OPY;KHAHE C ?\.z§ I(r. e. 1pr vy = —§> . O6IacTH «KOHCEPBATUBHOMI

HeycToRYmBOCTHY OYAYT DOPOKIATh B [ECCHOATABHOM clydae obaacta
HEYCTOMYMBOCTE BEePTHKAJIBHHX KoXeGammii. HecMorpa Ha acmMmTo-
TAYECKOE 3aTyXaHme KoJe0aHMil, KOTOpoe NIPH He CTOINb GOJbINOR
puccunanuy GyfeT HATH Me[IeHHO, IPAKTUIECKH GONbIMe H3MEHOHNA
KoJe0aHMA 3a CYeT aBTOPE3OHAHCA B IeNHM MOTYT OKA3aThCA BeChbMa
CYIEeCTBOHHBIMA NI ONEHKM PaboTEI CHCTEMEHI.

§ 2. CeoDogabie, He IEIMKOM yHpyruae KoJjie0aTesbHbIE HEmn

Tlomumo of6mimx mooKemmit Teopum KojdebaTeJIbHHX Iemed, 3Ha-
YATEeNLHOE MECTO YHeNAeTCHA YCTOWYMBOCTH MX BEDPTHKAJIHHHX KoJe-
fammit. AnmapaToM HcclIeROBaHUA SBJAAETCA MaTeMarTHdecKas Teopms
mapaMeTpH4ecKoro pesoHanca. lloguepkHeM, 4T0 B Hammx 3ajadax
BCTPEYAKOTCA KaHOHMYECKAe (raMAIBTOHOBH) CHCTEMB JHHEHHHX
madepeRnEaNBHEX ypaBHEHNE ¢ IMePHOJHIECKUMY Kod{pPrImeHTaMA
CHeAalibHOTO BHU[a, MMEHHO KOTJa HmapaMeTp Yy, COOTBeTCTBYIOINEM
of6paTHOl BeJIMYMHE YACTOTH HAPAMETPHIECKOTO BO30Y:KieHHHA, BXO-
naT Heammeino. J[aa Taxmx cmcreM GOPMYIH AuaA TpaHRN obixacrei
AMHEaMPYeckol HeycToiumpocT: Hauwm B. A. fikyGosmuem m B. T
Ilurrenem ([303]; [146], m. V.2.3).

2.1. Nocranoska 3agaun. PaccMoTpAM MeXaHWYECKYI0 CHCTEMY
u3 N MaTepHaJbHHX TOYEK € MacCaMu 7y M JeKAPTOBHIMHA HPAMOYTOJb-
HEIMH KOODAMHATAMH Iy, Yi, 2x (K = 1, ..., N) oTHOCHTeJIbHO WHEp-
NUaNbHOR cmeTeMbl KoopauHaar. 113 3N — r roloHOMHEHX HE3aBHCHMEIX
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ABHO OT BpeMeHm cBA3edl nycts N cBsselt Oymyr: z; = 0,
.., 2y =0 (sT0 03HauaerT, 9TO JBHKEHHE Oynmer mIOCKUM) U 2N —n
cBA3e

fﬁ (1’1, Yo + + 9 IN, yN) =0 (a = 1, 2, ey 2N »——n).

OGo3mauum uepes ¢y, . .., §p, JTATPAHKEBH KOODIUHATH CHCTEMBI I
npeacTaBuM OGOGIIEHHYIO CUJIY, COOTBETCTBYIONIYIO KOODHHHATE ¢y,
B BHJE

QV (QI’ ) Qn) — R, (Cl’ LR} én) (V = 11 s ey n)’ (1-1)
e Q, u R, — menpepusuie n muddepeHnupyeMuie QYHKIUE CBO-
HX apryMeHTOB B 06jactd HMX OIpefeIeHusI.
Kunernmdeckass 3HePruA CHCTEME
1 7
T:T 2 @596
i, j=1 .
OpyE 3TOM .
n

oz, oz dy,. 0y
0% K %Y .
@i = i (g1, « - Q) = E <6q 52, +aq 8q) i, j=1,..., n).
k=1

Ypapuenua AmkeHusa B gopme Jlarpam:ka BTOpOro poja 3amm-
myrca B BHTe

AR O P i S S W S S
Vit 09,09, 0q, 2 99,09, 94, 2 0q,0q; 04,

i=1 i, j=1 k=1

0%, dy, 1 0%, Oy, 0%, Oy
L Ve 2 Tk kg Lok h) —Q,—R, (L2
8q16qj aq, 2 0q.0q, (’)q’. P aq, 0q dq
(v=1,...,n).
Ilpegmosaras wsyyarh 10 OTHOUIEHMIO K IePEeMEHHEIM
ql’ MRS ] qra q'11 RS ] ér (r < n)
YCTOHMYMBOCTh HEBO3MYIMEHHOTO [ABM;KCHUA
gy = 4w (t)’ €y = (w (t) (’V = 17 S n’)7 (1'3)

0003HaYMM 3HAYCHHA KoopimHaT H cxopocq*eﬁ A BO3MYIIEHHOI'O
ABUEHUA

v:qvo(t)_i’xv’ (‘jv:évo(t)—‘_kv (v=1,...,n).
YpapHeHUA TepBOro NPUOIMKEHHS BO3MYLIEHHOIO ABHKEHHS (ypaB-
HeWHA B BaPHALMAX) IPEJCTABAM B BHJe

& d., dx,
Z [(avi)o W’Zf + bvi (t) ’%l + Cyi (t) %i} =0 (1‘4)

i=1
(v=1,...,n).
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3nech
. o, 0w oR
b t——ZZm Z( k.—'—‘+‘..>('-0 t)—l—( ,"),
vZ( ) o k aqiaqj dqv % ( aqi 0
t > {( Oy 0n | 0 Omy ) t
c = m — = e i
i (f) = Z "Z 6qv6qidq, 0(1?(1,- aq, T 7o (t) -+
1 i[i Bx, Oz, 4 O, 0%, x o, 0%, &z, Oz,
= 2 quaqiaqj dq, ' 2 quaq]. aqviaql 8qv6qiaqj6ql +8qi8qj6ql aq, -
1 Bz, Oz, 1 0%, Oz, . . aQ,
— S e — T 5 o | i () Gro () — 5 )o
2 09,0q,09, 8q] 2 9q,9q, 9q, Bq dq;
(v=1,...,n)
Wupgexc nyns npu a,; ¥ 9aCTHHX HOPOUBBOAHLIX 03HAUAET HMOJCTAHOB-
KY B UX 3HA9eHUA ¢19 (£), . . «, @uo (8); G1o (£)y -« «y Gno (¢). B BBIDAIKE-

BuAX WIA by (£), ¢y () MHOrOTOYMEM OTMEYEHH WIEHEH!, NOJYYato-
muecsA 3aMeHOM z HaA Y.

B n. 1.1 BBemeno ompegeNeHue: pPACCMAMPUBLEMAT MEXAHULECKAS
cucmema HA3LLEAEMCS (K0Ae6AMeAbHOl [enbioy OMHOCUMEAbHO Heg0sd-
mywennozo dsusicenusn (1.3), ecau 603amoincno ewbpame marue adzpar-
acegvl Koopdumambl, npu kKomopwx KodpPuyuenmul (a.)g, bw (£) u
¢y (t) makogwr, umo 0a% Hekomopozo HamypasdvHozo m < n U t > t,
eunoanens. ycaosus (1,1.7) — (1,1.10).

Yenosus (1,1.7)—(1,1.10) oznavaroT, 970 ypaBHeHHA B BapHAUAX
(1.4) pasGusarores Ha gse rpynnuar (1,1.11) u (1,4.12) usmun —m
ypaBHEHH.

¥Ypasuenuns (1,1.11) u (1,1.12) paspemmME OTHOCHTEIBHO CTap-
KX IPOMBBONHKX B CHIY LOJOKATEABHOCTH KHAETHIECKON aHepTuu 1.

2.2. Runernyeckasi u NOTeHH{UATbHASA SHeprun. PaccMOoTpuM cBo-
6onHy0, IEeJNKOM YIPYIyo Kojde0aTelbHYIO Ienb, COCTOAUIYIO M3 [V

Macc my, . . ., My, COGHHEHHBIX TOCAe0BATEAbHO N HEBECOMBIMU TP Y-
JKUHAMHE C JRECTKOCTAMH Cy, . .., Cy M JIAHAME B HEHATPSAKEHHOM CO-
cTosHUA Iy, . . ., Iy (cM. puc. 2). Havamo neppoit npy:RuHbl 3aKpemnie-

HO B Touke O, HaYaJIa KayKIOH M3 MOCIEIYIOUMX NPUKPEIIeHE K He-
BECOMBIM NIAPHKPAM, OCH KOTOPHX 00YCIaBINBAIOT ILIOCKAN XapaKkTep
nsmwxenuda. llycrs oqma rpyona ms A mDpy:KEH 3aMeHeHA HepPaCTIKH-
MEIMH HEBECOMBIMHA CTEPIKEAMU; MOMYCTHM, YTO 3TO GYAYT CTEPIKHH,
COIMHAIONMEAE MACCEL My, My, « « ., My, LakaM o6pasoM, Kpome IV

TpUBMAIBHEX cBfA3ed z; =0, ..., zy = 0, Ha cHcTeMy HAJOKEHO
h cBaAzei

(Tpen — Tpan-1)® + Wren — Yrana)? = H—n (m=1, ..., h),
rfie Z,, Y, — JeKapTOBH KOOPAMHATH Maccw m, (v =1, ..., N;

zy = Yo = 0). Opmaxo abcumcchl (WA OPAMHATH) MacC My, . . .
., Ms,, He ABIAITCA Telephb JarpamKeBHMH (ompefelsaiomuMu)
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xoopamEaramMu. 3a 2N — h KoopAHHAT IpHMeM

Lir o ooy X5y Pfary o o oy Pryps Zfrhyly » » o9 TN,
y1=y;—L1, o o ey yf=y’,=——(L1+...+Lj),
Ypsnir = Ypsnn — Ly + o o o+ Lpgpsa), -« oy Yn =
=yn —(L;+ ...+ Ly
3meck Ly ectb nimHA k- OPY/KAHE B HaIDsKeHHOM cocroanmu (b ==
=1, ...,fLf+r+1, ..., N), 60 JAnNHA KECTKOTO CTEP:KHI

k=f+1,..,f+h, . e. Ly=1U -+ A, roe Ay — crarude-
CKoe ymimpenwme K-l NPY:REHH

- A= (my o+ My ... M) glek
(k=1,...,]‘,f+h+1,...,N, }vf.).]_—.- —7»;+h~—0)

Taxum o6pa3soM, KOODAAHATH Yy, « « «, Yf, Yfthils - « +» YN DABHH
OTKJIOHOHHAM IO BePTHKAJH COOTBOTCTBYONMX MacC OT HIJKHEro
mojokeHHs papHoBecuA. KoOpmmHATH @iy, . . ., Qpp CYTH mOMAD-
HEI®, yTJABI, OTCUMTHBaeMue or ocu Oy mo c'repmnen liv1y oo oy Lian
0 HANPABIGHMIO 9ACOBON CTPEIKH.

Kunumetnueckas smeprusg I cucteMn paBHa ')

N h
T=—5 Y m+ i)+ Y ma{df + D) +
k=1 : n=1 .

n .
+ Z Uta®sta [lta@rta + 2 (27 COS Qpra — Uy Sin @pya)] +
a=1
n

+ 2 Z U +alr+ 89/ +aPr-4a 08 (@r4a — (Pf+ﬁ)} . (24
a, B=1 ’ '
a<fB

Ilorenmuanpryio sHEPru0 V AmHeHHHX CHJI YOpYyrocTa TIPYKEH
¥ CcHI Tamec'm 3amumeM B BHAJE

V——gE(mf+1+ +mf+h+m)ya—g 2 mays —
a=1 B=fFht1

— & 2 My tnlfin COS Qpiy -+ 5 ; ey [(mg — zp—)* +

+ B+ Me + Yk — Yp—1)? —

- 2 el V (@ — @—1)® + (be + M + Y — Yem)? (2.2)

paCCManHBaH BCIONY apmﬁme'mqe(:ﬂne 3HAYeHMA KOPHA N OpHHUMAA
Zren = Upan SID Qpyn,  Ypon = Lyn (COS @pn — 1). IlTpEX y 2 03HA-

1) B ¢opmyane (2.1) crateu [322 B] gomymena omm6Ka, 35eck MCIpaBiIeHHAS.
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qaer, 4r0 OPA CYMMHMDOBAHAHM JOJKHH OHTH NPOLYMEHH cXara-

emele, orBegaromme k=f-+1, ..., f+ A Amnamormuso n. 1.2 mer-

PYAHO IOKa3aTh,uTo mMeeTcHd 2N moio:KeHWil paBHOBECHA CBOGOTHOIM,

He IEeJIHKOM YIOpYPoit koxebareis-

moii menu. Mmeer Mecro m Teopema g

n. 1.3: EMKHee NOJIO}KeHMEe pAaBHO- 7

Becus (OTBedaolmiee HYJNOBHIM 3HA-

9YeHAAM JarpaEKeBHX KOODHMHAT) 4y

ACHMITOTHYECKA YCTOMIMBO B GONb- 2,

IIOM NPH HAJAYNA CHI COINPOTHBIE-

HasA, paboTa KOTOPHX OTPAIATEINHHA

npu I060M BOSMOMKHOM IIepeMerie-

HAH. / c
O603Ha9EM Tenepb JarpaH’KeBH

KOODJUHATH, 3a0ACAHHEEE B TOH IO-

CIe[[0BATEILHOCTA, B KOTOPO# OHHA

GELIM BBEJCHH], 9ePe3 ¢y, . . « aN-h- ”72[‘

Hdasa Q, B supasxenmnx (1.1) 6y~ Iy

IeM ¥MMeTh

Qv=

£/+Z<?+)'Z

7

1/ A
‘\_/
. 5/2

L

Ly

v ’
v=1,...,n)
9q, ’ T Pme. 5.

a [onsa BRITCJIeHHEIX cHuit COOpOTHBJICGHHA JonycTuM, qT1o0

Ry = Ry (él’ LRI QN) (k =1, ..., N),
Byny; = Ryij (GNery « ooy Gonv-n) (=1, ..., N —h),
RO ..., 00 =0 (v=14, ... 2N —h).

Ypaprenna (1.2) gouyckaior pemenwe (BepTHKaXbHHE KOXeGaHES
cBo0ofHON, HE IEJMKOM YIPYrod KoieGaTelbHOA uemn)

q1£=qko(t)EO (k=1,...,N),
Ny = qNso () (=1, ..., N —h),

TAe gn+j,0 (f) onpenensercs us nociaexnux ypasHesui (1.2). ro peme-
HAe IpuMeM 3a HeBoaMmymennoe asmikenne (1.3). Herpynao mokasars,
aro ycxosua (1,1.7) — (1,1.10) semonuenH u, ClefoBaTeILHO, YPaB-
HeHMs B Bapmanmmax pasbmBalorcs Ha jaBe rpymms (1,1.11) m (1,1.12)
us3 N m N —h ypasuennii. HeycroiiumBocTs HeBO3MYIMIEHHOIO IBH-
'KeHHA OyHeT OmpeNeNATHCA HEYCTOMYMBOCTHI0 TPHBHAJILHOTO DPEIIe-
guA mepBoit rpynns (1,1.11), nGo xapakrepmcTHuHRE YHCIAa BTODPOi
rpyouu  (1,1.12) meorpumaremsmsr (. - 1.6).

2.3. Ilpuwep. PaccmorpuM JBYXBBeHHYI KojebaTeNbHYIO eI,
B KOTOPO¥ mepBoe 3BeHO aBCOMIOTHO KECTKOEe, a BTOPOe — yIpyroe
¢ sxecTKoCThI0 ¢, O60o3mavennsa AcHH u3 puc. 5. Crarmieckoe yATuHeRAe
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OPY:RUHH Ay = myg/c. @opmynst (2.1) u (2.2) sammmyrcs B BHAe
1 . . 1 .
T = -—2—m2 ($§ + yg) + 35 mlll(P?.»
V = —mgly'cos ¢ — magy, + ¢ [(®2 — lysin@y)* +
Flat+hetyat+l— l1003 §1)°] — cly [(zp — Ly sin q)®

1
+ s+ R+ Y2+ Iy —Lcos q)l)z]?'

Vpasuenus Jlarpamka (1.2) Upm ecTeCTBEHHOM IPeNNOJIOKEHHH,
aro I, + Ay + y, > 0, momyckaioT pemeHme (BepTHKAJbHEE KoJje-
6a1m;1 MAacCH m, — HEeBOSMYIIEHHOE [BIDKEHHE)

91=0, 2=0, y,=Ycos Q¢ (Q:]/L)

mg

TI'pynma ypasmesmit (1,1.11) B Bapmamuax (¢, = 0 4+ @, z, =
= 0 + %,) Mosker GHTH 3ampmcasa B 6e3pasMepHOM BHJe

L [+ 0y + appcos +

+ ot ~ e |0~ Vet — TovaeeT) i 0 8D

= — reee) O+ (1~ TR E =0

(v=one=Vap, a=22 p=1, Y=, p=—).
1 1 2 2

a\i

OrpapmumMes ciIydaeM m; = mg, b = I, (@ = f = 1) =m 3anm-
meM cucreMy (3.1) B Marpmano# gopme

dtz + [Po (¥) + BP1 (7, 7) + p2Py (7, 7) +- - =0,

y=(3) P =5 24T T

—
2(T+ 7"

rae

Py (%, 7) = 2P{ (y)cos v, P (y)=
Marprna

1+ +vp —1".
—1 1

=T |

[OJIOKUTeNHHO-OIPeieIeRHas; TOraa MPHMEeHNMH pesyasTaTs B. A.
flxyGopmua m B. T. Mmrrenn ([303]; [146], m. V.2.3). Buwmcaum

142049y —1“
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o; (y) 1 @, (y) — cob6CTBEHAN® YACTOTH HEBO3MYIEHHOH CHCTeME
1 /) 1]
o1 =I/Y[1 =V e
1 ]
"’221/”7[“r e R

IMlmpokue obxacTu meycroigmpocTd (T. €. C OTIMIHHIM OT HYIA
YTIOM MeKAy KacaTeIbHEIMJ) MOTYT HPEMHKATH JMMIb K TeM TOUKAM
moayoce p =0 (y >0), pag KoTopHX

0;(Yo) + on (v) =1 (G, k=1, 2). _(3-3)
Ilockonpky B Hamem Ipumepe
200 (1), 20, (v) ® o (¥) + @ (V)

— BospacTapiue QYHKIHE Y, TO HIMPOKHe 00JacTH HEyCTOHIWBOCTH
MOryT OHTH IPH eJWHCTBEHHOM BHAYCHHH P B KaXKIOM H3 CACHYIONIHX
Tpex ciaydaes: 1) 20, (y) = 1, 2) 20, (y) = 1 — ocHoBHO# pesoHanc,
3) o, (y) + o, (y) =1 — xomOmHanmOHAKE pesoHame. Tak Kax

Dep = 0, To musa Bruamcnenusa yF (YrAOBHX KOdPPENUEHTOB Kaca-
TeIBHHX K rpaHmnaM obiacreil HeyCTONIMBOCTH) BOCHOIE3yeMCA (Gop-
mymxoir [146] (V,2.24)

2 (Pgl)aj, a,)

(F=For i | (3.4)
_d-¥ ((Dj + (‘)h)

-

Y=Yo

3mech Y, — KOPeHb COOTBETCTBYIOLIETO YPAaBHEHUA
o)+ eo(p)=1 (G k=1, 2),

a aj, a, — COOTBETCTBYiOmHe COOCTBEHHEE BEKTODH Marpupou P,
T. €.

Py (vo) a; = ‘”3 (vo)aj, Po (vo) ap = i (Yo) an,
npuyeM
[o; (vo) + on (V)] (ajy2p) = 6 (jy A =1, 2).
Ilpusenem pesyabraTel Bhumcienuit. OGaactu mepsoro (I) u BTO-

poro (2) ocHOBHOTO pesoHaHCa Ha PHC. 6 OIpeNeIAOTCH ¢ TOTHOCTHIO
zo O (p% m3 HEPaBeHCTEB

0,076 — 0,364 + ... < 7 < 0,076 + 0,364y + ...,
0,549—0,385p + . . . <<y << 0,549 + 0,385 + . . .,

a o6aacTs KoOMOHBANHOHHOTO pe3oHAHCA (3) HAXONHTCA H3 HEPABEHCTB
0,457 — 0,088p + .. . <y << 0,157 +0,088u + . . ..
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2.4. MaaTruk B3 cBoGonmoit yupyro#t mnopeecke. Ilycts MaTeMma-
THYECKEHR MAsgTHHK MACCH M, ¢ NJIMHOH CTOP)KHSA l, moBemer K map-
HAPY MaccH m, (pmc. 7). IIpyxmma ¢ miammoll B HeHAUDSKEHHOM CO-
CTOSIHUY [, M $KECTKOCTHIO ¢ OMHAM CBOMM KOHI[OM IPHKpeUJeHa K Imap-
HUDY, & APyrAM — K HEOIOABW;KHON Touke (O, CTATHUECKOE Y/JIMHEHUE

0.
'z i
7
06+ ~
2 +
~2
L ¢ :
7™
A
0,4+ N
m, o
L. i
s '
a2y 3 X
Ly
- 2,
<
1,
4 01 02 a Y
Puc. 6. Pme. 7.

npy:RuER A = (m, + m,) gle. @opmyan (2.1) u (2.2) nafoi‘
T = - (my + ma)(@® + §7) + —5-mala@® + mala® (£ c0s @ — § sin @),
V == — (my + mq) gy — mogly cos ¢ 4-
el + A+ Y —ch VT + G+ A+

Ypasuenus (1.2) saummyrcsa B BHAE
(my + my) & + myly cos ¢ — m,l,¢*sin @ =
= —cx + chz 22 + (4 + A+ p?l, (44)
(m1 + my) § — myly§ sin @ — mylyg® cos @ =
=—c(+yteh+r+yl®+ G+2+
L+ icosp — §sinp = —gsin @.

Beenem Gespasmepmmne xoopammatst § = zfl;, 1 = yfl, m Gespas-
meproe Bpems T = V c/(m; 1 my) t; Torma] CECTeMa ypaBHeHHI
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IOBIKEHHA npeobpasyeTcs K BHAY
&+ afg’cosg = afy sing — £+ E[E + (1 + ¢ + 017",
M — afe’sing =
=ape?cos o —(1—m)+ A+ v+ E+ A+ v+l
£”cos ¢ — 1" sin ¢ 4 po” = —y sin @,
rae BBeJeHH IapaMeTpPH

l A
o = my <1, ﬁ:__lzl__, Y:—

my 4 mg Iy

7 MTPHAX O3HaYaeT IIPOHM3BOAHYIO IO T. PaspemnM OOCJAEJHIOI0 CHCTe- .
MYy OTHOCHTEJIBLHO CTapmHX IPOM3BOAHEIX:

¥= — 5 S+ ay”sin g+
‘ B A 1 (1+y+n)§Rsmcpcos<p,
n"=v—%m(i+v+n)+aﬁ¢”cow+ (4.2)

+ 1ia RE sin @ cos @,

" 1 14947 .
Q' = TO—=a REcos @ B —a) R sin ¢,

rae ’
R=1—[8+A+y+nl?’
YpaBHeHAs [BWKeHHS (4.2) MONYCKAlOT pemeHHWe

E=¢=0, n=mpcost (n>0). - (4.3)

9T0 W ecTh NPHHATOE 3a HEBOSMYIEHHOE [BIMKEHHNE BOPTHKAIHHEE
KoJeGaHHsT Macc m; U m,. Ileppas rpynma ypaBHEHH# B BapHAIHEAX
(1,111 (¢ =0+ u, (p~0+1p, 1 = W oS T + w) MOomeT OHTH
sanmcaEa B BHAe

YV+Q@ v p o py=0, (4.4)
‘ 1 1
A _ v+peost B B +v+pcosy)
y o (u) ’ Q—— 1—a —a . 1 ?
) 14+7v+uncose
a Bropas rpymma (1,1.12) coctomT m3 ypaBHeHHSA
w' +w=0.

Htak, HEYCTOWYIABOCTL HEBOSMYIMEHHOTO ABmxenda (4.2) ompenens~
eTcA HEeYCTO HYMBOCTHI0 TPHBHAJIBHOTO  pemeHHmA CHCTeMH (4.4),
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KOTOpY® B IpeamoioykeHW: p << 1 -+ y mpeacrasmm Kak

V' 4+ IQo (v; @ B) +pQy (v, 152 B) +O0 (uA)ly =0, (4.5

e
o S S
1
Q0= 11(1 i 5(1 +7v)
a —
1479
1 1
1 BUAF
Q1=2Q§1)cosr, QY — — B B( il—?)
—% T
CoGCTReHHEE BHAUCHHA ©) B 0 MATPHIE Q, IONO0/KATENHHS ¥ PaBHE
s ¥ S 1 __]/_1_ 1 2(2a—1) |
“’lv“_za—a)[ﬁ TtV ey T saw

Omnako X cmcreme (4.5) HENIB3 HENOCPENCTBEHHO IPHMEHATDH
dopmynn [1461, n. V,2.3. Jleno B Tom, uro marpuna Q B (4.4) m, cie-
moBaTeabHO, MaTpunsl Qo Q(l) B (4.5) me aABIsIOTCA CHMMETDHIeCKH-
mu; cmcremul (4.4) u (4.5) «sanyramey awHeHHO# mopcraHoBKO#. Cm-
creMy (4.5) HY:XHO IpeBapUTEIbHO «PACIYTAThY JUHEHHEM mpeobpa-
30BaHAEM ‘

Y =1ISe (¥; @ B) + uS; (s @, B) + O (Alv
(det Sy 7= 0, det S, = 0).

B mnpeoGpasoBammo#l cmcreme
v' [P, (v; @, B) -+ p-2P (p; 2, B) cos T+ 0 ()l v=0 (4.6)

marpuns Py P Gymyr BOIIECTBeHHKIMA CHMMETPHICCKEMHU, Ha-
npumep, '

- 0)2 0
0 - SOIQO o —

27
0 o

1 ¥ mpeoGpasoBaHHON cmcTemMe mpuMeREME opmyast [146], m. V,2.3,
IS ONpefesieHHsl rpaHum obiacTell AMHAMHYECKOH HEYCTOHIMBOCTH
B TepBOM HpHGamkennH o p. B gacTHOCTH, ANA caydYas, PACCMOTpEH-
HOTO B 1. 4.3 (my = my, |, = 1, 7. 6. @ = 1/, B = 1), Gynem mMers
Te ke BHpaendsa (3.2) 4asa oy (y) ¥ o, (y), a BHAYHT, U Te K¢ KPHTH-
decKkHWe 3HAYEHHA Dapamerpa y, K KOTODHM IIPAMEHKAIOT fiBe o6iacTH
OCHOBHOTO H ofHa 061acTh KoMOHHATMOHHOTO pesoHamca. Ha Beramc-
JeHHEH YIVIOBHX Ko3pdumumentoB %¥, KacaTeAbHHX K HAa3BAHHHM
ofiacTaM, MH 37echk He OCTAHABIAHBAEMCH.
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2.5. MaarBuk Ha ynpyroii -mofgsecke B Hampasuawmux. ITycrs
B 0003HaueHAAX 0. 2.4 IBMKOHHS MACCH 1; CTECHOHO BEDTHKAJIBHRIMA
sanpasiagomume  (pue. 8). IlomyumBmasica xonebaTelbHasA INemb
ABIsAeTcs He cBoOogHOo# (IOTepAHA CTEemeHb
cB0oGOAR, OTBEWAOMIAA &) W HE IEIHKOM yo-
pyroii, [ia KUHETHYECKOH ¥ HOTeHIUANBHOM /
sHepruu GyneM WMeTh Temepb

T = %(ml + ma) §* +
1
+ mal30* — malsy@ sin o,

Z/+A’.+y

= ’7 cy? + mogly (1 — cosp)
n ypaBHenus Jlarpama BTOPOTO poja cyTb
(m1 + my) §j — myly§ sin ¢ —
— myly¢?® cos ¢ = —cy,
—jjsin ¢ + L = —g sin ¢. Pmc. 8.

PaspemmB mociefnne ypaBEeHNA OTHOCHTENIBHO CTAPMEX I POH3BOJ-
HHX, TOJYIAM ’

nu + n= (1 —a sinz cP)-l (d(PIZ cos ¢ — oy sin2 @ —an sinz (P)

9" + ¢ = (1 — a sin® ) (—n sin ¢ + ¢ sin ¢ cos ¢ — (5.2)
— ay sin®p) + y (¢ — sin @),
Tae BBeIIeﬁH 6espa3M9pHme HepeMEHHHe n mapaMerpsl

- Y — — —_c
n—lz’ T=ol (O)M]/ml”i‘mz)’

. my 1 A

G—m1+m2<, = by .

HccnenyeM ycTOAYIMBOCTD HEBOSMYMEHHOI'O [BHKEHHA — BEPTH-
KaJbHHX KoJebanmi

=0, n=mpcost (» > 0). (5.4)

Camras auaa Bo3MymeHHOTO ABWKeHMA ¢ = 0 - ¢, 1 = p cos 1 + v,
mOJYYAM, UTO HepBas Tpynna ypasHenmii B Bapmammax (1,1.11)
COCTOUT W3 OHOTO YPaBHEHUA

V' + (¢ + pcos)p =0, (5.9)

a sropad rpynna (1,1.12) — raxske n3 ogmoro: v” + v = 0. Heycroi-
9HBOCTh HEBO3MYINEHHOTO [BW:KeHHA (5.4) ompegeisieTcss HEYCTOH-
YABOCTHI0 TPHBHAJIHLHOIO peMEHMA ypaBHeHHA (9.5) — ypaBHeHHA
Marpe. IlocnenmeMy mocBsamieHA MHOTOYHCIEHHAS JIHTEPATypa; NIsA

(5.3)
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Ham®Xx Iexei AocTaTogno mpmmeHsaTh dopmyas (3.3) m (3.4), B cayzae
xorna Marpans P, u PY cyrs cxanapu y m 1/, coorBeTcTBenno. Ypas-
menve (3.3) ompepeNseT KPUTHYECKUE -SHAUCHMA NIapaMerpa

20 )=2Vv.="n, Y _—1—n2 (n=1,2,..)),
a ¢opmyxa (3.4) macT fuA YrIOBHX KO3(QHAIMEHTOB KACATEIBHHX

K IDMPOKO# 00IacTH HEYCTOAYHBOCTH B IJOCKOCTH WY

p(l) .
X:F = + do? "‘I—

dy Y=Y1"~

Mapoxran 061acTs HEYCTONIABOCTA B MIIOCKOCTH Uy (T. €. ¢ OTIAIHEM
OT HYJAS YriIOM MeKAY KacaTeJIbHHMHA) HPHEMHIKAaeT IHIOb K TOUKe
vy = Y/, ® ompepmensercas B IePBOM npnﬁnnmennn HEPaBEHCTBAMHA

e N R L G R T (5.7)

(5.6)

e




T'aasa IIT

OPUMEHEHHWE METOJOB MAJIOI'O HAPAMETPA
K KOJIEBAHMAM B CUCTEMAX JIANYHOBA

B aroii rraBe paccMaTpHBAIOTCA HEKOTOPHE MEXAHHIOCKH® B (E-
3mdecKHe 3afaud. MarTeMaTHYeCKAM ammapaToM IS OUpeeJdeHHs
HePHOJAYCCKAX IBIKEHHWA H ONHCAHAA IpOIecca MX .YCTAHOBICHHS
B TeX CIydYasAX, KOTAA HePUONAIeCKOMY NBM;KEHUI0 0TBEYAET MIPeMIeshb-
EHA IEEI (B (a30BHX LHPOCTpaHCTBAX pasMepuoct: 2k > 2), ABIA-
I0TCA METO[B MAaJOT0 HapaMeTpa. BHUMCIHTENBHEE ACIHEKTH METOHa
Ilyamkape [107a] passura B § 1,2, 9T0 KacaeTcsa METOHA yCPEXHEHHS,
TO 37ech YATATEJb HAWAET JHING HpOoCTedmme IpEIOKeHMsA mo Ban-
mep ITomo [30]. Boaee caomme sagaudm (HeKoTOpHe W3 HHX HaMe-
9eHH B § 4) mOTPeGYIOT NPMIOAEHHMA, a4 MOKET OHTb, W HEKOTODOil
MOIMPEKAIAN BHYACIAUTENBHHX AJTOPUTMOB, Pa3BATHX B (yHIZaMeH-
raasHEX uccremoBanuax H. H. Boromw6osa [17, 721, 10. A. Mutpo-
moabexoro [85r] m A. M. Camoitnerxo [19].

Moskro maMeTmTh OGIMI WOLXON K TAK HA3ZHBaeMOH 3ajfade o
nmepexauke sHeprua (§§ 1—3). IlepBrM ee sramoM sABIAETCS yCTAHOB-
JleHEe MCXONHOTO (Jamie BCero TPHBHAJIBHOTO) IEPHOZHYECKOro pe-
JKUMa U ompefielieHHe 06JacTeil ero HeYCTOWYMBOCTH B IPOCTPAHCTBE
IapaMeTpPoB CHCTEMHI, HA OCHOBE MATEMATHYECKO! TeopMH DIapa-
MeTpHYeCKOr0 pe30HaHca. JTO mpopeawBaitocs B om. 11,1.6,11,2.3,
I1,2.4, 11,2.5. Bropoit sram pemeHHd 3aKIOYAETCA B OTHICKA-
HEH NEPHOAWYECKAX DPEKAMOB, BOSHAKAIOMHUX IPH KPATAYECKHX 3HA-
YeHHAX IApaMeTPOB H OTIHYHBIX, PasyMeeTcd, OT MCXOAHOrO. ITOT
9Tall OCHOBEIBaeTCd Ha npeolGpasopanmax n. 1,1.2 m npuMeHeHAN K Ipe-
obpasoBauHoi cmeremMe mMetona Ilyamkape [107a] ompenenenms: mepmo-
gmdeckux pemenmit. Ho k mpeoGpasoBammoil cmcTemMe MO;KHO IIpUMe-
HATH H APYrHe METONH MANOr0 IapaMerpa, HaIpEMEp, MeTo] ycpex-
HeHNd, MO3BOJAIMWUNE NPOBECTH TPETHHl 3TAl PemeHAs — HCCIENo-
BaHEe IEePEeXONHOTO HPONEcca, dYaCTO HABHBAGMOTO IepeKaYKol
DHEPrEM. JTH TPH 9TAla W HIIIOCTPEHPYIOTCA Ha OpHUMEpPax MeXaHH-

geckux cucteM (§§ 1,3) m ¢msmueckoii cucrems (§ 2) ¢ KByMA CTemeHd-
MZ CBOGOTHL,



64 IIPAMEHEHHUE METOINOB MAJIOI'O ITAPAMETPA [TJ. 13

§ 1. Ilponecc cpniBa BepTUKAJILHMX KoJjeOanmit
YIP Y’KHHHOTO MAaATHAKA

Ilpu ompenenenHHX 3HAYEHMAX IAPAMETPOB HPOMCXOJAT CDHIB
BOPTHKAJLHEX KoJeOaHHH MacCH Ha LPY:KUMHE B pe3yiabTaTe CKOIb
YrofHO MaJbiX HONEPEeYHHX BOBMYNIEHWH IBYKCHHsS (CM., HAIpHEMeD,
[240, 367al). MaTemaTHuecKoe OIMCAHWE DTOrO Ipoifecca ¥ COCTaB-
asier copepskamme § 1. - :

1.1. Iepswii stan. PaccMorpuyM [BUKEHEE MAaCCH M HA HEBECOMOi
Opy:KHHe [InHo# [ B HeHAUPsUKeHHOM COCTOSHWY, IONYUHAIOMENCS
saxony I'yka, ¢ skectkocThIO ¢ (cM. puc, 3). llyerp zm y’ =1+ A +
+ y — neKapToBH KOODAWHATHI MAaCCHL M, OTCYMTHIBAEMEE OT TOYKH
mogeeca O, rHe A = mg/c — craTHuecKoe YANWMHeHWe IPYKHHH,
BriGepeM mocTosHHYH0 HOTEHIMAJBHOH 9HePrHA V CHIBI TAKECTH X
YOpYro#l CHAM NIPY;KAHE TakuM obGpasoM, 4106 OHa ofpamaiachk
B HYJb [JiA TOJOKEHHsA CTAaTHYecKoro pasHoBecHa r = y = 0,
u OyneM HMETH

T =—m @+ ),

1 1 (1-1)
V=—mgy+ el @+ T+rFyf—1F ——ch?

OGosuauny wepes © = )/ ¢/m KPYroByi 9acTOTy BEPTHKAIBHHX
KoJeGaHmi Macch Ha DPYyMHUHE W BBeJeM Oe3pasMepHEEe BpeMd T =
= ot @ KoopmuHaTH & = z/l, 1 = y/l. Torna ypaBHenma ABHKEHHA
3anAmyTCcHs B BHJE

am _ 4y —1 M
e T (e B @ l%

- (1.2)

1
de_{_i—T—- gzl: ! _",1 ]7
: v Ve Fra+y+ne T

Tle pasJOKeHHs IPAaBHX dacTeil B okpecrnoct# & = 1 = 0 maumua-
10TCS ¢ WIeHOB Bropoit cremenu. Cucrema (1.2) He COTePHHHT MaJOro
mapaMerpa, BMeCTe ¢ TeM B CHJIy HapymeHHA ycaoBhs 6) TeopeMbl
JIanysosa (m. I,1.1), K Heil menpumenmM MeTon JlamyHoBa oTHICKa-
HEf pepuofaieckKdX pemenuit. Jlockoabky cucteMa KOHCEDPBATHB-
HA M CBA3M HE 3aBUCAT SBHO OT BPEMEHH, TO HMEET MECTO MHTErpaJ
SHOPrun

% V2(T 4 V)¢ = p = const. (1.3)

910 06CTOATENHCTBO, a TAKkKe NpHUMEHeHNMe NOJCTAHOBKH JlAmyHOBa
(I,1,2.3)

an

1N = psin?, e

—peost, t=pn, —==pn (14
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H03BOJIACT HOHABATH HOPsoK cuctemsl (1.2) Ha aBe egmumup. O6mue
$opMyaH [iA mpeo0pa3oBaHusA CUCTEMHl YPaBHEHHH BTOPOro MOPANKA
ykasann B m. I,1.2. Ilpamenmreasno k cmcreme (1.2) 6ymem mmerpb
oo ¢opmyaam (I,1,2.6) ‘

cos &

W (z) = 1}!7_? zi+25, R :——2(1—+Y—)§-Z§+O(P)’

. sin ¥ cos ¥

= SaE A0 Zi=gaaasd +00), (1)

7o sin & cos ¥

: T T IE e
Ypasrenus (I,1,2.9) sannmyrca B Buge ({ = z,, {'=dl/d?9)
axg

d—w-’f—‘#C: - H(1+Y)—2[<1 + 1-T-Y &+ C'Z)%Sinﬁ—i—

e ) (At -
— 5 Ueos®)E]LHOow). (16

2322 + 0 (p).

Tpusnanbuoe pemenme ypasuenus (1.6) § == 0 oTpedaer BepTU-
KATBHEIM KoJeGaHuAM ]

y =Y cos o (t — i) (1.7)

MAacCCHL M HA OPY;kuHE ¢ MepuogoM [pepy = 21/ 0. ,
B kpaiiHEX DOJOMEHMAX DOTEHHHEAJBHAS dHEPTHA V MAacCHl, ompe-

mensgeMas Bropoi m3 gopmyx (1.1), paBHa -12—ch. BocnoansoBaBmuch

uprerpaidom sHepruu (1.3), moayumM [aaA aMILIMTY[ABH BePTHKAJIBHBIX
K0JIe6aHNu# BHIpayKeHEE

Y =l (1.8)

Yeroitamsocrs (1.7) mecnegosama B . I1,1.6 Meromamm maremartu-
4ecKo#l TeopmM mapaMeTpHYECKOTO pe3oHanca. ExmacTBeHHas o6aacTh
HEYCTOHYABOCTH B IJIOCKOCTH WYy OIpefeNdeTcs BePaBeHCTBOM
(I1,1,6.5).

1.2. Bropoii sran. Bosamraer Bompoc 06 ompejeieHHA IEPHOIH-
decKEX pemenmit ypasmemma (1.6) (a B cmay moacramoBkm (1.4) m
cuacremel (1.2)), OTAMYHEIX OT TPHBHANBHOTO.

Jlisa oTHCKaEmA mepmoxmuecKmX pemenmit ypasHemua (1.6) mpm-
MEHMM MeTOJ MaJOT0 Iapamerpa /i HeABTOHOMHEIX CHCTEM C OJHOM
crenmensio cBoGoxasl B dopme, mpepmokennoit Ilyamxape [107al, T. I,
ra. III. Bynem mckats sTo pememme B Buae psma (m. I, 2.1).

E(8) =8 (0) + p& () + p?La(@® + ..

3 B. M. Crap:xuHcKuit
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M, DOJCTABJAA 3TOT psii B ypasuenue (1.6), moay4um ypaBHeHUS "
HaXOKAeHUus (o # §

d§°+1+Y§o—0 (2.1)
d2g 1 / .
70t +7-T_T€1=“W[\1 oy G b aind
+(1 + §o+c;)"”g—.§— Sk ;osmﬂ——;ocosﬁ)co]zg;.
(2:2)

YpaBuenue (2.1) obGaamaer cemeiicrBoM I' (y)-mepmoAmYecKHX pe-
ImeHui
o= Mycos |/ 0 + Nosin]/ 0

(T(y) — 2}/ __1}—%) : 2.3)

Pemenme (2.3) mosxHo paccMarpmpath M Kak ¢I' (y)-mepmopmde-
cKoe, rje ¢ — aio6oe HaTypaibHoe ymcio. ¥YpasHerue (1.6) saBucmr
ABHO OT HE3aBHCUMOMN nepeMeHHOi ¢ U 9Ty 3aBHCHMOCTH TAKIKe MOKHO
paccMaTpPHBATh KaK P - 2N-NEePUORHICCKYIO ¢ JIOGHM HATYPAJIBHEM D,
Iloaromy pemernue (2.3) Gymer HOPOKEAOIMM A 2pI-IePHOLAIE-
CKOro pemennaA ypasuenus (1.6) Torga u TOJXBKO TOT/a, KOTAa

S S
2

) -

q
rie p/q — nw06asd HeCOKpaTMMas HempPaBWIbLHAS APOGH.

Urax, ypassenue (1.6) momyckaer nepumopgudeckue pemeH:s ¢ Ha-
HmeHLmnMT neproxoM 2pz (p = 2, 3,...) TOABKO JUINb [JIA 3HAYCHHA
OTHOCHTEJIBHOT0 YAJMUHEHUS Y = Ml, ompeeaseMbix opmynoit (2.4).
Jloboe momoskuTeIbHOE PanuoOHANBLHOE YuCa0 a0 BBIpaskaeTca $op-
mydtoit (2.4), 1160 MosKeT GHITh NPUOIMKEHHO IPEJCTaBIEHO €10 ¢ JIo-
0oif cCTemeHBIO TOYHOCTH.

YpaBHeHne (2.2) ¢ yuerom (2.3) u (2.4) sanumercs B BAfe

gT(v)=2pn wmm vy = (2.9

dzCl (P ___qg) T « i
L= _P_(Mocos__ﬂM sin-L-9)
2
xi[1 4—;}—2(1v13+N.;)] smﬁ+[1+ (MO+N)J
o _4g2 [ M? 4 N2 M2 —N? 9 .2
X[ Pzpzq ( 02 g 02 ® cos ;’ﬁ—}—jﬂoNosm—piﬁ)X
3 g 2g Mig—Ng . 2 ) ]}
X sin® — T—IJ—(MoNocosTﬁ-——z—sm—P—ﬁ cos ¥

(25)
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W npencrasiser co0oil ypaBHeHme A ONpefeNeHHA NepBOil moumpas-
KO 10 | 2pm-niepuonmdecKoro pemenus yparuemusa (2.2) (p=2, 3,...).

Heomgmoponuas wacts ypaBHeHusa (2.5) cofepsKET TPUTOHOMETDH-
geckue QyHrnua O ¢ KPYroBHIMH JacTOTaMHU

p—gq |p—3q] p+q p+3g
@ =L, @ 2, @ 2L, 2T

BrrscauM, Korga ofHA M3 BTHX YACTOT COBHAjaeT ¢ KPYroBOd da-
CTOTOH IOPOKIAIOMEro pemeHnsd:

P—q _ a _ S
(@) = =—>p=2¢=1v=75;
-3 1
39—p__ ¢ 1

7 —--———,p_Z,q—l,'y—?.

B cayuae (B) Takoe coBmajenue HeBO3MO;KHO. B cayuasx (a) m (6)
ypaBuenune (2.5) pmomyckaer 2pn -epUOAAIEeCKAe DPeIleHns IIPH YKa-
BAHHHIX D He NIA Beex 3mavenmit M, m N,, a jumsb s TeX, OPH Ko-
TOPHIX YHMYTOKaTCA Wiens ¢ sin (¢8/p) m cos (¢80/p) B ypaBmennn

(2.5). VpaBHeHHMA ATA «IOPOKIAIMUX AMILIATYY TPH 7 = ¥ (p=
=2, ¢ =1) cyms

No(h—2My 4+ N3) =0, M, (4 + My —2Ng) =0
U JafyT HeHyleBwe pemenusi: M, = +2, N, = £2. U3z (2.3) moxy-
TUM TOITA

fo =2V 7 cos (L\win) : (2.6)

T. e. eIHHCTBeHHOE 3HAUEHHEe MNOPOMKIAWIeH aMINIATYAE, PaBHOE
2)/ 2 mpm werHpex 3HAYEHMAX MOPOKAAKINEH HadanbHOH (asHL.

B cayuae y = = yPaBHEHHA [UIA IOPOKIAMNAX AMIIATYN o6pa-
mA0TCS B TO}RJJ,‘eCTBa IlosToMy npE BCeX OCTAJIHHHX 3HAYEHAAX P
B (2.4), xpome y = —, opmyna (2.3) mocraBUT ceMeHCTBO MOPOIKIATO-
mMEX pemeHui ypaBHeHnﬂ (1.6) or mBYX mapaMeTpoB.

OcraHOBAMCS B 3aKIIOUeHHEe Ha caydae (a), mpw KOTOPOM ypaBHe-
mue (1.6) momycraer mepmoAgmYecKoe pemeHHE ¢ HAMMEHBIIAM MEPHO-
moM mo &, pasumm 4n. Uz popmyn (1,1,2.4), (1,1,2.7), (1.5) u (2.6)
aMeeM

dd 31/3

P——V—g' pto0w), =1+

p (1 4 sin 9) sin ¥ 4 O(u?),
P 2.7)
t == [1 — iﬁp(i & sin 9)sin § 4-0(u2)]dﬁ.

Ll
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Orcioga OymeM mMeTh ISl HepUONa KAYaHWH MACCLI Ha IIPYKUHE

1
C OTHOCHUTEJILHBIM CTATUICCKUM YAJIWHEHHEM Y = 3

, 4 —3V3 —
r=—" [1—{— Vs H+0(H2)]“2TBG1JT [1 3V3I~L+ O (p )]
a UIA 3aKOHA [IBHIKEHUS

2 vE (1 2
fﬁ:iTVG lucosk—z—wt—{— -}-)—l-()(l*“),

(2.8)
y =5 V3 lusinot + 0 ().

3amernM, 910 mepmoy KodeGaHME KeCTKOTO MAaATHAKA [UIMHON
4 1 . .

v —g-l <y= —3-> U pasMaxoM, ompefexdeMbiM mepBoil gopmynoi (2.8),

paBeH

Toors = 2 )/ 5 [ + O (#)] = 2aeps [L + O (W3))-

OTMeTHM TaK:ke, UTO u3 BTOpoil gopmynnt (2.8) ciemyer, ¥To HpH Ka-
4aHMAX OPYKAHHOTO MasiTHAKA Ha [OJI0 BEODPTHKAIBHHX KodeGammi
1 2

IPUXONHATCA T[l -+ O (u?)] sHeprEm BCero IBWKEHHA.

1.3. Tperuii sran. IlepexomuM K mccregoBaHMIO mpomecca CphIBa

- 1

BepTHKaIBbHHIX KodeGanmit. Ilockombky y = 5 ecrb efUHCTBEHHOE
3HaUeHWE LapaMerpa y, OPE KOTOPOM BepPTHKAaJbHHE KojebaHua He-
yCTOMYMBE! [JIA CKOJXb YrOXHO MAJILIX 3HA4UeHUH ux Ge3pasMepHOH aM-

1
OIATYAB U = Y/l 1 HOCKOJNBKY y = < OTBeYaeT NeproJuIecKoe JBu-

yenme (2.8), TO ecrecTBEHHO IOJNOKETh B ypasHeumu (1.6) y = %

U HCCJIE0BATH er0 pelleHne IPH JOCTATOYHO MAJbIX HAYATBHBIX 3HA-
genuax £ (0) m ¢’ (0). Urar, paccMOTPEM ypaBrenue

dﬂz+4c'“1‘b C{ZC cosﬁ[1+ S <d€>]
—[1+—1—C2+<§§\] smﬁ}+0(pﬁ)_ (3.1

IMopcranoska Bam-mnep Ioss [30]

i /
§=acos(—2—ﬁ+cp>, —gg—=— ; amn\Tﬁ—{—q)) 3.2)
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npuBefier ypaBHenme (3.1) K YKBUBAJIGHTHOH CHCTEME OTHOCUTEIHHO
MeJIeHHO MEHAIIMXCH IePEeMEeHHHX 4 ¥ @:

—{%—:ib ua[]/i—i— ! atsind —

— —g—a2 <1 + —a > “sin (O - 2¢) cos ﬁ] sin (O + 2¢) -+ 0 (p?),

d 9 .
"Zi'\(‘}f‘ = []/1-1— <T@ sind —
— —%—a'l (1 4 %“2\)42 sin (0 + 2¢) cos 1‘}] [1 4 cos (¥ 4 2¢)] + O (p?).

Yepenuasa mo ABHO BXONAILIEMY HE3aBHCHMOMY lepeMmenHoMy ¥, uo-
Ay9uM YKOpPOYEHHEEe YpaBHEHHA BaH-nep IToma

3_3 = ‘qua V& a®cos 29 + O (w?),

(3.3)

d 9 8
%zi—spﬁi———stﬂ)—FO(pz),

Paspenns nepsoe u3 ypaBHenuit (3.3) Ha BTOpoe I nponHTerpnpOBaB
MONYINM

a ¢
1 2—8 .
Gy Po

BHOONHAA WHTErpHpoBaHMe, HalljieM NEpBEIH WHTErpal YKOPOUeH-
uux ypasueHuit Ban-mep IHoms: .

1 cin2 2m — 02 _ 2)3 1. 2 . aé in2 )
a*sin® 2@ = ¢ (4 4 a*)® + O (n) (c G ap sin 2%, .
OpHaKO IOJCTAHOBKA HTOTO MHTErpaja B IepBoe M3 ypasHenmit (3.3)
OpUBOAMT K Heo(6o3puMblM KBajparypaM. DBipoueM, YKOpDOYeHHHe
ypasrenust Ban-mep Iloas, pasymeercs, gaior Jumb nepBoe Ipubim-
skeHHe pemenns ypasuenms (3.1) (mansueilimme mpubamKeHHs OIpe-
HeIXATCA M0 METOLY HmociaenoBaTelbuniX npubimrernui [lurapa ¢ Bu-
TeKaoMUMHI M3 Hero oleHKaMu townocTu). [loaTOMYy ME orpaHmYEMCH
npubanKeHAKM HHTerpupoBanuem cucreMs (3.3). M3 Broporo ypas-
uenns (3.3) cuemyer, uro npm |a|< 2V 2 nmeem dp/d¥<<0 n 6ymem
nMeth | @, | >| 9| > 0. Tockompky mpm |a]|<C 2 V2 B cany
(3.2) mmeem | 2| << 2V'2, rne, manmommmm, 2 2 ecTh AMILIATYAA
moposkpaomero pemends (2.6), To Ha Bech TPOMEKYTOK IpOIecca
cphiBa (Iepexo/ia BepTHKAJbHEIX KOJeGanuil B MAATHAKOBbIE KaUaHMA)
MOKHO TONORATH cos 29 =~ 1, ecam ¢, mocrarounmo Mano. Torma



70 IIPUMEHEHUE METOJ0OB MAJIOTO HMAPAMETPA (rJy1. 111

nepeoe ypasHenue (3.3) mact mam mas a, = a (0) >0

a

g e _ 99
YaVita e
M mocJe MHTerpupoBaHUsA HaﬁHeM
4 2 —2 o
| YAEe | =2 .
a Vigat—2

Orcioma monyuuM upubIMIKeHHHA 3aKOH M3MEHEHWA AMILIHTYIH

9
4by exp (ﬁ }Lﬁ) 1 —_—
0= - <b0=a—[V4+a3——2]>_ (3.4)
1— b§ exp (Tb— m‘)) 0
Brryucxam ﬁpeMa mepexofila BepTHKaJbuHX Kojgebaumit ({ = 0)

B MaaraukoBre (2.6). ITomaras B (3.4) a = 2}/ 2, 6ymem mmers miis
COOTBETCTBYIOINEr0 3HAYCHUSA O

o 32 V3—-1 ag
1‘) =—1In — S— . 3.5
ou ( V2 Vitad—2 ) -2)

3aMeTuM, YTO IEPEXOJHON HPOIECC NMPOHCXOAWT HA MHTEPBAJe Bpe-
MeHW, AIMHA KoToporo mMeer mopsmok O (n™!), 9T0 COOTBETCTBYET

ITODHTMY ACHMITOTHIECKOTO HHTEIPDAPOBAHHA B MeTOe YCpefHe-
wma ([90], ra. 111, § 4, n. 4).
B cuny maxocrm @, nmeem a, = { (0) u mocmemusaa dopmyna aias

MAaJIbIX ao OpuMeT BHJ
32, 2V2(V3i=1)
Qo= —In—""12"— 7,
o TO

@opmyast (1.4) nossousar sepasurs { (0) wepes HavYadpHLE 3HAYCHHSA
MCXOMHEX MePEMEeHHK X, AMEHHO,

cO) =20, o= w2V
£(0) =2 (O) [y (0 + 0727 (0PI

Haxonen, mocuegnsas us gopmyx (2.Y) onupefenaT HCKOMOe BpeMs IIe-
PEXORHOTO HPOTieCca OT BOPTHKANBHEIX KomeGaHuii K MasTHHKOBBEIM

(2.8)
r= L1725 )5 rom]. 3.7

HanommmM, 9ro p MoskHO onpenenmb u3 ¢opmymnr (1.3)

2V IT, T Ve,

(3.6)
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an6o, caurag nomnepegnoe Boamymenue z (0) mManbiM, u3 QOPMYIH
(1.8). IBoiinoil 3Hak B gopmyie (3.7) ceA3aH ¢ $a30ii MaATHAKOBEIX
Kagaumit B (2.6).

§ 2. O casn paguaabHBIX M BePTHRANBHKIX KojeOaHuil gacTHiy
B LIHKJIAYECKUX YCKOPHTE X

B macrosmem maparpade onpeaensgoTcd UYUCTOPAIMAIBHEE KOJe-
0aHuA M MCCJIEYeTCsa MX YCTOHYHBOCTH. 3aT€M HPOBORHTCH mpeobpa-
30BaHHe YpaBHeHMU Kole(aHui, m mo MeToqy Maloro mapamerpa Ily-
aHKape HAXOMATCA BePTHKANLHO-pafualbHbie Koidebamusa., CylmecTBy-
eT e[INHCTBEHHOE 3HAaYeHUe OUPENeIANINEro (UanIecKoro mapaMerpa,
OpA KOTODOM MMEeTCA eRMHCTBEHHAS NPHUBEJeHHAA AMIIMTY/AA Bep-
THKAJABHO-DAHANBHNX Kojdebammit, a YnCTOpajualbHEE KoJeGaHHUA
IIPH STOM 3HAYEHHH IapaMeTpa HeYCTONYMBR AJNA CKOJIb YTOJHO MaJoH
uxX ammiaaTyfsl. Jlajee omucEBaeTCA mepexofHHI MPonece M Ompese-
lgeTca BpeMs Iepexofja YUCTOPANUANbHHIX KoJeGaHUi B BePTUKAIb-
HO-pafiAJIbHEIe, & 3aTeM OTMEYaeTCA AHAJIOTHSA C HPYHUHHHM MaAT-
HEKOM, B 9aCTHOCTH, B IEpPEXORHEIX HPOLECCaX.

2.1. llepseiii aran. Ypasuenusa GeTaTpOHHBIX KoJdeGaHWH UacTHIL B
MARIAYECKAX YCKODHTENAX cO ¢aaboit PORyCHPOBKOH HMeIOT BHE 1)
([270], (4.6)): ,

1

E+o*(l—mE=——kp n+tonn=—kn (L1
3neeb & = (r —rg)/ry, N = z/ry; ¥ © z— [Be H3 DTUIXHAPAICCKHX

KOODAMHAT 9AaCTUNH, TOUKA cBepxy oGosHagaer puddepeHIIPOBaHTE
oo BpeMeHN; KOHCTAHTH ®©, 72 U k cyTh

__ eH (ry) . T oH
= 2 ”‘“‘H'fr'o)'(“a‘r')o 0 < n<1),
(1.2)
ro (O
k= — oy (5 )

Te m M € — Macca M 3apAJ YaCTUIH, ¢ — CKOPOCTh cBera, H, =
= H (r) — BepTUKAJIbHAA KOMIIOHEHTA BEKTOPA HANIPAMKEHHOCTH Mar-
HATHOTO HOJH, 3HAYEHHA 4YaCTHHIX IPOM3BOJHEIX BHYUCJIEHH IIPHA
r = r, — paguyce TPAaeKTOPHH, COOTBETCTBYIOIeM 3aJaHHOM BeJH-
4MHe SHEPrHd IACTHI].

Bregem GespasmepHoe BpeMs T = o)/ 1 — n ¢ u 3ammmem cucTe-
My (1.1) B BnJJ;e

 tE=— B0 TEtan=— ﬂ&n, (1.3)

1) B mepsom ypasrenun (4.6) B [270] mepex mpaBoii 9acThi0 HOMKEH CTOATH
8HAK MUHYC.



72 IIPMMEHEHUE METOINOB MAJIOI'O ITAPAMETPA (ra. 111

T/te MOJIOJKUTEJNbHEIe MapaMeTpr & U f} CYyTh

n k

C=T ﬁ:oﬁ('l—n)’

(1.4)

Wurerpan (1,1,2.2) masa cucremnr (1.3) ecrh wnTErpaj smepruu dac-
THI[, COOTBeTCTBYIOIMUIM KoJieGaTeAbHOM YacTH ABMKEHUA

=8 () W S
(1.5)
<W = an? + (Z—L’)g Sy = ﬁEnﬁ) .

IIpesxge wem mpuerynmTh K mpeoGpasoBammio cucreMu (1.3), sa-
METHM, YTO OHa JOIYCKaeT pemeHme (IWCTOpafMalbHEe KolebaHMA
9aCTHI)

n=0, &= pocos(® —1,. (1.6)

W3 unrerpama (1.5) cmemyer, uro Komcranta u® paBHA KBajipary
AMIVIATY/Bl YHCTOPAANAIBHBX KoJebanmid. [lus cymuenus 06 ycroit-
YMBOCTH TOCHETHMX MO0JoKEM B (1.3)

EZHCOS(T—TO)+x7 nzo—}_y’
" HOJYy4YHUM YPaBHEHHA B BapuanuAaXx B BHJE

d2 42
d—;—{—x:(), E%% [a + Bpcos(t — 1)y = 0.

OTcofa cienyer, 94T0 HEYCTONYMBOCTL UMCTOPAMMANHHRX KOJIe0aHUM
(1.6) ompenensercs HEYCTOHYMBOCTHIO TPHBHAIHHOTO peMIEHAA BTO-
poro m3 mOCHeIHHX ypaBHeHHHE — ypaBuenus Marbe. (Dmsmdeckn
oIpeneNAIIINM IapaMeTpoM Asiaserca n; cM. (1.2). O6aacta HeycTOH-
9UBOCTH HA IUIOCKOCTH U7 IPUMHIKAIOT K KPHTHYECKHM TOYKAM Ha OCH
n, onpepeaseMuM pasencrBamn (cm. {146}, § VII, 1)

Walm=1 (=12 .,
OTKYJa
2
AP
Muporas obmacts meycrodampocTa (T. €. ¢ OTAMIHEIM OT HYJIA YIIIOM
MKy KacaTelbHHIMH) IIPAMAIKAET JHIb K TouKe n, = 1/5, Tamrenc
yria HaKJIOHA KacaTeIbHEIX ompegerxsercs ¢opmymont (11,2,5.6)

n=n;=

(=1,2,...).

L 2B 2k
= = Tomr (1 —m) = F 57

dn N="1i

TaxmM o6pazoM, B meppoM npubiawkeHHN eJUHCTBEHHAd IIHPOKasA
obinacts HeycroifumBocTm (1.6) B mIOCKOCTE U7 . ONPeHEIseTcH
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HEePaBEeHCTBAMM
1 2 k 2 Kk
FoFawh b <n<g gt A0

¢ KPATHYECKHUM.3HAYCHUOM N = n1 = 1/5.
2.2. Bropoii stan. ITepeiigeM Temepp K upeoGpa3oBaHHI0 CHCTEMH!
(1.3). Ilo dpopmysam (11,1,2.6) HaﬁneM
R(p, 8, 2, 22) = — ‘—"531 cos ¥, ®(p, B, 21, 29) = ’—53151116
Z1(p, 0, 71, Z9) = ﬁzl cos ¥, (2.1)

Z3(p, ¥, 21, 39) = — Pz sin 1‘},—1— —2— ﬁz1z2 cos .

ypaBHeHYIB (1,1,2.9) 3amEmeTes B BHE (2, =¢, ¢ = dt/dd)
To ol = — LIV T o>+ {7 sind +
+ (1 ez + g2y (F R Esind — -t eos )] O (22)

Ypasrenme (2.2) npu o = y/(1 + %) u p = (1 4+ y)™® mepexo-
nat B ypasuenue (1,1.6), u oupenenser amaxornio ¢ § 1. Mcunoassys
3Ty AHAJOTHIO, MOJYYMM, YTO ypasHenme (2.2) fomycKaeT mepHonu-
9JecKHe peIEHHUsa ¢ HamMeHbmmM nepuomgom 2pm (p = 1, 2, ...) Toabko
Awmb A 3HadeHnit o = ¢%/p?, 1.-e., B cuny-(1.4), pua

2 )

n = pg—;_q-z (2.3)
rae ¢ m p — Jo0bie B3ANMHO IPOCTHE Yucaa. MHOKECTBO 3HAUEHHH
n, onpefiensemoe Gopmyioii (2.3), Belogy miorHo Ha watepsaie (0, 1)
H3MeHEHHS N, WHade roBops, Kammoe sHavenme n & (0, 1) amGo om-
penensercsa q)opmynon (2.3), nuGo moxer OGHTH I'PENCTABICHO €10
¢ m1060it cremensio TogrocTw. IIpw Bcex smavemmAx n B (2. 3), Kpome
n=1/5 (g =1, p =2), dopmyna (1,2.3) mocrasar ceMefiCTBO HO-
PORIAIOMINX pemeﬂm‘i ypaBHuerus (2.2) ot [BYX mapaMerpoB.

OcTaHOBEMCSL B 3aKIIOYeHAe HA 3Hadenm: n = 1/5 — eamHCTBEH-
HOM 3TaUeHWH 7, IPH KOTOPOM IOPOMSIAINIee pelieHre ypPaBHEHHSA
(2.2) mmeer Bug (1,2.6) m s KoToporo uncropagmabaLe KoldebaHHA
(1.6) meycToWdMBH LPH CKOJIb YrOXHO Majod ux aMmmiauryae p (cum.
(1.7)). Amanormuso (1,2.7) moxydaum

1 5
p=—V3n+0@w)
do

B 4 V3Bl £ sin 0) sin § 4+ 0 (n2).
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Orcioga GymeM mMeTh JUIA HepHOJia BEPTHKAJIBHO-PAfUAJBHEIX KOJIe-

6aHnit IpE n = =

]/1*?

T=

g [ + = V3B (1 - sin 9) sin © + ()(Hz)}‘l 49 —

=2"f“[1— Vitutow)|, @4

a I 3aKoHa [ABMKenus anajormuuo (1,2.8) Gymem mmers
&= V3usin (3 ¥/ Bat) + 0(w),

n=pl= —l———VGucos( ‘/55— ot - -Z—> —{—0(;1,2)'. (2.5)

Beanunna p ompejesiseTcs IO HAYANBHOMY B3HAYCHHIO IPHBE/ICHHOM
sueprum (1.5) KomeGanmii.

2.3. Tperuit sran. IlepeiifeM K ommcaHMIO npouecca nepeKadKm
sHeprum npm n = 1/5, T. e. MePEeXOXHOTO MPOIECCA OT HEYCTONYMBHIX
qEcTOpafguaabHEX KoxeGanuii (1.6) K BepTHKATbHO-PA/HATBHEIM KO-
aebammam (2.5). Yxkopouemnnie ypaBmenmsa Bawu-mep Iloxs Gymyr

umets Bay (1,3.3) ¢ 3amenoit muoxuTenei 9/64 u 9/128 coorBercTBenno
1 R
Ha——f M o B. Amamormuno u. 1.3 ompefenuTcs 3aKOH H3MEHEHN

- ammantyasr Bau-mep Iloss

_ 1 \
4by exp <7 Pud ) / 1 [V 3
— / bo=—1V4 .2
ST (bo=7-lV i+ al ]>_ (2.6)

Bpema 7 mepexogmoro mpomecca OT YHCTOPATHAIBHEIX KodeGanwmit
(1.6) ® BepTEKadbHO-panwanbHeM (2.5) mpum n = 1/5 ompepemurcs
u3 popMya

A

:%Kp—r >5+0(p)], @.7)
rge
5 k _ 2 2 VEWV5—1)

2 i t®
(O =nO[2O) + o O],

ma
Gpl

A BOJMYMHA [ OUPENeJNAETCA IO HAYAJIHHOMY BHAYEHHIO NPABEJEHHOH
apepruu (1.5) KomeGammid.



§ 3l TIPOLEGC CPHIBA a

§ 3. Ilpomecc cpriBa BEPTUKAJBHBIX Kojie0aHuil MasiTHMEA
Ha YHOPyroi nojBecKe B HANPABJIAIONUX

Ilepsnii sTan pemenns npuseged B u. 11,2.5. Mcxoausm nepmonn-
9eCKHM PEREMOM ABIANTCA Beprmkaibubie xoidebamusa (I11,2,5.4).

3.1. Onpepenenne HETPUBHAIBHBIX HEPHOTUUECRAX PeKAMOB (BTO-
poii sran). Mcmonssys ¢opmyam (II,2,5.1), (I1,2,5.3), mpmBemem
HHTErPajl YHEPrud K BHAY

/ di d . dn d .
\d—2>2 + 7+ ‘1(\7%)2 + 20y (1 — cos @) — 2a sin (p—d% % = p2. (1.1)

Pasioxus mpasse wactu cucremst ypapmenmit (11,2,5.2), a raxike
JIeBYI0 9aCTh MHTErPaja DHEPTHI IO CTEHEeHAM HePEMEHHBIX, MONYIAM

Tt n=o(BY ot 31, T e = e+ 13,

d
(G2 + P+ ave® +a<d1:> +[3] = w2,
Cpasmmsasa s10 ¢ (,1,2.1) m (,1,2.2), mo dopmyram (I,1,2.6)

HaXOIM
R = a(—yz + z) cos ¥ -+ 0 (p), ® = a (yz — z) sin & + O (p),
Zy, = o (y4} — zz) cos & + O (p),
7y = —z;sin & + a (y2izy — 23) cos® + O (p).

Cucrema ypasrenuit (1,1,2.9) B PacCMaTPHBACMOM IPHMepe CBO-
OUTCA K ONHOMY ypasHennio (z, = {, ' == d[/d9):

_d_&z+y§:p{—§sin’t}v T+ a®We®+8%+

b all a4 U 2L sind (PG L0 — 3D 4
8 eos® (BYE — L} + O @), (1.2)

IIpoBons Beumcienmsa amaxormuno no. 1.2, 2.2, ¢ moMompio MeToAa
Ilyanrape [107a] monyumm moposrmamoliee mepuoAMYecKoe peleHme
OpH KPHTHYeCKOM 3HaYeHMM Iapamerpa y = 1/4

2 1 - 1
o= +2 l/—a—cos (Tﬂ+‘4—“>' (1.3)
Orciona u 3 gopmya (1,1,2.7), (1,1,2.3), (11,2,5.3) mas wmepmopm-

YECKOr0 pemeH#s, OTINIHOTO OT BePTHKAJIBHHX KoJdebanmii, 1. e. s
MasATHHKOBEIX KaYaHHH, HaXOJHM

=—%—V§l2psinl/——_cl_m—t+0(l*2), (1.4)

:i% l/—pcos< /L ml+m2 —2‘—)-{-0(!‘2)-
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3.2. HccnegoBanne mepexonsoro npoxecca (rpermii sran). llom-
craHoBka Bamr-gep Hoaa [30]

C—l—/-_—vcos(;ﬁ'—}—lp), -—Z—%—:‘— ; V_sm<;eﬁ+1p> (2.1)

npraBeger ypasuenne (1.2) npn y = !/, K 9KBABAJEHTHON CHCTeMe OT-
HOCATETBHO MEIJIEHHO MEHANUXCH NePEeMEeHHHX a4 H :

da = na {1/1 + ——a2 sin ¥ sin (9 + 2¢) —
— (1 -+ —a, ) fz[%(ﬂ smﬂsm(ﬂ -+ 2) — —a“cosﬁ —
— —;—5— a® cos & cos (& + 2) +- - 3 42 cos § cos? (9 - 2\1;)]} 0 (n?), (2.2)

d\p = p{]/l -+ ———a~sm1‘)[1 + cos (O 4 2¢)] —
—_ (1 —|— — ) l"[—;— a? 5111«‘}(1 -+ cos (0 + 29)) —
— -%—a cos ¥ sin (O + le) <5 @ cos ¥ sin (29 + /np)]} -+ O (p?).

Bunmmem ykopodenusie ypabHenusa Bam-mep Ilomsa, ycpemmsas mo
AIBHO BXOJAINEMY HE3aBHCHMOMY IepeMeHHOMY
dn 1 O ey
—5 = T haV i+ acos 2y 4 O (),
2.3)
d v o 1 a2 -
PE M

Tounoe pemenne ypaBuenmil (2.3) UPUBOOUT K HE0003PHMEIM
KBajgparypaMm. Bupouem, ykopoduenHele ypaBHenma Bam-pmep Iloas,
pasyMeeTcs, KT JHIIL IepPBoe NPUGIMKEeHNEe PemeHust cucTeMs (2.2).
IloaToMy orpapmumMca npPUGIMIKEHHHM WHTEIPHPOBAHUEM CHCTEMEL
(2.3). Us proporo ypasmenus (2.3) cxemyer, uro npu |a|< 2} 2
nmeeM dP/dd < O n Gynem nmers | ¥, | > | ¥ | > 0. [lockonrky mpm
|a | < 21/2, B cuny (2.1) umeem | | << 2V 2/V a, rme, HamomuuM,
2V 2V @ — ammauryna moposknaomero pemenusi (1.3), 10 Ha Bech
NPOMEKYTOK HEePexXo[HOro nporecca (T. €. mepexoma BePTUKANBHLIX
roneGammin (I11,2,5.4) B MmasarnukoBHe Kawauusa (1.4) MoxuHO moio-
SKHTB cos P =~ 1, ecan P, gocrarogno Maxd. Torfla u3 mepBoro ypas-
Henud (2.3) gaa a;, = a (0) > 0 momyuum

%mZt]) -+ O (p?).

a

y da 1
\ oy

(]
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W Iocjie MHTeIPHPOBaHMA HaleMm

Vit a2 a, 1
n — == — 0.
|5 Vita— |==

Orciofa ciefyer mpuGAMKEeHHBH 3aKOH H3MeHEHHA aMILIATY/Ib

1
4boexp<T}Lﬁ> 1 _
N2 (e LV 2.._2> 2.4
¢ 1 — b2 exp (n9) (" ao[V*Jra“ ] (=4)

Briancanm BpeMsa nepexofia BepTUKAIBHEIX KoJeGanuil Ipu yelIoBuK
X BoaMymeHusa (@ = a, > 0) B MagTHUKOBEEe KagaHmd (@ = 2]/2)

Iomaras B (2.4) a =212, AnA COOTBETCIBYIONETO 3HAYEHHA O
HaXOQUM

= 2 V3-—-1 a,
¥ =-—1In — — .
b ( V2 Vitad—2 )

JaMeTnM, UTO NPOMEKYTOK BpPEeMeHH Iepexofla HMMeeT HOPANOK
. O (n™Y), 9TO COOTBETCTBYET ANTOPHTMY ACHMITOTHYCCKOTO HHTETPH-
POBAHUA B MeTofe yCpeAmeHws. B cmily MalocTH P, HONYIOM @, ~
=~ {(0). llocnennasn Qopmysa s MaaKX @, NpuUMeT BAJ

= 2 2V2(V3—1)
b=

C momompio gopmyan (I,1,2.3) seipasum { (0) uepes nauasibHbie 3Ha-
YeHHUSA HMCXOLHEIX TNEPEMEHHBIX

t= 2, o= e (R) 0= e[ O+ o (S]]

P
Hasa BpeMenu IepeXofHOro mnpolecca (BpeMs IepeKadykM SHEPTHH

1
NPH KPUTHYECKOM 3HAYCHHH Y = (. e. A = 7 l,) nmeeM

7— ]/ mAMF o).

Bennuvuy p MoiHO onpefenuts u3 Bmpamenmit (11,2,5.1),
(11,2,5.3) m (1.1)
1 . e
b= V2T +Vo)e,

uiu, cuuTas nonepevnoe sosmymenne ¢ (0) focraTogno mMajsM, n3 ¢op-
myast (11,2,5.4).
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§ 4. llepuogutecxue pe:xuMbl MaATHUKA
HA cBOOOAHOH ympyroii mojBecke

4.1. IlpeoGpazosanne ypaBHeHuil pBw:keHnsi. Pasioxum mpasne
gacry cucteMsl ypasHenud (11,2,4.2) B psajg mo cremensaM mepeMeHHEM
u sanumeM (11,2,4.2) B Buge

n” + n = Y (n, g’ (P7 (P,)’
¥t T e f_"a o= X(MEe.¢), (1)

V- ot T T T Y mE e e

3Iech MTPEX 03HAYAET IPOU3BOIHYIO L0 T, a PAa3NOKeHUA QYHKIHU
Y, X u @ HauuHAIOTCA C WICHOB HEe HWke Broporo mopsagxa, Hopan
XapaKTEPUCTUIECKOTO0 YypaBHeHusA JNuueilHod wacTu CyTh F {0,
F iwy, The

O =TT o T <
x4+ +BFVIF v+ BF -4 —a)(d )]
Nockomsry 0 < a <1, ap >0,y >0, ro
O<(U+y+BP —40—a) (A +NB< U+ 7+ PP

2 2
M, CIEeIOBATENBHO, ®) ¥ ), IHOJOKUTEIEHH.
Wurerpan sneprum (1,1,2.2) umeet Buj

Wb B o 0B - 2000+ Sy =ph (12)

Ilopcranoska (I,1,2.3) sanmmercs Teneps Kak
N = pcos®, 1 = p sin ¥,
g = P21, ¢ = PZ,, §’ = Pzé, (PI = P%y,

u Mu posxyanm us (1.2)
p=y (1 b A 5 20Poeg, +~aﬁ2z2} +Oo@). (1.3)

Bunumewm temeps cucremy ypasuemmii (I,1,2.9)

d?z % ay o
70t T T-oary *  Toa =00,

(1.4)

d"Zz

Y ¥ _
W T Fa—wa T T Ao 2~ W
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4.2. Nlepuonwueckne pemenuss. OGmee pemeHne [IA IOPOKIA0-
meii (1. e. npu p = 0) cucremu (1.4) ecrs
Zp =[P — o] (1 —a) Bl (M, sin 0,® -+ M, cos o;0) +-
+1y —o3 (1 —a) Bl (M, sin a0 + M, cos 0,9),

Zop = 1—_{‘?* (LM]' sin (r)lﬁ‘ -+ M, cos (!)1'& -+ M3 sin (1)2‘\(} —l— M4 cos (Oz'ﬁ).

Eciam momcraBuTh 9TH 3HAYeHWA B BHpakenud ¥ = lpsin ¥, = =
= 1,02, ¢ = pz, 1 (1.3) u ydgects, YTO B CANY BTOPOr0 ypaBHEHHS
(1,4,2.4) @ =7 + O (n), To wmoayunm caegymoliee UpAGAHReHAE A
nepumonamyeckoro pemenust cucremsr (I1,2,4.1):
y = plF (v) sin v + O (p?),
z = phF (1) {{y —PBo; (1 —a)l (M,sin 0, + M,cos 1) +

+ Iy — 03B (1 — )l (Mysin 0,7 + Mycos0,7)} + O (n?),

=W 1+ F (%) (M, sin ot 4 M, c08 0T +

+ M sin 0,7 + M, cos wyT) + O (pg),
rae

F(T)—(1+ YA+t 1-—06)(1 + v —B) loi (M7 +

M3 + ﬁ)z(M3+M4)] —y (v —B + 2aB) (M; + M; +
—i— M3 + M3) + apy (Mysin 0,7 + M, cos 0,7 + Mzsin 0,v7 +
+ M, cosm,T)2}) ",

3xech T = Vc/(ml—}—mz) (t —¢), a p ompepmeisercA w3 Ha-
| YaJPHOTO BHAYEHUT npnBeneHHOH anepron (1.2). Mccnemosanme mep-
Boro m3 ypasmenmit (I,2,1.4) (ypasmemums' miIf mOpOKAAIOMUX aM-
HIIATYNA) OTPeNleJiAT KPATHUECKAe 3HAYEHMA TapaMeTpoB o, f3, v, Aus
KOTODHIX TIOpOsKpaomue ammiuaryast My, My, M4, M; sasacaMer (10
ymeT COOTBETCTBOBATH TpeNelIbHHM IuKIam). [JIa BCeX 0CTAIBHEX
sHavYeHW# mapaMeTpoB o, P, y HalifleHHOe NEPAOLUTIECKOE pereHne,
KaK cofiep;kaliee MECTh HPOM3BOJBHHX mocToauuux M,, M,, M.,
M,, t, m p, 6Gymer obmuMm Axs gocraTouHo Majimx p > 0.



Taasa IV
KOJIEBAHUA B BHJOU3MEHEHHBIX CHCTEMAX JAOYHOBA

§ 1. Cacremnr Jisnynopa ¢ gevndupoBanueM

HeBoamymennasa melmHeiiHas aBTOHOMHAA CHCTEMAa JIANYHOBCKOTO
Buga (2k + 2)-ro mopsAKa BO3MYMIEHA AHAJUTHYECKMM H JOCTATOTHO
MaJIBIM o HopMe RemunduposanueM. IlpoBogurcs npeobpasoBasue Bo3-
MYLIEHHOH CHMCTeME, IIPM KOTOPOM HEBO3MYIIEHHAA CHCTEMa MO’KeT
OHTH Ipeo0pasoBaHa B KBasHWJIHHEHHYI0 HEAaBTOHOMHYIO cmcreMy 2k-To
mopanka. [IpegnonaraercA m3BecTHHM ee perreHHe A JOCTATOIHO Ma-
JIOT0 IO CPaBHEHMIO C eJUMHHIe KOPHS KBAaJPAaTHOTO W3 HAYAJIBHOLO
3HAYOHHUA NPHBEIeHHON BHEPrHE CHCTeMH. [ mepBoil H mociexyio-
el HONPABOK COOTBETCTBYIOMEro (T. €. ¢ TeMH K€ HaJaJbHBIMU YCIIO-
BHAME) DEIICHUS BO3MYINEHHOH! CHCTEME COCTABIAETCA IIOJNHASA CHCTE-
Ma ypaBHeHH# B Bapuanusax oo napamerpy llyankape — meogmoponHas
cucreMa JMHEHHHX nuddepeHnuanbHEX ypasuenuit (2k -4 1)-ro mo-
pAfKa ¢ mepeMeHHHMH Koadduuumentamu. Ecanm uspecren obmuit mH-
TErpaj HEeBOSMYNIEHHON CHCTEMBI, TO MHTETPHPOBAaHHE CHCTEMBI ypaB-
Henuil B Bapuauusax coraacuo [Tyauxape ([107al, r. I, ra. II) ceogurcsa
K xBagparypam. Ilocrensme Tpm myHKTa NOCBAINEHH IpUMepaM.

1.1. IIpeoGpasosanue ypasmennii Aswkenna. Paccmorpmm kirace
cucreM JlanynoBa ¢ memm$mpoBaHWeM, ONMCHBAEMEX yPaBHEHUAMH
BTOPOTO TOPAJKA KasKkjoe:

d*u

o AU —U Uy Uy Uty e e oy Upy Uy, e ooy V) = — 2880 (U, Uyy o v, Uy
(1.1

d?v,, . . .. -

T Gl b G — Vi (U 1, 01 e Uy Uy ) ==

= —2eF, (U, vy, ...,05) (®=1,...,k).
3nech TOUKa 03HAYAET IPOM3BOJHYIO IO T, &jx = Gy (X, j = 1, ...
..., k) — Bemecreenmne mocroanmsie, a U, V,, ..., Vy, Fo, Fy, . ..
. -+, F', ¢y BemecTBenHbe aHANNTATECKHIE (YHKIUN CBOUX IIePEMEeH-
HHIX, pasioskemms F,, I';, ..., F, nadunmatorcd ¢ 9leHOB He HHKe

nepsoro nopanka, agasa U, V,,. .., V, — He HEmKe BTOPOro mopAfKa,
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Haxomen, & > 0. Bymem mpegmosmarath, 970 HEBO3MYMEHHAS CH-
crema (1.1) (1. e. cucrema (1.1) npu ¢ = 0) gonyckaer IepBHIl WHTET-
pall, KOTOPHI He00X0[UMO GyneT aHAIUTHIECKOR QYHKIMeH mepeMeH-

HEIX U, W, ¥y, « . ., U, Dy, « - ., O ([77al, § 38; [796], ra. VII, § 1)
H = a2+.u2 _l_ W(vla ooy Upy 2}17 .. '17}1{) +
+8s (U, 2, vy, oy Uy By - e, Bx) = pE O (0w >0), (1.2)

~ tae W — kBagparmusas popMa, a S — COBOKYHNHOCTD WICHOB He HAKE
TpeThero mopAaKa. Jlis Buedennsx cmi compormBiaenus F,, F,, ...
..., Fy 6ymem nmpemmomarars, 4ro mx paboTa Ha JTI060M BO3MOKHOM
nepeMenieHn (COBHAfamIleM B paccMaTpHBAaeMoOM CIydae ¢ OJHUM H3
NeACTBATENBHEX) OTPHIATEILHA

A

—Fo(u,v1,...,0)u —

Fo(u,v1,...,000.<0.  (1.3)

U

x

1
B mpocreiimem HenuzeiHOM cayuae, worga F; = F (9;) . = 0,1, ...
v k; Dy = ) ycuosme. (1.3) osmauaer, uto aF (z) >> 0 (a = 0).
B nuneitnoM cayuae yerosue (1.3) osHavaeT, 9TO AMCCHIAIMA MONHASA.
Honcranoska Jlamynosa
#=pcost u=psind (p =0,

Ux = P2y, Dy = PZk+x (% == 1’ LY k) (14)

npnBefier cucreMy (1.1) u mepsmii materpan (1.2) HeBo3MyUIeHHOM
CHCTeMB K TAKOMY BULY:

idﬁ?:l _—:;U(psinﬁ,pcosﬂ*, oz) sin ¥

1 2¢ —i— Fo(p cos ¥, pz®) sin ¥,

%’ =U(p sin¥, p cos ¥, pz) cos & —

—2e L Fy(pcos®, pz) cos 0,

p

) 1 (1.5)
dz: = Zhax — —p-zKU (psin®, pcos, pz)cos & -+

+ 2¢ % z,F (p cos &, pz®) cos ¥,
dz,. ..

Zd"'_:‘ = %y — e — Oy Zp— ‘:)— kel (0 sin®, p cos B, pz) cos & -

+ _3)_ V. (psin®, pcosd, pz) -

-+ 2 —:— ZxxFo (p 08 O, pz¥) cos O — 2¢ -:— F, (pcos ¥, pz®)
(=1,...,k),
pz [1‘ + W (Z) + PS (P: ﬂl, Z)] = Plzv ' ('1'6)
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3neck z m z® cyrb BEKTOPH COOTBETCTBOHHO ¢ KOMIIOHEHTAMM
Zyy « + oy Zok M Zgygy - - oy Zopy @ S = p 38, I[lpepnomosxum nas mans-
Hejimero, gro B mapamienenmuene |z | < b, 0 < p < ry u mpu aio-
Gom ® > O, nus seex &€ = [0, €,] BHmoaHEHO HepaBeHCcTBO

{1 — —15— [U (psin®, p cos®, pz) — 2eF; (p cos ¥, pz®)}sin® >0. (1.7)

Ilpu ycaosmm (1.7) paspmenuM BTOpOe ¥ IOCAENYOIIHe yPaBHOHHS
cacreMu (1.5) ua mepBoe:

dp  Ucos® —2eF,cos ¥
dd 1 —p Y (U —2eF)sin ¥’
dz, Zpyy — P72, (U — 2eF ) cos &

T T T 1—p (U —2eFgsin® "’ (1.8)
d
Z:;K = [1 —p™ (U — 2eFo)sin 0] ™" (— @21 — . . . — GnZp —
e p—lzk+xU cos ¥ - p—lvx -+ 2ep_lzk+xFo cos ¥ — 289_1Fx)
®=1,...,k). ‘

B § I, 1 meBoamymiennan cucreMa (1.8) (1. e. mpu ¢ = 0) 3a cuer
ucnoan30BaHEA mATerpasa (1.6) cBemena K KBasWIHHelHO# Heas-
TOHOMHOM cHCTeMe 2k-T0o MOPALKA; ee permeHue ompexedsercsa B T, 111
MeTOAMH MAaJIOTO mapaMeTpa RisA jocraroudo mamasix u > 0 B (1.6).

1.2. Hommas cucrema ypapHeHmil B Bapnauuax no mapaMerpy y-
aHKape M ee pemeHue. JaummeM cucremy ypaBHexmid (1.8) B BHAe
BEKTOPHOTO YpaBHEHHS

d
5 =@ x;e), (2.1)

Il6 X — BEKTOp C KOMIIOHGHTAMU (), Zy, . .., Zyp, @ L — BEKTOD-
$yuRImuMA, cocraBlenHas u3 NpaBHX dacreil cucrembr (1.8), amammru-
yeckaA IO X u & B obsactu onpemesenusa (1.7), a KoapdumuenTs cre-
HeHHHX PAMOB TO P, 2, . - ., Zy1') CYTh Hepuofmieckne GyHruum 9
‘mepuoga 2.
JlomycTaM, 4TO HAM M3BECTHO HEKOTOpOe pemeHme X, () mesosmy-
mennoi (t. e. upu ¢ = 0) cucremnr (2.1):
X0~ 19, %3 0). 2.2)

OcuoBrBasgch Ha TeopeMe Ilyamkape ([107al, 7. I, ra. II), Gymem
ncKath pemenne cuereMH (2.1) IUIA JOCTATOYHO MAJBIX IIOJOKHTENb-
HLIX 3HAaY€HUHA & B BAJE

X = i; "X, (9). (2.3)

1) B panpHeimeM noioxuM 2k 4 1 = n u OGygem cuurath, 4ro n — Joboe
HAaTYPAJIBHOE HCJIO.
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Briuuras us ypasHerua (2.1) toxkpgectso (2.2) u ucmonssys gopmyny
Telinopa Ay GyEKIEM MHOTHX mepPeMeHHHX, IOIydaeM

m %m0 m Vi .
E e —g- = 2 W(Tx E "X + - £> (0, xo; 0).

m=1 v=1 m=1

ITpupasEnBas Kod>PPUIEEHTH NpPH OJMHAKOBHX CTEIeHAX &, HalaeM
IOCAE{OBATENIFHOCTh BEKTOPHHX JH(PPepeHNUaJbHEX ypPaBHEHHH
(roanyro cucmemy ypasuenuli ¢ sapuayuaxr no napamempy Ilyankape)

dx, [ of of
5= (b + (5,
3

d
dx, af\ _ 1 /o o2f a2f
_ﬁ“:(-a_) 2+ <6x2>x1x1+<8xas) X1+ 5 <882>0’
dxs
PLi)

.

63f 1 03f 1 63f
(a_xeT)o X1XaXy + 5 <_0x268 )0"“1"1 3 ( X088 )0 X1+

agFaz=m

. of 1 03
T Y, st r(EEg), Y, %t
\

dx, 1 of 1 [ o - oo
m
rZ (”a?)o Xm + T( % >0 Z, XaXa, + (a;m) X1+
1

oy tapf-ag=m ay-ap=m-—1

1 /3°f
e et (5), Xaw -+ Yoy

_{__ .

1 a°t \!
(s N \ox*1ae /o @yt g g=m—1

: 1 't
..+ TR ( - )0 Z xal...xas_lJr-...

x> ae!
At p=ml

‘ 1 °F 1 /3"t\ m
'+(s—1)!( 5 )Oxm~n+1+---+—m!‘<—‘—>oxl+

dx0es 1 ax™
1 " f m-1 1 YA | m-1 '
T ( 9x™ 1 de )oX‘ Tt o <6xm‘lasl )0"1 tee
1 " 1 /o™t
) + (m - 1)‘ ( 9x9e™1 ) X1 —l— ml ( agm>

3nech WHIEKC HYJIb 03HAYaeT, 4TO BHAYCHHA YACTHEIX HpOHBBO,IIHLIX
BBIYMCIEHH IPH X, = X, (8) 1 & = 0; a;, @,, . . . cyTh HaTypaJbHKIE
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n .fl ?1
, f= f X =1 .
1 fn gn

IMocnenyromue wienst B ypaBHeHuax (2.4) TakKe HYKHO TPAaKTOBATh
B OIepaTOPHOM CMELIC/e, TaK, HaupuMep,

mr o))

X1Xg == —2—otl = x,,
oxz 172 ox 2

9|clia; MaTPHIa

of " of ;

ox T | oE,

HosToMy MH pasmmyaid, HAIpUMEp, WIEHH C X;X, 1 X,X; U3-32 HEKOM-
MYTaTHBHOCTH, B0OOOINE TOBOpsH, OIEpPaTopa.
Eenu e sxoaur B (2.1) amueiino, T. e.
I (9, x; &) =g (O, x) + ¢h (9, x),
TO ypaBHeHus (2.4) NpUMYT BHJI

dx ag '
d—ﬁl‘ = <_6_x')0x1 + h(lﬁ'1 Xg),
(2.5)

dx 2 N[ 1 [ o%g O
m . g \ 3 g
_( x/ox7 L[v! <0x" ) . L Xoge oo - X, -+

0
v=2 ayt-..fay=m

+ (vii)! < av—ih >0 Z Yoo .Xa\,,l] m>1).

ax¥t
ity g=me—1

¥Ypasrenns (2.4) u (2.5) unrerpupyiorcs nocaefRoBaTeAbLHO HEIoCpea-
CTBEHHO TOJNBKO B CKAJSPHOM CIy4ae.

Onnako ecau usBecTeH 00Ul MHTErpad Henosmymenﬁon (T. e.
npu ¢ = 0) cmcremnr (2.1), TO HATErpuUpPOBAHHE CHACTEMBI yPaBHEHMI
(2.4) (m (2.5)) mw6oro mopaaxa, kak sro moxasan Ilyankape, ceomaurcst
K KBagparypam. JleficTBHTENBHO, NIYCTH

Xp = Xy (ﬁi a)’
Ile a — n-MepHH# BeKTOp, ecTh o0muil mHTerpan ypasHeHus (2.1)
upun g = 0, 1. e.
dx, (0; a)
dd

Huddepernupys aTo TOMAECTBO HO A, HOIydaeM

= { (9, xo (U5 2); 0).

0%,
(%) oy o
dd T\ 0x Jo da °

Orciofia caexyer, 910 0X,/0a ects pyHZaMeHTAAbHAA MaTPUIA Kaagou
U3 ONHOPOAHHIX cucTeM AuddepeHNmANbENX ypaBHenmii (2.4) (mam
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(2:5)). Torga peitenue nepBoii us cucteM (2.4) (u anamormuno (2.5))
¢ HYJEeBHIME HAYaJBHHEME yCAOBUAMHE X,(0,) = 0 (6o x,(¥,; a) =

= xO0, x, 0,) =0, v = 1,2, . ..) sanumercsa mo Merony Jlarpammxa
‘Bapuanyy MOCTOAHHEIX B BHIE
3 ¢ 3} of
— 9% X\ (0% 9
Xy = — S ( = > <Oa >0 at, (2.8)

0

rae -0x,/0a — Heocobaa MaTpHla B CHAY TOTO, YTO peINEHHEe X, ==
= x, (¥; a) — obmee. [asa X, (m > 1) nonyyarca dopmyxns, ama-
aoruussie (2.6), ¢ samenoii mo smakoM uurerpana (0f/de), na meomno-
POREYI0 9acTh COOTBETCTBYWINeH cmereMbr (2.4) mam (2.5).

Lna orsickamms pemenna mexofguoit cuctemur (1.1) TpeGyercs eme
TIIPOMHTET PHPOBATH MepBoe ypaBuenue (1.5) ¢ Toil ;e T09IHOCTHIO, T. €.
no O (e%), ecam peds uier 0 NePBOH MONPaBKe.

1.3. O rosedannAXx MexXaHHYECKOM cuCTEeMbI C OJHOH CTeneHbIo
¢B00OBI MpU HAJMYNM HesuHEiHOCTEl pasnoro Buja. PaccMmarpmBaert-
cA MeXaHNYeCKas CHCTEMA C OHOM CTeneHbI0 ¢BOGOIE, MOJBepIKeHHAN
JNeMCTBMIO BOCCTAHABIMBAIIIEH CHIH M CHAH comporusieHus. OGe
9TH (YHKIUM IPEANOJaraloTCA aHATMTHICCKHUMA (YHKIMAMEA COOTBET-
€TBEeHHO KoopauHATH M ckopocrd. Iloguepkuem, YTo Iumb ofHa U3
CHJI—HUMEeHHO CHJa CONPOTHBIEHHSA — HPEANONAraeTCA «e-Majoi» u
rpanuna mias € > 0 ompemensierca Ma)KOPAHTHHEIM HEPaBEHCTBOM TEO-
pems Ilyankape ([107al, r. I, ru. 1I), BooGme rosops, neadderTus-
HEM. YTo Kacaercs BoCCTaHABIWBAIOIIGH CHIB, TO e¢ HeJWHeHHAsN
9acTh OIpefielIsieT BEPXHIOW MPaHUILY IapaMerpa | — KOPHA KBajpar-
HOTO M3 HAYaJbHOTO 3HAYEHHA IpuUBefeHHO# sHepruu. Taxum obpa-
30M, npefiaraemoe B Konne m. 1.3 o0mee pemerue copaBefjinBO JIA
mgocratouno mManunx € > 0 m gusa aPeKTHBHO OTPAHMYEHHEIX 3HAYE-
HHI HAaYaJbHOU 3HEPTHM CHCTEMEL.

YpaBHeHNe IBIKeHHSA PACCMATPMBAEMOIl CHCTEMEI IIPH IIOAXO/AMEM
BEIGOpe MacmTaba BpEMEHN T MOKeT GHITH 3alMCAHO B BHJIE

" . _ / o d

i -+2eF@ +u—U@) =0 Ka>0, =) (3.1)
rae F () u U (1) — anajguTigeckne QYHKIMK BO Beeil oGracTh nsMe-
HEHHs NePEMEeHHBIX, PA3I0KeHNA KOTOPHX HAYMHAKTCSH COOTBETCTBEH-
HO ¢ WIEHOB HE HH:Ke MEPBOU M BTOPOH CTemenm, Kpome Toro, paGora
CHJIBL CONPOTUBJIEHASA MPeIoaraercd OTPHLATEILHON Ha JA000M Ie-
pememiennn: —F (@) i << 0, 4ro, B YacTHOCTH, BHIIOJHEHO IJA He-
yernolt ¢pymknum F (). Ilpm ¢ = 0 neBosmymennoe ypasuenme (3.1)
JOIYCKAeT MATErPaJ 9HEPTAN

H = 4 u® 4 2V (u) = p, <V(u):-—SU(u)du, pj>0>. (3.2)
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Ilogcranoeka JlsimynoBa (1.4) mpeoOpasyer ypasuenne (3.1) B cu-
cremy (1.5) Buma

%?— =1 — —:—)— [U (p sin®) — 2eF {p cos ¥)] sin O,
(3.3)
-%z— = U (psin®)cos ¥ — 2eF (p cos V) cos V.

IlpepmonoskuM BiA HalbpHemero, 4To AJA BCeX € M 0 B HPAMOYTOdb-
nuke 0 < e < ey u 0 <L p << vy upn n060M § BEIIOIHEHO HepaBeH-
CTBO

1—-%— [U (p sin®) — 2eF (p cos )] sin 9 > 0. (3.4)

Hepasenctso (3.4) BMecte ¢ nepBuiMu AByMs dopmyiaamu (1.4) ompe-
felldeT MONYCTAMYI0 00JacTh W3MeHeHHA W, G. Ilpu yciosuu (3.4)
pasjenuM BTopoe ypaBHeHue (3.3) Ha eppoe:

dp  U(psin®)cos & —2eF (pcos B)coz &
% 1
1— T[U (p sin ¥) — 2&F (p co3¥)] sin &

(3.5)

Wurerpan ypasmenus (3.5) mpu & = 0 Haiimem, moacraBus (1.4)
B uHTerpaJ snepruu (3.2); GymeM uMerhb

p® + 2V (p sin §) = p%; (3.6)

OpH TOM Pas3jOjKeHNe BTOPOTO CJIAraeMoro HaUMHAeTCA ¢ YJIeHOB He
HusKe Tperbell cremenu p. llockonsky p > 0, to ypasnenne (3.6) mo-
OycKaeT eIUHCTBEHHOE pelleH:ue

AV G sin®) (2 1 8)sin G
p=po(00) = p — -V (wsin®) o (G-) _V (sin®)sind

— % V@sin®)2+0@) (3.7

A JOCTATOUHO MAJBIX IOJOKATENBHHIX W (HEHKe IJIA IpuMepa R
n. 1.4 6yaer ompepnenen paguyc cxomumoctu pauga (3.7)).

OcnoBrBasgch Ha Teopeme [Iyamkape ([107al, r. I, ra. 1I), 6ymem
HACKaTh pelieHme ypaBHeHusa (3.D) A [JOCTATOYHO MAJBIX HOJIOFKH-
TEJIHHBIX 3HAUCHHWHA € B BHJE

p=2 pn(n)em (3-8)

m=0 7
B u. 1.2 nonygena mociaegosateanHocTh AuddepeHIAANBHEX ypaB-
menmit (2.4) pas ompeneneHds Pn,(%; p) (m = 1,2, .. .) (monmas cm-

cTeMa ypaBHeHnmii B Bapmaruax no napamerpy llyamxape). Hac 6ynmer
HHTEpecoBaTh mepBas mompaBKa p,(0; p); muddepennmanbroe ypas-
HeHHEe [Jif Hee eCThb ypaBHeHMe B Bapmanmax mo mapamerpy Ilyam-
Kape (uepBoe ypasuenme (2.4)). Ilonyumm ero HemocpemcTBeHHO.
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3anucHBas ypasmenre (1.5) B BEge
’ d \
=1, 0 9 ( =ﬁ>
¥ BHYHUTAA U3 HErO TOMKIECTBO

po = f (8, po; 0),
noJydaeM

= (g—;)or + (2—5)0 +0@E)  (r=p@p) —po(;p), (3.9

T/ie MHAEKC HYJIh O3HAYAET, YTO 3HAYEHMH YACTHHIX IPOM3BOJHEX BH-
guciaeHsl opu p = Po(%; p) m ¢ = 0. Pasgenns (3.9) na £ m momoxus
satem ¢ = 0, moayuam B cmiy (3.8) ypaBHenze B BapHaIAX HO Mapa-
MeTpy HyaHKape

p1 = <—5p—>o P1 -+ ('g% . (3.10)

B paccmarpuBaeMoM CKaJXsIpHOM CIydJae 3TO YyPABHEHHe HHTETDH-
pyercs 6es Tpyxa, XOTA X B HeyqoGHOU s npuiomennid gopme. Ilo-
BTOMY IpeImoYTHTEIbHEee MOJb30BaThea cunocobom Ilyamkape ([107a],
r. I, ra. II), usnosxenenm B koune n. 1.2. B mamem caygae (3.7)
ABAgeTCA OOIAM MHTErPajJioM HEBO3MYIIEHHOTO yPaBHeHHA (3.5).

(r. e. opm & = 0):
0o = F (¥, po(B; p); 0).
IIponnddepeHnupoBaB 310 TOKAECTBO IO W, TOJLYIUM
d(i’.&)
o) (i) ki)
d& ap /o op '
T. e. 0p,/0p ecTb pemeHHe OJHOPORHOrO ypPaBHEHHHA, COOTBETCTBYIO-

mero (3.10). Torna pemenue ypaprenus (3.10) ¢ HyJIeBHMH HaYaIb-
HHMHA YCJAOBHAMHA

01(8o; w) = 0 (60 py (893 p) =P, pm (Bg; ) =0,m =1,2,..)
sannmerca B Bage (2.6)

3
_ 0p dpg \"1( 3f
0y = “a';f'E ( a;) <78-)0d1‘}. (3.11)
3 (3.7) m (3.5) maiimem
po )
ot — g [ V (usin ﬁ)] +0 (), (3.12)
( gg )0 — 2[1 — -‘):U(p0 sin ) sin 8] F (p, cos 8) X

X cos ¥ {1 + -%o- U (py sin 9) sin ¢ [1 — —:(—)— U (po sin ¥) sin -ﬁ]—l} .
(3.13)
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Teneps us (1.4), (3.8), (3.7) u (3.11) noxyunm
u = lpo(0; p) + epy(®; p) + O ()] sin ¢ (3.14)

7 mocine oupeperenus ¥ = ¢ (1; ¥,) us mepsoro ypasueums (3.3)
HalimeM ofillee pemenue UCXonHoro ypasHenus (3.1) (¢ mpoussoabHE-
MH TOCTOSHHHIMHU W U $p) AJIA DOCTATOYHO MAJHIX HOJOKUTENBHEIX €,
ompenersaeMEx yciopueM (3.4) m ycaoBueMm n;mnpo‘ﬁanﬂon TEO0 PeMbI
Ilyankape. Ilpm stom rpamumna ceepxy ams u > 0 (KopHs KBampar-
HOTO W3 HAYaJIbHOTO 3HAYCHHUA NpHBeleHHoil sueprum (3.2)) oupene-
jagercA PagAycoM cxogmMocTH pspa (3.7).

t.4. Ypasnenue [wddaura ¢ muneiiusiv gemuduaposanmem. Pac-
CMOTPHM B KadecTBe IPAMepA HASBAHHOE YpPaBHEHHE

i+ 2 +utaud=0 (e>0, a>0), (4.1)

e (on (3.4) m (3.2) F(3) =1, U @) = —au®, V(u) = o au'.

Ycnosue (3.4) onmpegennt 061aCTh JONYCTHME X 3HAY€HNH B TPEXMEPHOM
OKTaHTe M3MeHeHms mepemeHuux p > 0, ¥ > ¥, u mapamerpa ¢ > 0

1+ ap?sin® @ + e sin 286 >0 (4.2)

u Gymer 3asefomo Bmmosgmeno npum 0 < e < 1. Warerpan aHeprum
(3.2) meBosamymenuoro (¢ = 0) ypaBHenas (4 1) upumer Bup

0%+ —;— aptsint ¥ = p?

u uppu yeaosuu 2ap’sin®d < 1, Koropoe 3aBeOMO BHINONHEHO IIpU

1
p’z < % ’ (4'3)
AOmyCKaeT equHCTBeHHOe pemenne (3.7)
' 1 .
P (O, ) =p [1 — - ap*sintd + 0 (pf‘)] . (4.4)

Buuncnnm (3.12) u (3.13)

dpy 3 . 4
-531_1 — - an’sin® & + 0 (Y,

af >
( de
= — 2pp c08% ¥ (1 + app sin? 9)7* [1 — apg sin? 9 (1 4 apgsint §)71] =
= — 2p cos® O [1 — % ap?sint¢ 4 O (u“)} .
ByneM uckarh peuienume, YAOBIAETBOPAOMEe HAYAIBHEIM YCIOBU-

sam: w (0) = 0, @ (0) = @, > 0, upm sroM B ey (1.4) m (4.4) &, = 0
B p = 1z,. lpeqmonoxum raxxe (cM. (4.3)), uro u, << V 0,5a.. 1lo
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popmyne (3.11) wmaiigem
P1 (B p) = — p[ﬂ’ +- —;—sin%‘ + —3? ap? (—f 3¢ sin* & —
—_ % sin 24 sin®* ¢ — ?Tﬁ - % sin* & 4 % sin® 21‘}> +0 (p“):[ .
W3 neproro ypasrenus (3.3) uaiinem
T :§ (1 —op?sin*® —esin28 4 ...)d¥ =
=8 —esin?¥ — op? ( sm41f)‘——-—sm21‘}+—-—ﬁ>—}— )

rAe TouKaMK 0G03HAYCHH WIeHH MOPAAKA &2 U ep?. O6Gpamas mocaef-
HIOI0 (OpPMYIy, mOJNydaeM

= T-{——-——au <-—17—Sln217 -|——s1n41:>—|— gsin?t 4 ..
Bunmmewm pemenue B Buse (3.14)
u = [u <1 — %apﬂ‘sin‘l T) — eu (1: + %sin 211\) +0 (aa)] X
X sin [1: —]—-—i—- ap? (% T—sin2t 4+ —%— sin 41) + esin?t -+ O (a“)] l(4.5)
AN WHTEepBada m3Menenma T mopsapxa O (e71).
Jameuanue. Ucmonssysa conenudury mpmmepa, WMeHHO JH-

HeHHOCTh JeMIQUPOBAHMA, MOKHO HOJYIHTH peIleHHe, CIpaBeIH-
Boe aua Beex T > 0. Ilogcranoska

LU = €
npusefer ypasuende (4.1) x Bupy

74
= (T, %; 0), (4.6)

YR .
= v )’ g= —(—e¥)p— a8 )

BynmeM mckars -ero ofmee pemenue B BHJe
X = X (7) -+ axy(7) + a?%, (7) +
O6mee pemeHne HeBo3mymeHHOTO (T. e. npm o = 0) ypaBHeHHA

(4.6) npu 0 << e << 1 ecn

M cos Rt + N sin Ry s
Xo (v) = <—_ MR sin R 4 NR cos Rr> (R=Vi—2#).
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Dopmyaa (2.8) pact HaM AIA HEPBO DOIMpPaBKU

T
6x 7} .
x, = 2% g( In ) ( ) dr, (4.7)
3 ]
Iie a — BeKTOp ¢ KoMnoHeHTamu M m N, a
0v, v,
ox, |9M TN
d9a " |l 5y, av,
oM oN

¥ MHEJEKC HYJIb 03HaYaeT moicraHoBky a& = 0, x = X, (7). Onyckasn
odYeBH/IHEIE BEHIYACIEHHA B dopmyie (4.7), BunumeM ofmiee pemIeHH®
ypasHerus (4.1) opr 0 <<e <1 (merpyamo momyuurh ero m A
e > 1)

u = [M cos Rt + N sin Rt + ay, (v) + O (@®)le=", (4.8)
rie

vy (1) = —i%- {2 [e2* (— e sin 2Rt — Rcos 2Rt) + R] X

x M (M?* + 3N?) cos Rt — N (N? + 3M?) sin Rtl +
+ (4—3e*)7! [e~2=* (—e sin 4Rt — 2R cos 4R1) + 2R] [M (M? —
— 3N?) cos Rt + N (N® — 3M?) sin Rt] +
+ (4—3¢®)Ye27 (—e cos 4Rt + 2R sin 4R7t) +
+ e} [N (N* — 3M?) cos Rt — M (M? — 3N?) sin Rt] —
— 4 [e7%¢* (—¢ cos 2Rt + R sin 2Rt) + &} (V3 cos Rt 4
+ M3sin Rt) + 3 (M?* + N?) (1 —e )X
X (N cos Rt — M sin Rx)}.

Ouesmpuo, uro M = u (0), N = (1 — ¥z (0).

1.5. Iipymwunspiii MaATHUK ¢ JuHeii-
HBIM nemntbnpoaamxem Paccmorpum mio-
CKUil NPYKUHHBI MasATHAK MacCH M Ha
HEeBeCOMO#l MpYy;KUHe AJHEH [ B HeHAIDS-
JKEHHOM COCTOAHHM M NONYWHAMeRcH
sarkony I'yka ¢ sxecrroctnio ¢ (puc. 9).
Hyers z2my =14 A+ y — nexaprosu
KOODIAMHATH MACCH M, OTCINTHBAGMbIE OT

m
Toukm moaBeca O, Tme A = —cf— — cra-

THYeCKOe YAJHHEHHe NDY:;KEHH, DBrbe-
PEM NOCTOSHHYI0 IOTEHIMAJLHON 3DHEp-
roa Il cmaml TAKecTE B yOpYro# CHIE
TNPYKAHK TakUM o06pasoM, 4dYroOH OHA
ofpamajach B HYIb /I MOJIOKEHHA
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CTATHYIECKOr0 pPaBHOBECHA T = Y == 0; TOT A

H=~—mgy+-—§~c[Vx2+(l+7v+y)2~l]2—-%c7»2,

1 dz \? dy
T“Tﬂ(%) + (m ]
HonycruMm, 9to ma Maccy m feiicTByer eme cuia conporupienus R,
NpONOpPIEOHANBHAA - cKopocTH: R = — by, OGosHaumm depes o =
=}V ¢/m KpyroByo 4UacTOTy BepTHKAJBHHX KOJeGAHHME MacCH Ha

Opy:KHEHe W BBeleM OespasMepHHE BpeMs T = ol W KOODPOUHATH § =
= z/l, 1 = y/l. Torga ypaBHeHNs ABWKEHHA 3AOUIIYTCA B BHJE

d2n [ 14+v+1 —1]:—-28
CEN e e e dv’ (5.1)
d% _ 1 ___9g %
v " 1+Yg [Va2+(1—+v+n)2 1+y]§ I
rpe
M b
V=Tt ey

— 0esapa3MepHBle IapaMeTph, a pAa3jIoKeHWs KBaJPATHHX CKOGOK
B oKpecTHOCTH § = 1} = ( HAaYMHAIOTCA C YIEHOB BTOPOH CTENMeHH.
ITpn ¢ = 0 mMeeT MecTO WHTETPAJI DHEPTAHN

-611—1/2 (T 4+ )¢ = p = const. (5.2)
IHoncranoBka Jlamynosa
. d
n:psmﬂ,y-gg-zpcosﬁ, £ =pz, %:pze (5.3)

npuBefeT Bo3Mymennyio cucremy (5.1) u unrerpan (5.2) HeBo3MymeH-
Boit cucremsl K Bupy (1.8) m (1.6)

dp  Ucos® —2gpcos?d
48 T—p'Usin® Fesin2d ’ 54
dz, 29— 2;071U cos O +- 2ez, cos? O (0.4)
49 ~ ~ 1—pUsin® Lesin2®

dzy _ — (1 + )z, — zp7 W cos ¥ |- pV — 2ezy5in? §

a8 1 —p U sin ¥ + esin 29 !

92 [1’ + ﬁ? Z?. + Zg + pS (ﬁa 0, 21, Zg)] = P'27 (5'5)
rjge

P2z}

. 2z, sin 9
U= —sqamm 00, V=—F1"5+ 00"
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H OPeJI0JIaTaeTcsa BHIOMHEHHHM yciosue (1.7), T. e.
1t esin 20 + (1 4 ) pelsin® -+ 0 (p) > 0. (5.6)

Hesosmyuennas cucreMa (95.4) (’I‘; e. upu ¢ = 0) gomyckaer mo-
po:xnawomee pemernne (cm. 111, 1, 2.3))
po(®; py M, N) = p [ + g2(M? + N7 + O (u?),
2 (0; u, M, N) = M cos g& + N sin g& + O (p), (5.7)
23 (O u, M, N) = g (—M sin g® -+ N cos g8) + O (u),

VT ()

Dro pemenme, Kak mokasano B 1. 111, 1.2, apasercs o6muM npu Bcex
1 1
Y, KpoMe Y = —- (g = ) B mamem npumepe BeKTODH a U X, CyTh

rze

Brameaum siaementnl gopmyant (2.6):

K4 0@ — MK 0 +0 W) — gNK P+ 0 (w)
@ (0) + 0 (n) cos g% + O (1) - sing®+ 0w,
P+ 0p) —gsingd+0(w) geos gl +0(w)

Xo
da

rae
K =1+ g (M? + N?).

Ipu soiumcienun oGpaTHOM MAaTPHUIBI HECKOJIBKO OrpYyOHM pe3yib-
rat, noaoxuB ¢ (9) = ¢ (8) = 0; Torna monyuum gus (0x,/0a)! BH-

payKeHue
(%)—1 = () cos g& + O () — g lsingd 4 O (u)
owm sing®--0(w)  geosgh + 0w

rne L (8) = M cos g& -+ N sin g0.

Bexrop (9f/0¢),, rme f — BexTOp HmpaBHIX "YacTeH CUCTEMBI (5 4),
a HHEKC HYJh 03HA4YaeT HOJICTAaHOBRY &€ = () H HOPOKHAIIETO peme-
maa (5.7), pasen

at — K Mrco d + O (M) )
( e > 2L (8) cos?2¢ — L’ (¥)sin29 4O (p)) .
— 2L’ (9) sin2 ¥ - g2L (¥) sin 24 4- O (n)

KT 0@p) @KIL@)p+0M) KL ($)p 40 @)
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Mut mosroskum B popmyire (2.6) &, = 0; corsacHo (5.3) 310 03HaTa-
er, 4T0 B Hadauxbisid Momenr v = (0 mmeem 1 (0) = 0. Onycras oge-
BHOHbIE BHIYHCICHEA 1o gopmysae (2.6), BHnHMImeM HYKHbIE HAM Lep-
BBHIE JIBeé KOMIIOHEHTH BeKTopa X; (; w, M, N) nepBoit monpaBru:

o1 (8 1, M, N) = — K" (9 + - sin28) 4 0w,
zi (0w, M, N) = ——sm g9 + —— M sin 29 cos g& -+ g M sin® ¥ sin g&—
— —2—N sin 20 sin g — gN sin? ¥ cos g& -+ O (p).

Ocraerca upomHTerpUpoBaTh mepBoe ypasuenme (1.5), sro mam jacr,
onsaTh-Taky upm ¥, = 0,

9 =0() =1 Lesin?t+ 0 (@) + ..,
r/J[¢ TOYKAMHU OTMEUYCHLI 4YJIE€HBI BTOpOI‘O‘ Hop;uu(a OTHOCUTEJIBHO p, "

&. OKOHYATENEHO MOJYyduM peinesue cucteMel (0.1) wis cayqas 1 (0)
= 0 B BHJE

1 (v) = [py & (¥); 0, M, N)+ep, (O (x); p, M, N)l sin & (v)+ O(e?),

g (T) == [Po (’ﬁ (T"); }1, ﬂl, N) +' 891 (,& (T); H: Ma N)] X
X [2) (8 (t); u, M, N) + ez; (& (v); u, M, N)] -+ O (e?).
Hocrossuusie p (HagaibHOE 3HAUGHME DHEPTHH (5.2)), M n N on-

pepeisiores W3 magauabHux ycaosuit 1 (0), & (0) m § (0); marepsan
n3Menenus T uMmeer mopsmor O (g71).

§ 2. O cucremax tuna JlanyHosa

Onpepenenie 1. Cucmemoii, Gauskoil k¥ cucmeme JlsnyHosa, Ha3H-
BaeTcsa BeII[eCTBeHHaS{ cHCTeMa BHJA

B — Ax X () +pF (1, x, ), (0.1)
obpamasomascsa npu p = 0 B cmcremy Jlamymosa (I, 1,1.1), . e.

A=A P, Y= “é” P=|p.|:

U B KOoTopoii BekTop-pyHKiua F apanuTudna mo X ¥ MaJloMy HapaMer-
PY [ B HEKOTOPOH 00sacTH, HeUPEePHBHA W HePHOAWYIHA IO { ¢ mePHo-
oM 27,

Oupepenenue 2. Cucmemoii muna Jlanynosa Ha3HBAETCA BEIIECT-
BeHHas CHCTEMa BH[A

% = Ax + X (x), (0.2)
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B KOTOpo#l Marpmuma A JMHEHAHO# YaCTH CHCTEMHl. mMeeT ! HYJIEBHX
co6CTBeHHHIX 3HAUYCHWH C IPOCTHIMH DIEMEHTADHHIMH [(eIATeNsAMH,
IBA YHCTO MHAMBIX COOCTBEHHHIX 3HA4UeHWs: - Ai, W.He mMeeT coOCT-
BeHHEIX 3Hadenwit, kpartHnx -+ Ai; X (x) (xak u B (0.1)) — ananurn-
9eCKas BEKTOP-QYHKIMA X, Pas3iosKeHHe KOTOPOH HAaYMHAeTCA € wie-
HOB HE HHKe BTOPOTO IOPANKa.

B sTom maparpade morasano, 9To cucTeMHl THOA JIAmMyHOBA MOTYT
OHTH CBEJEHEI K CHCTEMaM JI;myHOBa

2.1. Ylocranosxa samaun. 3ammimeM CHCTEMY THIA JIATYHOBA.B
pa3BepHYTOM BHAe mpu 0003HAUCHHAX, ommqalomnxc;{ or (0.1),

dy
7’;— =u(x,Yy, z), 5 = = Moy + v(x, Y, 2), =Bz - w(x, y, z),
(1.1)
rae ‘
€1 i "y
. L . :
= - ’ y = o/ 7z = * ’ = * ’
£, (ﬂz) z, ,
wy
v . . 0 —1 . m
v=(1), w= i) n=[7 71l B=1oak

¥ BeKTOP-QYHKIHMH U, V, W — aHaJATHYECKHEe PYHKIAN IepEeMEeHHBIX
Eiy -« o B My Moy Giy - . -, §n B HEKOTOPOH OKPECTHOCTH HAaTaJA KO-
OpIMHAT, PA3JI0/KEHHA KOTOPHX IO CTEHEHAM STHX NepeMeHHHX HadH-
HAlOTCA YIeHAMH He HEKe BTOPOTO IODPAAKA; cPeqyd KOpHedl ypas-
HEHHUS

det [B — xI,] =

HeT HYJEeBHIX M KDATHHX BeIAIMHAM - Al
Ilpegmonosxum, uro cucrema (1.1), Kpome JASAMYHOBCKOTO CKaJAD-
HOTO HHTErpaja

(y1 y) + ‘l’ (X7 y7 Z) = Yo» (1'2)

JOIMycKaeT eme ! Takike aHAAUTAYECKUX MEPBHIX MHTEIPAJIOB, 3aHA-
CAHHEIX B BEKTOPHOM BHJE KaK

p(x)+I(x, y,2)=¢, (1.3)
rrie
ST L2 a7
p == . N f == : ) — N .
7] P Vi
B (1.2) a (1.3) pasnoxernasa P, ¢, . . ., ¢; HAYMHAKTCA C WICHOB HE
HOKe BTOPOTO MOPAAKA OTHOCHTENBHO &y, ..., &, Mg, My, C1p - - -

eooy Gy Ty (@), ..., 7y (z) — TUAeliHKe He3aBUCHMEIE (ODPMEI IEPEeMeH-
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pHX &, ..., §, Koropme MmosxuHo BHOpaTh B BHIE T; () = E;
G =1, ... l); rakmm oGpasom,
p(x)=x. (1.4)

v2,2. IlpeoGpasoBanne cucremnr Tiuma Jlamysosa.
Jdemma I. Cucmemy (1.1) — (1.3) moxcro npeo6pasosamov mak, umo
eekmop-Pynryur v, v, w u { o6pawyaromes 6 wyav npu 'y =z = 0:

u(x, 0, 0) =v(x, 0, 0) = w(x, 0, 0) = f(x, 0, 0)=0.
IlokasarenscTBO IeMMB OCHOBaHO Ha unpeoGpasoBanmm JlamymoBa

([77al, u. 28) npu uccaeRoBaHME KPUTAIECKOTO CIYydas OJNHOTO HYyJe-
poro xopuda. Vimenno, Bumoanum B (1.1) — (1.3) samMeny nepemeHHEIX

YO=yO+y®, z(t)=2()+zX), 2.9)
rae y (x), z (X) — aHAIHTHYECKHE BEKTOD-QYHKIME IIePeMEHHHIX
£, ..., §, "He comep:kamue AUHEWHHRIX YJIEHOB M YHOBJIETBOPAIOIMHE
ypaBHEHHAM

May (%) 4 v (x, y (%), 2(x) = 0,
Ba(x) 4 W (x, y (x), 2 (x)) = 0.

B pesyabrate samensr OymeM uMeThb, BHIINAA HOBHE HEJTHHEHHBIS
wieHs U, Vv, W,

B u(x, ¥+ ¥ (%), 2 + 2(0) = (x, Y, 5,
DY Iy V(% Yy, 2+ 2(x) — v (x, y (%), 5(x) —
— ";—§ u= ALy +v(,y, z), (2.2

2 —Baw(x, Yy ()2 4 a(x) — W, Y (%), 2 (x)) —

oz ~ - e -
———{a—fu;z_Bz—i—w(x, Y, 7),
e _
oy o) oz g%
ox | ag, |’ ax _—] 0%,

cyTb MaTpuOs mopagka 2 X lmm X [ coorsercrBenno. Ham tpeGyer-
¢A IOKA3aTh, 4TO

u(x, 0, 0) =v(x, 0, 0) = w(x, 0, 0)= 0.
danumem Bexropusd marerpak (1.3) B cuny (1.4) u (2.1) B Buge

X+ (X, y@) +y®),z() + z(x)) =¢ (2.3)
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u upopuddepennupyem ero s cmiy (2.2)

u(x,y, z)-{— ——u(x Y, z) 4 a [Kng—l—v(x Y, 7) +—u(x Y, z)]
+()z {Bz -+ w(x, y,z)—l— u(‘c y,z)}_()

Honoxkum B orhx ToMAECTBAX Y = Z = 0 (3ame‘1aﬂ, uro u3 (2.2) ciue-
ryer ¥ (x, 0, 0) = — 2L u(x,0,0), w(x, 0,0 =— Zu(x, 0, 0)):

[1+ 2532, 0,0 =0,

CaegoBaTelbHO, B JOCTATOYHO MAJOH OKPECTHOCTH HAYaja KOODIMHAT
x=y=z=0) u(x,0,0)=0. Uz (2.2) cregyer, aro B 3T0# K€
OKPECTHOCTH

v(x,0,0)=w(x, 0,0)=0

Cucrema (2.2) momyckaer pemenue x = const, y = zZ = (; mogcras-
aaa ero B (2.3), maigem

f(x, 0, 0)=0.

JleMmma I noxasama.

Bynem cumrarn, uro cmcrema (1.1) — (1.3) mpeoGpasosama cor-
nmacuHo yemMme I W coxpaHEM IS Hee mpeykHHme o0o3HaueHmsa. Paspe-
mmM BexTopHH# wATerpak (1.3) orHOCHTEABHO X

X=¢+ f* (e, y, 2), (2'4)

rge f* — amanWTHdecKas BEKTOP-QYHKIA OTHOCHTENBHO C, Y, Z
(f* (e, 0, 0) = 0), He copep:kamasA JIWHEHHHX uwieHoB mpm ¢ = 0.

. Ilogcrapue (2.4) B (1.1), (1.2), moTyYHM BOKTOPHYIO CHCTEMY —
cucremy Jlamyrosa

= Moy + v¥(c, v, 2), 'f” =Bz |+ w¥*(e, y, z), (2.5)
M CKaJIAPHHI WHTErpal
(y,y)+ p* (¢, y, z)= V*v (2~6)

rae QYyRRER v* w* @ ¥ aHATHTHUECKHN 3aBUCAT OT €, Y, Z U obpama-
foTcA B Hyad npa y = z = 0 (cornacHo isemme 1), a nocrosnnaa y* =
= v, — ¥ (¢, 0, 0). Bexrop-pyarmmm v* u w* He cofepskar JIHHEH-
HEX wieHoB mpu ¢ = (.

OrHocureasHo pyHKIEE P* cOpaBeIHBa

Jemma 1I. Qynryus $* ¢ (2.6) npu docmamouno marom no Hopme
sexmope ¢ ¢ unmezpase (1.3) ne codepacum uaernos nepeozo nopsadka om-
HOCUMEAbHO Y U Z.
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HNorxasareasctsno. Iycrs
V* = (a,y) + (b, z) + 2],

r7e He BHOHCAHH WIEHH HOPAAKA BHIN® HEPBOTO OTHOCATENBHO Y
4 Z, 2 BeKTOPH a B b 3aBHCAT aHAIHTAIECKH OT BEKTOPA ¢ B 06pamaior-
ca B Hynn npu ¢ = 0. IIpopnddepernmpyem murerpan (2.6); B camry
cacreMu (2.5)

(a, AJay) + (b, Bz) +- 2] = 0. @)

OnpepnenuTeas ofHopoaHOH cmcreMul (2.7) oTHOCHTENBHO 2 - m KOM-
HDOHEHT BEKTOPOB a ¥ b HelpepHIBHO 3aBHCHT OT ¢ ¥ npu ¢ = () o6pama-
erca B A? det B = 0. Caegosatennno, upm ¢ = 0 mMmeem a = b = 0
B cuay HeOPEPHBHOCTH, HOCISTHAE PABEHCTBA JONAKHE BHIIOIHATHCH
F OPE JOCTATOYHO MAJIOM IO HOPMe BEKTOpE c.

JJemmall toxasana.

[las onpeneneHns mepHOAWYECKHX pelleHuil B cucteme JlamyHoBa
(2.5) Mo:xHO DpPEMEHATH MeTOH, HpemtoKeHHHH Jlanymosmm [77a] m
passuthid Y. I'. Mankumsim (cM. [79 a, 6]). WmHoit kpyr BonmpocoB mis
cucreMmst (2.5) mecaegosan B ri. I11.

4 B. M. CrapKuHCKRil



Yacrv eropas

IIPWJIOKEHNE TEOPNM HOPMAJIBHBIX ®OPM
K 3AJTAYAM KOJIEBAHMN

T'aasa V

KPATRHUE CBEJAEHHNA 110 TEOPYIM HOPMAJILHBIX ®OPM
BEHIECTBEHHBIX ABTOHOMHbBIX CUCTEM
- OBBIKHOBEHHBIX INGOEPEHIUAJLHBIX YPABHEHNN

B maTeMatmre mpoGieMa mpuBefeHEA ABTOHOMHOM CHCTeMH OGHK-
HOBEHHHX JnddepeHnMaqbHHX ypaBHeHNH K Hambojaee MpocToil, HOD-
MaJbHOM (JOpMe ¢ IOMOINHI0 3aMEHH HePEeMEeHHHX GHa MOCTaBJEHA
[Iyankape [188] u passura Jlanymosmm [77a] m ap. HamGomee 06-
mue Pe3yJbTATH B TEOPHHM HOPMaabHHX (opM moaydesst A. J{. Bpio-
g0 [234K]; Tam ke uuraTens maiimer m 6ubamorpaduio. B § 1,2 Mu u3-
naraem mpoGiemy, ocHoBHBaAch Ha pabore [234r], onmako, He ¢ 06-

. HMAX HOBUINUA H He B CaMHX O0MHUX CHTYalWAX, 8 OPAMEHHTEIHHO K
3a/jayaM HeJJUHeHHHX KoJebaHmil, OIMCHBAaEeMHX YKa3aHHLIME B 3aTo-
JI0OBKe cucTeMamu ypaBHenmii. JacTs moxasareabcTs B § 2 omyckaeTcs.

§ 1. IlepBonauaibubie CBEIEHUS]

1.1. Hoeranoska samaum. PaccmorpmM cmcTeMsl BHAa

%—=xvxv+®v(x) (V=1, MRS ] n)1 (1-1)

T X — BEKTOP C KOMIOOHEHTAMH &, . . ., &,; D, (x) — anamaraue-
CKHEE B HEKOTOPOA OKPECTHOCTH HYJAA (YHKIME, Pa3jioeHnaA KOTOPHX
HAYAHAKOTCS C WIEHOB HE HU’KE BTOPOTO HOPAMAKA; A, — Jubo Bemect-
BeHHHE JH00 KOMIUIEKCHOCOUPSKEHHEE BEJIMYHHEI; B IIOCIETHEM
caydae Ay = Ap, zy = T, Oy, = Op. Urak, 3gecs mpeguosiaraer-
e, 970 MCXONHAA BEIECTBeHHAA CHCTeMa npeoGpasosaHa TaxmM oGpa-
30M, UTO ee JWHEHHAA YacTh UpPHUBEJleHA K 3KoplaHoBo# dopme u, Go-
Jee TOro, mpeRmoJaraeTcs, 4To ara gopMa — duazonasvras. Ilocaen-
Hee 00CTOATENRCTBO B CHIY TeopeMHl Beitepmrpacca (cM., Hampumep,
[146], m. I, 1.14) mmeer MecTo A KoeGaHd# B KOHCEPBATHBHHX CH-
creMax U GIUBKAX K HUM.

3agaua sarmouaerca B unpmeegeHum cucremsl (1.1) mocpemcrBoM
ob6paramoro (Ho, BooOme roBops, HEONHO3HAYHOIO) mpeoGpasoBaHHA

Ty, =Y+ T (Y,.- s ¥n) =1,..,n 2,0,...,0) =0) (1.2)
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K mpocreiimeii HopMaapHO# ¢opme (pasioskeHuA ¥, HAYMHAOTCA C
4IeHOB He HIKe BToporo mopagka). Mmemno, B cratse A. JI. Bpromo
[234a] 6ua BBegeHA ciremyOmas 3amuCh IpeoGpasoBaHHOM CHCTOMEI:

dy,
w7l MY+ Yy (V) = Mys + o Z gvQy? (1.3)
¢ =
(y = (yl’ ARG ] yn)‘? v = 1‘1 .- ‘?:n)1
rxe Q = (g1, - - +» gn)® — BEKTOP C IEJOUNCICHHHMH KOMIOHEHTAMH,
ye = yi'. .. yan: g — BCKOMEIe Koaddumumentr. MuoxectBo M,

‘sHaYeHHR  AIA V-TO ypaBHEHHA TAKOBO:
n

1y« o oy o1y Guaty <« oy qn>07 qv>_‘1-’ §97>‘1 (1‘4)

(emraTeno HY:KHO O6paTATH BHEMAHHE Ha MHO)KATENb Y, B V-M ypaB-
Henun). Beenem oGosmawernme M =MW, UMy Y ... U M

Onpenenenre HOPMAJIbHOH (OPMEL CONEPIRHATCA B cnenymmen TEO-
peme, Kotopyo chopMyaapyeM MNPEMEHATEOIHHO K HOCTAHOBKE 3afadM
Oo.

1.2. Ocosnasn teopema A.Jl. Bpiono ([234x], ra. I, §1, m I).
Cywecmeyem o6 pamumoe npeobpasosarue (1.2) cucmemer (1 1) ¢ makymo

- cucmeny (1.3), umo npu sanucu cucmens ¢ opme (1.3) g,o mozym 6ums

omAuNKY, 0m HYAs Auwb 0as mex Q, 048 KOMOpHL 6HNOAHEHO DE3OHAH-
CHOE YPasHeHuUe

A, Q=D+ + dngn = 0. 2.9)

3,[[601» A= (M, ..., &))" — BeKTOp W3 [HATOHAJBLHEIX DJIEMEHTOB
amHeiino# Jactm cucreMu (1.3) (z (1.1)). Cmerema (1.3), obnamaromasn
9THM CBOMCTBOM, HA3KLIBAETCH HOPMALLHOU HopMOLL.

HJorasarexascrTso. Joramem, caenya A. [I. Bpioro, uro
cymecTByeT (opmansHOe mpeoGpasoBaHme (Hopmaausywowee npeob pa-
308aHUe)

o=yl +h ML by = Qezm hy?  (v=1,..,n) (2.2)

CHCTEMHEL

Ly + xva(x), fv (X) = Z f‘,QXQ ('V = 1, . .»., n) (2.3)

=0,
B CHCTEMY
dy,
TR M= ), ey (v=1,...n), (24
. p
(A, Qj=0

tTakoe ut0 g, = 0, ecam (A, Q) 5= 0, npuuem h,g mia (A, Q) =0
MORHO 3a/laTh IIPOH3BOJIBHO . (OTCIOJI& U BO3MOKHOCTH HEOJHO3HAYHO-

4%
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cta mpeoGpasoBanusl); TOrAA OCTANbHKE Ay U gy ONPENEIATCHA OHO-
sHauHQ. 3peck Yk, (y), z.fv (X) # y.g (y) — cremennsie psjm, He
cofep;Kam@e 9WIHOB HEKe Bropoil cremenu. IIpeoGpasoBamme (2.2)
mepesoiat (2.3) B (2.4), ecam BHmoNHEHH (GopMaibHEIE PaBeHCTBA
PANOB IO Y1, + - -, Yn:

n

Oly,( + 1) :
ZT (hyr + yi8) = Myv (1 + A} +
=1

+yv(1+hv)fv(y1(1+h1), LR ) yn(1+h’n)) (‘V=1,...,n)-

Orciona WMeeM mocle OYeBHIHHX HpeobpasoBammii

"y oh, "y h,
Yugy + Zlv;'érxlyz =—ysghy — yv;—a?l‘ yig1 +
+ 9@ R A+ ) Y+ h) (v=1,...,n0). (2.5
BrnmmeM xosddunuents mpu y,yQ B v-M papencrse (2.5)
ng+(A, Q) hvq = o
= 2 hopgur — 2! 2 hepigr +{(1 4+ k) f.}o  (2.6)
PLR=0Q [Z1P{R=Q
(Qemv; v = 19 ooy n)a

Iie mociefHee ciaraemMoe obosmauaer Kospdmuument mpm yQ B page
(1 Bfo (§n (1 -+ Ba), <« oy Y (4 F Ra).

MHOXeCTBO N-MEDHHX BEIeCTBEHHHX BEKTOPOB BIIOJHE YIIOPANO-
9EBAeTCA CAGNYIOIAM COOTHOIIeHmeM: BeKTop P mpenmectsyer Bek-
Topy Q (P << Q), ecam oTpunarenbHa mepBas HEHYJXEBasA M3 IOCIE0~
BaTeJLHHX DPa3HOCTEH: '

n n
%%”“?% PL— Q1+ - +» Pr-y — Gn1-

OuepupHO, 9T0 KaknaoMy Q & M npenmecTByeT JAMb KOHEYIHOE 4UC-
70 BexTopoB m3 M. Samer:mm, uT0 B mpaByio gacth (2.6) BxomAT TOIB-
Ko Takme hp M gjr (=1, . . ., n), 9ro BekTopu P m R mpeamecrsyior
Bekropy (). 9rTO CHpaBeIMBO [IA IIEPBOr0 ¥ BTOPOTO CIAraeMEIX
B mpaBoii wacta (2.6), Tak Kak TaM B MHIEKCH BXOJAT TOJBKO TaKue P
7 R, aro Zp; + Zr; = 2¢; ® 2p; >0, Zq; >0, mosromy Zp; <<
< Xq;, 3Zr;<<Zq;. Haxomen, {(1+ h)f}y comepskar amumsb
Takue hjp, ato Zp; << Zg;, TaK Kak pAX Z.f, (X) HE CONEPIKUT JIAHOH-
HHX wieHOB. PaBencrsa (2.5) GyAyT BHIOIHEHH, €CJIH IOJOMKATH:

a) g = 0; Ay = (A, Q) 'y Ana (A, Q) # 0,

6) gvq = Cyq; hvq mpomsBoxpHO maA (A, Q) =0, QERW, (v=
=1, ... n). 3necs ¢, 06o3HawaeT mpaByw dYacTh paBeHcTB (2.6)
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Taxkmm obpasoM, B yKasaHHOM BHIIe mopagke mo  ompemeasiorcsa
gQ mhygy. Teopema moxasasa.

3damMevanume. B cuny ycinosmsa 6) roasko (2.1) mpusomur K
BOSMO}KHOCTH HeOXHOSHAuyHOCTH IpeobpasoBanua (2.2). Ecam (2.1)
opA ¢ + ...+ ¢, = m BHOOJHEHO JHAML [JIA KOHEYHOLO YHC-
7Ta 3HAYEHMIl MCXONHHX IIapaMeTPOB CHCTEMEI, TO eCTeCTBOHHO /g
OmpefieNsTh 10 HEOPEePHBHOCTH, €CJIH 9TO MNPEJCTaBIAETCA BO3-
MOIRHEIM,

1.3. Teopema Ilyauxape ([188]). Ecau seaununst Ay, . . ., A, cucmems
(1.1) ydosaemeopsiom ycaosusm:

1) . }W:":Zl p];“J (v=1,...,n), (3’1)
j=

npu A006LT Yesuxr HeOMpUyamesbHslr pj, 048 Komopwx p; + ... -+
+ pn > 25

2) Ha KomnaeEcHOU naockocmi A cywecmeyem makas, npoxodiuas
uepea Hyab, npamas K, umo ece mouku Ay, . . ., A, sexcam no odny cmo-
pony om Hee,

mo cywecmgyem eJUHCMEEHHOE 06PAMUMOE AHAAUMUYECKOE 8 Hyae
npeobpasosarue (1.2), nepesodawee cucmemy (1.1) 6 cucmemy

dy,
T = M v=1,...,n). (3.2)

Hoxasateanscrtno. CymecrsoBanme eFHHCTBEHHOTO ($OP-
MaibHOTO mpeoGpasoBammsa (1.2) (KoTOpoe MOKHO HpPENCTaBUTH H B
Baze (2.2)) B Hopmaabuyw Gopmy (3.2) caemyer ms reopemsr m. 1.2.
3anunem Bmpameﬂne A, Q) B cmly (1.4) B Bupe:

A, Q) = ZI‘IJ 7:—‘7w+2p17“1 ('V—i ce 1),

rme p, = ¢, + 1, a ocramemnie p; = ¢;. Uncaa pl, « < Pn Heo'rpn-
HaTeJpHE H Py + vt > 2. Tlo yenoruo (3.1) (A, Q) == 0,
CIe/I0BATEILHO, 1O OCHOBHO# Teopeme A. JI. Bpiomo Bce g, pas-
HEl HYJII0 1 BCE R, o OIPEAeNATCA ONHOBHATHO (CM. YCJIOBHE a) B KOH-
ne n. 1.2).

Ha srom 3aBepmum [oKasaTeJsCTBO, OTCHIIAS YHATATENSA AJISA yCTa-
HOBJIEHHA cXoqumocTd npeoGpasosanus (1.2) k korny o. 2.4 (cMm. Tak-
e [188]; [96], man. 1-e).

3dameuanme. B paccmarpumsaeMom 3[ech BEIIECTBEHHOM: CIY-
Yae COeKTP Ay, . - ., A, CAMMETPAYEH OTHOCHTEIHHO BEIECTBEHHOH OCH.
Taxkum o6pasom, Hapaay ¢ npamoit K ycaosmio 2) Gymer ymoBIeTBo-
paTh m opsaMas K, cAMMeTpHYHAA OTHOCHTEIBHO BEIIECTBEHHOH ocCH,
a 8HAYAT, B MHEMaa och miockoctE A. IToatomy mocTaTodHO TpOBe-
PHTh BHOOJNHEHAE YCAOBHA 2) TEOPeMH [IIA MHAMOM ocH,
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§ 2. JMononuuresnpupie CrefleHUsA

2.1. Hexoropsle CBOWCTBa HOPMATM3YIOINMX XpPeoOpa3oBaHMUIl.
B romne moxasarenncTBa ocmosHoit Teopemst A. JI. Bpiomo (um. 1.2)
OELIO OTMEUEHO, 4T0 KOdDPUIMenTH /i, o HOPMaIN3YIONero npeo6paso-
BaHuA (1,2.2) ofHO3HAYHO ONPEReNAITCA IS HePe3OHAHCHBLT YAEHO8,

.e. opu. (A, Q) 5= 0 u Moryr OhTh BHOpaHH IPOH3BOJILHO HO pe-
soHaHcHbM Yaenanm, T. e. upu (A, Q) = 0. Bmecte ¢ TeM, X0oTs CTPYK-
Typa HOpMaJbHO# ¢opMH (UKCHpPOBaHA HpHA 3anaHHoﬁ HyMepanuu
HepeMeHHBIX, Koa(uimenTsl ee g,q 3aBHCAT OT BHOOpPa Koaddunumen-
TOB HOPMAJH3YIEero npeobpasopauns. EcTecTBeHHO NPeIONOKATD,
970 mocieAyomue npeodpa3oBaHna OePEMeHHHX, OPOBeJeHHLE TOJb-
KO II0 pPe30HAaHCHBIM 4YieHaM, OyIYT mepeBOJUTH OJHY HOPMaJbHYIO
¢opmy B npyryio. Takum o6pa3oM, BHACHAETCA ¢MBICT TeopeMsr A. 1.
Bpwono ([234x], ra. I, § 1, o. II):

Ecau npeobpasosarue

=zl +d @ (=1 ... n) (1.1)

z=| |, d,(z)= D d.z
=

0

nepesodum nopmaavryio gopmy (1,2.4) 6 nopmaavnyw gopmy moi sice
empykmypet, mo d,q = 0 daa (A, Q) %= 0, m. e. npeobpasosarue (1.1)
npoucTodum moAbKO N0 De30HAHCHbLIM HieHaMm (m. e. 04 KOMOpHZ
(A, Q) =0).

OGozmaunm uepes &) (y) Takoe npeoGpasoBanue

§3(.V):yv[1+ > thyQ] (v=1,...,n), (1.2)
o=,
(A, Q)=0

paceMaTpIBaeMoe KaK «IPOM3BOJBHAA» 9aCTh HOPMAXH3YIOmEro mpe-
o6pasosannsa (1,2.2). Bynem npegnomarars, yro pags (1.2) cxoparcs.
ITOr0 MOKHO [OCTMYH, B YacTHOCTH, mouokuB B (1.2) Bce h,q = 0,
T. €. BHOpaB

g y) =y, v=1, ..., n) (1.3)

N3 reopemunr 3 A. JI. Bprwono ([234x], v I, § 1, m. III) caenyer,
970 Ipd ycaoBHU cxopmMoctH panos (1.2) w3 cxomuMocTH (MM pac-
XOQUMOCTH) HEKOTOPOTo HOpPMamuayiomero mpeoGpasosandas (1,2.2)
CIOLYeT CXOMAMOCTH (MIM PACXOJUMOCTh) BCAKOTO HOPMAIH3YIOMEro
upeobpasoBanua (1,2.2).

2.2.; Kaacenduraunsa HopMaabHbix (GOPM H BO3MOKHOCTH MX HH-
TEerpapQBaHI. dmecsr Gymer paccMmoTper caydwait, korga B (1,1.1)

Rely<<O0  (=1,... n), (2.1)
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T. 6. COpaBa OT MHAMON OCH KOMIIEKCHOH IJIOCKOCTH A HET TOUYeK
M, « ., Ap. OGosHATEM

7\,_,-:-—}1;—}-1:‘\?]‘ (I,=V-:1;]=1,,n)

n, opepnonaras, 9ro mmeercsa ! (0 < I < n) 4ucTo MHHMHEIX comps-
JKOHHEIX MM HYJIeBHX COOCTBEHHBLIX 3HAYCHHH MaTpUIE JnHeiHOK
JacTH HMCXORHOH cHCTEeMBI, 3aHyMepyeM IepDeMeHHHE TaK, 4UTO

O=l"'1="':p‘l<“’l+1<"'<l“'n' (2-2)
Beemem BexTOpH

Wy Vi
M=|:], N=|:],

M Vn,

TOTHA
A = —M 4 iN. (2.3)

Ilyers V = (vy, . . ., Uy)° — BeKTOp pasMepHoCTH 1; 0003HAUMM Ye-
pes V' = (v, . . ., v)" BekTop pasmepuocru [ myeped V' = (v, . . .
. « ., U,)° Bextop pasmepHoctH n — [. HepaBencrso V > 0 osmauaer,
yro v; > 0, ..., v, > 0. Haupumep, coraacuo (2.2) umeem M’ =
=0, M">0.

Teopema A. . Bprono ([234x], ra. I, § 2, n. 11). IIpu coenannvx
npednoaodiceHUsEr HOpMasbHAs Gopma umeem ud

yp=My; +v; (G=1,...,1, (2.4)

n = hn¥in + jg—ll briyi + Rbngpsy - - - Gy yptt (2.5)
(h=1+1,...,n).

30ecv Py, bnj, bngy - - - Gu-1 — cmenenmblie padu om Yy, . . ., Yi
by = 0. Tlepsasa cymma B (2.5) Gepercs mo TeM j > I, Aus KOTOPHIX
BEIIOJIHEeHO (2.7), Bropas CyMMa — IO BCeM IEJBIM Gy, . . -, Gh-1,

IJIS KOTOPHIX BEIIOJNHEHO (2.8).

HorkasareabcrTso. B mopmanpnoit gopme (1,2.4) g, #
# 0, Tonsko ecim Q) = M,, (A, Q) = 0. Ilocuenuee (pe3oHaHCHOE)
ypasmenue B cmay (2.2) u (2.3) aKBUBaleHTHO cHCTeMe [BYX ypaB-
HeHUHA

(N, Q) =0, (M, Q)= guippss + - - - + Gultn = 0. (2.6)

Henas moguepKEYTHh HOMED YPaBHEHHSA HODPMaJbHOH GopMHI, K KOTO-
pomy otHocuted Q, Gymem cmabxarh ) COOTBETCTBYIOIMEM HHJIEKCOM.
Bropoe ypaBsmemme (2.6) mMeer TonbKo Takue pemerusa Q & M.,
970

Q. =0, ecmmv <L
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IIpm v >> | pemenus BToporo ypasmeruda (2.6) (6yme oum cymeC'rBy-'
10T) T&KOBHI, YTO

”

Q, =e; —e,, ecan Py =, 2.7
HIn '
Q= . Dl g —e
j=l+1
(@ >0,1 +1<m v, o < i 2 gty = ) (2.8)
Mrag, ecom v<1Il, 10 qui=...=¢, =0, T.e Yup, - .-

., Yn BXORAT B P; (cM. (2.4)) ¢ HyJeBHMHI HOKA3aTEIAMH CTCICHH.
CaezroBarensro, §; He 3apucart ory'. Ecam v > I, 1o Q mmeror o
(2.7) m (2.8). 9tuM Q u oTBeTANT WIEHH, BHNHCaHHEE B (2.5). T e o-
peMa nQokasaHa. h

PacemorpuM wacTHHEE ciydad IPEMEHEHHs1 [OKAaB3aHHOH TEOPeMEHI.

a)[Iyers I =010 <<y, <...<<p, Torma orcyrcrByer mop-
cucreMa (2.4) 1 KoaPuuEEeHTH PAROB B (2.5) ABIAOTCHA KOHCTAHTAMH,
caMa ke HOpMaJbpHag QopMa TPeyroJbHA

: : 0y q,.
Yy = )\'vyv + }vbvql. .. q,,_llh O] yv—l1

v=1,... n) 2.9)
rjge cymMma 0epeTcs IO BCOM I[elHM HEOTPHIATEeNBHEIM gy, - . ., Gy—1
TaKUM, YTO

Ay = QI}"I + ...+ q\a-ly‘fv—l
@+ -+ @a>2v=1,..., n). (2.10)

9ra HOpManbHasa gopma 6buia monygenma I'. iomsaxom [348]. Vpasme-
pusa (2.10) mMewT KOHEYHOE UMCIO PeIMeHMA (B YCIOBHAX TEOPEMEI
Tlyasxape o. 1.3 — mu ogHoro pemenus). llosroMy upaBrle YacTa
HOpMaubHOK GopMmu (2.9) aBasiorcas moamHOMaMm. Y paBHeHHA (2. 9)
TOCHE/IOBATEAEHO PEMAKTCA B KBajiparypax.

6) IIycrs A, = ... = A, = 0. MererpupoBanme HOPMAIbHOU
dopmu (2.4), (2.5) cBOAMTCA K IBYM HTallaM: PEIIEHHIO CACTEMH [-ro
nopaaka (2.4) m mociaefoBaTeNbHHM KBaApaTypaM, KaK B clIydae a).

B) Cnyuaii, worja wmmeerca m map uwmero MEEMEHX (0 << m <

< Yyl) m I — 2m myneBrix co0CTBeHHHX B3HA4YOHUI ?»j (cm. [2341(]
I‘JI I, §2, n. II, erp. 151).

r) Ecnm I = n, To TeopeMa He AaeT HHKAKHX YOPOINEHHIA.

2.3. IlonsaTne o cremennsix npeoGpazosannsx. Pedsr mpaer o Bo3-
MOKHOCTH C IOMOIIIO 6npaunonam,nmx npeoﬁpaaonannn

=yt (v=1,...,n) (3.1)

(at; — BemecrenHsl, A = | a,; |, det A 7= 0)
OOHMIKATH TOPAAOK HopMaubHoX (opmur (1,2.4). Rammomy xosdpdm-
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.IEenTY gyp 7= 0 B (1,2.4) craBarcs B cgorBeTcTBHE TOUKA Q N-MepHOI
nerounciaeHEod pemerka M = MWy Qﬁ U M,. Mroskectso
Takmx ToueK oGosHauaerca D (Gg), T. e ‘MEOMECTBO D (Gq) B
M onmpepensaeTca yCAOBHAME

(A, Q) = O, Q = 9)?\., GQ = (ng, e ,gnQ)T # 0.
0O60osnagum
Iny, nz,
Iny= ], Inz=
‘ Iny, Inz,

m sammmeM cucreMy (1,2.4) m nmpeoGpasoBamme (3.1) cooTBeTCTBEHHO
B BHJI®

dl
S =A+ ) Goexp(lny,Q),
: QEDGQ)
Inz=AlIny.

ITpn npeoGpasosammm (3.1) 9nen y? upeoGpasyercsa B

yQ = exp(Iny, Q) = exp (A Inz, Q) = exp (Inz, A1'Q) = z471"Q

u mosTOoMy OymeM HMeThb

dlnz d ln _1*
22 ALY ANy Z AGgzA e,
QG%(GQ)

Bgenem o0o3naueHus

P=A"Q, Gp=AGq (3.2)
¥ 3alulieM HOCIeJHION CHCTEMY B BUJE

dl
2% — AA + 2 Gp?. (3.3)

P=D(Gp)

Muosxectso D (Gp) Taxux touer P, mia xoroprx Gp 5= 0, moayuaer-
ca u3 D (Gg) nmpeitnnmM npeoGpasosanuem (3.2),

D (Gp) = A1D (Gg).

Cncrema (3.3) me 06a3aTeAbHO HPHHANJICHKAT K TOMY e THIY, 9TO
AcXofHasA (AMEeTCA B BUAY AHAJIATHYHOCTH B OKPECTHOCTH HYJA).
Ho ecam oEa aHAJTHTHYHA B OKPECTHOCTH HYJIA U HCXOAHAA CHCTEMAa
ABIAETCA HOPMAJbHOR gopmoi, To (3.3) — Toke HopMadbHas Gopma
"(upu mexoupciennoil MaTpuie A).
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BosMo:xHOCTS DOHMKEHNA MOPAAKA onpepenserca reopemoi A. [I.
Bpono ([234x], ra. I, § 2, m. I):

ITyemv d — uucao auneiino Hesasucumvir Q &= M, ydoesemso-
paowuz ypasrenuio (A, Q) = 0. Cywecmeyem 6upaquona4bnoe npe-
o6pasosarue (3.1) ¢ yeaouucaeHnol yHuMOdyasproli mampuyeii A
(ay; — yeavie, det A = +-1), nepesodaujee HOpMALLHYIO Fopmy (1,2.4)
6 cucmeny (3.3). Ilepevie d ypasnenuii smoti cucmems, 06 pasyiom cucme-
MYy nopadka d, a ocmaavhble — C600AMCA K K8aOpamypar.

Croco65 3(bd)eRTnBH01‘o TMOCTPOEHHA MaTpPUOH A IpHBeJeHH

B crarbe [2348]. ;

2.4, Teopema A. ]l. Bpono o cxoauMOCTH H PacXoguMOCTH HOP-
MaJin3youax upeobpaszosanmii. BrjieanM B HOpManusyomeM npeol-
pasoBanum (1,2.2) paps (1.2) mo pesomancubm uwinenam. Chopmyinn-
pyem, caemya [234x] (§ O, m. II), ycuosua o, ® m A. Ilomomxmm

oy =min| (A, Q)| mo (A, Q#=0, g + ...+ g <28 (4.1)

Ycaosne o:

_ i 1“f°'= Loo. (4.2)

Ycaosue @:

Ilepexoms K ycioBitio A, HaOMHNM, 9TO BCIOAY 371eCh IPeXIIOaa~
raioTCH BHIOJHEHAHHMH HepapencTBa (2.1). O6o3HauuMm, Kak # B .

2.1, wepes A, . . ., A (0 <C 1< n) 1e ©3 A,, KOTOPHIE JeKaT HA MHH-
MoO# ocwH.

Yenosme A’: Cywecmeyem makoii cmenenudéit pad a (Yi, . . - Y1),
ymo 8 (2.4)

' \p‘, = }\qy‘,d (j = 1, . ey l).

Ilepeiinem k yeaosuio A”. Bynem pasmmgaTs iBa ciayqas:

1*) yucma Ay, . . ., A, HODAPHO COMBMEPHUMEL,

1**) cpemm 5THX YHCEN eCTh XOTh OJHA Hmapa HECOM3MEPAMEIX.
Yenosue A”. Ecau A omuocumces k cayuaw 1*, mo ¢ (2.5) padw

by (h,j =141, ..., n) npouseosvusl, ecau jice A omHocumcs k cay-
yaio 1**), mo cywyecmeyiom ewe makrue cmenennsle padw a.q, . . .
oy Gy OM Yy, .. ., Y;, UMoO:

a) Ecau Q & 5))?, (M’ Q) = 01 Mmo 418141 + L + Inln = 07
6) Huavnomenmna (n — 1) X (n — 1) mampuya

B = " br;y — 8hj (Ana +- ar) le:q

(8n; — camBox Hpomexepa), m. e. B* = 0.
Yeaosue A (B paccMaTpEBaeMoM 3JieCh clIydYae BHIOJIHEHHA Hepa-
p A ; y P
BencTB (2.1)) — amo ycaosus A" u A" odnoepemenno,
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Teopema A. ]I. BpoHO 0 CXOAMMOCTH H PACXOAMMOCTH HOPMAJH-
syonqux npeoGpasosanmii ([234k], ra. I, III).

1) Ecau y cxodaweiica cucmemtr (1,1.1) A ydosaemsopsem ycaosurw
® U Hekomopas HopmaavHas gopma (1,2.4) ydosaemeopsem ycaosuio
A, mo npeobpasosanue (1,2.2), nepesodswee (1,1.1) ¢ (1,2.4), asasemcsa
cxodawumes mozda u moavko mozda, koeda éce padw (1.2) cxodames 6
HEKOMOopoLl OKpecmHoCmU HYAR.

2) Ecau 0as nopmarvroti gopmu (1,2.4) ne evinoanero odno uau oba
u3 yeaosull ® u A, mo cyjecmgyem maras cxodawasca cucmena (1,1.1),
Ona romopoli cucmema (1,2.4) asasemcs nopmasvhoii gopmoli v ecs-
K0e npeobpasosanue KOMOpOLi K HOPMAALHOL (opMe seaiemes pacrods-
WUMCS.

Ias nmpumepa BepueMcs ¥ teopeme Ilyanrape (m. 1.3) mua caygasn
BeIIECTBEHHEIX CHCTEM, T. €. Korfa mpsaMmass K — mMummas ock. Oue-

BH/THO, YTO YCJIOBHE A B BTOM CJIy4ae «IycTo» (BHIIOJHEHO aBTOMAaTAIe-
ckh), a (cM. (4.1))

0 = min| ¢A; + ... 4 guAy | > min| Re A, | = const > 0,

¥ TOTAa B JIeBO# 9acTé HepaBeHCTBA (4.2) HOJNYUNM TaK:Ke KOHCTAHTY,
T. €. YCJIOBHe ® BHmoaHeHO. [Tockoabpky HopMammayromee mpeolbpaso-
BaHME B YCIOBMAX TeopeMul [Iyankape K TOMY ke OZHOBHAYHO, TO IO
u. 1) cpopMyaEpOBaHHOH BHINIE TEOPEMH OHO CXONHUTCH B HEKOTOPOH
OKPECTHOCTA HYJEBHX 3HAYCHHIH.

§ 3. Ilpaxruyecknii cnocod BEIUKCIenus koaddunuenton
HOPMaNu3yIomiero npeodpasoBanusa H HOPMAIbLHOK (HOPMBI

3.1. OcvoBuble TomaecTsa. [JonycraM, 910 KoieGaTeNbHAs CHUCTE-
Ma OIMCHBaeTcd BemeCTBEHHOH aBTOHOMHOI cucTeMoll pmpdepenmu-
QJIbHBIX YPaBHEHH# n-T0 mOpsAAKa. Dymem mpegmogaraTh, 9T0 3Ta
cECTeMa NPHBeJeHA K AMATOHAJBHOMY BHAY ¥ IpaBasd 9acTh €6 — aHa-
JIATHYECKAA B HEKOTOPOX OKPECTHOCTH HYIEBH X 3HAYEHH N ¢ KOMILJIEKC-
HEIMHA, BooOme roBops, KoaddumuenraMa

dx .
v v v
— = Aoty +5ajhxjxh +§bj;lkxjxhxk 4+ ... (v=1,...,n). (@1
3nech 4 BCIOAY HUKe CYMMHDOBaHHE BeJleTCA IO ABa pasa BXOJs-
UM MHJEKcaM, OPHHAMAOMuM 3HadeHus 1, . .., n, a Koadpunmen-
TH CHMMETPW30BAHEI, T. €.
v v . 1 2 —_
Qh; = Qjn, b{jhk) = i. d. ) ('V, B h, k= 1, v oey n)
7 Beoony {af ... o} — mobas mepecTaHOBKa wHCeX &, f, ..., ©.

Ilo ocnoBHo# Teopeme A. II. Bpiono (u. 1.2), cymecrByer o0pa-
TEMOe (HO, BOOGIIe TOBODPH, HEOAHOSHAYHOE ¥ B HEKOTOPHX CAYIaAX —

1) idem (1o ke camoe — sam.).
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PacXopNAmeecst) HOPMaIH3yomee mpeobpasoBaHme ¢ KOMIJICKCHEIMH,
BooOme roBops, KoadpdmmumeHTaMU

&=+ Ul + 2 BmpyYdp+ - (1.2)
(a-znl:agma ﬁ:lmp}?:i- d'; jv l7m7p= 1""7”‘)7
npueopsamee cucreMy (1.1) ¥ HopManbHO fopme
dy, Z o q
— = Mt BQl1 - - Yyt (v=14,...,n). (1.3)
(A, Q=0
A 7 Q — BEKTODH C KOMIOHEHTAMH Ay, . . ., A, A Gy, . . ., §n COOTBET-

CTBEHHO, IIPH 9TOM MOCJHE€HHUE CYTh IEJIble JuCJja:
v > _'1’ q; > 0 (] % ’V), q: + LRI +Qn > 17 (1‘4)

gyq — obmee obosHauenme naA Kod>pduumenToB HOPMAIHLHOH POPMHI.
Cymvuposanme B (1.3) DPDONCXORHT TOABLKO IO DE3OHAHCHbIM UACHAM,
YHOBJICTBOPAIOIMM pe3oHanchomy ypasuenuto (em. (1,2.1))

‘ (A’ Q) = QI}H + PRI + qnxn = 0. (1.5)
.CammerpusyeM Koadppuuments HOpMaabuod gopmun (1.3) m samm-
meM ee B BUME

dy, v . '
i }Vvyv+2(plmylym+ ZX}'mpyzymZ/p"l‘ e (v=1,...,n0)

‘ (1.3a)

(Pmi = @imy Xpmpy =1.d. v, I,m,p=1,...,n).
Pasymeercs B mpepcrasiaennn (1.3a) oramunbe oT Hylad Kosdduumen-
TH Qm, Yimp, - - - OHpemessiorca mpemcrasienmeM (1.3). 3amenma

(1.2) nepepopmur cucremy (1.1) B HopMadpHylo dopmy. OrpaHHIHBAACH
9YieHaMA [0 TPeTheil CTeNeHH IePeMeHHHIX BKJIIOUATEIBHO, II0JYIHM
dopMaTbHE® TOKAECTBA (ITPHX — IPOM3BOJHAA IIO T)

Yo D tim (Y1 + Yiym) + 2 Bimp Yi¥m + Yl + Yilmp) - - =
= MY A D0l - M X BlmpYimdp +
+ N (y5 + D eimyiym) (90 + D @lmdi¥m) +

+ DOy iynli + - - - (v=1,...,n),

rje TOYKaMu 0603HAYEHH WIeHK He HUKEe 9eTBEPTON CTEINEeHN HePeMeH--
gHX. B cmny (1.3a) 6ynem umers orciopa

D Qimyym -+ 2 Aol mite -+ 2 im (Mg -+ hn) it Y 2 ipYiyp +
+ 11 295y yp] + 2 Bimp(Me + Mn - M) YiYmtip + - - =
= v atmliYm + My 2 Brmpyitimyp + D aiyiy 4 3 apatmyyymt
+ D apoimynyiym + D0y + ... (v="1,...,n).
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Wsmensan MHIEKCH CYMMEPOBAHHA M CHMMETPH3YSA KO3(PUANACHTH
B CyMMax, OOJYYHM OCHOBHHE TOKJAECTBA

2 Y tYm + 2 NimpYYmlfp +-
+ 5 Y (@ + Sin®h + 0otim) Yy +
+ D (A4 Mn— M) WY Ym + D (M A A + hp — M) Blmo¥ Wl + -
o= D @mYYm -+ D UimgY 1Y mp +
+ 5 Y (@h0dnp + @m0t + @lpol) Yy + .. (16)
' (v=1,...,n)
3.2. BrruncanrenpHas aabTepHaTmBa. BBeleM CHMBOJH
' 1, ecn:m hy = Ay -+ Ay
Aim = { 0, ecam Ay 7= A+ A
A { 1, ecam Ay = Ay 4 At Ap,
P70, ecm Ay Ap + A+ Ap
@, Lmp=1,...,n).

2.1)

Nmeer MecTo Cirenyomas aabmepHAMULA:

1) HMouycrum, uro sHawenus v, [, m, p (# peaibHEX IapaMeTpPOB
ACXOTHOM KoaeGaTeJNbHOM CHCTEMBI, OT KOTODHIX 3aBHCAT A,, A, Anp,
Ap) TAKOBHI, ITO KPYIJibie CKOOKH B IeTBePTOH, a 3aTeM B IATOH CyM-
max (1.6) oramuns or Hyas (Ajm = 0, a sareM Ajn, = 0). Cpapmn-
BasA WIEHH! C IPOU3BEJCHUAMA Y,Y,,, 4 3aTeM C Iy, Yp B I€BOH M mpa-
BO dacTAX ocHOBHBIX ToykmecTs (1.6), 3aMeTHM, 4TO IpE CAedaH-
HOM [IONYIIEeHWH TAKOBOH W/eH M3 HePBOM CYMMHI, 8 3aTeM M3 BTOPOH
CYMMBI CleBa 3aBeAOMO oTcyTcTBYyIoT. [leficTBETeNbHO, o6pama-
fAch X mpexcrapienuwo (1.3), sanmmem dieH ¢ Y,Y,, OepBO# CyMME
B BHJE

Yo PimYiYmYs

s atoro wiena (A, Q) = A;-1 +A,-1 + A,- (—1) = 0 8 cany cuenas-
HOTO B HagaJje 1) qonymenns, a coriacHo (1.3) B IepBYI0 CyMMY clieBa B
(1.6) BXoAAT TOMBKO Te WieHH, NIA KoTopHX (A, Q) = 0. Amamormu-
HO YCTAHABJHMBAETCH OTCYTCTBHE WIEHA C ¥;Y,,Yp BO BTODPOH cymme
(1.6) upu cnenamrom gonymenur. Bymem mmers, upupasanBas B (1.6)
K03(QPHAAEHTH NpH WIeHaX BTOPOH CTelmeHH mepeMeHHHX

a’
v im
o _ 2.2

im A’l I A’m A’v , ( )
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a 3aTeM, OPHA WIeHAX TPeTheil cTemeHwH,

n
v 1 {v 2 v _j v  § v j
Imp = bimp + —— @10mp + AmOp; -+ Qjp0im —
Bimp A A, Fh—A, UM T3 j;[ itfmp 7 CimTpl 7 Giplim

— (039hp + GmPpt + HOm)]} . (23)

TloguepkreM, uto dopmynn (2.2) m (2.3), KaK 5TO YKe OTOBOPEHO,
CHpaBe[IMBEL NI TeX 3HaYeHHHA v, [, m, pua 1, . . ., n, I KOTOPHIX
sHaMeHaTea? POopMyN He 06pamaKTca B HYIb.

2) NomyctnM, 9T0 3HA49eHHA v, [, m, p (M peaibHHX IapaMeTPOB
HMCXONHOH KoieGaTeqbHOH CHCTEMH) TAKOBH, 9T0 KPYTIJble CKOOKH B
uerBeproif, a 3areM B maToi cymmax (1.6) pasmu mymo (A, = 1,
a saTeM Ajmp = 1). 910 03HaUaer, BO-IEPBHIX, YTO COOTBETCTBYIOIIHE
SHAYCHHA Oy, & 3aTeM Pimp, MOTYT GHITH BHIGpaHbI JIO6HIMH, B 9aCT-
HOCTH, HYJAMH, HIA OUPEIeNeHHHME II0 HOIPEPHBHOCTA 10 3HAYCHH-
AM ‘PeaJIbHHX IapaMerpoB. IT0 06CTOATENIHCTBO OTMEYANOCH paHee
(cM. ycirosme 6) B KOHIIE JOKasaTeabCTBa OCHOBHOH Teopemsr A. [I.
Bprono, n. 1.2 m Hagaso m. 2.1). Bo-BTopHX, OpH CHelaHHOM JOIYy-
menun mmeem (A, Q) = 0. U3 cpaBHeHHA UI€HOB C ¥Y,,, & 3aTeM C
YiYmYp B JEeBOE H mpaBoit 4acTAX OCHOBHHX To:iAecTB (1.6) Temeps
OLpEefeNIATCA CAMMETPH30BaHHEE K0d(PUIUIeHTH HOPMaJIbHOH GopME

(1.3a): Qm, & 3aTEM Y mp. DYJEM HMETH

Pim = Alm@im v, I,m= 1,...,n), (2.4)

n
v v v 2 v i v ] v
Ximp = Al'rnp {blmp + 3 E I [a;0mp + AmOp + AjpOim —
J=1

— (@3 9p + GnPp + Gp0im)]} (v Lm,p=1,...,n).  (2.5)

Toguepxuem, dro popmyas (2.4) & (2.5) X0TA M MONYUYEHBI NIA CAY-
yasa 2), COPaBEIJIEBH IPHE BCeX 3HAYCHAAX HHIEKCOB, MIMEHHO B CIY-
gae 1), ond B cmry oGosnavenuit (2.1) gaxyT HyJIH JJIsS COOTBETCTBYIO-
MZX 3HaYeHdd v, [, m a p.

[lokaskeM, 9TO eciHm B pPaMKaXx ciydas 2) BHGpaHO ') @) = 0
(A, = A; + A,), TO Bce ciaraeMue B Kpyrioi ckKoOke (2.5) paBHH
mymo. Iloxaem, mHampumep, d9To a}'[q)’;np =0@G=1,...n). Hdo-
mycTAM cHauajxa, 910 AL, = 0; Torma m3 (2.4) cieayer, UTO Qnp =
= 0  mame yrBep;xfenne cupasefnuso. Ocraercsa paccMOTpeTh CIy-
qait A, =1, T. e.

Aj = Am + M. (a)

1) Ipu Takom BuGope Gynem umers, 09eBUAHO, Ay o =0 (v, 1, m=1, ...
.oy ).
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B mamewm ciygae 2) ameeM Aln, = 1, T. e.
Ay = Ay 4 Ay A+ Ap. (6)

Buunras m3 (6) paBencrso (a), moxysmm A, = A; + A, T. . A} =
= 1; B cuay ofycaosienHoro BrGopa mMeeMm o = 0, T. e. onATH-Ta-
KX 0Qmp = 0 (j = 1, .. ., n). JlIA ocraJbHEIX claraeMeiX B KpYyT-
n0# cxkoOKe [0KasaTelbCTBO aHAJIOTHIHO, MO0 OHU IIONIYUYAIOTCA M3
IePBHX CJIaTaeMEIX KPYTOBOH IePECTAHOBKON OYKE.

Wraxr, ecau éce npoussonvrbie Kéadpamuunvie kosgguyuenmo. Hop-
MAAUBYIOUE20 NPE06pA306aAHUS BHODAHL, HYAIMU, M. €. eCAU

um =0 npu Am=1,

UAlL €CAU K6AOPAMUUHHE HACHEL 8 KOPMAALHOL Fopme omcymemesyom,
mo gopmyaa (2.5) ynpocmumes

v v v 2 v § v ] v i J
Ximp = Almjo {blmp + —3“2 [ajlaznp -+ ajmagal + ajpagm]} (2-6)
j=1

v, l,m,p=1,...,n).

Ofmas mpomenypa omnpefieneHHs KodPPHIAEHTOB HOPMAIE3YIO-
mero mpeo6pa3oBaHUA W HOPMAJBHOM (POPMEL COMEPIKUTCH B JTOKA3a-
reascTBe ocHOBHOM Teopemur A. II. Bpwomo (m. 1.2). IIpemnaraemsiit
371ech cmoco0 mMpeacTaBIgeTCA HAM IPEANOYTHTONBHBIM IS IPHI0Ke-
HE B 3afjauaX Koje0aHMi, moYeMy OH M Ha3BaH RPAKMUYECKUM.

3.3. OcHoBHble TOKZecTBA B 0fmEeM BHjAe W uMX mpeoGpasoBaHme,
Yunpunupys o6o3HaueHNA B HCXOAHOR CHCTeMe MAaTOHAJIBHOTO BHIA
(1.1), mopmanmayiomem npeoGpasoBasun (1.2) m HopMaiabHOHE (opme
(1.3a), samameM WX COOTBETCTBEHHO B BHUJE

dx

'd—: = 7"\"7;\’ + Za;!lizxftwiz + ceet Zva;v--ixle v o Ty + v
(v=1,...,n), (3.1)
@y =Yy + DGyl + -+ DG Wi Yi e
(v=1,...,n) (3.2)
dyv ’
= xvyv‘l‘Z(ngyn%z‘{' +Z|(p]1 ]nyx‘ M ‘y]x_l_ ..
(v=1,...,n)\ Co (3.3)

HamomanM, 410 KodddmmmenTH BCIOKY CHMMETDPA30BAHH, T. €. HE HM3-
MEHAIOTCA NPH IPOH3BOJBHOM IEPEeCTAHOBKE HUKHAX WHAEKCOB:

a‘{,-‘,_,,-x} = i. d., azix--.iu} =i. d., (P‘{’]'x-.-jx) = i.d. (3,4)
v=1,..,mx=23...)
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a CyMMHpOBaHHe TaM, THe He 0603HAYeHO, NPOMCXOHNHUT IO [JBa pa3a
BXOJAMMM MHAEKCAM oT 1 X0 » He3aBMCHMO OJIMH OT APYTOrO.
BynmeM ymoTpeGasTh H CBEPHYTYIO 3aIECh

dx * ) .
—d—t" =33 .. 3 Ty e T, (v=1,...,n), (3.1a)
x=1 :

= 3 Bhidie U O=Lom), (2
I X =1 3.3
at 2 Z(pjl--'jxyjl"‘yfx (v=14,...,n), (3.3a)
x=1
rae
aj = MOyj, o =8,;, @ =M., (3.5)

a 8,; — cmmBox Kpomexepa: §,, = 1, 8,; = 0 (j # v). lloacrasusn
(3.2) B (3.1), monryunum B cany (3.3) caenyromue popMalbHEE TOMKIECT-
Ba (OCHOBHHE TOKAECTBa B 00IEeM BHAE)
Mo + D Yt o DB i Yig -
—I_ Za}’dg (gjtyfz + yixyfz) + O + Za})l...]’x (yixyfa v l/jx + o
A Ys oo o yj}’-—l'.!}jilijl see Uiy 4+ ... + Yjoos - ij—lij) + .0 =
= MYy + M N Gai¥n -+ - o b NG i Vi H e
A D (a4 D vyt
nn Jp--clg N g
vt Dt a4 yaeys A (Sedya 4.
J1--dk-1 N1 Ig-1 i n

...-{-2,(1;:%'“523/2...‘1/.2+...+Za’:; 2 Yo Y2 )-l-

Ig-1 Ny 7k1
A+ D (}“au1+ +Za AYaeeYaF oo
el Ny 19

+2a11 1 Yi+.+-Y1 +)><

Jpeedk-xe1 R g-x41

(Zuy +. -I-Z b ol Yt

~ja” i1 is
+Ea Yoo Yu Aot
7k x+1 ?1 Tk-%+1
(v=1,...,n).

Buppmem B 5TEX TOMAECTBaX WIEHH C /-l CTENEHHI0 NePeMEHHHX,
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yuutnBag (3.3),
E—1 x

D0 Vit B 3 Z a,, i g s+ Ui X

2 B=1 ji,..

J'p .
X 2 @, L Yp.ooYp
}’- M < Jk-x+1 31 Jg—n41
s ont

+ 2()".71 + e + 7"]1;) 0‘.’11 Jky.‘h <Y = )"Vza';t...ikyft ce Yix +
k—1

i i
+2 2 a2 D Al ek . X
x=2 i1,.. Patoootiye=k 1 s el R
Jygeeeadpp,

e YooY i Yir o oo Yj =1,...,n), 3.6
ij} ?/].*1‘1 y51 yjux_*_ 2“71...71‘?/71 Yip (v n), (3.6)

e Py, « « «, Mg — HATYPAJBHEIE YHCJIA.
. Temeps MBl XOTEM CPaBHATb KO9QQHUMEHTH UPH yj, . . . Yj,, T7O
Jir « « o jp — A00aA PUKCHAPOBAHHAA HOCIENOBATEIHLHOCTH W3 HATY-

pPAJBHHX 9YACE, He NPeBHIIAMEX 7. 1Ipm 3T0oM ofpasoBaBmmecs B

XO/le BHIYMCJCHHI HECAMMETPUYHHE KO(POUIHEeHTH NOUKHH OHTH

CHMMETPU30BaHH, H00 oupeeiseMie Ko3(Q(AIEeATH HONIAHEGHH yC-

nosaEaM (3.4). Bo BropoM unene ciesa Toxnects (3.6) B ka:xmoM cia-
x

raeMoM CYMMH ) 3aMeHHM HH/ICKCH CyMMHDOBAHHA CIEAYOMEM 06-
=1
pasoM: ji, . .., Jp-1, Ju+1, + » -5 Jx COOTBETCTBOHHO HA ij, . . ., Ix_;;

MHJIEKC ju. 3@aMEHMM Ha i, HHAGKCH j*f, oo ey jk-xﬂ 8aMEeHHM COOTBET-
CTBEHHO Ha zx, lxs1s + - +, Lg. CramoBETCA OUeBH/HKIM, 9TO BCe ClIarae-

MEIe CYMMBL 2‘, OJMHAKOBE H IIO3TOMY NPEHCTaBAM :-n-y CYyMMY Kak
p=1
% Pas B3ATO O/IHO M3 CIATAEMEIX. JIa caMMeTpH3aiBE DOCTIeHETO pac-

CMOTPHM BC€ COUETAHHA Dy, . . ., Py—3 IO % — 1 HATYPaJbLHHX YHCeNX

m3 1, ..., k (ux umcmo o6osmaumm Cj ). Hakomen mEIEKCH cymMMum-
POBAHEA ip;, . . ., Ip,_, 0603HAYEM Uepes fp,, . . ., Jpy_y» @ OCTABIIHE-
‘CAl B3 MHIEKCOB iy, . . .; i 0003HATAM U€PeB fr, Juits + + « Jk-
Wrax, Mo mpojeraina mpeoOpasoBaHHBA
S j
v B
Y G @l Yo - Yjpyg X
w=1 . . R Ip e Tk %41
JEZEERERT T § TSP ST, |
X Yjpgg e - YigYpee-Yu =% El a’h . x_li(Pt,‘ i Yiy =
i1 Th—x+41 e iy 4
2' 2' §PL Pr-tg] i , . =
=% G e L, ,px;(p' ;‘y,l...y,k (v==1,...,n).
i=1 ji,.. ’J!‘ )
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Saecn S”"' ’p”—l 0603HAUAET CYMMAPOBAHKAE HO BCOM COYCTAHWAM II0

x —1 HaTypanbnmx wucen. w3 1, . . ., k. 3amernm, 9T0 WMCHA jp, . . .
RN P _, MoryT GHTH (M IpHETOM Jarke BCE) OfAHAKOBH, H60 OHE (BIpO-
9eM, KaK B Jy, jus1, - - - ji) TPOOEraoT Ipm CYMMHDPOBAHHYM 3HAUYEHUS
1, ..., n mesaBEcuMoO APYr oT Apyra. UTo ke KacaeTca HMHIEKCOB

Y i Ham y j, TO BCe OHH DPAS3JIMYHH — BOT IOYEMY THIOM COGIMHEHWIA
ABJAIOTCA COYSTAHUA.

IlepeiigeM K npeo6pasoBaHmo B'.roporo q.nena cnpaBa B (3 6). 3a-
MEHEM HHJEKCH CYMMUDOBAHEA ji, « « -, Jiigy + « o5 Jis = + o jo, (1 +
+ ...+ pxe = k)mHa jy, . .., jr. Jaa cammerpusanmu xosdpPunuen-
Ta IPH Yj,. . . Yj, DACCMOTPEM BCE COUETAHHA Dy, . . ., Pp, HO W; Ha-
TypaasHENX umcex 3 1, . . ., k (X wmcao oGosmaumm C}:‘), 3aTeM BCe
COUCTAHHA Py,i1, » - -5 Pgtp IO Uy HATYPAIBHHX YHCEJ M3 OCTABIIAX-
¢a k — p, BarypanpHHX uwmcex 4, ..., K\ pi, ..., py, (EX "ECIO

e -
o6osmaumm Ci’y,) M T. A. BIIOTH JO COYCTABME Pry,ys, 1415 - - «

«evy Papx IO My y H3 OCTABIIMXCA My_; + Pk HATYPAJIBHHX TUCEJ

yo ooy BN D1y o« v oy P Pty = o o Ph-pytty_y (mx wmcio o6o3Ha-
UM ng—:ﬂ* ). Utak, Mu mponenann npeobGpasoBaHme
A— ~

3 oty ...az le...yl...yx...ij=

J 5] Jp eeed 3
Jl,..- ';K Lo It Lo 91 t x
. | Cp., cts Cp”"l 1,000 NP1, . ka—}lx~}1x_
Jtyeesd Lo Pye—g iy
qu-l-lv <Pty oPhee "p}"l i . is .
oo X S WK\t Pp S 7p1 "Jp}l;ajp}lﬁl"']pp-.ﬁl, Xeos
e 1y

... 3.8)

a; a; coalYjpe
~ Tpp Pty 1 ’Pk—u o nimin Vi

3necn Sf" '“’k”Pi ofo3Hagaer CyYMMHpPOBaHWME II0 BCEM CoYeTa-

HEAM HO |4; HATYDAJIBHHX YHCEA py, ..., pu, #3 1, ..., k;
Plagpre s Plytity
1 kNP1, oDy, — CYMMEDOBaHH® 1HO BCeM COUETAHHAM IO |4, HATY-
PANBHEIX 9HACEX D1, - - -, Dpgsp, A3 OCTABNIMXCA K& — W, HATYy-
paapEHX amcex 1, . . ., K\ Py, « . .y Pp, B T. K.
Temeps, mcmonsaya (3.7) m (3. 8), sanmmeM (3.6) B cmMMeTpH30-
BaHHOM BHJE

k—1
'Pl, ,Px— . .
E '(ij il e Y + § ) Cx-l 1,... § ] § ] ’px""px_l‘ X
x=2 i=1 ji,...,J0=1

X @ i Yig + DNt oA — M) W...j Wi - Yig =

Ixd,
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k—1 n n

v
= Za.‘h Jkyzl e y:;, + Z Z ail...ix 2 . z X
X=9 i1, .00,y =1 Pateoetthye=K fiyeeen =1
1 . S?}f i‘;:x\:”x—r“""’p""%‘ Spp.ﬁi,\ Pty v
Wy X1 1, KNPty ey Pl ph 14, P1,n ey P
Ci'Chpy - - - Cog vty el '
P1,.. ,Pp,‘ 1,‘
X Sl aJIh ]pp'l }P}L +1 ’Jpp-l+}1'2 X .
x—1 ’u
X @ e Y 3.9
]pk_Px_px S pr_px %ipe et ky“ Yix (3.9)
(v=1,...,n).

3.4. BoiuncaureasHas aiabTepuarnBa B ofujeM ciaysae. DBaemem
CHMBOJI

1, ecam Ay =hj,+ ...+ Ay,
O’ ecad 7'“9&7"51+"'+th
(Vofryeeeadk=1,...4n)

b4, = (4.1)

CupasejiaBa CIGAYIOIAA d.LbMEPHAMUELA.

1) Honycrum, 910 3HAYEHHA V, Ji, . . ., Jp (B PeATBHHX IapaMeT-
POB HMCXONHOH KONeGATENBHONR CHCTeMH, OT KOTOPHIX BaBHCAT A,
Aj, - .., Aj,) TaKOBH, 9TO KpyIMasg CKOOKa B HOCJEJHEH cymMe Je-

Bo# gacT® Toskmects (3.9) oramuna ot myus, T. e. A}, i = 0. Cpas-
HABAA WIEHH C Y, . . . §; B JeBOH M IPaBOil JACTAX TOMKAECTB (3.9),

3aMedaeM, 9YTO HOPH HameM [ONYMeHHH COOTBETCTBYIOUMiII WieH H3
‘ePBO CYMMHI ClieBa 3aBefloMO OTCyTcTByeT. [leicrshTensHo, ofpa-
masAch K npepcrasiendio (1.3), sanmmem wieH ¢ yj, . . . yj, B BHJe

v -1
y"'q):ilu-]'kyil oo YiglYv .

Jaa sroro umena (A, Q) = A; -1+ ... X5 - 1+ A-(—=1)##0,

a coriacHo mpepcranienmio (1.3) B nepBon cymmy cireBa (3.9) Bxo0-
AAT TOJBKO WIEHH, AJA KoTophx (A, Q) = 0.

IlpupapauBas B ToxxpmecTBax (3.9) xosddunmenTH HpH Yy, . . .

.« Yj,, monyumM GopMyny AnsA Ko3QPUIMEHTOB HOPMAJH3YIOMEro

_mpeoOpasopanuna (3.2):
v Av k BV 4 2
Fdoerip = x,-‘+...+xjk—xv g (3.2)

(}‘i1+°"+}‘jk_}\rv-_7£0;'\’,].1,..'.,]'k=1,..., n),
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e
k—1 0
v
A Z( Z Hisewtg Z ctigt o
®=2 11,...,0,=1 L R N g g DU P o
Pk *’“x“V'X—lﬂ’ Pkt Pl Pl
X S S ENPe- -0 PR| R ©e P10 LEND - Py X
Pty .pp. i i (=
X 8 ‘a;t a; .. 04 ; X
L Uipy- Top, TP, “’Pxﬂ*z 7Pk—}*x—}1,_1+1""1‘k—px
ix kd p,. R v i :
X a; i — S v P~ s . s ’ 4.3
Ph-p TP 0x1 ULk Z ’T’""’Pz—f(pjnjxﬂ...ik (4.3)
1=1

@i e=1,e. ., n).

2) NomyctuM, 9TO BHAYEHHA V, Ji, . . ., jp (M PEaNbHHX mapaMeT-
POB NCXOMHOI KoIe6aTe bHON CHCTEME, OT KOTOPBIX 3aBUCAT Ay, Aj,, . . .
Cee kjk) TAKOBH, 4TO Kpyriaf cKoOKa B IOCHeXHed cyMMe JIeBO# Jac-
TH TOAIECTB paBHa Hymo, T.e. Aj ; = 1. 9To osmauaer, Bo-mep-
BHIX, TO BEJIMUMHA Qj, j, MOXKeT GuTs BEIGpama M06OH, B 9acTHOCTH,

PaBHO# HYNO WIH ONpPEJENeHHOH IO HeIPEePHBHOCTA L0 3HAYEHUAM
PeaJBHHX DapaMeTpoB. Bo-BTODHX, CpaBHABaA WIEHH C Yj, . . -
... Yj, B Nesoit m mpaBo#t wactaAx Tomects (3.8), moxywum Temepb

GOpMYIY IS CUMMETPH30BAHHK X KO3POHIUEHTOB HOPMATBHOR (OPMEL

(p\]:l:--]'k = A;x.--jkB}b..J'h- (V, jl’ s ’jk = 19 s rey n)' (4‘4)

Pestone. A;‘)l..vi,, B o0eux ¢opMynax HUrpaeT PpOJb «CTOPOKAY.
Heiicrsurensao, no gopmyne (4.4) mpm .A‘},,,_ji,€ = 0 mmeem @j,. j =
=0 (caywait 1)). Ipum A;""jk =1 M+ ... A — A =0)

npo6b mepex kBafpaTHO# ckoOkoir B dopMyne (4.2) Tepsaer cMmIC,
IpeBpamasAch B HEONPENeJeHHOCTs — MBI XOTeJU HANOMHATH YHATA-

TENI0, 4TO LPH HTOM 3BHAYCHUE O], . MOJKeT OBITH BEIGPAHO JIIOGHIM.
IToacauM emme paa 06osnaqem/l;{ B ¢opmyne (4.3). Benwamub

v

4 .. iy (= al i) a,p g (p]x ..., j CYT CHMMETPU30BAHHbIC K03 -

$HIMeATH MCXOAHOM CHCTEeMH guaroHajbpHOro BEAA (3.1), HOpMamm-
gylomero npeo6pasopanus (3.2) u HopManbHO# Ppopmu (3.3), npu s5TOM
ah = 8, ¢ = A8 (8;, — camBon Kpomexepa). @Dopmyun (4.2)

u (4.4) peKyppeHTHHe — BEJMYHHH O ¥ ¢, B HAX BXOAAImE, CYTh
roappmnmentst go (k — 1)-x crememeit BRANIMTENRHO. meiaa
Wi, « « -, Bp-1—HATypPadbEHe, Cyy — THCIO COUCTAHUI U3 M DIEMEHTOB

Pyy- - <y P .
mo I; §,M )k 1 o3magaer CYMMRADOBAH¥e IO BCEM COYETAHUAM Dy, . ..

k, pp“1+1' ©» Pilpthy

... Py, IO U, HATYPAJBLHHX 4mcesa u3 1, . . . S K\Pi,-.., Py, O3HA=
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4aeT CYMMHEDOBAHME IIO BCEM COUCTAHHAM Dy, - « + DPpay, 00 Uy Ha-
TYpPaXbHEX YACEJ M3 OCTABIIMXCA k — 1y HAaTYPAIBHHX THCOI 1, ..

.o kNP1, - .. Py BT A Haxonmen, Jepes Jus Jutts « - o jk 0603~
HAUeHH OCTABIIMECA W3 MHJEKCOB 'J;, . .., jy 3a BHYETOM HHIEKCOB
]va L E} ]px-l'

© 3.5. 3aMeyanue 0 mepexofe OT cnmue'rpnsonauﬂmx Koo puIHeH-
TOB K 00bruyAbIM: IIyCTh MEJEKCH ji, . . ., j, (IpuHAManmu@e, Boobme
ropops, sHadeHus u3 1, . . ., n He3aBUCHMO APYT OT APYra) Pacuoyo-
}KEHH TaK, 9ro mepBHe ¥ (1 < % <C k) pasam9HH W OyCcTH j, BCTpeda-
ercsl mj, Pas, . . ., j, BCTPedaerca m; pas (mj, + ...+ m;, = k).
Yucao N pas3nimyHRIX pa3MeINeHHMH 3TUX HHAEKCOB PABHO

’ k!
N=——u. (5.1)
m:l..m;}
. 7y ix
910 03HAYAeT, 9TO B CyMMe
n
D @i x5 T
j Jyree i
B idg=1 [RR/ Y k

Oyner Bcero N moj[oGHEX WIEHOB, COfePKAaMAX Zj. . . Z;. llosTomy
N 7 ecTh MHOKHTENb NPH IEPeXofe OT CHMMETPH30BAHHBIX K0dPPm-
IMEeHTOB K OGHIYHHM, T. €. KOTJa BCe OMHOWICHH B CyMMe pPa3jiMmuHH.

3.6. ®opmynsr 1A Ko3PHIMEHTOB UPH YETBEPTHIX CTEHEHAX.
Ilpm k = 4 ¢dopmyna (4.2) macr

v 2 :
B Frjefsie ™ aJ!Jz]aJA + (S a’]ﬂah]a]a S a]n‘tq)mau + S a]:]g' aJaJc

SaJxJz'(PJaya) + 5 Z Saahamzaam (v, jus Jor Jy o =1, . . ., ).
i, h=1
3necs S o3HaUaeT CYMMY IIO0 BCEM COUETAHHAM HHJEKCOB Y j B IIEPBOM
comaOKHTENe U3 wucen 1, 2, 3, 4. [y uepBHX ABYX CYMM 3TO CBOJHUT-
€A K KPYroBoil ImepecTaHOBKe MHIEKCOB Ji, jg, Jg, Ja, MIA OCTAJIBHBIX
CyMM Yy HePBHX COMHOKHTENCH WHACKCH j,j, 3aMEHAITCA HOCJIeI0Ba-
TEIABHO HA Jijg, Jifas Jois, Jofas jsja. DyaeM umerh qiis cEMMOTPH30BaH-
HHX XoapdumumentoB HopManmayomero mnpeobpasoBamma (1.2) mo
dopuyne (4.1)
1 —AY;

B . . . .
O’jljzjsja }”;h I )\'jz +A';s]+]}“.74_ , B:x]z]s.‘u (Vs 1y Jo» J3s Ja=1,..., 1),

rae Aljig. ompemememst B (4.1). Ilpm Ay + Aj, + Aj + Aj, — A, =

v
= 0 coorBercTBylIOmHUE Qj,;,j;, MOTYT OBTH BHGpamsl gio6mmu. Ha-
KoHen, ¢dopmyna (4.4) pacT. CEMMeTPHMSOBAHHEE KO3POHIEEHTH
HOopMaubHOHA dopmu (3.3a) ‘

(P;ixj:isic = A}:Jz];JcBJxmm ('Vv Jis Jor Jar Ja = 1? sy n)~
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3.7. Cay4aii HempocTHIX 3JeMEHTapPHBIX ACHHTENCH MATPHHBI JH-
neiinoii wacrn. IpexnonouM, 4re JuHeliHAA YACTH IPOM3BONBHOM
aBTOHOMHO# aHAJNHTAYECKOH CHCTEMEl OOBIKHOBEHHHX nuddepeHinalb-
HEIX ypaBHeHHi HOPHBeJeHA K )KOpJaHOBOH (opme

dz d .
—E‘L = kvxv + avxv+1 + ZZ ajl,”jule ...,xjx ! (7.1)
v >=2
v=1, .. n6, =0). ‘
Bexktop A = (A ,. . ., A,) mpeanosaraeTcs mMeOmMUM X0Ts OB ONHY
HEHYJIeBYIO KOMIOHEHTY; O, ,. . ., 6,_; PABHE HYJI0 HIIU 6UHAIE COOT-

BETCTBEHHO NPH OTCYTCTBHH WY HAJIMIMHE HEIOPOCTHIX 3JIEMEHTaPHBIX
npenunteneil. Bece KosQdUIUEenTs CTeNeHHEIX PAKOB (PABHO KAK X A4 ,. . .

, A,) IpeamonaraloTCA KOMINIEKCHEIMA 9HMCIAMH, & CAMH PARHE —
CXORANMMUCA B HEKOTOPOH OKPECTHOCTH Hagajia KoopruHat. Hoad-
(UIMeHTH TPY CTEeNEHAX BHIIE NEePBOH HPEeNmoIaralnTCi CHMMeTPH-
sopapahMa (cM. m. 3.3). Hopmanmsyiomee mpeo6pasoBaHue Ipej-
craBgM B cEMMerpusoBauHOi ¢opme (3.2). OHo mpuBoOmUT cHCTEMY
(7.1) x HO]I)MaJIBHOﬁ ¢opme A. JI. Bpono ([234x], § 0, u. Il wra. I,
§1, . DY

— = MYy + 81 + U Z guqys* - Y (7.2)
(A, Q)=0
v=1,..,n 86, =0)
HIH, B CEMMeTpm3oBaEHOM (opme (Bce oGosmavenms cM. B 1. 3.3.),

-——' = MYy + Syun + 22%1 G Yy Vi (1.3)
v=1, ..., n &, =0

Honcraasas (3.2) u (7.1), monyaum B cury (7.3) aHAJOTHIEO HA-
gaay 0. 3.4 ¢opMaJbHEIE TOMKIECTBA

21 2! q>]1 duip Z/J,"*‘Z 2 ZU‘JI NC/ T YipYilipsyYin=

x=2j,.-- x=2 j,...,0, H=1
=M 2 2 0'-31 ey e - i, 1 O y 2 0‘71 Yy e Vi T
X=2 jyyenes] %=2 §yy0endn
oo x 0
S S asI(S 3 o
+ - S PR A Y Y
x=2 31;-;‘;7;{ . Paz=y, x},,=1 ]‘;", ,]-}:P- 1 e 1 %1

v=1,...,n; 8,=0)

1) B sammcm A. JI. GpioHo B )XOpJaHOBOM IJIeTKe eNMHHMIE DPACHOJOKEHH
HmKe IJapHOU JAUArOHAIA, B Hamled 3anuCH — BHIIE,
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BuinmameM B 9TEX TOMKIECTBAX WIGHH C k-il CTENEHBIO IIEPEMEHHEIX;
yumruBas (7. 3), Gymem mMerh aHasormuHo (4.1)
k—1
v .
. 2,’ q)jl...jkyjl---yak+ 2 2 0‘11 iy e Yy X

]1,..., k x=2 Jl‘ ’JK =1

o J
. »
X Yipgr = Yie 2 (pjp._ Py yjix ij_ -+
71, .1k_x+1 1 k%t %+1

4+ D (Mg e Ay — M) G55 e Y

TR

k
v
+ g 2 Yi, - YipyYipgy - YiOraipn =
FTIRRY) N P=1
k—1

v+l v v
6 Z aJl JkyJI ka + ; 2 . ajl"'jkyjl bk y7k + E‘A . 2 R ail..."lx X
Jppeeesix x=2 i1y

iy,

X Z 2 0«1-1 O o YaeeYa e Yok Yo
Bkt L Ipedpg o heedp e T TR ey
” .
v=1,...,n; 98,=0), (7.4)
rae M ,- - -, Pp-3 — BarypaabHee umciaa. [Ipenmecrsyiomas cpas-
HEHHIO KOQGUIMERTOB UPH ¥j, . - . ¥, CHMMETDHBAIHS HECAMMOTPHY-

BHX Ko3DQHIHEHTOB 37eCh IPOBOMATCA COBEPHIEHHO AHAJNOTHIHO
o. 3.4. B pesyabrare ToxpmectBa (7.4) 3ammOIyTCA B CEMMETPA30BaH-
HOM BHJe aHamxormuHo (3.9):

n

I A R ) LR K2 2

1"“’Jk=

k
+ Z‘: e 2 Ol o Yipoa¥ipas Vit —

v dp=1
n " n .
V41 b v
- 6":’. 2 (11: iy Vi = ; 2 _ B51"'5kyj1 o Yiy (7.5)
1""’3k—1 ...,]k-l
v=1,...,n;8,=0),

rae B;,_,_jk onpenensanTcs QopMyIon (4.3). Karx noggepxmBaoch
BHIIe, BCe OIpefelseMbe KodduumenTs cumMmerpu3oBans. M3 MHo-
JRECTBA PABHHX KO3QQUIEEeHTOB, OTBEYAIOMIMX Da3IAYHHM HepecTa-
HOBKAaM HIKHUX HHIEKCOB, OyIeM ompemelsaTh TOT, ¥ KOTOPOTO HHK-

HEe HHIEKCH pacHoJIoKeHH B HeyOuBalomem mopsaake. Mraxk, mpent-
HOMOKAM, qTO J; < jo<l. » » < jx B HOIYCTHM, ITO BCE &Ljy ... j k (i <
< ]2 . < ji), AAA KOTOPHIX ji < ji, « -+ Ja <K Js o+ oo
+ Jk < jit+ ...+ jx, ompenenenst (v = 1,..., n). Ilpupas-
Hnnan B ToskaecTBax (7.5) KodQPuIEEHTH DPH Yj . . - Yj, WOAYIAM
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cucreMy u3 n aare6pamuecKEX ypaBHeHHH s onpenene}ma a;, .. ke
" Qj ... g =1, ..,n):
@ + g, F e+ Mg M) 0, ,

+ 85,05 15y e+ oo+ 85,8 gyl — 8i0d 5, = B L5 (7.6)

* e o 6 & o8 8 s e s e e s & ¢ 2w e & @

n-1

e o e & e s+ e 8 s e s s @ & o

B (g, oo gy — T ) G
+ [651a51‘152"'ik + ...+ 6ika?1—1~7k—nk‘1] n—1(1;‘:, ; B;L;.l Jps

Peg + gy oo+ Ay — M)l g, +

n n n
+ [Gjlajl"ljzn-ik + e + 65kai1...jk_1jk‘—1] = le...jk'
*3meck Te W3 BeNWYHH
0'11 fp_lp.—l jk (p’::11-.- k"\’=1,...,n), »
y xo'ropmx OfiMH W3 HIKHEX mHpekcoB (ju — 1) o6pamaerca B HYJS,

 PaBHH HYJIIO.

Cmcrema ypapmermit (7.6) pemaerca mar sa maroM, HadmHAA ©
nocaenuero ') ypasmemms. IIpm 5TOM Ha KayKIOM IIare AMEeT MeCTO
CleTyOIAA GHMUCAUMEALHAL AAbIMEDHAMUSA.

1) HomycTaM, 9T0 3HAYEHHASA ?», e o oy x,k ¥ 72 TAKOBHI, 9TO Kpyriagd
cKoOKa B mOCIe[AHEM ypaBHEHUHA (7 6) orimuna or HyIA. 3aMeTHM, UTO
OpE  C/eJIaHHOM JONYINEHHH ¢, g = 0. [HeiicteaTensHo, oOpa-
masAch K mpepcrasienmio (7.3), sammmem cOOTBeTcTBymmuu 9IEH B
ToxmecTBax-(7.5) B BEAe

: -1

Yn®i gy Yi, o Y+
Has sroro unema (A, Q)-?», A4, —i—hjk -1 +7» (—1) # 0,
a COINIACHO IPeJCTABIICHHIO (7. 2) B HopMaaeHy dopmy (7.3) BXOAAT

TOJABLKO Te WIeHH, AuA Kotopux (A, Q) = 0. Hrax, m3 nociemmero
ypaBrenus (7.6) 6yneM HMETh

n _ 1 :
ajl"'ik - A’J.‘+ e +hjk— 7\: {BJI 71" [6 ’1-112 ]k + °*

e 85,07 g ealls @55, =0 (1.7)

2) NonycTuM, 9ro 3HAUYCHAS 7\.,-1, .« <y Aj WA, TAKOBH, 4TO KPYyI-
nas ckofxa B mociegaeM ypapHeruH (7.6) paBa Hyiaio. ITO 03HaAUaeT,
BO-IEPBHIX, 9UTO BEJIWYHHA O, . j, Moxer 6uTh BHOpaHa JH0001,
B YACTHOCTH, PaBHOH HYII HIH ONpefeIeHHOH IO HEIPePHBHOCTH

1) A npu 3anmcH A, 11 Bporo (cM, cHOCKY K ¢Tp. 118) — Haummag ¢ mep-
BOrO ypapHeHuf: ' '



$ 3l NPAKTHIECKHUU CIOCOB BHIYNCIEHUA {24

0 3HAYCHUSAM PEAJbHHX IapaMeTpoB. Bo-BTOpHX, HoclXefHee ypas-
peHue (3.6) mact HaMm Temeps dopMyny AAA (P;...jk:

O5riy = Bieiy — 185,085,110y + oor + 85,05 g gl (7.8)

Iepexonsa k mpepmocienaeMy ypasmrenmio (7.6), Gyaem ciegoBaTh
9TOM e aJbTePHATHBE:

n-1 1 n-1_ n
iy = A‘i; +...+ 7"1',, — My {le"'j" + 6"—1(1"1“"1:

— 18,077, .4 + oo + 85,08 N5 i) @55, =0, (1.9)
ecam Aj + ...+ Ay ——hn_1=#0 n

-1 -1
q);; g = ?1 7k+6 -1(131 Gy T
— 185,04, 73,04 + oo+ ijaf;,l_,-k_ljk_l], a}:___l_jk — mo6oe, (7.10)
ecan 7», 4+ ...+ kjk — My = 0. ’
Pemennn nocnenylomnx ypannennu (7.6) or (n—2)-ro mo mepsoro
monyqatorca 3 (7.9) m (7.10) samenoii » nmocaenosBatensuo Ha n — 1,
n—2, ..,2



Paasa VI

HOPMAJIbHAA ®OPMA CHCTEM NPOM3BOJIBHOTO HOPAAKA
B CJIYYAE ACAMHTOTHYECKON YCTONYIWBOCTH
0 JUHENHOMY OPHBJIMKEHHIO

Ilpe:xme Bcero BHIgEAAETCA TOT KJIAcC 3aflad, B KOTOPOM HOPMAaJb-
HaA dopMa mMeeT caMmlii mpocToit BHJ, JOCTaBigeMbiii Teopemoit Ily-
amkape (m. V,1.3), u npepcrapnenne pemenns 3agaun Homm B o6mem
BHJie MOKeT GHTH OCYIMECTBICHO Ha KasK/0M WIare npuOImKeHas B 3¢-
dexrrpaoM Bume. Cioffa oTHOCATCA AeMI(EpPOBAHEEE KoJdebaTelbHHE
CHCTEMH (4CHMITOTHYECKA YCTOMYMBEE IO JHHEAHOMY IPHOIM/KEHHUIO)
¢ aHAIMTHYeCKUMH HelXWHEAHOCTAMEH ofmero pupa. PesynbraThl MiI-
JIOCTPEPYIOTCH B § 2 Ha mpEMepax MeXaHWYECKHX CHCTEM € ONHOU H
JIBYMsA CTeHeHAMH CBOOOJIEL.

§ 1. Jemnduposaunsie KoeGaTeIHHBIE CHCTEMEI

1.1, IlpmBefeHAe K AMATOHANLHOMY BHXY. PaccMOTpUM MeXaHH-
9eCKYI0 CHCTeMy ¢ k cremeHAMH CBOGOAH, omMchHBaeMyko aupdepeH-
[EaIbHHME ypaBHeHAAMY 1)

iy, + 2e., 02Uy, = )
=fe @iy ooy Up) + Qe (liy,..,0) =1, ..,k. (1.1)

3nechb frye.. fx @ @1, ... Qp— BEMECTBEHHEE aHAIATHYOCKHE
QYHKIME CBOHX HEDPEMEHHHX B HEKOTOPOH OKPEeCTHOCTH HYJIA, Pa3jo-
YKEHAA KOTOPHX HAYMHAIOTCA A fy ,. . ., fi C WIEHOB BTOPOTO MOPAN-
Ka, a JIA @p,. .., @y — C WIEHOB He HUKe BTOPOTO IOPAAKA:

W > e, >0 =1, ..k).
Coydail, Korfja [ HEKOTODHX % HMeeM &, > @ > 0, MOKHO
paccMoTpeTh OTHAeIbHO.
IlpuBeneM aumeitayio wacts cucrembl (1.1) ¥ gmaromadbHOMY  BH-
Iy, BBes HOBHE LepeMeHHEe
__ isignj
xj = —=——(A

Sug —ag)  (G=F1,...,Fk) (1.2)

1) Mosxmo B (1.1) cnpasa BMecTo f, + @, BBECTH Fix (g, «oey Upy Byy ooey Bi)e
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roe i ==’l/-—__1,
Aj = — g +insignj  (G=TF1,...,Fh),
=4+ Veol—e (x=1,. ..k.

OueBHAHO, UTO A_x = Ay» Z_x = T, (OTPHIATEJHHHE HMHIEKCH BBe-
OeHH NiIa yRoGcTBa AalbHEHIAX BHYNWCIGHEH), H

Uy (x_, + z,) = Re'zy,

1.3)

wof = sl

Uy

ll

(MxZox + Axyx) = Re (M) (v =1,..., k).
B moBux mepemenHuX cucreMa (1.1) mpmmer AHArOHAIBHHHA BHJ

&) = v — Ti;u sign j[fm (% @+ ), ey (2 xk)) +
+ @i (g esa + 220, oy O+ o)) | (04
G=F1,...,Fk).
1.2. Boruncaenne ko3unueHTOR HOPMAIH3YIOMEro npeodpaso-
sannga, IIOCKOABKY Ax; ,. . ., Axp DACHONOKEHH B JIeBOH IONYILTOC-

KocTH, TO yciaosme 2), n. V,1.3 BHIOIHEHO M OCTAETCA JHINL OJHO
ycaopme 1) teopemst Ilyamkape:

k k
7»:'#=§|‘Pn7~n (i=¢1,...,—_1—‘k;_2kpn>2) 2.1)

npa moOHX HedblX HeOTPHUATOJIbHEX P,. ITO YCJIOBHE OUSBHHO BH-
HOJIHEHO IIPH &= . .. = & = & > (; IpH Pa3AHIHHX IOJOIKHTENb-
HHX & ,..., & Oy/eM CUHTATh €ro BHIOJHEHHEHIM.

Torma, mo Teopeme Ilyamrape nm. V,1.3, cymecrsyer eunnc'mennoe
ofpaTEMoe AaHAJIHTAYECKOE B OKDPECTHOCTH HYJA, HOPMAJIA3YIOIIee
npeoGpasoBande

k k
gi=yi+ 2D oyt D PumPpyiym o (2.2)
h1=—k h, 1, m=—k
(G=7F1...Fk),
nepeBofamee cucremy (1.4) B cmcTemy

yp=My; (G=7F1,..,FkK. 2.3)
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OrpaHmYEMCA BHYHCJIEHAEM KBAaAPATHYHHX WICHOB HOPMAIH3YIO-
mero npeoﬁpasonaxma, ans gero mopcrasmM (2.2) B (1.4):

o ko
Y + 2 al (Fnys + ?lhyz) + .. .= Ay + A . D Yy —

]

[ Gk 900l 4 0) +

+ @51 K‘é— (Aryar+ M), ..oy '—;— (Axy-x + 7\'1:?/!:))]

(] - —“F 1 b ] ¢ k)'
B cnny (2.3) momyumM oTClOA TOKAECTBA

2 (A -+ A —2j) ahlynyz + ..

k .
L . . 1 af N PR
-y [ (Tu:’a"v,)ow-h”h’ bt

isignj
Tl

rb! R, I=1
ENARAT
T (5, o), o+ B (i M) +

U=FL...Fh,

Ifie EHAEKC HYJIb 03HAYAET, Tr0 BCE APIYMEHTH IOJIOeHH DPaBHHMHE
HYJII0, a TOIKAMa oﬁoanaqenm w@IeHH BHING BTOPOTo mopsAaka, Jlas xo-
apUNMenTOB IPH KBaJPATAYHHX WIEHAX PasioeHusa (2. 2) mmeem

___dsignj 1 afl:rl _ PP
ah = TIPS Wy {( Fugy Oupy ), + My dup duyy Jo |
Gy B L="F1,... ,+k) (2.4)

OuepugHO, uT0 i) = oy B a;’” ahl (],h l==F 1 .o F k)
H M3 YeTBEPKH BEINTAH ohy, adn, @, alin (anm napm BeJHUAH

mhh, a—h,_h) fyleM BHIOHCHBATh HIDKE TOJBKO OQHY. 3HaMeHATENHM
M, 4+ A, — A; OTIHYHH OT HYJIA, B CHI caosna (2.1). Ham moma-
h 1 J y

noGurcss m oGparHoe k (2.2) mpeo6GpasoBaHWe; 0YEBHIHO, UTO

Y= — lg_kaiziﬁwz+ v (=FLewFR @29
| W =i %=1, ..,k

1.3. O6mee pemenne mexoguoii cuerembr (pemenne 3agaun Komm
B odmeMm Bujpe). OupenenmM nDpuliyixeHHHN Bupi o0mero pemeHma
cacremu (1.1), oTBewaromuit creranHOMY UpHGIH;KEHHIO B PasiosKe-
HpE (2.2). BBesmeM BemecTBeHHH® HmepeMEHHEIe MO PopMydaM

Vx = %(yf" +yx)=Bey, (x=1,...,k) (3-4)
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B cmay (2.3) Oymem mumern
; 1
vx = —2—-(}\,..;‘3/_'% + }\«xyx) - Be(xgyx) (K = 1, ooy k), - (3.2)
Tw + 280y + 030, =0 (=1, ...,.k). (3.3)
O6patHoe mpeoGpasoBaHme MMEET BHJ
Y= ls:ﬁ:” (i —0)  (G=TFl.., Tk (34)
O6mee pemenme ypapHenwmi) (3.3) sanmmem B BHe

1 et . ! . .
Ux = —e %" (1 COSTot | & SINT, ) V% -} sinryt - D3],
x

. (3.95)
Uy = — et [— o Sin Tyt V) + (Fx COS Pyl — €5 SiNTyt) DY
%

(=1,..,k),
e vy = v, (0), 9% = o, (0). BrpasuM mocienEme uepes HadaTBHHE

3HAUEHAA MCXOJHHX IIEDEMeHHHX Uy H Iy, BOCHOIb30BABIACH (op-
myramu (3.1), (3.2), (2.5) n (1.2):

: k
1% = Re (2% — D) omzizl) =

==k

k
i hl ® - o
=ub + =180 () R [ (Aontafey — 2fhy) (Ately — &)1,

et TR ae
0 0 . 0.0 ( . )
% — Re [Ae (22 — x =
e[?» (.’E p 2' (lm:'lihxl )]
LU= —k
N\ sign (k)
=%+ ZEL ) Re (Mt (Montbfhg — @hy)- X
h,;—k T o (hoating = )
X (o) — i)l (=1,..., k).
Bocnoassyemca temeps ¢opmynamu (1.3), (2.2) m (3.4):
ux = Re (yx + doiiyny) =
k
=Uy — - M Re [an; (A-wvpn) — O Aoy — Ol (x=1,..., k).
il TR
‘ (3.7

Gopmyan (3.7), (3.5), (3.6) m (2.4) BhpakawT pemeHme 3agaud
Komn B o6meM Bupe aaa mexofgso#k cucremu (1.1) npm ycaosun (2.1),
I cIydasd, KOTAa B pasumosxeHMAX (2.2) m (2.5) MH OrpaHAYHIACH
NRHeHHHME W KBaAPAaTHIHHIME YICHAMH,



126 HOPMAJIBHAfL ®OPMA B OJHOM CIIVYIAE [TAd. VI

§ 2. Ilpumepm

2.1. Cncrema ¢ onmoii cremenio csoGomst. Ilpm & = 1 cmcrema
ypaBHenmii (1.1) sammmercs B BHAe OAHOr0 ypaBHeHHSA 1)

i+ 2e0+ o0u=Ffu) +o@ (6>e>0) | 1.1)

OpH cAieJaHHHX B I. 1.1 mpeyroxeRnax o (X)ymumm': fur . Gopmynn
(1, 2.4) magyT Ham

31‘ i " . ”
alyy = 87(30);—:%3_%)_ [ (0) + (2e* — @ 4 2ier) " (0)],
olyy = oly = 2117 (0) + 0% (0)],
ol = B [17(0) + (262 — @ — 2ier) ¢ (0)]

=V =1, r=+V o —¢&.

ITo ¢opmymnam (1,3.7) Brpasmm pemedme 3ajgaunm Homm pusa ypas-
menns (1.1) 8 obmem Bupe:

~ s (s 377 O+ (e — 30%) ¢ (O)] —
- % (/" (0) — o*¢” (O)]} [(2e? — @?)v? 4 2e00 + 02] -
26 [ (0) -+ (50 — de) 7 (0)] —
— L)+ e Ol v (e +9)—

— Z 1/ (0) + %" O)] (0%0° + 2e00 + %))

u="0v

3necs (eMm. (1,3.9))
v= -—:— e [(r cost¢ -+ e sinrt) v (0) 4 sinrt- v (0)],
U= rLe“' [— o?sinrt-v(0) 4+ (rcosrt — esinrt) v (0)}

m, maxoner, v (0) u ¥ (0) BEpamaoTCA Yepe3 MCXOJHEe HAYaIbHEE
sHaueHAs QopMyiamm, moxydseHummz 3 (1,3.6):

v(0) =20) + g ({gorger B/ 0 — B0 — 46 9" (0)] —
— 17" (0) — 0" O} [(2* — *)u (0)F + 26w (0) #(0) + & (O] +
+ 2o gorrgr 1 (0) + (5u? — 4et) " (O)] —

1) Moo BMecTo f H @ BBecTH F (4, i) ¥ OTHGIBHO PAacCMOTPeTh CIydail
ez 0 >0,
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— a2 U7 )+ 0" (O} u (0) [eu (0) + 8 (0)] —
— 7 170 + 0'" (O)] [0%u (0) + 261 (0)4 (0) + i (01)

5(0) = (0) + 57 (gormger (137" (0) + (e — 367) 9" (0)]
X [&(30% — 4e?)u (0)® 4+ 2 (0 — 26?) u (0) t (0) — ext (0)?] —
— e [/"(0) 4- (50 — 4e?) ¢" (O)] [(4e® — 0?) u (0 +-
-+ 4w (0) 3 (0) + & OP1) + —=. (17 (0) + " (O)) X
X [P (0) -+ Zeu (0) s (0) + 1 (0] 4
+ 24" (0) [e2 (0) + 1 (0] (0) — " (0) [0%u (0) + e ()] 4 (0))
2.2. Kone6anua mMaccht Ha NPY;KAHE OPH TMACHHOM ReMngpHpoOBa-

aan, 3anameM ypasmemus (IV,1,5.1), maMenns oGosmadenus mepe-
MEHHH X o

7] = Uy, g = u2
B BHJ® ’

ui + 2euy + uy = (1 + v+ udl(d + v + w)? - —1,

g+ 20y + s = wa [+ ¥ )+ udl — i, (24)
Tae

A b V ¥y
— e & = — e -
Y= tover (< ")
—_ 683pa3MepHHe HOJOKATEJIBbHBIC lIapaMeTpBI, & IMTPHX O03HavdaeT

npounspoxayio o . Cryvam YV y/(1 + v) << e << 17 & > 1 norpebyror
OTeABHOTO PACCMOTPEHHS.

Boiumcaum BeamumHEH ofy; 00 fopmyram (1,2.4) m BEAARIEM TOIBHKO
Te M3 HAX, KOTOPHE OTIMIHEL OT HYIA (C YIeTOM CHEIAHHOILO Cpasy
mocae gopmyuan (1,2.4) samevanus)

0,1 . i 1 (11 . i 1
_2—2_8r1(1+y)2 27"_2—‘A'1 ! 2 8ri(l 47?2 20m—A,
T i 1
BAZTGAT Y Tt hg—hy
ot — i 1
AT B (T A FA,—A
(12 - i 1
127 Bra(T+ 72 MtAg—2ry
NS S SO WS S §
127 81+ vP Ayt TR Bl FYE M
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e
Aj = —e + ir; sign j (= F1, F2),

i=V—1, n=+4+VIi—¢, rz-:—F]/H"_Y

Qopmyan (1,3.7) magyr Ham pemenme sagaunm’ Komm maa (2.1)
B olmeM Bmje:

— g2,

1 1
=t 8r11§(1 + v (— 82+ (ry+ 2ry)? {(r - 2r) %

X [(evs -+ va)* — 03] + 2erws (evs + v5)) + 2r1 [(evs + 02)° + 13v] +
+ '@*_m{%rzvz (eva ++ va) — (r1 — 2r3) [(eva + va)* — rzvg]}) '

1 1
M= T (—wrrrr 20 x

X [(evy 4 1) (80 + V) —13T a0 1wa] € [F0s (B0 + V3)+Tavy (evs+vn)]} +
~+ 2ry (evy 4 v;) (2evy - v;) — m {(r1 — 2r3) [riravws +

+ (o0 +03) (05 + Bo)] + & [ryw (0 + v3) — ras (01 + 0T}

3necs vy, vy, V], U, OmPERENANTCH d)opMyJIaMH (1 3.5) ¢ samenoit

Ha T W 1pH &, = &, — &. IIpm stoM 1}, 13, vy, vy BEipamaoTes (op-
myaama (1,3.6), Kotophe Temepp RamyT
0__ .0 1 1 0 .0
=l o (P T R () (e )
2 . /0 0 2
— rauy | + 2eryup (sup - ug )} + 2ry [(euf + up ) 4-13u3 | +

+ e (e (eud + up) — (ra — 2r) [(08 + wa)? — 1})

0 0 1 1 0 0, 2 02
=t e \ T et s =
| — 1y [ra (1 + 2ra) — ¥ (eul +up )} —

0 2 0
— 2ery [(eud -+ 43 ) + 138 ] + g (6 0 — 7o) (008 + v )P

— 78] — 1y [y (2ra — 1) -+ €] ud (eud + u;o)}> ,

0o__ .0 1 _ 1
V2= ts+ 421+ 9P ( FFOF TP

X {(re + 2rg) [(ed +1u2 ) (ul+ uy) — ruraulul] +
4 & [ryl (eud -+ ua ) -+ raud (eul + up )1} +
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.0 0 1 ;
-+ 2ry (su‘z’ +uz) (2eu 4+ uy ) — oy e {(r1 — 2ry) [ryrouuy +

+ (e 1) (eud+ up)] + o [rud (eug £ wy) — raud (eud + w1},

v,o_ .o_l_ 4 ( 1 L%
PR T At \E T 2

X {8 (ry - 3ra) [(eud + 1)) (eud + up) — raroudul] —
- , 20 )
— [ra(ry + 2rs) — &%) [roed (eud 4 uy) + roueh (eul + u)]} —
— 2ry {e [(eul + uy) (eul + up) + riudud] +

0 ° -0 1
+ €%u (eup + us ) + raus (eus + uy )} — I = X

X {e (Bra — o) [(eud -+2) (00 + ) + raraudud] +
- Ira(ry — 2ra) + €] Ira (eud £ 1) — (el + 1)1}

5 B. M. CrapxuHCKRH



Tnasa VII
HOPMAJILHBIE ®OPMBI CHCTEM TPETBEIO IIOPAOKA

Qs 3aad TeopHE KouaebaHuUii IPe[CTABIAIT MHTEPEC THIH pac-
HONOKeHMH COOCTBeHHHIX 3EaYeHNH MATPHIH JHHEHHOA JaCTH CHCTEMBI
TPeThETo, HOPAIKA B JeBOH 3aMKHYTOH LOAYMIOCKOCTH KOMIIEKCHOTO
nepeMeHHOTO A, H300parkennnie Ha puc. 10. Cayuaii, aHaTOTHYHEIE a4,
paccmorper B § VI, 1. CuenwanbEoro paccMorpendsi morpeGoBat Gl

a; a, b c . d
Puc. 10.

caydail @, ¥ TpeleJbHEE JJIA HEro CIydawm, KOTAA JBa WiH TPH Co6-
CTBEHHBIX 3HAYGHHA COBIAAalT, o0pamasch, B YaCTHOCTH, B HYIb.
Cayuand b u ¢ paccmorpens B § 1 1 § 2; oHE EMEOT IPEeEMYIIECTBEHHOE
sragenne. Cayuato d orsomarca § 3. Ilepeuii maparpad 3aBepmaercs
BIIEKTPOMEXAHMYECKAM NpAMEpPoM. PesynbraTel 9Tolf TIiIaBH MOTYT
OBITH IIPEMEHOHH W K DI6KTPOMATHHTHEIM KOJeGaHHAM [BYX CBA3aH-
HHX OCHWJIJIATOPOB, KOTAa COGCTBEHHEE KoJeGaHWsa ONHOTO M3 HUX
ONIMCHBATCA HEIMHEAHHIM yPaBHEHAEM HEePBOrO IOPAMKA.

§ 1. Cayyaii mapsr uMeTo MRUMEIX COOCTBEHHBIX 3HAaueHH
MATPROB! JHHEHHOM JacTH

t1.1. Iipupenenwe x mopmanbHoli ¢opme. [omycram, wro mExon-
Hag CHCTeMa IDHBeJeHA K [MaroHAJIbHOMY BHAY H C/eJlaHA 3aMeHa
HE3aBHECHMOr0 IIEPEMEHHOTO T = ®f, TIAe =i — YACTO MHEMEe
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coOCTBOHHLIC SHAUCHHMSA MATPULH JHHEHHOHW YacTH
dx, .

=~ + Dainzixn -+ Dbinkz itz + - (1.1)

(v=0, 4+ 1).

CyMMApoBaHHAe BCIONY HIDKO IO JBa pasa BCTPeYAIORAMCS HE/IEKCaM,
npuauMaromuM 3pavenus 0, +1; Ay = —06 << 0, A, = i, A, = —i.
HooppunmeBTH @jh, bjhx, : . ., BooOme TOBOPS, KOMILIGKCHEE,
OpuyeM, B STO CJEAyeT IOAIePKHYTH, OHA CEMMOTDRSOBAHH, T. €.
ahy = &, by = i.d. (v, ),k k=0, £1),  (1.2)

rpe {jhk} — nobas mepecTaHoBKAa uwmcen j, k, k, a i. d. osmauaer
idem (ro ke camoe).

Ilo ocmoBmo# Teopeme A. I[. Bpiono (m. V, 1.2), cymecrByer 06-
paTEMas KOMIUIEKCHAs 3aMEHA MepeMEHHHX (HOPMAIH3YOMee mpe-
o6pasoBaHme)

Zj = Yi+ za{mylym + Zﬁ’;mnylymyn + Z’V{mnpy Ym¥YnlYp -+
+ Zéfmnpqyly‘;nynypyq + L (] = 07 ._t_i)’ (“l '3)
(a?;nl—':a{m, ﬁ%l'mm.):i- d-7"' ja lv m, n1p1q=07 i1)’

npupoaaman cucremy (1.1) x HopmanbmO# (opme *

Yy -
-—17- = A'vyv + Yy 2 ngygoyglyil ('V = 0’ i 1')' (1'4)
A, Q=0
3mece A m Q — BEKTOPH C KOMIOHEHTAME Ag, Ay, Ay B gy, G1; -1

COOTBeTCTBEHHO] IOCJIEAHAE CYTh LENHe YACHIA HIH HYJIH, IPH DTOM
gy > —1, a ocTaxsHHE ¢; — HEOTpUIATeIbHEE H

g+ a+g1>1 (1.5)

CymMmpoBarme B (1.4) DPOHCXONHT TOJNHKO IO PESOHAHCHHIM UJEGHAM,
TOKA3aTONH CTemeHeH KOTOPHX YAOBJIETBOPAIOT Pe30HAHCHOMY ypaB-
HEHHA0

(A, Q) = Qoo + 1M + g1 -1 = -8 +i(@i—g-1) = 0. (1.6)
Pemenme specy ogeBHAHO: '

9% =0  g¢q.i=q , - - (1.7)

Caenosareasso B (1.4) % + @ + ¢.1 = 2g; ® B paccMaTPEBAGMOM
cryuae Her (OpM UOTHOM CTemeHHA, a A Gopm HedeTHOH(Zr -+ 1)-#
cremenm mMeeM ¢, =gq, =7r (r =1, 2,...). Hrak, HopMaibHas

5%
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dopma (1.4) sanmmercs B BHAE

a . - .
L =iy+n Zgiyiy-l.

r=1

dy_ . Sy,
d.rl = — 1Y+ Y= Zgrlylyin- (1.8)
, e
d =T
d?‘o = —0Yo + Yo Zggylytl'
r=1

B cuny BelmecTBEHHOCTH HMCXOJHOH CHUCTEMH HMEEM Y., = @1,-3',?1 =

=g (r =1, 2, ...)u nepsoe ypapaenne (1.8) koMmiexcHo conpssxe-
HO BTOPOMY.

1.2. Boruncaennme roadpunmenTor nHopMaiusywinero npeobpaso-
' BaHMA ¥ HOPMAaAbHOIi popmbl. B Hamewm ciayvae, Kak mokasado B . 1.1,
Y HOPMaJbHOH (OopMBI HeT WIEHOB BTOPOM cremeHu. B oToM MomHO
yoeputhess m w3 gopmysn (V,3,2.4), n6o 1A Bcex 3HaUEHHWE HHIEK-
cos popmyna (V,3,2.1) naer A}, = 0 (mmage romops, A, 7= A, + An)
a4 @im =0 (v, I, m =0, +=1). Cnenosarensno, gopmyna (V,3,2.2)
CHPABeVIKBA IJIA BCeX 3HAYCHWH HHENEKCOB:

v U ‘ __
Qym = W (v, l,m= 0, + 1. (2.1)

IlepeiinemM Temeph K BHIYACHEHHI0 KO3PPHIAEHTOB NPH TPETHHX
creneHAX. BoACHAM, UpA KAaKAX 3HAYCHUAX HHIGKCOB MMeeT MecTo pa-
BEHCTBO A, = A; + A, 4 Ap. OueBmamo, 9ro ToipKO HpH [, m, p =
= {v, 1, —1}, rae, manomamM, furypuaa cko6ka o6osraqaer 1006y
IePeCTAHOBKY WHIEKCOB. VIHNIMH cloBaMH,

‘{'vl—l} = 1’ "A;mp =0

(w,l,mp=0, 1,1, m p+ {1, —1}). (2.2)

dro sHauuT, 910 P35 MOryT OGHITH BHOPAHE OPOM3BONBHO; MEI
OOJIO’KMM KX PaBHBIMH HYIIO:

Bivn =0 (v =0, £1). (2.3)

.JJIA ocTaapHHIX 3HaYeHHH Pin, copasegimBa gopmyira (V,3,2.3).
B caxy (2.2) B dopmynax (V,3,2.6) oram4uaH OT HyJA JAMMS CHAMMe-

TPH30BAaHHHE KO3QQHIMEHTH HOPMATLHONA (GOPMH Yy—py. Ilocien-
HHEE OYeBHJHHM 006pa3oM CBA3aHH ¢ Kos(punmeHTaMn g, HOPMaXbHOH



§ 1] CJIVYAY ITAPBI MHUMBIX COBCTBEHHHEIX 3HAYEHMHI 133

dopmu B npepcrasiaennn (1.8)
g1=0%01-1, & =31, & =3t

(MHOXATEOND pABEH YHCAY pPAa3AAYHHIX TEPEeCTAHOBOK HUKHHX UKH-
gexcoB v %). Bymem mmerpr m3 ¢opmyan (V,3,2.6)

g5 = 6bgy_1 + 43‘-—02':1:1 (@§j0l_y + adiulsy + alyady), (2.4)
gi= gl = 3by1q + 2 OEi (2a1,a1_1 + a—l;an) (2.5)

I/I3 IOKA3aTelbCTBA OCHOBHOH TEOPEMH A A. Bpioro (z. V,1.2)
CleyeT HEOXHO3HAYHOCTH mpeobpasoBamma (1.3) B Tex caywasx,
Korfa ypapeenme (1.6) mmeer xora Gx omEo pemenme () (He paBHO®
ayxio B cany ycaopas (1.5)). Boaee mogpo6uO 06 aroM cMm. m. V,2.1.
Ilperxne wem oOcysxmarp Bompoc cxommmocrd (1.3), ciemyer ocramo-
BATHCA HA OIPEEIEHHOM «BeTBM» npeobpasoBanus. [IpumeM nisa gais-
Helimero, aro ecxu B Tosxnxecrax (V,3,1.6), BEIIMCAHHKIX JI0 YeTBEPTHX,
OATHX H T. [. CTemeHel, koo(dummentsi mpm Vimens n’p's Y P
(cM. (1.3)) m T. 7. 0GpPAMAIOTCS B HYIB, TO Yirmrm o =0, Sl prge = 0
" T. A

Jdt0 1 osrauaer, uro B paAgax (V,2,1.2) sce b = 0 (v = 0, +1;
QEM, (A, Q) =0), 1. e. pamux (V,2,1.2) o6pamaroresa B (V,2,1.3)
M CXONATCA TPUBHAIBHHIM 00pasoM.

TlepeitneM remeps K yCIOBUAM CXOJUMOCTH HOPMAaJM3YIOMIEro Ipe-
obpasosamms (1.3). U3 ypasmenns (1.6) sugno, uro .

|A, Q=+ V 656* + (¢ — g0
o ompepenermio (V,2,4.1) 6ynmem AMeTH
@, = A = inf (§, 1) (6 > 0).

Jlepas wacTe ycnopms @ m. V,2.4 mpuMer BHR

o
— Y S =—a, 28
k=1
¥ yCIOBHE (®, OYEBH/IHO, BHIIIOJHEHO. 3ameTaAM, 9ro caydgait § = 0
HEeIb3S PacCMaTPUBATh KaK HPeAeldbHHIH, XoTA OH moroMy, uto (2.6)
obpaturea B 4 oo. Cayuait § = O BHjenaer B caegyomumii maparpad.
Yenosre A’ m. V, 2.4 o3mauaer BHNOJHEHHE YCIOBHIA

gt _:__;1, = —gt (r =1,2,...), (@)

T. €. ycaoBmii, 9T KospdunmentH gr (r = 1, 2, . . .) ABIA0OTCA IACTO
MHUMHMHA. DTO ClleflyeT W3 BHAA IEePBOT0 B BTOpOro ypaBHemwmil (1.8).
IHockonsky B Hamell 3amade WMEETCH JIMIDh ONHA HAPA CONPSKEHHBIX
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9HCTO MHAMHX COOCTBOHHHIX 3HAYOHEA MATPHUIE JHHEHHONX dYacTd
HCXONHOM CHCTeME, TO MH nMeeM Jexo co caydaeM 1 *) m. V, 2.4,
KOrja ycaoBme A CBOOUTCH JIANIbG K BHIIOJHEHHIO YCIOBHS A’. Hrax,
YCIOBASL ®» W A BHIOJHEHH NIPH BHIOJHEHEH ycaoBmid (2.7) m mo
teopeme A. JI. Bpwouo u. V,2.4 gopManusyiomee npeobpasosanme (1.3)
C BHYACICHHHMH B 3TOM IIYHKT® 3HAYCHHAMEH KOod(QHIUEHTOB —
cxonpmuTest (IIPE BHIOJIHOHWH YCIOBHHA (2.7)) B HEKOTOPO# OKpecTHOCTH
HYIA. ‘

Yro sxe Gyner, Korha He BCe 3 g, gt ... ABIAITCA WHCTO MHE-
mumu? B srom o6meM nias mac ciaydae coraacHo rumorese 1 A. JI. Bpio-
Ho [234u] mopMmammsywomee —upeo6pasoBaHMe ABIAETCA TIaTKHM
(6ecroneuno pupgepeHTIpPYEMEIM).

ITpwm Bumonmenmum ycxommii (2.7) cmcrema (1.8) momyckaer mepBHI

HHTerpaJ
Yy = | yP=c (01 = i Y1 (0) l2 > 0)1 (2-8)

IIOy9aeMEI [OCIe YMHOKeHAA IIePBOr0 M BTOPOTo ypapHemmit (1.8)
COOTBETCTBEHHO Ha Y.y = j; W Y, u ciaokenusa. IlopcraBasas sroT
mn-erpan B Tpethe ypasuenme (1.8), maiimem

B—@—u (o _Zg,c;). 2.9)

OrpectHOCTH Hadana KOODAHHAT DPACCIAMBACTCH HA IEIAHIPH
¢, = const. Ha raskmoM H3 HAX eCTh DKBATOP (OpEAEILHHHA IAKI),
OH yCTOMYHB Aug ¢, << 8 (cM. (2:9)), x0T, CTPOTO rOBOPA, HEE3BECTHO,
GymeT JM STOT NpEJEeNbHEA LHKI JeKaTh B 00JaCTE CXOTAMOCTH
psama (2.9), cxomameroca B cmiy Teopemn A. JI. Bpomo m. V,2.4.
Ilpa ¢, > b sroT mpemenbHEA DAKI HEYCTOHYHB.

1.3. IIpumenenue creneHHOTo 1peoGpasoBaHus. Kar caenyer
u3 (1.7), wmcno nmmeiiHo He3aBHCHMEIX pemenmit ypabHemmsa (1.6)
d =1. 910 osmauaer, uro mo Teopeme A. [I. Bpomo m. V,2.3 cacrema
(1.8) mmrerpmpyercs B Kpagparypax. B (1.8) mBa mocaemmmx ypas-
HeHuA He3aBucEME. A HAX MaTpmma A creneHHOro. mpeoGpas3oBa-
HAA, Kak 910 caexyer u3 [234B], § 2, mMeer BHf

A=
U caMo CTemeHHGe IpeoOpasoBaHHe 3AMMMETCA KaK
%2 = YY1 = l U l 2 2y =Y
(¥ = 2375, Yoy = 3.).
ITpamenas ero k mepBoMy m Bropomy ypasmenmio (1.8), maiimem

dlnz, _ dlny, dlny_;
e T -—ZZBeg,-zl.
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s mocJegHero ypaBHEHHMA HMMeeM

21

1 d
- = v (3.1)

o«
lvi®I* 2, 3} Re ghz]

r==1
u mociue quameﬂﬁﬂ HHTerpaJja HaﬁﬂeM
Z, = 2 (17).

Teneps oueBmaaEIM 06pasom GymeM MMeTh H3 EPBOT'O U TPETHErO yPaB-
neHn# (1.8)

1@ = Oeexp[{ 3 g (o ds), Ex)
o (¥) = 4o () e exp|[§ 3 g (57 ds|. (33)
0o7=1

IlockoabKy HOpMagmayomee mnpeo0paszosande BHOpaHO HaMH TIJaj-
kuMm (womer; m. 1.2), To mmrerpmposamme B (3.1)—(3.3) ompamnmano.
3ameasanmume. B caygae cucremu (1.8) k sTOMY Ke peayabTaTy
MOHO IPHIATH, YMHOKasz Bropoe ypasuerme (1.8) wa y;, a meproe —
Ha jj; W cKiagmBag HX. Hameil meapio 6HIO HPOMIICTPHEPOBATH
o: V,23

OcTamoBMMCH B BaKIIYEHWE Ha TOH CHTyaluum B paMkax obmero
cayuas, KOT[a BRIYMCACHHMA, KaK 9T0 MMeJo Mecto B U. 1.2, moBemeHEl
N0 TPETbMX CTeHEeHEH MepPeMeHHHX BRIIUYHATENBHO, T. €. KOTAAa U3
BOJIMUMH gr HaM HM3BeCTHA JHIb ofHA — gi. U3 (3.1) maligem Torma
1 1 1
wOF w2 hesn

OTKYla HOJAY9AM

1

ly:(0) |“2 —2Re gi‘[

Z1 ('U) =

1

Ilocrosasas 2Re g; mrpaer ponb KoHcTaHTH G JlamysHoBa mpm
HCCIIEIOBAHAE KPATHYECKOTO CAy4ad YCTOMIMBOCTH YCTAaHOBHBIIHXCSH
ABHKEHNI ¢ OJHON mapoll YHCTO MHMMHX KOpHEH JAHEHHOro IpHOIH-

senns ([77a), § 40). Mmenno, ecim nocrosaRasn Re g monoxmrennpna,
TO TPHBHANbHOE pemeHme HeycrTodumBo. Ecam e

Re g1 < 0, - (34)

TO TPHBHAJBLHOE pemeHne AaCHMITOTAYCCKHA y(}TOﬁ‘{KBO.
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Briumcanm B pamMkax Hamero npubiammenmsa (@ yciaosus (3.4))

1

¢ ¢ ds 1 " 2Reg!
= = 1 -2 0y 2 1,
%a@w §Immﬁ_2m$ In[4 —2Reg}| 2 (O)[*1]
Temeps dopmyan (3.2) @ (3.3) magyr
£
-—
Yo(t)=yo (e [1 — 2Regl [y O 1] 7%, (3.9)
g
— iz 1 OVEe 2ROAL 3.6
y1(7) = y1(0)e*[1 — 2 Re gy |y (0) P 7] . (3.6)

1.4. CeoGonmbie koneGanua ciaegamero saexrponpmBopga. Cxema
cleAAmero sJeKTpoupmBoga uaoGpaxkema ma pmc. 11. O6mext (och
oTpaboTKE) IPEBOAUTCA BO BpalleHHe CEPBOMOTOPOM 4epes PeayKiop.

1T

’ Yeunumens

Puc. 11.

Jlas ompefeseHHOCTH mPUMeM, 9T0 B KA9eCTBEe CEPBOMOTOPA HPHEMEHEH
BIEKTPAYECKUHE MOTOP IOCTOAHHOTO TOKA € He3aBHCEMHIM BO36Ysme-
HEeM. TOK B AKOpe CEPBOMOTOPA PEryJHPYETCA YCHJIHTEJIeM, Ha BXOJ
KOTOpOro IIOflaeTcA HAaIps:KkeHHe V, 3aBHCAINee OT yria paccoria-
coBamEa U — @ POTOPOB 3aJalOIIEr0 CEAHCHHA M CEAbCHHA, CBA3AH-
Horo ¢ oGBeKTOM (Ha cXeMe 00a CeJbCHHA 3aMEHEHH IOTEHIHOMET-
pamnm), 1. e.

V=f@®—9),

re ¢ — yroxa mosopoTa o6nexTa, ¢ — yroa mosopora sajamomeil och,
OTHECEHHH K yIriay mOBOpoTa OGBEKTA.

Ecam npeneGpeusr samasihBaHHEM CHTHANA, JIOPTOM MEKIY Kark-
Ko mMapoif COenAANMUXCA 3y0UaTHX KoJeC M TPEHHEM, TO YPaBHEHHA
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ABH/KEHHA CHCTOMH MOKHO HpPEJICTABHTH B CJEAYIOMEM BHIe:
d2@ 3
(Ji+Jo) = + co = ki?,

di , do (4.1)
L—dT +RL+61W:]‘(&_(P)'
3necy J, — OmpUBeNEHHHIH MOMEHT HHEPIHMH SKOPH CEPBOMOTOpPa H
BPAIAKIAXCHA JACTEH PEAYKTOpPa OTHOCHTENHHO OCH BEAYIIETo 3BEeHA;
Jy — MOMeHT mHepHUH 00BEKTa OTHOCHTENBHO €TI0 OCH; { — TOK B I[eNd
AKOpA cepBoMoTOpa; L — KoaphHImeHT CaMOMHAYKIME HENH AKOPSA;
R — ommuecKoe CONpPOTABJICHHE NIENM AKOpPA; ¢ (dg/dt) — mpotmso-
DJIEKTPONBIGRYIMASA CHJIa, pasBUBacMas AKODEM HDH ero BDaIieHAH;
ki® — MOMEHT DOHIEPOMOTOPHHIX CHJI, HPHBEJCHHHN K OCH BeAyINEro
3BEHA; €@ — MOMEHT CHJ COUPOTHBICHHS OTHOCHTEIbHO OCH 00heKTa.
IlpumeM nWHEHHYI0 B3aBACHMOCTG HANPAKEHHA, HOIBOJHMOTO

B IleOh SKOPS OT YIVIa PaccorIacoBaHUSA, :

f@— @) =v- (@ —9)

JKeJIaA PacCMOTpeTh KojeGapua o6beKTa (M 3AEKTPONPWBORA) HpH
BBEICHHHE €ro B 3aflaHHOE IOJOKeHHMe, IOJOKHM JJsA HOoCIeNHero
¥ = 0. BBegem GaspasmepHble mepeMeHHEIE

¢ R .
f—th, [————v—l.

Torga ypasuenus ppmwwennsa (4.1) sammmyrcs B BHe

dl L L :
- = — 8] — 8¢ — x¢’, =9 = — @+ (42)
Te BBeIeHH 0e3pa3MepHEE MOJO)KATEJIbHEIE IapaMeTrpHl
ko3 R T+ 7 R
V=R 6=T]/ 10 S, %= ]tv ’ (4.3)
Ecan seect: BexTop u = (I, ¢, ¢')7, TO cucTeMa 3aIHUIIETCA B BHAE
P /0 —86 —8 —x
—= =Cu + (0 , C=f o o 1
v yI3 0 —1 0
OugepupHo, coGcrBeHubie 3HadeHus wmatpuns C eyts —9O, i, —i

@i = V:_1). Hpusegem marpunmy C K ’xopmanoBoil dopme; Gymem
mmers C = S diag (-6, i, —i) S-1, rpe

1 —8—ix ~84in
0 d 41t § i
0 —1+4i8 ~1—id
Marprna S ompegeanr npeoGpasopamme cmcreMu (4.2) u = Sx,

S =
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X = (%, ¥y, _;)°, WIN, B Pa3BEPHYTOM BHIE,
I =zy— (64 in)x; — (8 — i)z, = 2y — 2Re [(§ + ixn)z,],
@ =0+ Do + (6 — Dz = 2Re [(6 + D), (44)
¢'= —(1 — i8)z; — (1 + i8)z_, = —2Re [(1 — i8)z,].

Cama xe npeoﬁpasonam{aﬂ CHCTeMa IpuMeT BHU]

0
X = diag (— 8,1, —i)x + 87 -(o ) . (4.5)
. vi?

Briuncaenust gamyt aasa marpums S-1

21+ &) 24 87 26(—1)
. S 8—i  —1—id ||,
20 +8) 0 §4+i  —14id

Tenepsr ocraercs Bocmoib3oBaThes mepsoit u3 gopmya (4.4), 1106w
npefcraBuTh cucreMy (4.5) B Buge (1.1) (@/m = 0; v, I, m = 0, +1)
dx '

v

= = My + boooy + b} + byl +
+ 3550@32”1 -+ 3550-—137370_1 + 3b<;n95037§ + 3173—1—1%332—1 +
+ 317‘1'1—195393_1 -+ 3bf_1_1x1x2_1_—}— Bbor—120212_1 (v=0,4-1).

3mecs
g = A (k —1)8, by = b1y = — A% — 1)8(8 + in)?,
Bor = by = — A (% — 1)8 (8 - ix),
Doy = bo1s = A (¢ — 1) 8.(8 + in)?,
bliy = by = — A (e — 1) 8 (82 + %) + ix),
B =AG— D)8 4 oY), by = — A +ib),
Bl = 5D (4 +i0) (54 in)’, bloy = = A1 + B)® + i), (4.6)

by = — - A (1 4 i6)(8 + i), by, = — A (5 + )L + iB),

by = = A (8 x2)(1 + i8)(8 + i),

brygy= 5= A (1 4 i85 — i)?,
1

Bhoms = - A (L + 18)(8 — %), b1y = — 5 A(L + i8)(6 — in},

=L
=72

1
bl-‘l-l

A + w1 + i8)(8 — i),
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rie A =y (1 8%)-1. Tlockonexy B Hameil sagaie am = 0, To
B cuny (2.1) om =0 (v, I, m = 0, 1), u fopmyan (2.4), (2.5)
JagyT HaM '

g2 = 64 (x — 1) 8 (8 + %),
= A O — )84 i (x4 6.

Ycaopue (3.4) acMMOTOTHYECKOH yCTOWIMBOCTH HpHMeT BUE (CM.
rTar:ke (4.3))

® > 1 (Lv < 1 R). (4.7)
Ilpegnonmaras 10 ycioBMe BHUOJHEHHEIM, 0003HATUM
a® = —2Re gi = 3A (x — 1)8 (62 - %2),

P . W W
2 Re g} 2 x—1)8 "

(4.8)

@opmyan (3.5) u (3.6) magyr B stHX 0G03HAUEHUAX

Yo (T) = Yo (0)e= (1 + a®| 41 (0) | 2 7)?, (4.9)
Y1 (W) =y (0) (1 + @ |y (0) | Pr)" X
’ X expilv+ b2In (1 4 a?| 1 (0)] 2 7).

Hcmonbays dopmyan (V,3,2.3), (2.3) u (4.6), Bemmmenm HOpMau-
syiomee mpeoGpasoBanue (1.3):

1) 1 @+ o 57
o = Yo + “’(f—m) {— 2 yg"ZRe[—é—ﬁr—th_yiJ+
+ 633 Re (5 y) — 3yo Re [1 (5 + ° ) —

— 6.8 4 9) g1 Re (2 ) |+ 14),
(4-40)

1 1 i 1 1 . .
=g+ HEED g i P+
. 3 . 35—
o L0 — 10 gy — 5 (8 + ) Yoy — < 5 Ve +
. -
+ 3 0Pyt 3 00 et +
2 2
+%(62+”‘2)(M+56)?/1y2—1 4+ 6 66—_’:: yoyly_l}’+ (4]

s Toro uroObi HaganapHEe 3HaueHHA Y, (0) m y, (0) BHIpasuTh vepes
zy (0) m z, (0), morpeGyercsa obpamenne Gopmya (4.10); oHo, ouesnaHo,
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CBOJUTCA K IepeMene 3HaKa mepef ¢urypmoil ckobxoii. O6pamaschk
K opmynam (4.4) u (4.9), MoxHO BROHCATH GOPMYJIH, Aaromue peme-
Hue 3afaun Homm B o6meM BHME ¢ TOYHOCTHIO JI0 WIEHOB TpeTheil cTe-
DeHA HepeMeHHHX BKIIYHETENHbHO. ME 9TOro, ogHakKo, Aeiars He Oy-
JieM, a BEIZeJHM TJIABHYK 9acCTh POINeHHA.

Taasnoti wacmvlo pewenus B paMKax CHEAAHHOTO TPUOIMKEHUS
Ha30BeM pelleHAe HOPMaJbHOH (OPMEI, B3ATOE C TOYHOCTHIO [0 TPETHAX
CTelleHell IepeMeHHHX BRINYATEIBHO, IpeoGpasoBaHHO® HOpPMAJIH-
symuM upeoGpa3oBaHAeM C TOYHOCTBHIO [0 BTODHX CTemeHell mepe-
MEHHHX BRIKOYATeNbHO. [ rTaBHO# JacTH yraa moBOPoTa ¢ 00BeKTa
Oymem mmers m3 (4.4), (4.9) m (4.10)

@ (1) =2Re [(§ +i)z; ()] =2 Re [(8 + D) 41 (V)] =~
— . 24 (0)
~2Re {(6 +) =

@z, (0) v

X expi [T+b%In (1 + a?| 2, (0) 121;)]} = [1 4+ a2 M@,t]

4(1+ %)
fpoeafr s o —ZHE
Frmferrn(n e SHERO ).

B s Boan. 1) Onpenenerna rpanmma aBTokomeGammit (cM. (4.7)):
x =1 (Lv = ¢, R).
2) llpaxTuueckas creneHb TOYHOCTH T[JAABHOW 9YaCTH peIeHHA

ompepenserca cpapaenuneM (4.11) ¢ pemenuem 3agaun Komu. Ilocnen-
Hee pmaercs gopmymnamm (4.4), (4.10) m (4.9).

§ 2. Caywail weliTpanbHOCTH JNHEHHOr0 NMPUOIMKEHNA

2.1. Hopmanbnan ¢opma. Bepuemcs k¥ n. 1.1 m paccMorpuMm ciy-
qait 6 = 0, mOBTOPUB BCEe paCCY;KIEHHS 0 PE30HAHCHOIO YPaBHEHHSA
( 1.6), KoTopoe 3ammmIETCs Temeph B BHJE

g1 —q =0. (1.1)

Urax, gy, ¢ — «IPOM3BOJBLHED, ¢, = g;. PasyMmeerca (M LO3TOMY
moCTABIEHH KaBuukm) Q & M, 1. e.

q, > > —1, ;>0 (G#wv) (v =0, £1),
9 + @ + g1 = @ + 2¢. > 1.

s aieHoB 2r-i creneHd HOPMaJabHOH GopMHL (g, + 2¢, = 2r —1)
BO3MOKEeH ciaexywoumii Habop moxasareieit cremeHelt (mHAeKc mpu ()



§ 21 CIYVYAY HEHUTPAIBHOCTH JIMHEWHOI'O NPUBJIWKEHWA 141

O0TMEJaeT HOMED YpaBHEeHH):

Q=(-1,rnrn, 1,r—1,r—1),..., @r—10,0),
Qi = A, r—1,r—1),...,0@r—1,00).
Has anesos (2r -+ 1)-it cremenn Hopman.bnoﬁ dopmut (g4 + 2¢, = 2r;
r=1,2,...) Bexrop Q opuHHEMaeT 3HAYEHHUSA
Q =0,rn Cr—1r—1),... @2r0,0),

HE3aBUCHMMO OT HOMEpa YPaBHEHHMS HOPMAJBHONH (OPMBI.
Ilocne Toro kak HaiiJieHH BCE PEUICHHSA PE30HAHCHOTO YpPaBHEHMA
(1.1), sanuumrem HopmambHyl ¢opMy (V,1,2.4) rax

dy, v, s

- 6 o

at _ y" yl GSUyOyly—l (V ”' 0’ i 1)1 (1’2)
820 (ecad v#0)

s=>— 1(eclu v=0)

>0

MIM, B Pa3BepHYTOM BHJe,

dy, “'1 - v =
g “/v6| spsignv-+y, }__‘ 2 [g2r—py—1, p yol +
=1 p=0
+ goir—py, pl 0T PYTY (v=0,41). (1.2a)
TIpn srom

g =0 r=1,2,...), (1.3)
u60, Kak ciaegyer u3 Bblqncneﬁnﬂ Q., B IBYX NOCIeIHHX yPaBHEHHAX

(v = 1) Her wrenoB ¢ Y,

OtMmeruM, 9TO HOPMAaJbHAA <bopma YCAOKHAIACH 110 CPABHEHUIO
¢ (1,1.8). 11 3ro He TONBKO YCIOKHEHHE 3aIKCU, HO M IO CYIIECTBY.
Bo-uepsrix, Temeps 4mCHO ! COGCTBEHHBIX sHaqunﬁ JMHEeHHOHW 4YacTH
CHCTEME], PACHOJIOKeHHBIX Ha MHUMOi#l OCH, PABHO HMOPANKY CHCTEeMEI
(I = 3) mreopema A. J. Bprono n. V,2.2 He faeT HUKAKUX YIPOIIEHUIH.
Bo-sroprix, Bce pemenus pesonancHoro ypasuenus (1.1) MoykHo mpen-
CTABUTL B BUJE

Q =g, (1,0,0) + g (0, 1, 1)
(qoz—11011727"'; Q1:071v2"")’

rhe o M ¢, He PaBHBL HYJII0 OXHOBPEMEHHO. JTO 03HAYAer, 4T0 YHCI0 d
JHHEeH0-He3aBUCUMHX pEeIleHdd pPe30HAHCHOTO YpPABHEHUA pPaBHO
asyM. ITo teopeme A. JI. Bpworo nm. V,2.3 cymecrByer OmpanuoHalIb-
_HOe mpeo{pasoBaHHWe, NEPEBOAAIIEE HOPMAaNbHYI (OPMY B CHCTEMY
(V,2,3.3) (y)xe He aABigomyiocd HopManbHoll ¢opmoii), B KoTopoi
mepshle [Ba YPaBHEHHsi 06Pa3ylT CHCTEMY BTOPOTO MOPANKA, a TPEThe
ypaBHeHHe CBORATCH K KBagparype. Bmpouem, Ty CHCTEMY BTOPOTO
IOPAJKA MOJKHO IOJYYATH HEIOCPEeJCTBEHHO, YMHOKHAB BTOpOe M
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Tperbe ypaBHeHusA (1.2) COOTBETCTBEHHO HA [y = §J; U Iy ¥ CHOKUB UX:

d s d o
= ), G, =2 ) ReGlafe (19

8>—1 8, a0

>0 s-+a>0
(z2 = Y14y = |y |?). Ecam mexomurs m3 (1.2a), To moaydmm B pas-
BEPHYTOM BHJE
o0 r
d — —_
d1.? = Yo ZZ [gg(r——p)—l, 193/01 + gg(r——p), »l ?/‘tz)(r PP,
[ (1.4a)
dz — .
v 2ZZZ[R9 -1, v~ + Re garp) 1Yo+ 2P
=1 p=0

2.2. Borumciensne KO3(QOUUEEHTOB HOPMAIM3YIOMIEro mpeodpaszo-
BaHMA M HopMambHoii popmbl. Cirenys amprepHaTéBe I. V,3.2, BHe-
JMM BCe 3HAUEHHS HHIEKCOB v, [, m, UpU KOTOPHX Ay = A; + Ap.
Bynem mmets B cuay oGosmavenmit (V,3,2.1)

Ago = A?1—1) = A%m} = A{—ol——n = 1, A7m =0
(v, l,m=0,+1;% 1, mz0,0,0; 0, {1, —1}; 1,{0}1}; —1, {0, —1}).
(2.1)

BubepeMm mas om, ODPeENAEMHX' CAYYaeM 2) aiNbTePBATHBH, Hyie-
BHE B3HAUEHHA:

] (1] 1 -1 .
Qoo = Oq1—1) = Oyo1) = Qyo—1} = 0. (2.2)

Jlna sTEX e smawenwmii v, [, m Gymem mmerb mo dopmyiam (V,3,2.4)
AJIA KBaf[PATHIHHX KO3(QQHIEEHTOB HOPMAJbHOM (OPMEI

ggo = (Pgo = ago, ggn = 2CPg~i1: 2‘1(1)——1, (2.3)
gio = 2(P(1)1 = 2“31, gf:} = 2@p_y = 2a5%,.

Jlas ocTaBIIEXCH KBAJPATHIHHX KOd(YQHIHEHTOB HOPMAJIH3YILIEro
opeoGpasopanus Qopmyna (V,3,2.2) naer

, i
e
(v,l,m=0,41;v,l,m=0,0,0;0,{1, —1};1,{0, 1}; — 1,{0, — 1}).

(2.4)

Ilepexonsa kK KyOM4eCKEM 9YeHAM, CHOBA IIPE[leé BCErO BHRIIEJIHAM
Te 3HAYeHHA HHIEKCOB Vv, [, m, p, IPH KOTOPHIX A, = Ay + Ap -+ Ay
K TOJIO}KEM JJIA HAX

‘3300 = ﬁ?m—n = moou = ﬁ%u-n = ﬁ(—(}()—l} = ﬁ(‘11—1—1) = O, (2-5)
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rae, maoomumM, {I, m, p} oGo3Hadaer 06yl HmEPECTAHOBKY WHCEI
I, m, p. lua cooTBercTByOmMHUX KyOHUecKEX KoodpPHImeHTOB HOP-
MaJbHO#R Gopmul mo dopmy:e (V,3,2.6) Gynem mmers (yumThiBas (2.2))

0 0 0
gzoo = %o00 = Dogo + 2 2 aoja(jm,
§==0, 1

, o . .
gor = %011 = 6bg_y + 4 ) (agiud—1 + anjel gy + alyj00n),
j
1 . ’ -
820 = 3o = 3bgor + 2 2 (20505 + aijod),
]

; ; 2.6
gor = 3t1—1 = 3bjy—y + 2 2(2aija]1—1 + ai—lj(’«]u)’ (25)
: i

gz—& = 3Kop—1 = 3b6(}—1 + 2 Z(2a3jlaf;~1 + ajj%o)»
j

gor = 311 = 3ty + 2 Z (a5 @y q + 2‘13]'(1{—1)-
i

Jas ocraBmuxca KyOMuecKMX wieHOB HOPMaJH3ylolero mpeobpaso-
BaEns Qopmyna (V,3,2.3) macr

Bimp = 7 +7vm-11"?vp—M [b;‘mp + —g‘ Z (a'lvjaznp +
j=0, +1
+ dmap +a§n'“fm)] (2.7)
v, IL,mp=0,41;v,l,m,ps+0,0,0,0;0,{0,1, — 1};
1,{0,0,1%;1,{1,1, —1}; —1,{0,0, — 1}; — 1, {1, — 1, — 1)).

Brinwmem mopManusyomee upeoGpasosanme (1,1.3) ¢ TogHOCTHIO
0 BTOPHX CTEIeHE! NepPeMeHHHIX BKIIUHTEIbHO, yudThHBasA (2.2) u
BEIIECTBEHHOCTh MCXOMHOM CHCTEMEI

zy = Yo + 2Re (a1y7) + 4Re (anyoys) + 3], 2.8)

Ty =%, =10l + aéoyﬁ + ailyf + O!-1—1—19%1 +
+ 20‘(}—1!/011—1 + 20‘}4] Y1 12 + 13
KosgpgpmmuenTn 31ech BrpaskaoTes mo gopmyiam (2.4) sepes Kodpdu-
OUeHTH CcHCTeMH amaroHaxbsHoro suaa (1,1.1) (6 = 0) caexgyrommm
oGpasoM:
1.
ah = — 3 iag1, og = —iag, G;o = g,

1 1 1 1 .1 1 1,1 s DR |
o = —liay, G- = g W11 G = Tiao—-n Ay—g = 10y

Hcoonrsys ¢opmynn (2.5) u (2.7), Momeo Bunucars B (2.8) ¥ 9aeHH
C TPOTHBEMH CTeNEHAMH HOPEMEHHEIX.
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2.3. 3amevanme o cxogmmoctn. Ciaenys teopeme A, [[. Bpiono
(n. V,2.4), naunem ¢ ycuosua o. OueBmano, 4ro

A QL =g — gl
u no oupenenenuto (V, 2,4.1) umeem
op =1 k=12,...).

Yeaosue o (eMm. (V, 2,4.2)) BHIOIHEHO, TOCKOJBKY €T0 JieBasg 9acTh
paBHa HYIIO. .

B nmameM cayuae Bce coOCTBEHHbIE BHAYSHHS MaTPHI{H JHHEHHOH
YacTH HCXOMHOM CHCTEMH HaXONATCA HA MHUMOH OCH M IOIAPHO COH3-
MepHMbI, CJIe[0BATEJIbHO, Mbl HaxoguMca B ciaydae 1%*), m. V,2.4,
Korja ycJoBHE A CBONATCA K ycaosmio A':

lp]' = kfyja’ (yOa yh .'/-1) (] = 0; i1), (3'1)

rae p; — mpaBhe dacTd ypaprenui (1.2a). Ycaosusa (3.1) BononneHs
B TOM HMCKIIYHUTEIBHOM ClIydae, KOTJa IpaBasg YacTh HePBOTO ypaB-
germA (1.2a) TOKIECTBEHHO PaBHA HYNI0, a BCe KOPPUIMEHTH Ipa-
BHIX uacreil BToporo ypaBaenus (1.2a) aacTo MHINMEIEe MIIE PaBHEL HYJIIO.

[Ipu BEIOOJHEHAH 9THX YCIOBHM HOpMasd3ykolee npeoGpasoBaHme
3TOr0 IYHKTA NIPH YCIOBHM, YTO BCe €r0 IIPOM3BOJLHO BHOEpaeMule
Ko3QPUIAEHTH IOJOKEHE HYJIAMH, CXOJHTCA B HEKOTOPOH OKpecT-
HOCTH HYIA. .

2.4. Hexoropbie cymxuenus 06 ycroitunsocTu. Brnunem B cuereme
ypasHernil (1.2) wieHH [0 BTOPOi CTENEHH NEPEMEHHHIX BKIIOUHATENb-
Ho; yumThiBag (2.3), OymeM mMmern

d —

d?:) = agylfo + 201917 + 3],

d . Lo
A = iys -+ 2anyeys + [3], (4.1)
W — — iy + 2ahyoi: + [3].

YMHOa® BTOpOE ypaBHeHHe HA Y, a TpPeTbe ypaBHeHHe — Ha Y
¥ CKJIafHBas, DOAYIAM YKOPOUYEHHYIO CUCTEMY YPaBHEHMH

d 2 : d 2
d?i? = ago¥s + 2a110%, —% = 2Re agYop (4.2)

d

¢ BeMECTBEHHHMHA K03(Q(HOUEHTAMHA W HEOTPHIATEJIbHOH IepeMeHHOU
p=|y| (8 ormmuame or (1.4a), rme z = p?). 3aMeTHM, UTO CHCTe-
Ma (4.2) ofHODONHA M, CIIE/{0BaTeIbHO, HHTOTPUPYETCA. ITO CBOACTBO
OpHCYIe BCeM YKODOUeHHHIM CHCTeMaM BTOPOro mopspgka, ubo oHE
EMEIOT «pasMepHOCTh {» mo Tepmummoiorumm [2348), § 2.

Kax mssectro ([145a), n. 13), aaa Toro 4robr obHapYy:KETH He-
YCTOMUBBOCTS TPUBUATLHOTO PEIIeHHA cHCTEMHB! (4.2), MOCTATOWRO 3a-
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METHTH BCEr'o OJHY TPAaeKTOPHI0, BHXOJAMYI0 34 3aJaHHYIO obaacts

2
T> Ty Yo+ PP AP
IPH CKOJb YrogHO MAaJBX 3HARYCHHAX HATAJbHHEX BO3MymeHKﬁ
0 — P
Yo = Yo (To) B po = p (Tp)-
PaCCMOTpKM BO3HHKawmue 3aeCh CUTyanunH.

I. Hycrs a)y 5= 0. PaccmorpuM pemenus cucrems (4.2), Haum-
HaIMAeCA HA OCH Yy, T. €. AId KoTopHX p, = 0. U3 Broporo ypas-
HeHua (4.2) umeem (dp/dr), = 0, ciegoBaTedbHO, HJs 9TUX pPeHICHHM

0 (t) = 0. ogumHUM CKOIB YFOAHO Majioe HAYANLHOE 3HAUCHME Yy
yCJIO0BHIO '

. 0 N
sign yo = sign ag,.

HKax ciegyer n3 mepsoro ypasueHus (4.2), Iis Takux pemeHUi Gymem
HMETH

;
| Yo (T)|>lagolyg17,
9T0 U 03HAYAeT HEYCTOMIMBOCTD TPMBHAIBHOTO PELICHHA CHCTEMSHI (4.2)
npE ayy = 0.
II. Mouycrmm, aro al = 0, o a), # 0, Re ay, 0. Pasnenus
nmepBoe ypasHeHHE (4.2) Ha BTOPOE, MOXYYHAM

0
dyy _ %41 p

1 3
dp Reap, Yo

U oTciofa HalfleM IepBHIl HHTerpa; cucTeMH (4.2) (mpm agy = 0):

OueBupgHO, TPH YCIOBHAX
ago = 0, ag_]_Re aél < 0 (4.3)

TPUBHAJIbHOE PemeHne cucTeMH (4.2) ycroiumso (Havasio KOODAHHAT
ABJIACTCA YeHmpom), a TPH YCIOBHAX

ay = 0, a),Re aj; >0
TPUBHAJBHOE pellleHHe cucTeMH (4.2) HeycTOHYMBO (Hawalo KOODAH-
HAT ABJIACTCH Ce0A0M).

III. omycram, uto ag = ai, = 0, Re ay # 0. WUs mepsoro
ypaBmerua (4.2) mmeem y, (v) = y5. Bmbupas y; m3 ycaoBuA
sign y; = sign Re aj;, GyseM HMeTh 1A TAKEX pemeHHH B CHIY
BTOpOr0 ypaBHeHHA (4.2), 9T0 P — 00 HmpH T—> o ' P, >0, —
TPHBHAJbHO® POIIEHH® CHCTeMH (4.2) Heycroilumso.

IV. Homycram, Hakomen, uro aj, = Re ag, = 0, ay., # 0. Bropoe
ypuBHerme (4.2) maer HaM p (v) == p,. TpaexkTopHEA, IJIA KOTODPOK
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sign yg = sign al;, po > 0, yXomur B GeCKOHOUHOCTH; OHNATH-TAKH
HOYCTOWIUBOCTD.

Urar, TpmBmanbHOe pemeHme cuCTeMH (4.2) (a caegoBaTenbHO,
M YKOpO4YeHHOH cucreMu (4.1)) ycroitumso anmp npu yeaosusax (4.3).
Cayqait a)y = a{’sl = Re ag;, = 0 TpeGyer mccaenoBanus HO WIeHaM
HE HU)Ke TPeTheHl CTemeHw.

3aMeganue HKparaueckuil ciyuaii 0OAHOr0 HYJIEBOTO H MAaPH
YHCTO MHAMHX KOPHeH IS YCTAaHOBHBIIMXCHA JBMKGHHHA DPACCMOTPEH
I'. B. Kamenxosuwm ([54], 1. I) m U. 7. Maxsumnm ([798], § 96). Hon-
YePKHEM, 9T0 cHcTeMa (4.2) CoJepsKuT BCEro JMUIb TPH KO3YPUIHMEHTA,
9T0 BMECTe C YCAOBHEM HEOTPHIATEIbHOCTH 1) mepeMeHHOM p M ompe-
AeIWI0 CHeUH(YUKY HCCIeNOBAHUA IO CPABHEHHIO ¢ o0IMuUM CiIydaeMm
(7981, §§ 94, 96). OgHaro MH He MOKeM YTBEP:KIATH, YTO HOPMAJH-
3yomee npeoGpazoBaHmée (4, CJIEJOBATENBHO, HOpPMajbHasg ¢QopMa)
MoO;KeT OHTH BHODaHO aHAMATAYECKAM B OKPECTHOCTH HYJIsA. ITO 00-
CTOATENBCTBO HE IO3BOJAET HIEPEHECTH CYKAEHHS 00 yCTOHIHMBOCTH
TPUBHAJBHOTO DPEDIEHAA CHCTeMHI (4.2) Ha YCTOMYMBOCTH HEBO3MY-
IIeHHOTO [BUIKEHHA (TPHBHAJIGHOTO PEIIEHHS MCXOMHOH CHCTEMEI
(1,1.1) mpm 8§ = 0). 3amernm, 4to TpH aj, == 0 HemoABM;KHAS TOYKA
Oyzer HeycTOMUMBOI He TOJHKO B YKOPOYEHHON, HO M B LOJHOH CH-
creme (4.2). 9to coorBercrByer rumotese 2 [234u], koTopas eme
He pnokasana. llpuMensats ee HyxkHO K pemenumio p = 0. Ecan xe
BHIIOJIHEHH ycixoBus (4.3), To YKopoueHHas cacTeMa ofjagaer ycToi-
9MBOCTHI0 HEATPAJIBHOTO THIA, KOTOPAS MOKeT OHTH M3MeHeHa Ha He-
YCTOHYMBOCTS BIMAHMEM HEYUTEHHHX WIEHOB 60J€e BHICOKOW CTOICHH.

2.5. WHaTerpupoBanue HOpMaabHOH (POPMBI B KBAJPATHYHOM IpPH-
6mmxennn. BepHeMcs K yropouennoit cmcreme (4.2). Pacemorpmm
CHad9ajla JacTHEE CIydaW, MOHAMAas HUIKe HOJ KBAJPATHHM KOPHEM
ero apupMeTrmdecKoe 3HAUCHHE.

1) Homycrmm, uto Re ay = 0, aby 7= 0, ai_, 5= 0. Bropoe ypas-
HeHEe (4.2) maer p == p,, a mepBOe — 3aUMMIETCA B BHJE

dy 0.2 0 2
d; = @Yo + 20,100

H 1I0Ce MHTeTPUPOBAHHUA [AET HAM

a) ecnm a = agy/(2a3_,) > 0, 10

0
0 Po aoopo
—=t =T

yo + V‘a g Va
Vo A

Po g Va

Yo =

1 —

1) Xna npumenenna reopemu H. I'. Ueraesa o meycroitunrocre HeoGxommmo

Hasgm4Me o6nacT, cofepKamelt BRyTpu ce6s OTPe3ox ocu yq(cM.[79 8], cTp. 414),
4YTO HEBO3MOMHO Hpm p > 0.
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6) ecam a << 0, 10

Yo = —2 1 4 ke (k = V—ayy—p _ 2aggPo )

—= - c = —
V—a 1—ke V=ayl+p ’ V=2

(snecs m Ewxe T, = 0, ¥ =y, (0)).

2) Homycrum, uto Re ay, = aly = 0, a}, = 0. Pemenme cmcre-
MH (4.2) oueBHAHO:

P =00 Yo= 2‘1(1)—19317 -+ y?r

3) Momyctnm, wro Re ai; = aly = 0, aY = 0. Pemenne cmcre-
1 00
MH (4.2) TaKKe OYeBHAHO:

1 1
P =00, Yo= (“—'— aoo") .
y

0

4) Iomycram, ato agy =0, aj % 0, Re agy 0. Paspenus mep-
Boe ypaBHeHH® (4.2) HAa BTOPOe H IPOMHTETPHPOBAB, MOJYYAM HEePBEIA
HHTETPaJ cHCTeMH (4.2)

0
0!

ay_.
Yo— Yo = ———(p* — pp)-

Reag,

IopcraBnaa 9ToT HHTErpaJ B mepBoe ypaBHeHme (4.2), GymeM mMeTs

0
dyy — 9 Real ( e 4—1 2
— 01 (yo R) R=y, — Po -
dt Reay;
Ananormano 1) paccMoTpEM ciaegypolnue Ciaydam:
a) Ecir R << 0 (uTo BosMOKHO JIHmB HpH ay/Re ay >0), 10
W+ V—Rtg QY = RRea}r)

0= 0 )

Yo - 1

1 — tg(2Y — R Real 1)

V_ 7 01

ot — _‘R‘Beagl (1_ yg’> sec? (2 Y — R Re a};7)
4, R ,: (— Yo

V-

6) Ecrm- R = 0 (470 OOATH-TAKA BOBMO}KHO JHIIb ILpH
ay,/Re a3, > 0), To

o
tg(2V—HRea )]

- Real
yo=(—1——2fiea(1nf)l, pt = > o <—1‘—ZRe‘1mT>

0 0
Y% 4 Yo
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B) Ecim R >0, To0

yo= —VE (VR —yg) e — (VR +yg) e ¥°
’ VR—y)F VRt e &

(K =2 Vﬁ Re a%l.)f

(5.1)
2 — Rea(l)l 0 B 0\ K=< §7, O\ Kt 1-2
p* = —4—5 R(R — y0)[(V R—yo) e&* + (V R+ wJe 7],
1—1 . .
Ouemano, 9t0 p (00) = 0, a y, (00) = —) R npu Reay, >0 n

Yo () = V'R upm Re af; << 0 ¥ B IIOCKOCTH PY, KOKIOE peNIeHHe
cucrems (4.2) ommcriBaer gyry saammca (O.1) omEUM W3 ABYX CIOCO-
% G6oB (B saBucumoct: ot sign Re a(l,l), KaKk IOKa-

3aH0 Ha puc. 12.
VR - 3aMeTHM, YTO ClIy4aii B) mpH J0OHX Hadadb-

HHX BHAYCHHAX 0o, ¥ (0o + ¥y > 0) Bo3MO-
AeH JHmb Ipu ycaoBuax (4.3).
yp 5) onycTum, 4TO ad_y =0, ad0, Re afn #0.
B sTom caydae mATerpupoBaHMe cuereMsl (4.2)
p Aaer HaMm ‘
ﬁﬂ 1 0 -1
Yo = (“—0' —‘aoof) ’
A
_‘/ﬁ 2 Re a;l
, - 0

p=po(1 — ageyor) ‘o0

Puc. 12. PaccmoTpum Temeph o6 N Ml cJay ¥ a i
Korza B cucteme (4.2) Bce Tpu Kosddmrmmenta oT-
JIHYEK oT Hyas. PaspenmB nepBoe ypaBuemume (4.2) ma BTOpoe,
HOJLY9AM
4 % P
Yy @ Y Yo

(@=ae, B= 2034, v=2Reay).

dy,
dp

WaBecTHAA HOACTAHOBKA Y, = PU (p) IPHEBEJET dT0 YPAaBHEHNE K BHAY

ou j;‘ =(%——1)u2+—$—. (5.2)

6) MMomyctum, uto ay, = 2Reagy =0 (¢ = y), a}4 # 0. Bu-
WONHAA HHTerpupoBaHue B (5.2), naitmem

Yo B o
Yo = ipl/p—g-i- 2—?—1n—p—0—.
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IlopcraBasas Bo Bropoe ypaBHenue (4.2), upmpaeM K KBajgpaType

]
s |t
fo yo Yoo B ﬁ 0P
po Po

OGpamenne »TOro WHTETpaga gacT HaM p = P (T; Do, Yo)-

7) Ilomyctam, Hakomem, dTo dgy 7= 0, aj_ 7 0, Re ap #= 0 n
ay, # 2Re ap, (o 5= y). U (5.2) moayuum nepBsiit HETErpaj CHCTe-
Mbl (4.2)

(@—7y)yg+pe? | (_p_> 2o
(@—7) 3 + bej Po '

Orcoga Oymem mnMeTh

b

| (8 ) () T e

¥ Bropoe ypaBHenme (4.2) mpmBegeT HAC K KBagpaType

s o+ ) () o e

a—7
Lo

M3 KOTOPOii ompesexutTes O = 0 (T; Po, Yo)-

Anmamm3 cayuaes 1) — 7) obmapy:xmBaeT OTPaHHYCHHOCTH BCeX
perneHuit cuctemsl (4.2) npu a06om T > 0 smms B caydae 4) mpm yciro-
BuAX (4.3), 4ro coBmagmaer ¢ BeBogamu u. 2.4. Hopmanmaywmee mpe-
obGpasoBarme (2.8) mMo3BOJIAT BHIIECATH. 00Ilee pemenme HCXOJHOM
cuctemsr (1,1.1) mpu 8 = 0 ¢ ToYHOCTBIO 10 BTOPHIX CTENEHE HepPeMeH-
HHX BRIAKUHTENbHO. Mccaenys obimee pemenye, MOKHO, B YaCTHOCTH,
BBIIENHUTH 00JACTH YCIOBHOM YCTOHYMBOCTH B IIPOCTPAHCTBE HAYAJb-~
HBIX 3HAYCHHH NI TeX NPeUMYIIeCTBeHHEIX CIyUaeB, KOTJa TPHBAAJb-
HOe pemeHHe cucTeMbl (4.2) HeycTOHYHBO.

2.6. Hpnmep Paccmorpum ypaBHEHHe

u—l—b2u~cu b>0, ¢c #0),
" mnm, BBOAA GespasmepHoe BpeMsa T = bf, ypaBHeHme
u" ’ d
-i*u'—\’ug <:‘3?7 Y:%—), (6'1)

mpefcTaBEMOE B BHJ€ CHCTeMH ypaBHEHH
i /0 ’ u 0 1 0
o0 oe() aslp g
yus | u

0 —1 0

). o
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Co6crBeHnnie 3padeHms martpanst A cyrs 0, i, —i. Boommem
Matpuny S (a1 el 06paTHYIO), IPABONAIYIO MATPANY A K AMArOHEAIb-
HOl (opme

1 1 1 2 :
S=]0 i —if, StT=|0 —5i ——5. (6.3)
0 —1 —1 { 1
0 — —
3t T2
3aMena
/%,
u = Sx, x=(x1 - (6.4)
X

npuasener cucreMy (6.2) K mmaroHaJbHOMY BHAY

0
-32‘—=diag<o,i,—t>+s-1( 0 )
Y (xg + @1 - 2_4)°
uJjH, B pa3BepHyT0M BHC,

dxo = (o + 1 + T4)?,
'fh‘ = iy — —v(xo + 21+ 24)% (6.5)
d;t—l = — ia:-1 —_ ——'Y (.’Eo + ry + x_l)a.

ITocxkoaskry KBaj[[PATHIHEE WIEHH B CHCTEM® (6.5) orcyrersyior,
TO H B HOPMaJbHOK PopMe OHH TaKxe 6yAyT OTCYTCTBOBATH H HOPMAIb-
nas dopma (1.2a) ¢ TOIHOCTHI0 A0 KYOMYHHX WIEHOB BEJIIOUATENHHO
npAMeT BHX

d

yo gzo?/o + gayoyry-1 + [4],

dy‘ = 1y1 + ghYoyr + gnyiy-1+ 4], (6.6)
%‘1 = — iy + guyoy_1+ Guyry’s + [4].

Hosdppummerra sopmanbHoit dopmit (6.6) Brramcagiores mo fopmynam
(2.8), rne sHauenHA bim. Gepyrca m3 (6.5):

- - - 3
go=" Eu=06v, gh=¢gu=2gn=4gn= — 5 ¥

YMEOKaA Bropoe ypaBmemme (6.6) ma y, = j,, a Tperbe Ha y; o
CKJAIHBas, OPAEM K CHCTEMO

d”" = (Yo + 6p%), = = — 2 T (Yo -+ 0%)
(0* =1y = |y1 . (6.7
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Cmcrema (6.7) muTerpmpyercsa. MH, ofHaKO, 9TOFO IPOAGAHBATD HE
6yneM, n60 OQHOTO B3rAARA HA 3Ty CHCTEMY HOCTATOYHO, YTOOH ycTa-
HOBHTH HEYCTOMYMBOCTL €€ TPHBHAILHOIO PEmeHNA NpH Jdi060M

v#0

§ 3. Hopmansunie opMbI cHCTEM TPETbero MOPHAKA
B CJIyuae HYJIEBOTO COOCTBEHHOTO 3HAYCHHA
MaTpAOB JnHeiHo#t gacTm

3.1. HopmaasHas ¢opma wn HoOpMadmaywouiee IpeodpasoBaHMe.
Bepuemcs BHOBL K cucreme ypaBuemumii (1,1.1), B xoTOopOi, ommaxo,
HE3aBHCUMHEM IHEPeMEeHHHM o0cTaloch { m Ay = 0, A = —y + io,
Ay=—y—io(y >0, ®_>0). Pezonancroe ypasmemme (1,1.6)
OpAMET Teneps BHA

(A, Q) =0-qp —v(1 + 99 +i00 (1 — g1 =0, (1.1)
m ero pemendsa npu ycaosmm (1,1.5) cyrs
g =g% =0, g =1,2,3,.... (1.2)
Hopmansrasa ¢gopma (V,1,2.4) mpumer remeps B[

—=L ="y, i 290,

s=1

%~FM+Mm+%Z&% | (1.3)

dy_,

=(—y— iw) Y1+ Ya g?yfn
t
8§=]1

S 1
rae Y-y = Y1, 85 = &s.
Crenysa anprepuarmpe 1. V,3.2, BHAEJINM BCE BHAYEHHA HHIEKCOB
v, I, m, mpu KOTOPHX A, = A; + Ay, B TIONOMAM IJIA HAX

0 1 -1
(100 - 0«(01} = (1.(0-,1) = 0. (1.4)

@Qopmynn (V,3,2.4) gagyr HaM JJIA COOTBETCTBYOLUX KBaJPaTHIHEIX
KoaQPuuenToB HOpPMaNbHON (GopME

8'1 cPoo = aoov gi = 2(P31 =2ap, g1 =29 = 2“5}11 1.5)

& 0CTaBIIMECA KBAAPATHYHHE Kod>PdmmmenTr nopuannaymmero npe-
oGpasoBaBEs onpepmexsiores popmyramm (V,3,2

alm

Rl ey e
(v, lym = 0,4 1;v,1,m50,0,0;1,{0,1}; — 1,{0, —1}). (1.6)
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IloBropsaa Ty mpomenypy MiA KYOMYeCKMX WieHOB, MOJOKHAM
ﬁgoo = 5}001} = ﬁ{—(}()“l) =0 (1°7)
n satem no ¢gopmynam (V,3,2.6) u (V,3,2.3) maiigem

g2 = Xooo = booo + 2 }J ao;“oo» .

j=0,%1

‘ ' (1.8)
g = g? = 3too1 = 3bgoy + 2 Z (2a5;001 + @1;040),
]
I 1 v 2 v 4 v i v i
ﬁlmp = . +7Vm+7"p”‘ » [blmp + 5 2 (a'ljainp -+ “mja]pl + ap]'a%m)]
i
(1.9)

(V: ly m, p = Ov iiy v, l1 m, p #: 0’07070;
1, {0,0,1}; —1, {0, 0, —1}).
Hopmanusymwouee npeobpasopanue (1,1.3) ¢ TouHOCTHIO 10 BTOPHIX
cTeneHell MepeMEeHHBIX BKIIOYUTENbHO HMeeT BHJL
zy = Yo -+ 2Re (agly%) + 20‘2—1 [y ® +
+ 4Re (agxyoyl) + 18l z=2z,=y + atlmy(Z) -+
-+ ah.’/% + ail—lg% + 205(}—11/0!/_1 + 209%—1 l y. |2 - Bl (1.10)
Kospduuuentsl 3pech Buipaskawres mo dopmyaam (1.6) depes road-

dummenter mexommoit cumerems (1,1.1) (Ap = 0, Ay = —y £ io)
caegyomuM 00pazom:

0 0 0
ol — 1 et o — 41 o — %o1
i1 2 - v + io ! 1-1 2,‘) ’ 01 —v + o
1 1 1
ok = ) ol — ‘1 ot 411
00 Y — i® ) 11 —7 F i ’ -1-1 v+ Sim
1 ' 1
ol — %01 ol %
0-1 o0 1-1 v _l_ i

Ucnoassya dopmyast (1.7) m (1.9), momuo mpogomxkurs (1.10) mo
TPETBAX CTemeHell BRIIOYATEILHO.
3.2. Nurerpuposanne HopmaabHoii ¢opmbl. IlepBoe ypaBrenme
(1.3) npmBoHHT K KBajpaType
Yo d
Y
—_— ==, 2.1)
, V28 (
Yo
IMocne oGpamenus uuTerpana (2.1) BTopoe (1 TpeThe) YpaBHEHHA TaK-
7K€ PeIuanTCH B KBAAPATYDAX.
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Ecan g} = a, == 0, To mua Broporo mpubiamkenms GyneM MMeTh
Yo d 1 L
y . 0o, .\~ 0
S 2= t Yo = (—0' - aoot) (yo=0),
2 ZooY Yo
Yo
4r0 cpasy oOHAapyKHBaeT HEYCTOWYMBOCTH TPHBUAJIBHOTO PEINCHHS
cmcremu (1.3), a cregoBaTelbHO, M MCXOXHON CHCTEMH.

Ecam g0 = 0, o g3 5= 0 (cm. (1.8)), To 6yaeM mMeTh U3 TPETHETO
npubnwKenus

. —2 .
Yo =sign yo (Yo — 2g3t)~".

Ecau gy << 0, 10 y, (1) >0 mpm ¢ — 0o m, KaK CIegyer u3 BTOPOro ypas-
mennsa (1.3), y, (t) -0 opr t — co. Urax, npn g3 < 0 TpmBmansHOE
pemenne cucremn (1.3), a ciaemoBaTeXbHO, W HCXOHHOM CHCTEMHI,
ACHMITOTHIECKN yCTONYMBO; IpH g > 0 oHO HeycToRUYmBO.

Bce ckasaHHOE COOTBETCTBYET KPHTHUECKOMY CJIYIal0 OJHOIO
HYJIEeBOr0 KOpH#A, mccaefoBaHHoMy Jlamymosmm ([77al, §§ 28—32).
3mech MBI TAKKe OCHOBHBAJIHCH Ha Teopeme JlamyHoBa 06 ycroiiauBo-
CTH IO m-My DPHEONMKEHHI0 B mepBoM KpmrtmaeckoM caydae (|77al,
§ 32).

Ilo mccnegoBanmio rpy60CTH CBOMCTB YCTORYMBOCTH H HEYCTOWIH-
BOCTH MBI OTChUtaeM umrarens k mosmorpagumm H. H. Kpacosexoro
([70], § 19). Tam sxe umraTexs maiimer Teopemy o0 YCTOUIMBOCTH IO
upudrmuennio m-ro mopaaka (§ 22), 1 KoNOAHMTENHHEE PE3YIbTATH
0O KPUTHYECKOMY CIyJai0 OXHOTO HYyJeBoTo Kopua (§ 20).

3.3. 3ameuanme o cxogmmocr. OOpaTUMCH K JOCTATOYHHIM YCIO-
BHAM CXOJQEMOCTH HODMAIU3YIOHero npeobpasoBanus (4 HOPMAIBHON
Popmer), focTaBasseMeM Teopemoir A. [l. Bprono (n. V,2.4). Us ypas-

menus (1.1) Bugso, uTo
HAQ) | =+ V¥ (02 + ¢2)* + 0 (g1 — go)™
ITo ompenenenuo (V,2,4.1) umeem
o= A—inf(y, @ (k=1,2, ...

JleBaa wactp yciaoBua @ (m. V,2.4) sammmercs B Bmje

0

In A
— %

= —InA,
k=1

4 YCJIOBHE ®, 04eBHIHO, OyJer BemoaHeHo. Yciaosme A’ (m. V, 2.4)
3a0HOeETca B BHJe

Py = 0, 3.1)

rae, — mpaBas yacTh mepBoro ypasHenus (1.3). Ilockoabky B Hamem
CJIydae MMEeTCs JIMMb 0JHO cobcrBenHOe 3HadeHmne (A, = 0) mMaTpmms
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JIHHEAHON JaCTH MCXOMHOU CHCTEMbI, PACIIOJIOKEHAOe Ha MHUMOR OCH,
TO MH Haxogmmed B caywae 1*), m. V,2.4, Korja yeaosne A cBogmres
Admb K BROogEeRn0 yeaoBma A, Vtak, yenoBEA @ m A BHOOJTHEHH
IpH BHIOJHCHAE ycaoBua (3.1) miz B pasBepHyTOM BHAE TPH BBHIIOJ-
HEHHH YCJIOBHIA

=0 (=12...). (3.2)

CiegoBaTerbHO, HOPMAJTH3YIOIee NOpeo0pasoBaHme 3ITOTO IYHKTA
Ipu YCIOBHH, ITO BCE €r0 MPOM3BOJLHO BEHOHpaeMbie K0dPOHIumeHTH
LOJIO;KEHBl HYJIAMHA, W npA ycaoBusax (3.2) cxommrcsa B HEKOTOPOi
OKPECTHOCTH HYJIA.

Iocratounsie yciaoBus pacxoguMocTH m. V,2.4 B YCIOBHAX DTOTO
maparpada (a takke B yciaovmax § 1 m 2) orkassiBaior.

3.4. CroGogubie KomeGanua CaeAAmIei CHCTEMBI ¢ TeJeBH30HHBIM
H3MEepPUTEeNbHbIM yerpoiicrBoM. PaccMmoTpmm cmCTEMy, COCTOAILYIO
A3 ABYXCTEmEHHOr0 THUPOCKONA, ¢ BHYTPEHHeH paMKO#l KOTOPOTO
/KECTKO CBA3AaHO ONTHKO-TeTeBH3moHHOe ycrpoicteo [136]. Msobpa-
yKeHHe 00BeKTA CIIesKeHUA Yepes ONTHYECKYIO CHCTeMy IOIafaer Ha
HKPaH.3JIEKTPOHHO-IYUeBO# TPYOKRE, HA KOTOPOM PACIOJIOKEH NPAMO-
YTOABHHI PacTp, DOKPHTHA CETKON TOUEUHHX CBETOTYBCTBUTEIBHBIX
piementoB. I[lpm momamamum o0beKTa B IOJe 3DPEHHSA OITHYCCKOHM
CHCTEeMH Ha pacTpe mosBiasercsa natHo. Caemenne 3a 00BEKTOM 0CY-
DIeCTBIAETCA NPH IOMOIIM CIEHANBHOTO TEeleBH3HMOHHOTO H3MEepH-
rexpaoro ycerpoiictsa (THUY) [136] ¢ oxkHOM mpAMOyToIbHOM PopMBI,
BCeTfla PAacIoJIoKeHHBIM Ha mao0paskenmm obbexra (pme. 13).. LlemTp

Pacmp

Oxro |

T’
O
™~

o~

Zgx
H30dpaxenue z
o0vexma
4
Prc. 13.

caMMerpun oxHa npa momomu TUY, coBMemaercs ¢ NEeATPOM TAMKECTH
n3obpaskenda 00beKTa HA pacTpe. 3aKava CAefANe CECTEMEl COCTOUT
B TOM, 4TOOH ¢ HaMMEHbINEl OmHEOKOH COBMECTHThH IEHTP THMKECTH
m300paskeHnss 00BeKTa C IEHTPOM CHMMETDHHM pacrpa.
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Bymem paccmMarpmBaTth ciydaii, xorjga msoOpakeHHme o0bexTa Ha
pactpe GosbIie pasMepoB H3MEPATENBHOTO OKHA. [lofobHas caTyanusa
BCerja BOBHAKAET IPH JOCTATOTHO OIM3KOM PacCTOAHHHA OT o6berta.
IIpn aTOM, eciim MATHO HOAHOCTHI0 HAKPHBAET M3MEPHTEILHOE OKHO,
To curaanx Ha Buxoge TUY orcyrerByer. Taxum o6pasom, B paccma-
tpaBaemoM peskame TUY mpepcraBiaser coboii HeJIAHEHHEA 2JIEMEHT
|C XapPAKTePHCTHKOY THANA 30HH HEYYBCTBHTEIBHOCTH, KOTOPas 31eCh
AOIPOKCHMHUDPYETCH KYyOmYecKoi mapabosoii. AMIUTETYIHO-9aCTOTHAN

de € u A z
7 AT+ 2Ep )

Puc. 14.

XapaKTePHCTHKA TEPOCTAOMAR3ATOPA, CHATASA HA CTEHIE, ANIPOKCH-
MHEpOBaHa Koie0aTelIbHHM 3BOHOM C HMHTErparopoM. OKOHYATENTHHO
CTPYKTYpHAA cxeMa ciuegamei cmcremsl ¢ THY B mamHoM pesxame
mMeeT BuUp, m3o0paskeHuHi Ha puc. 14.
Hannoir cxeme mpwm 23z = O coorBercTByer nmpdepennumanbroe
ypaBHEHEE :
Z 4+ 2az + b2 = —cz,
rae
1

N
¢e=78 b=, c=y

O0<LELL, E>0,T>0).
3aMeHa HE3aBACHMOTO NEPEMEHHOTO T == bt HNPHBENET ero K BHEAY

2" 4 22" 47 = — i <'= L, 4= kT) : 4.1)

4YTO MOKHO IPEeACTaBHUTh KAK CHCTEMY

J 0 z 0 1 0
=dz4| 0 |, z=(7 ], A=|0 0 4| (42)
T — ps8 2z 0 —1 —2¢

Co6cTBeHHEIe BHAYEHHA MATPHLIH A CyTh
0, ete, g-i® (p = arccos (—E)).

Marpuna S, npusonamas MaTpunmy A K AmaroHaxbHOH Popme, coc-
TaBJieHa B3 COOCTBEHHHIX BEKTOPOB MaTpumul A. Brimmmem ee u
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obpaTryio eii MaTpuny

1 1 1 1 28 1
S = [0 e e , S1t=]0 A-le e A-1pmie . (4.3)
0 ezi'p 8—21'@ 0 — A—leﬂw A_leicp
rae A = det S = —2{)/'1 — E’. Bamena
zy
2=8x, x=| = (4.4)
Ty
npuBefier cucreMy (4.2) K AMATOHANBHOMY BHAY
0
—‘% = diag (0, et*, e-i®) x | S‘l( 0 ) . (4.5)
— ¥ @0+ 7,
Hcnonbaya (4.3), sammmem (4.5) B pasBepHYTOM BHIe
d
;{.’ = — (2o + 21 + 24)%,
dzl

= (=t +zl/l—§z)931+ < —iﬁ> (@0 4+ 21+ 212,
(4.6)

) (%o -+ 71 + 2-4)%.

—1V1—§2)x1+27(1+tv =

Ilockonbky KBamgpaTH4nabie Wieds B cucrteMme (4.6) oTcyTCTByMOT, TO
u B HopMmaabHOU dopme (1.2) omm Tarme GyayT OTCyTCTBOBATH H
camMa mopmasibrHas ¢opma (1.2) ¢ TOYHOCTHIO HO KYOWYHHIX UJIEHOB
BHKJIIOYHTEIbHO NPAMET BUJ :

o g3+ 141,
W (— e+ 1V T—B) 1+ ghvin + 141, (4.7)

TIe g2 | g3 OIpeNensioTCa dopmynamm (1.8)
0

3 .
d=—v g (i)

O He BHINCAHO TPeThe ypaBHEHH® (4.7), MOCKONBKY Y., = iy (T— =
1 .
IlepefineM Kk MHTErPHPOBAHUMI0 YKOPOYEHHOH HOPMANBHON (OpPMHL.
W3 mepsoro ypasuemms (4.7) maiimem

Vo=yo (1 + 20507 (4o = yo (0), y1 = 4, 0)), (4.8)
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saTeM U3 BTOPOTO ypaBHeHmA (4.7) momysmm
v = et (1 -+ 2990 tple(cos YT — B2t 4+ isin YT —E%1) X
X {cos [—3~ — & I (a+ 2yy?,z1:)] —

4 Y1—¢?
— isin [%ﬁln(i - 2vy8*r)]}. (4.9)

Hopmanmsyromee npeoGpasosanne (1,1.3) ¢ TounocThio Ao KyOmu-
HHX YIeHOB BKINYATEILHO MMEeT .BAL

Ty = Yu -+ Broo¥s + Brun¥t -+ Blairi¥®r + BBea¥lorn + 3Poo-1Yo¥-1 +
+ 3Bor¥ovt + 3Bo-r-1¥ol’s + BBr11¥iy-1 -+ 3Bi-11 ya¥l +
+ 6Bo1-1¥0y1Y-1 + [4] (v=0, 4+1).

B cuny (4.4) umeem r_, = Z,, @ MH Brnpase 0wz BHOpaTh BHIIIE
y 1 17 P

Y-y = §3; © YIETOM BTOTO HOPMAIHMBYOIIee IpeoOpasoBaHWe 3amm-

merca B Bage (cm. Taxmke (1.7))

To = Yo + 2Re (ﬁ(l)lly:f) + 69(2) Re (ﬁgmyl) + 6y, Re (ﬁguyi) -+

+ 6 I y1]* Re (5(1)1—1?/1) -+ 6581—1'!/0 l (31 |2 + [4],
(4.10)

%=y + ﬁéooyg + ﬁ}uyf + ﬁ£1—1—1?/§1 + Bﬁ&)—lygy—l + 36311%% +
+ 363—1—1 yoy: -+ 3ﬁ}1—1 | U 12 Y1 -+ Bﬁi—xq | Y Iz ¥y -+
-+ 6531—13/0 | 41 |z + [4].

HospdummenTnr 3mech ompemensiorcs gopmymamm (1.9); mpm arom
sHAYeHHA b)mn Oepyrcs m3 (4.6), Takmm obGpasoM, moaTydmm

5311 = fm = — ’é— Ye—ie, 5301 = — ye~i®,
Bou = — % ve—io, Bl = — V(26 + emio),
Bor—1 = — v (e + e~ %)L, 5},;,0 = — —Z—e—m,
Bin = %e—ziw’ Blis1=— '{—(62” —3)7, (4.11)
By = — - (@ =1, o = 17,
By = — - (e¥e — 2%, Bhy = (1 + ere),

ﬁl _ ﬁl 2
1—1—1 — IA 01—1 — A’
rae, HaIOMHHAM,

v=kT, e°=—t-+i)T -8, A=_-20)1_¢.
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OueBnpro, uto o6pamenme gopmya (4.10) cBenerca k mepemerne 3HaKa
y BCeX CJIaraeMHX CIpaBa, HAUMHAA CO BTOpPOTO. ITO oGpameune

morago6ETCA A TOTO, 9TOGH BHPABATH HAYAIbHHE BHAYCHAA Yo U Y
uepes ry u 73, a B cury (4.3) u (4.4) u wepes z,, 2y, 2o

N3 (4.4) n (4.3) Oymem mmets

z = 2, + 2Re z,. (4.12)

IJTuM m 3aBepmaercsa pemenue 3afnaun Homu B o6mem Buge aas ypas-
penda (4.1) ¢ TOYHOCTHIO A0 KYOMUYHHX WIEHOB BRIOUYHTENbHO. OHO
npeicTaBieHo B Buie memoukum dopmyn (4.12), (4.10), (4.9), (4.8).

Buiieinm 24a6nyi0 wacmb peweHis COTIACHO OIpPe/iee a0 B KOHIe
o. 1.4. Hockoasxy m3 (4.10) mmeem

Zo = Yo + [3], z, =2, =1y + (3],
10 3 (4.12) Gynem mmers
z = Y, -+ 2Re y, + 13],
7 B cuny (4.8) m (4.9) moayumM riaBHYI YacTh pemennus
2=yl + 2yp0 1)~ + 2675 (1 + 2y T HZ (v),
rae
Z (v) = cos [T —E71 — O (1)]Re ] —
—sin [T — &7 —0 (©)lIm
H qepea 0 (v) 0603H&‘IBHO

e (1:) ln (A <+ 2yy5).

4]/'1

3xech B CMIy OIpPENeNEHHA INIaBHOH JacT pemeHMs H gopmyn (4.3)

u (4.4)

. o 0 ’ ”
Yo = Zo = 29 + 2829 +Zo,_
Y= ) = Ale—%ozy — A'le"i"zo =

=(—§+ 21/1 — >Z;'+(_%+i_5'__—)z$’

’ 1 »
Reygz——ﬁzo—Tzo,

— 1) 2 + Ez).

Imy; ~ 2V1



Tuasa VIIT

HOPMAJIBHBIE ®OPMbI CHCTEM
YETBEPTOI'O U HIECTOI'O MOPAJKA
B CJIYYAE HEUTPAJBHOCTH JIMHENHOI'O HPUBJIUKEHNAA

§ 1. Cucrempl uyeTBepTOr0 HMOpsifAKa

IlepBEIf HYHKT OTHOCHTCH K CHCTeMaM HPOM3BOJBHOIO IOPSJIKA.
B nocaenyromux ABYX myHKTaX, OCHOBHBAACH HA& pesyabrTaTax ri. V,
HACCIEYIOTCS PE30HAHCH M HOPMAJbHEE (OpMBI, BO3HHKAIOMMAE MIA
BeITeCTBEHHEX AHAJIATHICCKMX ABTOHOMHHX (B0ooOme roBops, HEKOH-
CEePBATHBHEIX) CHACTEM YeTBEPTOTO HOPSKA ¢ ABYMA mapamu pasiud-
HBEIX YHCTO MHMMBIX COOCTBEHHBIX 3HAUCHWIA MATPHIHI JIXHOHHO! JACTH.
MeccnenoBanme ycToumBoCcTH TPHBAAIBHOTO PEINEHAsS OCHOBHIBAETCA
Ha WcHoab3oBammM B m. 1.4 Kpurepua A. M. Moauamosa [2986],
ambo, ecIM TOCTe[HUIT OKa3HBAET, HA IPHMEHCHHE KPHTEPHS
10. H. Buburosa — B. A. Ilmxumcca |227].

1.1. 3amevanue 0 KO3hpPUIMEATAX FHATOHAXBHOIO BUAa. PaccMoT-
puM KoJebaHMs CHCTEMEI ¢ £ CTemeHAMH CBOGOJL, ONHCHIBAEMEIE BEK-
TOPHHM ypaBHEHHEM

v+ Py =f(v,v), (1.4)

rae v = (vy, . . ., V)%, P — BemecTBennan cummerpuieckas k X k
Marpuna, f — BexkTOp-QyHKIUA aHAJIUTUIECKAA B BEKOTOPOH OKpecT-
HOCTHE HYJEBEIX 3HAUeHHI aprymentoB. JlomycTum, 4To coGCTBEHHEIE
3HaueHnsa Marpuis P, Oyayus BemecTBOHHEIME, IOJOKATEIbHE, 060-

smauAM X oy (0, > 0; x =1, ..., k). IIycrs S — meocobaa ma-
TpuIla (KOTOPYI0O MOKHO BHOGpPaTh OPTOTOHAIBHOM), HPHBOAMAA
marpany P k amaronansmomy BHOy, T. e.

P = S diag (?, . . ., o) SL
Jluneiitnoe mpeobpasoBaEme ¥ == Su mpmBogaT ‘cuctemy (1.1) x BEHAY
i + Oyt = D) Angltatis + X%\{uauﬁu*f + D) Capliatis +
+ X\ Diiasltatialty + 3 Efghatis + ) Faptaliglty +
+ D Capttalighy + 4] (k=1,...,k), (1.2)
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T/le He BRIOMCAHBl POPME YeTBepPTOli M Golee BEHICOKHX CTEIEeHEHl OTHO-
CATEJHHO , MePEMEHHBIX Uy, . « ., Uk, Uy, - - -, Bg. llpepcrasmm (1.2)
B BHJe CHCTeMbl 2k ypaBHEHHH I1epBOTO HMOPANKA M IpHBeleM JHHEH-

HYIO 9aCTh, CACTEMHE K JHATOHAJIHHOMY BHAY JIMHEHHON IOACTAHOBKOH
(em. (VIN,1.2) u (VI1,1.3)

1 e I _
=W =it (=V—=1j=F1:..,Fk, (13

Uy = %—(95_x + z,) = Re z,,

1 (1.4)
d,:Timx(xx—-x_u)z — o Imz, - x=1,...,k),
rme o, =—o, (®=1,... k). OueBngao nmeem
Ty = Ty x=1,... k. (1.9)
Hocae npeoOpasoBaHHI HOJYYHM
i K k
dtv = i, + Za;hx;xh + Zb;mxjxhx, +... (1.6)
—k —K

(v=F1,...,3k).

Bynem pasauuaTh caydanm:
a) Ecam mpaBas gacts (1.2) cofep:RUT TOJIBKO DA3IOKEHHAA IO

Uy,. .., Ug (1. €. JaA GopM BTOpOil W TpeThedl cTeNmeHH IpaBasd 9acTh
(1.2) coctomr nMmMb U3 HePBOH M BTOPOH cyMM), TO Kod(PUIHeHTH
@n, binr. . . B (1.6) wucmo muumwe [227].

Ecan npaBaﬁ gactp (1.2) COJIeP/KAT TONBKO DABIOKEHHA MO
%y, . . ., %y (7. 6. g GopM BTOPOH M TpeTheil cTemeHMm IpaBas YaCTh

(1.2) cocrout ammb B3 TPEThEH U JETBEPTON CYMM), TO KOPPHIIenTEH
¢popm uermoit cremenm B (1.6) (Haupmmep, aj,) — 4UMCTO MHHUMEe,
a xooppumenTs GopM HeUeTHOH cremeHu (Hampmmep, bin) — Belle-
CTBEHHEIE).

B) Hanmume TONBKO mMEPEKPECTHHIX WIeHOB (mOCJHeRHHE TPH CYM-
Mbl) B (1.2) mpuBeier K BeINeCTBEHHHIM KoddunmenTaM OpH KBajpa-
raganx wieHax B (1.6); npegmocaenmss cymma B (1.2) Taxske mpuBefer
K BeImeCTBeHHHM Koapduinuentam B opMax rperbeii crenenu B (1.6),
a mocmerassa cymma B (1.6) — K wmCcTO MHMMEIM Ko3pdunmenTam B
¢opmax Tperseir crememm B (1.6).

1.2. IlpnBenenne k HOpMaabHOU dopme, PacCMOTpnM BelecTBeH-
HYI0 ABTOHOMHYK) CHCTEMY 9eTBEPTOr0 HOPAAKA B IPEJIIOIO;KeHHH,
9TO JUHeHHAA 4aCTh CHCTEME], IMEIONIAsA JBe HapDH pPAa3iHIHLIX COI-
PAMEHHBIX 9HCTO MHHEMHX COGCTBeHHHX SHAYeyHil, mIpHBeJeHA K
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IUaTOHAJIBHOE (opMe

v v ‘
+ Za,-hwjxh -+ ijhxxjxhxk + ... (2.1)
(v=F1,F2)

Hmxe HHAGKCH CYMMHPOBAHHMA BCIOAY NPHHMMAIOT 3HaUeHnms -+ 1,
+2; A, = A,, He Hapymasd oODHOCTH, DOJOKAM A4 = — i,
M=1i Aya=—Rxi, A =M (0<<r<<1); xodpPunmentH aji,
biniy- - -, BOOGmE TOBOPA, — KOMIUIEKCHHe (cM. m. 1.1), mpuuem,
IOJYE€DKHEM, H, CHMMETDH30BaHHEE

v v v -

anj = ajp, byny = 1i. d. (2 2)
rjie, HAIOMHHM, {aﬁ . ®} obosmagaer MOy mEPECTAHOBKY ;-
cext o, B, ..., o 1. d — idem (10 K€ camoe).

ITo ocmoBHoit Teopeme A. II. Bpiomo (um. V, 1.2) cymecrByer 06-
patuMas KOMILIEKCHAsS 3aMeHa IEePEeMEHHHX (Hopmannaymmee npe-
o6pasoBanue)

2j = Y; -+ Dodmyiim + SBlwnyimtn + - - (= F1, F2), 2.3)
(azn.l = ai”ﬂ'h ﬁ'(?lmn) = i. d.),

npHBojiAaman cucreMy (2.1) K HopMaabHON ¢Qopme

B+ o 2 gy iy Sy (2.4)
(A, Q)=0
(v="TF1,F2).

3necs
Q = (9-1, ¢1, 92, 2)%
(A, Q) =2raga + Mgr + Aoge + Aygp =
=i l{gx — 4-1) + 4 (g2 — g0)),
g-1, Q1 -9, Js CYTH LEJIbIe YHCHA HWJIW HYJId, ODPA B3TOM ¢, > — 1,
a OCTaJbHHE ¢; — HEOTPUHATENBHH (¢ + ¢1 + g + ¢ > )

Wrtak, B HOPMAJbHYI (OPMY BXOTAT TOJNBKO DE3OHAHCHIE UHAEHbL,
TIOKA3aTeNIH CTEmEHedl KOTOPHX YAOBICTBODAIT PE30HAHCHOMY Ypas-

HeRuIo
(A, Q =0, me g —ga+A(g—9,) =0 (2.5)

PaccMoTpAM BOBMOKHOCTD HOABJEeHHA B (2.4) PE30HAHCHHX die-
HOB r-#i CTeHmeHM, NI KOTOPHX

g1+ ¢+ gt g=r—1 (r>2). (2.6)

Ypapuenne (2.5) mpm awbom A& (0, 1) pomyckaer mpusuaavhoe
peuierue -

g1 =G, G-3 = Gy (2.7)
6 B. M. CrapKuUHCKEHA
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B HempueuaabHoe peuleHue

A= %1_:%;_; (2.8)

mocjaeHee B CHIY ycnomm 0<<A<<1 m (2.6) compoBompaercs or-
paHHYeHEAMHA

0<|9—1—‘]1|<|92—9-2|<n (2.9)

Oqduidga KBagpaTHUYHKX 9YaeHOBR(F = 2) TPABAAIBHOE
pelmeHMe HeBO3MOKHO (Tak e Kak w BooOme fas ¢opM d4eTHO# cre-
memm), u6o B cany (2.6) m (2.7) cyMma OBYX UeTHHIX UACEN HE MOIKET
PaBHATHCA HEYOTHOMY 4dCHY. HeTpHBMAIbHOE peIIeHHe BOBMOKHO

1 .
JMIG TPH A == - M JaCT HaM JUiA Pe30HAHCHKIX 9IEHOB yPaBHeHH
(2.4) cooTBeTCTBEHHO

Q—l = (_17 01 27 0)7 Ql = 0 ‘—1 O 2)7
Qe=(1,0,—1,1), Q= (0, 1,1, —1).

Ina uwmemoB TperThell cremenun (r=2J3) TpmE-
BHanbHOe pemenume (2.7) mact Ham

QV = (17 19 0¢ O) 3 QV = (07 Os 17 1) (‘V = q:1y :Fz)‘
HeTpKBHaJILHOB pelieHre BOSMOKHO JIMIIb DA A= —;T H DacT HaM Jiasa
PE30HAHCHLX YWICHOB HOMOJHATENBHO K TDABHAJIBHOMY pemenmo eme |

Q. =(—10,30), Q = (0, —1,0,3),
Q.=(,0,—1,2), Q=(0, 1,2, —1).

Bakawuenne Ecam B ypapauenusax (2.4) orparmaaThCA Lie-
HaMH [0 TpeThell CTemeHHW BKIIOIATEIHHO, TO OCHOBHAA TEOopeMa
A. 1. Bposo (um.V, 1.2) mnpmeemer K CAeAYOMMM HOPMAJBLHEIM
dopmam:

1 1

a) Ilpu orcyrcTBEEM TJIaBHHX pe30HAHCOB, T. €. IDH ?»:/:—2—, 3
(o6mumid caymgai)

dy, g e .
T = My + 8YW +hYYs Y (v =TF1, F2). (2.10)

6) Has HnepBOTO TAI4aBHOTO pPe3oHaHCA
( A= 5) B Kaxnoe m3 ypasuernmi (2.10) caegyer mobaBaTh cupasa mo
ONHOMY UIeHY BTOPO# CTeNEeHH, COOTBETCTBEHHO

f—lyEZ’ flyg’ f2¥Y-1Y2, falY1Y—. (2.11)

B) Jlia BTOpPOTrO TIaBHOTO Pe30HAaHCA (7»::%)
B ypaBmemmm (2.10) ciaenyer RoGaBETL cumpaBa IO OZHOMY WIEHY
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TPerbeil CTemeHH, COOTBOTCTBOHHO
3 3 2 2
1Yo, €ils, €-9Y-1ls, €2Y1Y-o. (2. 12)

1.3. Boiumcaenne Ko>(POUIAECHTOB HOPMAIA3YIONIEro NpeoGpaso-
Banua u HOpMaabHBIX gopm. Hopmamrmayromee npeoGpasoBanue (2.3)
mepeBojuT cucteMy (2.1) B ropMaxbHyIo dopmy (cm. (2.10) — (2.12)).
IIpencrasue mocaenmiol B cEMMerpmaoBamaoM Buae (V,3,1.3a),
mpueM K OCHOBHHIM TokmectBaM (V,3,1.6). Ilamee caexyem aiub-
tepeatape o. V,3.2.

HomycraM cHavaia, q'ro:k:é % . Torma A, = A + Ap, (v, I, m =

=41, 4+ 2) B axa KBagpaTAYHHX KOPPUOUAEHTOB HOPMAIH3YIO-
mero npeofpasosamms copasegnusa Qopmyraa (V,3,2.2)

v
Dm

v / > 42 !
= mEReTE (WAmeFLFR ARG @

6e3s MHHX OrpaHHYEHAH (LE (0, %) , (—;— , 1)) .
Ipr A = - EMeeM, 4TO Ay = A + Ap, TOrmal m; TONMBKO TOTAA,

gorma v, I, m = —1, =2, —2; 1,2, 2; — 2, {—1, 2}; 2, {1, —2}.
BuGepem

-1 1 —2 2
a’—z—z’ 0‘22’ 0‘{—12}’ au—z}

a100sME (DPENOYTHTENHFHEE ONPENEJeHHNMA 0 HEeNPePHBHOCTH M3
1
dopmyas (3.1) mpua A — —-, ecxm 910 Bo3MOKHO, WK HYIaMu). Il oc-

2
TANBHHIX Oy, cipaBennumBa gopmyrna (3.1). Kosddruments: mospmsio-
MEXCA UPHA A = ~ KBa[PATAIHELX WICHOB (2.11) ompepeasarcs mo dop-

myaam (V;3,2.4)
fa=93,=0a3,, h= P = Ty

2 =202 =2a2, fo=29%, =2a.

(3.2)

IlepeitmeM Temepr K KyOmdeckmM wieHaM. JlOmycTEM CHadgaJa,
910 A 7= % . Buigenwm 3magwenus v, I, m, p, UpE KOTOPHX A, = A; +
+ Am + Ap, 910 OymyT

v,l,m,p=w,{l, —1 v} v,l==F1,F2), 3.3)

H IIOJIOKAM
Bi-tm =0 (v, I =F1, F2). (3.4)
6*
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Hdasa ocranbHHEX 3Ha4YeHHW#E v, [, m, p cupapegnmsBa ¢opmyra (V,3,
2.3), 1. €.
1

v A4 2 - . \
Bimp = A FA, A=A, [blm” +3 Z (@505, + 05,07, +

i=+1, Fe
1 a? ai )] (3.5)

ip Tlm

W, I, m, p=F1 F 2 I, m,ps {l, — 1, v}).
Ilockonbky Boobme [ = F v, F (3 — | v|), To mua xoapdunmenros
DPH WIEHAX TPeTheil CTemeHd B (2 10), cooTBETCTBYIOIIHX BHAEIEHHBIM
3HAUEHIAM HHAEGKCOB, OyHeM WNMeTh IpPH A== -% mo ¢opmyde
(v,3,2.6)

& =3y =30+ 2 X (alel,+ alyad),  (3.6)

j=%F1, F2

hy = 6%y, a-p, (-3 = 603 51, -3 + & 2:2 (@3 %, 191-3 +

1=

’

4y 1%, v T Woyos, 1%, )
<v =F1, F2; hF+ \

Iprh = % HAJJIEKAT BOCIOMB30BATECA d)opMyJIaMn (V,3,2.5).

Ocraerca paccMoTpersh ciaydail B) m. 1.2:} = —;)— . omoxnrurensuo
K (3.3) A, = A + Ap, + Ap mpm
v, l7 m, p = '—17 —27 _23 —‘2; 17 ‘?‘s 27 2;
—2,{—1,2,2) 2, {1, —2, —2}
i MB BHOepeM
-1 1 -2 2
209, Paass (Croans - Pli-e-e)
mo6uMu (IpeAmoYTHTeIbHEe OIPENeJeHHBIME . 10 HeIIPePHBHOCTH U3

dopmyasr (3.5) mpEd — % , €CIIE 9TO BO3MOKHO, uyd Hyaamu). Koad-

QUIMEHTH MOABIAIMAXCA HpA A = %Ryﬁnqecunx qrenoB (2.12)
ompepessitca no gopmynam (V,3,2.6):

€= X:;—2—2_ =bg o+ 2 . 2 a—éaa—z—z,
j=%F1, F2
ey = Yaz2 = bass + 2 Za;ja;m 3.7
i
o = 3)(:%22 = 3b:§22 + 2 Z (a:lja;Z + 2“2—]?(1];12)7

ey = 3%i-3-3 = 3bjg-2 + 2 Z(a 1% 22 + 2“—2;(11-2)
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ITpr mwobom A & (0, 1) swumcaenns maumaawTcs ¢ dopmya (3.6)

a npuh = - — ¢ dopmya (3.7), m yx 3arem (3.6)) m sakaHUABAIOTCA
3

dopmynamz (3.5).

1.4. Kpnarepnii A. M. MoauaHOoBa ycroifzapocTn KoineGammii. 13-
pecTHH meciaegosanusa I'. B. Kamenxosa [54], r. I m U. I'. Mauakuna
[798] ycrofiumBocTE B KPHTHYECKOM CJIydae ABYX Iap YACTO MHHMEIX
KopHEH. 3mech TPEANOYTATENBHEE BOCIOJB30BATHCH KDPATEPHEM
A. M. Moxwanosa [2986], oTpaskaiomum cuenuduky HopMaabEHX GopM
M BOSHEKAOIWX PE30HAHCOB.

Bynmem remeps npepgnosxarats ), cenys m. 4.1, mepemenHHe monap-
HO KOMIIIEKCHO-COIDSKeHHEIMH !

Z_; = xjy Yy-; = g]' (] = 17 2)

. LJ [ - (7 i 1 1
Paccmorpmym’ o6muit cryqai (K + 5 -3-> Yuuoxas ypasuerus (2.10)
COOTBETCTBEHHO HA §, B CKIAAHBag MX IMOHAPHO, IOJydJaeM

2
Uul 2 Regi|ya ]t -+ 2Reha ] 1 Pl sl
dlya i / (1)
3t =2 Behgly1'2Iy2I2+ ZReg«z‘ygl4.
JiA HeyCcTOHYWBOCTH COTJIIACHO ONPEHNEICHHIO, MOCTATOYHO 3a-
METATH OFHY HeyCTOMUMBYIO TpaekrTopmio. Ilomaras y, = 0, a 3atem
¥y, = 0, mosmyamM, 4T0 NpH BHIOJHEHWH JII000r0 W3 HEPABEHCTB

Re g; > 0 xm6o Re g, >0 (4.2)

TPHABHAJLHOE peImeHme cHcTeMH (4.1) meycroiumso.
B sToM nymkre masee OymgeM HpemoiaraTh
Reg1<0, Reg2<07

ocrapaaa caysaii Re g, = Re g, = 0 pmna caepymomero IyHKTA.
BremeM HoBHE 3HAKOOIpeJeNeHHHE (HEOTPHIIATEIbHEE) IeDeMeHHEIe

v1=—2Be'g1]y1|2, v, = — 2 Re g, |y |?
H 3anmimeM cHCTeMY ypapHemmii (4.1) B Buge
dv dv
d_-rl = — vy (11 + avy), d—; = — vy (bvy + vy), (4.3)
rme
__ Rehy __ Reh
- Re &a ! - Re g1

(samoMHEM, 9TO &y, L, 1, By ompeneasiores dopmynamm (3.6)).
Kpurepnit A. M. Monuanosa [2986]. Heycmoiiuuenie cucmemsi (4.3)

JAexcam Huxce ompuyameavnoli semeuw zunepboavt ab = 1. Buwe npsa-

Mol @ + b = — 2 naxodumcs obaacmb MOHOMOHHOU YCMOUHUBOCTIU.

1) B om. 1.2 7 1.3 5710 mpepmosnoKkeBre HEOGA3ATEILHO,
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Hoxasarexscrtso. Ciroxmp ypapHem:Esa (4.3), moaywmm

(v]dr s (Av, V),
rge

1
— —s(a+1D)
v (0 . A= 2
( ) ——%(a—}—b) —1

HamomunM, 4To v; B U, — HEOTPHUUIATeAbHHE mepeMenntie. llosTomy
YCIOBAA OTPHLATEIHHOH OIPENIeIeHHOCTH MATPHUIH A ABIAKTCA
OOCTATOYHLIME YCIOBHAME ACHMOTOTAYECKOH yCTOHYABOCTH TPHBHAIB-
Horo pemenns cucreMu (4.3). Ilocmemmme ke mpuBOAAT K HepaBeH-
cTBaM

—2<<a-+b " a -+ b<<2. (4.4)

IoxaskeM, 9To BTOpOE ycCaoBHEe Moer OwThL cHato. Paccmorpmm V-
P yHKIUIO :

1
V= "2'(171 + vs)?,

ABIAMYIOCA [if HEOTPHOATEIBHHX NePeMeHHHX U; H U, Ompele-
JeHHO-NOJOMHuTeNbHOMW. IIpowsBonnas ee, B3sarasa B cmay (4.3), paBHa

g}‘_’_z ;vg_(a+b+1)v1vz(v1+vz)—v%

1 OyIeT OmpPeeleHHO-OTPULATENHHOE NPH YCIOBHHE
a+b+1>0. (4.5)

ITo Teopeme JiamymoBa 00 acEMOTOTHYECKOH YCTOMYHBOCTA NpHA -yC-
aosuu (4.5) TpmBHasbHOE pemeHne cHCTeMH (4.3) acEMOTOTHIECKH
ycroiiauBo. M3 yemosuit (4.4) u (4.5) ocraerca ofHO,

a—+b>—2,

9T0 ¥ JOKa3HBaeT BTOPYI NOJOBHHY KpHTepHA.
Ilepeiizem k MoKa3aTedbCTBY €ro HepBoil HMOJOBWHH. bBymem mc-
KaTh pemeHHA cucreMH (4.3) Bmaa

ve =vw () (@) >0,% =1,2). (4.6)
IMopncraBnsas s1E BHpaskenms B (4.3), 6ygem mMersh
dv -
a—f—:mﬂ, v (0) =1,

0
— 1) —ah = o, — b — v, =oa.
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Orcroga maiigem

o _ O(a—1)

v po = 20D

17 4-—ab 2 T 1 —ab

IIpr 6 > 0 pemenne (4.6) crpemurcs ¥ GeCKOHEYHOCTH NPHA T —> 0O.

Hockoabry v{ > 0 m v) > 0, 10 yeaosue o > 0 6ymer uMeTb MecTo
HIPH BEIIOJHEHAN HEPABEHCTB

ab™>1, a<<l, b<1,

YTO ¥ [OKA3HBAET MEPBOE YTBED:KIEHHE KPHUTEePHS.
IHpumewanmume. A. M. Monwamos yTBep:KgaeT TaKke
([2986]), uro Memxny orpunatenbHOl BeTBBI0 THnMepbonn ab = 1 m
upsmMoit @ + b = — 2 pacnonoskenkt $OPMaJbHO YCTONYMBHIE CHCTE-
ubl (4.3), pemieHHA KOTODHX MOTYT, OJHAKO, BO3PACTATh HEepel TeM
KaK HavaTh 3aTyXarh. CTemeHpb «PACKAYKHY B TaKUX cucTeMax rpy6o
oeHuBaerca uucioM | a | + | b|. fcuo, uro mpm Goxpmoit «packad-
Ke» TaKHie CHCTEMBI MOTYT OKAa3aThCA NPAKTHYECKH HEYCTONYIHMBHIMH.
1.5. Kpurepuii 10. H. BuGuxkosa — B. A. Ilamcca. B cayuae
a) o. 1.1 xosdpdumuents g, u b, (v = F 1, ¢ 2) cucremu (2.10) —
4ACTO MHHMBIe, T. €. Kputepuit A. M. MomnvanoBa 3aBeoMO OTKa3H-
Baer. BruinuimeM B 5TOM clydae BTOPOE M 4eTBEPTOC ypaBHEHHE CHCTe-

it (2.10) (A€ (0, 1); A== —5-, —5=) B BuKe

d . R 5 ; y;

D~ i+ i (B P St 2) + 141,
d . . [ h

= e (vl P g ) + 14

Cuctema (5.1) ects wacTHHIl caydail cmcremmr (1.2)
B npumenenmn k. (5.1) Teopema 10. H. BuGurosa — B. A. Ilnucca

[227] mpuBopuT K ciexylomeMy kpurepuio: Ecau A — uppayuonasb-
noe u (cm. (3.6))

(5.1)

1
<& T h

J = 1 1 = — (g182 — hah2) F 0, (5.2)
T T

Mo ROYMU 6CA» E-0KPECMHOCMb HAYAAL KOOPOUHAM 3ANO0AHEHA NOYMU-
nepuodutecKuMU OSUNCEHUAMU, M. €. NOAONCEHUE DUSHOBECUS (NpAK-
muueckuy yemoiiwugo no Jlsanynosy. '

§ 2. 3agaua A. [0. Nuumnckoro

W3znosxenne B oo 2.4—2.6 me sasumcur or mm. 2.2, 2.3.

2.1. IIpeoOpa3oBaEne ypaBHEHRII ABMKEHHS K JANYHOBCKOMY BH-
ay. B monsorpagum A. 10. Mmumuackoro ([52a), npmaosxenme 2) mo-
JIydeHbl TOYHHE (B PaMKaX NPEUECCHOHHOH TeOPHH) YpaBHEHHSA IBH-
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xeEnsa (40) 1) rmpockommuecKoil paMB UYBCTBHTEJIBHOTO BJIEMEHTA
TAPOTOPH3OHTKOMIAca OTHOCHTEIbHO T1pexrpamauka [ap6y. Bn-
OHUIIeM 9TH ypaBHeHus B upepmoaoxenmsx (17), (41), (47) m B momomx-
HATEJIHHOM IIPEJUOTI0KEHMN 0 PABHOMEPHOCTH HBW;KEHHS TOIKA HON-
Beca mo cdepe:

da mlvw S dcos
dt ~ 2Bcose 0 ¢C v
s cho 8tgﬁcosy—l——-cosoztg[fl—-co
dp__ mbvo mgl
2 " 3Bcose COS(I COSﬁS]nY-{— M—BSIHﬁSIH’V —ITSIH(I,
1.1)
dy __ 2Bcese  mlva cos a sin B cosy —
= T miR 9B cose v
__mgl sin? B v cosa
2Bcose cosf cos Y R cosP ’
‘f;’t - 2;”;?:;’8 (sina cos y -+ cos a sin f sin ) +
+ 2Bsmscosﬁsmy.

BameraM, uro cmcrema (1.1) — ob6parumas ({-WEBapHaHTHAA), T. e.
He M3MeHseTCA IPH 3aMeHe o Ha —a, Y Ha —p # ¢ Ha —¢. Caepys (45),
(19), (20), momoxum B ypasHemmsax (1.1)
1 l
22 A (cos g = ';I;J < 1) (1.2)

— g, e
& 07" 2Bsine,

u, orpaEnduBafch B ypapHemmax (1.1) wmemamm o Tperweii cTemeHA
BRJIIUATENbHO, 3ammmem cacreMy (1.1) B Bmpe

— NB + mA———ma2+m<1 —}——K)AH—NBA—-

dt
L
— 2 wotA o (1 +-E—K>A3+N<’1 + 4 K)Ba?,
‘Z_‘?.: — Na -+ o'+ NBI + oA +
+ 4 Na*— el + @<1 + —g-K) T'A® 4 NBTA,
' (1.3)
O~ 0B — NA+—§_Na2—NBZ+—§-NKA2—mBA +

1 s, 1 1 N
- NKA? 4 00®B — m(1/+ - K) BA* — NB2A,

1) Belony Hiske GOPMYJB C ONMHAPHOH HyMmepammeil OTHOCATCHA K [52a].
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42— — a4 NT + 0KaA — o - B — NKTA —
1 1 \ 1 \ P
—co(TK + K2>aA2 + 400 + NK (T+ K)I‘Al.

3nech BBeHEeHH IlapaMeTpHL

me{2y2

. g v 2
Nz:_ﬁ_, V:T’ K:m:ctg €o (1.4)
H nepeMeHHbIe
N N
o B=2p r=2y 4, (1.5)

a TaxyKe 3[eCh M B JajbHeilimeM npeneGperaerca Beamumuodr V2 mo
cpasaenuo ¢ NZ%:

V2 v P

ITpu cropoctax v Touxku moxseca Ko 100 m/c mocnennee osnavaer, YTO
or6pacuBarorca Bexmuunabl Menbme 1,5.10-% mo cpaBHeHHMIO C eUHH-
neit. CobGcTBeBHEIE 3HAYWEHHA MATPHIBI A JHHEHHON dYacTH CHCTEMBI

(1.3) cyrs
FWNV+o)i, FIN—-0|i =y=1. (L7

Marpuna S; aureiinoro upeoGpasoBaHusa, UPHBOIAMIECTO JNHEHHYIO
gactp cucreMH (1.3) K JwaroHaibHOMY BHWAY, COCTAaBJIeHa, Kak H3-
BECTHO, B3 COOCTBEHHNX BEKTOPOB MaTpHIB A WM paBHa

1 1 1 1
. —i i =i i
S, = -1 4 1 (1.8)
—i i i —i
Herpynro Bemmcats MaTpuny S, JmmEeNHOTo npeobpasoBaHus, HpH-
BOASANIET0 JUArOHAJBHYI CUCTEMY K JIANYHOBCKOH KOCOCHMMMETDHY-
HOK (opme:

1 ~1 0 0
1t 0 o
Se==lo 01 —
0 04

Marpana S peayastEpylomero mpeo6pa3oBaHEA paBHA

1 01 0
- 0 —1 0 —1
S=8:8, = —1 01 0

0 —1 0 1
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Nrak, cmenaem B cmcreme (1.3) nmHeiiHyo 3aMeHY HBpBMeBHbIX
(BbummeM pagoM u o0paTHO® npeo6paaonanne) '

a=8+¢f B=—m—3 I'={~-§ A=y5x—n(19)
((= g @—Dhin=—5 B+,
°=11—(a+F),x=%(A—B)>-

Takum o6pasom, ypasrenus nBmxenns (1.1) B upexnomnoxennu (1.6)
M OpHM COXPAHEHHH WIEHOB [0 BTOPOH CTemeHd NePEeMeHHEIX BKJIIOUHU-
TEJIBHO, MOMKHO 3a0UCATh B HOBHEIX (Takke Ge3pasMepHHIX) mepeMeH-
HBIX B BHJE CHCTEME

d 1

=B (1K) W

: 1 1
K+ (K ),

an

W:EJ"J—[K—“}:TI—([&-_MC“{ + (1 —AKYNE +
-+ A (1 + K)Lxl,
%=~kx+%k(§+ §>2“%?»Kn‘z~k(1_+%l(>x?+ (1.10)
+<—;—?»K—1>nx,
LM b = A+ B (K — Wi+ (ARG
+ ML — K) L]

3mecs BBefieHO Ge3pa3sMepHOEe BpeMs

T=(N+ o)t (1.11)
U cojep:karcA jBa Gespasmeprnix mapamerpa: K (cm. (1.4)) u
AV - .
xzﬂ% (0 <A< (1.12)
(MoskHO paccMoTpeTh U caydail @ > N, seexs A = —1). 3ameruy,

qro cucrema (1.10) o6paTumas ({-uHBapHaHTHaA), T.-€. He H3MEHACTCH
opu 3aMeHe § Ha —&, { HAa — { M T HA — T.

2.2. TIpeoGpasonanme cHCTeMBI JSADYHOBCKOro Bmaa. Cmcrema
(1.10) sBnsercs cucremoit Jiamymosa ([77al, §§ 33—45), ecam oma
HOMYCKAeT aHAJUTHYECKHH M 3HAKOONPEJeJIeHHHH B HEKOTOPOH OK-
PeCTHOCTE HYJEBHX B3HAYCHWH nNepeMeHHHX mepBhil muTerpai. He-
TPYAHO HPOBEPHTH, uro mpmE A & (0, 1) cmerema (1.10) momyckaer B
paccMaTpEBaeMOM ~ OPHOGIMIKEHHH BHAKOOOPENeJeHHB X HepBHHA
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uHTEerpaJa
H=8+n+ 0+ K@ — )+
+ g€+ L — 3K — o X (8 + & — 3Kn) +
+EM—n+A=p  @>0. (1)

Opmako, DOCKONBKY He YCTAHOBIGHa CxoquMocTh (2.1), 1o cmcremy
(1.10) OymeM Ha3HBaTL CUCmEMOL AANRYHOECKOZ0 BUOQ.
OcuoBniBasick Ha warerpaie (2.1) u mogcranoBke JlsmyHoBa

E=pcos® m=9psin® =pz, % =pz, (2.2)

B 1. I, 1.1 yrasaHo apeoOpasoBaume cucTeMH JIAmyHOBa K HEaBTOHOM-
HOH KBa3WIWHEHHOH cuCcTeMe, IPU KOTOPOM IHOPAMOK DOHWKAETCA
Ha nse egmEuns. OGoszmaunmM KBagpaTudHse (4 (Gojee BHICOKHE) die-
vl B ypasueHuax (1.10) coorBercrBemno uepes

EEM LY HEN LY, ZGEn 6%, XEn Ly
K BBHYMCIEM QYHKIUK

P (p, ®, z,, 2,) = p~2 (8 cos ¢ + H sin 9),
O (p, 9, 21, 2) = p~2 (— Esin ¥ + H cos 9),
Zy (p, 9, 2z, 2,) = p~?L — 7P,
Zy (0, 0, 21, 2,) = p?X — 2Pl
Bynem nMers

P — —(2 4 3K)sin 9 sin 20 + - (1 — AK) z sin? ® +
—1—%(?\,——2K)z2siﬂ26——£—(cosﬁ+;1)2cbsﬁ+
4 A+ K) zyz5in 0 + - Kzdcos § + 0 (p),
o=—(1 +-§71{)sinﬁﬁ + - (K — 1) cos § sin 20 +
+—i-(i—XK) zlsin2ﬁ+<—;—K —x>zgsin21‘}—{—
—{———;——Lk(i + K) zlzzcosﬁ—%Kzgsinﬁ—
. %_(K + A)zgc08?§ + —i—(cosi} 4+ z;)2sind +0(p), (2.3)
Zy = — - Khsin® 8 + (- K — 1) z25ind +
+ %h(cosﬁ + zy)? ——g—(l — MK)zysin? ® —
—%—(2+3K)zlsinﬁsin2ﬁ+%(21{—}&) 2129 Sin 20 —
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—?»(1 +%—K)zé—i—%(c'osﬁ—{—zﬂ%wosﬁ—— ’
— A+ K) 22y 8in ® — - K232 cos © + 0 (p),
Zy = — 5 (14 K)sin 20 + - (1 + AK) zy sin® +
o (K—?\.)zgcosﬁ——(Z—}—3K)z231m‘3\81n2ﬁ+
—{——.Z—?»(i—l{)zlzg——2—(1-7»K)z1z2sm21‘}+
4 (2K — W) 23810 20 + - (cos &+ 2)? 2, cos d —

— A1+ K)zizsint — - Kzlcos 8 4 0 (p).

B pesyubTare mpeoGpa3oBaHus ME IPH/EM K HEABTOHOMHOI KBa3H-
auneiiHo# cmcreme Bmpa (I,1,1.9)

d 1
df&.l = —. Kzz + p‘(i + Z% + Zi)—“ [ZL (O’ '&v 21, Z2) +

+ }\'Z2(H) (‘), ’ﬁ'l 21, Z2)J + 0 (P‘Z)y (2~4)
d22

e = =Azy +p(1+ 2 + Zz) [Z5(0,9, 21, 20) —
—}\411@()7”&, thZ) + 0( )

K cncreme (2.4) MO3KHO IPUMEHHUTH Pa3JUYHEIE METONB MAaJIOTO mapa-
MeTpa. 3@ech OCTAaHOBUMCH Ha ogHoM M3 HmX — Metone Ilyamrape
([107al, 1. I, ra. III) ompenenerus mepMOAMYeCKHX PeIIeHHA.

2.3. Ounpepnenenne nepuoMuecKux -pemennii. BynemM mcxarp ie-
pUojnvecKue pemeHus cHcTeMHl (2.4) B BHJE

20 (8) = 20 (8) + pzy (8) + w2l (9) + .

) =@ +pd @) @) ..., D

U TONCTABAAA JTH PAAB B (2.4), moayYyuM CHCTeMH ypDaBHEHHH JJisi
OTIPefeCHAA 7., Z9 M 2y, Z:

dz? dzy B
=, b=l 5-2)
dz} 1 02 0‘z 1 Y 0
—=—ha+ (2 +2)[Z 0, 0,20, z3) +

| + 4290 (0,9, 23, 291, (3.3)
dzt

T =M (U 4 2D 2y(0, 9, 28, 29) — A28 (0, B, 2, 29)].
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O6mee pemenue cracteMsl (3.2) aBaserca I'(A)-mepuonaveckum:
2} = C cos M + D sin M, 2z; = —D cos A% -+ C sin A8, (3.4)

Pemenue (3.4) moskHO paccmarpuBath M kKax ¢7(A)-mepmojuueckoe,
rae g — no6Goe HarypanbHoe umcio. IIpaBsie wacTw ypasuenmit (2.4)
(1 (3.3)) 3aBuCAT OT ABHO He3aBHCUMOIT IePEMEHHOIT U DTY 3aBUCAMOCTH
MO’KHO PacCMaTPHBATh KaK 2pi-IepHOAMYECKYIO ¢ JI0OhM HATypajb-
mEM p. [losromy pemenue (3.4) GymeT mOpPOMKEAMIEM AIA 2pm-
IepPHOINIECKOTO PEeIIeHusi cucTeMsl (2.4) TOTIa H TOJIBKO TOr[a, KOTrAa

qT (\) = 2pn mim A= —‘1’; (3.5)

rae q/p — aw06ast MOX0KUTEIBHAA HOCOKPATAMasl IPABHAbHAA 1POGH.
Ceegem cucreMy nuddepeHnmanbHux ypasHeunit (3.3) mis mepBmIX
[OIPaBOK K OJHOMY YPaBHEHHIO OTHOCHTEIbHO z,; yunmthBas (3.4),
6yneM mMeThb

d21
2

Azl = (1 € DA 2y (0, 9, 27(9), 23(9)) +
+ 7\422‘(2’5 ) (Ov [8'7 Zy (ﬁ)v z2 (ﬁ)) - 7\122 (01 07 Z?(’l‘)), Zg (l&)) _{"
+ 232290 (0, 9, 20(9), 2 (ﬁ)] ) (3.6)

BramenuM OpaBylw ¥acTh 3TOT0 HEOAHOPONHOTO YypaBHeHHs, 0603-
Hauag ITPHXOM HOJHYI HPOH3BOJHYI 1o ¢

Zy 4+ A0 — AZy 4 202200 =
S :_G(WK 1 26A% 4+ 320 — 3K 1) 20 sin® +

+—1%(6>;2K+6;2—9K— 9) 20 sin 30 -
+-f—(5m_15x_ 16)23 cos § 4 b (1 + K) 23 cos 30 +
4 T(_ 2A3K + 302 + 40K — 4)z)sin 29 -+
+ —i—?ﬁ(kl{ — 2)2Y sin 20 — =22 (9 + 3K +12) 2828 +
(3%3 — BAK — 4) + 4K) 2323 cos 20 —
———i—(Z?ﬁK—ki)zl sind 4 -4 (62K + 62 — 4K — 5) X
X z‘fz‘; cos ¥ -+ %(2}»2 + K) zgzg2 sind —
— %7» (2MK + 202 — K) zg3 cos U 3.7
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Heogaoponnast gacts ypaBHenus (3.6) cogeps<arT TPHTOHOMETDH-

geckue QyHKmEH O ¢ KDPYTOBHMHA YacTOTaMHU
pP—4q 2(p—q p—3g
a) =L, ) 20 g leo 3l
r) Pty 3p+4q Sp—aq o 20+ 2q p+3¢
r r p 7 p oop? p

BhuisichuM, Korja oHA H3 9THX YaCTOT COBIANAET ¢ KPYIOBO# YacToTOR
g/p NMOPOMKAAIONIEr0 PENIeHAs:

=D 1 god p=3, A=
B) ”—_pﬁ=%, a=1 p=4 r=—;
3«;_;1) __:%, g=1, p=2, x:%.

B cayuae r) Takoe coBHmaJieHHe HEBO3MOKHO. B caydaax a), 6), B)
ypasuenme (3.6) momyckaer 2prn-mepHojmYeCKHe peIIeHHA UPH YKa-
BAHHHIX ¢ M p He Iid Bcex sHadyeHd#d C m D, a jums AAa TeX, OPH KO-
TOPHX YHHYTO;KaTCA 4ieHs ¢ sin (¢0/p) u cos (q0/p) B ypaBmeHHH
(3.6). Onmarko ypaBHeHHA IS <OOPORINAIONMX AaMIIHTYA» IPH

A= —2—, 5 3 AAIOT IMIIb HY/IeBHE PeIeH:s: C =D ==0. 3r0 03Ha1aeT,

9T0 OPH THX 3HAYCHUAX A HE CYMECTBYeT NePHOJHYECKOr0 peleHnAd.
IIpm Bcex MBEIX 3HaueHHMAX A, ompemenseMux dopmyioin (3.5), cy-
HIeCTBYeT MePHOAMYEeCKOoe pemende npd aob6nx sHagemwax C m D.

: 1 1 2
Hocaennee osnauaer, 4T0 BHe PEBOHAHCOB L= —7—, =5, 3=
pammonanbubix 3Hadenui A & (0, 1) meproguyeckoe pelnenne ABAACTCA
o0muM ¢ 9eTHIPbMA NPOM3BOJBHHME HocTosiHERIME C, D, p B {,.
B cmay (2.1), (2.2), (3.4) u (3.5) HasBamHOe peHIeH¥e 3alMBIETCA B BU-
ne (cm. raxome m. III, 1.2)

IJA BCEX

g:_m_lf'—z_—__r_f)—zcosﬁ—{—O(pz),
ﬂ=7ﬁ—%ﬁsmﬁ+0(w>,
- 2.9+ DsinL u?). (3.8
L= e (Ccos L + Dsin-2 0)+0(u>, (3.8)

N S K2 in-2 2
¥ = w_m( Dcospﬁ+cSmpﬁ>+0(u),
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HamomanM, 9T0 mepexof K HCXOXHHM NePEeMEHHHM OCYHIECTBIAETCA
oo ¢opmynam (1.9), (1.5) = (1.2).

OnHaKO KOJMYECTBEHHOS ONHCAHM® [BHEHMA IPOAIMOYTHTENb-
HOe NPOBECTH Uepe3 OPHBOJEHA® YPABHEHMA [BIKOHHA K HODMAJb-
HOI (opMe; K 9TOMY MH H IePOXOIHM.

2.4. IlpeoGpa3oBanue ypaBHEHHIi ABH/KEHHS K JIaroHaJbHOMY BH-
Ry u mopmaabHoi ¢opme. Cnemaem B cmcreme (1.3) nmueiinoe mpeo6-
pasoBanme, ompefeiasemoe marpunein (1.8) (sunmmem Hmxe m obpar-
Hoe mpeoOpasoBanme):

o =2z, + & + 25 + x5, = 2Re (2, + ),

B=i(—2z,+ 2 — 24+ ) = —2Im (z, 4 ),
(4.1)
I'=—2., — 2, + 2, + 2, = 2Re (z, — 21),

A=i(—z, + x + 2.y — 25) = 2Im (2, — 21);
z, =Yy la + (=1)T — iBsignv + i (—1)"A sign vl (4.2)
(v ==F1, F2).

Bgensa 6eapasmeprnoe Bpems T (cM. (1.11)), npanem ¥ cucreme ypap-
~memmi Bmpa (1,1.6):

I a2 (1K) 2 —1-(K— T)a? —
A+ K@ Dt (L + ) (2h— ) +
+ B K) 2z 4 o (K — 1)@+ M2z, —
— A K) @ — D) o ix(B—K)xlx_z_
— ——7n 3 - K)J1x2|+ (K — 1) z_pwof+ [3], (4.3)
95— iy (1 H K2+ A)2h — (L K) @ — M)l +
4 ?7“(1 + K)az% + T7»(7 — Kyt Tm — K)xz +
(= K) @ Dz, + —1-(1{ — 3)zazy +
+ K+ D) @A — D ayzy + 4 B+ K) 2y —
— —4-x(3 + K) 27y + [3].
31ech He BHIIECAHE YWIEHH TPeTheil cremeHd, 6o He BCe OHHE HOHAMO-

6ATCA B AaJbHEHINEM, a TaKKe IePBOe M TPeThe YPaBHEHHS, IOCKOIb-
Ky Z.1 = %1, _g = %y (cM. (4.2)).



176 HOPMAJIBHBIE ®OPMBI 4-T'O U 6-TO TIOPAIKA TJI. VIi¥

Ompepenum o)y mo gopmynam (1,3.2). Ouemmpgmo, 4To & ) ., =
=oym (v, , m =F1, F 2) m A3 uETBeDKH BEJIMUHH Oy, O,
@ )-m, Om.; (WIA HapH BEIHUMHB q;, ;) OyAeM BEIIHCHBATH
HIDKe TOJIbKO OfHY:

~ - 1. .
0, =05,= 3! (K—1),

-1 -1 -1 -1 2 =2 2 2 1. -
Oa1 == Qg == Ggg == 039 == Oy = Oy = Ogp = Ogp = 5= 1 1+ K),

- C _ ) 1.
Ay =0 g =0, = W= — <! 3+ K), (4.%)

- - i .
0y = 4 = <! (K — 3)1_

05 =0T = ok = af = +-i(1 — K).
ITH e 3HAUCHAA BHIOAPAEM IS G 3o A OL_sp ¥ IIPH A = L . Gopmy-
au (1,3.3) mamyr mam

f—1=f1=f-2=f2=O-

: 1
Ilocnenuee osragaer (cMm. kowerm. 1.2), aro mpu A = —- AHHYAHPYIOTCH

Pe30HAaHCHHE WIEHH, i HOpMaibHaa $dopMa C TOYHOCTHIO [0 WICHOB
BTOPOTO HOPSAAKA BRINYHTEIBHO

dy,
e = My (4.9)

M=2=i A =2,=A4; v=oF1F2)

o i
B paccMaTpHBAaeMOi 3ajade CIPABEANIHBA M A\ = —» T. €. JUIA BCeX

A& (0, 1) Gea 3TOro eMHCTBEHHO BO3MOKHOIO HMCKJIIOUCHUS,
2.5. Pemenue 3anaun Koum B o0mem Bume. OGmee pemeHne cu-
creMsl (4.5)

y=eVy, (0) v =F1,F2)

DO3BOJHT pemnTh 3afauy Homm B ofmeM Bue AjiA MCXOAHOM cucTe-
mu (1.1) ¢ paccMaTpmBaemoil cremenb0 NPHOIMKEHHS, PCHOBHBAACH
Ha opmynax sameHw mepeMenEHX (1,2.3), (4.1) m (1.5). Hanpumep,
IiA mepeMeHHO# a OymeM HMeTh

@ = 2Re (2, + z,) = 2Re [y, + y5 + 2 (@im + &m) Yilim] =
= 2Re [et*y, (0) + ey, (0) +
+ 2 (ohm + oim)e Ty (0) yr (O],
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OTKYJa HahgeM
%.a = Re y;1(0)cos T — Im y, (0) sin v + Re y» (0) cos At —
— Tm y, (0) sin AT — 2 2 (@b -+ afm) X
I, m=3F1, F2

x {[Rey, (0) T (0) - R o (0) Ty O] 08 3+ A+
~+[Rey; (0) Re yp, (V) — Im y, (V) Im y,,, (0)] sin—i—(M + M) r} . (9.1)

Ocraercs BHpasuTs KoHCTaHTH Y, (0) wepes HagaubHEE 3HAYEHAA
@y, Po» Vo» Ao Hexomueix mepemennsix. O6pamas (1,2.3), maiimem

yv (0) =2, (0) — Zajz; (0) 2, (0) + [3]1 (v = F 1, F 2),
a ncnonbaya (4.2) m (1. 5) MOy IBM

3 (0 = oo+ (— 1 +zsngnv[——ﬁo+ (— 12|} —

— TgZaJ’h {ao +(— 1) —V—Yo + L‘Slgnf[—  Bo+ (— 1)’,%]} X
x {ao + (— O - v+ isign [ — -Bo -+ (— 1) 20|}

Orcrona 6yI[eM HMeTh

Rey. (0) = 7 [o0 + (— )5 + |

tae Y, T oh{sienk oot (— 0w [~ Bt (—" a0+

j, h=T1, T2
+ sign jo0+ (— '] [— F Bo+ (— D]}, (5.2)
Im g (0) = o[ — 5o+ (— 1740 | —
_'1% 1. —t‘am {[%'F("‘ 1)3‘—Y0][%+(_’ 1%%’?0]*‘
i, h=7F1, F2

—sign (W[40 — (— Dida][4-bo— (— P&} (v=F AT 2.

CyMMupoBaHHe HpPOBEJEHO BCIOAY [0 S3HAYeHMAM HHIEKCOB -1,
+2. Amaxormumo (5.1) Moryr OwThb BHmmcaHm $opmMyas mis B, ¥
n A (z e; em. (1.2)). 3amerEM, 9TO § B Y EMe0T IO CPABHEHHIO C O
1 A mopagok V/N (senrmunra, KBAAPATOM KOTOpOI npeneﬁperanocb o
CPaBHEHHUIO C 6fHHUNPI), — PO3YABTAT, BOpOYEM, HONYUAEMHE 73 JB-
HeAHOr0o mpAGIMIKEeBH.

Tarmm o6pasoM, popmynst (5.1), (5.2) m (4.4) nalor mpepcTaBIeHAe
pemerna cucteMs (1.1) Kax mouTH-mepEOxMYECKOTrOo (IPH HWpPpPamHo-
HAJbHOM A) MJIH NePHONUIECKOTO (IPM PAanOHAIBHOM A).
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2.6. IlepsonavanbHele cy:Kuenns 06 yeroituusocru. J[o cux top B
HOPMaJIBbHHX (opMax YYUTHBAJIUCEH JHIIb WIEHH 0 BTOPOI cTemely
BKJIIOYATEJIHHO, & OHH B CIAYy4ae JBYX Iap UHCTO MHHMHX KOpPHe,
Kak caenyer u3 o0meit TeopHs ¥ Kak BEAHO @3 I. 2.5, He pa3pymaioT
HeATpanpHOCTH HpHGIMKeHHA. [JocMOTPHEM, 9TO [ACT paccMOTpEHHE
WIEHOB TpeThedl creneHu. BuumciauM KospPUUEEHTH gy, &, A1, Fg
cucremsl (1,2.10) mo popmynaam (1,3.5):

1 1 -1 1.1 1 -2 1.9
g1 = 3byy + 2 [2 (@101 + Gp@yog - @000 + ap0i)
’ 1 -1 1 1 1 -2 1 2
+ aliq0y @iyt @90y + Aogel |,
’ 2 2 -1 2 1 2 -2 2 2 '
8o = by - 2 [2 (@310 5 -+ Gg10g 3+ Ao g0y "y + A2905_9)
2 -1 2 1 2 2, 2 2
- @lo g0y 4 AloyUas - @25 olsy + Blag0s]y
1 1 -1 1.1 1 -2 1 2
hy = 6byp + 2 (@310 - Q10 5 + @1 90575 — Ai90eo 1
1 -1 1.1 1 -2 1.2
+ Q1O -y + 109 = dypOy—y - G20l
1 -1 11 1 -2 12
4 @2y 10y - @iayyp + Qg oy + Go930ia),
2 9,2 -1 2 1 2 -2 2 9
hy = 6byy + 2 (a3-10071 + @101 4 G39017) 4 Q3903 +
2 -1 2 1 2 -2 2 9
-+ a1 40571 + A1109 4 + @1 90" + Qpa0z o+
2 -1 2 1 2 -2 2 2
+ aZy 1091 + @330y - a7y 907 - @Z5000)
Benuuuns o, onpenenaenn popmyiramn (4.4); aj, cyTh Kod nuneHTH
ih CY
COOTBETCTBYIOIMX KBaAPATHUHHIX 4JICHOB B ypaBHEHHAX (4.3); b Jhk —
Tarske KOd)PUIMEHTHl mPH COOTBETCTBYIOMMX WiIeHaX Tperheil cre-
HeHH, He BHIOHECAHHHX B ypaBHeHuAX (4.3). Jtm mocaegnme Kodd-
dmu;nemm moiaydnM m3 cuctemul (1.3), mcmoan3ys mpeoOpas3oBaHHA
4.1), (4.2) m (1.11). lloguepxHeM, 4YTO TpPH BHYUCIEHHAX aB-
p

HEHHS (4.3) mosxubl GBITH mpuBefeHH K BEAYy (1,2.1), 1. e. momxHO
OBITH BBLIOJHEHO (1,2 2). ByJJ;eM NMeTh

21
3 ;2 5

S b = o~ K+ —1—6—(21 FA3K - 4K?),
Dby = — b K b (- 115K LK),
s =—%-—K+ b (34 5K + 4K?),
g1 =5 iK1 +2K)(h—1), g =0, |
= - iK (1 +2K)(h—1), hy=0.



§ 2] 3ATAYA A. 0. UTIXHCKOTO 179

ITockoNBPRY BeIWYHHH gy, £, IMCTO MHEMEe, TO Kpurepmit A. M. Mou-
gaHoBa (O. 1.4) orkasmsaer. 3aMeTHM, 4WTO B ITOM CJIyd9ae B CHIY
ypasuenmii (1,4.1) Bupaskenus

Iy1l2:cl u |y2|2=c2

ABJAOTCA mepBuMu mETerpaiamMu cucreMsl (1,2.10) u MoryT GHITH WMC-
mOJb30BAHK i mocrpoeHus QyHRmuu Jigoymosa cucremsr (1,2.10).
Ompenenumrens J (cMm. dopmyany (1,5.2)) paserm nymwo. I[lostomy

kpurepuit 10. H. bubuxoa — B. A. Ilmmcca (m. 1.5) Tamsxe ot-
Ka3HBaET.

2.7. Hocrpoenne ¢yaruun Jsnynosa. Ilepeiins B cmcreme (1.3)
K HE33aBHCEMOMY mepeMmeHHOMY T mo ¢gopmyse (1.11), momyumm

%: (1+>»)B+ (1—x)A———(1—h)a2
+_2_(1—x)(1+71<)m S+ N)BA— (1 —N)a +
+1T(1_x)(1+ifc)Aa+L(1+x)(1+-;—K>BA2,
B L4 Mat (1 —MT+ (1 +4)Br 4
+%(1_x)m+ﬁ(1+x)as_7(1-—x),a2r+
_{_L(i—}v)<1+‘LK>I‘A2+%(1+7»)BFA,
A e A1 —MB—5 (1M (I N — (1.4)
— MBS (LA KA — (1 —W)BA 4

5 (1 + M) KA (4 =) B — 5-(1 — 0 (1+ 5 K )BA* —

— (14 2)BA,
%=—J_(1—x) o4 5 (1 + M T 5 (1—7»)KGA—
(—}—?\.)KFA—-—(i )NZBP—l- Lt —na—

(1 —A)K&——}—K)aA2 —2-(1+x)K(—2—+K>mz

¢ TOYHOCTHIO [0 WIEHOB TPEThell CTemeHU MEePEMEHHHX BKIIOYHATEJNBLHO.
ITpomsBonEas o1 QyHKIHH

W = a? (1_A—La2>+B2+I‘2+
+ Az( 4+ KA — _KAZ\ + — KA, (1.2)
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B3ATaA B cuay ypasuernnit (7.1), paBma myaw. Ilpr ycaosmax
1
A<1—Ta2, A << A A, (7.3)

rme A, m A, cyTh KOpHM KBafpaTHOrO ypaBHEHHUA
KA%2 — 3KA — 3 =0,

3 —_ 4 1
A1,2:T(1—|—l/1—l—?'—j&—,'>,

pyurnusa W oupemeleHHO-IONOKHTENLHA B cMBIcIe JlsamyHoBa. 3a-
METHM, YTO

1 )
— <M L0, 3L A,

Wrak, rpmBmasbroe pemenme cucreMH (7.1) ycroiumpo mo Jlamy-
HOBY I o6macth (7.3) B mpocrpamcTBe @, f§, y, A ABIsAETCA 06IACTBIO
JOTYCTEMEIX HAYaJbHKIX YCJIOBHM.

Opmaxko cucrema (7.1) (kax u cucrema (1.3)) ABaserca mpubiamxe-
mmeM cmcteMH (1.1), XoTd ¥ JOBOJBHO BBHICOKOTO IOPAAKA — MO
TPETHUX CTEmEHEeH MePEeMEeHHHX BRINYATENbHO. VM MOKa He BEICKAa3a-
HO CY;K/IeHHE O CXO[UMOCTH mepBoro wHTeTpana cmcreMsr (1.1), mnsa
koToporo (7.2) mpejcTaBasAeT pasjioyKeHHmE [0 YETBEPTOTG HOPSAIKA
BRIIOYHTEJIBHO, MBI BIOPAaBE JUUIb TOBOPATH 0 POPMaNbLHOR YCTONIH-
Boctu [234n] wuonoskenusi papHoBecun a =f =7y =0, & =g,
cucremsr (1.1).

§ 3. O TpaekTopum, OonuCHIBacMOil MEHTPOM
HOUEePeYHOr0 CeYeHHsA BaJIA 32 OfuH 000poT

3.1. IlocranoBka 3amaum u ypaBHeHnA ABmKenns. Vzyuenmio Ko-
nefaHuil POTOPHBIX CHCTEM LIOCBAINEHO GOJBINOE KOJIMIECTBO KAK Teo-
PeTHYECKHX, TaK M JKCIEePHMEHTANBHHX mccaemosanmii. Ceiluac MHO-
THe ydYeHble CUHTAIOT, 970 GOJBIIMHCTBO BOIPOCOB, IPECTABJSIOMAX
HHTEpEC, MOJYIWIO 3aKOHUCHHOE pelmeHHme. B To ke BpeMs pAX sB-
JeHmi, HaOMIOTAeMBIX B POTOPHHX CHCTEMAaX, OCTAJCHA 3a OpexellaMu
pEEMaEuA. Tak, 70 cHX mop HE MOJXYumMad OOBACHEHUS CIydYaH yCTa-
JOCTHOTO pa3pyHIeHusA ycTodumBo paboraiomux poTopoB (BepereHa
tana 9BA). B camom nere, B paMKax CymIeCTBYOMHX HPEACTABICHHIT
ycToiiumBO paboTalomui Baj B PABHOKECTKUX WM aGCOIOTHO KeCT-
KHX OII0OpaX OmHCHBAaeT B JA000M CBOEM CEUeHHH IO JJIMHE KPYTOBYIO
tpaektopuio. CieoBaTelbHO, BajJ HAXOMATCA IOJ JeHCTBHEM CTATH-
4eCKIX HALPKEHAR (3a HCKJIIYCHMEOM HANPsKReHuit 0T coOCTBEH-
HOTO Beca), He CIOCOOHBIX BBI3BATH €r0 YCTAJIOCTHOTO Pa3PYIICHHA.
OnHaxo, KaK IOKA3KBAET ONHKT, KPYTLOBHE TPAGKTOPUH B POTOPAX
nouYTH He BCTpedarcsa. llpmuwHoil mOABIEHUS HEKPYTOBHX TPAGKTO-
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PHii ABIAETCA (HEKPYTIIOCTHY HOACAI0YHOTO MECTA IO HAPYKHOE KOJIb-
0 DOJMEOHAKA B OmMOpE. OTAa (HEKPYIJIOCTHY IPHCYTCTBYET BO BCEX
0e3 MCKIOYEHUs OHOpax, W BHI3BaHA TeM, 4TO OTBEPCTME IIOH IOJ-
IMMEIEAK HEBO3MOMHO PaCTOYUTH TOYHO HO KPYTY BCIGACTBHE OMEHHS
ceepa m passeprok. OTcOfa ACHO, 4T0 M3yJeHHE (OPM TPAEKTOPHIA,
ONMCHIBAEMHEIX IEHTPOM LOIEPEYHOr0 CEeYeHWS Bajia B Ipefiejax oj-
HOTO 0GOpOTa, HIpEACTaBIAET KaK IpPaK-
THYeCKAN, TaK W TEOPETHYECKHHE MHTEpEC.
Hacroapxo HaM m3BecTHO, MOMOGHKIX HC-
caemosanmit Ko paGor 9. A. Ilomosa [309,
310a, 6] He HPOBOAHIOCH.

HauboJsiee cno;xeEBIM ABJIAETCA BHOOP
YOPOIEHHON MOJEJN, ¢ JOCTATOYHOH CTe-
IEeHBI0 TOYHOCTY BOCIPOM3BONAMIEH Kade- f

CTBEHHYI0 KapPTUHY IOBGJIEHUH CHCTEMBL.
Hax namGoitee mpocTylo MOMeJb, BO3b-
MeM  HeBEeCOMHI BePTHKAJbHHE BaJ
(puc. 15) ¢ mMaccoit m, 3aKpemIeHHON Ha
Bany ¢ sKcueHTpucureTroM e. Maccy BH- 2
fupaeM KaK IPUBEIEHHYI0 II0 W3BECTHOIM
Meroguke [44, 45]. ITIpemmomaraem, uTo W,
BaJ, afCONOTHO >KECTKUH HA KpydeHde,
pacuoyioyked B a0COMIOTHO JKECTKHX OLO-
Pax W OPHBOJUTCA BO BpalfeHHe IPHBOI-
HEIM 3JIEMEHTOM, C KOTODHM OH nMeer & O

MECTKYI CBA3b, ¢ MOCTOAHHOM YIJIOBOH by m

CKOPOCTBI0 . [IycTh B HEKOTOPHIA MO- 7‘: @yl

MEeHT BPeMeHH Macca 0Ka3aJlach OTKIOHEH- g,

HOM OT paBHOBECHOU TpaeKropud. Tlorga e

CKODOCTh €€ JBH/KeHHsS II0 TPAeKTOPHHU T aite

OKaykercs He mocrosguHo#. Cuia uaepuy, 0 ' 7
JeficTByOIasA Ha Maccy, CTaHeT HEIEeHT-

PaNbHOH M BEI30BET Yy BaJjia MOABJICHHE, Prc. 15.

KpoMe paNaIbHON, TAHTeHIIUATHHOM CUJITB

yopyrocte. B camom mere, ecam OH Bad He moay4as GoxoBoro msruda,
TO ABIKEHMEe MAaCCH IO TPAEKTOPUHA B CTOPOHY BPAIIEHUS B HEPHON
pasroHa. Obi0 OH HeBO3MO:KHO. Ha OCHOBaHUM 9TOTO IOTEHIHANL-
Hasd SHEPTHAS CHCTEMH MO;KeT GHITH IpejicTaBieHa Kak cymma paboT
CHJ MHEDIOWM Ha OYTH pagUajJbHON M TaHTeHIHWAIbHON Hedopma-
nui, T. e.

- _;_kﬂ (A + a?), (1.1)

Tie & — OTKJOHEHHe o YINIy pajuyca-BeXTopa r TOYKH 3aKpemieHusA
MacCchl Ha BajJy OT CBOEr0 PACUETHOTO HOJIOKEHHA IPH ¢ = Wy =
= const.
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Briumenum KuHETHYECKYIO 9HEPIHIO CHCTEMH, IEPeXOAs K HOJAp=
HOHl CHCTeMe KOODAMHAT IO (GopMyaam
Z, = rcos (0 — a) + e cos w,,
Yy = rsin (0 — a) + e sin o4

mo_ 1 dr \2 s da \2
f——z—m{(—dt‘) +r <“’°“”d?> +
. dr . da \2
-+ ape signe —Z—d—t—sma—i—Zr @p — —-) cosa + wlf, (1.2)
rae kK — JKecTKOCTh Bala B MeCTeé KpeIIeHWs MacCH, ¢ = p? — g,
p — coGCcTBeHHAs KPYroBas dacToTa M3rACHHX KoiaebaHm# Baia.

YpaBHeHUsA ABWIKEHHA TOYKH 3aKPEIUIOHHMA MaCCH Ha Baixy OyayT
HMETHh BHJ

%i—.: — r(o)0 — %—)2 — wpecosasigne 4 pr (1 4 a2) =0,
e (1.3)
2

da\ dr 2 . . 9.9, O
T 2r (mo—- W)'d—t + weesinasignec 4 pr*o = 0.
Cymraa yroax o JO0CTATOYHO MajJHM H BaMEHAA COS @ NePBRIMHA ABYMA
YIeHAaMHU ero pasloKeHHA B PAJL, IOJIYdYAM
d%r da de. \)2 o 9
Pro +cr 4+ 20)07' —E——T(WI +p roa® -4

1 . .
+ —i—mﬁeaz sign ¢ — wgesign ¢ = 0, (1.4)

d?a, 1 dr da 1 dr 2 s a .

—_— —_ = —_— — ¢ =0.

di2 +2 r dt dt 20 rodt + Po - 0ge r sign _
B nepBoM ypapHenmm mMeeTca CBOOONHEIA dWieH ®ae, OT KOTOPOTO
nejecoobpasHo ocBOGOANTHCH, YTOOH MMETh B KadecTBE HYJIEBOrO pe-
IMeHAS KPYToBYI TpaeKropmio. 3ameruM, uro mpa o = 0 m3 (1.3)
ME I0JydaeM HEBO3MYIIEHHOE IBHIKEHHe C

ro = | 20|
BeegeM HoBHe mepeMeHHEHES
24 =T1—T,,. zlzii-zg;—‘, Zog=0, Zg= djlf, (1.5)
TOrJa YPABHEHHA BO3MYIIEHHOTO JABHKEHMs 3aMAIIYTCH B BHJE
idztl 4+ cz_y + 20925 = rozs + 2125 — 2w4Z_125 —
— (pzro + -—i— wae sign c> 2y — p2_122, (1.6)

d22 1. 1.
K2 + ro+ 2 212y — 204 To 24 A

+ P2+ o

b .
e ———— 7z _,signe = 0.
O otz T2 g
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Ilomaras, 9ro aMmiATyga BO3MYIIEHHOTO [BMJKOHHMA MEHBIIE HO-
BOBMYIIEHHOTO, T. €. | 2_;| <{Ty HpeacTaBEM Apobb

1
ro—+ 2.y

B BHAE CXOAAmMeErocsi GMHOMMAJIBHEOTO PAMA, OTPAHHYKBIIACH NOPBHIMH
TPeMA WIeRaMH Da3joKeHUus '

- z2
() e (1 )

1]

HoncraBass sro pasaosxenue B (1.6) m yumtnBas (1.5), woayuum ap-
TOHOMHYIO CHCTEMY YeTBEPTOro MOPSMKA,

dz_
.dtl = 21,
dzy 9
T S 2 + f1(2-1 21, 29, 29), 1.7
dz_z
dai = Zg,
ng (O] ¢ 2 | ’
g =250 (2P — o) 2o + fo (21, 21, 55 22),
rie
, 1 2 . N\ L2 2 2 2
f1=— 2w9z_y25 — (p2r0 + 5~ We¢ S1gN C) 225 -} Tozy — PP24275 + 2425,
o @ (035 2 .
f2 = — 4 —?z— YARYSY + 7 Zo1Z.9 — r—0Z122 + ('1.8)

0 )
v 5 Wy 2 e o 2
+2 3 %121 T —5 %2122 + 5 2-1%21%23.
7‘0 ro To

[lepexonss k BekTopHOM ¢opme 3ammenm, OyjgeM HuMeThH

d_zt = Az -+ (z), (1.7a)

rae Z =i(z-1, 21, 2-9, 25)°, A — KBaJjpaTHasA MaTPHI{a, COCTABICHHAA
u3 xoadppunuenror nummeimoir gactm cucremur {1.7), f(z) = (0, f,,
0, f)".

3.2. IlpuBenenne ® pmaronaanuomMy Bnjy. ColcTBeHHHe 3HadYe-
ausa MaTpunst A B (1.7) ¢yTe F w4i, IF o4i, THE

o=+ Y2V 3p 2 F oV + 2hay @)

m Oyxyr uacro MuuMuME 7 pasamyEnMa (0 < o; << ©;) OpHA BHIOJ-
HeHEH JI000T0 M3 YCJIOBHM

0 <p V2p < o, (2.2)
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JTo coriacyercsa ¢ pekoMenfammeit mo BHGopy o6xactm paGoumx
YIIIOBEIX CKODOCTEH B 3ape30HAHCHOH 30HE

Opas > 1,4 oky,

BHPa0OTaHHON MHOTOJETHEH NPAKTHKON OKCOIAYaTaldd POTOPHEIX
cucteM. B pmanpHeilineM cYMTaeM BHIOJHEHHEIM OJHO H3 YCJIOBHI

(2.2).
Beegem 6Gespasmeproe Bpems

T = (I)zt

H 3an@meM BeKTopHoe ypaBHenme (1.7) B Bume

dz 1 1
—(—i? = —ZAZ + —(D_z f (Z). (2.3)

(o]

Marpuna miz A uMeer coOCTBEHHEIE 3HAYEHHS
Ay = —iy Ay =iy Ay= —his hyg=Ai ( =ag 1>. 2.4)
Jluneiinas 3aMeHa NEpPEMEHHHIX
z = Sx, (2.5)

rae S -~ MaTpHELa, COCTABJIEHHAsA M3 COGCTBEHHBLIX BEKTODOR MATpPH-
e — A, upmeenier cucreMy (2.3) K. [HATOHAJIBHOMY BHRY
2

ax . .. . ons 1 o
7 = diag(— i, 1, — A, M)x + ES 1f (Sx). (2.6)
Birameamm S m S
1 1 1 1
S—1[" iy iy —imy 0y
T oidy —idy  id,  —id,|’
do@y;  daws, dyo, dy0;
—D iD, iDy D,
D —iD, —iDy Dy
d d i
-1 | 2 22 e —_— —
S = d]_?» D 2 dl D1 ) D2 Ds ’
dy dy i
ar Pt b 3D =D
Tie BBeJeHH 0G0SHaUeHHA!
2 2
Wy —c Wy — ¢
dy = 5—n, 1= 52—, D= ot ’
2r g0, 2rywoWe 2(ds —d,\) ( 9 7
D= p=—* _ p 1

1= 30 (A —dah) T 2 —dgh) ' T Bay(dp—dim
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3anmmeMm mpeoOpasoBamusa (2.5) m obpaTHOe B.pPa3BePHYTOM BHAE
Z_l - 37_1 + .’tl + x_z + JL‘Z,

Zl = _imzx_l + i0)2$1 -_— imlx_z + imlxz,
2-2 - idzx,‘]_ -_ idle + idlx._z _ id1x2,
2y = dyoyy + dyayzy + dyoy 2y + dyoyy; 2.8

Tq = ——Dz_l "I— iD-lzl -+ iD2Z—2 =+ Dszzy
'x]. = —Dz—l -_— iDlzl ha iD2Z—2 + D3Z2’

d. . d. i
X9 — ﬁ‘ DgZ_]: —1 d—:' Dlzl - Dzz_z -_ D3Z2,

d. . d i
Ty = 'ngD;;Z_]_ + 14 d—?- D121‘+ - D2Z‘2 _ D3Z2.

Iocaenuee mpeobpasoBanme MoskeT OwThH 3ammcaHo Goee KOMIAKTHO:
T, =(—1)’ (_di = Dz_y + signv(—1)"i (_‘.Zz_\'“"l Dyz, +

d17\, dl /
+signv(—1)"1 ()" Dz — (— 1) Doz (v =TF1, F2). 2:40)
O‘IeBﬂlIHO, qT0 (AHATOBHAJbLHEBIC) nepeMeHHEIC KOMILJIEKCHO-COoI ps-

KEHH: Z_, = &, Z_, = T,, N03TOMY mpeobpasoBanume (2.8) mpepcTa-
BEMO B BHJE

7.y = 2Re (z; + z,), z; = — 2Im (0,2, + oxy), (2.11)
2., = 2Im (dyz; + d12y), 2, = 2Re (dy0,2, + d; 0,%5).

BrramcaimMm Temeph KOMIOHEHTH BEKTODA

h(x) = mi2 S (Sx)
HeJIMHEeHHOA gacTh cmcTeMH (2.6):

hr () = o= [D3f1(SX) + Dofs (SX)), T = o [— iDsfy + Dafal,
(2.12)
hoy = —(012—[— iz—i Difr — Dsfz] v b= —(:-2-[" %i- Dyfy — Dﬁf‘z] .
3pecs B cmay (1.8) m (2.8)
fi 8x) = o, {a (2 + 2)* + b (25 + 22)° +
+g@t+ @) (@ +z)+ bz —a)+ ], — xz)lz}v(

f2 (SX) = iw, [1 (2% — 2}) + n (2% — x3) +
+ g @y — ) (g + 79) + s (24 + 2) (22 — )]s

2.13)
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rae oGo3HadYeHOo:

a = dy (dyooro — 209), b = A, (dyo,70 — 2y),
g = dy (dyorrg — 200) + Ad; (dyo,ry — 2a),

d. . d 1
h= + V—Z)—Z V(p2 + Z )r07 ] = + V(t—)— V(pZ + TC> To,
- 2
1 ;
l= = <d2ro %2 4 2dymarg +- 2u)o> , (2.14)

0

—1{ <d1r0 4 2N dyayrg - 2 7v‘0o>
o

1

=— <d2ro Bc_ + 2dyoqro + 20)0) )

o 2 ;

*17 <d1r0 % + 2 dyoyry + 27“90) .

Ty 2

dammmieM Temeph CHCTEMY AHATOHAJBHOTO BHfa (2.6) B mpuuEsATOM
B KHHTe CHMMETDH30BaHHOH dopme:

dx

—e = My + Z apziy + 131 (v="TF1, F2) (2.15)

i, h=71, F2
P v Iy —_— —_—
(anj=ajn; v, j, h="TF1, F2).

HospdunumenTs npu KBaZpaTHIHHX WIeHAX B cuay gopmyn (2.12)
n (2.13) sammmyTtcs B BHE

a1, = —ay = i(a -+ h?) D, + ilDy,

atys = — ay = — i(a+ h?) D, + ilDy,
A = —ahy = — z—(a -+ A% Dy — ilD;,
aty= —ap = z—(a + h?) D, — il D;,

at, = —al, =i & -+ ) D, -+ inD,,

alsy s = — a3 = — i (b + j2) Dy + inDs,
0, = —ah= — id—2(b + ) Dy — inDs,

a~2—2 = — %2 = l— (b4 j?) Dy — inDs,

e = —aly =i (a + h?) Dy,
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o= —aty=— L—(a + h?) Dy, (2.16)
20715 = — 2a3, = i (g + 2h]) D, +i(q -+ s)Ds,
2a'y , = —2a; = —i (g + 2kj) Dy + i (g + 5) Dy
2075 = — 2a3 = — i—(g+2hJ)D1—l(q+8)D:.,
20%, 5 = — 205 = z——(g+ 2hjy Dy —i(qg+s) D3,
20 5, = —2al_, = i (g — 2hj) Dy + i (g — s) Dy,
2at, = —2a;%, = —i (g — 2hj) D, + i (@ — 5) D,
2075, = — 207, = — i— (g — 2hj) Dy — i (g — $) D3,
202, = —2a;% =i 71— (g — 2hj) Dy —i(qg — s) D;,
a5 = — aly = i(b—j*) Dy,
05 = — gy = — ‘—(b + %) Ds.
Taxuym 06pasom, Bce KOo(GUIHERTH NPH KBAPATHIHHX WieHAX (& Oy
JEHEHHKX — TOME) OKA3HBAIOTCA THCTO MHEMHME H 4 ) p = @Qjn =

=—an(v,j,h=F 1, F2).
3.3. Ilpasenesue x mopmaawHoii gopme. Mckiaroumm ma paccMmoT-

peruma A = —;—, T. . OygeM TIpeauoaarath, 4To (CM. Hadamo u. 3.2)
@ #= 20,. 3.1

Torpa BopMambHAA opMa ¢ TOYHOCTBIO /[0 WIEHOB BTOpPO# CTeHmeHH
ImepeMeHHHNX BKJIIOYATENHHO, KaK HTO mOKasamo B m. 1.2, mmeer Bmp

'ij:}wyv"l—[S] ('V=:+——'1, ?2)' (3'2)

Hopmanmsyomee npeofpaszoBamme IpH 3TOM

sy=y,+ X  m¥iym+I[3] (v=TF1,F2), (3.3

I, m=%1, F2
rAe kxoadpunmenTH ompemensiorcs gopmynamm (1,3.1)

Ym

= m (‘V, l, m = $ 1, $2). (3.4)

v
Cim
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HamoMEEM, 9T0 Azi, Ags oumpepensiorcs dopmynama (2.4), ajm —
dopmynamm (2.16) xorna upensmymero nyakTa. O4eBHIHO, 9TO BCE O}y
BEIECTBEHHHI.

3.4. Pemenue 3agaum Kommu B 06mem Bupe. O6mee pemenme cuc-
remu (3.2)

="y (0 (v=F1F2

MO3BOJISET PEMATL INOCTABIEHHYI) 33/1a4y A MCXOAHON CHCTEMH C
IPHHATOA cTemenbio IpmdiamxeEnsa. B cmay (3.3) mmeem

zj (1) = €'Y;(0) +
3 zaz'myzw)ym(m NPT L 3] (j=F1, F2). (41)

1, m=F1, F

IlopcTaBnAA monydeEHHe BHpa)keHHAA B gopMmyam (2.11), moxyumm
HJIA EMCXOJHHX HePEMEHHHX o0niee peIIeHEe B BAJE

iz_1 = Rey;(0)cost — Im y; (O)sinv -

2
+ Re y3(0)cos At — Im y, (0)sin At 4 ) (alm + Gim) X
lL,m
% [ Rim 08 1= 0y + h) T — Ly Sin - (s - h) 7]
—;—zl = — @y Re y; (0)sin T — @y Im 3, (0) cos T —

— @y Re y2 (0) sin At — &, Tm y5 (0) cos-At —
' . . 1
— 2 (0o + @107m) [R,m sm—:—— (A + M) T 4+ Ty cOS T(M + Lm)t],
L,m

2.3 =ds Rey; (0)sin v+ dy Tm y; (0) cos v +
+ dy Re y5 (0) sin At 4 dy Im y5 (0) cos At 4

+3 (sl + dsfm) [ Rimsin - (g + ) © -+ L0055 (b + ) T,
i,m :

";—22 = w;ds Rey; (0)cos T — @y dp Im 3 (0) sint +
+ o, dy Re y3 (0) cos At — oy d; Im g5 (0) sin At 4+

. 1
+ Z (@2 da®im ~+ @y dy0lm) [lecosT M+Ap)T —
i,m

— I sin (i + M) T
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roe aasa coxpamemm ITRAChMa 0603Haquo
R;,= Re [y, (0) ym (0)]= Re y, (0) Rey,, (0) — Im y, (0) Im y,, (0),
I,= Im [y; (0) ¥ (0)] = Rey; (0) Im y,, (0) + Im y; (0) Re y,, (0).

Octaercst BHpa3uTh HadajdbHEE 3HadeHus y, (0) uepes Ha9aIbHEIE
3HAYEHM S MCXONHEIX mepeMmenHEHX z; (0) (v, j = =¢ 1, F 2). O6pamasn
HOpMaJmsyomee upeoGpasoBanme (3.3), moxyunm

1.0 =2, 0) = Jaha; Oam(©) (v =FLF2),

g moacTaBiasas 3madenda (2.10), Gymem mmerb

Yy, (0) = (— 1) ( )”lDz_1(0)+signv(—1)vi(§2>”1D1 21 (0) +

4+ signv(—1)"i < )vl 1D2 z_9(0) — (— 1)’ D3z, (0) —
— Y @ [(— 0 (Z)" D2 )+ signi (— 1 i ()" Diz 0) +
W h

4 sign j(— 1)fz<_)’“1 Daz5 (0) — (— 1Y Dyz, (0)] X
[(— 1y ( )"" " Dz 1(0)+signh(~1)hi(g_j)"""‘
% Dizy (0) 4 sign b (— 1) ( )' ™ Dz, (0) —
—(—1'Diz (O] v =FL,F2).

CyMMupoBaHHEe BCIOAY II0 3HAYCHUIM EHJ:[GKCOB +1, +2 nHesaBHCHUMO
OIHO OT APYroro.

Haa mpamepa 1o TOJIy IeHHEIM (bopmynaM B [3106] 651 mpoBenen
pacder TPaeKTOPHH, OUMCHBAEMON MOMEJIbI0, MMEIOME#d IapaMerpHL:

k= 5926 gl'fem, m = 0,2635-107% xl'cm™c?,
I = 21073 em, p* = 22,51-10* 1/e, o, = 800 1/c.

Ilpr sTrx mapamerpax r, = 3,085.107% cm.

B kagecrBe HAYANBHHIX YCHAOBHil GEIIM B3ATH: HAYAIBHOE OTRJIO-
HeHHEe OT PaBHOBECHOH Tpaexropmm z_, = 0,3 ry = 0,9255-1073 cm;
#3 YCHOBH# pPABEHCTBA MOMEHTA KOJHMYECTBA [BHKEHHASA MACCH IpHA
r=r,ar, =13 r, Gana moayueHa YII0OBas CKOpocTh ¢ = 4321,
oTkyga z, = 800— 432 = 368 1/c. Hauanpusle 3HAYGHAS OCTAIBHBIX
IePEeMeHHHNX (2, A Z.,) OBIM IWPHHATH PABHKEMHE HYIO.

ITogcrasms B (2.7), (2.14) umcieHHEe 3HaYeHAS LapaMeTPOB, BH-

aEcIEM 3aTeM KoapdmmmentH ajn (v, j, b = F1, F2), mo ¢dopmy-
aam  (2.16) m xospdummentrt j, (v, j, h = F1, F2) mo dopmy-
nam (3.4). Ilocme aroro BHUMCIEM HadanbHHe 3HaweHEA Y, (0) (v =
= F1, F2) m maxoHen z_, (f) u z_ (f), KoTopse IpH IpPeHEOPeKeHAN
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ODOCTOAHHBRIMA COCTaBJIAIOIAMA HMEIOT BH]

2.y (t) = 0,752-1073 cos ot + 0,175-1072 cos w,t —
— [0,336 cos 2w,t -+ 0,094 cos 1,15 ot +
-+ 0,038 cos 0,85 w,t — 0,006 cos 2w,t]-10-3 cu,
7_o(t) = 0,257 sin o,t + 0,082 sin w,t —
— 2.0,017 sin 20,¢ — 2.0,002 sin 1,15 o,
+ 2.0,013 sin 0,85 o4t -+ 2-0,001 sin 2e,t.

Wz srax BrpakeHA#A BAJHO, YTO OIPAMEHEHHE METONA HODPMAaIbHBIX
$opM AaeT YTOYHEHHOE PpeNeHHe H HO3BOJMAET UOJYIaTh TPARCKTOPHH
OeHTPOB HOMEePeYHOTO CEYeHWA Ba-
na, GamsKMe K pealbHO CYHIECT-
BYIOLIEM, B TO BpeMA KaK JuHeAHOoe
nprOIMKeHAe MOMKEeT AAaTh TOJBKO
SIIANTAYECKEE TPAeKTOPHH, KOTO-
pPHe B pealbHHX CACTOMaX BCTpedYa-
. 1071CA peako. B yrousenHoM permenmm
Z  OPACYTCTBYIOT BHICOKOTACTOTHHI®
cjaraeMeie, 3T0, B pAMKaX DPAHATOR
MOJlelIM, YKa3hBaeT HAa TO, 9TO Ha-
NPAKEHUsT B MaTepualle Baja Me-
HATCA ¢ 9acTOTOH, IpeBHMIAMEH
gacTory Bpamenus. CiaemcTsaeM aTo-
Puc. 16. ro MOTYT GHTH YCTANOCTHEE IOJIOM-
_ KA ycTOH9MBO paboTaromuX BepTH-

KaJdpHHX TMOKEX BaJOB, 0 KOTOPHX TOBOpMJoch B Hagame m., 3.1.
ITo arEM ypaBHEHHAM JAJIA MOJEIH C YKa3aHHHIMU HapaMeTpaMu GBl-
N HDOCTPOEHH TPAeKTODHH, ONMCHIBAEMBIE TOIKON KPEIIeHHsI MAaCCH
Ha yupyroii cBasm. llpm sTom Bpemsa, a ciegoBaTeNbHO, M LEPHON,

ONpEeNeNANUCh IO HU3IMEH dJacrore,

;j:]-%‘nz (G=0,1,2,...,96),

9TO COOTBOTCTBOBAJO YIIOBOMY mary wof; = 15°. Jlns cpasmenms Ha
puc. 16 mTpEX0BO# AWHEeH mpoBeeHa KPYTroBas TPAGKTODHS pamdy-
ca r, IpA «Bo3MYymeHHE» z_, = 0.

§ 4. CacTeMB ImMeCTOr0 NMOPARKA

B arom maparpage HccaemyroTca pe3oHAHCH W HOPMAXbHEE (Op-
MH aHAJATHAYECKAX ABTOHOMHHX (He 00A3aT6NBHO KOHCEPBATHBHHIX)
CHCTeM MIECTOr0 HOPMAAKA C TpeMs HapaMA pasiAYHHEX YACTO MHH-
MHX COOCTBOHHHX 3HAUeHHAN MATPHOH JMHEHHOH WACTH. 3aBepmiaer-
¢a maparpad mcciaegoBaHEeM YCTOAIMBOCTH. '
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4.1. Pemienus pesoHaHcHOro ypaBweHma. PaccMoTpuM Ha3sBaH-
HYI0O BBHIIE CHCTEMY B IDEJNOJO)KeHHWH, UTO ee JMHeWHasd YacTh IpH-
BelleHa K [HaroHaJBHOMY BEAY (cm. m. 1.1)

dzx,

T - )\,vxv + Z a;hle'h + Zb}'hkxjxhxk + PR ('1.1)
(v—F1, T2 F3).

Unpexcst cyMMupoBaHHMA BCIOAY HIDKe NPHUHEMAlOT 3HaueHmsa =1,
+2, +3; A, = A,, He Hapymasa OOIMHOCTH, HOJOKHAM

Ay =10 M= —i,h,= —Wi, Ay = pi,
Ag=—Ai, Ay =M (i=V—1, 0<i<p<<?l); (1.2

KO3QPAIEEHTH.  @jn, Ding,. .
CEMMETPH30BaHHEIe

., BooOme TOBOpA, KOMIUICKCHBE H

aﬁj = dJyh, szizk} = i. d. (V, i h, k= ?1, ?2, —1_—'3) (1.3)

Ilo ocuoBuoit Teopeme A. Il.- Bpono (m. V,1.2), cymecryer 06-
paTHMas KOMILUIEKCHAs 3aMeHA IEPEeMEHHHIX (HOpMaiu3yluee npe-
o6pasosarue)

zj = Y; + Z&lmyym + SPimnliYmyn + - - - (1.4)
(a'znl = Qim, ﬁZlmn) =i.d., j, I, m n=F1, F2, ?3)7

npusopaman cucreMy (1.1) K HopmasvHoil opme

yv -1, 1 —2 2 -8 3
o = My Yo Z gy Yy Yy S s (1.5)
(A, Q)=0
(V = _—F 17 '__'—‘21 '?3)7
THe G-y s. . .» g CYTH IEeJHEe YACAA WJIH HYJIH, IpH 9TOM ¢, > — 1,

a OCTaJbHHE ¢; HEOTPHOATENBHE, X¢, > 1. B mopmausryio dopmy
BXOAAT TOJNBKO DE30HAHCHHEE WIEHEH, MOKA3ATEJNH CTEemeHe# KOTOPHIX

YHOBIETBOPAKT pesorancromy ypaswenuto (A, Q) = 0, mnm, B pas-
BEPHYTOM BHJE,

G— g+ p(g— g9 +A(g3— g5 =0. (1.6)

Paccmorpmm BosMoskHOCTE mosBieHds B (1.5) pesomaHCHHX wie-
HOB r-ii cTemeHH, NI KOTOPHX

g1+t g+ s+ @tagstg=r—1 (r>2. (1.7
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Pesonancuoe ypasnenme (1.6) upu aiobeix A, p us (1.2) m mo6GoMm
HEYeTHOM I > 3 JOHYCKAaeT MpUSUALbHOE PeuleHue

g41=Gqu G3=qu» ¢-3=Gs (1.8)

Hamnee paccMoTpuM mpu noaympusuansbhbix peutenus, xKorma B (1.6)
ogHa u3 CKOOok ofpamaercas B HYJIb:

- A 42—,
Q—l - qh BT) = ds— 73 ) (1.9)

go=q5 A= 20 (1.10)

g-s=¢s, P= —(q]f—q’f—l (1.11)

Iocxonsry npn o6pamesvn B (1.6) 1Byx cko6oK B Hyuas, obpamaeTca
B HYJb M TPeThsd, 4TO COOTBETCTBYET TPMBHAIBHOMY DENIEHHIO, TO
0CTaeTCA PACCMOTPETh HeMmpueuavhoe pewenue, xorna B (1.6) Bce
CKOOKH' OTIHYHEL OT HYJIA:

9—s — 4s g2—92 ., _ . 1.42
91—9—1)\’_‘- (11*(]-1” ! ( )

Oaisa KBagApaTHUYHHX 49ieHOB (r= 2) TPHBAAIBLHOE
pemeHne HeBo3Mo;kuO. [loyTpupHaNbHEe peMIEHHA BO3MOKHEL JIMMIb
JUIA OUpefielieHHHIX 3HAYCHHA A ® | ¥ JafyT HaM AJA PE30HAHCHEIX
wieHo ypasmendit (1.5) coorBercTBEeHHO

A ='1_: Q—1=Q1:07 .Q_Z:(O,O,—-—1,O,2,0),

w2
Q, = (0,0,0,—1,0,2), Q4= (0,0,1,0,—1, 1)
Qa = (0, 0; 0, 1, 1., —1);
A= Qu=(—1,0,0020, Q=(O—1000,2),

Qs=10=00,=(1000 —1,1),Q = (0.1,0,0,1, ~1}

w Z%: Q—l = (—' 11 0’ 27 0’ 01 0)) Ql = (0’ - 1’ Oa 27 01 0)7

Q-2 = (1’ O’ —'1’ 1'7 O’ 0)1 Qg = (0, '1, 1, —1, 0, 0), Q_s = Q3 =0.
I[JIH HETPHBHAJBLHOTO PeuIeHuA 6yﬂeM HUMEThb
)\« + p. = 1: Q“l = ("—1., 0, 1., 0, 11 0)1 Ql = (0’ _1, O: 11 07 1)7

Q= (1,0,—1,0,0,1), Q =(0,1,0,—1,1,0),
Q—3 = (1’ O’ 07 11 —17 0)7 Q3 = (01 1'7 1! 01 Ov "'1)'
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Hduiag waenmos Tperbedr crenmenum (r=23) TpuBm-
ansHoe pemenne (1.8) mact mam pus ao6ux A u p n3 (1.2)

Q,=(1,10,0,0,0, Q,=1(0,0,1,1,0,0),
Q,=(,0,0,0,1,1) (v = F1, F72, F3).

Bee ocranpusie pemeHws BO3MOMMHEI JHIIb JJIA OIPEeAeNeHHHX 3HA-
9ennii A 1 p m3 (1.2). Brmmmem mx BMecTe ¢ moKasaTeNsMH CTelleHel
Q. mo ypasuenmsam (1.5). IlonyTpEBHAILEEE pPEIICHH:

A 1 -
=3 Qu=Q=0, Q:=(0,0,—1,0,3,0),

Q2 = (07 O, 07 _1-1 01 3); Q_3 == (O, O, '1, 0, -—1, 2),
Q;=1(0,0,0,1, 2, —1);

:-;_: Q—lz(.“‘i’(): 01 07 3’ 0)7 Q1=(O$—1701 Oa 07 3):

Q:=Q=0 Q;=(10,0,0,-1,2), Q=(0,1,0,0,2, —1);
=~ Qy=(—1,0,3,0,0,0, Q=(0,—1,0,3,0,0),
Qe=1(10,—1,2,0,0), Q,=(0,1,2, —1,0,0), Q_3 = Q; = 0.
Haromern, nerpuBmanbHHe pemieHHS NafgyT HAM
2+ p=1Q,=(-10,10,2,0), Q = (0, —1,0,1,0,2),
Q.=(1,0,—-1,0,0,2),Q,= (0,1, 0,—1, 2, 0),
Q;=(1,0,0,1,—-1,1), Q;=(0,1,1,0, 1, —1);
A+2p=1 Q;,=(-1,0,2,0,1,0), Q = (0, —1,0, 2,0, 1),
Q.=1,0,—1,1,0,1), Q,= (0,1, 1, —1,1,0),
Qs=(1,0,0,2,—1,0), Q;=(0,1,2,0,0, —1);
2p—A=1: Q;=(-10,2,0,0,1), Q, = (0, —1, 0,2,1,0),
Q.=1,0,—-1,1,1,0, Q,=(0,1,1, —1,0, 1),
Q;=00,1,2,0-1,0), Q; = (1,0,0, 2,0, —1). ,
Bosmukalompe pe3oHaHCH TpeicTaBieHH - Hmxe Ha puc. 17 s
r= 2 u ga puc. 18 gaa r = 3. '
4.2. Hopmansnnte popmur. Ecnn B ypasmenmax (1.5) orpanmants-

CA WIeHAMU [I0 TPeThell CTeleHHM BKIKNYHTEIBHO, TO OCHOBHAA TEOpe-
mMa A. Jl. Bporo (m. V, 1.2) mpusemer K CJaeqyOMEM HOPMATEHEM

dopmam:
a) Ilpm orcyrcTBME pe30HAHCOB, T. e. mpH
., 11 1 4. A, 1 1
MET T BT

A+pzE1 2h+p£=1, 2p4+r%1

7 B. M. CrapuHCKE
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(o6muit canywai, T.e gia A, pu3 (1.2), re npuBagIe;KamMUX
npaMeM puc. 17 m 18),
dyv v
— = MYy + 81YW-1Y1 + 83YW-2Ya + E5YY-sYs
(v="F1,F2,F3). (2.1)

6) Hus pesoHaHcoB, BOSHEKAMIAX M3 HOJYTPHBHAJBHHX peIme-
mmit (1.9) — (1.11)! ypasrmenna (1.6), B xaxpmoe w3 ypaBmeHmi (2.1)

‘? Atp=1 A=l
"2
1
=7
™
IR
g 7
Pue. 17. Prc. 18.

I[OG&BKTGH. copasa mo dlIHOMy qJIEeHY, COOTBETCTBEHHO

A 1
=7 0,0, foys, fots, f-sy-sts, Fstpati-s;
1
A= 5 e_1y33, 31?/3, 0, 0, e_sy-1¥s, esy1y-s;
1 9 2
p=-: d.ay=s, d1yz, d_sY_1Y2, da¥1Y-s, 0, 0;
A 1
ETRR B 0, 0, c_ay2s, oy, C_sy-2l/3 Coyal’s;
1
A= 3¢ b—]y?-(%v bl?/g, 0,0, b_ay_ly?,, bs!/1y‘i3;
1
=30 aaye, 0 asyavh, aaayla, 0, 0.

B) Jln1a pe3oHaHCOB, BOSHEKAIOMHAX M3 HETPHBHAJABHHX peMeHHH
(1.12) ypaererns (1.6), B kaxxmoe us ypasrenni (2.1) noGasurcs cupa-
Ba IO OJHOMY WIEHY, COOTBETCTBEHHO

Mt p =1 hayysy-s MYy hoyal¥s hathl-g h-s¥-1Yas Bglhy-o;
2h+p=1: i—ly—zyﬁa’ i1y2y§: i—ay—ly§1 i2y1y—g’ i_sY-1YsYs» isthlY-2Y-3;
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At 2p =1 j—lyizy—av jly;yS’ J-2Y-1Yelss JolU1Y-oY-3 ]"3!/—1.712’ .7'3!!1!/2;2;
2p—A=1: k—ﬂﬁzya’ k1y§.’/—s’ koY 1Yol-gr KoliY-oYs k-staes Ky Y.

daMeuaH®a [ng 3HaueHHE A W i, DPHHANIEKAMHAX ABYM
7 Gojee pesoRaHCaM (TOYKH NEPECEYEHHMA NPAMEX COBOKYIHOCTH
pzc. 17 m 18), B ypasmernusax (2.1) mpomcxomuT Cynepmosunes ABYX
n 0oJlee MONOJHWUTENBHHX YJIEHOB.

B BemectsenHoM ciaydae ¥y, = j, (v = F1, F2, F3) m pmocra-
TOYHO OHJIO OB BHIMCHBATH HOPMAJIbHEE .(OPMEH TOJIBKO NIA V ==
=1, 2,3 (mim Toapko mua v = — 1, —2, —3). 3pmecs xe mmeercs
B BELY H CiIydail, KOrjga B MCXO[fHON cucTeMe ypasHenmii (1.1) mepe-
MEHHH@ HE MABIAIOTCA KOMINIEKCHO-COIIPAMKEHHEIMH.

4.3. Boiuncaenne kK03(hpHOUEHTOB HOPMATMIYIOUIEr0 mpeodpaso-
BaHnA I HopMaasbHMX (opm. Hopmanmsywmee mpeoGpasoBanme (1.4)
mepepogar cucreMy (1.1) B o0mem caygae a) m. 4.2 B HOPMAJABHYIO
dopmy (2.1); B pesoraHCHHX caydasx 0) & B) 0. 4.2 B (2.1) mosaBusioT-
cs momoJHUTeNbHbIE wieHH. IIpexcraBuB HOpPMAaIbHYID OPMY B CHM-
merpmsoBamaoM Bupe (V,3,1.3a), mpageM K OCHOBHEIM TOKIAECTBAM
(V,3,1.6). Naxnee OymeM caemoBaTh axbrepHardse um. V,3.2.

VcknrouuM pe30HAHCH, BOBHHKAKINAG A KBAXPATHIHHX TICHOB
(m. 4.1), T. e. gomycTum, 9T0

%#—;—; R L @1

(em. Tamwme (1.2)). Torma A, 5= Ay -+ Ay (v, I, m = 1, 72, F3)
U I KBaApPaTHYHHX KO3(QUIMEHTOB HOPMAAW3yIOIMEro mpeoGpaso-
BaHHs cupaBeqamBa gopmyra (V,3,2.2)

v
Am

Un= gy =y, WLm=FLFLFH (G2

¢ OTpAaBWYEHNSAMY, yKaszaEuwuMuE B (3.1).
ITpm —::— = %(c.nyqaﬁ 0) u. 4.2) mmeem, ut0 A, = A; + A, TOTHE B

TOJIBKO TOTAA, Korpa v, I, m = —2, —3, —3; 2, 3, 3; —3, {—2, 3};
3, {2, —3}. BubGepem

-2 2 -3 3
Q_3_3, Og3, Q{_o3}, Cfa—3}
mo0umME (DpefnOYTHTENbHEe ONPEICJIeHHHME [0 HENPepPHBHOCTH H3

2
Ins octanbHHX @y, cmpasemimpa gopmyra (3.2). Koappunmenta

dopmyan (3.2) mpm Tf—)_i_ , €CJIH ®TO0 BO3MOKHO, WJIH HYJISAMH).

TOABIMOMXCA IPH - = —= KBAJPATHTHHX ICHOB (cm. 6), m. 4.2)

7*
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oupeneaatTca mo gopmynam (V, 3, 2.4)
fo = @39 =0al5y, fo= @3 = 33
fs= 2(9:33 =205, fs= 2‘?2-3 = 2055

Amanormdmo, mpm A = % BHIOE peM

-1 1 -3 3
G-3-3, Og3, Q-13, Cy-g
A00RIMA B OLpefesnM
-1 1 -3 3 .
€.1= 033, € =0y, €3=20,; e;= 203

1
mpm p = 5 Bhbepem
G:%—z, Géz, ‘1?312}, 0-%1—2}
T00KME U ompeneInM
dy=0a5,, di= aém do= 20:%2, dy = 2“?-2,
m upa A 4 p = 1 sribepem
alas  @agy Oitam,  Ofigp  Olan  Qa-z
JMO0HME A OIPeIeinM
hoy=2a3, W= 20%3, ho= 2‘1:%3,
hy = 2(1%—37 hog=20a", hs= 2“?—2-
Tepeiinem Temeps K KyOGHYeCKAM WICHAM, M IPEKHE BCETO MCKII-
Y@M BOBHHAKAXOMEE 37eCh PE30OHAHCH, T. €. JOLYCTAM, UTO
A 1 1
—H‘#‘;i MpFE—53 2v+p1 Zpdh AL 3.3)
BroinennM saawenws v, I, m, p, OpE KOTOPHX A, = A, + Ap + Ap,
aTo GymyT
vwl,mp=w,{l, =1} (v, l=F1, 52, F3), (3.9
H TIOJOKAM
Bty =0 (v, I = 1, F2, F3). (3.5)

Has ocranbumix smawenmit v, [, m, p copaeemnmpa ¢gopmyna (V,3,
2.3), T. e.
1

v v 2 v i
5lmp = Y W [blmp + 3 Z, (a,l,-ainp -+

=71, %2, F3

v i j
-+ Gmjolp I a;‘i’pa%m):l

W lmp="F1,F2,F3; I,m,p={l,—1,v}) (3.6)



§ 41 CHCTEMBI HIECTOTO IIOPASKA 197

¢ orpammYeEHMAME, yKasaHEmMA B (3.3). Huaa xospdmnmenTtoB upm
greHaX Tperbedl cremenm B (2.1), COOTBOTCTBYIOIMX BHEACHHEIM
B (3.4) smaueHMAM WHJEKCOB, OyueM mMerh npm ycrosmax (3.1) mo
‘popmyne (V,3,2.6)

g rvl = 3Yw-v = 3byy—y + 2 . 2 (203;'(1?;—»; -+ afv;aiv)
=71, Fe, F3

(v=:l:19¢2v¢3)1
gh= 6X3h—h = Bbip_n + 42 (a:jd;l_h -+ al‘:jdihv -+ azhja?'h) (3.7)
3

v=T1,F2,F3% rh=1,2,3; h=|v).

IIpu A .1-; Ap = %, A -+ p =1 HagJe:KNT BOCIOJIB30BATHCS

dopmynamm (V,3,2.5).
OcraeTca paccMoTpers ciaydam, uckiaodeHree B (3.3). Ilpm
A

o= -;—, pomonHHTeARHO K (3.4), Ay = A; + A,y - Ap mpm
v, ,m,p=—2,-3,-3,-3; 2,3, 3, 3;
-3, {—2,3,3}% 3, {2, —3, =3},
H MH BEHIOepeM
:§-3—3a '53331 ﬁ{—g233}1 532-3—3)
Mo6HME (OpEeIoYTHTEebHEe ONPONeTeHHEMA 10 HEIPeDHBHOCTH W3
dopmyan (3.6) mpm STl —;—, €CIId TO BO3MOKHO, miud HynaMa). Hoag-

A 1
(UOAEHETH TOABIAOMMAXCA npE -~ = -5 Kybmueckmx 9ieHoB (cM. 6),
u. 4.2) ompepenarcs, Boobme rosops, gopmynamm (V,3,2.5) (ogma-
KO, €CHH IpPH BTOM P = —=,——, TO popmynamnm (V,3,2.6), Tag Kak

BHmosueno (3.1) ¥ B HopMaapHO# PopMe OTCYTCTBYIOT KBaJpPaTHIHES
unenn). VMenHO,

Co=7%T38g Co= Xass C-3 = 3)(:333: C3 = 3Xg—3—3-
Amanormuro, npa A = 1/, subepeM
:;—3—3, fgasy ﬁ(_§133)7 5?1—3—3}
A00HMHA M OIpeReInM
b= X i-ss b1=Xsss bos=3Yim bs—= 3’)(?—3—3

/ 1 2
no ¢opmynam (V,3,2.6) Qp ;ﬁ—é—,%}, a mpE P = —,-5 — IO

dopmynam (V,3,2.9).
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ITpr p = 1/, BuGepem

-1 1 —2 2
—2-2-2) ﬁ2227 -1229 ﬁ1-2—2

JI00HME H OIPENeIuM
-1 1 -2 2
A-1 = Y-2-2-9, Q1= Yag2, Q3= 3% 120, Qg = 3Y1-2-2

mo ¢opmymam (V,3,2.6) (A = 1g), a upm A = Yy — mo Popmynam
(V.3,2.5).
" Ipu 2\ + p = 1 Brbepem
ﬁ{—lz—a—sh ﬁ%zssh ﬁ(_fms), ﬁ‘fl—s—s}v ﬁ(fms}, ﬁ?1—2—8)
NOOHMHE B OLIpeNeInM

iy = 3X:;—3-3, = 3)&33, lg= 3X:‘fssy
ip = 3')(,%—3—3, g = 6X:3237 ig = 6)(3—2—3
no dopmynam (V,3,2.6) (A== Y,), a npa A =1, —mno d¢opmy-
mam (V,3,2.5).
ITpm A + 2p = 1 BrGepem
B{——lz—z—a)s ﬁ}zzsh ﬁ{ -123}y 6%1—2—3}1 ﬁﬁmzh ﬁ?I—Z—Z}
A00HMA B ONpefeInM

ja= 3X-z—z—3, 1= 3X2231 jo= 6)(323, o= 6%1—2 3 J3= 3X—122,
ja= 3X?—2—2

mo gopmynam (V,3,2.6) (A 7& /), a mpm A == 1/, — mo ¢opmyram
(v,3,2.5
HaKOHen, mpE 2p — A =1 BEGepeM

5{-—2—23), ﬁ{22~3)1 [3(\—12—3)’ [3{1—23}, ﬂﬁ" 2-2}s ﬁ?—mz}
N0GHME B OIDEReInM
-y = 3Y 5-03, k1= 3Yao-3, k-2 = 6 13,
ko = 6)(3—23, k= 3XI§2—2, ks = 3X§122
mo dopmymam (V,3,2.6) (7\,7& %‘ , %) ,a OpAA= % , -% — dopmy-
aamum (V,3,2.5). v
Berony spiecs B caryannu BeGopa Pimp DpPeIoUYTHTEIbHEE KX O Pe-

HelATHh 0 HeIpepHBHOCTE H3 ¢opMyxas (3.6) (ecam sTto Bo3MOxHO),
HIM TOJATATh X HYJIAMH.

4.4. 06 ycroiiumBocTH mo TpeTheMy nNpmOImKenmio. Kpmrepmii
A. M. MoxsaunoBa. PaccMoTpmm o6mumit caywait a) m. 4.2 B mpemmuo-
JIOKeHAW BemleCTBeHHOCTH mcxomHo# cmereMu (1.1). Ilocaemmee
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osHauaeT, uTo B cucreme (2.1) He TOMBKO A_y = Ay, HO M

Yu=100 & =g  (k.r=1,2,3).

Yuuomxag ypasaenns (2.1) ma y_, X CKIagEHBaA MX NONAPHO, IPHAEM
K BEI[ECTBEHHON CHCTEMO YpaBHEHWHA

3
dn
?‘E = — T Z Eka'r]u (k = 1-, 29 3)1 (4'1)

a=1

roe
nk = I Yx I2 > O’ Eka = _2 Re gl: (k, o = 1’ 2, 3). (4.2)

Cmcrema (4.1) mccaemoBara A. M. Moxuamosmm [2986] mas npoms-
BoabEOrO k > 2. Caygwait k = 2 usnoxken B 0. 1.4. OGparamca x cay-
vaw k = 3, caenys [2986].

Ecam moxosxmts B (4.1) Bce mepemeHHEe 1), KPOM® OJHOTO, PaB-
HEIMA HYJIO, TO HOJIYINM HEe0OXOUMEEe YCJIOBUA YCTOMIABOCTH TPHBH-
aJBHOTO pemenns BemecTBerHOR cmcTeMmul (1.1) B oGmem cirydae

Ekk > 0 (k = 1, 2, 3).

Iono:xUTeNbEAA ONPEROACHHOCTE MATPHILI
1 3
“T(Eka'l" Eay) X

SIBIIAETCHA MOCTATOYHHIM yCJaoBHeM ycrolumBoctm. B sToM jerxo yGe-
OWTHCS, CRIANEBasg Bce ypasmemma (4.1).

IepeitneM k HeoGXONUMEIM H JOCTATOYHEIM YCIOBHAM YCTOMIMBO-
CTH TPHBHAIBHOIO pemeHHsa cucteMH (4.1). Iockoasky mepemennme
Ny Mg N3 HEOTPATATEIHHE, TO BOIIPOC CBOMATCA K YCTOMIABOCTH B KO-
myce 1, >0 (k=1,2,3). Hueapuanmuvimu ayuamu CHCTEME

(4.1) masmBaoTca pemenus BEAA 1M; = MM (¢). Ioxcrasasa arum BH-
pasxenuzd B (4.1), nmeem

d
S=—E, n(0)=1, (4.3)
3
" [gl Epn® — E] =0 (k=1,2,3) (4.4)

3nech £ — mapaverp, aHaJloTWYHHI COOCTBEHHOMY SHA4YeHHIO B JH-
HeMHEIX CHCTeMaX, 3HAK KOTOpPOro, Kak BEAHO u3 (4.4), ompepmexuser
YCTOAYABOCTD.

Jlia oTHCKAaHHA WHBADHAHTHHX Jydeil cmereMmr (4.1) ocraBmMm
B KaRIOM H3 ypaBHeHH# (4.4) TOJBKO BTOPOH MHOKHTENb M IDHAEM
K OCHOBHO# cmcTeMe JHHeHHHX YpaBHEHWH

3
MNEu=E (k=1,2,3). (4.5)

a=1
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Ecnm marpuna
| B i (4.6)

Heocobas, To mpu a06oMm 3Havenmd napamerpa E cumcrema (4.5) mmeer
eUHCTBOHHOE pemeHde. JTH pEMeHHSA 3aN0JTHAKT MHBAPHAHTHYIO
npaMyo, cocrosmylo m3 yeroiumsoro (E > 0) W Heycroitumporo
(E < 0) nyueir. Eciu marpuna (4.6) ocobas, To penreHue, ompeesien-
HOe ¢ TOYHOCTHIO [0 IPOMOPIMOHAIBHOCTH, CYMECTBYET TOJBKO IIPH
E = (0 — meéiTpanbHag HHBapHaHTHAdA UpsaMasa. Bce pemenmsa me-
JHHEeHHOH anrefpandecKoil cHcTeMH (4.4) MOKHO IOAYYATH, OCTAB-
A4 B KQKOOM U3 YPaBHeHUH meppriit su0o BTopoil MHOKHATENb. Beero
MOJIYYaeTCs BOCEMB PEINeHMA, BKA0Yafg pa3o0paHHOe BHINEG M TOK-
HNEeCTBEHHO® 1); = 1, = 13 = 0. ITa Ipomexypa COOTBETCTBYeT He-
BaBECHMOMY H3YUeHHIO CHCTeMH (4.1) Ha Rak[qoi m3 Tpex rpaHei Ko-
myca n; >0 (k= 4, 2, 3).

Kpuatepuii A. M. Moagaunosa [2986]. [Jusa mozo ymo6u mpusuaav-
Hoe pewenue cucmemwl (4.1) 6vmo ycmoiinuso, Heobxodumo w docma-
mouno, umobs. eHympu u Ha epanuye kKonyca v, > 0 (B =1, 2, 3)
He 6ba0 HU 00H020 HEUMpPAaibH020 UAL HEYCMmOoLiU6020 AYLa.

Heo6xogmmocTs mokasama Beme. J[0Ka3aTeabCTBO JOCTATOYHOCTH
mameueno B [2986].

3ameganue. B pange sagas (cm. mo. 1.1, 2.6) Bce Beamunus
g',f (k, r = 1, 2,3) OKaBHBAaWTCA YACTO MHUMEIMH, B 3ToM ciaydae
B cmny ypasHeHmit (4.1)

P = (k=1,2,3)

SIBIAIOTCS HePBHMHA HHTerpajaMu cucteMsl (2.1) m MOTYT GEITH HCIIONb-
30BAHH [OIA WOCTpoeHwWs QyEKmad JlamyHoBa mo Merony UYeraesa
([145a], ra. II, m. 10) ceaskm wmuTerpanos. OmEako HOCTPOEHHAS
31ech TakEM o0pa3oM ¢yHKOUA JlamyHoBa Gymer oIpejeldeHa C TOY-
HOCTBI0 /{0 TPETHbUX CTeleHeil NePEMEHHBIX BRIIOUATEIHHO U MOKET
HPUBECTH JHUOIb K CY;KAEHHI0 0 QPopMaabHoii ycroiumpoct:m [234x]
TPHBHAIBHOTO pemenus cumcreMsr (1.1).



Taasa ITX

KOJEBAHMA TAMKEJIOTO TBEPIOTO TEJIA
C 3AKPEILJIEHHON TOYKON
OKO0JIO HUKHETO NOJIOKEHUA PABHOBECHA

§ 1. Cayuaii, Korfa UeHTpP TAMKECTH PACHOJIOKEH
B OIHOH M3 IVIABHBIX IIOCKOCTEH SINIMICOMAA MHEPUA
AN 3aKPemyieHHON TOYKH

B nm. 1.1, 1.2 u 1.5 nposoxgstcs npeobpasopanus nuddepernraIb-
HHX YPaBHEHHW KOJeOAHEI THAKEIOT0 TBEPHOrO Tejla ¢ BaKpeNIeHHON
TOYKOH OKOJIO HUKHET0 IOJIOKeHWs PABHOBECHA B Clydae, YKa3aH-
HOM B 3arojoBke maparpada. H mpeo6GpasoBarHHM ypaBHeHHAM Hpef-
HDOUTATE]bHEe NIPAMEHATh H3BECTHEE METO/s, 9T0 MOKAa3aHO Ha IPH-
Mepe DPIMEHEHH MeTOAA IOCIe0BATeAbHEIX NPAGIKeHuH.

1.1. IIpnsenenne kK amaronaabHOMy BHAy. PaccMoTpuM mecmmmeT-
PUTHOE TAKEN0e TBEPAOE TEI0 B eUHCTBOHHOM IIPEIIONIOMKEHMH, TTO
LEHTP TsHKRecTH G JIEKAT Ha ORHOM M3 IIaBHEIX ILUIOCKOCTEH WHePIHK
IJIA 3aKpemiaeHHoi Toukm (; He HApPymas OGI{HOCTH, HATIPABUM TJIaB-
HHe ocn Ozyz nauOCOMAa MHEPHEA Tak, 4to zg > 0, yg = 0,26 >0

(OG? = z3 + y& > 0). Ypasrenns Ditepa 3anmmyTcsa B Buje

d {1 — Mgl ., d ”

—d’i=-—a“qr——a§ v, L=e—ayrp+ T @ —tr),
dr_a——i Mgl A __C _%a _%c
Gt g (o=, o=%, t=T 1=

rpe [ = OG u menogsmwxHaa ock Oz* mampaBieHa BePTHKAJIBHO BHUS,

ay, v,y — ee HampaBimomue KocuHyce. sHemas maysath Koxeba-
HHS 0KOJI0 HIJKHEro monoxenns pasHopecusa (y = &,y = 0,y" = ),
IOJIO;KEM BO BCe BPEMH [BUKEHHUA

Y:E,—{"F; 'Y’:P,, Y/ISZ_,__I\”'

Bremem Gespa3MepHEE TepPeMeHHEIE B BPeMsA

=2, 0=L, R=L, v=u (v=1) %)
v v v
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(samernM, 9TO v — 9YACTOT2 MaATHHKOBHIX KojaeGanmit oxoio ocu Oy,
eCJIM OHA 3aHAMAET TOPHB0HTAJIHHOE IOJO)KeHAE) M 3AIMImeM ypas-
HeHuA Jitnépa — Ilyaccora B BHAe

dpP 4 1—c¢ dr ,

. _Ltryl=cor, - _ro4Rr—gr,

dt a dt

2 ¢ —&"+(c—a)RP, % ={P —ER+ PI"—RT, (1.4)

drv T

B _Ltprypizlpy,  Zl-104Qr—pr.

dt ¢

CoGeTBeHHEIE 3HAYEHAS MATPHOH JMHe#HOH dactm cacreMu (1.1)
cyme: 0, 0, —i, +i, —Ai, +Ad,

1 1
=+ Serle @re=n @
Ifie HYJeBOMY COGCTBeHHOMY BHAYEHHIO OTBEYAIOT HPOCTHIS 3IIEMEH-
TapHHE [eJuTeNnu. Brnumem Marpany S, COCTABIGHHYI0 H3 COOTBETCT-
BEHHO pPAaCIOJIOKEHHKX COOCTBeHHHIX BEKTODPOB MATPHOH JHHEHHOMN
gacta cucreMul (1.1) m o6parayw MarpEmy S~

0 £ 0 0 _ia% i%
00 1 1 0 0
g . E
S=0¢% 0 0 gy =iyl
£ 0 —if it 0 0
00 0 0 1 1
t 0 i —iF 0 0
(1.2)
0 0 0 3 0 0
£ g
2z 0 e o 0
1 4 , &
0 -5 0 iP5~ 0 —i5
S1= 1 & 3
0 -5 0 —i5 0 i
& 3 1
i 5y 0 —igy 0 5 0
. E . & 1
A L S S

O6Gosnaunm depe3 u BexkTop ¢ Komuomenramm P, Q, R, I, TV, T,
a gepe3 X — BEKTOP C KOMHOHGHTAMH Iy, . . ., Xg. JAMAIIEM CHCTEMY
(1.1) B Buge

d
%:Au“‘g(u),
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rae g (u) — BeKTODP-QYHKIEA, COCTABICHHAA M3 HEIMHEHHHX WIEHOB
cucremsnl (1.1). 3amena u = Sx mpumsener cacremy (1.1) x nmaromans-
HOMY BHRY

P . o
% = S71ASx + Sz (Sx), (1.3)

rge S7!AS — nmaromaipHad MaTPHHA, COCTaBieHHAas M3 cobcTBeH-
HHIX 3HAYeHM# MaTpPUOH A B yKasaHHOHW BHME HOCIEH0BATEALHOCTH.
ITockoabky HEPEMEHHEE T3 B Iy KOMIIEKCHO-COI DAKEHE 16 PeMEHEEM
Ty B %yt T3 = Iy, Tz = T, TO YPABHEHHA JJIA NePBHX BHIKCHBATH
He Gymem. Hrak, cucrema (1.3) sammmercs B Base

dz . .
d—; = 1 (23 — 25) + ik (25 — x%),

dr - & ;;g = Ty (%3 + 24) + 3 Py }va (M — 1) (25 -+ ) (5 — Ze),

= iy (e —a) e o LR gy

+—§1—%ﬂxe+—§—ixl(x3+x4)——
~ it (e o
— ——1[1 + c—¢ (_1_§2 — L§2>:l Lokg — (e ac;:g 2 Z5%q, (1.4)
Zz" iAZg —l——z?»xl (xg — z5) +
+7i[i—x+7(%§2+%§2)]x2x3+
+—;-i[—1—-?»—l—-§v—(%§2 @)]132-7?4

o o
o+ Lol o (o — ) + L GEEAE “’zf,c;{““ 4 (@ — ).

Brnmmem B IEaroHAJABHHX HEPEMEHHHX TPH H3BECTHHIX IEPBHX
AHTeTPAJNa: TPHBHAJABHEI, KHHETUIECKOTO MOMEHTA OTHOCHTEIBHO
peprakanm Oz* m pHeprmm:

9%, + 2t — (33— 2 + (@5 + 2 =0,  (1.5)
ach®xzy 4 achizyze - i (¢ — a) ELws (23 — x4) -
k *
! (3% + T4%6) + A 1‘ ! (Xa%e + 475) = Kk (k = ];z ) ’
(1.6)
2 2 2 2 2 2h
— 2 4 ookl + @+ m)f — @ —mP =t (W= 5 +2).
(1.7)
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1.2, Ilpuenenne K aamyHoBckoMy ([77a], § 33—45) Bmpy. He-
TPYAHO BRmHEcaTh Marpany T nmueiiHOTO mpeoGpasoBaHMsA, IPHBOJA-
Y0 AAArOHAXbHYI cucreMy (1.4) K JADYHOBCKOH KOCOCHMMETpPHY-

HO#l opme
s . 1 0 101 —i
T:I2+T2+‘T21 ]2:“0 1‘1 TZ":T]li : .

Marpuna L pesyiasrupyiomero npeobpa3oBaHus ACXOTHOM CACTEME
(1.1) B cucreMy IADYHOBCKOTO BHWJA PaBHA

L = ST,
rae S cm. (1.2). Bamamesm ee u o6patuyio eit marpuny:
4
0E0 0 0 —— 0 0 0 £ 0°¢
g g

001 0 O 0 oz 0 e 0 00
L=lo ¢ 0 0 %,Lﬂ: o 1 0 o0 0 of (21)

£ 00 —2Z 0 0 0 0 0 —f 0 &

000 0 1 0 0 0 0 0 10

¢ 00 & O 0 —% 0 % 0 00

3amena mepemenrHX u = Lz mpuseger cucremy (1.1) K aAmyHOB-
CKOMY BUAY

dzy

= T %3% + Az5zq,

dz —c)& —1

d‘? = (a ac;‘)g Cz2 Zg + ach3 232¢, Z 2)
(2.

dz — — 1 1

d—?‘ =—124+(c —a)§§22 + {2 ac;gic Zg -+ ca—— <‘5‘§2 - —5‘@2)12%,

d

d—?‘ = Z3 -+ 2123 — Z9%; I (€ aca;z e Z52¢,

ddi: = — Mg — A21Z¢ -+ 2224 + —'ﬁ 2426,

d . 1 —_ .
7;?6=7“25+T(ac E‘—F_c QZ)Zzs-l-(c ac‘;v)f’gzsza.

BrooumeM B JSAOYHOBCKEX I@PEMOHHHX TPH HEePBHX HHTETDAla
B IIpe;KHE’ HOCAe0BATeIHHOCTH:

2, -+ 2z 2 =0, (2.3)
acA?zs + ach®z425 + (¢ — a) ECz024 + -—i—z@a 4292, =k, (2.4)
—2z, + ach?z; + 25 + 25 = p2. (2.5)
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ITpocteiimas cBaska marerpamoB mo Yeraesy ([1446], crp. 430—
431) cBopuTes 3fech K CyMMe TPHUBHAJIBLHOro mHTerpata (2.3) m mu-
Terpasia sHeprmd (2.5) ¥ HaeT HOJOKUTEIHHO-OLPEAENeHHYI0 (opMYy
V Bcex mepememmEX

2 2 2 2 2 >
V =2 + ach’s + 23 + 23 4 22 -+ 75 = p,

4T0, HAOOMHEAA 00 YCTOHYMBOCTU HHIKHETO IOJO;KeHHSI PaBHOBOCHS,
TO3BOIAET OLPEJenTS 06IacTh ero TPUTHKEHUA B IePeMeHHEIX P, ¢,
Ty, ¥

1.3. Pesonamcrr. Mopmyia (1.1a) yeranasiuBaer OTHOMEHNE FACTOT
apHeiino#t wactm cmcrems (1.1). IlpmpapHmBas 5TO OTHOmEHHE
0 = m/n, THE M ¥ R — B3aUMHO 'IPOCTHE HATYpPAJLHHE THCJIA, IO-
AyIuEM

e =g, 31)

niIu

a(p’c—DE+c@a—1)C= &+ e=1). (31

B nepsom oxTanTe npocrpaunctsa {a, ¢, £2} ypasuenme (3.1) ompene-
AA6T 9acTh IOBEPXHOCTH BTOPOTO MOPSAKA

(@ —¢) & =c (p%a — 1) (3.16)
OPH €CTeCTBEHHHX OTPAHHYCHMSIX _
0<B<t, at+e>1, c—a<l, a—ec<L 1. (3.2)

Ilocmennme Tpm HEepPaBeHCTBA BHIPAKAIOT WBBECTHHIE COOTHOIEGHMA,
910 CyMMa JBYX JIOOHX TIAaBHHIX MOMEHTOB WMHEPIWUU He MeHbIIe
Tperbero m3 Hmx. llpm p = 1 ypaBuenme (3.1) sanmmercs B Bupe

A(C—B)&g+C@A—B) =0 (3.3)

Idro, xak sametma @D, X. Ileasman [3336], ycrosua Ha mapamerpst
TBeporo Tema B ciaydae l'ecca — Ammenbpora [216]. Pasymeercs,
ypasuerme (3.3) Bmmoameno m B cayudag Jlarpamma — Ilyaccoma
(=0, 4 =B).
Iipm p = 2 yparmenue (3. 1) HPHEMeT BUJ
A(AC —B)E+C(44A —B) T =

Ipu ycaosuax A = B, { =0 umeem A = 4C, 910, KaK 3aMeTHI
@. X. Ileapman [3336], xapaktepmsyer mapaMerpel TBepjoro Teaa
B cayuae I'opsueBa — Yannmrnaa [386, 138].

Onmaro, ypasmenue (3.1) (mnm 3.1a), (3.16)), mMmeromee pemenue
npr awbom 0 << p = m/n < oo, He HMEeT PEMeHHA, OTBEYAIOIET0
cryuaio Kopanesckoit [61] (p =V 2).

1.4. IIpocreiimue amxenua. Haunem ¢ mepMaBeHTHHX Bpaie-
HEH#, BO BCe BpeMsi KOTOPHX P, ¢, 7, ¥, ¥ » ¥ HOCTOAHHEL, T. €. OCb
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BpameHns (C IOCTOSHHOHR YIIOBOH CKOPOCTHIO) 3AHHMAET HEH3MEHHOE
noJio;kenme B Tese. S papuenus (1.1) mamyrt :

(1—¢c)QR— Ty’ =0. Ry —Qy' =0,
(¢c—aRP + Ly —E8y"=0, Py — Ry =0, (4.1)
(@a—1)PQ+ & =0, Qy— Py =0.
U3 nocnegrEx Tpex ypaBHEHHUI HmMeeM
P=Qy, Q=Q, R=Q" Q=+VP+ 0+ R), (42

T. €. MepMaHEeATHAsA OCh BceTHa Bepruradpua. I[as ompenemeHms ee
HOJIOKeHHUsA B Telle YMHO)KAM IepBoe Hm Tperbe ypapuenmsa (4.1) coor-
BETCTBeHHO HA § W { W, cIo:kuB uX, B cuay (4.2) OyneM mMeTh

VIEA =)y + L@—1)yl=0.

B paccmMarpmBaeMoM ciyuae TeoMeTpHIECKOe MeCTO ocell mepma-
HeHTHHX Bpamemnmit B Texe (komyc llrayme) pacmagaercs =Ha 1Be
HJIOCKOCTH:

y=0 sl —cz+Z(a—1z=0.

TlepefimeM ® MasTHEKOOGPAaSHHM ABIKeHEAM. Takme [BHKeHHOSA,
KaK H3BECTHO, BO3MOKHEI OTHOCHTEIBHO TOH M3 IJaBHEIX oceil MHEp-
Hun (Heo0XO0IUMO rOpPH30HTANBHOR B HENOJABMIKHOU B IPOCTPAHCTBE),
KOTOPAA MEePUEHAVKYIAPHA K INIOCKOCTH, COTEPKAMIEH MEHTD TAMKECTH.
Nvenno Bamwdme MaATHUKOOGPASHOrO [BWKEHHSA K ONPEeIdIo
HOCTaHOBKY 3afaud. Wrak, monosxuM B ypaBmeHusax (1.1) P = R =
= I" = 0 = Bo3Bpamasch K HEPEMEHHHM Y H 7", MOIYIUM

dQ . 1 dy o " day” .
=8, =0V, o =0m (4.3)

ITockonsry y” = cos &, rge & — yrox myramum, 1o np:m y =0
umMeeM y = sind. B momxomenum pasuHoBecHsa cos U = [, mosToMy
LOJIOKAM [ MaATHHKO0GDPA3HOTO NBHKEHAA

& = arccos { | O.
U3 ypaBmemmit (4.3) moayumM ypapHeHHWE MasATHHKOBHX KoJeGaHHN

d20
dt2

4-sin® = 0.

1.5. IlpeoGpazoBanme ypaBHeHHWii [AMAroHAJIHLHOTO BHAa. DBripa-
BHM ¥, W3 TpUBHAJsHOTO mHTerpaia (1.5) :

Zy = —;—-(xs —Z,)? — -;— (5 + )* - [4]. (5.1)

IlogcraBue 3T0 3HaYeHHme B HHTErPA] KUHETMYECKOTO MOMEHTA
(1.6) m sameuas, uro z, EMeeT TOT ;Ke LOPANOK MAIOCTH, 4TO U K,
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IOJIyIuM

1 1—A
Ty = o b+ ——= (T35 + Tae) —

—_— 1ﬂj}:‘sx (xgxﬂ + x4x5) + é%;;;—ac k (7:8 - x4) + [3]- (5.2)

Beony pmanee mMm 6yneM oTMeuaTh MOPAKOK MRJIOCTH OTOGPOIIEH-
HHX 9JIeHOB 0 TIEPEMEHHHM Iy, Z,;, Iy &g B moctoaaHoi k. Temeps
mopAmoK cucTeMH ypasHenumit (1.4) nouwsuTeA Ha B eAWHHUOH U Ipe-
o0pa3oBaHHAs CHCTEMa, COCTOAIMAA M3 OBYX Hap KOMIIEKCHO-COIPSI-
/HeHHHIX YPABHEHHN (23 = T4, &3 = ZTg), IIPAMET BHU]

d 1—2)(c—a)E
=i+ St e+ LR 0%

+ (H_;hz)a(ccxz—a)EC Y6 — 2acix4 [1“ c;a (ng“—i“gz)]k%—

SR S T P
v —{—-i—i(xa—-@)(xg—-xi)—-—i—-i(x;,+x4)(x5—}—xs)2 -

— LAV b @y + aue) +
— A —
g lemad —MEL a(),gz,vs V5 (%325 -+ T426) — % k2 (25 — 24) +

+ W [i (A 4 1) (w36 + 2475) + T (A — 1) (2375 + 24%6) +

P8 kg - S et
st (e -0 e+ 1, 63

T =00+ g [t = bk (B 1) s
+ LIV oy (0 — 70) + g — 1 — A+

+%‘(—Z‘EQ—FT?)]’C%'FLa_c)zl(:c——h_gﬂa—gﬁ(xs—%)-i-

2 i (5 — T0)? (2 — T5) + - 1M (&} — 23) (@5 + 70) +

+ g | 11— D) (55 + waa) — § (1 + 1) (s + 7as) +

+ O iy — )| {[1 = A+ (L 0|t
+[_1_x+‘T(%§2+—Z—C2>]m}+[4]~
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OcraBmmiics mepBH# WHTErpast yaoGHee B3ATH B BHIE CYMMHI HH-
rerpana smeprmd (1.7) m rpmBmansEoro maTerpaia (1.5). Mcomonesys
(5.1) m (5.2), sanwmeM NepBHI WHTETPAT CHCTOMH ypaBHemmi (5.3)
B Bnne

ac}ﬁ [k + h (1375 - T476) — A (324 -+ T475) +
+ 1 E R g — o) [k 4@ & P o 14] = 2

1.6. Bosmoskusie 0606mennsa. PaccMorpennasn 3mech cucrema gad-
PepeHIHAIBPHKX YPABHEHHH ABIAETCSA TPeXUapaMeTPHIECKOH,— Mo
9UCIAY BXONANEUX HE3aBHCHMHX HapaMeTpoB: a, ¢ ® & (HamoMHHM,

ato { = -+ /1 — &%). Ecam OH 5LIMNCONJ MHEDPIUH OTHOCHTEIBHO
roukn O OKasaICHA AIMICOMAOM Bpamenus (¢ = 1 mam ¢ = 1 nim

= ¢), NJA TEATP TsLKECTH oKasaxca OH Ha OJHOM M3 IaBHHX oceit
IPOMBBOJHHOTO BIJANCONAA WHEPUAHE OTHOCHTEIBHO TouKu O (§ = 0
wim § = 1), To cucreMa ypaBHeHH#E OHJIa OH AByXImapaMeTpH4ecKOH.
B caywae Jlarpamsa — Ilyaccorma (a = 1, § = 0) cucrema ypasHe-
gmi (1.1) comep:xuT ogmH mapaMerp ¢. B ciaydae KMHETHIECKOH cuM-
merpun (¢ =c¢ =1, £ =0) m B cayzae HoBauescroit (a =1,
c=1,, e =1, mubo a =c¢ = 2, § = 1) cucrema ypaBmenmii (1.1)
He COJNEeP:RHUT MapaMeTpoB. B o0meM ciydae JBMKEHHE TBEPIOTO Tela
OTUCHBAELTCH CHCTeMOM AW(PEePeHIMANBHHX YDaBHEHMWI ¢ JeTHPHMA
napaMerpamm: a,c, & m ({ =+ V1 —E — nd.

Ilony4aromuecs eTHpeXmapaMeTpUICCKAe YPABHEHUS aHAJOTHY-
HHE (Apyro#t momxop, cM. § 2, upumsonmt K Goiee IPOCTHM YDPABHEHHAM)
37ech IpPUBEICHHHIM, HO Ooxee rpoMosaku. Tawse Golee TPOMO3OKHE
M ypaBHEHHS KoIe0aHMIl OKOIO MOJOKEHHS PABHOBECHS B APYTUX
CHJIOBHIX HOJIAX, HANPAMED, B IEHTPAIBHOM HBIOTOHOBCKOM IIOJe CHLIX.

JIlponenannne mpeo0Opa3soBaHWsA HO3BOIAIT IS TAMKEIOTO TBED-
IOro Tela OPHMEHHTH METOHH, cHemudmueckme IS Kojgebanmit
B CYIIECTBEHHO HEJRHEHHHX aBTOHOMHHX cHcTemax. Hexoropsie u3
TakaXx mMeromos pasputhl BriaBax I, IV m VIII. Hackoabko onu oxa-
MYTCA DPPEKTHBHEIME I KoJeGaHUII TBEPROTO TeJa, HMOKaker 6Y-
mymee. OcTaHOBEMCH B 3aKNOUEHHE HA TOM METOHe, KOTOPHIH mpu-
BOJIAT, HA HAaIm B3IJIAK, K 3QPEeKTHBHLIM De3yibTaTaM.

1.7. Caryauma, Omm3kaa K caytao HosauzeBckoit. B pamirax
CIeTaHHOTO B BTOM Iaparpade IPeIoJoKeHHS PACCMOTDHM CHTYa-
IO, KOTAA LEHTD TsHKECTH G Tela JIe;KUT B DKBATOPHATIHHON HIOCKO-
CTH JIIMIICOMAA MHEDIHM A 3aKpeisieHHoH Toukd O, ABIAKIErocs
3JLIMNCOUAOM BpameHms. Urak, mpegmoio:Kmm,

A=B=+#C, y¢ =2¢ =0, 2¢ = 0G == 0.

PacematpuBaeMas cATyanmsa BRiAouaer B ceGa m cayuait Hosamesckon
(C = 1,4)
z .
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Vpasuerua (1.4) opmw a =1, § =1, { = 0 npamyr Bmg

dP
dv

dR
dv

’

=1 —¢c)QR, _‘Zﬁ.=__y”+(c—1)RP, ,
(7.4)

1
dr =<7

d?__ ’ ” d’\?'___ " _{l_?_”____ _ ’
= =RV — 0V, =PV —Ry, ——=0v—PV.

Tpl7[ IIepBHIX AHTETrpaJa: Tpl?[BHaJII:HI:Iﬁ, KHHETHYECKOIr0 MOMEHTa OTHO-
CHATEJABbHO BEeDPTHKAAHA OZI 7 3HEePI'WHM 3alNIIyTCA B BHE

,VZ + ;Y'2 + v”z _ 1, P’V + QY, + CR’Y” ES k (k == v'iA'Kh)Y (7'2)

P QR — 2y = (1.3)

HamepeBasch usyuats KoleGaHUA OKOIO HAKHETO HOJI0OKEHIA PaB-
nopecass (y =1,y = y” = 0), paspemnM pgBa TepBHIX HHTeTpajia

OTHOCHTeNbHO Y H P
v= YTy =2, p— A QU BV

— T.4
Vivr—ym @9

HOCJIGI[HIIG BBRIDAKEHHA ABJIAINTCA AaHAJIATHAICCKAMH (i)YHK]lYIHMH
IepeMeHHE X IpH YCJOBHH

,Vlz + Y”2 < 1’ (7.5)

T. €. JI0 TéX IOP, IMOKA IEHTP TKecTH G He NOCTUTHET TOPH30HTANIb-
HOHM maocKocTH, mpoxomsamedt depes touky (. [lomycrmm, uro UeHTp
THAKECTH Tejia JOCTUraeT YKa3aHHONW rOPH30HTAIBHON MIOCKOCTH C HY-
JIeBOH YIJIOBOM CKOPOCTHIO, T. €.

P=Q=R=y=0 y24+y2=1

Jlns aToTO MBHKEHMsA MOCTOAHHAA h B mHTerpale (7.3) paBHA HYIO
W JA Hero jKe EMeeM B HaJaJbHHH MOMEHT B cmixy (7.3)

p? (0) 4- @* (0) + cR?* (0) — 2y (0) = 0.

Cnenona’renbno, €CIIH B HAYAJLHHU MOMEHT

P20) + @ (0) +cR*(0) — 29(0) <0, (7.6)

TO M BO BCEe BPeMA NBIKEHAS HEHTD TAKECTH HE JOCTHTHET YK33HHHOﬁ
I‘Op]Z[30HTaJII>HOﬁ ILJIOCKOCTH, T. €, BLIIQJHEHO YCJIOBHE AHAIHUTUIHOCTH
(7.5).
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HogcraBuB (7.4) B (7.1), monyunm cmcreMy 4UeTBePTOTO MOPAIKA
dQ k—-Qy — cRy” dR 1 .,

el +(c~-1) m, =
ay _ ”k—Qv—ch RVr—‘,_-‘—z”z
==V == — " =¥ 1.7)
v Vi—v -y (

Vi—v —y
AHAMHTAYECKYI0O mpu yciaoBmm (7.6).

XapaxkTepuCTHYECKOE YpaBHeHHE s JHHeiHO# YACTH CHCTEME
(7.7) ects

+(1+ +k2)m+ +l=tr=o.

Ilpm ¢ << 1 xopHE 3TOr0 YpaBHEHHWs YHCTO MHHUMEE K pa3jdIHEEe.
IIyers ¢ >> 1; Torga upm ycaosum

B> (1.8)

IOABIAETCA OfMH IIOJOKHATEJIBHEI KOpPeHb. 3aMeTuM, YTo TPaHHNa
(7.8) meycroifumBocTE B OOJBIIOM HHMIKHOTO TOJOKEHHS PABHOBECHSA
CKONb YTOHO BeIWMKa axsa Tojcroro amcka (c =1 -4 ¢,8 >0 =m
CKOJb YrOAHO MaXa IS TOHKOTO JuckKa («OnmHay, ¢ = 1).

Brisicanm coBMecTHOCTD yeaoBus (7.8) — meycroitamBocTd B 60JIb-
mowm u (7.6) — anamaTHYHOCTH, WMesA B BHAY, 910 B cmay (7.2)

k=P (0)y(0) + Q) v (0) + cR (0) ¥v" (0).
IIycrs aBMsKeHAE HAYAHAETCA U3 COCTOAHAA PABHOBECHUS, T. ©.
v ©) =1,% (0) =»" (0) =0.

Torga k = P (0) m ycaoBusa (7.8) m (7.6) sammmyrcs B BHIe Hepa-
BEHCTB

PO <2— @ (0) — R (0), 1.9)

KOTOPHE COBMECTHH JINIIb IPHE € > 3/4.
1.8. Ilpamenenne MeTofa IMOCIENOBATENFHEIX nprOMKennii. IIpen-
CTaBHM CHCTEMY ypaBHeHUi (7.7) B BEeKTODHOM BHUfE:

Q 0 c—4Hk 0 —1
1
_Ax=i@), x=| B a=[" O = %l (4
' o —1 0 k
v 1 0 —k 0

rae f (x) — BekTop-PyHKOUA, cocTaBIeHHASA M3 HeIMHOHHEX WIGHOB.
IIpaMem 3a HyneBoe nmpubmmaenue X, = X (0); Torma Gymem mMeTh
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JJIg MepPBOTO NPHOAMMKEHA
) dxy

T Axy = (x) 8.2)

H A DOCHeIYIOMUX IPAOITKeHuH

ax
L — Axpn = (%) (k=1,2,...).

Orcrona 6ymeM mMeTs

T

Xpi1 = A% (0) + (e (x, (5)) ds. (8.3)

0

- OmenmM CTaHAAPTHEM 06Pa30M HOPMY PasHOCTH
. .

Xp (1) — X (1) = { e0A [ (3 (5) ~ F(mpa ()] s (k=1,2,...).

]
Bynem mmers

3
| Xpy (1) — %, (7) | << 47 L | €A | | x, (5) — Xy (9) |
O<Ls<gvik =1,2, ..),

rpe I — xomncranra Jlunmuna B 3aMKHYTOil o6macTH, comepsxammei-
ca B (7.5). Takum o6pasom, mpa

.1 oA -
1< z_g_L_Ie(r.)x] 1

oro6paskeHne (8.3) sABIsteTCs CKEMAIIAM ¥ IIOCIEA0BATEIHHOCTH
{xy (t)} paBHOMepHO cxommrea ma orpeske 0 < T < T,
Jaa mepBoro npubammernna Gygem amers u3 (8.2) u (8.3)

X, (1) = eAx (0) + A (A — L) £ (o). (8.4)

B paseepryroM Bmpme dopmyina (8.4) ommchBaeT mpOIECC BCTABAHUA
TOHKOTO JIACKA, JOCTATOYHO CHJIBHO 3aBePUYEHHOr0 BOKPYT BEPTHKAIH
(apdext mMonerKm).

1.9. 3amMeuanns O oOmIpeJeIeHMI0 HOJNOKEHHWS TBEPAOro Tela ¢
3aKpeIIeHHOH Toukoit, M mMCXOquM M3 WHTETPHPOBAHUSA YpaBHEHHN
ditnepa — Ilyaccoma. Opgmaxo, malinsa sHadYeHHSA p, ¢, 7', ¥, ¥, V"
I JaHHOTO MOMEHTA BDPEMEHH !, MBI HOJYI¥M IPH 3TOM TOJABKO IATh
NPOM3BOIBHEIX IOCTOAHHEX, GO CyMMa KBaJPRTOB HaNpPaBJAOIIHAX
KocHHYCOB B J10060if MOMeHT BpeMeHX PaBHa efmpmne. B To sxe BpeMsa
HadaJbHHE JaHEEE MOI'yT IPAHAMATH IIECTh NPON3BOIbHEX HATaIbHEIX
3HAYEHHH, HATIPHAMED, Dy, Go» For Por Vo, Vg» THE @, P, & — dHTEPOBH
yraut. Jlerko mokasars (cuM., Haupamep, [386], ra. I, § 5), aro gaa nos-
HOTO pemeHHs, KPOMe WHTerpHpoBaHWsA ypabrenui ditnepa — Ilyac-
COHA, HeOGXOAMMO BHIONHATE eIe OfHY KBaapaTypy. HeiicTsurensno,
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ecnn Ayt @ 1 MBL mMeeM Koueunsie Gopmynst [386]

¢ = arctg —YY— , O =arccosy’,

TO [J151 yruia P mpeneccHu OyaeM uMeTs
@y .1 [(av 4y }
at Ty \:r R AT ST y

Il. B. XapaamoB npuMeHsAeT WHO# €¢mocol ompefielleHAA MOJOKe-
HHS Tejla B HPOCTPAHCTBE, WMEHHO IIPH HOMOIMM HOABYIKHOLO W He-
TOJIBIGKHOTO TogorpadoB YIVIOBOH CKOPOCTH M JYTOBHIX KOODAHHAT.
Jdror cnocob ([138], m. 1.6) naskBaeTcs ecTeCTBOHHLIM IO aHAJIOTUH
¢ KHHeMaTAKON TOYKH.

§ 2. O0muit cayuaii

CucreMa [uHAMHYECKAX M KHHEMAaTWIeCKNX ypaBHeHHmil Jitmepa
rak sameuaer A. I0. Wmumnckmit ([52a], ra. IV, § 1), oxasusaercs
MaJIoyno6HOM NjiA W3ydeHNA IOBEeHHA I'MPOCKONOB. JTa 3aMedaHue
OTHOCHTCS M K paccMaTpuBaeMoii B aTo#l rnase sajgade. B ofmewm ee
caydae, eclii MCXOAXTH W3 ypaBHeHmil Jinepa — Ilyaccona, nmeercs
YeTHpEe HEe3aBHCOMHIX IapaMerpa, 38 KOTOpHe MOKHO IPHHATH JBa
OTHOINEHMS MOMEHTOB MHEPIWHM K JBa OTHONICHHS KOOPAWHAT IEHTPA
THMECTHE K PACCTOAHHIO ero 0 HemoABHKHOil Toukm. Ecam, Kak U B
§ 1, mEHTD TAKECTH PACHOJIOKEH B OJHOH M3 TIaBHHX IJIOCKOCTEH
DIIANCON/IA MHEPIUE IS 3aKPEIIeHHONH TOYKE (ITO BCETHA OCYI{ECT- |
BEMO, €CJIH NOCHeHAN ABIACTCA DIIBICOMAOM BPAIleHHA), TO YHCIO
HEe3aBUCHMEIX IapaMeTpoB Menbmie deThipex. OHO pPaBHO TpeM B o0miei
Opu CclIeJaHHOM [JOUYIEHWM CHTYAlUM, HE UPEBOCXOXHT [BYX B
YKa3aHHOM CIyYae S/JIMICOMJA BPAMeHHA, PaBHO OXHOMY B clIyyae
Jlarpamxa — Ilyaccoma m, maxomern, B ciydae HoBazesckoit Tako-
BHE IapaMeTphl OTCYTCTBYIOT.

‘ Ilpeo6pasoBanme JaMHEHHO# dYacTH YpaBHEHEH PacCMATPHBAEMEIX
B 9TOH IiaBe KojaeGaHUi K ;KOpPAAHOBOM (opMe OKa3HBaeTCA BEChHMa
TPOMO3JKHM, €CJjiM MCXONWThL W3 ypaBHermi OJiamepa — Ilyaccora.
Eciu xe wmesio HasBaHHBIX BHINE HAPAMETPOB XOTA OH HA eIHHHLY
MeHbIIe, YeM B of0meM caydae, To 3T0 mpeoOpasoBaBHE JOBOJIBHO
KoMuakTHO (cM. m. 1.1). Opgrako ecam B 3amade STOH IIIABH MCXOAHUTH
W3 CHEeNHAQJIBHEX OCeH CONYTCTBYIONMEH Tedy CHCTeME KOODAHHAT,
seegenubx I1. B. Xapaamopnm ([138], m. 2.6), To BHRKIAEKE cymmge-
CTBEHHO YIPOIMAIOTCA.

B sroM naparpade, kaxk um B § 1, MK npoBOIMM HOATOTOBHUTEJBHEIE
npeobpazoBandd A NPAMOHEHNA METOXOB MAJOro IapaMerpa W Me-
Toja HOPMAaJbHEX fopM. CaMo ke IPUMEHEHHE HTHX METOOB HMOTpe-
Oyer 3HAUATENBPHHX YCHJIMA. ITO OTPa’KaeT CYMECTBO BoIpoca: ABH-
JKeHAE TBEPAOTO TeJa C 3aKPEeINIeHHOM TOYKO# He CBOAUTCH, BOOOIIe
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TOBOPH, K HAJIOKEHAI0 KoNeGanuii, a OIMCHBACTCA, KaK M3BECTHO, Ka-
yeHneM Ge3 IPOCKAIH3HBAHAA HOABHIKHOTO AKCOMA IO HEHONBAKHO-
My (meraidpHOe mccaefoBanue nposexeno B [138]). Uro sxe kacaercs
IpAMEHEHNA MEeTOfa MOoCHeIoBa-
TeNBHHX NpUGIMKeHUii, T0 pe-
3ynbTaTH 1. 2.6 (cM. Taxoxe m. 1.8) Az
IIPe/ICTABAAIOTCH JOCTATOYHO D~
dexTHBHEIMY.

2.4. Onopsasi cucremMa KoOp-
naagar. IIpegnono:xuM, 910 meuTp
Macc @ Tejia He COBIAfaeT € 3a-
Kpemyitesno#t toukoii O. IlepBYyI0 arccos v;
KoOpauHATHYI0 och OX mposejieM
gepes meHTP Macc G Tena, a JiBe
apyrae, OY u OZ, subGepeMm H3
VCIOBHSA, IT0 NEHTPOGEKHBIA MO-

MeHT uHepruu Jyz paBeH HYIIO.
Cucremy xooppuuar OXYZ, cBs-
33HHYI0 ¢ TEJOM, Ha30BeM OIOP- Pmc. 19.

Hoii (pmc. 19).

Kunernueckas pHepPrma Tela SBIAETCA, KaK H3BECTHO, KBajpa-
THYHOH OPMOY KOMIOHEHT YIIoBO# CKopocTH

T — _;__(JXX(,& + Jyvoy + Jzz0y + 20 xyoxoy 4 2Jzxez0x), (1.1)

rne Jxx, Jyy, Jzz — ocesrie, a Jxy = Jyx, Jzx = Jxz (Jyz =
= Jzy = 0) — menTpobe;xEbe MOMEHTH WHepIuMm Teaa. Bocmoas-
30BABIINCH (GOPMYJAMM JJA IPOCKIWE KHHETHIECKOro MoMeHTa Ko
‘TeJIa HA OMOPHKE OCH

kx = Jxxox -+ Jxyoy + Jxzoz,
ky = Jyxox + Jyryoy, . (1.2)
kz = Jzxox + Jzz 0z,

sammmeM (1.1) B Brpe

T = é—({kmx + kyoy + kzoz). (1.3)

Paspemuym ypapmenusa (1.2) OTHOCHTENBHO wx, Y, Wz:
ox = Qxxkx + Qxvhy + Qxzkz,
oy = Qyxkx + Qywky + Qvzkz, (1.4)
wz = Qzxkx -+ Quzyky + Qzzkz,
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e
Oy = J¥¥/2z Oy To2 xx —Iox 0, — TxxTyy =%
XX= ety 1 YY T det J e detd ’
Ixvl 22 IxzT vy
QXY=QYX'—=’“W, QXz=QZX=“‘—‘a;t‘]_, )
' Ixwlzx
QYZ: QZ'Y= det J

H, HaxkoHen, detJ ecTs ompesenuTedb IONOIKUTEILHO-ONpPEeNIeH-
HOY KBafipaTuyHoil dopmsr (1.1), T. €. oIpeennTe s MATPHAIE
Txx Jxy Jzx
J=1Jxy Jyyr O |. (1.5)
Jzx 0 Jzg
Hopcrasasa (1.4) B (1.3), monyduuM KHEETHIECKYIO SHEPTAIO Teja KaK

KBaJpaTHIHYI0 PopMy KOMIOHEHT KMHETHUeCKOTo MOMEHTA Tejxa OT-
HOCHTEJbHO 3aKpemaeHHol Toura O

T = %-(QXXI& + Quyky + Qzzk7 +
+ 2Qyvkyky 4 2Qyzkvks + 2Qzxkzkx).) (1.6)

TaxkuMm 06pa3oM, OCYIECTBICH IePeXo[ oT TeHzopa uHepuud {Jxx, ...
..., Jzx} ® rupaumonnomy rTeH3opy {Qxx, ..., Qzx} (cm. [138],
. 2.5).

Bee 5To MoskHO 3ammcaTh B 60j1e€ KOMIAKTHOM BuUfe:

ko=Jo, T= -%—(ko; w) = —%— (Jo, ),
0=3%, T =-3(Ko,Iko). (1.7)

2.2, Coenmansusie ocu Kooppumat. [loBepsem ocu omopHoO# ch-
creMul Koopauear OXYZ Bokpyr ocu OX Ha yrol € B HaUpPaBIeHHH
ot ocu OY x O7; uossie ocu oGosnaunm OX X; X, (cuM. puc. 19). Hosne
eUHAYHEE BEKTODPH BEPAKAITCA Yepes TaKOBEE OMOPHOH CHCTEME
KoopauHaT fopMyraMa

ex, = ey cos € -}- ez sin g, ex, = —ey sin & | ez cos &.

Marpuna R, cocrasiennas w3 KOMIOHeHT HOBoro 0asmca ey, €x,, €x,
B oopHOM Oasmce ey, ey, €z, IMEET BAJL

4 0 0
R=| 0 cose — sine
0 sine cos €

u AB1geTcA oprorovanasHoi: R71 = Re.
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Marpana T rensopa HREPIUH B HOBOM Gasmce ompenenmres Pop-

myxoi [146], (1.1.27):

J=RUR =

Jxx Jyxycoset Jyysine Jyycose—~Jyysine
1 .
= | Jxycose+J,xsine Jypcoste+ Jy,sin?e 5= (Jz; —Jyy)sin2e
1
Jyxcose—Jyysine 5 (Jzz —Jyy)sin2e Jyysin?e4-J,, cos’e

OuesupgHoO, det T = det J. Burumcaenus JaqyT JJsA 9JeMeHTOB obpat-
HOI MaTpHITL

- Tyl - 1 ,
= -E&JZ—Z, » (e) = m[(JXXJYY‘—J.ZX‘Y)SmZB +

+ (JxxJ 2z — J7x) cose + J xyJ zx sin 2¢],
]?:;(3) = —(Et—',— (JxxJzz — J%X) sin?s 4
+ (JxxIyy — Jky) cos?e — Jxylzx sin 2e], (2.1)
TaE =Ta(e)=— ﬁ-(lyyfzx sine + JzzJ xy cose),
I?} (8) '731 (8) d t b (]Zz.fxy sine — Jyyf'zx (o1} 8),
2 (@) =T () =357 tJ [ 5 (xxlyy — Jxy —

—JXthzz—}—Jéx)Sin28—[—nyszcszE].

I1. B. Xapmamos ([138], n. 2.6) BBen cnemmanbubie ocH CBA3AHHOR
' ¢ TEJIOM CHCTeMH KOODIMHAT U3 YcloBmA Jy-(e) =0, T. e. onpe-
JeJIMJI YroJl IOBOPOTA €x OT OHOPHHX oceit OXY7 K cuemmaibHEIM
0XX,;X, (oTcuuTHBAeMH# IPOTEB YaCOBOH CTPEJKH, €CIH CMOTDPETh
or Toukn G k toure O), dopMmyioit

2J vy J
tg2exy = XY 7% . (2.2)

TxxJI2z—T2x —Txxlyy+ %y
3uagenns (2.1) opm & =ex obosmaumm, caexysa II. B. Xapaamosy:
a=1Ty = —JL;E—Z%Z—, a1 =T (ex), a3 =JTg (ex),
(2.3)
by=Jp(Ex), b=Jg (ex)-
3ameTnM, 9TO mapaMeTpH a, @; A @, 3aBEOMO LOJIOKUTENbHEI.

Cornacuo (1.7) kuHeTnIeCcKaA dHePrag TBEPROTO Teda BHPAIKALTCH
geépe3 npoexnuu kx, ky,, kx, KHHETAYECKOTO MOMEHTA OTHOCHTEIHHO
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BaKpenenHoil Touky na cuexuannpHie ocu OXX,X, crenyomum 06-
pasoM:

T = 3 (ko, ¥'ko) =
= - (akk + ik, + askk,) + (bikx, + bikx) By, (2.4)

a IpoeKnAn YI‘JIOBOﬁ CKOPOCTH (» TeJla Ha CIelNHaJbHbIe OCH CYTh

Oy = akx + blle + bszz7 (25)
Ox, = blkX- + a’lkxn 0x, = b2kX +a2kX2‘

- 2.3. YpaBHeHHS JBWKEHASA TKEIOr'0 TBEPHOTO Tela B CIELHAND-
HBIX Ocax. J[BH)KeHNe TsKEeJI0T0 TBEPLOTO Tela ¢ 3aKPemIeHHOH TOU-
KO# ONUCHIBAETCA CHCTEMO# ypaBHeHHH

dky dvoi

—i~ = (ko X o] + [lex XMgv}, ——=v"Xa, (3.1)

nonchanmel‘z‘[ HOepBbie MHTEIrPaJhl
(’Vo, Vo) = '1, (ko, ’VO) = koz*, T — (Mgvo, lex) =h, (32)

e ko — KMHEeTHYeCKUE MOMEHT TBEPHOTO TeJla OTHOCUTEIBLHO HEeno-
IBIKHON Touku O, ex — eIWHAYHHIA BEeKTOD, HAUPABXCHHHI B I[EHTD
TsUReCTH Tesda (, vO — eIMHEWYHHIN BEeKTOp CUIH Tskectd, | = OG.
O6osnaunM, KaK ¥ B u. 2.2, DpOeKI¥MH BeKTOpa ko Ha creruajibHEe
oce OXX,X, wepes kx, kx,, kx,, & HaupaBAgOMEe KOCHHYCH BeK-
Topa v® B OTHX sKe OCSX depe3 v, vy, V,, U sanumeM ypasrenus (3.1)
n. marerpain (3.2) B cuay (2.5) B sume ([138], ypasmenmsa (3.2.11),
(3.2.12), (2.6.8), (3.3.16), (3.3.18) u (3.3.11))

dk
— = (bakix + askx) kx, — (bikx + aikx,) kx,,
—t = — Mglv, + (akx + bikx, + bokx,) bx, — (bokx + agkx,) kx,

dk
_Et& = Mglvy, — (akx + bikx, + bokx,) kx, + (bikx + arkx,) kx,

d
d—: = (bohx + askx,)vi — (bikx + aikx) vs,

Cfi\;l == (akX + blle + b2ng) Vg — (bsz —'I—- a2kX2) v,

B2 — — (akx + bakx, -+ bokix) v + (bikx + akx) v (3.3)

v: Vv =1, kxv kx4 kxv, = ko,
- (@K% 4 aky, 4 agkk,) + bk, + bofex) bx — Mglv =h.  (3.4)
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Cucrema (3.3) momyckaer pemenme kx = kx, =kyx, =0, v, =
=wv, =0, v =1, orsevawmee HUKHEMY IOJOKEHHIO DPABHOBECHA.
TlomoxuM Bo BCe BpeMs Kosre0aHTH

v =1+ N, ‘ (3.5)

4 BBejs Ge3pasMepHEIe HepPeMeHHEIe B mapaMeTpsl 1o fopmyraMm

=V Mglat, x=}/ -k,

a a
=V ik =) Sk (3.6)
r 2 0 . bl ___ bo
d - a, ? d'Z —_ a, ’ - a y - a, ]

sanumeM cucreMy (3.3) m mnrerpaas (3.4) B Bune

d
-;i% = (62% + dg%z) "1 — (317" "l_ %1) Ko,y

dny

g = — Ve T (% e+ exa) %y — (ea% + data) %,
_‘:‘Tz = Vi — (d'% -+ exny + eaka) %1 + (1% + %1) %,
%_ = (ea% + da¥a) V1 — (€3% -+ %1) Vo,
?cl = — ek — daka + (d'% 4 ex%1 4 €x%s) V2 — (e2% + da¥g) N,
dvs

—7 = ekt % — (d'% 4 ex%y + eana) Vi - (ea% 4+ %) N 3.7)
2N 4+ N2 v 45 =0,
% (1 4 N) 4 %1v5 4 %avy = ]/ —A%gT'ka* =k,
d'%? 4 %7 4 doxd -+ 2 (%) - eg%e) % — 2N = 2k’ - 2 (k’ = TI}':}I-) .
(3.8)

Cucrema ypaBuermit (3.7), onmcsiBaromasn obmuit ciyyait Koxeba-
HEA TAKEJOTro TBEPAOTO Teda OKOJO0 HHEKHETO MOJOKeHHsA PaBHOBE-
cHsi, COTeP;KHUT deTHpe GespasMepHHX mnapaMmerpa d', dy, €;, €, ompe-
nenneMux opmynamz (3.6), (2.3), (2.2) m (2.1) (cM. raxmxe m. 1.1).
CofcrBeHHEe 3HAYOHWA MATPHIB JWHEHHOH wacTH cucTeMH (3.7)
CYTH

0,0, —i, +i, — Vdyi, +V d;i, (3.9)
rge HYJIeBOMY COﬁCTBeHHOMy 3HAQYeHHIO OTBEYAT LOPOCTHIE 3JIeMeB-

TapHEHe fleanTeNn. BunumeM MaTpumy S, cocTaBIeHHYIO M3 COOTBET-
CTBEHHO PACIOJO0KeHHKX COOCTBEHHKX BEKTOPOB MATPHI(H JHHEHHOR
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qacra cacTeMH (3.7), TPABOAAMYI0 MOCIEAHION K KOPAAHOBOX (B Ha-
meM ciaydae AHAaroHaJBHOHE) fopme, m ofpaTHYI ei marpEny S%:

0 1 0 0 0 0
0 —e¢ 1 1 0 0
€
0 ——=
S— o 0 0 1 1,
1 0 0 0 0 0
0 0 0 0 —iVds iVds
0 0 i —i 0 0 (3.4
0 0 0 1 0 0
1 0 0 0 0 0
1 1 1
zTa 3 00 —3 !
1 1 1
st=|7a 2 0 O 2.
1 €y 1 i
o - 0 —— 0
7 0 20 2V ds
1 €9 1 i
—=2 —_—— 0
PRPA > 0 —TivEm

Ilepexon ¥ XOPHAHOBHM IIePEMEHHEIM, OCYINECTBIASEMHU € IO-
MOMmBI0 MaTpenH S, npmsefer cucreMy (3.7) K AEATOHANHLHOMY BHEAY
(uMeeTcA B BUAY, YTO NOCJEJHAA TePMAH OTHOCHTCS JHIIb K JAHEHHOH
4yacTy npeobpas3oBannoi cucTeMsl). I prBefieHre K AMATOEAJILHOMY BHAY
mpefmecTsyeT IpeoGpa30oBaHHI0 K HOPMaJbHOX (opMme. 3mech cam
AMArOHAJBHHM BAJ HaM He IOHAMOGHTCA, a MAaTpAnH S 1 S™1 okakyTes
DONEe3HEIMA [JiSl IPABEIEHAA CHCTEMH K JIANYHOBCKOMY BHAY, K deMYy
MH I IePeXOHAM.

2.4. Ilpupenenne k aAnyHoBCKoMYy BHAY. Herpynno smmmcars mart-
puny T nmmeifinoro mpeoGpasoBaHnsA, IPHBOAAMYIO CHCTEMY IHaro-
HaJABHOTO BHJA K JIAMYHOBCKO! KOCOCHMMMeTpHYHON (opme

renimam, ey, nedl

Marpuna 1. pesyastapyomero npeoGpa3oBauma MCXOLHOM CHCTe-
Mut (3.7) B cECTEMY JAALYHOBCKOT'O BHAA

L = ST,
rae S onpenenserca u3 (3.10). BunmnreM ee i ofpaTHyio eif MaTpHLY:

0 0 000 0

0 —e, 4 00 O
€

—— 1
L — 0 A 00 0 ,

1 0 000 0

0 0 000 —Vd;

0 0 010 0
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0 001 0o 0

1 000 0 -0

s 1 00 0 0

0O 000 0 1
L= | , . (4.1)

a 010 0 0

2
0 000 -—1— 0
- Var

OGo3HagmM gepes u BEKTOP ¢ KOMUIOHEHTAMH X, Ky, Kg, N, Vq, Vs,
a Hepes V — BEKTOD C KOMIIOHEHTAMHA ¥y, . . ., Ug. OANNINEM CHCTEMY

(3.7) B BEzIe
d
S = Au+g(u),

rie A — Matpuna ee nmHeitHo# wactd, a g (u) — BeKTOp-QYHKRIEA,
CoCTaBJIeHHAsA W3 HeIHHEHHHX WIeHOB cucTeMH (3.7). 3amena

u =Lv (4.2)
npnsefier cucreMy (3.7) K JIAOYHOBCKOMY BHLY
AV — LIALy 4 Lig (Ly). (4.3)

BrnmmesM npeoGpasoBanue (4.2) u cucremy (4.3):

€9 -
= V2 + Vs,
2

N= Uy, V= — V-dgvs, 'Vz‘—_—'- Uy,

U=V, %= — Vs Vs, %g= —

(4.2a)
v3=N, va=%, Vg=e%n+ %, Vy="s,
€y 1.
Vs = —% -+ Ry, Ug= — —5=— Vq;
5 dg ! 29 6 de 19
dv —_
2 L= — vy, — szdz Ugls,
T
dvy e
& 72-1721)3 — eydaovy + (ds — 1) UsVs,

d , e -
LR = 1 (er o U WP R Y
2
+ (d' —dy — ei - dzei — 2%) Vels + e1dalsvs,
(4.3a)

) 2
dvy

J— e
= F vy + Vs (d’ —e — 7:—) Vol +
+ V' da eysvg + V dz eugvs,
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2
dvr,

— €
—_—= -—]/-dzvﬂ—{—el <d —ei——d:—> vy — e+
1 ’ 9 2 e; eg \ 2]
+ (1 —d + 2 + N + d—g) Vel + Valp — 3, V3Vss
2
dv
—L = de Vg + de 1211)5

1 dl 2 eg €y
— | — e — | v A vy — 2 Vs
+de +1+d2 Vg — vV 3Vs 7 Vs

2

IlepBuie nBa mATerpana (TPEBHANBHHN N KHHETHIECKOT0 MOMEHTA
OTHOCHTeJBHO BepTuKand) (3.8) B HOBHIX MeDEMEHHHIX BaMAIIYTCA B
BHJIE

20, + i + vy + dyuy =0, (4.4)
Uy -+ V10 — 2—22 Valg + €1 V(Tz Uglg — sz U3Vg + V405 = k. (4.5)

Jlmneitaasn KOMﬁﬂHaHHﬂ HHTEerpaJIa dHEPIrud U TPUBHAJIBHOTO WH-
Terpaja OpHEBeeT K 3HAKOONPENeJIeHHOMY HHTerpasty
2

(@ == Yol o dy 0 ) = 20 42 (46)

2.5. Pesonancu. W3 (3.9) oueBwpumM 00pasoM NOJYJaeTCA OT-
HOIIeHAe YACTOT JUHeiHo# wacTn cucTeMul (3.7) mau cmcTeMH (4.3a).
IlpapaBHEBAg 3TO OTHOIIEHWE m/n, TRe M W It — B3AMMHO IPOCTHE
HaTypaJibHHE YUCIa, MONYIAM

dy= 2 =" (5.1)
Na popmyas (2.2) mmeem

sin® Bx-‘—'—[ﬂ—i-(-fxxfw Jkv) — (JxxJzz — J2x)]
cos?ex = f;é‘ A — (IxxIyy — Txv) + (Txxdzz — J3x)],
sin 26 — JaxTyy
mn X = - R ’

e

A= 4V Uxx sz — Jvv) + Tky — Thxl* + 4T %v ox
Orcropa B cany dopmyn (2.3) u (2.1), 6ymer mMerhb
o _ IxxUyy +722) — (Vkr+72x) —R -
Y Jxx (Vyy +722) — Uiy t7%x) + R

Pesonancuoe ypasmenme (5.1) mocie oueBHAHHX mHpeoGpasoBaHMi
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UpaAMeT BUL

(nt + m*) Jxx (UxxJwylzz — Jvy/zx — JzzJ%y) =

= n'm? [(JxxJwy — Jx¥)? + TxxJzz — J72)* + 2T%vJzx).  (5.2)
JlonyeTuM, 4T0 OMOPHEIEe OCH SBISIOTCA TMIABHHME OCSAMA HIJIAN-

coufta mHepmum A ToukE O, 1. e. Jxy = Jzx = 0. Torna a1u ocm

ABAAITCA M CHeNUANLHENMHA ocaME, ubo mo dopmyre (2.2) ex =0.
YpaBrennme (5.2) sauwnieTcsa TOTHA B BHU/E

(n4 -+ m4) Jyy.]zz = n?m? (J%ry -+ J%z) (53)
O‘IeBH)IHO, €ro penieBEAe eCThb

J2z m2
Toy = W . (5.4)

Hanpumep, B crygae Jlarpamxa — IIyaccona Jxx = C (m6o ocs OX
HampaBjIeHa Ha IEeHTP TAxecTH Tena), Jyy = Jzz = A, dro coorser-
crayer (5.4) mpg m =n = 1. ’

Onpaxo B cayuae Hosamesckoit [61] Jxx = A m

Iz 1

Jyy 2
1. €. (5.4) He BHDOXHAETCA.
2.6. TIpmmenenne MeToxa ImOCTENOBATENHHEIX mpubmmkennii. Pas-
pemnM waTerpaxsl (4.4) m (4.5) OTHOCHTENBHO IEPEMEHHHX vy U v,

= — 1+ VI —dorg = — v} — - davk + [4], (6.1)

2
e — k+V dyvivs — vavs .
2 — ey — -
1+v1———gv4+elvdzve
:k‘ +%kv4—-€1V(Tzkvs+[3]- (6’2)

Paznomenns (6.1) u (6.2) ¢ ygetoMm (4.2a) cXoasATcA mpHm YCIo-
BHSX

vitvi<1, —1<N. (6.3)

9TH YCIOBHSA, 0USBHUIHO, BHIOJTHAIOTCA, 6CIA MEHTD TAKEeCTH Tella
OpH KoneGaHmAX He JOCTHTAeT TOPH30HTAJBHOM IUIOCKOCTH, IPOBE-
JdeHHO Yepes HENONBEKHYI Toduky O.

ITocnegame wetnipe ypasuenus (4.3a) mpencTaBEM B BeKTOPHOM
BUJIE KaK

%V_ = Bw -+ T(W, v (W), vz (W),

vs 0 —1 0 0
74 1 0 0 0

W —= U5 y B = 0 0 0 . sz? y (6.4)
vg 0 0 Vd; 0
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rme f — BexTop-Qymrumsa, cocraBiennas H3 HEJHHEWHHX WICHOB.
BosbMeM 3a Hynesoe npubaukenne qiA cacTeMul (6.4) BeKTOp, COCTAaB-
JICHHBIA #3 HagaJbHHX yciaosmii: wy = w (0), a 3a mepsoe npubau-
JKEHHEe ~— penleHne CHCTeMEI

dw

—drl = Bwy 4 T (W, vy (Wo), v2 (Wo)).

310 pemleHMe IpH NPEeKHAX HAYAIBHHX ycloBEAX Wy (0) = w,
HMeeT BHJ

w; (T) =eBw, + B (B — L) f (w,, v, (W), 2, (Wy)).
Jlns xoMmomenT BekTOpa W, (T) nony‘mm BHPayKEHH A

5 (7) = v3(0) cos T — vy (0) sin v -
[?z( dl 2 85)20 ‘20 (dl d
Hlm (et 5 ) na(0) 4 ews (0) + \d' —de —
2
— & dyet 202} 13 (0) U3 (0) 4 eadavy (0) s ()] sin T —

—2[0 O va )+ VE&(& — &~ 2) m O na () +

+ ¥V da ev5 (0) vg (0) + V' da €205 (0) vs (0)] sin® -7,
v (t) = v3(0)sin T + v, (0) cos 7 -

82
w2 (a2 ) (0) + ewd (0) +
62
+ (d'—dz— o1 — daef — 2 72‘) v2 (0) v5(0) +
+ exdovs (0) vs (0)] sin® —Z‘ -+ [Ul Qv (0) +
€2 . —
+Vd, (d' — e — %) v2 (0) v6 (0) -+ V' ds €105 (0) ve (0) +

+ Vs eav5 (0) vg (0)] sinT,
s (t) = v5(0)cos Vds 7 — Vdyvs (0)sin YV dp v +
62
+ 7%[@1 (d' —e— 722-) v (0) — e,v2 (0) +
e e
+ (1 —d’' + 2¢} +-g+ 72‘) v (0)v3 (0) +

+12(0) 5 (0) — 3 (0) 05 (0) | sin V Ty v —
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—2[v1(0)v5<0>+%(— &t +—) 3 (04 (0) —
0 (0) 04 (0) — S0, (0 (0) | siat YR,
Vs (t) = YV dav5(0) sin V' dy 7 + v (0) cos der +
- [el (¢—a- 7) 23(0) — et (O)-+
+ (1—d'+2e% +—;—+;:—) 3 (0) 23 0) +

+ 52 (0)2(0)— 5 5 O () sim LT+

HnOuO+ g (~a i+ g)mOno-
— 25 05(0) 04 (0) — £ ¥4 (0) w5 (0) | sin V s .

3arem o Gopmynam (6.1) m (6.2) Brramcarores v; (1)  v3 (t). Bro-
poe mpubImKeHne W, (T) ONPeAeduTCsA U3 YPABHEHHAS

22 = Bw, + F (Wi (1), 2(0), B3 (%)),
pemenme KoToporo mact (w, (0) = wp)
Wy (1) = e"Bw, |- e*B S e=B £ (W (s), v1 (5), V3 (8)) ds. (6.5)

0

Mu MoskeM HECKOJBKO OrpybmTh pesyabTar, moxo:xmB B (6.5)

v (s) =0 m v (s) = k. 910 osmauaer, uro B (6.5) mpemeGperaercs
B BHpaskeHHN { wIeHAMH TPETHETO HOPSIKA MATOCTH.

3anwmeM wmuterpai (4.6) B MCXOOHHX IePEMEHHKX, BOCIIOJIb30-
BaBmuch dopmynamz (4.2a)

2

(@ — et — 22 ) 2 4 (e 3 + |
+ d (2_22% + x2)2 N2 p Al = 204 2. (6.6)
,T_[OHYOTHM, 4TO OEHTP TAMECTH TeJia JOCTUT I‘Opﬂ3OHTaJIBHOﬁ oo~

CKOCTH, IpoXofsamed wepes HemoABHKHYI Togky O (N = —1, v 4
4+ v =1) ¢ HymeBoir YrmoBo#r CKOpOCTBI0 (% =%; =%, = 0).
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ITopcraBnas B (6.6), Haiinem aro A’ = 0. Jra curyamusa, Kak oTMeda-
J0Ch, ABIASTCS HPefieAbHOM sl CXONEMOCTH HPEII0KeHHOTO BaphaH-
Ta IOCHeAOBaTeNbHEX Npubamxennit. IJosToMy muterpan (4.6) ¢ yge-
toM (A’ = 0) ompemenser HOBEPXHOCTH IIECTAMEPHOTO BIIAICOMLA,
BHYTDH KOTOPOTO JeKaT KOIYCTEMHIC HAUYaJbHLie 3HAUCHHS Iepe-
MeHHHIX ¥y, . . ., ¥, T. €. ROJFKHO OBITh BHIIOJHEHO HEPABEHCTBO

82
O + (¢ — et —22) o (0) +13(0) +
- 03(0) + duof (0) + i} (0) < 2
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GACTHh IIEPBAA
K enase I

~ § 1. Hpaxrmaecknii cmocol ompemeNeHHs NePHOAMISCKEX PEMCHHHA CHCTOM
Janysosa mpemmomern M. I'. ManxkumssM [79a]. B. M. Coxonosnm [320] ompe-
REIANHCH MOPHOAYYECKAe DeINeHWsT HeKOTODHX BHAOB cucreM JIAiyHOBa, MJIs
KOTOPHIX HM3BECTHH CIIOCO0 BRIYMCICHMA PeHmIeHUl OKABaJICH 3aTDYNHATeAbHEIM.

n. 1.1, Wsnaraiorcs pesyabTaTH cTared 3227 — 3k, K, yl.

n. 4.2, Dro mpeobpasoBanme ykasaHo B [322K, o, ¥, §].

§ 2. Msnomenue cuegyer § IV.6 [146].

Merox Ilyamkape Kak RIA HEaBTOHOMHHX, TaK H [UIA ABTOHOMHHEX CHCTEM
n3nokeH B momorpadmax A. A. AEgposoBa, A. A. Burra, C. 9. Xailikuna [4],
. U. Baexmana [15a], B. B. Byarakosa [25], B. J{. Mak-Muanama [78],
. I'. Maakasa [79a, 6]. IIpakTHYI6CKOMY HCCIENOBAHMIO LEPUOLUYECKUX pelme-
HUit Mo MeTOAy Mayoro mapamerpa ITyamkape moceamenst crateu A. II. Ilpocky-
paxosa [311a — o] u T'. B. IlnoreEEKORBO} [305a, 6, B]. B EAX paccMaTpHBalOTCA
KBaSHIVHOHHE® aBTOHOMHEE ¥ HEABTOHOMHEE CHCTEMEl ¢ ONHOM HIIM HECKOABKAMA
CTemeHAMN CBOOOJH, a TaK)Ke HEKOTODHE HOJIMHOHHHS CHCTEME M DPAN 0COOHX
Chy9aes.

OcTaEOBEMCA Ha OAHOM HETPaJUIHOHNHOM HpAMeHeHNH MeTofa Ilyankape B 3a-
jlaue 0 JABHKEHFUW TAKEJIOr0 TBePHOTO Tela BOKDYT HEMONBUIKHON TOYKH, Kak
B uécaeloBaHAM 00IUX CBOACTB ypaBHEHHH JBUKEHEA, TAK I B MX HEIOCPEACT-
BeEHoM mETerpupoBasmu. B 1953 r. JI. H. Cperencruit [321] mpensosxun npume-
HATb METOJ MaJIOro DapaMeTpa IIPM M3YYeHHW ABMIKEHMA TBEPKOTO Teja, OpABe-
JleHHOTO B OBHICTPOE BpalleHHe BOKPYI HEMOABYIKHOX Touku. B paGorax I0. A. Ap-
XaHreineKoro [219a, B] paccMOTpeHO OCTPOPHAS HOPUONMTIECKEX PellleHRit KBasH-~
AuHEeHHHX aBTOHOMHHIX CHCTeM, 00JAgamuX NePBHME HHTErpalaMHd, 4T0 IIpH-
BOJHT K BHPOKACHHEIM caydasgM. OCHOBEIBAACH HA BTHX Pe3yNLTATAX, B CTATHAX
[2196, r, nf HalileRH HOBHE YACTHHE pemleHHs GHCTPO BPAIMAIONMIErocss BOKPYT
HEIOABHKHOX TOUKHU TAMKEIOT0 TBEPHXOrO Teja.

K eaase I1

CocTaBHHM MATeMaTHIeCKUM, (H3HYECKHM M YIPYTHM MasATHAKAM IOCBAIIEHA
MHOTOYHCIeHHAN JHUTepaTypa. YKameM crathl E. Merraepa [367a], P. H. Crpab-
aa [390a], Ix. XaitsGorema u P. H. CrpaGna [359, 393a, b], B. Y. Yemanko-
Ba [335a — g], conepsxamue obmmpayIo Gubamorpaduwo.

§ 1. ManaranTcs pe3yabTaTH crathm [322r]. '

o. 1.6. M. 3. JimrBEE-Cepoit [278a, 6] ycramoBmy, uTO eciAd IUIOCKHH
MaTeMaTAYeCKHA MAATHAK IepeMeHHOR [UIMHHL YBJIECKACTCH YCKOPEHHKEM J(BHJKe-
HEeM TOYKH ero OIOpH, TO KaKe IPH OTCYTCTBEN BHEINHUX CHJI BO3HHKAET BOC-
CTAHABJMBAIOMAA CHJIA, CO3/aBaeMasd CUIOA AHEPHHH OT HOBOPOTHOIO YCKOPEHHHA
MAsATHHKA,

§ 2, Nsnararorca pe3ynbTaTH craThl: [322B].
8 B. M. CrapmAHCKHR
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K eaage I11

Opurusansasie crateu B. Ban-nep Ilons [373a, b] mepenenennt Ha pycckui
asuk [30]. Merop ocpepmenmsi uanoxern B Momorpaguax H. H. BoromoGosa
[17], T. I, IO. A. Marponoanckoro [85r], B. M. Bomocosa m B. HI. Mopryuosa
[33], E. A. I'peGennxrosa r 0. A. Psbosa [39], 4. 1.

BoHpocH 'TOYHOCTE B TEOPUHM HeJHHEHHHX KoMe0aHUA pPaccMaTpHUBAIHCH
B pabotax 0. A. PaGosa [3160—p] m C. A. I'opbarerxo [244a — r].

3pecs manarawTea crathl: § 1 [3223], § 2 [322x], § 3 [3220], § 4 [323].

§ 1. IlepBric pe3ysIbTATH, OTHOCAMMECHA K HepeKauKe DHEPTHH IPH Koieda-
HEAX YOPYIOro MaATHHMKa, mpuHagmeskar A. A. Bmrry un T. C. Topenmry [240].
Ilepekauxa SHePruE NPH W3THOHO-KPYTHIBHHIX KojdeGaEMAX ommcana B pabore
B. O. Homomenro [265a). Ilepexadka OHEPTHMM WCCIENOBaJach B CTAThAX
P. H. CrpaGaa [390b], P. H. Crpa6na u [[3x. XeituGorena [393a, b], P. H. Crpab-
aa u I. K. BapmM6pyra [394], B. /1. YemarkoBa [335a, 6], @. X. IlexpMana
[333a], K. A. Mepxepa, II. JI. Prca u @. . ®axu [366].

K ena6e IV

§ 1 Cucremn Jlanysosa usyuanuch M. I'. MaxkmaeM [79a, 6]. B ra. VIII
[796] paccmarpuBatoTcsa cucTeMsl, OMU3KEe K cucTeMaM JIANYHOBA, OXHAKO B APY-
TOM CMEICJIE, YeM y Hac, MMEHHO HCABTOHOMHBIE CHCTEMEL.

oo, 1.1, 1.2, 1.5. MsaarawTesa peayasrTarsl crathu [322g].

m. 1.2. JlokasateascTBO Teopemsl IlyaHKape O pasioKeHOH HHTETPAOB
aHATUTHYECKUX cucTeM JudPepeHNMANbHNX YpaBHeHWI II0 CTeNeHAM MAaJoro
mapamMeTpa dYHTaTelb Hadger Tax:ke B MoHorpadmm B. B. ToayGesa [38a]
(ra. ITI, § 2). ’

n. 1.3. Hak moxasano Bo BBefeHHM K-1I. 1.3, Hame paccMoTpeHHEe BEIXORWT
33 PaMKH ypaBHeHHA i 4 0’z = & (z, 2). [locaeggeMy ypaBHeHHI0, KaK B CKa-
JAPHOM, TaK M B BEKTODHOM CJIydae MOCBANEHA MHOTOUKCIECHHAA NUTEPaTypa, U3
OTeYeCTBCHHEIX TPYAOB HazoBeM MoHOrpagmm A. A. Ampgpomosa, A. A. Brrra u
C. 9. Xaiikmna [4], B. B. Byaraxosa [25], Y. T. Maakuna [79a, 6], H. H. Boro-
abosa # J0. A. Murpononscroro [18a)], H. H. Monceesa [90], . H. Poifiren-
Gepra [117]. Bmecre ¢ TeMm moggepkaeM, 9To 1. 1.3 ABIAETCA HEKOTOPHM FONOJ-
HeHUeM K M3y4eHHI0 obmicTo caydas KoneGanuil cmereMH ¢ OJHON CTEHEHBIO CBO-
Gonsl, onmmMcHBaeMblX ypaBHeHUeM & 4 f (z) = ¢ (*), nposegenaomy B. B. Byn-
raxoBeiM [25], H. H. Mounceesrim [90] u A. H. PoitrenGeprom [117].

on. 1.3, 1.4. Wanaraorcs peaynpTatel crarsd [322m].

" § 2. Cucremsl, 6amsKkae K cucremaM JlsamyeEoBa, mcciaegosaumch U. I'. Man-
KuBEIM [796], paccMorpeBmAM IepHOJMYECKHe peuleHus, ofpamjanniuecs IpH
= 0 B IANYHOBCKW® peIeHNA U HepHOAUYecCKHe POIIeHAsA B CAydae Pe3OHAHCA.
C. H. IllmmMaB0B MCCAEAOBAT BOUPOCH CYIECTBOBAHUSMA, IPAKTHIECKOrO BHIUMC-
JIeHUA ¥ aHAIM3Aa YCTOWYMBOCTH NEPMOSAYECKEX pEIeHdil, MCIONb3ysa paspado-
TAHHHE UM METOJ BCIOMOraTeJbHEIX cucteM [336a, B, r]. ’

Yacrauii ciyuait cmcrem tuma Jlamysosa Gmt mayder B. M. CoKOIOBBIM

[320]; ¢ muo# TouKE 3pemEa mopmobmble cucTeMmH paccMarpuBaimch 10. A. Psdo-
BeIM [316a].

YACTH BTOPAA

IIpepocTepesieM uuTaTeNs B TEPMAHONOTHH. 3/ieCh PACCMATPHBAKTCA HOP-
manpHe PopMEl cucTeM Aud@epeHNUANBHHIX YDABHEHWH M HUX MPHIOMEHNS
K 3ajauaM Kouebanuii,

Hapany ¢ sTuM B Teopnn KoseGaHMi paccMATPHMBAIOTCA HOPMajabHEE Komeba-
HASA, KOTOPHIM OTBEYAI0T HPAMOIKHECHHLE TPAEKTOPAA B KORPATypaHOHHEOM HpPO-
crpanctBe. Ilpusenem KpaTkme gdTepaTypHHe YKasaHWs MIs Hockepmmx. Ompe-
AeJeHHMe HOPMaJbHHX KoneGamnuii mpuseseno B [313a, 6]. Jna mmpokoro xmacca
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KBasUINHEHHBIX CHCTEM CYyLIeCTBOBaHWe peileHuil, GAU3KNX K HOPMaJbHBIM KOJe-
6aHnnM, goxasano JigmynossM [77al. B cratne JI. V1. Maresnua [281] nokaszana
BO3MOJKHOCTh TPAKTOBKM HOPMAJBHEIX Kome0aHWUN B TepMHHAX TEOPHHM HHBADH-
aHTHO-TPYNIIOBHX pelnenui, passutoit JI. B. OscamEmkoBuM [98]. B crateax
JI. 1. Mamepuaa u M. A. ITubckoro [282a, 6] oOHapy:KeHEl HEKOTODHE HOBEE
KJaCCH CHCTEM, JOTYCKAIOMWEe NPAMONHMHEIHbe W KPUBOJNEeiinHe HOpMalbHEE
$opMEl KomeGaHwil, B CHIY TOT0, YTO COOTBETCTBYIOIIWE CHCTOMH WHBAPHAHTHHI
OTHOCHTONHHO HONONHUTENBHBIX JUCKPETHHX TPy npeofpazoBanuil. B crarpax
JI. . Maresrya u B.II. Yepesagroro [284a, é)] M3Y4aJdUCh BHPOKIEHHEE CHCTe-
MBI, KOTOpDHE IPHBOAATCA K CHHTYIAPHO BO3MYI{EHHHM ypasHenusM. Ilpemio-
eH 3PPeKTHBHBI MeTOX OOCTpOeHHs NepHOLAYeCKHX peIIeHWH TAaKHX CHCTEeM.
KOHCTPYKTUBHBII METOJ OLpe/leNeBAs HOPMAJBHHX KOJe0aHWil MHOTOMEDHHIX
KOHCEPBATHBHHX CHCTEM OmucaH B crathe [283] m crarhe 0. B. Muxansa [296al.
B ocHOBe MeToRa JeXKUT MOCTPOSHHE KPABOJMHEHHHIX TPAeKTOPDHH MCKOMHX pe-
neHn# B KOHPUTYPAIIONHEOM IPOCTPAHCTBE, OAN3KEX K HpAMOARHeHHEM dopMam
Konedanmii. TpaekTopuu WOCTPOEHH B (opMe CTEIeHHEIX PAOB, YCTAHOBIEHA
cBA3H ¢ pesyabraramu JlsmyHosa [77a]l. B cratee P. M. PosenOepra [3413a] pma=o
JIOKa3aTeJIbCTBO HEKOTOPHIX TEOPeM CYIIECTBOBAHUA HOPMAJIBHHIX KRoxeOammil,
B crarwse [2966] nceaenyioTess pe3OHAHCHEIE PEKUME ¥ JATCA HOKABATENBCTBO UX
61M30CTH K HOPMAIBHHM KOJe0QHMAM B HECKOJBKHX YACTHHX CIy4asX.

K zaase V

TlepBoHayanbHEIE CBEleHNA II0 ABTOHOMHHIM CHCTEMaM HMEIOTCA B KHHATE
A. JI. Mumxnca [92]. 3arem pexomenpyem momorpadumio 10. JI. Namenkoro m
M. T. Kpeitna [41], KoTopyio YnTaTens HeMaTeMaTHK MOMKeT IlepejaraTh Ha SI3HK
KOHEUHOMEPHHIX IPOCTPAHCTB. HadecTBeHHas TeOpUMA pasBUra B MOHOrpadmu
B. B. Hemamkoro u B. B. Cremanosa [96], ogmako cBegeHMA IO HOPMAalibHHEIM
¢dopMaM IONANH JUIIE B ee mepBoe maganme (1947 r.).

§ 1. Obobmaomue pPe3yABTATH 10 TEOPEH HOPMAJTLHHX (OPM NOIYIeHH
A. . Bponro [234x]; Tam sxe gutaTens Hajimer Gubianorpaduio.

m. 1.2. B ocuoBBoOIi Teopeme A. J{. Bprowo [234x] He npepmosaraercs, uTo
;opRaAoBa fopMa — AuMAroHANBHAA, T. €. PACCMATPUBAETCA CIydail MPOU3BONB-
HHIX BJ1eMEeHTapHHIX HeduTeNed TUHCITHOW yacTn cucteMul, Msznoskenue 1. 1.2 ocHo-
BEIBAeTCS Ha ITOCTAHOBKe 3amavu uw. 1.1.

n. 1.3. OGobmenna Teopems Ilyankape (B cliydae HapymeHHa yCIOBHi 2)
uinn 1)) gams K. JI. Sureaem [49] u B. A, ITauccom [304].

§ 2. TeomerpuuecKyio WHTepIpPeTALN0 (B IMPOCTPAHCTBE IIOKasareneil creme-
Hell) «YKOPOYeHHBIX CHCTeM» W NPUMEpHl MCIOAb30BAHUA IIOCASHHUX YUTATENh
Halimer B paGorax A. [I. Bproro (234xu]. .

m.2.4. CymecTBOBaHREe ABAIATAYOCKOTO LPeOOPA3OBAHHS B BEIECTBEHHOM
cayyae paccmorpeno JI. M. Mapxamosrw [288] u A. [I. Bpiono [234n]. O6GoGme-
Hue Teopemsl Ilyamkape B CMbICIe CYHIECTBOBAHEA KOHEWHO-IVIANKOTO peobpaso-
BaHMA K JuHeiiroil cucreme namo B. C. Camosonom [318] m A. 1. Bproro [234n].

§ 3. Asrop cormacer ¢ 3ameyanmem A. J[. Bpiono [234M], duTo Merom mOp-
MaJdbHEIX (OPM, eCTeCTBEHHO, pachafaercA HA JBe uacth. IlepBas (anrebpamae-
CKas) 3aKJI09aeTCA B YKasaHUM AJTOPHTMA A MOCTPOeHUs TpedyeMux HopMaib-
HELX Daziokenmit [234k]. B sToil KHMre aJropUTM [OBEJEH A0 PACYETHHIX PEKYp-
peRTHHX $OPMYJ fusa obmero caydas. :

Bropas (aHanumTHUecKas) 4ACTH 3aKII0YAETCA B WHTEPIPETANHMA PE3yIbTaTOB
mocpefcTBOM QYHKIUHA aHanurudeckmx: Ilyamxape [188]; T. Jwoaax [348],
K. JI. 3urens [49], B. A. Ilauce [304], oxomuaTenwmuiii pesyabrat A. JI. Bpro-
50 [234K], nuw rxaaxnx: [{. Bupkrod [12] u ap., a TaksKe B ONleHKe TOYHOCTH IPH-
6nuKeHHOro MATErpHpOBAHUA dTHM MeTomoM: 1. Bupxrod [12], K. JI. Bureas
[49], 10. Mosep [297].

Hopmansusie ¢opMH He MCYEPIRBAIOT JIOKAIHbHOrO MeToAA. [/ MadbHeRmero
HM3YYeHUA JIOKAJBbHOr0 MeTofa (HOMyHOPMaJbEble (OpPMH, CBA3AHHEIE C HIMH

8*
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AETerpalbHEe MEOT000Das3yaA 1 JIp.) OTCEIIaeM unTaTens K paGoram A. JI. Bpomo
[234x, p — x], B KOTOPHX comepxmTCa 1 OuGHEHOrpadms.

PacmipocTpaHenue HOPMAJTBHHX (OPM HA HEABTOHOMHBIE CHCTEMH HAMEYSHO
B cratse B. B, Kocrmaa [268].

K 2nase VI

Msnaratorcs pesyabTaTH cTaThu [322u].

§ 1. Hepsum (mocae ITyamkape [188]) mpemcraBmeHme ofmero pemenms
ypan{nem}m (V,1,1.1) uepes pememuma ypasHenus (V,1,3.2) moayumn Jlamy-
HOB [77a].

O cBA3M paccMaTPUBAEMEHIX 3/I€Ch 3aaY ¢ IEePBHM MeTooM JlanyHosa, a Tak-
se 1o Gonee LIMPOKOMY KPYr'y BONPOCOB OTCHIIaeM 4mrarTeds K 4. 11 ob6aopmoi
craren H. TI. Epyrura [476]. .

m 1.2. O0mee pemeHHe, B KOTOPOM HPOM3BOJBHEE IOCTOAHHEIE CYTh Ha-
yaipHEe 3HAUEHUS TEPEeMEHHHX (A WX NPOH3BOAHHX), OYHAeM HASHBAaTh pee-
HAeM 3agaux Kowu B o0meM BAfE.

K znace VII

§ 1. Manaraerca crares [322p].

n. 1.4 TocramoBka samasn upmEamiexur fI. H. PoiirenGepry. Buausame
nmodTa B TpeHHA Ha CBOOOKHEIC N1 BHIHYKACHHHE Konebanna paccmoTpeno B [322a].

§ 2. Wsmaraercs crarsba [322x].

K za06e VIII

. 1.4. Tlongxon R HCCAENOBAHMIO KPATHIECKHX CIyYaeB YCTOWIMBOCTH ¢ Gomee
o0mumx mosunmi (Haupmmep, 6e3 TpeGoBaHMA aBANMTHYHOCTH HPABHX UaCTeil)
HamedeH B Momorpagmu H. H. Kpacoscxoro [70].

m. 1.4. IIpeobpasosanwsa m. 1.4 — wacTHHII caydYail cTemeHHEIX mpeoGpaso-
pammit, paseuathx A. JI. Bpono [234s].

m. 1.5. ABrop saBemomo orpyOaser copep:xame teopemst I0. H. BuGmko-
pa — B. A. Ilimcca [227].

oo, 2.4, 2.4—2.7 — manaraercs cofepanue crarsu [322m].

§ 4. Usnaraercs comepxarme [1256, 1. 1I, § 6].

Ilo mccaemoBaBUI0 KPETHIECKOIO CIY4Yas TPeX map YACTO MHEMEIX COOCTBEH-
HHX 3HAYeHO MATPHIOB JAHEEHHOHR YacTH OTChLIaeM 4HWTaTelds K cratee B. I'. Be-
pereHEnKoBa [2390].

K zaa6e IX

UccnemoBannsa NOCIeIHEX JET TI0 fAHAMAKE TBODAOTO Tela M CHCTEMBL Tel
II. B. Xapramosa, E. M. XapnaMoBoit m mX IKOXH mOpepcraBieHs B [83]. 06-
mupHasg Ombamorpadma mociaegmmx pabor (70 BasBaHm) HpHBEeJeHA B CTATHe
1. B. Xapnamosa [330].

OnncaHMe WHTECPAILHHIX MHOr006pasuit 1 G ypRanquOHHEIX MHOKECTB B 3a-
“fav1e O ABWSKGHWE TBEDOTO TeXa ¢ 3aKPEINICHHOH TOYKOHE IpOBEJeHC B CTATHE
C. B. Karox [256], ocHOBHBaomelca Ha W3YICHAR TOMOAOTHHE MeXaHAYECKHAX CH-
creM ¢ cummerpmei mo G. Cmeitny [319].

n. IX, 1.4. Ilo. BompocaM YCTONYMBOCTE NEePMaHEHTHHX BpAameHHH OTCH-
JlaeM UATaTeNA K HccaenoBanmam B, B. Pymsanuesa (6uGnuorpadmo cm. B [120]).

o. 1X, 1.7. JIpyroil BapmaHT MeTOJa HOCHAENOBATEJ]HHEX npn6nnm_enuﬁ nAR
9To# 3amaud mam B [322q],
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