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1. HazHaueHue cripaBOYHUKA.

DTOT CIPaBOYHHUK MMEET JIBOSKOE HazHaueHue. Bo-mepBhIX, 3/1e6Ch MOKHO HABECTH
«MOMEHTAJILHYIO» CIIPaBKy: YTO Takoe OOIIWH HaWOONBIIUN [ENUTeNh, YTO TAaKOE
TAQHT'€HC U T. M., KaK BBIYUCIUTH MPOLEHT, KaK MOCTPOUTH MPABUIBHBIN MATUYTOJIBHUK U
T. I1.; KAKOBBI ()OPMYJIBI JJIs KOPHEH KBAJAPATHOTO YpaBHEHHUS, A1 00beMa YCEUEHHOTO
KOHyca u T. 1. Bce ompenenenus, npaBuiia, GOpMyIbl U TEOPEMBI COMPOBOXKIAIOTCS
npuMepamMu; MpU ATOM 0co00e CHHMAaHHE YACNSETCS MpUMepaM MPaKTHIECKOrO
xapaktepa. Bcronmy, rae 3To TpeOyercs, yKa3blBaeTcs, B KaKHX CIy4dasX W Kak HaJo
MPUMEHSITh TO WJIM UHOE MIPABUIIO, KAKUX OITMOOK HAJ0 U30erarh u T. II.

Bo-BTOpBIX, OTOT CHpPaBOYHHK, II0 3aMBICIy aBTOpa, MOT OBl CIYXHThH
00IIeTOCTYITHBIM ITOCOOUEM JIJIsi TOBTOPEHHSI Kypca AIEMEHTAPHON MaTEeMAaTUKH H JTaXKe
JUIsl IEPBOTO O3HAKOMJICHUS C €€ MPAKTUYECKUMH IPUMEHEHUSIMU.

2. CripaBOYHUK U YY€OHHK.

MpICTB O TOM, YTO IO CAPABOUHUKY MOXKHO y4umbCs, CIOCOOHA BEI3BATh COMHEHHUSI.
OpHako, cyass N0 YUTATEIbCKUM MHChbMaM (YUCIIO KOTOphIX mpesbimaer 1500),
MOJIaBIISIFOIIEe OOJIBIIMHCTBO MOTPEOUTENEH YCHENIHO TOJIh30BATIOCH CIPABOYHHKOM
WMEHHO IS DTOM IIeH.



BBITh MOXXET, HAMMEHOBAHHE «CIIPABOYHUK» U HE BIIOJHE COOTBETCTBYET .XapaKTEPy
sToi kHuru. Ho Ha 21 roamy ee >KM3HU BpsA JIM LI€JI€CO00pa3HO MEHATh ee Ha3BaHue. C
JIpyroi k€ CTOPOHBI, €Illeé MEHee MOJONIUIO Obl K HeW Ha3BaHHE «Y4EOHMK» WIH
«y4yeOHOe mocobue». Takoe Ha3BaHHME BBI3BIBAJIO ObI MpeacTaBieHue 00 ydeOHUKe
MIKOJBHOTO TUMAa. MeXay TeM JaHHBIH CIPaBOYHUK IO CBOEMY XapakTepy
CYIIECTBEHHO OTJIMYAETCS OT IIKOJIBHOTO YUeOHHUKA.

B mxonbHOM y4yeOHHKE, OCOOCHHO B Y4e€OHMKE Ul CTapUIMX KJIacCOB, 8€0YUYVIO
PO UTPAET pacCcykIeHue; (paKTUUeCKUi marepuan Kak Obl MOJYMHEH JIOTUYECKOMY
anmapary. Bo BcsikoM cityuae TakoBO 6ocnpusimue yuauje2ocs. 31ech ke BEAYILYIO POJIb
urpaer (akTUYeCKUid Marepuaj. DTO HE O3HA4aeT, YTO 3AECh HET pPaCCYXKICHHM.
HamnpoTtus, HHOU pa3 yuTaTeNb BCTPETUTCA U C JIOTMYECKUM BBIBOJOM TOM WJIM HUHOU
(bopMyIIbI; HO 3TH BBIBOJIBI TPOBOJISATCS JUILB IO 0cOObIM MoBoAaM. MHOT 12, Hanpumep,
HAJI0 OTYEPKHYTh PYKOBOISIIYIO UJCIO JAHHOTO pasfeina (CKakeM, BBIBECTH (HOpMyIy
KBaJPaTHOT'O YPaBHEHUS); HHOTAA HAJO MPEOJ0JIETh YyBCTBO HEIOBEPUS K PE3yabTaTy
(ckaxkeM, K JEHCTBUSAM HaJl KOMIUICKCHBIMH YHCIaMH). [ MOXXHO OIYCTUTh
JIOKa3aTeIbCTBO, @ TJI€ HENb3si— MPU PEIICHHH 3TOr0 BOIPOCa aBTOP PYKOBOAMICS
Me1arOTMYECKUM OTIBITOM.

3.Kak noap30BaThCsl CIPaBOYHUKOM.

«MoMeHTanbHas» CHOpaBKa HABOJUTCS C TIOMOIIbIO an(aBUTHOTO YyKa3aTels,
MOMEIIEHHOT0 B KOHIE KHUTH. Ha ciydaii, ecnu yuTaTtenb HE 3HAET HAMMEHOBAHUS
IpaBuiia, TEOPEMBI, crioco0a petIeHus u T. 1., K €ro yclIyraMm noJpoOHoe orjaBieHue (B
Hauase KHUrH). Bee Tabauibl moMeneHsl B IepBOM pasjielie CIpaBOYHHKA.

HaBopas crpaBKy B KakOM-THOO OJTHOM MECTE, Bbl BCTPETUTE TaM CCBUIKH Ha BCE TE
naparpadpl, TZ€ pa3bsCHEHbl YIOMHHAaeMble TEpPMHUHBL. Pumckumu wnumdpamu
0003HaueHBI HOMEpa pa3ziesioB; apadckuMU—HoMepa naparpagos. He npeneOperaiite
3TUMHU cchlikamu! Besikomy ke, KTO oOparmaercs K CIpaBOYHUKY HE MO CIyd4aifHOMY
MOBOJY, PEKOMEH/IYETCSl «HACKBO3b)» MIPOYECTh MHTEPECYIOLIHNIA €ro paszied.

B wyactHOoCTH, TONE3HO 6HUMamenbHO TPOYECTh HCTOPUYECKHE CBEACHUS,
cofepxalecs B KaxaoMm pasaene. OHU COCTaBIISIOT OPraHUYECKYI0 4acTh KHUTH U
COJICMCTBYIOT JIydllleMy TOHUMAaHHUIO MaTepraa.

YuraTenb, KOTOPbIM OydeT y4uThCsl MO ATOM KHUTE, JOJDKEH OOpaTUTh 0co0oe
BHUMaHME Ha mpuMepsl. Jloka3zaTenbCTBa, OMYIIEHHBIE B CIPaBOYHHMKE, YUTATENb
MOYKET BOCTIOJHUTH (110 YU€OHHKY) TMO0 OHOBPEMEHHO C YTCHHUEM CIIPaBOYHMKA, JTHOO
no3nHee. Ho HHM crnpaBouyHMK, HU y4yeOHHMK He OymeT JOCTaTouHbIM 0e3
camocmosamenvhblx YIpaXHEHUH B pEIICHUH TPUMEPOB U 33/1a4.

AJI®ABUTHBIN YKA3ATEJIb

Abens 133 Axcuoma 272

AoGcomoTHas BennunHa 138 Anre6pa 130

— MOTpeIHOCTh 97 Anrebpanueckasi popMa KOMITIEKCHOTO
Abcuucca 390 yucia 200

— KOMIUIEKCHOTo ymncia 191 Anrebpanyeckue uncna 179

Aby-anv-Kagha 339 Anrebpanueckoe ypaBaenue 128, 160



An-Kawu 92

Anv-Bupynu 130

Anv-Xatiam 131

Anv- Xeapuzmu 66. 92, 130

Amnanurtuueckas reometpus 410

AnTunorapudmer 248

Anononuu 271

Anodema MHOTOYrOIbHUKA 299

— nupamuas 313

Apeon 133

Aprymenr 387

— KOMIIJIEKCHOTO uncia 197

Apudmeruka 55

Apudmernueckas nporpeccust 227

Apxumeo 270

Apxumena reopema 319

ATtTnyeckas Hymepauus 59

be3y Teopema 147

beckoneyHo maibie 1 OECKOHEYHO
OonbIve BeTnurHbI 413

Bbeckoneunocts 84, 413

bukBaapatHoe ypaBHeHUE 188

bunom Herorona 254

— — , 0000menHas ¢popmyna 257

— —, CBOUCTBa OMHOMHAIBLHBIX
K03 unreHTon 258

buccektpuca tpeyroiapHuka 279

— yrua 275

bokoBas rpans nupamusl 311

— — npu3msl 311

— MOBEPXHOCTH TeN (hopmyibr) 334-
336

— CTOpOHa Tpanenuu 285

— — TpeyrojpHuka 277

bonbmoii kpyr 318

bombennu 133

bpuez 234

biropau 233

Basunonckas Hymepauus 62

Beprukanbuslie yrisl 275

Bepmmna konyca 316

— MHoOrorpasHHuka 311

— MHoOrorpassoro yria 310

— nupamuas 313

— TI0cKoro yria 273

Beccenv 133

Buema 131, 214

Buemnuii yron 277

BosBenenue B 1poOHYI0, HYJIEBYIO
OTPULATENIbHYIO CTENEHb 229—
231

— B LIEJIYIO CTerneHb 69

— — — — npubnmKeHHbIX yncen 112

BrincanHbIit Kpyr (OKpy»KHOCTB) 298,
369

— MHOT'OYroJIbHUK 298

— — npaBuibHbIN 299, 300

— yrou 289, 293

Brinecenue 3a ckooku 141, 149, 150

Beimykuiblii MHOTOrpanHuK 37 |

— MHOT'OYTOJIbHUK 276

Bricora konyca 316

— nupamuasl 313

— npu3msbl 311

— Tpaneuuu 285

— TpeyrojabHuka 278

— muuHapa 314

Brrunraemoe 67

Beruutanue apo6eit necatnaHbix 87

— — npocTeix 79. 8(1

— uucen (onpenenenue) 67

— — KOMILJIEKCHBIX 193

— — oTpuuarenbHbIx 139

— — NpUOIMKEHHBIX 99

Lanya 133

T'aycc 133, 182

I'excasap 328

T'envgpono A.0. 180

I"'eomeTpuueckas nporpeccus 227, 223

I'eomeTpuueckoe Mecto Touek 287, 392

— Tteno 269

I'eometpus 269, 270

— aHanutHueckas 410

— HauepratenbHasg 308



['unepGomna 318

I'unorenyza 276

T'unnapx 338

['maBHBIC 3HaUEHHS 0OpPATHBIX
TPUTOHOMETPHUYECKUX (DYHKIIUNA
375

I'onnomerpus 338

['panyc nyrosoii 289

— yrioBo# 273

I'panp aByrpanHoro yria 307

— MHororpanHuka 310, 311

— MHoOrorpassoro yria 310

— napauienenunena 312

I'paduxu Gynkmit 392—404

['paduueckas unrepnossnus 392

['paduueckoe nzoOpakeHne GyHKIUN
391

— petuenue HepaBeHcTB 406—409

— — ypaBHeHuii 404—406

Toticenc 292

JByrpannsliii yron307

—/lexapm 136, 271, 410

Henenne apo0eit necsaruynbix 88, S9

— — IPOCTHIX 82

— KopHeilt 176

— MHOTOYJIEHA Ha JIByWICH NepBOii
crenienu 147

— OJHOWIEHOB 142

— OTpe3Ka I0IoJIaM, Ha 7 PaBHBIX
qacrei 259

— — MPONOPLUOHATIBHO TaHHBIM
BenuuuHaM 260

— cokpaiernnoe 110

— € 0CTaTkoM 68

— creneHent 175

— CYMM U MHOTOWIEeHOB 144

— yucel (onpexaeneHue) 68

— — orpuuarenbHbix 140

— — npubamxeHHsx 109

Jemumoe, nenutens 68

Jenutenb oOmmuii HanooabIIUi 75

JlecaTuuHas cucTeMa CUuciaeHus 57

JHecsatuunbie qpodu 85

— norapudmsl 239

Jerepmunant cM. Ornipenenurens

Jlnaronasib MHOTOYyrojapHuKa 275

— napauienenunena 312

— napaJuenorpamma 283

Junametp kpyra 288

— mapa 318

Huoghanm 128

Juckpumunant 186

Honexarap 328

JlokazarenbcTBO 272

JlonmoTHUTENbHBIM MHOKHUTEH 79

JlpeBHEapMsHCKasi, JIpEBHETPY3HMHCKAS
HyMepanus 62

JpeBHerpeueckas Hymepauus 59

Jpobb anreOpanyeckas; JeHCTBUS HAJl
npoosimu 151, 152

— mecAaTh4YHas 85

— —, neaeHue 88, 89

— —, oOpareHue B mpoctyro 89

— —, cBoMicTBa 86, 87

— — , CIIO)KEHUE, BEIUUTAHHUE,
YMHOX€eHHE §7

— IpaBUJIbHAS, HETIpaBWIbHAS 76

— npocras 76

— —, nenenue 82, 83

— — , oOparteHue B gecaTuanyro 90

— — , IpUBEJICHHE K 001IeMy
3HaMeHareno 78, 79

— — , cnoxkeHue 1 BerauTanue 79. 80

— — , COKpallleHHE U paciuupenue 77,
78

— —, yMHOXeHue 80—82

— , CUCTeMaTHu4ecKue apoou 85

— , leCTUaeCcATepUYHbIe 1podu 85

[yra okpyxHoctu 288

— —, IcTIeHueE norojiaM 262

Eexnuo 55,270,271

Kupap 131

3aBucuMasi nepeMeHHast 387

3aBucUMOCTh QyHKIIMOHANbHASA 386



3epkanpHas cummerpus 329

3epkanbHoe nogodue 333

— paBeHCTBO 329

3epKalibHO-0CeBasi CUMMeTpus 332

3Hak konnyecTsa 135

3HameHarenb 76

— , IpuBeieHue apobeit k odiemy
3HaMeHareno 78, 79

3navanye uupst 95

3HayHOCTh yKcia 96

3ona maposas (cepuueckas) 323

W3Bneuenue kopHs 69

— — KBaJPaTHOTO U3 MPUOIMKEHHBIX
gucen 113-117

— — KyOHMUYEeCKOro U3 MpUOIMKEHHBIX
gyucen 117-119

Hkocasp 328

WNnauiickas Hymepauus 65

Wutepnomnsiuus rpapuyaeckas 397

— yucnoBas 126, 127

Nonwuiickas cuctema Hymepanuu 60

WppanmonansHoe uucio 178

HppannoHambHOCTH; UX YHHUTOXKCHHE
177

Kapoana 131, 132. 182

KacarensHas miockocts 324, 325

— — KoHyca 325

— — nunuHapa 325

— — mapa 325

— npsamas 28S

— — K JIBYM OKPY)KHOCT$IX,
nocTpoeHue 263

— — K OKpY>XHOCTH 288

— — — — , moctpoeHue 263

Karer 276

KBanpanr 289

KBanpar 284

— , BIIMCAHHBIN U OIMCAaHHBIN
(moctpoenue) 267

— , mocTpoeHue 266

— 4ucna 69

KBanparuunas Gpynkius 496

KBanpatHoe ypaBHenue 180

— —, peuienue 153

— —, CBOlicTBa KOpHeH 186

— — , CUCTEeMa KBaJpaTHBIX
YPaBHEHUH C IBYMs
HEU3BECTHhIMU 188

— — , YPaBHEHUs, IPUBOIUMBIE K
KBaJpaTHbIM 187

Knacc 66

Kommirekcuble uncia 59, 132, 182, 190

— — , anreOpanyeckas
(xoopaunatHas) hopma 200

— —, aprymeHT 197

— — . BO3BejcHHUE B creneHb 2006, 211

— — , TEOMETPUYECKUI CMBICI
JEUCTBUH HaJl KOMIUICKCHBIMU
guciaamu 200-206

— — , TEOMETPUUECKOE N300pakeHue
195

— —, nevictBug 191—195

— —, u3BnedeHue Kopus 207

— — , Moxyib 197

— — , TpUroHoMeTpuueckas Gpopma

Konnueckas nosepxHocts 316

Konnueckue ceuenns 271, 317

Konyc 316

— BIIMCAHHBIN U OMHUCAaHHBIA 326

Koopaunats! (mpsimoyromnbHbie) 271,
390

Kopens, neiictBus ¢ kopHsamu 175

— u3 uucna 69

— — —, TIPABWJIO U3BJICYCHHUS
KBaJipaTHOIrO KOpHs 113

— — —, — — KyOM4ecKoro KopHs

Kopenb, KkBaapaTHbId, KyOHMUecKuit
69

— ypaBHeHus 157

Kocexkanc 344, 360

Kocunyc 344, 359

Kocunycos Teopema 367

Koranrenc 344, 360

Koaddumment 140



— nponopuuoHaibHocTu 123, 392

KpaTtHoe 68

— obuee HauMeHblee 75

Kpyr 288

— , Iomaap Kpyra 291

Kpyrosoe xonbuo 303

Kpyrosoii konyc 316

— mHap 315

Kpyrossie ¢pynkuuu 374

Ky6 312

gucia 69

Kyzomun P. O. 180

Jlunoeman 190

Jlunetinas GyHkus 393

JIuneitnoe ypaBHenue 160

Jlunus 269

— CHHYCa, KOCHHYCa, TaHT€HCa,
KoTanreHca 359, 360

Jlobauesckuu H. 1. 134,271

Jlorapugmuposanue 234—236

— , IPUBEJICHUE K BUILY, YIOOHOMY IS
norapudmupoBanus 365

Jlorapudmsl (obure cBeaenus) 232

— necstuaHble (Opurrossl) 235, 239

— — OTpHLIATeNIbHBIE, IEHCTBUS C
HuMH 241—243

— — , OTBICKaHHe JIorapudma mo
quciy 243

— — , — 4ucna 1o gorapudpmy 246—
249

— —, TIEPEXO]] OT IECATHUYHBIX K
HaTypaJbHBIM U 00paTHO 238

— HaTrypaJbHble (HenepoBbl) 236

— TPUTOHOMETPUYECKUX BeanuuH 350

ManTtucca 239

Mapxkoe A. 4. 180

Menuana 279

MusuiioH, Mumuap (OHWuIHoH) 67

Muumast enunauia 190

MHuumble uncia 182

MHnororpannuk 310

MHmororpanssiii yroa 310

Muoro3naunas ¢pynkuus 3S7

MHuoroyronsHuk 276

— BIIMCAHHBIN U OMUCAHHBIN 298

— BBIIYKJIBIN 276

— 3ye3auaThiii 276

MHOroyroinsH1K IpaBUIbHBIN 293

— —, nuHa ctopoHsl 300

— —, mmomaas 399

— npoctoit 275

MHorounen 141

— , pa3noxeHue Ha MHoxkuTenu 149,
150,

— , CTEeeHb ero 146

Muoxumoe 68

MHuoxurens 68

— JIONOJHUTEIbHBIN 79

— , Pa30oXKEeHNE Ha MHOKUTENU 74

Monynb aecaTU4HbIX Jorapugmosn 238

— KOMIIJIEKCHOTO uncia 197

MosmnbBeiine popmynst 368

Mopoyxaiti-boamosckoti /1. /1. 180

Myagpa popmyna 206

Myxammeo uz Byoxcana 339

Myxammeo uz Xopesma 66, 92, 130

Haxpect nexamue yrisl 283

Hampasnsromas KOHHYECKOU
nosepxHoctu 316

— IWIMHAPUYECKON nmoBepxHocTu 314

Hacup 50-Hun 339, 340

Harypanbubie norapudmsl 236

— yucna 55

HartypanpHbiit psn 55

HaueprarenpHas reometpus 308

He3zaBucsmas nepemennas 387

Henep 233,234,238

Henonnoe kBagpaTHOe ypaBHeHUE 181

— qacTtHoe 69

HenpasuibHas 1po6s 76

HenpepriBaast nponopuust 122

Hepasenctsa 215

— anreOpanyeckue 222

— , knaccudukanus 222, 223



— , HEKOTOpBIE BaXKHbIC HEPABEHCTBA
218 -220

— , OCHOBHBIE ITpHUEMBI pemeHus 221

— paBHOCHJIbHBIE 221

—, pewenue 223 — 226

— , — rpaduueckoe 406

—, cBolicTBa 216

— TpaHCLIEHIEHTHbIE 222

— YeOsimena 220, 221

HyneBas crenens 229

Hyns 59, 136

— , IelcTBUs ¢ HyleM 83

Hymepanus «apaOckasy (MHAMICKAs)
65, 66

— BaBUWJIOHCKas 62

— JIpeBHEAPMSHCKA,
JpeBHErpy3UHCKas 62

— pumckas 64

— claBstHCKast 65

Hvromon U. 252

Heiotona 6unom cm. bunom Herotona

OO0pa3yrorast KOHHYECKOH
nosBepxHoctu 316

— LWJIMHAPUYECKON TMOBEPXHOCTH

314

OOpaTrHble TPUTOHOMETPUUYECKUE
bynkuuu 374

— — —, rpaduxu 401 — 404

— ¢ynkuun 388

OOmee HauMmeHblIee KpaTHOE (0. H.
K.) 75

OO0muii HauOoNbIIUN JenuTens (0. H.

)75
O6wemsl Ten (hopmynsr) 334 —336
— — noao6ubIx 334
Opnno3naunas ¢pyHkuus 387
OpnnocropoHHUE yrisl 283
Onnowren; monoouele ogHowIeHb! 140,
141
OxpyxHocTb 287
— , mauHa 290

— , IOCTPOCHUE BIIUCAHHOHN U
ONMCAHHOMN OKPYKHOCTH 265

— ,— 10 2 TOYKaM U paauycy 262

— ,— 10 3 Toukam 262

Oxktasap 328

OnucaHHbIi MHOTOYTOJIBHUK 298

— yrou 289, 294

OnpeneneHne reoMeTpUUeCKUX
noHsATUH 273

Onpenenurens 2-ro nopsaka 167

— 3-ro nopsiaka 170

Opaunara 390

— KOMIIJIEKCHOT0 uncia 191

Optouentp 278, 280

OceBas cummerpus 331

OcHoBanue konyca 316

— norapudma 235

— napauenenunena 312

— napaJiienorpamma 283

— nupamuas 313

— — yceueHHoit 313

— npu3msbl 311

— PaBHOOEPEHHOTO TPEYTOIBHUK»
277

— creneHu 69

— Tpaneuuu 285

— TpeyrojiabHuka 278

— muuHapa 314

Ocratok 69

Ocb koopaunat 390

— nyuka mockocreit 305

— paaukaibHas 296

— cummetpuu 331

OTtHOcUTENBHAS NOIPEMIHOCTD 97

OtHowenue 121

— OKpYXXHOCTHU K quamerpy 290

— nojo0us 285

Otpesok 273

[Tapaboma 317

[Mapannenenunen 312

[Tapannenorpamm 283

—, momaas 301



— , moctpoeHue 266

ITapamienbHOCTB INIOCKOCTH U NIPSIMOU
306

[TapannenpHele miockocta 306

— npsimele 282, 305

— — , IOCTPOCHUE MPSIMOH,
napajuleIbHOM TaHHOM 259

[Tackans TpeyroiapHuk 255

ITepemenHas BennurHa 386

[lepecTanoBka 251

— C TMOBTOPSIOMIUMUCS 3JIEMEHTaMH
253

[Tepumerp 275

[Tepuon; nepuoanueckue GyHkuu 402

[lepnenukynsapHOe ceueHue (IprU3Mbl)
311

IlepneH IUKYISIPHOCTD MIPSAMOM U
wiockoctu 307

[TepnenaukynsapHsle mockocta 308

— npsimele 274

— — . IOCTPOEHHE MEPIICHAUKYIISpa

ITu (oTHOLIEHUE OKPYKHOCTH K
nuametpy) 290

[MTupamuna 312. 316

— yceuenHas 313

[Tudaropa reopema 231

[Tnockocts 305

— cumMmeTpuu 329

[Tnomaau (popmyiner) 301

— no00HBIX (uryp 287

[Tnomans Tpeyroapuuka 302, 368

[Toepxnoctu Ten (hopmyss) 334-336

IToBepxHOCTB 269

— KoHHueckas 316

— cdepuyeckas 318

— muuHApUYeckas 314

[TorpemHOCTh a0COMIOTHAS U
OTHOCHUTENbHAs 97

— npenenbHas 98

— npousBenenus 103, 104

— cymMmM»» H pazHoctu 100

—yactHoro 109, 110

[ToaxopenHoe uucio 69

[Tonobue mnockux puryp 285—287

—ten 333, 334

[To3unmonnast Hymepanus 62

[TokazaTens crenenu (kopHu) 69

— — npooHsIit 230

— — Hynesoit 230

— — OTpHULIATENbHBIN 229

ITonHOE KBaapaTHOE ypaBHEeHUE 181

[TonocTn KOHMYECKOW MOBEPXHOCTH
316

ITocrosinHas BenuuuHa 3S6

ITosic maposoii 323

[TpaBunbHas aApoOk 76

— nupamuza 313

— — yceueHHas 313

— npusma 311

ITpaBrIIbHBII MHOTOIPaHHUK 328

— MHOT'OYTOJIbHUK 299

ITpenen 412

[IpenenpHast aOCOMIOTHASI OTPEIIHOCTD
98

— OTHOCHUTEJbHAs! MOIPEHIHOCTD 98

[TpubnuxeHHble BeuUCIeHUs 94

— 4ymca; crnocoO 3amucu 95

[TpuBenenue apodeii k 0omEeMy
3HaMeHaTemo 78

— no00HBIX WwieHoB 141

ITpuzma 311

ITpusnaku nenumoctu 71. 72

— 1o100us TPEYTOJILHUKOB 286

[Tporpeccus apupmernueckas 227

— Bo3pacTaromas 228

— reomeTrpuueckas 227

— — OeckoneyHast 228

— yOsIBatomias 228

ITpoekuus (mpsimoyrosabHas) 280, 308

[Ipoussenenue 68

ITpousBoauele mponopuuu 153

[TponopunoHansHOCTH OOpaTHas 123

— —, ee rpaduk 395

— npsivas 123



— —, ee rpaduk 392—395

ITponopuus 122, 152

— HemnpepbiBHas 122

ITpouent 92

—, 3a/1a4d Ha MPOLIEHTHI 93

ITpsimast munus 273

— npusma 311

[Tpstmoii nununzap 315

[TpsmoyrosibHas cucTeMa KOOpPAUHAT
390

ITpstmoyronbHUK 284

— , IMaroHalb, BEIpAXXCHUE €€ Yepe3
CTOpOHBI 284

— , mocTpoeHue 266

IImonemeun 338

ITTonemes Teopema 299

PaBHOOEIpeHHBIN TpeyroabHUK 277

PaBHOCUIIbHBIE HEpaBeHCTBA 221

— ypaBHeHus 158

PaBHOCTOpOHHMI TpeyronbHUK 277
Panuan 340

Panuannas mepa yrna 340

PanukansHas ocw 296

PanukanbHbiil nentp 297

Panuyc okpyxxnoctu 287

— MPaBUJILHOI'O MHOTOYT'OJIbHUKA 299

Panuyc mapa 318

Pa3noxxeHne Ha MHOXKUTEIIN
MHoroujeHoB 149, 186, 187

— — —uuncen’4

Pasmemenus 252

Pa3Hocts 67

Pacmupenue npodu 77

Pebpo nByrpannoro yria 307

— MHororpasHuka 310

— MHororpassoro yraa SIO

Pezuomonman 340

['ernomonTana popmyst 368

Pemuxyc 340

Pemenue tpeyronsuukos 337, 349,
355, 369

Pumckue uugpst 64, 65

Pom0 284

— , mwromans 284, 301

Pygppunu 133

CermeHnT kpyra 288

— — , mmomans 291, 303

— 11apa, ero 00beM U MOBEPXHOCTh
322,323

Cexanc 344, 360

CexTop kpyra 289

— — , mromans 291, 303

— m1apa, 00beM U TOBEPXHOCTH 323

Cexynpna 274

Cexymas 288

Ceuenus xonyca 317

— mumHapa 315

Cummerpus 329

— Bpauienus 331

— 3epKaiibHas 329

— 3epKaJibHO-0ceBas 332

— oceBas 331

— 1eHTpanbHas 330

Cunyc 344, 359

CunycoB Teopema 368

Cucrematuieckue 1poou 85

Cko6xu 70

— , BBIHECEHUE 3a CKoOKku 141, 149,
150

CkpenuBatonuecs npsmeie 305

— —, paccTostHie Mexay HUMH 305

CnaBsiHcKast Hymepanus 61

Cnaraemsie 67

Cnoxenue (onpezaenenue) 67

— npobeit anredpanuecku; 151, 152

— — JIECATUYHLIX 87

— — IpOCThIX 79
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— paauKanbHbIi 297
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K CBENEHHIO YHTATENA

I.HaszHavenue cnpaBouHHKA ITOT CNPaBOMHHK
HMeeT IBOSKOe Ha3zHauenwe. Bo-mepBhlx, 34CCb MOXKHO HABECTH
«MOMEHTAJALHYIO» CNpaBKy: 4YTo Takoe oGulHil HauGoJbLIUI
JAeaHTeN b, YTO TAKOE TAHTeHC H T. M, KaK BLIYHCAUTb MPOUEHT,
KaK TOCTPOHTh MPABHILHAEIT IATHYTOABINK K T. . KAKOBbL (op-
Myabl 105 KopHell KBaApaTHOTo ypasueHHd, 4.1 ofbeMa yce-
UeHHOro KOHyca M T. 1. Bee onpezenennd, npasuia, Gopmyanl 1
TeopeMbl COMPOBOXKIANTCH NMPUMEPAMH; MPH ITOM 0C0GOe BHH-
MaHpe yIeaseTcs NpuMepaM NpakTHYeCKoro xapaxkrepa. Beroay,
roe 310 TpeGyeTCs, YKa3plBaeTCH, B KaKHX CIyyasx H Kak Halo
NPHMEHATH TO WIH HHOC OPaBH10, KakixX oumifiok Hajgo u3-
Geratb 1 T, I

Bo-BTOPHIX, 3TOT CNPAaBOMHUK, TIO 3aMbICy aBTopa, Mor Obl
CAYyARHTh O0LeAOCTYNHBIM nocoGHeM A8 NOBTOPEHHS Kypca
9JEMEHTAPHON MATEMATHKH W JaXe M]3 NepBOro O03HAKOMJIC-
HUA C €€ NPAKTHYCCKHMH NMPHMCHCHHAMM,

2.Cupapouuuk 0 yueOnuk Mucab o Tom, 4To no
CAPOAGOYHURY MOKHO G4uTHCA, CIocofHA BHI3BATH COMUEHHA
Oxnako, Cyas MO YHTATEIhCKUM MHCbMAM  (YHCIAO KOTOPHIX
npesuimaer 1500), nojsasasiouee 60JbUIMRCTBO MOTpeGUTe el
YCIEIRO NMOJIB30BAI0CH CIIPAaBOUYHHKOM HMEHHO LA 3TOf uean.

BbITh MOMCT, HAHMEHOBAHHC «CIPABOUHHK® H HE BROJAHC
COOTBCTCTBYET XapakTepy stofi kuwrd, Ho na 21 roay ee
KH3HH BPSA JH UesecoolpasHo MeHATh ee Ha3zpauue, C apy-
rofi xe CTOpOHbLI, ewe Mexee nogowao 6Ll K Heit Ha3BanHe
«yuebHHK» HaH «yueOnoe nocobue». Takoe HasBaHue BbI3LI-
BaJo Gul npeacrasienite 00 yueSauKe WkoAbHOro THIAa., Mexay
TeM JIaHHBI CNPABOUHHK N[O CBOEMY XapaKTepy CyUWeCTBEHHO
OTJHYAeTCH OT luKOARHOro yueGuuka.

B 1nxkoabHoM yueOuHKe, 0co6cHHO B ydyeOHHKe A5 CTapIIHX
KJAACCOB, 82dytyyi0 poib HIpaeT paccyskiuenke; dakTuueckuil Ma-
TepHad Kak Obl NOJUHHEH JOrHUYeCKoMY amnnapary. Bo Bcsxkom
ciyyae TaKoDBO BOCHpuUATUe yHauie2ocs, 31ech Ke BEAYILYIO
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poas wurpaer dakruuecknii Matepwan. Srto He o3Hauaer,
yTo 3j4ech HET paccymneHuii, Hanporus, nuofi pas uHtaresb
BCTPETHTCH M C JICTHMECKEM BLIBOXOM Tofi MaR HHOR dopMyst;
HO 3TH BBHIBOAB NPOBOAATCH JHILB TO 0colbIM NOBOAAM.
WUnorna, nanpumep, Han0 TNORUEPKHYTb PYKOBOASNIYI0 UALKD
IaHHOTrO pasjena (CxakeM, BuiecTi (OPMYAY KBaAPaTHOro
YDABHeHHH); HHOCAA HAZO NPe0yo/eTh UYBRCTBO HeAoBepus
K peayabTaTy (cKameM, K AeHCTEHAM HAZ KOMIIJICKCHBIMH YHC-
namu). I'ie MOKHO ONYCTHTH LOKE34TENBCTBO, A IXE HEJIb3A ~—
TIPH PEIIEHHH 3TOrO BONpOCAa aBTOP PYKOBOAHJCA Melarorsue-
CKHM OTLITOM.

3.Kax nonp3oBatThbes cnpasouHHKOM. «Mo-
MeHTabHag» CNPaBKa HaBOMHTCA C HOMOU(bo andaBHTHOro
yKazarens, NOMEUeHHOro B Korne xuurd. Ha coyuwafi, ecan
YHTATEJh He 3HAET HAMMEHOBaHHA NIPaBuia, Teopemsl, crocela
pelucHNs M T. I, K €ro ycayram noapofHoe oraapnesne (B Ha-
uajge Kuuru). Bcee Tabmauubl foMelilennl B NepBOM  paajene
CEPABOYHHKA.

Hasoas cnpaBky B KaxoM-IM00 ONHOM MeCTe, BBl BCTpe-
THTE TaM CCHIAKH Ha BCe Te naparpadsl, rie pa3bicHeilil
ynomuHaempte TepMmunul.  Pumcramu  undpamu  oGosHAMEHDE
HOovcpa pasfienoB; apabckiMy — rovepa naparpagos. He npe-
webperaiite 3THMK cebtakamu! Beskomy ke, kTo odpamtaercs
K COpaBOYHHKY He Mo ciaydafiHoMy [OBOLY, PekoMelayercs
«HACKBO3h® NPOUECThL HHTEPECYIOWHH ero pasned,

B 4acTHOCTH, TOJR3HO BHUMATEALHO TIPOYECTh HCTOPHYe-
CKHe CBEICHHA, coZepramuecss B KaxIoMm pasaene. Ong co-
CTABAAIOT OPFanHUYecKyH YacTb KHUTH H cOfeficTBYIOT Jiyu-
leMy NOHHMAHHIO MaTepuadia.

Unratesb, KoTopulil OyjeT YYHTLCA 10 3TOH KHUTe, MOJKeH
ofpaTurb ocoboc BHHMaHHe Ha npHMephl, J{OKA3aTCAbCTHA,
ONYIUSHHLIE B COPABOUHHKE, YHTATeNb MOMET BOCTOJIHTL
(mo yueuuky) MGG OJHOBPEeMEHHO C UYTEHHeM CHPaBOYHHKZ,
anbo nosasee. Ho nu cnpaBounuk, nu yuebuux He Gyirer mpo-
cTatouHbiM 0e3 CaMOCTOATEAbHbIX YIOPAXKHEHAR B PeIeHHu
IPHMCPOB H 3ajad.

JluaM, H3yYaOWEM MarteMaTHKy 0(e3 (ipenogaBatend,
apTOp pekoMmenayer obparutbes K «CEOpHHKY 3anau 1o 3e-
meyrraproit MaremaTuker» H. T1. Auronosa, M. {I. Buroackoro,
B, B, Huxuruaa u A. H, Cauxuua,

4. Copepxanne cnpabouuHuKa. Pykosojcrsysch
NOXENaHHAMH vNTaTenell, 2BTOP HEONHOKPATHG pacuiupaa
MaTepHan COPaBodiHKa, W B HACTOAUIEM CBOEM BHAE KHHra
OXBaTHLIBAET NOYTH BCE BANPOCH IUKOJABHOH NPOrpaMmul, 3a
HCKJOUEHHEM HOBOBBEAEHUN mochieiucro BpemcHu, Peun naert
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npexae Bcero o cyeTHofl nuHelike ¥ ocHoBax soicimefi mMarema-
THKH.

Honoaunte cnpasounnk rAasofi o cuerncil Jaunefie, rie
HapsiAy ¢ uHCTpYKUHell coaepxanock 6w obujedocTynHoe
oflocHoBaHMe npasua, asTop cuuraer Ge3ycaoBHO HEOOXOAM-
MuIM, UTO KacaeTcf® OCHOB Bbiculefi MaT¢M4aTHKH, TO asTop
OTCHIIZeT moka unTatens k cpoemy «CnpaBouHMKY N[O BLICILEH
MaTeMaTHKes (5-e  JOMOJHEHHO®  H3JaHHe €ro  BHIUND
B 1962 r.).

Muorie guratenn BbIPaXAWT [0KeJaHHE O BRJICYEHHN
B paszen «ApuMCTHKa» CcBeleHhil 06 ofpameHun NepHORHUR-
cKoit apobu B mpocryio. CuuTast 5TOT BONPOC Majlo BaMKHBIM
A8 HPAKTHKY, aBTOp OJNAK0, BHIMOJHHT 3TO TOXKeJaHKe IPH
Hepnoil BO3MOMKHOCTH.

B nacrosunee, 14-e H3naHKe BKJIOUEHE! CACAYIOUILE BAXKHbIE
IJst TPAKTHEH JAOMOJHEHNHH: H3BJCUEHHe KyOHUYCCKOro KOpHS,
npubaukennas GopMyla N0MaAXd cermedta, dopmyaa [woi-
YeHCA SIS JJHHBL AYTH.

ABTODY npeacTaBifeTca UeaecoolpasHbiM 3aHUBO HalHCaTh
BeCh Pa3fiesi reOMOTPHH, NPHAas cMy 60.CC CHCTeMaTHUECKHIT
XapaxKrep u npuOaH3HB 110 QOPMe H3JI0KeHds K pasfenam
apHQMETUKH W aaredpbi,

Muorde guratend xortenu Opf 1AATH B CNPABOYHHKE YKAa-
3aRMA 0 Ciloco0ax pelueHns <THNOBHIX» NPHMEPOB M 337a4.
Ocobelo yacTo YNOMHHAETCH 0 TaK HA3LBAeMLIN Jorapuduu-
YecKHX W ITOKA3AaTe/IbHbIX YPABHEHHAX. Taxkue yKa3aHua ddra-
Tenb HafiierT B BuiuieynoMAHyToM «COopHuKe 3ajau», BBOAUTH
HX B CNPABOYHHK &BTOP HE BHINT HEOOXOAMMOCTH,

B sak/ioueHdc aprop CUHTaCT CBOMM JIOJTOM BLIDa3HTh
I,IyGOKYi0 IpPH3HATENLHOCTL BCeM JIMLAM, [PHCAABIIHM CBON
OT3LIBEl H HOMKENaHMst, ki 3apanee Giaaroaaput BceX, KTO IMoO-
¥enaeT MOJEJUTHC ¢ HUM CBOHMH MpeJOXKeHHAMH.,

OcoGo s fomxeH noGaarofaputh (MOMHMO JMIL, YIOMS-
HYTLIX B [OpefblAYIIMX H3JaHHAX) CAeAYIOIHUX uHTaTedei:

Dpyckuna LI, 4. (Mockra), Bynakosa B. E. (T6ununcn),
Bexceawstepra [1. b, (Uepuosuw), Boerpukosy JI. (Boponex),
Baszemcroro K. @, (MswwM), Topwanosa U, I1. (Pesekne),
I'putosckoro B. K. (Foasunt), JKukosa B. (Hampvux), JKyu-
kopa B. I1. (Tomcx), 3asumxo M. A, (Cumdepononr), Kannu-
na B, B. (Apuwiz; Onecckoit 004.), Kosanenko H. (moc,
Taeawuii, Kpacnosipckoro kpas), Koszaaruny C. (Cras-
pononb Kpaepoit), Jlemomcxoro T'. A. (cranunma Hoso-Jleyur-
koeckan), Jiexruwepa X, M. (Busenoe), Makaposa B.
(Coankamck), Muxafiiosa A. Il (Jlenunrpan), Muueporcko-
ro JI. K, (Kozennck), Oxateena A, A, (Hmmmi’x Tarua),
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IMensunepa B. [, Peannka A. A. (¢, Ocunenro, 3anoposckolt
obn.), Pabununa B. A. (Mocksa), Copoxuny H. (deaoceeno,
Mockorckoit ofi), Copoxuuna M. H. (Tomck), Cremao-
pa B. M. (PocroB /), Tperesikopa H. U. (dyHaeBus,
XmeasHHUKOl 001n.), TrwoTioHruka A, H, (Kpoumwrrazr),
dpuesa K. A. (Becnan), Umunexuna B. (Mocksa), SIpo-
poro A. (Kyiissu, JleHHErpaackoit ofiL.).

M. Bueodcrudi
17 ssupaps 1962 r,

OT I'JABHOH PEJAKIHH

CemHajuaroe HsJaHHe NOATOTOBJIEHO K IeyaTH §e3 yuac-
THs aBTOpa — npodeccopa Mapka $lkonieBHya BRIoICKOro,
CKOHUYaBHLIeI0CA 26 cedTsadpsa 1965 roja. 10 M3jaHHe Heya-
TacTcA ¢ MarpHy 14-10 HM3ZAHMST, HCNpABJeHLI JHIIL 33-
MedcHIEe OIeYATKH,

K coxasenuio, Mapk $IKOBJIeBUY He yCHeEJ OCYIECTBHTH
CBOUX HaxepcHUIT 110 epepadoTie ClIpaBoOYHMKA: B YACTHOCTH,
HAMHUCATL IJIABY O CYCTHOH JIuHeiiKke, PaCHpHTh TIJABY
«PyHKIMA; TpAdUIH», 34HOBO HauHcaTh pasiena IV «eomer-
pHshy, BIJIOYUTH B pasnes 11 «Apudmerukas csejeHHsa 00
ofpalieHHH nepHoaMYecKoli ZpodH B IpoCTYIoO.
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131 3719 647 947 1249 £57 1889 2239 2579
137 383 €53 953 1259 1671 1901 2243 2301
139 389 659 967 1277 157¢ 1807 2251 2593
149 397 661 971 1279 1883 1913 2267 609
151 401 673 917 1283 1597 1931 2209 2617
157 409 677 983 1289 1601 1933 2213 2621
163 419 683 994 1291 1607 1949 2281 2633
167 421 691 897 1297 1609 1951 2287 . 2647
173 431 01 1009 1301 1613 1973 2293 2657
179 433 709 1013 1303 1619 1979 2207 2659
181 439 119 1018 1307 1621 1987 2309 2663

191 443 721 1021 1319 1627 1693 2311 267



611
2683
2687
2689
2693
2659
2107
2711
2713
2719
2729
2731
2741
2749
2753
2767
2171
2188
2791
2797
2801
2803
2814
2833
2837
2843
2851
2857
286!
2879
2887
2897
2003
2009
217
2027
2939
2953
2957
2963

2971
2999
8001

3011
3019
3023
3037
3041
3049
3061
3067
3079

‘3083

3089
3109
3119
3121
3187
3i63
3167
3169
318l
3187
3191
3203
3209
a7
3221
3229
3251
2953
3957
3959
5271
3299
3301

3313
a3l
3323
3329
3331
3343
3347
3359
3351
3371

§ 10, TABAHUA NPOCTHIX YHMCER

3313
3389
3391
3407
3413
3433
3449
3457
3461
3463
3467
3469
3491
3499
31
3517
3537
3529
3533
3539
3541
3547
3551
3559
3571
3581
3583
3593
3607
3613
3617
3623
3631
3637
3643
3559
3671
3573
3677
3691
3697
3701
3709
3719

3727
3733
37139
3161
3767

3769

3179
3793
3797
3803
3821
3823
3833
3847
3851
3853
3863
am
3881
3889
3907
3311
3917
3919
3923
3929
3931
3943
3947
3967
3989
4001
4003
4007
4013
4019
4021
4021
4049
4051
1057
4073
4079
4091

4093.

4099
4111
127
4129
4133
4139
4153
4157
4189
477
4201
4211
4217
4219
4229
4231
4241
4243
4253
4259
4261
4271
4213
4283
4289
4291
4327
4337
4339
4349
4351
4363
4373
4391
4397
4409
4421
4423
4441
44417
4451
4451
4463

4481
4483
4493
4507
4513
417
4519
4523
4547
4549
4561
4567
4583
4591
4597
4603
4621
4631
4639
4643
4649
4651
4637
4663
4673
4679
4691
4703
4121

4723

4129
4733
4751
4759
4783
{181
4789
4793
4799
4801
4813
4817
4831
4861

4871
4877
4889
4903
4909
4919
4931
4933
4987
4943
4951
4957
4567
4960
4973
4987
4593
4999
5003
5009
5011
5021
5023
5039
5051
5059
5077
5081
5087
5099
5101
5107
5113
5119
5147
5153
5167
5171
5179
5189
5197
5209
5227
6231

5233
5237
5261
6273
5279
5281
5297
5303
5309
5323
5333
5347

5381
53817
5393
5399
5407
5413
5417
5419
5431
5437
5441
5443
5444
5471
5471
5479
5483

51

6639
5641
8647
5651
5653
5657
5659
566Y
5583
5689
5693
5701
5711
5717
5737
5741
5743
5749
B779
B783
57181
5801
5807
5813
5821
5827
5839
5843
5849
5851
5857
5861
5867
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L TARTHIN

§ 1. HexoToprie maTenarnyeckne 0603uAgeH s

= pasno HIupuMep a=f
5 He pasuo ® aztb
53 mpubaAKenno pasHo > a=b
> Boabiwe » 5> 2
<Z mensine » 310
= §oaui2 Wk pasHo » a=b
= MCHblle YAY paBHO » a=b
[ abconloTHOE 3HaeHne » el
n 8
VT kaepeus n-i crecevu » V& =2
! haxropuas » Hle=1.2.2-4.5= 120
l.ogb sorapuds npy acriopanuu b » loga 8 =3
i aorapudis aecsiwanni » g 100 =2
in DOV2PAM BATYPAABHBIT (1pY ocnoBaNUN @)
1t fipeaea
Cons!  UCCTOAHHAR BEAMHUHA .
» cyMMma
Z TPEYroAsHHg ganpusep A ABC
ya yron » L ABC
- ayra » ]
i (13PaAALALHO » ABjCD
L nepnenaKy AHpHO » Al L CD
) nogodno » A ABC o A DEF
n OTHOILEHNE LALL OKPYMIOCTH K RUameTpy
® rpanyc
4 HHUYTS } Hanpuyep 10°30°35"
” cexysa
sin cunye . sin 30° = —;—
3
cos  Kocuige » cos 5 =
tg Tanrene » tg 40° = 0,839
clg KOTaHt eHe » elg 25°10° == 2,128
sC cekanc » 5¢ 607 =2
cse KoCeKane » csc 907 = |
arcsin aApKCHUYT » arcsin ,21 = 30°
T
arecos ApRKOLHHYE » arecos O = 5
arcly apuTaurenc » arcly 01,8391 = 4¢°
arcclg apkkovaureuse » arcely 2,128 = 25”10
arcsc  apKceKkaus » arcse 2 = 60°

ArCCSC apKKOCEKAHC ’ » arcese | = 90°
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§ 13, HEKOTOPLIE CTAPLIE PYCCKUE MEPLI 53

§ 12. MeTpruecKaa cucTeMa Mep
Mepu gaunm

ruaoMerp (i) == 1000 nerpav {#),

veTp (#) = 10 newnnmerpan (Gu) = 100 cantumerpanm (en),
genumerp (dar) == 10 cairrumeTpam (c.u),

cantumetp (ca) =10 muanuverpav (A,

Mepw naomann

KB, KitzomeTp (wm?)==1000C00 kB, MeTpam (a?),
kB, Metp {x#%)==100 kB. Ieunmerpam (Gm*)=
== 10000 &B. cantumeTpam (cx?),
rektap (ea) = 100 apam (¢) = 10000 xB. Merpam (i),
ap (@)= 100 «s. merpam (#?).

Mepn oGbheMa

Ky0. MeTp (%) == 1000 xy0, xcuuverpay (du?)=
== 1 600 000 wy6. cantumerpam (card)
kv0. acunmerp {0a’)==1000 xv6. cantumetpam (cud),
autp (4)==1 wy6. neuumerpy (cx'),
resToauTp (2.2) = 100 aurpam {a).

Mepu eec
touya {m)== 1000 xuzcrpamMmmanm {x2},
uentHep {y)==100 guzgrpasman (xe),
kurorpamm (re) == 1000 rpammam (2),
rpass (2) == 10060 muaaurpammanm ().

a
\
§

§ 13. HeroTopsie cTapbie pyCCKHE MEpHI

Mepn panHub

pepera==>500 camenny = 1500 apmunan =300 dyram =
== 1066,8 M,

cakenh ==3 apiiusam =48 pepuikam =7 pytam =
=84 mwitmanm == 2,1336 »,

apiiui = 16 Bepuixay = 71,12 ¢

Bepiltok == 4,450 caf,

vt == 12 noiiman == 0,3048 ,

ol = 2,540 ca,

Mopcras Muan == [852,2 u,

Mepuw reca
v =40 dynram = 16,380 xe,
Pyut = 0,40051 xe.
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§ 14. Jlatnucunil aadasur
Flesatnue [PV yys e | M | S| Hassuioe
Ae A4 7 ; a Nn A n 3H
Bb ZE 0 6 g 0o 6 o 0
Ce ¢ . “ w4 Pop F / n3
Dd Pyl w | Qq % g Ky
E e g e ‘ E) LR 2 ap
Fr F{ L LS s & 4 3¢
Gg % |09 (xe) ‘ Tt F ¢ T3
Hh | /A % Cxa (aw) | U ou U u ¥
I ! J i Y i - Voo NF oy B3
Jj | } j [ﬁm vyt Wow /e igyﬁnb B3
K& Jﬁ \ Ka X & o | wxe
Li £ ¢ | oab 1‘ Yy i 03{ ¥ Hrpex
Mm ) M i I ‘J1 zz | Az laer (A:;mzj
§ 15. I'peveckutt andasur

Ao« aasda N v Hio (HH)

B#& Gara C 2 KCH

I'y ramsa 0o omukpon

Ad nenbra Iin H

Ee sucuaou Pop po

Z{ gseta s curma

Hy o372 = Tay

0 8% 1374 Do by

I floTa Xy Xe

K » ranma To O UHCHIOH (HTICHAOH)

A L navbia ¥ oo onew

Mu w0 (Mu) QLow oMera



(lLAPHOMETHKA
§ f. Hpeaser apudreThre

Apudruemuxa — 370 Haysa o upcaax. Hassauwue <apud-
MOTHKE> TIPOHCXOAHT 0T [PEYECKOID CACRI «aprTMoc» {110
EPYroMy UDOH3HOBICHUID «2pUBMOCy), W10 02HAYEAET «%HHCA0»,
B apudmernxe wayyamtena npoctediiie caofictBa yucea H npa-
BHAO Bbiyxcaewndt, Boaee ravOokue CBOICTRA HiCces H3Y YA TCH
B REOpuy diicea,

§ 2 Uenue (HATYpaabHbIe) uHcia

Ilepsule HPEICTaBACHUS O uHCAe UDHOOpeTeHB J110fAbLMIH
B ne3anamATHOR RpeBrocTE (cM. § 3). Ol BO3HHKAY U3 cueTa
JloNed, HBOTHLIX, NAOLOB, PazanviviX Haneaull yeiosexka i
IPYIUX [PEAMETOR. Pe3YILTATOM CUeTa ABAANTCR YHCAa ONHH,
HB&, TPH M T. A. DTH WHCAZ HaZuiBaOTCH TEHEDh HAMYPIAb-
relat. B apndMeTHRe HX HASLBLOT TUKKC HelMy YKCAAMH
{HaUMeHOBAHHE <UenOoe MHCAO» HMEeeT B MateMaTuke i Hoaee
spoxuit cwmics; oi, U 3).

lloraTHe 0 HATYPARLHOMN HHCAC ARIACTCHA CIAHHM H3 UPO-
crefimux fonATHE. Ero MOMHO DOACHHTH Adlllb TIPeSMETHLIM
1oKas’oM ).

Paonenstx uncen

1,2 34,5, ..
upogeawaetes o3 KOHHA, ON  HASHIBAGTCH  NAMYPAAbHOLM
paboat.
& 3. I'panuust cyera

FHa panguy cTyneHAX passuTia o0DIECTRA MIOAM noutH
He yMeau cuptaTh. OHH OTauuaan IPYr T APYra COBOKYO-
HOCTH ABYX W TpexX UPCAMETOB; BCAKAA COBOKYHMNOCTL, codep-

L) Epxonun (I B, g0 6, 3) onpeiessn 4ucao {(Hatypaasncel Kak «MHO-
JKCCTHO, COCTRBREHHOE 113 CIMHMI(P; TAXOr0 POLU ONPCROACHIT MONHO HATY
W BO MuoirdX upmewspx yuednugax. Ho caomo smiomettso» (uan «cofpa-
HA€3, WA ¢COBOKYTHOCTE» B T. IL) OTHIZL HE NOURTHEC CROBS «HHCACH,




56 1. APHOMETIKA

waninaa Goabniee MHCIAO 11PeAMETOB, 00LETUHAAACH B OHATHY
«MHOTO». 3T0 Obld CUE HE CYCT, 3 AHIbL €50 34pOlblil,

Bnocaenctsun ¢1iocolH0CTb padiiiuaTe Apyr oT ApYyra ke-
Gonpile COBOKYNHGCTH Pa3sBUBAAACH, BOIHUKAM CA0Ba 1aR
o0c3Hauenuit NoNATHI culTHPE», «HTby, <ECTh?, (CEMb.
Nocaenree 1080 ATNTEARHOE Bpeas 0003Hau410 TAKXKS HEON-
pedeaenno Boabiioe Koanyectro. Haltn nocaoBuus coxpanuan
naMaTh 00 9TOH 310Xe («CeMb pas OTMeph — OAMHL pald o%-
PeXby, <y CeMH HAHCK IkuTa 6e3 raasy», «¢cems Gej-— oamn
OTRETS W T, i),

C  ycrowuenueM Xo3aficTBexHo aeateapHocT s Qe 1o-
naunbuaocs, BECTH cueT B Godee OOMHPHHLIX fipeserax. [las
5TOLO HEAOBEK HOAL30BANCA OKDYMABIIMMH ero ipeaMetamyu
KAK MHCTPYMCHTAaM CYeTa: ON Neddd 3apyOKH Hd [aakax o
HA JEPEBbLAX, 3ABA3LIBAA ¥ HA BCPERKAY, CKJAAMBAl Ka-
METKH B Kyukd H 1.1 7),

Oco60 BawWHYI0 POAL HIPAT BPHPOAHLH] HHCTPYMEHT HelT0-
BCKA — €U0 Madbllpl, JTOT HHCTPYMCHT He MOP  RIMTEeRLHO
XPaHUTL PE3VILTAT CueTa, KO 34To Blerza Oma HATHIO R
oTaAnYaaca 60abI0N HORBHAKBOCTLIO. H3bK 1IepBIOM THOrO Y n0-
peka bl GeieH; WMeCTh BOIMCULETH HEI0CTaTOR CADE, B YHCRE,
U KOTOpBIX eule He Oblao Ha3BaHuil, «JOKa3WBATUCLy HA Tadn-
1ax (Mo ToMce npuGeraex K 10Kasy Yicen Ha Najgsnax, KOria
OOPHCHAEMCA C YCJORCKOM, HO 3HIWOULHN HAIero a3uieal.

EcTecTBEHHO, UYTO BHOBL BOBHUKABIINE Ha3znanua «boan-
WHXr YMCed YacTo CTPONIHCh Ha ocHoBe ynoaa 10— no koan-
yeCTBY IlanblleB HA PYKAX; ¥ HCKOTODBIX HapOJMOB BOBHHKAIH
TAKKE HA3BAHMA UHCEJ Ha OCHOBC YKCAA H--- 119 KOIIYCCTRY
AABIER HA OAHOH PYKe #ay Ha OCHOBE Yncaa 20 — 1o KoMt
YecTBY flaibues Ha pykKax o Ha sorax (cm. § 4).

Ha nepseix fiopax pacuupgHue 3anaca quced NpoHCxo-
anao mejaenno. CHavala MIOIM OBJAILIH CHCTOM B NpEAeIax
HeCKOABKIX 11epBhIX RECHTKOB M JANIL (102He2 JOIMAR 10
COTHH. ¥ MHOruX Haposos wicio 40 ponroe upess Su1a0 Gpe-
J€J0M cdeTa M Ha3palHeM Heonpoledenso §0abn(Oro KONM-
yceTsa, B pycckoM aAsuike CH0BO «COPOKOHOMKA» HMCET CMBICI
SMBOTOHOGKKA; BHPAKCHIC «COPOK COPOKOB» 031a4a10 B CTa-
PHHY YHCI0, lipeBocXolxwice BeAgoe poobpaweune. ToT e
CMbICT UMEET CROBO «COPOK» 8 PAAE PYCCKHX OOCAOBHIL ©

1) Or cqeta € NOMOILIO KZ2MCUIKCH BeAYT CHO@ HAYANO PAIANHHLIE VEO-
BCPILEHCTHOBANRMIE MHCTPYMEHTE, KaK, UaNpuMep, pycckie cdersl, KdTail-
CKHE CHETHL «CBAW-NANy, ApeBuecrurercknl <afaxy (ocxa, pazacaendasn Ha
NOJOCHY, KYI3 KARAUCH MCTOHL!), AURIOIHEHLIE HHCIBYMEHTH CYULCCTBORAAY
¥ MHOTHX Haponos. B arTHHCHOM #3LIKe {10A4Tile «CUeTs BLIDAKACTCH CAO-
som caleulalio (eToiona 2.2 €10BO GHAJALUYAHILIAD); ONQ  UPCUIKOAUT  OF
£A0BI CATiIuS, CBNAMAIOWIIIT FAMELICHY,




§ 4. JECATHUHASA CHCTEMA CUMCIEHHA 57

1I0OrOBOPOK («M OJHH raa3, 1a 30pox, He HARO 1B COPOK», «CH-
JchA2 COPOK JeT, BHCHASTa COPOK peity o ap.).

Ha caeaylomelt ctyneny cluet TocTHraeT HOBOTO npeacaa:
ICCATH RECATKOB, M C031aeTCa Hassarie aas uncaa [00. Buocte
€ TeM CIOBD «CTO» (puUoOpPeTaeT CMBICA HecupelenenHo 6oan-
mworo uncaa '), Takoft cMbica OHO HMECT, HAUPHMED, B Sarajxe:
CTOMT Mol HW30K, Ha HeM €10 pH3oK (xanycrta). Takoit xe
CMBICH TIOTOM OPHOGPETAT HOCAELOBATERLHO YACHA THICAYA,
HecATs THICAY (B CTAPHHY 9TO YACHO HA3biBaroCh <¢ThMar),
MILIIHON,

§ 4. lecaTthukas CHCTeMa CUHCAeHua

B coBpeMEHHOM pYCCKOM A3LIKE, & TaKWe B A3LIKEX Afy-
rHX HapoiOB Ha3BallMA BCEX YMCel 10 MIINHONE COCTABNMDTICH
1z 37 caos, oboanavaowmux uncaa 1, 2, 3, 4, 5, 6,7, 8, 9, [(
1§, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 30, 60, 70, 80,
89, 100, 200, 300, 400, 300, 600, 700, 800, 900, 1000 (sanpu-
Mep, IEBATHCOT ROCEMNAIUATbh THICAY CEMbCOT COPOK JiHA).
D cBow ouepenb Hazsanunx ITHX 37 UUCeA, KAK RpRBRURD,
06pa3cranhl U3 HassaHuil wucen nepsoro aecdrxa (I, 2, 3, 4,
5, 6,7, 8 9) n uncen 10, 100, 1000 (naupumep, 18 == nocens
H3 necats, 30 = Tpugecars, T. €. TpH necArra, 300 == TpuCTy,
T. €. TPH COTHH). B OcHOoBE 3TOro cJ10BOOOPa30BAHMN ACKUT
wieao 10, W HOTOMY Hala CHCTeMa HAUMCHOBARKI HazwsacTon
Oecanmuynoi cucaesmoln cdtcreran. VickmountearHas pons,
npunansekaulan uneay 10, oGbacuserca TeM, uTo Ha pyvuax
v uac [0 nmastnes (cM. § 3).

M2 YUOMSIHYTOTG NpAaBHAA B DASHHIX A3BIKAX HMEITCS paz-
AUYHBIE HCKJOYERHR, 00 BACHAKILKECH HCTOPHYCCKUMH OCO0CH-
HOCTHMY Pa3BUTHA (ueTa, DB DYCCKOM £3LIKE CAHHCTBCHHLIM
HCKJAIOUCHHCM SBAARTCA HAUMCHOBAHHC «COPOK> (npewae Ha-
PHY € HUM YOOTpeGAnaoCh N CAOBO «NETHIPERECATs). I1h
HCKII0UCHHe MOXIIO 1OCTABHTH B CBA3b C T€M, YTO HHca0 40
Hrpazo Hekoria ocoGyio pods, 03Hauas HeonpencaeHHo §0i-
imoe xkoauyecteo (oM. § 1) 2.

1} B nexoroprix £3niax 0ano # To e caopo oawagaer w40 w 10; ep,
cHOCKY 1) Ha caenviouteii cTpauiue,

2} C/loBOM «COpOK» (Huade, «copduxas) B ApeBHed Pycn KaswBati 6oan-
mofi MeiwoK, KVAA YXAaAblRAANCh NeHHBIe cOGOANHBIC WKYPKH,

CA0BO «AEBFHOCTCH He NpeAcTanigseT HCHIOUeHWHs M3 YOOMIHYIOro fpa.
BUAZ, 10 ONO OGPALHBANO (D APYroMy clocoby (1esath Go-cTa). JTim WMe
CrocofoM COCTARIAITEA gucauTesbisie 80 1 90 5 TOPHCKMY #3GIKAX (CM,
caocky Ha cip. BB) n wucaurcabnmie 70, 80, 90 p rotcikom {apceneropman
cxom) rauke (sibuntehund, T, e, ccesb nox ¢1os 1 T L), B pycckom au
HAPARY €O CACBOM ICBIRGCIOr YRUTPEIAIACSL BDEKAS H CICED 3805 1]
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B twoopkekHx assbikax (asepbalinwanckow, yaGekckoM, TYpK-
MEHCKOM, Ka3aXCKOM, TaTapCKOM, TYPEIKOM M 1p.) HCKAOUe-
IMe COCTABINIT HauMcHoBauus wucen 20, 30, 40, 50, rorna
xax HaszsaHun uwucea 60, 70, 80, 90 o6pasosaHs U3 HaHMEHO-
Banult man 6, 7, 8, 9'). B wmouroasckom wswie, HaoGopor,
naivenoranua wucea 20, 30, 40, 50 caeayior obutemy npasuay,
a HauMeHoeadus 60, 70, 80, 80 coctasanwT uckawyenue. Bo
PPaHIY3CKOM A3LIKe COXPAHUIHCH HeJeCATHYHLIC Ha3BaHuf
yucen 20 u 80, npuuem 80 umeuverca quatrevingt, T. e. <ue-
Thipe NBafUaTb». 3ACCH Mbl HMCEM OCTATOK APERHCro [1BAa-
TePUUHOIO CHHCACKHUH (110 YMCAY Hanblies HA pYyKax H HOTaX).
B 1aTUHCKOM 53biKe HAUMEHOBAaHKe yucaa 20 Towe HeaccH THY-
Hoe (viginti), Ho nauMcHOBaHHe 80 {octogintla) — secaTUUHOR;
OHO 1Ipon3BeacHo oT 8 (octo). 3ato HauMekoBakua vucen 13
B |9 oCpazopannt U3 Hadsadud 20 ¢ 1NOMOWEBKY BOIYMTAHMK
20—2 u 20—1 (duodevigint;, undeviginti, 1. ¢, «xea o1 1Ban-
{ATH», <O1UH OT ABAMATU»).

Haumenopanua yncea 200, 300, 400, 500, 60, 709, 800, 200
20U BCEX COBPEMCHHGLIX #3bIKAX MOTTPOCHL HA JeCATHUHOH
OCHOBE.

§ 5. PasBuTHe NOHATHH YHCAA

Tlpu cucTe OTHCALHLIX MPCAMETOB eNHHUIA eCTh HAMEHL-
HEe YHCAO, HEAUTh €€ HAa HOJM He HYMHO, 4 Yacte H HeAL3H
{nph cueTe KaMHeil ipNdaBACKHME K RBYM KaMHAM NOJIOBHHL

. o 1 <
ipetbero naet 3 kamis, a He 2 5 a u3bpark upeIdTMyM B

1
COCTABE 25  YEAOBEK - HEBO3MOKHO). OnHaxo AeanTh eiu-
HHOY HAa IOAW UGPUXONUTCH YwWe 0pH rpySulx nsuepenusix
o |
BEIMUKH, HAUDHMEP NPH W3MCDEHHN NAMHBL (BaravMy (2 tua-
ra a 1. 4.). [MosTomy yxe B oTAaldetHsle 3I0XH 033440CH
toHATHE Opo0Ho20 ducaa (cm. I, 16 w ll, 31). B naxsnueiliuem
0Ka3aaoch HeobxoiuMuiM eulc Ooiee paciivpuTe HOHATHE
$HCEa; TOCACTOBATCALHO HOMBHINCH YHCAD UPPGUTOHAAHGE
(I, 27), ompugamensnae (I, 3) n womnaciccnwe (I, 28 u
i1, 34).

1) B Tatapekom g3uike 4UCAd fepBoro Aecwrka naswimaorcea: Gep (b,
uké (2), eq (3), x ‘pr (), Suw (5, aatsr (6), wuaé (T), curds (8), Tyraiz (9),
. .
ya (I0), Hecatn we wumenywres: erepmé (20), ythis (30, kupsik (1),
wunzé B0y, aarmunn (60), wuraém (70), cuxcdu (80), Tywedn (90),
Hapazy ¢ nasdeaduen «ite3» Ria qicaureassoro 100 cyizecrsyer Havme-
H#OB2EHS «CaH», 3TO K¢ CJIOBC MCHET 03u5L4dTbh U 40,



§ 7. CHCTEMbI HYMEPALIHK HEKGTOPHIX HAPOLOD 50

JloBOAKLHO 1103/HO K CeMbe HHCed [PUCOEIHHUICA HY.Ib.
[lepBOHAYaILHO CAOBO «HYAb> 03HAYANO OTCYTCTBHE UHCAQ
(6YKBAAbHbIfl CMBICA JA3THHCKOro caoBa nullull — <iRyTOo»),
HeHcTBHTeabHO, €ClH, HanpuMep, 0T 3 OTHHTb 3, TO He ocC-
Taetca Huvero. [LAA TOro UTOOH STO «HHUErO» CUHTAThL YHC-
A0M, NOABMANCH OCHOBAIHMA [AHIUbL B CBH3H C PACCMOTPEHHCM
oTpuuaTenbhux uicea (cu. I, 3).

§ 6. Undpw

Llugpa — 93710 nuceMeHHbIH 3HaK, H3oOpaXanUUd YHCID
{1epBOHAYaNbHO CAGBO <uuGpar» HMea0 APYro# cwmmch; cm. I,
7, n. 6). B npepuefiiune BpeMeHa yucaa 06034a4anuCh NPAMO-
JUHEfiHBIMH [1OMETKZMH («N1a104UKaMU> ) OXHA Nasouka K3o0pa-
Waad eIMHULY, XBE HaN0YKH — ABOHAKY M 1. A 3101 ciecob
3a0MCH NPOMCXOAMT 0T 3apyGox, Od H [OHBEE COXPAHUACH
B «punmckux wudpax> (I, 7, w8 nsa wszobpawenns uu-
cen I, 2, &

[aa n3obpameHus Cxoabko-HUOYIb GOJIBUIKX YHCER 2TOT
cnocob 6pa seupuroged. [lostoMy nosBuanch ocobuie 3uanu
nna ukicaa 10 (8 cornacuu © FecATHYHBIM cuetoM, oM. I, 4),
2 Y HeKOTOPHLIX HaPOAOB H MJA yHCA2 5 (B COOTBETCTBUN € 114-
TePHYHLIM CUETOM, 110 YKCay Nanbues Ha oRHOMH pyKe). ITodaHee
6bii cO3]aHb 3HAKH 1as GOABWHX yuces. 3HAKU 3TH Y PA3HbIX
HapOA0B HMMEMH Pa3dy GOPMY M C TCUCHHEM BPCMCHH BHAO-
H3MEHAIHCh. PasdivuHb OB W cucrieMs KyMepayuu, T. e.
ci10coGbl CoCHHEHIA U Aad y3obpaxents 6oabNX uKces,
OrzHaxo B GOALIIHIICTBE CHCTEM HYMCPAUH GCHOBHOC 3HaYCHUE
useeT QECATHYHAA OCHOBA B COOTBETCTBUN € Hpeobaalanuen
aecaTHYHON cucteMbl cuucaenus (11, 4).

§ 7. CucTeMbl HYMEpAaUHH HEKOTOPHIX HapoAO0B

l. Apesnerpevecxans nymepaiuas B apesueii-
wee spems B ['pentun 6bl1a pacupoCTPaHela TAK Ha3niBacMad
ammudeckas Hyvepauus. Hucaa I, 2, 3, 4 oboznauaincs uep-

roukasi | 4] HL . Ywucao 5 sanuceBarocn sHaxom [

(EpeBtice Hauepranue OYKBLI «ilit», C KOTOpoii haunnaerds
CI0BO <henTey — naTL);, wucaa 6, 7, 8§, 0 ofoznavaauch
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P|, M, P NP diezo 10 wdoswavamoch, O (HayaaLHON
GykBoil ca0Ba «texa» — AeCH:ay Hucaa 100, 1000 u 10000
obosnanames M. X, M — mauaseupivy 6vkpamu cooTeet-
creyomux caos. Hucaa 50, 500, 5000 ofosnavamick Kombuia-
muamMr 3#akos 5 u 10, 5 u (00, 5 n 1000, a umeHio:
= 107 Ocrampusie unena B onpenesas wepporo AECATKA
THICAY 3ANHCHIBATUCL TakK:

HHPM=256, XXP(=2051,

HHHPAAAN=38Z, PXXTHHH=7800

W T I

B 1perpem Bexe 10 B, 8. aTTHYeCkas niyMepauus Obisa
puTeCHeHa Tak HasnipaeMoW wuoumuildcxoidl cuctemoit. B Hed
yucaa | — 9 ofo3navalorca NeprbiMyd BeBaThio OykBasxk agda-
Buta‘ty

a:;]; 3:2’ 'I:S, b=4, e==5, Ca:ﬁ, =1, ‘1]—.::8, '8;—.—.5;;

urcaa [0, 20, 30, ..., 90 — caenyomuvu  AesAThi0 Oyupamu:
=10, x=20, . =30, pn=40, v=30, £ =60, =10,

yucaa 100, 200,..., 900 — oCae TMH NeBAThIo OykBamit
p==100, s =200, t==300, v =400, ¢+ = 500, y = 600,
#:700, u)::ROOY 9 == 900.

Nua 0GO3HaUEHUS THICHT W JICCHATHOB THiCHY M0IL308AIMCH
Temu we undpamu ¢ xobapaennen ocoboro 3Hauxka © cGoKy:

fram 1000, '§=2000 u 1. .

Iaa oramuns uudp oT SyKs, COCTABASBIUMX Ci0BA, UNCaiN
yepTOUKkK Hal whpanu, fpnvepui: v == 18; pf =47; of = 407;
a=621; yx =620 v 7. 4

1) Bykset ¢ (day). § (xonna), 3 (camim) OTCYTCTBYIOT B Hhlitewliem rpeyes
CEOM aaiRUTE, Haananud octasbhbix fyks cn, ya crp, b4
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Takywo ke andasulnyo HYMCPAURIO HMeTH 8  apes-
HOCTH €Bpch, apalel ¥ MHOTHE APYFHE HApPUAH  DBawwie-
ro Bocrtoxa. HeussecTio, ¥ Kaxnro hapoja olla BO3HUKAG
sncpuLie. -

2. CraBsanckan HyMepaudn Okune u BOCTOUHDBIC
ClagAHCKIE HApOobl 1AA 3aNCH YUCed [0aL30oBaauch aada-
BHTHOR HymepanucH. Y OJHHMX CAABAHCKNX HAPOAOB 4Hcio-
Bei¢ 3uuUCHHA GYKB YCOTQHOBHAKCH 8 IOPHIKE CAGBAHCKOLO
sadasnia, ¥ Ipyrux wme (B TOM YHCAC ¥ DYCCKUX) Poab uudp
nrpaan ne see OYKBb, a TOABKO T€, KOTUPHIE HMEKICH B rpe-
yeckom aadasute. Iap 6yvkrofi, ofcanavasinedi undpy, cra-
BHICA CHeHMAILHBA 33340k («THTI0N), n3obpamennull 3 np-
solMoOl 3iech Tabaune. 1lpn 9TOM wHCAOBHE 3HaueHH:n Gyks
BO3PACTANM B TOM W NOPHIKE, B KIKOM cAedorann Gykebl
8 I'peyeckom aa@asure (Hopuaok OyKB CaaprrCKOTo aagasita
Bl HCCKOABKO WHOM),

B Pocepit caasnuckas ByvMepauin COXPUHHRACH A0 KOHUA
7 Bexa. tpu fletpe | Bo30oGaanana tak HassiBacman «apal-
cKas Hymepanuas (oM. minie, 1. 6), KoTopofi sl noab3yeMcsn
1 ceityac. CHapaECKan HYMepald COXPaRslack TOIbKO B 00ro-
cavweburY KHHM2X.

[Ipupesuym caassHckue adpel

[/ qg 7 37 24 70 -4 40

ra

-]
a1
~3I
—
b1
>
-
g:
=1

e 200 dog  4op sde srw 707 #98 8o0
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3. lpesHeapMsHcKaa yu ADeBHErPY3HHCKAA
HyMepanus ApmaHe M TIpy3HHb NOJIb3UBAAHCL aada-
BHTHBIM RPHHUMIIOM HyMepanun. Ho B xpesHeapMsHCKOM #
IPEeBHErpy3HHCKOM aad 18uTax Gpao ropasno Goasie O6yks,
YeM B ApEeBHErPevecKoM ITO N03BOANAQ BBECTH ocolbute obo-
3HaucHus uas yucea 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000. Hucaosbie 3HAYeHHA OyWB CACAOBAAM (OPAIKY
GYKs B apMAHCKOM H IPYSHHCKOM anpaBHTax.

AndasniHas nyMepanMa npeoGrazara no 18 Bexa, xots
<apabckas HyMepauua» ynoTpebasiaach B OTHEAbHbIX CAyvYasnx
rOpas;io padblile (B PY3HHCKOH JaHTepaType Takue cayuau
pocauanT & 10—11 Beky; B naMATHUKAX apMaHCKOR MaTeMaTH-
yeckoft nUTEpAaTYpLbl OHH YCTaHOBJEHH [0K2 TOJbKO- a8
15 pexaj. B Apmenuu andaBHTHan HYMepauus ynotpebasercs
¥ ceftuac ju1n o603HaveHHs IAdB B KHMrax, CTpod B CTHXO-
TBOpeHIEAX ¥ T, 1. B ['pysnu aadaeurnas nyMepauns pwiuia
¥3 ynorpebaeHns.

4. Baenaonckas nomecTHas HyMmMepanwus
B apesnem Bapuaone npumepso 3a 40 BekoBs 10 Halliero Bpe-
MCHH CO03,1a1aCh noMecmHas (NO3UUHOKHBAA) KyMepayus, T. e.
Takofl cnocof H3oGpAWENUa YHCes, NPW KOTOPOM OlHd W Ta
we nHdpa MoxeT ofozHauath pasuble YHCA3, CMOTPS N0 Me-
cTY, 3aHiMaeMoMy 3Toil undpoid. Hanta renepemnss Hymepa-
n#A ~— TOXE MoMecTHaA: B yucae 52 umubpa 5 obosmavaer
HATBLACCAT, T. €. O+ 10, a2 B uncae 576 rta we uudpa ofo3Ha-
YaetT NaTLCor, 1. €. 5« 10 . 10. B BaBunonckoll nomecTHoH HY-
Mepauun Ty polb, KOTOPYIO urpaer y Hac yucao 10, wurpano
yucao 60, M NOTOMY 3TY HYMCPAUMIO HA3BIBAWT wecmudechnie-
puunol. Yucaa, menbpumue 60, 0603HayasHch C  [0MOIILIO

ABYX 3HAKOB! 144 eIMHMIE | ¥ A1 JecaTHa < Onn

uread kAnHooOpasHuil BHA, TAaK Kak BaBHAOHAHE MHCaMH
Hd CAMHAHRY JIOmMeEeYKaX najioukaMu Tpeyroabhoft $opmu.
DTM 3HAKW  MOBTOPANMCH NYMHOE VHCIO PA3, Hanpumep,

T =0 el =0 <@ ==

SCCON A
<< T T

Crioco6 oSo3nauctus unced, 6oablunx 60, noxasan ya caegyvio-
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niUx 1IpUMEpax: 3aiich ?ﬁ ‘ﬁ oBo3navana 5 60 + 2 =302,

noRoGHO ToMy Kak Hama 3amuch 52 obosnavaer 5 - 1042

3anuch
sSepccsil

ofo3rayana uncao 21 - 60 4+ 35=1295. Caenywouian 3anuch

7YY

o6osnavaza 1 - 60 - 60 4 2 . 60 + 5==3725, noxo6Ho ToMy KK
y Hac 3anuch 123 osHavaer 110042 .10-+5. llpn oteyr~
CTBUH UPOMEXYTOYHOFO Pa3pana yuorpebasics 3Haw <\:{
yrpasiiait poas nyaa. Tax, sanuck -

& T

o6ozHauana 2-60.60 4 0. 604 3="7203. Ho orcyrcrBune Hus-
wero paspaia se oGoanayaiocs; HanpnMep, yncao 180:==3 - 60

v .
¥306PAKaNOCh 3ANHCHIO | | |, T. €. Tak we, Kak uncao 3. Ta

e 3aUKCh V7Y moraa 0003HayaTh W UKCAO 10800 =3 6060

u 1. A Pasauyare apyr or apyra uucaa 3, 180, 10800 u 1. 1.
MO¥KHO OBLIC TOJBLKO [0 CMBICAY TEKCTa.

. 3 3
Janucy TTT MOrjia TaxXe O03Hauath &5 =

3 3 3
& i { D 14
T S E e S ateonp M T Lo MoofHO ToMy Kak  uucaa

3 3 3 3
76 071 1060 T0-10-10 - 1o 1
cucTeMe JlecATHYHLIX HpoGei ¢ nomoukio nudgpm 3. lo
Mbl  OTAMHECM 3TH Apodu Apyr oTf xpyra, NPoCTaBafAx

Hyan nepeax nugpoit 3, u nHmeM—_O,3 I‘EW’:O(’s
3

o= 0003 u . 4, B sasuaoncKol we HyMepaunH 5TH HY I
He 060344aYaauCh,

@ |

1. A M o6o3Hadaem =
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Hapany ¢ WeCTHRECHTEPHYHON CHCTEMOH HYMEPaUHE BABU-
AOHAHE NOJAL30BAMHCL W AECHTHUHON CUCTEeMOH, HO OHa He

Guna momectHofi. B wuedt, kKpome snakos s 1 v [0, cymwe-
CTBEOBAAK CRCIYIOULHe 3HAKH!

ann 100 Y o= wan 1000 <7>—u 10000 (< Y >

Yucaa 200, 360 v 1. ;. 3audcHiBaAKCL 3HAKAMH

.
Y, 77

n. Takum we cnocoGou 3anucuiBanucsk yucaa 2000, 3000

A., 20000, 30000 1 1. ). Yucno 274 3anUCHIBANOCH Tak:

YT 7o ST

qucao 2068 uucanocb Tak:

NG 5557

:']-l

1L

HlecTuaecH TCPHYHAS CHCTEMA BO3HWKIA (I03LHee AeCATHY-
nof, H60 uicaa g0 60 3anUCHBAIOTCA B HEH Mo KeCATHHHOMY
upuHLiy. Ho 30 cux HOp HEH3BECTHO, XOT1a H HaK BO3HUKIAA
y BABHAOHAH [ICCTHAeCATCpHuHan cucTema. Ha srer cuer
TEOUAOCH MHOPO FHUROTC3, HO HH OLHA NOK3 He HOKa3aHa,

tHcernaccnTepuunas 3aURth NeABY MUCEA HE HOAYURIA
PACTIPNCTPAHEHHH 32 HDLeaasH aCCHPO-BaBHIOHCKOI O UAPLTRA,
HO umcmudmmneputmme OpoBu UPOHHKIN 131€K0 33 91# npe-
feast: B cTpannt hanwnero Bocrora, Cpenseit Azun, 8 Cesep-
uyw Adpuxy # 3anaanyio Espony. OHu wiupoxo npuseis-
AMCh, 0COGCHHD B ACTPOHOMUM, BILIOTH A0 H30CDETCHIA AeCHTH Y~
Hbix apobeit, T.%. g0 wauaaa 17 seka. Caedw WecTHICCHTEPHR~
Hbix ApoBeft COXpaOTCA U NOHBIE B LCACHHH YUJAOBOTO I
AYLOBOIO CPALyca (a TuxiKe yaca) Ha 60 MHHYT H MUHYTH Hd
60 cexyHm

S. Pusckuae ungpo. AdpesHue puniasie nolb3usalnch
gymepaune, KOTopas COXPaNACTCH IO HACTUHLLErO  BPeMLiln
[0 UMEHEeM «PHMCKOH HyMmepaun». Mbl noap3yeMcs e fis
ofBo31ayenus wbnaefiHblX 4T, 1as HAUMEROBAHUH CBE3A0B K
wondepedunit {nanpumep: XXI cwean KHCC|, ata nysepa-
1LHH HEKOTOPLIX CTPARHU KHUIW (HanpuMep, CTpaHuy npemicio-
a44), TA2B B KHITaX, CTPod B CTUXOTBOPCHHAX u T. A
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B noajueitineM cBOeM BHJAE PHMCKHe UHQPH BuLIANAT TaK:
[=1; V=3, X=10;
L=50; C=100; D=3500; M=1000,

Tpexae oHM MMeTH HECKOIbKO MHYIO Qopumy. Tak, wncao 1000
n3obpaxaoch 3nakoM (|), a 500 — auaxoM| ).

QO npoUCXOMICHAN PHMCKAX UMD HOCTOBCPHBLIX CBEAEHMH
ner. Lngpa V soraa nepsonavanbHo caywuth usobpameHueM
KHCTH pykH, a nHdpa X MOraa CoCTaBHTLCA H3 IBYX [ATEPOK.
Touno rax xe 3nak jgaa 1000 mMor cocTaBUTHCH H3 YABOCHHHA
anaka mag 500 (wan HaoBopot).

B pusckoif Hymepamuy sSBCTBEHHO CKa3blBalOTCA Cjejsl
ATEPHNAONH CHCTCMBL CuHCacHHA, B aauike nce puManH (aatHH-
CKOM) HHK4KHX CACAOB MSITePHYNON CHCTeMbl HEeT. JHAWUT, 3TH
nu@pol GLIIH 3AHMCTBOBAHBL DUMAAHAMEL Yy JIPYFOrO Hapola
(BECBMA BEPOATHO — ¥ 3TPYCKOB).

Bee peaste yncaa (1o 5000) 3anucplBaoTcd ¢ NIOMOUILIO
(10RTOpEHUA RHMUenpHBeReHnbXx UHOP. Ilpu 3ToNM, ecan 651b-
mas 1udpa CTOUT NEpel MCHbIICH, TO OUH CKIALBBATICA,
eC/M e MeHbHIas CTOuT vepeid Oogpuieil (B 3TOM Cayuae oHa
HEe MOMCT NOBTOPATLCs), TO MEHBINAs BLIYNTAETCA H3 60.b-
medt 1), Hanpumep, VI=6, 1. e, 5-+1, IV=4, 1. e. 51,
XL ==40, 1. e. 50 — 10, LX =60, 1. e. 50 -} 10. [loapsin onna
W Ta xe uadpa crasurca ne OGomee Tpex pasr LXX=70;
LXXX =80; uncio 90 sanucsizaerca XC (a ne LXXXX),

Ileppple 12 uncea 3anMCLIBAIOTCA B PHMCKHX UHdpax Tak:

L 0L IV, vV, VI VI VI IX, XX XL
Opusmepu: XXVII=28;, XXXIX=139,
CCCXCVIl=397; MDCCCXVIll==1818,

Brinoanenue apubnxeTHucckux aciictsuft Hal MHorosnav-
HEIMU UHCTAMH B 3TO{l 3unucH odvedn Tpyauo, Tem ie Menee
PHMCKAH Hymepauns npeobtajzana s Mramum no 13 Bexa, a 8
apyrux crpadax 3aunapsoit Esponst — 1o 16 peka,

6. Muaunfickan movMecTHaa Hymepauusa. B pas-
auynslx obaacrax Moauu cylu(ecTBoBagH pasHoolpasnpie CH-
crembl ByMepanuu. Oana H3 HUX paclpocTpaHuaach 110 BCCMY
MUPY M B HACTOALLEC BpeMs ABaActca ofuwlenpinatod. B xeld
widpsl UMEIH BHIL HAYAIbHEIX GYKB COOTBETCTBYIOUMX UHCAH-
TeAbHBIX HA JIPEBHCHHAMHCKOM s3BIKE — caHCKpHTe (aadasur
«aepdnarapus),

1) B naumenoBannax AByx uucantebiwx 18 u (9 natunckuid gaug coxpa-
Qi 3TOT anpuanun shauTaunay (cu, 11, 4),
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TlepBonavanbHo 3TUMHM  3HAKAMH MpPeACTaBAfAHCh YHCHa
1, 2,38, ...,9 10, 20, 30, ..., 9Q, 100, 1000; ¢ ux nomoibo
3ANMUCHIBAAUCH JpYrHe yncaa. BrocaegcrsBuH  Obia BBeaeH
ocoOuift 3HaK (KMPHAaH TOYKA, KPYKOK) AIfA YKa3aHUA NYCTYIO-
U(Cro paspsia: 3HaKH I uHcen, 64ablunx 9, BHILAH H3 YIIO-
tpeGacHAs, ¥ HYMepaUna <JeBaHarapH» NPCBPaTHIACh B JC-
CATHYHYIO noMecTHyio cHcTeMmy. Kax M Korxa cosepumimica
3TOT nepexof — A0 CHX Top HeussectHo, K cepenmite 8 sexa
NO3WIHOKHAA CHCTEMAa HyMepauuu monyvaer B Muaun wmupo-
Koe npuMenenve. IIpuMepHo B 9T0 BpeMa OHa MPOHHKAET U
B apyrue crpannl (Munoxuraft, Kuraft, TuGer, Ha Teppuropuio
HAIMX CPEAHCABHATCKUX pecnybaunk, B Mpan u ap.). Pemaw-
1LYI0 POXb B PacTpoCTPaHEHHH HHAMNCKON HyMepauuy B apab-
CKHX CTPaHaX ChIFP4J0 PYKOROACTBO, COCTABJAEGHHOE B Hayaie
9 nreka MyxdmMmenoM u3 Xopesma (neHe Xope3Mmckas 06.1acTh
Yabekckolt CCP) '), Ono Onao nepescsedc B 3ananHol
Espone na asartungckuil asnik B 12 sexe. B 13 Bexe unnuiickan
HyMepanus nojyvaer npeobrafianne B Mraaun. B apyrux crpa-
Hax 3anaznoft Eppornn ona yreepxjaercd 8 16 Bexe. Esponcit-
UL, 3dHMCTBORABHINE HHAMHCKYI0 HyMepauuio ot apados, Ita-
3uBagH ee <apabekolis. DTO HCTOPHUYECKH HenpaBHablioe lla-
3BaHHe YIepWUBACTCH U NIOHbIHE.

M3 apabckoro asnika 3aHMCTBOBAHO W CHOBO «IHppa» (no-
apalOeky «chidipr), o3Havapuee OYKBAALHO <¢IYCTOR MECTO»
(11epeBoNl CAaHCKPHTCKOTO CiA0BA <CYHbH», HMEIOIIErO TOT Ke
CMBICI).

D10 CI0BO HEPBOHAUAALHO YHOTPeGaaa0Cch 1A% HAHMEHOBa-
HHA 3HAKa MYCTYWOUIErO Pa3psia H 3TOT CMHCK COXPRHATOG
cuie B 18 Bexe, xoTa ywe B 15 Bere TOABHICA JAaTHHCKH
TCPMHH <Hyab» (nullum — HUYTO).

dopma  HuAMACKHX, uHbpP nperepiieBana Mioroobpasiue
nasenenus. Ta ¢opma, B KoTopoit Mbl MX niueM, yYCTaHOBH-
a1acb B 16 BeKe. ‘

-

§ 8. HaumenoBaHua Gonbmux uHcen

Haa ynoGeTsa WreHHA U 3aunoMiiadus GOALUIAX MHCET
wigpsl HX pa3bHBAOT HA TAaK Ha3pIBAaeMbie <KJAACCH»! ClIpaBi
OTAEJAIT TP 1Mbps (HepBuit xracc), sareM ewe TpH (BTo-

1) 370T 3aMeqatelnliblil yYeHul BIACTCA TAKKE OCHOBOROAOWHNKOM
axrebpwr {cw, 111, 2), Crou paGorst MyxaMmmen mircan Ha apaGekom sAsvike,
Koropbtil  Oul1 1A Bocroke MOMEYHADOINLIM  HAYUHBIM  H3LIKOM, KIKHUM
n 3anaaunoi Einpomf Gria .lumncw’nﬁ A3LIK, OTCioAa — apadH3RPORLIGIOe 1iMg
aap-Xpapiuamu (an agp-Xopesmit, To ects Xopeamien), 0ol KoTopun My«
X3KMCE HIBLCTEH B HCTOPHH,
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poit knace) v 1. 1. [locaeanuit xaacc Mowxer UMETh TPH, NBe
nan ofHy unppy. Mexay xaaccaMn ofblYHO OCTABAAETCH He-
Soabtolt npobes. Haupusmep, uucao 35461298 sauncuisaior
Tak: 35461298, 3accn 298 — ucpsulil kaacc, 461 — propod,
35— tpernit. Kamnan u3 widp kiracca naswipaerca ers pas-
PALOM; CueT Pa3psiloB Takwe niet cnpasa. Hanpumep, B nep-
BoM kjaacce 298 umdpa 8 cocrasaser uepsnit paspej,
9 — BTopoll, 2— TpeTuil. B nocmensem KJaacce MoOweT OblTb
TPH, ABa paspana (B HawleM npuMepe: 5 — uepBHil pa3pan,
3 — BTOpOIl) MM OIHH,

[lepsLiii Kaacc naeT YHCRO eAMNHL, BTOPO§t — ThICHAY,
TPeTHIl — MHATHOHOB, coofpasHo ¢ aTuM dxcao 35 461 298
YHTAETCA: TPUINATH NHATH MILIAUOHO8 YeTHIPECTa IMeCThILEeCAT
OJH2 MBLCAYA ABECTH ICBAHOCTO BOCeMb. [[09TOMY rosopart, 4to
eAHHHIA BTOPOPO KJaCCa €CTb THICAYE, €QMHHIA TPEThero
K1aCCd — MILTTHOH.

Eaunimiia  weTseptoro Kiacca HasuiBaCTCA MILLAUMApOOM,
win, Huave, 6uwatuonom {1 muansapp==1000 MuatnOHOB).

Eaunuua 1n1oro K1acca Hasmpaetca mpuasnionos (1 1pua-
anon = 1000 6unanonor wan 1000 muaamapaos). Eanununsi
MecToro, €eIbMOro, BOCbBMOro H T. . KIacCOB (Kawnas
g 1000 pa3z Goabiue HpeAMCCTBYOILCH) HA3LIBAIOTCA KBadpUA-
AUOHOM, KBUHMUAAUOHOM, COKCMUAAUOHOM, CENMUAAUNONOM
0TI

Npuwmep. 12021 306 200 000 yuraetca: gBeHAAUATL TPHI-
AMOHOB JBAANATH OJHH MIIINAPA TPUCTA IHECTh MULTHOHOB
JBECTH THICAMN.

§ 9. ApudmeTHyecKHe AelcTBHA

1. Cnosxenne. [lonatHe o TtoM, uTd Takoe caowenne,
BO3HIKAET U3 TaKUX UDPOCTLIX (GAKTOB, YTO OHO IC HYIKI1aLTCH
B ONPCACIEHHH H He MOMXET ObiThb onpeacacHo GopMalbHO !).

3annce caowmenns 84-3==11, 8 u 3—cageaenue;
H — eyarma,
< 2. Boluntanne ecmo Havoxucoerue 00HO20 U3  CAG2UEMBIX
no cyase U dpy20sy caazaesmonmy. HdaHHas cyMMa noayuaer
HA3BAHHE PMEHbUAEMOZ0, 1AHHOC CAAraeMoe — BUHLUMAeMO2o,
HCKOMOE C1araeMoe — pasnocini,

N

1y YacTo 1a0TCH «ONPLCACICHIAY APOAE 1AKNK «CIOMEHRE ecTh AelicTuie,
fIOCPEACTROM KOTOPOro HECKOABKO dHCeJ COCRANHAKTCA B ORHOM, 111N «Reil-
CTRIE, NOCPEACTHOM  KOTOPOIO  HAXOIHTCH, CKOABKO CXWHMY COIACP¥IITCH
B HCCKOABRUK yucaax smecre», Ho roT, K1o ie span Gul, 4TO0 3naunr «cae-
HMHTb», HE 3HAA Ob 1 UTO TAKOE «COEXMHNTBL HCIAY, TaK YTO Bee NOAOGHLIC
«ONPEACTCHUAY COOHTCH UL K JAMCNC OINUY CAOB APYyEUMi,
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Sanucw: [5 =7 =8; 15— ymenpwaesoe, 7-— BLUITAC.
Moe; 8 -— pa3nocTh. PasHOCTh 8, CAOMEHHAA € BLIUNTAEMbIM T
nact ymenwwaemoe 15 Cnowenne 8 --7=15 asasercsa npo-
sepkolt euiuntamus 15-—T=S8,

3. YMHOXeHHe., Y MHOICIID HEKOMOpOe Hitca0 (MHOMCIL-
MOZ) HA R0 HUCAO (MHONCUMENL) ~— IHARUN  ROGMOPUENL
MHOMICUMOE CAQ2ALMBLAL  CHIOADKO PA3, CKOADKO VKA358ACR]
Muoocumens ). PezyneTat naswiBaeTca nponssedeniten.

Janncen 12 X 53=60, yan 12-5=60; 12 — vomumoe;
5 — mHoKHTeaE; 60 — uponsseienue, 12 X 3=12 12 124}
S 12+ 12

Ecau mHOwuMoe o MHOXHTEAb MEHSIOTCH DOJIMH, TPOU3-
BEACHHE ocTacTca TeMm e,

Hanpumep, 2 5=24+24+2+242=10 0 3 X 2=
=54-5=10 TlostoMy I MHOXHUTeAb H MHOKHMOC Ha3Ll-
BAIOTCH «COMHOWHTEIAMU Y.

4, lleleHHe eCTb HAxQxucOente 0O0HO20 U3 COMHOMCU-
medell N0 nApouseederuio  u OpY2oMy  COMHONCIINEAD.
JlanHoe npoH3BelucHHE MONyYdeT HadsaHue 0€ANMO020, NaH-
Hblll  COMHOXHTeNb — O2AUMEAN, WCKOMBIH COMHOXKHTCAL —
Yacmuo2o,

3anncw: 48:6=8; 48 — neaumoe, 6—teaureap, 8 —
uactHoe. [poussenenne meaurteas 6 p wacthoro 8§ paer jpenn-
mMoe 48 (nposepxka Zeaedun). Tluwyt Taxwe 458——*.S(CM.II,Q‘.Z).

YactHoe 0T JeJeHHs OLHOLO LEJIOCO UHCIA HA Apyroe
neaoe MOKCT HC GpiTh UCABIM ¥HCIOM; TOTAZ 3TO HACTHOE
moxHo npeacrasure apobuio (I, 16), Ecam wactnoe ectb
Hea0e 4MCAo, TO TOBOPAT, YTO IIEPBOE H3 YHIOMAHYTBIX HIICCI
Hayeao Oeawmcst wal, kopoue, deaumes Wa Bropoe. Hanpw-
Mep, 33 neantcs (Haweao) na 5, MO0 uaciHOE eCTh UEI0€
uypcan 7.

Bropoe u4MCAO B 9TOM cJhyuyac 1a3elBacTCA OeAUMEALAs
NepBOI'O, NEPBOC We — KPaMH6M BTOPOTO,

Opumep 1. 5 ectb peautenp uyucea 25, 60, 80 u ue
ARINETCA geauTeneM uucen 4, 13, 42, 61.

MTpumep 2. 60 ects kparnoe umcen 135, 20, 30 u ue
gBaseTca KpatHuM yucea 17, 40, 90,

Bo MHorux ciyuanx MOMKHO, He BHIDOJHAA ACACHAA, Y3HATD,
JCAUTCA MM HALEAo O4HO Uejoe wHCTO Ha Apyroe. OB stom
em. 11, 1L

B caydae, Korna nesuMoe He LeAUTCA HALEAO Ha JEIUTC.AL,
HHOLIA BHIIOMHANT TaK H43HIBACMOC OCAEHUE € OCHIAMKONL,

1) O8 yunoxenun na apofuoe uncao oM. I, 20,
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Jleaenne ¢ OCTATKOM €CTb OTLICKAHWe HAHGOMLIEra we.10ro
yucia, KOTOpoe B NPOU3BEICHHH € ASNUTENEM JlaeT UHCID, 1le
upessinapiee aeaumoe. Vckomoe upcno RHasbiBaetca Henoa-
MM YaciHM. Pa3HOCTb MCIKAY LCAMMBIM K [POHU3BENEHUEM
RequTeNs HA HENOJHOEe YacTHoe Ha3LBAETCA OCMAMKOAL; OH
BCeryia MeHbIe QeIHTels.

Mpumep. 19 ne gemirca wanedo na 5. Ynema 1, 2, 3
8 NpowsseneHnu ¢ 5 pawor 5, 10, 15, ne npeBocxonsmpe nenu-
moe 19, Ho ywxe 4 maer B Upou3BeleHHU ¢ 5 uncao 20, 60.1b-
mee, wea 19, 1To3ToMy Henoanoe yactHoe ecTh 3. Pa3HOCTDb
mewiy 19 u npousseneHueM 3-5=15 ectb 19— I5=4; no-
ITOMY DCTATOK ecTh 4,

O nenennu Ha Hyab oM. I, 23,

5. Boageneune B crenenb. Bo3seciin 4icao 8 iferyw
(8mopyio, mMpemsio, demeepmino 1 m. 0.) cmenens — anayiLm
HOBMOPUING £20 COMHOMCUMeNe s Osa, mpu, demstpe 1 m, 0.
pasz’). UYneno, NoBTOPAWOUIEECA COMHOMKHTEICM, HA3BIBAETCS
OCHOBQHUEM CIHENEHU; YUCHO, YKa3blBawuiee, CKOIBKO pas
Gepercst OAMIAKOBLIT MHOXKHTENh, HA3bIBACTCA HOKA3aMeseM
crmenenn. Pe3yabTaT N23bIBACTCS CIMEHEHDLIO.

3anucw: 3'=38I; sgecy 3— ocnobanue creneny, 4 — no-
Ka3aTedb crenenn, 81 — crenenn) 3*=3-.3-3.3.

* Btopas cTemeHb Ha3blBAeTCA LHaue KEQOpAmMoM, TPeThs
creneitb — ky6ox. [lepBofi cTenciLd 4incaa Ha3blB2IOT CaMo
370 4HCAO.

6. UaBaeveune KopHs. M3pieucune Kopitt cCTH HaxOXIe-
HIC OCHOBAHHA CTEMEHH MO CTeNend W ee nokasarteaw. Haunan
JTeNeHb NoayyaeT Ha3BAHME NOOKOPEHHO20 4uc.aa, NAHHBI
10K a3artelb — NOKA3AMEAA KOPAS, HCKOMOC CCHOBAIIC CTe-
ICHH Ha3hIBACTCA KOPHEM.

Januce: VSI =3, 3zecb 8] — moxkopennoe uHC10,
4 — nokasatenb Kopusa, 3-— kopeib. Bospepenue vuncna 3
B yeTsepTylo cremeHs aaer 813 3'=8] (nposepxa nasacucun
KOPpiLs),

Kopenub BTOpOIl cTenenn Ha3niBaeTCs 11HAYE KBAOPAMHHIM}
KOPCHb TpeTbeH cTeneHy — kybuunuist. [1pn 3nake kpaipat-
HOFO KOpHS MOKA3aTedb KODHA NpHUATO onyckath: J 16=4
03HauacT 1/16=4.

Caoxenne 0 BHUHNT2RHHC, YMHOKEHHC N JCJEHHC, BO3BCIC-
HHe B CTeleHb ¥ H3BJeuelllle KOPH# fONApHO ABAAWNTCH 00-
pamutsu deficnanam.

. "‘\;Omuoauencuuu B OTMIATEALIYIO, HyJeByl0 ¥ Zpoluyl0 cTencun
M .
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IMpasuna nepapix verbipex AeiicTBHIT € LEJLIMHM YHCAAME
NPeNnoAardloTCcs H3BECTILIMU. Bo3Belienie B CTENeHb BHIIOI-
HeTCA MOBTOPHLIM yMuoxenueM. OO0 nuasnevenun kopheif
cu. 11, 44 u 44a.

§ 10. Mopanok neficTBuii; CKOGKH

Fcan HeCcKONbKO AefCTBHA BLINOMHATCE OAHO 33 APYrHM,
TO pe3yabTar, Booblle roBopsa, 3aBHCHT OT NMOPAAKE NeliCTBHIL
Hanpumep, 4 —2 4 1 =23, ecau npoussonnts aeificTsHA B no-
PAAKE UX 3aNMCH; €CIHN Xe CHauana cAoXHTh 2 M | u BhuecTL
noayuenHyio cymmy us 4, 1o noayumm J. Y1ob6m ykaszaTp,
B KaKOM IIOPANKE HYWHO BHLINOAHATL jeilcTBUst (B TexX Cav-
yafx, Koraa pe3yanbTat 3aBHCHT OT NOpAAKA RCHCTBHI), H0ah-
aytorea cxobranmu. JdeficTBus, 3aKa04eHHbIe B CKOOKH, BhifOI-

HAIOTCA paHbiic Apyrnx. B Hamem cayuwae (4 —2)+ l=3;
4— 2+ D=1
Npumep L.

(2+4) X 5=6x5=280; 2+ (4x5)=2420=22

Y1066l He 34rpOMONKAATL YPC3MEPHO 3AUHCH, YCA0BULUCH
He nucamb cko6oK: 1) 8 mom caydae, Ko20a OelicmBus c¢A0-
JiCeHUSs. U BLIMUMAKUA, caedys Opy2 3a OpyeoM, OOAHCHSL
BHLNOAHSIMBCSL 8 MOM NOpsdKe, 8 KAKOM OHU 3GNUCAHbL;
Hanpumep, BMecto (4—2) -4+ 1=3 mumyr 4—2+4 [=3;
2) 8 mom caydae, K020 EHYMPU CcKOGOK npou3sodsmes
Oelicm8usl YMHOMCCHUSL UAL OEAEHUS, HAIPUMEDP, BMECTO
24 (4 X 5)=22 upmyr 2+ 4 X 5=22.

Tlpu BbtuMCaCHUH TAaKHX BoIpaxcHult, koTopsie M60 coscem
ue cojepkar ckobok, anbo comepmar auwb TakHe cKNOKM,
BHYTPH KOTODbIX 60fbille HeT CKOOOK, HYXHO [IPOH3BOANTL
AEHCTBUH B TAKOM MOpAfKe: |) CHa¥ana BHINOAHAIOTCR ACil-
CTBHA, 3aK/I0UEHHbie B CKOOKH, NPH 3TOM YMHOXCHIE H jeic-
HMC NCNAIOTCA B [IOPANKE HX CACNOBAHUA, HO paHblie, ueM
CAOKeHHe M BLIYHTAHHE; 2) 3aTeM BbHINOIHAIOTCA OCTAIOWIHMCCH
AeHCcTBUA, IPHUEM ONATL YMHOXEHHE M JleJeHHe [elawnTca B
1I0pALKe UX C/e/lOBaHHA, HO paHbllie CIOWeHHs M BLIUHUTAaHUs.

MMpumep 2. 2.5—3.3. CHavara BLINOAHAEM YMHOKe-
mia 2:5=10;3.3==09, zatem Buuntamue: 10—9=1,

I[Tpumep 3.

9-+16:4—2.(16—2.7T4+-4)-+-6-(2+43).
CHayara soifioniaem AeRCTBHA B CKOOKax:
16 —2.74+d4=16—14--4=6;, 24-5=T7
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Teneph BHROAHHEM ocTaomuecs feficteun: 9 4-16:4 —
2646 T=94+4—12+42=43.

Yacto anst ykasaHus nopaika aeficTuil neo6xoanMo 3a-
KJII04aTh B CKOGKH TakHe BhIDaweHHA, KOTOPHE cCaMu yXxe
conepxar ckobxu. Torma, kpoMe oSwunnx (kpyveastx), 1pH-
MeHsI0T CKOOKH uHoll (hopMbl, Hanpuwmep xeadpamasie | |
Ecmit B CKOGKH HVIKHO 33KAIOUiTL BbIDANCHHE, CONepmallee
yiKe Kpyrible ¥ KBajipatHsle CKOOKH, 101b3YI0TCA BuaypHblIsL
cxkoBramu { }. Buiuncnense mo106HBIX BoipaweHHHd NMPOH3BO-
JATCA B CaelyioeM flopaigKe: CHavala TMpOU3BOIATCH BblYH-
CACHKA BHYTDH BCEX KPYLABIX CKOOOK B BhiIEYKa3aHHOH flo-
CACJOBATEABHOCTH, 3aTeM -— BLIYHCACHHN BHYTPH BCEX KBai-
PaTHEX CKOGOX 10 TeM ®e NPaBUAaM; jaitee — BbIUMCACHHUS
BHYTPH (QHUCYPHHMX CKOOGOK H T. 1., H2KOHe!, BbIMONHAOTCH
ocTaomuecs geHcTBus.

Mpumep 4. 542 % [14—3-8—6)] +32:(10 —2-3).
BuinoaHseM NeHCTBUA B KPYrabiXx ckofKax; uMmece:

8§8—6=210—2.3=10—~6=4;

xeficTBUA B KBaApaTHEX ckobrax gawi: 14 —3.2==8; suinoa-
Hsisl OCTAIHeca AeliCTBHA, HAaXOLUM:

54-2.8432:4=51 16 4-8="29,

Mpuwep 5 {100 — (35— (30 —20)]}-2. [Mopaxok aet-
crauit: 30 — 20 = 10; 35 — 10 =25; 100 — 25 = 75; 752 == 150.

§ 11. MpH3HAKH JKEJIHMOCTH

[Ipu3nak geaumoctH na 2. Yucro, xeasuieecs Ha 2, na-
3LBACTCA HeMMLLM, He Jenauleecs — Hedemunis, Hucao oe-
AUMesL HA 084, ecau €20 NOcAeOHsa yudpa yvemuas uau
H4yAb. B OCTaIbHBLIX CHYYAAX — He KEAUTCH.

Hanpusmep, yucro 52738 geamrca HA 2, Tak Kak fo-
cnegnsas unppa 8 -—vyernan; 7691 me meautcd na 2, Tak Kak
I — undpa Heuerdas; 1250 menurcs Ha 2, TAK Kax HOCIeIHAH
rubpa HyID.

fipuaHar peduUMGCTH Ha 4. Yucao desumes wa 4, ecau
08¢ nocaednue €20 yudpol Hyau uan 006pasyiom  4ucao,
Oeasiugeecss #a 4. B OCTaabHBIX Cayuasx — He AeJUTCa.

Mpusmepso. 31700 geaurcs na 4, TaK KaK oKauyuMsaerca
aoyma syaasi; 215634 e xeanres na 4, Tak xax nociacanie
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ase undpw nawot yucao 34, ke neaaweccs Ha 4; 16608 ne-
AuTed Ha 4, Tak Xak ase nociexHue undpw 08 maror wHcao 8,
acasueecss Ha 4.

Mpu3nak pedHMocTH Ha 8 noxolen  npelnlayuieMy.
Yucro deanmes na 8, ecan mpu nocacduue gudpu eeo
Hyau uaun obpa3ywom Hucao, Qeasujeecs Ha 8. B ocraap-
HBIX CIyYasX — He JICeANTCH.

ITpumepn. 125000 geaurca na 8 (rpu Hyaa B Kouue);
170004 ne neaurca Ha 8 (rpu nocaennue uudps  RAWOT
yncao 4, He geasueeca Ha 8); 111120 meautrca na 8 (tpw
nocaenHne nudpo maor uucao 120, geasimieeca Ha 8).

MoxHo yxasaThb nojobuble npu3Haky ¥ 144 Jesenns Ha 16,
32, 64 u T. I, HO OHM He HUMCIOT NPAKTHUYECKOro 3IHAUEHUS.

IMpu3nakn neanmocTH Ha 3 u Ha 9. fla 3 deasmen
moabko me Hucaa, y KOMOpuX cymma yugp deaumcs
Ha 3; Ha O — MOABKO me, 3 KOMOPLLX cyMMa yudp Oesnmes
Ha 9.

Npumeps. Yucao 17835 pmeanrca ma 3 u ne feautca
Ha 9, Tak Kak cymma ero gpndp 1 4-7-+84-345==24
neantca Ha 3 W He Aeautcd Ha 9. Uncao 106 499 ne meamrea
HH Ha 3, Bu Ha 9, Tak Kak cymma ero uudp (29) He Heaurcs
Hn ya 3, vy wa 9. Hucao 52632 genurcs Ha 9, TAK KaK CyMMa
ero uudp (18) geaurca na 9.

Mpuanak genumoctn Ha 6, Yucao Cesumess ua 6, ecru
OHO Oeaumcsi OOHOBpeMEHHO Ha 2 u Ha 3. B npoTHBHOM
cnyqae——He JEeNMHUTCH,

Hanpumep, 126 neaurcd ha 6, Tak xak OHO AeaHTCA H
f1a 2 u Ha 3.

Tlpu3nak neJUMOCTH Ha 5. Ha 3 deasmea ducaa,
nacaeonsn yugpa komopwx 0 waw 5. Jlovrue — He peasarcd.

[MTpumep. 240 neanrca Ha 5 (nocaeiina wippa 0); 554 ne
aeautca Ha D (mocaenHsas uudpa 4).

[Ipu3Hak peaumoctTH Ha 25. Ha 25 deasmes uucaa,
08e nocaeOHue yudpsl Komopulx HyAl uan obpasywom
qucno, Oeasnuyeecs Ha 25 (v, e, uucaa, OKaHYHBAOU{HECA
ua 00, 25, 50 wan 75). Upyrie He measarcs.

Tpumep. 7150 meaurcs wa 25 (okanunsaerca Ha 50).
4855 He peautca Ha 25,

Mpu3naky nenumoctH Ha 10, 100 u 1000. Ha 10 Qde-
ASMCL MOABKO me YucAa, NOCAeORAS yudpa KOMOopoLX Hy b,
na 100 —monsxo me ducaa, y xomoppx 08¢ nocaedrue
uugpee Hyau, ra 1000 — morvko me, y Komopux mpu
nocaednue yudpst Hyau. .

Tipumepo. 8200 nenurcs na 10 u na 100; 542000 ne-
aures na 10, 100, 1000.
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fIpuauax gexumocTH Ha 11. fla 11 deasmca moasko
me ducag, y KOMOPuX CYMMa qudp, SOHUMIOUUX HE-
yemnsle Mmecma, AubO pasHa cyaie yudp, 3aHUMAIOULX
Yemusle Mecmd, AUGO pA3HUNICA OM Hee Ha 4ucao, Oead-
weecs Ha 11,

Mpumepu. Uncao 103785 neaurca na I, Tak xax
cymMa undp, 3aHUMalOIMUL HevetHble Mecta, | 43 {-8=12
paBHa cymme U(HQp, 3aHUMAOWHX yeTHsie Mecta O+ 74
--5=12. Uncao 9163627 neaurca wna ll, Tax xaKk cymma
undp, 3anuMaloulix HeveTHsle MecTa, ecTh 9 -+ 6 - 6 4 7=28,
a cyMMma uudp, 3aHUMAOWUX YeTHble MecTta, ectb | -3+
- 2==6; paznoctb Meway uuciaMp 28 u 6 ectp 22, a 37O
ypcao peanrces na . Yucao 461 025 we nmeautca na 11, tawe
kag yucaa 44+ 1-4+2=7 u 64+ 0-45=11 He papyn Ipyr
JAPYry, a HX pa3HOCTh 1] ~-T=4 na |1 ne peaurcs.

CyulecTBYIOT NpPH3HAKH IEIMMOCTM M Ha Jpyrye uucra
(CBEpX BHIUENEePeUHCAEHHBIX), HO 3TH NPH3HAKY CIOXHee.

§ 12. flpocThle H cocTaBHBIe YuCha

Bce ueasle uncna, Kpome |, HMewT 10 MEHbulel Mepe
ABYX jeautesefl: eauuHuny u camoro ce6s. Te u3 Hux, Koro-
pble He MMCIOT HMUKAKUX ApYrux fenurenell, Ha3plBAOTCA NpO-
cmuiay (Mauw nepsoHavaabHbiMK), Hanpuwmep, 7, 41, 53 — upo-
cthle yicaa. Te uucaa, KOTOpble UMCIOT elle W ApYrue acau-
Tead, HA3LIBAIOTCA cocmasduetmu (May  caowuumy). Hanpu-
Mep, 21 - coctaBHoe uicao (ero neantean 1, 3, 7, 21), 81 — co-
crapnoce wucao (ero feautean 1, 3,9, 27, 81). Hucao | moxno
6bla0 On OTHECTH K NPOCTHIM YHCAAM; OAHAKO NPEAnoyTiH-
TEAbHO BbUIEAATH €ro 0c000, He OTHOCA HY K OPOCTHIM, HH
K COCTaBHBIM ‘).

fpocteix uncen — GecyucacHHOE MHOXCCTBO.

[Mpocrule uncaa, ne npesocxodnmue 200, caenyoumue ?):

2,8, 5,7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43,
47,53, 59, 61, 67, 71, 73, 79, 83, 89, 97, 10

103, 107, 109, 113, 127, 131, 137, 139, 149, 151,
157, 163, 167, 173, 179, 181, 191, 193, 197, 199,

(A)

1) D10 cornawenue OGYCAOBAEHO TeM, YTO AAA COHHANBL HE UMeioT
CHJAb! MBOFile NpaBHAA, CHpaBeluBbie 148 BCEX OCTAJbHLIX NPOCTLIX YHCes,

2) Ha crp. 50—51 npusenena TaGauua upocTHX  uuced, He NPEBOCXO-
ZRuy 60N
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§ 13. Pa3nosxkedHe Ha NPOCTbIE MHOMNHUTEMH

Besakoe cocTaBHOE YHCAO MOXHO eIHHCTBCHHbIM CHOCOGOM
wumaum B BHAE HDOM3BEICHUA TNPOCTHIX MHOXHTencil.
anpumep, 36 =2.2.3-3=22.3%45=3-3-5=3" . 5 (um
32.5Y); 150=2.3.5.5=2.3. 5% (uay 2! . 3. 5%). dna ne-
60AbIINX YHCE] Pa3A0WCHUE Aerko jenaerca no nporanxe. [as
60ABIIUX YHCEN MOXHO MO0Ab30BATLCA TAKUM MPHEMOM.
Mpumep 1. Tlycte nano uwncao 1421, bepem mnoapai
npocTeie yncaa tTabauabl (A) Ha cTp. 73 M OCTaHaBAMBacMCH
Ha TOM, KOTOpOE ABAAeTCA NeiHTeneM nanHoro yucaa. Ha ocno-
BaHHM INPH3HAKOB [HeHMOCTH BHAHM, YTO uHchaa 2, 3, 5 He
MOTyT OuiTh JieAuTenaMu yucaa 1421 nonpTasuincy passennts
na 7, suauM, uto 1421 neantcs wva 7 u gaer s yactHoM 203.
CneBa OT uepThl 3anuchiBacM uucao 1421; cnpasa npotus
HEro -—— AeAuTeab; MOA YHCAOM — yacTHoe 203
3anucsk Takum me o6pasoMm ucnsiThBaeM yucao 203
lggé ’71 Uncen 2, 3, 5, OKa33BIIMXCSH HETOAHBIMHA NIPY Nep-
“ | 29 BOit npobe, Mbl He TporaeM # HauHHAeM HClbi-
TaHue ¢ yucaa 7. OkasbiBaercs, 470 7 €CTh ACaH-
Teab yucaa 203, 3anuckisaeM ero cApaBa OT HepThl
upotus 203, Cuusy nmoa 203 nuwenm wacthoe 29, Hneao 29 —
1pocToe, MO3TOMY pasfoxkeHHe 3axkoHueHo. Pe3dyabTar ero:

1421 =7 .7 .29 =17%.29,

JroT obuuit cnocod MOXKHO B pAle Cayuaes ynpoulaTb.
Tpumep 2. PasnoxuM Ha Npocrsie MHOMUTENH YUCIO
1237600. 3amerus, uto I 237600 = 12376 x 100, paznosxusm
0 OTHREABHOCTH JBa COMHOXHTead. BTopolt pasznaraercs
cpasy: 100=10.10=2.5.2.5==2%. 5" llepsnii pasnaracu
caeayloIUM 06pa3oM.
Bepewm n3 tabauusl (A) nepeoe npocroe YHCIo 2;
Sanuce: UYTO OHO eCTh feantens uyucaa 12376, suaHo mo
12 376 2 npusHaky neaumoct. Halna yacrroe 6188, cHosa
g(l}gg g 6epem u3 TaGauns (A) yncao 2. Bropoe uyact-
1547 | 7 Hoe 3094 Taxme YeTHO; JeauM ero omfTh Ha 2,
221 1 13 PeayanTar 1547 ywe He meautca Ha 2, [Tpusnaxu
171 17 peaumocTH MOKAXYT, UTO O}10 He JeARTCA HH Ha 3,
nn na 5, [lpoSyem aeantn 1547 na 7; noaywacew
yactnoe 221, IIpo6yem eme pas pasneants #a 7. He neautcs.
Toraa ucneiThiBaeM caepyouiue npoctsie yucaa. Ha 11 yucno
221 He nmenuTcs, HO Ha 13 jeaurcs, B YacTHOM — NPOCTOE
yucao 17,
Pesyabrar: 1237600=2%.7 . 13.17.2%.5% =25.5%.7. [3- 7.
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§ 14. OGwu# HanGoabwini fenutens

O6uitin deaumenest HECKOALKHX YHCCA HA3bIBACTCH YICAO,
caywamlee neanrteneM (I, 9, n. 4) n1na kakxoro n3 nux.
Hanpumep, uucaa 12, 18, 30 umewr obmuit nenutess 3;
yucao 2— towe ux obmuil neaureab. Cpend Bcex obuiux
JenuTenel Bcerna HMeeTCs HanGOMbIMUN, B HalieM npuMepé —
ypcao 6. 310 YUCAO HaznBaeTca Q0w HAUOOABILUM Qe l-
meaem (O. H. 1.).

Npumepn. Mua ynucea 16, 20, 28 O. H. 1. ectb 4 aas
yucen 9, 30, 60, 90 O. H. 1. ecTb 3.

Korna uucaa HeGoabuminme, ux O, H, I JCIKO HaxXOAHTCA
no poragxe. Ecan Mbl uMeeM Heao ¢ GOMBIINMHU YHCAaMH, Pa3-
maraeM Kawjaoe Ha npocTeie MroxuTemu (oM. ll, 13) u Bemu-
CHIBAEM TE M3 HHX, KOTOPHIC BXOIAT BO BCE€ JlaHHbie YHCA4,
Kasapift u3 Taxux MHOXHTeMefl OepeM C HaUMEHbIMHM [OKa-
3aTeneM, C XKOTODPHIM OH BXOAMT B JaHHe uHcaa, [lpouasonus
YMHOKEHHUE,

Mpumep 1. Hatitn O, B. a. yucen 252, 441, 1080. Paz-
2araeM Ha MPOCTHIE MHOMHTENH

252=2%.3%-7, 441 ==38%. 7% 1080=2%.3% .5,

O06muy 1aa yucen aABAseTCA TOMLKO NPOCTOf MHOMUTENb 3;
HaWMeHbWHH W3 nMokasaTtenel, ¢ KOTOPHIMU OH BXOJHUT B jal-
uble uynchaa, ectb 2, O. H. & paseH 3°=9.

Mpumep 2. Haitrn O. n, a. uucea 234, 1080, 8100.

234==2.3%.13; 1080=23.3%.5; 8100=22.3%.5%
O, H, 1.==2.32==18,

Moxer cayyuThes, 4TO NPOCTHIX- MHOMMTEAeH, OBIIMR Aaa
scex/naHupx uncen, He 6ynet Bosce, Torna o6imuit Hau6oAk-
wuit  feantess ecth 1. Hanpumep, aan uucen 15=3.5,
10=2-5, 6=2-3 O. 0. &.==I. JIga yucxa, O. H. 4. KOTOPLIX
pasen I, nHasmBawTca 83aumuo npocmeixu. Haupumep, 15
# 22 — B3aUMHO NPOCTble UHUCaa.

§ 15, O6uice HanmeHblIee KpaTHOE

O6uum Kpamupipr HECKONBKHX YHCER Ha3bIBACTCA YUCHO,
caywxamee wpatHoiM (I, 9, n. 4) aaa kawnoro us nux. Ha-
npumep, uucaa 15, 6, 10 umeror obutee xparsoe 180; uncio
90 — Takxe obuwiee kpaTHoe STHX yuced, Cpeju Bcex o6GuIMX
KpaTHLIX BCerjia ecTb HauMeHbllee, B XaHHOM cayyae yucao 30.
10 UHCHO HA3LIBAGTCA OOMUM  HAUMEHLUIUM  KpAmHBM
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(0. 1. k). Has seGoapmux yucea O. H. K. HAXOIUTCA JCTKO
110 noraake. Ecan uucaa Goaplume, NOCTYINaeM Tak: pasaaraem
HaHHBIe YHCAA Ha fPOCThie MHOMMTENN;, BLITIHCHIBAEM BCE
NpOCTRIe MHOMHTERH, BXOJAIME XOTs Obl B OJHO M3 NIaRHHIX
yHcea; KOXALA U3 B3ATHIX MHOXHTedefl BO3BOAHM B HanGomb-
mylo H3 TeX cTeneHell, ¢ KOTODHM} OH BXOZHT B [LaHHblE
yncaa, [lpouseoanuM yMHOKeNHe.

Mpumep 1. Haittn O. u. k. yucen 252, 441, 1080.

PasnaraeM Ha QpocThle MHOWkHTemn: 252=2%2.3%.7T;
441 =32.7% 1080=2%.3%.5, [lepemuomaeM 23.33-7%.5,
O. u, k.==52920.

Mpumep 2. Haitry O, B, x. uucen 234, 1080, 8100
(cum. npumep 2 § 14), O. B, K1 ==2%.3%.5%. 13==210600.

§ 16. IlpocTeie apobn

ITpocmoii Gpobeio (xopoue, Opob6si0) Hazel8aenics 4acs
e0URUYbL UAU HECKOAbKO pasHuLx dacmeli (Ooaeil) edunuys,
Uncao, noxasbiBamilee, Ha CKOIbKO joJeli pasneiena enu-
HHIA, HA3BIBAeTCA JHaMeHamesem NPOGH; YHCIO, NIOKA3bIBAIO-
iee KOAHYECTBO B3ATHIX Joaefl, — yuciumeser ApoGH.

3 .
3anuce: ¥ b 3y (Tpu nATHX), 31eCh 3 — uuCcaANTeAD,

5 -— 3HaMeHaTenb,
Ecan uncaurenb MeHbllle 3HameHaTeas, 1o apobb MeHblle

CAHHHUUL ¥ Ha3blBAETCH Ilpadll./LbHOli: T fIpaBuabHag IlpOGb.

Ecan yucantenn pased 3HaMeHaTemo, ApoGb paBHa eluHUIle.
Ecan uyucauteap OGoablue 3HaMeHatens, Apobb Goaniue enm-
nuisl, B o6oux mocneaHux cayuasx ApoGb HasbiBaeTca Henpa-

. 5
suabnoi, Hanpumep, 5+ g — HenpasdabHbe apobu. Urobw

sbleuTh HauGoablee lenroe YUCJO, CONEPHKALLEECH B HEnpa-
BHJIbHON APOGH, HYXHO Pa3fedUTb UHCAMTENb HA 3HAMEHATe/Ib.
Ecan nenenue sbimoauserca 0e3 ocTatka, TO B3ATaA Henpa-

BuabHan npo6b paBHa yacTHoMy. Hanpumep, ;5=45:5=9.

Ecan nenenste BnnoaHAETCA C OCTaTKOM, TO (HENONHOE) vacT-
HOE [JaeT HCKOMOE 1uenoe YHCAO0, OCTATOK KEe CTaHOBHTCs
upcautTedeM APOOHON YacTH) 3HaMeHaTeldb apobroit vactwu
0CTAETCA UPCHHHM.

ITpumep. dasa npobn %8 Heaum 48 na 5, Moayuaem
nacTHoe 9 M oCTaToK 3; %‘3:9;—.



§ 17, CORPAUILCINIE M «PACWINIPEHIES APOBIH 77

duciao, cozepwantee weayio y 1pobiyio yacth (Hanpnmep,
3
9 5—), Ha3blBAeTCA cMewanKibliie. Jpobnas wacTb CMEWAHHOrO

o 13
WA MOWET OblThb M HENnpasHablOR APOGLIO, Hanpumep 7 53
TOrAd MOMHO M3 APOOHOM YacTH BuieanTh Hanboabliee weioe
ULCAO (CM. Bblll€) H NPEACTaBUTbL CMEINaHHOe YHCJAD B TAKOM
Biie, uToOn Apo6HAs YacTb CTafa MPaBHAbHOH APOOLIO (nau

BoBCe Hcye3na). Hanpumep, 7 i;.—_—. 74 % =T+25=0.

[ nono6roMy BHAY OGLIYHO U NPUBOART CMENIAHHLIE YHCAA.

Yacro npuxoanTcs (Hanpumep, APH YMHOXEHud apobeit)
peliath BONMPOC OGPAaTHOrO xapakTepa: MAETCH CMEWaHHOE
uneao, Tpebyerca npeacTaBHTb ero B Buiae ApoSu (Henpasiiib-
noit). [aa srtoro mywso: 1) neroe uucao, pxoisiiee B cye-
I1aHHoe, IIOMHOMMHUThL Ha 3HaMeHaTeab APoGHON YacTu; 2) ¥ npo-
u3pefeHHy NpubaBuTb uncaAHTe b, [ToayyenHoe yucao Gyger
YHCAKHTeAEM HCKOMOM 1po0H, 3HaMeHaTedb 0CTaeTCH NPeXKHUML.

[Tpumep. [Mano cmewanuoe yucao 9 % 1y9 5=45

2) 45+3=148 3) 95 =F.

§ 17. Cokpaumense H «pacHHpeHHey ApoGYU

Beanuuna apobu e M3MEHUTCA, CCIM YHCAHTEdb i 3Hame-
fartenb JpobH GOMHOMHTE Ha OXHO M TO XKe yicao. Haupumep,

3 8.6 18 1 __1.3_ 3, 1.4__ 4

t

5 8.6 30’2 237623379

Takoe upeoGpasosatiie I1poOH ) Mbl HA3OBCM ¢PACUUPEHLUEM
Opobu. Bynem rosoputb, 4TO Apobb g5 NoayueHa «pacuiupe-

3
uneM Ha 6» n3 apoby g

Beanuuna 1pobu He M3MEHHTCH, €CHM YMCIUTedb B 3HaMe-
Hateab Apo6u pasieauTh Ha OQHO H TO e uucao, Hanpumep,
8:6__ 3, 4 :

: ]
4 =1 Taxoe npeoGpasoBanue apodu

1) 3ro npeoldpasosaitue (pUXONUTEN coBEPWIATE AOCTORAAG (HanNPIiMep,
apy caowcHIM pofed); oHO He MEHGe BaXKHO, YeMm cokpameune fpobv, Tax
®aK B HawuX yueSHUKAX A4 HEro He BBOIMTCH HUKAKOrO HA3BAMW:, TO
B NEPBOM W3IAHMN CHPABOYHUKA ABTOpP NpelJokHA HA3BaTh 3710 npeolpaso-
nanite ¢yasitenyes», HeoGxoaumocTs 8BejeHis HOBOTO TEPMHHA HO BLTpes
THaa gospaweniit, Ho cambiil TepMun <yaAHHCHHE» MuOCle AUNA CHUTAAN
HCYAAYILIM, NPEINOUNTAS eMy TEPMUH ¢pacuIMpeHues.
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. 3
HA3BIBACTCA cOKpawyenuesm Opobu. [osopar, u4ro npolhb 5

18
noxyyeHa <Cokpaulennem Ha 6» u3 apodn z5.

Hpo6b MOXHO COKPAaTHTh JHIlb B TOM Cayyae, eCii YHC-
AnTedb W 3HAMEHaTeb HMEIOT OdMHaKoBbe Aerutead (T. €.
ecand oHM He B3auMHO npoctsie). CokpauieHHe MOXHO MPOH3-
BOAHTH WM NOCTENEHHO MAH cpa3y Ha O. H. 1.

io
MMpuwmep. Coxparurs apobs 1—4—3 . [lpumenns npusnaxk ne-

auMocTH Ha 4 {(cM. Bome § 11), Buanm, uro 4 ectn obimuit

JeJauTesnb YUCIANUTensa B 3HaMeHarte . Coxpaman Ha 4, UMeEeM:
108__108:4__ 27 3ameuas, uto 27 n 36 6 ¥~
m—-m—-—-36. Meyast, 4yto n UMCEIOT OOIUM Jeday

27 21 3 .
Teaem 9, cokpawaem 5 Ha 9; uMeem: F=7- JHanpnefiniee

CoKpautesie HeBO3MOXHO (3 M 4 — B3aUMHO NPOCTHIE YHCAA).
Tor e pesyabTar Mbl noayumm, ecam Haigem O. H. 1.
ucea 108 u 144. On pasen 36, CokpatuB Ha 36, noayumm:
108 _ 108:36 _ 3
T4 T 1436 T 4
Mocae coxpamenus Ha O. H. 1. NOAYYAETCH HeCOKpamu-
Mas 0poOb.

§ 18. CpaBuenne ppoGei; npuBeeHHe K obiemy
3HaMEHaTe o

)

Ms nByx apobeil ¢ OnMHAKOBLIM YHCAHTEJNeM Ta ApoGhb
Goapiue, y KOTODOH 3HaMeHaTeab MeHbuie, Hanpumep,
%>7, T Ws xByx npo6efi ¢ 0AMHAKOBLIM 3HaMeHa-
TeaeM Ta ngo6b Gonplue, y KoTopoH uyucinTeab Goabiue.
Hanpitwep, ¢ > .

Yro6bl cpaBHuTb ABC Apo6H, Yy KOTOPEIX pasaMuHbl M
yHCAUTEAb W 3HAMEHATENb, HYWHO ORHY uau obe xpobu npe-
06pa3oBaTh TaK, YTOOH WX 3HAMEHaTeau CTAAH OIMHAKOBLIMH.
Jlas 3TOro MOXHO, HanpuMep, Nepsylo ApoOb pacUIMpUTbL Ha
3HaMeHaTelb BTOPOH, a BTOPYIO —— Ha 3HAMeHareab NepBOH.

3 7 .
Mpumep. Cpasuny 1poby ¢ 1 . Pacmupaenm nepsyio
. 3 36 7 56
apo6b Ha 12, a BTopyio na 8 uMeeM: § =g =g
Tenepp 3snamenatenn opnHakosbl, CpaBHUB YHCAHTENH, BHANM,
4yTo BTOpas jpobn Goibuic nepeoil.
TpuMenennoe npeo6pasoranue apoGeil HaswizaeTcs npu-
8edenues ux K obujems 3HaMeHamero.
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Yro6u npisect K ofuieMy 3HaMeHaTe 0 HECKOILKO Jpo-
Oeff, MOXHO KaKAYIO H3 HHX pPacCIlMPHTL Ha npou3seleHue
3nameHateaefl ocranpumx. HanpuMep, uto6ut npusectu Kk oG-
HieMy 3HaMeHatemo jipoOu —2—, ' %, PACIIUPHM TICDBYWO
Ha 5.6=230, Bropyiw Ha 8.5=40; Tperpl0 Ha 8.6=48
Moayum =0 >=20.2_ % = O6uuy suamenare-

§ 250 6 240" 5T 20" ;
aem Gyner npouspelende 3HaMeHatexeil BCeX NaHHbIX JpoGeii
(8-6-5=240),

Jtor cnocod npueexeHxs K oOlleMy 3HaMeHATEH0 — Ca-
MHIH DpocTOl M BO MHOPMX CAyYasaX caMbifl DpakTHUHLIL.
EnunctBeHHoe ero HeyaoOCTBO COCTOMT B TOM, uTO OOWIMil
3HaMeHaTeldb MOMCT OKa3aThCAd HKOBOAbHO OGojbliuM, TOrAa
KaK MOXHO BHIOpaTb ero MeHbIUHM. vIMenHo, 3a oOulMil 3Ha-
MeHaTelb MOMHO B3ATh Jio6oc obulee KpaTHOe (B YACTHOCTH,

H. K.) naHabix 3HaMeHatedeil. Torga HYXHO pPacCIIMpUTL
RawiAylo Ipo6bs Ha YacTHOe, mojayyaemoe OT jenenus obuero
KpaTHOrO Ha 3HaMeHaTeab B3ATOH Ipobu (310 4aCTHOS Ha3bi-
BACTCA OONCAHUMCALHOM MHONCUNMEAEM).

3 5 2 ~
Ipusep. daun apobu 16 §- O. H. K. 3HaMeHa-

rereft 8, 6, 5 ecrb 120. [lononHuteabHnle MHOXHTERM:
120:8=15; 120:6=20; 120:5=24. Pacmupsem nepsywo
1apo6s Ha 13, Bropylo Ha 20, tpethio Ha 24. Tloayuaem:

3_ 4., 5__ 0, 2__ 48

T 6T 10 5T 120°

B yyeGHuKax apudMeTHKII YacTO M31araercs TOAbKO ITOT

npuem npuBefeHA K obuleMmy 3HaMenartemo. Ha npaxrtuke
OH ONpaBAbIBAETCA, OJHAKO, AWWL B TOM cayuae, ecan O. H. K.
HAXOMUTCA JMerko Mo Joraigke. B mpoTUBHOM cayyae npuxo-
IMTCA 3aTPAYMBATL MHOrO BpeMmeHH Ha corteickaHue O. H. K. H
JIONOJHHTEALHLIX MHOXHTexeit, CBepx TOro, 4acro OKa3bl-
Baetcsi, ¥10 O. H. K. He HaMHOro MeHbllle MPOH3BEJEHHA 3Ha-
MeHareaedl Man Aame BOBCEe He MeHblie ero, ¥ TOria 3a-
TpaueHHoe BPEMA W TPYH COBEpINeHHO GeclionCc3HbI.

§ 19. Caoxxenne H BbiYHTaHHE ApoGeil

Ecau 3namenatean npoGeil ofHHAKOBH, TO, YTOOL! CIOMHUTL
RpOGH, HYMHO CTOXUTH MX UACIUTEIH, 2 YTOSH BHIYECTDH APObHY,
HYIKHO U3 YHCIHTEIS YMEHBUIAEMOro BbIYECTh YHCANTE.Tb Bhi-
GHTAEMOUC; HOAY UCHHAS CYMMA HIH pasnocts OYHeT Hilcaute-
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JeM pesyabTaTa) sHaMeHaTenb octaetcs npewuuM. Ecan 3Ha-

MeHaTean efl pa3 MuALl, AYXHO NPEJBAPHTENBHO NIPUBECTH
Apobu K oOueMy 3HaMeHATeJIo,

5 , 7_12 4 1

3,5 2 8 __ 9

. 45, 100
Mpumep 2. —§+—6————5—=m+m——m=m.
Ecat CXaaqerBaloTcs CMRNIAHHLIE YHCAA, TO OTAENbHO HAXO-
JAAT_CYMMY HEIBIX H CyMMY JAPOOHHIX uacTeit.
IIpamep 3

13 Hag=0+)+ G+ =15=127

Mpy oMYYTaRMH CMEINaHHLIX ypcen APoGHAs 4acTh BLIYH-
TaeMOry MOWRT 0Ka3aTbCsl Goablie LPOOHON YaCTH yMeHbluae-
moro. Toraa B ymeHbIIaeMOM <¢3aHUMAeTCsA» eAMHMUA U obpa-
1aeTCA B BEMPABHILHYIO NpOOb.

Mpumep 4
1 1 3,4 15 4 11
Mpusmep 5 11—102=101 —103=2.

§ 20. Ymuowenue npoGed. O.npen'eneﬂue

Ing yMHOMEHHS W JIeNeHHs HPOBH Ha yel0e YUCIO MOXKHO
COXPaHUTb JaHHole Boime onperenexua (I, 9, nn. 3 u 4). Ha-
upuMep,

8 3 3 3 1

OGparHo, 8-;}:3-_..—2%. TlpakTHuecKMe npaBuaa BLIYHCAE-

HHA CM. HMXe,
Hast ymuosxeHus Ha dpoGrOoe uMeno onpencitenne § 9 co-

1 3

xpanurh Heap3a. Hanpumep, netcreue 2.5+ Hewsa Bl
;1

HOMHHUTDL, €CIH €ro NOUIMATh TaK, uT0 2 5 Tpebyerca BanTh

3
cnaraeMbiM 3 pa3sa,

Yamnoocums rexomopoe wucao (uenoe anm Apo6Hoe) 6
O0pols — 3naqum pazdeaums 3MO HUCAO HA 3HAMEHAHIEAb
0poBu u peayapmam NOMHONCUME K 4UCAUIMNEAD.



$ 20, YMHOKEHHE TPOBE{f, OMPEAENEHUE $!

Mpuwmep. 800-%; 800:4 =200, 200.3=0600, Taxk utO

3 . .
800 - —-——_—600 Mopagok neficreuit (Zedenns H ymuo;«emm)

MOXHO M3MCHHTB; pe3yabTar 6ymer Tot We: 800 - —~2400,
2400 : 4 =600,

[TpuBeienHoe onpejgeaeHHe He ABJAACTCH TPOU3BOJBHBIM,
H3MBILLICHHEM: OHO BbITEKaeT H3 HeoGX0AHMOCTH IOJHOCTHIO
COXpaHHTb 32 AefiCTBHEM YMHOXEHHUA TY pOib, KOTOPYIO OHO
Wrpa’io B MpPakTHKE H B TEODHM, TMOKA Mbl HMEIH 1€.10 C Ie-
abiMM YHCIaMH. YOejnMcs B 3TOM Ha ABVX NpHMepax,

[Tpuwep. Jlurp xepocuna secur 800 2. Ckoabko BecsiT 4 47
Pemenne: 800.4=23200 (2) =3 xe 200 2. Pesyvibrar Hail-
JCH YMHOXCHHeM Ha 4.

Ckoabko BecaT %/, 4 KepocnHHa®? PeweHue: 800

=600 (2) (cM. npemsayulnit npumep).

Ecan Mbl ymHOXeHHIO Ha J1po6b JAaguM onpefedeHue, oT-
JAHYaoUeecs OT BblICHPHUBCICHHOIO, Mbl TIO1YYUM HeNnpaBHib-
nulft orseT. Ecan 6bl Mbl, HcX0da U3 onpegededus § 9, npu-

3
3HAIH YMHOXCHHC Ha'T HEBO3MOXHBIM, HaM [NPHULTOCH ‘6bl

peluath 3afayy O BECE KePOCHHA PasHbIMH JCCTBHAMH: MpH
ILCIOM YMCIE IHTPOB YMHOXKCHHEM, a upH JApoGHOM upcac
HHBIM JeficTBHeM ).

ITpu 11€PeMHOKCHUHM HEAbIX YHCET MPOU3BCACHHC He. Me-
HHETCH OT [EPECTAHOBKI COMHOWHUTENCH: 3. 4=14.3=]2
310 CBOHCTBO coxpanncrcx W. IPH YMHOWCHUH R apobb. Ha-

1pumMep, -3— 3= 3 -+ —3- + 5 =2 310T pesyavbrar tioayuch
Ha ocHoBe lIpekHero onpenenenus (cM. § 9). [lepecrasus co-

MHO¥UTeaN: 3- 3, NpeXHeEe onpeneIeHue yYMHOXKCHIA TEneph

2
HC rOAMTCH, HO HOBOe Haer 3. -3=2.

BooGuie oxaspiBaeTcs, UTO NPH HOBOM ONPCACACHHH YMHO-
WEHM OCTAIOTCA B CUJAE BCC NPEXHHC CBOMCTBA M 1paBiia,
32 UCKIIOYEHIieM OMHOrO: NPH NpPeXHEM ONpeleICHI YMHO-
HCHUS YUCAQ YBEIHYMBAIOCH, OTCIOAA W HA3BAHHC «VYMHOWKC-
HUe» (0T €noBa «MHoro»). Teuepb e Mbl JOMKIBL CKA3AThL:
OT YMHOWCHHA Ha YHCI0, 004buiee CAHHULDbI, .MHOXKHMOC Y8~

1) Bosunkaer Bonpoc, HeAb3d A Gul10 AATh CPA3Y TaKoe onpejxeaedie,
KOTOpOC TOAHAOCH Gbl I A1 YMHOWEHIN Ha LeA0e YNCAO0, M T4 yMNOMKeHitY
Ha apo6b? Oka3uiBaeTCH, YTO HCABL3H: [P ONPEXeNCHHH YMHOWKCHIA xpolit
HCH3GCHHO NPUXOXITCA NPCANOAAraTh 3apanee H3IBOCTHLIM YMHOMWCMIE Ha
neape 4HCAO (CM, onpele.teHue 3Toro naparpadaj,
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AuYu8aeMes; OT YMHOWCHHSL H2 YHCJIO0, MeHbiiee e IMHMILL]
{T. ©. P2 npaBuabHYO ApOOL), OHO ymenpiaemes. Hecoorser-
CTBHE HOCaeHero (akTa c Ha3saHHeM JeiicTBHA 06bsc-
HACTCA TCM, YTO HAa3BAHHC <«YMHOMKCHHE» BOCXOAHT K TCM
OTHaneHHLIM BpeMcHaM, KOIa HOHATHE YMHOXCHHR OTHOCHIH
TOJIBKO K LEJbIM YHCIAM.

§ 21, Ymuomenne npoGeii. Ipasuio

YmobeL .y MHOMCUMb JpOOs HA OpOBb, NOMHONCAION YUCALL-
MeAnp Ha HucAUNMeAb U 3HAMEHAMEAD HA 3HAMeMAMens. an-
86l pe3VALNIQNL eCNlb HUCAUMEAd NPOU3BEOCHUS, 8MOPOL —
3namenamens. Ecan cpean coMHOXHTeEaell HMCIOTCH CMCIIaH-
Hble YHCIZ, TO HX JfIpeaBapHTeabHo ofpawapt B He-
NPaBUIbHYI0 Apo6b. Ellle A0 nepeMHOMCHHA MONKHO COKpalaTh
11060 MHOMHTEIL YHCIHTENsd C JTI0GLIM MHOMHTEICM 3HaMme-
HaTteas Ha o6uluii ncnmcq]b. % 27 5 o

2 B 513

Mpusep L 25 lg=H %=1 7T=5=2i
kpamtenbi: 25 u 20 wa 3; 12 u 27 na 3).

Bce CKa3aHHOE PacnpOCTPaHAETCHA Ha cayvyail, Koria ukcao
COMHOMHUTenel 6onbmle %B_vx.2 0 414 3202

Opumep 2 445z dg=—z73 =1 77=12 (co-
kpawienpl: 9 0 3 Ha 3; 4 w2 Ha2; 14u7 nal)

Ecan cpeiu coMuoxiTe el eCTh 1eable Yucad, 10 Kawjaoe
M3 M10CAEAHHX MOXKHO pacCMaTpHBaTh Kak Apo6b CO 3HAMEHa-

Teacy 1. 5 4 5.7 1741 {
« 7.4 T
Mpumep 3. §.7.B=m_m:.€=l»€ (co-

kpauleHbl: 5 H 15 Ha 5; 4 u 8 na 4).

(co-

§ 22. Menenne apoGeit

Onpenenenne NeaeHus, NaHHoe Bullte B § 9, coxpaHsercs
u 1as Aeaenus apoGeil. M3 Hero BhiTexkaer caepywulee npa-
BHI0.

Ymobul pasdennms kaxoe-HubyOds 4UcA0 HA Oposb, HYHCHO
YMHONCUMb 3MO 4UCAO HA Op0obb, 00pamuyo Oesumerio ).

1) O6pamAaar Opo6b NOJYHHTCH U3 RaHHOM, ecad ¥ nocacaHell noMeHaTh
MELTAME YMCAWTEAD W SHamenatean, Hanpumep, aaa apodu T ofpartnas

npoGy Gyaet % .



§ 23. LLE[CTBHY C HYJIEM 83

2 3 4 15
Mpusmep l. 3:5z. Apobb, obpatnas iz, ectb 5. Cae-
2,4 . 2.1 9} .
jposarte1bHO, 3 . l_5= 37 =/ o

8. 1685 10 1
5 5°5 7 5.6 .27 7°
D70 NPaBHAO NPHMEHHMO H B TOM Cayuae, KOF1a Ae1IMOe
= | 2
U peauteab — ueasie uncaa. Hanpnsep, 2:5=2. 5= 5 lo-

3T0oMy ApoOHas YepTa paBHOCHALHA 3HAKY ICACHH.

Mpumep 2, ]—';—:3

§ 23, HedicTBHa ¢ HyJeMm

Cnosenne. [Ipubapicnye HyJIs K HCKOTOPOMY HHCAY
OCTaBAseT [I0CACAHEE HCHMCHHDIM!

540=5 37+0=32.

Borynranne. Boluptanne nyaa u3 Kaxkoro-in6o  wucia
OCTABAAET NOCACAHCC HEH3MCHHBIM!
1
5

5

5—0=5 3;—0=3.
Ymuomenne, [lponsseiacnue uyas na a160e  YHcao

DABHO RYJIO:

5.-0=0; 0.3

Henenne. 1. Yactuoe orT acaenusa Hyan Ha Kakoe-1ubo
4HC0, OTJAMYHOE OT HYV.IA, PABHO HY.IOL

3
0:7=0; 0:g=0.
2. Yacrnoe oT jgeneHHa RHyJId Ha HYab Heonpedeseswo.
B stom cayyae aiw6oe YHCHO YMOBIETBOPAET ONMpeLEIeHHIO
vacrioro (I, 9, m. 4). Hanpumep, moxHo noromurs 0:0=35,

160 5.0=0; HO C paBHLIM NPaBOM 0:0=3%, néo 3;-0=

=0. Moxno cxa3ath, uTO 3a7aya [EJICHHA HYJH HA HYAb
uMeer GECUMCIEHHOC MHOXECTBO pelleHnil, H Ge3 yxkasanus
AonoaHNTEIbHbIX AaHHuiX fefictBue 0:0 He HMeeT cMbicaa.
J0N0IHATEIbHBIC JaHnble JOJIKHb COCTOATh B YKA3aHHH TOrO,
KakuyM 00pa3oM H3MEHAANCH BCAMYHHB JCIHMOrO M jeauTess
40 Toro, Kak ony craan wysamu. Ecan 310 masectio, 1o 8
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GonbUMICTRC CIYYACH MOXKHO BHIDAMKCIHIO 0:0 npuiats cMbICH
lak, ccall H3BECTHO, YTO ACJIHMOC [IPHHHMAIQ HOCICI0BATLILHO
3navyenust

3 3 k

100 1000 107000

T 7

a Jeantedb o, pos
3.1 8., 3.1 __38
100 ° 100~ 7 1000 °1000 — 7 3
1o3toMy U uactHoe 0:0 cuuTaeTcs 31eCh PaBHLIM ‘f

B 10106HBX CIyyasX TOBOPAT O «PacKpoiTHH Heonpeie-
aernoctn 0:0» (oM. VI, 12, npumep 2). Jag pacKpuiTHA He-
oupepeaciigocty 0:0 cymecrsyer pag obwiux npuemos, H3y-
yaeMbIX BhICUICH MAaTeMaTHKOM, HO BO MHOLHX CIyUasX YiaeTcs
06OHTHCHL H CPCACTBAMHU 31eMCHTAPHOI MaTeMaTHKH.

3. HacrHoe oT meaeHus Kakoro-au6o uucaa, OTAHYHOTO
OT Hyas, Ha HYJab He CYLIECTBYeT, TaK KaK B 3TOM cayyae
HIIKAKOE UYHCIO HEe MOXKET YAOBICTBOPHTH ONPCACTEHHIO YacT-
goro (I, 9, m. 4).

Hanunrem, nanpuMep, 7:0; xakoe 6bl uyHCc10 HH B3ATh Ha
npoGy (ckamen, 2, 3, 7),0H0 He romutea (160 2.0=0; 3.0=
=0; 7-0=0 u 1. 1, a Hy®HO [OIYYUTh B NPOU3BeIeHUN T).
MomHO CKa3aTh, YTO 3alava O AeJdeHHH Ha HY.JIb YHCJa, OTIHY-
HOTO OT HY.If, HC UMCET pellcHHd.

OnHako uHCI0, OTAHYHOE OT HYyls, MOMHO pa3ieiuTh Ha
4WClo, KaK VIONHO 6ay3Koe K Hyno, # yem Omke AeaHTelb
K HYII0, TeM 60,1lbme 6yner uactroe. Tak, ecan GyaeM geanth

T HA [y 550 1000 m—é&)—n T. L, TO TOayyuM yacTHbie 70,
700, 7000, 70000 u 1, m., KOTOpHIC HEOrpaHUUEHHO BO3pa-
crawT. [103ToMy YacTo roBopaAT, UTG YacTHoe OT JedeHHst 7
na 0 <6ecKONCYHO BEIHKO», HMAH «PaBHO GeCKOHEYHOCTH», H
iyt 7:0 =00, CMbIiCA STOrO BHIPAKEHHS COCTOHT B TOM,
4TO CCAM JCaHTe b NpHOMHKAeTCA K HYTIO, & JCIUMOe ocra-
crcsl paBHbIM 7 (Mau npuOakaeTca K 7), TO 4acTHoe Heorpa-
UHYCHHO YBEIUYUBALTCHA.

"o,

W T. 1., TO YacTHoe B 3T0 BpeMAa Oulno

-

W T. I, T. € OCTaBaioCb PaBHbIM

.7,

§ 24. Uexoe u yactb

1. Haxownende 4yacTH 0 uenoMy. Ymobe nalimu we-
KOMOPYIO Yacilly HucAa, NMOMHONCaOM €20 Ha Opoldb, 8vipa-
HCAIOUYIO IMY HACIb,

[Tpumep. ITo ycraBy KoomepaTHsa, Mid 1pABOMOYHOCTH
OTHCTHOrO co6panist Ha HEM JIOA¥HO MPHCYTCTBOBATH HE



§ 25. IECATHYHLIE APOBHU 85

MeHee %— 4yneHoB opraHusauud. B koomepatuse [20 uneHos.
Tlpu kaxoM coCTaBe MOMXET COCTOATHCA OTYeTHoe cobpanue?

Pemenue: 120-%:80.

2. Haxoxxnenne ueJoro no 4actv. Ymobw nalimu 1ucaro
no seaudune OGHHOL €20 dacmu, Oeasim 3my BeAUHUHY HO
0po0s, suipancalowyyio GaRHYI0 Yacms.

3
Mpumep. Bec tymn Obika COCTAaBIAET  MHBOTO BeCa,

Kakos momken GbiThb %uBOt Bec ObiKa, uTOGHl Tylla ero Be-
cuna 420 x2?
3

Pewmenne: 420: =700 (x2).

3. Boipaxkenne 4acTH B [0JAX uenoro. Ymobu goipa-
3ump dacms 8 00AAX 4eA020, Hacmb OeASlm KA YeAoe.

Mpumep B xracce 30 yuamwuxcs, oTCYyTCTBYIOT YeTBEPO;
KaKas yacTb yYau(MXca OTCYTCTBYeT?

4 2
Psmenue: 4‘30=3®_T5'

§ 25. NlecaTnuusie Apo6H

BuiyHCIeHHA ¢ NPOCTHIMH APOGAMH CTAHOBATCA OYEHb rpo-
MO3IKUMH, eCIH 3HaMEHaTeln HX CKOJNbKO-HHOYIbL BeJHKH.
I"'naBHOe 3aTpyaHeHHe COCTOUT B NpHBelXeHWH apobed K 06-
I(eMy 3HaMeHATeNI0; OHO BBHITEKaeT M3 TOrO, YTO 3HAMEHATe/H
Moryt GelThb M0GBIMH YHMCAAMH, B BbI6Ope KOTOPBIX HET HHMKa-
Kot cucteMsl, [loaToMy yXe B APeBHOCTH NpPHIULIH K MbICAH
BHIOHPATh He MPOH3BOJLHO, a CHCTEMATHYECKH NOJH elHHHILb
(KoTOpble B NIPOCTHIX APOGAX HCPaOT pOAb 3HAMeHaTedeil).
JipepHefAIIUME  cucmemamudeckumy Opobamu  ynorpebasp-
uuMuca 8 Basuaone 3a 4000 net no Haulero BpemeHu H ne-
pemefiiuMKH uepe3 JApPEBHErpeyecKHX acTPOHOMOB K acTpo-
HomaMm 3anagHoli EBponbl, Gwuian wecmulecsimepuynsie Opobi
(em. 11, 7, 1. 4). B xoHue 16 Beka, KOP4a CIOWKHbIE BbIYHC/E-
HHA ¢ ApOGsAMHU CTaIH IIHPOKO NMPHMEHATHCA BO BCeX 064acTHX
MHU3HH, CTaAM BXOAMTh B ynorpebieHde JIpyrue cHCTemaTH-
qeckue xpobu: decsamuunsie (cm. 1, 31). B Hux eaunnna
NIeaUTCcA Ha Aecarth Joaell (lecATbie), Kawnas Aecstas Aoaa
CHOBa Ha jgecath Roae#t (corwie) u T. A. [Ipeumymectso gecs-
THYHbIX Apo6ell mepel APYrHMHM CHCTeMaTHYeCKMMM COCTOMT
B TOM, YTO OHM OCHOBaHH Ha TOHf ke CUCTeMe, Ha KOTOpOH
TOCTPOEHH CYET W 3aTMCh UeAnX uyuced. baaropaps ' stomy
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M 3alich W npasuza JNCHCTBHUH ¢ NCCATHYHLIMM APOBAMHU Tio
CYULECTRY Te Ke, YTO M JIIA LeablX yuce.a.

ITpu 3anucu AecaTHYHLIX npoGefi HeT HYyXIn 0603HauaTh
HaUMCHOBaHHe jodeil («3HAMCHAaTeab»); 37O HAHUMEHOBaHHe
V3HaeTcs 1o MecTy, 3aHHMaeMOMY COOTBeTCTBYouLeit undpoil.
CHavana nuiueTcs 11eas 4acTh YHCAA, ClIPaBa OT Hee CTaBUTCH
3ausTan;, neppas nudpa 10cae 3anATONH 0O3HaYaeT YUCIO AecA-
THX (T. €. JecATuX jorefl  eIMHHU(b), BTOPas — COTHIX,
TPCTh — THICAYHBIX H T. A. Lindpei, croaunine nocae 3anaroi,
Ha3bIBAIOTCHA JACCATUUHBIMM 3HAKAMHU,

MMpumep. 7,305— cemb Lenslx, TPY HECATHX, MATH Thi-
CHYHBHIX (HYAb MOKashiBAeT OTCYTCTBME COThIX jJoaeh), T. e,

N 3 0 5

OnHUM U3 NPEeHMYLUECTB JeCATUYHBIX ApoGeil aBaseTca To,
YTO BblpasxeHHe APOOGHON UACTH CPa3y ke MPOUHTHIBAETCH B
NPHBEACHHOM K OJHOMY 3HAMEHATelTi0 BHJE:

= 305
7805 =7 55
yucno npocne 3anaroi (305) ects uyucauteab apoGHolt wacry,
3HaMEHaATEAEM 11p06u ABJAAETCA TO YUCAO, KOTOPOE NOKa3bliBaeT,
K3aKue JoJad HIpeucTtasaseT NICCNeAHHUA  AECATHYHBIH 3HAaK
(B nanHoM cayuae 1000).

Ecau necaTnynan xpoGb He COLEPKUT UEIOH YACTH, TO

35 -
nepej 3aATON CTARAT Hyab, HaupuMep, T06=0’3°'

§ 26. CBoiicTBa aecaTHuHbIX ApoGelt

1. HMecstuuHas ApoGob He N3MCHUT BCHMYHHB, €ClW K Heft
cnpasa npunHcarth gio6oe YHCAO Hyaci.

NMpumep. 12,7=1270=12700 u 1. 8. '),

2, HecatnyHas ApoGb He M3MCHUT BeaHYHHbI, ecau o16po-
CHTh HYJIH, CTOALLMC CLIPaBa B KOHUE ee.

ITpuwne p. 0,00830 = 0,0083. (Hyau, He cTosmue Ha KoHue,
orépacoiBaTh He b3 s.) .

3. Jecsituunas gpo6p yseanuurcs B 10, 100, 1000 u 1. a.
Pa3, ecau 3aUATYIO lePCHCCTH yepe3 OAMH, 1Ba, TPH H T. A
3HaKa BllpaBO.

1) O6 granyuy, Koropoe aeador mekzy 3anucyio 12,7 n 12,70, em, 11, 34,



§ 27. C/IOKEHHME. BHIYHTAHUE ¥ YMHOXKEHHE 87

Mpumep. Yncao 13,058 yseanuurcs 8 100 pas, ecan
wanumenm 13058,

4. Jecarnunas apo6p ymeuwvntes s 10, 100, 1000 u 71, 1.
pa3, ecau 34NATYI0 NEPCHCCTH BRCBO 4EPC3 OHH, IBa, TPH
4 T. 1. 3Haka.

Mpumep. 176,24 ymeubluutcs B 10 pas, ecay Hanpuem
17,624; B 1000 pa3s, ecan Hanuwenm 0,17624.

J1i csoiicTBa Mo3BOANIOT ObICTPO HPOM3BOAUTL YMHOMNE-
uie u Aeqende Ha wucaa 10, 100, 1000 u 1.

Mpumepn. 12,08-100=1208; 12,08.10000= 120800
(npenasapureavto HauuieM [2,08 8 supe 12,0800, 3atem uepe-
HeceM 3aNATYI0 BIpaBo Yepe3 yeThipe 3vaKa); 42,03 : 10=4,203;
42,03: 1000 = 0,04203 (npeasaputeabHo Hanuiuem 42,03 B
sije 0042,03 ¥ nepencceM 3anaTyio Ha TPH 3HAKA BIEBO).

§ 27. Cnoxenne, BbIYHTaHHE H YMHOXEHHE
NEeCATHYHBIX ApoGeh

3anuck: CaoxeHde W BblUHTaHHe AecATUwHbIX apobeil

3,32 BLITOJAHRIOTCA TAaK e, KaK CIOMCHME M BblUMTaHHC
+14196' HeablX YHCeJ; HYHHO TOAbKO 3aNHCHLIBATL Kawblil

{733  Pa3pal Noj Pa3paAOM TOrO We HAUMEHOBAHMA.

' Mpumep. 2,340,024 1496=17,28.

YMuoxenHe AecaTHYHBIX ApoGe#. [TepemuoxaeM nanHblC
yHCaa, KaK ueaele, He obpaunlas BHHMAHHA HA 3aNATYI0. 3aTeM
CTaBHM B Pe3YyJIbTate 3aMATYI0, HOAL3YACh CAEIYIOUIMM mpa-
BHIOM: 8 NPOU3BE0eRIN YUCAO 3HUKOB 110CAE 3AnsAMO pABHO
CyMMe HUCeA 3HUKO8 NOCAe 3ansmol 80 BCEX COMHONCU-
measx.

Mpumep 1. 2,064-0,05. [lepemnokaeM ueavie yucna
2064-5=10320. B nepsoM coMHO¥HTeJC ObNO TPH 3HaKa
flocae 3amsaToil, BO BTOPOM — JBa. B upoussegenun uucio
3HaKOB floce 3anatofl JomkHO Owbith NATh. Orfcasem HX
cnpasa; noayuaem 0,10320. Hynb, crosuuit 8 koHue npo6u,
MOXHO 0T6pocHTL: 2,064 - 0,05 = 10,1032,

Lo nocmano8ru 3anAniod omopacsigams Kyl npu amom
cnocode Heap3n ).

[pusmep 2. 1,125-0,08; 1125.8=9000. Yucao 3Hakos
tiocae 3audToil 1oakHo 6bith 3 + 2=>5. [Ipuuucwsan x 9000
nyay cacsa (C09000), oracasem cnpasa i8Thb 3HakoB. [loay-
yacm 0,09000 == 0,09,

1) Npu yuuowemut no cnocoly § 41 o1GpachiBath uya MQERQ.
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§ 28. lenenue necsiTuaHoM Apo6H Ha leNoe YHCIO

1. Ecan nennmoe MeHbIIe JeJuTend, NUlleM B [eJof YacTh
YyaCTHOro HyJb M CTaBMM TMOCAe HEro 3anarywn. 3artem, He
oOpailas BHYMAHMA Ha 3aNATYI0, NPUCOEIMHAEM K Heaofl ua-
CTH Je1MMOro fepBYIo HHDPY ero ApoGHOH vacTH; ecaH mo-
AyuaeTrcda UHMCHO, MeHblllee JleldTens, CTaBUM noche 3ans-
TOH Hyab H WpPHCOENHHAEM elle. OfHY uudpy NeauMOro; ecan
¥ nocne 3ITOro nojyvyaeMm YHCJIO, MeHblilee NEAHTeldd, CTABUM
elle ‘Hyab H T. X., 1I0OKa He ITOJYYUM UHCAa, NPECBOCXONALLETO
geauteab. B janbHeliileM JieneHHe cCOBepLIAeTCA TaK e, Kak
¢ LeabMH YHCIAMH, LIDHYEM JeJHMOe MOXHO HEOTPaHMYCHHO
«pacCIlMpATb> BNPABO OT 3anATOH, NPHUNHCHIBAA B KOHIE

HY U,
3¢ Meuvanye. BoamoxHo, yto onucaHHbI npolnece fene-
HHA | °OTHa He 3aKOHuMTCA. B TakoM ciyvae uacTHoe Heab3s

TGYHN BHIPA3HTh JECATHYHON IPo6bIO, HO, OCTAHOBUBUIMCH Ha
HekoTOpOH UH(pe, MONYYHUM NpPUOGIMKEHHBIH Ppe3yabTaT (CM.
unxe § 30).

lpumep 1. 13,28:64,

3anuce: 3nech uncao 132, Goabllee geauTteas, 110-

1328 64 AYUHIOCh I10CHe IHPHCOeNMHERUA [epBOH Ke
12,8 | 020 uudps Apo6Hoii yactH. [1osToMy Hemocpenct-

a8 BEHHO ‘nocne 3anaroit nHyas Her. Ho nepsnit
180 OCTATOK BME€CTe C [MPHCOEAMHEHHON K Hemy
48 caeaywomefi unppo#t neaumoro (48) MeHblue
820 IeadTens, NO3ToMy Hocae ABOHKH B HACTHOM

CTaBUTCA-HYAb, 3aTeM «CHOCUTCA> HYJb (Lenu-
Moe <¢pacmupsiercsa», npuHnMan sux 13,280); 3to nossoaser
npogoaxuth genenue. K crenyiomemy ocratky (32) onatb
cHOCHTCA Hyab (leaumoe npexcrasaseM cebe B suxe 13,2800).

lpumep 2. 0,48:75.

Januce: 3nech nocie npHCOeqMHEHUA NepBOM K-
0,480 75 pbl deJMMOrO noayyaercd YMciao 4, MeHb-
450|0,0064 uiee 75; B UaCTHOM 1oCAe 3aNATOf CTaBUM

300 HYNb; NOCN€ NPHUCOEAHHEHHA BTOPOH UHPH

noayyvaem 48, koropoe Bce eile MeHbiie (5.
B 4acTHOM CTaBHUM I0cjae 3anAToifl BTOpodt Hyab., <«Pacuinpsss
Npo6b OIHHM HyaeM, noayuae™m 0,480 u 1. 1.

2. Ecan nenaumoe Goablue ‘fenuTens, JAeNUM CHauana ne-
AYI0 YacTh; 3alHCHIBAEM B. YaCTHOM pe3yJbTaT JeleHHHd
crasum 3anarywo. [locae storo nenenue npopoaxaercd, xak
B TpexbyleM cayuae,



§ 30. OBPALIEHME NECATUYHOMN IPOBU B MPOCTYIO  §9

Mpumep 3. 5428:16.

3anuce: Paznenns ueayio yactb, NOAYYHM B YacT-
5428 16 HoM 33, B ocratke (Bropolt octarok) 4.
48 (33925 llocae 33 craBum 3anaryo, 3aTeM K OCTaTKy
6 crocuM caenywomywo nudpy 8. [Moayuennoe
8 yucao 148 meaum Ha 16; noayynm 9 — nep-
148 Bas uudpa mocne sanatoff u T. I
e [To ToMy e c1ocoby measrt uenoe 4HUCIO
gg Ha 1lej]oe, eCJNH YaCTHOE XOTAT NPEICTaBHUTh
= B BHIe NeCATHYHON KpoOH.
NMpumep 4.417:15.
3anucse: 3xech 3ansATas B YaCTHOM NOCTaB/eHa focae
4171 15 TOTr0, KaK MOJYYHIACR IOCAeNHNH neani ocra-
30 {278 Tok (12), Jeanumomy 417 MOXHO MpHAATb BHL,
7 417,0; Toraa OHO MpPEACTaBHTCA RECATHUHOM
105 apo6bio.
120

§ 29. Jenetne pecaTHUHON APOGH HA KECATHUHYIO XPOGb

Ymobvl pazdesums decsmuynyio OpoGe (MIM Lenoe YHCIO)
‘Ha Oecsimudnyro 0polGs, ombpacviéaex 3anamyi0 8 Oeau-
meane; 8 OEAUMOM JCE NEPENOCUM 3GRAMYIO 8RPaso Hepes
CMOALKO 3HGKO8, CKOAbKO ux Obiro 6 Opobroid 4acmu
Oegumenst (B cayuae HeoOXOHMMOCTH K JIeIHMOMY B KOHLe
npelBapuTeabHO NPUNKCHBAIOTCA HYaH). [locae 3Toro BbINOJ-
HseM JeleHHe, KaK YKa3aHo B npeibjylieM naparpage.

Tpuwmep. 0,04569:0,0012.

3anucas:
;656-9 ﬁ%ﬁ B npoGuoii vactu jpeautens 4 3HAKa, mo-
% ’ 3TOMY B NIeJUMOM [ePEeHOCHM 3aMITYIO BIIPaBo
. % uepe3 4 3Haka; noayuaeM 456,9. Hdeauw
i) 456,9 na 12,
8 '
60

§ 30. OGpamenne aecsiTHYHOH APOGH B MPOCTYIO
H o6patHo

Ymobu. ob6pamums Cecamuynyio 0pobb & npocmyio,
HYJCHO, OMOpOocus 3ansmyiw, clesams NOAy4UBUIEECA HUCAO'
Yucaumenesm OpoOl; 3HAMEHAMENEM e HYKHCHO 83mb,
Huca0, nOKa3nsaoUee, KaKkue Joau npedcmagasem nocaeg-!
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Huii decamuunmii 3xax. [loayuenHyio apobb XenaTensHoO CO-
KPaTHTh, €Cli 3TO BO3MOXHO.

Ecayu necatvyHas apo6b NPEeBOCXOIHT €RHHHUY, TO Open-
I0YTHTEAbHO 06pawaTh B NPOCTYIO APOGb TOABKO TY €€ YacTs,
KOTOpas CTOMT focjae 3aiAToH, Henylo e 4acTh OCTEBHUTH
6e3 H3MeHeHUA.

Mpumep 1. 00125 o6bparute B mpocrywo apobn. [lo-
CHeNHWA [ecATHYHBIA 3HAK [PeNCcTasaseT NeCHTHTHICAYHbIE
BGECR ﬂosx‘(?my anaMmedareap Oymer 10000; umeem 0,0125=

1
" T0000  86°
NOpumep 2
215=2 10 =23 wm275="T0 =11,

[IpeanoyTuTenbHO, ONHAKO, IPOU3BOAUTL BHIYHUCAEHHE NEPBHIM
#3 IBYX YKa3aHHHIX CHOCOG60B, T. €., oCTaBass 6e3 U3MeHEHHd
IBOHKY, CTOANLYIO CAEBa OT 3amaTod, obpaulaTe B MPOCTYIO
1po6p uucao 0,75,

Umobu. ob6pamums npocmyio dpolo 8 Jecamuduyio,
HYJHCHO pa3fenutims 4UcAumens K@ 3HAMEHameas nb npasu-
aaxm § 28 (cm. mpumep 4).

Mpumep 3. ipobh - o6patuth B xecaTHuHyO. [Jeanu

7:8; noayuaem 0,875,

B GoabIMHCTBE CAYyUaeB 3TOT [POUECC HENEHHA MONKeET
mpogomkarsca Geckoneyno. Torga mpocras zpo6b He MOXer
6mth O6pailieHa B jecaTHuHylo ToyHo. Ha ppakruke storo
HHKOrAa H He rpebyercs. [lenenne o6puIBAIOT B TOT MOMEHT,
KOTZa B YaCTHOM NOJYYeHsl BCE Te JeCATHYHBlE HOIH, KOTOpHE
MMeIoT MPAKTHYECKHH UHTEpec.

Mpumep 4. Tpebyercs passecurs 1 x2 kobe Ha Tpu
pasHbie yacTH. Bec kawpgolt uactH 313« x2.Uto6Ll B3seCHTb 3TO
KOJHYECTBO, HYXKHO BHIPA3UTh €0 B MECATHYHBIX MOAAX KM=
norpamMa (TaK Kak IUpH B 5 ke He umeercs). [lead lna3,

noayunm 1:3=0,333... [lenreHwe MOXHO npogomkars Ges
KOHIIA; B YaCTHOM OyHYT l0ABAATHCA BCe HOBble Tpoliku. Ho
Ha MarasyHHblX BECAaX He/Jb3f YYeCTb Malblx U3MEHeHHH Beca
(nanpumep, Menbitux 1 2), ma U camble 3epHa Kode Becsar
Kawjoe 6onbme rpamma, [lpakTHuecKkuit HHTepeC UMEIOT B JaH-
HoM caydyae nnutb cotele goau kuaorpamma (10 2). [lostomy

Gepem ;— Ke~0,33 «g,



§ 31. UICTOPMYECKHUE CBEJAEHWUY O NPOBAX 91

Oaa OGoiibleli TOYHOCTH FPHHATO YUMTHBAThb BEAHUHHY
nepBoi or6pacsiBaemoit ungps. Ecau ona npesmuraer 5, To
yhaepxuBaeMan uudpa yBeauyuBaeTcsa Ha l.

3aMeuanue. [axe Toraa, Korma npoctyio Apo6b MOXHO
TOYHO OOpPaTHTDb B AECATHUHYIO, B GOALIIHHCTBE CAyYaeB 9TOro
He neaaiot. [Jocturas Tpe6yeMol CTeneHH TOYHOCTH, NeleHHe
06pLIBAIOT.

Mpumep 5 O6paruth Apobb 5;« B tecsituynyio. TouHoe

3Hayenne Gyner 0,21875. Cmotps no rpeGyeMolt crefieHH TOY-

HOCTH, JedeHHe oOpHBAlOT Ha BTOPOH, TpeTheit ¥ T. A uuppe

yacTHoro u Gepyr 3%%0,22, éwO,QlQ HT. I

§ 31. Hceroprveckne cBefennst o0 aApo6Gsax

[Mousitne o ZpoOH MOTJI0 BOSHHKHYTDH ¥ JI0fell AHMb nOCHe
TOro, Kak y HuX o6pa30BaJHCh HEKOTODHE [peiCTaBIEHHA O
neanlx yucaax. Kag u nonsrne uenoro yucna, noHatTHe Apobu
co3fnanoch He cpa3sy. [IpeacTaBiaeHne o <n0AOBHHE» BOZHHKIQ
rOpa3jfo paHblle, YeM O «TPeTAX» M <YeTBepPTAX», a 06 ITUX
fI0CAeIHHX — pPaHbllle, YeM O ApPOGAX C APYFHMH 3HaMeHare-
AAMH 1),

[epBble NpeACTaBAEHHA O LEJAOM YHC/AE BO3HHKIM B NpoO-
Lecce cyerta; mepsule TpeACTaBieHUA o ApobAX — U3 fpouecca
M3MepeHHs (1auH, naowagedt, Beca u 1. 1.). Caexs ucTopuye-
CKOM CBA3H HCYHCJEHUA NPoGeli H CHCTEMB MEp MOXHO 006~
HAPYXATb Y MHOrMX HapomnoB. Tak, B BaBHJIOHCKOH CHCTéMe
mep Beca (4 pnerer) 1 ramant cocraaan 60 MuH, a oaHa
MHHa — 60 mekenelt, CoOTBETCTBEHHO C 3THM B BaBHJIOHCKOIX
MaTEeMaTHKe IHPOKO YNOTPeGAAIHCh IECTHIECATEPHYUHbIE JPO-
6u (cM. II, 7). B 1peBHepHMcKoil BecoBo# (1 JeHeXHOH) cHCTeMe
1 acc neauncg na 12 ynumii; coo6pasHo ¢ 3STHM PHMJAHE MONb-
30BaJUCh [BEHAAUATEPHUHHMHU ApoGamu. Ipo6s, KOTOPYIO Mhl
Ha3bIBAEM -y, PHMJIAHE HMEHOBAIH cyHIMel», X017 On oHa
ynotpebasnach M8 H3MEPEHHA NIHHBI MJH HHOH BeJHYMHBI;
ZpoBb, KOTOPYIO Mbl Ha3hlBaeM -, PHMARHE HA3HBAIH <101~
TOPbL YHIMH» U T. I

1) O apeBHOCTH NOHATHA «NOAOBHHA» CBUIETENBCTBYET TOT (AKT, 4TO
BO BCeX #3bIK3X OHO MMeeT ocofoe HaUMeHOBaHWe, He npoucxoxnuee or
caoBa «nnay. BNpaﬂ&EHKﬂ «60apIan N0JIOBHHA», «MeHbLIAad [OJOBHHAM,

«NOJYKHBOI», «noaGeab» ¥ T, X, TNOKA3bIBAIOT, 4YTO CJOBO «IIOJOBUHAN
NEPBOHAYAIbHO 03HAYANO OAHYy W3 ABYX uacredi (pe 00¥3aTEJBbHO PABHLIX

apyr APyry)s
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Ramn «o6bikHoBeHHble ApOGH» IHPOKO YNOTPeGIAIHCH
ApeBHUMM rpekamup W mHxuiinamu. [Mpasura neitcTBuit ¢ apo-
GAMH, U3J0KEeHHbIe MHAWACKHAM yyeHbl Bpamarymroit (8 Bex
H. 3.), AUfllb HEMHOI'HM OTIMYATCA ©T HawHx. Hama 3anuce
apobel Toxe COBlIafaeT C HHANRCKOHN; TOABKO NpOGHOH yepTHl
MHIMALL He NMHCaNH; CPeKH 3alHChIBAAH CBePXY 3HaAMeHaTedb,
a CHM3y YNCIHTE]b, HO Yalle NOJb30BAIHCH IPYTHMH 3a1H-
CsIMM, HampuMep NHcaiu (KOHeUHO, CBOMMH 3HaKaMu) 3 5X (Tpu
HATHIX).

Muantickoe obo3nauenne npobeit u npasuaa neficTBuit Hag
HUMHU OblaH YCBOEHBHl B O Beke B MYCYJbMaHCKMX CTPaHax
6aaronapa Myxammeny XopeamckoMy (aiab-XBapusmi, cM. I, 7).
Onu  Obinn nepenecennt B 3anainyio EBpony HTanbaHCKHM
KynuoM u yueHnM Jleonapno PuGonawun u3 Iusm (13 B.)

Hapsaay ¢ <«oOLKHOBEHHBIMH» NpOGAMN IPHMEHAINCDH (Npe-
MMYLIECTBEHHO B aCTPOHOMMH) IIeCTHAECATEPHUHble XpO6H.
Oun OniaM NO3NAHEE BHITECHEHH JECATHUHHIMA ApoGAME.
[Tocnennue BrepBble BBes BHJAKOILINHCA (AMAPKAHACKUN yye-
untft Tuscapnun [xemmun as-Kamu (14—15 seka). B Espone
llecATHYHBle 1pOOM OblaM BBeleHbl B NPAKTHKY rOJJIAHICKHM
KyOunoM U BoIaoluMmes uHxeHepoM-yuyednim Cumonom Cre-
suHoMm (1548—1620).

§ 32. Mponentol

lpoyermon (0T AaTHHCKOro pro cento-— ¢ COTHH) Ha36i-
saemcs comas yacms. 3annch 1%/, o3navaer 0,01; 270/, = 0,27;
1000/y=1I; 150°%/y=1,5 u . 1. ).

1°/o o1 3apnaatm o3nauaer 0,01 3apniate; BHOOIHATL BeCh
11aH—3HaYHT BuNoAHUTL 1000/, naana; Beinoanenne 1509/, naa-
Ha o3navaeT BuinogHenwe 1,5 maana w T, I

Yro6pt HafiTH mpoueHTHOe BuIpameHHe JAHHOTO YHCAA,
HY%HO YMHOXMTBL 3T0 uucao xa 100 {(uau, uTto 1O He, nepe-
HECTH B HeM 3aflaTyio uepe3 XBa 3HaKa BAPABO).

[1pumepu. [TponentHoe Buipakenne yucaa 2 ecte 2000/g;
yucaa 0,357 ectb 35,7%/y, uncaa 1,753 ectp 175,3%.

Uto6bl HaliTH YMCAO MO erc TNPOUEHTHOMY BhHIPANKEHHIO,
HYWHO pa3jeluTh ApoleHTHoe Bhipawenue Ha 100 (mam, uto
TO e, [ePeHeCTH 3anATyi0 yepe3 NBA 3HAKA BAEBO).

MMpumep bl 13,59/,=0,135; 2,30/,==0,023; 1450/3==1,45;
2/30/o = 0,49/ = 0,004.

1) O6osnauentie % fPOMSOWIQ OT MCKAKENUZ BJAMUCH ¢ (COKpaienne
caoBa cento),



§ 52. MIPOUEHTH ‘ 03

Tpu ocHoBHble 3ajaun Ha NPOUEHTH TAKOBHI:

3apavya 1. HaliTa yxasannblfi npoueHt narHoro 4mcia
(cp. 11, 24, npasuno 1). JlaHHoe UMCAO TIOMHOXAETCH HA YHCAO
NPOUEHTOB, pe3yabTar Aeaurca Ha 100 (Mam, uto TO *Ke, 3ams-
TaA NeDEHOCHTCA 4epe3 1Ba 3HaKa BaeBo)!),

[Tpumep. o naany cyrounas AoGuiua MIAXTH JOMKHA
paBHATbcA 2860 ToHHam yras. lllaxra npuusiaa 06sA3aTelbCTBO
Botmoanars 115%/, nnana. CKoabKO TOHH YyIjsA JOMKHA 1aTh
1IaxTa B CYTKM?

Pemenue,

1) 2860-115=2328 900. 2) 328 900 : 100 == 3289 m 2), .

3anaya 2. HaliTH yuclo Mo HaHHOH BellHYHHE yKa3aH-
Roro ero nponenta (cp. i, 24, npasuio 2). Jlannasn BearnynHa
JIeIUTCA Ha YKHCJIO NPOLEHTOB; Pe3yabTaT yMHoxkaercsa Ha 100
(T. e, 3anATaA MEPeHOCUTCA Yepe3 JBA 3HAKA BMPABO) 3).

[Tpumep. Bec caxaproro metka cocrasiser 12,59/, o1
Beca iiepepadoTanHol cBekaoBHIH. CKONBKO CBEKJIOBHILL TpE-
Oyerca nas marorosaenun 3000 y caxapHOro mecka?

Pewenmne, 1) 3000: 12,5=240, 2) 240. 100 =24 000 (g) %).

3asaua 3. Halith BeipakeHHe OJJHOI'0 4YHCJIA B MPOLEH-
Tax papyroro (cp. i, 23, npasuno 3). Ymnoxaem nepsoe unc1o
Ha 100, pesyabTar NeauM Ha BTOpPOE YHCJO.

.Mpumep L. Merox cropoctHoro o6kura KUpNHYa, npel-
noxeHHbit mactepom T1. A, JlyBaHoBBIM, 1103BOJNI €My YBeJH-
YUTh BHITYCK KMPITHYA C 0fiHOrO KyGHueckoro Merpa neun ¢ 1200
20 2300 wTyK. Ha CKo/ibKO NPOUEHTOB YBEAHUHAOCH NIPH ITOM
POU3BOJCTBO KHpOHUa?P

Pemenue, 1) 2300 — 1200 = 1100,

2) 1100.100 = 110 000, : .
3) 110 000 ; 1200 ~ 91,67, 4

IlponssoncTBo kupnuua yseauyngocs Ha 91,670/,

Mpumep 2. [To cemuaerdieMy naany no6oiua Hedtn B
CCCP nomkHa Getia cocrasuts B 1961 roay 161 man. m. Pak-
THueckas ke noGuiua cocrasmaa (66 man. m. Ha cxkoabxo
upoueHToB Obia Boimoaxed naad 1961 r. no jpo6bive HedTu?

Pemenue, 1) 166 . [00= 16600;

2) 16600: 161 == 103,1.

PakTHYecKoe KoauuecTBo A0GHITOH HedTtn B 1961 romy

cocrasaner 103,19, k 3anaaHUpOBaHHOMY KO/JIHUYECTBY.

td

. 1) Udbimm cpoBamy, RanHoe YMCAO DOMHOKAETCH HA ApoGb,  BHIPAWKAIO-
€1y yKa3agHutll NPOLEHT.

2) Onicansoe RefCTBUE PABHOCHAbHO Cljepyromemy: 2860.1,15=3289,

3) MubiMnt croBamu, JaHHaf BeJwuydHa ReduWTcH HA ApoSb, BhIpaNaOWYIO
yXa3aHHbl#l 1IPOUCHT,

4j Onucandoe aeficTsue papHOCUABHO caegyouieny: 3000 ¢ 0,125 == 24 000,
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3ameuvanuve 1, Bo Bcex Tpex 3alayaXx MOXHO MeHATH
HopaaoOK AeHCTBMH, HampuMep, B mnocilelHel 3alave Cia-
Yyajga BHIAOJHWTL JeNeHHe, a 3aTeM pe3yabTaT NMOMHOXHTbL
Ha 100.

3aMevanune 2, HmxenpuseneHnsl npumep npenocre-
pexeT uMTartens OT cieipylouleit vacto nexaemMod ommOxH,

ITycts Tpe6yeTca y3HaTh, CKONBKO CTOHA METDP TKAHH 110 CHHU-
WEeHUA 11eH, eCH N0C/e NOBHKEHUA NPOAaXHON UeHb Ha 159/,
3Ta TKaHb MpojaeTca no 12 py6. 3a merp. Muoraa naxoant 159/,
ot 12 py6., 1. e. nomuoxaior 12.0,15=1,8. 3atem cxaanu-
Batot 12+ 1,8=13,8 ¢ cuuramwr, uto ctapas ueHa 6mnaa 13,8 py6.
33 MeTp. JTO HEeBEPHO, TaK KaK MPOLEHT CHUXEHHA yCTaHaB-
AMBAETCA N0 OTHOUIEHWIO K NPeXHHM teHaM, a 1,8 py6. cocTan-
asetr or 13,8 py6. me 159/, a oxoxo 13, (cM. 3anauy 3},
[lpaBuabHOe pellleHHe TaKOBO: MNOCJe CHHXCHHA HeH CTOH-
MOCTh TKaHM cocTaBuaa 009/, — 150/p=85%, o1 upewnei
ueHol, [losroMy npexHana ueHa (cM. 3agayy 2) cocraBaana
12:0,85 = 14,12 py6. 3a merp.

3ameuyanne 3. [lpu Bcex BhIUMCAEHHAX C NPOUEHTAMH
Ha MpaKTHKe CIeAyeT Noab30BaThesi crocobamu TpubaHen-
HbIX BBIYHCAEHHH (CM, caenywouue naparpagsi).

§ 33. O upH6AHIKEHHBIX BBHIYHCACHHAX

Yucaa, ¢ KOTOPHIMH MBI ‘HMeeM JRel0 B XH3HH, GniBalOT
asyx ponos, OaHU B TOYHOCTH JAiOT HCTHHHYIO BEIHUYHHY,
Apyrue — 1oabKo npubausutenpHo. [lepsble HasbiBawT MoY-
HulMU, BTODble — npubauscenupismu, Yacto Mb co3HaTenbHO
GepeM npuOIHKEHHOE YUCITO BMECTO TOYHOrO, TaK Kak 110-
caciHee Ham He TpeGyercs. Bo MHOorux ke cayvasx TOuHOe
YHUCI0 HEBO3MOXKHO HAaHTH MO CyTH Hena. .

Mpumep [. B stoit kuure 424 crpanuun; yuciao 424 —
TOYHOe, .

[Ipumep 2. B mectuyroabhHuxe 9 nauarosanelt; yucjo
9 — tounoe.

Tpumep 3. lpomaBen B3BecHA Ha aBTOMATHUECKHX
pecax 50 2 macaa. Yucao 50 — npubanmenHoe, Tak Kak Becsl
HEUYBCTBHTENbHB K YBEAUYEHHIO HAM YMEHbUIEHHIO Beca
Ha 0,5 2. .

Mpumep 4 Paccrosnne or cr. Mocksa go cT. JleHun-
rpan Oxrsbpberoft w. 1. coctasaser 651 xu. Hucao 651 —
npubamxenHoe, Tak KaK, ¢ OLHOH CTOPOHbI, HAILN H3MEPUTEND-
Hble HMHCTPYMEHTHl HeTOUHB, C APyrofi e CTODOHM, CaMH
CTaHUMH UMEIOT HEKOTOpOE IPOTHKECHUE.
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PeayaptaT nmeHcTBHH ¢ NPHGIMMCHHBIMH YHCAAMH eCTh
toke npubamkenHoe uHcnao. [IpH 9TOM HeTOUYHHIMH MOTYT
OKa3aTbCg H Te UHPPH, KOTOPHE NOJYUeHH NeHCTBHAMH HaX
TOUHLIMH UMDpaMH JaHHBIX YHCEN.

[Mpumep 5. [Mepemnoxkaiotcs npubanmuennne ynucaa 60,2
n 80,1. WssecTHo, 4TO BCE BHINHCAHHBIE UUPPH BEPHH, TaK UTO
HCTHHHbIE BEIHYHHBI MOTYT OTJIHYAaThCS OT WPHOIHEEHHHX
JYIib COTHIMH, THCAYHBIMH H T. . JOAAMH. B npousseienuu
noayyaem 4822,02. 3xech MOryT GbITb HEBEDHBIMM HE TOAbKO
undpsl COTHIX B JeCATHX, HO ¥ nHppu exuyun. Ilycrs, Ha
HpHMeD, COMHOXHUTEAN noayydensl okpyraenues (11, 35) mounex
uypcen 60,25 n 80,14. Torma rounoe mnpoussenenne Oyrner
4828,435, Tak uto uudpa elHHHL B NPHOIUKEHHOM NPOH3Be-
nenun (2) orauyaercs or TouHoit umdppw (8) Ha 6 enmmun,

Teopus npu6GamxenHBIX BBIYHCIEHH# no3Boader: 1) 3uas
CTeIleHb TOYHOCTH MaHHbIX, OUEHHTH CTeNeHb TOYHOCTH pe3Yb-
TATOB ewe OO BLINOJHeHHA HRedcTBHH; 2) 6paTh jgaHHBle
¢ HajgaexameR crenelbio TOYHOCTH, TOCTaTOYHON, YTO6HW 0Gec-
meuuth Tpe6yeMyio TOYHOCTb DPe3yabTaTa, HO He CJAHIIKOM
Goabwol, yToOb #36aBATH BHIYMCINTENA OT 6ECNOIE3HBIX pac~
yeToB; 3) pauHoHaa#3HpoBaTh CaMbLI TNPOIECC BHIYUCASHUA,
0CBOGOIHB €r0 OT T€X BBIKJAJOK, KOTODHE HE OKaXyT BAHA-
HUA HA TouHne HUPPH Pe3yabTaTa,

§ 34. Cnoco6 3anHcH NMpUOAHNEHHBIX YHCEN

ITpu npH6AMMEHHNX BLIYHCIEHHAX OTAMYAIOT 3alMCh 2,4
ot 2,40, sanucs 0,02 or 0,0200 m 1. a. 3amuce 2,4 o3navaer,
YTO BePHH TOABKO LH(PH LENBIX M JAeCATBIX; HCTHHHOE e
3HayeHHe YHCHa MoxeT OuiTh, Hanpumep, 2,43 uam 2,38 (mpu
orépacbieanuy UKGPHL § NPOUCXOANT OKpPyriaeHne B CTOPOHY
yBeaHueHHa npemmectsylonielt et nudph; cM. crenyomuit na-
parpad). 3anucs 2,40 o3znayaer, uTO BEPHH U COTHIE JOJH;
HCTHHHOe 4YHcao MoxeT OuiTh 2,403 uiau 2,398, Ho He 2,421
u He 2,382.

To xe oTauuue NPOBOAWTCHA W ANM LeAmX wihcen, 3anuch
382 oanauaer, uTo Bce NHQPH BEPHHI, €CIH Ke 33 MOCACRHIOIO
nudpy pyuyaTtbCs Heab3d, TO YHCJAO OKPYIAAETCs, HO 3aMHCHI-
Baerca He B pune 380, a B Buge 38 . 10, 3anucs ke 380 ozna-
yaer, uro nociaeauns uudpa (0) sepna. Ecau B uucae 4720
BePHbl AUilb fepswie e WUdpH, ero HyXHO 3anHcaTh B BHie
47 - 10% sro uuMcno MOXHO Takxe 3anucate B Buie 4,7-10°
T X

SHedawumy qugpaiue HAILBAKTCA BCE pepHule uudpwn
asicha, KpoMe HyneH, cTosuidx Roepemd uymcaa. Hanpumep,
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B uucae 0,00385 rpu apdvamue undpu; B yucae 0,03085 vernipe
3navamue uuPps; B yucae 2500 — vernipe; B yucre 2,5 103 —
nse. UYucao 3Havammx 1upp HEKOTOPOro WYHCHAa HA3HBaETCA
€ro 3HaYHOCIMBIO.

§ 35. MpaBuiIa OKpyrieHHs

B npubamieHHbX BBIYHCACHUAX YacTO NPHXOIHTCH OKpY2~
ASmMb YHCIA KAK NpuGaHmeHHBle, TaK H TOUHblE, T. €. OTOpa-
CHIBATh OJIHY HIH HECKOJLKO Hocaeauux undp. Yrobu obecne-
yuTh HauboNbIYI0 GAM30CTH OKPYTIEHHOrO YHUCAA K OKpyrise-
MOMY, COOJIONAIOTCA CAelyIollHe MpaBHiIa,

Mpasuao 1. Ecan nepsas u3 or6pachiBaeMbiX LGP
6ombuie YeM 5, TO moCHemHAA W3 COXPaHAEMHX UHDD ycuau-
saemes, T. €. YBENMUMBAaeTCAd Ha eIMHHLY. YcCHIeHHe COBep-
niaeTcA M ,TOriAa, Korla mepBad H3 OTGpaceiBaeMbX nHOP
paBHa 5, a 32 Hel ecTb OJIHa MAM HECKONbKO 3HaYamHx uudp.
(O cayyae, Korna 3a or6pachiBaeMoOH naTepkod Hetr uHdp,
CM. HMXe, TmpaBuao 3.)

Npumep 1. Oxpyrasa uucao 27,874 no Tpex 3Hayamux
uudp, numem 27,9. Tperba nudpa 8 ycuaesa jgo 9, Tak Kak
nepsas orGpachiBaeMas uudpa 7 Goapine yem 5. Yucao 27,9
6amke K JaHHOMY, yeM HEYCHJIEHHOe OKpyIiaeHHoe yucao 27,8,

Mpumep 2. Oxpyraasa uucao 36,251 no mepsoro pecs-
THYHOro 3Haka, nuimem 36,3. Lludpa necatnx 2 ycuxena mo 3,
TaKk Kak mepBada or6paceiBaemas uudpa paeHa S, a 3a Helt
ecTb 3Havawas pudpa 1. Uncao 36,3 6amke Kk maHHOMY (XOTH
‘¥ HEe3HAUHTeNbHO), YyeM HeycHIeHHoe uduciao 36,2,

I[Ipasumao 2. Ecan nepsas u3 or6paceiBaeMbix LUdD
MCHBbIIE YeM 5, TO YCHJIEHHA He JeJaercs.

Mpumep 3. Okpyrass uncao 27,48 no epunun, nuntem 27,
310 yucao GaMie K TaHHOMY, ueM 28,

Mpasuno 3, Ecau or6pacuiBaercs uupa 5, a 3a Heit Het
3Hayawux nudp, 10 OKPyriaeHue NPOU3BOAUTCH Ha@ Oaudcali-
wee 4emnoe YHCIO, T. €. OCAEHAS CoXpaHsdemas nudpa ocra-
BAAETCA HEM3MEHHOH, eCAM OHa veTHadA, ¥ YCUIUBAeTCH, €Clu
ona nevernas. Iloyemy npHMeHsercs 3TO NPaBHIO, CKa3aHO
HiKe (CM. 3aMedanue),

MMpumep 4 Oxpyrasa uncno 0,0465 no Tperbero gecs-
THYHOTO 3HaKa, nuumem 0,046, Ycunenua He fenaeM, Tak Kak
fiocaenHAs coxpanseMas unippa 6 — vernan, Yucao 0,046 cronn
we 61M3Ko K IaHHOMY, Kak 0,047,

NMpumep 5 Oxpyrass yucao 0,935 go sroporo jaecs-
TUYHOro 3HaKka, numem 0,94. [Tocaeanss coxpansemas nugppa 3
yCHAUBAETCA, TaK Kak OHAa HeueTHas.
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Mpumep 6. Oxpyrass uucina

6,527; 0,456; 2,193; 1,450; 0,950; 4,851; 0,850; 0,05
S0 NEepBOro ACCATHYHOIO 3HaKa, HOJydaeM:

6,5 0,5 2,2; 1,4; 1,0; 4,9; 0,8; 0,0,

daMmeuanune. Ilpumensas npasnio 3 K OKpyracHHio of-
HOTO UYHCAd, MBl HC YBEIMUHBACM TOUYHOCTH OKPYrJACHUsA (CM.
upusepst 4 8 5). Ho mpu MHorouucncudsX OKPYriacHHAX H3-
SpiTounble yHcaa GyRyT BCTpevaThes IIPUMEPHO CTCAb 3Ke
4acTo, KaK HeRocTaTouHple, B3auMHas KOMICHCAUMWA Morpell-
Hoctelt obecileynt HAHGOABUIYIO TOUHOCTb PE3yabTaTa.

[TpaBuao 3 MOMHO WU3MCHUTH W [IPUMEHATh BCErla OKPYyr-
nenie Ha 6amkaiiniee nevernoe yncao. TouHocTh Gyler Ta Ke,
HO UeTHBIC NHEPbI- ynoOHee, yeM HEUCTHBHIE,

§ 36. AGConOTHAsE U OTHOCHTENbHAasi MOTPEIHOCTD

Abcoaomaoit  noepewHocmsio UIM, KODPOUE, ROZPEUIHO-
¢mpto NPUGIMKCHHOIO UMCIA HA3bIBACTCA DPA3HOCTh MEWAY
3TUM UKHCAOM W €0 TOUHBIM 3paveHuem (w3 GoJbUIero uHCAA
BLIYHTAETCA Menbliee) ).

Mpumep 1. Ha npenupuarun 1284 paSouux m cayxa-
mux. [lpun oxpyraeHud storo uucaa go 1300 abconorHas
florpeniHoctTs coctasiaser 1300 — 1284 = 16, [lpu okpyriedun
1o 1280 abcomorHas NOrpentHocTh cocrapaseT 1284 — 1280 =4,

OmuocumenbHoll nozpewinocineio NpubMNKeHHOro  yHcna
Hazolpaerca oTHowenue (11, 48) abcomoTHON MOrpeIHOCTH NPH-
6 eHHOrO YHCAZ K CaAMOMY STOMY YHCAY.

ITpuwmep 2. Buxoae 197 yuamuxcs, OxpyraseM 370 YHCAO
Ko 200, AGcomioTHad NOCpemIHOCTb cocrapaster 200 — 197 =3,
OrnocuTeabHaA MOrpelHoCTb PaBHA TST HiH, OKPYIJIEHHO,

3
=5 = 15%e.

B GonbIIMHCTBE CayuaeB HeBO3MOXHO y3HATbh TOYHOE 3HaA-
genne MPUOAMMEHHOrO YUCHa, a 3HAYMT, U TOUHYIO BCIUUUHY
norpetinoctd. OIHAaKO MOYTH BCErHa MOXHO YCTaHOBHTb, UTO
HOrpemHoCTh (a6CoaI0THAA HAH OTHOCHTeJLHasg) He npesoc-
X0j4MT HEKOTOPOrO uHcaa.

Tpumep 3. [lponasen B3semnsaer aply3 Ha yalEUHLIX
secax., B HaGope rupb HaumeHpwaa — S50 2. BsasewuBanue

1) Mnaye rosops, ecid @ ecTb (PHOMIKENHOC 4HCAO, 4 X — €r0 Tou-
#oe 3uadeHne, 1O aGCOMOTHAA TNOCPeHOCTh ecTh afCOMOTHOE 3HAuEHHe
{111, 5) pasocTn @ — x, B HekoTOpuIX PYKOBOACTEaX alcoMOTHGH norpeur-
HOCTLIO HA3BIBAETCH CaMa Pa3HOCTh @ — X (M9 PA3HOCTh X — a), DT Beau-
QU MOWCT GbITh 10JOWHTEABHON WAN OTPHIATEABLHOM,
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aano 3600 2. 31o uucao — npubamennoe. Tounnil Bec ap6y3sa
nenssecren. o a6coaoTnas norpenHocTs He npesbuiaer 50 2.

(o) . - 50 { 40
THOCHTE/AbHAA NOIPEHIHOCTb HE IIPEBOCXOAUT 5600 = 1+¢ /o.

Yncao, 3aBeAoMo NpeBbiMIAOLICe a6COMOTHYIO HOIPEHIHOCTD
(14 B XyRUIeM cayyae paBHOe eft), Ha3blBaeTCs npedenstoil
abconromuol nozpewnocmso. Yuciao, 3aBef1oMO NpeBbIIAIO-
mee OTHOCHTEeAbHYIO MOFPeIlHOCTb (MAH B XyAUIeM cayyae
paBHOe efl), Ha3blBACTCA MNPeDenbHOL OMHOCUMeAbHOU no-
2peUnOCNGIo.

B npumepe 3 3a npejgeabHyo aGCONOTHYIO HOTrPEUIHOCTH
MoxHO B3aTh 50 2, a 32 npelerbHYI0 OTHOCHTEIbHYIO HOrpei-
HocTb — [,49/4,

BeanunHa npenesbHOH fIOTPCUIHOCTY He SBJISCTCA BHOJHE
onpefencunoit. Tak, B mpuMepe 3 MOXHO NPHHAThL 3a fipejean-
Hyw abcomoruypo norpemHocts 100 g, 150 2 u Boobume Beaxoe
uncao, 6oabiee yem 50 2, Ha npakrtike 6epercs Mo BO3IMOK-
HOCTH MeHblliee 3HayeHHe IMpeleibHONH MorpemHoctn. B 1ex
cayuasx, KOrsa M3BecTHa TOYHAA BEJIMYHHA MOTPELiHOCTH, 3Ta
BeJHYHHA CAVKHAT OIHOBPEMEHHO MpejcibHOH NOrpeIiHocThio.

Jas Kaxkaoro npuGIMKEHHOrO uHcaa. JOMKHA ObiTh ©3-
BECTHA €r0 fpeleabHasd NOrpelHoctb (a6coaoTHan HIH OTHO-
cuteabHas), Korna oHa upsMo He yKka3aHa, Nojipa3yMeBaeTcs,
4TO npeAciabHad a6CoJI0THAA MOrPEMIHOCTb COCTABAACT MOJMO-
BHHY eJHHHLbI NOCAeJHEero BblMUCaHHOro paspana. Tak, ecam
npuseneHo npubamennoe uMcao 4,78 6e3 ykasaHHa npeiedb-
HO{l MOrpeuIHoCTH, TO NoApa3yMeBaeTcs, 4TO npejeabHas abco-
JI0THas norpeltsocts coctasaser 0,005, Bcaexcrsue 3storo
coraalleHua BCerjia MOXHo 00oHTHCh Ge3 yKazaHua npepeab-
HOMl MOrpelHoCTd 4YHCA3, OKpyriaeHHoro no mnpasuaaM § 35.

[Tpeneabnas abcoaoTHas MOrpellHocTh o0o3Hayaerca rpe-
veckolt 6ykBoil A («Iesnbra»); mpeienbHAA OTHOCHTEIbHAad No-
rpeuIHocTb — rpeveckoit 6yksod 3 («menabta Manass). Ecau
npubamxeHHoe 4Hcao o6o3Hauuth OykBOH @, TO

MMpumep 4. [runa xapangama u3MepeHd Jauuefixoft
C MHJANMMETPOBLIMA JeaeduaMH. MaMepenue mokasano 17,9 cm.
Kakosa mpegxesibHas OTHOCHTEIbHAA MOrPEMIHOCTh 3TOrO M3Me-
peHua?

3rech a=17,9 cx; MoxHo npuHate A=0,1 cM, Tak Kak
¢ TOUHOCTbIO X0 | mmM M3MepHTH KapaHAIl HeTPYIHO, a 3Ha-
UNTEAbHO YMEHbLUIMTL NMPE)eJbHYI0 [OTPEIHOCTb He yRacTca
(NpH HapsiKe MOWHO (pPoYecTh Ha xopoutelt anuefike u 0,92
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n naxe 0,01 cx, HO y camoro kapaHnauma pe6pa MOryT pase

HHTbLCA Ha 60ablYy0 BeauuuHy). OTHOCHTeNbHAA NOrPeuiHOCTh
0,1 0,

pasHa g . Oxpyrass, naxoanm b == -z 2<0,6%,.

Mpumep 5 Uuaunapuuecknit nopiienp uMeeT OKOAQ
35 mm B puamerpe. C Kakol TOYHOCTBIO HYKHO €r0 H3MEPHUTH
MHKDOMETDPOM, YTOOb! NIpeie1bHas OTHOCUTEALHASA HOTPEIHOCTD
cocrasastia 0,050/4?

Pemweunue, [loycaosuio, fipeneabHan OTHOCUTEAbHAA (10~
rpelrHocts gomkHa cocrabaatbk 0,050/, or 35 iwm, Caenosa-
TeabHo (§ 32, n. 1), npejpeabHas abCcoNIOTHAA NOrPEIIHOCTD

paBHa 35;8(')05 =0,0175 (mnm) uauy, ycuausas, 0,02 (mm).

. a
Moxiio socnoassosatees dopmynol =_—. loacrasaan

B Hee a==35, 8=0,0005 umeenm 0,0005:;5. 3uauur,
A=235.0,0005==0,0175 (an).

§ 37. MpeaBapuTeNbHOE OKPYTJACHHE NPU CHOKEHHH
H BLIYHTAHHH

Ecau ne Bce faHHbie yucaa 3aKaHYUBAIOTCA HA OHOM H TOM
e pa3pale, TO N0 BbUIOJAHEHHA CHONEHUA HIU BLIUKTAHUA
caeayeT MPOU3BECTH okpyriacHue. MMeHHO, HY¥HO yrepXaTh
JHUIb T¢ pa3palbl, KOTOPHIE BEPHb ¥ BCex crnaraeMblx. OcTaib-
Hile oT0packLiBaOTCa Kak 6ecnogesnbie, [1pu neboabiom yucae
C1araeMoix Bce iHgpbl. CyMMbl, KPoMe nocaeaneil, 6yiyT BepHEL,
{locaennsn Moxer OblTh He BIOAHE TOYHON., ITY HETOUHOCTHL
MOMHO CBECTH K MUHHMYMY, €CAHM Y4eCTb BIMAHHE UHDp Ciae-
JyIouero paspana (3anacxole yugpol).

[Tpumep 1. Hatitu cymmy 25,3 + 0,442 4 2,741,

He oxpyrass cnaraembix, nonyuum 28,483, llocnennue nse
uudpn Gecnogesdsl, Tak KAK B MEPBOM ClaraeMoM BO3MOYN(Ha
HETOYHOCTb B HECKOJbKO coThiX. OKPYraAa CYMMY KO TOUHBIX
uudp (1. e. no Zecarmx noJeit), noxyvaem 28,5. Ecau npous-
BelleM OKDYraeHHe 1O TOYHLIX UH(D NPeNBAPHTENbHO, TO Hail~
nem Ges mumnero Tpyaa 253 + 0,4 4 2,7=284. Lndpa necs-
ThiX flonyunaach Ha | meHbite, Ecan e yuecTs M LUdPh COTHIX,
noayuum 253+ 0,44 4 2,74 =28,48, T. e. okpyraeuHo 28,5,
Linbpa 5 nanewHee, uem 4, X0TA He HCKJIIOUEHA BOIMOWKHOCTbD,
4TO BepHas uudpa — uMeHHO 41!).

1) Ecay npeanofioxurs, 4ro 1epBOe CAaraeMoe ecTh OKpyraeHue uucaa
25,26, To cymma ¢ TounocTuto 1o 0,01 cocraraana 6w 28,44, T c. okpyrienso
25,4, Lean we 25,3 ecTb okpyracune wicaa 20,27 wan 25,28 u T, 4., To nocae
OKpyraemnlin cyMma cocrasint 28,5,
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[Mpu yueTe 3anmacHuIX uu(p BblUHCIEHHE PACNONATAETCH, KAK
noKasaio Ha cxeMe (3anacHwic Qb OTACACHbI yeproit).
Cxema:
25,3

04] 4
+27

28.5

Mpumep 2. Haittu cymmy 52,861 40,2563 8,1 57,354
-+ 0,0087.

Bes yuera 3anmagHeix uugp (coxpanseM TOABKO OKpYIJICH-
Hble 1HQPH HeCATHIX; CM. NpaBHaa okpyrieHus, § 35) noay-
vaem 118,7. C yueroM 3awacuwix uudp noayuaem 1186,
B nocaejneM peayabtarte u@pa IecHTHIX MOXKET OKa3aThCa He-
BEPHOIT BCJICACTBHE HETOYHOCTH TPETHLEIO C1aTaeMOro; BMecTo 6
MOMCT CTOATL O (CCHl TPeThC CJaracMoe ecTh OKpyraenue
yucaa §,06). Ho uudpa 6 ropaa’no HajexHee '), Bo Bcakom
cayvae, unppa 7 He MoxcT ObITh BepHoil. Yuer 3anacupx nugp
laeT yjayyiuenue, HO He3HauHteabHoe. CxeMa creBa 1OKa3bl-
BAeT CI0XeHHe 6e3 yueTa 3anacHbIX LHP, CupaBa — C yYETOM:

52,9 528) 6

0.3 02| 6
+ 81 L8

574 57,3 5

118,7 0011
18,6

§ 38. [TorpemHoCTb CYyMMBI ¥ Pa3HOCTH

TIpedeasnas abCOAIOMHAS  NOZPEWIHOCID CYMMbL PaASHA
cyMmme npedessHolx abCORIONHBX nopewnocmel omoessHox
CAQRACMBLX.

ITpumep 1. CknagsiBaorcs npubamkenHsle uuciaa 265
u 32. Ilyctb npefenbHas HOrPelIHOCTD NEPROrO ecTh 5, & BTO-
poro 1. Toraa npegeasHas NOrpellHOCTh CYMMbl paBhHa & -
-+ 1=6. Tak, ecau WCTHHHOe 3HayeHue MepBoro ecrn 270,
a sroporo 33, to npubaumkennaa cymma (265 4 32=297) ua
6 menpire ucruHHOl (270 4 33 == 303).

IMpuwmerp 2. Hatitu cymmy npubamxenunx yncen 0,0909 4~
-0, 08'33—{—0 0769+0 0714 40,0667 -}-0,0625 4-0,0588 - 0,0556 -4-

0,052

1) Cm. npeuayulyto CHOCKY.
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Cacxenue paer 0,6187. [Tpeneabhas 1orpetiHocTb Kakioro
caaracmoro 0,00005; npeneabHas norpeHoctb cymMmb 0,00005 %
x 9 =0,00045, 3uauur, B n0cjelHeM (UETBEPTOM) 3HAKE CYMMBb
BO3MOWHA owNbKa o 5 eaunuil. [lostoMy okpyrasieM cymmy
A0 Tperbero 3Haka, T. €. A0 ThicsunnX. [loayuaem 0,619; 3nech
BCC 3HAKU BCPHbIC.

3amedanue. [Tpn3nauntesbHoM yucie craraeMbix o6uly-
HO IPOHCXOAMT B3aUMHas KOMICHCALWA AOrpeltnocTed; no-
3TOMY HCTHHHAH HOCPEIIHOCTh CYMMbl JHIIb B HCKIOYHTEIb-
HBX  CAVHYAHX COBNANAeT ¢ IPCHCAbHON MOrPeHIHOCTBIO HIH
6'1”31(3 k ueit. Hackoabko peakyt 3TH ciyvad, BUAHO H3 1HpH-
mepa 2, rae v Hac 9 caaraemblx. VicTHHHAas BeauuuHa Kaw-
AOrO U3 HHX MOXET OTAMYaThCs B 1ATOM 3HAKE OT B3ATOrO
upubamkendoro 3Hauenus na l, 2, 3, 4 uanm naxe na 5 epu-
L B TV ¥ B Jpyryio cropony. Hanpuwvep, nepsoe caaraemoe
mower OplTh 60ablIe CBOErO HCTUHHOIO 3HAUCHUA Ha 4 edu-
HHBL OATOCO  3HAKA, BTOPOC -- A  jiBe, TpeThe — MEHblIe
HCTHHHOTO Ha ofuy cannuny u 7. A [logcuer nokassipaer,
Y10 YHCIO0 BCEX BO3MOWKHBIX CAyuaes pacilpejiencius norperi-
HOCTCH coCTaBasieT OKONO OFHOrO MHaaHapia. Meway Ttem
JWIUL B JIBYX CJAYYanx I1OFPEHIHOCTL CYMMbl MOMXET JOCTH-
riyTh upepeabHolt norpemnoctn  0,00045; sto npousoiinet:
1) Kora WCTHHHaA BeJIHUHHA KaXWI0ro caaraemoro 6oabile
npubmnxenHol va 0,00005 u 2) Korxa HCTHUHHAA BETMYHHA KaXK-
ROro cnaraeMoro Mesbiuie npubamkernoit na 0,00005. 3uaunr,
€ayyaH, KOr4a IOrPellHoCTb CYMMbl COBIAfaeT ¢ NpeneabHOH,
cocTapanioT Toabko 0,00000020/, BceX BO3MOMHBIX CAYUYaesB.

NlaabHCHIIMI [OCYCT TOKa3blBACT, YTO CIYyuaH, KOrAa Ho-
CPEMIHOCTL CYMMbl JICBATH CJIaracMblX MOMCT MpPeBbLICHTb TPH
CJMHHILLE 1I0CIC/ero 3HaKa, Towe oueHb penxkd. OHU cocTas-
puot b 0,079/, M3 uMcaa Bcex BO3MOXHbIX. [lBe eauHuUbI
HOCACHCTO 3HAKA HOPCHIHOCTD MOKET {IPEBLICHTh B 29/, BCex
BU3MOMCHBLIX CAVUACB, 4 OJHY eJUHHILY — UPUMEPHO B 259/,
B ocraabHblx 75%/p Ca1yuacs [OrPCIiHOCTL HCBATH CAAraeMEIX
e HPCBBINACT OfHON CINHUIL HOCJeAHEero 3Haka.

[ Tpumep 3. Cyuran caaraembie uUpuMepa 2 TOUHBIMH
YHCAAMH '), OKPYIIMM HMX 0 ThICAYHBIX # caoxuM. [Ipeneas-
Hasl TIOrPeIHOCTE CyMMbl Oyxer 9-0,0005=0,0045. Mexny
TEM HMeen:

0,091 -+ 0,083 4 0,077 + 0,071 -+ 0,067 -+ 0,062 -
+ 0,059 +- 0,056 -} 0,053 = 0,619,
1 1 1

— 1
1) 31u caaraempie voaydeus ofpaineHieM ooﬁcn 55 TR
) oy pam Zpobed i+ 3+ T3 v g

B NCCHTHMILIC € TO'IHOCTDLIO R0 YeTBCPTOro 3Haka, Uurare b nycrb BO3bMET
Ipyrue nayran B3uTuIC ulicaa.
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1. e, upubagmennas CYMMa OTJIHYACTCA OT HCTHHHCI N
0,0003, 1. e. Ha TpeTh CAMHKILI HOCAEANCTO 3HAKa NPHO.THKEH-
HbX udcen. Bce Tpn 3HaKa pUOIMKEHHON CYyMMbl BEPHbI, XOTH
TeopeTHuecKH HocaelHAs uugpa moraa Guith rpy6o HeBepHOIl.

[TpoussereM B HAWHMX CcAaraeMbix OKpYyrieHHe 10 COThIX.
Tenepb npeieabHaa NOCPeIIHOCTb CcyMMmbl Oyier 9.0,005 =
=0,045. Mexay rem uoayuum 0,09 -} 0,08 4- 0,08 4 0,07 -
-+ 0,07 -+ 0,06 40,06 -} 0,06 +- 0,05 =0,62. WcTunnas norpens-
HocTb cocTaBaseT toabko 0,0013, 1. e, 8~l CAMHHUUL nocaen-
Hero 3Haxa NpHOIMMKEHHBIX uHCced,

Flpedeasnan abconomran no2pewnocnty pasHoclt pasna
cyMMe npedebHbxX aBCOMIOmMNHLY noZpedtHocmed yMeHbuLae-
MO20 U BbIHUMAEMOZO.

Mpumep 4. [lycTe npepesnbHana norpemnocts npu6au-
MEHHOrO yMeHbllaemoro 85 pasHa 2, a npejpeabHas norpen-
HocTb BblyutaeMmoro 32 pasua 3. [IpejftenbHas nOrPeiHOCTD
passoctn 85 —32=>53 ectb 2 4-3=25. B camom feae, UCTHH-
Hble 3HAYEHHA YMEHbMIAEMOI0 H BbIUMTACMOIO MOTYT pas-
aatbea 854 2=87 n 32 —3 =29 Toraa wcTunnas pasnocTb
ectb 87 —29==58. Oua Ha 5 oranuaerca OT NPHOIHKEHHOI
pasHocTH 53.

[peneabHyi0 OTHOCHTEIbLHYIO fIOCPEIIHOCTb CYMMbI M pa3-
HOCTH JIETKO HafiTy, BHIUKCANB CHAYANY UPEACIbHYIO abcoalot-
Hylo norpeunocts (§ 36).

[Ipedenvras OmMHOCUMEADNAS NOZPELIHOCIL CYAMbL  (HO
He pasHocTH!) excum MexcOy HaumeHswen i Hauboabulei
U3 OMHOCUMEAbHBIX nozpewrocmedi cagzaemuix. Ecan see
claraeMble HMEIOT OHY M Ty ke (Mau NMPUMEPHO OJHY W TY
}e) NMpeleibHYI0 OTHOCHTEIbHYIO MOIPEUHOCTh, TO H CYMMA
uMeeT Ty ke (HIH NPUMEPHO TY e) INMpeJeabHY0 OTHOCH-
TeABHYIO norpeiHocTb. MHbBIMU clOBAMM, B 3TOM caAyyae TOu-
HOCTh CYMMbl (B NPOLEHTHOM BbIPaXEHHH) HC YCTyNaeT TOu-
HOCTH caaraeMmbiX. [IpH 3HauuTesNbHOM Xe UYHCHe claraeMmbix
CyMMa, KaK NPaBHIO, ropas3jo TOYHee cJaaraeMmblx (mo npi-
uuHe, 0GHACHEHHON B 3aMeuaHuyl K upumepy 2),

[Ipumep 5. B kawmiaom craraemom cymMnl 24,4 -} 25,2 -
~+-24,7=174,3 npegenbHas OTHOCHTEJbHas MOrPeUIHOCTL TIPHU-
MepHO ofHa # Ta Xe, uMenxo 0,05:25=0,20/,. Takosa xe
OHA W 1ad cymMMbl. 3nechb mpejlenbHass abconloTHas Norpel-
#ocTb paBHa 0,15, a otHocureanHas 0,15:74,3=0,15:75 =
= 0,20/,

B npoTHBONONOKHOCTL CYMMe pa3HOCHb NPUOAUNCOHHbL.X
Hucen Moxcem ObiMb MeHee NOYHOLU, HeM YMEHLUUEMOE [t
ruyumaemoe. «IloTeps TOUHOCTH» OCOBCHHO BeAHKa B TOM
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cayuae, Koria yMeHbUacMoe H BLIUYHTACMOC MAJIO OTINYAI0TCH
JIpYr or upyra.

MTpumep 6 Mamepenue BHemHero n BHYTpeHHCro iHa-
MeTpa TOHKOCTEHHOI TpYOKu naro jas nepsoro 28,7 vy,
a aas sroporo 28,3 ata. BLIUMCAHB 110 3THM LanHBIM TOMIMHY
CTEHKH, Haliiem %-(28,7 — 28,3) = 0,2 (). [Mpencavian ot-
HOCUTENbHAA NOrPeLIHOCTL yMeHbitaemoro (28,7) u Buiudrac-
moro (28,3) omna u 1a we: 8 =0,29/," [Ipeneasuas ornocu-
TeAbHas NorpeutHocTb pasHoct 0,4 (a Takxe ce noaosuin 0,2)
cocrasaser 250/,

Bsuay ykasanHoro ¢axra caeiayer BCCria, KO 3T0 BO3-
MOWKHO, u36e2anb BLLHUCACHUN UCKOMOU BeAUHUHBL ¢ NO-
Mousro sudumenun 6ausxkux qucea. Cp. U, 26, napumep 9.

.§ 39. NorpemnocTb REpou3dseneHus

lIpedensvras  omuocumensnass nozpewnocmy npoussede-
HUSL NPUBAUNCERHO PABHA CYMME NPe0eAbHbLX OIMHOCUmIE b-
nux nozpewnocmeil comroxncumeaneii. (O TOUHOH BEIUUYHHC
upejeabHON NOrpPCINHOCTH CM. 3aMeuanue K upumepy [.)

Hpumep L. Tlyctb HepemHOXAWOTCH MPUOAMIKCHHBIE YIIC-
aa 50 u 20 ¥ nycTh NpeLenbHas OTHOCHTENLHAA NOTPEIHOCTD
nepporo comHoxkutreaa ecto 0,4%,, a sroporo 0,5, Toraa
npejeabHas OTHOCHTENbHAfl MOTPEIHOCTL NPOH3BEdeHHs S0 X
X 20=1000 npubauxenHo pasua0,9%, B cavom geae, npe-
ICcAbHAs a6COMIOTHAN OTPEIHOCTD HEPBOIO COMHOKHTCIS €CTh
50.0,004 =0,2, a sroporo 20-0,005=0,1. [Tosromy uctinuan
BeJAMYHHA IPOU3BENCHHA He Goablie dem (50-+0,2) (20-4-0,1)=
=1009,02 v He wMenbine yem (50 —0,2) (20 —0,1) =991,02.
Ecan uctunnas BeawuyuHa npoussenenusn ects 1009,02, ro no-
rpeuiHocTh lipousseaeHus pasHa [009,02 — 1000 =9,02, a ccau
991,02, To norpeuHocTb Npou3sescHia pasua 1000 -— 991,02 =
= 8,98. PaccMorpeHubie IBa cayuas — caMble HeGnaronpusat-
Hble. 3HAYHT, HPEICTbHAA aGCONOTHAR TOPCIMHOCTL NpPoU3Be-
genun ectb 9,02, TlpeseanHas oTHOCHTEAbHAH MOrPEIHOCTh
pasta 9,02: 1000 =10,9020/,, 1. ¢. upubamxenno 0,99/,.

3aMeuanuc. OO003HAYUM (IPEIEABHYIO OTHOCHTENLIYIO
[OrpetIHoCTL pon3selcHus GyKBof B, a upefeabHyl oTHO-
CUTEAbHYIO [OUPEIHOCTL COMHOKUTeRelt — Gyksamu By u By
(8 npumepe | 3, =0,004; 3, =0,005; 3 = 0,00902)

Haute npasuao (aaf ABYX COMHOXUTCIeil) 3auuiLeTCs Tak:

3 ==d, + 2.
Tounoe we Bbpskenne 8 Gyxer
A==y A By + BBy,
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T. €. IPCUEALHAs OTHOCHTEAbHAsSI fIOTPCUIHOCTL [IPOHIBCICHUA
Bcerna 6oabule, UCM CYMMa HPCHEIbHBIX OTMOCHTCALHBIX 110-
rpewHocTell coMHONKITeacll; OHa NpeBbIAeT 3ITY CYMMY Ha
NPCH3BCACHHE OTHOCHTCABHBIX HOTPEMHOCTCH COMHOXHTCICH,
Jro npeppiirerne 06LIUHO TaK HEBEAHNKO, YTO CFO HE LPH-
XOAHTCH YuuThiBaTh. B ycaopuax upumepa | umeem d =
= 0,004 -+ 0,005 4+ 0,004 . 0,005 = 0,00902. [Tpepbluenue 31cch
cocrasasier 000902—0009—000002 T. €. okoao 0,29, or
APHGIAK ROl BeTWUHHE TPeIeabHOI OTHOCHTE ALHON HOrpeL-
HOCTH. JTO TIPEBBIICHUE CTOMb HE3HAYHTEALHO, UTO €ro Het
CMbICA YUHTHIBATH.

Mpumep 2. [lycte nepemuowaworca npubmnkeinsie
qucaa 53,2 u 250. Ilpencabnas aGCcon0THas fOrPENIHOCTD
KaWAOro ecTob 005 Mostomy 8y =0,05:53,2=0,0009; 8, =
—.:0,05:25,0:0,002. [Ipeieasnan OTHOCHTEALHANA TOFpEi-
HOCTL upoussefenusa 53,2 - 25,0 == 1330 nmpuGainkenno pasua
0,0009 + 0,0020 = 0,0028. Beauunna  3;5, == 0,0009 - 0,002 =
= 0,0000018 cToanp Mmaga; 4TO YUHTBIBATL €¢ HCT CMbICTA,
[Ipcaeavnan abcomoTHAN NOIPCIIHOCTL NpouBelicHus 1330
pasna 133000029 =4, tak uro uocaennas undpa npousne-
JdeHust (Hyab) MOxkeT OblTh HeBepHOIL.

[Ipracp 3. Hafttu o6bem koMHAaTH MO TaHHBIM H3MEpe-
mita: mauna 4,57 ar, wivpuna 3,37 #, Beicota 3,18 a (npeneis-
nole abcoaotubie sorpemuoctn 0,005 ). [lepeMHOkan naH-
Hble WHCHA, HAXOLMM, UTO ofbem cocrasaser 48,974862 u®.
Ho 3xecy auwb ade umppbx 6e3yCJI0BHO BCPHBI, YK€ B TPCTh-
eft ungppe mower 6uTh meBoanuias porpemHocts. Jlefict-
BUTEIbHO, IPCACTbHLIC OTHOCHTEIbHAhIC TOIPEUIHOCTH COMHO-
wuredaefl pasubl: 8, = 0,005:4,57 == 0,0011; 8, =10,005:3,37 ==
==0,0015; 8, =0,005: 3,18 == 0,0016. [Ipenenbnas OTHOCUTEIDb~
Hast NOrPeIHOCTL NPOH3BeNCHUs ecTh d==0,001] 4- 0,0015 -
+ 0,0016 = 0,0042, T[lIpeneabnan abCoOTOTHAA NOCPCIIHOCTD
iipousscaerns A ==49,0.0,0042 = 0,21. [Tostomy yxe Tpetni
3Haualan NHGPa npousseaeHda HCHANCIKHA, 3HAUUT, HYKHO
cyuTath, yTo oGbheM KoMmuaTh cocrabiader 49,0 ad.

§ 40. Moncuer TOYHLIX 3HAKOB NPH YMHOMEHHH

IlorpetHocTh NPOH3BCIACHIH MOXHO OHEHHTh Hpoule (HO
3aro rpy6ee), uem no cunocoby § 39. Ira ouenka ccHosaua
Hd caejyiowleM upasgic:

[Tycts nepesmnoxaorca jaga npuGImKeHHbIX YHCA3 H NYCTh
Kawjioe uMeeT no % 3navawux nudp. Torna (8 — I)-n nugpa
upousseleHds Ge3ycaosno Bepra, a k-1 nudpa MokeT ObiTh
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ne snoane towoil. Opnako NOrpeNBoCTL NPOU3BCIEMIN He
NPEBOCXOANT DYy clnHml k- UB)py 1 JHIIL B HCKJIIOYH-
TeAbHBbIX Cayuanx Ganaka k stoMy npegeay. Ecauxe nepsble
G pe.compoxuTencit B npoussedeniyu naior uucao, Goasuee
JecATH (C YUCTOM BJIMAHHA CACAYIOU(HX 1kp Han 6e3 sroro
ydeTa), 70 MOrPelIHOCTL NPOU3BCACIIHA He NPEBBIIACT ORHOM
euRHLR k-it 1udphr,

Mpumep 1. Tlepemuoxum mnpubamxesnsie uucaa 2,45
n 1,22, uMmeomue kaxioc no TpH 3nayauiux uudppst. B npo-
nssexenuy 29590 ncepsnie aBe uUgGpbl GesyCIOBHO BCPHbL
Tpetba undpa Moxer GulTh He Bunoade toudoil. Ipu paunbix
BeJNIIYLHAX COMHOMUTedell npefeabHas abco0THAR norpel-
HOCTh [IPOM3BCACHHH (ee MOXHO HalitH, Kak B npumepe |
§ 39) cocraiaser 1,8 enunuus Tpetbedt nudps (1. e, 0,0018);
HCTHHHAA NOCPEIOCTh, KAk Mpasuao, OyieT eile MeHbuie,
[Tostomy rtpethio Mudpy CICAYCT YACDPKATH;, YETBCPTYIO 3HC
uudpy Her cMbicaa coxpauath. Okpyraas, usmeem 2,43 X
X 1,22 ==2,99.

[Tpuwnep 2. Hepemnowust npubaitkenunie yncaa 46,5 X
X 2,82, B upomssexenun 131,130 nepsuie ase nugpui 6e3-
yeaosHo BepHel. Tak xax mnepsole uundps comuomuresei
€ VUCTOM BIUSHHMA CICAYIOUMX UHQD Ha0T B NPOU3BCICHHUH
13 (nepsbie pse ungpy uncra 131,180), to porpemnocts npo-
usBeneHus 6e3yCIOBHO He NPEBOCXOIUT eIuHHUbL, B ganHoM
cryuae npejcabHada abCoMIOTHAA NOIPCUIHOCTL NPOU3BeAeHHA
cocragaser toabko 0,37, HCTUHHAA EE NOrPElIHOCTb, KaK
uparuao, Oyrer cme mexsuwe, [losToMy TpeThio HUGPY HYKHO
viepwatb. Herseprywo ke undpy (He BHOJHE TOYHYIO) HMeCT
CMDICA YAEePKHBATL (B KAUCCTBE 3aNacHOi) JHUib B TOM Cay-
yae, KOrua Hax NpoM3BeleHHCM HYMHO BBIIONHATD: 1aabHEH-
mHe neficTBHsL

[Ipu nepemHoWenuu Tpex, YeTblpex M T. A. NPUOAMKEH-
HLIX Yiced NPCACALHAs HOrPellHocTh 11PONOPIHOHAIBHO BO3-
pacraer (T, e. YyBEIHUHBACTCH MO CPABHCHUIO C BbIHIEYKa3aH-
Hofl 8 noaropa, ABa u T. A pasa). Ho B momasaswomeM 60.1b-
IUMHCTRE CayyaeB HCTHHHAA [MOTPENIHOCTb NPH HeGOoAbLIIOM
wncae comHoxuteaeft ocraeTcs B TeX We FPaHULAX (BCaeA-
CIBME KOMUCHCaUHMH norpeunocteii; cp. § 38).

MpakTduecKHC BHBOIBL

1. Ecar mepeMHOXaOTCA NPUOTIDKCHEBIE HHCIA C ONXHUM
I TCM e KOJUUCCTBOM 3HAUAIUX Hudp, TO B NPOU3BERCHHUN
caciyeT ylIepxaTb CTOILKO e 3unayamupx uudp. Hocaeanan
U3 yacpwaunex qudp Gyier ye BUOIHC HajekHa,
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2. Ecan HCKOTOpLIC coMDBOKNTEan numcor Goablue 3Haya-
mux undp, uem apyrue, To cule 10 ymuoXcHis caenye® uep-
Bble OKPYIAHWTh, COXPAaHUB B HHX CTOALKO UH(P, CKOIbKO
HMEET HAanMCHEE TOWHBII COMHOXHTEAb, WM cule oaHy (B Ka-
yecTse 3anacHoft). daabneitiune umbpbl yilepwHBate 6ecno-
ne3HO.

3. Ecan 1peGyertcs, urtobul apousseiienue  JIBYX UHCed
HMeno 3apanee JAHHOE YHCAO BUOJHC BalewHblXx uudp, 1o
B KawaAOM M3 COMHOWHTenel uyucao Tounslx nupp (Haiinen-
HbIX M3MEPeHHEM HIY BLIYUCICHHEM) JOMKHO OblThb Ha caM-
Uy Goabmwe. Ecan xoauuectso comHowurteaci 6oabiue ABYX
h MEHbIC JeCATH, TO B KAXIOM M3 COMHOXHTeNcH uucio
TOUHBIX UMD JIA 10THOH rapauTuy AOMKHO ObiTb HA 1Be
eauHunbL  Ooablie, ueMm TpebyeMmoe uucro TOUHMX UMD,
ITpaktuyeckyn e BHOJAHE NOCTATOUHO B3ATL JHIUb OAHY JMII-
HioI0 1Udpy.

Uro6b MpoBepUTHL 3TH BLIBOAL, PAaCCMOTPUM NpuMe], Fje
Hanepel H3BeCTHbl TOYHbiEe 3HAUEHHH NEPeMHOKACMBIX DPH-
GAHKEHHBIX YHCEeL.

Mpumep 3. O6parum npousseachie
to1 1 1

1
371137 3008
B pecATHunyYo Apo6b. B3ss 4 3uavauge UHGPH, FOTYUHM
0,0003330. I1ycTb Tenepb HaM H3BECTHB TOALKO NPHOAHKEH-
Hbie 3HaUeHUa COMHOXHTeeil:
1

t . R . _ N
5=033333; 5 =0,14286; 7=0,0009; ;=0,07692"),

¥ tpebyercst HalTH HPOU3BEACHHE C ABYMA 3HAYAULHMH UHD-
pamu. [as noaHoit rapaHTUd Mbl ROMKHL B3ATh BCE COMHO=~
WHTENH € YeTbIpbMA 3HaYaUUMU UH(PaMK, T. €, NePeMHOXHUTb

0,3333 - 0,1429 - 0,09091 - 0,07692.
1) Haxonum 0,3333 - 0,1429 = 0,04762857.

Y pepwuran uyetvipe 3navawuc nugps, noayuaem 0,04763.
2) Buimoansem cnexymouice yMHOXKCHHC:

0,04763 - 0,0909 = 0,0043300433.

3) Yuepwusan uervipe 3Hauamue uudpet ?) ¥ BHOOJHAA
nocnenHee YMHOXKEHHE, HAXOLUM:

0,004330 - 0,07692 == 0,0003331.

1) Ydratemo pegoMenayerca B3itb awoluie IPYrie coMuomiuTemmy,
2) 3aeck A0CTaTOUHO G110 Gbl yAep:KaTbh no Tpu 3uatatave dpst,
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Jse nepsuic 3payamie undpu O6e3ycioBHO TIPAaBHIbHbL,
Tax 4TO McKoMoe uucao ectyh 0,00033. 3a noiHvio TOYHOCThH
TpeTheit 3navameil nudpu 3apaHce Heab3a HopyunThes. Ho
oHAa oOKa3biBaercA BepHefl. YerBeprad 3navamas uugpa ue
BIIOJHE TOYHA, HO OmnOKa Lc NpepbillaeT elHHHLb COOTBET-
CTBYIolllero paspsia.

Ecnn Bectn Hawe suluucaeliie Ha TpH 3HAKA, TO Heab3s
3apaHee fmopyuuthca 3a Bropyio uudpy. OJHako HA caMoM
neae naxe tpeThs uudpa Oyner BepHa. Vmenuo:

1) 0,333.0,143=10,047619;

2) 0,0476- 0,0909 = 0,00432684;

3) 0,00433 - 0,0769 = 0,000333.

Ecan Bectn pbluncieHne Ha J1pa 3H3Ka, TO B NPOU3BEICHUN
uoayuurca 0.00032, 1. e. ownbra cocrarur 1,3 eaunuusl Bro-
poro 3Haxa,

§ Al. CoxpamenHoe yMHOMEHHE

[Mpumensisi npaBuna YMHOXEHUss TOYHBIX UYHCEN K YHCiaMm
npUGIHMEHHLIM, Mbl HCDAaUHOHAJBHO TPAaTHM BpeMs M TPyl
HA BbYMCIeHHEe TeX WHEP, KOTopble 3aTeM HYKHO OTKHHYTD.
BhIYHCIUTEAbHBIH MPOLECC MOXHO PAUMOHANH3HPOBATH, €Ciy
PYKOBOLCTBOBATHCA CHEAYIOUIHMH NPaBHIAMMU:

1) YMHOMEHHMC HAUMHAOT HE C HU3IIMX Pa3PALOB MHOMKH-
TeJd, @ C BHICHINX; NPH  YMHOXEHHUH MHOMHKMOIO HAa HAaMBbIC-
wuit Pa3pRil MHOXKHUTENs! YMHOKEHHE BhINOJIHACTCA NOIHOCTHIO;

2) mepej YMHOWEHHEM HA CHefyOWuil Paspal MHOWUTEIs
B MHOMHMMOM BBHIYEPKHBAETCA NocCaenHAs Ludpa, yMHOWeHHC
NpPOU3BOJMTCA HA YKOPOUEHHOE MHOKHMOE, HO K pedylbTary
nprGaBiaseTcas OKPYIICHHOE TIPOU3BC/LEHUE B3ATOrO - pa3psila
MHOXHTEA Hd OTOPOINEHHYI0 UHPDPY MHOMMMOILO;

3) mepel yMHOMeHHeM Ha ‘Tpetmit (OoT Hauaja) paspai
MHOXUTeNs 3aU€PKUBAETCA eule onHa LUPpPa MHOKHMOIO
{BTOpas OT KOHNA), YMHOXKEHUE NPOH3BOAUTCA HA OCTAIOLHECH
uHdpel MHONKHTEA, IIPH 3TOM YUHTLIBAETCA BIHRHHE TOALKO
4TO OTGpOIIeHHOR UMDPH W T. 1)

4) nonyuaemble APOH3BERCHUR PACNONAraOTCaA TaK, Ytobui
APYr TIOJ APYrOM PacnonaraauChb BCe Hu3uide paspaibi

5) nan onpencaeHuss Mecta 3anATOH B IIPOU3BENCHHH Cy-
LLeCTBYIOT 0coOble 1IpaBuiaa, HO INPAKTUYHEE BCEro OCHOBbI-
B4TLCA Ha rpy6oit npeaBapUTCAbHOH OLEHKE BeAHUiHbl 11pO-
nsseiennd. PekoMennyetca Bo n3BexaHue oNMBOK 3auepiu-
BATh Yie HCNOAL3OBAHHYIO MDY MHOMKHTETS.

Mpumep 1. Tlepemuomuts  npnfankennse  umcaa
6,7428 - 23,25, ¥Ypasuusacy uucao snauanuix midp: 8 UCPBOM
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COMHOXKNTene orGpachBacyM undpy 8, s3amensst NPEHLIAYILVIO
undpy 2 tpoiikoil. BoiyHcageM no upusoanMoil cxeme B cie-
aywouleM lopAlke:

danuce: 1) He o6paulas BHUMAHHA HZ 3aMsThIE,

6.743 MHOXKHNM 6743 na 2, pesyabrar 13 486 sbii-

X 53,95 CLiBaeM LOJHOCTLIO; YMHOXeHHEe NpPOU3BO-

13456 AMTCHA, KaK oO6biuHo, HauvHag ¢ 2 X 3=©6

+ 2023 (3Ta mIecTepKa HOAMUCHLIBAETCA fION HU3ILHMA
133 paspsnaMi coMHOXHTeeil);

P 2) 3a4epKUBAEM HCNOAL3OBAHHYIO LHbPY

136,78 MHOXHTEIA 2 M NOCJeAHII0 UHDPY MHOKH-
MOro 3; YMHOMaeM cAeldyloumyo undpy MHOXHTEIA 3 HA VKO-
pouenHoe MHOXHMoe 674, npegBapure’abHO YUTs, YTO 3auepK-
nyras nudppa 3 gara 6t B mpoussefenun 3-3=9; Mo3ToMy
K npoussefleHHI0 npubasaserca 1 (¢ camoro xe Havaza YMHO-
wenua 3-4=12; 12 4 1 =18; 3 3anucano; | yzepxato B yme).
Huswmuit paspai npoussenciys (3) 3aMUCHIBACTCS U0 HU3LIHM
PA3PSAOM TPeXBAYUIEro Npousseaenus (6);

3) sayepkHBadg -BTOPYIO oOT Hayaina uudpy muomuters i
BTOPYIO OT KOHUA UM(PY MHO¥HMOro, MHOKHM TPCTLIO LUPDY
MIIOKUTEIA 2 Ha YKOPOUEeHHOe MHOWHMOe 67; mpellBapHTeaLHO
3aMCYAEM, YTO OT YMHOWEHHsA 3TOH uubPH MiO¥uTeId Ha
TOABKO YTO OTGPOIIEHHYIO LHGPY MHOXUMOrO 1H0AYUHIN Ont 8,
TaKk yT0 K MPOH3BeNeHHIO npubasiasem I;

4) nHakoHel, 3aYePKHYB emle 2 B MHOXMUTedle B 7 B MHO-
WUMOM, YMHOWAEM O Ha 6, NpeipapHrcabHO 3aMETHB, UTO
5. 7=23), Tak uTo K npoussejlenuio 5 -6 =30 npubapisem
yersepky (ayvule, ueM TPOHKY, TaK KaK YMHOXATh HYMHO
66110 661 HC TOABKO Ha uUpPy 7, HO M Ha CAEAYIOULHE 32 HEH
oT6ponienHsie HGPLI);

5) BCce noayuyeHHbe NPOH3BENEHHA CKIaablBaeM, [10AYYaeM
15678.

Uro6bl Bui6paTh MCCTO 3anaToll, rpy6o OKPYriseM COMHO-
wHTEa, 6¢pA BMECTO HepBOro, HanpuMmep, 6, BMecTo BTOpOro
20. UckoMoe nponsBencHue rpy6o pasuserca 120, 1. e, ucuas
YacTh HALIErO pe3yabTaTa ABAACTCA TPEX3HAUHLIM UHCIAOM;
CICHOBATEALHO, B HAIUEM PE3YAbTATE HYKHO OTACAWTL 3aMs-
Toft fiepshle TpH OHDpPHL, T. e. Hy¥HO B3aTh 156,78, a He
15,678 n ne 1567,8. B sToM peayantare BEpHBEI TOALKO [IePBbie
vetmpe undpu. locaennowo ungpy (koropast mowmer cojep-
®aTh OIIUOKY A0 TPEX eAMHHL) HCNOAb3yeM Iid OKPYTACHHA
pesyvabrata i moayyacm 156,8,

[Mpumep 2. 674,3-232,5, YMHOMCHIIC NpOH3BOIHM, Kay
B upeablayureM npumepe. Iloayuns 15678, Bhi6upaem mecrto
sawiroft. I'pyBoe vamowenue aaer 600-200= 120000, 1. e.
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1ecTH3HayHoe yuciao, Tak Kak uenas YacTh HalIero pesyib-
‘TaTa JIOMKHA CONEPMAaTh IMecTh 1ndp, a noayyeHHOE HAMH
yyucao 15678 copepwur math wudp, T0 NPHNKCHBAEM K 3TOMY
YMHCAY CNPaBa HYdb; MECTO 3aATOH BHIXOAMT 33 NpeNedn] Bhi-
NHCAHHBIX MU}, T..C. Pe3yIbTaT HAlIero YMHOXEHHA Bhipa-
waerca ueawiM uxcioM 156 780, Tak kak mocaennsas uudgpa
(Hyab) 3aBeloMO HeBepHa; nnNIeM pesyapTat B Buie 15678.10
unn 1568 - 10® (cm. 11, 34).

§ 42, Jenenne MpPHGIHMEHHBIX YHCeN

Mpasuuno 1. Ilpedessnas omHOcumessnas nozpeul-
HOCHMb HACMHO20 NPUOAUNCEHHO DABHA CYMME NPeOesbHbLX
OMAOCUMENbHOX — HOZpewHoCHeld  0eAuM020 u Oeaumenst
(cp. § 39).

[Ipumep 1. INpn6amxernoe vucio 50,0 xeaurca Ha npu-
Gamwennoe yucno 20,0. Ilpeneasnan norpemiocTs NeaUMOro
4 jpeanteasn 0,05, Torna HpCI[O.’IbHaH OTHOCHTEAbHAA MOrpel-

0,0
fIOCTb [eNHMOI'0 eCTb 500—0 IO/o,anpeneanaﬂ OTHOCHUTENbHANA

IOTPEIHOCTh AedUTeds €CTb 20—0_0250/0. [IpencapHas or-

HocuTeabHas norpeuHocts yactioro 50,0 : 20,0 = 2,50 ponixna
€OCTaBAATh NpubausKtesbHo 0,1/, —{—0200/0_0350/0.

JeficTBHTEABHO, HUCTHHHAR BeAHYMHA YacTHOro He Goamwlre,
ueMm (500+000) (20,0 — 0,05) =2,50877, n He MeHble, e
(50,0 — 0,03) : (20,0 4+ 0,05) = 2,49127, Ecuau ucrunHOE 3HAye~
HHe uacrtHoro ectb 2,50877, 10 abCoNOTHAA HOrPEUIHOCTH
coCTaBJaser 2,50877—2,50:0,00877. Ecaw we nucTHHHOE 3HA-
yenne ectb 2,49127, to aGcoaloTHAsd NOCPEIIHOCTD COCTABUT
2,60 —2,49127 ==0,00873. PaccMoTpeHHEIe Cay4ad —- caMbie
HeGnaronpuATHble. 3HAYHT, MpeleibHAs OTHOCHTeAbHas -[o-
rpemHocTh coctasader 0,00877:2,50 =0,00351, 1. e. npubau~
wenHo 0,350/,

3ameuvanne. Toynan BeauyuHa npejgeabHoH# OTHOCH-
TeJLHOH [IOrPEMHOCTH BCErfa NpPeBLINAET NPUOIHKEHHYIO,
BblYHC/AeHHYIO 110 npasuay 1. [Iponenr npesuiiueHys npuMepHO
paBeH fipeleJbHOH OTHOCUTEABHOH MOrPEmIHOCTH JeauTes.
B naweM npumepe npessimeHue coctrasaser 0,00001, gro
cocrasasier 0,29%/, or 0,0035. Ilpexeabnas we oTHOCHTeNbHAA
1orpeIHocTb geauténsa pasHa 0,25%/,.

MMpumep 2. Haliru npepenpnyo abconwrryo norpei-
HocTh yactHoro 2,81:0,57

Pemenue, ﬂpeﬂeubnan OTHOCHUTEIbHAA HOrPELIHOCTh
nexnnoro ects 0,005: 2,31 =0,20/; mesurena 0,0005: 0,571 =
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= 0,10/ wyactHoro 0,20/, 4- 0,19/ = 0,3%/,. llpcaeannan aGco-
A0THAA UOPPEIMHOCTD UACTHOro npubainkeHHo paBHa 0—%‘—[— X
X 0,003 =0,015, 3uauur, B uvacruon 2,81:0,571 =492 ywe
TpeThba 3Hayawas uudpa HeHajzewHa.

boaee npocras, Ho 3ato 6oaee rpyGasd olleHKA TOYHOCTR
YaCTHOrO OCHOBaHAd Ha 1oAcueTe TOuHmMX undp (cp. § 40).
Bor 37a oueHKa:

MMpasuao 2. [lycms deaumoe u deaumens usewimt
Kaxdoe no k 3ratauux gudp. Tozda abcoromuas no-
2peWHOCMb  HACMHO20 8 XyOuiem caydae 6auske k 1,05
edunuyv (kR — 1)-20 3Haxa (3TOr0 3HaueHHs OHa HUKOTrIa
He JOCTHrAeT).

Kak Buaum, npeaeabHas 1OrpemHocTh YacTHOrO TeOpeTH-
ueckH BABOC 60abLIe NPCAeAbHOH NOTPeuiHocTH 1pou3seie-
nus (§ 40). OxHako Ha camom geae HOTPeMHOCTb YACTHOTO
NPEBOCXOANT O eAHuuIL B-fi undpsl JULL B HCKIOUHTENbHBIX
cayvanx (oaun pa3 u3 teicauu). [loatomy 8. wacmuom cae-
dyem Opame cMmoOabKO JHce 3HAYAILILY 14ug’7p, CHOABKO UX
umerom Qeausoe u geauniens.

Ecan we oano U3 nannwix vicea (Zeaumoe WaH deauTelib)
umeer OGoabuie 3Havainx undp, ueM japyroe, 10 craelayer
O0T6POCHTL BCE JHINHME UMGPH UIW COXPAHATH TONBKO Hep-
BYIO M3 HHX (B KauecTBe 3allacHoIl),

Ecan tpebyerca, urolbi yacTHOE HMENO 3apaHee RaHHoe
HUCAO BePHLIX UMQP, TO B IENUMOM H IeluTele HYKHO HMETb
Ha 00Ky 3HaHawYIo qudpy Gossiue,

§ 43. CoupamenHoe nejexne

Bo usfexanne u3AHMIHHX BLIKAAAOK fedeHUe NPHOMMWCH-
HbIX UHCed MOXHO BHINOJHATH CACARYIOWMHM 06pasom:

1) He obpawasn BHUMaHHs Ha NOJOXCHHC 3aNATHIX, NOAY-
uaem 1epBYI0 UHQPY uYaCTHOro TaK e, KaK [IpH AeJCHUM
neawix uucea. Ecan snavampe nugpsl gesumoro o6pasyior
uucno, Goabiiee, yeMm 3Havampe nudpu Aeantenn (06a uucna
paccMarpuBaOTCA KaK edbie), TO nNepsas ungpa YacTHOro
VMHOMAETCH Ha BeChb MeanTeab. B npoTusHOM ciyuae B fenu-
Tene 3auepKUBaEM HOCAENHIOI HHPPY M YMHOKAEM HA YKO-
pOveHHHIH fenuTedb, HO B pe3ysbraTe yuuibiBaeM BaMsHUE
orbpouwtentoil nngpo. Tak, ecanm jgeaum 2262 Ha 7646, To
nepsan uudpa uactHoro 2(22:7=3 c oCcTaTKOM, HO 3 He
roputcst, Gepewm 2). Oua ymuowaerca Ha 764, & pesyabTarty
npubasasercs | (3ro — neppan undpa nporssesenns 2-6 = 12).
D70 jeaaeTcs cpasy NpPH YMHOMKCHHME Ha LOCHeIHICID uudpy
YKOPOMCHHOTO ACaHTENS,
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2) Pe3ayabTaT YMHOXeHHA 1epBoi LU(pPH YacTHOro Ha
-JeJdHTeab (WAH HA YKODOYEHHHI! AenHTeab) 3alUCbiBaeM MO
JeHMBIM — HH3WINH pa3paj 1o HU3WHM M Tak fpajice. 3artem
HAXOJHM OCTaTOX.

3) Bmecro toro 4to6nl K OCTaTKy CHOCHTb HYJIb, YKOpa-
yHBaeM LeauTeNb, 3aYCPKHBAA B HeM MocleHiow nudpy (ecau
YKOPOYEHHE YKe AeJNanoCh, TO Tenepb NPOM3BOAHM OTOpachl-
Bahye nocaeipdeli u3 octasmnxcs uugp). llogobpas BTOpPYIO
1nAdpy YaCTHOro, YMHOMNAEM €€ HAa YKOPOUEHHbIH JdeAHTelb,
YUHTBIBas BAHAHHE TOJIbKO YTO OTOPOIEHHOH ULUGPLI.

4) lloanuckwiBaeM pes3yiabTaT YMHOXEHUA [ON MepPBbIM
OCTATKOM — HM3IIMI paspsax noj Hu3muM M T. A, Haxonum
BTOPO# OCTaTOK.

3) BmecTo cHeCeHHA HyId YKopaumBaem ACIMTEIb ellle Ha
ofHyY uudpy U T. A

6) IMoayuus vacTHOe, onpexeaseM MCECTO 3alATOH HO Ipy-
ol npeiBapuTEdbHON OLEHKE.

MTpumep 1. 58,83:9,658.

3anuche: 1) Tak kak 5883 membme 9658, 710 ¢

5383 CAMOT0 Hayaja 3ayepkusBaeM NOCAERAHION

—57'9% 9,658 nugpy neaurens 8. Ilepsas nugpa vacrHoro 6.

e 6,092 [lomuoxaem 3Ty uuppy Ha 965, yuutniBas,

— 8 yro OTOpOINeHHAas Hudpa HacT S elUHHL
—3 (6.8=48; 8 or6pacmBaeM, 4 oKpyrasem
T2 1o 5).

2) IlpousBenenne 5795 nounucHBaeM HOX
JIeNUMbIM — paspal nox paspagoM. Ocrartox 88,

3) 3avepkuBaeM BTOPYIO C KOHUA nudpy neanrteas 35,
YxopoueHHbIH geauteab 6 HE CONEPWHTCA HH DA3y B JAefH-
MoM 88; cTaBMM B YACTHOM HYJb !); HHKaKOro YMHOXEHHs NMpo-
H3BOJMTDL He HYKHO.

4) Her nHysZabl HaXOAHTL U BTOPOH OCTaToK.

5) 3avepkuBaeM ecme oaHy nudpy neaureas 6. Yxopo-
yeHHBH JeauTenabr 9 comepxkurcs B OCTarKe HeBaTh pa3. [lo-
3TOMYy TpeTba HHdpa yacTHoro 9. YMHOXad Ea YKOPOUCHHHIH
NeAuTedb ¢ YYeTOM BJAHAHUA 3auyepKHYTOH uUuppsl, nmeem 86,
Ocrarox 2. Ha stom neficteue ne 3axanuympaercs. «Or6pac-
Basi» HOCTEAHION OCTaBUIylocA HUGPY, HO YUHTBIBAA ce BAMA-
HHe Ha pe3yabTaT, Mbl HAXOJAHM B YacTHOM etle uuppy 2
(2-9=18; 8 or6pacniBaerca u | okpyraserca no 2). [Tpoue
BCErO MONYYUTb NOCAEIHIO UHDPY, CHeCA MbICAEHHO HYIb
K TocaeqHeMy OCTatky 2; moaydaem 20:9==2,

1} O6pauiaro ocofoe BlMMaHHe N2 3TOT MOMCHT; HACrO XelaT rpyGyio
ombky: He (03a60IMBUINCG MNOCTABHTL HYJAb, TOJONATCE Or0pachBaTh
caexyiomyio uubpy Reaaread.
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6) Mecto sanaTtoli onpexeaserca 5o rpyGoMy HOLcCYeTy.
B ieauMoM # JlenuTenae ocTaBiaseM TOABKO 11€Able YaCTH; SICHO,
uyro 58:9 =6, 1. e, HeAad YACTb YACTHOTO €CThb YHCAO O(HO-
snaynoe. Iloatomy pesyabtar pasen 6,092, a He 60,92 u ne
6092 n Tak jmanee:
Bce uugpsl pesyabrara BepHEH,
MNpumep 2. 95,10:0,3216.
3anuce:
%810 1y 9810 Goubue wem 3216. Iepsyio nudpy
- 9. 03216 yacTtHoro 3 MHOWHUM Ha 3216, [oavuaem 9648.
T 305,0 2) Ocrarox 162, 3) 3auepxupaeM ocaeHO0
— 16l nudpy seaurens 6. YKopoueHHB Jeantean
— 321-He COePKUTCA B OCTaTKe HH OJIHOI'O pasa;
BTOpas uudpa pesyaprara — Hyiab, 4 — ) 3a-
yepKHBaeM eile ofHy HHpy neautens 1; ocratok 162 meautcs
Ha yYXOpOueHHBIH peautenp 32; vperbs uudpa wuacTHoro 3.
YMHOWan ee Ha 32 W YUNTHIBAA BAMAHKRe OTOpoMIenHOl nudpsl
jlenutens, nonyvaeMm 161, BuluutacM us ocratka. [Tonyuaem 1.
3avepkusaes undpy 2 B jeaurene. YKopoueHHn#t nenurean 3
HM pa3y He comepxuTIca B ocTatke 1, Iloatomy nociepussa
nudppa yacTHOro — Hyab., 6) 3anATyio cTaBUM HA OCHOBE Ipy-
Goro. oxpyraeHus IAHHBIX uuncen: Geps 100 Bmecro 98,10 u
0,3 Bmecto 0,3216, BumuM, uyro 100:0,3=:300, T. e. uenan
YacTh YacTHOrO TpeXsHayHa. 3HAYHMT, yacTHOe ecTh 305,0,

§ 44. BoaBeienne B CTeneéHb M H3BledeHHe KBaJPATHOTO
KOpHH H3 IlpHﬁJIH)KeHHle yHcea

Bo3sejieride B (1enY10) CTelleHb €CTh MOBTOPHOE YMHOME-
HHe, U TOTOMY K HEMY OTHOCHTCH BCe ckasauHoe B §§ 40—41.
[lpu BO3BefeHUM B HeGOABIUYIO CTENEHb pe3yabTar HMeeT
CTONBKO e BePHHX UHDD, CKOJBKO B3IATOE YHCIO, HIH CO-
Zepxut HeGoapliylo omHOKY B rociaeineMm sHake. Ecaum we
CTeNeHb BCAMKA, TO HAKOMIeHUEe HeGOoMbIIMX OMHGOK MOXKET
OTPa3UTBCK M Ha NHMdPax BHCLIETO Pa3pAia.

Ipu uspjeyeHUH KODHA 060N CTemeHM pe3yibTal HMeeT
o MeHbplIlel Mepe CTONLKO e BePHBIX UH(P, .CKOJIbKO HX
6bl10 ‘B moAKopeHHOM uHcae, Tak, u3BiaeKas KBajgparHbiit
KopeHb M3 npubmmaennoro uypcaa 40,00, MOXHO WOAyYHTDL

yerwpe BepHble nudpn (J 40,00 = 6,324) 1).

1) Bcau noas3oBaThes CnocoSom W3BIedenus KBaIPATHOIO KOPHS, 0GLIYHO
1¥3yYdeMBIM B LIKOJE, TO, YTOOBI NOJAYYNTh B peayanrare 5,324, Haxo nox-
KOopeHHoe 4YHCI0 npelcTaBuTs B Buxe 40,000000, T, e, npuancaTe K HeMy Ye-
Toipe HyAs cupaBa. [lpunucannuie Hyau GyAyT Hegeprumu uudipamiu, HO
COOTBETCTBYOIME UG Pe3ybTaTa BepHbl. Pe3ynbTAT OCTAHETCH TeM e,
€CAH BMECTO YeThipeX HyAeH AONMUCATH YcTuIpe NPOM3BOJALHO R3nTLIe UHpLL.
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Crnoco6 usBreueHHA KBAjJPaTHOrO KOPHA, o6bIUHO H3y4ya-
eMHlli B HIKONE, TPOMO3IOK M TPYAHO 3aNOMHHAETCHA, 3 Teope-
THYecKoe ero 06OCHOBaHME NAs GOJbUIMHCTBA  yYaULHXCK
ocraerca HelocTynmHbIM. Huxe npuBomaurcs npocToff M JIcrko
3anoMuHaeMblfl cnocob M3BaeYeHUs KBaAPAaTHOrO KOpHs (C JI0-
60it TpeOyeMoit CTeleHbIO TOUHOCTH). IJTOT CIOCOG OliMCaH
npesHerpeyeckuM yuennM [eponom npumepro 2000  ger
Hazag ). Tor we cnoco6 MOWHO NpPUMEHHUTb M 1A U3BJICYe-
11 Kopia TpeTheil (M Gonee BbICOKOH) cremeHd (cM. HIDKe
§ 44a).

Mpasuio HsBleYeHHs: KBagparHoro KopH#a. Yrobw us-
BacYb KBAZPATHHIA KOpeHb, OepeM «Ha raas» nepsoe npubru-
WeHHe M NMOCTyNaeM Tak:

1) Jdeaum WOOKOPEHHOC HYHMCIO HA TMepBoe NPHGaMMeHHe
KOPHS; €CA¥ OKa}eTCH, YTO NOAYYCHHOe YacTHOe DPa3HHUTICA OT
iepsoro MpUGINKEHHA Ha BCAKUYMHY, He MPEBLILIAOWIYIO XO-
{IyCTUMOR TIOTPCIIHOCTH, TO KOPCHb H3BIEYCH.

2) B npotuBHOM Clyuae HaXOZUM cpejHec apHpMmeTHye-
cxoe (II, 45) neautens m yactHoro. JT0 cpenHee apubMeTH-
yeckoe jaeT 3HauHTelbHO Ooiee TOYHOe 3HayeHme (BTOpoOE
npubamxcnne) kopus. Hpu ckoapko-uubyns ymexsom Buibope
mepBoro npubaMmkeHHs BTopoe mpubammeHde paer 3 BepHble
1udpel, a 0o6blYHO He MeHee 4 BepHbX nupp. Boobme B Kam-
JOM HOBOM NPHUGIMKEHUH YHCAO BEpPHBIX UHQpP yABauBaercs
110 CPABHEHHIO € NIPENbIXYUIHM.

3) IonsepraeM BTOpoe NpubaumKeHde TAKOMY ¥e HCNbITa-
HHIO, KAK flepBOe, T. €. JeAuM HOAKOpeHHOe YHCIO Ha BTO-
poe npnGnumeHue Ecin 65 okasanocb, YTO TOYHOCTb pe-
3yabTaTa HeJOCTATOYHA, TO HaXOJHMM TpeThbe npHOAMKeHuC
TeM Ke CrocobOoM, KaKMM Halag BTOpOe, M T. X.

3amevanue L. Manoxenuoit criocob «He Gourcs omiu-
60K>: OH aBTOMATHUYECKH HCIPABIALT apudMETHYECKYIO OHG-
Ky, ecTi TakoBas IONYWIEHA Ha Npepbiaylles 3Tane. Eud-
CTBEHHbIM BPEINHbIM TOCHAEACTBHEM OyXeT 3aMelieHHEe Bbi-
KJIaAKH.

Opumep 1. ¥ 40,00. ITogkopeHHOE YUCAO HMELT YETHIPE
BepHble HMHOPL; BHYHCAATL Gogee yeThpeX LHGD KOPHA HeT

cmbicaa. Hatimem uernipe uudpsl. .

3a uepBoe npHOIHKEHHE HafO NPHHATL Kakoe-HUOYIL
yuCcao0, 3aKkIloueHHoe Mexny 6 w 7 (tax kak 6°==36 MeHbIue
110JKOPEHHOTO Yucaa, a 72 =49 — 6oupiic). B 3TUX rpaHunax
MOXHO B3aTb 11000€ YHCIO, HO eCAH XOTHUM COKOHOMUTH Jaib-

1) Tepon noibaosanca MPOCTLIMM 1POGAMU; Mbl, KOHewHo, GyAeM NOAb-
30BaThCH ReCATHUHBIMH APOGAMH,
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Hefmu# TPyA, TO HAXO B3ATh KdKoe-TO YHUCIO, MEHBIUIEE YeM
6,5 (Tak KaKk nOAKOpeHHOE YMCIO 3HAYHTEAbHO Gamume k 6%,
yeM K 7%). BospbMeM, HanmpuMep, 6,4 1), latee mocrymaeM Tak:

I) Oennm nonkopennoe uncao 40,00 Ha nepsoe npubau-
wenne 6,4. loayyaem 40,00:6,4=6,25. Yxe B0 BTOpPOIt NHPPpE
yactHoe 6,25 pasunurcs ot peaumoro 6,4. Tounocrs pesyan-
Tara HejOCTaTOYHA,

2) B xadecrBe BTOpOro npnbaumenus GepeM cpelHee
apugmernueckoe peanmoro 6,40 u wacrnoro 6,25, Iloayvaem
(6,40 + 6,25) : 2=6,325. Mo*kHO 0XHAaTh, UTO B 3TOM BTO-
poM npHGIMMEHHH BepHbl ecid He BCE YeThipe, TO TepBble
TpU NUOPHI.

3) Jlas xourpons pexaum noaxopennoe uucao 40,00 na BT1O-
poe npubmnkenne 6,325 (aoBous neaeHue O ueTBEPTOM
undpot): 40,00 : 6,325~ 6,324. Tloayuennoe uactHoe 6,324 pas-
HUTCA 0T AeauTens 6,325 AumMlb Ha eXHHULY YeTBEPTOro 3HaKa.
Ortciona caenyef, 410 .KopeHb (c TpebyeMOof cTeneHbio TOY-
HOCTH) Hnajnen.

HekcTsuTensHo, ecay BO3BecTH uMcio 6,324 B kBajapar,
T. €. [IOMHOMHNTb ero Hd 6,324, To NOAYUHM UHCIO, MeHbIlee
yem npoussenenue 6,324 6,325, xoropoe (nNpHGIMKEHHO) CO-
crapaser 40,00. Eciau xe Bo3BectH B KBagpar uucno 6,325, 10
noayyutcs uucao, Goapimee uem 6,325 - 6,324 = 40,00. Cneno-
BATEJbHO, HCKOMbIHl KBAAPATHLIH KopeHb AekHuT mexny 6,324
u 6,325 MMoaroMy HcKoMbil KOpenp pasuurcs ot 6,324 (uau
or 6,325) MeHblle YeM HA €IHHHUY YeTBEPTOro 3HAKA:

% 40,00"\-\: 6,324 (Bce 4 3Haka BepHH),

Mpumep 2. V 235 Vickombii xopenb 3akilouaercss Mex-
ny 4 1 5 ¥ aewut ropasao Oamwke K 5, ueM K 4 (Tak Kak
23,5 ropasno Oauike K 25, uem K 16). Bosbmem 3a uepmoe
npudaHKeHHe Kpyraoe yucas 5,0,

1) Deaum noaxopenHoe uyucio 23,5 pa nepsoe npubamxe-
Hue :?600 (zoBoAs uyacTHoe JO Tperbeil unppn): 23,5:50 =
= 4,70,

2) B xauectBe BTOpOro npubauxenust Gepem cpelHee
apudmeruyeckoe (5,00 4 4,70) : 2 =4,85. MoxHO 0KMIATH, YTO
sce Tpy UUDPH BepHbI.

3) Hdas KoHTpoaa JAeddM NOAKopeuHoe 4Hcao 23,5 Ha BTO-
poe upubanxenue 4,85. Tloayuaem 23,5:4,85==4,85. Tak kak
HAcTHOE PaBHO (C TOUHOCTBIO 1O TPeTbero 3HaKa) JeqdTeio,

1y Moxno 831D, 6,3 Han 6,2, uo 6pare 6,1 netr cupcaa, wio 6,1 canwkoy
6anako i 6,
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TO KOpeHb u3BiaeyeH (C MAKCHMaJAbHO BO3MOXHOH CTElleHbIO
TOYHOCTH):

V 23,5 == 4,85.

3'amevanne 2. Ecan noakopeHHoe wuciao ecrb gecs-
THYHaA Jpo6b, HMEIOWas B Iedoi YacTH OAHY 3Hauvamyio
unhpy WM HYIb, TO JAA TOALICKAHHA MePBOro NpuGInmeHud
PEKOMEHYEeTCH NEPEHECTH 3alATYIO BMPABO Yepe3 1Be, YeThl-
pe, uects ¥ T. J. NUBP € TaKUM pacueToMm, YTOOM B neEAOH
yacTH oKaszanoch HeGoabluoe 4HCAO 3HaKoB. [lanee nocrynaem,
Kak B mpumepax | ¥ 2, U B OKOHUATeJAbHOM pe3yibTaTe Ie-
PEHOCHM 3anATYI0 B OOPATHOM HelipaBJEHHH Yepe3 OAHY, ABe,
TpY ¥ T. 1. LHPPLL. ]

AHaI0THYHO MOKHO NOCTYUaTh B T€X CaAyyasx, Koraa Mog-
KOpPEeHHOe WiCAO MMeeT MHOTO3HAYHYIO LeAYi0 YacTb; HO TOrna
3alsTas BHauajke -NEPEHOCHTCA 8.4¢80 uYepe3 [Be, ueThipe,
wectb U T. A. uudp. .

. B nopkopeHHOM uncae 3a0ATYI0 MOXHO NePeHOCHTDH MOAbK
Yepe3 demuoe 4ucao yudp. )

flpumep 3, }J/0,008732. Hepenocum szanaryio uepes 4
snaxa sitpaso. [loayuvaem 87,32; npu swibope nepsoro npu-
G6axeHuss OyneM  YUMTBIBAaTh TOABKO Leayw uactb. [lpumewm
3a nepeoe npubanuenue, ckaxem, uucio 9,3. )

1) Jeaum 87,32 na 9,3. [lpoxoakas jenenne 1o 4eTBepToi
3Havaleit nudpn, noiyuum 87,32 19,3 = 9,389.

2) Haxoaum cpeaHee apHmeTnyeckoe

(9,300 -+ 0,389) : 2 == 9,344,

3) Jlan wourpoas BuimosHseM Jenenue 87,32 : 9,344 ~ 9,345.
3uauut, B mobom u3 uuces 9,344 u 9,345 Bce yernipe 3HaKa —
BepHble (NepBoe 1aeT HeLOCTAaTOYHOE MPHUOGANKEHHe, BTOpoe —
U36LITOYHOR).

4) Tak xaxk BHayane Mbl MePEHECIN 3aMATYIO BNPABO Yeped
4 3Haka, TO. B 06pPaTHOM HanpasjeHuu (T. €. BJAEBO) 3alATYIO
Hajgo mepeHecTH yepe3 2 3Haka. [loayuvaem

1/ 0,008732 = 0,09344,

fipumep 4. )/ 8732000. [Mepenocum sanaryio BAeBo uepes
6 ungpp. [loayvaem 8,732 (ecan mnepeHecTH 3amATYI0 uepes
4 undps, noayunm 8732, no ne 87,32, Kak B upeabAyUlEM
npuMepe!). 3a nepsoe npubamxeHue ApUMeM HUCAO 3.

1) 8732:3=2911.

2) (3,000 4 2,911) : 2=2,955,
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Y13 nepsoro medcTBHA fACHO, YTO B f1€PBOM NPHOIHKEHUH
(3,000) 6niam nBe BepHole nuGpul. IlosToMy Hago OXMAaTb,
Y10 BO BTOpPOM NpuGAMKeHHH OyayT BepHu 4 unppu. Kou-
TpO.Ib TOATBEDKIAET 9TO. )

3) Tax kak BHayame Mbl IEpPeHECAH 3aMATYIO BIEBO yYepes
6 3HaKOB, TO Teleph NEPEHOCHM ee B 0OPaTHOM HarllpaBACHUM

yepe3 3 3HaKa:
V 8732000 ==2955.

§ #4a. NpaBuiao n3ciedeHna KyGHIECKOro KOPHSA

Utobn wu3BiAeub KYOGHUCCKHIl KOpeHb, OepeM <Ha [J1a3»
neppoe NpubIHKeHHe H NOCTyhaeM Tak:

1) Hencuue Ha nepsoe nprbaumkenue (cp. npasuao § 44)
BLIIOAHACTCA OBAWABLIY CHAYAAZ [OLeAUMLIM CAYIKUT HOJKOpeH-
HOE YHCHO, a 3aTeM — YHCAO0, OAyYeHHOE B pedyabTaTe mep-
soro fenenus. Ecru uvactHoe (lloaydeHHoe nocae 8MOpPO20
fieeHusa) PasHUTCH OT NepBoro npubamxedus (T. e. OT Xeau-
Tels) HA BCIWYMHY, HE MPEBLINAIOUIYIO AOAYCTHMOH Morpen-
HOCTH, TO KOPDE€Hb- H3BJCYEH.

2) B mpoTUBHOM cayuae HaXoHHUM cpelHee apupMeTHue-
CKOe TpPeX 4YHcea, a HWMEHHO uacThoro (OT aByx HAeleHnit)
¥ ABa¥aw B3aroro gaeayurenas!'). Tloayvaem sropoe npuban-
weHue; y Hero (IpH CKOJBKO-HMOYIb yMeaom BoiGope nep-
Boro npubamkenus) Tpu widpr GYAYT BepHbIMH, 8 YeTBEpTas
B XyjuIeM ciyyae moTpebyer mchpasieHus Ha .

3) Bropoe npubauixeHne MOXHO NOABEPrHYTh TAKOMY Xe
MCUBITAHHIO, KdK 1ICPBOE; HO 3TOT KOHTPOAb YTOMHTEAEH.

Mpumep 1. /7850 Vickomuit Kopens 3aKFI0UeH MeKILY
9 u 10. 3a nepsoe npubmmxenye Bo3bMem 9,2 (TaKk Kak nog-
KopeHHOE upciao npuMepHo B 4 pasa Gammke w 93, uem k 103).

1) Hano paspeants Ha 9,2 cHayaza HOAKOPEHHOE YHCIO
785,0, a 3areM uacrhoe 785,0:9,2. BMecTo 3TOro MOXHO pa3-
neauth 185 Ha 9,22 =84,64. llonyuaem

785,0 :9,2:9,2 =785,0: 84,64 == 9,275.

Kax BumuM, nepsoe npubauvkeHue uMeer [Be BePHbIC
nugpel. Hrobn Hauayumum o6pasoM HaliTH BTOpoe MpHOaM-
wende, yuTeM, UTo noaKopeHHoe yucro 7850 okaszaaochb mpo-
W3ReqeHUEM Tpex HepaBHbXx COMHowuTeneh: 7850 =9,2.9,2 x
X 9,275, a HaM Hao NpPEICTaBHThL €ro B BUIe MpPOU3BeldeHUA

1) OTkyra BO3HHKAeT 310 BTOpoe fgeiicrBve — OyAeT sBugHO U3 npume-
pal, ’
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Tpex DpaBHHX coMHOXHTexell: 7850=x.x.x (rme x=
= f/_ 785,0). EcrecTBeHHO NpENNOAONHTh, YTO KaXAbH U3
'STHX PaBHHIX COMHONMTenell HOMAWKEH NPHMEDPHO PaBHATHCH
cpenHeMy apubMeTHUecKOMY coMHOXHUTexelt 9,2,9,2 u 9,275.

2) HUrak, B KayecTBe BTOPOro mpHOIHKeHHA GepeMm Cpex-
nee apudmetnveckoe (9,275 + 9,200 4 9,200) : 3 =9,225. Bui-
yucjleHHe PEKOMEHIyeTCA MPOU3BOAHTH 10 COKPALIEHHOMY
cnoco6y (Il, 46).

3) Jus KOHTPONA MOXHO pPa3feiHTb NOAKOPEHHOE YHCHO
785,0 Ha BrOpoe npuGmmxenne 9,225, M pesyabTar eme pas
pasgeautb Ha 9,225 (may pasienHTb NOJKOPEHHOE YHCHO HA
9,225% == 85,09). Ilomyunm 9,225 (ecau OpH BHIYNCIEHHAX He
COXpaHATh 3amacHyo uudpy, noayunrcsa 9,224):

/7850 =~ 9,225 (Bce 4 UMQPHI BepHs).

3amevanne. [lpn mnoxbicKaHHH mepBoro npubanme-
HHAL GblBaeT TOJE3HO INEPEeHeCTH 3anATy0 B NOAKOPEHHOM
yucae BupaBo (MAH BAeBo) yepe3d 3, 6, 9 u . x. unudp (cp. I,
44, 3amevanue 2). B oxoHuaTeabHOM pe3yabTaTe nepeHOCHM
3anaTyi0 B OOpaTHOM, HanpaBiewud veped [, 2, 3 U . 1.
uubpn, [lepeHoCHTL 3aNATYI0 MOXKHO MOABKO 4epe3 maxoe
yucao yudp, komopoe deaumcs Ha 3.

Tpumep 2. J/1835-10. B noxxopentom uncre 18 350

IePeHOCUM 3afATYI0 (MOApa3ymeBaeMyo mocie uuppbl efu-
HML) BaeBOo uepe3 Tpnm nndpo. Ioaywaem 18,35, dro yucio
HaxXOMMICA TNpPHUMEPHO focpelHHe MexIy 28=8 u 33 =27.
Tlosromy 3a nmepBoe mpubamimende HpHHHMaeM 2,5,

1) Hago aBaxabl BHINOAHHTL HedeHHe Ha 2,5 WM, 4TO TO
e, OAMH pa3 pa3jneautbh wucio 18,35 Ha 2,5° [loayuaem

18,35:2,5:2,5=18,35: 6,25 ~ 2,94,

Kax Buaum, B nepBoM npuOammKeHWH BepHa TOAbKO ONHa
nudpa. 3HauuT, HALO OXHAATh, YTO BO BTOPOM NPHOGIHKEHUH
O6yayr aumb nase BepHole uuppo. [lostomy B caenymouiem
KeHCTBHM BefleM BBIYHUCJAEHHe JHIIb Ha IBa 3HaKa.

2) B xayectBe BTOpOro npubammenns OGepem cpejuee
apudmernyeckoe (2,542,514 29):3=28.

3) Uro6nl yTOYHUTH Pe3yabTaT, Halo XBaWAbl BLHINOIHHTH
nenenne Ha 2,6. lonyuaem

18,35:2,6 : 2,6 == 18,35: 6,76 ~ 2,715.

Kak Bunavym, BTopoe npnbiuxkenye uMeeT 4Be BepHHeE nnd-
Pbl; 3HaUUT, TPEThe, BEPOATHO, OyaeT HMeTh 4 BepHsle HUQPH.
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4) B xavecrse Tpérbero npubammennsa GepeM cpelnHee
apudmernyeckoe (2,715 2,6C0 -+ 2,600) : 3=2,638.

Kourpoas (koropniit Mpt onyckaem) mokasan Ovl, YTO 31eCh
BCE yeThipe UUGDpPH BepHHI: ‘

V1835 10~ 26,38.

§ 45. Cpeanue BeJHYHHBL

Ecant J1aH psii BEIHYHH, TO BCAKAA BEIHYHHA, 3aKMOMEHHAS
Mewxly HauMeHblleH u HanGoaplieft M3 NAHHBIX BEIHYUH,
HasunBaetTcd «cpegueil», M3 cpegnux BeanunH Hauboaee yno-
TpeOUTeabHb CPeOHAS apudsemuteckas N cpeonsis 2eomemp-
yeckas.

Cpedusnn  apupmemuveckas (Man cpeduee apudaemu-
qeckoe) NOAYYARTCH OT CAOWKEHUA JaHHbIX BeIHYMH H JeJe-
HUSL CYMMB! Ha YMCAO STHX BEAHUMH:

artas+...44a,
cp. ap.= —
(84, az,..., Gy ~— NAHHBIE BEAHUMHBL, 11— HX YKCIO).
Ipunmep. Jamsi uucna 83, 87, 81, 90,
83 - 87 +'814-90 - 1
"_——4_“‘——'—— 85 T.

Cp. ap.=

Cpednee ceomenipuyeckoe Noayvyaerca or IMEePpeMHOXEHUA
NAHHbIX BCAWYUH M H3BJEUEHHA U3 NPOHU3BEACHUA KOPHA, MO~
Kasare/b KOTOPOIO DaBeH UHCHY BEJAUUYHH:

n___
cp. reom. =]/alag...a,,

(a3 G2y00vy O —— J3HHDIE BEJHUHMHBL, 1 — HX YHCIO),

Ipumep. [Manoi yucaa 40, 50, 82

3 3.
cp. reom.==1/40-50-82 =1/ 164 000~-54,74.

CpellHee reoMeTpHYecKoe BCerja MeHbille cpejHero apnd-
MeTHYeCKOro, KpOME€ TOro Cjyuas, KOria BCe B3fThle YHCAa
paeusl. Toraa cp. ap. pasno cp. reom. Korna pasanyus
MEWLY B3ATLIMH UMCAAMH COCTABJSIOT Majble JOJH -CaMUX
ydces, TO M pasHOCTh MeXJAY CP. ap. W Cp. reoM. MaJia
B CPABHEHHH ¢ HMMH.

Boluncienue cp. ap. umeer OoabLloe 3HaueHHe BO BCeX
o6aacTaAX NPaKTHKH.

Mpumep 1. Hamepserca paccrosHne Memuy JHIBymA
HYHKTaMH € nomouibio [0-MeTpoBOH PYseTKH ¢ CaHTHMETpO-




§ 46. COKPALLL, BBIYUCJAEHUE CPENH. APHOMETHUYECKOTO |]9

suMHU neseHusmu. Cnenano 10 npomepos. Pesyabrate  ux
(6 wmerpax): 62,36; 62,30; 62,32; 62,31; 62,36; 62,35; 62,33;
62,32; 62,38; 62,37. Paziauuue pesyabTaroB o6bAcHAETCA Cay-
yaltHbIMK HETOYHOCTAMY uaMepennii. Torxa BuiuncasioT cpeu-
HIOI0 apUPMETHYECKYIO:

cp. ap. = (62,36 4 62,30 4- 62,32 -+ 62,31 - 62,36 -1- 62,35 -}-
4 62,33 - 62,32 4- 62,38 - 62,37) : [0=62,34.

1o wucao npejactasaser Golee HAJeXHYI0 BEIMUHHY HM3Me-
PSEMOro paccTOAHHs, YeM YHCNa, NONYyUYeHHble PH H3MepeHHn,
NOTOMY " UTO cCayuaiiHble OmMWOKH IOYTH BCETRA KOMIEHCH-
PYIOTCS 1IPH BBIUHCJEHHH CperHero (cm. nmxe § 47).

[Tpumep 2. ¥ TbicAiuy B3POCHBIX M10Jell H3MepeH pOcCT.
Haifinena cp. ap. 310 — Tax Ha3blBaeMulil «cpennuit poct». On
He Bblpawaer, Boo6ile roBOPA, POCTA ONPEACACHHOIO Yelao-
Beka. Ho ecam usMepurb pocT O6OABIIOro uYMCAd APYIHX
Jofefl 1 CHOBA BHIUHCAHTH CP. aP., TO CPEAHUH POCT OKAMKETCH
10YTH TakHM Xe. PasyMeercs, TEOPETHUYECKH BO3MOXHbBI CY-
yau, Korga B rpynie M3 1000 aun 6yayr npeo6aanath Beau-
KaHbl MJM Kapauk. Ho M3 uHcaa BCeX MBICTHMBIX ' cayvaes
3TH MCKJAIOYHTENBbHblE CAy4YaH COCTABIAIOT, KaK NOKA3biBAlOT
BHIUMCIEHUSA, HUYTOXHeHmnit npoucHr. Ilostomy npaxmu-
yecx 6e30MINOOYHO MOXHO CYMTAaTh, 4To B JmoCofi rpynne
u3 1000 yenosex cpeanmit poct O6yneT HOYTH OAMHAKOBLIM.
Cpennue apugMeTuyeckue, HafileHHble U3 MacCOBBIX H3Me-
peHnil, HasLBAaWTCA cmamucmudeckumy cpednumy. Craru-
CTHyuecKHe cpejHde uMelT 6OaAbUIDE NPAKTHYeCKoe 3HaYeHHe,
Hanpumep, 3Has cpenHuit yloil KopoBm onpejeneHHON Mo-
polbl UPH oNpelejeHHbX YCAOBHUAX ee NUTaHUA W T, 1.,
MOXHO BbIYMCAHTL YJOif CTala, NOMHOXKAA CPEJHHH YyIio#t Ha
YHCJO KOPOB B CTaje.

§ 46. CoxpaieHnHoe BbIYHCIEHHE CPeLHEro
apHPMeETHYECKOro

Yucaa, Sepyudecs 1asd BhYHCACHMA CP. ap., o6bIUHO Mano
OTJIHYAIOTCA APYr OT apyra. Toraa Bei4daciende cp. ap. MOKHO
OYeHb 00JErYUTb .C NOMOLIbIO CACUYIOUIEr0 fIpHeMa:

1) Buibupaem 1pousBoabHO Kaxoe-HUGYib 4HcH0, Gauakoe
K paHantv  uucaaMm. Ecay padHole udcna pasuates Apyr or
Ipyra TOJABKO B Mocjaendeil nudpe, o B Bbi6UpaeMOM YHChe
NpEANOUTHTEIbHO B3ATh 3a nocacuHiow undpy 0; ecaw gau-
Hble uyHcaa pasHATCA APYr OT JApyra 8 JABYX [OCJIeLHMX
undpax, yaooHO B3ATL YUCIO € JBYMSA HYIAMH HA KOHLE
HTOA



120 Il, APHOMETHKA

2) BrluytaeM 9TO YHCIO NO OUepelH H30 BCEX JaHHBIX
amcen ). .

3) bepeM cp. ap. HaligeHHBIX pasHocTeil.

4) TlpuGasaaeM cp. ap. K B3aTOMY YHCTY, )

IMpumep. Hafitu cp. ap. mecatm umcem: 62,36; 62,30;
62,32; 62,31; 62,36; 62,35; 62,33; 62,32; 62,38; 62,37 (cp. mnpu-
mep mpexniaymero mnaparpaga). 1) Beibupaem uucao 62,30.
2) Boiunraem 62,30 M3 paHHHX yHcex; HAXOIMM PasHOCTH.
(B coreix joaax) 6; 0; 2; 1; 6; 5; 3; 2; 8; 7. 3) Bepenm cp. ap.
pasHocTeil; monyvyaem 4 (cormx). 4) Ilpubasasem 0,04 x 62,30.
[Moayuaem 62,34. 310 — Hckomoe cp. ap.

§ 47. TouHocThb cpeaHero apH(MeTHUECKOro

Ecan cp. ap. moaydyeHo H3 cpaBHUTEAbHO HeGOALHIOrO
paNa JAHHBIX M3MepeRus (Hanpumep, u3 10, kak B npuMepe ]
§ 45), TO HE HCKIIOYEHA BO3MOMXHOCTb, YTO HCTHHHaA Benu-
UHHa HeCKOABKO OTKIOHsAETCs 0T Bhuncaenno# cpennett. Torna
BAXHO 3HaTh, KAK BENHKO MOXeT OblTh 3TO OTKAOHEHHE; peyb
HJleT He O TeOpeTHYECKH MBICANMOM OTKJIOHEHHH (OHO MOXET
6biTb KaK YrOAHO BEIHKO), a O NPaKTHYECKH BO3MOKHOM
(cp. npumep 2 § 45). BeanunHa mocieHero 3aBHCUT OT Beau-
“UHHBL CPEOHE20 KBAOPAMUYHO20 OMKAOHEHUS.

CpeOHuM  K8GODAMUYHLLM — OMKAOHEHUEM Ha3bIBAETCH
KBAajApaTHBIA KOpeHL M3 Cp. ap. BCeX KBaypaToB pasHocreit
MemJy AaHHbIMU UHCJIaMM M HX cp. ap. Cp. KB. OTKJIOHeHHe
1pHHATO 0603HauaThb rpedeckoft 6ykBo# o (curma):

5_=]/(01—a)"“-¥‘(.¢12*tI)Q—}-...-I—(an—ap (A)

n ”

rne a=(a; -+ a: +... 4 6;) 1 n (3necp ay, Gs,...,a, — J3aHHBIE
4ucaa, 1 — UX YHCIO0, @— HX Cp. ap., &—Cp. KB. OTKIOHE-
Hue).

amMmeyanne. B dopmyre (A) aobyo B3 pasHoctefs
MOXHO 3aMEeHHMTb ell 06paTHOl; 3TO JlaeT BO3MOXHOCTb HE
BBOIMTL B BBIYUCAEHHME OTpHUATeTbHbIX 4Hcen?). lwmenHo,
KOI'JIa OXHO U3 JaHHBIX YHCeX MeHblle, 4yeM Cp. ap., TO MH
GepeM ero 3a BhIYHTaeMOe€, a Cp. ap. 33 yMeHbUIaeMoe,

1) Nipy 5Tom moryT 1no.yyaThCs NONOMHATEbHbIE B OTPHIATEIbHBIE UiCAa
{06 oTpunatesbumx uicrax cm, 11, 3). Ecan xorsar storo uabemars, HyxHo
B3ATh HUCAO, MEHbLICE BCeX RaHHMX wunced, Ho Bhlumcrenus 6yayT se-
CKOABKO Jerye, ecan B3aTh KaKoe-HUGYNb CpejHee MEXAY AAHHBIMK QHCAAMU,
2) OG-oTpunaTe bHLIX YHCAAX cM. 111, 3, ’
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Mpumep BouucaUM Cp. KB. OTK/JOHEHHe RIA umncen
gpensiaywero naparpaga. TaM Mb Haliag ux cp. ap. 62,34.
Pa3HocT Mexay NaHHBIMA uyucaamu 62,36; 62,30 u 1. 1. u Bx.
cp. ap. 6yayT (B eAMHHLAX cOTHX nodeit): 2; 4 2; 3; 25 I; 1,
2; 4;-3. Kpagpatst 9tux pasHocre#t 4; 16; 4 9; 4 I; 1; 4

16; 9. Cp. ap. kBafpaToB pasHOCTeH
4416440+ 4+ 1+1 4441649  oq
10 -

(cotwix moneil). Ksanpathoii KopeHs ¥3 sToro yucaa ) 6,8 ~3
(cothix poaci); a==0,03.

Ecan uucno namepenuil npuMmepHo pasHo 10, To ucTHHHOE
3HayeHue BENHUYHHEl MOXeET OTAMYAThCA OT Cp. ap. He Ooxec
YyeM Ha BEAWUMHY CP. KB. OTKnoHeHus o. TouHee roeops, or-
KIOHeHus, Goabuide YeM o, BO3MOMHB JHIL B HCKIIOYHTEIb-
HBIX CAyYasX, YHCAO KOTOPHIX COCTABJAET OKOJO MOJAYNpo-
LeHTa BCeX BO3MONHBIX cayuaeB. B paccMorpenHoM npumepe
WCTHHHAA BelWUHHa MPAKTHHCCKH HE MOXET OTKIOHHUTBhCH OT
uncaa 62,34 Goasuie, yem sa 0,03. flosromy ona 3axaoyena
5 npenenax mexay 62,34 — 0,03 =162,31 n 62,34 4 0,03 = 62,37.

Ecau unczo usMepeHuit 3HauuTenbHo 00AbLIC IECHTH, TO
MAKCHMaJabHOE NPAKTHYECKH BO3MOXKHOE OTKICHEHHE MCTHHHOR

BeTHYMHLE OT cp. ap. Oyner MeHplle ueM a. VIMeHHO oOTKJIO-
: 3 .
HEHHWE HE IPEBBICHT BEIUUHHBL 17’: (n—yuciao wusMepeHui).
n

Tax, xorma uncio msMepeHn#l npumepHo pasko 1000, npaktu-
YECKHM BO3MOMHBI NHiIb OTKAOHEHHSA, He npesbuuaouine 0,la.

§ 48. OTHoIeHHe H NpoHOpUHSA

YacTHoe OT HeleHMA OIHOrO YHUCHA Ha APYroe Ha3blBaerTcs
TaK®e UX omuowenuesm. TepMHH <«OTHOUIEHHE> MPUMEHsICS
npexae TOAbKO B TeX CAyuaax, Koraa 1pe6oBaioch BHIPas3uTh
OJHY BEAMYHUHY B JION8X JPyro#, oinopoiHo#t ¢ nepsoft, na-
npuMep ONHY IJIHHY B JOJAX APYroi, OIHY IJOIAZb B N0AAX
Apyroft naouiany M T. I., YTO BLUIOJHAETCA C NOMOLIBIO jene-
uus (cm. 1, 24). Orciona nonatHo, noueny uoaBHiACA 0CoGnlit
TepMKH <OTHOIUEHHEC»: PaHplile ero cMbica Onla HHON, uem
TEPMHHA ¢JielleHHe», KOTOPHIH OTHOCHAM K Je€HHI0 HEeKOoTo-
POl MMeHOBaHHOH BeAHUHHBH Ha oTBAeyeHHoe yHcao. Cefivac
3TOrO pasivuyus He NenawoT;, FOBOPAT, HampuMep, o6 OTHoIe-
HHH HEOQHODOAHLIX BeNHYHH, CKaXeM Beca Teaa K ero obremy
u 1. 1 Korza peub nzer 06 OTHOLIEHUH OJHOPONHLIX BCAMYMH,
€ro YacTo BLIPaWAT B NPONCHTAX,
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fipumep. B O6ubayoreke 10000 kHur; us Hux 8000 Ha
PYCCKOM n3blKE; KAaKOBO OTHOUIEHME YHCIA PYCCKHX KHUT
¥ obweMy nx yucay? 8000:10000=0,8. Vickomoe oOTHOMIE-
e ects 0,8 uam 809/,

Jeaumoe HasHiBAIOT NpelmOyiuM HaeHoM OTHOLIEMHA,
Jenurens — nocaedyiougus. B Hamem npumepe 8000 — upe-
appymuit waen, 10000 — nocaenymomuit.

lsa pasdsix omrowerus obpasyom nponopyur. Tak,
ecan B ofHol OGubauorexe 10000 xkuur, u3 Hux 8000 na
pyccKoM s3blKe, B npyro#t 6ubanorexe — 12000 xuur, 3 Hux
9600 Ha PyCCKOM s3blKE€, TO OTHOLIEHHE YUCHA PYCCKHX KHUL
K ofweMy unucay Kuur B o6eux OuOBIHOTeKax ONHHAKOBO:
8000:10000=10,8; 9600:12000=0,8, Mupt uMmeem 31ech
nponopruo, Kotopas 3anuchisaerca Tak: 8000:10000 =
=9600: 12000, Iopopar: <8000 ortHocurca k 10000 rtax,
xax 9600 x 12000>. 8000 u 12000 — kpaiinue waenss; 10 000
1 9600 — cpednue waenst nponopyuu.

[Ipoussedenue cpeOHUX HAEHO8 MNPONOPUUL PASHY NpPO-
u3gedenuw Kpaiikux., B Hamem npumepe 8000 - 12000=
== 96 000 000; 10 000-9600 =96 000 000. Oau# u3 KpajiHUX
4A€HOB IPONOPUUHM PABEH TPOU3BENCHHIO CPEJHUAX YJIACHOB,
fdeJeHHOMY Ha gapyroft kpafiuuit. Toudo Tak xe ojaun u3
CPeIHHX Y/J€HOB paBeH HPOU3BEACHUIO KpPafHUX, LENCHHOMY
na ppyroft cpeayuit, Ecan

a:b=c:d,

T0

JH

b
a=§; b=

v 1. I Tak, B HameMm npuMepe

10 0009600
8000 = ~—5555—
DTHM CBOMCTBOM MOCTOAHHO [10Jb3YIOTCA a4 BPI“HCHEJ‘!HH
HEH3BECTHOrO YJ¢Ha NPONOPLHH, Korxa TPH OCTAJbHBIX yjaeHa
H3BCCTHBI.
Mpumep, 12:x=6:5 (x 0603HaAYAET HCU3BECTHOC YUCAD)
12
x="22=10.
[Ipaktuyeckne upnmereHus nponopuuft cm. II, 50.
[Iposropuds, B KOTOpOH cpelaHHe W4JEHH DaBNbl, Ha-
3LIBAGTCA  &<Apepui8HOL; Hanpumep, 18:6=06:2. Cped-
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Huill 4aed Henpepul8Hoidl nponopyuu ecms cpedHee 2eo-
smempuyeckoe (cM. I, 45) kpainux 4aewos; B HaeM OpH-

mepe 6= 8.2,

§ 49. NponopuHoHANBHOCTD

3HaueHus JBYX DPa3NMUHLIX BEXUYHUH MOTYT B3aHMHO 3aBH-
cets apyr or apyra. Tak, mroilaap KBaapara 3aBHCHT OT
JAHHB er0 CTOPOHB,, W 0OpAaTHO, QJMHA CTOPOHbLl KBajxpara
33BUCHT OT ero IUIOILAJH.

[lse 83aUMHO 3aBucUMBLe BEAUYURHB HAZBLEAICMCR NPO-
NOPUUOHGALRULMY, ECAL OMAOWeHUe uXx 3Haderull ocmaemcs
KEUIMEHHHM.

I1pumep. Bec KepocuHa nponopuHoHalieH ero obbemy;
2 2 Kepocuna Becat 1,6 w2, 3 a Becar 4 w2, T 4 Becar 5,6 «e.
OtHouwente Beca kK o6bvemy 6yner ’-‘29:——_0,8; 51 =0,8; 5—.?:
=08 u 1. 1

HeusMeHHoe OTHOMLIEHUE TPONOPIHOHAIBHBIX BEJIHUHUH Ha3bl-
Baercs  koaduyuenmom nponopyuoHarbHocmu; kodpdu-
HHEHT APONOPUHOHANBHOCTH TOKa3blBaeT, CKOAbKO eIHHHIL
ONHON BeJIMYHHLI TPUXOANTCH HA eAuHMLY JPYyroil; B Haulem
IpHMepe -— CKOIbKO K2 BeCHT | 2 kepocHHa (YAeabHblH Bec
KepOCHHa),

Ecan nse seIHUHHb IPOMOPHHOHAABHB, TO Ja06aa (apa
3HaueHHil ofHON BeaHuHHbl 00pasyeT MPONOPUHIO C TAPON
COOTBETCTBYIOWIMX 3HAuCHUU [IDYIOH, B3ATHX B TOM e o~
panke. B namenm npumepe 1,6:4=2:5;16:56=2:7 u 1. 1.
B coortBercrBMH € 3THM BMECTO BHILICIPHBEREHHOTO Ofpe-
JleJeHHA HPOIIOPULHOBANLHOCTH MOXHO JlaTh Takoe: 06e 8eau-
yunst, 3a8ucduiiie Opy2 om Opy2a . mak, 4mo npu yseu-
qenuu OOHOG U3 Hux Opy2an y8eauuusaemcs 8 moM e
OMHOULeRUL, HA3bL8AIONICSL NPONOPUUOKALbHHMU.

Jlse Beauyunn, 3asucsiuyue Opyz om Opy2a mak, 4mo
npu yseaudenuu OOKOH Opyzas 8 mMOM dice OMHOUIERIN
YMeHbUAeMEsl,  HA3BBAONICA  OOPAMAO  nponopyuoOHdis-
#otstu. Haupumep, Bpema npobera noesga Mexnay JABYMA CTaH-
uusAMH o6paTHO NPONOPUHOHAILHO CcKopocTu 1oesna. [lpu
ckopoctH OO  wat/tac noe3n 0POXOAHT PACCTOHHHC MEHLY
Mocksoft u Jlenunrpagom B 13 uac.; npu ckopoctn 65 xat/4ac—
B 10 yac., 1. e. Xorga CKOpPOCTb yBeaHUHBAETCA B OTHOIIEHUH
65 __ 13
50— 10
OTHOIICHHY:

POJOMKUTENLHOCTS Npodera yYMeHbINAETCA B TOM e

13
10
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Ecan 1Be BeanunHs 06PaTHO NPONOPUHOHANBHLL, TO d06as
napa 3HaueHu#i onHoll BeXMYHHbl OoGpa3yer NMPONOpUHIO C Na-
pol COOTBETCTBYIOLIMX 3HaueHHH Apyro#i, B3ATHX B o06par-
HOM mopsake. B Hamiem mpumepe 65:50=13:10.

Hns n1Byx o6paTHO NPONOPUHOHAABbHBIX BENHUHH OCTAeTCR
HeH3MeHHbIM Mpou3BefieHHe ux 3HaueHui. B namem npumepe
50 - 13=1650; 65- 10=650 (650 Km — pacCTOAHHE MeEKAY
Mocksoii 1 JleHHHrpasoM).

§ 50. lpakTHYecKHe MpPHMEHeHHs mnponopuui.
Hurepnonsuus

Pemenne MHOrMX 3afauy CBA33HO € pPACCMOTPeHHEM Npo-
TIOPIHOHAIBHLIX BETHUYNH; NPHUMEHeHUe npasur § 48 mexanu-
3UpYyeT pelileHue TAKMX 3ajay, CBOAA WX K eIuHOH CXeme,
NoKa3aHHOll HHXE Ha npHMepax. ’

[Tpumep 1. Cyroudoe norpe6ieHHe TORAMUBA HA 3aBOJE
COCTaBAAIO [0 NMPOBejeHHs pauuoHanudauuu 1,8 m; rofosoit
pacxox Ha Ttonauso coctaBasa 3000 py6. Ilocne nposene-
HHUA palHOHANN3ALUH CYTOYHoe mnorpebleHHe CHHU3WIOCH 1O
1,5 m. Kakyo cymMMy pacxoloB HA TOILIMBO HYXHO 3amiaHu-
poBaTh Ha rox? _

BessickyccTBeHHOE  pellleHMe 3aJayd TAKOBO: HAXOIUM
1) romosoe mnorpe6ieHue TOMINBA JO PAUMOHATU3ALHHU:
1,8 - 365 =657 (m); 2) croumocts | m romausa: 3000:657 =
=4,57 (py6.); 3) ronoBofi pacxoj Ha TOHJIUBO 1OCHE PaLHOHA-
JH3AUHH:

4,57 - 1,5 - 365=2500 (py6.).

lopasgo ObicTpee H Jerve peluuTb 3ajayy, yyTs, uto
CYTOuHoe norpebieHue TOILIMBA M FOXOBOH PacXol HA Hero—
BEJIWYMHbl MPOIOPUHOHAIbHBIE (YTO BHAHO U3 TOro, 4TO yBe-
AHUEHHe CYTOYHOro norpebiaeHus yBeaHUYHBAET B TO e YHCIO
pa3 rogoolf pacxon; cM. § 49).

CxeMmapemweHnus

1,8 m 3000 py6.;

,5m x py6;

x:3000=15:1,8,

3000 - 1,5
X = ~—1F = 2500 (py6).

Xora nponopuHoHaILHaA 3aBUCHMOCTL BCTPEYALTCA OUECHD
YagTo, BCE XC OFPOMHOE YHCIO 3aBUCHMOCTeH, C KOTODBIMHK
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NPUXOAUTCA MMEThb AEJN0 B NPAKTHKE, He NOJYUHALTCH 3aKOHY
nponopuuoHaabHocTH. Tem Goaee BaWHO OTMETHTb, UTO Aaxe
IJIA TAKHX BEJIHYMH CXeMa IpPONOPUHOHAJbHOLO pacuera He
Tepsier 3Havenus. VIMeHHO, ecau paccMaTpuBaTh H3MeHeHHs
HeMpPONOPUHOHANLHLIX BeJNYHH BHYTPH HEKOTOPHIX MECHHLX
npeleios, TO 3TH H3MeHeHMA OYAYT npaxkmudecxki TpoNop-
LLHOHANbHBI,

MoscunM 3to npumepom. CropoHa KpajapaTa M ero niao-
Wajb He HPOMOPUHOHAAbHBL HANPUMEp, CTOPOHe 2 M oTBe-
yaetr naowans 4 % cropoHe 2,01 a— naowans (2,01): =
= 4,040] = 4,040 (MQ) cropore 2,02 — nuowans 40804%
=~=4,080 (M%) ¥ Tak panee. OtHomenue CTOPOH (Hanpumep,
2,01: 1), xax BHAMM, He PAaBHO OTHOISEHHIO COOTBETCTBYIOUIHX
miomaneit (4,040:1). Ho oTHowenue usmenenuii cmoponuv
BO B3ATHIX HAMM MOpelejax NMPAaKTHYeCKH PABHO OTHOLICHHIO
usMeHerul naowaol.

HeitcTBUTENILHO, KOrIa CTOPOHA yBeaWuHBaetcs ¢ 2 M g0
2,01 x, ee mamenenue cocrasiaser 0,01 a; korma oma yseau-
yured ¢ 2 M po 2,02 m, uameHenue cocrasaser 0,02 iz
Oruowenne naMedenuit 0,02:0,01 papHo 2. CooTBeTCTBYIO-
de U3MEeHeHHs maoulagu OYAYT (C TOYHOCTBIO N0 TPETbero
3Haka) coctaBaATh: B nepsoM cayuae 0,040; Bo sTopom 0,080,
OrtHoutenre wuamenenuit 0,080:0,040 Takwe pasHo 2, Takum
06pa3om, M3MeHeHWe HAHHbl MPONOPUHOHAALHO H3MEHCHHIO
[J0UANH, eCTd BeaUYUHbl MOCIeIHHX 6paTh ¢ TOYHOCTBIO M0
TpeTbero HecATuuHoro 3Haka. Ecau ke O6path uernipe necs-
THYHBIX 3HaKa, TO OOGHAPYKHTCA He6OJbIIOE OTKIOHCHHE OT
npornopuyoraibHocTH. Ho MoxHO Robuthesa, uTo6H M B YeT-
BEPTOM 3HaKe He Obl10 HHKAKOTO OTKIOHEHHS OT MPONop-
UMOHANBHOCTH; /I3l 3TOrO HYXHO PAacCMaTpHBaTh H3MeilleHHe
CTOpOHLI B eife Gojee y3kuX npejedax (ckawem, He ot |
no 1,02 m, a or | m po 1,002 a). lpaktudeckn Mo BCeria
VUUTBHIBAEM TONLKO OfpejeieHH0e KOIUYCCTBO [JeCATHYHbIX
3HaKOB (TpH, YeTblpe, pelko NATb). BOT noyeMy Mbl MoweM
Maible U3MEHEHUA CTOPOHbI M MJOWIAAM KBAaApaTa CuuTaTh
BeIHYMHAMH nponopunoHaabHbiMH. To ke aBreHne umeer
MecTO B OrpomHefimeM GOJbINHHCTBE APYLHX caydaen. Baaro-
J1aps 3TOMY OKa3blBaeTCA BO3MOXHLIM N0 Tabauue, couepxa-
el CpaBHUTENLHO HeO6OJAbUIOE UHMCAO NAHHLIX, HAXOAMUTL H
TakHe pe3yiabTaThi, KOTOPHX B Tabauiue HeT, Kak Obl «yurasn
ME¥AY CTPOK» B HeH.

flpumep 2. BoabMmem Talauny KkBagpaTHbIx KOpHeH

(ctp. 14 — 17). ITycts mbi wenaem naiity J63,2; B Tabanuce ner
uncna 63,2, Ho ectb 63; 64; 65 u Taxk npanee,
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Noaxopennoe Ksanpaiubii Hauenenne
yucao Kopenb KRAAPATHOrO
KOPHSA
63 7,937 0,063
64 8,000
65 8,062 0,062

[Moncuntaem (CM. TPETHIO KOJOHKY), HACKOALKO H3MEHseTCH
BCRHUMHA KODHA 1IPH U3MCHEHHY MOAKOPEHHOro uucaa Ha |
ot 63 10 64 1 ot 64 1o 65. Mbl yBUIUM, YTO pa3iUyHe B ITUX
n3vMeHeHnax 6ylIeT TONbKO Ha OIHY €IHHUILY TPeTbero 3Haka.
(Ha camom neae 3To pa3anuye cule MeHbIUE: OHO CKa3biBAETCs
TOIbKO B YeTBCPTOM 3HaKe, W JHlb OKpPYrieHHe 10 Tpex 3Ha-
KOB BbI3BaJ0O 3TO pasauuue.)

Ecan xe 6path TOAbKO TPU 3HAKa, TO BCe HAlIM HU3MeHe-
HUA OKAKYTCA OYTH DaBHBIMH, T. €. B Mpejenax Mexay 63
n 65 u3MeHeHUd KBAAPaTHBIX KOpHeH, B3AThE C TOUHOCTbIO
JI0 Tpex NeCATHUYHbIX 3HAKOB, IPONOPUHOHATbHB U3MEHEHUAM

nonkopenHsix uuced. [Toaromy Mbl Haxoauw V63,2 1o Takoh
cxeme:

Hamenenne Hamenenne
I0AKOPEHHOTO KBanpaTHOro
upcaa KopHs
1 0,062

0,2 X

x:0,062=02:1,
x=‘£‘5'~’|;~°_-?=o,012.

Teneps naxomum V63,2, npubasassa k V63 = 7,937 Hait-
nennoe yucao 0,012, [lonyuaem:

V63,2 = 17,949,

Ecan wussieuem ator KOpeHb C TOYHOCTbHIO IO TpeTbero
JeCATHYHOr o 3HaKa, TO yéCllHMCﬂ, YTOo BCe 3HAKW Haulero

pe3yabTarta 11paBUAbHLL
OnucanHblil Bolie ci1oco® BbHIYUC/ACHUA HOGUT HassaHde

URMEpnoASyUY (NIH MHTEPIIOANPOBAHKA). JIaTHHCKOE ClOBO
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CUHTEPNOAAlKA» B MNEPEBOLe O03HAYAET <«BCTABKA BHYTPL?.
B MaremaTtuke HHTeproisnueii HasbiBaeTcs BCAKUR crocob,
¢ MOMOWbIO KOTOpOro fo Tabauile, cofepxauieil HEKOTOpbIE
YMCHOBbIE JaHHble, MOXHO HalTH MPOMEXYTOUHLIE pPe3Yib-
TaThl, KOTOPble HENOCPEACTBEHHO He AaHbl B Tabauue. Pac-
CMOTpeHHbIt HaMH mpocTefmuil cnoco6 HHTEPHOAANUM Hasbl-
BaeTCA AUHEHHON uxkmepnoasyued.

MHtepnoasuusa IMMPOKO NDHMEHAETCA NpPH NOAL30BAHAN
tafaiuaMy camoro pasHcoO0pa3HOrO COXEpKAHUA.



. AJITEBPA

§ 1. Mpeamer anreGpsl

Tlpeametom  aare6pbl  sBaseTC M3YUCHHE YPGBHPHUI
(11, 15— 17) u pAxa BOUPOCOR, KOTOPLIC PASBUINCH U3 TEOPUH
ypaBHeHuil. B HacTosumee BpeMs, Koria MaTtemMaTHKa pasie-
JUIach HA DAL cHeuUadbHbIX o6nacTef,, k of.aacty aareSpel
OTHOCAT AHIb YpaBHEHUs ONpegelieHHOro THNA, TAK Ha3biBae-
Muie aazebpauveckue ypaswerus ') (lll, 19). O npoucxoxie-
AWM HazBaHMs <aiarebpar cMm. § 2

§ 2. UcTopnuecKkHe cBelleHHA O Pa3BHTHH aireGpbi

BaBuaon MHcrokn anre6pel Bocxomsr K rayGokoit
apesiocTd. Yxe oxono 4000 ner Hasan BaBHJIOHCKiHE YYeHbie
faajleld pelieHHeM KBaapatHoro ypasHenus (I, 29) u pe-
ilaAM CHCTeMbl IBYX YPaBHEHHH, U3 KOTOPbIX OJXHO — BTOPOIH
crenenu (I, 33). C nomombio TakHX ypasHeHHil pemairuch
pas3Hoo6pa3Hble 3ajaud 3eMIeMepHs, CTPOUTENLHOIO CKYCCTBA
H BOGHHOTO fena.

BykBeHHble 0603HaucHUA, 1pHUMEHsAeMbie HamMn B aireGpe,
He ynoTpeGAAINCh BAaBUIOHAHAMU, YPAaBHCHHUA 3afUCBIBAIHCD
B caoBecHoll popme.

I'peuna [lepeuie cokpamentbie 0603HaYeHUA LIs HeH3Re-
CTHBIX BEIHYHUH BCTPEHAIOTCA Y IpeBHErPeuecKoro MaTeMarHka
Lluod)ama (2—3B. 1. 9.). Henssectnoe [nodaut uMenyer «apur-
MGCy> (YHCA0), BTOPYIO CTENEHL HEH3BECTHOMO — <LHOHAMHCY

ty CarexyeT 3aMeTHTs, 4T0 B IUKOJABHBIA Kype aAre6pst NPUHATO BKJiO-
©aTh - ¥ TaKue BOUPOCH, KOTOPHIE K y4eHUI0 00 YPaBHEHHAX UMEOT JHUlb
BeChMA OTHaJeHHOe oTdouienne, TakoBbi, HANDUMEP, Teopus Hporpeccnil u
sorapudMuuecKne BLIYHCACHUR, KOTOPble NO CYMIECTBY NPHHALICKAT CKOpee
apndueTuke, uem arefpe; BKAICUCHNE UX B Kypc airedps) onpasiuiBacrcs
n72arorHdecKu Ml COOGpakeHUAMH,




§ 2. HCTOPHYECKHE CBEAEHHA O PA3BUTHUM AIITEBPH |90

(370 CAOBO UMEET MHOIO 3HAYCHHIA: CHaa, MOIYULCCTBO, UMY~
ileCBo, CTENEHb W AP, 1)), Tperbio crenenb Jnodant nasnipaer
«k6ocy (kyG), 4eTBCPTYIO — <IIOHAMOLIOHAMIUCY, MNATYI —
€AOHAMOKIO6UCY, IECTYI0 — «KIOGOKIO60CY. i BEAHUAHD OH
o6o3HavaeT uepsuiMy 6YKBaMH COOTBETCTBYIOULUX HAapMeHOBa-
HUil (ap, 0w, K10, 0010, OKIO, kKi0). YIaBecTHBIe YHCAA 414 OTAU-
Uity OT HCH3BCCTHBIX COIIPUBOKAAIOTCA 0003HauYeHUEM €MO¥»
(soHac — eanHia). Caowende ne 0603nayaercs coBcem, AAs
BLIUMTAHNIA HMEETCS COKPauLeinoe o6o3HaycHIe, paBeHcTao 060~
3HAYAETCH CHC» (HCOC — paBHbI).

Hy BaBUIOHAHE, HU [PEKM He PACCMarlpHBAIW OTPUUATENb-
HbiX uicen. Ypasuenne 3 ap 6 a0 ue 2 ap 1 mo (3x +6 =
=2x + ) Auodanr HazpiBaer «<HeyMCCTHbIM>. [Tepenocs daeHst
¥3 OLHOH uacTH ypashcHUs B Apyrylo, Huodauv rosopur,
Yo CjaracMoe CTaHOBHTCH BbIYHTACMbIM, 4 BblydTacemMoe —
CaaracMoiM.

Kurai 3a 2000 aer jio Haulero BpPeMeHH KuTalCKUe
yueHblC pellaty YPaBHCHHA (1CDBO CTElieHW H UX CHCTEMb,
a Taxk¥e KBazparHble ypaBHenus. MM Obiiv 3HaKoMmbl oTpHUa-
TeabHble W HppauuoHaabHble yucaa. Tak xak B KHTAaHCKOM
HHCbME KaXIAbifl 3HAK U300paxact HeKOTOpue NOHATHE, TO B
kyTafickolt aaredpe He mMorao OniTh «COKpauleHHblXx» 0603Ha-~
qenudl.

B nocaenywouime smoxy  Kuralckas maTemarmka oborartu-
aacy HosbiMy jocTukeduamn. Tak, B konue 13 Bexka Kurtafiilb
3HaI¥ 3aKOH oOpaszoBanus OGHHOMUAALHBIX KO3IhDDOUUKEHTOB,
H3BCCTHL HbiHE UOL WMeHem «TpeyroabHuka [lackaass (cM.
crp. 235). B 3Bauaanoit Espoue 5101 3aK0H 6bl3 OTKPHIT
(Lirugenes) na 250 aer nosauee.

MHaua Muradiickie yueHpie WIWPOKO OPAMEHAAW COKpa-
teHHble 0603HAYEHNA HCH3IBECTHBIX BEIHYMH M UX cTenedei.
271 06u3HAUCHUA ABAAIOTCA HauaJIbHbIMH OYKBaMH COOTBET-
CTBYWUIHX HAUMEHOBAHHE (HCHU3BECTHOL HAa3blBAJA0OCb «CTO.b-
KO-TO»; 11A OTAHUHMA BTOPOLO, TPLCTHEro U T. A. HCU3BECTHOrO
yuoTpebasInch HANMEHOBAHUA UBETOB! «uepHoe», ¢roayboer,
wKearoe» 4 T ). MHAMICKHe aBTopb WIHPOKO yuworpeBasiy
HppatHoOHAIbHLE 2) ¢ oTpUUaTCablbie Ydcaa. Bumecre ¢ oTpU-
HaTeabHbIMH YHCIAMWH B YHCJAOBYK CEMbIO BOWeEN HYaAb, KO-
TOpbLift tpexae 0003HAYAL AWWb OTCYTCTBHE yHCJa,

1y Ha apa6ckuil #3blk Tepmuy «1I0HaAM1CH Obid LIEPEBELEH CA0BOM (MAAby,
obo3HavaloumM «WMymecTroy, Bapanuoespouefickue uaremaTHkv B 12 Beke
HepeBedd TepMUH «Majdb» Ha AATHHCKWIT  #3blK PaBHO3HAYHbIM CAOBOM Céfl-
sus, Tepmun «kBaapar» Bolles 8 ynorpedicune suuib 8 16 Beke,

2) Tpeveckne maTeMaTiKy yMead HAXOLMTL upubanmedHpie 3Ha4CHUS
KOpHeil, Ho B aarefpe cTapaanch M30erdrs WPpPALMOHATbHOCTEH,
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Crpavm apabckoro #3bka Y30ekHcTawm
Tagunkucrtan Y uHIMACKUX aBTOpOB aiarebpanueckue
BONPOCH H31arasucb B aCTPOHOMHYECKHX COYMHEHHHX, CaMO-
CTOATEJNLHON HHCUMNJIKHON aarebpa CTaHOBHTCH Y VUCHBIX,
NUCABILKUX HA MEWAYHAPOLHOM A3bIKE MYCYAbMAHCKOIO MHPd —
apabckoM. OCHOBONONOKHUKOM aare6pbl, kak ocobol Haykm,
HYXHO CUMTATh CPejHed3uarckoro yuenoro Myxammeaa us Xo-
pesma, U3BECTHOIO 110A apaGCKUM 1IPO3BHILEM aAb-XBapH3Muy
(Xope3amuen). Ero aare6panvecknii Tpya, cocTaBaeHumii B Y B
H. 3., HOCHT Ha3BaHue «I{HUra BOCCTAHOBAEHHH W LUPOTHBOLO-
craBneHuar. «BoccTanoBacnnem» MyxamMmei Has3biBaeT LiepeHoC
BLIYUTACMOIO K3 OJIHOR YacTH ypaBHCHHMA B JAPYIYIO, FAe OHO
CTAHOBUTCH CAAlaeMblM; «11POTHBONIOCTABACHHEM> — COOHPaHue
HEU3BCCTHHX B OUHY CTOPOHY YyPaBHCHUs, a HU3BECTHbIX — B
Apyryo cropony. [lo-apaGckn «BOCCTAHOBACHHEY> Ha3uBaelcs
<af-1ebpr Orciona HaszsaHue <aiarebpas.

Y Myxammena Xopeamckoro u y -ocaefyiouiux aBTopos
anre0pa LWHPOKO HUPHMEHAETCH K KYHCUECKUM M HHBIM ACHEH-
HbM  pacueTaM, Hu  OH, HM HpYrWe maTeMaTHKM, nUcaBlIHe
no-apabcky, He yuoTpeOasan HUKAKUX COKpauleHHbiX obosHa-
yeHut !). OHK He IPU3HABAAK W OTPHIATE]bHBIX YHCEX: yuCHUe
06 OTPHUATEAbHBIX YKCIAX, 3HAKOMOE UM M3 MHAMBCKUX UCTOY-
HHMKOB, - OHH 'CYMTan# 1A0X0 060CHOBaHHbLIM. JT0 Gbii0 Cnpa-
BEINBO, HO 33aTO HHIMACKHME YyuCHble MOCJAH OrPaHUUYUTLCH
“QIHUM Cayuaem 1IOAHOUO KBajpaTHOrO YPaBHCHUA, TOrda Kak
;Myxammen XOpe3aMcKHIl 1 ero npeeMHHKH 10A%Hbl Oblin pa3-
nMuaTh TpU cayvas (x* - px=gq, x* 4+ g=px, xi=px+ ¢,
£ M g — HONOKUTEbHbIEe Yucaa).

Y3GekckHe, TaDKHKCKKe, liepcruiackde B apabckue marema-
TUKYM 0GOraTuan aare6py psioM HOBbX focTHweHud. Jas ypas-
HeHUA BHICIUUX CTENeHeH OHU yMeaw HaXOUUTb UpUOIHWEHHbIe
3HauyeHun KopHe#t ¢ oueHb 60abwoil ToyHocTb. Tak, 3HaMme-
HUIBIR cpeiHea3naTckuil Guaocod, acTPOHOM W MaTeMaTHk
aab-bupynn (973 — 1048), poiom Toe ua Xopeama, cBen 3a-
Jayy O BbLIYUCAEHUWH CTOPOHLI HPABUIALHOrO 9-yrodbHHKA, BUH-
C4HHOTO B JAHHYIO OKPYXHOCTb, K KyOHUECKOMY YPaBHUHHIO
x*==1+43x u Hautea (B 60-puunbix apobax) npnbammenHoe

3Hauenue x == 1,52'45"47""13"" ¥) (€ TOUHOCTBIO 10 g3 B ACCH-

1) B Hux He 6bi10 u Hymgbt, 60 apalekoe MCBMO OMeHb KPATKO: vaac-
Hbie He 0603HAYAIOTCH, COrAacHble ¥ noayraacuble GykBbl NPOCTHI 10 Hayep-
TaKWI0 ¥ CAMBAOTCH MO HECKOAbKY B oxdd 3Hak, A8 Hauucanuu muo-
rux cao8 rpebyercs He Goabile HDEMEHW, YeM LAH HANWCAHUY HEKOTOPBIY
Hawux SyKB (Hampumep. K. ). 3ar0 apabekaw cpamMoTa MHOCL Ipylnve
Hawe,

2) T. e, oana neaan, 82 wiec niecsn wx, 5 1Py IbICSYY WECINCCILIX B 1. ds
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THUYHBIX APOOGAX 3TO [AET CeMb BEPHHIX NECATHUHbIX 3HAKOB).
Knaccuk MpaHCKON W TamKHMKCKO| 1033uM, Bhliawowuica yue-
upift Omap aaxb-Xaitam (1036 — 1123) w3 Humanypa nonsepr
CHCTEMATHYECKOMY H3YUYEHMIO YPaBHEHWA TpeTbell CTeneHwu.
Hu emy, HM ApPYTHM MaTeMaTHKaM MYCYAbMaHCKOro MHpa He
VAGI0Ch HAlITH BHPAaXeHHs KOpHeli KyOHYeCKOro ypaBHCHHUR
uenes xospduunentn. Ho aap-Xaflam paspaboran cnoco6,
116 KOTOPOMY MOIKHO (FeOMeTPHYECKH) HaliTH YHuCcaA0 AefcTBHU-
TeabHBIX KODHeH KyGuuecKoro ypaBHeHMA (€FrO CaMOro HHTe-
pECOBANN TOALKO MOJOMKHTENbHbIE KOPHH).

CpenneBexkoBas Espomnma B 12 sBeke ¢Aarebpar
asb-XBapu3My cTana u3sBecTHa B EBpone u Gnlia mepescieHa
Ha satyHCKUi A3bik. C 3TOrO BpPCMEHM HAaYMHAeTCA pa3sH-
THe anreOpp B eBPONENiCKUX CTpaHax (cnepsa MO CHAbHbIM
BAHRHUEM HAYKHM BOCTOUHbX Hapojos). [losasaswoTca cokpa-
weHHne 0003HAYEHHA HEW3BECTHHIX, PELIAeTCA DAA HOBbLIX
3a1ay, CBA3AHHLIX ¢ rnoTpeGroctamu Toprosau. Ho cymectaen-
noro capura He Goiro o 16 Beka. B nepsoit Tpetn 16 seka
uraabsHub Aenp-Peppo w Tapranbs Hamam upasuaa aas pe-
weHud Kybuueckux ypasHeHuit Buia x® =px -+ q; x* 4 py=q.
x% 4 g=px, a Kapnano B 1545 r. nokasan, 4To BCAKOe KyG6u-
4eCKOe yPaBHeHHe CBOLUTCS K OIHOMY M3 STUX TpeX; B 370 ke
spems Peppapu, yueduk Kapnawo, Hamen peiienue ypashenus
4-f1 cTeneHy.

ChrowHOCTh NpaBua 1AA pellieHua ITUX ypaBHeHWH clenana
Heo6X0RUMbIM YCOBEDILCHCTBOBAHIE 0603HaveHHH. ITO conep-
aji0Ch TOCTENERHO B TeueHwe wegoro croaetus. B koHue
16 sexa @paHuysckuii Matemaruk Buera sBes 6ykBeHHbIe 060-
3HaueHHA, W NPHTOM He TOJbKO [IA HEH3BECTHHIX, HO U [an
M3BECTHLIX BEINUNH (HeuW3BecTHhie 0GO3HAUAMNCH 3arAABHLIMK
rIaCHbIMK OYKBAMH, M3BECTHbHIE — 3alTaBHbIMH COTMACHBIMM).
boury BBEldeHbl COKpawmieHHue 0603Havenusn AeicTBHI; y pas-
HblX aBTOPOB OHU WMedu pa3Hulil sui. B cepeaune 17 meka
agreGpanuecxas cnmpoauka 6narogapa QppaHily3cKOMY yucHo-
My Iexapry (1596 — 1650) npuoGperaer B, oueHb Gnuskwit
K HbiHewwHel.

OtpunartenbHbe yucaa B I3 —16 sexax orpuua-
TeabHble YHCJA DPacCMATPHBAIOTCA eBpoNeflaMu JHlibL B HC-
KJOYUTeAbHBIX cayyanx. [locae oTKpHITHA pelleHua KyGuue-
CKOTO YDaBHEHHA OTpHIlaTe bHbIE YUCAA TOCTENEHHO 3aBoe-
BbIBAIOT NPaBO TPAWKN3HCTBa B anre6pe, XOTA HX W Ha3bIBAIOT
«1oXHbiMUe. B 1629 r. Xupap (Ppanuus) nas obuienssecTyhint
HplHe CAOCO0 FEeOMETPUUECKOro M300paWeHUA OTPHUATEAbHBIX
_uicea. Jler aBaauarb CHyCTA OTPHIATEAbHBIE YHCAA DOAYYHIIt
Breofilee pacnpocTpanenue,
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Komnaexwcusie yncxa Bseilenie KOMIIEKCHBIX YHCe
(Ifl, 28 n Iil, 34) Takxe 6bl10 CBA3AHO C OTKPLITHEM PeLICHAN
KYOHUeCKOTO YPaBHEHHA.

W g0 9TOrO OTKDHITHA IIPH PEIIEHAN KBAaAPAaTHOrO Yypas-
HeHUsA Xx® - g==pX NPHXOIUIOCH CTAAKHBATBCH CO CayyaeM,

. P\2
Koria tpe6oBainoch H3BieYb KBAJPaTHLIH KODeHb H3(2~) —q,

2
rie Be.JHyHHa (%) 6uiTa MeHswe denm g. Ho B takoM cayuae

3aKJ0yaddi, YTO ypaBHeHue He umeer pemenuii. O BBegeHun
HOBBIX (KOMMICKCHBIX) YNCeN B 3TO BPeMA (KOria Jawe OTpH-
[1aTeabHble YHCIA CYHTAMHCH -«JIOMHBIMH») He MOrI0 OuiTh U
Muican. Ho nupu pelmeHHH Ky6HUECKOro YpasHEHHs o mpa-
Biay Taprasbn okazaioch, urto 6e3 AcHCTBHH HAL MHUMBIMA
YHCJIAMH HEAb3A NOAYYHTh Oefemgimenstotii KOPeHs,

O6pacuun a10 nmoapobuee. Tlo upasuay Taptasku KopeHb
ypaBHeHUH

=pi4q (1)
NPeNCTaBI%eTCs BRIPameHHeN '
x=9"u+ Y, 2)
A U4 N U — DCIIEHNA CUCTEMB!
u-4v=gq, uv= (%)8 {3)

Hanpumvep, aan ypasuenua 1% =0x 428 (p=0; q==28)
HMeeM:
b v=28 uv==27,

OTKY]1a HAXOAUM, uTo aubo =27, v =1, aubo y==1; v =27.
B o6oux civuasx

XNo= 1727 - ‘)/1 == 4.

HApyrux geflcTBHTeALHBIX KOpHeil [{aHHOE YpasHCHHYE HE uMeeT.
Ho, xak 3amerua ywxe Kapnrawo, cuciema (3) mower He
HMeTh JeHCTBHTeALHBIX PCIICHUI, MEWKILY TCM Kak yparHenue (1)
uMecT ACfICTBHTCALHBIY W NPHTOM HOAQNHCUMEAbHBI KO-
penb. Tak, ypasuenpe x®==15x -+ 4 uMeer KopeHb x==4, HO
CHCTEMA
n--v=4 uve=]25

!

HMEeeT KoMmmiackcuwie xopp: u=2 4 I, v=2—11 (nan
u=2—11i, v="2- 11,
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Ha 310 3aragouHoe saBacHHe BRepBhie ppoana ceet Bom-
Geasu 8 1572 r, On ykasaa, uro 2 - 11i ectb Ky6 uncna 2 -1,
a 2—1li—xy6 uucna 2-—i; 3HAUMT, MOMHO HAMUCATDL
V2t Ti=2+4i /2—Tli=2—i, u torna popmysa (2)
naer x=={2+419) 4+ (2—i)=4.

C storo MoMeHTa Heab3fn OblI0 UIHOPHPOBATH KOMILAEKC-
uple upcaa. Ho Teopus KOMiAeKCHBIX YHCEJ Pa3BUBanach Mea-
JeHHO: eule B |8 Bexe KpyiHelllde MAaTEMaTHKH MHPaA ClIOPHIH
0 TOM, KaK HaXOXHTb A0rapHpMbl KOMILIEKCHbIX uuced. XoTd
¢ [OMOUIBI0 KOMNIEKCHbIX YHCEed YAAN0Ch NOAYYUTH MHOTO
BaWHbLIX DAKTOB, OTHOCRIIMXCH K NEACTBUTEbHBIM UHC/IAM, HO
€amMoe CYmMeCTBOBAHME KOMIICKCHBIX YMCEJH MHOPMM Ka3ajioch
coMHUTeabHbM, KlcuepnbiBaloule npasuaa ZeHCTBHI C KOM-
IIEKCHBIMH  YHCAAMHM [an B cepeiuHe |8 Beka pycCKUH aka-
neMHk  Jitaep — 0AMH M3 BeaMualiiNX MAaTeMaTHKOB BCEX
spemen H Hapojpos. Ha py6exe 18 n |9 Bexkos Gbi10 yxa3sa-
Ho Becceaem (Jawmna) u Apranom (Ppanuus)!) reomerpu-
yeckoe H3oGpawenue komuaekchux uucea (I, 40). Ho
Ha paGorol Becceas u ApraHa ne oOpaTHaM BHHMauH¥f,
u auib B 1831 r., Korpa tor %e cnocod Gnia pa3BUT BEAUKHM
matematukoM [ayccom (Uepmauuna), ou craa sceobuium Ao-
CTOAHUEM,

Beaen 3a teM, Kax Gutau peuienn ypaBHenus 3-# 4 4-i cre-
MeHW, MaTeMaTHKH YCHIEHHO HCKaid QopMyay A4d pelreHds
ypaBHenua S-ii ctenenu. Ho Pyddunn (Mrtanus) Ha pybewxe
18 1 19 BexoB nokasax, uro GyKBEHHOE ypaBHEHHe NATOH cTe-
nenn x% 4 ax? -+ badfex? L dx -t e=0 Heab3n pemuTh
aare6panyecky; TOUHee: Heab3d BHIPA3UTH €ro KOPeHb uepea
GyKBeHHble BEAMYHHbl @, b, ¢, d, ¢ ¢ NOMOIIbIO WIECTH aiare-
Opanueckux JefCTBHIl (croxeHUe, BolUHTaHME, YMHOXEHHeE,
nefeHue, BO3BENCHUe B CTeNeHb, U3BHEUYEHHe KOpHA) %),

B 1830 r. "anya (Ppanuus) noxasan, 4to Hukakoe obuiee
ypaBHeHUE, CTeNeHb KOTOporo Ooablle ueM 4, Heab3s pe-
WUTh aare6panyecku.

Tem He MeHnee Bckoe ypaBHeHHe n-fi creneHd UMeeT (ecau
paccMatpuBaTh K KOMIJNEKCHbIe 4ncaa) n xopueft (cpenu xo-
TOPbIX MOCYT ObiTbh W paBHeie). B aTom MaremaTuky Goiiy yGe-
%neHn ewe B 17 Beke (0ocHOBHIBaACb Ha pazbope MHOrOYH-
CleHHbIX YacTHHIX Cayuaes), HO JIHuIb Ha pyGewe 18 u 19 se-
KOB ynomsuyTasa TeopeMma Ounlna nokasara [ayccowm.

|s§) llepsule wary B 3TOM BanpaBJaeHHH Gulad cpeaaunt Baanucom (Auraus)
B S P,

) B gokasateancrse Pyddwnu Guiin Hekoropele sepodetnt, B 1824 r.
AGean (Hopserus) maa GesynpeuHoe f0Ka3aTeabCTRO,



134 1. ANTEBPA

Boutpochl, KoTopMH 3aHHMaxuch arre6paucrd 19 u 20 Be-
KOR, 110 Goabilleil yacTH BRIXONAT 3a Opejeipl 3JeMeHTapHoit
Mmarematuku. [1o3ToMy yKa¥keMm TOabKO, uTo B 19 Bexke 6buiau
pa3pabotanb’ MHOCHE METOIbl IPUGIMKCHHOTO PEIeHHA YPas-
HeHuil. B 3ToM HanpaBAeHHW BawHble Pe3yabTarTel Obtay foay-
yeHn BeauKHWM pycckum matemarukom H. M. Jlo6auesc xum

§ 3. OrpHuarennHuie yucaa

Ha caMbIX PaHRHX CTYICHAX Pa3BHTHA JI01H 3HAIH TOALKO
darypaabhpie yucaa (I, 2). Ho srumy yuciamu Heanda oGoit-
THCh J@¥e B CaMblX HPOCTLIX CAYUAAX Ki3HHU. JleHCTBHTEAbHO,
ORHO HaTypaibHOE YHCAO HEBOIMOKHO B ofuleM ciyyae pas-
NeauTh Ha APYroe, eCad [10.1630BaT6CH TOIBKO HATyPatbHbLIMK
yucaaMu. Meutly 1eM BOKH3HH HYWHO GblBaeT JledHTh, CKaweM,
3 Ha 4, 5 Ha 12 u tak maiece. De3 sBemeHHA IpoOHLIX yHCe
HedieRrie HaTypPaabHbIX WMHCE! €CTh HeBO3MONHOe JelCTBHE;
BBeACHUE NAPOGCH meaaer 3TO HeWCTBHE BO3IMOXKHLIM,

Ho neficteue suluuTaHus u mociae ssepends ppobeft oc-
TAaeTCA HE BCErAa BO3MOMHBIM: He/b3A BHUECTh Goabliiee YNCIHO
u3 MeHbilero, HaupusMep 5 wm3 3. OpHako B NOBCeIHEBHOMN
HHU3HY M He HPeACcTaBiAercs HeoOGXONMMBIM NMPOH3BOLUTL M0-
A0GHOE BLIYHTAHHE, U IOTOMY OYeHb 4OJr0e BpeMs OHO CHH-
TaloCh HE TOJALKO HEBO3MOMHbLIM, HO H COBEpUIEHHO 6ecCMbl-
CACHHbIM.

Passurue aare6pbi Mokasaso, 4To taxoe aelictTane Heobxo-
MHMO BBECTH B MaTeMmaTHKy ({cM. Hike, § 4), u oHO Oblao
y3aKOHEHO HHIMHACKHMM YUYeHbIMH fpUMEpHo B 7 B. H. 3., a
KHTaficKUMU  eule paHbiie. MHaufickue yueHble, cTapadch
HafiTH W B WHM3HM 006pa3lbl TAKOro BHLIYUTAHHMA, MPHILIH
K TONKOBAHHIO €ro ¢ TOYKH 3PeHHs TOProsbix pacyeros. Ecau
Kyuen umeer 5000 py6. u 3akyuaer ToBapa Ha 3000 pyS.,
vy Hero ociaercs 5000—3000==2000 py6. Ecam e on nmeer
3000 py6., a Bsaxkynaer Ha 5000 py6., 71O 0OH ocTaercs
B noary Ha 2000 py6. B cooTBeTciBHHM C 3TUM CYHTAaW, 4TO
31eCh COBepliaeTcsa BhuuTaHue 3000--5000, pesyabratom e

asaserca yucao 2000 (2000 ¢ roykoffi HaBepxy), O3Hayaloutec
¢jlBeé TLICAYM AOITa». ] .

ToakoBaHue 3TO HOCHJO MCKYCCTBEHHWIH XapakTtep, Kymen
HUKOrga He HaXoiHa CyMMy moara suiuntannem 3000—5000,
a Bcerfia BHMOAHAJ BblyutaHne 5000-—-3000. Kpome toro, Ha
2TOH OCHOBE MOXHO OhlI0 € HATAXKOH O6BACHHUTL WL 1Pa-
NHAA CAOKEHHN U BHIUKTAHHA <UHCEN C TOWKAMH», HO HHK3K
HeabsR Ona0 O6DBACHHTL TPaBUAA YMHOKEHHA WAH ACIEHUA
(v mpaBuaax melcTBui cM. Huxke, § 3). Bce e ToakoBaHne 310
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ZOJro NPHBOJHIOCH B YYeOHHKAX M B HEKOTOPBIX KHUTax (1pH-
30AUTCA H fOHbIHE.

«HeBO3MOWHOCTD> BLIYHTAHHA GOMBLIEre WHCAA K3 MEHbILETO)
obycaonanBaeTca TeM, YTO HaTypaiabHblii paj uucea GeckoHe-
4eH TOABKO B ofHy cTopoHy. Ecan nocaenosarennro soiuutars 1,
faudnan, CKaxeM, M3 uHcaa 7, Mbl [OJ) YUM YUCIA

6,5, 4,3, 2 I,

RaapHelililee BBIYHTAHHEC 48€T Yie «OTCYTCTBHe uHcaa», @ 1aablue
1€ #3 Uero yxe BuUMTaTh. Ecau e Mbi XOTHM cnenaTb Boiui-
iahiye BCETAAa BOIMOMCHbLIM, Mb JOMXHbI ) «OTCYTCTBHE YHCIa»
CUKTATh TaKie YMCJAOM (HYJAb); 2) OT 3TOFO NOCAeNHero YHC/Ia
CYNTaTh BO3MOMHLIM OTHATH eule eIMHWUY H T. I

Tax MBl noayuaeM HoBble yucaa, 0603HayaeMmbie B HACTOA-
wee BpeMs Tax:

—1, —2, —3 a1t

ITH uyHCAA HA3LIBAIOTCA GeAbLMU OMPULAMEAbHOLMI HUCAAMU.
Croamuil Briepeay 3HaK <MHHYC> HRIIOMHHAET O NPOHCXOWJE-
HA¥ OTPHUATEALHOTO UUCAA U3 N10CAEJ0BATCALHOTO BHUUTAHUA
efiukKLb. 3HaK STOT HA3bIBAeTCA «3HAKOM KOJIHYCCTBA» B OTAN-
uie OT 3HAKA BbIUHTAHHUSA, MMEIOILEro Ty We QOpPMY; oCaeLHH
Ba3LIBAETCA «3HAKOM JAEHCTBHAH».

Bsenende uéabix OTpHUATENBHBIX YHCed BaedeT 3a cobod
BBelleHHe B OpOOHHLX ompuyamenbHox 4uces. Ecam Ml upu-

guMaeM, 4T0 0 — 5= -—15, TO JOMKHL UPHHATL TaKKe, YTO
2 1
— 172= —-17—. Yucno —-- ectb ApobHOe OTPHMATEIbHOE
GHUC IO,

B npOTHBOMOAOMHOCTh OTPUUATENBHBIM YHCAAM (LEALIM U
EpoOneiM) Te yucna (uesnsie B ApoOHbiE), KOTOPblE PACCMATPK-
BaTCA B aPHQMETHKE, Ra3hiBAIOTCA noAOHumesb M. Yrobn
eile Goaee OTTEHHTb 3Ty POTHBONOJO¥HOCTD, 11010KHTENbHbIE
ykcaa CHAOWAOTCA YACTO 3HAKOM <MAIOCY, KOTOPHH B 3TOM
cayyae eCTh 3HaK KOAHYeCTBA (a He 3HaK jeiicTBus). Haupumep,
yucao 2 3anuCHBAOT - 21),

‘OrpuniatenbHbie 1 NOJOXKHTEIbHHE YHCHA, B3ATHE BMecCTe,
B WKONBHHX PYKOBOACTBAX HMEHYIOT OTHOCHTEAbHBIMH YHCAAMH,
B npunaTO# Hay4yHOH TePMHHOJOIHY STH YHCIA BMECTE C YHCAOM

1) OAMHAKOBOCTD BURA 3HAKOB KOAWYecTBA (-~ ¥ -—) M SHAKOB neficTBuil
HMTeT PAA NPEHMYI(eCTB NAA BHIYNCAUTEABHLIX Leded, HO HA MEPBLIX LOPax
ApUYHHAET yHaupimcs pAR tpyadocredl, [losromy B Hava bHOM npenoxaBatiu
[0]€8HO PA3ANNATH 3HAK JCHCTBUS OT 3HAKA KOAUNECTBA, HanpUMEp UKCATH
CTPRNATEADHYIO ABORXY BE B Bune — 2, a B Bule D, kaK 8TO H ZEATETCH BCELIa
s yoraprdmHYEcKux Buryucaewuax (em. 1T, 68 n caen,).
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HYAb HA3LIBAIOT payliOHAlbHBMA. CMblcn  3TOrO Ha3BaHHA
BLIACHAETCA fpy BBELeHHH NOHATHA HPPAUHOHANLHOTO YHCAA
(cm. 11, 27). Tlono6HO TOMY KaK IO BBeNEHMA OTPHUATEILHOrO

Yyucaa HeT HUKAKUX [MOJOXKUTECIABHLIX YHCET ¥ YHCIO 7 €CTh

pocTo 1poGHOE YHCIO, 2 He MOJOKHTEIbHOE ApO6HOE UHCIO,
TaK ¥ 0 BBEeJAEHHs WPpauMoHaibHOro yucad wicaa + 5, — 5,

— %y 7 ¥ T A 0pocTo CyTh MOMOXKHTENbHbE W OTpHUA-
TeNbHblE Heabie W IPOOHble YHCJIa, a He PalfOHaNbHbIe YHCTaA,

§ 4. MpoucxoxneHue OTPHUATEALHBIX YUCeN W NPABHL
ne#cTBHA HAL HUMH

Ensa an He caMbIM TeMHbIM A8 YuaillXcsa MecToM B aare6pe
ABAAETCA YyueHHe O AeHCTBHAX C OTPHUATEIbHHLIMH YUCIaMH.
W 3ro He moToMy, UTO ycTaHaBAMBaeMbie npaBuia peficTBEH
caoxubl. Hanpotusr, onn ouens nipocrsl. Ho TemuriMn ocTamwTCa
1Ba gonpoca: 1) 3auem BBOAATCK OTpHUaTeablsle yucaa? 2) [o-
yeMy Hal HUMH COBepPHIAIOTCA JeficTBHA 0 TaKHM-TO NPaBuIaM,
a He 10 WHbIM? B 4acTHOCTH, OUeHL [IOXO OHUMARTCH, FlOUEMY
UPH YMHOXEHHM H JejJeHUH OTPHHUATEJNbHOTO YHCHA HA OTDH-
1aTesbHOE Pe3yiAbTaT €CTh NONOKHTENbHOE HHCAN.

Bce 3T BOHPOCH BO3HHKAIOT MOTOMY, YTO C OTPHUATEIb-
HbIMH YHCTAMHK yyYaruxcs OOBIYHO 3HAKOMSIT 10 TOTO, KaK OHH
HauyaJu pellatsb YpaBHeHHs, it 60abille He BO3BPAILAITCA K Apa-
BHJTaM JefICTBUIN € OTPUUATENbHLIMY YHCHIaMH. Mexny Tem anids
B CBA3Y € pelleHUeM ypapHeHHI! BulAcHAETCH OoTBeT Ha 063 no-
CTaBJeHHLIX BoineBonpoca. Mcropuyecku oTpHilatTenbHble yucIa
BO3HHMKJM UMeHHO B 31011 cBa3i. He 6yap ypaBHeHuit, re 6bin0 Oui
HYXJbl W B OTPHLATEAbLHBIX YHCJAX,

Jloaroe BpeMst ypaBHeHMs U3yuanuco 6e3 MOMOIUM OTpHLA-
TeNbHbIX YHCeJ; IpH 3TOM BO3HHKAJW MHOrHe HeynoOCTBa; 1as
§CTPAHEHUA 3THX HeyNOOCTB # GLinu BBENEHBl OTPHUATEbNbIE
uucaa. [1pu 3TomM B TeueHuye JOATOro BpeMeHNW MHOTHE BhIAW0-
flipecs MaTeMaTHKH OTKa3blBaAHCh BBOAHMTH HX B ynotpebaeHue
nan BBOANAM ¢ 60abmol Heoxotoil. Eute Jdexapr (1596—1650)
Ha3blBad OTPHHATEAbHBIE YHCAA <AOXKHBLIMY YUCAAMH>.

O xapakTepe yNOMAHYTHIX HeYNoGCTB JAaeT npeacTaBieHue
Takoi npocroii npumep. [1pu pelleHun ypasHeHus 1iepBQl cTe-
NeH® C OJHUM HEH3BECTHHIM, HAaNpHUMep ypaBHEHHA

Tx — 5= 10x — 11,

MBl MEPEHOCHM YjeHbl TaK, 4ToObl B ONHOH 4acTH ypaBHEHMs:
OKa3a1uCh H3BECTHBIE, B IPYrojl — Heu3seCTHbIE BeauunneL I1pn
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3TOM 3HAKH MeHAIOTCA H3 obpatHble. CobHpas HEH3BECTHMe
B MpaByIo 'uacib, a MSBGCTHHE} B J'leB_)'lO, nonyqaeM:

H—8=10x—Tx; 6=3x; x=2.

3TH npeo6pasoBaHHA MOXHO BbLINOJHATh, COBEPUIEHHO He MOJb~
3yACh OTPHUATENbHHIMY UWCIAMH W paccMaTpHsas 3HakH -+ M
— KaK 3HaKY CIOMEHHMs ¥ BLIMHTAHMA, 3 He KAK 3HAKH (OJO-
WUTENbHLIX U OTPHUATeAbHBIX yncea. Ho toraa nyxHo sapatee
fIPOAYMaTb BOMPOC, B KAKYIO CTOPOHY, BNIPaBO WY BAEBO, Cle-
IyeT epeHoCUTh Heu3BeCTHble uaeHn. Ecan, Hanpumep; 8 Bbtlie-
MPUBEJICHHOM YDPaBHEHHHM (IePEHeCTH HEH3IBECTHhle Y/eHb
B1€BO, MOAYYHM:

Tx— 0x=5-—11.

He BBOfA oTpuuareabHblX. Yuces, Mol He MOWKEM M3 5 Bol-
yectb 11, He MOxeMm u3 7x Beiuects 10X M, 3HAaUHT, HE MOXeM
lanpuie NPOABUHYTbCA B PEINEHHM YDPaBHEHHUA. Memny TeM
3apaHee He BCerja BHIHO {0COGEHHO eCAM uneHoB MHOTO),
B KaKYI CTOPOHY HYWHO fepeHoCHTb HeU3BECTHhle YJeHH,
yToObl TAKOrO MONOXEHHA He CO3AaBaioch. BbiuHMcauTenb 10.-
’eH OblTb rOTOB MpoJ€JaTh LBOHHYI0 paboTy, BTOPHYHO CO-
Bepliad M[EepeHOC YJMeHOB B HYWHYIO CTOPOHY. B nopsike
PALLMOHATH3AINN BHIUACAUTEALHOTO NPOLECCa U OblIM BBENEHb
OTpHUATeNbHbHE YHCAa. LeficTBUTENbHO, €CA Mbl COrAACHMCH
CUMTaTh ¢BO3MOXHBIMY <HEBO3MOXHOEe» BbiuHTaHue 5 — 11,
oﬁosnauus pe3ynbTat yepe3 — 6, H TOYHO TaK xe BbIUMTAHHE
Tx — 10x, 0603HauuB pe3yabrar —3x TO MOAYYUM:

—3x=—06.

Ounpeneass x, HaXOAUM, 4TO
=—6:—3

Tenepb BoisicHsiercs, 4To, BBeAA OTpUNaTeAbHble YHCAA, Mbi
ROMKHL YCTAHOBHTb MPaBWIO, YTO NPW [A€JEHHH OTPHIATEb-
Horo uycaa (— 6) Ha oTpuuateabHoe (— 3) yactTHoe ecTb ii0-
nowuTEnbHOE YMCAO (2). [leHcTBUTENbHO, 3TO HACTHOE JOMKHO
1aTb 3HAYEHHE HEU3BECTHON BEAMUMHBI X, KOTOPOE paHblue
6L110 HANAEHO APYCHM (yTeM (63 OTPUIATEAbHBIX YHCEN) U
0OKA3240Ch PaBHLIM 2.

Takum apumepHo o6pasom i Golid BSBeAeHH OTPUUATENb-
HEIe YHCaa; Uedb 3TOrO BBEJEHHA — PALHOHANU3AUHA BbIYHC-
AWTECALHOrO npouecca; npasuaa peficTult Hal oTpHUATEeNb-
HbIMY YUCIaMi ABUAHCH Pe3yIbTATOM BHeILpeHus 9T0ro paiHo-
HaJU34TOPCKOTO NMPHEMA B BHYHCAWTEALHYI0 MPAKTHKY.
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MuoronetHre 1 MHOrooGpasHble HUCABITAHUA IOKA33IH, YTO
3T0T {ipueM obaasaer orpoMHoit spPeKTHBHOCTLIO M HAXOLHT
cebe GaecTawme pUMeHEHUR BO BCex 06JacTAX HayKH W Tex-
d#ukn. Bciony -BBeneHue OTpHLUATEbHbIX WYHCea MO3BOARET
OXBAaTHTh €AWHHIM TNPABHIOM TaKHe #ABJEHHA; 1A KOTOPHIX
HYWHO Gbl0 O BLILYMpIBATH HECATKHW NPABHI, eCAH OTPAHH-
YUThCA YUCAAMH OJONHUTENBHAMY.

WMrax, Ha ABa BuilzeioCTaBAEHHBIX BONIPOCA HYKHO OTBETHTDL
caenyomM 06pa3om: [) oTpuuaTeasHsle YHCAA BBOUATCA 3aTeM,

91060 ycTpaHHTL pAll TPYAHOCTeH, BOBHMKLIHX HpeKIe BCe-
ro fpu peiieHAH ypaBHCHull; 2) npasuaa KelicTBulA Hajl HHU-
MU BBITEKAIOT 83 HeOOGXONHMMOCTH COrAacoBaTh Pe3yAbTaTw,
noAyYeHHbie C NOMOMBI0 OTPHUATENbHBIX uuced, ¢ TeMu
peayasiartaxy, HOTOpse MOrAH 66 6biThb noayueHo - Oe3
HUX.

Bce otn npasuaa (cM. § 5) Moryt ObiTb yCTaHOBAEHbI lipY
paccMoTpeHnH HpocTefiityx ypaBHeHHH [0XOGHO TOMY, Kak
Bolile 6bl0 BHIBRIEHO APaBUNO AedeHHs OTPHUATEABHOTO UHCAa
Ha OTpHHaTeabHOe.

§ 5. fipaeuxa peficTBuil C OTPHURTEAbHBIMHA
% MONOWHTENLHBIMY YHCIZMH

AbGcoaomsoll 8esudunol (UM a6COMIOTHBIM 3HAYEHHEM): OT-
PHUATEADHOTO UHWCAA HA3LIBAETCH NOJOKMTEALHOE YHCNO, MO0-
ayuaemoe . OT NePeMeHH €ro 3Haka (—) Ha ofpatusiit ().
ASconoTnas BeanunHa —35 ectb 4+ 5, T. €. 5. AbcomoTHoR
BeIMYHHON NOAOKHUTENHHOrO YHCHa (a Takxke yucaa 0) Ha3wBaer-
ca camo 3To wucao,

3uak abCcorOTHON BEAHUUNE — ABe NPsIMble YePThl, B KO-
TOpbiE 3aKaA0uaeTCs 4uca0, abCoaloTHAs BEJHYHHA KOTOPOro
Geperca. Haupumep, 1-—5]:5. I 4+51=35 10|=0.

{. Cnowenne. a) /Ipu caoxncenuu dsvx yucen ¢ oduHa-
KOGBbIM 3HGKOM CKAGOBEAOMCA UX GOCOAIOMABE 6eAUURS
u neped cymMMOL cmagumes COWUE ux 3HAK.

Hpamepu.

(+8) + (+ 1) =19;
(=D +(=3=—10.

6) ITpu caoxcesuu O08yx ducesn ¢ pasHuiimu 3naxamu u3
€Bconiomuoil Beauyursl OCRO20 U3 HUX 8udumaemcs abco-
A0 IMHasT GenuHUHG Opy2020 (MeHbuiast u3 00asueid) u cma-
8UMCR 3HAK MOZ0 4ucaa, y KOWOpozo GOTOMOMHAR 62AU-~
Hura Goavue,
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Mpumepn.
(=) +(+12)=8
(=3 +(+hH=-2

2. Briuntanne. Buiuuranue OJHOro uYHCIa H3 APYTOro
MOJCHO | 3G MERUMb CAOJNCeHUeM; NPH 3TOM yMeHbUIZeMoe
GepeTcs CO CBOWUM 3HAKOM, 3 BuiyMTaeMoe ¢ 0oOpaTHbIM.

Mpumepn.

(+7) — (F ) =1+ (— =3
+ 1) — (= Q=+ T) + (+ =11
(—T)—(—=(~7) +(+H=—3
(— ) — (=4 =(~H+(+ =0

Sameuanne [Ipy BulliCHHCHUN CIOKEHHS ¥ BHUNTAHYUA,
OCOGeHHO KOTa HMeeM [eJ0 C HeCKOMbKUMH YHCAaMK, AYYiie
Bcero nocrynars tak: [) ocBoGoiuTs sce yucaa ot cxodok,
fpi 3ITOM Nepel YHUCAOM NGCTEBHTH 3HAK <«-|», ecan mpex-
HHH 3HAaK nepel cxoOKof Obin OARHAKOB CO 3HaKOM B CKoOKe,
H <— >, eciH OH 06ua UPOTHBONOAGHEH 3HaKy B cKobke;
2) caomuth abCOMOTHBIE BERHYHHEL BCEX YNCCN, HMEIOWIHX
Teneps cieBa 3Ha¥ -+ 3) CAOKHTL abCORIOTHME BEAHYHHB
BCEX yHCen, MMEIOWINX Telepb €AeBa 3xak — ; 4) 13 6oapilie
CYMMEl BHIYECTb MEHLIIYI0 H [OCTAR iTh 3HAK, COOTRETCTBYIO-
win# Soabuield cymme.

Mpumep. (—30) —(— 1)+ (=€) — (4 12) 4- (-} 2);

1) (= 30) — (= Ty 4 (— 6) ~ (4 12) 4 (+2) = — 30 £
4 17T—6—124+2 2 17T+2=18 3) 30464 12=45;
4) 48— 19=29. Pe3yipTarT €cTb oOTpHUATENLHOE UHCAO
— 28, tak kax Goabman cymMa (48) noayunaace oT cAOMEHUH
aGCoMIOTHBIX BeJMYMH Tex uHced, feped KOTOPHIMHM CTOfay
MUHYCbl B BblpaweHun — 30 4 17 —6— 1242,

Ha 310 noczensee BhIpaXeHHE MOWHO CMOTpeTb W Kak
Ha cymmy uucea — 30, -+ 17, —6, — 12, k2, u KaK ua
peaysbTaT MOCAENOBATEAbHOrN upubaprenun ¥ uducay — 30
yncaa 17, 3aTem BbluMTaHud H.4caa 6, 3ates sotuuranus 12 u,
HagoHel, npubapaenus 2. Boo6uie Ha Boipawenue ¢ — & -
4+ e¢—d u 1. 1. MOXHO CMOTpeTb U KaK HI CYALALY YICa,
(4 a), (—b), {(+ ¢), (—d), 1 Kak Ha peayibTar TaKux HOCje-
KOBaTeAbHBIX AeHcTBHE: BbyuTEHHA B3 (- @) uucas (- B),
apubasaenun (-4 c), souvitauus (4-d) v 1. 1.

3. Yuuomenne. [Ipu yumuoxcesuu 08yx “icea yuago-
NAIOHCA UX ABLOMOMHbLE BeAUHUHB U Neped PPpOu3seoeHeM
CIGBUNIC 3HUX NAKOT, eCAll 3HAKU COMHUMCUMmerell OO0uNa-
KOBW, Il MUHYC, CAU OHU pa3xbie.
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CxemMma (npaBHAO 3HAKOB NMPH YMHOXEHHH):

+o4=1

Mpumepe. (4+24) (—5)=—12 (—24) - (—5)=12:
(—82) (- 2)=— 164

Ilpu nepeMuOMCeHUI HECKOABKUX COMHOMCUMEALN IKGx
npO3BEOCHIR NOLOHCUINCACH, eCAll YUCAO OMPUGARIEAbEELY
COMHOICUMEN Il HEMHKO, U OMPULAILELER, ECAU HUCAD OMPL 4~
MEAbHBLX COMHOXCUMenell HevemHo.

NMMpumenp.

(+) 2 =) (=) (= L) =—14
(TpH OTPHUATENLHBIX COMHOXHTENR);
(=9 2 =y (D) =7
(B2 OTpPUNATENLHBIX COMHOXHTEAR).

4, lenenne. [lpu Oeaenuu 00K020 Hucaa Ha Opyzoe
deasin  aBCOMOMHYIO  BLAUMUHY NEPBOLO HA AOCOAIOMKYID
seAuqUny 8MOpPoOzo U neped HACMHBIM cIMasdunics 3RAK nawe,
ecal 3HaKU OeAumo20 u Oeilmeas. OJUHAKOSH, I MUHYC,
ecall OHU pa3nbie (CXeMa Ta Xe, 49TO [AA YMHOXEHHA).

Mpumepn. (—6): (+3)=—2
(+8) i (=2 =—4 (—12): (— 12) =1

§ 6. [eficTBHAl ¢ GAHOYJIEHAMH; CJOMEHHE M BbIYHTAHHE
MHOrOYJIEeHOB

Q0HO4eH0M HA3LIBACTCA IPOU3BEACHIUE ABYX MAH HECKOAb-
KHX COMHCKHTENeN, KawAbli W3 KOTOpbIX ecTh anbo umcao,
anbo Oyksa, aubo crenede O6ykso. Hampumep, 2d, a®h, 3abe,
— 4x%y%— ogHouaensl. OTjenbHo B3TOE YHCIO HIH OTAEALHO
B3Tas OGYKBAa TOWe MONET PACCMaTPHBAaTbCA Kak OAHOUMeH.

Jlioboli w3 comHOmMMTEnel OXHOUIEHA MOMXHO Ha3BaTb €ro
xosgunuenmonm. Yacro nox KosppUUHEHTOM [lOHMMACT
uucA060d MHOMCUmMends (HAUpHMED, B BoPAXEHHU — 4xlyz?
YHcao — 4 ecTb Kospduunenr), Bageadn onun ua MuoxuTe e
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B KaueCcTBe KuIhpUUYEHTa, XOTAT HOJLYEPKHYTh, YTO OXHOYIEH
[IOAYYUACS B PE3yAbTaTe YMHOWEHUs BCeHl OCTaibHOH YacTH
Ha 3T0T xo3¢duuneHt. Builieassa ynucnoBol MHOXHTENb B Ka-
YecTBe KOI(BPULUHEHTR,. Mbi I01Y€ PKUBAEM, YTO OCHOBHYIO POJb
urpaeT 6ykseHHOe BbiDaweHHe, KOTOPOE NOBTOpsAETCS Caarae-
MbIM HEKOTOPOE -UMCAO Pa3 Max IPOOHTCS Ha JOJH.
OxnxouneHbl HAa3bIBAIOTCA ROOODHbLAIL, €CAN OHH. OIMHAKOBb
#1 OTIHYAIOTCA TOABKO xoaq)q;uunemamu Orciona BHIHO, YTO
B ONHOUJEHZ MOWHO CYHTATb ¥ MOLOGHBIMH # HENOROGHbIMH,
CMOTpsl 1I0 'TOMY, 4TO cuiiTaercn ux Kosppunentamu. Ecim
K03 dUIMEHTaM¥ ~ CUNTATh YNCAOBbie MHOXHTEAW, To 1ono6-
HbIMH OJHOYJEHAMW GYIyT Takue, y. KOTOPbIX. OJHHAKOBL 6\K-

BenHble yactd. Hanpumep, omnousenn ax®y? bady?, cxiy?
nonoéuu €CJN CUMTATL KOSPHUUUEHTAMYU @, b [N onnoqnenu
3x2ye, - 5 2y2, - 64%y* nonoOHbI, ecny CUNTATH Ko3pduunen-

TAaMU YHCJIOBbIE MHOWHTENN.

Croxenne oanoyietoB. Cloxenue ABYX HINM HECKOMbKHX
ONHOYAEeHOB, BOOOILE FOBOPA, MOKHO TOILKO. 0603HAYHTB; 1O
TOTO KaK BMeCTO OYKB  Mbl BO3bMEM Kakue-Hubyab 'tucaa, cyMma
ONHOUNEHOB, KAaK NPaBHAO, He NPUBOAMTCA K 60iee MpoCTO-
MY BHLY. Eé mowno npeobpasosath K 6ojiee NPOCTOMY BHRY
AUNIb TOFLA, KOTZA CPEIM claraeMblx UMenTcA nonoGHble; BMe-
€TO STUX Y/AEHOB HanuueTcA NonoGHBIA UM WwieH, KoshdruueHT
HOTOPOrO paBeH cyMmMe HX KoddduuneHToB. Ta 3ameHa Ha-
3biBaercs npusedenuem noooGHbLX 4AEHOS.

MMpumep L 3xy — Bx2y? 4 6x%y* = 4xy®,

Npumep 2. ax-y —bx“‘y +ex®y?=(a— b ¢) xyi

Mpumep 3. 4xy?— 3x292 — 2xBy? | 6x2y2 | Sxy =
= 2x%? -+ 3x2y2 + Sxy.

Bbinecenne 3a crko6ku. [lelicTeue, CoBeplIEHHOE B MPH-
mepe 2, - HAa3LIBAGTCH BMHECEHUPM 30 CKOOKU; FOBOPAT, UTO

x2p? «BblHeceHO 3a cKOGku». [lo CymecTBy BhiHeceHHe 3a
CKOGKH ~— TO e - caMoe, YTO [puBefeHHe MONOOHLIX HJICHOB.

Muorounen. Cymma 00HCH.1eHO8 HA36LBGEMCS MHOROY.AE-
dom. CuoweHue JBYX HIAHW HCCKONbKUX MHOTOYNEHOB €CTh He
YTO WHO®, Kak 00pa30BaHue HOBOIO MHOIOU/CHA, BKAIOYAIOULEro
B ce6a BCe WieHH BCEX B3ATHIX MHOLOYJIEHOB.

Buiyntanye MHOTOUJZCHOB €CTh He UTO WHOE, Kak mpuGasae-
HUe MHOrOoYJeHa, YJIeHb KOTOPOro oépasosam:l U3 YJ1eHOB B3A-
TOr0  MHOrOYJEHa NepeMeHoM 3HaKa Ha o6paTHHIl,

Tpumep. (4a®+ 20—2x%%) — (IZa-—c) -+ (T6—2x2y®) ==
==4a”—|-2b—2x2y — 12a"-—Lc + 7b— 2xty? ==~ 8a® 4

~+ 96 — 4x3y* -} ¢ (ONMHAKOBLIM YUCIOM UePT CHH3Y o6o3Have-
Hbl TIOJNOOHbLIE YaeHbt),
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YMHOKEHKE ORHOUACHDE, ¥ MHOMEHHE ONHOYAEHOB, BOOD-
die roBopa, MOXHO TOABKO 0603HauuTL (CP. CKA3aHHOE Bulille
0 ClIOkeHHH oZHoudeHos). [Ipoussenenue ABYX HIH HECKOAbKHE
OJHOYNEHOB MOXHO. YNIPOCTHTh AMIIb B TOM Clyd2e, KOrjga ©
HUX BXONAT HEKOTOpble CTeNeHY ORHHX W TeX We OyxB uip
yncaoBbie KOp@UUMenTH; NOKasaTeaw cTemeHeli y COOTBeT-
CTBYIOHINX OYKB CKNaABB3OTCH UUCIOBHE KO3(pdHLHEHTE
e peMHOXAIoTCA, _

[T pumep. Saxiy® (— 3a3x%2) == — 150*x%®z [caoxkenn no~
KasateaH crenend 6yxen a (I + 3==4) 1 6yxBbl x (2 + 4 ="6)].

Jdenenne opHounewoB. JeleHre ofHOUNEHA HAa ONHOYJAEH,
BooOlLile: FOBOPH, MOWHO TONBKO 0603HauKTh. YacTHoe aByX
OIHOYNEHOB MOMHO YIPOCTHTh, €CAH NeAUMOE U NeadTedb Co-
NepwaT HEKOTOpbiE CTefleHH OXHUX W TexX ke OYKB HiU Yucno-
Bble KOO((PUHKEHTHI; HOKA3aTeab CTeNeHY AeHTe s BHUHTaeTCH
U3 f0Kasartesnsa CTefleHH HENHMOro; YucaoBofl Kosppuuuess
NeAUMOro IeAHTCA Ha YHCAOBOH Ko3ddibuLHeHT HenuTeasn.

pumep. 12x3%28: da?yz? —= 3xy%2% [BruTeH N fIOKA3aTe-
au creneHH OykBbl x(3—2=—=1), 6ykBw y{(4—1=3) ®
OykB 2 (5 —2==3)}.

3ameuanue . Ecan nokasatend creneHu y HeKoTopoh
OykBbl B JENUMOM M LeluTene OJHHM W Te e, TO B HaCTHOS
9Ta OykBa He BofimeT (ieneHnHana cama Ha ce6s, OHa JacT. epy-
nuny). [ipoussens suiuMTanue nNoKasatenell crencHed, wMb
noayuuay 6m 0. [losToMy MBI HOKHM OPHHATH, YTO &y.246a%
cimenenb m66020 Hucaa ecmb 4ucro .

Tpumep 4xiy3:2x¢% =2x%*=23* (x*=1).

3amevanue 2 Ecanuoxasatenp crefieHn Kaxofi-HH6y1b
O6yKkBbl B NEZHMOM MeHbIUE, YeM fOoKa3aTelb CTéneHH TOH we
6ykBbt B JeauTene, TO BHIYUTaHHE HaeT OTPHUATEJABHYIO cT€-
neHb 37108 6ykBo. [logpobHee 06 oTpunaTeIbHBIX CTENIEHAR CM.
ill, 61. Pe3ayanTaT MOXHO ApeNCTaBUTb TaKXe B Buie HApo6i;
TOraa MouHo oGofituch 6e3.oTpHUUaTeAbHON CTeneHH.

Mpuwmep. le*j;‘:?x"y‘:Sx“’y:% (x“:l—‘).

§ 7. YvHomenHe CYMM B MHOTOUJEHOB

[lpot3eedenue cymmbut 08YX UAL HECKOABKUX 8upadice-
sufl Ha Kexoe-aub0 8upaNcenue passo cyxme npouzsedenull
KAJC0020 U3 CAA2AEMBX KA B3AMCC GHpaXtenue:

(a + &-Fe)yx=qax~+ bx + cx (oTKPHTHE CKOOOK).

Bumecto 6ykB @, b, ¢ Moryt OuiThb 83iTw ambsie Bbipame-
zits, B YaCTHOCTH AI06Gnie OUHOUACHL. Buecto 6YKBH X MOWKHO
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TaK¥e B3ATH A1060e BbipaKeHHE; eCAH 3TO BHPAKEHHe CamMo
NPEACTABAAET CYMMY HEKOTODHIX C/araeMulx, Hanpumep m + n,
TO KMeeM:

a4+ b4aY(mtny=a(m+‘tn)+bmtntecimin=
=am 4 an + bm 4+ bn 4 em - en,

T. €. npousgedenue CyMMu. Ra CYMMY DABHO CYMMe 80ex
803MOJNCKELX NPOU3BeOerNd KAHCO020 4AeHa OOROU CyMab:
Ha KawcOulit 4aen Opy2oili cyrres,

B yacTHOCTH, 3TO NOPABHIO OTHOCHTCA K LPOH3BEAEHHIC
MHOTOYJ€Ha Ha MHOTOYJIEeH:
(842 —2x 4+ 5)(4x + 2)=124% — 8x* 4+ 20x 4-6x?—4x 4 [0 ==

== 1248 — 2x% 4 16x 4 (0.
3anuch YMHORXCHHU R

3xt—2x 45
4x + 2

12x% —8x2% + 20x
6x% — 4x 410

12x8 — 242 4+ 164 4- 10

§ 8. PopMyabl COKPAMEHHOrO YMHOMKEHHS
MHOTOYNEeHOB

Chenyoiliie yacTHbie Cay4Yan YyMHORCTHMA MHOrOYJEHOB
4acTo BCTPEYaIOTCs, H NOTOMY WX noiezno nmoMenTs. OcobenHo
BaXHO HayuuibCn OPHMEHATH HIKenpuBefenHule (GopMyIn
Torfa, Korna SYKBH @, §, BXodsulde B HUX, 3ameHsiotTcs Oonee
CHOMHLIMH BHPaWeHHsiMH (Hanpumep, ONHOYJEHAMH).

1. (a1 b)Y =a*4 2ab + b* Keadpam cymmu G8yx ge-
AuYUH pOGER K8adpamy nep8oll nAwc yO80eHKOe npoussede-
Hlle nepsoii Ha 8MOPYI0 nAw0C Keadpam 8moOpoil.

fMlpumep L 1042==(100+} 4)2=

== 10000 4 800 + 16 = 108186,

Mpumep 2. (2ma® 4 0,1nb?)2 =
= 4m2a* 4 0,dmna*b* 4 0,0in%b
fipenocrepexenne:
(a -+ b)Y ne pagno a® 4 b

2. (@ — b)* =a® —2ab { &*. Ksedpem pa3noemu 08vx
8efudun pasen Keadpamy nepsofi MuUmyc y980ewKOe npous-
8edenue nepsoil Ha SMOpVIC aa0c Keadpam 8mepoit. Ity
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GopMyAy MOXHU paccMaTpHBaTb Kak vacTHetfi cayyall npedsi-
Rymedt famecm b Geperca (= b)].

Mpamep ). 982 = (100 — 2)? == 10 000 ~~ 400 - 4w 9604,

Mpumep 2 (5x%— 2y%)% == 2548 —. 20x%y? - 438,

Mpenocrepexenue: (a—b)? ne pasno a®>-— b® [cM. dop-
myay 3).

3. (@ -+ b) (a — b) = a® — b [Tpoussedenue cymmul 08yx
8eAUdUH HA UX PA3HOCME PASHO PA3HOCMU UX K8adpamos.

Npumep L. 71:69=(70 4+ 1) (70 — 1) = 70* — T = 4899,

Npwmep 2 (0,2a*0 4 c*) (0,2a°0 — ¢*) =0,04a*5" — .

4. (a + b)*=a® 4 3a*b |+ 3ab® + b*. Ky6 cymmot Osyx
8euHUH pagen KyOy népeoii nawc ymipoenroe npoudsedenile
Keadpama nepeol Ha 8MOPYI0 R LOC YMPOECHHOE npousge-
Jexue nep8oll Ha Keéadpain 8mMOpPOL nawce kyb 8mopoi.

Mpumep 1. 122= (104 2)*=

=103 43102 4-3-10:22 4 2% = [728.

Npumep 2. (5ab? 4 20%)% =
= 125a%H% -+ 1504 ! 4+ 60a7h® 4 8a®.

Tipenocrepexenue: (a + b He pasno a4+ b [em. dop-
myay 6}

5. (@ — b)’ = a®— 3a%b 4 3ab® — b*. Ky0 pasnocmu 08yx
senuqun pasen KvGy nepBOll MUKVC YMPOeHHOE Npou3se-
Jenue K8adpama nep8Oll Ha 8MOPYIO NAOC YMPOEHKOE
npoussedenue nep8Ol Ha Kéadpam 8mMOpoil MUHYC KYO
smopoi.

MTpumep. 99° = (100 — 1)* =

=1000000—3-10000-1 43.100.1—1=970299.

[Tpepocrepeskenne: (a — b)* ne pasno a®> — b jcm. dop-
myay 7).

6. (a + b) (a* — ab+b%)= a®+b® [Tpoussedenue cyman
08yx BeAUYUR Ha <HenOAHBI Kgadpam pasHocmu» pasHo
cymme ux Kybos.

7. (@ — b) (a® + ab + b?) =a® — b®. [Ipoussedenue pas-
HOCcMU  (08yX 8eAUHUN HA <HENOAHbT Keadpam CcYyMMoly
PABHO pa3rocmu ux Kky608.

§ 9. Denenne cymm ¥ MHOTOYNEHOB
Yaemuoe om Oenenus cymmuol 0BYX UAL HECKOAbKUX

8upasicenull Ha  KaKoe-Au00. BHPAJCEHUE PABKO  Cymme
YACMHOLX, NOAYHEHHLLX OmM O0eaeHUS Kanc0020 CAU2UeMO20
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Ka 83smoe guipascenue.

G4-b4c__a b c,
x ~ x + x + x’

a, b, ¢, x — mobble BuIpaXeHUs, €CAM BCE OHH — ONHOYJEHLI,
T. €. eCIV BHLIOJHAETCA OeAleHUEe MHO204/AeHa Ha OOHOYAeH,

a b ¢
TO KawIoe H3 YaCTHHIX s 6niBaeT BO3MOXHO ynpo-

X x
crute (I, 6).
3a%b 4-11ab% __3a%h | lab® __ _
npﬂmep. T:w-}-v—f}ﬂ*—]]b.

Ecan a, b, ¢ — omHOuneHbl, a X — MHOTOULEH, T. €. eCak
BBHINIOJHACTCA O€ACHUE MHO204ACHA HA MHOZOYAEK, TO 4acT-
Hoe, BooGuie TOBODPA, Heab3s npedcmaduinis 6 §ude MHO20-
yaena (NOROGHO TOMY KaK 4YacTHOe OT jiejdeHHsA Uen0ro yucia
Ha ueloe He BCerja MOXHO NpeACTaBUTb B BHIE LEAOro
gyucaa). Vlnaye rosops, He Bcerma MOXHO HaliTH Takod MHO-
rouseH, KoTopufi, 6ynyuyn yMHOXeH Ha MHOIOWYIEH, CTOAUIUA
B NeauTene, faa Gbl MHOTOWJEH, CTOAUIMH B IEAHMOM.
a2 4 x2
a

a2 — x2
MHOI'OYN€Ha; YyacTHoe —57-7 MOYHO NpeaCTaBUThL B BHAE MHO-
ad — x2

FOUNEHE: ——=a— X.
a it x a X.

lenrenue muoz204neHa Ra MHO204Aen B ofwleM cayuae
MOMHO BHIIOAHATH € OCMEMKOM, TOLOGHO TOMY Kak 9TO
jenaetcs npu fAeneHud ueawnix yucen. Heob6xoanmmo, oamaxo,
CTaHOBHTb, YTO Takoe JeneHHWe MHOFOUAEHOB C OCTAaTKOM.
CIM Mbl JeJ#M UeNoe NOJOXUTeNbHOe YuCIo, HanpuMep 35,
Ha lenoe MNONOXHUTENLHOE 4YWCHO0, HanpuMep 4, TO moayyaem
8 u 3 B ocratke. Yncaa 8 w 3 obnamalor TeM cBOKHCTBOM,
yto 4.8+ 3=35, 1. e. ecan p — neruMoe, ¢ — IeJHTE b,
m — yaCcTHOe, a r — OCTaTOK, T0 mq + n=p. Ho storo neno-
CTaTOYHO 1A NOJHOIO ONpeNeNeHHA YACTHOTO M OCTATKa; Tak,
B HameM fpuMepe (p =235, g = 4) TakuM e cBOHCTBOM 06.a-
naoT Takwe yucnma m=6n= 11, m=4; n=19. Hywno eume
1006aBUTh, YTO YUCAO N NONKHO GLITb MeHbue uucaa ¢, ITO
nobasieHyue Heab3s OYKBaALHO NEPeHeCTH Ha cayyafl NeseHds
MHOrOYJIeHOB, H6O 11pH OAHHX 3HaUeHHAX OYKB OOHO W TO Ke
BblpaxeHve MoxeT G6piTh 60ablue, a NPy APYTUX — MeHbIe,
ueM Jpyroe Bhlpa¥eHWe. YnoMaHyTroe H00aBAcHUE NOMKHO
ObiThb BULZOM3MeHEHO. B KammoMm M3 MHOrOYMEHOB OjHA KaKas-
HWOYIb U3 BXOAAWMX B ero uieHsl OYKB NpHHUMEETCA 33
FIABHYIO;, HauBsicuias cimeneHs 3mod OyK8oi Ha3bl8aemcs

[Tpumep. YacrHoe H2AbL3A NPEACTZBUTh B BHIE



146 M. AJNTEBPA

cmenenvlw MHOZO4Aera. Toria neseHwe ¢ OCTaTKOM oOnpe-
Iendercs Tak:

Pazdeaums mHozousen P Ra mMHOZO4AeH Q — 3Hawum
Haiimu mrozounenst M (1acmuoe) u N (ocmamok), ydosae-
meopsuouyue 08ysm mpebosanuam: 1) dorocro cobarodamecs
pasetcmso MQ + N=P u 2) cmenens mnoz04nrena N doa-
KA Obimb Hudce cmenedit Mno204aeda Q.

3amevanue. Ocratox N MOWeT BOBCE He CONEpXaTh
raasHOM GYKBbI, TOTNA FOBOPAT, YTO N HMEET HY/AeBYIO CTENeHb.

Mmnoroynenst M u N, ynoBaerBopaone STHM Tpe6OBaHUAM,
BCeraa MOXHO HafiTH ¥ (PUTOM. eIMHCTBEHHBIM 06pasoM npH
naHHoM BuiGope raasHoft OykBbl. OJHaKO OHW MOTYT ObITh
VHBIMH, €CIN W3MeHUTh BeiGop raasHoli 6yxsbl. [Ipounecc Ha-
XO%aeHUR vacTHoro M u ocratka N aHanoruyen npoueccy
nedenns (C OCTATKOM) MHOTO3HAYHOIO YMC/AA HA MHOrO3HAu-
Hoe. Poab undp BLICIHIEro W HU3IIEro Pa3paloB UrpaioT YiaeHs,
copepwaive ri1aBHyo GYKBY B BbiCIiel W HU3WIEH CTeNeHsX.
[lepen nesenueM ujeHbl IeAUMOrO W AeAWTENR PaclonaraoTcs
B nopsike yObiBaHHA CTerneHeH raaBHOH GYKBBI

3anuch leaeHus:

828 4 1642 — 22 4- 4 402 — 2a 41
, -T—Saa— 4a2—T—2a 2 +5 :
' 20a2 — 4a 44
- + -
2002 — 10a -5 D
6a — |

1y Jdeaum nepeoifl unen neasumoro 84 Ha nepBuifi uied
peautensn 4a% peayapbrar 2a ecTb nepsbiff yieH YaCTHOro.

2) TloMHOaeM noayvyeHHsIH YiaeH Ha nenutensb 4a® — 2a4-1;
pesyabrar 8a® — 4a® 4+ 2a noanucuiBaeM 1104 AeIUMbIM, no106-
Heifl ugeH nod MOROGHbLIM.

3) BrluMtaeM uaeHb Pe3yapbTaTa U3 COOTBETCTBYIOMIUX Yie-
HOB JEANMOrO; CHOCHM CJeLyoUMi [0 NOPALKY HIeH JeaH-
moro; noayvaeMm 20a®—4a+-4.

4) Mepeuift unen ocratka 20a® neaum Ha nepBuifl wieH
AeJHMOro; pe3yabTaT 5 eCTb BTODOH ufeH 4acTHOro.

5) MMomHOWaeM mnoAyueHHbI BTOPOR YjAeH YaCTHOrO Ha
aemwrennb, peayaprar 20a® — 10a + 5 uoxnucwmsaeM noa nep-
.BHIM OCTATKOM. .

6) BuruuTaeM 4ieHH! 9TOro pe3yabTaTa W3 COOTBETCTBYIO-
UlMX YJIeHOB MNEPBOTO OCTaTKa; Mojayyaem BTOPOfi OCTaTOK
6¢ — 1. CreneHb ero Mennie creneHd neaurens. [eaexue
3aKOHYEHO; yacTHoe 2a + 5, octatok 6a — I,
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§ 10. lesienne MHOro4JeHa Ha ABYyYJeH NepBoH CTenmeHH

Ecau wmnorousen, comepwawmu#i 6ykBy X, NeldTb Ha ABY~
greH nepBofl creneHu x —/, rae ! — kaxKoe-a1u60 uucao (no-
JOXKHUTebHOE HIN OTPHUATeNbHOE), TO B OCTaTKe MOKeT
NOAYUYHTHCA TOJABKO MHOTOYMeH HyaeBolt cTenmenu (§ 9), T. e.
Hekotopoe uyncao N. Yucao N MoxHO OTBICKAaTh, He Haxous
vacTHOro. MiMeHHo, 9TO UMCAO paBHO TOMY 3HAYEHHIO JenH-
MOr0, KOTOPOE [oclelHee NoaAyyaeT npu x =/

MMpumep 1. Haltty ocratok or neaeHHa MHorouJeHa
x?—3x2+45x—1 Ha x—2. llogcraBaas x==2 B JNaHHbII
MHOrOUIeH, HaxoguM N=2%—3.2¢2 4 5.2 —1=5,

HeficTBUTe bHO, BLINOJHUB LedeHHe, HalileM uacTHoe
M=x%—x-+34u ocratrok N=35.

[Tpamep 2. Hafitu ocraTok oT jefeHHa MHorousexa
xt4-7 Ha x+2 3nece [=—2. lloacrasaga x==-—2 B
x4 47, naxoqum N=(—2)* 4 7=23.

YkasaHHoe CBOHCTBO OCTaTKa Ha3blBalOT meopemoil Lesy
0 HMMEHH OTKpLIBLIEro €ro (paHuy3cKOro MaTeMaTHKa
(1730—1783). Teopema Be3y dopMmyaupyercs TaK: MHO204.4eR

X - a x4 g™t .t ay,
npu Oesenuit Ha X — | Qaem OCMAMOK
N=gqa ™ 4+ q ™' + a,l™ 2 {- ...+ a.

Hokasateascrso. [lo onpegeresno peaenus (§ 9)
nmMeeM:

G x" +ax™ 4t ay=x—0)Q+ N,

rie Q — kakofi-tro MuorousxeH, a N — Hekoropoe yucao, [lox-
CTaBUM C0ia x==/; yaen (x —[) Q nponager, ¥ Mbl NOJYYHM:

a,i™ 4+ a ™ ..t apy=N.

.. 3amevanue. Moxer okasaThcs, uro N=0., Torma ¢
€CTb KOPeHb ypaBHeHHA

x4 x4+ a, =0. N

[Tpuwmep. Muorounen x®-4 5x®— I8 neantca na x 43
6e3 ocratka (B uvacTHOM mnoaydaerca x2-2x-—6). Cne-
IoBaTeAbHO, — 3 €CThb KOPeHb ypaBHeHusn x3 + 5x% — 18 =<0,
He#tcturensuo, (—3)34-5(—3)2 —18=0.

O6patno, ecan ! ectb KopeHb ypasHcuua (1), To aepas
YacTh 3TOr0 ypasHeHUs QEIUTCR Ha x — [ 6e3 ocTaTka.
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Npumep. Uncao 2 saABaserca KoOpHEM ypaBHEHHA
X2 —3x—2=0 (2 — 3.2 —2=0). CaenoBarenbHo, MHOro~
ynen x3—3x—2 penntca Ha x —2 6es ocrarka. deficrsu-
TEAbHO,

(X —3x -2 (x —=x2+2x4-1

§ 11. JleaumocTb AByudeHa X" T a™ Ha X F a

1. Pa3HOCTb OAMHAKOBLIX CcTeleHell IBYX YHCen AETHUTCA
(6e3 ocratia) Ha pasHOCTL 9THX UHces, T. e. x™ —a™ pe-
JUTCA Ha X —da. DTOT MPH3HAK, KAK W Caelywouwne, BblTeKaeT
u3 T1eopemn besy (§ 10).

YacTHOe COCTOMT W3 m UYeHOB M UMeeT cleilylomud BUA:
(XM —a™) i (x — @) =x™! 4 ax™2 L g2xMm 4 . - g™
(nokasatesn npu X HenpectaHHo YOLIBalOT Ha eXHHUIY; B TO
e BpeMA [OKa3aTeau MpPH @ BO3PACTAIOT HAa €AMHHMIY, TaK
YTO CyMMa rokasaTeaefl HemsMeHHO paBHa m — l; Bce Kosg-
¢uuHeHTb paBHE - 1),

[fpumepn.

(*—a):(x—ay=x+aq

(x*—a¥):(x —a)=x®+} ax + a%

(x* —a*): (x —a) =x%+ ax® 4 a®x + a¥;
(xX°—-a%):1(x —a)=x*+ ax® | a2x? + adx + at,

2. Pa3HOCTb ONHHAKOBBIX yemublx CTefleHeH ABYX uucea
HeNUTCA He TOAbKO Ha DPa3HOCTL 3THX yucea (nyHKT 1), HO A
Ha WX CYMMY, T. €. X — g™ [1pu YeTHOM M [HeJHTCA W Ha
X—a u Ha x-+a. Bo BTOpOM cayuae 4acTHOe MMeeT BuUJ
xmml— qx™72 | @2x™M8 — ., (3HAKM MIIOC U MHHYC ue-
peaylorcs).

Mpumepsn.

x2—a):(x+a)y=x—a
(x*—a'): (x4 a)=x?— ax? 4 a®x —a?;
(x¢—a%):(x + a) =x®—ax* + a*x? — a®x? 4 a‘x —a®,
3ameuvanue. Tak kak pasHocrb ueTHhIX cTeneHedt je-
JBTCA HA X—a M Ha x4 g, TO OHa meaurca W Ha x%—ai,

MpumepH.

(£ —at): (a1 —at) =+ a

(xO_aO) (x?__a2)_.x4 + 2x2 +

(8 —a%): (x® — o) = &% + a%r? +a‘x2 + at
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3aKoH COCTaBiIeHHA YAaCTHHIX OYEBHIAEH; OH J1€rKo noaso-
HMTCR TOJ 3aKOH NYHKTA |, Hanpumep

(60— 0% 1 (8" — @) = () — (@)*]: (' — ) =
= (" + @t () + (@) + (@)

2a. PasHOCTb OIHHAKOBLIX HeyYemuslx crTeneHell ABYX YH-
cen He JEIHTCA Ha CYMMY 3THX YHCeN.

Hanpumep, Hu x® — a?, HH x® — @°® He jpenarca Ha x -+ a.

3. CyMMa OQMHaKOBbIX CTeleHel ABYX YHCEJ HHKOrAa He
JeJUTCA Ha Da3HOCTb 3THUX YHCed.

Hanpumep, uu x2 + a2, Hu x% 402, uu x* -+ a! He mensarcs
Ha X —a.

4. CyMMa OIMHAKOBbIX HedemMp.x CTeneHel NBYX 4Hcen
JAeAUTCH HAa CYMMy 3THX uHcen (B YaCTHOM 3HAKH MIIC K
MHHYC yepenylotcs).

Mpusmeps.
(«*4ad): (x4 a)=x—ax+a%
(x*+ 0¥ (x4 a) =x* —ax® + a°x® —a*x | at.

4a. CyMMbl OIMHAKOBbIX YETHbIX CTeleHelt IBYX YHCeJ He
HeATCA He TOJAbKO Ha PasHOCTb (MYHKT 3), HO. B Ha CyMMY
stux yucen. Hanmpumep, x® -4 a® He neautca Hu HAa X -—g,
HH Ha X} a.

§ 12. Pa3noxenHe MHOroO4JeHOB Ha MHOMHTEJH

MHorouneH MOXHO HHOrZa npefCTaBHTb B BUJAe NpOU3Be-
LKeHHA [BYX MHAM HECKONbKHX MHOI'OYJEHOB, DTO BO3MOXHO
JafaeKo He BCeraa, ¥ B TeX cay4yasX, KOrAa STO BO3MOXHO,
Hailtu TpebyeMoe pasnoxkeHHe YacTO OYeHb TPYIHO. l’IpaKm-
yecKoe 3HaYeHHe TaKOro PasjoxeHHs COCTOHT Npexje BCero
B TOM, YTO OHO YacTO [O3BOJsET YNPOCTHTb BHI BbIPAXECHHA
(Hanpﬂmep, B TOM cayuae, KOTAa B YHCAWTENE H 3HAMEHaTele
ApOOM MOXHO BHIEJHTb OJIHHAKOBble MHOXHTENH, NPHUMEpH
cM. B caefyionleM naparpade). Huxe nepeuncienm npocrefi-
HIHe Clyyay, Korla pasioxeHue Ha MHOMHTENH BhINIOJAHAETCS.

l. Ecau Bce uneHn MHOrouneHa Cofepat B KauecTBe MHO-
KUTeAs OJHO H TO e BHIPAXEHHE, er0 MOXKHO «BbIHECTH 3a
cko6kuy» (cM. III, 6, croxenne onHOYNEHOB).

Mpumep 1. Talxy — l4abx®=Ta’x (y — 2a®x?).
Mpumep 2. 6xy* — 2uxy? 4 du'xy ==
== 2xy (3xy* — uy + 2u?),
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2. Mlnorna oxa3siBaeTcs BO3MOWHGLIM, Pa3CHUB YleHH Ha
HeCKOAbKO TPYMIi, BHIHECTH B KaWIOH HEKOTODHII MHOXHTEIb
33 CKOGKH, moCAe uero BHYTPH BCEX CKOOOK OKAaXKETCH ONHO
U TO ke Bblpaxenue. Torma sro BulpaxeHue B CBOO oyepenb
BEIHeceTca 3a CKOOKH, M MKoroused 6ylneT pa3ioxeH Ha MHO-
WUTENH.

Mpumep L. ax4bx 4 aytby=

=x(a+ b +ylatb)=(+bx+y.
lpumep 2. 104 —6b°  4ab® — 156%0 =
==5a? (2a — 3b) + 2b* (2a — 3b) == (2a — 3b) (5a* + 2b%).

3ameuanne. [lore3no umeTs B Buiy, YTO BhIpaxeHHe
a-— b MOXKHO BCEraa NpPeacTaBuTh B Bule — (b — @), Tak uro
Ha nepebift B3rAAL Pa3THUHbIE MHOXHTENH MOXHO Jerko cie-
JaTh OJHHAKOBLIMH.

Mpumep 3. 6ax— 2bx 4 9by — 270y =
=2xBa—-b+9% (b—3a) =2x(3a— b) — 9y (3a—b) =
= (3a— b) (2x — 9y).
3. [Ipeo6pasopanse, oObACHEeHHOe B N. 2, MHOrZA ylaercs
OCYILeCTBUTh [OCHe NPEelBAPUTENLHOTO BBedeHHA HOBLIX (B3a-

UMHO yHH‘lTO)KalOLLlHXCﬂ) YACHOB HAH DPa30oXeHHA ONHOIO U3
YJeHOB HA ABa cCJjaraeMsblX.

Mpumep | @*—x'=a*+arxr—ax—xt=
=a{a4x)—x(at+x)=(a-+ x)(a—x)
[cp. dopmyay 3 § 8]
Mpumep 2. p*H-pg—2¢°=p*'+2pq —pg—2¢9°=
=p(P+20)—q(p+29=({p+29)(p—9)
4. Ot npumeHeHHA floCIefHEr0 NpHEMa MHOINA MOMHO
#36aBUTH ce0s, MOABL3YACH HECKOALKHMH [OTOBHIMH QOPMYaaMK
pa3noXeHns, noayyaemoimu obpauiesneM Gopmya cokpaieH-
soro ymuoxenus (lll, 8), umenno:
a® 4+ 2ab + b = (a + b)%
a® —2ab+ b* = (a — b)%
a® — b= (a4 b)(a—b)
HT I
Mpumep. 4x*-4 20xy-} 25y, [lpumensnn nepBywo u3
npuseieHHsx Gopmya (a=2x; b=2>5y), nonyyaem:
4%+ 20xy 4 25° = (2 4 ),
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YjnauHoe BLIMOJHEHHE Pa3M0KCHHA MHOFOYMEHA Ha BO3-
MOXHO OGoabllice YHUCIO MHOXHTeneH 3aBHCHT OT YMEHHR
KOMOGHHMPOBATh BhILIeNePEUYHCHEHHLIE TIPHEMBL.

Dpumep: 124 4% —4x —3x2=12—-3x*+ 13— 4r =
=3l —xN—rxd—xXN=Ed—xHB—=x)=
=24 x)2—x)B—x)

§ 13. Aare6Gpanveckne gpoGH

Anzebpaudeckoii 0pobsi0 Ha3biBaeTca BbIpaXeHHe. BUIA % R
rae 6ykBul A M B o603HayaloT mo6ble 6YKBEHHbIE HIH YHCIO-
Bhi¢ BLIDAWEHUR, a YEPTA MEWAY HHMH €CTbh 3HAK ACACHUA.
Jeaumoe A Ha3biBaloT yucaumenem, peautens B -— 3namena-
menem. Ipo6H, paccMarpuBaeMble B apu(MeTHKe, mpejacTa-
BAAOT YacTHell cayyail aarebpanueckoit Apobu (4HcanTeldn W
3HaMeHaTe b — edable  MOJOXKHTeabHble uucaa). [lefictBus
¢ aare6pauyecKUMH APOGAMH COBEpLIAIOTCH MO TeM Xe Mpa-
BHiaM, 4To JelcTBUA ¢ KpobaMH B apudpMmertnke (cM. Il, 16—22).
BBH1y 83TOro MH 3[1€Cb OrPaHHYHMCA JHIIb HECKOALKHMH TH-
AMYHLIMH pUMepaMu.

Coxpamenue apobu

15a2x4
Mpumep 1. [dpobb o =5

15a2x4 __ 5x
21a5x3 7 Tad"’

MOXHO COKPaTuTh Ha 34%x%

2a2 — ab — 3b2

anMep 2. ﬂp06bm

MOXHO COKDAaTHTh Ha

26— 3b.
Uto6p 0GHAapYyXHUTb 3TO, HYXHO Da3nOWMATb UYHCAUTEAL U
3HameHaTteab Ha MHOxHUTenu (cM. [l 12, cayvair 3):

2a% —ab —3b2 __ (2a—3b)(a-+b) __adb
2a2—-5ab-3b2 7 (2a—-3b)(a—b)" a-—2b"

Cnoxenve m BuyutaHue gpobed

m n
Mpumep 1. Urobwm caomurs npobn a5+ z53 TPHHH-
Maem 3a oOwMA 3HaMeHaTeab @H% HOWOAHUTENBHhE MHO-
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KHTEan: b—-,zum [epsoro cinaraeMoro, a-— njid BTOpOl‘O:

m n mb 4+ ra
aw% e = g

=
a—2>b atb
ﬂpﬂmep 2. Qag_!ab_3b2—2a2—5—jz_b+3b3=
a—b at+b .
= Ca—3b) @+ (@2a—30)a—b
. _(a=bP—(atbZ. — dab
T (2a=3b)Y (@a-Fdyla—b) T (2a—3b)(a? — p3y *

3amevanue. Jlumbs npu crneguassHoM noabope npu-
MeDa MHOTOYJEHHble 3HaMeHaTend Apobeilt 6yayT uMeTs obuiue
MHOWuTend. Boobute we 3ro cayuyait wpaitne penkdit. Ecan
e 3TH oflHe MHOWHTENU CYUWECTBYIOT, HAXOM/leHHe X Tpe-
Gyer nOBOJABHO MHOro BpeMmeHd. [ind pa3sutd aarebpanye-
CKHX HABHIKOB 9TH MOWCKY NOJE3HHI, MO3TOMY BHAMaHUe, yle-
afemoe uM B yueOHOft auTepaType, BIOJHE OfpaBibIBaercH.
Ho upaxTuyeckast moan3a Ux HeBeAHKa, ¥ YacTO ropas3no ayu-
lle, He TpaTA BpeMEHU Ha pa3nickaHHe npocrefimiero obuiero
3HaMeHaTels, MPOCTO B3ATh 32 ofuuil 3HaMeHaTexb NPOM3Be-
JleHHe RaHHbIX 3HaMeHaTeaefd.

YMHomeHnue u nenedue npobeir

4a2b 23d2 _ 8acd .
Mpusep L 5555 = 3p5-- COKpallleHHE MOXHO npo-

W3BOAUTL JAHG0 10 NepeMHOXEHHA uucautenell W 3Hamenate-
teit, aubo focae.

x2—a? X2 —ax—cxtac __

Mpumep 2 T bxFor=be P =
. (x2 — a?) (x2 — b2) __xtax+ b __(x4a)x+b
T =+ ox—a)(x—c)  (x+o)(x—c) x2—c2 °

§ 14. Ilponopuun

Onpenenensne oTHoumienua u nponopuun c™. I, 48. Us

c .
PONOPUKH %:7 BbiTeKkaer ad = bc (1pousBegeHue cpen-
HUX 4YNeHOB DAaBHO NPOM3BENEHHIO KpalHHMX); 0OpaTHO, u3
ad == bc BHITEKAOT TNPONOPUHH
L. & __
d' ¢

c-lh.

a __ L
[ d

Il
&ln

.
1
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H p. Bce 3t 0ponoOpuUHA MOXHO UOIYYATL H3 HCXOIHOI
a ¢
= ¢ MOMOUILIO CacayoUX MpaBHi.

a
1. B nponopuuu 7:% MOXHO MEHATb MecTaMH Cpei-

HHe WIH KpalfHue uaenbt wag te u apyrue. llonyvaem:
{4 d __ ¢, d
¢

=TT T e T =

a
c

ale

2. B nponopiuu MOMHO MEHATbL MecTaMH npelbliyuiie

o 1 5
H mocaelyoune useHn 06ouX ee oTHomenuil. M3 £ =23

b d
b d .
nonyuaeren - =--. JTa [PONOPUUA yHe NOAyueHa Bhiule
Lz
a
UMM, nepecTaBiAA APeNbAYUIHE ¥ MOCTeny0UlHe YeHb B TpeX
Bhillle HaWICHHBIX LIPONOPLHAX,
a c
Mpon3sonubie nponopuuH. Ecan 3 = 10 cnpasen-
JHBb M CAEAYIOUIHE NPonopuun (TaKk Ha3bizaeMaie npou3goo-
Kbl nponopyuu), NoayuyaeMmble U3 IaHHOM:

Hei_
B BUI c =

SN

. Touno Tax e HUYero HOBOroO He 1oay-

a+b_c4d a—b_c—d atb_ _c+d a—-b c—d,
a . ¢’ a ~— ¢’ v T d b d ’
a___c__a_c.b__d_b___a’_
aF¥b  cFd a—-b c—d’ a+b c¥d’ a—b c—d’
afb__ctd atc o ¢ atb e b,
a—b c—d’ b¥Fd b d’ c+d ¢ 4’
l’—b___fl____’i a—c__a __ ¢
c—d~ ¢ T d’ b—d T b d

DTH ¥ MHOMECTBO IOXOGHBIX UM NPOU3BOAHBIX NPONOPUMH
MoryT GbiTh O0belnHeHb B JIBYX OCHOBHBLIX (opMax:

ma-nb __ mc-nd 1
mia £ b mc+ad ()
ma+4-nc - mb-+nd 9
mia 4-ngc - mab - nd ’ 2

rae m, n, my, ny— mobule uncaa 1),

Tak, noraras B qopmyne (1) m=—n==my=1, n =0,
MOJYUHM  POU3BONHYIO TNPONOPIHIO aa'*'b=»c—ll"—d; nonaras

1) ¢dopma {2) MomeT GblTh nOJyucHa N0 TOMY e npamday, uto u (1),
€C/ TPeaBAPHTCARHO NEPEeCTABHTL Cpelune YacHhl B AAHKOIN nponopumy,
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. c b+d
8 dopMyne (2) m=n=m, =1, n; =0, umeem a;*' =T+'
WIH, NEPECTABAAR CPEAHUE YIeHH, %:% BT R

§ 15. 3aueM Hyx»Hbl yPaBHEHHS

BolyncantenpHsle 3a1ayn OLBAIOT NpPAMble H KOCBEHHLIE.

BoT npuMmep npsaroii 3aRayy: CKOJIbKO BECHT KYCOK CI11aBa,
Ha u3rotoBieHde Kortoporo mome 0,6 dm® menn (yn
Bec 8,9 wx2/0x®) u 0,4 Om® nuHka (ya. sec 7,0 xe/0x®)? Ilpu
ee pelieHHH Mbl HAXOAMM Bec B3saroi Mend (8,9 - 0,6=5,34 (x2)),
3arteM Bec uuHka (7,0-0,4=2,8 (x2)) n, HakoHel, BeC CnJiaBa
(3,34 + 2,8=8,14 (x2)). Boinmoansembie xeficTBUA M HX mocie-
LOBATEAbHOCTh JHKTYIOTCH CaMHM YCJIOBHEM 3aiaiM.

Bor npuMep KOcBexwO[ 3ajaui: KYCOK CIIaBa MeldH W
s#tunka o6vemom B 1 Om3 Becut 8,14 xe. Haiitn o6beMHbIE KO-
JAMYeCTBA MeAM M LHHKA B 3TOM cnaase. 3jech H3 YCJIOBHA
3ajaYl He BHJHO, KakHe AeHCTBHA BelayT K ee peuienuio. [lpn
TaK HasbiBaeMoM apHGMeTHUECKOM pelieHHH HYXHO NPOsBHTh
nopuac Goabiylo w306peTaTenbHOCTh, YTOOH HaMEeTHTb MJaH
pelents KoCBeHHoft 3apauu. Kawnas Hosas 3azava tpebyer
Co3nanus Hosoro naava, Tpyx BelYHCAHTEAs 3aTpavyMBaercs
HepanxoHansho. Jlas pauHoHaAN3auMH BblUHCIHTENAbHOIO NPO-
necca H OblT CO31aH MeTOX YPaBHCHHE, KOTODHI sABIsgETCA
OCHOBHbIM lpeIMeToM H3yuenus B aare6pe (cm. Il 1). Cyts
3TOrO MeTOAa TaKoBa.

1. WUckombie Beauusnnb noayyaror ocobbie HanMeHOBaHusd,
Mbl noap3yemcs [as 3TOR nedAH OGYKBEHHBIMHM 3HaKaMHu (npe-
HIOUTHTEILHO MoCAeAHUMiH OYKBaMH AaTHHCKOro andasurax,y,
2, 4, v). YCI0OBHe 3alauH C NMOMOULbIO 3THX 3HAKOB H 3HAKOB
neifctBuit (-}, — H T. A.) <NepeBOAHTCA HAa MareMaTHYeCKHH
fA3blK», T. €. CBA3W MEXKAY JaHHbLIMH W HCKOMBIMH BeJIHYHMHAMY
Mbl BbipaKaeM He CloBaMH M ()pa3aMH pasroBOPHOrO A3bIKA,
a MarteMaTvyeckumu 3HaxaMH. Kawiasn Takas «<MaTeMaTuyeckas
¢dpa3a» U ecTb ypaBHeHHe.

2. Tlocae sToro Mbl pelllaeM YpaBHEHHe, T. €. HAXOIHUM
3HaYeHUs HCKOMBIX HEeM3BeCTHBIX BeauvuHH. PelieHue ypasHe-
HHsl TIDOM3BOIHTCS COBEPIICHHO MEXaHHYECKH, 1o oOWuM npa-
suaaM. Ham He npuxonurtca Goapiie YUHTBIBATH O0COGEHHOCTH
NAHHOM 3alauM; Mbl TOABKO NOKHbI NIPUMEHATH Pas HaBcerna
yCTAHOBJEHHbIE [IPaBHAa H MpPHeMbl. (BbIBOIOM 3THX NpaBHJ
¥ 3aHUMAeTCA B TepBYI0 ouepexs aiarepa.)

Taxum 06pa3soM, ypaBHeHHS HyXHBbI ILIA TOro, 4yTo6bl Mexa-
jIH3UpoBaTh TPYA BbYHCAHTeaa, [locne TOro Kak ypaBHenHe
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COCTaBJ€HO, peLICHHE ero MOXHO MNOAYYHTh BROJIHE aBTOMA-
THYECKH (B HACTOAUIEE BPEMs CKOHCTPYHPOBAH DAX TaKHX
aBToMaToB). BcR TPYIHOCTH DElIEHHA 331aUM CBONHTCA AHMb
K COCTaBJEHHIO ypPaBHEHHH.

§ 16. Kax cocraBiaaTh ypaBHEHHS

CocTaBHTh ypaBHEHHME — 3HAUUT BLIPA3HUTh B MaTeMaTH-
yecko# (opMe CBA3b MEKNY HAHHBIMHM (M3BECTHBIMH) 3agauw
¥ HUCKOMHIMH (HeH3BECTHHIMH) ee BeauuuHaMmu. Vnorma sra
CBA3b HACTOMBLKO ABHO COAEP¥HTCA B (HopMyYIHPOBKe 3afauH,
4TO COCTaBJAEHHEe yPaBHEHHUA €CTb NPOCTO AOCHOBHbIA fepeckas
3aJlaul Ha s3blKe MaTeMaTHYeCKHUX 3HAKOB,

Mpumep l. Ilerpos moayuun 3a pabory na 16 py®.
Goablie, yeM IOJOBHHA CYMMsl, KOTOpylo moxyuua MpaHos.
Bmecre ouu noayuyuam 112 py6. CkoabKo noayynium 3a pa-
6oty Iletrpos u MsaHoB?

O6o3nauum uepe3 x 3apaborok ¥sanosa. [TosoBuna ero
aapaboTka €CTb 5 X; mecsuHbll 3apabotok [Merposa 17,\’—}—]6;
BMecTe OHM 3apafatniBalorT |12 py6.; mMaTeMaTHyeckas 3anHCh
nocaenHedt ¢passl Oyner

(gx+16) +r=112.

YpaBHeHHe cocTaBieHo. Pemas ero no pa3 HaBcerna
ycTanosneHHniM mnpasuaaM (I, 20), naxoanmm, uto 3apa-
6otok VBanosa =64 py6.; 3apaGorok e [lerposa
3%+ 16 =48 (pyG.).

Yamle, OxHaKO, CIyyaercs, YTO CBA3b MEWKAY [aHHBIMH K
MCKOMBIMH BeNMYMHAMH He YKa3blBaeTca B 3ajaue NPAMO; ec
HYHO YCTaHOBMTb, HMCXOIA M3 YCJOBHi 3amayn. B mpaxru-
YeCKHMX 3a3javax TaKk M OniBaeT noytd Bcerga. ToAbKO uTO
NpUBELEHHbI MPHUMED HOCHT HaAYMaHHHEIl XapakTep; B MHU3HU
TIOYTH HUKOTAA MONOOGHLIX 3ajay He BCTpeyaercs.

Hns cocraBreHHs yPaBHEHHA 103TOMY Henb3d 1arTb BIOJHC
HcyepmblBalOWUX YyKasauuil. OgHako Ha NepsblX Nopax fo-
1e3HO PYKOBOJCTBOBATbCA chaexylouium. IpumeM 3a 3HaueHHe
MCKOMOH BeTHUHHBbI (MAH HECKOIbKHX BCJAHUHH) KaKoe-HHOYlb
Hayrajg B3aToe 4HCI0 (AWM HECKOABKO YHCe]H) M NOCTaBHM
ce6e 3ajayy NpOBCPHUTH, YIajla/H /U Mbi IPaBUILHOE pelieHHe
3alaud MaM HeT. Ecau Mbl CymMeau [pPOBECTH 3Ty fIDOBCPKY
¥ ofHapyxuth auGo To, 4TO JOraika Hala BepHa, aubo TO
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4YTO OHa HeBepHa (CKOpee BCEro CaAYUHTCH, KOHEUHO, BTO-
poe), T0 Mbl HEMEXJIEHHO MOMXeM COCTaBHTb HYXHOE Ypas-
HelHe (MIH HeCKOAbKO "ypaBHeHuit). WmMenno, sanumem Tte
camble JIEHCTBHsA, KOTOpBIE Mbl NPOW3BOAUAH 1Af MPOBEPKH,
TOJLKO BMECTO Hayraj B3ATOrO YHCiaa BBesieM OYKBCHHbIH
3HaK Heu3BeCTHOH BeauyuHol. Mb noayunm  Tpebyemoe
vpaBHeHUe.

NMpumep 2. Kycok cnaaBa MeIn M UHHKA o6beMOM
B 1 Om3 Becur 8,14 x2. CKOABKO MeIH COAEPWHUTCR B CHNABE
{yn. Bec Menu 8,9 x2/0m®; unHka — 7,0 x2/om®)?

BosbMeM Hayraj 4HCIO, Bhipaxamoulee HCKOMBII 06beM
menn, Hanpumep 0,3 dm®. [lposepum, ygauHo au Mbl B3sau
310 uucno. Tak Kak 1 dm® Menm Becut 8,9 ke, 0 0,3 Ja?
secat 8,9.0,3=267 (x2). O6beM UHHKA B CIlIaBe eCTb
1 —0,3=0,7 (0x#?). Bec ero 7,0-0,7=4,9 (x2). O6muit sec
uMHKa 1 Meau 2,67 4+ 4,9 =17,57 («2). Mexkny Tem Bec Hallero
Kycka, no ycaosuio 3agaud, 8,14 xe. [oragka Hama Heco-
croarenbHa. Ho 3a10 Mbl HeMmeNneHHO MONYUHUM YypaBHeHHe,
pellleHHe KOTOPOro JAacT NpaBHJAbHLIH orBer. BMecto Hayrag
B3Atoro yuciaa 0,3 dm® o6osnauum o6beM Menu (B Oa°) ue-
pe3 x. Buecto npoussenenus 8,9 -0,3=2,67 Gepem nponusse-
Jnenne 8,9 x. 3to — Bec Meny B cnaase. Bmecto 1 —0,3=0,7
G6epeM | — x; 910 — o6beM nuuka. Bmecro 7,0.0,7=4,9 Ge-
pem 7,0 (1 — x); ato — Bec nunka. Bmecro 2,67 -+ 4,9 6epem
8,9 x 4+ 7,0 (1 — x); 3To — obuu#t Bec uunka ¥ meiu. Ilo yc-
100 oH pasel 8,14 xe; snayur, 8,9 x 47,0 (1 —x)=8§,14.
Pewenne storo ypasuenna {cu. Ill, 15) maer x=0,6. [lIpo-
BEePKY Hayrajg B3ATOrO PelIeHHA MOXHO JelaTb pPa3nTUYHBIMH
cnoco6aMH; COOTBETCTBEHHO 3TOMY MOWHO HOJYYHTh s OX-
Ho#l M TOM Xe 3aJgayd pa3aHuHble BHAB YpaBHeHHS; BCE OHH,
OJIHAKO, NAZYT Iaf MCKOMOI BEAWYHHB OJHO M TO Ke pellle-
HHe; TaKHe YPaBHEHHA Ha3bIBAIOTCA PABHOCUNLHOLMU APYT APYTY
(cm. 1L, 18).

Pasymeercs, focie MoOJYYeHHsB HABLIKOB B COCTAaBIEHHN
YPaBHEHHUI! HET HYXJbl MPOU3BOIAMTH 11POBEPKY HAyraj B3s-
TOrO YUCTa: MOKHO JUIA 3HAYeHUR HUCKOMOH BeauuydHsl Gpathb
He YHCJI0, @ KaKyio-HuOynb 6ykBy (X, y MT.I.) H flOCTymaTh
TaK, Kak eca 6u sta 6yxBa (Hem3secTHoe) Ohlia TEM YHCIOM,
NpPOBEPHTL KOTOpOEe MH cofHpaeMcs.

§ 17. O6une cBeneHnss o6 ypaBHEHHAX

JlBa BbIpaMeHHA, YUCAOBbIE WA GYKBEHHbIE, COEMHEHHbIE
3HAKOM paBeHCTBa (=), o0Opasylor pasencmso (uucrosoe
wan 6yksenHoe).
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Bcakoe BepHOe YHCIOBOE PABEHCTBO, a TaKke BCcAKOe Oyk-
BEHHOe DPaBEHCTBO, CHpaBeJJHBOE HNPH BCeX YHCJOBBIX
3HAYEHUAX BXOMAULMUX B Hero GYKB, Ha3nlBaeTca Mmoxcoe-
CMBOM.

Npumepu. 1) Yncaosoe pasencrso 5-3-+1=20—4
ecTb TowJecTBO. 2) BykBennoe pasenctBo (@ — b) (@ + by =
=a®— b® eCcTb TOXAECTBO, TAK KaK MpPH BCEX YHUCAOBHIX 3Ha-
YeHHAX d M b npaBas W AeBa” HACTH NAIOT OJHO W TO e
YHCIO.

PaBeHcTBO, comepikauiee Heu3BecTHole OYKBEHHble BedH-
4WHBL M HE HBJAAIOLIEECA TOMAECTBOM, Ha3blBACTCHA JPABHe-
Huem '), YpaBHEHUE HA3BLIBACTCA OVKBEHMBLLAM, €Cil BCE Uiy
HEKOTOPble H3BeCTHblE BEAHYHHBI, BXOifulie B Hero, Bbipa-
KCHbl GYKBaMH; B LIPOTHBHOM CIyYae YpaBHCHHE Ha3biBAeTCH
q4UCAOBbLM.

Kaxune u3 O6ykB, BXOAALHE B yDagHCHHE, (IPENCTaBIAOT
H3BECTHbiE, a4 KaKHe — HEeHU3BECTHHIE BCIHUHHbLIL, NOMKHO ObiTh
OTeNbHO YKa3aHo. OOblYHO AAA 3TOTO HEH3BECTHLIC BEANUMHDL
o6o3HavawTCa nocaeIHuMy OYKBAMM JaTHHCKOro adgasura
X, ¥, 2, 4, v, w. Ilo yncy HEH3BECTHHX YypaBHeHHA pa3je-
ASI0TCA Ha YpaBHEHHs ¢ OXHHUM, JABYMS, TpeMsa H T. A. Heus-
BECTHBIMH.

Pewumb 4ucrosoe ypaguerue — 3HauuT HalTH Takue yuc-
JOBble 3HAYCHUS BXOIAUIMX B HErO HEM3BECTHHIX, KOTOpbie
06parTAT ypaBHEHHE B TOX/ECTBO. DTH 3HAUEHWH Ha3bIBAIOTCH
KOpHSAMU YPABHERUS.

Pewnme 6yx8eHHOe ypaBHEHUE —— 3HAUMT HAMTH TAKHE Bbl-
paxeHus HCU3BECTHBIX uepe3 BXONAIIMC B YPAaBHEHHR H3BeCT-
Hble BeIMYMHBl, KOTOpble, OYAYUd NOICTaBICHb B ypasHehue
BMECTO COOTBETCTBYIOU(MX HEHM3BECTHBIX, 0OpaTAT YypasHedue
B TowaecTBo, HaiifeHHbie BbIPaweHNd Ha3blBAIOTCS KOPHAMIL -
YPUBHEHUS.

1y 10 onpexenenne Auuwb 110 QOpPME OTAMHAETCH OT MPHHATOIO B Hbi-
HelwHnx yueGHukax, [lpenMyinectBo €ro ¢ BUXY B TOM, YTO OHO 1103BOAfET
cpa3sy xe NPOBCCTH HETKOE PasAHyHe MCXKAY pCleHdeM 4YWCA0BOrO i pellc-
HUeM GyKHCHHOIO YpaBHEHWd, a 3TO BAKHO W C HayuHoli W ¢ nexarornuec-
CKOH TOYKH 3peHUS,

3ameuy, 4TO MHe KaxeTcr GoJee Ue eco00pasHLIM ONPeReAsiTb ypasHe-
e NPOCTO KAK <PABCHCTBO, COAEPWAU(CE HEN3RCCTHLIC BEAMYHHBI», He
uckarOwas caydas, KOTAA STO paBeHCTBO 9BINeTCH ToXAecTBoM, Beus,
uMes GYKRCHHOC PABEHCTRO, Mbl B ofutem cayuyae He 3HaEM 3apaHee, TOX-
JAeCTBO OHO WAM HeT, YTOoSbl y3uaTh 3TO, HYMHO OSLIYHO [101b30BATHCA
TeMH Ke npHeMaMmi, KOTOphle NPUMEHAITCA 1pi pemeHud ypasuenunit, [lo-
3TOMY €eCTCCTBEHHO CYHTATL OYKBEHHO® TOMICCTBO HACMHWM CAYHAEM
vypasuenns, Tax npexiae d Aeaan; CYmMeCTROBR.] RaKe TEPMHH <TOX-
LecTreHHoe ypasHeHue», Jymaw, 4To K 9TOMYy O0uIvai0 CAeROBAJO Obl Bep-
BYTHLCA,
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2 !
Mpumep 1. F% = g X~ uHca0BOE ypamHenue C loJl—

2

HuM HeussecTHuIM X. [Ipu x =1 06a BbipaxeHus sEr T
06pa3ynT TOXALCTBO, T. €. N30T OAHO M TO We YHUCAO; X == |
eCTh KOpeHb ypaBHEHHA.

fpumep 2. ax+ b==cx 4 d—OyKkseHHoe ypasHcHue

oHo ofpamiaerca B TO-

d—b d—b
¥1eCTBO, TaK KaK BhIpaweHURa-—— 4+ b nc-—— +4d nupn

BCeX 3HaueHuax OYKB ¢, §, ¢, d HAIOT OAUHAKOBBIE MEXAY
cobo#t uncia (ecain npeobpasoBarb 3TH BLIPAMEHHA, TO Ka-

ad — b
HA0€ U3 HHX MOXHO OPEACTABUTL B BHIIC—(;—_;C

C OTHUM HEU3RECTHLIM X IpU X =a —

> . 3HayeHue

d—2o
X ==_—_ eCTb KODeHb ypaBHEHHA.

Mpumep 3. 3x + 4y =11 —uucaosoe ypasHeHue C ABYMa
nen3secTHoiMA. [1pu x = 1, y == 2 ono o6paugaercs B TOXALCTBO
3.-14+4:-2=11. 3navenns x =1, y =2 — KOPHH ypaBHEHHS;
x=—3, y=25-— Takwe KOpHU ypaBHeuusd. 3Havenus x =2,

!
y==1 4 —Taxxe KODHH ypaBHeHuA. YpaBHenHe umeeT Gec-

YUC/IEHHO® MHOXECTBO KOpHeil, OJJHAKO OHO — He TOXIeCTRBO,
TaK Kak, HanmpuMep, NpH x==2, y=3 Mpasas ¥ jesas ero
yacTU He DaBHBl Mexay coboil,

Mpumep 4. 2x-+3=2(x -} 1) — yucnoroe ypaBHeHue
c ogHuM HcussecTHbIM. OHO He of6pauiaeTcs B TOWIECTBO HH
NpH KarHX 3HAUCHUAX X ((IPaBYIO YaCTb MOWHO NOPCACTABUTH
B BHiIe 2x 4 2: ueMy Obnl HH paBHAdoChb 2x, npuaBicHHe
K 2x uHcia 2 He MOXET 1aTh TOro e 4HCaa, uto M npubas-
Jenue K 2x yHcaa 3). 10 ypaBHeHHC HE UMCeT KOpHel.

§ 18, PasrocHuibsbie ypaBHeHuUs.
OcHOBHBIE NPHEMbl pelieHHs ypaBHEHHH

PasrocurbHoMi ypasneHusMy Ha3bIBAOTCA TaKHe ypaB-
HeHHA, KOTODbie UMEIOT OJHH U TE€ e KOPHH, HApUMep ypas-
Henua x?=3x—2 n x% 4 2=3x pasHocuabHb (06a HMcCIOT
KOopHH x=1 n x=2). [lpouecc pewrenun ypasHeHuii aaxao-
yaeTcd B OCHOBHOM B 3aMeHe JaHHOrO YpaBHeHHs IDYrh,
€My PaBHOCHJIbHBIM.

OCHOBHbiC TpPHEMBl, MPUMCHAGMbi€ (pU PelieHHH ypaBRe-
HHA, TAKOBHI.
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l. 3aMeHa 0AHOro BhLIPaWEHHA APYTUM, TORKETTBEHHO €My
pasHeiM. Haupumep, ypasuenue

(x4 1)2=20x+5
MOXHO 3aMEHHTb PaBHOCHJAbHBIM YpDaBHEHHEM
x4 2+ 1 =2¢+5.

2. TlepeHoc caaraeMsix U3 OJAHOH YacTH ypaBHeHHs B OpY-
[y ¢ nepeMeHofi 3Haka Ha oOpaTHbLIM; HanpuUMep, B ypaBHe-
Hin x2 +2x 4+ 1=2x -+ 5 MOKHO mepeHecTH BCE UJeHbl
B J1€BYIO YacTb, NpuueM uieHnl 4 2x H -5 u3 npanoit yactu
B J€BYIO MepefyT cO 3HaKOM MHMHYyC. YpapHeHue x2 4 2x +
+ | —2x —5=0, uan, uro 10 Ke, x*— 4 =0, paBHOCUIbLHO
HCXOLHOMY.

3. YMHOXeHHe HAH JeneHHe obOeMxX yacTefi paBeHCTBA Ha
OHO U TO e BuipaweHue. [Ipn 3TOM HyXHO MMeTb B BRAY,
NTO HOB0C YpPABHeKUe MONHCem He 6bimb PABHOCUALHBLM npe-
Ooidyujemy, ecau 8uipasicenuie, HB KOMODOE Mbi YMHONCAEM
ual O0eAum, Movcem Obimb PASHUWM HYAIO.

Mpumep. Jaso ypasrenue (x — 1) (x+2)=4 (x —1).
Pasgeaus ofe ero uyactW Ha X — l, noayvaem x + 2=4. 310
ypaBHeHHe UMeeT eNUHCTBEHHb KopeHb x=2. Mcxonmoe
Me ypaBHeHHe, KpOMe KODHA X ==2, HMeeT elle KopeHb X = l.
[Tpn nenenun Ha x — 1 9TOT KOpeH® <moTepancas. Haobopor,
npu yMHOXeHMH oO0eHXx uyacTeft ypaBHeHHS x-}2=4 Ha
(x — 1) cBepx KOpHA X = -+ 2 noABJAAETCA HOBLIA KOpeHb X = 1,
M3 storo ortHiOAb He caemyeT, YTO He HYXKHO YMHOXaTh HJIN
Deautb ofe yacTH YypaBHEHHA Ha BhipaxeHHe, Moryilee
paBHATbCA Hymo. HyXHO Toabko Kamabii pa3, Korza takoe
IedcTBUe MPOHM3BOAMTCA, YYECTb, He MPONAAYT AW NpPH 3TOM
Kakue-HUOYIb cTapble KOPHH H He NOABATCA JH Kakue-HHUOYIb
HoOBbIE,

4, MO¥HO Takxke BO3BOAMTh 06e YacTH ypaBHEHUA B ONHY
M Ty Xe CTeleHb HAM H3BJeKaTh M3 oOeHX uacTel KOPHH oX-
HOH M TOfl e cTeneHH; OAHAKO IIPH 9TOM TaKke MOryT [oay-
YaTbCA ypaBHeHHA, He DPAaBHOCHIbHHE HcxoiubiM. Hanpuwmep,
ypasHeHHe 2x==06 nMeeT OJHH KOpeHb X = 3; ypaBHeHue Xe
(2x)* =62, 1. e, 4x% = 36, uMeer aBa KOpHA: Xx=3Uu X = — 3.
Ilepea TeM Kak BWNOJHHTL [Ipeo6pa3oBaHie YpaBHEHHS, HYWHO
NOCMOTPeThb, He MOTYT JH NIPH STOM fIPONACTh HEKOTOpHIE CTa-
Phi€¢ ero KOpHH uaM noABuTbCA HoBhie, OcobeHHO BaXHO ycTa-
HOBHTb, He NPONAjalOT AH CTaphle KODHHU; NOABJEHHE HOBHX
He TaK onacHo, H6O BCeria MOXHO, MOAYYHB HEKOTOPHIA
KOpeHb, (IOACTAaBHTh €ro B HCXOJHOE ypasHeHHe H Hemocpel-
CTBCHHO 1IPOBEPUTh, YNOBAETBOPAETCA JH CHO.
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§ 19. Knaccnduxauus ypasHeHui

YpaBuenne HasuiBAETCA ajpzefpaudeckun, eCIM Kawaas
u3 ero vactefl ectb MHorouned uau oguouaen (I, 6) no or-
HOWIEHUIO K HEH3BECTHLIM BeJNMYUHAEM.

Mpumepsl bx 4 ay*=xy | 2™ —anreGpanueckoe ypas-
HeHHe C ABYMA HEH3BCCTHLIMH, HO YypaBHenue bx + ay’=
=xy -+ 2% -ne anzebpauyecikoe, 1OTOMY YTO NpaBas 4acTh
paBEHCTBA — HE MHOI'OU/EH OTHOCHTeAbHO OYKB X, y (caarae-
moe 2% He ecTbh ONHOYJIEH OTHOCHTEALHO GYKBH X).

Cmenenp anzebpauvecko20 ypadnenus. llepeHecem Bce
yleHbl aare6panyecxoro ypasHeHus B OQHY €ro 4acTh U MPo-
u3BeleM UpHBEAeHUE [OA00HBIX ero W/iCHOB, €CAH ypaBHEHHe
nocae 3TOr0 COAEPXKHT TOALKO OAHO HEU3BECTHOC, TO Cie-
NeHbI0O VPABHEHUSN HA3W8AOmM Houboabuluil U3 noxazume-
“aeil npu neussecmruom. Ecun ypasrenue colepmur HeCKOAbKO
'Heu3BeCTHHY, TO JUIA KakIOro 41eHa ypaBHeHHR COCTaBasem
CYMMY NoKazameneil npu 8cex 8xX00SyUX 8 HEZO Heu3gecin-
avix. Hauboabwan u3 smux cymum Ha3v8aemes  cime-
NEHBIO YPUBHEHUSL.

Opumep 1. YpasHenue 4x3 4 2x* — 17x ==4x* — 8 ecrb
ypaBHEHHe BTODOW CTelleHW, Tak Kak [10C/e¢ NepedeceHusa Beex
41eHOB B JIEBYIO 4YaCTb YPaBHeHHs (OCJAeldHee HPHMET BUL
2x2—17x +8=0.

[Ipumep 2. YpasHenue a'x + H>=c® ecTb ypaBHeHue
nepeofl CTeNEHH, TaK KAK BLICHIAs CTelleHb HEU3BECTHOrO
X — 1epaas.

[Tpumep 3. YpasHeHue a2x® - bxdy? — alxyt — 2=0
ecThb ypasHeHHe 6-fi cTeneHH, Tak Kak CyMMbl flokasaTeaeil
crenieHefl 11IpH HEH3BECTHLIX X # Y COCTaBJAsOT 5 1as nep-
BOro H TPeTbero 4ieHos, 6 1isa BTOPOrO K Hyab M5t 4YeTBED-
TOro; Hau6oAbLlas U3 3TUX CYMM €CTb 6.

Yacro K wHcay aare6paHyecKMX OTHOCHT M Takue Yypas-
HeHUA, pelleHHe KOTOPbIX NPHBOAMTCA K peleHuio aaredpau-
yeckux ypasHenu#. CTeNeHbIO TaKOro ypaBHEHUs HA3bIBAOT
cmenens mo20 aa2ebpauvecKoz0 YpasHerusl, K KOMOPOMY
OKO npusodumcs,

x4 1
X

[Ipumep 4. YpaBHeHue — =2x ecTh ypaBHeHHE

BTOpO# CTENEHH, XOTA B HEro BTOPas CTeNeHb HEH3BECTHUro
npaMo He BXxoaut. Ho ecam 3ameHHMTb €ro (paBHOCHAbHBIM
emy) aare6panyeckuM ypasHeHueMm (OCBOGOLMTBCA OT 3HAMe-
Hareas), TO OHO npuMer Bul 2x® —3x— 1 =0. YpasHcHue
nepsoit cTeneHd (¢ A0GLIM YHCAOM HEH3BECTHHIX) HA3bLIBAETCH
raKke AUHEHHUM YDPaBHEHHEM.,
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§ 20. ¥YpasueHHe nepBofl CTENEHH C OJHHM HEH3BECTHLIM

Ypaeuenus 1-fi CTeneln ¢ oLuMM HEH3BECTHHM MOCHE HAl-
JeXauux npeobpasoBanuil MOXHO NPEACTABATH B BHIE X =),
rie ¢ W b— jaHHble 4YHCAA MAH OYKBEHHblE BLIPAKCHHA, CO-
Jepialnie M3BECTHHE BeaHYMHL. Pemenue (KopeHb) HMeer

b
But x =, Texnaueckue TPyIHOCTH NOryT BCTPETHTbCA

TOJABKO NPH nPoOBeAeHHl Mpeobpasopannit.
pumep 1L
8x—5  Ay-1 1
2(x+2) T2x--B  x42°

1) TlpuseseM upasyw yacrTs paseHcTsa K o6ueMy 3HAMC-
HaTeno:
3x—5  Bx—1(x-1+2—-2xL+5H
2(x+2 @x+5) (¢ +2) ’

2) B yucantene npascit yacTH OTKpoeM CKOOKM H TpH-
BefleM NOJOOHLIE YIeHLL:
3x—5 _ 3x24-3r-—-7T7
2(x4-2 7 @2x4-8)(x+2)

3) IMomuoxum obe yacta papeHcTsa Ha 2 (2x 4 5) (x -+ 2),
yro6m 0CBOGOANMTL YypaBHeHHe oOT 3HaMmenatened. (Bompoc
O TOM, He BBONATCA JM NpPU 3TOM JHMIUHHE KOPHH, OCTABUM
OTKPBITHIM JI0 OKOHYAHHUA DPelleH:H:.)

Bir—58) 2y 4-5) =2 (34 3x—T).
4) OTxpbipaeM CKOGKIL
6x2 L5y — 25 == 6x% -} 6x — 14,
5) MepenocuM Bce HeM3BecTHHE YJGHH B NEBYIO YacThb, a
H3BECTHhiE B [PABYIO; f10cAe NpPHBENeHHA IOAOGHBIX Y/AEHOB
nonﬁuaem —x =11, u KOpeHb ypaBHeHHA ecTb X ==-— |1,

OJICTAB/AAA 3TO 3HAYCHHE B HCXOIHOE YpaBHEHHE, yéem-
AaeMcCA, YTO 3TOT KOpEHb HE NHILHAR.

NTpumep 2
X2 (¥ — )2 (x — D)2
{x —a) (x— b + x (x — b) +.\ (x — ) =3.

1) IMpusomuM neByo nacru & ofigeMy 3HAMEHATEN:
x {(x —a) {(x—b)
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(llono;mmenbﬂue MHONKMUTENH: X AN nepsoft ppolu; x—a
Ja8 BTOpOM; X— & nan TpeTbell.)

Xfx—a)f -8 4
X (% — a) (x — b) -

2) OcsoboxaacMcs OT 3naMecHaTeasl, yMHOXaA ofe gactn
paBeHCTBA HA X (¥ — a) (v — b):

X8 (x—a)d - (v — ) =3x (x —a) (x—b).
3) OtxpuiB CKOOKHU, HMeeM:
1 - vt 3ax® 43¢ty -— e® + b — 3hx® + 30Px — bP =
== 3x8 — 3ax? — 3bx* 4- 3abx.

4) lMeperocHs Hen3BeCTHHE YjeHbl B JEBYIO 4acTh, a H3-
BecTHple B onpanyio. [locre npuBexenus nofoOHbLIX 4ACHOB
noayuaes:

3a’x — 3abx + 36%x == a® + %,

Ho
3(a*—ab b)) x=a® 4 b

5) Haxonum OTCIOR2 KOpCHb ypPaBHeRHA!

o aiips
A== g G —ab 58
I10 BHIPAKEHHE MOMXHO YIPOCTHTH, COKparus npolb Ha
a% — ab 4 b
a-+b
5

X ==

§ 21. CucreMa aBYX ypaBHeHHH nepsoit crenenn
¢ ABYMsl HEH3BECTHLIMH

[Tocne BuliionHeuus fpeo6pasoBaduil, MOLOGHBIX paccMo-
TpeHHLIM B npeaulaymieM naparpade, ypaBHenne l-# crenenu
¢ ABYMA HCK3BECTHBIMH X, ¥ INpuMeT BUI ax - by =c, rue
a, b, ¢ — nanxple ypcaa Wiad GYKBeHHble BbIPaKeHHH.

OTneapbHO B3ATOE TAKOE ypasHeHHe HMeeT OecyuciacHHOE
MuoXecTBo KopHell, OaHOMY M3 HeusBecTHHX (Hanpumep, Xx)
MOMHO 1aTh COBEPLIEHEO 1IPOKH3BOJALHOE 3HavYeHHe; 3HaYeHHe Y
HaflieTcs U3 YpaBHEHHUA C OJHHM HEH3BECTHLIM, KOTOpOE Io-
AYYUTCA TOCA€ TIORCTAHOBKY 3HAYEHWA X B HAINE YpaBHCHHE.
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Haupusep, 3 ypaBHeHHun 5x - 3y == 7 MOXKHO NOXOKHTHL X ==2;
torpa umeem 104 3y=17, otgyna y=—1,

Ecan HenssecTHne X H y CBA3aHH He ONHMM, a ABYMA
ypaBHeHHAMH |-fi cTenenH, To GecyucieHHOe MHOXECTBO 3Ha-
YcHU OHH MOLYT HMETb TOJBKO B MCKIIOYHTEAbHHIX CAyyasx
(cm. (11, 23). BooBiie xe cucrema nByxX ypasHenuit 1-fi cre-
MeHn C IBYMA HEU3BCCTHBIMH HMeeT TONbKO OOHY CHCTEMY
petleHHl. MoxeT 0Ka3aThCa (TOME B HCKIIOYHTEABHBIX CIYy-
4anx), 4To OHa U BoBce He uMeet peutenufi (cm. i, 23).

Peulene cucTembl ABYX ypasHeHH!I NepBOH cTelieHH ¢
JABYMf HEW3BECTHHIMH MOKHO DAa3JHYHBIMK CHOCOGaMU CBECTH
K DeIUeHHIO OJHOI'C YPaBHEHHA nepBOH CTeneHM C ONHUM He-
u3BeCTHHIM. [lBa Takux crioco6a oODBACHEHB B CaelymoiieM
naparpage.

-3anauy, opuBOMALIME K CHCTeME ABYX ypasHenull ¢ AByMsH
HEH3BECTHBIMHM, MOXHO BCEr1a PEMUTH ¥ € NOMOULLIO GAHOTO
YPaBHEHHA € OJHMM HEH3BECTHBIM, ONHAKO OPH 9TOM HacTo
PUXOAUTCA YIAEAATH MHOTO BHUMAHUA TeM pacueram, KOTopwe
Npu NOJb30BAHUYM CHCTEMON YpaBHeHUH BHNOMHAOTCA 110 Lial-
JOHHBLIM MPHEMAaM B CaMOM (pouecce pereRua cuctemsl, To
e caMoe OTHOCHTCS H K 3alayaMm, pellaeMblM ¢ NOMOULIO
Tpex (nau Goabluero-4ucj1a) HeW3BeCTHHX. MoXHo pemnTs HX
N C nOoMOmMbIO OAHOM MAM IBYX HEW3BECTHHX BeawunH. Yem
Goablilee KOJUYECTBO HEHU3BECTHBIX BEIHUMH BBOJUTCA B pace
cMOTpeHue, TeM, BRoOue rOBOPA, NPOIE COCTABAATL. KAWA0E
U3 ypaBHeHHKH, 3ar0 3aTPYRHAETCA NPOIECC PeleHns CHCTeMbL,
[TostoMy Ha npaKTHKE (PENNOYTHTEJbHO BBOAHTH BO3MOMHO
MeHbllee YHCIO HEeHUSBCCTHBIX OYXB € TeM, ONHaKo, 4TOGB
COCTaBAeHHE ypasHeHHH 6bino He CAHIIKOM XJONOTAHBLIM.

NMpumep. Kycok cnaasa Menn u unnxa obvemom B | 0a®
pecut 8,14 x2. CKonbKo Menn ¥ UMHKA B cnaase (ymeabiuii
sec Menu 8,9 x2/0m3 umuxa-— 7,0 k2 dx®)? OGozHauas ue-
pe3 x M y Heu3BeCTHHle OOBEMb MEIM W UHHKA, HMeeM iBa

ypaBHEHHUS:

89x 4 7,0y =38,14. 2)
[Mepsoe suipaxaer, uto obmuii 06beM Menu M uunka (B o)
pasen |; sTopoe — uto o6wmui sec ux (B #2) paBen 8,14

(8,9x ecry Bec menn; 7,0y — Bec nnpxa). Pemas cucremy ypas-
genu#t (1), (2) no o6uwnM npasuaam (11, 22), naxoaum x =06,
y=04. Ity we 3apauy wmbl pemnan B I, 16 (npumep 2),
BBOIS TOAbKO OIHY HeuamecTHyw OyKBY. X. Yuasasus, cle-
nannpie s [, 16, ocTaprcs B cuae B UPH COCTamjAeHUM CH-
CTCMbl ypaBHeHUH ¢ ABYMA U GOubIIHM YHCAOM HEHM3BECTHHIX,
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§ 22. Pemenye cHcTeMbl ABYX ypaBHeHH#t nepsoft
CTEMEeHH C ABYMS HEH3BECTHBIMH

a) Cnoco6 noxCTaHOBKH COCTOMT B TOM, yT0: 1) M3 Of-
HOrO ypaBHeHHs Mbl HAXOIHM BhIDaWeHHE ONHOrO U3 HEM3-
BECTHbIX, HAMPUMEP X, UEPE3 U3BECTHbIE BEAHUMIL H APYroe
HeusBecTHOE ¥, 2) HalileHHOe BbIpaweHUe HONCTABANEM BO
BTOPOE ypaBHeHHe, B KOTODOM mocae 91oft 1oACTaHOBKH Oy~
JACT COZEPHATLCA TOABKO ORHO HEH3BECTHOE ¥; 3) peliaem
10AyuEHHOE YpaBHeHHE W HaxoAuM 3sHaueHHe y; 4) nopcras-
A% HAljeHHOEe 3HaYeHUe 3 B BbipaKeHHE HEU3BECTHOrO X,
HafifleHHOe B Hayaje pelIeHHs, MOJYyYaeM 3HAYEHHE X.

[Tpuwep. Pewnts cucremy yparuenuits

8x — 3y ==46,
5x 4+ 6y =13.
1y V3 nepBoro ypaBHeHHA HaxoIuM BbIpAXeHHe X yepes
JaHHBIE YKCAA W HEU3BECTHOE 3
4643y

T
2) TloacraBaseM 3To BhIpaXeHHe BO BTOPOE YPaBleHHE:

5. 843 L gy—13,

3) Peitaem noayucHHoe ypaBHeHue:
5 (46 4 3y) - 48y == 104, 230 - 15y - 48y = 104,

15y - 48y == 104 — 230, 63y=-— 125, y=—2.
4) Hafipennoe 3HaveHHe y == — 2 NOACTABAAEM B Bhlpaiue-

46 4- 3y 66
HHC X == —3—=; NONYYAEM: XY= —7—, T. C. x==35,

b) Cnoco6 CHAOMKEHHS HAM BBIUHTAHHA COCTOHUT B TOM,
uto: 1) 06e 4acTy ONHOrO YPABHEHWA YMHOXAIOTCA H& HEKO-
TOpH  MHOXHUTesb; 00e YacTH BTOPOr0 YPaBHEHHA YMHO-
WAIOTCA HA APYFOH MHOXHTENb. ST MHOKHTEIN noA6UpawTCa
TaK, YToOB KOS(QUIHEHTH TMPU OIHOM M3 HEH3BCCTHBIX B
o6oux YPpaBHeHHNX ROCHE HX YMHOXEHUA HA 3TH MHOXUTEIN
HMEIH OfHY M Ty ke abcouoTHyio Beanuuny. 2) Craajgbinac
JBa ypaBHEHHS HJH BhIUMTaeM HX ADYr M3 ApYyTra, CMOTpA IO
TOMY, UMEIOT JH ypaBHeHHhle KO3(hdUUHEHTH Pa3iuuHbie WIH
OJIMHAKOBLIE 3HAKHA, 9TUM OJIHO M3 HEHU3BECTHbLIX HUCKAOYACTCA.
3) Pemaem noayuesHoe ypasHeHHME C OAHHM HEH3BECTHBLIM.
4) [pyroe Hew3BeCTHOE MOKHO HAWTH TeM Ke UDHEMOM, HO
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o6bRo Hpoume BCEro NOACTABHTH HallnenHoe 3HaveHHe nep-
BOr0 HEW3BECTHOTOo B no6oe M3 JAHHHX ypﬂBHCHHﬂ U pe-
IMHTL NOJYUYNBHIEECH YpasHeHUe C OINHUM HEH3IBECTHHIM,

Mpumep. Pemuts cucreMy ypasheHmil:

8x — 3y =486,
Sx+6y=13.

1) Mpouie Bcero ypasHsiTh a6COMOTHHE BEAHUHHBI KOS(-
duunentoB npu y; obe YaCTH NEpBOro ypaBHEHHA YMHOXHM
Ha 2; o0e yacTH BTOpPOro — Ha [, T. e. oOCTaBlseM BTOpOe
ypasHeHHe HEHU3MEHHbIM:

8x—3y==46-{2| 16x —6y =92,
Sx+6y=13}1]| Sx+6y=13

2) CxaagsiBaeM nBa YpaBHEHHUA:

5x¢ -+ 6y= 13
2lx =105
3) PemraeM nonyueHHoe ypasHeHHe:
105
X =457 =35

4) TlogctasndeM 3HayeHHMe x==5 B NepBoe YypaBHEHHE;
umeeM:
40— 3y=46; —3y=46—40; —3y=6.

Orciona
6

Yo — == — 2,

Cnoco6 croxeHwa M BHIYHTAHUA CJleIyeT MNpennovyecTs
ApyruM crocoGam: 1) KOrxa B RaHHLIX YpaBHeHHAX aGconoT-
Hible BeANYHHB K03dpduuHeHTOB npn OLHOM H3 Heu3BECTHLIX
paBHbl (TOrjga mnepBbiff W3 9TanoB pemieHHs CTAHOBHTCH
HEeHYXHbIM); 2) KOrja cpasy BMIHO, YTO YHCIOBble ko3dpdu-
LHEHTH [PH OTHOM H3 HEM3BECTHHX YPaBHUBAIOTCA C IOMOULbIO
He6ONbUIMX HENOUHCACHHBIX MHOWUTenel; 3) kxorna xoapdn-
UHeHTH ypasHeHHH cojepwaT OYKBCHHble BHDAaMEHHA.

lprMep. Peiwurb chicremy:
(a4c) x— (a—c) y=2ab,
(2 -8 x — (@ — b) y == 2ac.
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1) ¥Ypasuusaem KospdHuvenTH NpH X; NOMHOKaA obe ya-
cTH nepBoro ypaeHenns Ha (a-}+ b), a sroporo Ha (a--¢),
noayuaem:

(a+0)(a+8)x—(a+b)(a—c)y=2ab(a D),
(atc)(a+b) x—(a—b) (a+¢)y=2ac(a+0),

2) BoiyuraeMm 43 mepBOro ypasHeHHs BTOPOE: NOJYYaeM:
la—b@ate)—(a+tb)(a—o)]y=
== 2ab (a + b) — 2ac (@ -t ¢).
3) Peutaem moayueHHoe ypasHeHue:

2ab {a + b) — 2ac (@ +¢)
a—b)la+c)—(at+bla—c)

V-"—‘(

D10 BHIpaKEHHE MOKHO 3HAYHTEABHO YNPOCTUTh, IS 4ero,
0/IHaKO, nNOTpebYyIOTCA JAOBOJABLHO JoJarKe npeobpa3oBaHud,
B uncautene ¥ 3HameHartese pacKpoeMm CKoOKH, HpHBeaeM
nojgo6Hble YiIeHbl H [POU3BENEM Pa3floKEHHC HA MHOXHTENH.
[locne 9T0ro npobb COKPAaTHTCH; HMeEEM:

_ 2a (ab - b2 — ac — ¢?) .
y'—(as — ab - ac — bc) — (a% +ab —ac — )
. 2altab —ac) - (42 — )]

— 2ab + 2ac -
_2alp—clat(b=c)(b+0)] _
- ~2a (b —c¢) -
_2ab—cjlat+bte __
= ) =—(a+b+o).

4) Urobm walttv x, ypaBHaeM ko3pduuUeHTE npu ¥y B
UCXOHLIX yDaBHEHUAX, TOMHOXHUB nepsoe Ha (@ — b), BTOpOE
Ha (@ —c). BuiuTa ONHO nonyyeHHoe ypaBHCHHE U3 APYroro,
peluuM ypaBHeHHEe ¢ OQHUM HeHU3BECTHbIM; HalhgeM:

2ab (a — b) — 2ac {a — ¢)
(@—d)a+c)—(a+bd)a—c)’

X =

Buionusas Taxkue xe npeoGpa3oBanus, Kaxk B MPeALNYUIEM
flyHKTe, noayuyuM x==>50 - ¢—a, Iloacranoska 3HaueHus y
B OIHO W3 WCXONHLIX ypasreHuii norpe6osana 6 6oaee yTo-
MUTEIbHBIX BHIYHCACHRI; NPY pelieHHH OYKBEHHHIX ypaBHenui
raK ObIBaeT OYeHb YacTo,
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§ 23. O6mue dopMyanl H ocobble clydan pelleHus
CHCTEMbl ABYX ypaBHEHHR nepBo#l cTENEeHH € AByMSA

HEH3BECTHDLIMH
PelteHHe CHCTeMBl YPaBHEHHi BUAA
ax - by =z, hH
ax +bhy=c (03]

MOXHO noayyatb OhICTpes, €Cay NPHMEHATb Pa3 HaBCeria
BoiselleHHHe obuue opmyas. [ocreanne MOXHO MOAYYHTH
a106bIM cocofoM, HanmpHMep crnocoboM CNOKEHHA H. BHIYHTA-
Hus, Pelienne 6ynet uMers BHA
bic — bey ,
X = Fb[ —ab? 3
. GCy —asc
Y= S

Stu popMynBl OueHb NErX0 3aHOMHHTH, €CIM BBECTH JiId
yMcanTeNel M 3HaMeHaTenedl cienyoilee ycaoBHOE 0Go3Haue-

HHe. YCIOBYMCH B3HAKOM lf Z[ 0603HAYATb BHpANSHUE P8 —
— rq, NOAYYaouleecs KpectooGpasHLM yMHOMEHHEM
o

X'
r s
# UOCAeNYIOIUM BHIYHTAHHEM OJHOrO MPOU3BENEHHA U3 ApY-
roro (co 3HakoM - GepeTca TO Npou3BeieHHe, KOTOpOe MpPH-
HANAEKHUT [QMaroHand, omyckawuedica Bnpaso). Hanpumep,
N
BHAK | 4 .? I osHayaetr 5.1 —2.(—8) =54 16=2I.
Bripawenue
|2 q
l r s
#a3LiBAIOT onpedesumenes: 8mMopo20 nopsoxa (B OTIHUHE OT
oitpereanteneil TpeTbero, YeTBEpTOro M T. L. HCPANKOB, BBO-
IHMBIX TIPH pelleHHH cucteM ypaBHennit [-il crenenn ¢ tpems,
YeTRIPbMA W T. [. HEU3BECTHHIMH). '
C noMowpio eeefeHHuX 0003HAYenult gopuyan (3) n (4)
3anuuIyTCR TaK: i

=ps—rq

& o] |2 el
¢g by a &y

x=-l—&—b——l, ®) y=—‘—a—b——l-, (6)
oy by



168 11, ABTEGPA

T. €. KMRZ0oe U3 IHen3BeCTHHX paBHO npo6H, SHaMeHaTenn
KOTOpO#i ecTh onpegeaHTelb, COCTaBAeHHH{l U3 KOsdduunen-
TOB NpPH HEH3BECTHbIX, 3 UNCAHTENb MOAYUaeTca M3 9TOro Oom-
peaeantens 3aMeHoH KO3(Q(@UUHEHTOB NpPH COOTBETCTBYIOIEM
AeH3BeCTHOM Ha CBOGOIHbLIE UNEHBI.

[1pumep. Pemnuts cucremy:

8x — 3y =46,
Sy -+ 6y=13.
146—-3]
. J13 6 46.6.1.13.3 5
Ao == L =5
8-—3' §.6-5-3 a3 '
5 6
1846]
e dB 18} 8.18~5.46 — 126 5
FTINTIE T 63 =T
Is 0

Wccrenopanue TNOKa3piBaeT, YTO NPH  DPEINEHHH CHCTEMBE
(1) — (2) moryT npejcTaBUTBLCA TPH CYLIECTBEHHO Pa3AHUHbBIX
cayuvas.

1) Kosdomuuents ypapHenut (1), (2) nemponopuucHaib-
a

b

Hbl: E;‘é'b_x' Torna, kakosbl Gbl MY OblIN CBOGOLHMIE YleHBI,
ypaBHeHUe MMeeT €QHHCTBEHHOE pellleHue, MNpescTaBiasemoe
tdopmyaamn (3), (4) nan, uro TO :We camoe, popmynamu (5), (6).
2) Kospdunuentsl ypasnenuit (1), (2) nponopunoHaibHbi

a b
‘-l—l-=7l Torma BawHO 3HAaTb, HAXOAATCA AW B TOM XK€ OTHO-
HIeHUH, K B coGomubie wieHo. Ecan HaxojgATCs, T. .€. €Cial

a b c
— = —» TO CuUcrema ypaBHeHVlﬁ umeer OecyucacHHOe

a; b ¢

MHOCLTBO lpeuxemn‘i Ilpuuuna 3toro 1a, 4To B paccMaTpH-

BaeMOM CJyuyae OJHO W3 ypaBHeHH[! €CTb CJACUCTRAE APYroro,

TaK 4ro GaKTUYeCKH y HAC OAHO ypasueiue, a He JBA.
Mpumep B cucreme

100 - Gy == 18,

5y -—%— 3'\‘ = 0

koaq)(pnunemm TIIPH HEMSBECTHLIX X ¥ [POUCDIUOHANBHBL
10

=3 3 =2 B TOM e OTHOIIEHRH HAXOAATCA M CBOGOIHBIE

18 o
yrens: g==2. OHO U3 ypaBHeHull eCThb CACUCTBME NPYIOro;
HMCHIO, HEPBOC NOAYYaeTCst U3 BTOPOro yMHOWemicy obenx
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gactel nocaeanero Ha 2. Jlo6oe u3 GecyucaeHHOro MHOXECTEA
pelieHHi OXHOrO M3 ypaBHEHUR CJIYKHT PelleHHeM W JPYroro.

3) Kosbduunents ypasHeHn# NponopuyoHaibHs: an', = % R

HO csoGoiHble YeHbl He H3axonaTca B TOM ¥€ OTHOIIeHHU.
Torpa cuctema He uMeeT peuieHHHM, OTOMY YTO ypPaBHEHHS
Ipyr Ipyry mnpotTHBOpevar.

ITpumep. B cucreme

10x + 6y =20,
KO3 PHIHEHTH PONOPHUOHANbLHbI I—‘,?=—§—=2. Ornowenue
xe CBOﬁOllelX YJ1eHOB HHOE, YEM OTHOLIEHHE KOS(t)d)HUHCHTOB:
5=2%. CucTeMa He UMeeT pellieHHH, TOTOMY UTO, IIOMHOXUB

BTOpOE ypaBHeHue Ha 2, umeeM 10x -+ 6y==18, yto nporuso-
peuHT NEepBOMY YDPaBHEHHIO, H6O OIHO U TO Xe BHIPAXCHHE
10x 4 6y ne mower pasHAThCA ¥ 18 u 20,

§ 24. Cncrema Tpex ypaBHeHHA nepBo#t cTeneHH
C TpeMs HeH3BeCTHbIMH

[Mocae BuinoaHenus npeoOpasoBanufl, MOTOGHLHIX PaccMo-
TpennniM 8 llI, 20, ypaBHeHue nepBolt cTemeHH ¢ Tpems He-
H3BECTHbIMH X, ¥, 2z 1puMeT BHL ax -+ by-tcz=d, rue
a, b, ¢, d — nannble uncaa wid 6ykeeHHble BoipakeHns. OnHo
TaKoe ypaBHEHHC, OTAedbHO B3ATOE, MAH CHCTEMa ABYX TaKHX
ypaBHeHuit umeet 6ecuncaenoe MHOKecTBO pelteHnfl. Cictema
Tpex ypaBHeHH# [-H cTeneHu ¢ TpemMa HeHU3BECTHBIMH HMeeT
B oflieM cayuae oIy CHCTeMY peuleHHs. B ucKIOuHTe 1LHbIX
cayuanx (CM. HUXe) OHa MOWeT HMeTb OecYHCIEHHOC MHO~
WeCTBO, MAW BOBCE He HMETb pemICHu,

Pentenne cHCTeMbl TPeX ypaBlieHH# € TDPeMR HeH3BCCTHLIMH
OCHOBLIBAETCA Ha TeX Ke MpHeMmax, YTo W pellleHHe CHCTeMbl
JBYX ypaBHeHHH C JByMsl HEH3BECTHbIMH, KaKk BHAHO U3 cae-~
Jylouiero npumepa.

[Tpumep, Pewmurb cucremy ypaBHEHHH

3x—2y - 5z2="1, ‘ Iy
Tx 4y —82=3, 2)
Sx—3y—4z=—12, 3

Bo3sbmeMm xBa ypaBHenus sToft cucTeMbl, Hanpusep (1) u (2),
# GyleM HCXOIHTb M3 NPENNOJNONEeHHS, UTO OXHO H3 HEH3BeCT~
uHX, HAanpEMep 2, yie HaltieHo, T. €. ABAACTCA H3BECTHOf
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BeanyuHoll, Peman B3ATYI0 CHCTEMY OTHOCHTENbHO HEM3BECT-
HHX X H ¥y no npasuaam I, 22, natinem:

172z, 597 — 40
r=—gp—r I=—z (4)

[loxcraBHB sTR BHpaxenns x, ¥ B ypapHeHue (3), MOAYUHM
ypaBHEHHE € OJHHM HeH3BECTHBIM:

B(17—22)  3(89z — 40) _
T % — 4z =—12,

Pemns sto ypasuenme (III, 20), naitzem z==2. Tloxcrasus
970 3HaueHHe B BhipaweHHa (4), Haigem x=1; y=3,
O6mue GOPMYAB N8 PEMICHHA CHCTEMH

ax -+ by +cz =d,
ax - by 4 aiz=dj, )
09X+ by 4 coz=d,

MOXKHO TMOJYYHThL TeM e NpHeMoM. Pemexue Oyaer HMeTh
CNOWHHA M TPYXHO 3aNOMHHAeMbifl BUI, eCIW €ro 3amucaTh
B Pa3sepHYTOM BHJeE, HO €My MOXHO NpHUIaThb JEerKko 3anoMu-
HaeMbill M YIOGHBIH N5 BHIYHCAEHHUA BHI, €CAH [IPEABAPHTEAbHO
BBECTH NOHATHE 00 onpeleasumene mpemve2o nopsoxa.

Onpegenntenb TpeTbero MOpsixa, COKpaiieHHo 0603Ha-
yaeMblil

e b oc
tax bl ¢y ] (6)
123 bg Co

€CTh HE YTO HHOE, KaK BbIpaXeHHE
ab;cg-{—bc{ag—l— L'a,bg *Cblag—-aclbg—balc,. (7)

310 BeIpaXeHHe He HYM¥HO 3aIIOMMHATh, TAK KaK OHO JerKo
NoAyYaeTcs H3 CBOEro CxemMaTHuecKoro o6osxaueHun (6) cae-
nyoutuM obpaszom: nepennuem Tabauuny (6), npunucas kK Helf
cnpa?éx) elle pas 1Ba NepBHX ee croabua; tabauua HpuMmer
BUI

a8 a4 8 NN 4
Nt e A reL7 St
A A 7T M8 T4
Pl &"\‘c{}“zz \‘5& * 73 s \‘J(
",(-',:”. N Z\‘ N S \\ .. \\

. . R N
- < P e O N
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[Iposenem amaronanbHule JHHIN, OTMEUEHHMe Ha cxeme (8)
TYHKTHPOM, H BhbIMIIEM Npou3BeleHHs GyKB, CTOANIMX HA Ka-
WHOft 13 11eCTH RHAroHanbHuiXx JuHHi. Co 3HAKOM - BO3bMeEM
Té TpH MPOH3BEHACHHA, KOTODble NPHHAZACKAT RHArOHAIAM,
ONYCKAIOUMMCA BIIPaBO; CO BHAKOM — OCTalbHBIE TPH NMPOH3-
senenna. Hanncas Teneph 9TH npousBeieHUA TORPAN, NONYYUM
Bbipaxenue (7).

Npumep 1. Buyncaurs onpenenutenb TPETLErO NOPAAK2

13 -2 5
7 48, ®
|5 —3 —4

Cxema (8) nmpumer Bun (8).
Onpeaeanreas. (9) pasen

34 (—4)+ (=2 (—8)5+5T-(—3) —
—5.4.5—3:(—8) - (—3) —(=2) T+ (—4)=
==-— 48 4 80 — 105 —~ 100 — 72 — 56 = — 301.

C nomompio onpejeautenedl pewedue cucremst (5) MOXHO
npeacTaBUTh .B BHUIE

dbc, adc[ a b d
dy by Cli ay dy ¢y ay by d;
lda by cai | _lazdsesd | __ las bs dy

X= abc‘ y_jabc ’z'—abci’(lo)
ay by ¢y [a; by ¢y ag by Cy
ag b» Cg[ lag by ¢ ag bs Ct_vi

T. e, Kawaoe W3 Heu3BeCTHHIX paBHO Apo6H, 3HAMEHaTelb
KOTOPOfl ¢CTb ONpeJeauTeldb, COCTaBJIECHHbIfi H3 KO3hduuuen-
TOB IIPH HEM3BECTHHIX, @ YHCANTENb M0JYYaeTcss M3 3TOro
onpejeanTens 3aMenol KodgHUHMCHTOB NPH COOTBETCTBY IOLLEM
HEU3BECTHOM HAa CBOOOAHbBIC YICHBLL

[Tpumep 2. Pewuts cucremy ypasHeHuit

3x —2y 4 5z=1,
Tx + 4y — 82 =3,
5 —3y—dz=—12,

O6uuit 3namenarens dopmyan (10) Boiusciaen B npuMepe; o
pasen —30!, Uncanteanr neproit »3 popmya (10) noayyaercs
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u3 (9) 3aamenoft nepeoro ero croxbua croabuom cBoGoiIbIX
ynenos. OH umeeT BUI

7—2 5
3 4 -8,
—12 —3 —4
Buiyncana ero no cxeme (8), noayuyum —301. Takum o6pasowm,
noxyuaeM: x==§§g}=-.l (cp. npumep Ha crp. 170). Tak we
HailzeM:
—903 . _ —B02
y= :ﬁ == 3, 2 == :%]— = 2.

CucteMa ypaBHeHu#t (5) HMeeT eIMHCTBEHHOe DeIIeHHEe
€CaH onpeyenuTeNb, COCTaBIACHHBIH M3 Ko3hUuUHEeHTOB npH
HeU3BECTHLIX, He paBeH Hymo. Torxa ¢opmyas (10), B 3Hame-
HaTeJ aX KOTOPBIX CTOMT YHOMSHYTBI oflpefennredb, AAOT
pemeniie cuctemb (3). Ecau onpeneaurean, cocrasiennsii us
Ko3puLHeHTOB, paBeH Hya0, 10 Gopmyant (10) craHoBsaTCA
HeIPHIOXHBIMH JIA51 BbiuHCIeHHA. B stoMm cayvae cucrema (5)
au6o uMeeT GCCYHCICHHOE MHOKCCTBO DelleHHil, 1160 coBceM
nx He uMmeeT. DecuncaeHHoe MHOXECTBO pelleHUll oHa vMeer
B TOM cayyae, eCIH He TOJbKO OlpeierHTeNb, CTOAILNA B 3Ha-
MEHATeIsiX, HQ H ONpeXeJHTelH, CTORLIHE B YHCaAuTeanx Gop-
mya (10), o6pawiaicTcs B Hyab; BAXHO OTMETHTb, YTO €CJIH
OlpCACINTE AL, CTONIUH B 3HaMeHaTeasnx, H OJUH H3 olpeje-
Auteaell, CTOAWMX B YHCIMTEIAX, PaBHL HYJI0, TO ABA JPYrux
onpejaenTeIa B YHCAUTCHAX HeTPEMEHHO paBHbl HYa10. Haanyune
6CCYHCICHHOrO MHOXECTBA pemicHult o6yclnoBinBaercs Tew,
4TO @IHO W3 TpexX ypaBHCHUH (D) siBAsETCH CAEACTBHEM JBYX
Apyrux [uaw paxe xBa ¥3 ypagHcHuH (3) HBIfIOTCH Kaxpoe
CACACTBHEM TPETbero), Tak uTO QaKTHYECKH Mbl HMeEM He TpH,
a aumib 1Ba (MJIf Jaxe OXHO) ypaBHeHHe € TPeMs HeH3BecT-
HBIMH.

Npumep 3. B crcreme ypaBHenuit

2x — Sy z==-—2
dx - 3y-—~ bz=1, (D
2x -4 2ly—152=8
onpenenutess M3 K03hPHIHEHTOB €CTh
2 — 1 l
4 3—6i==0
12 21 —15]
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[eM, cxemy (8)]. Baas oaun us onpepcaureaefl, CToAWHMX B Yile
caureasx gopmya (10), Hanpusep oupegeanTead

-2 =5 1
13— 6,
8 21 —1I5

sxoasuuil B nepsymw u3 popmyn (10), Hallzem, uTO OH TaKxe
pasen Hyaw. OcraibHeie 1Ba oNpeieanTeas, BXoasuiie BO BTO-
pyto u tpetblo opumyant (10), HE HYWKHO BBIYMCAATBH: OHU
3aseiomo pasHbr Hyaw. Cucrema (11) umeer 6Gecyucaeunoe
MHOWCCTBO pelieni: oXHO n3 ce ypasHeHuil (moboe) nsaserca
CHCACTBHEM ABYX Apyrux. Haupuscp, ecau HOMHOXHTL BTOPOC
ypaBHeHHe Ha 2, neppoe Ha —3 ¥ CTOKHUTH (10AYYCHILIE ypas-
HCHUA, NONYYUM TPeTbe ypaBHEHUC.

Cucrema (5) BOBCe He HMEET pPCUICHU, ecin onpeaeanTCib,
crosui B 3Hamenartensx Gopuya (10), pasen HY 10, HO HH OAHH
U3 olpejeantescil, cCTOAWNX B UWCANHTEIAX, He PaBcH HY.HO.
[Tpn sTom jgocratoyHo yOexuTbes, YTO HE pPaBCH HYIIO OLHH
U3 uHCauTeICH; TOrAa B APYIHX HCUPEMCHHO OYAVT HE paBHbl
#ymno. Otcyrereue pelueHnit oBycaoBauBaeTcs T€M, UTO OLHO
U3 ypasHeHUIT NPOTHBOPEUYUT JBYM OCTAIbHbIM (HIH Jdaxe
KaXIOMY W3 HUX B OTAEILHOCTH).

[Ipumep 4. Bospbmesm cucremy ypasucHHR

2v— Sy z=-—2,
4+ 3y -— =1, (12)
2v - 2ly — 182=3,

KoTOpan oraHuaercs ot cucrems (11) T0aLKO 3HAUEHHEM CBO-
Gonnoro uaena B nocieduem ypasuenun, ITosroMmy onpenenu-
Teah M3 KO3PEOUUMEHTOB OCTALTCsH TCM KE OH PAaBEH HYy.Io.
Ho oupepeautear, BXOAsIMC B uucAuTEAH, OYIAVT HHLIMH,
Haupumep, uncanrean nepsoit n3 dopmys (10) 6yaer

~2 -5 1
1 8 — B]==—135
3 21 -I5

Oun ne pasen uyao. OCTaabHbIC ABA MHCAHTENA 3aBEIOMO HE
pasHbl nymo. Cucrema (12) e uneer pewennit. Ona npoTHBO-
peunBa, 60 U3 NCPBLIX JABYX YPaBHCHUIl BHITEKACT KaK ChAef-
craue ypasHeHue 2x -+ 21y — 152 =38 (cm. npumep 3); Mexny
TeMm TpeTbe ypasHenue cucremu (12) umeer sun 2x 4 21y —
~— 152 =3, Tak 4TO O/HO W TO We BLIPAKCHUE OKAILBALTCH
pasubin H 3 B 8, 4TO HCBO3MOMHO.
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§ 25. MlpaBuia neficTenit cO creneHsAMH

1. Cmenens npouséedenust 08yx UAU KECKOAOKUX COMEO-
acumeneil padHAa npou3sedenui0 cmenened IMUX COMHONCU-
meaell (¢ mem e NOKG3BMENEM).

(abc..,.)" = a™h%c"...

Mpumep 1. (7:2-10)*=72.2%.10°=49.4.100 = 19 600,
Npumep 2. (*—aP={x+a)(x—a)P=
= (x 4 a)* (x — @)* (cp. llI, 8, m. 3),
Mpaktuyecky Gonee BaxtHO o6paTHoe npeobpasoBaHue:
a*beh ... = (abc...)",
1. €. npoussefediie OQOUNMAKOBBLX CMENEHE(l  HOCKOAbKUX

BEAUYUHR PUBRO moil sice cimenewu npoudsedenus IMUX ge-
AUYUH.

Y pumMep 3. 4. (—;’—)5- (-?I—)d= (4-%-‘:—>d=23=8.
[fpumep 4. (a+ b)*(a®—ab+ 0?2 =

=|[(a+ b) (a® — ab + b*)) = (a® + &%)% (cp. II], 8, n. 6).
2. Cmeneny 4acmuozo {(Opo6r) paesra dacmHomy om Oe-

AEHUS MOl e cmenenu OefuMO20 K@ iny JKe CMeEnesdp
deaumeasn:
(b> a"‘

2\4 24 16
anMep 5. ('3—) =3H=§"

a+4b1\3__ (a-+b)3
ﬂpnmep 6. (a—b} =m.

n

O6patHoe npec6paszoBaHue: :T;— (;—)".
[Tpumep 7. ;—;:——(;g) =3 =27
Mpumep 8.

(@2 — by _ jaf—pt\e _
@+ 6F "'( a+b) = (a— by’

(cp. U, 8, n. 3).

3. Hpu YMHOMCeRUU cmeneHell ¢ O0UHAKOBHMU OCHO8A-
Kusmu noxasameau cmeneneld cxaradmsawmen (cp, i, 6):

a!llan a"H-n
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Mpumep 9, 22.28 =235 =27=128,
MTpauvep 10. (a—4e+x)?(a—4det+x)=

= (a— 4¢ + x)%,
4. [Tpu Oeaeruu cmenereil ¢ O0UKAKOBHMU OCHOBAHUSIMLL

nokasamens cmenenu Oesumeanst 8uldumaemcs U3 noxa3a-
meas cmenenu deaumozo (cp. I, 6):

-lll;'—: = """
MpuMep 11, 128: 128 == [25"3 = 22 == 144,
Mpumep 12 (x ~¥:i(x —y)2=x—
5. [lpu 8038edeHuu cmenedu 8 cimmenens noxasameau cne-
nedeti nepemuogcaromes: (a™)* = am"
Mpumep 13. (2¥)?=2°=064,

a%t Vi _ @t o9 _ asots
c

Mpumep 14, (— = o

§ 26. lleficTBHA C KOPHAMH

B HikenpuseleHHbXx GOpPMyJax 3HakoM ¥ oGosHauena
a6COM0THAA BeJBYNHA KOpHA.

1. Beauduna KOpHA He U3MEHURICSH, eCAL e20 NOKa3amens
yeeaudums 8 n pa3 1 OCHOSPEMENHO B038eCIu NOOKOPeRHOe
KOAUYECMBO 8 CHienems n:

M g MR e
']/a= 1/’(1",

Mpumep 1. Y8="y8 ="/61

2. Beauduna KOPHA He u3merumes, eCcAl noxasamens
CHIenenll yMeRbiiumsy 8 n pa3 u OdﬂOBpEMeliHO H3gAe4t KO-
PEeRb n-U cmenern u3 nodfcopeunoeo Koaugecmea,

m min o

vi= V7.

6 6:3 5o
Mpuwep 2. Y= )/ Y5 =V7.

3aMevanne, Dro CBOMCTBO OCTaHETCA B CHIE M B TOM

m
cayuae, KOTJA UMCAO —- He OYIET HeasiM; 104HO TaK XKe 06a
BBHILIEYKA3AHHLIX CBOfiCTBA COXPanar cuHay M xast i gpo6uoro,
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Ho n1sn aToro Hy®HO CHAYana PACIUMPHTL HOHATHE CTEHECHH
H KopH#, BBeAn Apobuuie nokasartean (cm. HI, 61).

3. Kopenb u3 nponssedenus KeckOAbKILX COMHOXMCUMERel
pases npoussedenuio KopHell MO Jice cmienesu U3 amux
coMHONCUmeneils

m m m m
'/ abc e T ]/a— V?)- Vc-uo
8 3 s __ s
Mpumep 3. Vo' = Va® Vif =a® V5.

Tlocaeanee mpeo6pa3opanne OCHOBHIBaeTCA HA cBoficTme 2,
INpumep 4 Va8=716.3= 116 VY3 =4V¥3,
O6partHo, npousBeeHue KOpHel oxHON W TOH ke cTeileHu

PAaBHO KODHIO TOH e CTeNeHH M3 NPOU3BEAEHHA HOAKOPEHIIbIX

KOJIHYECTB:
ml/:z—% ”;/“...=ml/ abe.,.

Mpumep 5 Vabb: Vab® = VYV aib' =n2p2

4. KopeHs Om Hacmuoz0 pasex Hacmromy o OeaeHus
KOpHR U3 0eAUMO20 HA_KOpeHs u3 Oeaumersl (noxasamentt
KOpHell pasymeiomes 00UHAKOBbIAL):

Vais =Va:'Vs.

O6parHo: ml/;:"ll/;= n]l/ ab .,

3 3 3 3
Ilpumep 6. 27:4=V27:}/Z==3:}/Z
5. Umobu 8038ecmit KOpeHb 8 cmenens, dOCMaAmoyHo 803-
secmiu 8 My CMeENneHd NOOKOPEHKOe KOAlLHecm8o:

m_\n m
(V_(?) = Y a".

O6parso, uTO6H H3BJIEYL KOPEHb H3 CTElieHH, NOCTATOYHU
BO3BECTH B 3TY CTelleHb KOPeHb H3 OCHOBAHUA CTelleHH;

n

m m
Va=(yz)
2 -
Mpusep 7 (SV a”b) =V Vet bt ==a'} ab
Mpumep 8 V2=yYF=(y3),
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6, YunurtomeHne HPPAUHOHAABHOCTN B 3Ha-
Mewateae Had B YyMcautTede ApoO6u Bouucaenue
£pots BLIDANEHHY, COABPWamMX PaAMKaun, vacro - objer-
TAzTC, CONI IPEeABAPHTCABHO  YHYTOMHTD HPPALHOHAABHOCT >
B UMCa@TeI WaM 3HaMeHnarede, T. e. Apeo6pasoBarth Apo6h TaK,
4ol B HHCANTEE I 3HAMCHATE/IC HE COAEPXKATHCh PaTUKadbl.

Mpumep @ Tlycrn Tpebyetes SH‘{HCHHTB-—V;——H ¢ TOu-
Hocteio mo 0,01, Ecau npomssectn feficTsud B YKA3aHHOM
nopaixe, To Mpl HMecM: 1) ¥ 7=2,646; 2) J6 = 2,449;

a oo L
3) 2,646 — 2,440 ==0,157; 4) 6,’1@"”’5'10' Hus noayuenus pe-
3yaIbTaTa HYXHO GBIIO BHIIOAHHTH YeThipe AeldCTBHS, IPH 3TOM,
4T00bl NOJYUHTh BEPHbE UHPPH COTHIX, HYKHO GbLIO BHIYM-
CIHTh KOpHH C TOYHOCTBIO KO THICAYHBIX, B NPOTHBHOM Ciayuae

1
B jgexurene npobu e HOAYYHIHCH OBt TONBKO IBE 3Ha-
yanye nudpul ¥ B pesyabtare He Morao Owm ObiThb Tpex Bep-
HBIX 3Havawpx wugp (cM. 1, 42).
Ecaun ke npeasapuTeabHO TMOMHOXHM YHCIUTENh M 3HAMe-

HaTexb mamHoft npobu Ha V1 -~ V6, To nomyuma:
1 Vi+ve . VI 4+VE

Vi—ve (1)) T

T

Teneps BbluncIcHAE TpebyeT TOAbKO TpexX feCTBHA, K KOPHK
MOKHO BBIYHCAATH JAMLIb ¢ TOYHOCTBIO X0 cothix: 1) V7T =~2,65;

9 V6245 3) V7 -+ V6=a=5i0.

Huwxe ADUBOAUTCA Cl€ HECKOJAbKO THIHYHBIX IPUMEPOB.

Mpumep 10 ?Z VT_-V5 W.
Vs V5 V5 ©
Va +vVo __ (Va+vVe)? __ atoVab+s
Va —vh  (Va)-(ve) — ~ e—b "
B 3THX npHUMepax HPPALUOHAILHOCTh YHHUTOXANACH B 3Ha-
menarene. B crexyoiiux ABYX NpUMepax OHAa YHHYTOXAETCA

5 uucaureae.
Vi _VT-VT 1
V5 V5 Vi V-
VEB-_VH _VE-VIE _ 1
3 Ta(vBiv3Y) T 3(¥VHLvVE)

Mpumep 1L

MMpumep 12

Mpumep 13
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Mpeobpasopanue B npuMepe 12 sABHO HEBHICOZHO JAA
BBHIYUCJAHTENbHLX Lenel, TaK KaK BHYHCISHHE BHIPaXeHHUdA v

rpedyer JdeAeHUA HAa MHOTO3H&YHOC YHUCI0, BLIYUCACHHE e

3B
Zg— (cM. npumep 10) TpeGyer nenenns Ha uemoe umcao. Ho
npeoGpasosaHue B npuMepe 13 BHITOAHO, TaK KaK HO3BOJASET

BbIYHCaATh KopHy /351 1/ 34 co CTOALKMMIU 3HAKAMH, CKOABKO
Hx TpeGyerca HMeTh B pedyabTate. B mcxomnom e Bhipawe-
HMH HYKHO M3BJIEKaTb KODHH ¢ OGABIIMM 4YHCIOM 3HAKOB
(cm. npumep 9). [TosToMy npuHsATOE B HIKOABHOM MpPAaKTHKe
OrypHOE YHHUTOXeHHe HPPAlMOHANLHOCTH B 3HAMEHaTe e pef-
CTABAAET BPEAHYIO CXOJACTHYECKYIO TPAaZMLHIO.

§ 27. HppaunoHanisHele uucaa

3anac neawx M XPOOHBIX uHCed C H3GLITKOM XOCTaTOuYE:
aaa w3meputeabHof npaktuku (cm. I, 31). Oawako pgas
” ¢ TEOPHH U3MEpeHHs BTOro 3alaca Majio,
: ycTb, Hanpumep, TtpeGyerca  moy-
KO onpemeauTh JAMHY auarodasd AC
kBanpata ABCD (puc. 1), cTopoHa Ko-
toporo paBHa | . [laomans xBagpara
q € ACEF, TOCTpOEHHOrO Ha JHAaroHasH,

paBHa  yasoewnoll maomann  ABCD

(tpeyroabsux ACB coxepxurca B ABCD

£ nsa pasa, a 8 ACEF— versipe). [losro-

Puc, 1. My, eciH X eCTb MckoMad &auHa AC,

) 10 A0MKHO ObiTh x¥=2, Ho nuxaxoe ue-

10€ YHCIO H HuKaKasa Apo0b He MOT'YT YIOBIETBODHTD 3TGMY
ypaBHEHHIO, :

OcraercA OXHO M3 IBYX: HAM OTKa3aTbCs OT TOYHOTO Bbi-
paxeHUA IIHH YMCJAMH, MJIH BBECTH HOBblE YHCJAA, CBEDPX Lie-
AbX U EpoOHbix. Tlocne pauteasHol 60pb6bl ITHX ABYX TOUEK
3peHus nobeiauna BTOpas.

Uncaa HOBOTO poja, npedcmasasoujue OAuxsl Ompe3ros,
Hecousmepumux ¢ efunuyeli macumaba (T. e. OTPE3KOB,
KOTOpble Heab3Ad BHIPA3HThb LEeAbIM HJIH JPOGHBIM UHCJIOM),
Ha3blBAOTCA  UPPAYUOHAAbHBLXY '), B NpoTHBONOROKHOCTD

1) TepMUH «MPPALUOHAIBHBIA JOCJIOBHO O3HAYAET «HE UMEIWHA OTHO-
wenna», 1lepBoHaYaibHO ero OTHOCHAN He K UPPALMOHANBHOMY 4YHCAY, a
K TeM BeJUYHHAM, OTHOUIEHHE KOTOPLIX Mbt CeflYaC BRIPAKAZM HPDPAUHOHANL-
HbIM 4ucaoM, Hanpumep, orHomesde XHAroHanM KBazpata K ero CTOpoHe
Mbl ceityac npefctaBageM wuciom V2, Ilo Toro, Kak GeLmi BBexeHsl Up-
panvoHagBHble WiCA3, FOBOPUAH, YTO AHArOHAAH KBAAPATa Ke uMerom om-
HOUWEHUR K €ro cTOpoHe, .
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YPPAIMOHAILHBIM 4HCAA Ledble ¥ APOGHbIe 110YUIIH HadBaHite
paguoranbroix. [locne BBeleHNs OTPHUATEAbHBIX uMcen (oHO
npousowno nosdanee; cM. I, 2) u cpean Hux cranu pasaudarh
palHOHAAbHbBE H UPPAUUOHA IbHDIE,

Besikne paunoHaibHOE YMCAO MOXHO NPEICTABHTL B BHJE

-,;i , rie m d n-—ueabe 4yucaa (lIO!lO)KHTeJleble WX OoTpHua-

TeabHoie). MppaunoHaasnsie YHCaa B 3TOM BHIE MOYHO 1pej-
cTaBuTh Hedb3d. Ho npubamikeHHO BCAKOE MppALHOHuIbHOE
YUCAG MOXHO ¢ 410000 CHIENENbIO MOYHOCHIL 3AMEHUTL Da-
m -
UHOHAIBHBIM  YHCAOM —- | B YACTHOCTH, MOWHO HAIlTH AECATHY-
Hylo 1polb (PaBUABHYI0 WAH HEIPABHUIBHYIO), KaK YLOLHO
Mano OTAHYAIOULYIOCH OT AAHHOIO MPPauHoHaAbHOrO 4HCaa.

Yuesa V2, V5, V3+ V2V 5+ 7 u miorne apy-
rue BblpameHHs, COAepHallle panHoHaAbHbLIe YUCIa 104 3Ha-
KOM paiMKala, UPPAUHOHANbHBL. JTH HPPAUMOHATbHBE NHCad
Ha3biBAIOTCA «BbHIPAKAIOUIMMHCH 4Yepe3 PalduKaibid,

OaHaKo UMM AaneKo He HCYepllsiBaeTCs 3aNac vppaunuo-
HaipHeix uncen. o konua 18 sexa marematuki Gbiin yGe-
WAeHbl, HYTO KOPEHb BCHKOro aare6pauyeckoro ypasHeHus
C PAUMOHANLHLIMY KO3G@AUKEHTAMH, eCaIH 3TOT KOPEHb He
PAalMOHATEH, MOXHOU BbIDa3nTh Ue'pe3 pajuKalsl; 3aTeM ObITO 10-
Ka3aHo, 4TO 3TO BEPHO AMIUbL A1 ypaBHCHUH 10 4-# cTeiledn
sratourteabno (I, 2). Mppaunonaabnele kopun ypasHenuil
5-#i » BHICIUMX CTeneHeR, KAK fIpaBuao, He MOTYT OblThb Bbipa-
MeHbl yepe3 paiukaasl. Uucaa, seagoulnecs KOPHAMH  aare-
6panueckux ypasHeHHIt € ueabiMu KOIQQHUMEHTAMH, Ha3bi-
BAIOTCS UA2E0PAUYECKUMU  HUCAUMU, IUIlb B HCKAOYUTE/b-
HblX Cy4anx aare6panyeckue UMC1a BbiPAWAOTCH PALMKATAMM;
eile peme OHW PAUMOHAJbHAL.

Ho wu aareGpanueckne uucaa He HUCuUepUbIBAOT 3anaca
MppalvoHaILALIX udcen. Tak, naripumep, u3BeCcTHoe U3 reome-
Tpun uucao = (cMm. 1V, B, 15) uppaunoHaabHo, HO He Moxer
O6biTb KOpDHEM HHKaxkoro aarefpanueckoro ypasHeHus ¢ ue-
aviMu kodppuunentamu. Touno Ttak we uducao e (cm. I,
64) ue aBaserca aareGpavueckuM. VMHbiMu croBamu, m= u e—
He airefpanueckHe yucaa.

MppauuoHaabHOe YMCAO, He Moryulee GbiTb KODHEM HuKa-
KOro aareGpanyeckoro ypaBHeHUA ¢ UeabiMu KosdduuueHTamu,
Ha3biBACTCH MPUHCUEHOCHNIHOLM YUCACM.

No 1929 r. anmb aas HeMHOrHX yucen Obina LUKa3aHa ux
TPAHCUEHICHTHOCTL; TPAHCUCHACHTHOCTL uHcaa e Obiaa joKasza-
Ha 8 1871 r. dpanuy3dckun matemarikom Jpuutom. B 1882 He-
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menknit Matemaruk Jlunmgeman 10oxasal TPaHCHEHAEHTHOCTH
yncaaw. Akanemux A, A, Mapkos (1856— 1922) noka3aa rpancuen-
JEHTHOCTb UHCE] € W m HoBbiM MeTogom. B 1913 r. 1. . Mopay-
xait-Boatosckoi (1877— 1952) ykasaa paa HOBLIX TPAHCUCHILEHT-
Hux uyncen OmHako BCe CiIE OCTAaBAJTOCH HEH3BECTHLIM, TPaHC»

UEHNCHTHB U TaKHE «OOBIKHOBCHHBIE» UHCIA, KAk 3ve, | Ve
Coserckue matematuxk A, O. Ueantoun (pon. 1906 r) u
P. O. Kyspmun (1891—1949) noxazaau 8 1929 r. 1 1930 r.,

YTO TPAHCUEHAEHTHLIMN ABJAAIOTCA BCe 4YHCaa Bnla aV" , UAC

a——anreépaulwcxoc YHCA0, HC PABHOE HY M0 WIW exiHiue, a

n — ueaoe yncao. Uneaa 3V2, ¥3V? w1 0 kax pas mmeior
stoT BHL B 1934 r. A. O. leavhona 3asepiuua st uccaeno-
Bamus. O 10Kas3ad TPAHCIeHICHTHOCTL BCEX uuced Buia of,
rae a u B—abuie aarebpaityeckiie yncaa (1IpH  ycaosii,
ut0o a He pasno O wan 1, a § wuppaunonaabno). Haupuwmep,

1 —*) 'i/’_)—
qyucao ( I/5 TPAHCHEHACHTHO, 17K TPpARCUCHIACHTHOCTH Yl

cenaf 1erKo BBITEKART TPAHCIUEHACHTHOCTL ACCATHUHBIX AOT apHd-
MOB BCEX LeablX ynucen (KoHeuHo, kpoae 1, 10, 100, 1000 n 1. 1.).

§ 28. Ksanparnoe ypaBuenue;
MHHMbIE ¥ KOMAJEKCHbIe 4HCA

ArsrcOpanuecxkoe ypapnenue 2-if CTeNEHH 1HayuC Ha3blBACTCH
Kksadpamuum. Hanboaee obuinit BHA KBaAPAaTHOrO YpaBHCHHs
C OHMM HEU3BECTHBIM €CThb

ax? 4 bx 4+ ¢ =0,

rae o, b, ¢— laHHLle uucIa uAn OYKBCHHLIC BhIPAWCHIS,
cojlep®aulile W3BECTHBIC BeauuHHB (IpHUCM KO3DDUICHT a
He mower ObiThb paBeH HyM0, UHaue ypasHcHie Oyact He
KBajgpaTHuiM, a l-it crenenu). Pasgeaus oGc ero uacru Ha g,
Mbl 1IOAYYUM YPaBHCHHE BUIA

x2tpxt+qg=0

=5 ..i)
( =3 q—a .

KsagparHoe ypaBHeHHWE TaKOro BHIa Ha3biBaerca npuge-
Odexnoinr; ypasHenue ax® +bx +c=0 (rme az£1) Haswl-
Baetrcs Henpugedenxovir. Ecaw oana u3 seanund b, ¢ uau oGe
BMECTe DaBHbI HYA10, TO KBAJAPAaTHOE YyPABHEHHC HA3LIBACTCA
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HEeNOAHB M, €CIH N b n e He paBHbl HYXIO, KBaJparHoe ypas-
HeHHue Ha3biBaeTCA NOAHLIM.

Mpumeps.

3x? 4+ 8x—3=0—noanoe menpusedennoe K8adpamnoe
YpusHenue;

3x2 —5=0— Henoanoe Henpusedennoe K8adpamuoe
ypasHerue;

x* —ax=0—Henoanoe  npusedesnoe Ksadpamuoe
ypasuenue;

x2— 12x 4+ 7T=0 — noanoe npusedernHoe K8adpamuoe
ypasHenue.

Henonxoe KBajapaTHoe ypaBHeHNEe BHAA
x%==m (m — u3BCCTHAA BEAHYHHA)

AIBAAETCA CaMBIM HPDOCTHIM THUNOM KBAJAparTHOIO YPaBHEHHMA H
BMeECTE C ‘TeM OYCHb BAMHBIM, TaK KaK K HeMy npHUBOANHTCA
pelieHle BCAKOrO0 KBAApPATHOIO YpaBHEHHS, Pewenue 3roro
YpaBHeHHA HMEET BH]

X = Vm.

Bo3moxHbH TPH Ccayyas:

1) Ecay m=0, 10 ¥ x==0.

2) Ecau m — noaoKUTEALHOE UUCHO, TO €ro KBagpaTHuif
KOpeRb /M MONET HMeTb ABA 3HAYEHHA! ORHO MOAOWKHTE/b-
Hoe, Jpyroe oTpunarespHoe. AGCONOTHLIE BeNMYUHBL 3THX
3HaveHnll onnHakoBel. Hanpumep, ypasnenue x2=9 yponie-
TBOpserca 3HaueHHeM X =-{3 u x=—3. [{pyruMu cioBamu,
X uMeer nBa 3Hayenua: -3 u —3. Yacto 31O BHIpaAKAWT
TEM, 4TO Nepe] PANUKaNOM CTAasAT JIBA 3HAKA — TLIIOC H MUHYC:

x= }9. Ilpy TaKOM HanuCcaHHH NOAPAZYMEBAETCH, YTO

Beipaxenne J'9 o6o3anavaer o6ulyl0 aGCOMOTHYIO BEAHUMHY
IBYX 3HaueHuil KOpHA; B HalleM npumepe — uucao 3. Beau-
yuna ) m MoxeT GbiTh UpPaUHOHATLHBIM yucaoM (cM. III, 27),
3aMeTHM, 4TO H CaMO /M MOXeT OblTb MPPAUHOHAAbHBIM YHC-
nom. Hanpumep, nycTb Tpe6yerca pelllUTh ypaBHeHHe

X¥z=n
(reoMeTpudecky 3TO 03HayaeT HAHTU ANMHY CTOPOHM KBajpara
pasHoro 1o naowand kpyry ¢ pamuycom 1). Ero  kopehu

x=7¥=. O cnocofe u3BNEUEHHA KBAAPATHOTO KOPHH M3 Uh-
cen o, 11, 44,
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3) Ecan m — otpunatensHoe YHCHo, TO ypaBHeHHe X2 =—=m
(Hanpumep, x2s==-—9) He MOXET UMeTb HHMKAKOro FOAOMKH-
TeAbHOM0 ¥ HUKAKOT0O OTPUHATENLHOr0 KOPHA! Belb U NONOXKHU-
TelbHOE U OTPUNATEILHOE YUCIO NTO BO3BEJCHHHU B KBangpat faer
nonoxureapHoe uuciao, Takum o6pasoM, MOMHO CKa3aTb, YTO

ypaBHenne x?==-—9 He uMeeT pelleHuit, T. e. uucas Y —9
tie CyuecTsyer.

Ho ¢ TakuM e OCHOBaHHMeM IO BBCXeHHA OTPHUATENLHLIX
YHCER MOXHO GblI0 FOBOPHUTH, UTO H ypasHeHue 2x +6==4
ve ¥meer pewexuil, OaHaKo Mocae BBeieHUA OTPHUATETBHLIX
yHCER 3TO YpaBHeHWe CTajo paspewrdMoiM. TOUHO Tak we
yp aBHeHHe x®==—0, He uMeloulee pelleHHil cpeld NOAOMH-
TeAbHBIX M OTPUILATENLHBIX YHMCeN, CTAHOBHTCA Da3peliiMbIM
flocne BBCICHHSI HOBLIX BEJIMYHH — KBAJPATHHIX KOpHeH u3
OTPHLATENbHLIX UHCen. JT BelHUHHb Oblid BilepBble BBEACHBI
HTAABAHCKAM MaTeMaTukoM Kaprano B cepepute 16 sexa B cBs3n
c peuicHueM KyGuueckoro ypasHeuns (cm. I, 2). Kapnano
Ha3Baj 3TH uMCAZ «COPHCTHYECKHMH» (T. €. <MYJIPEHbIMU»).
Hderapt B 30-x rofax 17 Beka BBEA HAUMEHOBaHHE «MHUMbIE
yucaa», KoTopoe, K COXaMeHHIO, YAepKHBAETCA KO CHX-TIOP.
B OpOTHBONOJOKHOCTH MHMMbIM UYHCIAM 11peAC M3BECTHble
yucaa (NojaoXHTedbHble W OTPHUATENbHble, B TOM YUCIe WHp-
palMOHanbHble) CTAaxH Ha3blBaTh delicm8umesshamlt HIH
seujecmgennoimy. Cymma NefiICTBUT@ILHOTO ¥ MHUMOrO Yuced
Ha3biBAeTCA KOMRrACKCHUM Hucsoxm '), Hanpumep, 2+ VY —3
ecTh KoMiaexchoe uucao. YacTo M KoMMiaeKCHble YHCna Ha3sl-
BaloT MHUMBIMHK. [loxpobHee 0 KoMurexcHbIX uucaax cM. i, 34
H caep.

Beeas B paccMOTpeHUe MHMMBIE 4MCIa, MOKHO CKazaTb,
YTO HeMOMHOE KBaApaTHOE ypaBHeHHe Xx?==m Bcerga MMeer
n8a xopus. Ecam m >0, 3TH KODHM HeHCTBHUTEAbHbI;, OHH
HMEIOT OIHMHAKOBYI0 abCOMOTHYIO BeINYHHY ¥ Pa3jgUYHBl MO
3Haky. Ecau m =0, o6a oHU paBHEI HYM0; ecau m << 0, — OHH
MHHMblE.

§ 29. Pemenne xBaapatTHOro ypaBHeHHSA

Uro6ul HafiTH pelmteHHe NPUBENEHHOrO KBAXPATHOLO ypaB-

HECHHNA
x*+px+q=0,

1) Bror tepmin srexen Tayccom 8 1831 r. Caomo ekompaekenriin oguas
4aeT B nepesoie «COBOKYynunif»,
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IOCTaTOYHO flepeHecTH CBOGOIHHH ujieH B NPaBYI0 YHacTh M
b
K o6eMM 4acTsM paBeHCTBa NPHGABHUTDL (%) . Torma aesas
4acTh CTaHeT MOJAHLIM KBAAPaTOM, H Mhl NOAYYUM PABHOCHIL-
HOe ypaBHeHHE
p\B___ P H
(x5 =(F) —a

OHo oTAHYAaeTCA OT mOpocTeitmero ypasHenua x¥I=m

(§ 28) TOBKO BHEIMHHM BHIOM: x+—g— CTOHUT BMECTO X U

3
(.‘i) ~— g —BMecTO m. Haxomum:

2
s+ f==xV (£)—q.

O1ciona

r=—5x) (§)~q | 0

Ara popMyaa HOKA3LIBAET, YTO BCAKOE KBaIpaTHoe ypas-

HeHHe HMeeT 1aBa KopHA. Ho 3TH KopHM Moryr OuTh ¥
2
MBHMBIMH (ecnu (12’-) <q). Moxer Takxe oxa3aTbC, YTO
06a KODHA KBAJDATHOrO ypaBHEHHd DaBHH MeXAy co6oft
PN

[ecan (2—) =q].

dopmyay (1) ocobenno yro6Ho UPUMEHATL B TOM Cilyyae,
xorja p — Lefoe YeTHOE YHCAO.

Npumep L
X*—12¢—28=0; 3pecr p=-—12; g=-—28;
x=6x Y6 | 28=6 V64=6x8;
xy1=6+8=14
X3=06—8=—2,
Npumep 2. x2412x-+ 10=0;
=—6+ JYV36—10=—6=+ V6
x1=—64 V2~ —09; x3=—6— }V26=—1I,1.
Npumep 3. x*—2mx4m?—n?=0;
i=mt VYm—(m —n)=m=x Vif=mn
Xi=m-+n; Xes==M—0n.
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3ameyanue. B npumepe 2 06a KopHa —- eficTBUTEALHLIE
oTpHUAaTenbHble YHCJI3, HO HppaunoHaabhbie (lll, 27). Ksan-
paTHble KODHY, MOAYYalolHecs NpPH PpeIueHUH KBaZPaTHLIX
yPaBHEHHH, MOXKHO M3BJCKATH C IOMOLLbLIO BhlYHCJIeHHA
(cm. 1I, 44) uaum naxomutb no rtabamuam, K coxkazenuio, B
GonbUIHHCTBE 33 aUYHHKOB YNPAWHEHWs# HAa KBaJpaTHue ypas-
HCHIS HAPOUUTO COCTABIAIOTCA TaK, YTo0bl KOPHH U3B/IEKAIHCH
TouyHo, Ha npakTnke se nogo6Hble C1yyad BCTPCYAIOTCA OYEHD
peako. [1o3TOMy Mbl HAcTOATENbHO pCKOMCHAyeM YuaiiuMmcs
136aBHTHCA OT TOH OOA3HM HPPAUHOHAABHLIX pelleHUll, KOTo-
pas co3gaeTcsa BCACACTBHE YMAOMAHYTOH 0COOEHHOCTH 3afau-
HITKOB.

Korna p He sBaseTcs HeabiM YeTHHIM YHCJIOM, IIpU. pelue-
HHH NIPHBELEHHOrO' KBAAPATHOIO YPaBHEHUs HpPeANOYTHTEIbHO
1101b30BaThCA HHMeENpHBeLeHHol 6oaee obutell opmynoft (3),
noaaras B Heit a=1 (cm. HMKe, npumep 3). ‘

Henpusenennoe noiHoe KsaIpatHoe ypaBHeHHe

ax?+bx+c=0 2

MOMHO pewarb 10 ¢opmy.ae

— b+ Vb2 —dac
T )

Ona noayuaercs 3 Qopmyawn (1) nocue rtoro, Kak ofe
YaCTH HeNPHBENCHHOIO ypaBHeHMA (2) Mbl Pa3ieauM Ha d.
lipumep 4 3x*—Tx+4=0
(a=3, b=—1 c=14).
T+VE—3.3.4__ 12VT,

X= 7.3 e
T4+1__ 4 1-1
xl=—6—=§—; x2=—6=:1,

fipumep 5 x*+Tx+412=0
(a=1, b=1, c¢=12).
x=——-—”7il/——-——4§—4'|2; Xp=—3;, xy=—4
[Ipumep 6. 0,60x® +.32vx —84=0;

=32+ V(=335 —4-060- (=84,
X = 77060 ;

- 3,2 5 — 32 ~5F
s LIPOR R R AP Lk L AP, .

i S Y] TTgog0 TR L
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B npumepe 6, kak ascTByer u3 Hanucanua 0,60x2 (a ne 0,6x2)
KO3(HIHENTH OPERNCRAraloTCa HPUOAMKERHBIAM HHCIAMH.
[Tostomy u neficrBusg, yKasnisaeMmbie GopMynon, peKoOMCHIYeTCH
BHIIOAHATL COKPALLer HEIM CNOCOOOM, H3a0keHHbIM B (I, 33—44;
BO BCAIKOM C/1yYae HYXHO 06533TeNbHO y4ecTb, 4TO COIIAaCHO
NpaBUAaM, H3TOXEHHBIM B YKa3aHHuIX maparpadax, B pe3yab-
TaTe MOXHO HMMETb TOABKO JABE TOUHBIC, 3HAYallHe LUPPHI.
3ameTuM, YTO Halllk Pe3yabTaThl BEPHH € TowHocThio a0 0,1,
HO 3TO OTHWAb He O3HauaeT, 4YTO, MOACTABUB UX B JAEBYIO
YacTh AAHHOTO ypaBHEHHA, Mbl THOJYYHM YHUCI0, PaBHOC HYIIO
¢ tounocteio Jo O,I. Hanporus, noacrasus B neByl0 yacTh,
HalpuMep, 3HaueHue X ==1,9, MBl NOAyYHM:

0,60.19°4+32.190_—84~_—02

Ho ecnn 3nauenne x ypeanuurs Ha 0,1 u B3atp x =20, 10
OV YUM:

0,60 - 2,02 432 . 2,0 — 8,4~ 04,

Taxum o6pasom, upn x == 1,9 1eBas yacTb GbiNa OTpUIlATEAbHA;
npy x == 2,0 oHa yXe NOA0KHTEIbHA. 3HAYUT, OHA PAaBHA HYNIO
npH¥ KaKOM-TO 3HaueHWM x, nexaumem Mexay [,9 n 2,0. Cre-
nosateapHo, Gepst x==19, wmb owubaeMcs He Goablie Yem
Ha 0,1. D10 u uMeerca B BHIY, KOTIa TOBOPAT, UTO KOpEeHbL
pases 1,9 ¢ tounoctsio a0 0,1

Ecan b -—uetHoe uucao, TO Jyuille npeicTaBUTh oémyxo-

(popmyay B BUAE
b I/ b \2
-7tV (g) e

a

Opumep 7. 3x¥ — 14y —80=0;

T+ VT2 F3.8 1+ 1289 1+ 17
X = 3 = 3 ==
10
Xy == 8; Xg= — Fa

Jroit ke GopMyaoft yno6Ho nonab3oBaTLCA, KOMRA Kodpdiu«
UHEHTH @, b, ¢ — OYKBEHHbIE BBIPAXKEHHA,
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Npumep 8. ax®—2(a+ b)x+ 4b=0,
a+bxViaFb?—4dab__ a+b+l/a-—-2ab-l-b3

x= a a =
__atbr@—b
= .

. _ 9 b
Xy =2 X3—2—5-.

§ 30. CpoitcTBa KOpHeH KBaAPaTHOrO ypaBHEHHS

Popmyaa
— b+ Vi —dac
2a

{(10Ka3biBaeT, UTO HPH pelleHHH KBAIPaTHOrO ypaBHeHHA ax? -
4+ bx + =0 MOTYT TIPEACTABUTLCA CAelyoulue TPH Cayvasn:
I} b*—4ac>0; Toraa mBa KOpHS YpaBHeHHs IeiCTBH-
TEAbHBl H Pa3IHYHbl MEXLY coboil
2) 4% —4ac==0; Toraa 1Ba KOpHA yPaBHEHHs 1eHCTBUTE AbHbI

# paBHbl Meway coboft <oéa "PaBHB — 5.

3) 6° — 4ac <<0; Torua oba KOPHA ypaBHEHHH MHHMbI.

Bripamenue b* — 4a4c, BeAnyHHA KOTOPOro 1Mo3BoasieT pas-
AMYNTD OJMH W3 3THUX TPeX Ccaydaes OT APYIuX, HasniBacTcs
OQuckpumusanmonm (B NepeBORe HA PYCCKUH A3BIK <IHCKPHMH-
HaHT» — «Pa3IHYAOIHA>),

O 3Haxkax KOpHeil B TOM cjayuae, KOrja OHH IefCTBHTebHbI
(1. e. korna b%*— 4ac ==0), ayuute BCero Cyauts Ha OCHOBa-
HHH CAelylouiero CBOHCTBA KopHed.

Cymsa KOpHell npusederHoz0 xaadpamuoeo YpasHeAus

X2 A-px g =
pasxa koapuguenmy. npu HeudgecmnoM 8 nepgoil cmenenu,
83MOMY ¢ OOpAMKLIM 3RAKOM, M. e.

X =

X1+ xy=—p;
npou3eedenue Jice KOpHeil PABHO CBOS00HOMY HAEHY, m. e.
X1Xe==¢,

§ 31. PasnoxeHnne KBaapaTHoro TpexujeHa
H3 MHOXHUTERH

KBanpatHnifi TpexuseH ax® 4 bx + ¢ MOWHO paslIOKUTh
Ha MHOXHTCAM HEDBOIl CTCICHH CACAYIOUIHM 06pa3oM: pemnm
KBaJPaTHOE ypaBHEHHE ax 4 bx + ¢=0.Ecanx, n x; —xopun
storo ypaseenus, 10 @x® 4 bx +e=a (x — x) (X = x2).
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Npumep 1. Pasnoxurb Ha MHOXUTeaH (nepBOH cTemenn)
Tpexunen 2x% -+ 13x—24. PemaeM ypaBHenue 2x? 4 13x —

. 3
—24=0. HaxonuM KopuH: x;== 5 Xe=— 8. CrenoBarenb-

quHAM—%=2@—§ypmpqu—mu+&
IMMpumep 2. Pasnoxute Ha MHomuTe  x2 - a?; ypasHe-
HHe x%2-4-a*=0 wuMecer MHHUMBIE KopHM: X;= } — a%

Xg==— J — a°, 1103TOMY DPa3I0kuTh X% | ¢* Ha JeficTBUTENb-
HbIE MHOKHUTE N NIePBOH CTeNeHH Heab3s. Ha MunMble MHOXHTENH

oH pasnaraercatak: X2t @ =(x 4 Y —a) (x — Y —a®) =

= (x -+ ai) (x — ai) (vepe3 i o6o3HayeHO MHHMOe ynCcao ' —1 ).

§ 32. YpaBHeHHs BBICWIHX cTeneHeH, pa3peuiaeMbie
¢ MOMOIIbIO KBAAPATHOTO YpaBHEHHSA

Hexkotopsle aare6panieckHe ypaBHEHHA BBICIUHX CTenexelf
MOXHO peliHTb, CBels UX K KBajxpaTHomy. Bor Bawmwueiine
Cayuau,

1. Mnorpa neByio 4acth yPaBHEHHA JETKO Pa3jMOXKHUTh HA
MHOKHTENH, M3 KOTOPHIX KakIblil — MHOTOYJeH He Bhille
2-ii crenenn. Torxa, npuUpaBHUBas KawAblii MHOWKHUTEIb 1O
OTeABHOCTH HYMO, peliaeM MoayueHHoie ypasHeHus. Haitgen-
Hble KODHH GYAYyT KODHAMH HCXOJIHOTO YPaBHEHHA.

Mpumep 1. x*45x* +6x2=0.

Muorounen x* -} 5x% -+ 6x2 nerxo pasiaraercs Ha MHOXH-
teanm: x® ¥ (x%-} S5x - 6). Pewaem ypasHenne x2=0; oHo
uMeeT IBa PaBHBIX KOPHA: Xy = xp=~0. Pemaem ypasnenue
x? 4 5x -+ 6=0. O603HauuB ero KOPHH X3 H X4, HMeeM
Xy =—2, xy=— 3. KOpHU HCXOIHOrO ypaBHEHH:A CYTb X; =
=xy=0 Xy=—2 xy=—

IIpumep 2. Pewurs ypasHenue x¥==8,

TMepenucas ero B Buae x° — 8=~0, pa31oWHM Ha MHOXHU-
TeNH 1eByI0 dacTb: x%—8=(x—2) (x*-{—2x~}—4) Ypashe-
Hue x —2=0 naer x, =2, ypastenue x2 + 2x 4~ 4 =0 naer
Xe=— 14 VYV —3; x3=—1— ) —3 HWrax, ypasucuue
x%==8 umeer ojuH NeHCTBHTEALHbI] KOPEHb M JBa MHHMMGIX.
WnbiMe  caoBamu, 'VS, KPOME OUYEeBHIHOTO AeHCTBHTCILHOTO
3HaueHHa 2, umeer eule aAa MuuMsix (cp. [, 47, npumep 3).

2. Ecau ypastHenue umeer sna ax®* 4 px" -+ c=0, ero
MOXKHO CBECTH K KBalpaTHOMY, BBCAA HOBOE HCWU3IBECTHOE
xt=z.
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Mpuwmep 3. x* — 13x® } 36 == 0. llepenucas 310 yparue-
uue B suae (x?)? — 13x% 4 36=0, BBeneM HoBOE HeHasecTHOE
x?=¢ VYpasuenue npumer Bup 22— 13z 4 36=0. Kopun
ero 2z, =9, 2z;=4. Pemaem Ttenepp ypaBHeHus x> =90 u

x2=14, TlepBoe MMeeT KOPHH X;==3, xy==—3, BTOpOC —
KOPHH X3 =2, xy=— 2. KOpHH 3alaHHOTO ypaBHeHHA CYTb:
3 —3; 2 —2

Takum 06pa30oM MOXHO DeINTb BCAKOE YPaBHeHHE BHIA
ax?+ bx? 4+ ¢=0. Ero HasbwiBaoT 6uKBa0pAMHLAM.

Mpumep 4. x*— 16x% 4+ 64=0. [lpeacrasans 3aTo ypas-~
venne B e (x*)2 — 16x® + 64 =0, BBOTUM HOBOE HEH3BeCT-
noe x¥=2z Ilonyvaem ypasHeHue 2®— 16z 4 64=0, umcio-
uee 1Ba PaBHHIX KOPHA 2;==2z,=—28. Peumaem ypaBHenue

v =8; noayuaem (cM. nipumep 2) X, =2 xe=—14 ¥V —3
Xg=—1— ) =3. [lpyrue TpH KODHI B IaHHOM C1yuae
(TaK KaK 2;==2Z;) PaBHb! 3THM TDPEM.

§ 33. Cucrema ypaBHeHHt BTOpO# CTeneHH
¢ NAByMsl HeH3BeCTHBIMH

Han6onee o6muit BHX ypaBHeHHa 2-H cTeneHu C ABYMs
HEN3BECTHLIMY €CTD

ax® + bxy + ev® + dx + ey 4 F=0,

rie a, b, ¢, d, e, f— nanHpie YHCIAa HAH BHPAaXEHHHA, cOlep-
watllie u3sectHple BeauuuHpl. OnHO ypaBHeHHe 2-fi cTeneHu
¢ IByMA HeH3BeCTHbIMH HMeeT OGeCUHCICHHOE MHOXECTBO
pewtennt (cp. I, 21).

CucreMy IBYX ypaBHeHHH ¢ IBYMA HEH3BECTHbIMH, H3 KOTO-
pbiX OIHO — KBaJgpaTHOe, a Hpyroe — l-fi CTENeHH, MOXHO
penuTh cnocoboM ROACTaHOBKH, ouucaHusim B [, 22. Buipa-
JCHHE OJIHOTO HEHM3BECTHOro uyepe3 [pyroe HAaXOZUTCH U3
ypasHenus 1-it crenenn. [loacrasyus 970 Buipakenue B ypanHe-
HHC BTOpOH CTeleHH, MOJYYHM YyDaBHEHHE C OJHHM HEH3BECT-
HoiM. B ofmeM cayuae oHo OynerT KBaXpPaTHHM (CM. npH-
mep 1). Ho Momer okasarbcs, YTO uJeHsl BTOPOH CTeleHM
B3aHMHO YHMUTOXKATCH, M TOrfa Mul OyIeM HMeTb ypaBHeHue
uepBofl creneny (CM. npuMep 2).

Mpumep L x2—3xy +4y* —6x 4 2y=0,x —2y=3.

M3 Broporo ypaBHenus Haxomum x ==3- 2y. [Toacrasaas
370 Bhipa}eHWe B NEPBOE ypaBHEHHE, HMEeM:

B+ —3B+2y+4y*—6(3+ 29+ 2y=0,
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PemaeM sro ypasHenue:
G412y +4y* — 0y — 697+ 4y? — 18 — 12y +- 2y =0
2y° —Ty—9=0;

T+ VHFD
9
h=5,. ye=—1,

i

Haitnennste anauenns y, = -g- , Ye==-—1 noxcraBasem
8 Bhipaxenne x =3 2y; noayvaem x; =12, xo=1,

lfpumep 2. x*—3y2=1;, x +y=2,

M3 eroporo ypasHeHus Haxoaum y=2-—x. [Joicrasasn
9TO BbIPaXEHUE B fiepBOe YpaBHeHue, noayyuM x2— (2 — x)°=I.
TMocne upusenenun nofOGHBIX YACHOB ujACHH BTOPOH CTEMEHH
833MMHO YHHYTOWKAIOTCS, H Mbl oay4aem — 4 -4~ 4x =1, oTkyna

5 )
X=-z. [loncraBana 3T0 3HayeHHe B BhipawcHHe y==2-—x,

HAXOOUM Y =—3 .

CucreMy nBYX KBajJpaTHBIX yDaBHEHU{l C ABYMA HCH3BeCT-
HbIMH MOXHO peulaThb TaK: €CIH ORHO U3 YPaBHCHUII He
CONEePHUT uaeHa ox® (Mam uwaena cy?), TO NMpuUMCHAGM CIIO-
€06 MOJNCTAHOBKH, BbIPaxas M3 3TOrO ypaBHeHHs x (uay y)
yepe3 y (nan x); ecay e o00a ypaBHeHHs COLCDXAT YJICHH
sula aX? M cy®, TO NpeABAPUTCNLHO NpUMeEHAeM cnocob cio-
wenus uau soiuntanus (U, 21), uto6n noayuurn ypasHeHHE,
He cofepxaulee uaena ax? u cy®. llocae 3roro noab3yemcs
cnioco6om noxcraHosky. [locae HCKIoueHNs noayvaertcsa ypas-
HEHHEe C ONHMAM HEeH3BECTHbIM, HMeoulee, Boobwe roBops,
4-10 ctenetb. K KBajpaTHOMY YPaBHCHMIO OHO CBOJMTCA AHUIb
B UCKIOUATEMbHBIX CAYUanX, HO 3TH CIyuau BCTPeuaioTCca J10-
BOALHO YaCTO NPM PELUEHUN rEOMETPHYECKHX 3ajay.

MMpumep 3.
X2 xy +22=T74, 24?4 2xy + y*=73.
OGa ypaBHeH#s cOfepXaT KaK WicHb € X%, TaK U YacHH ¢ yi

ﬂoaTomy CHayvana NpUMCcHUM crocob cIo¥eH st Han BLIUNTAHHA,
4T1006b oAyunTh ypaBHEHHE, HE cojepixailee, CKawKeM, y2.

2 2y 432 =T73]2|  4x® L dxy 297 ==146
x4+ xy+29°=174 XPE oxy F 2= —T4
3x?% 4 3xy =72
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s nocaefHero ypaBHEHHS HAaXONMM BhIpaweHile y uepe3 x:

U2
y=—a"

310 BHIpa¥eHHe MOACTABIAEM B ONHO U3 JaHHBIX ypPaBHEHHH,
HanmpuMep B MepBOE; MOJYyUHaem:

x2+x”;""‘ o B gy

X2

YnpouieHsa naior:
X4 4 24x% —xt + 1152 — 962 4 24t = 7445,
2xt — 146x2 4+ 1152 =0;
x4 — 73x% 4576 =0.
Honyuunoch 6GuxsajgpatHoe ypaBHenwe (cM. I, 32, npumep 3).

[lonowus x®=1z, npusoauM ero ¥ ypaeHeHno z?-— 73z 4
+ 576 =0. Peman nocaentee, HIXOAUM:

B+ V718 —4-576 13+ V302% __ 13+5
2 - 2 - ? '

Z =
Zl=64, Zg‘—"'—g.

[Tepoe pemenue paer x, ==8; x,==-—§; BTOpoe x3=3,
x,=— 3. Moacrasasaa 3Hauenua xy, xq, Xy, X4 B BolpaxeHue

24 — x2
y-::-—'—x———, noxryuaeM COOTBETCTBYOUHEe WM 3HaYCHHA w

N==35 ye="15 ys=+05 yi=-0

Jdas pelueHus CcUCTeM ypaBHeHUH BTOPOR cTefieHH uacTo
MOXHO € YCNCXOM UCNOAB30BATH MCKYCCTBEHHBIC fpUEMbl pe-
11eHUA, TO3BOJAIOMHE NOAYYHTh Pe3yabTaT ObICTPEe U U3ALLHEE,

§ 34. O KoMnaeKCHbIX 4YHCAAX

B cBn3u ¢ pazsutuem aare6psnt (I, 2) norpe6oBanock Beectn
CBEPX NPEeXIe U3BECTHHX TNOJOXHTEAbHBIX B OTPHUATEJbHBIX
ypcea yucaa HoBOro pompa. OHH HaA3bIBAIOTCA KOMAACKCHBIMU,

Komnaexkcnoe uucao umeer Bui a -+ bi; 3nech a U b — neft-
CTBUTEAbHBIE UYKCAR, a {— YUCHO HOBOTO POAA, HaaduBaeMmoe
MHUMOL eQununei. «Muumbie» uucaa (o nux cm. U, 28) co-
CTaBJSIOT 'acTHHH BHI KOMNJEKCHbIX uHced (Korxa a=0).
C apyroit cTopoHsl, # aeficTBUTEAbHbIE (T. €. IOJOKUTEAbHDIE
N OTpHILATENbHBE) UUCTA ABAAIOTCA YACTHLIM BHUIOM KOMILIEKC-
HBIX yuces (koraa b=0).
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HeficteuTenbHO® YHCAO 4 Ha30BeM alfcyuccoil KOMILIEKC-
HOro uWcaa a- bi; neficTButenbHoe uncao b— opdunamoii
KOMMIeKCHOro 4ucaa a -+ bi. OcHoBHOe cBORCTBO uucaa i co-
CTONT B TOM, 4TO nNpou3sencHue {-i paso — 1, T, e,

i?==—1 ¢

Hoaroe spems He yaaBaloch HalTH TakHe (u3HYeCKHe Be-
JAHYKHBI, HajJ KOTODHIMH MOXHO BbINOJHATL JlefcTBHSA, NOLYH-
HeHHbIE TeM e NPaBHAaM, YTO ¥ JAeHCTBUA HAal KOMIIEKCHbIMH
yHcaaMy — B yactHocty npaenay (1). Orciona HasBaHHA: <MHHU-
Mas eNMHHUA», <MHHMOE uYdciHOo» U T. . B Hacrosmee Bpems
¥3BeCTeH ueanlil PAX TakuX GH3HYeCKHX BeAHUUH, H KOMILJIEKC-
Hble YHCAa IHPOXO TNPHMEHAIOTCH He TOJbKO B MaTeMaTHke,
HO TaKXe B (HU3MKe M TeXHUKe (TEOPHA YNPYLOCTH, 3JEKTPoO-
TeXHHKA, a9pOoqHHAMUKA H Ip.).

Hike (§ 40) naHo reoMerpHuecKoe HCTOAKOBAHHE KOM-

AexcBuIX uucén. Tlpeasapureanno (§§ 36—39) ycranasau-
Barorca npasnJia AeiicTBMH Haj HHAMH, 1IpH STOM OCTaBasieTcs
B CTOPOHE BONPOC O reoMeTPHUECKOM HiH (QH3HYECKOM CMbICHe
uycna i, MOTOMY YTO B Pa3HblX 001acTAX HAYKH 3TOT CMBICH
pasinyeH.

[paBuno kamjgoro HeficTBUA Hajl KOMIIEKCHBIMY YHCIAMH
BBIBOIMTCSl M3 onpepeneHus storo peficteusi. Ho onpenesnenus
NeACTBUI HaN KOMIJIEKCHBIMU YHCJIaMU He BHIMBIILIEHD! IIPOH3-
BOJbHO, @ YCTAHOBJAECHH C TaKHM PacyeroM, YToOnl OHH COria-
COBAAMCh ¢ NpabHAaMH AeficTBu HAL BEIECTBEHHBIMU YHCAAMA
{cp. 11, 20). Beab kOMIIEKCHBI® YHCAA KOJKHB PACCMATPHBATHCA
He B OTPbiBe OT JefiCTBHTENbHBIX, 3 COBMECTHO C HHUMH,

§ 35. OcHoBHble COridlIeHH O KOMNJEKCHBIX 4ACAax

1. JeficTBUTeIbHOE YHCAO a 3aNUCHIBACTCA TaKKe B BHJe
a+0.i (umm a—0-1Q).
Mpumepn. 3anuce 3-+0-i oboanauvaer 10 )Ke 4TO

3amuck 3, 3anuch —2 - 0 - [ o3navaer —2, 3anuch —2— +0.i
3V 2
7
3amMeyaHde, AHANOLMYHO Mbl MOCTYynaeM M B OGHIYHON

5
apupMmeTHke: 3anuch -y 0003HaYaeT To ke, YTO 3amUCh O.

3anucs 002 — 10 We, uTO 2, M T. M.
2. Komnaekcnoe uncao Bupa O-4- bi Ha3biBaeTct <UMCTO
mMHHMbLIMY  3anuce bi oGosnavaer To e, uto 0 -4 bi.

o3Hauaer
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3. MBa xoMmmiexcumx uucna a -} b, a' -} ¥ cunraores
DPaBHBIMH, €CJIH Y HHX COOTBETCTBEHHO PaBHB aGCIHCCH H Op-
IHHATH, T, €. ecid a=4d', b= 1»U. B npoTuBHOM cayuae KOM-
fIeKCHHe YMCHa He PaBHH, JTO olpefeleHHE N0ACKa3nBaeTCA
caenywomumM coobpawenneM. Ecan 6b MOrJIO cymecrsoBarts,
CKaWeM, Takoe paBeHCTBO: 2 -+ 5i==8 - 2i, To Ho npasniam
anre6pel Mbl uMean Ow {==2, TOrAa, Kax-i He NOMKHO ObiTh
RefiCTBUTEALHLIM YHCAOM.

3ameuanue Mbl eue He onpefeauan, 4ré TaKoe ¢ J10-
X e HKe KOoMiaekcHwmX uucel. [lostoMy, ctporo roBopsa, Mbl
eule He B NpaBe YTBEDXKIaTb, YTO 4ucao.2-+5i ecTb cymsa
spcen 2 m 5i. Tounee Oblio Obl CKa3aTh, YTO Y HAc €CThb naApy
dedcmsumenpioix ducen: 2 (abcuucca) 5 (opausara); aTu
upcaa NOPOWJAAOT YHCIO HOBOIO DOJA, YCAQEHO 0003Ha4ae~
Moe 2451

§ 36, CnoxeHMe KOMIJEKCHBIX YHCEN

Onpenenenune., Cymmolt KoMmmiekcHnx uncen a-+ bi
9 o -+ Vi BasbiBaOT KOMMJAEKCHOe yuciao (a -t-a') + (b4 b')i.

310 onpeleneHue MNOACKa3bIBACTCA (paBUIaMU KelHCTBHH
¢ OOBbIYHBIMH MHOrOYJIEHAMM,

Opumep 1. (—3+5)+(4—8)=1-—3%

Mpumep 2. (24+0i) + (7 + 0i) =9 1 0i, Tak xak (111, 35)
sanuch 2 O/ o3nauaer TO Ke, UTO 2 H T. A, TO BBINOJHEHHOE
AciicTBue coraacyerca ¢ oGblunoft apupmerHkoit (2--7=09).

Mpumep 3. 0420+ (04 5)=047, 1 e (1, 35
2i + 5i =TI,

Opumep 4. (—2+3)+(—2—3)=—4,

B npumepe 4 cymMMa JBYX KOMINIEKCHHIX YHCE] paBHa AcH-
CTBHTENLHOMY uHcay. JlBa KOMIJAeKCHBIX Yucaa a -+ bi v a— bi
HA3LIBATCA conpsvicennvimi. CYMMA CONPANCEHRHY KOM-
NACKCHULX HlCen padHa OelicmBUMeEAbHOMY HucAYy 2al).

3ameuanne. Teneps, Korna nelicTeue CHOXCHHA OMpe-
JleleH0, Mbl HMeeM NPABO PACCMATPHBATL KOMILICKCHOC YUCHAO
a-+ bi kak cymmy uncea a v bi. Tak, yncno 2 (kotopoe MH
ycioBHo 3anuceiBaeM 2 -+ 0i) ¥ uncao 5i (KoTopoe cOriacHo
HI, 35 osnauaer 1O e uucao, yTo 0--5{) B cymme jpaiwoT
{coraacHo onpejeneHuo) yucao 2 -4 5i.

1) Ho cymMa xByX HeconpsXeHHHIX KOMIICKCHBIX qHCEA TOXE MOMeT
6uiTh ReHCTBUTEbHLIM 4dcaoM; Hanpiumep (34 58} + (4 —Bi) =1,



§ 38, YMIOMEHME KOMIUIEKCHBIX QHCEN 193

§ 37. BoiuHTaHHE KOMNIEKCHBIX YHCeN

Ounpepnenenne. PasHOCTbIO KOMIIEKCHLIX uiicen @ + bi
(ymennmaenoe) H & -} b7 (BblUHTacMOe) HA3BIBAETCA KOM-
mwiekcHoe wyucao (a—a') + (b— &) 1.

Mpumep 1. (—542)—B3—58)=—84T7i.

Mpumep 2. B+2()) —(—3+2i)=64 0/ =86.

[Mpumep 3. (3 —4i)— (34 4i)=— 8.

3amevanue BolydTaHHe KOMILIEKCHBIX UYHCED MOMKHO
oflpeleIUThL TAKHe Kak JelicTBie, o6paTHoe caoxeHuo.. Mmenuo
Mbl HLIEM TAQKOE KOMILIEKCHOE YHCTO X -+ i (pasdocts), urolsl
(x 4-yi) -+ (@ + b'i)==a 4 bi. Cornactio onpesesenuo § 36

HMeeM:
x4a)y+ (v +b)i=a+bi
CoraacHo yc/aOBHIO paseHCTsa KOMILICxCHbIX uucen (§ 39)
x+4a'=a v+ U=0

W3 stux ypasueHuit Haxoanm x=a—a', y=5b—10.

§ 38. YmnoMmenHe KOMNIEKCHBIX Y{cCed

Onpegejerne YMHOXEHHA KOMMACKCHBIX YUCER YCTAaHABIU-
BaeTca ¢ TAKUM pacueroM, uTobsol 1) uucaa a +-bi u o' + b
MOXHO OblIO MepeMHOXKAaTh, KaK aire6paHueckue [IBVUJNEHDI,
n utobn 2) uncao i obaasano ceoiicteoM if=—1. B cury
TpeGosanus 1) npoussegenue (e -+ bi)(a’ + b'i) monxHo pas-
HATbCA ad’ -+ (ab' -+ ba')yi 4 bb'i%, a 8 cuay TtpebosaHus 2)
9TO BhIpaMeHHe NCAKHO paBHATbCA (aad’ — bb') + (ab’ +- ba') i.
B cooTBeTCTBHM € 3ITUM YCTAHABAMBARTCA Clelyloiiee omnpe-
nelexHue, ’

Onpenenenne. [IpousseneHneM KOMILIEKCHBIX YHCe]
a-+bi u a4 b'i nHaspiBaeTCa KOMMAEKCHOE HHCIO

(a0’ — bb') 4 (ab’ + ba’) i, (M

Sameuanune l. Pasedcreo i*=—1 10 ycranopacHus
fpaBUIa YMHOXCHUA KOMILIEKCHbIX UHCEea HOCHIO Xapakrep
tpebosanns. Tenepb OHO- BbITEKaeT u3 onpenedeHus. Bens
3anuck i, 1. e. i -1, pasuosnauna (111, 35) 3anucu (04-1- i) (04-1-7).
3necb a=0, b=1, a'=0, b'=1, Umeem a2’ — b0’ = —1,
ab’ + ba' =0, tax uto mpoussepeHue ectb — 1 -+ 0i, 1. e. — 1.

3ameuwanue 2. Ha npaktuke Her HyMIb NOAB30BATHCA
topumyaoit (1) MowHo nepeMHOWITL lauHLIe YHCIa, KAK ABY-
YaeHbl, 2 3aTeM O0AOHTH {F ==-— |
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Npumep 1. (1 —20)(B+2i)=3—6i 421 —4i* =
=3—6i4-2+4=T7—4i.

Npumep 2 (a4 bi)(a—bi)y=a*{ B

lpumep 2 nokaswBaeT, uTo npoussedesue CONPANCEHHVX
KOMNAeKCHbiX  qucear ecmos OedcmeumensHoe I npumos
NOAOHCUMENbHOE YucA0Y).

§ 39. Jlenenne xoMnieKcHBIX YHCeX

B cooTBeTCTBHH ¢ oOfipefieNeHHeM [HeAeHHR AEHCTBHTEIb~
HbIX YHCeN YCTAaHABAMBAETCA Caefyloilee OnpenedeHUe.

Onpenenenne Pasrenntb xomnuaekcHoe YACao a + bi
(nenuMoe) Ha KOMIIEKCHOe uucao o’ + &' (geauteab)-— 3Ha-
4uT HafiTh Takoe umcao x -} yi (vactaoe), Kotopoe, Oyayun
NIOMHOX€HO Ha fgeAnTedb, Jact HenauMoe.

Ecan neanTeib He paBeH HY/MIO, TO jAeleHHe Bcerza Bo3-
MOXHO ¥ UACTHOE €XHHCTBEHHO (KOKa3aTelNbCTBO CM. B 3ame-
wannu 2). Ha npakrtuke vactnoe ypoGHee BCErO HAXOIHTH
caepyrommum o6pasom,

MMpumep 1. Halitu vactuoe (71— 4i): (3 + 2i).

T—4i ;
3anucas npobb 37 % » PACUUpAeM ee Ha YHCAO 3—2i,

conpaxendoe ¢ 3 -2 (cp. I, 38, upumep 1). Toayunm:

(7——4:‘)(3-2;‘)__!3—-26:‘_1 o
Bron@—an— 13— L4

Npumep 1 npensinyuero naparpada jpaeT npoBepky.

=245 (—245) (=344 _ —~14—2% __

fpumep 2. =S ot — 5 =
== — 0,56 — 0,92i.

MMpamep 3.%”%:——%. 3necy apowte scero Co-

KpaTtutb Ha (— 2 - Ti).
Moctynas, kak B npumepax | u 2, Halizem obuyio ¢op-
Myay: _ .
. , - b b—b'a_,
(@4 biy: (@ 4 b'i)= Z'asib'ﬂ + Z,2+b72 i )

1) Ho npousBegenue [BYX HECOMPAMEHHBX KOMIAEKCHBIX wucen Toxe
MoKeT ObiTb  AefiCYBHTENbHbIM  NONCHWTEJLHBIM  YHCAOM;  HANpHMep,
(2 4 3i) (4 ~ 6i) =26 (cp, § 36, cHocka wa crp. 192), Ecau e u cymma u
npovasefieHte ABYX KOMIIIEKCHLIX SHCER 9BARIOICH HCHCTBUTEILHBIMU HIC-
2aMB, TO 9TY KOMUACKCILIE YUCI HOIHEMEenHD CONpRKeHtble.
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Yro6w mokasath, uTo mnpaBas vacte (1) meficTBHTENLHO
ABJIAETCA YaCTHBIM, JOCTaTOYHO MOMHOXNTH ee Ha a’ - ¥'i.
[Monyyum a4 bi. : :
Jameuvanue l. Popmyay (1) MoxHO 6biio Gbl NPHUHATH
3a onpeneneHue jenenus (cp. ompenerenua §§ 36 u 37).
3ameuanue 2. Popmyay (1) MOXHO BbIBECTH ellle
caenywowuM obpasom. CornacHo omnpeleleHHI0 Mbl JOMX Hbl
umetb: (@' -} 70) (x -+ yi) =a -+ bi. 3uauur (§ 35), NOMKHLI
YIOBAETBOPATLCA CielyioulHe 1Ba ypaBHeHHA:

ax —by=a bx-+tady=0b 2)

JTa cuUcTEMa uMeer €IUHCTBEHHOE pelueHUue:

aa’-4 bo' a't —b'a
x==7;?§33ﬁ Y= Zrpm
ecan ‘i;/_-——ﬁ (1M, 23), 1. e. ecn @2 4 8% £0

v a v el T b 7Y

Ocraerca paccmotpers cayvaft ¢'* + §?=0. OH Bo3MoO-
MeH nuub Toraa (uucaa o M5 meficTBuTeabHu!), korxa a'=~0
n b =0, 1. e. Korma feaureabp a'-}-b'i pasen Hymo. Ecau
NpH 3TOM M JAennMoe a - bi paBHO HYMIO, TO YacTHOE Heompe-
zenenno (Il, 23, m. 2). Ecan xe menuMoe He paBHO HYX IO, TO
YaCTHOE He CyulecTByeT (roBopar, uTO OHO paBHO 6ecKo-
neurocry) (cp. I, 23, m. 3).

§ 40, TeoMeTpHyeckoe u3obpaette KOMIJICKCHBIX
yucen

HeficTBuTeAbHBlE Y¥cIa MOXHO u306pa3uTh TOMKAMH ApA-
MOW nWHHMM, KaK NMOKa3aHo Ha puC. 2, rie Toyka A usobpa-
waeT yucao 4, a Toyka B — uucno — 5, ITY Xe YHCIA MOXHO

g M

+ FU—

5 b3 <21 0 1 73 4 3

Puc. 2,

u3o6paxath Takxe orpeskamu OA, OB, yuuTeiBag He TOALKO
NX LAuHY, HO H HampaBJeHHe.

Kawmnan Togka M cuncioBodl mpamoii» H3o6paxaer Hexo-
TOpoe HeiICTBUTEILHOE HHCAC (PauUORAILHOE, ecad OTpe-
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i OM cousmepum ¢ enuHduell ATUHbL, B MppauKoHadbHOE,

am peconavepum). Takum o6pasom, Ha  uilcaoBeil npasof

0CTaeics MecTa IJNA KOMNJAEKCHbLIX YHCEeJ.

Ho KoMIuiekCHble YHCIa MOXHO H306pasHTh Ha <UHUCIOBOH

nrocioctis. Jaa 910ro Mbl BuifHpaeM Ha IIOCKOCTH OPsiMO-
yroabHY0 cHCTeMy KoopauHat (VI, 6)

Yy C OIHHM H TeM ®e MacmiTaboMm Ha 06eux
ocax (puc. 3). Komunekchoe yucno a -+ bi
MBI M306paxaeM Toukofi M, y Kotopoit
a6cuucca x (Ha puc. 3 x=0P=QM)
paBHa afcuMcce @ KOMIIEKCHOIO YHCAa,
a opamuHara y (OQ = PM) paena opavHa-
Te b KOMIIEKCHOTrO 4ucia,

Ipumeprn. Ha puc. 4 touka A
c abcumuccofi x=3 u opauHatolt y==>5
n3o6paxkaer KOMIAEKCHOe uucao 3 -4 5i.
Touka B wusoGpakaer koMmmaekcHoe yuciao — 2 - 6 Touka
C — KOMIIEKCHOE Yneno — 6 — 2i; Toyka [ — KOMILJIEeKCHOe
uyucao 2 — 6i, :

DeficTBHTeIbHbIE YHCAA (B KOMILIEKCHOH (OpMe OHH HUMEDT
BuL a - 0i) uzoOpamamoT TOUKaMd ocH X, a UACTO MHAMHE
(suaa 0 bi) — Toukamu
ocu Y. g ¥

Mpuwmepn. Touka K T
Ha puc. 4 wusobpawaer i
neficTBuTeibBOe uncao 6 T
(141, 4TO TO W@, KOMTLIEKC- ]Y_Q Lt/
Hoe uyucao 64 0i), Touka ¥ ~
L—YHCTO MHUNO® UpCa0 31 = S X
(1. e. 04 3i); Touka N— = \
YHCTO MHHMOE yHcro —4i [0
(1. e. 0—4i). Hayano xoop- "
IMHAT n3o6paxaer yncao O \\l

(1. e. 0-+04). —- i
ConpsienHble  KoM-

njieKcHole yucaa usodpa-

MAlOTCA [apok Toyex, CHM- Pue. 4.

METPUUHBIX OTHOCHTRNLHOC

ocu abcuucc; Tak, Toukw C u C' Ha puc. 4 usobpamaior

conpsxennbie yucna —6-—2/ 1 —6 -+ 2/, e
Komnnexcuue ymcna MOwHO H306paxar, Takke OTpes-

KaMi («BEKTOpaMu»), HayKWHAKOWMMKUCA B Touke O u oraHuu-

BAIOUIMMHCA B COOTBETCTBYIOULEH TOUKE YHCIOBOH MIOCKOCTH.

Tak, womnnekcHoe uucio —2-4 6i sowno n306pa3uth He
TGABKO TOYKO{ B (pitc. 4), no takwe sexvopom OB xomn-

-
-
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aexcHoe wuero —6-—2/ usofpawmaerca  pextopom OC
W T L

3ameuvanne [lasan KakoMy-1u60 OTpe3Ky HaHMeHOBa-
HHE €BeKMOp», Mbl NOJYEPKUBAEM, YTO CYHIECTBEHHOE 3Haye-
HHe WMeeT He TONLKO IIWHA, HO M HANpagnexue OTpeska,
JBa BekTOpa CYMTAOTCA ONWHAKOBHIMH (PAaBHLIMH) TOJABKO
B TOM cayuae, KOrja OHH HMEKT OIWHAKOBYI0 NIMHY H OIHO
H TO e HampaBleHue.

§ 41. Moayib M apryMeHT KOMIJIEKCHOTO HHCJIA

JnuHa BeKTOpa, W300paMaoOLLero KOMIUIEKCHOE YHCIO,
Ha3biBaeTCA MOOY.Aes ITOrO KOMILIEKCHOro yucaa. Moayap
BCAKOrO KOMILIEKCHOrO 4HCIa, He PaBHOIO HYNIO, €CTh- (1010~
wuTenbHoe uuciao. Monyap KoMm-
NEKCHOTO yHucaa a -+ bi oboanavaercs
|la-+bi], a Takxke Oyksoit r. Us
yeptexa (puc. 5) BUAHO, 4TO

r=la4bi|=Va+b. ()

Monyap jneficTBHTEALHOTO YHCIa
coBnanaer ¢ ero aGCOJNIOTHBIM 3Haye-
nueM, ConpsikeHHble KOMILIEKCHblE
yucaa a-+ bi U a— bi UMeIoT OIKH
# TOT We MORYJAb.

Mpumeps. 1. Moxyas kommaexcHoro vuucaa 3 -+ 5i
(1. e. namsa Bextopa OA, puc. 4) pasen Y3E 45 =
= }'34~=5,83,

21 4il=V ELT=Y2 14l

3 |—344i|=35.

4. Mopyab uncna —7 (1. e.— 74 0/) ecth IIAHHA BeK-

Topa OM (puc. 4). 31a JIHHA BLIPAWAETCH MOJOKUTENbHBIM
yucaoM 7, T. e.

|—74+0 1=V (=10 =1.
5. Mogyab wucna — 4 (1auHa Bektopa ON, puc. 4) pasen 4.
6. Moy b uucaa — 6—2i (nauna sextopa OC, puc. 4) pasen
V40 ~6,32. Monyab uucaa — 6 -+ 2/ (nimHa sektopa OC',
puc. 4) Taxxe paseH V' 40. lsa CONPAMEHHBIX KOMIAEKCHLIX
YHC/a BCEra UMEIOT pPaBHbIE MOMIYJIH.

¥Yron ¢ Mewiay ocb abcuucc M Bektopom OM, u3o6pa-
KAOUIHM KOMILIEKCHOE YUCa0 @ -|- bi, HasblBaeTcs ap2ymen-




198 1. AITEBPA

104 KOMOJeKCHoro uucna a - bi. Ha puc. 6 Bexrop OM
©3o6pamaer KoMnaeKkcHoe yucao —3— 3. Yroa XOM
#iBAAETCA apryMEHTOM 3TOr0 KOMAJBEKCHOIO YHCJa.

Kaxaoe He paBHOE HYII0 KOMNJEKCHOE YHCAO!) umeer
GecuucheHHOe MHOXECTBO apryMeHTOB, OTJMYAIOUIMXCA APYyT
OT ApYra Ha 1exoe YHCIO MOJHHX o6opoToB (1. e. Ha 360° &,
rae k— no6oe uenoe urcno). Tak, apryMeHTaMH KOMILTEKC-
noro yucaa — 3 — 3i ABAAIOTCA BCe yrab Buaa 225° + 360° g,
nanpumep 225° - 360° = 585°, 225° — 360° = — 135",

ApryMeHT ¢ €BA3aH C KOODPAHHATAMH KOMIIEKCHOI'O YHCIA
a - bi caepyomumy ¢opmyaamu (cM. puc. S):

b a . b
tge=7, (2) cosg Vo 3) sing= Vo
Qpuako HH OfHAa M3 HUX B OTHENLHOCTH He 1N03BOAAET HAHTH
apryMent no abcuMcce W opavHarte (CM. NpUMepbl).

MMpumep 1. HaiiTm aprymeHT KOMIIEKCHOro 4YuCAa
—3—3i.

Tlo ¢opmyne (2)tgo= %= 1. 3Tomy ycaosuio yrosie-
TsoproT  Kak yroa 45°, tak w yron 225°. Ho yroa 45° we

s6.a5emes ApryMeHToM yncaa —3—3i
y (puc. 6). MpaBuabuuil orBer 6yjaer
=225 (nam — 135°, unau 585°
H T. 1.). 3TOT pe3yabTat NOJyYHTCH,
eClIM yuecTb, 4TO abcuucca v opiu-
AR HaTa JaHHOTO KOMINJAEKCHOTO YHCaa
Yl oTpHiaTenbHbl, 3HauuT, TOYKa M
NeXHUT B TpeTbel YeTBepTH.

Opyroit cnoco6. [lo dop-

myae (3) HaxomuMm cos:p:;/‘%.
Puc, 6. Dopmysa (4) 10Kka3blBaeT, uTO sin ¢

TOXE OTpHUATeNeH. 3HAUUT, yroda
ADMHAICKHUT TpeThed YeTBepTH, Tak uTo ¢ = 225° + 360° &,

Mpumep 2. HaATu aprymenr komuaekcHoro unciaa
— 24 6i. Haxonum tg ¢ = —=—3. Taxk gax abcuucca oTpu-
natesbHa, a OPAMHATA MOJOKHTENbHA, TO Yroa ¢ BO BTOPOH
yetsepTn. C noMowibio Tabaull HaxoauM ¢ =¢ 180° — 72°=
= 108°, Cwm. puc. 4, rae toyxka B usoGpakaer — 2 4 6i,

Hanmensmiee no abCogOTHONW BenTMuHHe 3HA4YEHHe apry-
MeHT2 Ha3wBaeTcs 24a6HuM. Tak, 147 KOMNIEKCHBIX uHCEN

4)

1 Jlag uucaa 0 aprymeHT OCTAETCR COBEPLISHHO HEGIPEASACHHKIM.
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—3 —3i, 2{, —5i raaBHble 3HAYEHWA apryMeHTa pasHul
— 135°, 4 90°, —90°.

AprymeHT NeHCTBUTEALHOTO NOJOKHUTENLHOTO YHCAA HMeeT
raasuoe 3HaueHue 0°% 18 OTpHUATENbHBIX UHCEN TAaBHbIM
3HayeHUEM apryMeHTa npuHarto cuutath 180° (a He -— 180°).

Y conpsmeHHbX KOMIJAEKCHBIX YHCEN TAaBHbiE 3HAauYeHuA
apryMeHTa HMEIOT OIHM M Te e abCoaloTHHe 3HaueHus, HO
NPOTHBONOJOMHbIE 3HAKH. Tak, rnaBHble 3HAYEHUA aPryMeHTa
yncens —343i u —3—3i pagum 135° u —~ 135°

§ 42. TpuronomeTpHueckas thopma
HOMIIJIEKCHOrO uHcha

A6cuucca @ ¥ opaMHATa b KOMIAEKCHOro Yucaa a + bi
BHIPAXAIOTCA uepe3 MOAYAbL I W aprymMeHt ¢ (cM. puc. 9)
¢opMyiaaMu

=r cosy, b=r sine.
[lostoMy BcsAKOe KOMNAEKCHOE YUCAO MOXHO TNPEACTaBUTH
B BUae r (cos o -1 sin ¢), rne r =0.

310 BhipaXeHUE Ha3bLIBAETCA HOPMAAbHOL MPUZOHOME-
mpudeckoi Popmol waM, Kopoue, TPHIOHOMETPHYECKON (Gop-
MOH KOMIIEKCHOrO YHceaa.,

Mpumep I MpenctdBHts KoMmaeKcHoe uucao — 3 — 3i
B HOpManbHOM Tpuronomerpuueckoil gopme. Mmeem (I, 41)

r=V(—=3F+(—3=3Y2.
CnegoBarenibHo,
—3—3i==3)2(cos( —135°) 4+ i sin ( —135%)
Hian
—3 —3i=3)2(cos 225" 4 i sin 225°)

T, A
Mpumep 2. Oas KomnaekcHoro uucaa — 24 6/ umeem

r= V(_:_‘Z)Z——*-ﬁ_f: V‘T()

n (I, 41, npumep 2)¢=108" CaciroBaresbHo, HOPMaIbHaA

TPHroHOMeTpuueckan ¢opma uucra — 24 6i ecTy
V40 ( cos 108° - i sin 108°).

Mpunmep 3. HopMmaabnas rtpuroHometpuueckas d¢opma
uricaa 3 ectb 3 (cos 0° 4+ isin 0°) uam, B obuiem BHUAE,

3 ( cos 360° k + i sin 360° &),
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[fpnmep 4 Hopmaabsaa Tpuronomerpuueckas popma
upcaa — 3 ects 3 (cos 180° 4 i sin 180°) namn

3{cos (180° 4~ 360° k) + i sin (180° 4 360° ‘k)].

Npumep 5 Hopmaabnaa TpuroHomerpuueckas dopma
MHAMOM exnHKub { ecth cos 90° 47 sin 90° unn

cos (90° - 360° &) -} i sin (80° 4 360° k).
3necw, r=1.

Mpumep 6. HopmaabHaa tpuroncmerpuyeckans opma
uncaa — i ectb cos ( — 90°) + i sin (— 90°) wuan

cos ( — 90° + 360° &) + i sin { — 80° -+ 360° k).

3necy r=1.

B npoTuBONOAOKHOCTD TPUIOHOMETPHUCCKOH (hOpMe Bbipa-
WeHue Buia a -} bi HazuiBaeTca aszebpaudeckod wan koop-
Ounamuoii Hopmoii KOMIIEKCHOTO YHCAA.

Mpumep 7. KomnaexcHoe unciao 2f cos(—40°)4i sin(—40°)]
NpeACTaBUTL B aareGpanuyeckofl dopme.

3aech r=2, ¢ = —40° Tlo ¢popmynam (3), (4) npenbiny-
wero naparpaca

a==rcos g ==2cos { — 40°) == 2.0,766 = 1,532,
b=rsin ¢==2sin ( —40°) & 2. (— 0,643) = — 1,286.

Aareb6panyeckas ¢opma JaHHOro 4ucia ecTb (DpubaH-
wenno) 1,532 — 1,286i.

[Tpuwmep 8. IlpescraButs B anreSpaviveckolt popme yncno
3 (cos 270° - i sin 270°). Tak kak cos 270°==0; sin 270° = —I,
TO JlaHHOe YHCI0 paBHO — 3i.

Mpumep 9. Ecan r(cosy +ising) ects oguo u3 co-
NpAMEHHBIX KOMIIEKCHBIX YHCEN, TO IpPYroe MOXHO NpeacTa-
BUTb B Bule r[cos (—¢) -+ i sin(—¢)] nan B BUae r (COS ¢ —
— i sin ¢); BHIpOYEM, mociaelHee BbipaxeHue yxe He Oyner
HOPMaAbHOH GOpPMOM.

§ 43. TIeomerpHuYecKu# CMbICA CJAOKEHHR M BLIUNTAHHA
KOMIIJIEKCHEIX YHCen

Nycrs Bextropw OM u OM’ (puc. 7) u3006paxaleT KOM-
niekcHpie yHucIa z2=x-4+ ¥ u 2'=x -+ yi. U3 touxu M
nuposegeM BekTop+ MK, pasHwmit OM' (7. e. uMeer Ty xe
LJIHHY W TO ¥Ke Hanpasaedue, uto OM'; cM. § 40, 3ameuanne),
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Torna sektop OK u306pakaeT CyMMY HaHHbIX KOMIMCKCHBIX
yucen !y,

Floctpoennnili ykasanusiM 06pasoM BektTop OK HasbiBaeTca
eeomempuieckoil cymmoit (Mayu, Kopoue, CyMMoH) BEKTOPOB
OM u OM' (na3BaHMe <«CyMMa»
IPOUCTEKAET U3 TOro, UTO COBep-
IEHHO TaKUM e o6pa3oM «ckaa-
IbIBAIOTCA> CKOPOCTH JIBMKYLIMXCA
Ten, CHJABI, NPHAOWEHHBIE K ONHOH
TOuYKe, H MHOTHE ApYyrue Gpu3nueckue
BCJAUYHHDBL),

Wrak, cymma 0éyx wxomnaexc-
HbLX 4Uces npedcmasasiencs cym-
MOU  8ekmMOpO8, u300padcaroujux
omoesbHble caazaesolie.

Javua cropount OK tpeyroabHuka QMK MeHblle CYyMMbl
n 6oabme pasHocts aauH OM u MK. [lostomy

Hzl— 2z ]l<<lz4-2=<|z|+ 12}

PaBeHCTBO BMeeT MeCTO TONBKO B TCX CAyYafX, KOrja Bek-
Topst OM n OM' wumMeloT oIMHaKoBbie (pHC. 8) HaH 1pe-

Puc. 7.

Puc, 8. Puc. 9.

THBOMNONOXHLIE HanpasaeHuss (puc. 9). B nepsom cayuae

|OM| 4+ |OM' |=|OK |, t.e. |2+ 2 |=|z|+|2'|. Bo BTO-

poM cayuae |z 42" |=ilz|—|2"|l. o
[Tpumep L. Tlycte z2=4-43i; 2'==5-412i, Torua

2=V EFF =5 2= V5 + 122=13; 242" = 915i;
1242 |= V92+ 152 = Yy 306.
Vmeem 13 —-5< Y306 < 1345, 1. e. 8 << 306 < 18,
1) Neficteuteando, Tpeyroasuuky OM'L uw MKN pasusl, 3Haunt, X’ =

= QL= MN = PR; y' = LM’ == NK. Caenosateabuo, abcuucca OR = OP +-
~+ PR = x4x'; opavHata RK =y 4 ¥,
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Mpumep 2. Mycts z=4+43i; 2z=8+406i. 3TH xom-
NJeKCHbIE YHCAA MMET OIMH M TOT e aprymeHt (36°52'),
7. €. COOTBETCTBYIOIUE BEKTOPbl HMEIOT OJHHAKOBble Hanpa-
BAeHUA. 31ech

jz|=95 |2|=10; z-+ 2z =12+ 9
lz+4 2| = VI + =15
Hwveem 10—-5<<15=10-45.

Mpumep 3. MNyctb 2=8 —6i; 2/ = — 12 + 9i. I1H KoM-
flIEKCHbIE YMCAa W306PaXaloTCs BEKTOPAMH, MMEIOWUMH [1pO-

M' Y

Puc. 10. Pue, 1L,

THBONOJOKHbIE HANpaBleHUs (MX apryMeHTts pasHs 323°08
u 143°08’). 3nech

jz|=10; |#1==15, 2+ 2'=—4+43i; |z4+ 2| =0

{Imeem:
15—10=5<<15410.

Cymma mpex (u 00AbWE20 HUCAA) KOMNACKCHOLX HUCEA
TaKxe MpejicTasasercs cymmol sektopos (OM, OM', OM" Ha
puc. 10), v3o6paxalomiux OTRedbHule ciaaraemsle, T. €. BeK-
TopoM OK, sambikatoutuM aoManyro OMSK (sextop MS paBen
Bektopy OM'; Bextrop SK —extopy OM”), Caaraemnie
MOMHO OpaTth B J1060M MOpAIKe; JoMaHble 6ynyT pasiHyHbie,
HO KoHub ux cosnanyr. Tak kak OK He nnvHHee, 4eM J0-
manan OMSK, 1o

etz 421124+ 1214127}

PaBeHCTBO “MeEET MECTO TOABLKO Toria, xorna sce cnarae-
MbiC UMCIOT OAHO KW TO X¢ HaupasiacHUE,
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Pa3anocth MeXay KOMIAEKCHSIMU YuciaMu a - 6 u a' 4 b'i
pasHa cymme yncen a-+ b 1 —da — bi. Bropoe caaraemoe
HMEeT TOT ke MOAYab, YTO « -} b'i, HO npoTHBOMOJOXKHOE
HanpasaeHue, [103TOMY pPa3HOCME KOMNAEKCRKX qucen, npeod-
emasasemvix sexkmopamu OM u OM’ (puc. 11), usobpasicaen-
est cymxoii sexmopos OM u OM” (Bextopom OT).

§ 44. FeoMeTPHYECKHH CMBICA YMHOMeHHS
KOMIIJIEKCHBIX YHCEN

Ilycts ABa KOMIIEKCHBIX YHCA2 2 M 2’ H3006DPaM2aloTCH BeK-
ropama OM v OM’ (puc. 12). 3anHieM COMHOXHTENH B TPH-
TOHOMETpHYECKOH (opMe W BHIYMCIMM NPOH3BENeHUe:

2R=r (cos gt ising)-r (cos¢ - ising')=
=rr’ [(cos¢ cos ¢’ — sin ¢ sin ¢') 4
4 {(sin ¢ cos¢’ + cos 9 sin ¢)],
T, e. (V, 17)
2z’ =rr'[cos (¢ +¢') -+ i sin (3 + ¢)). (H

Monyas npousseiaenua (oHo msobpaweno sexropoMm OL)
ecTh rr', a apryMeHT TpDOW3BeNeHUs paBeH ¢ +¢', T. €. npu
VYMHOKCERUU KOMNACKCHOLX HUCes UX
MOOYAU NEPeMHONCAIOMCS, G ap2yMeH-
mu cxradméaromes.

70 NPaBUAO OCTAGTICA B Cuie s
21060r0 YHCAa COMHOMHTEIEH.

Mpumepl. Y KoMIuekcHHX ynuces,
uso6pameHHnx Bekropamu OM u OM

Ha pHc. 12, Mopyau paBHB JOM]—:.%

u |OM |=2, aaprymentn L XOM=
=20°u £ XOM =30°. Monyas mpo- Pue, 12,
u3BeneHns, H306PAKEHHOrO BEKTODOM

OL, €CTh *8'2-—'._3; apTYMEHT TpPOU3BEACHUA (yl‘OJl XOL)
9 y
pasen

20° - 30° = 50°,
2 (cos 20° 4+ sin 20°) - 2 (cos 30° + ¢ sin 30°) =
== 3 ( cos 50° - I sin H0°).
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llpumep 2. _
4 VT (cos 45° + £ sin 45°) - 2 (cos 135° -+ i sin 135°) =
=4 (cos 180° 4 i sin 180°y = —4 (puc. 13).

Te we comHowuTenn B aare6panveckoit dopme OEynyt:

. 1 [ .
4-+4i n — 5+ 5 i Ilepemuowns, cHoBa Hafitem — 4.

Mpumep 3. llepemnroxurs 2 (cos 150° 4 i sin 150°),

3] cos (— 160°) 4 i sin (— 160°)] u 0,5 (cos 10° -}~ i sin 10°).
Monyab nponssefennst 2-3.0,5=23. Aprymenr npoussejgesun
150° — 160° 4 10° =0°, TIpouspenenre paBHO

3 (cos0°+ isin 0% =3.
Tipumep 4.r(cosy-tisineg)-r|cos(—y) +isin(—p)]=
=r?(cos 0° 4 isin 0°)=r?, 1. e. npoussedenue deyx conps-
HCCHHBLX KOMNAGKCHBLX  dlcer

Y ecmp  Oelicmeuineasoe  4ucao,
A pasHoe Kséadpamy ux 0J3wezo
XHO0YAS. .
; Mpuwmep S 5 [cos(—20°)+
M X 4isin (—20°)]-2 [cos (—30°)+
ny 7D -+ i sin (—30°)] == 3{cos (—30°) -
~ i sin {(—80°)]. Cpasuus ¢ npu-

MepoMm 1, BUIHM, YTO Om 3ame-
Puc. 13. Hbl COMRONCUMEned CONPAICEeH-
HeLMU  qucaamu  npoussedenue
3aMEHUAOCH CONPANCEHHBIM 4UCAOM. ITO CBOHCTBO — obliee.
OHO pacnpocTpaHseTca Ha 11060e YNCIO COMHOWMTeNel.
3amevanune 1. llpaBura ymHOXeHHA NeHCTBHUTENBHHIX
YHCea OKa3biBAIOTCA YACTHBIM Cly4aeM BbilIeNPHBEIEHHOrO Npa-~
suaa. Tak, MpH NepeMHOXEHHH NBYX
yrcean —2 1 — 3 aprymentsi ux (180° 4
1 180°) nawor B cymme 360° tak uro g
IPOH3BEACHHE €CTb MOJOKHMTENbHOE
yucao 6 [1. e. 6 (cos 360° + { sin 360°)]. “
3amevanue 2, Korna raxoe-nn6o [ ,ﬁﬁﬂ"\ A

KOMILIeKCHOe uncao r(cose +ising) =7 01 ! X
YMHOXAETCA HAa MHUMYIO eRMHHIY {
(moxyab ee ectb 1, a aprymenr -}- 90°), Pac, 14,

TO MOIyIb NPOU3BElNEeHHsT OCTAeTcA
pasHuIM r. Apryment ke yBeanuyusaerca Ha 90° T. e. exrop
MHOXHTEAA NoBopayuBaerca Ha yroa -} 90° He MeHasacs no
aauge. B wactHocTH, ymuOwenme | (Bektop OA puc. 14)
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Ha i npeicrapaserca nosoporoM Bextopa OA Ha 90° B mouo-
wente OB, a YMHOXeHHe i Ha [ NPelCTaBAAETCA 110BOPOTOM
OB na 90° B moasoxenne OC. Ho sekrop OC wuso6pamaer
— 1. Ilostomy i2==— 1. B 3Toil reomerpuuecxoii KapruHe
YUCAO [ HBIHETCA <MHUMEIM» He B OGoaburell creleHu, uem
uncio — .

§ 45. Feomerpuyecknit CMBICA fefleHHS
KOMOJEKCHBIX 4uceld

Henenue ectp neilcrsie, oOparHoe ymHoxeHuwo. [Tostomy
{cM. upenptnywuit. naparpad) npu OeseHuU KOMIACKCHHLX
yuces ux modyau Oeasmess (MOAYIZb NeIMMOro Ha MOLY/b
Heautenn); a apeymenmul Suyumaronica (apryMeHT Heaureist
U3 aprymMeHrta JelIuMoro), T. €.

rcose--ising):r (cosy +isiny)=
=2 [cos (¢ —¢) +isin (p—¢)]. (1)
Mpumep 1.2 (cos30° 1 isin 30°):6 (cos45° 4 i sin 45°)==
= [cos (—15°) + i sin (— 15")].
Mpumep 2. —4:4 Y2(cos 45° 4 i sin 45°) =
=4 (cos 180° 4 i sin 180°) : 4 J'2 (cos 45° }- { sin 45°) =
= T/I? (cos 135° 4 i sin 135°). Cp. npumep 2 npeabiryiero na-

parpada.
B anreSpanuecko#t popme:

) N U 1 St N
—dd =T = amasy =
Mpumep 3. Pasmesurs 1 Ha KOMIZEKCIiOC YHCIO
r (cos ¢ -+ i'sin ¢). JamieM geaumoe 8 Buie [ (cos 0° -4 i sin 0°).

CoraacHo ¢popmyae (1) yactroe 6yger ri [cos (—e}+-i sin (—)].

1:r{cose¢ -4 isin¢) =% [cos (— o) + i sin {(— ¢)]. (2)

leomerpuuecKoe MOCTPOEHHUE: ONMHLIEM, OKPYWHOCTb DaiH-
yca 1 ¢ uenrpom B O.Ilycte |r| > 1, 1. e. Touka M (puc. 15),
nzo6paxaiouiasn geanTenb, JeXUT BHe okpyxHocTH. [Iposesen
KacareapHylo MT, u3 rouxn T nposefieM nepneHankyasp THI
K OM. Touka L, cumMeTpHuHast ¢ M’ OTHOCHT€JbHO OCH abcC-
usce, naoGpawaer yacrthoe. [eHcrButensno, |OL|=|OM |,
a u3 HpsMoyroabHoro Tpeyroasiinka OTM, B koropom TM' —
guicota, Haxoium | OT 2= OM|-|OM' |, 1. e. [==r|OM|
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]
win OM'|=—_. Aprymentn e Bektopos OM n OL, ouve-
BMIHO, PaBHb! IO BeJHUYMHE M NPOTHBOMOAOKHB MO 3HAKY.
Ias cayvas | r|<<1 noctpoeHde mokasaHo Ha puc. 16,
W3 dopmyan (2) cnenyer, yto or geseHus | Ha KOMMJeKc-
HOE YMCI0 ¢ MomyJeM r==1 noayvaercs KoMIIeKcHOe YHCIO,

CONPAKEHHOE C NEeTUTENEM.

Puc. 15, Puc, 16,

Mpumep 4. 2[cos(—30° + i sin (—30°)]:6 [cos (—45°)
-+ isin (—45°)] = % (cos 15° +isin 15°). CpaBHuB ¢ mupumMe-
poM 1, BHIUM, YTO Om 3amenbl 0eAtm020 U OeAumeas conps-

HCEHHOLMIL HUCAGMU HACIHOE  3AMEHUNOCH CONYDANCERKBM
qucaom. Popmyaa (1) noxkassiBaer, 4To 910 CBOACTBO — ofIliee.

§ 46. Bo3BefeHHe KOMMIEKCHOrG YHCIAa B HENYI0
cTelneHb

Cornacuo Ill, 44

[r (cos ¢ -} i sin ¢)]? ==r® (cos 2¢ 4 i sin 2¢),
[r (cos ¢ 4 i sin ¢)]® = r3 (cos 3¢ 4 i sin 3¢)
1 Boobue
[r (cos ¢ 4 i sin ¢)]* == r” (cos ny + i sin ng), (A)
rae n—uenoc MnojioxurenpHoe yucio. Popmyra (A) Haswl-
Baerca gopmyaoi Myaspa (A. Moivre, 1667—1754). Ona
BepHa M st Lleaoro orpuuateipHoro noxasareas n (I, 61),
a raxxke aaa n==0.
Haupunmep, [r (cos ¢ -+ i sin ¢)]~®
1
= rs(cos 3¢ |- i sin 3¢) *
Ayulero naparpaga),
[7 (cos ¢ - isin ¢)] 3 =r"3 [cos (— 3¢) -} i sin (-~ 3¢)].

1
= [r (cos ¢ 4 i sin ¢)]3 =
CaenosateasHo (cp. npuMep 3 npensi-



§ 47. UH3BJEYEHHME KOPHA M3 KOMNIRKCHOrO 4YIIC/IA 207

Hrak, npn Bo3BefeHHI! KOMMAEKCHOrO uMCIa B JI00YVI0
Ueay CTelleHb MOOYyAb 603800umcs 8 my Jie CMenens,
G apeYMeRMm NnOMHOXMcaenmca He noxa3ameas cmenexu. O Bo3-
BelleHUH B ApobHyio cteneHb cM. § 48.

[ITpumep 1. Bo3sectn B wecTyo cTeneHbp YUCIO

z=2(cos [0° 4 i sin 10°).

Wmeem 28 == 2% (cos 60° - i sin 60°) =32 + 32 '3,
Hpumep 2. Bosgectn B 20-10 CTeiieHp YHCIo

1 V3,
=gk

Moayap yucaa z (I, 41) ects 1, a apryment pasey — 607,
CaefoBaTeabHO, MOAYAb uNCaa 220 ecTb [, & apryMeHTt pasen
—1200° =— 3 360° — ]20°. Mmcem:

249 = cos (— 120°) +isin (— 1209) = — L — V.

[Tpumep 3. Halttu BeipaxeHune KoCHHYca U CHHYyca yraa
3¢ Yepe3 KOCHHYC M CHHYC Yriaa ¢.

Pemenne. cos3p-+isin3p=(cos¢ -4 ising)®=

==cos® ¢ 4 3¢ cos? ¢ sin ¢ -+ 3i*cos g sin® ¢ -+ (®sin® o =

== cosp — 3cos g sin® ¢ -+ I (3 cos? ¢ sin p — sin? ¢).

[Tpupasuusas aGcuncenl u opauHarsl (II1, 35), Haxomum:

cos 3¢ ==cos® ¢ — 3 sin® pcos 9
sin 3p = 3 cos? p sin ¢ — sin® ¢,
Mpumep 4. Takum xe o6pa3om Haiigem:

cos 4p ==cos* ¢ — 6 cos? ¢ sin® ¢ -} sint o,
sin 4¢ == 4 cos® ¢ sin ¢ — 4 cos ¢ sin® g,

a takxe obuue GpopMyan s sin ne, cosne (cm. V, 21).

§ 47. H3BaeyenHe KopHs H3 KOMILIEKCHOTO 4HCJA

Vasaeuenue xopHa (I, 9, n. 6) ecrb neiictsue, o6patHoe
BO3sejleHHI0 B cTeneHb. [losTomy (cM. npeanyuiuii naparpag)
MOOvab KOpHA (Uenofl CTEHEHH) 13 KOMRACKCHO20 HUCAQ
NOAYYaeMCs  (38AeHeHUIeM KOPHSL Mol dice cmeneuu 13
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MOOYAR TOOKOPEHHO20 HUCAQ, G QPIYMeH — 0eAeHUeN ap2y-
MENNG HA NOKA3AMP AL KOPHN:

l,ruos ¢ - { sin ¢) = ',' «cos - i sin —) . (B)

no,—
3nech 3HAKOM l/r 0603HaYEeHO MNOJOXUTECIbHOE YHCI0

(apudMETHUCCKUH KOPEHDp H3 MOXY:IA).
Kopeno n-ii cmenenit u3 BCAKO20 KOMRACKCHO20 HUCL:
uMeem N Pa3AUYHBLY 3HaUenul. Bee OHY HMCIOT CIHHAKOBLIY

n,— .

MOV }/r ; APIYMEHTH Xe 10JyYaloTCs H3 apryMenTa odo-
|

ro 13 HUX 110CIeJ0BATCALHLIM 1IPHGABICHHCH Yria e 360°.

JdeficTBHTeMbHO, NVCTb ¢g €CTh aPrYMCHT NOAKQPEHHOTO
yyicaa. Tornpa ¢ 0+d(‘0 ¢o-f 2+360° U T. 1. TaKXe ABBIOTCH
€ro apryMCHTaMi. fPop“_\.m (B) 1I0Ka3LIBALT, UTO 34 apryMent

- Cep b ap
KOpHﬂ MOXHO HPHHSITD HC TOIBKO ‘f,‘—’,uo TAKKE 5,‘1-’—{—};-- 360°,

¢°+ 0° u 1. 1. CooTBercTBYOUUIC 3HAYEHHA KOPHH HC
BCe padamunibl Mewiy coboit: aprymenr ¥4 2360°, 1. e
04 360° xaet 10 e KOMMIEKCHOE UHCAO, 4To-H aprysent &7';
apryyent 0 + 1 gppe = o o L 360° -+ 360° JacT 1O We
KOMIICKCHOC YHC0, 4TO aprymem (P’:’ 360" U oT. &L

Pa3apynerx snavcunit gkopua Oyacr posno n. CM. [pHMCpPbL

IlTpusep L M3paeun ksagparnpil Kopelb 13 uncaa —9i,
Moayae 3toro uncga ectn 9. 3HAUMT, MOAVIL KOpHA paBeH

179 =3. ApLYMeHT HOAKOPCHHOTO YMCId MO0 [IPHHATD
panubiM — 90°, —90° 4 3607, — 90° 4- 2.360° u 1. 1.
B uepBOM cayudae moayuacs:

(—91’)' =¥ Qlaos(—- 43%) -} i sin (— 45%)| =

3
=7yt M

Bo BTOpOM cayuae

. e . . e (o= 3 3 .,
— 9 e € 1350 —- 135 ) == — —r= 1, 2)
( i) V' 9 (cos }-1sin 135 e o 73 { (
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B Tperbem cayuae

. ‘:lT___ o a . oy . 3 3
(— 97)T = ¥'9 (cos 315° - 1sin 310)_?{‘_7?‘1’
T. e. TO Xe, 4T0 B nepsoM. Beépa ¢=—=—90°-}3 . 350°,

¢ ==— 90° 44 . 360° uam ¢ =—90°— 360°; — 90°—2 . 360°
H T. A, Mbl GylneM mooyepenro noayuats 3navenus (1) m (2).

Mpusmep 2. M3sneus KBajapatHoli KopeHs H3 uyucra 16.
Apryment sroro yucaa ecth 360° B (R — nemnoe yucio). Apry-
ment kopHa Gyzxer 360°k:2==180°%. Ecan k ectp Hyab umau
YeTHOE YHCAO0, TO apI'yMeHT KOPH:A PaBeH Hy M0 Han kpaten 360°

1
Torpa 162 =4 (cos0° -} isin0°)=4. Ecay %e k — HeuerHoc
yucao, To apryment Oymer 180° mau oramyarbea ot 180° Ha
i ,

kparnoe 360°. Torma 16% =4 (cos 180° -} isin 180°) = — 4.
lTpumep 3. Mssneun kyGuuecknit xopenb u3 1. Monyan
KOpHA PaBeH i/l == 1. AprymeHT NMOJKOPEHHOI'0 YHCMA eCcTh
360°k (k — mo6oce nenoe uncro). Apryment Kopaa 6yzer 120° &.
Monaras k=0, 1, 2, naxoiuM Tpu 3Ha-
uenus aprymenta Kopns: 0°, 120°, 240°
CooTBeTCTBYOIHC 3HaYCHH KOPHA Oy~
yT 1)
21=cos 0° 4 igin 0° =1,
2 =cos 120° - 7 sint 120° =
L, Vi,
=—g L

¥

Ha pue. 17 atn 3natcius nsobpaxenst toukamu Ag, A, A,

. 1
1) 21y peayapTarel noaesno nponeputh. [ToMHOKLB 4ica0 2y = — 3 +
I . | Y3 o
=+ 5 i camo ua ceGs 1o npasuay § 38, naizem z% = -y - 5=z
[Tomnowas eute pas, notyqus z3=z3z2= [, Tax xe nposepaercs u Ko-
)
pelib zg == - g - U i, Umenno:

+ szl=ﬂa, =iz =1

ol =

2
23 == -



210 111, AJITEBPA

TpeyroabHux Al 343 — pasnocroponnxif. OH BONCaH B OKPY K-
1octh paguyca I,

ITpumep 4. U3sBrcun xopeHb miecToll creileHd n3 — I,
Apryment nogkopensoro uucaa — 1 ecrs 180° -} 360° k. Ap-
rymeHt xopHa pascH 30° 4 60° k. MmeeM caeaywmue uectb

3HAYEHHUH KOopHs:
2y =0¢0830° 4 isin30° =
==cos 90° 4 i sin 90° =1,

AN

A

cos 150° -4 i sin 150° == VT —i—%i,
cos 210° 4 i sin 210° = v—;———%i,
25 = €0s 270° - i sin 270° = — |,

2 == €08 330° 4- i sin 330° = ?i; ——;

Touku Ay, Az, As, As, As, Ag, M300pamaomue 371 3Haye~
uns (puc. 18), ABAAIOTCA BEPUIMHAMI NPABHABHOTO IUECTH-

YLOMBLHKKA,

Puc., 18.

M3 dpopmyawn (B) cicayer, uTo n Kopleil U3 Kakoro-iuGo
KOMIJCKCHOIO UHCIA H #2 Kopueil 3 CONPsKCHHOLO umcia
1IONAPHO CONPAXEHH.

Mpumep 5 Kopuu uerseproll cremedd H3 yucaa

16 (cos 120° - sin 120°) = — 8 -+ 8 V'3i Gyaym:
zy=2(cos 30"+ isin 30°)= V344
2e=2(cos 120° 4-isin 120y =— 14 V3
23==2 (€08 210° 4~ i sin 210%) = — V'3 — 14
24==2 (cos 300° 4 i sin 300°) =1 — V'3 i,
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a KODHH TO/t e CTemens u3 yncna 16 (cos 120° — i sin 120°) ==
=-—8—8 ¥3i 6yryrm:
==2 (cos 30° — i sin 30°) == Y 3—1i
=2 (cos 120° — i sin 120°) =—1— V3 i
? 2 (cos 210%=— i sin 210°) =— V'3 -} i
zy ==2 (cos 300° — i sin 300°) = 1-+V/3 ¢

Yucaa z; u 2y, 22 U 23 ¥ T, . NOHADHO CORPANCHbL,

§ 48. BoasegeHHe KOMILIEKCHOrO Yuciaa B Jwolylo
NefiCTBHTENbHYIO CTENEHb

BossejcHue B apoOHYW0 creileHb AeHCTBUTENBHOrO HUHCIa
onpefexero B I, 61. Ho tam paccmaTpHBaTCs TOABKO JeH-
CTBHTEIbHBIE 3HAUCHKA CTENCHH, 3ech Mbl HyxaaeMcs B Goaec
cbueM onpejeiacnun. OHo paercsa caexywouielt Gopmynoi:

[r (cos o - i sin ¢)]P == rP (cos pp i sin pe). C)

31ech p — moe6oe ACHCTBUTCILIOE YHUCHO, a P 03HAUaeT 110A0-
CUINBABHCE MIICTO0,- IPCRCTARIONlEe p-10 CTCHEeHs MOXYJA r.
@opmyaa (C) cosmamacr ¢ gopmyaoit (A) (I, 46), worna

p —uejgoe uHcao, v ¢ (B) (11, 47), xorza p ectp npobn -

Ecau p ecth apobn g, 10 B cuay (C), (A) n (B)
m

[r (cos p-+-isin9)]* ="/ [r (cosg Fismp)I?, (D)

YTO COrIACYeTCsi ¢ OObIMHBIM OnpenedenyeM apo6HOI cTeneny,

Hpobras creneHb BCAKOTO KOMIAGKCHOTO (B TOM YHCHe 1t
ACHCTBUTEABHOrO) UHCAA HMEeT i Pa3dHyHeIX Mexay coboii
anayenui (1 — sHamenarean 1po6u). Popmyaa (C) pacnpocrpa-
HAICTCH W HA cayyail HPPauMoHanbHOCTH IoxasaTens p. B mo-
CACAHCM CIyYae p-f CTCHCHb BCSIKOTO ulcaa umMeeT GecyucaeH-
HOEe MHOMCCTBO 3HAYeHHi].

3
[Ipumep 1. Boasectn uncao —I16 B crenens . Vmeem:

3
p= »2-, r=16, ¢ ==180°4-360° %, Monymn. cremeun (— l6)%

3
coraacio (C) pasen 16°=8. AprymeHnr cremeHH paseH
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3 (180° 4 360° k) = 135°4-270°k. Tomaras k==0, 1, 2, 3

(ocranbHple tedble 3HAYEHHA B HOBLIX PE3YAbTATOB iid M&AYT),
HMEEM CHCAYIOL{HE YETHIPe 3HAYeHHA CTEICHU:

2, =8 (cos 135° 4-isin 135°) =—4 Y2+ 4 V2 §;
2y =8 [cos (135° 4- 270°) -} i sin (135° -} 270°)] ==
=8 (cos45°+isin 45°) =4 Y24 V2 i;
23 =8 [c05 (135° 4 2. 270°) 4 i sin (135° 42+ 270°)] =
=8[cos (— 45°) + isin (—45°)] =4 V2—4 V2§
24 =8 [cos (135° -}~ 3. 270°) 4- i sin(135° -+ 3. 270°)] ==
=8 [cos (— 185°) 4 i sin(—185)| =—4 V2 —4 V2 i.
D1 3uaveHust n306paweHsl ToUKamMu By, B, B, Ba (puc. 19).
Mpumep 2. Bossectd uyucno 1 B crememp . 3aech

p —_—_271 , r=1, 9==360°k. Coraacuo (C) umeem:

1
T 360 . . 360
1"F ==cos 5 k- isin k.

Ha puc. 20 noxasausl touki By, By, Bs, Bs, ..., H306pa-
JaAIOMWHe Te 3HAYEHHA CTCHEHH, KOTOPHE WOXYYajoTCA NpH
k=0, 1, 2, 3,... Bce oHH nexar Ha OKpPYMHOCTH panuyca l.

Puc. 19,

flukagme mapsl 5THX TOUEK He COBNAAAIOT JPYr € APYrom.
B camom Acae, KaXIBH u3 yraos ByOB;, B,0B; 1 T. I. papeH
pafuaHy, T. e. Kaknas us ayr BoB;, B;Bs u 1. L. UMeeT JIIHHY,
pashy®o panuycy. Ecan 6ui Hexoropas toyka By cosnajana c B,
TO 0Ka3aaoch OB, YTO OKPYIKHOCTbH, ofOfiNeHHas § pas (s—ie-
KoTOpOe Ieicc yHCI0), comepxana Ow [ pamuycos, Toraa
ONHOKPaTHO 0GOHICHHAA OKPYXHOCTh HMeJa Obl JUIKHY, B TOY-
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HOCTH DaBHYIO -:— panuycoB. Ho okpysHOCTs Hecouamepuma

¢ pamuycoM. 3HAYyMT, HH OJHa mapa ToueKk By, By, ... He
comanaer. Yem Ooxplie TOuek MBI GepeM, TeM IUIOTHee Io-
KpHIBaeTCcA HMH OKPYxHocTb. OKoxo moGofl ee TOUKHM cXomn-
aserca GeckoHeyHoe MHOXeCTBo Touek B. M Bce e noBciony
Ha OKPYXHOCTH OCTAIOTCA TaKHE TOYKH, Kyla He Nomnajfaer HH
onna u3 toyek B. Taxkosa, HanpuMep, T0YKa, IHaMeTPaJbHO
NPOTHBOMOMOXKHAA TOUKe By, UM M00asA BepIIMHA . KaKOrO-HH~-
6yIb NPaBHILHOIO MHOTOYIOJbHEKA, NIA KOoTOporo By ectwb
OIH2 W3 BepLIMH.

3aMevanue MokHO ompeneanTh CreleHb KOMIIEKC-
HOTO YHcHa ¥ JAA KOMIJEKCHOro mnokasatens crenmeHu. Ona
TOWE uMeeT OeCyHCAeHHOE. MHOXECTBO 3HAYEHHH, HO COOT-
BETCTBYIOL{HE TOYKM B OOUIEM cAydae He CKONAAWTCA, a4 Je-
®aT BPoO3b KPYr OT Apyra.

§ 49, HeroTopsie coefendst 06 anredpanuecKux
ypPaBHEHHAX BBICIIHX crenenel

Jns ypasuenun 3-it vt 4-it crenenu ofuero BUIa Hafizeds
(cm. 111 2) dopmyail, Buipawiaonlue KOPHM YPaBHEHHA uepes
6yKBEHHbBlE BeHYHHE K03DOUIHEHTOB. ITH GOPMYABI COTEPKAT
pamukansl 2-ff u 3-i crenenu., OHH CIOXHBE M TIOTOMY MaJio-
IPUCOIHB! JadA NpaKTUKY. [as ypasHeHuit Gosee BBICOKOMN cTe-
neny rakux bopMya cosceM HeT. Jloxa3aHo, UTO.KOpHU ofuiero
VypaBHEHVA CTENEHH BbilIe 4-1 Heab3dA BHPA3NTh Yyepes GyKBeH-
Hble KO3(DPUIHUEHTH ¢ MOMOUIBY0 KOHEUYHOI'0 YHCIA CIOXEeHHUH,
BBIYUTAHHMH, YMHOMXEHHH, meneHuld, BO3BENCHHIl B CTeNeHb U
u3BneyeHnid KopHa. Takoe BhIpaxeHWe BO3MOWHO JHINb IIA
HEKOTOPHIX YaCTHHX BHJAOB OYKBCHHBIX YPaBHEHHH BLICIINX
cTeneHef.

TewM He MeHee KOPHHM BCAKOro aareGpanyecKoro ypaBHeHHs
€ YUCHOBHIMH KO3(DHIKEEHTAMH MOXKHO  HaliTH NpUOIHXEHHO
¢ m060it CTeNeHbI0 TOYHOCTH.

Ho BBeleHHs KOMINIEKCHBIX YHCea jJaxe KBaIpaTHOe ypaB-
Henue He Bcerga uMeno-pemrenne (III, 28). C BBegenuem KoMm-
TIEKCHBIX YHCEN Kaxaoe aareGpanyeckoe ypDaBHEHHE MMeeT
no kpailHeil Mepe omuH KopeHs (Ko3dduuuenrs! aarebpanye-
CKOTO YDABHEHHA MOr'yT ObITh COBEPINEHHO NPOH3BOJbHbBIMH—
Jaxe KOMILIEKCHBIMU).

Y paBHeHue n-i cTENeHu He MOXeTr UMeTbh Goiblie yeM 1
Pa3nNyYHLIX KOpHel, a MeHbUie — Moxer. Hanpumep, ypasHe-
Hue 1atoit crenesn (x — 3) (x —2) (x — 1)>=10 (8 packpniTom
Buxe x%— 8yt |- 24x3 — 34x® |- 28x —6==0) umeer xopm:
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x1=38, Xp=2, xz==1. Hpyrux kopue#t y nero Her. Bce xe
CYHTAIOT, YTO 3TO YpaBHEHHe HMeeT NATb KopHelt (x; =3,
Xe=2, x3=1, x;=1, xy=1). Kopess 1 cocunTnBaior Tpu
pasa, NOTOMY YTO neBasA YacTh JAHHOIO YPaBHEHHS CONEPKHUT
MHOXHTEIb X — 1 B TpeTbell cTemeHu.

TIpu TagoM cYeTe BCAKOE YpaBHeHue n-f CTeleHH

Qo™+ aixm b 2, =0 (@£ 1) t

HMeeT POBHO 1 KODHeH, ¥ BOT noyemy. YpasHeHue (1) MoxHo
(eIMHCTBEHHHNM CIOCOO0OM) TIPEACTABUTL B BHUJE

@ (X — X3) (X — X3) vo. (x —x,,) =0, (2)

Yucaa xy, Xs,..., Xp— KopH# ypasuenus (1). Cpemn Hux
HECKOIbKO MOTYT WMeThb OJHO H TO ke 3HavyeHue (B Ypelbi-
HYIeM TDUMEDPE Xg=x;==X5;==1). D10 3HaUCHHE COCYUTH-
BaeTCsA B KayecTBE KOPHA CTOAbKO pa3, CKOJbKO OHO MOBTO-
pserca. [ipu rakom cuere oulee YKCH0 KOpHell BCErAa PAaBHO 7.

Ecan xospouuverts aire6panueckoro YpaBHeHHA Jefi-
CTBUTEIbHELE, 8 OUH U3 KOPHEH ecTh KOMILIEKCHOe YuciIo a -} bi,
TO CONPMAXKEHHOE KOMINIEKCHOE UHCIO & — bi — TOXEe KOPEHb.

2 3,
Hanpumep, KOMIIEKCHO® YHUCIO 1—/——{—1/«; €CTb KODeHb ypas-

2 2
nenust x4 - 1=0 (Ill, 47); conpaxennoe KoMIieKCHOE YHCIO
2 2.
12———%4——10}1@ KOpeHb 3Toro ypasHeHus. Takum oGpasom,

ypaBHeHHe ¢ JefiCTBHTEIbHbIMA KO9GhduurenTany uMeeT Bceraa
YeTHOE UHCAO KOMIJIEKCHBIX KODHEH.

Bcsikoe ypaBHEHHe HEUETHOHM CTenenyu ¢ AeHCTBHTEAbHbIMU
KO3 PHILUCHTaMU UMeeT XOTst OGbl OTMH XAeiiCTBUTENbHBAE KOPEeHD
(Befb KOMIJIEKCHBIX KODHel Bcerja ueTHoe 4hCio, a ofmiee
YuUCAO KOPHelt MO YCAOBHIO HEYETHO), ‘

Cymma kopHeit ypaBHeHusa (1) pasHa ——Zﬁ, a IpousBsenenue

a
KopHelt paBHO (— 1)"71—;‘. Atu cBoiicTBa ObIIM YKa3aHb (paH-

1Y3CKHM MaTemaTukoMm Buera B 1591 r.1),
I1pumep. YpapHcHue x°—8xt4-24x%—34x2 1 23x — 6=0
(n=>5; ap=1, a,=—38, a,=—— 6) numeer KopHHU (CM. BbllIe)

3,2 1, 1, 1. Cymma ux cocraBaser 8 (T. e.——-‘l—s), a fnpous-

senenue 6 (r. e. (—1)®. fr) .

1) Buera we npuaHaBax orpunaresbHstx wucea {cp. [li, 3) u novomy
paccMaTpuBan cay4afi, KOraa BCe KOPHU TIC/OAKTEbHbI,
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Jrtu cBoiicTBA (@ TakWe M APYrHE aHAIOTMUHbIE) BHIBOLATCH
13 comocrasielusa ypaBHeru#t (1) u (2) (y HuX ZOMKHH GLIThb
OIMHAKOBLIMH BCE WYJEHbl, B YaCTHOCTH BTODOH H NOCTeXHHI).

§ 50. O6une cBexeHHs O HepaBeHCTBAX

JiBa BblpaseH#s, YUCIOBbIe HIN OYKBeHHHle, COeJMHEHHble
3HaKoOM «6oapiie> (>>) MIM 3HAKOM <MeHbiIe» (<<), 06pasyior
sepagencmso (UNCiIoBOe MIH OYKBEHHOE).

Bcskoe BepHOE YHC/IOBOE HEDPABEHCTBO, a TaKXe BCAKOC
OyKBEHHOE HEPaBCHCTBO, CHPaBeLIMBOE NPH BCeX YHCIOBBIX
JEHCTBUTCABHBIX 3HAUCHHAX BXOMAIHUX B Hero GYKB, Ha3bIBAETCA
MOKHCOeCm BeHHbLAL.

Mpumep 1. Uucaosoe Hepasencreo 2:3—5<<8—5
(oHO BepHO!) €CTb TOXIECTBCHHOE HEPaBEHCTBO.

IIpnmep 2. BykBenHoe HepaBeHCTBO a2 >—2 TOXIe-
CTBEHHO, TaK KaK OpPH BCAKOM YHCHOBOM (HEHCTBHUTEILHOM)
3HaYeHHH @ BeAMYHHA @ MOJOWHTEJbHAa MIH DaBHA HYIIO H,
3HAYHT, BCerxa Ooabine, yem — 2,

JIBa BblpaxeHna COENUHAIOTCA TaKMke 3HaKaMu < («MeHbLIC
1aH paBHO») M == («Goaplite uan paBHO»). Tak, 3anuchb 2a == 34
o3Havaer, YTo BeununHa 2g aubo Goaplie BeIWYHHH 3b, aubo
paBHa cil. Taxkue 3anucH TakWKe UMEHYIOTCA HEPaBeHCTBaMH.

BykBeHHbIC BEIHYMHEl, BXOJAAIME B HEDPABEHCTBO, MOIYT
11I01pasensaThCs HAa u3BecTHole W Heu3pecTHhle. Kakue M3 Gyka
NpeNCTaBJIfAoT M3BECTHbIE, a KaKHe HEW3BECTHBIE BENHUHHbL,
ROMKHO GbITb OTREAbHO YKazaHo. OOLIYHO HIA STOrO HEW3~
BCCTHBIE BCHMYNHB 0003HAYAIOTCA NOCHCAHUMY OYKBaMH JaTHH-
cxoro anaBUTA X, ¥, 2, 4, U U T. ..

Pemuth HepaBeHCTBO — 3HAYHT YKa3aThb IPaHHIB, B KOTO-
PbIX JOMAHbl 3aKNIOYaTbhcA (XeHCTBHTENIbHbIE) 3HAUECHHA He-
W3BECTHLIX BENMUHH, 4TOObl HEPABEHCTBO ObIIO BEPHLIM.

Ecnn 1aHO HECKOJbKO HEPABEHCTB, TO PEUINTh CHCTEMY STHX
HEePABEHCTB — 3HAYUT yKA3aTb [PaHHUIBl, B KOTOPHIX JOMXHbI
3aKTIOYATHCS 3HAYEHHS HEH3BECTHHIX BEJNHYHH, YTOOH BCe HaH-
Hble HEPABEeHCTBA GblAd BEPHBIMH.

Tpumcp 3. Peutnrs HepaBeHCTBO X% <<4. IT0 HepaBeH-
CTBO BEPHO, €CIH | X |<C2, T. €.eClId X 3aKIUEHO B I'PaHH-
uax Mewny —2 1 -+ 2. Pemenue uMeer Bul —2<<x<<2

MTpumep 4. Pemurh HepaBeHCTBO 2x > 8.

Pemenne uMeer Bum: x > 4. 31ecb X OrpaHHueHO TOJbKO
C OJHOH CTOPOHbI.

lIpumep 5. HepaBencrso (x—2)(x—3) >0 BepHo,
* ecan x >3 (Torma o6a commoxurens (x —2), (x —3) mouao-
WUTCAbHH), a TaKke 1pd X <<2 (Torza 06a COMHOXKHATEASR
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OTpHUIATeNbHE) B HEeBepHO, KOrxa x 3aKJOYeHO B CPaHHLAX
Mexay 2 u 3 (a Takke npu x=2 u npu x =23). [lostomy
peilleHVe TPEACTaBjseTCA NBYMS HePaBEHCTBAMU:

x>3 x<<2,

Mpumep 6. HepaBeHcrsn &% << —2 He umeeT pelieHui
(cp. npumep 2).

§ 51. OcHoBHble CBOHCTBa HEPaBeHCTB

1. Ecin a > b, 10 b << a; Haobopor, ecad a<< b, 10 & > a.

Mpumep. Ecin 5x —1>2xv 1, 10 2x + 1 <<Sx — 1.

2. Ecmu a>b u b>c, 10 a>c. Toyno tax we, ecan
e<<bu b<e, 10 a<<ec.

[Tpumep. V3 uepasencrs x > 2y, 2y > 10 crenyer, uto
x > 10.

3. Ecima>b, 10 a+c>b+c (ma—c>b—c) Ecn
we a<<b 10 atc<<bd-c (Mma—c<<bhb-c) 1.0 KOGeus
YACHIAM HEPaBeHCmBa MOXNCHO npubasums (Wi W3 HUX Bbi-
4ECTh) OOKY U My ane BeAUHUHY.

[Tpumep 1. Jdano HepaeHCTBO x -+ 8 > 3. Buluuras 13
ofeux uacrefl HepaBeHCTBA YHCJIO 8, HAXOAUM X > — 5.

[Tpumep 2. lano HepaBeHcTBO X — 6 << — 2. [Tpubapiasna
K o6eumM yacTtaM 6, Haxomum x < 4.

4. Econ a>b u ¢>d, T0-a -4 ¢ > b+ d; touno Taxk we,
ecmm a<<buc¥d toa-tc<<b-d, r. e J8a HepaseHcmBa
OOUHAK0B020 CMBLCAAY) MOJNMCHO nOHAEHHO cKaadbi8amp. DTO
COpaBefauBO M JUIs ai000ro 4Yucaa HEPaBEHCTB, HANpPUMED,
ecny ay > by, as > bs, a3 > b3, 10 @y + as + as > b - bs + by

Mpumep 1. HepaBencrsa —8>—10 u 5> 2 sepuin.
CkaagbiBag HMX [OYJEHHO, HAXOIUM BEpHOe HEPaBeHCTBO
-3> -8

Mpumep 2. [lana cucreMa HepaBeHCTB %x + %y < 18;

%x— %y<4. CraamplBas dX (OOYTEHHO, HAXOIUM X << 22.

Jameuanne JlBa HepaBeHCTBa ONWHAKOBOTO CMbICaa
HeAb3sL NOYAEHHO 8wvi4umams APYr W3 IpYyra, Tak Kak pe-
3yabTaT MOXeET ObITh BEDHHIM, HO MOXeET ObITh M HEBCDHLIM.
Hanpumep, ecau M3 HepaeHcTBa 10 >>8 nowieHHO BHYECTH
tiepaBeHCTBO 2> 1, TO MOAYYMM BEpHOE HepaBeHCTBO 8 .7,
O ecad w3 TOTO Xe HepapeHcTBa 10> 8 WOUNEHHO BLIYECTDH

) BoipaxKeHne «HepaBencTBa OZMHAKOBOLO CMLICAA» 03nadaer, 4ro o6a

HepapeHcTRA COREPKAT BHAK > Mau ofa CORCPKAT WAL <,
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nepapedcTeo 6> 1, TO noayuum neasenoctb. CpaBHHUTHL ciae-
AYIOLUA NYHKT.

5. Ecom a>b v ¢c<<d, 10 a—c>b—d, ecin a<<b
me>d, 10a—c<<b—d, T. e u3s 00H020 HepageHcmsd
MONCHO NOYACHHO BbLHECHb OpY20e HEPABeHCI80 NPOMUBONO-
AOHCHO20 cHbicaal), OCMABASSt 3HAK MO20 HepaBeHcmsa, U3
KOMOPO20 8ul4umanocy dpyzoe.

[Tpumep 1. Hepasencrea 12<<20 u 15> 7 BepHsl. Bul-
yuTas MOuJeHHO BTOPOE W3 NEePBOTO W OCTaB.IsAA 3HAK Mep-
BOro, nolyyaem BCPHOC HepaBeHCTBO — 3 <C [3. Buluntas no-
YaelHO MepBOE H3 BTOPOrO W OCTABJsIA 3HAK BTOPOro, HaXOIHM
pepHOC HepameHcTBO 3 > — 13

[Tpumep 2. Jana cucrema HepaBeHCTB l—x -+ -J—y< 18;
% r——— ¥ > 8. Bbiyutas U3 (epBOro HepaBeHCTBA BTOPOE, Ha-
KONUM y< 10.

6. Ecim ¢ > b u m — non0XKUTeJbHOE UUCIO, TO ma > nb
H % > %, T. €.

00e 4acimil HepaBeHCMER MONCKO pa3detms UL YMHO-
HMCUMb Ha O0HO U MO e NOAOHCUMEAbHOe HICA0 (3Hax
NePABCHCTBA OCTAETCH TeM xe).

Ecan we >0 v 7 -~ oTpHHATENBHOC UHCAO, TO na << nb
n < b‘, T. €

n n

00e Hacmu HepuseHenIBa  MONCHO VMHONCUMb  UAL pas-
de.atimp Ha 00HO 1 MO Jce OMPpuganie AbHOe HUCAO, HO Npu
IMOM BHAK HepaBeHCNIBd HYICHO NepeMerumny Hi npomugo-
HOAOKHCHDBLEL ©).

MHpuwvep |. Pasgeans obe vacTn BEPHOIO HCPABEHCTBA
25> 20 na 5, MOaYUUM BepHOE HePaBeHCTBO D > 4. Ecan ke
Mbl JeauM ofce uacTH HepaBeHCTBa 20 > 20 Ha — 5, TO HYXKHO
EpeMeHHThb. 3HAK > Ha <, W TOraa NOJAYUHM BepHoe Hepa-
BCHCTBO — 5 <C — 4.

Ipumep 2 Vs nepasencrsa 2x << 12 caepyer, uro x << 6.

MMTpumep 3. M3 nepaneuctsa — 5 X> 4 caenyer, (uTO
x<< 2

tiy ¢ aep 4 Jlano nepasencrso - > o
aver, 4To [x>> ky, eciu 3HAKH 4uced / U B OXUHAKOBBL, U 410
LX< ky, ecan 3uakn uyncea [ M E (pOTHROIOJONHBI.

'

A3  HCro  ciae-

1) BuipmcHue «lepapencrBa NPOTHBOIOAOKHOIO CMbICAA» 03HAUALT, HTO
OLIHO W3 HEPUBCHCTB COLEPKHT 3HAK >, a Apyroe 3HAK <.

2) Ymuoxath (3 TAXWe, KOUCUYHO, ¥ XeAUTh) ofe 9YacTH HEepaBCHCTEI na
6y.1b HEeADL3N,
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§ 52. Hexoropble BawHbIe HEPABEHCTBA

1. lat-0j=<<lal+41b] 3aecb ¢ n b— npoussoavhne
JCHCTBUTENbHBIE MM KOMIEKCHbie uwucna (Ho |al, [0l M
la+ b|-—Bcerna jelCTBUTEABHBIC I IPHTOM MONOXHTCALHbIC
uncaa, cm. NI, 5w 1, 41), 1. e. m00yap cymmor ne npesoc-
x00um cymmor modyaeii. PaBencTBO HMEET MECTO TOALKO
B TeX Cayyasx, xoriga o06a 4ncad g u b UMEIOT OflMH U TOT Xe
apryment (111, 41), B yacrnocry, xorza oba 3Ti yncaa nNoAo-
RUTEABHB WA 06a  OTpHUATEdbl L.

Opumep 1. Nyctb a=-+43; b=—35.Torna a-+ b= —2;
la4-01=2; lal=3;10]=35. Vmeem 2<345.
MMpumep 2. Myctb e==4- 3, b=6-—8i. Toraa
a-+ b=10—5i; ]-(l—‘- b= V10" F (— o= )125;
lol=V#FLF =5 |b|= )b + (—8) .=10;
lal +1b1=15
Nnveen V125 < 15,

3amevanne Hepasencrso|a-+bj=I]al+4-|b| mowiio
PACHPOCTPAHUTL HA 60AbILEE UUCAO CRATAGMBIX, TAK,

ladbtcl=lal 4101 +1c)
|
2. a+&->‘2 (@ — noaowuTeabHoe uucao). Papencrso
UMeeT MeCTO TOJAbKO NpH a==1,
. - b
3 ]/ab<aj§ (@ n b— nonowuTeAbHLIE yucaa), T. ¢
c— cpedree 2eonmempuyeckoe (11, 43) 08yx wu-
cen He npegocxodum ux cpedne2o apup-
oy a-+b
7 smemudeckozo.  Pamenctso YV ab="5
A HMEET MeCTo TOJbKO B caywac a=b.
Opumep a=2 b=8 Vab=4
b -
a;g—:o; umeenm 4<<5.
Puc. 2L J10  HepaBeHCTBO  OblI0  N3BCCTHO
6oaee 2000 ner nasan. [eomerpuuccin
o1t0 oueBHIHO U3 puc. 21, rae
TR AD + DI
CD= Y AD - DB u CO = AQ =42
OGobuieHues ero ABIAGTCA Clelyloulee HEPaBeHCTBO, ycTa-
HoBacHHOe dpaHLy3cKum matemarukom Komw s [821 ro
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ay+ag+ ... +ap,

np——

4, l/alaz. Oy (uvcaa uy, ag, ... 4 Gy
noa0kHTeAbHE). PaBeHCTBO uMeeT MeCTO MWIUb B cayuae,
KOria BCE 4YUCAA 4y, G, ... , 4, PABHBL

1 1 — }
g (E + 7;) =< Vab (¢ w b nonoxurenbhnl). 3Hak
PaBCICTBA UMEET MeCTO JHINb npn a—b

Mpunmep. a=2, b=28; | ( + = uMeeMm
P
Beauunna 1 ; (}l ')_a Lbb asasercsa cpeaueil (I, 45)

smexay a u b Ona waswiBacics cpeOnell 2apMOHuHECKOI b).
Taxkum o6pason:

cpedHee 20pyOnutecKoe 08yXx BeAlYUH He npegocxodumn
ux cpednezo zeomempiiieck020. D10 CBOHCTBO 06obiaeTcs
Ha 11060¢ YHCI0 BEAWUHH, B COCAHHEHUU C HePaBEHCTBOM I 4
HMeeM:

[ |
1‘.’;(07_{_(?2_*___ )N\ l/ala»...u,l\
+avi- ... +a
. - .
6. ! al_-—:;;ng 4 tap ;(\ -'/a%—i-ag-{— ..._—i— ay
n = n
(uucaa ay, as, ..., G, NIPOU3BO/bHbLIE). T.e. AOCOLOMAHAS 8enil-

HHA CPeOHe20 apudmemudecko20 He npegocxooum cpeduee
xeadpamudecroe (11, 47). 3Hak paBeHCTBA UMEET MeCTO UMb
8 CAYYae, KOIIA @) ==ds =...= &,
flpumep. ay=3, a,=4, 0¢;=25, a3 =86.
az-+a; 9
31ech cpentee apudMeTHUECKOE €CTh ‘L’*Lf‘f—a" =

a CpejHEe KBALPATHUYCCKOC €CTh

l/ﬂFf’T“a‘- aj +a — ) g6 M % -+ 36__ V8,
/ -_— 2 b

V86
HMeeM < *—J

1) B npeBHerpeyecKoM y4eHHWn O MY3HIKa/JbHOA rapMOHHN BAXHYIO DOMb
wrpasa cpeaHss rapMonudeckas aade  aByx cTpyd. OTcwona  wassawue
((FHPMOHM‘(G(KOCD
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7. albl +.02b2 +...+anbn<
<VATEF. Ta VETRT LB

YHCIA @y, A3, ..., Oy by, b, ..., b, NPOiI3BOILHEL PaBeHCTBo

uMeeT MecTo TOJIbKO npH ap: bl .._a:, thy=...=a
Mpumep. Ilyctb a, =1, a5 =2, a; = 35; bl__—d bg_-l,

by = 2. Umeem a\b, +02b>+ Aab,=1.(—3)+2.1+4

VaFat... Fa=yIEFeEFs = )i;
VET 4. T o= V{3 + E+ 2= VId.

Umeen 9<< 130 V14

8. Hepasencrpa Il J. Ue6umesa. [lycts unucna
ay, Qs ..., Gy by, bs, ..., b, HONOMUTEIBHB,

Fean ay=San=C...<Caq, 4 b <"by<...=b, 10

ay+ust... ey brtbs 40, - aghytashot ... Fa,by, (I}
— n a

Eemt we @y =<Cay=Z...<Ca, HO b, =by>=...==5,, 10
(2_;_(12-{-,_,-}-(1”'. bl+b2+---+bn>a1bl+a2b2+n- +anb, @

n n = n
B ofoux ciyyasix paBeHCTBO MMeeT MeCTO TOAbKO TOrAa
KOrjid BCE YHCIA @y, O3, ..., Q, DPaBHB MEXILY Co6CH u
BMCCTE € TeM BCe yucaa By, by, ..., b, DaBHbl ApYyr Apyry.
Mpusmep 1. Mycrs ay=1, ar=2, ay=7u b =2,

by =3, by = 4. Torna

n n

al+az+m+an 1+2-|-7

n 3’
b1 +be 4.+ 0, —2+3+4__3.
n - 3 e
abr-Fasbe + ... +azd, 142 +2.34-744 1
n = 3 =12
Umeem:
10
3-3<I2

[Tpumep 2. Iyes ey=1, a2=2, a3=7 u b =4,
by =3, by=2. Torna

a1 +ast+az_ 10 bitbstby__q @by +ashy taghs __ o
3 - 3 % 3 ="
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Hneem o
5-3>8.

Hepasencrra (1) u (2) cioBamu uMTaIOTCA T2K:

Leau 0sa psida noaosicumenvuslx sesuqun codepaicam oou-
HAK080E HUCAO YAEHOB U 8 000UX PAOAX HAERH He YObBAIOMm
(vmt 8 o00UX He BO3DACTAOT), MO NPou38ederie CPeOHUX
apudamemuyeckux He npesocxooum cpeonezo apuremude-
cxo20 npoussederuii. Ecau owce 8 00HOM psidy drenst He
yOsl8aiom, a 8 Opy20M He 803pactiaiom, Ho umeem Mecmno
nPOMUBONOAOIHCHOC HEPABEHCINEO.

Otn HepaBeHcTBa OblANM ycraHoBaeHn B 1886 r. Beaukum
pycckum marematuroM I J1. Hebonnesnim (1821—1894). Ou xe
06o6uIMA X, NOKa3aB CAeAyloliHe HEpPaBeHcTBa:

Bomm O0<<op=ae=C...<Ca, n 0<<b =Cby<L...<l0,

VG§+ag+...+a,’§ ]/'bg+bg+...+b,§<
n —

TO0

n
< l/(atbx)g-*r(azb‘z)?n%‘.----i- (apbp)? 3)
i/‘q-x_-ag e tal 3]/1)? o3t by
n n B

3/«:1&1)3 H(agde)d LT F @byt
é -

n

(4}

¥ TaK nanee.
Ecmnwe 0 <<ay <Cay <. =0y, HO by == by = . =8, > 0
TO HMEIOT MECTO NPOTHBOIIOAOKHBIE HCPABCHCTBA.

’

§ 53. PaBHocHnbHble depaBeHcTsd. OCHOBHBIE UPHEMU
pelleHHa HePaBeHCTB

/lBa HEPaBEHCTBA, COAEPHALIHX OUHH U TE We HEeU3BECTHbLIE,
HA3bIBAIOTCA PABHOCUABHOLML, €CIH OHY BEDHBl DU ONHHX U
Tex e 3HaYeHHAX STUX HEHU3BeCTHBIX.

Tax we onpeneadercs paBHOCHABHOCTb [BYX CHCTEM Hepa-
BEHCTB.

Mpumep l. HepasenerBa 3x 4+ I > 2x 441 3x > 2x-43
PaBHOCHJbHBI, Tak Kak 06a BepHbl npu x > 3 B 06a HeBepHH,
Korma x =_3.

Mpumep 2. HepaBenctea 2x<C6 n x®<T9 ue pasHo-
CHABLHBI, TAX KaK DEHIEHHE HEPROro ecTb x < 3, a peuchue
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BTOPOro — 3 <I X <I 3, TaK YT0, HANIpHMED, HpH X == — 4 nep-
BOe BepHO, a BTOpOe HEBEPHO. R

[poirecc peneHus HePaBEHCTBA 3aKAI0Yae€TCA B OCHOBHOM
8 3aMeHe JNAHHOrO HepaBeHCTBA (WaM NAaHHOH CHCTEMBl Hepa-
BEHCTB) APYTHMH PaBHOCHAbHLIMH ). I1pH pelieHHu HepaBeHCTB
IPUMEHAIOTCA ciAefywiliine -oCHOBHeie NpHeMn (cp. III, 18).

1. 3ameHa ofHOro HhipaxeHusa NPYLHM, TOXIECTBEHHO eMY
paBHBIM.

2. Tlepenoc caaraeMoro u3 OxHOH YacTH HepaBeHCTBa
B IPYrylo ¢ mepeMeHoi 3naka Ha oOpatuuifi (B cuxy §5I1, . 3).

3. YMmHOXkeHUe WIH JicacHHe ofeux uacreil HepaBeHCTBa
Ha OJHY W Ty Xe€ YUCJOBY BeaHuuHy (He paBHYIO HYW0).
[Tpyu 3TOM €CEM MHOMXHTEIb NOJOXUTEIEH, TO 3HaK HEPABEHCTBA
OCTAeTCs TEM ke, CCIH Xe OTPHIATelNCH, TO 3HAK HepaBEHCTBA
MeHseTCA Ha npormBononoxHnilt (§ 3!, m 6).

Kaxnoe u2 3 peofpasoBanyil jaeT HePaBeHCTBO, PABHO-
CHIbHOE HCXONHOMY.

Mpumep. Mdano HepaBeHCTBO (2x — 3)? << 4x? 2. 3a-
MeHAeM JeBYI0 UacTh TOXISCTBEKHO pPaBHBIM BbIpANCHAEM
4x® —12x-1-9. [Tonyyaem 4x* — 12x + 9 <C4x?-}- 2. Tleperocum
13 npasoft vacte ureH 4x® B JeByw, a U3 aeBoll uyacti yacH 9
B 11paBY0 vacts. IMociae NpuBepeHHA NOXOSHLIX YIEHOB [OXY-~
yaem — 12x << — 7, Jleaum o0e yacCTH HepaBeHCTBA Ha — 12
npH 3TOM 3HAK HEPABEHCTBA MeHfeM Ha NPOTHBONONOWKHEI

{loayyaem peuienHe JaHHOIO HERaBeHCTRA x>i‘é‘

Yumuomarbh (a TaKkwme, KOHEUio, M AeJANTH) HEPAaBEHCTBO Ha
11yJp Hean3s. YMHOMAs HIN Neisd o6e MACTH HepaseHCTBa Ha
OyKBeHHbIC BEIDAKEHUs, Mbl 1I01yYaeM HePaBEHCTBO, KOTOPOE,
KaK [PABUJIO, HE DABHOCHABHO HCXOIHOMY.

[Tpumep. Havo pepaBeHcTBO (x —2)x <<x—2. Ecan
pa3geanth obe ero yactd Ha x — 2, noxyunm x << 1. Ho ato
HCDABEHCTBO He PAaBHOCHIBHO HCXOXHOMY, HOO, HanpuMep, 3Ha-
yenue x = 0 He yroBaeTBOPALT HEPABEHCTBY (X — 2) X <<X —2.
Hepapencrso x> 1 Toxe He DABHOCHIBLHO HCXOXHOMY, HGO,
HanpuMep, 3HayeHne x =3 HepaBeHCTBY (¥ —2)x <<x-—2
HC YIOBJAETBODSET.

§ 54. Hnaccudurauns repaseHucTB
Hepasenctsa, conepxamue Heu3pecTHbiE ReiHUNEM, OM-
pasiesAloTCs HAa aazefpaudecKue W MPAHCHeHJERNMHbE; Al
reGpanyecKne HepaBeHCTBA IOAPA3LENSIOTCA Ha HOPABEHCNIBA

1) O rpaduueckom pewenun nepaseucts cu. VI, 10,
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nepgoli, 8mopoii n T. K. cmenexnu. 3ta Kyaccudlganna
OPOU3BOMUTCS  COBSPINGNHO TaK e, Kak Ias  ypaBHe-
auit (111, 19).

Mpumep l. Hepasencrpo 3x* —2x 45> 0 aare6pan-
yecKoe, BTOPOH CTeneHH.

Mpumep 2. Hepasenerso 2% > x4 TtpancuenicHt-
Hoe.

MMTpumep 3. Hepasenctso 3x2—2¢v -} 5> 3x (x—2)
aarebpanveckoe, MepBoil CTereHy, NMOTOMY UTO OHO NPHBO-
IuTca K HepaBenctsy 4x -4+ 5> 0.

§ 55. HepaseHncTBO nepBofl CTENEHH ¢ ONHUM
HEH3BECTHLIM

HepaBeHcTBO 11€pBOJ CTENEHY € OLHHM HEHI3BECTHBIM MOXHO
(PUBECTH K BUAY
ax > L.
Peutiennem 6Gyner:

b
x>, ecan a>0,

b )
X ecan @< Q.

[MTpruep L. Peurn sepasenerse dv — 3 > 6v 4 1.
. 1
Pemenne Sx —8x >34+ 1, —3¢ >4 X< — .

fipnmep 2. Pemunts nepasenctso dx 4 2 <7 7x +-6.

Pemennpe S5x—T7y <6 —2; —2xv <4, v >—-2

Mpumep 3 Pemurs nepasenctso (v — 1)2 <Tx2 48,

. 7

Pemenne. x? —2x 4 1l <<x®4 8; —2,’C<7;;'C>~—-—‘2‘.

3ameuanne. Hepaseucrso Bupa ax -+ 5> ax -+ b
eCcThb HEPaBEHCTBO (IePBOIT CTEMeHH, ecAl d W &, HE PasHuL.
B uporuBHOM ciyuyae 3TO HCPaBEHCTBO HPHBOLMTICA K YHCIO-
BOMY (BEPHOMY HJAH HEBCDHOMY).

Mpuwmep I Jdano vepasencrso 2(3.x — 5)<<3(2x — 1) + &
Ono paBHocHABHO HepaBeHcTBy 6x — 10 <C6x 4 2, a nocaex-
Hee MPUBOAKTCA K YUCAOBOMY (TOWIECTBEHHOMY) HEPaBEHCTBY
— 10 <2 3nauut, HCXORHOE HEPABEHCTBO — TOKACCTBEHHOC,

MMpumep 2. Hepabencrso 2(B8x —5 >3 2x— 1)+ 3
UPDHBOIHUTCH K GECCMBICACHHOMY YHCAOBOMY HeDaBCHCTBY
— 10> 2. 3uaynt, HCXOANOE HEPABEHCTBO He HMEeT pe-
weuni.
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§ 56. CHCTeMnl HepaBeHCTB MepBOH cTeNeHH

Yro6el pelidTs CHCTeMY HCPABelCTB HepBOIl CTeNeHH, IHa-
XOIMM pelleHue KaWAOr0 HePABCHCTBA B OTAEALHOCTH H COMO-
CTAaBIAEM STH pelleHHs. JTO CONOCTaBaeHue nu60 JaeT pelle-
HHe CHCTeMBbl, an60 OGHAPYMXHBAeT, YTO CHCTEMAa He uMeer
peuieHHil,

MTpumep l. Pemwurh CucTeMy HepaBeHCTB

4x —3>5x—35; 2x +4 << 8x.

Pemenne nepsoro HepaBeHCTBa eCTh X <T 2, pellieHHe BTO-
} 2
poro ecTb x > . Peuienue cuctemnl Oyger 5 <X <2

[Ipumep 2. Pemnrs cHcTeMy HepaBeHCTB
26 —3>8x—5; 2x 4 > 8x

Perenne fIePBOro HepaBeHCTBA X<2; penieHue BTOpPOro

2 2
X<z Peutenne cyucremsl 6yier X<y (npu 3TOM yCHOBUHM

JICPABEHCTBO X <2 ¥ HoaaBHO GyneT BepHbIM).
[Mpumep 3. PeuluTs cucTemy lepaBeHCTB

26 —3<<3x—35; 2x 4+ 4> 8x.
Pemenue mepBoro HepaseHCTBa x >>2, pCUHIEHHE BTOPOro

2
X <<y 3Ty ycIoBEA NDPOTHBOPEYAT APy APYIY. Cucrema ne

UMeeT petlieHuit,
INpusep 4. Pemurs cUCTeMy HepPaBCHCTB
<< 16;3x + 1 >dx—43x+6>2x 17, x +5<c2x +6.
PeiteHuss [aHHBIX HepaBeHCTB OYAYT COOTBETCTBEHHO:
x<<8 x<<b, x>1, x>-—1. Conocrasassa 3T yCIOBHS,
HAXOANM, UTO MEpBble NBA MOXHO 3aMEHHTb OJHMM BTODHIM,
a TpeThe U YeTBEPTOE — OAHHM TPeThHM. Perenue cucrexu
Oyuer 1 <<x<<d.

§ 57. Ilpocreititne HepaBeHCTBA BTOPOH CTENEHH C OJHHM

HEH3BECTHBIM
1) Hepasenctno x*<<m, (1)
a) Ecan m >0, 10 peisenne ectb
—Vm<x<<Vm. (la)

6) Ecau m << 0, To pertedus HeT (KBaIpaT NefCTBRTEALHOrO
uucaa He MOWeT OblTb OTPHUIATEIBHLIM).
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2) Hepasenctso x?>m. &)
a) Ecan m > 0, 10 HepaBeHCTBO (2) CripaBefaHBoO, BO-lep-

BbIX, IPU BCeX 3HauYeHUsAX X, OOAbUINX YeM Vm, H, BO-BTODbIX,
pH BCEX 3HAYCHHAX X, MeHbUMX ueMm — P m.

x> Vmum x<— yVm. (2a)
6) Ecaw m =0, to wuepasencrso (2) CHpaBeyIMBO RpH
BCEX X, KpOMe \—_O
x>0 nan x <0, (26)
8) Ecust m <0, 10 uepaseHcTRO (2) ToXAECTBEHHOE.
f1pumep 1. HepasenctBo A% <CT9 umeer peutenise
—g <Tx<Cad.
[Tpunep 2. Hepasencrso \'- << —0 He uMmeeT peeHnit.
Mpumep 3 l.LpaBen(:TBo X% > 9 umeer peluernem CoBoO-
KYMIOCTh BCex unced, G0abIIHX yeM 3, U BCOX YKCEa, MeHbUIHX
ueM — 3. .
Mpumep 4 Hepasencrpo x* >-—9 ToxmaecTseHHoO.

§ 58. HepaBencTea BTOPOH CTENeHH C OJHHM
HeH3BecTHbIM (O6WmHiA cayuait)

PasgenB HepaseHCTBO BTOPO#R cTeneHH HA Ko3dpduuuenr
npy X% MBI lIpHBEdEM €r0 K OAHOMY H3 BHIOB
- x4 pE b g<0, 1)
¥ 4-pr+4g>0. 2)
[lepenecem cpobGonubill yieH B npaBylo YacTs # ApHGaBuM
K o6eHM YacTaM (‘l> " Tloayuum COOTBEICTBEHHD

(c+5) < ()~ )
(.\' -+ %) > (%) ; . 2"

2
Ecau o6osuauuts x 4 & uepes z, a <§~> —g uepes m, To
Mbl LIOAYHHM DPOCTCiilipe Hepasencrsa
zf<<m,
22 > (2")

IH

Peineniie 9THX  HepaBeHCTB 6bi0 MaHO B MpPENBIAYIEM
waparpage. 3Ham cro, HaitaeM pemenne HepaseHcrsa (1)
win (2).
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MTpamep 1. Pemnth HEpaBeHcTBO — 2X° + 14x — 20>0.
Pasneans o6e yactu Ha — 2 (§ 53, 1.3), naitnem x:—7x+4 10 <0,
Tlepeseca csoGoann#t unen 10 Bupaso u npubasus K obenm

b4
qacTAM (—;-) ., HOayduMm (x — —;) < %. Orciosa (§ 57, cay-
qaf} la)
3 73
—g<x - 5<3
3,1 3
tipudaBass —.}. HAXOMMM — 5 + , <X <3 —; T. e

2T x <<,

flpamep 2. Pemtntb HEpaBeHCTBO — 2x% + 14x — 20<<0.
BolOAHUB Te e npeo6pasoBaHHs, MOAYYMM HepPaBEHCTBO

2 9 )
(x-——%) > . Orciona (§ 57, cayuait 2a) HaXouM, 4TO Haiue
3
HEPaBeHCTBO CHpPAaBeNJIMBO, BO-NEPBBIX, HpH ¢ ——% >3,
7 3

T. €. [pY x> 5, d, BO-BTOPHIX, NPH x — 5 < — 5 ,T.€.0pH
<2

Mpumep 8 Peumnre Hepasencrso x* 4 6x 4 15<<0.
ﬂepeﬂocn6 cBoGonHbI yneH BUpaBo W npubasrds K obGeum

2 : .

q4acTaM (—2—) , T. e. 9, Haiinem (x 4 3)? << —6. 10 HepaBen-
ctBo (§ 57, cayuait 16) He umeer peuteHn#t. 3HauNT, He UMeLT
peulenuit W JlanHOE HEepPaBeHCTBO.

TIpumep 4. Pewrnth HepaseHcTBO X2 4 64 + 15> 0. Kak
8 npumepe 3, Hafinem (x 4 3)° > — 6. I10 HepasencrTso (§ 57,
cayyaft 2B) ToxaecTBeHHOE. 3HAUMT, U IaHHO® HEPaBCHCTBO
TOXIECTBEHHOE.

§ 59. ApudMerTHyecKas nNpPorpeccHs

JlatHHCKOE CJIOBO «MpOrpeccus» B fepeBofe Ha PYCCKuly
5i3blK O3HAYaeT ¢JIBMMEHWe Breped»; 3THM TEPMUHOM B Mare-
MaTHKe Npex e UMEHOBAIH BCAKYIO [I0CAe0BATEIbHOCTD YHcea,
OCTPOEHHYIO 110 TAKOMY 34KOHY, KOTOpPHIff M03R0JAET Heorpa-
HUYEHHO NIPOJAOMKATH 9Ty [OC/AENOBATENLHOCTL B OJIHOM Ha-
npasaeHny. Hanpusep, BO3BOAA l10CAelOBATeNbHBIE Llefbie
yucJaa B KBaupar, noayyvaem uocjielosarensHocts 1, 4, 9, 16,
25 ¥ T R; caeays 3TOMY 3aKONY, MOXHO HEOrPaHHYEHHO ce
NponoOMKUTL, Yncaa, cocTaBiasionine 3Ty NOCHENOBATEAbHOCTD,
Ha3LIBAIOTCA ce 4eHamy, B HacTofilee Bpems TEPMHUH <npo-
rpeccus» B 5TOM WIHPOKOM CMbicle HeynotpeGuTeleH; BMECTO
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5TOTO I'OBOPAT NpPOCTO nocsedosamensrocms. Ho asa npocrux
M BaWHbLIX YAaCTHHIX BHAa NporpeccHit — apudMernyeckas u
reoMeTpuyecKas — COXPAHWIK CBOe NpexHee Has3paHue,

Apudmemuseckoii npozpeccueil ra3vl8aemcss maxes no-
caedosamesbHocmy  Yucea, 8 KOMOPOW pa3HOCMb  MewHcOy
nocaedyiouwus u npedulOyuiurm YAeHuMU OcMaemcss Heus-
MeHHOO. DTa HeM3MEHHAA Pa3HOCTh HA3bIBAETCH PAZHOCMbIO
npoepeccuu,

[Tpumep 1. HarypasoHufi pap uucen 1, 2, 3, 4, 5,...
ecTb apuMeTHUeCKas ApOrpeccHs ¢ pa3HocThio 1.

Mpumep 2. Tocaenopateavnocts uncen 10, 8, 6, 4, 2,
0, —2,—4,... ecTp apudmeTHueckaa OPOTPecCHs € Pa3Ho-
CThi0 — 2.

Job6oii wren apudsemuyeckoil npozpecciils MOXKHO BbiyHC-

AuTb 110 Gopmyne
a,=ar+d(n—1)"°

(a, — nepsolfi ujxed nporpeccuy; d — Pa3HOCTL MNPOrpeccHy;
n — HOMED B3ATOFO llJleHa).

Cymma nepgotx n 4ieHos8 apudMeTHYyecKoH mporpeccuu
Bbipawaerca Qopmymao
a,t+an
Sp== P

fIpumep 3. B nporpeccun 12, 15, 18, 21, 24,... neca-
Tolfl uneH paBeH @, =12+ 3-9=239.
CyMMa IecATH nepsbiX 4IEHOB paBHA

— (al‘}‘;lo)lo — (12+239) 10 =955

S10

Mpumep 4. nymma Bcex neasix yucen or 1 go 100 Bkaio-
(14100 100
uMTeNbHO PaBHa ——5— = 5050.

§ 60. FeomeTpHuecKkasn. iporpeccHs

Teomempuyeckot  npozpeccueii  Ha3wvi8aemcss  nociedo-
6amennHOCMb Yilcenr, 8 KOMOPOU omuOwernue medcdy no-
caedyouur 1 npeduiOyujusm 4ACHAMU OCMACMCST HeU3MeH-
HblM. ITO HEW3MEHHOE OTHOLIEHHE HA3biBACTCHA SHAMEHameneM
npoepeccul.

[Ipumep 1. Uncaa 5, 10, 20, 40, ... o6pasyior .reomMerpu-
YeCKYI NPOrpeccHi0 €O 3HaMeHaTeneM 2.

Mpumep 2. Hucna 1;0,1;-0,01; 0,001 1 1. 1. — reomerpu-
yeckaa nporpeccHs co sHamenareneM 0,1,
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leoMeTpHyecKan NMPOrpeccHs HasbiBaeTCA §03pacnaower,
Koraa abcoanTHAA BEAMUNHA ee 3HaMenatean Gonblie CARHHUBL
(xax B npumepe 1), u yOu8aroueil, vorae OHAa MeHblle elu-
#iub (Kak B npumepe 2).

3aMmeuanrue. 3HaMeHaTenb NPOrpeccHd MOWeT ObiTh H
OTPHILATCABILIM YHUCJIOM, HO NPOTPECCHH C OTPHILATeAbHbIM
3HaMeHavTeIeM APAKTUUYECKOro 3HAUYCHUA HE UMEIOT,

Jhobdol 4ren ceomempudeckolt npozpeccuit MOXHO Bhiun-
cauTh 1o gopmyae

ey =mq"" h

(@, ~ uepBLil uacH; g — 3HaMeHaTe b IPOrPeCCHM; 1 — HOMEP
B3RTOIO 4aeHa).

Cymma nepsslx n 4./eHO8 T[eOMeTpHUecKoll nporpeccun
(3HameHaTeab KOTOPoH He pasen 1) soipawaetcs dopmyacit

a,q - a; ay —a_q
Sy = e 2)

g —1

nepsoe M3 BbIpawkeHuilt ygodHee Oparh, xoria mnporpeccusn
BO3PACTAIoWAan, BTOPOE — KOTLa OHA yGuipamoman.

Ecan we g==1, TO nporpeccus cOCTOMT U3 PABHbLIX 4ieHOB
u BMecTo (2) umeem: s, ==na,.

Mpumep 3. B reomerpnueckofi nporpeccun 5, 10, 20,
40, .. pmecaTnifl unen a,,=>5-2°=25.512=12560. Cymma ne-
CATH (EPBbIX YAEHOB

Cymmoll Oeckoneuno yOul8aiouell npozpeccill Ha3biBAETCH
YUCI0, K KOTOPOMY HeorpaHnyeHHO MpubanKaercs cymma nep-
BHIX N YIEHOB YObIBAIOWEH MPOTPECCHN APY HEOTPAHMUEITHOM
BO3pACTaHUU YHCAA 7.

Cymma Secoreyrolt yOniBaculell 1POrpeccun BouipaaeTcs
dopmyaoi

ay
T—¢°

Mpumep 4 Cymma GecKOHeyHOH reomerpuueckoll apo-
1

R

I T 1 L. ) 2
TPECCHH 5, Ty Fyore (a,=-2-,q=.—.7) paBH4 - =1,
)
i ! !
Toe cyMMa 5 o - i TPY HEOTpaHuueHion po3pa-

€Tanuy n Heorpanuvenno npubauxaercs k uucay L
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§ 61. OTpunavesbHble, HyJNeBOA H ApPOGHbIE NOKa3aTenn
CTEeNneHH

Bossenenue B n-10 CTelieHb NepBOHAYaAbHO MOHHMANOCH
KaK (OBTOPEHHE HEKOTOPOrO YHCAa COMHOXUTENeM n pas.
l__
C s7o#l TOUKK 3peHHA TaKkHe Buipakenusa, kak 972 wam 9 :

NPeACTABAAIOTCH OGecCMblCIeHHBIMY, TaX Kak HEJlb3ﬂ B34Th
YHCAO O COMHONKHUTEISM «MMHYC ABa» pa3za uau | 2 pa3za. Tem
He MeHee B MaTeMaTHKe 3THM BblPaMEHUAM NPHIACT onpele-

[
JeHHHIH CMbICH; HMEHHO 97% CUMTAIOT PABHLIM 9_'§=8'—l; 9 *
cuutaT pasHbM J 9% == (}/.9)® =27 u 7. . 31eCh HIPOHCXONHUT
TO ®e 06o06UeHUe NOHATHA MATEMaTHUYECKOro AeHCTBHA, KaKoe
coBepIlaeTca B MaTeMaTHKe MOCTOAHRO; HPOCTeHMWINM H CaMbln
paHHIM o6obuienrem Takoro poia 6b10 ocGobuieHune aeiicTans
VMHOMEHHA Ha cayyait gpoGHoro muoxureas (cm. i, 20).
Mo3HO 6b110 Obl BOBCE HE BBOAWTH HH APOGHBIX, HH OTpuua-
TesbHblx creneHell. FHo roapko rtoraa npumsoce 6bl 3azauv
ONHOTO W TOro e pOAa pemath He MO OJHOMY MNpPaBMAY,
4 C fIOMOLibI0 MHOMECTBA PasJMYRBIX NpaBua. 3ajauH, O Ko-
TOPHIX MBl [OBOPUM, MNpPHHAAJIEWAT MOYTH BCe K BLICIUEIH
MaTeMaTHKe, [03TOMY MHOIHX KOHKDETHHIX NPHUMEPOB Mbl NIpH-
BeCTH 3jech He MoxeM. Ho oasa M3 atux sajzau moxpobHuo
M3Y4aercs B 3JEMEHTapHOH MaTeMaTHKe — 9T jorapadmupo-
panne (cM. § 62). 3ameTuM, uTO TEOpHUA Jorapudmos, KoTOpas
cejluac HepaspoiBHO CBsi3aHa ¢ o60CHIEHHEM NOHATHA CTEMeHH,
B TeyeHWe Neloro CTOJETHs 10Cae ee OTKPLTuA (Ha pyéex(e
16 .u 17 BekoB). ob6xoxuaach 6e3 jpoGHOoro u OTpHila-
TeAbHOro [10KasateneHl crTemeHH; TaK e o6CTOANO Jeno
€ 3allayaMy Boicllell MAaTeMaTHKH, O KOTOPHIX Mbl YIIOMHHATH.
Jlume B KoHue 17 BeKa C yCHAOXHEHHEM U pPOCTOM YHCIa
MareMaTHyeckyx 3ajay HOABHAAChL HACTOATeaLHaA HeoOXOJn-
MOCTb B 0606LieHHH MOHATHUA CTENEHH; B 3TOM HANpPaBICHHH
H NOIIH HEKOTODbie YUeHble; B OKOHYaTeILHOH dopme 3To
cuenan Hoproton.
OmnpeneneHHe OTpHuaTeNbHOH cTenenn'). Cmenens
KaK020-Au60 uucaa ¢ (Yeavtr:) OMPUYGMEsbHbLM nOKa3ame-
AeM, 10 onpedeseHuwo, ecmbp eQuHUYa, ~0eACHHASL HA chle-

1) Tepmunamp «OTpHLATEALHAS CTeneHb», <HYJeBas cTeneHbs A «ApoG-
HaR CTENeHb» Mil HA3biBAEM COOTBETCTBEHHO CTENEHH C OTPUIATE.bLHbIM,
HYJAEBbIM ¥ JPOGHLIM NOKa3aTeAnMH,



230 11, ANNrEEPA

neHb MO20 dife HUCAQ ¢ NOAONCUMEALHMM NOKA3ANHIENEM,
8EAUYUARA KOMOPO20- paBHa aOCOAIOMAKOR 8eltdiine OMpulas
MeAbHOZ0 nOKa3zameas, T. €.

M=,
a
1 1 3\ -2 3V 16
[ U I ° —1s (2} =16,
Opumepn, 2 == (4) _l.(4) =4
— . 1

(==l =—gur
PaBeHcTBO ™™ =]1:4™ oCTaeTca CHPAaBEIAUBLIM KaK J1is
TI0M0XNTENbHOTO YHCHA M, TaK M 1aa oTpHuateannoro. Ecay,
panpumep, m=—=5, 10 — m Oyner paBHo -+ 5, ¥ Hama Gop-

. 1
MyJaa 6y}1€'f HMCTb BHI ll"=‘—i—_§, 4To coraacyercsa € Bblllle~

fpUBEeHHbLIM ONpejeaeHueM.

JeiicTBua C OTPHHATeNbHBIMH CTEMEHAMH MONUHHALTCA
BCEM INIpaBHAaM, MMEIOWHM CHAY Xt NOJOMUTEIbHBIX CTCNE-
Heil. Bonee Toro, aump nocie BBeXeHUA OTPHUATEABHBIX CTe-
neHcit npaBuiaa JeHCTBUH HAL NOMOXKHTENbHBIME CTENEHAMH
11pHo6peTanT BCIO OGMHOCTD.

Tak, dopMyna a™:a®*=a™" (cm. I, 25) teneps Moxer
6biTh NMpHMEHEeHa He TOJAbKO K CAYYaio m >n, HO U K Cay4ano
m<n.

Mpumep. a°:a¥==a%t=4a"% [eficTBUTENBHO, COMIACHO

1
ONpeleaeHnIo 878 ==, TaK NuTO pAaBEHCTBO &°:g°= g~
as 1 . N am-n
03HAUALT 5 == —7. Yrolsl popmyra a™:a=a™" obnazana

ofMHOCTbI0, HYWHO, 4ToGH OHA COXPaHANA CHUAY M TOCXA,
Korja m==n; LI 3TOTO TPHMEM Clelyloiee onperenieHue,

Onpenenenne HyJdeBOH CTeNeHH. fIynesan cmenens
8CAKO20 HiicAa, OMAUYHOZO OM HYAs, eciib eQuruyat).

2\0
0 1+ 0ele [ 2NV — 10 b ¢ 5 oeu

Dpumepn, F¥==1;(—3)°=1; ( 3) =1; a®: o=
=a'=1

Onpenenenne ppobuoli crenend. Bo3gecmu 4icao a
{neficTBuTeabHOR) 8 cmeneHs %——.swawzm ussreds Kopews

n-ii cmenenu u3 m-ii -cmenenu qucaa 6. O ApOGHBIX CTENMEHAX
xoMmiekcHblx uncen cM. JII, 48,

1) Bupawenue 00, kax o Boipawenne —g— (11, 23), neonpeaencuo,
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2

lpumenp s 93= V9% =27;

2
]

@) =@ V-8

3 % =3 = V24321558,

3ameuvanue l. OcnoBanue @& MOXKHO 6nao 6ni 6pate
4 OTpHUATEALHBIM, HO TOrKA ero ApoGHhe CTEMeHW MOTYT HE
OnlTh XeHCTBHTENbHEIMH uyucaamu. Hampumep,

(—2)Z =V (—2p=V—-38.

Kopenn 1/—8 He MOXeT OblThb JMEHCTBHTENbHHIM YHCAOM.

B anemeHTapHO MaTteMaTHKe OOLIUHO paccMaTpuBaTCa
TONBKO [MOJOXUTENbHEE OCHOBaHMA IPOGHEIX CTeleHeM.

3amevannue 2. UYro kacaerca caMux mokasatenef, 1o
paccHaTpPUBAIOTCA KaK MOJOXHUTeNbHblE, TAK M OTPULATENbHbLIE
IpoGHble MOKasaTenu; OTPUiATedbHble MOKa3aTeld He MeHee
BaXHbl, YeM NOJOXHTeabHble., [lasd oBmajenus jorapudmuue-
CKHMH BbIYHCIEHUAMH COBEPLIEHHO HEO6XOIMMO Ha BO3MOWKHO
GoabuieM yHclde YNpawHeHHH YeTKO YCBOMTb CMEICA OTpHMULa-
TeJbHbHIX W APOGHBIX noxasareneﬁ

8

Mpumepsn. 9 F=1: 9 ._-2

»

@)= () =
~92k 2L

3 "=1:3"° ——-~V——~~00642

C BpejgeHneM JpoGHbIX MoKasaTelell npaBuma peficTeuft
Hal CTeneHAMH HE NOABEPraloTCs HUKAKUM H3MEHCHUAM. Tal(.
0CTaeIcA B CHAe q)opmyna am. g =a™t" yu ap.

5 2
“7 T T_1/7
Mpumep. a’ . =a OeitcTBUTENLHO, @ =V a¥

3 3
-3 . 2,
a " =1:V % a’ = Ve 1ak uro HamIa 3anyuchb O3HAYAET
PO |
Vv a“;‘/——_= V a2, uto Bepro (cm. lII, 26, npasuno 4).

ald
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§ 62. CymnocTh norapHgMHYECKOro MeTORa; COCTaBlenne
Tabauubl norapHpmMoB

YMuoxcuue, AeieHne, BO3BEJCHHE B CTenelb B U3BNeyeHue
KOPHA—IeficTBHA, ropasno 6onee TpyaveMKHe, YEM CIOXEHHE
¥ BhluMTaHHe, OCOGEHHO TOrAa, KOTAA HYKHO NPOA3BOLUTS Neil-
CTBHS C MHOFO3HauHBIMI yucaamu, Hacroareasnan notpeSuocts
B TaKWUX JAeMCTBHAX BrepBbie BO3HUKiIA B |6 BeKe B CBA3M
¢ pa3BUTHEM AATbHEr0 MOPENJaBAaHHA, BLI3BABIIHM YCOBEPILEH-
CTBOBAaHHE ACTPOHOMHUECKHX HaGaoleHuilt u Belunciaenuit. Ha
NoYBe AaCTPOHOMHYECKHMX PacyeToB M BO3HMKIM Ha pybexe 16
u 17 BexoB soraprdMuyeckue BuiYHCIEHH:.

B Hacrostlee BpeMs 3TH BHIUHCIEHHA NPUMCHAKTCA 1O-
BCIOLY, e NPUXOJAUTCA UMETh 1€10 C MHOrO3HAUHBIMHA YHCIaMH.
OHH BHLIFOAHBI y¥e UpPH NeRCTBHAX C YeTLIPCX3HAUHLIMH. WHC-
JaMM M COBEPUIEHHO HEOOXOAMMBI B T€X CAy4anX, KOrla rou-
HOCTH JOMKHA LOXOMUTh [0 MATOrO 3Haka. Boabillad TOYHOCTS
Ha 1IPAKTHKE TPEGYeTCT OUCHb PeilKo,

LleHHOCTL JorapuMHUeCKOro MeToa COCTOUT B TOM, 4TO Ol
CBOJNT YMHOXKEHHE W feJeHHEe uHCeA K CIOKeHHIO W BhiuuTa-
HUIO—JeHCTBUAM MeHee TpyZoemiXuM. Bo3BeileHue B cTeneHb,
U3BJEYEHNE KOPHA, a TaKKe U PAL APYTUX BeIYUCIEHH (Haupu-
Mep, TPHIOHOMEeTPHUYECKHX) TaKxe 3HauNTeabHO yIpPOILAIOTCH.

BuIicCHUM Ha npuMepax HIeK MeToja.

Mycty Tpe6yerca nomHoxutb 10000 na 100 000. Koneuno,
Mbl HE CTaHEeM BHLIMOJHSATE 3TOrO AefiCTBHA MO CXEME YMHOM EHNY
MHOIO3HaYHLIX uHceld. Mbl IPOCTO COCYHMTAEM UHCAQ HyJel
B MHOXHMOM (4) B MHOXUTede (5), CAOXKHM 3TH uuCHa
(4+5=9) n cpasy nanumem npoussesenue | 000000000
(9 nyxaefi). 3aKOHHOCTb TaKOro BBIYHC/ICHUA OCHOBAHA Ha TOM,
YTO COMHOXUTCIM CYTh (1edwle) cTeneHn uncaa 100 MHOXUTCH
104 na 10% npu 3tom wnoOKa3aTean creneHeil CKAALLIBAOTCA.
TOUHO TaK K€ COKPaLIEHHO BLIMOAHAETCA M ReJelne creneneit
JecATH (IeneHME 3aMCHAETCH BhluMTanuem nokasateaeit). Ho
TaK MOXHO 1eIHTb ¥ YMHOXAaTb JHIIL HEMHOIME UYUCIa; Ha-
nIPUMED, B Mpelenax fiepBoro MHAAMOHA MOXCHO 6paTh (He cun-
tan 1) auwip 6 uncen: 10, 100, 1000, 10 000, 100 000, 1 600 000.
Uncesa, nonyckaownx nonobHoe yMHOXeHHE U leaeHue, 6yner
ropasno Goablue, ecan B3stTb BMmecTo ocHosanus 10 npyroe,
6oxce 6mu3koe K 1. BoapMmewm, Hanprumep, ocHoBaHue 2 M cocTa-
BHM Tabauuy ero mepsnix [2 creneneil.

noxKasarenp

cTenenn

(norapudm) 1 2 3 4 5 6 7 8 9 10 i1 12
crencHn 2 4 8 16 32 6f 125 256 512 1024 43 4086

{HHCI0)
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Yucaa, crosmue B BepxHell crpoke (noxasatean creneeft),
Ml Oyien Temeph HasblBaTh £02apudMarmu, a YKcaa, CTOAUHE
B8 HIDKHeR CTpoKe (CTeneHu),—~—1pocro yucaamu.

Y10661 16 peMHOXHUTD KaKHe-1160 1Ba yucna HIKHeR CTPOKH,
NOCTAaTOYHO CAOXHTh ABa YUCHa, CTOAUMX Hajg HuMHK. Hanpu-
sep, utobul HallTH npouspesenve 32 u 64, CIOXHM CTOAUIHE
nag 32 v Haja 64 uyucaa 54 6; 546==11. [Tox uncaom 11
Haxofium peavabtar: 2048. Utobnl pasgeants 4096 na 256, Bo3b~
MeM unucaa 12 u 8, croslive Hax HUMH; BuiukutaeMm: 12—8=4.
Mox uucaom 4 Haxoaum otset: 16. Ecan npoxomxuth Tabauuy
BACBO, BBEAA HY/JEBYI0 W OTPUNATEABHYIO CTENCHU 4ucaa 2,
TO MOXHO OyeT BHIMOJHATE M NeJeHHe MeHbIUWX YHCea Ha
Goantune.

Xors cpenm cTeneHefl yucad 2 ropasno meHpuie npoGenos,
yem cpeiau crenedeft yucaa 10, Bce xe B HUXHell CTpOKe Haled
1aaulibl HeT oYeHb MHOrMX yucen. [losTomy npaktHueckoro
3HauychuA ¥ 9Ta Tabauua He MowxeT uMeTh, Ho ecau 3a ocHo-
BaHHE B3siTh YUCIO, ropadio Goaee 6au3skoe K 1, ueM uuciao 2,
10 3107 geheKT OymeT yCTpaHeH.

{lpusem, HanpuMep, 32 ocHosanue uyucao 1,00001. B ape-
fenax memay | n 100 000 oxaxercs cBhiure Munanosa (1 151 292)
ero nocieoaTedsHuix crenenedl. Ecay mul okpyranm 3Haue-
HHA STHX CTeneHed, COXDAaHMB Jxllb IUECThb 3HaYawux uudp,
TO cpegy MHIIHOHR OKPYTAEHHBIX DPe3yJIbTaTOB OKaMyTcs BCE
ieaple wucaa ot | po 100000, [Npasna, 310 6yayT aumb npu-
6aneHHble 3HAYeHUs cTeneHeft. Ho tax xax npu ymHOMeHuu
W JleNcHWY (IATH3HAuHBIX [eABIX uuced Hac OyAyT HHTepeco-
BaTb TOJAbLKO liepBble Tb 3HAKOB pe3yabrara, TO COCTaBlCH-
#pte 1a6adibl 1{03B0AAT [EPEMHOXATH, [eNuTh ¥ T. K. (ATU-
3HaUYHble Leabie YUcaa, a c1eJoBaTelbHO, U IeCATHUHbIE 1poby,
uMeloue NATh 3Haualux ungp.

ViMenHO Tak M 6blay cocTaBieHu liepBole Tabauilb gora-
pudmos 1), Buiuncaenve ux norpeGoBalo MHoroaeTHe#t nHeyrto-
MUMOH paboTel. B HacTosnee Bpems MeTogaMH Boicilel Mate-
MaTUKU 3Ty paGoty mor Obi BBHIIOAHMTL KaWiblfl B TeucHue
Kakoro-aubymp Mecsua. Tpucra et Hasal 3TOMY HYXHO Obl1o
NOCBATUTL BCIO ¥u3Hb. Ho 3ato B0 MmHOro pas Bospocaa
NpOUIBOAUTENBHOCTb  TPYAa MHOLMX  THICAY BHIYHCAHTE-
nefl, (07b30BABIINXCA a3 HaBCerna cocrasieHHeiMB Tabau-
1namu,

1} UIBeAuapuem Biopru (ok, 1590 r.); HeCKOAbKO mosaHee HE3ABUCAMO
ov Hiopru Gblav cocTaBaeHbi TaGanuy gorapudmon woraananem Henepow,
koloppit Opan 3a OCHOBAHME wWCAC, OYeHb GAN3KOe K eAvHWUE, HO MEHB-
wee YeM eavuuua. Biopru ony6aumkosas croto pabory 4Mwb 8 1620 r,
panbwe (8 1611 vy noamirancy 8 €BeT rtaGauan Henepa,
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B mactosmee spems B Tafauuax aorapumOB KAameTca
B OcHoBanue uucao 10, 4TO AaeT PAN BHIMHCAHTEALHHIX rrx_})e-
MMYILeCTB (TaK KAK Hamia HyMepaius — RecsatuuHas)., [lpu
9TOM QA NOAyueHRA LeanX YHcea npuxoautcs 6path Opos-
Hele crenmenu yncaa 10,

Jlorapum HekoToporo uucaa {1pn ocHosanuu [0 Hasm-
gaerca ero decsamuynoim ro2apudsom. CoctaBieHne TabauLbl
necaTHUYHbIX AorapudmMoB He fpeacraBaseT 0co6bix TPYHHO-
cTelt, ecan yxe cocrasacHa tabauua nmo ocHoBaHuio 1,00001.
lleficTBUTeNbHO, NYCTb Mbl XOTHM Hafttu AeCATHYHLLE n10ra-
pudm uncaa 3, T. €. TOT 00Kaszareds CTEUEHH, B KOTOPYW
HyxHo Bossecty 10, uyro6m noayyuts 3. M3 tabauus uo
ocHosaHuio 1,0000] b waiinewm:

10 == 1,00001 30 8
3= 1)00001109 861

i
Bossena obe uacry I€EPBOro paBeHCTB2 B CTelleHb 930 258¢

nafizem: 1,00001 == 1011:=30 258, po3romy BTOpOE paBeHCTBO
fIePENMILETCA B Brge 3am [Q1109 861: 230 28 1 o jecaTHYHHI
aorapupm wncaa 3 ectb 0,47712. Togobunim e ob6pason
MOXHO HalTH HCCATHUYHbIE JOrapumbl 1 OCTaIbHBIX yuced ),

§ 63. OcHoBHble cBOHCTBa NOrapHPMOB

Jozapugpmosm uucaa N no OcHOBaHuW a Ha3blBaemcs
noKazanieds CHMeneHu X, 6 KOMOPYW HYNICHO 8038ecnu g,
4modet noaydums 4ucao N.

O6osnavenue: log,N==x. 3anuce log,N=1x cosepuenno
pABHO3HAYHA 3a0ucH a¥ = N.

Mpuw elp bl jog.8 =23, Tax IKaK B=25; log,lgl 6= —4,

-4 ) . 3 __
TaK KAK <§) = |6; Iogw (§> =3, TaK KaK (5) = 3.

W3 onp-neaenust aorapudpma BbiTekaeT Cheiyoulee TOXde-

CTBO:

alogaN =N.

1y Waen coctapienus Tabanup! ReCATUUHLIX A0CAPUPMOB HPHBADACKHT
Henepy ¥ e¢ro coTpyasuky aunrauwuasvny Bpurry, Ouu cosmectso nadasm
Faﬁory no gepecuery apewxuux Tabaun Henepa ua Hosoe ocuosanve 10,
locae cmepr Henepa Bpurr upogoaxua u 3akoHuMa 3Ty paGoTy (oa
onyGaukoBaz ee nodHocTbio B 1624 r.), [losromy necatnudnie norapudmut
Ha3bIBAIOTCH vliaYe Gpuzeogumu. JlpoGHble CTenenn 8 TO Bpems eiue He Obiau
NpUHATH B MaTemaTuke, Ho Henep # Bpurr ofxoanaucs Ge3 vux, Tak Kax
noHATHIO JAorapidiMi OHK  aBAAW Onpedenedve, HeCKOAbKO QTJHYAKUIEECH
OT HbIHE NPUINTOrQ,
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Npumepw, 2988=8 1 e B=8 598525
108N =n1),

Yucna a (ocHosanue nozapupma) w N (4ucno) MOXHO
Opath neaniMd M JPOOHBIMH (CM. IIpHMEDHI), HO HempeMeHHO
NOJOKHTEAbHHIMY, €CAH MBI XOTHM, UTOGb! Aorapupmbl Gblau
JedcmeumesoHbLMY YNCIAMH.

Camu e norapuduMbl Moryt GbiTh U OTPHUATENbHb, OM-
puyameasrsie A02apudMbl CHIOAL JHCE BAJCHBL HA npaKmuxe,
Kax noaocuinesrsie.

Ecnu 3a ocHoBaHne norapudMoB B3ATH uKMCa0, Gordbluee
exnnuibl (HanpuMep, uncao 10), to OGoabliee YuCAO HMeeT
Gonpmuit norapudm. Jorapudmel umcer, 66IbIIAX eXUHRUHLI,
MOTOWUTENbHbl, MEHbHINX €IHHMILB — OTpHnaTeabybl, Jlora-
pudM emvHHUB TPH J1060M OCHOBaHMM paBeH Hymo. Jlora-
putbM yucia, PaBHOTO OCHOBAHUIO, BCerga ectb | (B aecATHY-
HuX norapudmax 1g 10=1)*).

Jozapugr  npousgeleqiss pasen cysse A020pUPMO8
COMHOMCUMe LT

log (ab) =log a - log b.

Jlozapudm wacmno20 pasern aozapuday deatinozo 6e3 A0-
2apuma deaunens:

a
log + =log a —log b.
Jozapupm cmenenu pasen npoussedenuwto noxasameas
CMeneHl Ha n02apudsm ee OCHOBAHIS:
log a™ = m log a. -

Jozapubm KopHs pasen yacmuomy om OeneHus 102G~
pUPMa NOOKOPEHHO20 HUCAA HA NOKA3AMEAb KOPHSI:

m
log Va =252

m
1

m —
(caenacteue npensiayumero csoficrsa, noo ]f(;=a”’).

’

1) 3nakom [g 6e3 yxkasaHRA OCHOBaHWa ©O0o3HAYAETCR RECATNUULIT AOTa~
pudyM; 3HakoM log Ge3 yKa3aHHA OCHOBAHWA—/OrapudM 10 NPOU3BOALHOMY
OCHOBAHUIO (B Npefenax OFZHOM (opmyas! 3TO OCHOBAHHC MLICAHTCS OIHMM
W TeM XKe), :

2) Yucno @ He JOMKHO PABHATHCH eNHHUIE; WHAYE ¥ WHCeH, HE PABHBIX
exuHile, copcem He Gyaer jorapudma, a A48 eXUHHLBI BeaKoe wicao Gyper
norapudxom, .



236 111, AITEBPA

Mpenocrepemenne, JlorapupMm cyMMwm He pagen
cymme Jorapudmos; Heas3s BMecto log(a-}+5) uucaty
log @ -+ log b. D7a omn6Ka YacTo HesaeTcA.

fiponorapndpmMuposats HeKoTOpOe BHPaXeHHe — 3HAYHT
BLIDA3UTh €ro Jorapudm yepes norapHmb BXOAAIUX B 9TO
BbIpaXeHHe BEIAHUHH,

Mpumepn dAorapudmMupoBafHysa,

1) log 2 = 1log (2a%bm™ /%) ==log 2+ 2 log a -+ log b—

3/"“:
1 me=

2 ) 14,352.7/0,20600 _

— g logm  2) X =i mTiE g x=1Ig 14,352}
+ 5 1g 0,20600 — 1g 185,06 — 2 1g 43110.

Vimen Tabauuy necsTUYHbLIX JorapndMOB, Haiizem [0 Hei
lg 14,352, 1g 0,20600 u 1. 1. u BbluMCAMM NPaBYO 4acTb Ha-
iero paeeHctea; sro Gyaet lg.x. [locae sroro no rtabauiie
HafigeM uncno x no ero dorapugpmy. MNoapobuee cu. I, 67--70.

§ 64. HatypaabHble JOrapH@Mbl; YHCAO €

Jla9 MpaKTUYECKOro ipuMeHeHust HauGonee yaoOHEIM OCHO-
BaHnueM norapudmos asaserca uyucao 10. Ho gna teopernue-
CKUX nccrefoB3Hui Haubonee NPHIOIHO JIpyroe OCHOBaHHe,
HMEHHO uppaunoHaabHoe ykcno e = 2,718 281 83 (c TouHoCTBLIO
A0 BOCHMOTrO JIeCATHYHOrO 3Haka). IToT MopasutedbHblll Ha
flepBbI B3rafl (QaKt [MOJHOCTLIO MOXKHO Pa3baCHHTb TOIbKO
B BbICIHEH Matemaruke; 31ech Mbl I[IOKAKeM JHINL, OTKYJIa
370 wucao nossasercs. OHO HaXOAMTCA B TECHOI CBs3H C TCM
CcnocofoM BHIYHCICHHA J0rapu@MoB, KOTOPLIE Gkl OGBACHCH
B § 62. Korza Mul 6epen 3a ocHoBanue uycno | 4- -;}, 6auskoe
K enuuuue, HaupuMep 1,00001 (rn= 100 000), vo aaa HeGonb-
HIUX YHCen NOMYYalTCA OrpPOMHBIEe Jorapudmsl, Hampumep
yucno 3 umeer Jaorapudm 109 861. Uro6m 3stor aMorapudm
Gula BCAHUMHON TOrO e 1OpsiKa, YTO W caMmoe 4ucao 3, oo
caej08a10 Gsl YMeHbIINTL B n==[00 000 pa3. Torxa oH umex
6bl- Beanuuny 1,09861. Yucao 3 6yxer umers aorapudym 1,09861,
ecii 33 OCHOBaHME B3fiTh HeE

L L =1,00001, a (14 ) " =1,00001 100 000

Je# CTBHTEJALHO, MBI HMECM!

3=(1,00001)10¢ 861 =1 00(O0] 100 000.1,00561 —
= (1,0000]100 000y 1,0055%
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Ecay  mun Buiuucaum  Beamunny  1,00001t00000 15 o
TOYHOCTBIO JI0 BOCBMOIO JNeCATHYHOIO  3laka  Haiimem:

(1 +%) " == 2,718 267 63 (1= 100 000). 10 uncno yxe oueis

6IN3KO K YHCIY €, OHO WUMEeT OIVWHAKOBLIE € YUCIOM & nep-
soie 0ath nudp. Ecan 66 mbl flosoxuau B ocHOBaHHe He
1,00001, a ewie 6oaee 6au3koe k 1 wucao, nanpumep 1,000001,
1. e. B3aan Ount n==1000000, To, paccyiwnas 71aK xe, Kax
npe:kne, Hammy 6bl, uro emle Gonee yioGHLIM OCHOBaHileM
6yner:

(1) " = 1,000001* 000 awo

IT0 uHCAO € TOYHOCTBLIO 10 BOCLMOLO 3HAKAa DPaBHO
2,71828047. Ono wumeer TC e nepBpie HIeCTh uudp, uto
4ucao e, @ B ceIbMOll uudpe pasHUTCR JUIIb Ha eanHuy.

t
Uem Gosble B3ATL YMCJIO 7, TeM MeHblue WHCAO (l + ;> "

Gyier oTAMuYatbca OT uYHcaa e. Vlnave rosops, 4qucao e

1
ecmp npedenr, K KOMOPOMY CMpemMuines (l -+ ;) " npu  ne-

O2POHUYEHAOM 803pacmarull n. 10 U ecThb onpenearenue
4ucaa e.

! : 1
Mui Buneau, uTo ocHoBanHe | ~+ -, @ 3HaUNT, ¥ (1 + ;} "

TeM TOYHEEe [03BOJAET BHIYHCAUTL JOTApHPME RCEBO3MOMHBIX
yucen, yeMm Ooabuie ypcao n. EcrecTBeHHO OWHAATHb, YTO
HanGonee ynoGHoIM 1aa Tofi we uean OyreT npeien, K Ko-

I\ n
TOPOMY CTPEMHUTCSH (] -} ;) npy HEOrpaHHYeHHOM BO3pa-

cTaHun n, T. e. upcao e. Tak w ecTs 8 aeficTBUTedb-
HOCTH. Bbluncnenue sgorapudmoB 10 OCHOBAHUIO & COBEp-
maercss ObicTpee, uYeM 1O BCSAKOMY IPYroMy OCHOBaHHIO.
Cnoco6r 3TOro BHIYUMCAEHHS H3NAraioTcs B Bhicimell Martema-
THKE.

CaMoe UMCAO € MOXHO BblpasduTh NeCATHUHOR Ipodbio
¢ noGoil cTeneHbIo TOYHOCTH; B Ta6aUIaX MOXHO HAHTH Takue
npubanAeHnble 3HAYEHNs e, KOTOPbie [0 CBoell TOYHOCTH mpe-
8OCX0oAAT M0Gble NUPAKTHYECKH BO3MOWHBE Tpebosauna. C
OJHOH e TOUYHOCTLIO HHCHO e HH NeCsSTHYHOM, HM Apyro#t
palHonaabHoil 1pobLio NpejICcTaBuTh iIeBO3MONHO, Boee Toro,
YICHO € He TOJAbKO HPPALMOHATHIIO, HO ¥ TPAHCHECHAEHTHO
{cm. UL, 27),
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Jloraprdmel, B3ATHE MO OCHOBAHUIO €, HA3HBALTCA Hamy-
PosbHuiMu norapudmamd. YacTo HX Ha3HBAT (HCTOPUYECKH
Hengaamxbﬂo) HenepoBHMH 1),

6o3HaueHue. Bwmecto log,x npunaro mucarh lox
(382K In ecTh coxpauleHHe CJOB <JIOrapu(pM HaTypanbHbiil»).

Mpumep. In3=1,09861.

Ymobe. no wussecmuomy Oecamuunomy ao2apudmy
yucaa N Aaimu e20 HamypaavHsili  A02apudm, HYHCHO
pasdeaums Oecamuynulii ao2apudm 4ucaa N Ha Oecamud-
Kol sozapudx yucaa e (nocresuuit pased 0,43429,..):

_lgN __ 1gN
In N—'T;ﬁ’ N i 2,30259 1g N.

Beanunna Ig e =0,43429 nasuiaerca Modyaesm Oécsamuy-

HeLX a0zapudmos w oGoznavaercs wvepes M, Tax yro

n N=;—41g1\7 ).

[Ipumep M3 TabaHUE DecATHUHBIX JOrapHPMOB HMeeM:

1g 2=0,30103. Orcrona
In 2 = 1+ 0,30103 = 0,69315.

Ymobp. no  uszeecmuoMy HAMYPAAbHOMY  ao2epudmy
yucaa N Halimu e2o OecsimuHHblil 1020pUBM, HYIHCHO no-
MHONCUMD HamypaisHulll rozapudm Ha medyas Oecamuu-
Hblx aozapudrmos M=1g e:

lgN=1Igeln N==M In N=2043429In N.

1) OcnoBannem, KOTOPbIM DarTHYetkn noab3osaacn Henep, 6bu10 wueno
1 —0,000000]. Ecau 6bl MBI 3axoTenu Bce aorapudmel TaGauust Henepa
ymenpmnTs 8 10 000 000 = 107 paa (cp. npumecp, pa3oSpauubiii Buime), To 3a

ocHOBaHMe NOJKHLI Oblan Gul B34TH 4HCAO l—k~> , rae k=107, xoro-
poe MowHO 65170 Gbl yC10BHO Ha3BaTh ocHoBanven 1afauun Henepa. Ho sTo
HHCAO OTHIOL HE PABHO UHCAY € (OHO O¥eHD MANO OTMHYAETTR OT WHCAA —

2) Jlasnbie Snech NPaBUAQ nNepeXoRra OT HATypatbublx Jorapudmos
K XeCATUYHBIM ¥ ofpaTHO mnpeacTaBiImoT cofofll wacTHele Caydad OOIIHX
hopuys

IOgaN== log, N-log, bi log Ne=—-2 .

nossoasiomuX nepefiTn or aorapndma urcaa N no ocsosanmio b X mora-
pudMy TOro e uucaa o QcHoBaHW0 a, Bropas dopmyas npu N==» naer.

IOgaszE;—;Ta'
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Npumep. In3==1,0981 Orcwoas lg3=M-1,0086] =
= 0,47712.

1
as obaerveHusn ympowenua Ha M 9 Ha i cocrasnsoten
1
tabauub, coaepwauivie nponssenenus M wu 5 Ha BCe onHo-

3HAUYHBIC HAW HA BCE ABY3HaUYHLIe MHOXHUTEIN, 3nech HPpUBOIAHTCH

i
Tabaua yMHOKEHHA M W o HAa ONHOBHAUHBIE YUCIA.

i 1

% Kpatune M E KpaTthole —lM i
[ ] 043429 i 2,30259 |
2 0,86859 | 4,60317 |
3 1,30185 ’ 890775 |
4 | 173718 ! 9,21034 ’
5 2,17147 | 11,51203 ,
6 2.60577 : 13,8151
1 304006 16.11810 \
8 347436 18,42068 |
9 3.90865 20,72321 l

§ 65. JecaTuunbie gorapHudMbt

B nanvueiliuem mecATHuHbI Jdorapudy umedyeTcs npocTo
norapupmom.

Jloraputdy ennHub paBeH HYJIO.

Jlorapugmer wucea 10, 100, 1000 u T. x. paBnw 1, 2, 3
A T. I, T. €, HMEIOT CTOJbKO MOJOXHTENbHBIX €IHHHI, CKOJIbKO
Hyneft CTOMT HOC/TE EIUHHIbL

Jlorapupmbt uncen 0,1; 0,01; 0,001 u 1. n. pasum —1,
—2,—3uT A, T e UMEOT CTOJbKO OTPHIATENbHbIX eNHHHIL,
CKOJIbKO HyJell CTOHT fiepell ennHNNeH (CYHTAA U HYJb LEABIX).

Jlorapumbl OCTaabHBHIX yHcen HUMeT IpofHYI uacTh,
uMeHyeMyio smarnuccoi. 1lenan yacte aorapudma HasbiBaeTcs
xapaxmepucmukod.

Uucaa, 66abiine eXHHHUIB, UMEOT NOJOXUTEeNbHblEe JA0ra-
padmbt. TTogoxuTeabHbLIe YHCAZ; MEHbIINE eNUHMIE 1), HMEloT
oTpHUaTeNbHBIC JOrapHpMbl.

Hanpuwmep %), 1g 0,5==— 0,30103, 1g 0,005 = — 2,30103.

1) OrpuyarteabHble YUCJIA BORCE He UMEIOT ReilCTBATEABHLIX Jorapuduon,
2) Bee panpueiimme paseicTsa — npUGIMKEHHBIE € TOYHOCTBIO X0 [O30.
81HIb EIVHIYL! pOCAEgHEer0 BLINWCAHROTO 3HAKa.
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OrpunarteabHoic aorapudmsl 1ar Goabliero yno6CTea ua-
XOXIEHHA Jorapidma Mo YuCay W YHCIa 1o gorapuMy npej-
CTaBJIRIOTCA HE B BhILENDUBEREHHON <ecTecTBeHHOl» Qopwe,
a B «uckyccreennofi». OTpuuareabHblil Jorapuds B HCKyc-
CTBEHHON (DopMme UMeein NOLONCUMEAGKRYIO MORMUCCY U
OMPULAMEAbHY IO XAPAKHIEPUCINUKY.

Hanpnwmep, 1g 0,005==3,69897. 31z 3anuce osHayaer, yro
1g 0,005 = — 3 - 0,69897 = -- 2,30103.

Yrofpl fnepeBecTH OTPHUATEILHLIH 10TaPHM H3 CTCCTBLI-
noit hOpML B HCKYCCTBEHHYIO, HywHO: |) Ha epunuuly yBe.ad-
ynTh aGCOMIOTHYIO BENTHYHMHY €ero XapakTePHCTHKH; 2) noay-
YeHHOE YHCHO CHAaOIHWThL 3HAKOM MHHYC cBepXy; 3) Bce wudpul
MAHTUCCHl, KpOMe focxelHed H3 uudp, He paBHHX HY.IIO0,
BBIYHTATh M3 NEBATH; NOCACAHIOW, He PaBHYK Hyalo uudpyv
BrivecTs u3 necArd. [loaydyaempie pa3yoCTH SanmHCHIBAIOTCA Ha
Tex We MeCcTax MAHTHCCHl, THe CTOAIM BhIYMUTAaeMble HUAPHL.
Hyan Ha KoHIE OCTRIOTCA HETPOHYTHIMH.

Mpumep l. 1g0,05=— 1,30103 npusectu X HCKYCCTBEH-
Hoii dopme: 1) abcomoTHYO BemMYHHY Xapakrepucraku (1)
yBespunuBaem Ha 1; moayyaeMm 2; 2) nHuIEM XapaKTepHUCTHKY

MCKYCCTBEHHOH (opMbl B BHIE 2 W OTAedsgeM ee 3andaToil;
3) soiuuTaem nepsyw uubpy MautHccH (3) w3 9; noayuaem 6;
sanuceiBaeM 6 Ha nepsoM Mecrte Tocae 3anarod. Takum e
06pa30M  Ha CAEAYIOMHUX MeCTaX TMOSBAAINTCA LUPPH
9(=9-—0), 8(=9—1), 9(=9—0) u 7(=10—-23).
HMumeewm:
— 1,30103 = 2,69807.
Mpumep 2. —0,18350 npencrasuTh B HCKYCCTBEHHON

¢opaer 1) yseanunsaeMm 0 ma [, noaywaem I; 2) umcewm I;
3) ewyuraeM uuppw 1, 8, 3 u3 9 nudpy S5 us 10; Hyap Ha
KOH1Le ocraeTcss HeTpoHyTbhiM. Kmeem:

—0,18350 = 1,81650.

Yro6sl nepesectd OTpHUATEAbHBI norapudy M3 HCKyc-
cTBeHHON (op:bl B €CTECTBEHHYIO, HYXHO! 1) Ha eZUHHLY
YMEHBIIUTb aGCOMOTHYIO BETHYHHY €ro XapaktepMCTUKY; 2) no-
1yYyeHHOe YuCHO CHABHHTL 3HAKOM MHHYC cneBd; 3) ¢ Hud-
paMH MaHTHCCH HOCTYMATh, Kak B NpenbiayuieM cayuae.

I[Ipumep 3. 468900 npeacrasuth B ecTecTBEHHOA dopme,
1) 4—1==3; 2) umeem —3; 3) BuiuuTaeM UUDPb MAHTHCCH
6, 8 u3 O; ungpy O w3 10; ABa Hyas OCTAIOTCA HETPOHYTHIMU,
{Ineent:

4,68900 == — 3,31100.
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§ 66. JeficTBHS ¢ HCKYCCTBEHHBIMH BbIPaWEHHAMH
oTpRuaTeabubix aorapudmos

[Ipn meHCTBUAX C HMCKYCCTBEHHBIMHM BbiDAaKEHHSAMH JGOra-
pudMOB HET HeOOXOIMMOCTH MpPEXBAPHIENBHO NEPEBOIHTH UX
B ectecTBeRHy©0 GOpMy; npu HeGoJbLIOM HaBbIKE B IIPHMEHE-
HHH HIDKeNepeyHCACHHbX NMPHEMOB MOXHO C HCKYCCTBEHHLIMH
BHIDA:KEHHAMH HENOCPEICTBEHHO NPOH3BOAUTH BCe NEACTBHA
TAK e OLICTPO, KaK C eCTeCTBeHHBIMH.

Caoxxenne. MaHTHCCH CKAAABIBAIOTCA, XKaK OOLIYHO; HOCIL
CROMEHUA NECATHX NoJel MOXKeT OKa3arbCs, UTO B yMe yaep-
WUTCA €JIMHULa MM HeCKONbKO eAWHHI; TOFAa NPH CAOXeHHH
XapaKTepHCTHUK (CPefH KOTOPBIX MOTYT ObiTh U NMOJOXHTEIb-
Hble H OTPHUATEJbHblE) YZEDKAHHOE B YMe YUCIO NPHCYHTHI-
BacTCA K NONOMHUTEAbHBIM XapaKTePUCTHKAM.

Mpumep 1. 1,17350- 2,88694 -1~ 3,99206,
Cxema
22111 3nech npy CAOKEHHHM [NecAThHiX HOJAEH TonydYeHo
_ 24 1+84+9=201). Hyap sanucay; 2 ygepma-
1,17350 no B yme. CnokeHue XxapakTepPUCTHK  Jaer
+288694 94 T 24+3=0
3,99206
0,05250
11
Ipumep 2. + 2,7458 3mech npH CHoKeHHH XapaKre-
4,308 PHCTHK HMeeM:

1,0547 PF244=1

Bpiuutanne. Manticca BHIYMTAEMOrO NOPA3PAJHO BbIYH-
TA8TCA H3 MAHTHCChl YMEHDBINAEMOTO KaK B TOM Cayyae, KOraa
nepsas Medbile BTOPOH, Tak M B o6patHoM caydae. B no-
caepHeM cayyae 1as UUOpPH HECATHIX YMEHBIIAEMOro 3aHH-
MaeM NOJOXHTEJbHYI0 €IHHHLY M3 XapaKTepPHCTHUKY.

Mpumep L _21'7'41 [Tpu BoIYMTaHNY leCATHIX HONEH
51846 TPHWLIOCH 3aHATH NONOKHTEb-
2.0805 HYI0 eluHAUY M3 Xapakrepu-
CTHKHY 2, OTUEro OHa CTajga pas-
HOM 3. BhlunTanue XapaKTepHCTHK AaeT 3—bo==2.

1) Maable nupsl CRepXy 060SHAHAOT YACPKAHHbE B yMe UHPPHL,
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Mpusep 2. 12080 3mecs He npumaocs 3aHuM2ThL 43

—3,1916 xaparrepucruk: I —3=14.
4,0164

flpumep 3. 01265 3aech BHAHOC, YTO M NPH BHIYU-

1,9371  tazus noaomHTeAbHOrO HOrapud-

21894 1@ 43 DOJOXHTEABHOIO MOWHO

pesyasTaT cpasy ue NOJYYNTb

B uckyeeTsentoff Qopme. Taxw H DeKOMEHIYETCA NOCTYRATh,

Mpu cosstecmHoM cACIHCERUN U Bu4UMARNY HUHOTHA Hpei-

HOYATAIOT 3aMEHMTL BCe BBLIURTaHNS clowenuamu. [ipu atom

ecrn BbiyMTaeMoe GelI0 HOAOMUTENLHBIM YUCIOM, TO COOTBET-

CTByICUlES OTPHIATEALHOE ¢lAaraeroe NepeBOANTCA B HCKYCCT-

BeHuyo @opmy. Ecau e onHO OhIIO OTDULATEILHBIM UHCIOM,

331aHHBIM B HCKYCCTBEHHCH (OpMe, TO ero nepeBoOIsT B ecTe-

crpenfyio Gopmy M 3ateMm orBpaceiBaor 3Hax muHyc. {floay-
YeHHbIE CaaraeMue Ha3biBAIOTCR JONOLHEHUAME.)

[Tpusmep. 01535——1,1“04—11686—43000_
=10,1535 -+ non. ],1‘23_6 +1,1 686 + non. 4,3008 ==
= 10,1535 + 0,8764 -+ 1,1686 1 35,6991 = 5,8978.

3anuce:

0,1535 = 0,1535
—1,1236 =10,8764
-+ 1,1686 = { 1686

Vmuomenne. ITpy yMHOKCHUN ACKYyCCTBEHHOrO dorapudma
Ha MONOKUTEALHOE YHCIO MHOXHM OTAEIbHO CHavala MaHTHCCY,
3aTeM XapPAKTEPUCTHKY; €CAH MHOXKUTEIb ~— OJHO3HAYHOE YHCIO,
TO YHUCJAO NOJOKUTENbHBIX €lHHMUIL, HONYUYEHHOR OT YMHOWEHUR
MaHTHCChI, TYT ¥€ PHCYHTHIBAETCS K OTPHIATEILHOMY TIPOU3-
BEIEHHID MHOXHTENS Ha XapaxkTepucTuky. Ecau myoxutean
MHOTO3HAUHbIM, JOBOJHM JO KOHLA YMHOMXKECHHE Ha MAaHTHCCY
¥ npubasiseM POU3BENCHHE MHOXHTENA HA XapaKTEPUCTHKY.

Mpumep L 3264
6,4397
X 7

39,0779
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Mpumep 2. ><~1,4397 (TTonbayeMca npasHIaMu COKpa-
___1_7 1leHHOrO YMHOXeRHus; cM. [I, 41.)
4397
3078
7,475
7
10,475

Eciy Hy®HO yMHOXHUTL OTPHUATENLHBI Torapndm B Hcryc-
CTBEHHO! ¢opme Ha OTpHLATENbHOE UYMCIO, TO JAYyYilie BCEro
NPeABAPUTCAbHC fiePeBeCTH JOrapuM K3 UCKycCTBeHHOM @op-
Mbl B €CTECTBCHHYIO.

Nenenne. Ecan neanteab — oTpHilaTe1bHOE WM MEOTG3HaY~
HOe MOJOMHUTEJbHOE YHCAO, TO Ayulie Bcero mepelitv K ecre-
creednoti dopme. Ecau penutens — oqHO3HaUHOE T1010KUTE b~
HOE YHCAO, AeNUMOe OCTaBJAETCA B HCKYCCTBEHHOH dopme.
Ecan xapakTepHCTHKA REJHTCS Halexo, TO JelST OTIAEeNbHO
XapaKTePUCTURY, 3aTeM MaHTHcCy. Ecan xapakTepHcTHK A Haueno
He nenuTcs, K Helt npubaBifAeTcd B yMe Takoe HalMeHbllee
YHCA0 OTPHUATENbHEIX €AWHHI, HTOGH INOAYyYMBIIeeCA YHCHO
JEJAUN0Ch Hauedo; K MaHTHcce npHOaBIAIOT B YMe CTOABKO e
HOAOWUTEIbHBIX efNHHIL.

[Tpumep. 2,5638:6=1,7606. Uro6n xapakTepucTHKa fe-
aunack Ha 6, npabasasem 4 oTpunaTeabHsie eauHubl. [Toaysus-
uieecst yucao — 6 npu gexeHun Ha 6 naer — 1. llpu nenenmy
We MaHTHCCH HoOaBJgeM K Hel 4 NOJOXUTeAbHbIE eJUMHHIb W
neanm 4,5638 Ha 6.

§ 67. OTbickanne JorapudMma mo yucay

Jlorapugmel neanix creneHeft yucaa 10 orsicKuBaioTca Ge3
rabany (11I, 65). Jas orbicKaHua A0OrapHPMOB OCTANbHHLIX UM«
cea OCTymaeM Tak:

A) Omuvicranue xapaxkmepucmuicu. Jas  ducen, 66abux
eIHHHObI, XaPAKTEPHCTHKA paBHAa Ha €RAHHHUY yMEHbIUIECHHOMY
upcay uudp Hesol yacTu.

[Tpumeph. 1g3528=1,.., lg 3,528 =0, ...
g 60 100 =4, ...

(Toukn mocue 3anaATolt 03HAUAIOT, YTO 3JeCh AOMKHbLI CTOATh
undpel MAHTUCCDL)

Hna uvcen, MEHbMIMX eNMHHILL], XaPAKTEPHUCTHKA HCKYCCT-
BeHHON @opMbt jJorapudMa pasHa ydcay HydeH gepejn sHaya-
mUMA BudpaMKu yucaa (CYMTaa U Hyab Leablx).
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Npamepn. 1g 0,00635 =3, ... 1g0,1002=1,..
1g0,06004 = 2,...

B) Omeckanue manmiiccor. Tlpn OTHCKAHHH MaHTHCCH
necaTHURON npodH, NPaBUJAbHON HJIN HENpaBHALHOMH, GTOpacs!-
BaEM 3aNATYI0 M HUlEM B TalauLe MaHTHCCY MOJYUHBILIErocs
IeJOro Uuciaa; MPH OTHICKAHUY MAHTHCCH LEJOr0 YHCAa MOXHO
0oT6pOCHTL BCE HYNHM B KOHHE €ro (eciy¥ TaKOBLIE WMEWTCA).
Hanpumep, manTucca uucna. 20,73 paBHa MaHTHCCE yHcaa
2073; mantucca uncna 6004 800 paBua ManTtHCCe umciaa 60048,

IIpn noab3oBaHuy yeTHIPEX3HAUHBLIMU TaGIHUAMU AOrapud-
MOB Y NOMYYEHHOIO LEJIOTO YHCAA OCTaBAaseM TOAbKO YeTsipe
fIEPBLIX 3HAKA; TPH NMONb30BaHUM NATH3HAYHbLIMH TabrHuamMmy —
yiepBbie 0aTh. OcTalbHbie 0T6PACHBAIOTCA, TAK KAK OHH HE
fIOBIHAIOT (MM MOYTH He NOBAMAIT) Ha cojepi~iinecs B tal-
JHUe PaspsAbl MaHTHCCHI

Mo yersipex3naunoil Tabiuile MOXHO HaHTH HEnoCpejacT-
BEHHO MaHTHCCY TPeX3HAYHOIO YMC/a] 10 NATH3HAYHOMN — MaH-
THCCY YeTHPEX3HAUHOTO YMcaa. MaHTHCCH YeThpex3HauHbIX
(IATU3HAYHBIX) YHCEJ HaXOMATCA NpUGaBIeHNEM MONPABKH (CM.
HUKENPUBO AUMbIC TIPUMEPH).

Yemvipexsnaunas mabauga — cM. crp. 18—22.

MMpumep l. Hadiru norapudm uucaa 45,8. Haxonum (Ges
Tabauns) xapaktepuctuky: 1,... O16pacbiBas 3anatyio, umMeeM
nenoe uucao N==458. bepemM nepsrie ase ero LHppb (45).
B crpoke 45 OTHICKMBaeM 4YHcO, cToAulee B croadue 8. Ha-
xonuMm 6609. 310 — manrtHcca. Mseem lIg 45,8 = 1,6609.

Mpumep 2. Hairu 1g 0,02647. Haxonum (Ges rtabamunl)

xapakrepucTuky: 2,... Ot6pacbipaeM 3anaryio, mnoayuyaeMm
yucao 2647. bepem nepsuie ero ase uudpe (26); B cTpoke 26
OTBICKHBAEM ulCa0, ctoduiee B croabue 4 (TpeTha uudpa 1aH-
noro uucaa). Haxonum 4216. 9ro — mantucca 1g 264. Haxoanm -
fonpaBKy, COOTBETCTBYIOLLyI0 TNocaeanelt nuppe 7 KaHHOrO
uypcna, OHa noMentaerca B Tofi e crpoke 26, B cTonbue 7
pasmena <nompaBku». Haxomum 11. Ilpu6asaseM monpasky
K paHee HaiineHHOH maHtHcce. [loayuaem 4216 4 11=4227,

10 — MaHTHCCa AaHHOro wucaa. Vimeem 1g 0,02647 =2,4227.
Banuce:

1g 0,026¢ =3,4216
7 41
Ig 0,02647 ==2,4227

3aMeyanue. ITonpaBku paccuuTaHbl ¢ NOMOUBI0 AHTep-
noaaunu (cM. I, 50); npumenenue uurtepnoaauun obieryaer
paboty Bpiuncamteds. V3 tabauilsi BHAHO, YTO MaHTHCCA
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yrcnaa 2640 Meubiue MaHTHCCH yucaa 2650 Ha 4232 — 4216 == 16
(mecaTHYHHIX foaeit). Pa3noctn uncea 10 orBevaer pasHocTh
mantucc 16. IMponopunonanbHblt pacyer xaer:

x:16=7:10=0,7; x=16-0,7=’1('l.

[Tamu3nadnas mabaruga ).

lMpumep I. Haiitu 1g 0,02647. Haxonnm 6e3 rabamy xa-
pakTepucTuky 1g 0,02647 =2, ... Or6pacwBan 3ansaTyio, noay-
vaeM yncno 2647, OTkpeIBaeM Ty CTPaHHLLY, TJie eCTb cTpoKa 264,
B ctpoke 264 otbickuBaeM 4Hca0, cToAulee B croabie 7. Ha-
xoaunm 275. 10 — TpH nocaexHue nudpsl Mautucchl. [lepBoie
nee (42) HaxomuM B Hauale cTpokdH. Bca mantucca 42275;
1g 0,02647 = 2,42275.

Ias GoabIIMHCTBA CTPOK BHauale nepsbie aBe uUdpH He
upocraBiaeHsl. Torga HyXHO B3ATh MepBble ABE LHdpH anbo us
crenymouleil HexHel (ecay nepel nNOCieHAMH TpeMsl uudpamu
MaHTHCCH CTOKT 3Be3104Ka), nubo (ecam 3Be3[OuK¥ HeET) H3
Gamxaiinielt Bepxxefl.

MMpumep 2. Halitn 1g 6764, Xapakrepucruxka ectsb 3.
B crpoke 676 taGauust aorapu(MoB OTbHICKHBaeM B cTOx6Ue 4
Tpu nociaenHue uugpu Mautucent 020, Oun cnaGxennl 3Be3-
noukoii. IlosToMy mepBuie jgBe nudppn (83) Gepem u3 Huxe-
xexaueft crpoxkn 677. Bes mantucca 83020; 1g 6764 = 3,83020.

Mpumep 3. Haittu 1g 6,6094. Haxonum xapaktepucTHKY:
1g 6,6094=0, ... Ot6pacbiBaeM 3anatyio, noaydyaem 66094
B crtpoke 660 (coorBercTRylOMell NepBLiM TpeM UHGPAM) OThi-
cxkuBaeM B croabue 9 (uerBepras mudppa) uucao 014 co 3pes-
IOYKOH ClleBa. IT0 — MOCAeNHHE TPH UHPPH MaHTHCCH
uypcaa 6609. Ilepsrie nBe (82) Haxomum B caelymoileil crpoke.
Manrucca 1g 6609 ectr 82014. Haxomgum nonpasky, CoOTBeT-
CTBYIOIYI0 nocaendedl undpe 4 tanHoro uucna. B croabue PP
foMetiena Tabanyra ¢ Haanucblo 6 (4 = 6 ecTb pa3HOCTb MeWAY
MaHTHCccaMM ydcen €609 u 6610). B aepoit yactu stoit Tabanykn
oTeickuBaenM uucao 4. [Iporus nero crour 2,4, O1bpachsas
ecAThble JOJH, OKPYrisieM 3TO YUCAO 10 2. JT0 — NONpaBKa.
lpubaBaaa ee ¥ paHee HaiflleHHONW MaHTHcce, NOAyvyaeM
82014 4 2=282016. 1g 6,6094 = 0,82016.

3anunco:
Ig 6,609 = 0,82014
4 + 2

1g 6,6034 = 0,82016

1) Hanpruep, pacnpoctpanenysie TaGanus Aorapudimon Mpmesanpexoro,
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§ 68. OtnickaHue yucaa no gorapudmy !)

Cuayana, He o6pailas BHHUMaHHR Ha XaPaKTEPHCTHKY, OTbi~
ckMBaeM B TaGnuue JaHHYIO MAHTHCCY MAH MaHThccy, Gau-
wamyio K AaHHoft, I[lo Heit HAXOAMTCA HEKOTOPOE LET0e YNNG
(B mepBOM Cayuae HEMOCPEICTBEHHO; BO BTOPOM -~ C HOMOILBIO
NonpaBky, CM. npumepnt). [Tocae 3TOoro NpUHAUMAIOT BO BHUMa-
HUe MAaHHYI0 XapakTePHUCTHKY. ECAH OHa paBHAa HYJIO WA MO-
BOXKTEAbHA, TO B UEIYI0 YacTh Bbiaeasdercd 4ucao uudp, Ha
enuHnny Goabiee, YEM YHMCIO eIMHHMI XapaKTEPHCTHKYU {ecau
NOHaROo6GUTCH, B KOHLIE YHCIA MOXHO NPUNHCATh CKOJIBKO HYWHO
nyaeit). Ecaiy xapakTepucTHia OTpHIlaTeNpHa, TO mepex Hali-
IEHHBIM UHCIOM CTABHICHA CTOILKO HyJdel, CKONbKO B Xapak-
TepUCTHKE OTPHIATENbHBIX CIRHHMI; CTOALLMIT C1EBa HYIb OTXe-
afeTcA OT OCTaAbHOR wacTH 3anartoft. Haftmenuoe takum o6pa-
30M YHCIO COOTBETCTBYET LAHHOMY Jorapudmy.

Yemblpex3naurnas madruyga — cM. c1p. 18—22,

[Tpumep 1. Halttn unciac, norapudpm xoToporo paseH
3,4683 (1. e. uncao 1034683). Cuauama oTbiCKHBAaeM B Tabauie
manticcy 4683 uau 6amwaiimyio x uefr. [lpoberas raasamu
oauH u3 croabues Tabauubl, s@anpusep croaben 0, uimewm
B HEM UYHCIO, HepBbie ABe HHGDPH KOTOPOro COCTaBAAT 46
uin 6ansxoe k 46 uucno, Taxkoe uncao (4624) Mm  Haitoem
B cTpoke 29. B6ausu ot 3toro Mecra mieMm Mausuccy 4683;
HaxoauM ee B TOH e crpoke 29, B croabue 4. Jnauur, wucao,
uMemiee MautHccol 4683, ects 294, Tax Kak xapakTepu-
cTuxa 3 MOJOXKHUTeNIBHA, TO B MEJAyI0 YacTh YHCAA BLUICTAEM
34 1==4 undpsl. Jas s1oro B korue uncaa 294 ppunucsiBaem
uyas. Mmeem 3,4683 = 1g 2940,

[MTpumep 2. Ha#itu yncno, xorapupM KoToporo pasen

3,3916. IToctymas, Kak B MpeXbLIAYIIEM NPUMEPE, MHl He Hail-
1eM camoro yucaa 3916 cpexnm mantuce, HO Haligem Oauxali-
uree ¥ Hemy uncao 3909, crosujee Ha mepeceyeHUH CTPOKHM 24
u croabua 6. Maurucce 3909 coorseTcTByeT, TaKHM 06pasoM,
ypcao 246; oHo maer mepBbIe TpH 3HAUAMe HHGDH HCKOMOIO
ypcaa. YeTepTylo nudpy HaXoauM, BuUKCAAA NONPaBKy. Jlau-
Han Ham ManTucca 3916 mpesocxogur Tabauunylo 3909 ma 7.
WNumem 3ty Hudpy Ha moi xce cmpoxe 24 B pasjene «Ho-
npaskn». OHa crout B croabue 4. Hubdpa 4 ectb uersBepras
3Havaulas UHppa HCKOMOrO YHCHA; YHCIO, MMEIOIee MaHTHC-

1) Ipu OTHICKAHHYU YUCAA 1O HeTHLIPEX3HAUHOMY JIOTAPUdMY €CTb CMbICA
noab30Bathc TaGauued anrTunorapudmon (cm. I, 69). Tlpu  BorancacHusnx
Ha NATh 3HAKOB HeNeJeco06PA3HO YABAMBATH 06beM TaGaulUbl JOrapudMon
ppucoeanneRuen ¥ He#l Tabauiy auTHaOrapubMoB, ’ T
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coft 3916, ectp 2464, [IpusuMaeM BO BHEMAaHEE XapaKTepu-
cruky. Tak KaK oia OTPHUATCABHA K COREPHHT TPH eTHHHLBI,
TO tlepel HalAEHHbLIM: YNCAOM CTaBUM TPH HYAA W CTOALLMIL

cAeBa Hydb OTXedses 3anatoil. Mmeem: lg 0,002464 =3,3916.
3anuce:

g ¥ = 3,3916
3909 Ig 246
+1 4 ¥ = 0,002464,
3916 1g 2464

3amevuyauue l. Cregyer TBEPIO NOMHITH, YTO TPH OTbI-
CKaHUW YNCHa TO JOrapHMy NONpPaBKa 3TOF0 YHCIAA npunu-
cpl8aemess K HEMY, @ He ApHOABIsCTCA K €ro iIocAe el undgpe.

Jameyanue 2 He cnenyer 3salolpath, uUTO BeAMYHHA
f0MPaBKN JOMKHA Pa3biCKMBaTLCH B TOH e CTpoLe, rae co-
Jepxkutcs uyucto, 6auskoe K MaHTHcce. Ecam B 3toft cTpoke
HET TOil [ONPABKH MaHTHCCH, KOTOPas HyxHa, Gepem 6mumaii-
WY [OOPaBKY.

Mamusreynas mabauya (CM. 101CTP. apum. Ha ctp. 243).

MMpumep L. Hatitn uucno, norapupm KoToporo pasen

2,43377. flepeaucteiBas Tabauuy, CHCINM 33 BblAENSOLIHMUCA
nepBuiMM NBYMA UHGPAMU MAHTHCC (KOTOpblE IAI0T BCE BpeMs
so3pacrapimue uucaa). Haina 43, vinem BOAM3NM nocaeInue
TpH undpor 377. 3T uudps HARLYTCH HA MepeceyeHHd CTPOKH
271 u croabua 5. Hucao, umewmee mautuccolt 43377, ects
2715. Ipunumas BO BHHMAHHe xapaxkTepucTuxky (2), nmeem
2,43377 = 1g 0,02715,

3ameuanue. [lo Gonpuiesl 4acTu nocaegHue TpH HUPPH
MAHTHCCH HaltAyTca Ano B TOW e CTPOKe, e CTOAT Nepsble
age, 2160 B ORHOM M3 HINeJNeHaAUKX; BO3MOXEH, OHAKO, Cay-
yail, korjga nocaenHHe Tpu Uu@pb CTOAT B OGavkalimedt Boiue-
Aexaulell CTPOKe, TOrga nepel HHMH CTOMT 3Be3JA0YKA.

Mpumep 2. Haiirn umcao. adorapndm Kortoporo pasex
0,14185. Mloctynas Tax, Kak B NpexslayuleM Inpumepe, Mbl
cpeln MaHTHCC He Haftnem 14185, Ho wHaitnem Oauxaliuee
K Hemy uuciao 14176; tpu nocaemsue uudps mantucen (176)
CTOAT Bbille, YeM flepsbie IBE; NO3TOMY flepen HUMH HAXOLUM
3Be3nouky. Mantucce 14176, crosiiel Ha nepeceyeHUH CTPOKK
138 u croabua 6, coorBetcTByetr uucao 1386; oo naer nepsale
yeThipe uudpsl uckomoro uucnaa. I[latas uvdpa suiuucaserca
¢ moMoulbi0 nonpaskn. [lanfias HAM MAaHTHCCA (IPEBOCXOQMT
Tabnuunylo Ha 185 — 176=90. Pasuoctp ke MCHKAYy ABYMA
Banmatiuumy 1a6aMYHLIMH ManTHCCAMY ecTh 208 — 176 = 32,
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B cronbue PP naxoaum Tabamuky c waamucebio 32. B Heft
cnpasa OTHICKHBAaeM uyucao, Oamkalimee x 9; HaxomuMm 9,6,
[1potus vero cront 3. Ludpa sra ects natas 3savauias uucg-
pa MCKOMOrO 4HCJIa; YHCIo, HMelouee MaHTHccoM 14185, ectn
13863. TlpunnuMas BO BHHMaHHe XapaKTePHCTUKY, HMeeM
0,14185=1¢g 1,3863.

3anucse:
ig ¥ =0,14185
14176 1386
+9 3 x==13863,

1418 13863

3ameuvanue. Cregyer MOMHHTb, YTO NPU OTHICKEHUY
yicaa no jgorapudmy Nnonpaska npunucki8aemcs X HeMmy, a He
npnbasaserca k nocaelHelt undpe.

§ 69. Tabanua anTHIOrapudmos

Tak nazpBaemas rabauna anruaorapuhpmos (c1p. 23-—27) —
370 Ta e Tabauua sorapH@GMOB, HO C UHBIM PACTIOAOKEHUEM
marepuaia, 06JeryawniyM pa3picKaHHe YUCAA 10 JaHHOMY J0-
raputpmy. B TabaHue gaHb (KUPHBLIMH uHdpPaAMA) TOALKO MaH-
THccnl (obosnauenne m). Ilo madTHCCe, HMeloulell TpH jecs-
THYHBIX 3Haka, B TabiHlle CpA3y HAXOAUM HEKOTOpOe uenoe
YHCJIO; €CI B MaGHTHCCE YeThipe NeCATHYHbLIX 3HAKA, 3TO YHCIO
HaXONHUTCA € OMOLLbIo TonpaekH (cM. npumepni). [ocre astoro
NPUHUMAIT BO BHHMaHue JaHHYIO Xapaktepuctuky Ecrum oua
p2BHa HYII0O HAH [OJIOXKHTEIbHA, TO B LEAY 4acTh Bbifle-
aserca yncao uudp, Ha exnuduy Godpuiee, YeM YHCIO0 eLHHHN
XdpAKTePUCTHKH (ecau NMOHALoOMTCA, B KOHUE YUC/Ia. MOKHO
IIPUNHUCATL CKOJbKO HYXHO Hyaeit). Ecan xapaktepucruka or-
puuatenbHa, TO nepel HaHICHHbIM HHUCIOM CTABUTCH CTOJBKO
HyneH, CKOIbKO B XapaKTePHCTHKEe eIMHHI; CTOAUMA caesa
Hyap OTHeAseTcs OT oCTagbHofl wacTu 3anaTod. HafinenHoe
TaKUM 06pPa3oM UKCIO COOTBETCTBYET NAHHOMY Jaorapugmy.

MTpumep 1. Haittm wumcno, norapugpm xoToporo pased
2,732 (1. e. yucao 10732 ) OrlpacuiBaeM XapakTepUCTUKY #
6epem nepsoie nBe nudput MaHtuces (73). B crpoke 73 otThi-
CKWBaeM uyucao, crosmee B croabue 2. Haxomum 5395. Tak
KaK XapaKTepHCTHKa 2 NOJOXHTENbHA, TO B ey YacTb Bhi-
neasem 2+ 1=23 uudppn. Fmeem 102732 =539,5.

fNpumep 2. Mano Ig x =3,2758. Haiiru x. Ot6pacuiBaem
xapakTepucthky. B crpoke 27 umieM yucrno, cTosinee B CT016-
ye 5, Haxonum 1884. Haxonum NONPaBKY, COOTBETCTBYIOULYIQ
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nocnenneil uudppe 8 pasnena <nompasku». Haxomum 3. MMpw-
6asasem MNONpaBKY K pavee NalimeHHoMmy uncay. [loayuaem
1884 4 3=1887. TlpunnmaeM BO BHHMaHME XapaKTePHCTHKY.
Tak Kak oHa oTpHuaTeNIbLHA H CONEDXKHT TDH ENMHHLb, TO
nepen yucaom 1887 ctasuM Tpu Byas H CTOSIIMS ciaeBa HyIb
oTaeaseM zansaroil. Mmeem:

x=10,001887, . e. lg0,001887 == 32758,

3anucs:
1g x = 3,2758
275 1884
8 + 38
2758 1887
x = 0001887,
Opumep 3.
Ig x=0,0817. Haiitu x
081 1205
7T 4+ 2
0817 1207
x = 1,207,

3amevanue. [Ilpy oTeickanwy unucaa no aorapuhmy
¢ noMombio Tabauubl aHTHIOTapu(MOB HONpPaBKa Bceria npu-
Gagastemest ¥ nocaenneit nuppe (a He NPHUDUCHIBACTCA K Hell).

§ 70. Mpumepnbl JorapHpMHLEeCKEX BHITHCIEHKA

[Tpumep 1. Buuncants u= Vh;‘ﬁ_ri =, e a= 4,352,
b =1,800.
1) Jlorapudmnpyewm:

b ab
lgu=1g —2 =1 o =
g gl/a2—bﬂ glf(a+b; (@—8}

=lga+tlgb— 4 [Ig(a-+ b +1g (a— ).

2) Haxopvm a-+0 n a— b:
a==4,352 a=4,352

+ —
_b=13800 _ b=1800
o= 6,152 F—h=255
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3) Buiuncasenm chavaia lga- lgd, sarcm

I, ATEBPA

l L 1
5 lgle -6+

3

+1gle— o)

Ig a == lg 4,352 ==0,6387
Ig b = Ig 1,800 = 0,2533
Iga+ Ig b= 03940

g (a+ b):lff€1,1ﬁ2_078
1g (a — b) = 1g 2,552 =0,4068

lg(a—+ by + g (a-— &) = 1,1938
[lg (@a+ b) + 1g (a — b)] = 10,5979

4) Haxoumm 1g v u sarem w

0,8940
T 05979

Ig 0 =10,2061; u=1,977.

&

[Ipumep 2. Bouucaurp P=pe P | rne p=10,33,
k=0,00129, h=1000; e — ocHOBaHHME HaTypaJpbHBLIX JCra-
pubMoB (e==2,7183).

1) lgP::!gp—%h Ige—_—_—lgp——ghM, rie M=lge=s

2= 0,4343 (Moayab nmecATHYHbIX gorapupmos; cm. 1, 64).
2) Haxouun lg p:

1g p=1g 10,33 =1,0141.

3) JlorapupmupyeM BblpaxceHHe %hM:

Ig ghM=1gk+1gh+1gM—1gp.

4) Bouluncasiem 1oayyeHHoe BbipawenHe JorapudiMa:

lg k=1g0,00129 =3,1106
Ig h==1g 1000 =3,0000
lg M=1g 0,4343 =1,6378

mon. lg p=ron. lg 10,33 = 2,0859

Ig % M = 3,7343
M ==0,05424,
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5) Bulyucasiem 1g P (cm. n. 1) v 3atem P:

_ 1gp=1014l
—f;/zM = 0,0542
1g P=10,9599, otkyna P=9,11¢.

§ 71. Coeanuenus

OfutaM UMeHeM coedurerud NPUHATO 0603HaYaTh CAERYIO-
mue TpH THNAa KomMOMHalMil, COCTaBAseMbIX M3 HEKOTOPOro
uMcaa pa3AudHslx Mexny coboft mpenmeToB (3.71eMeHTOB).

1. MepectaHoBKkH. Bo3pbMeM m  pasiuyHbLIX 3JEMEHTOB
@y, Gy ..., Gy OynAeM nepecTaBiATh 3TH 3HEMEHTH BCEBO3-
MOMHBIMH CclIocoDaMH, OCTaBJIAA HEU3MCHHLIM WX UYKCIO U Me-
fsgs MUIIb MX nopafok. KaXias W3 noayualomyxcsa TakuM
o6pasom KoMmOnHauuit (B TOM YHCJIE W NMEepBOHauaAbHas) HOCHT
naspanne nepecmanosky, (OOllee YHCIO NEPeCcTaHOBOK U3
m saeMentoB o6o3Havaerca Pp. JTO YHCAO PaBHO NPoM3Be-
JIeHHI0 BCEX LeablX yucea ot | (MaM, yro TO e, OT 2) O m
BK.IOYUTEABHO:

P,=1.2.3...(m—1)m=ml (1)

CumBox m! (uuTaercst: «3nM paxmopuar») ecTb COKpALLEHHOE
o6o3navenne npousseienus 1-2-3...(m—1)m.

[T puwmecp [. HaitTn ynciao nepecTaHoBOK M3 TPeX d4eMeH-
ToB a, b, c. Imcem P;=1-2.3=6, [lefictBure/ibHo, nMeem
6 nepecraHoBok:

1) abe; 2) ach; 3) bac, 4) bea; 5y cab; 6) cba.

MTpumep 2. CxoankuMu cnocobamy MOXHO PACHPEaeIHTD
ATH JOMKHOCTEH MCXKJY NATBIO JHLAMH, U3OpaHbIMU B Mpe-
3uanyM cliopTuBHoro obwecrsa? Ecau cocTaButh B HEKOTOPOM
NOpsiAKe CHHCOK JOMKNOCTell U NPOTHB Kawjaol NOMKHOCTH
nHcath GaMUIHI KaHAMAATOB, TO KaWKAOMY pacrpexe’icHuio
OTBEUACT HEKOTOpas «iepecTaHoBKa». Obulee uUCIO ITHX
nepecranoBok Py=1-2.3-4.5=120.

3amevanne llpy m=1 B psipawenun 1.2-3...m
ocraetTcs opno yucao 1. llosTomy npunumaercs (B kavecTse
onpejleaenuns), yro 11==1. llpn m==0 Boipaxenue 1-2-3...m
BOBCe snmiaercs cMbicaa. OjHako npuHuMaercs (B KayecTse
onpenenenun), uro Ol=1 Huwme (n. 3) BbIACHACTCH OCHO~
BaHHE [18 3TOCO COrAAlIeHNUA, '
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2. PazMements. ByfeM COCTaBAATL H3 M PABVIMHBLIX 3ie-
MCHTOR TpPYOUB 110 72 3ACMEHTOB B Kawoi, pacuosaras B3fi-
THIC 71 3TCMEHTOB B Pa3anuHoM nopsaaxe. floaydawomuecs npyu
3TOM KOMOGHHAUMWK HAa3LIBAIOTCH PA3MEUeHIISIMU H3 M 31EMEHTOB.
sio n. Obimee uyuMcao pasMeileHHil H3 M 3JEMEHTOB 1O 1
oBoznauactcs A%, TO YMCIO PaBHO UPOUIBCACHHIO 1 HOCHCI0-

BaTeabHHX IENWX WUCCI, U3 KOTOpHhX HaHboabllice PAaBHO /m:
n ¢
Ap=m(@m—1)(m—2)...[m-—(n—1)) (2)

[Tpumep L. Hafity wuucao pazvemiennii U3 vertwnpex
saeMentor abed po gpma. Vimeem: Ai=4.3=12; sty pas-
MCULEHHA claeayoue:

ab, ba, ac, ca, ad, da, be, cb, bd, db, cd, dc.

[Tpumep 2. B npeanauyMm cobpauust u3Gpaibl BOCEMDL
yeaosek. CKOAbKMMH cnocoGaMu OHM MOIYT pacupeicianTsb
mexwjly cob6oit 063aHHOCTH HpeEACenaTe/nn, CeKpeTaps U cyeT-
yuka? -MckoMoe yucno eCTh yucao pasmeuleHuil u3 8 snemen-
10B 110 3; A}=8-7-6=2336.

3ameuanne, llepecTanoBKH MOXHO CYUTaTh UYaCTHbIM
cayyaeMm pasmemieHHit (MMEHHO pasMeleHHAMH U3 m 3JICMeH-
TOB 110 m).

3. Covetanun. VM3 m pasnuunnix ssemenToB Oyjgem cocras-
J9Tb TPYNnsl 110 7 JEMEHTOB B KakIol, He obpaulas BHU-
MaHHs Ha MOPALOK 3JeMeHToB B rpymme. [Hoayuawownecs npu
3TOM KOMOWHALMH Ha3BLIBAIOTCH COYECMAHUAMU U3 M 3eMeH-
TOB 00 n.

Ofugee uyucago pastnyHbLIX Mexkay coboit couerannit obo-
auayaetcn Ch. DTo uuCHO (OHO, KOHEUYHO, lelNoe) MONHO

npengctaButh Gopmyroit!) (cp. n. 1)
P, m!
Oy = ol = . &)
P,Py_, nl(m—n)
B kavecrse onpeneachus npnnumaetcs, yre C%, =1 {310
3uayenue noayyaercsa u3 (3)}
|

nl(m-—n)!
n . m n __ m—n
QueBHAHO, YTO (n )—<m——n>' T.e Cph=Cp, "

;

m
BuipaxecHue 4acTo 0603HAYAIOT COKPALLECHHO (n ) .

1) M3 m 31cMeHTOB MOMXHO COCTa8UTb TOABKO OAHO COYeTaHue, COZep-
waiee BCe /M 34eMCHTOR, TaK 4TO Cﬁ = L. ®opmyna (3) naeT 370 BHAYE-
HHE TOABKO B TOM cuydde, ¢CAW UPHHsTp 0! 33 ),
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Jaa seluncieHuil 4acto yjpo6Hee NOAb30BATHLCA APYTUMH
BLIPAKEHHAMH YUCIA COMETAHUH, UMEHHO

an
c* = m __mim-—~1N)...|m—(n—1)]
m= p, 1.2, ..n
Hin
am—n
c? = m _m(m—=Nh...(n+1D
mT Py 12 0. (m—ny

Mpumep 1. Hailltu Bce coyeranus U3 NATH 3ACMEHTOB
s 5.4.3
abede no tpu. Mmeem: Ci=—-——-— =10; 3ty pecsats coue-

57 7.2.3
TaHufi caenywuiue:
abe, abd, abe, acd, ace, ade, bed, bee, bde, cde.

ITpumep 2. M3 BoCbMU HAMEUEHHBIX KAHAMLATOB HYWKHO
u3bpaTh Tpex cueTynkoB. CKOJbKMMH CrOCO6aMu MOXKHO 3TO
cienatb? Taxk Kak 06A3aHHOCTH KaXIOrO CYETUHKA OJUHAKOBbY,
TO B OTAHUMe OT.NIpUMepa 2 NMpelblIyIiero NYHKTa Mbl HMEEM
He pasMelieHus, a coueraHusa. Vckomoe uucao ecTsb

8.7.6

Kpome paccMoTpeHHunix Bmiule KOMGHHaumil, B MaTemaruke
paccMmarpuBaeTcs MHoro HApyrux. Onmsum u3 HauGonee Bax-
HbIX THHOB KOMOHHALUIT ABAAKTCH Nepecmano8KLl ¢ NOBMOpSI0-
wumMucs IreMeHmary, ONPELCAAeMble CIeRyOmyuM 00pasoM.
Bo3bMeM m sieMeHTOB, CPey KOTODBIX HMEETCa My OXUHAKO-
BbIX MeXIy coO60il 91eMEHTOB [1eDBOrO Pola, My ONMHAKOBbIX
Mexly coOOH 37eMEeHTOB BTOPOro poja M T. A. Dylem mepe-
CTaBAATL WX BCEBO3MOMHBIME cnocofamiu. [loayuawomueca
KOMOUHAUMN HOCAT Ha3BaHWe nepecinano8oK ¢ nOSmMopsouu~
Mucs Inesmenmary. Yucao pasanuupix Mexny coboit nepe-
CTaHOBOK C MOBTOPSAIOIIMMHCA 9AEMEHTaMH PaBHO

_ Pm iy m!
PnPm,...Py milmal T
1 2 kR 1imsg ...mk.

{my -+ mg ... mp=m; k— uucno poxnos).

Mpumep l. Haifty yncno pasanuHux nepecTaHoBOK C No-
BTODAIOLIUMHCA 3JeMeHTaMH u3 OyxB aaabbcc. llepecraBans
flepByI0 GYKBY Ha MecTO BTOpPOff, a BTOPYIO Ha MeCTO MepBoi,
Mbl He MOAyYyHMM HOBOH KoMOuHanuu. Touno Tak uxe, MeHAR
MeCcTaMH YeTBEPTYIO K HATYI0 OYKBH ¥ B UeIOM pale Apyrux
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CAYYaEB, MH HOBbiX KOMOGHMHauM# He noavuyaem. Ho kombu-
Hauud aebaabee, caabeh w pax mpyrux — HoBeie, B 3ToM npH-
Mepe my =3, mMy=2, my=2; m=m; + ms + my==7. Yncao
Pa3AMYHLIX MeXRy coGol mepecTaHOBOK PAaBHO

i 2.3.4-5.6.7

_____-.____..‘__ 2
oo 2.3.2.2 =210.

Mpumep 2. Haftty uucno pasanudsix Meway coBofl
nepecTaHoBOK M3 3HakoB -+ - -4 - — — —. 3nech m; =
my=3;, m=m; + my=7. Vexomoe uncao pasHo %3!—_—35.
V3 nocaeanero npumepa J€rko BHIerb, YTO YHCIO nepecta-
HOBOK K3 M 3MeMEHTOE, Cpeiyl KOTOPLIX IIOBTOPATCH MMy 3ae-
MEHTOB EPBOrO M My 3IEMEHTOB BTOPOrO POAR, PABHO UHCIY
COUETAHH{l W2 M 3IEMEHTOB MO My MAW THCAY COUCTaHHI M3
M 9ASMEHTOB N0 M. [lefiCTBUTCABHO, KaXJOfl HepecTaHoBKe
COOTBETCTBYET OIHH ¥ TOJABKO OIWH nOAOOp HOMEPOB MeCT,
Ha KoTopeiXx cTosiT 3nakd . Tak, B nepecranoBke + - —
—~ 4 —- 3nakn 4 croar ua I, 2, 5 u 7 wmecre, Tax d4To
efi cooTBercrByer coueraune 1, 2, 5 7. 3Hauur, nepecraHo-
BOK CTOJBKO e, CKOMAbKO Pa3iHYHLIX COUYeTaHWI M3 CEMH HO-
MepoB MO ueThipe.

§ 72. Buuom HblotoHa

Bunomor Heiomona HasbiBaioT GopmMyay, npeacTaBAAIOULYIO0
suipaxceHue {(a 4 b)* npu 11CI0M [OJAOKHTEILHOM 11 B BUIe
MHoOrouneua '),

Ynomanytaa ¢opmyla A1d UCI0ro MOXOXKUTEABHOLO 2
nMeeT BUA

(a+ b)yt=a" + (?) avth (121) atyt 4
+(§) av3ps +"'+(nf—l)abn‘1+bn, D

1) Hassanue 3TO BIBOMHE HeNpaBANBHO, TaK Ka, BO-NePBLIX, (@ -4- b))
He eCTb Outom (<OUHOM» O3Ha4yaeT <ABY4/JeH»), BO-BTOPBIX, PR3JOKeHHE
(@ 4 5" 228 geaHIX NONOKHTERBHLIX N Ohiao H3BecTHO M G0 HbtoToHa,
HeioTOHY Ke npuuamiexut cMesas ¥ HeoGbI4adHO NNONOTBOPHAN MhLICAH
PacnpocTpaHnTh TO pPasnoweHWe Ha cayudali 7 oTpULATEabHOrO i ApOHHOro.
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LEy, 9I0 70 We (Cp. CTp, 252),
@+ 0=+ i a b+
F o a R L) ()
Ana swunciaernit yrobxee Bcero gopmyaa
(@+ by =a" o mart b B grerpe

4 "-—————‘” =1 {"3‘ 2 gnoapd L b b1 (3)

ie

n—l)

Opumep 1. (a+ b)) =a®+3a%h 4 ab® + o=

e= a® + 30% - 3ab® 4 b,

Mpumep 2. (1 +x)¥=1-46x-4 15x2 4 20x3 - 1504
4= 6x% 4 xS,

Unena |1, n, "(‘T:” , ﬂm‘x-.lz) ("3_ M T. I Ha3bIBAOTCH
GunoMuanbHbMu KO3PPuyneamanmy. VIX MOMHO [0aywuTh,
1O3b3YACE TOABKO CHAOMCHHON, CARYomuM 06pasoM. B Bepx-
Hell CTPOKE MUMIYTCH ABe ejuauiusl. Bee chelyioiiile CTPOKH
HAYKHHAIOTCH M KOHwawloTcs egunmuedl. [Ipomemyroudsie we
Ylcaa NOAYYAIOTCA CAO0MEHUeM COCeIHHX YHCEa BbLIeCTOosuLel
crpokn. Tak, yucao 2 Bo BTOPOH CTpPoOKe Noayyaercs ChoMe-
HiieM ABYX eAuHML (1€PBOf CTPOKH; TPETba CTPOKA fOAyYIETCH
u3 sropoit | 4 2=3; 24 [=3; uersepras uoayuacrcs us
tpetbeit: 1 4+3=4 34+ 3=6; 3+ 1=4 u 1. 1 UYncaa,
cTosiiMe B OQHOH CTPOKe, ABIAIOTCA GHHOMMAABHLIMHM KO3(-
duuueHTaMn cooTBeTcTBYwUled ctenedd. [TpusBeaeHHan sgech
cxeMma HaswiBaercs mpeyzorsrurxom [lackanrs:

4 6
I 5 10 10 5 1
1 6 15 20 15 6

f—

—_—

1) CoofpazHo ¢ 9TUM 1OJAraloT (6’) = (Z): 1, a Taxxe 0! =1 (cm, 3a-

Meuanre Ha crp. 251), [1pu 5TOM corsamenny nepsOMY W NoCAeAHeMY SACHAM
PARAOWCHUS MOWKHC NPUAATH TOT Ke BUE, 49TO ¥ OCTAABHbLIM,
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bunou HbioToHa AdAa ApOGHBIX H OTPHUATE 2 b
HL X MOKa3aTeaeh

{Tyctp umeem Boipaxenue (@ -+ b)®, rie n— ApoGroe Win
orpuuarenssoe. uncao. Ilycrs Ja|>|5). Mpencrasum (a + b)*
B Buxe a®(l 4 x)* Beanyuna X=_; abcomoTHOE ee 3Ha-
Yenue MeHpule e€AuHuub. Bhpawenne (1 4 x)® MOXKHO BbIUKC-
JUTh ¢ MOGOH CTelieHbl0 TOYHOCTH 1o Qopmyne (3).

Mpumep L. m:(l—',wr)‘. 3necs n=— 1.
nin—1 _ (= l).(—2)_] nin—H@n—19
1.2 1.2 - 1-2.3

D ef—2 . (—3
(———)—l(—f'# —1 w10, 10 uMeem (I 4 x)'1=

=]—x4x2—x®txt—

Uncao ynexoB npaBofl yactu GeCKOHEYHO BEIMKO, HO ODH
|x}<<1 cymma ufieHOoB NPH HEOTPAHHUYEHHOM BO3PACTaHUH HX
uAcra CTPEMHTCR K fpeneny o— (BbIpaxceHue, crosaulee
B npaBoif 4acTy, ecan | x| << 1, ecth Geckoneunas yGoiBamouias
FEOMETPHYECKAA IPOrpeccus).

Mpumep 2. Buuucaurs 1,06 ¢ TounocTsio 10 nATGrO
LECATHYHOrO 3HAKA.

Tak «kax

L
Mpencrapasem }'1,06 B Buge (1 4-0,06)° u npumcnaem
Gopmyay (3):

i 1
[y ey |
(1+0,06) =] +_.oos+__~<_“’2—l . 0,06 +

=1 40,03 — 0,00045 - 0,0000135 — ...

Caenyloute uieHbl He BIMAIOT Ha IepBble 1ATh 3HAKOB.
{Toatomy, CyMMHPYA BbIIHCAHHbIE YETEIPE CAAraeMuiX, UMeeM:

V1,06 = 1,02056.

[Tpumep 3. Hality narp 3Havawux pgudp uucia 1/736
Baunxkaitium#t k 130 ky6 uenoro yucna ecrb 125=25%. [lpea-

cTaBasem 1/130 8 Buge (125 5)'/8=125"3 (1 4-0,04)"/3 =
=5 (] 4+ 0,04) /s, Boiyncaenue BeeMm Ha CeMb 3HAKOB (yunthi-
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234, YTO NMOTPEMIHOCTh HAKOMAAETCH UDH CHOMEHHM H SaTeM
yseaudunnaerca B 5 pas)y
1

1
(4009 =145 . 004+—(—)— .0,042 4

1 /1 d

=1 4 0,0133333 — 0,0001778 + 0,0000040 — ... = 1,0131595,

OrGpouiennsie ciaraeMple Ha CelbMOil 3Hak He Bausor. Haxo-
fum 5 - 10131595 == 5,0657975. C TOYHOCTBIO 10 NATOrO 3HaKa
umeeM i/130=5,06580. Bonee touHoe Bhiuucaenue (¢ yve-
TOM caelympiero ciaraemoro) pact 506537970, rue Bce 3Haku
BEPHbI.

JTUM [pHEMOM MOXKHO W3BI€KaTb KOPHH AIOGHIX cTeneHeit
M3 [pOu3BOibLHEX uHcen Haubomee OBICTPHM H TOYHLIM CHO-
coboM.

O6o6mennan popmynadunoma HooToHa
¢ . P \ . R n
(@i + ae+ as + ... + ag) Z,,l._,l.zgmnk!a,xazz...akk

(n — 1el10e NONOKMTENLHOE YACAO).
CumBoa Y, o3Hauaer, 4To HYWHO B3STb CYMMY BCEBO3MOX-
HbiX CJaraeM blXx BUAA
n!

—  _ _guany...qn
PRER B, apians...a%%,

rie n. ecTb JaHHGLI{l NOKAa3aTedb CTEHEHW, A My, Ny, ..., Mp —
fIPOM3BOJALHbIE Ledble uucia WIH HYyIH, CyMMa KOTOpPLIX
pasHa n. Yucao O! npunumaemcs pasuoim 1.

MMpusmenp.

3! 2
(a + b + (4 + d)s ESS 2 m a"‘b"-cn"d”‘ H

YHCAO =3 MOXHO IIPEejACTaBHTb B BUIE CYMMbl k=4 nexsx
claraeMblX caeAymowuMu cnocobamu:

3=3+0+4+0+40,

3=24140+40,

3=I1+414140
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Coo6pasno ¢ stuM Gynem umeTh:

(a+b4c+diE=

= W‘almo'x (a%0°%°d° - a®b%c’d® - a®b%c®d® + a°b%0d3%) 4=

+ srrogr (820600 + @b 4 a*Bed® 4 abHd® - ...) 4
+ i, (@bed® 4 abeod 4 abPed + a%bed) =

== a8+ b+ ¢} d® + 3 (a%b + ab? - a%c +- ac® + a¥d -
- ad? 4 b%¢ + be? + b*d 4 bd? 4 ¢¥d 4 cd?)
-4 6 (abc + abd +- qed + bed).

CeofictBakosdpdunuenton 6uoma Hewrona

1. Kosthduumentsl 4aeHoB, pPaBHOYAANEHHBIX OT KOHILOB
pa3noxenus, OKHMHAKOBHI.
Hanpusep, B pasisoxenny

(a + b)s ==
=a® -+ 6a% - 15a"0? 1 20a%h® 4 15028° 4 6ab® 4 b°

k03 duueNTs BTOPOIrO U NpeanociaeHero 41eHos paBHu 6;
K03 dUIHEHTH TpPETHEro OT Hayada U TpeTbero OT KOHUA
pasHbl 15,

2. Cymma kozdhdunueHTor pasnowedns (a-6)? paBHa 27
Hanpumep, B npeaniecTpyouieM pasnoXCHUN

1464 15--204+ 1546+ 1 ==64==9,

3. CymMa xo3ppuuMeHTOB uneHOB, CTORUIUX Ha HEUeTHHX
MecTax, paBHa cymme KO3(OULUUEHTOB YaeHOB, CTOAUX Ha
yeTHHIX MecTax. Kawkmas u3 HHX cocraBaser 277! nanpumep,
B pasncxkeHny (a -4 8)® cymma xospduunuenror l-ro, 3-ro,
5-ro u 7-ro yleHoB paBHAa CymMMme Ko3(PUUHEHTOB 2-r0, 4-ro
H 6-ro 4xeHos:

14154154 1=6+420 4 6=32=25,



IV. TEOMETPHA
A. TEOMETPHMYECKHWE MNOCTPOEHUA

1. Yepe3 danryio mouxy C nposecmu npsamy, nepap-
AenbHYI0 DanKOU npaxmoi AB.

[Ipou3BOAbHLIM PAcTBOPOM UHUPKYJAA MPOBOIHM OKPYyX-
HOCTh (puc. 22) c nenrpom C rak, 4T06wl OHa mepecekaa AB.
Tewm e pacTBOPOM LHUPKYAA OT OHOH H3 TOYEK mnepeceyeHus
M orknazbizaeM Ha AB B mo6yio ee CTopoHy oTpe3ok MN.
CHora TeM Ke pacTBOpPOM 3acekaeM u3 TOUKH N ayry ab.
Touxky P nepeceuenns gyru ab ¢ OXPYKHOCTHIO COEIMHAEM
¢ naunoit rouxofi C. PC — uckoman npamas.

2, Pazdeaums OQaxrptii ompesox AB nonoaam.

W3 xouuos orpeska A u B (puc. 23) oIHHM U TeM e
1pon3soabHbM (G0abLIMM [y AB) pacTBOpOM HHPKYJASA ONH-

coiBaeM 1Be nyru. Toukm ux nepeceveHus C u D coexmnseM
npsanoit. Touka nepeceuenns O upamux AB u CD ectb cepe-
nuHa otpeska AB.

3. Pasdenrumos Oannei ompe3ok AB ra Oanroe Hucio
pasHbLx Hacmed.

Mposoium (puc. 24) npamylo ab, napaasenpnyio AD; ha
Hefl OTKAaNblBaeM PaABHBIE OTPE3KU MPOH3BOALHOU AAMHLI B
HYMHOM YHCAe, HAaNpuMep, ak ==kl =Im =t mn==nb. llpcso-
aum npaMele Aa, Bb. B niepeceueHud ux Haxoamm touxky O.
Mposogum npamuie Ok, Ol, Om, On. O11 npaMble LEPECEKYT
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AB B toykax K, L, M, N, neasuux. AB Ha HyXHOe uucio
(B HaweMm npuMepe Ha 5) paBHLIX yacteil

4. Pa3deaums OQanumil ompe3ok Ka 4acmi, nponopyuo-
HOALHBE QQHHBLA BEAULUHAM.

Pemaercs, Kak npeablayiuian 3ajaya, TONbKO HA ab OTHaa-
NbIBAIOTCA OTPE3KH, NPONOPUHOHANLHBIE JXAHHHIM BEIMYHHAM.

5. Boccmagums nepnexduxyanp x nparoi MN 8 Oannoii
ee moyke A.

Base npoussoashyo 1ouky O Bue RanHofi npsamoldi (puc. 25),
LGPOBOAMM M3 Hee OKDYXHocTb papuycom OA. Hepea Bropyio
TOYKY B mnepeceveHns OKPYHHOCTH c npsamoii MN nposofim
nunaverp BO; xonew nuamerpa C coezunsieM ¢ A; CA - Ucko-
MbiH 1€PACHAUKY AAP.

© 3101 cnocob ocobeHHO NPUroeH TOrja, KOrAd TOUKa A ae-
snT 6au3K0 ¥ Kpaw uepTewuoro aucra. Crnoco6 penenus cie-
nywivelt 3azasy (nepeuil) obaagaer TeM Me HPCUMYULECTBOM.
£ =,

N
\

A
o
pox H
f NS

Y \ J

g ———-}?\—:;,—.?—w-/v

Puc, 25. Puc, 26.

6. Onycmams  nepnenduxyasp u3z Jaunoli mosxu C ra
npaxyio MN.

M3 toukn C 1npoBoauM NPOU3BOILHYIO HakiaouHyw CA
{puc. 26); naxonum ee cepeauny O (cm. 1L 2) W B3 HEC OUH-
ChiBaeM OKPYWHOCTL pajpuycom (OB, Ox-
pyxkHOCTL Tepecexkaet MN ewe B Touke A,
MMposensn AC, noayuum ucKoMeiil nepneH-

—ipe 7= JHKVJIAPD.
AN v B cayuae, korna touka C qexnt Gaus-
I Nl Ko K npasofi MN, 310T €nocel MOXET 1aTh
a | . GoabWyI0  MOrPeMHOCTL, [orAa  ayuwe
o ‘:\5 N01b30BaTHCA  CHEAYIONUM [OCTPOCHHUEM.

M3 touku C, kax w3 uenrtpa (puc. 27),

/ nposoaum ayry DE, nepecekawouyio MN
Puc. 27, B Teukax D, E. Vs towex D, E, kax u3
ILEHTPOB, RPOBOAUM OIEWM H TEM He pa-
Juycom aBe 1yin cd, ab, ncpecexawomueca B touke F, [Ipo-
geis FC, noayunm UCKOMbifl HepuesIHKYAAp,

1. Mpu Oannoil sepuune K u ayve KM nociapounis. y20
pagred dannomy yery ABC. :
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Vs sepummun B onuceizaem ayry PQ mnpoussoabHoro
panuyca (puc. 28). TeMm e pacTBOPOM UHPKYJA OIHChIBAEM
u3 nedtpa K ayry pq. Vls Touku p 3acekaeM Ayry ¢3 paamy-
com, parHuM PQ. Touxy ¢ nepeceyenus
ayr pq n o3 coepunaem ¢ K. Yron
gKM — HcKoMBbIiL,

8. Hocmpoums yeaw 60° u 30°

M3 xonuos A mu B (puc. 29) npous-
BONBLHOTO OTpC3ka AB onucoiBaeM paany-
.coMm AB nse nyru. Toukm ux nepeceye-
wua C w D coenunsiem npsamoll, xoropas
nepeceyer orpe3ok AB Bero cepeande O.
Touky A coennmnsem npamoll c Toukoft C.

L CAO=60°, 2 ACO=230". plE L 4y
9. [Tocmpoums yz20.r 45, i
Ha croponax npamoro yraa BAC Puc. 28,

(prc. 30) oTKaanbiBaeM paBHbIE OTPE3KH
AB u AC u coenunseM xonus ux npamoit CB. [lpamas BC
obpasyer ¢ AC u AB yrau no 45°.

10. Pasdeaume Oexnetii yeor BAC nononan.

A _ Vi3 Bepuimdsi A 1POBOAMM nyr§ DE
rig npou3BoabHLIM  panuycoM (puc. 31). Us
RS2 TN Touex D w E ee nepeceuenus €O CTOpoO-
/, \\
! A}
l‘ \‘ 5
4t g
=4 ]
\ /
\\ /,
\\\ ,”
47 A A
e
Puc. 29. Puc, 30,

HaM AB u AC onucoisaeM  fApPOU3BOABHBIMU  PaBHLIMit
paauycamu (yaoGHee BCero MPEXHHM pPACTBOPOM UHUPKY )
nyru ab, ed. Touky HX nepeceyenus co-
Eb’ ennuseM ¢ .A; moaydenHaa npamas AF ge-

P 7N nut yroa BAC nonosam.
7 ,rg 1. Pasdeaums Oannotit yzon BAC wa

mpu pagusie wacmu.

[lpocroit anHedikoft ¥ LMPKyJeM TOu-
Pue. 32, HO BBUIOAHHTL 3TC HOCTPOEHHE Helb3d,
C moMowbI0 LHPKYAS N MeueHOH JHHEHKH
(HanpuMep, CAaHTHMETPOBGI) - MOCTPOSHHE MOKHO BLINOAHHUTD
Tak (puc. 32): npomussonbHbiM pasuycoM AC onuchBaeM u3
TOYKH A OKpyxHocTb. [lponoaxaem AC 3a touky A. Kaa-
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leM MeyeHyo auHefiky Tak, uroSn oHa mpoxoauaa yepes B
B BpauiaeM ee BOKpYr B no Tex nop, foka orpesok ED
MeXy OKPYXHOCTbIO i nIpaAMoll AK He CTaHeT PaBHBIM Paauycy
AC. Torna yroa EDF ectb Tperb yraa BAC.

12. Yepe3 Ose danwnvie mouku A u B nposecmu oxpyoic-
HOCMb OGHHBLM paduycom r.

W3 touex A u B (puc. 33) nposonuy, nyru ab u cd pa-
nuycom r. Touka UX mepeceueHHa eCTb LEHTP HMCKOMOR OKe
PYXKHOCTH.

13. Yepe3 mpu daxnvie mouxku A, B, C (ne aesxcawyue
Ka OOHOI npsiMOLi) Nposecmu OKPYHCHOCMD.

[Mposoxum repnennuxyasput £0 n KL (puc. 34) x orpes-
kaM AC u BC yepe3 wux cepemuuni (cM. m. 2). Touka nepe-
Ceyemns 9THX uepreHaUkyadpoB () e€CTb LEHTD HCKOMOH
OKD Y XHOCTH.

Puec, 33, Puc. 34, Puc. 35.

14. Halimu yenmp Gannod dy2u oxpyswcrocmu.

Ha pannoit nyre BuibupaeM Tpu TOuUKM (1O BO3MONHOCTH
NaneKo OTCTOAMIWE IpPYP OT Apyra). 3aTeM nocTynaeM, Kax
B Npenbayumieit 3agaye.

15. Paadeaump nonosarm Oaunvio 0yzy OKpyscrOCHY.

Konupt nyru coenussem xopnoid. [IpoBonuM nepneHInKy-
aAp yepe3 cepemuHy xoprnel (cM. m. 2). OH pasgeaur nayry
(u xopny) nonoaam.

16. Haiimu zeosmempuveckoe Mecno moHex, U3 KOMOpuLx
Oanneii ompesor AR sulexn nod Oawswvm yesox .

Mckomoe mecto mnpencraBiaser coGoff jBe KYyr¥ paBHBIX
OKDYKHOCTE}l, onupalounecs KOHIAMH B TOUKM A H
(puc. 35). (Camy Toyku A u B He npusaniexaT K IeOMETpH-
yeckoMy MecTy.) LlenTpbl 9THX AYr HAXOZATCA TaK: NPOBOLHMM
nepnedaukyaspsl AD ¥ BK B xonnax orpeska AB (cm. m. §).
CrpouM yroa KBL=<=a. B nepeceuedun BL u AD HaxoxnMm
touky C. Cepexuna O orpe3xa BC ectb nentp ojsofi us ue-
Kombix ayr. Hpyraa nyra crpourcs Tax xe.
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17. Mposecmu  vepe3 OarHyio mo4ky A KacameAsHyo
K OanKol oxpyscrocmu. .

Ecan Toyka A aewutT Ha okpywHoctH (puc. 36), cTpoum
BAC nepnengukyasapro x paauycy OA(cm. n 5); CB —ucko-
Mas KacareabHas.

Ecan A newur sue kpyra (puc. 37), aeanyn AO unonosam
(cM. 1. 2) ¥ 13 cepemine B uposoaus pauveom BO nyry CD.

8
e'//—\
‘/\ g—a »
/! A
A
Puc, 36.

Touxku D n C coenunsem npameiMu ¢ A, Hpamsie AD n AC —
NCKGMBIC KacaTeabHble.

18.-TIposecinu & OanHbiaL 08YM  OKPYICHOCHIAM  ODUMIO
BHEULHIOIO KALameAbKIO.

a) Ecau  paamycsl NaHHBIX OKDyXHOCTEH PaBHBl Meway
cofoft, 3axaya Bceraa nmeer jsa pemtenus (puc. 38). Yepes
ueHipst A u B nposoaum anameTpe KK n LL,, neprnerin-
KyaapHble K auHuu HeHtpos AB. llposexsn KLu KL, nmeem
HCKOMbBIC peiltenusi.

6) Ilycts pamiychl JZaHHBIX  OKPYKHOCTCH HC DPasHbL
R >r; n3 ucHrpa GONbIIOFO KpPYra NPOBOAWM OKPYXKHOCTH

=

i Ly
Puc, 38. Pue, 39,

panuycom AC=R—r (puc. 39). K neit nposommm Kaca-
TeabHy1o BC u3 nenrpa B menvutero xpyra (5. 17). Llentp A4
coepuuAenM ¢ Toyxoit kacauust C upamoil. [lpoxomkaem ee
W ‘noayuaem Ha OGoabuieft okpywxkHoctn Touky [, Ilposoaum
BE nepriepauxyaspio ¥ BC [0 uepeceucHds B Touke E
¢ Menbiueft oxpymnoctbio. Toukd D u E coeiunaem. [lpsa-
Man DFE —nckoMan KacatedbHad., 3agaya JAONYcKaeT JiBAa pe-
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wenns (DE n DyE;), ecan MeHbIUuH KPYI HE JEXKHT LEAHKOM
BHYTpH Goabuiero. Ecan MeHbIUMH Kpyr LEAHKOM JEXHT BHY-
Tpu Goabwero (puc. 40), 3agaua He uMeeT peuweHuit. B npo-
MEXYTOYHOM ClYyyae, KOFa OKPYMXHOCTH HMEIT BHYTDEHHee

L
© at
K

Pue, 40, Puc, 41,

kacaHue (puc. 41), 3agaya uMeer OJIHO pelileHHe: Yepes TOUKY
BHYTpPeHHero Kacanua M nposoaum KL | AM.

19. Ilposecnu k Odsym Oannbirm OKpyscHOCcmAM 0010
BHYMPERHIOI KaCAMeLbHYIO. ‘

3azaua He UMeeT peLIeHHS, eCAH ONMH M3 KPYFOB JIEXHT
BHYTPH IPYLOro, a TakXe ecau HaHHble KPYLH [epecekaiorcs,
B cayuae BHeuidero xacaHus (puc. 42) 3amava uMeeT OIHO
pemeHne: uepes toyky M nposonum KL | AF.

B ogTanbHuIX cayvaax uMeem aBa peumlenvs (DE wu DyE,,
puc, 43). s ueHtpa A npoBOANM OKDYXHOCTH PAZHycCOwm,

L
g

Puc. 42,

paBHBIM CyMMe DajauycOB NaHHBIX OKpyxkHoctefl. M3 uenrpa B
NpoBOIAHM XacarTeabHylo BC K NOCTPOeHHOH OKDYXHOCTH
(m. 17.) Touxy xacanus C u ueHTp A coelunsem npamoit AC;
uocxeqHas nepecevetr OokpyxHoctb (A) B Touke D. U3 B
aposoauM paauyc BE | BC. Kouen, ero E coemunsem c D;
ED —uckoMas kacatenbHana. Tax ke crpourtca W apyras
kacareanHas E(D;.

20. Onucamb OKpPYIHCHOCMb OKOAO OGHHO20 Mpey2ois-
Huxa ABC.

Yepes sepunHn A, B, C npoBOAUM OKPYXHOCTb (CM, 1. 13).
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21, Bnucamo oxpysicnocmb 8 Oaruwii mpeyeoasrux ABC.

Jdeaum- monoaaM 1Ba yraa TpeyroidbHHKa (puc. 44), Ha-
npumep A u C (cm. n. 10). Y3 Touku O nepeceyenun Guc-
cextpuc nposogum QD 1 AC (cm. m. 6). Pazuycom OD onu-
CLIBAEM HCKOMYIO OKPYXHOCTb.

22. Onucams OKpYMCHOCMb OKOAO OGHHO20 NPAMOY20Ab-
stika (uau rxeadpama) ABCD.

[Tposoaum aunarosarm BD n AC (puc. 45). U3 touxn O
HX 1epeceyeHHs NPOBOAHM OKPYXHOCTbL paamycom OA.

g
A A
A 7 ;
Puc. 44, Puc, 45.

OK0/10 KOCOYrOAbHOrO NMapalielorPaMMa OMUCATh OKPYXK-
HOCTh He/lb3s. :

23. Bnucamb oxpyxcrocmo 8 pom6 (uau ksadpam) ABCD.

W3 toukn O nepeceyenns nuarodaneil nposogum OF | AB
(puc. 46), Oxpyxuoctb ¢ neurpom O u paguycom OF — uc-
KoMmas.

B HepaBHOCTOPOHHMH NapaaeIorpaMM BIHCATH OKPYKHOCTD
Heab3a,

24. Onucamp OKpYIHCHOCMb OKOAO O0GHKOZO nPABUALHO20
MHO20Y20AbHUKA..

Ecay uncao cropon vetHo (puc. 47), coepuHseM fOpsMbIMH
AB u CD nBe no6ue nmapy APOTHRONOIOMHHX Bepliud. W3

Puc, 46. Puc. 47, Puc, 48,

TOYKH HX mepeceyedus O panuycom (OA ollHCHIBaeM OKpPYX-
HOCTb.
Ecau 4ucao cropoH HeueTHo {pHc. 48), omyckaeMm M3 IByX
- moObix BepMH K # M nepnennukyaspul KL n MN Ha npo-
THBONOJOXHBIE CTO)OHb. V3 Toukw ux nepecevenus O pa-
nuycom OK omnucsiBaeM OKPYXHOCTD.
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25. Bnucams oxpyscHOcms 8 OGHABL NPasUAbHBLL MHO20-
Y20AbHUK.

Llentp oxpywmHOCTH HaxonuTCs, KaK B Npefbiyulel 3atave,
V3 nenrpa onyckaem nepneHaukyasp ON Ha OJHY H3 CTOPOH
(puc. 47). Paqzuycom ON (umn OL, puc. 48) onucuiBaem
OKPYKHOCTD.

26, [locmpoums  mpey20rbHUK no mMpem CcHOPOHGM
a, buec . )

Myctp nauGoapluylo AauHY uMeeT orpe3ok ¢. Ecmn
a<<b-+c, TO HCKOMBIt TPEYTONBHHK MOXKHO TNOCTPOUTH TaK:
orkaajeiBaem orpesox BC=a (puc. 45). Ua xoHuos cro B
u C onuceiBaeM Ayru mn W pg paguycamu ¢ u b Touxy
nepecevyenus Ayr A coeauuseM ¢ B-u C.

Ecan a > b+ ¢, T0 3anaua He MMeerT pelleHMa, B npome-
WYTOUHOM Clyyae a@==>5 - ¢ YyCIOBHIO OTBeYdeT TOJbLKO «Bbl-
POMIEHHBIl TPEYTOXbHHK»: TPH ero BePUIHHAI JeXaT Ha 0AHOM
npaAMoi.

21. Hocmpoump raparnero2parss no OQHHOLMYE CHMOPOHAM
a u bu odHomy u3 y2i08 a.

Crpoum £ A==a (cM. 1. 7); Ha €0 CTOPOHAX OTKJAJbIBAEM
orpeskn AC=a, AB=="0 (puc. 50). llposoaum us B ayry mn

#,

¥
Vsl
A&

g a A A 7 R M
Puc, 49, Puc, B0, Puc, 51,

pamuycoMm a u U3 C——1yry pq pannycom b Touxy nepece-
YeHus STeX Ayr D coeinHseM ¢ C u B.

28. [ocmpoums npsamoy20AbHUK NO OAHHLLM OCHOSGHULO
u gacome.

[loctynaem, kak B npexuinymief 3amaue; Apamoll yroa a
CTPOHUM, KaKk B II. 5.

29. ITocmpoumb kgadpam no OaHKOL cniopowe.

IToctynaem, xak B nn. 27 u 28,

30. [ocmpoumv xsadpam no Odawroii e20 duwzonaru AB.

-Yepes cepennny AB (puc. 51) nposozuM x AB nepnes-
qukyaap MN (em. n. 2). Or touknt O ero stepeceuenus ¢ AB
oTknageiBaeM Ha MN orpeskn OC u 0D, pasube O4;
ACBD — uckonmblil KBajgpar.
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31. Bnucams wsadpam 8 dawnwii kpye.

TiposBoaum 1sa B3aUMHO NePneHAMKYASPHNX AUaMeTpa
AB n CD; ACBD — uckomul KBaapart (pHc. 52).

32. Onucams Kgadpam OKOAO 0aRHO20 Kpyea.

IpoBonuM 1Ba B3aHMHO [epNEHAMKYIAPHBIX AHaMeTpa AB
g CD (puc. 53). 13 ux KOHIlOB, KaK M3 LCHTPOB, ONUCHIBAEM

A

Puc. 52,

yeTnipe NOJAYOKpYXHOCTH paaumycamu, paBHeiMu OA. Touxy
F, G, H v E ux nepeceyeHus — BEPIIKHLI HCKOMOTO KBapaTa.
33, Bnucams npasusbuuiii namuy2oiskux 8 GoKHBE Kpye.
[TpoBoauM IBa B3aMMHO IePNEHIUKYIAPHBIX AHaMeTpa AB
u CD (puc. 54). Jeaum nonoaam papuyc AO B touke E. Via E
panuycom EC nposomum nyry CF, nepecekas e Juamerp
AB B Touke F. Wa C pamuycom CF nposopum nyry FQ,
mepecexkas e JNaHHYIO OXDYWHOCTh B Touke (O; CG (= CF)
€CTh OHa CTOPOHA HCKOMOK
Gurypol. [lpoBogun Tem ke
PannyCcoM AyTy mn U3 HeHT- ¢ 5
pa G, noayvaem eue ORHY
pepniuny H uckomolt pury-

pot B T. I 7 O~—1—A
34. Bnucamb 8 0annoil
Kpy2 npasuibHbiii uecmu- (3
V2OAbHUK U Mmpey2oLbHUK.
PacTsopoM  nvpkyas, Puc, 55,

PaBHBIM Daguycy Kpyra,
jenaeM Ha OKpPYXHOCTH 3aceuxu B toukax 4, B, C, D, E, F
(puc. 55). Coenunna rouxu A, B, C, D, E, F nogpazn, noayuum
NpaBuabHbIE miecTHYroapHuk. Coelnnss ux yepes OJHY, noxy-
YHM NPaBHALHBEIY (PaBHOCTOPOHHHI) TpeyrojbHUK.

35. Bnucame npasunbhulii  80CbMUY20AbHUK 8 OQHHLLI
xpye.

[NpoBonuM JBa B3aUMHO MEpIEHANKYIAPHHIX AHaMeTpa
AB, CD (puc. 56). Pasneaus nononam ayru AD, DB, BC, CA
Toukamn £, F, G, H (u. 15), nocrenopaTenbHo coeiuHaem
HerydeHlbie BOCEMb TOUEK.
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36. Bnucamo npasusvnwit 10-yzoasnux 38 Oanrwlil Kpye.

Moctpoum Ttouky F (puc. 54 Ha cTp. 267), kak H B 1. 33.
OF cctb cropoHa uckoMmo#t ¢uryper. PacTBOpOM UMDKYIs, pas-
usiM OF, caenaeM HA OKPYXHOCTH FeCHThb NOCKEROBATENAbHHIX
saceuex. [lonyuum BepumIMHBl UCKOMOH Qurypsl.

[TpaBuasHble MHOrOYronbHYUKiH, BNUCAHHbIE B KPYT H HMEW-
e ceMb M A€BATb CTODOH, He MOTYT GbiThb TOYHO NOCTPOEHL:
TOJIbKO C NOMOILBIO HUPKYIA H JAKHEHKH.

37. OK0a0 OQaHHO20 Kpy2a onucams npasuibkuiil mpe-
V2ONbHUK, NAMUY20L6HUK, UWECMUY20LERUK, BOCOMUYZOAbRUK,
Jecsamuy20.abHUK.

OTmeTdM Ha OKpyWHOCTH (puc. 57) BepunHnl A, B, ..., FF
1IPABUIBHOrO BANRCAHHOI'C MHOTOYTOABHHKA C TEM K€ YHCIOM
cTopon (cm. nn. 33—36). Mposenem paanycnt OA, OB, ..., OF
g npogoawum ux. [Ayry APB pasgeruMm nonofaMm Touyko#t [
(cm. . 15). Yepes E
nposenem JP 1 OF.
Otpesok JP, 3akiws-
YeHHBH MeXAYy Hpo-
AOMKEHHAME COCELHUE
PaiHycOB, eCThL  CTO-
poHa HCkOMOH ¢ury-
poi. Ha nponomxernu
OCTAaNAbHHX  Paguycos

Puce, 51, Puc., 58. OTK/agriBaeM OTPE3KH

OK, OL, ..., ON, pas-

nme OP, Toukn J, K, L, ..., N, P nocienoBareibHO coefHAEM.
Mtroroyroashuk JKLM ... NP — uckomulit.

38. [Tocmpoums npasuibHulll n-y20AbRUK RO CaHHOU €20
CHIOPOHE G.

Ha orpeake BK, pasuoM 2a, kax Ha guaMerpe, CTPOHM
(puc. 58) mOAYKpPYr. JTOT MOAYKPYr AeaHM Ha 1 paBHbIX
yacreft Toukamu C, D, E, F, G (BepuinnaMi npaBuibHOTO BHH-
CaHHOro 2n-yroabHuka;, Ha HauieH ¢urype n==6). lentp A
CoeMHAEM Jy4YaMH CO BCeMH MOJYUEHHbIMM TOUKaMH, KpOoMe
aByx nocaenuux (K n G). U3 toukn B paamycom AB nposo-
nuM xyry ab, sacekaa Ha ayue AC rtouky L. U3 Touku L
TeM e paguycoM NpPOBOAMM AYry cd, 3acekas Ha ayue AD
Touky M, u 1. &, Touxkn B, L, M, N u 1. X. nocrexosartebHo
coennHsem npambiMu.  Muoroyroannuk ABLMNF —mncxko-
MbIH.

3ajauy 3Ty peIWHTh C [OMOUBI0 AHHENKH W UHPKYad
MOXHO He BCerNd; HanpuMmep, Npu n==7, n=9 3T0r0 Cle-
AaTh Helb3f, TAK KAK MOAYKDYr AMHelKoH u nupkyaem na 7
Had 9 YacTelt reoMeTPHYECKH TOYHO HE NEaUTCA.
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b. IJIAHUMETPUA

§ 1. Mpeamer reomerphn

leomerpun ¥) uM3yuaeT (ipoCTpaHCTBeHHHE CBOHCTBA npel-
MCTOR, OCTaB/IfAs B CTOPOHE BCC OCTaabHbE WX HpH3Haky. Ha-
(IpDHMCD, DPE3UHOBBIA MAY JHaMeTpOM B 25 €M H HYryHHOC
4Apo TOTO e JUaMerpa OTAMYAITCA ADYT OT Apyra 1o Becy,
110 usery, no reeppoctd M T. 4. OnHAaKO BCE ITH NPHU3HAKK
MAYa W 871pa B TEOMETPUM OCTaBAATCA 6e3 BHUMaHUA; Ipo-
CTPaHCTBeHHBIE e WX cBolicTBa (popma M pa3mepbl) OAKHHA-~
koBbl. C TOUKM 3peHust reoMeTpHM KamAblil 3 3TUX fpenMe-
TOB NPENCTABJRET wap IuaMeTpoM 25 car.

[Ipeamer, OT KOTOPOTLO MBICACHHO OTHATH BCE ero CBOli-
CTBa, KPOME [IPOCTPAHCTBEHHDIX, HA3LIBACTCH 200MEMPUYECKUM
meaom. 11lap ecTb OfHO W3 reoMeTPHUYECKUX TeT.

Maa pasbuie no nyTtn oTBAeyenMs, Mbl HOAYUACM AOHATHA
FeOMeTPHYECKON rnosepxnocmyu, TFeOMETPHUECKON aunuu N
reoMeTpuueckoit moyxu. 11oBEPXHOCTb Mbl MULICAEHHO OTAe-
JsieM OT Tejia, KOTOPOMY OHd NPUHAMEXHUT, U JNIaeM €€ TOA-
kbl JIMHMIO MBI JHIDaeM TOMUAMHBE M ILUPHHbLL, & TOUKY
BOBCE JHIIAeM H3MepeHH. Mbl MBICAHM, YTO TOUKA MOXeET
CAYWHTb TParuUled JuHUHN (MM €C YacCTH), JHHUA — rpanunedt
fIOBCPXHOCTH M MOBEPXHOCTb — rpaHuuedt Tena. Mol MbiCany
TaKkKe, YTO TOYKA MOKET NBUFAThCH U CBOMM HBHXeHHEM [0~
POXIATH AMHUIO, THLNT MOXKET ABHKCHHEM IOPOXKIATL 110BCPX-
HOCTh, 2 HOBePXHOCTL — HOPOXKAATL TeJO.

B fnpupome HeT TOYCK, JHIICHHBIX H3MEPEHHH, HO eCTh
fIpeAMETh CTOAb ManblX Pa3MepoB, YTO HUX B HEKOTOPHIX yCia0-
BUAX MOXHO APUHATHL 3a reoMmerpuueckue Touxku. B npupone
HeT TaKke HHM TeOMETPHYECKUX IHHMH, HH FeoMeTPHYEeCKNX
ACBePXHOCTEH, HO BCce CBOHCTBA JAMHHUH M noBepxHocTel, Haii-
JleHHble B TEOMCTDHH, HAaXOMAT MHOroo6pasHuie NPHUMEHEHUA
B HayKe M TeXHUKE. DTO NPOHCXOAUT MOTOMY, 4TO [EOMETPH-
YyecKHe NOHATHA NOPOWICHB MPOCTPAaHCTBEHHLIMY CBOHCTBAMHU
neiicTeutespHOro Mupa. OtpiaedeHHas GopMa reoMeTpUyecKux
NOHATHI NMIA TOrO W CaAyXHUT, YToOBl 3TH CBOHCTBA U3yuYaTh
B UMCTOM HUX BHIC.

§ 2. Heroprueckue cBeleHus 0 Pa3BHTHH TFeOMETPHH

[Tepssic reomerpuyeckue HOHATHR NPHOGPETEHH! JIONLMU
B rayboxoil apesHocTH. OHM BO3HUKJIW H3 MOTPeCHOCTH Olpe-
JeniTh BMECTHMOCTb Pa3dHYHBIX IPeAMeTOR (COCynoB, aMGapoB

1) O upoucxoXAeHHM HA3BAHHA <TEOMETPHA» CM, HZ CAef. CTpanuLe,
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W T. ) ¥ naomaad 3eMeabHMX ywactkos. JpesHefiinve us-
BECTHblE HaM MUCbMEHHbIe NAMATHHKH, CONepXaulie MpaBuIa
s onpelenenus naomaned ¥ o6bemos, Obla¥ COCTaBlHEHH
B Erunte m Basuaone oxono 4 rteicsy ger nasan Oxo:o
2!/y THICAY JNeT Ha3aJ rPeKH 3aUMCTBOBANM y €THNTHH M BaBi-
JIOHSIH UX reOMeTpHYyecKHe 3HaHuA. [lepsoHayaibHO 3TH 3Ha-
HUA NPUMEHSINCH NPEeHMYIUIECTBEHHO JUIR H3MEPEHHA 3eMelb-
HbIX yuactkoB. OTclopa M rpeyeckoe Ha3BaHHe <reoMeTpHsn»,
YTO O3HAYaeT <3eMJIeMepHe>.

'peueckne yueHbie OTKPHIIM MHOXECTBO eOMETPHUECKHX
CBOMCTB M €O3712/18 CTPOHHYI0 CHCTEMY FeoMeTpHYecKUX 3Ha-
Hufi. B ee OCHOBY OHM TNOAOXMIM npocTeiilive reoMeTpuye-
ckue cBoficTBa, moAckasaHHble onbiToM. OcTaabHbie CBOACTBA
BLIBOIWIACE U3 MPOCTEHUINX C MNOMOWBIO PacCyXACHHUIL.

Jta cHcreMa okoao 300 r. 1o H. 3. nonyuyusa 3aBepiieH-
Helfl BUA B «Hauaraxs Eskauna !), rie U310k eHs TaKKe OCHOBH
teoperHueckofl apudpmernxu. eoMerpuueckue pasgean «Ha-
Yaji» MO CONEPWAHUIO M MO CTPOFOCTH M3NOXeHHA NPUMEPHO
COBMNANAIOT C HBIHEHMIHUMU [UKOABHEIMY yUeGHUKAMH FeOMeTPHHE.

Onnako TtaM HH4ero He rosopurcd HH 06 ofbeme, HH O
NOBEPXHOCTH 11apa, HU 06 OTHOLIEHHH OKPYKHOCTH K' JIHas
MeTpy (XOTsi ecTb TEopeMa O TOM, YTO Mioulayu KPYros OTHO-
cATCA, Kak KBaapartel OHametpoB). [lpubaumenHad BeaUYHHA
STOrO OTHOWeHWs Obla H3BECTHA W3 OMbITAa 3310aro A0 Es-
Kanaa, HO TOJbKO B cepexpuHe 3 Beka A0 H. 9. Apxumen (287—
212 rr.) crporo noKasali, YTO OTHOIIEHHE OKDYXHOCTA K JHa-

: ' 1
MeTpy (T. e., MO-HAMIEMY, YHCIO w) 33UTIOYEHO MEWIY 377—14
10
3ﬁc 1
ofbeMa ONMCAHROrO LHAWHEPA POBHO B 1+ pasa u uro mo-

ApxusMel noKasald Takwke, 4TOo 06beM INAPa MeHbile

1
BEpXHOCTh mapa b | pasa MeHblUe HOMHON OBEPXHOCTH ONK~

CaHHOTO IMANHADA.

B cnoco6ax, OpuMeHeHHbIX ApXHMeIOM [if peLIeRus
YHOMAHYTHIX 3agay, CONEPXATcA .3a4aTKH METONAOB BHICIIEH
MaTeMaTHKH. D1y cnocoGbl ApxuMed OpHMEHNI K PelieHHo
MHOTHX TpPYAHBIX 3a7ay FeOMeTPHH M MeXaHWKM, OYeHb BAN-
HHX [ CTPOHTEAbHOIC Aela M JIA MopeniaBauus. B uact-
HOCTH, OH omnpefenna o6LeMbl M UEHTPH TAMECTH MHOTHX Ten

1) «Hauana» nepesenensl Ha BCe w3nkn Mupa, Ha pycckom  a3mike
OtiM W3RaBainchk Muoro pas. Ilocaepnuii nepesog 6wun cxenan J. JL. Mop-
ayxad-Bontonckum, [ocrexmsmar, 1948  (xu, 1—VDL, 1949 (xu. VI-X),
1950 (kn, XI—XV).
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¥ M3yYun BONPOC O PABHOBECHH MA2BAICUIHX Ted pasauunol
dopmbl.

(peueckne reomeTpel MCcHeAoEaiH CBOHCTBa MHOMHX au-
Huil, BAXHLIX IAA NPAKTHKH R 149 Teopud. OcobenHo mnoano
oHUM u3yuman Koruwecxue cevenus (cMm. 1V, B, 9). Bo BTopom
BeKe 10 H. 3. ARoanoHnft 000raTHA TEOPHIG KOHHUECKHX ce-
UYeHHH MHOPMMH BawWHBIMH OTKDBITHAME, OCTARABIUMMHCA He-
peB30HAEHHLIME B TeyeHue |8 Bekos,

[asa u3yueHHsA KOHHMUeCKHX ceueHHH Anomionuil noanao-
Bancst MeromoMm koopduram (cM. VI, 6). K wuzyvennmo Bce-
BO3MOMXHBIX AKHIl Ha MJIOCKOCTH 9TOT Meroh Obid npumenc
auiip B 30-x romax [7 Bexka (pPaHUY3CKMMH yueHbiMH Eepma
(1601—1655) n [Hexaprom (1596—1650). Hdas texHuyecko#l
NPaKTHKH TOro BpeMeHH ObL10 JOCTAaTOYHO MIOCKHMX JMHMIL
Jluws cTo net cnycta, ¥orma storo morpeboBann BO3pociuue
3afpochl aCTPOHOMMM, FIOAE3UH W MEXaHWUKH, KOODAMHATHbif
MeToN Onll OPHMEHCH K H3YYeHHIO KPUBBIX OBepXHOCTeH u
AW, NPOBEACHHLX KA KPHBLIX NOBEPXHOCTAX.

CucremarTnueckoe pasnuTHE METONA KOOPAHHAT B MPOCTPAH-
cree Oblno gano 8 1748 r. pycckum akageMuxom Jilrepom —
TEHHAAbHNM H BCECTODOHHHM YUCHBIM.

bBosee nByx Tecmy et cuctema EBkiupia cumrtanach Henpe-
nowHolt. Ho B 1826 r. renmanpunill pycckuit yuenwit Hp-
konait Misanoeuu JloBauesckuil co3fan HOBYIO FeOMETPHEECK YD
cucreMy. Vcxonksie e€e ROJNOKEHHA OTIHYAIOTCH OT OCHOBHLIX
noaowenuit Esxkauna aumie B ondom nynkre!). Ho otcona
BLITEKAET MHOMECTBO OYEHb CYUIECTBEHHbIX OCOGEHHOCTell.

Tak, B8 reomerpur Jlo6aueBCKOro CyMMa yrioB TPeyrob-
HUKa Bcerna MeHbiue, ueMm 180° (B reomerpun EBKanaa ona
paBua 180°). Ilpu stom Hejgocratok o 180° Tem Goabiue, uem
Gonblle MaoMadb TPeyrodbHUKA.

Moxer moxasaTtbcsa, UTO ONBIT ONPOBEPraer STOT M Apyrue
BuBoan Jlc6aueBckoro. Ho 9710 He Tak. Henocpencraenno
K3Mepas yrasl TPeYroNbHHKA, Mbl HaXONHMM, 4TO OHH B.CYMME
cocranasior ppuMepno 180°, ToyHo#t Xe BeAUUHHBI CYyMMbl
Mbi He MOXeM HaliTH BCIeJCTBUEe HeCOBEPUIEHCTBA H3MepPHUTEIb-
HHIX HHCTPYMEHTOB. MeXny TeM Bce Te TpeyroibHHKH, KOTO-
pbie JIOCTYNHH HalleMy H3MepeHHI0, CIMIIKOM Malbl, 4TOObI
HeTOCPeCTBEHHLIMH H3MeDeHHAMH OOHAapYKHUTh HENOCTaTOK
cymmsl yraos o 180°

[Ipn  gpaapHeftmrem pa3ButHd reHuasbHbix ugedt Jlo6a-
YeBCKOrO OKa3aiock, 4YTO cucTeMa EBkanza HelocTaTouHa

1) B reomerpry Bouanza wepes Touky A npoxomHT TOABKO OXHA NpsMad,
JAcKantas B GEZHON LIOCKOCTH ¢ xaHdod mnpamoil BC u He nepecexawouas
ge, B roomerpuu JlofayeBCKOro TaKuX NPRMbIX GecuyiCieHHOE MHOXKECTBO,
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IA% MCCACNOBAaHUA MHOCHX BOLIPOCOB acTPOHOMHH W du3mkw,
rI€ MH HMeeM 1ea0 ¢ purypamu orpoMusix pasmepos. Ognaxo
B YCAOBUAX OOWYHOrO OMNBITA OHA OCTAGTCA BHOJNHE IIPHrOI-
Hofl. A 'TAK KaK K TOMY e oHa o6rafaer NPeMMYyUlecTBOM
APOCTOTH, TO ee IHPHMEHSIOT W OyIAyT NIDHMEHSTb B TEXHH-
Yyeckux pacuerax, ee u3yyawoT ¥ OyAyT M3yyaTh B HIKOJAX.

§ 3. Teopemnl, axcuomsl, onpeneseHusi

Paceymaeuune, ycranaBanBaioulee Kakoe-mibo cBoiictro,
Ha3uiBaeTCa  Goxazameascmgonm. [loxaswiBaemoe  CBOHCTBO
Ha3biBaeTCs meopemodi. [Ipu mokasatenscrse reoMeTpHYeCKOH
TEOpeMH Mbl OnMpPaeMca Ha paHee YCTaHOBJeHHble CBOHCTEA.
Hexotopbie ¥3 HHX B CBOIO oYepeilb ABIAIOTCH TEOPEMaMu;
HEKOTOpPbIE e CYHTATCA B [eOMETPHH OCHOBHBIMH H NpH-
anmaotca G6es noxasarenapctBa. ColicTsa, upHHUMaeMue Ge3
HOKA3aTeNhCTBA, HA3LIBAIOTCA AKCUOMAMIL.

AxcHOMBl BOSHUKIM H3 ONLIT3, M ONHT Xe M[pomepser
HCTHHHOCTh aKCHOM B ux cosokynsoctd. [Iposepka coctout
B TOM, 4TO BCE TECOpeMH FEOMETPHH OKAa3bIBAOTCH COriac-
HBIMY C ONBITOM; 9TOI'O HE CAYYHAOCH Owi, ecan Obl CHcTEMa
axcHoM OblIa NOXHOH.

Ha oxuno reomerpuuecxoe CBOHCTBO, B3TOE B OTILeNn-
HOCTH, He HABJIAETCH AKCHOMOM, TaK K2aK €ro BCerlia MOXKO
1I0Ka3aTh Ha OCHOBaHWM ApYrux csoficts. Tak, B reomerpuyu
06bIYHO NPHHEMAETCs 32 aKCHOMY ciaelywoulee CBOWCTBO na-
panieabHbIX UpAMbLIX: «uepe3 OAHY M TY We TOUKY Henh3sd
1IPOBECTH [IBe pa3nuuibie n(paMble, napamiensHsie OAHOH #
Toit we npamoll> (akcHoma napanieabHoctn). Ha ocHoBanum
3T0fi aKcHMoMbl (M psda ApYrux) HAoKaswlBaeTcd, MeWAy Mpo-
YHM, TaKoe CBOHCTBO TPEYrOJbHUKA: «CYMMa YrIOB TPEYrofb-
nuxka pasua [80°. MewAy TeMm ™Mb moray 6w fociennee
CBOMCTBO NPUHATHL 33 AKCHOMY BMECTO AKCHOMB Mapalielb-
HOCTH (OCTaBHB oCTajdbHble akcuombl npexnunmu). Torxa yno-
MAHYTOE CBOMCTBO NapallelbHblX HPSMBIX MOWHO JOKa3aTh
U OHO CTaHeT TtecpeMoH.

Taxnm ofpa3oM, cHCTeMy aKCHOM MOXHO Buibupath pas-
auHbIME cnocoGami, HyXHO TOABKO, 4TOGH B3ATHIX AKCHOM
6b110 NOCTATOYHO AAA BHIBOJA BCeX MPOUNX FeOMETPUYECKHX
csoficrB. B réeomerpun cTpeMaTcs 4HCAO aKCHOM NO.BO3MOM-
HOCTH YMEHbIiHTb. ITO Jenaercs MAA TOro, YTOOH YACHUTH
NOTHYECKHE CBA3H MEXIY OTHeNbHbIMU CBOACTBAMM.

AKCHOMB NIPENNOYTUTENLHO BbIGMPAIOTCS H3 UKCAA IPOCTel-
KX reoMeTpuuecknx cBoiicTB. Bnpouewm, o Bompocy o mpo-
CTOTE TOTO MY WHOrO CBOHCTBA MHEHUA MOrYT ObiTh Pasanylibl,
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Hexotopsie mOHATHA B reoMeTpUH Mbl MPHHUMaeM 3a Ha-
YaJLHBIE, HX COXEpPXaHHe MOMKHO BHISICHUTE TOJNbLKO M3 OlbiTa
(TaKoBo, HaipHMep, noHsTHe ToO 4K #). Bce ocraspHule no-
HATHA Mbl BbIACHAEM, ONHMpasich HAa HavaabHoie. Takne o6bac-
HeHus HaswiBawTCA onpedercrusmu. Kaxaoe reomerpuueckoe
onpefeneHye onupaerca AK60 HEMOCPEICTBEHHO Ha Hadaldb-
Hble TMOHATHA, JAMGO HAa [OHATHUA, OlpeXefeHHbe [IpeKae.

Onso u TO e reoMeTpyuecKoe MOHATHE MOXHO ompele-
nsth pazauupo, Hanpumep, nuaMmerp OKpPYWHOCTH MOMHO
ONpeleNuTh, KaK XOPIY, MPOXOLAILYIO uepe3 UeHTP, HaH Kak
xopny uauGoavwelt xauuel, [IpuHsB 3a onpeje’xeHue OxHO
W3 3THX CBOMCTB, MOX(HO A0Ka3aTh Apyroe. Ilpeanoutureabso
B37iTh 33 OnpejenenuHe npocrefiulee CBOACTBO; BIPOYEM, M
312Ch HCBO3MOWHO 06CCHEUHTh BCeOOHIEro COraachs.

§ 4. lpssman audud, ayy, 0TpessK

Ilpamyo AWHBIO MOXHO MEICIEHHO RpPONOKKUTL B 06e
cropoHl Ge3arpaHuuyHo. B reoMerpuy HassaHue <npAMasny
o603HayaeT O6GKIYHO [PAMYIO JAHHUIO, HE OrPaHMYEHHYIO HH
¢ ofHOH, HH C Apyro# cropoHbl. [lpAMas auHuA, € OIHOM CTO-
pOHbl OrpaHMYEHHas, a C JADPYrofi — HeT, Ha3blBaeTCA noAy-
apamoi wan Ayuom. [lpaman auHuA, orpaHuyeHHas ¢ o6eux
CTOpOH, Ha3bIBAETCS OMPESKOM.

§ 5. Yraw

Yeon ecto urypa (puc. 59), o6pazopaHHas ABYMS Kyyamu
OA v OB (cmoposs y2aa), HCXONAULAMU W3 OXHOH TOukM O
(8epuwuna yeana).

Mepegii yeaa cAyXUT BeJUYHHA [0BOpOTA BO- 4
xpyr sepuikan O, nepesonamero ayw QA s noao-
wenne OB. Hlupoxo pacnpocTpaHeHs! fiBe Cu-

CTEMbl W3MEPCHUA YIMIOB: paduakwas v zpadyc- 0 A
#ag. Oun pasHATCA BbIGOPOM €AHHHULL MEDBL.
0 o . V. 3. Puc, 959,

paavanuoil mepe cm. V, 3.

Tpadycrast cucmena u3MepeRus yeaos ‘).
B ueft 3a eAMHMUY NPHHUMAETCA [OBOPOT AYYa Ha /g
uacTL OfHOrO iloaHOro oBopora — gpadyc (oGo3Hauchue °),
[Toaustit 06opoT (Hanpumep, NPH ABHKEHUH YacOBOH cTpeaky

1) 'panycran cuctema socxomutT k ray6okoil xpesnocTu (cm, I, 7, n, 4).
Bo spewn nepsoil (paduyscroil GypiKyasHoil pesomouni (1793 r.) Bo ®pan-
UMK BMECTE € AeCHTHYHOH (MeTPHUecKoll) cicTemoil Mep Gbira BBeleHa COTeH-
HAN (HedTe3UMATLHAA) CHCTeMa uaMeperus yraos. B sedt npamol yroa aeant
ca Ha 100 rpagycor (¢<rpagess), rpagyc ua 100 mun,, munyta va 100 cexyuna.
91a cucTema npuMeHseTcs v cedwac, Ho BO pceobmee ynorpelacHue OHZ He
Bowa. HauGosce wacTo oxa ynorpeGanercs B reodeanyeCKHX d3MepcHURX,



274 1V. 5. [MTAHUMETPHA

¢ 0 vac. 1o 12 vac.) cocraBaser, TakuM o6pasom, 360°. I'pa-
ayc neantcs Ha 60 mumym (o6o3hayenue '); MHHYTa — Ha
60 cexynd (). 3anncop 42°33'21" oanavaer 42 rpanyca,
33 munyThl, 21 cexkyHay.

8 8 8
N1
I ﬂ 0 0 ¥
Puc, 60, Puc, 61, Pue. 62,

¥roa B 90° (1. e. !/, noaHoro ofopora) Ha3biBaeTca nps-
soim (puc. 60) u o6Go3nayaercs Gyksoii d.

Yroa, menbiiné 90°, nasniBaercs ocmpuiit (AOB na puc. 59);
Soabmmit 90° — mynwm (puc. 61). llpamvie auduy, obpa-
3YIOUlHC NPAMON  yros, Ha3uiBalOTCA NEPREeHOUKYARPHULMI
OlHA K ApYToil.

3uaxu yenos. Yacto BaxHo yka3arhb, B KaKOM Halpabije-
HWYB OPOUCXOAMT BpamieHue iyua. OOGBYHO mMepa yraa Cyd-

8 8
UF—‘ﬂ
5 an >4 @ A
Puc, 63. Puc, 64, Pyuc, 65,

TaeTCA  NOAOWCWIMNEAbHOH, eClv  BpalleHHe CcoBepluaerca
NPOTHB YacoBOH CTpeaKH, H OMpUYamesbHOd—B TpPOTHB-
oM cayuae. Hanpuwmep, ecan ayu OA nepemectuaca B OB,
KaK 10Ka3aHo Ha puc. 62, 1o Z AOB=-90°. Ha puc. 63
L AOB=—90°. Ha punc. 64 / AOB=—210°. OnHomy u
TOMY Xe B3aHMHOMY pPacHoJOXeHHIO ayyefl MOryT oTBedaTh
pasHbie YrXoBbie Mepbl B 3aBMCHMMOCTH OT XapakTepa Bpa-
wenusn. Tak, Z AOB na puc. 65 MoxHO

8 cyntath paBHbIM -+ 450°. B HauanbHoit

reoMeTpHUH Mepa Yria cuuraercs Bceria

MOJIO¥HUTEAbHOH W U3MepAeT KpaTvaii-

A 7 4wt N0BOPOT, TaK YTO Mepa yria He
MoxeT npesbicuTh 180°
Puc, 66. Cnesicume yaavl (puc. 66) — napa

yraos AOB u COB ¢ ofmei Bepiun-
noft O n obueit cropouoit OB; nse apyrue cropoHs OA u
OC cocTaBASOT NPONOAKeHUe oNiHa APYroH. CyMMa CMeXHbIX
yraop pasua 180° (2d).
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Bepmukanbusie y2abi-—napa yriaos, Y KOTOPHX BepluuHa
o6uias, a CTOPOHB! OIHOI'O COCTABAAIOT POJOMKEHHE CTOPOH
apyroro. Ha puc. 67 £ AOC u LDOB (a rakxe £ COB u
4 AOD) — Beprukanbhisie. BepTHKAAbHbIE YIab PABHH MEKAY
coboli (L AOC=. £ BOD).

6’ . 5m Ucﬂ'
g 7 Fusst
v 0 A

Puc, 67, Puc. 68,

Yacto roBopat: <204 Mexdy 08yMs npsmuiit»;, UpH
STOM HMCCTCA B BHIY OAUH M3 OGpa3yeMuX HMH YeThIpex
yrioe (06blYHO OCTpHIT).

Buccexmpucod yraa na3dsiBaercsa ayy, Reaamud yrox mo-
noaam (puc. 68). Buccexktpuca (OM u ON, puc, 69) sepru-

€ _y 4

8 5 A ¢ /’g
Mﬂ J

Puc, 69, Pue, 70,

KaabHBIX YIJIOB COCTABJIAIOT IPONOIMKERHe oxHa Apyroft. Brc-
CeKTPHCHl CMEXHBIX YIII0B B3anMHO NepHeHIHKYanpHy (puc, 70).

§ 6. MHOroyroJbHHK

Maockas ¢purypa, o6pa3oBaHHas 3aMKHYTHIM PANIOM [PAMO-
IUHEfiHbIX OTpPe3KOB, Ha3biBAeTCA MHO20- o
yeonrvrurosm. Ha puc. 71 nzobpawen me- 7
cruyroabink ABCDEF. Touku A, B, C, D,

E, F-—geputuns. MHO20Y20AbHUKG, Yran  §

npH HHX (I MHOrOYroJbHHUKa) 0603na- £
vaiorea L A, L B, £ C, ..., £ F. Orpes-

xu: AC, AD, BE w 1. R.— Ouazonaru; 4 F

AB, BC, CD u T. I.— CmOpOHb MHO20- Puc. 1.
Y20AbHUKG, CyMMa MInMH cTopoH AB -

~- BC 4 CD + ... 4 FA nasuBaercs nepusmempos 4 0603Ha-
yaercs p, a MHOrAA 2p (TOrAa p -— NOAYNEPUMETP).
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B sneMeHTapHOft TeOMETPHH DacCMaTpPHBAIOTCA TOJBKO
apocmple MHOTOYTOJNBHHKH, T. €. TaKHe, KOHTYD KOTOpHIX
P He HMeeT camomnepeceyenuil.
g £ MHOroyroabHukH, KOHTYp KO-
TOPHIX MMeeT CcaMOmepeceye-
A v/ 7 HWS, HA3LIBAIOTCA 382304ampi-
Mu  MHO20y20AbRUuKamu. Ha
puc. 72 n3o6paxen 3B¢3aya-
E 5 A £ rtwit Mroroyroasuuk ABCDE.
Puc, 72, Puc. 73, Ecaun BCe nuaroHanu MHO-
royroabHHKa JeXaT BHYTpH
Hero, MHOTOYI'OJbHUK Ha3biBaeTcs ssinykasiyu. Llectnyroan-
MUK, Ha puc, 71 BHINYKAWHN;, NATHYTOALHUK Ha puc. 73 Hemwl-
nykabifl (auaronans EC nexut BHe MHOTOYTONBbHHKA). .
CyMMa BHYTPEHHHX YTIJOR BO BCAKOM BBINYKJOM MHOCO-
yroabHuxke paBHa 180°(n — 2), rie n-—— yHCHO CTOPOH MHGTO-
yroaoHHka ).

§ 7. TpeyroabHuk

Tpeyeorsttk (Tp-X) — MHOCOYIOABHUK C TpeMs CTOpO-
namu. CTopoHbl TP-Ka yacTo 0603HayaloTcA MalsiMu 6yKBamd,
COOTBETCTBYIONIMMY 0603HaYCHHIO TPOTHBONONOXKHBIX BePUIKH,

8 Vi A
I 2 b b
c a
A 0 ¢
Puc, T4, Pnc, 75, Pue, 76.

Ecan Bce TpHM yraa ocTpble, TO TP-K — OCHMIPOV2ORbHbLL
(puc. 74); eCaM OIMH M3 YrJoB NPAMOIl — HPAMOY20AbHbLL
(puc. 75); cropoHsl, obpa3ylomiue NPAMON YroJ, HasblBAOTCH
xamemamu (@, b); CTOPOHA NPOTUB NPAMOrO yria-— Zunome-
rysoii (¢). Ecan oann u3 yraos Tyno#l (Hanpumep, £ B, puc. 76),
TO TP-K ~— MYNOY20AbHbL.

1).B- yuyeGHuKax reomeTpuu ST0 CBOHCTBO BbiCKa3pBaercs O6BIMHO
TOALKO JRAf BBIIYKJAbIX MHOTOYTOMbHUKOB, Ho ouo cnpaseaivBo Iag BCeX
ATPOCTLIX» MHOrOYTQIbBHUKOB. yKHO 32METUTh, YTO B HEBbIIYKJOM MHOro-
YLOABHHKE OJUH WAV HECKOABKO BHYTpPeHHMX yriop npeseinaiT [80°, Tak,
‘B HeBBLINMYKJOM MATHYTOAbHHKE, N300paXKeHHOM Ha pHC, 73. XBa yraa -— 1ps-
Mble, ABa_ yraa uMewT no 45°, a oaws cogepwur 270°, Cymma yrios co-
«cTagager 180° (6 — 2) = 540°,
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Tp-x ABC pasrobedpénnwii (puc. 77), korma nse ero
CTOpOHB paBHW (b=c); pasrnocmoponsuit (puc. 78), xornxa
TPH CTOPOHH paBHH (@==b=¢). PaBHble CTOPOHH paBHOGel-
PeHHOro TpP-Ka Ha3HBAIOTCA OOKOBHMU, TpeTbA CTOPOHa —
OCHOBAHUEM.

Bo BcskoM Tp-ke NpoTHB Goablielt CTOPOHE JAEXKHUT 601b-
1IN yrox; NPOTHR PABHEIX CTOPOH — PaBHHE YIiaH, U 06paTHO.
B vacTHOCTH, PaBHOCTODOHHHH TpP-K BMeCTe C TeM pPasBHO-
y20nbHuili, 1 006paTHO,

Bo 8cakom mpey20ibRUKe cyMMa Y2A08 ({;aaua 180°%;
B PaBHOCTOPOHHEM Tp-Ke KamAuit yrox pased 60°

A 8 B

o \¢ 14 a
] V- i 7
Puc, 77., Puc, 78, Puc, 79.

INpogomuns oxny n3 cropod rp-ka (AC Ha puc. 79), no-
nyuaeMm smewnuii yron L BCD. Brewnuii yz2oa pasen cymme
BHYMPEHHUX, ¢ HUM Hecmexwchux: L BCD= L A+ L B.

BcAkas cTOpPOHa Tp-Ka MeHblle CyMMbl ¥ 6oJbIe pa3HOCTH
ABYX XPYTUX CTOpoH (@<<b-+¢; a>b—c):

ITrowads mp-ka pasna npoussedenuo nOAOBUNN OCHOEa-
Hus Ha 8bicomy (O BbI-
core Tp-Ka cM. § 9):

S= l/gaha- 1 4
§ 8. Mpusnaxn
paBeHCTBa
TPLYyroidbHHKOB
A 5 4 8

JlBaTpeyroibHuKa
PaBHBI, €CIH ¥ HHX CO-
OTBETCTBEHHO PaBHLI Puc. 80,

1) n8e cTopoHH M
yroja, 3ak/JAI0uYeHHbH
MeXAY HUMM; Hanpumep, AB==A'B'; AC=A'C";, L A= L A’
(puc. 80);
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2) ABa yraa M NpHaeXamian K HUM CTOpOHA, Hanpumep
LA=L A LC= L C; AC=AC";

2a) jABa yraa M CTOPOHA, NPOTHBOJEXAlasn OTHOMY M3 HUX,
Hanpumep, L A= L A} L B= /£ B"; AC=A'C";

3) tpu cropors: AB=A'B"; BC=B'C'; AC=A'C’;

4) Ise CTOPOHB W YroJ, Jewauuit mpotus 60abwed u3
Hux; Hanpumep, AB=A'B}, BC=B'C, L A= L A" Ha
puc. 80, rpe BC— Géavurass u3 cropod AB, BC. Ecau xke
paBHbIe Yrjbl JEWAaT IPOTHB MEHbLUIHX CTOPOH, TO TPEYroib-
HHUKH MoryT OuiTb He pasHbl. Hanpumep, tpeyroabunxku LMN

A/I

{ M L M
Puc, 81,

n L'M'N' na puc. 81 He pasHw, X014 y Hux LM=L'M,
IN=L'N'n L M= £ M'. 3pecy yras M, M' nexar npotus
MeHbIIUX cTopoH LN, L'N'

§ 9. 3aMeyaTenbHble JHHHH M TOYKH
B TpeyrolibHHKE

Beicomoid Tp-xa Ha3piBaeTCH MePHEHIMKYIAP, ONYIU(eHHLf
K3 Mo0oit BEpIUKHBI TP-Ka Ha MPOTHBOAEXKAUYI0 CTOPOHY
W14 Ha ee npojomxeHue (cTo-

p) 8 POHa, Ha KOTOPYIO ONYCKaeTcs
£ J nepueHuKyIap, Ha3bBaeTcA
, i £ B 3TOM Clydae OCHOBAHUEM
A ~ 7 F Tpeyroabuuka). B Tynoyromp-
Y 7 ¢ HoMm Tp-xe (ABC, puc. 82)
nse Boicotsl (AD, BE) napaot

Puc, 82, Puc, 83. 4

H4 TNpOJOMKEHHe CTOPOH H
Jewar BHe Tp-Ka, TpeThbd
(CF) —Buytpn 1p-Ka. B octpoyroanHoM Tp-ke (puc. 83) mce
TPH BHICOTH JA€KAT BHYTPH Tp-Ka. B NpAMOYroabHOM Tp-ke
KaTeTbl CAYXAT H BRICOTAMH. TpDH BHICOTHI Tp-Ka BCETHa nepe-
cexkalTcs B OXHOH TOuKe, Ha3biBaeMOH OpmMOyeRmMpoM: B Ty-
TIOYTOALHOM TP-KE€ OPTOUEHTD JeXHT BHe Tp-Ka; B NpAMO-
YroapHOM OH COBMAajgaeT ¢ BeplIHHOfi npamoro yriaa.
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BricoTa Tp-Ka, ONyiieHHasn HAa CTOPOHY 4, 0603HauacrTcs f,.
Yepes Tpu CTOPOHH OHa Bmpaxaercs (popmynoit

9 — . = at+bte
hy= Yo a)g’ NP9 e p=—.

MeQuanoii Tp-Ka Ha3bIBAeTCs OTPE30K, COCNMHAMWNI ni0-
6y10 BepIIMHY TP-Ka C cepelHHO NPOTHBONOIOMHON CTOPOHDI.
Tpu Menuann tp-ka (AD, BE, CF, puc. 84) nepecexaiorcs

Puc, 84.

B ONHOH TOuKe (BCeraa BHYTPH Tp-Ka), ABAAKM{ENCH LEHTPOM
TAKECTH TP-KA. JTa TOUKA JEAHT KAWAYI0 MeQuaHy B OTHOIUe-
#uM 2:] (cumTas oT BepmMHb). MeldnaHa, coeaunsomas Bep-
WMHY Tp-ka A ¢ cepeluHoOil cTOpoHM a, o6o3Hayaercs m,.
UYepes cTopoHnl Tp-Ka OHa Bhipawaerca Gopmyo#t

M= VI F2F —a.

Buccexmpucoli Tp-xa Ha3biBaeTcs OTPe30K OGHCCEKTPHCHI
ao6oro yraa (cm. IV, B, 5) or BepummuHn 10 INepeceuyeHus
¢ mpoTuBoNONOKHON cTopoHoft. Tpu GHccekTpucH Tp-ka (AD,
BE, CF, puc. 85) nepecekalorcs B OfHOH TOyke (BCerja BHY-
TPH TpP-Ka), ABAAIOUIeHCA HEHTPOM BIIMCaHHOro Kpyra (cuM. IV,
B, 19). Buccekrpuca yraa A o6o3nauaerca B,. Uepe3 cropoHst
Tp-Ka OHa BbipaxaercA Gopmynolt

Be=57 Vb (p—a),

rie p-——mnoaynepumerp. Buccexrpuca neaut npoTHBOMONONK-
HYI0O CTOPOHY Ha YaCTH, NPOMODHHUOHAMbHbE NDUICKAUUM
K uefi croponam. Ha puc. 85 AE: EC= AB: BC.
MMpumep. AB=30 cm, BC=40 cx, AC =149 cx. Haittn
AE n EC. llBe wvacrtu (AE u EC), Ha KOoTOpBE HYXHO DPas-
nenuts AC =49 cs, otHocatcs, Kak 30:40 uam xax 3:4.
[IpuusB 3a elyuuily macmiraGa X -— OTPE3OK, cofepxamuitcs
8 AE 3 pa3a, a B EC 4 pasa, umeeM AC=3x | 4x=7x,
x==AC:1=49:7=1T,01kyaa AE=3x=2]; EC=4x=28,



280 V. B. INIAHUMETPUR

Tpy nepnenmuxynspa K CTOpPOHaM Tp-K2, NPOBCHCHHblE
yepes ux cepeaudn (D, E, F na puc. 88, 87, 88), nepece-
KalOTCA B OLHOH TOUKe, CAY¥Kailel HeHTPOM ONHCAHHOIO Kpyra
(IV, B, 19). B tynoyronbHoM Tp-ke (puc. 86) 3ta TOUKa demMuT
BHE TP-Ka, B OCTPOyroivHOM (puc. 87) — BHYTDH, B [IpPAMO-
YroIbHOM — Ha CepellMre THROTeHy3u (puc. 88).

Pl E" -~
2
! G
\\ !
AE Y
Puc. 86, ’ Puc. 87, Puc, 83.

B paBHOGeIpPEHHOM TP-Ke BHICOTA, MelIHaHa U GHCCRKTpECa,
OlYLLEHHbIE HA OCHOBAHHE 1), a TaKKe NepreHAuKyasp, npose-
LEHHBIl yepes CCpeiMHy OCHOBAHHMsA, COBRAMAIOT APYT C APYroM;
B PaBHOCTODOHHEM TO ¥C HMEeT MeCTO 115 BCEX TpeX CTODPOH.
B oCTanbHBIX CAyYasX HH OXHA H3 YUOMAHYTHIX JWHUH He
cosnajgaer ¢ Apyro#t. OpTOUEHTDP, LEHTP TAKECTH, KEHTD BilH-
CaHHOI'O KPYra H HEeHTP OMHUCAHHOrO KpYyra COBNAJAT Apyr
¢ IPYroM TONBKO B PaBHOCTOPOHHEM Tp-Ke.

§ 10. NlpaMoyronsHble NPGEKUHH: COOTHOIWEHHS MEXAY
CTOpPOHAMH TPeyroJbHHKa

IIpsroy204bHoii npoexyueii (uau, Kopoue, npoexyueil)y
TOYKM Ha NPAMYIO Ha3blBaeTCHs OCHOBAaHWE MepHEeHIHKYJIApa,
onyuieHHOro U3 3Toff Toukn Ha mnpamyw. Ha puc. 89 touxu
a, b, ¢, d—npoexuun Ttouek A, B, C, D Ha npamyw MN,
[Tpoexunueit otpeswa AB Ha npamyio MN HasbiBaeTcsl OTpe3ok
ab npamol MN, orpaHuyeHHbl NPOEKUMAMH @ ¥ b KOHUOB
orpeaka AB. Orpesox bc ects npoekuua BC u 1. 1. O603Ha-
yeHue: ab==1p.y, AB; Kopoue, ab=rnp. AB.

CyMMa npoeKuMil 38€HbeB TOMaHON THHHH PaBHa HDOCKLLE
3aMblkaomero otpesxa. Ha puc. 89 np. AD=—mnp. AB--
~+ np, BC-+ np. CD. Bas nosinoit o6ULiNOCTH 3TOr0 Npasuia
HEOOXONMMO CMOTPLThL HA MPOEKUHIO OTPE3KA KaK Ha BEeAHUHHY
anzebpauyeckyio; NpoekLuo ab oTpeska AB NpHHATO cuutaTth
noaoxcumeabrod, ecnu b npasee a, ¥ OMpUyGMeEAbROL, eciu

1) OcHoBaHUeM PaBHOGEAPEHHOIQ TP-¥~ BCerfa HasbIBAIT CTOPOHY, He
PABHYIO ABYM RPYTUM.
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b nesee a. Tak Ha pHc. 90 np. AB==ab oTpuuarennHa;
np. BC=bc, np.CD=cd, np. DE=de NON0MHTEALHN
np. EF=ef orpunareabna. Ilostomy (aareGpauyeckyio)
CYMMY DpOekUHnl 3BeHbeB JoMaHolt auund ABCDEF mu tio-
IYYHM, CIOXHB IJWHB OTPe3koB be, ¢d, de W BHYTA OTCIOAA

B
= J B3 F
= <! S N,
T i et
M 3.t I v T b
¢t ¢d bacd fe
Pire, 89, Puc. 90,

CyMMY IAuH 0Tpe3koB ab u ef. [lonyyennas BeauuuHa pasHa
af — NPOEKUHUH 3aMblKapulero orpeska AF.

8 g

P a Y e

A== £ 5 A
Puc, 91, Puc. 92. Puc, 93,

KBagpar cTOpoHbl TpeyroibHKHKa paBeH CyMMe KBaipaTos
EBYX JIPYrHX CTOPOH 0e3 YIBOEHHOTO TNpPOU3BENCHHA ORHOH
M3 9THX CTOPCH Ha B3ATYIO Ha Hell npoexunio apyroi. [Ipu
obo3nauenuax puc. 91 u 92 umeem:

a*=1b* 4 c*—2b np.,-AB. )

Ecam x o6o3Hauaer JauMHy nOpoeKHHH ([OJOMHTEIbHOE
4HCa0), TO, KOTAa yroa A octpuifi (np.s- AB=wx, puc. 91),

a®=b? 4 c® — 2bx, 2)
a xoraa yrox A tyno#i (np.,-~AB==—x, puc. 92),
a?==b® 4 ¢* 4 2bx. (3)
fcan yron A — npamoit (puc. 93), 10 0p.4,c AB=0, u Mul
riMeeMm:
@ = b4, @

KBajipaT CHMOTEHY3b paBeH CyMMe KBaJpaToB Kateros (Tak
Ha3viBaeMan meopema [Tugazopa) *). Teopema IMudaropa yacro

1) MpunucniBanace [Mudaropy — rpeueckomy duaocody 6 — 5 na, go'n, 2,
Ha camom gese 3Ta Teopema Gbida W3BECTHa HApOAaM JAPEBHero BoOCTOK?
eme 33 20 BeKOB A0 H, 9,
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NpUMEHseTcA B PasHooOpa3dbiX MPAaKTHYECKHX H TEOpeTHHes
CKHX BOTpocax.
dopmyay (1) MOXHO npeicTaBUTH TaKwe B BHIe

a® =10+ ¢*—2bccos A
(cm. 'V, 22),

§ 11. Napaanesbuble npsiMbie

JMise npambie AB n CD (puc. 94) HaswiBaOTCA napariens-
HbLMU, €CAH ORH JexaT B OJHON TIOCKOCTH H He mepece-
KaoTCA, CKOJAbKO O MX HH npogomxars. O6o3Hauenne:
AB || CD. Bce Touyku ofHOH M3 MmapalienbHblX PaBHOYIAneHsl
OT Apyroit.

Bee npamsie, napanaeasuuie npamoft AB, napansenbHnl 4
MeXkay COOOH.

Cuuraercs, YTO IBe napaizenbHsle IpaMbie 00pa3yloT yroa,
paBHbl Hymo (B IIpAMOM CMbICAE 31echb Mbl BooOIle He
.MMeeM yriaa).

Ecnay ABa Nyya NpPHHALAEHAT NAapalienbHbIM IPAMBIM, TO
yroa MeXay JAYyYaMM CYUTaeTCA DaBHBIM HY/TIO, KOTHA Hanpa-
BieHusa JAyyeH ofuHaxkoBbl, M paBubiM [80°, Korma Hampasie-
HMA nydYeH NMPOTHBOIMOMOXKHLL. .

Bce mnepnexnukyaspw (AB, CD, EF, puc. 95) x onHoil
upamoit MN napanieabin Mexny coGol. O6patHo, npamas

BOF

2/

f] e B (744
f————p o
Mg e " i

Puc. 94, Puc, 55, puc, 96.

MN, uepneHauKyaspHaa x ofHoll u3 napannenedt, nepneHan-
KyaspHa Ko BceM Apyrum. Bce nepnenavkynsps K OJHOH u3
JBYX MapanjienbHeIX NPAMbIX CAYWAT AepHeHIUKYIAPaMH H
Kk apyroff. OTpesky 9THX NepHeHAUKYINAPOB, 3AKMOUEHHbIE
MewJy ABYMs NapanielbHbIMH NpsAMbiMH, paBHbl. OOmasn ux
JIIHHA €CTb pPacciosnue MeXRAY NapainesbHbIMH IPAMBIMIAL

Tlpn nepeceyeHvn NByX mNapannelbHuHIX NPAMBIX Tperbeli
npsamoit o6pasyercs BoceMb yrios (puc, 96), KoTopbie NONapHO
HOCAT Ha3BaHuA: )

1} coorsercTeenuste yravl (I u 5,2 u 6, 3u 7; 4 n 8); satn
yrasl monapHo pasHbl (L I=L 5, L2=L4L 6, L 3= LT,
L4= L 8);
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2) BHYTpEHHHE HaKpecT nexamue yranm (4 u 5 3 u 6);
©OHHM TONApHO PaBHHI;
~3) BHemHne HakpecT mewamue yras (I u 8 2 u 7); onu
Takwe NOMAPHO DaBHH,
4) BHyTpeHHHe ORHOCTOpOHHHe yraw (3u 5, 4u 6), B
Acy_h;gg.)cocmanmcmue 180° (L34 £5=180% 244 L6=
5). BHelllHKe ofHocTOpaHHMe yrabl (I'u 7; 2 u 8), B cymme
cocrasaswomue 180° (L1 £7=180% 124 £8=180°)1).
Yras ¢ cOoOm8emcmEeHHO. NAPOAACALHBLMY CHIOPONAMU
*au6o paBHB Xpyr Apyry (ecan oGa oHM ocTpbie uiH o06a Ty-
ane), 1160 B cymMe xaot 180°% Ha puc. 97 LI=L2; Ha

Ly L= 4]

a or
Puc, 97. Pue. 93, Puc. 99.

SHC' 98 L34 L4=180°. Yaan ¢ coomsememsenno nepnen-
UKy ASPRBLMU CIIOPORGMI TOYHO TaK e nn6o paBHH Apyr
npyry, aubo B cymme cocraBasior 180°
ITpu nepeceyeHun CTOPOH yraa napaineibHHIMK NPAMBIMH
{puc. 99) Ha CTOpOHaxX yria OTCEKAOTCH NPONOPUHOHANbHbIE
OTpesKH:
0A_0B__0OC__AB__BC __AC

‘ 0= 0h=0c —ap—Fc —ac HT L

§ 12. IMapaanenorpaMm H Tpaneuus

Iapaanrenozparmm (ABCD ua puc. 100) ects yernipex-
YTOAbHHK, POTHBOMOMOXHbIE CTOPOHB KOTOPOrO MONapHO fa-
pannensHbl. [IpOTHBONONOXKHKE CTOPOHH ma-
paanenorpamma pasusi: AB=CD, AD =BC.
Jlio6rie 1Be NPOTHBONOJOXHBEIE CTOPOHbE
MOXHO CYHTaTh OCHO6arusmu. PaccTosHpe
MeXXy HHMHM (10 NepNeHAHKYAspy) Hasnl-
BaercA 8vicomod (BF). JuaroHann mapaine-
norpaMMa HeasT Apyr Apyra nomnoaam (A0 = Pue. 100,
= 0C; BO==0D). TIpoTHBONOOKHKE YIibl
napaaaenorpasmMa paBHN (LA= LC, LB=4D). Cymma

1) Ilpn nepeceuenun ABYX HelapasjeabHbIX DPAMLIX TpeTbedl obpa-
syeMpie Yrabl HMEIOT COOTBETCTBEHHO Te Xe HaHMEHOBAHUA, YTO M Nepe-
SHC/ACHHHE Bble; AAS Henapalae]bHEIX NPAMbIX NPYBEREHHLIC 3XECh COOT-
HOMIEHNA MEXAY yrAaMu HE BEPHbL,
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K8adpamos Oua20Haneil PasHa cymMme Keadpamos yemsipex
emopon: AC®+ BD? = AB* + BC®* 4- CD® + AD*=2(AB*+4-
- BC®). ITrowads S napasrsenrozparma pasia npouasedenuo
ocnosakus (a) Ha svicomy (h,):

S=ah,.

Tlpudnaxu napassesozpasma. Yersipexyroasuuk ABCD
ABAAETCA NAPaNAeIOTPAMMOM, €CAU HAAHIO OJHO U3 ciaelyio-
LWINX YCAOBHH:

1) npoTHBONONOMKHLE CTOPOHB NMOnapHo pasHu (AB = CD,
BC=DA);

2) HBe APOTHBONOMOMNHBIE CTOPOHB PaBHHl H NapaniedbHni
(AB=CD; AB|| CD);

3) nuaroHanu B3aHMHO AEATCA HONONAM;

4) MPOTHBONOJOXHEIE Yrabl TomapHo paBHn (LA= LC;
2LB= 4LD).

Ecan omun w3 yrios napanierorpamma — npamoff, 10 ¢
BCe yrabl — npamsie. Takolt mapanmenorpaMm Ha3uiBaeTCa Nps-
Mmoyzoavruxonm (puc, 101). Cropoun mpsamoyroabuuka (a, b)

Vi 44 B il A ’
\‘\‘ e \‘ //
A a J A 7 A J

Puc. 101, Puc, 102 Puc. 103,

OJHOBPEMEHHO CAYXAT ero BuicoTaMu. [Ta0mads npamoyzors-
KiKka pasKa npoussefenuio cmopon. S=ab. }

B npsmoyroabnuke auaroHaau passs: AC = BD.

B npsamoyzonsruxe Kkeadpam Oua2oManrl pagex cyMme
x8adpamos cmopon: AC®=AD? 4 DC>.

Ecau B flapaanejorpaMme BCe CTOPOHL! DaBHbl, OH Ha3h-
paetca pombox (puc. 102),

B pom6e auaronansn s3aumMHO nepneHiukyaspan (AC | BD)
¥ nenar yraw pom6a nononam (LDCA= LBCA n 1. 1.).
ITrowads pomba pasne norosune npoussederys OuazoRarei:

S:..—;—d, vdys  (AC=d,, BD=d).

Ksadpamom Ha3LBACTCA MAPANAENOrPaMM C MPAMBIMY
yraamu 4 paBHeiMH cTopoHamu (puc. 103). Ksaapar ects wacr-
Hbfi BHI NPAMOYrONbHHMKA, a TaKXe vacTHblii BUX poMEa,
TlosToMy OH MMeeT Bce BHiuIeNepeviHCACHHHIE UX CBOMCTBA.
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Tpaneyueil HA3HBARTCA METHPEXYTOAbLHUK, ABE NPOTHUBOMNO-
JOXKHbie CTOPOHb KOTOporo mapainenps (BC || AD, puc. 104).
[MapannenorpaMmM MOXHO CYMTATH YACTHHIM BHJIOM TpamnenuH.

[TapaaneabHsle CTOPOHL Ha3LBATCA OCHOBGHUAMN Tpale-
nuu, 1se apyrue (AB, CD) 6okosumu cmoponanmi (Goxamu).
PacctosHHe Mex]y OCHOBaHWAMU (0 MEPHeHAUKYIAPY) Hazhl-
saerca 8vtcomoii (BK). Otpesok EF, coemuusionuiui cepeauunt
GoxoB, HA3LBaeTCs CpeOHell Aunuel mpaneyuu.

Cpeonsis. AuHUsL mpaneguu pagra noAycYyMMe OCHOBAKUIL:

EF ==% (AD + BC), u napasseasnz usm: EF | AD.

[110:a0b mpaneguu pasra npou3se0eruo cpedneli Aunul
HA 8bLCOMY:

S=3(a+bh (AD=a, BC=b, BK=Hh).
TpeyroabHuK ABAAETCH APEeIbHBLIM CayyacM (<BbLIPOKIE-

HUEM») TpallenwH, KOTAA ONHO M3 OCHOEAHRH ob6pautaercs
8 Touky (puc. 105). B BHprwieHHO Tpanmeuuws coxpaHaOTCA

8 ¢ 8(c) B r
7 [\
4 K Y 4 J A W
Puc. 104, Puc. 105. Puc. 166.

ee CBOHCTBA, HANPUMED: AUHUA, cOeQunAwOuan cepeduns. [
u F emopon mp-xa ABD (cpedusnsn aunus mp-ga), naparieivia
emopone AD u pasna ee noaosune.

Tpaneuuns ¢ pasHbiMH OGoKaMmu (ecad oOHa He fapaniaeno-
rpamm) HasbiBaetcs pasnoGoynoii (AB=CD, puc. 106).
B pasnobo4noll mpaneyuu y2Abl Rpu OCHOBAHUSAX pPABHB
{(LA=4LD; LB=LC().

§ 13. llono6ue naoCKHX HUryp, NPHBHAKH NOZOGHSA
TPEYroibHUKOB

Ecan Bce pasmepnt f110CKOH (GULypbl H3MEHHTb (YBEAHYHTH
WM YMEHbUINTH) B OJHOM U TOM e OTHOIIEHHM (OmAOwe-
Hue nododus), 1o cTapada U HoBas GULYpbl HA3HBAWOTCA no-
O0ofnvimu. Hanpumep, KapTuHa ¥ ee 'GOTOCHUMOK npexcTas-
AA10T NonoGHsle GUrypbI.

B dsyx nodobusix @uzypax aw0bble coomsemcmeennne
yean paguan mexcdy coboii, t. e. ecam touks A, B, C, D
OjHO#1 GUrypbl COOTBeTCTBYIOT TOYKaM a4, b, ¢, d Apyro#, 1o
LABC= £ abe, £ BCD= /£ bcd u T. &
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Jea muoroyroasunxa (ABCDEF w abedef, pue. 107) no-
I0GHB, ecaH OHH HMeT paBisle yran (L A= 4 q,
LB=4Lb .., LF=LZf) ¥ HX COOTBETCTREHHbIE CTOPOHL

nponopunonasun (A8 =5¢ — ~—=...=% )

J1HM  ofecrmeuynBaeTca NpOMNOPUHOHAIBHOCTD
BCEX OCTAAbHBIX CXOACTBEHHBIX yacTel MHOro-
YrONbHUKOB; HanpHmep, AuaroHanH AE u ae
HMEIOT TO K€ OTHOWIEHHE, YTO CTOPOHLI

(.i\_li__AB) . Onnont e NpOIOPUHOHANBLHOCTH

4 c
£ 0

Vi =727
VY ae ab
f@z CTOPOH MHOrOYrONbHHKOB IiA 1lofo6uA HX He-
& JI0CTaTOYHO; Hanpumep, ua puc. 108 yerwipex-
yroabhuuk ABCD (xBaipar) BMeer CTOPOHBI, NPO-
NOPUNOHAAbLHHE CTOPOHAM YeThipexyrodbHHKa
(pom6a) abed; kaxpan CTOpoOHAa XBaapara BIBOe
6oabuie cTopoHbl poM6a. OHAKO AWAroHaAM KBAaJpPaTa YMEHb-
HNIKCh HenponopunoHaabHo (ofHa GoJblie yem BABOE, APY-
ras — MeHbIlIe), TaK KaK yranl pom6a abed He paBHn yriaam
kBanpata ABCD.
Aas nopobpa ke TPEYrOALHHKOB INPONOPUUOHAABHOCTH
CTOpOH JOCTaTCHHO: d8a mp-Ka nodobHbl, ecau UX CHMOPOH.L
nponopyuorasbibt, Tak, ecan cTopoHu Tp-ka ABC (puc. 108)

Pac. 107,

8 4 4 8 P
v A4 e
A va a A DELadec A 7 a Jid
Puc. 108. Punc. 109, Puc. 110,

sasoe Goabiie CTOPOH Tp-Ka abe, To W Ouccektpuca BD
sasoe Goabuie Ouccexktpuck bd, u Bricora BE sapoe Goapuie
BHICOTH be ¥ T. ., B COOTBETCTBEHHblE YTl Y HUX DPaBHb!
(LA=La, LB=Lb LC= /L)

Ecau yenv 08yx mp-k08 coomeemcmBerHO pPasHb, MO
mp-ku nOOOGHH. (MOCTATOYHO O6GHAPYWUTh PABEHCTBO ABYX liap
yraoB, W60 cymma yrioB B Tp-Ke Bceraa [80°). [aa opo-
M3BONbHBIX MHOFOYFOJALHUKOB 3TOT MPU3HAK HEIOCTAaTOYECH.
Hanpumep, kBagpatr ABCD u upamoyroashuux abed (puc, 110)
MMEIOT COOTBETCTBEHHO PaBHBIE yritbl, HO OHH He NOROGHS!.

Tp-xu nodoGue. makxsce, Kko20a O8e CMOPOHW OOHO20

npONOpUUOKGHY 06y CMIOPOHANM Opy2020 u y2iu  3a-
KAIOYeNHbe  MEXCJy HuMu, pasuw (T. € ecad ’E:Ti

s LB= L b) ¢
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llpasoyeonsuee mp-xu no0OOHu, ecau 2unomexnysa u
xamem OONO20 Mp-xa NPONOPHUOHAAbNE 2UNOMENY3e U Ka-
memy 0py2020.

Beaxue nea spyra nomnoGHm Mexay co6od (OAMH U3 HMX
€CTb_yMeHbIIEHHOe WM yBeaHUeHHOe u3obpakeHsue Apyroro).

I1r0wadu nodobuux duzyp (B 4aCTHOCTH MHOLOYroAbHHU-
ROB) NPONOPYUOHBALHYL K8AOPAMAM X CXOOCMBERRHX AU
(nanpumep, cropos). B uvactHOCTH, naowadu xpyzos omuo-
camesi, Kaxk Keadpamsi paduycos uau Ouarmempos. Taxum
o6pa3oM, Onao 6ui rpy6oit omMGKOH cynTaTb, YTO OTHOUE-
Hue naoulafefl ABYX KPYros paBHO OTHOWIEHHIO KX AWameT-
‘pos. Ojnnako 3ta omubKa 4acTo genaercs.

Mpumep 1. Kpycanit-merannuueckuét guck muameTpom
20 cx Becut 2,4 k2. CKQIbKO BECHT BbIpe3aHHbi H3 Hero
auck nuamerpom 10 em?

[Tpu pemtenun stoli 3apayn GrA0 Ok OWIHOGOYHO pacCy-
AaTh TaKk: AHaMeTp MaJoro JHCKa BIBOEe MeHblle, yeM fua-
MeTp GOJbUIOrO; 3HAUUT, MaAblil MHCK ¥ BECHT BABOE MEHbIUE,
T. e. Bec ero 1,2 we.

IIpaBuabHOe pelueHue TakoBo. Tak Kak MaTepnaa H Toa-
HHHA AHCKA OCTAIOTCH TEMU Ke, TO BeCa HUCKOB HPOHOPUHO-
HaibHBl (0MAdAM, 3 OTHOLIEHHE MJOLIAAH MAJOTO0 AUCKA K

10\ 2 1

naoutany 60abIIOro paBHO (.2—0) = . 3HauuT, BeC Majoro
1

acka 2,4 - 4 =06 (x2).

Mpumep 2. Hacenenne Toanaunuu cocrasaser 8,2 mua-
auoHa, a Ulsefinapun — 4,1 muaanona. YucrenHocTb  Ha-
ceasenns lllpeliuapu¥ uzo6paxeHa Ha auarpaMme Kaal-
paroM co croposoft 10 cm. KaxoBa aoaxna GumTb CTOpO-
Ha KBallpaTa, U306paxamllero YUCJEHHOCTb HaceaeHus [oa-
NaHAUH?

Q603HauuB HCKOMYIO CTOPOHY uYepe3 a, uMeem:

a\ e 8,2 ) a . ~
(m) =5 =2 =V2=l4 a=14 cn.

i

§ 14. I'eomeTprueckoe mMecto. Kpyr H okpysKHOCTB

Teomempuyeckus mecmom 7Toyex (065analoWUX RanlbiM
CBOAICTBOM) Ha3biBATCH COBOKYNHOCTb 8cex TOYEK, yloBie-
TBOPAIOUINX 3aaHHBIM YCAOBHAM.

OKpYIHCHOCD ecmb 200MEMPUHECKOE MECINO MOYEK NAD-
OCmU, paBHOYOAAeHHUX Om 00RO ee moyYKn (YeKmpa).

PaBHble OTpe3KH, COEAUHAIOUIHNE LEHTP C TOUYKAMH OKPYH-
10CTH, HA3LIBAWTCH paduycamy (obosHauenus: r wan R
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Yacts okpyxkHoct# (Haupwumep, AmD, puc. 111) HasmBaerca
Oyeoii. Tipamas MN, npoxomamas yepe3 IBe TOUKH OKPYHK-
HOCTH, Ha3biBaeTCs cexyujei; oTpe3dok ee KL, aéxamnii BHyTpH
OKPYWHOCTH, — XopOof. C npubmixeHuem K HeHTPY Xxopaa
ysenuuuBaetca. Xopna BD, npoxonmmas uepes ueHrp (0O)
HasoisaeTcs Guanmentpom (o6o3nadennsn: d uwin D). Huamerp
paBed aByM pamuycam (d ==2r).

A

Vo,

Puc. 1L Puc, 112,

Kpye ecTb 4acTh RNNOCKOCTH, JeXKAaian BHYTPH OKPYH-
HOCTH.

Kacameasnas. lycts cexywan PQ (puc. 112) npoxoaut
yepe3d To4KkH A u B Ha oxpywuoctd. [lycte Touka B asu-
®eTcA No OKpy¥HocTH, nupubammancs Kk A, Cekyman PQ
6ymer MeHATb LOJOWEHWe, Bpauiasdch oxoJo toukn A, Tio
Mepe npuOAHKEHHA TOYKH B K Touke A cexkyimian PQ Gynet
CTPEMHTBCA K HEKOTOPOMY HipelledbHOMY Hoaowenuio MN. [Tps-
Mas MN Ha3biBaeTCA KacameasHOU K OKPYMHOCTH B TOouxe A.

£ 4
A/ O\
Puc, 113, Puc. 114,

KacateabHan #n OKpYWHOCTb HMEIOT TOAbKO OAHY ofiYyI0
Touky!). KacarebHy10 MOXHO CUHTATH BhiPOAMBILCHCA CeRyuLet.
Kacareabnas K OXKpyWHOCTH NEPHEBAMKYANAPHA K Painycy
OA, npoBelleHHOMY B TOUKY Kacanms A.
M3 Toukn BHe Kpyra MOKHO MPOBECTH K GKPYMHOCTR jBE
KacaTenbHbie; JUIMHG nx paBHm (cum. puc. 120 wa cumed. crp.).
CeeMenmOM Ha3bIBAETCH YaCTb KPYra, OrpaHMyeHnas py-
rofi ACB u.crarubaomei ee xopgolt AB (puc. 114).

1) 8710 cBoiicTBO OGLIMHO NPHUHAMAIOT 33 OfpeXelenue KacaTeabHOR
K OKPYXHOCTH; OfHAKO AAd APYTHX JMHAA STO ONpeXeiCHUe MOKET OKa-
3aTbCH HeledcTBUTeabHbIM, Hanpumep, Ha puc, 113 MN ectd kacaressnan
K ausnn CADE B touke A. Oanaxo MN, xkpone A, umeer ¢ miueds CADE
emle oany ofmylo Touxy N, [anHoe e B TeKkCTe onpeXejenue KacaTelp~
HOM KAaK NPefie bHOTO MONOWEHAN CeKyIled UPUMeHNMO K A0y iHHNAM,
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flepOeHANKYAAD, BOCCTABAEHHKI U3 CepelrHn xopaw AB
JIO nepeceyeHus ¢ Ayroit AB, HasmBaerca cmpeakoli nyrun AB.
Dauna crpeaku DC (puc. 114) HasbiBaeTCs 8LCOMOil CEIMEHTA.

8 g 8
Puc. 115, Puc, 116, Puc. 117,

Cexmopom HA3bLIBAETCH YaCTh KPyra, orpaHAYeHHas Jyrof
7 AByMs Pajuycamy, NpOBefeHHbMH K Komitam ayru (puc. 15
# 116). Cexrop, orcekaemsifi papuycamu, 0O6pasyOUIUMY
yroa 90°, naseiraercs xgadpannon (puc, !17)

§ 15. ¥Yram B Kpyre; qasMHa OKPYWHOCTH W JYTH

Llenmpanonoiii y204 — yroa, obpasosaHiuil ABYMA panny-
camu (L AOB na puc. 118).

Bnucannoiil yzoa — yroa, oOpa3oBaHHbIt ABYMA XODAaMHU
CA u CB, ucxoasmuMy U2 odHo toukn okpyxdoctd (£ ACB
Ha puc. 119).

Onucannsifi y204 — yroa, 06pa3oBaHHblil ABYyMs Kacartenb-
oMt CA u CB, dcxopamuuy #3 ofHolt Toukd (L ACB nHa
puc. 120). _

Jauna dvenr, onNUCHBaeMON KOHIOM pajgdyca, TpONOpuio-
HaibHa BCANYHHE COOTBETCTBYIOUIErO UEHTPAlbHOTO  yraa;

{

4 A
g , ‘
4 4 A (7]
Puc. 118 Puc, 119, Pue, 120

NOSTOMY AYrH OXHOM ¥ TOf We OKDYWHOCTH MOXHO Wame-
pATh, Kak K yrasi, rpagycamu ([V, b, 5), Mwuenno, 3a 1° nyrn
{IPHHUMALTCH g5 HACTH OKPYXHOCTA (T, €. Ayra, UeHTPanbHb i
yroa wotopoii pasen 1°). Bea oxpywmuocts kmeer 360° noao-
puHa ee conepmur 130°
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Bo usbexanne WacTo npuucxoisinux omnGoKk HeoBxoxuMo
OTMETHTH, YTO BEAHYHMHA LCHTPANBHOrO YId COBEPIICHHO He
33BHCHT OT JAHHL paluyca, TOrJAa KaK BEAHYHHA COOTBET-

oo CTBYIOMIEIl JYIM [PONOPUHONANbHA PAABYCY.

4 lax, na puc. 121 wenrpaabHulil yroa coxpa-

ﬁ j_‘ HACT OIHY H Ty K€ BEAHUMHY HE3ABUCHMO OT

I—7r—> TOro, o6pasyem au mui cro paguycamu OC

M OD uin BiBoe MeubluMMH paguycamy QA

Puc. 121, u OB. “yru ke AB u CD, x0Ta xawmas u3

HHX HMEeT OAHO H TO e YHCJIO Fpaiycos,

He paBHbl MO AauHe: nyra AL uMeer MEHLUIYIO HJAUHY, 4eM
ayra CD.

Boo6ule asmHa Ayr¥ nponopunoHaibHa: ) pamuycy ee u
2) BeAHuyMHE COOTBETCTBYIOLLEro [EHTPAJIbHOLO yria.

JlaMna OKpYMHOCTH p COCTaBAAET OKOAO 3 - AIMHp Ana-
serpa:
p=3 % d.

Muaue rosops, OTHOIUCHHE IJIMH OKPYKHOCTH H JHaMeTpa
.y
COCTaBAAET NPHMeEpPHO 37:

P __3gl
L3

r

TouHoe OTHOMIEHHC 7

o6o3nauaerca rpeveckoft 6ykBoli =
(cun»):

2=s o

1
3—7 ectp npubnuxenHoe (13GbiTOUHOE) 3HAuUeHHe YHCHAA T.

Ypcao = uppanuoHaibHo (cm. I, 27), 1. e. ero neansa Touno
3anucaTp B Buge Apo6u. C TOUHOCTHIO 1O NATOrO AECHTHY-
HOro 3HaKa OHO mNpeiacTaBaserca uucaom 3,14159. s npak-
THKM  [OCTATOYHO B3ATb npHOJHMEHHe (HEZOCTATOUHOE)
x == 3,14, YTO KaeT HeCKOAbKO (HO HeCYUeCTBEHHO) MEHBIIYIO

TOYHOCTh, UeM n%&%
dopmyaa (1) naer

p=ud, 2)
nau
p=2znr (n=<3,l4. : (3)
Aanwa nyru B 1°
2nr nr
Pr=3%= 5" 4
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Aauna ayrn B n°

nri

Pr=Tg- ®

®opmyant (2) — (5) [Bce oun aerko BuBOmATCA H3 (op-

mynsl (1)] umeroT 6oabliloe TeopeTHYECKOE W NPAKTHYECKOE 3HA-
yeHue,

Mpumep 1. U3 xeaesnoit moaocw Aanuo#t 2,4 & HYKHO
M3roTOBHTbL 00pYyvY; Ha 3agienxky pacxonyercs 0,2 # Ha KOH-
nax. OupeeauTs paanyc obpyua.

Huuna oxpywksoctn p=24—02==22 (x). Y3 ¢opmy-
ant (3)

P 22
r“"z'?:"‘e_,a"“()’% ().

MIpumep 2. duamerp seaymero koxeca napososa 1,5 .
Cxonbko 0GopOTOB' B MHHYTY LenaeT XOJecO NPH CKOPOCTH
noesyua 30 xmfqac?

1acr |

3a 1 mun. koaeco npoitper 30:60= 5 (kx), T. e. 500 .

fpu oxoM 060poTe 0HO MPOXORUT NyTh, PaBHBIH JIHMHE OKPYX-
HOCTH p; p=r=d == 3,14. 1,525 4,71 . Wckomoe uucio o6opa-
108 500:4,71 == 106.

Hpumep 3. Painyc xeIe3HOAOPOKHOTO 3aKPYrACHHA
800 . Jlnuma penncosoro nyti ga Hem 60 a, Cxomsko rpa-
JycoB B Ayre 3aupyliaeHua?

s gopmyian {5)

__180p 55

r

0 5
Ta.500 == 420" (pesyabrar oxpyraen).

Maoweds kpyea pasre npou3gedenuio NOAYOKPY HCHOCML
xa paduyc:

1 . ;
S = 3 Pr, B S =nars.

[1aoujads cekmopa (Scex;) PaBHA HPOUBBEAEHHIO MONOBHHbI
AMUHBL AYLH (Peexy) HA pamgmuyc (r):

i A
Scext = 5 Peexrl 777
Ilaomaze cexropa ¢ ayroit B n° 5
S == Tin
n 360 ° Puc. 122,

. [aomanp ceamenma paxopurcs Kak pasHoCTb (JAOHLAAY
cextopa AGBm u tpeyroannuxa ACB (puc. 122).
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§ 15a. ®opmyaa Folirenca aas AMHABL AyTH

Ha npartuxe uacto TpeGyerca HafTh HauHY IYTH, JaH-
HOM Ha yepreXe WiaW B HAaType, NpuueM HEU3BLCTHO, KAKYIO
YyacTh OKDYKHOCTH COCTaBJsieT Ayra ¥ KakoB ec paiuyc.
B TaKHX ClIyuasx MOMXHO f0Jb30BATHCA CAELYIONIHM [IPUEMOM.

Otmerum Ha RaHHOl Ayre AB (puc. 122a) ee cepemuny M
(ona nexwut wa nepnesavkyaape CM, npoBeseHHOM K XOp-
&e AB uepes ee cepeauny C). 3atem wamepnm xopuy AB #

/W\\
Puc, 122a.

x0pay AM, cTarupaomyno noxoBuHHylo ayry. MAauua p ay-
rn AB Bbipaxaercs (npuOGamxeHHO) caenywoumell Gopmyioi
lMoiirencat):

pas U4 5 (2 —1),

rie =AM n L= AB.

OrHocHTeabHas MOrpeuiHoCTh 3TOH (GOpMYJAB COCTaBAfeT
okono 0,50/, koraa AB copepxur 60°. C ymeHbuwennem yr-
A0BOH Mepbl AYrH MpPOLEHT NMOLPECIMHOCTH pe3ko mnagaer. Tak,
jag ayrd B 45° OTHOCHTeIbHAA MOTPEHIHOCTL COCTABAACT
npumepHo 0,020/,

[Tpnwmep. Ha puc. 122a usoGpaxena nyra AB, 1as KoTo-
poit /= AM==34,0 ms, L= AB=067,1 mm. Popmyna [of-
reHca jJaer

p=2-340-1 5 (2-340 —67,1) ~ 68,3 (s).

3necs Bce uudpol BepHb, Tak kak gyra AB (310 BHAHO
Ha rJ1a3) COZePXHT MpUMepHO 45° W, 3HAUUT, NOTPEUIHOCTD
dopMmyas coctaBrser #pumepHo 0,020/, T. e. MeHblue uem
0,05 ma.

1) Xpucrnan IMwiirenc (1629-1695) — roasauackuil yueHsii, 3HAMEHUThIA
CBOIMH PaGoTaMH B 06.1aCTH ONTHKH W MeXaHHKH,
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§ 16. H3mepenHe yrios B Kpyre

Bnucarnnetii y204 cocmasasiem noa08UHY UHERMPAALHOZ0,
onufoa;otueeocu Ha my wce Oyzy. Ha puc. 123 LACB=

=+ £ AOB. [losToMy Bce BNHCAHHblE Yribl, OMHPAIOLIHECH

Ha JaHHyI0 Iyry, paBHbl mexnuy coboit. Ha puc. 124 L ACB=
= LADB= £ AEB. VHaue, xoppa AB BugHa 003 OJHHM
H TEM Xe YrioM H3 BCeX TOUEK ONMpamileiicA Ha Hee AYCH.

Ay

G

a L
8 8

Puc, 123, Puc, 124, Puc, 125,

losopsr, nyra ACDEB eameujgem yron ompeleleHHOH Be-
auuuHel, Hanpumep, moayokpyxkHocTh Bmemaer yroa 90°
(puc. 125).

Tax Kaxk neHTpadbHbI YroJd COLEPKHT CTONLKO e rpa-
IycoB (YTri0BBIX), CKONBKO €ro JAyra (mYroBbiX), TO 8nucax-
uotii yeor (L ACB, puc. 123)
u3MepseTca HONOBHHON ayrH AB, 4
Ha KOTOPYIO OH ONHpaercs. oAp

Yeon, cocmagaennniii d8yms C 17
xopldamu (nanpumep, Z AOB, ’ Y
prc. 126), n3mepsiercs moaycym- , o

Moit —; (CD + AB) Ayr, 3aK1io- 5

YeHHbIX MEXIY ero cTopoHamu  Puc. 126, Puc, 127.

(nponoaxeHHbHIMH BO6€E CTOPOHBL ).

BrnucanHbIfl yrod — yacTHot# cayuali paccmarpuBaeMoro (onHa

W3 Ayr paBHa HYMO). )
Yeor, cocmagaennsiii daymn cexyuumu (L AOB, puc. 127),

1, = .
u3MepsdeTCa MOMYypasHOCTho 5 (AB— CD) ayr, 3axmoued-
HbIX MeXJIy IBYMs ero croposamu. Buucamuwit . yrox — vacr-

Hblfi ciyvya#f yraa mexny ABYMS CEKYIMHMH (Cb:O)_._
PaccmatpuBas  KacaTelbHY0 Kak BBIDOMJIEHHE CeKy-
weit (IV, b, 14), unoayuaem orcioma: y204, cOCMA8ACHHObL
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Kacameannrofi u xopdoii (naupumep, ABC, puc. 128), uame-
pAeTca 1OJOBHHOH OyrH,
8 3aKMI0UEHHON BHYTPH Hero

4 | ~— .
c <—2-An-B . yeon, cocma-
n 8LeHRBLI KacameabHOd
Vi A u  cexyujeli  (Hanpumep,
8 Y 2 £BOA, puc. 129), nsve-
Puc. 128. Pic. 199. psertca nonypasHocTLIO

—2'-(87-1-— DAY sakawouch-
HbIX MEXIY ero CTOPOHAMM 1Yyr;, onucausstii yeonr (ZCOA,
’ S S
puc. 129) wusmepsercs fl0JAYPa3HOCTLIO 5 (CBA— CDA) 3a-
KJMWO4YEHHbIX MCXIY ¢ro CTOp()H(}MH ayr.

§ 17. Creneunb TOUKH

Cmenervio mouxu O OTHOCHTCALHC 1ol OKPYIKHOCTH
panMyca r HasmiBaerca Beanunia d*® —r® rue d -~ paccros-
#ue OC OT TOUKH JI0 teHTpa okpykHoctit. Crenelb BHOMIHCH
TOUYKH NONOXKUTENbHA, BHYTPEHHEH — oTpunlatenbHa. s Touex
OKDYXHOCTH CTelleHb PaBHA HYJIO.

AOGcomoTHan BenuyuHa CTeneHH Toukwu |d? — r?| oBo3na-
yaerca yepes p? Tak YTO N1A BHCLIHEH Toukw p?=—d? — r?,
a nan BHyTpeuneit p?==r" —d% Beanunnm p? u p (nocacn-
HAA NPeAoNiaraeTcs MOAOKHUTEALHON) UIPAI0T BaXHYIO POIb.

WUmenHo, nyctb uyepea touky O (puc. 130 u 131) uposo-
BATCA BCEBO3IMOXHble cexymue (AB, DE, FG u 1. 1). Tlpo-

Pue. 130.

H3BeJlCHHe JINH OTPesKOB cexymieit oT Toukyu (O X0 Touex
ee nepecevenus ¢ okpyxnoctsio (OA - OB, unn OD - OF, nau
OF-0G n 1. 1) ecTb BequuyHa noncrosuyan ¥ pasna p?. Oco-
GeHHO BaxeH cayyail, KOFxa Cekynias ipoxouit uepea uenrp &
{cm. npumepn Huie).



§ I7. CTEITEDL TOUKH 295

Ecan touxa O — suemnsta (puc. 130), To, paccmatpnsan
KacaTeAbHYIO KaK BupouwjeHue cexyuieil, uscen OF? =p?
T. €. Q6cOMOMKAS BCAURUHA CIMeNerl MOUKI ecMby  K6aopam
0aunbl Kacameavrioil. Bemuuuna p, taknm o6Gpasom, pasHa
IaHHe KacateanHoit OT. )

Ecmi trouka O — BuyTpennas (puc. 131), 1o, nposons ue-
pes O xopay L;L., nepneuankynapHywo k auamerpy DE,
umeeM OL,==0L,, tak uto OL}=p? 1. e. cmenens mMo4Ku
pasHa  kgadpamy HQUMeHbIET NOAYXOpOs, npoxodsiyell
yepez 3my mouky. BeawuwHa p, Takum o6pa3oM, paBHa
naupe noayxopasl OLy.

Mpumep |. Kakosa maibHOCTL BUNEHAs C CaMoJeTa,
JeTAILEr0 Hal MOpeM Ha Bhicote 2 Ka? ([uamerp 3emun
12700 #ar.) '

Ha puc. 132 man (cxematuyecku) BepPTHKAAbHBIA paspes
3eman, O — MecToHAXOXIAEHHE camoaera, OFE=2kn,
ED == 12700 g, HauGounee ygasennas touxka 3emiad, BUAUMAA

4

£
A 1)

BN

7
Puc, 132, Puc. 133,

¢ caMmonera, ecTb Touka 7; OT -— KacaTenbHana K OKPYWHOCTH
ETD; OT=p. C npyroit cropousl, p*=0FE 0D ==2-12700
(bl 6epeM OD == 12700 xa, or6paceiBan 2 KA KaK BeAUUHHY
32BEOMO MEHBLIIYIO, UeM NpefelbHas JOTPEIHOCTb npnéan-
wWeHHOH Beanuuunt 12700 rm). Otciona

7= V25400 =~ 160 (xx).

[Tpumep 2. [lpoaer xameHHoro ¢Bojfa cocrasasict 6 i
crpeaka ero 0,4 . Onpegenurb pagHyc Ayru CBoja.

Ha puc. 133 (cxemartuveckom) [LLe=6 u, EO =04 m.
N N 3 Lils\2 ~ “
Creneusn toykn O pasHa p*=O0L}= <—‘2—1) =9. C npyroit
cTopoHut, p? == EQ - OD; tak kak EOQ HeBeanko CpaBHHTEIBHO
¢ OD, moxHo npunate OD ==2r, u unoayuaem 9=s0,4.2r
Orcioma

| o

r—=:

1
65~ 11 7 (0).

o>l
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§ 18. PagukaidbHas OCh; pajHKaJbHbIll LEHTP

reomerpuueckoe Mecto touek M (puc. 134, 135, 136, 137,
138), uMelomUX paBHble CTEMEHH OTHOCHTENbHO IBYX HAHHHIX
okpyxkHocrelt Oy, O (MK; = MK,), ectb npamas auHaa AB,
fepneHuKyaapHas K JHHUH LEHTPOB.

JTa npAMaA Ha3blBaeTCa paduxaibHoli Ocoro Kpyros (O
u O.. Paccroanus d,, ds panukanbHoit ocu ot uentpoB Oy, Oz

ny

Puc. 135,

Puc, 136, Puc, 137.

AaHHBIX OKPYXHOCTEH MOXHO BHIYHCIHTbL MO (POpMynam

a I’%‘-—rg
di=O:N=5 + 57,
d r;::—-rg
de=NO, =% 4+ 271,

rae d ects paccroanne (0,0, Mex1y UEHTPAMY KPYIoB, a ry
W ry — paguychl kpyros. [‘opasgo npome HafTH pagHKadp-
HYI0 OCb C TOMOLIbI0 HocTpoeHus. Ecan oxpysxnocty O, u
O, nepecekawtca 8 Toykax C, D, TO Kakad u3 ITUX TOUEK
UMeeT HyReBYIO CTelNeHb OTHOCHTENbHO OGOMX KPYTLOB H, 3Ha-
yuT, palukaabHaa ocb npoxozut uepes C u D (puc. 136).
Ecan oxpyxnocty kacawrtes B touke C (pue. 137, 138), 10
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pamuKaibHOH HMX OChIO cayxut ofuas kacareapHad. [las
HenepeceKalomyuxcs KPYroB PaauKaibHYI0 OChb MOMXHO HalTH
tak. [locrporm (pme. 139) BcnoMmoratenbHyo OKPyMHOCTH Op,
nepecekaouy©o oxpykHocte O, B Toukax C, D u OKpyxk-

A
Puc. 138, Puc, 139,

HocTb O, B toukax E, F. Ilpampie CD, EF cyTh paiHKadb-
Hbie ocH 1BYX nap okpywksoctedt Oy, Oz n Op, O, TlosTomy
TOYKa MX nepeceyeHua P yMeer OJMHAKOBYIO CTeNeHb OTHO-
cutenso Oy, O a Taxixe orHocutenabHo O, (O 3uauur,
OHa HMeeT OJHHAKOBble cTemeHd orHocuteabHo (O; H Oy,
T. €. JeXHT Ha palHKaabHOA OCH JHBYX JaHHHIX KpYros.
Hafins takuMm xe o6pa3oM euie OfHY TOUKY HJIH ONYCTHB
nepneHaukyaap PN u3 P ua 0,0, HaliieM HCKOMYIO pald-
KaAbHYI0 OCh.

IT10 paccyxJieHHe TOKasbiBaeT, YTO TPH PaquKaIbHbe OCH
106bIX TPeX NONAapHO B3ATHX Kpyros Oy, Os O, nepece-

l

Fae, 140, Puc. 141,

KaoTCA B OMHOM TOUKe., JTa TOUKA HA3bIBAETCHA PAGUKAALHOLM
yexsmpon kpyros Oy, O, Og. B uactHocTH, Tpn obuine Xxopist
TpeX IMONAPHO HepeceKawnmnxces OKpyxHoctedt (puc. 140)
nepecekaloTcas B OXHOM touxke. Tpn ofmHe KacaTeabHble
Tpex TOoNapHO Kacalouuxcs kpyros (puc. 141) roxe nepece-
KaloTcA B OMHOH ToYKe.
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§ 19. Boxcannbie H ONHCAHHBIE MHOTOYTOJLHHKH

Briucannvim 8 Kpy2 MHO20Y20/6HUKOM Ha3blBACTCA TAKOMH’
MHOTOYFONbHHK, BEPUIHHL KOTOPOTO MeXAT Ha OKPYKHOCTH
(puc. 142); onucannbm O0KORO  Kpy2a MHO20Y20AbHUKOM
Ha3bIBAETCA TAKOM MHOrOYTONBHHK, CTOPOHB KOTOPOTO Ka-
caoTca OKpymunocty {puc. 143). ‘

Onucanrnoii OKOAO MHO20Y20NbHUKG OKPYIHCHOCMbIO Ha-
3bIBAETCA OKDPYXHOCTb, ODOXOJAILAA Uepe3 ero BepUlUHLL
(puc. 142); snucannoii 8 MHO20Y20A6HUK OKPYHCHOCMBIO Ha-

d

Puc. 143.

3bIBACTCS OKPYMHOCTb, KACaioilascs ero cropod (puc. 143).
Ecay MHOTOYrONBHUK B3AT NMPOHM3BOJABHO, TO B HEro HeAb3d
BNHCATb M OKOJIO Hero Hemb3si OMHCaTh OKPYXHOCTL. B cay-
vae TpPEyroJbHHKA BCETAa MOXKHO NOCTPOHTh KaK BIHCaH-
HYI0, TaK H ONHCAHHYK OKpy®HOCTH (cM. IV, A, nm. 20—2]
n 1V, B, 9).

Paduyc r 8nucannoeo Kpyea BHpAXaeTcs yeped CTOPORH
a, b, ¢ TpeyroabHuKa Gopmynoit

1/ =g p—bip—c atbte
)]
Paduyc R onucannoco xpyza swipawaercs Gopmynoi

abe

TV p-Bip—0

B 4eTHPeXyroAbHHK OKPYHKHOCTH MOMHO BHMCAThb JHINL
B TOM Clyyae, eCiM CYMMbl €I'0 I[IPOTHBONOMOXHBIX CTODOH
OIMHAKOBbI; U3 BCEX NapajielorpaMMoB Julib B PoMO (B Yact-
HOCTH, B KBaJpaT) MOWHO BIHCATh OKpyMHOCTb. LleHTp ee
AEKUT Ha NepeceveHuH JQuaroHanei.

OKON0 YeTHPeXyroabHUKa OKPYMHOCTb MOXHO ONHCATh
AUIib B TOM CaAYYae, eCAi CYMMa IDOTHBOMNOJOXHLIX YIIOB
pasna 180° (ecau sro ofuapymenc Axs ONMOH Wapsl NPOTH-
BOJEXAWMX YTJAOB, TO Jpyrasg Tiapa HeNDEeMEHHO COCTAaBUT
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B cymme Taxike 180°). M3 Bcex napamsieaorpaMMoB auiib OKo-
A0 APSAMOYroAbHHKA (B YACTHOCTH, KBAApaTa) MOXHO OIHCAaThb
OKPYXHOCTb; LEHTD €€ JAeWMUT Ha HepeccueHNH AuaroHaneil.

OKOJI0 Tpaney MOKHO ONNCATH OKPYKHOCTH TONBKO TOr A,
KOrja OHa paBHOGOYHAS.

B 8uinykaoM HembpexyzorbsuKe, 8NUCARHOM 8 KpYe,
npou3sedenue OuG20HANCH PABHO cymMme npouszsedenuii npo-
musonoroxcHux cmopor (teopema llronemen) Ha puc. 142

AC-BD=AB-DC- AD - BC.

§ 20. MpaBHABLHbIE MHOTOYTONLHHKH

[IpasunsHulii  MHO20Y20A4bKUK — MHOPOYFOALHUK C  paB-
HulH cropoHamMu W yraamu. Ha puc. 144 n 145 nsobpamensl
NpaBHALHBIC NICCTHYTONBHUK U BOCbMUYroanbuuK. [IpaBuabhbift

Puc 144 Puc. 145,

YETHIPEXYTOAbHHK €CThb KBAJAPAT; NPAaBHIbHbIA TPEYLOABHUK —
paBHOCTOpORHUA. Kauasifl yroa npaBHILHOTO R-yrombHHKA
pasen W’«

BHYTpYW (paBHALHOrO MHOTOYIOAbHUKAE umeeTcs Touxka (O
(puc. 144), pasHooTcroAum as OT BCexX ero Bepuind (OA = OB ==
=0C ur. 1.), — yermp NpaBUALHOTO MHOTOYroAbHHKa. Llentp
DABHOYAAJEH W OT CTOPOH MNPaBWILHOLO MHOTOYFOAbHUKA
(OP=0Q=0R ¥ 1. 1.).

Orpeskn OP, OQ w 1. A HasuiBawTCA anodemary,
orpeskn OA, OB W T. 1. — paduycamii NPaBHALHOTO MHOrO-
YroabHEKA.

[aoujads npasusbHO20 MHOZ20Y20AbHUKA PAGHA NpPOU3-
GL0EHII0 NOAYNEPUMEmMPA HA GROPesty:

S=ph,
e
1

=5 (AL -+ BC | CD ..., k=OP.
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OKoI0 HpasHALHOIO MHOTOYLOALHUKA MOXHO OIHCATh B
B HCTO MOXKHO BIUCATh OKPYXHOCTL. llenTpn BnHcaHHOR U
ONUCANHON OKPYKHOCTH JICHAT B ILCHTPE HPAaBHABHOTO MHOTO=-
yroabiuuka. Paiuyc onmcannol  oKPYKHOCTH CCTh  pajuyc
NPABRALHOTO  MHOTOYIOALHWKA, PajMyC BIHCAHHOH OKpYX-
noctn  cro anoema. (IlocTpocnue BUUCAHNBX M OLIMCAH~
HBIX MHOPOYrOALUMKOB ¢M. IV, A wu, 30-—38.) Cropoua &,
HPABUALHOTO ONHCAHNOLO MHOrOYLOALIMKA BWpakaeTcs yepe3
CTOPOHY @, UPABHIALHOIO BUHCAUNOIO MHOTOYTOJLHHKA C TCM
We yuCaoM cTopon hopMyauii

by=Ra,: |/ R*— ; a;’l (R - pajnyc xpyra).

CropoHa @p, NPABHALIOLO BHUCAHHOIO MHOFOYrojbHHKA
€ YABOCHHBIM UHCHOM CTOPOU BuLIpakaercs uepe3 g, dopmy-
b, ()]

e e e
" [
am=)/ 2R =2 ) R d; .
Cacnyomtue  GopMyant  [410T BbIPAXCHAA COOTHOUICHUN

MCHAY CTOPOHAMU HCKOTOPLIX UPABHALHLIX BUUCAHHBIX MHOIO-~
YPOJLHAKOB ¥ PAUYyCOM Kpyra:

ay=R V3 = |IRIR;

ay=RV 2~ 12 ~0,7654R;

au=RY2=! 0 6180R;

as =RV 2— V3~05176R;
a=~R[V104+2 V5 — V3 (V5 —1)]~04158R.

BhipakcHHA A8 @y, @4, G¢ YaCTO NIPUMCHAIOTCH Ha lipak-
THKC; UX XeAaTeAbHO HOMHHUTH; BHIUHCACHUC CTOPOH OCTafb-
HBIX MHOTOYrOJBHUKOB YROOGHCC BCEro HPOU3BOIUTL 1o ¢op-
MyJdaM TPHTOHOMCTpUH (cM. V, 13) ¢ nomombo tabaun. laa
GOALIIMHCTBA MHOTOYTOALHMKOB OTHOWCHUS @, R ue Moryt
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GbiTh BHIpa¥cibl 8 Buac aarcépanueckux Gopmya axe c 1o-
MOULBLIO HATPOMOMKICHW PAjNKaRos,

[Ipumep. Moxno oy u3 6pesHa, HMCIOLLCTO ONCPCYHHK
40 cam, BLMMAATL KBaapaTuufi 6pyc mupuHOR
B 36 ca?

8
[Tonepeudoe ceyenne Gpesla MOMXHO HPH-
HHTHL 3a KPYT pajuyca /\
0,
R="=20 (cx). \/

HanboabmnM, KBajpaToM, HOMCHIAIONIAMCA Puc. 146
B KPYre, sSBAACTCH  KBALPAT, BIHACAHIBIA He. b
B Hero. Ero cropona AB (puc. 146) pagna
20 Y2 =20 1,41 =28 (cau). Flosromy 6pyca mnpnioh 36 cam
U3 OpeBHA  BLILLIHTL  HCADL3S.

§ 21. NMaomaan nirockux uryp

B stom maparpade cobpanw  sawuciiimmue dopmyans s
anontanei S wrockux Guryp (Hekotopnie U3 Hux Oblan 1pH-
BC/CHL B COOTBCTCTBYIOULUX Haparpadax).

Keadpam (puc. 103 na crp. 284). a-— cropona; d— jgna-
ronanL:
a2
‘2" .

[Ipsinoyzoasnur (puc. 10} ua crp. 284). a, b — croposul.
S=uab.

Pom6 (puc. 102). a-— cropona; d,, ds— AnaroHany; a —
oMl H3 YraAo8 (0CTpuifl Wiu TYUo#):

S=at=

S="% —¢2gina.
2
lapanrenozpamm (puc. 100 na crp. 283). a, b — cToponsw;
a-— 0N U3 yraos (OCTpblit MAM TYHOI); h — BeICOTA:
S = ah = ab sin a.
Tpanequs (puc. 104, 106 na crp. 285). a, b —
OCHOBAHNS, /1 — BLICOTA; € — CPEUIN AUHMsL:

A
S= 1—;‘2-—0— h=ch

Puc, 147,

Jhoboi «emvpexyzorvnuk. dy, d: — JIMaronand; a— yroa
Mexway numu (puc. 147):

1 .
S= g ddysina.
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q(‘.Tlle(‘X)‘F(‘)thllll}(, CKOJIQ KOTOPOIo MOXIO OMHCATDb Opr)K—
wocte (IV, A, 22). a, b, ¢, d--- cToponn:
ceqf-d o,

P == Ty ’

S=Vi = -0 =
TMpsisoyzononiii  mpeyzoavrnur (puc. 93 na crp. 281).
a, b-——xkaretol '

Pasnobedpennnii mp-x (puc. 77 na crp. 277). a— ocno-
sanue; b — 00KOBaAsI CTOPOHA
. /e ad
S=,al b--%.

Pasnocmoponauil mp-x (puc. 718 mna crp. 2717). « - cro-
pona:

S [P
-SZTG“ V—(f.

Jhoboit mp-x. a, b, ¢ — cTopoHwn; @ — OCHOBaHUC, A — Bul-
cota; A, B, C— yraw, newawmue upoThs CTopon a, b, o

1
%2 (puc. 148):
atsin BsinC __ A3.sin A

l — ———

I .
S=y ah= jabsin C= - m— == e =
=Vrr—a(p—1b(p~0.

M#r020y20.4bR 2%, NIOMAJL KOTOPOro TPebyeTcs naiiTn, pas-
6uBaeTcH MOCLIM OOPE30M HA TPCYPOALIKKY (HAIPUME D, Maro-

b-
"2

Puc, 148, ' Puc, 149,

srannmn). MHOrOyroianHMK, OUMCaHHLIH OKOJO Kpyra, YMoOHO
pa3buBath UPAMBIME, WIYILUMHA OT IICHTPA KPYTa K BCPIIMHAM
smuoroyroasiuka (puc. 149). Torna poayvaem:

S=rp,
Fe r— pajuyc Kpyra, p — HOAYHCDUMCTD.
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B vactnoctn, 3Ta GoOpMYIQ HMCCT MCCTO JUIH BCHKOIO 1pa-
BHALHOLO MIOTOYLOABHHKA,
Hpasuabnptii wecmuy20b/IK. ¢ — CTOPOILA:
S — 3 o
= 9 l/ 3 at
Kpye. d — puamerp; r— pajiuyc; C— LiMHa OKPYKHOCTH:

S == ) Cr=mnr* (~=3,142r) = =% (=:0,7854%).

Cernigp. r— pajiiyc; n-— TPajycnas Mepa ICHTPAALHOIO
yrIa; pe-—iana pyra (puc. 150):
1 rin
S = Iy =i
;

Kpveogoe xoabyo. R, r-—Bucmuyit n pHyTpeHHad pa-

Pue, 150,

aunycwt (puc. 101); D, d -— BHCIUHRIT ¥ BHYTPCUNUA JlMaMCTpbl;
r —— CpeJUMIl pajinyc; k — HRIMPHHA KOALIA:

9 s w : 2 or
= (R r¥) = [ (D*— d¥) =2nurk.

Cezmenm. Haomans cermenta (puc. 152) 1axojuTes Kax
pasnocTh maomapcit cekropa OAmB u 1p-ka AOB.

§ 21a. fpu6anxennas ¢opmyiia NIOMAAH CerMeHTa

Ha sipaktuke wacto vpeGyercst IARTH 1OMAJL CCrMeiTa,
AAHHOIO HA YCPTCHE HIHKH B HaTypce, upuucm LCH3BECTHO, KAKYIO
HACTL OKPYHIOCTH  CoCTaBaser Jdyra cermepra U oKakon e
paauyc. B Takux cayuasx HOJL3ywTes  cackylonteit apubam-

weioit popmy aoit

2
S = 5 ahy
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e a=AB (puc. 152a) - ocnosanue cermenta, h=CM —
ero Bhicota MniMu cnoBamu, CUHTAIOT, UTO CCIMCHT HO UAO-

B

2 .
wann pasen  upsmoyroasunka ABED. Ha camom fgeae tao-

~ .
Hajth CerMenTa HeCKoabko Ooantie, Ilpw AB=1060° ornocu-
TCALHAS  gorpemiocts  GopMyan  cocrasaser  1,5%;  npu
AB =45" ona BiBoe Menbiue; npu AB==30° oua cocTanaser
0,3/, m B nansuefiniem cuuxaerca eme OGwicTpec,

7 o £
| |
7
. A ,6‘ I .
Puc. 152a, !

Mpumep. Hafitn nnowans cermenra AMB (puc. 152a),
y KoToporo ocuHosanue a==60,0 mnu, a sucora h=2804 wmau.

Pemenve, S== —2— - 60,0 - 8,04 = 321 (mm>). Onitaxo

TPCTbs UKW(pa 3aBEAOMO HCBCPHA, Tak Kak ayra AB (3ro
BUMIHO Ha r3a3) COACPHKUT upumepno 60° u, 3uayut, norpem-
HOCTb Gopmyan coctasasier 1,5%,, 1. e npumepso 5 amm
Ecau cpenaTh .COOTBCTCTBYIOULYI0 HOUPABKY, TO HaHICM, UTO
S ==326 mm® 3necy Bce urpphl BEPHLL

B. CTEPEOMETPUS

§ 1. O6iue 3ameuanns

Cmepeomempust U3yuact rcoMerpuucckue cBoficTsa 1po-
CTPaHCTBEeHHLIX Tea W Guryp. Tlpu pemcunn crepcomerpuuc-
CKMX 3JaY BOXNCHUIBM HPHCMOM BAACTCH  PACCMOTPCHUC
WAOCKHX JniHil B Quryp Kax 1ex, KOTOPHC HCNOCPCACT BCHHO
OOGHAPYKHMBAIOTCH B H3YUACMOM NPUAMCTE, TAK W TCX, KOTOpLIC
CTPOSTCS B KAUeCTne Benomorareantux. osromy oucnn sawio
HAYUYUTLOA PACHO3HABATL 1T BLUICJSITL B HPOCTPANCTBCHILIX
06pa3ax paznootpaszLIC IOCKAC (UYLl
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§ 2. OcHoBHbie HOHATHA

iTonc6HO TOMY KaK B NAHUEMETPHM H3 BCeX JIHHUH oco-
6eHHo  BhledseTCs MpocTeliiran JHHHS — OpAMas, B CTCREO-
METPHUM H3 BCeX M[OBePXHOCTell ©coGeHHO BbIEAsercs MIo-
cKas M[OBePXHOCTb — irockocms.  [laockocms  uw  npamasn
AUHUS — OCHOBHEIE 3MEMCHTH CTEPEOMeTPHUH.

Yeped ecsikue mpu mMOYKL  RpOCMPAHCMea, He Anexca-
Wue Ha O0HOL npAMOU, MONCHO npogecmu O0HY 4 HIOAbKD
00RY naockgoems. Uepes TpH TOUKH, Jexaluide Ha OEHOH mpa-
MOH, MOXHO NpoBecTH 6CCUNCICHHOE MHOXCCTBO IIOCKOCTEd,
06pa3yoIux AY4oK IIOCKOCTeH; NpaAMas; yuepes KOTOPYIO upo-
XOIAT BCe NAOCKOCTH NMYuKa, Ha3blBaeTcd ero Ochic, '

" Yepes n106yi0 OPAMYIO U HE JeWALLYIO Ha Helt TOYKY MOXKHO
{IPOBECTH CIHY B TOJBKO ORHY INIOCKOCT.

Uepes Ase NpaMble NIOCKOCTh MOMKHO [pOBECTH He BCErla,
JBe npaAMbie, uepe3 KOTOPLle Heab3s ULPOBECTU IIOCKCCTh,
Ha3bIBATCA CKPLLUBAOUUMUCS.

Mpumep. [opusonranpHan mnpsiMad, HauepuenHas H)
OIHO} CTeHE XOMHATHl, M BEPTHHAALHAA NPAMad, HauepueHHan
Ha (POTHBOIICAOMHOH CTeHe, ABIAIRTCH CKPEeHIHBAIOLHMHUCH.

CkpeunlBaiouiHecs ApaMbie HE NepecekalnTcs KPYr ¢ Epy-
roM, CKOAbKO Obl HX HH NpPOJOMKETh, HO KX He Ha3hIBAIOT
flapalaenblibiMA.

[lapaaneabrsirty HA3LIBAIOTCA TOJBKO TaKue [Be Hemepe-
cexawiuecs OpsMble, yepe3 KOTOPbie MOXHO APOBECTH MIO-
ckocrp (cp. IV, B, 11).

Paznpuue MewIy napamieibHbIMU APAMBIMA H CKPEIHEAI0-
IMMHCA  HaraAfHO XapakTepusyerca TeM, 4YTO JBe napai-
JZelbHEIE NpAMBE HMEIOT OJHO H TO e HanpasieHHe, TCrAd
K&K HampaBieHHsA CKPeIHBAIOIMXCA NMPSMBIX DasinyHb.

Bce Toukm onmnofi mapantenpbHOH NPAMOH HaXORATCA HA
OIMHAKOBOM PACCTOSHMU OT APYroH (paccrosnue maMepsierca
10 NePHeHANKYNsAPY), TOIA KaK TOUKH OJHOfi U3 CHPelLiHBAEIO-
HUXCA MOPAMBIX HaxXONATCA Ha Dasiny-
HbBIX PacCTOAHHAX OF JPYroi.

Yepes nse nepecexawiiuecs npamble
BCeria MOMKHO NPOBECTH OJHY H TOJbKO
OIHY INIOCKOCTB,

Pacemosinues mexcdy 08yms ckpeuyit-
8GIOWUMUC NPSIMbLMI HA3BIBAETCA JIHHA
orpeska MN, coepnnsomero Gamxkaiiumne Puc, 153,
npyr k apyry toukn M m N (puc. 153),
aexamue Ha  CKpeluBapouWnxca npaMbeix. [lpamas MN
NeprneHarKYIApHa K 00eHM CKPEeHIHBAIOUIMCA HPAMbIM.

N

e e e e o e
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Paccroauue MexIy napazlelbHbIMH OPAMBIMH  Olpere-
AAETCA, KAK B MIaHUMETPHH, PacCTOofHHE MEXIY Mepecexaw-
UIMMHCA NPAMBIMH CUHTAETCA PABHLIM RYTI0.

JlBe HJAOCKOCTH MOTYT mepeceKkarbcs (MO NPAMOI JTHHUH)
Win He nepecexkaTtbcda. Henepeceraouiueca NI0CKOCTH Hasbi-
BAIOTEA NGPAAACABANMU.

[Ipsiman ¥ nmaockocThb Takwe 1100 Repecexanrcs (B OQHOH
TOYKe), U600 He MepeceKavTCH; B NMOCKeqHEM ClAyyae FOBOPAT,
YTO npsAMasl NAPAAR2AbNG RrA0CKOCHI (MAM 4YTO NMAOCKOCTH
fapaaneibHa npamMoit).

§ 3. Yram

Yeon meoicdy O8BYMS nepeceraioujumMucs npsMulMu HW3Me-
preTcs Tak e, KaK STO genaercs B maanumerpud (ubo ue-
pes IBe TaKHe NpPAMAWE MOXHO NPOBECTH INIOCKOCTB). Y201
MEXNCOY NOPAANCALROLMYU NPIMBIMU CYUTACTCA PABHLIM HYAIO

A
2 S
PN

7 7 L
a9 g ]
~
8 y;
Puc, 154, Pre, 185, Puc, 156,

way 180% cM. IV, B, 11). Yeor mescdy cxpeujusaouumucs
npasuimy AB u CD (puc. 154) ') onpegmeasierca Tak: uepes
o6y ‘Touky O nposopar ayun OM || AB u ON || CD. Yroa
mexny AB m CD cunraerca pasHeiM yray NOM. Opyrumyu
cioBamy, npamuaie AB u CD nepeHOCATCs B HOBOE NOJONe-
Hpye mnapaiNeNlnHO caMuM cefe NO fepeceyeRus HUX HPYTr
¢ apyroM. B wuacrHoctH, MoxHo O B3aTh Ha OIHO{l U3 nps-
Mbix AB, CD, Kotopas Torga OCTaHeTCs HEMOXBHKHOM.
Tipamas AB, nepecekawoman miockoctb P B Touxe O,
o6pa3yeT ¢ pasunyHbiME npamsiMH OC, OD, OE, nposeaen-
HBIMM  Ha maockoctH P yepe3 Ttouxky O, BoOOWE rosops,
pasauyHble yraw, (yram AOC, AOD, AOE, puc. 155). Ecau
OHa MNepleHJNKY/AAPHA K IBYM TakUM TIpSMBIM . (Hanpumep,
OE, OD), T0 oHa UepileHIUKYAAPHA ¥ KO BCeM APYrAM nps-
MbIM, npoxonautuM sepes O (uanpamep, OC). Torxa npamyo
1) Ha npamoit AB (1 Ha npamoii CD) MCKHO 10 NPOH3BOJY YCTAHOBHTS

nanparaesue: oT A x B um or Bk A (ot C ¥ D nau or D8 C), B nep-
BOM caydae npsmyio oGossavaior AB, so Bropom BA,
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OA (puc. 156) Ha3uiBaioT nepneHOUKYASPROL K nI0OCKOCTH P,
a MI0CKOCTh P — nepuelyukyasapHoll K npamoit OA.
Ipamoyzoasnof  npoesyueid (MAM  NPOCTO MPOEKLHEH)
mo4yKku A Ha naockocmd P maznipaercs oCcHOBaHHe C uepieH-
IMKYRAPa, ONYIEHHOro. U3 Touxi A Ha naockocts P. Ilpoex-
yus ompeaka AB ra naockocing P écts orpesor CD, KOHUAMK

4/ B l 74/:1 M
- e
% 6'/”; /J},P/ﬁ Pi L /

b o
Puc, 167, Pue, 158, Puc, 159,

KOTOPOrO CAYXKAT OPOEKiun KOHUOB. orpe3ka AB (puc. 157).
TIpoexTHpOBaHHE €CTb OXHH M3 OCHOBHHIX IPHEMOB reome-
Tpuueckoro uccaegosanua (cM. IV, b, 4). C nomortbio ripoex-
THPOBAHUA ONpEefeNAETCs Yrol MEeXAY NPHMOil H [IOCKGCTDLIO,

Yenrom meacdy npamoit OA u naoexocmvr P iazsiBaerca
yroi, obpasyemuiit npamoit QA 1 ee npoekiesi OB Ha nuo-
ckoctb P (puc. 158). Ecanm mpamas MN napaaneinHa nmio-
ckocth P (puc, 159), To.oHa napamieabHa CBOeH NPoeKIKH H. -
(octpmit) yroa Mmexny MN u mrockocteio P
CUHTARTCA PaBHBHIM HY 10, o

durypa, ofpasoBanHasd ABYMs MOIYILIO-
ckocTAMH P W (), HCXONSIIUMH H3 OXHOMH
npsvicit CD (puc. 160), HasmBactca 08y-
epannbiy yeaom. Ilpsmas CD HasuiBaercs
pedpos IBYTPaHHOTO yraa; nmiaockocty P u Q
Ha3bIBAOTCA €O ZPAHAMU.

[Tnockocth R, nepneHIUKyasapHasa K pe6- Puc. 160.
Py HLBYCPAaHHOro yria, B NepecedeHUH c rpa-
uaMu P u Q paer yron AOB, Ha3biBaeMblll AUuHe[iHUM Y2A0M
ABYTDEaHHOTO yria. .

3a Mepy IBYLPaHHOIO Yraa NPHHHMAIOT BEAHYHHY €ro
AuHeAHOro yrma, Bmecro «mepa ABYrpanHoro yraa ectb 30
roBODPAT «IBYrpaHHuft yron paeeH 30 n T. m.

Hacro roBopAT TaKke «yrol MeExAy IBYMA MJIOCKOCTAMHD,
nojo6HO TOMY Kak B INJaHHMETPHH TOBOPAT «Yyroa Meway
ABYMA NpaMbiMu», [1pn 3TOM HMeeTcA B BUAY OAMH U3 YEThbl-
pex yrios, o6pazoBaHHBIX WIOCKOCTAMH (0ObIUHO oCTphift) !).

1) BepTuxaasmbie W CcMeXHbIe JAYUPaBHBIE YTaAb OUPEREARIOTER TAK ke,
KaK BepTHKaJbHBlE W CMCWKHLIE YPAbL MeXny npsubiMu, Beprukanbhbie
RByrpaHHbie yran PaBHEbl XPYF IPYry: CMEeXKHBlC B CyMime cocTasasior 180°,
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Yeon (octpmit) meoxcdy 08yMs NaparsesbHbLMU NAOCKO-
cmsMu CYNTAETCA PABHLIM HY/IO; B MPAMOM CMBIC/AE Mbl 3X€Ch
BoOOLie He HMeeM yria,

JBe nnockocTH, obpasytomue Ipyr ¢ HAPYroM npsamoit
Yroa, Ha3blBAOTCH neprenouxy AspHbMU.

Yrae, ofpaszoBaHHble jByMa npamseiMu AB u CD, coor-
BETCTBEHHO JICPNEHIHKYJAAPHHIMM K ILIOCcKocTAM P Q
(puc. 161), pasen yraam mewupy P
H Q (ocTipbie — OCTPBIM, TYIhlE —
tynbiM). [TosTomy Mepy yraa Mexny
IBYMS IIOCKOCTAME P U Q MOMHO
OnpefenuTh eme uHaye, a UMeHHO
KaK BeAHUMHY yraa, o6pasoBaHHOro
npameiMy AB ¥ CD.

§ 4. Mpoexnuu

Ha naockocms MOXHO 1DOCKTH-
poBaTh HE TONBKO INPAMYIO, HO H

Puc. 161, MO0y JIHMEHIO, KaK YMEMalomywcs

B Kaxoil-in6o mNMOCKOCTH, Tak M

e ysmenewomyioca. [ycrs ABCDE (puc. 162) — kaxas-
uulyap auMHUA  (KpHBAs WAW  JaoMmaHas). IyRem  Helupe-
PHIBHO MepejBHraTh TOUKY BAOJbL 9TOH auuuu. Korxa Touxa

6yner 3anumatb noaoxenuss A, B, C, D ’

u T. I, ee npoekuus (IV, B, 3) 6yner, nepe- LA g
Memasnch, 3aHHMaTh Mojgowenus a, b, ¢, d 4/5/\

u 1. . Jluua abede, onucadias mpoexnueit ottt
aBwxymefics no auHu#  ABCDE  Touxm,
naasuiBaercd  npoexyuei aunuin  ABCDE.

$opma HPOCKHMH, XOTA CaMa ¥ 3aBHCHT Puc. 162,
BCeleo oT QopmMb NPOEKTHPYeMOH AKHHHUH, )

He onpejeaser GopMmy npoexkTHpyemoil aunun. Ho ecan
U3BECTHH MpOEKUHH Hekortopoit aunun ABCDE Ha 0Js2
nAQCKOCHY, TO 3THM onpeaeisercal) W ¢opma camoll Jau-
aun ABCDE. 21oT axT JeXHT B OCHOBE MeTONa Haepma-
meAabKOU 2e0Mémpuu, B KOTOpOH reoMerpuyeckans ‘durypa
z3yuaeTca ¢ IIOMOUILIO ee IIPOCKIUM Ha ABE B3aMMHO fICpHCH-
DUKYJIAPHBiE [LIOCKOCTH.

Hpu opoexTHposaHud JAHHUM HAa [JAOCKOCTh Gopma ce
ponpepraercd u3MeHenmpo, Tak, Hampumep, eciy CIpPOEKTI-
poeaTh Ha MIOCKOocTh P xpyr (puc. 163), miockocrs @
EOTOPOr0 He fapanaieabHa TROCKOCTH P, TO B UpOeKHuH
£oJydaeTcs 0BalbHAA KpHBad, HasblBaeMas 3AAUNCOM.

1) Ba uUCKMOYEHHEM HEKOTOPLIX OCOGLIX CAYYACE DACHOJCKEHUN AUliLd,
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Ecan 3amgHyTasn IHHHA, Jexailas B INIOCKOCTH Q, upoek-
THPYETCA H& MIOCKOCTh P, To niowaib S;, OrpaHHYeHHas
npoexnuei, cBA3aHa ¢ MIOWaAbO S, OrpaHHYECHHON [POEKTH-
pyeMoft dpurypo#t, coorsomennem

81 =38cos q,

rie a— Yyrol Mexiy miockoctamu P u Q.

ApancruyHas ¢opmyna c¢Bs3biBacT IAHHY @ oTpe3ka AB
(puc. 157 na crp. 307) ¢ pauHoi a; ero npoeknun CD Ha
010CKOCTE P;

a; = acos «a,

rjae a-— yroi Mexay npamoit AB u naockoctbio P,

Yacto MoAB3YIOTCA TakXe MNPOCKTHPOBAHHEM TOUEK H
OTPE3KOB Ha npamyno (0cb npoexnui).

[ycts umeem mpamyw AB u touxy M (puc. 164). Iipo-
BeleM yepes M NMIOCKOCTD, IEPHEHAMKYIAPHYIO K npaMolt AB,

Puc. 184,

©Ona nepeceyer AB B HekoTOpOH TOYKEe #i; TONKA M Hasbl-
Baetcs npoexyueii moyxu M Ha npamywo AB.

ITpoexTnpys xoHust M u N ortpeska MN Ba npamylo AB,
Mbl fonyyaeM TOYKHM m W 71, OrpaHUuYMUBaeMblil HMH OTPe3oK
HaswiBaerca npoexyueii ompesxa MN na npauyw AB?Y).
Hanna e orpe3ka MN cBsasana ¢ AAMHON @; €r0 NPOEKIHH mn
dopmynoit

a, =acos «,

rae a—yron Mewuy npavuimp MN n AB. [lpeexuun ot-
PE€3KOB Ha NMPAMYIO MOXHO CYHUTATh BEJHYHHAMH aﬂreépanqe-
CKHMH COBEPHICHHO TaK e, Kak NpH NPOCKTHPOBAHHH B Ol-
Ho#t naockoctH (cM. IV, B, 10). Torna umeer MecTo TeopeMa,
aHanoruuHag NAAHHMETPHUECKOH: cymma npoexyuii 38eHves
AOMAHOU  AuHul PaBHRa npoexfuil 3amulKarouie20 ompesKa.
1) O6parute BHMManue Ha 1o, uto Mm u Na nepneHauxyaspiusi K AB,
10 B oGweM cay4ae (cp, puc.-163 Ha crp, 305) He mnapaniesbHbl MeXRy
cofoil; OHK CKpelMBRIOTCH, ecal Dpumble AB u MN #BAROTCHE CKperu-
BaOIKMHCH,
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§ 5. Muororpanupifi yroa

Ecan yepea toury O (puc. 165) uposescH pajg MIoCKo-
creit AOB, BOC, COD w 1, 1, nocseoBatcabHO fepece-
Kawiiux Apyr apyra no npasuiM OB, OC, OD u 1. 1. (nocuen-
usns naockectb AOE - nepecexaer nepsyio no apsmoft OA), 1o
neayueHHasw (QULYpa Ha3blBaCTCA  MHOROZDURKBLM  Y2A0M.
Touka O Ha3bIBAaeTCA GEPUUANOQH MHOTOrPAHHOrO yraa.

[TnockoctH, 06pasyoiiue MHOrOrpatHbI Yroa, HaanBaloTCs
€ro 2panAaMi;, NPAMbIE, 10 KOTOPHIM NepeceKanTCs NoCIeNoBa-
TenbHHE paHd, Ha3bBAIOTCA pefpamy MHOI OTPEHHOIO Yria.
Yraw AOB, BOC ¥ 1. 1. Ha3uBaWOTCA €r0 NACCKUMI Y2AaMY.

Hasmenpuiee 4HCAO rpaHeli MHOrOTPaHHOIO Yria — TpH
(mpexzpanuniii yzoa, puc. 166), Kananift mnockuil yroa Tpex-

Piic, 165, Pue, 168,

rPAHHOIO YI#a MEHbINe CyMMb! 1 80abIIC [:ali
rUX INIOCKHMX YIT0B.

CeueHue MHOrOrPaHHOro yrata MiacCKOLThIO (He IPOXOLALCH
ucpe3 BEDPIUUHY) ecTb MHOTOYroasHuK (ARCLZ na puc. 165)Y).
Ecau o BuNYKiIplH, MHOIOLDAHHBMY YroA HIZLIBICTCA 8uHNY-
KoM, B 8onyKioM MKEOZ0ZDAHHOM Yeie Y30 NAOCKLX
yen08. He npesocxodum 360°, ,

[NapaanenbHble MIOCKOCTH OTCEKIT Ha pebGpax ‘MHOro-
rpansoro yraa (pue, 167) mnpomepuunonaibHsie  OTPO3KY
(SA:Sa=8B:8p u tax paree) u obpasy:or nomobHule
muoroyroasuuxda (ABCD u abed).

§ 6. MyororpauHuKH; BpE3M2, DapIANeRCIRIe],
HupaMuaa
Muocoeponnuros Hassi8aemes mea

cocmouit 13 Kyeko8 naocrocmed (Ao
MHOrOYI'OJbHUKH Ha3bIBAOTCH ZPANAN !, U

0, SpaHuuR KOMOpOEo
reaabiso8). I
X CTOpOHL — pep-

1) B 3nemcHTaDiOR TeOMeTpHA PacCMaTPUBOTL! TOALEG TAKIZ MHOrO-
rPaHHbIC YTaul, Y KOTopsiXx KOHTYp ABCIOE e nMeer camonepecescmtii, Ipo-
CTOf MHOTOPpAaHHbLIi yrod BblleAseT YACTh NPOCTPAHCTDA; ee TAKME [ASLIBAOT
‘Muorarpanisiu  yraos, O6 usmepenuu mpororpanuuit vraos c, IV, B, 14,
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paru, NX BCPIUHHbL — SepUIIHAAIL MHRO202paRHuKa, OTPC3KH,
COCHIHAUNG JIRC BCPUIMHE, HEe JEWalUe Ha OAHOMN I'pany,
Ha3LIBAIOTCA  OUAZOHAASIMIL  MHOZOZPAHHUKA.  Bonyrxam
MEOTOIPAHHNKOM Ha3blBACTCH MHOIOIDANNHK, BCC HHATOHAAN
KOTOPOI0 NEeXar BHYTPH Hero,

Ipusmoii (puc. 168) naamiBacTcs MHOIOIPAHIHK, ¥ KOTO-
poro nse rpaun ABCDE wu abede (ocHoBaHHsi NPH3MbI) —
paBHble MHO['OYTOJNBHHKH C COOTBCTCTBCHHO I1APajaCHbHbIMK
C¢TOPOHAMM, a BCe OCTanbhbie rpany (AabB, BbcC n 1. 1) —
HapaNLICHOrPAMMB, INIOCKOCTH KOTODLIX 11apaIC/IbHBl  ORHON
npamoit (Aa, um Bb, wan Cen 1, 1.). [apannenorpammn ABba,
BCcb n 1. 1. Ha3uIBAOTCA GOKOBLIMU
epanamu. Pe6pa Aa, Bb 1 1. X. Ha3bl-
BRIOTCA GOKOBUAMIL. BOLCORIOE IPUBMBL
1a3biBACTCA  [EePUCHAUKYIAD  Mm,
ouyueHnnit u3 ao6oit TOUKH OGHOro
OCHOBAHHS Ha WAOCKOCTh JPYI'Oro,
[lpuama passBaercst TpeyroabHoft,
YeTHIPCXYTOALHOH ¥ T, X, CMOTPA
HO TOMY, JCWHT &4 B OCHOBa-
HHt TPEYIOAbEKK, YCTHPEXYT OAbHUK
U TN Puc, 168, Puc, 169,

Ecnn Gorosnie pelpa NUpH3IMH
HEPHEHIUKYAAPHBL K ITOCKOCTH
OCHOBAaHNs, IPHIMA — NPAMAGS, €CAY HCT —- HUKAOKHASA. Ecau
B UPAMOJ NPH3MC OCHOBANME — NPABHALIBIT MHOIOYIONbHHUK,
TO npusMa— npasuasvnas. Ha puc. 168 — nakaonnas usru-
vroabHad upusma, Ha puc. 169 — npasnannas 1WecTHYron-
Hast 1pH3Ma.

Tepnenduxyanpusis cederyiess a'b'c'd'e’ npusambl Hadpi-
BACTCst ceychHe, 06pasoBaHHOC NAOCKOCTLIO HeDIEHTHKYIsp-
noit K GoxoBoMy pe6py (puc. 168).

BokoBast 10BEPXHOCTL NPU3Mbl PAaBHA HPOU3BCHCHHIO IiC-
pumeTpa (p') TEPREHJUKYIAPHOrO ceueHud Ha Xauuy () Go-
KoBoro peépa:

Sgox = p'l.

JLas npaMoft MPH3MEL HCPUHEHAUKYAADHLIM CCUCHUCM SABASICTCH
actopanue, GOKOBLM peGpoM — puicora &, Tak 41O

Sgone = ph.

OGnes (V) npusmsl papcit HPONIBCACHHIO NIOMANHM Hep-
HOLHKYIHpHOro cevenmns (S) Ha pauny (/) Gokosoro pebpa:

V=3,
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wan ugomaiy ociosanua (S) na Butcory, T. e.
V=_8h.

ITapaaresenunedon Ha3LBaCTCH LIPH3MA, OCHOBAHHE KOTO-
poit — napaaacaorpamm (puc, 170); rakim o6pa3om, napai-
AelcHyue]l HMMCCT IUCCTb Ipaueil M Bce OHM — Hapamicho-
rpammsl. [TpoTHBONOMOKIILIC I'paly 1IOHAPHO paBlbl U Napai-
adeanhbi. [lapaaacieinie] UMCeT uCTbIPEe JAUalOHAlM; BCC OHU
ICPECCKATC B OJIHOM TOuKE M jAeasitcs B Hell nonoxam. 3a
ocHoBanue MoXeT ObITL HpHHATA Jo0an rpaub; o0beM pasel
IIPOU3BCICIHHIO FAOLLAJM OCHOBA-
HUA Na BEICOTY:

V=_Sh,

[iapasneacnunen, vernipe Go-
KOBLIC [PAHH  KOTOPOFO —- Npsi-
MOYI'0IbHUKH, Ha3biBacTcH Aps-
MBLA,

[pamoit napanncaenuinen, y
KOTOPOI'o BCC HIeCTH rpaneii —
UPAMOYIOJLIHKY, — HazbiBaercs
npssoyzorsuuiae  (puc, 171). O6vem (V) npsamoro napadi-
acicnuie]la PaBCH MPOMU3BCHCHHIO TUIOIAAM ochHopanms (S)
na suicory (h)

Pue, 170, Puc. 171,

V = 8h.

st sIpAMOYronabHoro nNapanacienuieia, KpoMe Toro, maeet
MecTo popmyna
V= abc,
1ae @, b, ¢ — pebpa.

Jmaronaan (d) npaAMOYroanbHOro HapaaiensellMiea cBsi3ana
¢ pe6paMi ero COOTHONICHICM

d? =a* 4 b 4 ¢t

[TpsiMoyroabnblit napaaaeaenuiicl, BCe rpain KOTOPOIo ——
KBaApaTHl, HasniBacrcst ky6oat, Bee pebpa xyba pasunbl; 06b-
em (V) ky6a Buipaxacrtesn Gopmynoif

V'=a?% rac a— pe6po kyba,

[Mupasunadoli HazuBacTCl MHOrOrpannng, y KoTOporo oina
rpaih - OCHOSAAUe UHPAMILIBL — IPOH3BOABILIT MHOLOYIOL-
nuk (ABCDE, puc, 172), a ocraabiuic — Goxosue rpaimy —
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TPEYTOABHEKY ¢ OOuICK BeplinHoil S, HazuBacMoll 8eputunoi
uupamuan. [lepnenmuxyasp SO, ouymenssii U3 Bepiuuib
ila ocHOBaHWe, HasnlBacTcs 8sicomol nupasudsi. Ilupamnna
Ha3LIBACTCH TPCYTONbHON, YETHIPEXYrojdbHOW H T. ., CMOTpsH
110 TOMY, JCKHUT JM B OCHOBAHHM TPEYI'OJAbHHK, YCTHIpCX-
YroapHuk H T. X TpeyroabHad IIMpaMuma ects yceTHIpeXrpau-
HHK (1CTPa’3Ap), YCTHIPCXYIOABHAH — IATHIPAHHUK U T. JL.
[Tupamuna wasuiBaeTcs npaguAbHOL, CCIN OCHOBAHHEC €C —
npaBuabHLil MioroyroasHuk (puc. 173) M Bhicora najaer B
UCHTP ocHoBaukst, B mpasmanuoit nnpamupae Bce GoKoBbIE
;

S B
b " 11/
L~
G
F A~V
£

Puc, 172, Puc, 173, Puc, 174.

pebpa pasiret: Bce GoKOBLIC Ipaitd — pasitble PaBHOGECPCHEbIE
tpeyroabiuku. Boicora (SF) 6okonroft  rpanu  HasbiB2eTcs
anogesoti NPaBUALHOIN TUPAMUIILL.

Doxosas  nogepxnoctty  npasuAbHoil  nupamuds pagna

1
ﬂ/)OllE}@L’()(’HIU() noaynepusMenpa OcHO8aHuS (—2— [)) Ha ano-
ey (a):
1
Sook = 5 pa.

OGsest 6eanoil nupamudsl pasen O00Hof mpemit npous-
sedenust naowadu ocHogarua (S) na 8oicomy (h):

1
Ve=—LSh,

Ecnu B nupamune nposectd ceuenue - ebede, mapanncin-
Hoe ocnopanuww ABCDE (puc. 174), To rteno, orpanuuennoe
3THM CCUCHUCM, OCHOBAHMCM ¥ 3AKMOUCHHON MEXAY HHMH
uacTblo ‘GOKOBOIL JIOBCPXHOCTH THPAMIEL, Na3LIBACTCH yce-
wennofl nupanudoii. Ilapanaeasnvic rpamyt yceuennoit nupa-
muinl (ABCDE n abede) Ha3bIBAIOTCS CC OCHOLQHUAMI, PAC-
cronune Mexay numn (QO,) — svteomoidi. Y ceuennast tupamuja
HA3LIBACTCH NPABHAbHOM, CCIH BHPAMULA, H3 KOTopoil oHa
nojyuena, 6pua- pasuanioil. Bee Goxopuie rpanp HpanHan-
HOE yCCHCHHO NHPAMIILl — pasnbic papuoCoulitie Tpaneiny.
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Buicora Ff 60koBoil rpaun Ha3wBacTCH anoesmol NpaBuabiol
YCCHCHHON IUpaMUIBI,

Dokosast nogepxHocms npasunsHoli  Ycewennol nupa-
MUOBL PABKA NPOU3BEOCRIIO NOAYCYMMbEL NEPUMETIPOS OCHO-
BeKIE Ha anogpemy:

Stox =-§— (p1+ps) g,

rite pi, P3— HepuMeTpsl ocHopaunll; @ — anodema.

Obvem V' Beaxkoil yceqeHHON nupasuls. pasen mpenii
npou3ee0eHust BHCOMyL HA CYMMY NAOWAe 8EpANE20 OCHO-
8aHUS, HUNCHES0 QFHOBARUA 1L cpedsell NPONOPHUORANbHON
Medcoy Humu: '

V=4-h(Si+ V5S4 S

rae Sy — momany, ABCDE, S, — naomans abede, h — nul-
cora 00,

B uactioctyt, o6bveM V' upasnasuofl uCTHPEXYroibHOIl
yceucHHOH NMpaMuibl BHIpaXacTca popmyaolt

1
V= h(a®}ab - b%),
tfe @ 1 & — CTOPOHBl KBaxpaToB, ACHANMX B OCHOBANMAX.

§ 7. Uunuunp

Lluaundpuieckoii  noeepxHocmsl0  HA3LIBACTCA  HOBEPX-
HOCTh, O0pa3yeMast KBHKCHUEM upsimoit (A, puc. 175), coxpa-
HsDULCH OO ¥ TO Xe HAlPaBACHUC 1 ICPECeK Aot jlannyo
aunnio MN. Jlnius MN nasmBacres Kanpasasiowed; upsiMble
JAHHUH, COOTBCTCTBYIONIHE PA3MUUHBIM HONOKCHUM HpsiMolk AB,
HA3BIBAOTCH  OOpa3yOuiMlE THAMIIPHYCCKON  110BCPXYOCTH.
Teno, orpanuyenioe NHIMHAPHYCCKON [IOBEPXHOCTBIO (C 3aM-
KHYTO{l Haupasasowme#) ¥ JBYMs jlapalICAbHLIMA MICCKO-
CTsIMH, HasmBacTcf yuauwdporm (puc. 176). Yacrn napai-
JeAbHBIX INIOCKOCTCH, orpanuuusamuux nuwmmunp (ABCDE
W abcde), Ha3LIBAIOTCA OCHOBGHUsiAU NMINHApa. Paccrosuue
MCIKY OCHOBAHHUAMM Ha3blBacTcA @blcomoll uuaunppa (Ha
puc. 176 — MN). ‘

ITpuama ecth vacTHuill BUE Buaunapa (o6pasywouge napait-
AcibHbl GoKOBLIM PEOPaM; HaNPaBASIOULAN ~ MHOIOYIOALIIHK,
asemainit B ocuoanuu). C gpyroit cropousl, NPOH3BOAbLHKIN
HHMAHHAD MOXCHO DPACCMaTtpHBaThL Kak BulpopHBmiylocs («craa-
WEHIYIO») HPH3MY € OuCHb GOJLIIUM YHCAOM OUCHb Y3KHX
rpateii. 1IpakTHUCCKH [HMAHHADP HCOTAHYMM OT TAaKOH LIPU3MLI.
Bee csoficTBa npH3Mbl COXPAHAIOTCH B B LUIHHADC (CM. HUKe).
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Llnansap — npsiaod, ccan ero o6pasyoniue BCpLCHHKY-
A9DHbBI K CCHOBAHUIO, B NPOTHBHOM CAYUAC — KAKAOSHOL,
Uuauunp — xpy2080i, ecatd B OCHOBAHHH Cro JEMHT KPyI.
Ecan uuanuip oZHoOBPEMEHHO HPAMOH M Kpyrosol, oH Ha3bl-
Baetc kpyaavia  (puc. 177). Kpyravli nuavHip MOKHO
PACCMATPHBATEL KAK BHIPOMKICHUC NPaBUALHON npusmbl. Popmy

Puc. 175, Puc, 176, Puc, 7.

1080 IHARIAPA HMCIOT MHOIHC XOAOBHIC HPEIMCTH {(TPY6ul,
cTakaim | Ap.). Kpyrastfi npauuip MOXHO HOAYUHTL, BpAULdn
FPAMOYIOJILHAK BOEPYL OHON H3 Cro CTOPOH, IO3TOMY Kpyr-
Abili UMJRLAP HA3LIBACTCH TAKIKE HUAUHOPOM BPAUEHUA.

Ceuennss GOKOBOM 110BCPXHOCTH KPYrOBOIO nuauuapaly,
napaaaeaninle ocvosannio (ABCD wna puc. 177), — oxpym-
KHOCTH oauuakosoro paamyca. Cevenus, mapanseisibie obpa-
ayouiet, — nape fapaaaenssinx upamuix (EF u [1G). Ceye-
HHSL, HE HapamIennisic  HU  OCHOBAHKIO, HH  olpasyiourcil
{gbed), — snmuucn (cm, 1V, B, 4). .

BokoBas HOBCPXHOCTL HMAMIYIPA  PABHA  (POH3BCACHHIO
obpasylouiefi H2 QAMHY CIMHHY, orpanuuusawuieil ceuchue,
nepHEHANKYAspHoe K oOpasyiowel. [Las npsiMOro UNIMHApA
TAKUM CeYEHWEM sBJAsieTCH OCHOBanue, a obpasywilas nB-
anetcsi seicoroft. Tostomy

BOKOBAS NOBEPXHOCING KPY2/020 YUAUKOPG PAEHA NPOU3-
B0JEHUI0 OKPYICHOCINIL OCHOBGRUS HA 8bicomy:

S6ok == 2nrh.

O6em 8cAKO20 QUAUHOPG pasen npou3sederuio naoujedu
CCHOBAHUS Ka gsicomy:
V==_8h.

Aaa xpyrzoro nuaunipa
V = = (r — panuyc ocHOBannA).

1) BokoBy® NOBepXHOCTL Mbl OPEANvARLAEM U'DOAOUIMCHIIOH 38 OCHOBAKUR
[EENBELER
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§ 8. Konye

Konudeckoll noeepxHOocmbi0 Ha3blBAETCA MOBEPXHOCTD,
obpasycman  IBMKeHMeMm upamoft (AB na puc. 178), npo-
XoMsiieil  BCe BPEMs  UCPE3  HCTIOJABHXHYIO
TOuKy (S) ¥ HepeccKawolef JaHHYIO AUHMIO
(MN) ).

Jlunua MN nasniBaeTcs wanpasasiouied;
[IpAMbIC JHHHY, COOTBETCTBYIOUIHC PA3THYHbIM
NONOXCHUAM AB, Ha3uBAOTCH 00pasyowums
KOHMYeCKOHl TNOBEDXHOCTH; Touka S — ce
sepuiunoil. KoHnueckan nosepxHocts HMeer
jBe INOJOCTH: .OHA oOlMChIBaeTcs nydom SA, apyras — ere
npojomkenuem SB,

Yacto 150 KOHMYeCKOH HOBCPXHOCTBIO pa3yMeIOT OiHY
U3 ee noaoctel.

Konycox Ha3biBacTCA T€A0, OrPAHHUCHHOE OJIHOM 1100CTbIO
KOHUUCCKON NOBEPXHOCTH (C 3aMKHY TOM HanpasaAwueH) U nepe-
cexawoulefi ee mrockocrbio (ABCDEFGHIJ, puc. 179), ne
npoxojasedl yepes Beplin-
ny S. Yacte 3rtolt naocko- 8§
CTH, NeXaulas BHYTPH KOHU-
UeCKOM MOBCPXHOCTH, Ha3bl-
BAETCS OCHOBAHUEM KOHYyCa,
[Mepunenmmxyasap SO, ouy- /.
LWCHHLIH M3 BCPIMMHBI HA OC- 4

HosaHWe, Ha3LIBACTCH GHCO- AV
moii xouyca. s
[TupamMuna ectb YactHbift Puc, 179, Puc, 180,

BUIL KOHyca  (HanpaBaswo-
1(aA — MHOTOYTOXbHAK); [POH3BOALILIE KOHYC eCThb BHIDO-
WACHUC TIMPAMUTbL,

Konyc nasuiractes xpyzossia (puc. 180), ecan
OCHOBAHNC ero -— Kpyr.

Mpamasn SO, coeanHsolan Bepminly Konyca
M LEHTP OCHOBAHMs, Ha3blBACTCA OCHIO KOHVCA.
Ecan BuicoTa KpyroBoro KoHyca najaer B UEHTP
OCHOBaHHs, OH Ha3blBAETCA KPY2AbiM KOHYCOM
(puc. 181). Kpyrawii xoHyo MoxeT 6blTh Toay-
ueH BPAUEeHHEM HPAMOYTOABHOLO TPEyrodbHHUKA
okolo ofHero u3 xateros. [l1o3aTomy ¥pyraslit KOHyC Ha3el-
BAOT TAKKE KOHVCOM BPAIYEHUSL.

Puc, 181

1) B sacMeHTapPHONR reOMCTPHHY  PICCMATPHBAIOTEH TOABKO TaKHE KOHH-
YecKue HCBeRXioCT, Y KOTOpPLIX HET caMonepecgueHui,
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Ceyenye KPYroBoro KOHYCAa ILNIOCKOCTBIO, NapalnenbHoit
OCHOBanHIo, ecTh Kpyr (puc. 180). O ceuenusnx KoHyca IOCKO-
CTAMH, HC IapaJJICHbHBIMH OCHOBAHMIO, cM. § 9.

Bokosas nosepxrocmy kpy2A020 KOKYCa pasHa npoussede-
R0 NOLOBUHM OKPYJiCHOCT L 0cHO8arus (C) ra 00pasyowyio(l):

S6ox == —;— Cl=mr! (r — pajuyc OCHOBAHHS).

O6%es BCAK020 KOHYCa pasex mpemi npoi3seoenus nao-
wadu ocnosarus (S) Ha svicomy (h):

V =Sk
drs kpyenroz2o xowyca: ;
V= Sh=rnrth.

§ 9. Kounyeckue cevenus

Konudeckumu cedenusmu Ha3bIBAIOTCH JHUHMU  flepece-
YCHUS Pa3IMYHBIX IIIOCKOCTEH ¢ GOKOBOR MOBEPXHOCTDLIO K P Y=
roporo (ue o006s3aTeabHo Kpyraoro) komyca. Konuucckas
HIOBCPXHOCTL MBICAHTCA HCOIPAHUMCHHO LPONOMKCHHOI B 00¢
CTOPOHB OT BCPIIMHKL

Ecan cexymas 110CKOCTb HEPECCKACT JKUIL OAHY HOMOCTL
KPYroBOoI'0 KOHY(4 M He¢ NapajienbHa HH OJHOll M3 ero o0-
pasyowux (puc. 182), To KOHHYECKOE CeNCHHE HABIALTCH
aasuncom (1V, B, 4). B ucKIIOUNTEIBHBIX
clyyasx axnHuc obpamaerca B Kpyrl).

Puc, 182, Pue, 183, Puc. 184,

Ecnu cexymas INIOCKOCTb MEPECCKaeT MMIIb OXHY IIONOCTh
KPYroOBOIO KOHYCZ M 1apaiicibHad OZHOX M3 06pa3ylomux
(puc. 183), To B ceueHHH MOJyvacTCsl HeorpanuuenHas (B oJny
CTOPOHY) JNHHHA, Ha3biBaeMmas napaboaoii.

1) Hanpumep, B KpyraoM KOHyCC BCE CCHENH3, IAPAIebHLIC OCHOBA-
Hiio, — KpyrH,
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Ecan cexymas tuockocTh nepecekaet ofe mnonoctu no--
BCPXHOCTH KDYroBoro konyca (puc. 184), To B ceuchut tiony-
WACTCS  NUHUM, COCTOMI@s] M3 ABYX HEOUPAHHYCHHO YAAIAIO-
UK¥ECH BCTBEH, HasviBacMan 2unepfoaod. B wactHocty, ruuep-
6o1a nonyyacTcs B TOM caydyae, Korfla cekyumas [IOCKOCTb
napaniteibHa OCH KoHycCa.

Konuueckue ceucHust npeactasisiioT 60abI0H HHTEPeC KaK B
TEOPCTHYLCKOM, TaK ¥ B lIPaKTHYecKOM oTHoIueHud, Tak, B Tex-
HUKE [PHMEHAIOTCH 3AANNTHYeckue 3ybuarnie Komeca, uapa-
60AMYCCKHE KPOKCKTOPE]; INIAHCTE 1 HEKOTOPHIC KOMETH JEH~
WYTCH 10 IANUICAM; HCKOTOPBHIC KOMCTHl JABHNKYTCA N0 mapa-
6oaam u ranepboiaM.

OcHopHple cBORCTBA KOHHYCCKUX CCYEHHH H3NAraiorcs BO
BCCX DYKOBOJCTBAX MO aHAAUTHYECKON TeOMeTPHU.

§ 10. Lap

Llaposoii, wan cepuneckoll, nosepxrocmpo (UHOrja
JIPOCTO  ¢ifepoil) HA3BIBACTCA TEOMETPHUCCKOC MECTO TOYeK
NIPOCTPAHCTBA, PABHOYNANCHHLIX OT OHHOH TOYKH — YeHnpa
wapa (touxa O ua puc. 185). Paduye OL u duamemp EG
1113poBofi  MOBEPXHOCTH ONpPCACAAOTCH TAK e, Kak Jis
oxpyxuocti (IV, b, 14).

Ten0, O02paHUMEHRO? WapOBONL  NOBepXHOCILI0, HA3L-
8aLINCS WAPOM,

Ulap MOWHO MNOAYYMTH, Bpamas MOAYKPYr (MIM Kpyr)
OKOJIO ero IHameTpa.

Bee nnockue cedcHHA mapa — kpyru (ABCD na puc. 185).
C npulmpxenueM cekyute MIOCKOCTH K LCHTPY NIapa Pazuys

Puc, 185, Puc. 186,

kpyra yseanyusactcs. HanGoapwmit kpyr EFGH noxyuaercs
B CCUCHHH IHapa ITOCKOCTHIO, NpoXojsilicit uepes ueHrp O.
Takoft Kpyr JeAuT TONOAAM IHap ¥ €ro MOBEPXHOCTb M HAa3hi-
BACTCH 0OAbWUM Kpy20x. Paauyc OOXbIIOrO Kpyra pascH
panmycy Imapa.

Beskas napa 60abliidX KPYros nepecekaercs 1o JaaMeTpy
mapa (AB na puc. 186), caymagieMy n1MaMeTpOM TaKKe H st
KaKAOr0 M3 [IePCCCKAILUXC KPYLoB,
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Uepez BC TOYKH NIAPOBOH HOBEPXHOCTH, JACKAUIHC HA
KOHILAX OJHOrO M TOro e juamerpa (HaupuMep, NHoJoCH
3CMHOI'O 1apa), MOWIO HPOBCCTH OCCYUMCACHHOC MHOMECTBO
6onbiiux kpyros (Mepuauann). Hepesd jaBe TOUKH, He Jexa-
HiKe Ha KOHHAX OABOTO jAnaMeTpa, MOXHO DPOBCCTH OAHH H
TOALKO OZHH GONLINOH. Kpyr.

Kparuaitiuee paccrosnue Ha cdeprucckoit  nosepxuo-
CTH MOXKJLY JBYMH €€ TOUYKaMH ¢CThb jyra (MeHbpmiad jlomay-
‘OKPYXHOETH) OOJBLIIOrO Kpyra, NPOBEICHHAs vyepe3 3TH
TOUKH,

TTosepxnocms  wapa pasra  YHem8epexHoli naowaon
Goaviiozo Kpyza:

S =4zR*
(R — paauyc 1iapa).
Obverm wepa pasen 0Gvemy nupamudol,
OCHOBGHUE KOWOPOU umeem my e nao-

adsp, 4MoO 1 nNOBEPXHOCML Wapa, a §ulcoma
ecmy paduye wapa

1o 4
V=3RS = =R,

O6bem uniapa B 110370pa Pasa MeHblne ofbeMa ONUCAUHOLY
BOKPYI' Hero nuaungpa (puc. 187), a nosepxHOCTh apa -
B 110ATOPA Pa3a MCHBILC MOAHOH NOBCPXHOCTH TOTO We K-
auiapa (meopema Apxumeda):

2
S:—.J*Sh
2y,
=3V

rae Sy, Vi—10aHaa 110BePXHOCTb ¥ 6GbCM WHIHHAPAE, H30-
GpaxcHHoro Ha puc, 187,

§ 11, Chepuueckue MHOFOYrONbHHKH

Ciepusackt M MHO20Y2016RUKOM  Ha3niBaeTcst  GHrypa,
COCTaBAEEIAN 3AMKHYTHIM DHIOM 1Yr GOALIIKX KPYroB, Ka-
WIas Ayra HC JOJXHA NPEBOCXOIUTH MOAYOKPYRHOCTH GOMb-
iworo kKpyra, Ha puc. (88 wuzoGpaweH chepuyeckuit naru-
YrosbHEK.

Hyru AR, BC # 1. I.— cMOPONs. CHEPHUCCKOrO MHOLO-
vroabuuka; ToukH A, B, C u T. L. — sepuiussl.
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Ciepuueckuil MHOrOYrolbHUK — BHIIYKJbIA, CCINH BCCh ero
KOHTYP pacilosaracrcs Ra 0Owod U3 ABYX uoaycoep, obpa-
30BaHHBIX 60ABIIKM KPYIOM, KOTOPOMY UDHHAIJICKHT KaKas-
an6o cropona. Muoroyroasunk ABCDIE puc. 188 — Buinyk-
apt. MuoroyroasHuk LMNP puc. 189 — HeBhnyKablil; ero
KOHTYD pacnonaraercs Ha obeux moaycdepax, o6pa3oBaHHLIX
GoabuinM Kpyrom croponui NM (a rawxe croponw NP).

Puc. 168, Puc. 189,

3ameuvanne. B snementrapHoit reomerpun paccmarpu-
BAIOTCA TOALKO npocmivie chepryeckye MHOrOYrOIbHUKH, T. ¢.
Takue, y KOTOPbIX KOHTYD He uepecexkaeT cam cebsi. Beskuii
IIDOCTON  MHOIrOYrOJALHUK  pa3dfusact
unogychepy ua ase obaacru. Opny us
HHX MOMHO CYMTATL BHYTPCHHCH, APY-
ryio — enewtett. Ecan nromann obaa-
CTell He pabibl, 32 BHYTPCHHIOW 0ObIUHO
UPHHHMAOT Ty o06aacTb, miaoulajgb Ko-
TOpOd MeHbLIE,

Buytpenunit yroa cepuueckoro
MHOroyroabHuka, Hanpumep yroa ABC,
o6Go3HayenHstfi Ha puc. 190 wepes B,
vaMepsaerca JadHelipiM yriom A'BC,

Puc. 190, KoTopuil obpasosan ayuamu BA', BC,
kacawmuMuca cropod BA, BC. Buecto
agiefinore yraa A'BC' MOWHO B34Th

usMepaReMuift UM ABYrpaHuifi yroua, pe6po KOTOPCro ecTh pa-
aayc OB, a rpassimu aBasiiorcs naockoctu JBA', OBC 6oab-
mux xkpyros BA, BC.

Taxkum xe o6pasom 8Hedtruli yroa cepuiecKoro MHOLo-
yroabHRKa, Haupumep yroa D”BA, o6o3HauyenHut Ha puc. 190
yepes §, uamepnerca auHelHbM yraow D'BA’ uau cootser-
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CTBYIOIWUM ABYrpaHHbIM YrioM. CyMMa BHYTPCHHEr0O K BHell-
Hero yraop fpH oAHON BepmnHe pasHa 180°, 1. e. = pa-
IHaHOB,

[Tnockuit MHOrOYroJbHUK HMeeT caMoe MeHbllee TPH CTO-
ponbl. Chepuuecknt MHOrOyroabHHK MoweT uMerh jase. Ha
puc. 191 uzobpamcH cepuuecknil ABYYroabHuK. BHyTpeHHue
yrasl o, i IBYYroabHHKA paBHbl Mexay coboil.

ITromanb NBYYroapHHUKa, BHYTPEHHHIl YIrojd ROTOPOLG CO-
JIEePXUT a PafHdaHOB, BHIpaxkaercsa GOpMYynoi

§'=2R%,

rage R — paiuyc uapa. ‘

[MTpumep. ABYYronbHHK, ¥ KOTOPOIO BHYTPEHHH{T Yrof
NpAMON (YETBCPTHHKA MNOBEPXHOCTH 1lapa), HUMeeT ILIQ=
ugagp 2R* . %:nRﬂ, T. € Ty e, uTo H Soapwofl Kpyr
(cp. IV, B, 14). .

B cdepuueckoM TPeyroabHHKE CYMMa BHYTDCHHHX YTIQR
Bcerga Goabwme 180°% maomagb TPEYROAbHUKA 11POUOPIHO=

PPN

&
Puc, 191, Puc, 192,

HagbHa M3GLITKY 3710l cymmbl Hax 180° Muenno, ecau puy-
TPEHHHC yIbl COIEPXAT oy, ds, a3 PaauaHos (puc. 192), 1o

S = R (o) oy 403 — ). ()
CyMMa BHCIIKX YIOB C(ePHUECKOro TPEYLoAbHHKE BCeria
senpiue 360°, Ecor o), ay, ) — BHelsHMEe Yrabl TPCYLOAbHIIKA,

BLDAKCHHLIC B PaUHAHHON Mepe, TO

8 = R* (27 — (4] -+ o3 o))l @
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9ta dopMyaa pacipocrTpaHsiercs W Ha ao0oit chepuueckuit
MHOroyroanHuk, vimenno,

S=R[2% — (@ 4 +...+ )],

T. €. OTHOHIEHWe (IIoMiafAH chepHyecKoro MHOrOYroabHH-
Ka K KBafparty pajuyca mapa PaBHO
u3bbiTKy 27 Hal CYMMON BHEHIHMX
yriioB,

[Ipumep. Paccmorpum chepuue-
CKHit TpeyronbHuK, 06pa3oBaHHbi Tpe-
M5 B33aUMHO NePReHIHKY 1A PHbIMH 601b-
imumMu gpyramk  (puc. 193). Cymwma

ero BHyTPEHHHX YIJOB PaBHA —25 Tlo
dopuyne (1} Haxoaum:

[
Puc, 193, = 5 =R

Tor e pe3yabTar NMOJYYHM, YuTsl, UTO ZaHHbIE TPEYTONbHUK

cocraaser - yacts cepst (cp. 1V, B, 10).

CyMM2 BHEWIHHX YUJIOB J@HHOLO TPeyroabHHKa TOXe pas-
3r ! 2
Ha 5. lo popmyne (2) naxoanm chopa S= 5 =R

§ 12, Yactu wapa

Yacte iMapa, oTcexaeMas OT Hero Kaxoil-HUGyIbh MNIOCKO-
ctb10 . (ABCD Ha puc. 194), nasbiBaerca wa-
posuist (MU chepHUECKUM) ce2MERMOM.

OcHO8aHueMm IAPOBOrO. CErMeHTa Hasbl-
saerca kpyr ABCD. Bsicomoii upiaposoro
CCTMEHTa HasbiBaeTcH oTpe3dok NM, T. e. pau-
Ha NEPHEeHIHKYIApa, BOCCTABAEHHOLO U3 IEHT-
pa N OCHOBaHHA O [epeceveHdss C MOBepPX-
noctoio wapa. Touka M nasmiBaetch sépusi- Puc. 194,
HOIL WapoBOro cerMedTa.

Kpusas noeepxsocmyv wapos8020 Ce2MCHING PABHACTCS
POH3BEJCHHIO €r0 BLICOTHI Ha OKPYHHOCTh 60IbWIOrC Kpyra
napa:

S=2nRh
(rae R — paxuyc wapa, o= MN).
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Obvert wap06020 ceamenma BblPakaeTcs Tax:
5 1 . 1
V=xh*(R— 5 &), min V= ﬁs—ﬂh (h? 4 3r?),

rie r — paguyc OCHOBAHUA CEeIMEHTa,

Yactb Mapa, 3aKMOUEHHAA MEXAY IBYMS CEKYIUMHE napa-
neabHpMH mrockocTaMi (ABC w DEF na puc. 195), Hasbi-
BaeTcs wapoevim caoexm. KpHBad noBepxXHOCTL I11apOBOro
ClOsi HAa3bIBAETCA Wapo8uim noscox (uau 3oxoid). Kpyru ACB
u DFE Ha3blBalOTCA OCHOBGHUSMU MAPOBOro nosca. Paccros-
ude NO Mex1y OCHOBAHHAMH €CTb 8bCOMG@ WIAPOBOrO CJOA
(1 nosca).

Kpusast nosepxnHocmps maposoro caos (S) paeHa MpoHs-
BEJEHHI0 €ro BhICOTB 2=NO Ha OKpYXHOCTh OO0JbLIOrO

kpyra mapa:
py S =2zRh.

O6vexm waposozo cros Bhipaxaerca Gopmynoi
i 1 .
V=—€'N’l3 + 711("{ +r§)h,

rae r; M rs— paguychi OCHOBaHHil,
UacTh 1apa, orpaHUYeHHasd KPUBOH MOBEPXHOCTHLIO LI1apo-
soro cermenra (AC Ha pHc. 195) ¥ KOHHYeCKOIli NOBepPXHOCTHID

(OABCD), ccHoBaHHeM KOTOpPOH CAYMHT OCHOBaHWE CerMeHTa
(ABCD), a BepmpHOH — LEHTp 11apa, Ha3LIBAETCA WAPOBHM
CeKmopo.

Tosepxuocms waposo20 cexmopa cKI1aAbiBaeTCA U3 KPH-
BblX MOBEPXHOCTEH IIapOBOrO CErMEHTa M KOHYcCa.

O6sesm waposozo cexmopa paseH o6beMy n¥paMuibl, OCHO-
BdHHE KOTOpOil uMeeT Ty e IICHLakb, YTO W Bhipe3biBaeMas
CEeKTOPOM 4acTb HIApoECH nosepxHocth (S), a BbICOT3 paBHa
paauycy wapa: )
V= RS= 7 =R,

rae s — BblCOTA WAPOBOrO CEIMEHTA, NPHHALIEKALErO HaPo-
BOMY CeKTOpY.



3%4 (V. B. CTEPEOMETPHS

§ 13. KacareapHast naocKoCTb mapa, UHAHHAPA H KOHYCa

Heboabmyio nyry AB xakoi-HuOYNb Kpusoii auxuu (Ha-

npHMep, OKPYKHOCTH) HA NPaKTHKE YyacTo 6e3 3aMeTHOH On6-

KW MOWKHO 3aMCHUThL HeOoxbmuM orpeskoM AT npamoi,

KacateabHoli K nyre AB B TOu-

i ! ke A (puc. 197). Tak, Hanpumep,

/"45;< MBI [OBOPHM, 4TO MAEM H3 OIHOIO

MecTa B Jpyroe 1o npAMoO# JH-

Puc. 197 HHHM; HAa caMoM Jele Mbl  fepe-

Mel(aeMca [Ipd 9TOM He Mo npAMoit

AMHHM, a no Ayre GOJbIIOrO Kpyra, OPOBEAEHHOrO Ha
NOBEPXHOCTH 3€MHOr0 11apa.

TakuM ke o06pazoMm HeGOJBLIYIO 4acTb KPUBOIl NOBEPXHO-
cmu (HaupHMep, NOBEPXHOCTH Iapa) wacTo MoxHO Ge3 samer-
#OMt OIMOKY 3eMEHUTh HEGOIbUIMM KYCKOM.KGCAmeAbKO ni0-
cKocmu, T. €. TIOCKOCTH, KOTOpas B Maao# cBOeH vacTw
PAKTHYECKH HEOTINYNMA OT MaJoH e 4acTH KPUBOH HOBEpPX-
Hocty. JroT daxt Gbla NPHYHHON TOrO, YTO B TEYEHHE MHOI'HX
ThiCAYeaeTAN MOAW OMHGOUHO CUMTAAM MOBEPXHOCTh J3eMiH
I0CKOH.

TouHoe onpejefeHue KacareabHOHl IMOCKOCTH MOXHO AaTh
B MOJHOM COOTBETCTBUHM C npemie XaHHuM (IV, B, 14) TouHbiM
onpefeleHneM Kacareabholt npamoi. Toraa Mbl paccMmarpu-
BaIl 0ge mo4ku A u B He-
kotopoit KpuBo#t  (HampmMmep,
OKPYXHOCTH); OLHY H3 HHUX [IpH-
6avkary K Opyroih u oOrMe-
yajad, 4To Hpu 9TOM npsamas AB
nprbamxarach K HEKOTOPOMY
npexeabHoMy moioxenuw. Te-
fepb We BO3bMEM Ha KakoM-
60 110BEPXHOCTH (HampuMmep,
Ha (O0BEePXHOCTH wmapa) mpu
mouxu A, B, C (puc. 198); gepes HHX (IpOBEAEM CEKY-
wywo mrockocts P. [se Toyku B u C Oymem npu6au-
warb K Touke A 110 ABYM pa3auyHueim HaupasaenusM. [lpu
3TOM 1I10CKOCTh P 6yneT nNpuGaumaTsca K HEKOTOPOMY Iipe-
peabHOMY ToJOMeHHI0 () He3aBUCHMO OT TOro, rae Oblam
B34TH * TOYUKH B ¥ C W Kak OHM ABHraauch, npuUGanmasch
£ A. [liockocTe @ HasbiBaeTcs KacaTeabHOH WIOCKOCTbIO
(B Touke A)1).

Puc. 198

1y TpeGoBanue, urob: Touky B v C upulskanuch & r1o4ke A 00 pas-
AMYHBIM  HanpaBaeHusw, cymecTsenno. ECin, wanpumep, ABa nyTeulecTaen-
wuka OyayT npubamkathes k CeBepHomy 110AI0CY 110 OXHOMY U TOMY Ke
MEPHAHABY WAV 70 XBYM MEPUAMAHAM, COCTABAMOUNM NPOXONKCHNE 0JHB
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Kacameatnoit naockocmoo Kk nogepxuocmit 8 ee mo4xe A
HUSE8aEMes  NMAOCKOCMb, K KOMOPOU — HEO2POHILYEHHO
npuBaudicaemess  cexywan naAocKocms, NpoxXoosuas  depes
mpu mouku nosepxuocmu A, B, C, xo20a mouxu B u C
npubaudxcaiomest K moyKe A no pasAUdHbLAM. HANPASAEHUSM.
MoxeT cayyntbcs, YTO NOBEPXHOCTb B HEKOTOPOH TOYKe A
BOBCE He HMeeT KacaTeapHOH mnaockoctn. Tak, Hanpumep,
8 BepIINHE KOHYCa KOHWWeCcKas NOBEPXHOCTb KacaTelbHON
1ITOCKOCTH HE HMeeT.

Muockocts (Q, puc. 199), xacamenrsnas k waposoii no-
8epXHOCMU, \ICPNEHANKYAapHA K panuycy O A, NpoBeIeHHOMY
B TOUKY Kacarus. [11ockocTh, KacaTeabHas K WapoBoOf NOBepX-
HOCTH, UMEeT ¢ Hell TOAbKO OfHY O6IYI0 TOUKY.

Mocaennee cBoiicTBO npuHuMaeTca oObIYHO 3a onpeaene-
HHC TIOCKOCTH, KacaTeabHnit k wapy. OnHaxo OHO coBep-

g,

Puc. 199, Puc. 200, Puc, 201,

IUEHHO HeleHCTBUTEALHO 148 APYCHUX MOBEPXHOCTEH, B yact-
HOCTH [As HOBEPXHOCTH (MIMHApa # KoHuyca. [lanHoe sxe
Bbillle ONpeAcAeHie PUMEHHMO H K STHM [10BEPXHOCTAM.

Maockocte @ (puc. 200), wacemenvras K nagepxwocmu
Kpy2a020 quauxdpa B Touke A, 1POXOLUT Yepe3.06pa3youlyio
MN, unyuyio uyepes 7Touky A, K uepe3 kacarteabHyio BC
K OKDYXHOCTM OCHOBAaHMA B TOuKe N, npuHamaexawet o6pa-
sywoumelt MN. MaockocTs, KacateabHas K [1OBEPXHOCTH KPYr-
JI0ro LMAKMHIPA, OTCTOMT OT BCeX TOUEK ero OCu Ha PaccTos-
HNH, PaBHOM paguycy R OCHOBaHUs UUAMHIpA.

Maockocts Q (puc. 201), xacameasnas K nosepxrocmu
Kpy2a020 koxvea B TOuke A (He coBnanatouleli ¢ sepuinHo# S),
npoxonut ueped obpasywoulyilo SB, uIywyio uepes TOY-
Ky A, 1n uepes kacarteabHyio MN K OKDPYXHOCTH OCHOBAHUR
B Touke B.

Apyroro, TO NAOCKOLTh, MpoOXojswmian 4epe3 moawoe A u nyuxkrst Bwu C, 8
KOTOPBIX HAXOAATCR MyTelleCTBEHHWKH, Bce BpeMs GyleT commazats ¢ nao-
CKOCTHID MepWinana W He 6yieT, cjenoBaTedbHo, npulaiKartecs K Kaca-
TeABHOH NAOCKOCTH, T. e. BCe BpeMa GyxeT onHofi » T0d we cexyuiefl nao-
CKOCTBIO, YnomsHyToe 7TpeGOBaHve MOXKHO cTporo GopmysupoBaTh Tak:
kacatenbhble & gyram AC u AB 8 TOuKe MX NepeceueHun A JOMKHH OLITh
PABTHYRLIME NPAMBIYH,
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Huaundp nasplsacTcn  BnUCAHKbIAM 8 npu3sy, ecan Goko-
BHE I'PaHn UPH3MB ABAAIOTCA HAOCKO(TAMH, KacatCAbHbIM
K HWIMHADY, a8 MIOCKOCTH OCHOBAHHIT y uPH3Mbl W IILIHHAPA
oman 1 Te e, [[nauudp HA3nBAETCA ONUCARHOIM  OKOAQ
npusuel, ecal Goxoule pebpa npusaMsl sBasTcA 06pasyio-
tHMMH GOKOBOH MOBEPXHOCTH MUANHAPA, a NAOCKOCTH OCHOBA-
WU Y HPH3Mbl U LUAWHAPA OHM M Te Xe.

CoBepIIEHHO TaK e OnpeleasieTcs KOHYC, BHUCAHKbLIL
8 nUpasuGy WIN ONUCAHHBLE OKOAO Hee.

§ 14. TenecHeie yrabl

TeaecHolm Y240M HA3BIBAIOT YaCTb MPOCTPAHCTBA, 3AKMO-
YEHHYI0 BHYTPW OAHOM [OXOCTH KOHHYECKOH NOBEPXHOCTH
(1V, B, 8) ¢ 3amxuyro#i Hanpasaswoineit, Tak xke kak H Yyroa
MEWJY HBYMsI OPSMBIMH Ha [JIOCKOCTH, TeJdCcCHbIH Yroa npo-
cTupaercsn Heorpahuuerno (6eckoHeynan BopoHKa). MHoro-
rpannbidt yroa (IV, B, 5) ectb uwactuwil cayyail Te’qecHoro
yraa (HMpaMuia’ibHas NOBEPXHOCTb — YACTHHI cayyaldl KOHU-
yeckoh).

Tak me Kaxk BenuuMHa yraa Meway ABYMsA fIPAMBIMU H3Me-
pAeTcs Iyrofi OKPYKHOCTH, TeJECHbIH Yroa U3MepHeTcs Ky-
CKOM moBepxHocTH wapa. Mimenno, u3 Bepmunel S TeaecHoro
yraa nupoBoiHM ao0GblM paiMyCcOM [IAPOBYI0 TOBEPXHOCTL.
Ha sroii moBepxHOCTH [OBEPXHOCTH Texec-
HOFO  yria  BhIpeXeT HEKOTOPYI0  YacThb
(ABCD, puc. 202). llaomane 3toit yactu Oy-
leT MEeHSTLCH B 3aBUCHUMOCTA OT BENHYHHbI
paauyca mapa, Ho Bcerja 6YNeT COCTaBAATH
OIHY M Ty e HOm0 [Ioiiand Bceft nosepx-
HoctH wapa. [TostoMy Mepo#l TeaccHoro yraa

Puc. 202 MOIno  Obl CIYKWTb OTHOUICHHE  IIOULAafH

ABCD «x njomaau 1wapoBofi HOBEPXHOCTH,
11000HO TOMY KaK yroa Meyily ABYMs [DAMbIMH MOXHO Obino
6bl H3MepsATh OTHOUIEHHCM 3aKAUEHHON MeWAY HHUMH AyrH
(c LeHTpOM B BepIUiHE Yria) K IMHE OKPYXHOCTH TOrO e
paauyca (yroa B «1ogo6opora», B «4eTBepTh ofopoTta» u T. 1.).
[Mpuuarto, oanako, 3a Mepy TelecHoro yraa 6path oTHolIe-
e naowain ABCD K niowand kBagpara, NOCTPOEHHOIO Ha
pamuyce wapa (9Ta OOCIeIHAA BbipakaeTca BEAHUYHHON RE,
11PONOPUHOHaILHON naomany 4xR? nosepxnoctn mapa). Takoe
H3MepeHHe TeieCHbX YIJIOB [0A0GHO PanuaHHOMY HM3MCDEeHHIO
yraos Mexay upasmemMi (cm. V, 3).

Wrax, sa mepy o menecnozo yz2aa ¢ 8epuunod S npu-
HUMQIOM  OMHOWEHIE NAOWA0L, Buipe3H8aerOl  INENCCHULAL
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Y2103 HA NOBEPXHOCHIU 1LAPA, ONUCAHHO20 MNPOU3BO.LbHH M
paduycos u3 yeumpa S; Kk keadpamy paouyca 3moz20 uapa

na. ABCD
.

Tpuwmep L. Texecunit yroa, o6pasyeMblit TpeMs B3aHMHO
LEPICHANKYAAPHOIME  IIOCKOCTAMH  (HanpuMmep, JIBYMs cTen-

T 9
KaMH W IHOM IIPAMOYroabHOR KopoOku), paBeH —- . Hefictau-

TCJALHO, €CAH U3 BEePIIMHB S TAKOro TEACCHOrO yria On-
caTp I1aPOBYI0 MIOBEPXHOCTb, TO Ha MOBCPXHOCTH Iapa
suipexerca !/g ee yacth (puc. 203), TaK Kak TpPH B3aHMHO
HICPHEeHIMKYAAPHbIE [IOCKOCTH Da3pexyT ee Ba 8§ pabHbIX
yacreil (mpencrasbre cefe Ha M0BEPXHOCTH Tiao6yca KyCOK,
BLIPE3aHHbIH JIBYMA B3aUMHO INePHEHIHKYIAPHbIMH [LI0CKO-
CTAMH, NPOXOAAILNMU Yepe3 MEePHIMaHbl, H NIOCKOCThIO, ApO-
XojdAulell ucpes 3KBATOP); CAELOBaTEIAbHO, INIOIEAL 3TOI
YacTH MOBEPXHOCTH paBHa B

9
47.R2:8=’3RT, H ee OTHO-

wenue K R pasHoO ’2‘~

MMpumep 2. Haiitn re-
JeCHbIt yroa npu  BepuiiHe
KOHYCa, ¥ KOTODPOTO BHLICOTA
pdBHa paaMycy OCHOBaHHsL.
Ouuirem U3 BePIIHHL KOHYCA
1ap paguycoM, paBHbIM o6pa-
aytoutet konyca [ (puc. 204). Boicory OD xoHYCa MOKHO Bhi-

Puc. 203, Puc. 204,

V2

pasurb uepes I, OD= —l/?—; Boicota CD chepuyeckoro cer-
Ve

meHta ABC pasuna [ — Vr,‘ ; chepuyeckas naowaiL, Belpeas-

BacMast TEJCCHBIM YIVIOM, €CTb KPUBaf [IOBCPXHOCTL STOrO
cepuueckoro cermeiita, oHa passa (IV, B, 12)

9n1 . cD=2nzﬂ(1 Vf)

CrejosarelpHo, BEAMYHHA TEIECHOIO Yria €cTb
VO
2z —

Enunuuedt Mepot TestecHoro yraa sBjascTca TeAcCHbft yroa,
BEIpe3uIBaomtil U3 chepsl (C JIIEHTPOM B BepIUHHE YIia) f.10-
b, PaBHYI0 ILTOULaH KBAApPaTa, IOCTPOCHHOIO Ha paidiyce,
Takoft TeaecHullt yroa Ha3piBacTcst cmepeopaduanot.
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§ 15. lpaBHAbHLIE MHOrOTPaHHHKH

Muozozpernur  Ha3vi8aemcst NPUsiAbHELY, CCHII BCE €ro
rpaHy — paBHble NPaBUJbHbIE MHOIOYICABHHKH U B KaXAOff
BePIIKHE CXORHTCH OJHO M TO Xe YUCIO rpaHcil.

B IpOTHBOMOMOKHOCTh TOMY, UTO CyillecTBYeT GCCUMCHeH-
HOE MHOXCCTBO He RONOGHBIX ADYr APYrY NPAaBUIbHBIX MHO-
FOYroAbHUKOB, CYILECTBYET JHillb OrPaHHYCHHOE UMCIO He
non1o6HbLIX APYr IpYry IpaBUIbHBIX MHOI'OIPAHHHKOB. Bbt-
NYKABLX NPABUALHLLX MHO202PAHHIKOS MOXeT OblTh TOAbKO
AATh (CBEPX TOro, CYMLECTBYCT cule 4eTbiDe HEBBIYKAbIX).
9TH UATH UPABHAbHBIX BBIIYKIbIX MHOIOrPAaHHUKOR CIEAYIO-
ulie: npa8uabKollil mempdadp (YeTHPCXrPaHHNK) MR, KOpoue,

Pue. 205, Pyic, 208, Pue, 207, Puc, 208, Puc, 209,

yemd--

npocto mempdadp (puc. 203); zewcd30p (WeCTHrPAHHIK),
KOTOD®Ift ecTh He uTo MHoe, Kax kY6 (puc. 206); oxmdadp
(BocbMHUrpaunuy, pic. 207); dodexdadp (12-rpanuuk, puc. 208);
uKkocdadp (20-rpannug, puc, 209).

Uicra sepmiMH u pelep, a Tak®e NOBEPXHOCTH U 0GbenLi,
BhIDaKeHHbie yepe3 pebpa a, NPaBWILHLIX BBIMYKIBIX MHOIO=
TPAHHIKOB AaHW B caeayiouteil tabaune:

= T
RS- =
z 3 5o =
2EISEl 21218 ¢
Egles| 8§28 &
e¥|2%le|2le| & | 3
gildgl 312121 5 )2
Fel|FElF | F | F = )
1, Terpasap 3 3 4 4 6 | 1,73a2(0,12a3
2. Texcasnp (ky6) 4 3 6 8 | 12 | 60002 a3
3. Oxvrasap 3 4 S| 6| 12| 3,46 a2(0,47a3
4. Honckasup 3 3 12 120 | 30 {20,6402 7,66{13[
5, Hrocasap b3 ) ; 20 1 121 30 1 86602 2,]303;
k L |
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B kawelit npaBuAbHLIT MHOFOTPAHHHK  MOMHO BTUCUTH

wap. OKOA0 KAWHOro MPABHIBHOTO MHOTOrPAHIIKA MOMKID
OMUCATHL 1map.

§ 16. CummeTpus

["peueckoe cA0BO cumMempuss GYKBaALHO O3HAYALT <«CO-
pasMepHocTe>. Hojg cuMMeTpHuell 8 [IHPOKOM CMbICIAE [1OHH-
MaloT BCSKYIO IIPAaBHAbHOCTD BO BHYTPEHHEM CTPOEHHU Tela
wian Gurypsl. Yuenuc O pa3aMuHsIX BUIAX CHMMCTPUH Ipef-
crtapiser GonbLIYI0 U BaXHYIO BETBb eo-
METDHH, TECHO CBA3AHHYID CO MHOI'MMH
OTPACAAMH eCTCCTBO3HAHNA W TEXHUKH, Ha-
ypias oT TCKCTHABHOIO NPOU3BOACTBA (pa3-
PHCOBKA TKamell) 0 KOHYasA TOHKAMH BONPO-
CaMyl CTPOCHHA BeULeCTBA.

[TpocrefininMy BUAaMH CHMMCTPHH HB-
JAIOTCH CAeAYIOUNe TPH:

. Bepraavras cummempus, Xopouio
3HakoMasi KaXAOMY M3 TOBCEAHEBHOro
nabmoacHist. Kak fioxassiBaer caMo HasBa-
nie, 3cpKaIblas CHMMETPHA CBA3bIBaeT
HCKOTOPBIfi  HIPeAMET U €ro u3obpameHue
B IIIOCKOM 3epKadac. [‘eomeTpHueckoe omnpe-
JicACHHE 3€PKajdbHOft CUMMETPHH TaKOBO-
dueypa (puc. 210) HasmBaercs cumme-
MpUMKOL  OMHOCUMEAbHO naockocmu  f
{3epxaabuas (LI0CKOCTb, IIOCKOCTh CHM- Puc. 210,
MCTPHH), ¢CIH Kawk1oil Touke E stoil ¢u- T
I'VPbl COOTBETCTBYET Taxas lIpHHajIeRa-
uias Toft we durype tTouxa E', yro otpesok EE' nepuieHiuky-
JAAPCH K TIOCKOCTH P M JIeaUTCS 3TOH ILIOCKOCTBIO TIONOAdM,

[opopat, uTo oiHa ¢Qurypa (MIu TeJ0) 3epKAALHO CHM-
MeTpHUNA APYroff, ecau BMecTC OHHM 06pa3yioT 3epKalLHO
cummetpuunyo Gurypy (uaum reao). Ha puc, 210 aunna ABC
cummeTpiuna auHnn AB'C; npasan pyka CHMMETPUYHA NEBOL,

BatHO OTMCTHTD, UTO JiBa CHMMCTPHYHLIX JIPYT APYLY Teua,
BOOOWIC [OBOPA, HE MOTYT ObiThb <«BJONCHH ADYI B ApYyra»;
HHaue, OAHO M3 3THX Teld HE MOWET 3aHATH MeCTa JPyroro.
Tak, nepuatka ¢ JeBOIl PYKH He roiuTca JUIS 11paBod pyKH.

Cummeipuynnie GuUryphl pu BCEM HX CXOACTBE Cyulc-
CTBEHHO OTIHYAIOTCA APYE OT Apyra. Hrobel ybexuTbCA B 3TOM,
nonpo6yitte, nocrasus OGymary npoTMB 3cpKana, NpouecTs
B 3CpKajde HECKOALKO Hanewyaramueix Ha Oywmare cJoB.

CHMMETPHUNBIC HDEeJUMEeTH HCaAb3sl TO3TOMY HA3BaTh Pase
Ui B y3KoM  cMbicae ehope, Y HAsuBAOT 3epradbHg
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pasuoiay. BoobGile 3epkaibHO PaBHBIMA TeaaMn (Han Gurypa-
MN) Ha3bIBAIOTCA Tena (WA QUCYPH) B TOM Cayuae, ecag npu
HALTCKALULCM WX CMCIIEHHH OHH MOryT o6pa3oBaTth JABE NOJNO-
BHHBI 3€DKadbHO CHMMETPHYHOro Texa (Hnu urypst),

2. Lenmpanbnas cummempus. Puzype (HaH TeA0) HA3LI-
BACTCH CUMMEMPU4HOL OnHocumeasno wenmpa C, ecan
Kaxiaoit Touke E stoi $urypsl (tena) cCOOTBETCTBYET TaKas
npunanaexautas Toit me ¢urype (reay) touxa A, uro orpe-
20k EA upoxomur yepe3 Touky C u Ieautca B Hell nononad

(puc. 211). durypa ABCDE, cocrasicHHas

W £ w3 asyx rtpeyroasuukos ABC u EDC

V (puc. 211), y KOTOpPBIX CTOPOHB HONAPHO paBs-

Hbl W CIYWAT UPOLOMKEHHeM IpYr APYTaE,
pE obaagaer L eHTpoOM cummerpuu (C).
. Mexily COOTBETCTBYIOLMMH IPYL APYTY Napa-

Pye. 211 M¥ TOYEK BCErNRa JeXAT PaBHble OTPE3KH; COOT-

BETCTBYIOUHE JIPYr APYry Yriabl JABYX H0J0-
piitl Teda, 06aanalolero LEeHTPATbHOH CHMMeTpHeil, TaKke
pastil, OjHako, BoOGILE rOBOPs, 18€ MOAOBHHH TCIa € HCHT-
PaIbHON CHMMETPHEH He MOrYT 3aHATh MecTo OiHa Ipyroil,
KaK M iaBC NOJTOBHHBL Teja, 006Jajaioulero 3epkaiblioil CUM-
metpieft, boree Toro, oiHY W3 I10A0BHH Teaa ¢ WUCHTPadh-
uoft cummetpuelt MoxHuo (nosoporoMm Ha 180° okoro 1060ff
OCH, NPOXOsULE Yyepes 1eHTP CHMMETPHH) No-
CTaBHTh B 3CPKAMTBHO CHMMCTPHYHOE MOMTOMXCHUC £
¢ Apyroit (OTHOCHTENbHO HAOCKOCTH, HEPHEHIU- :
kyaapholi k ocn fopopotra). llostomy nase 1o
NOBHHLL TelMd € HEeHTPAJIBHON CHUMMCTpHeilt a3cp-
KanTpHO PABHM (CM. BbIIE) APYT APYIY.

Mpumep. Ecan unponomknts pebpa SA,
SB, SC, ... nupamuasl SABCDE (puc. 212)
Ha pACCTOAHHA, PpaBHble JIMHAM 3STHX pelep,
B MPOTHBONOJIOXKHYIO CTOPOHY OT BCPIUHHBI, TO
nase nupamuanl SABCDE n Sabede Bmecre
06pasyloT Tea0, CHMMETPHUNOe OTHOCHTE/IbHO
ueHrpa S.

Ecau nupamuna SABCDE na puc. 212 noaas
i1 He HMeer gnay ABCDE (nupamuaaabHas
BOPOHKA), TO, BHIBCDHYB €€ HaW3Hauky, NoAYuuM Tenu, 8 KO-
TOpOe MOXHO BIOXHTb nupamuiy Sabcde; He nponsBoAf
BbIBOPAUUBAHUSA, Heab3 (B oflleM ciayuyae) COBMECTHTb 3TH
ABa Tena, Tak 4yro B obueM cayuae SABCDE u Sabcde ue
pasHel, a JMIIb 3epKaibHO PaBHB. B HcKIOUUTEIbHBIX CaY-
yanx (wanpumep, ecam nupamujga SABCDE - upasuabHan)
BO3MOXHO H PaBeHCTIBO.

Pue, 212,
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3. Cuusempusn 8pawenus. Teao (uan uzypa) o06.a0-
daem cusvempuerl  8pauedus, ©Cau PR NOBOPOTC 1A

360° . "
yroa ‘—- (#-—11eJ0€ YHCI0) OKONO HEKOTOPOIt upiMoi AB

{0Cb CHMMCTPUH) OHO MOJHOCTBIO COBMCULAETCA CO CBOHMM HC-
XOIHbIM oiowenueM. Ecau uucao n paswo 2, 3, 4 u T. 1,
TO OCbL CUMMCTPUH Ha3biBACTCA OCHI0 8MO-

po20, mpemee2o u m. 0. nopadka.

ITpumep. Paspewem Kpyr Ha TPU CeK-

TOPa C E€HTPalbHBIMH yraamu no 120° 7
(puc. 213). Hagoxum 314 cexTopnl ApYr Ha
japyra (He uepcsopauusas WX Apyro#t cro-
ponofi) ® iipopexeM Ha Hux ¢urypy a
1poU3BOAbHOI dopmbl. CloWUB CHOBA Cek-
TOPH Tak, KAk OHU JeXaiad, 1oayuusm ¢u-
rypy (Kpyr ¢ TpeMmsi BbhIPe3aHHBIMM Ha HEM JLIPOUKAMIU),
0061anaIoULYI0 OCBI0 CHMMETPHHM 3-I'0  Topsika. IJTa  0Cb
NepUeHIHKYAAPHA K [MIOCKOCTH ueprexa, [losoporom Ha 120°
Gurypa foJHOCTBIO COBMEILAETCH CO CBOMM HCXOIHbIM 00~
MeHUeM.

B Gonee yakoMm cMbicie OCbIO CHMMETPHM Ha3bpiBalOT OCL
CUMMETPHH 2-r0 MOpANKa U roBopaT 06 «0ceBOH CUMMETPHHY,
KOTODPYIO MOXHO ONpeleauTh Tak: guzype (uau meao) 06.a-
Odaem o0cesod cummempueil OTHOCHTEILHO HCKOTOpOit ocH,
ecan kawaoll ee Touke £ COOTBeTCTBYeT Takan IpHHalLIe-
watllas To e ¢urype Touxka F, uro orpesox EF nepnenau-
KYyadpeH K OCH, flepecexkaerT ee M B TOYKe NEpecevycHus Je-
antea nonoaaM. Paccmorpennan swinte (puc. 211 Ha c¢tp. 330)
napa TpeyYroabHuKOB obgajfaer (KpoMe IeHTPaisbHO#) emle
oceBoil cumMeTpHeil. Ee oCb cHUMMeTpHM- NPOXORIMT  yepes
Touky C NepleHAUKYIAPHO K IIOCKOCTH uepTexa.

Hpunmepo nepequcrennsy 8u008 cumMmempul.

[lfap obaamaer W LEHTPANbLHON, W 3epKalbHOl, U OCCBOIl
cummetpuefi. LlenTpoM cuMMerpuM ABAAETCA UEHTP lapa,
TI0CKOCTBIO CHMMCTPHH — IITOCKOCTb /1106010 601611000 KPYra;
ocblo — J060f1 nuameTp wapa. Ilopanok ocy — aw6oe wenoc
yHCclo,

Kpyeabiit kKOHYC ¥MeeT OCCBYIO CUMMeTpHio (mo6Goro no-
pRIKa); 0Cb CHMMETPHH — OCb KOHYCa.

[Ipasusbhas nAMUY20AbHAS npuU3Ma WMEET MIOCKOCTh
CUMMETDHH, HAYULYI0 NapaisielbHO OCHOBAHHAM Ha PaBHOM
OT HUX PACCTOAHMH, H OCh CHMMETDHH HHTOrO MOpAAKa, coO-
BNaJaoulyn ¢ ocblo npuaMbl. TlaockocTbio cuMMeTpHy MOXKeT
TaKWe CAYKHTL IIOCKOCTB, JICsilast 1lonoaaM OAui W3 [ABy-
rpainsx yriaos, o6pasyemolX GOKOBLIMH TPaHHMH.

Puc. 213,
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§ 17. CumMeTpHS NJNOCKHX (UTrYyp

1. Jeprarvro-ocesasn cummempus. Ecnu mnockaa ¢urypa
(ABCDE na puc. 214) cuMMeTpHYHA OTHOCHTCABHO MIOCKOCTH
P (1410 BO3MOXHO JuiIb B Ciyyac B3auMHOMN [epHCHIHKYISp-
HocTH maockocreit ABCDE uw P), to npamaa KL, 1o KoTtopoit
NepeceKalnTcs YNOMAHYTHIE TIOCKOCTH, CAYKHT OChI0 CHM-
Merpun (2-ro nopsaixa) ¢uryps ABCDE. O6patHo, ccau
niockast purypa ABCDE umeer ocs cummerpun KL, aexa-
WYI0 B €€ MIOCKOCTH, TO 3Ta Gurypa CHMMETpHYHa OTHOCH-
TCIbHO TIOCKOCTH P, NposerenHolf
yepea KL nepneHmHKYJIApHO K N.I0-
ckocrn  durype. Ilosromy ock KL
MOMHO Ha3BaTb TaKxe 3ePKAAbHOL
npamoii miockont duryps ABCDE.

Jse 3epKanbHO CHMMETPHUHbIE MI0-
CKHe (Urypsl BCeIXa MOMXHO HAI0XHTH

Puc. 214, apyr na apyra. Ojnako maa 3TOro
HeoO6XOMUMO BHLIBECTH OfHY H3 HHX
.(Man o6e) u3 ux obuiefi MIOCKOCTH.

2. Liewmpaavnan cummempus, Ecad unockas ¢urypa
(ABCDE na puc. 215) umeer ocb CUMMETPHH 2-ro nop#aaxa,
NePHeHINKYAAPHYIO K 1I0CKOCTH Guryps (mpamas KL Ha
puc. 213), to touka O, B KOTO-

poit KL nepecexaeT IIOCKOCTh ¢n- A
r'ypel, CIYXHT HEHTPOM CHMMCT-

pun purypm ABCD. Ob6patHo, ccan 4 7
niockaa  gurypa  ABCD  umeer é?
ientp cuMMerpun O (ONn HENpEeMeH- p&F [/
HO JeXUT B ILIOCKOCTH QHIYDH), TO

3Ta Arypa nMeeT oOChb CUMMETPHA y

BTOPOro IOPANKa, MPOXOAAILYIO ye-
pes O UepneRAHKYJAPHO K IIO-
ckocTH ¢urypsl, Takum o6pazowm,
IBC UCHTPAILHO CHUMMETPUUIIpie. fIIOCKME OUrypm BCerLHa
MOXHO H@JOXHTL APYI Ha Jipyra, He BHIBOAA WX u3 obuleil
MI0CKOCTH, Has 3T0oro ZOCTATOYHO OXHY W3 HHX TOBEPHYTH
Ha yroa 180° okoino meHTpa cHUMmeETpHM.

Kax B cayuwae 3epxaabHOif, Tax W B caAyuae HeHTpanbroff
CUMMETPHH ILIOCKaA ¢uUrypa HCIPEMCHHO HMEET OCb CHMMerT-
pud 2-ro NOpsAAKa, HO B [EPBOM Cayyae 313 OCh JEWHUT B [I0-
CKOCTH (PUIYpHL, a BO BTOPOM — NCPHCHANKYAAPHA K sTOH fio-
CKOCTH.

[TosToMy B NIamuMMeTpHR JAHUIL B NEPHEOM cayyac CHM-
METpHR HAAWBACTCA OCCBOML

Pie. 215,
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§ 18. Honobue ten

Hodobue mpocTpaHCTBEHHLIX TeA 3 BUIYD MOXHO Onpeie-
JHTH TaK e, Kak nogobue 1wrockux ¢uryp (1V, B, 13). Hsa
Teaa nO0OGHbLL, ecAd OXHO H3 HHX [OJYYaeTCs M3 LPYroro
YBCAMUCHHEM WJH YMCHBILICHHCM BCEX ero pdamepos (anHeli-
HBIX) B OJHOM M TOM K€ OTHOIIeHuM, MallluHa W ee Moledb —
nojo6Hule Tteaa. [ABa Tena (Mau GUIypel) 3epkasbio nododrb,
€CIH OXHO M3 HHX NMONOGHO 3epKAJAbHOMY H306pameHHIo ApY-
roro {cM. 1V, B, 16). Tak, Hanpumep, HeraTu (pOTOCHHMKA
¢ MOPTPeTa 3epKanbHo nofobeH noprpery. JlBa 6oTHHKA pas-
JAHYHBIX HOMEPOB, HO OAHOrO (hacoHa, OJMH — ¢ MPaBOH, LPY-
TOit — C JeBOW HOIH, 3CPKAILHO NMOROGHHL,

B m0o106HbIX M 3cPKaibHO il0KOOGHWX Urypax BCe COOT-
BETCTBEHHBIE yrabl (MUHEHHble H ABYTrpaHHble) pasHol. B 10-
JNOGHBIX Teaax MHOIOrpaHHble H TCJACCHBIC YIIbl PABHBI, B 3¢p-
K21bHO NOROOHBIX — 3€PKaIbHO PABHbL

Eeau 08a yemvipexepanruxa (T. €. XBC TPEYLOJbHblEe M-
PAMHIbL)  UMEIOM  COONIBEMCMBEHHO  NPONOPUIOHAAbHbLE
pebpa (nau, 4ro TO e, COOTBETCTBEHHQ IIOXOOHbIE T'PAHH),
mo OKu noJOGHEL AU 36PKAALHO nOCOGHb, TaK 4TO, HallpH-
Mep, ecan pe6pa nepeoro BaBoc Goabuie pebep BTOPOro, TO
W BBICOTbL IlepBOrO BABOE GOJblie BHICOT BTODOrO W Paiauyc
ONHUCAHHOTO Iapa epBoro sasoe Goapile pazuyca BTOPOro
T, M

JLaa MHOrorpaBHHKos ¢ G0BUIKM YHCAOM IpaHel 9Ta TCO-
pema ywme He wumeer Mecra. [IpexcraBum cebe, HalpHMep,
410 12 paBHbIX cTCPXHeH COCINMHEHB TaK, YTO OHM 00Pa3yIoT
pe6pa xy6a. Ecam coeinMHCHMA STHX CTepXHCH Yy BepHIHH
clenaHbl HAd IMapHUpAaX, TO, He PACTArHBAaA cTepxHeil, MOMKHO
H3MCHMTE GOpMY 06pasoBaHHON MMH Gurype B M3 Kyba
Hoayuntb napamaeaenunes P. Iapasienenunen Py, nono6-
bt P, He 6yner HH nomoGeH, HH 3epKaabHO woXobGeH KyOy,
X0Ta pebpa ¢ro MpoIOPUHOHAJIbHN pebpaM Ky6a; ¢ YeThbi-
PeXTPaHHMKOM, NOCTFOEHHHM H3 6 crepwHed, storo ciy-
YHTBCA HE MOMET, TaK KakK OH COXPaHUT cBol Gopmy H
B TOM CIyHae, ecId BCe COeAuMHeHHs OYynyT NtapHUDHLIMH,

Wrax, Booflke ropops, NPONOPUHOHANBLHOCTH BCeX pebep
HEHOCTATOMHO 15t TOrO, uTOObl Teda Oblay MOXOOHH (1Hau 3ep-
KILHO NOLOGHSI).

Hse nprsmel HIH fiBe NHPAMBIL QOXOGHB MIM 3epKAlIbHO
10I06HE], CCa OCHOBAHUE M OfHa U3 GOKOBLIX IpaHeil Nepsoit
COOTBETCTBEHHO IOXOOHBI OCHOBAHUIO ¥ GOKOBOIT I'PaHy BTOPOIt
Il ecay, CBCPX TOrO, ABYrpaHble Yran,06pasosaiiibiec B 00CHX
UpU3Max (MHPAMIAAX) YIOMAHYTUIMII TPalstMd, PaBHLi MCULY
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cofoit, Jdse npasiiIbHBLIC IPH3MBI HIH LHPAMHALL C OJAHHM H TeM
®e YHCI0M rpaHeli HoJlo6HbI,ecIn paguychl X OCHOBAHHI nipo-
1IOPUHOHATBHB BhicOTaM. JBa XPYranx tUINHApAa HIH KOHYCa
110406HB, ecli pPamnycl HX OCH( Banuil 1PONOPUHOHANBLHBI
BHICOTAM,

B nogo6HbIX Teaax NIOMaiH BCCX COOTBETCTBYIOWLUX APYT
JPYIY IIOCKHX M KPWBLIX [IOBCPXHOCTE! 11IpONOPUHOHATbHDE
KBajpataM JI00bIX COOTBCTCTBEHHBIX OTPC3KOB (T. €. OTHOIUC-
HHC TI0MAACH PaBHO KBaApaty OTHOMCHUA nogobus),

O06BbeMbl 10106HBIX Ted, a Takke 061LeMbt a1106bIX COOTBCT-
CTBCHHBIX HX Y4acTeH NPONOPHHOHATIBHBL KYOam 106bIX CO-
OTBETCTBEHHBIX OTPC3KOB (T, €. OTHONICHHC 0O0BCMOB pPaBHO
Kv6y oTHoweHHA 101006us),

IToap3ysch nocaedHHMK IBYMsl CBOFCTBAMH, MOXKHO B psile
CVYacB OYCHL YAPOCTHTb HEKOTOPble BbIYHCIEHHS,

MMpumep 1. Ha nokpacky mnoaywaposoro kynona xha-
MeTpoM 5 ar et 6,5 k2 oandol. CKOIBKO 0aH(bl HYKHO 15
OKPacKy Kymona JHAaMCTPOM 8 M?

Beskue jBa noayuiapus ABIAIOTCA NOZOGHBIMH  TeTasH.
Ix nosepxuocty, a cacpoBarteabHO, H KOJAMUecTBAa oandw,
HeoOXOMHMbIe 1A HX MOKPACKH, IIPOTIOPIHOHATLHLL KBAAPATAM
annaMerpos. O603Hauas yepes v HCKOMOE KOJIHYecTBO oaudsi,
nseem: ,

%- =(~§—>'; x==85 \—}\)" == 16,6 x2.

Kl
Mpumep 2. Koncepuan OGanxa suicotoit 8 Il cx n
tionepeunnkom B 8 ¢m Bmcutaer 0,5 #2 kouceppoB, KaxoBbl
pasmepn GaHKN TeX ke KoHcepBoB (dopma Gauxu — Ta we),
pMcitaouleit | K2 KOHCepBoB?
O6o3uayas uepe3 /i BEICOTY H ucpes d rojepeunuk (ava-

A !
—} = g5 =2 OTKYJa

Touno Tak we d=8%/2 =10 cu.

§ 19. O6eMbl H MOBEPXHOCTH Tel

O6oznavenns: V—o6bem; S — niomaib  OCHOBaHHUSA,
Sgox — O0KOBaR NOBEPXHOCTb; P —1101Had  1OBEPXHOCTS;
&t — BbicoTa; @, b, ¢ — H3MepeHHA NPAMOYIOAbLHOIO Hapaiic-
acenunela; A -— anodpema npasHILHOA MUPaMKIbL K NPABHABHON
VCCYEHHOl nupaMuast; [ — obpasyioulas KoHyca; p — NepuMeTp
W1 OKPYXHOCTL OCHOBAHMA; I — Pajlyc OCHOBaHus; d -— jpua-
MCTD OCHOBUHHS; R — pajinyc Iiapa; D — xpamMerp urapa.



§ 19, OB'BEMBI 1 TIOBEPXHOCTH TEN

TNpusya, upsmast o HaKAOHHAN, napad.leaenuned:

V== Sh.
[Ipaman npuzma:
Sgox == Ph.

[Tapaasesenunes UpaMoyroanbii
=uabc; P=2(ab+ bc- ac).
Kyo:
V=a% P=6a"
ITupanuda, upasnisHas u HellpaBHabHaH:
V= Sh
TInpamuia npasHabHasM
S50K=~%—[)A.
YceueHnas nupamua, npasuIbHAR U HeHpasiapHasg
V=1 (S + VSS: + S b
YceuenHas mHpaMBia NpasHabHas:
S6ox““2 (p1+p2)
Lluaundp xpyrosoit (npaAMO U HAKIOHHBIHY
V=38h==r* h—~4 =d*h.

Lluaunnp Kpyrabtit
Sgox = 2nrii ==dh.

Konyc xpyrosoil (Kpyrauiilt u HakJIOHHbIE):
V_——— Slz__— "rh = ——1:119/1.
Kounyc rpyrawit:

Sgox = ; pl==wrli = % wdl.

335
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Yceyenublil KoHyC Kpyrosoli (Kpyrapill u HakKJIOHHGi):
! @ | e ! p
V= T "R (ri4-rirs +rj) = o =h(d? - dyds + d3).
YceueHHb! KOHYC KPYTiblii

350K="—'(r1+r2)l'~=*.12‘73(d1 + ds)l.

Ulap:
V=—;-7:R3 = —:: =D% P=4aR®=aD?
{loayuapue:
=3 %R = DY, S=zR'= D",
S50K=?7*R‘~’=—,i; D2, P.—-&r:R*’:—i— =D

Ulaposoit ceemenn:

E
Sgox = 2eRh =1 (r* + h?), P=r= (2" + h?).

vent(R — 4 )= o,

Llaposoii caoii
1 « 1 o
V= wah®+ 5 (i ri)h Sgx=2rKRN

Laposolr cexmop:
V="lrRNK
(W' — BHICOTA CEerMEHTa, COUEePKAILErocs B CeKTope).
[loawit wap:
V= m (R — RY = % (D} — D)
P=4z (R -+ RE) =7 (D} + DY)

(R 0 Re — pajuycul BHEIIHCH ¥ BHYTpeHHCl! WapoBblx 0o-
BepPXHOCTEL).



V. TPUTOHOMETPHSA

§ 1. [Ipeaxer TPHroHOMETPHH

Cn0BO ¢TPHTOHOMETPHA» KCKYCCTBEHHO COCTABJAEHO U3 I'pe-
4ECKHX CHOB! «TPHIOHOH> — TPEYTOABHHK H <MeTPe3UC» — H3-
wepeHue (COOTBETCTBYICIUM PYCCKUM TepMuHoM ©niao Gul
«TpeyroabiuKomMepres). OcHoBHAs 33alaya TPHTOHOMETDHH CO-
CTOMT B pewienuul mpey2eAbHUKOE, T. €. B BHINHCICHHH HEH3-
BECTHbIX BEARYHH TPCYrOAbHMKA MO AaHHbLIM 3HaYeHHAM ADY-
FHX ero BeaMymH. Tak, B TPHrOHOMETDHM peMIAIOT 3ajavy
0 BHIMMCACHMH YIVIOB TPEYTOJAbLHHKE 110 RAHHBIM €ro CTODOHaM,
321ayy O BbIYHCAEHHH CTOPOH TPEYIONbHHKA — MO MUIOLMIAJH
H ABYM yraam U 1. A. Tax xak mo06yio BolYHCIATEIbHYIO 3ajayy
reOMETPHH MOXHO CBECTH K pCIICHHIO TPeYTOABHHUKOB, TO
TPHUTOHOMETPHA OXBATHIBaeT CROHMMH NPHMeHEHHMsAMH BCIO IJa-
HUMETPHIO 1 CTeDEOMETPHIO M IIHDOKO IPHMEHAETCA BO BCeX
OT/ieNIaX CCTeCTBO3HAHHA M TEXHHKH.

¥YyeHue o0 peuiennu cepriveckux Tpeyroabhukos (IV, B, 11)
Ha3blpaeTcs cepudecioil mpuzonosmempueil; B NPOTHBONO-
JOKHOCTH ITOMY YUeHwe O pelleHHH OOBIYHBIX TPEYTOAbHHKOB
Ha3bIBAIOT NAOCKON UAL NPAMOAUREUROU MpUZOHOMempuel.

Yrapi NPOH3BOALHOIO TPEYrONbHUKA Helib3si CBA3ATL HENO-
CPEeICTBEHHO C €ro CTOPOHAMH € MOMOLILIO aare6panyeckux
cooTHomeHn#. [1o3ToMy TPHIOHOMETDHA BBOAHMT B paccMoTpe-
HHE, KPOME CaMUX YrioB, elle HOBble KOJIHUYECTBd, TaK Ha3bi-
BaeMble TPHIOHOMETPHUYECKHe BEeAHYMHH (MX MepeyeHb U ompe-
ZeaeRus cM. V, 5). DTH BeauuuHL YHe MOXHO CBA33aTh CO
CTOPOHAMH TPEYIOJbHHKA HDPOCTHIMH 2areGpanyecKuMH COOT-
gomenuaMu, C Hpyroft CTOpOHb, MO JaHHOMY YFIY MOKHO
BbIYHCINTD COOTBETCTBYIOILCE 3HaUCHHE TPHUTOHOMETDHYECK O
BeJAMYHHb, M oOpartHo. IlpaBma, 9TH BHIYKCIOHHA TpebylOT
JIMTEJbHBIX M YTOMHTEAbHBIX PacyeroB, Ho 3Ta paboTa npo-
IenaHa pas HaBcerja M 3akpenneda B rabGamuax.’

3HayeHue Kamoli TPUTOHOMETPHYECKOH BeMHUHHL H3Me-
HAEYCA C H3MEHEHHEeM YIia, KOTODOMY OHA COOTBETCTBYET:
APYFMMH CI0BAMH, TPHI'GHOMETDHUECKAR BeTHYHHA eCTh PYHK-
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una yraa (VI 2). Orciona HauMeHOBAaHHE: MPUOKOMEM i~
yecxkue dyrryuu.

Mekny pa3iHYHBIMH TPHIOHOMETPHUECKHMH (QYHKUHAMY
CYULECTBYIOT BaXiible 3aBHCHMOCTH. Mcnonb30BakHe HX N0O3BO-
nseT cokpamarb M obaeryartb BHYHCAeHHA, HacTb TPHTOKOMET-
pUH, TOCBALIEHHAaSs H3YUYEHHI0O 3THX COOTHOMIEHHH, Ha3HBaeTCH
20KkuOMempitedi, T. €. <YTAOMEPHEM>: («[OHW|a» — IO-TPeYeCcKH
«yroar).

§ 2. HcroprueckHe CBeleHHS O Pa3BHTHH
TPHIOHOMETPHH

lMoTpe6HOCTb B pelleHHH TPEYroAbHUKOB pakblie BCero
BO3HHUKIA B ACTPOHOMMH, H B TeYeHHe HOJIOro BPeMeHH TPH-
rOHOMETPHS Pa3BHUBaNach M H3YYalach Kak OAHH M3 OTAEIOB
ACTPOHOMUH.
aCKOAbKO H3BECTHO, CNOCOGH pelieHHs TpPeyrodbHUKOR
(chepuyeckux) sriepBble OblIM NMHCHMEHHO U3J0WKEHb rpeye-
CKHM acTpoHoMoM ['Mnnapxom B cepenuHe 2 Bexka M0 H. 3.!').
Haupslcinvmn JOCTHKEHHAMHE FpevYecKas TPUIrOHOMeTpHUs obs-
3aHa acTpodoMmy IlTonemelo (2 Bek H. 3.), CO34aTC/IO IeOUEH-
TpHueckoll cUCTeMbl MHpa, FOCToAcTEOBaBIedi 1o KonepHuka.
I'peveckne acTPOHOMBI He 3HalW CHHYCOB, KOCHHYCOB M
TaHreHcos. BMmecio TabaHU 3THX BeaMuuHH OHM YyroTpebasau
Ta6AMUb!, [TO3BOAABUIHE OTHICKHBATH XODAY OKPYKHOCTH tio
craruBaemoii nyre. Jlyru usMepsauch B Cpajiycax W MHHYTax;
XOPA® TOWC M3MEPANHCH [PalycaMu (olduH FPajyC COCTaBAAAR
IECTHAECATYIO 4acTb PANHYyCa), MHHYTAMH W CEKyHIamH, 3710
AileCTHIECATEPHYHOE [I0]pa3keleHne IPeKH 34UMCTBOBAIM ¥y
sapuaodad (c™. tl, 7).
Ta6anuw, COCTABACHHblE fironemeeM, cojepxann Xopiu

1
BCEX AYP yepe3 Kaxiue ) )’ BbIYHCJEHHBIE ¢ TOUIIOCTBIO 10

cexyHIb. C roMOUIbIO HHTEPHOAALHN 1O HUM MOXHO Oblio
HaliTH C TON we TOYHOCTHIO XOpAy awboi ayru. ([lan obaerue-
nua uHTepnoasuuu Iltonemelt nzaer nonpasxku Ha 1'.) llpu
sbiuncnennn  Ttabaun  IlroxzeMmefl onupancs Ha OTKPHITYIO
l/lh\!/ Tg()}?emy 0 [HaroHafifX BNHCAHHOrO YeTbiPeXyroJdbHHKa
(1v, b, 19).

1) Counenne Funmapxa He JOWAO XO Hac,

2) Ecay B3sTh LEHTPAJbHLIN yrod, OMHPAOWHACA HAa NOJAOBUHY paccMa-
TpUBAEMON Ayry, TO Xopaa GyAeT yEBOSHHOR auHMell cuHyca 8TOro yraa,
Nostony Taﬁm_fua IMrosemes paBHOCHAbBHA NNTW3HAYHOA Tabinie 3HadeHnf

CHHYCA Yepes ?-_



§ 2. HCTOPUYECKHE CBENEHUS 3939

3HaYHTEAbHON BLICOTH JOCTHI/A2 TPHIOHOMETDHA H V HM-
IHCKKX CPeiHeBEKOBHX acTpoHoMoB. Kak W rpekd, uHaAfinw
33MMCTBOBaJH BaBHJOHCKOe rpajaycHoe uamepenune ayr. Ho
HHAMRLUB PacCMaTpUBaA¥ He XOPAb AYr, @ ARHHH CHHYCOB M
KoCHHYCOB (7. e, auHun PM v OP nas nyru AM na puc. 216).
Kpome Toro, paccMarpuBanach JuHuA PA, noayuyusiias -nos3s-
ree B EBpone Ha3paHHMe «CHHYC-BEP3yC»r.

3a exnunuy uamepenun orpesxkos MP, OP, PA npuuu-
Majace AyroBas MHHyTa. Tak, JHHHA cHHyca Ayru AB= 90°
ects OB — pamnyc OKpyXHocTH; nyra AL,

paBHaA pajHyCy, CONePXHUT (OKPYIJIeHHO) 8
57°18 = 3438'. Tlostomy cunyc ayrm 90° S M
cydTancs paBHbIM 3438’ s
Howenmue 10 Hac HHAMBCKHE TadanLLH A
cuHycoB (IpeBHeliman cocrasieHa B 4 —5 A

BEKE H. 3.) He CTOJb TOYHBI, KaK fiToJe-
MEeeBbl; OHH CcOCTaBieHbn yepe3d 3°45' (1. e.
uepe3d !/g; YacTh JIYrd KBaJpaHTa).

HanbHefilee pa3BHTHE TPUTOHOMETPHA - Puc. 216
noayynia 8 9— 14 mexkax B Tpyzax apa6o-
A3LUHBIX aBTopoB. B 10 Beke OGaraanckuil
yueunii Myxdmmen u3 DBymxana, u3BecTHHWil NMOX HMEHeM
A6y-a1b-Bada, UPHCOCAMHHA K JMHHAM CHHYCOB M KOCHHYCOB
AYHUH TaHFeHCOB, KOTZHIEHCOB, CEKaHCOB H KocekaHcoB. Ow
J1aeT MM Te Ke ONpeAefeHHs, KOTOPble NOMEIaloTCs B Ha-
wux yyeSHukax. AGy-ap-Bada ycTaHaBJIMBACT TaKXKe OCHOB-
HbLIC COOTHOILEHHS MEXJY 3THMH JIHHHAMH (COOTBETCTBYIOUIKE
¢dopmyaam V, 14). B pykax 3HaMEeHHTOr0 MYCY.IbMaHCKOro yde-
noro Hacup sn-Hurer u3 Tyca (1201 — 1274) tpuroHometpus
CTAHOBHTCR CaMOCTOATEAbHON HayuHolt mucuunanxoh. Hacup
94-/lHH CHCTeMaTHYeCKH PaccMarpHBak BCE CJAyYan pelleHus
{IOCKHX H chepHYeCKHX TPEeYroJAbHHKOB M YKa3al psAl Ho-
BbiX C110CO00B pelieHUs.

B 12 Beke 6bia nepesefieR ¢ apaGCKoro A3blKa Ha JATHH-
CKH# PAL acCTPOHOMHUECKNX paboT, ¥ 110 HUM BHEpBbie €BPO-
neiiubl  MO3HaKOMMIUCL ¢ TpHroHoMerpueit!). OuaHake co

!} B 570 Bpema NOABHACH JATMHCKMA TCPMHH «CHHYC», 4TO O3HANJET «na-
3yXa» WIN «KapMaw», J10 — nepeBox apaGCKoOro cA0Ba «lkeiibn, uMéouiero
10 ke 3HaucHWe, Kax nosBuaca 37orT apabekuil Tepmun, Heuasectno, Hexo-
TOpBIE 110.1AraK0T, YTO OH 1IPOH3OLIea M3 WHAMHACKOrO (CaHCKPHTCKOro) caosa
WKRAY HAH «KHBa» (EpBOe 3HAUYeHWE — TETHBA: B reoMeTpud — xopra). Ho
CHHYS B MHIHACKON TEPMUHONOIHI HMEHYCTCRH «apAXA-kia», T. €. NOAyXOpaAd.

Haapanue «KocHHyC» NOsBW.I0CH TOJABKO B Hadade 17 BeKa Kak coKpa-
uleHite HaHMeHoBaNus complementi sinus (CHHYC 1ONOJAHEHWA), YKa3bIBAW=
ulero, Y10 KOcHHyc yraa A ectb CHHyC yraa, fonoansiouero yroa A no 907,
HauMeHOBaHUN «TAHFeHC» U «CEKAHCH (B 1EPEBOXR C JATHHCKOrO O3HAUAKUIiE
«KACATE/RHAAD W «CeKylWany) BueAeHe B 1583 . HOMELKHM yUeHLIM DPUNKO M.
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MHOTHMY JOCTHMEHMAMH apabosa3bluyHoli HayKH eBpollefiam
He YAanoCh MO2HaKOMUTbCA CBOEBPEMEHHO. B 4ACTHOCTH, um
ocranachb HemspecTHol pafora Hacup sx-luna. Buinawouinitcs
HeMelknit actpoHoM 15 Beka Peruomontan (1436 — 1476) ye-
pes 200 net nocae Hacup sx-lunHa 3aHoBO OTKPHIA €ro Teo-
pembl.

PérnoMonTan cocrtasua oGMIMpHble TabaHUbl CHHYCOB (ue-
pe3 1 MHHYTY € TOYHOCTHIO IO ceibMoli 3Havamel uHopb).
OH BHepBble OTCTYNHA OT LIECTHAECATEPHYHOrO NeACHHA Paiu-
yca ¥ 34 eMHHMIY H3MEePEHHA JHHRM CHHYCa NPHHAN OIHY
ACCATUMBAIHOHHYIO yacTh paauyca. TakuMm o6pa3oM, CHHYCbl
BHPAKAAKCH HeTbIMH yucaaMu (2 He 60-pruHbIME ApOGsMH).
Lo eseleHus JeCsTHUHBIX Ipobell ocTapancs TOAbKO ONMH 1Uar.
Ho on norpe6oBan Goxee 100 aer (cm. I, 31).

3a rabannamu Peruosonrana nociaegosan pag APyrux, eile
6oace noapobubix. dpyr Konepuuka Pernxyc (1514 — 1576)
BMECTE C HECKOAbKHMH IOMOULHHMKaMu B Teuchue 30 jget pa-
6otan Hal tabanllaMM, 3AKOHYCHHLIMH ¥ M3ZanubiMH B 1596 r,
ero yuennkom Oto. Yrawl mau vepes 107, a paguyc leauiica
1a 1000000 000 000 000 yacte#t, Tak uro cuHycsl umenu 15
BepHLIX undp!

bykBenHble o6o3HayeHdsa (B aarefpe oHU [OSBUINCL B
xoHue 16 Bexa) yTBePAHIUCH B TPHIOHOMETPHH JHIIb B Cepe-
nune 18 Bexa 6rarogapsa pycckoMy akagemunxy Jiaepy (1707 —
1783). DroT BeAMKMH MAaTeMaTHK MIpUAAA BCell TPUIOHOMETPUH
ce. coBpeMeHHbIfl BuI. BeanunHs sinx, cos x M T. 4. OH pac-
cMarpuBan kKax @yuxkuun (VI, 2) uucnd- x — pagnaHHON Mepbl
COOTBETCTBYIOULErO Yria. Jitaep HaBal UHCAY X BCEBO3MOX-
Hble 3HAUEHUA: 10JI0KUTEIbHBIC, OTPHUATCIbHLIE H LaMC KOM-

naexkcHele. OH Bged U o6paTHble TPHIOHO-
N MeTpuueckue Qynxunn (V, 24).

M § 3. PanpuaHHoe M3MepeHHe YFJOB

Hapsny ¢ cpanycHoii Mepoft  yrjos
(IV, B, 5) 8B tpuronoMerpun ynorpebasercs
H APYraa Mepa, HasbBacMman paluarKrOU.
B neit 32 cIMHHLY H3MEPEHUA NPHHHMARTCH
ocmpeiit yeoa (MON na puc. 217), nod
KOmMOpuix 8u0Ha U3 UeHmpa OKpyownocmu e gyra MA,

apHas pamuycy (MN = OM). Taxo#t yroa uaswiBactcs pa-
uanoM. BeaMynHa 3TOro YIIa He 3aBHCHUT OT PalnyCca OKPY kK-
HOCTH W OT nosoxenus ayru MN pa okpyxuocti, Tax xax
HOAYOKPYKHOCTb BHAHAE H3 ucHTpa nox yraom 180° a ainua

Pue. 217.
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€€ paBHa m paguycam, TO Paivad B = Pa3 MeHblle, YeM yroa
80
8 180°, 1. e. onun pamman pasen lx— rpaaycos:

I pannan =12 = 57°,2958 ~ 57°17'45".

O6patHo, ONMH rPallyc PaBeH g PalyaHa.

1° = ‘1%) pannana = 0,017453 paxnana.
I’ == sz PAAHaHa == 0,00029] panuana.

1" = s, Paanana == 0,000005 pasuana.

Paduaunoll mepoi moboro yraa (AOB Ha puc. 218) sas-
aneTca OTHOWERHE 3TOro yraa K paznany (MOXN wna puc. 218);
Ho otdomenue [ AOB: £ MON pasro

oTHomeHnio ayr A8 : MN, 1. e. oTHOWEHHIO
ayru AB K panuycy.

Takum 00pa3oM, paduaKHas Mepa AK-
6020 yeaa AOB eciie omuowerue OAUHbL
Oyeu AB, Onucannoii npou3gonsisism pa-
duycom u3 yewmpa Q u 3eKM04eHHON
MEHCOY cmoponamu yeaa, Kk peduyey OA
amol gyzu. Puc. 218,

Beenenue paavaHHoH Mepot yraa no-
3BonsieT npunarh MHoruM GopmyanaMm Gonee upocrolt pua ).

1) Bo MHOTHX yueOHMKAX TPHIOHOMETPUK YCHJEHHO nOsYepKUBALTCH, HT0
py PalMaNHOM M3MEPLHHH YrJOB BeJUdYWHA yTAa U3MEpHeTCR O TB A € 4 € H-
HbBl M 94c.aowm Cosxaomleecs npy 3TOM IPOTHBONOCTAB.IAEHHE PAAMAHHOTO
W FPAAYCUOro W3MepeHUd AHUIeHO BCSKOro ocHoBauuia, M B paXxuaunoii »
B TPARYCHOR cucteme yroa uaMepsercs edunuyed yzaa, To, 410 HaumenoBa~
HUe B OQHOM cCayyae (Zid rpalyca) [poOCTaBifeTcs, a B ADYyroM (Zan pa-
AHANA) NOAPAIYMEBRETCA, He UrpaeT pOBUO HUKAKONR poan,

EZNHCTBEHHbIR PA3yMHBIT CMLICA BbUUCYNOMAHYTOTO yTBEPKACHUR Sa-
KAOYEeTCH B TOM, YTG PAAMAHHAA MDA YrAa, BLIPAKAnch OMHOWENIEM IBYX
RJHME, COBEPUICHHO HE 3aBUCHT OT BbGOPa enuwHulbl AuHbl, Ho M rpasycuas
Mepa yraa He 33asucWT OT 3TOrO Brifopa; Gonee TOCO, OHa TOXe €CTh OTHO~
wenve ARYyX A4MH, UMEHHO, IAWHBLI xyru,]onncamroﬁ 43 BEpUIVHD YIAa U 8a~
KANOYEHKROT MEeXIy ero cTopoHamu, 5o YACTW RYMY OKPYWHOCTH TOTO IKe
paluyca, 3TO OTHOWCHHE HHYEM HE Xye OTHOWEHWH TON Ke AYrH K ee
paaunycy, ’
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Floie3aHo 3aOMHMTL CACNYIOULYIO CPABHHTEABLHYIO Tabauiy
rpanycHoft ¥ DaNUaHHOR MepH HEKOTODHX 44CTO BCTpeYal-
WHXCH yriaos:

360° 180° 9N° (54

&

Q:I:q
ENEY

Yram B rpanycax

2n \ T
| |

Yraw B paznanax

(LTI
af A

§ 4. flepeson rpanycHo#ft Mepnl B panrannyio # obpartHo

1. Ymobw naiimu paduannyio mepy Kkexo2o-nubyds yzia
HO OannOl 2padycHoll e20 mepe, HyHcHO (cm. V, 3) nomuo-

Hump 4lca0 2padycos Ha -12—0%0,017453, qUCAO  MUKRYM

k.
50 == 0,600005
U Hail0eRKbe NPOU3Be0SKUSL CADHCUMD.

MMpumep 1. Hafita paananuyio mepy yraa 12°30° ¢ toy-
HOCTBIO 10 YETBEPTOro NECATHUHOrO 3Haxa.

T

180 - 60 - 60,

Ha == 0,000201, a yucro cexyund Ha

Pemenne. [omnonacy 12 Ha g,
HNEeCATHYHLIN 3HAK MHOMHTEds (TaK KaK 1P YMHOXKEHUH Ha 12
aconioTHas MOrpeulHOCTb Bo3pacTaeT npuMmepHo B 10 pas,
cp. I, 40); 12.0,01745 = 0,2094.

T
Momuoxaem 30 Ha g5 YUMTHIBAA M IIECTOH 3HAK MHO-

wutean; 30.0,000291 ==0,0087. Haxoaum 12°30° == 0,2094 4+~
40,0087 = 0,2181.

s obaeruesus seiyuciaeHult cayxut rabauua ll, 8, nome-
ulvHHan Ha cTP. 48 W Mawulas TOYHOCTHL [0 UYCTBEPTOro jecs-
THYHoro 3Haka. B nepBom ee croalue («rpaaycol») HpOTHB
uvbpu 12 Haxomum 0,2094; B upesnocaegnem crtonbite («mu-
#yToi») npotus unppu 30 Haxomum 0,0087.

3anuck:

YUMTHIBAA H NATbIA

12> =102
30" = 10,0
e 0,2181

094 (paanana)
087
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Mpumep 2. Haitty pannaunyio mepy yraa 217°40°
C nomoutbo To#l e TabaHUub HAXOAHM:

200° = 3,4907
17° = 0,2967
40 = 00116
3,7080

2. Ymobu Haimu 2padycHyio mepy ya2aa no CGamHod €20
paduaunou Mepe, wydcko (cM. V, 3) nomHoNcums 4ucao padua-

HO8 ua—ﬂ— =57°,296, 1. e. Ha 57°17'45" (ecam rtpebyerca

ToyHocts Jo 0,5 u yroa counepxutr He Ooaee 2 pagua-
HOB, TO MHOXMTeIb MOMHO OKpyrawth xo 37°30, rtak kax
norpemnocts B 0,004 rpanyca cocrasifer OKOAO 4eTBEPTH
MHUHYTHI).

Mpumep 3. Hattu ¢ tounocthio 10 I’ rpanycuyw Mmepy
yraa, coaepwatiero 1,360 paanaua.

Pemenue. 1,360 .57°,30=77°83 = T7°56".

Nas obueryenus ewiydcaeHndi caywur rabamua |, 9, no-
sewienHan Ha crp. 49. Tlo welt Haxonum:

1 panuay = d7°18
0,3 pammana = 17°11"
0060 » = 3°26

TITsE N

Mpumep 4. Hafitn rpanycHyio mepy yraa, coaepsautero
6,485 papnara. C HOMOMWBIO TaBAHIL HAXOAUM:

6 pagnaHos == 343°46’

0,4 paguana == 22°3%
008 > =" 4°35
0,005 » = 017

371°33" (npeneabnas no-
rpeuiHocTb 2')

§ 5. TpHroHOMETpHUECKHEe QYHKIHH 0CTPOro yria

Peutexne BCAKUX TPEYrOAbHHKOB B KOHEUHOM cueTe CBO-
LHTCA K PelleHUI0 NPAMOYrOAbHHX TpeyrcibHukos. B ups-
MOYIoAbHOM (Ke TpeyroabHuke ARC OTHOUIEHHe [BYX e€ro

1) PacxoxticHde B I nponcTexacT O HAKONJAEHWH nOCpewHocTed <aa-
raembix; cm, 1, 38,
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CTOPUOH, HaUPHMepP KaTeTa ¢ K IMNOTEHY3e ¢, BCEHENO 3aBH-
CHT OT BeIHYMHBl ONHOTO M3 OCTPHIX YILAOB, Hanpusep A
(puc. 219). OrHouiedsss PasAHYHBIX MAP CTOPOH MPAMOYrofb-
HOTO TPEYrOAbHHKA W HAa3biBAIOTCA MIPUOHOMEMPUHLCKUMIL
gyuruusmu ero ocrporo yraa. [lo orHomenuio x yray A
3TH QYHKUWH [OAYYAIOT CAeLYIOllHe Ha3BaHuA

8w o6oznaucuna:

1) Cunye: sin A=-L (orsomenue npo-
- <

2 IMUBOALHCAWE20 Kamema K 2UnOmenyse).
2) Kocunyc: cosA:% (ocTHOWERWE npu-
A b 0 aesrcawezo wamBing K 2unomesyse).
Puc. 219, 3) Tawzenme: 1g A= g« (oTHOlICHHE nponiL-
BOLEHCAUEL20 KAMEMa K NpUIeHCAUeMY).
4) Komanzene: cig A =—Z~ (OTHOLIEHHE NPUALILGUL20
Kamema K npomuBONeIatiiey).
3) Cerawe: sc A= ~Z—{om0memie 2uNOMmeny3s. K npu-
AEHCAUO MY Kamemy).
6) Kocerarne: csc A == —;- {oTHOIEHIE 2UNOMERYIbL K NPO-

mMUBOI2HCAIE MY Kamemy).
[lo otnouteHwio K yray B («HONOAHHTEALHOMY» yriy fio
OTHOIEHHI K A) Ha3BAHUA COOTBETCTBEHHO MEHAOTCA!

sinB=2: cos B=—ac—; tg Bz%;

(4
cth:-ba—; scB:;C cscB:%;

Ana HEKOTOPBIX YrIOB MOWHO HANNCaTh TOUHbIE BHpaMe-
HHS HX TPUTOHOMETDHUYECKHX BeauuyuH. Bawnelimue cayvau
IaHpl B Tabauue Ha cTp. 3451),

1) ¥raet 0° u 90°, cTporo roBopa, He MOTYT BXOAHTh B HPAMOYTOAbHLIA
TPeyroabHYK B KaycCTBe ero OCTphiXx yraon, Of#ako npu pacmiupeHHy 1o-
HSTUH TPUCOHOMETpHUECKON QYBKUMM {CM. HMKe) pacCMArpUBAOTCs 3Haue-
HUS TPUrOHOMETpUNecKUX QyRKuMil u zas stux yraos, C Apyrol cTOpOHbI,
ORUH H3 OCTPLIX VINOE TPEYrOJbHUKR MOXeT CKOJAb YyrOAHO npubanu3nTbes
x 90°, apyroff GyleT TOrRa mpMGAMKATLCS K HYMO; TOrAa COOTBETCTBYIOUlHE
TPUrOHOMETPUYECKHE BeAWHHHBL OynyT npubinkaTbes X 3HAUCHHAMW, yKa-
SauHLIM B Tadnuile,

3uax oo, BeTpedaWIMACA B 9Tofl Tafaure, ykaspiBaeJ ua To, 4To abco-
M0THOE SHAveHHe NaMHON BEIWNUHLI HEOrDRHVUCHHO BC3PACTACT, KOAZ ¥yroda
npuGvKaeTCA K TOMY 2UAUCHIIO, KOTOPOE yxasalo B Tafaniie, 310 ti UMCIT
B BUIY, KOrma COBOPSAT, 470 BCAHMUHA «DABHAETCA BCCKOHCHHOCTHY MAY «Q0f-
pamaeTeg B Geckoucunoctey (cp. I, 23 V1, 12),
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Ita r1abanna umeer Goiee TeopeTHuecKoe, YEM MPAKTH-
YCCKOE 3HAUEHIC, TaK KaK CONEPUT HEH3BJACKAEMble TOYHO
kopun. Jdag 60abUIMHCTBA e YIA0B NaxXe W C AOMOLLIbIO Kop-
Heil HeJb3Aa 3alHCaTbhb TOYHbIE YUCIOBble 3HAYEHHA TPHIOHO-
MeTpuueckdx ¢yHxuuit. Ho npubanxKeHHbe HX 3HAYCHUA MOXHO-
BHIUHCANTH ¢ 31060 KeaacMoli CTelleHbo TOUHOCTH (cM. V, 26),
Botyucaenusn 3t tpebyior Goavinoit 3atparst Tpyna. [lostomy
CHY NpojenaHbl Pa3 HaBcerfaa, W pe3yabTaThl CBeleHbl B Tab-
auiibl, TaBapnsl CMHYCOB M KOCHHYCOB (YeTbipeX3HauHble) fo-
setieHn Ha crp. 36—39 (11, 6), Tabauiibl TaHreHCOB M KOTaH~
FeHCOB — Ha crp. 40—47 (11, 7).

4 ‘ sind | cos 4 : tg A . ctg A ? sc A } csc A
o 1 : i
0 i 0 0 ‘ | l o
- ' Vs o L ' vy | 2 2
i w0 e | =
A R R A | V3
T ] i ,
. veioonovZo : b .
15 - 1 e i I PV V2
) \ 1 |
Vi Loy ! ! ‘ 2
P T T L vE 2 Vi
Louge 1 o \ o 1 0 1 o 1
i i ]

§ 6. OTbicKaHHe TpHUIOHOMETPHYecKoH# dyHKUHH 10 yrayl)

a)CuHyc m KocHHyc. B rabanue I,6 (crp. 36—39) na-
Hbl CHHYchl Bcex yraos ot 0° g0 90° yepes 1' ¢ TOUHOCTBHIO
A0 ucTBepTOro 3Haka. Tak KAk CHHYC yraa paBeH KOCHHYyCY
AoNOJAHUTeNRbHOrO Yraa (V, 3), To no To#t we TabaHIEC MOXKHO
HaiiTy KocuHycnl Bcex yriaos or 90° o 0° uepes 1.

[lpn OTHICKaHMH CHHYCA YHCAO TPALYCOB (IPOYUTHIBACTCH
B 22804 croabue <«IpaRychl», a8 OKDYTJEHHOE YHCAO MHHYT
(0, 10r, 207, 307, 40, 50") — csepxy (06 3TOM HalOMHHAET
HAlIUCh «CHHYChI» Ha} Tabauiieft); Npu OTBICKAHHM KOCH-
HYCa UHCJO TPaIycoOB NPOYMTHIBAETCH B npasos croabue

1) Bcam aas yraa 2aua ero pajuaHuas Mcpa, TO nepCBOAMM €¢ B Cpas
Ayeuywo eM, V, 4),
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«I'Pagxychi», 2 OKPYIr1eHHO@ YHCAO MHHYT ~ cHu3y (06 3TOM Hano-
MHH2eT HalNHChb <KOCMHYCH» 10 A Tabauueii). Ha nepeceye-
HHH COOTBETCTBYIOWEH CTPOKH W CTOAGLA HaXOAUM OCHOBHOMN
peayabtar. Ha nemocratomee wucao wmuuyt (or 1 no 9)
aeaaerca nonpaska. Oua Geperca B pasjene «NONPABKH» B TOM
e CTPOKe, rie B3sT ocHOBHOM pesyabrar. Ecau uuerca cu-
HyC, TO TOUPaBKa npubagasiemcs K OCHOBHOMY De3YibTarty;
eCcau ke HUIETCH KOCHHYC, TO HIONPABKA 8blYiMaemest K3 OCHOB-
HOro pe3yabTaTta (TaK Kak NpH yBeIHYEHUW Y3 CHHYC VBe-
AMUKBACTCA, @ KOCHHYC YMeHbUIaeTcs).

Iipumep 1. Hattu sin 53°40".

B saegonm ctoabue «rpainycsi» Gepem unciao 33, a B sepiuei
crpoke — Haumenosanue 40'. Ha nepecevennu Haxoaunm 0,8056.
Monpasku He Tpebyerca:

sin 53°40" = 0,8036.

Mipusep 2. Hatttu cos 63°10".

B npasor croabue «rpanycu» Oepem qaucac 63, a B aurc-
Meil ctpoke — Haumewosanue (0. Ha nepeceyennu wHaxozum
0,4514. [Toirpasxu He vpebyertcs:

cos 63°10 = 0,4514,

Mpuwmep 3. Haltru sin 62°24",

B aedos ctoabue Gepem 62, 8 epxueit crpoke — 20, Ha
iepeceycHUr HaXOIHUM OCHOBHOMN pedyastar 0,8837. B To# we
CcTpoKe pasjena «uonpasku» (croabeil 4') HaxoAMM 4MCIO 5
(1. €. 0,0005), Mpubasaus ero K OCHOBHOMY De3YyabTaTy, 1103y«
qaem 0,8862.

Jauuce:

sin 62°20’ == 0,8357
+ 4 +5
sin 62°24" = 0,8862

IMTpumep 4. Haiiru cos 42°16".

B npasoa cronbue Oepem 42, 8 Huxueit cTpoke — 107
Ha nepecedcniu Haxoanm™ ocHoBHOI pe3yastat 0,7412. B 1oit
e CTPOKE B pasfene «Houpapxw» (croabeir 6 Haxoanum
uucao 12, Buiuutan ero U3 ocropHoro pesyibrata, 1ioay-
qaem 0,7400.

3anuch: 6os 42°10° = 0,7412

-+ & — 12
cos 42°16" = 0,7400

6) Tanrenc 0 kotaurenc. Brabauuel, 7(crp.40—47)
Aabl tanrehes seex yeaos ot 07 no 90° wepes I ¢ tounoctoio
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a0 yerBeprodl 3Hawaimled uMppu. B npepenax or 0° 40 76°
Tabama ycTpOena Taw e, Kak Tabauua cuuycos. B | npime-
WYTKe meway 76° u 90° (rne TAHreHC H3MEHACTCA OYEHb He-
pPABHOMEPHO) pasleda «MOMPABKH» HET, HO 3aTO cama tabauua
6oaee nogpoOHa.

Tak ®ak TaHreHc yria paBeH XOTaHTeHCY NOMOJHHTEIbHOTO
yraa (V, 3), o no To#l xe Tabsuue MOMHO HAUTH KOTAHIEHCH
Bcex yraos oT 90° mo 0° wepes 1’. Ilpu paswbickamuu Tas-
reHca 3HayeHmne yria DPOYHTLIBAETCH TaK e, KaK NIPH OTbiCKa-
HUW cuHyca no tabauue I, 6 (CM. NyHKT a); NpW OTHICKAHWM
KOTAHI'eHCa — KaK HPH OTHICKAHWH KOCHHYCa.

ITpumep 1. Hanru tg82°18'.

B aesox cronbue «rpaiycsi»> Gepem 82°10', 8 gepxnel
crpoxe —~ 8. Ha nepeceueHnd HaxofMM pe3yanTat

tg 82°18' = 7,396.

Mpnmep 2. Hatitn ctg 12°35".

B . npagos ctoabue «rpanyce» Gepem 12°30°, B wuxcnei
crpoke d'. Haxonum:

ctg 12°35" = 4,480.

Npumep 3. Hatitu ctg 58°36".

B npason ctoabue <rpaidycet» 6epeM 38° B HINKHel CTPOKE
30'. Ha nepecevenun Haxonum 0,6128. B Toit %e cTpoke B pag-
feae «nonpasku» {cToxbeu 6, cuuay) Haxolum ucao 24. Bui-

wraa ero u3 0,6128, noayuaem 0,6104.
3anuce:
ctg 58°30' == 0,6128
+6 =2
ctg 58°3F = 0,6104

Mpusmep 4. Haittn tg 4843
Haxonum:

tg 48°40 = 1,1369
¥ +0

1g 48°4% = 1,1389

§7 Paablcxatme yria fo ero TpHroHOMeTpHuecKo
byukunn

Yroa no AaHHOMY €10 CHHYCY WAM KOCHHYCY OTHICKWBAETCA
¢ nomouise Tabauder !, 6 (ctp. 36 — 39); 1o ramrexHcy vau Ko-
TaHreHcy — ¢ noMotbio Tabauunt 1, 7 (ctp. 40 — 47), lpoberan
raa3aMu oaui 43 ctoabuns (Hanpumep, cToabeu, noMeUeHHb it
csepxy 0'), nafizem an6o mywuoe Hav 3iavenue, aubo 6au-
waluiee Kk neny. B aeppBoM cayuac HenocpeACTBEHHO NpoyH-
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THIRICM BETUUHHY HCROMOIO YIA4 (HOAL3YHCH TCBLIM CTOAGIOM
CPAdYCOB M BEPXHCH CTPOKON MHBYT, KOI'L2 HMCCM JCI0 C CH~
HVCOM M TaHTCHCOM, WIW NPaBuLIM CTOAGIOM H HHXHCH CTPO-~
KOil, KOrAa MMEEM JEJ0 ¢ KOCHHYCOM HIH KOTAHTeHCOM; CP.
upeasuiyiiuit naparpad). Bo Bropom cayuae cmMoTpuM, HeT Ay
yenonpaaeky 6oaee 6auskoro swiucuus, Ecan ects, TO gas .
HErO TAKHM WC 0BDA30M HPOUHTHIBACM BCIHYHHY YIA3; €CIH
HeT — COXPaHACM UpeXie Haftaensoc 3uaucuue. Hakonerr,
KOrJa B 3TOM €CTh HYXIA, yuuThiBacMm nonpasky. [IpH atom
HVIKHO [IOMHHTH, 4T0  BO3PACTAHMIO CHHYCA W TaHIE€HCA COOT-
BCTCTBYET TOJOKHTCALHAN [ONPABKA, & BO3PACTAUMI0 KOCH-
HYCa B KOTAHIeHCa — OTPHIlaTeabHas '),
Tpuwmep 1. Haitty octpet yroa a, ecan cos a==0,7173.
tipo6eras raasamu ctoaben tabaunsi I, 6, nomevenHsih
csepxy (', Haxoausm 3Hauvenne 0,7193, 61uskoe K JAHHOMY.
Henoxazexy ot Hero Haxoamm snavenue 0,7173, copnajapomee
¢ nanHbiM. [IpouuTniBas rpajgycs 8 LIPaBOM CTOAGIEC, A MHHYTHE
¢ WHKHEH CcTpOoKe, HaX0aAuM a =: 44°10’.
Tpumep 2. Hafits octpmii yroa «, ccau cos a == G,2643,
B rabaune [, 6 6ammalinee 3nauenue ectb 0,2644, Ono pas-
HUTCR OT aannoro Ha 0,0001, a B pasiere «nonpaskH> Hau-
MeHblIEe YUCIO eCTb 3 (EMY CoOTBETCTBYET nonpaska B 1').
[ToatoMy nonpaeska He yuuTsiBaetcs. [1oab3yach apaBbiM CTOI6-
1L0M TPAIYCOB U HHXKHEH CTPOKOW MUHYT, HAXOINM a = 74°40',
Mpumep 3. Haittu octpeit yron a, ecan cos a = 0,7458.
BauxaiteMmy tabanyromy snauvenuto 06,7451 coorseTcTByeT
vroa 41°50'. Januoe 3HaucHue upessiliaer Tabauyroe Ha 7
edUHHL HeTBEePTOro 3Haka. B Tolt e CTpOKC pa3jena «iio-
npaBKH> HAaXoIWM uucaa 6 u 8, MowHo B3dTh J060€ U3 HHX
u sbigecmp w3 yraa 41°30° wonpasky 3" uan 4. [loayuaem
41°47 (c u36biTKOM) uan 41°46" (c HemOCTATKOM).
3anuce:
0,7451 = cos 41°50’ .
+ 7 — & -

06,7458 = cos 147

Mpumep 4. Haitte octputit yroa a, ecan tg « =4,827,

B tabauue I, 7 naxonum Gaumalimlee HeXOCTATOYHOE 3HA-
yeune 4,822 u Gamxaiimee usbnrounde 4,829, Tak kak sTO-
poe Gaume K JaHHOMY, YeM lepsoe, TO éepeM sropoe. B ge-
BOM cr;>§16ue yutaem 78°10r, B BepxHelt crpoke 8. Haxoaum
a=78°18,

1) Ecan wywno, Hafiiensas rpagycuas Mepa yrap MOMeT OpiTh nepepe-
AcHa B pagvanuyw (cm, V, ),
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§ 8. PelleHne nDPSIMOYroabHbIX TPEYroibHHKOB

1. Ho asym croponam. Ecin 1avpl jIBe CTOPOHLI NPAMG-
YrOJAbHOrO TPEeYroabHHKa, TO TPeTb# CTODOHA MOWeT ObiTh
BhiulcaeHa o «<teopeme [udaropa» (IV, b, 10). Oupexecae-
HIE e OCTPbIX YIAOB NPOU3BOJANTCA 10 OXHOH H3 Tpex nep-
Boix Gopmya § 5, cMOTpA 1O TOMY, KaKHe CTODOHbI A@Hbi.
Ecny, Hanpusmep, nausi kareTw @, b, 10 octphift yroa A onpe-
xenserca 1o ¢Gopmyae

a
IgA—_———'h—,

a OCTPHH yroa B naxoaurcs no dopmyire 5=90"— A.
Cayvuan 1. Jdauw xarer ¢=0,528 ¥ H THIOTEHY3a ¢ ==
== 0,697 .
1) Onpeieacune karera b

2) Onpeaeacnite yraa A
. a 0,528 =
sin A= — = BT == 0,757.
[To radauue cuHycos Haxogum: A==49°10' (npeieapnan
gorpeitnocts 5'). Haxoants A ¢ TouHNCTbIO 10 MHHYTHl Hev
CMBICT, TaK KAaK, paccMaTpHBas 3HAUCHMS ¢ H ¢ KAK UPH-

GAMMKCHHBIC UMCIA, Mbl HC MOMKEM PYUaTbCs JaKE 34 TPETbLIO
audpy vactHoro % = 0,737 (I, 42).
3) Onpegeacnue yraa B
B=90° - A==90"— 49°[0 = 40°530",
Cayuair 2 doun KateTw g =8,3 ¢, b==124 cu.
1) Oupencacnne rHioTeHY3bl ¢

o=} a4 b*= V83" + 1247 2= |49 (cm).
2) Oupegeaenne yraa A

g A= % = 25 =067 A 34

3) Omnpeacienue yraa B:
B=90° — A== 90° — 34° = 50".

2. Mo ctopoue u ocrpomy yray. Ecan axaw octpuifi
yroa A, 10 B naitiercs uo dopuyae B=90° - A, CropoHu
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HE MOKHO HaHTH 1o dopMyaaMm § 5, KOTOpble MOXHO fpex-
CTa@BHTbL B BHIE:

=c¢ sin A, b=ccos A, a==b1g A,
b=csinB, a==ccosB, b= atgB.

BeiGupath Hy®HO TaxHe (QOPMYydbl, B KOTOPble BXOKHT NaH-
Has# WIM yxe HalileHHas CTOPOHa.
Caywan 3. [aun runotenvaa c=79,79 4 1 ocTphiit
vroa A ==66°36".
213 Onpeneaennte yraa B: B=90"— A=90" — 66°36' =
== 23°24’.
2) Onpenenenye karera a: a==c sin A ==79,79 . sin 66°36'=
= 79,79. 0,178 == 73,73 {M).
3) Onpeneaente katera b b=ccos 4 =7979.0,397] =~
= 31,68 ().
Cayuvait 4. Jdanw kater a==123x w ccrpsiii yroa
== 63°00", i
1) Onpegeacnne yraa B: B==90" — 63°00" == 27°00".
2) Ounpeneaenne xateta & b==atg B==1231g27°00' =
= 12,3-0,509 = 6,26 ().
3) Ounpeneaenne rHOOTeHY3H ¢ ¢==

=23 <138 ().

a 123
sind T sin 63°%00°

§ 9. Tabaura aorapHQMOB TPHIOHOMETPHYECKHX QYHRUNH

[pyu pelieHHH NPAMOYTOABHLIX TPEYTOJIbHHKOB NPUXOIUTCS
BCerJa BLINOAHATL ymHOkenue u genexue. Ecam tpebyemasn
cTeNeHb TOYHOCTH 3HAUMTeJbHA (HanpuUMep, €CaH MepeMHOo-
MaeMble YHMCA3 YEThIpEX3HauHbl), TO ITH NeHCTBUA OTHHUMAIOT
MHOTO BDEMEHH; CBepX TOro, OHH YTOMHTEAbHbLI, H TIOTOMY
B HHX JCTKO cAenatb own6GKY. Buimosiss HX ¢ nOMOubIO
aorapuMoB, Mbl IKOHOMHM BpeMs ¥ cuabl. [lpu gorapudmu-
YeCKUX BbiUHC/AEHHAX BMECTO TabaHUW TPHFOHOMETPHUECKHX
BEMVYMH MOAb3YIOTCs Tabanue#t ux Jgorapudmos, uyrTo aaer
GoMbIIYIO IKOHOMHMIO BpeMeHH (BMECTO TOro, 4robnl CHaua’ia
MCKAaThb CHHYC yraa no tabiuue TPUroHOMETPHUECKUX BETHUIH,
a 3arem Jjaorapndpm 3ITOTO CcHHyca no Tadanue aorapupmos,
MILYT NpPAMO Jorapudm CcHuHyca).

B ta6auue 1, 5 (crp. 28—35) maun 3nauenus aorapudmos
CUHYCA, KOCHHYCA, TAHIMCHCA W KOTAHFCHCA € TOYHOCTHIO JO
YeTBepTOro AeCATHYHOrO 3Haka uepe3 xawasle [0'. Ecan yroa
He fApepmiiiaer 45°, To Ha3zBaHwe Hy}KHON dyvuxunu Oeperca
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CBEPXY, a BEJAMUHHA Yraa —- caesa. Ecau yroa npesviiaer 473°,
TO Ha3BaHue (QYHKUHH YHTaeM CHH3Y, a@ BETHYHHY VI3 —
cnpasa.

Mo tofi we 71abaulle MOXKHO BbLIYUCAHTD d0rapudMbl TpUro-
nHomeTpuyeckux Gvekunit u yepes 1. Cuocob BeruncicHus
(em. V, 10, V, 11) ocHOBay Ha TOM, YTO H3MEHCHHE YIaa B lpe-
Acaax 10" MOXHO CUMTATH 1IPONOPHHOHAILHLIM H3MCHEHHIO
1g sin, lg tg, Ig cos u lg ctg. TlorpeiyocTs, NPOMCTEKAIOW AN - H3
3TOr0 IONYIEHHA, KK 1IPABUAO, HC OTPASHTCH HA UETBEPTOM
necathynoM 3uaxe. Mckmouenne coctasaaior gas 1g sinn g ig
auwn yrie, 6anskue ¥ 0° (ot 0° 1o 4°), a nan g cos u Ig cty
aums yrasl, 6an3xue kK 90° (or 86° no 90°); nas Takux vriaos
NOGPPeliHOCTh CTAHOBHTCH Oy THMOIL.

[ToscauM 3710 npuMepom. Veeanvenww yraa c¢ 12°20° go
12°30" coorseTcTBYeT VBeamucHne lgsin ¢ 1,3296 no 1,3353,
1. ¢. Ha 0,00537. Busoe Goabluemy yseapueruo vrua ¢ 12°2¢/
10 12°40"') cootsercTByerT VvBeauuenue Igsin ¢ 1,3296 no

1,3410, 1. e. nva 0,0114. d1o yseauuenue pasoe GoApiue npe-
AblayVILero.

Mamenenns 1g sin, cooTsercTByiowe pocty yraa Ha 10,
HET HY¥Ab BbiuHCAATb, OHM flomellens B croaliiax, OTMe-
yennsix 6ykso#i d?). Tak, B croabue Ig sin nmporus [2°20/
unraem 1,3296, nporus 12°30" unraem 1,3353. Pasuocts 1,3333-—
-+ 1,3296 = 10,0057 upocrabaeda B JaeBoM croabue d. Memqy
1,3206 u 1,3353 (gas KpaTROCTH 3amHcano 57).

Te e pasHocTH (TOXBKO B3ATLIE CO 3HAKOM MHHYC) IalOT
p3MCHCeHHst Ig €0S, cooTBeTCTBYIonne pocty yraa Ha 10 Tak,
Ta Ke HAINUCh OT JAeT yMeHbuledue 1gCOs NpU pocTe yraa
¢ 77°30 no T7°40'.

Has ig tg u Ig ctg pasnocTH IPOCTaBaAEHsl B CPEIHEM CTONG-
ue, osarnasrendom d. c.?). Oum obcaviusaioT cpa3y Rsa
cToabua, npuaeralowux k croabuy d. c. cupasa n caesa. Tax,
pasHocti lg tg 12°30" — lg 1g 12°20" u 1g tg 77°40' — 1g tg 77°30°
nMewT obuwee 3nauenne 0,0061, npoctaBacuHoe B cToabue d. c.
MENIY COOTBETCTBYIOIMMH cTpokamu. Yucao 0,0061 maer
TAK®We yueHouienue g cig npu pocte yeaa ¢ 12720 no 12°30
¥ ¢ 77°30' no 77°40".

Yucaa, npocraBaeHHsle 8 cronbuax d. u d. c., HasmbiBaloT
«MABGAUYHOLMU PAIHOCISMU>.

1) Mui Bagan  yBeasiuenue, BbiXojsulee 33 npeleast 107, yrolui we mpu
6erath X Gonee noxpoGHOA Tadauue, B Gonce TeCHHX mpefesax nponopuuo-
H3aJAbHOCTH ¥ NMOJaBHO GyXET UMETb MeCTo.

2} HayaawHas Syxsa saruuckoro caosa differentia (pasnocis),

8) To ecthb differentia communis (o®¥1as pasvocTs).
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§ 10. Pa3bicxalne gorapidmMa TPHrOHOMETPHYECKOM
GyHKUHY no yray ')

Aas yraos, cojepxawmiux Kpyrioe uicao sunyt (0, 107,
200, 30, 40, 30'), Ttpebyemasn seauuuHa (C TGYHOCTBIO A0
0,0001) Gepercsa npsmo u3 tabauum I, 5, onucanHoil 8 npe-
asiaymeM naparpade. Jag octadbHuX  YIIOB  BBUIOJHACTCH
APONOPUHOHAABHBI PACUCT (MHTEPUOIALHH).

Tlpi 3TOM HYNKAO NOMHHTD, 4TO JA8 S0 H tg 3HAK Ho-
NPaBOK Yraa H JorapH@MoB TPUCOHOMETPHYECKON ¢ yHKIHI
OAMHAKOBBL, a M C€OS W CTg — MPOTHBOIOI0KHSI,

[Tpumep 1. Haitt lgcos 24°13'.

Jaunwit vroa menbuie 45°. Tostomv Gepem croalet, n3a-
raasacHubi 1g cos cgepxy. Tam nHaxogum?)  lgcos 24°10" =
==1,9602. TabauuHaa pa3HocTL (uuciao B npasom croadue d.)
(=lgcos 24°10" — Igcos 24°20') == 0,0006. Hatizem nompabky
x na 3. M3 nponopuun

x 10,0006 =3': 10
HAXOLAHUM:
x = 0,0006 - 0,3 = 0,0002,

3Ty NOMpPaBKY HYXHO adecits n3 19602 Moayuacs:

lg cos 24°13" = T,9600.
3anuce:

LL

Iy cos 24°10" =1,9602 d
3 =2

lg cos 24°13" = 1,6600

3ameuanune [ pa3biCKAHWA NONPABKH HET HYXIbl
11pOK3BOAUTL {IHCBMCHHBIN pacyer. JOCTATOUHO YHCIO MHMHYT
1IOMHOMUTb (B yMe) Ha TabiAMUHYI0 Pa3HOCTb M, OKPYIJIHB
fipou3sejieHye, oT6POCHTL HYlb, CTOSIHE B KOHUe, B Haliem
lipUMepe HYWHO IMOMHOKHTb 3 Ha 6 W mnpoussegeHde I8
okpyrauth 1o 20. Ot6pacsiBast HYab, HAXOAMM TIONPaBKy 2.

[Ipumep 2. Haitru lg 1g 37°48".

Hannwit yron Goapuie 45°. [loatomy cmoTpHm B croaden,
osarnaBieHHnit 1g tg cnu3y. Orryga Gepem lg tg 57°50 =
==0,2014; d. c. (=1g tg 57°50' — 1g 1g 57°40") == 28 (7. e. 0,0028).
Wiem nompasky Ha xedocmaioujue 2. Tlomnomaem (cMm. 3a-

1) Ecay 147 yraa adHa ero paaiiansas Mepa, 10 MPeaBapiTe.bHO nepe-
uOXHM ee B rpaaychyio (V, 4),
2) HyxHO HoMHHTE, 470 B TaGauue I, 5 xapaktepHcTHKi Beex sorapugmos

yseauyenot na 10, 1, ¢, Byecto | Hamicano 9, pmecto 2 Hanucauo 8 u T, A
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meuvanne k npumepy 1) 2 Ha 28. Haxomum (oxkpyraenno) 6u.
Ot16pocus Hynb, HaxoauM nonpasky 6. BuluntaeM ee u3 0,2014.
Moayuaen lg tg 57°48" == 0,2008.

Januce: .
1g 1g 57°50' == 0,2014 d=28
—~2  —8

ig g 57°48'=0,2008

3ameuanne MoxHO B3ATb M3 Tabauum lg 1g 37°40' =
==0,1986, naiitn nonpasky 22 (8- 28 ==220), npuxonsuLyca
nta 8, u npubasume ee x 0,1986. Pesyawntar Gyaer 1071 we, RO
vMHOWaTbL 28 Ha 2 jerue, ueM Ha §, Tak UTO MeHbiie HIAHCOB
OIWHOHTLCA NPH ACHCTBUAX B yMe,

pumep 3. Hatttu Igctg 65°17.

lg c1g 65°20" = 16620 d =234
—~3 10
Ig ctg 65°1 7" = 1,6630

Hipumep 4 Haittu Igsin 40°34".

Ig sin 40°30' =1,8125 d=15
44 6

Ig sin 40°34' = [,8131

§ 11. Pasbickakue yraa 1o aorapHpmy
TPHrOHOMETPHYECKOH (DYHKUHH

ITpoGeras raazamMu cooTseTcTBYOWME cT0a6ubt Tabauum I, 3
(3HAUCHUA KakAOH (YHKIMUM Pa3MeULaloTcs B ABYX cToabuax),
HaxoiuMm Jaubo HYXHoe Ham 3HaveHde, an6o OGamkakmee
K HeMY, B NOCAeIHCM CaAyude BuNUChiBaeM TabaHYHYIO pa3-
A0CTb. Ecan  HavMmeHOBaHME JLIaHHOM TPUrOHOMeTPHUCCKOI
GYHKUMH CTOMT CBEPXY, TO TPanychl U JeCHATKH MHHYT MPOYM-
ThiBaCM C/€Ba; eCAu ke CHu3y, T0 — cnpaba. HakoHeu, ecan
B 3TOM €CTh HYMA3, HAXOAWM IONPAaBKY Yraa ¢ 1IOMOULbIO
OpONOPUHOHAALHOrO pacyera (Aaa sin p tg nonpaBka yria
MMCeT TOT e 3HAK, 4TO lolpaBKa orapudma TPULOHOME-
TPHYECKNX  (YHKUMI, a8 €O W CIg ~— HPOTHBONOJOKHBIN)

lpumep l. Haflty ocrpuit yroa a, ecan 1g tg « == 0,284l
3nauenue 0,2333, Ganxkaiimee k ganHoMY (TabIHyYHast PasHOCTL
d. c.=29), crout B TOM cTox6Ue Ig Ig, TRE 3TO HAUMEHOBAHIE
Hanucano cxu3y. [oartomy uuraem cnpasa 60°50'. Tonpasky x
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Ha u30biTouHbIE § elHHUL HocaesHero 3HaKa (0,254]1 — 0,2533 =
== 0,0008) naxolum K3 UPONOPUHH

x:10'=8:929,

OTKYyla X = '—‘%iaii’. [pubasasin 9Ty nonpasxy, HaXoAHM

a == 60°53".
3anucs:
Ig tg a = 10,2541
0,2533 = Ig 1g 60°50' d =29

+ 8 + 3
0,2541 =1 Ig 60°53
a == 60°53',

3ameuanne. [lonpaBky MOXHO HaWTH B y™e caeryio-
wKM 06pa3om. PaccMatprBaeM pPasHOCTb MEWIY NaHHBIM 3Ha-
yeHuem W TabanuHbiM — B Hawem npumepe 0,0008 — kax
ueace yucao 8 (T. €. He 06pallacM BHUMAHHA HA 3A1ATYIO B
Hyay cnesa). B3as ero necaruxparno (80), meanm Ha tabany-
Hylo pasdocte (29). OxpyraendHoe (40 €IAWHHIL) YaCTHOE —
B Hallem fpuMepe 3 — 1aeT (ONPAaBKY B MHHYTax

[Ipusep 2 Haltrm octpuit yroa a, ecau Ig cos a = [,4361.

Bawwadimee taGanunoe 3Hauvenue 1,4359; rabauunas pas-
Hocts d =44, Haumenosanue lgcos crout cuugy. [ostomy
untaem caega 74°10'- JecsTHKpaTHas pasHOCTb MEWAY NAHHBLIM

. 20
3nauenveM B rabanunbim ects 200 Yacthoe 53 (OHO MeHbwe

HOAOBUHBI) OKPYFACHHO PAaBHO HY IO

3uaunt, a = 74°10"

fTpumep 3. Haittn ocTpuiit yroa a, ecau ig ctg a = 1,6780.

Bauxahiee tabauynoe 3Hauenne 1,6785; tabanynas pas-
woctb 32. Haumenosanue Ig ctg crout cuusy. [lpountuiBaem
cnpaga 64°30°. [lanHoe 3HaveHWe MeHbiue TaGJAUYHOrO Ha S.
HecatukpatHoe uucao 50 neaum Ha 32. YacTHoe oxkpyraenso
paBno 2. llpuGasasem 2'; Haxounm a==64°32".

3anuce:

ig ctg o = 1,6780
1,6785 = Ig ctg 64°30' d = 32
-5 +2

1,6780 = Ig ctg 64°32
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Mpryep 4 Haittu octpuit yron o, ecas Ig sin a == [;7414.
Ig sina = 1,7414
1,7419 = 1g sin 33°30" d=19

—_J

1,7414 = Ig sin 33°27
a == 33°27"

§ 12. Pemenne npamMoyroibHbIX TPEYrodbHHKOB
¢ NoOMouibIo norapudMHUpOBaKHud

Cnayuaitl. Jaus: runorenysa ¢ = 9,994, karer 0 ==5,752,
Ounpeneauts a, B,

1) Onpenenenvie B: sin B=%,

g b==0,7508
— 1g ¢ =1,0003
1g sin 5=1,7601; B =358

2) Onpenenenne A A =90° — B==54"52".
3) Onpenenetine a: a=b1tg A;

Ig b= 0,7598
lg tg A=0,1526
lga=009124 o=38,173.

Cayuai 2. Haun katers a==0,920 u b==0,849.
Onpenennuts TUNOTEHY3Y W OCTpbie YrAbl.

1) Oupenenenvie yraa B: th—_—g,
Ig b = 1,9289
— 1g a ==0,0362

Igtg B=19651; B ==42°42"
2) Onpeneaenne yraa A1 A=90" — B==47°18".
%) Onpenenenve rUNOTEeHY3bl ¢ ¢ = ;-r,;b-g,

lg b ==1,9289
— ig sin B =0,1687

lg ¢ =0,0976; ¢==1252,




356 V. TPHTOHOMETPHS

Cayuwafi 3. [awe: ranotenysa c==798,1, octpuifi yroa
A==49°18". Onpencanrs a, b, B,
1) Oupegeachne B: B =290 — 49°18' = 40°42",
2) Oupeneaenne a: a==csin A,
lg ¢ = 2,9021
Ig sin A==1,8797
lga=2,7818; a=605,1.
3) Oupenemeunc b b=csin B,
Ig ¢ == 2,902}
lg sinB=1,8143
g b=27164; b==5203.

Cayuwaini 4 [ann: xarer a==324,6; octpuil vroxa
B==49°28". Onpegeaurs &, ¢, A,
1) Ounpeneaenne A:

A=00° - B =190 - 4028 = 40°32".
2) Oupejencnue b b=a1g B,

lga=25113
Ig tg b=10,0680
0 6="05708 b==23796.
3) Onpejieaenue e c== ;:-'-‘-, l
lga=2,5113

—lgsin A=10,1872
lg ¢ == 26083 =199

s R

§ 13. MlpakTnyeckne NpUMEHeHUR peHIeHHs
NPAMOYTObHBIX TPEeyrojJbHHKOB

Jaa pcHoab30BaHHA HU3ICHEHHBIX AIPHEMOB peIUCHUS 3a-
A3Y Ha IIPAKTHKe HeoOXO04HMMO HpeIe BCCro XOPOUO OCBOHTh-
cn ¢ TabaunaMMm M Hay4HTheA  6e30HIHGOYHO  OTHICKUBATD
no rnuM pesyaotarel. Ho sroro mano; ocramrcs eide jse
TpyaHocty. llepsas— uucro reoMeTpuuccKoro xapakrtepa.
Hywno aaywumscsa omeickugams B NaHnoit reomerpuucckoif
-gurype mpocToft cnoco® BbIICICHHS B Hell NPAMOYroabHOrO
TpeyroabHnka [TpUBOANM THIHYHBIC HPUMCPDL
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Mpusep 1. B pasxobGeapennom tp-ke ABC (puc. 220)
#3BeCTHO OcHoBanne AC u 6Goxkosaa cropoHa AB. Oupene-
aAnTe yroa- B npu Bepluuse.

[Tposonum suicory .BD, xotopas pa3neanr ocHoBanue AC n

A
yroa B upu seplinne nonoiaM. 3Has AC, HafineM AD=TC.
B upsmoyroabHom Ttp-ke ABD uo katery AD u runorte-
Hyse AB naiinem (caywait | § 8 u 12) £ ABD. ¥Yasous ero,
HAALEM MCKOMUIHl Yroa upH BEpIIHHC.

SRR Puc. 221, bFuc. 222

Npusmep 2. Nan paguyc kpyra R, BHIYNCAUTL CTOPOHY
1B UpaBKibHOrO BIHCAHHOLO INeBATHYTOAbHUKA.

Mposoaa pamuycm 04, O x «oHuam xopaim AB
(puc. 221), noayuaem pasHoOelpeHHBl TpP-K, B KOTOPOM
3BecTHa OGokosay cropoHa (A ==R. Kpome Ttoro, aerko
HAHTH yroa nps BepLIMHC .. AOB=§%9»=4O°. Pazbusan
p-k AOB Ha j1Ba npAMOYroabHbIX TP-Ka BHICOTOl, KaK B
npepbiiyimel 3anave, npusenem 3sajpauy x cayyaio 3 § 8ul2,

Opyras TpyarocTs — Han6oace CymleCTBEHHAA — COCTOHT
8 ToM, 4TOObl KOHKPETHO 1OCTAaBICHHYIO 3ajlayy nepegecinu
HA Mamemamu4eckuil A3uk.

Mpumep 3. Paccuurars, KakoBbl A0MKHB OblTh BHY-
TpCHHMﬂ #  BHEWHHH paauycol IHapHKOBOroO JIOXINNIIHUKSE,
yT06H B HErO YAONKMIOCH JBAauaTh CTadbHLIX U1APHKOB AHa-
smetpom 16 e,

([as yupouleHHa 3amaui bl (PeAlOZOKUM, YTO HIAPHKH
AOMKHBl IEWKATEH BILIOTHYIO.)

OcHoBHas TPYIHOCTb 3TOf 3a1ayp COCTOUT 8 TOM, 4TOObI
BbieaUTh B Hell ee Marematuycckoe coxepxanne. Ilocrponn
puc, 222, 3ameyaeM, YTO HaM H3BECTEH IMaMeTp IUAPHKA
BC=16 mx, a 3nauur, u ero pamuyc AB=AC=8 mm,
Ceepx Toro, Yroa meway paxiycamun OA u OD, uaymump
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B WEHIPHW COCedHMX WAPHKOUB, JOMKEH CcOCTaRUTDH

Nauee, otpesok AL, coefHHAOUUA UEHTPh KacalOULHXCH
WAapoB, JOMKEH PABHATHLCA AMAMETPY KAWKIOrO M3 HHX, T. e.
AD =16 mm. Teneps Mbt uMeeM pasnobenpentnit tp-xk AOD,
B KOTODOM W3BECTHO oOcCHOBaHHe AD =16 mm u yroa npu
sepiunde £ AOD = 18°. Pasbupas ero Ha 1Ba NpAMOYro/bHbIX
Tp-Ka, NpUBOAUM 3alauy k cayyawo 4 § 12 u noayvaem OD =
= 0A=>5I,] mm. Otci01a HAXONAUM BHEUIHHI paguyc

OB=0A+ AB=31,1 +8=238,1 axn
B BHYTPEHHHH DaiHyC
OC=0A— AC = 43,1 mnm.

§ 14. CooTHOIEHHN MEWLY TPHrOHOMETPHYECKHMH
GYHKUHAMH O4HOTO ¥ TOFO e yraa

3Has OJHY U3 TPUTOHOMETPHUECKHX BemWYMH HEKOTOPOro
OCTpPOro yria, MOXHO [0 HHXeNpHBOAUMbIM GopMyaam Bbl-
YUCINTh Bce octanbHbie. OHAKO FAABHOE HX 3HaYyeHUe COCTONT
B TOM, 4TO C HX UOMOULBIO MOWHO, 3HAUHTEIBLHO YNpOLLas
BHL MHOI#x oOmux Gopmyl, COKPATHTL 1IPOLECC BbIUHCACHHUA,

sinfa+ cos*a=1; 1ga-ciga=1;
o=t crga= T
g “Tcosa ’ B = {na-
sin a-¢csca=1; cos-sca==1;
scta==1+4 1g¥q; cseta=1 4 cigta;
9 1 ctg? a
2 —— —_ .
008" 0= gv% = i Feigea’
P ! 2
sin® a = = g

Fetgfia T+ tg2a”

D1i GopmMyabl OCTAOTCA CHPABCUIHBLIME # AR TPUTOHO-
METPUYCCKHX GYHKUMA ao6oro yraa (cM. caciavioiuuil napa-

rpag).
§ 15. TpuronoMeTpHyeckHe PyHKUUH J06oT0 yraa

MoxHo 6bino0 661 NOCTPOMTL BCIO TPHLCOHOMETPHIO, NOMb-
3yaCb TOAbKO TPHIOHOMETPHUCCKHMHM BEAHYHHAMH OCTPbIX
yraos. OZHaKo TOrAa Npy PELIEHHH KOCOYLOAbHbLIX TPEYrodb-
HHUKOB H B JIPYTHX BOMNPOCAX, TPCOYIOUIMX NPUMCHEHUA TPUTO-
HOMETPHH, HY®XHO 6bl10 6bl Pa3au4atb MHOMECTBO OTAGJbHbIX
cayuaeB OMHON W TO# XKe 3amaun, CMOTPH HO TOMY, KaKOBi
BEAHYHHA TOFO HAM WHOro 3agaHnore yraa. Hanporns, peure-
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HHe BCEX 3alau (PHHHMAET eanHooOpasnylo dopmy, ecan
caenyomim o6pasoM  PacnpoCTPaHHTh {IOHATHE CHHYC KOCH-
HYC B T. I, H3 yrin A106Ofi BEAHUHHL, HE TOABKO 33KAI0UCH-
Hbe Mexkay O u 180°, Ho

u npesocxoasmue [80°, 4

He TOALKO MOAOKHTENDb-

Hble, HO W OTpULATeNbHble
(cm. IV, B, 3).

[aa orcuera yraos Ge-
pem OKpywHOCTL ABA'SL
(puc. 223) ¢ uByMms 83a-
HMHO  NepneHAUKYAnPHbI-
Mu qnamerpamu AA’(«<uep-
Buft» auamerp) u BB Puc. 223 Pue, 224,
(«BTOpO#»). Touky A npn- '

MEM 32 Haualo OTCHETA

ayr. Haupasienue, UPOTHBONOJNONKHOE [IBUKEHWIO 4YaCOBOH
CTpenKH, 6yleM CUMTaTh MOJOXUTeAbHuM. <[loABHXKHLIAY pa-
anyc OM c «HenopBukHbiM>» OA o6pasyer yroa a. On moxeT
ApUHaliexaTe nepsoit verBeptH (MUA), sropoit (M,0A),
Tpetbelt (MgOA) nau derseproft (M,0A), Cuutan nosoxn-
TeabHuIMN Haupasaenus OA, OB v otpunateannmmu OA, OB,
Mb OfpEleasicM TPUrOHOMETPHUYECKHE DVYHKUHMW VIAOB TaK:

Puc. 225. 3uaku cunyca Puc. 226. 3Haku kocu-

W KOCEeKAaHCa B pPasauy- #gyca n cekanta B pas-

HBIX YETBEPTHX OKPYK- AWUHBIX HETBEPTRX OK-
HOCTH. pPyHHOCTU.

Sunus cunyca yraa a (puc. 224) ects upoexuns OQ io-
ABMAHOTO PAajAHyca Ha BTOPON AuameTp (B3aTas ¢ COOTBET-
CIBYIOIIMM 3HAKOM); aunusn Kocuryea OP — apoexius no-
ABWKHOTO Paiuyca Ha UEPBLI IHAMETP.

Cunyc yz2aa a (puc. 224) eCTb OTHOIWIEHHE AHHUM CHHYCA
0@"') K paanycy KR OKPYKHOCTH, KOCUHYc — OTHOLEHWE
nuuun Kocniyca OP') k pannycy. Ha puc. 225 ykasauw 3aku
cHHyca, Ha puc. 226 — 3HAKM KOCHHYCZ B PAa3HLIX HETBEPTAX.

1) B3n10# ¢ COOTBETCTBYWOIIUM 3HAKOM,
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Juwus manzence (ADy, ADs W 7. 1) eCTh OTPE3OK KaCa-
TeabHOM, NpoBeJICHRON uepe3 KOHelt A nepBoro aHameTpa,
OT TOYKM KaCaHua 10 nepeceucHus ¢ NporonKeRueM NOoaBHK-
Horo paamyca (OM,, OM, n 1. n., puc. 227).

Junus womaneenca (BE;, BE: v 1. 1.) ecTb 0Tpe3nk Ka-
CaTelibHOH, NPOBCILEHRON yepe3 KoHew B BTOpOro avaMmerpa,
OT TOoukH KacaHus B A0 NepecevcHus € NPpOoAOJKERNeM o~
nswknoro paamyca (OM,, OMg-n 1. 1., puc. 228).

Puc. 227, Puc. 208 Puc. 229, 3nakn Tanren-
€a ¥ ROTAHTEHCH B Pas-
AMYHRIX  9ETREPTRX OK~

DYIKHOE 11,

Tanzenc yraa ©CTo OTHOUICHNE AWHUA  TaHredca ') « pa-
anycy,

Komunzene ~ 01HOMERHE AHUM KoTaHredca ') k paawmycy.

3xaxu TanreHca i KOTaWreHra A PalanyHaX deTBepTeft
vKa3aHo. Hd puc. 229.

CeKaHe ¥ KOCEKAHC HPOULE BCErO OlpeleiuTh kak obpai-
Hble BRIMYMHL! KOCHHYCA B CHHYCA.

B ra6auue, nmomeueHHolt nHa crp. 360, Aanm Boipaweduns
K0l H3 TpUroHomeTpuueckux $yuxuaui aoboro yraa yepes
BCe OCTanbHhle, B Tex BeipaseHunX, KOTOPbIe CONPOBOXARIOTCH
AByM# 3HAKAMH, BRIOOP 3HAKa 32BUCHT OT TOro, B Kakof uer-
BepTH JeXNT yroa (cM. puc. 225, 226, 229),

[padukn Tpuronomerpuyecxux QyHxumit nanw s Vi, 8.

§ 16. ®opmynn npuBeneHUA

Tag HaspiBalOTC HMKeNpHBeneHHbie GOpMYyan, Ralouwune
BO3MOXHOCTh: 1) HaxOLUTh YUCACHHLlE 3HAUEHHS TPHrOHOMeE-
Tpuueckux dyHruui yraos, upessimawomnx 90° 2) cosepmars
npeolpasosannd, ynpouamuide suin dopmyi,

1} B3aTOA ¢ ¢OUIBETCTRYIOMIY 3HINON,
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Bce atu dopMynn BepHb a8 BCAKHX YIJIOB @, XOTA yno-
TpebanioTCH HpEHMYWIECTBEHRO B TeX Caydanx, Korla a—

ocTpuift yroa.

lrpyuna:
sift (— @} == — sin a,
ctg (— e) = —ciga,

g (—aj=—1tga,
cos (— a) =+ cos a.

D1t hopMyabl 1103B0AAIOT N30ABUTLCA OT PAaCCMOTPEHHR

OTPULATEALHBIX YIIAOB.

Il rpynuna:
sin sin t
cos 2Rne __cos
g [ GO0E+ =" {
ctg ctg

(3necb k — uenoe
TIONO¥KKTEIbHOE  YHCIO).

At popMyas 103B0AI0T H36ABUTLCS OT PACCMOTPEHHS

yraos, 60abmux 360

1l rpynna:
sin I sin
cos o __—Cos
tg (180°+ a)__i g a,
ctg +ctg

Haspanus QyHKOMII coXxpansioTcs; 3liak B 0paBoll vacTu
Gepercs TOT, KOTOPHIl 6y1eT uUMCTL JeBa# 4acTh UPH OCTPOM
yme a,

Hanpnmep, sin (180° — a) == + sin a, Tak Kak upu OCTpOM
a yroa 180° — @ nexHT BO BTOPOIl 4eTBepTH, MAA KOTOPO#H

cuHyc noaoxuredeH; sin (180° 4 a) = — sin o, Tax Kak npn
ocTpoM a yroa 180° -- a sewut B TpeTbedl ueTBepTH, MIA KO-
Topofi cuuyc orpuiarenen; cos (180° —a) = —cosa, Tak Kax

KOCHHYC BO BTOpOIi 4eTBepPTH OTPHuATENeH, U T. 1.
IV rpynna

sin ] -} cos sin — €Os

c08 o __Fsin . cos o _ #sin

1 J 90° + o) = Ttg a; tg (270°% )= Tetg a.
cig ¥ ig ctg ¥ g

. Haapanue QpyHKuHN MeHARTCA: BMECTO Kaxiof GyHKUUM Ge-
peTca ee «JONoAHUTenbHan». [IpaBuno 3HaKOB TO wKe, YTO W
B npeapaymed rpynne. Hanpusmep, cos (270° —a)= —sin qa,
Tak-kax yrox 270° — a upH OCTPOM a UPHHALIAEKHUT TPETbeh
YeTBEPTH, A€ KOCHHYC oTpunarteded; cos (270° + a) =+ sin o,
TaK Kak B YCTBCPTOH YETBUPTH KOCHHYC LOANMKWTEACH,
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Bce suiulenpuBeacHHbIC GOPMYIL MO¥HO MONYYHTE, HOJb-
3}’$!Cb CACHYOUIHM ({pABHIOM:

Jhobas  mpuzonomempuueckas @dyuryus yeaa 0°n 4 a
no abcoAmMHOU 8eaudune pasHa moil e PyHkyuu yaaa a,
ecau  HUCAO N — YemHoe, U OOnOAHUMeEAbHOG  PyHKyuL,
ecau  4uca0 n— Hewemuoe. [lpu amom, ecau Gynxgus
veaa 99°n - o noaoxcumeasHa, Ko20a o — ocmpeli yaoa,
mo 3naxu 06eux GyHKyU OOUHAKOBHL €CAl OMPULAMEAbHA,
Mo passudnel.

PeayabTtaTsl AaHHbIX BbIHIC GOPMYXR NPHBEICHHA CBEACHB
B floMeleHHyo Ha crp. 363 Tabasuy, B KoTopylo KoGasaeHH
rpadbl 118 CeKaHca W KoceKaHca.

§ 17. Popmyanst CROKEHNA U BHIUHTAHHR

sin (2 4 ) = sin acos -+ cos asin §;
sin (@ — 8) == sin acos 5 — cos a sin §;
cos (2 -4 B3) == cos acos 3 — sin asin B;
€os (@ — 8) == cos acos 3 4 sin asin 3;
| __lge+1g3,
g (“+§)-—w,

cy . lga-—-1gB
tg(lq”)—‘l—l—igatgﬁ'

§ 18. Popmyabt ABOMHLIX, TPOHHBIX H NMOJOBUHHBIX YIIOB

sin 2a = 2 sin acos 2;
cos 2a== cos*a — sin*a==]—2 sin*a=2¢08¢a— 1;

s o 2ga o, ctgla—l
;g2a——ﬁg—2—a, ctg(_a_——fctg—a‘,
sin 3a == 3 sin a — 4 sin® a; c0s 3a =4 cos? a — 3cos «;
w, _8lga —1g¥a __clg3a - 3clgn,
8= gy e = g
. .a /1~ cos a a /T¥cosu,
i /o ———t - =+ —
sl_n2 + l; 2. ., COSs 5 x 3 ’
o & — 4 I—cesa _  sina | —cosa,
g3 ==+ T+-cosa  Frcosa  sna *
[ 1/ T Fcosa sin a | 4 cosa
—_— = . E—3 E—
Ctg2 s ‘/l——-c()sm 1 —cosa sina

3nakn nepel pairkaaamMn GepyIcs B COOTBETCTBHH C TEM,
n

B KaKOH udeTnepTi aewur yroa - (V, 15--16).



§ 19 HPEQBPABOBAHHE TPUHIOHOMETPIM, BLIPAKEIIT 363
§ 19. llpecbpasoBaine TPUTOHOMETPHYECKHX BbipardeHHH

K BHAy, yA0oGHOMY Ads JorapH@MHpoBaHHs

. . : 3 —B
sin a 4+ &nﬁ:?sma—t—ﬁcosa £,
6. 3

sin @ — smB:Qcos‘i%'smal g
9 43 a—3

o8 @ -+ €08 =208 ~—5+ €08 5.

. 8
€08 a-— 08 § == 2 sin —+— sin =2£

* =8 9 in & sin —T

cos « 4 sin a= I/f cos (45° — a);

cosz — sina== }2 sin(45°— a);

o__ Sin{a & §) . o g SO )
et gh= Grocng 8T ECE= G
%

e €08 (& — F) — . A L w02
gatclgp= cos a sin & tga —clgh= cos e sinjy '
tga—+ ctga==2csc2q Iga—clga=—2clgly

I+ cosa=="1cos® — l—cosa=‘28in2%:

I + sin 2 =2cos® (45"— %),
| — sin a==2sin? (45°~— -—)

1+t __ sin (45°%ka) V72 sin (45° + a),
= B cosa cos a '

litgatgﬁ:ﬂﬁ_ﬂ. clgactghd ¥ | = cos (@ F8),

cos @ Cos 3 ' ~ sinasin$’
" cos 2a 3 cos 2a
— = . —_— o == — ——
! g cos2 o’ L cg sin2 a’

9 " 5.1 (2 4 8) sinqe — §)
tg—1gtf= — .,
g g cos? « cos? 3 ’

2 2,_sm(a+ﬁ)sm(ﬁ—a)
. gt cig*i= sin? a sin® 3

tg?a — sin® a=1g¥ asin®q;  ciga — cos o == ctg* a cos® a.
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§ 20. MipeoGpa3oBanne K AOrapupMHUeCKOMYy BHAY
BbipaxkeHHH, B KOTOpble BXOAAT yribl TPeyroibHHKa

Ecan A, B, C— yranl Tp-Ka aaw Boobwie ecan A + B 4
+ C=180°, 10 HexkoTopble BHPAWKCHHA, HE HMcCIOWME JOTa-
prdMUUECKOro BHAZ, MOXHO MPHBECTH K JorapHpMHuecKoMy
BHRY € MOMOIbBIO CAeayioulnx GOPMYS, KOTOpLe NojJe3Hn 1py
PELICHHN KOCOYIONbHbIX TPEYTOAbHUKOB!

sin A 4 sin B==2cos? QBcos%;
sin A — sin B==2sin ‘42 B sin g-;
cos A4 cos B==2cos izlf sin 2;
cos A —cosB=‘2sinB;Acos—;‘~;
__sinC_
‘gA+th—cosAcosB'

sin C

ctg,A +ctg8=m;

sin A+ sin B+ sin C=4 cos Qcosfco —C,;;
tgA+th4-th=tgA-th-th.

clg 3 ~{ clg 5 + ctg == clg %ctg g cig %

§ 21. HekoTopbie BaxHbie COOTHOUIEHHS
sin a sin g = % [cos (« —B) — cos (a + B));
€08 @ COS P = ~; [cos (¢ — B) + cos (a + )}

sin 2 cos 8 = % [sin (@ 4 B8) + sin (a — B)].

Stumu GOPMYAAMA MOKHO NOAL30BATHCA, 4TO6B U36exaTh
YMHOMCEHHS (NPH Buiudcaennax 6e3 gorapudmoB uMu uyacrto
1OAb3YIOTCA B BbiCliel MaTeMaTHKe, HalpUMep APH WBTerpH-

[OBaHHW TPUrCHOMETpHYECKHX (yHKuuil).
: a

x .)a
v 21g 3 1-!g-—2~ 21g 3
8N 4 = ————, CO0S == —- D goa= ——8,
1+ tgom 14igrpy i ~tghes
2 2 2

A1y PopMYAn N0C3HL 1P PEIUCHHK TPATOHOMETPHUECKHX
vpasueHuit (B BhiCRICH MaTeMaTHKe — (IDY  HMHTETPHPOBAHIH

TpUrosoMeTPiIUCCKUX PyHKunii),
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% (2n+\)1
€0s - —Co —y
sin a + sin 2a 4+ sin 3a + ... + sinpa= -— - - ;
2sin —
2
2n-+1
L’L; 2 sn i’i
cosa+ cos2a 4 cosda4 ... 4 cosna= — g
2 sin 5

cos na == cos" a — C3 cos" *asin®a -+ C}cos™ fasin®a —..;
sin na == ncos" ! a sin a — C? cos™* a sin® a 4
4+ Cicos? P asin® e — .,

B nocaeannx aByx gopsynax CZ — OHHOMHAILHLIC KO3~
dnunents (cMm. Ll 72). 3nakpy UMCHOB uCPeAVIOTCH, HpaBuie
yacrtH oépuaawrcu «caMil coBoii», 3akanunBaNChL HYACBON Han
11epBO#t CTerleHbI0 KOCHHYCA.

Mpumenpn.

cos 3a = cos® 2 — 3¢0s u sin o

sin 3a = 3 cos? 2 sin = — sin" «;

cos 42 == cost a — 6cos? 2 sin“a 4 sinta:
sin 4a = 4 cos® a sin 2 — 4 ¢cos a sinda.

§ 22. OcHoBHblIE COOTHOLIEHHST MEXAY IJNeMEeHTaMH
TpeyroaLHHKa ')

O6o3Haveuns: a, &, ¢ — croponsl; A, B, C — vraw 1p-Ka;

a+bdc
p=—5
R — pajuyc OnUCAHHOIO KPYra; r — PaLHyC BUUCAHHOIO KPYIa;
r, — PalMyC Kpyra, Kacaiowerocs CTOPOHbB @ W MAPOLOIDKe-
HHAl CTOPOH & U ¢ (BHEBNHCAHHBIK KpVr); h, — BbICOTE, omy-
uleHHas Ha CTOPOHV a: 3, — GuccexTpuca yraa A

1} Teopema kocunycos

— noayuepumerp; /£— BblcoTa; S — MAOLAlD;

M . y . b+ 2 - a2
a* =b* 4 ¢ —2bccos A, nan cos A= T

((‘p. IV, b, 10).

!} Bee miKenpuneneHubie QopMyab R310TCH TOALKO B 01HOM GAPUAATE;
43 KaKI0A QOPMYNH 1OAYYAIOTCH eMe IRE. AHANOTHYHBIE C  HOMONILIO
cnrmc‘rcrnymmen 3aMentl  Gyks. Hanplmcp, u3 tbOpMlehl cos A =
b 4-¢2 — @2 a? 4 2 - b2, 2+ b2 -2

= A'—,E—bz—« loaydaem cos B = ac ; cos == “oak
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2) W3 Hee BLIBOAATCH <POPMYIAD NOJOBIMIHEMYX  YLAOE»:

A p-p—c, A _y/pw~a)
bmﬁ—i/m?;?’v”" W‘\‘—zwl o
A /p ~ S
A=) e
pip ~al
__‘__—_V \P~a\ . I
= ;T

H3 HHY #odyqaca

A, B -
g 1g 5 ="

3y Teopema CHHYCOB

LA -b- PR N 2R

sinAT s3in 87 sinC

13 gee BmBOAATCA cheaywuie Ase Qoprayan,
) Teopema taurencor (hopmvaa Peruosmontana)

A«ylj

-8

&) Popsvan Moanneitie

6) Pupmyas naoutaan

. besin g bisin AsinC,
§ == T S="~gwmp
X e e e ___hzsing
S= Pplp-—a)p - bi{p-—c) S=gwwasmme

rY sin A e
S e s S== Vrrorr,

. 4. —_
bzp(p-"d)lg g T 2sin Bgin C?



§ 23. PEUIBHHE KOCOYIOAbHHX TPEYTOALHHKOB 369

7) Paguycs ONHCaHHOrO, BUMCAHHOTO W  BHEBIIMCAHHOrO
KPYroB

a _ abc p be

IsinA 45 A B C ~ % 3
4 pl - =
tos 3 cos 5 cos 3 a

4R=ra+rb+rc—~r:
S

A A
r=?=(p~—a)tg5=

sin B i ¢
a 5 sin

I

8) Buccexrpuca

§ 23. Peutenne KoCOYrofbHbIX TPeYroJbHHKOB

Cayuvan 1. Jdadw Tpu CTOPOHBI 4, b, c.

a) Ilpn noap3oBanun HaTypaabHBIMH TabaulaMy CHayanaa
HaftmeM OJMH ¥3 YIJIOB 1O TeopeMe KOCHHYCOB:
b 4 c? — a2

cos A= T

Bropo#t yroa (Hanpumep, B) Hafizercs no TeopeMe cp-
HYCOB:

sin B== 2804 sl: A
Tpetuit yroa mafinercst no dopmyane
C=180°— (A + B).

Ecan aymua 3HauuTeabHas TOYHOCTh (nawke xo 107), Boi-
yHCneHue (oco6eHHO nepBOro pedynbTara) Ype3BLIYafiHO yTO-
MUTEAbHO,
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- b)-Tlpw noansosanun Tabannamu sorapudmos yrau A, 8, C
(ROCTaTOYHO BLIYHCIHTL IlBA H3 HUX) HAXOHATCA NO ORHOH n3
dopuyr noaoBuHHHX yraos (§ 22, n. 2).

3anuch, BuwYACAECHY A
Danei: a =74, b=130, c¢=186.
2p=a + b+ C=390, p= 195, |gp=2,2900,
p—a=121 | 1g(p — u) =2,0828
p—b= 65| 1g(p~ b)=18129
p—e= 9| 1g(p—c)=09542

1) Buuncneune A:

A

/e —-bwp—20 .

=V e
ig(p — &) =1,8129
1g (p — ¢} =0,9542
non. g p=3,7100
aom. 1g (p —a) =3,9172

92,3943
Igtg 4 = - 23943 =1,1071;

2 =857 A=1754.
2) Bhluncaenne B:
E_I/ w—ap—c)
'Bg = pr-B
AHanornynas BbiKjsaldka aaer pe3yabTar
B8 == 32°40'.

3) Buyncnenne C (KOHTPOAbHOE):

tg%: / {p—a)p—1b)

plo—-¢ -~
Peayabrar: C= 129°26'
Aposepka: A= [7°54'
B= 32°40
C = 129°26'
A+ B+ C=180".




§ 23. PELUEHME KOGCOYTO/IbHLIX TPEYTOJIbHIHKOR 371

Cayua#t 2. /laHbl aBe CTOPOHM 4, b # ¥yrod Mexay Humu C.
a) [lpn noab3oBaHul HaTypaabHHIMH TaGauUaMB HAaXOLHM
CHAayana CTOPOHY ¢ MO TEOpeMe KOCHHYCOB:

ct=ga? 4 ¥ — 2abcos G;

3aTeM yroid A {10 Teopeme CHHYCOB:
asinC ,
—
UpK 3TOM yron A, COOTBETCTBYIOULHH HaHIEHHOMY CHHYCY
Gyner ocrpuM, ecaw —>>cosC, # Tymuim, ecan - <<cos C.

Tpernit yroa onpenenserca an6o io popmyse C==180° —
—(A+ B), aubo rtax we, Kak A (17 KOHTpOaR). Beluuciae-
HUE CTOPOHBI ¢ C 60JbIIOH TOYHOCTBIO YTOMUTEIbHO.

b) Mpu noap3oBaHum Tabauuamu A0rapuPMoB CTOPOHA ¢
HAXOANTCA NO TeopeMe CHHYCOB YKe 1ocjie TOTo, Kak onpe-
aexensl yrawl A, B. Tocaeanne ke Haxomarca fo Qopmyae
Peruomonrtana

sin A=

ctg£

a+b__ 2
E?%—tg A—B"

2

13 KOTOPOH NO AaHHeiM g, #, C HaxonAuM A;B. H, TaK Kak

A+B
KpOMe TOro, W3BecTHo ‘;’ (—_—-90"— %), n0Ay4aeM JAerko

H camn A, B.
3anucb BHUHACAECHH A
Haubi: a =289, b=601, C=100°19".
1) Boiyncaenue 8 5 4.

B-A__b—a
tg_‘24'— h+aCtg

Ig (b — a) == 2,4942
igetg $ =1,9214

c,
g

non. g (b + ay= E,Oﬁ

g tg 252 = 1,4662; B4 1618
2) Buiyucaenne B u A
B+A__ ane € __ agezn. B— A4 _ ipeiqrn
5= 90" — 5 == 39°50" 5= =16°18",

cKkAanpiBag, umeem B =7306°8'. Buiunuran, noayvaem A== 23°32"
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3) BoivucaerHe CTOPOHB ¢

asin ¢
= .
sin A4

1g a = 2,4609
1g sin € = 1,9929
non. g sin A==0,3987

Ige==28325; ¢=7120.

Cayuwa# 3. Jawn nBa nobuix yraa (Hanpumep, A, B)
» cTopona ¢. Kak npu noan3opanun gorapudmanu, Tak B He
N0Ib3yACh MMM, BENeM BbIYUCICHHE B CAEAYIOWEM HOpsLKe:
cHavana ounpelenseM TpeTHH Yroa TpeyroabHHKa 110 Gopmyne
180° — (A + B), 3atem CTOpPOHBt @, & M0 Teopeme CHHYCOB.
Tlpy aoraputynyueckon BuiUHCIEHHH 3aNKCh TaKOBA.
Hanpr: A==5520", B=44°41", ¢ =795,
1) Buiuucaenne yraa C: C= 180° — (A + B) =T79°59'
2) Boiunciesue CTOpoHL! a:
_csin4 |
" sinC ’
Ig ¢ = 2,9004
lg sin A=1,915I
aon. 1g sin C == 0.0067

g a==2,8222: a=~664,0

3} Buiymcaenne cvopoub U

Mo gopmyse b= 328 1ax we, xkak suuwe, HaxomuM

sin €

b=5671.

Cayuan 4, Jauw AaBe cTOpoHW 4@, b wu yroa B, apo-
TNBOJECWAINIA ONHOR U3 HUX.

W ¢ nomowsio aorapupmos, ¥ 6e3 HUX BeaeMm Buuucae-
HHe TaK: CHavana HaxoauMm yroa A, uporusosiexauuit apy-

. asin B

roit nanHoft CTOpoHe flo Teopeme CHHYCOB: sinA=2202
[lpy sToM MOFYT (pPEACTARUTBLCA CAEAYIOUIHE BO3MONKHOCTH:

a) a> b, asin B> b — 3anaya He uMeeT peillcHUH;

b) a> b, asin B==b — onHo peiieHue; yron A -— upHMOIl;
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¢) a>b; asin B<<b<Ca—3anava Jnonyckaert iBa pelie-
HHAT yroa A, COOTBETCTBYIOULHI BHIUHCICHHOMY CHHYCY, MOMHO
#31Tb 11460 OCTPLIM, JTHOO TYTibIM:

d) ¢=C b —3anaua JIONYCKAaeT ORHO penleHne: yroa A
Geperca ocTpoiil,

Onpegeans yroa A, Haxoaum C no dopmyre C=180° —
—(A+B). Ecan A MoxeT uMeTs ABa 3HaueHWs, TO 1Ba
3Hauenun noayuapotca ¥ naas C. Hakouelw, rtpetha cTopona ¢
HAXOAUTCH MO TeopeMe CHHYCOB €= "ff,,",?- Ecau naiizeno
ABa 3uavenust C, TO ¥ 0aA ¢ [OJAyuaeM [Ba 3HauYeHud, U,
TakHM 06pa3cM, YCIOBHIO YROBAETBOPAIOT [Bd DPa3aAMuHbBIX
TPeYroabHUKa.

AaNUChb BHIYKHCACHUSR.

Haubi: a=360,0; b==2309,0;, B=21°14"

Vmeem: a>b v asin B<<b (o6uapyxusaerca B xofe
6amxaiimeit soikaaaxy). Caegosarenbio, Haauuo ciaydva 4c).

1) Buuucaenue yraa A:

SinA = LS%{L’{ )

Ig a == 2,5563
1g sin B=1,5580
aon. lg b=235100

lg sin A=1,62521);

nepsoe pemtenne A, == 24°57'; Bropoe peluenne A, = 180° —
— 24°57' = 155°3".
2) Buiunucneune yraa C = 180°— (A + B):
nepsoe pewenne C, == 133°49"; Bropoe pemennue Cg==3°43"
3) BoluucaeHHe CTOPOHB ¢:

__bsinC |

 sin B °
fepBoe pelieHne BTOpOE peiucHHe
ig b==12,4900 g b= 2,4900
1g sin C, = 1,8583 lg sin Co = 2,8117

non. lgsin B, =0,4411 noi. 1g sin By = 0,4411
lg e, =2,7894; ¢, =615,7; 1g ¢ ==1,7428; ¢5 = 55,31.

1) Ecan 611 Gu1ao @ sin B> b, 10 xapakTepuciuka aorapudmu Gsina 6w
OAOWKNTEABHON H 3axaua He Wveaa 6ol peureduy,
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§ 24, O6parTsble TpHrosHoMeTpHUYECKHe (KPyrosbie)
QYHKIHH

CooTHonleHne x == siny HO3BOARET C MOMOWILI Tabauu
HaTH KaKk X 10 HRaHHOH BeIHYHHC ¥, TaK M ¥ 110 AaHuGit
BeAMYNHE X (He npesbimawuiell 1 10 a6comoTHON BeanuuHe),
Taxum 06pasoM, MOXHO CUMTaTbh He TOJAbKO CHHYC GYHKuUeH
yraa, HO # yroa ¢yHkuneit cHHyca. 3TOT (aKT HaxOANT
BHelIHEe BbIPAXEHUE B 3aMUCH y == arc sinx (arc sin yuraercs

t :ane
<apkcunyc»). Hanpumep, BMecTo 5 =sin 30> MomHO Hanu-

.l
catp  30°==arcsin 5 . O6uiuHO Npn 370l BTOPOH 3anucu yroa
Bhipa¥aeTca B paauMaHHoi, a He B rpalycHoit mepe, TaxK uro

T .o 1
NUmyT §=arc Slﬂ-g. XoTs 3Ta 3anuch OpeacTaBiasaeT JUllb

1 P
«lTlepecKasds» 3alncH 7: sin € HO YYallBuMCa OHa Ha MepBhlX

nopax gocraBaser 3arpyasenus. Meway tem yuwauiuiica He
BHAMT TPYIAHOCTH, KOTA3 HAPALY C COOTHOWIeHueMm 2% =28 nu-

uer 2=“1/§. 310 H0TOMY, YTO H3BIEYeHUe KOPHA COBep-

WwaeTca M0 ONHNAM TpasuiaM, a BO3BeJeHHE B CTENEeHb 10 APY-
ruM, ¥ y4auuica npUBLIKAET BUAeThL 31eCh [Ba Pa3dUuHBIX
deiicmaus. Haxowaenue ke CUHYCa 110 Yyray W yraa no cuHycy
COBEPUIACTCA (10 OAHHM K TeM e Tabauuam, B KOTOPLIX K TOMY
We BbiIENEHO HA3BAHWE <CHHYC», 4 «aPKCHHYC» He YIOMH-
naetcs. [lostomy Hukakoro ocoboro derdcmsus, pe3ynbTaToM
KoTOpOro 6nia Gbl apKCHHYC, YYamMHCA He YyCMaTpuBaet, u
soo6uie B npelenax sieMeHTapHoli MaTeMaTHKM BBefeCHHe
3TOr0 MOHATHA MO CYLMECTBY He onpaBAbBaeTcA. B .Bmicuicit
e MaTeMaTHKe apKCHMHYC YacTO [MOABIAAETCH KaK HeoGXoiu-
MBIl pe3yabTat HeKoToporo Oeficmeusi (MHTErpUpOBaHUA), U
HMEHHO 31€Cb BO3HHKJO MNOHATHE apDKCHHYCa ¥ ero obo3ua-
yeHwe.

OnpeneaeHne arcsin.x ecTb yroa, CHHYC KOTOPOro
paBeH X. AHAIOFMUHO ONpEeHeNsoTCA arc cosw, arctgrx,
arcctg x, arcsecx, arccscx. PyHKUuM arcsin.x, arccos.x
H T. 4. o6patust (cm. VI, 3) ¢ysxunam sinx, cosx u 1. 1L
(roxgo6uo ToMy kak dyukuus J x obpatHa Qyuxumm  x7).
[To3TOMY OHHM Ha3LIBAIOTCA OOpUMHLLMI MPUOHOMEMpUYe-
cxumi  Pyrxyuamu  (nnave kpyzoswmu). Bee obpaTuuie
TPHUrOHOMeTpHYecKHe (GYHKIHK MHOrO3HauHbl, T. €. 1A8 Ka-
WIOfi U3 HUX CNpaBedUBO cAefyouiee: ORHOMY 3HaueHHIO X
COOTBETCTBYET (GECUHCICHHOEC) MHOKECTBO 3HaUEHHH PyHKUnY
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(Tak  kak OGECUYHMCACHHOE MHOXKECTBO YrAOB, HANpuUMep a
180° — a, 360° 4 a, UMeeT OAMH W TOT We CHUHYC).

CAa8HBIM 3HGHEMUeM arC Sill X HA3LIBAETCA TO €ro 3Haye-
T
HHe, KOTOPOE 3aKAIOUEHO MeXNY — 5 (— 90°) u +§ ( 4 90%),

Ve

. : x©
fak, T1aBHOe 3HQYeHHue arcsin 7 eCTb T; rjlasdoe 3nave-

1

3

Tra8HOLM 3HA4EHUEM arCCOSX Ha3blBaeTcs 10 €ro 3Ha- -
yeHHe, KOTOpoe 3akmiovaercs Mexway 0 n = (4 180°). Tak,

R 2
Hue arc sin ( V2 ) ecTh — &,

V32 n
r3aBHOE 3HAauYeHHe arccos g €CTb 4, raaBHOE 3HaycHuc

q
3
arc cos<_m V_ﬂ ecTh + 4 7.
2/ 4
TnaBHbie 3HaveHNa arc ctg x M arcsec.x (Kak W arc cos x)
conepwarca mexly 0 u = TrxaBHee 3HaueHMs arctgax v
arccesc.x (Tak We KaKk B IAa  arcsin x) HaXOAATCH Meway
L

®
—F 4 +5.

L3
lpumepu. Faasupie sHavenns arcig(—1) = —¢,
. 2
arcctg V3 =+ %, arcsec (—2) =+ g

Ecau 4epes Arcsinx, Arccosx # T. A 0603Haunth
ao6oe #3 3HAYEHHH COOTBETCTBYIOUIMX OOPATHHIX TPHIOHO-
MEeTPHUECKHX QYHKUMA, a A4 r1aBHBX 3HAYEHHH COXpaHUTL
oBo3HaueHHs arcsinx, arccosx ¥ T. A, TO CBA3b MEWKAY
3HaueHUsMH o6paTtHOlt TpHroHOMeTpHuecKoll ¢yHKUHM u ce
rAaBHLIM 3HAYEHWEM UPEACTaBUTCA Caeayoulrmu Gopmyaamu:

Arcsin x = kn + ( — 1)* arc sin x, H
’ Arc cos x = 2kx + arccos x, (2
Arctg x == kn 4 arc1g x, 3)
Arcclg x==k=n 4 arc ctg x, 4)

rile k-— m060e 1enoe uuCHO (MOAOKUTENLHOR, OTpHUATENb-
HOE HJIH HYdb)
Tpapuky 06patHbix TPULOHOMETPHUECKHX QYHKUMA M.

'

4
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[lpumep 1. Arc sin%:kn%—(—l)karc sin—;—-—-kﬂ-f(—l)k%.

Mpr k=0 umeens 0-m+(~1)° = =2 (win 30° ~ rnasHoe
3HauYeHHe);
apn k=1 » 1om4+(-1) %:n—-%:—g—n (i 150°);
» k=2 > 2emi(=1)F T=2a4 F=2-L o (1 390°);
» k= —1 nmeem:
1
-‘.,+(_1)-1_6".= —A-g= —len (W - 2109;
apH k= —2 numeem:
~2n+(—1)-=% = —~2n+—g— = —l%n (mam — 330°)
T A
Mpumep 2. Arccos —21—= 2kntarc cos L = 2kmt

a

IMpn k=0 umeem —;«(HJM 60° - riiaBHOe 3HaYEHHE) B — 5 -
(a1 — 60%; npu k =1 HmeeM 27r+% = 2 % 7t uan 420°) K
27— % = 1% 7 (uan 300% u T, 4.

§ 25. OCHOBHbIE COOTHOILEHMS ANS 006paTHEIX
TPUrOHOMET PUYECKHX DYHKUHIHL)

sin Arc sin a=a; Arc sin (sin «) = kn-b(—1)% a;
cos Arc cos a=a; Arc cos (cos @) = 2kmta:
tg Arc tg a=a; Arc tg (tg o) = kn+ta;
ctg Arc ctg a=aq; Arc ctg (ctg «) = kn+tx;
arc sin a = afc cos Y1—a? = arc tg 71—-—; ;
—a
arc cos a = arc sin ¥Y1—a? = arc cthI——2 ; an_\EHO.
-a
¢ ¢ 1 . a
arc a = arc c¢tg— = arc sin——== = arc cos | ——";
g q Yi+az Yi+az
arc sin atarccos a= -3!-;
2
n
arc tg atarc ctg a = _’2'_; arc se¢ a-arc ¢sc a4 = 5 -

1) Kophy, BXofsuie Bo Bee HopMy bl aToTo naparpafa,— nososeti.
meALHBE YHCAA,
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ArC sin @ + Arc sin b = Arc sin{(a V1 — b2 + b V1 — a?),
Arc sin @ — Arc sin b = Arc sin (@ VT— 2 — 6 VT a2),
Arc cos @ + Arc cos b = Arc cos (ab - VT —a2 VT b?),
Arc cos @ — Arc cos b = Arc cos (ab + V1~ a2 V1< b2),

Arc tg o -+ Arctg b == Arc tg :'jab’;,
Arctg o ~ Arcigh = Arc tg 272
g BO= AR TTw
are sitt (@ VT = 62 4 o V1 = a?) (ecan a2 + 42 < 1,
arc sina -+ a raxkwe, ecan a4-be1, wo ab << 0
+arcsind = — ——
+(x —arcsin{a VI=02 4+ 0 V1 < a2))
{ecats a2 4+ n2 51 U ab > 0),
arc sin (@ VT = 82 ~ 6 V1 = a2} (ecan a2 + b2 < |,
aresina — a Takxe ecaw g +b2> 1 no ab > 0),
- arcsind +{x —aresin (6 VT = b2 - 0 VI a?2)]

{ecan a2 4 0% > 1, vo ad < 0),

B ofeux nocaeiuux Qopmysax nepen KLKAOA KnaapaTHON cKoGKOM
AYWHO B3ATL +-, €CAY 4 GOJOWMTEARHD, M —, ECAU @ OTPUNATEAbHO,

§ 26. O cocraBiedin Tabjuy, TPHrOHOMETPHYECKHX

PyHRuu#
- .
Ayra oxkpyxHoctn (MAM,, puc. 230) scerza ammnsec
S
craruBalowelf ee xopam (MPM,), rax uro ﬁ:ﬁ: > 1. On-

HAKO uUeM MeHblue uenrpaibtmit yroa MOM;, Ttem wmenwule

MAM, !
OTHOWIEHMe sl OTAWUAETCH 0T enu-

1 M

HULBY, T. € TEM MCHBLIIYIO OIWHOKY Mbl
COBEpPIUMM, CYNTAA JYry W ee XOpay pas- ‘h
Heim. Tak, npn nentpannuom yrae 10° nyra
MM, cocrasaser 0,174333 r (r — paauyc
OKpYWHOCTH), a ee xopaa 0,174312r

0,174533 » _ . Puc, 230
(r___’mal?r =~ 1,001 );

M,

(PHHAB XOPAY paBHON Ayre, My cxenaem omn6ky B 0,0002 r,
4TO COCTABUT BCErO OKGJAO ONHOH AeCHTOH {IPOUeHTA.

flpn yrae B 2° otHocHTeabHas omwubka Oylner ywe fpu-
mepHo B 10 pa3 Menbuie, umenHo, ayra pasHa 0,034907 r;

sopaa pasua 0,034904 r. OtHowenne wux %&I.OMT.
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Tlpunas ayry paBHOR xOpile, Mbl 1edaeM oKy OKOJNO COTOI
NpOUEHTA,

N S
C apyroit croponn, otHomeHue ayru MAM, k xopre MPM,
8 TOYHOCTH PABHO OTHOILECHHIO pafuanHoft mepm yraa MOA
{COCTaBAAOLWICIO HONOBUHY yraa MOM,) k ero curycy. B camom

S S’ o Nt
neae, MAM, : MPM|, =2MA:2MP= MA: MP = "R MO

art
;
‘f}: ecTh paauanHas mepa yraa MOA (§ 3), a A—g eCTb (-
HyC TOro Xe yraa.

3iaunT, NPUHAB 3a SiN @ BEAMUYHHY CaMOro Yraa a (B pa-
AuanHofl  Mepe), Mbl clenaeM HeGoAbIIYIO oOmMOKY, ccau
Yroa a HeBedHK. Baas pocrarouno mMaamit yroa, MOXHO Halitu
CHHYC 3TOTO YIia ¢ HYWHOH cTellcHpIo TouHOCTH. [locae atoro
MOMHO COCTaBHTH M BCIO TAGAHIY TPHIOHOMETPHUECKHX QYHK-
unk, TycTs Mu namau, sanpumep, sin 30'. Torxa no gopmyae
cos 30'= ¥ 1 — sin230" Mbl HaiixeM W KOCHHYC 3T0TO yria;
satenm Haiayres tg 300, ctg 30' u 1. 4. no gopMyaam crp. 360.
Nanee, dopmyanl sin 2a ==2 sin a €os a 1 cos 2a = cos*a — sin®a
io3B0asT Haltth sin (2 X 30"y =sin 1° n cosi°. [otom 1o
Gopmyaam caowennn (§ 17) siuncanm sin (I° 4 30°) = sini°30°
u cos (1° 4 30") = cos 1°30". Tenepn, 3Has CHHYC M KOCHHYC
yrros 1°3G' n 30', raitmem sin 2°, cos2° u 1. A

Tak MOXHO cOCTaBUTb Tabunubl TPUFOHOMETPUYETKHX
dyHKUHA (MOAB3YACh ITUM CIIOCOGOM, HYWHO CHauana Halitu
¢ JOCTATOYHO! TOYHOCTBLIO UHCAO 7 — HHAue He HafiaeM pa-
AMAHHYIO Mepy yraa). Ho soikaagkn 6yRYT upeasbliaiiHO rpo-
vosaxumu. o 18 Beka coctasutenn Ttabann (V, 2) 1104u30-
BAaJUCH (I0YTH CTOMb e CROWHBIMKM pacueTamu. B Hactosuiee
BpEMA CYWIECTBYIOT ropasjgo Oonee OblCTphie UPUEMb; OHW
OCHOBAHH HA MCTOMAX Bbicuiell MAaTEeMAaTHKH.

§ 27. TpuroxnomMeTpHUeCKHE ypaBHEHHN

Y paBHenue, colepwalee HEM3BCCTHYIO BEAWYHHY OX 3Ha-
KOM TPHIOHOMETPHYECKON (GVvHKLKK '), HA3bIBACTCA MPU20KO-
MemputecKum

1) HekoTopble aB10psl NOHWMAIOT TEPMWH «TPHTOHOMETPHYECKOEe ypanHe-
aHe» B Gogee y3Kkom cubicae, Tpelyd, yTOGH Hen3BeCTHAs BeAWUMHA cogep-
Wanach MOALKO NOA 3HAKAMU TpUroHomeTpuueckHx dyHkuuii, B Takom
cayuae ypasuedde apumepa 3 He Gydev tpurosomerpuyeckis. OnHako, kak
6bi HU TIOHAMATHL TEPMUH «TPUIOHOMETPUHECKOE YyDaBHEHWE», DACCMOTPEHWe
ypaBHeHHﬁ, rAe HCH3BECTHAA BeAWUMHA COACPWHUTCH HE TOABKO NOA 3HAKAMI
TPUTOHOMETPUYECKUX (pyHKlHM'l, HO W B apyrdx COqET(Ii!iiﬂX, nojse3io a0
MHOFUX OTHOWEHHAY,
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Mpumep l. YpaBHenue sin y= %'rpurouoyerpnuccxoe‘
Ero kopum: y==30° y=180°— 30°==150°, y=2.180° 4
4 30°=2390" y=3-180°—30°=3510° m 1. &, a Tawwe
y=——180°—~30°=—~210", = —2-180° + 30° = — 330°
W T A

O6iee penteHne (T. e. COBOKYNHOCTh 8rex KOPHUil) MOXHO
sanucath TaK [cp. V, 24, popmyaa (1)

y=~-180° 4 ( — 1)¥. 30",

rie k— moboe Heaoe YKCAO (NONOWHUTEABbHOE, OTPHUATEAbHOE
HAN HYJAb).

Paccmotpum opHo u3 pemeHult, Haupumep y=30". Ero
MO)HHO aanMcath Takke y=1800", nan y=108000", wuam

y=§ =0,5236 (nompasymeBas HauMEHOBaHHE <«PAaLMAHOB»).

. ]
Taxum o6pasoM, B yPaBHEHHH sin y== 5 HEH3BECTHOE ¥ eCTh

BEJAHYMHA Y244, @ He ero YHcAoBol Mepul. Yncaopan e mepa
3aBUCUT OT BHIOODPA ENHHUILLI U3MEDERNS YIIOB
(rpaayc, MUHYTa, paiuaH u T. IL.).

MowHO NPUHHUMATL 32 HEM3BECTHYIO Bean-
YMHY Takie ¥ YHCAOBYIO Mepy Yrila; Toraa

Heo6XoouMO yKa3aThb, B KAKHX €INHHIAX H3Me-
paioTCa yrast (CM. opumep 2).

IfTpumep 2. Xopra AK (puc. 231) pasua
pamuycy okpykHOCTH R == (OA. CKoitko rpa-
IYyCOB CONEPXHMT wenTparpHuit yroa AOK? Pie, 231,
31ech HCKOMOH BeJHUHHON ABIACICH 4UCAD,
o6o3nayuM ero OykBolt x; rtorna Beanuuwna yraa AOQK
ectb x° (£ AOK = x°). Tlocrpous 6uccexrpucy OD yraa AOK,

umeeM L AOD = (;) ° Tak kak AK=2AD==20A sin 2 AO D=
= 2R sin (%) ° amo ycaosuio AK = R, 10 noayqaem ypas-

(=]

HeHHe 2R sin (’%) =R, 1. €

. x\° i

sin ('2—> =3
Onro M3 peuteHUH 3ITOro ypasHeHus ecTb x = 60.

B mixoabHbIX 3aHATHAX OOLIYHO pellaloT Takue 3ajAaun, rie

06a cnocoba COCTaBAEHHSI TPHTOHOMETPHYECKOr0 YypaBHeHUS
OI¥HAKOBO MPHUTOdHbLL, ¥ NPeIAOUTHTENbHO NONb3YIOTCA NEPBHIM

cnocobom. OgHako Ha IPEKTHKEe YacTo BCTPeualoTCs 3ajaud,
rie nepsuifi crocob Henpuroxed (cm. upumep 3).
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Mpuwmep 3 Iyra okpyxuoctn AK (puc. 231) nperoc-
LOAUT CTAIMBAOULYIO €€ XOply B gm 1,0472  pasa. Haittu
uenTpasbHeill yron AOK.

Mpusmenny Bropolt cnocob, Obosnaunm wepes x rpaiyc-
HYI0 Mepy HCKOMOro yraa (T. e. X ecTb HEKOTOPOE 4uCA0).

Kax 8 npumepe 2, Haxoaum AK ==2R sin (Yi) [panyc-

S S’
dan Mepa ayru AK toxe paBHa x, T. e, anuua ayru AK co-
X -
CTABIRET ze5 OT MAHHH OKPYHHOCTH 2nR. 3Hauur,
~ x . tRx
= e 2 _—
AK =g, 28R= 57

flo yeaosuo AK:AK =% . Moayyaéw ypasuenne

®Rx | . X\ =
Tg—O‘QR sin (-’* —-—-‘-3-',

. x\° ¢
X sin (—5) == 120. (N
310 ypaBHCHHC HMEET (EAHHCTBEHHOE) peleHMe x = 60;
1. e. uckomnit yeor AOK pasen 60°
Ecau Obt 33 HECM3BECTHOE X Mbl PUHAIN Mepy yraa AOK
8 Mumymax, Mp noayunan Obl ypasHeHHe

’

X! sin (-;i) = 7900 2

(xopeHb ero ectb x=23600, 1. e. £ AOK == 3600").
axpM 00pa3oM, NPHHAB HHYIO €IMHHRY H3MEDPEeHHR yria,

Mbl TOAyYaeM CYLICCTBCHHO WHOe YpasHeHue, Boixomurt, uto
XAA paccMaTpuBaeMoil 3a1auu Heab3d COCTABHUTL TAKOrO ypas-
HeHun, rae 6pl 6ykBa X 0003Hauana BEIHWYHHY CaMOro yraa,
a He ero YHcaoBOH Mepbl.

3amevanue Ecmm uepea x 00603HAYMTL pagHaHnyio
mepy yraa AQK, My NOJAYUHM ypaBHeHue

. X 2 .
xising=xgn &3]

T
(xtopenb ero ecTb x=§).

[lo BHeniHeMy BHAY 3TOr0 ypaBHeHHMSl MOXHO MOAYMaTh,
yTo OyxBOH x oGozHauaercs cam uckoMuiff yroa AQK, a ue
ero yucaosan mepa. Ha camom fleae 3mech X ecTb HUCAO —
panvaunas Mepa yraa AQK, ubo ypasueune (3) ecTb anmb

N 2
COKpautenHas 3d1nucoL YPaBHEHHA X sin (—2— pail. = —,;-Tt. Mo-
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106HBIM e 00pa3oM MOXHO Obino Obl BMeCTO ypaBHeHus (1)
YCIOBHO HAaMWCaTh:

x: sm 5 = 120.

§ 28. fIpuemsl pemenns
TPHUIFOHOMETPHYECKHX ypaBHEHHH

[py peuienyu TPHIOBOMETPHYECKHX YPaBHEHHH CTApaIorCs
HafiTH 3HAUCHHA KaKOH-1MGO TPUTrOHOMETPHUECKOH GyHKUIK
HeusBecTHOf Beanurol. OTCI01a ¢ NOMOIDBIO TAGAUIL MOWKHO
HalTH 3HaUCHHH CaMO HEN3BECTHON BeawunHbl (B obmieM cayv-
vae npubanxendnie). [Aas 3anucu obulero peuieHHs cayxat
Gopmyas § 24.

OnHo 1 TO We ypaBHeHWe MOXHO pewarth PasaHyYHbIMK
npvemamu. [Ipy 9TOM MOTYT 0Ka3aTbCs NOJE3HLIMM QOPMYabi
§ 19 v B ocobennoctn §§ 17 w 18,

[Mogsepran  TPUrOHOMETPHUECKOE YDaBHEHHE TOMY MaM
HHOMY 1Ipco6pasoBadiio, Hy®Ho 3a00THThCs, 4TOOBl Npeobpa-
30BAHHOE YpaBHCHKE OnlIO PABHOCHABHO MCXONHOMY. Brpouew,
HHOPA HeleCouOpa3Ho CoBepIIaTh U Takue npeo6pasoBaHus,
DK KOTOPHIX PABHOCHILHOCTDL HEAb3S 3apaHee FapaHTHPOBATh.
Ho Torga 8 cayuac BO3MOWHOCTH NOABACHUA JHIUHHX KOpHe
(Hanupumep, NPH BO3BeACHHU O6eUX dYacTeil YPABHCHMA B KBA-
ApaT; cM. npHMmepn 5 u 6) HeoO6XoAMMO nposepums BCe Hall-
JeHHble pellcHHA. B cayuae BO3MOWHOCTY 1I0TePH KOpHei
HYMHO YCTaHOBHTB, KAKHC HMEHHO KODHM MOLYT IPONACTh H
ACHCTBHTEABHO AW OHW NIPONANAIOT.

BripoueM, ONACHOCTH NOTEPATb KOPHW HACTO J1erko u3be-
#aTtb. [lokaxem 9To Ha npumepe. Ilyets nann ypasnenne
sin v
Cos x
pasneauts ofc uyacTh Ha sin x, Mbl fl0AYYUM ypaBHECHHE
ox =2, He PABHOCHAbHOE NaHHOMY: OYLYT 10TePsAHbLl KOPHH

ypaBHenua sin x=0. Ho BMecTo 3T0ro MO¥HO NOCTYMHTbL
crenytomusm obpasoM. [lepeHeceM 2 sin x BJIEBO # BbiHeCeM
33 cko6ky sin x. Mnl nOayuMM paBHOCWIbHOE YDaBHEHHE

tg x =2 sin x. 3anuiueM ero B Buie =2 sinx. Ecmn

——2) =0. OHo yjosaeTsopseTCs AHllb B ARYX

. |
sin X (————
cos ¥

: i . _
cayuasx: 1) ecan sinx=0, 2) ecan ETS,F"Q’ T. €. COS X =

1 .
==, B nepsom caywae x==kr B0 BTOpOM X =2kt

win

Mbl noJayuuaM BCE KOPHM.
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3amevanue. [IpupaBHuBas Hya0 OQMH H3 COMHOMHTE-
aefl, HywHO Y6EOHTbCR, YTO NIPH ITOM APYrod COMHOMHTENb
ne obpawaemest 8 Oeckoneqnocms. B Haulem upuMmepe Tak

wects. Mpu sin x==0 umeem cosx=+ [, Tak uTO cos‘x-Q
V3

1 .
pasno — 1 nan — 3. Ilpn cos x = 5 HMeeM sinx=*

Ecau ke BTOpPO#t cOMHOMHTENb o6paiaerca B 6eCKOHEYHOCTh,
10 pe3yabTat, KaK npasuao, 6yaet ueseped. [lyctb, Hanpumep,
xadHo ypasHexde sin x=0. Ero MoxHO 3anucath B paBHOCHJIb-
HoM BHje coS.X-1g x=0, HO Heab3n MONOKUTL COS.x ==0
(npu cos x==0 ypasHehue sinx=0 3aBenoMO He YIOBJe-
teopsierca). McTounnk omubku 3akaioyaercs B TOM, YTO npw
cosx =17 @QyHKUNA tgx ob6pamaercds B OGeCKOHEWHOCTL
( _ +VI1l-—costy > '

gx = cos v '

Hpocteiinmit no naee (Ho He scerza kparvafimmnit) cnocod
peilieHHa TPUTOHOMETPHYECKOro YPaBHEHHHA COCTOHT B TOM,
YTO BCE TPUIOHOMeTpHUecKHe (VHKUHNW, BXOAsUlHEe B ypaB-
HEeHWe, BHIPAXAIOTCH 4epe3 OJHY U TY XKe (PYHKUHIO ONHOH u
TOft We BeNMUKHb, HaNpUMep yepe3 sin X, Wiy yepe3 tg X, HiK

X ~

uepe3 1g 5 u T. 4. (tabsuna wa c7p. 360 # GopMyan nun
sina, cosa u tga § 21). Ynaunuit Bei6op 3TOH PYHKIHN YacTo
COKPAllaeT BHYHCIEHHUA.

Mpumep 1. 3+ 2cosa=4sin?a.

3necp y100HO Bhpa3uTh sin®a uepe3 cos a. Mmeewm sin®a =
=1 — cos’a. Tlonyvaem paBHOCHJbLHOE YDaBHeHHE
34+ 2cosa=4(l — cos*a) wuaw dcos’a 4 2cosa— | =0,
JT0 ypaBHeHHWEe — KBaipaTHOe OTHOCHTENbHO cosa. Haxouuwm
1Ba 3HaYEHUR COS a:

(cosa), = -'——LT—VE ==0,3090: (cos a)g = 1‘——_;‘-'/3 - ==

= — 0,8090, otkyra a ==360°% + 72°00' u a = 360°k + 144°00',
=38§ Igx— 2,

3
NMpumep 2 osiw
3necy yROBHO BHpAa3UTL cos®x dyepes tgx. Mmeem

2
€os* X = iy - [Moayyaem paBHOCHAbHOE YypaBHeHHue

3tg?x —8tgx +5=0.
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Orcoza (g x), = l; (g X). = % . YpasHenHe UMeeT peutenis:
= [80°k + 45" u x =180k 4 59°02' (uepBas ¢opmyaa —
TOYHan, BTOpas — NpUOIHKERHan),
[Tpumep 3. sin®x— Ssin xcos.x — 6cos’x =0,
3aecy npoute Bcero pasnenutb Ha cos® x. floayunm:

tg2x —dtgx —6=0.

Mpu neseHuu Ha cos X Mb He Tepsem kopHeft. Hefcrsu-
TeanHo, N0ACTaBuB cos ¥ =0 B HaHHOe ypaBHeHWe, Haitjpewm
sin x =10, a pasetctBa cos x =0 n sin x =0 necosmecTHbL

U3 ypasrenus tg®x —Stg x —6=0 naxonum (tg x), =6
no(tgx)e=-—1 "Kopun 6vayr x==80°32"+ [80°k w
x = — 45° 4 180° k.

Mpumep 4 2sin*x + 14sin xcos.x + 30 cous® x = 26.

3nech HeitenecooGpasHo BbIPaWaTL COS.X HEpe3 sin X wan
Ha060poT, TaK KaK BO BTODOM uaeHe {I0SBUTCH UDPALHOHAb-
HoCTb., Ee MOXHO YHHUTONMTb, YeIHHUB 3TOT UAEH W BO3Bels
ypasienne B kpaipar. Ho 370 COXHO; K TOMY e MOLyT no-
ABUTLCH AUIIHUe peitienns. Byxer ayviue suipasuth sin x M cos x
yepes tg x. Mveem sin x = — , S —

: . +V1Figix +Vidtg2x
B 3tux popmyaax 3Haku 6epyrca aubo 06a sepxuue, aubo oba
HWKAUE (TaX KaK sin x :COS X JACIKHO paBHATbCA 1g X, a HC
— tg x). [Toayvaem paBHOCHALHOE ypaBHeHHE
2tg? x4 4 tg x + 50 =%
15 tg2y -

Ocsobonumca oT 3HaMeHaTed. JIMIMIHUX KODHell He noay-
untea, TaKk Kak |4 tg®x He Mower pasusatbhes Hvmo. [locae
IIpHBel}()fHPlﬂ NoROGHBIX YAEHOB LOXYYHIH PABHOCHAbHOE ypaB-
HeHue

Cos vV =

2412 x — ld4tgx —24=0.

Orciona  (tg x), = % §o(g X)p == — _4*'1 .
Peuenna 6ynyt: x = 53°07" - 180° &; x == — 36°52'1-180° k.
Mpumep 5.

sin x - 7cos x = 5. ()

Boipasnm sin x yepes cos.x. [loayunm:
+ VI—costx+Tcosx=5 (2)

1) 3710 ypaBHeH:ie MOMHO KODOWE [0AyUHTbL CAEAYIOUINM UCKYCCTBEHHAIM
npuemMoM: Tak Kak sin?.x+-cos2x=1, TO npaByl0 4aCTh NAHHOIC YyPABHEHWH
MOMHO 3amucaTh B BUAe 26(sin? x - cos?x). 3aTem nepeHOCHM HCe YgeHsl
BICBO M ReaMM HA c0s? X,
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Uiy
+ VPl —cos®x=5~—T7cos x,

Ecan 6m Ouian 43BeCTHBL 3HAYCHUA COS X, TO Mb 3HaaH
61, KAKOH 3HAK B3ATbL nepej painkasom (Uac, CCan 1panas
4acTh HOMOWHUTEIbHA, MHHYC — ecau oTpmiareavna). He 3uas
KOpHCH yparHeHus (1), Mol BHIHYMICHNM COXPannTh 063 3Haka,
[Tostomy ypasueune (2) ue pasHocuabHo (1), Msi Bsean
AnpnKe Kopuu. Boasona obe wactu (2) B KBalpaT ¥ HPHBOAR
NOHOGHLIE UNCHN, 1OAYYAaEM YPaBHCHHE

50cos® x — 70cos x 4- 24 =0, (3

PABHOCHAbHOE YpaBHCHUIO (2), HO He ypaBHerwwo (1).

Haxonuwm (cos x), =0,8; {cos x); =0,6.

Otcrond x =+ 3602+ 360°% u x==-+ 3307 + 360° k.

[Mposepum noayuenuoie xopuu, [loacrasass cos x==0,8
8 (1), noayuaem sin x =5 — 7¢os x =5 — 5,6:==—0,6. 3nauur,
kopHH X ==-} 36°52' -} 360° k — numHue, Tak Kak CHHYC 9THX
e'(rnorx (or# npuHamaexar nepsol yverseptd) paBen - 0,6.

opHu ke — 36°52' -~ 360° £ npuHagaemar u ypaBHenuo (1),
#60 CHHYC 3THX yraoB paBcH — 0,6.

MMoncraBum Teneps B ypasuenue (1) 3HaycHue cos.x == 0,6,
Moayunn sin x=0,8. Orciona 3akmoyaem, YTO KOPHH X ==
= 5307 4 360° & npunannexar u ypasseruio (1) (cumyc
stux yraos paseH 0,8), a xopun x == — 53°07' -+ 360° & — auu-
Hpe (CHHYC 9THX yraos pasen — 0,8).

Pewmenna ypasuenus (1) 6yayr ')

== 36°52' 4 360° k& u x = 53°07" 4 360° k.
Tipumep 6. YpasueHue, paccmoTpeHHoe B upumepe 5,
eCTh HacCTHuHl BUR ypaBsHenus asin x 4 bcos x =c. Bee ypas-
HEHMs 3TOro OOUIero BHAA MOMXHO PpCHIaTh YKa33aHHLIM CHo-
cobom. Tlokaxenm eme nBa criocofa Ha TOM e upumepe
sin x - 7cos x =3. H
[leppun cnoco6. Bossonmum B ksagpar [npn 9rom
BeOsITCH Aninuue xopHun ). [Moayuaem:
sin? x -~ 14 sin x cos x - 49 cos? x == 25,
IIpumeHus OAMH W3 1IPUEMOB, YKa3aHHLHIX B npumepe 4,
nodyuum  ypasdeHne 241g°x —14igx —24=0; 310 wWe

1) Ypasuenue (1) MOXHO 3anNCaTh B PABHOCKABHOM BHRe sin x==5—T cos &,

Bospoas B xBaxpar, nosyuaem sin2 x ==(5—7cos x)2; HO 970 ypaBueHue He
paBrOCUABHO (1), TAK KAK OO NOAYUMAOCH 6Bl W W3 ypasHeHus — sin x =
=5 — Tcos x. 3amenus sin® x yepea | — cos? x, noayuus caosa (3}, u raan-

Heifuice pemenMe CoBMafaeT C UIJOWEHHLIM 8 TEKCTC.
%) CM. Npefuidymiyto CHOCKY.
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ypasHeHHe Mp noayunnn B npumepe 4. CHoBa Haitnem
(g x)=~513 (gx)g=—- —‘2— . Onnako Tenepb M3 KopHed
Xx=53°07" 4 180° & n x == —36°52' | 180° 2 HyxHO ycTpaHuTL
auunue, Ecau tg x = 5, 10 nMeen anto sin x=0,8; cosx = 0,6,

anbo  sin x=-—0,8; cosx=—0,6. [oncranoskoit B (I)
y6exnaeMcs, 4TO FOAMTCA TONBKO MNepBas Napa 3Hauenuii
T. e. Yyroa X NPHHALIEKMT flepBOH uYeTBePTH. 3HAuHUT, Cpelm
KopHefi - x==53°07" 4 180°% romsrca TOABKO Te, KOTODHE
fl0AYY3IOTCA NpH  4eTHbIX 3HaueHuax k. [lojmaras k=2F,
noayuaeM x = 53°07" -} 360°&’. Tak e nafizem, 4To U3 Kophxe#
X ==—36°52'4- 180°k rouaTcs TOABLKO T€, LAA KOTODLIX
k — yeTHOE YHCHO, T. €.

X == — 36°52 4 360° &',

Bropoli cioco6. BupasuMm sinx u cosx uepe3d tg —2x~
(popmyant § 21). Hocue ynpougesnit nonyuaem paBHOCHIbHOE
ypasaegne 121tg® g“- —21g —';— —2=0, orkyxa

(tg "2{)1::%;‘ (tg %)2= —"%'

Haxonum 9i =26°34'-+ 180k n % == — 18°26'-1- 180° k. Kopuu

6ynyr x==53°08' 360"k n x==-—36°02' 4-360°k. Ilpe-
HUMYLeCTBO 3TOro cnocoa B TOM, YTO OH He BBONMT JHIIHHX
KopieH,

3amevyanue, Bropoit cnoco6 obazapaer 6oabmoil obm-
goctoio. Korga TpHrosoMerpruueckoe vypasiieHUe NPUBOAUTCA
K TaKCMY BHXY, YTC B Hero BXOZAT TOAbKO TPUIOHOMETPH-
yeckue GYHKUMM ONHOTO U TOro e yraa, To BCe 3TH
GYHKIEH MOXHO C noMmombio gopuynr § 21 Buipasuts
yepe3 TaHreHC [OJNOBUHHOIO Yyria. Boiunciewus opu  9ToM
cnocoGe OWA3LIBAIOTCA 4acTo 6ojdee TPYMOCMKHMH, Ye€M npu
IPYruX, HO 3aTO Mbl U36aBasdeMCcA OT OHCKOB HCKYCCTBEHHbBIX
[pHeMoB ¥ BO MHOPMX caydadx usberaem fOABICHUA AHUIHMX
KO pHeil,



VI. ®YHKUHHU, TPASGHKH

§ 1. Moctoausble H HepeMeHuble BEeNHYHHLI

[Tpumenenne MaTeM2THKH K H3YYCHHIO 33KOHOB TIPHPONHE
W K HCHONb30BAaKHIC HX B TeXHHKE 3aCTIBKAO BBECTH B Mmare-
MaTHKY MOHATHE fEePEeMEHHON BENNUHHbLI M, B IPOTHBONONOK-
HOCTb e, MoHATHE NOCTONHHOK BeauuuHb. [lepemennan
SeAUMLiHa — 3TO TaKaaA BEAHYNHA, KOTODAs B YCAOBUAX AEHHOIO
80fIpOCAa MOXET NPUHMMAaTh pasAuyHble 3HayeHud. [focmosu-
Hasl @EAUYUHA — 3TO Takas, KOTOPAas B YCAOBUAX NAHHOIO
BONPOCA COXpaHseT Hew3MeHHoe 3Hauedune, OnHa W Ta ke
BEIHYUHA B OIHOM BOMNpOCE MOkeT ObiTh OCTOSHHOH, B ApY-
roM -— LIePEMEHHCH BEeAHUYKHOM.

MMpumep. Temneparypa T Kunewua Boun B 6onb-
UIPHCTBE DH3HYECKAX BOMIPOCOB €CTh BEJAMYMHA TOCTOAHHARA
(T=100°C). Oa#ako B Tex BONPOCAX, [IC HYKHO CUHTATHLCA
¢ U3MeHeHHEM artMmocdepHoro naBaeHus, 7 ecTb BeAKHYHHA
flepeMeHHas.

Pasanyenie 0OOCTOSHHBIX K MNEPEMEHHBIX BeIHYHH OCO-
6eHHO YacTO APUMEHAECTCA B BBHICHIEH MaTeMaTHKE, B 3€MCH-
TaPHO# MaTemaTkKe OCHOBHYI0 pOAb HIpaeT pasfeineHue
BeNWUNH Ha H3BecTHoie ¥ HeusBectHsle, [locaemnee coxpa-
HAETCA ¥ B BhLICHIEH MaTeMaTHKe, HO HE UIpaeT TaM OCHOBHOH
poau.

Yanie BCero nepeMeHHble BeAWYMHbB OGO3HAYAIOTCH NO-
caciHnMn OYKBaMM JBaTHHCKOro ai)aBuTa X, ¥, 2, ..., a ilo-
C105iHHBIE — NIEPBLIMH @, b, ¢, ...

§ 2. $yHKUHOHANLHAA 32BHCHMOCTb MEWAY
ABYMst nmepeMeHHBIMU

CoBOpAT, UTO [ABe MepeMeHHbie BEANYMHBL X, y CBA3aHH
PYHKLUOHAAbHOI  3G8LCUMOCHIbI0, €CAH KAWIOMY 3HAYECHHIO,
KOTOPOE MOMET [PHHATb OIHA K3 HHX, COOTBETCTIBYET OAHO
I HECKOABKO onpefeseHHbiX 3HaYeHUi APYyroM.
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Mpumep 1. Temneparypa 7 KuneHus BOAbI M atMocpep-
Hoe NapBiicHHe p CBA3aHbH QYHKUUONAAbHOH 3aBHCHMOCTbLIO,
160 KaxIOMy 3HaueHHI0 1 COOTBETCTBYET OJHO ONpeAeNeHHOe
snavenre p u obpardo. Tak, eciw T=100°C, 10 p Henpe-
MeHHO paBHO 760 mx pryTHOoro croaba; ecau T=70°C,
T0 p==234 um ¥ T. 1. Hauporus, atmMocdepHoe narienue p
¥ OTHOCHTE/bHAs BJAXHOCTb BO3AyXa X (PacCMaTpuBacmbie
KaK [epeMeHHble BEAMYMHLI) He CBA3aHbl (YHKUHOHAAbLHON
32BUCHMOCTBIO, €CJH H3BECTHO, 410 X == 909/, T0 0 BeanunHe
p HeabL3s eflle CKasaTh HUUYETG ONpeRe]JeHHOTO, .

Hpumep 2. [lrowman, paBHOCTOPORHCTO TPeyroabLHUKa
S H ero nepuMerp p CBA3aHL PyHKUKOHAAbHON 33aBHCHMOCTHIO.
dopmyaa S==(}/3:36) p* upCACTaBAACT 3Ty 3aBHCHMOCTh.

Ecan wenarenbHo NOANEDPKHYTh, YTO B JaHHOM Boilpoce
3HAYCHUA 1IePEMEHHON ¥ NO/KHB OTBLICKHBATBCH 110 3a0aHHbIM
3HAYCHUAM NepeMeHHOM x, To focaefHsd (Xx) Hasblpaerca
He3uBUCUMOT NepesMenHol UAR apeyMeRMOoM, a fiepBaa (y) —
3a8UCUMOIll nepemenHOl wav Pynxyuel.

[Tpumep 3. Ecau 1o BeawuuHe uepumerpa p pasuo-
CTOPOHHErO TPEYroAbHitKa Mbl XOTHM CY/JHTb O [LIOWAIH erc
S (cm. npumep 2), TO p ecTb apryMmeHt (He3aBHCHMas fepe-
MenHas), a S — QyHKUMA (2aBlHcHMas [lepEMEHHan).

Hame Bcero HeaaBucHmas nhepemenHas o6o3Hauaetca Gyx-
BOH X,

Ecap KkamkaIomy 3HaYCHHIO apryMeHTa X CCOTBETCTBYET
TOABLKO OXHO 3HayeHHe (QYHKUHM y, TO QYHKIHA Ha3bIBAETCA
OOHO3KAYAHOU, eCaH 1Ba WAy 60.ce — MHO203Hu4HON  (4BY-
3HAYHOM, TpPeX3HauHOH M T. 1.).

[Tpumep 4. Teno OpcimeHo KBepxy; §-— BLICOTA €10
Haj 3emaef, £ — epewms, nporexutee OT MOMeHTa GpocaHus,
BeapuuHa S ecTb OAHO3HauHaA (QYHKIUMA OT .f, TaK Kak
B Kau/bift NaHHbI MOMEHT BbICOTA TelJa— BIIOJHE OHpele-
ACHHAA BeanyuHa. BeusiyuHa ¢ — ABy3HAYHAR PYRKUHA OT §,
TaK KaK TeJdO HaXOMMTCH Ha [JaHHOH BBLICOTE § ABAXAb —
ONMH pa3 NOpH UojeTe BBepx, APYrofi pa3 npuH NalCHHH
BHH3.

! 2
Popmyaa s =uv,t — ?gt; CBA3bIBAOULAA epeMeHHble §, ¢

(HaYaabHaA CKOPOCTDb Uy ¥ YCKOPEHUE 3CMHOrO TATOTEHHA g —
8 JaHHOM Clyuae MOCTOHHHBIC BCAHYHHbLI), [OKAa3bIBAET, 4TO
D1 JIaHHOM £ MMeeM ONHO 3HaueHe §, 2 1IDH NaHHOM S — N Ba
arayeHua £, onpejensierble U3 KBajpaTHOrO YPAaBHEHHA

;—gﬂ—vot—i-s::o.
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§ 3. O6parnas dbyHKuus

Oas xapakTCPHCTHRIL (YHEUHI COBECPUICHHO He cyilect-
senno, Kakoii OykBod o6o3HauaeTcs caMa (QYHKUHA B ee ap-
TYMEHT; Tax, ccan uMeeM y=x% u u=170" TO ¥ ecTb Takan
#e (YHKUHA OT X, KaKk # OT v; HHaue rosops, x* U v2 — 3to
C¢AHAG M Ta we QyHKHHA, XOTd apryMent ee o603HaueH Heonqu-
K2K080.

Ecan B pauHoft HyHKUHOHANLHON 3aBUCHMOCTH apryMeHT
4 QYUKIKIO LOMEHATb PO/MIME, M NOJYYaeM HOBYW (BYHK-
A0, Ha3KIBACMYI COpQMHON 1O OTHOMICHHIO K HCXOIHOM.

Hpumep L. [ycrs umeeMm ¢yHKUUIO & OT aprymenta o

i==0>

I DOMENATH POJAMM aPryMCHT ¥ QYHKUHIO, BeAuuuHa o
ZeT yiEedl oT @ M upelcrasuTes Gopmysoll v== Vu.
snoapryment 5 000X caydanx o603HAuUTH OHHOH M TOf
GyiBOil X, TO WCXOnH4H @YHKAA ¢CTh X% a ofpatHaa
e V.

Tpumep 2. Odynxuueil, obpatHoil sin.x, sBaseTCs
arc sin x. JlelCTRUTEABHO, ecan y ==sinn x, TO X ==arcsiny
(V, 24).

O rpaduxe obparHolt pynxunn cm. § 8, u. 7.

§ 4. Hsobpamenue Gyukunu Goprynoh
H Tabauued

Muorye @yHKIHOHAIbHbIE 3aBHCHMGCTH MOTYT OBITh (TOYHO
wan NpHGAIDKEHHO) 11peACTaBaeHsl TPOCTHIMU  (JOPMYJaMA.
HanpuMep, 3aBHCHMOCTb MEXHY NI0mMansio kpyra S u pa-
AUYCOM r npeicTaBasercs GopMmyaoit §==xr? 3aBUCUMOCTb
MEKIY BLICOTOH § GPOIICHHOIO Tena u BpeMcHeM £, UPOTEK-

WM OT Hauaia OpocaHust, — GOPMYAOH §==10el — 5 £¢%; no-

creiHss 110 CyuiecTBy — npubmixennas QopMmyna, Tak Kak
oHMa HE YUHTBIBAaeT HH CONPOTHBAECHA BO3AyXa, HH oclabae-
HUYs CUJIb 3€MHOrO NPHTAMEHHA C YyBEINYEHUEM BHICOTHL

YacTo (PYHKUMOHANLHYI0 3aBHCHMOCTL He YHaercs npel-
CTaBUTHL B Buje dopmyasl uaW, €cId yaaercs, fopMmyna oxa-
auBaeTcd HeynoOHOM Aas BaiuucaeHui, B 3TUX cayyasx nogb-
3YI0TCS HHBIMM cnocoBawmi, yallle BCero malautnsiyi ¥ 2pa-
guqeckun (cy. VI, 7).

Hpusmep PyHENUOHAZLHYIC 33BUCUMOCTL MEXAY IAR-
KenueM p W Temieparypoit wuiensa soxu T (cp. VI, 2, npn-
mep 1) e yaaercs npeictasath oanell Gopuyacit, kKoTopas



§ 5. OBO3HAUEHUE ®YHKLHU a30.

€ HYXHOA CTENCHBIO TOYHOCTH OXBAaTHBana Ol BCe 1PAKTH-
YECKH BaWHblC CAYYaH. DT3 3aBHCHMOCTh MNPEACTARAACTIN
Tabauneit, BLIEPKKA U3 KOTOpON HMeeT BUIL

P oM I 300 350 400

450 500 550 ‘ 600 650 769 }

758 | 796 | 83,0 | 858 | 885 | 91,2

935 ’ 9.7 | 916

Ilas yno6cTBa BLIYUCACHNH 3HaYeHHA OIHON fnepeMeHHOH
Gonbieft yacTvio OGepyTca uyepe3 paBHeie [POMEXYTKH; 3Ta
1ICpPEeMEHHAR HA3LIBACTCA ap2pMednmoM Tabauisl,

Bcex anaycHuil apryMenta nukaxas Ta6anua, KOHeYHO, He
MOM{ET CONepHaTh, 10 [PaKTHYECKH npurognad Tadauua
JIOMIKHA COJepMaTh CTOXbKO 3HAYeHHH apryMmenta, utolni maa
OCTAIbHBIX 3HaYeHHe QYHKUHH MOXil0 b0 MOAYUYHTHL C HYN-
HOH cTeneHbI0 TOYHOCTH NPH NoMoiy HTepnoaauny {cM. Il, &3).

§ 5. OGoznauenne Qynxuua

Tlycth u3BeCTHO, Yro MepeMeHHas y ects Hekoropas (ByHk-
nua nepemendot x, Kak samana sta oyuxums — dopmyaoci,
raGanued wad Kax-1u60 uHave, — Ge3pasauuHo; 3Ta GyHKnus
Moxer OBITb Ia¥e BOBCE He u3BcCTHON, HOMKeH OmiThb ycTa-
HOBJAEH avmb caMmbifl GakT GyHKUWHOHAALHOH 3aBHCHMOCTH
(V1, 2). 316t daxt oTMevaercs 3anmucew y=r (x).

Bykpa f (Hauaabuas 6ykBa aatuHckoro caosa functio —
hyHKuna), pazyMeercs, He 0603HaYaeT Kakoy-1M60 BeanuuHs,
Tax ®e Kak Oyxsui 1g, tg v T. 1. B sanncax g x, tg X U 1. A
danucn y=Igx;, y=1tgx " T. 1. NpeiCcTaBIfi0OT BIOJHE
onpeneneHusie (YHKUHOHAAbHbBIE 3aBUCHMOCTH ¥ OT X; 3aHUCh
y=f(x) npencraBager n06y0 (YHKUKOHAABHYIO 33BUCH-
MOCTb.

Ecau XOTAT NOLYEPKHYTb, uTO (YHKUHOHANbHAR 3aBHCH-
MOCTb 2 OT ! OTAHWYHA OT (PYHKILHOHaNLHOW 3ABHCHMOCTH
y OT X, TO e€e 0603HayaloT MHOH Gyxso#, naupumep F, u nu-
wyt: z="F(t); y =1 (x).

Ecay #e XOTAT BHIPa3uTb, YTO (PYHKUMOHATLHAA 3aBHCH-
MOCTb 2 OT f/ Ta Xe, YTO (QYyHKUMOHAALHAA 3aBHCHMOCTb ¥
OT X, T0 ee 0603HayaT TOH me camofl OvisoH f, T. e. Ox-
wyr: z=f () y =7 (x).
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Ecny HallieHO nau 1aHO BblpaweHWe y uepe3 X, TO 2T0
BblpaxeHue COCIHMHAIOT C f(X) 3HAKOM paBeHCTsa.

Mpumeps. 1) Ecan ussectro, 410 y =x* TO 0HWYyT
f ) = 22,

2) Ecan wussectHo, 4TO ¥ ==sin x, TO MOXeM Harucarb
f{x)==sin.x.

3) Ecan f(x)==1g x, 10 cumBoa f(y) osHauaet lgy.

4) Ecan F ()= V' T+ x% u F(x)=3x, 10 moKenM Hann-

F»n__ 3y

caty F(x)f(x)=3x Vi+x% o = vige

§ 6. Koopnuuats

JlBe B3aUMHO epHEeHAUKYaspHble npamsle XX' u YV
(puc. 232) o6pasyloT nNPIMOYZONLHYIO clUcMmeMy . KOOPOUKAN.
[Ilpampe XX' u VY’ HasbiBalotca ocamMu xoopOusam, OfHa
u3 Hux X X' (o6biyHo usobpawaemasn

Y FOPH3OHTAABHO) HA3LIBAETCH OCHIO

B LT aBequec; npyras YY'—ocowo opou-

} Ham; touka ( MX mnepeceuenus —

B4t M Havarom koopduwam. Ha wawnoft

/('~~—M,?--J>0,-———H—'— y 13 ocedt BuiGHpaeTcs 1o NPOU3BOIY
i A 3 6
+ R 4 macuitad,

bt £ g Bay OH3 H ouKy M u:

ik B IPOH3BOAbHYIO TOUKRY M Ha

M I0CKOCTH, B KOTOPO#i pacionoxe-

i 3""92 ubl ocCp, Hafiiem ee npoexuuu Pu Q

[ Ha KoopauHatHsie ocil, Otpesok OP

Y’ Ha ocu abcuuce, a Takme HHUCIO X,

Puc. 232. u3Mepsoulec ero 8 nabpanHom mac-

wrade, Ha3bLIBAETCH abeyuceoit
Toukd M; oTpesok OQ Ha ocu OpPAMHAT, a TaAKKE UIMEPHIO-
wee ero 4uciao y — opdunamod toukn M. Beanunus x =
= 0P u y=0Q Ha3biBAOTCA NPAMOV2ZOLbHbIMIL KOOpOUHQ-
maxu (naw 1pocTo Koopduramanu) Toukn M. Oun cuuraores
NONOXKHTENbHLIMH HAM OTPHUATEAbHBIMH B COOTBETCTBHM C
3apaHee yCTaHaBAMBAEMbIMU HAlPaBJACHUAMH 1OJOMHTEAbHBIX
OTPE3KOB Ha Kawjaofi M3 ocelt (o6bluHO Ha ocn abcumce Mo-
JOWHUTENbHBIE OTPE3KN OTKJIANbIBAIOTCH BMPABO, 3 HAa OCH Op-
AMHAT BREPX).

Ha puc. 232 (rpe macuwirabpr Ha 06eNX OCsX ONKHAKOBH)
Touka M umeer aScumccy x=3 u opauHary y =2; TOuKa
M; — abcuuccy x,=—2 u opaunary y,=1. Coxpaugenso
310 3anucuiBaetcn tak: M (3; 2); My{(—2; 1). Touo rak xe
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Kawpon Touke naocKOCTH COOTBETCTBYET OAHA hapa uucen
X, y. Kaxaofi nape (1eACTBHTEALHbIX) YHCed X, ¥ COOTBET-
cTByeT oaHa Touka M. [lpamoyroabuas cucteMa koopanuar
YacTO Ha3biBaeTCH NEeKapTOBOM MO HMMeHK (BpaHUY3CKOro (-
docoa v maremaruxa [lekapTa, LIMPOKO UDHMEHHBUIEro KO-
OPAMHATH! K HUCCARAOBAHHIO MHOTHX TeOMETPHYECKUX BONpPO-
COB. JTO Ha3BaHHe, ONHAKO, HENPaBHAbHO !),

§ 7. pagirivecroe uzobpametne dyHxuni

Utobpi rpauuecky n3obpasuth 32MaHHYIO GyNKuMoHadb-
HYI0 3aBHCHMOCTb, Ha OCH abCUMCC OTMEYaeM psaa 3HaueHu
Xy, X3, X3 ... ONHOH H3 qne-
peMeHHbIX X (0OBIYHO apryMmeH- T
Ta) ¥ CTPOMM ODHAMMATH ¥y, Yo, p750

|1
Vs, ..., NpeACTaBisiolmiHe COOT- ]
BETCTBYIOUWLHE 3HAUCHHUA APYroft 2/ \’AL“
acpeMcHHOll y  (dyBKUMH); no- ™y,
aydaem pag Touek My (xy, yi), 205 4
/Mg (Xg, y;;), M3 (A‘g, Vg), e Co- " t
ennuas ux Ha raas naasuoll 200 i N
KPUBOW JauHHMEH, floayvaem rpa- :
$HK  [NaHHOH (QYHKIHOHAALHOMN 195 T
3aBucumoctH. [lpeumymecrson - o
rpa(bnlleCKOro H306pa)i(€Hml B A o & 50 20 250 ["

CPaBHEeHHH ¢  TabauuHbIM  AB-

AAIOTCA €0 HarAsiHOCTL W Jer Puc. 233,

kas 0603PNMOCTb; HCAOCTATKOM —

Majkas CTelleHb TOuHOCTH. Boabinoe npakTUueCKoe 3HauCHMe
uMeeT ylauublft Buoi6op MacwTaGos.

Ha puc. 233 rpaguyeckn usobpameHa QyHKuHOHAALHASA
3aBUCMMOCTL MCWAY Molyaem yapyroctd E KoBanoro ede3sa
(B T/cM®) W Temuepatypoi enesa f. Macwrabn aGoumce (¢)
¥ opannatr (F) noxasaHbl uncaoBsiMp tloMetkamh (Havane
KOOPANHAT H OCb abcuuce Ha 4Yepiexe He NoXadaHs, 4ToOb
#e yBenuunBath 0e3 HYWIw pasmepa rpaguka.)

1) NekapT nosnb3oBanca He ABYMA OCHMU, a OJHOH, HA KOTOPOMR OTKJa-
AbIBAIVCH a6cm|ccm; OpPAVHATBLI ONPEACAAINCh KaE PacCTORHNA TOUEK 0.10-
CKOCTH OT OCH afcuuce; 37H  paccTosHua JleKapT OTCuMThIBaA 10 mobomy
sapanee BoIGPAHHOMY BanpapieHno, a He o013aTesbHO NC NEPHEHAUKYAAPY.
Hak abcuuccsl, Tak » OpAMHATLE y JexkapTa 6niii BCErRa BeaWNuHaMH 110-
ACHUTENLHBIMH HE3aBUCHMO OT {12NPaBJCHUR COOTBETCTBYKUIMX OTPC3KOB.
B Goastumucrae y‘l(}ﬁliHKOH pasavucHye H?.llpi“i.’lEHHfl 4 0CAX  3IRAKAMK
b o~ ownGouHO npunbcasdeTcs JleKapTy, Torla Kak ono GbiAQ Baedehe
Adllib Cro yueinkismiy,
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I'padux puc. 233 coctaBien Ha OCHOBAHMW ciaenymoiued
Tabsuun:

Tao [ w0 ]

rC .0 50 100 153 | 200 250

E mycu? 2,5 | 2.4 | 2,2 | 208 | 25 9.9

flo rpaguxy wmoxuo naiityu (npubanauTenblo) 3HaueHne
GYEKUMY U AR TeX 3HaueHwil apryMeHTa, KoTophe B Tabiuue
#e nomemens. Hanpumep, uycrb tpe6yerca HafiTh 3HaueHue
E npu'f=170°. Otnoxus Ha ocy abcuuce {uay Ha npsaMoit Ar,
efi napaaneasnoft) abeuuccy £ = AP =170 u BoccraBuB llep-
neHankyasp PM, npourem opauHaty £'== PM=20,75. Yte-
Hue upesBmuaiino ob6neruaercs, echH rpadHK HaHeceH Ha
rpaaenyo (HanpuMep, MBAAEMeTpPoBYW) Gymary, Haxoxnge-
e NPOMEXYTOLIHLIY 3naucunll QyHxkuun no ee rpapuky Ha-
3pBaeTCA 2padudeckeil udmtepnoasyued.

Ha npakrtuke Beaxufi rpadur cTpoOHTSR <10 TOYKAM3, T. e.
OT PYKW NpOBOIMICH TIABHAN AHHUA, COEMHHAIOMAA PAA OT-
neabHblX Touer My, Ms, ... Tlpn stoM TeopeTnyeckn HuKOraa
HE UCKAIOYaeTcd. BO3MOWHOCTb, UYTO APOMENXYTOUHbIE TOUKH,
emle He HaHeCceHHbie Ha rpaguK, /JewaT OYCHb JRAJNEKO Of
npoBeReHHOA NAABHOH KPUBOY, BBULY STOF0 TeoperTHuecknu
crenyeT onpencAuT, rpaQuK Kak 2eomemputecioe smecmo
IV, B, 14) mouex M(x, y), koopOunams, KOmMopsXx c8A3AHH
QHHOU PYHKGUQHAABHOE 3G68UCUMOCTIBIO,

§ 8. Mpocrefimne dYHKEYH H HX rpaduKH

1. TlponopuroHanpKsle Bednyuini, LECai nepeMeHHbie
BEAHUHHHN Yy B X (npsaMo) nponopuuoHaavus (1, 49), 10 dyux-
{HOHAAbHASA 3aBHCHMOCTD MEXIYy HHMH BBIP2WI2TCA ypaBHe-

HReM
y =mx, e

rie m eCThb HEKOTOpaa MOCTOAHHAA BeAWYUHA (KOIfdhuyuenm
nponopuyuonarsrocmy ). ['padug npaMoit  ponopuHOHaAbHO-
crp!) ecTb mPAMAA AHKHA, NPOXOAANlAA yepe3 Hayanao Koop-
AnMHAT H 00pasyloiian ¢ oCcblo abCiuce yroa &, TaHreHC KOTo-
poro paBeH NOCTOSKHOH m; ig a ==m. [osromy kospdunnent
HPONOPIHOHAALHOCTH M HA3biBaeTCHA TaKKe Y24086M KO-

1) 3xecb ¥ B JajpHeRUICH RPEANOAATaeTCR; 4TQ MACWTA0W Ha oSemwx
OCAX OXWMHAKOBYI,
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dunguenmon. Ha puc. 234 noxasaum rpadukn dynkunn
y=mx npn m=— ;~, m=I1lm=2 m=— %
3amevyaune. [lan onpepescuus yraa a MeXny ocuio
aGcuncc # rpagukom Ha-
1ipasaesde Ha ock abeuuce Y
6eperca MONO¥UTENbHOE, T ‘
Ha rpapuke e Gepetca IR _ ‘ﬁzd/;s. |
mo6oe uanpasacuue (Be- LNt U
adyuHa tge ot Bubopa
HANPABIEHUA HC 3aBUCHT).
2. Jlunefinas yHK- 3 ~ X
nua. Ecan nepevenusie h
BOAMUNHLL X, ¥ CBA3AHK //E/ AN
yPaEHEeHHCM fepeoit CTe- Kl :

neny
Ax+By=C (2) B

A 7%
7%
|

(1o KkpaitHeli Mepe oJiHO
u3 uvcen A, B He paBHO
Hymo), To rpadux §hyHK- Pue. 234,
LHOHANbHON 3aBUHCHMOCTH
ecTb npamas nunna. Korna Y
C=0, ona upoxonnt ue- 115
pe3  Haualo KOOpPIWHAT 4
(cp. n 1), B upoTHBHOM 4
chyyae — He fPOXOAWT. LZ
[Tycte uu A, un B ue L4 /
paBHb HYJI0; TOrma rpa- Fg
¢nx nepecexaer obe ocH /
KOOPAHHAT, OTCEKAR Ha o(gn oy 7
afcumnce oTpe3ok 4=, [10:0) 7
a Ha OCH OpIMHAT OTpe- 1= t
30K :%. L1 !
" Mpumepsn. paduk
ypaeHenua 2x -+ 5y =10 Puc. 235,
ecTb npsaMan AB (puc.235);
a=%=5; b="=2 Ipadux  ypasuenns 2y —3x=9

5
9

|

S —

al
/

=45.

o

. 9 "
ecth upamas  A,By;  3nech 4y = —5 == -~ 3; b=

2
Paspewnr ypasHenue (2) OTHOCUTEAbHO ¥, (OAYUHM:

y=mx-+b (3)
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dyuknuna y=mx -+ b HasviBaeTcs AunginOb Pyuxyuel.
Ee rpaguk -— npamas JUHUA.
Tpumep. ¥Ypasueune 2y — 3x =9, pa3peluieHHOe OTHO-

. 3 9 -3_ 3,
CHTEAbHO Y, NpUMET BUL Y=4 X+ 5 (M= — 5 =75}

9 3 9
b=5). Fpadux dynkuun y==- x-- 5 ecTb upaAvMas an-
uust A By (puc. 235).

[paman, cayxaman rpadukom GyHkunu y = mx -+ b, 06-
pasyet ¢ (NMOJOKHUTENILHO HAanpasieHHOM) ocbio abcuyce yrod,
TAHMeHC KOTOPOrO paBeH nl, ¥ OTCEKaeT HA OCH OPAHHAT
otpe3ok b. [locTosHHas BeaHuMHa m Ha3LIBACTCA Y2408bLM
Ko3pduyuermon.

Mpumep. Has npamolt A By, cayxameh rpadukom pyux-

auu y=%x+—g—, aMeen tgLXNB,:—g—; OL=%.

YpaBHeHHe y=mx (npamas NPONOPUHOHANLHOCTL; CM. . 1)
€CTh YaCTHbIW BHA ypaBHeHHA y == mx + b (b =0)

YpaBHeBMe y =5 eCcTb TOXE YaCTHuit BHA YpaBHeHUA
y=mx-+b(m==0). B 3aToM cIyyae BeJHUHHA y NOCTOAHHA
M, 3HaYHT, OT X He 3aBUCHUT. TeM He MeHee ee MOXHO CUHTaTb
dyHKUWeH nepeMeHHON BeauynHbl X, Beldb KaxI0My 3HaUEHHIO X
COOTBETCTBYET ONpejlesleHHOe 3HaueHue y, TOJbKO Teliepb 37O
3HaueHHe — OIHN H TO Ke Ans BCex 3HaveHuil x. OcobeHHOCTD
oyukuun y="5b(y=0 . x -+ b) COCTOUT B TOM, UTO Teileph X
He AaBasetrcA dyHkuuell or y (n6o 3HAUEHHAM y, He
pPaBHLM b, HE COOTBETCTBYET HHKaKoc 3HaueHue x). [padux
GYHKUMK Yy =0 eCcTh uUpaMas JWHHUs, napaaneibran ocu abe-
1LHCC,

Ha puc. 236 aunua PQ ectb rpagmk ypaBHeHus y =6,
a P,Q; — rpaguk ypasuenus y == — 4.

YpasHenue y==~ noayuaeTcd U3 ypaBHcHUa (2), KOrma

A=0 (b =%) Ecau xe B==0, 10 ypasHeuue (2} MOMNHO

C
fIpeACTaBUTh B BUIC X =4 <0=;7), T. €. X — NNOCTOsAHHanA

Beanunna, Ee MOWHO cuutaTe (yHKIUHEH nepeMeHHOIN Beu-
yuHbl y (HO y He 6y aeT dyHkudel OT 4; CM. Bhllle).
Upaduk ypaBHeHHA X ==a €CTb OPAMaR JUHNA, 0APANICIh-
Has ocn opanat. Ha puc. 237 npsmas anuus RS ecTw rpa-
Pk ypasuenna X =44, a R;§; — rpadux ypapHeHns v = - 2.
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Ocb aficumcce ecth rpadux ypasHeuua y=0; ocb opuu-
Bar — rpadnx ypasHenus x =0

Y Y

]

: ik
e,
=

|
|7
J

———F—

T 5

Pue, 236, Pue. 237,

3. O6partHas 0pPONMOPHHOHAJILHOCTb, Ecan seanuunob
X 1 y o6patuo uponopuuonasbus (I, 49), ro GyHKNUOHAAL-
Hasg 3aBHCHMOCTb MeEXAY
H{MH BhipaxkaeTcs ypasHe- y

<
HHEM Y=, [le ¢ ecTh

[ I

HeKOTOpas NOCTOsAHHAH Be-
anyuHa. f'paguk obpatHon
1IPOTIOPULHOHAILHOCTH €CTh
KpUBas JAHHUA, COCTOALLAA
M3 ABYX «BeTBEil»; HANpHU-

\/"
*
7
'S“

ES
|
|

by
]
]
A e
(\.
7.
)
1
¢

Y7

4
Mep, PyHKunn y = + H3o-

o

=T
N
hea

-y

G6pawaetcH (puc. 238) kpu-
BOH, BETBH KOTOPOH CyThb
AB u A'B'. Ha puc. 238
u306paxenbl eule rpadruxy

T et

pynkunn y=3, c=1

(DYHKTUPOM) H ¢==— I Puc, 238.

3TH KPUBKIC HA3bLIBAOTCA

PABHOCTMOPORKUAML  2unepBoaamu (HX MOYHO MOJYUUTH, fe-
peceKasn KOHYC C {ipAMbLIM YIFIOM {IpH BEPHIHHE ILTOCKOCTAMY,
napajieqbHuiMy ocu; 1V, B, 9).
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4. Ksaaparnunan gyHxkuns. Pyukuus
y=ax?-}\bx-{c¢
(a, b, ¢ — nocrosunnic seanuunu; a-7-0) HaswmBaerca xéadpa-
mu4noil. B npoctefimem cayvae y==ax* (b==c==0) rpadunx
CCTh KPHBAA JHMHHA, HPOXOALLAA uepe3 Hayalo KOOpIAMHAT,
Ha puc. 239 uszo6pawxedst rpaduxy OQyHxunH y=—ax%

AOB (8 =) COD (a=1); EOF (a=2); KOL (a=—7).

Kpusasn, caywawas rpapukom yHKuun y=—ax® ecTb napa-
6ora (1V, B, 9). Kaxnan napaGona umeer ocb cummerpun (OY

Y
B.RA' RSV AN
HiA WEE i .
\ 1y [ = ,
\ | .y L A
\ [
\ 7 , I /
A 1]
FAl N
AD /
7 N 0 :
\\ L 4
4. \ - 0’
A YT L
Puc, 239, Puc, 240,

Ha puc. 239), Hasbisaemyw ocsi0 napaboas.. Touka O nepece-

ueHus 11apabodbl € e OCb0 HA3LIBACTCA 8EPUIUNO napaboa.

paduk dyukuun y==ax® -+ bx -} ¢ umeer 1y we ¢opumy,

4TO ¥ rpa@vk QYyHKUMH y == ax” (1PN TOM XK€ 3HAUECHHH ), T. €.

Takxe ecTs unapaSoaa. Ocb 3tofi mapabosbl no-npexHemy

BePTHKANbHA, HO BepIINHA JAEXHUT He B HAaYare KOOpAMHAT,
2

a B TOuKe (———27;: €= 5T
MMpumep. Tpadux o¢ynxuun
y:%x“-4x—|—6

(a:é—; b=—4; c=6) apasercs (puc. 240) napaGosofy

- i
A'Q'B, unerowedt Takyio e Gopmy, uro v napaboaa y= 5 X
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(AOB na puc. 239). BeleL;mHa adexur B touxe O (4; —2
b 4 2 16 c
(_ Ta =-——-—-|——=4’c—- —4—a—= ———-———I—<=——2 N

2y g

5. Crenennas ¢yHKuusa., Pymuua y=ax" (a, n—
{IOCTOAHHbIE BEeJHUNHB) Ha3dbiBaeTcs cmenexxoid. Pyuxuun

y=ax, y=ax®, =»§- (em. m 1, 3, 4) -— yacTHbte BHbI

crenentolt pyskuun (n=1, n=2, n=—1).

Tax Kax HyJeBaa CTeNeHb BCAKOLO YMCAA, HE PABHOTO
HY®O, CTh eNHHULA, TO NPH n==0 cTeucHHas QYHKUHA CTa-
HOBHTCA  [HOCTOAHHOM
BeAHuNHOH ')  y==a. Y 043 2 p ’
B stom cayuae rpadux 4 T
€CTb 0pAMan  JUHHJ, y=2":n>0
fiapaanenbHan ocu abe-

uuc (c™. n. 2). 4
OcranbHbie Cayuan ,/ /,;@
MOXRHO Da30uTb Ha ABe P
‘ ===

rpyunsl:  a) n—no- 1
AOWNTEIbHOEC  uMCHO; 7 _ ar
6) n — oTpuuaTelbHOE i
GHCJIO.

a) Ha puc. 241 u3so-
GpaxeH rpaduxn
dyHguMg y=x" npu
=01 41; %; %; ¥
%; 1;%;2;3;4; 10. g ! ' z
Bce onn npoxonar ye- Puc. 241,
pe3 Hayano KOOpAHHAT
u yepes Touxy (I; 1). [Ipu n=1umeem npamMylo — Guccektpu-
cy yraa XOY. llpu n>1 rpapux wuuer cHauana (Mexay
x=0 B x=1) umxe 3TOH upaAMOll, a 3aTeM (npu x> 1)
suiliie ee; npu n << 1 — Haobopor.

Mgl orpaHMuRaINChL caydaeM a==1, TaKk Kax npoude cayuyan
10Jy4aloTca HPOCTHIM H3MeHeHHeM Macmitaba. OTpHiaTenb-
Hble 3HAYeHHUA X He B3ATH, TaK Kak npH X <0 HekoTOpsle
cTeneHHble GYHKIMM ¢ XPOOHBIMM  llOKa3aTeasMy, HanpuMep

L =
y==x"t== ) x, TepaOT cMuci [Ipn ueanx nokazareaax
creneHHbie GYHKUHY HMEIOT CMbICH H npu X <0, HO rpadukH

1y Boipaxkenue 09 wneonpejeneHHo; B RaHHOM caydae, KOraa QyHxuus
¥ =ax0 D7 BCeX 3Hauenuil x, KPOMC Hyas, PRBHA @, Mbl YCAaBAUBACMCH,
4To u npu x =0 Beauuuua y passa e,
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HX UMEIOT Pa3JnuyHbil BHL B 3aBUCHMOCTH OT TOro, YeTHO n
WK HeyeTHO.

B kauecTBe THMIMYHLIX (DHMepOB Ha pHc. 242 H300pa-
wenbl rpadpukn GyHKuMH y=x? B y=x3 llpn vetHom n
rpapux cummerpuued (IV, B, 17) oTHocHTeabHO oCcH opauuart;
NpPH HEYeTHOM — OTHOCHUTEJbHO Hauana KOOPAHMHAT,

[lo ananornu ¢ rpaduxoM (yHKHHMH y=ax® rpagiky
BCeX CTelieHHBIX (QYHKUMR ¥ ==ax™ [P HOJOKUTEAbHOM 1t
HA3LIBAIOT napaboaamu n-20 nopsidka (win n-fi cTenehn).

|4
1 /
5
14 15
— o
A { ' \}r
& H& =
“{-‘,\ iyl /;\!
“*-‘L\ \\,/! Dy
( X
/L [
70 .
&5 1
I '?L*
5 ~
ALT
1
L
Puc, 242, . Puc, 243.

Tax, rpadux QyHKUMH y = ax® (puc. 242) ua3biBaeTCs napa-
6oaoit 3-ro nopanka uan kybuueckoi.

3ameuanune Ecan n ecrs npobuoe uucao %c YeTHbiM

3HdMeHaTe/leM g W HEYEeTHbIM UUCAHTENEM p, TO BEIHYHHI

9~ q
XM= I/xp MO¥ET MMeTb [Ba 3HaKa <.+_ l/xp), v y rpaduka
NoABIAETCA elie O[HA 4acTb CHU3Y OT OCH alcuucc, CUMMeT-
pHuHan ¢ eepxHeit noaosunoil. Ha puc. 243 gau rpaguk amy-
1
7 |
3HAYHOK QyHKILUA y==2x% T e x= 3 y? (napaboaa ¢ ro-
PHM30OHTaALHON OCbI0), Ha puc. 244 — rpadux  ABy3Haulo#
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1.3
GYHRUHN y ==+ 5 X* (noaykybuyecras

napaboaa Heiias).
6) Ha puc. 245 usobpaxenn
l‘pa(pm(ul tpyumfuﬁ y=x" npn

II:—»\,;, =g ‘—‘I, *—2,
—3, —10. Bce stH rpagpuxn
npoxomnt uepe3d  touky (I, I).
B cayuac n=—1 umecem ruiep-
Hoay (n. 3). Tlpu n<<—1 rpa-

dbux creucnnofi Gyuxuuu  pac-
nogaractes  CHauaaa  (MeMuy
x=0 u x=1) soiwe rmiep-
Goawl, a 3aTeM (IpH x > 1) unxe
ce; opu n > — | HaoBopor. Or-
HOCHTCILHO OTPHILATCALHBLIX 3Ha-
yenpilt X o APOGHBIX 3HAYCHI n
MOXKHO  {IOBTOPUTb  CKa3aHHoC
B [IYHKTE a).

Bee rpadikm puc. 245  HeorpaHuucHHo
kKaK K OCH a0CuMce, TaK ¥ K OCH OpiMHaT,

napaboana

399

Hin

N

AN

N

~

Puc, 244,

0 7

Puc, 245,

npubanxaorca
HC HOCTHras Hu

TOfl, HU ApYrofi. BcaeiaCTBHE CXOACTBA € rnncpémoﬁ 3TH
rpadmxn HA3WBAIOT 2uneploaari n-20 nopsoxa.
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§. Moxaszateantana W AorapHpMHYecKas (QyHKUHM.
Dyukuus y==a*, rica— NOCTOMHHOE NOIOKUTCABHOE UYHCI0,
HA3LIBACTCA noxazameasrod. Yucno a 6epercn 1100MHTE 1b~

HBIM [OTOMY, uT0 ¥'pn ¢<<0 Be-
1 3

muntn a® = Va, at = a*
HT. 1. He 6blan Obl RefiCTBHTCab-
HbIMH. APTYMEHT X MOMET Hpu-
HHMaTh a6sie feficTBHTEabHbIC
sHauenna (lll, 61). 3nauenns
GynKrwiK ¥ == a* 6epyTcs TOIbKO
noaoxuTeabuvie, Tak, nas GyHx-
unh y=16% npy x= Geper-
Cft TONBKO 3HaMeHHCe y =2, 3Hua-
uycHHe ke -— 2 (1 TeM Gonee MuH-
Mple 3HaveHnn 2i U — 2§) He pac-
CMaTpHBaeTcs.

Ha puc. 246 wu3sobpaxeHnt
rpaduxky  UokasarteabHolt (ynx-
1 1

1
Puc. 246, WK U @ ==, 5, 5,23 10,
Bce oumu  npoxomst yepes
Touky (0; I). (Ilpn a=1 umeem npAMY®O JaHHYID, Hapar-

ACabHYIO och abcuuce; dyHKUHA a* CTAHOBUTCA QOCTOMUHOI
seanuntofi.) Ilpw ¢ > 1 rpa-

GuK apu BHXCHHY BAPABO Y
noguumaercs, npy a<<1l— [ a
onyckaercs. Bce rpaduxu e 2

=
HeorpaHuyenno npusmnKaoT- (i B i 2
—
cs K ocu abcuuce, HO He 1o- | |\ 7_77%:-1:
cTuraoT ee. [paguxn ¢yHK- I 1 —-—T—‘Zﬁz‘mx
ox 1\ .
bl y=2¢¥ n y= (—2—> , _'0 1 | "
7 -
e S

a Takke y=3*n y= (—— 3

il EEsness

11 BoOGUIE y==2a" 1 y:(i—)x L £/,=1 ¢

CUMMETDHYHBL APYT IPYTY OT- Puc, 247.
HOCHTENbHO OCH OPAMHAT.

Pynxnua y=10g, X, rie @ — 0OCTOAHHOE HOJOKUTCIbIOE
yncao (He pashoe l; cm. I, 63, cuocka?) na crp. 235), Hasw-
BAETCsH A02apUPMULeCKOL.

Jlorapudyunueckas  ¢ynxuma  ofpatia  noxasarcabuoii
[paduk ee (puc 247) uoayuaercs U3 rpadiika NOKA3aTeALHON
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g)ymcuun (RpH TOM We OCHOBAHWH) nNeperybOM ueprexa mno
HCCEeKTpHCe nepBoro KoopauHatHoro yraa Tak ke noay-
4aeTcs rpadux BCAKOH oOpaTHOH (yHKIHAU.

Fpaguk kawmoit aorapudMudeckodt GyHKUHRH foaydacrca
#3 rpaduka Kamao# APYrod UPONOPHHOHANbHBIM H3MEHEHHEM
OpAMHATH (JorapupMb HHCEA NpPH Pa3HLIX OCHOBAHWAX UPO-
uopuuoHaawhsl; cp. I, 64).

7. TpuroHoMeTpHYecKHe YHKuHH. [lepHOAHYHOCTD.
Oupenenenne TPUrOHOMeTPHYECKUX ByHKIuH naHoBY, 51 V, 15,
JAaa noctpoeHns rpauxa Kakoi-nn6o TpPHroHomeTpHue-
cko#t GpyHKuMY (HanpuMmep, CHHYCa) lepeMERHOT0 y24a HYXHO
Ha ocH abcuucc 3amath
0Tpe30K, H306paxaomui P’
KaKo#i-1160 oilpeneneHHBH ' H—]

yroa (Hanpumep, 80°), a Ha
OCH  OPAHHAT — OTPL30K, 7
n306paxalo it Kakoe-au- 4
60 uucao (Hanpumep, l). Y=si
O6 oanHakoBOCTH  Mac-
wra6oB Ha o6eHx OCAx Puc. 248.
peub MOXKET WATH JHUIb
TOABKO 110C"e TOFO, KaK YCTAHOBJEHO, KaKOH yrod lipUHNMaeTcs
3a eauHuly uamepenua. Jlnmb Torpa uucao x, usMepsioulee
yroa, ¥ uucno ¥, [awilee €ro CHHYC, MOXHO H300pasuTh
OTpe3KaMy.,  OpoONnopuuo-
Y HaAbHbLIMK 3THM UYHCHaM
1 (cp. V, 27).
7 . T~ Mpy nocrpoenun rpa-
’ (MKOB (PHHATO 32 €NNHH-
ﬂzn JZ% | X ay wsmepenun yraa Gpats
i - pauvad. Toraa ¢yHknus
y=sinx (noa x uoapa-
Puc. 249, 3yMEBAETCA HAUMEHOBAHHeE
«<pannaHoB») naobpamaer-
ca rpadpukom puc., 248
(MacmiTabbi Ha ocax onuHakosbl). Ecan 3a eauinuy usmepe-
HHA YIraa NpUHATL NOAPajMaHa, TO, COXPAHAA Te Me MacmTa-
6bl, OpUAeTCH rpapuK HOABePrHYTh PACTAKEHUIO BI0Ab OCH
abcuMcc B oTHolleHun 2: i
Jluuma, asasowascs rpaguKoM QyHKURM Y ==Sin X, Ha3bl-
BAeTCH CUHYCOuOOil.
'papux  ¢yHkuun y=cosx n3obpawen Ha puc. 249,
10 — TOMe CHHYCOMAA; OHA NoJayuvaercs u3 rpapuka y = sin x

- T
caeutennenM BRoab OX BAeBO HAa OTPE3OK 3

4 ---

D

/]
Nl

F

EIENY:

N
N G

[=1RaNY

=1

@
8
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Flpn cmemennn rpaduka cHHYCa HIAH KOCHHYCa Ha oTpe-
30K 2z (BNpaBO WIH BAEBO) OH COBMeLIaeTcs caM ¢ coboit.
Y Ecau rpaduk He-

T KOTOPOH (QyHKUHH y =

I[ = (x) npu cMelenun
! |
}

!

€ro Ha HeKOTOpHIH OT-
pe3ok BroAb ocH abc-
unce coBMellaeTcAa
cam ¢ coboir, ToO
¢GyHKUMA  Ha3blBaeTCH
nepuodudeckod, uuc-
10 p, u3MepsALuUlee
3TOT OTpPe30K, Ha3bl-
BaeTcs nepuodom
oyuxkuun  f(x). 3to
l CI0OBCCHOE  otlpenefe-

HHe KpaTKO Bblpaxaer-

Puc, 250, ca dopmyaot
Flx+pr=Ff(x).

Ecan p ecTb nepuon
bynkunu f(x), 10 2p,
3p, —2, —3p u
T. I. — TOXE Mepuonn
Bce tpuronomerpu-
gyeckne GYHKUHH UMe-
10T nepuon 2=.
Pynxnuy y=1gx
n y==ctgx ‘HmeloT,
CBEPX TOrQ, AEPUON =
(Tak Kak
g (x > kn) =1g x).
Fpapuk y=1gx nam
Ha puc. 250, rpacpux
Pue, 251; y=ctgx —Ha pHC.
251, I'papux Tanrerca
HEOT'PAHWYEHHO NPHOAUKAETCH K (PAMbBIM, 1aPALIEIbHLIM OCH
OpIMHAT KU OTCTOALLMM OT HEC Ha PaCCTOAHHY t% +3 ;,

fss + —+—F —

|

1

!

|

/- ’
, |

i

|

.

{

a\‘
ot T T T T
)
oy

i
Nl
&
\
1

AN
1 _1_ u_'\’;'h

—
—_ ]

L] <
e

sl
/1
o
e
3

!
Not——-

1
7

L~

A R SRR T

AN S N
yd

g

L1

*+5 —;— ¥ T. . (HO He NOCTHraeT ITHX NPAMbIX). AHAIOTHUHYIO
POAb MaA rpaduKa KOTaHreHCa WrpawT NpsAMble, OTCTOAMHE
of ocn OY Ha £ =n, +2x, + 3n u T, 4, ¥ cama och OY.

8. O6parHble TpHroHomeTpnueckne dyHgunn. Onpe-
nedeHun o6paTHblX TPHTOHOMETpHUeCKus  pyHKUMM Onlin
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fanw B V, 24 (cp. VI, 3). 3mech nasm rpagukn  QyHk-
unit y=Arcsinx (puc. 252),

UENTHKOM [OMemlal0TCA  BHYTPH
BEPTHKAALHON 110J0OCH, OrpaHu-~
4eHHON upaMbiMA x=-1 n
x=—] (3tn ¢yHKUHUY npH
jx|>1 @ge wumews peficysp-
TeibHKX 3HaucHuil), Kaxnas Bep- X3

TUKalbHan upamas, Jexauias \ %
BHYTDH YIOMAHYTO! (10J0CHI, 1ie- Y=Arcsinz y=Arccosz
pecexaer rpapuk OecHuciaeHHoe

Y

y=Arc cos x (pncz.54) 253), 4 ﬁ7
y=Arctgx (puc, : y= Pr £
= Arc ctggx (puc. 255). Oun é Z ;
floayvaiorcd w3 rpagukoB QyHK- - /’ ix
uuit y=sinx u T, I nepern- 7 7z 7
60M uepTexa OKONO GUCCEKTPUCH 2 Z) A
NepBoro  KOOPAWHATHOrO  yraa ’_f-@ 2D 4
(cp. § 8, n.5). 'padukw dyukuuh %—“EJ@ ; 2N S
y=Arcsinx ® y=Arccosx ﬁ_é(' Y A [N
:/, 7 7

N

B o

:l
QU]
S
NN
\

wHOWeCTBO pas. To ke nan Pyt 262 Puc. 253
b= y Y
I i w20 A M O bt [ R TR AN AU SO TN AN IO
'2‘147 T t = 2nf— d
An N
~ NS
R R S . el . et S
7 — e . R R e =
X \\\
7
—orclyZ N
_y’m_g.fl. G O A A I N
- 3 J—j{
2 — 7
r/ \\\
/*TZ' [ ‘_ LTI\
——1_1._]_ Jy=hiretgr | y=Are ctgrz T~
SES - DR AR e = Sk ik ek B
Puc. 254, Puc, 255,

rpadukos y= Arc1g x n y==Arcclg X — TOAbKO BEPTHKadb-
HYIO PAMYI0 MOXHO B3#Tb e YrOIHO.



404 VI. ®YHKUUH, TPASUKH

B-3TOM CKa3biBAaeTCA MHOTO3HAYHOCTL OGPAaTHWX TPHTOHO-
meTpuuecknx gynxunit (V, 24). Te vactu rpapukos, KoTopue
COOTBETCTBYIOT FIaBHHM 3HAYEHHAM, BHILEAEHbl Ha PHC. 252 —
255 WupHOW AuHWeR. -

§ 9. Ppaduueckoe pemenne ypaBHenuh

Ipaduueckoe usobpakenne GyAKUME RaeT BOZMOKHOCTH
JerKO OTHCKHBATh MpHOAH¥EHHOE pelleHHe moGoro ypasHe-
HHA C OZIHIM HEH3BECTHBIM ¥ CHCTEMH JIBYX ypasHeHuil ¢ AByMs
HeHU3BECTHHMH.

YmoOu naiimu peusenue cucmemst 08yx ypasnenuii ¢ dey-
MR Heu3seCmHuMU X, ¥, Mbl KaXIoe H3 ypaBHeHHH paccMa-
y TPHUBAeM KaK (YHKUHCHATD-
2 HY0 3aBHCHMOCTh Mew1y ROe-
peMeHHBMH X, 'Y ¥ CTPOUM
It 3TUX ABYX 33aBHCHMOCTel
ABa rpadmka. Koopauaarel
V3 0‘1 ToYeK, o6 uX 1ByM rpadukam,

20T HCKOMBle 3HAaueHUH He-

- iy H3BECTHHX X, ¥ (KODHM JdaH-
el X woh cucremm ypasHenni).

Y 7] Mpumep 1. Pemnuts cu-
| Ng-{ CTeMy ypasueunii

1x + 5y=35,

Puc. 256, —8x+4-8y=12.

Fpapux kaxkmoro us stux
YPaBHEHHI — fpaMan  JTuHUA,
Ortpesky, otcekaemble rpady-
KOM 1ePBOr0 YPaBHCHHA Ha
KOODAMHATHBIX  OCAX, CYThb

x
Bncs
HiSHE

1 _3 ey B
f a—-7-—5,b__3__7

(V1, 8, n. 2). Mo srum orpes-

11110 : KaM CcTpouM npamyo AB

L (puc. 256). Tak we Halaem

AnA rpapuxa BTOPOro ypas-

Puc. 257. Hepgua a=—4;, b=15 n
nocTpoum npamyio COD 1),

Koopannatst toukn K mnepeceyeHus rpaduios maayT uce-

KOMble 3HAUCHMH' X, Y. 3HAaueHUs KOOPAMHAT NMPOYUTHIBACM

}) BMECTO HaXOXKNeHHs OTPE3KOB a, b MOWHO HAHECTH HA YepTew 10Gie
ZBe TO4YKY 0OPAMOIL, KAA Hero BeXHYHHe X RZAAUM MoOble OBa 3HAYCHHA
E BLIYMCAY COOTBETCTBYIOLIME 3HAWEHUR V,
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Ha raa3 x (= OP)=3,l, y(__ PK)=2]1. Tounne 3HayeHun
KOpHCH Obiap Gbl x-—-3.“, y=25.

Mpumep 2. Pewnts ypaBHeHue % x’—-»—,;x——2=0
Ero MoxHo rpaguuecku pelINTb KaK YypaBHeHWe C OAHUM
HEeH3BeCTHbIM (CM. HHWe npumep 4), HO npome 3aMEeHHUTb CcH-
CTeMO#l ypaBHEHMH

1
y=zx y=5x+2

¥ rpadudecku pewiuTh 3Ty CHCTEMY.

[tepBoe ypasuenue rpacpuyeckn n306pasurca (puc. 257)
rapaboaot AOB (VI, 8, n. 4), KOTOPYI0 NOCTPOUM MO TOYKAM.
'padux BTOpOTO ypaBHeHHﬂ*npﬂman aguus CD, otcekao-
114 Ha OCH OPAMHAT OTPE30K b(—- OE)=12; )movsoﬁ K03d-

dunnent ee m(=1g L DCX)= 7 (VI, 8, n. 2). B nepeceue-
Hun npsamoit CD ¢ napa6onoit AOB naxonum gse touxu K o L,
abecuncchl KOTOPHIX (MPOUUTaHHbIe Ha ra3) xy = — [,6 U xy =
=26 1a0T npubamKeHHbie 3HAYEHHs KOPHeH IaHHOro ypas-
Henun. TouHbe 3HaYeHus KopHeh

6y Gbi ot
1 - V7 1+ V11 v
=g =t L8
Mpumep 3. Pewnrv ypas- 2%
Henuwe 2¥ =4x. 370 ypaBHeHue L
He nHpHBOAHTCA K aareGpauue-
ckoMy, Oann kopeHs (x = 4) ner- L 75—
Ko niogopars. YTo6bl OTHICKATH
Apyrue kopiu (eCAM OHM €CTb), =72
Ayyuie Bcero pauath ¢ rpaduue- | 4
CKOFO peliieBns. 3aMeHseM 1aHHoe
ypaBHEHWE CHCTeMo#t y=2%; —4
y=4x. Crpoum (puc. 258) rpa- v 15 i

$uxk fokazateabHoft  PyHKUUY 90 1 7 7 ¢ 5

y=2% (10 TouKaMm, 1aBasa apry-

MeHTy 3Havenns x=—1, 0, I, Puc. 258.

2,31 1. L) n DYHKUMK ¥y =4x

(npamaa auhusa). OpAMHATH PacTyT 34ech ropasgu ObicTpee

aGcunce; nostoMy aywime Bni6pats Ha ocy OX macwrab

McHbUWIHK, YeM Ha QY (Ha puc. 258 0H BueTBepo Meublie).
B nepecevennu naxogum nse touxkn A n B. U3 nocrpoe-

HUA BHIHO, UTO Apyrux oO6uUIUX TOuEK CPahUKH He HMeEwT.
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AGcuucca Touku A ecTb x ==4; abcuuccy Toukn B npouuthi-
BaeM Ha raas x ==0,3,

Haitnensoe peuienne MOXHO YyTOYHHTb BoiyncaenueM. [loap-
aysch tabamuamp  norapudmos, RailineM 3HaueHHe 2% mpu
x=10,3. Hoayyum 1,231. 310 umcao HecKoabko Goabile, Yem
4x =1,200 (na 0,031). 3nauut (cM. rpaduk), ynciro 0,3 menbue
abcyuccel Toyky B. Vicnbitaem sHayenne x=10,35. [loayuyum
2% = 1,275; 4x = 1,400. Tenepb 2¥ meHbuie, uem 4x (ua 0,125),
3nauut, uncno 0,35 6ojbime aGcuy¥ccs TOYKH B, Tak 4TO HC-
THHHOe 3HaueHue x aewxut Mmeway 0,30 » 0,35 npumepno
8 4 pasa GmKe K NMepBOMY 3HaYEHWIO, HEM KO BTOPOMY (TaK
kak 0,031 B 4 pa3a menbiue, uem 0,125). ITostomy x==0,3I.
[lposepka maer 2¥= 1,240, 4x=1,240. Bopoyem, x=0,31
HC eCThb ToYHblft KopeHb. Ecau B3aTh Tabauus Jorapugmos
¢ O0ABLIMM YMCHOM 3HAKOB, TO Mexay 2¥ u 4x oOHapyxHTCH
pasanuue B naroi 3Havauleh undpe. Tem xe cnoco6oM MOWHO
Oyner Hafity Gomee TOYHOE 3HAaUCHHE KODHA.

Ymobo waiimu peuterue ypasHeHus ¢ OOHUM Heu3gecm-
KblM, MOXHO, nepeHecs BCE YJeHbl B JEBYI0 HYacrth, ipel-
craButh ero B BHle f(x)=0. Crpoum rpadux OyHKIHH

y==f(x). AbcuHccn TOYCK

Y TniepeceyeHHs 9TOro rpaduka

B2 ’ﬁl'ﬁﬁ ¢ ocpio dbcunce 6yayT Kop-
HAMH [laHHOTO ypaBHEHMs

MNMpumep 4. Pewnts
\ oo |

ypasheHne 5 x*= 5 X 42,
X IMepenocum Bce uyaeHn B je-

. BYI0 4acTh: ; x”——; x—2=0.
A Crponm rpagpuk  ¢yHKuHM
| y=13 X! — 5 x —2 (o Tou-

kam). [loayuum (puc. 259)
napabony A'O'B; dopma
ee Ta We, YTO B lPeAblAyUleM MpPHMEPEe; BEPHIMHA JEWUT B
touke O (%;-—2%) (cm. VI, 8, n. 4). B nepeceyenun

rpaduka ¢ ocelo abcuuce Haxomum ABe Touku. [lpountuisas
Ha a3 ux abCUUCChl, HAXOMUM X; = — 1,6, x» = 2,6.

§ 10. Fpadnueckoe pemeHHe HepaBeHCTB

Ipaduueckoe peuieHue HEpaBeHCTB (Kak ¥ ypaBHeHMiT)
o6nanaer He oco6eHHo Goabuioft Tounocteio. Ho HarasiHocTb
p Jerxas o603pHMOCTb, CBOMCTBeHHas rpapuyecKoMy me-
Toly, fpH peLIeHHH HePaBeHCTB (¥ OCOOEHHO HX CHCTCM)

Puc, 259.
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f1eHHb enle Gonbile, yeM NpW pewieninyn ypasHenauit. Cnocobm
peuleHus — te e, yTO MaA ypaBHenu# (§ 9); Toavko pemenns
u306pamaioTcs OTPEe3KAMM, @ He TOUKaMMU.

Mpumep 1. Pellurn HepaBeHcTsO

i i
g X*—35 x—2<0.

Crpoum (puc. 260) rpadpux dynrunu y = % x’—--% X —29
(cp. § 9, npumep 4). [lo ycnoBuw gomkHn umerb y << 0; 3ua-
YHT, TOUKH, COOTBETCTBYIOUIME PEIIEHHIO, AOMKHbB 1eWaThb
noft ocblo abcuucc, ['paduk nokasbiBaer, YTO reoMeTPHUECKOe
MECTO 9THX ToueK ecTb ayra KO'L napaboan A'Q’'B’ (KoHum
stoit ayrn K wu L wuckmouawrcs: s Hux y=0). 3Haye-
HUAM X, YLOBACTBOPHIOIAMM HLAHHOMY HCDABEHCTBY, OTBEUaloT
BHYTpPeHHUe ToukH ovpeska KL ocn abGecumce. Ilo rpaduky
upountniBaeM — 1,6 <<x <26,

Ecan wenareabno nmeth TOuHOE | 4
peitenne, HymHo HahTh abcumuc- Z;TJ
co Touex K M L. Buiuncnenuem, \ J°

T. €. PeUINTb KBajpaTHOE ypasHe-

Hue tx?—1 x—2—=0. Torna \ /

3 ]
pa— 17 i7 7.
Hajigem 1—5‘{—11 <x<< l——+—2‘21 £ A

flpumep 2. Pewnth Hepa- /90
|
[

BEHCTBO —2l Xt — 5 x—2>0 /A
; o il ]
Crpoutcd TOT Ke. rpaduk, 4To

B apumepe 1. Tenepp pomwun Puc. 260, .
nMetb y > 0, T. €. TOUKN HOMKHB T

Aexath HaA ocblo abcuuce, [eomerpuueckoe Mecto 3TuX To-
YeK ecTh avbun KA' u LB', HeorpaHuyenno NPONOMKAEMbie
Bsepx (Hayana ux K u L uckawualorca). Coorsercrsyioiue
TOYUKW ocH afCcuucc 3anoaHsioT ayun KX uw LX (touku K
u L uckmoyarorca). Jlannoe HepaBencTBo ciipaBefanso: 1) npu
x<—16, 2) upu x> 2,6; Tounoe pewenne: 1) x < . ‘;/” ;

2) x>|l2‘£l—7.

[Tpumep 3. Pelunts HepaBeHCTBO
Loe .
5 X< 3 x + 2

IT0 HePaBeHCTBO PAaBHOCHALHO HEPABEHCTBY -;— x? ———;— X

— 2 <0, pemieHHomy B npumepe 1, HO B JgaHHOM BMIE ero
Jerye peLiuTh.
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Crpoum (cp. § 9, npumep 2) rpadpukn yHKUHN y=% x?

(napaboaa AOB, puc. 261) u _9=% x 42 (upuaman CD).

Hepra Han OykBo#t y 110CTaBJACHA MAA TOro, 4106l OTAUYMTH
OpPAMHATY UPAMOH OT opAvHare uapaboan HpM TOH - ke abc-
aucce. llo ycaoBuio foxmkHn HMeTL y << J, T. €. TOYKH Hapa-
Gonsi MOMNKHH A€WATH HHXE TOYEK NPAMOR C Tofi We abcumc-
coft. I'paduk nokasbiBaeT, YTO COOTBETCTBYOUIME KYCKH MWHUI

4 Y
Ay A HA #H
;v J
\ 4 /
K ! ¥
KX X N £
L r L K0 L, 7
|
A
Puc, 261, Puc, 262,

AOB w CD (ayra KOL »n orpesox KL) nexar Hal (WHDHbIM)
oTpeakom KL, ocu abcumcce (xoHuw K; ¥ L, MCKawouaovcd).
TIpountuiBan abcuucen touek K u L, Haxolum (upubanxenroe)
pewende — 1,6 < x << 2,6.

Npusmep 4. Pemntp HepaBeHCTBO ;—xz <x—3
Crpoum (puc. 262) rpapmkn yHxunh y=%x’ imapabosa

AOB uy=x—3 (npamas CD). JomkHo 6uiTb y << 3. Memay
Tem napabona AOB meanxom aexut Hal npamol CD. Jannoe
HEPaBEHCTBO He HMeeT pelcHui.

Npumep 5 Pemnrs HepaBeHCTBO % xt>x—3 [lo-

CTpPOeHMe TO %e, uTo B upeisiayuiem upumepe. Ho Tenepb
JomKHO ObiTh Yy > ¥, NO3ITOMY JlaHHOE HePaBeHCTBO — TOMAe-
CTBEHHOE.

[Ipumep 6. Pemurh cHcTeMy HepaBeHCTB:

; L 3 1
X+4 xP<6—ux; A5 — X
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Buecto ma»x HL‘pBbl\ ucpdnuma MOXHO  HIUCATL Pas-

HeCHIbHbLIE 5 A2 g A 3— 3 & Crpoun (puc. 263)

rpagukn pynkuut y = ; x* (na- y
.

paboaa AOBY), y'== 3 x+2 (npa-
. 1

man CD), y" =3 — 5 x (upAmas

: 1

uvy, 3= -‘i — 7 X (npsanas EF).

Mepsole naa H(‘DaBt’HCTBa 1pe-

-6y10T, 4T0BHI Ayra ndpd60ﬂbl npo- )

xonauaa sotie apsmoit CD o Hu- ]

we nparoft UV uau umena obuine

TOYKH € 3THMH OpRMbiMH. DTum

Ha Napabdone BoiAeaseTCs AYyra

RP (srawuyaoulas koHus R, P), Puc, 263,

@ Ha ocn abcunce — OTPE3oK

R P, Tperve HepaseHCTBO Tpté)er 4tobm  ayra papaboab

NpOXoAnIa TaKkKe supme npamoii EF. Dtum u3 ayrn RP -

npeaseres Ryra QP (skaouas xodeu f u uckaiovan xouen Q),

a Ha ocu abcunce — otpe3ok P,Q;. Mpountuisas abeuucen to-
yer Q, P, umeem: -—d<x<——2

N2

%\
&

AR

-
L

E3 X -6
flpumep 7. Pemuth HepaseicTBo %— < 0.

JTO HEPABEHCTBO WMEET MECTO B ABYX Cayyasx:

1) korga x* +x —6<<0 u Bumecre ¢ Tem x2—x — 4> 0,

2) koraa x2 +x—6>0% Buecte ¢ TeMm AT — X — 4 <0,

B nepsom cayuae umeem x +4<<x®<<6-—x. Peiuenye
s10# cnctembl (¢M. upumep 6) rpaduuecku npeacTaBasieTcs or-
peskom PR (koHunt Py v R; uckmouvawtes). Bo BTopom ciy-
vac umeem x 4 4> x* > 6 —.x. Pemas sty cucteMy Tak e,
Kak fipenblymylo, Haxoaum uyry P'R' unapaboaw AOB u co-
OTBETCTBYIOWNA el oTpe3ok PR, ocu abcunce (KoHub P, y
R, MCKA0U4I0TCH). ﬂpoumhmax abcuucenl Touek P, R, P R,
HAXOIHM, NTO JlaHNUE HCPABCHCTBO yjpoBJaersopsercs 1) apw
—3< x<—186; 2) npu 2 < x<<286.

HHpumep 8 PeilnTs HEPaBeHCTBO 2% < 4x.

Crpoum rpadukn GyHrunn y = 2 (kpusas UV na puc, 258,
¢1p. 405) n pyuxunn ¥ == 4x (npamas AB). [lo y¢aoBnio 1oakHo
ObiTh ¥y <{J, T. €. TouxkH Ha Kpusoll UV qomxHbl AewaTs Hume
ToyeKk Ha npamoil AB. Ilpountmsan adcuuccw Touck A o B,
naxoinm peurenne: 0,3 << x <4,
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§ 11. MMonaTHe 0 npeaMeTe aHAANTHYECKOH reOMeTpHYU

B saemenvapHod rcoMerpHy petiteite KamAo# OTACILHON
sajayn Tpebyer Goabiueil pan seHbilell H300peTaTeALYOCTY,
H ¥acTo 3aj144M, BECbMa CXOXHe APYF ¢ ppyrom, Tpebyer co-
BCDUICHHO DA3MUYHBLIX UPHEMOB DEllleHHs,, KOTOPbE Hederxo
yranatbh. Bosbsmes, Haupumep, 3a1auy: HAUTH reoMeTpHUEcKoe
MECTO TakHX Touek M, pacctosHus Kortopmx MA L0 Aahuof
ToukH A paBub paccrosHusM MB 10 fantofl Touyku B. Wcko-
MOE IEOMETPHUECKOE MECTO eCThb, KAK U3BECTHO, (PAMAs JHHUA
(nepneHiukyasp vepes cepennny AB). Ho cnocob, koropoiv B
3aeMeHTAapHOW reomeTpun OOLIYHO peluaeTcs 3Ta 3ajaua, He
rOJMTCH A4 CAefyiouleli 3agayu: HallTH reoMeTPUYECKOe MecTo
Touek M, paccrosHue kotopotx MA 10 toukn A Basoe 6oanlie
paccroanHus MB go touku B.

AnanuTHuecKan reoMeTpus, CO3AaHHaN ORHOBPEMEHHO ABYMS
$PaHLy3CKHMY yueHbiMn — Jlekaprom (1596 — 1650) n ®epma
(1601 — 1655), naeT edunoobpasnbie npliemsl peuierHus 2eome-
mpuyecKux 3a0a4 W CBOAMT pPeUleHHe ILUPOKOro Kpyra sajay
K HeMHOrMM METORHYECKH ApHMeHAeMbiM ctocobam. Jaa roctu-
WCeHUA ITOH 1ean BCe JaHHBIC ¥ UCKOMbie TOYKH W AMHUM Om-
HOCSIML K HeKomopofi cucnieme KoopOuwam (UPURUKNKANLHO
6e3pas3anyiio, Kak ee BuiGpath, HO yiaaudsiil BeGop ynpowaeT
peiferye 3aga4u). Bmbpas cHcTeMy KOODARMHAT, Mbl MOMCM
Kamaylo TOYKy OXapaKTep#30BaTh ee KOODANHATAMY, & KAXAY IO
JAUHKIO — YPABHEHHEM, IPa@HKOM KOTOPOro 3Ta AUHUA HBIAETCA.
STuM NaHHan reoMeTPHuUECKad 3ajaua cBOAUTCH K am eGpanue-
CKOH, a Aas peimenus aarebpavueckux sa-
au Mbl pacnosaraem xopoilo paspaboran-
HbiMH OOLIUMY METOJaMH,

Jias 1OsCHeHHA BHIECKA3aHHOrO pac-
CMOTPHM CJaelymouiie LpUMeDHL

Mpumep l. Oxpywnocts pamnyca r
oTHecena K cucreme KoopauHat XOY
(puc. 264), B xotopoit teHTp ee C umeer

Puc, 264. abeuuccy OQ =a n opauHaty QC=0b.
CocraBuTb ypaBHeHHe 3TOH OKPYKHOCTH,

[lyers M (x, ) ecTb 11DOU3BOIABHA TOUKA OKPYXHOCTH
(x = OPF; y = PM). llo oupeneaeHuio OKpy¥HOCTH, LIUHA OT-
pe3ka MC Bceria pabHsieTca IOCTOAHHOA Beauuune r. Buipa-
3um MC uepes unoctosHHpe KoOpAMHATH @, & uewtpa C u
nepeMeHHble KOOpAHHATH X, ¥ ToukH M, W3 puc. 264 umeem:

MC= VY CR + RM? = V (OP—0Q% 4 (PM —QC)* =
=} (x—al+(y—0"¢.
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CuesonaTeanHo,

Vi —a)l4-(y— 5amr

(x—a) 4+ (y— byr==r, )

310 ypapHeHHe NPEACTABASET OKPYXHOCTH; HHBIMH CIOBaMH,
rpadukom ypasseHus (1) CAYHHT OKPYWHOCTb,

[Tpumep 2. Haitrn reomerpuyeckoe Mecro rouek M, 1as
kotopuix MA==2MB (A n B — nBe 3ajaHHbie TOYKH; paccto-
AHMe MeXAY HuMH 0603HayuM uyeped 2/).

BoabmeMm Hayano koopiaunHat B cepeante O ortpeska AB u
HanpasuM oaHy u3 oceft (OX Ha puc. 265) Baoab AB. Hrobw
3anucatb ycnosye MA=2MB B BHIe ypaBHEHHUA MEXIy KO-
opiunataMu toukn M (x, y), Buipasum MA n MB yepes Koop-
auHartel. K3 tpeyroanHuka MBP umeem:

MB= VPB* ¥ PM® = V(OB — OP) & PM? =
= V- Fi

Touno Tak e wu3 TpeyroabHuka AMP dafinem MA =
=V (x+0D+y, n ycaosne MA==2MB unpumer Bux

nin

VEr+ DT +yi=2 V{I—xP*+y* YoM
focne ynpoutennsi noaysum: &[\
2 10 2 -+ 2 __..O D) '0 ﬁ
x—-§lx+y -2 =0 (2) 7 7 F T
2l —=

HMckomoe reoMeTpuueckoe Mecro ecThb
rpadyk 3TOrO ypaBHEHHs, W MeTOIbl Puc, 265,
AHAINTHUECKOH reoMeTpUH M03BOAAIOT

Cpa3y ckas3aTh, YTO 3TOT rpadMK ecTb OxpyMcHOcmb. B aTom
Aerko y6eInTbeA, CONOCTaBUB YpasHeHue (2) ¢ ypasuenuenm (1j.
[lpnaas ypasuenuio (2) dopmy

5 N2 s (1 )2
(=5 = (14"
Mbl BHAMM, YTO OHO eCT:» yacTHuiA cayuvalt ypasuenusa (1)
npu a-—--%l: b==0; r ==5/l 3nauur, Hame reomerpuue-
5
CKOE MECTO €CTb OKPYKHOCTL € UCHTPOM B TOHKE C(:,; 4 0}

4
¥ C papuycoM r==z/
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§ 12. Tfipenen

TMocTonunan seAnUHHA @ HA3WBAETCH NPedesds CPeMCeH-
HOW BeANYMHBI X, CCAM 3T2 HICPEMEHHARA DU CBOEM H3MeHe-
HHH HCOTPaHWuCHIO UpHbaWxaeTcd K a').

CyuiecTBeHHO UMeTL B BHAY, YTO MPH DPACCMOTPCHHH ca-
Mol no cefe 831MOil nepeseHKOI 8eAudunbl He MOWeET ObiThb
peun o pasbickanun ee npegena. Ecam ke paccmarpusatotes
JBC TICPEMCHHbIE BCANYMHBL W 0Ha eCTh QYHKRUA APYrof, to
JUISt ONIHOR! M3 HHX (APUYMCHTA) MOWHO 3a 1L aT b Upedcd, a 1aa
apyrofi—ucKatThb €ro (ccan OH CVILECTBYeT).

Mpumep 1. Tlepesenunie x, y CBA34aHB 33BUCHMOCTLIO

X2 — 4 o
y==—; ualiTy upexen ¥, KOTAd X HMEET Npeaciom
qucao 6.

Bynem HeorpauuucHio npubmiKarh (CPEMCHHYIO X K M-
cay 6 kakum-ai60 criccobom; Hallpumep, bydem 1aBarb X 3Ha-
yenus 6,1; 6,01; 6001 n 1. 1.; Mul Hailaem s y 3uHavenus §,1;
8,01; 8,001 u 1. R 9TH 3HaueHusn HeorpaHMyeHHo NpHOAMICa-
wres K yucay 8. To e oxaxerca, ecam X HEOrpaHUueHHO
HPHOMKATD K HHCAY 6 wobust Opy2um cnocobox, HaupuMep
woaaraTh x==959; 6,01; 5999; 6,000 n 1. 1. T[losatomy,
Korga x uMeeT npexeaom B, y umeer aupeiesom 8.
3anuce:

fim y=8§
x—6
$an

. X3 —4
lim ~—— =8,
=8 X
Byksu lim NpPeiCTABIAIOT COKpAULCHHE (DPAHIY3CKOro Cl0BI
limite (aumut), o3navaowero «<upened». [oayvenunit pesynn-
TaT B I4HHOM CJy4ae Mun MOran Obl HafiTy, noacrasus x==~5
X2 —d

B BbiDaXeHHE V= 2 —+ B cacuyouiem npumepe 9T0T Cuo-
co6 He UPHBORUT K ycnexy.

Opumep 2. Mano

i) {Ipusoxumoe onpege.eniie e BROAde CTPOro, TaK KaK BLpaxeHnHe
<HEOrPAHYEHHO HPUOMINKALTCA? HYKARETCH B AOTHYECKOM YTOUHCHUM, YTOY-
HHTh ero HajaewamuM o6pa3oM KOPOTKC W BMEcTe ¢ TeM RCHO BPAR 1Y
Bo3MOXHO, [1a WIDKENpPHBOLNMBIX NPHMEPAX CrO CMbICA RbifCHAETCR B TOR
CTeieHd, KOTOpad HEeOGXOXHMA RAR QOHIManuR CyTH xesa, llpuBoxnmere &
3ACMCHTAPHLIX yuelmixax onpeaeienus no Heo6Xolumociy BCeria crpa-
RAKOT T2KOIl e HCNOoAHOTON, XOTS 3aYacTyld Ha BII MOLYT NOKA3aThC®
Goaee TOYHbLIMY,



§ 13. BECKOHEMHO MAJASl ¥ BECK. BO/IBUIAY BRIMUMHE 43

a

Hatiru lim y. {lonctaBus x==2 B BhpOKCHNE -
X2
U
Heonpeneacuyoe supaxenne 5 (I, 23). Mewuy vem suunc
Jenun, noaoGHbie npouenaunbm B npuMepe I, nokawyr, 4ro

k]
T7 » Rafiew

lim & __4

»,x—)

X2
ITOT peayabTaT MOXHO 6bin0 Gbt HONYUHT eule TaK: HMeeM

X3 —4 (v-2(x+2
x—2 x —2 ’

Korna x35£2, MOxHO CORpatiTb fI0CAEAHI ApobhL Ha X —2
(npux =2 coxpamenue Henpasomepuol). [Hoayvaen v=1ux 4 2
gnpu x#2). Bynem ucorpanuueHHo upnbanxarth X K 2, we
agaf eMy 3Hauenus 2, TOrja y, OCTaBasCh PABHLIM X + 2, He-
orpasuyenHo npubanuaercs x 4.

PaccyoTpednyo uamy 3aiauy wHoraa QopmMyanpymoT Tak:

. A2
<€HAUTHW UCTUHHOE 3HAUEHNC BHIpAWEHUA . 2‘ npH X =2» uan

x2 = . “
«PacKpbiTh HCOMpPEReILHHOCTh npp x=2». Touunit

=2

CMBICA  9THX  BLIP@WCHHI COCTOMT B  TOM, N4TO  HueT-

X2 —4

cs lim =5
=2 ¥

B paccMOTpeHHOM NpPHMEpPe €PaCKPHITHE HECHDPRACICHHOCTHY

1 9
3 HA X — < C fiocjae-

aywouleft noacranoskofl x =2. Ho n 3T0T npucM agaaexo He
Bceraga BeJeT K uea.

e
JOCTHCAETCA COKpauleHueM Apobu =

§ 13. Becroneuno Manan u Geckoneuwo Gonbiuas
BEJIHUYUHDI

Tlepemennas Beanunna, npefea XOTOPoit paBeH HYIW0, HA3hI-
Baetcs GecKOHeHHO MAAOL.

Mpuwmep 1. lNepemennan peasunna Vx4 3 — 2ects
GeckoHeuno Mandasn, ecau X cmpevumes Kk 1, 6o

ilm!(;/x F3—2=0
2



414 V1, $YHKLUY, rPAGUKH

MepemeHnaa BeawuHHa, HEOrpPaHHYEHHO BO3pacTalOUlan
n0 alcONIOTHOMY SHAYEHWIO, HasbiBaeTCA OeCKOHEHHO O60ab~
woit,

Mpumep 2. (lepemensan seanuuna - is ectb Gecro-

Heuno 6onblIan BeAWUMHA, ecau X cmperunics K 5.

BeckoneuHo Goabwias BeauyuHa e wuseem npedera. On-
HAKO MPHHATO FOBOPHTH, 4TO GeckoHeuHo 6oabillas BEAHYHHA
«cTpemutca K OecKoHeunoMmy upeneay». Coo6pasHo ¢ 3rum
AHINYT:

lim %
x—p *— 5

=100, ()

3uaK oo (6eCKOHeYHOCTb) HE 03HAYaeT KAKOro-a1n6o yucia, u
pasenctso (l), Hocsulee ycroBHbI Xapaktep, Bblpawaer
AMIIbL TO, YTO [PH HEOTPAHHUEHHOM NPUOIHKEHUH X K D

X
abcomoTHaa BeanunHa apobu 7—F HEOTpaHUYEHHO pacTer.

X
an 9TOM llp06b =5 MOXeT NpHHHMATbh KakK MOMOXHTEIb~

Hbie 3HaueHHs (korga x > 5), Tak ¥ oTpulaTenbHbie (KOriaa
X << 3).

3ameyaune. B unnx cayuyasx Oeckoneuno Goablian
BEIMYHHA MOMXET [PHHHMATL TOJMBKO [ONOXHUTEIbHbE (KK
TOAbKO, OTpHIATeNbHbie) 3Hauenus. Tak, npu OeckoHeuno

I
MajaoM X BeJIHURHA X2 6ecKOHeyH BeaukKa; HO ) npy

[
x>0 1 npn x <0 BeanuuHa 5 noxoxuteabsa. 10  Bbipa-
KAOT  32ANUCHIO
1

7= + co.

lim
x—0
L. 1
Hanpotns, Beayuuna — - Bcerfa orpuuatesbna. flostomy
AHWYT

lim ( ___ l) .
x_'o( ~?2 = — CO.

B cOOTBETCTBHH C ITHM PE3yabTAT UpUMepa 2 3alIHCHBAETCA
TaKke caeayiouium obpasom: -

. X
lim —~_ =+
¥-sh *—5 0
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Mpuwmep 3 3anucs

lim x--1 -]
X—o0 X

03HauaeT, yTo, Korja x OGecKoHeuyHo BeNAMKo (T, €. Korga x
HeorpaHuyeHno pacreT 100 a6conlOTHOW BeanunHe), BeaRUn:

x—1 N
Ha e CTPEeMHUTCH K npejpeay [. CuMmBoad x— co uuTaOR:

«X cTpeMutcs K GeCKOHEeYHOCTHY.

[Tpumep 4. Buipaxenne «naomaid Kpyra ecTb upeiea
NAOLANM IPAaBHIBHOIO BIIMCAHHOIO MHOTOYTOAbHHKA NPK BecKo-
HeyHOo GOALIIOM YHCAE CTOPOH» O3HAUAeT, YTO MPU HeOrpPaHH-
YEHHOM BO3DPACTAHHM 4HUCAA CTOPOH YHOMRHYTOrO MHOrOYTroOdb-
HHKa 10Wa/b er0 HEOrPAHHYCHHO TNPHEGINKAETCA K 14A0LIAH
KpyTa.
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-~ ROMILIeKCHOro uucaa 191

Oprouentp 278, 280
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PaanocTs 67

Pacwupenne zpobu 77
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— muororpautoro yraa 310
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Pemurye 340
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PomG 284
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- ,ln_xameceuue 3a ckobxu 141, 149,
5

Cxpewmusaomuecs npamsie 305
- PACCTONHHE MEWAY HHMBE
CaaBauckas Hymepauus 61
Caaraemsie §

Caoxcnne (onperenerue) 67
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Canoit waposoit (cepuueckufn) 323
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Conzlxggmuuue KOMNACKeUMEe YucAl
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Taurenc 344, 360
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Tospectno 157
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TpaucuenaendrHoe qucs 179
Tpaneunn 285
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MoR 355
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- — ofparusie 374, 402404

— — — , rhasuble HX 3nayenun 375
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8 375
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358
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— pnucansbte 289, 293
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293, 294
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— cmexubie 27
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aapHsiMn cTopoHamy 283
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Yroa (onpexeaenne) 273
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ctu 261

-~ , snakn yraos 274
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— , — — pazxsasnag 440
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~— , cocrasienne 154156

— uucaoBoe u Gykmennoe 155, 168
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— UpHMOIl, HAKJOHHLIA, KPYrowrof,
Kpycabii 315

Linanunpuuecxan nosepxtocts 314

Liudpa 59

Ludpst suauamue 95

— pumckne 64

Yacrnoe 68

HacTn; maxowgenue no unenomy 84
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