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1. Ha3znaueHue cipaBO9YHHKA.

OTOT CHIpaBOYHMK MMEET JBOSKOEC Ha3Ha4YeHHE. Bo-TIepBBIX, 371€Ch MOXKHO HaBECTH
«MOMEHTAIILHYIO» CIIPaBKy: YTO Takoe OOIMUH HauOONbIIMHA JAenuTenb, YTO TaKoe
TaHT€HC U T. M., KaK BBMHUCIUTH IPOIEHT, KAK IOCTPOUTH ITPABHIIBHEIHN ATHYTOIBHUK U
T. I1.; KaKOBBI (JOPMYIIBI 111 KOpHEH KBaJpaTHOTO YpaBHEHHS, U1 00beMa YCEUSHHOTO
KOHyca U T. II. Bce onpenenenus, npasuna, GOpPMYIIBl U TEOPEMBI COIPOBOXKIAIOTCS
IpUMepaMd; IpU O5TOM 0co0oe CHHUMaHUE yaelsercs IpUMepaM IpPaKTHYECKOTO
xapakrepa. Bcrogy, rae oTo TpeOyercs, ykasbBaeTcs, B KaKMX CIydasXx M Kak HaJo
IPUMEHATH TO WM UHOE MIPaBUJIO, KAKUX OIMUOOK Hajl0 u3berarts U T. II.

Bo-BTOphIX, OTOT CHpaBOYHHK, [0 3aMBICIY aBTOpa, MOr' OBl CIYXWThb
o0mIeI0CTYITHEIM OCOOHEM JI TOBTOPEHUS Kypca dIIEMEHTapHOW MaTeMaTUKHU U JJaxe
JUIS IEPBOTO O3HAKOMIICHHS C €€ IIPAKTHIESCKUMH TPUMEHECHISIMH.

2. CripaBOYHUK U yIeOHHK.

MEicnb 0 TOM, 9TO IO CHPABOYHUKY MOXHO YUUmMbCs, CIIOCOOHA BBI3BATh COMHEHHS.
Omnako, cyls 1O YUTATeIBCKAM MHChMaM (YHUCIO KOTOphIX mnpeBbimaer 1500),
HoJaBsoNmee OONBIIMHCTBO NMOTpeOuTeNeH YCHEeIMHO MOJb30BAJIOCh CIPABOYHHUKOM
MMEHHO JUIS DTOH IIENH.



BeITh MOXeT, HaMMEHOBaHHE «CIPABOTHUK» U HE BIIOJIHE COOTBETCTBYET .XapaKTepy
atoit kauru. Ho Ha 21 roxy ee »<M3HU BpsAJ JIM 1ieJecoo0pa3Ho MeHATh ee Ha3BaHue. C
Jpyrod e CTOPOHBI, elle MeHee Mojaonuio Obl K Hel Ha3BaHHME «YyIeOHHMK» WIH
«ydebHOe mocobue». Takoe Ha3BaHME BBI3BIBAIO OBl mpejcTaBleHHE 00 ydeOHHKe
IIKONGHOTO THUMa. Mexay TeM [OaHHBIi CIPaBOYHHK IO CBOEMY XapakTepy
CYIIECTBEHHO OTJIMYAETCS OT MIKOJIBHOTO YdeOHHUKA.

B mkonsHOM yueOHMKE, 0COOCHHO B ydeOHMKE JJIs CTapIIuX KIIacCOB, 8e0yuyyio
PpONb UTpaeT paccyxjeHue; pakTUIeckuil Marepual Kak Obl MOJUMHEH JIOTUYECKOMY
anmapary. Bo BcskoM citydae TakoBO socnpusamue yuawe2ocs. 31ECh e BeIyIIyIO POllb
urpaer (axkTUdIecKUd Marepuand. OTO HE O3Ha4aeT, UYTO 37eCh HET pacCyxJIeHHI.
HanpoTus, uHOM pa3 4uTaTeas BCTPETUTCS U C JOTUYCCKUM BHIBOJOM TOW WM WHOMU
(OpMyIIBI; HO OTH BBIBOJBI HPOBOISATCS JIMIIB IO 0cOOBIM moBoaaM. MHora, Hanpumep,
HaJI0 NOIEPKHYTh PYKOBOJIAILYIO UJCIO JaHHOTO pasjena (CKakeM, BRIBECTH GopMyITy
KBaJIpaTHOTO YPaBHEHHS); UHOTJ[Aa HAJI0 MPEOJI0IEeTh IyBCTBO HEOBEPHS K Pe3yIbTaTy
(ckaxeM, K JCHCTBHAM HaJ KOMIUICKCHBIMH YHCIaMH). [7le MOXHO OIyCTHTh
JI0Ka3aTelIbCTBO, a IJIe HENb3si— IpPU PEeIleHHHM DTOTO BOIMPOCAa aBTOP PYKOBOAMICS
e TarOTHYECKUM OITBITOM.

3.Kax nonp30BaThCs CIPABOYHUKOM.

«MoMeHTanBHasA» CIpaBKa HABOJUTCS € NOMOIIBI0 al(aBUTHOTO YKa3aTels,
MOMEIIEHHOTO B KOHIle KHUTH. Ha ciywaii, eclid 4uTarens He 3HACT HAMMEHOBaHMS
MpaBuJia, TEOPEMBI, CrI0co0a peleHus U T. 1., K €ro ycayram moapoOHoe oriapiaeHue (B
Havayie KHUTH). Bece Tabauisl moMeneHs! B IEPBOM pasjielie CIPpaBOYHHKA.

HaBoas cipaBky B KakOM-THOO OJHOM MeCTe, BBl BCTPETUTE TaM CCHUIKH Ha BCE TeE
maparpadbl, TJ€ pa3biICHEHBH YIOMHHAaeMble TEpPMUHBL Pumckumu mudpamu
obo3HaueHs HOMepa pa3zienoB; apabckuMu—HoMepa naparpados. He npenebperaiite
atuMu cceuikamu! BeskoMy ke, kTo oOpamaercs K CHpaBOYHHKY HE MO CIyJailHOMY
IIOBOJTY, PEKOMEHIYETCS «HACKBO3b)» POYECTh MHTEPECYIONIUHA ero paszier.

B wuwacTtHOCTH, NONE3HO 6HUMAmMenbHO TIPOYECTh HCTOPUYECKUE CBEIACHMUA,
cojiepxalniecs B KaxaoM pasjene. OHU COCTAaBISIOT OPraHUYECKYIO YacTh KHHUTH U
COJICHCTBYIOT JTydllIeMy TOHUMaHHIO MaTepuaa.

YuraTtenb, KOTOpbIH OyaeT Y4dUThCS HO DTOW KHHTE, JODKEH o0paTuth ocoboe
BHUMaHWe Ha mnpuMepsl. Joka3arenbCTBa, OMYIIEHHBIE B CIPABOYHHUKE, YHUTATENb
MOXXET BOCTIOHUTS (110 yIeOHUKY) 1100 OTHOBPEMEHHO C UTCHHUEM CIIPAaBOYHHUKA, JTHO0
mo3aHee. Ho HHM cnpaBounuk, HH Yy4ueOHMK He OymeT gocTaTouHeM 0Oe3
camocmosmenvuslx YIpaxXHeHUH B pelIeHUH IPUMEPOB U 3a/1a4.

AJI®ABUTHBIA YKA3ATEJIb
Abens 133 Axcuoma 272
A6comoTHas BennuuHa 138 Anrebpa 130
— MOTPENTHOCTE 97 Anrebpanyeckas (popMa KOMILUIEKCHOTO
Ab6cmmcca 390 gucna 200
— KOMILIEKCHOTO uncna 191 Anrebpanueckue uucia 179

Aby-anv-Kagha 339 Anrebpaudeckoe ypaBaenue 128, 160



An-Kawu 92

Ano-bupynu 130

Anv-Xaiiam 131

Anv- Xeapuzmu 66. 92, 130

Anammutuaeckas reomerpus 410

AnTunorapudmer 248

Anononui 271

Anodema MHOrOyronsHuka 299

— nupamuasl 313

Apeon 133

Apryment 387

— KOMIIIIEKCHOTO uncia 197

Apudmeruxa 55

Apudmeruaeckas nporpeccus 227

Apxumeo 270

Apxumena teopema 319

Attudeckas aymepanus 59

besy Teopema 147

Beckoneuno Maineie 4 6€CKOHEUHO
6onbinye BeTuauHs! 413

Bbeckoneunocts 84, 413

buxsagparnoe ypaBHeHue 188

Bbunom Hrerorona 254

— —, obobmennas ¢opmyna 257

— —, CBO¥cTBa OMHOMHATHHBIX
k03¢ dunueHTo 258

Buccekrpuca Tpeyronsauka 279

— yrina 275

BboxoBas rpans mupamusl 311

— — npusmsel 311

— MOBEPXHOCTh Tea ((hopmyibr) 334-
336

— CTOpOHa Tparnenuu 285

— — TpeyronbHUKa 277

Bonsmoii xpyr 318

Bombennu 133

bpuzez 234

biopau 233

Barunonckasa nymepanus 62

Beprukansasie yrius 275

Bepmmna xonyca 316

— MHororpansuka 311

— MHororpansoro yria 310

— nupamuasl 313

— MmIOCKOro yrna 273

Beccenv 133

Buema 131, 214

Bremmnit yron 277

Bo3ssenenue B ApoOHYI0, HYJIEBYIO
OTPUIIATEIIBHYIO CTENEHb 229—
231

— B IIeyIO cTeneHs 69

— — — — npubnKeHHbIX gucen 112

Briucannsrit kpyr (0kpyxHOCTB) 298,
369

— MHOTOYTONIBHUK 298

— — npaBuibHBIA 299, 300

— yron 2589, 293

Brmecenue 3a ckoOku 141, 149, 150

Bremykunslit MEOrorpanauk 37 |

— MHOTOYTOIBHUK 276

BricoTa xonyca 316

— nupamuasl 313

— mpu3Msl 311

— Tpamnenun 285

— TpeyrojibHuKa 278

— nunueapa 314

Brrauraemoe 67

Breruranue apo6eit qecatuaabix 87

— — mpocTeix 79. 8(1

— gucen (onpeaenenue) 67

— — KOMIUIEKCHBIX 193

— — oTpunarenbHex 139

— — npubIMKEeHHBIX 99

T'anya 133

T'aycc 133,182

I'excasap 328

TIenvghono A.0. 180

I'eomerpuueckas nporpeccus 227, 223

I'eomeTrpuueckoe MecTo Touek 287, 392

— teno 269

T'eomerpus 269, 270

— aHanutHyeckas 410

— HadepTaTenbHas 308



I'umepbomna 318

I'unorenyza 276

T'unnapx 338

I'maBHBIE 3HaUEHUS OOpaTHBIX
TPUTOHOMETPUUYECKUX (HyHKIIUH
375

T'onnomerpus 338

I'paxyc nyrosoii 289

— yrnoBoii 273

I'pans aByrpannoro yraa 307

— MHororpansuka 310, 311

— MHororpansoro yria 310

— mapayenenunena 312

I'paduxu dpynkmuit 392—404

I'paduueckas uarepnonsanus 392

I'paduueckoe n3obpakenue GpyHKIHiA
391

— pemenue HepaBeHCTB 406—409

— — ypaBHeHnui 404—406

T'otizenc 292

JIByrpannsiii yron307

—/lexapm 136, 271, 410

Henenue apobeit gecarnunsix 88, S9

— — IPOCTHIX 82

— KopHel 176

— MHOTOYJICHA Ha JBYWICH NCPBOU
crenenu 147

— OJHOYJICHOB 142

— OTpe3Ka NOIoJIaM, Ha 7 paBHBIX
qacteit 259

— — OPONOPIIMOHATBHO TaHHEIM
BenuuuHaM 260

— cokpamenHoe 110

— € ocTaTKoM 68

— creneneit 175

— CyYMM ¥ MHOTOWICHOB 144

— gucen (onpeaeneHue) 68

— — oTpunarenbHsx 140

— — npubnmxenHsx 109

Jlemumoe, aeaurens 68

Jenutens oOmmit Hauboasuii 75

Jlecaruunas cucrema cuuciaenus 57

HJecaruansie apobu 85

— norapudmsl 239

Jerepmunant cMm. Onpenenurens

Jnaronane MHOTOYrONBHUKA 275

— mapayenenunena 312

— napajuienorpamma 283

Juametp xpyra 288

— mapa 318

Juogpanm 128

Juckpumunant 186

Honexasap 328

JlokazarenbcTBO 272

JlonomHUTENEHBI MHOXUTENE 79

JIpeBHeapMsIHCKasA, JIPEBHETPY3HHCKAs
HyMeparus 62

JIpeBHerpeueckas Hymepanus 59

Jpo6n anrebpandeckast; AeHCTBUS HAJ
Jqpobsmu 151, 152

— gmecarudHas 85

— —, genenue 88, 89

— —, ofbpammenue B npoctyio 89

— —, cBolicTBa 86, 87

— —, CIIOXEHUE, BEIYUTAHNUE,
yMHOXCEHHE 87

— MpaBUJIbHAs, HEMIPaBUIbHASA 76

— npocTtas 76

— —, JAeaenue 82, 83

— —, obpammenue B gecaruunyio 90

— — , IpUBEJICHHUE K 00ImeMy
3HameHareno 78, 79

— — , cIoXeHue U Berautanue 79. 80

— — , COKpaIlleHHE U pacmmpenue 77,
78

— — , ymMHOXeHue 80—S82

— , CHCTeMaTu4eckue apobu 85

— , ImecTujIecaTepudHbie 1podu 85

Jyra oxpyxHoctu 288

— — , JieJeHue nonojiam 262

Eexnuo 55, 270, 271

Kupap 131

3aBucuMas nepeMeHHas 387

3aBucuMOCTh QyHKIIMOHANbHAS 386



3epkanpHas cummerpus 329

3epkansHoe nogodue 333

— paBeHCTBO 329

3epkanbHO-0ceBas cMMMeTpus 332

3nak konuuecTBa 135

3HameHarens 76

— , IpuBeieHue Apodeit k obmemy
3HameHareno 78, 79

3navamue nudpsl 95

3HavHOCTH uucna 96

3ona mapoBas (chepudaeckas) 323

HsBnedenue xopus 69

— — KBIpaTHOTO U3 NMPUOIIIKEHHBIX
qucen 113-117

— — KyOM4IecKOoTo U3 MPUOIIKEHHBIX
qucen 117-119

Hxocasap 328

Hnpwiickas nymepanus 65

Hurepnonsmnus rpadpudeckas 39?

—gucioBas 126, 127

Honwniickas cucrtema Hymepaiuu 60

HppannonansHoe uucno 178

HppannoHalbHOCTH; UX YHHUTOKEHUE
177

Kapoana 131, 132, 182

Kacarenbnas miockocts 324, 325

— — koHyca 325

— — mqunugapa 325

— — mapa 325

— npsmast 288

— — K JIBYM OKPYXXHOCTSIX,
noctpoeHue 263

— — K OKpy»HOCcTH 288

— — ——, nocTpoenue 263

Karer 276

KsanpanT 289

Ksaagpart 284

— , BIIMCAHHBINA U OTTUCAHHBIN
(moctpoenue) 267

— , mocTpoeHue 266

— qucna 69

Ksanparuunas ¢pysaknus 496

Ksanpatnoe ypasaenue 180

— — , pemenue 153

— —, CBOWCTBa KOpHeH 186

— — , CUCTEeMa KBaJIpaTHBIX
YPaBHEHHH C IByMs
Heu3BeCTHhIMH 188

— — , yPaBHEHUS, IPUBOJTUMBIE K
KBaJIpaTHbBIM 187

Knacc 66

Kommnekcusle anciia 59, 132, 182, 190

— — , anreOpanyeckas
(xoopnunatHas) popma 200

— —, aprymeHnrt 197

— — . Bo3BejeHue B creneHn 206, 211

— — , TEOMETPUIECKHUI CMBICH
JIEHCTBUH HAJT KOMIIIEKCHBIMH
gucnamu 200-206

— — , TEOMETpUIECKOe N300pakeHue
195

— —, JeictBuga 191—195

— —, u3BIe4eHue Kopus 207

— — , Moayas 197

— — , TpUroHOMeTpudeckas gopma

Konwnueckas nosepxHocts 316

Konnueckue ceuenns 271, 317

Konyc 316

— BIIMCAHHBIN U ONMCAaHHEIHN 326

Koopaunats! (npsmoyronshele) 271,
390

Kopens, neficteus ¢ kopasamu 175

— u3 gucna 69

— — — , IPaBUJIO U3BJICUCHUS
KBajipaTHoro xopus 113

— — — , — — KyOu4ecKkoro KopHs

Kopensb, kBajpaTHbIN, KyOWdecKuii
69

— ypaBHeHus 157

Kocekanc 344, 360

Kocunyc 344, 359

Kocunycos Teopema 367

Kotanrenc 344, 360

Koaddumuent 140



— OponopHHOHATEHOCTH 123, 392

Kpatnoe 68

— ofmiee HauMeHsIee 75

Kpyr 288

— , IIOmAb Kpyra 291

Kpyrosoe xomasio 303

Kpyrosoii konyc 316

— numuaap 315

Kpyrossie pynxuuu 374

Ky6 312

——qucna 69

Kyzomun P. O. 180

Junoeman 190

Jluneitnas pynxmnus 393

JIuneitnoe ypasnenue 160

Jlunusa 269

— CHHYCa, KOCUHYCa, TaHT'€HCa,
kotanrenca 359, 360

Jlobauesckuii H. Y. 134,271

Jlorapudmuposanue 234—236

— , IpUBEJICHUE K BUY, YAOOHOMY st
norapudmupoBanus 365

Jlorapudmel (ob6mue creaenus) 232

— necaruanble (Opurrossr) 235, 239

— — OTpHIIaTeIbHEIE, TEUCTBHS C
HUMH 241—243

— — , OTHICKaHHe Jorapudma mo
quciy 243

— — , — 4ucna 1o Jgorapupmy 246—
249

— —, TIePEXO]] OT IECATHIHBIX K
HaTypaJbHBIM U 00paTHO 238

— HaTypalbHbIe (HerepoBhl) 236

— TPUTOHOMETPHYECKHUX BenuduH 350

Masnrucca 239

Mapxkos A. A. 180

Meauana 279

Munnuon, mumtnap (6umtnon) 67

Muumas equnaunia 190

Muumeie yucna 182

Msmuororpannuk 310

Msmororpannsii yroa 310

Mpuorosnaunas ¢yakmus 3S7

Msmuoroyronsauk 276

— BIIMCaHHBIN U ONMMCAaHHBIN 298

— BBIIYKIIBIHN 276

— 39e319aThiid 276

MBHoOroyroiasHuK IpaBUIbHEIN 293

— — , JmHa ctopoHs! 300

— — , Ioniank 399

— mpocToit 275

Msmuorounen 141

— , pa3noXeHue Ha MHOXUTENHU 149,
150,

— , CTemneHb ero 146

Mmuoxumoe 68

Mmuoxurens 68

— JIOTIOJTHUTENRHEIH 79

— , pa3NoXXeHUe Ha MHOXKUTENH 74

Mojyns necaTUdIHbIX JorapugmoB 238

— KOMIIIIEKCHOTO uncia 197

Monsgeiine hopmynsl 368

Mopoyxaiu-bonmoscxou JI. /1. 180

Myagpa ¢popmyna 206

Myxammeo uz Byoscana 339

Myxammeo uz Xopesma 66,92, 130

Haxpect nexammue yrisr 283

Hanpapnsronas KOHHYECKOi
nosepxHocTH 316

— IWIUHAPUIECKON moBepxHocTH 314

Hacup 30-/Jun 339, 340

Harypansusie norapudmesr 236

—gucna 55

Harypansssii pajg 55

Haueprartensnasg reomerpus 308

HesaBucsamas nepemennas 387

Henep 233, 234, 238

Henonnoe xBaapatHoe ypaBHeHue 181

— gacTHoe 69

Henpasunsnas apo6s 76

Hemnpeprsras nponopmust 122

Hepasencrta 215

— anrebpanueckue 222

— , kiaccudukanus 222, 223



— , HEKOTOPHIC Ba)KHEIC HEPABEHCTBA
218 -220

— , OCHOBHBIE ITPHEMBI penteHus 221

— paBHOCUIIbHEIE 221

— , pemenue 223 — 226

— , — rpaduueckoe 406

— , CBO¥icTBa 216

— TpaHCILICHICHTHBIE 222

— Yeb6rimena 220, 221

Hynesas crenens 229

Hyns 59, 136

— , JlelicTBUA € HyleM 83

Hymepanus «apabckas» (MHauickas)
65, 66

— BaBWJIOHCKas 62

— JIpeBHEApMSTHCKas,
JIpeBHETPY3UHCKas 62

— pumckas 64

— claBsHCKas 65

Hvtomon U. 252

Herorona 6unom cMm. bunom Herorona

OO6pazyromas KOHUIECKOi
nosepxHocTH 316

— [NWINHAPUIESCKOH TOBEPXHOCTH

314

OOpaTHble TPUTOHOMETPUIECKUE
byuknuu 374

— — —, rpaduxu 401 — 404

— ¢ysxnuu 388

OO6mee HauMeHsllee KparHoe (0. H.
K.) 75

O6muit naubonemmit Jenurens (0. H.

o) 75
O6nems! Ten (popmyner) 334 —336
— — nooOHEIX 334
Omno3navnas ¢ynxius 387
Onaocroponnue yrisl 283
Onnounen; mogo6HeIe ogHOWIEHE! 140,
141
OxpyxHocTb 287
—, aauaHa 290

— , IOCTPOCHHUE BIIUCAHHOU U
ONMCAaHHOH! OKPY)KHOCTH 265

— ,— 10 2 TOYKaM U paguycy 262

— , — 1o 3 Toukam 262

Oxraoap 328

OnucanHbIi MHOTOYTONBHUK 298

— yroxa 289, 294

Ormpenenenne reOMETPUIECKUX
noHsATUH 273

Omnpenenurens 2-ro nopaaka 167

— 3-ro mopsaxa 170

Opaunara 390

— KOMILIEKCHOTO uncna 191

Optonentp 278, 280

Ocesas cummerpus 331

OcHoBanue koHyca 316

— norapudma 235

— mapayenenunena 312

— napajuienorpamma 283

— nupamuasl 313

— — yceueHHoit 313

— mpu3Msl 311

— paBHOOEIPEHHOTO TPEYTOIBHUIO)
277

— creneHu 69

— Tpamnenun 285

— TpeyrojibHuKa 278

— nunueapa 314

Ocrarok 69

Ocb xoopaunar 390

— mydka miaockocredt 305

— paaukanbHasg 296

— cummetpun 331

OtHOCUTENRHAS TOTPENTHOCTE 97

Otnomenue 121

— OKpYXXHOCTH K auamertpy 290

— noxodus 285

Otpe3sok 273

ITapabona 317

IMapannenenunen 312

ITapannenorpamm 283

— , mromaae 301



— , mocTpoeHue 266

ITapannensHOCTh MIIOCKOCTU U MPSMO#
306

ITapannensnsle mnockoctu 306

— npsamele 282, 305

— — , IOCTPOEHHUE NPSIMOH,
MapajuieaIsHON JaHHOU 259

ITackans TpeyronbHuk 255

Ilepemennas BenuarHa 386

IlepecranoBka 251

— C TIOBTOPSIOIIUMUCS dJIEMEHTaMU
253

ITepumerp 275

Ilepuon; nepuonuaeckue pyaknuu 402

IlepnenaukynapHoe cedeHue (IPU3MBI)
311

IlepneHaMKyIIpHOCTH MIPSMOU U
mwiockoct 307

ITepnenaukynspusie miockocty 308

— npsMele 274

— — . IOCTPOEHHE MEPIICHANKYIIApa

ITu (oTHOIIEHHE OKPYKHOCTHU K
JuameTtpy) 290

IIupammpa 312. 316

— yceduenHas 313

ITugaropa reopema 231

IInockocts 305

— cumMetpua 329

ITnomamu (popmymnsr) 301

— noj100HBIX Guryp 287

IInomane Tpeyronsauka 302, 368

TTorepxuoctu Ten (hopmynsr) 334-336

IToBepxHOCTH 269

— xoHHn4eckas 316

— cepuueckas 318

— nunuHApudeckas 314

IorpemuocTs abcomoTrHas U
OoTHOcuTenbHasg 97

— npeaensHas 98

— npousseaenus 103, 104

— cymm»» 1 pasHocta 100

—vactaoro 109, 110

IToaxopenHoe uucno 69

ITono6ue mnockux ¢uryp 285—287

—Ten 333, 334

IHozunmonnas aymeparus 62

ITokazarens crenenu (kopHu) 69

— — npo6HsIit 230

— — "ynesoi 230

— — OoTpHIaTenbHbI 229

ITonHoe xkBagpaTHOE ypaBHeHuUe 181

ITonocTn KOHMYECKOI MOBEPXHOCTH
316

IToctosnnas BenwurHa 3S6

Iosc maposoii 323

IIpaBunsHas apobs 76

— nupamuja 313

— — yceuenHas 313

— npu3ma 311

IIpaBunbHEIN MHOTOrpaHHUK 328

— MHOTOYTONIBHUK 299

IIpenen 412

IIpenensHas abconrOTHAs NOTPENTHOCTD
98

— OTHOCHUTEIBHAS MOrPENTHOCTE 98

ITpubnuxennsle Beraucnenus 94

— 9Hcia; crnocod 3amucu 95

IIpusenenue apodeit k 0OmEMy
3HaMeHaremo 78

— Nox00HLIX WwieHOB 141

IIpuzma 311

IIpuznaku renumoctu 71. 72

— 1oj100us TpeyroNbHUKOB 286

IIporpeccus apudmeruaeckas 227

— Bo3pacTaromas 228

— reoMerpudeckas 227

— — OeckoneuyHas 228

— yObIBarommas 228

ITpoexmus (mpsmoyronshas) 280, 308

IIpoussenenue 68

IIpousBoausie mponopuu 153

IIponopnuonansHOCTH 0OpaTHas 123

— —, ee rpaduk 395

— npsmas 123



— —, ee rpadux 392—395

IIponopmms 122, 152

— HemnpepbiBHas 122

IIpouent 92

— , 33/1a94 Ha MPOIICHTHI 93

IIpsimas nunug 273

— npu3ma 311

IIpsmoii numuaap 315

IIpsimoyronbHas cucreMa KOOpJUHAT
390

IIpsmoyronsauk 284

— , IUaroHajb, BEIpaXXEHUE ee Yepe3
CTOpOHEHI 284

— , mocTpoeHue 266

IImonemeri 338

IItonemes Teopema 299

PaBHOGeapenHsIit Tpeyronsauk 277

PaBHOCUNBHEBIE HEpaBeHCTBRa 221

— ypaBHeHus 158

PaBHOCTOpOHHMI TpeyronbHUK 277
Pamuan 340

Pamuannas mepa yrna 340

Pamukanenas ock 296

PanuxansHeni neatp 297

Pamuyc okpyxHocTtH 287

— MPaBUWIBHOTO MHOTOYTOJIbHUKA 299

Pamuyc mapa 318

PasnoxeHre Ha MHOKUTENH
MHOTOWIeHOB 149, 186, 187

— — —umncen’4

Pasmemenus 252

Pasnocts 67

Pacmmupenue apodu 77

Pe6po nByrpannoro yria 307

— MHororpassuka 310

— MHororpassoro yria SIO

Pezuomonman 340

I'ernomonrana ¢popmyst 368

Pemuxyc 340

Pemenue tpeyroiasaukos 337, 349,
355,369

Pumckue nudpsr 64, 65

Pom6 284

— , miomaae 284, 301

Pygpdpunu 133

Cermenr kpyra 288

— — , wromanb 291, 303

— I1apa, ero 006eM U MOBEPXHOCTh
322,323

Cexkanc 344, 360

Cexrop kpyra 289

— — , wromanb 291, 303

— mapa, 06beM U IOBEpXHOCTH 323

Cexynna 274

Cexymas 288

Ceuenus xonyca 317

— mumHapa 315

Cummerpus 329

— Bpamenus 331

— 3epKanbHasa 329

— 3epKalIbHO-0ceBas 332

— oceBas 331

— neaTpansHag 330

Cunyc 344, 359

CunycoB Teopema 368

Cucremaruaeckue podu 85

Cxo6xu 70

— , BEIHECEHHE 3a CKOOKkH 141, 149,
150

CxpemmuBaromuecs npsmeie 305

— —, paccTosiHEE Mexay HUMH 305

Cnassasckas Hymepaius 61

Cnaraemsie 67

Crnoxenue (onpenenenue) 67

— npobeit anrebpanuecku; 151, 152

— — NECATHYHBIX 87

— — OpOCTHIX 79

— oTpunarensHeIx gucen [3S, 139

— npubmxeHHbIx qucen 89, 100

Crotit mapoBoii (chepuaeckuit) 323

Cwmexusie yrisl 274

Coenunenuns 251

Coxkpamenue apobeit 78

Comuoxwurenu 68



CootBeTcTBeHHBIE YIIBI 232

ConpsixeHHbIC KOMIIEKCHBIC UHCIIa
192

Coueranus 252

Cpennee apudmeTuieckoe u
reomerpudeckoe 118

— — , COKpAaIlleHHOE BHIYUCIICHHUE
cpenuero apudmernyeckoro 119

— — , TOYHOCTb CPEJTHETO
apudmernaeckoro 120

— KBa/IpaTU9HOE OTKIOHeHHEe 120

Cpennue Benuuuns! 118

Cpenusas nuaud Tpanenuu 285

— — TpeyronbHuka 285

Craructudeckue cpennue 119

Cmeeun 92
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K CBENEHHIO YHTATENA

I.Hasnauenue cnpaBounuka. ITOT COPaBOMHHK
HMeeT ABOSIKOE HasHauehre. Bo-lepBLIX, 340Ch MOXKHO HABECTH
«MOMEHTAILHYIO» CNpaBKy: 4YTo Takoe oGulHil HauGoJbLIUI
JeJUTe]b, YTO TAKOE TAHTEHC H T, M, KAK BLIMHCIHTH MPOUEHT,
KaK TOCTPOHTh MPABHILHABIT MATHYTOABINK K T. .; KAKOBBL (op-
Myabl 109 KopHeli KBAApPATHOTO ypaBHeHMs, A4 oGbema yce-
HeHHOrO KOHyca M T. . Bce onpeteaennd, npasuaa, QopMyJnl 1
TEOPeMbl COMPOBOXKIAAITCH NPUMEPAMH; NpH ITOM 0coGoe BHH-
MaHpe yjaeadertcs npuMepaM npaxrtiveckoro xapakrepa. Beoay,
rae 370 Tpedyercs, YKa3blBaeTCH, B KaKHX CAy4asx M Kak Hafo
NPHMEHSATD TO WM HHOC APABH.I0, KaKHX oumfoK Hajlo H3-
Serath # T, 0.

Bo-BTOPHIX, 3TOT CIPaBOMHUK, N0 3aMbICAY aBTopa, Mor Obl
CAYyAHTh ofueaocTynHbiM nocoGHeM A8 NOBTOPeHHS Kypca
9JeMEHTAPHON MaTeMaTHKH W Aaxe A1 MepPBOro 03HAKOMJIC-
HUA C €e IPAKTHYCCKHMH MPHMCHCHHAMM,

2.Cupapouuuk 0 yueOnuk Mucis o ToMm, 4t0 no
CAPOAGOYHURY MOKHO G4UTHCHA, CDOCOGHA BHI3BATH COMHEHHS
Oxunako, cyas MO YHTATCIhCKHM [HCbMAaM  (YHCIO KOTOPHIX
npessimaer 1500), nojtasasiollee 60JbUIMRCTBO NMOTpebHTe el
YCIRIRO M030B4.10CH CIIPABOUHHKOM HMEHHO LSt 3TOH Uei.

BbIThb MOMET, HAHMCHOBAHHC «CHPABOUNMK® H HE BRO.JIHC
COOTBETCTBYCT Xapakrtepy stoit kuurd, Ho na 21 roay ee
KH3HH BPSA J lesecooGpasHo MeHATb ee Ha3pauue, C apy-
rofi xe CTOpOHbLI, ewe MeHee nodotlae 6L K Helt Ha3BanHe
«yueGHHK» HaH «ydycOnoe nocobue». Takoe HasBaHMe BbI3bI-
BaJo Gul NnpeacTas/enite o0 yueGHuKe WKOABHOrO THIA, Mexay
TeM JIaHHBI] CHPaBOUHHK NO CBOeMY XapaKTepy CyWEeCTBEHHO
OTJIMYALTCH OT IIKOJARHOro yueGuuka,

B xoabhom yuebnuke, ocofeHno B ydeGHUKe A5 CTAPLIHX
KJACCOB, 82dytyyi0 po.1b Wrpaer paccyskiuente; daxTuueckuil Ma-
TepHaA Kak Obl NoJ4HHel JIOTHUECKOMY amnapary. Bo Bcakom
ciyyae TaKoDBO BOCHPuUATUE yHauie2ocs, 31ech e BEAYILYIO
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poas wurpaer dakruuecknii Matepwan. Sro He o3Hauaer,
uTo 3j4ech HET paccymneHuii, Hanporus, nnofi pas uHtaresb
BCTPETHTCH W C JICTHMECKEM BLIBOXOM Toli MaR HHOR dopMy/Ib;
HO 3TH BBHIBOAB NPOBOAATCH JHILB TO 0colbiM NOBOAAM.
Wioraa, nampuMep, Hazo NORUEPKHYTh DYKOBOASLIYIO HACKD
aHHOTO pasfena (cxaxkeM, BriRecTH (ODMYyJY KBaapartHoro
YDABHEHHH); HHOCAA HAL0 NPeOnoJeTh UYBCTBO HKeloBepus
K peayapTaTy (CKameM, K LeflCTEHAM HaJ KOMIJICKCHBIMH YHC-
Jgamu). T'le MOXKHO ONYCTHTb LOKA34TE/bCTBO, A I'iE HEJb3A —
TIPH PEILEHHH 3TOrO BONPOCA aBTOP PYKOBOAWJCH Melarorsuye-
CKHM OTILITOM.

3.Kax monssoBaThes cnpaBoudHHKoM. <«Mo-
MeHnTaAbHAS» CIPABKA HaBOMHTCA C HOMOLIBIO a/daBHTHOro
yKasartens,, MOMEIeHROTe B Korne xuurn. Ha coyuwafl, ecan
YHTATCJb He 3HAET HAWMEHOBaHWA NIPABHIA, TeOpPeMul, crocoba
pelneHns M T. I, K €ro ycayram noapofiHoe oraapnesne (B Ha-
uaite kuurd). Bee Talauubl foMeliennl B NepBOM  pazfene
CHPaBOYHAKA.

Hasoas cnpasky B KaxoM-IH00 OJHOM Mecre, BBl BCTpe-
TUTE TaM CCBHIIKM Ha BCe Te Inaparpadbl, riae pasbrcHeisl
ynomuHaemple TepMunul.  Pumexumu  udpami  obosnaucisl
Hovcpa paspienoB; apabekiMy — lovepa naparpagos. He npe-
neGperaiite stumMn cebtkamu!l BesikoMy e, xro odpauaercs
K COpaBOYHHKY He No cJydafiHoMy [OBOLY, PEKOMeliayercs
«HACKBO3h® IIPOUECTEL HHTEPECYIOWHH ero paaned,

1B 4acTHOCTH, TI0JE3HO BHUMATEALHO MPOUECTh HLCTOPHUe-
CKHe CBeICHHs, ColepiKammecs B Kaxaom pasnene. Ouu co-
CTABAAIOT OPraHWYecKyw YactTh KHUTH H copeficTBYROT Jyu-
IeMy TIOHHMAHHIO MaTtepuada.

Unrartens, KoTopulil GyfeT YUHATLCA 10 3TOH KHUTE, NOJUIKEH
o6paTuth ocoboc BHHMaHHe Ha npHMepsl, JlOKasaTeabCcTB4,
ONYLISHHBE B CHPABOUHHKE, YHTATENb MOMET BOCHOJIHTL
(o yueluuky) MGG OJHOBPEMEHHO C YTeHHeM CHpPaBOUHHKZ,
mubo nozanee. Ho mu cnpaBounuk, nu yue6uux He Gyirer no-
cTatouHbiM 0e3 CaMOCTOATEAbHbIX YUDAXKHEHAR B PeIIeHHH
NPHMEPOB H 3aaad.

JluuanM, H3yvalomHuM MareMatHKy (e3 iipenosasartend,
aBrop pekoMeniyer ob6parutbes K «CSopHHKY 3ajay o 3e-
merrrapiolt MaremaTuker» H. T1. Awuronosa, M. {I. Buroackoro,
B, B, Huxuruaa u A, M, Cauxuua,

4, Copepxaune cnpanouyinka. PykosolcTsysce
NOXENaHHAMH vNTartenell, 2BTOD HEOQHOKPATHG pacuiupaa
MaTepHan ChpasudliHKa, H B HACTOAUIEM CBOEM BHAE KHHrd
OXB2TBLIBAET MOYTH BCE BONPOCH [UKOJBHON NPOrpamMmel, 3a
HCKJIIOYEHHCM HOBOBBEAGHHI TocieiHero BpeMcHH, Peub HueT
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npexae Bcero o cyeTHofl nuHelike n ocHoBax soicwefi marema-
THKH.

Honoannte cnpasounnk rAasofi o cyersoil Aumefike, rie
HapaAy ¢ MHCTpyKUHed codepxanock 6w obujedocTynnoe
ofocHOBaHHe Mpabua, apTop cuutTaeT Ge3ycaoBHO HeoOXOAu-
MuIM, UTO KacaeTcs OCHOB Buiculefi MaTeMATHKH, TO asTop
oTCHIIZeT moKa uHTaTens kK cpoemy «CnpaBouHMKY N[O BLICILEH
MaTeMATHKe»  (D-e  NOMOJHEHHOe  H34aHHe €ro  BHNO
B 1962 r.).

Muorde guraTeNu BbBIPAXKANWT HOMKENAHHE O BRJIOYEHHN
B paszen «ApudMCTHKA» cBeleHhil 06 00pamenuun NepHORHUR-
cKoit apobu B ripocryio. CuuTast STOT BOMPOC Majdo BamKHBIM
A8 HPAKTHKY, 2BTOP O/NAKO, BHIMOJHHT 3To TOKeJIaHKe IPH
Nepooil  BO3MOMKHOCTH,

B nactosunee, 14-e H3nanKe BKIOUEHE! CACAYIOMUILE BAXKHbIE
IJst TPAKTHRH JAOMNOJHEHNH: H3BJeUeHHe KyOHUYCCKOrO KOpHI,
npubaukennas GoPMYIa NIOMAAM cerMeHTa, dopmyaa [woi-
YEHCA SIS JJMHBL OYTH.

ABTODPY npeacTasaserTcd Ueaecoo0pasHbiM 3aHUBO HAalHCATh
BECH Pasles reOMeTPHH, MPHAAB CMy 60.1CC CHCTeMATHUCCKHT
Xapaxkrep u npuOaH3HB 110 QOPMe H3JI0KeHds: K pasfenam
ApHQMETHKH W aaredpui,

Muorde gutatenn xortenu Spl 1AATH B CNPABOYHHKE YKAa-
sanMA 0 Ciloco0ax pelueHis <THNOBRIX» NPHMEPOB M 337a4.
Ocobenno yacto YIOMHHAETCH O TAK HA3LBAEMBIN JorapudMu-
YeCcKHX W I10Ka3aTe/IbHbIX YpPaBHeHHAX. Taxue yKa3aHHA ddTa-
Tenb Hafifer B BuiweynoManyToM «COopHuxe 33z, BBOAHTH
HX B CHADABOYHHK ABTOP HE BHINT HCOOXOAMMOCTH,

B sak/iouense aprop CUHTaeT CBOHM [JOJTOM BLIDA3HTH
[,1y0OKY10 MPH3HATeNLHOCTL BCEM JHIAM, NPHCAABILHM CBOY
OT3LIBEl H HOKENaHMs, H 3apanee Giarogaput BceX, KTO IMo-
MeNaeT MOJEJHThCS ¢ HUM CBOHMH Tpe/lJoMXeHHAMH,

Ocobo 1 gosken noGnarofapuTb (NOMHMO JML, YHOMS-
HYTLIX B [OpefblAyMIHX H3AAHHAX) CAeAYIOMHUX uHTaTedei:

Gpycruna L. 4. (Mockra), Byrakosa B. E. (T6nnucu),
Bexceantepra [1. b. (Ueprosuwt), Bocrpukosy JI. (Boponex),
Bsazemckoro K. @, (Mawom), Topwanosa U, Il. (PesexHe),
I'pudosckorc B. K. (Foasust), JKukosa B. (Haapvuk), JKyu-
koea B. II. (Tomcx), 3asumxo M. A, (Cumdepononn), Kannu-
na B, B. (Apusiz; Onecckoit 006a.), Kosamenzo H. (noc.
Taewwuuii, Kpacuosipckoro kpas), Kosantuny C. (Cras-
poronb Kpaepoit), Jlemomcrore T'. A. (cramuna Hopo-Jieyur-
kKopckan), Jlextuuwepa X, M. (Buawnioc), Makaposa B.
(Conuxamck), Muxafiiosa A. II. (Jleaunrpan), Muueporcko-
ro JI. K, (Kozennck), Oxateesa A. Al (Hmmmi’x Tarun),
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IMensunepa B. [, Peannka A. A. (¢, Ocunenro, 3anoposckolt
obn.), Pabununa B. A. (Mocksa), Copoxuny H. (deaoceeso,
Mockoeckoit ofin.), Capoxuna M. H. (Tomck), Cremano-
pa B. M. (PocroB H/H), Tperesikopa H. H. (dyHaeBus,
XmeasHHUKO 001.), TrwoTioHRuka A, H, (Kpoumwrrazr),
@puesa K. A. (Becnaw), lmunexuna B. (Mocksa), Spo-
pora A. (Kyiissu, JIeHHErpaackoit ofiL),

M. Bueodcrudi
17 ssupaps 1962 r,

OT I'JABHOH PEJAKIHH

CemHajuaroe HsJaHHe NOATOTOBJIEHO K IeyaTH §e3 yuac-
THs aBTOpa — npodieccopa Mapka $lkonieBHua BRIoICcKoOro,
CKOHUaBHLIerocs 26 cedTsadps 1965 roja. 10 M3jaHHe Heya-
TacTCsl C MarpHu 14-10 HM3JAHHWsI; HCIpaBJeHH! JHIIL 34«
MeUCHIILIE OFICYATKH,

K coxanenuio, Mapk $IKoBNeBIIY He yCIeJd OCYIECTBHTE
CBOUX HaxepeHH 1o nepepadorke ClpaBoyHIIKA: B YACTHOCTH,
HAMHCATL IJIABY O CYCTHOH JuHeiike, PaCHpHTh TIJABY
«@DyHRUMH; FpadHKily, 32HOBO JalMcarb pasiena IV «eomer-
pushy, BIUHOYUTR B paszaes 11 ¢Apndmernrar csegeHusi 00
ofpanieHHH nepHoaudeckoii ZpodH B IPOCTYIO.
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3067
3079
3083
3089
3109
319
312

3137
3i63
3167
3169
3181
3187
3191
3203
200
3217
221
3229
3231
3233
3257
3259
3271
3299
3301

3313
a3l
3323
3329
3331
3343
3347
3359
3351
3371
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3373
3389
3391
3407
3413
3433
3449
3457
3461
3463
3467
3469
3491
3499
3511
3517
3597
3529
3533
3539
3541
3547
3557
3559
3571
3581
3583
3593
3607
3613
3617
3623
3631
3637
3643
3659
3671
373
4677
3631
3697
3701
3709
ang

3721
3733
3739
3161
3767
3769
3779
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
4027
4049
4051
4057
4073
4079
4091

4093.

4099
4111
127
4129
4133
4139
4153
4157
4159
477
4201
4211
4217
4219
4229
4231
4241
4343
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
4183
4187
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
5387
5393
5399
5407
5413
5417
5419
5431
5437
5441
5443
5444
5411
5471
5479
5483

51

6639
5641

8647
5651
5653
5657
5659
566y
5563
5689
5693
5701

5711

5717
5737
5741

5743
5749
85779
BT783
57181

5801

5807
5813
5821

5827
5839
5843
5849
5851

5857
5861

5867
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I TARTHIN

§ 1. HexoToprie maTenarnyeckne 0603uageHu s

= pasno HaupHMep a=8
5 He pasuo ® aztb
£ mpubanKenno pasito » a=b
> Boabiwe » 5> 2
< MeHbie » 310
== Soaui2 wan pasHo » a=b
= MCHblle YW.1¥ paBHO » a=b
[ aﬁponmmoe 3HauCHAE » (!
n 3
VT kepeus n-& crenevi » V8 ==2
! haxropuas » Hle=1.2.3.4.5= 120
‘.ogb sgrapudmw npy acriopanuy b » loga 8 =3
i aorapudis aecs inunni » g 100 =2
in D0CAPAPM A VDAL (1pY ocnoranul e)
fran fpeaea
consl UCCTONHHAR BEAWUKHHA R
b cyuma
Z TPEYroALHg ganpusep A ABC
ya yron » L ABC
= ayra » AB
i (13PaAALALHO » ABYCD
L fepnengKy AIpHo » Al CD
oo rnoxo6uo » A ABC oo A DEF
n OTHOILEHIE LIHNbL OKPYMIIGITH K RHAMETpy
® rpanyc
4 HHUYTS } Hanpuyep 10°30°35"
” cexyitaa
sin cHliye D sin 3U0° = —;—
3
cos KOCHIYS » cos 5 =0
tg Tanrence » tg 40° = 0,539
ety KOTatt eHe » elg 25°10° == 2,128
aC ceKanc » 5¢ 60° == 2
cse KoteKane » csc 907 = |
aresin apKcHnyc » arcsin % = 30
T
arecos ApRKGLHHYe » arecos O = 5
arcly apuTaurenc » arcly 01,8391 = 4¢°
areclg apkkoraurenc » arcclg 2,128 = 25”10
arcsc  apKceKkaus » arcse 2 = 60°

arcese apKEocexane » arcese | == 90°
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§ 12. MeTpuuecKas CucTEMa Mep
Mepu 1aunm

wuaoMerp (i) == 1000 nerpav {¥),

vetp (#) =10 newnmerpan (Gur) = 100 cantumerpanm (en),
genumerp (0.a) == 10 cairtumeTpam (c.u),

cantumetp (ca) =10 muanmverpav (ar).

Mepw naomann

KB, KittomeTp (km?)==1000C00 kB, MeTpam (a?),
k8. Metp {x#%)==100 kB, Jeunmerpam (Gm°)=
== 10000 &B. cantumeTpam (cx?),
rektap (ea) = 100 apam (¢) = 10000 xB. Merpam (%),
ap (@)= 100 ws. merpam (#?).

Mepn oGbheMa

Ky6. Merp (4%)=1000 xy6. reuumerpad (0m?)=
== 1 000 000 wy06. cantumerpam (card)
gy0. acunmmerp {0a’)== 1000 xv6. cantumeTpam (cud),
aurp (4)==1 ky6. neuumerpy (ox%),
resToauTp (2.2) == 100 aurpaw {a).

Mepu pec
rouya {m)== 1000 xizcrpaMmanm {x2},
uentuep {y)==100 guzgrpasman (xe),
kurorpamm (2 == 1000 rpaxmam (2),
rpass (2) == 10060 muaaurpammanm (2).

a
\
§

§ 13. Hexotopsie cTapbie pycCKHE MEpH

Mepw gansn

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

cakenh ==3 apiiusam =48 pepiakam =7 pyran =
=84 mwitmaym == 2,1336 »,

apiini = 16 Bepuixay = 71,12 ¢y,

pepiltok == 4,450 caf,

vt == 12 joiiman == 0,3048 ,

ol = 2,540 car,

MOpCEaR Muan == [852,2 u,

Mepuw reca
nyi=40 dpynram = 16,380 xz,
pyur =0,40051 xe
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LAPHOMETHHA

§ f. Hpeaser apudustnrn

Apuduemuxa — 370 Hayxa o upcaax. Hassawue <apud-
METMKE» NPONHCXOAMT 0T IPEHECKOIO C/ACRR «aprTméC» {110
LAPYTOMY UDOH2HGUICHUID €2pHDMOTH), UTD 03UAYELT «HHCA0N,
B apn@mernre uayyamnTon npociediiie caoficyea yucen 1 npa-
BRI BhivHcaewndt, Boaee ravOoxkue CBOICTRA Hiices M3V a0 TCH
B Reopuy 4icena,

§ 2 Uenue (HATYypaibHbie) uHcia

Ilepsble upeAcTaBiAeHys o uuciae upuobpereHs 104aLmo
B ne3anamMaATHOR xpesrocTr {eM. § 3). Oiill BO3HHKAY U3 cueTa
J10kell, WHBOTHLIX, NHAOILOB, PadanviuiX Haaeanil uedoBexa o
APYIHX [PEAMETOR. Pe3YILTATOM CUeTa ABAANTCH YHC1a ONMH,
EB&, TPH M T. A. DTH WHCAZ Ha2uiBaOTCH TEHEDh HAMYDAAb-
roamz. B oapnpMeTHKE HX HASLIBLIOT TUKNMC HesdMu UKCHAMH
{HanveHoRaHiie <UeRoe MHCAO» UMeeT B mateMmaTuke o Goaee
srgpoxuit cwnica; oi, I 3)

lloraTHe 0 HATYPARLHOMN WHCIE SRAACTCA OAHHM H3 Upo-
crefittux fonATHR. Ero MOWHO HOACHHTH A4l TIPEAMETHLHIM
fokasou ).

Paonensix uncen

1,28 4,5 ...
npoteawaetes (o3 KOHHA, ON HASHIBAGTCH  NAMYPAAbHbLM
paboat.
8 3. Ppanuusl cyera

FHa panguy cTyHCHAX pasBuTiA ofDIECTRA MOAM nouid
He ymeau cuptarn. OHIL 01aMuaan JPYC O APYra COBOKYO-
HOCTH ABYX W Tpex UPLAMOTOB; BCAKAA COBOKYHMNOCTL, codep-

L) Epxun (111 B, 10 4, 3) orpeiesud 4ucao {(Hatypaasrcel KakK «HMHO-
JKCCTHO, COCTARNERHOE (i3 CHHIILD] TAKOr0 DOLU ONPOACACHUT MOMIHO qQaiity
W BO MuQidX upmeunmx yuednugax. Ho caoro «mioxetrso» {(wan «cofpa-
HAER, Ul ((COBOK)’NHOCTB» BT, I1,) OIHEIL HE NONATHOC CHOBG <MHUCACH,
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waninag Goabinee MECAO NpeAMeTos, 00LeUHAIACH B HOHATHY
«MHOTO». 3T0 OhlT CLUE HE CYCT, & JAHILb €0 34pO.tblll,

Bnocaenctsun ¢1iocoliocTb padiiuaTe Ipyr o1 ApYyTa He-
GoapiliMe COBOKYUHOC1H Pa3BHBAIaCh; BO3HUKAM CA0Ba 1A
o0c3HaueHdit nonaATHil cueTHpe», «IsTbhe, «UIECThy, <CoMbo,
NocAennee 1080 LINTEABHOL Bpess 0003HaYAI0 TAKES HCON-
pedeienso Boabiioe Koanvectso. Haltn nocaosuus coxpanuan
naMaTh 00 ITOH 310Xe («CeMb Pas OTMePh — OAMHL pald o%-
peXhby, «y CeMH HAHCK nuTa 6e3 riaasy», ¢cemb Gel -— oimn
OIRETS W T, i),

C  ycrowuenieM Xo3alicTBeRHo aeateapHoc n Jjel io-
naunbuaocs BOCTH cueT B Godee OOMIHPHKIX Nipesexax. [las
35TOLO HEAOBEK HOAL30BANCA OKDYMABIIMMH €ro ipeaMetamy
K&K MHCTpYMCHTaMU cyeva: oM fedad 3apyOEM 4d HaJKax o
HA JEDCBbLAX, 3ABA3LIEAA Vbl Ha BCPCBKAY, CJAILBaid Ka-
METIKH B Kyukd H T, 1. 7).

Ocofo BamHYIO POAL UIPAT NPHPOAHLIE HHCTPYMCHT HLI0-
BCKa —~— €U0 Nadbilhl, JTOT HHCTPYMOHT He MOr  ARUTERLHO
XPalUTL Pe3VILTAT C'Ueva, Ko 34To Blerza OmT HATHIO R
GTAHYaICA 60XbION HORBHABOCTLIO. H30tK 11epBIOM THOLO Y N0-
peKka Gnin CefieH; WeCThl BO3IMELIETH HCluCTd TuK CANE, B YHCAZ,
AU KOTOPBIX elle He Oblao Ha3Banuil, «JIOKa3WBATUHCLY HA fTadn-
uax (Mol TOMcC HpUGCracy K 110KA3y YiHCer Ha NalsiaX, KODua
OOBICHAEMCA € HCAOBCKON, HE JHAOULHN HAIRro A3bieal.

EcrecTBEeHHO, UTO BHOBbL BOHUKABINME HasBannd «Goan-
WHX+ YMCed YacTo CTPONIHch Ha ovHoBe ynuoaa 10 — oo keoan-
YeCTBY IlanblleB HA PYKAX; ¥ HCKOTOPBIX HAPOJOB BOBHHKAIH
TAKKE HA3BAHUH UHCEd Ha OCHOBC YHCAa H- - 110 KoapdecToy
HANLIEE HA OAHON pyxe ¥ay Ha oCHOBe YHcJa 20 — 1o Ko
yecTBYy flaibues Ha pykax o Ha yorax (cm. § 4).

Fla nepeeix nopax  paciupgHie 3anaca 4uced 1POHCXO-
anao mejgaedHo, CHauala nroli OBJIAACTH CHCTOM B NPEAETax
HECKOJABKIIX 11ePBhIX AECATKOB M AKIL 0021102 Z0NAR 10
COTHIL Y MHOIHX HapoAos wicao 40 pofroe ppess Gublio Gpe-
J€30M cdeTa M Ha3pallMeM HeoupelcienHo (oIbLINOro Koau-
yeetna, B pycckoM ssuike CAN0BO «COPOKOHOMKA> HMCLT CMLICH
<MUBOTOHGKKA?; BBIPAKCHIIC sCOPOK COPOKOB» O3HAYAZC B C1a-
PHHY UYHCI0, lipeBocXolxwice Bedgoe poobpawmeune. ToT e
CMbICT UMEET CHOBO «COPOK» 8 PANE PYCCKHX OOCAOBHIL 4

1) Or cqeta € NOMOINLIO KZMCUIKCH BeAYT CHO@ HAYAAO PATAIHHIE VEO-
BCPILCHCTEOHANNAIE WHCTPYMEHTH, KaK, HANMPHMEp, pycckie cHersl, KHTall-
CKIC CHETLl «CRAN-NAIY, APeHuecranetckiit <afaxy (accxa, pazaeaendasn Ha
nOAGCH, KY1a KARXMCH WETOHL), AURIOrHHLIe HHCIGYMEHTH CYULeC TBORANM
¥V MHOTHX H3poioB., B arTuHCIIOM #3LiKe (o1aTie «cdeT: BHIPAKABTCA CAC~
Bom calculalio (oYM 3 7 €LOBO CHAILSYAHIUIAR), ONO DpoUEXOAMT  OF
0B Caltiius, OBHAMAIOWIINT sFAMEIICH,
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11I0rOBOPOK («M OJHH raas, 1a 30pox, He HARO 18 COPOK», &CH-
AeAa COpOK JeT, BHICHARNa COPOK peily i1 Ap.).

Ha caeaylomelt cryneny cuet ToCTHFACT HOBOTO npeacaa
ICCATH RECATKOB, M €03;1aeTCa Hassanrue aas uncaa [00. Buocte
€ TeM CA0BY «CTO» UPHOOPETAaeT CMBICA Heonpeleacto 6oan-
woro uncaa '), Takoft cmbica OHO 1MECT, HAUPHMED, B 3arajxe:
CTOMT Mol HW3OK, Ha Hem 1o pu3oK (xauycra)., Takoit we
CMBICA TIOTOM OPHOGPETAIOT HOCAEAOBATEALHO YACHA THICAYA,
fecsATs ThiCAY (B CTAPHHY 9TO YHCHO HA3biBarolh <¢ThMar),
MULIHOH,

§ 4. lecaTtHukas CHCTeMa CUHCAeHUa

B cOBpPEMEHHOM DYCCKOM A3LIKE, @ TAKWKe B fA3bkaX aApy-
r#x HapoiOB Ha3BallMA BCEX YHMCeN A0 MHINHONAE COCTABINDTCH
1z 37 caos, ofcanavawuux uncaa 1, 2, 3, 4, 5, 6,7, 8, 9, [(,
11, 12, 18, 14, 15, 16, 17, 18, 16, 20, 30, 40, 50, 60, 70, 80,
89, 100, 200, 300, 400, 300, 600, 700, 800, 900, 1000 (sanpu-
Mep, ACBATHCOT BOCEMNAILATb THICAY CEMbCOT COPOK JiHA).
B cBow ouepelb HazBaHux 3ITHX 37 UUCeA, KAIK DPRBURD,
06pa3cralhl U3 HA3BAHUE wucen nepsoro aecdrxa (I, 2, 3, 4,
5, 6, 7, 8 9) n unces 10, 100, 1000 (nanpumep, 1§==nocens
H3 nerats, 30 = Tpusecarts, T, €. TPH necArka, 300 == Tpuct.,
T. €. TPH COTHU). B ocHOBE 3T0r0 c10BooGpaZsoBaHus ACKY
wieao 10, W HOTOMY Hala CHCTeMa HAUMCHOBIRMI HadwszeTon
decamuninoit cucmesoi cicrerun. VickmounteartHaa pons,
npunanseskaulan uneay 10, oGbacHsercs TeM, YTO Ha pviax
v nac [0 mastnes (oM. § 3).

M2 YUOMSIHYTOTD NpA4BMAA B DHSHHIX A3BIKAX HMEIOTCS paz-
ARUHbBIE HCKAOUEHRHS), ODBRCHAKNLACCH UCTOPRYESCRUMHA 0COGeH-
HOCTAMH P23BHTHA (ycTa. B pyccKOM £3blKE€ CAHHCTBCHHLIM
HCKJAIOUCHHCM SBAACTCA HAUMCHOBAHHC «COpDOK> (Npewnae Ha-
psly € HUM VOOTpeGAnaoch N CHAOBO «NETHIPERECATs). I1h
HCK/AI0UeIIHe MOXIO HOCTABHTh B CBA3b € TEM, YTO uHcao 40
Hrpazo nekor:ia 0coyio poin, o3Hauas HeohpercaeHHo Son-
imoe xkoauyecreo (oM. § 3) ).

1} B neveroprix onizax 0ano # To e caopo oamagaer w40 w 10; ep,
cHOCKY 1) HA caenviouteii cTpamiue,

2} CiioBoM «copoK»s (Waade, «copduxas) B ApesHedl Pycn KaswBaai foan-
mofi MewoK, KVAA YXAaiblRaiNCh NeHHBIe cOGOANHBIC WKYPKH,

C10B0 «XEBFHOCTOH He NpeAcTanigseT HCKIOUeHK: M3 YOiOMINYIOro fpa.
BUAA, 10 ON0 OGPALOBANO (D APYroMy clocoby (1esath G0-cTa). Jtim WMe
enocofoM COCTARIATEA gueauTesbise 80 1 90 8 TOPHCKUY 236K (CM,
caocky Ha cip. BB) n wacawrcabnmc 70, 80, 90 g rotcikom {apceneropm
cxom) rouige (sibuntebund, T, e, «cemb nox €102 1 T L), B pycckom \si
HAPERY €O CICBOM ICRIHGCI O ynurpr‘n’:.w»mo:b LPpeAs B CICHD = 48T] T

I
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B rtoopkekux a3bikax (azepBafimanckov, yatekckoM, Typk-
MEHCKOM, Ka3aXCKOM, TarapCcKkoM, TYPEIKOM M zp.) HCKaOUe-
IMe COCTABINIOT HauMmcHoBauus wucen 20, 30, 40, 50, torna
xak Hassamua wucea 60, 70, 80, 90 o6pasosaHs U3 HAHMEHO-
sanu#t w6, 7, 8, 9'). B mouroasckom wswmxe, HaoGopor,
Hanvenorauus ducea 20, 30, 40, 50 caeayiot obuwemy npasuay,
a HauMmeHoraHus 60, 70, 80, 80 cocrasanwT uckawuenue. Bo
PPaNNY3CKOM A3LIKE COXPAHUIAHUCH HeJeCATHYHLIC Ha3BaHuA
yucen 20 u 80, npuuem 80 umenverca quatrevingt, T, e. <ue-
Thipe NBafUaTk». 3ACCH Mbl HMUEW OCTATOK ApesHero ,'Bafita-
TePUUHOrO CHUCACKHUH (110 YUCAY HAnblies HA pyKax # Horax).
B natuHCcKOM sn3piKe HaWMEHOBaHHe ynucaa 20 Towe HeQCCHTiHN-
Hoe (viginti), Ho HauMcHOBaHHe 80 {octoginla) — SCCATUUHOR,
oHo 1ipon3BeacHo oT 8 (octo). 3aro nauMeroBakpa vucen 13
B |9 oCpazopannt U3 HadsuHUH 20 ¢ 1OMOWEBKY BOIYUTAHI
20—2 u 20—1 (duodevigint:;, undeviginti, 1. ¢, «xea o1 1BaO-
{1aTH», ¢O1UH OT ABAMATU»).

Haumenopanuns uncea 200, 300, 400, 500, 600, 709, 800, 200
BU BCEX COBPOMCHHMX #3bIKAX (IOCTPORHH HA NECATHYHOR
OCHOBE.

§ 5. PasBuTHe NOHATHH YHCAA

Tlpu cucte OTACALHLIX MPCAMCTOB elHHUUAE eCTh HAlIMCHE-
HEC YHCGIO! ACdUTH ¢C HA ROJAH He HYWHO, 24 4acTo B HCAL3H
{UpH CuYeTe KaMHeR pudaBACHHC K XBYM KaMHAM NOAOBUHH

. 51 <
TpeThero naet 3 kamud, a He 2 o, a u3bpath upeadauym B

l
COCTaBE 25  YeAoBeK -~ HeBO3MOKHO), OnHaxo jgeants exu-
HHOY Ha IOAW UGPUXOMUTCH YWE 0DH TpySuiX udsepenusix
o
BETHUHHE, HAUDHMEP [DH H3Mepeldy 1auHbt [aramu (2 wa-

ra a 1. 4). [Mo3sToMy yxe B OTAadetHule 3M0XH (033440CH
toHaTHe Opobuo2o ducaa (cw. I, 16 w1, 31). B nasnneitues
0Ka3adoCk HeobxoiuMbiM eulc Ooiee paciivpuTe HOHATHE
yiCa; MOCALTOBATCALHO HONBHINCH YHCAD UPPGUTDHAAHGE
(I, 27), ompugamensnae (I, 3) n womnacicenwe (I, 28 o
i1, 34).

1) B Tatapekom g3uiKC 4UCA3 fepBoro Aecwrka uaswimaorcea: Gep (b,
uké (2), eq (3), x ‘prd). Suw (5, aatsl (6), wuaé (T), curds (8), Tyraiz (9),
. ’
ya (I0), Hecatn we wuwmenyiores: ecrepmé (20), yrhio (30, kupsik (1),
unze 80y, aarmunn (60), wuradm (70), cuxcdu (80), Tywedn (90),
Hapazy ¢ nasdeauuen «ite3» RAa qieaureassoro 100 cywsecrsyer Havue-
#OBEKHS «CAHP; 870 e CJI0BC modeT o3nauats o 10,
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JIOBOAKLHO 1103/IHO K CeMbe HHCed [PUCORIMHUICA HY.Ib,
[lepBoHayaiLHO CROBO «HYAby> 03HAYANO OTCYTCTBHE UHMCAQ
(6yKBaAbHbLIl CMbICA MaTHHCKOro caoBa nullull — <ikyTOs),
HelcTBHTEALHO, ECIH, HANPEMED, OT 3 OTHHTbL 3, TO He oC-
TaetcAa Huvero, [Las TOro 4TOOW STO «HHYEro» CUYHTATL YHC-
AOM, MOABHAMCH OCHOBIHUA JHIIL B CBS3M C DACCMOTPCHHCM
oTpHuarenbrux uicen (cm. HI, 3).

§ 6. Undpw

Lugpa — 310 nucemeHusil 3dak, n3obpawaiomiuit YHCIO
{ePBOHAYANBHO CI10BO «HuGpar» HMea0 APYro# cmmicn; cm. I,
7, 1. 6). B npepnefiiune BpeMeHa yucaa c6o3Hayanuch NpaMo-
JUHEfiHBIMH [1OMETKZMH {«N1aI04YKaMU> ) OfHA nasouka K300pa-
Waad eNMHHUY, XBE HanouKkid — ABOiiKy H 1. 1. 3101 cnocob
3a0McH ApoMCXOHT oF 3apy6ox. OH 4 HOHmEE coxpaHuacw
B «punckux wndpax> (I, 7, w8 asa wzobpawenns uu-
cen |, 2, &

[na n3ob6pameHus CroabKo-HUOYIb GOJIBUIHX YHCER 2TOT
cnoco® 6pa Heupurofer. [lostomy nossuanch, ocobuie 3uanu
nia yucaa 10 (8 cornacuu ¢ ReCATHYHBIM cuetoM, oM. I, 4),
2y HEKOTODPHX HAPOAOB H JLIA YHCAa 5 (B COOTBETCTSUM ¢ 114-
TEPHYHLIM CULTOM, 110 YuCay Nanknes Ha oaHol pyke). Iosaxee
6biiit co3iaRb 3HAKH mas GOABIHX YuCea. 3HAKM 3TH Y PasHbIX
HapOAOB MMenW DPa3dyo GoPMY U C TCUCHUEM BPCMCHH BHAO-
H3MeHAIUCh. Pasiuubb OblAR W cucrieMs KyMepayuu, T. e.
crocobol coeHHeHnH THOP Aan n3obpamenns G0abiiHX YKce.
CraHako B GOJIBMIMICTBE CHCTCM HYMEPALHY GCHOBHGE 3HAYCHHE
uMeeT AeCATHYHAN GCHOBA B COOTBETCTBHUM € Hpeodaalanuem
necaTHyHOll cucteMbl cuncaenusn (11, 4).

§ 7. CucTeMbl HYMEpaUHH HEKOTOPHIX HapoAO0B

l.dpesrnerpeueckan HyMepaiua B apesuelt-
wee spems B 'penun 6bl1a pacupoCTPaHeHa TAK Ha3LIBACM A
ammudeckas Hyvepauusa, Yucaa 1, 2, 3, 4 oboznauaincs uep-

roukasi | ] HL . Ywucao 5 sanuceBazocs sHakom [

(opeBtice Haueplanue OYykBL «ilit», C KoTopnfl haunnagrds
CI0BO <lienTey — naTL); wucaa 6, 7, 8§, 0 olozmovaauch
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P|, F‘H, F‘I!I, I Yicao 10 wdosnavazocs A (HavaapHOM
GykBoil caoBa «iexa» — AeCH:ay Hucaa 100, 1000 u 10000
oboananames . X, ™ — hauasensimu €YKBaMH COOTBET-

creyomux cnor. Hucaa 50, 500, 5000 oGosnavamich kombuia-
nuamy 3nakes 5 w10, 5w (00, 5 u 1000, a umenio:

RN M Ocrampusic unucna B npereJax HepBoro AecATka
THICAY 3ATNCHBATNCL TaK!

HHPM=256, XXP(=2051,

HHHPAAAN=38Z, TPXXTHHH=7800

u T, L

B 1perpeM Bexe A0 . 9. aTrkdeckan nymepauumsn Obisa
BuTeCHeHa TaK KasuieaeMol wuomitiickold cuctemoit. B ueft
yucad | — 9 060o3navanTca NepRuME HesaThio 6yKBamK anda-
Butaty

a::], B:Q,“‘:S’")::’i, S:;S,C,:G,ﬁ:l‘q:::g, -8:.—_51
wicaa [0, 20, 30, ..., 90 — caenviomuvu  AerATLI0  Oyupamu:
=10, x=20, . =30, pn=40, v=30, £ =60, =10,

yycaa (00, 200, ..., 900 — 1HOCAE THAMHE AeBATLIO OyKBaMI:
p==100, s =200, t==300, v =400, ¢ =500, y =600,
== 700, «==800, )==900,

Nuia 0GO3HAUEHUS THICHT H JICCATKOB ThiCHY M0IL30SAIMCH
Temu we undpamu ¢ tobapaenien ocoboro 3nauxka © cGoky:

'y oz ]O‘}O’ ':3 =2000 u 1. 1.

Iaa otanans widp or Syks, COCTaBAXBINNX CF0BE, nnw i
yepToUkK Hal fwhpasu, Mpryepu: oy == 18; p.t,_.—47 Wf = 407;
a=621; yx =620 v 7. 1.

1) Bykset ¢ (day). § (xonna), 3 (camim) OTCYTCTBYIOT B Hhliteliem rpeyes
CEOM aadrRruTE, Haamaiid oc1a7bislx fyks cn, Ha crp, b4,



§ 7. CHOCIFMBI HYMEPALIGT HEKOTOPLIX HAPO08B ol

Takylo ke aadasdinyo HYMCPAURIO HMeT 8  apes-
HOCTH €Bpel, apabbl W MUOTHE ADYPHE Hapuisl  Banmwie-
ro Bocrtoxa.: HeussecTiio, ¥ Kakoro napoia ola BO3HUKAA
BnepBLe. .

2 Cnrasanckan Hymepatna Owuse u socTounse
clagAHCKIe HApOodbl 1A 3aNCH YUCed [0AL30BAAuCh aada-
BHTHON HYMepauucii. Y OXKHX CIaBAHCKIX Bapoaos 4ucao-
gei¢ 2HudCHIA OYKB )} CTZHOBHIANCL B HIOPSIKE CAESAHCKOrO
gigannta, ¥ Apyrex e (B TOM YKCAC Yy PYCCKHX) Poab uup
prpaat ne soe Gyksn, a TOIBEO TC, KOTUDHE HMEOTCS R Ipe-
yeckoM aadasuTe, Ha,a Gvksoi, oboanavasiedt uudpy, cra-
BHICH CRRHKAILHLI 213UnK («Tmm»,, usobpawennuil B up-
sofuMoll 3iech Tabaune. [lpn 9ToM YHcaoBHe SHaueHHn Ovks
BO3PACTANW B TOM e NOPWIKE, B KaKOM clelosani Gykesl
8 rpeveckonM aadasute (Hopuaok OyKB CaupnrCKoro ardasita
Bulad HECKOABKO HWHOM),

B Poconit caassnckasl HVMEDAilily COXPUHHAACL A0 KOHUa
I7 Bexa. Ilpy ilerpe | 303(1611',11.1(1 TaK HaseiBacmas «apal-
CKan Hymepanuas (c.\1. nuxce, 1. 6}, KOTOPOR bl NOAB3yemen
1 celyac, (;:laamgcxaﬂ HYWN Epﬂllﬂﬂ COXPAHRIACH TOILKO B Goro-
cavwebunx KHEra

[Ipupenuym caassncsue nadpr,

[/ qg 7 37 24 70 -4 40

ra

1
a1
~3I
—
b1
P
-
g:
=1

w200 Sog 4o sS40 s 707 &8 840
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3. JlpesneapMsaHcKasa 4 APeBHETPY3HHCKAA
HyMepanus, ApmaHe M TIpy3UHb N0JIb30B4AHCH aada-
BHTHBIM RPHHUMIIOM HyMmepanuu. Ho B xpesiieapMaHCKOM #
IPeBHerpysiHCKOM aad isutax 6biao ropasio Goasite Gyks,
YeM B ApEeBHErPeveckoM ITO N03BOANAQ BBECTH ocolbuie obo-
suavcHus uas yucea 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000. Uwucrosbie 3HayeHHA OGyks CACOOBAJH UOPAIKY
Gyks B apMANCKOM W FPY3MHCKOM ampasHTax.

Andasninas RyMepanMa npeoGraiara po 18 Beka, xoTs
<apabckas HyMepauua» ynorpebasitach B OTAeAbHbIX CAyvasnx
rOpasio panblie (B PY3HHCKOH AHTepaType Takue cayuau
pociuant K 10—11 Beky; B 1aMATHUKAX apMAHCKOR MaTeMaTH-
yeckoft NHTepaTypbl OHH YCTaHOBJEHH [0K2 TOJbKO- 1A
15 pekaj. B Apmenuu andaBHTHaR HyMepauusa ynotpebasercs
¥ ceffuac aan 0603HAUeHHs I1dB B KHUraX, CTPOQ B CTHIO-
TBOpeHiAX ¥ T. 1. B ['pysnu aadaenrnad pyMepauns pwiiia
¥3 ynorpeSaeHns.

4, BarwnwacHcKas nomecTtHas HYMepalus.
B apessem Basuaonc npumepno 3a 40 pexos 10 Halllero Bpe-
MCHH CO03,1a1aCh NOMecmHas (NO3UUHOKRHAA) KyMepayus, T. .
Takofl cnocof H30BpaWweNnun yuces, NPW KOTOPOM OliHd W Ta
we nHdpa MoxeT ofoznauaTh pasuble YHCAA, CMOTPS N0 Me-
cTY, 3aHiiMaeMoMy sToll undpoi. Hanta renepemuss nymepa-
1#A ~— TOXe [MOMCCTHAA: B yucae 52 uubpa 5 oboznavaer
HATBACCAT, T. € O« 10, 2 B yncae 576 rta we undpa o6o3Ha-
Yaetr AfTLCOT, 1. € 5+ 10 . 10, B Basnaonckoll nomecTHo# Hy-
Mepatd Ty pofib, KOTODYIO rpaer y kac yucao 10, urpano
qucao 60, H NoTOMY 3TY HYMepauMio HasuiBaT wecmudecsinie-
puunoti. Uncaa, menbmue 60, ofo3nayaiHck C NOMOUILIO

ABYX 3HGKOB! 1AA eNMHMIE | ¥ A JecATHA < Onn

EMead KAHOO6PasHLIll Bil, TaK Kak BaBHAOHAHC MHCaNY
Hd CAMHAMRY lOmMEYKaXx najioukaMu 1peyroanhoft $opmu
DTM 3HAKW  MOBTOPAMNCH NYWHOC WHCIC A3, Hanpuvep,

T =3 e =3 (T =,

<
ST

Crioco6 oSosznadenus uuced, Goablinx 60, noxasan 11a cregyio-
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HUX HpUMepax. 3aiich %ﬁ ‘ﬁ o6oanauana 5 60 + 2 =302,

nonoGHO Tumy Kak uama 3amuch 52 obosnavaer 5 - 1042

3anuch
scaBccsill

obosHavana uncao 21 - 60 4 35=1295. Caenywuian 3anuch

7YY

o6osnavaia I - 60 - 60+ 2 . 60 + 5==3725, n0106H0 TOMY Kax
y Hac 3anuch 123 ozmavaer 110042 .10-+5. llpu oteyr~
CTBUH 1IPOMEKYTOYHOID Pa3PAld YHOTDeOAAICH 3HAK <\:{
wrpasmsil poas nyas. Tax, sanuceh -

& T

o6osHauana 2-60- 604 0. 604 3="7203. Ho orcyrcTBie HHU3-
wero paspaia ne oboanavanock; nanpusmep, yucao 180=3 . 60

v .
¥306PaKanoCh 3aNHCHIO | | |, T. . Tax we, Kak uncac 3. Ta

e 3alch V7Y moraa 0603HaYath o uKCI0 10800 =3 . 60.60

H 1. A Pasanyare apyr or apyra umcaa 3, 180, 10800 u . 1.
MOKHO 0BG TOJILKO 10 CMLICAY TEKCTa.,

. 3 3
3anuce TTT MOTAa  TaKkiKe O3HAUATR g, =

3 3 3
—_— \ Ak MICRA
T S E e " ateonp M T Ao MooBHO TOMy KAk uicaa

3 3 3 3

W60 {0.167 106® T0-10% 10 1000 1
cucTeme RecaTHUHbLIX HpoGei ¢ nomoukio nudpm 3. lo
Mbl  OTAMYaeM 3TH ipodH  ApPYr OT Apyra, NpocTaBasn

Hyap nepeax nugpoit 3, 4 nHmeM—_O,3 W:Oba
3

o= 0003 » . 4. B BasuaoHcKoM se nyMepaunu 5TH HY I
ne 0603HayaauCh,

@ |

1. A. M oGo3zpavaem =
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Hapany ¢ tmecTurecHTePUYHON CHCTEMOH HyMEpaUHE BABH-
AOHAHE NOJAL30BAaMHCDE M ACCHTHUHON CcUcTemMof, Ho OHa He

Guna momectHoli. B wuedt, kpome snakos as 1 v [0, cywme-
CTBOBAAK CAEIYIOUlHe 3HAKM:

aan 100 Y o=, wan 1000 (7»-;4 10000 << >

Yucaa 200, 300 u 1. x. 3a0MCWIBANKHCH 3HAKAMH

.
TY>,

. A Takum we cnocoBos 3anucuisaanch yucaa 2000, 3000

A., 20000, 30000 n 1. x. Yucao 274 34nUCHIBANOCH TaK:

YT 7o 5T

queno 2068 uncanoch Tax:

NG 5557

:']-l

a1 L

HlecTunecH TCPHUHAS CHCTEMA BO3HWKIA (1034Hee AeCATHY-
nofi, #6o uicaa g0 60 3anUCHBAITCA B HEH Mo KeCATHHHOMY
ppuaiHuy. Ho po cux NOp HEUIBECTHO, KNTIA U KaK BO3HHKAA
y BABHAOHAR [IeCTHIe(ATCPHusan cuctema. Ha srer cuer
CTEOMAOCD MHOIO FUROTE3, HO HH OMHa NOKa e Hoka3aHa,

tHecrniccntepnunas 3aHCh 4eABY  HUCEA HE HCAYURIA
pacupncTpaiietis 3a Hpeleaasiy aCCHPo-BaBHIOHCKOI O LAPCTEE,
HO umcmudmmrwpumme Opofu IPOHNKAL 1aeKu 33 918 ape-
neast: 8 cTpannt hanswnero Bocrora, Cpenseil Azun, 8 Cesep-
uyw Adpury # 3Janaauyio Eapony. OHH  WHPOKO npuMeis-
JAHCh, OCOGEHHD B ACTPOHOMEH, BILIOTH 10 H30GDETCHIIA JeCHTH Y-
ibix apobeit, T.%. g0 nauaaa |7 seka. Cactw WwecruecnTepus-
Hbix ApoBeft COXpAMIOTCA U NOBIHE B LCACHUM ¥UAOBOTO I
AYLOBOTO UpPAayca (a 1ax¥e yYaca) Ha 60 MHHYT H MUHYTOI H
60 cexyHIL

5. Puscrue wndpo, dpesade pusiasie nods3ngalnch
gyMepaunef, KOTOPas COXPANACICH JIO HACTUHLLETO  BPCMLIN
[OM MMEHEeM «PUMCRNE HyMepaddy. Mbl noapsyeMcs €0 fin
o00311aYcHHA 0b6MaeilinblX N4T, 1ad HAUMEROBAHUA CHE3N0B K
wondepedunit {nanpumep: XXI cwean KHCC|, aaa nvsepa-
1LHH HEKOTOPLIX CTPAHUU KHHI'M (HANpUMEp, CIrPaHHuU Rpemicio-
a4a), 428 B KHUTUY, CTPOY B CIUXOTBOPCHHAX H T. A
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B noajueitines cBOeM Buje PHMCKHe UHQPH BuIMAANAT TaK:
[=1; V=3 X=10;
L=50; C=100; D=3500; M=1000,

Tpexae oHM MMeTH HECKOIBbKO MHYIO Qopumy. Tak, wncao 1000
H3obpaxaiaoch 3nakoM (|), a 300 — auakoMm|).

O NpoUCXOXACHUE PUMCKHX LHOD NGCTOBEPHBIX CBeAeHUil
ner. Lngpa V soraa nepsonavanbHo caywuth uscbpameHueM
WHCTH pyKH, a AHdpa X MOrad COCTABHTLCA H3 IBYX [ATEPOK.
Teuno rtak xe 3nak paa 1000 mor cocTaBUTHCH H3 YABOCHHHA
anaka qia 500 (man HaoGopor).

B pusckoif HyMmepamuy sBCTBEHHO CKa3blBalOTCA Cjejsl
fATEPHUAON cucTeMbl cuncacuua, B aauke nce pum.isaH (1atHH-
CKOM) HHK4KHX CACAOB MSTePHYION CHCTeMbl HET. JHAWUT, 3TH
nu@pol GLLIM 3AUMCTBOBANBL DEMAAHAMEL Yy JIPYFOro Hapolad
(BeCbMA BepOATHO —— Y 3TPYCKOB).

Bee ueswe yncaa (1o 5000) 3anucplBaoTcd ¢ JIOMOUILIO
(IORTOPEHHA RuIUCnpHBeneHRnX nudp. Ilpu stoyM, ecan 601k
mas 1ndpa CTOUT Nepe MCHbBLICH, TO OHH CKIALBBAWICA,
€CNH e MEHbWAA CTOMT uepcid Gouabuicil (B 3TOM caywae oHa
HE MOMCT [OBTOPATHCs), TO MEHBINAS BLIYITAETCA H3 Go.b-
mei 1), Haupumep, V=6, 1. ¢, -+ 1, IV=4 1. e. 51,
XL =40, 1. e. 50 — 10, LX =60, 1. e. 50 -} 10. [Moapsin ouna
W ta xe uadpa crasutca ne OGomee Tpex pazr LXX=70;
LXXX =80; uncio 90 sanuceinaerca XC (a re LXXXX),

Ileppsle 12 uncea 3auMCLIBAIOTCH B PHMCKHX UHdpax TaK:

LI L IV, vV, VI VI VI IX, XX XL
Opusmepu: XXVII=28; XXXIX=139,
CCCXCVI=1397; MDCCCXVIll==1818,

Brinoaiienne apubyernvceckux aeifcteuft Hal MHOrosnav-
HBIMU UMCTIaMH B 3TOfl 3unucH odvedb TpyaHo, Tem ue Menee
PHMCKAH Hymepauns npeobtajzana s Mramuu o 13 Bexa, a 8
1Ipyrux crpanax 3anaanoit Espoust — o 16 sexa,

6. Muguitckan momMecTHaa HyMmMepauua. B pas-
JiuHblX o6mactax MMM CyL(ecTBOBAIH pasHoOOpasnbiec CH-
crembl Bymepanuu. Oana H3 HUX pacUpoCcTPaHHIaCh 110 BCCMY
MHpY M 8 Hacroallee BpeMs ABascrca ofwenpinatod. B xeld
tidpsl HMETH BHI HAYAAbHLIX GYKB COOTBETCTBYIOWHX UHCAH-
TEIbULIX HA JPCBHCHHARHCKOM f3HKE — cauckpHTe (axpasur
<iaepdnarapus).

1) B naumenoBannax AByx uucanteibiwx 18 u (9 natuncruid gaug coxpa-
Qi 3TOT anpuanun shauTaunay (cu, 11, 4),
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TlepBonayanbHo 3TUMHM  3HAKAMH NPEICTaBAAAHCh YHCIA
1, 2,38,...,9 10, 20, 30, ..., 9Q, 100, 1000; ¢ ux nomoimbo
3ATUCHIBAAMCE JIPYrHe uncia. BrocaencTBHu  Gblnx BBejeH
ocoGhit 3HAK (3XMPHAH TOYKA, KPYXKOK) Anf YKasaHda HYCTYIo-
u(Cro paspsjia: 3HAKH Qi uHces, 6OabIUMX 9, BHILAK H3 YIIO-
tpebiacHNA, W HYMepanus <lleBaHarap#» NPCBPAaTHIACh B 1C-
CATHYHYIO nHoMecTHYI0 cHcTeMy. Kak M Korza coBeplimica
TOT Nepexol — [0 CHX fop HeHasecthHo, K cepennie 8 Beka
NO3VIHOHHAA CHCTEMA HyMepaluM moayvaer B Mujauu wupo-
xoe npumeHnenue. TIDHMEpPHO B 3TO BPEMs 0HA NPOHUKAET U
8 apyrue crpansl (Mnnoxuraft, Kuraft, TuGer, na Teppuropuio
HAIMMX Cpeancasuarckux peeny6aunk, s Mpaw n ap.). Pewawo-
Y10 POXb B PACTIPOCTPAHEHHH MEAMICKON HyMepauny B apab-
CKHMX CTPAHax CHrpaJo PYKOBONCTBO, COCTABJICHHOE B Hayaae
9 nreka MyxdmmenoM H3 Xopesma (nmHe Xope3mckan 06.1acTh
Yabekckolt CCP) '), Ono Onao nepescscHo B 3anagHol
Espoinie va Jatunckull a3k B 12 Bexe, B 13 Beke nHamiickasn
HyMepaiua Hojyvaer npeo6urafanne B Vitaaun. B apyrux crpa-
Hax 3awannoft Epporns ona yreepxjaerca 8 16 nexe, Esponcit-
Ubl, 3dHMCTBOBABHINE HHAMICKYIO Hymepauuio or apados, Ita-
3mBasy ee <apafckolis, DTO UCTOPHYECKH HeNpaBHILIIOE I1a-
3BaHHe YIepWURAETCH H NOHIHE.

M3 apalckoro A3nika 3aHMCTBOBANO W Cn0BO «IiHBpa» (no-
apalekn «chidp»), o3HAYawIlee GYKBAlLHO <IYCTOE MeCTO»
(11epeBon CaHCKPHTCKOrO CA0BA <CYHbA», HMCIOLLErO TOT XK€
CMBICI).

D10 CJOBO NEPBOHAUAABHO YHOTPeGasiaoch Aaf HaHMEROBa-
HUA 3HAKA MYCTYIOULErO Daspsaia H 3TOT CMHCK COXDRHATO
cute B 18 Beke, xoTA ywe B 15 Bere TNOABHICA JATHHCKHI
TepMHKE <Hyap» (nullumm — Huy1o).

dopma HHAMBCKHX, uHDp nperepiieBana Mioroobpasiwe
n3menenns, Ta ¢opma, B KOTOpOH Mbl WX NileM, YCTaHOBH-
a1ack B 16 BCKe.

-

§ 8. HaumenoBaHua Gonbmux uxcen

Iasn yzobcTsa ureHus M 3anoMiHadus OOILIIHX MHCET
wigpbl HX pazbHBaOT HA TAaK Ha3bIBaEMbie <KAACCHI»! ClIpaBi
oraeasnoT TpH nMhps (uepsuiit wkrace), 3aTem ewe TpH (RTo-

1) 370T saMeuaTeanlibll yuYenul SBIACTCHA TAKKC OCHOBOROAOKHIKOW
axrebpwr {cw, 111, 2), Crou paGorst MyxaMmmen mircan Ha apaGekom sasvike,
Koropbtil Oel1 1A Bocroke MOMEYHADOINLIM  HAYUHBIM  H3LIKOM, KIKHUM
n 3anaauoi Enpone Goit aa e gau, Orcioaa -- ApAGHINPOMLIGIDe 1M K
aap-Xpapiuamu (an agp-Xopesmit, To ecis XopeaMmien), U0l KoTopum My-
XaMMCH H3IBECTEH B UCTOPHH,
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poit knace) v 1. . [locaeauuit xaacc Mowxer UMETh TPH, NBe
nan ofHy unppy. Mexay xaaccaMn ofblYHO OCTABAAETCH He-
Goabwoit npodes. Haupumep, wucao 35461298 sauncuisawT
Tak: 35461298, 3aecn 298 — ucpsulil kaacc, 461 — nropod,
35— tpernit. Kamnan u3 widp kiracca naswipaerca ers pas-
PALOM; CueT Pa3psiloB Takwe niet cupasa. [Hanpumep, B nep-
BOM kiacce 208 undpa 8 cocrasaser uepBnil paspar,
9 — BTopofl, 2— TpeTuil. B nocmennem Kaacce MoweT OblTb
TPH, ABa paspaaa (B HawleM npuMepe: 5 — ucpBuil paspaj,
3 — BTOpOil) HIH oauH,

[leppmii Ki1acc maeT YHCHO eAMNHL, BTOPOit —— ThiCAY,
TPeTHIt — MHATHOHOB, CoofpasHo ¢ aTuM dxcao 35 461 298
YHTAETCA: TPHINATH NHTH MILIAUOHOE YeTHIPECTA IMEeCThILECAT
OJIHA MptcAYa ABCCTH 1CRAHOCTO Bocewb. [[03TOMY rosopar, uto
€1HHHLA BTOPOrO KJaCCa eCThb THCAYE) eTHMHHIA TPEThEero
K1aCCd — MILTLTHOH,

Eaunimiia  werseptoro Kiacca HasuiBaeTes MILLIApooM,
win, Huave, 6uw.ituonom {1 muaasapn== 1000 Muinonos).

Eannuua intoro K1acca Hasepaerca mpuanionos (1 1pur-
anon = 1000 6unaponor wan 1000 muaamapaos). Eapununsi
MecToro, ¢e1pMOro, BOCbMOro M T. J. KIaccoB (Kawnad
g 1000 pa3z Goabie HPeCALCCTBYIOILCH) HA3BLIBAIOTCA KBadpUA-
AUOHOM, KBUHIMUAAUOROM, COKCILAAUOHOM, CENMUALNONOM
0TI

Npusep. 1202] 306 200000 yuraetca: ABeHagUaTh TPHI-
JUOHOB [BAAIATL OLHH MHIIJUAPA TPUCTA WIeCTh MUILIHOHOB
JBECTH THICAM.

§ 9. ApudmeTHyecKHe AeHCTBHA

1. Cnoxxenne. [lonatHe o TtOoM, UTd Takoe caowenne,
803HIKAET U3 TaKUX IPOCTLX (aKTOB, YTO UHO IE HYIKI1ACTCH
B OnpeAcaIeHH I He MoXeT ObiTh OHPCUCACHO (GOPMalIbHO !).

3annch caomenns 84-3==11, 8 u 3—cageaenue;
H — eyarma.

. 2. Boiuutanue ectio HavoxcOenue 00H020 u3 CAQ2UEMBLY
no cyatie u dpyeosy caazaesmony. HNaHHasg cyMMa noayuaer
HA3BAHHE PMEHbUAEMOZ0, J1AHHOC CAAraeMoe — BuHUMaeM020,
HCKOMOE C€1araeyMoe — pasnocini,
N

1y YacTo 1a0TCH «ONPCACICHIAY APORE 1AKNK «CI0MEHRE ecTh AclicTuite,
fIOCPERCTAOM  KOTOPOro HECKOABLKO uHCed COCRUHAIOTES B OXHOM, 1LIM «Rkel-
CTRIE, HOCPEACTHOM KOIOpOIO  HaX0INTCH, CKOJBKO €INHHU COACPWIITCH
B HCCKOABKNK uncaax smecren, Ho roT, K1o ie span Gul, 4T0 3naunr «cae-
HHTbw, HE 3023 Ob 1 UTO TAKOE «COGRMHHTBL HAC.IAY, TaK YTO BCe NOAOGHLIC
«ONPEACTORUAY COOHICH UL K 3AMCNC OINUY CAOB APYEUMi,
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Sanuco: [5 =7 =8; 15— ymenpwaesoe, 7-— BLNUITAC.
Moe; 8 -— pa3nocTh. PasHOCTh 8, CAOMEHHAH € BLIUNTAEMBIM T
nact ymenwwaenmoe 15. Cnowenne 8 --7=15 asasercsa mnpo-
sepkot euiuntamus 15-—T=S8,

3. YMHOXeHHe., Y MHOICitiD HEKOMOpOe Hitca0 (MHOMCIL-
MOZ) HA UeR0e HUCAO (MHONCUMENL) ~— IHARHUN  ROGHOPUNIL
MHOMCUNLOE CAQ2ACABLAL  CHIOABKO PA3, CKOADKO YKA36L8QEHR!
MHOucumeas ). PezyabTaT na3biBaeTca nponssedeniten.

Jannce 12X 5=60, yan 12-5=60; 12 — vomumoe;
5 — mHoxHTENL; 60 — Hpousseienue, 12 X 3=12- 124 12}
+- 12412

Ecau mHowuMoe i MHOXHTEAb MEHSIOTCA DOJIMIL, TPOLU3-
BEACHHE OCTAcTCA TeMm e,

Hanpumep, 2X 5=24-24-212.L2=10 0 353X 2=
=5+4-5=10 Tlostomy II MHOKMTEAb H MHOKHMOC Ha3Ll-
BAIOTCH «COMHOWHTEIAMU Y.

4, llejleHHe eCTb Haxoxcoedtie 00HO20 U3 COMHOMCU-
me.deill N0 npous3eeeruio  u Opy2oMy  COMHONCILINE A,
JlavHoe npoH3BelMcHHE MOJAyvYdaeT HadsaHue deAnalozo, RaH-
Hbll  COMIOWHTeNb — O8AUMeAs], MCKOMBIT COMHOMHTCAL —
Yacmuo2o,

3anncop: 48:6=8; 48 — neaumoe, 6— teaureap, 8 —
vactHoe. [lpoussenenne feaurcas 6 o wactHoro 8 jgaer jenu-

45 993
moe 48 (uposepka deaenun), Ilmuyr taxme 5 =8(cm.1l,22),

Yacrioe OT JNeJeHMA OLHOLO LeJoro 4YHcaa Ha Apyroe
nedoe MomerT He ObiTh UCALIM ¥HCIOM; TOTAZ 3T0 4HacTHoe
MoxkHO npeactasure apobuio (I, 16), Ecam wactnoe ectop
f1ed0e YMCHO, TO FOBOPAT, YTO LIEPBOE H3 YIOMAHYTHIX HICCI
Hayeao deawncst waW, kopoue, deaumes Wa srupoe. Hanpw-
Mep, 35 neantcs (Hauneao) na 5, MO0 uaciHoe eCThb UEI0€
ypcan 7.

Bropoe U4HCAO B STOM Clhyuyac 1a3blBAcTCA OEAUMEALA
NepBoIo, NEPBOC We — KPAMHB M BTODOTO,

Npumep l. 5 ecrs neaureab vucesn 25, 60, 80 u e
ABanercs genuteneM uucen 4, 13, 42, 61.

MTpumep 2. 60 ects kparHoe umcen 135, 20, 30 n e
ABAAETCH KPaTHuIM yucea 17, 40, 90,

Bo MHOrMX Ciiyyanx MOKIO, He BHINOJUAA ACACHUs, Y3HATD,
JeauTCA M HaLeNo ogHO Uegoe wHCHo wHa Apyroe. Q8 srtom
em. 11, 1L

B cayuae, xorna jenuMoe He LeAHTCA HANeNO Ha JIeTHTen,
HHOJIA BHIIOAHAKT TAK H43biBACMUC O€AeHle € OCINANIKOI:.

1) O8 yunoxenun na apofuoe uncao oM. I, 20,
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Jenenite ¢ OCTaTKOM eCTh OTHICKaHMe HaH6obLIEro wenoro
Yicaa, KOTopoe B NPOU3BENICHHH € ASANTENEM JlaeT UHCID, 1le
upessilaoee aeanmoe. Vckomoe uncno RHasbiBaerca Henod-
HbLM HacuHoly, Pa3HocTh MCKAY ZeAHMBIM U OPOU3BELEHUEM
ReJAUTENS HA HENOJHOe YacTHOE Ha3LBAeTCA OCMamKoaL; OH
BCRr]ia MeHbINE TEIHTeIs.

Mpusmep. 19 ne geanrcs maneryo na 5, Ymuenma 1, 2, 3
B npowsseneHnu ¢ 5 pawor 5, 10, 15, ne npeBocxonsmue neau-
moe 19, Ho ywxe 4 mact B upousseneHuu ¢ 5 uncao 20, 6o.1b-
mee, wea 19, 1To3ToMY HenoaHoe yaCTHOE eCTb 3. Pa3HOCTD
mMewiy 19 v npousseneHueM 3-5=15 ectp 19— I5=4; no-
3TOMY DCTATOK eCTb 4,

O neneunu Ha Hyab oM. Il 23.

5. Bo3geneune B crtenenb. Bo3seciinr 4ieao 8 iferyw
(8mopyio, Mpemsio, 4emeepmino 1 m. 0.) cmenens — aHaym
nOBMOPUING £20 COMHOMCUMeNe s O8a, mpu, demstpe 1 m, 0.
pa3t). Yncao, noBTOpAIouleecs COMHONHUTEIEM, Ha3bIBACTCS
OCHOBAHUEM CHIENEHI; YHCHO, VKasblBAloLlee, CKOAbKO pas
Gepercst OAHHAKOBEIL MHOXKHTECNb, HA3LIBACTCH ROKA3AMeEAeM
crmenenu. Pe3yabTaT H23HIBACTCH CIMEHCHDLIO.

3anucw: 3'=38I; saecy 3— ocnosange creneny, 4 — no-
Ka3atedp creneny, 81 — creneny) 3*=3.3-3-3.

* Bropas cTeneHb HAa3BBacTCA LHave KEaOpamoM, TpeTbd
creneitb — ky6ox. [lepBofi cTencnLod 4NCaa Ha3blB2IOT CaMo
370 41ICAO.

6. H3sneuenne wopud. Mspineuenne kopita ecTh HaxomIe-
HIC OCHOBAHHA CTeMeHH MO CTemend H ee nokasateaw. Hannan
JreneHb NoayyaeT Ha3BaHHE ROOKOPEHHOZ0 4Huc.aa, NAHHBLI
110KA3aTe1b — ROKA3AMERA KOPAS, HCKOMOC CCHOBAlIE CTe-
ICHH HA3hIBACTCH KOPHEM.

Januce: VSI =3, 3necnr 8l — nomxopennoe unCan,
4 — nokasareiab Kopus, 3-——Kopellb. Bospeaenuc uicuaa 3
B ycTsepTylo cTeneHs jgaet 813 3'=8] (npobepka nasacucuin
Kopits).

Kopene BTopoll cTemeHM HA3LIBaCTCH 11HAYE KBAOPAMHHI AL}
KOpCHb TPCThCH cTenenn — KyOuurpse. [lpit 3anake kpaiapar~
HOTO KOpHS. MOKA3aTedb KODHA OpHUSTO oftyekats: ) 16=4
03HauacT 1/16=4.

Caoxelie 1 BHIUNTAHAC, YMHOXKCHHC W JCJeHHE, BO3sCAC-
NI B CTeleNb W H3BJAeueInie KOpHA fomaphe ApsoTcs 00-
pamuotsu deficingna.

]"\;Omuoauencuuu B OTMIATEALIYIO, HyJeBYIO ¥ Zpoluyl0  cTencun
M .
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Fpasuna nepabix uetbipex meficTBHil © HEABIMH UHCRAME
NPEnRoIArdioTcsn H3BECTHLIMH. Bo3seienue B cTeneHb BHIION-
HaeTCs mosTopuniM  YMuokernitem. OG6  u3saeueHHH kopheil
cM. 11, 44 u 44a.

§ 10. Mopanok neficTBu#i; cKOGKH

Ecan Heckoabko AeiCTBHIl BLIMOAHAITCA OLHO 33 APYTHM,
TO pesyapTar, B0oSlLe roBops, 3aBUCHT OT NOPAAKE AelicTBuil.
Hanpumep, 4 —2 4 1 =23, ccau npoussoantsb aeficTsMA B no-
pAOKe WX 3aMHCH; eCRM XE cHauana Cao¥HuThb 2 1 | u BBIUCCTL
noayuenuywo cymmy us 4, 1o noayunm J. Yrtobm ykazate,
B KAaKOM 1OPAIKe HYXHO BHINOJHATL AeHCTBHA (B TeX cay-
yafx, Korga pe3yabTaT 3aBHCHT OT HOpPAAKA RCHCTBHI), HOah-
aytorcd cxobxanmu. JdeficTBug, 3aka104eHdble B CKOOKH, BRIMOI-

HAI0TCA paHbiic Apyrnx. B Hamesm cayuwae (4 —2)+ l=3;
4— 24+ 1=1L
Npumep L.

2+4)x5=6x5=380; 24+ (4 xX3)=2-4+20=22

Yro6bl He 34rPOMONAATL YPC3MepHO 3aUHCH, YCA08U.2UCH
He nucame ckobox: 1) 8 mom caydae, Ko20a Oeiicmsus cao-
JiCeHus U suiqumanus, caedys Odpyz 3a OpyeoM, O0AHCHS
BBINOANAMBCS 8 MOM NOPSOKe, 8 KOKOM ORU  3QNUCAHLL;
Hanpumep, BMecTo (4—2) 4 =3 mumyr 4—2-4 [ =3;
2) 8 mom caydae, K020 SHYMpu cKOBOK npou3sodames
deficm8usi YMHOMCOHUA UL OCACHUS; HANPUMED, BMECTO
24 (4x5)=22 upmyr 2+ 4 X 5=22.

fIpu BLIYHCACHHY TAKUX BblPameHUH, KoTophie aubo coBeem
He cojepkar ckobok, anbo comepiwar JAuWb TakHe CKOOKM,
BHYTPH KOTOPHX Gonbille Her cKOGOK, HYHHO 1IPOH3BONNTL
ACHCTBHH B TAKOM MOpsAKe: 1) CHaYalda BHINOAHAIOTCR RCil-
CTBHSA, 3aKJMIOUEHHble B CKOGKH; NPH 3TOM YMHOMCHIE H Aeic-
fMe AEMA0TCs B MOPANKE HX CAeLOBaHUsA, HO paHblic, yem
CIOMCHUe U BhlYHTaHHe; 2) 3aTeM BbINOAHAIOTCA OCTAOUIMCCH
AEHCTBHA, PUYEM ONIATH YMHOMEHHE W JleJeHue HenawTcs B
1OPAIKe HX CAEI0BAHHA, HO PaHbIIe CI0MKEHMs H BLIYHTAHUA.

MMpumep 2. 2.5-—3-3. CHavana BuINOAHSEM YMHOKe-
Hua 2-5=10;3.3==09, zarey Buuntamne: 10—9=1,

[Tpumep 3.

9-+16:4—2.(16—2.7T4+-4)-+-6.2-43).
CHayara sbifioangeM ReiCTBHA B CKoGKaxX:
16 —2.74H4=16—14--4=6;, 24-5=T.
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Teneph BHMOAHHeM oOcTalOMHeca fefictBun: 9 4-16:4 —
2646 T=9+4+4-— 12+ 42=43.

Yacto aast ykasaHus nopaika aecfictaufl neo6XoauMo 3a-
KJI0UaTh B CKOGKM TaKHe BHIDAWEHHA, KOTOPHE CcaMu yXe
conepmat ckobkd. Torma, kpome oSwuunx (Kpy2astx), TipH-
MeHsl0T CKOOKM MHOIl dopMbl, Hanpumep xsadpamusie | |
Ecmit B CKOGKH HVIKHO 33KAIOUilTh BbIpANCHHE, Codepmallee
yKe Kpyrase ¥ KBaipatsle CKOOKH, 10b3YI0TCA Buayprblsl
ckobkamu { }. BoiuncacHue moX0GHBLIX BbIpAWeHH NpOU3BO-
ANTCSH B CAGIYIOUEM NOPsSIKe! CHAyala MpOM3BOAATCA BHIUHU-
CJACHHA BHYTDH BCCX KPYIVIBIX CKOGOK B BHIIEYKA3aHHOH f10-
CACJ0BAaTEIbHOCTH; 3aTeM -— BBIYHCAEHHUN BHYTPH BCEX KBail-
paTHEX CKOGOX 110 TeM ®e NpaBuaaM; Jaiee — BulUNCACHHUS
BHYTPH (QUCYPHMX CKOGOK H T. 1., H2KOHE!, BbIMONHAOTCH
ocraomuecs RelcTaid,

Tpumep 4. 54-2x [14—3-8—6)] +32:(10 —2-3).
BuinoausieM neficTBUA B KPYrabX cKoBkax; umee:

8§ —6=210—2.3=10—6=4;

XeHcTBUA B KBAAPATHHX cKoOkax mapt: [4—3.2==8; Buinoa-
HsA ocraoniuecs DefCTBUA, HAXOAHM:

54-2.84-32:4=5} 16 4-8="29,

puwep 5 {100 — (35— (30 —20)]}-2. [Mopaxok aeti-
crBrit: 30 — 20 =10; 35 — 10 =25; 100 —25=175; 75-2 == 150.

§ 11. MpH3HaKH ZEeNUMOCTH

flpuanak gednMoctH na 2. Yucno, peaameeca Ha 2, na-
3LIBACTCA YEMHbLAM, He Heasureecs — Hedemuus. Hucao de-
Aunca He 08a, ecal €20 nOcAedHsa yudpa Hemuas uau
H4yab. B GCTAABLHLIX CHYYAAX — He HeAuTCA.

Hanpusmep, uncro 52738 zeaurcd Ha 2, TaK Kak 1o-
cnennsas undpa 8 —— yernas; 7691 wme mendted na 2, rak Kax
I — undpa HeuetHas; 1250 meaurcs Ha 2, TAK KAK HOCIEIHAH
uHdpa Hyib.

fipusHaxk peauMccTH na 4. Yicio desumes wa 4, eciu
0se nocaednue e20 yudpel HY.u i 06pasyion  4ucao,
Oeasiugeecss #a 4. B 0CTaabHBIX Cayvuasx —— e AejUTCs.

Mpuseps. 31700 neantcs na 4, Tak Kak oxaynynsacrca
aoyma syansur 215634 e acaures na 4, TaK xax nocacanie
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ABe uudpw naiot uucso 34, He geasmeeca Ha 4; 16608 je-
ANTCA Ha 4, Tak Kaxk age nocdexdde whgpw 08 xapr uncao 8,
acasueecs Ha 4.

Mpu3vak peMHMOCTH Ha 8 noxolen  npeaniayuieMy.
Hucro deanmes na 8, ecan mpu nocacOsue gugpsl e2o
Hyau uan obpa3ywom Hucao, Qeasujeecs Ha 8. B ocraap-
HLIX Cayuanx — He JeauTcs.

ITpumepn. 125000 meaurca na 8 (rpn Hyis B Kouue);
170004 ue neantca Ha 8 (Tpu nocaeanHe uudps  HAOT
yncao 4, He geasuieeca Ha 8); 111120 neautca ua 8 (tpw
fnocaeauue nudpu AaloT uucao 120, neasuneecs na 8).

Moxno yxazaTb nofobHble npyusHaky ¥ 1as Jesenns Ha 16,
32, 64 ¥ 1. I, HO OHH HE HMCIOT MPAKTHYECKOro 3HAYEHHA,

{lpusnaxkn nedanmoctH Ha 3 W Ha 9. fHa 3 Jdeasmen
moavko me 4Hucaq, y KOMOpuX cymma yugp Oeaumcs
Ka 3; HE 9 — MOALKO me, ¥ KOMOpuX CYMME udp oeanmcs
Ha 9.

Mpumeps, Yncno 17835 pennrca na 3 u He meautca
Ha 9, Tak Kak cymma ero mupp 1 4+7-4+843-+5==24
neantcs Ha 3 ¥ He Heaurcd Ha 9. Uucao 106499 He meamtca
Hi Ha 3, HH Ha 9, Tak KaK cymma ero uaudp (29) He neaurcs
un na 3, ux Ha 9. Yucao 52632 xeautes Ha 9, TAK KAK CyMMa
ero uubp (18) neaurca na 9.

Mpusnaxk peaumoctn Ha 6, Yucao Jeaumes Ha 6, ecau
OHO deaumest OOHOBpeMEHHO HaA 2 1 Ha 3. B NpoTHBHOM
cayyae — He AeNHTCH,

Hanpumep, 126 geanrca Ha 6, Tak xak OHo HAeAHTCH H
ia 2 v Ha 3

Tpu3Hak AeAUMOCTH Ha 5. Ha 5 Cdeasmca 4ucaa,
nacaednssn yuppa komopolx O waw 5. Jlnvrue — He Jeasrcd.

[Tpumep. 240 geantest Ha 5 (nocaemina wngpa 0); 554 e
neaptcs Ha D (mocaexHsas uundpa 4).

[pu3Hak ReaHMocTH Ha 25. Ha 25 deasmes uucaa,
08¢ nocaelxue yudpvl KOMopuLX Hyal uAn o00pas3yiom
qucao, OGeasweecss wa 25 (1. e, uHcaa, OKaHYMBaWWHCECA
ua 00, 25, 50 uan 75). Hpvrue ue measrcs.

Mpumep. 7150 neaurca Ha 25 (okanunsaerca Ha 50).
4855 He xeautcst Ha 25,

lpu3vakn geanmoctH Ha 10, 100 W 1000, Ha 10 ge-
ASMCH MOALKO Me YucAa, NOCACOHSST qudpa KOmopulx Hyas,
Ha 100 —moasxo me wucaa, y womopux 0ee nocaeonue
uugpee wyau, na 1000 — morvko me, y xomopux mpu
nocae0nue yugpst Ky U, .

Mpumepo. 8200 nenurcs ua 10 u ua 100; 542000 ne-
aures na 10, 100, 1000.
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fIpuauax gemumocty Ha 11. fla 11 deasmca moasko
me ducag, y KOmMOpuX CYMMQ yudp, SOHUMIOUUX HE-
yemnsle Mecma, AubQ pasra cyaae yudp, 3aHUMAIONLX
YemHsle Mecma, AUGO pasHuNcs OmM Hee Ha uucao, Oeas-
teecs na 11,

Mpumepu. Ynucao 103785 neanrca na 11, Tak kak
CyMMa uudp, 3aHUMalOWUL KHeyetHble Mecta, | 43 J-8=12
paBHa cymme UHQD, S3aHUMAOWHY veTusie Mecta O+ 74
--5=12. Yucao 9163627 aeautca Ha 11, tax K3k cymma
uHbp, 321HMAIOUIHX HEYETHBIC MeCTa, ecTb 9 4 6 - 6 + 7 =28,
a cymma nudp, 3aHMMAIOWHX YeTHble Mecra, ecth | -+ 3
4 2==6; pazHocte Mexay uuciaMp 28 u 6 ectp 22, a sTO
yycao peantes na [l Yucao 461 025 we neaurtcsa Ha 11, tawe
Kak uucaa 44+ 1-+2=7 u 640+ 5=11 ne pasynl 1pyr
LPYTy, a HX pa3HoCTb |1 ~-T7=4 na |1 ne peautvcs.

CyuecTsyIoT MNpPH3HAKH ACIMMOCTH M Ha IpYrye udcra
(CBepx BHllUEnepeyuNCcaAeHIbX); HO 3TH LIIPH3HAKY CIOXHee.

§ 12. flpocThle H cocTaBHble wucaa

Bce neawle yucaa, kpome |, UMeT 1o MeHbulell Mepe
ABYX nmeauteneit: ennmuuny u camoro cebs. Te m3 vux, xoro-
pbie He HMCIOT HHKAKUX ADPYrux Jeaurtejeil, HasblBawTCsH npo-
cmuiaty (Maw nepBoHavaabHbiMyu), Hanpuwmep, 7, 41, 53 — upo-
cTele yncaa. Te wucna, KOTOpbIE UMCIOT elle ¥ Apyrae acau-
TeaH, HA3LIBAIOTCA cocmasuptmu (Maw  caowuumu). Hanpu-
Mep, 21 - coctashoe yucao (ero aeantean 1, 3, 7, 21}, 81 — co-
cTapnoe uiicao (cro femntean 1, 3,9, 27, 81). Hucao | mMoxuno
60110 6H OTHECTH K MPOCTHIM YHCAAM; OJHAKO MpPeANOyTH-
TeAbHO BBIIEAATH €0 0co00o, HE OTHOCH HY K MPOCTHIM, HU
K COCTaBHBIM ‘).

[Ipoctbix uucen — GecuucacHHOE MHOKECTBO,

[Tpocruie uucaa, fre npesocxoasmue 200, crenywoutne 2):

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 ofycAOBAEHO TeM, YTO AAA COHHANBL HE UMeioT
CHJAb! MBOFile NpaBiAa, CHpaBeR’usbie 148 BCEX OCTAJbHIX NPOCTLIX YHCes,

2) Ha crp. 50—51 npusenena TaGauna upocTHX  uuced, He NPEBOCXO-
ZRuny 60N
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§ 13. Pa3noskedse Ha NPOCTbIE MHOMNHTEMH

Besakoe cOCTaBHOE YHCAO MOXHO eIHHCTBCHHbIM CHOCOOOM
wutaaurb B BHAE HPOU3BENCHRT NPOCTHX MHOXUTeRCli.
anpumep, 36 =2.2.3-3=22.3%45=3-3-5=23" . 5 (nm
3254 150=2.3-5.5=2.3 5% (way 2' . 8! . 5%). dasa He-
60AbIIHX YHCed Pa3I0WeHUe Aerko jefaercsa no poraske. Has
60AbIKX YMCEN MOXHO NOAb30BATLCA TAKUM MPHEMOM.
Mpumep 1. Mlycte aano uucao 1421, bepem nosapan
npocTeie yucaa Tabamibl (A) Ha cTp. 73 U OCTaHaBIHBaeMCH
Ha TOM, KOTopOe ABAAeTCA Aeanresem gaHHoro uucna. Ha ocHo-
BAHMH TNPH3HAKOB [NEJAHMOCTH BHIMM, HTO uHcaa 2, 3, 5 ue
MoryT ObiTh JenuTennamMy uucaa 1421; nonpTasmnes, passeints
na 7, sunuM, uto 1421 meantca wa 7 W paer s uactHoM 203.
Caera OT uepTol 3anuchiBacm yucao 1421; cmpasa npoTus
HEro —— Jdeautenn; Mol ynciaom — vactHoe 203,
3anuce: Takum we obpasoMm ucnsiThBaeM yucao 203
lggé ; Yucen 2, 3, 5, 0ka3aBmyUXCy HETOAHBIMA TIPY Nep-
“9 | 29 Boi nOpo6e, Mbl HE TPOraeM # HauMHAeM HClbl-
TaHue ¢ yucaa 7. Okasnipaercs, 470 7 eCTh ieai-
Teab yncena 203. 3anucuiBaem ero Cnpaga 0T YepThl
upotus 203, CHusy mon 203 nuwenm uacthoe 29. Hucao 29 —
1poCTOC, MO3TOMY Pa3noKeHHe 34KOHueHo. Peayabrar ero:

1421 =7 .7.29=7%2.29.

Jrot obuuit cnocob MOXKHO B pALe CAyYaes YNPOWATh,
Mpumep 2. PaznokuM Ha NpocTble MHOMUTENM YHCIO
1237 600. 3amerus, uyto 1237600=12376 X 100, pasnomuum
N0 OTHEALHOCTH [Ba COMHOXHTCas. BTopolt pasaaraercs
cpasy: 100=10.10=2.5-.2.5==2. 5" llepnuilt pasnaraen
caeaylIUM 06pa3oM.
Bepewm u3 rabauusl (A) nepsoe npocroe Yucio 2;
Sanuce: UYTO OHO ecTh meaurens yucaa 12376, suaxo mo
12376 | 2 Npu3Haky neaumoctd. Haltpa yacthoe 6188, cuosa
g(l}gi g GepeM u3 T1a6aunsl (A) umcao 2. Bropoe uact-
1547 | 7 noe 3094 Takwe YeTHO; HeAHM ero onATh Ha 2,
221 1 13 Pesyabrar 1547 ywe He peautca Ha 2, [pusnaku
171 17 peauMoCTH MOKAXYT, YTO OHO He XCAHTCA HH Ha 3,
nn na 5, [lpoSyem aeanty 1547 na 7; noaywacew
yactnoe 221, IIpo6yem ewe pas pasneants #a 7. He zeautc.
Torga ucnuTHiBaeM caepywouiue npoctsie yncaa. Ha 11 uncno
221 He nmeaurcs, HO Ha 13 jeautcs, B HaCTHOM — NPOCTOE
yucao 17.
Pesyabrar: 1237600=12%.7.13-17.2%.52 =25.5%.7. 13- 7.
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§ 14. OGwuu# nanGonbiui fenutens

O6uitin deaumenest HeCKOILKHX YHCCH Ha3siBaETCH YICAO,
caywamee neagreaeM (I, 9, n. 4) 1A kaxxoro H3 nux.
Hanpumep, uucaa 12, 18, 30 umeior ofbmuit neauresn 3;
yucao 2— towe uX o6muil neaureab. Cpenu Bcex obwux
JenyTelell BCeraa MMCCTCs HauGOAbIMMH, B HauleM npuMepé —
yicno 6. ITO0 YHCAO HazbiBaeTcs o0wust HAUOOABILUM (L1 l-
meaem (O. H. 1.).

Npumepn. Jan uncea 16, 20, 28 O. n. n. ectv 4 aan
yucea 5, 30, 60, 90 O, H. 1. ecTh 5.

Korna uucaa HeGoabumne, ux O. H, I JerKo HAXORHTCH
no noragke, Ecin mul uMeem melo ¢ GOMbIIHMH YHCAaMH, pa3-
naracM Kawjoe Ha npocTeie MHoxuTenms (cM. I, 13) u Buiny-
CHiIBAEM TE M3 HUX, KOTODPBHIC BXOIAT BO BCE NaHHbie 4HCAd.
Kawmauit M3 TakHX MHOMXHTeNeH GepeM C HauMeHbIuMM MOKa-
3aTeneM, ¢ KOTOPHLIM OH BXOAMT B JauHmie uHcaa, [lpouasonum
YMHOXKEHHE.

Mpumep 1. Haittw O, n. . yucen 252, 441, 1080. Paz-
naraeM Ha MPOCTHIE MHOMHTERH

232=2%.3%-7, 441 ==3%. 7% 1080=2%.3%.3,

O6wuy g vdcen ABAAETCA TOABKO MPOCTOH MHOWUTED 3;
HauMeHbIIHH W3 MOoKasareneH, ¢ KOTOPHMH OH BXOAHUT B jal-
Hble uncaa, ecTb 2, O, H. 1. paBeH 3" =9,

Mpumep 2. Hatitw O. n, a. uncen 234, 1080, 8100,

234==2.3%.13; 1080=28.3%.5; 8100==22.3%.52,
O, H, L.==2.32==18,

Moxer cayyurbes, 4TO MPOCTHX- MHOMMTedelH, ob1uX 1aa
Bcex/ NaHHBIX unces, He Syner posce, Torxa o6yt HauGoAb-
wuit  feantens ects 1. Hanpuwmep, aaa uncen 15=3.5,
10=2-5, 6=2-3 O. n. 1. == l. [lga yucaa, O, H. 1. KOTOPHIX
pased 1, masumiBalorca 83aumuo npocmumu. Haupumep, 15
# 22 — B3aMHO NpOCThlE YHCaa,

§ 15, O6mee HanmeHbllee KpaTHoE

Obujum Kkpamupist HECKOABKUX UHCER Na3blBa&TCA YHUCIO,
caywxamee patHeiM (I, 9, n. 4) ana kawzoro ua Hux, Ha-
npismep, uucna 15, 6, 10 uMeT obuee xpartHoe 180; uncino
90 — Takxe obuwiee KpaTHoe 3THX yucen. Cpejn BceX oO6ULMX
KpaTHbIX BCerja €CTb HauMEHbIlee, B XaHHOM cayyae uucao 30.
D10 uNCAO HA3BIBACTCA  OOMUM  HAUMEHLUUM KPAMHLM
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(0. u. k). Haa neGoapmux yucea O. H, K. HAXORUTCA JCTKO
10 goragke. Ecan wdcna Goaplifie, NOCTYNAEM TakK: pasiariaeM
HaHHLIE WYHCAA HA TMPOCTHie MHOMMTENN; BHIHCHBAEM BCe
NpPOCTHE MHOMHTENH, BXOJAILME XOTA OB B OLHO N3 NaHHHIX
yirces; KaxIbil N3 B3ATHX MHOXHTedell BOZBOAUM B HauGo/b-
Wy H3 TeX CTeneHell, ¢ KOTOPHIMH OH BXOJHT B NaHHbIE
yncaa, [IpoH3BoIUM yMHOMENHE.

NMpumep 1. Haiitn O. n. x. uncen 252, 441, 1080,

Pa3naraeM Ha §poctble  MHOoWkHTemn: 252=2%.3%.7T;
441 =3%.7% 1080=23.3%.5, [Ilepemnomaem 23.3%-7%.5,
O. n. k.==52920,

Npumep 2. Haittw O, m. x uucen 234, 1080, 8100
(cm. npusep 2 § 14), O. B K. ==2%.3%.5%. 13=<210600.

§ 16. IlpocTeie Apobn

ITpocmoii Opobsio (xopoue, Opodvi0) Haswel8aenics 4acs
eOURNIYbL UAL HECKOALKO DPAagHBLX dacnell (Ooaeil) edunuym,
Uucao, nokasbiBaiowee, Ha CKOJAbKO JodaeH pasjenena egu-
HHUa, HAa3uBAETCA 3HaMeHamenesm APOOH; UUCAO, NOKA3LIBAIO-
ijee KojuyeCTBO B3ATHIX noneﬁ, — Yucaumener JJ.pOGHA

3 .
3anuce: ¥ b 3y (TPH NATHX), 31eCh 3 — YHCAHTEADb,

5 -— 3HaMeHaTeab,
Ecau yncaureap MeHbllle 3HaMeHatens, TO apobp MeHblle

CIHHHUB M Ha3blBaercs npaau/zbnoﬁ: o NMpaBHuIbHAgR Ilpoéb.

Ecan yucautenn paseH 3HaMeHaTemo, ApoGb paBHa eruHuLe.
Ecan dyueautear Goabiie 3nameHaTtend, ApoOb Goablue efu-
uunnl. B oGonx nocnen;mx cayyasax apolb HasbiBaercs Henpa-
suabKoid, Hanpumep, g+ § — HenpaBHabHhle apolu, Hrobu
BLIeNHTh HaHOOAbIIee LeNoe YUCHO, CONEPHAULecCs B Henpa-
BUABHOM XPOOH, HYKHO PA3AENUTL YHCAMTENb HA 3HAMEHATE Ib.
Ecan nenewne Boinoagserca 6e3 oCTarka, TO B3dATas Henpa-
i 45

BUabHaA Apo6b paBHa yacTHOMY. Hanpumep, 5 =45:5=0.
Ecan lenenHe BnnoaHACTCA € OCTAaTKOM, TO (HenoiHoe) vacT-
HOE JHaeT HCKOMOe uenoe YHCAo, OCTaTOK e CTaHOBHTCS
upcAiTeAeM IpPoCHOH wacTH; 3HaMeHaTenb HpobHOH uacTH
0CTAETCA UPEHHHM.

[Tpumep. Hana npobo 45—8-. Henum 48 ma 5, Moayyaem
nactHoe 9 M ocTaToK 3; 43‘3:9—:-.
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Jicao, comepxauee Heayo u ApobHYI0 HacTu (uanpumep,
3
9 5~>, Ha3bIBARTCA cMewanKblse. pobnas wacTb CMeWAHHOrO

o 3
uiciaa moxer ObTL Y HEnpasuabHol ApoGbio, HANpuMep 7 l;’—;

TOC/a MOMHO U3 APOOHOM HacTH BHIEANTH Hanboabliee ledoe
YHCXO (CM. BbiLI€) M IIPEACTABUTH CMEIUanHOe YHCJAO B TAKOM
BHie, yToOn ApobHaA YacTb CTada NPaslaLHOH APOBLIO (1ay
BOBCe Hcue3na). Hanpumep, 7 i;.—_—. 7 l—: =T+25=0+:.
[ nono6roMy BUAY OGLIUHO U NPUBOART CMENIAHHLIE YHCAA.

Yacro npuxoaurcs (Hanpumep, npH YMHOXEHuH apobeit)
peilrath BOMNpoc O0OGPaTHOFO xapakTepa: AALTCA CMElaHHOE
yucao, TpebyeTca NPeaCcTaBlTL ero B BHje Apo6u (Hempaiib-
noit). [aa storo mymso: 1) nexoe uucao, Bxolauiee B cMe-
waHHoe, IOMHOMHTH Ha 3HaMeHaTeab ApoGHOI YacTu; 2) K npo-
u3BeeHUD NPHOaBHTL uncaHTe b, [TodyueHHoe uyucao Gyaet
uncANTEAEM HCKOMOMN JpoGH, 3naMeHaTeab 0CTAETCH NPEWKHUML

[Tpumep. [Hauo cmewaHnoe uuciao 9 5 D9 5=45

2) 45 1+ 3=18; 3) 9-2-:%8.

§ 17. Coxkpamenne W «pacmupeHyes APoGH

Beanuuna Ilp06ld HE W3MCHWTCA, €C.JIM YHCAHTedb B 3Hame-
Harenan ﬂpOéM GOMHOXHTDL HA OAHO H TO Ke YHCAO, Hanpnmep,

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

t

5 8.6 3’2 2.37 623379
Takoe upeoGpazosatiic ApoOH ) Mbl HA3OBCM ¢QACUUPEHIEM
dpoGu. Bysem ropopHip, UTO ApOGL z; MOJAYUCHA ¢pacitiipe-

HueMm Ha 6» u3 gpobn ;’—

Beanuuna apo6y He H3MERUTCA, €CAN YHCAHTENb M 3HaMe-
Hateab Apo6u PaslediiTh Ha OAHO M TO e uucao, Hanpumep,
18 18:6 83,4 4:4__ 1
BTN T8 Taxoe npeoGpa3opanue 1pobu

1) 3ro npeodpasosaitue (pUXOXUTEN coBEPWIaTE NOCTORAAG (HANPiimMep,
apy CaowcHIM pofed); ouO He MEHGe BaKHO, YeM cokpameune fpobv, Tax
®aK B HawWuX y4yeOGHUKAX AJ9 Hero He BBOAMTCH AHUKAKOrO HA3BAfHMN, TO
B NENBOM W3J1aHIIN CMPaBOYHUKA ABTOP NpeRJoXHA 1a3sarh 310 npeoﬁpaso—
BARNEC <YITHHCHUCM>, HOOGXOIJJAMOCTb BREjAEHHT HOBOTO TepMHHA HO BeTpe-
1uaa pospaweniit, Ho cambill TepMun <yaauHCHue» Muoriie AUNA CHUTAIN
HCYAQYHBLIM, NPEIHOUHTAS CMY TepMiUH xpacmupeﬂue»,
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. 3
HasblBaeTCA cOokpauenuesm Opobu. [oopar, uto npolb 5

18
noayueHa ccokpauenuem Ha 6> w3 apobn ;.

Hpo6b MOXHO COKPATHTL JHIIL B TOM Cayyae, eCai HHC-
JdTenb H 3HAMEHATENb HMEIOT OfHHaKoBble Reanteau (T. €.
ecad onM He B3auMHO npoctuie). CokpanmeHHe MOXHO MPOU3-
BOANTL MAYM NOCTENeHHo HaW cpa3dy Ha O. H. I

ios
[Tpumep. Coxpatuts apo6v i, . MpuMenss npusHax ne-

aumoctd Ha 4 {(cMm. Bume § 11), pumum, uto 4 ectn obimuit

neauTteNb YHCAXUTENd B 3HAMeHarten . Cox{pamaﬂ Ha 4, nMeem:
108__198:4_2" 3ameuas, uto 27 u 36 6 -
= 144:4 36" Meuast, 4to u UMEIOT OOIHM AeaH

27 3 .
Tedem 9, cokpawaem 3 Ha 9; uMeem: ;-Z;::T. Haapnefimee
COKpalCHHe HeBO3MOXHO (3 1 4 — B3aUMHO npocTHE yucaa).
Tor xe pesyabTar Mbl noayuum, ecad natinzem O. H. 1.
ucea 108 u 144, On pasen 36, Coxpatus na 36, noayunm:
108 _ 108:36 _ 3
144 T T44:36 4
Mocne coxpautenua #a O. B, 1. moayvaerca Hecoxpamu-
Mas Opobo.

§ 18. CpaBHenne ppobeh; npuBeaeHue K obuemy
3HAMEHATEN

)
M3 msyx apobeil ¢ oauHakoBLIM uHcaUTEAEM Ta IXpPOODL
Goabuie, y KoTOpO# 3HaMcHareap MeHbue, Hanpumep,

%—>7, 7>¢. M3 msyx mpoGelr ¢ ogunakoBuM 3Hamena-

reaem Ta Apob6b Goabliie, Y KOTOPOH yHuCauTeas Ooawiue.
. 3

Hanpimvep, > .

Yro0ul cpasHHTL ABC 1ApoGM, y KOTOPHX pa3iduHbl
uHCAUTEAb W 3HAMEHATeab, HYWHO ORHY uaH obe npobu npe-
06pasoBaTh TaK, YTOOH HX 3HAMEHATENH CTANH OIUHAKOBLIMH.
Jdas 3TOro MOXHO, HanpHuMep, nepeywo Apobb pacHUPHTHL Ha
3iaMeHaTe s BTOPOH, a BTOPYIO — Ha 3HaMEHATelb MepBOM.

3 1 .
Tpumep. Cparnun apoby 3 n " Pacmupsien nepsyo
. 33, 7__5
apobp Ha 12, a Bropyio na 8; umeem: T B
Teneps 3namenatenn opnHakosel. CpaBHUB YMCANTe U, BHAHM,
yto BTOpast Bpobp Goibuie nepnoil,

[Tpumenentoe npeo6pasosanue apobeil HasbizaeTcs npu-

8clenues ux K o6ujeMs 3HAMeRamMeno.
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Y1o6b npusecty K o6uieMy 3HAMEHATENO HECKOJILKO JpO-
6efl, MOXHO KaXAVI0O H3 HHUX DACUIMPHTL HA HPOU3BEJCHHE
snaMmeHareaefi ocranbumx. Hanpnmep, ytobut nprpectd x oG-

3 2
emy 3HameHatremo aApoGu &, ¢, ¥, DACHIMPHM TepByio

Ha 5.6==30, eropylo Ha 8.5=40; Tpervio Ha 8.6=48.

Moayumy =20 2==20.2_ % = O6uus snamenare-
§ 7 250 6 240" 5 20" ;

aeM 6yner npouspeneHyue 3HaMeHateael BceX NaHHBIX gpobei

(8 -6-5="240).

J1or cnocod npupeneHns K o6WeMy 3HAMEHATENI0 — Ca-
MHI mpocToft ¥ BO MHOTHMX CAydasx caMmblfi RpakTHYHLL
EanHcisenHoe ero HeyqoGCTBO COCTOMT B TOM, uto obmuii
3HAMEHaTeIb MOMET OKa3aThcA JOBOALHO GojbliuM, TOria
KaK MOWHO BhIOpaTbh ero MeHbuuMm. vimenno, 3a obuiuit 3Ha-
MeHaTtelb MOXHO B3ATb Joboc obuee KpaTHoe (B 4acTHOCTI,

H. K.) DaHHuiX 3HameHaredeil. Torga HYXHO PacIIMpUTL
RaxAyI Apo6b Ha YacTHOE, flofyyaeMmoe OT Aedeuun o6uiero
KPAaTHOrO HAa 3HaMeHareab B3ATOH ApobM (3TO YAaCTHOL Ha3bi-
BACTCA CONOAHUMCAbHUM MHONCUMENEM).

. 3 5 ~
Mpunep danw apobu ¢, ¢, z- O. H K 3HaMeHa-

teqaeit 8,6, 5 ecrp 120, donoauurtenanHbie MHOXHTENH:
120:8=15; 120:6=20; 120:5=24. Pacmupaem nepaywo
Apo6y Ha 13, BTopywo Ha 20, Tpernio Ha 24. Monyuaem:

3__ 4, 5_ 100, 2__ 4

T T 90 T 130 BT 120"

B yue6Hukax apuGMETHKI YaCcTO H31araercs TOABKO ITOT
npueM npdBelcHUs K ofuieMy 3Hamenateaw. Ha mpaktuxe
OH OTpaBIbIBACTCA, OQHAKO, WL B ToM cayuae, ecad O. H. k.
HAXONMTCA J1erKo Mo foragke. B nporusHom cayuae npuxo-
IMTCA 3aTDAuMBATL MHOIO BPEMeHM Ha orbickanue O, H. K. #
JAONOJHUTEARHBX MHOwHTeaeH, Cesepx 7TOro, 4acro oOKashl-
Baerca, ¥t0 O, H. K. He HaMHOro MeHbUIE NPOH3BEieHH# 3HA-
MeHaTenel MAHM Jaye BOBCE He MeHplle ero, M TOrja 3a-
TPAUYCHHOE BpeMdA H TPYHL COBEPIMEHHO GecCtionc3HbL

§ 18. CaoxeHne u BoiuuTaHHe ApoGel

Ecau snamenatean npoGeil oqHHAKOBAL, T0, YUTOOL! CAO¥HTL
LPOGH, HYHHO CTOXUTH HX UACIUTEIH, 2 UTOSH BEUECTDH ApobH,
HYIHO U3 YHCIHTEI YMEHBUIAEMOrO BIYECTh YHCINTE.Tb Bhi-
WITAEMOUC; HOY UCHHAS CYMMA HIH pasnocTs Oy@eT uicaute-
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JieM pe3yabTara) 8HaMeHaTe/b OCTaeTCA [IPEXHUM. Ecau 3ua-

MeHarean ef pasaMuHb, HYKHO NpelBapUTeIbHO NPHBECTH
Ipobu K oOmeMy 3HAMEHATENIO.
5 7 12 4 1
5 2 48 91

) 3 5 100
Opumep 2 s+g—35=mTm— = m"
Ecmt cxaaqsBaoTcA CMeIandble Yyucaa, To OTAeAbHO Haxo-

JAT CYMMY HenWX M CyMMY RpoGHBIX uacteil.
Ipamep 3

13 Hag=0+)+ G+ =1p=127

[Mpy perauTanmy CMeIaHHBIX YHCen APOOHAN yacTbL BBIYM-
TAEMOrD MORRT OKa3aTsCst Goabure ApoGHOH uacTy yMmedblude-
Moro. Toraa B ymeHbIIaeMOM <¢3anuMaercs» efunuua u obpa-
TaeTCA B BWEMpaBHIbLHYIO Apolb.

Mpumep 4

1 1 3 4

Mpusmep 5 11—10>=101 —102=2,

§ 20. Ymuoenuse apole. O.npep;eneﬂﬂe

Jna yMHOWeHHS W JeleHHA IPoOU Ha yeloe YUCIO MOWHO
COXpaHUTh JaHuble Bhime ouperpeaenus (II, 9, nn. 3 u 4). Ha-
upHMep,

1

2d xs=23423425=381,
Odparo, 8-:‘;:3-_..—2%. TlpakThyeckne npaBMAa BHIYHCAe-

fIHA CM. HAXe.
Iast yMuosxeHus Ha dpoGroe wucno onpencicnde § 9 co-

. 1 3

xpauuth Heab3s. Hanpumep, neiicreue 25 -5 Hemnsa Bul-
1

NONHUTE, €CIH €ro NONIMAaTh Tak, uro 2 5 Tpebyerca B3nTh

3
cnaraeMulM 1 pasa,

Yanoorcums nexomopoe wucao (Uenoe Ham xpoSHoe) Ko
0pobo — 3Haqum pa3deaums 3mo HUcA0 HO 3HAMeHamenb
0po0u 1 pe3yasmam NOMHONCUMb HA HUCAUMELD.



$ 20, YMHOWKEHHE 1POBE{f, OMPEAENEHUE $!

Mpuwvep. 800-%; 800:4=200; 200-3==600, Ttax uTtO

3 " .
800 . 4 = 600. Mopagoxk neficTsnil (deacuus M yMHONKeEHs)

MOXHO M3MCHHTH; PC3YaLTAT 6yner Tot we: 800 - d—~.4400
2400 : 4 = 600.

[TpuBelenHoe onpejxencHue He HABIASCTCH NPOUIBOILHBIM,
H3MBIILICHHEM: OHO BLITEK3CT H3 HeOOXOIHMOCTH T0.JIHOCTBLIO
COXPaHITb 32 NefflCTBMCM YMHOXEHUA TV POab, KOTOPYIO OHO
Urpa’io B NPaKTHKC H B TEOPUM, NOKA Mbl UMCIH 16710 C Ie-
JIbIMP uHCIaMM. Y O6eluMCs# B 3TOM HAa ABVX NMPHMepax.

MM puyep. Jiurp kepocuna secur 800 e. Ckoabko secst 4 47
Pemeunne: 800.-4=3200 (2) =3 xe 200 2. Pesyibrar Hail-
JICH YMHOXCHHeM Ha 4.

Croabko Becat */; 4 xepocuna? Pemcenmue: 800

=600 (2) (cM. npeamaywuit nphamep).

Ecan Msl ymMuomenuio Ha Jpobb AalauM onpeleTeHue, o1-
JHYA0WECCH OT BLULCHPHBEICHHOr0, MBI TOJIYUHM HEMPABHAL-
uuifi orser, Ecan 6b1 Mbl, HcXoAs U3 onpeneaerus § 9, npu-

3HaaIH yMHOXCHHC HH'T HEBO3MOXHBIM, HaM NPHULTOCH ﬁbl

peluath 3ajayy o0 Bece KepocHHa PasHuMH JleficTBHAMMI: npH
ILCIOM YMCIe JIHTPOB YMHOXeHHeM, 3 upH ApobHOM upcac
HHBIM jeficTBHeM 1),

ITpu 1CPEMHOKEHNN LEALIX YHCER [POM3BCACHHC HE. Me-
HAETCH OT NEPECTAHOBKI CcOMHOWMTERCH: 3. 4=44.3=]2
310 csohcwo coxpauﬂcrca 14 HPH yMHO¥CHUHM HA apo6b. Ha-

upumep, ‘3‘ 3= ? -+ 73- -+ -3 ==2; 3TOT pesyanTat lOJIyYeH
Ha ocHoBe lIpewHero onpenenenus (cM. § 9). Ilepecrasun co-

MHOWHTem: 3. 3, lpeXHee onpeaeacHie YMHOXKCHIA TCIeph

2
HC FOANTCH, HO HOBOE JaeT 3. 3 =2,

Boo6we oxaspisaercs, YTO NPH HOBOM ONPCIACACHHII YMHO-
WEHHsl OCTAIOTCS B CHJIC BCE MpewHHe ceOWCTBA H 1pasilia,
332 MCKIIOUCHHEM OIHOrO: NPH HPEXHEeM ONDCILICHIN VYMHO-
WCHUH YHCHO YBCHUYMBAIOCH, OTCIOXA H HA3BAHHMC «VMHOXKC-
HUe» (0T croBa «MHOro»). Teueps we Mbl JOMKIBL CKA33Tb:
OT YMHOMCHMA Ha YHCI0, 00.lbuiee eAHHUULI, MHOKIMOC Y8P-

1) Bozuikaer Bonpoc, Heab3n A 610 AaTh €PA3Yy TaKoe onpeleicHie,
KOTOPOC TOAHAOCh Gbl H IAA YMHOXEHIA HA IEN0e uMcao, U IId yMUOKeHIY
Ha apo6b? Oka3uiBaeTCH, YTO HCABL3H: NPU ONPEIeaCHHH YMHOMKENA Jpolit
HEH3GeWHO NPUXORNTCA UPCANOARraTh 3aPAHEE HIBLCTHLIM YMHOKCHHE Ha
neAoe wiHCao (CM, ompefeaeinie 3Toro naparpada),
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Auqugaemes; OT YMHOWCHHSL H2 YHCI0, MeHbuee e IMHMILL
{1. ©. P2 npaBuaAbLHY ApoOb), 0RO yMenpaemesn. Hecoorser-
(TBHEe MOCIcAHero (akTa ¢ Ha3BaHHeM JeiicTBHA 06bsC-
HSCTCA TCM, YTO Ha3BAHHC <«YMHOMCHHE» BOCXOANT K TeM
OTAaneHHLIM BpeMCHAM, KOIa HOHATHE YMHOMCHHS OTHOCHIH
TOJIBKO K LEJLIM YHCHaM.

§ 21, Ymuomenne apoGeii. IIpasuio

YmoOsL . yMroxcums dpobe Ha 0pobb, NOMHONCAION YUC AL~
MmeAp HA HUCAUMEAb I 3RAMEHRANICAb HA 3HUMPHAMNEAS. an-
g6l pe3v.aLHIam ectib HUCAUMEAd NPOUIBEOERIA, MOPOIL —
SHAMEHAIMEA. Ecan CpC,Zl!’l COMHOXHTEC e[l HMCIOTCH CMellIaH-
Hble u4lCIa, TO WX JNPERBapHTCIbLHO 06pawamt B He-
NPaBUIbHYI0 Apobb. Eute 10 nepeMHOMCHHS MOXKHO COKpAILATh
J060H MHOXHTEAb YHCAWTEAd C JI06LIM MHOMXHTEICM 3HaMe-
Hate s Ha obwui ,IlC.’lHTC!!]b. 91 5 9 4 .

5 o1

Mpumep I 25 lgp=pH =3 1= =2
kpautens: 25 u 20 wa 3; 12 u 27 na 3).

Bce cKasauHoe pacnpoctpaHseTcd Ha cayuafl, korga uucao
coMHOWHTe e 6onblue ABVX,

(co-

Mpusep 2 44542 =200 022 19 (e

kpawens: 9 1 3 wa 3; 4 w2 mna 2 147 HaT)

Ecayn cpepn cCOMHOWUTEIEH €CTh Heable YUCad, TO Kawjoe
U3 MOCAEIHUX MOXKHO PacCMaTpHBATH KaK IPo6b CO 3HAMEHa-
reacu 1. 5 4 574 174 t

Opumep 3. g T g=grp=grg=5=l75 (o
kpamenbl: 5 M 15 na 5; 4 u 8 na 4).

§ 22. Xenenne apobeit

Onpenenenne gencHus, NaHHoe suille B § 9, coxpausiercs
M nas Aedenus ppobeit. M3 Hero BsiTexkaer Caepylouiee npa-
BHIIO.

Ymobol pazdesnms rwaxoe-Kubydo HUCAO Ha Opobb, HYHCHO
YMHONCUMb 3MO 4UCA0 HG 0pofb, 00pamuyo oOesumerio '),

1) O6pamAaar Opo6b NOJYUHTCH U3 RaHHOM, eCay y nocacaHell noMeHaTh
MELTAME YMCAWTEAB W SHamenarean, Hanpumep, aaa Apodu T ofparnan

npoly GyaeT %.



§ 23, LAEMCTBUA C HYJEM 83

2 4 15
Mpuwvep 1. 3: 5 Jlpo6e, obpatnas , ecte 4. Cae-
2,4 20551
HOBATRILNO, FiE=35 =27 -
3 i § .16 85 1.1 1
2 ——' -«s~—'~7=—-—~—~-—-—-——----
Mpumep 2. 15:3 515 T 5Ty
D10 NPaBHA0 NPUMEHHMO MW B TOM CJyuae, KOTia nemmoe
1
W neauteab — neasie uucaa, Hanpimep, 2:5=2. 5= . Ho-

31oMy Apo0Has YepTa paBHOCHILHA 3HAKY [CICHHM,

§ 23. dedicTBHA ¢ HyJeMm

Cuokerne, [pnbasienye HyJId K HEKOTOPOMY HHCAY
OCTABJAAET MOCACAHEC HOH3MCHHLIM:

54+0=5 37

) PR
-+ 0= 3 7‘ .
Boiuntasne. Buiupranne Hy.a Hu3 Kakoro-imobo  wxcaa
OCTABIAET ROCaeaHee 1;!0”3!\1(3”1“)“\1:
5

5
7‘—“0=3>7“.

5—0:5; 3
Ymuoxenue. npmlSB(‘llCHHC Hyias  Ha .moboe  yucao
PABHO HY.TI0

5-0=0;, 0.3

Henenne. 1. Yactuoe ot acienns uyas Ha Kaxoe-1ubo
YHCi0, OTIHYHOE OT HY.Is, PABHO nymo:

0:7=0; 0:p5=0.

2. Yacrioe OT mdemeHua HYIA HA HYAb NeonpedeAewno.
B astom cavuae amo6oe YHCHO YIOBICTBOPsieT Ofpele.aIeHUo
vactioro (11, 9, m 4). Hanpumep, MoxHO nonomnb 0:0=5,

160 5.0=0; Ho ¢ pasuuM npasom 0: 0=32 T nbo 3—5—-0_

=0. Moxuo cKazaT, YTO 3ajava ACACHHA HYJIH Ha Hyab
iMeeT GECUHCIEHHOC MHOXECTBO peileHuit, u 6ea ykasaHua
I0NOTHNTEIbHBIX AaHHbIX AciictBie 0:0 He HMeeT cMhcaa.
J0n0IHATeIbHBC JaHnbe JOJKHL COCTOATh B YKa3aHHH Toro,
KakuM 00pa3oM H3MEHAANCH BCANMYHHL JCIHMOIO M JCIHTeas
40 Toro, Kak ouu craan #ysamu. Ecan 310 uasecrHo, 10 8
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GOJBIUIMICTBE CaAyuacs MowHo Bupawennio 0:0 npHiats cypca,
Tag, ccan n3BecTHO, 4TO ACTHMOC HPHHHMAIQ OCTCI0BATCILIIO
3nayenus
3 3 k
Toor  foeor  iooog HT e
1 7
a JIeMHTETb te, ren HOT. L, TO YacTHOe B 3TO BpeMms Gulio
3.7 _ 3. 3 .1 3
{00 100~ 7 10001000 — 7
1103ToMy M uactHoe 0:0 cuurtaercd 31ech paBHbLIM :—j.—
B n0106HHX Cayyasx TOBOPAT O «PacKPLiTHH Heonpeje-
acunoctn 0:0» (oM. VI, 12, npumep 2). Jlas packpuiTHs He-
oupepeacitHocty 0:0 cymectByeT psx obumiux npuemos, H3y-
yaeMblX BhICUICH MaTeMaTHKOM, HO BO MIOPHMX CIyyasx yi1aeTcd
06OHTHCHL B CPCACTBAMH 31eMCHTADHOI MAaTEMaTHKH.

3. YacrHoe oT HeaeHHs Kakoro-ambo yucaa, oTAHUHOTO
OT HyJas, Ha HYJab He CYwWeCTBYET, TAK KaK B 3TOM Ciyuyae
HHKAKOE UYHCTO He MOWeT YAOBIETBOPHTL ONpEieJeHHIO 4acT-
uoro (I, 9, n. 4).

Hauunrem, nanpumep, 7:0; xakoe 6bl uHcIo HH B3ATb Ha
npoby (ckamen, 2, 3, 7),0oH0 He rogured (160 2.0=0; 3.0=
=0; 7-0=0 u 1. 3, a HY®HO NOIYYHTH B Mpou3BeIcHUY 7).
Mo¥HO CKa3aTh, 4TO 3a/1aya O ZEJIeHUW HA HY.Ib YHCJI3, OTTIY-
HOFO OT HY.IA, HC MMCET pelllcHUd,

OaHAKO YUCI0, OTAHUHOE OT HY.Jd, MOWHO pa3leldTb Ha
YPCHO0, KAK YIONHO OaM3koe K HYMo, # uem Oamke Zeautelb
K HYT0, TCM 60,1lbme 6yner uacthoe, Tak, ecan GyneM neauthb

!
T HA 1y 550 10000 Tooop M T M TO TOJYYHM YaCTHble 70,

700, 7000, 70000 u 7. m, KOTOpble HEOrpaHUUEHHO BoO3Da-
cratoT, T103TOMy yacTo rosopsar, UTG HacTHoe OT JAeledust 7
na 0 «6CCKONCYHO BCIMKO», HJIH «PaBHO GeCKOHEUHOCTH», H
niyt 7:0=c0. CMblicA 3TOr0 BHIPAKCHHA COCTOHT B TOM,
4TO €caM JcauTeab NpHOMIKaeTcAa K HYI0, 3 IeIMMOC ocra-
crcd pasHEIM 7 (may npudamxaercsa K 7), TO yaCTHoe Heorpa-
UHYCHHO YBEIUYHBACTCH,

W T. A, T. € 0CTaBaloch PaBHLIM

70

§ 24. Ueroe ¥ yactb

1. HaxoxaeHHe 4YacTH Mo WeJOMYy. Ymobe waiimu Hes
KOMOPYIO HACMb HUCAL, NOMHONCWONM €20 Ha Opolds, 8uipa-
HCAIOWYIO MY HACIB,

NDpunmep. Ilo ycraBy KoomepaTusa, Jiad HPAaBOMOYHOCTH
oTHCTHOrO COGpaHHA HA HEM IOMKHO NPHCYTCTBOBATH HE



§ 25, IECATHYHBIE 1POBH 85

MeHee % yneHoB opranusaunuu., B xoomeparuse [20 unenos.
Tlpu kaxoM coCTaBe MOMET COCTOATLCA OTYETHoe coGpaHHe?

Pemenne: 120-%:80.

2. HaxowJeHHe LeJoro mo 4acri. Ymobu rafimu wucro
no seauqune OaHHOL €20 dacmu, OeAsm 3my BEAUHUNY HE
0po6b, Bopancalowyyio GarHYIO Hacme,

3
Mpumep. Bec Tymu Obika cocTaBaser 5 KHBOro Beca.

KakoB momken ObiThb %MBoH BeC 6hiKa, 4TOGH Tylia ero Be-
cuna 420 xe?
3.
Pemenne: '420:3=700 (x2).
3. BoipawenHe 9acTH B JOXAX uenoro. Ymobu euipa-
sums 4acmp 8 QOAAX 4ea020, HacMb Geasim Ha Yyeaoe.
fMpumep B xaacce 30 yuamuxca, oTCyICTBYIOT YeTBEPO;

KaKas YacThb YYauHXCs OTCYTCTBYeT?

. 4 2
Pemenune: 4.30=@_ﬁ.

§ 25. Necatuunsie ApobH

BriwucaenHs ¢ NPoCTHIMH JpoBAME CTAHOBATCA OUEHDb Ipo-
MO3IKUMH, €CaAH 3HAMEHaTedH HX CKOALKO-HHOYIbL BeJHKH.
I"'naBHOe 3aTpymHeHHe COCTOMT B NpHBeReHMH npobed x o6-
IEeMY 3HAMEHATeNI0; OHO BBHITEKAET U3 TOro, YTO 3HAMEHATE/H
Moryt OblTb 106HIMH HHMCAAMH, B BHOOPE KOTOPBIX HET HUKa-
Kol cncrembl, [ToaToMy ywe B IpPEeBHOCTH NPHINAH K MbICHH
BHIOUPATL He NPOH3BOALHO, 8 CHCTEMATHYECKH HOIHM e IHHHILb
(KoTopble B MpOCTHX APO6GAX HIrpaloT poab 3HaAMeHaTeaeil).
JpesHeluMy  cucmemamuieckumt  0poOamMu  yuorpebass-
wumMuca 8 Basunone 3a 4000 seT 10 Hamiero BpeMeHd H ne-
pemeiIHMK Yepe3 JApeBHerpeyeckKdx acTPOHOMOB K acTpo-
Homam 3anagHoii EBponsl, 6uau wecmudecanmepuynsie O0pobi
(em. 11, 7, i 4). B xoHue 16 Bexa, KOria CAOWHEIE BbiYMCAE-
HHA ¢ 1po6AMM cTaAH WHPOKO NPHUMEHATLCA BO BCex objacTiax
WH3HH, CTand BXOAMTh B ynotpeGiaeHHe IpYyrue cHCTeMary-
yeckne napobu: decamuynsie (cm. 1, 31). B Hux eaunuuna
oeauTca Ha AecAaTh JojAel (mecarwie), Kaxaas mecsartas Aoas
CHoBa Ha gmecarth poaefi (corsie) u 1. A. [lpeumymecrso xecs-
THYHLIX ApoOeil mepen HPYTHMH CHCTeMaTHYeCKMMM COCTOMT
B TOM, YTO OHH OCHOB2Hbl Ha TOH Xe CHCTeMe, Ha KOTopoH
TOCTPOEHH CYET W 3anHch UeAnX uuced. baaropaps’stomy
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M 3auuch W npasusa NCHCTBHE ¢ HeCATHYHBIMUM APOBAMHU Tio
CYWLECTBY TE e, YTO U AJdA NeAbIX uyHcen.

[Mpn sanucH gecsaTuuHBIX fpoGeil HeT HY¥JAn OG03HAYATL
HaHMCHOBAHKE jodcil («3HaMCHateab»); 3T0O HAMMEHOBaHHe
Y3HaeTcs Mo MecTy, 3aHHMAEeMOMY COOTBeTCTBYOULelt uHdppoit,
Chavana numercsa 1e1ad 4acTh YHCAa, ClIPAaBa OT Hee CTABUTCH
3auatas; Hepsas nUdpPa 1ocae 3andaToil 03HAYaET YUCIO Aecs-
ThX (1. e. JecsaTuXx Joxefl  eIHHMIE), BTOpasd — COTHIX,
TPCThA — THICAYHBLIX K T. X. Llndpw, crosmiie nocae 3androit,
}a3BIBAIOTCA ACCATHUHBLIMU 3HaKaMU.

Mpumep. 7,305 — cemb uenasix, TpY HECATHX, MATH Tol-
CHYHBIX (HYaAbL 1OKa3plBACT OICYTCTBHE COTHIX Hoaegi), T. e.

N 3 0 5

OnHUM U3 LPEUMYLLECTB AecsTHUHBIX Apobeil aBaseTca To,
YTO BHIPa¥eHHe APOGHOM UYacTH cpa3y e NpOYHTHBAETCA B
NPUBEAEHHOM K OJHOMY 3HaMeHarel1io BMIe:

- 305
7,300_71—0@,
yucao nocae sanstoii (305) ecte uxcaureas IpoGHoH wacty,
3HaMeHaTeaeM APOGH asaseTcA TO YUCIO, KOTOPOE MOKa3biBaer,
KaKHe Joad lpeictasjider fCCACOHHA  LeCATHUHBIR 3HaK

(8 nanHom cayuae 1000).
Ecan pecatnunan ppo6b He cogepwHT netofi YactH, 10

3 ox
nepej 3audATOR CTABAT HYab) HaupuMep, iq==70,35.

§ 26. CBoiicTBa necarHunbix apoGelt

1. Jecstuunas ApoGb He W3MCHUT BCAMYNHLI, ecau K Helt
cnpasa NpUOKCATh a1060e YHCAO HyaeH.

Mpumep. 12,7=1270==12,700 n 7. n.').

2, JecatuyHana Apo6b He M3MCHUT BEIWYHHBI, eCau oTOpo-
CHTH HYay, CTOALWLHC ClPAaBa B KOHUC ee.

ITpuwne p.0,00830 = 0,0083. (Hyan, ne crosuue ua komue,
o1bpacuiBarh He b 3s.) .

3. JlecatHunas npo6y yseauuutca B 10, 100, 1000 u 7. o,
Pa3, ecan 3aUATYI0 lIEPCHCCTH Yepe3 OAHMH, IBa, TPH # T. I
3HaKa BILPABO.

1) 06 oranyun, Kotopoe geadior mexay 3anucyio 12,7 4 12,70, em, 11, 34,
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Mpumep. Yncao 13,058 yseanwmics B 100 pas, eccan
wanumenm 13058,

4. Jdecarnunas apo6p ymeuwvintes s 10, 100, 1000 u 1. 1.
pas, ecau 3aNATYI0 HEPCHCCTH BRCBO 4CPC3 ONHH, IBAa, TPH
U T. J. 3Haka.

Mpusmep. 176,24 ymenbmurca B 10 pas, ecan Haumuiem
17,624; B 1000 pa3, ecan Hanuwenm 0,17624.

J1i cBoiicTBa Mo3BOAKIOT OblCTPO HPOUSBOAUTL YMHOMNE-
gHe u aeaende Ha upcaa 10, 100, 1000 u 1. o

Npumepn. 1208.100=1208; 12,08.10000= 120800
(npeasapureasho Hauumem [2,08 B supe 12,0800, 3atem uepe-
HeceM 3aNATYI0 BNpaBo Yepe3 yeThipe 3HaKa); 42,03 1 10=4,203;
42,03: 1000 = 0,04203 (npegsaputeabHo Hanumem 42,03 s
sije 0042,03 ¥ nepexeceM 3anaTyo Ha TPH 3HAKA BIeBO).

§ 27. Cnoxenune, BbIYHTAHHE H YMHOXEHHe
NeCATHYHBIX ApoGei

3anuck: CroxeHue N BbUHTAHME JeCATHHHBIX aApob6eil

3,32 BLITOJAHRIOTCA TAaK ¥e, KaK CIOMCHME M BblUHTaHHC
+14196' 1ebiX uYhceJ; HYXHO TOAbKO 3aMHCHLIBATL Kawblil

{738  Da3psl Noi PA3PALOM TOro We HAMMEHOBAHMA.

' Mpumep. 2,340,024 1496=1728.

YMHOKeHHe AeCATHYHBbIX Apo6e#. [TepemuoxacM faHHblC
yHCIa, KaK Ueawsie, He obpaulas BHHMaHHs HA 3aIATyI0. 3aTeM
CTaBHM B Pe3yIbTaTe 3aNATYI0, HOAL3YACH CJAEAYIOUIMM mpa-
BHIOM: 8 NPOU3BEOeRIN YUCAO 3HUKO8 10CAe 3ansimoil pasHO
CYyMMe HUCeA 3HAKO8 NOC.Ae 3ansamol 80 8CeX COMHONCU-
measx.

Mpumep [ 2,064.005 T[lepemnorkaem wueibie ypcia
2064-5=10320. B nepsoM coMHOXHTeJC Obln0 TPH 3HaKa
focae 3ansatoil, Bo BTOPOM — aBa. B upoussesenuu uncio
3HAKOB Mlocae 3andtoit jomwHo 6bith nATb. Oraeasem  ux
cnpasa; toayuaenm 0,10320. Hyab, crosuit 8B KoHue npo6u,
MoxHO otépocHTb: 2,064 - 0,05=0,1032.

Lo nocmano8Ku 3ansAniod owopacklgams HyAl npu amom
cnocofe Heav3al).

pumep 2. 1,125-0,08; 1125-8=9000. Yucro 3nakos
tlocae 3anatoit nomkHo 6bth 3 + 2=2>5. [1puuucnisaa k 9000
ayay cacsa (C09000), oraeasem cnpasa isTb 3HakoB. [loay-
yacm 0,09000 == 0,09,

1) Npu yuuowemut no cnotoly § 41 o1GpachiBath uya MOERQ.
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§ 28. lenenue necsiTH4HOM ApoGH Ha NeNoe HHCINO

1. Ecan nenuMoe MeHblue feauTens, nuiieM B neJoH YacTh
YaCTHOro Hyib ¥ CTaBUM MOCHe Hero 3amAtyl. 3aTeM, He
oOpaiian BHUMAHMA Ha 3anATYio, NpUcOoelMHAEM K Lenofl ua-
CTH Ienumoro fepeyio Hudpy ero ApoOHOiH yacTH; eCaH fo-
JAydaeTca YHCHIO, MEHbIlee Jenutens, CTaBUM mnocle 3afis-
TOH HYJb W WPHUCOEAHHAEM emne. OfHY uudpy ITeaumoro;eciu
¥ mocle 9TOro moaydaeMm YUCIO, MeHbllee JIeauTens, CTaBUM
elle ‘HyJb M T. A., 11I0Ka He MOJNYYUM YHCI3, IPEBOCXOISLLErO
gemuteab. B jaabhelineM feneHue coBeplLiaeTcs TaK e, Kak
¢ leJbIMH YHCAAMH, LIDHYEM JeJHMMOE€ MOXHO HEOTPAaHUYEHHO
«pacmiypATb> BIPABO OT 3anAToH, HPUMHCHIBAas B KOHILEe

HYJIU.
3¢ meyaniue BoamoxHo, yTo onucanHbilt npouecc rede-
HUA | °OrJla He 3aKOHYUTCA. B TakoM cayyae 4yacTHoe Henb3s

TOYHN BHIPA3UTh JIeCATHYHOM 1pOObLIO, HO, OCTAHOBUBIIHCH Ha
HekoTopoH uudpe, MONyYnM npuHOIHXEHHbIH peayabrat (cM.
unke § 30).

lMpumep 1. 13,28:64,

3anuce: 3nech yucno 132, Goablilee geguteds, 10-

13,28 64 JAYUHJIO0CHL 110Cae lipﬂCOeJ.IHHeHHﬂ nepaoﬁ Ke
12,8 | 020 uudps n1pobHoii yactu. [Tostomy Henocpexct-

) BEHHO ‘nocae sanaArtoit Hyas Her. Ho nepsuit
180 OCTaTOK BMECTe C NPHCOeJHHEHHOH X Hemy
48 caeayiowett undpoit neaumoro (48) Mmenblue
820 leaurend, nNO3ToMy Hocae JBORKN B YaCTHOM

CTaBHTCA HY b, 3aTeM «CHOCHTCHA> HYJIb (1eau-
Moe ¢pacmupserca», npuHuman sux 13,280); sto nossouaser
npogoaxutb nenenue. K caenyiomemy ocratky (32) onsars
cHoCHTCA HYJb (ReauMoe mpejctaBiaseM cebe B Buge 13,2800),

Mpumep 2. 0,48:75.

Janucs 3xech, nocle mpucoeauHeHHsA nepBOH LND-
0,480} 75 pbl JeJHMOrO mnoayyaerca uyuciao 4, MeHb-
450(0,006 Ilee 73, B YaCTHOM MNOCHe 3aNATOR CTaBUM

300 HY@b; NOCAE NPUCOEJMHEHHA BTOPOft UHPpHI

nonyvaem 48, kotopoe Bce eile MeHblie 75
B 4acTHOM CTaBHUM flocie 3anaToll BTOPOH Hyab. <«Pacmiupasns
Npo6b OXHUM HyneM, noayyaem 0,480 u 1. 1.

2, Ecam neavmoe Gouabmue jgenurens, AenuM cHayana ne-
Ay YacTb; 3aNUCHIBa€M B. YAaCTHOM pe3yAbTal JeleHH:d o
crasuM 3anaryio. [locne sToro nenenue HporomKaercs, Kak
B TpefbLymeM Cayuae.



§ 30. OBPAIEHME NECITUYHON APOBY B NIPOCTYIO  £9
Mpumep 3. 5428:16.

3anuco: Pazftenns ueaymo yactb, NoAyyuM B YacT-
542,8) 16 Hom 33, B ocratke (BTOpol octatok) 4.
48 1395 llocae 33 craBum 3anaryo, 3aTeM K OCTaTKy
62 crocum caeaywomyo uudppy 8. [loayyennoe
8 yucao 148 meaum mna 16; moayuum 9 — nep-
148 Bas uudpa nocne saniatoff u T. ..
e [To Tomy e cnocoly mensT wesoe 4YHUCIO
gg Ha Lejoe, eCJAM YaCTHOE XOTAT NpeicTaBUTh
0 B BHIe IeCATHYHOM IpooH.
Npumep 4.417:15.
3anuch: 3pmech 3anATasn B YaCTHOM NIOCTaBAeHa Nocie
417} 15 TOro, KaxK MOJAYUMJICA FIOCHefHUH neant ocTa-
30 [278 tox (12), Jenumomy 417 MoxHO mpuxaTh BUX
7 417,0; Torna oOHO MpEACTaBUTCH ReCATHYHOM
105 IpoObio.

120

§ 29. Jdenetne pecsaTHIHOH APOGH HA KeCATHYHYIO XPOGb

Ymobv. pazdesums decsmuynyio 0pode (MM Lenoe YUCIo)
‘H@  OecAmu4uyio 0pols, omlOpacvisaes 3ansamyio 8 Oeau-
meae; 8 OLAUMOM JCe NEPEHOCUM 3ansmMyw© 6npaso 4epes
CMOALKO 3HGKOB, CKOABKO Ux Owa0 8 OpoOroil 4acmu
Oegumensi (B cayyae HeoOXONMMOCTH K JIeNMMOMY B KOHIe
fIpe1BapHTENbHO IPUNHCHBAIOTCA HyH). [locae 3Toro BHMO-
HaeM jJeljeHMe, KaK YKa3aHO B mpelsllyiieM naparpade.

[Tpuwmep. 0,04569:0,0012,

3anucs:
;656'9 Tsl%ﬁ B npoGuo# yactd nenutens 4 3HAKa) f0-
5 1% 3TOMY B JesHMOM MepeHOCHM 3aMATYIO BIIpaBo
. % yepes 4 3Haka; noayyaem 436,9. Jleauw
% 456,9 na 12,
84 ,
“

§ 30. O6pametnne necsiTHYHON NpOGH B MPoCTYIO
H o6patHo

Ymobu. obpamumes Oecamuyuyio 0poGo 8 npocmyio,
HYMCHO, OomOpocus 3ansamyio, CoeAams noAydusUIeecs 4UCAO '
Yucaumenesm Opoll; 3HAMEHAMEAeM Jice HYKHCHO 635mb,
Huca0, NOKA3nemOUee, Kakue Joau npedemagasem ngcaed-!
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Huli Oecamuynnlii 3nak, [loayuenuyio apobb KelaTesHO CO-
KPaTHTh, €ClIit 3TO BO3MOXHO.

Ecan gecatuynas apo6Gb NPEBOCXONUT €LEHHUY, TO MNpex-
1104THTEIbHO O6paillaTh B NPOCTYIO IpoOb TOABKO TY €€ 4acTs,
KOTOpas CTOUT llocie 3allATOH, UEAYI e YacThb OCTaBUTDL
6e3 HaMeHeHHUs.

NMpumep 1 00125 obparute B upoctyio apobs. [lo-
CnenHuil AeCATHYHBIA 3HAK (PEACTABJAACT JECHTHUTHICAYHbIE
nonu. Mostomy 3Hamenatesws Oynetr 10000; umeem 0,0125 =

—_— ]2( —_—
" T0000  86°
Npumep 2
215=2 10 =23 wm 275="T0 =11,

[peanoyTuTeNbHO, ONHAKO, 1IPOU3BOAUTD BHIYHUCIEHHE IEPBHIM
M3 J(BYX YKa3aHHbIX CHOCo00B, T. €., 0cTaBaas Ge3 uameHeHus
IBOHKY, CTOAILYIO cleBa OT 3anaTod, obpauiath B HPOCTYIO
npobb yucao 0,75,

YmoGo. obpamums npocmyw dpobs 8 Jdecsmuduyo,
HYJCHO pa3fesums 4Uciumens Ha 3HaMeRameab nb npast-
aax § 28 (cm. npumep 4).

Mpumep 3. Jdpobb 5 0Opatuts B AecatHunyio. feanum

7:8; noayuaem 0,875,

B GoabllMHCTBE CaAyyaeB STOT [POIECC HEAEHHA MOXKET
mpogomiatbes GeckoHeyHo. Torma mpocras Xpobb He MOXer
6oiTh OOpaileHa B JecaTHuHylo ToyHo. Ha mnpakruxe storo
HuKorga u He rpebyerca. [lesenne oGpBIBAIOT B TOT MOMEHT,
KOTZa B YaCTHOM NOJNYYeHsl BCe T€ AeCATHYHBlE HOMH, KOTOpbie
MMEIOT NPaKTHYeCKHi HHTepec.

Hpumep 4. Tpebyerca passecurs 1 x2 kobe na Tpu
paeupe uacTi. Bec wakmoft yacTH gy k2. U106bl B3secuTh 3TO
KOJMYECTBO, HYMHO BHIPA3UTh €ro B IECATHYHLIX AOMAX KH-
norpamMa (Tak Kak TMpH B 5 K2 He nmeercs). [eas lua3,

nonyyum 1:3=0,333... [lereHue MOXHO npomoxxars 6es
KOHLA; B YaCTHOM OYIYT f10ABAATLCA BCe HoBble Tpofiku. Ho
HA MarasuHHbBIX BECAX Heub3a yYeCTb MajbiX U3MEHEHUH Beca
(nanpumep, venbliux 1 g), Xa ¥ cambie 3epHa Koe pecar
ramgoe 6onblue rpamma. [1pakTHYECKUH HHTEPEC UMEIOT B JaH-
HOM cnr:ae AL coThie goau kKuaorpamma (10 2). Iloatomy

Gepen 3 K2 =~=0,33 xe,



§ 31. HCTOPUYECKHME CBEIEHUY O NPOBAX 91

Ans OGoableli TOYHOCTH NPHUHATO YYUTHBATh BEJAHUHHY
uepsoit or6pacuisaemolt nudpe. Ecan ona npesnimmaer 5, To
ylepxuBaeman uudpa ypennyusaetca Ha l.

3amMevyanune. [laxe Torga, Korja npocryio apobb MOXHO
TOYHO OGpaTHThL B IECATHYHYI0, B GONBIIMHCTBE CAyYyaeB 9TOrO
He nenaior. Jocturas Tpe6yeMo cTefleHU TOYHOCTH, HeleHHe
06psIBAIOT.

ffpumep 5 O6parurh Apobb 5;« B JiecATHYHYI0. Tounoe

3Hayexne Gyxer 0,21875. Cmotps no tpebyemolt creneny Toy-

HOCTH, jgeneHHe oGpuiBalOT Ha BTOPOH, TpeThelt W T. A uudpe

yacTHoro u OepyT 3%%0,22, 5';—%0,219 uT oA

§ 31. Hcropuyeckne cBeneHHst o aApo6ax

Touste 0O JpoOH MO0 BO3HUKHYTH ¥ molefl Aulib focae
TOro, Kak y HuX o0pasoBaiuCh HEKOTOPHE [PEACTaBJEHUR O
uenbix uucnax. Kak u nonstue nenoro yucia, noHatue apobu
cosxanoch He cpasy. [IpencTasienne o <fONOBHHE» BO3HUKIQ
ropasfio paHblie, YeM O «TPeTAX» ¥ «UeTBepTAX», a 06 9TUX
flOCNeIHUX — paHbllle, YeM O ApPoGAX C APYrUMHM 3HaMeHare-
AAMH 1),

[TepBoie mpencTasneHAss O LeJOM YuCAe BOSHUKIU B MpO-
mecce cyera; mepssle MpeRCTaBleHus o 1pobax — U3 nporecca
u3mepenus (anuH, naomwagedt, seca u 1. 1.). Caexs ucropude-
CKOW CBA3U HCwuCaeHUs Ipobefi U CUCTEMB Mep MOXHO 006~
HADYXKHTb ¥ MHOrMX HapoXoB. Tak, B BaBHIOHCKOH cHCTeMe
mep Beca (M jeMer) | tamant cocraBasa 60 MuH, a oIHa
muna — 60 prexeneft. COOTBETCTBEHHO C 3THM B BaBHIOHCKOHN
MaTeMaTuKe IMAPOKO yNoTpebasaich MecTH1eCATepUYHbIE JPO-
6u (cm. II, 7). B 1peBHepuMCKOlt BecoBO (M JleHeXHOM) cHcTeme
1 acc pemuncg Ha 12 yHuuit; coo6pasHo ¢ 3STUM PUMAAHE NOJb-
30BaMuCh IBEHamUaTepPUUHBIMY Apobamu. Jpobb, KOTOPYIO Mhl

Ha3eIBAEM -7, PUMIAHE NMEHOBAIH <yHLne#», xoTa O OHa
ynortpe6asnach Ia8 H3MEPEHHA NJIHHBI HIW HHOH BeNNYUHLI;
le06b, KOTOPYIO Mbl Ha3hIBacM Ts*., PHUMAAHE Ha3biBAAM <1107~
TOPbL YHUUN> K T. il

1) O ApeBHOCTH NOHATHA «NOJOBHHA» CBUACTEABCTIBYET TOT (AKT, 4TO
BO BCeX #3bIK3X OMO HMeeT ocofoe HalMeHOBaHHe, He TPOUCXOXAILee OT
caosa «aBay, Bpipamenns «60Abman NOJMOBUHAY, ¢MEHBLIAH TOJOBHHA,

«I1OJMYKHBOH?, «noabelb» H T, X. NOKa3blBalOT, YTO CJOBO «NOJOBHHAW
TEPBOHAUAJBLHO O3HAYANO OXHY M3 ABYX wuacTedl (He 0093aTEJBHO PABHLIE

apyr Apyry)s
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Ramu «o6biKHoBeHHbIe JpOGH» IMHPOKO YNOTpeGIaaHCh
IpeBHUMK rpekamu u uHgufinamu. [Ipasuma neficteuit ¢ xpo-
GaMH, u3noweHnble MHINACKUM yueHol Bpamarymroit (8 Bek
H. 3.), Auillb HEMHOI'UM OTJIMYATCA GT Halmux. Hama 3anuce
npobedl Toxe COBIANAET C MHANRCKOH; TOJABKO IpOGHOI yepThl
MHIMALE He NMUCANY; CPeKM 3allUCHBANM CBepXY 3HaMeHaTelb,
a CHM3y YUCIHTe b, HO Yalle MNOJb30BAJHCH IPYTHMH 3a1u-
CAMH, HAMPHUMEP NHcatu (KOHEYHO, CBOUMH 3HaKamu) 3 5% (Tpu
HATHIX).

Munniickoe obosnayenue npoGeit u npasuna IeiicTBUH Hax
HUMH OblaM YCBOEHH B 9 Beke B MYCYJIbMaHCKHMX CTpaHax
6aaropaps Myxammeny XopeamckoMy (aab-XBapusmy, c. I, 7).
Onu  Gblan neperecenm B 3anaxuyio Espony HTanbaHCKHUM
KynuoM ¥ yueHnM Jleonapno Pubosauyu u3 Iusm (13 B.)

Hapsaay ¢ <«OOLKHOBEHHBIMK» NpOGAMNA PUMEHAMHCH (Mpe-
MMYULECTBEHHO B aCTPOHOMHH) IHeCTHIecaTepHYHble Apobu,
Onn Opiad nO3AHEe BHTECHEHb JNECATHYHHIMA APOGAMA.
[locnenHue BnepBbie BBeJ BLIAAIIUMHACA (aMapKaHICKUH yde-
untft Tuacagnnn Jxemmnga an-Kamn (14—15 Bieka). B Espone
necATHYHHE IPo6u GhlIM BBEIeHH B MPAKTHKY rOMIAHICKUM
KyuuoMm ¥ Bbljaolumes uHxeHepoM-yueHnim Cumonom Cre-
susom (1548—1620).

§ 32. MpouenTts

Hpoyermon (0T AaTHHCKOro pro cento-— ¢ COTHH) Ha3bi-
saemcs comas yacms. 3anuch 1%/, o3nayaer 0,01; 270/, = 0,27;
1000/p=1I; 150°%/p=1,5 u 1. a. !).

1°/o 0T 3apnaath o3nayaer 0,01 sapniath; BHOOJHATL BeCh
f11aH—3HauuT BRNOAHUTL 1000/, nnana; seimoanenue 1500/, naa-
Ha O3HayaeT BuilOAHehue 1,5 nmaana u T. L

Uro6bl HalTH NpoueHTHOe BopalkeHHe JAHHOTO YUCIa,
HYXXHO YMHOXHTbL 9T0 uyncao Ha 100 {uam, uto TO WKe, nepe-
HECTH B HeM 3aflATyio yepe3 KBa 3HaKa BIIPaBO).

[1puwmepu. [IponentHoe Buipaxkenne yucaa 2 ectb 2000/g;
yucna 0,357 ectb 35,70/, uncna 1,753 ectb 175,3%.

Uro6ul HallTH uMCI0 1O €ro TPOUEHTHOMY BhipaXeHHIo,
HYWHO pa3jielnTh HpoueHTHOEe Bhipaxenue Ha 100 (mam, uto
TO e, NePeHeCTH 3anATy0 Yepe3 [iBa 3HAKA BAEBO).

Mpumepu. 13,59/,=0,135; 2,30/y==0,023; 1450/ == 1,45;
2/50/y = 0,49/ == 0,004,

1) O6osnauentie % fPOUSOWAQ OT MCKAKENHZ BJAMUCH ¢y (CoKpalenue
caoBa cento),



§ 82. (IPOLEHTH 03

Tpu ocHOBHule 3ajaun Ha IPOLEHTH TAKOBHI:

3apava 1. Halitu yxkasannbiéi npouneHT nanHoro 4Mcna
(cp. 11, 24, npasuno 1). /laHHO€ YMCAO TIOMHOXAETCA HAa YHCAO
NpOUEHTOB, Pe3yabTar xeaurtca Ha 100 (uay, yto 1O We, 3amsd-
Tas NePeHOCHTCA yYepe3 IBAa 3HaKa BJEBO) 1),

Mpumep. Mo nrany cyrouHas noBulva INaXThl JOMKHA
paBHaATbcs 2860 tToHHam yras. [llaxrta npuHsia 06sa3aTenbCTBO
BunonHath 115°/, naana. CKOAbKO TOHH YA KOMKHA XaTh
1IaXTa B CYTKH?

Pemenune.

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

3ajgaua 2. HafiTH yHclIo mo xaHHoH BeluyMHe yKa3aH-
Roro ero nponexta (cp. li, 24, npasuio 2). llaHnas senuynHa
JeNUTCs Ha YHCJO MPOUeHTOB; pe3yabTat ymMHoxaercs Ha 100
(T. e, 3anaTan fIEPEHOCHUTCA yepe3 [Ba 3HAKA BMPABo) ?).

[Tpumep. Bec caxaproro necka cocrasiaser 12,59, ot
Beca flepepaboTaHHOM cBekAOBHIL. CKOJbKO CBEKIOBHILH Tpe-
Oyerca ana uarorosiaenuna 3000 y caxapHOro mecka?

Pemenwue, 1) 3000: 12,5==240, 2) 240.100 == 24 000 () ).

3agaya 3. HafiTu BbipakeHHe OAHOr0 YHCIAa B MPOLEH-
Tax papyroro (cp. i, 23, npasuno 3). YmHoxaewm nepsoe YHCIO
na 100; pesyabTar flelUM Ha BTOpOe YUCJIO.

.Mpumep L Meroxg cKopocTHOro o6Xura KHPNUya, npei-
noxenHstt mactepom T1. A, JlyBaHOBBIM, 1103BOJINI €My YBeJH-
YUTh BBINYCK KHPIHMYA C 01HOrO KyGHuecKoro metpa neyy ¢ 1200
20 2300 mTyk. Ha cKoabKO NPOUEHTOB YBETUYHAOCH (IPU ITOM
[IpOM3BOICTBO KHUpPNHUA?

Pemenmne. 1) 2300 — 1200 = 1100,

2) 1100.100 = 110 000, .
3) 110000 : 1200 ~ 91,67, £

[Mpou3BOACTBO KUpMIUYA yBeauyuaoch Ha 91,670/,

TMTpumep 2. flo cemunernemy nirany nobuwua HehtH B
CCCP nomxua Obiia coctasutb 8 1961 rony 161 man. m. Pak-
THuecKan e 1oGuiua cocrapnaa 166 mas. m. Ha cxonbko
1IpoueHTOB Obia BuiNOAHeH nuaaH 1961 r. o ao6mye HedpTu?

Pemeunne. 1) 166. 100 = 16600;

2) 16600: 161 == 103,1.

PakTHYeCKoe KoauMecTBo HOOLITON Hedptn B 1961 romy

cocrasaser 103,19, K 3annaHUpOBaHHOMY KOJUUECTBY.

td

. 1) Udeimn cnomaMn, AanHoe SHcAO0 NOMHOKAETCS HA Apofb, BbIpaxaio-
€1y yKa3agHutil NPOUEHT.

2) Onucansoe JefCTBHE PABHOCHAbHO Cliegyiomiemy: 2860.1,15=3289,

3) Hm_,mn C10BaMu, AAHHAR BeAWYHAWA eANTCH HA ApOOb, BRIpAWKAOWYIO
YXa3aHHsld HPOLCHT,

4j Onucandoe aeficTsue paBHOCUABHO caegyouienys 3000 ¢ 0,125 == 24 000,
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3ameuvanuve I, Bo Bcex tpex 3alayaXx MOXHO MeHATH
HOpANOK NleiCTBUN, Hanpumep, B MNOCHelHel 3ajaye cia-
yajJa BLIIOJHUTL HeNeHHE, a 3aTeM pe3yabTaT NOMHOXUTbL
wa 100.

3amevanue 2. Humenpusenenuniit npumep npejocTe-
pexer uuTareas oOT caepyioutelt yacto aelaemMoft ommuo6xH,

flyctb TpeGyeTcs y3HaTh, CKONbKO CTOMJ METp TKAHHU 10 CHH-
WEHHA LCeH, eCli 110Che NOHUKEeHUs NPOoAaXHON ueHsl Ha 159/,
3Ta TKaHb npojaeTca no 12 py6. 3a merp. Mnorta saxoaat 159/,
or 12 py6., 1. e. nomuoxaior 12.0,15=18. 3arem cKknaau-
BawoT 12+ 1,8=13,8 u cyuraror, uro crapas uena 6uaa 13,8 py6.
32 MeTp. JTO HEBEPHO, TaK KaK MPOUEHT CHHXEHUs ycTaHan-
AUB2CTCA 110 OTHOLICHHIO K NPEXHUM 1eHaM, a 1,8 py6. cocras-
aser or 13,8 py6. He 159, a okoao 13%, (cMm. 3anauy 3),
[lpasuabHOe pelieRWe TAaKOBO: NOCAe CHUXCHUA LeH CTOM-
MOCTb TKawM coctasuna 000/, — 150/p=185%, o1 upexuei
yensl, [losToMy mpewHsn uena (cM. 3amayy 2) cocTaBasia
12:0,85=14,12 py6. 3a merp.

Gamevanue 3. [Ipu Bcex BHYHCIEHHSX C MPONEHTEMH
Ha TpaKTHKe cIelyeT MOJIb30BaTbCs CHocoGaMu NpuOAHIKeH-
HbIX BBIYHCIEHHH (CM, clenyoiue naparpadsi).

§ 33. O upHOGAHIKEHHBIX BBHIYHCIEHHSX

Uucna, ¢ KOTOPHIME MBI 'UMEEM Rei0 B MHU3HM, ObIBAIOT
nsyx ponos, OHH B TOYHOCTH 20T HCTHHHYIO BENMYHHY,
Apyrue — 1onabKO npubausutennHo. flepsble HasbiBaloT MOy
HulMU, BTOPbIE — npubauscenupismu, Yacto Mul co3HaTENbHO
Gepem mpu6JIMXEHHOE YMCAO BMECTO TOYHOTO, TaK Kak lio-
clcIHee Ham He TpeGyercs, Bo MHorux xe cayyasx TouHoe
YUC/IO HEBO3MOWHO HaflTH MmO CYTH Heja. .

Mpumep | B srol xuure 424 crpannus; yucno 424 —
TOYHOE, .

Tpumep 2. B mecruyroabuuxe 9 puarosanedt; dyncjo
9 — tounoe.

Mpumep 3. Tpomasen B3BecUN Ha aBTOMATHYECKHX
pecax 50 2 macna. Uucno 50 — npubanxennoe, Tak Kak Bechl
HeuYBCTBUTENbHH K YBEJAMUEHHIO HJIM YMEHBIEHHIO Beca
Ha 0,5 2. .

Mpumep 4 Paccrosnue or cr. Mocksa go ct. Jlenun-
rpan OxTs6pbckOlM . 1. cocraBasier 631 xm. Uneno 651 —
npubanxeHHoe, TaK KaK, ¢ OXHON CTOPOHBI, HalllYl U3MEPHTE b
Hble MHCTPYMEHTbl HEeTOYHBl, ¢ Jpyroit ke CTOPOHH, CAMH
CTaHUMH HMEIOT HEKOTOpUe IPOTHKECHHUE.



§ 3¢, CHIOCOB 3ANKCH MPUBNMKEHHBIX. YHCEA 05

Peayabrat peficTBHH ¢ NpUONMMEHHHIMH YHCAAMH eCTh
Toxe mnupubamienHoe uucao. TIpH ITOM HeTOUHHIMH MOCYT
oKasaTbcg U Te UHUPPH, KOTOPHE MoAyYeHol HefiCTBUAMH Haj
TOYHBIMYA LH¥(PPaMU JaHHHX YHCET.

Mpuwmep 5. [Nepemuoxawrca npubamxendole yucna 60,2
n 80,1. M3BecTHO, 4TO .BCE BHINHCAHHbIE LN PH BEPHH, TaK YTO
UCTHHHBE BEJIMYUHBI MOTYT OTIMYAThCA OT HPHGIMEEHHHIX
JYilb COTHIMH, THCAYHRIMH M T. X, JOJAMH. B npousseieHuu
nonyuaem 4822,02. 3nech mMoryr GuiTh HeBEpDHBHIMH HE TONBKO
uudppl COTHX M AECATHX, HO W uudpn eaunuu, [lyctb, Ha
IpUMeD, COMHOXUTEN noayydensl okpyraenueM (11, 35) moynetx
upcen 60,25 n 80,14. Torma Ttounoe mpoussejeHue Oyger
4828435, tax uro uuppa exUHUN B NPUSAMKEHHOM upou3Be-
jeHun (2) orauyaercsl oT ToYHOM uudpu (8) Ha 6 exunun,

Teopus npuGammenHbIX BslYMCIeHH# mo3Boaser: 1) 3Han
CTEMeHb TOYHOCTH JaHHBIX, OILeHUTH CTefleHb TOYHOCTH pe3yils-
TATOB elle MO BbilloJHeHUs JeficTeull; 2) OpaTh pgaHHHeE
¢ Hapiexallelf cCTeneHbio TOUHOCTH, A0CTaTOUHOM, uTO6M 0bec-
neyuth TpefyemMyl TOYHOCTb Pe3yabTara, HO HE CAHUIKOM
6oabuoft, ¥To6K N36aBUTH BHIUMCIUTEN OT GeCroNe3HHX pac-
ueTos; 3) paunmoHas#3upoBath CaMbHi MpOIECC BbiYUCHEHHUS,
0CBOGOJMB €ro OT TeX BHIKIAIOK, KOTOPHE He OKAKyT BIUA-
HUA Ha TouHpe uudpH pesynabrata,

§ 34. Cnoco6 3anncH npHOAHIXEHHBIX YHCEN

Tlpy npuOAMMXEHHNX BHIYUCIEHUAX OTIHYAOT 3anHch 2,4
or 2,40, zamucy 0,02 or 0,0200 m 1. o 3anuch 2,4 o3navaer,
YTO BEpHb TONAbKO HU(GPHI LeAHX M HeCATLIX; HCTHHHOE e
aHayeHue YUCAA MOXET GbiTh, Hampumep, 2,43 uan 2,38 (npu
oT6pacHeanud undpel. 8 NPOUCKXOANT OKPYrieHHe B CTOPOHY
yBeInueHua npeaumectsyouelt el undpn; cM. cresywomuit ma-
parpag). 3anuce 2,40 o3Hayaer, YTO BepPHHl # COTHIE JOIH;
UCTHHHOE YHCano Mower OuwTh 2,403 umn 2,398, HO He 2,421
u He 2,382.

To xe ornnuye npoBoawTCH W AAA LeAMX wicen. 3anucb
382 o3Hayaer, 4TO BCE NU(PH BEPHL, €CAH e 33 NOCIERHION
LHPPY pyyaTbCa Heab3s, TO HHCJIO OKPYriaseTca, HO 3alHCHI-
saerca He B Buae 380, a B Bune 38 10. 3anuch we 380 o3na-
yaer, 4ro nocaepuas uudpa (0) sepHa. Ecam B uucne 4720
BepHb MMub Nepsbie gBe uudpol, ero HyXHO 3aMHCaThL B BUJLE
47 - 10% 310 yHCIO MOXHO TaKwe 3anmucats B BHze 4,7.]0°
T I

Suavawumy yugpasue HA3LBALTCA BCE sepHule uudpwm
quciHa, KpoMe HyJed, cTosawiux Rnepemu vuucra. Hanpuwmep,
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8 yncnae 0,00385 Tpu andvamue undpu; B yncae 0,03085 uvernipe
anavaimue undpsl; B yucie 2500 — versipe; B yucae 2,5 103 —~
oBe. Uucno 3Havamux Qudp HEKOTOPOro YHCAA Ha3blBAETCA
€ro 3HaYHOCMBIO.

§ 35. MlpaBuaa okpyrieHus

B upuGanmieHHNX BLIYUCAEHUAX YACTO IPUXCIUTCHA OKpPY2-
AsMb UMCTA KAK NPUOAMMKEHHBIE, TAK M TOYHbIC, T. €. 0TOpa-
CHIBATb OJIHY HAH HECKOALKO HocaefHux uudp. Yrobu obecue-
ypTh HaAMGOAbINYIO GAN30CTh OKPYIJIEHHOrO YHCHA K OKpyrise-
MOMY, COOMIONAOTCA CAefyIollue TIpaByia,

Mpasuao I, Ecau nepsas u3 or6pacuiBaeMbix HUDP
Goablie YeM 5, To mocaegHsn M3 CoxPaHseMux uudp yeuasu-
gaemcsi, T. €. YBENMUHBAETCs Ha eIMHULY. YCHIeHUe CoBep-
niaeTcs H,TOrna, Korxa mnepeas H3 orépaceBacMblX nUDP
pasHa 5, a 3a Hell €CTb OFHA WAM HECKOJbKO 3Hayamux uudp.
(O cayuvae, xorna sa orOpachiBaeMolt msATepkoit Her uHdp,
CM. HMxe, mpasuao 3.)

Mpumep 1. Oxkpyrass uucao 27,874 no Tpex sHavamux
uudp, nmumem 27,9. Tpetba uudppa 8 ycunena jgo 9, taxk xak
nepsas oT6pacbiBaemMan uudppa 7 Goabwe uem 5. Yucio 27,9
6auxe K QJaHHOMY, yeM HeyCHJIGHHOE OKpYIaeHHoe yucao 27,8,

Npumep 2. Oxkpyrass yuciao 36,251 no mepsoro necs-
THYHoro 3naka, npuiem 36,3. Llnppa mecarwmx 2 ycuaeHa no 3,
TaK KaK mepsaa orGpacbiBaeMas uudpa pasBHa 5, a 3a Helt
ectb sHayamas nugpa 1. Yucao 36,3 6aume X ZaHHOMY (XOTst
‘M HEe3HAauUTENbHO), yeM HeyCHJeHHoe wyucno 36,2,

Mpasmao 2 Ecau neppas u3 or6pacbiBaeMblx uudp
MCHBIIE YeM 5, To YCUNeHus He JeNaeTcs.

Hpumep 3. Oxpyrasa uucno 27,48 go egunun, nuwem 27,
Sro uucnao GaMxke K JaHHOMY, uem 28,

Tpasuuao 3. Ecav orGpaceiBaercs undpa 5, a sa Hell Het
3HayawMX uadp, TO OKPyrieHue NPOU3BOAUTCA Ha Oaugicaii-
wee Yemroe YUCNO, T, €. NOCHe/iHAs coXpaHaemas undpa ocra-
BIAETCA HeM3MEHHOH, ec/iu OHa YeTHast, ¥ YCHIMBAETCH, €CaAu
oHa HeueTHad. [loueMy npHuMeHsneTca 3TO NpaBHIO, CKa3aHO
HUWKe (CM. 3aMeyanue).

Npumep 4. Oxpyrassa yucao 0,0465 no tperbero necs-
THYHOro 3naxa, nuuieM 0,046, Ycunenus He nenaem, Tak Kax
nocneiHss coxpansaemas unppa 6 — vernas. Hucao 0,046 crons
we 6au3Ko K HaHHOMY, Kak 0,047,

Tpumep 5 Oxpyrasa yucao 0,935 Ko Broporo necs-
THYHOro 3Haka, nuuem 0,94, Tlocaennnn coxpanuseman unppa 3
ycHIuBaeTcd, TaK Kak oHa HeyeTHas.
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Mpumep 6, Oxpyrass uticaa

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

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

3ameuanue, [lpumenns upasnio 3 K OKPYINICHHIO Of-
HOTO UYHCIA, Mbl HC YBEIMUHBACM TOWHIOCTb OKpyracHUs (CM.
upustepbl 4 u 5). Ho Apu MHOrouuciaclHHbiX OKPYIIICHHAX H3-
Sptounble yHcaa GyRyT BCTpeuaThes NPUMEPHO CTOAb e
yacto, XKaK HelocTaTouHete, B3auMHas KOMIICHCAUMA porpeu-
Hoctelt obecileynT HAHGOIBUIVIO TOUHOCTb PE3y.IbTaTa.

[TpaBuao 3 MOWHO M3MCHHUTb U OPUMENATb BCCrAa OKPYr-
aexie Ha Gauwaiinee nedernoe yicao, TouHocTs 6yjleT Ta Ke,
HO UCTHBIC NHUPPLE- yjpo0Hee, yeM HeuCTHHE,

§ 36. AGcontoTHast M OTHOCHMTENbHAsi MOTrPEMHOCTD

Abcomomaoii  nozpewHocmsio WM, Kopoue, RO2PeulHO-
cmpto NPUGIMKCHHOIO UHCIA HA3BIBACTCA Pa3HOCTb MEWIY
3TUM UHMCAOM B €O TOMHBIM 3HaueHueM (U3 6oabliero vHcaa
BbIYHTAaETCA Menbuice) ).

Mpumep 1. Ha npemupuarun 1284 paSounx u cayxa-
mux. [lpu oxpyraedun storo uucaa o 1300 abconwrnas
norpemnocts coctasaner 1300 — 1284 =16, llpu okpyraenun
1o 1280 abcomoTHas norpentHocts cocraBasteT 1284 — 1280 =4,

OmuocamenbHoll nozpeinocingio npubanKeHsoro  Yucaa
nazuaerca otHomenwue (11, 48) a6comoTHoil norpemnocTy npu-
6.1 eHHOIO YHCAR K CAMOMY STOMY 4HCHy.

ITpunep 2. Bukone 197 yuauuxcst, OKPyrasesm sTo 4KcIo
Ko 200, AbcomioTias norpeniHocTh cocrapaser 200 — 197 =3,
OrnocuteasbHas MOrpemiHoCTh PaBHa I—ST WiH, OKpYIJAeHHO,

3
=5 = 15%e.

B GonbuiMHCTBE ClyYaeB HCBO3MOXHO y3HaTh TOUHOE 3Ha-
dentic npUOANKENHOrO YMCaa, a 3HAUUT, U TOUHYIO BCIUUMHY
norpetinocTd, OIHAKO MOYTH BCErja MOXKHO YCTaHOBHTb, UTO
gorpemHoctb (a6CoAI0THAA WM OTHOCHUTE/bHAA) HE IIPeBOC-
X0jAMT HEGKOTOPOIO YHUCJAa.

Tpumep 3. flponasey B3BemnBaer ap6ys Ha yalleuHbX
secax., B HaGope ruph HaumeHbmas — S50 2. Basewnsanne

1) Mnaye rosops, ecid @ ecTh (PHOMIKCIHOE 4HCAO, 4 X — €r0 ToY-
#oe 3nadeHne, To aGCOMOTHAA TNOrPeHOcTs ecTh afCOMOTHOE 3HaAueHne
{111, 5) pasuoctn @ — x, B HekoTOpLIX PYKOBOACTEaX alCOMOTHGH Rnorpeul-
HOCTLI HA3BIBAETCH CaMa PA3HOCTH @ — X (M9 PA3HOCTh X — @), DT Beau-
QU MOWCET GbITh 10J0WHTEABHON WAN OTPHIATEABLHOM,
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nano 3600 2. 310 uncao — npubauxennce. Tounnil Bec apby3aa
HeussecTeH, Ho abcomotnas morpemHocTh Be npesblnaer 50 2.

0 . ~y 5 1,40
THOCHTEAbHAA MOIPEMIHOCTh HE HIPEBOCXOMMT gom == /o-

Uncno, 3apeoMo peBLItialomee a6COMOTHY 0 NOrPELIHOCTD
(Wru B XyIUIeM cayyae paBHoc efl), HasbiBaeTCs npedeasuoil
abconomuoli noepewrocmoo, Yucio, 3aBeoMo MpeBLINIAIO-
tiee OTHOCHTEJbHYIO MOrpeimiHocTh (MK B XyAlleM cayuae
paBHoe eil), Ha3bIBACTCA NPeOenbHOl OMHOCUMEAbHON no-
2pPeunoCiNsI0.

B npumepe 3 32 npesieabHylo a6COMOTHYIO HOTpPeUIHOCTH
MOXHO B3ATh 50 2, a 3a npeledbHYI0 OTHOCHTEIbHYIO MOrpeli-
HOCTb — [,49/,

Beayuuna npejeabHoli norpeulHocTd He dpasercs BIoJHe
onpeneacunoit, Tak, B npuMepe 3 MOXHO NPHHATbL 32 Mipejednh-
HyIO a6comoruyio norpemigocts 100 2, 150 2 u BooGme Beaxkoe
uncio, Goaburee yem 30 2, Ha npaktike 6epercs 1o BOIMOK-
HOCTH MeHbiliee 3HaYeHHe IpeiedbHON NorpemHoctd. B tex
cayuasx, KOrza H3pecTHa TOYHAA BCJUYMHA MOTPELIHOCTH, 3Ta
BEAMYHHA CAYKHT OLHOBPEMEHHO ApEieAbHON MOrPEeIHOCTHIO.

Jdas Kaxjoro npuGIRXEHHOro yucaa JoaxHa ObiTh ©3-
BECTHA Cro fpelenbHas MOTPEHIHOCTh (a6COJIOTHAA HIN OTHO-
cureabhan). Koraa ona npsMo He ykasaHa, nojpasyMmeBaercd,
YTO npejeabHas aBCOMOTHAA HOrPEUIHOCTb COCTABJAET fOJO0-
BHHY eJMHUNB MOCie/flHero BhiUcaHHoro paspana. Tak, ecan
puBeneHo Npubauxennoe uucao 4,78 6e3 yKasaHHs npele.ib-
HOf! MOrPeLIHOCTH, TO NOAPAa3yMeBaeTCs, YT npejesbHas a6co-
TI0THasd norpelsocts coctasaser 0,005, Bcaeacrsue storo
cornalleHusd Bceria MowHo OSoHTHCH Ge3 yKasanus npejeab-
HOH TIOrpeliHOCTH 4MC1a, oKpyriaeHHoro no mpasuaam § 35.

[TpeneanbHass abconoTHaA norpeliHocth 00O3HauyaeTcs rpe-
veckoft 6ykBoil A («JeabTa»); mpeledbHad OTHOCHTENbHAA NO-
rPelHoCTb — rpeveckoft 6yxsoli 3 («menpta Manass). Ecau
npHGaIMKeHHOe YHCA0 0603HaunTth 6yKBOH 4, TO

Mpumep 4, [iauna xapaupama u3MepeHa auHeiixoft
€ MHJIJIMMETDOBHIMA JeaedusaMu. Mamepenne nokasano 17,9 cm.
Kakosa npenenbHas oTHOCHTeNbHAA MOrPEUIHOCTb 3TOIO U3Me-
peHun?

3nech a=117,9 cx; Moo npuHath A=0,1 cx, Tax Kax
C TOYHOCTbIO 1O | MM M3MepUTh KapaHAall HETPYHHO, a 3Ha-
UHTeNLHO YMeHbUIUTh [PejeibHyi0 HOrpemHOCTb He YyjhacTca
(Nps HapsiKe MOXHO NpoYecTb Ha Xopouedt auHeilike u 0,92
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u naxe 0,01 cx, Ho y camoro Kapanmama pe6pa MOryr pase
HUTLCA Ha 60abIUYI0 BeanuyuHy). OTHOCHTEILHAN NOrPEMHOCTD

paBHa i(% . Okpyrass, Haxoqum d== 91’—8 ==z 0,6%,.

Mpumep 5 Uunrunapuvecknit nopiienb uMeeT OKoOJO
35 mu B nnamerpe. C KaKOH TOUHOCTBIO HYKHO €ro U3MEPUTH
MUKPOMETPOM, YTOObI NIpeleabHas OTHOCUTEAbHAR NOTPEIIHOCTD
cocrasasaa 0,050/y?

Pewenue, [loycaosuio, npeneabuast oTHOCUTEAbHAA 10-
rpeuHocTs JomkHa cocrasaarts 0,050/, or 35 im, Cuenoa-
TeabHo (§ 32, n. 1), npejeabHas abConOTHAaf MOrPEIIHOCTDh

paBHa 35;3(')05 =0,0175 (mm) uau, ycunusas, 0,02 (mm).

N A
Moxiio socfioassosatbes dopuyaol 3=_—. Tlloacrasann

B Hee a==35, §=0,0005, umeenm 0,0005:;5. 3uauwnr,
A=35.0,0003=0,0175 (mr).

§ 37. MpenBapuTebHOE OKPYIJIEHHE NPH CJIOMEHHH
¥ BbIYUTAHHH

Ecnu e Bce MaHHble yucha 3aKaHUMBAIOTCS HA ONIHOM ¥ TOM
We paspsjle, To MO BBUIOAHEHHA CAONEHUS HWAM BHIYHTAHHA
caepyeT NpoOuUsBecTH oKpyriacuue. MMeHHO, HYXHO ynepxath
JULIbL T€ pa3psltbl, KOTOPble BEDPHbI Yy BCex claraeMbix. OcTadb-
Hile oT6pacuiBaforcs Kak Gecnodesnbie. [Ipn He6onbiiom yucne
cnaraeMbix Bce nudps.CyMMbl, Kpome nochestHed, 6yIyT BCPHEL,
flocaenHan MOXeT 6biTb He BIIOJHE TOYHON., IJTY HETOUYHOCTL
MOXHO CBECTH K MUHMUMYMY, €ClIH YUYeCTb BJdAHHE unDp cae-
Iyoouero paspsna (3anacnsle yugpol).

Mpumep 1. Hafitn cymmy 253 4 0,442 4 2,741,

He oxpyrass cnaraembix, nonyuum 28,483, [locaennue nse
uudpn GecnogesHsl, TaK KiK B ICPBOM C1ar2eMOM BO3MOXM(HA
HEeTOYHOCTh B HECKOJbKO COTHX. OKpYrasis CyMMy S0 TOYHbIX
uudp (1. e. o zecArsix goaeit), noayvaem 28,5. Ecau npous-
BelleM OKpyrieHHe 10 TOYHBLIX UN(pD NpeiBaPUTENLHO, TO Hall~
nem 6e3 auurdero tpyna 25,3 -+ 0,4 4 2,7=284. LUndpa neca-
ThIX TOAyYnaach Ha | MeHblie. Ecan e yuecTb B uMdPh COTHIX,
noayuum 253.4- 0,44 + 2,74 =28,48, T1. e. okpyracuHo 28,5,
Linppa 5 nanewHee, uem 4, XOTA He HCKIIOYEHA BOIMOXKHOCTb,
YTO BepHasn Hppa — UMeHHO 4 1),

1) Eciu npeanoiomiuts, 410 reproe caaraeMoe ecTh OKpyriaeHue 4ucaa
25,26, To cymma ¢ TounocTbto 1o 0,01 cocraranna 6w 28,44, T c. okpyraenso
25,4, Lean we 25,3 ecTb okpyracune wicaa 20,27 wan 25,23 u T, 4., To nocae
OKpyraemlin cyMma cocrasir 28,5,
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[lpu yueTe 3amacHbIX uugp BblUICAEHIC PACNONaraeTcs, Kak
flOKa3allo Ha CXeMe (3amacuuie HHQPL OTACACHH yepTOl).
Cxema:
25,3
044
+ 27| 4

285

TMTpumep 2 Halttu cymmy 52,861 10,2563 48,1 + 57,35
-+ 0,0087.

bBe3 yuera 3anacHblx uudp (COXpaHseM TOJAbKO OKpyrieH-
Hble HHDPB DECATHIX; CM. NpaBUaa okpyricuus, § 35) moay-
qaem 118,7. C yuerom 3awacHeix uwugpp mnoayuaem 1186,
B nocacjiHeM pesyabrarte UQpa IeCATHX MOXeET 0Ka3aThCs He-
BEPHOIT BCICACTBHE HETOYHOCTH TPETHLErO C.1aTaeM0oro; sMecTo 6
MOMCT CTOATL S (eCiHH TPEThC ClaracMoe ecTh OKpyraenue
yucaa 8,06). Ho uugppa 6 ropaa’no HajexHee '), Bo Bcaxkom
cayuvae, undpa 7 He MoxccT 6pITh BepHOIL. YueT 3anachbx nugp
naer yayyilenue, HoO HesHauuTelbHoe. CXeMma cineBa 1OKashl-
BaeT CJ0M¥CHHe 6e3 yyera 3alacHbIX LH)P, CuPaBa — C yUETOM:

53.9 5g,§ 6

3 2| 6
+ g L8

57.4 57,3| 5

118,7 0011
1186

§ 38. llorpemHocTe CyMMbl H Pa3HOCTH

TIpeOesbHas aGCOAIOMRAS  NOZPEWIHOCID CYMMbL paSHA
cymme npedenvroLX aGCONOMHBLY NOSPeUHOCel OMOesbHbX
CAG2ACHMBLX.

MTpumep 1. CkaanbiBatorca npubanxennsie uucaa 265
u 32. flycth npespeabHas nOrpemiHOCTb NePBOro ecTh 5, & BTO-
poro 1. Torza mpenesbHas TOrpelIHOCTb CYMMbl pasna -
-+ 1=6. Tak, ecau MCTHHHOe 3HaueHHe Mnepsoro ecrn 270,
a BToporo 33, 1o npubamkeHHas cymma (265 + 32=297) ua
6 Mmenbire uctunnolt (270 4+ 33 == 303).

MMpumep 2. Hafitu cymmy npubammennntx yucen 0,0909 4
-4-0,08334-0,0769-+-0,0714 40,0667 - 0,0625 40,0588 40,0556 -4-
- 0,0526.

1) Cu. npenuayulyo cHoCKy.
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Cacxenue paer 0,6187. [1peaeantas norpelHocTb Kaxaoro
caaracmoro 0,00005; npeneabnas norpemuoctb cymmb 0,00005 %
x @ ==0,00045. 3HauuT, B NOCICAHEM (UCTBEPTOM) 3HAKE CYMMbl
BO3MOWHA omwKOKa o 5 eaunuil. [lostomy okpyrasiem cymmy
J0 TpeTbero 3Haka, T. e. o thicsaubnX. [foayyaem 0,619; 3nech
BCC 3HAKH BCPHbIC.

3ameuatue. [Ipu3HauntessHon wncae craracMbix 06b1y-
HO NPONCXOAMT B3aMMHas KOMICHCAlMA MorpeitnocTel; no-
3TOMY HCTHHHAH HOCPENIHOCTH CYMMbl JHIIL B HCKIOUYNTEIb-
HBX  CAVYANX COBNANAET ¢ HPCACAbHON AOCPEHIHOCTbIO HIH
6am3ka K neit. HackoabKo peaku 3TH ciyva, BUIHO U3 HPH-
mepa 2, rae v onac 9 caaraemblx, VictHhnas BeauuuHa Kax-
SO0 M3 HUX MOXET OT.AMuaTbhCsl B 11ATOM 3HAKe OT B3ATOrO
upubamenHoro 3Havenus na 1, 2, 3, 4 WA paxe nHa 5 enu-
HHWL B TV M B Jpyryio cropony. Hanpuwvep, nepsoe caaraemoe
soxer Oblth 60able CBOCMO HCTHHHOIO 3HAUCHUS Ha 4 enu-
HHILE [ITOCO  3HAKa, BToOpOe -- HA  JIBe, TPETbe — MCHbLLIEC
HCTHHHOYO Ha ofuy eanunuy W T. . [loacuer noxaswigaer,
Yio YHCIO BCEX BO3MOXHBIX CAYUAdCB paciipeiieseHus norpe -
HOCTCH cOCTaBAACT OKOJMO OXHOro Muainapiaa. Mexay rem
JWIUb B ABYX CJAy4YaAax 1OrPCIMHOCTD CYMMbl MOMET NOCTH-
tiyTb npefeabHolt norpemnoctd  0,00045; 9ro npousoiiner:
1) Kora MCTHHHas BejMUHHA KaX10ro craraemoro So.bie
npu6muienroi Ha 0,00005 1 2) Korja MCTHHHAA BEIMUMHA KaX-
JAOFO claraeMoro MeHbtie npubémniennoi na 0,00005. 3naunt,
€ayuaH, KOr4a 1OTrPelIHOCTh CyMMsl COBNANAET ¢ NpeedabHOil,
coctasanor Toabko 0,00000029/, Bcex BO3MOMHBIX cayyaes.

Jaabuefimnii noacyeT nokasnBact, YTo CaAyuyau, Koria no-
CPCIIHOCTL CYMMbl JICBATH CJAAraGMbIX MOMCT MPEBbLICUTb TPH
CAUHHILL TIOCIC/NCro 3HaKa, Toe o4YeHb peiikn. OHKM cocTas-
suor b 0,079/, M3 uMcaa Bcex BO3MOXHbIX, [lBe enuHuns
HOCACAICT0 3HAKA HOrPEIIHOCT MOXeT (IpeBHICHTH B 20/, BCex
BU3MONHBIX CAVUACB, 4 OJHY eJUHHUY — UPUMEPHO B 250/,
B octaabHpix 75%g ¢ay4aes HorpefliHoCTb L¢BATH CAaraeMbix
e HPEBBIIACT OJAHOIH CANHHUILL HOCJeNHero 3HaKa.

I[Tpumep 3. Cuuras caaraembie upumepa 2 TOUHbIMH
YHCaaMH '), OKPYLJIUM HX A0 THICAYHBIX U crowum. [Iperenn-
Hast NOTPEIIHOCTh cyMMbl Oyner 9 -0,0005 =10,0045. Mexay
TeM HMeeM:

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

P . \
1) 31u caaraempie noaydeusl ofpawmeHusem apoSedl -, -5, Ve s TE
) oay pau Zpobed i+ 3+ T3 ig

B JCCHTHMILIC € TO'HOCIbLIO A0 YeTBCPTOro 3HaKd, UuilaTe b nycTh BO3bMET
IpyrHe nayran B3uTuLIC ulicaa.
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T. e. npubamKeHnas CyMMa OTAMYAETCA OT HCTHHHCIL nNa
0,0003, 1. e. Ha TpeTb CAHHKIbLI HOCAEANCIO 3HAKA NPHO.THKCH-
ubix uyucen. Bce Tpu 3HaKa npuOIMXEHHON CYMMBbl BEPHbI, X0OTH
TeopeTHUeCcKH nocaelnas nudpa Moraa 6uitb rpydo HepepHoil,
pou3BeieM B HAaUIHX CHaraeMuiX OKpPYricHHe IO COTHIX,
Tenepb npeneabHas norpemHocth cymmnl Oyrer 9.0,005 =
=0,045. Meway tem muoayupm 0,09 40,08 4 0,08 4 0,07 4-
-+ 0,07 -+ 0,06 4 0,06 -- 0,06 +- 0,05 =0,62. WMcTnnnas norpens-
. i
Hocth coctasasier toasko 0,0013, 1. e, § CAHHMUSE nocren-
Hero 3Haka npHOIMIKEHHBIX uHced,

Flpedersnan abcoaomran no2pewtHocny Pasnocnilt pasha
cyMMe npedenbHblx abCOMOmMNLLYL no2peutnocmed yMerbulae-
MO20 U 8blHUMAEMO20.

MIpumep 4. flyctb upeneiabHas NOCPeMwWHOCTh NpHEIN-
WEHHOro yMeHblnaemoro 85 papna 2, a mpeleabHasn iorpei-
HocTb BblyuTaeMoro 32 pasxa 3. [lpeneibHas norpelIHECThL
pasnocti 85 — 32 =253 ectb 2 4 3=23. B caMoM 1ene, UCTHH-
Hole 3HAYEHHR YMEHLIUAEMOTO M BBLIYHTAEGMOI'O MOTI'YT paB-
Harbea 85+ 2=87 n 32 — 3 =2% Toraa HCTHHHAA Pa3HOCTb
ccth 87 —29=358. OHa Ha B orauuaercd OT NPHOIHWKCHHON
pasHocTH 33,

fIpenesbHy0 OTHOCHTENbHYIO MOrPeiHOCTb CyMMbl M pas-
HOCTH JN€TKO HafiTh, BHIYMCIUB CHAYAN UPCACIbHYIO a6Coalot-
Hylo norpemsocts (§ 36).

Flpedeavnas omuocumenvnast nozpeutrocms cysumot (HO
He pasdoctl) sexcum MmexcOy Haumenoweld i HauGoAbuLel
U3 OMHOCUMEAbHbIX no2pewnocmell cag2aemsix. Ecan sce
claraeMble UMEIOT OJHY H Ty ke (MW NPUMEPHO OJHY ¥ TY
Ke) TNpele’bHYI0 OTHOCUTENbHYIO MOrPEUIHOCTb, TO U CYMMa
uMeeT Ty we (MM NPHMEPHO TY Ke) NpeNieabHYI0 OTHOCH-
TeabHY10 norpeimHocTb. MHbiMU cloBaMu, B 3TOM Cayuae TOu-
HOCTb CYMMbl (B TpOUEHTHOM BLIPAXEHHH) He YCTynaer Tou-
HOCTH ciraraeMmuoiX. fIpn 3HaupTeAbHOM Xe uucie craraeMmuix
CyMMa, KaK npaBujo, ropasjgo TouHee cJaaraeMmsix (mo npu-
uuHe, 06HACHEHHON B 3aMeuyanuyl K upumepy 2),

fipumep 5. B kaxaom caaraemom cymmbl 24,4 4 252 -
-}-24,7=174,3 upeneapHas OTHOCHTENbHas NOIPEUIHOCTb MpH-
MepHO onHa ¥ Ta e, umenuo 0,05:25=0,2°/,. Taxosa e
OHa W 2as cyMMbl. 3nech npejieabHas aGcoaloTHas norpei-
s#ocTb pasHa 0,15, a otHocureabHan 0,15:74,3=0,15:75 =
== 0,20/,

B NpoTHBONOJOKHNOCTb CYMME Pa3HOCH NPUGAUINCEHHOLX
qucer Mogicet OviMb MeHee [IMOYHOL, HeM VYMEHbL ueMOe U
Ruyumaemoe. <«floTepn rtounocTH» ocoBCHHO BealKa B TOM
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cayyae, Korja yMeHbIIacMoe I BLIYHTAEMOC MAJIO OTINYAITCH
Ipyr ot Apyra.

Tpumep 6 Msmepenue BHEMHEro # BHYTPEHHCro HHA-
MeTpPa TOHKOCTeHHOi TpyOku fano nas nepsoro 28,7 sy,
a aas Broporo 28,3 Ata. BuIUMCAHB 110 3THM LalHBIM TOMINHY

CTeHKH, Halinem % - (28,7 —28,3) = 0,2 (). [Tpencannan o1-

HOCHTEAbHAA NOIPCLIHOCTbL yMeHbiuaemoro (28,7) u BuiudTae-
moro (28,3) omna wu Tta we: 8§ =0,29," [Ipeneabuan ornoci-
TeabHad morpeliHocTb pasnocTH 0,4 (a Takxe ce noaos s 0,2)
cocTaBaseT 250/,

Beugy ykasanHoro ¢gakra caedyer BCCLNd, KOTMA 3TO BO3-
MOXHO, u3bezamd BulHUCACHUS UCKOMOU BeAUHURHL ¢ NO-
Moupo oiuumcHun 0auskux wucen, Cp. ill, 26, apumep 9.

.§ 39. lMorpemnocTb Epon3seneHus

[Ipedeasvnas omuocumensrass nozpewrocms npoussede-
HUSL NPUBAUNCEHHO PABHG CYMMe NPe0etbHolX OMROCUME.Ib-
nulx nozpewsocmeil comuoxcumenei. (O TOUHON BeIHUHHC
IpefleabHON MOrPEINHOCTY CM. 3ameuanue K npumepy 1.)

Hpumep I [lyctb HepeMHOWAIOTCH NPHOAMIKCHIBIE YiC~
aa 50 u 20 ¥ nycTb NpefeabHAA OTHOCHTC/IbHAA 1OTPELIHOCTH
nepsoro comHoxurteas ectb 0,49, a Broporo 0,5°/,. Toraa
npejiebHas OTHOCHTENbHAd MOTPEINHOCTL Npou3BedeHus 50 X
X 20= 1000 npubauxenso pasha 0,9°/,. B cavom Heae, npe-
IeJbHA% aGCOMIOTHAN NOTPCIIHOCTL HEPBOIO COMHOKHTEIA €CTh
50.0,004 =0,2, a sroporo 20.0,005=0,1. [Tostomy uctinman
BEIHUMHA 1POH3BeNCHHA He Goasme yem (50 -40,2) (20-4-0,1) =
=1009,02 v ue wseuvite yenm (50 — 0,2) (20 —0,1) = 991,02,
Ecan uctuunas peaununHa npoussenieHus ectb 009,02, ro no-
rPelHOCTh lipon3BeacHus pasHa [009,02 — 1000 =9,02, a ccan
991,02, to norpeitHocTb ApouspencHus pasua 1000 -— 991,02 =
=8,98. PaccMoTpeHinie IBa cayuas — caMbie He6r1aronpunT-
Hble. 3HAYUT, npeleabHas abcoI0THAA NOFPCIEHOCTL ApOU3Be-
denun ectb 9,02, TlpeseanHas oTHOCHTEabIAs NOrPeIHOCTh
pasna 9,02:1000=10,9020/,, 1. ¢. upudamkenno 0,99/,

3ameuanuc. OO003HAYNNM IIPEICIABHYIO OTHOCHTENLIYIO
NOrpetiHOCTb NPOU3BEACHHA OyKBOit B, a upeleanHyl oTHO-
CUTEJBHYIO [OUPEIHOCTh COMHOWUTEMet — GykBamu By u By
(8 npumepe | 3, =0,004; 3, =0,005; 3 = 0,00902)

Hauie mpasuio (and ABYX CoMHOWUTCIel) 3aUMILeTCA Tak:

3 ==d, + 3.
Tounoce we Buipigenue & 6yner:
A==y A By + BBy,
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T. e, 1IpeleaLids OTHOCHTEIbHAsN 1IOTPEUIHOCTL [1POH3BCACHHA
Bcerna 6oabiue, ucM CYMMa IHPeAedbHBX OTNOCHTEALHBIX 110-
rpewHocTell coMpokNTeaell; oHa NPesblllaeT ITY CYMMY A
NPCH3BCACHHE OTHOCHTCABHBIX HOTPEIIHOCTCH COMHOXHTCIel,
Jro npeppiireiie 06bIYHO TaK HEBEINKO, YTO CFO HE LPH-
XOJMHTCH yuMTbiBath. B yciaosuax npumepa | nveem 3 =
= 0,004 -+ 0,005 4 0,004 . 0,005 = 0,00902. [lpesblinenue 31cch
coCTaBAsIeT 000902—0009__000002 T. e, okoao 0,29/, or
NpPHGAMKEHHOIL BETHUHHD TpefeabHOl OTHOCHTEAbHOIY forpeul-
HOCTH, DTO APEBLULCHHE CTOAb HE3HAYMTEALHO, YTO ero Het
CMBICAA YUHTHIBATD.

Mpumep 2. [lycts nepemHoxawoTca npHOIIKEHIbIC
qucaa 53,2 n 250. llpeseabnas aGcon0THaa AOrPelIHOCTD
KaXJIOro ecTh 005. Mostomy 8y =0,05:53,2=0,0009; 8, =
==0,05:25,0=10,002, ﬂpmemnan OTHOCHTEALHAR AOTpeil-
HOCTh npousselents 53,2 . 25,0 == 1330 npubamkeHno pasua
0,0008 + 0, 0090—00079 Benmymia 3 152 == 0,0009 - 0,002 —
_0,0000018 CTOAL Majga, UTO YUHTHIBATL €€ HCT CMBbICTa,
[Ipcacavuan abcomoTHAn NOCPCIIHOCTL NpouzselicHus 1330
pasna 1330-0,0029==4, tak uro nocaennas uudpa npousne-
acHua (HYIb) MOMET 6mb HeBepHol.

[Ipusmcp 3. Hafitn o6bem KoMHaTH 110 JAHHBIM H3Mepe-
nitg: wavna 4,57 ar, winpuna 3,37 A, Buicora 3,18 a (npeneds-
Hole adCoOTIOTHLIC [OrPeINIOCTH 0000 M). HepeMHoman nan-
Hble uHcaa, NAXOAHM, uTo oObeMm cocraBaser 48,974862 ud.
Ho 3acch amwb age unq)pbx 6¢3yCT0BHO BEPHSBL, YK€ B TPCTh-
el nudpe moxer OuiTh  Hcboabwas norpewHocTs. Jeficr-
BUTCAbHO, IPCACIBHLIC OTHOCHTCIbHAIC fIOrPELIHOCTH COMHO-
wurenell pasHbl: 8; =10,005: 4,37 = 0,0011; 8, =0,005:3,37 ==
== 0,0015; 8, = 0,005: 3,18 == 0,0016. [lpexeabuan oTHOCHUTEIb-
liast NOrPeIlHOCTb HPOH3BENCHUst ecTb d==0,001]1 4- 0,0015 J-
+0,0016=0,0042. Tlpenecasnas abcomoTHAN AOrPCIIHOCTD
nponsselleHns A ==49,0.0,0042 = 0,21. [lostomy y¥Ke Tpetni
3Haualan uudpa ApousscAeHNa HCHALCKHA., 3HAUHMT, HYKHO
cyuTaTh, YTO 00beM KoMHATH cocrabiaeT 49,0 ad.

§ 40, MoncueT TOYHLIX 3HAKOB NPH YMHOMEHUH

TTorpemtHoCTb NPOH3BCICHIN MOWHO OIEHHTL HpOHLC (HO
3aro rpy6ee), yem no coocoby § 39. Jr1a ouenka ccHosaHa
Hd caeiyiowleM upasnic:

ITyctb nepesmnoxalorca jiza npuGImKeHHbIX YHCAA H NYCTb
kawjioe uMeer no % 3mavawux nugp. Torna (82— I)-s nudpa
upoussellenn Gesycrorio Bepua, a k-1 nudpa Mower OuITh
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ne Bnoane towoil. Opnako NOrpemnocTL NPoUsBejemin He
NPEeBOCXOANT DYy el A-if uinppsl 1 JHIUL B HCKJIIOUYH-
TeabhbiX cayuanx Ganska k stoMmy npepeay. Ecauke uepsbie
B PE .comporuTenelt B Upou3BeAeHIY NAi01 YHcao, Goabiuee
JeCATH (¢ yyeroM BAMAHHA CACAYION(HX uudp Han 6e3 aroro
yyeTa), TO MOIPEUIHOCTL HPOUIBCHCIHA HE 1IPEBLIUACT OJHOM
eIMHHIR K-it (N pHI,

Mpusmep 1. Tlepemuoxum npubamxennsie wucaa 2,45
n 1,22, uMmeomue kaxi1oc 10 TPH 3navauiux nugpst. B npo-
usBedeHun 29690 nepsoie aBe uughpbl 6e3YCJI0BHO BCPHbBL
Tpetba undpa Moxer GulTh ne Bnoade toudoil. Ipu pannex
BeJIIYLHAX COMHOMUTedell npexeibHas abcoTIOTHAA MO pell-
HOCTh [IpOM3BCACHHH# (ec MOMHO HalitH, Kak B upumepe !}
§ 39) cocrasaser 1,8 eaunuun Tpeivedt uudpm (1. e, 0,0018);
MCTHHHAS NOTPEMINOCTb, Kak NpaBuio, OyICT elle MeHbLIe.
[ToatroMy tpersio MHGPY CICAYCT YICPKATH, YCTBCPTYIO HC
udpy Her cMmpicna coxpaustbh, Okpyrass, usmeem 2,43 X
X 1,22 == 2,99.

[Tpunep 2 Hepemnowuss npubaikcuuvie yucaa 46,5 X
X 2,82, B upomssexenun 131,130 nepswie ase nugpwi 603-
yeaosno sephul. Tak waw mepsoie nudpsl comuomiiteneii
€ YYCTOM B.IMIHMA CaefylouHX HHQP 2a0T B NPOM3IBCACHHH
13 (nepsbie ase undps yucaa 131,130), to norpemnocts npo-
usBencHUA 6e3YCIOBHO HE NPEBGCXOZMT eNMHHUBL B aanHOM
cayuac npegedbHad abCcoMIOTHAA TNOTPCIUHOCTb NPOU3BECHUA
coctTapaser toabkn 037; HCTHHHAA XKC HOrPEUIHOCTb, Kak
upasyao, 6yrer eme mexvuwe. [lostomy Tpethio uudpy HyxHO
viepwarb. Herseprywo ke undpy (He BIoaHe TOYHYIO) umecT
CMLICT yjePXUBATL (B KauecTBe 3allacHoil) AdlIb B TOM Cay-
yae, Koraa Hal NpOM3BeleHHCM HYXHO BhIONHATH: 1aabHeH~
mue geiicTsust

[Tpu nepemHOXenUH TPeX, YeTwlpex H T, A. nprOIHHeH-
HLIX YdceT NPeRCIbHast HOrPetHocTb 1PONOPIHOHAALHO BO3-
pactaer (T, €. yBeJAHUHBAETCst NO CPABHCHUIO C BHIICYKa3aH-
Hofl 8 noatopa, ABa M T. JA. pasa). Ho B mogasasiomeM 60.1b-
IUMHCTRE CaIyyaeB HCTHHHas MOTPENIHOCTb NPH HeSOALIIOM
ylcde coMHOMUTETell ocTaeTca B TeX e Ipanunax (eciael-
CIBHE KOMIUCHCAUHH norpeuHoctedi; cp. § 38).

[TpakTHuecKHC BHBOIBY

1. Ecan nepeMuoxaworTca npubainkelHsle YICIa ¢ OXHHM
I TCM Ke KOAUYCCTBOM 3HAUAULUX uudp, TO B HPOUIBCACHUM
caciyer yAepxaTh CTOILKO e 3nayamux nudp. Hocacanan
u3 yacpwasnnx undp Oyner ne BUoIHC HaleKHA,
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2. Ecan nekotopbic cOMHOMKNTEAN HMCIOT Goabliue 3Haya-
mux unpp, yem apyrue, To cuie 40 yMHoMXceHiA caenye® uep-
BbIE OKPYI/MTb, COXPAHHB B HUX CTOJLKO HH(DP, CKOALKO
HIMEeT HanmeHee TOUHBLI! COMHOWHTENb, NAN Clle OAHY (B Ka-
yecTse 3anacHoft). daabneitiune umbpbl yiepknsatb Oecrno-
ne3Ho.

3. Ecan 1pebyercs, urtobul upoussejenue ABYX 4Hcedl
HMCJIO 3apaiee JIAHHOE YHUCAO BNOAMC HANeXHLIX uudp, 10
B Ka¥JOM M3 coMHOXUTenell uuciao tounsix nudpp (Haiuen-
HbIX M3MEPCHHEM HJH BLIYUCACHHEM) JOMKHO OblITb Ha caM-
Huy 6oabuie. Ecan KoauuyecTBO cOMHOXHUTe el 60ablle ABYX
h MeHbIUC JleCATH, TO B KAXKIOM H3 COMHOKHTEAeH YHCHO
TOYHBLIX UMD AIA NOJHOH rapaHtHd AoMKHO ObiTh 1A 1BE
efuHuRb  Ooablie, yeMm TpeOyeMmoe uucao TOYHbIX  uubp.
[1pakTHYecKH We BlUOAHE AOCTATOYHO B3ATh JAWUIbL OAHY JHII-
HioI0 nudpy.

‘hoéu IPOBCPUTL 9TH BBLIBOAL, PACCMOTPHM lpuMep, rie
Hamepel HK3BECTHb TOYHbIC 3HAYCHHR NEPEMHOXKAEMbIX UPH-
6amxenHbx YHCes.

MTpumep 3. O6patum npoussencuie

| R U I |

3T TU13T 3003

B JIeCATHYHYI0 JAp0oOb. B3z 4 3navamne ungpsl, foJTyYuM
0,0003330, {lyctb Tenepb HaM H3BECTHHW TOALKO TMPUOAHXEH-
HH€ 3HauYeHUs COMHOXKHUTeaelt

1 . ! ! 1

3—_:0,33333; - =0,14286; ﬁ=0,09091; ﬁ=0,0769‘2 N,
n TpeGyetci HAlTH UPOU3BCACHUE C ABYMA 3nayallluMy wnud-
pamu. [las 1noaHO#i rapaHTHH Mbl JIOMKHBI B3ATh BCE COMHO-
WUTEJAN ¢ YeTHIPbMsA 3HaualulUMu undpami, T. €. TEPEMHOKHTH

0,3333 - 0,1429 - 0,09001 - 0,07692.

1} Haxoanm 0,3333 - 0,1429 = 0,04762857.
Y nepxusas uyetnipe 3HavalLue uuq)pbl, noayuaem 0,04763.
2) Bunoanaem Caeayouice yMHUMCHHC:
0,04763 - 0,0909 = 0,0043300433.
3) Yuepwusan uerbipe 3nauaugwe uudpsl ?) U BBNOAHAA
nocrejiiee YMHOKEHHE, HAXOHHM:

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

1) Ydratemo pegoMenayerca g3t aolbie IPYrie coMuomuTe .,
2) 3geck gocTatouto Gu110 6Ll yACPKAlb 1O TP 3uatatue dpst,
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Jse nepsuic 3payamue undpu 6e3ycioBHO TIPaBHIbHbL,
TaX 4TO MCKOMoe uycao ectyh 0,00033. 3a 1noiHvio TOYHOCTDL
TpeTbeit 3navameil wndpu 3apaHce Heab3a HopyunThes. Ho
oHa oka3biBaercA BepHcil. Yerseprad 3uavamlas uudpa ue
BIIOJIHE TOYHA, HO OmWKOKa Iie NpeBbILIAeT eNHHUALL COOTBET-
CTBYIOHlEro paspniia.

Ecny BecTn Hauie BLIYUCICHIe HA TPH 3HAKA, TO Heab3st
3apaHee mopyuutnca 3a Bropyilo uudpy. OJHAKO HA caMoM
nene naxe TpeTba unugpa 6yner sepua. VimeHuo:

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

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

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

Ecnu BecTH BblYHCHCHHE HA ]IBA 3HAKA, TO B MPOU3BELCHUH
noayuurca 0.00032, 1. e. own6ra cocrarur 1,3 exunuusl Bro-
poro 3Haxa.

§ Al. CoxpamenHoe yMHOMEHHE

[Mpusensn upaBusa YMHOXEHHS TOYHBIX UHMCEN K YHCHAM
NPHOMDKCHHLIM, Mbl HCPAUHOHANABHO TPAaTHM BPeMA H Tpyn
Ha BBlYjCIeHHEe Tex LUQp, KoTopbie 3aTeM HYMHO OTKHHYThH.,
BolyHCaIHTenbHBH POUECC MOXHO P3UHMOHAIHU3NPOBATEL, €CIH
PYKOBOLCTBOBATHCA CAENYIOUIHMMH fIpaBuIaMu;

1) YMHOXEHUC HAUMHAIOT HE C HU3MIMX Pa3PAOB MHOMKU-
TeJs, a ¢ BLICHIAX; NIPH  YMHOMEHHUH MHOXHMOIO HA HAauBbIC-
wuil pa3pajl MHOXKHTEAA YMHOMCEHHE BLIOOAHACTCA NOTHOCTHIO;

2) nepej YMHOWEHHEM HA CHEAYIOMIUE PasPAL MHOWHUTEAs
B MHOXMMOM BLIYCPKUBACTCS IocheiHAs uudpa, yMHOXEHHC
NPOU3BOJUTCA HA YKOPOUCHHOC MHOXHMOC, HO K pe3yibTary
npuGaBaseTcA OKPYIJCHHOE NPOM3BCLEHUE B3ATOrO pa3psiia
MHOKHTEIA HA OTOPOINEHHYI0 HHOPY MHOMUMOLO;

3) mepeil YMHOWEHHEM Ha ‘TpeTuit (oT Hawaja) paspai
MHOXHMTEZA 3aYEPKUBACTCA cule ojlHa Luppa MHOXKHMOIO
{BTOpAaA OT KOHNA); YMHOXCHUE HIPOU3BOAHTCA HA OCTAI0ULHCCH
HUbPbl MHOXHKTE/A, NIPH 3TOM YYUTbBAETCA BAMAHHE TOJLKO
yto oTOpomeHHOR UNDpPH ¥ T. I}

4) nosyuaeMble NpoU3BERCHUA pacnionaraprcs Ttax, yrolu
JPYL DO APYroM pacnonaraiuch BCe HKu3uwiue paspaibi;

5) ann onpeicacHHs MCCTa 3aNATOH B IIPOMUBBENCHUH Cy-
ULeCTBYIOT ocodble 1paBuia, HO NPAKTHYHEE BCErO OCHOBbI-
BaThCsl Ha rpy6oft npeiBapuTCAbHON OlCHKe BCAMUHHBIL [IPO-
nsseienna, PekoMenayerca Bo u3bexanue oMMBoK 3aucpru-
BATh yie HCNOAL3OBAHAYIO HUDPY MHOKHUTEIL

Mpumep 1. Tlepemuomuts  upnfisukennse  umcaa
6,7428 - 23,25, ¥Ypasuusacy uucao smavanuix mudp: 8 UCPBOM
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COMHOXKNTene oTGpachBacy undpy 8, 3amcHist MPCHLLIYILIVIO
undpy 2 tpoiikoil. BelyHcadem 1o upusognMoil cxeme B cie-
AyouleM lOpRRKe:

danuce: 1) He ofpaulas BHHMAHHA Ha 3anaTwe,

6.743 MHOMKHNM 6743 na 2, pesyabrar 13 486 sbiin-

X 93.95 CLiBaeM UIOJHOCTBIO; YMHOXEHHE NPOU3BO-

13456 RHTCH, KaK oO0bluHe, HayuHag ¢ 2 X 3=6

+ 2023 (3Ta mIecTepKa HOAMUCLIBAETCA MO HU3ILUMH
1g§ paspamaMu coMHoxuteleil);

P 2) 3auePKUBACM HCNONL3OBAHHYIO LHbpY

196,78 MHOXHUTEIA 2 H NOCACRHIOI Uubpy MHOKH-
MOro 3; YMHOMAEM CACAYOUYIO UNDpYy MHONKHTEIA 3 HA VKO-
poueHHoe MHOXuMoe 674, npeaBapuTeabHO YuTd, YTO 3auepK-
iytas uugppa 3 xara 6ut B mpoussexeHun 3-3=09; nosromy
K npousselleHHIo npubapasercda [ (¢ caMoro xe Hayaza yMmHo-
wenua 3-4=12; 12 4 1 =13, 3 sanucano; | yzepxato B yme).
Huswuii paspan npoussenennsa (3) 3annChIBACTCA HOH HU3LIIM
PA3PSAOM NPeIMAYILEIO NpousBeacHus (6);

3) 3aucpKHBAaA ‘BTOPYIO OT Haya’da uupy Muomurels i
BTOPYI0 OT KOHUA uMppy MHOMKUMOro, MHOXHM TPCTLIO Huppy
MIIOKHUTEIA 2 Ha YKOPOUEHHOe MHOWHMOe 67; MpeiBapUTeabHO
3aMCUACM, U4TO OT YMHOXCHHUA 3ToH uudpsl MHOKMTEIR HA
TOABLKO UTO OTOPOINEHHYIO UHGPY MHOXUMOrO 10ayunan 6ul 8,
TaK 41O K MPOU3BELEHUI0 pubapasem I;

4) HakoHel, 3aYEPKHYB eule 2 B MHOWHUTEIe U 7 B MHO-
WHUMOM, YMHOXAeM O Ha 6, npeipapureabHO 3aMETHB, YTO
5. 7=235, Tax 4To K npousseleHmio 5 - 6 =30 npubasasenm
yersepky (ayuile, ueM TPOHKY, TaK KaK YMHOXATb HYXHO
6uiio Ob He TOZLKO Ha uudpy 7, HO H Ha Crelyloulne 3a Heil
or6poicHHble 1HGPHI);

5) BCe noayyeHybie NPON3BCIACHUA CKAALLIBACM, [OAYYACM
15678.

Uro6pl But6paTe MeCTO 3anaToll, rpy6o OKpPyrifeM COMHO-
wHTE 1, 6CpA BMECTO HepBOro, Hanpumep, 6, BMECTO BTOPOrO
20. UckoMoe npoussencHue rpy6o passserca 120, 1. ¢, ucaan
YacTh HALICrO pe3yabTaTa sABIACTCA TPEX3HAUHLIM YUCIOM;
CACJIOBATEALHO, B HAaIUCM PeaynbTaTe HYXKHO OTACAWTL 3and-
Tol 1f1epBhle TPH UHQPEH, T, e. HYXHO B3aTh 156,78, a He
15,678 u ne 1567,8. B 3ToM pesyanTare BEPHB! TOILKO 1I€PBHIC
vetnipe nndpol. llocaenuow ungpy (xoropast momer cojep-
®alb OMWMOKY 10 TPEX CAHNU) MCHOJAb3YeM J18 OKDYIrACHUA
pesyaprata 1 noaydaem 1568,

[Tpumep 2. 674,3.232,5, YmHOomCcHIC NHOUIBOAHM, KAk
B npexbuaynieM npumepe. Iloayune 15678, Bubupaem Mecto
sawnroft. Ipy6oe vaumowenue aaer (600-200= 120000, 1. o,
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11ecTH3HayHoe uMciao. Tak Kak uenas yacTh HaICro Pesyib-
TaTa JIOMKHA CONEPXATH IMecTb Hudp, a NoayyeHHOe HAMH
upucao 15678 copepkHT NaTh uudp, TO NPHIHCLIBAECM K ITOMY
WMHCAY CNPaBa HYab; MECTO 3afATOH BBIXOAWT 33 Npejledh] Bbl-
NHCAHHBIX NHUGp, T. €. Pe3yabTaT HaIIero YMHOMEHHA BhIpa-
waercs ueaniMm uMcaom 156 780, Tak kak mnocaepHss uudpa
(Hyab) 3aBelloMO HeBepHa; MilleM pe3yanTaT B Bufe 15678-10
unn 1568 - 10® (em. 11, 34).

§ 42, Jenenne MpPHGIHIKEHHBIX YHCeN

Mpasuno 1. Ilpedessnas OmHOCUMeAbHAR nozpeil-
HOCHib: 4AGCMHO20 NPUOAUNCCHHO PABHA CYMME NpedesbHulx
OMAOCUMENbHIX — NOZpewnocmelt OJeaumoeo u Oesumens
{cp. §'39).

Mpumep 1. NMpubamxennoe yucio 50,0 neaurca Ha npu-
Gauwennce yucno 20,0. IlpeneapHas norpempocrb M€IUMOro
# neanteas 0,05, Torna npepenbHan OTHOCHTENbHAA HOrpell-

0,05
HOCTb JeJAUMOr0 €eCThb 565:0,10/0,a11pe11enbﬂaﬂ OTHOCHTelbhbHan
’ 0,05
HOTPELIHOCTb ACANTERH €CTb 555 = 0,250/, llpencapHas o1~

HOCHTEAbHAR NOrpeuHocTh yactHoro 50,0 : 20,0 = 2,50 moaxna
cocTaBaATh NpuGansureabHo 0,10/ 0,250/, = 0,35/,

JlecTBUTCALHO, UCTHHHAA BCAMYMHA YaCTHOTO He Goaplie,
uem (50,0 - 0,05) : (20,0 — 0,05) = 2,50877, 1 ne MeHblie, yeM
(50,0 — 0,05) : (20,0 4- 0,05) == 2,49127, Ecam uctunHOE 3Haye-
HHE 4YacTHOro ecrth 2,50877, To a6ConiOTHAs NOrPEUIHOCTD
coctaBasier 2,50877 — 2,50 =10,00877. Ecaw xe ucTHHHOE 3HAa-
yenue ectb 249127, To alcomoTHas MOPPEIHIHOCTb COCTABUT
2,50 — 2,49127 =0,00873., PaccMOTpeHHLIe Cayyad —- caMmble
HeGaaronpuaTHole. 3HAYUT, NpefeibHas OTHOCHTedbHad -N0-
rpemnocth cocrasader 0,00877:2,50 =0,00351, 1. e. npubau~
xeHno 0,35%,.

3ameuvanne. TouHan BeauyuHa mnpepeabHolt oTHOCH-
TeabHOR FIOrPeUIHOCTH BCErjla MpPEeBbIIaeT NPHOIMKCHHYIO,
BolugcaeHAYIo o npasuay 1. [Iponenr npesbiutenus npumepHo
paseH nApeleabHOR OTHOCUTEABHOH NOFPEIHOCTY jJleaures.
B Hawem npuMmepe npessiucHue cocrasaser 0,00001, gro
cocrasaser 0,290/, or 0,0035. Tlpeneantan we OTHOCHTENbLHAA
1OrPeIlHOCTD JeauTéas pasHa 0,250/,

pumep 2. Hafitu npeiersHylo aBComoTHYO norpen-

Hoctb wactHoro 2,81:0,571,

Pemenue. TlpereabHas oOTHOCHTEdbHAA NOrPEULIOCTD
aexnsoro ectb 0,005:2,31 =0,20/5; memareas 0,0005: 0,571 =
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= 0,10/ wyactHoro 0,20/, 4- 0,19/ = 0,3%/,. llpcaeapnan aGco-
AOTHAA UOPPCIMHOCTD UACTHOrO NpubaInKeHHL paBHa 0—%‘—1— X
X 0,003=0,015, 3uauur, B uvacrnon 2,81:0,571 =492 ywe
TpeTbs 3Hayamas nudpa HeHazewHa.

boaee npocrasa, Ho 3aro Goaee rpyGas oOieHKAa TOYHOCTR
YaCTHOrO OCHOBaHA Ha 1lolcueTe TOUHMX undp (cp. § 40).
BoT 31a olleHKa:

Mpasuao 2. [lycms Qdeaumoe u Jdeaumens usewi
Kaxdoe no k 3ratauux gudp. Tozda abcoswmuas no-
epewtHocms  4acmAHo20 8 xyduiem caydae Gauska k 1,05
edunuym (k— 1)-20 3Haxa (3T0ro 3HaueHHs oOHa HUKOTrIa
He JOCTHTAeT).

Kaxk Buaum, npeiaeabhas norpeHoCTbh YacTHOTO TEOPETH-
yeckH saBOe 60IblUe NpcAeabHON NOTPellHOCTH NpousBeje-
A (§ 40). OuHako Ha caMoMm Aede HOIPeWHOCTb YaCTHOro
HPCBOCXOAHT S enHMIL B-f1 undpbl JUUb B HCKIOYUTEIbHBIX
cayvanx (oaun pas u3 teicaun). llostomy 8. wacmuom cae-
oyem Opame cmoabKO e 3HQYAULY  {uEp, CKOALKO UX
uMewm Oeaumoe u Odeaumens.

Ecan we oano w3 nannwix uicea (feaumoe Wil JeauTenb)
uMmeeT OGoabuie 3HauaWuMX undp, ueM JpPyroe, 1O CAELYET
OT6POCHTL BCE JHINRHE UMGPH UM COXPAHHTL TONBKO Nep-
BYIO 43 HHX (B KauecCTBC 3allacHoll),

Ecan rtpe6yeTca, uto6bl' uacTHOe MMeno 3apatce jgaHLoe
HUCAO BEPHBIX UHM@pP, TO B A€AMMOM H JACJAUTEIC HYKHO HMETb
Ha 00RYy 3Hauawyvio qudpy Goasue,

§ 43. Coupamennce nejexne

Bo usfexanlie U3AHMIHHX BLIKAAROK AedeHUe NPHOMMWCH-
HbiX YHCE]d MOXHO BBITIOAHATH CJACHYIOWHM 06pasoM:

1) He ofpawasn BHUMaAHHR HAa NONOXCHHE 3aNATHIX, N0AY-
uaenm 1epeyl0 UM(PY uvacTHOro TaK e, Kak Iipu AeICHUM
neanix uuces. Ecan 3umavammpe ungpel geiumoro o6pasyior
uucso, 6oabiiee, yeM 3Havamue uppn xeautenn (06a umcaa
paccMarpuBaoTCA Kak iledbie), To Nepsas unppa YaCTHOrO
VMHOXKAETCH Ha Becb HeanTeab. B npoTuBHOM cayuae B meau-
Tede 3ayepKHBacM fiocaeaHiolo nundpy U yMHOKAEM Ha YKO-
pOUeHHHI JleauTedb, HO B pe3yablaTe YUHiblBaBM BAHAHUE
orbpowennoit nugpn. Tak, ecam jeaum 2262 Ha 7646, 10
nepsan uudpa uacrHoro 2(22:7=3 c ocratkoM, HO 3 He
roputes, Gepem 2). Ona ymnowaercsa Ha 764, k pedysbTary
npubasasetcs | (3ro — nepBan undpa npoussegennn 2-6 = 12).
D70 eaaercs cpasy PH YMHOMKCHHME Ha LOCKeIHICI0 uudpy
YKOPOUCHHOIU ALIHTENs),
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2) Pesyabrar YMHOXeHHA HEpPBOH uudpsl YacTHOro Ha
-eduTeab (MAH HA YKOPOYEHHBI JequTeab) 3aiHChLBaeM HOML
JeAHMBIM — HH3IUNH paspaj (0 HU3LIHM M Tak jgasnce. 3artem
HAXOJHM OCTaTOK.

3) Bmecto toro 4to6nl K OCTaTKy CHOCHTb HYIb, YKOpa-
yjBaeM AEIHTeRb, 3a4CPKHBAA B HeM NOCHEJHION KUPpPY (ecan
YKODOUCHHE YXe Jlenanoch, TO Tenepb NPOH3BOAHM OTOpachl-
Banue nocaejHeit U3 octaswuxca ungp). llogobpas BIOpPYIO
ungpy yacTHOro, YMHOMAGM €€ HA YKOPOUEHHb JeiauTenb,
YUYHTHIBAA BJAHAHHE TOABKO YTO OTOpOHIeHHOH uuppol.

4) TloanuchipaeM pesyidbTaT YMHOMCHMA [OX MEPBbIM
OCTATKOM — HHU3WIMA paspsy noja Husmum u T. A Haxopum
BTOPOil OCTaTOK.

5) BmecTo chHeceHHA Hyaa YKOpawuBaem AciuTelb elle Ha
ONHY 1UppYy ¥ T. I

6) IMoayuus wacTHoe, onpejpeaseM MecTo 3anAaToft mo rpy-
6ot NpelABapHTEAbLHONH OlleHKe.

Mpumep 1. 58,83:9658.

3anuche: 1) Tak xaxk 5883 menpme 9658, 710 ¢
CaMoro Havajza 3avepkuBaeM INOCJAEJHIOK

_g%g %6_5381 uugpy neantens 8. [epsas nndpa vactuoro 6.

— 092 [lomnowaem 23Ty undpy Ha 965, yuuTHIBAA,
— 8 yTo oTGpolieHHas HHPpa macT 5 CAHMHHL
—3 (6-8=48; 8 or6pacmBac™, 4 oxpyrasem
—2 10 5).

2) llpoussepenue 5795 nonmucuiBaeM Mo
JleMMBIM — paspAx fnox paspagoM. Ocrartok 88,

3) 3avepkusaeM BTOPYI® € KOHHA wWndpy peauteas 5.
YkopoueRHbl#l geauteas 86 HE CoOmepEHMTCR HM PA3y B AeIH-
Mom 88; cTaBMM B YaCTHOM Hyab !); HHKAKOr0 YMHOXKEHHA Npo-
H3BOJIUTh HE HYXHO.

4) Her nyxnapl naxoputs # BTOPOR ocratok,

5) 3auepkuBaeM eme oAHY HHGPY Aeauteas 6. Ykopo-
yeHHbI deautear 9 comepxurcd B OCTaTke AeBATb pa3. llo-
9TOMY TpeTba UHGPa yacTHOro 9. YMHOWas Ea yKOPOUeHHbIH
AeAUTenb C Y4eTOM BJAHAHUA 3auepkHyToH UHpsl, umeeMm 86,
Ocratox 2. Ha atom neficteBie He 3akaHuHBaerCs, «OT6pachl~
Bag» NOCACAHION OCTABIIyIOcA BUDPY, HO YUHTBIBAA ce€ BAMA-
HHE Ha pe3yabTar, MB HAXOXUM B HYacTHom eme nudpy 2
(2-9=18; 8 or6pacuiBaerca u | okpyraserca go 2). [lpoue
BCEIO MNOAYYHTb NOCAEIHIO UMDPY, CHECR MbLICAEHHO HYJIb
K YocaenHeMYy OCTatky 2; noayyaem 20:9==2,

1) O6pautaio ocofoe BlMMaHie [a 3TOT MOMEHT; Hacro ReaalT rpylyio

omnubKy: He M03a60IMBUINCHG MNOCTABHIbL HYJAb, TOYONATCE OrOpachHBaTh
caexyiomyio undpy readrend.
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6) Mecto sanaTtoli onpegeasiercs no rpyboMy HoicyeTy.
B peauMoM u feautede oCTaBIAEM TOJABKO Iedble YacTH; sICHO,
uyto 58:9 =6, 1. e, Hedasd YaCTb YacTHOTO €CTh YHCAO O(HO-
3naynoe. [loatomy pesyabtatr pased 6,092, a ne 60,92 u ue
6092 u Tax nasjee:
Bece uudpsl pesyaptara BepHsl,
Mpumep 2. 98,10:0,3216.
3anuce:
%810 1y 9810 Goavure wem 3216, ITepayio iugppy
— %, 03216 yactHoro 3 MuoxuM Ha 3216, [Toavuaem 9648.
Ter 305,0 2) Ocrarok 162, 3) 3ayepruBacy nocie IHIO0
~ 16l undpy Aeaureas 6, YkopouyenHw# jpeanteap
— 321-He collepHUTICA B OCTaTKE HH OXHOIO Pasa;
BTOPasA uudpa pesyaprara — Hyusb, 4 — ) 3a-
yepxKUBaeM cule oJHy uHGpy xeautens l;ocrarok 162 meautcs
Ha YKODOYEHHBIH JeauTenb 32; tpeTbal uudpa uacTHoro 3.
Ymuoxan ee Ha 32 M yUHTBIBaA BadsHue 010poutenHOl nugpol
jleautens, noayuaeMm 161. BroiuntacMm us ocratka, [Toayuaem 1.
3avepkusaes undpy 2 B jeaurene. YKopoucHHul{t nexurean 3
HU pasy He comep¥HTCca B octatke 1, Iloaromy nocrepunss
nHppa YaCTHOrO — Hyab., 6) 3anaTyio cTasUM Ha OCHOBE IPy-
Goro. oxpyraeHust NaHHBIX uucex: Gepa 100 Bmecto 98,10 u
0,3 smecro 0,3216, Bugum, uro 100:03==300, 1. e. uenan
4acTh YacTHOro TpexsHayHa. 3HAyuT, YacTHoe ecth 305,0,

§ 44. BoaBeieHne B CTeneéHb W H3BJedYeHHe KBaJPATHOTO
KOpHA H3 NPHOIHIKEHHBIX YHCea

Bossegenne B (1eay1o) cTelieHb eCTh TMOBTOPHOE YMHOME-
HHe, U TOTOMY K HEeMY OTHOCHTCA Bce ckasaunoe B §§ 40—41.
[Ipy Bo3BefeHus B HEOGONBIUYIO CTENCHb pe3yabTarT HMmeer
CTOABKO e BEPHHX UHDP, CKOALKO B3ATOC YHCHO, HIH CO-
nepxut HeGoapluylo ownOKY B IHocaexHeM 3Hake. Ecau e
CTEMIEHb LDedHKa, To HakoljeHHe HeGOAbIINX OMIHGOK MONKeT
OTPasMThCA M Ha NUQPaX BHICUIEIO paspsaja.

IMpn usBaeueHny KopHs M0GOH cTeneHu pesyapTar uMeeT
no MeHbulel Mepe CTOABLKO e BePHBIX HHGP, .CKOAbKO uX
6bl10 ‘B NMOAKOpeHHOM uyHcae, Tak, n3saeKasa KBajparHbiit
KopeHb u3 Hpubmmxennoro ypucaa 40,00, MOXHO NOJXYyYHTD

yerwipe BepHble nudps (40,00 = 6,324) 1).

1) Bcau noAb30BaThCA COCOSOM W3BIEYEHUA KBAJPATHOIO KOPHS, OGLIYHO
W3yyaeMBIM B LIKOJE, TO, YTOGBI MOJAYYWUTH B peayabrarte 5,324, Haxo nox-
KopeHHdOe YuCI0 npelcTaBuTh B Buae 40,000000, T. e, mpUAUcaTh K HeMy Ye-
Toipe Hyas chipapa, [lpunucannuie Hyau GyAyT Hegepruumyn uudipamiu, HoO
COOTBETCTBYOIIHE U pH! pe3ybTaTa BepHbl. Pe3ynbTAT OCTaHETCH TeM e,
€CAH BMECTO YeThipex HyA€H JONMUCATh YcTulpe BPOM3BOJALHO R3NTLIE HpLL.
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Cnoco6 u3Biae4eHHA KBALPATHOro KOPHA, o6bIUHO H3YyYa-
eMbift B HIKOJe, FPOMO3JOK H TPYJIHO 3alOMUHaeTCdA, a Teope-
THUecKoe ero oO0OCHOBaHMe i OOABUIMHCTBA  YYaiHXCH
ocraerca HeXoCTynmHHIM. Huxe mpusoaurca npocToff u JIcrko
3afOMHHAeMBIl CiocO6 MU3BACYECHUA KBAAPATHOrO KOPHa (C JIO=
6oit TpebyeMofi cTeneHbio TOUHOCTH). IJTOT CIHOCOG OIMCAH
ApesHerpeyeckuM yuenwmM [eponom npumepro 2000 aer
nazan ). Tor ske cnoco® MOWHO NpUMEHHTb M 1A H3BICYe-
U Kopia TpeThelt (M Goaee BblCOKOM) crenenn (cM. HIKe
§ 44a).

Mpasuio HsBleYeHns KBagparHoro kopH#a. Yrobwm us-
BACYb KBaJpaTHHIH KopeHb, Gepem <Ha ria3» nepsoe npubau-
WeHHE M TOCTYNaeM Tak:

1) Jlenum nogkopeHHOE uHCAO Ha nepBoe NPUGAHKEHUe
KOPHSA; ecay OKAWETCHA, YTO NMOaYUCHHOE YACTHOE Pa3HUTCA OT
iepsoro NpuGINMKEHHA Ha BCHKUMHY, He MPEBHIIAIOWIYIO NO-
fIyCTHMOl NOTPCHIHOCTH, TO KOPCHbL H3BICYEH,

2) B npoTHBHOM ciAyuyae HaXOJdUM cpelpHec apHpmeTHuye-
ckoe (Il, 45) nmeamtens u wyacTHoro. 3IT0 CperHee apupMeT-
yecKoe jaet 3HayMTeabHO Oosice TOUHOE 3HAueHHe (BTOpoC
npubanmenne) kopHa. pu ckonbko-uuGyis ymenom Buibope
fIepBOro NpUOIHXCHUA BTOPoe npubmmkeHue naetr 3 BepHble
1udpel, a 06bl4HO HE MeHee 4 BepHbX uHpp. Boobume B Kam-
JI0M HOBOM NDHOJIMMKCHUHM YHCI0 BePHhIX UUQp YABAMBALTCH
110 CPABHEHUIO C IIPEJIbIXYIULHM.

3) lMonsepraem BTOpoe NMpubanNKeHde TAKOMY XKe UcChibiTa-
HMIO, KaK NePBOE, T. €. JICAUM HOLKOpPEeHHOE YHCAO HA BTO-
poe npnGamkenue. Ecam 6p okasadocs, UTo TouHoCTb pe-
3yAbTaTa HEJOCTATOYHA, TO HaxOIUM TpeThbe NpUGIHMKeRUC
-TeM ®e croco6oM, KaKMM Hallau BTOpOe, M 1. I.

3amevanue 1. Msnoxenuwit citoco6 «ue Goutea omu-
60K>: OH aBTOMATHUYECKH HCIIPABNACT apHPMETHYECKYIO OUING-
Ky, €CId TaKoBas IONylleHa Ha npepmayuleM 3tane. Elun-
CTBEHHBIM BpeIHbIM TOCACACTBHEM OygeT 3aMcjlleHHe Bbl-
KIaKH.

Mpumep 1. ¥ 40,00, ITogkopeHHoe YyuCaO UMEET YeThIpe
BepHbIC HMUOPH; BbHuNCIATL Goace YeTHpeX LHGP KOPHA HET
cubicaa. Halinem wetnipe uugpst. _

3a uepsoe npHOIMKEHME Haj0 NPUHATL Kakoe-HUOYIL
unCcao, 3aKa0UeHHoe Mexny 6 m 7 (raxk Kak 6°=36 meHple
10JIKOPEHHOTO YKuCaa, a 72 =49 — Goasitic). B 3TUX rpaHuunax
MOWHO B3Tb 11060€ YHCIO, HO €CHH XOTHM COKOHOMHTH 1alb-

1) Tepon no.b3oBancs NPOCTLIMU ApoGAMM; Mbl, KoHeuno, OydeM noab~
30BaThCH JECATHUHBIMH IPOGAMH,
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HeAlnA TPYR, 10 HANO B3ATH KdKoe-TO WHUCIO, MEHbIIEE YeM
6,5 (Tak KaK NOJKOpPeHHOe YMCAO 3HAyMTEnbHO Ganxe k 6%,
yeM K 7%). BosnMmeM, HanpumMep, 6,4!). Janee mocrynaeM Tak:

I) Jexum nonkopennoe uncao 40,00 Ha neppoe npHOAH-
wenne 6,4. Ioayvaem 40,00 : 6,4 =6,25. ¥me Bo Bropoit nuppe
yactHoe 6,20 pasuutcsa ot neanmoro 6,4 Tounocts pesyan-
Tara Hep0CTaTovHa,

2) B kauecrse BTOporo mnpubamkenus Oepem cpelHee
apupmMernyeckoe Xeaumoro 6,40 u wacthoro 6,25, Iloayvaem
(6,40 + 6,25) : 2=16,325. MoXHO oOXHIATh, YTO B 3TOM BTO-
poM TpUGIMKCHHM BEPHBl €CAM HE BCC YeThpe, TO NepBhle
TpH NUppbL

3) Ias KOHTpOAA AeAHM HOAKopeHHoe uncao 40,00 Ha BTO-
poe npubammcHue 6,325 (xoBoma HedeHWe IO ueTBEPTOH
undpo): 40,00 : 6,325 == 6,324. [loayuennoe yacruoe 6,324 pas-
HUTCA 0T AeauTeas 6,325 auillb Ha eMHUUY YCTBEPTOTO 3HAKA.
Ortclopa caefyet, 4to .KopeHb (c tpeGyeMoH CTeneHbio Tou-
HOCTH) HajineH.

HeitcTBUTenbHO, ech¥ BO3Bectd uHcno 6,324 B kpanpar,
T. €. (IOMHOMUTb ero Ha 6,324, To moayyuM uHca0, MeHbpluee
yeM npoussejenue 6,324 . 6,325, koropoe (NpuGamxeHHo) co-
crapaser 40,00. Ecau ke Bo3BectH B Bagpar uucao 6,325, 10
noayuyutca yucao, Goapimee vem 6,325 - 6,324 == 40,00. Cneno-
BATEILHO, HCKOMBI KBANPATHBIA KopeHb aewur mewny 6,324
u 6,325, [Toatomy HckoMBIt KOpenb pasuurca ot 6,324 (uam
ot 6,325) MeHbille YeM Ha eIMHULY YCTBEPTOro 3HAKA:

% 40,00‘-\-\: 6,324 (Bce 4 3uaKa BepHbI).

Mpumep 2. V 23,5 Vickomnii xopenb 3aKiouaerca Mex-
ay 4 1 5 1 aexut ropasgo Onmwxe K 5, yeM K 4 (TaK Kax
23,5 ropasno Oauike K 25, uem Kk 16). Bosbmem 3a uepsoe
apubamkenue kpyraoe yncao 50,

1} Deaum nojxkopexHoe yucio 23,5 Ha nepeoe npubamxe-
HHe :?600 (1oBojin wacTHoe IO Tperbedl UHdpH): 23,5:5,0 =
= 4,70.

2) B kauecTBe BTOpOro npubamxenuss Oepem cpejiHee
apupmernyeckoe (5,00 4 4,70) : 2 =4,85. MoxHO 0%HUAaTb, YTO
sce Tpu uudpul BePHbL

3) Ilna KoHTpons JeauMm nogkopexHoe yucho 23,5 Ha BT1O-
poe upubaxenune 4,85. Iloayuaem 23,5:4,85==4,85. Tak Kak
HACTHOE PaBHO (C TOUHOCTBIO J10 TPETBEro 3HAKA) JeTUTe.i0,

1) Mowno Bante 6,3 nau 6,2, Ho 6pats 6,1 net cueicaa, ugo 6,1 canwkon
6anako i 6,



§ 44, BOSBEJEHUE B CTENEHb MPUBIMKEHHOTO YUCHA (15

TO KOpeHb H3BAeYeH (C MAKCHMAJAbHO BO3MOMHON CTENeHbIo
TOYHOCTH):

V 23,5 == 485,

3'amevanuwe 2. Ecau noakopensoe uucao ecthb Aecsi-
THYHaA Jpo6p, HMEIOMAs B A0 YAaCTH OxHY 3Havamyio
HHPPY HIM HYAb, TO AAA NOABICKAHMA MEPBOro NpHOAHmKeHUd
PEKOMCHIYETCR TIePEeHEeCTH 3alATYI0 BIPaBo uyepe3 JBe, YeThl-
pe, mectb ¥ T. A. NUPpP C TAKHM pacyeToM, 4To6nl B Henoi
yacTH OKa3zaaochb HeGoabluoe uynucao 3HaKoB. Jlazee mocrynaem,
Kak B npumepax | u 2, 1 B OKOHYaTeALHOM Dpe3yabTaTe lie-
PEHOCHM 3anATYI0 B O0GPATHOM HZlUpaBJACHUM Yepe3 ONHY, lBe,
TpH U T. A UHPPHL,

AHaJI0TMYHO MOXHO NMOCTYuaTh B TeX caAyyasX, Korja nof-
KOPEHHOE WCA0 MMEET MHOTO3HAYHYIO LEAYI0 YacThb; HO TOr/A
3anaTas BHayajle -NePEHOCHTCA 8.4¢80 uepe3 IIBE, ueThipe,
mecTs ¥ T, A undp. .

. B NOAKOpPEHHOM YHCJIE 3AMATYIO MOXHO NEPEHOCHTh MOAbK
yepe3 vemuoe qucA0 yugp. )

MNpumep 3. }/0,008732. Ilepenocum samatyio uepes 4
3Haxa sitpaso. Iloayuaem 87,32; npm sh6ope nepsoro Hpu-
GanxeHua OGyiaeM  YYUTHIBATL TOABKO leaylo uacte. [lpumewm
3a nepsoe npuGanxeHde, ckaxeM, yucao 9.3 )

1) Heaum 87,32 na 9,3. Ilponoaxan neaenye 10 yerBeprod
3navawedt nudps, noryuum 87,32 19,3 = 9,389.

2) Haxonum cpennee ap}@Memqec_lgge

(9,300 - 9,389 : 2 2= 9,344,

3) Jan KoHTpous BunoaHseMm neiaeHue 87,32 : 9,344 ~ 9,345.
3uauut, B moboM u3 uuces 9,344 u 9,345 Bce yerTnHipe 3HaKa —
BepHble (NepBoe 1aeT HeLOCTATOYHOE NpuGAHKeHHe, BTOpoe —
H30LITOYHOR).

4) Tak xax BHayaje Mbl NepeHecHd 3aMATYIO BNPABO Yepes
4 3HaKa, TO. B O6PaTHOM HanpasjeHuy (T. €. BACBO) 3aNATYIO
Hajgo nepenecTd uepes 2 3naka. loayuaem

¥/ 0,008732 =< 0,00344,

Mpumep 4. ) 8732000. [Tepenocum sanatyio BaeBo Yepes
6 ungp. INoayvaem 8,732 (ecau mnepeHecT: 3amaryl uepe3s
4 uugpy, noayuum 873,2, Ho ne 87,32, Kak B upenbayuUleM
npumepe!). 3a neproe npubammcHue MpuMeM YHcAo 3.

1) 8,732:3=12911.

2) (3,000 4 2,911) : 2=2,955,
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V3 mepsoro gmeiicTBHA ACHO, YTO B flepPBOM NPUSAHKEHUH
{3,000) Guinu nse BepHble uudpu. TlosToMy mago oxuaath,
410 BO BTOPOM npuGiaMkeHnH Oynyr Bepusl 4 ungpps. Kou-
TPOib NOATBEPKIAAET 3TO. i

3) Tax kax BHawane Mbl NepecHECAH 3ANATYIO BJEBO uepes
6 3nHakoB, TO Telepb NEpeHOCHM ee B OOPATHOM HalpaBACHHU

yepe3 3 3HaKa:
V' 8732000 ==2955.

§ 44a. NpaBuao H3pjIedeHHs KyOHUECKOro KOPHA

Urobnl u3Baeun KyOGUUCCKHII KOpEHb, Gepem <Ha [Jaa3»
nepsoe NpuGIMXeHHe M MOCTYiIaeM Tak:

1) Mencune na nepsoe npubammeHue (cp. npasBuao § 44)
BLIIOAHRETCA ABAM(Ibl: CHAUAJA [ENHMbIM CAYKUT NOAKOPEH-
HOe YHCA0, a 3aTeM — YHCAO, [I0AYYCHHOE B pesyapTate mep-
soro neaenus. Ecry uwactHoe (nonyyeHnoe nocae 8mopo20
JleieHNA) PASHUTCA OT flepBoro Npubanxenus (1. e. oT A€AH-
TEAR) HA BEIMYMHY, HE APEBHINAKILYIO LONYCTUMOH norpem-
HOCTH, TO KOPEHb' U3BACYHEH.

2) B npoTusHOM cayyae HaxoXuM cpejlHee apHpMeTHue-
cKOe TpPex uHced, a4 HMeHHO yacTHOro (OT JABYX HefeHnit)
B ABa¥an B3aToro gaeaureas!'). Iloaywaem sropoe npuban-
weHue; Y Her0 (1IpH CKoabkO-HHOyIb yMediom Buibope mep-
BOro MpuGAMKEHUA) TPH HMpPL GYAYT BePHBIMH, a YeTBEpTasn
B XyALIEM cayuyae noTpe6GyeT HCNpaBAcHUA Ha l.

3) Bropoe npubnHxeHne MOXHO NOABEPrHYThH TAKOMY Xe
MCUBITAHNIO, KaK [ICPBOE; HO ITOT KOHTPOAbL YTOMHUTCAEH.

Mpumep L 3]/ 785,0 VickoMpiit KOpeHb 3aKAIOUCH MeXny
9 u 10. 3a nepsoe npubamxkcHue Bo3bMeM 9,2 (TaK KaK 1HOJ-
KopeHHoe uyucao npuMmepHo B 4 pasa Ommxe k 9%, uem x 103),

1) Hago paspeanrs Ha 9,2 cuayana HOJAKOpeHHOE YHCIO
785,0, a 3atreM vacrHoe 785,0:9,2, BMeCcTo 3T0r0 MOXHO pas-
Jeautb 785 Ha 9,22 ==84,64. [Tonyuaem

785,0 :9,2:9,2 =1785,0: 84,64 == 9,275.

Kak BuInM, nepsoe npHOMMKCHHE HMCET J[Be BEPHbIC
nudpe. Hro6ul HamayuwnM o6pasoM HalTH BTOpOe MPHOAH-
KeHHe, yuTeMm, 4To NHoAKopeHHoe uucao 785,0 okazanoch mpo-
W3BefeHHeM Tpex HepaBHbIX COMHoxutenei: 7850 =9,2-9,2 x
X 9,275, a HaM Haxo NPeXCTABHTL er0 B BUIe MPOH3BEJeHHA

1) OTkyra BO3HHKAeT 310 BTOpoe geilciBve — OYyAeT BuAHO U3 HIpuMe-
pa l, .
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TpexX paBHHX CoMHoXHTedell: 785,0=x.x.x (rge x=
= f/_ 785,0). EcrecTBeHHO NPeANONOXUTH, YTO KaxIbii W3
STHX PaBHHIX COMHOXMHWTENelt [0A¥EH NPUMEPHO PaBHATLCA
cpelHeMy apudmerHieckoMy coMmHOXureaeft 9,2,9,2 u 9,275.

2) Urak, B Kavecrse BToporo npubauxkenus Gepem cpen-
nee apugpmernveckoe (9,275 + 9,200 4+ 9,200) : 3 =9,225. Bui-
YHCAeHWE PEKOMEHIYeTCs NPOM3BOMMTbL O COKpalleHHOMY
cnoco6y (I, 46).

3) Hdan KoHTpONs MOXKHO Da3[IeadTh HOIKOPEHHOE YHCAO
785,0 Ha sTOpoe npuGamkenue 9,225, u pesyabrar ewme pas
pasgendts Ha 9,225 (Mam pasieauth HNOXKOpPEHHOE YHCHO Ha
9,225% == 85,09). IToayyum 9,225 (ecau npH BHYMCACHUAX He
COXpaHATb 3aNacHyo 1Kopy, Noayuntcs 9,224):

§/785,0 == 9,225 (Bce 4 nudpu BepHw).

3amevanne. llpn mnonbickaHuM nepsoro npubamxe-
HHA OblBaeT NOJE3HO MNEPeHeCTH 3aNATYI0 B YOXKOPEHHOM
yycae Bipaso (Mau BieBo) vepes 3, 6, 9 u T 4. uudp (cp. II,
44, sameuande 2). B OKOHYaTeAbHOM pe3yaAbTaTe NEePEHOCHM
3auaTylo B OOpAaTHOM. HampasieHHW uepe3 I, 2, 3 u 1. I
undput, [lepeHocHTh 3aMATYI0 MOMHO MOALKO 4epe3 maxoe
yucno yudp, Komopoe deaumcs Ha 3.

Mpumep 2. "’]/ 1835 - 10. B nogxkopennom wucae 18 350

nepeHoCHM 3amaTylo (mojpasymeBacMylo nocae uudps exu-
Hul) BaeBo vepe3 Tpu undpw. Iloayuaem 18,35, dro wncio
HAaXOJHTCA NPUMepHO MocpexHHe Mexay 2°=8 u 3®=27.
[MosTomy 3a nepoe nNpubaHmeHUe HPHHHUMaeMm 2,5,

1) Hapo aBamAbl BLIIOAHWTL JieJeHHe Ha 2,5 WiaH, 4to 10
3e, OJMH pa3 pasneants wiciao 18,35 Ha 2,5° [loayuaem

18,35:2,5:2,5=18,35: 6,25 ~ 2,04,

Kak suaum, B nepBoM npuOaiKeHHH BepHAa TOALKO OfHa
uuppa. 3HauuT, HAlO OXKHIATh, YTO BO BTOPOM NPHUOIHKEHHH
6yayr numb aBe BepHole uuppol. Ilostomy B caenyomem
RelicTBHH BeleM BBIYMCICHMe Jullib HAa JBa 3HaKa.

2) B xauecTse BTOPOro npuoImKeHHs OepeM cpejHee
apudmeruueckoe (2,54 2,5-129):3=286.

3) Uro6n YTOUHKHTH pe3yabTar, HANO ABAWIbl BHINOJIHUTH
neaenne Ha 2,6. Tloayuaem

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

Kak BujuM, BTopoe npubauxeHne HMeeT 1Be BepHHe 1ud-
Pbl; 3HAUUT, TPEThe, BePoATHO, GyleT HMeTh 4 BepHble HHOPH.
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4) B xauecrse Tperbero npubamikenns Gepem CpenHee
apudMernyeckoe (2,715 2,60 - 2,600) : 3==2,638.

Konrpoas (xotopbii Mbl ONycKaeM) noka3ax Obl, YTO 31eCh
BCe YeTbipe UNGPH BepHbI

V1835 10~ 26,38.

§ 45. Cpeanue BeJdHYHHBE

Ecau NaH psj BEJIHYMH, TO BCAKAA BEIMUMHA, 3aKMOYCHHAS
Mexny HauMeHbuielt u  HauGoabliell M3 NAHHHIX BEAWYHH,
HaswiBaeTca «cpejHeit», M3 cpepnux seanuun nauboaee yno-
TpebuTeabHY CPEOHAS apUudMemuyeckas n cpeOHss 2eomempu-
yeckast.

Cpedusis  apudmemuveckas (Man cpeduee apupaemu-
qecxoe) TOAYYaeTCH OT CIOKCHUA JAHHBIX BCANUMH H  Jene-
HUSL CYMMB! Ha YUCAO STHX BEAMYHH:

artas+...44a,
cp. ap.== ~
(84, az,... Gy ~— NAHHBIE BEAMYUNEL, 1 — UX YHCIO).
Ipunmep, Jaus uncua 83, 87, 81, 90,
83 |- 87 81 4-90 1
"_——r“——'-— 85 T.

Cp. ap.=—

CpeOHee 2eoMempudeckoe NOAYYaeTCA OT NepeMHOXeHHA
ZaHHLIX BEAVNYHH M M3BJICUEHHA U3 NPOU3BeJeHUA KOpHA, N0~
Kasarelb KOTODOTO PaBeH YHCIY BEIHUMH:

[
ep. reom. = a,85...4,

(a1 G2y00 G —— N3HHDIE BEJHUHHB, fl— HX YHCHO),

Ipumep. Haus yncaa 40, 50, 82.

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

Cpenee reoMeTpuueckoe BCEria MCHbille CpellHero apud-
METHUYEeCKOro, KpoMe TOro caydas, Korga BCe B3AaTbhle 4YHCiIa
paBunl. Torma cp. ap. pasHo cp. reom. Korapa pasanynd
MEXIY B3AThIMH YHCAAMHM COCTABAAIOT Maible JOJH -CAMHX
yucesa, TO M pa3sHOCTb MEeMy Cp. ap. ¥ Cp. reom. Majia
B CPAaBHCHHUH ¢ HHMU.

Boluncaerue cp. ap. umeer Go.abLloe 3HAauGHHE BO BCEX
06aacTAX IPaKTHKH.

Mpumep 1. Vsmepaerca paccrosHHe Mex1y JAByMA
HYHKTAMH € nomouibio [0-MeTpoBOfi PYJETKH C CaHTHMETPO-




§ 46. COKPALLL, BBIYUCJEHWE CPENH. APHUOMETHYECKOTO |]9

BuMu nescHusimd. Cxeaano 10 npomepos. Pesyapratnl  ux
(p Merpax): 62,36; 62,30; 62,32; 62,31; 62,36; 62,35; 62,33;
62,32; 62,38; 62,37. Pasauyne pesyabratoB oGbACHAETCA Cay-
yaligbiMu HeTOUHOCTAMHM uaMmeperuit. Torxa BululcasoT cpeuy-
HIOIO apUpMETHYECKYIO:"

cp. ap. == (62,36 + 62,30 4 62,32 + 62,31 -+ 62,36 - 62,35 -+
+ 62,33 -1- 62,32 - 62,38 -+ 62,37) : 10= 62,34,

310 yucao npejacTasaser Golee HANEKHYIO BEIMYHHY U3Me-
PAEMOr0 PaCcCTOAHHUA, YEM YHUCHA, NOAYYCHHbIE IPH U3MEPEHHH,
NOTOMY " UTO CayualiHbole OIHUGKH MOYTH BCETAAa KOMIICHCH-
PYIOTCS 1IPH BBIUHCJIEHHH CpeiHero (cMm. nmxe § 47).

fTpumep 2. Y ToicAYM B3POCALIX JI0J€H U3MEPCH POCT.
Haiizena cp. ap. 310 — taxk HasbiBaeMolil «cpelHuit poct». On
He Bblpamaer, BOOGIle [OBOPA, POCTA ONPENCAEHHOIO Yea0-
Beka. Ho ecam uaMeputh pocr 6Goablioro yucaa Apyrux
aoaed ¥ CHOBA BHIYUCAUTD CP. ap., TO CPEAHHH POCT OKaMeTCH
NOYTH TakuM xe. PasyMmeercs, TEOPeTHUECKH BO3MOXHbBL CXY-
yay, Korga B rpynie u3 1000 aun 6yayr npeo6aanarb Beiu-
Kaupl Mau kapanku. Ho u3 umcna Bcex MbICIUMBIX cayvaes
3TH HCKJIOYHTCABHBIC CAYYaH COCTAaBIAOT, KaK [OKA3biBaIOT
BHIYHCACHUA, HUYTOWHeHui npowent. [lostomy npaxmu-
yecxtl 6e30INB0YHO, MOXHO CYMTATh, 4TO0 B JoColl rpymne
u3 1000 yenosek cpemuuil pocT 6yeT HOUTH OAMHAKOBBLIM,
Cpennye apudmernyeckue, HafjleHHbLIE H3 MAcCcOBBIX HM3Me-
peHull, Ha3LIBAawTICA cmamucmudeckumy cpedrumu. Cratd-
cTHYecKHe CpejlHHe UMET 60abliI0e NPAKTHUECKOe 3HayeHHe,
Hanpumep, 3Han cperHuit yIoil KOpOBu onpelelxeHHON no-
poiasl UpH oNpeleneHHHX YCAOBUAX €€ NHTaHHA W T. 1.,
MOMHO BHMHCAHTB YHOH cTaja, NOMHOXan cpegHull yio#t Ha
YHCJIO KOPOB B CTaje.

§ 46. CoxkpameHnoe BblucIEHHE CpefHero
apHGMeTHIECKOro

Yucaa, Gepyiiecs a8 BBIMHUCACHAS CP. ap., 06bYHO MAA0
oTaHYalTCA APYr o gpyra. TOrna BeiyucieHne cp. ap. MOXKHO
oyeHb 06JErYNTh .C NOMOILBIO CAEAYIONIero fIpHeMma:

1) BribupaeM Npou3BoabHO Kaxoe-HUOYAb u#clo, Gauskoe
K pandoim  yucaaM. Ecau paussle uydcaa pasusarcs Apyr or
Ipyra TOAbKo B focaefueli uuppe, o B soiGHpaeMoM dYucae
NpENNOYTUTEALHO B3ATH 3a Mocaenhow undpy 0; ecanm nam-
HbHl€ uucaa PasHATCA ApYrL OT Jpsra B JIBYX MOCAENHHX
wnppax, yaooHo B3ATL uyHCIO C JABYMSU HYJAMH Ha KOHLe
HTOA



120 Il, APHOMETHKA

2) BolyutaemM 9TO UYHCIO 1O Oyepeld H30 RBCeX NAHHHIX
qucen ). .

3) bepeM cp. ap. HaiimeHHBIX pasHocreit.

;1_? [Ipu6asasem cp. ap. K B3ATOMY UHCTY, )

pumep. Haittu cp. ap. necarn uwmcen 62,36; 62,30;

62,32; 62,31; 62,36; 62,35; 62,33; 62,32; 62,38; 62,37 (cp. npu-
Mep npemuaywero naparpada). 1) BumGupaem uucao 62,30
2) BoiyntaeM 62,30 u3 naHHRIX yHCces; HAXOAUM Pa3HOCTH.
(B coteix pmoasx) 6; 0; 2; 1; 6; 5; 3; 2; 8 7. 3) Bepem cp. ap.
pasHoctefi; moayyaem 4 (cornx). 4) [Npubasasenm 0,04 k 62,30.
Moayyaem 62,34, 910 — HcKoMOE ¢p. ap.

§ 47. ToyHoCTh cpeAHero apHpMeTHUECKOTO

Ecan cp. ap. nmoayyeHo M3 cpaBHUTENbHO HeGOALILOFO
paNa RaHHBX u3MepeHusa (Hanpumep, u3 10, kak B npumepe ]
§ 45), T0 He HCcKMOuEeHa BO3MOMXHOCTh, UTO HCTHHHaA BEaU-
YHHA HECKObKO OTKIOoHAeTCA oT BuluucaeHHoli cpenneit. Torna
BAXHO 3HaThb, KaK BCAUKO MOMeT GhiTbh 970 OTKAOHEHHE; Peub
HJICT HE O TEOPCTHYCCKH MBICIMMOM OTKIOHCHHHM (OHO MOMXeT
GbiTb KaK YrofHo BEJIHKO), a O [PAKTHYECKH BO3MOXKHOM
(cp. npumep 2 § 45). BeanunHa nocaennero 3aBHCHT OT BeaU-
“YHHBL CPEORE20 KBAOPAMUYHO20 OMKAOHEHI.

Cpednux  KgadpamuyHolM  GIMKAOHEHUEM Ha3bIBACTCH
KBAJPAaTHHIH KOPeHb M3 Cp. ap. BCEX KBajApatoB pasHocrelt
MCKIY AaHHBIMHA yuCAaMH M uX cp. ap. Cp. KB. OTKAOHCHUe
1puHATO 0603HavaThL rpeueckoit OykBol o (curma):

5_=]/(l11—a)"“-¥‘(.l12*tZ)Q—}-...—i—(an—ap (A)

n ”

rne a=(a; + a: ...+ a;) 1 n (3nech ay, as, ..., a, — LaHHble
YHCaa, N — UX YUCAO, 4 — HUX Cp. ap., &—CP. KB. OTKIOHe-
Hue).

aMevyanune. B dopmyre (A) mobyo u3 pasuocrefs
MOXHO 3aMeHHTh efi o6parTHoli; 3TO JHaeT BO3MOMHOCTL He
BBOJMTb B BHIYHCACHHE OTpunareibHnix uyucen?). HmenHo,
Korjla OIHO M3 JaHHBIX YHCed MCHbLIC, YeM CP. ap., 10 MH
GepeM ero 3a BHIYMUTAEGMOE, a Cp. ap. 33 yMeHbliuaemoe,

1) Npy 5ToM MOryT NO.JIYYaThCs NONOMHUTEAbHBIE U OTPHIATENbEBIE YHCAG
{06 oTpunatesbumx uicrax cm, 11, 3). Ecau xorsar storo usbemars, HyxHO
B3ATH HUCAO, MEHBbIICE BCeX HaHHMX wuwncen. Ho Breruuchenus 6yayr ue-
CKO/IBKQ Jerye, ecan B3RTh Kakoe-RUOyIb cpeAnee MEKAY AAHHBIMH HNCJaMU,
2) OG-oTpHNaTe bHLIX WnCAax cM. 111, 3, ’
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Mpumep. BouucAHM Cp. KB, OTKJAOHEHHE RAS yucen
upelsiayumero maparpaga. TaM Mol Haliag uX cp. ap. 62,34,
PasHocTd MeXIy HaHHBIME uucaamu 62,36; 62,30 u 1. . H UX.
cp. ap. O6ynyt (B cAMHHUAX COTHIX moneit): 2; 4; 2; 3; 2, I; Ij

2, 4; 3. Keaapate 9Tux pasuocteit 4; 16, 4, 9; 4 I; 1; 4

s

16; 9. Cp. ap. KBajapaToB pasHocTeld
441644404441+ 1 4441649 o0
10 -

(coThix noneit). KsanpaTHoiil KopeHn U3 3Toro yucna ) 6,8 ~3
(cotnix moacit); o ==0,03.

Ecan yncao usmepennii npumepHo paBHo 10, 10 ucTuHsHOE
3HayeHHe BEAMYHMHBI MOMNET OTANYATLCA OT Cp. ap. He OGoaec
YeM Ha BCAMYMHY CP. KB. oTKAoHeHHn o. TouHee rosops, oT-
KAOHeHUs, 6OabIINe YEM G, BO3MOXHbB AUIlb B MCKAOUHTENb-
HBIX CHyYasX, UYHCIO KOTOPHIX COCTaBASET OKOJAO HOAYIPO-
ueHTa BCeX BO3MOWHBIX ciayuaeB. B paccmorpennom npumepe
HCTHHHAR BeAHUHMHA NPAXTHYCCKH HE MOXET OTKAOHHTbCA OT
yucaa 62,34 Goawnuie, uem na 0,03, Iosromy oma 3axamoueHa
B npepenax Mexay 62,34 — 0,03 =162,31 n 62,34 -} 0,03 =62,37.

Ecau uuczo wusmepeHuit sHaunteasHo 60ablic JecsHTH, TO
MaKCHMaJAbHOEC NPAKTHYECKH BOSMOMHOE OTKJIONEHHE HCTHHHOMN

BEAMYUMHB OT cp. ap. OyneT MeHplue yem o, Mmenno otkao-
’ 3s u
HEHUE HEe [IPEBLICUT BEAHYHHGL 7‘_. (n——‘l"cﬂo ﬁSMepeHHH).
n

Tax, korra uncso usmepeHufi npumepHo pasro 1000, npaxru-
YECKH BOBMGXHB JHIUb OTKIOHEHHA, He npesbimaiomue 0,la.

§ 48. OTHomeHHe H MpoHOPUHSA

YacTHoe OT geneHHA OJHOrO YHUCIA HA APYroe Ha3blBaeTcs
Taks®e ux omrowenuesm. TepMUH <OTHOUIEHHE> HPUMEHsJCS
Npexkie TOABKO B TeX CAyYasAx, Koraa TpeGoBajioCh BHIPA3HTh
OJHY BEIMYHHY B JOASX ApYro#l, OJHOPONHON C nepBofi, na-
NpUMep OAHY NAMHY B 04X APYrof, OIHY Iiowaib B 10oASX
Ipyro# miowans W T. 1., 4TO BBHINOJHAGTCA ¢ NOMOLLBLIO Rede-
Hun (cm, 1, 24), Orcwoaa noHaTHO, NoueMy HOABUICA 0COGLIA
TePMHH <OTHOIUEHHE»: PaHblle €ro cMbica Obla uHOMN, ueMm
TEPMHHA «<JleleHne», KOTOPHIH OTHOCHAH K JCACHHIO HEeKOTO-
PO MMEHOBAHHOH BeAHuHHbI Ha oTBiaeyeHHoe yucao. Cefiuac
9TOr0 pasiNHYWA He ledaloT; FOBOPAT, HanpuMep, 06 OTHOule-
HHH HCOAHODOLHBIX BEAHYHH, CKAXEM Beca Tena K €ro o0remy
n 1. I Korna peub uner 06 oTHOWmIEHUH OZHOPOIHBIX BCIHYUH,
€ro YaCTO BbIPAWAIOT B IPOUCHTAX,
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Mpumep. B 6ubauoreke 10000 xuur; us wux 8000 Ha
PYCCKOM #3blKe, KAaKOBO OTHOLIEHHE WYHCHA PYCCKUX KHHT
K o6utemy ux yuciay? 8000:10000=10,8. Mckomoe ortHouIe-
e ecrh 0,8 uam 800/,

Jeaumoe HasuiBaIOT Npelmoyuum HaeHoM OTHOUICMHA,
Jeaurens — nocaeoywouum. B Hamem npumepe 8000 — npe-
appymuit yaen, 10000 — nocrexywomui.

[sa pasasix omrouweRuss ob6pasyrom  nponopyur. Tax,
ecau B onHoi O6ubauoreke 10000 kuur, uz pux 8000 Ha
PyccKoM A3blke, B npyrofi 6ubanorexe — 12000 kuur, u3 Hux
9600 Ha pyccKoM a3blKe, TO OTHOIICHHE YHMCHA PYCCKHX KHUF
K ofmemMy uucay KHur B 06eux OHMOIMOTeRaX ONMHAKOBO:
8000:10000=0,8; 9600:12000=0,8. Mu uMeeM 3jech
NpoNoOpuHIo, KoTopas 3anHcwbiBaerca Tak: 8000: 10000 =
=9600:12000. Cosopar: «8000 otHocurca k 10000 Tak,
xak 9600 x 12000», 8000 u 12000 — xpaiinue 4senst; 10000
1 9600 — cpednue waenst nponopyuu.

[Ipou3ssedenue cpeOHUX HAEHO8 MNPONOPYUL PABHY NpPoO-
u3gedenuro Kpatikux. B nameMm npumepe 8000 - 12000=
== 06 000 000; 10000.9600=96000000. Oaun u3 KpailHux
4CHOB MPONOPUMH PAaBEH INPOU3BEACHHIO CpEJIHUX YJCHOB,
AcleHHOMY Ha nxpyro#t kpaifimuit. TouHo Ttak e ogun u3
CpeftHHX YJEHOB paBeH MNPOW3BENCHHMIC XpaHHUX, JEIeHHOMY
ta npyroit cpeanufi, Ecan

a:b=c:d,
70

JH

b
a=§; b=

# 7. A Tak, B HallleM npuMepe

10 0009600
8000.--—~——————12 T
DTUM cBOHCTBOM TOCTOAHHO [IONB3YIOTCA INA B’bquC-’leg*lHH
HCUSBECTHOIrO YJICHA NPONOPLHH, Korpaa TPH OCTaNbHbLIX yjeHa
H3BECTHBI.

Mpumep, 12:x=6:5 (x 0603HAYAET HCUZBECTHOL YUCAD)

12.
X = '—6'5= 10.

[paktnyeckue upnMeHeHua nponopunt cm. I, 50,

[ponopuus, B KoTOpoli cpeaHue WY/ACHH paBHbl, Ha-
3EIBACTCA  ACHpepusHoll; Hanpumep, 18:6=6:2. Cped-



§ 49. MPOTIOPUHOHANBHOCTD 123

Hull 4nen HenpepblBHOI nponopyuu ecms cpeduee 2e0-
smempudecxoe (cm, ll, 45) kpainux 4aewos; B HaeM RpH-

mepe 6= y18-2.

§ 49. llponopuHoHaNLHOCTH

3HaucHun ABYX PasAHYHBIX BCAWYMH MOPYT B3aHMHO 3aBH-
ceTh ApYr of apyra. Tak, maomapp KBaapara 3aBHCHT OT
RAUHB €70 CTOPOHB, W 00pPATHO, NAHHA CTOPOHB KBaJpara
3aBUCUT OT €r0 MJI0AJIA.

Jlge 83aUMHO 3aBucUMBLE BEAUHUNbLL HA3bLBAIOMCR NPO-
NOPIUOHAALHBMY, ECAL OMHOWERNe UX 3HGHeAUD ocmaemces
KeUIMEHHHIM.

ITpumep. Bec xepociuHa mponopuuoHaneH ero ob6beMy;
2 2 Kepocuna secar 1,6 x2, 5 4 Becar 4 ke, T 4 Becar 5,6 e,

QOrHolleHne Beca K 06beMy 6yner ’—'29:——_0,8; 51——_0,8; 517'§=
=08 wnurt 1

HeusMeHHOE OTHOMLICHUE TPONOPUHOHANBHBIX BeJAHYNH Ha3bl-
Baerca koadduyuenmom nponopytorarerocmy; Kodhhu-
HHEHT [PONOPLUUHOHAALHOCTH MNOKa3blBACT, CKONbKO EIHHHIL
OJHOU BECAWYMHL!I NPUXOAUTCA HA eIUHULY JPYToH; B HameMm
NPHMEpPE ~—— CKOIbKO K2 BECUT | 4 KepocuHa (YAGAbHLIRl Bec
KepOoCHHa).

Ecan nBe BexnyuuHbl fpONOPUKOHANbHK, TO 1062 apa
3HayeHuil ofAHONH BeANUMHBI 00pasyeT NpONOPUHMIO € NAPOi
COOTBETCTBYIOIIUX 3HAYCHHH ODYTLoM, B3ATHX B TOM ke TO-
psanke. B nautem npumepe 1,6:4=2:5; 1,6:56=2:7 u 1. 1.
B cOOTBETCTBMH € 3TUM BMECTO BhILICNPHUBEICHHOTO OMNpe-
JeneHUA MpoIopUUOHATLHOCTH MO¥HO JIaTh TaKoe: 08¢ geAu-
qunel, 3aéucaujiie dpye om dpyza maK, 4mo npu yeeAu-
yenuu O00HOI U3 Hux Opyean y8esuqugaenics 8 mMOM Hce
OMHOUeHUL, HA3bLBAIOMCI NPONOPUUOHAALHBLMU.

Jge 8Beauyunn, 3agucsiujue Opye om 0py2a mak, 4mo
npu yseaudenutr OOKOL Opyzasi 8 mMOM dce OMHOUIEHUN
YMEHbUIQEMCA,  HA3LLBAIOMC  OOpamMHO  NPONOPYUOHAAL-
uvistu, Haupumep, Bpema npoGera floe3ia Mexkay 1BYMA CTaH-
uuAMy o6paTHO NPONOPUHOHATBHO ckopocTu 1oesna. llpu
ckopoctn 50 xa/4ac Noe30 NPOXOAHT PACCTOAHHUE MEHKAY
Mocksoi#t i JleHunrpatom B 13 uac.; npu ckopoctu 63 wat/qac—
B 10 uac., 1. e. KOrja CKOpOCTb YBeAUYHBALTCA B OTHOLICHUYM
65

13
5 = j0r IPOAONKUTEALHOCTD npo6era yMeHbplIaeTca B TOM Xe

13
OTHOWICHAHKS 10°
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Ecau nse Beanunnsl 06paTHO NPONOPILHOHATBHE, TO A06as
napa 3HaYeHHH oMHOM BeNHYHHB OGpa3yeT NPONOPUHUIO C Ma-
POl COOTBETCTBYIOUIUX 3HaYeHu#H Ipyrolt, B3aTuix B 0Opar-
HOM mopsike. B Hamiem mpumepe 65:50=13:10.

Has 1Byx o6paTHO NPONOPUHOHAALHBIX BEAHUHH OCTAETCR
HCU3MCHHBIM MPOM3BejeHHe HX 3HaueHuii. B namem upumepe
50 - 13=1650; 65- 10==650 (650 xax — paccTosHHE MEMAY
Mocksoit n Jlennurpanom).

§ 50. [IpakTHYeCKHEe NMpPHMeHeHHR nponopuHit.
Hrartepnoasuus

PeneHue MHOPHX 3a/lay CBA3aHO C PACCMOTPEHHEM [po-
TIOPUMOHAILHLIX BeAWUHMH; NPHUMEHeHue npasua § 48 mexann-
3UpyeT pelieHHe TAKUX 3ajay, CBOJA HX K cIMHOHE cXeMme,
NOKa3aHHOH HHXe Ha npHMepax. ’

[Tpumep 1. Cyrounoe norpe6ireHne TOMAHBA Ha 3aBOJE
COCTaBAAIO JO MpOBejeHUn paunoHaaudauuu 1,8 m; romosoit
pacxon Ha Tonmauso cocraBasr 3000 py6. Tlocae nposene-
HHUR PAllMOHANH33UMH CYTOYHoe norpebleHHe CHHU3HIOCH 1O
1,5 m. Kakyio cymMmMy pacxonoB Ha TOILIMBO HY¥HO 3aliaHH-
poBaTh Ha roa? _

bBespickyccTBeHHOe  pelicHHE 3ajayd TaKoBO: HaXOIUM
1) ronosoe mnorpe6ieHve  TOMIMBA [0 pAlHMOHAJIMU3AUHHS
1,8 - 365==657 (m); 2) croumoctb 1 m Tomausa: 3000:657 =
= 4,57 (py6.); 3) roxosofl pacxoj Ha TOMIMBO NocCiAe PAaUHOHA-
JAn3aLHu:

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

lFopasgo Gbictpee W Jerue pemuTb 3ajavy, yurd, 4ro
CyToYHOe NMoTpeGieHHe TOMAMBA ¥ FOJOBOH pacxoi Ha Hero—
BeJAMYMHBl NMPORNOPIHHOHAALHBIE (YTO BHIHO H3 TOFO, YTO yBe-
JApyeHue CyTOYHOro NnoTpe6aeHHA yBeAHUUBAET B TO Xe YHCAO
pas ronosoit pacxox; cM. § 49).

Cxemapewmenns

1,8 m 3000 py6,;

L5m x py6;

x:3000=1,5:18,
3000 - 1,5 =
x =" =2500 (py6).
XoTs nponopuHoHanbHas 3aBHCHMOCTh BCTpeYaercs OUCHb
4agTo, BCE XE OrpoMioe YHCIO BHBHCHMOCTCVI, C KOTODbIMK
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DPUXOAUTCA MMeThb Jed0 B NPAKTHKE, He MOJYHHAETCS 3aKOHY
nponopuHoHaibHocTH. Tem Goaee BaXHO OTMETHTD, YTO HLawe
I8 TAKMX BEJMYHH cXeMa IHpPONOPIHOHANBLHOIO pacyeTa He
Tepser 3Hayenus. VIMeHHo, ecnu paccMaTpuBaTh W3MEHEHUs
HENPONOPUHOHAABHLIX BEAHYHH BHYTPH HEKOTOPHIX MECHLIX
npefeaoB, To 9TH u3MeHeHua OyLyT npakmudeckil nponop-
IIMOHAAbHB,

[oscuum 310 npumepom. CTOpoHa KBanpata W ero mIo-
aib He NPONOPLUOHAABHLL HAaNpUMep, CTOPOHE 2 m OTBE-
yaer naomwany 4 a%  cropore 2,01 a4 — nmaowans (2,00) =
= 4,0401 == 4,040 (#?); cTopone 2,02 — mrowaxy 4,0804 ~
==4,080 (»?*) u 71ak panee. OTHOWICHHE CTOPOH (Haipumep,
2,01: 1), xax BAAUM, He PABHO OTHOLICHHIO COOTBETCTBYIOUIHUX
miowanen (4,040:1). Ho oTnouteHue wusmenenuii cmopowut
BO B3ATHX HAMU Opelesax NPAaKTHYECKU PABHO OTHOLICHHIO
uzmerenull npogao.

HeiictBuTeibHO, KOFAAa CTOPOHA yBeAMUHBaeTca ¢ 2 A o
2,01 x, ee uamenenue cocrasiaser 0,01 a; gorna oma yseau-
yutes ¢ 2 x po 2,02 m, usMeHeHue cocrasaser 0,02 i
Otnowmenue usamenenust 0,02:0,01 pasno 2. CootsercTByI0-
wue u3MeHeHust miaowagn OYAYT (C TOYHOCTBIO 10 TpeTbero
3Haka) cocTapasTb: B nepsoMm cayyae 0,040; Bo Bropom 0,080.
Ornoutene u3meHenuit 0,080: 0,040 rtakxe pasno 2. Takum
06pa3oMm, H3MeHEHHE IJHUHbl [PONOPUUCHATLHO H3MEHCHHIO
IIOMAH, €CIM BeANYHHB [OCACIHUX OpaTh ¢ TOYHOCTBIO IO
TpeThero RecatuuHoro 3Haka. Ecau xe 6path uernipe aecsi-
THYHBIX 3HaKa, TO OGHApYXWTCA He6OabLINOE OTKAOHEHHE OT
nponopuuoHaabHoctd. Ho MoxHO JoGutbes, utolel v B yeT-
BEPTOM 3HaKe He Obl10 HHKAKOIO OTKIOHEHHR OT Npomop-
[{MOHAALHOCTH; [JJsI 3TOTO HYHHO PACCMATPUBATL H3MElleHUE
CTOPOHH B eile Gojee y3kux npefledax (ckawem, He ot |
no 1,02 m, a or 1 4t mo 1,002 ). [lpaktuyeckn Mo BCeraa
YUHUTHIBAEM TOJBKO OMpe/leeHHOC KOJIMYCCTBO AECATHYHbLIX
3HaKoOB (TpH, YeTHIpE, peaKko nATh). BoT nouemy Mpl MoMXeM
Masnble U3MCHCHHA CTOPOHBI M IUIOMALM KBAaApaTa CuMTaTh
BCIMYMHAMH nponopuuoHaabHbiMu. To ke sasaenue umeer
MEeCTO B OTpoMHeiiineM GoabILMHCTBE IPYrHX cayuaes. Baaro-
Japs 3TOMy OKAa3blBAETCA BO3MOXKHLIM N0 Tabauue, cogepxa-
weid cpaBHUTENbHO HeGoAbIIoe YUCRO JIaHHBIX, HAXOLUTL H
TaKnue Pe3yabTaThi, KOTOPbX B Tabauue HET, Kak Obl «ynras
MEWAY CTPOK» B HEH.

fpumep 2. BosbMem Talauy KBaApaTHbIX KOpPHEH

(ctp. 14— 17). ITycts Mbi xenaeM Haittn J63,2; B Tabauue HeT
uyucua 63,2, o ectv 63; 64; 65 u Tak nanee.
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MNoakopensoe Ksazpaiuwii HU3menenve
4ucao KopeHb KRanparHoro
KOPHSA
63 7,937 0,063
64 8,000
65 8,062 0,062

MMoxcuntaem (cM. TPETHIO KOJOHKY), HACKOIbKO U3MCHAETCSH
BCIUYHHA KOPHA 1PH HM3MCHEHNYU NOJKOpeHHOro uucra Ha |l
ot 63 10 64 1 o1 64 1o 65. Mul yBUANM, UTO pa3auyne B ITHX
n3MeHeHuAX OyAeT TOJbKO Ha OXHY elNMHUIY TPeTbero 3Hakxa.
(Ha camom nmeae 3TO pa3anyHe cile MEeHbLIE! OHO CKa3biBAeTCs
TOJAbKO B YCTBEPTOM 3HAKE, M JHlIb OKpyraeHHe IO TpeX 3Ha-
KOB BhI3BaJA0 3TO pasiIuune.)

Ecan xe 6paTh TOJABKO TPH 3Haka, TO BCE HAMIM M3MeHe-
HUA OKaXyTCA [IOYTH PaBHBbIMH, T. €. B npexerax mexnay 63
n 65 u3MeHEHHA KBAApPATHLIX KOpHeH, B3ATHe C TOYHOCTbIG
KO TPEX JNECATUYHLIX 3HAKOB, (PONOPUNCHAALHE H3MEHEHUAM

nojxopeHusix yuces. [loatomy mel Haxoauw V63,2 10 Takoh
cxeme:

Hamenenne Hamenenne
0AKOPEHHOT O KBaJPAaTHOrO
uycaa Kopus
1 0,062

0,2 X

x:0,062=0,2:1,
x=‘£‘i'~’_|;9-?=o,012.

Teneps naxomum J 63,2, upnbapaaa ¥ )V 63 == 7,937 Haft-
nendoe uucro 0,012, [lonyuaewm:

1/63,2 == 7,949

Ecau wu3sieuem 3toT KOpeHb ¢ TOYHOCTBIO M0 TPEThEro
AeCATHYHOr'O 3HaKa, TO yéeIIHMCﬂ, 4YTO BCe 3HAKW Halero

pPe3yabTaTa UpPABHALHDI,
Ouncaunuil Bblime c110co6  BHIUKCACHHA HOGHT Ha3BaHUe
UHmMepnoAAguy (AU MHTEPIOINPOBAHHA). JIaTUHCKOE €AOBO
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<UHTEPNOAALHA» B TNEPEBOMe O3HAYAET «BCTABKA BHYTPLY.
B Mmaremartuxke HHTeprioasnHeii HasbiBaeTca BCAKUR crocob,
¢ MOMombI0 KOTOporo no Tabauile, colepxamell HEKOTOpbIE
UHCAOBBIe JAHHble, MOXHO HAHTH INPOMeXYTOUHble pe3y.ab-
TaThl, KOTOPble HENOCPeNCTBEHHO He AaHpl B TabaHue. Pac-
CMOTpeHHbI!t HaMK MpocTedmuil cnoco6 MHTePNOAANNM Ha3bl-
BaeTcA aurednold unmepnoasyued.

MHtepnoasnyusa IIMPOKO NPHMEHAETCA NPH NOAbL30BAHAN
taauuaMy caMoro pasHoo6pa3HoOro COXepKaHUA.



. AJITEBPA

§ 1. Mpeamer anreGpnl

Tlpeametom  aare6pbl  sBasieTC M3YUCHHE YPGBHPHUIL
(11, 15— 17) 4 pana BOUPOCOB, KGTOPLIE PASBUINCH H3 TEOPUH
ypaBreHuil. B HacTosmiee BpeMs, Korja MaTeMaTHKa pasie-
JUdnach Ha PAN cHenHaabHbiX o6nacTef, K o6.aactu anreGpo
OTHOCAT JHIIb YPABHCHUS ONPENCICHHOTO THNA, TaK HasbiBae-
Muie aaszebpaudeckue ypaswenus ') (1, 19). O npoucxoxie-
HKM Ha3BaHWs <airebpar cm. § 2

§ 2. UcTopnueckHe cBelleHHA O Pa3BHTHM aareGpsi

BasuaoH MHcroku aare6pnl socxogar K ray6okoit
apeBHOCTH. Ye oKoao 4000 Jet Ha3an BaBHIOHCKie YUeHbie
saajead pellleHueM KeaapatHoro ypasHeHusa (III, 29) u pe-
11aAM CHCTEMbl IBYX YPaBHEHHHM, U3 KOTOPbIX OIHO — BTOpPOfi
crenteny (I, 33). C nomoubio TakHX ypaBHeHWil pellanuch
pas3Hoo6pa3Hble 3alauy 3eMIEMepHs, CTPOMTEIbHOIO HCKYCCTBA
H BOEHHOTO fena.

BykseHHble 0603HAaYCHHA, 1DUMEHAEMbiC HAMH B anreGpe,
He YHOTpeOasanch BABHAOHAHAMH; YPaBHCHHA 3alHCHIBAINCH
B ca0BecHON (opme.

['penuan. [lepsoie coxpanientsie 0603HaYeHUa g Heit3Be-
CTHBIX BEJUYHMH BCTPCHAIOTCA Y APEBHEIPEUECKOro MaTeMarThKa
HMuopanra (2—3B. 1. 5.). Henssectnoe lnopaut nMenyer «apur-
MGCy> (YHCH0), BTOPYIO CTeNeHb HEH3BECTHOFO — <LIOHAMHCY

ty CarezyeT 3aMe14Th, 4TO0 B IUKO/ABHBIA KypC aare6ps NPUHATO BKIiO-
%aTh - ¥ TaKue BONPOCH, KOTOPHIE K YYeHMIO 00 YPaBHEHHAX UMEOT JHUIbL
BecbMa OTHAadenHoe oTuowlenue, TakoBb, Hanpumep, Teopus nporpecciil u
sorapudMuueckue BLIYHCACHUR, KOTOPble NO CYNIECTBY NPHHALICKAT CKOpee
apndmeTuke, gem aredpe; BKRIOYEHHE HX B Kypc airedps) onpasiuiBacrcs
22arorHYECKHMI COOGPaKEHU MY,
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(370 CAOBO UMEET MHOIO 3HAYCHHIA: CHaa, MOrYUiCC1BO, UMY~
ileCBY, CTCNERb W AP, 1)), Tperbio crenens dnodant na3nipaer
«KPG60oCcY (Ky6), YETBCPTYIO — < IOHAMOLIOHAMICY, NATYI —
<AOHAMOKIOBUCY, IECTYI0 — «KIOBOKID6OCY. 1Y BEAHUHHB OH
0003HayaeT HePBLIMH GyKBAMI COOTBETCTBYIOULUX HAHMEHOBa-
HUiY (ap, O, K10, 00w, OKio, kki0). V3secTHble YHCAa A4a OTAH-
uls OT HCH3BCCTHBLIX COIIPUBUMKIAIOTCA OOO3HAYEHHEM €MO¥»
(soHac — eaunima). Caowende ne o6o3nayaercs coBcem, AAs
BLIYMTAHUA HMELTCS COKpaticiine 0603Hayt e, paBeHc 1RO 060~
31AUALTCH CHC» (ACOC — PaBHbI).

Hy BaBuaoHAHE, HY [PEKU HE PACCMAlPHBAIH OTPUUATENb-
ubix uicen. Ypasuenne 3 ap 6 a0 ue 2 ap 1 mo (3x +6 =
=2x + ) Auodan Hasptpaes «<HeyMeCTHuIM . [Tepenocs daenst
43 odHOH wacru ypashcHus B Apyrylo, HQuodanv rosopdr,
Y10 C1aracMoe CTaHOBHTCH BbIYHTACMbIM, 4 BblydTaemMoe —
CAAracMbiM,

Kurafn 3a 2000 aer 40 Hawerv BpeMeHH KuTaHCKHE
yUeHble pelady YPaBHCHMS UepBoil cTelleHW H HX CUCTEMbl,
a Tak¥e KBaaparHble ypaBHenus. MM Obiiv 3HAKOMbBI OTpHLA-
TeabHbIE M HppauuoHaabHble yucaa, Tak xak B guraickom
fHCbME KaMIAbiH 3HaK U300paxaci HEKOTOpoe NOHATHE, TO B
KuTafiCKOM aarcOpe He Moriao ObiTh <COKpauleHHnX» 0603Ha-
4eHui,

B nocaegywouine smoxy  kuralickas maTemaruka oborartu-
aach HoBbiMM jocTuienuanmu. Tak, B konue 13 Beka xuTafiub
3Haay 3akod o6paszoBanus GuHHOMUAILHBIX KO3hGHUHEHTOB,
H3BeCTHoI HbiHe HOL uMeHem «IpeyroabHuka [lackaas» (cM.
crp. 235). B Bauaanoi Espoune 5101 3aK0H Gbl3 OTKPHIT
(hnpeaem) na 250 ner nosupHee.

W Hana Vraniickde yueHpie WIBPOKO OPAMEHAAN COKpa-
tieHHble 0603HAUEHNA HCHM3BECTHbIX BEIMYMH H UX CTeneHei.
27y 006u3HAYCHHA ABAAIOTCA HAUaJIbHLIMH OVKBAMH COOTBET-
CTBYWUIHX HAUMEHOBaHHI (HCH3BCCTHOC HA3bBAJ1OCh «CTO.b-
KO-TO®, /1A OTJIHUHA BTOPOLO, TPCTLEro U T. A, HCH3BECTHOTO
yuorTpebaaincs HaMMCHOBAHUA UBETOB: <HepHOE», <roayboer,
wKeatoe» ¥ T A). MHIMICKHe aBTopsl WIHPOKO yuworpebasiu
HPPAaLHOHAIbHBE 2) 1 oTpULATCAbHME Yncna, Bumecre ¢ oTpU-
LATeIbHLIME UMCAAMH B YMCAUBYIO CEMbIO Bolleld HYldb, KO-
TOpbIfl tipexae 0003HAYAT WU OTCYTCTBHE yHCa,

1y Ha apa6ckuil #3bIK Tepmuy «XoHAMMCH Obid LIEPEBELEH CJA0BOM (MAAby,
obo3HavalouimM «MMymecTsoy, Bapaxsoespouefickue uaremaTukv B 12 Beke
HepeBead TepMuH «Madb» Ha AATHHCKHIT  43blK DaBHO3HAYHbIM C/OBOM CEfl-
sus, Tepmun «kBaapar» Bolles 8 ynorpedicune, suuib 8 16 Beke,

2) Tpeveckie maTeMaTHKy yMead HaXOXUTh upubankedHeie 3HA4CHHS
KOpHeil, Ho B aarefpe cTapainch M30erdrs WPpPaLMOHaTbHOCTEH,
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CrpaHbm apabckoro #3nbka Y30ekHcTawm
TagwukucTan Y HHAKACKKX aBTOpoB aire6panueckue
BONPOCH ¥31araluchb B aCTPOHOMHUYECKHX COUMHEHUAX, CAMO-
CTOATEABHON QUCUMNIMHON aarebpa CTaHOBHTCH Y YUCHBIX,
NUCABILHMX HA MEWAYHAPOLHOM A3LIKE MYCYAbMAHCKOIO MHDd—
apabckom. OCHOBONOMOKHUKOM aare6pnl, xak ocobol Haykm,
HYWHO CYHTaTh CPeiHed3uarckoro yyenoro Myxammena us Xo-
pesMa, u3BecTHOro 1100 apabCcKUM 1po3BHULEM aab-XBApH3MY
(Xopeamuen). Ero aare6panveckuft Tpya, cocraBiaeHubiil B Y B.
H. 3., HOCHT Ha3BaHHe «I{HMra BOCCTAHOBAEHHH W UPOTHBOLO-
c1aBaeHuAr. «BocctanuBacHHEM» MyxamMMe Ha3plBaeT HepeHoC
BuIYHTACMOTI0 M3 OJHOR YacTW yPaBHCHHMA B APYIYIO, [A¢ OHO
CTAHOBHUTCH CAAIaeMblM; <1IPOTHBONOCTABACHHEM> — COOUpaHue
HEU3BCCTHHX B OUHY CTOPOHY YPaBHCHHs, a M3BECTHbIX — B
ApYryo ¢Topony. [1o-apaGckn «BOCCTAHOBACHHE> Ha3uiBaelcs
«ar-ne6pr Orciona HaszsaHUe <aiarebpas.

Y Myxammena XOPe3aMCKoro u y -1oCaefylolilux aBToOpOB
anre6pa IWWHMPOKO HPHUMEHSETCA K KYlUeUeCKHM W HHBIM ACHEW-
HBM  pacyeTaM, Hu OH, HM ApYrde MaTemaTuKH, NHCaBliHe
n0-apa6cky, He yuoTpeOasaN HHKAKMX COKpalleHHbiX 06o3Ha-
yenut '). OHn He IPU3HABANK U OTPHILATENbHBIX YACEN: yucHHe
00 OTPUUATEAbLHBIX YNCHAX, 3HAKOMOE UM M3 HHAMIACKUX HCTOY-
HHKOB, - UHK "CUNTaXY HA0OX0 06GOCHOBaHHbIM. J10 6wa0 cnpa-
BEJANBO, HO 3aTO WHAMACKHE YUCHpe MOCAH OrpPaHHYH1bCH
“QUHUM CAydyaem UIOJHOFO KBAApaTHOrO YPaBHeHUA, TOraa Kak
Myxammen XopesmcKuit y ero npeemHuku 10auHbl Oblan pas-
aUuaTh Tpu cayvas (xX* -k px=gq, X2+ g=px, X*=px+ q.
£ M g — Ho10KUTeIbHbIe YUCHa).

Y3Gexckue, TAAMUKCKHe, llePCUACKHe W apabcKue marema-
TUKH oGorardan aarc6py psjioM HOBmX jocThweHud. [Jas ypas-
Heupfl BoICIIUX CTENeHeHd OHY yMeaw HaXoUNTh HpHOIHWEHHbIe
3HayeHun KopHe#l ¢ oueHp 60abwuil ToyHocTh0. Tak, 3name-
HUIBIH  cpelHeasnaTcKuil ¢uiocod, acTpoHOM K MaTeMaTHK
aab-bupynn (973 — 1048), ponom Toe ua Xopeama, cBen 3a-
Jayy O BLIYHCACHHH CTOPOHLI UPABHABLHOTO 9-yroabHHKA, BUH-
C4HHOr0 B NAHHYI0 OKPYXHOCTb, K KyOHUECKOMY yDaBHCHHIO
x*==1+4 3x u nautea (B 60-puunnx apobax) npnbanmenHoe

snaucHue x == 1,52'45"47""[3""" ¥} (C TO4HOCTBIO 110 gy B ACCH--

1) B Bux He 66110 ¥ HYXEbt, W60 apabekoe NUCHMO OMeHb KPATKO: Laac-
Hbie He 0603HAYAIOTCH, COrAdCHble ¥ noayraacuble GykBbl NPOCTBI 1O Hayep-
TaHWI0 W CAMBAIOTCH NO HECKOAbKY B OXdH 3HaK, A% Hauucanus wmHo-
rux cao8 rpebyercs He Goabile HDEMEHW, YeM LAH HANWCAHUN HEKOIOPBIY
Hawnx OyKB (HampuMep. K. wml). 3aro apadcKa®w rpaMoTa MHONL IPYyIHve
nawei,

2) T, e, oana peaan, 82 wseciniecsnt wx, D 1Py 1bICSYY WECINCCILIX B 1, ds
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THUYHBIX APOOGAX 3TO [AET CeMb BEPHHIX NECATHUHbIX 3HAKOB).
Knaccuk HpaHCKON M TamKHMKCKON MO93MH, BHLAAOWHACA yue-
upift Omap axb-Xattam (1036 — 1123) w3 Humanypa noasepr
CHCTEeMATHYECKOMY H3YUYEHMI0 YpaBHEHHA TpETbeH CTencHwu.
Hu emy, HY ApPYrHM MaTeéMaTHKaM MYCYIbMaHCKOro Mupa He
Viaa0Ch H1aliTH BHLIDAMEHHS KOPHel KyOH4YeCKOro yPAaBHCHHUSR
uenes wxospouutentn. Ho axp-Xafiam paspaboran cnocob,
116 KOTOPOMY MOIKHO (FeOMeTpHUYeCKH) HalTH 4uCao Je#cTBH-
TeibHBIX KOpHeH Ky6uueckoro ypasHeHHs (ero caMoOro HHre-
pecoBany TORLKO MOJOMUTeNbHbIe KOPHH).

Cpeanesexosas Espomna B 12 Beke ¢Aarebpa»
asb-XBapu3MHu cTaaa u3BecTHa B EBpone u Oniaa nmepeseieHa
Ha natuHckuil a3mik. C 3TOrO BpeMEHHM HAUYMHAETCA Da3By-
THe anreOpm B eBpomefickKux CTpaHax (cnepBa NMOA CHAbHLIM
BJAHsIHUEM HAVKH BOCTOUHBIX Haponos), [TosBaswoTca COXpa-
weHHbLIe 0603}13‘{8&“3 HCU3BECTHbLIX, pEIIAETCA PAL HOBbLIX
3ajay, CBA3AHHLIX ¢ norpebrocTamMu roproeau. Ho cymectsen-
Horo casura He Goiro 1o 16 Bexa. B mepsoit Tpern 16 mexa
uranbaHubl Aenp-Peppo v Taprasps Haman upasuiIa Aas pe-
wenns KyOuueckux ypasHeHuh Buta x¥=px -+ ¢; x* 4 px=gq.
x* + g=px, a Kappano B 1545 r. nokasan, uto BcAKoe Ky6u-
4eCKOe YpaBHeHHe CBOAMTCA K OJHOMY M3 3THX TpeX; B 370 ke
spems Peppaph, yuenux Kapaano, Hamen peireHde ypasheHus
4-# cTeneHH.

CroxHOCTL NpaBua 14A pellieHyus ITHX ypaBHeHufi crenana
Heo6X0oanMbIM YCOBEDILCHCTBOBAHNE 0603HaueHHH. JTO corep-
Wai0Ch NOCTENEHHO B TeueHHe NeJOro croaeTus. B Konue
16 Bexa ppanuy3ckuft Matematuk Buera BBes GykBeHHble 060-
3HateHna, U TPHTOM He TOMBKO A4 HEH3BECTHWIX, HO M Jan
M3BECTHLIX BEAHUUH (HEU3BECTHBbIE 0603HAYRAHCH 3arAABHbLIMK
raacHuiMy GyKBaMH, H3BECTHHIE — 3aTAABHBIMH COTTACHBIMMY).
boliv Baeflennl COKpauleHHule o6o3nauenus AeHicTeuil; y pas-
HblX aBTOPOB OHHM WMeau pa3Hbil Bul B cepenune 17 Bexa
aarebpanueckas CHMBOJAKKA 6aarofapa QpaHIY3CKOMY yuYcHO-
My Oexapty (1596 — 1650) npuoGperaeT Bui, 04eHb OGAN3KMH
K HbiHCIUHEH.

Otpunarteapuse yucaa B I3 —16 sexax orpuuna-
TedbHbIC UHCAA PAcCMaTpHBAOTCA eBPONeNlaMy JHIIb B HC-
KJIOUNTeabHBIX Cayvasx. [locae oTKpbITHA pelleHus KyGuue-
CKOTO ypaBHEHHA OTpUIlaTeabHble YHCAA TOCTeNeHHO 3aBoe-
BHIBAIOT MPaBO TPAMAIHCTBA B aare6pe, XoTA X W HA3BIBAIOT
«roxnbiMue. B 1629 r. Xupap (Ppannus) parz obuenssectynit
Hbltie CAOCO6 FeOMeTPUUEeCKOro W306paMeHus OTPHUATEAbHBIX
_uicea. Jler aBaauartbh CHYCTA OTPHNATEAbHBIE YHCAA MOAYYH.Iit
Breofillee pacnpocTpaHenue,
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Koumnaexwcusle uucxa, Bpelenie KOMIIEKCHBIX yHces
(Ifl, 28 wu Iil, 34) Takke 6bl10 CBA3AHO C OTKPLITHEM PeLICHAN
KYOHUeCKOTO YpPaBHeHHA.

W o #T0r0 OTKDBITHA IPH PEIICHAH KBAAPaTHOrO ypas-
HeHust x* - g==pxX NpHXOINIOCh CTATKHBATBCA CO Cayuaew,

p

. - 2
Koria TpCGOBa.'lOCb H3BneYb KBAIpaTHbIH KOpeHb HS(f) —q,

9
rge BeHYHUHA (%) 6bi72 MeHbplIC ueM q. Ho & raxoum clyuae

3aKJI0ya.1M, YTO ypaBueHue He umeer pemenuii. O BBepeHuy
HOBBIX (KOMILICKCHLIX) YHCeD B 3TO BpeMsa {KOria Jaxe OTpH-
1aTeIbHbIE YHCId CYUTATHCDH -<ICHKHBIMHY) HE MOLT0 GbiTh H
Muican, Ho upu pemmeHHH KyO6HYeCKOro vpasheHus fo npa-
By TapTaisu oxazasoch, 4to Ge3 JeficTBHI HAL MHUMBIMH
YHCIAMH HEIb3A NOAYYNTb deffemgimenstotii KOpeHs,

O6pacuun 310 noapobuee. [lo upasuay Taptasku kopeHb
ypaBHeHUH

Y=pi4q (1)
NpeacTanieTCs BRIPpAXeHUEM
x=)"u+ 7, 2
rae 4 u v — peruceHua CUCTEMbI
ut+v=gq wo=(Z)’ 3)

Hanipuvep, aas yvpasuenua A% =0x 428 (p=0; g ==28)
HMeeM:
nFu=28 uv=217,

OTKYjla HAX0auM, uto aubo u==2T; v =1, 1bo u=1;, v =27.
B oboux civuasx

X o= 1727 -k l.,,/ | =4

HApyrux ;eficTBUTEILHBIX KODHeil j(aHHOE YpasHeHHe He uMeeT.

Ho, xkak 3amerna ywxe Kapnrano, cucieva (3) mower He
HMETh J1efCTBUTCALIBIX PEIICHUIT, MEWLY TCM KaK ypaBiicHue (1)
uMecT  JcfICTBHTCIbHBI W NPHTOM  HOAQHCUMENbHBIE KO-
pens. Tak, vpasHenne x®==10x -+ 4 umeer KopeHb X ==4, HO
CHCTEMA

n--v=4; nve=]25

!

HMeeT KoMiLIcKcubie xopm u=24 I, v=2—11 (nan
u=2—11i v=2- 110,
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Ha 3710 3aragouHoe aBaeHHe BRepsbie ppoana cseT Bom-
Geann 8 1572 r, On ykasas, uto 2 -4+ 11i ectb Ky6 uncaa 2 44,
a 2—1li—xy6 uacna 2-—i; 3HAUHT, MOMHO HaMUCaThL
Y2+ Ti=2+4i /2—Tli=2—i, u torna popmyasa (2)
naer x=={2-+19) 4 (2—i)=4,

C storo MOMeHTa Henh3a OblI0 HIHOPHPOBATH KOMMJAEKC-
uble aucaa. Ho Teopus KOMIICKCHBIX YUCes pasBuBajlach Mel-
aeHHo: eule B [8 Beke xpynHefiline MaTeMaTHKN MUPA CHOPHAH
0 TOM, KaK Haxo[dTb a0rapHQMbl KOMIlAeKCcHbIX uiceld. Xors
C MOMOHIBIO KOMILIEKCHBIX WYHCEN YAanoCh HOAYUUTH MHOTO
BAKHLIX (PAKTOB, OTHOCAUIHXCH K AeHCTBUTEAbHLIM UYHCIaM, HO
caMoe CymecTBOBAHHE KOMUJICKCHBIX YHMCen MHOPHM Ka3anoch
comuuTenbHsiM. McuepnoiBaiomwne npasuia AeHCTBHI © KOM-
IICKCHBIMY YHUCAAMM [an B cepeiuHe |8 Bexka pyccKui aka-
aeMHK Jildep — 0AMH M3 BeIMYAAIIHX MAaTeMaTHKOB BCEX
speMed ¥ Bapojos. Ha pyGexe 18 n |9 Bekos Gbiio yxasa-
Ho Becceaem (Jawus) n Apranom (Ppanuus)!) reomerpu-
yeckoe Hzobpawende komiaexcHox upmcea (I, 40). Ho
na pa6orhi Beccenn wu Aprana He 0OpaTHAM BHUMaHM1,
1 auis B 1831 r., Korpa toT Ae cnocod Gnia pa3BUT BEAHKHUM
maresatukoM [ayccom (Uepmauun), ou craa sceobuium 10-
CTORHHEM,

Benen 3a teM, Kak Oulau peuieHn ypaBHeHUs 3-#t 4 4-i1 cre-
NeHH, MaTeMAaTHKM YCHIEHHO HCKaad GopMyay AJf pelreHHs
ypaBHeHua S5-# crenend. Ho Pydpunu (Mtanus) na pybexe
I8 n 19 Bexkor foKasan, uTo GyKBeHHOe ypasHeHpe NATOH cre-
nedn x% 4 ax? -+ badfex? L dx 4+ e=0 Heab3n pewurh
aare6panyecky; TOUHee! Heab3d BbIPA3HTb e€r0 KOPeHb yepea
GyKBEeHHbIC BeaWuYuHbl @, b, ¢, d, ¢ C TOMOMLILIO WIECTH aire-
6panueckux ReHCTBHI (cjoxeHHe, BHIYHTAHUE, YMHONKEHHE,
HefeHue, BO3BEACHUE B CTeNeHb, U3BreueHHe KopHA) Z).

B 1830 r. "anya (Ppanuus) Aoxaszan, 4ro Hukakoe oGiee
ypaBHeHHE, CTefleHbL KoToporo OGoabule ueMm 4, Helb3s pe-~
WHTh anre6panyecku.

Tem ne mcHee BcAKoe ypaBHeHHe n-fi cTefneHH UMeeT (ecad
pacCcMaTpUBaTh ¥ KOMIJEKcHbie uYucaa) n xopHe#t (cpead xo-
TOPHIX MOTYT OuiTb H paBHbie). B aTom MaremaTuxu Goiru yGe-
WHaeHn eule B 17 seke (OcHOBmIBaACb Ha pa3bope MHOrOUH-
CAEHHBIX YAaCTHMX caydaes), HO auuib Ha pybewe 18 u 19 se-
KOB ynoMmsuyrasa Teopema Oulia nokasara [ayccowm.

|s§) INepBbie wary B 3TOM HANpaBJAeHHN Ghlad chenaust Baanucow (Auraug)
B 1683 p,

) B gokasateanctse Pydodunu Gsiav HekoTophie Hegouerst, B 1824 r.
A6ean (Hopserus) naa GesynpeyHoe A0KAa3aTebCTBO,
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Boutpochl, KoTopMH 3aHHMaauch arre6paucrd 19 u 20 Be-
KOB, 110 6oabiiell yaCTH BHIXONAT 34 Mpefe’bl dJeMeHTapHol
MaremaTuku. [103TOoMy YyKaXeMm T0abKO, uTOo B 19 Beke Gmian
pasdpaboTann- MHOCHE METOJbl 1IPUOIUIKCHHOTO PeIleHHs Ypas-
HeHuit, B 3TOM HanpaBJeHKHH BawHbte Pe3vibTaTel Obi1d Moay-
Yeyn BEAMKHM pycckum martematuxom H. M. Jlo6avesc kum

§ 3. OrpHuarennuuie yucaa

Ha caMbpix paHHUX CTyleHsaX pa3BHTHs JA10H 3HAIH TOIBKO
€arypaashpie wucaa (I, 2). Ho srumy yuciamu Heanan oGoit-
THCh JaXe B CaMblX HPOCTBLIX CAYUanX Ki3HHU. JleHCTBHTCAbHO,
ORHO HATypaibHOE YHCAO HEBOIMOWHO B obuleM cayuyae pas-
NeAUTb HA APYLOe, eCAd (10.1b30BATHCS TOIBKO HATYPalbHBIMH
uucaaMu. Mexay TeM BOKH3HH HYXHO OblBaeT MeIHTh, CKAWEM,
3 Ha 4, 5 Ha 12 u tak maiee. be3 sBemeHHa IpoOHLIX uHcCel
AejeHile HAaTyPaabHLIX WHCeI eCThb HEeBO3MOWHOe jeficTBue;
BpeacHue apobeil AenaeT 3TO NeHCTBHE BO3MONKHBLIM,

Ho nefictBue BulUHT2HH#I u TNocae sBegeHus Japobeil oc-
TAETCA He BCerla BO3MOKHBIM: Heb3s BhuecThb 6o.abiliee YHCAO
H3 MeHbinero, HaupuMep 5 u3 3. OpHako B ROBCeHCBHOMN
WUBHH W HE NPEICTaBJIACTCH HeOOGXOAMMbIM NPOM3BOIHTH M0-
RnGHOE BLIYUTAHHE, M IIOTOMY OUEeHb AOACOE BPEMA OHO CUH-
Taloch HE TONbKO HEBO3MOMHBIM, HO ¥ COBEpUIeHHO 6ecCMbl-
CHeHHbIM.

Passutie aare6pni Moxasato, yto Takoe jgeiictBue HeoOxo-
HUMO BBECTH B MaTeMaTHKY (cM. Himke, § 4), u oHO Oul10
y3aKOHEHO HHANMCKHMH VYeHbMW MNpHMepHO B 7 B. H. 3., a
KHTAACKUMY elle paHbille. Wuaufickue yuewile, crapasch
HafTH ¥ B XH3HM 00pa3llbl TAKOro BLIYUTAHMA, MPHILIH
K TONKOBAHHIO €r0 C TOYKH 3PeHHs TOproBeix pacyeroB. Ecan
kyuen umeer 5000 py6. u 3axkynaet ToBapa ma 3000 py6.,
v Rero ocraetca 5000 — 3000 = 2000 py6. Ecau xe on umeer
3000 py6., a 3saxynaer Ha 5000 py6., TO OH ocTaercs
B noary Ha 2000 py6. B cooTBeTciBHM C 3THM CYHTalW, 4to
3lecb coBepmiaeTca BbluMTanue 3000--5000, peayabratom we

apanetca yucao 2000 (2000 ¢ Toukol HaBepxy), O3Hayalouiee
«J(B€ THICAYH JAOArar. .

ToaxkoBaHve 9TO HOCHAO HCKYCCTBEHHHIH XapaKTep, xymer
HUKOI'a HE HaXO0MWa CyMMy xoara soiyutahnenm 3000—5000,
a Bcerfja BHMOJHAX Bbiyutanue S000-—-3000. Kpome toro, nHa
2TOH OCHOBE MOXHO ObIO0 € HATAXKOH O6BACHUTL JAHIUL 1Pa-
BKIA CAOKEHHS M BBIUMTAHHA <UHCEA ¢ TOYKaMH», HO HHKaK
HeabsR Ona0 OBDBACHHTL 1PABUAA YMHOKEHHS WIH ACIEHHS
(v mpaBuaax melcTBufl cM. Hmxke, § 5). Bce we ToakoBanne s10
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Z0Ar0 NPHBORMAOCH B YyueOHHKAX ¥ B HEKOTOPBIX KHUTax (1pu-
30AMTCA W (lIOHbIHE.

«HeB03MOKHOCTb» BLIUHTAHUA GONbIIErs YHC/IA H3 MERBILETD
o6ycnoBaKBaeTCA TCM, YTO HATypadbHelll psax uucea GeckoHe-
ueH TOABKO B oj(HY cTopony. Ecan nociaenosarteasno soiuutars 1,
faunnas, CKaxeM, U3 YHCIA 7, Mbl [OJ)YUM YHCAA

6,5 4,32 I,

AéapHelilee BHUNTAHNE 4A@T YHE €OTCYTCTBHE YHCIAY, A llaablie
5@ 43 Yero yxe Buuutath. ECAM e Mbi XOTHM ieaaTh Bhiu-
1&iye BCErRa BOSMOMHDIM, Mbl AOMKHbL |) «OTCYTCTBHE YHCA4»
CUHTaTh TaKike YHCAOM (HYAb); 2) OT 3TOFO NOCHENHEro 4pcaa
CSUTATh BO3MOXHBIM OTHATDH €ille eAMHHNY ¥ T. &

Tak MHh noayuaem rosbie yucaa, o6o3HavaeMsie B HACTOR-
@iee BpeMs Tai:

—1, —2, —3 ur1 A

ITH uHcaa Ha3bIBAOTCA 4eALLMU OMPULAMENbHbLML HUCAAMU.
Croamuii Bepean 3HaK <MMHYC> HaIOMBHAET O NPOUCXONJE-
HAN OTPHUATEILHOTO YHCAA U3 NOCIEA0BATEALHOIO BHIYUTAHUMA
eiUHUb. 3HAK STOT Ha3bIBAETCH «3HAKOM KOJMYCCTBA» B OTAHU-
uie OT 3HAKA BBIUHTAHHA, UMEIOIlEro Ty e QopMY; MOCACAHUN
Ba3LIBACTCHA «3HAKOM JeficTBHiY.

Beegenue u@apiX OTPHUATENbHHX YHCed BJAeyeT 3a cobod
BBeficHHe M OpOGHBLX Oompuyamenbrulx 4uces. Ecan Mbl upH-

guMaeMm, 410 0 — 5= -—15, To JOMEHbL UPHHATb TAKKE, YTO
2 12 1
-—17= — . Yncno ~—3 €CTb APOGHOE OTPUNATEIbHOE
GHCTI0,

B npOoTHBOONOAOWHOCTD OTPHUATENbHBIM YHCAAM (1EAbIM H
Lpo6ubiM) Te uyucad (ueavle U APoOGHbIE), KOTOPblE PACCMATpPH-
BAIOTCA B aPH(MeTHKe, Ra3bBaIOTCA nOAOHCumesvruMU. UT06b
eule 6ojee OTTEHUTb 3Ty MNPOTHBONOJIOWHOCTD, 10JOKHUTENbHbIE
ydcaa CHAGWKAIOTCA YACTO 3HAKOM <IIIOC», KOTOPHIA B 3TOM
cayyae ecTb 3HaK KOauuecTBA (a He 3HAK neiicTavA). Haupumep,
ypcno 2 3anuchiBaior - 21).

OrpHuaTeabHbie ¥ NOJOKHTENbHHE YHCAA, B3ATHIE BMecTe,
B WKOAbHHX PYKOBOJACTBAX HMEHYIOT OTHOCHTEAbHBIMY YHCAaMH,
B npusaTodl HayuHo# TePMUHOMOIUH STH YUCIA BMECTE C YHCAOM

1) OaHAKOBOCTD BURA 3HAKOB KOaWYecTBa (-~ ¥ -——) M SHaKoB neficTsuil
#M2ET pIA MPEHMYyLIeCTE N4 BLIYHCAVTEABHLIX Lelell, HO HAa MEpPBLIX hoPax
ApUyuASeT yvaupimcs paa tpyanocrtedl, [losromy B Hava bHOM npenojaBaHuu
[101€8H0 PA3AMYATH 3HAK JACHCTBUS OT 3HAKA KOAWNECTBA, HANPHMEpP NKCATH

CTPRNATEADHYI IBORKY BE B Buie — 2, a B Bule D, kaK 8TO H ZEATETCH BCEL AR
s yoraprdmHYecKux Buryucaewuax (em, 1T, 68 n caen,).
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HyAb HA3LIBAOT paytionasbroismy. CMbCT 9TOr0 Ha3BAHHA
BLISACHAETCA fIpH BBEAEHHH MOHATUA HPPALUMOHANLNOTO uiCHa
(cm. 1L, 27). Tlogo6HO TOMY Kak IO BBENEHHA OTPULATENLHOIO

YUCIA HeT HUKAKUX [10JOXKHUTEeJIbHbLIX 4YHCed H 4YHCIo 7 eCThb

POCTO IPOGHOE YMCAO,a HE MOAOMHTEIbHOE APOBHOE UHCIO,
TaK W N0 BBEJeHHH UPPAUHOHAABHOrO yucad uncaa + 5 — 35,

%> +-4— U T. 1. (IpOCTO CYTb [OJOXHATEAbHbIe W OTpHNa-
TE€JbHbIE Hensie N lIPOGHblC YHCJIa, a He pauHOHaanme yycaa,

§ 4. MpoucxoxneHue OTPHUATEALHBIX YUCEN W NPaBHi
HeHCTBHH HaA HUMU

EaBa iy He caMbiM TeMHbIM A% Yuauluxcs MecTom B aareGpe
ABASETCA YUeHHE O ACHCTBHAX C OTPHUATEJIbHLIMH $WHCIAMHU.
W 910 He ‘moToMy, 4TO ycTaHaBaWBaeMbie npaBuaa JdelicTBuit
caoxHy., Hanportue, onu ouenb npocrsl. Ho TemHuMn ocTaoTes
NBa BoOnpoca; 1) 3auem BBOAATCK OTpHNaTesbHble yucaa? 2) [lo-
yeMy Hal HUMK COBepIIAOTCA AeficTBHA 1O TAKHM-TO MpaBuiaM,
a He N0 WHbIM? B yacTHOCTH, OUEHb MACXO OHUMAETCA, NOUEMY
1Y YMHOXEHHH H JejeHHH OTPUIATENbHOrO YMCAa Ha OTDH-
naTteabHOE Pe3yabTaT eCThb NOJOKHTENbHOE HHCAN.

Bce atd BOHpOCH BO3HKKAIOT MOTOMY, YTO C OTpHHATedb-
HHMH YHCJAaMH yyYamuxcs O6blYHO 3HAKOMAT A0 TOrO, Kak OHH
Hayaay pewraTh ypaBHeHHs, H 6obille He BO3BPAILAIOTCA K Npa-
BHJIaM JeficTBHIT ¢ OTPHNATeAbHLIMY YHcHaMu. Mexny Tem sns
B CB#3W C pellleHHeM yDaBHeHHIl BhlACHAETCA OTBET Ha 06a mo-
CTaBJeHHbIX Bhillle BoNpoca. Mcropuuecxu oTPrnaTeapHble yucaa
BO3HHK.IHM UMeHHO B 3TOH ¢Ba3u. He 6yab ypaBHeHu#t, re 661110 Om
HYWIbl 1 B OTPULATEIBHBIX YHCJIAX,

Jloaroe speMst ypapHeHHa u3yuajuco 6e3 nOMOIM OTpHLA-
TeAbHBIX YuCed; NpH 3TOM BO3HUKAJK MHOrMe HeyAOOCTBA; 1A
§CTPAHEHUA STHX HeyHOOCTB M Gbinu BBejeHbl OTpHUATEablible
yucaa. [1pu 3ToM B TeueHMe JOAT'Oro BpeMeHH MHOTHE BHIIAN0-
ipecA MaTeMaTHKH OTKAa3biB3aZHCh BBOIHMTH MX B yrnoTpebiaenue
HIKX BBOANAM ¢ 60abwio# HeoxoTod. Eume [dexapr (1596—1650)
HA3bIBAJA OTPHIATEAbHbIE UHCAA <AOKHLIMH UHCIAMMD>.

O xapaktepe YNOMAHYTHIX HeynoGCTB JAaeT npejcrasieHue
TaKo# npocroft npumep. [lpu pemenun ypasHeHua 1epBoi cTe-
neHH C OfHUM HeM3BEeCTHbIM, HANIpHMep YpaBHeHHUA

1x —5=10x — 11,

Mhl MEPEHOCHM YJeHbl TaK, 4TO6H B OAHOH 4aCTH ypasHeHUs
0KAa3a1UCh U3BECTHbIe, B APYTOil — HeW3BecTHbIE BeaHUHHBL [Tpn
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3TOM 3HAKH MEHAIOTCA HA o6pathbie, Co6Hpas HEH3BECTHMwe
B fIPABYIO 'YacTh, 3 M3BECTHHIE B JA€BYIO, NOAYYaeM:

Hee5=10x-—Tx; 6=3x; x=2.

3T npeo6pasoBaHns MOXHO BbIIOIHATH, COBEPIIEHHO HE MOJb~
3yACh OTPHUATEJAbHHIMH YHCIAMH M PaccMaTPHBAN 3HaKH | H
— KaK 3HaKY CAOMEHHs W BLIYNTAHMsA, & HE KaK 3HaKH HOJO-
WATEAbHBIX M OTPHUATEAbHBIX YHCeN, Ho rorza HYXKHO 3apaHee
NpoAyMath BONPOC, B KAKYIO CTOPOHY, BIIPaBO HJAH BIEBO, Cle-
ayer epeHOCHTh HeH3BeCTHblE unelsi. Ecan, Hanpumep; B Bbilile-
fMPUBEJEHHOM YDaBHEHHH (lepeHeCTH HEeH3BECTHHE YaeHbt
B71€BO, MONYUHM:

Tx —10x=5—1I.

He BBOAA OTpHuAreAbHbIX. yHCed, MLl HE MOXeM H3 5 Bbl-
yectb 11, He MOxem 3 7x BeiuecTb 10X M, 3HAUMT, He MOXeM
laablle MPOABHHYTbCA B PCIIEHHH YDPABHEHHA. Memny TEM
3apaHee He BCErNa BHAHO (0COGEHHO ecau uaeion MHOTO),
B KAKYI0 CTOPOHY HYXHO [ePeHOCHTb HEU3BeCTHblE HJAEHH,
yT06bl TAKOFO MOJOMEHHs He CO3AaBANOCh. BoiuHcaureab npoa-
weH ObTb FOTOB NMpOAeaTh ABOUHYIO PaGoTy, BTOPUYHO CO-
Bepllas HCPEeHOT YIeHOB B HYWKHYIO CTOpoHy. B nopaaxe
PALHOHATH3ANME BHIYACAUTEALHOMO APONEcca U GhIK BBEAEHb
oTpHiaTeabHbie uncna, [eACTBUTEAbHO, CAN Mbi COrIacHMes
CUMTaTh ¢BO3MOXHBIM® <HEBO3MOWHOE» BhlyHTaHHe 5— 11,
oéoanaqns pe3ynbTar yepe3d — 6, H TOYHO TaK e BHUHUTAHHE
7x — 10x, 0603nauuB pe3yabrar —3x, TO MOAYYHUM:

—3x=—06.
Oupexnensis X, HaAXONHM, UTO
= —6:—3

Tenepn BoiACHsETCH, YTO, BBEAA OTPHUUATE/bHbIE YKUCAA, Mbl
AOMKHBL YCTAHOBHUTH MPABHAO, YTO NPH AeJeHUH OTPHNUATE/]b-
HOro uucaa (— 6) Ha orpunareanbHoe (— 3) yacTHoe €cTh 110-
JoxuTenpHoe uncao (2). HelicTBuTeabHO, 9TO YaCTHOE JAOMJKHO
1aTb 3HaYeHUEe HeU3BECTHOM BeJHYMHB X, KOTOpOe paHblle
6b110 HAHIERO APYrUM nyTeM (6€3 OTpUNATEJbHBIX YHCEd) H
0Kd3a10Ch paBHuIM 2,

Takum apumepHo o6pasom i Obiau BBeleHbl OTPHUATENb-
Hbe YHCHAd; Ledb 3TOr0 BBENEHHA — PALHOHAMU3AIMA BhlUHC-
AUTEABHOrO apouecca; Npasuaa aelcTBHA Haa oOTpHuUATENb-
HLIMH YKHCJIAMH ABUAUCH Pe3yTbTATOM BHEIPEHHA 3TOrO paiko-
HaJM3aTOPCKOro 1pHEMA B BHIYHCAHTENBHYIO HPAKTHKY.



13R Iil. ANTERPA

Mhuoroaetane M MHOroo6pasHble UCMLITAHUH IIOKA3AIH, 4TO
3TOT {IpueM O6aanaetT OrpoMHONH 3(pHEKTHBHOCTBIO H HAXOLMT
cebe GrecTane pUMEHEHHA BO Bcex 00MacTAX HayKH ¥ Tex-
#ukn. Bciolly BBeneHue OTpDHLATENbHBIX YHCET MO3BOAAET
OXBAaTHTb eQ¥HBIM TPABHJAOM TaKUEe sBJEHHA; I KOTOPbIX
HYWHO Obl10 Obl BbUIyMbiBaTh JAECATKH NPaBHI, eCaAH OrpanH-
UHTbCH YUCAAMH HIOJ0KHTETbHAIMY.

Mrak, na ABa BuiluenocTasieHHBIX BONPOCA HYKHO OTBETHTL
caeayouiM 06pasom: [) oTpullaTeabHble YHCAA BBOAATCA 3aTEM,
9T00b  YCTPaHWTh PAL TPYAHOCTEH, BO3HWKILHX npexie BCe-
ro MpH peitieHus ypaBHeHull; 2) npaBuaa feHcTBUH HAX HU-
MY BbITEKalOT 53 HeoGXOIHMOCTH COrjaacoBaTh pe3yabTaThl,
NOJyYeHHbie € NOMOMbIO OTPHUATENBHBIX uuceld, ¢ TeMhu
pesyscratamy, xoTopsie MOrAn 6w 6uiTbhb nojayueHw W 0e3
EHX.

Bce oty spasuaa (cM. § 5) mMoryr 6biTh yCTaHOBJAEHH lipH
PacCMOTPEHHH LpOCTefIIUX YPaBHeHHH [0f0GHO TOMY, KAk
Bblllle OblO BbIB2EHO NPABXUN0 AJTEHUS OTPHIATENBHOTO YHCTa
Ha oTpuIaTeabHOe.

§ 5. fipaeuxa peficTBHi ¢ OTPHURTEAbHBIMHA
¥ MONOWHTENLHBIMY YHCA2MH

AGcoawomuon 8eiusunol (MM a6CONOTHHM 3HAYEHHEM) OT-
PHUATEABHOTO UKC/A HA3bIBAETTH NOJOWHTEALHOE YHCAO, HO-
AyuaeMmoe. OT nepemeHbl €ro 3Haka (—) Ha o6patHblfl (--).
A6conoTnas BegMuMHa — 5 ectb 4 5, T. e. 5. A6coaoTHOA
BEAHUHHON MOJOKHUTENHLHOT'O YHCAA (4 TaKKe yKcaa () Ha3HBaeT-
Cs camo 97O yucho,

3nak abcorOTHON BeaMuUltE — ABe NPAMbBIE YEPThl, B KO-
TOpHie 3aKal0uaeTcs 4ucao, abconloTHas BEJTUYHHA KOTOPOro
Geperca. Hanpumep, | —51 =05, 1 +5(=5, 10|=0.

i. Chowerive. a) /lpu caoxcenuu 08yX ducen ¢ 00uHa-
KOBBIM 3HUKOM (KAGOBLBAOMCA ux abCOAIOMHBLE EEAUMURN
u neped cymMMOL cmagumes COWUE UX 3HAK.

MIpamepn.

(+8) + (+ 1) =19;
(—7) + (—8) = — 10.

6) ITpu caodxcesuu 08yxX Huces ¢ PA3HbMU 3HAKAMIU U3
€BconOMAO0 BeAUdUREL OCKO20 U3 HUX 8wdumaemcs abeo-
2:0MARAS 8esutuna Opy2o20 (Mewswas u3 60abueld) u cma-
8UMCR 3HAK MOZ0 4lcaa, Y KOWOPOZO GOTOMOMAAR 62AU-~
wura 6oavule.
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Mpumepn.
(=) +(+12)=9
(=3 +(+hH=-2
2. Bruiyutanue. Buuurande ofHoro umcaa w3 Apyroro

MONCHO | 3aMEHUMb CAOJCeHUeM; 1IPU 3TOM  yMeHbllaeMoe
GepeTcs CO CBOMM 3HAKoM, a Boiuutaemoe ¢ OGpaTHLIM.

Mpumeps.

(1) = (F =+ ]+ (- D=3
) — (= =D+ (+ =15
(=) — (=) =(~T7 ++H=—3
(=) — (=4 = (- + (+ =0,

Sameuanne [Ipd BulicHHCHUN CI0KEHUS U BHYMTAHUA,
OCOGEHHO KOflla MMeeM [eJ0 C HCCKONbKMMH YHCAAMH, AyYine
BCero NOCTYUaTh tak: [) ocBoGOAMTL BCe Yucaa or CxoGoK,
fpi 3TOM Nepel YHUCJAOM TOCTABHTE 3HAK <«—|», ecap mpex-
HHfi 3HaK neped cuoOKOH Gbl1 OAMHAKOB CO 3HAaKOM B CKofKe,
H <—>, ecad o# 064 upoTHBONOAOMeH 3HAKY B CKOOKe;
2) caomutb abCoaOTHHIE BENHUMHDI BCEX UKCEN, HMMEICUidX
Tenepb CJAeBa 3HAX - 3) CAOWHTL aGCOSIOTHME BEAHYHHB
BCcex yuces, MMEIOWHUX TENepb CAEBA 3Hak —; 4) u3 Goabitieh
CyMMbl BHIYECTb MeHbUIYID ¥ NOCTAR iTh 3HaK, COOTRETCTBYIO-
wiufi Goabmelt cymme.

Mpumep. (—30) —(—IT) 4 (—6) —(+ 12) 4 (+2);

1) (—=30) — (= I7) + (— 6) = (4~ 12) + (- 2) = — 50 &
4 {7 —6-—1242;, 2D 17T+2=18 3) 304+6-+1i2=48;
4) 48 —19=20, Pesyanbtar ¢C1p OTpHUATEAbHOE UYHCAO
— 28, tak Kak 66apmas cymma (48) noayunnack o1 CrOMEHus
a6CcoMOTHBIX BeNMUMH TeX YHCed, (epel KOTOpbIMM cTofay
MUHYCHl B BolpameHun — 30 4 17 —6— 1242,

Ha 310 nocaegnee BuipadeHHe MOWHO CMOTpDEeTb # Kak
Ha cymmy uucea — 30, -+ 17, —6, — 12, -F2, u KaK ua
pe3yabTaT mocaefoBaTeabHorn npubaprenun ¥ uncay — 30
uncaa 17, 3atem BblYHTaHMs sdacaa 6, 3ates Buiuutauus 12 p,
Hagomewn, npubasiaenna 2. Boo6me Ha sbipawende ¢— & -
4e—d U T. . MOXHO CMOTpeTb U K2K HA €yatisy wucs.
(4 a), (—5), {(+ ¢), (—d), u KaK Ha pe3yAbTaT TaKux HOCje~
RoBaTeAbHBIX ReHCTBUH: BbyuTEHMA 13 (- a) uucas (-- 5),
apubasaenun (-+ c), soiuvitanua (4-d) u 1. 1.

3. Ymuoxenne. [Ipu yawoxcenuu 08yx Hitea yiuo-
Hoaones uX a0cOMOMABe 8eAUURB 1L Neped NPOU3SCOeHIeM
CIIGEUNICA 3HAX RAKOT, €Al 3HAKU COMHOXNCUmerell OOUNG-
KOG, I MUHYC, eCAU OHU pa3xble.
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Cxema (npaBuJO 3HAKOB NMPH YMHOXEHHH):

+o4=1

Opumepnt (+24) (—5)=—12 (—24)- (=5 =12
(—82)-(+2)=—16/4

llpu nepeMuOMCERUI HECKOABKUX COMHONCUMEALT IKGiH
npou3eedenlis NOAONHCUMENCH, €CAL HUCAO OMPULAMEAbHIX
COMHOHCUMENEIL HEMHO, U OMPULGIREALH, €CAL HUCAD OMPL 4~
MeAbHBX COMHONCUMEeNell HedemHO.

Mpumep.

(+3) 2 =6 (=T (= L) =—14
(TP OTPHUATEJbHBIX COMHOXHTENN);
(—%)'H— 2) - (—3) - (+7-(+ ;_)____7
(Ba oTpuUNATEAbHHIX COMBOXWTEAR).

4. Deneune. /lpu Odenenuu O00HO20 4ucaa Ha 0py2oe
deasm  abCOMOMHYI0  BeAUHUHY NEPBOZO HA GOCOMOMKYID
8eAUYUKY 8MOPO20 U nepel HaCMHBLM CMa8UNIC 3RAK NAKC,
ecAu 3HAKU OeAumo20 u Oeiumensi. OSUHAKOSH, U MUHYC,
ecAu OHU PA3HBE (CXCMA T3 e, 4TO JaA YMHOXEHHA).

Mpunepn. (—6): (-3 =—2
(+8): (=2 =—4 (—12): (= 12)=+1

§ 6. DeficTBHA ¢ GAHOYJIEHAMH; CAOMEHHE M BHIYMTAHHE
MHOrOYJIeHCR

OJd1ouaeHOM HA3LIBACTCA NPOU3BEREHHE IBYX HAM HECKONL-
KHX COMHOWMTeNell, KawAblii U3 KOTOPbIX ecTb anbo uuciao,
au6o Oyksa, aubo crenieHr Oywsul. Hanpumep, 2d, a%h, 3abe,
— 4x%y%— onnouaennl. OTaeNbHO B3ATOE YHCIO HIAU OTIAENbHO
B3fATad GyKBa TOXe MOMET PacCMaTPHBATbCA KAK ORHOUMEH.

Jlioboft w3 comHOmMTenell ONHOYAEHA MOMHO Ha3BaTb ero
Kosgpunuenmonm. Yacto nox KospduUHEHTOM (IOHMMACT
uucA060d MHOMCumenb (HaupuMep, B -BolpaxeHnu — 4xlyz?
YHcA0 — 4 ecTb Kosduuuent), Bragennn ofuH U3 MHOXHUTe e}
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B KauecTse KoIPPUUHEHTa, XOTHAT LHOAYEPKHY Th, HTO OAHOYIEH
[lOAYYHaCA B Pe3yabTaTe YMHOWEHUs BCell OCTaJbHOU uacTH
Ha 9ToT KoahunueHT. Bbliensa yucaoBO# MHOXHTeIb B Ka-
YecTBe Ko3dhdHUIUEHT],. Mbl TIOTYePKHBAEM, UTO OCHOBHYIO POJIb
urpaer GykBeHHOe BhipaXeHue, KOTOPOE MOBTOPAETCA Caarae-
MbIM HEKOTOpOe -UUCAO Pa3 MaM apoOurcs Ha AOJIH.

OnHouneHbl Ha3BIBAIOTCA NEOOOHBLAL, €CTN OHH- OIHHAKOBbL
#0 OTAUYAIOTCA TOAbKO Kodpduuuentamy. Orciona BUAHO, UTO
JiBa OJHOYJeHA MOKHO CYUTATb W MOLOGHBLIMH H HeNlogoGHbIMH,
CMOTPA 1O TOMYy, YTO CUMTAeTcs HX Kosopunenramu. Ecau
KO3 (PHIHEHTAMY * CUATATh UHCAOBbiE MHOMHTEAH, TO MOA06-
HbIMH OJHOuaeHamMy GyayT Takue, y. KOTOPbIX OJMHZKOBBI OyK-
BeHHble vactu. Hanpumep, omHouseHn ax®y? bady?, cxiy?
‘Mog0O0Hb, ecay CYMTaTs KodbduuueHtamu a, b, ¢; oaHoUIeHb
3x%y?, — 5x?y?, - 6x%y? mopobHb, ecaAn cuuTaTH KosdunHeH-
TaMH YHUCJIOBbIE MHOWUTENH.

Caoxenne ofxounenos. CioxeHde ABYX HIH HECKOIBKUX
OIHOYNEHOB, BOOGILE TOBOPS, MOXKHO TOJIbKO 00603HAUUTh; IO
TOrO KaK BMeCTO 6YXB Mbl BO3bMeM Kakue-HuOyaAb 'uHCaa, cyMMa
OMIHOUNEHOB, KAaK NpaBHAO, He NPUBOAMTCA K Ooiee MpocTo-
My Buny. Ee momno npeoGpasoBarb x 6ojee NPOCTOMY BHAY
aylib TOrga, KOrga Cpeay caaraeMbX HMEIOTCA OfoOHbIE; BMe-
CTO 9THX YJeHOB HANHKIUETCA NOAOGHLIH UM uleH, KOS UIUEHT
KOTOPOr0 paBeH CyMME HX Kod@duuueHToB., JTa 3ameHa Ha-
3bIBACTCA npusedenuem noOOOHHX HAEHOS.

Mpumep 1. 3xfp* — 5x%y? - 6xy® = 4dxty?,

Mpumep 2, ax®y?— bx2y? L ex®y?=(a— b -} ¢) x%2

Mpumep 3. 4dxdy?— 3x2% — 2x%y? - 6422 4 Sxy =
= 2x%? | 3x2y2 -} Sxy.

BuiHecenne 3a CKoOKH. [leficTBHe, coBepllleHHOE B NpH-
Mepe 2, HaSHIBAETTA BHHECeHUeM 3@ CKODKU TOBOPST, 4TO
x%y? «BhiHeCeHO 3a cKoGku». [lo cymecTBy BbiHeceHHe 3a
CKOOGKY ~— TO K€ - CaMOe, YTO MpHBefcHHe MOAOGHLIX YJICHOB.

Mnorouned. CyMMa 00HO4.1eHO8 HA3bieaemcest MHOZOYAE-
noxm. CaomeHne BYX HIH HECKOJbKHX MHOTOYJEHOB €CTb He
YTO HHOe, Kak 06pa3oBaHue HOBOI'O MHOIOYIEHA, BKIIOYAIOEro
B ce6s BCe uJaEHbl BCEX B3ATHIX MHOrOY/eHOB.

BulunTanpe MHOTOWJIECHOB €CTb He UTO HMHOE, Kak npHbaBie-
HHe MHOroufeHa, 4ieHbl KOTOPOro o6pasoBaHb K3 YJICHOB B3f-
TOrO MHOrouneHa fnepemMeHo#l 3naka Ha o6partHmil,

Mpumep. (4a? + 26—2x%y%) — (12a°—c) 4- (Tb—2x2y*%) ==
= 4a® - 25 — 2x%y® — 1242 L ¢ -+ Th— 242y =~ 8a®

+ 96 — 4x3y? 4- ¢ (ONMHAKOBLIM YUCIAOM YepT CHH3Y 0603Haye~
Hbl TIOROGHbLIE YIeHb),
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YMHOKEHKHE ORHOUACHDE. ¥ MHOMEHHE ONHOYNEHOB, BOOD-
dle roBops, MOXHO TOAbKO 0603HAUUTH (CP. CKA3aHHOe Bhlille
0 Ca0XeHUH oanounenos). [Ipoussenenne ABYX HIH HECKOAbK HX
OIHOYEHOB MOXHO YNpPOCTHUTb JHIUL B TOM CAydae, KOrja o
HUX BXOIAT HEKOJOPble CTEMEHM OJHUX H TeX We OyKB uawm
uHCAOBbie KOS(@HUIMenTH; NOKAa3aTeaH cTeneHeli y COOTBeT-
cTBylomux OyKB CKIalAbIBZOTCH, YHCAOBHE KosdduuHentw
flepeMHOXAIOTCA. _

M pumep. Saxiy® (— 3a3x%2) == — 13e*x®y®z [croXeHbl N0~
Ka3aTeaH cTeneH 6ykBhb @ (1 4 3==4) 1 Gyxsnl x (2 + 4 =6)].

Jenenne opHounenos. JeleHue ofHOYAEHA HA ONHCUJIEH,
BoOGile: FOBOPH, MOWKHO TOABKO 0603HauuTh. YactHoe aByx
OIHOYJEHOB MOMHO YNPOCTHTh, CCIH JEAUMOE H NeAHTedb CO-
NepwaT HEKOTOpbie CTefleHN OJHHX W TexX ke OYKB il uucio-
Bbie KOI(@UUHeHTD; TOKa3aTelnb CTeeHH fealTels BB UHTAETCS
U3 [[oKasarens cTeneHM NEJIHMOro; u4HcaoBoii KosdduuueHt
HeAUMOro AEANTCH HA YHTAOBOH KO3(ipUIMeHT AeauTeA.

Mpumep. 12x3428: 4x2yz? = 3xy*2® [BuiuTeHN flOKA3aTe-
au cTefeHH OykBH x (3 —2=1), Oykax y(4—1=3) ®©
OykBm 2 (5 —2==3)}.

3ameuanue 1. Ecam nokasatenu cTefeHd y HEKOTOpoOH
6yKBL B JEeNUMOM M JefHTeJe OFHH H Te XKe, TO B YACTHOS
3Ta GYKBa He BOHJET (AeneHHAaA caMa Ha Ce6A, OHA JACT elxu-
auny). [lpoussens suiyuTanHMe foOKasatenel CTeneHefi, Mb
noayuuay 6ot 0. TlosToMy Mbl JOAKHN OPHHATD, UTO KY.A46a%
cmenexb m60020 qucaa ecms wucao |l.

Mpumenp 4xfy3: 2%y =2x%*=23* (£®=1).

3ameuvanue 2, Ecau nokasatenp CrefeHH Kakofi-Hu6y b
6yKBbl B NeJHUMOM MeHbLIIE, YeM [OKa3aTedb CTeleHH TOH xe
6yKBb! B Jleaurene, TO BbIYHTaHHE JdaeT OTPULATEIbHYIO cTe-
neHp 970l 6ykan. [loxpo6Hee 06 OTpHLATEAbHHX CTeIEHAR CM.
ill, 61. ‘PeayabTaT MOXHO NpeICTaBUThL TAKWKE B BHIC LPOGH;
TOrAa MOXHO 0GOfTHCh 6e3. OTpHLaTeabHON CTeneHu.

Mpumep 1012yt :2x"y‘=5x‘4y=%' (x“:l—‘) .

§ 7. YvHomenHe CYMM B MHOTOUJCHOB

[lpot3eedenne cymmbl 08YX UAll HECKOABKUX 8bLpAJiCe-
HUll Ha HEKOE-AUG0 BBLPAJICEHIEC PABXC CYMME NPOU36edenult
KaHC0020 U3 CA020eMbLX HG B3ANCC Gupoicenue.

(a + &-Fc¢)x=ax+ bx + cx (OTKPHITHE CKOGOK).

Bmecto 6ykB @, &, ¢ MOryT ObITh 83aTH MoOue Bhipawe-
#its, B 4aCTHOTTH MI00nie OMHOU/CHH. Buecto 6YUBb X MOXKHO
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TaKwke B3ATH N1060€ BLipAXEHHE, €CAH ITO BHIPAKEHUE CAMO
npeICTaBAAET CYMMY HEKOTODHIX CaraeMux, HapuMep m -+ n,
TO UMeeM:

(a+b4aY(mtny=a(m+‘n)t+b(mtntecimin=
=am+ an 4 bm 4 bn 4 em - cn,

T. €. Npou3gedenue CyMMbL RG CYMMY DABRO CyMMme Bcex
803MOJNCKBLX npou3sederuli kaxwc0020 4aena OOHOH cyMin:
Ha KancOulli 4nen Opy2oii cymmol.,

B 4acTHOCTH, 3TO NPAaBUAC OTHOCHUTCA K LPOH3BEIEHHIO
MHOTOYEeHa Ha MHOTOYJEH:
(Bx® —2x 4 5) (4x + 2)=12x* —8x* 4+ 20x -} 6x*—4x+ 10==

=== 1248 = 262 4 164 4- 0.
3anuch YMHORCHuSR

3xT—2x 45
4x -+ 2
12x% —8x2% 4- 20x
6x2— 4x 410

1248 — 242 4+ 16x 4- 10

§ 8. ®opMyabl COKPAMEHHOTO YMHOMXEHHS
MHOTOUJieHOR

Chenyoilive YacTHbIE cJay4yan yMHOWTHMA MHOrOYJEHOB
YacTO BCTPEYAIOTCH, H MOTOMY HX mMoie2Ho noMunTh. Oco6eHHo
BAXKHO HAayuUHTbCA MPUMEHATb HIXenpHBeZerHbie (GOPMyIn
TOrMa, Korga BYKBbl @, b, BXOIduLne B HUX, 3aMeHA0TCS Goree
CNOXHBIMH BbhipaWeHUsMH (HalpuMep, OJHOUYNEHAMH).

1, (@4 b)Y’ =a*{ 2ab 4 b*. HKeadpam cymmum 08yx ee-
AuYun pasen Kkeadpamy nepsoldl nawc Y0BOeKHOe npoussede-
HlUe nepeol Ha 8mMOpPYI0 NAC Keadpam 8moOpoi.

Npumep 1. 1042==(100 4 4)2=

== 10000 -+ 800 4 16 = 10 818,

Mpumep 2. 2ma® 4 0,1n5%)% =

= 4m2a* 4 0,4mna*b* 4 0,0in3bs
fIpenocrepexenue:
(a -+ b)? ne pagno a® 4 b

2. (a — b)* =a* —2ab 4 8. Hsadpam paznocmu 08vx
8equvun pagen xsadpamy nepsol MuHyC yI8OenHOe npou3-
6e0enue nepsoil wa SHOPVIC aac Keadpem 8mopoit. ITy
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GopMYay MOMWHU PacCMaTpHBATL KaK vacTHetfi cayyahl npedui-
Ryuien fBMeCTO b 6epetca (- b)].

Mpamep ). 982 = (100 ~ 2)* == 10 000 ~ 400 -} 4.2 9604,

Npumep 2. (Sx® —2p%)2 = 25x% — 20x8y? 4~ 48

[penoctepexenue: (a— ) re pagno a®-—b® [cm. dop-
myay 3.

3. (@ -+ b) (a — b) = a® — b [Tpoussedenue cymmul 0syx
8eAudur HA UX PAZHOCMb PASHO PASHOCMU UX KE8a0pamos,

Mpumep L. 71:69=(70 4 1) (70 — 1) = T70* — T = 4899,

Mpumep 2. (0,2a%6 -+ ¢?) (0,2a%0 — ¢3) = 0,044 — c*.

4. (a 4 b)®=a® - 3a*b 4 3ab® + b*. Ky6 cymsbn Osyx
8ejuquK pagen KyOy nep8oii naxc ympoenioe npoudsedenue
Kxeadpama nepeol Ha EMOPYIO A LOC YMPOCHHOE npou3se-
denue nep8ol na keéadpain 8mopoli nioc ky6 8mopoi.

Mpumep 1. 122=(1042)*=

=103 431022 4-3-10.22 4 2% = [T28.

MNpumep 2. (5ab? 4 20%)% =
= {25a%6% -+ 150a* ! 4 60a7h® 4- 8a®,

fipenocrepesxenne: (a 4 b He pasno a4+ b [cm. dop-
myay 6]

5. (@ — b)’ = a®— 3a®b + 3ab® — b*. Kyb pasnocmu dsyx
seaudun paser KvOy nepsod MUuHVe ympoewnoe npousse-
Oenue K6a0pama nepsoldl Ha BMOPYIO nNAOC YHPOCHHOE
npou3gedenue nep8Oi Ha K8adpam BMOPoi MUHYC KyO
smopoi.

Mpumenp. 99 = (100 — ) =

=1000000—3-10000.1 43.100-1— 1==970299.

llpegocrepemenne: (a — b ne pasHo a® — b® Jem. dop-
mMyay 7).

6. (a 1+ b) (a* — ab--b*) = a® +b® [Ipoussederue cymarto
08yX BeAU4UH HG <¢HenOAHbL K8a0pam pasHocmu» pasuo
cymme ux Ky060s.

7. (a — b) (a® 4 ab 4 %) =a® — b®. [Ipoussedenue pas-
Hocmu O08yX @eaudlur Ha <«HENOAHwil Keadpam cYMMo»
PABKO pasxocmu ux xy6os.

§ 9. NleneHne cyMM M MHOTOUYNEHOR

Yacmuoe om OeaeHus cyMmbl O08YX UAU HECKOAKUX
suipasicenull  Ha  KaKoe-Au00 BHPAJCEHUe paBRO  Cyame
HACMHBLX, NOAYYEHKBX Om OeneHUs Kanco0020 CAu2aeMO20
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Ha 835smoe suipadicerue.

a, b, ¢, x — mobuie BLIpAXEHHA, €Cad BCE OHU — ONHOY/EHb!,
T. €. €CJH BRINOJHACTCA OeAerle MHOZ04AeKa Ra OGHO'J/LZH,

TO KAaXA0C U3 YACTHhIX gx—' % , "% 6NBaeT BO3MOXHO YIPO-
crute (I, 6).
3a2b + llab2 3a2b llab2 X

Ecay @, b, ¢—onHouseHsl, a X — MHOIOUieH, T. €. eCaH
BHIMOAHACTCA OCACHUE MHO20YACHA HA MHO201AEK, TO 4acT-
Hoe, BoOOule TOBOpA, HeAb3sl npedcma8iunms 8 Gude MHO20-
yaena (MOAOGHO TOMY KAK YacTHOe OT HejeHuf enoro yucaa
Ha 1eA0€ He BCerid MOXHO NpEeACTaBUTL B BHIE NEAOrQ
gucaa). Vlnaue rosops, He Bceria MOXHO HalTH Takof MHo-
roudeH, KOTopblfi, GyAyun YMHOMEH Ha MHOIOYIEH, CTOAMmMHA
B AeauTene, Zax Gbl MHOrOuJAeH, CTOALIUH B AeAHMOM.

a? 4+ x2
atx
MOHO NPEACTABHThL B BHJe MHO-

Mpumep. YacrHoe Heab3a NPEACTZBUTb B BUje

a2 — x2
MHOIOUJ€eHa; YyacTHOe a X

+

ad — x2
=a4—X.

a-t+x

Jenrenne mHO204ACHG Ha MHO204ACH B 00lleM cayuae
MOXHO BNIMOAHATL € OCMAMKOM, TOROOHO TOMY KaKk 3To
leraerca npy gaedeHuH ueanix uucen, Heob6xomumo, ogHako,
CTAHOBHTb, UYTO TaKoe [eJEHHE MHOTOYJAEHOB C OCTaTKOM.
CAR Mbl e UM 11e]0e NOJOKHTEeNbHOEe Yucilo, Hanpumep 35,
Ha I1e0e MOIOXHTeAbHOE 4HCI0, HanpHmep 4, To noayvaem
8 u 3 B ocratrke. Yucaa 8 u 3 061ajal0T TEM CBOHCTBOM,
yto 4.-8-43=35, 1. e. ecau p— jneauMoe, g — AeUTEIb,
m — yacTHoe, a 1 — OCTaToOK, To mq + n=p. Ho sroro neno-
CTATOYHO [ NOJHOrO ONpeNeNeHyus YaCTHOrO U OCTAaTKa; TaK,
8 Hamem mnpHuMmepe (p =35, ¢ = 4) TakuM ke CBOHCTBOM 06ia-
Ral0T Takwe uucaa m==6,n=11; m=4; n=19. Hyxno eue
106aBUTb, YTO YHUCAO 2 AONKHO OBITb Mebule uncia g ITO
RoGaBieHne Henb3s OYKBaabHO fepeHECTH Ha caydafl aefeHHs
MHOrouseHos, u60 1pU OMHHX 3HaueHHax GyKB OgHO W TO Ke
BbipameHne MokeT ObTh Goabiue, u npH APYrHX — MeHblle,
YeM Jpyroe Buipamenve, YrnomsHyToe XoOaBaeHHEe NOMKHO
ObiTb BHIOM3MeHEHO. B KamkAOM M3 MHOTOYJEHOB OJiHA Kaxaf-
HubyaL M3 BXONAMMX B ero uneHsl OyKB npuHHUMaeTCR 3a
CIABHYIO, Hausbicwas cmeneds 3mod OYK8ol Ha3vlgaemces

roujena:
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cmenenvl0 suoz04aena. Torla neneHue € OCTaTKOM ofpe-
NeaseTCs TaK:

Pasdeaums mHO204ien P RHa MHO2o4neH Q — 3Hayum
Haiimu Mrozodnrenst M (vacmnoe) u N (ocmamok), ydosae-
meopsuowue 08ym mpebosanusam: 1) 0orxcro cobawdambcs
pasencmso MQ + N=P u 2) cmenens mrozousena N 00a-
HCHA Obimb HuNCe cmenenit MHO2044eHa Q.

3ameuanne Ocratok N MOxer BoBce He CONEPHaThb
raaBHoft OYKBH; TOTZA FOBOPAT, YTO N HMEeT HYJIEeBYIO CTENEHD,

Muorounenst M u N, yrosaersopsiouie sTUM TpeGoBanuAM,
BCErJa MOWHO HAaHTH M NPHTOM eAMHCTBEHHLIM 00pasoM mpH
LaHHOM BblGope ruaBHoi Oykebl, OAHaKO OHM MOTYT GhTh
MHBIMH, eCIH HW3MeHHTb BbiGop raaBHo# Oyksu. [Iponecc Ha-
XOWAeHHs uwacTHoro M u ocratka N anajloruyeH nponeccy
neneHus (C OCTaTKOM) MHOrO3HAYHOIO YMCAa HAa MHOrO3Hau-
Hoe. Poab nuQp BHCIIEro U HU3IEro pa3psalOB HrpaicT YJAeHH,
conepxailke raapHy.o GyxkBy B Bbliciiell W Hu3wed CTeneHsX.
[lepen neaennem uieHnl XeTUMOrO W jeauTeds pacnofaraiorcs
B nopsaAKe yOwBaHHA CTereHeH riaBHOH GYKBHI,

3anuch AeneHHs

8a8 4 1642 — 22 1- 4 402 — 2a 41
, -T—Saa— 4a2—T—2a 2a+5 :
: 20a2 — 4a -4
- + -
2022 — 10a -5 o
6a — |

1) Jeaum nepenifl uneH neaumoro 84® Ha uepBuifi uied
neaureas 4a% peayab1at 2¢ ecTb fepBHi UJEH YACTHOFO.

2) TloMHO}kaeM moayueHHsIH YaeH Ha AeauTerb 402 — 2a 4 [;
peayabrar 8a® — 44? | 2a noANMCHIBAEM MO IEAUMHM, MON06-
HbIH YJeH TI0X NOAOGHbLIM.

3) Buuurtaem yieHb Pe3yabTaTa M3 COOTBETCTBYIOHIUX Yie-
HOB JIeJUMOro; CHOCHM CIEAYIOmHA [0 MOPAIKY YJeH JedH-
moro; noayuaem 20a? —da 4 4.

4) MNepsuit uaen ocrarka 20a* neawm Ha nepBH#l usieH
1€JIUMOr0; pesyabTaT 5 ecTb BTOPOft UJeH YacTHOro.

5) IoMHOXaeM [OAYueHHbIi BTOPOR uJeH 4YacTHOrO Ha
neiwrens, peayasrtat 20a® — 10a -5 noanucuiBaeM nox mep-
.BBIM OCTAaTKOM. ]

6) BwunTaeM yjeHn 3TOro pesyabraTa K3 COOTBETCTBYIO-
KX YTeHOB MEPBOTO OCTaTKa; MOJyyaem BTOpOfi OCTATOK
6a — 1. CreneHb ero MeHbine creneHd neautenn. [lenenue
3aKOHUYEHO; 4acTHoe 2a + 5, ocratok 6a— 1.
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§ 10. lesienne MHOroyJieHa Ha AByuYJeH Nepsoll cTemeHx

Ecan wmHorousen, cozepwaumiuii 6yxBy X, IeIHTb Ha IBYy=-
yreH NepBOA cTeneHd x —/, rie [ — kakoe-1160 yucao (no-
JOXHTENbHOE HJAM OTpHUATENIbHOE), TO B OCTAaTKE MOXKeT
MOJYyYUThCA TOABKO MHOroYdeH HyneBol crenenu (§ 9), 1. e.
sekotopoe 4yucro N. Yuciao N MoxHO OTBICKATh, He Haxous
vacTHOro. MiMeHHo, 9TO YHCAO paBHO TOMY 3HAYEHHIO HenH-
MOro, KOTOpOe focielHee MOJdyyaer mpH x ==/,

MMpumep 1. Halityu ocratox or meleHHA MHOrouaeHa
x8 —3x24+5x—1 na x—2. Toacrasaan x=2 B NaHHHH
MHOrou/eH, HaxoguM N=2%—3.22 4 5.2—1=5,

[eiicTBUTeNbHO, BBLIMOAHUB jedeHHe, HalileM uacTHoe
M=x?—x 43 u ocratox N=35,

IIpumep 2. Hafitu ocraTox 0T jeneHda MHorodiexa
x*+7 nma x+2. 3necs [=—2, [logcraBaan x=—2 8
x4+ 7, naxonum N=(—2)* 4-7=123.

YkasaHHoe CBOHCTBO OCTaTKa Ha3blBalOT meopemoil Lesy
10 HUMEHH OTKpPHIBLIErO ero (paHuy3CKOro MaTeMaTHKa
(1730—1783). Teopema Be3y dopMyaupyerca Tak: MHOZOYAeK

ox™ 4 a x4 @ux™t - L H-ap,
npu Oesenuit Ha x — | Qaem OCMAMOK
N=a ™ 4 a ™' + a,I™ 2 4 ...+ .

Hokaszareascrso. [lo onpemenennio neaenus (§ 9)
nMeeM:

A + g x™ A ay=x—0)Q+N,

rie Q — Kako#i-to MHorouaes, a N — Hexoropoe yucao. [log-
cTaBuM Coida x==/; yieH (x — [) Q nponajer, U Mbl NOJYUUM:

aim 4 g™ L Y ap=N.

. 3amevanue. Moxer oxasaThca, yro N=0., Torma ¢
€CTb KOpeHb ypaBHEHHs:

8ox™ 4y x™ 4+ g, =0, (D

MTpuwmep. Mdorouysen x®-4 5x%®— I8 meautca na x 43
6e3 ocratka (B uvacTHoM noayvaetca x2-4-2x—6). Cie-
loBaTtenbRo, — 3 eCTh KOPeHb ypasHeHusa x3 -+ 5x% — 18 =0,
Hetictrurenstio, (—3)? 4 5(—3)2 —18=0.

OGpatHo, ecan [ ectb KopeHb ypasuenua (1), To nesas
4acTb 3TOr0 ypasHeHUA REINUTCA Ha X — [ 6e3 ocTaTKa,
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Npumep. Uncao 2 aBaAeTcA  KOpHEM YpaBHEHHA
X e 3x —2=0 (22 —3.2—2=0), CaexoBateasHo, MHO[O~
yied x3-—3x —2 geautca Ha x — 2 Ge3 ocrarka. Jefictsu-
TeabHO,

(X —3x —2):1(x —2=x242x4-1

§ 11. JleaumocTs AByudeHa x™ T a™ Ha X F a

1. PasHOCTL OAMHAKOBLIX CTeleHel XBYX uYMCen AEIUTCA
(6e3 ocrtatka) Ha pasHOCTL 9THX yHced, T. €. x™ — a™ ge-
JUTCA Ha X —a. DTOT MPH3HAK, KAK H Ccaelyiouwne, BhTeKaeT
u3 teopemn be3sy (§ 10).

YactHOe COCTOHT M3 m 4YjeHOB M UMeeT CIefyIomuA BHI:
(XM —a™) i (X —a)=x""! L ax™2 4 g2 4 g™t
(noKasatesnn NpH X HENpPeCTaHHO YOLIBAIOT Ha eNMHUIY; B TO
e BpeMA [OKasaTeJAH MNPH 4@ BO3PAaCcTaloT HA €JMHHLY, TaK
YTO CyMMa nokasaTejicii HeM3MeHHO paBHa m — l; Bce Koog-
(GuuneHts pasH - 1).

(fpumepn.

x*—a):(x—ay=x+aq

x*—a¥):(x —a)=x®+ax } a%

(x* —a*): (x —a)=x%4 ax® 4 a’x -} a¥;

(P —a®)i(x—a)y=x'4 ax® 4 a2x + a‘x—i— at,

2. Pa3HocTb OHMHAKOBLIX veMHbLXx CTeNEHell ABYX yHced
HeJHTCA HE TOABKO Ha Pa3HOCTb 9THX yHcea (NYHKT 1), Ho m
Ha HX CyMMYy, T. € X™—a™ Opu ueTHOM m HeJUTCa M Ha
X—a 1 Ha x-a. Bo Bropom caywae wacTHOe MMeeT BHI
XMl — gx™72 4 @2x™M8 — ., (3HAKM IIIOC MW MHHYC ye-
peaylotca).

[Ipumeps.

(xK2—a)):(x+a)y=x—aq;

(x*—a*y: (x4 a) =x®—ax? 4 a’x — a%

(x*—a%:(x+ a) =x*— ax* + a*x? — a%x? 4 a‘x —ab.

3ameuvanne. Tak xax pasHocTh yeTHHIX cTeneHed je-
JMTCA HA X—a H Ha X -} g, TO OHa AeauTCca W Ha x%—di.

Mpumepn.

(X 04) (XR 02) —X2 + a2-
(XO_GO) (xﬁ__a?)_.x‘l + 2x2 +
(8 —a®): (X — %) = 1% 4 a2 +a‘x2 4 at
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3akoR cOCTaBieHHA YaCTHBIX OYEBHIAEH; OH J€rKo nonso-
AMTCA NOJ 3aKOH MyHKTa |, Hanpumep

(0 — 0% 1 (8 — @) = () — (@] (' — o) =
= () + 0t () + (@ + (@)

2a.. Pa3HOCTb OIMHAKOBBIX HeqemHolx cTenene#l AByX um-
cea He JEMMTCA HAa CyMMY STHX UHCel.

Hanmpumep, vy x® — a?, HH x® —a® He gpedarca HA x -+ @

3. CyMMa OXMHAKOBBIX CTEMEHe# JABYX WYHCEN HHKOrAa He
AETATCA HAa Pa3HOCTb ITHX YHCEM.

Hanpumep, vu x? 4- a2, vy x® 4 a®, vy x*! 4 o' He meaarca
HA X —a.

4, CyMMa OJHMHAaKOBbIX HeYemuplx CTeNEHed IBYX uHcen
AeINTCA HA CYMMy O9THX UHCea (B YaCTHOM 3HAaKH MIIOC K
MHUHYC yepeayloTca).

Mpumeps.
(*4-a®) i (x+ a) =x%—ax + a%
(x% 4 a%) 1 (x 4+ a) =x' —ax® + a’x* —a*x -+ at.

4a, CyMMbl OZMHAKOBBIX YCTHBIX CTeNeHEH IBYX yHcen He
HeIATCA Me TOAbKO Ha PasHOCTb (MYHKT 3), HO H HAa CyMMy
sTux yucen. Hanpumep, x® -4 a® ne neaurca HM HA x-—aq,
HH Ha X -} a.

§ 12. Pa3nokenHe MHOTOYJNEHOB Ha MHOXKHTENH

MHorounen MOXHO MHOTAA NpPENCTAaBHTh B BHIE MPOH3Be-
IeHHA IBYX MAM HECKOJIbKHX MHOTOWIEHOB. JTO BO3MOXHO
1anexo He BCeria, ¥ B TeX CayyasxX, KOrla 9TO BO3MOXHO,
HafiTn TpeGyeMoe pasaoXkeHHE YacTO OYeHb TPYIHO. npaxm-
yeckoe 3HAYEHHE TAKOrO Da3JOKEHHA COCTOMT MpedIe BCEro
B TOM, YTO OHO YacTO MO3BOJAET YAPOCTHTb BMI BHIPAMEHHA
(HanpuMep, B TOM cayuae, KOrja B UHCAMTENE M 3HAMEHATene
IpOOK MOXHO BbiIEMHTh OJHHAKOBHIE MHOMKHTEIH; NpHMepHI
cM. B caeaywoueM naparpade). Hinke nepeuncieHn npocreil-
mIge CIyYaH, KOTAa pa3domeHHe Ha MHOWHUTENH BHIMOJHAETCH.

I. Ecau Bce uneHbl MHOTOYJeHa COJEPHKAT B KauecTBe MHO-
XHUTEIA OJHO M TO e BHIPAMEHHE, €r0 MOXHO <«BHIHECTH 3a
cko6ku» (cM. III, 6, caroxenue oxHOYAEHOB).

Mpumep 1. Talxy — l4adx®=Ta’x (y — 2a®x?).
Mpumep 2. 6xy* — 2uxy® + du'xy =
== 2xy (3xy* — uy + 2u?).
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2. Mnorna oxa3siBaeTcs BO3MOWHGIM, DPa3lHB YJ€HH Ha
HECKOABbKO TPYMIi, BHIHECTH B KawIOH HEKOTOPHIt MHOXHTEIb
32 CKOGKH, foCae Uero BHYTPH BCeX CKOOOK OKAXKETCH OfHO
¥ TO e Bhipaxenue. Torma sto Buipa¥eHHe B CBOWO ouepenb
BHIHECETCA 32 CKOOKH, ¥ MHorouaeH GyjeT pa3ioxeH H2 MHO-
WHTETH.

Mpumep L. ax4bxHdaytby=

=x(a+b)+yla+tb)=(a+bx+y.

Npumep 2. 10a® —6b° + 40> — 15a%b =

==5a° (2a — 3b) 4 2b* (28 — 3b) = (Ja — 3b) (5¢* + 25?).

3ameuanne. [lonesHo uMers B BuLY, UTO BhlpaxeHHe
a— b moXHO BCerAa NMPEACTABUTL B Buie — (b — a), Tak yTo
Ha MepBbifl B3rAAL Pa3aUyHble MHOXKHTENH MOXHO JErKo che-
AaTh OJHHAKOBBIMH.

Mpumep 3. 6ax — 2bx 4 9by — 270y =
=2¢xBa—~b+ 9y (b—38) =2x(3a — b) —9y(3a —b) =
= (3a— b) (2x — 9y).
3. [Ipeo6pasopanue, oObacHeHHOE B 0. 2, MHOTAA yRaerca
OCYIeCTBHTh NOCHAe NPEeIBAPHTENbHOTO BBeleHNA HOBLIX (B3a-
MMHO YHHUTOXAIOULHXCA) YICHOB HAH Da3JOXEHHA ONHOrO W3
YJEeHOB HA J(BA CJaraeMbix.

Npumep L. @@ —xf=a"tax—axr—x’=
=a@+x)—x(a-+x)=(a+ x)(a—x)
[cp. popmyay 3 § 8]
Mpumep 2. pP4-pg—29°=p*+2pq —pg—2¢*=
=pP+2)—q(p+29=(p+29) (p—9).
4, OT npuMeHeHHA WOCAEQHEr0 NpPHEMa HHOTLA MOXHO
#36aBUTh ce01, N0ABL3YACh HECKOALKHMH TOTOBLIMH QOPMY 1aMHK
pa3noMeHHa, noayyaeMbiMH obpaiieHHeM opmya CoKpameH-
poro ymuoxenua (lll, 8), umento:
a® 4 2ab + b= (a | b)%
a® —2ab 4 b* = (a — b)%;
@ — b= (a4 b)(ea—0b)
T I
Npumep. 4x?+20xy- 25¢% [lpumenss nepsyio u3
npusefenHbix Gopmya (8 =2x; b=>5y), noayuvaem:
48+ 20xy + 2590 = (2 + 59)",
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Yinaunoe BbINONHEHHE DA3NOWCHHA MHOFOY/JeHa Ha BO3-
MOXHO OGoJablllee HHCRO MHOXHTeneH 3aBHCHT OT YMCHHR
KOMGHHMPOBATH BhlIlIenePeYHCACHHbIE NPHEMBI.

Mpumep. 24 4% —4x—3x2=12—-3x* 4 x> —4dr=
=3(4—xN—x 4 —xN=4—-xHB—=x)=
=24 x)2—x)(3—x)

§ 13. Anre6GpanveckHe ApobH

Anzebpauteckoil Opobs:0 Ha3bIBaeTCA BLIPAXEHHE. BHAA % y
rne 6yxkasl A U B 0603HavaioT mo6ple 6yKBEHHDBIE MM YHCIO-
Bble BHIDAMEHHA, a YePTa MEWAY HHMMH €CTh B3HAK AEJEHHA.
Hennmoe A HA3LIBAOT 4ucaumesem, Keautean B -— guamena-
meaen. JIpo6u, paccMatpusaeMsie B apuMeTHKe, NpeHCTa-
BAAIOT YaCTHHA cayyaht aare6pamyeckodt Apo6H (UYHCAHTEdb H
3HAMeHaTeab — Ledble  MOMOXHTeAbHBe uHcaa). [Je#hcrsua
¢ aare6pauyecKMMH IPOGAMH COBEpUIAOTCA MO TEM Ke fpa-
BHJaM, 4TO geHcTBUA C 1pobaMu B apndmertuxe (cm. Il, 16—22).
BBuily 8TOro Mbl 3/eChb OFPAHHYHMCH IHIIb HECKOJALKHMH TH-
AHUHBIMH pAMEPaMH.

CoxpameHnue apobu

15a2x4
Mpumep 1. Jpobb o ==

15a2x4 __ 5¢
21a5x3 7 Tad°

MOXHO COKpatuTh Ha 3a%x%

2a? — ab — 3b2

anMep 2. ﬂp06bm

MOXHO COKpPaTHUTb Ha

2a— 3b.
Uro6nl 06HApYXHTb 9TO, HYKHO Pa3doKATh YHCAHTEAb I
3HaMeHartedb Ha MHoxutean (cM. [l 12, cayuwair 3):

22 —ab -3 __ (2a—3b)a4+h _a+d
20 —Bab 308~ (2a-3b)a—b a—5b"

Caroxenue U BoiuHTaHue Hpobek

m n
[Tpumep 1. UYro6u caomute npobu a5 T 7530 "IPHHH-

Maem 3a ofwMit 3HaMeHaTeanL 4h% HOMOAHUTENbHbE MHOQ-
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KHuteau. b—-,zum nepsoro cjaraeMoro, g -— nas BTOpOro:

m n ___mb+rna
ot T ape = g

a2bz *
a—b a-t+b
ﬂpﬂmep 2. Qa,__ab_sbe—Qaz—si_stb‘-’:
a—b atb .
= Ca—3b) @+ (@a—3sb)a—b
__ _la—b2—(@at+b2. — 4ab
T 2a—=3ba+b)(a—b) T (2a—3b) (aF — T *

3amevanwue. Jlumb npu cnoeguassHoM noabope npu-
Mepa MHOTOYJeHHble 3HaMeHaTeaH Apobeit 6viyT nuMers obuiue
MHOXHUTeNH. BooOuwe ke 3710 cayuait xpa#de peaxui. Ecam
Ke 3TH obllHe MHOMHTENM CYULeCTBYIOT, HaXOWJIeHHe HX Tpe-
Oyer 10BOAbHO MHOro BpeMeHH. Jina pa3sutHa aarebpanye-
CKHX HaBLIKOB 9TH MOHCKH MOJe3HbI, [T03TOMY BHHMaHHE, yie-
AdeMoe MM B yueOHOH JauTepaType, BIoAHE OMNpaBaBIBAaeTCA,
Ho npaxthyeckas moab3a HX HeBeAHKa, ¥ YacTo ropasio ayd-
lule, He TpaTA BpPeMeHW Ha pa3bickaHHe npocrtefilmiero oduiero
3HameHaTeJ A, POCTO B3ATh 3a oGMI 3HaMeHaTeab NPOU3Be-
leHHe JaHHbIX 3HaMeHateuelt.

YMHOMeHHE N ReNeHUe npolehn

4a2 23d2 __8acd |
NMpusep L 55555 = 3p5-- COKpaumeHde MOXHO npo-

M3BOAUTL AMGO 10 NepeMHOXeHHs YHUCIHTexefl M 3HaMeHaTe-
aedt, anbo nocre.

x2—a? A2 —ax—cxtac __

Mpumep 2 H—grror—st xe =52 =
. (x2 — a2) (x2 — b2) _xtaxtbd __(xta)x-tb)
T obhxFox—ax—a  xFfolx—c  xt—cz °*

§ 14. Ilponopuun

Onpenenenne oTHomeHust H uporopunu oM. I, 48. Us
c
RPONOPUNH %:7 BhITeKaeT ad = bc (1poH3BeleHHe cpell-
HUX UJEHOB paBHO IHpPOM3BeleHHI0 KpafiHux); o6paTHO, u3
ad == b¢ BBITEKAIOT NPONOPUHH
[4 a

LI
=4q

a __. ¢,
by~ d' ¢

c-lh.
Il
&ln

.
1
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H p. Bce 3t 0ponopuUin MOXHO UOIVYNTL U3 HCXOIHOI
a

¢
-F_—-_? ¢ NMOMOWbLIO CACAYIOUHX NIPaBHI.

a
1. B nponopuuu T:% MOXHO MeHATb MecTaMH Cpei-

HUE HIH KpalfHue uaeHbt wad te u apyrue. Ioayvaem:
b d __ ¢, d
¢

d’' & a’ =

a
c

IS

2, B uponopuun MOWHO MEHATL MeCTaMit npelbliyuipe

o 1 :
M mocredyouine useHe o6oMX ee oTHomenui. M3 E =S

b d
b d .
noayuaerca —-==-_-. 3Ta NPONOPUHA Yie NOIyueHa Buille

d b
(B BUAE ?=7> . Tounno tak e HuUYyero HOBOro He aoay-

YHM, NepecTapads npeabayulne H nocIenyoue 4aeHsl B TpeX
Bblllle HaltAeHHbIX 1IPpoNopuUHAX,

a c

MpoussBonubie nponopunu. Ecan 3 = 10 cupasel-

JHBH H CAe1YIOUiMe NPOROpUHK (TaK Ha3biBaeMbie npou3goo-
Kbl nponopyuu), noayvyaeMble U3 IaHHoM:

a+b_c4d a—-b_c—d atb_ _c+d a—-b c—d,
a T e Ta T e e T Ta > Te T4
a___c__a_c.b__d'b___a’_
a4+b c¢Fd’ a=bT c—d’ a+b c+d’ a—=0b0 c—d’
a4+b__c4d at+c__a ¢ atb __a__ b,
a—b~ ¢c—d’ bFd b d’ rd+d ¢ __d’
a—b__a b, a—c__a__ ¢
c—d~ ¢ d’ b—d b d

DTH ¥ MHOMECTBO NOOGHBIX UM NPOH3BOAHBIX NPONOPUKH
MOIYT OniTb 0Gbel#HeHH B JBYX OCHOBHBIX (OpMax:

ma-nb __ mc+nd 1
mia +no  mc+nmd 6))
ma+4-nc __ mb+nd 9
m,a—{«n;c’.—mlb-#nld’ ()

roe m, n, my, ny— moboie yucaa 1), .
Tak, nonaras 8B dopmyne (I) m=n=m;==1, n; =0,
b d

f0AyYAM  UPOUBBONHYIO TPONOPIHIO aj’ _—_?_“}?‘_; nonaras

1) ¢dopma {2) MoweT GhlTh noJyucHa N0 ToMy Ke npamday, uto u (1),
€C TIPeaBAPHTCARHO NEPECTABHTL Cpelune UJcHh) B AAHKOIN nponopumy,
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atc__b-tad

a T b

8 Gopmyne 2y m=n=m, =1, n; =0, umeem

a-+—¢ a
MK, NEePECTAaBAAA CPENHUE UIeHH, 3—_*1'_—d=7 T I

§ 15. 3ayeM Hyw»Hbl yDPRBHEHHSN

BoluncanTenabHble 3a5aud ObIBAIOT NpPAMbIE H KOCBEHHbIE,

Bot npumep npamoil 3aiayuH: CKOObKO BECHT KYCOK CI11aBa,
Ha wusrotoBieHue Kotoporo moumso 0,6 dm® Memn (yn
Bec 8,9 wx2/0x®) u 0,4 Om® umuka (yn. sec 7,0 xe/om®)? Ilpu
ee pelleHHH Mbl HaXOXUM Bec B3srol mend (8,9 - 0,6=5,34 (x2)),
sarem Bec uunka (7,0-0,4=2,8 (x2)) n, HaxkoHew, Bec CnOaapa
(5,34 + 2,8=8,14 (x2)). Boinoansembie mefCTBHA W HX mocae-
JOBATEILHOCTh THKTYIOTCS CaMHM YCJIOBHEM 3alayH.

Bor npuMep xoc8ewnOfi 3ajaul: KyCOK CI/aBa Meld H
uvnka obvemom B 1 Om3 Becut 8,14 xe. Haiitn o6beMHbIE KO-
JAMYeCTBA MEIH M UHHKAa B 3TOM cnaase. 3ieCh U3 yCIOBHA
3ajayd He BHAHO, KaKMe LEHCTBHA BeAyT K ee peuenHw. [pu
TaK Ha3biBAEMOM 2pH(PMEeTHUECKOM DellleHHH HYXHO NPOABHTH
nopuac Goabumyo n306peTatenbHOCTb, YTOOH HaMETHTb MiaH
peliernn KocBeHHOH 3agaud. Kaxkmas HoBas 3apava tpebyer
C03]aHust HoBoro mnaaHa, TPyA BBIYHCAHTEIA 3aTpayHBaeTcs
HepauHoHansHO. J{aA pauHoHaIN3auMH BbIUHCINTEALHOTO MpO-
gecca M Obla CO3MAH METOL YpaBHCHHH, KOTOpHI ABAACTCS
OCHOBHbIM 1peaMeToM H3yuerus B aiarebpe (cM. Il 1). Cytp
3TOFO MeTOJAa TaKoBa.

1. Wckombie Beanuyunb 15oay4alT ocoObie HauMeHOBAHMA,
Mbl noab3veMcAa Aaf 3ToH leaH GYKBEHHbIMH 3HaKaMu (npej-
HOUTUTERBHO MOCAeAHHMIT OyKBaMy 1aTHHCKOro aaasura X, y,
2, u, v). Ycaosue 3ajayd C NOMOWLI0 3THX 3HAKOB H 3HAKOB
nedcTBUi (-4, — M T. I.) <NepeBOIHTCA HAa MaTeMaTH4yeCKHH
A3blK», T. €. CBA3M MEXAY JaHHLIMH H HCKOMBIMH BeJIMYUHAMY
Mbl BbiDaKaeM He CIOBaMH M ()pa3aMy pasroBOPHOrO A3bIKA,
a MaTeMaTHYeCKUMH 3Hakamu. Kaxjpan Takas <MatemaTHyeckas
¢pasa» n ectb ypaBHeHHe.

2. [locre storo Mbl peutaeM ypaBHEeHHe, T. €. HaXOiHM
3HAUYeHHs1 HCKOMBIX HEH3BECTHHIX BEJHWYHH. PelieHHe ypaBHe-
HUA TPOH3BOIHTCA COBEPUICHHO MeXaHHYeCKH, no oMM npa-
BuUaaM. Ham He npuxogurca Gonbuie YUYHTHBATL 0COBEHHOCTH
NAHHOH 3alayM; Mbl TOABKO JOJMHbLI NPHMEHATb pa3 HaBCerxa
YCTaHOBJAEHHbIE NPaBHAA H NPHeMbl. (BHBOIOM 3THX NpaBHA
¥ 3aHUMaeTca B MepPBYIO ouepenb aiarebpa.)

Taxkum obpasom, ypaBHeHUA HYXKHH J1s TOro, yToOb Mexa-
11H3UpoBaTh TPYA BoiuHcAHTesA. [locae TOro Kak ypaBHeHHC
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COCTABAEHO, PelleHHe €ro MOXHO MOAyYHTb BROJIHE aBTOMa-
THYECKH (B HACTOALLEE BPEMA CKOHCTPYHPOBAH DPAI TaKHX
agroMatoB). Bca TpyHHOCTH pelleHHA 3ajauH CBORHTCA JHIb
K COCTaBAEHHIO ypaBHEHHA.

§ 16. Kax cocraBaaTh ypaBHEHHs

CocTaBUTh ypaBHEHHE — 3HAYUT BLIPA3UTb B MaTeMaTtH-
yeckol (opMe CBA3b MEXAY JaHHbLIMHM (H3BeCTHBIMH) 3amayu
N HCKOMBIMH (HeH3BeCTHBHIMH) ee BeanunHaMu. Vuorma sta
CBA3b HACTONBKO ABHO COAEPKHTCA B (OPMYIHPOBKE 3alavH,
YTO COCT2BJIEHHE yPaBHEHHA ecTb NPOCTO NOCIOBHLIH NEpecKas
3a1aYH Ha A3bIKE MATEMaTHYECKHX 3HAKOB.

Npumep 1. MerpoB noayunms 3a pabory Ha 16 py6.
6oablie, 4YeM I10JOBHHAa CYMMbl, KOTOpYlO moayuua MaHos.
Bumecte onM noayunau 112 py6. CxoabKo NoRyyunau 3a pa-
6oty Merpos u Hsanos?

OG6oanaynm uepe3 x 3apaforox Heanoma. [TonoBuna erc

3apaboTKa ecrb-;—x; mecayHbill 3apabotok Ilerposa 17.\’—}—]6:

BMecTe oHM 3apaBatoiBaior |12 py6.; maremaTHuecKas 3amHCh
nocrensed ¢pasb 6yner

(§x+16)+x_—_112.

Ypasuenue coctaBieHo. Pemas ero no pas Hasceraa
ycraHoBneHHniM  npasuaam (I, 20), waxonmM, uto 3apa-
6orok Msanosa =64 py6., 3apaborox ke [lerposa

1
3% + 16 =48 (py6.).

Yamte, 0xHaKo, CAYYaeTCs, YTO CBA3b MEXAY HAHHBIMH K
MCKOMBIMH BENHYMHAMHM HE YKa3blBaeTcs B 3ajaue NPsMo; ec
HYXHO yCTaHOBMTb, MCXOIA M3 yCJOBMil 3amaun. B npaxty-
YeCKHX 3ajayaXx TaK M ObiBaer noyTH Bceraa. ToapbKo uto
[pUBEICHHDbIA NPHMED HOCHT HaAYMaHHBI XADAKTEP; B XU3HU
MOYTH HHKOTAa MOXOOHBIX 3aflay He BCTpeyaercs.

Jlaa coctaBaeHMA ypaBHEHHs [O3TOMY Helb3d 1arb BIIOJHC
HCYEPMBIBAOWNX yKadanuil. OHAKO Ha MepBHX ROpax MNo-
J1e3HO PYKOBOIACTBOBATLCA ciaepyiouiuMm. [1pumem 3a suayeuuc
HCKOMOH BeAHYMHBI (MAM HECKCJABKHX BCAMYHH) Kakoe-HHOY b
Hayrajg B3ATO€ 4YHCAO (MAM HECKOAbKO YHCER) H NOCTABHM
ceBe 3aJayy NPOBEPHTH, Yralaln 1H Mbi IPaBUIbHOE PelIeHHE
3agaud IR Her. Ecay Mbl cymead npoBecTH 3Ty (IPOBCPKY
B OGHapyXHTH aubo To, uTO Joragka Hauma BepHa, au6o 10,
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4TO OHa HeBepHa (cKopee BCero CAYYHTCs, KOHEYHO, BTO-
poe), T0 Mbl HEeMEeJeHHO MOXeM COCTABUTb HYXHOe VYDaB-
Henue (MW HeCKOJAbKO ‘ypaBHeHui#t). WMenno, sanuiiem Te
camble REHCTBHA, KOTOpBE Mbl NPOU3BOAMIH [1a3 NPOBEPKH,
TOIbKO BMECTO Hayrajg B3ATOrO 4YHuCAa BBefeM OGyKBeHHbIl
3HaK Heu3BeCTHOH BeauuuHsl. Mbl noayyum Tpebyemoe
vPaBHeHHe.

NMpumep 2. Kycox cnaasa Mexd H uHHKa o00BeMOM
B | 0m3 Becur 8,14 ke. CKONbKO MEIH CONEPWHTCA B CHAABE
{yn. Bec Menn 8,9 x2/0M®; unuka — 7,0 x2/om®)?

BosbMeM Hayrajz uHcao, BbIpaXaiouiee HCKOMbIE o06beM
meny, Hanpumep 0,3 dm®. [Iposepum, ymauso au Mbl B3sian
310 uncto, Tak xak | dm® menn Becur 8,9 x2, To 0,3 Oa?
Becar 8,9:0,3=267 (x2). Ob6vem uHHKA B cHaaBe ecCTb
1—0,3=0,7 (dx3). Bec ero 7,0-0,7=4,9 (xe). O6muil Bec
uMHKa 1 Menn 2,67 + 4,9 =7,57 (x2). Mexay tem Bec Hauero
Kycka, no ycaoBuio 3azaud, 8,14 xe. [loragka Hama Heco-
croarenbHa. Ho 3aro Mbl HeMeZaeHHO NOAYYHM ypaBHeHHe,
pellleHHEe KOTOPOTO JacT NpaBUAbHBLIH oTBeT. Bmecto Hayrag
B3atoro uucaa 0,3 dm® oGosnauum o6beM Mexau (B OM°) uye-
pe3 x. Bmecro npoussenenua 8,9.0,3=2,67 GepeM nponsse-
Jnenne 8,9 x. 1o — Bec Menu B cnaase. Bmecto 1 —0,3=0,7
G6epem | — x; 3t0o — o6beM uuHKa. Bmecto 7,0-0,7=4,9 Ge-
peM 7,0 (1 — x); sto — Bec unHKa. Bmecto 2,67 + 4,9 Gepem
8,9 x -+ 7,0 (1 — x); sro— obwuit Bec nuHKa U Mend. o yc-
J10BHIO OH pamen 8,14 xe; sHayur, 8,9 x 7,0 (1 —x)=8,14.
Pemrenne storo ypasuenua (cum. I, 15) zaer x=0,6. [Ipo-
BepKy Hayrajg B3sTOIO pPelleHHsi MOXHO JenaTh PasiHYHLIMH
croco6aMH; COOTBETCTBEHHO 3TOMY MOXHO NOJYYHThb IJIA O1-
HOH M TOH Xe 3a1ayfl pa3auyHble BHIB YPaBHEHHs; BCE OHH,
OJHAKO, HAAYT IAsi UCKOMOH BeJWYHHB ONHO U TO e pelre-
HHe; TaKHe Y PaBHEHHA Ha3bIBAIOTCA PABHOCUNGHOLMIL RPYT RPYTY
(cm. 1L, 18).

Pasymeerca, nocie mnoAyYeHUss HABLIKOB B COCTAaBJEHHH
YPaBHEHHIl HET HYXAH NPOH3BOAMTL NPOBEPKY HAyray Basd-
TOrO YHCIA: MOXKHO [Ia 3HAUEHHA HCKOMOH BeaMyHHbl Opathb
He uHncao, a Kakywo-aubynb 6ykBy (X, y M T.1.) H foCTynaTh
TaK, Kax ecau Oul 9Ta GykBa (HewssecTHoe) Gblia T€M YHCIOM,
NpPOBEPHTb KOTOpOe Mbl cobHpaeMmcs.

§ 17. O6uue cBeneHHs 06 ypaBHEHHAX

HBa BhipaxeHnns, yucaoBsie HAH GYKBEHHbIE, COEIHHEHHbI®
3HAKOM DpaBeHCTBa (=), oOpasyioT pasencmso (4nCaoBOE
nau OyksenHoe).
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Bcakoe BepHOe uHCAOBOE PaBEHCTBO, a TaKke BCAKoe OyK-
8CHHOE DPaBEHCTBO, CHPABCAJUBOE HPH BCEX  YHCIOBBIX
3HAYEHUAX BXONAULHX B Hero Gyxs, Ha3blBaeTca moxcoe-
CMBOM.

Mpumepn. 1) Yucnosoe pasencrso 5-3-+1=20—4
ecTb ToOxaecTBo. 2) Bykmennoe pasesctBo (@ — b) (a 4 by =
=qa! — b® ecTb TOKAECTBO, TAK KaK MpPH BCeX YHCAOBLIX 3Ha-
uyeHHUsiX a U b npaBasa m aeBas YACTH 3T OJHO H TO e
4KCIo.

PagpenctBo, cogepxailee HeudBecTHoie OYKBCHHblE Beu-
4YHHL M HE HBJAAIOUICECA TOXIECTBOM, Ha3blBACTCHA Y pABHe-
Huem '), YpaBHEeHue HA3LIBACTCA OVKBEHHBLLAM, €CIM BCE UaW
HCKOTODHE M3BECTHbIE BCAHYHMHbLI, BXOjsiiHe B Hero, Bbipa-
KeHbl OYKBAMH; B LIDOTHBHOM CiyYae YpaBHCHHE Ha3biBAaCTCH
q4UCAOBLLM.

Kakue u3 OykB, BXOIAUHE B YDaBHCHHC, (IPEACTABIAOT
M3BECTHDIE, 3 KAKHE — HEeU3BECTHHIE BCINYHMHEL, NOMKHO GbiTh
OTIeAbHO YKazaHo. OObLIUHO KA 3TOrO HEU3BECTHLIE BEAMYHHBE
0603HAYAIOTCA NOCAETHUMH OYKBAMHM JaTHHCKOrO aiQaBuTa
X, ¥, 2, &, v, w. Ilo yucay HEU3BeCTHHIX ypaBHeHUA pa3je-
JAIOTCA Ha YPaBHEHHUA C OXHUM, ABYMA, TPeMsa M T. 1. Heus-
BECTHBIMH.

Pewums 4ucnosoe ypasuenue — 3nauuT HallTH Takue yic-
JOBbIE 3HAYCHHA BXOMMIUNX B HErO HEH3BECTHBX, KOTOpble
o6paTsAT ypaBHeHHE B TOWAECTBO. DTH 3HAUEHHH HA3BLIBAIOTCH
KOPHAMU YPAGHEHUS.

Pewumb Oyxeennoe ypagHenue —— 3HAUUT HAflTH Takle Bbl-
paxeHUs HEH3BECTHBIX 4epe3 BXOMALIMC B YPaBHEHHA M3BecCT-
Hble BeJIHYHHBI, KOTOPbie, OyAyuUH MNOICTABIEHb B YpaBHeHUe
BMECTO COOTBETCTBYIOUHX HCH3BECTHBIX, OOPATAT ypasHCHHE
8 TOwnecTBO. HafimeHHbie BbIPAaWEHHA HA3bLIBAIOTCH KOPHAMU
YPABHEHUS.

1y 10 onpegenenne Avuwb 110 QOpPME OTAMHAETCH OT MPHHATOrO B Hbi-
HewHnux yqeﬁmmax, anHMylLlCCTBO €ro g BHXY B TOM, UTO OHO 1O3BO.aRCT
cpasy xe IPOBCCTH HeTKoe pa3iyiie MeX1y peuleHHeM 4HCA0BOrO i peluc-
HueM GYKHCHHOIO YpaBHEHWd, a 3TO BAKHO W C HayuHoli W ¢ nexarornuec-
CcKOH TOYKH 3peHuS,

3amedy, 4TO Mue KawerTca Gojee lielecooSpasuuim onpeRensTh ypasse-
HME NPOCTO KAaK <PABCHCTBO, COAEDWAILEE HEUIRCCTHBIE BEAUYHHBI», He
UCKAORAL caydad, KOLAA STo paBEHCTBO HABISCTCH TOKIecTROM, Bens,
umMes GykseHHOC PABEHCTBO, Mbl B ofLIeM C1yyae He 3HAECM 3apaHee, TOK-
1eCTBO 0HO MAM HeT, YTOGbI y3HaThb 3TO, HYAHO OSLIMHO U0Ab30BATHCA
TeMH Ke npdeMami, KOTOphle NPHMEHAIOTCA npi peneHid ypasuenuil, [lo-
3TOMY €eCTCCTBEHHO CYHTATL OYKBEHHOG TOWICCTBO HACMHWM CAYHAEM
vypasuenns, Tax npewxie u Aeaatd; CYmMeCTROBR] RaKe TEPMHH <TOX-
LecTreHHoe ypasHeHue», Jymao, 4TO K 9TOoMy O0uivaiw CaeROBAJO Obl Bep-
HYTHLCA,
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2 !
Opumenp 1. 5% = 9 X~ uHCI0BOE ypamHeHue C ?n-

2

HUM HeuaBecTHHIM X. [1pH x =1 06a BbipaxeHus Epnr iR
06pa3yoT TOXIECTBO, T. €. HAIT OAHO M TO Xe YHCJO; x==1
€CTh KODEeHb ypaBHeHHs.

fipumep 2. ax -+ b==cx + d — GykBeHHoe ypaBHeHue

oHO oO0paujaerca B TO-

d—b d—b
KAeCTBO, TAaK KaK BblpaweHHA @ ~—— - b ne— +d upu

BCeX 3HaueHuax OYKkB @, b, ¢, d NAOT ONUHAKOBbIE MEXAY
cofo#t uHcaa (ecin npeo6pas3oBaTb 3TH BLIPAMEHHA, TO Ka-

ad — bc
P > . 3HayeHue

C OLHUM HEU3RECTHLIM X, IpU X =a e

KA0€ M3 HUX MOXHO NPEACTAaBHTbL B BUIC

d—0b .
x-——l:g €CTb KOPEHb ypaBHCHHA.

Mpumep 3. 3x + 4y =11 —uucaosoe ypaBHeHHMe C IBYMA
HeussecTHbMIL. [1pn x = 1, y = 2 OHO 06pamaeTcsa B TOKFECTBO
3-1+4-2=11. 3navesna x =1, y =2 — KOPHH ypaBHEHHA,;
X=—3, y=2>5-— TaKkKe KOPHHU ypaBHeHud. 3HaueHus x =2,

!
y==1 4 —TaKkke KOpHH ypaBHeHHA. Ypasueune umeer Gec-

YHCJIEHHOE MHOXKECTBO KOpPHeH, ONHAKO OHO — He TOXAECTBO,
TaK Kak, HanpuMmep, NpH x==2, y==3 n[paBas u j1esas ero
YyacTH He PaBHBl MeXny coboil,

Mpumep 4. 2x-+3=2(x-} 1) — yucnoroe ypasHeHue
¢ oaHMUM HeussecTHoIM. OHO He o6paiaetcs B TOXIECTBO HH
NP Karux 3HaUeHUAX X ((PaBYI YAaCTb MOXHO OPEACTaBUTH
B BHIe 2x 4 2 ueMy Obt HH paBHAI0Cb 2x, apuaBicHue
K 2x YHcia 2 He MOWKET 1aTb TOro e 4MCaa, yto u Upubas-
Aenue K 2x uyucaa 3). 1o ypasBHeHHC HE HMceT KOpHeM.

§ 18, Pasnocuibsbie ypaBHeHUS.
OcHoBHble NPHEMbl pellieHnst ypaBHeHHH

PaBHOCUNBHOLMI YPABHERUSMU HaA3bIBAOTCA TaKHE ypaB-
HEHUA, KOTOPbie UMEIOT OHU U T€ We KOPHH, HANpHMep ypaB-
Henusa x?=3x—2 1 x% 4 2=3x pasnocuabum (06a UMciOT
xopun x=1 u x=2). [lpouecc pewenua ypasHeHnil 3aKawo-
yaeTcA B OCHOBHOM B 3aMe¢He MaHHOrO YDaBHeHHA APYrhw,
€My PaBHOCHJbHDBIM.

OcHoBHBIC NPHEMBb, PHMCHACGMBIC HPH DEIUCHHH YPaBlie-
11HA, TaKoBBbL
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l. 3ameHa ogHOro Bbipax{€HAA APYTHM, TOXRAETTBEHHO eMYy
pasHbiM. Haupumep, ypaBuenue

(x+1)¥=2x+5
MOXHO 3aME€HHTb paBHOCHJAbHbBIM YypaBHECHHEM
x4 2%+ 1=2¢+5.

2. IlepeHoc cnaraemMbix M3 OJAHON YacT ypaBHeHHs B ApY-
ry®o ¢ nepeMeHojt 3Haka Ha OOGpaTHbIM; HanpHUMep, B ypaBHe-
Hud x*+ 2x 4- 1=2x 45 MONKHO mfepeHeCTH BCe YJEHbl
B J€BYIO YacTh, HpHyeM uaeHsl 42X U -5 u3 mpaBoii yacTy
B 7€BYIO NepeHayT CO 3HAKOM MHHYC. YpaBHenue x? 4 2x -
+ | —2x—5=0, uau, uro 10 *e, x*— 4=0, paBHOCHALHO
HCXOIHOMY.

3. YMHOXeHMe HAM fneneHHe o6euX yacTeHd paBeHCTBA Ha
OIHO H TO e Boipaxenue. [Ipu sTOM HyXHO HMeTb B BHUAY,
UTO HOBOC YPABHEHUE MONMCEM HE GbliMb PABHOCUNOHHIM npe-
OulOyieMy, ecall BLIpANCEHUE, HB KOMODOE Mol YMHONCAEM
uau Oeaum, mogicem Obimb PASHHIM KYA0.

Npumep. Jano ypasrenue (x — 1) (x+2)=4 (x —1).
Pa3geaus o6e ero yactH Ha x — l, noayvyaem x + 2=4. 310
ypaBHeHHE HMeeT eXMHCTBeHHHH kopehb x=2. Hcxoamnoe
#e ypasHeHHe, KDOME KODHsA X ==2, HMeeT elle KOpeHb X = |.
[Mpu pexsenuu Ha x — 1 3toT KOpeHb <notepaaca>. HaoGopor,
NpH yMHOXeHHH oOeux yacreil ypaBHeHus x-}2=4 Ha
(x — 1) cBepx kopHA x = -} 2 noABAETCA HOBBIM KOPEHb X == 1,
W3 srtoro oTHIOObL He ciexyeT, YTO He HYXHO YMHOXaTb WIHN
Heauth ofe YacTH ypaBHEHHA Ha BhHIpaXeHWe, MOryliee
paBHATbCA Hymo. HyxHo Toabko Kawumif pas, Korza takoe
HKeHCTBHE MNPOM3BOIUTCA, Y4eCTh, HE NPONALYT AM MPH STOM
Kakue-HuOyAb CTapble KOPDHH M He NOABATCA 14 Kakue-HUOGYIb
HOBbIE,

4. MoxHO Takxe BO3BOLUTL o6e YaCTH YpaBHEHUA B OIHY
M Ty e CTeeHb WAM H3BJeKaTh M3 06eMX YacTell KODHH oO-
HOH H TOH Xe CTeNeHH; OHAKO VNPH 3TOM TaKKe MOTLYT [ONY-
YaThCA YPaBHEHHA, He PaBHOCHAbHbE HCXOIHbIM. Hanpmmep,
ypaBHeHHe 2x==6 uMeeT OJMH KOpeHb X =23; ypaBHeHUe Xe
(2x)* =62, 1. e. 4x% = 36, uMeer jBa KOpHA: x=3 U x = — 3.
ITepen TeM Kxax BbIMOAHHTHL Npeobpa3oBaHHe YPaBHEHHS, HYWKHO
ROCMOTPETh, HE MOTYT A4 APH S3TOM fIPONACTh HEKOTOphHIE CTa-
phie ero KOPHH WM NOsABUTLCA HoBbie, OcoGeHHO BAaKHO yCTa-
HOBUTb, HE [PONAJAOT A CTapble KODHH; NOfABJeHHE HOBHIX
He TaK oOfacHo, W60 BCeraa MOXHO, NOJYYHB HEKOTOPbIH
KOpEHb, [OJCTABHTh €ro B HCXOJHOE yDaBHEHHe H Hernocpei-
CTBCHHO 1IPOBEPUTL, YAOBAEGTBOPAETCA AH CHO.
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§ 19. Knaccndpuxauus ypaBHeHH#

YpaBuenne Ha3blRA€TCA ajpzefpauyeckus, €CAN Kawias
u3 ero yactefl ectb MHorounex wan oguouaex (lII,”6) no or-
HOLMEHHIO K HEH3BECTHLIM BEIHUMHAM.

Mpumepsl by 4 ay* = xy 4 2™ — agrebpanyeckoe ypas-
HeHHe C JBYMA HEU3BCCTHLIMH; HO ypasHeHHe bx 4 ay*=
=xy -+ 2% ‘He aneebpauyeckoe, 1OTOMY YTO fpaBas YacTb
PABEHCTBA — He MHOI'OMJEH OfHOCHTEAbHO OYKB x, Yy (charae-
moe 2* He €CTb ONHOYJAEH OTHOCHTEALHO OYKBBI X).

Cmenends anzebpauveck020 ypugrenus. llepeHecem Bce
uiaeHbl anre6paduecxoro ypasHeHua B OAHY €ro 4acCTh M NPo-
u3BeAeM upHBeldeHHe NOAOOHLIX €ro W/iCHOB, €Cid YpaBHeHHe
nocae 9TOr0 COJEDPWHT TOABKO OAHO HEM3BECTHOE, TO C/Me-
NeHbI0 VPABHEKUS HA3WBAIOM HaubOoabulull U3 noxdzame-
aeil npu Heussecmrom. Ecay ypaBHeHue cOREPMUT RECKOABKO
'HeN3BECTHHX, TO JUIA Ka¥IOro UJAeHa ypaBHeHMs COCTaBasiem
CYMMY NoKa3ameneil Npu 8cex 8XO0SULUX 8 HEZO HeU3BECIn-
Holx. HauGoabwasn u3 smux cymm Ha3vieaemest  cie-
NEHBIO YPUBHEHUS.

Mpumep 1. YpasHenne 4x3 4 2x* — 17x == 4x* — 8 ecTb
ypaBHEHHe BTOPOH CTElleHH, TaK KaK [10C/¢ TIePeHeCeHHA BCex
4JeHOB B NCBYI0 YaCTb YPaBHEHHMA (OCAeidHee HPUMET BUX
2xt— 1Tx +8=0.

[Ipumep 2. YpasHenne ax + b>=c® ectp ypaBHeHUe
nepBofl CTeNeHH, TaK KAaK BLICHIAs CTelleHb HeH3BeCTHOrO
X — 11epBas

Npumep 3. Ypasuenne a2x® - bxly® — abxyt — 2==0
ecTb ypaBHeHHe 6-f CTeNEHH, TaKk Kak CyMMbl ilOKasaTedeit
cTelieHeH tIPH HEM3BECTHLIX X # Y COCTaBAAWT 5 1aa nep-
BOro H TPETbEro 4JeHoB, 6 14a BTOPOro W Hyib Min YeTBEP-
TOro; Han6oabiias M3 3THX CyMM €CTb 6.

Yacto k yMcay aare6pamuecKMX OTHOCH1 M Takue ypaB-
HeHHA, PeHIcHHE KOTOPHIX NPHBORMICA K pelleHHio aaredpau-
yeck#x ypasHenuit. CTENCHBIO TaKOro yparHeHWs HA3bIBAWT
cmenens moz20 an2ebpauvecko20 YPaBHEeNUSl, K KOMOPOMY
OKO npugooumcs,

x4 1
X

MMpumep 4. Ypasnenme —==2x ecTb ypaBHeHue

BTOpOH CTENEHH, XOTA B HEro0 BTOPas CTeNeHb HEU3BECTHUIO
npaMo He BXOauT. Ho ecau 3amenurn ero (paBHOCHAbHBIM
eMy) agareGpavueckuM ypaBHesueM (0CBOGOLHTLCH OT 3HAME-
HaTeas), TO OHO NpUMET BHU 2x* — 3x— | =0. YpasHcHHE
nepBoit cTeneHy (¢ n106biM YHCIOM HEH3BECTHbIX) HA3bIBAEICH
raKXe AUHelIHbM yPABHEHHEM,
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§ 20. ¥YpanueHHe nepBof CTENEHH C OJHHM HEH3BECTHLIM

Ypasuenua 1-ft cTeneln ¢ oquuM HeHM3BECTHBIM HOCIE Hal-
Jexamux fpeobpasosanuii MOwHO MPEACTABHTHL B BHAE a.X =,
roe a u b-— jaHHble YuCAd UAH GYKBEHHble BBLIPAKCHHA, Co-
JepKauiMe M3BECTHble BeAHYMHGL. Pemenue (KopeHb) HMeeT

b
Bl X =, TexHuuCCKHE TpPyAHOCTH NOrYT BCTDPeTHThCA

TOALKO NpPH nPoBeJenHI npeo6pasoBannit,
pumep L
3¢—5 Byl 1
PR I T S R by

1) MpusegeM BpaByw0 YacTs paseHctsa K o6uIeMy 3HAMe-
HaTemo:

3x—5  Bx—D(x-+2—-02xL+5H
2(x+2 (2x -5 (£ +2) '

2) B uyucantene npascit yacTH OTKpoeM CKOOKM H npH-
BelleM NojgobHble YIeHs!:
3x—5 3?1 4-3r 17
2(x4-2 7 @2x4-8)(x+2

3) lMomHoxuM o6e vacti paBencTsa Ha 2 (2x -+ 5) (x -} 2),
yro6p ocBOGOINTH YypaBHeHwre o7 3HaMmeHnarededt. (Bompoc
O TOM, He BBOMATCA JH {IPH 3TOM JIHINHHE KOPHH, OCTaBHM
OTKPBITHIM JIO OKOHYAHHA pelieH:.l.)

Bx—35) (2¢x 4-5) =2 (3¢* 4 3x—T).
4) OTtxpuiBaeM CKOGKIL
6x2 -4 5y — 25 = 6x% -1 6x — 14,
5) MepenocuM Bce HemaBecTHBIE YJeHB B JMEBYIO YaCTh, a
H3BeCTHble B [IPABYIO; NOCAE NPHBEIACHHS LOAOOHBLIX YJEHOB
nonﬁuaem —x =11, U KOpeHb ypaBHEHHUs eCcTb X=-— 1.

ONCTABAAS 3ITO 3HAYCHHe B MCXOJHOE ypaBHeHue, yGew-
XaeMcs, YTO 3TOT KODeHb He JHIIHHI,

Mpumep 2.
x8 (¥ — )2 e—02 _ .,
(x —a) (x —b) + x (x — b) +.v(x—a)_3'

1) Ipusomum neBy0 nacru K oieMy 3HAMEHATEN:
x {(x —a) {(x—b)
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{(llonoaHKTENbHbLIE MHONUTENN: X N [EpROH HpodH; X—a
A8 BTOpOH; X— b naA TpeThefl.)

X3 4 (¥ = 2)3 - (x — )8 =3
X (¥ — a)(x — b) -

2) OcsoGoxacMcs OT 3HaMecHareas, yMHowas ofe gactn
paBeHCTBE HA X (¥ — a) (v — b):

B4 (x—a) (v — D) =3x (x —a) (x—b).
3) OrxpniB CKOOKH, HMCeM:
18 - vt 3av® 436ty -— e® -+ x — 3hx® + 36%x — bP =
=3x8 — 3ax? — 3bx* 4- 3abx.

4) llepesocun Heu3BeCTHHIE YieHsl B AeBYIO 4acTb, A4 H3-
sBecTHele B npasvio. [locie npusenenus noJoGHBLIX YJIECHOB
moayuaem:

3a’x —- 3abx + 36%x == a® + b5,
Hoai
3(a*—ab 4 b)) x=a® 4 b

5) Haxonm 0TCloNa KODCHBb ypaBHeHHA!

e ad - b3
X = 73{@® —ab I+ 09
D10 BHIpaKEHHE MOXHO YHPOCTHTH, COKparus npolb Ha
2% — ab 4 b1
a-hb
3

X ==

§ 21. CucreMa aBYX ypaBHeHHH nepsoit crenenn
¢ ABYyMS HEH3BECTHbIMH

[Tocae seimoanenns mpeo6pasoBanufi, RNONOGHHIX PaccMo-
TpeHHHM B NpeldnliyuieM naparpage, ypasuenne I-# cTenenn
¢ ABYMA Heu3BECTHRIMHM X, ¥ npuMmeT Bul ax -+ by =c¢, rme
a, 5, c— nanHble YNCAA UKW OyKBEHHblE BHIPAMEHHA.

OTgeabHo B3AToe TaKoe ypaBHCHHe MMeeT OeCUHCICHHOE
Muoxectso Kopsell., OAHOMY M3 HeU3BeCTHHX (HanpuMmep, X)
MOXHO [aTh COBEPUIEHHO HPOK3BOAbHOE 3HAYCHHE; 3HAUCHHE Y
HalileTCsl U3 ypaBHEHWA ¢ ONHHM HEM3BECTHHIM, KOTOPOE Iio-
AYYHTCA Toci€ TMORCTAHOBKY 3HAYEHHA X B HAIUE ypaBHeHUe.
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Haupumep, 3 ypaBHenun 5x -+ 3y == 7 MOXHO NOIOKHUTH X ==2;
torna umeem 1043y =7, otkyna y=— L.

Ecan HensBecTHHE X H y CBA3AHH He ONHAM, 2 ABYMA
ypaBHeHHAMH |-fi cremenH, 10 GecyHCaeHHOE MHOXECTBO 3Ha-
YCHHl OHH MOTYT MMETb TOJbKO B MCKIIOUHTEAbHBIX CAyyasx
(cM. [, 23). Boo6uie we cuctema ABYX ypapHewn#t I-fi cTe-
NeHW ¢ HBYMA HEeU3BCCTHHIMM HMEET TONbKO OIHY CHCTEMY
pewienuii. Moxer oxasaTbca (TOXE B HCKIOUUTEABHBIX CIy-
4anx), 4To OHa U BoBce He umeer pemenufi (cm. i, 23).

Peuienne cucTemsl ABYX ypaBHEHHl NepBOR cTehieHH €
JBYMS HEN3BECTHBLIMH MOXHO Da37HYHBIMHA CIIOCOGAaMH CBeCTH
K DelLIeHUI0 OJHOro YPaBHEHUS NepBOIl CTENEeHH C OJHHUM He-
M3BeCTHLIM. [lBa TakMX cmoco6a o6bacHeHB B caelymouieM
naparpage.

-3anaum, ApUBOMAILME K CHCTeme ABYX ypaBHenuil ¢ ABYyMH
HEU3BECTHHIMYA, MOXHO BCEria PEeminTh ¥ C NOMOWbBIO GAHOLO
yPaBHEeHHs ¢ OJAHHM HeH3BECTHBIM; ONHAKO NPH 9STOM 4HacTo
NPHXOLUTCA YAEAATH MHOCO BHUMAHUA TeM PacyeTam, KoTopue
IpH 1H0Ab30BAHUM CHCTEMOH ypaBHEeHHH BHOJHAWTCA MO Lial-
JOHHBIM PHEMaM B CaMOM mpouecce perleHua cucteMbl. To
e camoe OTHOCHTCA M X 3alayaM, pellacMblM ¢ NOMOUILIO
Tpex (Mau 60ablIEro- YHCAa) HeH3BECTHbIX. MOXHO peluTs UX
¥ C MOMOWbIO ONHON MAW NBYX HEM3BECTHHIX BeJHunH. Yem
Goablilee KONMYECTBO HeH3BECTHLIX BEIHYHH BBOJUTCA B pace
cMOTpEHUe, TeM, Bhofule rOBopsA, NPOILE COCTABARTL KaWI0e
M3 ypaBHEHHH, 3ar0 3aTPYyAHAETCA NPOLECC PEeIEHHA CHCTEMbI.
n03TOMy Ha PAKTHKE (IPEANOYTHTEILHO BBOIMTH BO3MOXHO
MeHblllee YHCA0 HEHU3BCCTHBIX OYKB C TeM, ONHaKo, uTOOL
COCTaBlIeHHe YPaBHCHUH Obl1o He CIHIUKOM XJAONOTAHBHIM.

MTpumep. Kycox cnnasa menn u unHxa o6bvemom B | 0as?
pecut 8,14 x2. Cxoabko Menu ¥ nHMHKA B criase (yneabiifl
Bec Menu 8,9 xe/Om3, uunxka — 7,0 k2 0x%)? OGosHauan ue-
pe3 X u y Hem3BeCTHHle oObembl MEIHM W LHHK2, HMeeM NBa

ypaBHEHHA:

89y -+ 7,0y =38§,14. (2)
[epsoe suipaxaer, uto obwuit 06beM MEIH H UHHKA (B OM?)
pasen |; Bropoe — uto ofwuit Bec ux (B x2) paBed 8,14

(8,9x ecrb Bec memy; 7,0y — Bec nnpxa). Pemas cucremy ypas-
Henuit (1), (2) no o6unM npasuaam (11, 22), vaxoaum x =06,
y=04. Ity xe 3agauy wmul pemwuan B I, 16 (npumep 2),
BBOIS TOABKO OJIHY HEM3BecTHY OYKBY X. Yuasamus, Cle-
nanuie 5 [, 16, ocTaloTcs B cuae M UPH COCTamjAeHUMN CH-
cTeMbl ypaBHeHAH ¢ ABYyMA 4 60/bIIHM YHCIOM HECH3BECTHHIX,
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§ 22. Pemenne cHcTeMbl AByX ypaBHeHH#t nepnoft
CTeNeHH C ABYMs HEH3BECTHbIMH

a) Cnoco6 noxCTaHOBKH COCTOMT B TOM, uTo: 1) n3 of-
HOTO )’paBHeHHH Mbl HaxXOIHM Bblpa)xexme OQHOI0 M3 HEU3~
BEeCTHbIX, HARDHMED X, Uepe3 W3BeCTHbIe Beauuulibl ¥ Jpyroe
Heu3BeCTHOE ¥, 2) HalileHHOe BbLIPaweHHE NOACTaBAsICM BO
BTOpOE ypaBHEeHHe, B KOTODOM mocjie 3Toil iOACTaHOBKH Oy-
JCT cOZepXaTbCcA TOABKO ONHO HEeH3BeCTHOe y; 3) pemiaesm
noayueHHOe ypaBHeHHE W HaXoXNM 3HaveHue y; 4) nogcras-
JAa HaligeHHoe 3HaueHpe Yy B BbipaweHHE HEH3BECTHOrO X,
HafiieHHoe B Hayaae peunieHusn, noayvaem aHaqel,me X

[Tpuwmep. Peluntsh cucTeMy yparHenuit:

8x — 3y =48,
S5x 4+ 6y=13.
1y U3 nepBoro ypaBHeHHA HaxoIWM BbIpAXeHHE X Yepes
NaHHble YHCRA M HEH3BECTHOE 3
4643y

T
2) lMoxcTaBaseM 9TO BhIpaweHHe BO BTOpOE ypanlicHHe:

46 4 3v
5. 552 L ey—13.

3) PertaeM NMoayycHHOE ypaBleHue:
5(46 +- 3y) - 48y == 104, 230 4- 15y - 48y =104,

15y 4 48y == 104 — 230, 63y=-— 125, y=—2
4) HafinenHoe 3HaveHue y == — 2 NOJCTaBAAEM B Bhpaiue-

46 4- 3y 66

HHE X == ——=; ONYyyaeM: X¥=—7—, T. C. x==25
b) Cnoco6 CHOKEHHS HAM BBIUHTAHHUA COCTOUT B TOM,
uro: 1) o6e yacTH OJHOro ypaBHEHHA YMHOXAKTCA Ha Heko-
TOpHi MHOXHTeab, ofe YacTH BTOPOr0 ypaBHEHHA YMHO-
WAIOTCA HA APYFOH MHOMHUTEAb. STH MHOWHTEIH NoAGHpPaTCA
TaK, 4toGb KOS(QQHIHEHTH TMPH OJHOM H3 HEH3BECTHLIX B
O6OHX ypaBHEHMsIX HOCIE UX YMHOWEHHs Ha 3TM MHOXMHTEIH
UMeaH ONHY M TY ke abcomoTHyIo seanunny. 2) Ckaajnipaes
JABA YpaBHeHMA HJAM BHUHMTAEM HMX JAPYr M3 ApYra, CMOTpHA MO
TOMY, MMEIOT JH ypaBHeHHble KO(GOHUMEHTH Pa3NIHYHbie UAH
OZMHAKOBHIE 3HAKHM, STHM OHO U3 HEM3BECTHHIX MCKIIOYACTCA.
3) PemaemM noayueHHoe ypaBHEHHME € OJHHM HEH3BECTHBLIM.
4) [pyroe HeW3BeCTHOE MOKHO HAWTH TEM Ke UDHEMOM, HO
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OGBbIIAO NpOoULe BCEro MOACTaBUTL HallAeHHOE 3HayeHWe nep-
BOr0 HEeM3BECTHOro B n060€ H3 JaHHWX ypaBHeHWH u pe-
WUTh ONYYMBHICECH ypaBHEHHE C OJHMM HEH3BECTHBIM.

Mpumep. Pemnth cucreMy ypasHeHuil:

8x — 3y =46,
5x -+ 6y =13.

1) lMpoue Bcero ypaBHATb abconOTHbe BEAUYAHBI KO-
duunenToB npu y; o6e YaCTH NEPBOr0 YpaBHEHHA YMHOXHM
Ha 2; o6e uwacTH BTOpPOro—Ha I, T. €. ocCTapaseM BTOpOE
ypaBHeHHE HeU3MEHHbIM:

8x—3y==46-{2| 16x —6y =92,
Sx+6y==13}1]| 5x--6y=13

2) CKAamMBAagM 1Ba ypaBHEHHA:
+ 16x — 6y = 92

5x -+ 6y= 13
2lx =105
3) PemraeM noayuyeHsoe ypabHeHHe:
105
X =5y =35,

4) loncTasaseM 3HayeHHe X==5 B nepsoe YypaBHEHHE;
HMeeM:
40—3y=46; —3y=46—40; —3y=6.

Orciona
6
y =] —_—3—- R 2.

Cnoco6 caoXeHWss M BHIYHTAHUA CJAeIyeT npelnoyecTs
ApyruM cmoco6am: 1) Korjga B AaH#LIX YPaBHEHUAX a6coaoT-
Hible BeIHYHHb KO3(Q(HiHeHTOB NPH OJHOM H3 HEU3BECTHLIX
peBHbl (TOraa mnepBbii M3 9TanoB pelIeHHA CTaHOBHTCH
HeHYXHbIM); 2) KOrja cpa3y BHIHO, UTO wucAoBbie K03(du-
[LHEHTHl IPY OJHOM U3 HEH3BECTHHIX YPAaBHUBAIOTCA C NOMOLLbIO
He6OabIIMX eJOYHCACHHLX MHOWHTedelf; 3) korxa xo3gpdu-
UHeHTb ypaBHEHHi cojepaT GyKBEHHbE BHpaWeHHd,

[Tprmep. Pewuts chictemy:
(a+4c)x— (a—c) y=2ab,
(a 4- B x — (@ — b) y ==2ac.
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1) ¥Ypasuusaem KospduuneHTH NPH X} MoMHOKaa obe ya-
CTH lepsoro ypasHenna Ha (a -+ b), a Broporo Ha (a--¢),
noayyaem:

{a4-¢) (@4 b) x— (a + b) (a —c) y=2ab (a4 b),
(atc)(@a+b) x— (a—b) (a+¢) y==2ac (a {-¢),
2) BuiunTaeM H3 1epBOro ypaBHEHHS BTOPOe. MOJYYaeM:
[a—d)(a+c)— (st (a—0)]y=
== 2ab (a 4+ b) — 2ac (@ -t ¢).
3) Pecutaem flolyueHHOE YpaBHEHHeE:

2ab (a 4 b) — 2ac (a +¢)
a —b){a+c)—(at+b)la—c)

V-"—‘(

ATo BHpaXeHHE MOXKHO 3HAUHTEAbHO YNPOCTHTD, JUIA Uero,
onnako, norpebyOTCA [0BOALHO Joarue 1peoGpa3oBaHus,
B uncautene M 3HameHarege packpoeMm CKoGKH, NPHBEREM
nonoGHbie YieHh H IPOM3BElEM Pa3’loiMeHHe HA MHOXKHTEdH,
[Tocne 370r0 ApoGb COKPATHTCA; HMeEeM:

_ 2a (ab 4 b2 — ac — ¢?) .
y_(as —ab +ac — bc) — (a® fab —ac — bc)
. 2altab —ac) - (42 — )]

— 2ab + 2ac -
_2alp—clat(b—=c)(bF0)] _
- —~2a{b —¢) -
2a (b — c) { bdc
=2 = —@+b o)

4) Uro6n wHaltTH x, ypaBHseM KosbhuUUHEHTE npu ¥ B
HCXONHbIX YPaBHEHHAX, MOMHOWUB Nepsoe Ha (a — &), BTOpoe
#a (@ —¢). BouTA OQHO 1ONyYeHHOE ypaBHCHHE M3 APYroro,
pellnM YPaBHEHHE C ONHHMM HeW3BECTHLIM; Halgem:

2ab (@ — b) — 2ac {a - ¢}
(@a—bd)a+c)—(a+b)a—c)

X =

Buinonnsas Taxkue xe npeoGpa3oBaHus, Kaxk B NpeablaylleM
flyHKTe, oAyYnM x==>5 -+ ¢ —a. [loacrauwoska 3snaueHus y
‘B OIHO M3 WCXOIHLIX ypanHeHuii norpe6osana 6u 6osee yrto-
MHTebHBIX BHIYHCACHHH, NPy penieHHH GYKBEHHBIX ypaBHeHUIT
1aK ObIBaET OYeHb YaCTO,
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§ 23. O6mue dopMyanl H ocobnie Clydan pelleHus
CHCTEMbl ABYX ypaBHeHHR nepBoil cTeleHH € nByMs

HEH3BEeCTHbIMH

Peuenye cHCTeMbl ypasHeHH# BUxa
ox - by =, (h
ax +bhy=c, (2)

MOXHO noayyaTb OhICTpes, ecay NPHMEHATb Pa3 HaBCeria
BhisefeHHHe obuue opmyas. [Mocreanne MOXHO HOAYUHTH
2106bIM cocO60M, HAMpHMep CrnocoboM CHoMeHHA H. BRIYKTA-
#us, Pewenne 6yneT uMeTh BHA
bic — bey ,
X = Fb[ —ab? 3
. acy —asc
Y= e )

31u dopMYyNB OueHb NErKO 3aMOMHHTH, €CAM BBECTH MIA
uucauTenelt W 3HaMeHarededl cienyioiiee ycnossoe o6oaHade-

HAe. YCIOBHMCH 3HAKOM lf :’[ 0603HayaTh 3LHipAMSHHE PS
— rq, noAyyapUieecs KPecToo0PasHHM YMHOKEHHEM
X
r Ky

H UOCAeAYIOMIMM BLIYHTAHHEM OJHOrO MpoU3BeNeRHA U3 ApY-
roro (co 3HakoMm - GepeTca TO [pOH3BejleHHe, KOTOpoe MpH-
HANAEWHUT [OUaroHand, omyckawuledca snpaso). Hanpumep,
N
BHaK | 4 .? I o3nayaer S 1 —2.(—8) =54 16=2I.
Buipakenue
|2 q
|7 s
#a3LIBAOT onpedesumenes: 8Mopo2o nopsdxa (B OTINUHE OT
oitperenntejell TpeTbhero, YeTBEPTOro H T. 1. HIGPANKOB, BBO-
IHMBIX TIPH peuleHHN cHcTeM ypasrennfl [-il crenenn ¢ Tpems,
YeTHLIpbMA ¥ T. . HEH3BECTHLIMH). ]
C nomompio Beegennsix 06o3Hayenudt gopmyan (3) u (4)
3aMUUIYTCA Tak: :

=ps—rq

& o) |2 el
¢g by a &y

x=-l—a—b——l, ®) y=—‘—a—b——l-, (6)
oy by



168 11, ABTEGPA

T. €. K9\JZoe U3 IIeH3BECTHHIX pasHo jpoby, SHAMEHATENL
KOTOpOll ecTh OnpefeanTenb, COCTasieHHnit U3 KOsduuneH-
TOB NPH Heu3BeCTHbIX, 3 YHCAHTENb MOJYyuaeTcA M3 9TOro omn-
peaenutenn 3aMexHol KospPHUHEHTOB NpPH COOTBETCTBYIOWEM
fien3secTHOM Ha cBoOOXHbLIE UYNEHBI.

[1pumep. Pewnts cucremy:

8x — 3y =46,
Sy 6y=13.
146—-3]
. J13 6 46.6.1.13.3 5
Ao == L =5
8-—3' §:6L-5-3 a3 .
5 6
|8 46 l
e B8} 8.18~5.46 16 _
FTNNTIE T 63 =Te T~
Is ol

Wccrepopanue mnokaswBaeT, 4TO NPH DPEIICHUH CHCTCMBE
(1) — (2) MOryT OpeACTaBUTLCA TPH CYHIECTBEHHO PAa3AMUHBIX
cayuas.

1) Kosdomuento ypasnennt (1), (2) HemponopuucHaaib-
a

b o

HbI: E;‘é'b_x' Torna, kakosbl Gbl HH GbLINM CBOGOAHBIE YIeHSI,

yPaBHeHUe uMeeT eQUHCTBeHHOe pelleHHe, NpescTaBiaseMoe

gopmyaamn (3), (4) naun, uro to we camoe, popmynamu (5), (6).

2) Kosddiunuentsl ypassenuit (1), (2) nponopumoHanbHsi
(l

b
o -—— I‘Ollla BAXHO 3HAThL, HAXOAATCA JU B TOM ¥Xe OTHO-
1
LUEHMH M CBOGOJlele ynenol. Ecau Haxouxarca, 1. .€. eciau
a b c

— = — TO CcuUcrema ypaBHeHuﬁ HMeEEeT GecuucacHitoe

a; ~ b c

MHOKELTBO lpeuxemm. IIpuuuna 3toro 1a, 4ro B paccMaTpH-

BAEMOM CJy4ac OAHO N3 YpaBHEHH[! CCTb CICJCTRUE APYroro,

TaKk 4ro (QaKTHYecKH y Hac OHO ypastenue, a He JBa.
Mpumep. B cucrese

10y - 6y =18,

S A4-3y=- 0

KOIQ@HIHENTH [P HEUIBECTHLIS X U § UPONCPIHOHANLHLE
6

5= 5:2. B TOM e oTHONIeHBH Haxonsatca U cBoGolHbLIE

18 .
yrens: g==2. OlHo N3 ypasHenuit ecThb caeiCTBUe NPYroro;

HMCOHIO, 1EDBOC N0AYHadeTCs U3 BTOPOrc YMHOWemICY obenx
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gacte#t nocaennero Ha 2. Jlio6oe u3 GecyucAeHHOrO MHOKECTEA
PellleHHHl ONIHOrO U3 ypaBHEHHH CRyXHT pellleHHEM W ApYroro.

3) Kosdduuuentis ypaBHeHNA NPONOPUHOHARLHEIL 710—1 = % R

HO cBoGonHLie ueHbl He HaxomdaATcAd B TOM ¥e OTHOIUEHNIL
Torna cucrema He wuMeeT peuiexuil, NOTOMY YTO yPaBHeHUS
Ipyr IpYyry nportuBopevar.

ITpumep. B cucreme

10x + 6y =20,
K03 ¢HHIHEHTH PONOPHUOHANBbHEI I—‘,?=—§—=2. Ornourenne
we cOGOAHLIX WJIeHOB HHOE, UeM OTHOIIeHHe Ko3(hulHeHToB:
5=2%. CucTeMa He HMeeT pelieHud, IOTOMY 4TO, IIOMHOXHB

BTOpOe ypaBHeHue Ha 2, uMeeM 10x -+ 6y =18, uro nporuso-
%)e‘llﬂ' 1epBOMY ypasHeHUI0, u60 OHO M TO Ke BhIpaMEHHE
Ox -+ 6y ne MoxeT paBHATbeA U 18 u 20,

§ 24. Cucrema Tpex ypaBHeHHH nepBo#t creneHH
¢ TpeMs HEeH3BECTHbIMH

MMocae puinonHenns npeoOpasoBauuil, mofoGHLHX paccmo-
tpeuHsiM 8 llI, 20, ypaBHeHue nepBoft CTeNMeHuw C TPeMA He-~
W3BECTHBIMM X, V¥, z upuMeT BHA ax -+ by-t-cz=d, rae
a, b, ¢, d — nanHule yncaa HaM OykseHnule poipaxeHnd. OnHo
TAaKoe YypaBHEHHe, OTAEJbHO B3ATOE, HAN CHUCIEMa JIBYX TaKHX
ypaBHeHHH HMeeT 6ecyucaeHHoe MHO¥ecTBO pewtennit. Cucrema
Tpex ypasHeHnft 1-fl cTereHu ¢ Tpema HEN3BECTHBHIMM HMeeT
B ofweM cayyae OAHY CHCTeMy peulexis. B uckaounreabubix
cAyyasax (CM. HUME) OHA MOWeT HMeThb OeculicieHHOe MHO-
WeCTBO MAH BOBCE HC MMETb peIlcHuH,

Pemenne cucremMbl Tpex ypaslieHH# C TPEMR HEN3BCCTHLIMH
OCHOBLIBAETCA Ha TeX XKe MpHeMax, YTo W peulesue CHCTeMbl
JBYX ypaBHeHMH C JIByMsi HeH3BeCTHBIMH, Kak BHAHO U3 cJae-~
Iyoliero npumepa.

Ipumep Pemnre cucremy ypasueHuft

3% -—2y 452 =1, ‘ Iy
Tx + 4y —82=3, ()
Sx —3y—dz=—12, 3

Bo3bMeM xBa ypasneHus stoft cHcTeMsl, Hanpusep (1) n (2),
H GylleM HCXONHTH H3 NIPENIONOKEHHS, YTO OQHO H3 HEH3BECT~
UHX, HAanpuMep 2, yie HaltieHo, T. €. ABAACTCA H3BECTHOf
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peauynHoil, Peltas B3ATYI0 CHCTEMY OTHOCHTENbHO HEH3BECT-
HHX X ¥ ¥ no npasunam llII, 22, Haiinem:

17—2z, 592 — 40
X=—gmg—: I=—"g% “4)

[loxcraBus sTR BHpakenns x, ¥ B ypasueHue (3), MOAYUHM
YPaBHEHHE C ONHMM HEH3BECTHBIM:

B(17—22)  3(59z — 40) _
T % — 4z =—12,

Pemus sto ypasuenne (IIl, 20), naiinem 2z=2. Iloxcrasus
970 3HayeHHe B BhipaweHusa (4), HaligeM x=1; y=3,
O6mue GopMyaH IS PeNICHHA CHCTEMb

ax 4 by +cz =d,
ax -+ by~ cz=d, (5)
03X -+ boy - Cez =d,

MOWHO TNOAYYHTb TeM e mNpHeMoM. Pemenne Gyner umerh
CAOXKHLIN M TPYAHO 3anOMHHAeMbifl BHA, ecau €ro 3amucath
B P43BePHYTOM BHIe, HO €My MOXHO NPHUIaTh JErkKo 3anomy-
HaeMuift H Y06HbIH 115 BBIYKHCACHHS BHI, €C/AN IPEABAPUTENbHO
BBECTH MOHATHe 06 onpedeauinene mpenve20 nopaoxa.

OnpeltesinTenb TPeThEro MOpsiKa, CoKpauieHHO 00o3Ha-
YyaeMblii

e b oc
tax bl ¢y ] (6)
17} bg Ce

eCTh He YTo HHOe, KaK BhIpaXeHHe
ab103+bciﬂg+ Ca,bg *Cblag—-aclbg—balc’. (7)

310 BHpaXeHywe He HYWHO 3aIIOMUHATH, Tak KaK OHO Jerko
noAy4yaercsa H3 CBOEro cxematnueckoro oboanauenna (6) ciae-
aytouum ofpasom: nepenuiem tabauuy (6), npunucas K Heft
cnpa?sa) elwe pa3-1sa NepBblXx ee croabua; rabauua Hpumer
BUIL

a8 va 8 NP4
a2’ e . 7 “ ’
I G A 7 M 8 T4
SR Y, 8 D N /
a8 q § =3 M5 9,
,’ {_.’ _”,Q\\ Z\‘ ﬁz‘\ e ’/J 1'4\\ 5\‘ N

- . S . N,
- - 4 R A L N
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[TposeneM nuaronanbHule AMHUM, oTMeuennble Ha cxeMe (8)
NYRKTHPOM, H BLINHIIEM NDPOH3BEeXEHHA GYKB, CTOSLIMX Ha Ka-
Wwaoft 13 lecty RAnaroHaisHbix jguHiuft. Co snakoMm - Bo3bmeM
T€ TpH MPOH3BEHCHRKA, KOTODHie MNPUHALNERKAT JHArOHAIAM,
ONYCKAIOIMMCA BIPaBO; CO 3HAKOM — OCTAXbHbIE TPH MPOH3-
Bedenua. Hanucas Teneph ©TH NPOH3BEJCHUA NOADAL, NOAYHUM
Bbipaikenue (7).

Hpumep 1. Buiyncaurs onmpeneautenb TPETbEro NOPAAKA

13 -2 5
7 48, ®
|5 —3 —4

Cxema (8) npumer Bux (8').
Onpenenntean. (9) paseH

-4+ (—4) (=2 (—8)5+5T-(—3) —
—5.4.5—3.(—8) (—8) —(—2) T+ (—4) =
== — 48 480 — 105 — 100 — 72 — 56 = — 301.

C nomomplo ompeieautenedl pewieHue cucteMst (5) MOXHO
NpeacTaBUTh .B BHIE

dbc, adc[ a b d
dy by Cli ay (11 (41 ay by dy
lda by el | __ i@z dycei , __ las b dy

xX= abc‘ y_jabc ’z'—abci’(lo)
ay by ¢y lay &y ¢y ag by oy
ag bs Cg[ lag by ¢ as by Ct_vi

T. e, KawAoe W3 Heu3BeCTHHX pasBHO 1polH, 3HaMeHaTealb
KOTOpOfl eCTh onpefeauredb, COCTABJICHHLIH N3 Ko3QduuUeH-
TOB NIPH HEU3BECTHLIX, 4 YHUCAUTENL M0JYYaeTcss M3 3T0ro
onpeneantens 3amenoft KO3 PLUUMCHTOB NPY COOTBETCTBY IOILEM
HEeU3BECTHOM Ha CBOGOJHBIE Y.ICHBL

[Tpumep 2. Pemntb cucremy ypasHenuit

3x —2y+5z2=1,
Tx 44y —8z =3,
Sx—3y—dz=~—12,

O6unit 3ramenarens gopmya (10) soiuicaen B mpuMepe; o
paBen —30!, Uncanreanr nepsoit »3 popmya (10) noayyaercs
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43 (9) 3amenoft nepsoro ero croabua croabuom cBoboiubx
ynenos. OH umeeT BHUI

7—2 8§
3 4 8.,
—12 —3 —4
Boiyucass ero no cxeme (8), noayuum —301. Takum o6pasom,

noayyaem: x=§§g}=—.l (cp. npamep Ha crp. 170). Tak we
HaiigeM:

—303 ~602
y=gr =3 2= =2

CucteMa ypasuern#t (5) HMeeT eIMHCTBeHHOe DelleHHe
€CaH olpeleniTenb, COCTABICHHBIH 13 KOI(GhHUNEHTOB npH
HeU3BECTHBIX, He paseH Hymo. Toraa dopmyau (10), B 3Hame-
HaTeJ sX KOTOPHIX CTOUT YHOMAHYTHII oflpefenntenb, AAOT
pemensie cucremb (5). Ecau onpeneanrens, cocrasaennstii us
KoshpuuuenToB, paseH nyawo, 1o ¢gopmyas (10) craHoBaTCA
HCIPHIOIHBIMH JLIsi BbiUMCAERHA. B stoM cayuae cucrema ()
au6o uMeer GCCYHCABHHOE MHOKCCTBO DelieHufi, 1u60 coBceM
ux He uMmeer, BecuncacHHOe MHOXeCTBO peuleHnit OHa HMeer
B TOM Cayuyae, €CIH He TOJbKO OlpeAenHTens, CTosIinit B 3Ha-
MEHaTe.IsiX, HQ ¥ NNPefeauTe I, CTOALIMe B YHCaHTeadX Gop-
smya (10), obpautaioTcs B HYIb; BAWHO OTMETHTb, YIO €CIH
olpeleauTeab, CTOSUNI B 3HaMeHaTeasX, H OAWH K3 onpese-
AuTedel, CTOAUWMX B YUCAMTEAsX, PABHB HYJI0, TO ABA JIPYTUX
OfIpCE.INTCIA B YHCAUTEIAX HelTPpeMeHHO paBHbl Hy 0. Haauyue
6ccuncaIeHHOr0 MHOXecTBa pewicHMEE 00yCAOBJNBARTCH TeM,
4TO @AHO M3 TPexX ypasBHcHUH (5) siBadeTcs CAGACTBHEM IBYX
IPYyrux [Mau fame KBa u3 ypasHcuuft (5) HBARIOTCH Kakjaoe
CHCACTBHEM TPEThero), Tak UTo QaKTHYECKH Mbl HMGEM He TpH,
a mimb JBa (MJIf Ja¥e ONHO) ypaBHeHHe C TPeMa HEM3BeCT-
HBIMH.

MNpusmep 3. B crcreme ypasHeHuil

2x — Sy E==-—2
dx - 3y-—~ bz=1, (D
2¢-}2ly—152==8
onpelenuresb M3 KodhGUIHEHTOB €CTh
2 —> 1 i
12 21 —15]
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[eM, cxemy (8)]. Baas oxun us onpejgecaurencit, CTodmuxX B yu-
caureasx gopmya (10), Hanpusep oupegenusTend

-2 =5 1
13— 6,
8 21 —I5

pxoasutiii 8 nepsym n3 popmys (10), Hallzem, uTO OH TaKxe
pasen Hyaw. OcraiabHsle 4Ba oNpeAeIUTeIs, BXOAsUHE BO BTO-
pyio u Ttpetblo dopumyan (10), He HYKHO BBUHCIATH: OHU
3asejomo pasibr Hyaw, Cucrema (11) umeer 6Gecumcaeunoe
MHOWCCTBO pellienii: 0XH0 n3 ce ypasHenunit (mo6oe) aBasierca
CACACTBHEM ABYX Apyrux. Haupuscp, ecau HOMHO¥HTL BTOPOC
ypaBHeHHe Ha 2, neppoe Ha —3 ¥ CTOXHUTH (I0OAYYCHIILIE ypas-
HeHHA, NOAYYUM TPeTbe ypasHehue.

Cucrema (5) BOBCe He HMeeT peuIcHuil, eciin onpeeinTCin,
crosuHii B 3Hamenartensx Gopuya (10), pascn vy 110, HO HI OIHH
U3 oupejcantescil, cTOAWHX B UWCINHTEIAX, He paseH Hy.mo.
[Tpn sToM AoCTaTOYHO YOEXUTLCH, YTO HE PABCH HYII0 OUNHH
M3 UHCIUTEICH; TOra 1Ba APYIHX HCllpeMeHHo GyAVT He paBHb
#yao. Otcyrersue pelicHuit 0oBycaoBauBaetcs T€M, UTO OIHO
U3 ypasHeHHIY HNPOTHBOPEYUT IBYM OCTAdbHbIM (HIM Jaxe
KaXIOMY H3 HHX B OTACILHOCTH).

[lpumep 4. Bosbmes creremy ypasHeHHB

2v— Sy z=-—2,
dx -+ 3y — =1, (12)
2v - 2ly — 162=3,

KoTopaa otaHuaercs ot crcremu (l1) ToanKo aHaueHueM cBo-
Gonnoro uaena B nociednem ypasHennu. I[losromy onpegenu-
Teab M3 KO3QGUUHUEHTOB OCTACTCH TCM JKe: OH pased HYyJo,
Ho oupepeantean, Bxoasw{ue B YHCAHTeMd, 6YAVT HHBIMH,
Haupumep, uncanrean nepsoit n3 opmys (10) 6yaer

~2 -5 1
1 8 — B]==—135
3 21 -I5

Ou ne paseH Hymo, OCTAJIbLHBIC JBA YHCIHTCAA 3aBCAOMO He
pasibl myao. Cucrema (12) ne numeer pewenuil. OHa nporuso-
peunBa, 60 U3 NEPBLIX ABYX ypasHeHU{l BbLITEKACT KAaK CAefs
creue ypasHenue 2x 4 21y — 152 =38 (cM. npumep 3); Mexny
TeM TpeTbe ypaBHenue cucreMmsl (12) umeer Bun 2x 4 21y —
~— 152=3, Tak 4TO 0/HO ¥ TO We BLIPAKCHUE OKAILBALTCH
pasubin H 3 B 8, 4TO HCBO3MOMHO.
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§ 25. MlpaBuia neficTenit cO creneHAMH
1. Cmenens npouseedenust 08yx UAU HECKOABKUX COMEO-
acumeneil pagHa npou3sedenuid cmeneneli IMuxX COMHONCU-
measell (¢ mem e nNOKA30MeENeM).
(abc..,.)" == a™h"cn,,.
[puMmep L. (7-2-10)*=172.2%.10°*=49.4-100 = 19 600,

Npumep 2. (*—a*P={{(x+0a)(x—0)pP=
=(x + a)% (x — a)* (cp. llI, 8, n. 3),
Mpaktuuecku Gonee BaxHO oOpaTHoe npeobpasoBaHue:
a"b*c” ... = (abc...)",
1. e. npoussedexiie OOUNAKO8HLX CIMeneHell HOCKOAbKUX
BeALYMUH PABKO MO JiCe cimeneny npou3gedenus IMux ge-

AUYUH.
Mpumep 3. 48, (-})‘ (%—)“— (4-%-%)":23:8.
Mpumep 4. (a+b)2(a®*—ab+ b)Y =

=|[(a + b) (a® — ab + %)) = (a® + b%)% (cp. II], 8, n. 6).
2. Cmenenp gacmnoz20 (Opo6r:) pasna dacmHomy om Je-
ACRUSL MOU oCe cmenexil OeRUMO20 HQ Wy e CHenexh

(b> .-a“‘
Mpumep 5. (%)“:i"_’:g.

atb1\3__ (a-+b)3
lTpumep 6. (a_b =l

O6partHoe mpeo6pasoBaHue: :—" (;—

MMpumep 7. ;’—::— ( ) = 3 ==2T.

deaumeasn:

MMpumep 8.
a? — b2 aﬂ—b
@atbe — (a+b =(a—by
(cp. UL, 8, m. 3).

3. Hpu YMHOHCERUU cmeneueu ¢ O0UHAKOBBLMU OCHO8Q-
Kusmu noxasameau cmeneneid cxaadmsawmen (cp, U, 6):
aman aﬂH-n
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Mpumep 9. 28.28=228==07=128,
MTpumep 10. (a—4e+x)?(a—4det+x)=

== (a— 4¢c 4+ x)%
4. [Tpu Oeaeruu cmenereil ¢ 0OUHBKOBHMU OCROBARUSIML

noxasamens cmenern Oeaumenst 8wdumoeemcs U3 noxada-
measn cmenenu deaumozo (cp. I, 6);

-lll;'—: = gM",
MpuMep 11, 125:128 =253 = [22==144,
Mpumep 12 (x ~¥Pi(x —y)2=x—
3. [lpu 8038edenuu cmenedit 8 cinenexv nOKasameal cnie-
nedeti nepemuoocaromes: (a™)* = a™"
Mpumep 13, (23)?=2°=064.
(0nE - e atore
¢ / ct 4]

Mpumep 14

§ 26. JleficTBHA C KOPDHAMH

B HmkenpusejpenHbx GOpMyJax 3HakoM ¥ 06o3Hauera
16Ccoa0THAA BeJBYHHA KOpHH.

1. Beauduna KopHA He U3MERUMCS, ECALL €20 noKasanmeab
yeeauyums 8 n pa3 u GOHOBPEMEKRKO 8038ecmiil NOOKOpensoe
KOAUYeCM 80 8 cmenens n:

m Mmen j——r
]/ a = 1/(2" .

Mpumep 1. Y/8="98 ="/61

2. Beauduna KOpHS He U3BMEHUICS, eCAll. NOKa3amens
CHleneKlt YMensililims 8 1 pa3 I OOHOBpeMEHHO 1381e4b KO-
pexb n-fi cimenesu U3 NOOKOPEHHO20 KOAUMecmBa:

="V
MMTpumep 2 15§' I/Vg = V7.

3aMeuvanue, Dro cBOMCTBO OCTAHETCA B CHle M B TOM

m
cayuae, KOTId 4HCIO —— He OYAeT LeabiM; 104HO TaK e 062
BhILIEYKA3AHHLIX CBOIiCTBA COXpamHAT CHAY M Xast i gpobuoro,
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Ho n1sn aToro Hy®HO cHauaza PACIUMPHTL OOHATHC CTEIEHH
H Kopus, Beens apoGHuie nokasartenn (cm. HI, 61).

3. Kopenb 13 npoussederus KeckOAbKIX COMHONCUMEREN
pager npou3selenuio Kopuell MOl Jce CMENeHU U3 MK
COMROCUmMeneii:

m m m m
'/abc e T ]GWVE—“.
8 3 3 8
Mpumep 3. Va't? = Va® Vit =a® V5.

Tlocaeanee mpeo6pa3osanne ocHoBuiBaeTcs Ha caoftcree 2,
INpumep 4 Va8=1716.3= 116 Y3 =4V¥3,
O6parno, npoussenecHie KOpHeHd onHolt u TOH ke cTeileHu

PaBHO KODHIO TOM Xe CTelleHH H3 npousBefeHHa [OAKOPEeHIbIX

KOJHYeCTs:
ml/:z—n]t/;”;/“...=ml/ abe...

TMpumep 5 Vb Vab® = Vaih' = a2,

4. KopeHy om Hacmuozo pased Hacmuomy o OeaeHus
KOpHA U3 0eAuM0O20 Ka KopeHb u3 Oeaumenst (noxaszament
Kopueil pasymeiomes 00URAKO8bIAML):

mi/ a:b =”ll/;:”ll/;.

O6parno: ml/;:"ll/l;= n]z/ a:b .

3 3 3 3
MMpumep 6. 27:4=V27:}/Z==3:}/Z
5. Ymobw 8038ecmit KOpers 6 cnmenes, 00CMaino4n0 803
8ecmi 6 My cmenerb nOOKOPeHHOE KOALHecm8o:

m_\n m
(V_(T) = Y a"'.

OGpatHo, 4T0681 H3BIEYL KOPEHb M3 CTElleHH, LOCTATOUHU
BO3BECTH B 3TY CTelleHb KODeHb M3 OCHOBAHMS CTelleHH;

n

m m
Va=ya)
2 -
Mpusep 7 (SV a”b) = DY = Vgt abt ==} ab?
Mpumep 8 V2=yYF=(y3),
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6. YVuuuromenue HppayoHaILHOCTH B 3HAa-
memateae }.,.A B yucaurede xpoo6n Buuucaenne
Epods BLIDANEHNE, COAEPWalMx paukans,, vacTo - obaer-
TAzTC, CON NPeABAPHTEAbHO « YHHYTOMUTD HPPALHOHATBHOCT >
B UHCAMTEIC HAW . 3HAMeHatede, T. e. npeoGpa3osars Apo6b TaK,
415€,1 B HHCANTETe HIH 3HAMCHATENE He COAEPHANHCH PALHKAIbL

Dpumep & Ilycib Tpedycrca BH‘{HCHHTb-—f;——H ¢ TOY~-
Hocteio mo 0,01. Ecau npoussecrn peficraud B YKa3aHHOM
nopajixe, T0 Mol mvecm: 1) V7=2,646; 2) V6 = 2,449;

o oo L
3) 2,646 — 2,440 ==0,157; 4) 197 == 5,10. das nouaydenus pe-
3yabTata HY}HO ObLIO BSIFIOJHKTL YeThiPe AEHCTBHA; APH 3TOM,

utoBbl MOIYYHTh BEPHLIE HHPPH COTBIX, HYMHO OblJIO BbIYK-
CHANTH KODHH € TOYHOCTBIO XO TBICAYHBIX, B MPOTHBHOM Cayyae

B genutene ApoOu —— [I0AYYHIUCH Gbl TOALKO 1BE 3Ha-

T

1
Vi—v3
yamue wudpsl ¥ B pe3yabrate He Morao Gbi GuiTh Tpex Bep-
HBIX 3Hadawmx uudp (cm. 1, 42).

Ecnn ke npeasapuTeabHO NOMHOXHM YHCIHTEAL W 3HAMe-

HaTenb famuoB po6n ma V7 -~ Y6, 1o monyuum:
1 Vi+Vs VI +VE

Vi—ve (T¥E-(ve)yr T

Tenepsb BoiuncieHue Tpebyer 10a6K0 TpeX fefictanil, U KOpPHK
MOXHO BHYHCAATD JHUIb C TOYHOCTBIO 0 COTHX: 1) VT =2,65;
% V6245 3) V7 + V6510

Huwxe NPUBOANTCA eli€ HeCKOALKO THIIHYHBIX IPDHMEPOB.

Vi __ Vi-VE 1/‘”
Mpumep 10, == .
P P V5 Vs vs 8
Ya +Vb __ (Va+vVd)* __ atovabid
Va —vVih (Vay-(veo)* a—b
B 3THX npHMepax HPpPAlMOHAIbHOCTh YHHUTOXKANach B 3Ha-
Menatese. B caepyoi{ix ABYX MpHMEPax OHa YHHYTOWKaeTCA

53 gucaureae,
Vi _VT-VT 1
Y5 V5¥YT VB
VBV _VERE-VIE __ 1
3 T(vEv3) T a(V B

[MTpumep 1.

Mpumep 12

Mpumep 13
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MpeoBpasonanne B npumepe 12 ABHO HEeBHCOAHO JAA
BLIYACAHTEALHBIX LeJell, TaK KaK BulYHcaeHne BhIPaXKeHNR v

Tpedyer HeJeHUA HA MHOrO3HayjHOe YHCJAO; BLIYACACHHE e

B
Zg— (cm. npumep 10) TpeSyer nensenna Ha uexoe uucao. Ho
npeoGpasosaHue B npuMepe 13 BLIrOAHO, Tak Kak MoO3BoAsET

BLIYUCAATL KODHE /35 1 I/ 34 co CTOMLKHMH 3HAKAMHU, CKOABKO
ux Tpe6verca uMeTb B pe3yabrate. B MCXOIHOM e BrIpake-
HHH HYXHO M3BAEKATb KOPHH ¢ GOJbUINM UMCIOM 3HAKOB
(cm. npumep 9). [TosTomy npuHATOE B IUKOALHOH MpaKTHKe
oryabHOe yHHUTOXeHHe HPPaluoHaTbHOCTH B 3HaMEHaTe e mpes-
CTABMAET BPEAHYIO CXOAACTHYECKYIO TPAMIHIO.

§ 27. HppanxoHanisHele uncaa

3anac ueanix U APOOGHBIX uHCed ¢ H3BLITKOM [OCTaTOYE:
aaa uaMepureapHoft mpaktuku (cm. JI, 31). Oawako nas
” ¢ TEOpHH W3MepeHus BTOro 3anaca Maio,
: yCTb, Hanpumep, tpebyetca  mou-
RO ompexeauts MAHNHY AnaroHasn AC
ksanpatra ABCD (puc. 1), cTopoHa Ko-
toporo pasHa 1 . [lgomans kBanpara
4 € ACEF, nOCTPOEHHOro Ha JHaroHas,

pasHa  yasoewHoft nuaowann  ABCD

(rpeyroabuuk ACB cogmepxurca 8 ABCD

£ nBa pasa, a 8 ACEF— yernipe). [losro-

Puc, 1. My, €cAiH X ecTh HcKomaa RauHa AC,

) TO KOoAWHO ObiTh x%==2., Ho Hukaxoe ue-

10€ YUCAO ¥ HHKaKad Apo0b He MOryT yAOBIETBOPHTb 3TOMY
yPaBHEHHIO,

Ocraerca oIHO M3 OBYX: MAH OTKa3aTbCA OT TOYHOIO Bbi-
paxeHNs IIVH YHCJIaMH, HIM BBECTH HOBble UiCJIa, CBEPX Le-
AbX ¥ apobubix. [locae pauteavHolt 6opb6sl ITHX NABYX TOUEK
3penna nobeinmaa BTopas.

Uncaa HOBOTO poja, npedcmasasoujie OAUNHBL OMpe3Kos,
Hecousmepumolx ¢ eduruyeli macwumaba (I, €. OTPE3KOR,
KOTOpbi€ HeJb3d BHLIPA3HThb LEAbIM HIH JAPOOHLIM YHCAOM),
Ha3bIBAOTCA  UPPAYUOHAAbHELME ). B NpPOTHBONOMOMHOCTD

1) TepMHH «MPPALHOKAIBHLIA JOCJIOBHO O3HAYAET «HE UMEIOWHA OTHO-
wenys», IlepBoHayaipHo ero OTHOCHIM He K HPPALHOHATBHOMY YHCAY, a
K TeM BeJUYHHAM, OTHOLIEHHE KOTOPLIX Mbt Cefluac BhIp2KAeM MPPAUMOHANB-
HbiM uucaoM, Hanpumep, orHowesue AUAroHanW KBaXpata K ero CTOpoHe
Mbl cefiuac npenctasagem uuciow ¥'2 ., Jlo Toro, Kak GeLmi BBEXEHH Hp-
pauMoHagbHble Yyc/aa, FOBOPUAH, 4TO AUArOHAAM KBAlPaTa Ne usMerom om-
HOWEHUR K €ro CTOpoHe, .
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YPPAILIOHATbHBIM YHC/a Leble ¥ APOGHbIE 110YUIlIH HadBaHite
paguonanbrsix. flocae BBEJEHHS OTPHUATEAbHLIX unces (OHO
npondomno nosguee; cM. M, 2) v cpenn yux craam paamuyath
paunona.rxbﬂble U UppauuoOHa.IbHbIE,

Beskne panuoHaibHOe YMCIO MOXHO MPEICTABHTL B BHiE

-,;i , rle m 1 n-—uenbie Yucjaa (llO!lO)KHTeﬂbele HAH oTpHua-

TeabHbie). Mppaunouanbnble ypcaa B 3TOM BHIE MOYHO 1pea-
ctaBuTh Heasss. Ho npuénume}mo BCAKOE MppalUOHuIbHOE
YUCAC MOWHO ¢ AI0000 CHIENeHbi0 MOYROCH 3aMEHUTDh pa-

LHOHAIBHBIM  GUCIOM % : B YACTHOCTH, MOWHO HAiITH AECATHY-

Hylo apoGb (IPaBHUABLHYI0 HAH HENPaBLALHYIO), KaK yroiHO
Maao OTAMYAULYIOCS OT NaHHOIO MPPALMOHAJALHOLO yucaa.

Uneaa V2, V5, V3+ Va2V y5+ 7 ¥ muorue apy-
rHe BbLlDaXEHHA, CONePHAlULNE PAUHOHATbHbIC YHCAA MO 3lia-
KOM paiMKana, UPPauHOHadbHbl, JTH HPPALMOHAALHBIE YHCad
Ha3biBAIOTCA «BHIPAKAIOUMMHCS Yepe3 PaAUKaasls,

(O RHAKO MMH JaN€KO HE WCYeplIbiBAeTCA 3aMac uppamuo-
naabHbx uncer fo xonua 18 Bexa maremaruxy Gbian yGe-
WAEHbl, 4YTO KOPEeHb BCHKOTO aarefpauueckoro ypasHeHus
C paUMOHaALHbLIMY KO3GOAUKEHTAMH, ecay 3TOT KOPEHb He
pailiOHAMEH, MOXHU BHPA3HTh Yepe3 PafkKaibl; 3atem GbL10 o-
Ka3aHo, 4TO 3TO BEPHO AMIIb JIA YpaBHCHU# Ko 4-H cTeilens
sxatouuteasno (I, 2). Wppaunonaasnele xopHn ypasHenuil
5-#i » sHICIIMX CTemeHeH, KAK fIPaBUAO, HE MOTYT ObITh Bbipa-
MeHbl yepes paaukaasl. UHcaa, sBagounecs KOpHaMu aare-
6panueckyx YypaBHCHHH € ueabiMu KO3(GHUUEHTAMM, HA3bI-
BAIOTCA UAE0PAUMECKUMU HUCAUMU, IWIlL B HCKAIOYATE Ab-
HblX cayyvasnx aaredpanyecKue YHCAA BbiPaXAOTCA PAAMKaIamu,
eille peke OHH PAUHOHAAbHBL

Ho wu aarebpanveckne uMCAa He HCUCPULIBAT 3anaca
HppaunoHaaLHbX vucen. Tak, wanpumep, uasecTHoe u3 reome-
Tpuy yucao = (cm. 1V, B, 15) uppaunonaisHo, HO He Moxer
6niTh KOpPHeM HHKaxkoro aarefpanuyeckoro ypasHeHUs ¢ we-
auMu kodduunentamu. Touno Ttak we qucao e (cm. I,
64) He sBasercsas agre6panveckuM. MHbiMu croBamu, = U e—
He airebpavvecKkue uucaa.

VMppanuonaasHoe yHCaO, He MOryuiee OblTh KODHEM HuKa-
KOro aarebpanyeckoro ypaBHeHHs ¢ LeasiMy KosdduureHTamu,
Ha3biBACTCH MPUHCYEHOCHNIHBIAM YICAOM,

No 1929 r. anmis aas HeMHOrHX yucea Ooina QuKasaHa ux
TPAHCUEHICHTHOCT; TPAHCUCHICHTHOCTL YHCaa e Obiaa j1oKa3za-
Ha 8 1871 r. dppanuy3dckun matemarukom Jpuutom. B 1882 He-
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menknit mavemarux Jlungeman 1oxasal TPaHCHEHIEHTHOCTH
yncaan. Akagemnk A, A. Mapios (1856— 1922) 1okasan rpanciien-
JENTHOCTb YHCE] e W m HosuiM Metonom. B 1913 r. 1. . Mopay-
xaii-Boatosckon (1877— 1952) yka3saa paa HOBLIX TPAHCUEHICHT-
seix uncen. OQHAKO BCe CLLE OCTABAIOCH HEH3BECTHLIM, TPAHC~

UeHACHTHE! I TaKHe «06bIKHOBCHIBIe» UIC.1a, KaK 3V, V3 Ve
Coserckue matematnki A, O. Ueantonn (poa. 1906 r) u
P. O. Kyaspmun (1891—1949) nokazaan s 1929 r. st 1930 r,,

YTO TPAHCICHACHTHHIMH ABJAOTCA BCC YHCIa BIIA aV" , rac

a——anreépaullccxoc YiCa0, HC paBuoe HY. 1o uan epuniue, a

n — neaoe wncao. Uncaa 3¥2, Y3V? w1 0 kak pas muewor
ator Bui B 1934 r. A, O. Peasgouz 3asepumna atit uecaeao-
pamus. O AOKa3ad TPAHCIEHACHTHOCTb BCRX udcel Buia of,
rae a ¥ B — aobnie aareGpaideckie uncia (npd  ycIoBi,
yro a He paBHo O wau 1, a B uppaunonaibno). Haupumep,

1 —*) ;/2
Yucao ( I/5 TPAHCHEHACHTHO, s TpancuCiicHTHOCTH Yil-

cenaf nerko BHITEKAET TPAHCLEHACHTHOCTE ICCATHUHBIX 10T apHd-
MOB BCEX tleablx yucen (KoHeuHo, kpoae 1, 10, 100, 1000 n 1. 1.).

§ 28. Ksanparnoe ypaBHeHHe;
MHYMbIE ¥ KOMNJEKCHbIE uucja

ArsrcOpanuecxkoe ypasnenne 2-if CTeNeHK 1Haue Ha3blBACTCH
xsadpamupim. Hanbonee o6Iwiuit BHA KBAAPATHOLO YpasHCHUS
¢ OfAHUM HEH3BECTHLIM €CTb

ax® 4 bx + c=0,

rae a, b, €— AaHHule 4ucaa wian OYKBCHILIC BhIPAKEHMH,
cojlepxauliie M3BECTHBIE BeAUUHHLL (LIpHICM KOSOOULIICHT a
He MOXeT OblTb paBeH HYJAI0, WHaue ypasHcHue Ovacr He
KBajgpaTHuiM, a ]-it crenenn). Pasmeaus obe ero uacrta Ha g,
MBI 1IOAYYHM YypaBHCHIE BHIa

x2tpxt+qg=0

0t ..i)
( =2 1=7)

KpajpatHoe ypasHeHHe TaKoro BHJA Ha3biBaeTCA npuse-
dennuia; ypaBHeHue ax® 4+ bx+4-¢=0 (raec az£ 1) naswp-
Baevca Henpugedennvins. Ecan ojpna 3 BeauuH b, ¢ wau obe
BMECTE DaBllbl Hy110, TO KBAJPaTHOE YPABHCHHE Ha3LiBaercs
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HenoaHbia; ecal M b M ¢ He DaBHB HYJO, KBA/pATHOE ypas-
HeHue Ha3biBaeTCA NOAKLIM.

Mpumeps.

3x? 4+ 8x—3=0—noanoe muenpusedenroe Keadpamnoe
YpasHente;

3x* —5=0— nenoanoe’ Henpusedennoe K8a0pammoe
ypasHenue;

x? —ax=0—mnenosnoe  npusedennoe Ksadpamuoe
ypasHexue;

X*— 12x 4-7=0—noanoe  npusedenHoe K8adpamuoe
ypasHerue.

Henonxoe kBagpathoe ypasneHue BHAa
x?==m (m— uasecTHas BelnyuHa)

ABMAECTCA CAMBIM NPOCTHIM THNOM KBAaJAPATHOIO YPaBHEHUA H
BMECTE C TeM OYCHb BaXHbIM, TaK KAaK K HeMY NPHBORHTCA
pelleHHe BCAKOTO KBaJApPATHOIO YpaBHEHUd, Pewenue storo
YpaBHEeHHUs ¥MMee€T BUA

X = Vm.

Bosmoxunl TpH cayuasn:

1) Eciy m=0, 10 u x==0.

2) Ecan m-— nonoxurenspbHoe YKCHO, TO €ro KBAaAPaTHui
KOpeRb /M MoXeT MMeThb [IBA 3HAYECHWS: OJHO TIOJONMHTETb-
Hoe, Npyroe oTpunatensHoe. AGCOMIOTHLIE BenMYUHBI ITHX
3yavednit oansakosol. Hanpumep, ypasnenne x2=9 yposie-
TBOpserca 3HaueHueM X = --3 4 x=—23. [pyrumu ciosamy,
X umeer asa 3zadenns: 43 u —3. Yacro 3to BHpakalor
T€M, YTO Nlepe] PAAUKAAOM CTaBAT JABA 3HAKA — ILIIOC H MUHYC:
x= }V9. IIpn T1aKOM HanHCAHWM NONPa3yMeBALTCHA, YTO
puipaxcenne J'9 o603Hayaer oSyl abCoaOTHYIO Beauuuny
IBYX 3HaueHuWi KOpHA; B HaweM npumepe — yucnao 3. Beau-
umita ' m Moxer GuiTb uppauuoHanbHuiM Yucaom (cm. 11, 27),
3aMeTHM, 4To M CaMo m Moxker ObiThb HPPALMOHAABHBIM YHC-
xom. Hanpumep, nycTb Tpe6yercsi peuluTb ypaBHeHHe

X¥z=n
(reoMeTpudecky 970 O3Hauaer HafiTy NAWHY CTOPOHL KBajpara
PaBHOTO 10 nAoWagu Kpyry ¢ pamuycom 1). Ero xopeHu

x= ¥ =. O cnocobe w3BAeUEHUA KBAAPATHOTO KOPHA K3 uh-
cen v 11, 44,
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3) Ecn m — orpunateasHoe 4HCRo, TO ypaBHeHHe x2=—=m
(Hanpumep, x2s==-—9) He MOXKET HMETb HHMKAKOro MMOAOXH-
TCALHOLO W HUKAKOIO OTPUHATEALHOrO KOPHAL Bedb H NMOJ0OXKH-
TeAbHOE H OTPUNATEIbHOE YHCIO0 10 BO3BCACHHH B KBanpar jgaer
noaoxureanHoe uucao, TakuM o6pasom, MOMHO CKa3aTb, YToO

ypasHenne x®==-—9 He uMeer pemeHuit, T. . uucic Y —9
tie CyuecTayer.

Ho ¢ takuM e OcHoBaHueM 10 BBeleHHA OTpHUATEAbHHIX
uucen MOWKHO O6LII0 FOBOPUTHL, 4TO U ypaBHenue 2x -+ 6=—=4
He HMceT pewennfi, OfHaKo MOCITE BBEUEHUS OTPHUATEABLHBLIX
yHcen 3TO YypaBHeHWe ¢Tajo paspeuwiuMeiM. TouHo Tak e
yp aBHeHue x®==—0, #e uMelouiee peumecHuil cpeid MOJOMH-
TEIbHLIX H OTPUILATeNLHBIX YUCE], CTAHOBHTCA Da3dpeulyMbIM
10CAe BBCACHHMS HOBHIX BeIHYHH — KBaQPAaTHHIX KopHedl ua
OTPHLATENBHLIX YHCEA. DTU BeAHyHHL Gblny BlepBble BBECHS!
¥TanbAHCKUM MaTeMaTukoM KapxaHo B cepenune 16 sexa B cBA3H
c peuleHueM KyOGuuyeckoro ypasHewua (cm. lIl, 2). Kapaano
Ha3BaJ 3TH YUCAA <«COPHCTHUECKUMH» (T. e. <MyJApeHbiMU»).
Nexapt B 30-x romax 17 Beka BBeJ HAHMEHOBAHHE «MHUMsbIE
YHCAA», KOTOPOEe, K COXaleHWIo, YAep:kuBaeTcs A0 CHX.HOp.
B NpoTHBONOJOKHOCTL MHAMBIM UMCHAM NpPEeXAS M3BECTHLIE
yncaa (NoJOXKHTeIbHble K OTPHUATENbHBlE, B TOM YHCIE Hp-
panMoHaTbHbie) CTaipy Ha3bBaTh OJeldcmBumelsHaMy HIH
sewjecmaennbimit. Cymma HefiCTBUTEILHOTO M MHHMOLO 4UCeN
HasbiBaeTca KOmnAeKcHoim qucaosm '), Hanpumep, 2+ YV —3
eCTb KOMpaexchoe uucio. YacTo M KoMmiaeKCHuie Yucna Hadsl-
BaloT MHUMBIMH. [ToipoGHee o KoMIneKCHRIX yucaax cM. i, 34
w caef.

Beexs B paccMOTpeHMe MHHMBIE YHCA3, MOXKHO CKasaTb,
YTO HenoNHo€ KBajparHoe ypasHeHHMe x%=m Bcerga umeer
nsa xopua, Ecam m >0, 3T KopHu HeACTBUTEALHBI, OHH
MMEIOT OAMHAKOBYI0 abCONIOTHYIO BeIUYHHY M DPa3aHYHBI 110
aHaky. Ecan m =0, o6a oHu paBHeI Hym0; ecau m << 0, — oHN
MHUMBbIE.

§ 29. Pemenne xBaapaTHOro ypaBHeHHSA

Yto6ul HaiTH pelteHHe MPHBEJEHHOrO KBAXPATHOLO ypaB-

HCHURA
x+px+q=0,

1) Bror repmin srexen Fayccom 8 1831 r. Caomo ekompaekenriin oguas
4aeT B nepesoie «COBOKYynunif»,
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IOCTaToOyHO MNepeHecTH ¢BOoGOZHHH 4ieH B NMpPaBylo YyacTb H
3
K ofeHuM 4yacTsM paBeHCTBAa NPHGABATH (%) . Torpa aesas

YacTh cTaHeT MOMHLIM KBA/[PATOM, W Mbi MOAYYUM PABHOCHAL-
HOE ypasHeHHE

P 2
(x—]— +) _<'2‘) -9
OHo oTauyaerca OT npocTeitmerc ypasHeHua xI==m
(§ 28) TOABKO BHEIMHAM BHIOM: x-{——g— CTONT BMECTO X H

3
(%) — g —sMecto m. Haxomum:

s+ p==xV (§)'—e

O1cona

r=—%x) (§)~a |. M

Dra dopmyaa nokaasisaeT, YTO BCAKoe KBAIpaTHOE ypas-
HeHHe HMeeT B3 KODHS. Ho st KOPHH MOTYT OniTh H
MHAMEIMH (ec.rm (%—) <q) Moxer Takxke OKa3aTbCA, UTO

o6a KopHs Ksanpamoro ypaBHeHHs DPaBHbl MexAy COGOMH:

[ecan (2 ) —q

dopmyny (1) ocobento yrobHo UPUMEHATL B TOM Cilyyae,
¥orjpa p-—uedaoe YeTHoe YHNCIO.

Mpumep L.

Xt —12¢—28=0; 31ecpr p=-—12; g=-—28;
x=6x Y6 | 28=6x V64=6x8;
x1=6+8=l4;
x3=06—8=—2,

Npumep 2. x2+12x 4 10=0;
f=—62 VHB—T0=—6x VT
x1=—64 V2~—09; x3==—6— }Y26==—1I,1.
Npumep 3. x2—2mx+ m®—n?=0,
i=mt Vm—(m—n)=mnxVii=mnxtn
Xi=m-++n; Xes==M—0n.
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3ameyanuec. B npumepe 2 o6a KopHa—- leficTBUTEAbHLIE
oTpHUaTedbHbie uyMCJIa, HO Mppaunonaabswie (llI, 27). Kean-
pPaTHbie KOPHH, MNOJYYaloUlHecas NpDH PeluCHNH KBaApaTHHIX
yPaBHEHUN, MOWHO M3BICKATh ¢ HOMOLLbIO BLIYHCIEHHA
(em. I, 44) wnau maxoants no tabauudm. K cowazenuio, B
GonbIMHCTBE 3aJlaUHHKOB YNPAWHCHW# HAa KBajpaTHuie ypas-
HCHHS HAPOUUTO COCTABAAOTCA TaK, YTOOb KOPHH M3B/IEKATHCD
Toyho. Ha npakTike xe nozobHbic C1y4yaH BCTPCYAIOTCH OUeHb
peako. [losToMy Mbl HACTOATENBHO PEKOMCHAyeM yualiymcs
130aBUTLCA OT TOH 60A3HU MPPauHOHAILHLIX PellleHui, KOTO-
pas co3jaeTcss BCACACTBHC YNOMAHYTOH 0COOEHHOCTH 3ajavy-
HITKOB.

Korjaa p He aBasieTca nEIbIM YCTHBLIM YHC/IOM, IIPY pelle-
HIW [IDHBEJEHHOrO KBAAPATHOIO YPABHCHMA MPELNOUYTHTENLHO
1101b30BaThCs HIKenpusepennoll 6oaee obuweilt gopmyofl (3),
nonarast B Heit a=1 (cM. HmKe, npumep 3). ‘

HenpusellenHoe noJHoe KsalpatHoe ypaBHeHMe

ax®* 4+ bx+c=0 2

MOMHO peliats 10 Gopmy.e

— b+ Vb —Hac
= @

OHa noayuaerca u3 ¢opmyant (1) nocre toro, xax ofe
YacT# HelPHBEACHHOO ypaBchm (2) Mbl pa3geluM Ha 4.
lipumep 4. 3x*—Tx—+4
(a=38, b=—17, c¢=4).
T+VE—3.3.4__12VT,

X = 7.3 =%
141 4 7—1
x1=—6—==§—; Xg——e—l

Mpumep 5. x2+7x412=0
(a=1, b=1, c¢=12).

~T+ VI —4.12
Xx= —V——n——? ; Mi=—3; xp=—4

[Ipumep 6, 0,60x* +.32x —84=0;
~ 324+ V(=323 —14-060- (——84)

X 7,060
-~ 324-55 - 32-~55
AT J_GO ~19, gs—gLat ~—-12,

2.0,60
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B npumepe 6, kak ascTeyer u3 Hanucanus 0,60x? (a ne 0,6x%)
KO3(PHIUHCHTH 0PEANONaralotca HpHOIHKERHbIAM  YHCIaMH.
[TosTomy n meficTBUSA, yKaabiBaeMute GOPMY O, peKOMEH/Y €TCs
BHIIONHATL COKpanter HuiM c1oco6om, H3noxenHsiM B 11, 33—44;
BO BCHAKOM €iyuae HYWHO 00643aTedbHO yUeCTh, 4TO COTNACHO
NpaBuaaM, U3TOXEHHbIM B YKa3aHHbIX naparpadax, B pe3yib-
TaTe MOXHO HMETh TOABKO JBE TOUHLIC, 3HAYAIUE LHPHL.
3aMeTum, YTO Halllk Pe3yabTaThl BEPHHl € To4HOCThIO Ao 0,1,
HO 3TO OTHWOAb He O3Hauaer, 4ro, MOJACTaBHE HX B JIEBYIO
YacTb RAHHOIO YPABHERHA, Mbl NONYUYHM YHCIO, DABHOE HYIO
¢ tounocteio go 0,1, Hanportus, NOACTaBUB B /M€BYI 4YacTb,
HanpuMmep, 3Havenue X ==19, Mbl noay4um:

0,60.1,9°+32.19—84=—02

Ho ecan anavenne x yseauyuts Ha 0,1 u s3atp x =20, 10
MOJYYHUM;

0,60 - 2,02 3,2+ 20— 8,4~ 0,4

Takum o6pasom, uph x == 1,9 seBas vactb 6ni1a oTpHILaTEAbHA;
npy X ==2,0 OHa y®We MOAOKHUTeIbHA. SHAUKT, OHA PABHA HYIIO
pH KAaKOM-TO 3HaueHuu x, aexauem mexay [,9 u 2,0. Cre-
aosareasHo, 6eps x==19, wmb ownbaemca ne Goablle yem
Ha 0,1. 3to u uMeerca B BHAY, KOI'ZA TOBOPAT, UTO KOpeHb
pasen 1,9 ¢ tounocteo no 0,1,

Ecan b -— uethoe uucio, To Ayulle OpPeaCTaBHTb oémyxo-

¢popmyay B BHAe
b I/ b \2
-7tV (g) e

a

Opumep 7. 3x¥ — 14x —80=0;

T+ VT2 F3.8 1+ V289 1+ 17
10
Xy == 8; Xg= — Fal

Jrott e popMyaolt yno6HO MOnL3OBATLCA, KOMMA KoO3dhu«
UHCHTH @, b, ¢ — OYKBEHHbIE BBIPAXKEHHUA,
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NMpumep 8. ax®—2(a+ b)x 4 4b=0,

_a+b 3 Via+b02—4dab__a+4btVal _2ah Fb3__

= - = - ==
__atbr(a—b
- a

X

—9. —9b
x;—2, x3—2—a—.

§ 30. CpoitcTBa KOpHe# KBaApPaTHOrc ypaBHEHHs
dopmyaa

~ b4 Vb2_dac
T ]
{I0Ka3bIBAeT, YTO NMPH pellleHny KBajpaTtHOro ypasHeHns ax? 4
4-bx -+ ¢=0 MOryr npeiacrasuTbCs Caciylouie TPH Cayyas:
1) 4*—4ac>0; Torna nBa KODHs ypasHeHHs AeHcTsu-
TenbHH M pasauuHbl Mexwiy cobofi,
2) b* —4ac==0; TorXa 1Ba KOPHA YPaBREHUS AefiCTBHTE. 1LHbI

H pasHbl Mexay coboit <oéa paBHEl — 5 ).

3) & —4dac << 0; Torua 06a KOPHS ypaBHEHHH MHUMBI

Buipamenue b* — 4ac, BeanynHa xoTOpOro no3soaseT pas-
AUYNTD OJMH U3 3THX TPeX cayyace OT JPYFHX, Ha3piBactcs
Quckpumunanmon (B nepeBoje Ha PYCCKUil A3LIK «AHCKPHMH-
HAHT» — «pasayyawui»),

O 3Hakax xOpHe#t B TOM cayuae, KOrja OHW AeliCTBHTeabHbI
(1. e. korna b* — dac ==0), ayuute Bcero cynuts Ha OCHOBa-
HHY CAEAYIOWEero CBOHCTBA KOpHEN.

CymMma KOpHell npusedeHHO20 K8aOpAMKO20 YPASHEHUS

X%t px 4 g=0

paska koapduyuenmy. npu KeudecmnoM 8 nepgoil cmenenu,
83AMOMY ¢ O0pAMKBM 3HAKOM, M., e.

X =

X1+ Xe=—p;
npou3eedenue Jce KOPHeil paBHO CBOSO0HOMY HAerY, m. e.
XX =¢,

§ 31. PasnoxenHe KkBanpaTHoro tpexusieHa
Ha MHOWUTeNH

Ksaapatunit tpexusen ax® -+ bx + ¢ MOXHO pa3nokuTh
Ha MHOXMTEIN NEepBOil CTelleHH CAEAVIOWUM 06pa3oM: peluum
kBajaparHoe ypasHenue ax® + bx + ¢=0.Ecanx, n x. —xopun
37T0ro ypasHeHHs, TO ax 4 by + c=a (X — X)) (X — X3).
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Npumep l. Pasnoxurb Ha MHOXUTe N (nepBOH cTemenH)
Tpexunen 2x% -+ 13x—24. PemaeM ypaBHenue 2x? - [3x —

—24 =0, HaxonuM KOpBH: X{ == %—; Xy =—8. CaenoBareab-

Hqqua_M=2@—§ymmpqu—&u+&
IMMpumep 2. Pasnoxuts Ha Muomuten x2 4 a?; ypasHe-
une x2-4-0°=0 wmMeer MHUMHBE KOpHHM: X;= } — a%

Xg==— J — a®, 1nosromy pa3aoxutb x? -} a* Ha geficTBUTEND-
HbIE MHOKHTEIH NIePBOH CTeNeHy Heab3s. Ha MupMble MHOXHTEH

oH pasnaraercaTak: x*+ 2 =(x 4+ Y —a) (x — Y —a®) =

= (x -+ ai) (x — ai) (vepe3 i o6o3HaveHo MHEMOE yHCa0 ' —1 ).

§ 32. YpaBHeHus BBICHIHX cTeneHedH, pa3peuraeMbie
¢ MOMOIIbIO KBAAPATHOr0 YpaBHEHHSA

Hekoropeie azreGpanyeckue ypaBHEHHA BHICIUMX CTeNeHell
MOXHO peliNTh, CBelNA MX K KBaipatHoMy. Bor Bawueitmmwue
CIyuaH,

1. Mnorpa neByio 4acth ypaBHEHMA JErKO pPasjioXHUTh Ha
MHONHTEAH, M3 KOTOPbIX Kawiblii — MHOLOYJEH He Bhille
2-ii crenenn, Torma, npupaBHUBaf KawABl MHOWHUTEIb 1O
OTAE€ABHOCTH HYJI0, peniaeM NoayueHHbie ypasHeHus. Haigen-
Hble KOpDHH OYAyT KODHAMH HMCXOJHOIO ypapHeHus.

Npumep 1. x*+5x% 4 6x2=0.

Muorounen x* -} 5x% -+ 6x2 nerxo pasiaraetcst Ha MHOXH~-
reau: x® u (x% 4 Sx -+ 6). Pewaem ypasHenne x2=0; omno
HMeeT [IBA PaBHHIX KOpHA: x;= xy==0. Pemaem ypasHenne
x? 4 5x 4+ 6=0. O603HauuB ero KOpHH X3 H X;, HMeEeM
Xg=—2, xy=— 3. KopHU HCXOXHOr0 YpaBHEHHU:A CYTb X; =
=xp=0 Xy=—2 xy=—

[TpuMmep 2. Pemuth ypasHenue x®==8,

Iepenucar ero B Buae x® — 8 =70, pa3somHM Ha MHOXH-
Tead JAeByl 4acth: x%—8=(x—2) (x* 4 2x 4+ 4). Ypasue-
#e x —2=0 naer x, =2, ypasuenne x% - 2x + 4 =0 naer
Xe=—14 V=3, x3=—1— ) —3 Wrax, ypasucuue
x*==8 umeer oIMH XeHCTBUTEALHBI KOPEHb H JBAa MHHMMBHIX.
Wnbivyu caosam, 'VS, KPOME OUCBHIHOMO AEHCTBHTCILHOIO
3HaueHua 2, uMeer ewle ABa Muumbx (cp. [, 47, apumep 3).

2. Ecau ypasuenne umecer sua ax*® 4 px" 4 c=0, ero
MOXHO CBECTH K KBalpaTHOMY, BBCXA HOBOE HCH3BECTHOE
xt=z.
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Mpumep 3. x* — 13x® } 36 ==0. [Nepennucas 370 ypanne-
une B Buge (x?)? — 13x? 4 36 =0, BBeeM HOBOE HeH3BECTHOE
x?=1z YpaBuenve npumer Bua z:—13z-}36=0. Kopun
ero 2z, =9, 2z;=4. Pemaem Tenepp ypaBhenus x> =9 n

x?=4, TlepBoe HMeeT KOpHU Xx;==3, Xy==-3, BTOpOE —
KOpHU X3 =2, X3 =— 2. KOpHH 3aJlaHHOrO ypaBHEHHS CYTb:
3 —3 2 —2

Takum 06pa3oM MOXHO pelliNTh BCAKOE ypaBHEHHE BHIA
ax?4+ bx?*+¢=0. Ero HaswiBaoT Guxsadpamuuim.

Mpusmep 4. x* —16x* 4 64=0. lNpeacrasass 310 ypas-
venute B pupe (%)% — 16x® -+ 64 =0, BBOZUM HOROE HEH3BECT~
noe x*=z. llonyyaem ypasnenue 22— 16z 4+ 64=0, umcio-
uwee JABa PaBHHIX KOpHA 2;==2z,=—238. PeumaeM ypaBuenue

3 =38; moayuaem (cM. npumep 2) =2 Xo=— 1+ V-3
Xg=—1-— ) =3. [lpyrue 1pu KOPH1 B [aHHOM CIyuae
(TaK KaK 2;==2Z;) paBHb! 3THM TpPEM.

§ 33. Cuctema ypaBHeRHIt BTOpO#l CTenenH
€ ABYMA HEH3BEeCTHbIMH

Haubonee oOmuft BMI ypaBHenusa 2-H creneHu ¢ ABYMs
HEU3BECTHBLIMU €CThb

ax® + bxy 4 cy® +dx + ey 4 =0,

rae a, b, ¢, d, e, f— nanHbpie 4MCJa HAN BHPAXEHHH, Colep-
watllie u3BecTHole BeauuuHbl. OpHO ypaBHeHHMe 2-#i cTemeHH
C AByMs HEU3BECTHHIMH HMeeT OGeCUMCIEHHOE MHOXKECTBO
pewtennit (cp. M, 21).

CucreMy ABYX ypamHeHHil ¢ JByMs HEM3BECTHLIMH, H3 KOTO-
PHX OJHO — KBaApaTHOe, a JXpYroe — l-fi CTENEHH, MOXHO
pemuts cnocoboM Mofcranoskw, omucanusiM B I, 22. Buipa-
CHUE OXHOrO HEM3BECTHOr0 4Yepe3 Jpyroe HaxXOiMTCA U3
vpasuenus 1-it crenenn. [loacrasus 9T0 BupakeHue B yparHe-
HHC BTOpOil CTeNEeHH, MOAyYyHWM YypaBHEHHEe C OJHHUM HEH3BeCT-
HeiM. B ofmem cnyyae ono Oymer KBagpaTHbIM (CM. npH-
mep 1). Ho Moxer oxa3aThCs, YTO 4JeHsl BTOPOH CTencuu
B3aMMHO YHHUTOXKATCA, M TOrAa Ml GyleM HMeTb ypaBHeHne
uepsoii cTeneHy (CM. npumep 2).

Dpumep L. x2—3xy +4y? —6x 4 2y =0, x — 2y =3.

M3 Btoporo ypaBHeHus HaxomuMm x ==3 - 2y. [Toacrasaas
9T0O Bhipa}eHHWe B NepBOE ypaBHEHue, HMMeeM:

B+ —3CB+2y+4*—6(B8+ 2+ 2y=0
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PemaeM 3To ypasHenmue:
G412y 4-4y* — Gy — 6y +-4y® — 18 = 12y + 2y =0;
2y° —Ty—8=0;

T+ VHFD
9
=g y2=-—L

i

Hanlennsle 3HaveHun y, = -3— , Yye==—1 nonxcrasasem
8 Boipaxenue x==3 - 2y; noayvaem x; =12, xo=1,

fTpumep 2. x*—3y2=1;, x +y=2,

W3 Broporo ypasucHus Haxoaum y=2-—x. [lloxcrasasa
9TO BbIPAXEHUE B fiePBOE Y paBHeHHe, moayunM x2— (2 — x)°=I.
TMocae upuscaeHua NOKOOHBIX YACHOB ujiecHsl BTOPOH CTeneRd
83aMMHO YHUUTOKAIOTCA, H Mbl oayyaem — 4 -+ 4x =1, oTkynaa

5 .
x:T. nOﬂCTaBJ'mH 3TO 3Ha4YeHHE B BhipawCHHE y=2—A‘,

HaXoAuM Y =—3 .

CucTeMy ABYX KBAaApaTHBIX ypaBHeHU{l C ABYMA HEH3BeCT-
HBIMH  MOXHO peuwlaTb TaK: €CIM ORHO M3 ypaBHCHHlI He
cofepkUT uneHa ox? (uau uwiena cy?), TO NMpUMCHAEM CIO-
€06 RNOJCTaHOBKM, Bbipaxas M3 3TOro ypasHewus x (uiu y)
yepe3 y (nan x); ecay e 006a ypaBHEHHd COICDXKAT YiacHH
suia ax® U cy®, TO NpeaBapUTE]BHO NMpPUMEHAEM cnocob cio-
wenna wan suiuutanua (I, 21), yr0o6bl noayunts ypasHchiue,
He cojepwamee uiaexa ax? u cy®. [locse 3roro moan3yemcs
cnoco6om mnojcranosku. [locae HCKIoueHUs noayvyaerca ypas-
HeHHEe C OJHHM HEU3BCCTHBIM, HMeloulee, BooOuie rosops,
4-10 crenelb, K KBaJApaTHOMY YpPaBHEHHIO OHO CBOJMTCA AHUIb
B UCKJIIOYHTEAbHLIX CAYUanX, HO 3TH CAyuaW BCTpeYalTCA J0-
BOJLHO YaCTO TNPH pPELIEHHM [EOMETPHYECKHX 3a1a4.

Mpumep 3.
X txy +22=T74, 2x?42xy +y*=73.
O6a ypaBHeHus COAEPXAT KAK WICHH C X%, TaK M yleHH ¢ yi

TlosToMy cnauana npuMeHHM cnocol CIOKEHHs! N BBIUHTAHHS,
q4ro6s TIOAYYHTHL YpaBHEeHHe, He cojepmaulee, ckawmem, y.

2+ 2y + 32 =73|2| 4x® -+ dxy -+ 2y*==146
x¥-bxy -2 =174 2T xyF2=—74
3x% 4+ 3xy =172,
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W3 uocaedHero ypasHeHHA HaXOIMM BblpameHie y uepes x:

U2
y=—a"

ATo BhipaweHue MOJCTaBAAEM B OIHO M3 JNaHHLIX ypPaBHEHHH,
HanpuUMep B MepBOe; HOJAYyUaeM:

x2+x'24;x‘3 +2 @ - o,

X2

YnpotuieHua 1amoT:
x4 4245 —xt + 1152 — 9642 4 24t = 7445,
2x% — 146x2 4 1152 =0;
x4 —73x% + 576 =0.
Honyunnoch 6uxBagpatuoe ypaBHenue (cM. I, 32, npumep 3).

[lonowuns x®=1gz, npusonuM ero k ypapHe#no z*-— 73z 4
+ 576 =0. Pewaa nocaenHee, HIXOAUM:

B4 V718 —4-56 T3+ V30% __ 13+5
2 = 2 =7
2, =04, z;=0,

flepsoe peumenne naet x,==8; x;=—— 8; BTOpoe X3=—3,
xy=— 3. TlogcTasans 3HaueHHa Xy, X, X3, X4 B BbiPaWeHe
2

24 — x
y::-—'—x——— , NojyuacM COOTBETCTBYyiOIlHE UM 3HaueHUuA w

y1==35 ye="+35 ya=+35 yi=-05

Jdas pemieHHs CHCTeM YpaBHeHHMH BTOpOH CTefieHH YacTo
MOXHO € YCNCXOM HCNOAB30BaTh MCKYCCTBEHHBIE MPUEMBI pe-
111eHUA, TO3BONAOMME IONYYHTD Pe3yAbTaT ObiCTPee U H3ALLHEE,

§ 34. O KoMIIEKCHBIX 4HCaAX

B cBasu ¢ passuteM aare6pu (I, 2) notpeGosanock BBECTH
CBEPX NpeXAe WU3BECTHHIX TONOXKHTEIbHHX W OTPHUATEbHHIX
ypces 4ucaa HoBoro pona. Oud Ha3bIBAOTCA KOMNAEKCHBLMU.

Komniexcrnoe 4uci1o uMmeer Bul a -+ bi; 31ech a u b — neft-
CTBUTEIbHHE UMcAa, a {— YUCAO HOBOrC PoJia, HazeBaeMmoe
MHuMOL eQununel. «Muumble» yucaa (o Hux cm. U, 28) co-
CTaBJAIOT "aCTHHH BUI KOMILIEKCHBIX 4YHcea (Korma a=0).
C apyroit cTopoHbl, 1 AclicTBUTEAbHBIE (T. €. MOJOKHTEILHbIe
M OTPHILATENbHBIE) YHCHA ABAAIOTCA YACTHLIM BHIOM KOMIIEKC-
HbIX uHces (Korda b=0).
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HeficTBUTeIbHO® YHCIO 4 Ha30BeM alcyuccolil KOMILIEKC-
Horo uucna a -+ bi; nellCTBHTenbHOE uMCAO b — opdunamoil
KoMMaexkcnoro uuciaa a - bi. OcHoBHoe cBOHCTBO yucaa i co-
CTOUT B TOM, YTO Npou3selexue {-i pasHo — 1, T, e,

?=—1 ¢

Hoaroe Bpems He yXaBadoch HAMTH TakMe (U3NuYecKue Be-
JHUYMHBI, HaJ KOTOPHIMH MOXHO BHMOJHATH NeficTBHA, NOAYH-
HeHHBIE TeM e MPaBUiaM, YTO U JeHCTBUA Hal KOMIIEKCHBIMH
uhcIaMy — g yactHocTH npaeuay (1). OTciona Ha3BaHUA: «<MHHU-
Mas eNVHMLa», «MHHMOE YHciao» M T. N, B HacTosumee Bpems
¥3BeCTeH Ueaslil PAX TakuX GuU3UYECKHX ReNHULH, W KOMILIEKC-
HBle YHCHA LIMPOXO HPUMEHAIOTCA HE TOMBKO B MaTeMaTHKe,
HO TaKxke B (U3MKe ¥ TEXHHMKe (TEODHA YNDYLOCTH, 3.J1€KTPO-
TeXHHUKA, a9pOoqHHAMUKA H Ap.).

Huse (§ 40) 1aHO reoMeTpHYECKOE HCTOJKOBaHHE KOM-

rexcHulX uyncén. llpegBapureasHo (§§ 36—39) ycranasau-
Batorcs npasuja AeHCTBHH HAX HUMH; [IPH 3TOM OCTaBASETCH
B CTOPOHE BOTIPOC O reOMEeTPHUYECKOM MM (U3NUECKOM CMbIC/e
yucaa i, NTOTOMY YTO B Pa3HbIX 06]acTAX HayKH 3TOT CMEiCH
pasinyeH.

ITpaBuno kammoro meficTBUA HaX KOMAJNEKCHHIMEH YHCJIaMH
BLIBOJIMTCA U3 ONpejeneHusa storo jeitcteus. Ho onpenesenus
NeHCTBHA HaX KOMIUIEKCHBIMU YHCAAMH He BHIMBIIUIEHb IIPOU3-
BOJBHO, @ YCTAHOBJEHB € TaKUM PacyeToM, YTOOH OHM COrjla-
COBAJMCh C NPaBUAAMH AEHCTBHIA Ha BEUIECTBEHHBIMH UHCAAME
{cp. 11, 20). Benb KOMIIEKCHbBIE YHUCAA JIOMKHB PaCCMaTPHUBATLCA
He B OTpbiBe OT JEHCTBHUTEAbHHX, @ COBMECTHO C HHMMH,

§ 35. OcHoBHbIE cOrjiamieHHsi O KOMIJIEKCHBIX 4ACHax

1. JleiictBHTeIbHOE UHCIO0 a 3aMMCHIBAETCA TaKke B BHJe
a-+0-i (uma—0.9).
Mpumepsn. 3anuch 3-+0-i obosxavaer TO >Ke 4TO
sanuch 3. 3anmuch —2 4- 0 -/ o3Havaer —2, 3anuch —2— 40
3V 2
7
3ameuyannpe. AHATOIMYHO Mbl MOCTyNaeM M B OGbIYHON

5
apugpmertuke: 3anuch -y 0003HawaeT To ke, HUTO ZalMCH O,

3anuce 002 — 10 We, uTO 2, M T. M.
2. Komngekcnoe wucao Bupa O-4- bi HasbiBaeTCA <UHCTO
MHHMbIM>  3annck bi oGosnavaer To e, uto 0 - bi.

03HauaeT
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3. MIBa xoMmmnexcHmx uucna a- b, a'-} b1 cunraores
PaBHBIMH, €CJIH Y HHX COOTBETCTBEHHO PaBHBI aGCIHCCH H Op-
IHHATH, T, €. ecd a=4d', b=1F. B npoTusHOM cayuae KOM-
[AeKCHble YHCAAa He PaBHBI, 310 ollpefieseHHe MOACKA3LBAETCA
caenywoiuM coobpamcnueM. Ecan 6b MOFJIO cymecTsoBartsh,
CKameM, Takoe paBeHCTBO: 2 -+ 5i==8 - 2i, T0 no npasniam
anre6psl Mbl uMean Out i ==2, TOria Kax i He NOMKHO GhiTh
IeACTBHTENbHBIM YHCAOM.

3ameuaHue Mo eme He onpegeanan, 4td Takoe € 10~
X eHKe KOMIJeKCcHnX uuced. [osToMy, CTporo roBops, Mbl
elle He B NpaBe YTBEDWKIATh, YTO YHCHO 2+ 5i eCTb cymsa
yucex 2 ¥ 5i. Tounee 6bao 6w CKasaTh, UTO ¥ HAC eCThb napy
Odeficmsumensioix ducen: 2 (abcuucca) m 5 (opausarta); ate
YHCAA NIOPOXAAIOT YHCIO HOBOrO POJA, YCAOSRO 0003Ha4ae-
Moe 24-51.

§ 36, CroxeHMe KOMIIEKCHBIX YHCeN

Onpeneneuune, Cyvmoli KoMmaekcHux uncex a-+ bi
9 & -+ b'i Ha3wIBAiOT KOMMIEKcHoe uucxo (@ --a') + (b -4 &) .

3710 onpefeneHue MNOACKA3bIBACTCA (paBUIaMU AeliCTBUN
¢ OOBLIYHBIMH MHOrouYJeHaMH.

Hpumep L (—34+5)+(4—8)=1—3i

Mpumep 2. (24-0i) +4- (7 + 0) =9 - 0i, Tak xax (i1, 35)
sanuch 24 0i o3Havaer TO Ke, 4TO 2 M T. I, TO BHIIOJHEHHOE
AelcTBHE coraacyercs ¢ oGmunoH apudmerukoft (2-47=9).

Npumep 3. 0420+ (04 5)=0-+47, 1 e (ll, 35
2i 4 5i =TI,

Hpumep 4. (—2+3)(—2—3)=—4,

B npumepe 4 cyMMa IBYX KOMIIEKCHBIX YMCEN PaBHa Aeil-
CTBHTEJBHOMY uMcay. JBa KOMOAEKCHBIX YHucAa a -+ bi v a— bi
HA3BIBAIOTCA  CONPANCCHHbIMU. CYMMAE CONPANCEHROLY KOM-
NACKCHUX HUCen PaBHa OelicMmBUMEAbHOMY HUcAY 2at).

3ameuyanne, Teneps, korxa acHcTBHE CAO¥CHUA ONpe-
JleJ€eHO, MBI MMeeM MpaBo paccMaTPHBATh KOMILICKCHOC YHCIO
a-+ bi xak cymmy uucen a n bi. Tax, uncno 2 (kotopoe Mbl
yciaoBHo 3anuceiBaeM 2-+ 0i) H uucao 5i (KoTopoe COTaacHoO
HI, 35 o3mawaer 10 Ke yucao, yro O0--5{) B cymme RawoT
{coraacHo onpeneneHuo) wucao 2 -4 Si.

1) Ho cymma nxByXx HeconpmieHmbIX KOMMIEKCHBIX qHCea TOXe MOMeT
GuiTh ReHCTBUTEbHLIM 4dcaoM; HanpuMmep (34 38} + (4 — Bi) =1,
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§ 37. BoinuTaHHe KOMIJEKCHBIX 4HCel

Ounpepneaenne. PasHocTbIO KOMMIEKCHLIX uiicen a - bi
(ymenbmaemoe) # & -} b0 (BHYHMTaeMOe) Ha3blBAGTCA KOM-
wieKcHoe wucao (@ —a') -+ (b—¥) 1.

Mpumep 1. (—5420)—(3—5)=—84 7.

Mpumep 2. 3+2()) —(—3-+2)=640i=

Mpumep 3. (3—4i) —(3+44i)=—8i.

3asmevaHue BoludTaHHe KOMILIEKCHBIX UYHCET MOMHO
oflpeACAHTL TaKXKe Kak AelicTBUe, 06paTHOE CI0WKeHH0.. IMeHHO
MBI HIIeM TaKOe KOMILICKCHOE uYHCIO X -+ yi (pasupcThb), uTcObl
(x 4-yi) -+ (@ + b'i)=—a 4 bi. Cornactio onpesesenuo § 36

uMeeM:
(x+a)+ (y+0)i=a-+ i
CoraacHo yciaoBHIO paseHCTsBa KOMILICKCHBIX uucea (§ 33)
xXxH4-a'=¢a v+ =0

M3 stux ypaBuenuit naxoanm x=a—a', y=50—10.

§ 38. YmMHOMeHHe KOMMJIEKCHBIX YHCeN

Onpepeienne yMHOXEHHs KOMAMCKCHBIX YUCER YCTAHABIU-
BaCcTCA C T4KUM pacueToM, utobnl 1) wicna a +- b u ¢’ + b
MOWHO OblIO MepeMHOXAaTh, KaK anrebpadueckde NBYUJIEHS,
v utobmw 2) urcao { obaanano ceoficreom i*=—1. B cuny
Tpeﬁoaamm ) npouasenenue (a -+ bi)(a’ 4 §'i) pomxHo pas-
HATLEA ad’ A (ab' + ba')yi 4 bb'i%, a 8 cuay TpeboBanua 2)
3TO BhIpaMeHHe NOJKHO paBHAThCA (ad’ — bb') + (ab’ + ba') i.
B cOOTBeTCTBUM € 3ITUM YCTaHaBAHBAGTCA Ciaelylomiee omnpe-
nenexue, ’

Onpenenenwne, [Ipoussenennem KOMIVIEKCHBX uHcel
a-+bi ua + bi HazpBaeTCA KOMUJAEKCHOE HHCIO

(a@’ — bb') + (ab’ + ba’) i. (

Sameuanue I, Paseucreo i*=—1 10 ycranosacHus
NpaBiia YMHOWKCHHA KOMILIEKCHBIX UHCEH HOCHIO Xapaxrep
TpeboBanna. Tenepb oHO- BbITEKAeT 3 onpelencHun. Bexb
3anuch i%, 1. €. i1, paeuosnaqna(lll 35) 3anucu (O—{-I i) (041-i).
3nech a_.O b_-l a'=0, b'=1. lmeem aa’ — b’ = —1,
ab’ + ba' ——0 TaK Y10 npon3BcneHHc ecth — | -+-0i, 1. e. — 1.

Jamewanne 2. Ha npakTuke HeT HY®/b! N0OIb30BATHCA
tdopuynoit (1) Mowno nepummmnm naunHule 4Mucaa, Kak 1sy-
YAEHK, 2 3aTeM NOAOEUTL {=u=-— |
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Mpumep 1. (1 —2i)(3+2i)=3—6i 42— 4i*=
=3—6i4 2%+ 4=T—4i

Hpumep 2. (a4 bi)(a — bi)y=a®>+ b2

[Mpumep 2 nokassiBaeT, uTo npoussedenue cONPNCEHHL X
KOMNACKCHBLX — qucesr e€cmos  OelicmeumensHoe U npumos
nOAOHCUMeNbHOe YucAoY).

§ 39. Jlenenne KOMNJEKCHBIX YHCEN

B coOTBETCTBHM € OMpejieNeHHeM [HedeHHn AEHCTBHUTEIb~
HbIX UHCEN YCTAHARIUBAETCA CAejylouiee onpegeaeHHUe.

Onpexenenne Paszesurs KOMILIEKCHOE YHCHO @ + bi
(Re1MMOE) Ha KOMIIEKCHOe uMcao a’' -+ b'i (meautenp)-— 3Ha-
uuT HafiTH TaKoe uucio x-}-yi (vactHoe), KoTopoe, OYRYuH
IOMHOKCHO Ha JeAHTelb, 1acT JeliMoe.

Ecan neanTean He paBeH Hyulo, TO jejeHHe Bcerjga Bo3-
MOXHO ¥ UACTHOE €XHHCTBEHHO (KOKa3aTeldbCTBO CM. B 3aMe-
vanuy 2). Ha npaktuxke uactnoe yno6Hee BCErO HaXOMTH
caenywomum 06pasom.

Hpumep 1. Haittu vactuoe (71— 4i): (3 + 2i).
T—4i ;
3anucas apobn 3752 » PacliupseM ee Ha uHCIO 3—2i,
conmpsaxeHHoe ¢ 3 -2 (cp. I, 38, npumep 1). Tloayunm:

T~4(B3—2)__ 13—-26:'_1
B+2nB—2n" 18

~ 2i.

Mlpumep 1| ppeamaywero naparpada gaeT npoBepky.

=245 (—245) (=344 _ —~14—2% __

fipumep 2. - =—S—pm ot — 5 =
== — 0,56 — 0,92i.

Mpamxep 3. %’%:——%. 3necy apoite BCero (o-

KpaTuTh Ha (— 2 -+ 7i).
IMocrynas, kak B npumepax | u 2, valizem obuyio ¢op-
Myay: _ )
. , . 'bb’ ‘b—b'a_,
(a4 bi): (g + i) = Z'asiblz + Z,2+bf; i )

1) Ho npousBegenue [BYX HECOMPAMEHHBX KOMINEKCHBIX wucen Toxe
MoKeT ObiTb  AefiCTBHTENBHbIM  NONCHWTEJLHBIM  YHCAOM;  HANPHMep,
(2 4 3i) (4 ~ 6i) =26 (cp, § 36, cHocka wa crp. 192), Ecau e u cymma u
Opov3BeleHte ABYX KOMIIEKCHLIX YHCER 9BARIOICH HCHCTBUTEILHBIMU HIIC.
2aMy, TO 3TY KOMUCKCILIE HUCH HOIHeMEenHo CONpRKetble.
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Yro6u moka3arb, Yro mnpaman 4YacTh (1) neftctBHTENbHO
ABAAETCA YacCTHBIM, IOCTaTOYHO MOMHOXKHUTH ee Ha a 4 b'i.
Monyunm a - bi.

Gameuanue l. Popmyay (1) MoxHO Obli0 Gbl NPHUHATD
3a onpeneneHue nenenus (cp. onpexperenus §§ 36 U 37).

Jamevyanue 2, Popmyay (1) MOXHO BLIBECTH eflle
caenyiomum o6pasom, CornacHo omnpejelseHHio Mbl A0 Hbl
uMeTs: (@ -+ &%) (x -+ yi) =a + bi. 3uauyur (§ 35), ROMKHbI
YAOBJETBOPATLCA CJELYIOUIHE 1Ba ypaBHEHHM:

adx —by=aqa bx-tay=>h 2)

JTa cucteMa umeer €JIMHCTBEHHOE DeIlUeHue:

aa’f bb' a'b—-ba
=y Y= iy

ecru ‘;—,';/_-—— % (1M, 23), 1. e. ecan a'® 4 B 5£0.

Ocraerca paccMmorpers cayyait ¢} b2=0, Oun Bo3MO-
WeH AHIb Toraa (uncaa ¢’ u b neicTeuTeabHu!), korxa a'=0
n b =0, 1. e. Korma peautrenr a' 4 b'i pasen Hymo. Ecam
fIpH 3TOM M eanMoe a <+ bi paBHO HYIIO, TO YaCTHOE Heompe-
xeaedno (Il, 23, m. 2). Ecan xe gesuMmoe He paBHO HYJTO, TO
4acTHOe He cyulecTByeT (roBopaT, YTO OHO paBHO 6eCKO-~
neuroctd) (cp. I, 23, m. 3).

§ 40, TeoMeTpHuecKoe H300payeHHe KOMIJIEKCHBIX
quce

HefcTBuTeabHble wMcla MOXHO ¥306pa3uTh TOMKAMH NpA-
MOH IMHUM, KaK MOKa3aHo Ha puC. 2, rae Toyka A usolpa-
waeT yucao 4, a Touka B — UCA0 — 5, ITY Ke YUCI2 MOXHO

g M

+ FU—

5 b3 <21 0 1 73 4 3

Puc. 2,

u3obpaxkarh Takme orpeskamu OA, OB, yuuTeBas He TOAbKO
HX JLJIuHY, HO U HampaB/leHHE.

Kawnan troqea M <uncxosofl npamofi» usobpaxaer Hexo-
TOpOe NeliCTBATENLHOE HHCAC (PaUMOHANLHOE, eCian OoTpe-
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i OM couswepum € emHHUIEH AMMHH, W WppalUHOHAAbLHOE,
m preconsmepnm). Takum o6pasoM, Ha gucnoseil npamofi
0¢1a07CA MECTa JNA KOMILIEKCHLIX YHCE
Ho koMiuieKcHBIE YHCIa MOXHO H306Pa3HTh Ha <UUCAOEOH
nsocioctns. JIaa 9T0ro Mbl BuIGHpaeM Ha MAOCKOCTH NpAMO-
yroabHY CcucTeMy KoopauHat (VI, 6)
Y C OXHMM U TeM e mMacmitaboM Ha ofeux
Y ocax (puc. 3). Komuaekcuoe yucno a+ bi
' Mbl n3o6pawaeM Toukol M, y koTopoit
abcuncca x (Ha puc. 3 x=0P=QM)
paBHa afcuMcce @ KOMILIEKCHOIO YHCJa,
—4— .y aopaunatra ¥ (OQ = PM) paena opausa-
gl-a-p Te b KOMIIEKCHOrO qHCia.

[Ipumeprn. Ha puc. 4 touka A
¢ abcurccol x==3 W opaunatol y==>5
u306pakaeT KOMIIEKCHOe uucio 3 -4 5i.
Touka B u3ofpamkaeT KOMIIeKCHoe yucio — 2 - 6f; Touxa
C — KOMIIEKCHOE YHCa0 — 6 — 2i; Touka [ — KOMILIeKCHoe
yuciao 2 — 6i, :

IehcTBuTeAbHbIe YHCAA (B KOMITEKCHON! (GOpME OHH UMEIOT
BHA a -1 0i) u306pawaloT ToukaMu oCH X, 3 YUCTO MHHAMELIE
(suna 0 bi) — Touxkamn
ocu Y. g ¥

IMpuwmepn. Touka K T
Ha puc, 4 wu3obpaxaer i
nefictButedbHoe uucao 6 T
(MK, yTO TO XKE, KOMIILKC- ]Y_Q L /
Hoe uncao 6 - 0i), Touka -
L—uncto mHunmoe uncio 3 = i X
(1. e. 04 3i); Touka N— = \
YUCTO MHHMOE yucso —4i [
(1. e. 0—4i). Havauo xoop-
auHar u3obpaxaet yucao 0 W \\4

(r. e. 04-04). - W
ConpsxkenHble  KOM-

niekcHole yucaa M3odpa-

MAIOTCA [apok TOYeK, CHM- Pue. 4.

METPHUHBIX OTHOCHI 2JbHO

ocu abcuuce; Tak, Toukn C u C' Ha puc. 4 u3obpawaior

conpaxenHoie uucna —6—2i u — 64 20 e
KomniexkcHole yHcna MO¥HO H306paxaTh Takke OTpe3-

KaMi (<BEKTOpaMur), HauyuHawowumuca 8 Touke O u olaHuyn-~

BAIOIINMHICA B COOTBETCTBYIOULEH TOYKe YHCIOBOH MAOCKOCTH.

Taxk, womnaexcnoe uwncao —2-4 6/ smowno wusobpa3utb He
TONBKO TOYKO{l B (pitc. 4), no rakwe sexvopom OBF; xoun-

!
|

e e Ty

Puc, 8.

-
-
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AekcHoe wucno —6—27 uszobpawmaerca BektopoM OC
T I

3ameuanue Jasan KakoMy-1H00 OTPe3KY HaUMeHOBa-
HHE <BeKmOp», Mbl TOJYEPKHBaeM, UTO CYuIeCTBeHHOE 3Have-
HHMe UMeeT He TOAbKO JJIHHA, HO W HanpagieHue OTpesKa.
JIBa BeKTOpa CYMTAITCA OAMHAKOBHIMH (paBHbLIMH) TOJbKO
B TOM Ciayuae, KOrjJ1a OHM MMEIOT OJHHAKOBYi0 IJAHHY H OLHO
H TO e HanpasJjeHHe.

§ 41. Moaysab u apryMeHT KOMNJEKCHOTO HHcJa

IauHa BekTOpa, M306pawalomero KOMIUIEKCHOE YHCIO,
Ha3siBaeTCA M00yAes ITOr0 KOMINIEKCHOro uucaa. Moayap
BCAKOrO KOMILIEKCHOTO uHC/a, He PaBHOTO HYJIO, eCTh (1040~
wuTeabHoe uuciao. Moxyan Komm-
JNEKCHOr 0 YHcaa a 4 bi o603HayaercH
la-+bi], a Takke Oyksoit r. U3
uepTexa (puc. S) BHIHO, YTO

r=|a+bi|= Va*+ b (I)

Mojayas peACTBHTENLHOIO YuCHa
coBmajnaer ¢ ero abCcoiOTHLIM 3Haye-
HueM, ConpsieHHble KOMILIEKCHBIE
yucaa a-+ bi 1 a— bi UMEOT ORUH
U TOT Ke MOAYIb.

IMpumeps. . Moxyss KommiexcHoro uyucaa 3-b5i
(r. e. nauna Bextopa OA, puc. 4) pasen VY3458 =
= 34~ 583,

21 4il=V E4+ T =92 =~14L

3 | —344|=5

4, Monyab uyncaa —7 (1, e.— 7+ 0/) ecTb NIHHA BeK=-

topa OM (puc. 4). 312 IAMHA BHIPAWAETCA NOJOKUTEILHLIM
yuciaoMm 7, T. e.

|— 740 1I=Y (=10 =1.
5. Monyab uucaa — 4 (nauHa Bextopa ON, puc. 4) pases 4.
6. Monyab uucaa — 6—2i (nauna sextopa OC, puc. 4) pasen
V40~ 6,32. Monyas wacna — 6+ 2i (nmua sektopa OC',
puc. 4) Takxce pasen )/ 40. [lBa CONpAMEHHBIX KOMMACKCHBIX
Yyucaa BCerna UMeioT pPaBHble MOIYJIH.

¥Yron ¢ mexay ocbl abcuuce W BekTopoM OM, u3o6pa-
WAIOUINM KOMILIEKCHOE YUCAO a -} bi, Ha3plBaeTCa apeyMeH-
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104 KOMILIEKCHOro uucaa a - bi. Ha puc. 6 sexrop OM
w306pamaer KOMIuIEKCHoe yucao —3—3{. Yroa XOM
#81%€TCA apryMeHTOM 3TOr0 KOMILIEKCHOI'O YHCaa.

Kawnoe He paBHOe HYJI0 KOMILIEKCHOe uHca0!) HMeer
GecuuciaeHHoe MHOXECTBO apryMeHTOB, OTAHUAOIMMXCA APYr
OT Ipyra Ha leloe YHUCIO TMOJHLX 06opoToB (1. e. Ha 360° &,
rie k— nio6oe uenoe urciao). Tak, apryMeHTaMH KOMILIEKC-
noro yucaa -—3 — 3i ABAAOTCA BCe Yran Buia 225° + 360° &,
nanpuMep 225° 4 360° = 585°, 225° — 360° = — 135°.

ApryMeHT ¢ CBA3aH C KOODJHHATAMH KOMILIEKCHOIO YHCJa
a -+ bi caenyomumu Gopmynamu {cM. puc. 5):

b a s b
tg?_’a’ (2) Cos ¢ Va‘~‘+b2’ (3) Sln?_’ Vm
QnHaKo HM OjlHA M3 HWX B OTHEJBHOCTH He MO3BOAAET HAHTH
apryMmesT no abcuucce M opauHaTe (CM. NpUMepb).

IMNpumep 1. HaliTu aprymMenT KOMIJIEKCHOro YHcaa
—3—3i.

Mo o¢opmyne (2)tge= %: 1. 3tomy ycaosuio yroBie-
TsoproT  Kak yrox 45°, Tak u yron 225°. Ho yroa 45° we

s16.asieMcs apryMeHToM uncaa—3—3i
y (puc. 6). IlpaBuabuuit oTeer Oyner
0=225° (n1m — 135°, uau O585°
M T. 1.). ITOT pe3yabTaT NOJAyUUTCA,
eciaM yuecTs, 4To abcuucca W Opiu-
AR HaTa TaHHOTO KOMIIIEKCHOTO 4YHCIa
4l oTpuuaTensHb, 3HauyuT, TOuKa M
A€XKHT B TpeTbell ueTBEpTH.
Opyroift cnoco6. [lo Q)oyl)-

4

myae (3) Haxomum cos:;;:;';z):.
Puc, 6. Popmyna (4) 1OKA3LIBAET, UTO Sin ¢
TOXe OTpHuarteneH. 3HAUHT, Yyrona

OPUHAJIeKHT TPeThel YeTBepTH, Tak 41O ¢ = 225° + 360° k.

Mpumep 2. HaATw aprymeHT KOMILIEKCHOrO uHCIa

— 24 6i. Haxomum tg ¢ = —; = —3. Tax kax abcuucca oTpn-

1aTelbHa, @ OPAMHATA MOJOKHUTE bHA, TO YFOA ¢ BO BTOPOH

yeTBeprd. C MOMOWL0 TabBML HAaxomuM ¢ =z [80° — 72° =
= 108°. Cwm. puc. 4, rne Touxka B uzobpakaer — 2 - 6i.

Haumensmee no aGcomoTHOH BeAHuMHe 3HaueHHe apry-

MeHTa Ha3blBAeTCsl 24a6Hunm. Tak, A4 KOMNJAEKCHBIX HHCER

1 Jlag uucaa 0 aprymeHT OCI1AETCR COBEPLISHHO HEGIPEASACHHKIM.
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—3 —3i, 2/, —5i rnaBHble 3HAYEHHA apryMeHTa paBHul
— 135°, 4 90°, —90°.

AprymesT 1eACTBHTENILHOrO NMOJOXUTEALHOTO YHC/IE HMEET
raasuoe 3HaueHue 0°% 1A OTpHUATeNbHBHX YHCEN TA3aBHBLIM
3HayeHHEM apryMeHta mnpHHaTo cuutatp 180° (a ne — 180°).

Y conpameHHbIX KOMIIEKCHBIX YMCeJ TaaBHBe 3HAYEHHUA
aprymMeHTa HMeioT OnHM B Te ke aOCOMOTHWE 3HAYEHUs, HO
NPOTUBONONO¥KHEIE 3HakK. Tak, r1aBHEle 3HayeHUA aPryMeHTa
yncen —3-+3i w —3—3i pasum 135° u —~ 135°

§ 42. TpuronoMerpHueckas ¢popma
KOMIJIEKCHOTO yHcaa

Abcuucca @ B opaMHata b KOMuaekcHoro vuucaa aq + bi
BHIPAKAIOTCA 4Yepe3 MOAyAb I M apryMeHT ¢ (CM. puc. 9)
(opMmyaamMu

a==r cosy, b==r sing.
[TosToMy BcsAKOE KOMMJIEKCHOE YHCIO MOMHO TNPEACTaBUTH
B Buxe r (cos ¢ -1 sin ¢), rne r =0.

310 BHIpaMEHHE HA3LIBAGTCA HOPMAAbHOL MPUZOHOME-
mpudeckoil Popxol und, KOpoue, TPHIOHOMETpHUECKol (op-
MO KOMINIEKCHOTO 4YHCaa,,

Npumep I MpercTdduts KOMIIEKCHOE uMCA0 — 3 — 3i
B HOpMaabHOH Tpuronomerpuueckofl gpopme. MUmeem (I, 41)

r=V (=3 +(—3=3V2.
CnenoBarenbHo,
—3—3i=3 ) 2(cos (—135% + i sin (—135%)
HIH
—3 —38i =232 (cos 225° 4 i sin 225°)

T A
Mpumep 2. Oaa KomnaekcHoro uucna — 2 -4 6/ umeem

r=V(—2¢4+6 =y40
n (I, 41, npumep 2)¢=108°. CacnposareabHo, HOPMalbHas
TpHUroHoMeTpuueckas dopma uucaa — 2+ 6i ectb

140 ( cos 1G8° + i sin 108°).

Mpumep 3. Hopmaabhaa tpuronomerpuueckaas ¢opma
uricaa 3 ectb 3 (cos 0° i sin 0°) 1au, B obwem BHJe,

3( cos 360° k -+ { sin 360° k).
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pumep 4 HopmaipHas Tpuronomerpuueckas popma
uucaa — 3 ects 3 (cos 180° -+ sin 180°) uau

3 cos (180° 4 360° &) + i sin (180° 4 360° &)].

NMpumep 5 Hopmamsnan 1puronomerpuueckas dopma
MHUMOH emuHHuB § ecthb cos 90° - i sin 90° uanm

cos (90° + 360° k) -+ i sin (80° 4~ 360° £).

3necy r=1
Tpumep 6. HopmanbHan TpuroHomerpuueckas dopma
uncaa — i ectb €o0s { — 90°) -+ i sin (— 90°) uan
cos (— 90° + 360° &) -+ i sin ( — 90° 4 360° k).
3necy r=1.

B npoTHBONOAOKHOCTL TPHIOHOMETPHYECKON (popMe Bhipa-
Wenve BUia 4 -+ bi ua3zuiBaeTcA aazefpaudeckoll uauw KoOp-
Ounamuoii HopMoOii KOMIIEKCHOrO 4HCAa.

MMpumep 7. KommaexcHoe ukcao 2[ cos(—40°)--i sin(—40°)]
npelacTaBuTh B aareGpauueckoit dopme.

3aech r=2, ¢ = —40° ITo dopmynam (3), (4) npenmuy-
wero naparpaga

a==rcos ¢ == 2 cos { — 40°) == 2.0,766 = 1,532,
b==rsin ¢ == 2 sin ( — 40°) &= 2-( — 0,643) = — 1,286.

Aunre6pauueckas ¢opMma RaHHOro uucia ecTb (Opubian-
wenno) 1,532 — 1,286i.

[Tpuwmep 8 [lpencraButu B anreGpanueckoii popme yucao
3 (cos 270° 4 i sin 270°). Tak kak cos 270°==0; sin 270° = —I,
TO JaHHOE YHCIO paBHO — 3i.

Mpumep 98 Ecan r(cos¢-tising) ects oao us co-
NpsAKEeHHBIX KOMIIEKCHBIX YHCEM, TO APYroe MOXHO mpeacra-
BUTb B Bune r{cos (—¢) + isin(—v)] uan B Bpge r(cos ¢ —
— i sin ¢); BUpoueM, Hoclexnee BHpaxeHue ywe He Oyxer
HOpManbHOH (OpMOH.

§ 43. IeomeTpHuYeCcKu# CMBICA CJAOKEHHA H BLIYHTAHHA
KOMIJIEHCHBIX uHCEJ

Mycry Bextopet OM u OM’ (puc. 7) u306paXai0T KOM-
piiekcHsle uucia z2=x-} Y ¥ 2’ =x" -+ yi. U3 tousxu M
1poBezeM Bektop - MK, pasusiit OM' (1. e. uMeeT Ty xe
ARMHY ¥ TO ¥Ke Hanpasienue, yto OM': cm. § 40, 3ameuanue),
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Torna sektop OK u300pakaeT CyMMY MaHHbIX KOMIICKCHbIX
vuceat),

FlocTpoennniit yxasanuoiM o6pa3oMm sextop OK Ha3mBaetcd
eeomempuyeckoil cyMmoidl (Mam, Kopoye, CyMmoH) BEKTOpoB
OM n OM' (na3panne <«CymMMa»
NpoUCTeKaeT W3 TOro, 4To COBEp-
IIEHHO TakUM ke o06pasoM «ckaa-
IbiBAIOTCA» CKOPOCTH JABHKYUIMXCA
Te/d, CHJIbl, NPHAOKEHHBHE K OJIHOH
TOuKe, U MHOTHE JIpyrue Pusnueckne
BCJHYHHBL).

Wrak, cymma deyx romnirexc-
HOLX 4uces npedcmasAsemcs cym- puc. 7
MO BeKMOpPOS,  U30OPAHCAOUUX ue. 4.
omdesbHbie caazaemuie.

HOusa croponst OK Tpeyroabunka OMK MeHblie CymMMbl
n 6oapme pasHocts maud OM u MK, [lostomy

Hzl— 2 ]l<<lz42=<|z|+ 12}

PaBeHcTBO HMeeT MeCTO TOJABKO B TCX CAY4aAX, KOria BeK-
Topst OM 1 OM’ umeT ojMHaKoBhie (pHc. 8) WA 1npo-

Pue, 8. Puc, 9.

THBONOMNOKHbLIE HanpasiaeHusa (puc. 9). B nepsom cayuae

|OM|+|OM' | =|0OK |, 1.e. |2+ 2 |=]|z|+4 |2 |. Bo BroO-

poMm cayuae |z+ 2 |=|lz|—|2|l. .
Mpumep L. Tlyers z2=4+43i;, =54 12 Torua

Z|l=VEFE=5 2= V5 12=13 z4-2 =9+ 150
lz+4 2 |= V92 + 15t = )/ 306.
Umeen 13 --5 << V§66< 13-+5, 1.e. 8 << /306 < 18,
1) Hdeficteuteabso, Tpeyroabiuky OM’L w MKN pasusl, 3HauuT, ¥’ =

= OL = MN = PR; y' = LM’ == NK, Caenosatenbuo, abcuucca OR = OP +-
~+ PR = x-}-x'; opavHata RK =y 4 ¥,



202 1. AJITEBPA

Hpumep 2. Myctsy 2=443i; 22=8-+46i. 3TH KOM-
naeKcHble ulcaa UMeT OXMH ¥ TOT e apryment (36°52'),
7. €. COOTBETCTBYIOUHE BEKTOPHl HMEIOT ONLWHAKOBble Hamnpa-
BJeHHA, 31ech

jz|=35; |2 |=10; z4+ 2z =12-}9i
lz4+2 = VI2T+ 9 =15
Hmveem 10—-5<15=10-}85.

Hpumep 3. Ilycts z=8—6i; 2 = — 12 4 9i. 11 Kom-
fileKCHble YHCIa M3006pamkaloTcsa BEKTOPAMH, UMEIOMUMH Ipo-

M' Y

Puc. 10. Pue, 1L

THBOMOJOKHBIE HaNpasleHHs (MX apryMenTu pasHm 323°08
u 143°08’). 3nech

jz|=10; |2 |==15;, z 4+ 2 =—4+3i; |24 2 |=0d.

{Imeem:
15—10=5<15-}10.

Cymma mpex (1 60sbe20 HUCAG) KOMNACKCHBX Hlicen
TaKxXe npejcrasasercs cymmod sextopos (OM, OM', OM'" Ha
puc. 10), u3obpaxalomux OTReAbHHE Claraemble, T. €. BEK-
tTopom OK, saMeikaiowM jgoManyio OMSK (Bextop MS pasen
Bektopy OM'; Bexktop SK—sexkropy OM"”). Cnariemne
MOXHO Oparth B ai06oM mopsike; AoMaHbie OYRYT pasinuHbie,
Ho woHub ux cosnanyt. Tak kax QK He niauHHee, Y€EM JO-
mavaa OMSK, ro

lztz 420 1<C1zi 41214127}

PaBeHCTBO “MeET MeCTO TOJbKO Torpa, Korpa Bce charae-
MbiC UMCIOT OAHO KW TO Xe HAalpaBJieHHE,
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Pa3HocTh MeXLy KOMINIEKCHSIMY uncaamMn a-+ & ¥ a' -+ b'i
paBHa cymme uncen ¢-+ b 1 —a — bi. Bropoe caaraemoe
HMEeT TOT e MOAYAb, YTO @ -+ b'i, HO NPOTHBOMOJOXKHOE
Hanpasaenue, [103TOMY pa3HOCcms KOMNACKCREX Huces, nped-
cemagasemoix sexmopamu OM u OM' (puc. 11), usobpasicaen-
est cymmoii gexmopos OM u OM” (Bexropom OT).

§ 44. FeoMETPHYECKHA CMBIC] YMHOMEHHHA
KOMIJIEKCHBIX YHCed

Hycrb nBa XKOMIUIEKCHBIX 4HCAa 2 # 2 n306paxaloTcA BeK-
ropamiu OM u OM’ (puc, 12). 3annueM COMHOXHTENH B TPH-
FoHOMETpHYECKOH# (dopMe M BHIMHUCIUM Npou3BepeHUE:

2R=r (cos ¢+ ising).r (cos¢' 4isin )=
=rr'[(cos¢ cos ¢ — sin y sin ¢') 4
4 I(sin ¢ cosg’ - cos g sin ¢')],
T, e. (V, 1I7)
2z =rr'|cos(p +¢') -+ isin (¢ + ¢)]. h

Monyap npoussenenua (oHo uM3o6paweno sextTopom OL)
ecTb rr', a apryMeHT Ipou3BeleRHs paseH ¢ + ¢/, T. e. npu
VYMHOKCEHUU KOMNABKCHOLX 4UCEA UX
MOOYAU NePeMHONCAOMCS, 4 GP2YMeH-
mol_ciradmwsaromest.

3To mpaBMAO OCTACICA B CHAe AJs
11060ro yHcaa COMHOXKHTeHReH.

Hpumepl. Y KOMILIEKCHHX yHCe,
n3obpakeHnnx BekTopamu OM u OM’

Ha puc. 12, Moayas pasHb JOM]—:.%

U |OM |=2, aaprymentn L XOM =
=201 L XOM = 30°, Moayap npo- Pue, 12,
u3Relennsa, u300paWEHHOTO BEKTOPOM

OL, ects %-2:3; aprymeHt npoussegeHus (yroa XOL)
paseH

20° -} 30° = 50%
2 (cos 20° + i sin 20°) - 2 (cos 30° -+ sin 30°) =
== 3 ( cos 50° - { sin 50°).
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Mpumep 2.

y ) s e o 1/2_ o . e o
4 V"2 (cos 45° + i sin 45%) - =5~ (cos 135° 4 i sin 135°) =
=4 (cos 180° 4~ i sin 180°)=—4 (puc. 13).

Te we comHoxurteaun B aare6panueckod ¢opme Oynyr:
44 4iun —-——;——i— ;—i. Ilepemuoxkus, cHoBa HafiteM — 4.

Hpumep 3. Ilepemuoxurs 2 (cos 150° 4 isin 150%),

3] cos (— 160°) 4 i sin (— 160°)] u 0,5 (cos 10° 4 i sin 10°).

Mojyap npoussenenns 2-3.0,5=23. AprymeHT nipoussenenus
150° — 160° 4 10° =0°. TIpoussenenre pasHO

3 (cos 0° 4 i sin 0°) =3.
Mpumep 4 r{cose-|-ising)-ricos(—y)-+isin(—¢)}=

=r2(cos 0° 4-isin 0°)=r?, 1. e. npoussedenue oeyx conps-
HCEHHBIX KOMRACKCHOLX — 4lces

Y ecmy  OelicmeumenrbHoe  4ucao,
A pasuoe Keadpamy ax 05uje20
200y A5 .
; Mpuwnmep S 5 [cos(—20°)+
M X 4isin (—20°)]-2[cos (—30°)+
L1/ 10 -1 £ sin {(—30°)] = 3{cos (—50°) 4
i sin (—50°)]. CpaBHUB ¢ npu-

Mmepom I, BHAMM, uTO Om 3ame-
Puc. 13, HbL COMROMCUmenell CONPANCeH-
HelMU  HUCAGMU NpOu3gedexue
3GMEHUAOCE CONPANCCHHBM HUCAOM. DTO CBOHCTBO — obuiee.
Ono pacnpocTpanseTca Ha ni00oe YUCIO COMHOXHTENeH,
3amevanue 1. IlpaBuaa yMmMHOWEHHA REHCTBHTEAbHBIX
YHCE/ OKa3biBaiOTCA YaCTHHIM C/AyYaeM BbilleNPHBEIEHHOTO Npa-
Buna, Tak, NpM NepeMHOMEHHH JBYX
yhcen —2 U —3 aprymeHtsi ux (180° 4
1 180°) mawor B cymme 360° rak uto gl
NpoK3BECHNE €CTh [0J0KHTE AbHOE
yucao 6 [1. e. 6 (cos 360° -+ { sin 360°)]. “
3amevanne 2. Korna kakoe-a160 [ ,ﬁﬁﬂ"\ A

KoMIIeKcHoe yucno r(cose 4 ising) =3 0| 7 X
yMHOXaeTcAd Ha MHHMYIO ejHHHNY {
(mMoxyanb ee ecTn 1, a apryment 4- 90°), Puc. 14,

TO MOLYTb TPOU3BENEHHA OCTAeTcA

paBHuaIM r. AprymeHt xe yBeauuyusaercs Ha 90° T. e.Bekrop
MHOXHTENA NOBOpauMBaetcs Ha yrod -+ 90°, He MeHasachL no
aanHe. B wactHocTtH, ymHoxeHue | (sexTop OA puc. 14)
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f1a { mpejcrasaseTca 1oBoporoM Bexktopa OA Ha 90° B mouo-
wentHe OB, a yMHOXeHHe [ Ha { NPEACTaBAAETCA 110BOPOTCM
OB na 90° B mnoaowenne OC. Ho Bektop OC wusobpaxaer
— 1. Ilostomy i®==—1. B 3710l reomerpHuueckoit KapruHe
4HUCAO { MBASIETCA <MHUMBIM» He B Ooablifefi crefeHu, 4eM
qucao — |.

§ 45. FeomeTpHuecKHH CMBICA AelleHHd
HOMOJeKCHBIX YHCeN

HeneHue ectb neilcrsiie, oOpaTHoe yMHoxeHuo. Hostomy
{cm. upenptnymuit unaparpad) npu OeseHUU  KOMIACKCHHLX
qucen ux mo0yau Oeasimess (MOAYAL IEAUMOrO Ha MOIY/ib
NeNNTeHN), @ opeyMermol Buyumarorica (ApryMeHT Jeautes
U3 aprymMeHTa JelIuMoro), T. €.

r{coseg--isime¢):r (cos¢ —+ising)=
=2 [cos (¢ —¢) +isin (p—¢)]. (1)
Mpumep 1.2 (cos30° 4 isin30°:6 (cos 45 - isin 45°)=
= é [cos {(—15°) 4 i sin {— 15%)].
Mpumep 2. —4:4 Y'2(cos 45° + i sin 45°) =
=4 (cos 180° 4 i sin 180°) : 4 /2 (cos 45° 4 i sin 45°) =
= T/I? (cos 135° -4~ i sin 135°). Cp. npuMep 2 npeabiryiiero na-
parpaga.
B asreGpauueckoit popme:
—4:d4d)= l_+lt = (1;11')(11——1)1') = —|?+;'
NMpumep 3. Pasgeaurs 1 Ha KOMILIEKCIiOC  YHCIO
r (cos ¢ i sin ¢). 3amimeM geaumoe B BHKe [ (cos 0° -4 i sin 0°).
Coraacuo dopmyae (1) vactroe Gyaet ri [cos (—e¢}+-i sin (—)].

Lir{cos¢ -4 ising) =% [cos (—¢) 4+ i sin {(— ¢)]. 2)

leoMeTpHuecKoe MOCTPOEHHE: OMAIIEM, OKPYKHOCT DPajH-
yca 1 ¢ wentpom B O.Ilycrs |r|>1,1.e. Touka M (puc. 15),
n3obpaxawnomian aenuTeab, JeXHT BHe okpyxHocTd. [IpoBenem
KacateabHyio MT, u3 rouxu T nposelneM nepnenaukyanp THI
k OM. Touka L, cumMerpiynan ¢ M’ oTHoCHTeabHO ocH abc-
uicc, n3obpaxaer yactuoe., [eficreutensno, |OL|=|O0OM'}|,
a M3 upsMoyroapHoro tpeyroasHuka OTM, B xoropom TM' —
guicota, Haxouum | OT P=={OM |- |OM' |, 1. e. [ =r|OM|
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uau !OM’|=%. AprymenTs ke Bekropos OM u OL, oue-

BHIHO, PaBHbl MO BEJIHYMHE H NPOTHBOMOJOKHBI 110 3HAKY,
Ias cayyas |r| <<l nmocrpoenme mokasaHo Ha puc. 16,
3 dopmyast (2) crenyet, yTo ot Renenus | Ha KOMMJIEKc-

HOe YHCJIO C Momy/aeM r=I noJyyaeTca KOMILIEKCHOE YHCIO,

CONPAKEHHOE C JeauTeneM.

Puc. 15, Puc. 16,

Mpumep 4 2[cos(—30% 4 isin (-——30°)]:6 [cos (—45°) -}
-+ isin (-—45°)]==%(cos 15° 4+ isin 15°). Cpasuus ¢ HpHMe-
poM 1, BUIUM, YTO Om 3aMeHbl 0eAUMO20 L OeAUMEAS CONPs-

HCEHHBIMU HUCAGMU  HGCMHOC 3AMEHUNOCH CONPSIHCERHHBM
yucrom. Popmyna (1) nokaseisaer, 4To 370 CROHACTBO — ObI1ee.

§ 46. Bo3Beserne KOMNJAEKCHOTO YHCJIa B LeENYIO
cTeneHb

Coraacno 11, 44

[r (cos ¢ + i sin )2 ==r* (cos 2¢ 4 i sin 2¢),
[r (cos¢ 4 i sin ¢)}3 =r3 (cos 3p -}~ i sin 3¢)
n BooGue
[r (cos ¢ 4 i sin ¢}]* ==r" (cos ny -+ i sin ngp), (A)

rae n—uenoc MojaoxureabHoe yucro. Popmyrsa (A) Hasb-
Baerca gopuyroi Myaspa (A. Moivre, 1667—1754). Ona
BepHa W [ 1leJOr0 OTpHlaTeapHoro nokasareasa n (I, 61),
a takwke jia n==0.
Haupnmep, [r (cos ¢ 4 i sin ¢)]~®
1
= r8(cos 3¢ -{- £ sin 3¢) °
ayuiero maparpada),
[7 (cos ¢ - i sin )] 3 =r"3 [cos (— 3¢) -} i sin (-~ 39)].

1
=rcoserismep
CnemorateabHo (Cp. nmpuMmep 3 Npenbl-
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Hrak, npu Bo3BefeHHI! KOMMAEKCHOrO uMCIa B JI00YVI0
ueay crefleHb MOOYAb 603800UMCS 8 my Jie CMenens,
G QPRYMERM NOMHOXNCaemes He noxa3amens cmenenu. O Bo3-
BelleHHH B ApoOHyio creneHb cM. § 48.

[Tpumep 1. Bo3sectn B wecTyio cTeneHdsp YUCIO

z=2(cos [0° 4 i sin 10°).

Hmeem 28 == 2% (cos 60° - i sin 60°) =32 + 32 V'3
Dpumep 2. Bozsectu B 20-10 creileHy YHCAO

L Vi,
F=r Tk

Monyab uucaa z (I, 41) ects 1, a aprymenr paBen — 607,
CnenoBateabHo, MOAYAb unciaa z2° ecTs I, & aprymeHT paseH
—1200° = — 3. 360° — ]20°. Mmcem:

249 = cos (— 120°) + i sin (— 1209) = — L — V.

Npumep 3. Halttn Boipaxenne KocuHyca H CHHyca yraa
3¢ Uepe3 KOCHHYC H CHHYC Yraa ¢.

Pemenue. cos3p - isin3p=_(cos¢-4ising)’=

==cos® ¢ 4 3¢ cos? ¢ sin ¢ + 3i*cos g sin® ¢ -+ ®sin® o =

= cos®p — 3 cos ¢ sin? p 4 i (3 cos® ¢ sin ¢ — sin® ¢).

[Tpupasuusas aGcuuccsl U opxunars (III, 35), Haxomnm:

cos 3p == cos® ¢ — 3 sin® ¢ cos 9
sin 3p == 3cos? ¢ sin ¢ — sin® o,
Mpumep 4 Takum we ofpasoMm Haiigem:

cos 49 = cos* ¢ — 6 cos? ¢ sin® ¢ + sint ¢,
sin 4¢ == 4 cos® ¢ sin ¢ — 4 cos ¢ sin® g,

a rtakxe obuiue GpopMmyan Aas sin ny, cosne (cm. V, 21).

§ 47. H3BaeyeHHe KOpHS H3 HOMILIEKCHOTO HHCAA

Vasaeuenue xopHa (I, 9, n. 6) ecrb neiictoue, o6paTHoe
Bo3sefeHu0 B cTeeHb. [TosTomy (oM. npeaniyuiunii naparpad)
MOOY.16 KOPHA (neloft CTENEHHW) N3 KOMIACKCHOZO HUCAaQ
NnOAYYaeMCS  U3BAEUPHUEM KOPHS MOl Jice cueneiu 13
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MOOYAR TOOKOPEHHO20 HUC.12, @ QPIYMeH — 0eAfKURN ap2y-
MENNIQ HQ NOKG3aMe.Lb KOPHA:

l,ruos ¢ - {sin ¢) = ',' «cos -4 isin i) . (B)

no—
3nech 3HAKOM ]/r 0603HaYCHO MOJOXHTCABHOE YHUCIO

(apndMeTHYCCKHH KOpCHp H3 MOAYIA).
Kopens n-ti cmenenu u3 8CIKO20 KOMRACKCHO20 HUC.A¢
waeem 1 Pa3AUYHOLY 3Hadenutl. Bee ol UMCIOT OJHHAKOBLIC

n - .
MOIV.H }/r ; APLYMCHTH e [0JYYaloTcA 13 leI‘\'MCHTﬂ 0o~

ro 113 HHX [OCAEXOBATCILHBIM NpHOABICHHCM Yria -n~ 360°,

JdeficTBHTEAbHO, NVCTh ¢g €CTh aPrYMCHT NOAKQPCHHOTO
yncaa. Torga s 0+d(‘0 ¢o -+ 2-360° u 1. I TAKOKE ABLUOTCH
€ro apryMeHTaMh. fPop,\l_\.m (B) 110Ka3LIBACT, UTO 8a apryMenT

3 : 1 o
KOPHSI MOHO HPHHATL HE TOILKO ‘flf,uo TAKKE 5,‘1-’—{— o 36U,

?’?—{—% 360° ¥ 1. 1. CooTBercTBYIOMUIE 3HAUEHUA KODHA He
BCC pasamunbl Mewiy coboit apryment £ 2.360° 1. e,
‘i” 4 360°, 1aeT 10 Ke KOMMIIEKCHO® YHCIO, YTOH apryMeHT Iﬂ”,
apryyent ¥ + oL 300 = %0 o L 360° -+ 360° faerT 10 We
KOMIICKCHNC YHC0, 4T0 aprymcm (P’:’ + 360°% u T. I

Pua3.apynex 3Hauennit gopua Oyier poBuo . Cu. lpHepsl

IIpusmep L M3piaeun kpagparnpil kKopehb n3 uncaa —9i,
Moayas 3toro umncaa ectn 9. 3HAUUT, MOAVAL KOpPHA PABCH

179=3. ApL¥MeHT NOJAKOPCHHOTO HMCId MO0  I1IPHHATH
pasupiM — 90°, —90° - 3607, —90°4-2-360° n 1. A
B uepsoM cayuae moayuacm:
(—91‘)' = }9 [cos (— 45°) -} i sin (— 43°)} =
=23 (0

Bo BTOpOM cayuae

. L 7y < P = 3 3,
— 02 = 179 135° |- 135y == o =" e —— |, 2)
( 1) l 9 (COS } 1 sin ¥ 7 V3 4 (
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B Tperbem cayuae

. ‘:lT___ o a . oy . 3 3
(— 97) = ¥'9 (cos 315° - 1sin 310)_}75—_—172—_1,
T. e, TO Xe, yT0 B nepsoM. Beépa ¢——90° -} 3 . 350°,

¢ ==— 90° 44 . 360° uau ¢ =—90°— 360°; — 90°—2 . 360°
H T. A, Mbl Gynes mooyepearo nmoayuats 3navenus (1) m (2).

MMpusmep 2. M3sneys -xBajnpaTHLIH Kopehb U3 yucaa 16,
Apryment srtoro yucia ecTb 360° k2 (R —nenoe yucno). Apry-
MeHT KopHst Gyzxer 360°k:2==180°k. Ecau %2 ects Hyab uan
YeTHOE YHCAO0, TO apI'yMeHT KODH:A PaBeH Hy 10 Han KpaTeH 360°

1
Torna 162 =4 (cos0° 4 isin0°)=4. Ecan ke & — HeyerHoe
4ucao, 10 apryment 6yner 180° wau oramyarbea ot 180° wa
1

kpatnoe 360°. Torna 16% =4 (cos 180° 4-isin 180°) = — 4.
lTpumep 3. Mspneus kyGuueckuit xoperb u3 1. Moxyan
KOpHA PaBeH i/l == 1. ApryMeHT MOAKOPEHHOI0 YHCAA eCTh
360°k (k — moGoe nenoe uncro). AprymeHT Kopaa 6yzer 120° &,
Monaras k=0, 1, 2, naxoiuM TpH 3Ha-
yehus aprymenta Kopus: 0°, 120°, 240°,
CootpetcTByioue 3nayeiins KopHs 6y-
ayT i)
21==cos 0° 4 igin 0°==1,
2y =cos 120° - i sinn 120° =
t, Vi,
=—g L

¥

Ha pue. 17 atn 3natcuus n3obpaxenst Toukamu Ay, As, A,

1
1) 21 peayapTatpl noiesno nponeputh. [JoMHOKEB 4ica0 2y = — 3 +
Vs . . | Vi3 o,
+ -5 i camo ua ceGs 1o npasuay § 38, naizem z% = -5 - Ty i=z
[Tounowas eute pas, noryqus z3=z3z2= [, Tax xe nposepaercs u Ko-
R Z)
petb 2y - g - i, Umennos

+ sz t==2g, z§=2233=1-

ol —

2
g3 = -
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TpeyroabHuk AlAeAa — pasHoctoponnyif. OH BOHCAH B OKpYX-
nocth pamuyca I,

IMTpumep 4. U3Brecun xopeny mectoll creileHd n3 — I,
Aprymenr nogkopensoro yvcaa — 1 ecrp 180° -} 360° k. Ap-
rymeHT kopHa pasen 30° - 60° k. MmeeM caeaywmue uectb
3HayeHHuil KopHs:

21—50530°+151n s ="3 4 L
==¢0s 90° -+ i sin 90°__t'
=cos 150° - i sin 150° = VT_;_%{’
=c S()IO°+LSlﬂ2 0° = V:;-._%i,

75 = €08 270° - i sin 2707 == — 1,

2g == €08 330° -7 sin 330° = %w — i

41

Touku Ay, Az, As, As, As, Ag, MB00pamaomwue 3TH 3HaYE~
s (puc, 18), ABAAIOTCA BCPUIHIAMII NPABHABHOTO I1ECTH-

VTOMBLHHKA,

Puc, 18.

W3 popuyan (B) caciyer, uTo n Kopuell U3 Kakoro-auGo
KOMAACKCHOrO YMCAA W 1 Kopiell H3 CONPAKCHHOLO YHCHa
HONAPHO COMPSAMEHH,

Mpumep OS5 Kopun uerBeproil cremeHH H3 uucaa

16 (cos 120° 4 i sin 120°) = —8 + 8 V'3 i Gynyr:
z;=2(cos 30° + isin 30°) = V344
2o =2(cos 120° - isin 120°)=—1 4 V3 §;
23 =2 (c0s 210° - sin 210 = — V'3 —1i;
24==2 (cos 300° 4 i sin 300°)=1— V'3 i,
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a xopHi1 Toil ke cTeneHn u3 yncaa 16 (cos 120°—isin 120°) ==
=-—8—8 }V3i 6yrym
==2 (cos 30° — i sin 30°) == Y 3—1i
=2 (cos 120° — i sin 120°) =— 1 — ]/3 i
? 2 (cos 210%=— { sin 210%) = — V3 -4
2y ==2 (cos 300° — i sin 300°) = 1+ V'8 i.
Ypcaa z; n 51, 2, M 23 M T. ]l NONAPHO COLPANCHbL,

§ 48. BossegeHHe KOMILIEKCHOr0 YKciaa B Jw0lylo
AeliCTBHTENLHYIO CTeleHb

Bo3peicHue B Ipo6HYI CTeileHb HeHCTBHTENLHOIO YHCIa
onpefexero B I, 61. Ho tam paccumaTpHBaoTes TOIbKO J€H-
CTBHTENbHEIE BHAUCHAA CTeNCHU. 31ech MB HyxaeMca B 6odec
obuey oupepcacnun. OHO gaercs caciyoutell popmynoi:

[r (cos o -+ i sin ¢)]P == rP (cos pp i sin py). (C)

3aech p - ai06oe ACHCTBUTCILIOC YHCHO, a FP 03HAUAeT 10A0-
JfCUINEABHCE UICIO, HPCACTABLIONEE P-10 CTelleHb MOUYIs F,
Qopuyaa (C) cosmamacr ¢ gopmyaoit (A) (I, 46), korma

p —uejgoe uncao, v ¢ (B) (11, 47), xorga p ectp Apobn -

Ecau p ects apobn ?, to B cuay (C), (A) u (B)
m
[r (cos ¢ -1 i sim £)]" =)-l,/[r (cos g -+ i sin ¢)]™, (D)

YTO COTIACYCTCst € OOBIUHBIM OfpeneaeHneM IpobHoll creneHu,

HpobHas crenenb BCAKOTO KOMILIEKCHOro (B TOM UHCIE B
ACHCTBUTENBHOrO) UMCHA HMEeT I PA3AHYHBIX Mexay coGofi
anayenui (n— 3HamMenateaw apo6n). Popmyna (C) pacnpocrpa-
HSICTCA M Ha cayuvall HppaluoHaNsHOCTH IIoKas3aTens p. B mo-
CACAHCM CIyyae p-f CTCHCIHbL BCSIKOrO YHCAa MMeer Gecyncien-
HOC MHOMCCTBO 3HAyeintii.

3
[Ipumep 1. Bossectn uncao —I16 B cremens . Vimeem:

3
o= »2—, r=16, ¢ =180°4-360°% Monym cremeuu (— 16)%

3
coraacio (C) pasen 16°==8. Aprymenr cTcmeHH paseH
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3

- (180° 4~ 360° k) == 135° - 270° k. [lomaras %==70, L, 2 3
(ocranpyele teJble 3HAYEHHA B HOBBIX PE3YALTATOB i'C M&AYT),
HMeeM clIelyol(He Yerbipe 3HAYeHHA CTeleHU:

2, =8 (cos 135° 4-isin 135°) =—4 Y244 V2 §;
29 ==8[cos (135° - 270°) -}- i sin (135° -} 270°)] ==
=8(cos45° 4 isin 45°) =4 Y24 V2 i;
2z =8 [c03 (135° - 2. 270°) -} i sin (135° 2. 270°)] =
=38 [cos (— 45°) +isin (— 45°)] =4 V2—4 V2 §;
23 =28 [cos (135° 4 3. 270°) 47 sin(135° -}- 3+ 270°)] =
=8 [cos (— 135°) 4 i sin(—135)| =—4 V2 —4 V2 i.
D1y 3uaueHus u3obpaxeHsl ToykaMu By, Bs, Bs, Bs (puc. 19).
Mpumep 2. Bossectu uucno 1 B cremenb -. 3hech

p —_—_271 , r=1, p==360°k. Cornacuo (C) umeem:

1
w360 . . 360
1% ==cos 5 k {-isin 5k

Ha puc. 20 noxasaust 10Uk By, By, Bs, Bs, ..., #306pa-
WaloliHe Te 3HaueHHsi CTelleHH, KoTOpsle TOAYYaloTCH IIpH
k=0, 1, 2, 3,... Bce oHH nexaT Ha OKpYy;HOCTH patuyca l.

Puc. 19,

flukakne papbl STHX TOYEK HE COBNANAKT JAPYT C JIPYrom.
B camom fcae, KaxAbi u3 yraoB ByOB;, B;OB;s u 1. . paseH
pafMany, T. e. Kaxknas U3 ayr BoB;, B;Bs u 1. L uMeeT Launy,
pasnywo paguycy. Ecan 6bi HekoTopas rouka By coBiajana ¢ B,
10 OKa3aaoch OB, YTO OKPYIKHOCTH, 0GONNeHHAA § pas (S—iic-
KoTopoe Ieice uHcao), copmepwana Ow [ pamuycos, Torga
ONHOKPATHO 0OONIACHHAA OKPYXHOCTh MMena Obl IIMHY, B TOU-
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HOCTH DABHYIO -:— panuycoB. Ho okpysHOCTH Hecouamepuma

¢ paguycoM. 3Hayut, HH OXHa mapa Touek By, By, ... He
cosnanaer. Yem Boablie Toyek Mbl GepeM, TeM IiIoTHee Imo-
KpbIBaeTCA HMH oKpyxHocTb. Okono mo6oii ee TOYKH cXon-
aserca GeckoHeuHoe MHOXecCTBO ToueK B. M Bce e nosciony
Ha OKPYXHOCTH OCTAIOTCS TAKHe TOYKH, KyAa He Iomajaer Hu
onHa u3 Toyex B. Taxoma, HaUpuMep, 10YKa, AHAMETPANbHO
1IPOTHBONONOKHAA TOUKe By, UMM A100as BeplIMHA KAKOTO-HH-
Gynb NPaBHALHOIO MHOTOYIOJbHEKA, MiA KoToporo By ectb
OIHA U3 BCPLIHH,

3amMevyanue. MoxHO onpenenuTh CrelieHb KOMNIexc-
HOT'O YHCHA M JIA KOMIIEKCHOro TokasaTeas cremeds. OHa
Tome umeeT OeCyHCIeHHOe MHOXECTBO 3HayeHHi, HO CoOOT-
BETCTBYIOL{HE TOYKM B OOuleM chAyuae He CKONAAWTCA, a je-
®aT BPO3b APYr OT Apyra.

§ 49, HeroTopsie coefiendst 06 alreSpaHuecKHx
ypaBHCHUSAX BBICIHHX Crenened

Jan ypasuenus 3-it u 4-it crenenn ofwero BHaa HafieHsl
(em. 111 2) dopmyaul, BuIpaw:alonlic KOPHM YPRBHEHHA uepes
GyKBeHHbIE BETHUNHb K03 duLHenTOB. ITH GOpMY b cofepxaT
pamukanst 2-ft u 3-H crenenu, OHH CROMHB M TOTOMY MaJjio-
NpPHPOAHB! KA NpakTHKHA. [las ypaBHeHuit 6onee BHICOKOM cTe-
neHy Takux GopMya coBceM Her. Jokasano, UTo_KOpHK o6liero
ypaBHeHHA CTeNeHM Builie 4-it Hedb3s BLPA3UTh yepe3 GyKBeH-
Hple Ko3bGHIMEHTsl ¢ IOMOLWBLIO KOHEYHOI o YHCAa CHOMeHUH,
BLIYHTAHWUH, YMHOXEHHH, ReneHWil, BO3BEICHUIT B cTeNeHb U
usBneyeHnit Kopna. Takoe BbipaxeHue BO3MONKHO IHIIb 1AM
HEKOTOPHIX WYACTHHIX BHIOB OYKBeHHBIX YpaBHEHHH BbICIIMX
cTeneHen,

Tem He MeHee KODHH BCAKOIO anre6pauyeckoro ypaBHeHHs
C YHCIOBBIMH KO3GbduNMeHTaMH MOXHO ' HaHTH NPHOIHKEeHHo
€ 1060 CTEeHbI0 TOYHOCTH.

Ho BBeleHHA KOMIIEKCHBIX YHCEN Jawe KBafpaTHoe ypam-
Henue He Bcerna HMeno pemenne (III, 28). C BBepenneM xom-
MIEKCHBIX YHCED Kaxpoe aireGpaHyeckoe ypaBHeHuE MMeeT
no kpaitHeil Mepe ofuH KopcHb (Ko3bdunueHTH anreGpanye-
CKOro ypaBHEHHsi MOI'YT GbITh COBEPINEHHO NIPOU3BOABHBIMH—
JlaXe KOMIZEeKCHBIMH).

Y paBHeHHe n-ff cTCHeHH HC MOXeT HMeTb Oonbliie YeM 1
Pa3nHYHBIX KOpHeH, a MeHblie — Moxer. Hanpumep, ypasHe-
Hue natolf crenenu (x — 3) (x —2) (x — 1)*=0 (B packpuiToM
Bune X% — 8xt - 24x% — 34x2% - 23x — 6 ==0) umeer Kopnu
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x1=38, Xp=2, xz==1. Hpyrux kopueit y nero Her. Bce xe
CYHMTAIOT, YTO 3TO YpaBHeHHE HMeeT nATh KopHelt (x; =3,
Xs==2, x3==1, x3=1, xy==1). Kopesn 1 cocuntniBalor Tpu
pasa, MOTOMY YTO neBas 4acTb JAHHOIO YPABHEHHA CONEPHHUT
MHOXHTEIb X— 1 B Tperbeil cTeNeHH.

TIpy TakoMm cyeTe BCAKOE ypaBHeHHe H-#i CTeleHH

apx™ + aix™ ™t . a, =0 (a7 ) &

HMeeT POBHO 7 KOpHelt, H BOT noyemy. Y pasuenyve (1) MoxHo
(eIMHCTBEHHHM CIOCOO0M) TIPEACTABHTh B BUJE

@ (X — X3) (X — x3) .. (x —x,,) =0, (2)

Uucna xy, Xgy..., X,— KopHn ypasnenus (1). Cpexn Hux
HECKOJbKO MOTYT HMeTh OJHO H TO e 3HayeHHe (B Hpeb-
AylmeM TDHMEpPE Xg=x;==X;==1). D10 3HaueHHEe COCYHUTH-
BaeTC B K4YeCTBC KOPHA CTOABKO pa3, CKOAbKO OHO MOBTO-
psaerca. [1py Takom cuerte obuice Ykca0 KOpHell Bceraa paBHO 7.

Ecan xoadduunents anreSpanyeckoro YpaBHeHHA Jei-
CTBHTEIbHbIE, 3 OJUH U3 KOPHEH eCTb KOMIIEKCHOe YuCHo a -+ bi,
TO CONpsiXKeHHOe KOMINIEKCHOE UMCIO0 a — b — TOXe KOpPEeHb.

Y2, V2,
Hanpumep, komnaekcHoe YHCIO 5= -} ~5=7 eCTb KOpeHb ypag-
nenus x* - 1=0 (Ill, 47); conpaxennoe KoMIeKCHOE YHCIO
?—Qi——rome KopeHb 3TOro ypasHenus. Takum oGpasom,

ypaBHeHHe ¢ leliCTBHTEIbHBIMH KO3(DGUIHEHTaMH UMeeT BCerga
YeTHOE YHCHO KOMIIZEKCHBIX KOPHeH.

BcaKoe ypaBHeHHe HeYeTHOH cTenenu ¢ AeHCTBUTEIbHBIMH
KO3 duLHCHTaMY HMeeT X0Ts Onl 0InH IEHCTBHTC IbHbI KOPEHD
(BeIh KOMINCKCHHLIX KOPHEH Bcerja YetrHoe udcao, a olluiee
YHCNIO KOpHelt 10 YCIHOBHIO HEYETHO), ‘

Cymma kopHreit ypasHenus (1) pasna ——gﬁ, a npousBeeHue

a
KopHell paBHO (— 1)"72—;‘. At cBOHcTBa ObIAM YKa3aHul (paH-

1y3CKHM MaTeMaTHkoM Buera B 1591 r.1).
I1pumep. Ypasuchue x°—8x*+24x%—34x 1 23x — 6=0
(n=>5; ap=1, a,=—3_8, a,=— 6) umeer xKopHH (CM. Bolle)

3,2, 1, 1, 1. Cymma ux cocraBaser 8 (T. e.—:‘l—s), a npous-

Benenue 6 (T. e. (—1)°. fr) .

1) Buera ne npuaHapan orpunaresbustx uucea (cp. I, 3) u notomy
paccMaTpuBan cay4afi, KOraa BCe KOPHW TC/iOAKTEbHbI,
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Sty cBOICTBA (@ TaKie W ApyrHe aHANOTHYHbIE) BLIBOAATCH
13 conocTaBieHusa ypaBHeHu#t (1) u (2) (y Hux XOmKHH 6biTh
OIMHAKOBHIMH BCE€ YJE€HBI, B YACTHOCTH BTOPOH M NOCHEAHHIT).

§ 50. O6mue cBexeHHs 0 HEPEBEHCTBEX

JlBa Bepascens, Yucaosule HAH GyKBeHHbie, cOeIHHEHHbIE
3HaKoM <6oablie> (>>) HAM 3HAKOM <MeHbliles (<T), 06pasyior
#epasercmgo (4UCI0BOC HIM GYKBEHHOE).

Besikoe BePHOE uHCHOBOE HepaBeHCTBO, a Takxe BCAKOE
6yKBeHHOe HEPABEHCTBO, CHpaBeLJHBOE IPH BCEX YHCIOBLIX
IefiCTBUTEAbHBIX 3HAYCHIAX BXOMALMX B Hero OYKB, Ha3biBaeTCH
MOKHCOECM BEHHbLAL.

Mpumep 1. Yucrosoe HepaBeHcTBQ 2:3—85<<8—5
(oHO BepHO!) €CTb TOWAECTBCHHOE HEpPaBEHCTBO,

IIpumep 2. BykBewHOe HePaBeHCTBO a°>—2 TOXIe-
CTBEHHO, TaK KAK [pPH BCAKOM YHCHOBOM (AEHCTBUTEAbHOM)
3HayeHHH @ BeaMyuHA a4 MOJOWMTeAbHA MM PaBHA HYJAIO H,
3HayHT, Bcerga Ooabine, yem — 2.

JlBa BoIpaKEHHsI CORRHUHAIOTCA TaKXe 3HaKaMH << (CMEeHbIIC
IO PaBHO») H == («Gonblle nay paBHO»). Tak, 3anucy 2a == 36
03HayaeT, YTO BexuyuHa 2g au6o Goabule BeauyuHst 3b, anbo
paBua cil. Taxkue 3ammcn Tak¥e HMEHYIOTCA HEpaBEHCTBaMH.

DyKBCHHBIC BENMYHHBI, BXOJALNLHE B HEPABEHCTBO, MOrYT
110J[Pa3feaaThCA Ha U3BECTHbIE H HeH3BecTHHe. Kakne u3 Gyks
[pEICTABIAIOT H3BeCTHbIE, a KaKHe HEH3BECTHble BERHYHHLI,
mnomkno OGsits OTHAeasHO yKazaHo. OGHHO 1As 3TOTO HEH3«
BECTHBIC BeJIHYHHBI 0603HAYAIOTCA OCACAHUMH OYKBaMH HaTHH-
CKOTrO alpaBuTa X, y, 2, U4, U H 1. L

Pemuth HepaBeHCTBO — 3HAYUT YKa3aTb IPaHHIbl, B KOTO-
PbiX IOKHBL 3aKJA0OYaThCA (MefiCTBUTEAbHLIE) 3HAUEHHA He-
U3BECTHHIX BEIHYUH, YTOOL HEPAaBEHCTBO ObIIO BEPHHIM.

Ecnu gaHo HecKOAbKO HEPaBEHCTB, TO PEIIHTH CHCTEMY 3THX
HepaBeHCTB — 3HAYUT yKa3aTb TpaHHIl, B KOTOPHIX NOMXHGI
3aKMOYaThCsl 3HAYEHHA HEM3BECTHBIX BEAHYHH, YTOOH BCE HaH-
ible HepaBeHCTBA GpliH BePHLIMU.

Mpumep 3. Pemnuth HepaBeHCTBO x%<C4. IT0 HepaBeH-
CTBO BEpHO, €CHH | x| <C2, T. €.eClIH X 3aKAOYEHO B IPanu-
uax Mewny —2 1 -+2. PeuleHne uMmeeT BHI —2<<x <2

MTpumep 4. PemuTh HepaBeHCTBO 2x > 8,

Pemtenne uMeer Bua: x > 4. 31eCh X OrPAHHUYCHO TOJNLKO
C ONHOH CTOPOHSI.

ITpumep 5. Hepasencrso (x¥—2)(x—3) >0 BepHo,
" ecad x >3 (Torma ofa commoxurens (x —2), (x —3) nono-
WUTEIbHB), a TaKke 1pH X <<2 (TOorXZa 06a COMHOKATEASR
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OTpHUIATeNBLHE) B HEBePHO, KOrxa x 3aKJOYeHO B CPaHHLAX
Mexay 2 u 3 (a rakxke npH x=2 u mpu x=23). [lostomy
peilleHne TpefcTaBiaseTcA ABYMS HepaBEHCTBAMU:

x>3; x<<2.

Mpumep 6. HepaBeHctBn X% << —2 He umecT peuieHuit
(cp. npumep 2).

§ 51. OcuoBHble cBOficTBa HepaBEHCTB

1. Ecau a> b, to b << a; naobopor, ecii a<< b, 10 & > a.

Mpumep. Ecan 5x —1>2xv + 1, 10 2x+ 1 <5x — 1.

2. Ecmw a>b u b>c, 10 a>c. Touno rtak me, ecan
ae<<bu b<<e, 10 a<<ec.

N puwmep. V3 nepasencrs x > 2y, 2y > 10 crenyer, uto
x > 10.

3. Ecnmma>b 10a+c>b+c (ma—c>b—c) Ecmn
we a<<b 10oatc<<cbd-c (Mma—c<<b-c), 1.0 KOGeus
YACHIAM HepaBeHCMBa MOXNCHO npubagums (Wid w3 HUX Bbi-
4eCTh) OOKY U MY ane BeAUYUHY.

Mpumep 1. Jlano HepaBeHcTBO X + 8 > 3. Buiunran us
oGeux uacteff HepaBeHCTBA YHCAO 8, Haxoxum x > -—05.

[Tpumep 2. lano HepaBeHcTBO X — 6 << — 2. [Tpubas.na
K obeum yactaM 6, Haxomum X <T 4.

4, Eciw a>b v ¢>d, 10 a-} ¢ > b+ d; Touno Tak e,
ecan a<buneXd, toa-tc<<b-td 1. e J8a Hepasencinsa
00UHAK0B020 cMblCaat) MONCHO nOYAEHHO cKaadvigamp. DTO
cupaBeiiiBO M Ias awbore uucaa HEPaBeHCTB, HaNpUMEP,
ecan ay > by, as > by, ag > by, 10 a; - as -+ as > b+ b, 4+ bs.

MpuMmep 1. HepaBenctBa —8>— 10 u 5> 2 mepuinl.
ananbusag UX 1Nou/ieHHO, HaXoIUM BEDPHOE HEpPaBCHCTBO
-3> -8

Mpumep 2. Jana cHcTeMa HepaBeHCTB % x4+ %y < 18;

%x—%y<4. CkpagbiBasi UX (OYNEHHO, HAXOHMM X << 22.

3aMeuaHnue JlBa HepaBeHCTBa ONMHAKOBOTO CMbICIA
HeAb3sL NOYAEHHO gbiqumanty APYT W3 JpPYyra, Tak Kak pe-
3yabTaT MOXET OblTh BepHbIM, HO MOMXET ObITh U HEBEPHBIM.
Hanpumep, ecan u3 HepaBencrBa 10 >>8 nouaeHno Bsiyectp
tepaBeHCTBO 2> 1, TO MOAYUMM BCPDHOe HepaBeHCTBO 8 > 7,
o ecal w3 TOro Xe nepaseHcrsa 10 > 8 nounenHo BHIUECTH

) BoipaxKeHne «HepaBencTsa OZMHAKOBOLO CMLICAA» 03ua4aeT, 4io o6a

HepaseucTB3 CONEPXKAT BHAK > MM ofa conepmar apan <,



§ 51. OCHOBHHIE CBOIICTBA HEPABEHCTB 217

nepapencTso 6> 1, TO noayyum Hensenoctb. CpaBHHTHL Cie-
AYIOWKA 0y HKT.

5 Ecinm a>b u c<<d, 10 a—c>b—d; ecmn a<<?b
He>d, toa—c<<b—d, 1. e U3 00HO20 HepageHcHga
JMOJCHO NOYAEHHO BbIMECHb OpYy20e HEPABeHCcMB0 NPoMmueono-
AOHCHO20 cHblcaal), OCIMABASSI 3HAK MO20 HepaBeHcmea, u3
KOMOPo20 8uol4umanoch 0pyzoe.

[Tpumep 1. Hepasencrsa 12<<20 n 15> 7 BepHsl. Bul-
yuTas HMOYJICHHO BTOPOE W3 TEPBOTO W OCTaB.IfAs 3HAK mep-
BOro, noayyaes BepHOE HepaBeHCTBO — 3 <C [3. Beiunras mo-
WIeHO MEPBOE 3 BTOPOIO W OCTaBasis 3HAK BTOPOrO, HAXOMHM
pepHoe HepaReHCTBo 3> — 13

MMpuwmep 2. dana cucrema HepaBeHCTB l—x -+ -—l—y < 18;
% r——— > 8. Boluurtas 43 0epBOro HepaBeHCTBA BTOpOE, Ha-
XOHM y< 10.

6. Ecan a > b v m — noJoxuTeabHOE YKCHO, TO ma > mb
u %>%, T. e

08¢ 4acimil HEPABEHCMBA MONCHO pa3letms UAL YMHO-
HMOUMb HA O0HO U MO JCe NOAQHCUMEAbHOe YicA0 (3Hax
[epaBLUCIBA OCTACTCH TeM Ke).

Ecan we a>> b v 7 -~ oTpHHATEAbHOE UHCAO, TO na << nb
n? < b‘, T. €

n n

00€ Hacmu  HepaseHeniBa  MONCHO VMHOJNCUMb  UAL pas-
deatimp Ha 00HO 1 MO Jice OmMpuganie AbHOC HUCA0, HO Npu
IMON 3HAK HEPABCHCILED HYIHCHO NepeMeHINy Ha NPOMUEO-
HOA0HCHBLE ®).

MHpuwmep |. Pasgeaun obe yacTn BepHOrO HCPABEHCTBA
25> 20 na 5, moayuuM BepHOE HepaBeHCTBO 5>>4. Ecan we
MBI JeJUM 06c uacTi HepaBeHCTBa 20 > 20 Ha — 5, TO HYXHO
HICPCMEHUTL, 3HaK > Ha <, U 10r7Ka MOJYUHM Bepiloc Hepa-
BCHCTBO — § <C — 4.

Mpumep 2 Vs nepasencrra 2x << 12 caenyer, uro x << 6.

[Tpumep 3 M3 ucpamenctsa — 5 x >4 cienyer, 410
x<< 2

tly » 4ep 4. Jlano nepasencrso ;— > M3 Hero o cae
Iyer, yTo Iy > ky, ecnu 3HAKM 4ynucex / 4 £ OXMHAKOBH, U 410
Lx <Chy, ecan 3uakn upcea [ o0 R 1IpOTHBOTIOJONHbI,

y

1) BuipmcHue «lepapencrBa NPOTHBONOAOKIOIO CMbICAA» 03HAUALT, H4TO
OJlHO U3 HSPABCHCTB COLEPIKHT 3HAK >, & Jpyroe BHAK <.

2) YMBOXaTh (a2 TAKKe, KOUFYHO, U XeAUThb) o0e HacTH HCPABCHCTEA HA
Uy b HEab3H,
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§ 52. Hexotopbie Bawuble HEPEBEHCTBA

1. lat-bj=<<lal-+41b] 3nzece a u b— npousBonashne
NCHCTBHUTRAbHBIE HMAM KOMMO/EKCHbie wicaa (Ho |al, [0l M
la+ b|-—Bcerna pedCTBUTENbHLIC H fIDUTOM NMOAOKHTEILHBIC
uncaa, cm. NI, 5w 1, 41), 1. e. m0dyap cysmmor ve npegoc-
xo0um cymmsl mo0yaeil. PaBencTBO HMEET MECTO TOALKO
B TexX cayuasx, korga 06a ucad a H b UMEIOT OfMH ¥ TOT Xe
apryment (111, 41), B yactrocty, xorna oba 3Tt yncaa noao-
Wureastnl HaH 06a oTpHuareabHbl.

Opumep L INlyctb a=-+3;b=—2>5.Torna a0 = —2;
la4-01=2; lal=3;10]=35. Mneem 2 <3 5.
Mpumep 2 Nycrb a==4- 3/, H =6 — 8i. Torna
at b=10—5i; ja+ b= VIO + (— o2 = ) 125;
lol=VEEF =5 {b|= Y6+ (— 8 .=10;
fal +101=13
Nveen V125 < 15,

3amevanne Hepasencrso|a-+b|=I]al+4-|b| mowiio
pacipocTpatnts Ha O0ablliee YUCAO CAArAeMbIX; TaK,

la+b+4cl=lal+1bl+ic]
|
2. a+&'>2 (@ — noao¥uTeNbHOE uucao). PaselicTBo
MneeT MECTO TO.AbKO ApH a==1,

. — b
3 1V ab ga—% (@ n b— nosoxuTenbEsle uMCAa), T. c.
cpednee zeomemputeckoe (11, 45) d8yx 4u-

g cen He npegocxodum ux cpedHe2o apup-
/ol a-+b
3 memuyeckozo.  Pamenctso YV ab="5
A HMEET MEeCTO TOJIbKO B cayuac a=¥b.
Mpumep. a=2 b=8 Vab=4
b -
aig—:o; nmeen 4<<h.
Puc. 2L J10  HepaBeHcTso  ObiI0  H3BCCTHO
6oace 2000 ger wuasan. [eomerpuueccky
olto oueBHAHO U3 puc. 21, rme
TR AD 4-Dis
CD= VY AD - DB u CO = A0 =42
OGobuienues ero ABIAETCA Clelyloulee HEPasCcHCTBO, ycTa-
HoBACHHOe dpaHLy3cKum matematukom Komwm s [82] ro
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aytas+ ... +0a,

np———

4, l/alaz. R S - (uucaa uy, dg, ..., G,
OOMOWHTEAbHB). PaBeHCTBO wWMeeT MECTO auilb B cayuae,
Koriga BCe YMCAa 4y, Qs, ..., G, PaBHLL

YA 1 o~ .
5. 1.72 (E =+ 7}) << Vab (@ w b nonoxuteaphsi). 3Hak
paBCHCTBA UMEeT MECTO AHIlb NpH a=24.

Mpnmep. a=2, b=38; l:é(;l»{—-b'»):%s; umeeM

16
5 <4

Bennunna 1: ; (}1 -+ ;) :agibb asaserca cpenneil (Il, 45)
sekny a u b OHa na3uiBacicst cpedwell eapymonuteckoli ).
Taxkim o6pasoa:

cpeduee 2apMORNYeCKOe 08yX BEANYUN He Npesocxooum
ux cpedne2o zeomempliieck020. D10 CBOHCTBO 06obmaercs
na a1060¢ YHCI0 BeAWUHH; B COCAHHEHUM C HepaBEHCTBOM I 4
HMeeM:

e | 1 PR
Lo G oy o) =< V=
ptaat- .., +a,

n

6. { al—:{:_ng-}—...-i-an |
n

e
T a‘f—i-ag—{-—...—g—an
<§ —"———n e

(uvcaa ay, as, ..., @, NPoOU3BOALHBIE). T.e. aOCOLOMHas §erl-
4lHA CPeOHE20 apudmemutecko2o ne npesocxodum cpeduee
xgadpamudeckoe (11, 47). 3Hak paBCHCTBA HMEET MECTO UMb
8 Cayyae, KOLIA @) ==dy = ... =4,

MMpumep. a;=3, ag=4, a; =25, a; =6.

ap-tag--az-+a 9

3nech cpentee apudMeTHYeCcKoe eCTh —‘—"Lf“j;’ =g

a cpejlHee KBaIPaTHYECKOC eCThb

[ITETETE ) BT v,
l'/ 1 = 4 - 3

9 18
nMeem 3 < R

1) B npeBHerpeyeckoM y4eHHn O My3bIKa/JbHOA TapMOHHN BAXHYIO DPOMb
wrpasa cpeHss rapMonudeckas Aavn  aByx cTpyd. OTciona  waspauwue
((FHPMOHM‘(G(KOCD
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1. a1y + abs ...+ a,b, <<
<VaFaF.. ta-VhiFht. T
YHCAA &g, Q3 ..., &y b1, b2, ... , b, npoi3EONLHLL PaBeHciBO
HMEET MECTO TOALKO npH aj : bl_aa:bz__..._—a
Opumep. llycts gy =1, a2 =2, a; =25; bl__—d bg_-l,
b3 = 2. Vmeem a1b1—|~a2b>+ ab,=1-(—3)+2.1+4
+52=9, .
Vat+a+.. . +ai=VE+22+5 =) 30;
VT B4+ =V (=3 + 2= )11

Vmeem 9<< /30 . V14

8. Hepasencrpa IL JI. Ye6bimera. Ilycts yncaa
ay, Qsy ..., @y by, bs, ..., b, NOZOXHUTENBHSHI,

Ecin oy =Car=<C...<Ca, ¥ by="by<Z...<<b, 10

al—}—ag—{—‘...—l—an bl+b2+...+bn<a1b1+a2b2—|—...—l—a,,b,, (1)

n n = n
Eemt we ay=<Ca,=<Z...<Ca, HO b, =by >=...2=b,, 10
Q—I"(le-{--.-‘!‘ﬂn'. b1+bz+...:|—_bn>a1b1+a2b2+--- —|—a,_1bn. @

n n = n
B o6oux cayyasix paBeHCTBO MMCET MeCTO TOAbKO TOLXa
Korid BCE YHCId 4y, @, ..., G, DABHB MEXKIY CO6GCH H
BMCCTC € TeM Bce udcaa by, by, ..., b, paBHsl APYr Xpyry.
Mpusep 1. Mycts ay=1, 0,=2, a3=7u b, =2,
by =3, b; = 4. Torxna

a1+a2+-~-+an 1+2+7

n 3’
b1+b2+...+bn—2+3+4__3.
n - 3 "
arbytasba+...+apby  (2149.34 174 —12
n - 3 e
Nmeem:
10
3-3<i2

Mpumep 2. Mycts ay=1, a2==2, a3=7T7 u b =4,
by =3, by =2. Torna

artastaz_ 10 b1+bo+b3 =3 a1b1+a202+a3b3__8
3 =0 Ty =0

")7
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Hneem o
5-3>8

Hepasencra (1) u (2) cioBamy yHUTaAIOTCA TaK:

Lcau 08a psida noaosicumenbHolx 8eAUdUR co0epoicam 00U-
HAKOBOE HUCAO YAEHOB U 8 000UX PAOAX HYACHbL He YObLEAIOM
(umt B o00MX He BO3DPACTAOT), MO nPou38ederiie CpeOHUX
apudsemuyeckux He npesocxodum cpedne2o apudremuve-
cxo20 npoussedenuii. Ecau owce 8 00HOM psidy renvt He
yOsl8aiom, @ 8 Opy20M He 803pACHaAiOm, Mo uMmeen MeCHO
nPOMUBONORONCHOE HEPABEHCMEBO.

OTu HepaBeHcTBA OblaMl ycTaHoBIeHn B 1886 r. Beamxum
pycckum maremaruroM IT. J1. HeOniessist (1821—1894). On e
0606WMA 1xX, KOKA3aB CICAYONIMEe HepaBeHCTBa:

Bean 0<<ay=Cas=<<...=<Ca, n 0<<b ="b,<C...<10,

adtag+t...tag By A+ by
n n g

TO

< l/(atbx)g-*r(azb‘z)?n-i-.----i- (apbp)? 3)
i/‘a§+ag+...+a,§ 3]/b§+bg+...+b,3, _
n n —

B/mmna B S L N B P
<

n

)

¥ Tak nanee,
Ecnnwe 0 <<ay =S ay <. sSa,, HO by == by = . =8, > 0
TO HMEKT MeCTo MPOTHBOIIOAOKHBIC ifeDaBCICTBA.

’

§ 53. PaBuocHnbHble depasBeHcTsd. OCHOBHbie UPHEML
pelieHHa HEPABEHCTB

JlBa HepaBEHCTBA, COREPKALIHX OMHU U TC XKEC HEU3BECTHLIE,
HA3bIBAIOTCA PABHOCUALHGLAY, CCIM OHH BEPHBI [1PH ONHMX M
Tex e 3HaYeHHAX ITUX HEH3BECTHHIX.

Tak we ompejenneTcs PaBHOCHABHOCTb ABYX CHCTCM Hepa-
BEHCTB.

Mpumep l. HepaBenctsa 3x -+ 1 > 2x +4u 3x > 2x-+3
PaBHOCH/bHBI, TaK Kak 006a BepHH NpH X >3 n 00a HeBepHul,
xorna x << 3.

Mpusmep 2. HepaBencrsa 2x <6 n x®<T9 ue pasHo-
CHALHBI, TAX KAaK PeNIeHHEe LEepBOro ecrtb x <3, a peichue
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BTOPOro — 3 <I X < 3, TaK YTO, HAMPHMED, HPH X == — 4 nep-
BOC BEPHO, a BTOpO€ HEBEPHO. R

[Tpoirecc pelneHHs HEPABEHCTBA 3aKA0YAETCA B OCHOBHOM
8 3aMeHe 1aHHOrO HepaBeHCTBA (MM HaHHOW CHCTeMbl Hepa-
BEHCTB) ADYTHMH PaBHOCHAbHBIMH ). ITpH pemiennu HepaBeHCTB
UPYMEHAITCA CAefyoline -OCHOBHBIe npHeMum (cp. III, 18).

1. 3ameHa oxHoro HeipaweHH APYTUM, TOXIECTBEHHO eMY
paBHBIM.

2, TlepeHoc cmaraeMoro u3 OfHOH HYacTH HepaBeHCTBA
B IPYLyI0 ¢ NepeMeHol 3Haka Ha ofpathsift (B cuxy §51, . 3).

3. YumHoxeHue wnau jcieHHe obeux vacrell HepaBeHCTBA
Ha ORHY W Ty e YUCIOBYIO BeauuyuHy (He paBHYIO HYI0).
[1py 3TOM €CIH MHOXHTEIb NOJOXHUTEIeH, TO 3HaK HepaBeHCTBa
ocTaeTcs TEM e, CCJH ¥ OTpHUATeNeH, TO 3HAaK ilepaBeHCTBA
MEeHsieTCA Ha NpornmBomonoxHuilt (§ 5!, m 6).

Kaxnoe u2 = peofpa3oBanuil 1aeT HePABEHCTBO, PABHY-
CHabHOE HCXOIHOMY.

[Mpuwmep. JHasvo HepaseHCTBO (2x — 3)% << 4x® -+ 2. 3a-
MeHsieM JeBYI0 4aCTh TOMAECTBEHHO paBHBIM BhHIDAMCHHEM
4x® —12x--9. Tonyyaem 4x® — 12x + 9<<4x?-}- 2. IlepeHocum
113 paBoft yacte uwieH 4x® B neBYW, a H3 aeBoY yacti 4yack 9
r 11paBYo0 uacth. [locne npuBeleHus MOZOOHLIX YIEHOB HOXY~-
ygem — 12x << —7. Jleaum o6e yacCTH HepaBeHCTBA hia — 12
npH 3TOM 3HAaK HEPABEHCTBA MeliteM Ha NPOTHBONOXOKHEL,

{Toayyaem peusenie JaHHOIO HEPaBEHCTRA x>i‘é‘

Yamuomars (a Taxkwme, KoHeuio,  AeAHTh) HEPaBEHCTBO Ha
11vas Heab3d. YMHOMAs HIH jeis o0e vMacTH HEepaBeHCTBa Ha
OyKBEHHBIE BBIDAKEHUs, Mbl 1101yyaeM HEPABEHCTBO, KOTOPOE,
Kax MPAaBUJIO, HE DABHOCHABHO MCXOIHOMY.

[Tpumep Jano pepaBeHcTBO (x —2)x <x—2. Ecan
pasxeanth obe ero yactn Ha x— 2, noayunm x << I. Ho 3ro
HCPABEHCTBO He PaBHOCHALHO HCXORHOMY, HOO, Hanpumep, 3Ha-
yeHue x = 0 He yOBIeTBOpsieT HEPAaBEHCTRY (X — 2) x <<x —2,
HepaBeHcTBO x > 1 ToXe He DABHOCHABHO UCXOIHOMY, HOO,
naipuMep, 3Hauenne X =3 HepaBeHcTBY (¥ —2)x <<x-—2
HC YAOBAETBODSET.

§ 54. Hnaccudurauns RepaBeHucTB
HCpaBCHCTBa, COolepxamue HCH3BECTHH€ ReRUGUMEDL, {101~
pasnedfoTess Ha aazelpaudecKue W MPAHCUEHOCHNINLLE, Al
F€6pall‘lECKﬂe HEPAaBEHCTBA UOAPA3AEAAIOTCH HA nCpAgeHCNBa

1) O rpaduiueckom pewenun nepasencts cu, VI, 10,
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nepgofi, 8mopoii N T. K. cmenenu. 3ra Kyaccudlranya
NPOM3BOIMTCS COBSPINENHO TaK Ke, Kak IJIa  ypaBHe-
pui (111, 19).

Mpumep l. Hepasenctso 3x* —2x 5> 0 aarebpan-
YyecKoe, BTOPOH cTeneHH.

MMpumep 2. HepaBedcrBo 2¥ > x-+4 71pancuenicuHr-
Hoe.

Npumep 3 HepasedctBo 3x%—2x-+5>3x(x—2)
aarcbpanueckoe, MepBoil CTereHy, MOTOMY UTO OHO 1IPHBO-
IMTCs K HepaBeHCIBY 4x -4+ 5> 0.

§ 55. HepaBexnCcTBO nepBof CTENEHH ¢ ONHUM
HEH3BECTHDIM

HepaBeHcTBO 11€PBOI CTENeHH € OLHHUM Hel3BeCTHBIM MOXHO
(puBecrTH K BUILY
ax > &
PeutieHneM Gyner:

b
X >, ecan a>0,

b )
X ecan @< Q,

Mpruep L. Peunirn sepasenerse dv—3 > 6v -1 1,
Pemenne dx —8x >34+ 1, —3¢ >4 x<~—%.
flpumecp 2. Pelunty pepaBeHctBo Sy + 2 < 7y 6.
Pemennpe S5x—7yv <6 —2; —2v <4, v >—-2
Mpumep 3. Pemurs nepanenctso (v — 1)2 << x4 8.
Pemenne 2 —2x +1<<x®+4 8 —2x<7;x>~——;.

3ameuanne HepaseucrBo Bumpa av -+ o> ax -+ b
ecTb HePaBeHCTBO (IePBOIT CTEMEHH, ecAl d W a4, HE PasHuL.
B uportuBioM cayuyae 9T0 HICPaBEHCTBO NPHBOLUTCA K YHCJIO-
BOMY (BepHOMY HWJH HEBCPUOMY).

Mpunep I. Jano vepasenrctBo 2(3x — 5)<T3(2x — 1) + &
Ono paBHocnapHO HepaseHcTBY 6x — 10 <C6x - 2, a nocuex-
fice MPUBOHTCA K UHCAOBOMY (TOMJICCTBEHHOMY) HEpPABCHCTBY
— [0 << 2. 3nayur, HCXOLHOC HEepaBcHCTBO — TOXACCTBEHHOC.

[Tpumep 2. HepaBencrso 2(3x—5) >30Q2¢x— 1) 43
UPUBOXUTCH K  GECCMBICIEHHOMY YHUCIOBOMY HEPABCICTBY
— 10> 2. 3nayur, HCXOAHOe HEPABEHCTBO NC HMEeT pe-
wenui,
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§ 56. CuCTeMBI HepaBeucTB HepBOH CTENEHH

Uro6el peliuTh CHCTeMY HCPABEHCTB HePBOIl CTeNeH, la-
XOIHM pellleHHe KawJIoro HepaBeHCTBA B OTACALHOCTH H COMO-
CTaBASieM STH pellleHHA. TO ConocTaBieHne anbo faeT pelle-
HHe cHCTeMbl, AMGO OOHapy:HBaeT, UYTO CHCTeMAa He HMeer
pelreHHi,

Mpumep 1. PemwnuTs CHCTEMY HEPaBeHCTB

4x —3>5x—D5; 2x -+ 4<<T8x.

Pelenne nepsoro HepaBeHCTBa oCTh X << 2, pellleHHe BTo-
poro ecTb X > . Peutenve cuctemnl Gyt o <x<<2

Mpumep 2. PemuTs cucteMy HepaBeHCTB
2x—3>3x—3; 2x + 4> 8x

Peienue NepBoro HepaseHCTBA X<2; penienlie BTOporo

2 2
X <5 . Pemenne cycremnl 6yner X <5 (mpy 9TOM ycuoBuM

JICPABEHCTBO X <2 M HOXABHO GyneT BepHbIM).
[Tpumep 3. Pelnth cucTeMy Il1epaBeHCTB

26 —3<CT3x —5; 2x + 4 > 8x.
Pemenye mepBoro HepaseHCTBa X > 2, pCIeHMe BTOPOro

2
X<y 1y ycaosus nporuBopeuar apyr apyry. Cucrema ne

nMeeT pettieHuit.

INpusep 4. Pemyrp cuUCTeMy HEepPaBCHCTB
2x<16;3x + I >dx—43x4-6>2¢ -7, x +5<<2x + 6.

Peiichus [aHHBIX HepPaBeHCTB OYAYT COOTBETCTBEHNO:
x<<8, x<<b, x>1, x>-—1. ConocraBissa 3T yCcaAOBHS,
HAXOMMM, UTO TepBble NBa MOXHO 3aMEHHTb OXHHM BTODBIM,
a TpeTse U yeTBeproe — OJHHM TpeThHM. Pernenne cHcTeMu
Oyuer 1 <<x<<d.

§ 57. llpocreiinine HepaBeHCTBA BTOPOH CTENMEHH C OLHHM

HeH3BEeCTHbIM
1) HepaBenctao x*<<m, (1)
a) Ecan m >0, 1o peienne ectb
—Vm<x<<Vm. (1a)

6) Ecmu m =<0, To penrenind HeT (KBagpaT JAeiCTBHTeALHOrO
YMCAa Ue MOXKeT OuITb OTPHUATCABLHBIM).
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2) HepaBencrso x?>m. ®)
a) Ecan m > 0, 10 HepaBeHCTBO (2) cripaBejlIMBO, BO-11ep-

BULIX, OPH BCEX 3HaueHHAX X, Goabuux uem J m, u, BO-BTODHIX,
pyY BCEX 3HayeHHAX x, Mewblinx ueM — ¥/m.
x> Vmouan x <— ym. (2a)
6) Ecan m =0, 1o wuepasenctso (2) cnpapeaiuso mpu
BCex x, kpome x={;
x>0 nan x <0, (26)
8) Ecust m << 9, 10 ucpaseHcTRo {(2) TOXIeCTBEHHOE.
iflpuwep 1. Hepasencrso A% <9 umeer peurenise
-3 < x <3
[Ipusep 2. Hepasererso x* <<—9 He nmeer penieHitit.
[Mpusnep 3 Hepasencreo x? > 9 umeer peuiekiienm cCoBo-
KYTIOCTh BCeX HnCed, B0oaLIuX 4eM 3, ¥ BCeX YHCel, MeHbIUHX
ueM — 3. .
Mpumep 4 HepaseHcrBo X2 > —9 TOXLECTBEHHO.

§ 58. HepaBencTBa BTOpPOH CTemeHH C OJHHM
HeH3BeCTHbIM (OOwHMHA cayuai)

Pa3jieanB HepaBeHCTBO BTOPOA cTeneHH HA KoddbduumeHr
npH X% Mbl lIpHBedeM ero K ONHOMY W3 BHJIOB
- x4 opiLg<0, (1)
¥ 4px+4q>0. 2)
[lepenecem cBoGomHbN uneH B NpaBylo YacTs # ApHGaBHM
k oenM yactam (‘l> ". TlonyunM cOOTBETCTBEHHO

(e +5) < ()~ )
(.\'»F%)2> (%)2——4. 2"

R

Ecau o6osuaunts x + % uepes z, a <§~> —g uepes m, 10

Mbl LIOAYYHUM ﬂpOCTCﬁIIlHe fiepasencrsa
z¢<<m,
22>m. (2")

IH

Peuenvie 3THX HepaseHcTB GHLI0  NaHO B MpemblAyuieM
waparpage. 3mas cro, Haliiem peenve nepasedersa (1)
win (2).
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MNpamep 1. Pemutb HepaBeucTBo — 2x* + l4x — 200,
PasneanB o6e yactTu Ha — 2 (§ 53, 1.3), natnem x:—Tx+4 10 <0.

Tlepeneca cBoboanu#t unen 10 BupaBo U npuGaBus K obenm
7\ ¢ 7y\¢2 9
qacTAM (—-) , HONYyuuMm (x ———2.) < 3. Orcrona (§ 57, cay-

2
gaff la)

3 T3
— <X - 5 <5
7 3 1 3 1
tpubaBiann , HAXOMUM — 5 + o <A <<zt 5, 7T &

2T x <<

flpamep 2. Pemnts HepaBeHCTBO — 2x* + 14x — 20<<0.

BuimoJHUB Te e IpeoOpa3oBiHHs, HOAYYUM HEPaABEHCTBO
29 .

(x-— %) > Orciona (§ 57, cayuaiy 2a) naxomus, Y10 Hae

7 3

HepaBEHCTBO  CIpPaBEANNBO, BO-MEPBLIX, HpH ¥ — 35 > 3,

T. €. IpH x> 5, H, BO-BTOPHIX, NpPH x«——-; < — %,r.e.npu
<2

Mpumep 8 Pewnrp nepasencrso x*-4-6x -4 15<<O0.
(lepenoca csoboaublt 4neH BUPaBo M ApubaBadga K obeum
4acTAM (-g-) 2, 1. €. 9, Haflnem (x 4 3)? <<—6. IT0 HepaBeH-
crBo (§ 57, cayvait 16) He vimeer peuwtenu#t. 3HauuT, He UMeeT
pelieHuit ¥ JaHHOE HepaBEHCTBO.

[Tpumep 4. Pemnrs HepaseHcTBo x? 4 6x 4+ 15> 0. Kak
8 npuMepe 3, Haliem (x -+ 3)2 > — 6. 10 HepapeHcTBo (§ 57,
cayyait 28) ToxInecTBeHHoe. JHAUHT, W HaHHO® HEPABCHCTBO
TOXK1eCTBCHHOE.

§ 59. ApudMeTHYECKan NPOrpeccHs

JlaTHHCKOE cA0BO «IpOrpeccusn» B mepeBoje Ha PYCCKHN
A3blK 03HaYaeT <IBHXECHHE BIEpPel», 3TUM TEPMUHOM B MaTe-
MaTHKe TpexIe HMEHOBAIH BCAKYIO [IOCAEI0BATE IbHOCTD YHCea,
IIOCTPOEHHYIO MO TaKOMY 3aKOHY, KOTODbIH NO3ROAACT Heorpa-
HHYEHHO NPOAONKATH 3TY [OCAEJOBATENbHOCTh B OJHOM Ha-
npaBiedud. Hanpusep, BO3BOIS [OCAeNOBATEAbHBIC ILeJbie
yHucia B KBaipar, lodyyvaeM uocrelosatenbHoctb 1, 4, 9, 16,
25 ¥ T I; crenys 3TOMy 33aKONY, MOXHO HEOrPaHHUYEHHO €g
npoaomkuTh, Yncaa, cocTaBasIoOmHe ITY NOCAELOBATEAbHOCTD,
H43bIBAIOTCA ce YgeHamu., B HacTosiee BpeMsi TEPMUH <«NpO-
rpeccus» B 95TOM WHPOKOM CMbicle HeynoTpebureled; BMeCTO
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$TOTO FOBOPAT NPOCTO nocsredosamesrocms. Ho Aea npocreix
¥ BaXHbIX YAaCTHHX BHAA NporpeccHit — apudMmeTHyeckas H
reoMeTpHYECKas — COXPAHUIH CBOe MpeXHee Ha3paHHe,

Apudmemuueckoii npozpeccueii raszvl8aemcss maxas no-
cAe008aIeAbROCING  YUCER, 8 KOMOPOU pa3sHOCMb MexHcOy
nocaedyiouus u npedblOyuiurm YACHAMU OCMAEMCS Heus-
MeHHOO. DTa HeW3MEHHas pa3HOCTh HAa3blBAETCA PA3HOCMbIO
npozgpeccuil,

[Mpumep 1. HarypaaoHufi pan uucen 1, 2, 3, 4, 5,...
ecTb apHMeTHuecKas APOTPeccHs ¢ pasHocTbio l.

[Tpumep 2. lMocaenosatenbHoctb uncen 10, 8, 6, 4, 2,
0, —2,—4,... ectb apudreTHyeckas OPOrpeccus C Pa3Ho-
CTbi0 — 2.

JIo6oit yien apugdsemuteckoli npozpecciiy MOXHO BhiuHc-
AuTh 110 Qopmyne

a,=a;-+d(n—1)"

(ay — nepBoifi ujgeH nporpeccud; d — pa3sHOCTb MNPOTPECCHH;
n — HOMEep B3ATOro 4JjeHa).

Cysma nepsolx n 4iexo8 apupmeTrnyecko mporpeccuH
Bbipawaerca Gopmymao#
a,tajyn
Sp=—— P

fipumep 3. B nporpeccun 12, 15, 18, 21, 24,... necs-
Thfl 4geH paBeH a@;,, =124+ 3.9=39.
CyMMa zecATu MepBbIX 4JEHOB DaBHA

— (a1+glo)|0 — (12+239) 10 =955

S10

Mpumep 4. nymma BCcex ueanx yucen or 1 go 100 Brmo-
(I 4100 100
YHTENbHO PaBHa ——5—— = 5050.

§ 60. F'eomeTpHueckas. nporpeccHs

Teomempuyeckoit  npozpeccueil  HasvlBaemcs  nocaedo-
6amensHOCmy qucen, 8 KOMOPO omnowernue Mmedxcdy no-
caedyrouus 1 npedotOywis 4AeHAMU OCMaeMCS HelU3MeH-
Hoia. DTO Hel3MeHHOe OTHOIIeHHEe Ha3biBAETCH SHAMEHAMENEM
npoepeccuu.

Mpumep 1. Yucna 5, 10, 20, 40, ... o6pa3syior .reoMerpu-
YeCKYi0 DPOrpeccHI0 €O 3HaMeHaTeneM 2,

Mpumep 2. Uncna 1;0,15-0,01; 0,001 u 1. 1. — reomerpn-
yeckan lporpeccHs co 3xameHareneM 0,1
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leoMeTpuueckas MPOrpeccHs HasbiBaeTCA 803pacmnaoued,
Koraa abcoaTHan BeAMUNHA ee 3HaMeHaTenn Goablle CARHHUBL
(xax B npumepe 1), u yOu8arouieil, korje OHAa MeHbllle enM-
#iub (Kak B npumepe 2).

3aMmeuanrue. 3uaMeHaTenb NPOrpeccHy MOWeT ObiTb H
OTPHILATCAbILIM  YHUCJIOM, HO TPOrPecCHH € OTPUILaTEAbHbBIM
shRaMeHatedeM NPAKTHYeCKOro 3HAYeHHWA He UMEMWT.

Jhoboil 4nren 2e0sempuyeckoll npozpecciift. MOXRO Bhilli-
cauTh no gopuyae

ey =mq"" h

(ay ~— 1epBLIl UJcH; g — 3HAMEHATEb LIDOTPCCCHYH; 1 — HOMEP
B35TOI0 Yaela).
Cymma nepsolx n 4./eH08 T[eOMETPUUECKONl Nporpeccun
(3nameHaTeab KOTOpoH He pasen 1) sbipawaercs dopmyacit
2,9~ 0 ay—a,q

8y == Lo e {2)

g —1

nepsoe u3 Bupawenuit ymodree Oparn, Korira nporpeccus
B0O3DACTAIOMMan, BTOpPOe — Korna oHa yOunaoman.

caM e g==1, To NporpeccHa COCTOUT U3 PABHLIX 4.ICHOB
# BMecTO (2) umeem: s, ==na,.

NMpumep 3. B reomerpuuccxolt nporpeccun S5, 10, 20,
40, .. nmecaTnift ujen a,,=>5-2°=>5.512=12560. Cymma ne-
CATH (E€PBLIX YAeHOB

CyxMoil Geckoneyno yOGolsarouell npozpeccil Ha3bBAETCA
YUCI0, K KOTOPOMY HEeOrpaHHuyeHRO, TPUGIIKASTCA CYMMa nep-
BHIX N YNEROB YObiBaloweRd 1POrpeccun ApU ReOTPAHUUCITHOM
BN3pacTaHUd uHuCcaa n.

Cymma Oecroreunolt yOuIBaOwel 1POrpeccint BbipakaeTcs
dopmyaon

2
T—¢°
Mpumep 4. Cyuma Geckoreynofi reomerpuueckofl apo-
1

I T 1 L. ) B
Fpeceuy 5, 7, gy (a,=-2—,q==7) paBHd ; 1:],

7
| !
T e cyMMd 5 Fg - L b <7 NPH HeorpamuueHiion pospa-

R

CTaHuy n HeorpaHuuenno npubamwkaercs K wucay L
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§ 61. OTpunarenbHbie, HyleBoll H ApOGHLIE NMoOKasaTejn
CTENneHH

Bo3seneHue B n-10 CTelieHb NePBOHAYAAbHO MOHHMANOCH
HaK MOBTOpeHHe HEeKOTOPOro YHCAa COMHOXHTeneM n pas,
1L
C 3T10oil TOUKM 3pEHHA TaKue BbIpaweHHA, Kak 9% uwan 9
MPEACTABIAIOTCA OeCCMbICACHHBIMH, TaK KaK Helb3s B34Th
!
YHCA0 § COMHOWHTECM «MUHYC 1B2» pasa au | 5 pasa. Tem

He MCHee B MATEMATHKE ITHM BhiPAXMERHUAM pHAaicT onpene-

I e

JeHHbIH cMblca; HMERRO 97% CYHTAIOT PABHLIM @:SIT; 9
cyutator pasHeM J 9% == (J/.9)® =27 u 7. . 31Ch HPOUCXOIUT
TO We obobuierye MORATHA MATEMATHYECKOro AACHCTBHA, KaKoe
COBEpILIaeTcss B MATeMaTHKE HOCTOAHHO; HPOCTEHUINM I CaMblM
parEUM obobuierueM Takoro pona 6uu10 cGobuierne AeiicTans
VMHOMEeHUA Ha cayyall apoGHoro mrowutens (cm. li, 20).
MowHO Obl10 6bl BOBCE He BBOAUTH HH JAPOOHLIX, HW OTpUUa-
TeabHbx creneHeil. Ho Toabko Torpa npumaoch 6bl 3amaym
OLHOTO W TOrO ¥e pola peutarb He [0 OLHOMY MNpaBMIy,
4 ¢ MOMOLIbIO MHOXECTBA PAa3IHYHBIX MPaBHA. 3alaud, O Ko-
TOPHIX MbI [OBODMM, [IPHHAMJIEKAT M[OYTH BCE K BhICIUEH
MaTeMaTHKe, [103TOMY MHOIHX KOHKPeTHblX NPUMCPOB Mbl NPH-
BeCTH 3j1echb He MowkeM. Ho onHa u3 3THx 3ajau noupsbuo
H3yyaeTcs B 3JEMCHTapHOH MaTeMaTHKe — 3T0 jorapadmupo-
Banue (cM. § 62). 3amerum, yTo Teopua rorapudmMoB, KOTOpas
cejfiuac HepaspuiBHO CBA3aHa C 060GIEHNEM TIOHATHA CTEMeHH,
B TCYCHHE IIENIOro CTO/eTHUs IOCAE €€ OTKPhTHA (Ha pybewe
16 .u 17 Bexos). obxoxuaach O6e3 jpobGHoro u OTpHila-
TeabHOro 1oKasatedel creneHu; Tak me o6CcTOANO [€J0 W
€ 3ajayaMy BbiClleil MaTeMAaTHKH, O KOTODPbLIX Mbl YNOMHHAJM.
Jlumb B koHue 17 Beka ¢ yCAOXHEHHEM U pOCTOM YHcia
MaTeMaTHYeCKHX 3ajay [HOABHJIACh HacToareabHan HeoOGXOi-
MOCTb B 0006iieHNH NOHATHA CTelleHW; B 3TOM HanpaBIeHHH
H NOWNY HEKOTOpble YyUYeHhle; B OKOHYaTelbHOHl (opme 31O
cienan Heioton.

OnpepeneHne OTpHUaTeNbHOH CTeneHu '), Cmenens
KaK020~-Au60 wucaa ¢ (Geasir) OMPULAMEnbHOIM nOKa3ame-
AeM, N0 onpedeneruio, ecmp eQuruya, -GencHHas HA chie-

1) Tepmunami «OTPHIATEALHAS CTeneHb», <HYJEBas CTeleHb> A «ApoG-
flaf CTeNneHb» Mbl HA3RIBAEM COOTBETCTBEHHO CTENECHH C OTPHULATEALHbIM,
RyJeBLIM U APOGHBIM IOKA3aTEAAMU,



230 11, ANNrEBPA

nemwb MO20 e 4UCAQ ¢ NONOHCUMEALHBM noKa3amenem,
8CAUYUHG KOMOPOZO PABHa aOCOAIOMAROR 8erudlne ompula~
meAbKO0 noKa3ameas, 1. e.

M=,
a
1 1 3\ —2 3\ 2 16
. 1 __ 1, £l —1. (218
Opumeps, 2 == (4) =1: (4) =4
— . 1

(==l =—gur
PaBeHCTBO 4™ ™ =]:a4™ 0CTaeTCA COPaBeIAUBLIM KaK J1.1s
TI0OXUTEALHOTO YHCAa M, TaK W 1aa oTpHuarenbnord. Ecau,
panpumep, m=—=5, 10 — m Oyner paBHo -+ 5, u Hama Qop-

“ 1
Myna 6yl[€'f HMCTb BHI 11"=‘—i—_§, UTo Coraacyercs ¢ Bblllle~

npUBENCHHDIM ONpefeleHieM.

JeficTBuA C OTPHHATENLHBIMH CTefleHAMU MOAHHHAWTCA
BCeM IpPaBHJaM, MMEIOWHM CHAY JJs NOJOMHTeNbHbIX CTCHEe-
Heil. Boaee Toro, Auwmb flocne BBEJEHUs OTPHUATEAbHBIX CTe-
flecit npasuaa AefiCTBUiIl Hajg NOMOWHTEAbHBLIME CTENCHAMH
1pHOGPeTanT BCIO OGIHOCTh,

Tak, dopmyna a™:a®=a™ " (cm. I, 25) teneps Moxer
6biTh NPUMEHeHa He TOJbKO K cAydYaio m >>n, HO U K Cayyano
m<n.

Opumep. a:at==a%t=qa"% [leficTBUTENBHO, COrITACHO

1
onpenedenyio a~? =7, TaK W4T0 DABCHCTBO ad. g =g
as 1 e on om-n
03HANALT g == —. Yrolsl popmyra a™:a*=a™" o6aanana

O6MHOCTLIO, HyWHO, 4To6n oOHA COXpaHANA CHAY M TOCHa,
Korja m==n; 4AA 3TOr0 PHUMEM Cieayloulee olipepefeHue,

OnpepelieHHe HyJeBOH CTeneHH. Hyiresas cmenens
8CAK020 4UCAG, OMAUYHOZO O HYAS, ecnib edunuyal).

2\0
(i [ J—— —_— e LI .

Mpumepn, 3=1;(—3)°=1; ( 3/\ =1; a°: ad=
=a'=1

Ounpenenenre pApoOGHON cTeneHH. Bossecmu 4iucao a
(neficTBuTeabHOE) 8 cmene#s %——:mawzm uszsaedy  KOpeHs

n-ii cmenentt u3 m-ii cmenenu qucaa 6. O APoGHBEIX CTENMEHAX
xoMmiekcHbx uncen cM. JII, 48,

1) Bupawenue 00, kax o Boipawenne —g— (11, 23), neonpeaeancuto,
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2

Hpnmepm.93= V9t =2T;
a
(&) =) =R ==
2L §

3 % =3 = Y243 ==1558,

3ameuanue l. Ocuosanue @& MowHO Onao 6ui 6pate
U OTPHUATENBLHLIM, HO TOrAA ero APoOHhe CTeneHd MOLyT He
6uITb IeficTBUTE bHBIME yucaamu. Hampumep,

(—2)Z =V (—2p=V—-38.

Y —

Kopenr }/ —8 He Moxker 6biTh JeHCTBHTENLHLIM YHCAOM.

B 3neMeHTapHOH mMaTeMaTHke oOBIYHO paccMaTpHBalOTCA
TONBKO [MOJOMHUTENbHBIE OCHOBaHHA IPOCHHIX cTeneHed.

3ameyanne 2. Yro kacaerca camux noxasatenef, 10
paccraTpUBAOTCA KaK MOJOXHTeNbHble, TaK H OTPHUATEeAbHbBIE
npoGHble n0KasaTend; OTpHuaTeldbHbE [OKa3aTelH He MeHee
BaXHbI, YeM NOJOXHTenbHbie, [as oBAajeHus jsorapudmuye-
CKHMH BBLIYHCIEHHAMH COBEPIIEHHO HEOGXOAMMO HAa BO3MOXHO
GoabuieM YuCae yNpaXHeHHH YETKO YCBOHTb CMBICA OTPUIA-
TeAbHhIX ¥ APOOHHIX noxasare.ﬂeﬁ

8

MNpumepn. 9—5._1 9 .__27,

(27) =1;(§_)'“§"=243;

27
1
3 =1: 3 e 0,0642.

u[u

w].—
ta['—

C BeexeHneM JpoOHBIX WOKaszaTelell fpasuma geHcraufl
Haj CcTelieHAMI He NOABEPrarwTcd HUKAKUM H3MeHCHUAM. Tal(.
0CTagICA B CHAE q)opmyna am, g% == g™ yu gp.

5 —-——

2 8
2 L,
Mpumep. a’ -a " =a" [eicreutemsto, a’ =V a3
3 2
-2 ’ .,
a T =1:V e @' =V a? tak ur0 Halla 3aMHUCh O3HAYAET

1/71-5;‘/1—_3 = '/7;2, y1o BepHo (cM. lII, 26, npasuno 4).
a
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§ 62. CymuocTb JorapudMHYECKOro MeTOAd; COCTaBlelne
Tabauubl JorapupmMos

Yumuoxcuue, AeneHKe, BO3BelEHKE B CTenelb H U3BleueHue
KOPHA—IeficTBHA, ropasno 6ojee TPyaveMKHe, YEM CAOXeHHE
¥ BHYWTaHHWe, 0COGEHHO TOrAd, KOrNa HYKRO NPOA3BONKTD Nefi-
CTBUS ¢ MHOrO3HAYHbIMH yucaamu. HacrosTeapHan noTpeGHoCcThb
B TaKuX [AefiCTBHAX BNepBhbie BO3HUKiIA B |6 BeKe B CBA3M
¢ pa3BUTHEM JaNbHEro MOpenaBaHAA, BLI3BABIIHM YCOBEPILCH-
CTBOBanHe aCTPOHOMHYeCKMX HaOawonenuit ¥ BuiyuCreruit. Ha
MOYBE ACTPOHOMHUYECKUX PACyeTOB W BO3HUKIM HAa pyGewe 16
u 17 BexoB noraprdMuyeckue BbIYHCIEHUs,

B Hacrosillee BpeMst STU BHLIUWCIERHS NPUMCHAKTCS fo-
BCIOAY, IJle GPUXOJMTCA UMETh 1€10 C MHOrO3auHBIMA YHCAAMU.
OHH BHLITOJHBI y¥e UpH NeRCTBHAX C YeTLIPeX3HAUHLIMH. YHC-
J1aMH H COBEPIIEHHO HEOOXOAMMbl B 18X CIYYaHX, KOrja Tou-
KOCIb QOMKHA LOXOMNTb IO MATOron 3Haka. boabmias TouHOCTSH
Ha 1IpaKTHKe Tpebyerca OYCHbL PeJKO,

LleHHOCTb JOrapuMuueckoro MeTota COCTOUT B TOM, 4TO Ol
CBOANT YMHOXEHHE U flelerue yncea K CIOWKEHHIO M BbiuuTa-
HHIO—paeHCTBUAM MeHee TpyjaoemxuM. Bospelenue B CTelieHb,
U3BIeYeHHE KODHA, a TaKe W PAL APYruxX BulunciIenuil (Hapu-
Mep, TPHIOHOMETPHYECKHX) TaK)Ke 3HAUHTEJbHO YNIPOLLAIOTCA.

BolacHHM Ha npuMepax uiei0 MeToja.

[ycrs 1peGyercs nomuoxutb 10000 na 100 000, Koneuro,
Mbl HE CTAHCM BHIMTOJARATE 3TOMO AefiCTBUA N0 CXCME YMHOKEHNE
MHOIO3HAUHBIX YHCed, Mbl 0pOCTO COCYMTAGM YICHO Hylel
B MHOWHUMOM (4) W MHOXuUTede (), CJIOKUM 3TH uucna
(4+5=9) n cpaszy mnannmem mnpoussescnre | 000000 000
(9 Hyxeft). 3aKOHHOCTb TAKOro BHIYUCICHHH OCHOBAIHA HA TOM,
YTO COMHOXKHTCIM CYTh (ilednle) cTelleHn uncaa 10: Mpowutca
104 na 10% mpu 3TOM LOKa3aTeaw creneHel CKAALbIBAIOTCA.
TouHO TaK ke COKpAleHHO BbHINOIHAETCH W AeJelue cTeneHeit
JlecaTh (zeneRMe 3aMeCHseTCH BbluMTamruem nokasateaeit). Ho
TaK MOXHO [€aUTh ¥ YMHOXATh JHIIL HEMHOIWE YHUCIa; Ha-
npuMep, B Ipejelax (1epBOro MHAIHOHA MOXHO 6paTh (Re cuu-
tag 1) auwp 6 uwncen: 10, 100, 1000, 10 0600, 100 000, 1 000 000.
Uucen, nonyckaiomnx nonobHoe yMHomeHue ¥ aeneHue, Gyner
ropasno Goawlue, ecly B3ATL BMecTo ockoBaHus 10 gpyroe,
6onee 6auskoe k 1. BosbMem, Hanpivep, ocnoBaHye 2 v cocra-
BHM TaGauuy ero mepsnix [2 creneneif.

noxKasarenp

cTenenn

(aorapudm) 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, croamue B pepxHell cTpoke (Noxasarean CTeneneft),
mbl Oyien Tereph HashlBaTh 202apudMari, a yuciaa, CTOAUHE
B HHXHel CTpOKe (CTeMCHH),~—1POCTO YUCAAMIL

Y106k 1epeMHOXNTSL KakHe-1160 1Ba Yncaa HAXHeH CTPOKH,
JOCTAaTOYHO CHOXHTH ABA UHCHA, CTOAUHX Hajg HuMu. Hamnpu-
mep, utobnl HafiTH npousBenexyue 32 u 64, CIOMUM CTomuHe
nag 32 u nan 64 uncaa 5w 6; 5+ 6=11. ITox uncaom 11
Aaxonum pesyabtaT: 2048, UroOn pa3geauts 4096 Ha 256, Bo3b-~
MeM unucaa 12 u 8, crosuive Hax HUMH, BhiyHTaeM: 12—8==4.
Mox uyucaom 4 Haxoaum otset: 16. Ecan npogonmurs tabanuy
BACBO, BBEJAS HYJEBYWY H OTPHLATEJbHYIO CTelleHW Yuciaa 2,
TO MOXHO OyleT BHIMOIHAT M AeAeHHE MeHbIUHX Yucel Ha
Goantune,

Xors cpean cTeneHefl yucad 2 ropasgo Merblie npoGenos,
yeM cpeld cremeHeit yucad 10, Bce we B HUWHel cTPOKe Hamel
1amiibl HeT OoYeHb MHoOrux uucea. [lostomy mnpakruyeckoro
3Ba4CHUA W 3Ta TalJMUa HE MOMKET UMETh, {-lo eciy 3a oCHO-
BaHHe B3siTh 4uclo, ropadio Goaee 6ausxoe K 1, yem uucnao 2,
10 3107 HeexT 6yaeT ycTpaneH,

{1pumem, HanpuMep, 32 ocHoBakue yucao 1,00001. B ape-
aeaax mexay | u 100 000 okaxercs cBbime Muanyona (1 151 292)
ero nocireiosaredskuix creneneil. Ecan mul okpyranm 3paue-
HHA 3THX CTeMeHeH, COXDAHMB JxIIb HIECTh 3Hayawux uupp,
TO cpeiy MHAIHOHA OKPYTACHHBIX DPe3yNbTaTOB OKaMyTcs BCe
neape uyucaa ot 1 go 100000, lMpasna, 370 6yayT JHmb npu-
Ganxennble 3Haucnua creneiefl. Ho tak xak npu ymHOMecHuH
M JIeJCHHM (IATH3HAYHbIX 1eJbIX 4Hced Hac GyIyT HHTepeco-
BaTh TOJLKO LE€pPBble NATh 3HAKOB Pe3yabTara, TO COCTaBACH-
#ele 1abadibl (103B0JAT HEPCMHOWATb, [HeANTh M T. M. MATH-
3HayYHble Heabie Yucaa, a CAel0BaTe]bHO, U IeCATHYRbIE 1p0tH,
yMelomwue NaTh 3Havawux uudp.

ViMeHHO TaKk ¥ 6blnu CcOCTaBaeHu liepBole TabaMilbl nora-
pndmos '), Boiuucaenue ux norpe6oBano MHoroneTHeR Heyro-
mumofi paboThl. B Hacrosiiee Bpems MeTOxaMu BbiCiied MaTe-
matuky 9Ty paboTy Mor Gbl BbIIOJHUTL Kawiblil B TeucHue
Kakoro-aubynp Mecaua. Tpmcra ner Ba3an 3TOMy HYMKHO Gbio
MOCBATUTL Bclo xu3Hb. Ho 3atro B0 MHOro pas Bospocna
NPOU3BOAHTEILHOCTb  TPYHAa MHOIHX ThICAY BHIYHCIHTE-
aefl, NoJb30BABIIMXCA pa3 HaBCerla COCTaBIeHHbIMH TalJH-
1namu,

1} UIBeAnapuem Biopru (ok, 1590 r.); HeCKOAbKO mosaHee HE3ABUCAMO
ov Hioprn Gblav cocTaBaeHbi TaGanny gorapudmos woraanauem Henepom,
koloppit 6pan 3a OCHOBAHME 4KWCAO, oYeHb GAN3KOe K eAVHHILE, HO MEHBb-
wee YeM eavuuua. bBiopru onyGaumkosas croio paboTy 4Mwb 8 1620 r,
panbwe (8 1CLT vy noamirancy 8 €BeT raGmsant Henepa,
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B Hactosiee BpemMa B Tabauuax jgorapudmoB kaamzercsa
8 OCHoBamue uycao 10, 4TO AaCT PAX BHIMICAUTENLHHX rrx_})e-
uMymecTB (Tak KaK Halia HyMmepauus — gecatnuHas). [lpn
9TOM [UIf flodyueHHs HedplXx YHCCT npuxoiures Gpars Opob-
Hble creneny yucaa 10,

Jloraputm HekoToporo vuucaa {1pn ocHoBanuu [0 Hasw-
gaerca ero decamuunvism no2apugasom. Cocrapienue TabAKLbI
fecaTuyrbix AorapudMoB He fpeacTaBAseT 0cOOLIX TPYAHO-
cTedl, ecam yxe cocrasicHa rabauua no ocHosaruipo 1,00001.
[leficTBuTeNbHO, NYCTb Mbl XOTHM Haftty AecATHYHGL nora-
pudsm wncaa 3, T. e. TOT NOKasarenb CTEleHH, B KOTOPYIO
HyxHo BosBecty 10, 4yto6m noayuurs 3. M3 tabaumb no
ocroBanuo 1,0000] mw waiinewm:

10 == 100001230 255
3 A 1,0000] 108 s61

i
Boasens ofe vacTu M€pBOro paBeHCTB2 B CTENEHb sz,

naltzem: 1,00001 == 1071: 230258 po3romy BTOpOE PpaBeRCTBO
nepenuiueTca B Bujie 3=w 101100861 230 338 1 e pecATHYHbI
gsorapupm wncaa 3 ectb 0,47712. Toxobuuim e ob6pason
MOXHO HalTH JleCATHYHBIC J0orapuybl 1 0CTaIbHbIX yHced 1),

§ 63. OcHoBHBle CBOHCTBa NorapH(MOB

Jozapuprom 4ucaa N no ocHO8aHWIO a Ha3zbl8aemcs
noKasamenb cmenenu X, 6 KONIOPYIO HYNCHO 8038ecmu a,
4modet noaydums 4ucio N.

O6osnauenue: log,N==x. 3anuce log,N==x cosepuenno
pABHO3HAYAA 3aiucH a* = N.

Mpuw elp bl. jog.8 =23, Tax IKaK B=25; log,/21 6= —4,

-4 . . 3 __
TaK KAK <§) = |6; |0g1,2 (§> =3, TaK KaK (5) = 3.

W3 onp-neaenust aorapugpma Bhitexaer Crelyoiee TOXIe-

CTBO:

alogaN =N.

1) Uzaen coctasaedns Taladisl ReCATUUHLIX AOrAPUDMOB HPHUBADACKMUT
tHenepy ¥ ero CoOTpyAHMKY anrawuasuny Bpurry, Ouy cosmectso Hauaan
Faﬁory no gepecuery apewxuux Tabaun Henmepa ua sosoe ocuosanve 10,
locae cmepru Henepa Bpurr aponoa®ua v 3akoHuMA 3Ty paGoTy (oH
onyGaugonar ee noaHocTwbid B 1624 r.). Tlosromy necaTnuunie norapudmbi
Ha3bIBAOTCR WHAave Gpuzeosumi. JLpobHbIE CTeneHd B TO BpeMs eiue He Obiau
NpUHATH B MaTemaTuke, #o Henep # Bpurr ofxoanauck Ge3 BHx, Tak Kax
NOHATHIO JAorapidma oHM gaBaau onpeAelneHve, HECKOAbKO OTITHUAKMUIEECH
OT HbIHE TNPURNTOrO,
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Npumepn., 2088=8 1 o =g 5825
108 Y= N1y,

Yucra a (ocHosanue nozapupma) w N (4ucro) MoxHO
GpaTb neasiMu M ApoGHLIMH (CM. HpHMeEph), HO HenpeMeHHO
NOAOKHATEALHEIMY, €CAH MH XOTHM, YTOGH A0orapudMbl Guliau
deficmeumenbrbiMu YUCIAMH.

Camu e aorapndumbl Moryr ObITb M OTPHUATENLHLI OM-
puyameasisie A020puPMB CHIOAL JHCE BAJCHLL HA npaxKmuxe,
Kax noaoCummensroie.

Ecau 3a ocHoBanme JAorapndmos B3aATh umuca0, Gofbliee
exnHuIbl (HanpuMep, uucao 10), To Ooapliee Yucao HWMeeT
Gonpmuit sorapndm. Jlorapudmsel ymuced, 66ALIINX eUHHIHI,
MONOKHUTENbHBl, MEHbINMX eIMHHMIL! — OTpUnaTeabHsl, Jlora-
pudbM emvudnbt npH MOOGOM OCHOBARMM paseH Hymo. Jlora-
pubM uncia, PpaBHOTO OCHOBARHMIO, Bcerga ectb | (B aecAtHy-
HBX norapudmax 1g 10=1)*).

Jozapugpr npousselequss paser cysmse A02apudios
coMHOCUMe ALl

log (ab) = log a 4 log b.

Jozapudrm vacmnoz0 pagen aozapugasy oeaursnozo je3 ao-
2apugma Oepumens:

a
log - =log a —log b.
Jozcapupx cmenenn pagen npouzseceHuo nokazameast
emenenit #a n02apudr ee OCHOBAHUS
log a™ = m log a. -

Jlozapupm xopus pagen wacmuosry om Jedewus aoca-
pudra neOKopeHrno20 HUCAG HA 1N0KA3AMERd KOPHS:

m
logVa:M

m
1

m —
(caexnctBue mpeasliyulero ceoficrsa, u6o ]fl;=a”’).

’

1) 3nakom [g 6e3 yxkasaHua OCHOBanua oG03HANAETCR AECATNUULIT AOra~
pudM; 3HakoM log Ge3 yka3aHHA OCHOBaHWS—JOrapadM no NpPou3BOALHOMY
OCHOBAHUIO (B npefesax OZHOM (OpMyab! ITO OCHOBAHHC MBICAMTCS OAHMM
U TeM xe), *

2) Yucno @ He JOMKHO PABHATHCH eXWHHIE; HHAYE ¥ YHCENH, HE PABHBIX
eauuine, copcem He Gymer Jorapudma, a Aa9 eXHUHIBI BCAKOe wuncao Gyler
norapHdxom,
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Mpenocrepemenue, JlorapupM cymMMwm ne pagen
cymme jgorapudmos; Heabas BMecto log (a-+5) wucats
log @ - log b. D2 ommnbKa YacTo fenaeTcA.

fipororapndmMupoBaTs HekOTOPOe BHpaMeHHE — 3HAYHT
BbIPa3uTh ero JAorapudm yepes norapudMb BXOISIMX B 91O
BBIDAKERHE BEAHYUH,

MMpumepn norapudmuposatysn,

1) Iog?’l}f’: = log (2a%bm™*/%) ==log 2 4 2 log a + log b—

1 me=

2 ) 14,352.7/0,20600
—glogm 2 X=ijgmggner s g X =lg 14352+
+ 5 1g 0,20600 — 1g 185,06 — 2 1g 43110,

Vmes rabauny necsTHYHLIX JorapindMOB, Haillem mo nei
lg 14,352, 1g 0,20600 u 1. 1. 11 BHLIYMCIUM TPaByI0 4acThb Ha-
nero paseHcTBa; 3to Gymer lg.x. [flocse sToro mo Tabauie
naijigeM uncno x 1o ero gorapudmy. lMoapobuee cu. I, 67--70.

§ 64. HatypanbHble JOrapH@Mbl; YHCAO €

[aa npakTHyeckoro npuMeHeHus Hanbonee yroGHLIM OCRO-
panueM norapudrnos asagerca ducao 10. Ho nas teopernye-
CKHX MCCrenoBaHuit HauGoree NPUCOAHO JIPYroe OCHOBaHile,
HMEHHO HppaudHoHaabHoe ykcao e = 2,718 281 83 (c TouyHoCThID
A0 BOCHMOTO JECATHYHOrO 3HakKa). IJTOT MOpasutedbHbIl Ha
lepBbiit B3raal (akT MOTHOCTLIO MOXHO Da3bACHHTL TOIbKO
B Bhicimed MaTemaruxe; 231eChb Mbl IIOKQMENM JTHILL, OTKYAA
370 yHuCa0 nossiasgerca. OHO HaXORUTCA B TECHOI! CBs3H € TCM
cnocofoM BLIYHCICRUA J0rapHPMOB, KOTOPLIH Gl1 OOBACHCH

. 1
8 § 62. Korxa mul Gepen 3a ocrosaine yucto 1 4, 6ansxoe

K emvHune, HanpuMep 1,00001 (r= 100 000), To ana HeGonb-
HIMX YKCea NOAYYaloTCA OTPOMHble JorapHgmul, Hampumep
yucao 3 umeer Jgorapucdy 109 861. Urobu 3stor mMorapudm
Gula BCAHYUHON Toro e HOPAIKa, 4TO W CaMoe YHUCIo 3, ofo
€1e10Ba10 Gbl yMedbiuuTh B == 100 000 pas. Torxa oH umen
6o Beanyury 1,09861. Yncao 3 6yxer umers sorapudym 1,09861,
ecid 32 OCHOBAHHE B3ATH He

L L =1,00001, a (T4 ) " =1,00001 100 000

Je#CTBHTEIBHO, Mbl IMCEM:

3= (1,00001)10¢ 861 =1 0QOQ]100 000.1,00561 —
== (1,0000]100 000y 1,0084%.
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Ecan  mun Bulumcaum  Beamuury  1,00001t00000  pq o
TOYHOCTBIO 10 BOCBMOIO  JeCATHYHOIO 3laKa  Haiimem:

(l + %) " == 2,718 267 63 (n== 100 000). dto uucao yiKe oyellb

OM13KO K YHCAy €, OHO WMeeT OJHHAKOBble C YUCAOM € Nep-
Boie nath uupp. Ecas O6n mb mosowuan B ocHoBaHHe He
1,00001, a ewe Goaee 6au3koe k 1 yucao, nanpumep 1,000001,
1. ¢ B3aan Opt n==1000000, To, paccyxiad rak e, Kax
npe:kjge, Hamau Obl, uro eite Gonee yanGHLIM OCHOBaHieM
6yner:

(14 ) " = 1,000001* 000 awo

ITO YHCHO € TOYHOCTHIO 140 BOCHMOrO 3HAKa pPaBHO
2,71828047. Ono wumeeT TC e Mepsbie nrecTb uudp, uto
4ucao e, a B celbMOil nudpe pasHUTCA JHIL Ha exnnuLy.

t
Yem Goabire B3ATh HMCAO 7, TeM MEHbIE YHCAO (l + ;> "

Gyier oTanuatbca OT uucaa e. Wuaye rosops, 4qucao e

1
ecmp npeden, K KOMOPOMY CMpemMuimncs (l -+ ;) " npu we-

O2PAHUYCHHOM B03pacmaruul n. 10 ¥ ecrth olipeneaeHue
qHcaa e.

! : !
Mbi BHAeaH, YTO OCHOBaHue | -+ » a 3HauuT, M (1 + ;} "

TeM TOYHee MO3BOJAET BLIYNCAUTL JOTapH(ME RCEBO3MOMHBIX
yicen, 4yeM Ooablie uucao n. EcrecTBenmno oxiunath, yto
nan6onee ypnoGrbiM aad Toft we uean OyreT npeien, K Ko-

I\ n
TOPOMY CTpeMHUTCA (l -+ ;) npW HCOrpaHUuyeHHOM BO3pa-

craHu n, T. e. uyucao e. Tak ¥ ecTb B [AeHCTBUTEIb-
HocTH. Boluucaenue jgorapudmMoB 10 OCHOBAHMIO e COBep-
maerca ObicTpee, ueM 10 BCAKOMY JPYIOMY OCHOBAaHHIO,
CiiocoBm 9TOro BbIYUC/AEHHS H3NaralTcs B Bbicmelt Marema-
THKe,

Camoe 4HCAO e MOKHO BbIpasuTh RECATHURON JIpobbio
¢ moboit CTelerbio TOYHOCTH; B TaOARIAX MOXHO HAHTH Taxkue
npubanierHble 3HaYeRNsd e, KOTOPbE [0 CBOEH TOYHOCTH fpe-
BOCXOIAT Jwbble nupakTuyecks BO3MOXHbE Tpebopaunsa. C
(I0JHOfI € TOYHOCTLIO YHCAG € HH JecATHuHofl, Hu ApYyro#
paltHonanbHoil 1poblo npejicTaBuTh ileBo3MOMHO0. Boaee Toro,
YHCAO € He TodbKO HpPauloHaIbilo, HO M TPAHCHCHIEHTHO
{em. 1, 27).
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JlorapudMu, B3aTHe O OCHOBAHMIO e, HASHIBAIOTCA HaMy-
POosbHBMu aorapudMaMi, YacTo HX Ha3HEBAT (HCTOPUYECKH
HeNnpaBHabHO) HENMepPOBHIMH 1),

6osnavenue Bumecro log,x npunaro nucarb lnx
(3HaK In ecTb coKpalleHHe CJIOB <JIOrapu(pM HaTypaibHbiil»).

Mpumep. In3=1,09861.

Ymobe. no ussecmpomy Oecamuddomy ao2apudmy
yucra N AHadmu €20 Hamypanvusiii  A020pudM, HYHCHO
pasdesums Oecsumuunuiii nozapugsn qucaa N wa decsimun-
Houll sozapudx yucra e (nocaeauunit paseu 0,43429,..):

_lgN __ 1gN
In N== Toe oA 2,30259 1g N.

Beanunna 1g e =0,43429 nasniBaertca Modyaexn décsmud-

HulX A02apugmos v obo3navaercs vyepes M, Tax uro

n N=;—41g1\7 2.

MMpumep Ws rabaunnl pecaTHuHbIX norapudMOB AMeeM:
1g 2=0,30103. Otciozna

In 2 = .- 0,30103 = 0,69315.

Ymobe. no uszeecmuOMy HAMYPAALHOMY  ao020pudmy
yucaa N Halimu eco Oecsimuunolii 1020puds, HYNHCHO no-
MHOMCUMD HAMYPALoHb  A020pudM HG MOOYyAb Oecsimud-
ablx aozapudros M=1g e:

lgN=lIgeln N==M In N==0,43429 In N.

1) OcnoBannen, KOTopbiM hakTuietkn noas3osancs Henep, 6bl1o yucao
1 —0,000000]. Ecau 6bl’ Mbl 3axoreau Bce aorapudmel TaGanusl Henepa
ymenpmnTs 8 10 000 000 = 107 paa (cp. npumecp, pa3oSpaunbiii Buiue), To 3a
ocHOBaH#e ROJXHLI ObLIW Gol B3ATh YHCAC I-F , tae k=107, goTo-
poe MowkHO 65170 6B yCIOBHO Ha3BaTh ocHoBauyienm 1afauns Henepa. Ho sTo

YUCA0 OTHIOAL HE pPaBHO 4UCAY € (OHO OYEHB MaJA0 OTJAHYAETH OT HHCAA ;

2) Nauusic 3pech npaBuia [Nepexola OT HATYPalbHbIX J0rapRdmoB
K XeCATUUHHIM ¥ ofpaTHO mnpeacTaBiImoT cofoll wacTHele Cayyad oOmMX
dopmya
» o log, N
[ - HEN S
ogaNslong log, og, =logba ,
nosBOAMIOMKUX nepeliTy or aorapndma uncaa N no ocHopaumio b X mora-
pudMy Toro e uucaa o ocHoBaduiw a, Bropas dopuyas npy N=» naer.

logab==—1-gé_———-‘]a.
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Npumep. In3==1,09861. Orcoaa lg3=M-1,0086] =
= 0,47712.

fas obaecvenus ymioweHua Ha M 4 Ha COCTaBASIOTCA

-3 -

Tabauub), cozepxauive npon3zsededus M u 5 Ha Bce omHO-
3HAUHbBIC HAW HA BCE ABY3HaUHLIE MHONKNTEIN. 31eCh IPHBOAUTCA

i
Ta0ania yNHOMCHMA M W 5 Ra ONHOBHAYNBIE YHCTA.

N 1

% Kpatune M E Kparthole —lM i
[ ] 0,342 j 2,30256 i
2 0,865 ‘ 4,60517 |
3 1,808% ' ,90776 |
4 | 173718 ! 9,21034 ’
5 217147 | 11,51203 ,
6 2.60577 . 13.81551
1 3.04006 16,1810 \
8 3.47436 18,42068 \
9 3.90865 20,72321 ‘_l

§ 65. JecaTnunble norapHudMbt

B nanbreiiuieM mecATHyHBI gorapudy umenyeTcs MpocTo
aorapupmom.

Jloraputm exuHuub pased Hy.o,

Jlorapugpmer uyucen 10, 100, 1000 u r. n. pasms 1, 2, 3
H T. &, T. €, IMEIOT CTOIBKO MOJOMUTENLRBIX eIHHHUL, CKOMbKO
Hynefl CTOUT floche eXHRHIbL

Jlorapudpmut uyncen 0,1; 0,01; 0,001 m 1. n. paBum — 1,
—2, —3 4T I, T. e HMEIOT CTOAbLKO OTPHIATEJLHBIX eTHHULL,
CKOJIbKO HyJel CTONT Nepel eanHMiel (CYHTad ¥ HYIb LeabiX).

Jlorapugpmel OCTaabHEIX yHCed WMET ApoGHYK UacTh,
uMenyeMyw manmuccoi. enas yacTb sorapudma HasbiBaeTCa
Xapaxmepucmukod.

Yucna, 66apiuve eRXWHUIB, HMEIOT NOJOKNTENLHble J0la-
pudMbl. [lonokHTe bHbIE YUCAd; MeHbIIWE equHULH 1), HMEIoT
oTpHuaTeabhble AorapudMsl.

Hanpuwmep %), 1g 0,5==— 0,30103, 1g 0,005 = — 2,30103.

1) OrpunareabHble YACJHA BORCE He UMEIOT AciiCTBATE/BHLIX Jorapuduon,
2) Bee panpueiimme paseicTsa — npUGIMKEHHBIE € TOYHOCTBIO X0 11030
8IIL EANHIYL! BOCAESHer0 BEINWCIHROTO 3HaKa.
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OrpunareabHoie aorapudpms pas Goabliero yno6CTBa na-
XOXIEHUA JorapidMa 1o yucay u YMCIa 1o gorapidmy npes-
CTaBJASIOTCA HE B BbilleNpHBENEHHON <ecrecTBeHHOl» (Qopwme,
a B euckyccrsennofi». OTpHUaTeIbHB Jorapu@s B HCKYC-
CTBEHHON (opMe UMeem HOAONCUMIEALHYIO MARINUCCY U
OMPUYAMEAbHYIO XAPAKHEPUCTTUKY.

Hanpuwep, 1g 0,005 == 3,69897. Jrta 3anmuch, osHavaer, uToO
1g 0,005 = — 3 -} 0,69897 = -- 2,30103.

Yrofibl fnepepecTd OTPULATEILHBIH 10TapH(M H3 €CTCCTBLI-
10it PIOPMB B HCKYCCTBEHHY10, HYXHO: |) Ha eIWHUILY yBe.Il-
ynTh A0COMIOTHYIO BEJHUHMHY €r0 XapakTepHCTHKH; 2) noay-
YeHHOe YHCAO CHAbIMTL 3HAKOM MUHYC CBepXy; 3) Bce wHppul
MAaHTUCCH, KpoMe mocxeiHedl 3 undp, He pasBHHIX HY.II0,
BLIUWTATh W3 JEBATH; NOCIEIHIONW, HE DPAaBHYID Hy.JI0 uudpy
BriuecTb u3 fgecard. [loayuaembie pa3HoCTH 2amUcHiBAIOTCA Ha
TeX e MeCTax MaHTHCChl, TAC CTOAIM BhluUTaeMble HUdPHL
Hyan Ha KoHe OCTalTCa HeTPOHYTHIMH.

Mpumep l. 1g0,05=— 1,30103 npuBecT# ¥ UCKYCCTBEH-
Hoil dopme: 1) abcomoTHYIO BeruynHy Xapakrepucraku (1)
yBespuuBaeM Ha 1; moayuaeM 2; 2) mHuIeM XapaKTepUCTHKY

MCKyCCTBEHHO$ GopMBl B BHAe 2 M OTIeifseM ee 3ansaToll;
3) suiuuTaeM nepByio nudpy manTHCcH (3) n3 9; noayuaem 6;
sanucbiBaeM 6 Ba nepBOM MecTe Nocae 3anatod. Takum e
006pa30M  Ha CAelNYIOIIHX MeCTax MOSBJAIOTCA  LHPDH
8(=9-—0), 8(=9—1, 9(=9—0 u 7(=10—23).
Hmeewm:

— 1,30103 = 2,69897.

Mpumep 2. —0,18350 npencraBuTh B HCKyccTBeHHON

¢opaer 1) ypeanunsaeMm O ma [, noayvaem I; 2) umcenm I;
3) eoiyurtaeM nupps 1, 8, 3 uz 9 uudpy S uz 10; uyasp Ha
KOHIL® ocTaeTcs HerpoHyThiM. Mmeeu:

—0,18350 = 1,81650.

Yro6n mnepesecTH oTpHUATEAbHbI JOrapudu u3 HCKyc-
cTBeHHO! Gop:bl B €CTECTBCHHYIO, RYXHo: 1) Ha eguHULY
YMEHBIIHTL a6CONOTHYI0 BeTHUNHY €ro XapaKktepHCTukY; 2) no-
1yyeHHOE Y¥CAO CHaOAMTH 3HAKOM MUHYC cheBd; 3) ¢ uuo-
PAMH MaHTHCCH HOCTYMaTh, Kak B NPeluIymeM ciaydae.

Mpumep 3. 468900 npeacTaButh B ecTecTBeHHON (opue,
1) 4—1==3; 2) umeem — 3; 8) BbiyHTaeM LU(Pb MAHTHCCH
6, 8 u3 O; ungpy U w3 10; ABa Hyad OCTAOTCA HETPOHYTHIMU.
{Ineent:

4,68900 == — 3,31100.
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§ 66. JeficTBHSE € HCKYCCTBEHHBIMH BBIpAXKEHHAMH
OTPRLATENbHBIX aorapldmos

[Ipu pmeftcTBHMAX ¢ HCKYCCTBEHHBIMH BHIPRKEHHUAMU J0ra-
pHdMOB HeT HeoOXOAMMOCTH MpeXBapPHUTENbHO NEPEeBONHTH HMX
B ecTecTBenHy© GoOpMy; npu He6OJbLIOM HaBbiKe B IpUMeHe-
HHW HUXeNepeyHCICHHBIX NPHEMOB MOXHO C HCKYCCTBEHHHIMH
BBIPAKEHHAMH HeMOCPeNCTBEHRO NMPOH3BOAHTL BCe HeiCTHEHA
TaK e OLICTPO, KaK C eCTeCTBEeHHBIMU.

Caoytenre. MaHTHCCH CKaanbiBalOTCs, KaX 06bI4HD; HOCIe
CHOMEHUR NECATHX JoJeH MOMXKeT OKa3arhCs, YTO B yMme yaep-
WUTCA eIVHUNA WIH HeCKOAbKO eNHHHI( TOrAA NPH CAOKEHUM
X3apaKTePHCTHK (CPEXH KOTOPBIX MOryT OBTh ¥ NOJOXHTE/b-
Hble H OTPHUATEJTbHBIE) YAEeDHKaHHOE B YMe YHCAO IPUCYHTHI-
BacTCA K NOJOMHTEALHBIM XapaKTepPUCTHKAM.

Mpumep L. 1,17350-42,88694 -{- 3,99206,
Cxema:
22111 3neck npy CAOMEHNH fecATHIX poAeH ToayueHo
_ 24 14+8-+49=20"). Hyan 3anucan; 2 ygepxa-
1,17350 no B yme. CnokeHue XxapaKTepucTHK  jaer
+ 288694 94 T2+ 3==0.
3,99206
0,05250
1 1
lpamep 2. 4+ 2,7458 3nech 1npH CHOKEHUH XapaKTe-
4,3089 PHCTHK HMeeM:

1,0547 I +244=1.

BoiuHtTaHne. ManTHCCa BHIYHTAEMOIO NOPA3PSIHO BblYH-
TaeTCA H3 MAHTHCCH YMEHBLIAEMOTrO KaK B TOM (Jyuae, Korja
nepsas MeHbme BTOpoH, Tak M B oOpaTHoM cayyae. B no-
chAefHeM cayyae i uudpbl AeCATHIX yMeHbIIaeMoro 3aHu-
MaeM f0JOXHTEAbHYI0 eIHHULY M3 XapaKTepPHCTHKHU.

Npumep 1. _ 20741 ITpnBulunTanuy KecATHX foaek
51846 NPMULIOCH 3HATL NONOKHTENb-
30805 HYIO elMHUIY U3 XapakTepii-
CTHKH 2, OTUero OHa CTaja pas-
Ho 3. BolunTaHWe XapaKTepHCTHK faeT 3—5=2,

1) Maable nupsl CRepXy 0603HAAOT YACPKAHHbE B yue UHPPHL,
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Npumep 2. 12080 3nech we npumaoch 3anuMaTh 43
— 31916 xapakrepuctuku: 1 —3=1.
4,0164

flpumep 3. O 1965 3neco BHAHO, 4TO M NPHU BbIYH-

1 0371 TAHUY MOJMOKHTEALHOrO JOrapud-

21894 12 U3 [OJOWHTEABHOI'O MOHO

pesyasTaT cpasy e HOJYYHTD

B uCKvecTBentoil (opme. Tax H PeKOMEHIYETCS MOCTYRATh.

Mpu cogstecmHoM cACIHCERUY U BBL4UMARLY HHOTKA Npei-

HOUATAIOT 3aMEHHMTH BCe BBLIURTaHWA CIOMEHUAMM. [Ipu 3Tom

eCcIn BblyMTaesMoe GulI0 MOJOWUTENLHbIM UHCIOM, TO COOTBET-

CTByICULES OTPHIATENbHOE CAaraeroe NepeBoAUTCS B HCKYCCT-

BesHylo @opmy. Ecam e oHO Obl10 OTPUUATEILHBIM UHCIOM,

3a/aHHBIM B HCKYCCTBEHHOH (QGPMe, TO €ro NepeBoidT B ecie-

CTBERHAYIO ti‘,upuy u 3areM oTOpacmBaoT 3naxk mumyc. {{loay-
yeHHbIE ClaraeMble Ha3hBaIOTCR JONOAMEHUAMU.)

Mpuvep. 01535 — 1,1236 + T,1686 — 4,3000 =
=0,1535 4 non. 1,1236 + 1,1686 - xon. 4,3009 =
=0,1535 40,8764 - 1,1686 1+ 5,6991 = 5,8976.

Januce:
0,1535 = 10,1535
—1,1236 =10,8764
41,1686 = 1,1686
— 4,3009 = 5,6991

VYmuomenne. [Ipy yMHOXEHHN UCKYCCTBEHHOrO aorapudma
Ha NOJOXHTENbHOE YACHO MHOMIM OTAeMbRO CHayala MaHTHCCY,
3aTeM XapaKTEPHCTHKY; eCH MHOMMTC b ~— OJIHO3HAUHOE YHUCIO,
TO YHCJO0 NOJOXUTENbHBIX €IMHHULL, ONYYEHHOE OT YMHOWEHUR
MAaHTHCChl, TYT Xe NPUCYATHIBAETCA K OTPHUATEALHOMY npous-
BeIEHHI0 MHOXHTEId Ha XapaKTepucTuky. Ecau MHOXMTensb
MHOTOZHAUHbIA, JOBOJUM 10 KOHUA YMHOMXCHWE HA MaHTHCCY
¥ npubasiseM 1POU3BeNEHHE MROXHTENA Ha XapaKTEPHCTHKY.

Mpumep L 3264
6,4397
X 7

39,0779
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Mpumep 2 % 1,4397 ([Toab3yeMca mpaBuiaamu Coxpa-
17 wmennoro ymuoxcenus; cm. I, 41.)
4397
3078
7,475
7

0,475

Ecan HY®HO yMHOXHNTL OTPHIATeNbHBIH gorapudm B Hexyc-
CTBeHHOH opMe Ha OTpHUATENbHOE UYHCIO, TO JAyYHIIE BCETO
fIpeIBaPUTCAbHC TICPEeBECTH AorapudM U3 HCKYCCTBEHHON Gop-
Mbl B eCTt‘CTBeHH}'}O.

Denenue. Ecau geaurens — oTpHiiatTelbHOe HIH MEOFG3Hay-
Hoe TONOXKHTEIbHOE YUCJIO, TO JAyYille BCEro fepefrTH K ecre-
crBeHHOl dopme. Ecau geautenn — 01HO3HAYHOE IOROKHUTeAb~
HOE YIICAO, JledMOe OCTaBAAETCA B MCKYCCTBeHHOH opme.
Ecan xapaxTepHcTHKa 1eaHTCHA Hallejo, TO JAeaAT OTAelbHO
XapaKTePUCTHKY, 3aTeM MaHTUccy. EcimxapakTepucTuK a Hale/ro
He 1einTcs, K Hell npn6asisdetcd B yMe TaKoe HauUMeHbllee
YHCI0 OTPUULATENLHEIX eAuHHI, 4Tole NonyyuBIUeecs YHCAO
JIejiHA0Ch Haledao; K MaHTHCCE NpHOaBAAIOT B yMe CTONbKO Xe
HONOXHTENbHBIX eXUHHIL.

Mpumenp. 2,5638:6==1,7606. Uro6ul xapakTepucTHKa le-
aunacp Ha 6, npradasasem 4 oTpuiaTeabHsie efuHunbL. [Tonysus-
uteecst yucao — 6 npu AeseHuH Ha 6 jmaer — 1. [lpu peaenun
We MaHTHCCH RobaBisgeM X Hel 4 NONCXKHUTeAbHble eJHHHIb W
neaum 4,5638 Ha 6.

§ 67. Otbickanne sorapudMa no yucay

JlorapugMbl neabix creneHelt yucna 10 oTvickuBapTCa Ge3
rabany (11I, 65). Jas oTbickanus A0rapudMOB OCTaNbHBIX UM«
cea floCTYmaeM Tak:

A) Omvickanue xapaxmepucmuxu. Aas uncen, 66abiux
e[HHHIb, XapaKTePHCTHKA paBHA Ha EIHHHIY yMEHbIIEHHOMY
upcay uudp unenoft wactu.

Ipumepsn. g 3528=1, .., 1g 3,528 =0, ...;
lg 60 100=4,...

(Toukn nocae 3anAToH 03HAYAIOT, YTO 3eCh NOMKHbL CTOATh
uudps MAHTHCCHL)

Lns uvcen, MeHbHINX eIWHHLbI, XapAKTEPUCTHKA HCKYCCT-
BeHHOR QopuMbt jJorapudMa pasHa yHCIY Hyde#t nepejd 3Haya-
MUMH UU@paMH yucaa (CyuTaa ¥ HyJb Lexblx),
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Npumepn. 1g 0,00635=3,...; 1g0,1002=1,..
1g0,06004 = 2,...

B) Omowckarue maumiiccor. Tlpn  oTeicKaHu# MaHTHCCEL
necaTHuRON npodH, NpaBUJbHON UM HeTlpaBHAbHOMN, OTOpach-
BaeM 3aNATyi0 W HUleM B TalJuie MaHTHCCY NOAYHHBIIErocs
HeJOro YNCaa; NPH OTHICKaHUY MaHTHCCh! LEJOro YHCAa MOYHO
0oTOPOCHTb BCE HYIHM B KOBHE €ro (ecid TaKOBbie HMeETca).
Hanpumep, manTucca umcaa. 20,73 paBHa MaHTHCCE yucaa
2073; mantucca uncna 6004 800 pasua ManTHCCe uymciaa 60048,

[lpn noap3oBaHuy YeThipeX3HaUHLIMH TaGIHLAMH TOrapud-
MOB Yy MOJYYEHHOrO [EXOr0 YHCA2 OCTaBIseM TOJAbKO YeThipe
flEPBHIX 3HaKa; NPH 110Jb30BaHNH NATH3HAYHLIMH TabaHaMy —
ylepBbie mATb. OcTadbHbie 076pacLIBalOTCA, TaK Kak OHU HE
fIOBAVAIOT (MM TIOYTH He MOBIUSAIOT) Ha COofepX~:iivecd B Tal-
Jvile paspajabl MaHTHCCHI.

[lo yerTbipexzHayHo# Tabiuile MOWHO HafTH HENOCPEICT-
BEHHO MaHTHCCY TPeX3HAYHOIo YHC/A N0 NATH3HAYHON — MaH-
THCCY yeThipeX3HAuHOro Yucaa. MaHTHCCH YeThpeX3HauymbiX
(1ATU3HAYHbLIX) YUCed HAXO/ATCA NpubaBienteM NONPABKH (CM.
HIOKENPUBO UMbl TIPUMEPH).

Yembipex3naynan mabauya — cum. c1p. 18—22.

Mpuwmep I. Halitn norapudm uucna 458. Haxoaum (Ges
Tabauib) xapakTeprcTHKY: 1, ... OT6pachiBas 3anaTyo, umeeM
penoe uncio N==458. bepem nepBeie a8e ero uwdppu (45).
B cTpoke 45 oThickHBaeM 4Hclo, cTosiuiee B croabue 8. Ha-
xonum 6609. d10 — Mantucca. Maeem lIg 45,8 = 1,6609.

Mpumep 2. Hatrn 1g0,02647. Haxonum (6e3 tabaminl)

xapakTepucTuxy: 2,... OtOpachiBaeM 3anaryio, noiaydaem
uncia0 2647. Bepem nepebie ero ase uuppo (26); B cTpoke 26
OTHICKMBAeM uMcao, crosuee B croabue 4 (rperws nudpa j1aH-
noro yucaa). Haxonum 4216. 9to — mantucca 1g 264. Haxonum -
[ONpaBKy, COOTBETCTBYIOWLYI0 mocaenHell nudppe 7 maHHOro
ypcaa, Oxa flomen(aeTcs B Toli e crpoke 26, B cToabue 7
pasgena <nonpaeku». Haxopum 11. [IpuGasisem mompasky
K paHee HaiizeHHofl MaHtucce. [lonyuaem 42164~ 11=4227,

10 — ManTHCCa AaHHOro uMcaa. Vimeem 1g 0,02647 =12,4227.
Banuce:

1g 0,026¢ =3,4216
7 41
Ig 0,02647 ==2,4227

3amevanue. [TonpaBkn paccynTaHbl C NOMOILI0 HHTEP-
nonanuu (cM. II, 50); npumenenue HHTepnoasuud obiersaer
paboty Bhumcautenas. K3 tabiuilbi BHAHO, 4YTO MaHTHCCA
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uncna 2640 Menbure MaHTHCCH yucaa 2650 Ha 4232 — 4216 = 16
(mecaTHyHbIX Notedt). Pasnocty uucen 10 oTBeyaer pasHocTh
mantucce 16. [ponopnnonanbhbifi pacuer maet:

x:16=7:10=0,7; x=16-0,7=1("l.

[Mamusnaunasn mabaruga ).

Mpumep 1. Hafitu 1g0,02647. Haxonum Ge3 tabann xa-
paxTepuctuky 1g 0,02647 =2,... O16pacbiBas 3andaTylo, n0ay-
yaeM yucno 2647, OTKpEIBaeM Ty CTPaHHILY, TJle eCTh CTPOKa 264,
B cTpoke 264 othickdBaeM YHcao, CTofAulee B cTroabue 7. Ha-
xoanm 275. D10 — Tpu nocaenHne uudpe MaHTHcch. [lepBhie
e (42) HaxouMM B Hauajge CTpoku. Bca mantucca 42275;
1g 0,02647 =2,42275.

[na 6oJpIIMHCTBA CTPOK BRavaje NepBblie e uuph He
pocTaBaeHb. Tornga Hy#HO B3RTH flepsble aBe nndpbl aubo u3
caenywuiell HuxHel (eCan nepen NoCAeIHUMH Tpems uudpamu
MAHTHCCBI CTOKT 3Be3704YKa), aubo (eciu 3Be3JOYKW HET) H3
Ganmxafimell Bepxxefl.

Opumep 2. Hafitu 1g 6764, Xapakrepuctuxa ects 3.
B crpoke 676 tabauunt sorapumMoB OTHICKMBaeM B crToabue 4
Tpu NocaenHue uddpol MauTHcch 020. Onu cHaGweHsl 3Be3-
noyxoil. [loatomy nepeuie ase undper (83) Gepem u3 Hike-
rewauieit crpoxu 677. Bea mantucca 83020; 1g 6764 = 3,83020.

fMpumep 3. Haiitu 1g 6,6094. Haxonum xapaktepucTuky:
1g 6,6094=0, ... Ot6pacbiBacm 3anaTyio, mnoayuaem 66094.
B crpoke 660 (cooTBeicTByIOILEll MEPBHiM TPEM UHDPaM) OThi-
ckuBaeM B cronbue 9 (verBepras uudpa) uucao 014 co 3pes-
noyko#t caeBa. Irto — nocaenHne TP Hudpbl  MAHTHCCHE
yucaa 6609. Mepsoie ase (82) Haxomaum B cledylleli CTPOKe.
Masnrucca 1g 6609 ecth 82014. Haxoaum mnonpasky, cooTBeT-
cTBYWOULYIO TocaenHelt nudpe 4 gaHHoro uyucaa. B croabue PP
nomeueHa Tabanyra ¢ Haanucoo 6 (4 =6 ecTb pa3HoOCTL MEXAY
MaHTHCCcaM¥ yHcea €609 u 6610). B nesoii yactu stoft tabamuku
othickuBaeM uuciao 4. Ilpotus nero crour 2,4, Or6packBas
IecATbie JOJH, OKpyriseM 3T0 uyucao go 2. 10 —nonpasKa.
[pubaBasas ee k paHee HalllcHHON MaHTHcCe, NoAyHaeM
82014 4 2=82016. 1g 6,6094 = 0,82016.

3anuche:
Ig 6,609 = 082014
4+ 2

1g 6,6034 = 0,82016

1) Hanpruep, pacnpoctpadenssie TaGanus Aorapudmon Mpwesampexoro,
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§ 68. OtnickanHe uucna no Jorapumy !)

Cravyaia, pe ofpatlas BHUMaHHA Ha XapaKTePHCTHKY, OTbl~
ckuBaeM B Talauile JAHHYI0 MaHTHCCY WIH  MaHTHCCy, Gau-
waitmuylo K farHo#. Tlo HCIt HaXOJAHTCA HEKOTOPOE HeToe YiCas
(B mepBOM Cilyyae HENOCPEJCTBEHHO; BO BTOPOM -— € OMOILAI0
flonpaBKH, CM. nipuMepst). [locne sToro npuHMMAlOT BO BHHMa-
HHe NAaHHYI0 XapaKTepHCTHKy. Ecanm oHa paBHa HYJII0 WIM fo-
MOKHTENbHA, TO B LENYI0 YacTh BbiIeJAeTCA YMcIo nudp, Ha
eluHULY GoJbliee, YeM YHCIO eIHHUL XapPaKTEDUCTHKY (eCau
TI0HaL06GHUTCA, B KOHILE YHCIA MO¥HO NPUNHCATh CKOJLKO HYKHO
Hyaeit). Ecai xapakTepucTHKa oTpulatelbHa, TO fepex Hali-
JNEHHBIM YHCIOM CTABUTCA CTOALKO HyJdel, CKONbKO B Xapak-
TePHCTHKE OTPHIIATeNbHBIX €JIMHHIL; CTOAW U CIEBa HY b OTe-
AfAEeTCA OT OCTaibHoil YacTH 3anaioil. Haftnenuoc takum o6pa-
30M YHCAO COOTBETCTBYET MaHuoMy Joraphuduy.

Yemblpexanaunas madruyga — cm. crp. 18—22.

[Tpumep 1. Halitn uynciao, aorapudm KoToporo paseH
3,4683 (1. e. uucno 10%4%8%), CuHayana oTeiCkuBaeM B Tabauie
manTHccy 4683 uawm 6nmxaiinyio x Hefr. [lpoferas raasamu
omvH u3 CcToabuoB Tabauubl, manpusep croaben 0, numew
B HEM YMCIO, nepBble JBe UHGpH KOTOpOro CoCTaBIAT 46
nin 6anskoe x 46 uyncno. Taxoe umcao (4624) Mul Halgem
B cTpoke 29. B6ayu3u or 3toro mecra numeM Mauiuccy 4683;
HaxoAuM ee B Toli e crpoke 29, 8 croabue 4. Jnauur, uynucao,
uMeroulee MautHccoi 4683, ecrs 294, Tax kak xapakTepu-
ctuxa 3 MOJOXKHUTeNbHA, TO B 1EJYI0 YacTh YHCAA BbleNAEM
3 1==4 undpsl. Ias storo B Kouire yucna 294 ppunucsiBaeu
Hy1b. Mmeem 3,4683 = 1g 2940.

Mpumep 2. Haltty uncao, dorapudm KoToporo pasen
3,3916. [MocTtynas, Kak B NpPeAbLIAYIIEM TIPHMEpe, Mbl He Hail-
zem camoro ymcaa 3916 cpean mantuce, Ho HafigeM OGaumxali-
iee x HeMy uncao 3909, crosuee Ha niepeceyeHUd CTPOKM 24
v croabua 6. Mantucce 3909 coorBercTByeT, TaxuM oGpasoM,
ypcao 246; oHo paer mepBble Tpy 3Havawue NUPH UCKOMOrO
yncra. UersepTywo undpy HaxoxumM, BHYUCIas nonpaBky. [akx-
Hasa HaMm MaurtHcca 3916 nmpesocxomut TaGamuHyw 3909 Ha 7.
Winem 3ty undpy Ha moi oce cmpoxe 24 B paspene «ilo-
npasku». Ona cToMT B croaGue 4. Lludpa 4 ecth ueTBepras
3Hayaulas uuppa HCKOMOrO YHCAA; HMCIO, HMEIoIlee MaHTHC-

1) Ip¥ OTHICKAHHYU YACAA NO YeTHLIPEX3HAUHOMY JOTAPUQMy €CTb CMbIcA
noaAb3oBaThc TaGauledi antunorapudmon (cm, I, 69). Tlpu’ BorumcacHusnx
Ha NATb 3HAKOB HENeJecO06PA3HO YABaMBATH 06BEM TaGaWUB! JOrapudmMon
pphcoeanienuen X Hell TabanUL AHTHIOrapudMoR, -
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coft 3916, ectp 2464, [IpuHuMaeM BO BHEMAaHUME XapaKTepu-
ctuky. Tak Kak oila OTPHUATCADHA M CONEPIKHT TPU eHHHUbI,
TO Hepel HafileHHbIM: YNCJAOM CTaBHM TPH HYHAA B CTOALLMIL

cieBa Hylb OTXeddes 3anatod. Mmees: lg 0,002464 = 3,3916.
3anuce:

g ¥ = 3,3916
3909 Ig 246
+1 4 x = 0,002464,
3916 1g 2464

3amevuyauue l. Caejgyer TBe€pao NOMHITh, UTO TPH OTHI-
CKaHWW uMCiad TO JOrapuMy nonpaBka 3Tor0 4YNCIa npunu-
cpl8aemess K HEMY, a He APHOABISCTCA K ero ilocAeHeit undgpe.

Jameyanue 2 He caenyer salolpaTh, UTO BeauyHHa
f0NMpPaBKN HODKHA Pa3biCKUBATLCA B TOH ke CTpoLe, rie CO-
ZEePXUTCH uynclo, 6amskoe x Mautucce. Ecaun B 3tolt crpoke
HeT Toll HOTNPAaBKH MaHTHCChl, KOTOPasa HYXHa, 6epem Oaumaii-
WY HOOPaBKY.

Mamusreynas mabauya (CM. 101CTP. OpUM. Ha cIp. 243).

MIpumep L. Hafitn uucao, aorapudm XOTOPOro paseH

2,43377. TepeaucTbipas Tabamuy, CHCOMM 32 BHIIEITOLIHMHICA
nepBuiMp ABYMA HHGDpPaMy MAHTUCC {KOTopble 1aI0T BCE BpeMd
so3pacrapimie yucia). Hafiga 43, viem BOIM3H n0CaegHHE
oy tndpst 377. 3tn uudps! HARLYTCH HA NepeceyeHUH CTPOKH
271 w croabua 5. YUucao, umcwouiee wmautuccolt 43377, ectb

2715. TlpunumMas BO BHHMaHHe XapaKTepucTuky (2), umeem

2,43377 = 1g 0,02715,

3ameuyaunne. [To Goabuiel yacTu nociefHne Tpu unugpbi
MaHTUCCH! HafilyTcAa au6o B TOMH e CTPOKe, rie CTOAT mepsbie
aBe, 1160 B ORHOM M3 HINKeTeHAUKX; BO3MOXEH, ONHAKO, Cay-
yait, korfa nocaenHue Tpu UUPpH CTOAT B OGamxatiuest Bhibie-
dexajell CTpoke, Torga nepej, HUM{ CTOHT 3Be3A0YKa.

Mpumep 2. Hadttu uncro. norapndm KOTOPOro paBeH
0,14185. MMoctynaa rak, Kakx B OpeablAyuleM fplimepe, Mbl
Cpeln MAaHTHCC He Haitnem 14185, o wafizem OGanxafiuee
K nemy uucao 14176; Tpu nocaennue undpnl maHtucch (176)
CTOAT BbiHIe, YeM fepBhle JIBE; MO3TOMY MEPeN HUMU HAXOLHM
3Be3nouyky. Manrucce 14176, ctoauell Ha nepeceueHny CTPOKK
138 u ctoabua 6, coorBercTByeT unciao 1386; oHo naer mepBhle
yeThipe tndpsl uckomoro umcia. Ilaran uudpa Boluucanerca
C nOMoulbio nonpaBku. [lanfias HaM MaHTHCCA 11PeBOCXOAUT
Tabnuunyio Ha 185 — 176=9. PasxocTb We MeXIy ABYMA
Banxafiiumy Ta6AHHBIME MaHTHCCAMY ecTh 208 — 176 = 32.
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B cron6ue PP uaxonum tabaHuky ¢ mapmuchio 32. B Heil
cnpasa OTbHICKUBaeM YKCHo, Oamkalilee X 9; HaxomuMm 9,6,
[Tpotue vero cront 3. Lndpa sra ects nAtas 3uavaumas uucg-
pa MCKOMOro 4YHCJIa; Yyucio, HMewuee MantHccoll 14185, ectn
13863. [lpuHumMas BO BHHMaHHe XapaKTePHCTHKY, HMeeM
0,14185=1g 1,3863.

3anHuce:
ig ¥ =0,14185
14176 138
+9 3 x==1,3863,

1418 13863

3aMmeuanue. Cregyer MOMHUTb, YTO NPU OTHICKAHHY
yicaa no jgorapudMy NONPaBKA NpUnUCHLEAEMCA K HEMY, A He
npubasagercs X nocxexsed uudpe.

§ 69. Tabanua aHTHIOrapudMOB

Tak naspBaemas rabauua anrunorapudmos (cTp. 23—27) —
3T0 Ta Xe TaGaHua A0rapH¢MOB, HO C HHBLIM PACTONOKEHUEM
marcpuaia, o6nervaonuyM pa3biCKaHHe YUC/AA 10 JAaHHOMY Jo-
rapidumy. B rabatue maHpl (KMPHBIMH UHGPAMH) TOABKO MaH-
THcesl (obo3nayenue m). [lo madTucce, umelouell tpu gecs-
THYHBIX 3HaKa, B TaGiHlle CPA3y HAXOAHM HEKOTOpoe uenoe
YHCJIO; eCY B MAHTHCCE YCTbIPe AECATHYHBLIX 3HAKA, 3TO YyHCIO
HAXOIMTCA C NOMoubIo onpaekH (cM. npumepsn). [Mocae artoro
NPUHHMAIOT BO BHHMaHHe HaHHYIO xapakTepdctuky Ecru ona
paBHA HyJI0 WIH TOJOXHMTEIbHA, TO B UeldYI 4acTh Bblfe-
asercs yncao uugp, Ha eaunully Sodbulee, YeM YHCIO €THHUL
XapaKTepUCTHKH (ecid NMOHaZoOMTCA, B KOHUE 4HCHA. MOWKHO
IIpUNHECaTh CKOJMbLKO HYXHO Hyaeil). Ecau xapaxTepscTuka or-
puuaTenbHa, TO nepex HaHACHHBLIM YHCAOM CTaBHTCH CTOJBKO
uy’aelf, CKOAbKO B XapakTeDHCTHKe elMHUL; CTOSwHUH ciaeBa
HYJAb OTAEAS€TCA OT OCTanbHOMl uvacty 3anartoi. Halnennoe
TAKUM 00PasoM UKCIO COOTBETCTBYET JaHHOMY Jaorapugmy.

MMpumep I. Haittu wuncno, norapupm xotoporo pabeH
2,732 (1. e. yucao 10732 ), OrbpacsiBaeM XapakTepuCTHKY #
GepeM mepBbie ABE uMPpsl MaHtHccH (73). B crpoke 73 orThi-
CKWBaeM 4Yuchao, crosuee B croabue 2. Haxomum 5395, Tak
K3aK XapaKTepHCTUKA 2 MOJOXKHTeNbHa, TO B LeJYK 4aCTb Bbl-
neasem 2+ 1=23 uudppsu. Vimeem 102732 =5395.

MNpumep 2. lano Ig x =3,2758. Haiitu x. Ot6pacuiBaem
XapakTepucTHKY. B crpoke 27 umiem uncjo, cTosiee B CT016-
ue 5. Haxognm 1884, Haxonum NONPABKY, COOTBETCTBYIOULYIQ
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nocnentedl uudppe 8 paspena <nompasxu». Haxomum 3. MMpu-
6aBiseM nONpaBKY K paHee HafizeHHomy uncay. [loayuaem
1884 4 3= 1887, llpuHumaeM BO BHUMaHWe XapaKTEPHCTHUKY.
Tak xak oHa OTpHUATEJLHA H COJEDKHT TPH, €NUHHUbI, TO
nepen uucaom 1887 craBum Tpu Hyas ¥ CTOAIUHS CaeBa Hy b
oTneaseM 3anaToil. Mmeem:

x=10,001887, . e. lg0,001887 == 32758,

3anuce:
1g x = 3,2758
275 188
8 + 38
2758 1887
x = 0,001887,
Mpumep 3.
Ig x=0,0817. Haiitu x
081 1205
7T 4+ 2
0817 1207
x = 1,207.

3ameuvanne [Ilpy orpickanwy gucaa no aorapuhmy
¢ neMombIo Tabauubl aHTUIOTapudMOB NMOMpaBKa BCEria npu-
6agastemest X nocgetell nuppe (a He npUDLUCHIBAETCA K Hell),

§ 70. Mpumepbl JorapupMHLESCHUX BhITHCIEHKA

lTpumep 1. Boiuncauts v = Vﬁ%ﬁ , e a=4,352,
b= 1,800,
1) Jlorapugpmnpyewm:
ab
S eTra
=lga+tlgb— 4 [Ig(a-+ b +1g (a— ).
2) Haxomum a0 n a— b:
a==4,352 a= 4,352

lgzz:lgVTab_T
a2 — b2

+ —
_b=13800 _ b=1800
“Ho=56,152 i—h=255
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1

3) Buuncasen cuavata lga-1gd, sarom 5 [l (a4 &)+

3

+1gle— o)
Ig a == lg 4,352 == 0,6387
Ig b = Ig 1,800 = 0,2553
g a + 1g 5 =20,8940

g (a + b):lff€1,1ﬁ2_078
lgla— b= g‘705‘2=04068

lg(at?) +1g (a— 6) = 1,1938
S g @+ ) +1g (a— b)) = 0,507

4) Haxogum 1g v n satem w

0,8940
© 05979

lg u=102961; u =1,977.

&

Mpumep 2. Buuucaurs P=pe ? | rue p=10,33,
£=0,00129, #~-=1000; e-— ocHOBaHHe HaTypaibHLIX Ja0ra-
pubMOB (e==2,7183).

D lgP::!gp—%h1ge—_—_—1gp——§hM, rie M=lg e=v

2= 0,4343 (Moayab necatHuHslx gorapudmos; cm. 1, 64).
2) Haxoauw Igp:

lgp = lg 10,33 =5 1,0141.

3) JlorapupmupyeM Bblpamenue %hM:

Ig ghM=1gk+1g/z+1gM—1gp.

4) Buluucasiem losyyeHHce Bolpawenue JorapudMa:

lg k=1g 000120 =3,1106
g h==1lg 1000 = 3,0000
lg M=1g 04313  =1,6378

pom. lg p=rnon. lg 10,33 =2,9859
1g % M = 37343

M ==0,05424,



s 71. COEAMHEHUR 251

5) Boluucasem 1g P(cm. n. 1) # satem P:

_ 1gp=1,014l
—f;/zM = 0,0542
1g P=10,9599, orxyna P=29,11¢.

§ 71. Coeanuenus

O6mny uMeHeM coedureritd npudsato 06o3nanath caeayio-
MHe TPU THNA KOMOHMHAIMA, COCTaBAAEMbIX M3 HEKOTOPOro
uucaa pa3AudHslx Meway coboft mpeametoB (371eMeHTOB).

1. epectaHoBKH. Bo3pMeMm m pasiuyHblX 3JIEMEHTOB
@y, Gy ..., @y OyneM TepecTaBAsATb 3TH BIEMEHTH BCEBO3-
MOHBIMH CIIOCOGAMH, OCTaBJAAs HEH3MEHHBLIM WX YMCIO U Me-
#aa avib MX Aopsajok. Kawnas M3 noayvuaomBxcs TakuM
o6paszonm koMOUHaIMil (B TOM uHCIe M MepBOHayajibHas) HOCHT
nazpaune nepecmanosxy. OOLlee  YHCAO NEPECTAHOBOK U3
m sxeMchTOB oBo3Havaetca Pp,. JTO YHCAO PaBHO TpoU3Be-
JIeHiHI0 BCeX uedanlX yHcen ot | (mau, 4yro TO #e, OT 2) 0o m
BK.IOUATENbHO:

P,=1.2.3...(m—1)m=ml (1)

Cumson m! (uutaetca: «3m daxmopuas») ecTb COKpauleHHOe
o6o3nauenue npoussenenus 1-2-3...(m—1)m.

I pumep [ HaltTu yuciao nepecTaHOBOK H3 TPeX 31eMeH-
ToB a, b, c. Imcem Py=1.2.3=6. [leficTBure/ibHO, UMeeM
6 nepecranoBok:

1) abe; 2) ach; 3) bac; 4) bea; 5y cab; 6) cha.

[Tpumep 2. CkornkHMHU cIOcOGaMH MOXHO PacipeaeluTh
nATh TOMMHOCTEH MCXAY NATHIO 1MLAMH, U30paHIbIMU B Mpe-
3HIMYM cllopTHBHOro obmectTsa? Ecian cocTaBUTh B HEKOTOPOM
NOpsiiAKe CHHCOK JOMMNHOCTEel W NPOTHUB Kawaoil AOMKHOCTH
nHcaTh GaMUIHI KaHIMIATOB, TO KaKAOMY PaclpeicicHUIo
oTBeyacT HeKoTopas «iepecTaHoBKa». Obfuiee uucio 3THX
nepecranoBok Py=1-2.3-4.5=120.

3amewanne llpu m=1 B Beipaxeuun 1.-2-3...m
octaetcs oo yucao 1. [Mostomy npunumaercs (B xayectse
onpejeaennsn), yro 11 ==1. llpn m =0 poipawenue 1-2-3...m
BoBce AuuiaeTcA cMbicaa. OnHako npuHuMaertcs (B KayecTse
onpenenenns), 410 O'=1. Huxe (n. 3) BhiacHAeTcA OCHO~
B3HHC IS 5TOrO COoraaliesus,
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2. Pasmenienss. ByneM COCTaRAATL M3 M PAZTHUHBIX d/1e-
MCHTOB I'pYOOB 110 72 3IEMEHTOB B KawIOH, pacnoJaras B3s-
ThiC 71 3TEMEHTOB B DPasauunoM nopsixe. floxydaromuecs npy
3TOM KOMOHHAUUN HAa3bIBAIOTCH pa3MeUeHIISIMU H3 1M 31EMEHTOB.
o n, Obuwee uyucao pasMeileHuil U3 m 3JCMEHTOB 1O 7
oBozwauactes A%, ITO YUCHO PaBHO UPOHIBELCHUIO 1 NOCHCI0-

BATEALHBIX JIEJBX WUCCA, H3 KOTOPhIX HauGoablliee PaBHO m:
n ¢
Ap=m(@m—1)(m—2)...[m—(n—1)) (2)

Mpumep l. Halitw uncao pasmewmennit u3 vernpex
sacmentos abed mwo nmea. Mmcem: A3=4.3=12; 31u pas-
MCULCHUS Chaeyloume:

ab, ba, ac, ca, ad, da, be, cb, bd, db, cd, de.

[Tpumep 2. B opeanauy™m cobpanust usGpaibl BOCEMDL
yeaosek. CKOAbKUMH cnocoGaMu OHH MOLYT PacupencaiTsb
Mmexwy co6oi 06s3aHHOCTH HpeNCcefaTens, CeKperaps U cyer-
yiKa? .MickoMoe YHCIO ecTb yucao pasMeuieduil uz 8 snemen-
T0B 110 3; A2=8.7.6=2336.

3amMevanue [lepecTanoBKH MOMHO CYUHTaTh YaCTHbLIM
cayyaeM pasMemleHuit (HMEHHO DasMElU{CHHAMU H3 M 3JICMCH-
TOB f10 m).

3. Covetanun. V3 m pasnanunnix snemeHToB Oyjem cocras-
I4Th [Pynnst 1O £ 3JEMEHTOB B Kawjol, He oGpamlas BHU-
MaHMs Ha NoPajoK 3iemeHroB B rpyiue. Honyvaomuecs npu
3TOM KOMGHMHAIMH Ha3bIBAIOTCH COYCMAHUSMU U3 M 3JeMeH-
TOB MO 1.

Obuiee uuCiaO pasIMYHHIX Mexay coboil coueranuil 060-
suayaetcs Ch. DTO UHCHO (OHO, KOHEUHO, Hejl0e) MOWHO

npeactasuts dopmynoit!) (cp. m. 1)
P, m!
= o = . &)
P,Py_,  nl(n— n)
B xavecTse onpeneacHus npnnumaercs, yro C% =1 {310
3nayenne nonyyaercsa u3 (3)}
|

al(m—n)!
my_( m n__,m—n
QueBuaHO, YTO (n )—<m—-n>' T. e. Cp,=Ch L

;

m
BuipaxeHue yacTo 0603HAYAOT COKPALLLHHO (n ) .

1) M3 m 31cMeHTOB MOMHO COCTaBUTb TOABKO OAHO COYeTaHue, Coiep-
aiee BCe M 5J4EMCHTOB, TaK 4YTO Cﬁ: L. ®opuyaa (3) naet 310 BHAYC-
1HE TOABKO B TOM cayuag, ¢Can uphusip 0! 33 ),
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I BoluucHeHuit 4acro ynobHee NONbL30BATHCA APYTUMH
BHIPAKEHUAMH YHCITA COYETAHHH, UMEHHO

An
=" —mim-1),..|m—@n—1)]
m~ P, 1.2,..n
HIH
Am-n
C* = m _mm—=Nh,...(n+1
LN 1.2, . (m—ny
Mpumep 1. HailTh BCE COYETAHHA H3 OATH ACMCHTOB
4 5-4.3
abede no tpu. Mnees: Ci =55 = [0; stu gecars coue-

TaHuil caenywomue:
abe, abd, abe, acd, ace, ade, bed, bee, bde, cde.

ITpumep 2. M3 BoCbMYM 11aMeUeHHBIX KAHIHLATOB HYWKHO
u36paTh Tpex cueTuynkoB. CKOJBKUMH CMOCOGAMH MOKHO 3TO
cpenats? Tak Kak 06A3aHHOCTH KaXJOro CYETYHKA OIMHAKOBbI,
TO B OTJHUMe OT,MpuMepa 2 MpeAblAyilero NyHKTa Mbl HMEEM
He pasmelleHus, a coueraHusa. MckoMmoc 4ucCio ecTh

8.7-6

Kpome paccMmoTpeHHbX Bhle kOMOWHauuil, B MaTeMaTHKe
paccMarpuBaeTcs MHoro Apyrux. OnuuMm u3 HauGonee Baw-
#HbIX THIIOB KOMOHHAUUIT ABASIOTCA NEPecmano8Kl ¢ NOSMOP S0~
wumMucs IreMeHmMaMYU, ONPEXeNAeMble CIeNyOIMM 06pa3oM.
BoabMeM m sieMeqTOB, Cpeiy KOTODbIX HMEETCA My OJMHAKO-
BbIX MeX1y co60il 94eMEHTOB MEpBOro poia, My ONMHAKOBBHIX
Mewiy co0o#l 3/eMeHTOB BTOpPOro poxa W T. A. Byrem mepe-
CTaBAATL UX BCEBO3MOMHBIME crnocoGamu. [lonyvawmuecs
KOMOMHAUHU HOCAT HA3BAHUE NepecinaHo80K ¢ nO8MOopaIouiU-~
Mucst temermamu. Hucio pasiuuyHbix Meway coGoil nepe-
CTAHOBOK C NOBTOPAIOMMMHUCH dIeMEHTaMH PaBHO

P
P W ™
mymy T mp m,lmgl...mk!

(my 4 ms 4 ...-+ mp=m; k— uucno pomros).

Mpumep l. Haiite uncao pasnuuHux mepecTaHoBox ¢ Mo-
BTOPAIONIMMUCA 9NeMeHTaMu U3 OykB aaabbee. TlepecraBasna
nepBylo GykBY Ha MecTO BTOpO#f, a BTOpPYIO Ha MeCTO NMepBOH,
Mbl He mojayuuM HoBOH KomMGuHauuu. Touno Tak ue, MeHsR
MecTaMil YeTBEPTYI0 K HATYI0 GYKBH W B ueXOM paAjge ApYrux
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Clyuaes, Mb HOBbIX KOMOuHamn#t se nonyuaem. Ho xombu-
Hauil abaabee, caabeh u paa npyrux — Hoseie. B 3ToM npu-
Mepe my =3, my=2, my=2; m=m; 4+ ms + my==7. Ynucio
Pa3AUYHLIX MeXay coGol NepecTaHOBOK PaBHO

T 2.3.4.5.6.7

_____-.____..‘__ 2
3o 2.3.2.2 =210.

[Tpumep 2. Hailtw uncao pasanuydblX Mexay coGofl
nepecTaHoBOK M3 3HakoB -+ - -4 - — — —_ 3nech m; =

T ;
= 5

/13 nocaenHero npumepa xerko Buierb, YTO YUCIO HepecTa-
HOBOK H3 1 2J1€MEHTOE, CPeNH KOTOpPbLIX IIOBTODAIOTCH M 37e-
MEHTOB MIEPBOIO H I3 31EMEHTOB BIOPOrO POJA, PABHO YHCTY
COUETAHHil W2 M 2IeMCHTOB 10 My MM THCAY COuYCTaHHI M3
m 3IEMEHTOB no my. [eficTBurenbHo, KaWJOf flepecTaHOBKe
COOTBETCTBYeT OAHH H TOIBKO OAMH NOX60OP HOMEDOB MecCT,
Ha KOTOpHIX cTosiT 3Hakd . Tak, B nepecranoske 4+ -~ —
wm 4 — -+ 3H2KH -+ crodr Ha 1, 2, 5 u 7 MmecTe, TAK 4TO
efi coorerctByer coyeraume I, 2, 5, 7. 3Hauur, uepecraHo-
BOK CTOJBKO e, CKOJbKO PasiHYHLIX COYETaHuil M3 CEMH HO-
MEpoB MO ueThbipe.

my=23;, m==m; + my;==7. Wcxomoe unucio passo

§ 72. Bunom HblotoHa

Bunomos Heiomona Ha3biBaioT GopMyny, MpeicTaBAAIOLLYIO
seipamenue (@ 4 b)* Mpu 11eJ0M  [OJOWKHTEIbHOM 1 B BUie
MHorounxexa '),

Ynomanyras (opMyda s UEJIOr0 MOAOWKUTEALHOTO 12
nMeeT BUA

ot o+ ()t () +
+(G) a0t At (2 )ao (1)

1) Hassanue 3TO BXBOfiHe HeNpaBANbHO, TaK Kax, BO-NePBLIX, (@ -4- b))
He eCTb Outom (<OuHOM» 03HA4YaeT <ABYY/JeH»), BO-BTOPBIX, DR3JOKeHHE
(@ 4+ 57 228 geabIX NONOKHTERBHLIX N Ohiao u3BecTHo M G0 HbloToHa,
HbloTOHY Ke npuualIexut cMmesas ¥ HeoGbIYaAHO [/10OTBOPHAN MhLICAH
PacnpoCTPaHnTL 3TO PA3NOMEHHE Ha CAYHAl 1 OTPULATEABHOTO W EpodHero.
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LLy, 9I0 10 We (Cp. c1p, 252),
@+ =0+ e b+
+ e e L ()
Ana puunciaeHudl ynoGHee Bcero opmyna
(a4 br=a"+ na"tp-+ = a'ih?

1 ’-‘—‘”—"%‘—” @ L b (3)

ie

n—l)

ab? + o =

MDpumep 1. (a+ b)P=a®- 3a%b 4
e= a3 + 3a%b - 3ab® + b*.

Mpumep 2. (1 +x)¥=1+46x-4 1512+ 20x3 - 15x4 4
- 6x% 4 xS,

Yacna |, n, M‘T;” , "m‘i'_'z)f';_ M T. I. Ha3wBawTCx
GrunoMUArbHbOMY KO3PPuyneamany. VIX MOXHO [0xywutb,
103b3YACh TOABKO CAOMCHHON, CACAYIOWUM 06pasoM. B Bepx-
Heil CTPOKE MUIIYTCH ABe ejuaulinl. Bee CciielYiomHe CTpOKH
HAUMHAIOTCH U KoOHuawoTca enuuunei. [IpoMexyrouHsie e
YlCaa NOAYYaAIOTCH CAOMEHUeM COCeNHHX YuCea BhllecTosuel
crpoku. Tak, yncao 2 Bo BTOPOH CTpPOKe NCiayyaerca Crowme-
HHEM ABYX €AHHMI 1€DBOH CTPOKHM; TPETbA CTPOKA MOAYuaercs
n3 sropol: 1 4 2=3; 24 [ =3; ueisepTas noayyaercs us
tpetpeil: 1 +3=4; 3+ 3=6; d+l_4 u 1. I Yucaa,
cTosumde B OJHOH CTPOKe, ARAAOTCA GHHOMHANbHLIMU KOSC]:)-
¢dunuenTaMn cooTBeTcTBYwUel crenedd. [TpuBefeHHan 3pgech
cXeMa HasblBaeTcs mpey2orvhuxkom [lackarsis

4 6
I 5 10 10 5 1
1 6 15 20 15 6

f—

—_—

1) Coo6pazso ¢ TUM 10JaraloT (6’) = (Z): 1, a Taxxe 0! =1 (cm, 3a-

Meuanre Ha crp. 251), [1pu sToM corsamenny nepsOMY W NOCAeAHEMY YACHAM
PARIOWCHUS MOKHO NpUAATh TOT Ke BHE, 49TO ¥ OCTAABHbLIM,
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Bunom HpoToHa 14 Tpo6HLX H OTPHUATC S I
HBLX NOKa3aTeaeh

IMycrts umeem Boipawenue (a -+ b)?, rie n— Apodroe il
oTpullareabHoe. yucao. Ilycrs ja| > | &) llpeacrasum (a - b)*
B Bune a"(l -4 x)% Beanunna X=_ abconoTHOE ee 3Ha-

YeHHe MeHblle eaMuuus. Buipawenue (1 4 x)® MOXKHO BoiyHC-
JHTD € M0G0 CTENeHbIO TOYHOCTH 110 (opmyde (3).
|

Hpumepl.m=(l+x)“. 3nech n=—1.
ngn—1) __(=h-(=2_,, amp—Hua—3 _
Tak xax T = s — =1 53 =
N et R et R ek

123 —1 w1t n, 10 umeem (I 4 x)'=
=1—-x4x?—x¥4xt—...

Yucao uaeHOB npaBofi yacTh GeCKOHEYHO BEAMKO, HO ODH
|x{<<1 cymma 4jleHOB NMPH HEOrpaHUYEHHOM BO3PACTAHHM HX
uncna  CTPEMHTCA K Qpenety o— (BolpaxkeHnse, crosamec
B npaBofl yactH, ecnn |x | << 1, ecth Geckoneunan yGuiBaiomias
reoMeTpuyeckas mnporpeccus).

Mpumep 2. Buuucaure 1,06 ¢ Touynoctsio 10 naTOrO
JeCATHYHOrO 3HaKa.
1

Mpencrasasem }/ 1,06 B Brge (1 —{—0,06); N NpHMeCHAEM
Gopuyay (3):

i 1
4 - 1
A +006)° =) +§.o,os+_2_~,<__22—l . 0,062 +

+iﬂi‘l. 0,068 + ... =

1.2.3
=1+ 0,03 — 0,00045 - 0,0000135 — ...

Cuenyolide YleHb HE BAHKIOT HA NEPBhIE {IATh 3HAKOB.
{Toatomy, cCyMMUpys BbHIMHCaHHble YETEPE CHATAEMbIX, HMEeM:

V1,06 = 1,02956.

[Tpumep 3. Halitu narb 3Havawux pudp uucia 1/736

Bauxatimumit x 130 ky6 nesoro yucaa ecth 125=25%. llpen-
9

craensem V130 8 Buge (125 4 5)'/8 = 125"2 (1 4-0,04)"/ ==

=5 (1 4+ 0,04)"/3. Butyucaenne Beles HA CeMb 3HAKOB (YUHTbi-
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£94, 4TO MOTPEUIHOCTh HAKOMAAGTCA UPH CHOMEHMM B SaTeM
y3eanyusaeTcs B 5 paa):

1 1 % (';T - l)
(14004 s =14 5 + 004+ 0L 004+
1yl !

2 (=—1) (-2
313 3
+,(_|_2(3_,_l L0048 4., =

=1 4 0,0133333 — 0,0001778 4 0,0000040 — ... ==1,0131595.

Ot6poureHnble claraeMple Ha CelbMOil 3HaK He Bauaior. Haxo-
M 5 - 1,0131595 == 5,0657975. C TOYHOCTBLIO A0 MATOrO 3HaKa
uMeeM i/130=5,06580. Bonee touHOoe BmuucieHue (¢ yue-
TOM caepymwiero ciaraemoro) pact 50657970, rpe Bce 3Haku
BEPHbI.

JTUM OpHEeMOM MOXKHO M3BIeXaTb KOpHH NOGHIX cTemeHei
U3 (pou3BOibHLIX YHced Haubouxee OBICTPHIM U TOYHLIM CRHO-
cobom.

O6o6umennan popmyanadunoma HeoTona

n!

‘ ) n—\ — pnigfts n
{(ay+aes+ a3+ ... +agp) an!'l-zf..-nkgallaz'"'akk
(n — ucaoe NOJOKHUTENLHOE YUCAO).

CumBog Y, 034ayaetr, 4T0 HYXHO B3ATb CYMMY BCEBO3MONK-
HEIX ¢/araeM blXx BHIA

n!

M aman:...an
el GanE . 0y

rie n-ecTb JaHHbI{l TOKa3aTeNdb CTENEHH, a Ny, Mgy .euy Mp—
HPOM3BOALHBIE Uedble YHCHA HAX HYJAH, CyMMa KOTOpBIX
paBua n. Yucao 0! npunumaemcs pasuoim 1.

MTpusmenp.
(a+b-{—c+d)3=z——3!——a"1b”20"3d"4;

nylnglnging!

YHCAO 71==23 MOXHO NpeICTaBUTb B BHIe CyMMsl k=4 Henblx
cllaraeMblx CAexylouHUMn cnocobamu:

3=34+04040,

3=2+14040,

3=1+41+4+1+40.
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Coo6pasno ¢ sTuM GyneM HMETh:

(a+b+ct+dP=

= sroror (70700 + a%h%cd® + aB0ed® -+ adBPeodt®) -

+ srrig (820000 + @b 4 a*Bed® 4 abHd® - ...) 4
+ 1o, (@bed® 4 abeod 4 ab'ed 4 abed) =

== a3+ b+ ¢ 4 d® + 3 (a%h + ab® - a%¢ 4 ac® + a%d -
+ ad? 4 b + be? + 0°d 4 bd® -+ c2d + ed?) -
4 6 (abc + abd +- aed + bed),

CsofictBaxosppununento 6uHoma HewroHa

1. Kosthduuments uaeHoB, paBHOYJAJMEHHBIX OT KOHUOB
pas3joxennd, OKHHaKOBbI.
Hanprsep, B pasiowenun

(a -+ b)s ==
=a% -+ 6a°0 - 15a%h* 4- 20a3h° |- 15a°4* 4 Bab® + b®
Ko3(h}uIllIeHTH BTOPOro ¥ MPEANOCAeNHEro YAeHOB paBHu 6;
K03(GUUNEHTH TpeTbero OT Hayafa M TpeTbero OT KOHUA
pasHu 15.
2. Cymma xosthpruuenTos pasnoxenus (a-}b)? pasxa 27
HanpuMep, B npcailecTByIOUIEM Pas3szOXeHUH

146415204+ 15464 1 =64==22,

3. CymMa K03G(UUNEHTOB YZEHOB, CTOAUNX Ha HeuyeTHHX
MecTax, paBHa cymMe K03} UUHEHTOB 4iaeHOB, CTOAUHX Ha
yeTHoIX MecTax. Kawpas u3 Hux cocrasiser 2771 Hanpumep,
B pa3ioxeHHn (e b5)® cymma kospduuuenros l-ro, 3-ro,
5-ro n 7-ro uleHoB paBHA cymme kKo3dduunentos 2-ro, 4-ro
# 6-ro yxeHos:

14+ 154154 1=6 4 20 4+ 6 ==32=2,



IV. TEOMETPHA
A. TEOMETPWUYECKHWE NOCTPOEHUA

1. Yepes dannyio mouxy C nposecmu npamyw, nepan-
ALAbHYIO DaHHOL rpsmol AB.

[IpoM3BOABLHBLIM DPAcTBOPOM UXDKYAs MPOBOAUM OKPYK-
HOCTDb (puc. 22) ¢ uentpom C Tak, 4Tobnl OHa mepecekaa AB.
Tewm e pacTBUPOM LHURKY/AA OT ONHOH H3 TOYEK NepeceyeHus
M orknaspizaem Ha AB e aw6yn ee cTopoHy orpesok MN.
CHoRa TeM We pacTBOPOM 3aceKaeM u3 ToYkd N ayry ab.
Touxky P nepeceuenns iyru ab ¢ OXPYKHOCTBIO COeAMHAEM
¢ dauHolt touxoil €. PC — uckoMan npamas.

2. Pazdeaums Oanrptii ompezox AB nonoasam.

W3 xouuos orpeska A u B (puc. 23) OZHHM U TeM Ke
1pou3BoaAbHEIM (GOabLIMM [ AB) pacTBOpOM UHPKYAA OMH-

coiBaem ase nyru, Touku ux nepecevyenns C u D coenunseM
npaxoil. Touxa nepecevenus O npampix AB u CD ectb cepe-
nuHa otpedka AB.

3. Pasdesumos Oawnviii ompe3ok AB wua Oaxroe Hucio
pasxbLx Hacmed.

Mposonum (puc. 24) npamyio ab, napaaseabnyio AD; da
Hefl OTKJaJbIB2EM PaBHbiE OTPE3KH MPON3BOJbHON JUIMHL B
HYXHOM uHCie, HalpuMmep, ak ==kl =Im =t mn==nb. llpcso-
aum mpsMble Aa, Bb. B niepecevemud ux Haxoiumm Touky O.
llposoaum npsmste Ok, Of, Om, On. I1n npaAMbie LepeceKyT
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AB B Toukax K, L, M, N, neasuux. AB Ha HyXHOe uucio
(B HaweM npuMepe Ha 5) PaBHHX yacTefl.

4. Pazdeaums OarHbI Ompe30K Ha 4acmu, Nnponopyuo-
HOALHBIE QQHHBLA BEAUHUHAM.

Peinaercs, Kak Npefbl1ymias 3a1a%a, TOAbKO Ha ab OTHaa-
JBIBAIOTCA OTPE3KH, NMPONOPUMOHAIbHLIE NAHHLIM BeIHUYHHAM,

5. Bocemagums nepnexduxyanp x npaxoid MN 8 Oawnoii
ee moyke A.

Base npoussoasHyo 10uky O BHe AayHofi npamoli (puc. 25),
HPOBOAMM M3 Hee OKpyXHoctb paguycom OA. Yepes Bropyio
TOUKY B nepeceyenna OKpyXHoOCTH ¢ npsmoii MN npososux
nuamerp BO; xoen anamerpa C coezuusienm ¢ A; CA - vcko-
Mbill ePREeHIUKYAsp.

© 3107 Ccnocob ocoGeHHO IPUTONEH TOrJa, KOrAd TOUKa A je-
Ut 6.1u3K0 ¥ Kpaw ueprewnoro aucra. Croco6 penieHus cie-
nylouwell 3aiauy (nepeuiit) o6aafaeT TEM Ke 1PCHMYULECTBOM.

N
\

AT
RV
P ;

f NS
Y \ J
g —“"f,f\—\j::ﬁ[;;—mw

Puc, 25. Pue, 26,

6. Onycmums nepnenduxyasp us Oanwoli mosxu C wa
npamyio MN.

M3 touxn C 1popogdM NPOM3BOALHYI Hakionuyw OB
{puc. 26); naxonum ee cepeduny O (cMm. 1L 2) M B3 HCE ODK-
coiBaeM OXpywHocTb pamuycom OB. Ok~
pyWHoCTh mepecexkact MN ewe 8 Touke A,
ITposena AC, noayuyum uckomsil nepneH-

—ipe 7= JHKVJIAD.
AN S B cayuae, koraa touxa C jexnT 6aus-
I Nl KO0 K upaMofi MN, 3T0T cnocol MoXeT 1aTh
a | . 6oabIWIYI0  MOrPewHoCTL, forha ayuume
»\‘:\5 N0Ab30BATLCA  CHAEAYIOUIUM [OCTPOCHHEM.
1 Us toukn C, xax u3 ueutpa (puc. 27),
/ nposoiaum ayry DE, nepecexawomyio MN
Puc. 27. B teuxkax D, E. V3 towex D, E, kak u3

UEHTPOE, NPOBOAMM OALUM M TEM XK pa-
Juycom aBe ayin cd, ab, ncpecekawomueca B rouke F, [Ipo-
el FC, noAy4YduM HCKOMbIH NepluesIHKyasp,
1. [pu dannoii sepuiune K u ayse KM nocinpounie. y204,
pasuall dannomy yzay ABC.
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W3 sepmmunn B onucsiaeM Iyry PQ mnpoussoabHoro
panyca (puc. 28). Tem xe pacTBOPOM UMPKYJA ONHCHIBaEeM
u3 nenrpa K ayry pq. V13 Toukn p 3acexaeM xyry ¢3 paamy-
conM, pasHbiM PQ. Touky ¢ nepecevenns
ayr pq n o3 coenungem ¢ K. Yroa
gKM — uckombiil,

8. Hocmpoums yeaw 60° u 30°

W3 xonmuos A u B (puc. 29) npous-
BONBHOTO OTpC3Ka AB ouxcbiBaeM pajiny-
.com AB ase nyru. Toukm uX nepeceye-
aas C w D coenudsem npamofl, Koropas
nepeceyer orpesok ABsero cepenuse O.
Touky A coeinnsem mpsmolt ¢ Toukoit C.

L CAQ="60°, £ ACO= 30". plE L 4y
9. fTocmpoump yzon 45, 4
Ha croponax mnpamoro yraa BAC Puc. 28.

{puc. 30) oTHaagbiBaeM paBHble OTPE3KH
AB v AC u coepunsieM xouus ux npamofi CB. [llpamaa BC
obpasyer ¢ AC n AB yraws no 45°.

10. Pasdeaums darnuii yeon BAC nonosar.

A Via Bepummsm A 1pOBOIUM nyr§ DE
ri npou3BoibHEM  panuycom (puc. 3l). Has
SO touex D uw E ee nepeceuenus €o CTopo-
/, \\
! A}
l‘ \‘ 5
h—A—5
I/
\ /
\\ /,
\\\ ,I’
S A A
e
Puc. 29, Puc, 30,

HaMx AB u AC onuchiBaeM  fpPOU3BOIDHBIMU  PaBHLI Mit
pannycamu (ynoOGHee BCEro MPEeXHHUM pPacTBOPOM WHPKYaA)
nyru ab, cd. Touxky HX nepeceyeHuss co-
Eb’ ennnaeM ¢ .A; noaydenHas npamas AF ge-

P 7N aut yroa BAC nomoaam.
7 ,rg 11. Pasdesrums danuwiit yzon BAC Ha

mpu pasHse wacmu.

[pocrolt amHefikof W UMPKYyJAeM Toy-
Puc, 82, HO BbLUIOAHHTbL 9TO HOCTPOEHHE Heabad,
C noMoumbio UHPKYAS B MeueHOH JAHHEHKH
(HampuMep, CaHTUMETPOBGH) MOCTPOeHHE MOKHO BLUIOJIHUTD
Tak (puc. 32): mpomssoabHsiM pagiycoM AC omHchBaeM u3
ToukH A okpyxHoctb. [lponoaxaem AC 32 touky A. Kaa-
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ReM MeveHyw auHefiky Tak, uToSH oua Opoxopmna uyepes B
W BpamlaeM ee BoXpYr B 1o rtex nop, noka orpe3ck ED
MeXIY OKPYXHOCTBIO il IpaMoii AK He CTaHET PaBHLIM panuycy
AC. Torna yroa EDF ectb Tpets yraa BAC.

12. Yepe3 dse dannve mouku A u B nposecmu oxpyoic-
Hocmb OQHHBLM pAOUYCOM T,

W3 touex A w B (puc. 33) nposoauM, ayrd ab u cd pa-
nuycoM r. Touka UX nepeceueHna ecTb UEHTP KCKOMOH OK=
PYKHOCTH.

13. Yepez mpu Oanuvie mouxn A, B, C (ne nedxncaue
Ka OOHOI npsiMOli) NpOBecmMU OKPYHCHOCID.

Tlposoaum repneHaukyaspst £0 u KL (puc. 34) x orpes-
KaM AC u BC uepe3 ux cepeaunnt {cM. 1. 2). Touxa nepe-
CeYyerHusa 9THX nepreHAUWKYAdpoB () eCTb LEHTp HCKOMOH
OKPY¥HOCTH.

Puec, 33, Puc. 34, Puc, 35,

14. Haiimu yeump Gannoi 0yeu oxpyscrocmiL.

Ha paunofi nyre subupaeM Tpu ToYKH (10 BOIMOXHOCTH
NaneKo OTCTOALIWE [IpPYyP OT apyra). 3aTeM mnocrynaem, Kax
B npenbayuieit 3anaye.

15. Paadeaums nonosam 0axuyio 0y2y OKpysicrocmu.

Konubl pyrn coenunsem xopnoft, [lpoBoinMm nepnesmuky-
asp uepes cepeiuHy xopinl (cM. m. 2). OH pasgeaur nayry
(1 xopny) nomoaam.

16. Haiimu zeomempudeckoe Mecmo mo4ek, U3 KOMOPuX
Oanneii ompesox AR sulex nod Oawswvm yesox .

Hckomoe mecro mpeacraBaser coGoff ABe NYyrM paBHBIX
OKPYXKHOCTEH, omupalommecas KoHuaMu B Toukn A H B
(puc. 35). (Camy Toyku A u B He npuHaniexaT K reOMETpH-
yeckoMy MecTy.) LleHTpnl 3THX Ayr HaXoHATCA TaK: HPOBOAUM
nepnenavkyaspsl AD ¥ BK B xoHuax orpeska AB (cm. m. 5).
CrpouM yroa KBL==a. B nepeceuenun BL u AD Haxomum
Touky C. Cepemuna O otpesxa BC ecib ueHtp opsofl u3 uc-
koMblx aAyr. Jpyras pyra cTpouTCca TaKk xe,
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17. MMposecmu  wepe3d OJeHHYIO MOYKY A KGcamesvHy
K OaHKOU OKpydHCHOCMUL. .

Ecan Touka A aewutr Ha okpywHoctd (puc. 36), crpoum
BAC nepnenpukyasapro k panuycy OA (cy. i 5); CB —ucko-
Mas KacartegbHasn.

Ecan A newur sue kpyra (puc. 37), acany AQ nonoaam
(cM. 1. 2) u 13 cepemine B mposoaus pauiveom BO nyry CD.

8
e'//—\
‘/\ﬂ a »
/! A
A
Puc, 36.

Touxku D u C coeaunsem npsambiMit ¢ A. Hpamsie AD n AC —
HCKGMBIC KacaTenbHsle.

18..TIposecine & OanHbiaL 08YM OKPYICHOCHIAM OOUMIO
BHEUIHIOW KACEMEeAbHYIO.

a) Ecan pazuycsl  masHBIX oKpywxHocTell PaBHbI MeEM1y
cofoit, 3axaya Bcerna nMMeer Asa peunienus (puc. 38). Yepes
ueHipst A u B nposoaum anaserpsl KK, u LL,, nepneriu-
KyaapHHe K auHud ueHtpoB AB. llposeas KL u KyL,, umeem
HCKOMBIC pCINEHUS.

6) Ilycrp pamsychl RaHHBIX OKpywHOCTeil He PaBHb:
R >r; u3 nenrpa 60JbIIOIO KPYFa MPOBOAKHM OKPYWHOCTH

N[
AN

i Ly 7y
Puc, 38. Pue, 39,

il

~

panuycom AC=R—r (puc. 39). K neit nposomxum Kaca-
teabHyi0 BC u3 weHrpa B Mervumero kpyra (n. 17). Lentp A
coequuAerM ¢ Toukoit kacanust C npamoit. [lpogomkaem ee
W noayvuaem Ha Goasuleft oKpywHoctH TouKy D. llposoaum
BE nepnenawxyaspio x BC no uepeceueHis B Touke £
¢ MeHbiuelt okpyxuoctsio. Touykn D n E cocinuaem. Tlps-
Man DFE —nckoMan gacatedbHad., 3agaya JAONyckaeT JiBa pe-
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wenns (DE n DyE,), ecan MeHbIIul KPYr He JEXKHT LEIUKOM
sHyTpy Goabwmero. Ecan mMenbmnil Kpyr HeJHKOM ACXHT BHY-
Tpu Goabwero (puc. 40), 3amaua He umeeT pemeHnii. B npo-
MEXYTOYHOM CAyYae, KOFXAa OKPYKHOCTH HMEIOT BHYTpPeHHee

L
© at
K

Pue, 40, Puc, 41,

Kacande (puc. 41), 3agaua muMeeT OJIHO pelileHHe: Yepe3 TOYKY
BHYTpeHHero Kacauua M nposoaum KL | AM.

19. Tlposecmu x 08YyM OaHHBLM OKPYIHCHOCTAM OO0
SHYMPEHHIOO KACAmMeAbHYIO. ‘

3anaua He UMeeT pelIeHNSA, eCJH OAMH U3 KPYrOB IEWKHT
BHYTPH JPYrOro, a Take ecii JaHHble KPYrH Mepecekaiorcs,
B cnyuae BHeuinero xacaHua (puc. 42) 3agaua UMeeT OJHO
pemenne: yepe3 1ouky M npoBoaum KL | AF.

B ogcTanbHLIX ciyuasx uMeem gBa peumleHusn (DE u D E,,
puc, 43). M3 unentpa A npOBORMM OKPYXHOCTb DAZHyCOMm,

L
g

Puc. 42,

PABHHM CyMMe PaXuyCOB NAHHHIX OKpYyxkHocTelt, M3 nenrpa B
TpoBOAHM KacaTeabHylo BC K NOCTPOCHHOH OKDYXHOCTH
(m. 17.) Toyxy xacanus C u uentp Acoenunsem npamot AGC;
uociefHAsA mepecedeT OKpPYyxHoctb (A) B tTouke D. Vi3 B
nposoaum paxuyc BE | BC. Konen ero E coexnnsem c D;
ED —uckoMan xacaresnbHad. Tak ke crpoutcs # apyras
kacaTteabHas ED;.

20. Onucams oxpYHCHOCMb OKOAO OGHHO20 mpeEy2oAb-
Huxa ABC.

Yepes sepuunsl A, B, C npoBOAUM OKPYXHOCTb (cM, 1. 13).
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21, Bnucamb oxpyscuocms 8 Oannwil mpeyeoasnux ABC.

HeanM- ponoJaM gBa yriaa TpeyroiabHuka (puc. 44), Ha-
npuMep A n C (cm. 1. 10). Y3 Toukn O mepeceyenusn Guc-
cextpuc nposomum OD | AC (cm. n. 6). Paguycom OD onu-
CbiBaeM HCKOMYI0 OKPYIKHOCTb,

22. Onucamp OKPYNCHOCHb OKOAO OGHHOZ20 NpPAMOYZOAb-
Htixa (usu xeadpama) ABCD.

Mposonum amaronarn BD wn AC (puc. 45). U3 toukn O
HX 1epeceyeHHs MPOBOAHM OKPYIKHOCTb paauvcom OA.

g
P AA c A D
Puc. 44, Puc. 45,

Ox0/0 KOCOYrOAbHOrO MapaalenorpaMMa ONHCATb OKPYX-
HOCTh Heab3s, :

23. Bnucame oxpyxcrnocmb 8 pomd (uau xeadpam) ABCD.

M3 rouxn O nepeceuenun anaroHateit nposogum OF | AB
(puc. 46). OxpyxHocts ¢ ueHtpoM O u pasuycom OF — uc-
KOMas.

B HepaBHOCTOPOHHHII NapanieiorpaMM BIHCATHL OKPYIKHOCTD
Heib3s,

24. Onucamp OKpyscHOCMb OKOAO OAHKOZO npaBULLHG20
MHO20Y20AbHUKA.

Ecan uuciao cTopoH YetHo (puc. 47), coefuHneM NPAMbIMU
AB w CD ppe no6ue maps HPOTHBONOJOXHuIX Bepuiud. W3

Puc. 46. Puc. 47, Puc, 48,

TOYKH HX mepecevyenua O paauycom Q(OA ollHCHIBaEM OKpPYX-
HOCTb.

Ecay unciao cropon unevetHo {puc. 48), onyckaem u3 nByx
mo6bix BepiuuH K u M nepnenaukyaspst KL w MN Ha npo-
THBONOJOWHbE €TO)OHb., V3 Toukn wux Repecevenus O pa-
nuycom OK onucbiBaeM OKPYXHOCTb.
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25. Bnucams oxpyscrocmb 8 OGHHBI NpasuAbHbill MHO20-
Y20AbHUK.

Hestp OKpymHOCTH HaxoIHTCA, KaK B Apensliyumiei 3afauve,
W3 nenrpa onyckaem nepliegaukynsap ON Ha OAHY U3 CTOPOH
(puc. 47). Pazuycom ON (uan OL, puc. 48) onucsiBaem
OKPYKHOCTb,

26, [ocmpoums  mpey2cabHUK no mpem CcHOPOHAM
a, buec . ’

[lycrp HauGodpuiylo IauHY wuMeeT OTpe3ok a. Ecau
a << b+ ¢, TO HICKOMbIH TPEYTrOABHUK MOKHO NOCTPOUTH Tak:
orkaajeiBaeM orpesok BC=a (puc. 45). U3 xonuos ero B
u C onucwiBaeM Ayru mn H pq panuycamu ¢ u b, Touxy
nepeccyenus Ayr A coeaunsem ¢ B u C.

Ecin @ > b+ ¢, T0 3anaua He HMeeT pemeHus. B npone-
KYTOYHOM cayyae a=> - ¢ yCHOBHIO OTBEHaeT TOJbKO <Bbl-
poMIedHblll TPEYTOXbHHK>: TPY ero BEPUIHHAI JEWKAT HA OAHOM
npsAMOH.

21. [ocmpoums napairesc?pairy: no OGHHHLYE CHOPORAM
a U bu 00HOMY u3 Y2108 a.

Crpoum £ A==a (cM. 1. 7); Ha ero CTOPOHAX OTKAaJblBaEM
orpeakn AC==a, AB=="5 (puc. 50). lIposonum us B nxyry mn

#,

¥
Vsl
A&

4 ¢ 4§ 5 ¢ N
Puc, 49, Puc, B0, Puc. Bl,

papuycoM @ U u3 C—nyry pq pamuycom b, Touky nepece-
yeHus 3THX AYr D coennHseM ¢ C n B, :

28. TMocmpoums npsamey20AbHUK RO OQHHLIA OCHOBGHUIO
n gacome.

[Moctynaem, xak B npensinymell 3amave; npsamoil yroa «
CTPOHUM, KaKk B IL 5.

29. [Tocmpoums xeadpam no OanHoi cniopose.

ITocrynaem, xax B nu. 27 u 28.

30. Hocmpoums rkeadpam no danuoii e20 duazoHaau AB.

-Uepes cepenuny AB (puc. 51) nposozusM K AB nepned-
qukyasp MN (em. m. 2). Or roukn O ero sepecevenus ¢ AB
oTKnansiBaeM Ha MN ortpeskn OC u 0D, pasubie O4;
ACBD — uckoMulil Ksanpar.
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31. Bnucams wsadpam 8 dawnwii kpye.

TipoBoaMM jsa B3aNMHO NEPNEHRUKYAAPHHX KUaMeTpa
AB n CD; ACBD — uckomul KBaapat (pHc. 52).

32. Onucams xgadpam OKOAO OBKHO20 Kpy2a.

IposonuM ABa B3aHMHO MepHEHIMKYIsPHEIX gHameTpa AB
g CD (puc. 53). 13 ux KoOHIlOB, Kak M3 LCHTPOB, OMUCHIBAEM

Puc. 52,

yeTpipe MOJAYOKPYXHOCTH panuycamy, paBHuimu QA. Touxu
F, G, H v E ux nepeceuyeHus — BepPIINHL HCKOMOIO KBajpara.
33, Brucams npasuisbrolil namuy20isHuK 8 GoKHBE Kpye2.
[IpoBoaum IBa B3aMMHO NePHNEHIUKYIAPHBIX AHaMeTpa AB
U CD (puc. 54). Jeaum nononam panuyc AO B touxke E. Via E
panuycom EC nposomum nyry CF, nmepecexas el nuamerp
AB B touke F. Ws C pamuycom CF nposogum nyry FG,
fepecekas €10 AAHHYIO OXPYKHOCTh B Touke G; CG(=CF)
€CTh O/IHA CTOPOHA UCKOMO
Gurypsl. [poBogum Temxe
PaAMYCOM AYTY 7N U3 eHT- ¢ 5
pa G, noayuaem euie OgHY
pepniuny H uckomolt pury-

pH B T. I 7 O~—1—A
34. Bnucams 8 OaHHOLE
Kpy2 npasusbHeiii uiecriu- /i
Y20AbHUK U MPeY2OLbRUK.
PacrBopoM  nupkyans, Puc, 55,

PaBHBIM pamguMycy Kpyra,
IenaeMm Ha OKPYMHOCTH 3aceukM B toukax A, B, C, D, E, F
(puc. 55). Coenuuna Touxu A, B, C, D, E, F nogpazn, noayyum
NpaBUABbHBIE HieCTHYroAbHUK. COENUHAR UX Yepe3 OfHY, NOAY-
YUM [paBHIbLHEIY (PaBHOCTOPOHHMI) TPeyrojabHHK.

35. Bnucame npagunshuiii  80CLMUY20AbHUK 68 OaHHbLL
Kpya.

[IpoBoguM jBa B3aMMHO TNEPIEHAMKYIAPHHX RMaMeTpa
AB, CD (puvc. 56). Paanenus nonoaam ayru AD, DB, BC, CA
Toukamu E, F, G, H (uv. 15), nocrenosateabHo coeinHAeM
Hoayuctilisie BOCEMb TOUEK.
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36. Bnucamv npasussneiit 10-yzonbnurx 8 Oauruiii xpye.

Moctpoum touky F (puc. 54 Ha cTp. 267), xak u B I. 33.
OF ccTb cropoHa uckomo# ¢uryper. PacTBOpOM HHDKYNs, pas-
upiM OF, caenaeM HA OKPYXHOCTH JeCHThb HOCHEROBATEAbHHX
3aceuek. [Moayyum BepmIMHBI MCKOMOH (HryphL

[IpaBuasHLie MHOTOYTOAbHHKH, BMUCAHHBIE B KPYT B HMEW-
e CeMb M JAeBATb CTODOH, He MOTYT GbiTh TOUHO NOCTPOEHEL:
TOJIbKO C NOMOIUBIO UMPKYIA H JAHHEeHKH.

37. OK040 O0anHO20 Kpy2a ORucams npaBUAbKLL mpe-
V2OAbHUK, NAMUY2016KRUK, UWECMUY20LERUK, BOCOMUYZOALRUK,
Jecamuy20.4bHUK.

OrmetuM Ha OKpywHocTH (pHc. 57) BepunHnl A, B, ..., F
1IPABUJIbHOrG BNHCAHHOIO MHOrOYroJanpHHMKA C TEM XKe HHUCIOM
c1opon (cn. mn. 33—36). Mposenem paanycnt OA, 0B, ..., OF
4 npomoawum ux. [Ayry AB pa3geruMm pomonaM Touyko#t £
(cM. 1. 15). Yepes E
nposegeMm JP 1 OF.
Ortpesox JP, B3axaw-
YeHHn{ Mexny mpo-
JAOTKEHHAMH COCeTHUX
paiuycoB, ects CTo-
poHa ckomofl ¢ury-
pol. Ha npomomxenun
OCTaJbHBIX  paluycos

Pue, 57, Puc, 58. OTKAaALIBAEM OTPe3KH
OK, OL, ..., ON, pas-
nwe OP. Toykn J, K, L, ..., N, P nocienoBateibHO COCAUHACM.,

MuoroyroasHuk JKLM ... NP — uckoMblii.

38. [Tocmpoums npaguibHuLii n-y2OAbRUK RO CaHKOL €20
CHIOPOHE Q.

Ha orpesxe BK, paeHoM 2@, rax Ha guaMerpe, CTPOMM
(puc. 58) mOayKpyr. JTOT MOJYKDYr jeaAHM HA 7 DPaBHbLIX
vacreli Toykamn C, D, E, F, G (BepuinHaMy npaBUALHOTO BIH-
CaHHOro 2n-yroabHHKa; Ha Hauiell ¢urype n==6). lentp A
coelMHAeM JyuyaMH CO BCEMH MOJYUYeHHbIMM TOUKaMH, Kpome
AByX nociemuux (KX u G). Vs toukn B paamycom AB nposo-
nuM nyry ab, 3sacekas Ha ayue AC touky L. W3 Touxm L
TeM Xe pagiuycoM IpOoBOXMM IYTY cd, 3acekas Ha ayue AD
touky M, u 1. 1. Toukm B, L, M, N u 1. 1. nocnenoBateiasHO
coenuHAem npamuiMu, MuoroyroapHux ABLMNF — Hcko-
MBIH.

3agayy 3Ty peWHUTh C [OMOULI0 JAHHENKH M UHPKYadA
MOXHO He BCerma; HanpuMmep, Npu n==7, n=9 3T0r0 Cre-
JaTh HENb3d, TaK KAK NOJYKDYr AuHEHKOH 1l mupkyaem Ha T
Had 9 yacTejf reoMeTpUYECKH TOYHO HE JeJIUTCH.
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b. IIJIAHUMETPUA

§ 1. Mpeamer reomerphn

leomerpus ') uM3yyaer (ipocTpaHCTBeHHHE CBOHCTBa npel-
MCTOR, OCTaBfisas B CTOPOHe BCC OCTanbHble WX HpH3Hak#. Ha-
(IPHMCD, DPE3UHOBBIA MAY JHAMCTPOM B 25 €M M YYryHHOE
4Apo TOTO ¥ OHaMeTpa OTAMYAPTCA ADYr OT Apyra 1o Becy,
110 uBeTy, no rBeprocTH # T. A OnHAKO BCE ITH NPH3HAKK
MAYa W s1pa B reoOMeTpuH ocTaBiagiorcAd 6e3 BHUMAHHA; APO-
CTDAHCTBEHHBIE e WX cBolicTBa (popma M paamepsl) OJHHA-~
kosbl. C TOUKM 3penust reoMerpHu KamAbil M3 ITHUX fpenMe-
TOB NPEJACTaBIACT ap AuameTpoM 23 cir

[Tpeamer, OT KOTOPOTLO MBICACHHO OTHATH BCE€ €ro CBROHi-
CTB4, KPOMe NPOCTPAHCTBEHHb!IX, HA3bIBACTCA 200MEMPUHECKUM
meaoym. 11lap ectb oMHO W3 reoMCTPHUYECKUX TeT.

Mna paspiie no myTtn oTBieYeHMA, Mbl HOAYYACM AOHATHA
FEOMETPHYCCKOH nosepxnociny, TeOMETPHUECKON auruu M
reoMeTpHYeCKO mouky. 110oBEPXHOCTb Mbl MULICAEHHO OThe-
JsiCM OT Tejla, KOTOPOMY OHd NPHHANNEKHUT, U JINIaeM €€ TOA-
wiunbl, JIMHMIO MBl JdinaemM TOJULAHBI M IIHPHHBL, a TOUKY
BOBCE JHIIaeM H3MepeHHfl. Mbl MBICHHM, YTO TOUKA MOXeET
CIYXHUTb TFpanuuedl AuHUM (HAH ee YacTH), TMHHA — rpasHuedt
fIOBEPXHOCTH M MOBEPXHOCTH — TpaHuuel tena. Mol Mbicany
TaKkKe, YTO TOYKA MOKeET ABUFATHCH W CBOMM ABHXKEHHEM [0~
POXIATE AUHUIO, IHLVG MOXKET JBUKCHIEM OPOXKIAATh 110BEPX-
HOCTb, & MOBEPXHOCTH — NOPOXKAATH TeCJIO.

B fnpupome HeT TOYCK, .IMIICHHBIX H3MEPeHHH, HO eCTh
fIpeiMeTsl CTOAb MajblX pPa3MepoRB, YTO X B HEKOTOPHIX yCia0-
BYAX MOXHO NPHHATH 3a FeomeTpuueckme Towku. B npupoge
HET TaKike HH TeOMeTDHYEeCKHUX JHHHI, HH reoMeTPHYECKHX
fncBepxHocTel, HO Bce cmoificTRa JAWHUN M moBepxHoctel, Halt~
LeHHble B TeoMeTpHH, HaxousT MHOrooGpasHule NPHMeHeHHA
B HayKe W TeXHHMKe. JTO NPOHCXOIUT MOTOMY, 4TO FE€OMETDH-~
YeCKHEe MOHATHA MOPOXAEHbl NPOCTPaHCTBCHHLIMH CBOICTBAMHU
ngeficTBuTeabHOr0 Mupa, OTtpiaeucHHas GopMa reOMETpPUUECKHX
TOHATHH NI TOTO M CAYXKHT, 4TOGL 3TH CBOICTBA M3yvaTh
B YHCTOM HUX BHIe.

§ 2. Hceroprueckue cBelleHUS O PAa3BHTHH TeOMETPHH

[lepsuic reomerpiueckne (1OHATHA NPHOOGPETEHH MIOALMU
B ray6oxoit apesnoctd. OHM BO3HMKJIM M3 OTPeGHOCTH Onpe-
Ae1aTh BMECTVMOCTb Pa3dHYHBIX IIpeMeTOB (coCy 0B, am6apos

1) O npoucxoXAeHHM HA3BAHHA <TEOMETPHAY CM, HZ CAef. CrpaHuLe,
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W T. ) ¥ nIouwaiM 3eMedbHhX yyactkos. JipesHeftmine us-
BECTHblE HaM MUCHMEHHblE NaMATHHKY, ColepKaulie MPaBUIa
s ofpeledenus naomaged u o6bemop, GblaM COCTABICHH
B Erunte m BaBuaone oxkoio 4 teicsy Jaer Hasdan Oxoao
2!/ ThicAY JeT Ha3ad rPeKu 3aUMCTBOBAJM y €rHNTSH H BaBi-
JOHSH WX reomerpuyeckue 3HaHus. [leppoHayaabHO 3TH 3Ha-
HUA NPUMEHSANCH NPeMMYUIeCTBEHHO I M3MepeHHs 3eMelib-
HbLIX yuactkoB. OTcloga M rpeyecKoe Ha3BaHHE <[eOMCTpHA>,
YyTO 03HaYaeT <«3eMieMepHes.

I'peveckue yueHble OTKpPHIIM MHOXKECTBO FeOMETDHYECKHX
CBOMCTB M CO31afiH CTPOHHYIO CHCTeMY FeOMETPHYECKHX 3Ha-
Huii. B ee ocHOBy oHuM moa0XMAN mpoctelilupe reoMerpHye-
ckue cBoficTBa, moAckasaHHble onbitoM, OcTanbHbie CBOHCTBA
BLIBOJM/NCH M3 MpPOCTEHIUHX C MOMOWBIO pPaccywIeHuil.

dra cHcteMa oxoao 300 r. 10 H. 3. poayuu:aa 3aBepiueH-
Hulll BHN B «Hauanaxs Eeknuna !), rie 1310k eHs TakxKe OCHOBH
teoperuyeckoll apudbmeruku. [eomerpuyeckre pasmean <Ha-
yajg> 10 COAEPHAHMIO M IO CTPOrOCTH U3JI0KEHHA [IPHMCPHO
COBNANAIOT C HBIHEIIHUMH [UKOJAbHEIME yuYeGHHKAM# TeOMEeTPHME.

Onnako TtaM Huuero He roBopurcA HH 06 o6beme, HH O
NOBEPXHOCTH Iapa, HH 06 OTHOMIEHHWH OKDPYXHOCTH K IHa-
MeTpy (XOTsi ecth TeopeMa O TOM, YTO IJOLLALH KPYTrOB OTHO-
cATCH, Kak KBampaTel AMameTpoB). [IpubamiceHHas BelMUHHA
STOrO OTHOWleHWs OplIa W3BeCTHA M3 onwmra 3anoaro Ao Es-
KauA3, HO TOJAbKO B cepepuHe 3 Bexa A0 H. 3. Apxumen (287—
212 rr.) crporo noxasalk, 4TO OTHONIeHHE OKDYXHOCTA K JHa-

. ’ 1
MeTpy (1. e., NO-HAWEMY, YUCTIO W) SALOUEHO MeXAY 34 H

10
34 Apxnmell Roxazald Takke, yto 06beM IIADPa MeHbLIE
1
o6bema ONMCAHHOTO UMAMHAPa posno B | pasa u 4710 no-

1
BEPXHOCTH Blapa 5 |- pasa Menblle noaiof NOBEPXHOCTH ONH~

CaHHOTO IMJHHIpA.

B cnoco6ax, npuMeHeHHbX ApXHMeZoM 14 pCUIEHHA
YHOMAHYTHIX 33124, COJNepHAaTcsA .3a4yaTKM MeTOHOB BhiCuIeR
MaTeMaTHKH, JTH cnocoGol ApXumen HpHMEHHI K pellleHHo
MHOTHX TpPYZHBIX 337lau FeOMETPHH M MEeXaHHKH, OYeHb Baw-
HbIX LI CTPOHTENBHOrQ Jeda W Jiis MOpeliaBaHvs. B vacr-
HOCTH, OH ofnpeneln] O6BCMLEL M LEHTPH TAWECTH MHOTHX Ted

1) «Hauana» nepesenensl Ha BCe w3mknm wmupa, Ha pyccrkom a3mke
Ot W3Ramainck muOro pas. llocaepnuil nepeson 6wun cxenan J. JL. Mop-
nyxad-Bontonckum, [ocrexmszar, 1948  (xm, 1—VD, 1949 (xu. VI-X),
1950 (kn, XI—XV),
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H U3yuua BONPOC O PaBHOBECHH MNABAIOUIHX Ted pasmnynoff
dopmbl.

Cpeveckne reoMeTpbl HCCIEIOBAaiH CBOWHCTBA MHOIHMX 1H-
Hyifl, BaHbIX AAA ODAKTHKH R a9 Teopud. OcoSenHo mnonuo
OHM H3yuMaH KORuwecxue cevenus (cm. 1V, B, 9). Bo Bropom
BeKe 10 H. 3. AnomnoHufi 060raTHi TEOPHID KOHHUECKHX ce-
YeHHI! MHOPMMH BRXHBIMH OTKPBITHAMH, OCTaBaBillMMHCA He-
NpeB30fiIeHHBIMI B TeycHUe |8 BeKoB.

[ u3yueHHA KOHMUECKHX cedyeHHH ANOLIOHHH NoAL30-
Bancs Mmeromom xoopduram (cM. VI 6). K usyvennmo mce-
BO3MOXHBIX AKHI{l Ha MIOCKOCTH 9TOT Meron Opia npumene
auiip B 30-x romax [7 bexka (pPaHUY3CKMMH yueHbiMH EepMa
(1601—1655) u [Hekaprom (1396—1630). [as texHuyeckoi
NPaKTHKHM TOr0 BDeMeHH ObL10 JIOCTAaTOYHO MIOCKHMX JMHMIL
Jluuie cTo ner cnycrs, ¥orma storo morpeborann BO3pociuune
3afpoChl aCTPOHOMMM, FIOJE3HH W MeXaHWKH, KOODAHHATHbif
MeTo]l Obil MPHMEHCH K HM3YUEHWIO KPUBBIX NOBEPXHOCTEH H
AVHUH, NPOBEAGHKLKX KA HPHBBIX MOBEPXHOCTAX.

CucreMaTnyeckos pasnHTHE METOJA KOOPIAHHAT B NPOCTpaH-
ctee Guno maxo 3 1748 r. pycckuM axagemukoMm JitTepom —
TEHHANbHLM H BCECTODOHHUM YYEHbIM.

Bosee nBYX TeICsy seT cucrema EBKIuEA cumTalach Henpe-
aowHolt, Ho B 1826 r. renmansueiii pycckuit yyensiii Hu-
roxnait MipanoBuu JloBauesckuil co3fan HOBYIO FeoMETPHECCK YD
cucTeMy. VIcxolksie €2 MOJNOXEHHS OTIHYAIOTCS OT OCHOBHbIX
noxowenuit Esxkauxa aumib B ondom nyuwre!). Ho orcona
BbITCKAaeT MHOXECTBO OYeHb CYUIECTBEHHHIX Oco6eHHOCTeil.

Tak, B reoMerpun JIo6aueBCKOro cyMMma yriaoB Tpeyroib-
HHKa Bceraa MeHbIue, uyeM [80° (B reomerpum EBKauma ona
pasHa 180°). [lpn srom menmocratox no 180° trem Goabiure, uem
Goablile miomans TPeyroanHHUKA.

Moxer nokasareCa, 4TO ONLIT ONpOBEpraer 9TOT U Apyrue
BuBoAH Jlo6aueBckoro., Ho sto He rak. Henocpencreenno
u3MepPAA Yribl TPEYroldbHHKA, Mbl HaXOQHMM, YTO OHH B.CYMMeE
cocrarasior npumepno 180°. TouHo#i e BeIMYMHBL CyMMbl
Mbi HE MOXex HaliTH BCIeHCTBHEe HECOBEPUIEHCTBA H3MEDHTEIb-
HbIX HHCTpyMeHToB. Mexay Tem BCe Teé TpeyroabHHKH, KOTO-
pbie JOCTYNHH HalleMy H3MepeHHIo, CIMUIKOM Malbl, 4TOO6bI
HENOCPEeJCTBeHHLIMN U3MepeHUsMH OGHADYKHTh HENOCTaTOK
cymuul yraos xo 180°,

[lpn pamvphefimrem pa3sutuy reHualbHuix ugeft Jlo6a-
YeBCKOTO OKa3aloch, 4TO cucTeMa EBkauma Hemocratouna

1) B reomespuu Epuanza wepea Touky A npoxomur ToabKO OfHA npamad,
JAcKantas B GRHON {LIOCKOCTH ¢ jpamuod npamoil BC u He nepecexawouas
ee, B rocmerpuu JloGaueBckoro Takux NPAMBIX GeCURCACHEOE MHOXKECTBO,
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Jas HCCAeloBaMR! MHOCHX BONPOCOB aCTPOHOMHH H (H3RKH,
rA€ Mbl HMeeM Feno ¢ urypamu orpomunsix pasMepos. Onnaxo
B YCIOBHAX OGBIYHOrO ONBITA OHA OCTAETCA BHOJHE IIPHrOI-
Hofi. A 'TAK KaK K TOMy ¥e oHa ofnazaer DpeMMyLlecTBOM
1pOCTOTH, TO €e HPHMEHAIOT KB OylyT NpUMENSTh B TeXH:-
YecKMX pacueTax, ee U3y4aoT U OYyAyT M3yyaTb B HIKOJIAX.

§ 3. Teopemnl, axcuomsl, onpeneeHusi

Paccymaeuune, ycranaBanBaioulee Kaxoe-mH60 cBoiicTBo,
HaspBaercAd  dowxazameabcmgor. JlokaswiBaemoe  CBOICTBO
HasmBaeTca meopemodl. [lpn nokasatenbCTBe reoMeTpHYeCKol
TeopeMbl Mbl ONMpPaeMCs HA paHee yCTAHOBJIEHHbie CBOfiCTEA.
Hexoropbie u3 HHMX B CBOIO 0uYepeilb ABIAIOTCA TEOpEMaMH;
HEKOTOpbIE e CYATAIOTCA B TFeOMETPHH OCHOBHBIMH W NpH-
anmatores 6e3 noxasaTenbctBa. Csolictaa, upHHuMaeMue Ges
I0KA3aTeqbCTBA, HA3HIBAIOTCH AKCUOMAMU.

AXCHOMB BOSHHKJAM M3 ONbIT3, M ONBT Xe [poBepser
HCTHHHOCTb aKCMOM B WX coBokynHoctd. [lpoBepka coctout
B TOM, YTO BCE TCOpPEMH FEOMETPHU OKA3BIBATCH COfidc-
HHIMY C ONBITOM; 3TOTO He CIY4HIoCcs, Owi, ecan Gbl cHcTeMa
aKcHoM 6bl1a JOKHOM,

Ha oxuo reomerpuuecxoe CBOHCTBO, B33TOe B OTHeN:-
HOCTH, He fBJAETCA AKCHOMOM, TaK Kak €ro Bcerla MOWKO
10Ka3aTh Ha OCHOBaHHMM Ipyrux ceoficts. Tak, B reomerpuu
06b1UHO TPHHMMaeTcst 33 aKCHOMY cichyioulee CBOWCTBO na-
pailelbHBIX NPAMBIX: <yepe3 OAHY M TY e TOUKY Heln3d
1IDOBECTH JIBe pa3nuupubie N(paMble, napamiedbHsle OJHOIH H
TOil ke npamoii> (akcuoMa mapaaneasHoctu). Ha ocHoBanun
3T0fi aKcHOMbl (M pala APYrHX) J0Ka3wlBaeTCA, MEWRY Mpo-
YBM, Takoe CBOHCTBO TPEYroJbHUKA «CYMMa YIIOB TPEYrodfib-
Huka paBsa [80°. Mexay Ttem wMmu Morau 6p focaennee
CBOHCTBO NPHHATH 33 AKCHOMY BMECTO AKCHOMH Mapajilelb-
HOCTH (OCTaBMB oCTadbHble akcuomsl npemunmy). Torma yno-
MAHYTOE CBONCTBO Mapal/eNbHblX HNpPAMBIX MOXHO AOKa3ath
¥ OHO CTaHET TeopeMo#.

Takum ofpa3oM, cHCTEMY axKCHOM MOXHO Bui6upaTb pas-
aynbIME cniocoGamu, HyxHO TOIbKO, YTOGH B3ATHIX aKCHOM
6b110 TOCTAaTOYHO i BBIBOJA BCEX MPOYHX [EOMETPHUECKHX
cBoficTE. B réomMerpHu CTpeMSATCH HHCAO AKCHOM [0.BO3MOX-
HOCTH YMEHhIiNThb. 3To JenaeTcs A TOro, YTOOW YACHUTH
JOrHYecKHe CBA3H MeXAy OTAeNbHHMH CBOHCTBAMU.

AKCHOMBE [IPENIOYTHTENLHO BbIGHPAIOTCA H3 YUCTa IPOCTeii-
MyX reoMeTPHYeCKux CBoHcTB. Blpouewm, o Bonpocy o mpo-
CTOTEe TOrO MM WHOTO CBOHCTBA MHEHUS MOTYT GbiTh pa3inylin,
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Hexoropnie moHATHA B reomerpui Mbl NPHHMMAaeM 3a Ha-
yalnbHbie, HX COLEPXaHHe MOXHO BHIACHHTB TOJAbKO M3 Ofibita
(rakoso, Haiipumep, noHsTHe ToyKWH). Bce ocraapHbe no-
HATHA Mbl BLIICHAEM, ONHMpasch Ha HavanbHee, Takne o6bsc-
HeHus HasbiBalTCA onpedeserusmu. Kaxnoe reoMerpuuecKoe
onpeneneHde onupaercs AW60 HENOCPEICTBEHHO Ha Haualb-
Hple [MOHATHA, JAHOO Ha OOHATHA, ONpeJeleHHbe Ipexge.

Onso U TO e reoMeTpHuyecKoe I[OHATHE MOXHO omnpeje-
A8Th pa3auuso. Hanpumep, iuameTp OKPYWHOCTH MOXHO
onpelenuTh, KaK XOpUY, NPOXONALULYI0 Yeped LEHTP, MAH Kak
xopny HauGoaemelt gaunel, [lpuHsB 3a onpepedeHHe OxHO
W3 3THX CROMCTB, MOXHO gokasarh Apyroe. [lpeanourureasvuo
B3:Tb 32 ONpelenenue npocrefiiiee CBOHCTRO, BnpoYeM, H
334eCh HEBO3MOWHO 06ecCheynTh Bceobulero coriacmns,

§ 4. lMpssxan audud, Jy4, 0TpessK

IIpamyi0 AWHBIO MOXHO MLICIEHHO GPONOMEKHTL B 00e
cTopoHn Ge3rpaHuyHo. B reomerpuu HaseaHue <apAMasy
0603HayaeT OOLIYHO MPAMYIO JAHHUIO, HC OrPaHUYEHHYIO HH
C onHOW, HA ¢ Apyfo#t cropoHul. [lpaMas nunua, € onHo# cro-
pOHbl Orp2HHMYEHHAs, a C JXpYyrofi — HeT, HA3bIBaeTICA HOAY-
npamoid i ayuom. llpsman IuHMsA, orpaHuueHHas ¢ o6eHX
CTOPOH, Ha3blBAETCS OMPESKOM.

§ 5. ¥Yrant

Yeoa ectv durypa (puc. 59), 06pasoBaHHas JABYMA XyYyamH
OA v OB (cmopoxs y2aa), MCXONAIKEMA W3 OLHON TOuKH O
(sepuwuna yz2aa).

Mepoit yeaa cIyxuT BeauyHHa 10BOPOTA BO- 4
kpyr BepurHs O, nepesopaiero ayuw O A B nono-
wenpe OB. Hlupoxo pacnpoctpaHeHbl fiBe CH-
cTeMbl W3MEPCHHUS YrAOB: paduanuas w 2padyc- O A
#an. Onp pasHATCA BBHIGOPOM eXHHHUB Mepbl.

O . ecm V. 3 Puc, 59,

paiManuoil Mepe ¢ y 3.

[padycras cucmesa U3MepeRus yza08').
B Heil 3a eIMHUNy nNpHHUMAETCA HOBOPOT Ayuya Ha /g
4acTL OMHOIO 1IOAHOrO oGopora — gpadyc (oGo3Hauchue °),
[Tonubtit 06opoT (Hanpumep, NpH NBHWKCHUN YaCOBOH CTpenky

1) 'panycran cuctema BoCXOAuT & ray6okoil xpesnocTu (cm. I, 7, n, 4).
Bo epesn nepsoil dpatuyscroit Sypwxyaswoil pesomounu (1793 r.) so ®pan-
1K BMECTR € ReCRTHYHOH (MeTPHWecKoll) cicTemoil Mep Gbl1a BBeleHa COTeH-
HaA {UeHTEe3NMAIbHAR) CHCTeMa uamePenud yraos. B Helt npamoi yroa Aean s
ca Ha 100 rpagycor (¢<rpagess), rpagyc ua 100 mun,, musyta va 100 cexyna.
91a cucTema npuMeHseTcs v cedwac, Ho BO pceobniee ynorpelacHue oHa e
Bowra. HauGotce wacTo oxa ynorpeGanercs B recAe3nyecKHX d3MepcHUnx.
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¢ U gac, 10 12 yac.) cocraBaser, TakuM obpasom, 360°. T'pa-
ayc peantcs Ha 60 amunym (o6o3Hayeuue '); MHHYTa — Ha
60 cexynd (). 3annch 42°33'21" o3mavaer 42 rpanyca,
33 munyrw, 21 cexynny.

8 8 8
N1
I ﬂ 0 0 ¥
Puc, 60, Puc, 61, Pue. 62.

¥roa B 90° (1. e, !/, nonHoro o60opoTa) HasbiBaerca nps-
soim (puc. 60) u o6Go3nayaerca 6yksoii d.

Yroa, menbiminé 90°, naswmBaercs ocmpolit (AOB Ha puc. 59);
Goapmuit 90° — mynsiy (puc. 61). Tlpambie auHun, o6pa-
3ylouine NpAMOH  yronm, —Ha3uiBAlOTCA NEPNEHOUKYARDHULMI
OfH4 K APYToil.

3uaxu yenos. Yacto BaXHO ykas3aTh, B KaKOM Hampasie-
HWY NPOUCXOAMT BpauteHue ayya. OO6biyHo mepa yraa cyu-

8 8
UF—‘#
5 o >4 @ A
Puc, 63, Puc, 64, Pyuc, 65,

TaeTCA  NOAONCUNMENbHOH, eciu  BpallleHHe COBepiuaercs
IPOTHB YacOBOH CTpedKH, W OMpuyamensHoli—B 1POTHB=
Hom cayuae. Hanpuwmep, ecan ayu OA nepemectunca 8 OB,
KaKk MNOKa3aHo Ha puc, 62, to Z AOB=-90°. Ha puc. 63
L AOB=—90°. Ha puc. 64 / AOB=—2710°. Onuomy u
TOMY Xe B3aMMHOMY DAaCMONOMEHHIO Nyyell MOryT OTBEYaTh
pasHble YIrAiOBbleé Mephl B 3aBHCHMOCTH OT XapakTepa Bpa-
wenus. Tak, Z AOB Ha puc. 65 MoxHo

8 cyutath paenuM - 450°. B HauanbHo#

reoMeTpHH Mepa yria CUHTaeTcs Bceria

NOJOXKHTeIbHON ¥ HU3MEpseT Kpartvaii-

f—5 4 wmit 00BODOT, Tak YTO Mepa yria He
Moxer npeBbicHTs 180°
Puc, 66. Cnrexcnoe yeaw (puc. 66) — napa

yraoe AOB u COB ¢ obme#t Bepuin-
noit O n obulelt croponoii OB; nBe apyrue croposl UA #
OC coc1aBaaoT MpofoaxkeHue oxHa Apyroi. CyMmma CMeXHbiX
yraop pasua 180° (2d).
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Bepmukaabunle y2ibl — napa yriaos, y KOTOPHX BepIUHHA
061118?!, a CTOPOHB! OIHOTO COCTABAANT NPOAOMMEHHE CTOPOH
apyroro. Ha puc. 67 £ AOC u LDOB (a rakxke £ COB u
4 AOD) — sepruxanbusie. BepTHKatbuble YIanl paBHB MEXRY
cobott (L AOC=.4 BOD),

6’ . 5m Ucﬂ'
v/ 0 A

Puc, 67, Puc. 68,

Yacro roBopar: «y204 Mesdy O8YMA npaMuMi>; IpH
STOM HMCCTCA B BHAY OJMH M3 00padyeMuX HMH YeTbipex
yri10B (06blYHO OCTpHIl).

Buccexmpucoit yria nassisaercsa ayy, Reasmud yrox mo-
nonan (puc. 68). Buccexrpucal (OM u ON, puc, 69) Bepru-

€ _y 4

b——rf4 ; /;”
MD J

Puc, 69, Pue, 70,

KaabHBIX YrAGB COCTaBJIAIOT IPONOIMKEHHe oxHa Apyroft. Buc-
CeKTPHCH CMEWHBIX YIIOB B3aHMHO NeprieH UKy aapHst (puc, 70).

§ 6. MuoroyrossHux

Maockas ¢urypa, o6pazopaHHas 3aMKHYTHIM PANIOM [pAMO-
AUHEHHBX OTpEe3KOB, HA3LIBAETCA MHO20- r
yeoasrurom. Ha puc, 71 usobpamen ue- 7
cruyroasnnk ABCDEF. Touku A, B, C, D,

E, F-—8epuiunp. MHO20Y202bHUKaG; yras  §

NPy HUX (Yrabl MHOrOyroJibHHWKa) 0603ha- £
vawores L A, L B, £ C, ..., £ F.Orpes-

k. AC, AD, BE wu 1. 1.— duaz2oneau, 4 F

AB, BC, CD 4 T. I.— cmOponrb MHO20- Puc. Tl.
Y20AbRUKG, CyMMa IJIMH CTOpoH AB -

-+ BC 4+ CD -+ ... 4 FA nasniBaercs nepumempos ¥ 0603Ha-
yaerca p, a MHOrjA 2p (TOraa p-— noaynepuMerp).
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B saemeHTapHOft TeOMETDHH DACCMATPHUBAIOTCA TONBKO

apocmble MHOTOYTOJNbHHKH, T. €. TaKue, KOHTYD KOTOpbIX

P He MMeeT camofnepeceyeHufl,

it £ MHOroyroabHuKH, KOHTYp KO-

TODHIX HMeeT CaMomepeceye-

¢ 7/ 7 HU#A, Ha3blBAlOTCR 38€304an bi-

MU MHO20Y20AbHuUKaMu. Ha

puc. 72 nao6paxen 3Be3qua-

E 5 A £ 1w mporoyroabsux ABCDE.

Puc. 72 Puc. 73, Ecan Bce nuaroHany MHO-

rOYroabHHKa JewxaT BHYTDH

Hero, MHOrOYTONbHHK HA3LBAETCA ganyxaisism. LleCTRyromab-

nuK. Ha pHc, 71 BHIMYKIbIN; MATHYTOALHUK Ha puc. 73 HeBHl-
nykabi¥ (guaronaas EC pexur BHE MHOTrOYFONbHHKA). .

CyMMa BHYTDEHHHX YIJOR BO BCAKOM BHIYKJIOM MHOLO-

yrombuuke pasHa 180°(n —2), rae 7 -— yHCI0 CTOPOH MHOTO-

yroanHuka !).

§ 7. TpeyroabHuk

Tpeyeoasnux (Tp-X) — MHOTOYTOJABHHK C TpeMsa CTOpO-
namu. CTopoHbl Tp-Ka 4acTo 0603HAYAIOTCA MalbiMH 6ykBamd,
COOTBETCTBYIOIMMH 0603HAUEHHIO IPOTHBONOIOKHBX BepPHIHH,

8 i 1A
I 2 b b
c a
A 0 ¢
Puc. T4, Pnc, 75, Pue, T6.

Ecam Bce TpH yraa ocCTphle, TO TpP-K — OCMIPOV20LbHbLE
(puc. 74); ecaum OIMH M3 YIIOB NPAMOIl — NPAMOY20AbHbLL
(puc. 75); croponsl, obpa3ylouse HPAMON YroJ, Ha3bIBAOTCH
rwamemamu (a, b); CTOPOHAa NPOTHB LIPAMOrO yria— 2unoime-
ry3oii (¢). Ecan onun u3 yraos Tyno#l (nanpumep, £ B, puc. 76),
TO TP-K ~— MYNOY20A6HELIL.

1).B- yuyeGHuKax reomeTpuu ST0 CBOHCTBO BbICKa3pBaeTcs OBBIYHO
TOABKO JAf1 BBUIYK/JbIX MHOTOYroabHUKOB, Ho oHO cnpaseniuso nns Bcex
ATIPOCTHIX» MHOFOYrOJAbHHKOB, HyKHO 32MeTHTb, YTO B HeBLIIYKJIOM MHOro-
yro/bHHKE OXMH HAW HECKOABKO BHYTPEeHHMX yrios npeBriuaioT [80°. Tax,
B HeBLINYKAOM NATHYTOABHUKE, N300paXeHHOM Ha puc, 73, 1Ba yraa — ips-
Mble, ABa_ yraa uMenoT no 45°, a oave comepxkur 270°, Cymma yrios co-
«cTasager 180° (6 — 2) = 540°,
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Tp-x ABC pasnobeOpénnwii (puc. 77), korma jse ero
cTopoHpl paBHn (b==c); pasrocmoponruii (puc. 78), xorma
IpH CTOPOHH paBHH (@==b=¢). PaBHbie' CTOPOHH paBHOGel-
PEHHOrO TP-Ka Ha3bIBAalOTCA OOKOB6MU, TpeTbA CTOPOHa —
OCHOBAKUEM.

Bo BCakoM Tp-Ke 1poTHB Goablielt CTOpOHH JAeXHT 6Oab-
IIRHA yrox; NPOTHB PaBHHX CTOPOH — PaBHHE Yriu, U 06patHo.
B uvacTHOCTH, PaBHOCTODOHHHH Tp-K BMeCTE C TE€M PABHO-
y2o04bHbLll, 1 00paTHO,

Bo 8cakom mpey2onbRUKe cymMMa Y2n08 ({Jaaua 180%
B PaBHOCTODOHHEM Tp-Ke KamAbl#t yroa pased 60°

A 8 8
b P 4 a
] V- i 7
Puc, 77 Puc, 78, Puc, 79,

INpogomxns oxny u3 cropod 1p-ka (AC Ha puc. 79), fo-
nyuaem 8Hewnuii yron L BCD. Brewnuii y2on pasen cymme
BHYMPpERKUX, C HUM Hecmeswchux: L BCD= L A+ 4 B.

BeAkas cTOpGHA TP-Ka MeHblie CyMMB H Gonblie pasHOCTH
IBYX IPYFHX CTOpoH (a<<b-+¢ a>b—c):

Irowads mp-ka pasna npou3seO0enui0 nOA0BURL OCROEG-
Hugs Ha goicomy (O Bbi-
core Tp-Ka cM. § 9):

S=1/;ah,. £ £
§ 8. Mpusnaxn
paBeHCTBa
TPLYroMbHHKOB
A 5 4 &

JlBaTpeyroanuuka
PaBHbl, €CJH ¥ HUX CO-
OTBETCTBEHHO DAaBHBHL Puc. 80,

1) nBe croponsl u
yroa, 3axkJrOyeHHbift
MexRy HuMH; Hanpumep, AB==A'B", AC=A'C", L A= L A’
(puc. 80);
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2) ABa yraa M NpHJeXalad K HUM CTOPOH4;, HampuMep
LA=LA; LC=LC; AC=AC}

2a) gBa yraa W CTOpOHa, MPOTUBOJENKAN(as OHOMY U3 HUX,
Hanpumep, L A= L A"y L B= 4 B'; AC=A'C"

3) tpu cropons: AB=A'B"; BC=B'C; AC=A'C";

4) Ase CTOPOHB M yroJ, Jewamudl npotus O0abueil us
Hux; HanpuMep, AB=A'B; BC=B'C; L A= L A" Ha
puc. 80, rpe BC — Géavurass u3 cropod AB, BC. Ecan ke
paBHBIE YCLJBl J€XAaT HNPOTHB MeHbIUHX CTOPOH, TO TPEYro.lb-
HuKM MoryT 6biTb He paBHbl. Hanpumep, tpeyroassukn LMN

A/I
| //V\
{ M L M
Puc, 81,

n L'M'N' na puc, 81 He pasubl, X012 y Hux LM=L'M',
IN=L'N'n L M== £ M'. 3necy yram M, M' nexar nporus
MeHblux ctropod LN, L'N'

§ 9. 3aMeuarelbHble JUHUM ¥ TOYKH
B TpeyrofbHuKe

Boicomoi Tp-Ka Ha3piBaeTcA MepleHIUKYAAp, ONYM{eHHEH
K3 [jo0oit BepHIMHBI Tp-Ka Ha MPOTHBOJEWAULYI0 CTOPOHY
WJIH Ha ee fpofodXeHue (C1o-

8 8 POHa, Ha KOTOPYIo OllyCKaeTcs

A7 J NepHeHIUKYIsip, Ha3nBaeTcA

e /14 B 3TOM cnyqz;e OCROBaHUEM
7, £ Tpeyroabuuka). B rynoyroan-
Y A5 ¢ woM tp-xe (ABC, puc. 82)
Puc, 8, Puc. 3. nse Boicotsl (AD, BE) napaot

Ha TNpOgomKeHHE CTOPOH H
AEWAT BHE TP-KA; TPETbA
(CF) — Buytpu tp-Ka. B octpdyroabHoM Tp-ke (pHc. 83) Bce
TPH BHICOTHl J€XAaT BHYTPH Tp-ka. B NpAMOYroAbHOM Tp-Ke
KaTeThl CIyXaT M BeicoTaMH. TpH BEICOTHI Tp-Ka BCerXa mepe-
cexaloTcs B OXHOM Toyke, HA3blBacMOH OpPMOUeRMPOM: B TY-
NOYroJbHOM Tp-KE OpTOLEHTD MAeKHT BHe TpP-Ka; B HPAMO-
YroAbHOM OH COBMAfdeT ¢ BEepIUHHON HpAMOro yria.
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Buicota Tp-Ka, onyuieHHas Ha CTOPOHY @, o6o3Hauacrcd fi,.
Uepes tpu CTOpOHH OHa Beipaxaerca (opmyinoit

2 — . g atbte
B, = Yo a)flp XTSI . p="r0

Meduanofi Tp-xa Ha3biBaeTCa OTPe30K, COeNMHAOWMN ni0-
6y10 BepIINHY TP-Ka ¢ cepefHHON NPOTHBONOIOKHON CTOPOHbL.
Tpu menuansl tp-kKa (AD, BE, CF, pnc. 84) nepecexawrcst

Puc, 84.

B OZHOHM TOUKe (BCerfa BHYTPH Tp-Ka), ABIAMOUIEHCA LEeHTpON
TAKECTH TP-Ka. JTa TOYKA JEINT KaWAYIO Me[uaHy B OTHOIUe-
wua 2:] (cyMTas OT BepiuMHb). MeauaHna, coeguHsONan Bep-
wHHy Tp-Ka A ¢ cepeauHoll cropoHn 4, oGo3nHavaercs m,.
Yepes ctopoH:l TP-Ka oHa Buipawaercsa Gopmynoit

M= VI F2F —a.

Buccekmpucoii Tp-xa Ha3blBaeTcst OTPe30K GHCCEKTPHCH
awo6oro yraa (cwm. 1V, B, 5) ot BepmmHn 10 mepeceyeHus:
¢ NpOTHBOMOJOMHON cTroponoit. Tpu Guccektpucu Tp-ka (AD,
BE, CF, puc. 85) nepecexaiorcs B ofHOH Touke (Bcerma BHY-
TPH Tp-Ka), ABAsOuIEHCA IleHTPOM BIMCAHHOTO Kpyra (cm. IV,
b, 19). Buccektpuca yrra A oGosnauaercs B, Yepes ctopoHsl
Tp-Ka OHa BHpaxaercsa Gopmyioh

Ba=r57 Voop (0—0),

rie p-—noayuepumerp., Buccexrpuca nemur npotuBonoaow-
HYIO CTODOHY HAa YacTH, NPOMODUMOHANbHblE MpPHUIEKALIUM
K Heft cropoHam. Ha puc. 85 AE: EC= AB: BC.
Tpumep. AB=30 cm, BC=40 en, AC =49 cx. Hafitu
AE n EC. NBe wactu (AE u EC), Ha Kotropble HYXHO pa3-
nemuth AC =49 cx, ortnocarcs, Kak 30:40 nam xax 3:4.
[lpuHsB 3a efuuuiy macuira6a X — OTPE30K, cofepwamuiics
8 AE 3 pasa, a B EC 4 pasa, uMeeM AC=23x-}4x=1T1x,
x=AC:71=49:7T=17, 0tkyla AE=3x==2]; EC=4x=28.
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Tpr mnepneHm¥Kyaspa K CropoHaM Tp-K3, NpPOBedeHHble
yepe3 ux cepexunsl (D, E, F na puc. 86, 87, 88), nepece-
KAaIOTCA B OMHON TOUKe, CAY:Kauiel eHTPOM OMMCaHHOTO Kpyra
(IV, B, 19). B rynoyroabHom tp-Ke (puc. 86) 3ta TOUKa Aexur
BHE TpP-Ka, B OCTPOYroibHoM (puc. 87) — BHYTDH, B NPAMO-
YrombHOM — Ha cepellure runotenyss (puc. 88).

...

Puc. 86, Puc. 87. Puc. 83.

B paBHOGeapeHHOM Tp-ke BbICOTa, MeqnaHa U GHCCeKTpECa,
ollylieHHbIe Ha OCHOBAHHe 1), a TaKKe nepreHANKyIAp, Npose-
IeHHbI yepe3 cepeuny OCHOBAHHsA, COBNANAIOT APYT C APYrowm;
B PaBHOCTODOHHEM TO K€ MMEET MecTO JIA BCeX TpeX CTOPOH,
B octasbHuix cayuasx HH ONHA M3 YIOMAHYTHX JAWHHMH He
coBrnanaer ¢ aApyroil. OpToueHTp, eHTp TAXECTH, LeHTP BIH-
CaHHOT'O Kpyra W UEeHTP ONHCAHHOIO Kpyra COBIANAT Lpyr
¢ IpYyroM TOJbKO B DaBHOCTOPOHHEM Tp-Ke.

§ 10. NlpaMoyronsHble NPCSKUHH: COOTHOIEHHS MENAY
CTOpOHAMH TPeyroJbHHKa

TIpamoy20nbhoii  npoexyueil (MIn, Kopode, npoexyueii)
TOYKM Ha NPAMYIO Ha3LlBAeTCA OCHOBaHHe MepreHAMKYyaapa,
OnyuleHHOTO M3 3Tof Touku Ha mnpamyio, Ha puc. 89 Toukn
a, b, ¢, d—npoexuun touek A, B, C, D na npamyw MN.
[Tpoexuueit oTpeaka AB Ha npsamyo MN HasbiBaeTcA OTPe3oK
ab npaMoft MN, orpansueHnsill NpoeKUHAMH a U & KOHUOB
orpe3ka AB. Otpesox bc ecrs npoexuus BC u 1. A. O603Ha-
yeHHe: ab==1np.y\ AB; kopoue, ab=np. AB.

CyMMa fipoeKuuii 38eHbeB TOMaHOMN JHHHH DaBHA NDOEKUKE
3ambikaouiero ortpeaxa, Ha puc. 89 np. AD=—rmnp. AB--
+np. BC+np. CD. Bas nosnoft o6uioCTH 3TOrO NPaBHIa
Heo0XOMMMO CMOTPCTb Ha IPOEKIHI0 OTPE3Ka KaK Ha BeXHUHHY
asz2ebpaurecKyo; npockiio ab otpe3aka AB NPUHATO cuuTaTh
noaoxcumessnodl, ecan b npasee a, ¥ ompuyamessvHoll, eciu

1) OcHoBaHWeM paBHOGeXpeHHOIQ Tp-¥~ BCelZa HasblBAIOT CTOPOHY, He
PABHYIO ABYM RPYTUM.



§ 10 MPSIMOYTO/IbHHE NPOEKLINH 281

b nesee a. Tak Ha puc. 90 np. AB==ab orpHuaTeabHa;
np. BC=bc, np.CD=cd, up. DE=de nNONOKHTEILHBI
np. EF==¢f orpunarenbna., [losromy (aare6panyeckymo)
CyMMy fipoexuu#t 3seHbeB noMaHolt auHuu ABCDEF Mo no-
AYYHM, CIOXHB JAWHB OTPe3xoB be, cd, de W BHUTA OTCIOAA

8 Vag
ES v 8.5 F
A< AN
vl NIt
ML iy PV
2% ¢ d bacd fé
Pue, 89, Puc. 90,

CYMMY LIuH oTpe3koB ab u ef. [lonyueHHas BeauyuHa PaBHA
af — NPoeKIMH 3aMBIKAION(Ero oTpe3ka AF,

8 g B
0, a2 3 g g s
A A J 2 ¢
> 3 A
Puc, 91, Puc, 92. Puc, 93,

KBagpar cTopoHb TpeyrolbHHKa paBeH CyMMé€ KBajpartoB
ABYX ADYrMX CTOpoH G6e3 yABOEHHOIO IPOU3BEJAEHHS ONHOM
M3 3THX CTODOH Ha B2ATYI0 Ha Hell nmpoekumio Apyrofi. [pu
o6o3nauvenuax puc. 91 u 92 umeem:

a® =54 c*—2b np. - AB. )

Ecin x o6o3navaer NiMHY RNpOEKUMH (MONOWKHUTEIbHOE
49HCa0), TO, KOorAa yroa A octpuil (up. - AB=wx, puc. 91),

0 =b% -} ¢? — 2bx, 2)
a korna yroa A zymo#t (np.;c AB==—x, puc. 92),
a%==b% -} ¢* 4 2bx. (3)

Heau yroa A— npamofi (puc. 93), 10 np.sc AB=0, % Mul
rmMeeM:

@=b e, @

KBajipaT CHIOTEHY3H paBeH CyMMe KBaJparoB KaTeToB (Tak

HaauiBaeMas meopema [lugazopa) *). Teopema Iudaropa vacro

t) Mpumiceisanace Mudaropy — rpeueckomy duaocody 6 — 5 na. don. o,
Ha camom lene 3Ta Teopema 6blia W3BeCTHa Hapojaam JApeBHErO BocTok
eme 33 20 BeKoB 10 H, 9,
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NPUMEHAETCA B Pa3dHoo6pasHLX NPaKTHYECKHX H TeOopeTHuee
CKMX BONpOCaX.
$opmyay (1) MoxHO mpeacTaBuTh Takxe B BuIe

a®=b* + ¢ — 2bccos A
(cm. V, 22).

§ 11. Napaaneabubie npsiMpie

Jlse npambie AB u CD (puc. 94) naseiBatorca naparness-
HBMWG, eCAW OHH JexaT B OXHON ILIOCKOCTH H He nepece-
KalOTCA, CKOIbKO Obl HX HH npomomxars. OGo3Hauenue:
AB || CD. Bce Touxy oIHOH M3 mapanneinpHblX PABHOYAATEHS!
oT gpyrof.

Bce npamble, napannenbHuie npaMmolt AB, mapaasensbnn H
Mexpy coboii.

Cunraercs, YTO ABe NapaiiedbHsble fpaMbie 06pasyor yroa,
paBHbIt Hymo (B NpAMOM CMbicae 31eCk Mbl poofuie he
.MMeem yriaa).

Ecay nBa Myya npHHALAEHKAT [apalledbHLIM [PAMBIM, TO
yron Mexay JyyYamH CYHMTAaeTcs pPaBHBIM HYMIO, KOrja Hanpa-
sreHus Ayueil OfMHAKOBH, M paBHuiM 180°) Korga HampaBie-
HHUS AyvYell NPOTHUBOIMOJOXKHEL. .

Bce mnepnenpukynaps (AB, CD, EF, puc. 95) k onnoit
upsaMo#t MN napanreabHsl Mexny co6oif. O6parHo, npaMas

BIF

2/

Vi % (744
¢ Y o
Mg e " i

Puc. 94, Puc, 55, Puc, 96.

MN, nepnenmukynsipHas ¥ OfHOR u3 napanneneli, nepneHiu-
KyasipHa Ko Bcem Apyrum. Bce nepneHaukyasps K oIHOH u3
IBYX MapalielbHHIX INIPAMBIX CAYXAT NepHeHIHKYIAPAMH H
K apyrodl. OTpe3kH 9THX [EPHeHAUKYASPOB, 3aKIOYEHHbIE
MeXJy ABYMA HapallelbHbIMH NpaMbiMd, paBHbel. O6was ux
ANMHA €CTb Paccmosnue MeXIy napailenbHbIMH IPAMBIMAL

IIpw nepeceyeHun HRBYX MapaaneibHLIX NPAMBIX TpeTbel
npaMoit o6pasyerca Bocemb yriaos (puc. 96), KoTopbie MonapHO
HOCAT Ha3BaHUA: )

1) coorBerctBennsie yran (I u 5,2 u 6; Sn 7; 4 u 8); stn
yrael nonapHo paBubl (L I== L8, L2=4L 6, L3=LT;
L4i= L 8);
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2) BHyTpeHHMe Hakpect dexaue yras (4 m 5 3 u 6);
OHM MOMAPHO DaBHHI

3) BHeluHHe HakpecT Aexauue yras (I m 8 2 u 7); onn
TaKxe MONapHO paBHHI; '

4) BHyTpeHHHe ofHOCTOpOHHHe yraol (3u 5 4wu 6), B
_cywllge )cocraanmcume 180° (L3 £L5=180° L4} L6=
= 0.;

5) BHelHHe ofHocTopoHHHE yran (I u 7 21 8), B cymme
cocraBasiomue 180° (LI -+ £L7=180% 224 £8=180°)").

Yras ¢ coomeenicmBenHO, NAPAALELSHLMU CHIOPORGMU
*an6o paBHBl APYr ApYyry (eciau o6a OHu ocTpble uau o06a Ty-
anie), 1160 B cymMe paoT 180°% Ha puc. 97 LI=L2; Ha

T4
v b,
'y A
L 2 /3 p
4 14
Puc, 97. Puc. 98, Puc, 99,

guc. 98 L34 L4=180°. Yaiu ¢ coomsemecmsenno nepnen-
LKV ASPHBLMIL CIMOPORAMI TOUYHO TaK e NHO0 paBHBI apyr
1pyry, aubo B cymme cocraBasiotr 180°
Ilpn nepeceyeHHH CTOPOH yria NMapaineibHbIMH NPAMbIMU
{puc. 99) Ha cTOpOHAX yria oTCEKalTCA MNPONOPIHOHA/bHE €
OTpesKu:
0A__0OB__OC__AB_BC __AC

. — e e T bty —
=060 —a B ~ac 4T R

§ 12. ITapannenorpaMm H Tpaneuus

Iapannrenoeparmm (ABCD Ha puc. 100) ectv yerTnpex-
YroAbHHK, [IPOTHBONONOMHLE CTOPOHB KOTOPOro MONapHO Na-
pamaeapHul, [IpoTHBONONOMHEIE CTOPOHMI Ha-
paanexorpamma paBHu: AB=CD, AD = BC.
Jlio6bnie J1Be NpPOTHBONOTOMNHbBIE CTOPOHH
MOXHO CYHTaTh OCHO8GHUSMU. PaccTosHke
MeXAY HuMM (MO mepHeHIMKyaapy) Hadbl-
Baerca Bucomod (BF). Junaronaau napanie-
JorpaMMa Jieaar apyr apyra nononam (A0 = Puc. 100,
== 0C; BO ==0D). TipotuBonoaoxusie yribl
napaanenorpamma paBHn (LA= LC, 4LB=4D). Cymuma

1) Iipn nepeceuenuy ABYX Helapaajeabubix DpsMbIx TpeTbedl obpa-
syembie Yrabli UMEiOT COOTBETCTBEHUO Te e WAVMEHOBaHWA, 4TO U lepe-
SHMC/AeHHbIe Bblie; AAS HenapaiAe]pbHbIX NPSAMbIX APUBEXEHHbLIE 31ECh COOT-
HOWIEHNA MEXKAY yriamu Heé BepHsl,
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K8adpamoe Ouaz20naseil pasHa cymme K8a0pamos yemsipex
emopou: AC* 4 BD? = AB* + BC®* 4+ CD® + AD*=2(AB*+4-
- BC?). I1ro14ads S naparsenozpemma padha npoussedenuo
ochosakus (a) Ha 8vicomy (h,):

S=ah,.

TMpu3naku napasnenozpamma. Yernpexyroasuux ABCD
ABIAETCA NapalteOrPaMMOM, €CIH Hamuuo OJHO U3 caelyio-
KX ycaopuit:

1) npoTuBOMONONHbBE CTOPOHE MonapHo paBHu (AB = CD,
BC=DA);

2) aB€ NPOTHBONOJOXHKIE CTOPOHBI paBHBI U NMapanneibHb
(AB=CD; AB|| CD);

3) 1uaroHaaAM B3aHMHO IEATCA HONGAAM;

4) NpOTHBOMONOXHBIE yrisl momapHo pasHH (LA = LC;
LB=4LD).

Ecan ogun u3 yriop napaiaiejiorpaMma — npaMoH, TO u
BCce yrabl — npamele. Takolt mapaiaenorpaMM Ha3elBaeTCs 2ps-
Moyzoavrukonm (puc. 101). Croponn npamoyroabuuka (a, b)

Vil 44 B il A 44
\‘\‘ e \‘ //
A a J A 7 A J

Puc. 101, Puc, 102 Puc. 103,

ORHOBPEMEHHO CAYXaT ero BruicoTaMu. [T20uads npamoyzors-
HUKa pasna npoussedenuo cmopon: S==ab. }

B npsaMoyroabHHKe AMaroHanau pasus: AC = BD.

B npamoyzoavsruxe wxeadpam Oua20Marl pasex cymme
K8adpamos emopon: AC® = AD?* + DC®.

Ecau B napammenorpaMme BCe CTOpOHB DaBHBI, OH Ha3bi-
Baetca pombox (puc. 102).

B pom6e nuaroxann s3aumHO nepnenguxyaspHs (AC_| BD)
¥ neanr yrae pormba mnononaM (LDCA= LBCA u T. n.).
ITrowads porba paena norosune npousdedenus OUAzZoRaAel:

S=adi+dy (AC=d, BD=1d).

Kealpamoxm HasuBacTCs NapaineforpaMM ¢ DPAMBIME
yraaMe U paBHeIMH cTOopoHaMm (pHc. 103). Keanpar ects uacr-
HHl BHA IIPAMOYTOJNbHHKZ, a TaKXe 4YaCTHHH BHI poMba.
Tlosromy OH HMeeT Bce BhiuleNepeviCicHHble HX CBofiCTBa.
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Tpaneyneil nasmBaeTCA YeTHPEXYrOAbHHUK, JBE NPOTUBOMO-
JI0WHLEe CTOPOHB KOTOporo napanreasHn (BC || AD, puc. 104).
[MapanienorpaMM MOXHO CYHMTATH YacTHbIM BHIOM TpanenuH.

[TapanneabHsle CTOPOHB Ha3bIBAIOTCA OCHOSAKUAMN Tpale-
nuu, 18e apyrue (AB, CD) 6okosuimu cimoponamu (Gokamu).
PaccrosiHie Mex Iy OCHOBAHHAMM ([0 WEPHEHAUKYIAPY) Hazbl-
Baetca 8otcomoii (BK). Otpezok EF, coefuuaomuit cepeaunst
GoKOB, HA3mBaeTCH CpedHell AuHueil mpaneyguu.

CpeORas AuHUS mpaneyui posHa NOAYCYMMeE OCROBANUIL:

EF ==% (AD + BC), t napasasensna um: EF | AD.

[1a0uads mpanequu pasra npoussedenuio cpedneli Aunull
HA 8blCOMHY:

S=3(a+bh (AD=a, BC=b, BK=h).
Tpeyroabnyk ABAAETCHA NPEJEAbHbIM CAY4aCM (<BbIPOMKIIE-

HUEM») Tpauenwy, KOTJAa ONHO M3 ocHorauufl obpawaercs
8 Touky (puc. 105). B BupnuieHHOH Tpaneynn CoOXpaHsoTcA

8 ¢ 8(c) B r
7 [\
4 K Y 4 J A U
Puc. 104, Puc, 105. Puc. 166.

ee CBONCTBA, HANpUMep: uNus, cOeQuHsowan cepeduns
u F cmopon mp-xa ABD (cpeduas AuRUS mp-Ka), RaparieLbHa
emopone AD u pasHa ee nonosune.

Tpaneuusa ¢ paBubiMu GoxaMu (ecaid oHa He napamreso-
rpamMM) Ha3sbiBaetcst pasnoGounoii (AB=CD, puc. 106).
B pasnobounoi mpaneguu y2aul npu OCROBGHUAX PaSHU
{LA=4LD; LB=LC).

§ 13. llono6ue naockux uryp, NpU3HaKd NOJOGHA
TPEyroJbHHKOB

Ecan Bce pa3Mepbt 1I0CKoft QHrypnl H3MEHUTb (YBCIUYMTH
Ul yMeHbUINTb) B OZHOM W TOM e OTHOWeHHM (OmAOwe-
Kue rododus), To crapas W HoBas Gurypsl Ha3bIBAIOTCA NO-
Oo0unimu. Hanpumep, xaptuHa n ee 'POTOCHHMOK npexcTas-
aA10T Nogo6Hele GUrypbl.

B dsyx nodobubix @uzypax awobue coomsemcmsenHne
yean pa8un mexcdy co6oi, t. e, ecad touyks A, B, C, D
omHo#l GUrypnl COOTBETCTBYIOT TOYKaM a4, b, ¢, d xpyro#, to
L ABC= L abe, £ BCD= £ bcd u T. &
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Mea muoroyroapnnxa (ABCDEF w abedef, pue. 107) no-
NOOHbl, eciM OHH HMel0T paBHme yrao (L A= L g,
LB=4Lb, .., LF=/Lf)H"ux coorBeTCTReHHbE CTOPOHH

AB __BC __CD__ __FA
RPOTOPHHOHAABHb (‘E = =g ).
4 J1uM  obecneyuBaeTcs NPOMOPUHOHATLHOCTD W
¢ Bcex oCTANTLHEIX CXOACTBEHHBX vacTeli MHOTO-

yroAbHHKOB; HanpHmep, nmaroHamn AE n ae
HUMEIOT TO Ke OTHOWleHHMe, YTO CTOPOHL

(‘3.’5-—‘43) . OmHoi me NpENOPUMOHANBHOCTH

£ 0

Vi =2
VY ae ab
f@z CTOPOH MHOrOYrOJBHHKOB Mis liono6ua HX He-
£ JIOCTaTOYHO; HalpHmep, Ha puc. 108 uyernpex-
yroasHux ABCD (xBaipar) HMeer CTOPOHBHI, TIPO-
NOPUHOHANBHLIE CTOPOHAM  YCTHPeXyroAbHHKA
(pom6a) abcd; kaXpas CTOpOHa KBaapara BIBOe
Goubule cTopoHbl poM6a. OxHaKo guaroHand KBajpata yMeHb-
IHINCh HelpoNopuHoraabHO (ojHa 6oJblle yeMm BIBOE, APY-
rasg — MeHbll€), TaK Kak yrabol pom6a abcd He paBibl yriam
kBagpata ABCD.
Aas nopo6us ®e TPEYroNbHMKOB MNPOHOPUHOHAILHOCTH
CTOPOH JAOCTaTOUHO: 08a mp-Ka noOobHbl, eCAU UX CMOPOHbL
nponopyuonasbis. Ta, ecau cropons Tp-ka ABC (puc. 109)

Puc, 107,

8 4 4 8 P
v A4 e
A va a A DELadec A 7 a Jid
Puc. 108, Pue. 109, Puc. 110,

BaBoe OGoablie CTOPOH Tp-Ka abe, To M Ouccekrpuca BD
BABoe Goabue OuccekTpuck bd, u pricota BE sasoe Goanuie
BLICOTB be ¥ T. &, ¥ COOTBEICTBeHHbE YIAbl Y HHX PaBHLI
(LA=La, LB=4Lb, LC= L)

Ecau yeave 08yX mp-x08 cOOmBemcimBeRno pasubi, mo
mp-xi noJo6HbL (XOCTaTOUHO OGHAPYKUTL PABEHCTBO ABYX lap
yraos, u6o cymma yraos B Tp-ke Bcersa [80°). Has unpo-
W3BOJbHbIX MHOFOYrOJAbHHKOB 3TOT NPH3HAK HelOCTaTOYEH.
Hanpumep, kgatpar ABCD u npamoyroasnuk abed (puc, 110)
HMEIOT COOTBETCTBCHHO DABHBIE YrJHl, HO OHH He NOZOOH!.

Tp-xu no0obrv. maxce, Kko20a 08¢ CmMOPOHW O0OHO20

nponOPYUORAALHE 08YM CMOpoHaM Opy2020 U ye/gbt ;v}a-
C
KAIOHEHHble  MEXCOY HUMU, pagHb (T. € ecid o == 3=

w LB=,b) b
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llpasoyeonsuee mp-xu no00OHB, ecau 2unomenysa u
Kamem OONO20 Mmp-xa nPONOPHUOHAAbAL 2UNOMENY3e U Ka-
memy Opy2020.

Beaxue nea spyra nomo6Hm Mexay co6od (OAMH H3 HMX
eCTh yMeHbilleHHOe WK yBeauueHHoe u3oGpameHHe Apyroro).

[1r0u60u nodobruix guzyp (B YACTHOCTH MHOIOYrOAbHH-
ROB) NPONOPYUOHBALHYL KBAOPAMAM UX CXOOCMBEHRHX AUHNIL
(nanpumep, cTopoH). B vactHocTH, naowadu kpy2o8 ommuo-
cames, kak Ksadpamu paduycos uan Ouamempos., Taxum
o6pa3oM, 6nido Gui rpy6oit omMGKOM CyuTaTb, UTO OTHOLUE-
Hue naoulagefl IBYX KPYroB paBHO OTHOLIEHHIO HX AWaMeT-
‘poB. OnHako 3Ta OoWMOKA 4acTo Aenaercs.

Mpumep 1. Kpycanlit-meranmuueckuét guck muameTpom
20cm Becut 2,4 2. CKOABKO BeCHT BblpesaHHbli 13 Hero
auck nuamerpom 10 cm?

[lpn peiennn 310fi 3agayy Onao 6 omubGOYHO paccyx-
aTb TaKk: AHaMeTP MaJoro JMCKa BiBOe MeHblLue, YeM Ha-
MeTp G0/bLIOro; 3HAUNT, Mablil ICK ¥ BECHT BABOE MeHbIle,
T. e. Bec ero 1,2 we.

IIpaBuabHOe peLieHue TaKoOBO. Tax Kak MaTepuad H Toa-
U{MHA AUCKAa OCTAIOTCH TEMM XKe, TO Beca JUCKOB [PONOPUHO-
HalbHBl [OMANAAM, 3 OTHOLIEHHE MJOUWAAH MAJOT0 HHUCKA K

10\ ¢

naomany 6oabIIOro PaBHO (.2—0) = . 3Hauut, BeC Manoro
1

mcka 2,4 - 4 =06 (x2).

Mpumep 2. Hacenenue Toarangum cocrasaser 8,2 mua-
avoHa, a llgeduapum — 4,1 muaanona. YucreHHocTh  Ha-
cenenun lllselinapud Hzo6pa¥eHa Ha aguarpaMme Ksal-
patoM co croposoft 10 cm. Kakosa gosxna GHTb CTOpPO-
Ha KBajJpaTa, u3o6pa)alouero 4YUCI€HHOCTb Hacederus [oa-
NaHaAnn?

Q603HauuB UCKOMYI0 CTOPOHY UYepe3 a, UMeeM:

a\? 8,2 . a ~ e
(m) =5 =2 m—_ﬁ~l,4,a~l4cm-

i

§ 14. I'eomeTprueckoe mMecTo. Kpyr H oxpysKHOCTB

Teomempuyeckus mecmom T04eK (06JANAIOMIUX AAHHBIM
CBOWCTBOM) Ha3bIBA€TCA COBOKYIHOCThL BceX TOYeK, yHoBuie-
TBOPAIOLINX 3allaHHbIM YCAOBHAM.

OKpyIHCHOCMDL €CINb 260MEMPUHECKOE MECINO MOYEK NnAd-
OCmi, pasHOYOaAEHHBX Om Q0RO ee mouku (yexmpa).

PaBHble OTpe3ky, COeHHAIOUIHE HEHTP € TOYKAMH OKPYH-
10CTH, HA3LIBATCH paduycamu (obo3Havenusn: r wan R)
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Yacts okpykHocTH (Haupwumep, AmD, puc. 111) HasmBaerca
Oyeoii. Tpamas MN, npoxonsmas yepe3 [IBe TOYKH OKPYHK-
HOCTH, Ha3biBaeTCA cexyujei; oTpesdok ee KL, aéxamuii BHYTPH
OKpYXHOCTH, — x0pdot. C npubanmkeHnuem ¥ HeHTPY xopaa
yseanuuBaetca. Xopuna BD, npoxoxswmas uepes uentp (0O)
HaswiBaeTcs Juamempom (ob6o3nadenusn: d nin D). Huamerp
paBed nByM panmycam (d ==2r).

A

Vo,

Pue. 1L Puc, 112,

Kpye ecThb 4acTh NNOCKOCTH, J€¥aian BHYTPU OKPYH-
HOCTH.

Kacameasuas. llycts cekywman PQ (puc. 112) npoxoaur
yepe3 To4KH A U B Ha oxpyxuoctd. Ilycts Touka B nsu-
METCR [0 OKpywHOcTH, mpuGanmmanack Kk A. Cekyman PQ
6ymeT MeHATL 1OAOMEHHe, Bpamadck okKogo touku A. [lo
Mepe npubauxeHHA TOukM B Kk Touyke A cexymas PQ 6yner
CTPEMUTHLCA K HEKOTOPOMY fipelleAbHOMY tonoxenuio MN. [ps-
Maa MN Ha3nBaeTcA KacamesHOU K OKPYXHOCTH B Touxe A.

£ 4
A/ O\
¢ 7 AT

Puc, 113, Puc. 114,

KacatesbHas # OKPYXHOCTb HMeIOT Toabko OAHY O6ly0
Touky!). KacatenbHy 10 MOXHO CUMTATh Bbi POAMBINCHCH CER yuLCt.
Kacareabnas K OKpYXHOCTH NEPHEHAMKYAAPHA K Painycy
OA, nposellenHOMY B TOYKY Kacanms A.
M3 TouKH BHe Kpyra MOMHO MPOBCCTH K GKPYKHOCTH JBE
KacaTenbHbie; JINHB nx pasHm (cm. puc. 120 va caed. crp.).
CeamenmOM Ha3MBAETCH Y4CTb Kpyra, OrpaHHueHnas I1y-
roft ACB u.craruBaomedi ee xoproit AB (puc. 114).

1) 8710 cBoiicTBO OGLIMHO NPUHWAMAIOT 33 ONpeXelende KACATeabHOR
K OKPYXHOCTH; OXHAKO AAd APYTUX JYHWA BTO ONpeXeieHWe MOXKET OKa-
sartbcs HegeficTBUTenbHLIM, Hanpumep, ua puc. 113 MAN ectdb kacareapuan
K anann CADE B touke A. Oanako MN, kpome A, umeer ¢ mtved CADE
eue OAHY ofutyio Touxky N, JauHoe e B TeKCTe onpeleaesue KacaTenb~
HOW KaK Bpefie/bHOTO MOMOWKEnNs CeKYed UPUMeHNMO K A06uiM iUHNAM,
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flepneHANRYASD, BOCCTABAECHHKI U3 CepelHHn xopan AB
JIO NepeceyeHus ¢ Ayroit AR, Ha3zuBaetca cmpeakol nyrun AB.
Inuna ctpeakn DC (puc. 114) Ha3wiBAGTCH 8HCOMOE CErMEHTA.

g g 8
Pue, 115, Pue, ti6. Puc, 17,

CexmopOm HA3LIBACTCA 4acTh KPyra, OrpaHAYeHHAs 1yro
% NBYMS Paauycamy, NpOBeAeHHbiMYU K KoHulam ayru (puc. 13
4 116). Cexrop, orcekaemsili panuycamu, 006pasyOUIHMH
yroa 90°, HazwiBaetcs xgadpannon (puc, !17)

§ 15. ¥Yram B Kpyre; AIuHa OKPYWHOCTH W JLyTH

Llenmpanonoiii y204 — yroa, obpasosaHHubil AByMA paany-
camn (Z AOB na puc. 1i8),

Brucanuoilt y2oa — yroa, o06pasoBaHHL ABYMA XOopAamu
CA u CB, ncxonsmumy w2 ofHoi roukn okpyxnocrd (£ ACB
Ha puc. 119).

Onucannsili y2o4 — yroa, 06pa3osanHblil I18yMsa Kacarenb-
Hemyg CA 8 CB, ucxoasmiumy u3 oanofi Touku (L ACB Ha
puc. 120). _

JAauna dveu, OMHCHIBAEMOA KOHIOM Panuyca, J1poOnopuuo-
HajibH4 BCAWUYHHE COOTBETCTBYIOULEr0 UEHTPAALHOLO yraa;

{

4 A
g , ‘
4 4 A (7]
Puc. 118 Puc, 119 Pue, 120

NOSTOMYy AYrd ofHOof ¥ TOfl e OKDPYWHOCTH MOMHO WaMe-
paTh, Kak K yrasi, rpagycamu ([V, b, 5), Mwuenno, 3a 1° gyrn
{IPHHUMACTCH g5 HACTb OKPYXHOCTH (T, €. Ayra, UeHTPanbHb i
yroa xoropoii pasen 1°). Bea okpywHocts nmeer 360°, noao-
BuHa ee conepxut 130°
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Bo usbexanne Yacro npuncxONHX OMHOOK HeoOXOaHMO
OTMCTHTH, UTO BEAHYHMHA LCHTPANLHOrO YIa COBEPUIEHHO HE
33BHCHT OT JAHHL DPalMyca, TOIAA KaK BEAHYMHA COOTBET-
oy CYBYIOWLEI! JiyIH HPONOPUHONANLHA pajHycCy.
Y lak, na puc. 121 wentpaabuulil yroa coxpa-
é j_‘ HACT OAHY M Ty )Xe BEJUUMHY HE3ABUCHMO OT
0% 7 T0r0, 06pa3yeM au Msi cro pamguycamu OC
K OD unn Basoe MeHbluumu pamnycamu O A

Puc. 121, ¥ OB. "yrd e AB u CD, x0Ta Kawjias u3

HHX HMEeT OAHO M TO e UHCJIO FPaiaycos,
He paBHbl 00 JuKHe: Ayra AR uMeer MeHLIUIYI0 AIMRY, YeM
ayra CD.

Boofie aauxa Ayru nponopunonaibHa: 1) pamuycy ee u
2) BeAHyUHe COOTBETCTBYIOWIErO [EHTPANbHOrO Yraa.

JlaMHa OKPYMHOCTH p COCTaBAfeT OKOAO 3 = AIMHBI NAna-
MeTpas
p=3 % d.

WMiave rosops, OTHOIUCHME IIHH OKPYKHOCTH N IHaMerpa
g 1
cocrapaser fpUMEpHO 3 :

P __3gl
L3

Tounoe omomeﬂneh’i ofo3nayaerca rpeveckoft OykBoli =
(cun»):

p__ .

E_—‘ﬂ?, (/l)

1
3—7 ectb NpubankeHnHoe (1136bITOYHOE) 3HAYEHHE dYHCAA T.

Yucao = uppanuoHaabho (cm. I, 27), 1. e. ero neansds Touno
3anucars B BHAe ApoOu. C TOYHOCTHIO MO MNATOro JecATHY-
HOro 3HAKAa OHO NpefcTasasercsa uuciom 3,14159. las upax-
THKH  JIOCTATOYHO B3ATb npHOMEKeHHe (HeZOCTaTOUHOE)
x == 3,14, uTo maeT HeCKONbKO (HO HeCYlleCTBEHHO) MEHbLIIYIO

TOYHOCTh, YeM T == 3 »; .
dopmyna (1) maer
p ===d, 2)
nau
p="2xnr (mn=<3,l4. : (3)
Aanua nyrn B 1°

2nr Tr
Pr=35= %" (4)
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Banna pyrn B n°

nri

P =T ®

$opmyant (2) — (5) [Bce onn aerko BuiBOAATCA u3 Gop-

myasl (1)] umetoT 6oabliloe TeopeTHyeCKOe H NPAKTHYECKOE 3HA-
yeHue.

Hpumep 1. U3 xeaesnoit nosocw 1anHOHR 2,4 4 HyWHO
U3roToBUTL 06pyY; Ha 3akienky rpacxonyerca 0,2 u# Ha Kom-
nax. Oupenenutsh paguyc o6pyya.

Huuna oxpywuoctn p=24—02==22 (x). U3 ¢opmy-
ant (3)

P 22
r._-ﬂ,\,e—’a-v(),% ().

Mpumep 2. Hdnamerp seayuero xoxeca napososa 1,5 m.
Croabko 0GopOTOB'B MHHYTY HCHdeT KOJeCO NpH CKOPOCTH
noespa 30 xmfqac?

' 1

3a 1 mMun. koaeco npoitger 30:60= 5 (xx), 1. e. 500 .

[lpy onsom o6opore 0OHO NPOXOAUT NyThb, PaBHbIH JIHHE OKDYX-
HOCTH p; p=r=nd == 3,14.1,52= 4,71 ». UckoMoe ynciao o6opa-
T0B 500:4,71 == 106,

Hpumep 3. Paznyc Xeae3HOLOPOMHOTO 3aKpyriaceHHua
800 . Mnuna penncosoro nytu ga wem 60 a, Ckoabko rpa-
AYCOB B Ryre 3aupyiiicHUA?

Hs gopuyian {5)

__180p 155

r

55-60 5
Ta.s00 == £20" (pesyabrar OKpyraeH).

Maoweds kpyea pasre npou3se0eHUIo NOLYOKPY HCHOCML
xa paduyc:

1 . ;
S = 3 Pr, S =nar

[1a0uads cexmopa (Siex;) PaBHa NPOU3BEACHHIO MONOBHHbI
LIHHBL AYTH (Peexr) Ha paguyc (r):

{ A
Scext = 5 Peexal 777
Ilaomans cexropa ¢ ayroit B r° 5
S, =1rn
n 360 ° Puc. 122,

. [lnowans ceamenma naxopurcs Kag pa3socTb HJACHLAAY
cextopa AUBm u tpeyroasnvka AOB (puc. 122).
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§ 15a. ®opmyaa Folirenca aas AMHALL yTH

Ha npaktnke wactro tpebyercs HafiTh UAHHY AYCH, NaH-
HOM Ha YepTeXe UiW B HaType, NpUYEM HEHIBLCTHO, KAKYIO
4acTh OKPYKHOCTH COCTamaseT AYra M KakoB ec paauyc.
B TaKHX c1y4asx MOXHO MOAL30BATHCA CACAYIOWLMM TPHEMOM.

Otmernm Ha navnolfi nyre AB (puc. 122a) ec cepeanny M
(ona nexur na nepnesaukysape CM, 1npoBeAeHHOM K XOp-
ne AB uepes ee cepenuny C). 3atem wamepnm xopay AB u

/W\\
Puc, 122a.

x0pay AM, crarupaomyno noxosuHxylo ayry. Mauua p ny-
rm AB Bbipawaetcs (mpubamxkeHuo) caepywowefl Gopmy ol
[ofirencal):

pas U4 5 (2 —1),

rie [= AM un L= AB.

OrtHoCHTeabHas forpeuidocTh 3Toli (GopMyas cocTasaser
okono 0,50/, worpa AB copepxur 60°. C ymenbuwienuem yr-
JOBOH Me€psl AYIH NPOLEHT MOTPCIIHOCTH pe3ko nagaer. Tak,
4as ayru B 45° oTHocHTeIbHaA TOrpeIHOCTb COCTaBAACT
npumepHo 0,020/,

[Tpuwmep. Ha puc. 122a nsoGpasxena nyra AB, 1is KoTo-
poit /= AM=34,0 ms, L = AB=0617,1 mm. Popmyna [oii-
remca jpaer

p=2-3404 4 (2-340 —67,1) ~ 68,3 (s).

3necs Bce uubpul BepHH, TaK Kak Ayra AB (370 BHAHO
Ha r1a3) COXEPKHUT NpHMepHo 45° W, 3HAUUT, NOrPeIIHOCTH
dopMyan coctasaser Apumepno 0,020/, 1. e. meHblie dYeM
0,05 M.

1) Xpucrnan IMwiirenc (1629-1695) — roasauackuil yueHsifi, 3HAMEHHThIA
cBOItMH paboTaMi B 05.1acTy ONTHKM ¥ MeXauukd,
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§ 16. H3mepenne yrioB B Kpyre

Bnucannotii y204 cocmasasem noOAOSUNY UYERMPAALHOZ0,
onupaowezocs Ha my e dyzy. Ha puc. 123 L ACB=

=+ L AOB. llostoMy Bce BOHcamnble yrabl, onupaomuecs

Ha JaHHy10 1yry, paBHbl Mexay coboil. Ha puc. 124 L ACB=
= LADB= L AEB. Wnaue, xopna AB BumHa noj OJIHUM
H TeM e YrIOM 43 BCeX TOUEeK onHpaouieiics Ha Hee JNYrH.

Ay

G

a L
8 8

Puc, 123, Puc, 124, Puc, 125,

losopsar, gyra ACDEB emeujaem yron onpeleieHHOH Be-
auunpul. Hanmpumep, noayokpyxkHocts Bmewaer yroa 90°
(puc. 125).

Tax Kax (eHTpadbHbIi Yyroa CONEPHUT CTONbKO We rpa-
nycoB (yrioBblx), CKONbKO ero Ayra (RyroBbX), TO 8RUcGH-
wotii yeon (L ACB, puc. 123)

H3MepseTCs 1010BHHOH nyru AB, 4
Ha KOTODYIO OH ONHpaeTCA. oAy

Yzoa, cocmasrennnii d8yms ¢ 17
xopGamu (nanpumep, L AOB, ’ Y
puc. 126), #3mepserca noaycym- , s

Mo —; (CD + AB) IYT, 3aKaio- 5

YeHHbIX MEXAY ero cropoHamu  Puc. 126, Puc, 127

(uponoaeHHBIMHU B 06€ CTOPOHbI).

BnucanHbl#t yroa — yacTHbiil caydya#t paccmatpuBaeMoro (OnHa

H3 Ayl paBHa HYaio). )
Yeoa, cocmasnennsiii dsymn cexyuumu (L AOB, puc. 127),

1, = * .
H3MEPAETCA NOAYPASHOCTBIO 5 (AB— CD) ayr, 3akmoueH-
HbIX MeXJy IBYMA ero croponamu. Buscamuw#t  yroa — vacr-

HbIt CAyuall yraa Memay mByMa cekympmu (CD=0).
PaccMaTpHBas  KacaTelbHYI0 KaK BbLIPOXAEHHE CeKy-
weit (IV, b, 14), noxyuaem oTCciona: yz0a, COCMABAEHHBL
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Kacameanrroii u xopdoii (naupumep, ABC, puc. 128), uame-
pACTCA IOAOBHHOW  ayru,
P 3aKTI0UEHHOH BHYTPH HETO

4 | ~— .
c <—2-AnB ;. yeonr, cocma-
n BAEHHBLI Kacame 2RO
Vi A i ceKyueli  (Hampumep,
8 0 A LBOA, puc. 129), uave-
Pre. 198, Phc. 199, pseTca n0aYPa3HoOCTHLIO

—2'-(874«— DAy zakmouch-
HBIX MEXIY ero CTOpOHAaMu IYr; onucaxsstii yeonr (ZCOA,
’ S S
puc. 129) u3mepnercs NoaypPasHOCTLIO 5 (CBA— CDA) 3a-
KJIOUCHHBIX MCHIY €ro CTOPOHIMM YT,

§ 17. Crenenb TOUKH

Cmenernvio mouxn O OTHOCHTEABLHC 1ailitofl OKPYIKHOCTH
panmuyca r Ha3piBaercs seauunia d® —r* rme d -— paccros-
#ue OC OT TOUKM JI0 teHTpa OKpvkHOCTH., CreneHb BHCMIHCH
TOUKH MOJA0XUTEAbHA, BHYTpEHHelN — oTpunatennna. as Todex
OKPYHOCTH CTelleHb PaBHa Hy.Io.

AGcomoTHas BenduMHa CreneHH TOuKH [d? — r?{ 06o3na-
yaercd yepesd p?, Tak uYTO AAA BHeliHell Toyku p? —d*% — r?,
a jgaa BHyTpeuueit p?==r? —d® BeanunHm p? u p (nocacn-
HAR NpearofiaraeTca NOMOKATENbHON) HIPAIOT BAXHYIS POlb.

Umenno, nycts vepea Ttoury O (puc. 130 u 131) uposo-
BATCA BCeBO3IMOXHble cekyune (AB, DE, FG u 1. 1). Tlpo-

Puc, 130.

H3BEJleHHe JAHH OTPe3KOB CceXymied oT Touku O 10 TOYeK
ee nepeceveHus ¢ okpymHocThio (OA - OB, unn QD - OF, niu
OF-0G n 1. 1.) ecTb BepuuyHa noctosnyan ¥ pasna p?. Oco-
GeHHO BaxeH cayuail, KOrna cekyiias poxo;uit vepea venip C
{CM. LpHMepb HBXE).
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Ecan t1ouxa O — pHewnss (pic. 30), TO, paccmarpnsan
KacaTeAbHYIO Kak BHPOMWIeRUC cexywell, uncen O7F* =p?,
T. €. a6CONMOMAAR BCRUHUHA CeneKI MOUKIL eciy /ceadpam
Onunbl Kacamenvroll. Bemuuuna p, taknm o6pasoMm, paBHa
J1anHe KacaTeanHoi OT. )

Ecm royka O — BHyTpenuas (puc. 131), to, nposois ue-
pes O xopny L;L., nepueninkyiapsyio x anametrpy DE,
HMeem OL1—~OL2, TaK 410 OL~——p- T. €. cmenenb MOYKU
pasHa  xgadpamy HauMeHbulell noAyxopds, npoxodsuel
qepez 3my mouky. BeanuwHa p, Takum o6pa3oM, paBHa
Kauge goayxopasl OLy.

Mpumep 1. Kakosa maabHoCTh BHeHHA ¢ CaMojera,
AETAULeTC Hajl MOopeM Ha Boicote 2 wam? ([naverp Be\mn
12 700 #ar.)

Ha puc. 132 man (cxematdyecky) BCpPTHKAAbHBI paspes
3emau. O — mectoHaxoxacuse  camonera, OF =2xm,
ED == 12700 ra. Haubonee yzanensas Toyxa 3eMaH, BUIUMAA

4

£
A 1)

BN

7
Puc, 132, Puc. 133,

¢ caMmonera, ecTb Touka 7; OT -— xKacaTelbHas K OKPYXHOCTH
ETD; OT=p. C apyro#t croponsl, p*=0F - 0D =~=2-12700
(bl 6epeM OD == 12700 xx, or6paceiBan 2 xi Kak BETHYHHY
32BeJOMO MEHbIIY!0, YeM MpefeibHas JorpeiyHocTb npubian-
WeHHOHM Beanumuot 12700 rear). Orcona

7= V25400 =~ 160 (xx).

[Tpumep 2. [llpoaer kamMeHHOro €8oxa cocraBaseT 6 a;
crpeska ero 0,4 x. Onpeneantb paguyc Ayru csofa.

Ha puc. 133 (cxemarudeckom) L;L;=06 ﬁ;, EO =04 m.
Creneup Touku O paBHa p”::OL’~‘=<L—‘211‘*1) =9. C npyroit
croponst, p? = EQ - OD; tax kak EQ Heseauko cpasuurenbio
¢ OD, moxdo npunats OD ==2r, u uoayuaem 9=s0,4.2r
Orciona

| o

r=

1
~ 1L (0.

o>l

0,
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§ 18. PanukaidbHas 0Ch; pagHKaibHbIli LEHTP

leomerpuueckoe Mecro Touek M (puc. 134, 135, 136, 137,
138), uMEIOUHX paBHbe CTeMeHH OTHOCHTeAbHO ABYX HAHHHIX
okpysHocrelt Oy, O (MK; = MKy), ectb npamas aunus AB,
f1epIeH MKy IAPHas K AHHUH LEHTPOB.

Jra npAMas Ha3blBaeTCA paduxasbuofi Ocoro Kpyrob (O
u Q.. Paccrosnua dy, ds paaukaabHolt ocu ot uentpos Of, Oq

ny

Puc. 135,

Puc, 136, Puc. 137,

ZaHHBIX OKPYXHOCTEH MOXHO BHIYHCAMTL HO (opMynam

a I’%‘-—rg
di=ON=5+ g5,

d r;::—-rg
d2—NO2—‘§+ % ]

rne d ectp paccroanne 0,0; Mexly LEHTPaMy KpYyros, a ry
M ry — paguychl Kpyros. [‘opasno npoie HafiTH pagHKalp-
HYI0 ocb ¢ noMombio nmocrpoexus. Ecanm oxpywxsocru O; n
O, nepecerawtcs B Toykax C, D, T0 Kaxk/1as U3 ITUX TOUEK
uMeeT HyneBYIO cTeleHb OTHOCHTENbHO OGOHX KPYFOB H, 3Ha-
yut, paauKaibHas ocb npoxoauT uvepes C u D (puc. 136).
Ecan oxpyxHnoctu kacawtcs B touke C (pme. 137, 138), 10
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palHKaAbHOH MX OCBI0O CaymuT oOuias KacaTeabHas. [as
HEnepeceKaloIUXcs KPYroB pajHKalbHY0 OCh MOMXHO HafiTH
tak. [locTpoum (puc. 139) BcnoMoratelbHy10 OKPYXHOCTH O,
nepeceawoulyio okpyxkHocts O; B Toykax C, D u OKpyx-

B
&
8 (| ,/.a ' £

A A
Puc. 138, Puc, 139,

Hocts O, B Toukax E, F. Mpamsle CD, EF cyTb paguKaib-
Hble OocH 18yX nap okpyxuocrefi Oy, Os n O, O, Tlostomy
TOYKA MX nepeceyeHda P uMeeT ONUHAKOBYIO CTeNeHb OTHO-
cureabao (O, O, a Takime OTHOCHTeAbHO Oy, O 3Hauwr,
OHa HMeeT OIHHAKOBHe crenmend OTHocuTeabHo O;p u Oy,
T. €. NeXuT Ha palMKaabHOM oCH [BYX JA2HHLIX KpYTOB.
Hafins taxmum ke oGpasoM eilie ONHY TOYKY HAH ONYyCTHB
neprenaukyasp PN us P Ha 0,0, Hafizem HCKOMYIO paiu-
KalAbHYIO OCb.’

D10 paccymeHne MoKasblBaer, 4TO TPH PafuKaibHHE OCH
106bIx Tpex fnonapHo B3sTWX kpyros Oy, O, O, Nepece-

l

tac, 140, Puc, 141,

KalTCA B OJHOH TOUYKe, Jra TOYKA HA3LIBAETCH PACUKALLHULM
yexmpos kpyros Oy, Og, Og. B uacTHOCTH, Tpn obuine xopiui
TpeX mNONapHO NepeceKaoiHxcs oKpyxkHocrell (puc. 140)
nepecekaioTca B ORHOM royke. Tpym obuwue KacareldbHbie
TpexX MonapHo KacaiolHxcs Kpyros (puc. 141) Toxe nepece-
KaoTCcA B OLHOH TOuUKe.
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§ 19. Boucannnie H ONHCAHHBIE MHOTOYTOJbHHKH

Brucannoim ¢ xpy2 mMHO20y20/6HUKOM HA3bIBAETCA TAKOMH
MHOTOYTOIbHHK, BEPIIHHL KOTOPOre Nexar Ha OKPYXHOCTH
(puc. 142); onucannem 0KkoA0  Kpy2a MHOZOYZOAbRUKOM
Ha3blBAETCA TAKOH MHOrOYrONLHHK, CTOPOHH KOTOPOTO Ka-
CaloTCcA OKpYmHOCTH (puc, 143).

OnucanHoil OKORD MHO20Y20AbHUKA OKPYHCHOCMBIO Ha-
3nIBaeTCA OKPYMHOCTb, NDOXOIAILas Uepe3 €ro BepulUH
(puc. 142); snuconnoii 8 MHO20Y2046HIK OKPYHCHOCMBIO Ha-

d

Puc. 143.

3bIBACTCA OKPYXHOCTb, Kacaouwasca ero CTopod (puc. 143).
Ecan MHOTOYrOJbHUK B3AT NPOHM3BOJBHO, TO B Helo Helb3s
BINCATb ¥ OKONO HEro HefMb3s OMHUCaTh OKPYXHOCTh. B cay-
yae TPEYrodbHMKA BCErAa MOXKHO TOCTPOHTL KaK BIHCAH-
HYI0, TaK N ONHCARHYI OKpyxkHoctb (cM. IV, A, mm 20—21
n 1V, B, 9).

Paduyc r 8nucanno20 Kpy2s BHpaxaercs yepe3 CTOPOHH
a, b, ¢ TpeyroabHuKa Gopmynoit

1/ =g p—bip—c atbte
r—l’ —“‘-——p———‘— <p‘:~~-—2———> .
Paduye R onucannozo xpyza smipawaercs $popmynoft

abe

TV p-B(p—0

B ueTHpexXyroabHHK OKPYKHOCTb MOXHO BHHCATh AHINL
B TOM CllydYae, eCAH CYMMBl €I'0 [DOTHUBOMNONO¥HLHX CTOPOH
GIAHHAKOBH; M3 BCEX NapaanejorpaMMoOB AHIIbL B pom6 (B wacT-
HOCTH, B KBajpaT) MOXHO BIHCATh OKpyXHoCTb. LleHtp ee
JEKNT Ha NepeceveHuyd NuaroHaneil.

OKON0 YeTHpexyrodbHHKa OKPYMHOCTb MOXHO ONHCaTh
A¥Iib B TOM CaAydYae, eCldil CYyMMa MPOTHBONOAOXHbLIX YIJOB
pasna 180° (ecau sto obuapysenc Rad oiHOH Uapbl NPOTH-
BOJEM(AUMX Yr40B, TO jgpyras Napa HENPEMEHHO COCTaBHT
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B cymme Takxke [180°). VM3 scex napamtenorpaMMoB AHIIb OKO-
A0 NPSAMOYTOAbLHHKA (B YACTHOCTH, KBAAPATA) MOXHO OIMCAThb
OKPYMHOCTb; LEHTp €€ JeXHUT Ha I[epeceyeHUH auaroHaneft.

OKoJo TpaneLny MOXHO OTIHCATh OKPYIXHOCTh TOABKO TOTAA,
Korfia OHAa paBHOGOUYHaA.

B 8unyKAOM Hemobpexy20rbkuKe, SRUCGHHOM 8 Kpye,
npoussedentie OuG20HaAEll PABHO cyMMe npou3sedenuil npo-
musonoaoxcHox cmopor (reopema lroaemes) Ha puc. 142

AC-BD=AB-DC- AD - BC.

§ 20. paBHJbHBIE MHOTOYTOJXBHHKH

[pasunvuoiilt.  MHO0Y20AbKUK — MHOPOYFOALHUK C  paB-
HHMH CTOpoHaMH M yraamu. Ha puc. 144 n 145 nsoGpamensl
NPAaBUABIbLIE NICCTHYTOMbHUK U BocbMuyroasunk. [lpaBuaphsiit

Puc 144 Puc. 145,

YETHIPEXYTOALHHK €CTb KBAJApaT, NPaBUAbHbIA TPEYTOAbHUK —
pasuocwgouuuﬁ. Kaxnblii  yroa npasuabHOro n-yroibHUKa
18

°(n—2
paBeH n

BHyTpr utpaBHABHOLO MHOTOYLOAbHUKE UMeeTCs ToduKa O
(pHc. 144), pasHooTcTOAWadA OT BCeX ero BepuHH (OA = OB =
=QC U 1. 1.), — Yexrmp NPaBHALHOTO MHOTOYroAbHuKa. Llentp
DABHOYJAJEH # OT CTOPOH WNPaBRALHOLO MHOTOYrOAbHUKA
(OP=0Q=0R u 1. 1)

Otpeakn OP, OQ w 1. A HasuBaloTCA anodemary,
orpeskyt OA, OB u T. L. — paduycamil (paBUABHOTO MHOrO-
YroNbHHKA.

T1a0wads npasuUAbHO20 MHOZOY20AbHUKA PABHA NpOU3-
G£0eHII0 NOAYNEpUMEmpPa Ha anogey;

S=ph,
e
p=5(AB+BC | CD+-...), k=OP.
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OKoo HpaBHALBOIO MHOIOYTOALHHKA MOXHO OlIKCATh B
B HCTO MOXHO BIMCAThb OKPY¥HOCTL. llenTpw BOHCaHHOR H
ONUCANNON OKPYKHOCTH ACKAT B IICHTPE UPAaBHALHOTO MHOTO=~
yroabpuka. Paiuyc onucasnol  OKPYWHOCTH CCTh  pajpuyc
NPABHALHOTO  MHOTOYFOILHAKA, PauYC BIHCAHHONH  OKPyX-
nocrn  cro anoema, (Iloctpocnue BuHCAanubX MW OUHCaH~
HBX MHOFOYIOALIMKOB M. IV, A, uu. 30-—38.) Cropona b,
HPABHALHOTO OIHCAHNOLO MHOrOYroaLlMKa Bupakaercs yepes
CTOPOHY @, UPABHALHOIO BUHCAINOIO MHOTOYTOALHHKA € TCM
*e yuCaAomM cTopon hopyaoit

b, = Ray,: l/R”—— ; a; (R~ pajmyc Kpyra).

CropoHa @z, UPABHALHOLO BHHCAHHOIO MHOFOYIOJAbHHKA
€ YABOCHHBIM UHCIOM CTODOU Buipawxactca ucped g, dopmy-
noit

e et g e
" 1 e
an=/ 2R —2R Vire-la.

Cacnyiomue  GopMyant  [410T BblPaXCHHUA COOTHOIICHUMN
MCH(,[[y CTOp()HaMM llOK()T()ple UPABHALHLIX BHACAHHLIX MHOI'O~
yl‘OﬂbHHKOB H paJlH)’COM prra:

ay=R V3 = |IRIR;
a=R V2 ~ 141428,

=R l/f’; V5 e 1,1755R;

as=R;
=RV 2~ 12 ~07654R;
au=RY2 2! 0 6180R;

0 =RV 2— V3~05176R;
a=~R[V 1042 V5 — V3 (V5 —1)]~04158R.

BripaxcHus 0as @i, a5, Gg YaCTO IPHMCUAIOTCA Ha IIpaK-
THKC, HX XeNaTCAbHO HOMHHUTDL, BHIMHCACHHE CTOPOH OCTalb-
HbIX MHOTOYrodbHAKOB Ylo6Hce BCCro HPOH3BOAKTL HO dop-
Myaam TPHLOHOMCTPHH (¢M. V, 13) ¢ nomombio tabaun. das
6OALIIMHCTBA MHOIOYIOJLHHKOB OTHOWICHMS 4yt R ue Moryt
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6biTh BeIPAXCHH B BUAC aarcOpanucckux GopMmya jaxe ¢ 1o-
MONIBIO HATPOMOXCICHHSE PAJRKAI0R,

ITpumep. Mowno ag us 6pesia, HMCIOULCTO NONEPCYHHK
40 cam, BLINUANTL Kpaapatuuft 6pyc muprHOR
B 36 cm?

8
[Tonepeunoe ceyenue 6peslra MOXKHO NPH-
HTh 3a KPYr pajiuyca /\
0,
R= 2)= 20 (c). \/

HanGonniunm, KBagparoM, 10MCHIIONIIMCH Puc. 1465
B KPYyre, sBASCTCH  KBAAPAT, BIACAHIBIA He. b
B Heroo Ero cropona AB (puc. 146) pasHa
20 Y2 =20 1,41 =28 (ca). Nosromy 6pyca mupnioi 36 cu
H3 OpeBHA  BLUDLIMTL  HEAL3s.

§ 21. NMuomaan naockux duryp

B stom maparpade cobpann sawuciinue Gopmynn ias
wiontaneit S wockux Guryp (Hekoropnie w3 nux  Oublan 1pH-
BCJLCHLL B COOTBCTCTBYWOULUX Haparpagax).

Keadpam (puc. 103 na crp. 284). a-— cropona; d— pua-
ronan:
a®
‘2" .

[Ipsimoyzoasnur (puc. 101 ua crp. 284). a, b — croponu
S =ab.

Pou6 (puc. 102). a-—cropona; d,, de — AuaroHanss; a —
oMl H3 YraAoB (0CTPhifl HIW Tyloit):

S=at=

S="% —g2gina.
2
laparnenoepamun (puc. 100 na crp. 283). a4, b — cTopons;
a-— 0N ¥3 yraos (OCTpblil MAH TYHOI); & — BeICOTA:
S = ah= absin a.
Tpaneyus (puc. 104, 105 na crp. 283). a, b —
OCHOBaHHA, /1 — BLICOTA, ¢ — CPEUINs NHHMSL:

A
S= 1—;'2-—0— h=ch

Puc, 147,

Joboi «emvpexyeoavnuk. dy, ds — Inaronany; a— yroa
Moy numu (puc. 147):

1 .
S=g didysina
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HeTnpexyroanig, ko0 KOToporo MOXHO ODHCATL OKDYK-
wocrn (IV, A, 22). a, b, ¢, d-~- cToponn:
doe-d

st .

pP ==
S= Vi = - 000 =
Mpamoyeonasnstii mpeyeoasrux (puc. 93 na ctp. 281).
a, b—xarertnl
S= ; ab.

Pasnobedpennnii mp-x (puc. 77 na crp. 277). a— ocho-
sanye; b — GOKOBAs CTOpOHA

S /e at
S=lal p7.

Pasnocmoponnuwi mp-x (puc. 78 na crp. 277). a - cro-
pona:

S [N
-SZTG“ V—(;.

Jhoboit mp-x. a, b, ¢ — CcropoHwn; @ — 0cHOBaHUC, A — Bul-
cota; A, B, C-— yraw, Jaewawmue UPOTHB CTOPOH a, b, c;

b-
5" (puc. 148):

1 N a?stl Bsin € A% .sin A
S=y ah= yabsin C=""% C™— = yinpan e =

I
y 3¢
= Vh - B h (O

Muo2oy20abrux, na0MAAL KOTOporo Tpebyerca Hality, pas-
GuBaercs AIOCLIM OOPE30M HA TPEYPOALIKKY (HAIPAMCD, Jaro-

Puc, 148, Puc, 149,

sanamu). MHOrOyroanHUK, ouucannuiil OKOJNO Kpyra, yaoGHo
pa36uBatL UPAMBIMH, HIYILHMH OT LLCHTPA KPYTa K BCPIUHHAM
muoroyroasiunka (puc. 149). Torjpa noayuaewm:

S=rp,
Tle r —pajuyc Kpyra, p — HOAYUCDUMCTD.
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B vactnoctn, 9Ta GopMYIAQ HMECT MCCTO JUIR BCHKOIO Npa-
BHALHOLO MIOIOYFOABHUKA,
HpaBuabHoit weemuy2oLoHIK. ¢ — CTOPOILL
S = 3 g
= 9 l/ 3 at.
Kpye. d — nwamerp; r— pajiuyc; C— LiHHa OKPYKHOCTH:

S == ) Cr=nr? (= 3,142r") = =% (= 0,78542).

Cernigp. r— pajiiyc; n-— IPajycHas Mepa ICHTPAALHOro
yraa; pe-—aana pyra (puc. 150)
1 nrin
S =g Py == g™ ,

I{pyveosoe Koabygo. R, r-—Bicuumi 1 pHYTPeHHUH pa-

Pue, 150,

auycent (puc. 101); D, d -— sHCIUARI ¥ BHYTPCUNMT JiMaMeTpol;
r-—cpejumit paguyc; k— RIMpHHA KOALIA:

o o 0 4 o 5
=a(R*- r*y= 4 (D? — d®)y = 2=rk.

Ceemenm. Haomans cermenta (puc. 152) 1axojuTes Kak
PAa3HOCTL naomajcit cekropa OAmfB u tp-ka AOB.

§ 21a. Mpubanennas dopmylia naomagn cermeHTa

Ha fIPAKTHKE Y&aCTo 1'p06yCTC5l HAWTH JIOHLAND cerseHra,
AGHHOTO HA YCPTCKE HWIKH B Harype, HpHUYCM HCH3BECCTHO, KAKYIO
HACTD ()pr)i(ll()CTH COCTABANCT JAyra cermeira U Kakon ¢¢
paauyc. B Takux cayuasx HOJL3YOTCs  cackylonteit ipubim-

Heinoll gopmyaoin

2
S = 5 ahy
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e a= AR (puc. 152a) - ocnosanune cermenta, h=CM —
ero Bhcota MiriMu caoBaMu, CUHTAIOT, HTO CCIMCHT NO 1dO-

B

2 .
wanu pasen  upsmoyroasunka ABED. Ha camom fgeae tio-

~r N
majh cerMenta Heckoanko 6oantte, llpn AB=160° ornocn-
TeaLKas  uorpetuocts  Gopmyan  cocrasaser  1,5%;  npu

AB=45" ona Basoc Menwute; npn AB = 30° oma coctasaser
0,3%, u B maasnefinicM clupxaetcsa eue Obictpec.

7 o £
| |
7
. A ,6‘ I -
Puc. 152a, !

Mpumep. Haiitn nrowans cermenra AMB (puc. 152a),
¥y KoToporo ocnosaHue a==60,0 mm, a sucora h=2804 wmam.

Pemwenune, S== —2— - 60,0 - 8,04 == 321 (mu?). Omniaxo

TPCThbH UHDpa 3aBCAOMO HCBCPHA, Tak Kak ayra AB (210
BUIHO Ha [1a3) COACPKUT sipuMepno 60° u, 3uayut, norpem-
HOCTb Gopmyab coctasasier 1,5%,, 1. ¢ npumepHo 5 mm?,
Ecan cpeaaTh .COOTBCTCTBYIOULYI0 HOUPABKY, TO HAaHICM, UTO
S==326 mm? 3mccy BCC UMBPH BCPHLL

B. CTEPEOMETPUS

§ 1. OGiune 3ameyaHus

Cmepeomempus, M3yudc1 reomelpuucckie cBoficTsa npo-
CTPaHCTBEHHLIX Tex M ¢uryp. Tlpn pemenun CTepecoMeTpuye-
CKHX 3ajlay BAXNCHUIUM HPUCMOM BASCTCH  PACCMOTpeHHe
IWOCKHX JMuui 1 PUIYp KaX 10X, KOTOPHIC HENOCPCACTBCHHO
00HAPYMHUBAOICH 1 HIYUACMOM NIPLAMECTE, TaK U TCX, KOTOpLIC
CTPOSTCH B RauecerTne segomot atreabnux. Hosromy oucnn saxo
HayuuTLOA pacuo3nasarh 1 BLUICJSITL B OPOCTPANCTBCHILIX
00pa3ax paznoonpasLIC 1IAOCKRC (hurypot.
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§ 2. OcHoBHbIE HOHATHSA

fToncGHO TOCMY K2K B IJI2HEMETPMY 43 BCEX JMHHH OCo-
6eHHO BbIZENAETCS MpocTefiran JuHHs — NpAMas, B CTEREO-
METPHH H3 BCCX [OBepPXHOCTell 0coGeHHO BblleAsieTcA MJI0-
cKas TNIOBEPXHOCTDb — JILAQLKOCHb. I1rockocms n npamas
AUHUSL — OCHOBHEIE 3MEMCHTbl CTepEOMEeTDPHH.

Yepes ecsaikue mpu MOYKU  HPOCHIDAHCIIBA, HE AeHCa-
Wue Ha O0HON npAMOL,- MONCHO Npogecmu OOHY U HOALKD
00Ky naockocms. Hepesd Tpu TOUKH, dewaulue Ha OZHOH ups-
MOH, MOXHO UPOBECTH GCCUMCIEHHOe MHOKECTBO HIOCKOCTeH,
06pa3yoinux ny4oK MIOCKOCTel; NpAMan; yepes KOTOPYIO upo-
XOAAT BCE NAOCKOCTH MYyuKa, HA3bIBaeTCA ero OChic,

" Yepes n1006y10 OPAMYIO ¥ He JewailyIo Ha Hell TOYKY MOMHO
{IPOBECTH CIHY M TOJbKO OAHY INIOCKOCTb.

Yepe3 nse Npamble IIOCKOCTh MOKHO [POBECTH He BCErld,
[se upamble, uepe3 KOTOphle HeIb3s LPOBECTH IOCKGCTD,
Ha3blBAIOTCA CKPEL UBAIOUUMUCS.

Mpumep. [opusontanpHan mnpsiMad, HayepueriHas M)
OIHON CTeHE XOMHATBl, H BEPTHHAAbHAN NPAMaRn, HAYEPUEHIIAn
Ha 1POTUBOICAONKHON CTeHe, ABIAIOTCA CKPellUBAOL{HMHCH.

CkpeilinBamuinecs NpaAMbie He NMePeceKalorcs Apyr ¢ Apy-
rOM, CKOAbKO Obl MX HH TpOJOMKATb, HO UX He HasbBaOT
flapanienbibIME,

[apaaneavbrsisy HA3LIBAOTCA TOJIbKO TaKkue 1Be HEMepe-
cexamiiyecs NpaMble, YepPe3 KOTOPble MOXKHO [NPOBECTH NA0-
ckocrb (cp. IV, B, 11).

Pasauuyye MexJy NapajsielibHbIMH IIPAMBIMY U CKPeIRBAI0-
IHMHCSA ' HalrRALHO XapakTePu3yeTCA TeM, YTO ABe napan-
nedbHble OpAMEBIE HMeEIOT OJHO H TO e HafpaBaeHue, TOTLa
K&K HanpasJeHHs CKpeliHBAIOIMXCA TPAMBIX Pa3AHyHbI.

Bce Touku onHofi mnapaanesbHofl npaMoi#l HaxoaAaTca Ha
OIMHAKOBOM PAaCCTOAHHU OT ApYroH (paccrosaHue uaMepserca
G0 MepHeHAUKYAApy), TOrAa KaK TOUKH OXHOH H3 CKPEiHBaIOo-
IUXCA OpPSMbIX HAXOUATCA HA pas3iany-
HbBIX PAcCTOAHWAX OT APYroH.

Uepes aBe mnepecexaiomuecs nNpsAMble
BCErJa MOXHO HpPOBECTH OXHY M TOAbKO
OAHY IIOCKOCTb.,

Paccmosinuem meoicdy 08yms cxkpewju-
8AIOUUMUCS NPAMbLMY HA3bIBAETCA IINHA
orpe3ka MN, coemnnsomero Gnmxaiiuue Puc, 153,
apyr Kk apyry toukn M u N (puc. 153),

Jexal(de Ha CKpewpBaomuxcs npambix. [Ipamas MN
NepneHpiKyIapHa K 00eHM CKPelMBAIOUIMCA NPAMbIM.

N

e e e e o e
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Paccroaunie MexAy napazjeibHbIMH MNPAMbLIMH OMNpere-
fseTcA, KaK B NAaHAMETPHH, PaccTOAHHE MeXIy NepeceKaw-
UUIMHACA NPAMLIMH CUXATAETCA PABHBIM RYA.

Je NJAOCKOCTH MOrYT mepeceKarbcs (IO APAMOIL JTHHHH)
Win He muepecekaTbcA. Henepeceraouiuecs MWIOCKOCTH Hasbi-
BAIOTCA NAPAANEAbHBLMU.

[pasas # naockocTh Takwe 160 nepecekaircs (B OAHON
TOUKe), AM00 He NepeceKawTCs; B NOCieAHeM Ciyuae FOBOPAT,
YTO nPSAMAR NAPGAAZAbNG nAOCKOcH (MIM YTO IAOCKOCTh
fapaanenbHa npamMoi).

§ 3. Yram

Yeon meocdy G8YMS nepecexsioujuMiucs nPIMuLML U3Me-
prieTcs TaK ke, KaK STO HedaeTcs B naapuMerpun (ubo we-
pes nBe Takide MpAMbBIE MOXKHO IIPOBECTH IIOCKOCTh). Y26.1
MEFHCOY NAPAANCAbRHIMU NPIMIMU CUATAETCH DABHLIM HYAIO

4y
rn

4
s
&

Puc, 154, Pre, 185, Puc, 156,

way 180% oM. 1V, B, 11). Yaon aescdy ckpemusaouumucs
npamuimu AB u CD (puc. 154) ') onpenenserca Tak: yepes
o6y ‘Touky O nposouat ayun OM || AB u ON || CD. Yroa
mexny AB m CD cumtaercsa pasHeM yray NOM. dpyrumu
cnoBamy, npamue AB u CD nepeHocATcA B HOBOe NOJO¥e-
HAe mnapaifeabHo camuM cefe 10 fepeceyeHHs HX IpYyT
¢ apyroM. B wuactnoctd, Moxuno O B3aThb Ha oixoft M3 mps-
mMbix AB, CD, koropas Torga OCTaHeTCst HEMOABHKHOM.
flpamas AB, nepecexaomas miockoctb P B Touke O,
ofpasyer ¢ pazanudbiMu  npambiM# QC, OD, OF, nposesen-
HBIMH Ha MNiaockoctH P uepe3 Ttouxky O, Boobuie rosops,
pasanuHele yraw, (yram AOC, AOD, AOE, puc. 155). Ecsu
OHA MepleHRMKYAADHa K JBYM TakHM MNpPAMBM (HanpHMep,
OE, OD), 10 oHa NepieHIUKYAAPHA ¥ KO BCeM APYIUM Tmps-
MbIM, npoxonsuiuM uepes O (nanpumep, OC). Torxa npamywo
1) Ha npamoit AB (i Ha npamoii CD) MCKHO IO IPOH3BOJY YCTAHOBUTH

nanparaesde: OT A x B um or Bk A (o1 C ¥ D nan or D8 C), B nep-
BOM caydae npamyio oGossauaior AB, no Bropom BA,
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OA (puc. 156) Ha3uiBaioT nepneHOUKYASPHOL K nIOCKOCTH P,
a MIOCKOCTh P — nepueliyukyasapHoll k npamoi O A.
Ipamoyzoasnofi  npoesyueil (MAM  NPOCTO NPOEKLHEH)
mo4yKku A Ha naockocmd P xazuiBaeTcs OCHOBaHHe C nepiteH-
IMKYRApa, ONYIMEHHOro. H3 Touxi A Ha naockocts P. Ilpoex-
yus ompeaa AB Ha naockocing P ects orpe3or CD, KOHUAMK

4/ B l 74/:1 M
- e
% 6'/”; /J},P/ﬁ Pi L /

b o
Puc, 167, Pue, 158, Puc, 159,

KOTOPOFO CAYXaT OPOEKiHH KOHUOB. oTpeska AB (puc. 157).
TlpoexTHPOBaHHE eCTb OAMH M3 OCHOBHBLIX HPHEMOB reoMe-
Tpudeckoro uccaenosanus (cM. IV, b, 4). C nomoutsio nipoek-
THPOBAHHA ONpEReAAeTCA Yroa MEeXAY NPHMOi H [IOCKGCTDLIO.

Yenon mescdy npamott OA u nasckocinoo P itaspiBaerca
yroi, obpasyemuit npamoit OA u ce npoexuueii OB Ha nio-
ckocts P (puc. 158). Ecan npamas MN napamicupHa nio-
ckocTH P (puc, 159), To ona napanieabHa CBoell NPOeKIKH H. -
(octpuit) yroa Mexay MN u nrockocteio P
CUMTAETCA PaBHBIM HY.L10,

durypa, ofpasoBaHHan JBYyMs NOAYNAO-
ckocTAMH P W (), HCXONAIIUMH H3 ORHOMH
upsyicit CD (puec. 160), HasmiBactea 08y-
epannbis yeaom. Tlpamas CD nasbiBaerca
peOpos IBYTpaHHOro yraa; fiaockoctd P u Q
Ha3bIBAOTCA €0 ZPAHAMU.

[laockocts R, nepnengukyaapHas x pe6- Puc. 160,
Py ABYrpaHHOro yraa, B nepecedeHu# ¢ rpa-
uamy P 1 Q naer yron AOB, HasuBaeMblil AUHelNOLM Y2A0M
IBYTPAHHOTO Vria. .

3a Mepy ABYTPAHHOrO Yriaa MpPHHHMAIOT BEIMYHHY €10
AuHeHROro yraa. BMecro «mepa AByrpaHHoro yraa ectb 30°
TOBOPAT «IBYTpaHHH yroa pased 30° u T. .

Yacro roBopAT TakwKe «yrod MexHny ABYMS INIOCKOCTAMHY,
nofo6HO TOMY KaK B NJaHUMETPHH TOBOPAT «Yroa Mewny
LBYMA nNpAMbiMu». IIpn 3TOM HMeercA B BUAY OXMH U3 YeTH-
pex yrioB, o6pazoBaHHBIX WIOCKOCTAMH (00bIuHO ocTphift) !).

1) BepTuxaabubie ¥ CMeMHble IBYUPaHHbie YT/Abl OUPEALANIOTCR TaK ke,
KkaK BepTURaJbHple H CuCWHLIE YPABL MeXRy npsubiMy, Beprukanbubie
AsyrpaHibie yranl PaBHbl XPYF RPYry: CMEXKHElC B CyMie cocTasasior 180°,
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Yeon (ocTpmit) mexcdy 08YMs naparseAbHOBLMU NAOCKO-
CMsMu CYNTAETCA PABHBIM HYWMIO; B MPAMOM CMBICAE Mbl 3H€CH
BoOOIle He HMeeM Yria,

JBe nnockocTH, obpasymomue Ipyr ¢ HApYroM TNpaMOoit
yroa, Ha3blBAOTCA NepnenOuKy AsSpHULMUL.

Yrael, ofpasoBanuble JBYMA npameiMu AB u CD, coor-
BETCTBEHHO JICPNEHIHKYJAAPHHIMH K ILIOCKOCTAM P u Q
(puc. 161), papsu yraam Mmexny P
1 Q (octpbie — OCTPHIM, Tynbe —
TynbiM). [Toatomy Mepy yria Mexny
OBYMS maockoctaMu P Q MOXHO
ONpeReauTh eifie HHAue, 3 UMEHHO
KaK BEJAHUMHY yraa, o6pasoBaHHoro
npameiMy AB ¥ CD.

§ 4. Mpoexnun
Ha naockocms MOXHO 1DOGKTH-
poBaTh HE TONBKO INPAMYIO, HO H
Puc. 16t Mo6YI0 JIHHHIO, KaK YMellaomyncs
B Kikof-i160 [UIOCKOCTH, Tak
ne ymentewiyloca, [ycrs ABCDE (puc. 162) — kaxas-
HUOYAb n#HHMA  (KpuBas UM gomanas). bynxem Heupe-
PHIBHO NEpeiBUTaTs TOYKY BLO:.AbL 31Ol aunuy. Koraa Touxa
6yner 2zanmMarb noxnoxenus A, B, C, D
¥ T. I, ee npoexkuna (IV, B, 3) 6yaer, nepe- o2 [
Mellasch, 3aHUMaTb NOJOWeHUst a, b, ¢, d 4/5/‘_:/7‘\_;

¥ 1. A Jusua abede, onucauuas mnpoexnueit et
aBukyutefica no JuHud  ABCDE  Ttouxwm,
waswiBaeTca  npoexyued  auHun  ABCDE.

dopma NPOCKUHH, XOTA CAMA 4 3aBHCHT Puc. 162,
BCELEJNO OT (GOPMB NPOEKTHPYEMO! AHHUH, )
He omnpeneaser Gopmy npoexkTHpyemoit auxaun. Ho ecan
U3BECTHbI NPOEKUHH HekoTopoit anmuuu ABCDE wa 0Js2
naockOcmu, TO 3TUM onpepeasercal) y popma camoft au-
gun ABCDE. 2ToT QaKT JeXHT B OCHOBE MeTONa Hadepma-
meAbHOd 2eomempuy, B KOTOpDOH TeoMeTpHuyeckan Gurypa
E3yyaeTca ¢ IIOMOHILIO ee IIPOCKUUN HA IBe B3aMMHO fICpHCh-
,mm[ylﬂﬂpﬂbie NJIOCKOCTH.

p¥ MPOCKTHPOBAHMM JHHMH HAa NJOCKOocTk (dopMa ce
conpepraetca usMmeHenmo. Tak, HanmpuMmep, €CiH CHPOEKT-
roeath HA MAOCKOCTS P kpyr (puc. 163), mnockocts @
LOTOPOTO He NapaaneibHa INIOCKOCTH P, TO B UpPOEKUuH
[0Ay4aeTca OBanbHAA KDHBas, Ha3blBaeMas IAAUNCOM.

1) Ba UCKMOYEHHEM HEKOTOPLIX OCOGLIX CAYYACE DACHOJCKERUN AUIiLA,
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Ecay 3aMgHyTas nHHHA, JeXKalias B 1LI0CKOCTH ), 1poek-
THPYETCA H4 MIXOCKOCTh P, TO niowals S;, orpaHHdyeHHas
npoexnuedt, CBA3aHa ¢ mAoWAanblo S, OrpaHHYEHHON [POeKTH-
pyeMoft dpurypo#t, coorsomennem

S1=38cos q,

rae a— yrol Meway maockoctamun P u Q.

AHnancruyHas GopMmyaa CBA3bIBACT JJHHY @ orpe3ka AB
(puc. 157 na crp. 307) ¢ npaudoit a; ero npoexknun CD Ha
nnocKkocTs Pi

a4y =acos a,

rlle a-—— yroa MexJy npamoil AB u n1ockoCTe P.

Yacto Noab3yIOTCA TaKKE NPOEKTHPOBAHMEM TOYeK H
OTPE3KOB Ha@ npamyno (0cb npoexnui).

[lycts umeeM mpamyio AB u touxy M (puc. 164). Ipo-
BecM uepe3 M MAOCKOCTDb, NEPNeHHKYIAPHYIO K NpAMod AB.

Puc. 184,

Ona unepeceyer AB B HekoTOpOH TOUKE ml; TOYKA /M Hasbl-
BaeTca npoexyuel moyxu M wHa npauywo AB.

[poexrupya KoHusl M u N otpe3ka MN Ha npamyio AB,
MBl MOXyYaeM TOYKH m M 1, OPPAHMYMBAEMblll UMH OTPE30K
HaswiBaerca npoekyueld ompesxa MN wa npamywo AB?).
Havua e orpeaka MN ceAsana ¢ AauHON @; €ro NPOEKUNHU mn
(bopMmynoit

a; =acos «,

rae a— yroa Mexny npambimu MN un AB. [lpoekuun or-
PE3KOB _Ha NPAMYI0O MOXHO CYHTATb BEIHYHHAMH airebpanye-
CKHMH COBEpIIEHHO TaK e, KaK NPH NPOCKTHPOBAHUH B Of-
no#t naockoctH (cM. IV, B, 10). Toraa umeer MectTo TeopeMa,
aHaaorMYHAA MIAHHMETDHUYECKON: cyMMa npoexyuii 36eHbes
AOMGHOI AUHUL PaBHA NPOeKyUll 3AMbLKAIOUE20 OMpPe3Ka.

1) O6parute BHMManue nHa 10, 4to Mm u Na nepneHauxyaspisi K AB,
10 B_obweM cay4ae (cp, puc.-153 Ha crp, 305) He mnapaniesbHbl Mexny
cofoli; OHW CKpelMBaIOTCH, ecal npsmble AB u MN #BASIOTCH CKperu-
BAOIUNMHCH,
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§ 5. Muororpanupifi yroa

Ecau yepes toury O (prc. 165) muposeicH pag mIOCKo-
creit AOB, BOC, COD w 1. 1, moCicnoBateabHO mepece-
Kawiux Apyr Apyra no npamum OB, OC, OD v 1. I, (nocaen-
usin maockecte AOE nepecekaer nepsywo no upsmoit OA), 1o
noayueHHass GUrypa HasblBaeTCA MHO20SPUHHBLM  Y2AO0AM.
Touyka O ma3biBaeTcs 8epHIUHON MHOTOTPAHHOTO YIAa.

[TaockocTH, o6pasyomiue MHOrOrpasHbIfl Yroa, HadnBaweTcs
€ro 2panami; NPAMbIE, 10 KOTOPHIM NEPEeCceKamnTcs nocaeloba-
TelbHble [PAHY, HA3BIBAIOTCA pefparmiu MHOIOTPIHHOrO yria.
Yraw AOB, BOC # 1. 1. Ha3LBAWTCA €r0 NACCKIMI Y2AAMY.

HasiMenblliee YHCIO IpaHeli MHOIOTPAHHOTO Yria — TPH
(mpexzpanuniii yzoa, puc. 166), Kanasit mnocuiii yroa rpex-

Al

/N
i

Piic,.165. Puc. 166, Puc. 107,

PPAHHOrO YI/1a MEHbINe CYMMB! 1 80IbMIC [all.
rUX IUIOCKHX YTJIOB.

Ceuenne MHOrOrpadHoOIrO yrata MAGCKOSTHIO (HC POXOLAICH
uepe3 BEPIMHY) ecTb MHOTOYroabHUK (ARBCLZ na puc. 165)Y).
Ecay o# BHNYKIbH, MHOTOrDaHHbll Yroa HiznBaeTcs 8slny-
KAbiM. B 8oINYKAOM MKOZ02DAHHOM Y2ie ry3Litn NACCKLX
yea08. He npesocxodum 360°,

[lapaanenbHble IIOCKOCTH OTCEKIOT Ha pebpax MHOro-
rpannoro yraa  (puc, 167) ppomepuunonanpnsie  OTPO3KH
(SA:Sa=8B:86 wu tak jnanee) wu obpasywor nonoGHble
muoroyroaviuxd (ABCD w abed).

§ 6. MyororpauHuKH; BpE3M2, DaplANeRCIRIe],
nupamuza

MHO?202pGHRUKOM HA3BLBALICS MCAS, 2PARNNG KOMOPOLC
cocmourt U3 KYCKO8 NAOCKOCHIEn (AHOZ0VEoAbRUL08). ST
MHOrOYIOJIbHHKHY Ha3bIBAIOTCS 2paKAsi, UX CTOpOiil — ped-

1) B 3ncmcHT2DHOR reoMeTpHd PacCMaTPUBOTL! TOALEG TAK!IZ MHOrO-
rPAHHbIC YTabl, y KOTOpsIX KORTYp ABCIOE ue nmeer cavmonepecescmti, Ilpo-
CTO MBOTOPPaiHbIl Yro BblXeAsiCT YACTh MPOCTPAHCTBA; ee TAKMEe RATLIBRIOT
muororpantsiy yraoM, O6 vamepennu mpororpazuuir vraos ¢y, IV, B, 14,
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paru, NX BCPIMUHLL — BEPULIRGAI MHO202panHUuKa. OTPC3KH,
cocqinsonHé RC BCPUIMHEL, HE JeXAalue i1a OfHOH rpaud,
HA3LIBAIOTCA  OUAZOMAASMI  MHOZOZPAHHUKA.  Bonyxasism
MEOFOIPAHHAKOM Ha3bIBACTCH MHOIOIDANNNK, BCC JHAroHanu
KOTOPOI'O JIEKAT BHYTPH HCIO,

Hpusmoii (puc. 168) nasmipaercs MHOOIPAHNMK, ¥ KOTO-
poro nse rpanun ABCDE wu abede {ocHOBaHHS NPH3MBI) —
paBHble MHOI‘O}'I‘OHbHHKH C COOTBCTCTBEHHO NaAPaAAICALHLIMU
CTOpOHAaMH, a Bce ocraabhnie rpany (AabB, BbcC n 1. 1) —
HaPaAIICAOrPAMMB, IIOCKOCTH KOTOPHLIX 11apalacALHBl  OJHON
npamoit (Aa, uan Bb, uan Cen 1. 1.). [Napaanenorpammn ABba,
BCcb u 1. 1. Ra3pIBAOTCA 60K08BIMU
enanamu, Pebpa Aa, Bbu 1. 1. Hasbl-
BRIOTCA GOKOBbIMU. BblCORIOE 1PUBMBI
1a3biBaCTCA  LEeprucHAuKYIap Mm,
ouyueHnsl u3 6ol TOUKH 0THOro
OCHOBAHHUA Ha IJIOCKGCTb JXpyroro,
[1pusmMa ma3uBaeTcs TPeyroabHOH,
YeTHIPCXYTOALHOH ¥ T, X, CMOTPA
HO TOMY, JCHWUT JA¥ B OCHOBa-
HUM TPCYIOALERY, YCTHPECXYI'GALHUK
HT

- Puc, 168, Puc. 163,
Ecan 6oxopnic pebpa NpHaMmb

HCPUHCHIUKYAAPHBL K ITOCKOCTH

OCHOBANHSA, NIPUIMA ~— NPAMAS, €CIM HeT - - HAKAOHKAS, Ecan
B HPAMOR NPU3ME GCHOBANME -— NPABHALHLIT MHOUOYIOIbHHUK,
TO npusMa— npaesuasvias. Ha puc. 168 — nakaonuas uatu-
vroapHad nupuama, Ha puc. 169 — npasnannas wWectuyroib-
tast pu3Ma.

Tlepnenduxyispuois cedentiem a'b'c’d'e’ npu3Mbl Ha3zhl-
BACTCH ceyeHHe, 06Pa30BaHHOC IIOCKOCTHIO NEPREHIHKY Asip-
noit ® GoxosoMy pe6py (puc. 168).

BoxoBast 10BEpXHOCTL NPHU3MbBI PaBHA LPOM3BEICHUIO IIC-
pumeTpa (p') NEPHEHIUKYIAPHOro cevenud Ha Xauny () Go-
KoBOro pebpa:

Sgox = p'l.

JLas npaMoft MPH3MEL HCPUEHAUKYAADHLIM CCUCHUCM SBASICTCH
acnopanne, GOKOBHIM peOpoM — puicoTa &, TaK YTO

SG(»K = /)"l'

OGnes (V) npusmbl papcit HPONIBCACHHIO NIOMATH Hep-
HOLKYIHpIOro cevenms (S) Ha pauny (/) Ookosoro pebpa:

V=251,
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HWIH nAomajsu ocnoBanua (S) na Bucoty, 1. e.
V =S8h.

[Tapaaresenunedom Ha3LBaCTCH UPU3Ma, OCHOBAHIE KOTO-
poit — napasacxorpamm (puc, 170); TakiM o006pa3om, uapan-
AedclMIe]l HMECT MICCTh rpaneil M BCC OHU — 112DPANICHO-
rpaMMbl. [1pOTHBGIOAOKIILIC I'Pany 1IONAPHO paBubl W HApaa-
geantipi, [lapanncacuuiie]l HMCCT YCTHPC JMArOHAAH; BCC OHH
IIePeCEKAnTCs B OJIHOM TOuKe M jfeasitca B Helt nonoaam. 3a
octoBanie Moxer GuTh Upunsta aobas rpaibk; 00BCM pascH
IIPOU3BCICHHIO IO OCHOBA-
HUA Na BREICOTY:

V=_Sh,

liapasnenenunes, yernipe 6o-
KOBLIC [PaHE  KOTOPOrO —- Npsi-
MOYIOAbUHKH, Ha3biBaCTCH Mps-
MOLAL,

[pamolt napaancacuuien, y
KOTOpOro Bce¢ ulecTsh rpamch -—
UPAMOYIOALUHKY,  HadublBaercs
npssoyzorshuim  (puc, 171). O6vem (V) npamoro napadi-
aeicnyie]la PAaBeH NPOU3BEICHMID IUIOIAAKH OcCHOBaHHN (S)
na moicory (h):

Pue, 170, Puc. 17},

V' =Sh.

JLast sIpAMOYronbioro napanieenuieia, KpoMe Toro, muser
MecTo popMyna
V = abe,
1iae a, b, c — pebpa.

Jlnaronaiae (d) HpAMOYroanLHOro napaiensenuie/ia cBsi3ana
¢ peGpaMn ero COOTHOLICHIEM

d* = a? 4 b* -2,

[TpsiMoyroannstit napanicacnuiiel, BCe rpain KOTOPOIo ——
KBAJAPATH, Ha3niBacrtest Ky0os, Bee pebpa kyba paBns; 06b-
em (V) kyGa Buipascactcs GopMy.1oil

1"==a% ric a— pe6po kyba.

[Mupasunadoli HazuBacTC! MHOrOrpaling, y KOTOPOro oina
rpaih - OCHOSAA{e UHPAMILIbL — IPOH3BOALILIT MHOFOYIOL-
nuk (ABCDE, puc. 172), a ocraabiuic — Goxosue rpamy —
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TPCYroAbUUKH € ofuielt Bepluuioil S, HaamBacMoll gepuiunoil
uupamupnl, Ilepnengukynsp SO, onywensuii U3 BepuIHHb
ila ocHoBalue, HasblBacICs Bscomol nupamudst. Tlupamuna
Ha3LIBACTCH TPEYroAbHOM, YeTHPeXyroabHoll U T. I, CMOTpsH
110 TOMY, JACHKHT JAM B OCHOBAHHM TPeYI'OJAbHHK, YeThIpex-
YrOALHUK u T. 1. TpeyroabHad IMpaMuga ccth yeTHpexrpau-
HHK (1CTPa’Ap), YeTHPCXYIOAbHASK — ILITHIPAHHUK H T. JL.
[Tupamuna naseiBaertcst NPaBUALHOIL, ¢CAN OCHOBAHUC €€ —
npasuabibil MHoroyroasHuxk (puc. 173) u Bnicora najacr B
ueHtp ocuoBauwst, B ppasuanHo#t uupamuie Bce GoKoBbhle

S . 4
bﬂ 0.7 d
F A~V
£

Pue, 172, Puc. 173, Puc, 174,

pebpa pasirbt: Bce GOKOBLIC IPAild — paBible PaBHOGECJIPCHHEIE
rpeyroapiikn. Boicora (SF) Ooxonoft rpauu  Haspiaercs
anoesoti NpaBUALHOI MUPAMUIILL,

Doxosas  nosepxwoctts  npasuabhoil  nupamuds pasxa

1
n/)OllEI@C()(’H[U() noaynepisenipa OCHOB8AHUS (—2— [)) Ha ano-
ey (a):
1
S6ox = 5 pa.

OGses 6earoil nupamudsl pasen O00HoE mpemit npou3-
sedenust naowadu ocHosanus (S) wa soicomy (h):

1
Ve=—LSh

Ecnu B nupamune nposect cevenue ebede, mapaanenn-
noe ocnopannio ABCDE  (puc. 174), 10 Teac, orpanuyciiioe
3THM CCUCHUCM, OCHOBAHMCM K 3aKMOUCHHON MEXIY HHMMH
uacThio ‘GOKOROIl 1IOBCPXHOCTI NIPaMIsl, 1a3bBACTCS yce-
wennofl nupaxudodi. Ilapaaacasnsie rpan yceueiinoit nupa-
munnl (ABCDE n abede) nasuipaioTest ce OCHOLAHUSML, paAC-
crosHne Mexjy nisu (QO ) — sutcomoii. ¥Yceuennas unpaMiia
HA3LIBACTCH NPasUAbHOM, ecail NuHpaMiia, H3 KOTOPOH oHa
noayuena, 6pira npasuabioil. Bee Goxopme Ipaun HpABHAL-
HOfE yeeHuenoft NHpaMiisl — pasubic pasuofoulitie Tpaneny.



314 v, B, CITEPEOMETPHA

Boicora Ff 6okosoil rpaun HaswBaeTcs anodesmol MpaBuabiol
YCCUCHHON IIHPaMHAH,

Doxosass nogepxHocms npasuasHol  YceweHRol nupa-
MU0 PABHG npou38e0eRII0 NOAYCYMMbEL NEPUMETIPOS OCHO-
el Ha anogemy:

S6ox =~§— (p1+p2) g,

rie pi, P2 — HNepUMeTphl OcHoBausnll; @ — anodema.

Obvem V' seawnoli yeeyewnofi nupasudsl pasex mpemi
npou3sedeHtss BHCOMUL HA CYMMY NAOWAJEN 8EPXHE2O OCHO-
BOHUSL, RUICHEEO QFHOBAHUSR I cpedkeil nponopuioHasbrol
MeoxcOy Hum:

V= 'f;—h(sl + ¥ S1sz+s2)'

rae Sy — miomags ABCDE, S.— uaomans abede, h — nul-
cota 00;.

B uactocry, o6bvem V' upasnasiofl YeThpexyroibHoil
yceucHHOH NHPIMBAL BhlpaxacTca popmyraoi

i
V=% h(a®4- ab 4 b?),
rae a v b——CTOpOHbI KBaJiparos, Jexauux B OCHOBalinX.

§ 7. Uunuunp

Lurundpuieckoii  noeepxHocums0  HA3LIBACTCA  HOBEPX-
HOCTh, OOpasyeMast IBmxeHueM upsamoit (A3, puc. 175), coxpa-
HARULCH OMHO ¥ TO Xe HAPABACHUC I NEPCCCKAIUCH Jlannyo
audnto MN. Jluivua MN nasmipaertcs Manpagasioweii; upsiMvle
JAMHUH, COOTBCTCTBYIOLLHE PA3AUUHBIM HONOK CHUM HPsiMolk AB,
HA3LIBRIOTCH OOpaA3y OUMI TUAVIIPHYCCKON  110BEPXYOCTH.
Teno, orpannyenioe NUIHHAPHYCCKOU IIOBCPXHOCTBIO (C 3aM-
KHYTO{l Hanpapasoumiel) M ABYMsI 1APALICIBHLIMH HAOCKO-
cTAMH, HaselBaeTcr yuaundposm (puc. 176). Yactn wuapai-
JeabHBIX Iockoctel, orpannunsanoux uuannap (ABCDE
W abcde), Ha3bLIBAOTCH OCHOBUHUAMU UMIBHApa. Paccrosinue
MCHKAY OCHOBAHHAMH Ha3blBacTCH Gbicomof uUMaMHipa (Ha
puc. 176 — MN). )

ITpusma ecth yactHnit Bux nuaungpa (o6pasyontue napant-
AcabHel GOKOBHIM pelpaM; HanpaBASIOULAN ~ MHOIGYIOABIHK,
aemanmuit B ocuyoanuu). C Ipyroit cropousl, NPOH3BOALHKIN
UMAHHAD MOXHO PacCMaTPHBAaTL KaKk BulPOMUBIHIYIOCH («craa-
WCHIYIO») HPH3MY C OuCHb OGOJLIIMM YUCAOM OUCHb Y3KHX
rpaseit. 1IpakTHuCcCKH HIAMHAD HCOTIHUMM OT TaKOH UPU3MBL
Bce cBOHCTBA HPH3MbBI COXPAHMIOTCH 1 B UUAMHADE (CM. HuKe).
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Lnanupp — npsamod, ecay cro o0pa3yoiue HepHCIJIHKY-
AFPIBI K CCHOBaHWIO, B UPOTHBHOM CAYUAC — KAKAONHBLL.
UHuauuap — kpyz080M, ecan B OCHOBAHIHM Cro JCWHT Kpif.
Ecad uuaviip OZHOBPEMECHHO HPAMOH M KPYroBoOH, OH Ha3bl-
Baerca kpyeavim (puc. 177). Kpyrabifi UuAvHAP MOXHO
PAcCMaTPUBATh Kax BHIPOWIEHHC NpaBuabitoft npusmsl. Popmy

Puc. 175, Puc, 176, Puc, 7.
EPYLI0r0 IHARIAPA HMCIOT MHOIHC XOAOBHIE HPEIMCT b (TpyOul,
cTakain ® Ap.). Kpyrasidl uasHap MOXKHO HOAYUHTD, Bpanian
FPAMOYIOILHUK BOKPYr OO W3 ero CTOpOH, HO3TOMY Kpyr-
Abidi UMARLAP Ha3biBaCTCs TAKE HUAUHOPOM BPAUEHUS.

Ceuenua GOXOBOI IOBCPXHOCTH KPYroBOoro HuasHIpal),
napataeannpie ocrosandio (ABCD na puc. 177), — oxpyx-
KOCTH oimuakosoro paamyca. Ceuenus, mapasisedvisie obpa-
ayiontet, — napbl fapaaaensinx upaMuix (EF u [1G). Ceye-
Hisl, He HApaadCchanLNLiC HH  OCHORAHMIO, HH oOpasyiourei
{ghed), — anmuucn (em, 1V, B, 4). :

BokoBas NOBEPXHOCTL IHAMIYIPA  PaABHA  (POU3BCACHHIO
ofpasyloulelt H2 ZAWHY JAUHHY, OrpanHudBaouleil ceuenue,
HEPHEHANKYAspHOe K o6pasylowe. [Las npsMoro HRMIMHApa
TAKHM CeyeHWeM spisieTcs OcHOBanue, a o6pasywoulas sa-
anercsi Bucorodt. Ilostomy

500845 NOBEPXROCING KPY2/020 UUAUHOPA PABHA Npous3-
BCOCHUI0 OKPYICHOCIE OCHOBGRUS HA BbLCOMY:

S6ox == 2nrh.

Obrem 8caK020 YUALUHOPA PABEH NPOUIBEOCHUKD NAOWGOU
OCROBAKUSL HQ EbICOMY:
V =_&h.

Haa kpyrzoro nnaunipa

V = =r®h (r — panuyc cCcHOBauwms).
1) BOKOBle NOECPRHOCTL Kbl OpERInsaRraeMm l‘{)C}lOJEB{L‘H;IG;{ 38 OCHOBauus
PEREFLLENR
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§ 8. Konyc

Kontdeckoll nosepxHOCMb0 Ha3blBAETCA NOBEPXHOCTD,
o6pasycman  nBH¥KeHHem upaMoit (AB Ha puc. 178), npo-
XoLsielf BCe BpEMs Uepe3 HEMOJABHXHYVIO
; y TOUKY (S) M Hepecekawuleff JaHHYIO JAUHUIO

.

M Ul (MN) Y.
A S Jlunna MN HasniBaetcs wanpasasioued;
HPAMbIC JHHUH, COOTBETCTBYIOUIHC Pa3TUYHLIM

NoNoXeHuAM AB, Ha3uBAOTCH 06pasyuUME

puc, 178, KOHHUeCKOfl MOBCPXHOCTH, TOWKa S — ce

gepuunoii. KoHMUeCKas NOBCPXHOCTL HMeeT

;iBe  [IONOCTH: .OiHa OIMCHIBaeTCs ayuoM SA, npyras — ero
npojomxennem SB,

Yacto 10X KOHMuecKOH IHOBCPXHOCTBIO Pa3yMeIOT OiHY
H3 ee ojocrelt,

KoHycoM HaspiBaeTCA T€]0, OFPaHHYCHHOC OlHOM 110J0CThIO

KOHHUECKOH MOBEPXHOCTH (C 3aMKHYTOll HaNpagasowek) U nepe-
cexawuleit ee maockocrvio (ABCDEFGHIJ, puc. 179), ne
Npoxoasuelt 4Yepes BepliH-
Hy S. Yactp 3tolf naocko- 8
CTH, ACXKAaIlasd BHYTPH KOHH-
YeCcKOW NOBEPXHOCTH, HAa3bl-
BAETCST OCHOBAHUEM KOHYCA,
Mepnennuxyasnp SO, ouy- /.
LWCHHBI U3 BCPIIMHB Ha OC- 4

HOBAHHE, HA3LIBACTCH  8HLCO- 7L
moii koHyca. g
[Mupamuna cctb YacTHBIN Puc, 179, Puc, 180,

BUIL KOHYCa  (Hanpamasio-
1(as — MHOTOYIOJbHHK); HPOMU3BOJILIBLIA KOHYC €CTh BHIDO-
WIACHHC 1THPAMHJLbL,

Konyc naswipaercs kpyzossls (puc. 180), ecan
OCHOBaHMC ero -— Kpyr.

[pamana SO, coenmpsiontan BepuIMHY Kouyca
M UeHTP OCHOBAHHA, Ha3bIBACTCA 0CHIO KOHVCA.
Ecan BbicoTa KpyroBoro KoHyca najaer B UEHTP
OCHOBaHWsI, OH Ha3BIBACTCA Kpy2asisM KOHYCOM
(puc. 181). Kpyrawti KOHyo MOXeT ObiThb fioay-
UCH BPAUICHHEM HPAMOYTOABHOTO TPCYrOAbHUKA
OKOAO OJIHCrO U3 KATETOB. I103TOMY Kpyraslii KOHyC Ha3ul-
BYOT TAKKE KOHVCOM 8PAIYEeRUSL.

Puc, 181

1) B sacMeHTapHofl reoMeTPHH pPacCMATPHBAIOTEH TOABKO T[aKHE KOHH-
YecKue HCBeRXioct, y KOTOpLIX HCT caMONepecguyeHui,
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Ceyenne KPyroBoro KOHYCAa INIOCKOCTBIO, NapaiienbHoit
OCHOBAHHIO, eCTb Kpyr (puc. 180). O ceuennsx KoHycd INIOCKO-
CTAMH, HC I2paJACaAbHBIMH OCHOBaHMIO, CM. § 9.

FBoxosas nosepxHocmy Kpy2A020 KOHYCA PABHA npou3sede-
K10 nOA0BUNRM OKXpYdHCROCH L 0cH0Barus (C) Ha 00pa3yowyio(l):

S6ok = —;— Cl=mrl (r — pajimyc OCHOBaHHs).

O6%es BCAK020 KOWYCa pageH mpemi npoi3ge0enus nao-
waou ocnosanust (S) Ha evicomy (h):

V= -Sh.
as kpyeaozo xonyca: .
V= Sh=nrth.

§ 9. Kouuyeckue cevenus

Kounuteckumu ceqenuamu Ha3bIBAOTCH AUHHH  flepece-
4eHNs PAa3iHYHBIX HIOCKOCTeH ¢ GOKOBOH HOBEPXIHOCTLIO K P Y=
rosoro (e o6si3areabHo Kpyraoro) komyca. Konmucexan
HHOBCPXIOCTL MBICAMTCA HCOUPAHUMCHHO UPONOMKCHHOI B 00¢
CTOPOHB OT BEPHIWHEL

Ecay cexymas HI0CKOCTb Nepecekact JUUib OAHY HONOCTL
KPYrOBOI'O KOHY(d4 M He NapalieabHa HY OJHOIl M3 ero o6-
pasyowmux (puc. 182), TO KOHHYECKOE CEYCHHE HABAACTCH
aasuncom (1V, B, 4). B HCKIOYUTEABHBIX
Ciyyasx anaHuc obpawaerca B KPyri).

Puc, 182, Puc, .183. Puc, 184,

Ecnn cexymiaa IIOCKOCTb NepeccKaer JAuIib OJHY IIOJ0CTh
KpPYroBOrO KOHYCA M 1lapajicibHd ONHOH M3 06pasyoniux
(puc. 183), To B ccueHHH MoayuaeTcsl HeorPaHuuenHas (B oauy
CTOPOHY) JNUHMA, Ha3biBAEMas Napabooii.

1) Hanpumep, B KpyraoM KOHyCC BCE CCHQUHS, IAPAMICIBHLIC OCHOBA-
HHO, — Kpyry,
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Ecau cexyman (ockocTh uepecexaer ofe [oxocty  no--
BCPXHOCTH KPYroBoro kouyca (puc. 184), To B ceucHHH 10y~
HacTCs JAUHHA, COCTOsLLasl H3 ABYX HEOrpPaHHYCHHO YIaJsio-
Hypxcs BeTBEl, HasviBaeMas 2unepforod. B vactHocT, ruuep-
601a 1oAyYaeTCAs B TCM ciayvae, Korlla cexyiiias IJIOCKOCTb
napanncabHa OCH KOHYCA,

Kornueckue ceuenus npeacrasisior 60ablIOH HHTEPEC KaK B
TCOPETHYCCKOM, TaK U B IPAKTHYCCKOM OoTHoIuenny. Tak, B Tex-
HHKC [PHMEHSIOTCH 3.AMITHYECKHe 3yOuaTele Koaeca, iapa-
GoanyCCKHe RPOMCKTOPE; INIAHCTH ¥ HEKOTOPHIE KOMETH JBH-
WYTCH 110 HINICAM; HCKOTOPLIC KOMCTHI ABHKYTCH 0O mnapa-
6oaam u ranepboiaM.

Ocuonipie CBOKCTBA KOHHYCCKUX CCUCHHH MH31aramrcs BO
BCCX PYKOBOACTBAX WO AHAAMTUYECKOU reoMeTpHu.

§ 10. Lap

Lllaposoii, wim cepunteckoii, nosepxrocmpio (MHorja
UpOCTO ¢ifzpoll) HA3KHIBALTCH TEOMETPHYECKOE MecTO ToyeK
NpOCTPAHCTBA, PABHOYNAACHHLHIX OT OXHOH TOUKH — HeHnipa
wapa (touxa O ua puc. 185). Paduye OL u Juamemp EG
113poBofi MOBEPXHOCTH OlipeleadioTcs TAK e, Kak Jix
okpyxroctu {1V, b, 14),

Teno, 02pGHUYEHHOL WAPOBON  ROBePXHOCHIGO, HA3bI-
8aesmcs WAPOM.

llap MOWHO NOAYYMTh, Bpamias NOAYKPYr (uaM Kpyr)
OKOJIO €ro JHaMmeTpa.

Bee nnockue cedeHud mapa — kpyru (ABCD na puc. 185).
C npuGamxenvieM ceKymiefl BIOCKOCTH K LCHTPY MIapa paxuys

Puc, 185, Puc, 186.

kpyra yseanuusaercst. HauGonvumit xpyr EFGH nonyvaerca
B CCUCHHH Iapa INJAOCKOCTbIO, Hpoxomsiicii vepes uenrp O.
Takoft Kpyr JeauT NONOAAM IIap ¥ €ro MOBEPXHOCTb M Ha3ni-
BactcA Goaswium Kpyz20x. Paauyc OoXbIIOro Kpyra pascH
paguycy napa.

Besikas napa 6oabluMX KPyros iepecexaercs HO JHAMCTPY
mapa (AB na puc. 186), caymamieMy 11aMeTpoM TaKKe U Jist
KOKAOr0 M3 HCPCCCKAOIHXCH KPYTOB.
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Yepez nBe TOYKH 1apoBOM NOBEPXHOCTH, JACHKAaUIHE Ha
KOHILAX OAHOro M TOro c AHaMcTpa (HalpuMep, HOMOCH
3CMHOI'O 1iapa), MOXHO HPOBCCTH OCCYUMCACHHOE MHOM(CCTBO
6onuiiux kpyros (Mcpuauans). Hepesd jaBe TOUKH, He Jexa-
MME HA KOHNAX OZHOTO jHMaMeTpa, MOXHO NPOBCCTH ORHH M
TOALKO OZHH GONLIUIOH. KPyr.

Kparuaitiuee paccrosuue Ha cdeprueckoil  nosepxuo-
CTH MOMGLY JIBYMA C€ TOYKaMH ecCTh jyra (McHpnias yoxy-
OKPYXHOETH) OOJBUIOTO KPYyra, IpOBEACHHAs 4yepe3 3ITH
TOUKH.

[Tosepxrocmd  wiapa  pasHa  y4em8epexnoli naowjadn
Goavuiozo rpyza:

S =4=R*
(R — panuyc 1uapa).
Obser wapa pasen 00vemy nupamuodst,
OCHOBaHUE KOIIIO[)(}L‘J umeem my oce nao-

ads, 4MO u NOBEPXHOCML wiapa, @ 8slcoma
ecms paduye uapa.

1, 4
V= 3 I\S :? 7‘»R3.

Puc. 187.

O6bem niapa B 1103T0pa pasa Menbine o6beMa ONUCAHHOrY
BOKPYI' Hero nuaungpa (puc. 187), a nosepxHOCTH Juapa -
B 1IOATOpA Pa3a MCHBILC MOZHOW NOBCPXHOCTH TOTO We K-
auiipa (meopema Apxumeda):

S= Sh

wl v c;! 2

V=31,

rie Sy, Vi —100Has 110BePXHOCTb H OOBEM UMIHHIPA, M30-
Gpawennoro Ha puc, 187,

§ 11, Chepuueckne MHOroyronbHHKH

Ciepusockud  MHO20Y2016HUKOM  HashiBaeTca  GUrypa,
COCTaBaeriast 3aMKHYTHIM DALOM JYr GOABIIMX KPYroOB, Ka-
MAas Ayra HC JOMXHA [PEBOCXOMMTH NONYOKPYXHOCTH GOMb-
woro Kpyra. Ha puc. 188 wuzoOpaweH chepuueckuil nATH-
YrosbHAK.

Hdyru AR, BC 4 1. I.— cMOpOKb. CHEPHUCCKOLO MIHOr0-
vronbiuka; Toukd A, B, C 4 T. L. — 8epuiussl,
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Coepuueckuil MHOrOYroAbHHK — BHINYKALIH, CCAW BECH €ro
HOHTYP pacnonaracTca Ra o00#od W3 ABYX uoayctep, obpa-
JoBaHHbIX GOANBINHM KPYIOM, KOTOPOMY [DHHAIACKHT KaKaf-
2160 cropoHa. Muoroyroabiuk ABCDF puc. 188 — Bmnyk-
avift. MuoroyroanHuk LMNP puc. 189 — HeBblnyKablil, ero
KOHTYD pacnoaaractcs Ha o6eux noaycdepax, o6pasoBaHHbIX
GoabuiM Kpyrom cropoHusl NM (a raxxe cropouw NP).

Pue, 188, Puc, 189,

3ameuvanne B aneMmeHtapHolt reomMerpun paccmatpu-
BAIOTCA TOABKO npocnivie chepruuecKHe MHOIOYrOAbUHKH, T. €.
Takpe, y KOTOPbIX KOHTYP He uepecekaeT cam celsi. Beskuii
IIPOCTOH  MHOrOYroJbHHK  pasbusaer
uonycdepy ua mse obaactu. Opny us
HHX MOXKHO CYWTaTb BHYTPEHHCH, RPY-
ryio — encmtett. Ecan unomanun obaa-
cTell He pabibl, 33 BHYTPCHHIOO O6BIYHO
HPHHKMAIOT Ty 006Jacts, nJOMALb KO-
TOpOd MeHbiIe,

BuyTpenunit yroan coepuueckoro
MHOroyronbHuka, Haupumep yron ABC,
o6ozHayenustfi Ha puc. 190 uepes B,
uamepserca auueiiHuiM yriaom A'BC,

Pue. 190, KoTopui obpasosan ayyamn BA, BC.
kacawmuMucs cropon BA, BC. Bmecro
auniieiinoro yraa A'BC MOXHO B3ATh

u3MepAeMelfl M AByrpaiHuifi yroa, pe6po KOTOPoro eCThb pa-
auyc OB, a rpanamu aBasiorcs uaockoctn OBA', OBC 6oas-
mux kpyros BA, BC.

Taxum e o6pazom 8Hewtnuli yron cepuyecKoro MHOro-
yroabHRKa, Hauphmep yroa DB A, o6o3HaueHHu#t Ha puc. 190
yepes ¥, namepaeTca audeflumm yraow D'BA’ uau cooTser-




§ 11. COEPHYECKHE MHOIOYTOILHHKH 321

CTBYIOULHM ABYrpaHHblM yriaoM. CymMMa BHYTPCHHE!rO H BHell-
Hero yraoB npu oaHOH Bepwinxe pasHa 180°, 1. e. © pa-
IHAHOB,

[Trockufi MHOrOYroibHUK MMeEeT caMoe MEeHblUlee TpH CTO-
pounl, CoepHueckn¥! MHOrOYroJbHHK MOXeT MMeTb jgse. Ha
puc. 191 uzobpaxcH cepuuecknit ABYyroibHuk. BuyTpenuue
yrasl a, i IBYYroabHUKa paBHb MexAy co6oil.

[Tromtans ABYYroAbHHKA, BHYTPEHHHI Yrod ROTOPOrS CO-
JAEPHHUT a pPaguanon, suipawactcsa GopMyioi

§'=2R%,

rpe R — paauyc uiapa. ‘
[MTpumep. ABYYyronbHuK, Y KOTODOI'O BHYTpEHHH{l yrof
NpAMONl  (YETBCPTHHKA MOBEPXHOCTH 1lapa), HUMeeT ILIQ=
™

wany 2R - — ==R% 1. e. 1y We, yro H Goabuioft Kpyr
(cp. IV, B, 14). .

B chepuveckoM TpPeyrodbHuke CyMMa BHYTPEHHHX )TIGB
Beerga Goabwme 180°% MI0maAb TPEYPOJbHHKA 1IPOUODIHO~

[

&
Puc, 191, Pue, 192,

HagbHa u30LITKY 31O cymMmsl Hax 180° Muenno, ecau pHy-
TPEHHUC yIAbl COIEPMAT oy, as, ay PAAHAHOB (puc, 192), to

S = R (o) oy -y — ). (1)
CyMMa BHCLUIIHX YTIOB cepryeckoro TpeyronbHuKa Bceraa

senptue 360° Ecmy o), ay, o) — BHelHME YIVbl TPEYLO.IbHIIKA,
BLIPaKEHIILIE B PainanHoll Mepe, TO

S o= R? (95 — (4] - aj + ). @
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912 Qopmyna pacupocTpansercs U Ha alboll chepuueckuit
MHOrPOYroabHUK, MIMenHo,

S= R 2 — (& 4+ 4. ..+ o)),

T. €. OTHONleHMHe HnoWagH c(pepHYecKoro MHOFOYIOMbHHU-
Ka K KBalpaTy pajHyca lWlapa PaBHO
H30LITKY 27 HAZ CcyMMOt BHEMIHNX
YT a0B,

[Tpumep. Paccmorpum cohepuue-
CKH# TPeyroapHUK, 06pa3oBadHbil Tpe-
Mfl B33UMHO NepneHIHKY aspHEMH 60b-
mrumMu kpyramd  (puc. 193). Cymma

€r0 BHYTPEHHHX YLA0B DPaBHA _25. To
dopmyne (1) Haxomum:

(-
Puc, 193, = 5 ©R%.

Tor ke peayabTar NOJYYHM, YuTsl, YTO ZaHHHIi TPeyYTONbHHUK

COCTABAAET —— 4acTh cdepnl (cp. 1V, B, 10).

CyMMa BHEWIHMX Yra0B RaHHOFO TPeyroabHHKa TOXeE pas-
3n 2
Ha 5. ITo gpopmyne (2) naxoanm cuopa S= 5 =R

§ 12, Yactn wapa

Yacte Hiapa, oTceKaeMas OT Hero KakOH-HHGYAb ITOCKO-
ctbio  (ABCD wna puc. 194), uasbiBaerca wia-
posoia (NI CHepHYECKUM) ce2MeHmon.

OcHoB8aHueM APOBOLO CErMeHTa Hasbl-
saerca xpyr ABCD. Bsicomoii wp1aposoro
CCrMEHTa HasblBaeTcs oTpe3ok NM, 1. e, Lau-
HA NMepPNeHAHKYIAPA, BOCCTABAECHHOO M3 IEHT-
pa N ocHOBaHMA XO NEpEceveHHA C flOBEPX-
noctowo luapa. Touka M Hasnipaetca sepuisi- Puc, 194
HOLI 1apoBOrO CerMeHTa,

Kpusasa nosepxrocmb wap08o0 ce2MCeHING  PaBHACTCS
GPOU3BE/ACHHIO €0 BBHICOTHI Ha OKPYKNHOCTy GOIBIIOrO Kpyra
napa:

S=2=Rh
(rae R — pamnyc wapa, h= MN).
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Obves waposoeo cezmennma BolPakaeTca TaK:
5 1 . 1
Ve=nh®(R~— 5- 1), min V= ﬁs—ﬂh (h? 4 3r?),

rie r— Pamuyc OCHOBAHHA CETMEHTa,

YacTeb mapa, 3aKN0YCHHAA MEXIY IBYMH CEKYIIUME Napan-
neapHpiMB nnockoctaMu (ABC u DEF na puc. 195), Hasbl-
Baerca waposuim caoem. KpHBas nopepxHOCTb 11apoBOro
€0l Ha3bIBAETCA Waposulyu noscom (nau 3oxoi). Kpyru ACB
# DFE na3nBaoTcA OCHOBaARUSMU WapoBoro noaca. Paccros-
e NO Mexjiy OCHOBAHMAMH eCTb 8ucOMA WAPOBOIO €03
(1 mogca).

Kpusast nosepxnocms wmaposoro ciaoa (§) paeHa NpoOH3-
BENCHHIO €ro BHICOTH A=NO Ha okpymHOCTL Goabuioro

Kpyra miapa:
S =2=RA.

Obtem Waposoz20 crost Bbipawaerca (GopMyaoit
i 1 .
V=—§1vh3 + 775("{ +r§)h,

rae ry U ry — pajHyCchl OCHOBaHHil,
YHacte mrapa, orpaHHyeHHas KpHBOH HOBEPXHOCTHLIO IMIApo-
soro cerMenta (AC Ha puc. 195) ¥ KOHHUECKOI OBEPXHOCTBIO

(OABCD), ccuoBanneM KOTOPOH CAYMHT OCHOBaHHe CeIMeHTa
(ABCD), a BepluMHON — UEHTP 1Iapa, Ha3biBACTCH WAPOBHM
ceKmopo,

[Tosepxrocms uap08020 cexniopa CKABRAbIBAECTCA W3 KpH-
BbIX IIOBEPXHOCTEH INApOBOrO CECMEHTa M KOHyca.

Obsenm waposozo cexmopa paseH o6nLeMy OMpaMHALI, OCHO-
BdHUE KOTOPOIl MMEET TY ®e [10Mladb, YTO M BhHIpE3LIBAEMAs
CeKTOPOM uacTh Wapopoft nosepxHoctH (S), a BolcOTa paBHa
pamnycy wapa: R
V=1 RS= 3 =R,

riae i — BblCOTA 11apoBOro CerMCHTA, NPHHANLIEKAWEro Iapo-
BOMY CE€KTOpY.



324 {(V B. CTEPEOMETPUA

§ 13. KacareabHast noCcKoCTb mapa, WHIHHAPA H KOHYCa

Heb6oapuiyo nyry AB xaxoit-unGynn xpusol aunuu (Ha-

UpHMED, OKPYKHOCTH) Ha NPAKTHKe YacTo Oe3 3aMeTHOMH olnb-

KM MOWKHO 3aMCHHTBL HeGoapimiuM oTpesxoM AT mpamof,

KacareabHol k jayre AB B TOY-

i ! ke A (puc. 197). Tax, Hanpumep,

/"45;< MB OBODHM, YTO HIeM H3 OJHOrO

MecTa B Jpyroe Ino mupamo#f Jau-

Puc. 197 HUH; Ha caMoM Jele MHB nepe-

MellaeMcA NPH 9TOM He Mo NpaMoll

JAHHHM, a N0 Ayre GOJbUWIOrO Kpyra, NpPOBEAEHHOTO Ha
NOBEPXHOCTH 3eMHOro mapa.

Taknm ke o6pazoMm HeGOJbWIYIO 4YaCTbh KPUBOLL 1OBEPXHO-
cmy (HaupAMep, TOBEPXHOCTH WIAPa) 4ACTO MOMHO 6e3 saMer-
HOM OIMOKH 3eMEHHTh HeGOIbUIMM KYCKOM. KaCcameAbH ol nao-
cKocmu, T. €. NIOCKOCTH, KOTOpas B Madoil cBOeHd vactw
IPaKTHYECKH HEOTAMYNMA OT MajoH e 4acTu KPHBOl HOBEpX-
HOCTH. DTOT (hakT OblI IPHUYHHON TOTO, YTO B TEYEHHUE MHOIHX
ThiCAYEACTHI MIOAM OMUBOUHO CUMTAAHM [OBEPXHOCTb 3eM/IH
IIOCKOiA.

Tounoe onpejeneHHe KacareabHoil NIOCKOCTH MOXHO faTh
B HOJHOM COOTBETCTBHH ¢ npexae nauHuim (IV, B, 14) TouHbM
onpejeinenneM kacareabholl npamoii. Torra Mul paceMmarpu-
BaIM O0ge motku A um B He-
KoTopofi KpusoH  (Hanpumep,
OKPYXHOCTH); OXHY H3 HUX NpH-
6auxand K JIOpyrot u  orMe-
4ajau, 4YTO OPH 9TOM mnpamas AB
npréauxanach K HEKOTOPOMY
npegeabHoMy noaowenmo. Te-
nepb We BO3bMEM Ha Kakol-
60 1I0BEPXHOCTH (Hampumep,
Ha [OBEPXHOCTH Wapa) mpu
mouxu A, B, C (puc. 198); yepes HHX (DOBEJAEM CEKY-
wyo nrockocts P. Ose Toykw B u C Oymem npubiu-
WaTb K TOuke A 110 ABYM pa3auuHsim Haupasaenusm. [lpn
3TOM f110CKOCTb P 6yneT NPHOAMXKATHCA K HEKOTOPOMY Hpe-
pedbHOMY NofodeHuI0 Q He3aBUCHMO OT TOro, rae Oblin
B34TH * TOUKMH B u € W KaKk oHd ABUIaafch, npubanxasch
k A, [liockocTb ) Ha3piBaeTCA KacaTeIbHOH WIOCKOCTBIO
(8 Touxe A)1Y).

Puc. 198

1) TpeGosanue, utoGuw Toukn B n C npulamkaiauch K 10uyke A 00 pas-
AWYHBIM  HanpaBaeuusw, cymecTsenno. ECin, Hanpumep, ABa nyTeulecTaen-
wvuka OyayT npubamkathes k CeBepHoMy 110410CY 1O OXHOMY U TOMY e
MEPHAHABY WAV 710 XBYM MEPUAMAHAM, COCTABAMOUINM NPOXONKCHNE 0JHB
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Kacameatnolt naockocmso Kk nosepxsocmit 8 ee mouxe A
HUSEHBAEMES  NAOCKOCMS, K KOMOPOH  HeOZPaHUYeHHO
npubausicaemcs CeKywas nAOCKOCMSb, NpoXoosuan depes
mpu modxu nosepxuocmu A, B, C, ko2da mouku B u C
npubaudcaiomess K moixe A no passudHblM HANPASAEHUSIM.
Moxer cayynTbcs, 4TO NOBEPXHOCTb B HEKOTOpPOH TOuke A
BOBCE He HMeeT KacareapHo#t naockoctu. Tak, Hampumep,
8 BEpIIHHE KOHYCAa KOHWYeCKasa UOBCPXHOCTb KacateapHoM
{I1OCKOCTH HE HMeeT.

Mnockoctes (Q, puc. 199), xacamensnas k wapogoii no-
8epxrHocmu, \ICPNEHIUKYAAPHA K paguycy O A, npoBefeHHOMY
B TOUKY Kacanud, nJIOCKOCTb, KacateJabHasa K maposoﬁ nopepx-
HOCTH, uMeeT ¢ Hell TOJIbKO OJHY OOLLYI0 TOYKY.

Mocaensee cBoficTBO NpHHHMAaeTcA O6GLIYHO 3a onpejaenc-
HME TAOCKOCTH, KacareabHnil r wapy. OnHako OHO coBep-

Puc. 199, Puc, 200, Puc, 201,

IWEeHHO HegeHCTBHTEAbHO A8 APYCHX MOBEPXHOCTeH, B yact-
HOCTH IUIA HOBEPXHOCTH IMAMHIPa # KOHyca. [lanHoe sxe
Bbillle ONpeAcAeHHE PUMEHHMO U K STHM [I0BEPXHOCTAM.

Mnockocts Q (puc. 200), KacameasHas k nosepxHocmi
Kpyenro20 yurundpa B TOuKe A, 1POXOAMT yepe3.o6pa3yioulyo

N, unymyio uyepes Touky A, u uyepez KacareasHyio BC
K OKPYXHOCTH OCHOBaHHA B TOuKe N, upuHajpaewautedd oGpa-
ayomteit MN. Tlaockoctb, KacateabHas K NOBEPXHOCTH KPyr-
JI0TO UHAMHAPA, OTCTOMT OT BCEX TOYEK ero OCH Ha DaccTos-
HHM, PaBHOM paguycy R OCHGBAHWA UMIHHAPA.

Maockocts Q (puc. 201), xacameasnas K nosepxrocmu
Kpyea0z0 KOxvea B Touke A (He coBnajaloitefi ¢ BepuirHONi S),
NPOXOLHT uepe3 obpasywmyw SH, MIYWLYIO yepe3 TOu-
Ky A, v uepe3d xacarteabHylo MN K OKpPYXHOCTH OCHOBaHHR
B TOouke B.

Apyroro, TO MAOCKOLTh, MNpOXoAsman 4epe3d notwe A u nyukrst Bu C, 8
KOTODBIX HAXOAATCA MyTelleCTBEHHWKH, Bce BpeMs GyleT commalats ¢ nao-
CKOCTHIO MepumnasHa n He O6yleT, C,1CROBATeNLHO, NpuiinkaTecs K Kaca-
TeAbHOMH NAOCKOCTH, T. e. Bce BpeMa GyneT ogHofi u 70 we cekyuiefl nao-
CKOCTbIO. ¥nomsnyToe 7peGoBamve MOMHO CTpOro GopmMyaupoBaThL Tax:
Kacatesbtble & Ayram AC w AB B Touge Wx nepeceucHUs A4 ZOMNHLI GhiTh
PABTHYRLIMK IDAMBIYH,
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Huaundp na3swusacTcn BnUCAHHBM & npu3sy, ecan Goko-
BHE TPaHil UPH3MBl fIBIAIOTCA INIOCKO(TAMH, KacCaTcAbHhIMEL
K NUIMHADY, 3 MIOCKOCTH OCHOBAHHH y WPH3MBl M LILTHHIPA
ot ¥ Te we. Llnauddp HazHIBAETCA ORUCAHABIM  OKOAQ
npususl, ccal GoxoBuie pebpa npusMms siBasprca 06pasylo-
wHMH GOKOBOM NOBEPXHOCTH UMAMHAPA, A MINCKOCTH OCHOBA-
HUH Y HPU3Mbl M HUIHHAPA GIHU M Te Xe.

CoBepileHHO TaK M€ Onpencasercs KOHYC, BHUCAHHbLIL
8 nUpasudy WIH ONUCAHHBLE OKOAO Hee.

§ 14. Tenecusie yran

TenecHoiM Y240M Ha3LHIBAIOT HWacTb [IPOCTPAHCTBA, 3aKai0-
YeHHYI0 BHYTPH ORHOW [OXOCTH KOHHYECKOH NOBEPXHOCTH
(1V, B, 8) c 3amkuyrto# Hanpasaswutedl, Tak ke Kak H Yyroa
MEXKIY IBYMSI NPAMBLIME Ha (IAOCKOCTH, TEICCHbIl yroax 1po-
CTUPAEeTCs HeorpaHHueHko (Geckoneunas BOPOHKA). Miuoro-
rpadnbift yroa (IV, B, 5) ecrp uwactuwil cayuall TenecHoro
yria (HMPaMuAa’ibHas NOBEPXHOCTb — YACTHHI caydalh KOHu-
qecko).

Tak me KaK BeXHuHa yIrad MCKIAY ABYMS 1IPAMbIMH H3Me-
pAeTCs HYrofi OKPYMHOCTH, TEJCCHBIR YoM H3MepAeTca Ky-
ckoM mnosepxHocty mapa. Mimedno, w3 Bepimvnsl S TeaecHoro
yriaa MpoROMMM Mi00bIM PAIMYyCOM UIAPOBYIO NOBEPXHOCTL.
Ha s10ii oBepxHOCTH I1OBEPXHOCTH TENEC-
HOFO  yrja BHIPEXCT HEKOTOPYI0  YacTh
(ABCD, puc. 202). IMaomanp stoll yactn Gy-
IeT MEHAThCst B 3aBHCHMOCTH OT BedHUMHbI
palmyca mwapa, Ho Bcerpa OyJeT COCTaBaHTh
OJIHY M Ty Xe HOAK NJoanu pcell noBepx-
HOCTH 1apa. [TosroMy Mepo#t TeaccHoro yraa

Puc. 202 MOIA0 OBl CAYXHTb OTHOUICHHC IIMOHLamH

ABCD x nnoutagM mapoBoil HOBEPXHOCTH,
1107106HO TOMY KaK yroa Mewily JAByMs NPAMbIMH MOXHO Oblno
6bl M3MEPATL OTHOUIEHHCM 3aKAOYCHHOH MCWIY HAMH JYru
(c LenTPOM B BepIMIHE YIaa) K JIMHE OKPYKHOCTH TOrO e
%annyca (yroa B «noanBoporas, B «<ueTBEPTH 060poTa» U T. 1L.).

PHHATO, OAHAKO, 3a MepYy TeaecHoro yraa Opatb OTHOlIe-
e nuoumtanu ABCD x naomtany KBagpara, NOCTPOERHOIO Ha
paxMyce uwapa (sTa MOCHEIHNS BbIpawaerca BelMUWHON R2
11IPONOPUKOHAITBHON Naomtann 4nR? nosepxnoctu mapa). Takoe
H3MepenHe TeieCHbIX YIJOB [10J06HO PaRHaHHOMY H3MCPEHHIO
yraoB Mexay upamemi (cum. V, 3).

Wrax, sa mepy o meaecno2o yz2aa ¢ 8epunnod S npu-
HUMGIOM  QIIHOUIEHIIe NAOWAOU, 8Hpe3tl8aesOl  MEALCHLIM
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Y2103 HA NOBEPXHOCHIU 1LAPA, ONUCAHHO20 NPOU3BOLbHH M
paduycos u3 yewmpa S; k ksadpamy paduyca mozo uapa
na. ABCD

Mpusmep 1. Texecuuit yroa, o6pazyeMslit TpeMs B3aHMHO
LePICHANKYASPHBIME  NIOCKOCTSAMH (HanpuMep, JABYMs CTen-

T 9
KaMH H IHOM IPAMOYroabHO#t KopoOku), paBeH —- . Hefictau-

TCABHO, €CAM U3 BepIUMHB S TAKOro TCACCHOrO Yriaa ONH-
caTh IIAPOBYI0 MIOBEPXHOCTh, TO Ha MOBCPXHOCTH Ilapa
suipexerca !/s ee yacte (puc. 203), Tak Kak TpPH B3aUMHO
HICPHEHIUKY AAPHbBIE  [IOCKOCTH Da3pexyT ee Ha 8§ paBHbIX
yacTeil (npencrasbTe ceGe Ha MOBepPXHOCTH riao6yca KYCOXK,
BLIPE3aHHKI JBYMA B3aUMHO NePHEHIHKYAAPHBIMH ILI0CKO-
CTAMH, NPOXOJAILNMY Yepe3 MePHIUaHbl, H NIOCKOCTbIO, ApO-
xXoAamell uyepes 9KRATOP); CAENOBATEAbHO, IMIOIEIbL 3TOI
YacTH IIOBEPXHOCTH paBHa B

©R2

4nR¥i8=-5-, n ee OTHO~

ueHne K RS papto -,
Mpumep 2. Haitn re-
ACCHbIR yroa npw  BepiivHe
KOHYC4, Y KOTOPOro BHICOTa
paBHa paluycy OCHOBaHMU.
Ouviem U3 BePIIMHL KOHYCA
1ap painycom, pasHelM o6pa-
ayioweit konyca { (puc. 204). Bocoty OD xouyca MOXHO Bbi-
V2~
pasuth uepes [; OD= —"~ seicora CD ceprueckoro cei-
Ve
meHra ABC pasna [ — Vo‘ ; chepHyeckas naomaih, Bbpeasi-
BACMas TETCCHbIM YIVIOM, €CTh KPHBas (IOBEPXHOCTh ITOrO
cepuueckoro cermeiita, oHa passa (IV, B, 12)
E)
%l CD:in‘l(l ).
Che/loBaredpto, BCAUUIHA TEICCHOrO yria ecTh

27:( -—-Y—QZ)

Enunuuedi Mepbt TefecHoro yraa ssaserca Teaecisift yroa,
puipessiBaomuit 3 cepsl (C IEHTPOM B BEPUIMHC yraa) f.10-
1ajb, PaBHYI0 ILTOULAIH KBAApPaTad, IOCTPOCHIOIO Ha patiyce,
Taroit TeaecHblit yroa HasuplBacTcs cmepeopudiaron.

Puc. 203, Puc. 204,
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§ 15. lpaBHAbHBIE MHOrOTrPAHHHUKH

MHozozpaxrlK Ha3bL8AEMCS NPABUAbKLLAY, CCHI BCC €ro
I'PaHy — PaBHble NIP2BHJBHBIC MHOLOYTOAbHUKH 1t B KaXROi
BeDIIKHE CXORHTCH OLHO M TO Xe YUCIO IPaHCi.

B [IpOTHBONOAOKHOCTb TOMY, YTO CyulecTBYeT OecyucieH-
HOE MHOWCCTBO He MOROGHBIX APYr APYFY NPaBHIbHBIX MHO-
royroibHUKOB, CyIleCcTBYeT UWHINb OrpaHHYCHHOE UUCTO He
nox1o6HbLIX APYr ApYry I(IPaBUIbHBIX MHOI'OrpaHHHKOB. Boi-
NYKALLX NPA8UALHBIX MHO202PAHKHUKOS MOXeT OblTh TOIbKO
aaTh (CBEPX TOrO, CYWLECTBYCT Cle 4YCThipe HEBBIIYKJbIX).
ITH UATb UPABUIbHLIX BBHITYKJALIX MHOIOIPAHHUKOB CACLYIO-
uLHe: npasUAbHbL mempdidp (4CTHIpeXrPAHHNK) MIM, KOPOYe,

Pue. 205, Puc, 208, Pue, 207, Puc, 208, Puc, 204,

yemd--

npocto mempdadp (puc. 203); zewcd30p (eCTHrPAHHIK),
KOTOpBIt ecTh He uTO MHoe, Kak kY6 (puc. 206); oxmdadp
(BoCchbMHUIDaBHUK, pic. 207); dodexdsdp (12-rpannuxk, puc. 208);
uKocdadp (20-rpannug, puc. 209).

Uitcra BepmiMH u pebep, a Tak®e NOBEPXHOCTH U oG beniL,
BhIpaXeHHble yepe3 pebpa g, NPaBWIBHBIX BbIMYKIBIX MHOIG-
TPanHIKOB jlaub B caeayiouteil Tabauine:

= T
z|.E
= 2, o.é oz E ™~ 2
sElgEl Bl 28 £
Eglal| a8 |a| £
g% |88ls|sig| & %
SZldxl o8 ! 3 g &
= =5 = = = =] \:;
Te|TE|F I EF | T = o)
1, Terpasap 3 3 4 4 6 | 1,73a2(0,12a3
2. Fexcasnp (ky6) | 4 3 6 8 | 12 | 60002 a3
3, Oxasap 3 4 § 6 | 12 | 3,46 a2/0,4703
4. Honckaanp 3 3 12 120 | 30 {20,6402 7,66{13[
5, Heocasap P35 120 12| 30 1 8,66 a? 2,1303i
k \ !
= o b el
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B xawjniil npaBuAbHLI MHOFOTPAHHHK  MOM(HO BRNCUTH

wap. OKo0 KawAoro MpaBHIbHOTO MUOrOrpaHIIKA MOMKID
onucatb map.

§ 16. CummeTpus

["peueckoe caoBo cumMempuss GyKBaabHO O3HAYALT «CO-
passepHocTb>, [1ojg cHMMeTpueil B [HPOKOM CMbICIAe [1OHN-
MalOT BCAKYIO IIPaBHIbLHOCTh BO BHYTPEHHEM CTPOCHHH Tela
wian Gurypsl. YueHue 0 padaMuHbIX BUIAX CHMMCTPHU tpef-
craBisier 60JbIIYI0 U BAXHYIO BeTBb reo-
MCTDHH, TECHO CBA3AHHYIO CO MHOIMMII
OTPACcIAMH €CTCCTBO3HAHNHA U TEXHURHY, Ha-
ypias 0T TCKCTHIBHOTO NPOU3BOACTBA (pa3-
PHCOBKA TKaHell) H KOHYAA TOHKHMK BONPO-
CaMyl CTPOCHHA BeULECTBA.

[TpocrefininMy BUIaMY CUMMCTPHH HB-
AAIOTCH CAEAYIOUile TPH:

1. Beprarvuas cummempiss, Xopouio
3HakoMas KAXAOMY M3 TOBCEAHEBHOrO
naGmoicHist. Kak fioxasnipaer caMo HasBa-
pile, 3¢pKaablas CHUMMETpUA  CBa3biBaer
HEKOTOPBIT Hpeamer KU ero usobpaxedue
B I.I0CKOM 3eprasne. ["eomeTpHyeckoe oflpe-
JieAcHIe 3CPKaJdbHOT CUMMETPUM TaKOBO-
duzypa (pnc. 210) RasmBaercs cumme-
MpuMKOL  OmMHocumeAbho naockocmu
{3epKaabias I0CKOCTb, IIIOCKOCTh CHM- Puc. 210
MCTPHH), eCad Kakiaoil Touke E 9toit du- T
I'Vpbl COOTBETCTBYET Takad lIpHHajIexKa-
uias 1oft we ¢urype Touka E', y1o otpesox EE' neplieninky-
JAPEH K MIOCKOCTH P U JIeJUTCs 3TOH MIOCKOCTBIO TIONOAdM,

[opopar, uTo 0iaHa Qurypa (Mav Tel0) 3epKajdbLHO CHM-
METpHUNA ApYrofl, ecaIu BMeCTe OHH OOpas3yioT 3€pKaaLHO
cumMeTpuuHyio Gurypy (iad teao), Ha puc, 210 aunua ARBC
CUMMCTpHuHA JArANE AB'C) npapan pyka CHMMCTPUYHA NeBoOil,

BaHo OTMCTHTB, 4TO JIBa CHMMECTPUUHBIX JIPYT APYLY Teua,
BoOOWIC rOBOPs, HE MOTYT ObiTb <BJIONCHbl JPYI B Apyra»;
HHave, OAHO H3 3THX TEA HC MOXCT 3aHATb MecTa JAPyroro.
Tak, nepuatka ¢ JeBoll PYKH He roiuTCA JAa 11PaBoil pyKU.

Cummetpuunsie Gurypsl (py BCeM HX CXOACTBE Cyule-
CTBCHHO OTIHYAIOTCA APYT OT Apyra. Urtobel y6eantbca B 3ToM,
nonpobyitte, nocrapus Oyvary npoTHB 3epKana, APOYECTH
B 3CPKa’ge HECKOAbKO Hanewaramueix Ha Oywmare cios.

CuvyeTpuunbie [ipeiMerbl HCAb3sl MO3ITOMY Ha3BaTh PAB-
UuNi B y3KoM  cmbicae ¢jopa, Iy HA3WBAOT 3epKaabup
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pasuoiay. Boobue 3epKaIbHO PaBHBIMA TeaaMn (Han Gurypa-
MH) Ha3pIBAIOTCA Tena (MaM GHUCYPH) B TOM Ciayuae, €ciH npn
HALTICHKALUICM X CMCUIEHWH OHH MoOryr o6pa3oBaTh JABC NOJNO-
BHHBI 3€DKalhbHO CHMMETPHYHOro Texa (HAM Guryps),

2. Lenmpanbras cummempus. Puzype (KIH Ted0) Ha3Ll-
BACTCA CUMMEMPUYHOL OmHKOocumesso tfiewmpa C, ecan
kaxioit Touke E sroit puryps (reaa) COOTBETCTBYeT TaKas
npHHanaexauias Toit we ¢urype (reay) touxa A4, uro orpe-
30k EA upoxomutr uwepes touxky C u Reaurcs B Heil nononay

(puc. 211). Purypa ABCDE, cocrasicuHas

W £ u3 uByx tpeyroawnnuxos ABC u  EDC

V (puc. 211), y x0TOpPBIX CTOPOHBI fIONAPHO PaB-

Hbl W CIYXKAT YPONOMKCHHEM JpYyr Ip)Ta,
/’5 obaagaer neHtTpom cummerpuu (C).
- Mex1y COOTBETCTBYIOIIMMYU IpYT APYIY NMapa-

Puc. 211 M¥ TOUEK BCErjd AeXAT PaBHLIE OTPE3KH; COOT-

BeTCTBYIOUME JPYr APYry yrasl ABYX N0J0-
gl Teda, 006J1aAIOWEro LEHTPATbHOH CHMMeTpHel, TaKKe
pastvl, OxHaKo, BooOuie roBops, IBe NOAOBHHH TCIA C HEHT-
paibHoil CHMMeTpHell He MOrVT 3aHATb MCCTO OXHa JPYIoif,
KaK H jBe 10JT0BUHB Teaa, ob6iajaioimlero 3epraibioil CHUM-
merpueii, boree Toro, oARY W3 1I0J0OBHH Teaa ¢ LCHTPaIh-
noit cumperpueft Moxuo (nogopotom Ha 180° okoro 1060i
oci, POXOoAN el Uepe3 1EHTP CUMMETPUH) no-
CTaBUTh B 3CPKATLHO CHMMETPHYMHOE MOJOKEHHC e
¢ apyroft (OTHOCHUTCABHO [IOCKOCTH, NCPIEHIM- .
Ky sipHOIi K ocH floBopota). llostomy nse 1o
JOBHHLI Tela € HEHTPAIBHOI CUMMCTpHCHt 3ep-
KaspHO paBHB (CM. BbIlIE) APYL APYTY.
IMTpusmep. Ecan uponoamure pebpa SA,
8B, SC, ... mapamuan SABCDE (puc. 212)
Ha paccTosiHHA, paBHBle JIMHAM 3THX pebep,
B NPOTHBOMONOKHYIO CTOPOHY OT BCDIUHHBL, TO
npe nupamunk SABCDE n Sabede Bmecte
06pa3yoT Ted0, CHMMETPHUNIOE OTHOCHTEIbHO
tentpa S. puc. 212,
Ecan nupamuga SABCDE na puc. 212 nonan ’
i1 He HMeeT giHay ABCDE (nupammiaibhan
BOPOHKa), TO, BbIBEPHYB €& HAM3HAHKY, NOAYUHM TeAU, B KO-
TOpOE MOXHO BIOXUTL nupamuny Sabcede; He NPOU3BOAA
BhlBOpauUBanud, Heab3n (B o6uieM cilyuae): COBMECTHUTb 9TH
ABa Tena, Tak yro B obuwem cayuae SABCDE u Sabcde te
pasHbl, @ JHUIb 3€pKanbHO PaBHb. B HCKIIOUHTEIBHBIX CAY-
yasx (HanpuMep, ecam nupamuia SABCDE - upasuabHas)
BO3MOXHO W PaBECHCTBO.
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3. Cuwvsempusn 8pawenus. Tero (uan uzypa) 06.10-
daem cusvempuerl  8pauexis, ecai PR NOBOPOTC 1A

360° . "
yroa ‘—- (1 -—1ea0€ YHCI0) OKONO HEKOTOPOIt piMoi AB

{0Cb CHMMETDUH) OHO MOJIHOCTBIO COBMEILACTCA CO CBOHM HC-
XomHbiM osoxenueM, Ecaw uwucao n pasHo 2, 3, 4 w T. 1,
TO OCb CUMMCTPHH Ha3LIBAeTCA OCbIO 8MO-

p0o20, mpemeeco u m. 0. nopsoka.

Tpumep. Paspexem xpyr Ha TPH Cek-

TOpa ¢ UEeHTpPaTbHHIMM yraamp no 120° 7
(puc. 213). Hagoxum 3180 cexTopn ApYr Ha
apyra (He uepcsopaudBas WX JIpyrofi cro-
poRoit) M ipopexeM Ha HUX OGuUrypy 4
1pou3B0abHON dopMbl. (ClOXKHB CHOBA Cek-
TOPH TaK, Kak OHH JCHKaAW, NOAYYHUM -
CYPY (KpYr ¢ TpeMsi BhIPe3aHHBIMM Ha HEM JALIPOUKAMIU),
00NaNaIOLUYI0 OCBI0 CUMMETPHH 3-I'0  nopaika. IT1a  0Ch
NepueHIUKYIApHA K IMOCKOCTH ueprexa, [losoporom Ha 120°
¢urypa noJHOCTBIO COBMELLAETCA CO CBOUM HCXOMHbIM 0.0~
MeHUeM.

B 6onee yakom cMpicae OCbI0 CHMMETDHM Ha3biBaloT oChL
CUMMETPUH 2-r0 fIopANKa W roBopaT 00 «0ceBOH CUMMETDHUHY,
KOTOPYIO MOXHO ONpPEREeIUTh TaK: gueypa (uan meao) 00.1a-
daem ocesoll cummempied OTHOCHTCIBHO HCKOTOPOH  oc,
ecau KaxaoH ce Touke £ COOTBETCTBYeT TaKau I1pUHaLIe-
wawast To Xe ¢urype touka F, uto otpesok EF nepreHiu-
KyIApEeH K OCH, fepeceKaeT €e N B TOYKC NEPECeYCHHs Je-
autcy nonoaaM. PacesmorpenHaa soiwte (puc. 211 na érp. 330)
napa TpeYronbHUKOB o6gajgaer (KpoMme 1leHTpaTbHOH) emte
oceBoil cummerpueil. Ee ocb cuMmMmerpuu- npoxomur uyepes
1ouky C HepHeHIUKYIAPHO K ITOCKOCTH HepTexa.

lpusepo nepeyucrennsiy U008 cummempuls.

[lfap obaajacT W LEHTPaNbHON, U 3epkalbHoll, U OCCBOIl
cummetpuefi. lLlenTpom cummerpuu ABAseTCA UGHTP Lapa,
TIIOCKOCTBIO CHMMCTPHHU — I1IOCKOCTD J11060ro 60.1b11010 Kpyra;
ocblo — J060f1 nuamerp wapa. Iopanok ocy — aw6oe wnenoe
4HCao,

Kpyeabiii koryc MMeeT 0oCCBYIO cHMMeTpuio (106010 mo-
pAiKa); oCb CUMMETPUM — OCh KOHYCa.

[Ipasusbhast namuyzorbHas npusma uMeeT MI0CKOCTb
CUMMETpHH, UIYULYIO NapailieibHO OCHOBAHHAM Ha PpaBHOM
OT HUX PAacCTOAHHMH, U OCb CHMMeTPHH NHTOrO NOPAAKA, CO-
BNAJaoulyo ¢ ochio upusMbl. TlnockocTbio cuMMeTpHU MOXKeT
TAKMC CAYKUTL IIOCKOCTD, jleasimasn 1lonoJaM Oguil W3 JBy-
rpasupix yraop, o6pasyemulXx GOKOBULIMI CPaHSIMIL

Puc, 213,
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§ 17. CumMeTpHS NJNOCKHX (UrYyp

1. Jeprarvro-ocesasn cummempus. Ecnu nunockas ¢urypa
(ABCDE na puc. 214) cuMMeTpHYNa OTHOCHTCABHO MIOCKOCTH
P (410 BO3MOWHO IHIIL B Cayyac B3auMHON HepmemAMKyasip-
nocru maockocreit ABCDE u P), To npamas KL, no Kotopoir
NepeceKalnTcst YHOMAHYTHIE TIOCKOCTH, CIVKUT OCbIO CUM-
Metpun (2-ro uopsaaxa) déurypsl ABCDE. O6parHo, ccau
niockas urypa ABCDE umeer och cummerpuy KL, Jcxa-
LYo B €€ HIOCKOCTH, TO 3Ta ¢purypa CUMMETPUYHa OTHOCH-
TCJABHO MAOCKOCTH P, NpoBeXenHolf
yepes KL uepHeHIUKYNApHO K TLIO-
ckoctu  ¢urypue. [Ilostomy ock KL
MOMWHO Ha3BaTb TaKxe 3ePKAALHON
npaatofi miockont duryps ABCDE.

JBe 3epkanbHO cuMMeTpHUHblE ILIO-
CKHC (UrypHl BCErNa MOWHO HAI0XHTh

Puc. 214, apyr Ha npyra. OaHako aaa 3TOro
HeoBXOMUMO BHIBECTH OJHY "3 HUX
(M1 o6e) u3 ux obuefi MAOCKOCTH.

2. Liewmpaavnan cummempug, Ecaun nnockas ¢urypa
(ABCDE na puc. 215) uMeeT ocb CUMMETDUH 2-r0 Mnopslxa,
NePIEHINKYAAPHYIO K IUIOCKOCTH &uryph (npamas KL wua
puc. 213), 10 touka O, B KoOTO-

poi#t KL nepecexaer MI0CKOCTh §n- L
IYpHl, CaAY¥HT HEHTPOM CUMMeT-

puu ¢urypm ABCD. O6patHo, ccan 4 7
miockas  ¢urypa ABCD  umeer é?
1eATp cummerpun O (on HelpeMeH- e [/
HO JEeXHUT B IIOCKOCTH GHIYpH), TO

3Ta QUrypa nMeeT ocb CUMMETDHH y
BTOPOro lopsixa, NHpoxXoaauyio ye-
pes O nepreHpUKYIgpHO K ILI0-
ckocTH ¢urypel, Takum o6pasowm,
IBe UEHTPAIbHO CHMMETpUUIIpe- fdocKMe ©Gurypw seeria
MOXHO HalOXHTh ADYI Ha Jipyra, He BbIBOAs HX H3 obuieli
M10cKOCTH, Has 3Toro LocTaTtouydHo OXHY W3 HEX MOBEPHYTH
Ha yroa 180° okoa0 LeHTpa cHMMCTpUM.

Kaxk B cayyae 3epxanbHoit, Tax W B cAyuae [CHTPanbHOLf
CHMMETDHH ITLIOCKast GUrypa HCIPEMCHHO MMeeT OCh CUMMeErT-
pud 2-ro NOPAJKA, HO B [EPBOM Cayyae 3T1a. 0Ch JEWUT B 1I0-
CKOCTH GUryphl, a BO BTOPOM — NCPHCHAUKYISAPHA K 3TOH 11710-
CKOCTH.

[TosToMy B NIANEMETPHN AHUIL B [EPEOM CAy4at CHM-
METPHA Haa3LBaeTca 0CeRofl,

Pie. 215,
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§ 18. Honobue ten

Hodobue mpocTpaHCTBEHHHLIX Tea Ji BUIYD MOXHO onpele-
JHTHL TaK e, Kak nogobue 1wrockux ¢uryp (1V, B, 13). Hsa
TCHAa NOOOOHL, ecay OJHO M3 HHX MOJyyacTCd U3 JApYyroro
YBCAWUEHHEM WJIH YMCHBIICHHCM BCeX ero pdamepos (anHeli-
HBIX) B OJIHOM M TOM K€ OTHOmleHuW, MalluHa W ee Moledb —
nojobHule Teaa. Asa Tena (MaM GUIYDPH) 3epKasbHO nodosHb,
€CIH OXHO U3 HHX MOJ0GHO 3epKaibHOMY H306pameHHIo Apy-
roro {cM. 1V, B, 16). Tax, manpumep, Heratus $OTOCHUMKA
¢ MOPTpeTa 3epkasbHo nmoxoben noprpery. Jlga Gorunka pas-
JAUUHBIX HOMEpOB, HO ONHOro (acoHa, OJHMH — ¢ MpPaBoH, APY-
TOI — C JeBOil HOI'H, 3CPKATbHO NOROOHBI,

B nopobHbix U 3epKadbHO 10J0OHHX (HIYpax BCe COOT-
BCTCTBGHHbIC YIJbl (MHHCHHBIC M ABYIparHbie) paBHul. B 1no-
H06Hle TCIadX MHOIOUpaHHBIE H TCJICCHBLIC YIJIbl paBHb, B 3¢P-
Ka1bHO NOROOHBIX — 3€PKATBLHO PABHbL

Eeau 08a yemuipexepannuxa (T.e. IBC TPEYrOJbHbIE M-
paMuibl)  uMelom  COOMEEMCMBEHHO  NPONOPUIOHALbLHbIE
pelpa (Mau, uTOo TO Ke, COOTBETCTBEHHO NOJIOOHbBIE TpaHy),
Mo OHU NEJOGHBL UAL 3EPKAALHO NOCOGHL, TAK YTO, HAlIpH-
Mep, ecan pebpa nepsoro sipBoc Goabuic pebep BTOPOLo, TO
1 BHICOTHl 1lepBOro BjiBOe 060,1plie BHICOT BTOPOrO W PamHye
ONUCAHHOTO mapa tepBoro BiBoe 6oJbie paxuyca BTOPOro
T, M

Haa MHororpaBHukos ¢ 60IbIIHM YHCAOM IpaHei 9Ta TCO-
peMa ywme He wumeer Mecra. [Ipexcrasum cebe, Hanpumep,
4T0 12 paBHbIX cTCpPXHEH COCAMHEHB TaK, YTO OHM 00pPa3yloT
pe6pa xy6a. Ecau coedMHCHUs 9THX CTePXHCH Yy BCDIIMH
cleJdaHsl HA NIapHUpax, To, HC PACTArMBasA crepxHel, MOXKHO
H3MCHUTL (GopMy o06pazoBaHHON HMMH GHrype H M3 KyOa
Hoayuutb Napaanenenunen P. Iapasieaenunen Py, nopo6-
iblfl P, He 6yneT HM noxoGeH, HU 3epKaibHO onobeH KyOy,
xota pebpa ¢ro MpoIOpPUHOHATbHHM pebpaM Ky6a; ¢ YeThi-
PeXrpaHHHKOM, NIOCTFOeHHHM H3 6 crepkmnedt, storo cay-
YPUThCA HE MOMeT, TaK Kak OH CoXpaHuT cBolo ¢Gopmy H
B TOM CayHae, ecdH BCe COeAMHeHHs OYAyT NIapHUDHBLIMH,

Vrak, Boo6iie roBops, NPolOPUHOHAIBLHOCTH BCeX pebep
11e40CTATOMHO J7I51 TOrO, uTOObl Teaa Oblry HOXOOHL (1in 3ep-
KaIbHO MORL0GHbI).

HBe npHamel HaH fiBe NHPAMHIB HOXOGHB HAM 3¢PKAIBLHO
110ROGHB, CCAU OCHOBAHME M OfHa U3 GOKOBLIX IPaHeil MCPBOL
COOTBETCTBEHHO MOKOOHLI 0OCHOBAHMUIO B GOKOBOIL IPalH BTODPOIT
1 ecal, CBCPX TOrO, ABYrpatHble Yrisl,o0pasosaunsie B o0eHx
upu3Max (MHPaMILIay) YHOMSHYTUIMII TPAISAMH, PaBHL MCULY
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co6oit, Jse upasIIbHBLIC IPH3MBI HIH ITHPAMUALL C OHHM H TeM
}e YHCI0M rpaHell nogo6HbI,ecTH paruychl X OCHOBAHHI npo-
HOPUHOHAIbHB BbICOTAM. JBa KPYLanlX tUINHAPa ILIH KOHYCa
1oX06HB, eCli pamnycsl HX OCH( Banuil UPONOPLHOHANBLHBI
BBICOTAM,

B nopo6nbix Teaax niowagd BCeX COOTBETCTBYIOWMX APNT
APNTY I0CKHX M KPUBBIX HOBCPXHOCTEH 11PONOPUHOHATBHbE
KBajJpaTaM d100bIX COOTBCTCTBCHHBIX OTPE3KOB (T. €. OTHOIUC-
HHe TII0Waneil PaBHO KBaApaTy OTHOMEHUA nogobus),

O61beMbl 10106HLIX Ted, a Takke oObheMbt J106bIX COOTBET-
CTBCHHBLIX HX yacTell NPONOPHHMOHAIBHB KYOam J06HX CO-
OTBETCTBEHHHX OTPe3koB (1. e, oTHouieHHe 0GLCMOB pasHo
KvOy oTnolieHUA 1oj1obus),

Ioab3ysich nHOCIedHAMK ABVMsl CBOFCTBAMH, MOXHO B psile
CIVYaes OYCHb VAPOCTHTh HEKOTOPHlE BHLIUHCICHHS,

MTpusmep 1. Ha nokpacky mnoaywaposoro kyiona aha-
METPOM 5 ar ulleT 5,5 k2 oaudsl. CrOIbKO 0aH(B HYKHO 15
OKPAacKy Kynona AHAMCTDOM 8 M?

Besikie jBa moayiiapusi sBIAIOTCS NOJOOGHBIMH - TE.1aMi,
Ix nomepxunoctn, a cacpoBaTedbHo, 11 KOJAMuecTBa oandm,
HeoOXOMHMbIe L4 UX MOKPACKH, NPONOPUHOHATLHLL KBAIPATAM
annaMerpos, O603Hauvas yepes v UCKOMOE KOJIMYECTBO 0au(H,
nMeeM: X ey

%- =(~§—>'; x==85 \—}\)" == 16,6 x2.
K

Npusmep 2. Koncepsuasn 6Ganka suicoroii B Il em n
nonepeynnkoMm B 8 ¢ar BMewacer 0,5 rz koucepson, KakoBbl
pasmepn GaHKN TeX ke KoHcepBoB (dopma Gauxu — rta we),
pyculaomelt 1 K2 KoHcepeos?

O6o3Havas yepe3 /i BLICOTY H ucpes d nonepeuiux (mnHa-

3
-} = =2, 0TKY 12

Touno Tak me d=8%4/2 =10 cu.

§ 19. O6beMbl H MOBEPXHOCTH Tex

O6osnayenn:  V—obbem; S — niaomagb  OCHOBAHHA,
Sgox — OOKOBast NOBEPXHOCTb; P —1101HaA  1OBEPXHOCT;
& — Buicora; @, b, ¢ — U3MepCHHA NPAMOYTOALHOrO Napasic-
aenunena; A -— anogpeMa nNpasHAbHON NUpPaMBAK U NPaBHAbHON
YCCYEHHO| HMpaMuiby; [ — 06pa3yiomas KOHYca; p — NCPUMETP
HIIT OKPYXHOCTL OCHOBAHMA; ' — Paiuyc OcHOBanus; d -— jqia-
MCTD OCHOBaHHS; R~ pajnyc Itapa; D — xuaMerp imapa,



§ 19, OB'BEMB! 1 TIOBEPXHOCTH TEN

Tpusya, upsmast o HaKAOHHAN, napad.leaenuned:

V == SA.
[paman npusma:
Sgox = Ph.

[Tapaancaeminer npsasMoyroapHbHi
=uabc; P=2(ab+ bc+ ac).
Kyo:
V=a% P=6d"
[Mupamuda, npasinibHast W HefpaBHabHas:
1

V=5 Sh.

Tinpamuna npaBuabHas:
1

Sgox = T PA

YceueHnad ugpamMpja, UpaBHILHAR U HeupasiibHaf:

V=1 (S + VSS: + S b
YceycHnas mUpaMuid npasuiabHas:
S6ox"‘“g (p1+p2)
Lluaundp Kpyrosoit (MpaAMoit U HaKIOHHBIH)
V=8h=r=r? h—~4 =dh,

[luaunap Kpyranit
Sgox=2xrh=ndh.

Konyc xpyrosoil (Kpyrauiit u HaxkJIoHHbIE):
V_——— Sh__—~ "rh = —-ndﬂlz.
Kounyc kpyrawit:

Sgox = ; pl==wrli = % wdl,

335
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YceueHHbI KOHYC KPYFOBOH (KPYriblil U HAaKJIOHHbIH)

1 . _— ! .
V=g =h (ri -+ rirs + r}) = g =h (d} + dids + dj).
YceueHHBIH KOHYC KPYyTabiit

Sdox=z(r1+l’2)/'~=~%—ﬂ(d; + ds) L.

Ulap
V= —.:— nRé = —:; wD¥ P=daR?=nD?
[Toayugpue:
V=2 aRY = =D S==R'==D?,
Sgox = 2R = —,i; a0 P=3R= —j— =D?
Ulaposoit ceemenn:

V ==ah? (R — 5 h ):%(hE -+ 3r9),
Sgox = 2mRh =1 (r* 4 I?),

P==(2r -+ h?).
laposoil caoli:

V= gt o (rf 4 r) B Sgox = 20RN.
aposolt cexmop:
V=2 oRN

(I’ — BHICOTa CerMeHTa, CoHepialierocs o Cexrope).
[loawit wap:

V=g (Rl— RY) = & (D} — DY
P =4 (Ri+ RY) =7 (D}~ DY)
(R, 1 Ko — pajuycsl BHEMHCH ¥ BHYTPEHHCI! [MapoOBLIX 00-
BepXHOCTCIT).



V. TPUTOHOMETPNS

§ 1. [lpeaxer TPHroHOMETPHH

Cn0B0 «TPHIOHOMETDHsl» HCKYCCTBEHHO COCTaBJIEHO U3 Ipe-
HeCKHX CI0B! «TPHMOHOH» — TPEYTOABHHAK H <METPe3C» —— H3-
wepeHue (COOTBETCTBYICILUM PYCCKUM TepMuHoM ©pia0 Gul
«TpeyroabHHKOMepLe»), OCHOBHAN 3a1a4a TPHIOHOMETPHH CO-
CTOUT B peulenull mpeyecAbAIuKOg, T. €. B BHIYHCACHUH HEU3-
BECTHbIX BeARYWH TPCYroJbHUKA MO AAHHHLIM 3HaYeHUAM ApY-
FHX ero BeawyuH. Tak, B TPUrOHOMETDHH peulalOT 3ajzauy
0 BBIYHCACHHW yrAOB TPEYrOJbHHKE 1O NaHHHIM ero CTOPOHaM,
327a4y O BLIYUCACHHW CTOPOH TPeyrodbHAKA — A0 MIOLLAAH
H AByM yraam i T. X. Tak kak 1100y10 BLIYHCAHTETBHYIO 3a1ayy
reoMeTpPUH MOMKHO CBECTH K peILeHHI0 TPEYroAbHHKOB, TO
TPUrOHOMETPHA OXBATHIBAET CBOUMH NIPUMEHEHHAMH BCIO IJa-
HUMETPHIO 1 CTeDEOMETPHIO H MIMDOKO IPUMEHSeTCHA BO BCeX
oTHeNaX CCTeCTBO3HAHHA M TEXHUKH.

Yuenue o peuienuu cepriveckux rpeyroabHukos (IV, B, 11)
Ha3biBaeTcst cepudecioil mpuzosomempueil; B NPOTUBONO-
JOKHOCTb ITOMY YueHHe O pelIeHHM OOBIYHBX TPeYTOdbHUKOB
Ha3bIBAIOT NAOCKON UAL NPAMOAUKEURON mpuoHoMempuei.

Yrasi NpOH3BOJALHOYO TPEYroNbHUKA HEAL3A CBA3ATh HEMNO-
CPEICTBEHHO C €ro CTOPOHAMM C MOMOMIBIO aareGpanyeckux
cooTHomeHuH, [109TOMY TPUroHOMETpHA BBOJHT B PaccMoTpe-
Hue, KPOME CaMuX YrioB, elle HOBblE KOJIUYECTBd, TaK Hasbi-
BaeMble TPHIOHOMET PHYECKUe BeaHyuHbl (MX MepeyeHb U ofipe-
Zeaenust cM, V, 5). DTH BeauuMHnl YXe MOXHO CBs3aTh CO
CTOPOHAMH TPEYTOJIbHHKA HPOCTHIMU aare6pauyeckKuMH cooT-
gomenusmu, C HPyroft CTOpPOHB, MO NaHHOMY YFIY MOKHO
BHIYMCINTD COOTBETCTBYIOLLEE 3HAYEHHE TPUIOHOMETDHYECKOH
BeAHMUMHb, M 0O6partHo. [IpaBaa, 9TH BHIYKHCIOHHA Tpe6yioT
AIUTEHbHBIX B YTOMHTEABHBIX pacueToB, HO 31a pabora mpo-
IeJaHa pa3 HaBCeria W 3akpemiaeHa 8 rabanuax.’

3Haveque KaxIOH TPUIOHOMETPUYECKOH BelUuHHB H3Me-
HAGTCA C H3MEHEHWEeM Yria, KOTOPOMY OHa COOTBETCTBYeET:
IPYFHMH CTOBAMH, TPHIGHOMETPHYECKAs BeAHUHHA eCTh PYHK-
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uua yraa (Vl, 2). Orciona HaHMeHOBaHHE: MPUOKOMEM P~
vecxue dyrryuu.

Mekny pasTHYHBIMM TPHIOHOMETPHUECKHMH (QYHKUUAMH
CYUIeCTBYIOT BakHible 3aBHCHMOCTH. MCnoab30BaHHE HX M03BO-
aAeT COKpalare H obneryath BuiyHcaeHHa. HacTh TPHrOHOMET-
PHH, TOCBANIEHHAA H3YUEHHIO ITHX COOTHOMIEHHH, Ha3HBaCTCH
20KuOMempiell, T. €. <yrIOMEpPHEM»>: («roHHa» — NO-TpedyecKkH
«yroar).

§ 2. HcropnueckHe cBeeHHsi 0 Pa3BHTHH
TPHrOHOMETPHH

lMoTpe6HOCTL B pEIIEHHW TPEYroAbHUKOB paHblle BCEro
BO3HUK/J2 B 4CTPOHOMHH, U B TEUEHHE NOJArOro BPEMEHH TPH-
rOHOMETPHA Pa3BHBa’iach M M3yyanach Kak OJHMH H3 OTA€10B
aCTPOHOMHMU.
aCKOMbKO H3BECTHO, CHOCOGM pemeHus TPeyrodbHHKGR
(chepuyeckux) BriepBue ObUIH HHCHMEHHO U3JIOWEHb rpede-
cKuM actporoMmoM l'unnapxom B cepenuHe 2 Beka IO H. 3.!').
HauBbicluMl JOCTHKEHHAMH rpeveckas TPHIoHOMETpus obs-
3aHa actpodoMy Ilronemew (2 Bek H. 3.), CO3NATCMIO TEOMEH-
TPUUECKOl cucTeMb MHupa, rocnoacTeosasmei no KonepHuka.
I'peueckne acTpOHOMBI HE 3HANH CUHYCOB, KOCHHYCOB H
TaHrescos. Bmecto TabaHuL ITUX BeauuyuH OHM ynorpebasau
1a6aULb!, 103BOASABUIME OTHICKUBATH XODAY OKPYXKHOCTH 1o
crarusaemoit ayre. Jlyru nsmepsauch B rpalycax ¥ MHHYTax;
XOPA® TOXC U3MEPAJHCH FpajycaMu (OHMH FPajyC COCT4BAAA
INECTHIECATYI0 YaCTh Pajuyca), MHHYTaMH H CeKyHIaMH. 3TO
flitecTUNCCATEPHYHOE TOJIpa3feneHHe rpPexd 3aUMCTBOBAIH V
saguaoHad (cm. 1, 7).
Ta6auuw, cocTapacHHble lMtonemeeM, comepxand XOplnl

1
BCEX VI Yepe3 Kaxiule ) ' BBIUHCJAEHHBIE ¢ TOYIIOCTHIO OO

cekyHAb. C MOMOWLIO HHTEPHOAAUHN 1O HUM MOXKHO Obli1o
HaliTH ¢ TOM e TOYHOCTBbIO Xopuy Mo6oit ayru. (flan obaerue-
nua uHTepnoasuuy TiTonemeit paer nonpaexku wa 1) llpu
suiucaeHUn  rtabauu  TiToaeMeil onupanca Ha OTKPHTYIO
UM TEOPEMY O J[WaroHalasX BNUCAHHOIO YeTblPEXYroAbHHKA
(Iv, b, 19).

1) Counenne Funmapxa He JOwWO0 XO Hac,

2) Ecay B3sTb UEHTPAJbHLIA yrod, ONMHPAOWHACA HAa NOJOBUHY paccMa-
1pUBAEMON Ayru, TO XOpia GyXeT yABOEHHOX auHHeX CuHyca STOro yraa,
Moatouy TtaGmuua MNTosemen paBHOCHAbHA nNuTH3HAMHOA Tabguile 3HadeHui

o

cHHyCa yepes ?-_
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3HaYHTEABHOR BLICOTH AOCTHIA2 TPHrOHOMETPHA H V HM-
AAHCKKX CpeHeBEKOBHX acTpOHOMOB. Kak M rpekd, vHIufiun
3aUMCTBOBaNH BaBWJIOHCKOe rpanycHoe usMmepenne xyr. Ho
WHIMLK PACCMATPUBANH He XOPAbl 1Yr, @ JHHAH CHHYCOB M
KOCHHYCOB (1. e, auHuu PM u OP nna nyru AM na puc. 216).
Kpome Toro, paccMarpuBanach auHua PA, noayyusimias -no3s-
uee B EBpone HasBaHHe «CHHYC-BEp3ycC».

3a epuunuy msmepenua orpeskos MP, OP, PA npuHu-
Manach AyroBas MHHyTa. Tak, JMHHR CHHyca ayru AB = 90°
ectb OB — pamnyc okpyxHocTH; ayra AL,

paBHas panuycy, conepwur (OKpyrleHHO) 8
57°18" = 3438'. Tlosromy cuuyc ayru 90° T~ M
cysTazca paBHhM 3438, ,
Homenuine 10 Hac MHAMHCKHE TadaHILE A
cUHycOB (IpeBHefimas cocTaBaeHa B 4 —95 A

BeKE H. 3.) He CTOAb TOYHM, KaK fnTOJE-
MeeBbl; OHH cOCTaBieHbl yepe3 3°45' (r. e
gepes /3, uwacTb AYrW KBaipaHTa).

Hanbuedtmee pasBHTHE TPHTOHOMEIpHA Duc. 216
noayyuaa B 9— 14 sekax B Tpylax apaGo-
A36YHnX aBropoB, B 10 Beke 6armalckuit
vueHnii Myxdmmex w3 DBymxaHa, wu3BecTHmWil 00X HMEHeM
A6y-1b-Baga, npucoesunua K JHHHAM CHHYCOB H KOCHHYCOB
AMHUH TAHI'EHCOB, KOTAHMEeHCOB, CEKaHCOB U KocekaHcoB. Ow
JaeT UM Te Ke ONpeAeNeHuA, KOTOPbe MOMEIaloTcA B Ha-
wnx yye6Hukax. AOy-ab-Bada ycTaHaBIMBAET TaKKe OCHOB-
HBIC COOTHOHIIEHUS! MEXIY ITHMH JUHUAMH (COOTBETCTBYIOUIHE
dopmyaam V, 14). B pyxax 3HaMEHHTOr0 MYCYJIbMaHCKOro yve-
Horo Hacup su-Huier u3 Tvca (1201 — 1274) tpuroHoMeTpry
CTAaHOBUTCA CaMOCTOATENbHO! HayuHoll mucuunauuoil. Hacup
31-[uH cHcTeMaTHYeCKM PACCMATPHBAN BCE Caydyad pelleHHs
{L10CKHX M cepUuecKHx TpeyroJbHHKOB M YKasanl pal HO-
BbIX ciioco6oB peilleHHs.

B 12 Beke Gbian nepepeleH ¢ apaGCKOro fA3bika Ha NaTHH-
CKUIt DA acTPOHOMHYECKUX paboT, U MO HUM BlepBbie eBpoO-
nefbl  MO3HAKOMUINCL € TpuroHomerpueit '), OaHako co

!) B 570 Bpema NOYBHICH JATHMHCKHA TCDMHH «CHHYC», 4TO O3HAYJET «na-
3yXa» WIN «KapMaw», I10 — nepepox apaGCKOro CA0Ba «lkeiibn, uMéouero
70 Ke 3HaucHue. Kak nosBuaca stor apabekuil Tepuun, HeussectHo, Heko-
TOpbLIE N0JaraloT, YTO OH 1IPOH30LIEN H3 UHAWICKOrO (CaHCKPUTCKOro) caosa
@KMAY HAH «KWBa» (IEpBOe 3HAYeHWE — TeTHBA: B reomeTpud — xopra). Ho
CHHYC B UHAHACKON TEpMUHO.JOrHH HMEHYCTCH «apEXa-kKia», T. €, NOJAyXOpAd.

Haapanue «kocHHyc» NOHBHIOCH 10JbKO B Hawade 17 Bexa kKak  coxpa-
uleHite HaHMeHOBaHuA comniplementi sinus (CHHyc ZonoJHeHus), YKa3biBaw-~
Uiero, 410 KOCHHyC yria A ecTb ¢iHyC yraa, zonoasswouero yroa A go %0°
HauMeHOBaHUN «TAHFeHC» U «CEKAHC» (B [16PEBOAR C MATHHCKOrO O3HAUAWUIE
«KACATEARHAR» W «CeKylLan») BBeAeHw B 1583 r. HOMELKHM ) YeHLIM PUHKO M,
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MHOT'HMM [OCTHXEHUAMH apabosasblunioli Haykd eBponefinam
He YAAM0oCh MO2HAKOMHUTLCH CBOEBPEMEHHO. B 4acTHOCTH, HM
ocrazach HeussecTHoft pabora Hacup an-Iuna. Buitawoumitca
HeMelUKkuit actpoHoM 15 sexa Peruomontan (1436 — 1476) ve-
pes 200 net nocae Hacup 3ax-luna 3anoBO OTKpHIA €ro Teo-
pembl.

PéruoMonTan cocrtasua oGIIMPHble TabAHUb CHHYCOB (4Ye-
pe3 1 MHHYTY C TOYHOCTBIO A0 CelbMOfi 3Havawled UUGPbI).
On BHepBLIE OTCTYINUI OT LIECTHAECATEPUUHOr O AeTeHHA PalH-
yca n 338 eIHHULY U3MEpEeHUs JIHHUM CHHYCZ NIPUHAN OIHY
NeCATUMBINHOHHYIO YacTh paixuyca. TakuMm o6pa3oM, CHHYCHI
BHIPAXAJIKCh UETbIMH YHcHaMH (a He 60-pruHbIME JIpobsMu).
Lo BBeleHMs JeCSITHUHBIX IpoSell 0CTaBaacs TOIbKO OJUH 1ar.
Ho on uorpe6oan 6oace 100 aer (em. I, 31).

3a rabanuamu PeruosMonrana nocaefosan pay APyrux, ewe
6oace moapobubx. dpyr Konepauka Peruxyc (1514 — 1576)
BMECTE C HECKOXbKHMH IlOMOUIHHKaMH B Teuchue 30 ner pa-
60tan Hal TabaMuaMy, 3aKOHYCHHLIMHU ¥ M3ZanubiMu B 1396 r.
ero yuennkom Oto. Yrawl maun yepes 107, a paguyc peauics
#a 1000 000 000 000 000 uacteft, Tak uto CcHHyCH umenn 15
BepHLIX unpp!

bykBeHHbIe 0003HaueHHs (B aarcfpe oHU NOUBUINCH B
xoHle 16 Beka) yTBePAHIHCh B TPUFOHOMETPUH JHIIb B Cepe-
aune 18 sexa 6unarogapsa pycckoMmy axkagemunxy Jitzepy (1707 —
1783). 3TOT BeAUKHH MATEMATHK NPUAaa BCEil TPUIOHOMCTPUHU
ee.coBpeMeHHblft BuI. Beawunust sinx, cos x M T. 1. OH pac-
cmarpuBad kax ¢yukun (VI 2) uHcad x — panmarHol Mepo
COOTBETCTBYIOLLErO Vraa. Jitaep HaBal UHCIY X BCEBO3MOX-
Hble 3HAYEHUN: [M0JI0KUTEAbHBIC, OTPHIATEILHBIE H JAMC KOM-

naexcuoie. OH BBed U o6paTHbic TPHIOHO-
N meTpuueckHe $ynxuuu (V, 24),

M § 3. Panpnannoe H3MepeHue YrioB

Hapsiny ¢ cpamycHoii Mepoit  yrjos
(IV, B, 5) 8 tpuroHomerpun ynorpebanetes
I Apyras Mepa, HasnBacsman pacuaHKOd,
B neit 32 cIMHHLY H3MEPEHUSA NPHHHMAETCH
ocmpuit yeor (MON ua puc. 217), nod
KOMOpuM BUOKA U3 GeRMPE OKPYCHOCTIE ee JyTa MAN,

aBHast paguycy (MN = OAM). Tako#t yroa HasblBacTCa pa-
uaron. Beadynna atoro VIia He 3aBHCHT OT palMyCa OKPy kK-
HOCTH ¥ OT foaoxenus ayru MN npa okpyxuocti, Tax xax
HOJYOKPYKHOCTb BHAHE H3 UCHTpa nox yraonm 180° a ainna

Pue. 217.
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¢e paBHa & paguycCaM, TO PaJiMad B m pas MEHblIE, YeM yroa
80
8 180°, T. e. onmmn pamman pasen lx— rpaaycoB:

I pannan =22 = 57°,2958 ~ 57°17'45".

O6paTHo, OZMH Tpadyc paBeHT’;ﬁ paiunana.

1° = '1%) pannana = 0,017453 pannana.
I’ = (g5 PAHManHa == 0,00029] pannasa,

1" = e, Pauana ~ 0,000005 paiuana.

Paduaunoll mepoii moboro yraa (AOB Ha puc, 218) saB-
aneTcs OTHOWEHHE 3TOro yraa K paanany (MOMN wna puc. 218);
o otHomenue [ AOB: Z MON pasvo

oTHomen#o. Ayr AB 1 MN, 1. e. OTHOWEHHIO
ayru AB K panuycy.

Taxum obpasoM, paduaruen Mepa Aio-
6020 yeaa AOB ecine omuowexue QAUHbL
oyeu AB, Onucannoil npou3gorsssim pa-
duycom u3 ueumpa O u 36KN04ERHON
MEAHCOY cMOponaMu yera, k paduyey OA
amoti gyau. Puc. 215,

BBenenue pagmarHOH Mepbt yraa no-
3BoaseT NpUzath MHOrUM QopMmyaam Goree upocroft sua *).

1) Bo MHOTHX yueOHUKAX TPHIOHOMETPUK yCHJCHHO NOAYepKUBALTCH, 41O
NpY PaNMaHHOM W3MCDPUHHH yrJ0B BeaWYMEA yTa W3MEpPHeTCs 0 TB A € 4 € H-
Hbl M 94caowm Cosaaionieecs npy 3TOM (IPOTHBONOCTABAEHHE PAAMAHHOTO
¥ TPALVCHOrO U3MepeHUH AuUIeHO BCRKOrO ocHoBanvn, M 8 paivannofi o
B TPARyCHOR cucteme yroa usmcepsercs edusuyed yzaa, To, 410 Haumenosa~
HWE B ONHOM CJayuae (X8 rpaxyca) (pOCTAaBAAETCH, 4 B APYrOM (149 pa-
AHANA) NOAPA3YMEBaeTCA. He Urpaer pOBUNO HUKAKONR poan,

EZNHCTBEHHbIR PA3YMHBIT CMLICH BbULCYNOMAHYTOrO yTBEPKAEHUR 8a-
KAOYaeTCs B TOM, 4TO PAAWAHHZR MCPA YrAa, BLIPAKAACH OMHOWEHICM RBYX
RJHMH, COBEPILUEHHO HE 3aBUCHT OF BbGOPA enuwHulbl AuHbl, Ho W rpakycuas
Mepa yria Heé 3asucHT OT 3TOCO BHIGOPA; Gosee TOro, OHa Towe €CTn OTHO~
wenne ARYX LTHH, WMEHHO, RJWHBI nyrﬂ,‘OE‘mcaHHOﬁ U3 BEpUIVHDL YyIAa ¥ 8a~
KAGHEHRONM MEKIy ero cTopoHaMu, ¥ g NBCTW AyTH OKpYMHOCTA TOrO We
paluyca. 3TO OTHOWCHHE HHUEM HE Xye OTHOWEHWH TON KC AYyrH K ee
paxuycy,
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Fone380 3aNOMHHTL CACAYIOULYIO CPABHHTeAbHYIO Tabauiy
rpanycHolt u PaiHaHHOR Mepn HEKOTODHX YacTo BCTPEuaio-
WHxca yriaos:

Yraw B rpanycax 360° 180 *K° 45°

Yraw B pazuavax 2n \ 3

(LTI
Q:I:q
ENEY
afa

&

§ 4. flepeson rpanyCHoO# Mepnl B panranHyio H 06parTHoO

1. Ymobw Hadimu paduanayio mepy Kkexo20-wubyds yzia
HO OanKOl 2padycHoll e20 mepe, wyHcHo (cm. V, 3) nomwo-

Humb 4uca0 2padycos Ka -";—0%0,017453, qUCAO  MURYM
x
18- 60
u KailQenHble NPOUIEEOCRUS CADHCUMD.

Ttpumep 1. Hafitu panuannyo Mepy yraa 12°30 ¢ tou-
HOCTBLIO 10 YETBEPTOro JECATUYHOrO 3Haxa.

Ha == 0,000291, 6 4uc.10 cexynd M tgr—rm—gs == 0,000005

n
Pemenue. [lomnomacyu 12 na g, yuursisas w natwift

HECATHUHLIH 3HAK MHOXHTEAs (TaK KaK fIPH YMHOXKEHWH Ha 12

abconOTHaA HOrPElIHOCTb BospacTaet npumepHo B 10 pas,
cp. I, 40); 12:0,01745 = 0,2004.

k3
NoumnomaeM 30 Ha jgz—p, YUMTHIBAA M WIECTOH BHAK MHO-

wutean; 30.0,000291 ==0,0087. Haxoumum 12°30° == 0,2094 4+
40,0087 = 0,2181.

Has obnerueHus BblyHCACHHH caywuT rabanua [l, 8, nome-
UleHHas Ha CTP. 48 W 1awiliag TOYHOCTb O YCTBEPTOrO Jeca-
THYHOro 3Haka. B nepBoM ee croabue («rpamaychl») MPOTHB
uHopu 12 naxomum 0,2094; B upesnocaegHem crtoadie («mu-
#yToi») npotis unppw 30 Haxomum 0,0087.

3anuck:

12°  =10,2094 (panuana)
= 0,0087
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NMpumep 2. Haitty paxnannyo mepy yraa 217°40°
C noMouib© TO# We TabiHubl HAXOMKM:

200° = 3,4907
17° = 0,2967
40’ = 0,0116
37990

2. YmoOu Haiimu 2padycHyio mepy ya2aa no CGawHOod €20
paduannoil mepe, uysxwcro (cM. V, 3) nOMHOMNCUMs ducao padua-
HO8 Hg I—;E:a—,57°,296, T. e, Ha 37°17'45" (ecam T1pebyerca
toyHocts xo 0,5 ® yroa cogepmut He Ooaee 2 paada-
HOB, TO MHOMHTENb MOMHO OKpyrawre xo 357°30, rtak xax
norpemnocts B 0,004 rpaayca cocraBifer OKOAO uCTBEPTH
MUHYTHI).

Mpuvep 3. Hafttu ¢ tounocThio A0 I’ rpanycHyw mepy
yraa, colepwatiero 1,360 paxuana.

Pemenne. 1,360 .57°,30="77°83=T77°56".

Nan obaeryenus ewivdcaeHnfi caywut rabanua |, 9, no-
seulenHan #a c1p. 49, Mo welt naxonum:

1 panuay = d7°18
0, pardanz = 17°11"
0,060 » = 3°26

77°55 1)

Mpumep 4. HafiTu rpanycHyio mepy yraa, coaepsauiero
6,485 pamnana. C HoMoulbio TaBAHUL HAXOAHM:

6 pamkaHos == 343°46'

0,4 paivaHa == 22°55
0,08 » =" 4°35
0,005 » = 017

371°33" (npeneabnas mo-
rpeutHocTs 2')

§ 5. TprroHoMeTpHuecKHe QYHKIHH OCTPOro yriaa

Pellenne BCAKHX TPEYroAbHHKOB B KOHEUHOM cuyeTe CBO-
BUTCA K PEINEHHI0 MNPAMOYrOAbHHX TpeyrcibHukor. B upa-
MOYIroAbHOM e TpeyroabHiike ARC OTHOUIEHHE [BYX ero

1) PacxoxticHde B I° nponcTexacT oOT HAKONJAEHWH noOCpewHocTed <aa-
raembix; cm, 1. 38,
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CTOPOH, HalIPHMep KaTera ¢ X CUOOTEeHY3e ¢, BCEueao 3asi-
CHT OT BeIHUMHBI OJHOFO M3 OCTPHIX YFIOB, Hanpusep A
(puc. 219). Ornolledsss PasAUyHbIX MAP CTOPOH APAMOYTOb=
HOTO TPEYrOAbHHKA M Ha3biBRIOTCA MPUSOHOMEMPULLCKUMU
gyuxuusmu ero ocrporo yraa., [lo ortwowenuio k yriy A
3TH GYHKUMA [OTYyaloT CHENYIOLIHE Ha3BAaHUA
8 u obosnaycuns:
1) Cumye: sin A== (oTHoWeuHe  npo-
2 INMUBOACLICAUE20 Kamema K 2UNOMenyse).
b
2) Kocunyc: cosA:T (oTHOUteHUE npuU-

A b6 0 aescaweeo wamBing k 2unomenyse).
a

Puc. 219, 3) Tanzeuc: 1g A= (OTHOMUleHHE nApoOMU-
BOLLHCAWE20 KAMEMA K Npliexcaiemy).
4) Komanzene: cig A =—Z~ (OTHOWIEHHE NpUAEIHCAULE20
Kamema K npomueOALHCLey).
5) Cexaxce: 3¢ A= ~;—{0TH0memie 2unomeny3s K npil-
OHCAUE MY Kamemy ).
6) Kocewarne: csc A == —;- {oTHOI e Hie 2UNOMEHYIBL K NPO-

mus.1eHcawe MY Kamemy).
Mo otnouteHMio X yray B («IONOAHMTERLHOMY» yray fio
OTHOIIEHHID K A) Ha3BaHWA COOTBETCTBEHHO MEHAIOTCA

b . _.a. 5.
sinB=_—; ¢cos B=—; g B=—;
g B=-4: scB=-; cscB=—;

Jnst HEKOTODBIX YrI0B MOMHO HanlicaTb TOYHHE BHPaMe=
HHS HX TPUTOHOMETDUUYECKHX BeaAnyuH. Bawueiimue cayvau
JaHbl B Tabauue Ha c1p. 3451),

1) ¥raet 0° u 90°, cTpOro roBopa, He MOUYT BXOANTh B HPAMOYTOAbHLIA
TPeyroAbH{K B KauecTBe ero OCTPuix yrjoB, OZHAKO NpU pacluvpeHvH no-
HETHHY TPUTOHOMeTpHHMecKOAd (PYHKUMM {(CM. auKe) pacCMATpUBAIOTCH 3HAve-
HUR TPUTOHOMETPHH2CKUX (PYRKUMIT u aas 3Ttux yraos, C XApyrofl cTopoikl,
ORWH H3 OCTDLIX VIAOE TPEYroJbHUK2 MOMET CKOAb 'yrOAHO npubausnThes
k 90°, apyroff GyleT TOorza mPMGAMKATLCS K HYMO; TOrZA COOTBETCTBYIOUIME
TPUrOHOMETpPUYECKHE BEANUMHB OyayT RpuSIN:KaTbCd X BHAUCHUAM, yKa-
3anHLIM B ralnuie,

3uax oo, BeTpedaWIMACA B 9Tofl Tafaunse, ykaseiBaeJ Ha To, 4TO alco-
M0THOE SHAYeHHe KAHHON BEIMMUHLI HEOrDRHUUCHHO BC3PACIAeT, Koraa yroa
npubvkaeTcd K TOMy 2U4YCHUIO, KOTOPOe YKasano B Tabanne, 5T0 i uMewT
B BUIY, KOrfa COBOPAT, 410 BCAWMMHA «DPABHAETCA BCCKOUCHHOCTHY MAN «Qf-
pawaercg B Geckoucunociny (cp. I, 28w VI, 12),
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Jra tabanua umeer Boiec TEOpETHYECKOE, UEM NPAKTH-
YCCKOE 3HAYEHIC, TAaK KAK CONEPKUT Heu3BICKAEMble TOYHO
KopHu. Jan GOabUIMHCTBA e YIIOB JlaXe H C NOMOIIbIO KOp-
Heil HEIb3# 3aNHCATh TOYHBIE YUCIOBbie 3HAUEHWUA TPHIOHO-
MCTpHueckux ¢yHKUME. Ho npu6ayxeHHbe HX 3HaUEHUA MOXHO
BHIUHCAUTH ¢ 31060 KeaaeMoit CTelleHbIo TOYHOCTH (CM. V, 26),
Botuncaenusn st rpebyior 6oapinoft 3atpatst Tpyna. fiosromy
CHH [IpOfenaHbl pa3 Hasceraa, ¥ pe3vabTarhl CBEAEHLI B Tab-
auihl, Tabauel CUHYCOB M KOCHHYCOB (yeTHIPDEX3HauHbIe) fo-
seueHn Ha crp. 36—39 (11, 6), TabauIbl TAHFEHCOB M KOTaH~
FCHCOB — Ha ctp. 40—47 (11, 7).

S : 1
A ‘ smd T ovos A g4 octgd . scA ; csc A
v o 0 i 0 oo 1 | w
‘7 R . i i
Lo vy L ' | 2
N 5 0 5 - 1 V3 = 2
oy s | v
IR R R 3 I
T 2 B e N T ]
2 2 :
. \ x | |
| I vy N B ( 2
T - —_ 4 =1 i
vl 7 Vi 73 | 2 Vi
| N
[ i 1 :
Do i 0 ‘ w |0 o 1
i i t

§ 6. OTbickanne TpUroOHOMETPHYECKOoH dyHKUUY 10 yrayl)

a)CuHyc m KocHHuyc B rabamue [,6 (crp. 36—39) na-~
Hel ciHycnl Bcex yraoB ot 0° no 90° yepes 1' ¢ TOYHOCTBIO
A0 4CTBEPTOro 3Haka. Tak KAK CHHYC yria paBeH KOCHHYCY
AoNoJAHUTesRbHOro yraa (V, 5), To no Toit we tabauie MOXKHO
HaiiTH KOCHHyChl BceX yriaos ot 90° mo 0° yepes 1.

[lpn OTHICKaHUW CHUHYCA YHCIO TPAAyCoOB (POYNTHIBACTCSH
B 20804 cToabue «rpaiycel>, a OKPYTJEHHOE UHCAO MHHYT
(0, 10, 207, 30", 40', 50') —csepxy (06 3TOM HallOMHHEeET
HaJIIUCh <CHHYCh» Ha I TaGuuuel); npu OTBICKAHUM KOCH-
HYCa UMCAO TPalyCoB NPOUUTHIBAETCH B npasos croabue

1) Bcam gas yraa 2aua ero pajuanuas Mcpa, TO nepTBOAMM €0 B Cpas
Ayewsyo e, V, 4),
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«I'PalyCH», @ OKPYI/1€HHOE YUCIO MHHYT ~ K3y (06 3TOM Hano-
MHHaeT HAANHChb ¢KOCHHYChi» Mo A tabauueit). Ha nepeceyes
HUH COOTBETCTBYIOWEH CTPOKH # CTOAOLA HaXOAHM OCHOBHON
peayabtar. Ha negocralomee yucao wmunyt (ot 1 mo 9)
aenaerca nonpaska. Oxa Geperca B pasnene «NONPaBKH» B TOH
e CTPOKe, re B3AT OCHOBHOH pesyabrar. Ecau muerca cu-
HyC, TO HOUpaBKa npubasasemcss K OCHOBHOMY De3yadbTaty;
ecil e MIIETCA KOCHHYC, TO ONPaBKa 84uMiaemcst U3 OCHOB-
HOrO pe3yiabTaTta (Tak Kak NP yBeTHYEHHH YIA3 CHHYC VBe-
AMUMBACTCA, @ KNCHHYC YMeHbUIaeTca).

Hipumep 1. Haftru sin 53°40".

B aesom croabue «rpasych> Gepes yHciA0o 53, a B 8epXHell
cTpoke -— HanmeroBanue 40°. Ha nepeceuecnun naxonny 0,8056,
MMonpasku ue tpebyerca:

sin 53740 = 0,8036.

MMpusep 2. Hatttu cos63°10.

B npasonr croabue «rpanycu» 6epem qucao 63, a B aurc-
neii cTpoke — HaumenonpaHue (0. Ha nepeceucknu Haxolum
0,4514, [TowrpaBku He vpebyertca:

cos 63°10" = 0,4514,

Mpumep 3. Haltru sin 62°24",

B aceoxm cTonbue Gepem 62, B Bepxueit cvpoxe — 20°. Ha
nepeceyeHny HaXoInM oCHoBHOM pedyastar 0,8857. B rto#t we
cTpoKe pasjesa «uonpasku» (croabeit 4) HaxolnM 4HCAO O
(1. €. 0,0005). [Tpu6aBaus ero K OCHOBHOMY DE3YabTaTy, 1103y«
yaem 0,8362.

Jauuce:

sin 62°20° == 0,8357
+ 4 +5
sin 62°24" = 0,8862

ITpumep 4. Haitru cos 42°[6".

B npgsoa croabue OGepem 42, B Huxued crpoke — 10,
fia yepeceucHnu Haxogum ocHosrofl peayabtar 0,7412. B 1oit
I CTPOKE B pasfene «Honpaped> (croaben 67) naxognm
uyucao 12, Buiuutaa ero w3 ocnopHOro pesyibrata, ioay-
vaem 0,74C0.

3anucy: 60s 42°10° = 0,7412

-+ & — 12
cos 42°16" == 0,7406

6) Tanrenc # xotanredc B rabauuel, 7(crp.40—47)
Aabl 1anrehes seex yeaos ot 0° no 90° uepes I ¢ tounoctoio
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nn yerBeprodl 3Hawamled uuppu. B npepenax or 0° 40 76°
taanua yctpoena Taw e, Kak rtabauua cuuycos. B | npime-
wyTke Meway 76° u 90° (rme rtaHreHc H3MEHAGTCA OYeHb He-
paBHOMEDHO) Pa3lena «ONPaBKH» HeT, HO 3aTO cama Tabauua
6oaee noxpobHa.

Taxk Kak TaHresc yraa PaBeH KOTAHTeHCY NONOJIHHTENbHOrO
yraa (V, 3), 10 no To#l we Tabsuue MOWHO HANTH KOTAHIEHCH
scex yraos ot 90° no 0° wuepes 1. [lpu paseickauuy Tas-
reHca 3sHayeHne yria NPOYMTHBAETCH TaK e, KaK NPH OThicKa-
HMW cuHyca no tabauue I, 6 (cM. MyHKT a); OpM OTHICKAHWK
KOTaHIeHca — KaK 1PH OTHICKaHWH KOCHHYCa.

ITpumep 1. Hanry tg82°18'.

B aesox croabue «rpaiycsi» Gepem 82°10', 8 gepxnel
crpoke — 8. Ha nepeceuennu HaxoOuM pe3yabrtaTt

tg 82°18' = 7,396.

Mpumep 2. Hahitu ctg 12°35".

B npasos cronbue «rpagychl» Gepem 12°30°, B wuxcuei
ctpoke d'. Haxonnwm:

ctg 12°35' = 4,480.

Npumep 3. Halitn ctg 58°36".

B npason croabue <«rpanycet» 6epeM 38°, 8 HUNKHEN CTPOKE
30'. Ha nepeceuenun Haxonum 0,6128. B To#t e cTpoxe B pas-
neae «nonpasku» {ctoabeu 6, cHu3y) HaxoluM uucao 24. Bui-

wras ero u3 60,6128, noayuaem 0,6104.
anuce:
ctg 58°30' = 0,6128
+ 6 —24
ctg 58°36" = 0,6104
TMipusmep 4. Haittn tg 48°43.
Haxonum:
tg 48°40’ = 1,1369

tg 48°43’ = 1,1389

§ 7. PasbicKanue yria fio €ro TPHroHOMETPHYECKOH
. byukunn

Yroa no NaHHOMY €10 CHHYCY Wia% KOCHHVYCY OThiCKHB2ETCA
¢ nomoutbie tabaunder !, 6 (ctp. 36 — 39); 1o ramrexncy vad Ko-
TaHrency — ¢ nomoileio Tabauunt I, 7 (ctp. 40 — 47). Mpoberan
£aa3aMu ool 43 cToabunB (Hanpumep, cToabeu, noMeueHHb it
csepxy 0'), Hafilem AnGO HywHoe Haw 3Hayenue, aubo Gau-
Wakimee Kk Hemy. B acpsoM cayuae HENOCPEICIBEHHD NPOYK-
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THIRICM BETUUIHY HCROMOIO T4 (HOAL3YHCH 1CBLIM CTOAGIOM
CpPanyCOB Y BepXHeN CTPOKON MHBYT, KOI'L2 HMCCM JCN0 C CH~
HVCOM M TaHTCHCOM, WIW UPABLIM CTOAGIOM H HHXHCH CTPO-~
KOil, KOrJa UMCCM JCT0 C KOCHHYCOM WIH KOTAHTeHCOM; Cp.
upeasuiyiminit naparpad). Bo Bropom cayuae cMoTpuM, HeT Ay
uenonaaeky Goaee 6auskoro suiuchus, Ecan ects, 10 aam
HETO TAKHM WC 0BDA30M UDOUHTHIBACM BEIHUHHY VIA3; €CaIH
HEeT — COXPaHstM upeie HafiaeHdoe 3xaucuue, Haxoden,
KOPJa B 3TOM €CTh HVXIA, yuuThiBacMm nonpasky. [IpH atom
HVIHO LIOMHHTH, 4TO  BO3PACTAHMIO CliHyCd W TAHICHCA COOT-
BCTCTBYET II0JOKHUTCABLHAN (IONPABKA, & BO3PACTAUMIO KOCH-
HYCa B KOTAHIeHca — OTPHIlaTe bHas '),

Tpuwmep 1. Haitty octpetit yroa o, ecan cos a==0,7173.

ttpoGeraa rxazamu croaben Ttabanuni I, 6, nomewedHold
csepxyv O, Haxoausm  3Hauvenne 00,7193, 61u3koe K JAHHOMY.
Henosazexy of Hero HaxoanmMm suavenue 0,7173, cosnajapomec
¢ nantbiM, [lpouutniBas rpajaycs 8 1pasoM cToablle, a MEHYTH
6 WHEHER CTPOKe, HaXoIuMm a==44°10".

Mpumep 2. Haftite octprif yroa a, ecan cos a = 0,2643,

B ra6auue [, 6 Oaumalimee snauenue ectb 0,2644. Ouo pas-
HUTCR OT pantoro Ha 0,0001, a B pasgere «nonpaskH> Hau-
MeHblIEE YHMCIO ecTh 3 (eMY COOTBCTCTBYET nonpaska B 1)
[ToatoMy uolpasKa He yuuToiBaetes. [loabayreb npasbiM c10a6-
1I0M TPalyCOB ¥ HMKHEH CTPOKOH MHHYT, HAXOINM a == 74°40',

Mpumep 3. Haiitn octprit yroa o, ecan cos a=0,7458.

Bauxkaitmemy tabanutomy 3nauvenuo 0,7431 coorsercrayer
vroa 41°50°. Jannoe 3naueHne upessiniaer TabamyHoe Ha T
edUHUL HeTBEePTOro 3Haka. B Tolt e CTpOKe pasiena <«iio-
npaski> HaxoAuM uucaa 6 u 8 Mowno B3aTh J060e U3 HEX
n epigecms w3 yrna 41°50" vonpasxky 3' uam 4. (loayuaem
41°47" (¢ u36bTKOM) uaHn 41°46’ (c HeLOCTATKOM).

3anuch:

0,7451 == cos 41°50
7 -3 .
0,7458 = cos 41°47

MMpusmep 4. Haitty octpuiil yroa «, ecan tga—4_827,

B ta6muue I, 7 naxoaum Gamxaliniee HeIocTaTtoysoe 3Ha-
yenne 4,822 n Gamxainmee usbnitounte 4,829, Tax kak sTO-
poe O.aiMe K JaHHOMY, ueM lepsoe, TO éepeM sTopoe. B se-
BOM cr;>§16ue uutaeM 78°1(r, B BepxHedl cTpoxre 8. Haxoaum
a=1818,

1) Ecan wywno, Hafidensas rpagycuas Mepa yrap MOMeT OpTh nepepe-
AcHa B pagnanuyw (cm, V, 4,
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§ 8. PelleHHe nDSMOYrobHbIX TPEYroibHHKOB

1. Ho asym croponam. Ecin 1aupl JBe CTOPOHLI NPAMG-
YroAbHOIG TPEYroabHitKa, TO TPETb# CTODOHA MOXeET ObliTh
Bhiulcaeda o <teopeme [ludaropa» (IV, b, 10). Oupexeae-
HUE Xe OCTPBIX YIAOB NPOU3BOAHTCR 110 ORHOH M3 Tpex nep-
suix Gopmya § 5, cMOTpa 10 TOMY, KaKue CTOPOHB! A@Hbi.
Ecnu, Hanpusmep, naus karerw @, b, 10 octpeift ¥roa A onpe-
ReaseTcr 1o Gpopmyie

a
IgA—_———'h—,

a OCTpHi yroa B naxoaurtcs no dopmyre 5=90"— A.
Cayvuan 1. Jdauw xarer ¢=0,528 ¥ 4 runoTeny3a ¢ ==
= 0,697 .
1) Onpeieacune karera b

A:

sin A = a ___ 0,52
S A= T 0,697

2) Onpeaeacuite yriaa

== 0,757

o radavue cHurycos Haxoaum: A== 49°10° (upepenbHax
gorpeiunocts 3). Haxoinrs A ¢ TOUHNCTBIO 10 MHHYTH Hev
CMBICAa, Tak KaK, paccMaTpHBAas 3HAUCHHI d H ¢ KaK lUpH-
GAMKCHHLIC UMCT4, Mbl HC MOMEM PYUuaThCs 1ake 33 Tperbio

a - |
uudpy wacthoro — == 0,757 (Il 42),
3) Onpegeacnue yraa B
B=90° A==90"-- 4910 = 40°30",

Cayuyait 2 Hdauw xateTnt a=283 cu, b= 124 cu.
1) Onpencacune rHiOTEHY3H ¢

=} a 4 pr= V83 + 124F = 14,9 (ca).
2) Oupeaeacnne yraa A
a 8,3

g A= =5y ~ 06T A34

3) Onpexcaenue yraa 5:
B=90° — A== 90° — 34° = 56"

2. Mo ctopose u ocTpomy yray. Ecan nau ocrtphifi
yroa A, 10 B naitiercs uo dopuyae B=90° - A, CropoHu



350 V. TPHI'OHOMETPUS

HE MOKHO HAHTH 110 GopMyaaM § 3, KOTOphle MOXHO fpel-
CTaBHTH B BHIE:

=c¢ sin A, b=ccos A, a=b1lg A,
b=csinB, a==ccosB, b= atgB.

BoiGUpaTh HyMHO TakHe (QOPMYIb, B KOTOPhle BXOKHT NaH-
Has WKW ywe HaleHHas CTOpOHa.
Cayuwan 3. [aun runotenvaa c=79,79 4 1 ocTphilt
vion A==b66°36".
213 Onpeneaennte yraa B: B=90"— A=90° — 66°36' =
= 23°24'".
2) Onpejenenye kareta a: a==c sin A =79,79. sin 66°36'=
= 79,79.0,9178 = 73,73 {(u).
3) Onpeneaente xatera b b=rccos 4=179,79.0,397] =
=~ 31,68 ().
Cayvualt 4. Janw xater a=1234 u ccTpuil yros
== 63°00".
1} Onpeneaenne yraa B: B==90"— 63°00" == 27°00",
2) Onpexesenne xatera & b==atg B==1231g27°00' =
= 12,3-0,508 = 6,26 ().
3) Oupeaenenne runoTeHysn ¢ ==

=123~ 138 (x).

a 123
sind T sin 63007

§ 9. Tabaura aorapHMOB TPHFOHOMETPHYECKHX PYHKUHH

[pyu pelieHHH NPRMOYTOALHLX TPEYrOIbHHKOS PHXOIUTCS
BCeria BLIMOAHATL ymuOkenue u penenue. Ecam tpebyemas
cTefleHb TOYHOCTH 3HAuHTE]bHA (HanpuMeD, eciH NepeMHo-
MAEMble YHCIH3 YETBIDEX3HAUHB), TO ITH AUHCTBHA OTHHUMAIOT
MHOTO BDEMEHH; CBepx TOro, OHH YTOMHTEAbHbl, H TOTOMY
B HUX JCTKO cjAenath OWMNGKY. BuLlosiHsg ®X ¢ 11OMOUIbIO
aorapuMOB, Mbl IKOHOMHM Bpems u cHaol. Hpu norapugmu-
YeCKHX BbiUMC/ACHUAX BMCCTO Tabadiutl TPAFOHOMETPHUECKHX
BEAHUNH MoAL3Y©OTcA Ttalanue#t ux gorapudmos, uTO Aaer
GobUIYIO IKOHOMHIO BpPEMEHH (BMECTO TOrO, YTOGH CHauaJaa
MCKaTh CHHYC yIaa no tabauie TPUroHOMETPHUECKHX BeIHUIH,
a 3arem Jaorapngm ITOTO CHHYca no Tadadue aorapupMos,
MILYT ApAMO Jorapudm CHHyca).

B taGauue 1, 5 (crp. 28—35) xaHn 3Hauenur aorapudmon
CcuHyca, KOCHHYCa, TAHICHC3 ¥ KOTAHIEHCA € TOYHOCTBLIO A0
yeTBEPTOro RECATHYHOrO 3HaKa uYepe3d Kawaole [0'. Ecau yroa
He npessiuaer 45°, To Ha3dsaHue HYKHON Pyvuxumy Gepercs
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CBEPXY, a BeJMYMHA Vriaa —- caesa. Ecau yroa npesviiuaer 473°,
TO Ha3BIHHE (QYHKUHH yHTaeM CHH3Y, a@ BEIHYHHY VI3 —
cnipasa,

[lo toit we Tabayuue MOXHO BHIYHCINThL A0rapidMbl TPHILO-
HomeTpuucckux Gyvukuuit u uepes 1. Cuoco6 suiudciacHus
(cm. V, 10, V, 11) ocHOBau Ha TOM, YTO M3MEHCHHE YIIa B pe-
Acaax 10" MOXHO CYHMTaTh iIPONOPHHOHAILHBIM H3MCHEHHIO
lg sin, lg tg, lg cos u Ig ctg. Tlorpemocts, npoucrekamoman - 13
3TOrO IONYIEHHA, KK IIPaBHAO, HC OTPA3UTCH Ha UETBCPTOM
npecatHuHoM 3Hake. Mckaouemie cocrasamor naa lg sinn lgig
anwb vriwe, 6anskie k 0° (ot 0° no 4°), a nas g cos n Ig cty
auls yrasl, 6anskne x 90° (or 86° no 90°); aas takux yriaos
NOPPeliHocTh CTAHOBHTCH OILY THMOIT

[MoscuuM 3710 upuMepom. Vseanuenww yraa ¢ 12°20° go
12°30" coorsetcrByer ysemucHue lgsin ¢ 1,3296 no 1,3353,
7. ¢. Ha 0,00537. Busoe Goabluemy yseanueruo vruna ¢ 127207
A0 12°407 %) cootserctByeT veesuuenue Igsin ¢ 1,3296 no
1,3410, 1. e, na 0,014, D10 yseauuenue wpasoe Goaviue npe-
ABAVILEro,

Mamenenns 1g sin, cooTsercTByIomie pocty yraa Ha 10,
HET HYWAB BhiuMCAATh., OHH foMmelllelbl 8 croabuax, OTMe-
uennbix 6yksofi d?), Tak, B ctonbue lg sin nporus 12°20
yuraeM 1,3296, nporus 12°30" unraem 1,3353. Pasnocts 11,3333~
- 1,3296 = 0,0057 upocrasiaeHa B neBoM croabue d. Mexay
1,326 1 1,3353 (mas KpaTROCTH 3ailHCaHO ST).

Te we passoctd (TOJABKO B3ATHE CO 3HAKOM MUHYC) 13IOT
M3MCHCHHA g €OS, COOTBETCTBYIoLMe pocTy yraa na 10 Tak,
Ta We HAANUCHL ST RACT yMeHbuledue 1gCOS NPH pocTe yraa
¢ 77°30" mo T7°40".

Has Ig tg u 1g ctg pa3docru npocTasaeHsl B cpeitieM croab-
ne, o3araasaendom d. c.?). Ouu obcavinsaior cpasv 1sa
cronbua, npuierawummx k croabuy d. c. cupasa u caesa. Tak,
pasdocty lg tg 12°30" — lg 1g 12°20" u 1g tg T7°40' — 1g tg 77°30"
uMetoT obuiee sHauenne 0,0061, npoctaacunoe B croabue d. c.
MEXIY COO1BETCTBYIOIMMHE cTpokamd. Yucao 0,006 naer
TaKMe ymeHbutenue g cig npu pocre yraa ¢ 12°20° o 12°30
B c 77°30" a0 77°40'.

Uucaa, npocraBaeHHble B croabuax d. u d. c., HaswBaior
<MAGAUMHOLMIL PAIHOCIISAMU>,

1) Mui Bagan  yBeasiuehue, BbiXojsulee 33 npexeast 107, yrolui we mpu
6erath K Gosee noipoGHOf Tadauue, B Gonce TeCHMIX npefesax nponopuno-
HAJBHOCTH M NOJaBHO OyJeT UMEThb MeCTO,

2} HayaawHag Syxsa saruuckoro caosa differentia (pasnocis),

8) To ecth differentia communis (00was passocTs).
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§ 10. Pa3bicxatne JorapHdmMa TPHrOHOMETPHYECKOM
GyHxan no yray ')

Aas yraos, COREPXAUIMX KPYLioe wiciao Munyt (U, (U,
200, 30r, 40, 507), tpefyemas BeauunHa (C TCYHOCTBIO 1O
0,0001) 6eperca npamo u3 tabauum I, 3, onHcanHoil B npe-
AbiayuieM naparpage. Jasa octadbHWX  YIIOB  BBUIOJHACTCH
AIPCHIOPUHOHAABLHBI PACUCT (MHTEPHOIRILN),

Tlpit 3TOM HYMKAO NOMHIUTB, uTO aAs S0 H tg 3HaK Ho-
WPaBOK Yraa H JA0rapu@MOB TPHUrOHOMETPHYECKOI dyHKILiHn
OAHHAKOB, a A C€OS H Clg — APOTHBOIIOIOKHEI,

[Tpuwmep 1. Haittu lgcos 24°13".

Jannwilt vroa menbuie 45°. Mostomv Gepem croaden, o3a-
raasicHHbIf 1gcos cgepxy. Tasm wHaxoaum ®) lgcos 24°10" =
==1,9602, Ta6auuHaa pasHocTL (Ynciao B npasom croadue d.)
(=1gcos 24°10" — Ig cos 24°20") == 0,0006. Haftzem nompasky
x Ha 3. M3 npomopuun

x 10,0006 =3': 1¢
HAXOLAHUM:
x = 0,6006 - 0,3 == 0,0002,

STy MOApaBKY HymHO odecits 3 1,9602 TMoayuacs:

lg cos 24°13" = T,9600.
3anuce:

LL

Ig cos 24°10' == 1,9602 d

+3 =2

lg cos 24°13" = 1,9600

3ameuwanne. [laa pasbicKaHWa TOGNPABKH HeT HYIbl
1POM3BOIMTE [HChMCHHbIT pacyer. [LoCTATOYHO UHCAC MHMHYT
{IOMHOXHTb (B yMe) Ha TabaHuHylo PasHOCTb H, OKPYIIUB
fipou3seneHue, oT6POCHTL Hylb, CTOAIME B KOHue. B Haliem
lipuMepe HYXHO IMOMHOWHTH 3 Ha 6 W npoussegeHde I8
okpyranuth o 20. Ot6pachiBas HYab, HAXOAKM nONpasky 2.

MIpumep 2. Haiitn lg 1g 57°48".

Hauupiit yroa Goawuie 45°. [loatomy cmoTpum B croaben,
o3araasieHHH 1g tg cwuzy. Orryna Bepem lg tg 57°50 =
=0,2014; d. ¢, (= 1g tg 57°50" — 1g tg 57°40") = 28 (7. e. 0,0028).
WMiuiem nompasky Ha xedocmaioujue 2. Tlomnomaem (cMm. 3a-

1) Ecay aaa yraa aaua ero pajailansas Mepa, 10 MPeaBapiTebHO nepe-
u)IRMM ee B rpanycuyio (V, 4),
2) HyHO HOMHHTE, 450 B TaGauue I, 5 xapaktepHcTHKi Beex sorapngmos

yseauyenst na 10, 1, ¢, Byecto | Hamicano 9, puecto 2 Hanucauo 8 u T, A
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meuanne k npumepy 1) 2 Ha 28. Haxoaum (oxpyraeHno) 6U.
Ot6pocus Hyas, Haxonum nonpasky 6. Bruntaem ee u3 0,2014.
Moayuaenm lg tg 57°48" == 0,2008.

Januce: .
1g 1g.57°50' =0,2014 d =28
—~2  —8

ig 1g 57°48'=0,2008

3ameuanne MoxHO B34Tb H3 Tabnuum lg1g 37°40'=
==0,1986, Haiitn nonpasky 22 (8-28==220), npuxonpauLyca
nta 8, u npubasume ee x 0,1986 Pesyawntar Gyler 107 we, Ho
vMHOWATL 28 Ha 2 jerue, 4eM Ha 8, TaK UTO MEeHbLIe HIAHCOB
OWHOHTLCA NIPH ACHCTBHAX B yMe.

lIpumep 3. Haitru Igctg 65°17".

lg c1g 65°20" = 16620 d =234
—~3  +10
Ig ctg 65°1 7" = 1,6630

lipumep 4 Haitru g sin 40°34'.

Ig sin 40°30"' =18125 d=15
44 6

Ig sin 40°34' = [,8131

§ 11. Paspickabue yraa no aorapHpmy
TPHTOHOMETPHYECKOH (YHKUHH

ITpoGeras raazamu cooTseTCTBY0OWME TOA6HE Tabaunus [, 3
(3HaUCHNA KamA0H (YHKIHNW Da3MelanTcsa B JABYX CTOaAbLAX),
HaxoluM Jau60 HYWKHOe HaMm 3daucHde, an6o Oanxkalmee
K HEMY; B NOCIEIHCM C1yyae BuNUCHIBaeN TabanuHYl0 pas-
nocth. Ecam  HaumeHoBaHue JaHHOW TPHUIOHOME TPHYECKON
GYHKIUKH CTOUT CBEPXY, TO IPafdychl W JECATKH MMHYT MPOYH-
THIBAEM C/eBa; ecld ke CHU3Y, T0 — cnpasa. Hakowewy, ecan
B 3TOM €CTh HY¥JAA, HaXOAHM IOMPAaBKY YIAa € 1IOMOULbIO
NPONOPUHOHAALHOrO pacuera (aas sin B tg nonpaska yraa
MMCET TOT e 3HaK, 4TO liollpasKa J10rapHdmMa TPHLOHOME-
TPHUECKHX  (DYHKUH; 125 COS M Clg -~ NPOTHBONOIOKHbIIN)

[lpumep L. Hailty octpuiil yroa a, ecan 1g tg a == 0,284l
3unauenye 0,2333, Ganxkaiinee k JaHHOMY (TaGJAHYHAsl PA3LOCTh
d. c.=29), cTrout B ToM cToabUE Ig Ig, TAE 3TO HAUMCHOBaHIE
Hanucano cwudy. Moatomy unraem cnpasa 60°30. Tonpasky x
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Ha u30biTOUHbIE 8 eINHUL LOCaesHero 3HaKa (0,254] — 0,2533 =
= 0,0008) HaxoauM M3 PONOPIHH

x:10'=8:29,

0. 8
oTKyla x= —gp— =3. [lpuGasass 9Ty nonpasxy, Haxeaum

a == 60°53".
3anuch:
ig g a = 0,2541
0,2533 = Ig tg 60°50' d =29

+ 8 + 3
0,2541 =1 Ig 60°53'
a == 60°53',

3ameuanne. [lonpasky MOXHO HaWTH B y™me crepyio-
wuM o6pasoM. PaccMatpHBaeM DadHOCTh MEeXIYy AaHHLIM 3Ha-
yeHHeM ©u Tabaw4HbiM — B Hailem npuMepe 0,0008 — kak
nence uucao 8 (1. €. He 06paillacM BHHMAHHA Ha 3alATYIO M
Hyad cnesa). Baag ero gecatuxpardo (80), feaum Ha TaGauy-
HYI0 pasHocth (29). OxpyraeHHoe (Z0 €NHHMIL) YacTHOE —
B Hallem npumepe 3 — JaeT (ONPABKY B MHHYTax

Ipusep 2 Halivm ocTpuit yron a, ecan Ig cos a = [,4361.

Bamxafimee tabadunoe 3navenue 1,4339; Tabanunas pas-
Hocte d =44, Haumenosanue lgcos cront cuugdy. [ostomy
uptaem caego 74°10'- decuaTukpatHas pasHOCTh MEXAY RAHHLIM

. 20
3navenveM B rabanunsiy ectb 20. YactHoe g5 (OHO MeHble
HOJOBHHB) OKPYFA€HHO PaBHO HYJIO.

3uaunt, a == 74°10",

fIpumep 3. Hafitn octpuift yron o, ecu Ig ctg a = 1,6780.

Bamxatimee tabawunoe 3Hauenme 1,6785; rabmuynas pas-
wocTh 32. Haumenosanue Igctg ctout cuu3y. [lpountuiBaem
cnpaga 64°30°. [lanHoe 3HaueHde wMeHplue TaGAHYHOrO Ha 5.
Jdecatukpatnoe yucao 50 neamm na 32. YactHoe oxpyraesuo
pasuo 2. TpuGasasem 2'; Haxomnm a==64°32"

3anuch:

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 ocrpuit yron a, ecas Ig sin a == [;7414.
Ig sina = 1,7414
1,7419 = 1g sin 33°30" d=19
Y

—

1,7414 == 1g sin 33°27’
a == 33°27",

§ 12. PemenHe npsaMOyroabHbiX TPeyrolbHHKOB
¢ NOMOWbI0 NorapupMHpOBaHUs

Cnyuaitl. Jlanb: runorenysa ¢ = 9,994, karer 0 ==5,752,
Onpeneauts a, B,

1) Onpeneaenue B: sin B=%,

Ig b =0,7508
— 1g ¢ =1,0003
1g sin 5=1,7601; B =358

2) Onpeneaenue A: A =90° — B == 54°52',
3) Onpenenetine a: a=btg A;

1g b=0,7598
tg tg A=10,1526
lga=09124 2=38,173

Cayuah 2. JNaus Katetoh a==0920 u b=0,849.
OnpeneanTh MUNOTEHY3Y H OCTPHE YIAbL

1) Onpeseaenne yraa B: tg B= g'
Ig b =1,9289
— 1g a =0,0362

Igtg B=19651: B ==42°42"
2) Onpeneaenne yraa A1 A=90" — B==47°18".
%) OnpenefeHne CUNOTEHY3bl ¢ ¢ = ?“‘PT,

tg b= [,9289
— g sin B =0,1687

lg ¢ =0,0976: ¢==1252,
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Cayuafi 3. [aun: runotenysa ¢ =798,!, ocrpsifi yroa
A=49°18". Onpeneauts a, b, B,
1) Ounpeuseaetne B: B=90° — 49°18 = 40°42',
2) Oupeneaenne a: a==csin A,
Ig ¢ ==2,9021
1g sin A== 18797
lga=277818; a=0605,1
3) Oupenenecunc f: b=csin B,
Ig ¢ =2,0021
lg sinB = 1,8143
1gb=2,7104; h==520,.
Cayuwadi 4 Jdann: karer a==324,6; octpuil vroxa
B==49°28". Onpegeaurs &, c. A,
1) Oupeneaenue A:
1=00° - [ =90°-- 49928" = 40°32".

2) Oupexaencnue b b=ua1g B,

lga=2,5113
Ig tg b=10,0680
lg b=2,5793; b==379,6.

- J— a Z
3) Oupejeacune ¢ == ot
lg a=25113
— lg sin A =10,1872
lo o= 26985 == 199

).

§ 13. MlpakTHyeCKkne NpUMEHEHHUR pelieHHus
NPAMOYTrONbHBIX TPEYrojdbHHKOB

JLas MCUIOJb30BAHHA H3IOWEHHBIX [PHEMOB DCIUCHHN 3a-
.AdY Ha 1IPAKTHKe HeoBX0IHMO 11pexie BCero XOpOLIo 0CBOHTh-
¢ ¢ TabauilaMH M HaYuHThesd  6e30MOGGYHO  OTHICKUBATD
no ruM pesvaoTarel. Ho 3Toro mago; ocramorca eme ase
TpyaHocty. Ilepas — YHCTO TeOMETPUUCCKOIO Xapakrepa,
HyxHo nayuumscst omoickudams B RaHHOM reomerpuyeckoil
-purype npoctoil crnoco BbieleHHA B Hefl NPAMOYroAbHOIO
Tpeyroaviinka  [TpUBOLIM THIHYHBIC HPUMCPHL
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MMpumep 1. B pasuoGenpennonm tp-ke ABC (puc. 220)
u3gectTHo ocHosanue AC n 6oxosas cropoda AB. Oupee-
anTs yroa- B upu Bepuitie.

[posonum Buicoty .BD, KoTopas pasielnt ocHosanue AC u
yroa B upu sepuwnne nonoiam, 3Has AC, HafizeM AD=A~.,C.
B upaMoyroabHom Tp-ke ABD uo karery AD u ruinore-
Hyse AB waiinem (cayuwait | § 8 u 12) £ ABD. ¥Yasous ero,
HafizeM MCKOMUIH yroa upy BepuliHe,

£ 280, Puc. 221, bFuc. 224

Mpusep 2. lan panuye kpyra R, BuiYNCAUTH CTOPOHY
{B HPaBUibHOIO BNHCAHHOFO NEBATHYIOALHHUKA.

Mposoaa paauyew 04, OL kK xoHiuam xopin AB
ipuc. 221), noavuaem pasHOGEIpeHHBIN TP-K, B KOTODOM
w3secTHa OGokosas cropoHa OA=R. Kpome Ttoro, aerko
HaHTH yroa npn BepLinHE AOB=§%9 =40°.  Pasbusan
1p-k AOB Ha 1Ba npAMOYroabHbIX TP-Ka BHICOTON, KaK B
npensiayuiedl 3agayve, npuselem 3aiauy k caywaw 3 §8ul2

Jpyras TpyaHocTe — HanGoaee cynlecTBeHHas — COCTOHUT
8 TOM, UTOObI KOHKPETHG 1OCTAaBICHHYIO 3ajauy nepegecinu
HA Mamemamu4eckuil 3ok

IlTpumep 3. Paccuurars, KXakosbl 101KHb OblTh BHY-
TpCHHHﬂ‘ U BHelHHN paauychel IHAapHKOBOroO JI0ZIHHAITHHKA,
yto6bl B HCrO YA0KHWIOCh [ABaAuaTh CTalbHbiX WIAPHKOB JHa-
smerpom 16 e,

(ﬂ.’lil yupoweHna 3anauyy sbl (IPEANOJOXKHAM, YTO aapukh
JOMKHBL KeWATh BIIOTHY0.)

OcHoBHas TpyAHOCTH 3TOf 3a1aYl COCTOUT B TOM, 4TOObi
BblICAUTE B HEll ee MareMaruyeckoe CORepKanue. nOCTpoHB
puc. 222, 3amevaeM, uTO HaM H3BECTEH [HAMETD LIAPHKA
BC=16 Mx, a 3Hauut, u ero pamuyc AB=AC=8 um,
Ceepx Tor0, Yroa Meway paxiycamu OA u OD, uaymump
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8 WEHIPH COCEIHMX WApPHKOUB, AOMKEH COCTaBUTH

Nauee, otpesok AL, coefHHAOUAN UEHTPH KAacaOULHXCR
Wapos, AOMKeH PaBHATLCA AKHAMETDY KAKIOro M3 HHUX, T. e.
AD =16 mm. Teneps mn umeeM pasHobegpenHnii Tp-k AOD,
B KOTOPOM H3BeCTHO OCHOBaHue AD =16 mu u yrona npu
pepmuHe L AOQD = 18°. Pasbusas ero Ha 1Ba NpAMOYrOJAbHbIX
Tp-Ka, IpHBOANM 3aauy k cayyaio 4 § 12 o noayuaem OD =
= 0A=751,1 uu. O1C10,12 HAXONUM BHEWHHN pagHyC

OB=0A+ AB=351,1 }8=25391 mxm
M BHYTPCHHMIL PainyC
OC=0A— AC = 43,1 mnm.

§ 14. CooTHOoWeHHsT MeW/Iy TPUTOHOMETpHYECKHMH
PyHKUHAMH O4HOTO H TOro e yrjaa

3HasA OfHY H3 TPUTOHOMETPHUYECKHX BeMHWYMH HEKOTODPOro
OCTPOro yria, MOXHO 1O HHXEHPHBOAUMbIM GOpMynam Bbi-
YHCAUTb BCe ocTanbHble. OJIHAKO FAABHOE UX 3HAYCHHE COCTOUT
B TOM, 4TO C HX UOMOIUBIO MOWHO, 3HAUUTEALHO Yyrpouias
BHI MHOTHX o6mux GopMY1, COKPATHTh 1IPOLECC BbIYUCICHHUA,

sina+ cos*a=1; 1ga-ciga=1;
tga="000  oppa="00
g “Tcosa ’ A= daa
sina-csca=1; cos-sca==l;
scta=1 + tg®q; cseta=1 4 cig*a;
1 ctg2 a
2 —— —_ .
COS" e =irees ~ (Fagea’
sy ! tg2a
b4 p— —_—
ST = gty T tgfa

D1n GopmMyabl OCTAIOTCA CHPABCAMUBBIME W AAA TPHIOHO-
meTpHueckux dyuxunfi awboro yraa (cMm. caeaviowldit napa-

rpap).
§ 15. TpuroHoMeTpHUYecKHe PyHKUHH J060T0 yraa

MoxHo 610 6w NOCTPOHTE BCIO TPHUCOHOMETPHIO, NOMb-
3yACh TOMLKO TPUTOHOMETPHUCCKHMH BEIMYMHAMH OCTPbIX
yri1os, OfHako TOTAa NPH PELIEHHH KOCOYTOALHLIX TPeyrodb-
HHKOB H B JPYrHX Bonpocax, TpcOYOWKY NPHMCHEHHA TPUTO-
HOMETDHH, HYXHO OblI0 Obl Pa3IHYaTh MHOWECTBO OTIEAbHLIX
cAywaeB OLHONH M TOH e 3alauM, CMOTPH O TOMY, KaKoBa
BeAHYHHA TOFO HIKM WHOro 3ajannoro yraa. Hanporns, peure-
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HHe BCEX 3a/ayY (PHHHMAET eAMHOOOpasHyl ¢opMmy, ecan
caenyounm o6pa3om  pacHpoCTPaHUTL {IOHATHE CHHYC KOCH-
HYC B T. I, H3 Yriabl A10GOf BEAHUMHL, HE TORBKO 33KA10uCH-
Hbie Mexnay O ¢ 180°, Ho

¥ npesocxonsmmne 180° 4

He TOAbKO NONOKHTCAb-
Hble, HO W OTpHLaTeNbHble
(cm. IV, B, 5).

Ias otcuera yraos Se-
peM okpyxHocth ABA'L
(puc. 223) ¢ uByMms 83a-
HMHO  NEPHEHANKYIADHBL-
Mu inametpamn AA’(«uep-
suifi» Anawerp) u BB Puc. 223 Puc. 224,
(«s1opoii»). Touky A npu- ‘

MUM 32 Hayalo oTCYeTa

ayr. Haupasirenuve, UDPOTHBOHOAVKHOE NBHIKEHHIO YaCOBOH
cTpeaxy, SyaeM cuntath noroxutenbHmm. <[lonBumHbis pa-
anyc OM c¢ «HenonsnkHbiM» OA o6pasyetr yroa a. O moxer
npusaanexarr nepsofl uverseptd (MOA), sropoit (M,0A4),
Tperbeli (MeOA) nau derseprofl (M,0A), Cudtan nosoxa-
TenbHbIMU HalpasaeHus OA, OB w otpunateabuning OA, OB,
Mb OODENEAsieM TPHrOHOMETPHUECKHE (DVYHKIHMU VIIOB TaK:

Puc. 225. 3uaku cunyca Puc. 226, 3Haku kocu-

W KOCEeKAaHCa B pPasauy- #gyca n cekanta B pas-

HBIX YETBEPTHX OKpPYK- AWUHBIX HETBEPTRX OK-
HOCTH, py®HOCTU.

JuHus cunyca yraa a (puc. 224) ectp upoexkuns 0@ no-
ABHAHOTO PajHyca Ha BTOPOH aAuameTp (B3aTas ¢ COOTBET-
CIBYIOIMM 3HAKOM); aunus Kocuryea OP — apoexiuus no-
ABWKHOTO Paiuyca Ha uepBbifi guamerp.

Cunyce y2aa a (puc. 224) ecTb OTHOWIEHHE JHHHAW CUHYCa
0@"') K paanycy KR OKDPYWHOCTH, KOCUHYc — OTHOWEHWE
avanp Kochdyca OP') k palunycy. Ha puc. 225 yKasaHn 3HaKu
cuHyca, Ha puc. 226 — 3HaKM KOCHHYCa B Pa3HLIX 4eTBEPTAX.

1) B3ntolf ¢ COOTBETCTBYWIIUM 3HAKOM,
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Juwus manzence (ADy, ADs v 7. 1) ¢CTh OTPE30K Kaca-
TeabHofi, HpoBellcHRON yepe3 KoHelw A nepBoro guameTpa,
OT TOYKH KacauHst 1O NEpeceueHus ¢ NpoRoIKeneM NoIBHK.
Horo paamvca (OM,, OM, wn 1. 1., puc. 227).

Jlunus komaneenca (BE;, BEs u 1. 1) ecTh 0TpesnK Ka-
CaTelibHOM, NPOBeenHOl Yepes xoHer B BTOpOro aMavetpa,
OT TOUKH KacaHus B 10 nepecevenus ¢ NpOLOIHEHUEM 10~
apukHoro paanyca (OM,, OMg-u 1. A, puc. 228).

£ B

-
S~
N\ Af
,-}"]
4
i,
'«

W,

Puc. 227, Puc. 228 Puc. 229, 3nakn Tanren-
€a ¥ ROTAHTEHCH B Pas-
WMUKRIY  4eTEEDPTX Ok~

PYIKNEE 11,

Tanzent yraa ©CTb OTUONICHRE MR TaHreHca ') « pa-
anycy,

Komuneene ~ O1HOWEHNE AMHUM KofaHrenca') k paawmycy.

3Haku TaHCEHCA It KOTAHTOHCA IR PA3TUYHBIX 4CTBCPTef
vKasafs Ha puc. 229.

CeKaHC ¥ KOCEKaHC Hpolie BCCro olpeieinTs kak obpai-
Hble BEJHYNHB! KOCHHYCA H CHHYCA.

B rabanue, momeuicHHoli Ha crp. 360, AaHb BoIpawexus
K0 H3 TpUroHomeTpuueckux Gysxuuh aoboro yria yepes
BCe ocTanpHhle, B tex BhipadeHHnX, KOTOPbIE CONPOBOXARIOTCA
IABYMS 3HAKAMH, Bei6Op 3HaKa 32BUCHT OT TOFO, B Kakof uer-
BepTH JNeXHT yroa (cM. puc. 225, 226, 229),

paduxy TpuroHomerpuuecxux GyHkunit naus 8 VI, 8.

§ 16. ®opmynw npuBeneHHs

Iax Ha3biBAIOTCA HMKeE(pHBeAEHHbe (GOPMYAbl, Aal0UHe
BO3MOXHOCTh: 1) HaxoQuTh 4UCHCHRLE 3HAYEHHS TPHTOHOME-
TpHueckux GyHrunit yraos, npessimawinnx 90° 2) cosepwars
npeoOpasosannd, ynpowmawouide suil Gopmyn

] B3aT0A ¢ COUIBETCTRYIOMITY 3HIXOM,
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Bee 9t hopMyabl BepHbl 1A BCAKHX YI.I0B a, XOTA yno-
TpebnAioTcH HPEHMYWIECTBEHHO B TeX Cayvasx, Koraa a—
ocTpuit yron

lrpyuna:
sin (— a}j= —sina, P(—aj==—1ge,
ctg (— a) = -—ctga, cos(—a)=—+co8a,

Dtu GopMyab 1103BOAAIOT N30ABUTHCA OT PacCMOTPEHHA
OTpHLLATE/IbHBIX YT 10B,

Il rpynua:
sin sin
cos QR0 o8 t (3zecs k — unenoe
tg (360" % + o) = tg { MONOKATEILHOE  UYHCIO).
ctg ctg

ITH GopMyas H03BOAAIOT W30aBHTHCA OT pPaCCMOTPEHHSA
yraos, 60abmux 360

1l rpynna:
sin I sin
cos o __—Cos
tg (180 —_ta)_._i g a,
ctg +tg

Haapanna ¢)HKuUHi coXpaHaoTCa; 311aK B NpaBoifl 4acTd
Gepetcs TOT, KOTOPHI 6yleT uMeTh 1eBaH# 4acCThb UPH OCTPOM
yrae a.

Hanpuwmep, sin (180° — ) = + sin «, TaKk KaKk upun ocTpom
a yroa 180°— @ XeXHT BO BTOPO{l YeTBepTH, Iis KOTOPOR

cudyc noaowureneH; sin (180° 4 a) = — sin a, Tak Kak npu
ocTpoM a yroa 180° -+ a jexuT B TpeTbeli uersepTH, AR KO-
TOpo# cHHYC oTpHuareieH; cos (180°—a)== —cosa, Tax Kax

KOCHHYC BO BTOpOIl yeTBepTH OTpHLATENEeH, H T. K.
IV rpynna

sin ] -+ cos sin — €08

c08 o __Fsin . cos o __ #sin

1 J 90° + a) = Fotg (Y 1g (270°3 a)= Fetg a.
cig ¥ ig ctg ¥ g

- Haspanue pynkuun Menserca: BMecto Kaxaol GpyHKuun Ge-

perca ee «JONONHMTENbHAA», [IpaBui1o 3HAKOB TO XK€, YTO H
B npeanaymef rpynne. Hanpumep, cos (270° —a) = — sin a,
TaK-Kak yroa 270° — a 1pu 0CTPOM a UPHHALIACKMUT TpeTbeh
YeTBEPTH, F1e KOCHHYC oTpHuaTteaeH: cos (270° + a) = + sin q,
TAK Kax B UCTBOPTON UCTBUPTH KOCHHYC HOJOKUTEACH,
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§ 16. POPMYIH TIPUBE/E
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Bce spinmenpuBencHHbie: GOPMYAH MOXHO NONYYUTH, HOMb~-
3yHCh CACAYOUIHM ({PABHIOM!

Jhobas ~ mpuzonomempuneckas @dyuxyua yeaa 0°n 4 a
no abcoamuol 8eaudune pasHa moil e dyHkyuu yaaa a,
ecau  4uUCRO N — YemHoe, 1 00noAHumMeAsHOU  Pynkyun,
ecau  4uca0 n— newemmoe. [lpu amosm, ecau @ynxyus
veaa 90°n -« noaoxcumensHa, Ko2da a— ocmpelli  y2oa,
mo 3naxu obeux yHrxyull OOUHAKOGHL, eCAll OMPULAMENbHA,
MO PUSAUHHEL,

Pcs‘vnmam JaHHbIX BbIHIC Q}()p.\l}‘ﬂ fIpUBEACHHA CBCHCHHI
B floMeiedHyo Ha crp. 363 tabansuy, B Koropylo nobasieHH
I‘pa@bl A8 CeXaHCa ¥ ¥ocexaHca.

§ 17. PopMybt CIOKEHNA W BHIUHTAHHR

sin (2 4 ) = sin acos 3 -+ cos xsin §;
sin (2 — §) == sin acos 3 — cos a sin §;
cos (@ -+ B3) == cos acos 3 — sin asin B;
cos (@ — ) == cos acos 3 -+ sin zsin §;

lgo +1g3,
Ig(a+3)=,—,@;@,

sy lga-—1gB
tg(l'—'r’)"“l_{_ig&tgﬁ'
§ 18. PopmMyabt ABOMHLIX, TPOHHBIX H NMOJOBHHHBIX YIIOB

sin Za =2 sin acos =
cos 2a == cos*a — sin*a=1]—2 sin® a==2¢08¥ a — 1}

o 21ga o, clgta—~
g 2=y gl =
sin 3a = J sin a — 4 sin3 a: cos 3a =4 cos? a — 3¢os a;
o Slga —tg¥a __clg2a - 3clga
e =gy S8 Se= Ty
. /1~ cosa a /TFcosa,
sy == | T sp=E Y T
o & — 4 I—cesa _  sina | —cosa,
g3 ==+ T4+cosa  bdcosa sina !
[ 1/ T Fcosa sin a | 4 cosa
— = 2 —1 _
Ctg? s ‘/l——-c()sm 1 —cosa sina ~

Juakn mepen paxnkaramn 6epyTca B COOTBETCTBHH C TeM,
B KaKOH YETRCDPTH AEWHT YIoj % (V, 15--18).
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§ 19. lpecbpaszoBaine TPHIOHOMETPHYECKHX BbipardeHHH
K Buiy, yao6Homy s JorapHGMHpoBanus

. . 1
sin a sin6=2sm—+~'icos 5
sin @ — smB—-?cos“"‘"sm Qp
a—| K — 3
cos a -+ cos B =2 cos cos -—2»—
. 3
€os @ -— ¢08 § == -2 sin —+—sm

— a5 f—a,
==2sin ~—5* sin =5
cos x 4 sin a= I/Z_ cos (45° — a);

o5z — sina== 2 sin(45°— a);

«__ Sin{e £ by 4 sin (3 - a),
tga 4 tg = cosacosp ctgz kclgf= - e

sin a sin 3 °
“

tga4clgh= cos (2 — &),

— _ fosia T 2).
cos a sin & ' ga—cigh= cos « sin 3’
tga+ clgo=2csc 2 Iga—clga==—2Clg 2y
I+ cosa==2cos® — ] — cosa=2sin?—

o
I+ sinz=2cos? (45"~ )

| — sina=2sin® (45°— < );

__ sin(45°ta) V2 sin (45° -+ a),
lx Iga‘—cos%"cosu-

cos !
o COS{aF ), o SOS (XTI,
Ixtgatgd= T ooom clgaclglx = s

2o
I—Ig"a—ws ;

2 cos 2a,
= —_— o == — ——
cos? o’ L ctg sin2 a’
2 . 5.1 (@ 4 3) sinqa — §) |
1g"a g7 = cos? « cos? 3 '

9 . on_ sin(a-4Bysin @ —aj
clgta —cigip= sin? @ sin® 3 '

tg®a — sin® a = tg¥ asin*o; cig*a — cos® a == clg®acos® a.
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§ 20. MipeoGpa3oBanne K JorapupMHueCKOMY BHAY
BbipaxeHHH, B KOTOpble BXOAAT yribl TPeyrodbHHKa

Ecaun A, B, C— yram tp-ka dan BooGuie ecan A + B 4+
+ C=180° T0 HexoTopble BbIpaweHHs, HE MMeOWMHE AOra-
PUOMHUECKOro BMAA, MOXHO PHBECTH K JOrapudmuueckomy
BHIY € AOMOUbIO CACAYIOLUNX (DOPMYSA, KOTOPHIE [I0Je3Hbl LIpH
pelicHHH KOCOYIOMbHbIX TPEYTOMbHUKOB!

sin A 4 sin B==2cos? QBcos%;
sin A — sin B==2sin ‘42 B sin g-;
cos A 4 cos B==2cos izlf sin 2;
cos A —cosB=‘2sinB;Acos—2(‘~;
__sinC
‘gA+th—cosAcosB'

sin C
cig.A $cigB = m;

sin A sin B+ sin C=4 cos % 2 cos;co —C,;;
g A+ th+ tg C=1tg A-tlgB-1gC;
ctg—— +clg 5 + ctg == clg —‘%ctg g ctg %
§ 21. Hexoropble BawHbie COOTHOIIEHHS
sin a sin § = % [cos (¢ —B) — cos (a + B));
COS @ COS B = ~; [cos (a —B) + cos (a + B)};

sin a Cos § = % [sin (@ 4 B) + sin (a —B)].

Stumn GopMyNaMK MOXKHO NOIb30BAThCS, YTOOL H3bewkars
VMHOWEHHA (1P BuiuHcleHHsx 6ea norapmbmon HMH YacTo
LONB3YIOTCA B BbiCLIeHl MaTeMaTHKe, HAalPAMep ApH WBTErpH-
[UBAHWK TPHIOHOMETPHUYECKHX @ynxunﬁ)

a N a
ZIg—i 1-!g—2~ QIg—é
sMm o = ————, €08 a == —- v lga=—= ——r,
1+ tgsm 14igrpy i ~tghes
2 2 2

A1y PopMyAn NOAC3HL 1P PEIUCHHH TPATOHOMETPHUECKHX
vpasueHuit (B BhiCRIcH MaTeMaTHKe — (IPY  MHTETPHPOBAHIH

TPUroHOMeTPIIUCCKUX DYHKUUA).
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% (2n+\)1
€os 5 —CO! —
sin a + sin 2a 4+ sin 3a + ... + sinpa= -—= - - ;
2sin —
2
2n 41
L’L; 2 sn 32"
cosa + ¢os2a 4 cos3a 4 ... 4 cosna= ————
2 sin 5

cos na == ¢os"a — C3 cos" ®asin®a -+ Chcos™ *asin®a—..;
sin na =ncos" ! a sin a — C? cos™ *asin® a 4
4+ Cicos" Pasin®a — .,

B nocaeannx aByx gopmynax CZ — OHHOMHAILHLIC KO3~
dnuneHTs (eM. LIl 72). 3nakpy UMCHOB uCPeRMIOTCH; HPaBuie
yacru 06pblBalo'rCil «caMi coBoit», 3aKalunBasChL HYACBOI Han
11epBOH CTElleHbI0 KOCHHYCA.

Mpumenpn.

cos 3a == cos? x — 3 ¢os 2 sin¥ a;

sin 3a =3 cos’ 2 sin * — sin? «;

cos 42 == costa — 6 cos® 2 sin“a 4 sinta:
sin 4a = 4 cos® a sin 2 — - cos a sinds.

§ 22. OcHoBHblE COOTHOLIEHHS MEXAY IJNEMEHTaMH
TPeyrorbHHKa ')

O6o3Havenns: a, b, c — croponst; A, B, C — vraw 1p-Kka;

a+bdc
p=—5
R — paquyc OMUCAHHOIO KPYCa; r — PAAUYC BUUCAHHOLO KPYIa;
r, — PalMyc Kpyra, Kacalowerocs CTOPOHbl @ W MPoLOJKe-
HHsL CTOPOH & W ¢ (BHeBUHCaHHBIK XpVr); h, — BbICOTE, omy-
UleHHAA Ha CTOPOHV a: 3, — GuccexTpuca yraa A

1} Teopema kocuHycoB
a?* =b* 4 0 —2bccos A, nan cos A=

{cp. WV, b, 10).

— noayuepumetp; £— BblcoTa; S — MAOWLAlD;

b2 ke - a2
Qe

!} Bee miKenpuneneHubie QopMyab 23107CH TOAbKO B 01HOM GApUANTE;

43 KaMI0A QOpUYNH 1OAYYAIOTCH eme IR aHANOTHYHBIE C  HOMONLIO
cmmc‘rcrnymmen 3aMentl  GyKsB. Hanplmcp, u3 (bO,)'Vllehl cos A =
b2 4-¢2 - @2 a4 2 - b2 . 2+ b2 -2
s - oaydaeMcos B = ——————5  cos { = =~ - .
2b¢ y 2ac ’ 2ab




308 Vo IPUTOHOMET I

2) W3 Hee BLILOARICH <POPMVID NOJOBIMIHEMYX  YLAOG».

p-bp—c, A / pAp ~ a),
':'VMEF’“”" W‘\‘—z:l T

sm be

g

e} B ol 2

—‘/<£;¢M:.9L~
. pip —ay

__‘_ V\p~a)p~b)(p-c) . ’
» p-a’

H3 HHY #odyqaca

A B__p-—c, . p b
By y="7%" 5 ;=

3y Teopema cHHYCOB

a b 4
e mm e e 2R
sin A sin 8 sinC R

13 qee BMBOIATCA cheaywuie Ase Qopuyan,
» Teopema taurencor (hopavaa Peryomountana)

1t

S bnpayast Moannedt e

6) Popsyas naoULAD

be s A bism AsinC,
§== S="~gwmp
X P e T et __hzsing
S= Yolp—o)p - bhp—ec) S=gwamc
b~—1(('~uggig%~'

9 A B C.
S=p°lg 5 0 5 1257

- A . h; sin A ——
S=pp—o)lg 4 S=imgmme 5= Vit
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7) Paguycw onMCaHHOro, BUMCAHHOTO W BHEBIMCAHHOrO
Kpyroe
a __abc I _ be
T@smaAT BT A B € % ;
4 P - —=
€05 5 €OS - COS 5 a

R=rotrp+re—r
S A
r::;:(p»—a)tg 5 =

sin B i ¢
N a 5 sin _
= v =
co8 5

8) Buccexrpuca

§ 23. Pemrenne KoCOYTONbHLIX TPeyrojibHUKOB

Cayuan 1. JdaHw Tpu CTOPOHB 4, b, c.

a) llpy noap3oBanun HaTypadbHBIMH TabaAuMLaMy CHayanaa
WalieM OJHH H3 YrilO8 NO TeOopeMe KOCHHYCOB:
b 4+ ¢c2 — a2

cos A= e

Bropo#t yroa (Hanpuwmep, B) Haiilercs no TeopeMe cp-
HYCOB:
s b sin A
sin 8= —=.
Tpertuit yron uafinercs no gopmyane
C=180°— (A + B).

Ecan dywHa 3HauuteabHas TOuHOCTh (nawke xo 107), Bbi-
yHCneHHe (0coO6eHHO nepaOro pe3dyibTara) Ype3dBuiyafiHo yro-
MHUTEAbHO,
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- b)-Mpw noav3osanumn Tabanunamu aorapudmos yran A, 8, C
(1OCTATOYHO BHIYHUCAHUTH B3 H3 HHUX) HaXoAATCA MO OXHOH M3
¢dopMy2 NOAOBHMHHLX yraos (§ 22, m. 2).

3annch, BRYHCACHH A
Danw: a=T4, b=130, c= 186.
p=a+b+¢=390, p=195, \gp = 2,2900,
p—a=121 | 1g(p — u) =2,0828
p—b= 65 lg (p — b)=1,8129
p—ec= 9| 1g(p—c) =09542

1) Buuncaenne A:
A_|I/p-b0p—0.
ez=) pip-a '
lg(p — b)=1,8129
1g (p — ¢} =0,9542
fon. g p=3,7100
aon. 1g (p —a) =13,9172

2,3943
Igtg 4 = 23943 =1,1071;

L =857 A= 1754
2) Boiuncaenne B
E_I/ w—ap—c)
g = Pin-m "
AHanorv4Has BbLIKAANAKA NaeT pe3yiabTar
B == 32°40'.
3) Buiyucnenne C (KOHTPOAbHOE):

C __ (p—a)lp—1b)
lgf—l plo -¢cy °

Pesyabrar: C= 129°26'
Mposepka: A= [7°54'
B= 32°40'
C = 129°26'
A+ B+ C=180
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Cayuwa#t 2. /laHbl 1Be CTOPOHbI 4, & H yroa mexay vuMu C.
a) [lpn noab3oBaHMM HATypatbHLIMM TabauUaMH Haxoaum

CHayasa CTOPOHY ¢ MO TEOpeMe KOCHHYCOB:
?=a? + b — 2abcos C;

3aTeM yroid A 110 Teopeme CHHYCOB:

asinC |

—

upy 9TOM yroa A, COOTBETCTBYIOUIHH HafileHHOMY CHHYCY
b

Gyner ocrpeM, ecau _ >>cosC, v Tymuim, ecad — <<cos C.

Tpetuit yroa onpenenserca an6o 1o popmyase C==180°—
— (A + B), aubo rtaK xe, Kak A (L17 KOHTpoan). Bwuucie-
HHe CTOPOHB ¢ C GOJbIUOH TOYHOCTBIO YTOMHUTELHO.

b) llpu noap3osaHuu Tabauuamu a0rapudMoB CTOPOHA ¢
HAXOJAMTCA NO TeopeMe CHHYCOB Yme floche TOro, Kak ofipe-
Aenedsl yrast A, B. llocaennue e HaxogaTcs 0o ¢opmyie
Pernomonrana

sin A==

ctg£

atb_ 2
E?%—tg A—B"

2

—B
M3 KOTOPOH NO AaHHbM g, b, C HaxoauM A 7 M, TaK Kak

A4B
KpoMe TOro, uaBecTHo ‘;’ (—_—-90"— %), noJayyaem Jerko

H camn A, B.

3andvcb BRYACAEHH A,
Haunl: a =289, b =601, C = 100°19",

1) Boiuncaeune 8 5 A

B- A b—a
tg_‘24= h-f—adg

Ig (b — a) = 2,4942
igetg $ =T1,9214

on. 1g (b + ay= E,Oﬁ

C,
g

g tg 252 = 1,4662; B4 1618
2) Boiyucaeune B u A
B+A__ ane € __ agorpy.e B—4 __ 1qe1an
5 == 90° — 5 == 30°50 =5~ ==16°18"

cKAalbiBag, umeem B =7306°8'. Buiuntas, noayyaeM A== 23°32"
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3) BoivucaerHe CTOPOHM ¢

asin @
= .
sin 4

Ig a = 2,4609
Ig sin C = 1,9929
ron. g sin A==0,3987

Ige==28325; ¢=7120.

Cayua# 3. Jadw nBa nobuix yraa (Haupumep, A, B)
u cTopona ¢. Kak npn noab3osanunt norapudmariv, Tak u He
NOAL3YACH UMM, BeIeM BbIYNCICHHE B CAEAYIOWEM HOpALKe:
CHayaaa oupellensneM TpeTHH Yroa TpeyroabHHka 110 Gopmyne
180° — (A + B), 3aTeM CTOpPOHB @, & MO0 Teopeme CHHYCOB.
Tlpy sorapuhynyueckon BpiYNCICHHN 3aNHCh TaKOBA.
Haun: A==55°20", B==44°41", ¢ =795,
1) Boiuncaenne yraa C: C= 180° — (A + B) =T79°59'
2) Boiuncneryue CTOPOHL ai
_csin4 |
" sinC ’
Ig ¢ = 2,9004
lg sin A=1,915I
aon. 1g sin € = 0.0067

g a==2,8222; a=~664,0

3) BuiyucneHue cTopoHnl &

in B
Mo gopmyse b== 222 7ak e, Kak Bulile, HAXOXMM

sin C

b=5671.

Cayvwan 4. [lauw use cropous a, b n yroa B, npo-
TNBOJEWALINI ONHOR M3 HUX.

W ¢ nomMowsio gorapudmos, u 6e3 HUX BeleM BhiyHucae-
Hue TaK: cHavana HaxoQuM yroa A, nporMsoscwawmnft apy-

. asin B

rOf NaHHOR CTopOHE N0 TeopeMe cuuycom: sin A== 2212
[lpu sToM MOryT OpeACTaRUTbCA CJERYIOUHE BOIMONKHOCTHE

a) @ > b; asin B> b — 3anaya He uMeeT peilleHus;

b) a> b, asin B==b — onHo pewieHue; yron A - upsnoli;
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¢) a>b; asin B<<b<a—3agaya AONYyCKaeTJBa pemie-
HUS yroa A, COOTBETCTBYIOLLHIT BBIYHCACHHOMY CHHYCY, MOXHO
#31Tb 11460 OCTPLIM, AHOO TynbIM:

d) ¢=C b —3anaua IONyCKaeT oONHO peuieHne: yroa A
6Gepercst oCcTphiL.

Onpeneaus yroa A, Haxoagum C no gopmyne C==180°—
—(A+B). Ecam A Moxer umetb ABa 3HaYeHus, TO 1Ba
3HaueHus noayyaorca W aaa C. Haxoweu, tperbs cTOpoHa ¢
HaXONAMTCA NO TeopeMe CHHYCOB (= b:i;"l?. Ecan nagizeno
aBa 3navenus C, TO M [af ¢ [OJAYYaeM [Ba 3HauYEHuA, U,
TakuM 06pascM, yCJIOBHIO YHOBAETBOPAIOT [Ba DPa3aAHuHbiX
TpeyroabHUKa.

Aa0HUCb BOIYHUCACHUS.

Nanpi: @=360,0; b=2309,0; B=21°14"

Vmeem: a>06 u asin B<< & (obuapyxmeaerca B xone
G6amxaiweit Boikaagku). Cirelosarenbno, HaiMUuo cayuaft 4¢).

1) BuuncaeHue yraa A:

sinA = LS%{L’{ )

Ig a == 2,5563
Ig sin B=1,5589
pon. lg b=235100

lg sin A ==1,62521);

nepsoe pemtene A, ==24°57'; sropoe pelienne A, = 180° —
— 24°57" = 155°3",
2) Buiyncaenune yraa C=180°— (A + B):
nepsoe pewenne C,==133°49"; sropoe pelieHue Cq==3°43"
3) BbluHcaeHHe CTOPOHBI ¢:
__bsinC |
— sinB

nepBoe pelueHue BTOpOe pelichue

Ig & = 2,4900 1g b= 2,4900

1g sin C, = 1,8583 lg sin Co = 2,8117

non. g sin B, =0,4411 noi. 1g sin By = 0,4411

lg e, ==2,7894; ¢; =615,7; 1g c» =1,7428; ¢, =553I.

1) Ecan 611 Guiao @ sin B> b, To xapakTepucruka aorapudmu Gsina 6o
NOAOKNTEABHON W 3anaua He Mvela Gl peuleHls,



374 V. TPHIOHOMETPUSA

§ 24, O6parTsble TpHrosoMeTpHYeCKHe (KPyrosbie)
GyHKuHU

CooTHomlenne x == siny HO3BOARET C NMOMOULbI Tabauu
HaTH KaK X 1o HRaHHOH BeJHYHHC ¥, TaK M ¥ 110 AaHuGit
BelHyuHe X (He npesbiimawulell 1 110 a6CONOTHON BeaUYHHC).
Taxum 06pasoM, MOXHO CYMTAaTh He TOAbKO CHHYC GYHKIHeH
yraa, HO W yrox d¢yHkuueil cHHyca. 2T0T ()aKT HaXOAHUT
BHellHeEe BbIpaXeHHEe B 3aMMCHM y == arc sinx (arc sin untaercs

t . ono
<apxcunyc»). Hanpumep, BMecTo 5 =sin 30" MoxHO Hann-

]
catp 30" ==arcsin 5 . O6blyHO ipH 3TOf BTOPOH 3anucy yroa
BRIDAXKAETCA B DalMaHHOM, a He B rPalyCHOM Mepe, Tak uTo

T S
NUinyT §=arc Sll’l-§ . XOTA 3Ta 3anuchb npencrasaner A4llib

1 o B
«lfiepecKasds 3anncu 7: sin € HO YYalluMCa OHa Ha NepBhlX

nopax AoctaBaser 3aTpynsennus. Meway tem yuyauiuiics He
BHAMT TPYRHOCTH, KOTNa HapALy C COOTHoWIeHueM 2%=28 nu-

uer 2=“1/§. 2710 MOTOMY, YTO H3BIEYCHUE KOPHA COBEp-

waerca MO ONHHM NpaBHIaM, a BO3BEJEHHE B CTENEHb 10 APY-
THM, M yyauluiicA NPUBLIKAET BUAETb 31eCh [B3d Pa3AHYHbLIX
Oeiicmeus. Haxoxnenue we CHHYCa 10 yray M yraa no CHHycy
COBEDUIAETCA (10 OAHHM U TeM e TabaHuam, B KOTOPbIX K TOMY
e BbIEJAEHO HA3BAHHE CCHHYC», d «aDKCHHYC» He yIoMu-
naercs., [lostomy Huxkakoro ocoGoro deilicmeus, pe3yabTaToM
KOTOpOro 6w Obl apKCHHYC, YyYamufica He ycMaTpuBaeT; u
BooGule B Mpelenax 3JEMEHTAPHON MAaTeMaTHMKH BBELCHUE
3TOrO MOHATHA (10 CYLIECTBY He onpasibiBaeTcd. B .Bhicuieit
e MaTeMaTHKe APKCHHYC YacTo MOABAAETCH KaK HeoGxoiv-
Mbifl pe3yabTaT HeKoToporo Oedicm8usi (MHTErPUPOBAHUA), U
MMEHHO 31€Cb BO3HMKJO TNOHATHEe apKCHHYCa U ero obo3ua-
yeHue.

Onpenenedne. arcsin.X ecTb yroi, CHHYC KOTOPOro
paseH X. AHAIOrMYHO ONpeXeNsOTCA arc cosw, arctgwx,
arcctg x, arcsecx, arccescx. PyHKuuM arcsin X, arccos.x
H T. 4. o6patHst (cm. VI, 3) ¢ynkunam sinx, cosx v T. I
(nono6uo ToMy Kak GyHkuma ) x ofpatHa  (QyHKuHW X7).
[To9TOMY OHM Ha3bIBAOTCA OOpUMHHIMU HpPUOHOMEMpPUYe-
cxumu  Pywwyusmu  (uHave kpyzosmmu). Bee obpatuuie
TPHUIOHOMETPUYECKHe (yHKIUK MHOTO3HauHbl, T. €. 117 Ka-
WO U3 HHX CNpaBelAMBO cHeNyiOulee: OLHOMY B3HAYEHHIO X
COOTBETCTBYET (GECYMCICHHOEC) MHOWKECTBO 3navueHnH GyHKunY
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(Tak  KaK OGecyHCAeHHOe MHOMECTBO YraOB, HanpuMmep «
180° — a, 360° 4 a, UMeeT OAMH H TOT We CHHYC),

[Ra8KNM 3HaYEHUEeM arc sin X HA3WBAETCA TO €ro 3Haye-
T
HHe, KOTOPOE 3aKMOUEHO MeXNy — 5 (— Y0°) u + 5 ( + 90°),

, . V2 =
Tax, rnasHoe sHaueHne arcsin —- €CTb 3; raaBHOE 3Have-

1

T
TnasHolM 3MaveHuem arccos X HaspBaeTca TO €ro 3Ha- -
yeHHe, KOTOpoe 3awniouaercd Meway 0 n = (4 180°). Tax,

. Ve =
HHe arcsm 3 eCTb  — —

V32
rAaBHOe 3HANEHWE arccos ~5  ecTh %; rAaBHOC 3HAYCHHC
3
arccos<_m Vj) ecTb + 4 7
2/ 4
CnasHbie 3HayeHns arc Cig x M arcsec X (KaK ¥ arc cos x)
conepwarca mexkty 0 u w. TnasHele 3HayeHus arctg.x u
arccesc.x (Tak we Kak W 1A arcsin x) HaXOAATCR Meway
®

®
—F 4 +5.

=
Mpumepuw. [napusie 3navenns arcig(-—1) =—1,

arcctg V3 =+ ¢, arcsec (—2) =+ %n
Ecan yepes Arcsinx, Arccosx # 1. A o6osHaumth
no6oe H3 3HayeHHH COOTBETCTBYIOMMX OOPATHHIX TPHUIrOHO-
mMerpuyeckux GyHKuufl, a A4 r1aBHMX 3HAYEHHN COXDaHHTL
ofo3HaueHns arcsin x, arccosx W T. A, TO CBA3b MEWAY
3HauyeHusMH OOpAaTHOW TPHUroHOMETpHuECcKOh (QyHKUUM u ee
rAagHHIM 3HAUEHNEM HPEACTaBHTCA CAEAYIOWUMU DOPMYiaaMu:

Arc sin x = kn + ( — 1)* arc sin X, H

’ Arc cos x = 2kn + arccos.x, (2
Arc tg x == kn 4 arc 1g x, 3)

Arcctg x==k=n 4 arc ctg x, 4)

rile k— m060€e 1eR0e UHCAO ({I0NOKUTENLHOE, OTpHUATENb-
Hoe HAM HYylb)
Tpapuxy o6patHbix TPUFOHOMETPHUECKHX QYHKUMA M.

'

4
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[lpumep 1. Arcsin%:kn%—(—l)karcsiné«-—-kﬂ-f(—l)k%.

Mpw k=0 umeens 0.+ (~1)° = =2 (win 30° ~ rnasHoe
3HauYeHHe);
apu k=1 » 1-at+(=1) %‘—:n—-%:—g—n (wm 150°);

» k=2 > 2emi(=1) T=2a4 T2 (1 390°);

» k= —1 HmeeM:

-‘,,+(_1)-1_6’1= —— = ~1—én (i — 210°);
npH k= —2 nmeem:

~;),7,4.(_1)-2% = —~2n+—§— = —l%n(mm — 330°)
T, A

14

Mpumep 2. Arccos —21—= 2kn+arc cos L = 2kn+

vl

a

IMpu k=0 umeem —;«(HJM 60° - riiaBHOE 3HavYeHHe) ¥ — 5 -
(o — 60%; npu k =1 HmeeM 27r+% = 2%- 7t unu 420°) K
T 2
2n - =15 (Mm 300%)u T A
§ 25. OcHOBHbIE COOTHOILEHHS ANS 006paTHEIX
TPUTIOHOMET pHYeCKUX GYHKUHH)

sin Arc sin a=a; Arc sin (sin «) = kn-t(—1)% a:
cos Arc cos a=a; Arc cos {cos @) = 2knta:
tg Arc tg a=a; Arc tg (tg ) = kn+ta;
ctg Arc ctg a=a; Arc ctg (ctg «) = kn+tx;
arc sin a = atc cos Y1—a? = arc tg Vica :
—a
P a_ . npy
arc cos a = arc sin Y1—a? = arc ctg Vicas aso,
—-a
t t ! 1 4
arc a = arc ctg— = arc sin—,—== = arccos J——";
& €a Yi+az Y1+a®
arc sin a+arccos a= -32!-;
n
arc tg atarc ctg a = izt“; arc se¢ a-arc ¢sc a4 = 5

1) Kophy, BXofsuie Bo Bee DopMy bl 0ToTo naparpada,— no.tox -
mebHBE YHCRA,
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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— 02 — b ¥ T—a2),
Arc cos @ + Arc cos b = Arc cos (ab - VT —a2 VT b?),
Arc cos @ — Arc ¢os b = Arc cos (ab + V1~ a2 V1< 52),
a + b

ab’

Arc tg a — Arc lgb:AngTJE}%;'

Arc tg o <+ Arc g b == Arc lg

are sin (@ VT < 52 + 6 V1 = af) (ecan a2+b <1,
arc sin a 4 4 raxwe, ecan a+-bel1, wo ab < 0

+arcsind =
£ —arcsin{a VT=02 4 0 V1 -a2)]
(ccms a2 + p2 51 W ab > 0y,
arc sin (@ VT = 82 ~ 0 V1 = a2} (ecan a2 + b2 < |,
are sin a — a Takxke ecay o2 +b2> 1, no ab > 0),
- arcsind =

+{x —aresin (g V1 — b2 - 0 V1 =a?2)]
{ecan a2 £ 0% > 1, vo abh < 0),

B ofenx nocacAuux QopMysax nepel  KKIAON KRAZPATHON CxoOKON
AYWHO B3ATL +-, €CAY @ GOJOWMTEARHD, M —, ECAW @ OTPUNATEAbHO,

§ 26. O cocraBiedin Tabjuy, TPHTOHOMETPHYECKHX
Pyukuuft

Jdyra Oxpy®HOCTH (m,, puc. 230) scerma aaunsec

—

A

craruBawouelt ee xopan (MPM,), rak uto ﬁpﬁ: > 1. On-

HaKO 4YeM MeHbIlle UeHTpaabHblit yroa MOM,, TeM Menbule
g

AN
otnomenne MAM,

oranvaerdas  OT enu-
MPM,
HULBY, T. € TEeM MeHbIIYI0 OWHOKY Mbl
COBEPIUNM, CUHTAA AYrYy U ee XOPAY pas-
Heimy. Tak, npn nentpannHom yrae 10° nyra
MM, cocrasasier 0,174333 r (r — paaunyc
74312 ",

OKPYWHOCTH), a ee xopaa 0,174312r

0,174533 » _ . Puc. 230
(o,immr“ I'OO‘)’ '

(pHHAB XOp1Y paBHOW nyre, Mu cxesaem omnbky B 0,0002 r,
4YTo COCTABHT BCEro OKGA0 OfHOH pecsuTON NpOiUeHTa.

Ilpu yrae B 2° otHocHTesbHaa omubka Oyfer ywe npu-
vepuo B 10 pa3 Mewblne, uMenHo, nyra pasHa 0,034907r;

xopra pasua 0,034904 r. OtHowenue ux g§~§—4";’g—37~1.0001.
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Tlpunas ayry pasHol xople, Mbl 1edaes oKy OKoAO COTOI
NPOLEHTA,

S
C npyro#t cropoHul, otHowenue ayru MAM, « xopne MPM,
8 TOYHOCTH PaBHO OTHOLICHHIO pamiaHHO Mepm yraa MOA
(cocrasasontero nonosuHy yraa MOM,) x ero cudycy. B camonm

wene, MAM, :MPM.=2m:2MP=m:MP=M§1M;,uo
art
‘f}: ecTb paiHanHas mepa yraa MOA (§ 3), a "—g eCcThb (H-

HyC TOro #e yraa.

3Ha4uT, NPHHAB 33 SiN @ BEAMUYMHY CaMOro yria a (B pa-
AHAHHOH Mepe), Mbl cpedaeM HeboAbluyo OMmMOKY, ecau
Yroa a Hesednk. Baas goctatoudo Maawft yroa, MOXHO Halitu
CHHYC 3TOrO Yraa ¢ HyWHOH CTellcHbIo ToyHoCTH. Tlocae 3toro
MOMHO COCTaBHTb ¥ BCIO TaBAHLY TPHIOHOMETPHYECKHX QYHK-
unft, flycts Mbl uawmau, Hanpumep, sin 30'. Torxa no gopmyae

cos 30' = ¥ 1 — sin2 30" Mbl HaitxeM M KOCHHYC 3T0TO yraa;
satenm Haiayrea tg 300, ¢tg 30' u 1. 4. no gopMyaam crp. 360.
Naaee, opMyasl sin 2a =2 sin a Cos @ ¥ cos 20 = cos*a — sin®a
i03B0axT Halttn sin (2 X 30"y = sin I° n cos i [llotom 1o
dopmyaam caoxenns (§ 17) suiyncanm sin (1° + 30°) = sin 1°30°
u cos (1° 4 30") = cos 1°30". Tenepb, 3Ha’A CUHYC H KOTHHVC
yrzos 1°30' u 30', Haftmem sin2° cos2° W T. &

Tak MOXHO COCTaBHTL TabAuilbl TPHIOHOMETPHYECKHX
QyHkiUl (MOAb3YACh 3THM ClIOCOOOM, HYWHO CHawaia HafiTu
¢ AOCTAaTOYHOH TOUYHOCTLIO YHCI0 T — HHaye HC Halacm pa-
AWaHHYIO Mepy yraa). Ho Bwkaagkn 6yayT upessnliafiHo rpo-
smosakumu. Jlo 18 Beka cocraButean Tabauu (V, 2) 1104w30-
BAAKCb (I0YTH CTOAbL Xe CIOWHbIMH pacyetamu. B HacTosuiee
BpeMsd CYIIECTBYIOT ropasgo Boaee OblCTphie UDHEMbI; OHW
OCHOBaHH HA METORAX Bbicuiell MaTeMaTHKH.

§ 27. TpuronomerpHueCKHE ypaBHeHHR

Y paBHeHue, colepyauice HEH3BCCTHYIO BeAMUHHY 101 3Ha-
KOM TPUICHOMETPHYECKON DVHKIAM '), Ha3biBACTCA MPUR0HO-
MemputeckuM

1) HekoTopble aBIOpHl NOHWMAIOT TEPMWH «TPHTOHOMETPHYECKOEe ypanHe-
aHe» B Gojee y3KoM cMbicae, Tpelyd, YTOGH Hen3BeCTHAs BeAWUMHA COlep-
Wanach MOAbLKO NOA 3HAKAMU TpUroHomeTpuueckHx dyukuuil, B Takom
caydae ypasucude apumepa 3 He Gymer tpurodoverpudeckim, ONHaKo, Kax
6L HM TOHMMATL TEPMUH <«TPHUIOHOMETPUUCCKOE YDaBHEHME», PaCCMOTpeHue
ypaBHeHHﬁ, rie HCHU3BECTHAA BCaWuUMHA COACPWHUTCH HE TOABKO NOA 3HAKAMI
TPUTOHOMETPUYECKMK  DyHKUMGE, HO M B aPyrdXx CoMeTauusy, noaesno «o
MUOFHX OTHOWEHUAY,
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Mpumep l. YpaBHenue sin y= %Tpurouoyerpuuccxoe‘
Ero xopum: y==30° y==180°— £0°==150°, y=2.180° 4
4 30°=2390° y=3-180°—30°=0510° w 1. &, a Takwe
y=— 180° — 30° = — 210% =—2.180° + 30° = — 330°
T4

O6igee penteHue (T. e. COBOKYNHOCTh 8rex KOPHUR) MOXHO
3anucath Tak [cp. V, 24, dopmyaa (i

y==~.180° 4 ( — 1)¥. 30",

rae k— no6oe Henoe YUCIO (MONOWHTEALHOE, OTPHILATEALHOE
HAN HyJb).

PaccmoTpnuM 0aHO U3 pemeHult, Haupumep y =230 Ero
MOKHO 3anMcaTb Takke y=— 800", wan y=108000", uam

y=€- == 0,5236 (noapasymesasn HaHMEHOBaHHe «PaJUaHOB>).

. ]
Takum 06pasoM, B ypaBHeHHH SiN y== 5 HeH3BECTHOE Y ecTh

BeJHYHHA Y244, & He ero yucaoBoit Mepwl. Yncaosan we mepa
3aBUCUT OT BuiOOPa ellHHHI bl U3MEDEHHS YTI0B
(rpanyc, MHHYyTa, paiuaH # T. I.).

MowHO NPUHUMATHL 32 HeM3BECTHYIO Bean-
YUHY TaKie M YHCAOBYIO MEDY Yria; Toria
HEOOXOIMMO yKa3aThb, B KAKHX eNHHHUIAX H3Me-
pAIOTCA yrant (CM. npumep 2).

Mpumep 2. Xopra AK (puc. 231) pasua
paguycy okpymHoctd R =0OA. Ckoanxo rpa-
IyCOB CONEPXHT HeHTpalpHblil yroa AOK? Puc, 231
31ech HCKOMOM BeMHUYMHON SABAACTCH 4UCAD;
oboanayuM ero Oyxsoft x; Torza BeanuuHa yvraa AOQK
ectb x° (£ AOK = x°). Ilocrpons 6uccextpucy OD yraa AOK,

umeem £ AOD = (%)°.Takxak AK=2AD=20A sin 2 AOD=
= 2R sin (%)0, a 1o ycaosuio AK = R, 10 nojyyaem ypas-

K i [X\°
HeHHe 2R sin (5) =R, 1. e
. x\° i
S ('2—> =3

OpaRo M3 pelieHHH 3TOro ypasHeHHa eCTb x = 60.

B mixoabHbIX 3aHATHAX OObIYHO pelialoT TaKHe 3a4aun, rjie
06a cnocoba CcOCTaBAeHHS TPHrOHOMETPHYECKOr0 YPaBHEHUSR
OINHAKOBO MPHTOIHbI, H NPEANOYTHTEALHO OAb3YIOTCA NEPBLIM
cnocobom, OnHako Ha NPEKTHKE YAacTO BCTPEYAOTCA 3alauH,
rie uepsblfi cnocod Hempwroged (cm. upumep 3).
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Mpuwmep 3 Iyra okpyxuoctn AK (puc. 231) nperoc-
XOANT CTAIMBAIOMYIO €¢ Xoply B gm 1,0472  pasa. Haittu

uenTparsHellt yron AOK.
Mpumenny Bropolt cnocob, Obo3naunm wepes x rpaidyc-
HY10 Mepy HCKOMOro yraa (1. e. X ecTb HEKOTOpOe 4ucAo).
Kak 8 npuMepe 2, Haxomum AK ==2R sin (Yi) I"panyc-
S S’
Han Mepa ayru AK To¥e paBHa x, T. e, aauua ayru AK co-
cTasjiser 35—"70 OT AJAHHBI OKPYWHOCTH 27R. 3Hauwr,
7 x nRx
= 2 . pp= "N¥
AR = 355 2R = g5 .

o ycaosuio A7(:AK=~’;—. Moayyaém ypasHeHne

®Rx | . X\ _ =
Tg—O‘QR sin (-’* —-—-‘-3-',

x\° ¢
x° sin (—5) == 120, (N
310 ypaBHCHHC uMeeT (GAHHCTBEHHOE) pelseHMe x = 60;
1. €. ucKkombll y2or AOK pasen 60°
Ecau Obt 33 HEM3BECTHOE X Mbl NPUHsIN Mepy yraa AOK

8 Mmumymax, Mbl noayunan Obl ypasHeHue
1

X! sin (-;i) = 7200 2

(kopeHs ero ectb x=23600, 1. e. £ AOK == 3600").

akHM 00pa3soM, NPHHAB HHYIO €IHHHRY H3MeDeHHs yria,
Mbl TOJy4YaeM CYUICCTBCHHO HHOe YypasHeHHe, Boixoaur, 4to
s paccMaTpuBaeMoil 3a1aUM Heab3s COCTABUTL TaKOro ypas-
Hednn, rae Opl 6yKBa X 00603HaYalna BeJHYMHY CaMOro Yyraa,
a He ero 4YHUCJAOBOA MEpHI,

3amevanue. Ecan uepes x o0603HauuTe paguanuywo
Mepy yraa AQK, Mbl NOJYUUM ypaBHeHHe

X Siﬂ%:%—ﬂ (3)
(}(OpeHb ero ectb x—.:%).

[lo BHeluHeMy BHAY 3TOr0 ypaBHEHHMS MOXKHO NORYMaTh,
410 GyxBOH x obo3nauaercsn caM uckomuiff yroa ACQK, a ue
ero yuciaosas Mmepa, Ha camom Nene 3sfech x ecTb YHCAO —
pannaHHas Mepa yraa AQOK, ubo ypasHenne (3) ecTb anuib

i X 2
CoXpautenHas 3diuchL YPagHECHHUA X sin (—2- pan. = —.itt. o-
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No6HmM ke 00pa3oM MOwHO O6bino Ob BMeCTO ypasHenus (1)
YCIOBHO HanHcaThb:

x: sm 5 = 120

§ 28. fIpuemnl pemenus
TPHUrOHOMETPHYECKHX YpaBHeHHH

fIpu peni¢HHW TPHFOHOMETDHUECKHX YpaBHEHUH CTapalorcs
HaliTH 3HAUCHHA KaKOH-1M60 TPHrOHOMETPHUECKOH GyHKUNK
HeuspecTHofi Beanunnol. OTCIOAa ¢ NOMOINBIO TAGAUL MOWHO
HalT¥ 3HAUCHUH CaMOf HEM3BECTHOH BeauunHbl (B ofiem cas-
vae npubanxeHnnie). [aa 3anucu obutero pellieHus Cayxat
Gopmyas § 24.

OnHo u TO We YypaBHCHUE MOXHO pewlaTh pasaHYHbIMM
npueMmamu. [Ipy 9TOM MOTYT OKa3aTbes NOJE3HBIMH $HOPMYabi
§ 19 u B ocobennoctn §§ 17 n 18,

lMogsepran  TPUFOHOMETPHUECKOE YyDaBHeHHE TOMY Wau
HHOMY 1IpeoOPasuBAHUIO, HYXHO 3a60TuThes, uTOBB Npeobpa-
30BAHHOE YPABHUHHWE OhIIO PABHOCHILHO HCXONHOMY. Bnpouew,
MHOMZA 1eacco00pa3Ho COBepINaTh ¥ TakHe npeobpasvBaHus,
fIPH KOTOPbIX PABHOCHIBLHOCTL Helb3$ 3apaHee MapaHTHPOBATS.
Ho Torga 8 cayuac BO3MOWHOCTH NORBACHUA JHIUHHX KOPHe
(Hanupumep, NpH Bo3BegcHHH OGEHX vacTeil VDABHCHUA B KBd-
ApaT; cM. npuMepws 5 u 6) Heobxoammo nposepums BCe Hal-
JeHHble peiicHHA. B cayuae BO3MOWHOCTY 1I0TEPH KOpHeft
HYWHO YCTaHOBHTb, KAKHE HMEHHO KODHM MOLYT IPONACTbL K
ACHCTBUTEIBHO M OHM [PONARAIOT.

Bripoyes, 0NacHOCTH 0OTEPATbH KUPHH 4aCTO 1€rKo u3le-
waTb. [lokaxem 9To Ha npumepe. IlycTe nano vpasHenne
sin v
Cos x
pasneadth obc uvact¥ Ha sinx, Mb NOJYYHM ypaBHeHe

") o > ;e IV
Cot‘cx H¢ PAaBHOCHJIbHOC JaHHOMY! 6\1{\1‘ f10TePAHLl KOPHU

ypaBHenus sin x=0. Ho BMecTo 3TOro MOXHO MOCTYdNTh
caenyowmus obpaszoM. [lepeHeceM 2 sin x BI€BO it BbiHeCeM
33 ckoOKy sin x. Mbl noayuuMM paBHOCHIbHOE YDaBHeHHe

tg x =2 sin x. 3anuiiemM ero B Buge =2 sinx. Ecan

. i
sin x (Cos - ——2) =0, Ono ynosiaeTsopseTcs Anlub B ABYX

cayuasx: |) ecan sin x=0, 2) ecau =2, 7.¢. COS X =

€os v
1 %hm +
=5, B nepsom cayuae x==kr BO BTOpoM X=2kmi

win

Mbl noayuHaAM BCE KOPHHU.
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3amevanue, [IpupasHuBas HyJI0 OXMH M3 COMHOMUTE-
neit, HywHO VG6eNHTbCH, YTO NPU ITOM APYrofl COMHOMHUTEND
ne oOpawaemes 8 Geckoneurocms. B HaueMm npumepe Tak

nectb. [Ipn sin x =0 umeeM cos x =+ [, tax uro —'———2

€os X
1 . 3
pasio — 1 nan — 3. llpu cos ¥ = 5 VMeem sinx = C

Ecau e BTOPO# COMHOMHTeAb o6pauiaetca B 6eCKOHEUHOCTh,
TO pe3yabTarT, Kak npasuao, 6yaer HesepeH. Ilycte, Hanpumep,
nado ypasHenHe sin x =0. Ero MO%HO 3anncath B PaBHOCHIb-
HOM Bhle coSX-1g x=0, Ho Heab3s MOJOKUTL COS.x ==0
(npn cosx =0 ypaeHcHne sin x=0 3aBesoMO He yxoBae-
teopsietcs). McTounnk ommubxky 3akamouvaeTcs 8 TOM, YTO 0py
cosx =10 ¢yHKuHA 1gx obpamaercs B 6eCKOHEYHOCTp
N _ VIl -—costyx > ’
gr = cos v '

fpocrefinil no ngee (Ho He Bceraa kpatuafmnil) cnocod
pelieHNs TPUTOHOMETPHHECKOro YPaBHEHHA COCTOHT B TOM,
YyTo BCE TPUrOHOMeTpHyeckie (VHKUNM, BXORAUIME B ypas-
HeHHe, BbIPAXKAoTCs yepes OfHY M Ty e QYHKUHIO OZHOH u
TOf! We BeTHUHHb, HaNpHMep yepe3 sin X, AU yepes tg x, Win
yepe3 Ig; ¥ T. . (tabauua ua ctp. 360 » dopmyan jan
sina, cosa u tga § 21). Yaauuu#t sebop 3Toll dyuxuMu wacro
COKpawmaeT BHYHCIEeHHs,

Mpumep 1. 3+ 2cosa=4sin?a.

3nech yi1o6HO BbipasuTh sin®a yepea cos a, Umeem sin®a =
=1 — cos’a. Tloayuaem paBHOCHIbLHOE yDaBHeHHe

3+ 2cosa=4(l — cos?a) umm dcos*a -4+ 2cosa— | =0
dTo ypaBHeHWe — KBajpaTHOe OTHOCHTEJbHO «¢osa. Haxoaum
1Ba 3HayeHHs COSa;

(cos a); = :——1—.;—@ =0,3090: (cos a)g = 11—:4—'/3 =

= — 0,8090, oTkyna a==360% + 72°00' n « = 360°k + [44°00',

3
Mpumep 2. Go=81gx—2
3necn yx}o6Ho BBIDA3UTH cOS® X d4epes Igx. Mmeen

2 —
COS* X = s - [Monyyaem paBHOCHALHOE ypaBHEHHe

3tg?x —8tgx +5=0.
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Orcona (g x)y = L, (tg x): = % . YpasHeHHe HMEET pevienity:
= [80°k + 45" u x = 180" k4 59°02" (nicpsas ¢opmvaa —
TOYHasA, BTOpas — NPUGIHKEHHAA),
Mpumep 3. sin®x — Ssin xcos x — 6cosxy=0.
3necy npouwe Bcero pasmeauth Ha cos® x. Tloayunm:

Ig2)€—5tg/\'—-6=0.

TIpn neseHun Ha cos X Mbl He TepseM KopHeft. Hehctsn-
TeAbHO, NOACTaBUB cos ¥ =0 B naHHOe ypsBHeHHe, HaHjem
sin x=0, a paseHcTsa cosx =0 n sin x==0 HecoBMeCcTHb.

U3 ypaspenns tg? x — S1g x — 6 =0 naxonum (tg x), =6
Ho(tgx)e=-—1T"Kopum 6vayr x==80°32"-+ [80°k u
x = — 45° 4 180° k.

Mpumep 4.2sin*x -+ [4sin.xcos.x 4+ 30 cos? x = 26.

3nech Helenecoo6pasHn BLIPAXKATh COS.X UEPE3 Sin X HAM
Ha060poT, TaK KaK BO BTOPOM UaeHE [IOABHTCH MDPALHOHalb-
HocTb. Ee MOXHO YHHUYTOXHTL, YeAHHHB ITOT YieH W BO3Bells
ypasienne B KBaipat. Ho 3TO COXHO; K TOMY e MOryT no-
ABHTHCA AUUIHWe pemieHnn. Byner ayyiue nwipasuts sin x ucos x
yepes Ig x. Mveem sin x = — B , CO8.¥ = S R

. +ViFig2x T Vi4tg2x
B stux ¢opmy.iax 3Haxu Oepytcs aubo o6a BepxHue, An6o oba
HUKAME (TaX KAk sin X 1COS.X JOMKHO paBHATLCA 1g.X, a HC
— tg x). [Toaywaem paBHOCHABLHOE ypapHeHHe
2tg2 x4+ 4 tg x 4 50 =%
T+ tg2r —

Ocpobonumca 0T 3naMeHateas. JIMIMIHUX KOpHell He noay-
uuTeA, TaK Kak | -4 tg®x He moxer paBHatbes Hymo. [locae
IIpHBel}()&HHﬂ N0J0BHLIX YAEHOB HOAYYNIH PABHOCHAbHOE ypaB-
HeHue

2412 — l4tgx —24=0.

Orciona (1g x), = % (g x)e=— ~43~ .
Peuennsa 6ynyr: x = 33°07" 4 180° k; x = —— 36°52'-180° k.
MTpumep 5.

sin .x 4 7cos x = 5. ()
Boipasnm sin x yepes cos.v. [loayyum:
+ VI—costx+Tcosx =5 (2)

1) 3710 ypaBHeH:ie MOMHO KODOWE 10AyUHTL CAEAYIOUINM UCKYCC1BEHHbIM
npueMoM: Tak Kak sin?x+-cos2x=1, TO npaByl0 4acTs JAHHOIC ypPABHEHWH
MOMXHO 3amucaTh B BUAe 26(sin? x - cos®x). 3aTem nepeHOCHM HCe ugeHsl
BICBO M feauM Ha cos? .,
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+ VPl —cos®x=5~—T7cos x,

Ecan 6m Ouian 43BeCTHbl 3HAYCHHN COS X, TO Mbl 3HaaM
6bl, KAKOH 3HaK B34Tb nepej painkasom (MIC, CChy panas
YacTh HOAOWHTEIbHA, MHHYC — €CAu OTpwiateabHa). He 3uas
KopHCH ypaRueHus (1), Mbl BHIHYMIEHNM COXPaHHTb 003 3Haka,
[Tostomy ypasueune (2) He pasdHocuabHo (1), Mo ssean
AnlHNe KOpHU. Bo3soas obe wactu (2) B KBagpaT ¥ HPKBOIN
noiOGHLIE WACHH, 10AYUYaeM ypaBHCHUe

50cos® x — 70cos x 4- 24 =0, (3

PABHOCHAbHOE YpaBHCHHIO (2), HO He ypasHenwwo (1).

Haxonnwm (cos x), =0,8; {cos x); =0,6.

Otciond v =+ 36°32" 1 360°%k u x ==+ 53°07" + 360° k.

[Mposepum noayuenubie xopuu, [loacrasass cos x==0,8
8 (1), noayuaem sin x =5 — Tcos x =35 — 5,6==—0,6. 3nauur,
KopHn X ==-} 36°52' + 360° k — auuiHue, TaK Kax CHHYC 9THX
e'(rnorx (oHn npuHaanexar nepsol yersepTH) pased -+ 0,6.

opHr ke — 36°52' 4~ 360° £ npudamaexkar u ypasueHuo (1),
H6o CHHYC 3THX yriaos pascH — 0,6,

[MogctaBuM Tenepb B ypasheune (1) 3Hauenue cos x == 0,6,
Moayynn sin x=0,8. Orcopa 3akaOvaeM, 410 KOPHH X ==
= -} 83°07 + 360° & npuxapaexar u ypasseano (1) (cuuyc
3tux yriaos pased 0,8), a kopun x == — 53°07' -+ 360° & — vt~
Hie (CHHYC 3THX yraon pased — 0,8).

Pewennn ypasHenus (1) 6yayr ')

==~ 36°62' - 360° & n x = 53°07" 4 360° k.

Tipunmep 6. Ypasnenue, paccMOTDeHHOE B UpHMepe 5,
eCTh YacTHBI! BHI YpaBHeHMsA a sin x 4 b cos x =rc. Bee ypas-
HEHWs) 3TOr0 oOUICrO BHAA MOMXHO pCIIATh YKAa33HHLIM CIIO-
cobom. Tlokamen eme naa criocofa Ha TOM e upumepe

sin x - 7¢cos x =3§. H
[lepsun cnoco6. Bosgogum B kBagpaT [npu 9roM
BBOANTCH aniuHue xopHu ?)]. Tloayyaewm:
sin? x -- 14 sin x cos x - 49 cos? x =25,
IipnmMcHHB OXMH M3 1IpHEMOB, YKa3aHHbIX B DpHMeEpe 4,
noayuum  ypasueHne 241g2x — 14igx —24=0; 370 wW¢

1) Ypasuenue (1) MOXHO 3anNCaTh B PABHOCKABHOM BHRe sin x==5—T cos x.,

Bospoas B xBagpar, nosyuaem sin2 x ==(5—7cos x)2; HO 970 ypaBseHne He
paBrOCUABHO (1), TaK KAaK ONO NHOAYuMAOCH 6b W W3 ypasHeHus — sin x =
=5 — Tcos x. 3amenus sin? x yepea | — cos? x, noayuus caosa (3}, u zasn-

Heifuice pemenMe CoBMafaeT C UIJOWEHHLIM 8 TEKCTC.
%) CM. npefuilymyo CHOCKY.
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ypaBueHHe Mp uoayyunu B npHmepe 4. Coosa Halinem
(tgxh =513 (gx)g=—- —f:— . Onnako Teneps M3 KopHe#
x=>53°07" 4 180° & u x == —36°52' - 180° 2 uyxHo ycTpaHuts
auuinue, Ecau tg x = 5, To HMeem aub6o sin x =0,8; cos.x = 0,6,

an6o  sin x==-—0,8; cosx=—006. T[loacranosxoit & (1)
y6exaaemcs, 4TO TOAMTCA TOAbKO Nepaas Mapa 3HayeHuil
T. e, yroa X NPUHALIeMUT nepsofl ueTBepTH. 3HayHT, CPelM
kopuett x==53°07" 4 180°% romarcA TOABKO Te, KOTOpHE
nonyyaiorcs npH  derublx 3Havenuax k. [losaras k=2k&,
nonyuyaem x==53°07" -+-360°k’. Tak e HalileM, 4TO U3 KODHEH
x=—36°02"-}- 180°k romaTcn TOABKO Te, LA KOTOPLIX
k — yeTHOE YHCHO, T, €.

X == — 36°52' -} 360° £,

Bropo#i cioco6. Bupasum sinx M cosx uepe3d tg —2x—
(popmyant § 21). Hocre ynpougeuuit nonyyaeM paBHOCHAbHOE
ypasuenne 121g® 5 —21g 5 —2=0, otkyza

(tg "2{)1::%;‘ (tg %)2= —"%'

Haxonum 9i =20734' 180k u 5 =~ — 18°26' 4- 180° k. Kophn

6ynyr x==53°08' }-360°k n x=s-—36°02 4-360°k. Tlpe-
MMYyWEeCTBO 9TOr0 cnocota B TOM, UTO OH HE BBOIHT AHIIHMX
Kopiied,

3aMeyanue Bropoit cnoco6 obaanaer Soabuiof obm-
gocTtoo. Korga tpurosoMerpuyeckoe ypasiieHHe NPUBOAWTCA
K TaKCMy BHXy, 4TO B Hero BXOAT TOAbKO TPHrOHOMETPH-
yeckue ¢GyHKIUHM OJHOro M TOro Xe yraa, To BCe 9TH
byHKUKEH MOXHO C noMouibio ¢opmuya § 21 BbipasuTs
yepe3 TaHreHC NOMOBHHHOIO yriaa. BblunCaeHHA npu  3TOM
cnocobe 0Ka3blBalOTCA vactTo Honee TPYNOCMKHMH, 4YEM NpH
LpYTHX, HO 3aT0 Mbl H36aBA4eMCA OT HOUCKOB HCKYCCTBEHHBIX
ApHEMOB M BO MHOTMX clydyaax H36eraeM nOABAEHUA JHUIHHMX
KOopHeH,



Vi. ®YHKUHH, TPASGUKH

§ 1. Moctoausple H HepeMeHuble BeNHYHHDI

[IprMereHne MaTeM2TUKY K M3YYCHHIO 3aKOHOB NPHPORL
W K HCHOABb30BAKHUIO HX B TeXHWKE 3aCTIRMAO BBECTH B MaTte-
MaTHKY NOHATHE fepPEeMEHHON BeNNUMHLI H, B IPOTHBONONOX-
HOCTb e, MOHATHE [NOCTOAHHON BelduunHn. [lzpemennas
BeAUYINAG — ITO TAKasA BEIHUHMHA, KOTOPas 3 YCAOBUAX AaHHOIO
BONpPOCAa MOXET NPHUHUMATh pPasauyHble 3HaveHus. [focmosn-
Hasl @eAUYUHA — 3TO TaKafd, KOTOPas B yCAOBHAX NAHHOID
BONpPOCA COXpaHAET Heu3aMmeHHoe 3HaveHne. OnHa M T2 we
BeNMYNHA B OJHOM BOMPOCE MOMeT ObiThb NOCTOAHHOM, B ApY-
FrOM -—— IEPEMEHHCH BeJAHYHHOM.

[Tpumep. Temneparypa T xuneHus Boigsl B 60ib-
WHHCTBE DH3UYECKUX BOMPOCOB €CTh BEIHYHUHA NOCTOAHHAA
(T=100°C). OnHako B Tex BOMPOCAX, FAC HYKHO CYMTATLCA
C H3MeHEHHeM aTtMocdepHoro pasaeHus, 7 ecTb BCAHUMHA
fiepeMeHHas.

Pazanuensie MOCTOSHHBIX M NEPEMEHHLIX BEAHYHH OCO-
OeHHO YacTo fPHMEHSETCA B BbICHIEH MaTeMaTuke; B IAEMCH-
TaPHOII MAaTEMaTHKE OCHOBHYI0 pOJAb HIPaeT pasieleHue
BEAMYHMH HAa HM3BECTHne M Hep3secTwmie. [locaennee coxpa-
HAETCA ¥ B BbiCUIel MaTeMarTHKe, HO He WIPAeT TaM OCHOBHOH
poan,

Yame Bscero fnepeMeHHble BeAHYHHB 0003HavaloTcs Mo-
CICAHHMA OYKBAMM JaTHHCKOrO anaBHTa X, Y, 2, ..., a {l0-
C10#HHble — MEPBLIME 4, b, ¢, ...

§ 2. ¢yHKUHOHANbLHAA 3aBHCHMOCTD MEWAY
ABYMft mepeMeHHbIMH

CoBopAT, YTO ABe mepeMeHHble BEIMYUHBL X, Y CBA3aHH
PYHKIUORANHOG  3a6UcMOCHIbl0, €CAH KAKAOMY 3HAUYEHWIO,
KOTOPOE MOWET NDHHATb OAHA K3 HHX, COOTBETCTBYET OAHO
HAH HECKOABKO onpeleleHHbX 3HaYCHHH APYroit.
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Mpumep 1. Temneparypa 7 KumeHus BOJAbI W atMocpep-
Hoe JapjicHHe p CBA3aHb (YHKUHONAAbHOH 3aBHCHMOCTbHIO,
160 KaxaoMy sHaueHHI0 1 COOTBETCTBYET OJHO ONpelefeHHoe
3HaueHne p u o6parHo. Tax, eciw T=100°C, 10 p Henpe-
MeHHo pasHo 760 Mmam pTyTHOro croaba, ecau T =70°C,
10 p==234 mm ¥ 1.1 Hanporns, artmocgepHoe nasiaenue p
¥ OTHOCHTEJAbHAA BJAAXHOCTL BO3AyXa X (PacCMaTpHBacmbie
KaK [epeMeHHble BEIHYHHR) He CBA3aHb GYHKUHMOHAALHOW
3aBUCHMOCTDIO, €CJH H3BECTHO, Y10 X ==90%/,, TO 0 BeaHunHe
P Heab3s eille CKAas3aTb HUYCTO ONpEIe]eHHOTO. .

lpumep 2. [lromans pPaBHOCTOPOHHCTO TPeyroabHHKa
Sn ero nepuMeTp p CBA3AHL $YHKUKHOHAABHON 33aBHCHMOCTHIO.
dopmyaa S=(}/3:36) p? upcacTaBAACT 3Ty 3aBHCHMOCTh,

Ecan enareabHO NOMNCDPKHYTH, 4TO B NAHHOM Boilpoce
3HAYCHMUA NlepeMeHHNH ¥ M0MKHbl OTHICKHBATLCH 110 3aXaHHLIM
3HAYCHUAM TlepeMCHHOR X, To focaeaHss (x) Hasblpaerca
He3uBUCUMOT NepesMentol UAN apayMexmort, a nepsaa (y) —
308uCUMOll nepeMeHHON nan Pywxyuer.

Mpumep 3. Ecan 110 Beanynne nepumeTpa p pasuo-
CTOPOHHEr0 TPEYrOdbHitKa Mbl XOTHM CYIWTb O [LIOWAAH €ro
S (cm. npumep 2), TO p ecTb apryMmeHT (He3aBUCHMaH nepe-
MenHas), a S — QyHKUMA (2aBUCHMas [lepEMEHHasn).

Haige Bcero HeaaBucHmas hepemeHHas 0603HayaetcA Gyk-
BOH X.

Ecan KkawkaomMy 3H&YCHHIO ApryMeHTa X COOTBETCTBYET
TOALKO OJHO 3HauyeHHe (GYHKUHMM y, TO (QYHKIHMA Ha3biBaerca
OOHO3HAYHOU, eCaH 1Ba WAy 60.ce — MHO203HU4HOO (1BYy-
3HAYHOM, TPEX3HauHOH M T. 1.).

ITpumep 4. leno OpcimeHo KBepXy, §-— BbICOTA €10
Han 3eMJeil, £ — BpeMs, NpoTeKilee OT MOMeHTa GpocaHus,
BeapunHa § eCTb OAHO3HEYHAA QYHKUMA OT .f, TaK Kak
B Kau/bili AaHHbIH MOMEHT BbICOTA Te€Ja — BIIOJHE ONpele~
AeHHAA BeaWYHHA. BeumsiuuHa ¢ — ABy3HayHasa QyRKaua oT s,
TaK KaK TeJA0 HaXOAMTCH HAa JIaHHOW BbICOTE § ABAXAb —
OJWH pa3 0py uoJeTe BBEPX, APYrofi pa3 mnpH NAACHHH
BHHU3.

! 2
dopmyaa s =10, — 5 g%, CBA3LIBANILAA flePeMEHHbIE S, ¢

(HayaabHaA CKOPOCTb Ug U YCKODEHUE 3€MHOTO TATOTEHHA g —
8 JaHHOM Clyuae NOCTOAHHBIE BCJHYMHbI), MOKA3blBAET, 4TO
Py JaHHOM ¢ BMeeM OJIHO 3HaueHHe S, a 1IPH JAHHOM S — B3
3zayeHna £, onpelensemMble U3 KBajpaTHOrO ypaBHeHUA

;—gﬂ—vot—i-s::o.
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§ 3. O6parHas dyHKuus

Aas xapakTCPHCTHRIL (YHEUHI COBCPUICHHO He Cyilect-
senno, kakoii OykBoW o6o3HauaeTcs caMa QyHKUHA H ee ap-
TYMEHT; Tax, eciM MMeeM y==x? 4 u=10% 10 ¥ eCTh Takan
ste GYHKIUHA OT X, KaK & OT ¥, HHaue 1osopsa, x% u v2 — 310
0AH3 M Ta We QYHKUMH, XOId APryMeHTt ee 0003HayeH HeonH-
H2K0BO.

Ecan B patiHofi OyHKUMGHAALHOR 3a8MCHMOCTH apryMeHT
4 QYUKIKIO LOMEHRTh POMSIME, M 10JyYaeM HOBYW (yHK-
1{HI0, Ha3HBACMY COpaMAKOll 110 OTHOWICHHIO K HCXOIHOM.

Hpumep L. Hycrs umeeM ¢yHKUUIO & OT aprymenta o

i ==0>

AU ENMEHATb DOLIMH apryMeHT i QyHKIHMIO, BeIU4YMHA
GIHCH OT ¢ H upelcrasurcs QopMyaoft v = }/u.
c4¥ aprysMenT © olofx cay4anx o603HaudThL ORHON K TOH
G6VuBOH X, TO UCX0jH4Y GYHKAAA ©CTb X7, a ofparHas
e V.

[MTpumep 2. Odynxkuueit, obpatsoil sin.x, sABasercs
arc sin x. JleliCTRUTLABHO, €Can Yy ==sin x, TO X ==arcsin y
(v, 24).

O rpaguxe o6parHolt ¢ysxuny cy. § 8, n. 7.

§ 4. Hsobpaxenune dyugunu Gopuynoh
# rabannes

Muorue @ yHKUHOHAIbHbIE 3aBHCHMGCTH MOTYT GblTh (TOYHO
uan NpHGAIDKCHHO)  11peICTaBIensl  TPOCTRIMH  (FOPMYIaMN.
HanpuMep, 3aBHCHMOCTb MEXIY NIomMaasio Kpyra S u pa-
AMyCOM r npeicTaBasercs GopMmyaoit §==xr? 3aBUCUMOCTb
MEWAY BbICOTOH § OpOIICHHOIO Teia W BPCMCHEM £, UPOTEK-

WnM OT Havaaa OpocaHus, — GOPMYNOH § == Vol — 5 gt% no-

CTeAHAA 110 CyulecTBy — npubmimennas QopMyna, Tak Kak
OMa HE YYMTHIBAET HH CONPOTHBIEHHid BO3AyXa, HH ocaabne-
HHA CUJAb 3eMHOIO NPHTAXEHHA C yBeJIHYEHHEM BbICOTDI

HacTo (PYHKUHOHANbHYI0 3aBHCHMOCTL HE YIAeTCA MHpej-
cTasuThb B BUe Gopmynsl uaM, ecad ymaercs, GopMyaa oka-
3uBaeTCHd HeynoGHON NAs BhiuucaeHuH, B 3THX cayuasx 00ib-
3YI0TC MHBLIMH cnocoBami, walle Bcero maCaudnsiy ¥ 2pa-
puneckum (cm. VI, 7).

Npumep. dyuenucnaibHyiC 23BHCHUMOCTL MEX1Y Aab-
geHueM p U remueparypolt kunenud soxe 1 (cp. VI, 2, mpu-
mep 1) ne yaaercs epeicrasntb omnell Gopuyacit, kotopas



§ 5. OBO3HAUEHUE GYHKLNY a3a.

€ HYXHOA CTENCHBIO TOWHOCT! OXBarbiBana Obl BCe 1PAKTH-
UCCKH BaWHbIE CAYUYaH. IT13 3aBHACHMOCTh MPEACTARMACT)
Tabaviteit, BHIIEPKKA U3 KoTopoil UMeeT BUIL

P oM I 300 350 400

450 500 550 ‘ 600 650 769 }

758 | 796 | 830 | 858 | 885 | 91,2 93.5’ 957 | 976

Ilas yno6CTBa BHIYMCAEHNH 3HaueHHs OIHON fnepeMenHO
Gonbpllefl yacThio OGCpYTCA Yepe3 paBHeie NPOMEXYTKH; 3Ta
HepeMeHHans Ha3biBaeTCA QpZPMCHMOM Ta6.'1!rﬂlbl.

Bcex 3naueHnit apryMenTa Bykaxaa To6MuLa, KOHeYHO, He
MOMieT conepXaTh, 10 TIPaKTHYECKW npuroaHas Tadauua
JOMKHA COlePXaTh CTOAbLKO 3HAyeHUH apryMeHra, urobul Haa
OCTaIbHBIX 3HaueHHe QYHKUMH MOXilo GblI0 MOAYUHTH € HYN-
HOH CTeNeHbI0 TOYHOCTH MPH NoMOoLLY HHTeproaAnHH {cum. I, 50).

§ 5. OGoznaueHne GyHxuMA

TlycTh n3BECTHO, YTO MepeMeHHas y ecTh HeKoTopas (ByHK-
nus nepeMenHoit x. Kak 3amana srta ¢yuxuma — popmyaoil,
raGauned wad Kak-1u60 HHaue, — 6e3pasauuHo; 3173 GyHKnus
Moxer OBITh Ia¥e BOBCE He uU3BCCTHON, JOMKeH ObiTb ycra-
HOBJEH ML cambi¥ (akT QynkuHoHaNbHOH 3aBHCHMOCTH
(V1, 2). 3161 dakt oT™Meyaerca 3anmuch y=r (x).

Byksa f {(navaabHas OykBa natuHckoro caosa functio —
tyHknua), pasymeerca, He 06o3HauaeT Kakof-THO0 BETHUUHbL,
TaK Xe Kak OyxBb Ig, tg u T. o. B 3auncsx g x, Ig X U 1. A.
danucy y=Igx;, y=tgx " T. i NPeiCcTaBIAT BIOJHC
onpeleneHHble QYHKIHOHAMbHbBIE 3aBUCHMOCTH ¥ OT X; 3alHCh
y=f(x) unpencrabiager 06y (YHKUHOHAABHYIO 3aBUCH-
MOCTb.

Ecay XOTAT NOJUePKHYTb, uTO (YHKUHOHAILHAA 3aBHCH-
MOCTL 2 OT £ OTAMYHA OT (YHKUHOHAILHOH BaBHCHMOCTH
y OT x, To ee¢ 0603HavaloT MHOH Gykso#, naupumep F, u ou-
wyt: z="F(t); y =1 (x).

Ecay e XOTAT BHpPa3nTh, YTO (YHXIKMOHANbHAA 3aBHCH-
MOCTb 2z OT ¢ Ta Xe, 4TO GyHKUMOHAALNAH 3ABUCUMOCTb Y
OT X, TO ee 0603HAYAIOT TOI§ e caMmoii OV¥BOH £, T. €. AK-
wyr: z=f(t); y=s(x).
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Ecay ualiieHo uav JaHO BbipameHue y yepes X, To 2TO
BblpaxeHye COEAMHAIOT C f (X) 3HAKOM paBeHCTsa.

Mpume pu. 1) Ecan wussectHo, 4to y=x* TO 0HWYT
f(x) = xt.

2) Ecan u3BecTHO, 4TO ¥ ==sin x, TO MOXCM Halucath
S {x)==sin x.

3) Bcau f(x)==1g x, 10 cumMBoa f(y) osHauaet lgy.

4) Bcau f (Y= VT x% u F(x)=238x, 10 MO¥EeM Haiu-

Fvw__ 3y

catb F(x)f(x)=38x VT +x% o = 7

§ 6. Koopnuuarh

JlBe B3aMMHO {IepHEHAHKYAApHule mpamble XX' u VY
(puc. 232) 06pa3syi0T nNPIMOYZONLHYIO clUcMmeMy . KOOPOUKam.
fIpambie XX' n YY' HasuiBaOTCcA OcaMu KOOpOUHAM, OfHA
u3 HUX X X' (06biyHo M3o6paxaemasn
FODH30HTANbHO) HAa3bIBAETCA  OCHIO
B LT aBequec; npyras YY' — ocowo opou-
{ Ham; touxa (O uX nepeceveHHd —
M—  Hadarom KxoopOunam. Ha xamnoit
-1y "3 oceit BuGupaeTcA 1O NpousBoay
maciurad,

Basus npoussoabHylo ToUKY M Ha
NIOCKOCTH, B KOTOPOH pacrojowxe-
Ao Hbl OCH, HafileM ee npoexnHu Pu Q
[ Ha KoopauHatHeie oci, Otpesok OP
Y’ Ha ocy abcuuce, a TakwKe YHCHO X,

Puc. 232. M3MEDPAIOHLEC er0 B M3GPAHHOM Mac-
wrabe, nHasmBaetcA  abcyuccci
Toukn M; orpesox OQ Ha oCHM OpAMHAT, a TaKKe U3MepsHio-
wmee ero uuciIo y — opdunamod toukw M. Beauunuw x =
= 0P u y=0Q Hua3blBAOTCA NPIMOYZOLbHHMIL KOOPOUHQ-
maru (Man apocto Koopduramani) Touxy M. Oun cuuraorcs
NOJOKHTEAbHBIME HJAM OTPHILATEAbHBIMH B COOTBETCTBHH C
3apaHee YCTAHABAWBAEMbIMM HANPABACHHUAMH (1ON0KHTEILHBIX
OTPE3KOB Ha Kawaol u3 ocelt (o6biuHO Ha ocH abcumce Mo-
A0WUTENbHbIE OTPE3KH OTKJAANLIBAIOTCH BIPABO, 8 HA OCH OP-
AMHAT BBEpX).

Ha puc. 232 (rpe macwitabor Ha 06enx 0CsiX OAKHAKOBbI)
tTouka M nmeer alcumccy x==3 M OpAMHATY Y =2; TOYKA
M; — abcuuccy x,=—2 ¢ opnunary y,=1. Coxpamenuo
510 3anycuBaercs tak: M (3; 2); My (— 2 1). Touno rtax e

{
1
=
1
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Kaxjion Touke nnocKOCTH CCOTBETCTBYET OAHA hapa uuces
X, y. Kaxnofi nape (LeACTBMTEALHBIX) YHCed X, ¥ COOTBET-
cTByeT onHa Touka M. [lpsmoyroabuas cucreMa koopauuar
YacTo HasbiBaeTcs NEKAPTOBOM Mo WMeHK (BPaHUy3CKOro (-
doceha ¥ maremaTHxa [lekapra, WIHPOKO UPHMEHHBILErO Ko-
Op/IMHATH K UCCHERGBAHKIO MHOTHX TEOMETPHUYECKUWX BOMpO-
€OB. JTO HasBaHHWe, OJHAKO, HENPaBHAbHO !),

§ 7. Ipagirivecroe uzobpametne dydxuni

Urobbi rpauueckn n3o0pasuth 32MaHHYIO GyNKuMOHANb-
HY10 3aBHCHMOCTb, Ha OCH alCLLUCC OTMEUaeM Psa 3HaueHu
X1y, Xs, X3 ... OJLHOH H3 1e-
peMeHHBIX X (OOBIYHO APryMeH- Tf _ -
Ta) M CTPOMM ODIHHATHL ¥y, o, 775)] ;,_‘:fj_l‘rl
V. ..., NPERCTaBAAOUIME COOT- L
BETCTBYIOUIHE 3HAUEHHs Apyroft /g |

e

acpemcHHolt ¥y (QYHKIHMN); fo- N
aydaem pan 1ouex My (xy, yi), 245 >
Mz (X2, ¥2), Ms(xy Vi), ... Co- '
enyuas ux Ha raas naasuoll 200 : N
KPHBOH JNWHHEH, noayvaem rpa- ) {
$HK  I3HHON (PYBKUHOHaNLHON 195 T
3apucumocty. llpenmymectson 4 o

rpaguueckoro u3o0pameHun B 0 & o B0 20 2508
CpaBHeHMH C TabAMYHLIM  HB-

JAITCA €0 HarasiHOCTL W Jer Puc. 233.

Kas 0603PUMOCTL; HCHOCTATKOM —

Manas crelleHb TOUHOCTH. DBoiblioe NPakTHUYECKoe 3HauCHUE
HMeeT ylauHblit Buifop Mmacmrabos.

Ha puc. 233 rpapuueckn usobpaxena ¢yHKUMOHAAbHASR
3aRUCUMOCTL MCWAIY MORYAeM ynpyroctd E KoBaioro medesa
(B T/cM®) W Temneparypoin wenesa f. Macwraber aGeunce (¢)
# opanHat (F) noxazaHs uncaoBoiMH uometkams (Havaae
KOODANHAT H OCb abCcuMcC Ha Yepiere He NoKadads, 4TOOb
ge yBenuunrBate Oe3 HYMibl pasmepa rpaguxa.)

1) NekapT nosnb3oBancs He ABYMA OCHMU, a OJHOH, HA KOTOPOR O1KJa-
2bIBaAKCh a0CHHCCHI; OPAKHATHI ONPEdeASANCh K2k PACCTORHWA TOYEK nJio-
CKOCTH 01 OCH afcumce; 37H  paccTosHuA JleKapT OTCUMThIBaA 10 Mobowy
sapaHee BLIGPAHHOMY BanpaBJeHMio, 3 He 0683aTeAbHO NO NepuneHauKyaspy.
Hak abciuccsl, 72Kk # OpAMHATLE y JekapTa 6niti BCErRa BeaWNuHaMH 110-
AOMUTENLHBIME HE3ABUCHMO OT HanPaBACHHUH COOTBETCIBYIOUIWX OrPC3KOB,
B OGoastunucrae ydaeGuHioB pasavuCHUe NANPABAEHNI Ni OCAX 3HAKAMK
b o~ ownGoqHO npMhnCctiséeTCr JleKApTY, Torla Kak ono GuiaQ Baedene
AUllib GO YUCHHKIMN,
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I'papuk puc. 233 cocTaBieH Ha oCHOBAHMM caenymouued
T26ruLbI:

rc o | 50 100 | 180 {f 200 | 250 |

E mycut 21,5 214 21,2 209 205 9.9

flo rpapuxy moxuo HaitTu (npuGansuTenbHO) 3HAYCHHE
GYEKUMK ¥ 1A TeX 3HaueHwil apryMeHTa, KoTophe B Tabiuue
we nomemeds. Hanpumep, uyctb Tpe6yeTcss HaliTH 3HayeHue
£ npu = 170°. OthaomuB Ha ocy abcuuce (MM Ha npaMoit Af,
efi napamnensyof) abeuncey ! = AP==170 u BoccTaBuB llep-
neHANKYasap PM, vpourem opauHaty E==PM==20,75. Yte-
#Me upesBbiyahino ¢Onervaercs, echi rpadHK HaHeceH Ha
rpapaenyo (KanpyuMep, MHIIMMETpOBYW0O) Oymary, Haxoxge-
flde NPOMEKYTOYHOLY 3Haycuull GYHKUEHN N0 ee rpaduKy Ha-
3pIBaCTCA 2paduyeckeil udmepnoasyued.

Ha npaxkrtuke Beaxufl rpadur CTPOHTCA <0 TOUKAMS, T. e.
OT pYKH DPOBONNTICH NIABHAN RHUHHA, COCAMHAKOMAA DAL OT-
AensHbIX Towek My, Ms, ... Tlpu sToM TeopeTuyeckn Hukoraa
HEe HMCKAYaeTca BO3MOWHOCTL, UTO APOMEXYTOUHLIE TOYKH,
enle He HaHeCeHHble Ha rpagmuKk, JAeWAT OYeHb RAIEKO OF
nposefiedHofi naasHoit KpuBol. BBHAY 3TOrO Teoﬁemqecxu
crefyeT OnpeRcRHTb TpaQHK KAK 2e0memputeckoe Mecmo
IV, B, 14) movex M (x, y), koopounams KOmOptx c8a3uHb
QHHOU BYHKUUQHAABHOE 366UCUMOCITBIO.

§ 8. Mpocrefimne BYHKEYH H HX TPadHKH

1. MponopuHosaabHsie BeJnuHnbl. LEoai DepeMeHHble
BENHYMHHN y B x (npamo) nponopunonaabus (1, 49), 10 Pynk-
LMOHAALHASA - 33BHCHMOCTL MEXY HHMH BLID2XI2TCA ypaBHe-
HHeM

y =mx, e
rie m eCTb HEKOTOpas MOCTOAHHAA BeIUUHUHA (KOIfdhuyuenm
nponopyuorassnocmuy ). Fpadux npamoit nponopuuoHaibHO-
ctu ') eCTb BpAMAn JUHHUA, NPOXOAALLAA Yepe3 Hayalo KOOp-
AnHAT H 00pasymoiias ¢ ocblo abCuuce yroa &, TaAHIeHC KOTo-
poro paseH NOCTOsHHOK m; 1€ a ==m. [losromy Kospduument
HPONOPUMOHAMLHOCTH M HA3bIBAETCA TaKKe Y24086M KO-

1) 3aecb ¥ B aaAbHERWICH TPEANOAATACTCR; wTO MacWTadn Ha oenwx
OCAX OXWHAKOBBI,
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dunuenmon. Ha puc. 234 nokasaus rpapuku  QyHKUMR
y=mx upn m== ;~, m=I1lm=2, m=— %
3ameuaune. Jlin oifpenetcHuHs yria o MeX1y oCLio
a6cuncc # rpaguKoM Ha-
npasienre Ha och abcunec Y
6epercs  MOXOKUTEABHOE; I ‘
Ha rpapuke xe Geperca IR _ ‘ﬁzd/;s. |
mo6oe wuanpasicuue (Be- LNt U
aypHa tge ot Bubopa
HaNpaBieHUs He 3aBUCHT).
2. Jlunetinas ¢yHK- 3 X
nHa. Ecan nepemennsie h
BCAMUMHBL X, ¥ CBA3AHH //:L’%/ N
yPaEHEeHHCM fepBoit CTe- Kl

NeHu
Ax+Bv=C (2 MEAY

A 7%
7%
|

(no kKpafineli Mepe oJiHO
u3 uucen A, B wue pasho
Hyao), 1o rpadux yHK- Pue. 234,
HOHAABHON 3aBUCHMOCTH

€cTb fipamMan anuus. Korna Y
C=0, oHa upoxoanT ve- )
pe3s  Haya’ao KoopAWHAT ) 4
(cp. 1 1), B OpoTHBHOM 4
cnyyae — He NPOXOAWT. ]LZ

(,

|

[Tycte 4 A, Hu B he LA v
paBHb HYIO; TOraxa rpa- Fg )
¢pux nepecekaet obe ocH /
KOOPIMHAT, OTCEKan Ha oCH Vi q/

C ST
abcumce oTpesok 4=, '/Jf*.a,g
a Ha OCH OPIHHAT OTpe- == t
30K :%. ! [J
" Mpumepn. 'paduk
ypaeHenua 2x -+ 5y =10 Puc, 235,
ecTb npsaMan AB (puc.235);
1 10
a=5=>5 b=y =2 Tpapux ypasueuus 2y —3x=9
. 9 9

ecTb upaman  ABy; snech gp== g== -3, b= 5 =45

PaspewyB ypasHeHue (2) OTHOCHTEAbHO Y, 10AYyuHM:

y=mx-+b (3)

SIVa
/

)

o
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dyuknua y=mx -+ b HasuviBaeTCA aunginod Pynxyuel.
Ee rpaduk-— npaman 1uHUA,
Mpusmep. YpasHenne 2y — 3x =0, pazpeiienHoe OTHO-

) 3 9 -3_ 3,
CHTEABHO ¥, NPUMET BUA y=4 X+ o (M= — 5 =353

b=%). Fpapuk ¢yuxuun y=-§-x+ g ecTb fpAMas an-
uus A(B; (puc. 235).

[Mpaman, cayxaman rpagpuxom GyHkuuu y = mx -+ b, 06-
pasyer ¢ (NOJOXHTENIbHO HANpPaBieHHOMN) 0Cbl abcuuce yroda,
TAHr€HC KOTOPOro paBeH f7, W OTCEKaeT HAa OCH OpIHHAT
orpesok b. llocrosHHas BeAMUYHHA m HA3LIBAETCA Y2A08biM
KO3pduyuermon.

Tpumep. Man npamoft A,B,, caywamefl rpapukom Ppyix-
UHH y=%x+—g—, HMeen g L XNB,:—g—; OL=§.

YpasHenne y=mx (NpAMan NpooPUHOHAILHOCTD; CM. 11, 1)
€CTb YaCTHbIt BHIL ypaBHeHHA y == mx -+ b (b =0)

YpapHenHe y ==b eCTb TOXE UuaCTHuI{t BHI YpaBHeHHA
y=mx -+ b(m=0). B astoM cayvae BeiHYHHA y TMOCTOHHHA
M, 3HAYHUT, OT X He 3aBHUCUT. TeM He MeHee ee MOXHO CUHTATH
dyHxuvesi nepeMeHHoH Be/JHUNHD] X, Beab Kax10My 3HAUEHHIO X
COOTBETCTBYET Oflpe/leeHHOE 3HAYEHHE Y, TOJLKO Telieph 310
3HaYeHHEe — OIHO W TO We 1aA Bcex 3HayeHul x. OcoBeHHOCTD
byukuvn y =56(y=0 . x -+ b) coctour B TOM, YTO Teueph X
He ABaAdAeTCA ¢yHKuue#n oF y (MO0 3HAUEHHAM Yy, He
paBHbiM b, HE COOTBETCTBYET HHMKaKoc 3nHauenue x). [padux
GYHKUMM Yy =0 ecTh 1paMan JHHMA, napaiaeianbHas ocH abc-
1uce,

Ha puc. 236 nunus PQ cctb rpadur ypapHeHus y =6,
a P,Q; - rpadux ypaBHeHus y == —4.

YpasHenne y==»~ noayuaercd u3 ypasucHua (2), Koraa
A=0 <b=§)‘ Ecan we B=290, 10 ypasHeuune (2) MOMXHO
NIpeiCTaBUTh B BUIE X =a <a=%), T. €. X — NOCTORHHaR
seanunna, Ee MOWHO cuuTaTs DYyHKIMEH nepeMeHHON Beau-
ypHbl ¥ (HO y He 6ynert ¢yHKuHel OT a; CM. Bhlle).

Upatux ypaBHCHHMA X ==a €CTb NpsMan JHHUA, Napanicis-
nas ocn opamnat. Ha pue. 237 npamas anuns RS ectv rpa-
dux ypasuenna x =44, a RS, — rpadux ypapHenns y==-2.
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Ocb afcuucc ecth rpapuk ypasHenua y==0; ocb opuu-
uar — rpagnk ypasHenus x =0.

Y Y

]

N
' Y ‘,F“‘ 4
N

4
|7
J

———F—

T 5

Pue, 236, Pue. 237,

3. O6partias ApoNOPHHOHAJLHOCTL, Ecan seawyuub
x n y obpatho uponopunonaabkn (I, 49), 10 GyHKNHOHaNB-
Has 3aBUCHUMOCTb MEXIY

HHMH BhiPaxaeTca ypaBHe- Yig
HHACM y=~c—, rjc ¢ cCTh 1
X 5
HEKOTOPaA NOCTOAKUAH Be- +
anvyuba. fpaguk o6patHoi f
QPONOPLHOHATHLHOCTH ECTb NS e
KPHUBAsh JUHHA, COCTOALLAR 3 N
U3 ABYX «BeTBeil»; HaNpH- [ =t R I s e iy
4 iy B A /s X
Mep, QYHKRUMA ¥ == -~ H30- A = \\\)(‘ %
N N 1 7
6pawaetcs (pHC. 238) KpH- W) ‘”\3
BOH, BETBH KOTOPOH CyTb |
AB n A'B'. Ha puc. 238 W
u3o6pamensl eule rpaduku 1
by I s | gl
YHRUHR Yy ==,  c==
Pue, 238,

(NyHKTHpOM) M ¢==— |
ITH KPUBKIC HA3LIBAOTCS
PABHOCTMOPORKUAML  2unepBOAaMi (KX MOYHO MOJYUUTH, fe-
peceKas KOHYC € UIpAMbLIM YFIOM IpH BePIUHHE 1LTOCKOCTAMY,
napajeqbHuIMl ocy; [V, B, 9).
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4. Kpaapatuunaa ¢ynxkunsa. Pyuxumua
y=ax*{+bx-+c
(a, b, ¢ — nocrosunnic Beanuunu; a-Z-0) HaswmBacTcA Kéadpa-
mu4noil. B npocrefimeM cayuae y==ax* (b==c==0) rpadux
CCTb KPHBAA JMHHA, HPOXOAMAA 4Yepe3 HAyaao KOOPIAMHAT,
Ha puc. 239 wusoGpaxesnl rpapukn ¢GyHKUHM y=—ax?

AOB(a=1): COD (a=1); EOF (a=2); KOL (a=—7).

Kpusasn, caywawas rpapukoM GyHKUMM y=—ax® ecTb napa-
60aa (1V, B, 9). Kawnan napa6oia umcer ock cummerpun (OY

y
et £
A4 Gy . /7 A1
R III, . .
T ;
\ / Lin - HHs
\ S
\ /1
g £ il II
/ 1) = L i
; : , \ A
/ v 0L LN
4 \ 0’
A Y1 L
Puc. 239, Puc, 240,

Ha puc. 239), HasbiBaemylo ocei0 napaboam. Touxka O nepece-

qeHHs 1apaboabl € e OCbl0 Ha3LBaeTCHA BepuUlunoil napaboa.

paduk dyHKUUN y==ax® ;- bx -+ ¢ uMeer Ty ke Popmy,

YTO ¥ rpa@vx QYHKUHH y == ax® (1IPH TOM XK€ 3HAUEHHN @), T. €.

Takke ecTb nhapaSoxa. Ocb 3toit napabonb no-npexHeMy

BePTHKAAbHA, HO BCPUWIMHA JEWHUT He B Hayare KOOPAMHAT,
a B TOuKe (———22-: c— 2
a 4a

MMpumep. Tpaduk oynxnun
y:—;— X% — 4x + 6

(a:é—; b=—4; c=6) aBaseTcAa (puc. 240) napabonofy

- i
A'O'B', nveomedt Takylo e gopmy, uto v napaboray= 5 x*
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(AOB na puc. 239). Bepuuna aemur B Touxe O'(4; —2
b 4 2 16 .
L =
2.3 1oy
5. Crenennas ¢yHKuHa, Pynkuna y=ax" (a, n—

fIOCTOAHHbIE BEIMUHHB) Ha3blBaeTCA cmenennod. PyHkuun
y=ax, y=ax®, =»§— (em. o 1, 3, 4) - yacTHbte BHjbl

crenentodt dyHKuud (n=1, n=2, n=—1).

Tak kak Hynepas CTefeHb BCAKOLO WYHCHA, HE PABHOTO
HYMO, €CTh elH’ua, TO HpH n==0 cTeuenHas QYHKUHUI CTa-
HOBUTCA  [HOCTOAHHOM
BeAMUYHHON ')  y==a. 4 043 2 7
B stom cayuae rpadux 4 T
ecth npaMas  JIWHuA, y=2":0>0
fiapaanenbHan ochH abe-

uuc (cM. . 2). 4
OctaabHele Cayyan ,/ /«;@
MOMHO Pa36UTh Ha ABe p
I ; 3

Cpyumsl:  a) n—no- 1
nOWNWTEABHOE  YHCAO; 7 . ar
6) n — oTpHUATCAbHOE i
YHCIO,

a) Ha puc. 241 m3o-
GpaxenH rpaduxu
GyHku¥H Yy =X" npu
=01 41; %; %; ¥
%; 1;%;2;3; 4; 10. g ! ' z
Bce oHn npoxoaAT ve- Puc. 241,
pe3 Hauano KOOPHMHAT
u yepes touky (I; 1). [Ipu n=1 umeem npamMylo — GuccektpH-
cy yraa XOY. llpu n>1 rpapuk umer cuayasa (Mewmuy
x=0 B x=1) uuxe 3TOH upamoi, a 3ateM (fmpu x > 1)
suiue ee; mpu 12 << ! — HaoGopor.

Mpul orpaHMiHAHChL ciydaeM a==1, TaKk KaK npouue cayyan
fI04y4Yal0TCA HPOCTHIM H3MeHeHHeM Macmitaba. OTpHiaTedb-
Hble 3HAYEeHWA X He B3AThl, TaK Kak npu x <0 Hexkortopuie
creneHHble GYHKUUN ¢ APOOHBIMM 110Ka3aTeasMH, Hanmpumep

| =
y=x"'= }V x, tepawT cmpica. [lpH ueamx nokasarennx
CTeleHHbie QYHKIMY HMEIOT CMBICA H npH x <0, HO rpadukn

1y Boipaxkenue 09 wneonpeiefeHHo; B gaHHOM caydae, Koraa QyHxuus
¥ =qax0 1A% BCcex 3Hayenuit x, KPOme Hyas, paBHa @, Mbl ycAaBaiBacMcs,
4TO W NpH x = ( BeJuuuHa y paBna @,
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HX MMEIOT Pa3aMuHblll BHA B 33aBUCAMOCTH OT TOrO, 4YeTHO n
MK HEeweTHo.

B kauecTBe THUMYHHIX NPHMEPOB Ha pHC. 242 H300pa-
wenbl rpapukn GyHKUHR y=x? ¥ y=x3 [lpu vertHom n
rpaduk cummerpuued (IV, B, I7) otHocHTeabHO OCH OpaMHaT;
npH HeYeTHOM — OTHOCHTEJIBHO HAYaA3 KOOPAHMHAT,

[lo ananorum ¢ rpapukoM GyHKIEN y=ax® rpagixy
BCEX CTElieHHbIX (YHKUHHE ¥ ==ax™ HpH HOJIOKHTEIbHOM 1t
HA3LIBAIOT napaboaamu n-20 nopsidka (WM n-it  CTenehn).

4

| e

f\Q\

j
~
2 ]
Nﬁ—;\ Wi /;\j
L% Iy )

Y
—
e

70

l
=
|

Ty

Puc, 242, . Puc. 243.

Tax, rpaduk ¢pyuxuuy y = ax® (puc. 242) HasbiBaeTCA n0apa-
6oa0it 3-ro nopanka wan KyGuueckoi.

3amevanune. Ecau n ecr» apoGuoe wuciao %c YEeTHbIM

3HaMeHaTe/IeM g H HEYETHbHIM UHCAHTedeM p, TO BEIHUYHHI

9~ q
Xt = ]/xP MOXeET HUMEeThb JIBa 3HaKa <_+_ l/xp), n y rpaduka
nosBANETICS enle OJHA YacTb CHU3Y OT ocy abcuucc, CUMMeT-
pHuRas ¢ BepxHedl noxosunoil. Ha puc. 243 gau rpagmk asy-
1
3 |
3HAYHON QYHKILUK y=22x% e x= 5 y* (napaboaa ¢ ro-
PHM30HTaAbHOH OCblO);, Ha puc. 244 — rpaduk  ABYy3HauHON
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1.5
dyuruMn ==t 5 x* (noaykybuteckast napatosa wan

napabora Heitan).

6) Ha puc. 245 unsobpawenn
l‘pa(bm(ul q)yuxxfuﬁ y=x" npu
gy g — 1 -2,
—3, —10. Bce sty rpagpuxn
npoxomst uepesd  jouxy (l; 1)
B cavuac n=—1 umecem ruiep-
Ooay (n. 3). Tlpw n <<~ 1 rpa-
duk crencnnoil Gyokupsy  pac-
noZaracTes  CHavaaa  (MCWIV
x=0 n x=1) suwe rmiep-
Goasl, a 3aTeM (pH x > 1) unxe
ce; opy n > — | Haobopor. Or-
HOCHTCALHO OTPHILATCALHBIX 3Ha-
yeupilt X o APOGHBIX 3HAYCHI n
MOXKHO {lOBTOPHTH  CKa3aHHOC
B LIYHKTE a).

== N

.
N
N

s 0 s st

AN

N

~

Puc, 241,

Bee rpadukn puc. 245  weorpaunuenno npubiaMwanTca
KaKk K OCH a0CUHCC, TAK W K OCH OpAMBAT, He AOCTUras Hu

S M e 4

e

[

0 7

Puc, 245,

Tofl, ny apyroft. BecaeucTBue cxoiactsa ¢ runep6oaoit ITH
rpaivKy HABIBAIOT 201epG0AaMU N-20 NOPAOKA.
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§. NMoxrasateabnas M AorapHpMHYecKas (QyHKUHM.
Dynkuus y==a*, rica— N0CTOMHHOE HOIOKUTCABHOE UYHCI0,
HMA3HIBACTCA NOKAZAaMe bHOl. Hucao a 6ePETCH 1010KHTEAb-

HBIM OTOMY, Y10 1'pH a<<0 Be-
1 3

munnn a® = Va, a4 =V a*
HT. 1. He Oblap Opl ReHCTBHTCIb-
HBIMHL, APryMeHT X MOXeT Hpu-
HHMaTh J06bie AeHCTBHTEIbHBIC
sqauenna (lll, 61). 3naucuns
GyuKun ¥ ==a* 6epyTca TOIbKO
noaoxureabunie. Tak, 117 ¢y k-

uny y=16% opy x=4L Geper-

Cfi TOAbKO 3HaueHHe y=2, 3ua-
yeHie ke -—2 (u reM Gonee MuH-
MbIC 3HAYCHUs 2i U — 2]) He pac-
s — CMaTpHBAETCH.

,,LL\;E B ER Ha puc. 246 wusobpaxenns
Ly sady | rpaduKky nuokasareabHo# (ynx-
‘ 1o
Puc. 246, UK IpH A==, g, g, 2,3, 10,
Bce  oHy  npoxomsT uepes
Touky (0; I). (Ilpn a=1 nmcem npaAMy® JaMHYID, Hapan-

AebHYI0 ocH abcuuce; GyHKUMA @ CTAHOBUTCA NOCTOAHHOl
seanunnofi.) Ilpy ¢ > 1 rpa-

UK npu ABUXEHHH BIPABO 14
nonuumaercs, npu a<<l— [ ! a
onyckaercs. Bce  rpaguxn | =t 2
HEOT paHHueHno NpubImKaoT- (—| -
——
ca K ocu abeumce, Ko He Jo- | | ,_,%ﬁ v
cturaor ee. ['padukn q')ym(- [ S p
X
UM y==2¢¥ n y= (—2—> , _Q 1 i "
Cye || L1,
a Takke y=3* 4 y= (—3—-) T \ i3
- R —— 1"
4 BoOGIIE y=—a" 1 ¥ = (l—>x L1 jy=logaz| N
p i L

CHUMMETPHYHB APYT APYLY OT- Puc, 247.
HOCHTENbHO OCH ODPAMHAT.

Pynxnus y=10g, X, rie a — 00CTOAHHOE HOMOKUTELILIOC
uncao (ue pasuoe l; cum. I, 63, cHocka?) na crp. 233), Hasbl-
BaeTCs A02apudMutecrod.

Jlorapugsuueckas  dyuxuua  ofpartia  NOKA3ATEAbIOIL,
Cpadux ec (puc 217) noayuaercs u3 rpadirka nokasareasloi
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gxymcuun (Mpy TOM We OCHOBAaHHM) neperubom deprexa Mo
HCCEKTPHCe nepBOro KOOPAMHATHOrO yraa Tak e nouay-
4aeTcs rpaguk BcaKol o6patHOR dyHKIHA.

Fpaduk kawmoit aorapudpMudeckodt GyHKUHRH foayqacrca
#3 rpadMka Kamaolt APYro# uponopuHoHanbHbIM H3MEHeHUEM
OpAMHATH (JorapudMbl 4HCEs NPH DasHbIX OCHOBAHMAX UPO-
uopunoHanbust; cp. i, 64).

7. TpuronomerpuueckHe OQyHKuHH. [lepHOAHYHOCTD.
Oupenenetne TpPUrOHOMETPHYECKUX QyHKUMA naHo BV, 51 V, 15

JAna noctpoenus rpaguka Kakoii-in6o TpUroHomerpuue-
ckolt hyHKMY (HanmpuMep, CHHYCA) NEPEMEHHOTO Y228 HYKHO
Ha ocy abcuncc 3anarhb

OTPE30K, H306panalouiui P’

KaKOfi-1160 olpeneaeHHbIH 1

yroa (Hanpumep, 90%), a na ! \ }—77: Ax
OCH  ODIMHAT — OTPC30K, ST AN 1
n3006pamamoinuil Kakoe-au- 4 2 | N _L
60 uucao (umanpumep, l). y=sinz |

O6 oaMHAKOBOCTH Mac-

wra6oB Ha obenx ocAx Puc, 248.

peMs MOXeT HATH JHHIb

TONBKO NOC"e TOTO, KaK YCTAHOBIEHO, Kako# Lol lIPUHAMAETCA

3a exuHHLY n3MepeHuA. JlMib Torga uucao X, U3mepsiouee

yroa, W UHCIO Y, NaKuiee ero CYHYC, MOMHO H3006pa3uTs
OTpe3KaMp.  Mponopuuo-

Y HaJAbHbIMM 3THM YHCIAM

! (cp. V, 27).

7 T~ Mpy nocrpoeHun rpa-

L (GVKOB IPHHATO 33 €XHHH-

ﬂz;lz 121X uy wsmepenus yraa Gpath

|

N
=15

[=1RaNY

b=y paunan. Torma dyuxknus
y=sinx (nox x uonpa-
Pne. 249. 3yMeBaeTCA HauMeHOBaHHe
«pairaHoBy) u3obpamaer-
ca rpaduxkom puc. 248
(MacmiTaboi Ha ocAXx oanHakoBul). Ecauw 3a eauiinuy usmepe-
HHR YFrla NPUHATb MOJNpajAvaHa, TO, COXPaHAA TE€ Me MaciuTa-
6bl, HpuaeTcs rpauK HOABeprHYTh PACTAKEHWIO B810Ab OCH
abcuuce B OTHOWeHuY 2 1;
Jlunga, asagowmancs rpabikoM GyHKUMW y == sin x, Ha3sl-
BaeTcA CUHycoudoil.
'paguk  GyHKUMH y=cC0Ss x n3obpawen Ha puc. 249.
J70 — TOXE CUHYCOHAA; OHA 1ogyuaeTcs w3 rpapuka y = sin x

- T
caeuteHReM Brodb OX BA€BO HA OTPE3OK 3

@
8
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Flpu cmemennn rpaduka CuHYCa HAH KOCHHYCa Ha OTpe-
30K 2z (BNpaBo WAM BAEBO) OH COBMelllaeTcs cam ¢ coGoif,
Y Ecau rpadpuk He-

T KOTOpOH PyHKUUH y ==

I[ = f(x) npy CMeuleHNH
/! |
}

!

€ro Ha HEKOTOPHIA OT-
pesok BHOAbL OCH abce-
uce COBMeILaeTcn
cam ¢ cobof, TO
GyHKRUUA HasblBaeTCH
nepuodudeckod, yuc-
ao P, uamepawuiee
3TOT OTPe30K, Ha3bl-
BaeTcs nepuodom
dyHkuus  f(x). 3dto
] clloBecHOe  ollpenesae-

HHe KPATKO Bhipamaer-

Puc. 250 ca gopmyaoit
Flx+py=f(x).

Ecim p ecTb flepuon
dynxunn f(x), 10 2p,
3p, —2%, —3p wu
T. 1. — TOX€ NEPHOIH
Bce tpuronomerpn-
yeckne PyHKUHH HMe-
0T fepuon 2=,
byuknuy y=1gx
n y=citgx ‘umelor,
CBEpX TOro, Wepuwon =
(TaK Kak
g (x > k=) =1g x).
Fpapuk y=1gx nau
wa puc. 250, rpadux
Pue, 251; y==clgx —Ha  pHC.
251, I'padux Tanredca
HEOTPaHHYEHHO NPHOAMKAETCA K NPAMBIM, UAPALIEAbHBIM OCH
ODIHHAT ¥ OTCTORIMM OT HEc Ha PacCTORHUYM x% +3 ;.

fss + —+—F —

!

¥

!

|

/ b
. |

}.

|

4

1

H\
ot T T T T
)
oy

i
Nl
&
\
1

AN
1 _1_ u_'\’;'h

— ]
C—

L] <

_n_n_"L_
e
3

Not——-

—te =g b e b
P
3

L~

A AR SRR TR EE

AN S N
L1
L1

*3 —;— H T. A. (HO He NOCTHraeT STUX NPAMbIX). AHANOrHUHYID
pbﬂb Aan rpa(pm(a KOTaHreHca HUrpaiwoT npaAMmble, OTCTOALIHE
of ocu OY ua + =, + 2z, + 3z u T, 4, v caMa ocb OY.

8. O6paTnble TpHronoMeTpHueckne dyHkuHu. Omnpe-
neaeHuA o6paTHbIX TPHrOHOMETPUYECKHX  GYHKUH Oblan
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fann B V, 24 (cp. VI, 3). 3nmech nasm rpagukn  (yHk-

unit y=Arcsinx (puc. 252),

y=Arccosx  (puc 253), 7 4 Y
y=Arctgx (puc, 254), y= é\ x 7 . é
=Arcctgx (puc. 255), Onn Z 5
floayyalorca 3 rpaprkos pyHx- é} . / ix
uufi y=sinx u T 1. fNeperu- 7 7z 7
60Mm deprexa OKoao GUCCEKTPUCH Z) A
NepPBOro  KOOPAHHATHOTO  yraa L.y, 7 N 4
(cp. § 8, n.5). I'paduky Qynxunh %—“EJ@ ; 5 S
y=Arcsinx u y=Arccosx ﬁ &L A 1N
UCIHKOM TOMEWAoTCa BHYTPM /Y7 1ty = 0 )7
BEPTHKANbHOH (OJOCH, OFPaHu~ Z
wehnolt upamsimn x=-4+1 u . -5V 7 /’/z:
X=—] (9T {QyHKUHM upH 7
Ix|>1 ne wumewt peitcreu- 7 7
TeAbHbIX 3HaucHRA). Kaxnaan pep- 3 Z = e T
THKalbHas upaAMas, Jexawas ¢ \ %
BHYTDH YHOMSHYTOIl (100CHI, 1e- Y=Arcsinz y=Arccosz
pecekaeT rpaguk GecyHciaenHoe
MHOWeCTBO pa3. To xe nas Puc. 262, Puc. 253
4 v
i e S 20 M Ml M i [y S RS IO AP AT N AR N
g’f ] + =N 7=t
An N
/ N\,
T O T 3 i s et == AU O RN N A g ey
¥ gl 4
X \\\
0
—orclyZ N
_y’m_tg.fl. L N O I N
i 3 —
"2 ] 0
r/ \\\ A
-
L_:-_‘._:‘.‘. —_—t =t - -:yfé‘trc_tgi__ _l gf:Arc Ctgr \‘\..
~g ik ik i - S el dielk Ml
Puc. 254. Puc, 255,

rpadukos y = Arc 1g X n y==Arc clg X — TOAbKO BEPTHKadb-
HYIO UPAMYIO MOXKHO B3H4Tb A€ YI'OIHO.
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B -3TOM CcKa3biBaeTCA MHOFO3HAYHOCTL OGPATHLIX TPHIOHO-
meTpruecknx gyuxunét (V, 24). Te vactu rpapukos, kKoTopuie
COOTBETCTBYIOT TMaBHBM 3HAYEHHAM, BbijledeHul Ha puC, 252 —
255 sxupHOil auHuel.

§ 9. P'paduueckoe pemenne ypaBHennh

I'paduueckoe usobpakenne QyAKuUH NaeT BO3SMOKHOCTH
XErKO OTHICKHBATH MPHOAMKEHROE pelleHue MOGOro ypasHe-
HHA C OZIHUM HEH3BECTHHIM H CHCTEMH IBYX ypaBHEHuH ¢ ABYMA
HEH3BeCTHBIMH.

Hmobu naiimu pewensie cucmems 08yx ypasueruii ¢ 0gy-
M5 Heu3BeCMHMMU X, Y, Mbl Ka¥IOe H3 yDaBHEeHHH paccMa-
y TPHBaeM KaK (QYHKUHOHAIb-
2 HYI0 3aBHCHMOCThL MEXNIY he-
peMeHHBMH X, ¥ H CTpPOUM
st 9THX IBYX 33aBHCHMOCTel
IBa rpaguka. Koopauuarnl
V3 0’1 TOYeK, OOWHX ABYM rPacduKam,
0T HCKOMble 3HAYeHWH He-

- iy H3BECTHHIX X, ¥ (KOPHH HRaH-
el X no# cucTemm ypasHenui).

Y 7] | MDpumep 1. Pemnts cu-
-1 \54 CTeMy ypasHeHufl
1x + 5y=35,
Puc. 256, —8x+8y=12.

Fpaduk xawpgoro us stux
YPAaBHEHHA — npaAMan JuHUA,
7 IJT Orpesky, orcekaemble rpadii-

) KOM 1ePBOFO YDaBHEHHA Ha
B it KOODAWHATHLIX  OCAX, CYTb

7 _3 e B
f a—-7-—5,b__3__7

ahNV.4 4 (V1,8 n. 2). Nlo stum orpes-

11110 : KaM CTDOMM npamyio AB

I (pHc. 256). Tak we ualhinem

Ans rpaduka BTOPOro ypas-

Puc. 257, Hegna a=—4; b=15 u
nocrpoum npamyi CD ).

Koopinsarel touku K nepeceyenua rpadukos HapyT uc-

KOMble 3HAUCHHMH' X, Y. 3JHAuUeHHUs] KOOPHAHHAT MPOYHTHBACM

1) BMeCTO HaXxoXAeuus 0Tpe3kos @, b MOXHO HagecTd Ha 4eprex moGue
ZBe TO4YKY OPAMOIl, AAA Hero BeXHYHHE X AZAAUM MoGble ABa 3HAYCHHA
B BLUMCAHY COOTBETCTBYIILME 3HAueHusn ¥,
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Ha raa3s x (= OP)=23,1, y(= PK)=21. Tounne 3Havenun
KOpHCH Oblap 6bl x=3777; y=245.
Mpumep 2. Pewmnts ypasHeHHe % x’—-»-,}x—»?:().
Ero MoXHO rpaguuecKd pemuTb KaK ypaBHeHHe C OAHHUM

HEeN3BeCTHLIM (CM. HHXe npHMeDp 4), HO NMpouie 3aMeHHUTb CU-
CTeMOH ypaBHEHHH

y —“xzr y=%x+2

¥ rpadudecKH PelINTh 3Ty CHCTEMY.

[Tepsoe ypasuenue rpaduyeckn wnsoGpasurca (puc. 257)
rapaboaot AOB (VI, 8, n. 4), KOTOPYI0 HOCTPOUM MO TOYKaM.
[patuk BTOpOro ypasHeHWs -— NpaMas IuHns CD, oTceraio-
mas Ha OCH opaMHAT oTpesok b (= OE)=2; yraosoit xko3d-

¢uunent ee m(=1g L DCX)= % (VL 8, n. 2). B nepeceue-

#un npsamoit CD ¢ napaboaoit AOB naxolum gpe touxku K v L,
abcuucchl KOTOPLIX (NpOYNTaHHbIe Ha raa3) X, = — [,6 u xy =
=26 xaoT npubamKeHHble 3HAYEHHA KODHell JAaHHOTO Yypas-
HenHna, TouHse 3HaYeHHA KopHe#

6Lian 6bl % Y
5 4
JNEY's TS 2 R
Mpumep 3. Pewurn ypas- -2
Henne 2¥ —=4x. 370 ypaBHeHue .
He mnupusonutca K aare6paunue-
ckoMy. O1MH KopeHsb (x = 4) aer- b= I —
ko nogo6pars. Uro6bl orbickath
JpYrue KopHu (ecim OHM eCTb), r’?
Ayyule BCero HayaTb ¢ rpaduve- | 4 ]
CKOFO pellieHNs. 3aMeHAeM IaHHoe
ypaBHeHHE CcHCTeMOR y=2% —4
y=4x. Crpoum (puc. 258) rpa- v 15 {,(

vk 1oKaszaredbHO#t  PYHKUHK J0 57 37 s

y=2% (0 ToYKaM, JaBas apry-

MeHTY 3navenns x=—1, 0, |, Puc. 258.

2,38 1. 1) n byHkuuy y=4x

(npamaa auuua). OpauHatTm PAacTyT 34€cb ropasgo OGbicTpee

abcnpce, nosToMy ayume Boi6path Ha ocw (OX wmacwrab

McHbuIMK, Yem Ha OY (#a pHc. 258 oH ByeTBepO MeHble).
B nepeceyenun nHaxonmum ase toukun A n B. U3 noctpoe-

HHR BUIHO, YTO APYrHX OOWIUX TOYEK rpahuKH He UMEWT.
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Adbcuucca Toukn A ecTb x ==4; abCuHCCY TOUKH B NpOYnThHI~
gaem Ha raas x==0,3.

Haiizennoe peuieHine MOXHO YyTOYHNTD BolyucaeHveM. [1oab-
syscb Ttabawnamp  norapudmos, Hallnem 3HaveHde 2% gmpm
x=10,3. Hoayuum 1,231. 370 yHcao HecKoabko Goabiue, YeM
4x =1,200 (na 0,031). 3naunt (cM. rpaduk), yucro 0,3 Menbiue
abcyucenl toukd B. Micnbitaem 3Hayenne x=20,35. [loayuum
2% = 1,275; 4x = 1,400. Tenepb 2¥ meunwe, yem 4x (na 0,125),
3naunt, uncao 0,35 Goabue abcuuccbl TOUKH B, Tak Y10 HC-
THHHOe 3HayeHue x aexut mexny 0,30 u 0,35 mpumepuo
B 4 pasa 6amxe K fepBOMY 3HaYeHHIO, HEM KO BTOPOMY (TaK
kak 0,031 B 4 pasa menbiue, uem 0,125). ITostromy x==0,31.
[Iposepka naer 2¥=1240, 4x=1,240. Bnpoyem, x=0,31
HC ecTh TouHbft kopeHb. Ecay B3nrb Tabauus Jorapudmos
¢ 60NbIIHM YHCAOM 3HAKOB, TO MeWAY 2% ¥ 4x obuapyKHTCH
pasanupe B narof aHavauelt nndpe. Tem xe crnocoboM MowHO
6yner Hafitn Gomee TOYHOE 3HaueHWE KODHA.

Hmobo waiimu peuterue ypasHeHus ¢ OOHUM Heu3gecm-
HblM, MOXHO, NEDEHECA BCE YJAeHb B JAEBYIO YacTb, Hpeld-
crasuth ero B Buie f(x)=0. CrpouMm rpadur ¢yHkuuu

y==f(x). Abcuucch TOUCK

Y nepeceyeHHa 3Toro rpacguka

B2 ’ﬁl'ﬁﬁ ¢ ocp10 abcumnce 6ynyT Kop-
HAMH 1aHHOTO YPaBHEHHs

NMpumep 4 Pewnurs

ypaBHeHHE é xt= QLx +2

X Tlepesocum Bce uaenn B ne-

BYIO YacTh: ; x”——; x—2=0.

A Crpoum  rpaduk  (yHKUHH

] y=§x2—-5x—~2 (no Tou-
Puc, 259. kam). [lloayunm (puc. 259)

napaboay A'O'B; dopma
ee Ta ke, UTO B NPebAYI(EM NPHMEPE; BEpUIKHA JEXHT B
touke (O (% ;-—2%) (cm. VI, 8, m. 4). B nepeceueHuu
rpaduka ¢ ochio abeuuce HaxonuM aBe Touku. [lpountnisas
Ha raa3 mx abcuncchl, HaxoauM x;, = — 1,6; x; = 2,6.

§ 10. Fpaduueckoe pemenue HepaBeHCTB

[paduyeckoe peuieHne HepaBeHCTB (Kak M ypaBHeHHid)
o6nagaeTr ne ocobeHno Goabuioit ToyHocrbio. Ho HaraanHocthb
H Jaerkas o603pHMOCTb, CBOMCTBEHHAH rpaduyeckoMy Me-
Tody, NpH pelieHHH HEPABEHCTB (M OCOOEHHO HX CHCTCM)
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ueHHb emle Ooablle, YeM APH pelleHnn ypasHennh. Cnoco6m
peuleHus — te e, yTO 1aa ypasuenu#t (§ 9); Toavko pemennn
H300pakaloTcs OTPe3KaMmy, a He TOUKaMU.
Mpumep 1. Pelinrn HepaseHCTBO
1,
g X*—35 x—2<0.
. 1 ]
Crpoum (puc. 260) rpadux dyuxuud y = 5 X x—2
(cp. § 9, npumep 4). [lo ycnoBuw fomkun umets y << 0; 3ua-
YUT, TOUKH, COOTBETCTBYIOULME DELICHWIO, HOMKHb A€WaTb
nolt ocbio abcumcc. "papuk NOKasbLIBALT, UTO IEOMETPHUECKOE
MECTO 3THX ToueK ectb ayra KO'L napaboan A'O'B’' (KoHum
sroft ayru K u L wuckmouaorcs: aax Hux y=0). 3uave-
HUHAM X, YLOBACTBOPHIOILUM HAHHOMY HCDABEHCTBY, OTBevaloT
BHYTpeHHHe TOuKM orvpeska KL ocn abGeamce. Tlo rpaduky
upountoiBaeM — 1,6<<x <26, y
Ecan weaareanno nmeth TOUHOE | -
peutenue, HymHO nHaHTh abcumc- [ l‘i/__T
Ccbl Touek K u L BbiUHCRCHUEM, \ Y
T. €. PeuiuTb KBajpaTHOE ypasHe-
bea 4 90 Torn:
HHe o xf— f—z._o. l'Olild \ /T
- Vi1 1 17 ’.
Rafinem 1=y <x<-————+V X A
2 : TAVE
Mpumep 2. Pemuts Hepa- |
|
[

I
BEHCTBO o x* — 5 x— 2> 0, 7

Crpourtcs 107 e rpaduk, 4To 1 |

B npumepe l. Tenepp noakuo Puc. 260, .
uMetb y > 0, 1. €. TOUKH JOMKHB T

Jewarb Hal ocblo abcumncc, [eometpuueckoe mecto sTux to-
Yek ecth auHun KA uw LB, HeorpanuueHno NpOROMKAEMbie
BBepx (Hauana ux K u L ucknwuaiotes). CooTsercTsyoumue
TOUKHM OCH alCHUCC 3anoaHsaloT ayun KX u LX (toukw K
# L uckawvyaiorca). Jlannoe HepaBeHCTBO cpaBesauBo: 1) npu
x < — 1,6, 2) upu x> 2,6; Tounoe peutenne: 1) x < ! ‘;/” ;

2) x> !L?V_‘l_? -
Tpnsep 3. Peunts HepaseHcTso
[ 1 ’
7 X <—2 X + 2.
IT0 HepaBeHCTBO PABHOCHALHO HEPABEHCTBY —'2— x? -—-‘2- X

— 2 <0, pelrenHomy B npumepe 1, HO B JaHHOM BuIE ero
Jderye pelliuTh.
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Crpoum (cp. § 9, npumep 2) rpadpukn yHKUUH y=% x?

(napabona AOB, puc. 261) u _9=% x 42 (upsman CD).
Hepra #an 6ykBo#t ¥ floCcTaBAcHA AAs TOro, 4TOGBI OTAHYUTH
OpAMHATY {PAMOR OT OpAuHaThi uapaboan wpu Tolt e abc-
nucce. llo ycaosuio 10MKHH HMETL y < J, T. €. TOUKH Hapa-
Gonbl OAKHL N€XATh HUMXE TOUEK NpAMOM ¢ TOR We abcinc-
coft. I'paduk nokasniBaer, 4T0 COOTBETCTRYIOLIME KYCKH NuHuil

4 Y
1 ay 18] EBA 'HI——w
\ / \ I/
v /

\ 4 /
KA 2
NP4 X N £

IR LK L, i)
]
&
Pue, 261, Puc, 262,

AOB n CD (nyra KOL w orpesox KL) nexar Hal (HPHbIM)
oTpe3koM K;L, ocn abcuuce (KoHub K u L, nckmouyalovcs).
Tpouytisas abcuncen toyek K u L, HaxonuM (upubanxeruoe)
pewteHne — 1,6 << x << 2,6.

Npumep 4. Pemuth HepaBeHCTBO ;—x* <x—3
Crpoum (puc. 262) rpapukn ¢QyHkuup y = %x’ imapabona

AOB ny=x—3 (npamas CD). JomxkHo Onith y << 3. Mexny
TeM napabona AOB geankom aexut Hal npsmoh CD. Lannoe
HEPaBEHCTBO HE MMeeT pelicHHH.

Npumep 5 Pewmnurs HepaBeHCTBO %x“>x——3. To-

CTpOeHue TO %e, 4To B upepsidyulem upumepe. Ho teneps
JOMKHO ObiThb ¥ > ¥; MOSTOMY LAHHOE HEPaBEHCTBO — TOXNKAe-
CTBEHHOE,

Npumep 6. Pemurh cHcTeMy HepaBeHCTS:

B . | 3 1
X+4< X< 6—ux; 7/&2>"2—;«\.
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Bumecto ABYY GEPBUY HCPADLUCID MOXHG HAKCaTh Pus-
HeCHIbHbIE 5 A2 g A 3— 3 & Crpoun (puc. 263)

rpagukn pyHkuut y = ; x* (na- y
paboaa AOB); y' = é x4+2 (ups- U;—/J‘\%p "77 iR

) o 1 A0
mast CD), .y _IJ-— 5 X (upsman L] :\40 ﬁgy
uvy, _V=-‘i——x (npaman EF). — \ﬂ[g\
{lepsoie nBa HepaseHcTBa Tpe- i ‘__ﬁ;“"f<l/ A
-6y10T, 4TOObI AYyra ndpdéonu npo- |pZL B GRIOL QAR
xonauaa sotie apsmoit CO o Hu- e
xe npanocit UV wan umena obuine
TOYKI € 3TUME UPAMbIMH. DTuM

14 napaboje Boijeasercs Ayra

RP (skawoyaouiasn konus R, P), Puc, 263,

a #a ocn abcunce — oTpe3oK

R P Tperne HepaBeHcTBO TptG}ET 41006 Ayra napaboau
NPpOXoANIa TaKkKe sume npamoii EF. Dtum u3 ayrn RP -
naeasetes Ryra QP (skatouas xodeu P u uckaovan xouey Q),
a Ha ock abcunce — otpesok PiQ,. Tpountuisan abeuncen To-
ek Q, P, umeem: -—d<x<——2

E3 X -6
flpumep 7. PewuTn HEpascicTBo %— <0.

JTU HEPABEHCTBO WMEET MECTO B ABYX CAyvasXx:

1) korna x* + x —6<<0 u Buecre c Tem x2—x —4 >0,

2) korna x2+x—6>0 7% Buecte ¢ Tem A — x — 4 < 0,

B nepsom cayuae umeem x + 4<<x®<<6-—x. Peluenye
9TOH cucTeMbl (¢M. upumep 6) rpaduueckd npeiacTaBisercs or-
peskoM PRy (KoHIw P. U R: wckmoyaiorcs). Bo sTopom cay-
yac umeeM x 4 4> x* > 6 — x. Peutas 3ty cucreMy Tak xe,
KaK fpenniyumylo, Haxonum ayry PR uapaboam AOB u co-
OTBETCTBYIOWMNA el oTpe3ok PR, ocu abcuucc (KoHub P, y
R, ucKaoudiotcs). ﬂpoumhmau abcuucenl Touek P, R, P R,
HaXO0IHM, 4TO JaHNUEe HCPABCHCTBO yjomaersopsieTca ) apw
—3< x<<— 1,6, 2) npn 2 << x <26,

[Tpumep 8. Peinth Hepasenctso 2% << 4x,

Crponm rpadukn Gyukunn y == 2¥ (kpusas UV Ha puc. 258,
crp. 405) n pyuxunn § == 4x (npamas AB). [lo ycaosuio goakHo
O6uiTb ¥y < ¥, T. €. TOukd Ha Kpupofl UV AodkHbl NeKaTL HAMKe
Touek Ha npamoil AB. Ilpountbisan adcusccw Touck A o B,
naxoiny peurcnne: 0,3 << x <4,
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§ 11. MMonaTtHe 0 MpeaMeTe aHATNTHYECKOH reoOMeTpHYy

B snenenrvapHoit cecoMerpuy petneitfe Kau ol orAeanHolN
3ajiayn Tpebyer Goasviicii nan meHbiieil u3odperaTeablyoCTH,
H 4acTo 3aj144m, BeCbMa CXO¥He APYF ¢ apyrom, peyior co-
BepUICHHO Das3aAuyHbiX 1BPHEMOB pellleHus, KOTOpbie Heaerko
yranats. Bosbaews, Haupumep, 3a1auy: HAUTH reoOMeTPHUECKOE
MECTO TakHX Touek M, paccTosHus Kotopwx MA 0 nannof
TOukH A paBub paccrosnusM MB no xannofl touxu B. Vcko-
MOE I'€OMETPHUECKOE MECTO €CThb, KAK M3BECTHO, NPAMas JUHUs
(nepnexunryanp ueped cepeanny AB). Ho cnoco6, Kotopuin B
3neMeHTapHOH reometpun oObIYHO pPeluaeTcs 3Ta 3agava, He
rOJMTCH 1Ast CAEAYICLLEN 3aiaui: HallTH reoMeTPHYCCKOE MeCTOo
Touek M, paccrosHue xKotopux MA A0 toukn A Basoe 6oapuie
paccroanus MB no touxku B.

AHaInTHYECKast reOMeTpUs, CO31aHHAs O HOBPEMEHHO ABY M3
PpaHny3cKuMy yueHbimu — Jlexaprom (1596 — 1650) n ®epma
(1601 — 1655), naeT e0unoobpasnbie npliems peileHus 2eome-
mpuyeckux 3ad0a4 ¥ CBOANT peuieHHe MLUPOKOro Kpyra 3ajay
K HeMHOTHM MeTOLHueCcKu pHMeHAeMbiM ciocobam. Jas roctu-
WEeHUHA ITOH 1edn BCe JaHHLIC ¥ UCKOMbIC TOUKH W ZMHUM Om-
HOCSUML K Hexomopod cucnieme  koopduxam (NPHURUNMINAALHO
6e3pas3augiio, Kak ee BoiGpath, HO yiaauubiil Bebop ynpotdeT
pemieHue 3agayu). BuOpas cHcTeMmy KOOPAHHAT, MBI MOMEM
KaKAyl0 TOYKY OXapaKkTep#30BaTh €€ KUOPAHHAIAMH, @ KAWAYIO
JAUHHIO — YPABHEHHEM, IPa@HKOM KOTOPOro 372 AWHUA #BIAAETCSA.
ITum daHHan reoMeTPHUECKast 3aja4a CBOANTCH K antebpanue-
CKOH, a Aas peienus airebpandeckux sa-
Aay Mbl pacnonaraem Xopomo paspadoran-
HbiMH OOULMMH METONaMH,

Ja8 10aCHEeHUA BBILIECKA3aHHOrO pac-
CMOTPUM CJaelyiouiHe UPHMeph.

Mpumep 1. OxpywHocTp paauyca r
oTHeceHa K cucteme KoopauHat XOY
(puc. 264), 8 xotopoit tentp ee C umeer

Puc, 964, abcunccy OQ =a u opausary QC=b.
CocraBuTb ypaBHeHHE 3ITOH OKPYKHOCTH,

[tyctb M (x, y) ecTb npoU3BOAbHAs TOYKA OKPYKHOCTH
(x = 0P; y = PM). llo oupeneneduio okpyXHoCTH, 1IHHA OT-
peaka MC sceria pabHsierca locTosHHOA Beanuune r. Buipa-
3um MC uepes noctosHHbIE KOOPAMHATH @, b nentpa C u
liepeMeHHble KOOpAHHATH X, ¥ ToukH M. M3 puc. 264 umeen;

MC= VY CR + RM? = V (OP—0Q) 4 (PM —QC)* =
=} (x—al+(y—0"¢.
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CuesonaTeanHo,

Vs —ap 4 (v~ ) mr
Hin
(x—a)+(y— b)r==r?, ¢}

3710 ypaBHeHHE DPEACTABAAET OKPYMHOCTH; HHBIMH CAOBaMH,
rpadukom ypaBHeHus (1) caymuT OKPYMHOCTb.

[Tpumep 2. Haittn reomerpuueckoe mecro rouek M, nas
xotopuix MA==2MB (A n B — n1Be 3ajaHHbie TOUKH; pPaccTo-
sHHEe MeXAY HUMH oOo3Rauum uepe3d 2/).

BosbmeM Hauano xoopiunar B cepeauHe O orpe3ka AB u
HaitpasiM oaHy u3 ocelt (OX na puc. 265) Broab AB. Urobu
3anucarh ycaosue MA=2MB B BULC YPaBHEHHUS MEKAY KO-
opiunaraMu toukn M (x, y), Bhipasum MA u MB uepes Koop-
auHats., V3 tpeyroanuuka MBP umeem:

MB= VPB* ¥ PM* = V(OB = OP) 4 Pi* =
=V{— o+

Touno Tax Ke H3 1peyroabHuka AMP Hafinem MA =

= V(c+)2+y%, n ycnoswe MA=2MB upumer sux

Vi + D0 +y =2 V=X 4y~ Y ou
Hocae ynpoutenuii noayuns: &[\
4 i)
x”-«l—sqlx—i—y2 4 =0 (2) a0 7 X
2l —=

HMcxomoe reoMerpuueckoe Mecro ecTb
rpagux 3TOro ypaBHEHHS, U METOIH Puc, 265,
AHAIUTHUUECKON reoMeTPHH Mo3BOAAIT

Cpa3y cKasatb, 4TO 3TOT rpadMK ecTh oxpyMcHOcmb. B aTom
aergo ybeAuThen, CONOCTaBUB YpasHeHue (2) ¢ ypasienuem (1},
[lpuaas ypasHenuto (2) Gopmy

5 N2 s (1 )2
(=5 er= (11"
Mbl BHAMM, YTO OHO ecu':. YacTHm#t cayualt ypassenus (1)
npu a——:gl: b==0; r==z[ 3HauuT, Hawe reoMerpuue~
5
CKOE MECTO €CTh OKPYHHOCTL C UEHTPOM B TOHKE C(:,; 4 0)

4
¥ C pasuycoM r==z/
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§ 12. Tfipenen

TMocTonunan seqnuiHA @ HA3wBaeTCA npPedesos UcpeMeH-
HOH BCAMUMHBI X, CCAM 3T2 HICPEMEHHAN NPH CBOEM H3MEHe-
HHH HeorpasuucHito upubamxaercs K a').

CyuiecTseHHO UMETL B BHAY, HTO NPU PACCMOTPEHHN ca-
Mol no cefe 831mOil nepeseHHOl 8eAuduHsl HE MOKET ObiTb
peun o pasbickanuu ee ipeiena. Ecaw ke paccmarpusaiotcs
ABe MCPEeMCHHblE BCAMUMHBI K OQHAa eCTh QYHKHUA APYrofH, TO
JUISt ONLHOf! M3 HHX (APrYMCHTA) MOWKHO 331 a T b Upedcd, a aaa
ApYrofi — KU CKaTh €ro (ecam od cyuiecrsyer).

Mpusep 1. lepescunsic x, y CBA3AHB 3aBUCIHMOCTLIO

X2 — 4 o
V=ST——-; Hallth  upeien y, KOrga X uMeeT upeaeaom
queao 6,

Bvaem HCOrpauuuCHHO NPUOMIKATD CPEMEHHYIO X K uM-
cay 6 kakum-1it60 criccoGowm; Halipumep, Oydem 1aBath X 3Ha-
yenua 6,1; 6,01; 6,001 n . 1.; Mul Halfigem aas y 3Havenua §,1;
8,01; 8,001 # 1. A.; °Tn 3HayeHun HeOrpaHuyeHHo HpHOAMMKa-
worea k uucay 8. To me okamercs, eciy X HEOrpPaHUUEHHO
upnbamkars Kk YHcay 6 wwobeit Opy2urm cnocc50m, HaupuMmep
woaararb x==59; 6,01; 5999; 6,000! u 1. 0. [loatomy,
Korka x uWMmeer npegeaom 6, y umeer mpeigesom 8,
3anuce:

fim y =38
x—6
HAK

oox3 4

lim = 5 =8,
=8 X

BykBu lim NpeiCtaBIAOT COKPAULCHHE (DPAHIY3CKOTO ClOBA

limite (aumut), o3Havaowero «upeged». [oayueHuniit pesynn-

TarT B IaHHOM Cayuae Mot MOrad Owl Hafity, noacrasus x =48

X2 — 4
B BbipaxeHne y=—= Vr —5-- B caeuyloumiem npumepe sToT Cho-

co6 HC UPHBOAHT K yCrexy.
Opumep 2. Mdano

i) {Ipusoxumoe onpege.eniie e BRo.ade CTPOro, TaK KaK BLpaxeHnHe
<HEOrPAUHYEHHO NPHOBMKALTCA» HYXAAETCH B JOTHIECKOM yTOUHEHUH, YTous
HHTh er0 HajJAewawuM 06pPa3oM KOPOTKC H BMEcTe ¢ TeM RCHO BPAR 1Y
BO3MORHO, l1a WIDKeIPHBOMLIMBIX NPUMEpax ere CMpICA BhigcHAeTes B ToR
CTEUCHH, KOTOPAad HEOGXOXHMA Rast (loHiManun CcyTH xeaa, [llpupoaumere g
3RCMCHTAPHLIX yueluuxax onpezefenus ne HcobXolumocid BCeraa crpa-
ZAKT T2KOH IKe UCNOAHOTO, XOTd 3a4acTyi0 U3 BUI MOIYT UOK13aThC®
Goaee TOYHLIMU,
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a

Hatiru lim v. {loncraBus x==2 B BhpOKCHNE -
X2

v
Heonpeneacunoe suipaxenne 5 (I, 23). Mewuy vem suunc
nenusn, NoZoOGHLiE NPOjeAaHHhIM B OpuMepe I, nokawyr, 4io

3
5 Haftinesn

ks

soxT— 4
lim ——
x—2 ¥

=4.

JroT peayabTar MOXHO Gbino Gbi HOAYUUTb Cile TaK: HUMeEeM

x=—~4___(x-2)(x+2)_
x—2 x —2 ’

Korza x35£2, MOXHO cokpatiTh fiocaeiniolo apobs, Ha x —2
(npux =2 cokpauienne Henpasomeprol). [Hoayyaen v=1ux 4 2
gnpu x%2). Byaem uncorpaHpueHro upnbanmarh X K 2, we
agas eMy 3Hauenis 2; TOrAa y, 0CTaBAACH PaBHLIM X -4 2, He-
orpaHuyeHHo npubanuaetesa x 4.

PaccyotpesHyo namy 3afauy nHoraa QopMyanpymoT Tak:

s R
€HAMTH HUCTHHHOE 3HaUeHNC BHIpaWEHUA . 2‘ npH X = 2> unn

npn x =25 Tounwi

¥ -
«paCKphITh HCOMPEALARHHOCTh ~——
CMbICA  9THX  BLIp@XCHHI COoCTOUT B TOM, HTO  HuCT-
Lo x2 4
ca lim 5
=2 Y
B paccMoTpeHHOM NpHMepe €pacKpHITHE HeCHPRICICHHOCTHY

1 9
3 H3 X — < C fio¢ae-

aAytoumtet mogcranoskolt x =2, Ho n 3roT npucm gaiexko He
BCeria BeaeT K uean.

e
JOCTHCAETCA COKpauleHueM apobu =

§ 13. Becroneuno Manas u GeckoneuHo Gonbias
BEJHYUHD]

[Tepemeinan Beayunna, pefes KOTOpoil paseH HY.I10, Ha3bl-
Baetcs GecKOHeHHO MAAO(.

Mpumep 1. [Mepemennas peauuina V'x+ 3 — 2ecrs
GeckoHCYHO Maaas, ecau x cmpexumes Kk 1, u6o

iim! (VXF3—=2i=0
¥
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MepemeHnaa BeauunHa, HeOrpaHUYeHHO BO3pacTaloULan
M0 abCOMIOTHOMY SHAUCHWIO, HasblBaercA OeCKOHEHHO O60ab~
woit,

X

Mpumep 2. Mepemennan seanunna ~— eCTb Gecxo-
neuno 6oabluan BeAMUVHA, ecau X cmpemumcss K S

Beckoueuno Gonbuias senuuuHa xe usmeem npedesa. Op-
HAKO NPHHATO FOBOPHTH, uTO GeCKOoHeuHo Goablias BeaHUWHA
«CTpeMHTCA K OecKoHeuHOMY mnpefeny». CooGpasHo C 3TuM
AHIYT

lim —*_ =00 H

x—=p X — 8

3uak oo (6ecKoHeuHoCTb) He 03HAYaeT KAKOro-an6o YHCHA, u
pasencrso (1), Hocaulee ycaoBHbf Xapakrep, Bhlpakaer
AMLIL TO, YTO 0pY HEOTPAHWUEHHOM TPUGAMNEHAH X K 5

X
a6conloTHas BeanunHa xpobu FF HeorpamuueHHo pacrer.

X
[Ipu srom npobb 775 MOXET UDHHMMATh KaK MOMOKMTEdb

Hble 3HadueHus (Korda X > 5), Tak W oTpunarteanHuie (Koria
X << d).

3ameqyaune. B numx caywasx Oeckoneuno OGoablian
BEAWUWHA MOXKET [NPUHUMATL TOJNLKO [IOJAOKHTE]bHbLIE (Hay
TOAbKO, OTpHnaTedbHbie) 3Hauenusn. Tak, npm OeckoHeuHo

!
MalOM X BEIHUMHA 5 OeckoHeuno Bpeauka; HO M 1pH
i
x>0 u npu x < 0 BeauuuHa & WoaoxuTeabya, 910 BBpA-
KaloT  3aNUCLIO

1

7= + co.

lim
x—0
) 1
Hanpotus, Betyuuna — - Bcerfa otpuuatenbha. flostomy
AHWYT

lim __|>__
x-—»O( ) =

B coOTBETCTBHH C ITHM PE3yabTAT UpUMepa 2 3alHCHIBAECTCA
TaKwe caedyouiuM o6pasom: -

. X
lim —~_ =+
$—B = £
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[Tpumep 3. 3anuck

lim x--1 -]
X—co X

03HauaeT, yro, Korja x OGecKoHeuyHo BeAMKO (T, e. Korga x
HEOrpaHuueHBO pacTeT 100 a6COAIOTHOW BeauulHe), BeaHUn:

x—1 N
H3 = CTPEMHTCA K npliedy {. CumBos x—co yuraoin:

«X cTpeMutca K 6ecKOHeUHOCTHY.

[Tpumep 4. Bupaxenne «niaouiailb Kpyra ectb upelea
NJ01aAY NPaBUILHOIO BIIMCAHHOIO MHOTOYTONbHHIKA IPH GecKo-
HeuHo GoALNIOM YHCIEe CTOPCH» O3HAYaeT, YTo MpPHU HeorpaHu-
YEHHOM BO3DACTaHHK YUCIA CTOPOH VIIOMRHYTOTO MHOTOYTOdb-
HHKa 11J0I4ajb ero HeorpalnycHHe UpESIINKAETCA K 1i0Liany
Kpyra.
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