COOEPXK AHNE

TIPEOUCTIOBYE . . ... 3

YACTD I. Knaccmyeckue MeTOABI IIONCKA TOYHBIX PEIleHui 7

Brememme: i ;. iia. it inn e, g BT utossage OF 8 8

0.1. OCHOBHBIE OIPEEMEHHSA . . . .. ... 8

0.2. OCHOBHBIE IPUHIHIIBI . ... ...... ..., .. 17

I'maBa 1. YpaBHEeHUsI 1€PBOTO TMOPAIKA . ... .................... 21

1.1. VYpaBueHue ¢ pazgensommmucs IIEPEMEHHBIMH . ... ....... 21

1.2, JIMHEHHOE YPABHEHHUE ... .....ooovee e, 22

1.3. Vpasrenne BepHymm............. ... . ... .. 25

1.4. OpxnopoaHoe ypaBHEeHUe W IPUBOISIIAECS K HEMY......... 27

1.5. VYpaBHeHHe AKOOH ..........ooooviiiiiie i, 31

1.6. Ypasrenue JIap6y .................cooiiii 36

1.7. VYpaBHeHue PUKKATH ......... ... ..o 41

1.8. Vpasnenne Puxkaru: KaHOHMYeCKHe peoOpaszoBanms .... 43

1.9. Croennanbuoe ypaBHeHne PUKKATH ... .................... 45

1.10. Ypapuenus: AGesst 1-70 ¥ 2-TO POTA .. ..., 48
1.11. Ypasuenue B nonHbix quddepennuanax. Vurerpupyomuit

BEEONSHTEIE i 5 s lmmesotion s o s tacaiort s S ot e s 2arare s rare o 92

1.12. Ypasuenune [lap6y: uHTErpUpYIOMMil MHOXKATED . . . ... ... 55

1.13. Ypasrenne [lapby: KpUTHIECKHIE OCOObIE TOUKH . . ... ... .. 56

1.14. OCOBBIE PEIMEHAS . . ..o 60

1.15. YpaBHeHus, He pa3peLIEHHEIE OTHOCHTEIBHO IPOU3BOAHON 62

1.16. Ypasrenus Jlarpanxa u Kiepo.......................... 64

1T, OB MO, . e s Ao ey BF INHAIOOOL, . 67

1.18. TTOHATHE YCTOWIHUBOCTH] . .. .. ..o e s 74

1.19. Bazaya IPOrpaMMHOTO YIIPABICHHUS . .. ... oo, 80

napa 2. YpaBHeHMS CTAPIIMX THOPHIKOB ..................... 83

2.1. Ilpocreitmine ciry4an MOHUKEHUS TOPSTKA . ... ............ 83

2.2. VaTerpupymomuii MHOXUTENb U NePBbIe HHTEIPAJLI . . . . . . 89

2.3. YpaBHeHMe EDMAKOBA . .............coooiiii 93

2.4. Ilepele uHTErpaJIbl ypaBHEHU# 3-TO U 4-TO IIOPSIKOB. . . . . 95

2.5. Obmue cBOACTBA JIMHEHHBIX YPABHEHHI . .. ... ............. 103

495



2.6. TIpocreiiuye mpeobpa3oBaHns JTMHEHHBIX YPABHEHUM] . . . .. 105
2.7. Heogmopomusie juHe#nble ypasuenus. Meros Jlarpamka 107

2.8. YpaBHEHUs C [OCTOSHHBIMU KOIGMUIMEHTAMHE . . ... ... ... 109

2.9. YpaBHEHHE TaPMOHMYECKUX KOJMEOAHMM . .\ vvvrvinnnn, 113

2.10. VpaBHEHUA DUIEPB . . i v vvivervimnvamunsestmss spisins g 116

2.11. 3agaua IITypMa—JIHYBIIIIS « . oo oovvrvnnnrvmmeieensrne. 118

2.12. 3ana9a 0 “HPOBUCAHMNA" MOTEHIMATIA « . o v v e v eennnens 122
Tnasa 3. DiileMeHTHI aHaJUTHYecKOi Teopun nuddepeHuu-

ATTBHBIX YPRBHOHIEL .. .\ oo\ cvreenssososnnnsensssryesnsi s 130

3.1. O6o6uénnsilt crenennoit pag. Ocobble Touky ypapHenus 130

3.2, OyHKIME BECCOMS . ..o v vvvvnriniti e iiiernanen, 134

3.3. @yukuum Beccesns MOTyNEI0ro MHIAEKCA . ... .ovvevvareaes 136

3.4. T'mmepreomerpudeckoe ypasHenue [aycca................. 137

3.5. OpTOrOHAJBHBIE TIOTHMHOMBI + .« e et vvvss e tviianieneinns 138

3.6. Cramuonapsoe ypasHerue IlIpémuarepa.................. 141

3.7. “KnoH” runepreoMeTPHYECKHUX PAMOB . .« .vvvnerneunnnn. 145

3.8. TlonsiTue 06 MpPEry/IsPHLIX OCOOBIX TOYKAX Ha GeckoHed- i
S T s S e

YACTD II. KnaccudecKuil rpynnoBoii aHAIMAS . .............. 149

BRegeHme: i S ST AU RN 150

T'nasa 1. I'pynnsl npeo6pa3oBaHuii Ha IIOCKOCTH . ........... 153

1.1, OCHOBHBIGOHBETCIIEHM, o c o spTatdi arrosypcta i - Sofsdi s o s 153

12, MEOPOGERMNNE ... . ... . ...+ «sipsints fsaMane dab gy s 154

T30 Eovrmmar ORI, o o s e e s 2 155

1.4. Vnpapuants rpynn Jlu. Undunnresnvanburnt oneparop 159

1.5. O6o6ienne Ha MHOTOMEPHBIH cnyq%ﬁ .................... 163

T'nasa 2. YpaBHeHHs IEPBOTO MOPSIKa U JOIyCKaeMble MMU .
FOMBTHEIO TPYIEIREL Lo o .. . oo o ukh s s matas Mok s ot g

2.1. TIpeBADUTENLHBIE 3AMEUAHMS . ¢\ .\ e e eeeneeeeenees 168

2.2. Tpeobpasoanus npoussozmbix. PopMyibl npojorkenus 169

2.3. YpaBHeHus [IPBOTO IOPSIKA, TOIYCKAIOUIME TPYIIIY . .. .. 173

2.4, KanoHuwaeCKIIOMBIATOD . s vt soisis iy tin's siaia bk gdls §idgeggsie s 177

2.5. Ypapuenne Puxkaru. I'pynnsl SKBUBAJEHTHOCTH ... . ... .. 180

2.6. CymecreHHBle IPOU3BO/bHbIE 31eMeHTHl. CrenuasibHoe

4
VD AR PUICKETIU St /eice ol e e+ <1h a e+ DISTap P04 s h NS Sle 7 sl gemet o oo B ke 18

2.7.  uddepennuansunie uHBapuaHThl. [loHwkeHue mopsiika

YPABHCHRU ¢ o v s vty b 3 ek AUEMR AR TN bt 8 2 187
InaBa 3. Ypasnenus sroporo NOps/iKa M JOIycKaeMble MMHI

TOWEENIE DO .. .. .o s e ST T ey 191

3.1. IlpenBapuTe/bHbIE 3AMEYMAHMS . . ... ...\ ..\ 191

3.2. VYcnoBue MHBAPMAHTHOCTH U ONIPENIEISIONAsl CUCTEMA. . . . . . 192

S s oD T L s cing i il A s s TR . £ €. . 193

3.4. TI'pymmosoit ananus ypasuenus y” = 0. Teopema Jlu. .. ... 196

3.5. ['pynmosoit anasu3 0606mERHOr0 ypapHeHus OMzuena—Pay-

B T T L L o L 197
3.6. Knaccuieckoe ypasrenune dmuena-Dayiepa.............. 202
I'nmaBa 4. Mnrerpuposanue YPaBHEeHNIi, OOMyCKAIOUINX He-
HPSIOTRENED BRI o0 L e e 206
4.1. TlpenBapUTEIBHBIE BAMEYAHMS . . ... .. vveeresenrnnnnnnnss 206
4.2. Anropur™ noHmkeHust nopsaka. JIByMepHbie ajarebpsl JIu 211
4.3. Unrerpupoanue ypasnenns y' = Az~15/Ty2 ... ... 214
4.4. HeanropurMuyecKoe MHTErPHPOBAHIE C HOMOIIBIO HEJIO-
KANBEES OTCDATADNOR. st & o iha st s coconnsiy  SNGEUA N, 216
4.5. 3aMeYaHNs O TPEXMEPHBIX AIT€OPAX . ... .....vvrnrrnnn. s, 219
4.6. Oneparops! KacaTebHBIX IPEOGPA3OBAHUMN . . ... .......... 2002
4.7. BapuanuonHbIe (HETEPOBBI) CHMMETPHHL . . .........c..\s.. 227
Tnasa 5. YpaBHEHUS B 9aCTHBIX NPOU3BOSHBIX . .............. 234
5.1. DOPMYIIBI IPOJOTIMKEHME - . ... ..o seee e snsnnn e e 234
9.2.  'VpaBHEHNS 1°T0 NOPHIKE 1 st an ol - G . 237
5.3. VIHBADUAHTHBIE DEIIEHMS . . ... ...vviseeesinesee e 239
5.4. IlonsaTne 06 onTHMAILHOM cucTeMe IONAIredp. ........... 241
5.5. YPaBHEHHE TEIIOMPOBOMHOCTEL . . - v eeeeneeeeseenness 244
YACTD III. CoBpeMeHHbIii IPYNIIOBOA AHAINAS . ............. 249
BBeAEHUE i R i i S B O st 5 TR et A s TR 8 o 250
Tnaga 1. OGpaTHEIC 3RTATH. . | . uiisithBbotn Sauaansty - -5 1. . .. 255
1.1. Todyeunsle rpymmel, JONycKaeMble YPABHEHHUSIMH BTOPOIO
18801 641 o St b B gl R G I 255
1.2.  MHOroMepHbIe TOUEUHBIE AJITEOPBI. . . v vvnernirernn. ... 259
1.3. ObpaTHas 33,1098 B OBIIEM CILYIAE « ..o vovvevneeennnn..., 264

497



1.4. KacarenbHbe MPEOOPABOBAHMS . ... ovvs v iirs e e 265

1.5. Ypasuenue ay'y” —b(y")? = f(&,y, ) oo 269
TnaBa 2. DKclIOHEHLMAJIbHBIE HEJIOKaJbHbIE OIepaTophl
OB O ootk TG SRR 0T, 276
2.1. ®OPMAJILHBIE OMEPATOPBI. ... et v et vttt 276
2.2, TeopeMbl 0 (DAKTOPUBAIMM .+« .t vuseivneiiiiiinn et 279
2.3. Heksacciyeckue cuMMeTpun U ypashenue Epmakosa. . . .. 286
2.4. Jlpyrue npumeps! mpaMererns OHO ...l 289
InaBa 3. Omneparopst JIn-Beknynaa. Cumverpuy IepBbIX
SERTOUDBIOR 11 5 i 00 6 padiliss 164 ¥ FEBLSRES Srebd ket S ame BTNy 292
3.3, Vpanhanues PremnageonoHag iy RPN, L QL 292
3.2. Vpasuemwe y"V — Say/ + o’y = Eysdarall 3, susy 295
3.3. Teopembl 0 CUMMETDPHUSAX IEPBLIX HHTEIPAJIOB ... ...ovhe. . 296
TnaBa 4. AHajorn HETEPOBBIX CUMMETDHMA . .........oovvnnnn. 300
4.1. TlocTaHOBKS 3884y M PYIILI SKBUBAJEHTHOCTH . . . ... ... 301
4.2. O6parnas 3amaua ans ypastennst y” = F(y)............ 304
4.3. O6paruas 3ajgaua ans ypasaenus y” = F(y,¢/) ......... 308
4.4. Ob6parnas 3anaxa ans ypassenus y” = F(y,y")......... 311
4.5. HeskcnoHeHIUAIbHBEIE HeJIOKaJbHEIE onepaTopsl. Tecr Ha
B 1 ¢ - e o T ot o e v 315
Tiasa 5. ®akropusanus QyHKIMOHAILHO-IUd Pepennaib-
HEEX: ypaBHeHh! CSCHOMH SIHTISE S BNIPHESTL 4 GUs 321
5.1. O merofax MOUCKA TOYHBIX PEITEHMMA .. .. ...ooovuin... 321
5.2. HemoonpeneneHHbIe YPABHEHMS . . . . \vvueit it aeeiieees 325
5.3. HekoTopsie seMeHThl TeXHUKHA, [IpumMepsI. ... ........... 331
5.4. O6 ypaBHEHHUSIX 2-TO MOPSIKA . . . .« vvveeeeeiinannnnnns 334
YACTB IV. JucKpeTHO-IPYIIIOBON QHAMS ... ...ooovnivnnn e 343
Badrierme RIS O A L Bt e 344
Tnasa 1. JIuckperHbie IPYHIbl MPeobpasoBaHUM .. ........... 345
1.1. OcHoBHEIE ONpEAEIeRHsT, . RS AR, 0, Bl 345
1.2. VuBapmaHThl AWCKPETHLIX rpynn. VHBapraHTHbIE MHOXKe-
CTBA OCKPSTRBIETPYIE Ve Il s b i s s v pagipracs doynag s FIBRESY. 349
1.5,  Panpenmwinie rpyamst L SRR IERRT el 355
1.4. AnreSpamyecKue YPABHEHM . ... .....u.ieeeeerrieeenniinns 359

498

1.5, DyHKIOHAIBHBIE YPABHEHHS . ... 0 i e et 363
1.6. ®@ynxuuoHanbHO-IUddEPEHINAIbHbIE YDABHEHNS . .. . . . . . 366
Tnasa 2. JIuckperHsie rpymnnbl npeobpasosanumit OAY ...... 369
2.1. JluckperHas rpymna JIMyBUIIs CIENUaIbLHOIO ypaBHEHHS
Prknws .0 ona Ban o BIRBRS L . . ... . bl 369
2.2. JIucKpeTHBIE METArpPYIIbl HIPEOOPASOBAHMM . .. ... ...t 373
2.3. Cunrynsipusie rouxku JIMII. Musapuanter IMIT.......... 378
94 (Pocmmupermst NI v s SRR ) o 381
Tnasa 3. JIuckpeTHble MeTarpyimsl IpeoGpasoBannii 0606-
IBHHOTO ypaBHeHus DMaeHa—Dayepa..................... 387
3.1. Toueunsle rpymmel. [IPAMOK METOM .. ... vvvvveeennnnn.. 387
3.2. Tlpeobpazopannst Bexmyrma. RE-Iapbl......ooovvvvninn 391
3.3. O6obmeénnoe ypapaenue Imaena—Dayiepa. Togeunsie npe-
OOPABOBBHES . . . v 1 - . AN ool Lol 396
3.4. OGoGwennoe ypasrernne Dvuena—Daysepa. IIpeobpasosa-
mHg Bexnynna S5-00-80h 00:35088 (RIR). soumtt o oo ocvins o s 400
3.5. MeTon OOPHOTO YPABHEHMS . o« cvovaeveniensssnncsunnsenss 405
3.6. O6obmeénnoe ypapaenue dmjena—Paysepa. CunrynsapHabie
povkn, Mevor e T L5 BB Ll 412
3.7. O6obmeénnoe ypasnenne dmaena—Paynepa. Pacrmmpenus
BT o i oo SRR 1 OO0 BB . i« (R s - 419
TnaBa 4. Ilpumenenue JATU'Il gns maTerpupoBaHus ypaBHe-
pult. JTONOMACHBE . . .\ apoo do00mALM 1« . . - o« fsainig o ieenns 427
4.1. “PasMHOXKeHWE” MHTEIPUPYEMBIX YPABHEHMM . ............. 427
4.2. Penykius JUCKDETHO-MHBAPUAHTHBIX YPABHEHHH . .. ...... 432
4.3. Jononnerune 1. YpaBHEHUSA HEPBOrO MOPAMIKA ... ... ..oo- 440
4.4. [ononuenue 2. Ilaparpynmns TpeTbero MOPSIK . .. ...« ..« 448
4.5. Jononuenze 3. K mrTerpupopanmio GuHoMHOro auddepen-
Spa e, e SR R L s s s 449
A6,  Baxarodervcat R S IR DB, v s ey 451
TipnaoskeHUe: . .\ e R e e il e st 8 453
OTBETHI 1 KOMMEHTAPHI . .« . oo oeeeeuerneaanas st enets s 458
CIIECOK JIMTEPATYPDBL . . . cv ettt et iieeeen et s, 486
499



