BBIYNCJ/IMTEJIBHAA THAPOAUHAMMUKA
I1.POVY

KHura mocpsiieHa 4YMCIEHHOMY pEIICHUIO ypaBHEHUH THMIPOTa3oAMHAMUKU. B Hell paccmarpuBaroTcs
pa3nuyHble (OpPMBI YpaBHEHHH M BapHAaHThl T'PAHUYHBIX YCIOBUH, OMHUCHIBAIOTCS PpPa3HOOOpa3HbBIC THUIIBI
KOHEYHO-Pa3HOCTHBIX CXE€M, OOCYXIAloTCi HMX TOYHOCTh, YCTOMYMBOCTH W CXOOUMOCTb. JlatoTcs
PEKOMEHAALINY TI0 IPOrPAMMHUPOBAHUIO U 00paboTKe MoTydaeMoil HH(pOpMAaIIHH.

KHura npezacraBisier MHTEpeC Uil HAyYHBIX PaOOTHUKOB W MHXEHEPOB, BEIYIIMX HCCIEAOBAHUS KaK IO
MEXaHUKE JKUAKOCTH M ra3a, TaK W IO BBIYMCIUTENBHOM MaremaTuke. braromaps mmpokoMmy OXBaTy
MaTepHuana, JOCTYIHOCTH U3JI0KEHHUS U HAJHYUIO YIPAKHEHUH OHA MOXKET CIY)KUTh YUE€OHBIM MOCOOMeM st
aCIMPaAHTOB M CTYACHTOB HAa3BaHHBIX CIIEHUAIBHOCTEH.
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I'pannynble ycioBuUs AJi TEYEHUS KUAKOCTH
HEC)KMMaeMOM Ha CTeHKe JBIKyIeics 224, 230,
232,438, 458

———————— I BHUXPS TPEXMEPHOIO

312
————————— nmaBieHus 278—281
————————— IIPOCTEUIINX
¢usnyeckux nepemeHHsIx 297, 298, 301
————————— ypaBHEHHUS
o6urapmonuyeckoro 454, 534
—————————— TETIONPOBOIHOCTH
154,290, 291
———————— nuHelHas ¢opma 217
———————— Ha BBITYKJIBIX yraax 258—
263
————————— POMEKYTOYHOM IlIare
127

———————— HaKIIOHHOM 221, 222
———————— IIEpPEOIPEEIECHHOCTD 223
———————— npununanus 105, 217,
223,225,227, 230, 278,297, 312
———————— npoHunaemoit 216, 224
———————— ckonbxkenus 105, 142,
222,229,232, 291, 297, 301
———————— COI'JIACOBAHHOCTb C
bopmymnoit s ckopoctu 219, 220
————— cxkumMaemoit 390—420, 436
—————— Ha crenke 344, 374, 376, 377,
390—420, 417, 429, 536
———————— agnabatuueckor 390, 404,

413
———————— B CETKE BTOPOTO THUIIA
395—397
—————————— rubpugHon 397
—————————— HeperyisipHoi 429
—————————— nepsoro tumna 391—
395,409—411

———————— JUIsl TpaIieHTa AaBJICHHS
393, 394, 396, 401,404, 407—409, 411

————————— m10THOCTH 398

————————— CXEM C pacHIeIICHUEM
110 BpeMeHnu 377

['pannyHbIC YCIOBHS I TEUCHHS KUIAKOCTH
C)KMMAeMOH Ha CTEHKe, OTPayKEeHHsI CII0co0

391—393, 395—398, 402, 404, 405, 410, 412,
536
———————— npwinnanus 397—412,

———————— ckosbxeHus 390—398

— — ¥ ycToiuuBocTh 82, 83, 213, 214

— — ua OeckoneuynoctH 13, 231, 237, 255—258,
439, 441

— — nepuoauueckue 204, 238, 239

— — — Ha BXOJIHOM U BBIXOJHOU rpaHunax 236—
239, 241

— — cuMmmMmeTpuuHble 188

— — cMemanHoro tuna 154, 203, 213—214, 511,
512,514

I'paceogha uucno 143, 219

I'pybas ceTka It MPOBEPKH CXOJUMOCTH U
OTJIaAKH Iporpammsl 269, 479—483

I'pynroB nunamuka 457, 461, 462, 468

HaBnenue 6e3pazmeproe 275

Hasnenus kodddunuent 281, 422, 423, 500

— pacyeT AJisi HEC)KUMAEeMOM KUAKOCTH 275—284,
295, 296, 305—307

— XapakTepHas (U1 oTcueTa) BennunHa 281—284

JIBH>XeHuE JKUAKOCTH HECKUMAEMOM,

pacuera metoasl 36—314, 333

— — — ypaBHeHus 29—33, 356

— — cxxumaemoii 31, 36, 53, 57, 98, 101, 127, 135,
136, 138, 151, 153, 166, 247, 243—255, 264,
275, 315—423, 455

— — — pacueta Metoabl 333—423

— — — — TPYAHOCTH OCHOBHbIE 315— 316

— — — ypaBHeHus 315—332

JIBoiiHbIe 00X0/b1 y3110B ceTku 133, 194

JIByXCIIOITHOW cXeMBI onpeeneHue 85

Jlnarnoctuka omuook 479

Huarnoctuueckue pynkmuonansr 506— 508

JluBeprenTtHas popma ypaBHeHwuit 32, 55, 442. Cwm.
maxoce KoncepBaTuBHas opma

JIMBEpreHIus CKOPOCTH IS )KUIKOCTH
HecxxkuMaeMoii 295, 306, 309

— — — - cxkuMaeMoit 316, 317, 410

Junamuueckuii Hanop 34

JluHaMuueckoro IMporpaMMHpoBaHus noaxox 176

Jlunamuueckoy penakcanuu meron 193

Jlupuxne rpannunsie ycnoBus 166, 175, 177, 178,
183, 184, 190, 194, 196, 198, 207, 213, 227, 278,
306, 510, 511, 513

JIMCKpETHOTO HHBAPHUAHTHOTO BJIOYKEHHS METOJ]
176

JIMCKPETHBIX BO3MYILIEHUN METOJ UCCIEA0BAHUS
ycroiuuBocTu 62—68, 75, 77, 82, 243, 530

————— U CBOMCTBO TPAHCIIOPTHBHOCTHU
106—110

HuccunaruBHas ¢pynkuus 284—288, 291, 500

Huccunanuu mexanusm 125, 344



Huddysuu koadpdunment nepemennsli 58, 530

— ypaBHeHue 62, 63, 65, 66, 83, 84, 129—132,
134, 144—148, 151, 172,176

— — aByMepHoe 84

— — tpexmepHoe 84, 144 Jluddy3nonHoe Bpems
6e3pazmepHoe 33

— YHCIIO, OIpeeeHue 62

— — B MHOIOMEpHOM ciy4ae 84, 85

Huddysus 31, 49, 530, 531

Huddy3opHsiii cpeiB 26, 414

JlinHa nyty nepeMemBanus 346

JUIMHHBIE MOPCKUE BOJHBI 456

J1o- 1 cBEpX3BYKOBbIE CMEIIaHHbIE TeueHus 423

————— ycioBus Ha Bbixoze 414, 415

Hpo6ueie maru mo Bpemenu 126, 134, 159, 376,
377. Cm. makoce PaciienieHus 1o BpEMEHU
cxema

— siueiiku 303—304

/[r6uca meton nuis ypasuenuit Hasbe—Cmoxca
166, 167

Iogpopma—D@panxena cxema “aexapna” 21, 95-
101, 116, 117, 138, 154, 160, 238, 536

Enunununoro 3apsiga meton 206

EnuncrBennocts pemenus 11, 18, 24—26, 414

E-oneparop 154

Kecrtkue ypaBuenus 11, 272, 292—294, 378, 460,
465, 535

Kunkocrtu B siuerikax meton (FLIC) 48, 102, 106,
355, 359—362, 385

Kunkoctu HeHBIOTOHOBCKHE 15, 457, 461—463

3aBUCHUMOCTD BSI3KOCTH OT Temneparypsl 328, 383,
476

3aBHCHUMBIX IEPEMEHHBIX peoOpazoBaHust 438,
445, 455

3azaya 0 B3aMMOJAECUCTBUU yIapHOMN BOJIHBI C
norpanuyHbeIM cioeM 372, 398, 401

— — ropenuu 449

— — JBUKEHMM TpaHCIOpTa Ha aBTocTpaze 31

— — caene 228, 362, 452

— — TEYEHUHU BHYTPU 3aMKHYTOI 001aCTH C
OJIHOM MOABMXKHOM rpanuuei 12, 56, 105, 114,
271, 275, 282, 534, 536

— 00 00TeKaHWH 3aTYIUICHHOTO TeJa C OTOIIEeAIIEeH
ynapHoil BosiHOM 268, 336, 423, 449

— — — oOpaTHoro ycrymna, 0003Ha4YeHUs IS
rpanun 215

— C yCJIOBUAMHU rpaHnyHbiMu 31, 175

— — — HavanbHeIMU 31, 175

3anauu ¢ noBepxHocTAMHU pazzaena 308, 361

— — cB0OOHOM oBepxHOCTHIO 302, 304, 306,
308, 361, 447, 458

— teopuu ynpyrocta 349

— tecToBble 483—488

3aTyxaHue ucKyccTBeHHoe (cxemHoe) 88, 89, 102,
120, 125, 353, 398, 459, 516

3ByKa ckopocTh 286, 325, 350

— — MecTtHas 326, 339, 350

3ByKoBbI€ BOIHBI 340, 422

— — YpaBHEHHUE pacupocTpaHeHus 75

Nznyuenue 376, 459, 460, 473, 487

W3meHeHue pa3mepa sueeKk 1 U3MEHEHHE
paccTosHUS MEXy y31aMU ceTku 425—426

— — — OJIHOKpaTHOE W HeNpepbIBHOE 427

H3pasnu criocod onpeeneHns BUXps Ha CTEHKE
223

NHTerpaibublii METO IIOCTPOCHUS PA3HOCTHBIX
dbopmyn 45—48, 155

WuTterpanbuabie popMbl ypaBHEHUN ABHKEHHS 318

WHTerpanbHbIX COOTHOIIEHUH MeTon 436

HHTErpo-uHTEpnOIALMOHHBIA MeTox 57

WuTepnonsuuonHblil MHorowieH Jlarpanxka 220

Nurepnomsimus 118, 119, 302, 303, 534

— JUHEIHas 110 AByM nepeMeHHbIM 302

— Ha 0oJiee MeTKyIo ceTKy 534

WNudopmanuu Beigaua 474

— — B BHJIe IpaduKoB, TOocTpoeHHBIX OBM 493-
506

— obpabotka 12, 469, 470, 489—508

— — B oTzeabHON mporpamme 507— 508

— CKOPOCTb PaclpOCTPaHEHUsI BBIYMCIUTEIbHAS
339

ICE meron (HesBHBIIM 3iinepoB meton) 203—204,
423

HckyccTBeHHast BI3KOCTh B Cllydae
HecraunoHapHom 129, 137, 139, 515— 528, 531,
532

— — — — crauuoHapaom 137, 139, 370, 437,
515—528, 536

— — HesiBHad 23, 83, 103—105, 114, 116, 120,
121, 344, 353—382, 437, 485, 505, 515—528.
Cm. makace CxemHas BA3KOCTD

— — sBHag 22, 23, 344—353, 370, 379, 381, 410,
443, 446, 515, 536

— — — B TEH30pHOU popme 443

— muddys3us 103, 398, 429

— — ko3¢ unment 350

— — — sddexruBHbIi 363

— — macchel 350, 352, 364, 399

— cxumaemocTs 305

— cKopocTh KoHBekmu 518, 519

— Tem1onpoBogHOCTh 350, 364

HckyccrBenHoe naBnenue 346

— 3aTyXaHue cm. 3aTyxaHHe UCKYCCTBEHHOE

UckyccTBeHHbIN HCTOYHUK 112

—cTok 112

Hcnapenue u konaeHcanus 455, 458

Hcnonp30BaHne HECTALIMOHAPHBIX YPABHEHUH ISt
pelieHns cTalMoHapHbIX 3ana4d 31, 161—168

Hcrounuk Maccel 487

— sHepruu 487



“UctounuxoBriii’” unen 38, 134, 176, 178, 184,
292—294, 500

Wrepaunu craiimoHapHble TMHENWHbIE 192

Urepanuii sTanamu HenonHbiMU MeTo 180

— — IOJIHBIMH MeToA 179

Urepanmonnas cxonumocts 162, 264— 270, 281

Urepanonnsiii ko3 duuuent nudpdy3un 162

Kencena dhopmyna anst Buxps Ha cTeHke 219

Hu meton 176

KBazununeapuzauusa 306

KBasunognomepHoe npubimxenue 454

— TedyeHue B kaHaiue 253—255

KBa3nonnomepusle 3agauu 372

— ypaBHeHus 388, 413, 414

KBa3nonnopoansie cetku 432

“Knaccuku” cxema (hopscotch) 151—154, 193,
378, 381, 385, 466

Knaccudukanus ommbok no coiictBam 169, 170

— YpaBHEHUH B YaCTHBIX IPOU3BOJHBIX 13, 32

KonuyectBa 1BMKEHHS ypaBHEHUS IS )KUIKOCTH
HecknumaeMmon 29—30, 294, 295

————— cxxumaemoiti 309, 315, 316, 319

“KomOunupoBanHnoe urepupoBanue” 164, 167, 268,
482

KomnakrtHas pazHocTHas cxema 172—174

KonBekTHuBHBIN HEMMHEWHBIN iieH 60

— 11oToK 49

KonBeknus u agsexuust 31

— ecrecTBeHHas 34, 143,219, 304 312, 454

— — B 3aMKHYTOM cocyze 55—56

— — ycToiiunBocTh 34

— cBoOoHast cm. KOHBEKIMS ecTecTBEHHAs

Koneuno-pa3noctabie Gpopmyibl ocHOBHbIE 39—48,
529—530, 533, 534

Koneunsix anementoB metoanl 172, 430, 465, 466

KonsepBatusHas popma ypaBuenwmii 23, 32—35,
55—58, 105, 294, 295, 315, 317—321, 324—
328,332, 347,362,394, 414, 436, 437, 443—
445 448 529, 530, 536

KoncepBaruBHoctu cBoiictBo 36, 48, 51—58, 98,
109—111, 169, 170, 224, 273, 317—320, 355,
370, 400—402, 428, 437, 438, 443, 445, 448
485, 529, 530, 536

— — pa3nuuHbIil cMbica 441, 536

— — u ommOKM Ha rpanumax 224, 273, 290, 402

— — — TOYHOCTB cXeMhI 56, 530

KonTaktHblii pa3zpsis 330, 344, 381

KontponbHoro oosema meron 48—51, 112, 113,
157, 318, 395, 396, 399, 406, 445, 536

KonuenTtpauuu pacuer 284, 291

Koopaunat pacTskeHHe SKCIIOHEHIIMAIbHOE 433 —
434,438, 441, 536

Koopaunatsl mapabonnueckue 262, 263, 442—445

— cthepuueckue 308, 348, 352, 365, 443—446, 454

— TopouaanbHele 436, 444

— mwmHapuyeckue 145, 163, 207, 229, 297, 304,
308, 335, 349, 352, 361, 365, 374, 443—446,
454, 484, 536

— sunTraeckue 257, 432, 433, 443—445

KoportkoBonHoBslii nnpeaen 123, 124. Cu. makorce
Hartixeucma vactora

Koppekrtnas nocranoBka 3agauu 100

Kopmeseea — 0e Bpuza ypasaenne 500

Kpanxka — Huxoncona cxema 129—131, 134, 171,
452, 526, 535

— — — HEYCTOWYMBOCTb TIPU T'PATUEHTHBIX
HavaJbHBIX ycioBusx 134

Kputnueckuit pazmep mara rno BpeMenu 61, 65

————— BbluncieHre Ha OBM 479

Kpoxkko nnrerpan 279

— npeoOpa3zoBanue 442

—cxema 115—117, 382, 388, 522, 526, 532, 536

Kpoynu cxema yeTBepTOro nopsiika TO4YHoCcTH 154,
157, 159, 526

“Kybarypa” 276

Kypanma — Hzaxcona — Puca wmetop 23, 102,
353

Kypanma — @puopuxca — Jleeu ycnoBue cm.
K®JI ycnoBue

Kypanma ancno 1uid XKUAKOCTH HEC)KMMAEMOH 22,
66—68, 71, 72,77, 84,102, 104, 119, 121—124,
126, 155, 156, 162, 244, 531, 532

————— aQHAJIOTU JByMEpHbIE 84

————— uTepauroHHoe 162

————— KaK nmapameTp uHTepnossiuuu 119

————— OTPaHUYEHUE  MPHU YyCTOWIHBOCTH
68,72, 119, 162, 244

————— onpeneneHue 66, 126

— — — — cxxumaemoit 339, 340, 350, 364, 376,
386, 535

————— nsymepHoe 350, 364

————— OTpPaHWYEHUE  MPHU YyCTOWIHBOCTH
339, 340, 347, 371, 376, 386, 535

————— TpexMepHoe 364

Kypuxapwr cxema 139, 532

K®JI ycnosue 22, 316, 339—341, 357, 448

JlarpanxeBo onucanue apuwxenus 117, 118, 236,
349, 458, 487

Jlarpanxesbl meTonbl 22,110,334,464

— nepemenssle 302, 330, 344, 345, 372, 380, 487

LAD meron 167

Jlakxca — Benopoggha cxempl nByxmaronsie 23, 27,
127, 318. 343, 348, 365— 380, 385, 387, 388,
413,421,427, 432, 435,437,467, 478, 482,
521— 523 527 536

Jlakca cxema 23, 252, 350, 362—365, 371, 373,
375,376,378, 407,421, 436, 460, 480, 482, 521,
522,535

— TeopeMa 3KBUBaJIEHTHOCTH 27, 79—80

Jlame xpussble 444



Jlanocxoga cxema 349—350, 353

Jlannaca oneparop 154, 272

— — paznoXeHue 1Mo coOCTBeHHBIM (yHKuusAM 180

— ypaBHeHue 42, 176, 179, 264

Jletima cxema 117—127, 134, 154, 158, 159, 246,
352,366, 370, 379, 435, 521—524, 526, 527,
532,533

Jlenesve cxema 101, 354

Jlumbana meton utepanmonnsiii 17— 19, 164, 165,
167, 180—183, 187, 192

— — sKcTpanonaupoBanHbii 18, 182, 533. Cu.
makoice 1locenoBaTeIbHON BEpXHEN
penaKkcanuu MeTol

JIuHeapu3anus YWICHOB C TPaIMEHTOM JaBICHUS
338

JInHeapu30BaHHBIC YPAaBHEHUS JBUKCHHUS
CKUMaeMoil sxunkoctu 454

JInnnu ormeuenHwIX yactui 302, 308, 496, 504,
506

JIunusa cummerpuu 228, 229, 255,391— 393, 412,
447

Jlokanuzanwst omubok 480

“JlokanpHO OHOMEpPHBIE cXeMBbI” 145

Jlonenu cxema 102, 349—350, 379

Max-Kopmaxa cxema 376—378, 436, 521, 522

— — moauduuupoBanHas 343, 379

Mapxkepos u sueek meron (MAC) 295,

296, 298—304, 359, 360, 458, 498—

304, 504, 506

— — — — Bapuantel (MACRL, SMAC,
SUMMAC) 304

Maxa konyc 356

— nuaud 11. Cu. makowce XapakTepUCTUKU

— umcio 15, 253, 254, 286, 305, 325

— — MecTHoe 326

MaxoBckuii ckadok 374

MamuHHOro BpeMeH! BbIUTphIi 269— 270

— —3arpathl 65, 174, 175, 189, 212, 273

— cioBa anuHa 168, 176, 269, 476

Marmunanoit mamaTtu ooseM 174, 181, 270

Mayyno cxema 135—138, 521, 523, 532

MrHoBeHHO HauMHaroImuecs ABmkeHns 483, 484

Menxkoit Bogsl Teopust 146, 456

MunuMu3anus OMMOOK Ha TPAHHUIIAX METOIOM
HauMeHbIINX KBajapatoB 211,416

Musaxoowr cxema Juist onpeneneHus nasienus 280,
289

— — — ypaBHEHHUs nepeHoca Buxpst 117

MHOroKOMIoHeHTHBIE cpenibl 361

MHOroMepHsbI€ aCleKThl UICKYCCTBEHHOH BA3KOCTHU
520, 527

- — METOJIa pacyeTa pacpoCTPaHEHUS BEKTOPa
omuOku 203

— — METOA0B HeABHEIX 134

— — ycroituuBoctu 65, 83, 97, 126, 340, 341, 350,
354

— 3agaun 83—S85, 203, 252

MHuorocnoiiHsie cxemsl 274

MHoromaroBbie siBHbIE cxeMbl 134—139, 341, 492

Mopenbubie ypaBHenus 29, 34, 35, 338, 366, 485—
488, 530—532

— — C NIepeMeHHbIMH K03 purmenTamu 485—
487, 531

MonyneHoe nnporpammupoBanue 471, 473

Monuanus 30Ha 74

Monte-Kapno meroast 192, 194, 463, 464

Mopemmu meron 57, 335, 336, 435—437, 521,
522,524, 525

Momya meton 264

Haeve — Cmoxca ypaBHenus 24, 25, 29, 35, 214,
252,262,294—296, 316— 330, 424, 444, 446,
474, 488

— — — ynpouueHus 446—457

— — — ycnoxxHenus 446, 458—464

Hacena cxema 388—390

Haiikéucma vacrora 251

Hanpsixenuii Bszkux tenzop 320, 322, 323

— MOJIHBIX TeH30p 316—321

Hanpsokenns Baskue 317, 319

Hatsxenue nosepxHoctHoe 304, 458

Hauansusie ycnosus 12, 36, 37, 100, 106, 130, 139,
164, 180, 191, 212, 263—275, 282, 420—421,
449, 450, 456, 482, 483

HeasromopnenbHoe pemenue 233

Hessizka 181, 182, 201, 202, 269

— onpexaenenue 181

HeeanHCTBEHHOCTH CTallMOHAPHBIX PEIIEHUH 25,
26

Hetvimana rpannunsie ycnoBus 95 98 134, 154, 175,
184, 186, 192, 195, 196, 202, 203, 205, 207, 212,
213, 227,233,252, 278—281, 288, 290, 291,
298, 306, 307, 310, 312, 313, 429, 443, 511—
514, 530

¢on Heiimana ananus ycroituuBoctu 68—73

HexoncepBatuBHas popma ypaBHEHUH IBUKECHUS
JKMJKOCTH Hec:kuMaeMon 54, 58, 316—321, 345

————— cxxumMaemoit .360, 371, 390, 394,
401, 414

HepaspeiBHocTu ypaBuenue 29, 32, 53 55, 112,
166, 218, 294—296, 304, 310, 313—315, 318,
319, 329, 367, 399, 403, 404, 406—409, 529,
536

HecoBMecTHOCTB yciioBUl Ha BXOAHOW IpaHULE U
Ha cTeHke 413

HeycroiiunBocts 42—43, 58—61, 125, 126, 213,
482

— B cMbIcne Agamapa 79

— nuHamMHu4eckas 59, 61, 535

— 1 HEPA3JIMYUMOCTb 4acToT 125



— MOHOTOHHas 76

— CBsI3aHHAas ¢ HEJIMHEHHOCTRIO 28, 57, 81, 143,
160, 161, 164, 274, 295— 297. 304, 371, 420,
421,457, 482

— cratuyeckas 16, 59, 61, 242, 243, 535

— ¢azoBas 94

— ypcienHas 28, 125, 151

HedeTHO-4eTHOTO UCKITIOUEHUST METO]]

176, 177,204

HesiBHbIe cxembl cm. CXeMbl HESIBHBIC

Huxwneit penakcanuu napamerp 164

— —cxema 19, 68, 162, 163, 167, 182

Hopwma omm6xu 192, 193

NOS meron 167

Hyccenbma uucno 288—290, 398, 403

Hviomona— Paghcona meron 192

O6nactu HenpsimoyrosbHbie 141, 190— 191

— HeperysipHoit popmsr 201, 202, 205—207

Oo6macte Busaaus 74, 75, 356—359

OOmMmeH 3Heprueit Mexy Gypbe-KOMIIOHEHTaMHU
125

O0603HaueHus A1 KOHEYHO-PA3HOCTHBIX aHAJIOTOB
pou3BoHbIX 40, 41

Oo6parubie meToas! 336—337

O0pareHre CKOpOCTH HEBO3MYIIIEHHOTO IMTOTOKA
104, 169, 361, 469

OO6mmas mporeaypa pemieHus MOTHOW 3a1a4u
TUAPOIUHAMUKH 36—38

OObIKHOBEHHBIE U] PepeHINaTbHbIC YPAaBHECHHS
169, 237, 240—242, 465, 467

O0beMHas BI3KOCTh 316, 325, 329,345, 346, 379,
410

OrpanudeHHOCTb peuieHus 77, 98

Ozyper meton 204

OnHonarpaBneHHbIH MoTOK nHpopmarmu 106, 108

OpgHocioiiHag cxema 85

OpnomraroBasi cxema, orpezesneHue 85

O3eena penieHue s JanbHero ciena 237

OnTumalbHas MOCle0BaTeIbHOCTh B HESIBHOM
CXEeMe METO/Ia YePEAYIOIINXCS HAaPaBIeHUN
189—191

OmnbiTHas u pabouas nporpammsel 470, 475—479,
490

Oppa — 3ommepgpenvoa Teopus 459

OcecummerpuyHoe TeueHue 56, 218,219, 229, 231,
372,377,388, 447

Ocmisium, BbI3BaHHBIC YPE3MEPHO OOJIBIITHM
1aroM 1o Bpemenu 63, 64, 68, 82, 98, 129—
131,169, 171, 188

Ocummnanu 3a ckaukoMm 247, 342, 346—348, 374,
376, 524, 536

Otka3 oT coxpaHeHus sHepruu 315

Otnanka nporpammsl 175, 470, 479— 489, 508

OtHomenue pa3mepos maros cetku 42, 180, 199,
351

OTtobOpaxeHne OECKOHEYHOH 00J1aCTH HAa KOHEUHYIO
439—441, 452

OTpakeHue y1apHOI BOJHBI OT MECTa U3MEHEHHUS
mara ceTku 353, 427

Otpaxxkenust criocod cm. I'paHnvHbIe yCI0BUS AT
TEUEHUS KUAKOCTH CKUMAEMON Ha CTEHKE

— — Kak npueM nporpammupoanus 402

OTpbIB ¥ NOBTOPHOE NPUCOEINHEHNE TIOTOKA 15,
16, 223, 224, 226, 233, 237, 261, 264, 398—402,
404, 450, 498

OTienyieHne ypaBHEHUsI YHEPTUU OT YpaBHEHHI
IBIDKEHUA 285

Onenka ¢ dekTuBHOCTH METOJ0B 168— 175,
191—192, 211—212, 306—309, 312—314, 423

Ommbka anmpokcumanmu 27, 40, 41, 44, 79, 100,
147,153, 157, 168—170, 173, 215, 216, 231,
264—275, 279, 281, 305, 341, 356—359, 364,
396, 403, 423, 426—429, 438, 487, 515, 526,
527, 533

— — BEJIMYMHA U nopsAaok 98—99, 527

— nucnepcuonHas 73, 83, 89, 123, 124, 370

— 3a cueT 9(PPEeKTUBHOTO CMEICHHS CTEHKH 227

— oOycnoBienHas 3aryxanuem 88, 121, 122, 169,
170, 370, 438

— — MCKYCCTBEHHOM BS3KOCTBIO B pacueTax
ckauka 352—353

— — HapyILIEHUEM OTrpaHMYEHHOCTHU peweHus 169,
226, 290, 405, 534

— — — TpUHIWINA WHBapHaHTHOCTH [ anumes
169

— — — CBOlicTBa KOHCepBaTUBHOCTHU 95, 111,
112,169, 179, 273, 428, 448, 535

— — — — TPaHCIOPTUBHOCTH 169

— — "Hepaznuuumocteio 117, 124, 125, 160, 169,
171, 251, 422, 438

— okpyruienus 27, 34, 55, 58, 133, 151, 166—170,
176, 194, 199, 267, 272, 336, 482, 483, 487, 509,
510

OmunOKu, CBI3aHHBIE CO CBOMCTBAMH CXEMEI 168,
169, 188, 251

Omunbxu ¢aszossie 93, 117, 121—124, 131, 154—
161, 169—171, 438, 459, 486

— — 3amnazjbiBaroniue u onepexatomue 131, 158,
159

— — MPOBEpKa MPH MOMOLIH TOYHOT'O PELICHHUS
MOJIEJIBHOTO YpaBHEHUs 486

[Tapanokc BIMsAHUA YCIIOBUM HA BBIXOJHOU I'PAHULIE
253—255,414

Ilexne uucno 285, 286

[TepeMeHHBIX (ITONIEPEMEHHBIX ) HAIIPaBICHUN
MeToA cm. Uepenyromuxcs HampaBIeHUH METOT

IlepeonpeneneHHOCTh TPAaHUYHBIX yCIOBUM 227,
229,392, 393

Ilepectpoiika stueek cetku 344, 349, 428

[Tepexona matpuna 102



— MHOXuTenb 70—72, 116, 121—123

— — KOMIUIEKCHbIN 71

— — onpexenenue 70

[Munoo6pasHble OCUMIIIALUY B pereHnn 247—252,
535

[Ina3mennsie nporecce 460

[ToBepxHOCTHOTO TpeHuUs K03pPuuneHT 529

[Torpanu4HOTO CIIOS MPUOTMIKEHUE U

— ypaBHenus 11, 12, 20, 58, 104, 114, 163, 166,
235, 237, 238, 279, 290, 291, 305, 401, 412, 413,
441, 442, 450—454, 458—461, 463, 474, 487,
488, 500, 531

— — npoduiu ckopoctu 235, 506

— — tommuHa 15,222, 295

— — — BBITeCHEHUs 236

[Morpanununsiii cioit 398, 441, 450, 451, 506

— — HeaBTOMOJIeNbHbIN 451

— nepexoaHbii 461

— TypOyneHTHbIN 461

[HonusnpanbHbie ceTku 432

[Tonyananutuueckue (MOJIyAUCKPETHBIE) METOIbI
464, 465, 467, 498

[Honsipuas cetka 427, 430, 431

ITocnenoBarenbHON BEPXHEHN pelaKCallii METO
(SOR) 19, 162—164, 167, 168, 182—187,
189—194, 198, 202, 220—221, 275, 279—281,
535

— — — — JBYXJIMHEWHOU Oyouno# 192

— — — — KaK JIMHEeHHas SKCTPAIoJIAIHsI METO1a
Jlubmana 533

— — — — HeJUHEHHOU U notoueyHou 186

IToTtoka Busyanusaus 503, 506

IIpanomas — Martiepa teuenue 417

Ilpanomans aucno 15, 285, 325, 413

[IpeobpazoBanue koopauHat 230, 256, 335, 421,
424,427, 432—442, 452, 465, 536

— — MEHSIIOIIEECs B MPOLECCe MOCTPOEHUS
pemenus 435

— — HeopToroHanbHble 335, 435—438, 440

— ynapHoro cnos 436, 437

[IpoBepka ToyHOCTH pemieHus riodanbHas 489

— — — CPaBHEHHEM C PEUICHUSIMH HaJICKHBIMU
npuOIKeHHbIMU 488

—————— “rounbiMu”  483—488

————— AKCIIEPUMEHTATBLHBIMU JaHHBIMU
489

[Iporonku meton 173, 176, 186, 241 247, 281,
509—514

— — MarpuuHoit 509

— — notokoBoi 509

— — nukiInueckou 509

IIporpammsl 111 9BM cocraBnenue 470—479, 508

[IponomkenHslii moaxo k npegeny 271

[IpocTpaHCcTBEHHAs CETKA C MIEPEMEHHBIM IIIaTOM

145, 252, 349, 353, 372, 424—428

[Ipsambix meton 453, 465

Ilyaccona ypasuenue 22, 31, 33, 34, 38, 134, 151,
163—166, 168, .170, 175—213, 239—242, 265,
267,269, 270, 274—280, 283, 294, 295, 304—
307,313, 355, 430, 480, 500, 509, 512, 533—
535

— — BekTopHoe 311, 313

— — st pnaBienus 275—280, 283, 294, 295, 305,
500, 535

— — METO/Ibl pelIeHUs nTepauonHsle 178—194,
200, 279—281, 306

— — ——npsawmsele 134, 176, 177, 194—217, 210,
212,267, 296, 307, 308, 310, 313

————— B HENPSAMOYTOJIbHBIX 00JIACTSIX
205—207

— — tpexmepHoe 309, 312, 313

Paznoctu Bniepen 40, 100

—mnazan 101, 158

— oxanoctoponnue 101, 110, 111, 396, 398, 399,
404,407,411

— — BOnM3U ToukH oTphIBa 399, 404

— — MPEJCTABJIEHUS IS IEPBOU POU3BOIHOU
39—40

— 110 noToky (noaserpennsie) 101, 109, 244

— npoTuB noToka (HaBerpeHusie) 101, 109, 211,
244, 245

— neHTpanbubie 40—43

Pazpexxenus Bonnbl 26, 56, 318, 345, 347, 371, 378,
379, 487

Paspexennoro rasa teuenue 51, 464

Paspematomias cmocoOHOCTH rpauKoB,
nocTpoeHHbIX Ha OBM 493, 498

Pazpematonieii CHocOOHOCTH CETKHU YBEIMUECHUE
427,429, 432, 433, 438

Pacnieyarka 3HaueHuii B y3nax cetku 491

Pacuera pacrpocTpaHeHHs BEKTOPa OLIUOKH
meton (EVP) 176, 177, 194—204, 207, 212,
221, 286,307

————— BIMSIHUA KO3 Qpunments! 194

matpuna 197, 198, 207

Pacuernas cetka 11, 36—38, 224— 228 269, 290,
291, 344, 378, 381, 424—432, 437, 438, 479

— — aBTOMaTH4ecKoe nocrpoenue 429

— —rpybas 11, 269, 479—483

— — KpUBOJIMHEWHas 429

— — noasukHag 344, 381, 435, 437, 438

— — npsmoyroubHag 36, 39

— — pa3HeceHHas B MPOCTpaHCTBE cm. [ mbpuaHas
ceTka

— — — Bo BpeMeHu 155, 157

— — C NIEPEMEHHBIM ILIaroM o
IIPOCTPAHCTBEHHBIM NepeMeHHbIM 230

— — — TpaneuueBuIHbIMU sueiikamu 378, 432

— — TpeyronbHas 430, 457




Pacusienenue penieHust 1o BpeMEHHbIM 1maram 94,
106, 117, 151

Pacmiennienue no Bpemenu 117

Pacuiennenus no Bpemenu cxema 126, 127, 134,
159, 340, 376, 377

Peiinonvoca ananorus 330

—uucno 15, 19, 24, 28, 33, 290, 325, 475, 531

— — U3MEHEHHUE C TeMIiepaTypoi 282

— — omnpenenenue 33, 325

— — cerouHoe 21, 68, 72, 77, 84, 104, 106, 162,
215, 218, 245, 248, 249, 251, 252, 355, 385, 519

— — — 110 pa3HbIM HamnpasieHusM 104

— — ¢ dextuBHOE 519, 528

PexoMeHgarm mo mporpaMMUpPOBaHUIO, KOHTPOIIO
u o6paboTke napopmanuu 470—508

PensruBuctckue s dextsr 348, 459, 468

Pewrenue “cunpHoe’” 26

— “cimaboe” 26, 331

— TUIA yeAUHEHHOH BoJIHbI 500

Pemenuii enpacTBeHHOCTS 11, 18, 24— 26, 414

—cymiectBoBanue 11, 18, 24—26, 165, 168

Pumana 3anaua o pacnane paspoia 381

Puxmmaitiepa cxema nByxmarosas 23, 343, 373,
421, 522

Puuapocona meron uist ypaBHEHUS
napabonugeckoro 18, 96, 100

— — — — smummnTudeckoro 16—17, 161, 162,
164, 178—181, 188, 193, 198

— sKcTpanousuuu 271—273, 452

Po66una rpannunbie ycnoBus cu. [ paHuvHbBIE
YCJIOBHSI CMEIIIAHHOTO TUTIA

Pobepmca—Beiica cxema ¢ pa3HOCTSMH T10
nuaronanu 149—151, 155,526

— — — 4eTBEpTOro nopsiika To4yHocTH 154—157,
159, 211, 212, 224

Powa xoopnunatel 444

Pynee — Kymma cxema 172

— — T'unna cxema 172

Pycanosa cxema 350—352, 355, 365, 371, 378,
399, 415, 416, 446, 522

— — TpeTbero nopsiaka 423

Pouxuna — I'oeonuo coorHomenud 317, 318, 334,
346—348, 435, 448

Cazeprenoa Gopmyna st Bsazkoctu 328, 383, 476

Caynvesa cxembl 99, 146, 147, 150, 151, 180, 390,
522,533

Cayceenna meron penakcauuu HeBsizku 18, 19, 181-
182

Caepx3BykoBbIe TeueHus 22, 414, 415, 417, 422—
423

“CauHapHuka cxema” 109

CBobOoaHoro monera ycioBust 230—232, 417

CaBuroBkIe CiI0M CBOOOIHbBIE 447, 452

Cen-Benana ypaBuenus 455

Cerounas yacrora 90—92

CummerpomopdHubie purypst 442

Cumncona opmyna 235

Cuctembl N anreOpanuecKkux ypaBHEHUN pelieHne
132,176

Ckauka BeIZIeJIEHHST MeTobI 24, 316, 333-338, 344,
371,377,419, 436, 437, 465, 466, 505, 524

— pa3masbiBaHus MeToibl 22—24, 316, 337, 344—
382,436,457, 515, 524, 536

— ynaBiauBanue 337. Cu. maxowce Ckauka
pa3MasbIBaHUSI METOIBI

CkBo3Horo cuera Meroabl 337. Cu. maxowce Ckauka
pa3MasbIBaHUSI METOIBI

CnoxHbie cxeMbl 1 iporpammsel 175, 191, 192, 211,
473,478, 481

CMeniaHHbI€ JIarpaHKEBO-3MIIEPOBBI METOIbI 464,
465

Cmenienuit oqHOpoIHBIX MeTo 179

“Cmentenus’” onpenenenue 182

CobcTBeHHBIE 3HAYCHUS MaTpHIIBI 87, 192

— — —nepexona 73, 87

Conpotunenus kodpduuuent 276, 527

— — st chepsr 256—258, 269, 529

CornpsiKEeHHBIX TpaJiMeHTOB MeTo ] 192

CrniekTpanbHblil pagnyc MaTpULbI 87

Crunaiin-gyunkuuu 45, 172, 174

CpaBHeHUE pa3TIUIHBIX METOAOB BBIBO/Ia KOHEYHO-
pa3HOCTHBIX aHasioros 50—51

CpaBHUTENbHBIE JOCTOUHCTBA cUCTeM 1A (Y,Z) U
s (u, v, P) 306—309, 312—314

CpamuBaeMbIX aCHMITOTUYECKUX Pa3IIOKEHUN
Meton 467

Crenka 6e3 Tpenust 230

— nponunaemas 216, 234, 291,390,395

Crok maccsl 487

— sHepruu 487

Cmokca runotesa 320, 322

— 3anaun 483, 484

— pemenue 209, 237

Crpenbs6n1 MeTOx 451

Cmpenea cxema 378, 526

CrpikoBKa cuctem koopauHaT 430—432, 440

CymmapHoro npezacrasiaeHus metoq 176

Cxema BBUII (FTCS) 43, 53, 58— 60, 62—76,
83—85, 96—100, 120, 121, 128—131, 138, 144,
148, 152, 158, 162, 178, 243, 293, 298, 350, 365,
384, 385, 477, 520—522, 524, 530—532, 534—
536

— — omnpenenenue 43

— — DKBHBAJICHTHOCTh  UTepanusiM Skoou
161—162

— ¢ 1oHOpHbIMU stuerikamu 102, 113, 360, 361,
381, 522

— — “nepexuapiBaHuemM” 378

— — Pa3HOCTSMH BIIEpPE] 10 BPEMEHH U C
[EHTPATBLHBIMHA PA3HOCTSIMH T10



IIPOCTPAHCTBEHHBIM NEpEMEHHBIM cm. Cxema
BBIIII

— — pa3HOCTSIMU POTUB NOTOKa 68, 73, 77, 84,
101—105, 119, 127, 137, 141, 143, 148, 153,
157,159, 160, 163, 212, 242—245, 251—253,
255, 259, 305, 306, 349, 353—358, 361, 385,
406, 416, 417,427, 445, 515— 517, 519—524,
526, 530—532, 536

————— BTOpOro nopsiaxa 106, 114

————— JUIS IPOCTEUIINX (PU3UIECKUX
nepeMeHHbIX 305

—————— C)KMMaeMoOH KHIKOCTH 349,
353—358, 361, 385, 406, 416, 417

—————— YJICHOB C TPAJUCHTOM JaBJICHUS
354, 357—358

————— Ha BBIXOJIHOM rpanuue 242—245,

————— HesiBHas 532

————— nepBoro ¥ Broporo tuna 101—
114, 141, 355, 522

Cxema cnabo HeycroituuBas 135

— CO CBOMCTBaMH TPAHCIIOPTUBHOCTH U
KoHBeKTUBHOCTH 110—113

CxeMbl U1 CTallMOHAPHBIX ypaBHEHUM 161—168

— — — — ycroiuuBocTh 163, 167, 168

— — — — DKBHUBAJIEHTHOCTh HEKOTOPBIM CXEMaM
JUTsl HECTAllMOHAPHBIX YpaBHeHUl 162, 164, 167

— HesaBHEIC 85, 128—134, 151—153, 293—294,
297,304, 305, 311—314, 333, 340—342, 423,
455, 466, 522, 523, 526, 535

— — JUIS1 J)KECTKHX 4ieHOB 293, 294

— — — peleHus ypaBHEHHH B (PU3UIECKIX
nepemeHHbix 297, 304,305

— — — cxuMaeMoi xuakoctu 333, 340—342,
423

— — — TPEXMEPHOTO BUXPS U BEKTOPHOTO
norennmana 310—313

— — noaHocThio 128, 129, 138, 140, 176, 522,
523, 526, 535

— — ompenenenue 85, 152—153

— —gactnyno 131, 132

— nopsiaka TouyHocTu BToporo 41, 114, 141, 150,
159

— — —BEICOKOTO 171—172, 207— 211, 272,
289, 423, 455

— — —nepsoro 40, 104

— — —uerBeproro 154—157, 159,171, 172,
174, 203, 209

— sBHBIE, onpeneeHue 85, 128

CxemHas Bsa3kocTth 23, 103, 104, 129, 136, 137,
139, 169, 252, 305, 306

CxonuMmocTH pemieHus Bpems 268, 273—274

— — — 3aBUCUMOCTb OT Pa3MEpPHOCTH 3a]a4l
480—481

— xpurepuu 12, 27, 198, 201, 264— 275, 420—
421

— — oObekTuBHBIE 420

— — cyOBeKTHBHBIE 266, 270

— npoBepka 479—483

CxoaumocTh anmnpoKcuMalnonHas 265, 270—274

— WTepalMoHHAas (UTepallMOHHOM cxeMbl) 27, 28,
36—38, 79, 80, 143, 162, 164, 166, 180, 183—
185, 188, 212, 264—275, 281—310, 420, 422,
429, 438, 479—483

Taiinepa popma UCKYCCTBEHHOH Bsi3kocTh 379

Teiinopa — Maxkkona pemenue 337, 450

Teunopa psaast 39—44, 103, 109, 120, 129, 136,
150, 169, 358

TenzopHoro npousseaeHuss MeToasl 176

Temneparypsl pacder Uil HECXKUMAEMOM KUIKOCTH
284—294

TennonpoBoanoctu ypasuenue 37, 148, 151, 154

Teuenue nByx xuakocrei 304

— noTeHuManbHoe 163, 213, 229, 233, 237, 311,
432,442, 446—447, 453— 454, 488

— TpaHc3ByKoBoe 372, 446, 450

Teuennii 6€3 ynapHbIX BOJH METO/IbI pacyeTa
333—338

Teuenus ¢ xumuueckumu peakuusmu 109, 361,
376—378, 436, 449, 460

— TpEXMEpHbIE HEC)KUMAEMOM KuIKocTH 309—
314

Toma ycnoBue ajisl BUXps Ha cTeHke 217

Tounocth cxembl 42, 43, 56, 209, 214, 225, 263—
264, 436, 438, 489

— — JnoKaybHasg U riodansHas 209, 264

TpancnoptuBHOCTH cBOMCTBO 83, 98, 106—110,
117, 169, 355, 358, 364, 532

Tpexauaronansnast matpuna 133, 140, 153, 188,
509

TpexaunaronaneHelii anroput™ 133,147, Cwm.
maxoice IIporonku meron

Tpexcnoitnas cxema 115

TypOynentHocts 15, 35, 125, 331, 351, 451, 455—
457, 461, 462, 507, 508

— BBIUMCTUTENBbHBIE Teopun 461, 462, 468

— pacueT Ha OBM 508

— craTuctuueckas teopus 508

VY napnas tpy0a 536

Y 1apHOU BOJIHBI paCIIpOCTPAHEHHUE OJHOMEPHOE
535, 536

— — — ¢ U3MEHEHUsAMU (pa30BbIMH 460

— — rtonuuHa 330, 332, 342, 344, 347, 348, 421

Vnapusie Bonnsl 11, 22, 23, 35, 51, 56, 315—318,
330—333, 342—344, 346, 347, 420, 421, 437—
438, 448, 450, 460, 487

— — B METO/IE XapaKTEepUCTUK 448

— — rpaduyeckoe MOCTPOCHUE P MTOMOIIH
OBM 503, 505—506



— — IPOJOJDKEHHE PELICHUsT Yepe3 HuX 334—
335

Yopmunea — Xoemma meron 82

YpaBHEHHE, BKIIIOYAIOIEE KOHBEKTUBHBIN U
muddysuonnsie uiensl 29, 33— 34, 71, 137,
140, 151, 153, 247,515— 528

— Ju1st TeMieparypsl 166, 167, 284— 285

— — ¢ynkun Toka 30—34, 160, 175— 213

— — — — KaK €IMHCTBEHHOM nepeMeHHoil 165,
223. Cm. makoxce BUrapMOHNYECKOE YpaBHEHUE

— — XMUMHYECKUX KOMIOHEHT 166

— cocrosinus 15, 282, 315—317, 321, 322, 326—
328, 367, 462, 468,477

VYpaBHeHus B 6e3pa3MepHbIX nepeMeHHbIX 11, 29,
32—34, 69, 284, 285, 315, 324, 328

— 27151 BO3MyIeHui 459

— — npocredmux nepemerHsix 12, 20, 29—30,
60, 294—309, 312—314

VYcnoBust Ha rpaHuile BXOaHOM 228, 233—236,
290—291, 297, 530

— — — — BJMsHME Ha pewieHue 237, 417

— — — — JIHWCKPETU3NPOBAHHBIC CIIOCOOBI
3agaHus 235—236

— — — — 14 KUAKOCTH HEC)KUMaeMou 233—
236, 439

—————— cxknmaemoin 408, 412-413

————— OpOCTeHIINX (PU3HMUECKUX
IepeMeHHbIX 297

————— temneparypsl 290—291

— — — BBIXOJHOH 1 JKUAKOCTH HEC:KUMAEMOU
95,121, 139, 228, 236— 247, 252, 297, 298,
439, 528, 530, 535

—————— cxxnmaemoit 413—417, 528

— — — — OpOCTEHIIHUX (PUBUYECKHX
IepeMEHHbIX 298

— — — — nmocraroyHocTs 240—241, 535

VYcranosnenus o Bpemenu meron 20, 188, 273,
337,338

Y CTOWYUBOCTH UCCIEIOBAHUE TSI KUKOCTH
HecxknMaeMmon 62—=85, 127, 179, 429, 531

————— BIIMSIHME HEOJHOPOIHOTO ujieHa 178

— — — — cxumaemoit 333, 338—341, 383—386

— — — ypaBHEHUH C HEMOCTOSHHBIMH
koapdunmrentamu §0—~82

— — METOJI AMCKPETHBIX BO3MYILEHUH CM.
JIMCKpPETHBIX BO3MYILEHUN METOZ

YCTOMUYHMBOCTH HCCICIOBAHHE, METOJ

¢on Heiimana cm. ¢oon Hetimana ananus
YCTOMYUBOCTH

— — — Xépma cm. Xépma aHanu3 yCTONYUBOCTH

— — meTo bl MaTpuuHnble 339, 340

— — OTpaHUYCHUS Ha IIarv MPOCTPAHCTBEHHOU
cetku 340, 341, 429

— kpurepuu 27, 77—S83, 292. Cm. maxorce
Kypanma ancno

— onpexaenenue 27, 28

— noustue 77—79

YcroitunBocTh abcomoTHas (6e3ycnoBHas) 98, 99,
128, 129, 136, 140, 144, 145, 147, 153

— nuHamMH4eckas 63, 68

— “noroueunas’ 78

— “nommaroBas” 78

— cTtaruyeckas 63, 66, 67

@uxa 3axoH 49, 286, 374

OwibTpanuu 3axauu 457

@puopuxca xpurepuu 77, 78

@Dpomma cxema c HyJeBOH cpeHelt Gpa3oBoit
omuoOkoit 158—160, 522, 526, 533

®ynkuuu-onepatopsl 472, 473, 476

@yHKLMA TOKA, onpeneneHue 30

@Dypbe 3aK0H TEIIONPOBOIHOCTH 322, 323

— MeTO/Ibl npsiMble 21

— pAlbl C KOHEYHBIM YUCJIOM WiIeHOB 69, 83—84

— — UcnoJib3yrolue ux Mmeroast 176, 177, 204—
207

@Dypbe-KOMIIOHEHTHI penienus 69, 122, 123

— — cranuoHapssie 93, 95, 106, 124, 139, 532

XaoTHueckoi penakcanuu Meroas! 193

Xapakrepuctuk meton 12, 13, 22, 58, 331, 334—
335, 341, 356, 359, 394, 417—419, 436, 446—
450, 460, 463

— — B TpexMepHOM cityuae 448, 449, 452

— — HavaJjbHbIe NaHHbIe 449—450

Xapakrepuctuku 74, 102, 356, 359, 417—419, 448,
449. Cm. makorce XapaKTEPUCTUK METO/L

“XapakTepucTUUeCKHE TUHUM ISl PA3HOCTHBIX
ypaBHeHuil 74, 75

Xépra ananu3 ycroiuuBoctu 73—78, 82, 83, 102,
116, 120, 129, 136, 363, 516, 518, 532

XuMmunyeckasi HepaBHOBeCHOCTb 413, 460

Xumnueckue peakuu 292, 452, 453, 459, 460,
481, 487

Xotuina cxema 134, 526, 536

Xoxnu meton 21—22, 204

Xoyapma nuHEMHO 3aMesIeHHOE TeueHue 233

“IIBeToBoe ypaBHeHUE” 35

[ukmryeckoro MCKIOUYEHHUS METobl 176

ZIP-annpokcumanus 529

Yacrun B siueiikax meton (PIC) 23, 48, 349, 355,
359—362, 385, 406, 458, 463, 504, 506

Yactunsi-mapkepsl 295, 296, 301—303, 359

Yebvluesa oTyaHaTUTHICCKHIA
(momywmrepannonHslil) meroxn 162, 193

Yena—Annena cxema 138, 211, 212, 386—388,
521, 522,536

Uepenyromuxcs HalpaBJieHU MeTo1a cxema Mak-
Ku v Mumuenna 384

— — — CXeMBI BbICHIero nopsaka 172

— — — — 719 HEIUHEHHEBIX WieHoB 141



— — — — — HeMpSIMOYTOJIbHbIX o0nacteit 141,
— — — — — cxxumaeMoit xuakoctn 342, 388,

————— ypaBHeHuH napabonuyeckux 20,
126, 244, 384, 427, 443

—————— smunTudeckux 202, 242, 247,
443

— — — —HesBHbIe (ADI) 134, 139— 145, 148,
153,172, 188—191, 219, 220, 275, 281, 312,
456, 522, 526

— — — — TpexmepHsble 142, 144— 145, 312

— - — —sBHble (ADE) 146—151, 156, 164, 390,
533,536

Yerbipexcnoiinas cxema 117

“Yexapaa co cpeHen Toukoil” cxema 28, 85—96,
106, 116, 117, 124, 129, 130, 138, 139, 148, 150,
155—157, 161, 238, 243, 244, 259, 293, 296,
364, 365, 373, 378, 381, 384, 421, 526, 530, 531

— cxema [Jrioghopma — Dpankena cm. /Jropopma
— @Dpankena cxema

Uucnennoe mogenupoBanue 13, 14, 19, 21, 25, 48,
110, 359, 465

UYucnenHsle sKcniepuMenTs! 12, 15—16, 213—215

Yopuna meton 304

Ulanupo u 0'Bpaiiena criocod onpeneneHus BUXps
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IMPEAMCIIOBUE PEJAKTOPA IIEPEBO/JIA

ABTOp mpeasiaraéMoll KHUTHM Jan el Ha3BaHue ‘“‘BpluncnuTenbHas TUAPOJUHAMUKA’, TEM CaMbIM
HaMepeBasiCh MOAYEPKHYTh, YTO 3TA AUCHUIUINHA 3aHUMAET CAMOCTOSITENIbHOE MECTO, NT0I00HO aHATUTUYECKON
WM DKCIIEPUMEHTAIBHON THAPOAMHAMUKE. J[eICTBUTENIBHO, BOSHUKHYB J1Ba AECATUIIETHS TOMY Ha3a]l Ha CThIKE
BBIYHUCIUTENIBHON MaTeMaTUKU U TEOPETUUECKON TMAPOMEXAHUKH, BBIYMCINUTENbHAS THAPOAMHAMMKA MPOIIIa
OOJBIION W TUIOAOTBOPHBIN MyTh M K HACTOSIEMY BpeMeHH odopMmiack Kak 000COOIEHHBIA pa3zien HayKH,
IIPEIMETOM KOTOPOTO SIBJISETCS YUCIEHHOE MOJIEIMPOBAHUE PA3JINYHBIX TEUEHUN KUJKOCTH U T'a3a U pPEIIeHUe
BO3HUKAIOIIMX IpPH 3TOM 3aJad MpU IOMOILIM METOJO0B, OCHOBAHHBIX HA HCIOJB30BAHUU 3JIEKTPOHHBIX
BBIUMCIIUTENILHBIX MAIIMH. JTOT pa3zesl HayKu, UMEIOMMK OOJbIIOe MPUKIIAJAHOE 3HAYCHUE, IPOI0JIKAET CBOE
MHTEHCUBHOE Pa3BUTHE.

CoBpeMeHHass  BBIUYMCIUTENbHAS TUAPOJUHAMHMKA 3aHUMAeTcs pa3pabOTKOW TakuUX  aKTyalbHbIX
HaNpaBJICHUH, KaK pacueT ABWKCHHH BSI3KOH >KMIKOCTH, YHCICHHOE HMCCIEIOBAaHNE TEUEHHUH rasza ¢ (usmko-
XMMHUYECKMMH IPEBPAIICHUSAMH, U3yYEHHE PAacCIpPOCTPAHEHUS YAAPHBIX BOJH B Pa3jIMYHbIX Cpelax, PEelICHUE
ra30JJUHAMUYECKHUX 3a/a4 MpPU HATMYUHM U3Ty4eHUs W T. 1. JlaHHas KHUra OrpaHUYeHa OOCYXIECHUEM JIHIIb
OJTHOW M3 ATHX MPOOJIEM — YHUCICHHBIM PAacueTOM TEUYEHHUH BS3KOM KMIKOCTH, ONHCHIBAEMBIX YPABHEHUSIMHU
HaBpe—CTtOKCa. DTH ypaBHEHHs HEOOXOAMMO paccMaTpUBaTh B LEJIOM psijieé NMPAKTHUYECKH HHTEPECHBIX
ciy4aeB (OTpPBIB MOTOKA, KOPMOBOM cliell, B3aUMOJCICTBUE BSI3KOTO ra3za C yJapHOW BOJIHOM), KOTOpbBIE HE
OXBAaThIBAIOTCS KOHIENIIMENW TOTPAaHUYHOTO CJIOSI.
3HaunTENbHASL YaCTh KHUTU IOCBSIIEHA YUCIEHHOMY MHTETPUPOBAHUIO YPAaBHEHHUN JIBUKEHUS HEC)KHMMAEMOMN
BSA3KOM JKUIKOCTH B HECTALlMOHAPHOM Cilydae. B cuily TOro 4ro 3Tu ypaBHEHMsI UMEIOT BBICOKUN MOPSAOK U B
CHIIy CJIO)KHOCTM TPAaHUYHBIX YCIOBUH IPUMEHSETCS WTEPAllMOHHBIA aJrOPUTM, OCHOBAaHHBIM Ha
IIOCJIEZIOBATEIbHOM HMHTETPUPOBAHUU JBYX CBSI3aHHBIX IIOJCUCTEM YpPaBHEHUH BTOpPOro MOpsAKa—I/Iisl
nepeHoca BHXpS W Ui (QYHKIMHM TOKa. Pa3Hble THUOBI 3TUX MOJCHUCTEM YpaBHEHHUH (COOTBETCTBEHHO



napaboIMYeCKUl M DIUTMNTUYECKUN) MO3BOJSIOT H3JIO0XKHTHh PAa3HOOOpA3HbIE YHUCIECHHBIE CXEMBI, KOTOpBIE
LIMPOKO MCIIONB3YIOTCSI IPU PELIEHUH U APYTUX 33434 BBIYMCIUTEIbHOW TMAPOINHAMUKH.

Jlng TeuyeHui cKMMAaeMOM JKUIAKOCTH Pa3IMYHbIE YMCIIEHHBIE CXEMBbl JEMOHCTPUPYIOTCS B OCHOBHOM IpHU
OTCYTCTBUH BSI3KOCTH, a PA3HOCTHBIE IIPEICTABICHMs BSI3KMX UIEHOB pPacCMaTpUBAIOTCA OTAEIBHO. 37ECh
oOCyXJaeTcss pacyeT TEUYEHUH C yAapHBIMH BOJHAMU IpPU WX pPa3Ma3blBaHUM M3-3a SIBHOW WJIM HESBHOM
(cXeMHOI1) UCKYCCTBEHHOW JUCCHUTIALIUH.

B kHMre ocBemaroTcss BONPOCHl YCTOMUUBOCTH U CXOJUMOCTH PELIEHUS] KOHEUYHO-PA3HOCTHBIX YPaBHEHUU.
[Ipencrapnsier UHTEpEC aHATU3 PA3TUYHOTO THUMA OIMIMOOK, OOYCIOBICHHBIX PAa3HOCTHBIMH CXEMaMH. ABTOP
yaenseT O4YeHb OOJbIIOe BHUMAHUE YHCICHHOMY IPE/ICTABICHUIO T'PAHUYHBIX YCJIOBHM, KOTOpPBIE HUMEIOT
MIEPBOCTENIEHHOE 3HAYE€HME, BIMSISI KaK Ha TOYHOCTh, TaK U HA YCTOMUYMBOCTb YHMCIIEHHOTO PEIICHHUS 3aJayu.
OO6cyxenue 3TOro BOIMpOca MPOBOJUTCA CTOJb JETAaJbHO, YTO B ATOM OTHOLICHHM KHUTAa HE HMMeeT cebe
aHAJIOTOB.

B cMbIciie METOI0JIOTMHY U UCIIOJIB3YEMOTO MOAX0a JaHHAs KHUTa HE OTHOCUTCS K YHUCTO MaTEMATUYECKUM
paboraM. B Heil OonblIyl0 poib HrpaiOT 3BPUCTUYECKHE OOOCHOBAHHSI M PE3yJIbTaThbl BBIYMCIMTEIHHOTO
HKCHEPUMEHTa U 000011aeTCss OrPOMHBIN OMBIT MPAKTUYECKUX PACUYETOB, HAKOIUIGHHBIH aBTOPOM M JIPYTUMHU
UCCIIeIOBATENAMH. JTO OOCTOATENBCTBO MPHUIAET KHUTE OCOOYIO LIEHHOCTh, MOCKOJBKY OOBIYHO UYHTATENs
PEAKO 3HAKOMSAT C TEXHUYECKOM CTOPOHOM UMCIEHHOIO pEIIEeHUs 3ajad. ABTOp, HalpOTHB, HamMcal Jaxke
CHELMAJIBbHYIO IV1aBYy, B KOTOPOHM Nal0TCSd PEKOMEHJALMU IO MPOrpaMMMPOBAHMIO, 110 IPOBEPKE YMCIEHHBIX
CXEeM H 10 00paboTke mosrydyaeMoil nHpOpMaIHH.

KHura comepxuT BechbMa OOIIMPHBIM CIHCOK JMTEPATypbl MO BBIYUCIUTEIBHON TruapoauHaMuke. K
COXKAJICHHUI0, dTa Oumbnmuorpadusi orpanmdeHa 1972 r. W COAEPKHUT HEAOCTATOYHOE KOJIMYECTBO pPabOT
COBETCKMX Yy4YeHbIX. Hampumep, B KHUT€ HE YIOMHHAETCS OPUTHHAIbHBIA 3(QEeKTUBHBIA MeTOox
uHTerpupoBanus ypaBHeHud HaBbe— Ctokca, mpesioxeHHbii A. A. JIOpOJHUUBIHBIM U OCHOBaHHBIM Ha
BBEJICHUM MAJIOTO MapaMeTpa B FPAHUYHOE YCIOBUE IPUIMIIAaHUS Ha CTEHKE. ViMes B BULy 9TH 00CTOSITENbCTBA,
MBI COWIM HYXHBIM JOOaBUTHh CIHUCOK psiia COBETCKMX MyONMKaluid, a B OTAEIBHBIX CIIydasX JaBallid
MIO/ICTPOYHBIE IPUMEUYAHUS C JOTIOJTHUTEIBHBIMH CCHUIKAMM.

ITpu nepeBoje KHUTHU HA PYCCKUN SA3bIK BCTPETHIIMCH TPYJHOCTH, CBSI3AHHBIE C TEM, YTO KOE-I/I€ MaTepuai
IIPENIOJHOCUTCSL B HECKOJIBKO CHIPOM BHJIE€; MHOTOYHCJIEHHBIE HETOUHOCTH U OINEYAaTKH, 3aMEUEHHBIE B 3THUX
MeCTax, MCIpaBlieHbl 0e3 clerraabHbIX oroBopok. Pabora mo mepeBoay pacmpenensiachk Tak: B. A. [N'ymun
nepeBsel Iaskl 2, 3 u npuioxenue A, B. . MutHunkuii—ipenucnosue, rinasbl 1, 4—7 u npunoxenue b.

. U Yywrun

Ko BpeMeHHM HamucaHHs HACTOSILICH KHUTHU CTaJ0 OYEBHJIHBIM, YTO Kak oOmas 00JIaCTh YMCIEHHOTO
MOJICIUPOBAaHUS (PU3NUECKUX TPOLIECCOB, TaK M YACTHBIN €€ pa3/ied — BBIYMCIUTENbHAS THAPOAUHAMUKA —
ObICcTpO pazBuBaroTcs. JlocTaToyHO OpOCUTH OEryblid B3IJISA Ha CIHMCOK 3arjiaBUi B KaKOM-THOO HAyYHOM
pedepaTHBHOM KypHaie, dYTOOBl yBHUIETh HEMPONOPLUOHATIBHO OOJIBIIOE YHUCIO JUCCEPTALUN 110
BBIUMCIINTENILHOW TuapoauHamMuke. Kakaplii MMEromuid JOCTYyNn K BBIYUCIUTENBHOW MAalIMHE YTO-HHOYIbh
BBIUHUCIISIET.

K coxarnenuto, mporpecc MCCIEIOBaHMNA B 3TOM HANpPaBICHUU TOPMO3UTCS CHIBHOW pa30pOCAHHOCTHIO
JUTEPaTypHBIX UCTOYHUKOB. EfBa 1 mpoxoauT mecs 6e3 Toro, 4Todbl KTO-HUOYAb HE “OTKpBLT” OBl 3aHOBO
CIOco0 COCTaBIEHHMSI KOHEYHBIX Pa3HOCTEH MPOTHUB MOTOKA HJIM HE PACTOJIKOBBIBAJ Obl ¢ HACTOHYHMBOCTBHIO
HOBOOOPAIIIEHHOTO BCE MPEJIECTH ACHUMITOTHMYECKOIO HECTAI[MOHAPHOTO MOAXOJa JUId pPEUIeHHs 3ahad o
CTaLlMOHAPHBIX TEUYECHHUSAX. A BeOb 3TU WM M3BECTHHI OYEHb NaBHO. Hanmeemcs, yTo naHHas KHMra OyneT
II0JIE3HA HAYMHAIOIIKUM KaK OTIIPABHOM IYHKT I JAIBHEHIINX UCCIEIOBaHUMN.

B Hacrosiee BpeMs CylIecTBYeT HECKOJIBKO MPEKPACHBIX yIEOHBIX PYKOBOJCTB IO YHUCIEHHOMY PEILICHUIO
YPaBHEHUH B YACTHBIX NPOM3BOJIHBIX; 0CO00 cieayeT OTMEeTUTh KHUTH BazoBa u ®opcaiita [1960],
Puxtmaiiepa [1957], Puxtmaiiepa u Moptona [1967], Ditmca [1965, 1969] u Mutuenna [1969] 1). Hactosmas
KHUTA OTJIMYACTCS OT HUX KaK OTOOPOM MaTepualia, Tak U CIIOCOOOM €ro W3JI0KEHHS.

UYro KacaeTcsi 0XBaUEHHOI0 MaTepuala, TO He0OOXOAMMO MPEAYIPEaUTh YUTATENS, YTO 3TO HE MaTeMaTH4ecKas
KHUTA; CM. 110 3ToMy ooy paboty Popcaiita “TlogBogHbIC KAMHUA B BBIYUCICHHUSIX WM O YeM HE IMHIIYT B
Matematrueckux kaurax” (Popcaitt [1970]). 3meck B npsamoii U, Kak MbI HaJIeeMCs, BIIOJTHE JOCTYITHOU opme
MPUBOASATCS OCHOBHBIE KOHEUHO-PA3HOCTHBIE CXEMBI I pacdyeTa BHYTPEHHHUX TOUYEK OOJIACTH TEYEHUS.
OO6cyxmaeTcst Takke BaXKHOCTh YMCIIEHHOTO MPEACTaBICHUS TPaHUYHBIX ycioBuid. IlocieaneMy Borpocy 110
HACTOSIIET0 BPEMEHHU BOOOINE HE YAENSIOCh BHUMAHHUS B YY€OHBIX PYKOBOJCTBAX U YACISIIOCH OYEHb Majo
BHUMaHMs B HAyYHBIX CTaThAX, OJHAKO ceiuac HAYMHAIOT TOHUMATh BCIO €ro 3HAYMMOCTh. B KHHre



00CY)XJAl0TCsl M APYrHe CTONb K€ BaKHbIE M OOBIYHO HE YIIOMHHAE€MbIE TEMbl, a UMEHHO YaCTHbIC BUJbI
KOHEUHO-PAa3HOCTHBIX CETOK, cnenuduueckue (GpopMmbl paccMarpuBaeMbIx auddepeHnranbHbIX ypaBHEHUH,
3aJjaud C HAYaJIbHBIMH YCJIOBUSMH, KPUTEPUU CXOJIUMOCTH, CIIOCOOBI MAIIMHHOTO MOCTPOEHUS IrpaduKoOB U
Jpyrue MeTo/ibl 00pabOTKU MoTydyaeMol HH(GOpPMAIMK U JaKe HEKOTOpbIe Crieln(puIecKkue peKOMEHIAUU 110
MIPAKTUYECKOMY IporpaMmupoBaHuio. Kopoue roBopsi, B 3TOM y4eOHOM PYKOBOJACTBE YHMTATENIb HAWAET He
U3SIIIHbIE MaTEMATUYECKUE IMOCTPOCHMS W JIUIIb YIIOMUHAHHME 3a7ad, B KOTOPBIX OHU NPUMEHHMBI, & BCIO
COBOKYIHOCTb  BOINPOCOB,  CBSI3aHHBIX €  IMPAKTUYECKUM  TOJYYEHMEM  YMCIEHHBIX  pPELICHUM
TUAPOMHAMUYECKHUX 3a]1a4.

Yro kacaeTcs IPUMEHSEMOT0 NOJX0/a, TO CHOBA MPEAYIPEKIAEM UYUTATENS, YTO 3TO HE MaTeMaTUYECKas
KHUTa. /lake B MaTeMaTHYeCKUX KHUTAX MPHU3HAETCA HEOOXOAMMOCTh (PU3NUECKON MHTYHIIMU, IBPUCTUUYECKUX
O00OCHOBaHMH M  YHUCIEHHOT'O  JKCIEPUMEHTHUPOBAHMS, XOTS  HUHTYHTHUBHBIM, ABPUCTHUECKUH WU
SKCIIEPUMEHTAIBHBIM TOAXOABI B HUX MCIOJNB3YIOTCS HE CIUIIKOM 4acTo. KOHEYHO, HEKOTOpBIE YHMCTO
MaTeMaTHYeCKUEe HCCIEeIOBAHUS HUMEIOT OOJIBIIYI0 II€HHOCTb, OJHAKO HAIIM HMHTEPEChl — 3TO B IEPBYIO
ouepenb HMHTEPEChl MHXKEHEPOB, (PU3MKOB, XMMHKOB, T. €. Mbl HHTEpPECyeMCsl B MEpPBYIO OYepeab CaMUM
¢u3nyeckuM SBJICHHEM, MaTeMaTHKa K€ MPU 3TOM HUIpaeT JIMIIb POJb MHCTPYMEHTa HCCIIEAOBAaHUS. IJTO
pa3nuume B MMOAX0JaX HE MPOCTO MMEET CYOBEKTUBHOE 3HAYCHME, a YAaCTO MPUBOAMUT K COBEPUICHHO JPYTUM
¢dbopMynupoBKaM 3ajad, B OCOOCHHOCTH B OTHOILICHMM TPAaHUYHBIX YCIOBHH. BooOmie rosops, mouxon,
OCHOBAHHBIM HA MOAETUPOBAHUN (PUZNYECKUX TPOLIECCOB, AACT JYUIIUE PE3yIbTATHL.

B 3Toil CBsI3M JIOOOMBITHO OTMETUTH, YTO OOJIBIIMHCTBO paboTaomMX B 00NACTH BBIYMCIUTEIHHOMN
THJIPOAMHAMUKN B MPOILIOM OBUIM TEOPETHKaMH (M BCE €Ille MPOJOJIKAIOT CYUTATh ceOsi TAKOBBIMHU). ABTOP
9TOW KHHUIU MpPEXIE 3aHUMAJICS B OCHOBHOM JKCIIEPUMEHTOM. XOYETCS HAAEIThCS, YTO MOM Hay4HbIE
CKJIOHHOCTH B COYETAHMM C HAYYHBIMU CKJIOHHOCTSIMH aBTOPOB IMPEAIIECTBYIOIIMX KHUT IO3BOJIAT CO34ATh
HEYTO HOBOE, MOCKOJIBKY 51 YOSKICH B TOM, YTO BBIYMCIUTENbHAS THAPOJUHAMUKA SBIISIETCS CAMOCTOSTEILHON
JUACLUIUIMHOM, OTJIMYHOM OT JKCIEPUMEHTAIBHOM M TEOPETUYECKOW THAPOJMHAMUKU W HMEIOLIEH CBOU
COOCTBEHHBIE METO/IbI, TPYIHOCTH M 00JaCTH IPUMEHEHHUS.

BJIATOJAPHOCTHU

Korna Han xHuroil paboTaenib ¢ HEKOTOPBIMHU TepephIBAMU OKOJIO YETHIPEX JIET, TO HeM30ekKHO oOpacTaelb
CBOETO pOJA OJIFaMH M IPAKTUYECKH OKa3bIBAETCS HEBO3MOXKHO BBIPA3UTh NPHU3HATEIBHOCTH BCEM TEM, KTO
TaK WJIM MHAa4Ye CII0cOOCTBOBAJ TBOEMY Tpyay. OHaKO HEKOTOPBIX MHE XOYETCs M00Iaro1aputh 0co0o.

HauOonee TBopueckas (M mpusiTHas) 4acTh paboThI ObUTa mpojaenana B yauBepcurere Kentykku. B 1968 .
Mol noOpeiit apyr a-p Yapnz Kuannm npeanmoxun MHe pabortath Hajx 3To kHuroii m B 1970 rony
CIOCOOCTBOBAJI MOEH KOMaHAMPOBKE B 3TOT yHHMBepcuTeT. OH M DHH M03a00TWIHCH 00 YyCTpOHCTBE MOEH
CeMbU U Ha NPOTSDKEHUHM Bcero npeObiBaHus B KEHTYKKHM MBI MOJNB30BAJIHCh UX JPY>KOOH M MOpAIbHOM
MOJICPKKON. 3aBepIIeHHEM HAcToAlIeH paldoThl s Oosiee Bcero o0s3aH, €CM HE CYUTATh MO0 XKEHY, J-pY
Knanmy.

Moe mnpeOpiBanne B KeHTYKKM CTajno BO3MOXKHBIM Ojlarojapsi JeKaHy WH)KEHEPHO-MEXaHUYECKOTO
¢dakynbTera a-py Pomkepy DiixxopHy. MHE XoueTcs MCKpEHHE MOOJarofaputh €ro, CTyAEHTOB, CIYIIABIINX
MO Kypc, a TaK’K€ MHOTUX JIPYTHX, OKa3aBIINX MHE JIPY>KECKU mpueM, B yacTHOCTH J-pa Kimudda Kpemepca,
n-pa Jlxona Jlenxapna, n-pa lllua Cunrxa, n-pa ®@psnka Carrennopda u [enopec biask. Moe npeOsiBanue B
KeHTykkH cTallo BO3MOXHBIM Takke Omaromaps pyKoBOACTBY Jsaboparopuit CaHnmma, KOTOpoe
CaHKIIMOHUPOBAJIO MOE€ JUIUTEIBHOE OTCYTCTBUE M TEPIIEIMBO OKA3bIBAJIO MOJICPKKY B MOEH paboTe; B 3TOM
cBsi3u 51 Onarogapro a-pa @pena binorrHepa, n-pa Kena Topbsina u Anana Ioyma.

B 1967 r., korga tTemaTuka KHUTH €II€ TOJIbKO 3apo’KJanach, MHE MOCUYACTIMBUIIOCH MPOCIYIIaTh KypcC,
npounTaHHbiil A-poM CtuBoM [Inauexom B yHuBepcurere Hotp-/lam. JlokTop IInauek He TONBKO O3HAKOMMII
MEHs C MPEIMETOM, HO M BIOXHOBMJI Ha JajbHeWIyto padoty B 3Toi obnactu. Kpome Toro, s He cMor Obl
3aHATHCS 3TOW 3aXBaTHIBAIOIIEH HAYKOMW, eciii Obl MOUM pykoBoauTesieM He Obu1 A-p T. J[x. Mroiep.

[Tpodeccop Yumbsam Ob6epkammd u3z Texacckoro yHuepcutera B OCTHHE Ha OCHOBE MEPBBIX TPEX TJaB
PYKOIHCH YUTall OAHOCEMECTPOBBIN Kypc. OH 0OHApyX M B PYKOIHCH OOJIBIIOE YUCIIO OMMOOK U JaJl MHOTO
LEHHBIX MNPEMIOKEHUH 10 YIYYIIEHUIO M3JI0KEHUS Marepuana. MHE TOJIBKO OCTaeTcsl COXKajeTb, 4YTO
OCTaJIbHAs YaCTh KHUTY He Oblja MOABEPTrHYTa CTOJIb MOJIE3HOMY BHUMATEIIbHOMY pa30opy npodeccopoM u ero
cryneatamu. Kpome toro, 1-p C. V. XEpT 11006€3H0 COracuiicsi MPOCMOTPETh YacTh MaTepUaa, CBI3aHHOTO C
ero paboTaMu U IpyrumMu paboTaMu, BHIIOJHEHHBIMU B JIoc-Aa-Mocckoil 1abopaTopuu.
bonpuryro 4acTe 3TOM TPYAHOUW PYKOIMCH B YEPHOBOM M OKOHYATEIBLHOM BapuaHTax ormnedarana Ea Mapus
O®panke. bertn XomMHICyopr Takke MOMOraja IIpU II€YaTaHWM pPYKONMCH. PenakTupoBana pyKOIUCH
Posmapu Tucpeinn, Pyr bapr roroBuna Kk medard WJUIFOCTPATUBHBIM Marepuan. MHoOrme u3 Te€X, KTO



BEJIMKOAYIIHO IPENOCTaBWJI B HAIlE I0Jb30BaHUE WIUIIOCTPALIMH, YIIOMUHAIOTCS B IOJIUCAX K PHUCYHKaM,
OJTHAKO B 3TOM CBS3M XO4YETCs 0c000 OTMeTUTh J-pa Dponcuca Xapmoy, n-pa C. Y. Xépra u a-pa I»Buna
Tomana.

B sToM HOBOM M3aHuu KHUTH (MapT 1976 r.) yuTeHbl NPEANOI0KEHUS U UCIIPABIICHUS, I0JICKa3aHHbIE MHE
MOUMHU APY3bIMHU (M KpUTHKaMH). MHE X04eTcsl HCKpEeHHE 1M00Jaro1aputh UX BceX, U B 0co0eHHOCTH pod. V.
JI. OGepkamrda, npod. A. JIx. Hopuna, n-pa 3. 1. Maprtuna, a-pa P. C. Xépma, n-pa JI. beptpama, npod. P.
A. HManspummuia, a-pa Y. llymana, npod. x. @. Tommncona, npod. V. I'xua, npod. K. I'xua u n-pa P. O.
YopMmuHra.

Mos xena K3TpuH M HamuM JETH KMBO MHTEPECOBAIUCH Moed paboroil. Heyero u roBoputs, uro 6e3 ux
MOJIICP>KKH OHA HE MOTJIa OBITh BBIITOJIHEHA.

S ryGoko OnaromapeH MOUM Jpy3bsiM, KOJJIETaM M 3HAKOMBIM, MOJAJCPKHUBABIIUM MO€ HaunHaHue. Mx
MOJJIEPKKA 3HaUMIa JUIsl MEHS OYE€Hb MHOTO.

Haxonern, uckpenne 6maroaapio Tommu [TorTepa, KOTOpPBIN MOATOTOBMII MaTepHal AJIsl IIECTOH TIIaBhI.

I1. [Dre. Poyu

Orta xHUra nocesamaercss Mepu u ee ynusepcurery Horp-Zlam aro Jlak.

1) Cnucok nMTepaTypbl, COCTaBIEHHBIH mo andaBuTy (M0 (aMWIMK MEPBOro aBTOpa) M TOAaM BbHIXO/a,

IIOMEILEH B KOHIIE KHUTH; CIIMCOK JIOIIOJHUTENIBHOM JINTEPATyphl C KPATKUMH aHHOTALUMSIMU MO>KHO HaiTH B

o03ope Ilpaiica [1966],

PEKOMEHJIALTMM IT0 YYEEHOMY KYPCY, OCHOBAHHOMY HA HACTOSIIEN KHUTE

Huke MBI M3JI0)KHM HEKOTOpbIE COOCTBEHHBIC HAONIONEHUS, OCHOBAaHHbIC HAa YTEHHH JBYX KYPCOB IIO
BBIYUCIIUTENIHON TUAPOIMHAMHKE, OJHOTO ISl MOBBIIICHUS KBATM(UKAIUU PAaOOTHUKOB MTPOMBIIICHHOCTH U
JIPyroro—aJjisi BbIMYCKHUKOB YHUBEPCUTETA.

1. M3naraemplif MaTepuan He CIUIIKOM TPYAEH caM 1o cebe, 0IHAKO M3-3a €r0 HOBU3HBI BO3HUKAET MHOTO
HESCHOCTEU U HEOXKUJAAHHOCTEH.

2. Ilonaraem, 4To MaTepuanl KHUTH JOCTYIIEH CTYAEHTAM CTaplIuX KypCOB.

3. 13 nHacrosmero Kypca CTYAEHTHI (a2 B MOEM CiIy4ae M caM JIEKTOpP) MOTYT IOYEPHHYTh pa3InYHbIE
cBelleHUs U3 oOjactu ruapoArHaMuku. IlosToMy ero ciemyer He paccMaTpuBaTh B OTPBIBE OT OOIIETO
y4eOHOro IJ1aHa, a, HA0OOPOT, UCTIOIB30BATh I BBEACHUS (WM 1O KpaiHel Mepe 3aKperyIeHns) TaKuX uaei
U TIOHATHUH, KaK 3apoKJeHHE W MEPEeHOC BUXpeH, ypaBHEHHs B Oe3pa3MEpHBIX NMEPEMEHHBIX, KOHTPOJIbHBIC
00bEMbI, KOHBEKTHUBHBbIC M TU(P(HY3MOHHBIE IMPOLECCH], JOCTATOYHOCTh T'PAHUYHBIX YCIOBHUI, TUCCHUIIAINS,
KECTKUE ypaBHEHUS, DIIJIMITUYHOCTh YPaBHEHU, ONMCHIBAIOIINX TEUEHUS] HEC)KMMAEMOM KUIKOCTH, yIapHbIE
BOJIHBL, INHUM Maxa, 00JIacTh BIUSHHS TUIEPOOIMYECKIX YpaBHEHUH, MaTeMaTHUECKUE aCTIEKThl ypaBHEHUI
Diinepa u ypaBHEHUI MOTPAHUYHOTO CJIOSI, CYIIECTBOBAHUE U €AMHCTBEHHOCTh PEIICHHH, 0COObIE TOUKH.

4. be3 0co0bIX 3aTpaT MOXHO MOJYYUTh KQUECTBEHHO Pa3yMHbIC PEIICHHUS ABYMEPHBIX 33/1a4 O TEUECHUSX

HEC)KUMaeMo# KMIKOCTH Ha rpy0oii cerke. Hampumep, onuH W3 MOUX CTYAEHTOB MOJYYMJI HECO MHEHHO
CXOJAIIEeeCs YUCICHHOE PELICHNE 331a4H O TEUCHUH KUJKOCTH B 3aMKHYTOW NPSIMOYTOJIEHOM 00J1aCTH C O/THOM
MOJIBMKHOM rpanuiieil Ha cetke 5XS5 3a 20 ¢ mammaHOTO BpeMeHu IBM 360/65. Ctonb e S5KOHOMUYHO MOXKHO
YHCIICHHO pEIlaTh U HECTALMOHAPHBIE 3a/1a4l 00 OJHOMEPHOM PACIPOCTPAHEHUHU YAAPHON BOJIHBHI.
5. 5 cuMraro BaXXHBIM NPHOOIIATH CTYAEHTOB K pabore Ha DBM kak MoxHO pasblie. COOTBETCTBEHHO B
IpoLecce IpenojaBaHus s HE IPUIEPKUBAIOCH CTPOro IOCIEI0BATEIBHOCTH H3JIOKEHUS MaTepuana B
HacTosmeM y4eOHOM nocoOuu. B KHuUTe MmocinenoBaTeIbHO OMMCHIBAIOTCS CXEMbI JUISl PEIICHUs ypaBHEHUS
IepeHoca BUXPS, 3aTeM CXEMbl PEIICHUS JIUITMITUYECKOTO YpPaBHEHUS s (YHKUMUTOKA, 3aT€M METOMbI
[IOCTAHOBKH T'PAHUYHBIX YCIOBUH U, HAKOHEL, BOIIPOCHI, CBSI3aHHBIE C HAYAIIbHBIMU YCIOBUSMH U KPUTEPUSAMU
CXO/IMMOCTH; BOIIPOCHI, CBA3aHHbIE C 00pabOTKOW MonyueHHON HMH(OpMaIK, OOCYKIAIOTCS B MOCIEIHEH
rnaBe. OHaKo B yueOHOM Kypce s 1ai0 33/1a4y O TEUYCHHMH JKUAKOCTH B 3aMKHYTOH MPsIMOYTOJIbHOM 001acTH €
OJHOM IMOABMXKHOM TpaHULEW cpa3y Ke TII0CIe HU3JIOKEHUS HECKOJIBKUX OCHOBHBIX CXeM U
HENPOJO/KUTEIBHOIO YHUCIEHHOTO JKCIIEPUMEHTHUPOBAHUS C OJHOMEPHBIM MOJEIBHBIM  YpaBHEHUEM
KOHBEKIIMHM M AUPPY3uu BUXPS M JEKIUH, B KOTOPOM U3JIAraroTcs MPOCTEHIINE CXEMbl pEIIeHUs
AITUITAYECKOTO YpaBHEHUS sl QYHKIIMH TOKA ¥ TPAaHUYHBIE YCIOBHS HA CTEHKax ¢ mpuinnanueM. CTyaeHTbI
B T€UEHUE HECKOJIbKUX HE/eb paboTaloT HaJl 3TOM IBYMEPHOI 3a/1a4eid, B TO BpeMsl Kak s MPOJIOKAI0 YTCHUE
JIEKLIUH YK€ B COOTBETCTBHHM C U3JI0KEHUEM MaTepuaa B HACTOSALIEH KHUTE.

6. Kypc mpuHuMaercsi CTyIeHTaMH € 3HTY3Ma3MOM, B OCOOEHHOCTH €CJIM OH IOJAKPEIUIEH MPaKTUKOH Ha
OBM.



7. Ilpu AByXceMeCTpOBOM Kypce sI 3aKaH4YMBajl Obl TEpPBBIA CEMECTp Ha IJaBe 3, BO3MOXKHO, IOCIE
U3JIOKEHHUsST METOJIOB PEIIEHUS YpaBHEHHs MJsl TeMIeparypbl. BTopoil cemecTp Mor Obl HauyMHATHCSA C
OOCYXICHHSI pCIICHUS YpPaBHCHUW TEUEHUS HECKUMACMOW JKHUIKOCTH B NPOCTEHIINUX (PUINIECKUX
IIEPEMEHHBIX.

8. CyIiecTByeT MHOTO 33Ja4, KOTOPbIe MOXXHO HPEJIOKUTh CTyJCHTaM B Ka4eCTBE MPAKTHUECKOH paboThI
0 HacTosmeMy Kypcy. HekoTopble n3 HUX SBISIOTCS €Il HEUCCIICAOBAaHHBIMU HAyYHBIMHU MPOOIEMaMH, YTO
MOJKET CIIY)KUTh NMPEBOCXOAHBIM CTUMYJIOM JUIl UX BbIMoNHEHUs. [IpuMepamu myOnuKanuii, BO3HUKIINX H3
CTyZIEHUYECKUX paboT Mo 3a/aue O TEYEHUH JKUAKOCTH B 3aMKHYTOW OOJIACTH C OJHOW MOJBUKHOM TpaHHULIEH,
aBISAIOTCS paboTel Toppanca ¢ coaBTopamu [1972] u Numerical studies of incompressible viscous flow in a
driven cavity. - NASA SP-378, 1975.

9. Ilpu >xenaHuM MaTepual HACTOSIIEH KHUTH MOXHO JTOTIOJHUTH U3JI0KEHUEM METOJ1a XapaKTEPUCTHUK U CXEM
pelIeHNs ypaBHEHUI OIPaHUYHOIO CIIOS.



Inasa 1

BBEJEHWE

«['napoannamMuka  ocob6eHHO  u300HAyeT  HeNHHEHHOCTAMH»
(Dfimc [1965]), Kak 3TO XOpOLIO 3HAET Ka)KAbl H3ydalOUHH ee
cryaedt. OHa rtakxKe u300H/yeT YpaBHEHUSIMH B YaCTHBIX IIPOH3-
BOAHBIX CMEIIaHHOrO, FHNMepBOJIMUECKOro H 3JIHITHYECKOTO THIIOB,
MaTeMaTHUECKUMH OCOOEHHOCTSIMH pPas3/JHYHLIX BHJOB, 3aJauaMH ¢
rPaHHYHBIMH YCJOBHSIMH Ha OeCKOHeUuHOCTH. B mpomoM ruapopH-
HaMHKa B 3HauyHTeJbHOH Mepe CTHMYJHMpPOBajJa pPa3BHTHE TEOPHH
ypaBHEHHH B YaCTHBIX NPOH3BOJELIX, TEOPHUH (QYHKUHUH KOMIJIEKC-
HOTO lepeMeHHOro, BEKTOPHOrO M TEH30PHOIO aHaJjH3a, HeJHHEHHBIX
MaTeMaTHYeCKHX MeTonoB. He yauBuTesIbHO MO3TOMY, YTO B Ha-
crosiliee BpeMsl THAPOAHHAMHUKA, ¢ OAHOM CTOPOHH, H3BAEKaeT 6Ob-
IIYIO BHIPOJAY W3 NPHMeHEHHs] YHCJIEHHBIX KOHEUYHO-DA3HOCTHBIX Me-
TOAOB HCCJEeJOBaHHA, a ¢ APYrof CTOPOHEBI, BHOCHT.3HAaUHTEJbHBIH
BKJaJ B HX Da3BUTHE.

OzxHaKo B HacToslleH KHHre Mbl He KacaeMcsl BCEX pa3feJsioB
UHCJEHHOrO aHaJ/u3a, HCHOOJb3yeMblX B THADOJHHAMAYECKHX 3aj1a-
yaXx. Mbl He paccMaTpuBaeM HHTEPECHYIO [IBYXTOUEUYHYIO KpPaeBYIO
3ajlauy AJa5 OOBIKHOBEHHBIX AH((epeHIHANbHBIX YpaBHeHHH, KOTO-
pasl UrpaeT CToJb BaXKHYIO POJIb NPH pacueTe aBTOMOJEJBHLIX pe-
HIeHUH TeOpHH NOTPAHMYHOI'O CJOS; MBI He paccMaTpHBaeM Jaxe
NpaKTHYeCKH BaXKHOTO MeToJa XapaKTeDHUCTHK. BMecTo 3Toro Ml
COCPEIOTOUHM CBOe BHHMAaHHE HA HOBOH, TOJBKO ellle NOSBJSIOLIEH-
csl JOHCHMIJIHHE, KOTODYI, NO-BHIHMOMY, Jiydile Bcero Obiio Ool
Ha3BaTh YUHCAEHHBIM MOJesjupoBanneM B THAPOAMHAMHKe. B Ha-
CTOsIlilee BPeMsl BCe udallle BXOJHUT B ymorpeb/eHHe TEPMHH <«BBIUHC-
JHUTeJbHAS THAPOAHHAMHUKA», KOTOPHIH IOYTH HE OTJIHUaeTcsi oT 6o-
Jlee MINPOKOrO TEePMHHA «UUCAeHHAS CHAPOAUHAMUKAS !).

1.1. O6nactb BBIYHCIHTENBHOH THMAPOAHHAMHHH

B nmpowmsioM ruppoiMHaMHKa, Kak M Apyrue (H3HYeCKHe HAYKH,
HeJH1ach Ha TEOPETHYeCKYI0 M 3KCIEePHUMEHTaJbHYIO 4YacTH. 3aja-
OMMCSI BONMPOCOM: B KAKOM OTHOLIEHHH K 3THM CTapHIM 4acTiIM Ha-

1) 3ameruM, 4TO aBTOpP HCNOMB3YeT KaK TePMHUH «BHIYHCAHTENbHAasi HAPO-
auaamuka» (computational fluid dynamics), Tak u TepMHH «uHCJeHHas THADO-
auHamika» (numerical fluid dynamics). — IHpun. ped.
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XOJHTCA BLIYHCJAHTEJNbHASA THAPOAHHAMHKAa? MOXKHO OTBETHTb, YTO
OHa fABJseTCS OTJHEJbHON AHCUHUIIHHOHA, XOTA H obsagaer HEKOTO-
pHIMH 4YepraMu o0eHxX 3THX 4acTel H CKopee JONOJIHSET, UeM 3aMe-
HAET HX.

BoluncanresnbHas ruApOJMHAMHKA, KOHEUHO, HEe SIBJSAETCS YHCTO
TEOPETHYECKOH HayKoil (eCJH TaKoBble BOOOLIE CYIIECTBYIOT) —
OHa OJHIKe K 3KCMepHMeHTaJ bHOH.

CyiuecTsyiomlass HeIHE MaTeMaTHYecKas TEOpHs YHCJIEHHOro pe-
WeHUA HeJHHefIHBIX ypaBHeHHH B YACTHHIX NPOU3BOAHHX NOKa eme
HeaJeKBaTHa: HeT CTPOroro HCCJIeAOBaHHS YCTOHYHBOCTH, CTPOrHX
OLIEHOK IIOTPEIIHOCTeH H J[0Ka3aTeJbCTB CXoauMocTd. HekoTopbie
ycIeXH JOCTHTHYTH B J0Ka3aTeJbCTBax CYIUIECTBOBAHHA H eNHH-
CTBEHHOCTH pellleHHH#, HO HX He AOCTAaTOYHO AJS TOro, 4robul AaTh
HEJBYCMLICJICHHBIH OTBeT Ha OTJEJbHLIE BOIPOCH, NPEACTABASIONHE
H3BEeCTHLIH HHTepec.

[TosToMy B BBIUHCJHTENBHOH THIPOAHHAMUKE NPHXOLHTCS B
OCHOBHOM INOJIaraThCsi Ha CTPOroe MaTeMaTHYECKOe HCCJIeIoBaHue
yNpOILIeHHLIX JIHHeapU30BaHHBIX 3ajJay, HMMelomUX OoJbliee HIH
MeHbllee OTHOLIEHHe K JlaHHOH 3ajade, a TakKxKe Ha 3BPHCTHYECKHE
060cHOBaHHUS, (PH3HYECKYI0 HHTYHUHIO, Ppe3y/bTaThi NPOAYBOK B
a’pojHHaAMHUecKuX TpyGax W Ha NpoleAypH npob u omuboK.

CrennaJsucr mo npukaagHol Maremaruxe Buo (cm. Buo [1956])
clesNa] HEKOTOphle 3aMeYaHHA OTHOCHTEJLHO NMPHKJAaAHOH MaTeMa-
THKH BOOGIE, KOTOPHE CETORHA KaxKyTcs 0COGEHHO MOAXOISLHMH
K BHIUMCJHTeNbHOH ruppoauHaMuke. Ilponuruposas befitmena, oxa-
paxKTepH30BABHIEr0 MaTeMaTHKa-NPHKJIaJAHHKA KaK <«MaTeMaTHKa
6e3 MaTeMaTHueckof Jo6POCOBECTHOCTH», BDHO mepexoiur K o6Cy-
XKJIEHHIO OTHOINEHUHA MEeXAY MaTeMaTHKOM-IPHKJaAHHKOM H 4HCTOH
MareMaTHKOH: «MOXKHO TNOHSITh YYBCTBA XYAOXHHKA, KOTOPOMY B
IpolLecce TBOPUECTBA MNOCTOSTHHO HANOMHHAJAH OB O HEOOXOLHMOCTH
CTPOTOr0 CJEJNOBAHHA 3aKOHaM (PH3HKH M NCHUXOJOTHH, XOTS H3yue-
HHe HAayKH O IIBETOBBLIX COYETAHHAX [IJ51 Hero, 6e3ycJ0BHO, NMOJE3-
Ho». HauyuHalolero M3yvaTb BBIYACIHTEJNbHYIO THAPOAHHAMUKY He-
06X0¥MO HpeAyNpeIuTh, 4TO B 3TOH obaacTH TpebyeTcs IO MeHb-
el Mepe CTOJIBKO XKe MCKYCCTBa, CKOJIBKO H HayKH.

UncleHHoe MOJeNHPOBaHHE THADOAHHAMHYECKHX 3afay, TaKHM
o6pasoM, GJHXKe K 3KCIepPHMEHTAJbHOH, 4eM K TEODeTHYECKOH, THj-
poannamuke. [IpoBegenyue Kaxaoro OTAe/bHOro pacyera Ha IBM
OoueHb IOXOXKEe Ha NpoBeleHHe (DH3MUECKOTO 3KcmepuMmenTa. 37ech
HCCJIelOBaTeb <«BKJIOUA€T» ypaBHEHHS, a 3aTeM CJEIUT 3a TeM,
4TO NPOMCXOJHT; HMEHHO TO XKe CaMoe AeJaeT M IKCNePHMEHTaTop.
ITpu npoBefeHHH DacueTOB BO3MOXKHBI OTKPBITHs HOBHIX (usnue-
CKHX aBJeHHH; Tak, KemnGenn u Mioanep [1968] oTkpbuiH oxuH
cayyall [LO3BYKOBOTO OTPBIBA B UHCJCHHOM 3KCNEPHMEHTe H JHLIb
mocJe 3TOro OGHAapYXKUJAU ero IpH 3KCIePHAMEHTax B a’pOJHHAMH-
yeckux Tpy6ax. OAHAKO HCC/eJoBaTe/b, NPOBOASLIHH YHCJICHHBIA
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SKCIIeDHMEHT, HMeeT HeKoTOophle mpeumyiectsa. OH Moxer mpo-
H3BOJIBHO 3aJ]aBaTh TaKHe CBOHCTBA MKHUIAKOCTH, KaK INIOTHOCTD,
BA3KOCTb W AP., IPHUEM IIPH oNpejeseHHH 3HA4YEHHH THAPOAHHAMH-
YeCKUX BeJHYHH B NOTOK He BHOCUTCA BO3MYIIeHHH. Bruluncaurtean
MOXKeT TMPOBOAHTH YHCTO ABYMEpPHHIH 3KCIepHMEHT, (PAKTHYECKH He-
OCYILeCTBHMBIN B JabopaTopHHIX yCJIOBHAX. OH He CTecHEeH B BHI-
Gope napaMeTpoB TeYEHHs, T. €. MOXET MPOH3BOJBHO BHIGHpaTh
HauaJibHBIE TOJIIMHHY MOCPAaHHYHOTO CJ10A H NMPOdHJAbL CKOPOCTH He-
3aBHCHMO OT uHcja PefiHosnbaca Ha eAHHHLY JJIHHBL U uucjaa Maxa,
YTO HEBO3MOXKHEO TNpPH KCNepHMeHTe B a’pPOAMHAMHYECKHX Tpybax.
BeposTHo, HauboJee BaxKeH TOT (GaKT, UTO IKCIEPHMEHTATOP-BbIUHC-
JIUTENb MOXKET JeJaTh TO, Yero He MOXKeT clesaTh HH TEOPETHK, HH
9KCIepUMeHTaTOP-(DHU3HK: OH MOXKeT NPOBEPHTh, KaK Ha JaHHOe (dH-
3UUECKOe fIBJIEHIEe BJIHSET B OTHEJbHOCTH KaXKAO€ H3 He3aBHUCHUMBIX
yrnpomanmHix (H3HIeCKUX MPeANoNoXeHHH, TAKHX, KaK MNOCTOsAH-
¢TBO Ko3(HUIHEeHTa BA3KOCTH, NpeHeOpexeHHe apXHMeIOBOH CH-
Jof, paBeHCTBO uHcaa IIpanAaTas efHMHHIe, NMPEATIONOXKEHHS TEOPUH
MOrpaHU4HOro cog U T. A. (HamoMHHM CTaphlfl aHEKIOT O HOBHUKe,
KOTOPHIl A/ 9KCMEPHMEHTOB B a3poJHHAMHUYeCKOH Tpybe 3aKasad
KeJIe3HOJAOPOXKHYI0 LUCTEPHY ¢ HEBSI3KHM HETEIJIOIPOBOJAHEIM CO-
BEpIIEHHHIM ra3oM.) BHuUHCJAHTeNnb MOXKeET NIPOBEPHTb M aJeKBaT-
HOCTh OCHOBHBIX YPaBHEHHH COCTOSIHHS B cJyuae, Hampumep, Ka-
KOfi-1160 HOBOH HEHLIOTOHOBCKOH MOJEJH KHIKOCTH.

OaHako 4YHCJeHHLIH SKCIIeDHMEHT HHKOTJa H HH B KoeH Mepe
He MOXeT 3aMEHUThL HH (PH3HUECKHH SKCIIEDHMEHT, HH TeopeTHye-
ckuft ananus. OfHAa ¥3 OUEBHAHBIX NPHYHH 3TOTO 3aKJAIOUAETCS B
TOM, YTO YPaBHEHHS COCTOSIHHS CIIONIHOH Cpeibl HHKOrAa HeJb3sl
CUHTaTb TOUHLIMH, a JPYras—B TOM, UTO 3KCIEePHMEHTATOP-BBIYHC-
auTenb He paboraer ¢ AudbepeHIHaNbHEIMHE YPaBHEHUAMH [BHIKeE-
HUS crJIOIWHOH cpeAdl. IIpu 3TOoM He BaXHO, UTO pacCYHTHIBAEMbie
JUCKPETH3HDOBAHHHIE YpaBHEHHS TOUYHO MNepexXoadaT B HCXOAHbIE
nuddepeHnHaNbHbIe YpaBHEHHS B INIPefeJbHOM cCJyuae H3MeJbue-
HHSl CEeTKH, TdK KaK TAKOBOH IpeJes HHKOTJa He JOCTHUraercs.

Ilpouecc AMCKpeTH3aUHH ypaBHEHHH YacTO MeHSIeT He TOJBKO
KOJIMYEeCTBEHHYI0 TOUHOCTb, HO H KayeCTBEHHOe MOBeJeHHe pelleHHH.
Tax, HexoTOpble BHAE JHCKPETHHIX aHaJOrOB HPHUBHOCST CBOErO
pofa BA3KOCTHHIE 3((deKTHl, Ja)ke €CAH HCCIELOBATENb HaMmepe-
BaJICR MMeThb [€JI0 C YPaBHEHHsAMH M HeBA3KOH xkuiakoctu. Ipy-
FHM OUYeHb BaXKHHIM OrpaHUUeHHeM SIBJISETCS HECHOCOOHOCTL YHC-
JIEHHOrO 3KCIEpHMEHTa HajJjexkaluM o0pasoM yuHTHBaTh TypGy-
JIEHTHOCTb H BOOOIe TakHe Qu3HuecKHe sBJAEeHHS (TYypOYJIEeHTHOCTD,
JIHHHH CKOJIbXKEHHS, BHXPH, CPLIBAIOIIHECS C OCTPBIX KPOMOK), KO-
TOpble HMelOT CJAMIIKOM MaJblii Macmurtab, 4To6ul OBITH C HOCTATOY-
HOH TOUHOCTBIO pa3pelleHHbIMH Ha KOHEYHO-Pa3HOCTHOH CeTKe, W B
TO Xe BpeMsl MOTYT OKa3hlBaTb CYIIECTBEHHOE BJIMSIHHE Ha KpyIHO-
macimralHble CBOHCTBA TeyeHus. [IpuMepoM TaKOro fIBJEHHS MOXKET
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CJIYXKHTb BJHsSIHHe TYpOYJEHTHOCTH B NOTDAHHYHOM CJioe Ha MO0JIO-
JKeHHue TOYKH oTpbiBa. CYIeCTBYIOT TaKXKe IpHMephl TeueHHH, npel-
CTaBJAKIINXCA JABYMEpPHBIMH, HO Ha NPAaKTHKe He SBJSIOUIUXCSA Ta-
KOBLIMH, HallpUMep TeueHHe 32 JIMHHEH MOBTOUPHOTO NMPHUCOeNAHHEHHS
OTOPBABLIErocsl MJOCKOI'0 NOTOKA M IJIOCKOe TeyeHHe Haj, KaBep-
Ho#. B mMono6HBIX cjyuasix Kaxylleecs NpeHMYHIECTBO TOYHOHN ABY-
MEDHOCTH YHCJIEHHOTO 3KCIepHUMeHTa MOXKeT GbThb 06MaHUHBBIM,

Haxkonen, cienyer oTMeTHTb, 4TO YHCJIEHHBIH 9KCNEpHMEHT orpa-
HUYEH B TOM e CMBICJe, YTO U (PH3NYECKHH, a HMEHHO JAaeT JHUC-
KpeTHYI0 HHQOPMaUMIO AJS HEKOTOpOH 4YacTHOH KoMOHHALlMH ma-
pamerpoB. OH He MOXKeT yCTaHOBHTb KaKHe-1160 (QyHKIHOHAJbHbIE
3aBHCHMOCTH, MNOMHUMO TeX, KOTOphble HOJYyUalTC H3 OCHOBHBIX
YPABHEHHI NPH MOMOUIM aHAJIW3a pPasMepHOCTeH, U CACLOBATEJbHO,
He 3aMeHsleT JaxKe NpocTefillell TEOPHH.

Hrak, BuUMCAHTeNbHAs THAPOAHHAMHKA SBJAETCS OTHENBHOH
JHCIUNJANHON, OTAWUHON OT 3KCIEePHUMEHTaAbHON MU TeopeTHYecKoi
rUpOJHHAMHUKH H JoNoJHsoleld HX. OHa HMeeT CBOH COOCTBEHHBIE
METOABl, CBOH COGCTBeHHble TPYNHOCTH H CBOIO COGCTBEeHHYIO chepy
NPUJOXKEHHUS, OTKPLIBASl HOBble NEPCHEKTHUBH AJS H3y4eHUd (U3H-
YECKHX [IPOLECCOB.

1.2. HUcTtopuruechui o63op’)

B 1910 r. JI. Puuapacon npeacrasun B KopoJsieBckoe 001IeCTBO
MATHAECATUCTPAHHUHYIO CTATbhO, KOTOPAaA JAOJKHA OBITh MPU3HAHA
KPaeyroJbHbIM KaMHEM YHCJEeHHOTO aHa/au3a JudQepeHIHaNbHBIX
ypaBHeHHH B YacTHHX npousBonubix. o sroro Ulennepn suinonnun
HEKOTOPYI0 (yHIaMeHTanbHYI0 PaboTy MO KOHEYHO-pa3HOCTHBIM
oreparopam, oJHako BKaaja PuuapicoHa 3aTMuJ Bce mMpegbIAyLIHe
uccaenoBanusa. Puuapacon paspafoTan uTepalMOHHBIE METOABI pe-

') B 2TOM HCTOpHUECKOM 0030pe, K COXKAJEHHIO, COBCeM He NAaeTCs CCBLITOK
Ha paloThl COBETCKHX AaBTOPOB, KOTODHIE BHeCJH O4eHb GOJIBIUOA BKIaj B8 pas-
BHTHE BBIYHC/AHTEJbHON MATEMATHKH H BHIYHCAMTENBHON THApoAHHamuku, 0630p
COBETCKMX TPYAOB M0 BBHIUHC/JHTENHHON MaTeMaTHKe upoBefieH B crathe A. A. Ca-
mapckoro H cratbe B. B. bo6kosa u II. M. Monacteiproro B kuure «Hcropus
oTeueCTBeHHOM MareMaTuku», T. 4, kH. 2. — Kues: HaykoBa aymka, 1970. Boss-
woli 0630p Ha 3Ty TeMy HMeercs B moHorpacdum I. M. Mapuyka «Meroxn Bl
yHCAHTENIbHON MaTeMaTuku». — HoBocn6Gupek: Hayka, 1973. Mutepecubie 6nbipo-
rpaduueckue xommentapuu cogepxarca B kuure C. K. Toaywosa u B. C. Ps-
Genbkoro <«PasHoctHble cxembl». — M.: Hayka, 1973. PasHoctHre MeToAabl
pellenust  ypasHenHfi Hasbe — CrTokca ofcyknaawores B 0630pHOH  cTaTtbe
M. 10. Bpaunosckoi, T. B. Kyckoso#t u JI. A. Uynosa [1968] u B cratee
A. A, JopoxuuuniHa B Lecture Notes in Physics, v. 18, 1973. B uapauusax
BUHUTH «HMrorum HaykH H TeXHUKH» MNOAPOOHHE 0630DH MG OTAEJbHEIM mpoG-
JAeMaM BHIUUCAHTEJpHOR THAPOAMHAMUKH ony6anxkoBann B. B. Pycanos u
B. B. INocnenos «Hccnegonanus TeuenHs KHUAKOCTH u rasas (¢6. «Maremaruue- .
ckuit anaqus», 1. 13, M.: 1975) u T. I1. Bockpecenckuii n I1. M. Uymkun «Unc-
JeHHble METOIB pelleHHs 3a71ay CBepX3BYKOBoro obtekaHusa Tes» {c6. «Mexanuka
JKHUAKOCTH H rasa», T. 11, M.; 1978). — Hpun. ped,
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ileHns ypasHenusi Jlangaca, OHrapMOHHYECKOTO YPABHEHHS H ApY-
rux ypaBHeHHH. OH YyCTaHOBWJ pasyuuHe MeXKIy CTAalHOHAPHBIMI
3aJauaMy B 3aBHCHMOCTH OT TOTO, <MOXKHO HJIH HeJb3sl MPOJOJIKHUTD
pelieHHde, OTHPABJSAACH OT HEKOTOPOI YacCTH IPAaHHIbI», T. €. B CO-
BPEMEHHOA TEPMHHOJIOTHH pa3JjHuaJj THiepGoJHIecKue H 3JIJIHMTH-
. 4eCKHe 3ajaud. PUYap[CcOH TIIATENbHO H3YUMJ UHCJIEHHOE 3ajaHie
rPaHHYHBIX YCJOBHH, BKJAIOUAs TPAHHUHBIE YCJIOBHS B YIJIOBOH TOU-
Ke U Ha GeckoHeuHocTH, OH MOJTyunJ OLlEHKH MOTPELIHOCTH, XaJ Me-
TOJ 3KCTPANOJNAUAH TNOJYUeHHBIX pe3yJbTaTOB MPH CTPEeMJeHHH
lara CeTKd K HYJIO, a Takke NPENJIONKHJ NPOBEPATh UYHUCJEHHBIE
pelieHHsi CpaBHEHHEM ¢ TOYHBIMH pellieHUsAMH AJs Tes npoctolt dop-
MBI, CKa)keM HJs uuauuapa. Hakonel, OH BlepBble (QaKTHUECKH
NpUMEHHJ YHCJACHHBIE METOIbLl K TAKOH MPaKTHYECKOH 3agaue 60Jb-
mworo Macwmtaba, Kak oONpeleneHHe HaNpsaXkeHHHA B KaMeHHOH
nambe ).

B urepamuonHoM merose Puuapjcona AJs SJJIHINTHYECKHX YPaB-
HEHHH Ha n-fi UTepauuu NOOYepPeNHO B KaXKAOM Yy3Jje pacueTHOH
CeTKH YIOBJIETBOPSETCS] KOHeYHO-DA3HOCTHOEe ypaBHEHHe, COJepiKa-
nlee «CcTapele» 3HaYeHUs Ha (# — l)-# HTepamuH B COCeLHHX y3Jjax.
B 1918 r. JlubMaH mokasaJs, YTO MOXKHO 3HaYHTEJbHO YBEJIHUYHTh
CKOPOCTb CXOAMMOCTH NPOCTO 32 CYET WUCMOJb3OBAHUA «HOBHIX» 3Ha-
YeHH# B y3JaX, KaK TOJNBKO OHH BHIYHCJeHB. B aroit cxeme «Hemnpe-
PHIBHLIX 3aMelleHHi» Ha KaxJOH n-H HUTepallid HCIOJb3YeTCs He-
KOTOpOe YHCJO CTapblX 3HaueHHH ¢ (n— l)}-i HTepalHH M HEKOTO-
poe uHCJO HOBBIX 3HAYCHHH C A-H HTePalUHd B COCEJHHX Y3Jax.
B xaxjom nUKJe HTepauuoHHoro merofa JlnGmana naubosbiine
IIOTPENIHOCTH YMEHbIIAIOTCA TAK Xe, KaK B ABYX LHKJIaX HTepPalldOH-
Horo merona Puuapacona (®pankea [1950]).

310 cpaBHeHHE CJAYXKHT NPHUMEPOM ClIelH(UKH YHCJIEHHOTO aHa-
JAH32 YpaBHEHHI B 4acTRbIX NPou3BOAHBIX. OKasblBaercs, 4TO He-
foJbIIOe U3MEHeHHe KOHEeYHO-Pa3HOCTHHIX aNnnpOKCHMauui, Hrepa-
OHOHHBIX CXeM HJH TPaKTOBKH TPaHHUHBIX YCJIOBHH MOXKET aaTh
GoabLiod BBIMTPHINL. HampoTuB, HeKoTOphle NMpaBrONOLOGHBEE H Ha
nepBhIil B3MVIAJ TOUHblE YHC/JEHHLIE CXeMbl MOLYT NPHBOAHTBL K II0JI-

1) PHuapAcOH 3aHEMascs (OPUMEHHTEJBHO K BHIUHCJCHHSM BPYUHYIO) H TeM,
4TO TEHepb HA3LIBAIOT AHAJIH3OM 3KOHOMHYecKoil 3(p(eKTHBHOCTH Meroja pacyera.
On nucan: «Iloxa uro s ONaTHA 3a pacdeT OAHOTO KOOPAHHATHOTO y3Ja Jianja-
cuaga no pacuedke n/18 mencos, riae n —4HCI0 UHPP, C KOTOPLIMH NPOBOAATCS
BHuncaenus. OCHOBHAsi OIIMGKA BHIYHCJAHTENEH COCTOAJA B TOM, YTO OHM MyTanu
3HAKH «IJIIOC» H «MHHYC», UTO KacaeTcs CKOPOCTH PacueToB, TO OXMH H3 CaMBIX
GLicTpHIX PAGOTHUKOB paccyuThiBaj 3a Heledio B cpeadem 2000 yanos nania-
CHAHA ¢ TPeX3HAUHBLIMHM YHCJIAaMH; OLIHGOYHbIE pacueTH He omjladuBajuck» (Pa-
yapacon [1910, c. 325]).

Mul po/kHB 6iaromaputh cyap6y 3a To, uto ¢ 1910 r. counanpuele ycian-
BHS H3MeHHJHCb. MHOrHe W3 COBPEeMEHHBIX BBLIUHCIHTENeH-THADOAHHAMHKOB OKOH-
ypau 6B CBOM AHH B OorajenbHe, ecad Obl OHH MOJydaJH onpelefieHHyl0 miaTy
3a O/IHH pacieT U NpPH 5TOM «OWHCOYHbE PACUCTEl HE ONNATHBANHCD?, ‘
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Hoft KaTacTtpode. KnaccHuecKHM HCTOPHUECKHM NPHMEPOM 3]ecCh SIB-
Jasercs BHas cxeMa Puuappacona ass mapaGoJiHueckoro ypaBHEHHS
TENJONPOBOJIHOCTH, B KOTOPOH HCNOJNb30BAJHCh KOHEUHO-PA3HOCT-
Hble aMlPOKCHMAalHH NPOH3BOAHLIX LEHTPAJbHEIMH PAa3HOCTAMH Kak
M0 NPOCTPAaHCTBEHHLIM NepeMeHHbIM, Tak H no BpeMenH. O’Bpafien
¢ coaBropamu [1950] mnokasan, uro 3Ta cxema O6e3yCJOBHO He-
ycrofiunBa ').

Ho nmogsnennss 9BM ocHOBHOe BHHMAaHHe YAENSJOCh SJJIHITH-
ueCKHM ypaBHeHHsM. [lepBoe cTporoe mateMaTHYeCKoe J0Ka3aTenb-
CTBO CXOJIHMOCTH H OIEHKY NOTPEIIHOCTH HTepalHOHHOIO METOZA
JlubmaHa pns pellleHHs JJIMNTHYECKUX ypaBHeHHH Aaan Punnunc
u Bunep [1923]. B 1928 r. nogBunack kmaaccuuyeckas paborta Ky-
panta, ®puapnuxca u JleBu. dTH aBTOPH B OCHOBHOM MHTEpecoBa-
JHCb HCN0Jb30BaHHEM KOHEYHO-Pa3HOCTHLIX METONOB KaK HHCTPYMeH-
Ta JJs UccJaeJOoBaHU# B uHCTOH MareMaruke. I{uckperusupysa aud-
depeHIIHaNbHBIE YPAaBHEHHUS, JOKA3EIBAs CXOAUMOCTb AUCKPETHOMH CH-
cTeMbl K nuddepeHnNanbHON H, HAKOHEl, YCTAHABJAHBAA CYLIECTBO-
BaHME DELIeHHs JUCKPETHOH cHCTeMbl ajnrebGpanuyeCKHMH METONAMH,
OHH JIOKa3bIBaMH TeOPEeMHbl CYIIeCTBOBAaHHS H eAHMHCTBEHHOCTH ANs
9JUJIMOTHYECKHX, THIepOOJIHYECKHX H napaboinuecKHX CHCTEM IHd-
(bepeHIanbHbBIX ypaBHeHH 2), Dta pabora onpejenusa HanpasJe-
HHe NPAKTHIeCKOrQ MOJYYEHHS KOHEUHO-PA3HOCTHBEIX pelIeHH#l B MO-
CJIeyIOLHe TOMLBL.

IlepBoe uHcneHHOe pelleHHe ypaBEEHHH B YaCTHBIX NMPOH3BOJ-
HBIX JJIs 3afad CHADPOJHHAMHKH BS3KOil XuAKoCTH 6BlM0 paHo To-
mom B 1933 r. B 1938 r. [optaun u Yasanep paspaboranu Merof,
ABJSBINHACA, N0 CyIleCTBY, 6oJiee CJOXKHBLIM BapMaHHTOM MeTOZa
JIubmana. OHH npelsoXuau OJOYHYIO PeNaKCalHIo, MeTON MpoGHOH
(GYHKIHY, DeJAaKCalUi0 NOTPELIHOCTH, MEeTOXb H3MeJbUeHHS CETKH
W 3KCTpanoJsinuio norpemrnoctd. OHH TaKXkKe BIEPBble TOYHO OINpe-
JeJUJIN H HCCENO0BANH CKOPOCTh CXOAHMOCTH.

Caycsenn [1946] paspaboran GoJiee 3pdheKTHBHBIH MeTon pe-
JIAKCALHA JUJI1 UHCJAEHHOI'O peLICHHS 3JUJIMITHYECKHX ypaBHeHHH.
B ero meroje pesnakcalyuu HeBA3KH®) He NPOBOASITCS BHIUHCJIEHHS
[OCJeIOBATENLHO B KaxKJOM y3Jde CeTKH, 4 NMPOCMaTPUBAETCS BCH
ceTKa JAJis HaXOXJAEHHS Y3JI0B ¢ MaKCHMaJbHBIMH HEBA3KAMH U
HMEHHO B 3THX y3JlaX BHIUHCJAIOTCS HOBHle 3HadeHHsa. (B cayyae

') Drta HeyCTOIGMBOCTb He MPOsiBIJAChL B pacuyeTax camoro Pmuapacoma us-sa
MaJIoro YHCJAa pacCYHTaHHLIX LIATOB IO BPEMEHH.

2) 3pavenne paborsl Kypanta, Opnapnxca u Jlesn [1928] obeyxaanocs
B TpeX CTaThsiX, ONYO/JHKOBAHHEIX BMeCTe C aHIVIMACKHM [eDeBOJAOM 3TOH paboTnt
B mapte 1967 r. B IBM Journal (Jlakc [1967], [Maprep [1967], Bumnyua
[1967]).

%) Panblle TepMHH «peJaKcalHs» OTHOCHIM ToJabko K Meroay Caycsenna
pellaKcalHH HeBA3KH. MBI HCIOJb3yeM TEDMHH <«PEJAKCANHs HEBASKH», YTOOH
OTJIMYHTL 3TOT METOH OT HTEePAUHOHHHIX MeTOAOB THIa Merona JluGmana, KoOTO-
pHle B HACTOsllee BPeMs TaKxKe HA3BIBAIOT PesaKCALHOHHEIMH.
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CTAllHOHAPHOIo ypaBHEeHHA TEIJIONPOBOLHOCTH HeBsi3Ka MPONOPUHO-
HaJbHa CKOPOCTH HAKOIIEHHS 3HEPIHH B siueifike CeTKH; CJAeI0Ba-
TeJbHO, CTAlHOHAPHOE COCTOSIHME JOCTHIaeTcs, KOrga Bce HEBf3KH
oOpamalorcss B HyJab.) Poke [1948] paspaboran ycnoxkHeHHble Ba-
puaHtsl MeToja pesnakcaliun CaycBessna, BBeAsl CXeMbl BepXHe#l H
HHKHefl penakcaniu (IPH KOTOPHIX HEBI3KH He I[0JIaratoTcsl TOUHO
paBHBIMH HYJI0), cnoco® BeIGOpa Y3JI0B CEeTKH, B KOTOPBIX OCY-
LIeCTBJASETCS pesaaKcallys, a Takxe cxeMy OJOYHON pesakcaiuy,

B 1955 r. Ansen u CaycBenj NpUMEHHJIH METOA pesaKcaiiu
Caycpessia a4s pacyera BPY4UHYIO OOT€KaHHSI LHJIHHApPA BA3KOH He-
CXXHMaeMOH XHAKOCTbIO., B HEKOTODHIX OTHOLIGHHAX 3TO OblIa MHO-
Hepckas paboTa B YHCJEHHOH rHapoauHamuke. s npeacraB/ieHus
KDYroBod rpaHHUB Ha PeryJApHOH NpsMOYTOJBHOH CeTKe HCHOJIb-
30BasoCh Kon(popMmHoe npeobpasoBanue. Bulnn nmosyvensr unucienso
ycToHuuBbHe pelleHus NPH uducie PefiHoabica, paBHom 1000, uto
npesbimiaeT (usnHyeckui npepes ycrofiunsoctu '), Ilpu mposenenun
BLIUNC/IEHHH aBTOPHI CTOJIKHYJHCh C SICHO BHIpaXKeHHOH TeHIeHIHel
K HeycToHuHBOCTH npu uuciae PefinHosbnca, pasioM 100, u cBazaau
3TO C TeHAeHLUHed K (PU3NUeCKOH HeyCTOHYMBOCTH IOTOKA, NMPeABOC-
XHTHB TE€M CaMBIM COBpeMeHHOe IIOHSITHE YHCJEHHOTO MOJAEJHpPO-
Barusi. Flx pabora MoxeT TakKe cyuTaThCsl oOpasnoM (pHHAHCHPO-
BaHHS HAY4YHbIX HCCJAEJOBaHHUH: Ha ee NpoBefeHHe JIOHJOHCKOMY
AMIIePCKOMY KOJJIeIKYy B 1945 r. ObliH BIIeseHB GOJIbIIHE aCCHT-
HOBaHuA (UPMOH 1O NOWKNBY OAexXK bl

Meron CaycBesinia He TaK IPOCTO NPHUCIOCOGHTb K HCHOJb30Ba-
Huo Ha OBM. BuiuucauTenb BpyYHYH NPOCMATPHBAJ MATPHLY B
MOMCKaX MaKCUMaJbHOH HEBA3KH ropasgo OBICTpee, ueM INPOH3BO-
aun apudmerHyeckne onepanuu. Hduas DBM ckopocTs mpocMoTpa
MaTpuUIEl He HAMHOro NpeBbLIIIAaeT CKOPOCTb BHINOJHEHUS apHdMeTH-
YeCKHX OTepanuil, H MO3TOMY 3[ecCh CTaHOBHTCH Gosee ad(peKTHB-
HBIM TpOBEJeHUe pesaKCallHH I0C/Ie]0BaTebHO BO BCEX yaaax ceT-
KH 10 CBeLEHHS HEBS3KHM K HYJIO, YTO HAEHTHYHO MeTony JIuGmaHa.

Takum ob6pasoM, npuMererne DBM nano ocHoBaHHe K JajbHeH-
meMy pasBHTHIO METOLOB THHA MeToia JIuOMaHa ¢ HCIOJb30BAHHEM
NpeUMyILEeCTB HIeH BepxXHel pesakcamun Caycsessa. B 1950 r.
®pauken (1 B 1954 r. HesaBucumo ot Hero SIur) paspaboran meron,
KOTOpHIfl OH Ha3Ba/J 3KCTPAnoJHPOBaHHHIM MeTomoM JlnOmaHa H
KOTOPHIfl BIOCJENCTBUH CTaJ Ha3biBaTbCA METOAOM IOCJeL0BaTelb-
noit Bepxnefl penaxkcauuu (Anr [1954]) uau MeTomoM onTHMaJsbHON
BepxHell penakcanud. PpaHkKen NOAMETHJ TaKXe aHAJOTHIO MEXIY
HTEPAaTHBHLIM pelleHHeM 3JUIHNTHYECKHX YDaBHEHUH H pelleHHeM
maraMg o BpeMeHH napaboJiMyecKHX YpaBHEHHH, 4TO HMEJO BaXK-
Hble NOCJAeACTBHS.

C passutueM DBM craau no-sacrosiemy yaelsTb BHHMaHHe

1) Pacyernt nmposoguauce mpa Re =0, 1, 10, 100 u 1000. — IIpum. nepes,
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ypaBHeHHAM NapabOJHYECKOro THMA, MOCKOJBKY CTaJ0 BO3MOXKHBIM
paccuuThHIBaTb HeCTallHOHapHble pelleHusi. B nepso#t Monorpaduu
Puxtmaiiepa [1957], BHecme#i GoJibiiof BKJajs B Pa3BUTHE OAHO-
MEPHOH HeCcTanMOHApPHOH THAPOAMHAMHKH, OblIO NPHBEJEHO CBhille
LeCATH YHCJEHHBIX cXeM. B MHOromepHoM ciayuae NepBHIM HesIBHBIM
MeTopoM Obln Meron Kpanka — Hukoscona, ony6auKOBaHHBIH B
1947 r. n rtpeboBaBlinfi HTepalHfi Ha KaX/JAOM BPEMEHHOM CJoe.
DTOT MeTOJ OCTAaeTcsl OJHHM H3 CaMblX NONYJSPHBIX M JIEXKHT B
OCHOBE HIHPOKO HCHOJBL3YEMOTo METOJA pacuera HeaBTOMOJAeJbHBIX
pellleHnfl ypaBHeHuit norpanuunoro cjost (Baorrrep [1970]).

HeBo3MoKHO TOYHO ompenesuTb, Korja BrnepBble Obljia BHLABH-
HyTa HJes aCHMNITOTHYECKOrO MeTO/a YCTAHOBJIEHHS [0 BpPEMEHH,
NMpH KOTOPOH JJif MOJYYeHHS CTAIlHOHAPHOTO peLIeHHus HHTerpHu-
pyIOTCSl ypaBHeHHs HecTalHOHApHOro TedeHHsl. COMHHTENBHO, YTOGH!
Takas ujes MOIJa Cepbe3HO PacCMaTpPUBATBLCS [0 MosBieHHs DBM.

MHorie H3 MHOHePCKHX paboT B 06JaCTH BBLIYHCJIHTENBHOH THA-
poAHHAMUKH OblAM BbIMOJHeHH B Jloc-AnaMoccko#l snabopaTopui.
Hmenno B Jloc-Anamoce Bo BpeMs BTopoli MupoBoli Bofinbl ¢on Heil-
MaH paspaboran cBO# KpPUTepHil YCTONYHBOCTH MNapaboJuUYecKHX
KOHEYHO-Pa3HOCTHBIX YPABHEHHH W JaJ MeToH HCCJefOBAHHA JIH-
HeapH30BaHHOH cucTeMbl. KpaTkufl otuer o ero paboTax nosBHJCS
B OTKpbITOH nurepatrype auuis B 1950 r. (HapHu ¢ coaBTOpamu
[1950] 1)). B sroil BaxHO# cTaTbe GbliK BliepBble NPHBEAEHHl pac-
ueThl MeTeOPOJIOTHYeCKHX 3ajgad GoJsbiuoro macmraba, B KOTODHIX
paccMaTpUBAJHCh HeJHHEHHble ypaBHEHHMs! AJs BHXDPA. ABTOpH BHI-
SICHUJIH, YTO B CMBICJI€ YCTOHUMBOCTH YPaBHEHHS [AJI BHXDH HMEIOT
OpeHMyLecTBO HAA TPAAHUHOHHBIMH YPaBHEHHSIMH JJIS1 NPOCTEHLINX
dusyuvecKnx NepeMeHHbIX (CKOPOCTb M JaBJjieHHe), U NMpHUBeaH 3BpH-
cTudeckde 00OCHOBAHHS cBOefl TPAKTOBKHM HecTallMOHapHOH 3ajayu
KaK 3ajlauyd ¢ MaTeMaTH4YeCKH HeNOJHBIMH YCJOBHAMH Ha BXOJHOH
H BLIXOJHOH TpaHHLAX.

B cepenune nartufecsiTelx rogoB B paborax [lucmena u Pak-
dopna [1955], a rakxke Hyraaca u Pakdopna [1956] 6wiu nmpen-
JoxeHbl 3 GdeKTHUBHble HesiBHBHIE MeTOAB AJS1 pellieHUs mapaboJiu-
YeCKHX YpaBHEHUH, NMPHrOJHBIE IIpH MPOH3BOJNBHO OOJBINHX lIarax
no speMeHnH. [Tox Ha3BaHHeM HESIBHBIX CXeM METOAA YepedyIOLIHXCS
HampaBJIeHHH 2) OHH NMPUMEHSJIHCh W JAJS PELIeHHs JIJIHITHUECKHX
3ajau ¢ ucnojp3oBaHHeMm anasorun ®pankena [1950] mexny mpo-
JIBHXKEHHeM pellleHHA II0 BpeMeHu B mnapabosHuecKHX 3ajavax H
NPOJBHKEHHEM peUIeHHs 110 UTepPalHsiM B 3JAHNTHYECKUX 3aJayax.

) Boaee mnosnnoe onucanne aamn O'Bpaiten, Xafiven u Kamnaw [1950].
2) Hapsay ¢ Ha3BaHHEM <«METOJ YepeAyIOUIMXCs HAMpaBieHHHA» B COBETCKON
JiTepaType NPHMEHSIOTCS TAKXKE HA3BaHHS «METOJ NMePeMeHHBIX (HaH [olepemeH-
HbIX) HanpasJeHuii». IIpH nepeBoie KaHHOH KHHMH MEl ymoTpebasieM [epBoe
(xoTst pexe BeTpedaiolleecs) Ha3BaHHe Kak G6oJee TOYHO OTpaxKaolllee CYTh
MeTOAA U €ro aHriaufickoe Hasparue (alternating direction method). — ITpun. ped.
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Hessnble cxembl uepenyOIIuXCcst HalpaBJaeHHI, BEPOATHO, HauboJee
TONyJ/APHB PH pacyeTax 3aj4ay o TEUEHHSX HeCKHMaeMOH KHIKO-
CTH, B KOTODLIX HCIIOJBb3YeTCS ypaBHEHHE [epeHOCa BUXPH,

B 1953 r. Liodopt u Ppankes onyGaHKOBAAH CBOIO CXEMY «ue-
xaplla» aaa napaboJHUecKHX ypaBHeHHH, KOTopasi, KAK U HesBHBIE
cXeMBbl MeToAd 4YepeXyIOLIMXCs HalpaBJ/eHHH, NpHroAHa AJs IpO-
H3BOJ/LIIO OOJbIINX WIArOB 110 BPeMeHH (NPH OTCYTCTBHH KOHBEK-
THBHBIX YJIGHOB), HO COXpaHSIET BCe NPEHMYLIeCTBA HHCTO SIBHBIX
cxeM. JTa cxeMa Hcrmosb3oBaHa Xapaoy u ®pommom [1963] mpu
MOJIyYeHHH HX LIMPOKO H3BECTHOI'O YUCJEHHOrO pelleHHsl AJs He-
CTallMOHapHOH BHXPEBOIl JOPOKKH.

Crarbs Xapaoy u ®pomma [1965], ony6ankoBanHas Ha crpa-
HHUAax xypuasaa Scientific American, 6blia npenHashnayesa cre-
LuaJbHO AJa Toro, urobul TpHBJAeuUb BHHMaHHe HayuHo# oblle-
creeHdocTH CoeanHeHHbX LITaToB K BO3MOMKHOCTAM BBIUHCJAHTE/b-
Ho#i ruapoauHaMuKH. [IpuMepHo B TO Ke BpeMsi BO (paHIy3CKOM
xypHaJse La Houille Blanche nosBunacy anamoruunas cratbs Ma-
kaHo [1965]. B o6enx 3THX cTaThsix GHJIH BlIEpBble YETKO CPOPMY-
JIUPOBaHbl MOHATHSA YHCJAEHHOI'O MOJEJHPOBAHHS H UHCJIEHHOTO IKC-
nepuMeHTa. BEIXOZOM 3THX cTarell MOXKHO AaTHPOBATb BO3HHKHO-
BEHHE BBHIYHC/AHTENLHON THAPOAWHAMHKH KaK OTHe/IbHOH AMCIHI-
JIHHBL.

BoiuncanrenbHas yCTOHAYHBOCTh BCeX YHOMSIHYTHIX BbILe 3aBHCH-
IIMX OT BpeMeHHM pellleHHil Obla orpasgHueHa CBepXy 1o uucay Pefi-
HOJbACA (NPUHLUMIOHANBHO JTOT TpEAes] OIPEAENseTcs CETOYHBIM
yupcaoMm PefiHosbaca, T. e. 9HCJAOM, MOJYYEHHBIM IO pas3Mepy luara
AUefiKU KOHeUHO-pa3HocTHOH cerku). B 1966 r. Toman u HleBuuk
JAOGHINCh, [10-BHIMMOMY, HEOTPaHHUEHHOH BBLIUHCJIHTEJNbHOH YCTOM-
YHBOCTH, HCIIOAB3YS [Js NMPeACTABICHHS KOHBEKTHBHBIX UJEHOB pas-
HOCTH NPOTHB [OTOKA U YAeadsd 0co00e BHHMAHUE FPAHHUHEIM YCJO-
BusiM. Mx pacueThl 006TeKaHMsl UMJMHADPA [POCTHPAJIHCh N0 YHCE
Pefinosabaca, paBHBIX MHJAJHOHY; OHH [axe MOIJIH «BpaliaThs LH-
JIHHAD H IOJy4aTh MAarHyCcOBY TNOJBEMEYIO CHJIY, HE CTaJKHBAsACh
MpH 3TOM C BHIYHC/JAHTEbHOH HeycrofuuBocrbio. Hecmorps Ha TO
4TO HX CXeMa MMeJa Jullb MepBHi MOPAAOK TOYHOCTH, COTJIACOBA-
HHe NOJYYEHHBIX HMH pe€3yJbTaTOB ¢ 3KCIEPHMEHTAJbHBIMM JaH-
HBIMH 3aCTaBHJO MEPEOLEHHTh BaXKHOCTL (OpMaJbHOrO NopaAKa
omu6OK aNMpoKCHMalHH NPH Pa3HOCTHOM NpeJCTaBJeHHH AH(de-
peHIHAaJbHBIX yDaBHEHHH B 4acTHHIX 1POH3BOAHHIX. B 3Tofi cBsisu
npeacrapagercs Baxuoit pabora Yena [1968], ycranosusmas cy-
IECTBEHHOE BJIMSIHHE YMCJAEHHOH MOCTaHOBKHM TPaHHUYHBIX YCJIOBHH.

[Ipamele (HeuTepaTHBHBlE) MeToAR Dypbe A1 YHCJAEHHOTO pe-
LIeHUS 3JUIHMTHYECKOro ypasHeHusi IlyaccoHa OBIJIH H3BECTHH YiKe
B TeueHHe HEKOTOPOro BpeMeHH (cM., HampHuMep, MoHorpaduio Ba-
soa u Dopcafira [1960]), HO He NMpUMeHAJHCH K 3aJauaMm THAPO-
AunaMuku. B 1965 roay Xoxuu paspaboran poacTBeHHb, HO OoJee
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OBICTPOACHCTBYIOWINEA MeTOA, MO3BOJHBILKA 3h(eKTHBHO pelllaTh
Gosnbluve Kpaepble 3amaud nas ypaBHeHnus [lyaccona. ITocae Bu-
xona 3Tol paboThl npsMble MeToAbl Aas ypasHeHus Ilyaccona cra-
JU pa3BHBaThes Gojlee HHTEHCHBHO.

OnucauHble BbIIe METOABI HPUCOAHBL JJIf PACueTa J03BYKOBBIX
TeueHHH CyKkuMaeMoR KHAKOCTH. CBepX3BYKOBLIE 32743l OTJIHUAIOT-
€l OT JMO3BYKOBBIX B HECKOJbKHX BaXKHEIX acCleKTaX, BaKHeHIIHuM
H3 KOTOPBLIX SIBJSETCA BO3MOMKHOCTb BO3HHKHOBEHHS B CBEPX3BYKO-
BOM TeueHHH YJIaPHBIX BOJH (T. €. Pa3PBIBOB B PEIUEHUAX),

OcroBomnoJgarawoueil pa6oToil A8 YHCJAEHHOr0 pacdera rHIep-
OosnuyecKnx ypaBHeHMH aBHsachb craths Kypanra, ®puapuxca u
JleBHu, omybmukoBaHras B 1928 r. 3xech oOcyxaanuch XapaKkTepH-
CTHYECKHe CBOHCTBA ypaBHEeHHI M B oOMIMX uUepTax H3jarajcs Hs-
BECTHLIN MeTOJ XapaKTepHUCTHK. B aro#t pabote Ouijio Takxke HOJay-
4eHO U OO'bSICHEHO 3HAMEHHTOe HeoGXOAUMOe YCJIOBHE YCTOHYHBOCTH
Kypanra — ®punpuxca — JleBu, raacsiiee, uro NIpu pacierHoH cer-
Ke, He COBNAJaiollelf ¢ XapaKTepHCTHYeCKoH, 06/1aCTh 3aBHCHMOCTH
Pa3HOCTHBIX yPaBHeHHH JOJXKHa 110 KpaHHel Mepe BKJ/IOUATh B cebs
o6sacTb 3aBUCHMOCTH AU (epeHIHaNbHEIX YPaBHeHHA. ITO yCa0BHE
ycrofiuuBoctn K®JI (koTopoe B COBpeMeHHOIH TEPMUHOJIOTHH NPO-
CTO TJIACHT, 4TO 4HCJa0 KypaHTa [0JXKHO OHTh MeHblIe eAHHUILbI)
CIpaBe[JIHBO [JJ51 ypaBHEeHHH THADOJMHAMUKH KaK B JarpaHMXeBhlX,
TaK U B 9HJePOBHX NEepPeMeHHBIX.

JlarpaHkeBbl METOABI, B KOTOPHIX NPOCJEKHBAIOTCH <UACTHIHL»,
6Ll JOBefeHBl 0 BHICOKOH cTeneHH coBeplueHcTBa B Jloc-Asnamoc-
ckolt mabopatopun (Ppomm [1961]). BooGuie rosops, misi ABymep-
HbIX 3a7a4 3HJIepOBH METOAB NpPeANOYTHTej]bHee, OLHAKO NPH HX
HCIOJb30BAHUM 3aTPYAHAETCS pacyeT yAapHbIX BoJsH. Ecuan pasmep
syeflKH CeTKH He MeHblle, YeM TOJLIMHA yAApHOH BOJIHBI, TO MOSIB-
JSIOTCS OCUMJIIALMH, CHHXKAIOIHe TOYHOCTb. IDTH OCLUHJ/JISOUH Ha
JHCKDETHOM ceTKe HMelOT ¢usnyeckuit cmuica (Puxrmaiiep [1957]).
KuHernueckasi 9Heprus, BrICBOOOXKIAIOMIASCA H3-34 IIOTEPH CKOpPO-
CTH IIPH Nepexoje uYepe3 YNapHYIO BOJHY, NpeBpailaercss BO BHYT-
DEHHIOI0 SHeprui0 CJAydYalHBIX COyHapeHHH MOJIeKyJ; NPH pacyerax
POJIb MOJIEKYJ HIPAIOT SIYeHKH KOHEUHO-PAa3HOCTHON CETKH.

Haun6osee 0oOBYHBIM NHOAXOLOM K pacueTy YAApHLIX BOJH Ha
9JIepOBOfl CeTKe ABJseTCH «pasMa3biBaHMe» CKaykKa Ha HECKOJbKO
AYeeK CEeTKH NyTeM SBHOIO HJIM HEesIBHOTO BBELCHHS HCKyCCTBEHHOH
BSI3KOCTH, He OKas3hIBalOLleH BJHSHHS Ha pelleHHe HA HEKOTOPOM
PacCTOSIHHU OT YLapHBIX BoaH. B 1950 r. ¢on Heiiman u Puxt™aliep
NpeAJIOXHIIH CXEMY HCKYCCTBEHHOH BSI3KOCTH, B KOTODOH «K03(]du-
IHEHT BSI3KOCTH» OBl NPONMOPHHMOHAJEH KBAaApaTy TpajHeHTa CKO-
pocru. Jlapdopxa, [Tonsuek u 3erep [1953] mpocro 6panu 6oJblune
3HaueHUsl (u3NUeCcKOHl BS3KOCTH B YPaBHEHHMAX TeueHHs BA3KOH
JKMIKOCTH Ha JarpaHxkeBofl ceTke, 0JHAKO B HX MeToje Tpeboma-
JIHCb HePeaJIbHO BBICOKHE 3HAUEHHS BA3KOCTH.
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Junst pasMasbiBaHHS CKayka BMeCTO SIBHOTO BBeIEHHsI HCKYC-
CTBEHHO! BfA3KOCTH MOXHO HCIIQJIb30BaThb H HESBHYIO BSA3KOCTb,
MMEIOUIYI0 MECTO B KOHEUHO-PA3HOCTHBIX aNNpoKCHMaUusx. ITo
OBIJIO OCYLLECTBJEHO B IIHPOKO H3BECTHOM METOJAe YAaCTHI, B siuefi-
kax (metome PIC), paspaboranuom B Jloc-AnaMoce DBanc, XapJaoy
u ap.!), a rakxe B MeroZe Jlakca (Jlakc [1954]) m B ampyrux
MeTo[ax.

B paGore Jlakca, ony6auKkoBanHo#l B 1954 r., cama uHcaenHas
cxeMa ropasjio MeHee Ba)KHa, yeM HCIIOJNb3oBaHHas ¢opma aub-
tepeHUHaNBHBIX YpaBHeHUH — KoHcepBaTUBHasA ¢opma. Jlake mo-
Ka3aJ, uto npeobpasoBanieM OOBIYHBIX ypaBHEHHH THAPOJHHAMHUKH,
B KOTOPBIX 3aBHCHMBIMH IN€PEMEHHBIMH fBJSIOTCS CKOPOCTb, HJOT-
HOCTb M TeMIepaTypa, MOXKHO NOJYUYUTb CHCTEMY YpaBHEHHH, B KO-
TOpPO# B KauecTBe 3aBUCHMBIX IEPEMEHHBIX CJYXKaT KOJHYECTBO
IBHXKEHHS, MJIOTHOCTh M yJe/bHasi BHYTPEHHAS SHEPIHA TOPMOXKe-
HUS, DTa HOBAas CHCTeMa YpaBHEHHH OTpa)KaerT CYLIHOCTb (usHue-
CKHX 32KOHOB COXpaHEHHs H M03BOJSET COXPaHATh HMHTerpafbHbe
XapaKTepPUCTHKH TeueHHs B KOHeuHO-pa3HocTHoH cxeme. Takas cu-
cTeMa ypaBHEHHH LIMPOKO HCHOJB3YeTCA B HACTOsILee BpeMs HJs
pacuera pacnpoCTpaHeHHs YAApHBIX BOJH HE3aBHCHMO OT IIpHMe-
HSEeMBIX KOHEYHO-Da3HOCTHBIX CXeM, HOCKOJBKY CKOPOCTh IIJIOCKOH
yaapHO# BOJHEI TOUHO PAacCUHTHIBaeTCs JI0G0H yCTOHUHBOH cxeMol
(cm. Jlourau [1960] u Tapu [1964]).

PasmasbiBanHe yaapHOfl BOJHBH NPH MOMOIIH HESBHON CXeMHOM
BSSKOCTH OCYIIECTBJsieTC] H B HEKOTOPBIX APYTrHUX MeTonxax. Tak,
B Hacroslllee BpeMs INMHPOKO IpuMmeHsiercs cxema Jlakca — Benn-
podda [1960] u ee AByxmaroswie BapHaHTHl, HanpuMep cxema Puxr-
Manepa (cM. Puxrtmaitep [1963]). B merone PIC u B ero momudu-
kauun EIC (Meron B3puiBa B siyefikax), paspaboraHHoi B 1964 .
MagepoM, pasmashiBaHHE CKAUKOB JOCTHTAeTCsl 3a CUeT BBeJeHHs
KOHEUHOIO YHCJa PACCUHTHIBAEMBIX YACTHI. DTOT NPHEM [aeT TaKKe
BO3MOXKHOCTb pAacCMaTpHBaTh MOBEPXHOCTH pasjlesia B IKHIKOCTH
(cm. Xapaoy u Yaau [1965, 1966], a rakxe Haam [1967]). B me-
toge PIC, kak u B Gosee panHeMm merone Kypanra — H3zakcona —
Puca [1952], ncnonp3yioTesi OAHOCTOPOHHHE PA3HOCTH JJS MEPBHIX
NPOU3BOJAHLIX 110 NPOCTPAHCTBY U TaKHM 006pa3oM BBOAUTCS CBOEro
pojaa cxeMHas BSISKOCTb (CM. IMI. 3), ONMHAKO 3TH METOJAB COXPaHSIOT
HCTHHHBIE XapaKTepHucTHIecKHe cBoficTsa Au(depeHIHaIbHbIX YpaB-
Henuil. XoTd BO BCeX 3THX MeTOAaX HESIBHO UCHOJb3YIOTCH AHCCHIIA-
THBHbIE WIEeHBl, pa3Ma3blBAIOIIHe yIapHLIE BOJHH, AJs obecletueHus
YCTOHYMBOCTH KaXK/JOTO H3 HHX B HEKOTOPBIX YACTHHIX CAy4dsix Tpe-
Gyercst BBefeHHE AONOJHHUTE/bLHBIX YJEHOB C SIBHON HCKYCCTBEHHOMN
BSI3KOCTBIO.

1) Cu. 9sanc u Xapaoy [1957—1959], Xapaoy ¢ coasropamu [1959],
Dpauc c coapropamu [1962] u Xapoy [1963].
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B npoTHBONOJMOXKHOCTL TOAXOAY C Da3Ma3biBaHHEM cKadka Ha
HECKOJIbKO PACUETHBIX SiUeeK MOXKHO, Hao0OpPOT, BBIAEJATL pa3phiB.
Mopertn, A66ert i Daeiix (Mopertu u AGGerr [1966], MoperTtu
u baeiix [1967]) mpoBoausu pacuersl CBEPX3BYKOBHIX TeUeHHH He-
BSI3KOTO Ta3a, BHIAEASAS yAapHBe BOJIHBI, 3TOT NOAXOA CTajd OUYEHb
fonyJsper B HAaYaJde CeMHUAECATHIX TOJIOB.

[IpekpacHoe muporoe 06CYKAeHHE HEJHHEHHBIX UHCAEHHBIX Me-
TOAOB MOXKHO HalHTH B KHHrax JitMca [1965, 1969]. Huas usydyeHus
MaTeMaTHYeCKHX aCMeKTOB UYHCJEHHOTO HCCJAeAOBaHHUs mapaboJnye-
CKHX ¥ THNepOOAHUECKHX CHCTEM, BRAIOUAA 3a4adH, CBS3aHHBIE C
yaapHBIMH BoJHAMH u Juddysneill HeHTPOHOB, MOXKHO PeKOMeH[0-
BaTb KHurn Puxtmaitepa [1957], Puxtmaiiepa u Moprona [1967].
Crporu#i Matemaruueckuii kypc Popcaiira u Basosa [1960] peko-
MEHAYETCS AJS 03HAKOMJIEHHS ¢ YUCJEHHBIMH PelleHHSIMH 3J/1JIHITH-
yecKHX ypaBHeuuil. B roromsumiefics K BHIXOAY B u3faTteiberee Aca-
demic Press kuure MopeTtu MoxHO OyaerT HaHTH JAeTajbHOe H3J0-
MEeHHEe MeTo/la BbIIEJIEHUs CKAaUKOB,

1.3. CyuiecTBOBaHHE H €AHWHCTBEHHOCTb PELLeHHH

Martemarnueckre npo6/eMBl CYIIeCTBOBAHHSI H €IHHCTBEHHOCTH
pemteHHH ypaBHEHHH B YaCTHLIX [POH3BOAHBIX, ONHCBIBAIOILHUX Te-
yeHHS KUIKOCTH, JaJjieKH OT CBOEro 3aBepllieHHs KaK AJs CaMHX
nuddepeHnnaNbHBIX YPAaBHEHHH, TaK U AJ51 HX KOHEUHO-Pa3HOCTHBIX
anajoros. B 196! r. noasunach MoHorpadus JlaasiKeHCKol, nocss-
lleHHas 3THM rnpolJeMaM [AJsl CTAllHOHAPHOTO TeUeHHUsT BSI3KOH He-
CXKHMaeMOfi XKUJIKOCTH; H3JIOKEeHHe cyiecTBa ee paboTh AaHo DiiM-
coMm [1965]. OcHOBhIBasicb HA CpPAaBHEHHH 3a7a4H O TEUEHHH HECHKH-
MaeMo# JKHIKOCTH, OTHCHIBaeMOM ypaBHeHusiMmu Hasbe — CroKca,
¢ ApyrUMH 3ajauaMi, Jiimc (c. 480) mnpeanonaraer, yToO €MH-
CTBEHHOE CTAlHOHAPHOe pelIeHHe CYIIeCTBYeT TOJbKO HUMKe HEKOo-
TOPOTO HEH3BEeCTHOrO Mpelestblioro 3HadeHHs uHcjga Pelnogabaca,
BBIIE 9TOrO 3HAUEHHS B HEKOTOPOM HHTepBaJe uHcesJ Re cyluectsyer
HECKOJIbKO PElIECHHI M, HaKOHeEll, BHIIE HEKOTOPOro APYroro, Takxke
HEeH3BECTHOr'O, 3HauyeHus uHcsaa Pefigosnbaca peinenuii BooGiie He
cyutectsyer. (Onnako DHMC TakKe 3a/]aercsl IpaBOMepHBIM BOTPO-
COM, CIpaBeIJIMBH JHM CaMH CTallHOHapHble ypaBHeHuss Hasbe —
Crokca nns uncen PelfiHoabAca, NMpeBBUILAIOIWIUX HEKOTOPOE 3Have-
Hye, TIPH KOTOPOM BO3HHKaeT TypOyJaeHTHocTh,) Ilpu KoHeuHo-pas-
HOCTHOM pellleHuH 3ToH 3ajauyu ToJoXeHHe MoOXKeT euie OoJiee
YCJAOKHATLCS H3-32 HESICHOCTH IPaHHTIHBIX YCJIOBHH.

Jlius 3amayn 0 TeUeHHH CXKUMaeMOH XHIAKOCTH, OINHCHBAEMOM
YHCTO TunepBOMHUCCKHMH YPaBHEHHSMH (CBEPX3BYKOBOE TeueHue),
CylIEeCTBOBaHUE PeUIeHHs [J5 NMPeNesbHOr0 HeBSI3KOro cayuasi JIerko
nokastiBaercst. Poft [1964] noxaszan, uro ecsau AN HEBSI3KOTO Ta3a
1BA TPOH3BOJLHLIX COCTOAHHSI MOTYT OBITh CBS3aHBl JOCTATOUHO
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ciabbiM CKAauKoM, TO AJd BSI3KOrO ras3a CyHIeCTBYeT HenpephiBHOE
pewenue. [Ipeacrasasercs, yro ajsi O6ojiee oBUIMX cJayuaeB H IJs
3ajfiau O TeYeHUH CMEUIAHHOIrO THIa HUYEro JAeHCTBUTEJBHO IMOJes-
HOTO OTHOCHTEJBbHO CYIIECTBOBAHHS pelIeHHs II0Ka He YCTaHOB-
Jeno ).

CyurecTBoBaHHe pelIeHHs NpeacTaBiafeT cobo# B HEKOTOPOM
cMbIc/le MeHbIYIo npobJeMy B TOM cjyyae, KOrga pacueThl BeLyTCH
MO HeCTallHOHAPHBIM ypaBHEHHSM, a 3TOT NOJAXOA OKa3zaJcs, Booblle
rosopd, HauGoJee yClelIHBIM NPH PELICHHH TOJHBIX YPABHEHHH NJs
TeUeHHUs BA3KOH XHAKOCTH. DyAyuu yBepeHHBIMH B CIpaBeMJIHBOCTH
HecTallHOHAPHBIX ypaBHeHuit HaBve — Crokca, Mbl CKJIOHHB AyMaTh,
4TO YMCJEHHOE pellieHHe, NOJYyueHHOe 1Mo (U3HUECKH peaJibHBIM Ha-
YaJbHBIM YCJOBHSIM, MMeeT OnpeleeHHyIo eHHoCTh. Ecan ke cra-
1YOHAPHOTO pelliellsl He CYMECTBYeT, TO, NPOBOAS HECTalHOHADHBIE
KOHEUHO-Pa3HOCTHbIE pacuerb!, Mbl MOKeM yOeiuTbcs B 3ToM. Mo-
JKeT CJyudTbes, OAHAKO, UTO HENPepHBHOE TeueHne, KOTOpOe He-
YCTOAYHBO 110 OTHOWIEHHIO K MaJbIM BO3MYLIEHHSM, OyaeT ocTa-
BATLCHA YCTOHUMBBIM IMPH UYHCACHHOM MOJAEJHPOBAHHH. DTO MOKET
MMeTh MECTO KaK IpH KpyNHoMaclITaOHO# HeyCTOHUHBOCTH (Takoi,
KaK OTpPHIB BHXpel), TaK M NPH MeJKoMacluTaGHOH TypOy/eHTHO-
CTH B CIBHI'OBOM cJjloe. KpoMme TOro, BHeCEHHE B NOJHblE ypaBHEHHs
Haspe — Crokca npub/HKeHHBIX JIONYIIEHHH (HalpuMep, JIHHeapHU-
sauun Byccunecka) JMIzaeT yBepeHHOCTH B CYLIECTBOBAHMH pelle-
HHSl. DT0 0cOOEHHO OTHOCHTCA K TeM cJyyasM, KOrja NpHXOTHTCS
paboTaTh ¢ HellPOBEePEHHLIMH yDaBHEHHSMH COCTOAHHS. [0AyHOB H
Cemennses [1962] mokasaju, YTO IIPH HCIOJb30BAHHH ONpEHEJNEH-
HOro KJjacca ypaBHEHHH COCTOSIHHSI UHCJIEHHOE pELIeHHEe rasojuHa-
MHYECKHX 3aJ1a4 MOMKeT OBITh HeeJAHHCTBEHHBIM,

Bonpoc 0 eAMHCTBEHHOCTH MOJYYEHHOTO YHCJEHHOTO pElleHHs
BHI3BIBAET JaxKe OoJbllee GeCNOKOHCTBO NPOCTO INOTOMY, 4YTO CY-
[IeCTBYET MHOTO NpuUMepoB (Kak (U3MUECKUX, TAK H YHCTO Ma-
TeMaTHYeCcKHX) HeeJHHCTBEHHOCTH CTAalMOHAPHBIX pemenuii. Hau-
6oJiee OUEBHIHLIM MPHMEPOM (HIUUECKOH HEeIUHCTBEHHOCTH Tedye-
Huil ABJAsIOTCS paboTa NBYXPeXKHMHBEIX NPHOODPOB CTPyHHOH aBTOMA-
THKH W JiBe YCTOHYHBBEIC OPHEHTAllMH BHXDPEBOH HHUTH IpH 06TeKaHHH
cTeHKH ¢ noaycdepHueckodl BoleMKoll (CHenekep u JloHanbICcoOH
'[1966]). B stux ciayyasix UMeeT MeCTO BbLIOOD MeMXIy ABYMS 3ep-
KaJibHO-CUMMETPHYHBIMH KapTHHAMH.

Bosee Ba:KHBLIM IpHMEPOM HEeIHHCTBEHHOCTH SIBJISIETCSl THCTe-
pe3uc Ipu CPHIBE MOTOKA Ha KPBHJIOBOM MNpPOGHJIE — NPH OLHHX H
TexX K€ IPAHHYHBIX YCJOBHsAX Ha yrJie aTakd, OJH3KOM K BO3HHKHO-
BEHHIO CpbIBa, IIOJYYalOTCs COBEPIUEHHO Pa3/HYHble KAPTHHH Te-
YyeHUs B 3aBHCHMOCTH OT TOrO, C KakKoH CTODOHB IIPHOJHKATHCH

1) CraTbH ¢ HOCHEIHMMH HCCJENOBAHHSIMH 110 STOMY BOIPOCY MOXKHO HaiTH
B :kypHaxe Archive for Rational Mechanics and Analysis, usnasaemom Tpycaen-
soM u Ceppurom u nyGaukyeMOM u3faTenncTBoM Springer-Verlag,
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K JAHHOMY YIJIy aTakd— CO CTOPOHBI MeHbIUHX (ZOCPBIBHLIX) HJH
Gosbliux (nMocjecpbiBHBIX) 3HaueHuit. Mak-Iyonun u [pebep
[1967] npuBomAT apyrue MpUMepPb HEEAHHCTBEHHOCTH CTPBIBHBIX
teuennit, [lnauex [1968] pacueramu moJyuyus HeeLHHCTBEHHBIE CTa-
IYOHApHbBIE KapTHHBL JJIf €CTECTBEHHOH KOHBEKUMH BHXpH, IJIA
KOTOPHIX, BEPOSATHO, CYIIECTBYIOT (PH3MUECKHe aHaJOrH, ABTOp Ha-
CTOSILIEH KHHTH YHCJEHHO TOJYYHJ NPUMEphl TeucHU#H, HOXOKUX Ha
CBePX3BYKOBOH AH(GhY30pHBIH cpBHIB (CM. pa3a. 5.7.6). DTH pacueTH
Aal0T NMpUMep HeeJHHCTBEHHOCTH YHCJEHHOIO pelleHHs, BO3HHKAI0-
me#l H3-3a YHCIEHHONH MOCTAHOBKH IPaHHYHBIX YCJIOBHH, XOTS INpH
5TOM H CcyllecTByeT (hU3NYECKHI aHaJOr.

Diimc [1965] mpHBOAHT NpuUMep KBA3HJIHHEHHOrO 3JAHITHYECKO-
ro puddepeHIHaJbHOTO YpaBHeHHs, He 00/1aaaloOLEro eIHHCTBEH-
HOCTBIO pelleHHd. [pyrum npocTslM MaTeMaTHUECKHM NPUMEPOM He-
eJHHCTBEHHOCTH #BJSETC KJaccHyeckass TeOopHs KOCOro cKauka
ynaorHenus, Tlpu cBepx3BYKOBOM 0OOTEKaHHH KJHHA HEBA3KHM ra-
30M CYIECTBYIOT TPH pelleHHd KyOuueckoro ypaBHeHHs ToMicoHa
(Anon [1953]). OnHo u3 3THX pelleHHH TPUBOIUT K YMEHBLIEHHIO
SHTPONHH M oTOpachiBaeTcs!), a M3 ABYX OCTaBIIHXCA peLICHHH
«caaboe» pelleHHe, KaK H3BECTHO, OTBeuaeT (H3HuecKoMy obre-
KaHHIO KJHHA, B TO BPeMs KaK «CHJbHOEe» pellleHHe OTBeyaeT 3ajaye
¢ oTolleAllel yAapHOH BOJMHOM,

[Ipu paccMOTpeHHH BCceX 3THX NPHMEPOB €CTECTBEHHO HAMpallH-
BaeTcs CJeAYIOLHE BOHPOC: K KAaKOMY M3 pelmIeHHH AOJKHA CXO-
JIUTbCH YHCJEHHas cXeMa, eClH OHAa BooOlIe CXOAUTCA K KaKoMYys
an6o peuienuio? Ha 3ToT Bonpoc Henb3sl 1aTh ONpeJesieHHbIA OTBET,
HeoGxonumMo pyKOBOACTBOBAThHCA (U3UUECKHM ONBLITOM, T. €. JKCIle-
PHMEHTOM M HHTYHIHeH, JJiAd NPOBEPKH pPa3yMHOCTH INOJYy4YaeMbIX
pewenuil. TlosBnenne Gojee CTPOTHX KPUTEPHEB 3aBHCHT OT pa3pa-
GoTkH Gosiee COBEpLIEHHOH MaTeMaTHYECKOH TEODHH, KoTopas IO-
SABUTCA B Oynyuiem.

1.4. MNpepBaputenpHble 3amedaHua 00 annPOKCHMALHH,
CXOAHMOCTH H YCTOHUYHBOCTH PeLUEHHH

MaremaTHuecKHe OCHOBEI BOIPOCOB CXOAMMOCTH H YCTOHUHBOCTH
YHCJIEHHBIX CXeM XOPOIIO Pa3BUTHl TOJbKO [JS1 JHHEHHBIX CHCTEM.
PesyabTaTbl JHHEHHON TEOPHH HCHOJB3YIOTCS B BHJAe HABOJAIIHX
cooGpakeHu#i AJg HeJHHEHHBIX 3afay, a HX NPUMEHHMOCTb IIPOBe-
psieTcst 3aTeM YHCACHHBIMH 3KCIePHMEHTaMH.

B ocHOBe KOHEUHO-PA3HOCTHOH CXeMBI JIEXKHT 3aMeHa NMPOH3BOL-
Hbix Tuna Of/0x B puddepennuanbHbx ypaBHEHHSIX HA Pa3HOCTHHIE
oTHOlIeHUst THNA Af/AX B KOHEUHO-PasHOCTHLIX ypaBHeHHAX. CXo0-

1) B KkOHeYHO-DAa3HOCTHOM MeTOfe or(paceiBaHue 3TOro pelleHHs (CKauka
paspeeHisi) MOMKET OCYIIECTBIATbCs aproMatHyeckH (cm. Jlake [1954]).
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AsiNIafcs KOHEYHO-Pa3HOCTHAs cXeMa MaTeMaTHUYeCKH ompejesercs
KaK cXeMma, jalolas KOHeUHO-pa3HOCTHOE pelleHHe, KOTopoe cTpe-
MIITCH K pelleHHI0 AH{depeHInanbioro ypapBHeHHa NIPpH CTpeMJeHHH
pasMepa fiuelikH CeTKH K HY/JIIO.

Dra KoHUenuus OoJjee TOHKAs, YeM MOJKeT [I0Kas3aTbCs C Iep-
soro parsasjga. OHa sBAAeTCH He NpoCTO IepedpasupoBKOH HBIOTO-
HOBCKOIO OlpefeNeHUs NPOU3BOAHON; NOA TIpelesoM 3/lech NOHHU-
MaeTca Mpefesn BCero peiwieHuss AHGdepeHIHAaIbHOIO YpaBHEHHS,
a He MPOCTO €ro OTAeJBbHBIX 4/JeHOB (npousBoAHbX). Ilocaennee
CBOUCTBO HasbiBaerTcs annpokcumauued (Jlake u  Puxrtmatiep
'[1956] ). Hanpumep, KoHeYHO-pa3HOCTHLI aHaJIOT AH(depeHIHab-
HOTO ypaBHEHHS MOXKET COCTOSITb M3 KOHEYHBIX DPa3HOCTel, Kaxkzias
M3 KOTOPHIX allIPOKCHMHPYeT COOTBeTCTBYWOIMH wieH aAuddepeHiy-
aJbHOTO yPaBHEHHS, HO B LeJOM 3TOT aHaJoT MOXKeT ObITb HeyCTOMH-
YMBHIM H, CJelOoBaTedbHO, He CXOAsluMca. Kpome Toro, smech He
IpUHHMaeTcsi BO BHHMaHHe IIpobjeMa KpHTepHA IPaKTHYECKOH
CXOJHMOCTH.

O’Bpatien, Xafimen u Kamsan [1950], a Takxe daau [1949]
OmpeJeIsioT YCTOHUHBOCTb HCXOAS M3 POCTa HJH 3aTYXaHHS OLIH-
6ok okpyrsenus. Jlake u Puxtmafiep [1956] nmaior Gosee oGiuee
ompefeNieHHe YCTOMYHBOCTH, YCTaHABJAUBAs IPaHHUIly, 10 KOTOpO# MO-
*KeT BospacTaTb J106af KOMIIOHEHTa HAadaJbHBIX [JAaHHBIX B IIpO-
Hecce WHCJAEHHOTO pacdera. PyHIamMeHTAaJ bHYIO POJib 3Jech Hrpaer
teopema Jlakca. OHa ycTaHaBJaHBaeT, 4TO AJ5 CHCTeMBl JHHEHHBIX
ypaBHEHHH HajHyHe YCTOHUHBOCTH sIBJsIeTCA HeOOXOIAMMEIM H JO-
CTATOYHLIM YCJOBHEM CXOAMMOCTH KOHEYHO-pa3HOCTHOH CXeMH, afl-
IPOKCHMUpPYIOLLeH cHCTeMy AH{pGhepeHIHANbHbIX yPaBHEHHI.

Kpurepuit ycroituusoctn ¢on Helfimana (Yapuu c coaBropamu
[1950], O’Bpaeiin ¢ coaBropamu [1950]) Tpebyer, uro6u HauGOIb-
mee coOCTBeHHOe 3HaueHWe MATPHIIB M[EpPexXojia HTEePalHOHHOH
cxeMmpl ObIJIO MeHbILE, YeM eNHHHLAa MHHYC YJEHBl NOpPSAAKa OWHOKH
annpokcumanuu. Jlake u Puxrtmaiiep [1956] noxasaau, 4ro 3rto
yCJIOBHe SBJSETCH AOCTATOUHBIM [Jis1 YCTONYHBOCTH JHHeHHOH CH-
CTEMEl C NOCTOSIHHBIMH KO3 HIHeHTaMu ¥ 4YTO B CJydae, KOrja
MaTpHIA HNepexofa YAOBJETBOPSET OAHOMY H3 Tpex HabopoB
CBOMCTB, BLIIIOJIHEHHE 3TOTO KPUTEPHS ABJsSETCA AOCTATOUHBIM TaK-
®e IJs1 CXOJUMOCTH. DTH H JApYTHe BOIPOCH], CBSI3aHHBIE C YCTOH-
UHBOCTBIO, 06cy:KaaoTes B pasn. 3.1 u B Monorpaduu Puxtmaiiepa
u Moprona [1967].

OTMeTHM 3JeCb, UYTO HH JIHHEHHBIH aHaJH3 YCTORYHBOCTH, HH
laxe caMo ee ONpefleIeHHe He SBJSIOTCS BNOJHE YA0BJIETBOPHTENb-
HuiMH. Puaiunc [1959] npusen mpumep TOro, YTo OH Has3BaJj He-
JUHeHHON YCTOHYHMBOCTLIO; OHA BO3HHKaeT H3 HEINOCTOSHCTBA KO-
s¢pdunnentos ypasrenuit (JIuaam [1965]). Tommen [1966] moxka-
3aJ, YyTO INIPH HCIOJb30BAHHH JABYXIIAroBod cxeMbl Jlakca — Ben-
apodpda uan cxemn Jlakca — Benapodda — Puxrmaiiepa (Puxr-
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mafiep [1963]) BO6/M3H TOUKHM TOPMOMKEHHS NOTOKA Pa3BHBAaeTCs He-
JIHHEelHast HeyCTOHYHBOCTb. DTH NPHUMEpH I0Ka3HBAIOT, UTO HCCJHE-
JOBaHHE JIMHEAHbIX YpaBHEHHH H YpaBHEHHI ¢ MOCTOAHHBIMH KO3(-
(UIMEeHTAMH HEAOCTAaTOUHO AJS YCTAHOBJEHHS HEYCTOHYHUBOCTH.

Eue BakHee TO 00CTOATENBCTBO, 4TO CaMO ONpefeseHHe YCTOM-
4HBOCTH SIBJAETCS HeajgeKBaTHbIM. Jluann [1965] nokasaa, uto mpu-
MeHeHHe CXeMBbl «4exapaa» OTHOCHTEJNBLHO CpelHeH TOYKH K MO-
JeNbHOMY YPaBHEHHIO HPHBOLHT K OCHHJJIAIHUSM, He UMEIOLIHM HH-
uero oOlLero ¢ NpaBUJbHbLIM pellenueM. Vicnoabszosannoe npu sTom
ypaBHeHHe COOTBETCTBOBAJO YPaBHEHHIO NTepeHOCa BHXDPA B HECKH-
MaeMoHl JXMJAKOCTH B IpeleNbHOM cjayuae O6eCKOHeYHO OOJBLIOTO
yucaa PeftHosbaca.

ABTOp HacTosilled KHHMH YCTAHOBHJ, YTO H JJ5 MAaJblX YHCEJ
Pefinonbica npu JAOCTHAKEHHH CTAIHOHAPHOTO COCTOSIHUS MPOXOJ-
M4lOT CYILECTBOBATh OCUHJJISIUH, XOTS H MeHbLUeH aMIHTYIH.
OTH OCLWJJNALUMA HAM XOTeJoCh OBl Ha3BATb YHCJEHHOH HEYCTON-
4UBOCTHIO, & MEXAYy TeM MO OOLUENPUHATHIM ONpEAEJEHHAM, OCHO-
BaHHBIM Ha pOCTe WJH OFPAHUUYEHHOCTH OWIMOKH, 3TH pe3yJbTaThi
IBAAIOTCA «ycToH4nBLIMH». KpoMe TOro, HOCKOJbKY LaHHBIE pe-
3yJIbTaThl He KOJeGJIOTCS OKOJO HPABHJBHOrO pellleHHs, MBl He
MOXKeM C YBEPEeHHOCTbIO CKa3aTh, YTO MpPaBHJbHOE pelleHHe OyaeTr
JoCTUTHYTO npH Ax, Af— 0. Bce xe Mbl 3HaeMm, 4TO NpH yMeHbHIe-
Hud yucaa PefiHosbaca Mbl npuGinikaeMcsl K NMPaBHJIBHOMY pellle-
HHMIO H, TaKHM 00pasom, NpH MaJiblX, HO OTJAHUYHBIX OT HYJIS 4HCaax
PefiHonbaca MOXHO NpHOJH3NTBCA K MPABHJIBHOMY pPeLIeHHIO <J0-
cratoyHo OJM3KO» mist Henell npaktuku, Mrak, pesyJbTaThl 4uC-
JIEHHOTO pelieHHst MOryT OBITh HE CXOASIUIMMUCH B MaTeMaTHUECKOM
CMEICJIE, HO CXOAAIIMMHUCS B MPaKTHUYECKOM CMBICJE,

[anee, B Hacrosimee BpeMsi HM B OIHOM HCC/JIeJOBAaHHH He
YyUUTHIBAEeTCS BJHAHHE HA pelleHHe MaTeMaTHYecKH He OGOCHOBAH-
HBHIX TPAHHYHLIX YCJNOBHH, KOTOPble HCHOJB3YIOTCS B PasMUHBIX
cxeMax Ha BBIXOAHON rpaHuue. daau [1949], a HeckoabKo mo3pHee
H HEKOTOphIe ApPYrue aBTOPH PACCMOTPEJNH BJAHSHHE Ha YCTOHYH-
BOCTL TPaJHEHTHHIX IPaHUYHBIX yCJaoBHH. OueHb wacTo AeCTabHJIH-
3UpyioHlee BJHSHHE TI'PAHHYHBIX YCJIOBHH MMeEeT IepBOCTEIIeHHOe
3HaYeHHe,

M3 cka3aHHOro BHINIE SCHO, YTO H3SIIUHBIE MaTeMaTHYeCKHE HC-
CNeNOBAHHA H ONpejeJieHHs] YCTOHUHBOCTH AJS1 UYHCJACHHBIX CXEM
He JOJIKHBI pPacCMaTPHUBAThCA KaK OKOHYATENbHBIE Pe3yJbTaThHl, a
JOJIXKHEl TOJIBKO CJYXKHTh PasyMHOH 06a30ff H HABOAALIUMH coobpa-
KEHMAMH JJS UHCJIEHHOTO 3KCIepHMEHTHpPOBaHHS. B Hacrosmef
kHUre OYZET NPOBOAHTLCA HMEHHO TaKas TOYKa 3PEHHS,



Mnasa 2

YPABHEHHA ABMHEHNA
HECH-{I/IMAEMOH HNAHOCTH
B JEHAPTOBOW CHUCTEME HOOPAHNHAT

B sTofi rnaBe paccMaTPHBAIOTCA YpaBHeHHSH, KOTOpPHIE UCIHOJb-
3YIOTCSl NPH pellleHHH 3a4ad O IJIOCKOM TeYeHHH HeCKHMaeMoH
JKHJKOCTH B HPSIMOYTrOJIbHOH cHcTeMe KoopjuHaTt. CHayaJja BLIH-
CHIBAIOTCSl YPaBHEHHs ABHXKEHHA [/ NPOCTeHIIHX (H3HYeCKUX Me-
peMeHHBIX (COCTaBJSIOLINE CKOPOCTH M JaBJieHHe), a 3aTeM BHIBO-
NATCS ypaBHEHHs IJs BHXpA M (QyHKuMH Toka. Jlasee naercs KOH-
cepBaTHBHAf (GopMa ypaBHEHHS NepeHoca BUXPA (XOTA CMBICA 3TOH
¢hOpME!l CTAaHOBHTCSl SCHBIM JIHIIb B ciaenymoolledl riaaBe) H obcy-
JKAAWTCH PasjHUHble CHCTEMBl ypaBHeHHH B 6e3pasMepHbIX Iepe-
MEHHHEIX. B 3akmoueHHe NpHBOAATCA ABa OJHOMEDHBIX MOJEJNBHEIX
ypaBHeHHs MepeHoca BHXPsi: ypaBHeHHe Broprepca u JMHeapu3oBaH-
HOe OJIHOMepHOe ypaBHeHHE, BKJO4Yalolllee KOHBEKTHBHHIH H -
(Oy3HOHHHH YJIeHHI.

2.1. YpaBHeHHA JBHHEHHA ONA (PH3HYECHHUX
nepeMeHHbIX

OCHOBHBIMH YpaBHEHUSIMH, OITHCHIBAIOIHIMHU [JIOCKOE TeuYeHHe
HEeCKHMaeMOH HbIOTOHOBOH BSI3KOH XKHJAKOCTH C MOCTOSIHHLIMH CBOH-
CTBaMH IPH OTCYTCTBHH BHEUIHHX CHJ, SIBAAIOTCA ABa ypaBHeHHs
KoJIMuecTBa ABMKeHHS (ypaBHeHuss Hapbe — CTOKCa) M ypaBHeHHe
HepaspeiBHOCTH (cM., Hampumep, Jlam6 [1945] wuau auxtaar
[[1968]), umerouine cieayomni BHA:

i |, . 0@ _ 0a 1 0P |, _ 0% 0% |
—tid— T lil—=———++% —}, .
at + o + dj p O% + (622 + A2 2.1)
o9 _ oD _ 9% 1 0P | . (0% 0%0
—=ti—t =4V , 2.
of + A% 3§ p 07 + (0,\?2 + ag?) (2.2)

ai 99

w o 23)

(ueproukn Hax OGYKBAMH O03HAUalOT, YTO COOTBETCTBYIONIHE BeJH-
UHHBl SBJSIOTCS pasMePHBIMH). YpaBHEHHs 3amucaHsl AJs (pu3HUe-
CKHX TepeMeHHBIX — COCTaBJAIIUX CKOPOCTH #, U H AaBJieHHs P;

CBOMCTBA KHUAKOCTH XapakKTepHusylTCad IJOTHOCTBIO p H KHHEMATH-
YeCKUM K09¢)(‘I)I/U.LI/IEHTOM BSA3KOCTH v. OTH YpaBHeHHsd OCHOBAHLI HA
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clenyomux (H3MUecKHX 3akKoHax: ypaBHenus (2.1) u (2.2) as.-
JSI0TCS NPOEKUHAMH BEKTOPHOTO yPaBHEHHS KOJHUECTBA ABHKEHHSA
F = ma (Broporo 3akoxHa HbloTona), nprnuem BA3KHe CHJBI CBSI3aHH
CO CKOPOCTbIO HeopMaLU#¥ JHHEAHLIM HBIOTOHOBBHIM 32KOHOM JJisfl
KacaTeJbHbIX HanpsKeHH#, a ypaBHeHHe (2.3) BLIpa)KaeT 3aKOH
coxpaHenus Macce. IlpuBeneHHble ypaBHeHHd 3anucaHbl B 3iliepo-
BO#i CHCTeMe KOOpJHHAT, T. €. B HEMOJBHIKHOH CHCTEME, OTHOCHTEJb-
HO KOTOpPOH ABHKeTcs KHAKocTh, (VMHOe — marpaHXeBo — omuca-
HHe, B KOTOPOM CHCTEMA KOODJHHAT JBUIKETCS BMECTE ¢ XKHAKOCTBIO,
He HCIIOJb3YETCS B 3TOH KHHIe, XOTS HEKOTOpHle 3aMeuaHus o Jja-
rpaHXeBOM MmojAXojle M OyiyT cienassl B . 6.) Hecmorpsa ma To
4TO MOXKHO UYHCJEHHO pelllaTh HEMNOCPeACTBEHHO 3TH YypaBHEHHS
(cM. pasa. 3.7), JyuulHe pe3yJbTATHl NOJYYAIOTCS NPH YHCAEHHOM
pelleHUN ypaBHeHH{l Aas BHXpS M (YHKUEHM ToKa. IlpeumyiectBa
U HEeAOCTAaTKH HCIOJL30BAHUS YpPaBHEHHS JJsl BHXPS H (PYHKUHH
ToKa OyayT oOCyX7aTeCsd B CJAEAVIOIIEM pasfese, a 3/eCb MHl
OTMETHM JIHIIb METOZOJOTHUecKoe NPUMYIIECTBO 3TOr0 MNOJAXOA,
3aKJI0UAOIIEeCs B TOM, 4TO IIPH HEM HYXKHO paccMaTpHUBaTh TOJb-
KO OJIHO ypaBHeHHe NepeHoca.

2.2. YpaBHeHHe nepeHOCa BHXPA H YypaBHEHHe [ONA
thyHHLKH TOHA B CNy4Yae MNOCKUX TEYEHHH

U3 ypaBrenuii (2.1) n (2.2) MOXKHO HCKJIOYHTb AaBJeHHE, NPO-
nuddepeHnpoBaB NepBoe U3 HHX IO y, a Bropoe no x. Ompegenss

BHXDb Kak !) Can os
C=%r — 7" (2.4)

moJiyuaeM ypaBHeHHE IepeHoca BHXDS, HMelollee mnapaBonuueckuft
THII:
at _oft ot _(622 022) o SE sz
2= — =}V =4+ == )=—V.(V W%, (2.5
P 5 % -+ 7 +agz (VO) +- V%, (2.5)
Hcrnonpsys cy6cTaHIHOHAJNBHYIO NPOH3BOAHYIO, 3TO ypaBHeHHe
MOXHO I'Ipe,U.CTaBPITb Tak:

D _ 9o
DZ - 'VV C' (2.6)
OHpe,ILe.HﬂH beHKI.H/HO TOKa_'-l—IJ COOTHOIIEHHAMU
ap - Iy _
71!';‘ =1u, -—a}% =20, (2.7)

1) B TpexMepHOM cJyuae BHXpb OOHUHO ONpefetsiercs Kak V X V, 9To
NpH Nepexofle K ABYMEPHOMY CAy4aio A2eT BHPaXKeHHe, OT/IHYAMIIeecs OT HpH-
BeJCHHOTO HH)Ke ONpe/ie/ieHHs] SHAKOM.
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ypapnenune (2.4) MoxHO 3amucaTb Kak ypasnenne lIlyaccona,
HMeroLlee 3JJHITHYECKHH THIL:

V2 =L. (2.8)
B ypaBHenue nepeHoca Buxpst (2.5) BXOAHT HeCTaUHOHAPHBIH
yiaen Of/0f, KouBekTHBHbIe'!) wieHnl #d{/0X u 00(/37, a Takxe

yaeH VVX, cBA3aHHH ¢ BA3KOH Auddysuedt. DTo ypaBHeHUe He-
JMHEHHO 13-32 KOHBEKTHBHBLIX WJEHOB, TaK Kak B cuay (2.7) u
{2.8) # u U npeicraBasiOT co00#H (GYHKIHUH 3aBHCHMOro nepeMmes-

Horo ¢. Ono sApaserca napaboiMyecKuM 10 BPEMEHH, U NO3TOMY JJS
HEro CTABHUTCS 3aJaua C HayaJbHbIMU YCJIOBHSMH, B KOTOPO# pelle-
HUE «TIPOJIBUTaeTCs» IIAT 3a IaroM OT HeKOTOPLIX HaUa/ bHbIX JaHHbIX.

Ypasuenne (2.8) nas GyHKUUH TOKa ABJSETCH 3IJUJIHNTHUECKUM,
MIO3TOMY [JIs1 HEero CTaBUTCH 3ajaya C P'PAHHYHBIMH YCJOBHSMHY, KO-
Topass OOBIYHO pellaeTcss HTEPAUHOHHBIMH MerojfaMH. BO MHOrux
IPAaKTHYECKHX 3ajauyax HHTepecyloTCs He MOBEAeHHEM pelleHHs! BO
BPEMEHH, a TOJbKO CTALHMOHAapHBLIM pELIeHHEM; B 3TOM cJayuae B

JIeBol YacTH ypaBHeHHS (2.5) MOXHO MOJIOXKHTb O(/0f =0, HCKJIO-
YHB TAKHM 00pa3oM OJHY He3aBHCHMYIO mepeMeHHYI0O — BpeMms. Kak
NpPaBuJIO, TAaK H AeJaT IPH aHAJHTHYECKHX HCCJAEJOBAHHAX; HO-
9TOMY Te, KTO He HMeJ JeJIO C BBIYHC/AHTeJNbHOH I'HIpOAHHAMHKOH,
0OBIYHO YAUBJAAWTCA, OO6HapyKuB, YTO OOJBIIHHCTBO (XOTd H He
Bce) 3(¢eKTHBHBLIX YHCJEHHBIX METOAOB pelleHHs pa)ke CTalHo-
HApHBIX 3aJa4 FHAPOAMHAMHKH OCHOBHIBAETCS HAa HHTErPHUPOBAHUH
HECTAlHOHAPHBIX YDPaBHEHHH, a CTAUHOHAPHOE pellieHHe (ecJH OHO
CylIlecTBYeT) MOJyyaercs KaK acHMITOTHUECKHH IO BPEMEHH Ipe-
JeJl pellleHHsl HeCTallHOHADHHIX ypaBHeHHH.

CTouT TakXkKe 3aMeTHTb, YTO YpaBHeHHe MNepeHoca BHXps (2.5)
CNYKHT [1Js MOJEJbHOTO OMHCAHUS MHOTHX APYTHX NpPOLECCOB me-
peHoca M YTO MeETOABbI, H3JaraeMble B CJAeAyIOllell IJaBe, 4acTo
IPHMEHHMEl K CaMBIM Pa3HOOGpasHHIM IpoleccaM epeHoca, BKJIO-
yas cayvyafi TeueHHs CXKHMaeMoil XKHAKOCTH, KOTOphifi GyneT pac-
CMOTpeH B . 4?). YpaBHeHHs ABHUKEHHS CXKHMaeMo# KMAKOCTH

') ABTop HasbiBaeT TaKHe uJieHH aABeKTHBHHIMH (advective) # nosicuser
3TO CieAyiolM 00pasoM: «TepMHHBI «KOHBEKTHBHEHIH» M «aJBEKTHBHBIH» mpax-
TUYECKH SBJSIOTCA CHHOHHMaMH (KOHBEKIHS O3HauaeT, YTO BHXDb NePeHOCHTCSH
MO0 TeYeHHIO, a aJBEKUHd — YTO OH JBHXKETCH BMecTe C XHAKOCTbIO). I[TepBhim
U3 HUX, KaK NPaBHJIO, IOJb3YIOTCH HHKeHepPH, BTOPHIM — MeTeOpOJIOrH, KOTOpHE
PE3ePBUPYIOT TCPMHH CKOHBEKUMS» [IJs1 BePTHKAJbHHIX ABHXeHHH aTMocdepkr».

Tak kak B Hamlefl rHAPOAMHaMHYEeCKOH JHTeparype TePMHH <«aJBEKTHBHELI»,
HACKOJBKO Ham H3BECTHO, He NMpHMEHsAeTCs, B NepeBOje Be3je Hcmoabsyerca Goiee
MPHBLIYHBI YHTATENI0 TEDMHH <KOHBEKTHBHEI». — [Tpum. ped.

2) BecbMa CHCTeMaTHUeCKOe OMHcaHHe OGLIHX MPOLECCOB NepeHoca HaeTcs
B cratbe ®angopaa u Iles [1969]. OGwHOCTL MOHATHI YOEAHTENLHO HJIIOCTDH-
pyerca Tem (aKToM, 4YTO YPABHEHHA [BHIKEHHS CXKHAMAaeMOH >XHAKOCTH MOLYT
OHTb HCHOJB30BANBl U MOJENHPOBaHHA 3afa4 O MBHXKEHHH TPAHCIOPTA Ha
aBTOCTpAajLE.
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ropasio CJ0XKHee ypaBHEHHs IlepeHOca BHXpHA, HO CBS3aHBl C HUM
B Tako#l Mepe, yTo H3yueHHe OOJee NPOCTOro ypaBHeHHS HepeHoca
BHXPS HECOMHEHHO OKa3hiBAGTCH MOJESHHM AJd HCCACLOBAHHSA
yPaBHEHUS IBUIKEHUS CXKUMaeMOHN XKHAKOCTH.

MateMaTukn 0OGBIYHO JIOBOJBCTBYIOTCH KJaaccuduraunued (au-
HeHHBX) AuddepennnaJbHbIX ypaBHeHHH B YaCTHBIX MPOHU3BOIHBIX
no cJeAyIOWHM THIaM: napabosauueckue, SJJIUNTHUECKHE HUJIH TH-
nep6osnyeckne. Ilpy Takoil KjaaccHpHKaUUH He AesaeTcs Pasjudus
MexJy ypaBHeHHeM (2.5) nepeHoca BuUXps H ypaBHeHHeM auddy-
3un  0f/0t == ad%/0%?, ojHAKO, KAK MBI YBHAUM HHXKE, HAaJHUHE B
ypaBHeHuu (2.5) npousBoiHofi mepBoro nopsaxa (KOHBEKTHBHOTO
uyjeHa) jAenaelT €ro KauecTBEHHO OTJHYHBIM OT ypaBHeHHS Aupby-
3UM, NPHYEM HDH YHUCIEHHOM pElIeHHH KOHBEKTHBHBIIl uJieH urpaet
BaXKHYI0 Poib. K coxaJsleHulo, IJs IBYX yKasaHHBIX YJ€HOB HaH-
fonee »(PdeKTHBHLIMH MOrYyT OKa3aTbCAd pasJ/HuHble YHCJEeHHbIE
CXEMBI,

2.3. HoHcepeaTtueHas thopma ypaBHEHH#H
YpaBuenne HepadpbiHOCTH (2.3)
oa , 00
o T o5 =0

MOXHO 3alHcaTb Yeped BeKTOp MNOJHON CKOPOCTH V B claenylomieM
BHOeE:

V.V=0. (2.9)

Pacemorpum V- (V,Z). B BekTopHO# anre6pe H3BECTHO TOMXKIECTBO
V- V)=V - ) +T(V-V)=V. (V).

Takum o6pa3oM, Ajs Toro 4ro0bl NOJTYYHTb KOHCEPBATHBHYIO hopMy

ypaBHeHHs MepeHoca BHXPH, B ypaBHeHHu (2.5) Halo saMeHHTb

V. (V;) Ha V- (V;‘,) 4TO Jaer

9% TF_ _ 0@l _o@bh) | % | o
Fri V- (VD) + 3= 0% a7 +v(ax2+agz - (210

CMBICH W NPEHMYUWECTBO HCIOJbL30BAaHHA TaKOH «KOHCepBaTHB-
HOM» HAM «AUBEPreHTHOU» (opMbl ypaBHeHHH OyAyT obcyxiuartbes
B pasz. 3.1.3.

2.4, YpaBHeHHs B GespasMepHbiX NepeMeHHbIX

CucreMa ypaBHeHHH B 6e3pa3MepHHIX MepeMeHHBIX, HCIOJb3ye-
mMasi B 3TOH KHHre, BCIOYy OCHOBBIBA€TCSI Ha KOHBEKTHBHOM Mac-
wrabe spemenu L/Uo, rae L — xapaxrepHasi miauHa, a Uy — xapak-
TepHas# CKOPOCTb 3aJauH; HampuMmep, ecan L — AJHHA XOPAbl KpPb-
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noBoro npounas u Uy — ckopocTs Haberaoulero noroka, to L/Uy—
BpeMs, 3a KOTOpOe yacTHLA Haberaroulero MOTokKa NPOXOAUT Bech
npoduas. Beenem caenyiomue 6e3pasmepﬂb1e BEJHUUHH:

u—vo, v == 5o X=-=, = , L= Uo/L ot L/Uo s (2.11)
rorga ypaBuenus (2.10) u (2.8) anMyT BUI
L=V (VO + 7 V% (2.12)
V=g, (2.13)
rie Re — Gespasmepuulii napamerp, yucio PefiHonbaca,
Re = U,L/¥. (2.14)

TakuMm obpasom, pas awboro safanHoro nabopa rpaHHYHBIX
yCJIOBHH TeueHHe XapakKTepusyercs oAHHM Oe3pa3MepHBIM IapaMeT-
pom — uncaoM Pefinoabaca.

s teuenndt ¢ 6oabwuMy uncaamu Peiftnosnbaca (Re >> 1) xon-
BEeKTHBHLIH 4JeH B ypaBHeHuu (2.12) npeBanupyer Haj 4JeHOM
sA3koll nuddysun, u B 3ToM cayuyae Benauwunna L/U, Oyzer mpen-
CTaBJaaTb COO0H HHTepBaJ BpeMeHH, (paKTHUECKH XapaKTepH3YIOLHA
teuenue. Toria, sanpumep, ycjaoeBHe njsd Oe3pasMepHoro Bpe-
Menu t == {/(L/U,) > Gyner NOAXOASIUHM KDHTEPHEM IJsi AOCTH-
KeHHs CTallHOHAapHOro cocTosiHuA TedyeHHsi. ONHAKO Te4eHHs C Ma-
apiMu 4HciaMud Pelisoapaca (Re <« 1) syulue XapakTepH3yIOTCs
6espasmepHuIM  «aH(PysHOHHBIM» BpeMeHeM. Omnpenensa Takoe
6espasMepHoe BpeMs Kak

¢’ =13/L3, (2.15)
"a Ipyrue GespazMepHble BeJIMUYHHB TaK Xe, Kak B (2.11), nonyuaeMm

Ans GYHKLHH TOKa TO xe camoe ypasHemne Ilyaccoma (2.13), mo
yPpaBHeHHe NepeHoca BHXPSA MPHU STOM NPHHHMAET BHJ

2 — —ReV. (VD) V. (2.16)

Benuunna L[2/9, o4eBHAHO, HMeeT pa3MepHOCTb BpeMen#. JIaa Toro
yTOGbl OLEHUTb ee QH3HUECKYI0 3HAYMMOCTh KaK Macwraba BpeMeHH
B 3ajauax c npeobaapnamoiueli Auddysnei, N0CTATOUHO 3aMETHTb,
yTo B npejene npu Re—-0 ypaBHeHue (2.12) craHOBUTCA CHHIYJAP-
HBIM, TOI'fa KakK ypaBHeHHe (2.16) seger ce6s mpu 3TOM XOPOIIO,
a KOHBEKTUBHLIH 4seH ucuesaer. AHajornuno, ypaBHenue (2.12) He
uMeeT ocobeHHOCTH npu Re-—oco, HO mpH 3TOM HcuesdaeT AupPy3H-
oHHbIB usen'). Has TeueHHii ¢ GoJNbIIMMH, HO KOHEYHBIMH, HJAH ¢

1) OtoT mpefen He AACT KOPPEKTHOrO UUC/ACHHOrO peLieHUS AJS HEBA3KOLO
WIH DOTEHUHANBLHOrO TedeHHs, eCJIH I'PAHUUHEIE YCJAOBHA He OYAYT TOXe HpHBe-
JEHB B COOTBETCTBHE HEBH3KOMY TeUeHHIO,
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MaJBIMH, HO OTJAHUHBIMH OT HYJA, yucaaMu PeftHoabaca mpuMene-
HHe COOTBETCTBYIOINX MacliTaGoB BpeMeHH OyAeT yMeHbIIATh
OHUOKH OKDPYTJIEHHUS, KOTOpHE MOLYT OKasaTbCH CYIECTBEHHBIMH
NpH pacuerax Ha HEKOTOPBHIX BHIYHCJAHTENbHBIX MalllnHaxX. Mcmoss-
30BaHHe ypaBHeHHA (2.12), OCHOBAaHHOrO Ha KOHBEKTHBHOM Mac-
wtabe BpeMeHH, HMeeT TakKKe TO HNPEHMYLIECTBO, YTO pajHyC-BeK-

TOP 4YacTHUB (JarpaHxeBa KOOpAHHATA) F=;0+8Vdf coxpa-
HSeT NPH 3TOM CBOIO (opMy B Ge3pa3MeDPHHX IHNEPEMEHHHX, T. €.
r=ry + SV dt.

[ns ypaBHeHHH, ONMCHIBAIOLIUX JApYrHe TeYeHHs KHUJIKOCTH, 0o-
Jee MOAXOASINUMH MOTYT OKa3aTbCd APYrHe Maclitabbl BpeMeHH.
Hanpumep, B 3asave 06 yCcTOHYMBOCTH eCTECTBEHHOH KOHBEKLHH
Y. Kpoyau [1968] BBOAMT ueThipe XapaKTepHEIX BPEeMeHH, CBSi3aH-
Hele ¢ Aupdy3nell, KoHBeKlLHeH, cpelHHM TrpajJHeHTOM BHXPA H
apxumezoBoll cujoft. OgHako Ans HaWUX menell 6yaeT AOCTaTOY-
HBIM ypaBHeHHe (2.12), ocHOBaHHoe Ha KOHBEKTHBHOM MacluTale
BPeMEHH.

Vnpancnenue. 3anucaTh B GespasMepHoM Buie ypaBHenus (2.1) u (2.2),

HCIIOJIb3Yst KOHBEKTHMBHBII MacuiTaG BpeMeHd H BBOAsi Ge3pasMepHble CKODOCTH
M PAacCTOsiHHA TaK e, KaK B papeHcTBax (2.11). OtTmecTn npu 3TOM [aBJeHHe

K YABOGHHOMY «JAMHAMHYeCKOMYy Hamopy», T.e€. MOJOXHTb P = /(PUO)

Ynpasnenue. 3anucath ypapHeHne (2.1) B KOHCepBaTHBHOH (opMe, T.e. mpe-
06pasoBaTh KOHBEKTHBHHI 4ned V. (V#) K AHBepreHTHO# ¢dopme v - (Vu).

2.5. OpHOMepHble MOAeNnbHbIE YypaBHEHHA nepeHoca

YpaBHeHHe nepeHOoca BHXpS KaK B HeKOHCePBATHBHOH, Tak H B
KOHCcepBaTHBHOI (opMme (2.12) saBaserca napaboJHyecKHM IO Bpe-
MEeHH, COAEpPKHUT JBe HEe3aBHCHUMBble IPOCTPAHCTBEHHbIE IepEMEHHbIe
H CBSI3aHO C JAJHUINTHUYECKHM ypaBHeHHeM [lyaccoHa A5 QYHKUHH
roka (2.13) uepe3 HesuHefiHble KOHBeKTHBHble uJeHbl. Mccaepopa-
HHe yCTONYHBOCTH KOHEYHO-Pa3HOCTHBIX aHAJOrOB 3THX YPaBHeHHH,
B KOTOPOM NPHBHMAaJIHChL OBl BO BHUMAaHHe Bce MepPeyHcaeHHbIe BLIle
CBOWCTBa ypaBHeHHH, 1o CHX NmOp He npoBomuiaoch. Tem He MeHee
MOXHO HM3yUUTb MHOTHE acleKThl NOBeJeHHS yPaBHeHHs NepeHoca
BHXPSl ¥ BHIAABUTH CYILECTBEHHbIE YEePTH MHOTHX KOHEUHO-Pa3HOCT-
HHIX CXeM, paccMarpuBas Joboe H3 JBYX OJHOMEPHEIX MOAEJbLHBIX
ypaBHeHHull nepeHoca, NpUBeeHHBIX HHXKe.

[lepBbiM MojeJbHbIM ypaBHEHHEM IEpeHOca SBJSeTCs JHHeapH-
30BaHHOE OJHOMepHOe ypaBHeHHe C KOHBEKTHBHHIM H nuddysHoH-
HBIM YJIeHaMH (AJIJIeH {1968}, V. Kpoyau [1968a]), samucannoe
Jm6o B KOHCEPBATHBHOH! dopme ‘

0 _ 9 92
L=_2D +a ez, (2.17)
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qn6o B HEKOHCepBAaTHBHON dopme

0{__ .?_tl
BE ”ax+“

2
sy (2.18)
B 3THX ypaBHeHHSX [ MOIEJIHPYET BHXPb HJH KaKyw-1HOO APYryio
KOHBEKTHBHYI0 H Au(GGY3HOHHYIO BeJHUYHHY!), o — 06061IeHHBIN
ko3 duurent auddysHH, COOTBETCTBYOMIHN Besnunte 1/Re B ypas-
HEHHH TIepeHoca BUXDS, u — JIHHeapH30BaHHAs CKOPOCTb KOHBEK-
uud. Eciad He oroBopeHo NMPOTHBHOE, TO # MOCTOHHA MO X, XOTH
ypaBHeHHe (2.17) MoxeT OBITb HCHOJNbL30BAHO M JJISl H3yUeHHS
3¢ eKTOB YCTOAUHBOCTH B CJAyuae, Korja 4 = #(X).

BrophiM MozenbHBIM YpaBHEHHEM [epeHoca fBJSeTCs ypaBHe-
uie Broprepca (Bioprepc [1948], Xond [1950], Pomun [1970])

du ou d%u
—O_t—=_u—5_;+a6?' (2.19)

rie u paccMaTpHBaercss Kak o6o6lueHHas CKOPOCTb. DTO ypaBHEHHE
cOXpaHsieT HeJJMHeHHOCTb YpaBHEHHs mepeHoca BHXDPS H ypaBHEHHH
Hasbe — Crokca. bBuaromapsi cBoefl HeJMHEHHOCTH OHO MOXKET
CNYKHTb MOJEJbHBHIM ypaBHEHHeM IJs H3YYeHHsd KakK TypOyJaeHt-
HOCTH, TaK H YVIapHBIX BoJH (cM. pasn. 4.7). Ha stom ypaBHeHHHM
MOTYT OLITb TaKXKe HCCJAENOBAHH PA3JIHUHBIE KOHEUHO-PA3HOCTHHIE
cxemn (Puxtmaitep [1963], Aasen u Yen [1970], B. Kpoyau
[1967], Dpoiiaurep u ap. [1967], I'puncnsn [1967], Aanen [1968],
Uen [1968], ¥. Kpoyan [1968a], Kodosn-Xancen [1968]). Dxsu-
BaJeHTHAs KOHCepBAaTHBHAas (GopMa 3TOro ypaBHEHUs TaKOBa:

(2.20)

[MocKONbKY H3BECTHBI HEKOTOPHIE AHAJHTHUECKHE DelleHHs ypaB-
HeHHs DBloprepca, 0HO MOXKeT CJAyXKHTb A NAeMOHCTPaLuH NpeuMy-
IIECTB KOHCepBATHBHOA (OPMBl KOHEUHO-Pa3HOCTHBIX YpaBHEHHM.

Yuratenb AOJXKEH NOMHUTb O TOM, YTO XOTHA H3yUEHHE OJHOMEp-
HBIX MOJeJIbHBIX YpaBHeHHH yAo0Hee H HarJgAHee, ONHAKO NIPH 3TOM
HAKJaJbIBAIOTCH 3HAUHTEJNbHblE OrpaHHuYeHHs. MHOrHe acleKTHl BHI-
QUCTUTENBHON THAPOJUHAMUKH #O CYu4ecTsy ONpefenfioTcs pas-
MEpPHOCTBIO, TPHYEM OJHO-, ABYX- H TPeXMepHBIe 3aJaiH OKa3Hl-
BAIOTCS KaueCTBEHHO Pa3/MYHLIMH. DTH BOIpPOCH OyAyT 06CyXKIaTh-
cfl B MOCJELYIOMIHNX [J1aBax.

1) D1t ogHOMepHHIe yPaBHeHHs He SBJSIOTCS YPaBHEHHSIMH IePeHoca BHXpS
(B ofHOMEPHOM OJHODOAHOM IIOTOKE BHXPS He CYIUECTBYET), HO TeEM He MeHee
MOJEJHPYIOT HEKOTODHle aclleKTHl MHOTOMePHHIX ypaBHeHHH. DH3HYeCKH 3TH ypas-
HEHHsA ONHCHLIBAIOT KOHBEKUHIO M AH(PPY3HIO ONHOH OKpAUIEHHOH XHAKOCTH B
Apyrofi (HampuMep, YepHHJA B BOJE) — B NATHAECATHX rofax JleneBbe HasniBalj
ypasuerne (2.18) «useroBnM ypamHenuem» (cM. Y. Kpoyan [1968al).



Mnasa 3

OCHOBHbIE YNCJEHHbBIE METO/bl PACHETA
ABUHEHWA HECHHUMAEMOM HHWUAHOGCTH

B sTofi riaBe paccMaTpHBAIOTCA OCHOBHHE UHCJAEHHBIE METOIbI
pelleHHsi 3a4a4 O TeYeHHH HECXKHMaeMo#l XHAKOCTH B 06s1acTH ¢
perynsapHBIMH TPaHHILAMH, NOKPHITOR NMPAMOYrOJbHOH KOHEYHO-pas-
HOCTHOH ceTKo#. MHOroe u3 H3J10XE€HHOTrO 37eCh Oyler IIPHMEHHMO
H B 3ajayax O TeyeHHH CXKUMaeMOH XHUIAKOCTH, MOCKOJbKY HIJs
ypaBHeHHuil nepeHoca B o00UX CAy4asix HCIOJb3YIOTCS OJHH H TE XKe
MojesnbHEle ypaBHeHus. CBORCTBO KOHCEPBATHBHOCTH M JpYyTHe
ompejeseHHAble 37ech CBOHCTBA, OOCYXJAEHHE pOJH TPaHHYHBIX
YCJTIOBHH, a TaKxe HCCJeL0BaHHE YCTOHYHBOCTH H CXOZHMOCTH B
paBHOH Mepe OTHOCATCA H K 3aJayaM O TeUeHHH CKHMAaeMOH XHA-
KOCTH.

[Mpexne yeM NOrps3HYTh B H3yueHHH JAeTajeH, 4acTHHIX 3anady,
BapHAaHTOB H BTODOCTENEHHBIX BONPOCOB, CTOHMT, BEPOSITHO, ONHUCATh
B OOIUMX YepTax BCIO NpOUEAYpYy pelleHHs MOJHOH 3ajadd THAPO-
nuHaMUuKH. JIJ5 KOHKPETHOCTH MB!I ONHIIEM BBIYHMCJIMTENbHBIH LHKJI
TOJIBKO I NpoCTefiliero MOAX0A2, OCHOBAHHOTO Ha pellleHHH He-
CTalliOHADHBIX ypaBHEeHHKH.

Uccnenyemasn o6JiacTh TeueHHS NOKPHIBAGTCH KOHEYHO-DA3HOCT-
Holt ceTkoii. KoHeuHo-pasHOCTHoe pellleHHe OyAeT onpenenasithcs B
y3J1aX CeTKH, JeXKaIluX Ha NepeceucHHH JUHHH CeTKH.

Pemrenye HauHHaeTcs ¢ TOTO, YTO BO BCEX Y3J1axX CETKH B MOMEHT
BpeMeHHn { =0 craBsATcs HadaJbHble YCJIOBUS AJs GyHKOHHE P, §,
# W v. DTH HavajbHble YCJIOBHS MOTYT COOTBETCTBOBATb HEKOTOPOH
peasnbHOH HayasJbHOH CHTyallMH (eC/H peub HAET O pelIeHHH HecTa-
LIMOHAPHOH 3ajayH) HJH HEKOTOPOMY rpyOOMY NpDHOJMKEHHIO K
CTallHOHAPHOMY pellleHHIO (eCJH peyb HJET TOJNbKO 006 yCTaHOBUB-
LIeMcsl PexXHMe).

Hanee HauWHaeTCs BHIUHCJAMTENLHBIH UUKJ, KOrxa Anas npubian-
JKeHHOro onpenesenus 0{/df BO Bcex BHYTPEHHUX TOUKAX PACCUUTHI-
BaeMofl 06J1aCTH HCII0J1b3yeTcsl HEKOTOPBIA KOHEYHO-Pa3HOCTHLIH aHa-
Jor nupdepeHnaNbLHOrO ypaBHeHHs nepenoca Buxpsa (2.12). Hoswle
3HAYeHHs1 { BBIYHCJAIOT HA HOBOM BpeMeHHOM cJioe, COOTBETCTBYIO-
meM TpHpalleHHi0 BpeMeHH Af, NPOABHras ypaBHEHHS MNepeHoca
BHXDS 10 BPeMeHH, HampuMep moJgaras (HoBoe [)==(crapoe {)-+
+ At-0¢/dt. CnenyouluM LIaroM BHYHCJAHTEJNBHOIO LHKJIA ABJASETCH
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Hawaao

!

Crpontcss KOHeyHO-
Pa3HOCTHAS CeTKa

)

CrapsTcsl HavaJbHbIE YCJAOBHS
npn £=0

\

!

PaccuuTHBaeTcsa HoBoe f==1f - Af, paccuduThHBaeTCf HOBOe {
BO BHYTPBHHHX TOUKaX IO ypaBHEHHIO

0L/t = — V- (VL) + V?(/Re

ITpoBoAATCS HTEpAUUH Il ONpejesieHHss HOBBIX 1 BO Bcex TOW-

Kax mo ypaBHeHnio V2 =={ ¢ McnoJp30BaHHEM HOBHX { BO BHY-

TPeHHHX TouKaXx. PaccunthiBaetrc® HoBoe V mo ¢Qopmynam
u=0y/dy, v==— JP/0x.

}

PaccuyuTbiBaOTCA HOBHE I'DaHHYHHE 3HAYeHHS { C HCIOB30Ba-
HHeM Y B [ BO BHYTPeHHHX TOYKaXx

)

JocTHraercs 3afaHHOe 3HaueHHe BpeMeHH
HJIH
pelieHHe BLIXOJHT Ha CTaUHOHApHOE
€ 3aJaHHOM CTeNeHbI0 TOYHOCTH

!

Konen
peiuenns
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pellleHHe KOHEYHO-PA3HOCTHOro aHajora ypasHeuus Ilyaccona
(2.13) mns onpemeseHHs HOBLIX 3Ha4eHHHA (GYHKLUHH TOKa v, IpuIeM
B «HCTOYHHKOBOM>» ujieHe ypaBHeHHA (2.13) HCNOAB3YIOTCS HOBBIE
3Hauenusa { BO BHYTPeHHHX y3jax ceTkd. CyllleCTBeHHO, 4TO ypaB-
HeHne IlyaccoHa AJ19 HOBBIX 1) He 3aBHCHT OT TPaHHUYHBIX YCJOBHH
AJ HOBHIX {, KOTOpHe NOKa emle He H3BecTHH. OGHIYHO pelleHHe
IJi HOBBIX Y MOJy4YaeTCs HTepallMUOHHBIM MyTeM, Tak UYTO HTepa-
ILHOHHBLIH Mpollecc I HAaXOX/JeHUs 1 BKAIOYaeTcs B oOIMIHA BBIMHC-
JUTENbHBIA HUKJ. Temeps, HCIOAB3YS KOHEYHO-PA3HOCTHHIE aHaJjor
ypaBHerH# (2.7) B 06e3pa3MepHBIX NepeMeHHHIX, HAXOAHM HOBHLIE
cocTaBasiiomue ckopoctd. ITocnennuil mar BLIYHCAUTENBHOTO IHKJA
COCTOHT B pacueTe HOBHIX 3HaueHHH Ha TPaHHIAX pacCMaTpHBaeMOH
o6siactu. OOLIYHO 3TH HOBBHIe IpAHHYHBIE 3HAYEHHA [ 3aBHCAT OT
HOBBIX (y2Ke BBIYHCJEHHBIX) 3HaueHHH { H § BO BHYTPEHHHX TOUKaX
06J1aCTH, pacloNoXeHHBIX BOJH3H ee TrpaHHIB. 3aTeM BLIUYHCIH-
TeJbHBIH IIHKJ MOBTOPAETCA O TeX NOp, IIoKa He OYNET JOCTHTHYTO
3aJlaHHOe 3HAadYeHHe BpPEMEHH HJH I0Ka pelleHHe He BLIHJeT Ha
CTallMOHAPHOEe ¢ 33aHHOH CTeNeHbI0 TOUHOCTH.

CxeMaTHyeCKH NaHHAasl mpouenypa usobpaxena Ha ctp. 37. Hasa
pas3JHUHBIX KOHKPETHBIX 3a7au HEeKOTOpHE NeTasJH 5TOH Npolefyphl
6yIyT MeHSITbCA, HO OCHOBHAfl CXeMa OCTaeTcss HeH3MEeHHOH.

3.1. Metopbl pelleHus ypaBHEHUA NepeHOCa BHUXPA

[TapaGoaudeckoe ypaBHeHHe TepeHOCa BHXPSA H 3JJIHITHYECKOE
ypaBHeHne [lyaccoHa ecTecTBEHHO paccMaTpHBATh N0 OTIEJbHOCTH,
TaK KaK MEeTOJbl HX pelleHHs, OueBHAHO, pa3anuHbl, OZHAKO cpasy
caeflyeT 3aMeTHTb, YTO NPH UYUCJEHHOM pelIeHHH 3aJauH THApO-
IMHAMHKH (DaKTHYeCKH cyliecTByeT obpaTHasi CBSI3b MeXIYy STHMH
ypaBHenusmMu. Hampumep, B csay TOro 4TO 3TH ypaBHeHus pe-
HIAOTC HHUKJIHYECKH, YBeJHUeHHe AONYCTHMBbIX BpPEMEHHEIX LIAroB
LS YDaBHEHHA INepeHoca BHXPS JOJKHO ObITh KOMIIEHCHPOB2HO
yBeJHYEHHEM 4YHCJA2 HTepannil NpH HTEPALHOHHOM pelleHHH ypaB-
HeHusa Ilyaccona. HenpaBuabHoe ofpallleHHe C IpaHUYHBIMH YCJIO-
BUSIMH B OIHOM YPaBHEHHH MOXKeT HDHBECTH K HAapYIIEHHIO CXOAH-
MOCTH B JIPYTOM.

Eme BaxXHee TO 06GCTOSATEIBCTBO, UTO NPHXOXUTCS SBHO HCKYC-
CTBEHHO OTHEJSITh HAXOMKJEHHE pelleHHs BO BHYTPEHHHX TOYKAax OT
pacuera rpaHMYHBIX YCJIOBHH, TaK Kak o6e 3TH NPOLELYPH JOJKHH
BHIMOJHATBCA COBMecTHO. OfHAKO C Yero-To e HYXHO HAaYHHATh
pewenHe! .

OxoHuaTeNbHLIE BHIOOp MeTona pellieHHS ypaBHEHHA IepeHoca
BUXPSl 3aBHCHT OT MHOTHX ¢akropos!). Tako#i BeiGop He Bcerja
T 1) Takux, KaK IPaHMUHLIC YCJOBHS, FEOMETPHS 3a7a4H, THI HCKOMOTO pellle-
Hus (CTAHOHApPHOe HJH 3aBHCHIlEe OT BpPEMeHH), BO3MOXKHAs HeoGXOAHMOCTh
pacdera IoJsd JaBlieHHg H TeMOepaTypel NDH pelleHHH HeCTallMOHAPHON 3ajgady,

HHTEPBAJ H3MEHEHH® DAacCMATPHBaeMbIXx NapaMeTpoB (B YacTHOCTH, 9Hcaa Pefi-
HOJbACa) H BpeMs, OTBeAEHHO® A/ pPa3paGoTKu mporpammul Ha DBM.
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OUYeBHIEH, H UHMTaTe]b NOJIKEH 3HATh, UTO pa3 HaBcerja yCTAHOB-
JIeHHBIX peKOMeHJalluii o BLIGOPY Jyullero Meroja He IIOCJelLyer.

Uens 3TOr0 pasfienia COCTOUT He B TOM, YTOOHI AaThb HEKOTOPHIH
acCOPTHMEHT MeTOJOB HanoA0o0He pELeNnToB B IIOBAPEHHOH KHHTe.
Ona 3akJ/i04aercss B TOM, YToObl ONpeeNHTb KJacChl MeTOAOB, H3Y-
YUTb MOBEJEHHEe TaKHX KJIAacCOB H yKasaTb CIOCOOBI HCCJeLOBAHHUS
3THX METOJOB, T. €. BOOOLIe B TOM, YTOOHI NPHYUHTb YUTATENS SHU-
KaTb B METOJBl, a He 6e3TyMHO HX ApPO2PAMMUPOBATS.

3.1.1. HeHOTOPLIE OCHOBHLIE KOHEYHO-PA3HOCTHbIE hOpMY bl
3.1.1.a, Pasnoxenne B paasl Teiinopa

OcHoBHbIe KOHEYHO-PA3HOCTHLIE (DOPMYJBI AJISI YACTHHIX IPOH3-
BOJHBIX MOIYT ObITh MOJYYeHHl IIPH TNOMOWIH DPas3JjIOXKeHHS B PALH
Te#imopa. HcnosnsyeMasi NpsiMOyrosbHas CeTKa II0Ka3aHa Ha
puc. 3.1. HuxHue HMHIEKCH i M j OTHOCHTCH K X U Y, 8 BepXHHH

(1,7) (1,9)
Ti * . ¢/
4,z = : = L6

Puc. 3.1. TIpaMoyroibHas KOHEUHO-PAa3HOCTHAN CETKa.

HHIEKC 1 COOTBETCTBYeT BpeMeHHOMY cioro. Illaru ceTkH B Hampas-
JeHHAX [ u j oBosnauarorca uepes Ax u Ay coorBercTBeHHO. ([las
MpOCTOTHI 4O TVt 6 Ax M Ay cunTaioTcs NOCTOAHHEIMHE.) lepemennas
f osnauaer Kakywo-nu6o OyHkuHIO 1),

DOpMEl OJHOCTOPOHHHX Pa3HOCTHHIX IpeACTaBJEHHE I/ mepBoi
npoudBogHoil Of/0x MOXKHO BBHIBECTH CjeAywIUM of6pazoM., Mul
npeanoJiaraeM HenpepLBHOCTb NPOH3BOAHBIX H pack/aaibiBaeM fiyy, ;
B paa Tefinopa B okpectHoct# Touku (I, j). Bepxuufl uumexc (epe-
MeHHOH) mJsl npocToTH onyckaeM, Torpa

of 1 o%f
firn i =Fu1+ 35 i,,(xt+l,/_xi,f)+—2'a—ﬂ

, j(xi+l.i'—'xi,f)2+- .=
18

4]
=frit+ 3|, Ar o] A+ UBTL (3.1)

rjae CoxpauieHue YBII o3nauaer ujeHbl BBICIIHX [IOpsAAKOB.

) Mu mcnonbsyeM ORHO H TO Xe ofo3Hauende [ AJA HempepulBHONK (yHK-
und f(x, y, ) u Auckperdoft dynxunu f(i, j, n).
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Paspemas (3.1) ornocutennno 9f/0x, nonyuaem

of fopr,g—F; 1 0%
3| =il o 2t AvuB,

HJIH
——————f‘“ 1=l + 0 (Ax), (3.2)

0% 1,y
rie 3anuch O (Ax) uyuTaeTcs TaK: «u/leH MOpPAAKA AX» H OTHOCHTCS
K 4JleHaM, CoJepXKalluM MHOXHTeNH Ax, Ax? 4 T. 4.

OG6Go3HauyHM KOHEUHO-Pa3HOCTHHIH aHajor Of/0x uyepes &f/6x.
Torma nna 6f/6x mpu pasHOCTHOH anMpPOKCHMAUMH BIEpEX MOJY-
yaeM BhIpaiKeHHe

8 | __ =Ty
—67 1’/_ Ax (3.3)

¢ omnbKof anmpoKCHMAaLHK NOpPAAKA AX, T. e, C NePBHIM MOPAAKOM
TOYHOCTH. ]

PacknanwiBas fi-j,; B OKpeCcTHOCTH TOYKd (i, j), mosydaeMm pJst
0f/6x BbIpaKeHHe NPH PA3HOCTHOM aNMPOKCHMAUHH Hasax:

o = Fog = Fimi g

ox Ax '

(3.4
KOTOpOe TaKXKe HMeeT nepBbxﬁ MOPSNOK TOYHOCTH. LleHTpanbHas
(cuMMeTpHYHAs) pasHOCTHAA ammpoKcHMauus 8f/8x nonyuaercs Kak
Pa3HOCTb Pa3JIoKeHuR

fi+l,l=fi.i+'a££_ +']2‘73_L Ax? -+
] 4.(‘5 25 Ax3+§}§;_ﬁ | B+ 05 (35)
fic,i=F01— 3,’: . + Ax2—-

—%a—,fa ) Axa+ o W L A+ 0. (3.6)

Buiyuras (3.6) u3 (3.5), monyyaem
[7] 1 o8
f:+1.1—f1_1,1=2-5,fc—'i'113x +3 gx—fs- iy
Pasperuas oTHocHTeJbHO 0f/0x, HMeeM

of i g =Tiy,y__ 1 0% 2
ax 1,[= 2Ax 6 0x° 1,,Ax + UBIl=

Ax® 4 YBII.

Frat, 1= Fim
=me_i_u_+ O(Ax®. (3.7)
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TaxuM o6pasoM, LEHTpaJbHAas Pa3HOCTHAas AaNNPOKCHMAUHA XaeT

BHIDaKeHHe
3

f — iy,
- A CI N RS 0 (3.8)

i1 24x

¢ omwu6Koft anNpOKCHMAUUH nopaaKa Ax2, T. e, CO BTOPHIM NOPSAAKOM
TOYHOCTH. AHaJIOTHYHO MOXHO MNOJYYHTb BHIPAXK€HHS [Jf NPOH3-
BOAHBIX 1O y H f{; HaNpHMep, LEHTPaJbHO-PA3HOCTHLI{ aHaJor Of/0¢
HMeeT BHJ

of

dp _n -7
ot

01 2AF " (3.9)

BoiBeneM Tenepb LEHTPAJbHO-pasHOCTHHIM aHajgor O%/0x?,
CxkaanbiBas (3.5) u (3.6), umeem

ik 1 o
fi+l.i+fi—l.]=2fi,]+'é';f§ IAX2+‘1§a_xf4' ;,/Ax4+“IBn. (3.10)

i,
Paspemas (3.10) orHocuresnbHo 0%/dx% nmonydaem
o*f Figr, 1+ oy, =2,

[ W A L+ 0. (3.11)
Us (3.11) ana 8?f/6x? umeem
8%f Fopr, 1 Fier ;=2
-6;5— i = S Alle : i . (3'12)

CO BTOPBHIM MOPSAAKOM TOYHOCTH.

Ynpasrenue. BriBectH Buipaxenne (3.12), npumenss dopmyay (3.8) x
g = 9]/3x. Vicnonpsosarb noaymarn Ax/2, tak uro (3.8) npumer BER

og
dx

Bz, 1 T Si-ip, g
= A% . (3.13)

Ynpamrenue. BuBectH pasHocTHH aHagdor 82f/8x8y nasm cMewaHHOR mpous-
BOAHOH 0%f/0xdy:

8 Foat, gt = Tigt, j=1 =T, e FFiop, g1
8x oy = 4Ax Ay ’ 3.14)

Busectu (3.14) gsyms cnocofaMu: cHauana npuMenuts (3.8) x g == 8f/8x, a 3a-
TeM HCHOJb30BATh pasnaoxenue B psia Tefisopa Mo mepeMeHHEIM X H y. 3aMeTuw,
4YTO B MEpBOM CIOCOGe NPH HeNOCTATOYHO AKKYPAaTHOM OTGPACHBAHHHM OCTAaTOY-
HBHIX WIEHOB BHICIIEro MOPSifKa IOJy4aeTcs BHpAMKEHHe TOJBLKO ¢ MePBHIM MOpPAX-
KOM TOYHOCTH. Bo BTOpOM cmocofe mpH TIIATENHHOM PAaCCMOTPERUH WIEHOB BHIC-
ulero [OpsilKa MOXHO MOKa3aTb, 4To (opmyna (3.14) Hmeer BTOpOf HOPAROK
TOUHOCTH ¢ OWHOKOA amnpokcumauud E = O (Ax? + Ay?).

3amernM, uto &%f/8x6y, ompenenennoe dopmynonr (3.14), ymos-
JeTBOpsieT NPaBHAY AAA HenpephlBHHX yHKuult 0%f/0x0y =
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= 0°%f/0ydx. Beerna xesartenbHo, YTOOB NPHU HPOYHX PABHBIX yCJO-
BHSX HAWY KOHEUHO-Pa3HOCTHLIE YPaBHEHHS XOPOILO MOAENHPOBAJH
KauecTBEHHOe MNoBejeHue AH(depeHnUanbHBIX ypaBHeHHH. Miorue
Ipyrue Takue XKe cayuyaH OyAyT OTMeYeHBl HHXKeE. '

Kom6uHauuy noJy4eHHBX KOHEUHO-PA3HOCTHBIX BhIpaKeHHH A/
JaCTHBIX NPOU3BOJHBIX MOXKHO HCNOJIb30BAaTh AJd HAalHCaHHS KOHeu-
HO-pa3HOCTHHIX (opMys Iu(pdepeHIHANbHEIX YpPasHeHId B YaCTHBIX

° q
2
B
o o o o o o
1 29
“2(1+p?) | 1
(o]
(o]
¢ 1

Puc. 3.2. CxeMaTHuHoOe NpeacrasieHye NATHTOUEYHOI'O aHaMOra ypaBHeHns Jlansaca;
B==Ax/Ay. Jleras cxema cOOTBETCTBYeT MPOH3BOJBLHOMY 3HaueHHI0 f, npasasg —

npousBofHbix, Hanpumep, ypaBHenue Jlannaca V¥ = 0%/dx? 4+
-+ 0%f/0y? = 0 6ynmer uMeTb PA3HOCTHBIHA aHaJoOT

82 +_<32_f__ Fevr, 1+ Ficy, 1 — 20 4 + fo, jer T, j—1— 2
T2 V8T T Ax? Ay?

HJH

=0,

frav g+ Ficn +80 G+ T -0—2(1+8)f, =0, (3.15)

rie p— OTHOMIeHHe Da3MepoB maros, B = Ax/Ay. dTo Tax Ha3bl-
BaeMbIfl NATHTOUEYHHIH aHasor ypaBHeHus Jlamnaca. Ilpu Bp=1
I0JyyaeTCs HBBECTHOE YpaBHEHHe

fi./=71‘(fz+1.j+fi_1,1+fz./+1+fi,1-1), (3.16)

KOTOpOe O3HAYaeT, 4To [ ; SIBIseTcs CPefXHHM 3HAUEHHEM [ B ye-
TBIPEX COCEIAHHX TOYKaX. DTH (QOPMyJbl CXeMaTHYHO H300pa’KeHb!
Ha puc. 3.2.

Ucnonpsys A8 annpoKCHManHu NMPOCTPAHCTBEHHLIX IPOH3BOI-
HHX H NPOM3BOJHOH MO BPeMeHH PAa3HOCTHHIE BLIpaXKeHHSI BTOPOTrQ
nmopsiika TOYHOCTH, JHHeRHOe MoJeJbHOe ypasHeHHe (2.18) moxHO
3amHucaTh B BUAE

G- et — etk

Elar+ i — 287
2Bf 20x to

Ax? ’

(3.17)
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N03BOJSIONEM fBHEIM 06pasoM BHPasuTh {?*! uyepes 3pauenHus me-

PEMEHHBIX Ha NpPEAbIAYLINX BpeMeHHBIX cl1osX. OaHaKko Takas cxeMa
B HefiCTBHTEJbHOCTH OKa3biBaeTcsi HernpuemseMofl. [las Bcex oo >> 0
H BCeX BO3MOXKHEIX Af > 0 3Ta cxeMa YHCJeHHO Heycrou4usa, T. e.
[IPHBOJUT K BO3HHKHOBEHHIO XAOTHYECKHX peIUeHHH, He HMEILLHX
OTHOWIEHHS K pelnerHio AuddepeHUHa bHOr0 ypaBHeHus. TaKoe 1o-
BefleHHE MOAYEepKHBaeT pas3jHyue MeMxKJy TOYHBIMH KOHEYHO-pas-
HOCTHBEIMH aHaJIOraMH AJsl npOU3B00H6LX H TOUHLIM aHaJoroM Jug-
(heperyuaIbHo20 YPABHERUA.

Ecan BMeCTO LEHTpaJ/JbHBIX Pa3HOCTEll B HeCTALHOHAPHOM UJIeHe
HCIOJIL30BATh PA3HOCTH BHepef NO BpPEMeHH, TO MHOJyYHTCH pas-
HOCTHBIA aHaJIor JIHHEHHOrO MOAEJNbHOTO YDaBHEHHs, HMEIOUIHH BTO-
poil MOPSAAOK TOYHOCTH IO NMPOCTPAHCTBEHHOH NepPeMEHHOH H JIHLIb
nepBblfl 10 BpeMeHHU

€n+l . gn ug:‘L — ugn_ g 42 gn
[3 7 i _ +12 v i—~1 + i+1 Alle i . (3-18)

ATy cXeMy ¢ OJXHOCTODOHHHUMH pa3HOCTAMH BIepej MO BPeMeHH H
HEeHTPaJbHBIMH (CHMMETDAYHEIMH) DPa3HOCTSIMH II0 NPOCTPAHCTBEH-
HOH HepeMeHHO# wuHOrAa HasuBalorT cxemoli BBIIII (cxemoft
FTCS).

B manpHefimem 6yAeT moKa3aHo, UTO 3Ta cxeMa ycroduusa (1o
KpaliHeH Mepe HPH HeKOTOPHIX YCJOBHSAX, HaJOXeHHBHIX Ha Af, u,
o 4 Ax). Ho npexne 4eM NpHCTYNUTb K HCCJAENOBAHHUIO YCTOHUHBO-
CTH, PaCCMOTPHM HEKOTODble APYrHe BONPOCH, CBS3aHHLIE C KOHeY-
HO-Pa3HOCTHEIMH YPABHEHHSMH.

3.1.1.6. OCHOBHbLI® HOHOYHO-PA3HOCTHLIe hOPMY Aibl;
NOAMHOMHANbHAA annpOHCHMALHUA

Jpyroii MeToX MNoJy4YeHHS KOHEYHO-DA3HOCTHHIX BHIPAXKEHHH
OCHOBAaH Ha NpPHUMEHEHHH AaNNpOKCHMUpYyOUled aHaJauTHUecKOH
(OYHKUHH cO cBOOOIHBIMH IapaMeTpaMH, KOTopas CTPOHTCA IO 3Ha-
YeHHAM B y3JaX CeTKM H 3aTeM aHaJAHTHUYecKH AHbdepeHnHUpyercs.
310 OoObLIYHBIH MeTON HAXOXJAEHHS IHIPOM3BOLHBIX MO 3KCIEPHMEH-
TaJbHEIM JaHHBIM. B HIease BHJ amnpokcuMHupyomeH GYHKUHH
AOJXKEH ONpefensiTbCsl NPHONHIKEHHBIM aHAJUTHUCCKHM pelICHHEM,
O/IHAaKO OOBIYHO B KayecTBe ANNPOKCHMHPYIOIIHX (YHKLUHH HCNOJMb-
3YIOTCA MOJHHOMBEL. Mbl NpoAeMOHCTPHPYEM HACTOSIIMEA MeToj Ha
npumepe napabosnyecKoll annpoKCHMAaLHH.

[lpennonoum, 4TO 3HaueHHs OQYHKOUM [ 3afRaHW B TOuKax
i—1, in i+ 1, 1 npoBeseM napaboaHYecKyiO aNmIpOKCHMALHUIO

GYHKUHH
F(x)=a - bx + cx?, (3.19)
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npuueM AJs ymo6GeTBa 3a HauaJjo koopauHat (x =0) mpumem TOY-
Ky i. Torna ypaBrenue (3.19), 3anncarHoe B ToYyKax {— 1, i H
i -} 1 cooTBeTCTBEHHO, AACT

fici=a—bAx+cAx? fi=a, fipi=a-+bAx+cAx® (3.20)
CxnajuBas mepBoe M NOCJeJHEe U3 3THX PaBEHCTB, NOJyYaeM
fl+] + fl—l _2fi

= N , (3.21)
a8 paspellas UX OTHOCHTeJbHO b, HAXOXHM
firr =l
b= (3.22)
B Touke / 3HaueHue mepBoi npousBoxgHoi (3.19) Gymer
3
<L =16+ 2cx],g=b, (3.23)
@& 3HayeHHe BTOPOH NMPOM3BOAHOH
| =2 (3.24)

Qopmyas (3.23) u (3.24) c yuerom (3.21) u (3.22) B TouHOCTH
coBnagaioT ¢ dopmyaamu (3.8) u (3.12) BTOporo mopsika ¢ IeH-
TpaabHEIMH Pa3HOCTAMH, NOJYYEHHBIMH pa3joKeHHeM B psal Tef-
Jopa. Ecau npeanosoXuth, 4to f — MOJHHOM NepBOfl CTeNeHH, T.e.
f=a-+ bx, TO B 3aBHCHMOCTH OT TOro, KakHe 3HaUeHHs HCIIOJIb~
3yIOTCA AJISl OnpeleseHHs @ ¥ b: 3HaueHus f; U fiq wau i ® iy,
ans 8f/dx moayyatorcss GoOpMYJBl ¢ pa3sHOCTSMH BHepe] HJIH Hasan
cooTBeTcTBeHHO. OUeBHIHO, 4YTO NpH JHHeHHOH ammpoxkcuMmanuu f
HeJb3sl MOJYYHTb BhIpaxceHue ans 8%f/6x%2. OnHaAKO €CJH HCHOJb30-
BAaTh NOJHHOM INepBOH CTeNeHH AJs TMOCTPOEHHd Pa3HOCTHHIX aHa-

i
PENT I P
BETCTBEHHO NPEJCTABJSIOTCS PAa3HOCTSMH BIiepel H Hasal, TO AJ
0%f/6x2 moayuuTca BhipaxeHue, COBMajampliee ¢ BuipaxenneMm (3.12)
C LEHTPaJbHEIMH Pa3HOCTAMH.

8f
JIOTOB MNePBHIX NMPOHM3BOAHBIX Wl o’ KOTOPEIE COOT-

PasnocTHHe (OPMYJH 1J5 NPOU3BOLHBEIX 6oJiee BHICOKOIO IO-
pAKKa BHIBOAATCH C HCMOJb30BAaHHEM IOJHHOMOB BHICHIHX HOPSZ-
KOB. BhipaxKeHus, NOJydyeHHble IIPH NOMOIIM NMOJHHOMOB INOPALKOB
BHIILE BTOPOro, yXKe He HAeHTHUHH BHIpaXXeHHSIM, IOJYYEeHHLIM pas3-
doxeHuamMu B paaunl Tefyiopa, m B KaxJoM ciaydae omnbxka am-
NPOKCHMALHH JOJXKHA NPOBEPATHCA NPH MOMOIIHN Pas/IOXKeHHA B PAL
Tefinopa. B BHUHCAHTENbHOH MMIPOLNHAMHKE METOJ MOJHHOMHAJDb-
HOl aNnmpOKCHMaUHH, K&K NPaBHJIO, MpHMeHAeTCA TOJbKO AJA BH-
YHCJIEHHH 3HAaYeHHH NMPOM3BOAHBIX BOJM3M rpanun (cM. pasn. 3.3.2).

Tenepp OTMeTHM HeJOCTAaTKH NOJHHOMHAJILHBIX ANIPOKCHMAIH#
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BHICIIEFO HOPSANKA, XOPOIUO H3BeCTHHE crenHaJjducrtaM, ofpabarhi-
BalOWUM JAaHHble H3MepeHui. C yBeJHUeHHeM NOpAAKA ANNPOKCH-
MallU{ OHH CTAHOBATCH UYYBCTBHTENBHBIMH K «uiyMam», T. e, K 00-
Jee HJHM MEHee CJIYYaHHO paclpeleseHHBIM MaJbM OINOKaM B
paHHbX. Tak, moauHoM mecTolt cTenmeHH, rpadHK KOTOPOro mpoxo-
AMT 4epe3 CeMb TOYEK, TOYHO PACIOJNOKEHHHX Ha ONHOH HpAMOH,
NPHBOAHT K anipoKCHMalUHH B BHAe npsaMoll, niobpaxeHHON Ha
puc. 3.3,a. OnHako nmpu no6GaBJeHHH K aNNpOKCHMHPYEMbIM 3Haye-
HHSIM IIYMOBBIX BO3MYIIeHHH Ko3(h(HIHEHTH NOoAHHOMA OYIYyT yiKe

b _.__.‘——4-—"'".—_.__“
-3 -2 1 0 i 2 43
a
f “a s —

o Py I 2 [ ]
320 L i (2 43
6

Puc. 3.3. [MonuHoMuaJbHA® anmpoOKCHMALHs IIECTOrO MOPsiixa. @ — anire6pauue-
CKHE HJeasbHble JaHHbE, 6 — HaHHble ¢ Jo0GaBleHHEM IUIYMOBHIX BO3MYULEHHH.

ONpENESATLCS 3THMH HCKaXKeHHBLIMH NAHHBIMH, H TOrJa aHaJHTHYE-
CKOe BBIYHCJEHHe NMPOM3BOJNHBIX B TOUKe [ MOXET MpHBecTH K ab-
CYpAHBIM pe3yabTaTaM!), 4To MOXKHO ycMoTpeTh Ha puc. 3.3,6.

KeajgpatuuHass annpokCHUMalHsi He MOXKeT OTpas3HTh HaJHYHe
TOYKH Ieperufa B paccMaTpHBaeMHX JAaHHHIX, T. €. TOUKH, TIe
0%f/0x?2 = 0. Ilo aroii mpuYMHe IJIs aHaJIM3a HMEIOUIMXCS AaHHBIX
MOXKeT OHTb ONPaBJaHO HCHOJL30OBAHHE NOJIHHOMHAJBHBIX ANNPO-
KcuManuil Tperbero nopsinka. (Hacro ucnoawsyiorcs criadii-QyHK-
IIMH, TapaHTUPYIOIIHEe HENPEePLIBHOCTb IIPOH3BOJHLIX NPH Nepexone
OT OJHO¥ y3J0BOH TOUKHM K Apyroft.) B Hamewm cnyyae ypasHeHus,
ONMCHIBAIOIIHE paccMaTpHBaeMoe QH3HUECKOe SIBJEHHE, He 3aBUCST
OT HaJiHYMsl TOUKU mepernba WM OT TpeTheH MPOMU3BOJHOM, MOITOMY
HeT HeoGX0/JHMOCTH OCTAHABJIHBATLCA HA 5TOM BOIpOCE.

3.1.1.8, OCHOBHbLI® KOHEYHO-PAIHOCTHLI® (hOPMY ALY
HHTerpanbHbii MeTopm

B unrerpancHoM MeTome Tpebyercsi NpHOGIHIKEHHO YIOBJETBO-
PHTb OCHOBHEIM yPadBHEHHSIM, 3alHCAHHLIM B HHTETrpaJbHOH, a He

1) YypCTBHTEJBHOCT NONHHOMHAJBHEIX AaNIPOKCHMAUHA MOXHO YMEHBUIHTD,
eCcAH A/ mosuHoMa N-ro nmopsaaka B3sTbh paHHele B 3N uan 4N rtoukax. Koao-
(UIMeHTE NOJMHOMOB B TaKHX CJyyasX HaXOAATCH He ajare6pauiecKH, a MeTo-
JloM HauMeHBIIHX KBAaRpaToB. DTOT TpebyiollHii MHOro BpeMeHH MeToJ, OObIYHO
He HCNOJB3YeTCH, 32 HCKJIOYEHHeM HEKOTODHIX CJydYaeB, CBA3AHHBIX € PaccMoT-
penrem rpaHHYHBIX yc/aoBHE (cM. pask. 5.7.6). -
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B nudpepernuaspuoft dopme. 3xecp ynobGHee HCHOJb30BATh A
IPOCTPAHCTBEHHOH KOOPAMHATH HUKHHUN HMHAEKC X, a I/ BpeMeHH
BepXHHH MHAEKC { BMECTO i M 12 COOTBETCTBEHHO. 3aMulleM JHHe-
HO€ MOJe/IbHOe yDaBHEHHEe B KOHCEPBATHBHOI (opMe:

oL 9(ud) %
-a"t-—— Ox +(Z—a-?2—. (325)

[IpounTerpupyem 3TO ypaBHeHHe [0 BpeMeHH OT { a0 ¢ - Al u 1o
HpocTpaHcTBeHHOH obsaacTH R of X — Ax/2 no x 4 Ax/2, Kak noka-
3aHo Ha puc. 3.4. IlockosnbKy NMOpsSNOK HHTEIPHPOBAHHA 1O ! H X

Ry
f /r___——-—\
-Az/2 x2+Az/2
. o —— o

z

i-1 { it
Puc. 3.4, OGnacts udTerpuposaHus R JJs HHTErpajJbHOrO MeToxa.

HecyillecTBeH, BbibepeM ero Tak, 4ToOB MOXHO OBIIO IIpOBECTH
OLHO TOUHOE HHTErPHpPOBAHHE, a HMEHHO

x+Ax2 t+At ot t+AL Fx+Ax2 3 (ut)
u
x—Ax/2 t t x=Ax[2
t+At rx+Ax/2 )
+a S [ gﬁ,—dx] dt. (3.26)

t x—Axf2

BrITIOJIHUM MHTErpHpPOBaHUE BHIPAXKEHMH, 3aMHCAaHHBIX B KBajApar-
HBIX cKOGKax:
x+Ax/2 t+AtL
t+At t
[0 — g Tdr=— { [0, 1000 — D), spldt +
x—-Ax/2 t
t+AL "
+o | [5

t

9
x+AX2 Ox

dt. 3.27
x—Ax/2 ] ( )

Ocrasiinecsl HHTerpaJjnl Onpejelsiorcs uuciaeHHo. [lo Teopeme o
cpelHeM MOXKHO 3allHCaThb
2+Az
| 1@demi@e,

21

roe Z2e [21, 2+ Az]. Cxomumoctb rapautupyercsa npu Az —0.
B3sB nmpu npub/IMXKEHHOM BLIYHC/JICHHH HHTErpajoB B JIEBOH YacTH
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ypasHeHust (3.27) cpemHIOI TOYKY X, a B IPaBOil YacCTH 3HAYEHHS
MOALIHTErpaJbHHX (YHKUHH IpH HHXKHEM [pelene, T. e. 0OpH |
(bopMyJa NPSIMOYTONBHUKOB), TIOJSYIUM

[Cirat — L] Ax = — [(U8):, p e — (UB):_ AxIZ]At +

at oy
+of52 Jas. (3.28
ox x+Ax/2 ax x=Ax[2 ( )
ITpoussonube 0;/0x MOXKHO HAHTH H3 COOTHOLIEHHS
x+Ax P t
oae=ti+ | | dx.
X
Ortciozna, 1CN0Ab3YS TeOpeMy o cpezmeM, noJiyuaem
—t Ax,
x+Ax g x+Ax/2
HH
e Lrrax— L
= =___’.‘.*.'__A’; (3.29)
* lx+Ax2 *

3nayeune (uC)f‘JrAx,2 MOXKHO BBIYHCAHTb Kak cpelHee apHpMe-
THUYECKOE!

(W01 arp = 5 [0, 4 WD, 0, T; (3.30)

aHaJOrHuHOe BHpaXkeHHe HMeeT MeCTO H Hias (ug)x_Axﬂ.
[Moncrasass {3.29) u (3.30) B (3.28), Haxonum

1 1 1 1
[ — ] Av=— [ 5 (W05 (0)iras — 5 (40— (WD se] A+
c)H—AJ«: ci c)tc'_gt—/\x
+o [ Ax - Ax ] e
Pasjenus nociensee ypaBHeHue Ha AxA?, noayyum

AL (14N 114 LA heact Cioas—2Lh
. -2 - 83D

[Tepexoas x uHAekcam { M n, BHAHUM, 4TO ypaBHeHnue (3.31)
coBnajgaer ¢ ypaBHenueM (3.18), BHBeIEHHBIM NpH HOMOIIM pas-
goxenufl B psaanl Tefiopa. OueBunHo, B JIOG0M METOZAE CYILECTBYET
6oJblIofl MPOH3BOJ IIPH BLIBOJAE KOHEUHO-DA3HOCTHBIX ypaBHEHHH.
Ecan, HanpuMep, HHTerpUpoBaTb MO BPeMeHH He OT ! g0 f -+ Af,
a or f —Af no ¢+ Af u B KauecTBe CpelHell TOYKH B3fITh f, TO
nosyuurcs ypasHeHHe (3.17). Kak yXe OnJIO OTMEUeHO BHIUE, 3TQ
ypaBHeHHe 6e3yCJOBHO HEYCTOHUMBO,
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[TpeuMyulecTBO HHTErpasfbHOrO METOAA MOXKHO Gyaer OIEHHTD
nocJsie Toro, Kak OylerT H3yueHO CBOHCTBO KOHCepBaTHBHOCTH. Pas-
JHYHE MEXAY HHTErpajbHbBIM METOAOM H METONOM pasJ/OMEHHS B
paasl Teftnopa HaubGoJee 4YeTKO MPOSABJSETCS NPH HCHOJb30BaHHH
HENPAMOYIOJIbHLIX CHCTEM KOOpJAHHAT,

3.1.2, Metoa KoHTpOonLHOro oGbLema

Meroa KOHTpOJILHOTO 06BeMa AJs BHBOJAZ KOHEYHO-Pa3HOCTHHIX
ypaBHeHHH OYeHb MOXOXK Ha MHTerpanbHHl Meroh, Ho Gosee ¢u-
3HUeH NO CYIIeCTBY. JTOT MeTo] Haubojee SPKO OCBellaeT Mpo-
[eCC «UHUCJIeHHOrO MOJAeNHPOBaHHA». HaHayumuMH npumepaMu Ta-
KOTO MOAXOAAa MOTYT CIYXHUTh IWHPOKO U3BECTHHIE METON YacTHIL

FE—
—

u
—_— - :—.__ ——
z-Az  |Ay 4 % 2+Az

AZ ¥

Cd

Puc. 3.5. Kourpoapnuit o6bem KO B Touke x.

B sauefixax (Meron PIC) u meroxm xunkoctu B fivefikax (Meroj
FLIC), passurne B Jloc-Anamocckoft nabopatopun (dBaHc H Xap-
aoy [1947]); Oxewnrpn, Maptur u Hanu [1966]); sTH meroxn 6y-
AyT onucaHu Huxe (cM. paspn. 5.6.3).

Brifepem B npocTpaHCTBe KOHT%OJIbeIﬁ o6beM C LEeHTPOM B
TOUKe ¥, KaK MoKasaHo Ha puc. 3.5. B Kauectse 3Hayenus § B yaJso-
BoOlt Touke ceTKH OyleM OpaTh cpefiHee 3HaueHHe 3TOH GYHKIMH HO
koHTpoJbHOMY 0o6vemy (KO). Hns ydeabnod (T. e. ocpeiHeHHOM
no o6beMy) BenHuHHH {, TAe § MOXHO Telepb pacCMaTpHBaTh Kak
A106y10 epeMeHHYI0 BeJHYNHY, 3anulem § = I'/o6bem.

- Hanpawmep, ecan { — miorHocts p, To I' — moanas Mmacca, sa-
KJIIOUEHHAs B paccMaTpPHBAEMOM KOHTPOJLHOM 0O0beMe C LEeHTPOM
B Touke x. Ecan [ — Buxpb, To I' npexcrasaser cobofl HUPKYAALHIO
(cM. Jlam6 [1945)). Tenepp 3anuimem cJa0BecHYIO (OPMYyJNHPOBKY
C/IeAYIOIEro 3aKOHa COXPaHeHHS:

IMoanoe mnpupamienne BenuuuHel ' B KO = Unuctni#t npurok
T B KO sa cuer xgousekuud -+ Uucteii nputrok I' B KO 3a cyer

ruddysun. (3.32)

[Monnoe npupauienne Beauuunnt ['={ X (o6bem) B KO 3a
NpOMeXyToK BpeMeHH Af paBHO

Bl X (Ax Ay A2) — £ ]x X (Ax Ay Az),
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KoHBekTHBHBIA NOTOK BeJqHuuHbl I', Brekaiomuii B KO uepes seByio
rpaHb 3a eIHHHIY BPeMEHH, COCTABJSET

(uC)x_Ax/g X (mromanp) = (ug)x_Ax/z Ay Az,

roe # MoxXer OHTb nepeMeHHOH, a 3HaueHusl (GyHKUMHA HA rpaHH
x — Ax[2, KoTopble ellle HAJZO ONpPEAeNHTb, AOJMKHLI GHITH HEKQTO-
peMH cpeiHuMH 3a Af. McxoAss H3 3Tolfi BeJHYHHHE BTEKAIOUIETO
KOHBEKTHBHOTO IIOTOK2 3a eNWHHIy BPeMeHH, HOJHBIH KOHBEKTHB-
Huit notok BeanydHel I' B KO 3a npoMmexyTox Bpemenu Af yepes
rpasb x — Ax/2 MOXKHO 3amucaTh Tak:

(Ul),_ ayp Dy Az AL

AnaJjornuno, noJHHH KOHBeKTHUBHHIH mOoTOK I', BhHITekawmui u3a KO
gepes X -+ Ax/2, 6yneT paBeH

(48) 4 e Ay Dz A,

a yuctuil npurok I' B KO mosxyvyaercs Kak pasHOCTb CyMMAapHOTO
BTEKAIOLIEro NOTOKa H CYMMAapHOIO BHITEKAIOUIErO NOTOKA, T. €.

[(D)y_agp — (UD), 4 ayn] Dy Az AL

Yro6ur BuiyucAUTh NoTOK B KO 3a cuer nuddyauH, Heobxoaumo
HMeTb 3aKOH JJs cKopocTH AuMpdyamu. [Ipocrefimult Takoft 3akoH
(cornacylomufics ¢ ypaBHeHueM IepeHoca BUXDS) sABASETCA JuHedH-
HBIM M IJIACHT, YTO XU(QY3HOHHBEIA MOTOK BeJHUMHH { 33 €JHHHLY
BpEeMEHH, KOTOPHI#i MB Ha3oBeM ¢, NPOMOpPLHOHANEH TPagHeHTy §
(3akoH Puxka):

(48
g = — (ZW .

31ece MHHyC yKa3HBaeT Ha TO, UTO yBeJHYeHHE { B HampaBsJje-
HHH X Bbi3biBaeT JNHGGY3HI0O B NPOTHBONOJOKHOM HaNpaBJeHHH.

Ouddysnonnuft morok, srekaiomu#i B KO uepes jeByl0 rpanb
33 eMHHIlYy BpEMeHH, paBeH :

AyAz,

x~Ax[2

AyAz==-—a-(?£

9 x—Axf2 ox

a purekaomuii u3 KO yepe3 mpaBylo rpaHb 3a eAUHHILY BPEMEHH
COCTaBJIsIET
oL

AyAz = —o—=>
crare Y 0x

AyAz.

x4+ Ax/2

3pecy onsATh 3HAUEHMA Ha TpaHAX X * Ax/2 npeacrasasiroT coboift
HEKOTOpLIe CPeJiHHE 32 BpeMs Af, KOTOpble ellle JOJNXKHH GHITh ompe-
mesennl. Bennunna noroka B KO 3a cuer auddysun 3a npomexy-
TOK BpeMeHH Af paBHa
aly Az At [—0—@- % ] .
0% lyrane 0% ly-nxpn
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Wcnoab3ys 3TH BhIDaXKeHHs, CJA0BeCHO cHOPMYJIHPOBAHHBIH 3aKOH
coxpanenus (3.32) M OJHOMEPHOTO Cjayyasi ¢ KOHBEKLUHeH # Aud-
¢dysuelt MOXKHO 3alHcaTh CJASAYIONIUM o6pasoM:

g AxAy Az — L Ax Ay Az = (UL |y py — UL |y axp) DY A2 AL+

ag 6{;
Ay Az At .
Talyhz [ax ctAxz 0% x—Ax/2] (3.33)
Pasne.nma Ha AxAyAzAt, HOJYYHM
Af [CIHM - cl ] Ax [ug |x-—Ax/2 ug |x+Ax/2]+
_@ Jot 9t
+ Ax [ax <+ Axf2 dx x—Ax/Z]. (3.34)

Kak u B uHHTerpajbHOM METOJE, NPH AajbHefilieM BHIBOAE KO-
HEYHO-PA3HOCTHHIX BbIpaXKeHHH TosiBJAsieTCst HeKoTopas cBoGona
AedcTBUfl NpM ONpejelieHHH 3HaUYeHHH QYHKUUE Ha rpansax obbema.
B kauecTBe 3HaueHHH Ha rpasd ofbeMa MOXKHO B3AThb CpelHee
apudMeTHUeCKOEe 3HAUeHHE B COCEAHHX y3JaX B MOMEHT BpPeMeHH A;
TOrAa

(ut)x + Ax/g 2 [(ug)x + Ax + (u;) ]

6%

ox

H TpajHeHTHl
ot n

0x

x + Ax/2 xx Axf2

MOKHO BBIYHCJAHATL IIDH ITOMOWLIH LUEHTPaJJbHBIX pa3HOCTeﬁZ

oL _ Llipax—El
0% |y iaxpe Ax

B pesyssrare ypaBHenue (3.34) npuMer BHA
arleh — o =g {5 [0k + @hens] — @ADL 0T+
+ e [mr @l — ) — - G~ 2 o).

HJH
girAt gt W8, pay — (U8)_ax Ehiaet+hoa,— 2L,
A T 2hx T Ax? - 339)

Ecnu BepHYyTbCSl K HHAEKCAM [ H 1, TO 3TO YpaABHEHHE COBMAET
¢ IOJIyYeHHBIM paHee ypaBreHuem (3.18). .

Takum o6pasoM BHIHO, 4TO BCe YeThIPe MeTOAa BLIBOAA KOHeY-
HO-Pa3HOCTHBIX aHAJIOroB AH((depeHUHalbHbIX YPaBHEHHH B 4acTs



3.1.8. CsoiicTeo xoncepeaTusHocTy 51

HBIX TIPOH3BOJHBIX — pa3JjoxeHue B psan Te#snopa, MeTOL MOJHHO-
MHAJIbHOH anNnpoOKCHMAIMH, HHTETpPasjbHBIH METOX U MeTOX KOHT-
poJbHOro o6beMa — MOryT INPHBECTH K OJHHAKOBLIM pa3HOCTHHIM
BHIpaXKeHuAM. IDTo0 oOHafeKHBaeT M YKpemJaseT AoBepHe KO BCeM
3THM MeroaaM. Ho B KaxJOM M3 HHX HMeeTcs HekoTopas cBoBopa
AeficTBUH, TaK 4TO BHIOOD MeTofa [J/s BHBOJAA KOHEYHO-Pa3HOCT-
HOTO aHaJora AuQ¢epeHIHaNbHOrO YpaBHEHHUS ompejenseT 3TOT
aHaJIoT He eJHHCTBeHHBIM o6pasoM. B camom gene, cymiecTByer
MHOTO HCNOJb3yeMHIX aHajoroB. HecMoTpst Ha TO uTo 6OJBUIHHCTBO
H3 HHUX pasjnuaercd (KaK MOXeT N0Ka3aTbCH HEMOCBSIIEHHEIM) B
He3HaYMTeJNbHHIX NeTajsiX, OHH MOTYT CHJBHO OTJIHYATLCH 10 CBOEMY
noBejeHuo. Ilo NHYHOMY MHEHHIO aBTOpPa OJHHM H3 yAHBUTEJbHBIX
acrekTOB BLIUHCJHTENbHOH THIPOAHHAMHKH HBJsETCS HaJHUHe
6oJipllioro yucsaa MPaBAONONOGHEIX CXeM, KOTOphle, OJHAKO, He pa-
6oraor, Kak, HanpHMep, Oblio yKasaro AJas ypaBHeHus (3.17). dto
CnpaBeJIHBO KaK IS OCHOBHBIX (T. €. NMpeJHa3HayeHHHIX AJsA pac-
YyeTa BHYTPEeHHHX TOUYEK) PA3HOCTHBIX CXeM, TaK M LA cXeM, Ipen-
Ha3HAYeHHBIX [Jd pacuera rpaHUYHbIX TOYEK.

JocTonucTBO MeTofa KOHTpPOJMBHOTO o0beMa ompefessieTcsl He
KakuM-1360 ero CBOHCTBOM, a TeM, UTO OH fBJSETCS HAHJIYUYLIUM
B HEKOTOpPOM cpeiHeM cMeicse. [lpenmyiiecTBo sToro Meroja 3a-
KJIOYAeTCsl B TOM, UTO OH OCHOBAaH Ha MAaKPOCKOTNHYeCKHX (H3HUe-
CKHX 3aKOHaX, a He HA HCIIOJb30BAHUH MaTeMaTHYECKOI'O amnapara
HenpepbiBHBIX (YHKIHHA. Oco6eHHO BaXKHBIM 3TO OKasblBaeTcs B TeX
clydasx, KOrga HMelT [ed0 ¢ pa3peXkeHHBIMH rasaMH HJH C Te-
YeHUAMH HEBSI3KOrO rasa, B KOTOPBIX CYLIECTBYIOT yAapHBIE BOJHBHI.
B sTux cayuasx nudpdepeHnuanbHble YpaBHEHHS He HMEKT BCIOAY
HempephIBHLIX pelleHHH, KOTopble MOXHO Obl10 OBl B KaXIOH TOUKe
npencrasuth pagamu Tefinopa. OpHako Macca, HampHMep, Bce Xe
COXpaHseTcsl, U KOHBEKTHBHas 4aCTb ypaBHeHHs (3.35) mo-mpex-
HeMy ocraercs cnpabeAnuBodl. Ho npaxe W B Tex ciayyadx, Koraa
HEIpPEPHIBHEE pelleHHs CYHIeCTBYIOT, B MeTOle KOHTPOJIbHOrO
o6beMa BHHMAaHHe COCpefOTouMBaeTcss Ha (AKTHUECKOM BHIIIOJIHE-
HUH (QU3HUECKHX 3aKOHOB MAKPOCKONUYECKU, a He TOJbKO B HEKOM
aKajeMHyeckoM mpenese NpH Ax H Af, cTpeMAlIUXcS K HYJK0. ITO
JIEXXHT B OCHOBe MOHSITHSI KOHCEPBATHBHOCTH KOHEUHO-Da3HOCTHOTrO
MeToJa, K 06CyXKIeHHI0 KOTOPOro Mbl TEPEXOAHM.

3.1.3. CsoWicTBO KOHCEPBATHBHOCTH

KoHeuHo-pa3HOCTHEIH MeTOX $IBJSETCH KOHCEPBATHBHEIM, €CJH
oH obecreunBaeT BHINOJIHEHHe ONpeJeJ/IeHHBIX HHTerpajibHHX 3aKOo-
HOB COXpaHeHHs, CNPaBeMJHBHIX NN HCXOAHHX AHbdepeHnuash-
HBIX YPaBHEHHH.
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PaccMoTpum ypaBHeHHe nepeHoca Buxps (2.12), monaras 1/Re=
== o,

_‘3£ = — V. (VE) +aVZ. (3.36)

[TpounTerpupyeM 5TO ypaBHEHHe IO HEKOTOPOH NPOCTPAHCTBEHHOI
obnacry R:

{ Sar=— (v (voar+ {avizar (3.37)
R R R
TaK KakK [ He 3aBHCHUT OT HpOCTpaHCTBeHHbIX NepeMEnHLIX, HMeeM
S dR=—5 Sng (3.38)
R
Hcnonwsys popmyay OCTporpaucxoro — Tlaycca, moayuyaem
{v- voar={(v) nas, (3.39)
R [J4

rie OR —rpanuna R, n— elHHHYHLIH BeKTOp HOPMAaJH K MOBEPX-
HOCTH (IIOJIOXXHTEJbHOE HaNpPaBJieHHEe COOTBETCTBYET BHEIUHEH HOp-
Mann) u ds — auddepennnal IAUHE AYTH TpaHuub OR. AHajoruu-
HO, II0 TOH XKe (dopMmyJe

{avizdr=0a { (Vo) nas. (3.40)
R aR ’
Torpa ypapHenue (3.37) upuMer BHI
%S;dR=—S(v;).nds+ag(vz;)-nds. (3.41)
R OR aR

Ypasuenne (3.41) KoHCTaTHPYET, YTO CKOPOCTb HAKOMJEHHS BeJIH-
yHHH { B o6GaacTH R paBHa cyMMe KOHBEKTHBHOrO u AH(py3HOH-
HOTO NPHTOKOB BeJIHUMHB { B R uepe3 OR 3a elMHHLy BpeMeHH').
TpeGoBanne KOHCePBAaTHBHOCTH 3aKJIOUAETCs B TOXKAECTBEHHOM CO-
XpaHeHHH B KOHEYHO-PA3HOCTHOH cXeMe 3TOTO0 HHTErpasbHOTO CO-
OTHOILEHHS.

[lpocroTh paau paccMOTpHM ORHOMEPHOE MOJEJNbHOE YpaBHEHHE
IJs TpefeJbHOro cJydas HeBSI3KOH KuakKocTH (o ==0), Koropoe
noJay4yaercst U3 ypaBHeHHus (3.36) H uMeer BHA

o8 __ o
- Taaaienbey vl (3.42)

1) Mup BuBemu (3.41) u3 (3.36), uro6H noxasaTh CBA3b 3THX YpaBHEHHHN,

Ho Ha caMoM Jene ypaBHeHHe (3.41) samasercs Gonee obmum, dem (3.36). Ha-

npumep, ecin o = 0, a {— maccoBas mIOTHOCTh, TO 008 3TH ypaBHeHHS MHpex-

CT4BJAIOT COGOHl ypaBHeHHe HePa3DLIBHOCTH, BHIpaXalollee 3aKOH COXPaHEHHs

maccel. OxHako ypaBHenue (3.41) ocraeTcs cmpaBelJIMBHIM JaXKe B TOM Chydae,

KOrZa B HEKOTOPHX BHYTPEHHHX TOUYKaX 06/MacTE R NPOH3BOAHHIE, BXOAAIIHE B
(3.36), He CYLECTBYIOT,
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(Ecan, ¢ npyro#l CTOpPOHEI, BeJHUYHHY { TPAKTOBAaTb KaK MacCOBYIO
IJIOTHOCTb, TO ypaBHeHHe (3.42) Oyler ypaBHeHHEM Hepa3pHIBHO-
CTH AJIs1 cKuMaeMoll cpennt.) McroJsib3ysa pasHOCTH BIepex HO Bpe-
MeHH ¥ LeHTpPa/JbHble Pa3HOCTH MO NPOCTPAHCTBEHHOH mepeMeHHOH,
MOXKHO 3aNHCaTb KOHEUHO-PA3HOCTHBII aHajor ypaBHeHUs (3.42)
B BHJE

€7+;t— & — ”z+1§t+l2z:i—1§‘"1 (3.43)

(3nech NI MPOCTOTH BEpXHHHA HHAEKC 1 onylueH). PaccMorpum Te-
neps ofHOMepHYIO ob6sacte R (npuueM i meHsiercs oT [} 1o [g) H

BBIYHCJIHM CYMMY
Iy
1
ZT Z gi Ax!

i=I

COOTBETCTBYIOIIYIO HHTErpaJgy -;—t Sng B ypaBHeHuu (3.41):

R
lg lg 12
1 Uy b — % ib
LAy — n — P £ O LI LS B 1 | i—l) —
[ 3 a3 ga] = 3 (- et
i“!l l“[] i=11

I,
=3 [ — @] (3.44)

i=I

CyMMupOBaHHe B MPaBOH YacTH NPOBOAHTCA CJEAYIOLIHM o6pasoMm:

2 L@l io — Wil =

=+(ud),_, —W), ot li=1]
+(ug),, - —(ud); 4t fi=I-+1]
+(ul), 4 —(ul); 1ot [i=1+2]
+(u§)11+2 ' ——(u§)11+4+ [i=I,+3]

o e e e +

()4 —(ul);, o+ [i=I,—3]
+(ut);,_s —(ub),,_,+ [i=I,—2]
+(ud);,_, —(ud), + [i=I—1]

+(ud), — (W), = [i=lI)]

= (UC)I._l + (ug)h - (ug)j, - (u§)1,+1- (3.446)
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Toraa ypaBrenne (3.44a) npuHHMAaeT BHI

I, 1
[31‘,5[ Z Lot Ax——z a4 Ax] (u@)h_l—i— ug),] 3 [(ug)h u;),ﬁl]_—_-

imly i=1
= (L), _1jp — (L)}, 4 1o (3.44)

JanHoe ypaBHeHHe NOKa3blBaeT, YTO CKOPOCTb HAKOIJIEeHHs Be-
AMYMHEB §; B oOnactu R B TOYHOCTH paBHAa'!) MOTOKY BEJHYHMHH [
B o6sacTb R uepes rpanuuel /; — !/ u I3 4 1/5 (3TO cenyer Takxe
u3 ypaBHeHus (3.41) npu a=0). Takum o6pa3om, HOJyueHHBIH
KOHEUHO-Pa3HOCTHHIH aHa/JOr COXPaHfeT HHTerpasbpHOe CBOHCTBO,
KoTtopoe Bripaxaer ¢opmyna Ocrtporpaxackoro— ['aycca ansa aud-
(depeHIHANBHOrO ypaBHEHHS, H Mbl O6yieM T'OBOPHTb, YTO 3TOT aHa-
Jior o6/1afaeT CBOHCTBOM KOHCEPBATHBHOCTH.

CBOHCTBO KOHCEDBATHBHOCTH 3aBHCHT KakK OT HCHOJb3yeMOH
dopMu audQepeHHabHOTO YPaBHEHN, TaK U OT IPHHATON KOHed-
HO-Pa3HOCTHOH cxeMbl. [Hanpumep, HeKoHcepBaTHBHas ¢opMma of-
HOMEpHOTO MojenbHoro ypabHeHdsi (2.18) nmpu « =0 rtakopa:

at (?Q
N (3.45)

Hcmonb3ys Ty XKe cxeMy, 4TO M B NpelblAyleM NpuHMepe, T. €.
pPasHOCTH BIepel MO BPEMEHH M ILEHTPaJbHbIE Pa3HOCTH IO IPO-
CTPAHCTBEHHO IepeMeHHO, moJay4yaem

§?+1,'—§'¢l n ;i+1—§i—l
St = (3.46)

Torpa cyMMmBl, cooTBeTcTByOLIHE (3.44a), HMEIOT BHJI

PN SN A

i=I is=ly i=I
1
1
=5 u@a—ts).  (3.472)
i=l
CHOBa CyMMHpYeM:
I,
;{l”i o1 =& )=
=u; 8- ~u4; 841 [i=1]
oy, —Uy 41k 2t [{=1+1]
Fup b4 — Uy, 4obr 437t [i=1+2]
Tup 438542 —uy pabr ot [f=1+3]
. (3.476)

) 3mech uMeeTcs B BHRY a/ire6paHueckoe paBeHCTBO 6e3 ydera ownGoOK
OKpyrieHusa Ha OBM.
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Orciofia BHAHO, YTO NIPH TaKoi dopme HCXoaHOrO AHddepeHIHaNb-
HOTO YDaBHEHHs 4JeHbl, COOTBETCTBYIOIIHE MOTOKaM 4Yepe3 TpaHH
CMEXHDbIX fdeeK, B3aUMHO HE YHHUYTOXKAIOTCs, HApHMep

g obrgr = U brar = (Y42 — 47) S 0, (3.478)

3a HCKJIOUEHHMEM YacTHoOro cJjayuas, kKorjga u; == const. 3unauur, B
3TOM CJyyae KOHEUHO-DA3HOCTHLIH aHaJor OKasbIBaeTcss He B CO-
CTOSIHHM obecneunThb BeNOJHeHHe QopMyns OcTporpaickoro —
Tayceca nas aunddepenunanbioro ypaBheHus. Tenepb CTaHOBHTCA
SICHBIM CMBIC/I TEDMHHOB <KCHCEPBAaTHBHAS» HJIH <«IHBEpPreHTHasi»
¢dopma ypasHerHus (2.10).

B nepBom c/ayuae KOHCepBATHBHOCTb OGeCII€YHBAETCS NpHMEHE-
HHEeM MeTOJa KOHTPOJBHOro o6beMa INPH BBHIBOAE KOHEUHO-PA3HOCT-
BeX BolpaxkeHu#l. Tlpn ncnonbsoBanun KoncepBaTHBHOM HOPMBI KOH-
BEKTHBHBLIl NOTOK BeJHYHHBl {, BHITeKalOWIU# yepe3 rpaHb i -4 1y
M3 KOHTPOJbHOrO 06beMa C LEHTPOM B TOYKe [ 3a €XUHHIY Bpe-
MeHnH, coctaBaser !/o(uf; + wiyifit1) M B TOUHOCTH paBeH KOHBEK-
THBHOMY IIOTOKY, BT€KalOlleMy depe3 Ty e TrPaHb B KOHTPOJbHBIH
00beM ¢ LieHTPOM B TOUKe i-} 1 3a eIuHHIy BpeMeHH. Kak moka-
3aHO Bblllle, B CJy4Yae HEKOHCEPBATHBHOH (GOPMBI 3TO He HMeJO Ghl
Mmecra.

Ynpaxcnenue. Tloxasatb, 4TO HCHONMB30BaHHe A 02%/0x? Buipaxenus (3.12)
C UeHTPAJbHBIMH DAa3HOCTAMH ITPH o > 0 o6ecnevyHBaeT KOHCEPBATHBHOCTb AJA
AP y3HOHHBIX UJIEHOB.

Slcro, uTo npH o > 0 eAHHCTBeHHBIH NyTh 00eCNEUHTH COXpaHe-
HHe CYyMMapHOro MnoToka B oflueM cJjayyae (KOrga u sBJsieTcs
(byHKIHell POCTPAaHCTBEHHON NepeMeHHOH) 3aK/al04aeTcs B He3aBH-
CHMOM COXPaHeHHU KOHBEKTUBHbIX U Oupdy3uoHHsLX UJEHOB; B He-
OJHOMEPHOM cJydae HeoO6XoauMoO oOecneydTb KOHCEPBAaTHBHOCTD
9THX YJEHOB OTAEJbHO N0 Kaxdod NPOCTPAHCTBEHHOH IepeMeHHOH.

BaxHocTh CBOHCTBA KOHCEPBATHBHOCTH JIETKO MOHSATH HA MpH-
Mepe ypaBHeHHS Hepa3pLIBHOCTH [AJs CXKHMaeMoH cpeirl. PaccMor-
pHM 3afayy o0 eCTeCTBeHHOH KOHBEKIHH B IIOJHOCTbIO 3aMKHYTOM
cocyje C HENPOHHIAEMBIMH CTeHKaMH. B HavaapHBLIE MOMEHT Bpe-
MeHH cuuTaeM, 4To Bo BceM obObeMe V ==0. K nuxHell creHke co-
cyla NOLBOAHMTCA TeIJO, M NPOHCXONHT €CTeCTBEHHAs KOHBeKIHS,
BO3MOXKHO JOCTHTawollas CTalluoHapHOTO coctosinus. Ecau nasa pac-
YeTOB NpHHHMAeTcs Kakaf-Jubo HEeKOHCepBaTHBHAs cxeMa (CM. 3a-
nauy 3.2), To moJjHas Mmacca B HuceaelyeMoM obbeme 6yneT Me-
HATbCA. Ecay Xe HCHOONb3yeTcs KOHCeDBaTHBHAA CXeMa, TO MNMOJHasi
Macca He OymeT MeHAThbCs  (6e3 yuera MAaIIHHHLIX OIUMGOK OKpYyTr-
Jenus). HekoTopuiM yrelleHHeM B IEPBOM CJAydyae MOXKET CJYXKHTb
TOT (aKT, 4To OWHOKH, BbI3BAHHLIE HApYUIEHHEM COXPaHeHHS
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MaccH, yMmeHpmawrceg npu Ax—0, HO B NpaKTHUECKUX BHIYHCIE-
HHSIX C KOHEUHOH BeJHMYHHON AX Takoe yTelleHue sIBJIsgeTcH cjaabbiM,

StH coob6paXKeHHs] Mbl CYHTAEM CYLIECTBEHHBIMH H HaCTOATENbHO
pekoMeHJyeM NDHMeHSTh KOHcepBaTHBHble cxeMmbl. OnHako 37ech
HUMeIOTCSl TOBOAH H 32 H NPOTHB, IPHUYEM NPHMEDPH YHCJIEHHBIX KOH-
TPOJBHHIX pacyeToB, onyOJHKOBaHHBIE B JIHTEpaType, He AAIOT BO3-
MOXKHOCTH CAesaTb oJHO3HauHHH BrOop. O6paTHMCS K 9THM XOBO-
JaM H K pe3yJbTaraM KOHTPOJbHBIX PaCUeTOB,

CBONCTBO KOHCEPBATHBHOCTH He 06A3GTEAbHO CBS3aHO C TOBH-
meHueM ToYHOcTH cxeMul. Hampumep, HeycTofiunBhe pemnreHus KOH-
CeDBATHBHBIX YPAaBHEHHUH COXPAHSIT CBOHUCTBO KOHCEPBATUBHOCTH.
Bosiee TOoro, HeKOHCEPBATHUBHLI METOJL MOXKeT OHITh B HEKOTOPOM
cMbICJIe TOYHee KOHcepBaTHBHoro. Hampumep, nis npencrasjieHus
(YHKUHMA MO 3HAaYeHHAM B y3J1aX CETKH MOXKHO OBLIO Obl IPHMEHSITD
OJHOMEpHbIE aNNpPOKCHMANHH MOJHHOMAaMH BEICOKOTO NOPSAKA H NPH
3TOM IIPOM3BOJHBIE IO NPOCTPAHCTBEHHBIM NepeMeHHHIM OynyT, Be-

OATHO, OMPENENAThC C OWHOGKON 6GoJiee BEICOKOrO NMOpPSAKa (CM.
Il)"omac: [1954]). Onmnako mocrpoennast Takum 0o6pPa3oM cxema Mo-
JKeT OHITh HEKOHCEPBATHBHOH, a eC/H KPHTEPHH TOYHOCTH BKJIO-
4yaerT VCJIOBHe KOHCEPBATHBHOCTH, TO HEKOHCEPBATHBHAS CXeMa
oKaxKercs MeHee TOYHOH,

Jo cux mnop ONBIT MOKAa3bIBA€T, YTO KOHCEPBATHBHLIE CXEMH,
BooGlle roeops, HalT Gojee TOYHHE pe3yabTaThl. Uen [1968] u
Annen [1968] mokasanu, 4TO ¢ MOMOIIBI0 KOHCEPBATHBHOM CXEMEl
IONY4alOTCs CYILeCTBeHHO OoJjiee TOUHBIE pe3yJbTaThl AJS  HEKOo-
TOpLIX pemenuii ypasHenusi Broprepca (2.19) u (2.20). Caiipyc n
®aaron [1967] BHsACHHAH, YTO AJS VJIHNTHYECKHX YDABHEHHH KOH-
cepBaTHBHAA cxema jxaer Gojiee TOYHBIE Pe3yAbTATH, YeM HEKOH-
ceppatuBHasg. Ha mnpHMepe 3amaun O TeueHHH BHYTPH 3aMKHYTOH
IpsSIMOYroJibHOH 06J1acTH ¢ ORHOH MOABHXKHOH rpanuuelt ToppaHc ¢
coaBropamu [1972] y6enuaucs B TOM, YTO jJaxKe CXeMma [EPBOro
nopsiiKa TOYHOCTH JJIs1 YDPAaBHEHHH B KOHCEPBATHBHOH topme naer
Gosiee TOUHbIE Pe3yJbTaThHl, YeM CXeMa BTOPOro MOpsiAKa AJs ypas-
HeHHHl B HeKoHcepBaTHBHOH (opMe. IlpenmymecTBa pacuera ynpap-
HBIX BOJIH IPH KOHcepBaTHBHOH (opMe ypasrenn#i (I'apu [1964])
XOpOIUO H3BECTHH (OHHM OynyT paccMaTpuBaTbcs B IM. 5), oaHAaKo
clAefAyeT 3aMeTHTb, 4To B palore ['apu BOJHL paspexenus He-
CKOJIbKO TOUHEe PAaCCUMTHIBAJUCh [0 HEKOHCEPBATHBHOH cxeMe.
KpoMe Toro, musepreHTHas ¢opMa ypaBHeHu# 6oJiee OCMBIC/IEHHA
¢usnveckn H o6JeryaeT IOCTAHOBKY IPAaHHYHBIX YCJOBHHA Iad Te-
YeHHH CKHMaeMOH KHIKOCTH.

[Tnauek [1966] mokasas, Kak BHIBECTH KOHCEDBATHBHLIE ypaBHe-
HHA B OCECHMMOTPHYHOM cayuae. Pobeprc u Beific [1966] obcyxna-
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JIA KOHCePBATHBHOCTh AJIsi BEKTOPHHIX BesnuuHH. Jlakc [1954] nep-
BBIM HCIOJb30BaJ B KOHEUHO-PA3HOCTHBIX BBIYHCJEHHSX KOHCEpBa-
THBHYIO (OpMY ypaBHeHHH ABHIKEHHs CXHMaeMOro rasa, HpenJo-
)KeHry0 Kypantom u @puipuxcom [1948], u merajpHo HcelefoBad
CBOHCTBO KOHCEPBAaTHBHOCTH !).

MerteopoJiorn pacrnpocTpaHHIH HAEK KOHCEPBATHBHOCTH Ha Be-
JUYHHB, CBSI3aHHBlE C KOJHYECTBOM HBHXKeHHf. Dpafien [1963,
1966] npemsoxus cxeMbl, ofecneyHBalOLife COXPaHEHHE He TOJIBKO
BHXpS, HO H KHHeTHuecKoH »Hepruu. Cxema ApakaBm [1966] (cm.
trakxke Jluaau [1965) maum @pomm [1967], a Takxke pasg. 3.1.2)
COXpaHsieT BHXDb, KBaJpaT BHXPs, KOJHYECTBO ABHIKEHHS H KHHe-
THUecKyio sHepruio. Ho Takue nomonnuTesbHble YCAOKHEHUS CXeM
He scez0a ompaBiaHbl M BHroanul, Benrrcon [1964] mokasas, uTo
nofoOHbBIEe YCJOMXKHEHHBIE CXeMBl JaloT HeGoJbllHe yaydllleHus, He-
3HAUHTeNbHBIE MO OTHOILIGHHIO K HCTHHHHIM [JaHHBEIM, H B TO XK€
BpeMs MOTYT NpHBecTH K O0abmiHM omuOGKaM B CKOPOCTH BOJIH.
OnHnako B mpelesbHOM HEBSI3KOM CJyuae COXPaHeHHe KHHETHYeCKOH
SHEpPrHH JaeT BO3MOXKHOCTb H30exaTb «HeJHHeHHOH» HeyCTOHUH-
BOCTH %), paccmorpenHoit B paGorax Puanunca [1959] u Cauan-
kBucra [1963]. Benrrcon [1964] npemsoxua cxeMy, cOXpaHSIOUIYIO
Pa3HOCTb MeXJy KHHeTHUeCKOoH sHeprueii m (MeTeopoJIOrHYecKoi)
IIOJIHOH CTAaTHYeCKOH YCTOHYMBOCTHIO 3), 4TO MOJIE3HO B 3ajgadax C
6OJILIIHMH IpaiHeHTaMH CHJIbl TSIZKECTH.

O6biuno cxeMmbl, ofecneudBaiollie COXPAHEHHE OCHOBHHIX BeJH-
YHH, TaKHX, KaK BHXpb, Macca, KOJHYECTBO IBHIKEHHS HJIH IOJHAS
9Heprud, He TpebyloT Gosbuioro Tpyaa. B aBymepHo#i 3agaue o me-
peHoce BUXPS HOMOJHHTeNbHas paboTa 3aK/l04aeTcst B BBIIOJHEHHH
IBYX JIMIIHUX KOHEUHO-Pa3HOCTHBIX ONepauuil AJs MOJydYeHHS CO-
CTaBJAIOLIMX CKOPOCTH H3 pelueHHs AJd (QYyHKIHH TOKa H ABYX
JULIHHX yMHOXeHHH. B sajauax o IBHXKeHHH CXKUMaeMOH cpelbl
JONOJHUTENbHASE paboTa 60Jblle, YTO B HEKOTOPHIX CAYYasX MOXKET
0KasaTbCsl IPHUYHHOK OTKa3a OT MpHMEeHeHHs KOHCePBATHBHOM CXEMHI
(cm. Meton MopertH, ri. 6). IIpu pemeHnu MHOrHX 3alad KOHcep-

) ns mocTPOeHHs KOHCEPBATHBHHIX pasHOCcTHHX cxeM A. H. TuxoHos n
A. A. Camapckuil pa3Buiu HHTErPO-UHTEPNONAUHOHHEI MeToA. KoHceppaTusuule
cxembl paspaGatbiBaju sTH aBrope, I. M. Mapuyk, . B. ®psasudos u xp.

Jas omHoMepHOH HecraunoHaprofi rasoBofi aumHaMmukd lO. 1. Ilomos u
A. A. Cawmapckudt (K. seuucn. mateMm. # marteM. ¢us., 1969, 1. 9, Ne 7) mpen-
JOXUJIH TOJHOCTBIO KOHCEpBAaTHBHBIE CXeMbl. B cxemax Takoro THna obecneyH-
BAETCA He TOJBKO COXpaHeHHe MOJHOH SHEPrHR, HO H BHIIOJHSAIOTCA AONOJHH-
TelbHpie GalaHCH (0 OTASNbHHIM BUAAM 3HEPrum (BHyTDeHHed H KHHeTHYe-
ckoil). — MTpum. ped.

) O6LiuHO 06YyCJ0BJIeHHOH HeMOCTOSHCTBOM K03QdHUHEHTOB, 2 He HacTos-
flefl HeAHHeAHOCTLIO.

$) KoumueCTBeHHOe NOHATHe MOJHOH CTaTHUeCKOfi ycTofuHMBocTH (gross static
stability) 6mso Beemeno 3. Jlopenuem (Lorenz E. N.— Tellus, 1960, v. 12,
No. 4, 364—373). — Hpum. nepes.
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BATHBHBIE CXEMBl HE HCIOJB30BAJHCh, CM., HampuMmep, paboTm AJ-
neda u Cayceana [1955], Xwma u Makauno [1966], Mera u
JlaBana [1968], Bao u doreptu [1969]. 3ameruM, uT0 BCe CXeMH
MeTO[a XaPaKTEPUCTHK SBJISIOTCH HEKOHCEPBATHBHBIMH H 4YTO HPH
KOHEYHO-Pa3HOCTHOM pelleHHH ypaBHEeHUH MOrpaHHYHOTO CJOS KOH-
cepBaTHBHasg cxema oOBYHO Takxe He MHCHOJB3yeTcs. B Takux
cayvyasix CBONCTBO KOHCEPBATHBHOCTH MOXKET CJYXKHTb AJd INpPO-
BEPKH TOYHOCTH BBIUHCJEHHH (cM. pasn. 3.4).

Huia toro urobbl mpejocTepeub OT (ETHUIH3ALUUH KOHCEPBATHB-
HBIX CXeM, 3aMeTHM B 3aKJIOUeHHe, YTO HEKOHCepBaTHBHAs (opMma
st wieHa 0(adf/0x)/0x ¢ mepeMeHHBIM KoabduuneHroM audoy-
3HH MOXET NDHBEeCTH K 0oJjiee TOUHBIM pe3yJ/bTaTaM, YeM KOHCep-
BaTHBHaA (cM. 3azaud 3.3 1 3.4).

Ynpaxcrenue. Tlokasatb, uTO INepBHI MOMEHT ypaBHeHHS IepeHOCa BHXPSH
B HeBs3kofi xuakocty (1/Re = 0), moayueHHHl yMHOXeHHeM YypasHenusa (2.12)
Ha {, MOxKHO 3aluCaTb B KOHCePBaTHBHOH ¢dopMe:

oFE
5 =—V-(VE),

rAe BeqnynHa £ == {? HaapBaeTca 3HCTpodHEd.

3.1.4, Onucalne HeyCTOWYMBOCTH

s 03HAKOMJIEHHS1 ¢ HEKOTOPHMH (eHOMEHOJIOTHUeCKHMH
acMeKTaMH 4YHCJAEHHOH HeyCTOMYHBOCTH DPACCMOTPHM OJHOMepHoe
MoOJeJbHO® JIMHeliHOe ypaBHeHHe A1 . Ha puc. 3.6,a mokasano
cTalyoHapHOe pellleHHe (" Ha #-M BpeMeHHOM cJjoe, a Ha
puc. 3.6,6 — HaJoXXeHHe HA [" BO3MyILIeHHS &, (opMa KOTOpOro
npeacraBieHa Ha puc. 3.6, 6. Takne BO3MYIIEHHSI MOTYT INOPOX-
nathcst Ju060 MalUMHHBIMH OWIHOKaMH OKPyrJeHHs, Jubo nomepeuy-
HHIMH JBMKEHUSIMH B peasbHOH AByMepHOH 3anaue. Mcnosnbays cxe-
My C pasHOCTSIMH BIepef MO BPeMeHH H LEHTPaJbHBIMH Pa3HOCTAMH
0 MPOCTPAHCTBEHHOH NMepeMeHHOH, NPocaeJHM 3a Pa3BUTHEM HaJIo-
JKeHHOro BO3MYlleHHs. JIuHefiHoe MOJenbHOE YpaBHEHHe B KOHCep-
BaTHBHOH (opMe HMeeT BUL

o d (ug) %
Tkt et s P
a paBHOCTHOG — BUpa
gt —1tf ull —uti_y Lr i —2L)
— & 2 hx ta Ax? - (348)

~

IIpencraBuM BeJHUHHY { KaK CyMMY CTallHOHAPHOH KOMIOHEHTH §
H BO3MYLIEHHS &:

t=fr e (3.49)
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Puc. 3.6. Pocr omu6KHM 0OPH HCHONb30BAHHH KOHEUHO-PASHOCTHOH CXEMH ¢ pas-
HOCTAME BNepel MO BPEMEHH H UEHTPaJbHLIMH PasHOCTAMH MO TPOCTPAHCTBEHHON
fepeMeHHO /s MOJEJIbHOTO YPABHEHHA, ONHCHIBAIOUIETO KOHBEKUHMIO aubody-
AHI0. @ — CTAUMOHAapDHOE pelleHHe Ha f-M CJIOE MO BPEMeHH; 6 — BO3MYILIeHHOe
pelllenne Ha f-M CJOe; 8 — BO3MYIIGHHE HA f-M CJOg; 2 — KoJeGaTe bHbI poCT
OLINGKH, CBASAHHEI ¢ upe3aMepHO GoapmuM luarom Af (innammueckas HeycTOAuM-
BOCTB); O — MOHOTOHHH{I POCT OMOKH, OOyC/OBACHHBIA NPHMEHEHHEM UEHTPADb-
HEIX pasHocTedl AJA KOHBEKTHBHOTO fJeHa (craTHuecKas HeyCTOHYHBOCTD),
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nocJe 3Toro ypaBHenue (3.48) samuumrercs Tax:

gt —t _ ufly —ubl_ ta Er+ it —2kf _
At - 2Ax Ax?
ue — ue, e 4+e, ,—2¢
1+1 —1 1+1 —1 i
——gE —T¢ Ax? - (3.50)

CyMmMa IepBHIX JIByX YJIEHOB B NpaBoi yacTH ypaBHeHus (3.50)
npexcrapasieT co60f KOHEUHO-PA3HOCTHOE 3HaUeHHe (dé/dt)'i’, paBHOe
HYJI0 B CHJY IPERINOJIOXKEHHS, YTO HA A-M BpeMeHHOM cJoe Cylie-
CTByeT cTallioHapHOe pemlenue. Torna ypasHenre (3.50) cBomurcs
K caenyiolemy:

ue; .y tue,_, Byt —

g — AL = — AL g <L . (3.51)

[MepBuiit uneH B npaBofl yacTH ypaBHeHHs (3.51) naer u3MeHeHue
¢, oGycaoBieHHOe KOHBeKUuefi!), a BTopoit — o6yciaoBiennoe gud-
dy3uet.

Paccmotpum ypapHenue (3.51) ToaBbKO ¢ ORHUM AHPPY3HOHHBIM
4JleHoM H oleHuM ero B Touke i ITocKoabKy e >0, &, << 0 H
gi-1 > 0, HMeeM
e+ 8_1— 2,

ACi == Q At Axa

> 0. (3.52)

3nauut, Aas Bcex Af > 0 mpupallenHe Al; NOJOXHTENbHO H CTpe-
MHTCS KOPPEKTHPOBATH OTPHLATEBbHOE BO3MYILEHHUE &;.
Ananoruudo, paccMarpuBas Af B Touke [+ 1, uMeeM g9 << 0,
ei < 0, g;41 > 0; mosTomy
o+ €, — 28,

ALy = o bt 22T <0, (3.53)

. €. IOJIOXKHUTEJIbHOE BOSMYIUIEHHE €i11 KODPEKTHPYETCA OTPHLATE]b-
HbIM npupamennem Al
3amerum, uto npupamenne A7, ={"*! —{* (a Takke Al

M T. A.) NMPONOPLUOHAJNBHO HIATY At. Ecnu war Af caumkoMm BesHK,
TO MOmpaBKa 3a CueT npupallenus AL; okaxercs upesMepHoit. [nis

1} Tlpu o6CyxAeHHH npoénthI YCTOHYHBOCTH HeJHHEHHHX yDaBHeHHN nepe-
HOCA BHXPS H ypaBHeHHH THAPOAMHAMHKH B (M3HUECKHX I[EPEMEHHEIX KOHBEK-
THBHHI uJeH OOBMHO HA3LIBAIOT HeJHHEHHBIM 4ieHoM. Ho aTo HassaHue He or-
paxaer cyuwlectsa fAeia. B ofumiem ciyuae npo6neMa YCTOMYHBOCTH BO3HHKAET
He M3-3a HeJMHeHHOCTH ypaBHeHHII M JaXe He H3-3a IePeMEHHOCTH MX KO03ddu-
UHMEHTOB. JTO INOKa3bHBAIOT BCe pacCMaTpHBaeMble 34eCb 3a1aud, B KOTOPHIX {
HHTepNpeTHPYeTCA Kak TeMIeparypa B ABHXKYileficas HecxKuMaeMOR XHIKOCTH, a
4 CYHMTaeTCs NOCTOSHHOH BO BPeMeHH H, MOXeT OblTh, AaxKe NOCTOSHHOH B MpoO-
crpaHcrse, OGcyxgaeMasa npo6ieMbl YCTOAYHBOCTH BO3HHKAeT 3[eCh NMPOCTO H3-3a
TOrO, YTO KOHBEKTHBHHI YNeH COREPNKHUT HePBYI NPOH3BOLHYIO.
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TAKMX CIHIIKOM Gonblumx Af Benuuuna Hosoro f%#+! Gynmer Goubime
HAuaJLpHOTO BO3MYIUIEHHsl, KaK 3TO HOKa3aHo Ha pmc. 3.6, e

|e2+ > e, (3.64)
H aHAJOTHYHO
&5 [ > e | (3.55)

[losiBneHne TakUX OCHHANALHMA HapacTalolled aMIIHTYAB, 0O0y-
CJIOBJIEHHBIX Ype3MepHO GOJBLIKM LIaroM MO BPeMEHH, HashBaercs
Junamuveckol HeyCTOHYMBOCTBIO, KOTOPYIO MOXKHO YCTPaHHTb
yMeHblLIeHHeM Llara No BpeMeHH, CHeJaB ero MeHblle HEKOTOPOro
KKPHTHUYECKOTO HI1ara no BpeMeru» Afyp.

Paccmorpum Tenepb ypaBHeHHe (3.51) TOJNBKO ¢ OXHHM KOH-
BeKTHBHBIM usieHoM. OILleHMM 3TO ypaBHeHHe B TOUKe i, moJiaras
u > 0. Ilpennmonoxkum, YyTO BO3MYlLUeHHe Kogeljercs mo i, a ero
amnauryaa pacrer ¢ poctoMm i Ilostomy wuei > 0, ueiy >0,
Ueit) > Ut 1

ue, g —u

Agy = — A=l g, (3.56)

T. €. npupameHHe §; 0GYCIOBJIEHHOe KOHBeKLHeH, OTPHUATENbHO
paxe npu g; << 0. dro o3HauaeT, uTo oWHOKa pacTeT MOHOTOHHO
(cM. puc. 3.6,0). IlosBnenne Takofi Hapacraiomeli OMHGKH Ha3H-
BAETCH CTATU4ECKOU HeyCTOHYMBOCTBIO, KOTOPYIO HeJb3fl YCTPaHHTh
yMeHbIIEHHeM ILIara no BPEeMEeHH H MOXKHO YCTPAHHTb TOJBLKO Ie-
PEeXofoM K Kakoi-1H60 Apyrofl KOHeYHO-Pa3HOCTHOH cxeMe.

Ecnu mpocTpaHCTBEHHOe HallpaBJIeHHE DOCTa & IO OTHOIIEHHIO
K 4 OTJHYAeTCs OT MOKa3aHHOTro Ha puc. 3.6, T. e. ecau qubo u << 0,
anGo aMIJIATYAA ¢ YMEHBbIIaeTcsl MO i, TO KOHBEKTHBHLI WiIeH CTa-
HOBHTCSl CTATHYECKH YCTOMUYHBEIM, HO HPH JOCTATOYHO OoJbinux Af
ellle MOMKeT MUMeTh MeCTO JUuHaMHuueckas HeycToHyuBocTh. B nioGoi
peaspHOH 3azaye HayasbHble OIIHOKH pacnpejenenbl 6oJee HIH Me-
Hee CJIy4alHO, H MOXKHO OBbITb YBEDEHHBIM, YTO B HEKOTOPHIA MO-
MEHT BpPeMEHH H B HEKOTOPOH TOuKe HX pacrnpejesneHHe OyneT Io-
Xoxke Ha u3o0paxkeHHoe Ha puc. 3.6 «karacrpoduueckoe» pacmpe-
JeJieHne.

Ecau B ypaBuenune (3.51) BXoAasiT M KOHBEKTHBHBIH, H aHd(y-
3UOHHHIH YJeHB, TO OHHM B3auMoJIeHcTBYIOT. Kak MBI BCKOpe yBH-
IO¥M, JJs paccMaTpuBaeMol pasHOCTHOH CXeMHB BO3HHKAeT OTpaHu-
yeHne Ha Af, o6ycjoBieHHOe AH(DOY3HMOHHHIM YJIEGHOM, H JApyroe
orpaHuueHHe Ha Af, 3aBHCAllee OT CPABHHUTEJbHOH BeJHUHHEl CTa-
THYECKH HeyCTOHYMBOTO KOHBEKTHBHOTO YjieHa M CTaTHYECKH yCTOM-
yuBoro AU(GHYIHOHHOTO uJeHa, T. e. oT yucaa Pefinoasaca. DTH Mo-
MEHTHl CTaHYT ACHH B CJIeAVIOUIEM pasiese.
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3.1.6. WUccneposaHne ycTOHYUBOCTH

[Mocne Toro kak Obuio maHo ofliee OMHCaHHE YCTOHYHBOCTH,
pacCMOTPHM TPH METOJA HCCJIEeAOBaHMSI YCTOHYHBOCTH, MX B3aHMO-
CBSI3H H CPABHHUTEJbHBIE JOCTOMHCTBA. DTH MeToAn GYyAyT mpoje-
MOHCTPHPOBAHBI Ha NpUMepe PAa3HOCTHON CXeMBl C pa3HOCTAMH BIIe-
pel TO BpeMeHH W LEeHTPaJbHHMH PAa3HOCTAMH MO MPOCTPAHCTBEH-
HOl mepeMeHHOH B INPHMEHEHHH K JIMHEHHOMY MOJeJbHOMY YpaB-
nenuio (3.18).

3.1.5. a. MccnegoBaHue YCTOWYMBOCTU METOAOM
JHCHPOTHLIX BO3MYILEHUH

Merton HCc/IeNOBAHHSA yCTOAUHBOCTH, KOTOPBI MBI Ha3bIBAEM Me-
TOAOM AHCKPETHHIX BO3MYIUEHHH, nmpeicTaBaseT coboil o6oblienue
MeTOAa, BIepBHE HCNoJb3oBaHHOTO ToMoMm M Amnenbrom [1961] n
paseutoro Tomauom u llleBunkom [1966]. DToT MeTox MOAHOCTHIO
OTBeYaeT yxKe JaHHOMY HAMH OMNHCAHHIO HeycTofuusoctd. OH mpsM
H TPOCT 1O .Hjee, NTPHMEHHM JJs1 aHanu3a KaK YCTOHUHBOCTH, Tak
H CBOWCTBA TPAaHCINOPTHBHOCTH, KOTOpOe OYIeT ompejesieHo HHXKE.
KopoTko roBopsi, B ypaBHeHHS B HEKOTOPOH Touke BBOAHTCH JHC-
KpPeTHOe BO3MYILIeHHEe BEeJHUYHHB { H MPOCJEXKHBAETCH BJHSIHHE 3TOTO
BO3MYILEHHS; KOHEUHO-DA3HOCTHAA cXeMa OyneT ycTOHUHBOH, ecay
BO3MYILEHHS 3aTyXaloT.

ITpoctoThl pagu cHayaJja paccMOTpPHM ypaBHeHHe (3.18) rTosbKo
¢ nupdy3HOHHBIM YJIEHOM M NPEANONONKHM, YTO HaHIEeHO CTalHO-
HapHoe pemenue (== 0 174 Bcex [. Bexem B pemenue £} Bo3my-
menne ¢ u 13 (3.18) mo cxeMe ¢ Pa3HOCTAMH BIepe] N0 BPEMEHH H
IIEHTPAaJbHBIMH DAa3HOCTAMH MO MDOCTPAHCTBEHHOH MepeMeHHOH mo-
JYYHM

gt = (5 +e) L+ 27 —2(c"+e)

i = N (3.57)
HITH
gt e 20¢
A = T e (3.58)
gt =e(l —24d), (3.59)
rae nuddysnonHoe YHCHO0 d. onpefenseTcs paBeHCTBOM
d=3%50 (3.60)

B cuay Tpe6oBaHHfA YCTOMYHBOCTH 3TH BO3MYUIEHHS AOJKHLI 3aTy-
xath. JInd nepBOro umiara no BpeMeHH 3TO NPHBOAHT K YCJAQBHIO

|o+ife| <1, (3.61)
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HJIH
-1l —2d< 1. (3.62)

[IpaBoe HepaBeHCTBO sBJSETCS pe3ysnbTaToM TpeGOBaHHA CTATH-
YyeCKOH YCTOHYMBOCTH H aBTOMATHYECKH BLINOJIHSETCS NMPH NOJ0XKH-
TeabHBIX d, T. €. npu o >0 u Af > 0!). JleBoe HepaBeHCTBO SiB-
Jsiercst Tpe6oBaHHEM [IHHAMHYECKOH YCTOHYHBOCTH M BHINOJHSETCS
nupu d << 1. Ecan, caenyst Tomany u lleBunky [1966], morpeGosars
enle, yToOBl YHCJEHHOe pellleHHe MOAeJHPoBalo (PH3HIEeCKoe siBJe-
HHe, He JOnyCKas OCLHJIALHA, 06yCNOBJEHHBIX Ype3MepHO 60Jb-
LIHM IIATOM [0 BPEMEHH, T. €. YTOGBI

gtlfe =0, (3.63)

TO NOJIy9aeTcs OrPaHHUCHHE
</ (3.64)

HepaBencreo (3.63), omHako, He ABJseTCs yCJOBHEM YCTOHYH-
BOCTH B CMBIC/IE YMEHbUIEHHS aMIIUTYXBl BosMmylieHHs. MHTepecHO
OTMETHTb, YTO €CJH pacCMaTpPHBATh JOCTAaTOYHO OO0JbLIOE YHCIO0
CJIOEB 10 BpeMeHH, To noTpebyercs 8bINOAHEHUE HepaBeHCTBA
(3.64). Cnavasa mo cxeMe C PasHOCTIMH Biepe] MO BDPEMEHH H
LIEHTPaNbHBIMH PAa3HOCTSIMM 110 TNPOCTPAHCTBEHHOH INepeMeHHOH
(ypaBgenue (3.18)) BHYUKHCAHNM BO3MYLIeHHe B COCEAHHX TOUKAaX:

1
L = (3.65)
Jas caenyoolLero ¢Jaos nNo BpeMeHH NMOJYYHM

€n+2 j— §n+l + d [C?_?_.ll n+11 — 2§?+1] o

=g (1—2d) 4 d[de 4+ de — 2e (1—2d)] = e (1 —4d + 64d?). (3.66)
CHoBa notpebGyeM, uTO6Bl HMeJIO MECTO HEPaBEHCTBO

|t el <1, (3.67)
OTKYZAAa NMOJAYyYaeTcs
1< —4d+6a2< 1. (3.68)

JleBoe HepaBeHCTBO BBHINOJIHAETCA BCerza, B TO BPeMs KakK IpaBoe
HakJagblBaeT orpannuenne d << 4/,

Takum o6pa3oM, pacCMOTpeHHe MepPBOro BpeMeHHoro CJI0s1 MpH-
BOAUT K ycaoBHO d << 1, a BTOporo —x YCJIOBHIO d << %/;. MoxHo
paccMaTpPHBATb H TMOCJelyIollue BPeMeHHEe CJIOH, KOTOphle HPHBO-
IaT K eule Oojiee OrpaHHUUTENbHBIM yciaoBHsAM add d. Hauanabnoe

) 3aMernm, 4TO ypaBHeHHe AHDPY3uM He MOXKeT DeWIATLCH HH IS PasHO-
creft Hasan no Bpemedn (Af <C0), Hu Aag o << 0, Tak KaK NPH 5TOM OHo 6yner
MaTeMaTH9eCKH H (H3UYECKH HeycToH4HBO. 3ToT BoOmpoc OyaeT obcyxzarbcs
HHXe,
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¢AHHHYHOE BO3MYILEHHe &€ B TOUKe | aCUMNTOTHYECKH CTPEMHTCA K
OCLHJIJIMPYIOIEMY pachpefeseHuo &= +e’, rae & — HeKOTOpoe
BO3MYILEHHE MEHbIIEeH aMIIUTYAbI, Kak IOKasaHo Ha puc. 3.7.
Takum ob6pasom, BHAHO, uTO HauboJsiee OrpaHHYHTENBLHOE YCJO-
BHe s d MOSBJAsSETCA NPH TAKOM THIE paclpeleseHHs BO3MYyIile-
HUl;, HauHHAs pacueT ¢ TAKHM OCUMJIIHPYIOLIMM BO3MyleHueM g,
HanoxeHHEM Ha § =0, H npuMmenss cxemy (3.18) c pasxocTaMu

;7\-’4—‘
e
4
6 e
o\o/ @&
-1
g e 4
o/0\0/e\0/0\ 0/0\0/0\0@
4
Puc. 8.7. AcuMNTOTHYecKOe pacnpocTpaHeHHe eAUHHYHOrO BOSMYIUIEHHA € B TOUKe {
Ana ypaBHeHust nuddysun, pemaeMoro mo ¢xeme ¢ PasHOCTAMH BHepeR MO Bpe-
MEHH H C LHeHTPaNAbHBIMH Pa3HOCTAMH MO NMPOCTPAHCTBEHHBIM NnepeMEeHHbIM. a — Ha-

4aJbHOE BOSMYIIEHHe; 6 — BO3MYLIEHHe noc/e OAHOro wara no speMenn, d ==3/4;
6 — BO3MYILleHHe Moc/e OueHb GOJBIIOrO YHMC/aA HIATOB MO BpPeMeHH.

BIepex 110 BPeMEeHH H IEHTPaJbHBIMH PasHOCTAMH IO NpPOCTPAH-
CTBEHHOH NnepeMeHHOH, NoAyIaeM

it =g’ 4 d(—e —e —2)=2¢'(1 — 4d). (3.69)
Tpe6GoBaHue yCTOHUHBOCTH
|§;’+‘/e’ [<1 (3.70)
Raet
-1l —44d<], (3.71)
"I
d<'fe. (3.72)

[ mocieAylouIuxX BpeMeHHEIX CJI0eB YCJoBHe (3.72) He MeHsercs.
TakuM ob6pasom, 9TO ycaoBue IJjisi OOJBIIMX 3HAUeHHH BpEMEHH
9KBHUBAJEHTHO YCJIOBHIO (3.64) — ycJOBUIO OTCYTCTBHSA OCHHJJISIIHI,
00ycJ/IoBJIeHHEX ype3mepHO GOJbIINM LIAaroM IO BPEMEHH, B cay4ae
#30JIHPOBAHHOIO BO3MYLIEHUS.

W3 dopmyan (3.60) caenyer, uro npu ¢(HKCHPOBAHHOM miare
[IPOCTPAHCTBEHHON CeTKH H (UKCHPOBAaHHOM q ycJoBHe d << !/, Ha-
KJaAblBA€T OFPaHUYEHHE HA Lial N0 BPEMEHH:

1 Ax?
M5 —. (3.73)

o
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OTmeTuM, YTO orpaHayeHue, HakjaaaviBaemoe ycaoBueM (3.73), 4B-
JISeTCS TAKENbIM B CMBLIC/I€ 33TPATHL BPEMEHH Ui YHCJICHHOTO pe-
WweHHs ypasHeHus AHQPysuu. [IpennosoxumM, 4To pacueT BeAeTcs
C HEKOTOpPLIM MNPOCTPAHCTBEHHHIM iaroM Ax; Jo Hekotoporo 0es-

pasmepHoro BpemeHn T = N Afy, roe Aty =1/, Axr‘f/a—— MakcuMaJibHO
BO3MOXHBIA 1war mo BpemeHH. Ec/in xenaTesnbHO NOBTOPHTb pacyer
C BIBOE MEHbIUHM IPOCTPAHCTBEHHBIM InaroM Axy = Ax,/2 (Hanpu-
Mep, AJ4 TOro, YTo6B HOPOKOHTPOJHPOBATh yMeHbIUeHHe OWIHOOK
annpoKCUMaluu), TO Hajio 6parTh war no Bpemenu Af, = !/ Axjfa=

= 1/,At;. 3HaUUT, YTOOBI AOCTHIHYTH TOrO 3Ke 3HaueHUs Oe3pa3mep-
#oro BpeMenn T, norpebyercs BueTBepo OoJbllie MIArOB NO BpeMEHH,
T. e. T = NyAfy, u Ny =4N,. Kpome Toro, ana pacuera KaxAoro
BpeMeHHOro cJosl norpebyercst Bapoe GoJblie BpeMeHH, TakK Kak
Axe = Axi/2, a 370 03Hayaer, UTO YHCJO pACUETHBEIX TOYEK B HCCJe-
ayemol obJjacTH Bo3pocio BABoe, Takum o6pasoM, AJS OJHOMep-
HOTO cJyuas yMeHblleHHe 8060¢ 1l1ara [POCTPAHCTBEHHOH CETKH
yBeJHYUBAET 3aTPATH MAIIHHHOI'O BDEMEHU B g0ceMb pasl

B nBymepHoit 3ajaue!) yMeublueHue BABoe MaroB Ax u Ay
YyBEJHUUBAET YHCJO PACYETHHIX TOUEK B HETHIpe pa3a, yBeJHUHBAsA
TeM caMblM HeobxoguMoe MaiuuuuHoe Bpemsi B 16 pas. B tpexmep-
Holl 3ajmade AM(PY3UH yMeHbIIEHHE BCeX TPeX MPOCTPAHCTBEHHBIX
11aroB BJBOe yBeJHuHMBaeT MallHHHOe BpeMsi B 32 pasa. B obumem
clydyae yMmeHblIeHHe pazMepa wwara ¢ Ax; 40 Ax; NpH pelleHUH
D-mepno#t 3amaun puddy3uu ¢ HCHOOJL30OBAHMEM SBHOH CXeMBI C
PasHOCTSMHU BIepe] 10 BpeMeHH H LEHTPaJbHBIMH Pa3HOCTAMH IO
NpOCTPAaHCTBEHHBIM MEDEeMEeHHBIM YBeJHUYHBAeT MallMHHOe BDeMs B
(Ax/Ax3)3+P pas. SIcHO, YyTo MeToABl, B KOTOPHX yjaercs u3bGexartsb
ycJaoBHsl ycrofiunBocTH (3.73), Oblinm OBl BecbMa 3KeJaTeJbHBI.

B mpoBeneHHBIX BEILE paCCYKIEHHAX INpeANoJioKeHHe O CTa-
HVOHADHOCTH pelIeHUs] HeCcyliecTBeHHO. EciW M3 BO3MYMIEHHOTO
ypaBHEeHHs BLIYECTb NOJIHOE HEBO3MYIUEHHOE HeCTallHOHApHOe ypaB-
HEHNE, TO NOJYYHTCS ypaBHeHHe AJs pocta oluubKu

eftl=d (efy1 Fef —2e}) +ef (3.74)

¢ YCJOBHEM YCTOHYHBOCTH ]ay+l/ey|< 1 1 T. g. PeayabraThl B 3TOM
cayuae OYAYT Te XKe, YTO H BHILLE,

Paccmorpum tenepb ypasuenne (3.18) ¢ KOHBEKTHBHBIM H Au-
dy3uoHHEIM 4jeHaMH H 0e3 moTepud OOLIHOCTH HOJOXKHM u >> (.
{Ecan u < 0, To usmesurca ponab HHAeKcoB i+ 1 u i—1.) CHoBa

'} B ABYMepHHIX H TPeXMepHHX 3aJayax OrpaHHuYeHHs HA AT NO BPEeMEHH
uMeloT BHRA Al << YoAja, the A = 1/(Ax-24Ay=?) u A== 1/(Ax~?+ Ay~2 +
-+ Az~2) cOOTBETCTBEHHO,
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NpPUMEHHM CXeMy ¢ Pa3HOCTSIMH Bhepe] II0 BPEMEHU H UEHTpaJb-
HBIMH PA3HOCTAMH 1O NMPOCTPAHCTBEHHO! NepeMeHHOH, HaKJajbiBas
Ha {7 B Touke i BO3MYILEHHE €, 4YTO HacT

e — (&l +e)
At

Bty —utl +a[c?+1+c?~1-2(c?+a)] (3.75)

2 Ax Ax?

HcenepoBanne 3Toro ypaBHeHHs He AaeT [IOMNOJHHTENbHON HHQOP-
Mall¥H IO CPABHEHHIO C OpPEABLIAYUIHM aHaJU30M YpaBHeHH: C Ol-
HHM TOJbKO AUG@Y3HOHHBIM YJEHOM, TAaK KAaK Ha KOHBEKTHUBHBIX
yJeHaX B TOUKax { = ] He cKasnBaercs Bo3MyllleHue B Touke i. [Ipu-
MeHf CXeMYy C PasHOCTAMH BHepel IO BPeMeHM H LEeHTPaJbHLIMH
PasHOCTSIMH II0 NPOCTPAHCTBEHHOH NEepeMeHHOH H B TOYKe [ I,
noJayuaem

Gt = — g [ — 408 + )]+
+ (fo (e, +p+e—200 1+2%,, (3.76)

HJH
gt ———~e + de, (3.77)

i+l

rae C = uAf/Ax —uucno Kypanra'l), a d = aAt/Ax? kak u panee.
HOansa yerofiunBocTy onAth noTpebyem, 4To6H

|errife| <1, (3.78)
HaHN
1< +d<l. (3.79)

JleBoe HepaBEHCTBO aBTOMATHUECKH BHIIONHSeTcs npu u >> 0. [pa-
BOE HepaBeHCTBO (TpeGOBaHHe CTATHUECKOH YCTOHYHBOCTH) HaeT
Ipyroe HeoOXOLHMOE YCJIOBHE YCTOAUHBOCTH:

uMjAx + 20 At/Ax? < 2,
HIH
A < T (3.80)
OO6paTHBIIHKCH TENEPb K Touke { — [, moay4uM
§"+‘-——-——6—|—de (3.81)

') B uwect» Puxapaa Kypanra (1888—1972), maremaruka, pabotel KOToporo
B 06JACTH YHC/IGHHBIX MeTOAOB H HeJInHeHHbIX Jmtpq)epeﬂuuanbﬂbxx ypaBHeHPIH
B Y4CTHBIX NPOU3BOJHLIX JErMH B OCHOBY COBPEMEHHOH BHIYHCIHTENbHOH TI'HAPO-
JMHAMHKH.
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H Tpe6GoBaHHe YCTOHYMBOCTH |§';j}/a|<1 31eChb maeT
—1<— 5 +d<1. (3.82)

PaccMarpnBas cHayana mnpasoe nepapencTso (3.82) (crartnue-
CKasl YCTOMYHBOCTh), HOJYYaeM

20 u
M2 — <. (3.83)
Ecnu unen B KBagpaTHHX CKOOKax OTPHIlATeNEH, TO 3TO HEPaBeH-
CTBO OymeT CnpaBeAaHuBO AJA BcexX Af > 0, ecqu Xe 3TOT WieH TNo-
JIOXKHTEJIEH, TO T0JyYaeM

2
Al

20/Ax2 — ufAx ® (3'84)

[TockoabKYy 3HaMeHaTeJb I[OJOXKHTeJeH, ychaosue (3.84) MeHee
orpaHuunTenbHo, dem (3.80), M NO3TOMY NepeKpbIBAETCS HM.

HcenenoBanne Jseporo HepapeHcrBa (3.82)  (auHamHueckas
YCTOHYHBOCTb) HAET

2 < AF[20/Ax? — u/Ax]. (3.85)

Ecnu uneH B KBaJpaTHLIX CKOOKAaX MOJOMKUTEJIEH, TO 3TO HEPABEH-
CTBO BBINOJIHAETCA AN Bcex Af > 0, ecau Ke 3TOT UYJeH OTpHIa-
TeJIeH, TO NoJiyyaeM

A< 2

S u/Ax — 20/Ax?? (3.86)

rjle 3HaMeHaTesb MOoJIoXKHUTeaeH. YeaoBue (3.86) Tak:Ke MeHee orpa-
HUUuTEe bHO, UeM (3.80), ¥ NOITOMY HM IepeKpHIBaeTCs.

Takum o6pa3oMm, H3 aHa/H3a YCTOHUUBOCTH YpaBHEHHs, BKJIIO-
YaIollero KOHBEeKTUBHBIA H At Qy3uOHHBIA YIeHbl, NPH MOMOWH Me-
TOAA JHCKPETHBIX BO3MYLIEHHH CJaeAyIOT ABA HEOOXOAUMBHIX YCJIO-
gust — ypaBHeHus (3.73) u (3.80). Ecan pacnpocTpaHHTh 3TOT ana-
/I3 Ha MOCJAeAYIOLIHE CJIOH II0 BPeMEHH, TO MOT'YT NOSIBUTbCS IPYrue
Gojiee OrpaHUYUTEJbHBIE YCJIOBHS, HO METOJ aHaJu3a OpH 3TOM
CTAHOBHTCS OuYeHb HeyJOOHBIM. 3ameTuM (M 3To OyaeT NOKa3aHO
HAXKe), YTO aHaJu3 ycroHunmBoctH mo ¢oH Hefimany pmaer mpyroe
ycaoBHe (HepaBeHcTBo {3.112)).

Kpowme Toro, ecan crenosath pa6ore Tomana u [lesunka [1966]
U JONOJHHTENbHO MOoTpefoBaTh OTCYTCTBHS B TOUKe | — | OCIHHJI-
nauu#, o6yC/IOBJIECHHBIX Ype3MepHO GOJbIIMM LIAroM MO BPEMEHH,
TO A0JXKHO OBITh

Litife >0, (3.87)
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a ypasHenue (3.81) macr

—C/24+d=0, (3.88)

I. €.
— uAtfAx + 20 AtfAx2 >0, (3.89)

HJIH
ulAxfa<<2. (3.90)

B ypaBhenuu mnepenoca Buxps o = [/Re n uner uAx/o mpen-
craBaser coboit cerounoe yuciao PefiHompaca Re.. Takum o6pasoM,
Re, ectp uncno PefiHosbaca, noJgyuyeHHoe 1O JOKaAbHONH CKOPOCTH
U XapaKTepHOH JJIMHe, paBHOH pasMepy lIara NPOCTPaHCTBEHHON
ceTkH Ax. Jlng OTCYTCTBHS OCUMAMAsAUHH, 00YCJAOBJEHHBX Ype3mep-
40 604BIIHM 1I2TOM IO BpeMeHH, TpebyeTtcs, YTOOb

Re, <2 (3.91)

gezasucumMo ot A¢'). Ecau rtpeGoBaHwe OTCYTCTBHA OCUHAISUUAHN
(3.90) cxomO6unupoBatTh c ycjaosHeM (3.73), Hak/aabiBaeMbiM AHb-
thysuel, ToO B pe3yJbTaTe NOJAYUYAIOTCH CJeAYIOUIHE OrpaHUUYEHHS:
yucao Kypanta C=uAl/Ax <1 u At << 2a/u?. Kak yBuagum B
IaJibHellleM, 3TH OTPaHHYeHHs SBJAFIOTCA IPaBUIbLHLIMU.

Ynpascrenue. Vicnosbays weTos, HAHCKPETHHX  BO3MYIleHHH, HCCneN0BaTh
yCTOMYHBOCTb CXeMBl C Pa3HOCTAMH NpoTHB moToka (cm. pasa. 3.1.7—3.1.9)

Ak SR Y0
A = — Ax , u>0, (3.92)

COOTBETCTBYIOLIEfl MOJLEILHOMY YDABHEHHIO TeueHHs HeBsI3KO# xuaxoctu. [loka-
3aTh, UTO YCJOBHE YCTOHUHBOCTH HakJaiwBaer Ha uucjo KypaHrta orpaHnuenue
C = uAf/Ax << 1 ¥ 4TO OHO BK/KOYAeT KDHTEPHIi OTCYTCTBHA OCUHIAAuHH, 0byc-
JIOBJICHHHIX 4pe3sMepHO GOJbiiNM 11AaroM MO BPeMeHH.

3.1.5, 6. Ananns ycToHuyuBOCTH no thoH Hehmany

Han6onee pacrnpocTpaHeHHBLIA METOX aHaAH3a YCTOHUHBOCTH
6o npensoxen k. don Hefimanom B Jloc-Anamoce B 1944 .
B To BpeMs ¢ 3THM MeToxoM OBl YacTHBIM 06pa3oM O3HAKOMJIEH
CPaBHHUTEJbHO Y3KHH KpPYyr 3aHHTEPECOBAHHBIX B HEM COTPYAHHKOB
(Pnaun [1949]). Kpatkoe ommcanne MeToja BIEPBHE NOSIBHJIOCH B
pabore Kpanrka u Hukoscona [1947], a satem B paGore UYapmuu,
dréprodra u pon Hefimana [1950]. Haubosee pauHee nosnoe o6-
cyXJenue Meroma Gwmuio mano B paGore O'Dpafiena, Xafimena u

') Dto orpannyenHe Ha Re. He clellyeT NnyTaTb C OrpaHUYeHHeM YCTOMYM-
BocTH B paGore Toma u Aneasbta [1961, c. 136]. B stom cayuae urepuposannue
CTAllUOHADHBIX YPaBHEHHH BHINOJHAJNOCH (e3 «HHXKHeH pelakcanuu». 1o aHano-
rHYHQ HHTErPHPOBAHMIO HeCTAlMOHADHBIX YypaBHeHHH ¢ QHKCHpoBanubiM At
(cM. pasa. 3.1.2), n orpanudenne Ha Rec y yXa3aHHbIX aBTOPOB (AKTHUECKH COOT-
RETCTBYET OTPaHHYEHHIO, HAKJaaniBaeMoMy Ha Af.
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Kannana [1950]. Kak Mbl MokaxeM KHXKe, B 3TOM MeTOe pemieHHe
MOJeJBbHOro ypaBHeHHs Ipejcrabisercss psaoM ®ypbe ¢ KOHEUHHIM
YHCJIOM YJIEHOB H YCTOHYHBOCThL (HJIM HeYCTOHYHMBOCTB) ompene-
JISeTCd TeM, UTO Ka)KAoe OTAeJbHOe KoJjebaHHe 3aTyxaeT (HJH Ha-
pacraer).

PaccMoTpum cHauana JHHeHHOe MOJeJbHOE YpaBHEHHe ¢ OJHHM
TOJBKO AHG(Y3HOHHLIM UJEHOM, CHOBAa HCHOJb3ys cxemy (3.18)
C pPasHOCTSIMH BIlepef 110 BPEMEHH H LEHTPaJbHBIMH PA3HOCTAMH 1O
IPOCTPAHCTBEHHOH NMepeMeHHOH:

g - _a(ml +8 —2@?)
At - Ax? !

HJTH

Lt =04 d (Lh L7, — 2L, (3.93)

rre d =oalAt/Ax?. Kaxnaa ¢ypbe-KOMIOHEHTa peELIeHHS 3aMUChi-
Baercs B BHIe

¢ ="V"exp[lk, (i Ax)], (3.94)

rage V" — amnauryna OTHeJNbHOM KOMIOHEHTH ¢ BOJHOBBEIM YHC-
aoM kR, (mauHa BosHB A = 2n/ky) Ha n-M BpeMeHHOM cJoe H

I=4/—1. TlpocTpaHcTBeHHAas 06JACTb CYHTAETCS GECKOHEUHO .

') Ilpu TakoM MOAXOMe -BOSHHKAKT HEKOTOPble BONPOCH, KOTOPHE aydlime
HCHOPMPOBAThH IpPH NMepBOM UTEHHH H KOTOPHIE BLIACHAIOTCA M0CAE O03HAKOMJEHHsS
¢ COOTBETCTBYIONEH JAHTepaTypoH.

®opmyaa (3.94) npeacrasisieT cofo#ft pelreHHe KOHEYHO-Pa3HOCTHOTO ypaB-
Henps (3.93) npH HyJdeBLIX IPaHMUHEIX ycaosuax. Obllee pemeHHe mnonyuaercs
samenofi B (3.94) V" Ha AL", raoe n UHTEPUDETHPYeTCA KAK NOKA3aTelb CTeNCHHU.
AT0 KOHEYHO-DA3HOCTHOe pelleHHe MOXKHO HCNOJb30BaTb MJIA TOTO, 4TOGH Ha-
TJSAHO TMPOAEMOHCTPHPOBATH HEKOTODBIE CBOHCTBA CXOLHMMOCTH KOHEUHG-PA3HOCT-
no#t cxembl (3.93) (cm. Puxtmafiep u Mopron [1967]). Xora (3.94) me amasercs
pellleHHeM YPaBHEHHs C KOHBEKTHBHHIM H IUGb(Y3HOHHBIM YJeHAMH, MB XOTHM
BCKOpe 06paTHTLCS K TAKOMY IIOJHOMY YpaBHeHHIO, u3beras, OfHaKo, ofcyxie-
HHSl BOIPOCZ O BJAMSHUM I'DAHMYHBIX YCJIOBHA. DTO Jerko caenath (mocsae momos-
HUTEJbHOH aNNpOKCHMALMH), AHAJH3HPYS YCTOHUUBOCTb A/ GeCKOHEUHOH o6jacTi
cornacHo ¢oH Hefimany.

Jlns paccmartpuBaeMoil 34ech 0eCKOHeYHOH NpOCTPaHCTBEHHOH ob6aactH Ay
NpUHHMAeT Bce LeJible 3HaueHHd, Ry = 1, 2, ... . EcaH XenaTelbHO HCCIEA0BATH
BJHSHHE TPAaHUYHBIX YCJIOBHH, TO MAaKCHMaJbHOoe k, IOJIKHO OBITb KOHEYHHIM H
IO/KHO 3aBHCeTh OT max i == /. HexoTopas myTaHuma MoxeT BO3HHKHYTb H3-3a
TOro, YTO B JUTEpaType HCIOAb3YIOTCA ABE DPA3JHUHBIE KHOPMHPYIOIUIHE» CHCTEMBI
aaa panH. B oxgHoli cucteme max ky == [ — 1 BeiGupaerca kak m/Ax. Tlpu sToM
tpebyercs, uTo6H X ( = max x ceTkn) Owuio 3agano kak X = m. Ecan dasopwil
yroji onpezeden xak 0 = k,Ax u k.= [1,/—1], 10 310 naer minf = Ax =
= qn/(]—1) n max0® = (/] —1)Ax = 5. Bo BTopoil cncTeMe maX X ceTKH 3a-
naerca GoJlee ecTeCTBeHHOA HOpMHpoBaHHON BemuunHoft X = 1. Torna Ax =
== 1/(I—1) u dasosuii yron omnpepenserca kax 0 = sk,Ax. Orciona cHosa
noJsy4aeTcss  cooTeeTcTBeHHo MminB = nmAx =mn/(/'—1) u max0 =an(/—
— N Ax = n. Tloustuo?
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Ecan Beectu daszoswit yroa 6 = k.Ax, To (3.94) npumer Bug

= V"e". (3.95)
AnaJgoruuso,
gtiz:-tf-ll — Vn-HeI (ld:I)O. (396)
Moncrasnss B yparHenue (3.93) suipaxenus (3.95) u (3.96), mo-
Jydaem

Vn+I 7i8 Vn 119+ d[vﬂ [(i+1)9+ Vﬂ I{{~1)B 2Vneli6] (3 97)
HJH, TIOC/Ie JleJieHHst Ha ofmuil MHOXKHTeNDb e/,
ViR =V 14 d (P + e —2)]. (3.98)

Hcnonb3yeM TOXKAECTBO
e+ e 1=2cos B (3.99)

H ONpelesuM mHoxuTess nepexoda G paBeHCTBOM
' v*tl=gv" (3.100)
Hs (3.98) nnsa G nmeeM
G=1—2d (1 —cos9). (3.101)

3ameruMm, uto G = G(0), T. e. B 3TOM CJAyuae MHOXKHTENH Nepexona
AJs Pa3AHUHBIX ypPbe-KOMIOHEHT PAa3THIHEL.

Pagenctso (3.100) scHO nmoxaswlBaerT, 4TO JJIs TOr'o, 4TOOH pe-
IUEHHE OCTABAJOCh OTDAHHUYEHHBIM, JJIS BCeX O JOJIKHO BBHIIOJ-
HATbCS YCJAOBHE

|Gl 1. (3.102)

310 ycAoOBUe SBASETCH KPUTEPHEM YCTOMYMBOCTH M ypaBHeHHS
(3.93) ¢ nudpby3MOHHBIM UJIEHOM.
W3 (3.101) u (3.102) noayuaeM ycaoBuS

—1<1—2d(l —cosO) <, (3.103)

KOTOPBIE JOJKHBI BHIIIOAHATBLCA AJS BCeX BO3MOXKHEIX 0, T. €. BCex
BO3MOXKHbIX (ypbe-KemnoneHT. [IpaBoe HepaBeHCTBO BHIMOJHSETCHA
nas Bcex 0. JleBoe HepaBeHCTBO CTAHOBHTCA KPHUTHUECKHM IIPH
max (1 — cos 0) = 2, 4TO HakJaJbIBaeT Ha ¢ YCJOBHE YCTOHYHBOCTH
d < 1/2 HJan

1 Ax?

At S

(3.104)

910 ycioBHe coBnafgaer ¢ kpurepHeM (3.73), NOMYYEHHBIM HPH NQ-
MOLLH MeTONa AUCKPETHBIX BO3MYIIECHHH,
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Tenepb pacCMOTPHM CXeMy ¢ Pa3HOCTAMH BIepej [0 BPeMeHH
H LEHTPAJbHBIMH DAa3HOCTAMHU 10 NPOCTPAHCTBEHHOH INepeMeHHOIt
ang ypasrenust (3.18), BKAOUAONICTO KOHBeKTUBHLH ¥ AHPOHYanoH-
HbIH YJEHB, 5TO JacCT

gr=g+[- 5 (G — T H G+ 8 — 2p)]. @105

MogcraBassa (3.95) u (3.96) n coxpaias Ha e/d, cyoa mosyyaem
(3.100), HO ¢ MHOXKHTeseM Iepexona G, UMEIOLIHM BHJ

G=1— (e —e %) +d(e®+e©—2).  (3.106)

Hcnonbaya Toxaecrso (3.99) u ToxKIAeCcTBO

el® — ¢=1% =2/ sin 8, (3.107)
noJyyaem
G=1—2d(1 —c0s9) — ICsin®. {3.108)

B oranune or mpeabayluero cayuas ypaBHeHHe, BKJOualoulee
KOHBEKTUBHBIH H IH(PPYSHOHHBIH YJCHBl, NPHBOAUT K KOMRAECKC-
HoMy MHOXKHTeso mepexona (3.108). DToT KOMIJIEKCHBIH MHOKH-
teab ( CBOAMTCS K HeHCTBHTeBHOMY MHOXKHTeal0 G, Onpenee-
HoMy paseHctBom (3.100), npu C—0, T. e. Koraa ypaBHeHHe,

Im C>1

—T

-~ >
/ N

_/
Real t + ™ Real
>
\
AN

C?>2d
N - -

— e

Puc. 3.8. Toporpad wmuoxutens nepexofa G, sanucanxoro B Buze (3.110). ITpu
C<l,d<!y, n C2<2d sanunc JexHT BHYTPH eAHHHYHOrO KPyra, 4T0 cOOT-
BETCTBYeT yCTOHYHBOCTH.

BKJIIOUalolllee KOHBEeKTHUBHHHE U nudPy3noHHH# uysieHH, CBOAHTCHA K
ypaBHEHHIO, colepIKalleMy TOAbKO IHPDY3HOHHHIA YJeH.
YcnoBue yCTOHUMBOCTH B pPaccMaTpHBAEMOM CJyuae HMeeT BHJ

G 1, (3.109)

rae tenepb |G| — MoAyNb KOMUJEKCHOTO MHOXKHTens nepexoga G,
rojgorpa¢ Kotoporo noctpoex Ha pHuc. 3.8. YpaBrenue (3.108) mox-
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HO Ilepenucath B BUAE
G=1—2d+2dcos6 —/Csin8, (3.110)

YTO COOTBETCTBYET YPABHEHHI 3JJIHICA C LHEeHTpOM B Touke 1 — 2d
Ha jgeficrBuTensHo#t ocH u ¢ noayocamMn C u 2d. YcrofunBocThb
(]G] < 1) umeer MecTo B TOM CJlyuae, KOTJa 3TOT JLIHIC HeJHKOM
JI€KHUT BHYTDH eAUHHYHOTO Kpyra.

Has ycrofiuupocty, oueBHAHO, HeoOxoauMo, uTobel C<C1 u
d << !'/,. Bonee ofiiee ycjoBHe MOXKHO HalTH, HCHOJAb3YS AJNA MO-
nyas G cienyiolllee BHIpaXeHHe:

[GR=GG=[l -+ 2d(cos 8 — 1)]? 4 C2(l —cos28) (3.111)

(3zecp uyepes G o6o3HaueHa BeJHYHHA, KOMIJIEKCHO-COMpSKeH-
Has Q).

Hcnosnb3ys aseMeHTapHble METOAH OMpeleleHHs MaKCHMyMa
|G|? B 3aBHCuMOCTH OT cos 6, MOXKHO yGeputhcs!) B TOM, 4TO IpH

cr{2d (3.112)
BHYTpH uHTepBana —1 <Ccos® <1 makcumyma |G| He cyue-
CTBYyeT. DTOT MAaKCHMyM JOCTHraercs npu cos 6 == —1 u mnpocro

paer yciaosie d << !/, KoTOpoe OBIIO MOJMYUYEHO AJS YPaBHEHHS ¢
oznuM AundbysuonneiM wiedoM. IIpu Re:. > 2 mMakcumyM uMmeer Me-
cTo B HHTepBajte —1 <C cos O <C 1 u mcerna |GE > 1. Caenona-

max
TeJbHO, ABOIHOe HepaBeHcTBO (2 <L 2d <C 1 sBadeTcs HeoOxonu-
MBIM H ZOCTATOUHBIM YCJOBHEM IJ51 YCTOHYHBOCTH,

Ycnosue (3.112) MoxKHO 3amucath B BHAE ?)

At < 20/u?, (3.113)

OTKyla cpasy CJeAyeT, 4TO NPH OTCYTCTBHH BS3KOCTH (o == 0)
cXeMa C pa3HOCTSIMH BIepel IO BpPeMeHH U LEHTPaJbHLIMH pas3Ho-
CTSIMH IO NPOCTPAHCTBEHHOHN NepeMeHHO! HeyCcTOHYHMBA npH gcex At

HBa ycnoBua d << Y, v Rec << 2 ABAAOTCS AOCTATOYHBIMH AJIS
YCTOHYHBOCTH B cJyyae JHHEHHOro ypaBHeHHs B OecKoHeyHON 00-
Jactu npu nocrosHHoM u. Caydafi, koria u gBagercs (yHKIHeH
NPOCTPAHCTBEHHON MepeMeHHOH, TakKXKe MOXHO HCCAeAOBaTh IIPH
INOMOILLY TaHHOTO MeTOJa, HO 3TO TPYLHO.

B ciyuae Gosee o61HX KOHEUHO-DA3HOCTHBIX CXE€M, HCIOJb3YIO-
IINX He MeHee TPeX BPeMEHHLIX CJ0€B, YpaBHEHHe, COOTBETCTRYIOLIEe

1) DTy MeToAb 3JEMEHTApHH, HO BHIK/IAAKH HECKOJBKO TPOMO3AKH. Pesaysb-
TATHl AJS AByMepHOro caydas, npuseiennsle ®pommom [1964] n B nepsoM aur-
JMACKOM H3J1aHUH HACTosALed KHWrH, OblAM HeBepHH B TOM OTHOLIEHHH, 4TO
B KaueCTBe HeOOXOAHMOr0 YCJAOBHS HAKJAAABLIBANOCL OrpPaHHueHHe Ha CETQUHOe
uncio Pefinonbaca; cM. 1o stTomy mosoAy pasa. 3.3.8.

2) JTo orpaHuvueHHe MOXKeT ObITB NOJYYeHO TBKXKEe H3 YCJOBHS, 4TO KpH-
Bu3Ha |d?y/dx?| samunca G(8) B Touke (1,0) momkHA ObiTb GOJbLIE KPHBH3HLI
eauHHYHON oKpyxHocTH (Y. H. Capnbepr, JuuHOe cooblueHHe).
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(3.101), craHoBUTCS MaTpHUHBIM ypaBHeHHMeMm. /s yCcTOHYHBOCTH
npu atoMm tpebyercs, 4To6b |Am|<< 1, rae Am — BCe coGCTBeHHBIE
snauenus ') marpuunt G. Koraa G—npocm QUCNIO, 3TO YCAOBHE
sKBHRaJeHTHO ycaoBuio (3.102). IIpumep Takoro cayuast 6yger npu-
BejeH B pasf. 3.1.6. '

[Tomumo cBenenuit 06 ycrofiuuBOCTH aHanu3 no ¢don Helfimany
LaeT Takxe HHpOPMAaIHIO O JHCOEPCHOHHBIX OIIHOKax, KOTOpHIe
6yayT paccMoTPeHH B pasf. 3.1.14.

Vnapasnenue. TIOBTOPHTL npeibAyilee yOpaXKHeHHe MJIA CXeMbl C PasHOCTAMH

TIPOTHB TOTOKAa H HaHTH YCJAOBHE YCTOHUMBOCTH, HCNONbL3Ys HA 3TOT pa3 aHa-
Jaus no ¢on Hefimany.

3.1.5. B. AHanu3 ycTOoU4MBOCTH O X&pTy

Tpern#i meTon aHanusa ycTOHUMBOCTH Obly mpensioxen XEprom
[1968] 2). B atom MeTole 4JseHBl, BXOASLIHE B KOHEUHO-PA3HOCTHbLIE
ypaBHEHHs, PaCKJaAbBaOTCH B paib 1efiopa Aas Toro, 4Tobmi
MONYYHTb AH(epeHinaibHOe ypaBHEHHe B YaCTHBIX TNPOH3BOJAHBIX,
Yero#unBOCTE 3aTeM OnpelenseTcsd U3 H3BECTHBIX CBOHCTB yCTOHYH-
BocTH nuddepeHnnanbiEx ypaBHenuit®). (Anasoruunnii HOAXOX
K H3y4YeHHIO KOHEYHO-DA3HOCTHBIX YPABHEHHH NPH IOMOLIM MOJY-
yeHHBIX TakuMm obpasoM aubdepeHNHATbEBIX ypaBHeHnu#l Obla He-
noJb3oBan B pabore Caitpyca u Panrona [1967] nna ucenepona-
HHSl He YCTONYMBOCTH, a TOYHOCTH KOHEUHO-Pa3HOCTHLIX METOJOB,
NpuUMeHsieMbIX AJs1 2JJHINTHYECKHX ypaBHeHHH.)

Paccmorpum onate cxeMmy (3.18) ¢ pasHocTsiMu Bmepes mo Bpe-
MEHH H NeHTPaJbHLIMH PAa3HOCTAMH IO TPOCTPAHCTBEHHOH mepe-
MEHHOH A/l MOJEeNbHOTO YPaBHEHHS, BKJIOYAIOUIEr0 KOHBEKTHBHHIH
1 audy3noHHBIA W/eHBl, Ipejnosarasi, 4To # HOCTOSHHO:

n+l _ sn ozn
Ci Ct. =_u( i+l i—-l)+ ( +1+Cz—l gt) (3]14)

At 2Ax Ax?

) 3agaua HaxoXAeHHS COOCTBeHHLIX 3HAUeHUH sABJAETCA HETPHBHAJILHOMN
IJisi CTOXKHBIX CXeM H JJI CHCTEM YPaBHeHHH, KOTOpHIE ONMHCHLIBAIOT TEUeHHF CIKU-
MaeMOH KHAKOCTH. 3ajJaya OTHICKAHHA COGCTBEeHHBIX 3HAUeHH{i cama no cebe
MOMKeT pellaTbCs 4dHcieHHo (cM. TakxKe Yoamen [1967] u VYscinefix [1968]).

?) Wnes npuMeHeHHs nepsoro RudbdepeHnHaNbHOrO NPHONHKEHHA [Js HC-
CJle0BAHHsT yCTOHYMBOCTH PA3HOCTHEIX ypaBHeHuH Oblna npeanoxena A. M. Ky-
KOBHIM ellle B NsTHAecsTHX rogax (cm. ['ogynor C. K., Psbensknst B. C. Pas-
noctHele cxemul. — M.: Hayxa, 1973). CoBpeMenHnas Teopusi AuddepeHIHATbHEIX
npubanKeliniy ocHoBaHa Ha pa6orax H. H. Slnenko n 0. M. Mlokuxa. O630p
H HeKOTOpble HOBHE DPe3yJAbTaTH MO aHANM3y YCTOHYUBOCTH CXeM [pd [OMOULM
merona auddepeduHalpHBIX NpHOJHKeHHH CcoAepXKaTcsd B Cjeaytouleli paGore:
Hasnigos 0. M., Cxoruukos B. Il. Inddepennnanbubie npHOIHKeHHs pasHOCT-
upix cxem. — M.: uan. BLL AH CCCP, 1978. — Ilpun. ped.

3) Xopomro, ecqu ¢ OOMOLIBIO TAaKOro pasjoxeHus moidyuatorca anddepen-
[Ha/JbHble YpaBHeHHS C H3BEeCTHBIMH CBOficTBaMH ycToHumBOoCTH. B nporusHOM
ciydae MOMKHO NBITAThCH ONpPEeAeNHTb YCTOHYHBOCTH MOJyYeHHBIX AHGbOepeHnab-
HbIX ypaBHeHH{l NPH MOMOILM KAaKOTo-MHGO UMC/IEHHOrO MeTOAd, 0683aTesbHO HE-
¢JIefys €20 YCTOHYHBOCTb H T. .
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PassoxuM Kaxaoiil uneH ypaHenus (3.114) B pann Tefisopa B
OKPECTHOCTH TOYKH (X, ), T. €. OTHOCHTENbHO {7 TOria

fotl = tn - Af g; ’ o), (3.115)
g, =t Ax 2o | ++5 + 0.  (3.116)

61,‘2

[Toacrarasis 3TH pas/oxKeHHs B (3.114) H NpPHBOAA mojo0uLle uJje-
Hbl, IOJAYYAEM

o ["
[At At2 dtz o O(At3)]
6
=— 522 c‘ + O(Axﬂ)] [Ax- 9], @.117)
HJIH, OHYCKaﬂ UHAEKCH [ U 71,
F AT T el toe Ay (3118)

[Ipn At—»O 1 Ax — 0 310 ypaBHeHHe NepeXONHT B HCXOXHOe mH-
(epeHnyanbHOe ypaBHEeHHEe B YaCTHHIX NMpou3BoAHbIX (2.18). Ho npn
At > 0 ypaBHenue (3.118) npuHuMaeT BHA

At 9% 62§ 1 8¢ u of

Da 97 9x? +3 o of +3 o O0x =0. (3'119)

DTO ypaBHeHHe, MOJyueHHOe COXPaHEHHEM BCeX 4JIEHOB IepBOTO I0-
psiiKa B passioxkeHHsix psfa Tedsopa, siBasercss THnepOOJHYECKHM

N Obracms ¢
T Grusrug
t
Hakntn = /Bt/ 20 nf \araon=0t/bx
(.Z‘,f) I~ 1 ({All"nAlt) I R
7 6

Puc. 3.9. OGnacto Bausinug touku (x,f) ana ypasuenus (3.118) runepbosuue-
CKOFO THMA, @ — 06JMacTb BAWAHMA LI nAdepeHUHalpHOTO yPaBHEHHS; 6 —
06aacTh BAMSIHAR [Js1 KOHEUHOPA3HOCTHOTO ypaBHEHHS.

(cm., Hanpumep, Befin6eprep [1965)). Kak nokasano ua puc. 3.9, q,
I8 TaKUX ypaBHeHHH cyulecTByeT 00/1acTh BJMSHHS NPOH3BOJLHOM
TOYKH (x,f), orpaHMYeHHas MPOXOASLIMMH Yepe3 3Ty TOUKy H
HMEIOWHMMH HakKioH == A/Al/(2a) xapakrepuctukamu. Boamyuienns,
BO3HHKAlOIIHE B TOUYKe (X,{), NPOABJAIOTCA TOJNBKO BHYTPHU 3TOH
obnactu. Yacth miaockocTH (X, 1), paclooXKeHHYIO BHe 3TOoH ob6Jja-
CTH, HHOTJIA HA3LIBAIOT 30HOH MONUAHHS.

Jna koHeuHo-pasHocTHOro ypaBHeHus (3.114) rakxe cyue-
¢cTByer ofnacTb BAMAHHA. KaXJoe HOBOe pacCUHTAHHOE 3HayeHUe
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grtl 3apuCHT OT 3HayeHUM §¢,, B COCeNHHMX TOuYKax i1 B mpe-

AbIOYWHA MOMEHT BpeMeHH. VMHade roBops, Kax/[oe 3HAUYEHHE
{7 okaspiBaer BJHsHHE Ha 3Hauenus {7} B coceiHMX Toukax Ha
CJAeAYIOIEM CJO€ IO BpeMeHH. JTO BJHSIHHE B CBOIO Ouepeib pac-
npocTpansieTcst Ha 3navenus L}r} u 1. 0. Takum obpasom, obaacTb
BJHAHHA JUCKPETH3HPOBaHHOro ypaBHeHus (3.118) orpanuumpaercs
KOHEYHO-PA3HOCTHLIMH «XapPaKTEePHCTHUIECKUMH JHHHAMH» C HAKJO-
nom Af/Ax (cm. puc. 3.9,6). Ycnosue Kypanra (Kypaur, ®puz-
puxc u JleBu [1928]) ycTofiunBOCTH KOHEYHO-Pa3HOCTHOTO aHAJIOra
TaKHX TrHunepboauvYecKHX ypaBHeHHH Tpebyer, uToObB 006/aCTh
BJAMSAHUA KOHEYHO-PA3HOCTHOTrO YypapHeHHs o' kpalideli wmepe
BKJIOYasa B ceba o6aacTb BJIHAHHS AHGpGbEpeHnHalbHOrO ypas-
Henual). Ms puc. 3.9 BHAHO, 4YTO 3TO HAKIAABIBAET YCJIOBHE
At/Ax << A/AJ(20), unu )

RS (3.120)
Ho 3710 orpanuuenue Ha Af B TOUHOCTH COBMAJAaeT ¢ OrPAHHYEHUEM,
00yCNOBJAEHHBIM AHDPY3HOHHBIM YJIEHOM B YPABHEHHH H IOJYYEH-
HLIM paHee M3 aHajJH3a YCTOHYHBOCTH KaK IPH INOMOIUH MeTOoaa
IUCKPETHBIX BO3MYIUEHHH, TaK H IpH IOMoIIH Merofa ¢doun Hed-
MaHa.

Uro6nl onpeneauts Jpyroe Heo6XoZHMOe YCJIOBHE YCTOHUHBOCTH,
BBHIYHCJAHM uieH 0%/0f2 B ypaBHeHuu (3.119), aubdepeHuupys Hc-
XonHOe andeperRuHanbHOe YpaBHEHHE ?) ¢ yueTOM NpealoJoKeHus
u == const:

ot ) o?

e b SR (3.121)
o % 0%

B = " Uhar T oram (3.122)

Mensis nopsaok AudpepeHunposanus M noacrasass 0L/0f us nc-
XOAHOro AU depeHlnasbHOr0 YpaBHeHHsA B YAaCTHLIX MPOU3BOAHBIX,

') 3aecb ymeCTHO NMpPHBECTH NPHMED ypaBHEeHHs DACHPOCTPAHEHHS 3BYKOBHIX
BOJH. YcaoBHe KypaHTa mpocTo oO3HayaerT, 4TO [/ YCTOMUHBOCTH pacyeTa 3BYy-
KoBafg BOJHA 33 OfHH War [0 BpeMeHH He JLO/OKHA [POXOAUTE pPACCTOSHHE,
Gosiblllee pasMepa OJAHON NPOCTPAHCTBEHHON fYeHKH.

?) BoaMoxen H JApYroil TyTb NOJYYCHHUs TNPHBELEHHOTO HHUXKE YypaBHEHHs
npH DOMOLIH pa3JoXKeHHs: uWleHoB B ypasHeHMr (3.114) kak QyHxumil zByX
HE3aBHCHMEIX MepeMeHHBLIX B DAXH Tefiopa B OKPECTHOCTH TOUKH (Xi, fn41/)
T. €. "OTHOCHTEJbHO E'}H/Z. B paGorax X&pra Takoe PpasNOMKeHHE NPHBOZHT K

ypastennio (C.124), xotopoe fojydaercsi He B pe3yipTaTe AubOepeHnHpoBaHiuN
ucxoaHoro Aubdepeduuansuoro ypasHenns (3.121), a u3 ypasuenus (3.118).
AHaiu3 TaKOro e THIA MOXHO HafTH B craTee YopMHHra u Xperra [1974].
rie MOKas3aHo, 4YTo B CJyuyde NOCTOSHHBIX KO3(OULHEHTOB H NepHOAHUECKHX Fpa-
HUUHBX ycnoBufi Taxkol noaxoA sxsupanenTed Mmetoay oon Hefimana. Henonb-
30BAHHE ONHCAHHOIO Bblllle crocoBa HaxoxAeHHs §n u3 ypamuedns (3.121) npu-
BOZUT K omuGKaM B KO3(pQULUHEHTaX TNPH NPOH3BOANLIX Oojee BBICOKOTO HO-
paaKa.
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noJsyuaem
P9 (0 0%
o = uéx( Uay 0x2)+ dxz( + ax"’)’
(3.123)
92 Py
—675;—:”2 0x€2 - 0x3 +a? ax* . (3.124)

IMopcrasnga aro Buipaxenue B (3.119) u mpeo6pasys pesy.brar,
nonayyaem
0 u? At 2 3 2 A G4
=gt (o) G e — S G )
Cuenys XepTy [1968], oT6pacuiBaem B ypaBHeHHH (3.125) Bric-
mIHe NMPOM3BOJAHLIC U COXPaHseM HepBble H BTOpbie MPOH3BOJHBIE MO
KaxIOMY He3aBHCHMOMY IepeMeHHOMY (X H f), 4TO Zaer ToJae3HOe
audpdepennuanbioe upnbauxkenne., OHO HUMEET CMBICT [0 ABYM
npudrsaM. Bo-mepBeix, NPOH3BOAHBIE BBICHIMX MNOPSZKOB OOBIUHO
MeHbIle. Bo-BTopniX, a posteriori u3BecTHO, YTO ycJOBHE YCTOHYH-
BOCTH, IOJYYeHHOE B pesyJbTaTe 3TOro aHauausa, OyperT cHJbHee
OFpaHHueHHs, HAKJaAbIBAeMOTO Ha IIar 1O BPeMeHH IPH HaaHYHH
TOABKO AM(PPY3HOHHOTO 4YJdeHa, JUIUL AJAs TeueHHH ¢ Manof Ba3-
KOCTBIO, T. €. And o <& #, Koraa Kod()pHUUUeHT NPH BHICUIUX [PO-
H3BOJAHBIX B ypaBHeHuu (3.125) craHoBATca Manwmd. B pesyns-
TaTe noJyuaercss aHpdepesunanbuoe npubanxkenne

Io} 02
b E LA (3.126)

rae
gy = 0 — 12 AI/2. (3.127)

ITockonbky ypasHeHHe (3.126) 2KBHBAJEHTHO HCXOAHOMY MOJENb-
HoMy AuddepeHUHaIbHOMY ypaBHeHH0, OyaAeM HasbiBaTb Qgpe 3P-
$HeKTHBHON BSI3KOCThIO.

C mateMaTH4YecKof . (# (DH3HUECKOH) TOUKH 3PEHHS POJb BAZKO-
cru (nuddysuH) 3akaogaercs B <«pa3MmasbiBanuny (Aubdysuu)
BO3MVILIEHHS BeJHYHHEl §, B CTpPeMJICHUU CHesaTh paclpefesenue §
onHopoAHbM. OTpHIaTeNbHAs BA3KOCTh (H3HYECKH HEBO3MOXKHA,
TaK K4aK OHa NpPuUBOZUsa Obl K KOHUEHTPAaLHH JOOBIX MaJbiX BO3-
MYILIeHHH, BO3HHKLIMX B OAHOPOJAHOM pacilpeieseHHH, H cO3LaBaJa
651 TakuM 00pa3oM MOHOTOHHYIO HeycTOHUuBOCTb'). as ycroiun-
BOCTH HeOOXOAMMO, UTOOB! BBINOJIHSIIOCE YCJAOBHE Ogpe == 0, HIM
ycaoBHe

< 2a/u?, (3.128)
copnanamwuiee ¢ ycjaopHeMm (3.113), monyueHRBIM HOPH MOMOIWUH Me-
1) TlpuMeRnTeNbHO X YDABHEHMIO TeNJONPOBOAHOCTH  YCJOBHE Ospp == 0

MOXKHO HHTEPIPETUPOBAThL Kar TPeGOBaHMe, YTO KOHEUHO-PA3HOCTHOE ypaBHeHHe
He JOJIKHO MPOTHBOPEYHTH BTOPOMY Hauasy TepMOJHHAMHKM.
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tona ¢on Helimana. B couerannu c ycaosHem (3.120) oo BKJIW0O-
gyaer yeaosue Kypanra C = uAf/Ax <C |. DToT aHanu3 HE CHHMAaeT
orpannuenusi (3.112) Ha cerouHoe uucao PelHosbAcCa H MO3TOMY
ofecrneyuBaer HeoOXOQHMBble, HO He [0CTATOUYHBIE YCJAOBHS YCTOH-
YUBOCTH [JIS MOJEJbHOTC YPaBHEHHS C KOHBEKTHBHHIM H AMPDY-
3HOHHBIM UJIeHaMH,

¥npascrenue. [ToBTOPHTL HpeAbifylilie AB2 YNPAXKHEHHS MO ONpeAeseHHIO
YCJIOBHIl YCTOHYMBOCTH [JIsi CXeMBl C Da3HOCTAMH IPOTHB II0TOKA, HCHOJb3Ys
meTon Xépra.

3.1.6. r. HpaTtkuit 0630p M OlUEHKA Pa3AnuHbIX KPUTEPHeB YCTOWYHBOCTH

Bointe Ovliin OpHBENEHBI NMpUMepbl TPeX PasJHUHBIX MeTOAOB
aHanu3a YCTOMYHBOCTH: METOL JHCKDETHBIX BO3MYIUEHHH, METOX
¢on Hefimana n meron Xépra. B meronme Xépra mcmosb3oBaJcd
gpurepuit Kypanta — ®pugpuxca — Jlesn [1928] nmas rumep6osu-
yecKHX cHucreM. V3BecTHHl ele MO MeHblued Mepe Tpu OoJiee HJH
MeHee TOMYAAPHLIX MeTOAd, a TakkKe PAA APYTHX MeHee MONyJasap-
HbIX. OrpaHuyeHHOCTh DelIeHHs PAa3HOCTHEIX YPABHEHHI MOXKHO He-
IOCPeACTBEHHO NpPOBEpHTb INIpH NOMOWH KpHUTepuss Ppuapuxca o
NOJIOKHTEJNBHOCTH KO3 ¢unuentos (cM. Puxtmaiiep H Mopron
[1967, c. 22] u Xau [1958]), a TakkKe NpPH MOMOLIH «IHEPreTHYE-
ckux» meroaoB!) Keasepa u Jlakca (cm. Puxrmaitep u Mopron
[1967, c. 23 u nanee}). Ha npakTuke 3TH MeTOJLB OKa3blBAKIOTCH
NPUMEHYMEIMH TOJBKO ISl NMPOCTeHIINX PasHOCTHHIX cxeM Aupde-
peniHanbubix ypasHenuit. IlogofHo »THM ABYM MeTOZaM B MeToje
danu [1949] Takxe paccMaTpHBAIOTCH HENOCPEACTBEHHO CBOHCTBA
MHOXKHTENS Iepexofia [Js KOHeYHO-DA3HOCTHHIX YpaBHEHHH, a He
AMCKpeTHBle (ypbe-KoMnoHeHTh. OKa3blBaercs, 4To B MPOCTLIX CJAY-
yasx, pacCMOTPeHHbX B pabore daau [1949], sToT Meron maeT pe-
3yJbTaThl, COBNAjalollHe C pe3yabraramu MmeTofa dou Hefimana,
HO OH CJAOXHee B MNPHJIOMKEHHAX H HE HCHOJb3YeTCHd B OTKPLITOH
JHTEpaType.

Kpurtepun ycToBuUHBOCTH B 3THX TpPexX MeTOAaX, TaK Ke Kak U
B Metoxe ¢oH HeifiMana ?), rme tpebyercst, 4ToOB MHOXKHTENDb Ie-
pexoja YIOBJETBOPAJ ycaoBuio |G|<C 1, ocHOBaHB Ha OrpaHHuYeH-
Hocru pewenus. (OQHaKo KpHTepHH (OH HeﬁMaHa MOXKHO MOAH-
uuuposars, npuseas ero k suny |G|<< 1 — O(Af), uro gaer Bos-
MOXKHQCTh pacCMaTpHBAaTh CJIy4aH HeOTPaHWUEHHBIX peuleHHil aud-
(epeHuaNbHBIX ypaBHeHHH.) Bce aTH yKaszaHHble KDHTEDHH He

1) Boobuie roBopq, B 3THX MeTOLAX PacCMATPUBAETCH KBaapar He3aBHCHMON
nepemeHHoli (a He o6s3aTesbHO PH3HYECKAA 3HepTHS).

?) B uame BCero UHTHPYeMOM B OTKDPHITOH JHTEpaType H3JM0XKEHHH MeTona
¢don Heiimana (O’Bpatien, Xafimen u Kanaag [1950]) ycrofiunBocTh daktHuecku
ompelensieTcss MO POCTY MJAH 3aTYyXaHHIO MaIIHHHEIX OWIHOOK OKpyrJeHHda. 3ro
MPUHIHMHAIBPHO OTJHYaeTcs OT TPeGOBAaHHA OrPAaHHYEHHOCTH pelIeHHS, HO Takoe
pas3iHYde NPAKTHYECKH HEBAXKHO, MOCKOJbKY NPH aHajH3e YCTOHYHBOCTH 0O
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uaentHunst. Xan [1958] moxasan, uro kpurepun ¢ow Hefimana,
Opunpuxca 1 Kypanra — Qpuapuxca — Jlesd 3KBHBaJEHTHb TOJb-
KO Ui TpOCTelllNX KOHEYHO-DA3HOCTHHIX CXeM B NPUMEHEHHH K
JuHeAHBM AH(depeHIHaAIbHBIM YPaBHEHHAM C [IOCTOSHHBIMH KO3(-
¢unuentaMd. B cayuae ke nepeMeHHBIX K03((DHUIHEHTOB YCJIOBHE
ton Helimana gBiasiercsi TOJNBbKO HeoOXOAHMMEIM, a yciaosue Ppui-
pHXCa TOJBKO A0CTAaTOYHBIM. JlJf KOHEUHO-pa3HOCTHHIX aHaJ0roB
BOJIHOBOTO yDaBHEHHsd, B KOTOPHIX B TOYKE i HCIOJAB3YIOTCS 3Haye-
HHS He B TOoukaX { = 1, a B 6oJiee ylaJeHHBIX TOYKaX, YCJOBHE
Kypanra — ®punpuxca — Jlesu GoJibile He gBJSETCS AOCTATOY-
HpIM. Mutuena [1969] ykasbiBaer, uro ycioBue ¢on Hefimana se-
JseTcss HeoOXOAMMBIM M JOCTATOUHBIM (B CJydae IOCTOSHHBIX
Ko3(burneHToB) a8 ABYXCJAOHHBIX CXeM TOJBKO C OJHOH 3aBHCH-
MOH nepeMeHHOH M JIOGBIM YUCJIOM HE3aBHCHMHIX NEPEeMEHHBIX, B
IIDOTHBHOM CJyYae OHO SBJSIETCS TOJABKO Heobxodumoeim. Kpome
TOTO, He $CHO, 9KBHBAMEHTHHl JIH 3TH KPUTEPHH YCTOHUHBOCTH KpH-
TEPHAM, MOJYyUYEeHHEIM B METOAE AUCKPETHHIX BO3MYIIEHHH H B Me-
Toge Xépra npu nepeMeHHBIX Kod(dduUHeHTaX, H NO3TOMY He cJe-
HAyeT OXKHAaTb OJHHAKOBBLIX DE3yJbTATOB BO BCEX CJAyyasixX.

Jas o3HakoMJieHHs] ¢ APYTHMH OINpeNeJeHUSIMH ¥ KPUTEPHAMH
YCTOHUHBOCTH peKOMeHAyercsl cjelyiolias JuTepatypa. Xuijes-
Gpanx [1968, c. 205] o6cyxnmaer «moMIaroOBYIO» YCTOHYHBOCTD
(paccmaTpHuBaeTcsl NMOBeeHHE BO BpeMeHH, Korja {—- co Npu (K-
CHPOBaHHOM Af, KaK U B TpPEeX H3JOXKEHHHX BHIlUe Meronax')) u
COTIOCTABJISET €€ C «IOTOYEYHOM» YCTOHYHBOCTBIO (paccMaTpHBaeTCs
NoBeJeHHE KOHEYHO-DA3HOCTHLIX YypaBHeHMI, KOrja pasMep iara
NpOCTPAHCTBEHHOH ceTKu crpeMutes K Hyawo). [ycradceon [1969]
BBOAHT KpHTepull A-ycroftumpoctd. Pomxepc [1967] uccaenyer
YCTOHYHBOCTb PA3HOCTHBIX OIEPATOPOB TNpPH TMOMOIIM HEPEeXOTHBIX
$hyHKuu, HCnosb3yeMblx B Teopun ynpaBienusi. B paGorax Kysuka
u Jlapu ([1968] u Jlasu [1969] obcyxiaercsd yCTOHUHBOCTBL pas-
JHUHBIX METO/JOB M IMpeJJaraercs HeHTEPalUOHHBIH MeTOA OLEeHKH
yCTOHYHBOCTH B XoAe pacueToB. C TOYKH 3peHHs OOOCHOBaHHS Teo-
pHH ycrofiunBocTH BaxXkuul paborel Kpefica [1964, 1968] u Owmepa
[19696], a Takxe xHurn Basosa u ®opcaiira [1960] u Kessepa
[1968].

Kapnawoe [1958] npemsioxua noaxold AJs HCCAENOBAaHUSA YCTOMH-
YHBOCTH KOHEUHO-PA3HOCTHLIX ypaBHeHHH, OCHOBAHHBIH Ha TeOpHH
9/1eKTPHUECKHX Llened; HeCMOTPS Ha TO YTO HHOTAA 3TOT IMOAXOJ
MOXKHO HCNOJNB30BaTh C yCIEXOM, €ro NPHUMEHHMOCTb JIUMHTHPYETCS
¢on Hefimagy memaercs To xe camoe. OrpaHH4eHHOCTb PellleHHs sBJAseTCs GoJee
npennoq'rmemzﬂpm KpuTepueMm, TAK KAk B HEM oépamaxor ocoboe BHUMaHHe Ha
TO, 4YTO YCTOHYHBOCTbH HYXKHO HCCJeAOBaTb J[axe B [peaeJbHOM CJaydae aJre-
Opandeckn TOUHBIX BHUYACAeHHS NpY obWIMX HavyaldbuHX ycaoBuax (Jlake u Puxr-
Makep [1956]).

1} CsoficTea yCTORUHBOCTH aHAJOIWYHB CBOCTBAM, NMOJYYeHHHM mpu Af->0
npu GpHuRCHPOBaHHOM uHTepBane Bpemenn (Jlaxc ¥ Puxtmaiiep [1956]).
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HeKOH mnpHcyulefl eMy HeonpeleneHHocThlo. [J(pyro#l koHuemninel
YHCAEHHON HEeYCTOHYHBOCTH fBJAAETCA HEYCTOWYHBOCTH B CMBICJe
Anamapa (cM., Hanpumep, BefinGeprep  [1965]), T. e. uyBcTBHTE/D-
HOCTb pelleHHs K Hadya/JbHbIM JAAaHHLIM B 3ajade C HauyaJbHBLIMH
yeaoBusimu. OLHH METOA Ul 3KCIEPUMEHTaNbHOH MPOBEPKH 3TOrO
THTIa HeYyCTONUMBOCTH Obl mnpepsnoxeH Musasnepom [1967]. Uen
[1970] ananu3upyer ycTOMUHBOCTH NojaoGHo XEPTY, HO TOJBLKO B
npenene npu Ax — 0, Af — 0, cBA3aHHBHIX HEKOTOPOH 3ajlaHHON 3a-
BHCHMOCTBIO.

Takum o6pasoM, BHIHO, UTO NMOHSITHE YCTOHUHBOCTH He ompeje-
JAfieTCHl YHHBEPCAJBHO Jaxe AAs JHHelHblX cucreM. Dpaunkes
[1956] usberan HONBITOK 4aTh TOYHOE ONpejeseHHe YCTOHUHUBOCTH.
Puxrtmatiep [1963] nokasaJ, 4To HOHATHE YCTOHYUBOCTH 3aBHCHT OT
Bl6Opa HOPMBl B (DYHKIIHOHAJLHOM TNPOCTPAHCTBE 3aBHCHMOTO Ie-
PEMEHHOIO M 49TO HCIOJAb30BaHHe aHauauza DPypbe, Kak B METOAe
¢on Heiimana, npeanonaraeT uCNoJb30BaHHe Ly MJAH CpeiHEKBaj-
PATHUHOH HOPMBI, KOTOpAasi OTYaCTH NpPOu3BoabHa. JlJsa o3HakouJe-
HHA C UHBIMH ONpeJeJeHHSMH YCTOHUMBOCTH YHTATENb MOXKeT 006-
patutbcsl K kuure Puxrtmaiiepa u Moprona [1967, c. 104].

IlonaTue yCcTOHYHBOCTH HENOCPEACTBEHHO CBSI3aHO C HOHSTHAMH
aNNpoKCHMAILHH U cXoAuMocTH !). KoneuHo-pasHOCTHBIA aBaJjor ai-
npokeuMupyer auddepernyuanbHoe ypaBHeHHe, ecau npu Ax -0,
At — 0 KOHEUHO-Pa3HOCTHOe ypasHeHue crpeMurcs K AuddepeHiu-
AJbHOMY YPABHEHUO B YaCTHBIX NPOH3BOAHBIX. XOTH NpH BHBOJE
KOHEYHO-PA3HOCTHLIX ypaBHeHHH IIPH IOMOLIH DPAa3JIOXKEeHHH B PsALbl
Teiinopa MoOXKeT MOKa3aTbCs, YTO ITO MOJIOXKEHHE BHINOJHSIETCS aB-
TOMaTHYECKH, Ha CaMOM JeJ/ieé 3TO He TakK; 3Jechb MOryT Hotpefo-
BATbCsS HHBlE OTPAHMYEHHS HJAA OTHOCHTEJbHOH CKOPOCTH CXOIHMMO-
cru npu ymenbllennu Ax u At (cm. pasn. 3.1.7). Koneuno-pasnocr-
HOe YypaBHeHHe CXOAUTCA, ecau npu Ax—>0, Al — 0 pewenue
KOHEYHO-PA3HOCTHOrO YPaBHEHHs CTPEMHUTCS K peulenuro nudbepen-
LHaJbHOTO YPABHEHHS B UaCTHBIX NPOH3BOAHMIX. [[Ba OueBHAHLIX
HeOoOXOMHMBIX YCJOBHS TAKOH CXOAMMOCTH COCTOSIT B TOM, YTO KO-
HEUHO-Pa3HOCTHOE ypaBHEeHHe yCTOHYHBO (B HEKOTOPOM CMHICJE) H
aNTMpPOKCHMHPYET COOTBeTCTBylomiee AH(bepeHIHaNbHOe YpaBHEHHE,

Juis JMHeAHBIX CHCTEM, TAKHX, KaK PacCMOTPEHHOE HAMH MoO-
NeJbHOE YDaBHEHUE C MOCTOSAHHBIMH KO3hGHUHEHTAMH, TeopeMa
skBuBaJieHTHOCTH Jlakca (JIakc m Puxrtmaiiep [1956]) ycranasmu-
BaeT 3KBHBAJEHTHOCTb YCTOHYMBOCTH H CXOAMMOCTH2) IIPH BHINOJ-

1} Tlon CXOAMMOCTBIO 37eCh NOAPA3yMeBAeTCA CXOAMMOCTb B CMEICAe YGbIBa-
nus ownbku annmpoxcuMannn. OGCyMjeHHe CXONUMOCTH HTEPAIHOHHBIX INpOLEC-
COB MOXHO HailTH B pasfi. 3.4.

%) Ilepmast bopMyaHpoBKa TeopeMbl 3KBHBaJeHTHocTH Ona gana B. C. Pa-
Genbkum (JAH CCCP, 1. 86, Ne 6, 1952). 3arem ara Teopema GHia chopmynu-
poBaHa TMpPM pasauuHbX nmoaxoaax Jlakcom, Puxtmafiepom, A. ¢. ®uannnosrm —
lpua. ped. '
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HEHUM CNeNYIOUIHX YCJOBHH: 3a71a4ya ¢ HAUaJbHBIMH TAHHBIMH NOJXK-
Ha OBITH KOPPEKTHO NOCTaBleHa B cMmbicae Apamapa (BefinGeprep
[1965]), T. e. pemenne nuddepeHINnaIbROIO YPABHEHHS] B YaCTHBIX
MPOH3BOAHBIX HOJIKHO HeNpepbiBHO 3aBHCETb OT HAUYaJbHEIX [AaH-
HBIX; KOHEUHO-DAa3HOCTHOe ypaBHeHHe [TOJIKHO aNlpoKCHMHPOBATH
auddepeHntanpioe ypaBHeHHe B UYaCTHBIX INPOH3BOAHBIX; YCTOR-
YHBOCTh JOJ2KHa ObITh onpefeneHa B Hopme L, (Kak B Merole
don Heiimana). Ilpu BoimosiHeHnH 3THX TpeboBaHHH HeobXxoauUMOe
ycaoBue ycrofiunBoctd ¢on HefiMaHa CTaHOBHTCA M JOCTATOYHBIM.
®. Hxon [1952] mokaszan, 4TO HeCKOJBKO ycHJeHHas (opma ycJo-
sust o Hefimana siBasieTrcs NOCTATOYHOH AJA YCTOWYHBOCTH JIH-
HeffHbIX mMapabo/uyecKHX ypaBHEHHIl JayKe B cJyyae IlepPeMeHHBIX
Ko3b¢unnentos. Jlake (cMm. Jlake u Puxtmaiiep [1956]) nosayuui
aHaJIOTHYHBIH pe3ysabTat AJs runepbo/HYecKHX ypaBHeHHH C mepe-
MEHHBIMHU KO3(hpUINEHTaMA.

Teopema skpuBasenTHOCTH Jlakca, 6e3ycsioBHO, ABJSETCH BaxK-
HOM, HO, K COXaJIeHHIO, €6 3HAUHMOCTb CJHIIKOM TepeolleHHBaeTcs.
B uyacTHOCTH, HEKOTOpLIE aBTOPH 3aKJOYeHHe O CXOZHMOCTH He-
JIMHeHHBIX KOHEUHO-PA3HOCTHHIX ypaBHeHHH (OTYasBLUIMCE, NO-BUIH-
MOMY, LOKa3aTh €¢ HHaye) OCHOBBIBAIOT Ha TEOpeMe 3KBHBAJEHTHO-
cTy Jlakca Ans JuHeHdHBIX cucTeM. HecMoTpsa Ha TO uTo H3yuyeHHe
JHHEHHBIX CHCTEeM MOJIE3HO AJs NOHHMAHHS NOBEJeHHs HeJHHeHHBIX
CHCTEM, OUEBHAHO, UTO TeopeMy 3KBHBAJEHTHOCTH Jlakca Heab3s
HEMOCPEACTBEHHO MNPHMeHSTb K HenHHeHHBIM ypaBHenusM. Onun
($aKT BO3MOMXKHOW HeeJMHCTBEHHOCTH pelleHH# HeJHHefHEIX ypaBHe-
uuft, paccMoTpenHblfi B ra. 1, gosxker Obla OB IpegocTepeyb OT
TAaKOTO HEeNpaBHJILHOTO HCHOJMb30BaHHS 3TOH TeopeMul. [Ipumenenue
TeopeMbl Jlakca HEKOPPEKTHO Aaxe AJs JHHEHHBIX CHCTEM, €CJH
YCTOWUHBOCTb ONpenessiercs He B HOpMe L.

Tounwll kKpuTepu#l yCTOHYUHBOCTH B AEHCTBHTEJBHOCTH He Tpe-
Gyercsi ¢ MaTeMaTHyecKo# TOUKH 3penus. [Ipu uccaenoBaHHH HesH-
Hefinbix ypaBHenu#i Xukc [1969] mpeanaraer MUHOBaThb BOINPOCH,
CBA3aHHBIE C KPHUTEPHAMH YCTOHUHBOCTH, H NEPeXOZUTh HENOCpPEeN-
CTBEHHO K CYTH JeJa, a HMEHHO K 00ecHeyeHHIO CXOLHMOCTH pas-
gocrHoro petnenus (Jlakc u Puxrmaiiep [1956)). I'1asnoe cocTouT
B TOM, UTO PelleHHe KOHEYHO-PA3HOCTHOTO YPaBHEHHS IOJXKHO CXO-
JAUThCA K pelieHHI0 AuddepeHIHaN bHOT0 YpaBHEHH B YaCTHBIX
NPOM3BOIHBIX, a ONpeJesNeHHe YCTOHUMBOCTH MpEICTaBJAsET yiKe
BTOPHYHBIH HHTepec. B cBeTe CKa3aHHOrO TeopeMa 3KBHBAJEHTHO-
cTH JlaKca MOeT NPHMEHATbCS [JIS HeloCpeJCTBEHHOTO HCCJeso-
BaHUsl CXOAHMOCTH MPH YCJAOBHH, YTO YCTOHUHBOCTb OlpeneseHa Ta-
KUM 06pa3oM, uto 062 3TH NOHATHS SIBJAAIOTCH SKBHBAJEHTHHIMH.

Hu omue us paccMOTpeHHHBIX KPHTEPHEB H MeTOAOB aHaJu3a
YCTOHYUBOCTH He SIBJASETCS aJeKBaTHLIM AJA NPOBEIeHUS NPaKTH-
YeCKHX pacyeToB. B HeHCTBHTENBHOCTH B 3ajauax FHAPOJHHAMUKH
OrpaHHYeHHs, CBs3aHHBIE C YCTOHUYHBOCTBIO, NPHMEHSAIOTCS JOKaJb-
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Ho. PacueTHble TOUKM CeTKH NpOCMaTpPHBAIOTCS OXHA 3a APYroi,
yTOGLl YCTAHOBHTD, Ile HMEIOT MecTO HauboJjee KecTKHe OorpaHude-
HHS, HaKJajbiBA€Mble KDHTEPHSIMH YCTOHYHBOCTH, a 3aTeM H3 BCeX
MaKCHMaJIbHO JAOMYyCTHMBIX B KaXXJAOH TOUKe BHGMpaeTcsl HaHMeHb-
WHH mar Af 1 oH IPHHHMAaeTca AJs Beex Touyek ceTkd. Ha mpakTtuke
NMOJNyUEHHOE TakUM 00pa3oM HONyCTUMOE 3HaueHHe MaKCHMaJbHOIO
para Mo BpeMeHH oObI4HO OepyT ¢ KoadduuuentoM 3anaca 0.8 <+
+0.9. Ha pannefi craguu pacyera, Korja rpajHeHTH MO BPEMEHH
JeJIHKH, MOXKeT IOTpeboBaTbCS yMeHbleHHe 3TOro KoahduuHeHTa
(cM., nanpumep, Toppanc [1968]).

Henocratkn Takoro noaxoia oueBuIHb. MHorne aBTophl (Dui-
aunc [1959], Puxtmaiiep [1963], Xépr [1968], 'ypaun u Moppuc
[1968a]) omucHIBAIOT HEYCTOWUHBOCTH, OOGVCJAOBAEHHYIO HeJHHeH-
HOCTBIO MM 0O KpaliHeli Mepe mnepeMeHHOCThIO KO3()ODHUIHEHTOB
ypaBHenuil. [lpyrue apropul (Jluaau [1965]) coobumiawT o siBieHHH
pacuJieHeHHsl pelleHHs 110 BpeMeHHBIM miaraM (cM. pasa. 3.1.6), Ko-
TOpoe XOTs# M He npencrasisier coboll HeyCTOHYUHBOCTH B CMBICJe
[OJyuYeHHs HeOorPDAaHHUEHHBLIX pelmeHHH, HO fABJsAETCS HeYyCTOHYH-
BOCTBIO B NMPAKTHUECKOM CMbICJIe OTCYTCTBHS CXOAHMOCTH HTepalHi.
BaxHo moHHMAaTh, 4TO MOXKET 0Ka3aThCs HEBO3MOXKHEIM MPOBECTH
rpaHUlly MeXAYy TeM, 4YTO HasblBaeTcs <«Hacrosllefl» HeyCTOH4YH-
BOCTBIO M O4eHb MaJIOHl CKOPOCTBIO CXOLUMOCTH PelIeHHS.

B neHcTBUTENBHOCTH HCC/eJOBAHHE CTPOTHX OINpeJeJNeHHH all-
TIPOKCHMAaIHH, CXOJHMOCTH H YCTOHYHBOCTH npu Ax — 0 0 Af - 0 —
3aHATHe 3auacTylo Oecm/ojHOe, TaK KakK peaspHble pacyeTsl Npo-
BOZATCH NpH KoHeuHnX Ax u Af. (M3peaka takoe uccienosanue mo-
JKeT IPHBECTH K NPaKTHYECKH MOJEe3HOH NyTeBOLHON HHUTH, Kak,
Hanpumep, B ciaydyae Tpe0oBaHHA aNNpoKcHMaUuH B cxeme Jlio-
¢opra — Ppanrena; cMm. pasa. 3.1.7.)

Mo3KHO paTh CJAENYIOUIYI0O OKOHYATEJbHYI0 OLEHKY TpeX OIMH-
CaHHLIX B IHpeAblIYHIHX Dasjenax MeTOAOB HCCJIeNOBAHUS YCTON-
uynocTd. OO6BIMHO Hcnogab3yemblit Meton ¢on Hefimana, BooGule
rOBOpA, CaMbIil IIPOCTOH, caMblil NIPAMON U caMblil HageXHBIH. Baxk-
HOH ero uepTofl ABJISETCS BO3MOXKHOCTb HeNOCPENCTBEHHOro Qop-
MaJbHOI'O paclpoCTpaHeHHss Ha MHOrOMepHble 3ajaud (cM. cJe-
aywowui pasnen). s GoJjee cl0XKHBIX KOHEUHO-PA3HOCTHBIX ypaB-
Henu#l paspemeHHe HepaBencTBa |G|<C 1 (uam HepaBeHCTBA HJIf
coGCTBeHHBIX 3Hauenui, pasi. 3.1.6) MoxeT oKasaTbCs 3aTPYyAHH-
TesbHBIM '). KpoMe TOro, HanMmeHbIIMe paccMaTpHBAEMblE 3]€Ch
BO3MYIIEHHs MNPEACTaBJIAIOT coGofl HmepHOAMUeCKHEe BO3MYINEHHS C
AOJMHOH BOJHB A == 2AX, TOUEYHBIE XK€ BO3MYVIIEHHS HE MOIyT

1) Tlpn 3TOM MOXKeT OKa3aThCsl, Y4TO I'PaHMUE yCTOHYMBOCTH MATPHUHI Mepe-
X0Ja HYXHO GyAer onpelelATb YHCJEHHO, )
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paccMaTpHBATBCHA. ITOT METOA MOKHO HCNOJb30BATH AJSI HCCIENO-
BaHHUSl BJHAHHA HA YCTOHYMBOCTb HEKOTOPBIX TPaHHUHBIX YCJAOBHH
(Kemn6enn n Kuct [1968], I1. Ixx. Teitnop [1968]).

Ananus ycTofiuMBOCTH TIPH IIOMOLIM METOAa TUCKPETHLIX BO3MY-
weHuit MeHee HajexeH. Ilo cpaBrenHo ¢ cHCTeMaTHUHBIM H (op-
MaJlH30BaHHLIM MeroaoMm (oH Hefimana ycnex npuMeHeHHs! 3TOro
MeTona sABJseTcd AeJoM yAaud. s cXxeMbl ¢ Pa3HOCTSIMH NMPOTHB
NOTOKa OH MPHBOAUT K TOMY Xe pe3yabrary, uTo u Mertol (poH Heill-
MaHa (CM. NocJiefHHE TpH ynpaxkHeHus). [lomosHuTenbHoe Tpebo-
BaHHe 00 OTCYTCTBHH OCUHJJIALUE, 0OYCNOBJEHHHIX Upe3MepHO
6oJbIINM LIAroM {10 BpeMeHH (KOTOpOe, BIPOUEM, He SBJSIETCS ode-
BUAHBIM TpefoBaHHEM YCTOHUMBOCTH B CMBICJIE OrDaHHUUEHHOCTH pe-
lIeHHs), TaKXe NPUBOJUT B 3TOM MeTOJe K pe3yJbraTaM, COBIa-
LalouM ¢ pesdyabraramu Metona ¢on Hefimana pna cxemu c
Pa3HOCTSIMU Blepej MO BpPeMeHH H LEHTPaJbHBIMH PasHOCTAMH IO
NPOCTPAHCTBEHHOH NMepeMeHHOH, HO NPH CYUleCTBEHHO MEHBUIHX 3a-
Tpatax Tpyaa. OJHAKO COBCEM HE OYEBHIHO, YTO 3TOT KpHUTepuil
JAaeT INpaBHJbHble Pe3yAbTaTH AJA GoJsee CAOKHBIX CXeM, HOITOMY
B HacTOsillee BpeMs €0 NPHUMEHHMOCThL B oflleM Clydyae HaXOHTCA
noj BompocoM. TeM He MeHee ¢ NOMOIIbIO MeTOAA AUCKPETHBIX
BO3MYILEHHH MOMKHO MCCJELOBATh YCTOHYMBOCTh B FPAHHUHBIX H BO
BHYTPEHHHX TOYKaX B Tex cJydasx, koraa meron ¢oH Helimana oka-
3BIBAETCA HeNPUTOAHBIM.

[Tocae Buixoma B cBeT pabGoThl YopmuHra H Xberra [1974] me-
ron Xépra cran croab ¥ke dopmasen, Kak u meroj, ¢oH Hefimana,
Ox ofblUHO C YEHeXOM IpHMEHAeTCs JAJS OIpefeseHHs YCJIOBHI
YCTOHUUBOCTH MPOCTHIX KOHEUHO-DA3HOCTHBIX ypaBHeHHI (Tpebys B
HEKOTOPBIX CJIyuasX MeHbIIero uucja aarebpandyeckHx omeparuii,
yeM Metox ¢oun Hefimara). dtor Merod Obll aKKypaTHO pacmipo-
CTPaHEeH Ha CJydad HCCJIe0BaHHsA YCTOHUHBOCTH HEJHHEHHBIX ypaB-
HeHHII ¢ NepeMeHHbIMH Kosdduuumenramu (Xépr [1968)), uro me
TaK JIErKo cjenaTh ¢ noMolbio meroaa ¢on Hefimana. :

Hrak, Bce Tpu paccMOTpPEHHBIX MeTOAa aHa/JaH3a YCTOHUHBOCTH
gaoT nojesdyio uHdopmanuto. ITo-npexHemy HauGosee MHPOKO
ucnoassyercd meron ¢on Hefimana, 5o MOAH(UINDPOBAHHBIE MeTON
Yopmunra u XpeTTa OKa3niBaeTcs naxKe Oosee mosesHslM. Onmako
UH OAMH H3 3THX METOJOB He SABJSETCH HOJHOCTBIO aJeKBaTHBIM.
Ecau 1eanio siBASETCS MOJyUEHHE UHCJAEHHBIX PellueHHH, a He mpo-
CTO aHaJ/JH3 4YHCJeHHBIX METONOB caMux mo cebe, TO HeoOXOAHMMO
06panarbes K YHCJASHHOMY 3KCHEDUMEHTY, HMes B BHAY, YTO BCE
HJH IIOUTH Bce MeTOAL HCCJAeROBAaHHS YCTOHUHBOCTH SIBJASIOTCS
KJIIOYOM K BBLISICHEHHIO MPAKTHUECKOH YCTOHYHBOCTH.

Tem He MeHee NOJIE3HOCTb PACCMOTPEHHBIX METOJOB HE OTPaHH-
YHBAETCS Onpene’eHHeM YCJI0BHI ycrofiunsoctd. Meroa auckper-
HBIX BO3MYIIeHHH 06/MagaeT TeM NpPeHMYLeCTBOM, UYTO B HEM BHHU-
MaHHe KOHIEHTDHPYETCA Ha AHCKPETHBHIX KOHKPETHhX (PaKTHYEeCKH
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MPOBOJHMMBIX pacuerax, a He HA KakKux-Jubo abcrpakuusx. DTo gaer
BO3MOXHOCTb HCNOJ/Ib30BATh AaHHBIYl METOL HPH NOCTAaHOBKE H aHa-
Jii3¢ TPAHMYHbIX YCJOBHH UM IPH ONpeleseHHH CBOHCTBA TPaHCIOp-
THBHOCTH (cM. pasi. 3.1.9). Merox dor Hefimana naer undopwma-
LU0 HE TOJIbKO O 3aTYXaHHH BO3MyLIeHHH (T. e. 06 ycrofiuuBocru),
HO H O (Da30BLIX COOTHOIUEHHSX JJIS KOHEYHO-PA3HOCTHHIX ypaBHEHHH
H O MOJY4YaloUIMXC JHCIEePCHOHHHIX omHOKax (cM. pasa. 3.1.13).
Meron Xépra rakxe maer HHGODMALHIO O AHCIEPCHOHHBIX OLIHG-
Kax H O MOBeAeHHH KOHEUHO-Pa3HOCTHBIX YPABHEHHH, CBA3AHHOM C
s(ppeKToM «HCKYCCTBeHHOH BSI3KOCTH». TakuM o06pa3oM, Bce TpH
pPACCMOTPEHHBIX METOAA HCCJAedOBaHHA YCTOHUHBOCTH HAaXOAST CBOE
npuMeHeHHe H OYAYT HCMOJIb30BaThCsl B CJAEAYIOUIHX Pasienax 3ToH
KHUTH.

3.1.5. n. Metop dod Heilmana nna MHOroMepHuiX 3agau

Meton nuckperHbix BosMyuieHuii (Toman u Ilesunx [1966])
u meton Xépra (Xépr [1968]) moryr GOwiTh pacmpocTpaHeHb Ha
ciyua#l HCCNeAOBAHHSA YCTOHUMBOCTH B MHOTOMEPHBIX 3ajauax. Mol
JKe B KauecTse NpHMepa NpHBeAeM 3jech Oosee npoctoe 0600uieHHe
merofla Hefimana na rtakoit cayuair. Mcnosabsys cxemy ¢ pasHo-
CTAMH BIEpej IO BPEMEHH U C LEHTPaJbHBIMH PA3HOCTAMH IO NPO-
CTPaHCTBEHHOH NepeMeHHOH AJA JIMHEapH30BAHHOINO yDaBHEHHS Ie-
peHoca BUXpA (2.12) ¢ mocTOAHHBIMH KO3(G(HLUHEHTAMH B IIJOCKOM
cayyae (korpa o = 1/Re}, noayuaem

g =ty -y S s 0 L pe1— &7 -1 1
A 3 hx TAy
7 + g7, -2t} L7 +g o —ot}
+a[ i+, ;x;,/ Lioy S Az,yg | i) (3.129)

Tenepp samumeM KaXAyio (ypbe-KOMIIOHEHTY pelleHHs B BHIE
¢ ;= V"exp[l (kidx+ k,iAy)], (3.130)

rae V" cHoBa siBJAsieTCsl aMILINTYA0H HAa BpeMeHHOM ¢J10e rn 4acT-
HOH (ypbe-KOMIIOHEHTH, HMEIOUlell B HANpaBJeHHSIX X¥ U Y BOJ-
HOBHIE uHCcaa Ry M Ry (AAMHB BOJH Ar==2n/R. 0 Ay = 2n/k,), a

I=4/—1. Beoas dasoBble yram0; = k.Ax u 0, = k,Ay xust Koop-
JMHAT X U y, 3anuileM Buipaxenne (3.130) kak

¢ ;= V"exp[I(i0, + 8,)} (3.131)
aHaJIOTHYHO

Gi =V exp{I[G+ O, +(+ 16,1} (3.139)
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H T. 4. CooTBercTBYIOIlMe AByMepHble anajoru uuciaa Kypanra C
onpenensiorcs Kak Cy==uAl/Ax u Cy = vAf/Ay, a cooTBeTCTBYIO-
LiMe aHaJord BeaHYHHB d Kak dy = alAl/Ax? u dy = aAt/Ay? Tlog-
CTaBJsAs 3TH BeJUUHHB B Buipamxenue (3.130), coxpauias Ha obuiufi
MHOXHTeab exp[/ (0. + j0,)] u ucnoab3ya dopmyan dinepa, cHO-
Ba moayuaem Vol = GV", rue

G=1~—2(d,+d,)+ 2d,cos8, -
~+2d,cos 0, — I(C,sin6, 4 C,sin8,). (3.133)

OueBHAHble HEOOXOAMMBIE YCJOBHS BHIOJHEHHs HEPaBeHCTBa
|G|< 1 6yayr
de+dy <2 (3.134)

C.+¢c,<l. (3.135)

B uactHoM caydae dy = dy, = d HepaBeHcTBO (3.134) npuHumaer
BHI

Hu

d<<'y. (3.136)

3T0 yC/I0oBHE BJABOE CHJbHEee OTpaHHYeHHu$, NOJAYUEHHOrO IJs OJHO-
MEpPHOTO YypaBHEHHs C OAHHM TOJBKO AHPQY3HOHHBIM UJEHOM.
B uacrHoM ciayuae C; = Cy, = C HepaBencrBo (3.135) nmpunumaer
BHA

C<<lfy (3.137)

H CHOBA OKa3blBaeTcs BIBOE CHJIbHee COOTBETCTBYIOILEro HeoGXOaH-
MOTO YCJIOBHSI B OfHOMepHOM cayuyae. Ppomm [1964] nokasan, uto
oas yacTHoro caydas Ax=Ay=A u 0.=0, orpaHuueHse Ha
cetoynoe uucio Pe#inombaca Re.=(|u|+|v|)A/a maercs uepa-
BEHCTBOM

Re, <4, (3.138)
KOTOpoe ABJAACTCA MeEHee XKEeCTKHM, UeM B OJHOMECDHOM caydae.

¥npamrenue. Tlpumenuts Mmeron HefiMana aas HCCNeIOBAHUS YCTONYHBOCTH
CXeMH C PAa3sHOCTAMH NPOTHB NMOTOKA MJsi YPABHEHHs TepeHOca B Ciyyae HyJe-
BOH BABKOCTH

+1
SN Rt AR el RN Wl A
At Ax Ay ’

£>0, 0>0 (3.139)

[Tokasarb, 4TO ycJOBHE YCTOHYHBOCTH HMeeT BHJ
Cx+Cy< L (3.140)

Ynpascnenue. Tlpuvennts Metron HefiMmana K cxeMe ¢ pasHOCTAMH BIepex 1O
BPCMEHH H LEeHTPaJbHLIMH DA3HOCTAMH MO NPOCTPAHCTBEHHBIM MePEeMeHHBIM AJIs
TPEXMepHOro ypaBHeHHs Auddysuu

a a2 ik ik
%=a(6x§ + 6_1/% + 0z§ @-141)
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H [I0Ka3aTh, YTO YCJAOBHE
det+dy+d <Yy (3.142)
ABJIsIeTCS] HeoOXOMHMHEM H JIOCTATOYHBIM AJs yCTOHYMBOCTH. B uacTHOM ciyuae,
koraa dy = dy, = d,; = d, ycnosue (3.142) umeer BHA
d<s (3.143)
H OKa3blBaeTcsl BTPOE XKecTue, UeM B OJHOMEDHOM CJayuae.

3.1.6. OgHowaroBble sIBHLIE CXEMbl;
cxeMma «Yexappa CO CPefHSH TOUHOW»

Paccmorpennas 1Ja JAUHeHHOro MOJENBHOrO ypaBHeHHs rpybas
cxema BBIIII, umcnmosbsynowas pa3HOCTH BOepe] 10 BpPEeMEHH H
[leHTPA/bHble PAa3HOCTH IO NPOCTPAHCTBEHHBIM MEpPEMEHHBIM, SIB-
JisieTCsl OJHOWIAroBOH IBHON IBYXCJOHHOH no BpeMmenH cxemoil. Ona
Ha3bBAeTCAd OJHOLIATOBOH, TAaK KaK AJs Nepexona K HOBOMY CJOIO
1o BpeMeHH TpebyeTcs TONBKO ORHH BBHIYHCAUTENbHBIH IHiar. Jrta
cxeMa Ha3blBaeTcs ABHOHM, TaK Kak BCe 3HAUYEHHs B IIpaBofl 4acTH
(3.44B), HeoGXONHMBIe 1Js1 BEIUHCJeHHA {?+! Ha HOBOM cJlOe IO Bpe-

MeHH, M3BECTHBI, T. €. 3HaueHusa (7}! He BXOZAT B mpaByw uacTb
ypapHenus '). Oua siBasieTcsi ABYXCJA0HHOH 1Mo BpeMeHH ?), Tak Kak
IJs1 BHIYHC/JEHHH 34ech NPUBJEKAIOTCH TOJABKO ABa CJOS IO Bpe-
MEHHU; HOBble 3HAYeHHs Ha cjoe A -+ 1| BHUUCAAIOTCS TOJBKO MO
3HAYEHHUSM Ha CJIoe 7.

Ypabrenue (3.17) cooTBeTCTBYeT CxeMe C LEHTPAaJbHBIMH pa3-
HOCTSIMH 10 HPOCTPaHCTBEHHBIM INePEeMeHHBIM M N0 BpPeMeHH, KOTO-
pasi, Kak yxe OblJIO OTMeueHo, 6e3yC/I0BHO HEYCTONUHBA NPH JIOGHX
a>0u Af > 0. Ho npu mpumeHeHHH TOJBKO K KOHBEKTHBHBIM
qneHaMm (T. e. npu o =0) sTa cxema, HasbiBaemas CXeMo#l co
cpeanedt toukofi (JImanm [1965]) mam cxeMolt «uexapma co cpea-
Hell TOYKOH» HJH — ualle Bcero— npocro <«uexapaa» (Kypanr,
$puapuxce, Jlesu [1928]), o6aanaer HyXKHBIMH CBOHCTBAMH yCTOH-
yuBOCTH. Takum 06pa3oM, ypaBHeHHe

a Is)
R (3.144)
o 9T0ﬁ cxeme HpelICTaBJIHETCH B BUOE
gt:l-'l-l . gr.l—l u;n - ugn_
= — ‘*‘Mx nd iy (3.145)

lla}maﬂ cxeMa HMeeT BTOpOfI NopAAOK TOYHOCTH IO NPOCTPAH-~
CTBY ¥ O BpeMeHH; 3TO OJHOLIAroBas siBHafd Tpexcnox?maﬂ 110 Bpe-

1} CxeMBl, B KOTODHIX B [paBYH0 4acTb ypaBHEHHS BXOAAT 3HAUYCHHS

i
Q?j_‘l‘ H g';_*l, Ha3plBAIOTCS HESIBHEIMH, H [ODH 5TOM AJA BLIUMCJEHHS 3HAueHHH

Ha HOBOM BpeMeHHOM cJoe, BoOGIle roBopd, TpeGyercs o6pallleHHe MaTPHUIHL.
?) CxeMBl, KOTOpHIE B 3TOM KHHIe HMEHYIOTCS OJHOCJOHHEIMH, HEKOTODhIE
aBTOpHl Ha3bIBAIOT OJHOLIATOBEIMA.
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MeHH cXeMma. 3HAUWT, AJiA BBIUHCJEHHS HOBBIX 3HAUeHUH Ha cloe
n -+ 1 B 3Tol cxeMe HeoOXOAMMbl 3HAUEHHSt HA cJogX # U n— |,
3aMeTHM, YTO HOBble { Ha 4YeTHOM BPEMEHHOM CJIO€ BBIUHCJSAIOTCA
KaK 3HauyeHHA { Ha MpeAblAyllleM YeTHOM BPEMEHHOM CJ0e TMJIIoC
HEKOTODOe IIpHpalIeHHe, a NPeAbAYLINI HeYeTHLIH BpeMeHHOH CJIOoH
MpPH 3TOM «IlepPenphruBaerca» (OTCIOAAa H Ha3BaHHe CXEMbl — «He-
Xapaa»).

Meron ¢on HefiMana ucciienoBaHHA yCTOMYHMBOCTH [Js 3TOM H
IPYrHX MHOTOCJOMHBIX CXeM IIpPHMEHSeTCsl CJAeAyoIHM o6pasoM.
Hcnosib3ysa Te e onpefeseHus] H NPEANOJOXKEHHS, YTO U B Npelbl-
NYIHX NpuMepax, ypaBHeHHe (3.145) MOXHO 3amucaTb B CJEAYIO-
IleM BHJIE:

g =0 — C (8, — 8, (3.146)

rae C= uAt/Ax —unciao Kypanra. [loxcrasnas cioga ¢ypbe-KoM-
[IOHEHTHI, TI0JAYyYaeM CBSA3b AJs aMIIATY ]

Vit =gV 4 v, (3.147)
rjpe
a=—2[/Csin®. (3.148)

Uro6ul NOJNYYHTH MATpPHUHOe ypaBHenue, fob6aBum k (3.147) ro-
KJECTBO
Vi=1.V"40.V""L (3.149)

PaccmaTpuBasg 3TO ypaBHeHHe COBMECTHO c ypaBHeHueMm (3.147),

noJgydaem
Vn+l Vn
[Vn ]=G[V,,_1], (3.150)

rjge MHOXKHUTE/NDb Ilepexoja G Tenepb IpeacraBJiser coboi Mmarpuny

G=[‘1Z (1)] (3.151)

s usyuenHo# panee oQHOCAONHOM cXeMbl MHOXHUTeNb Nepexona G
GBI IIPOCTO YHCJIOM, a ycJoBHEe YCTOHUMBOCTH MMeso Bug |G|<C 1.
B naunHom cayuae, koria G npejcrapiaser co60H MaTpuly, yCa0BHE
ycrodunpocTH (corsiacHo ¢oH HefiMaRy) HMeeT caeayioluHfi BHA:

A<, (3.152)
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1e A -—Bce BO3MOXHHe coOCTBeHHBIE 3Hauenus wmartpunw Gl).
CobcrBeHHOe 3HAYeHHe A MaTpHUBl onpenensercss Kak KOpeHb Xa-
PaKTePHUCTHYECKOI'0 yPaBHEHHS, KOTOpPOe MoJyvyaeTcss NpHpaBHuUBa-
HHEM HYJIO ONpENEeJHTENsl MATPHLbL, ¥ KOTOPOTLO H3 KaXXAOTo AHa-
FrOHaJbHOTO 3/eMeHTa BbluHTaercss A.) Takum obpasom, xapakTe-
pPHCTHYECKOE YpaBHeHHe [1Js1 onpefeseHHs MaTpuuel G 3amuchi-
BaeTcs Tak:
a—A 1

1 0—2
Korna G mnpexacrasasieT co60fi NPOCTO YHCJO, KAK B NPeIbIAYIIHX
pUMepax, OHO paccMaTpuBaercsi Kak oJHOMepHas maTpuua. Torxa
paBHeHHe JJIsi ONpeleseHHs COOCTBEHHOTO 3HAUYEHHS MNPHHUMAET
wual G — =0 umn A= G, nostomy ycnoBue (3.152) cBegercs

. mpeablaymeMy ycsaosuo (3.102), a umenno |G| << 1.) PackpuiBas
JIpeeJHUTe]b H pellias NOJydYeHHOe KBaJpaTHOE VPaBHEHHEe AAdA A,

HAXOIHM J(BA PEIICHHS:
he=la+ a7+ 14] (3.154)
YuuteiBad, uTo a = —2/ Csin 8 u a®> = —4Csin? 0, HMeeM

Ay =—1ICsin 0% 41— C2sin?6. (3.155)

B Tex cayuasx, koraa C?sin?6 > 1, KBaaparuoe NOJAKOPEHHOE BHI-
paxeHnHe OyIeT OTpHIATE/bHBIM, H TOTLA

Ar=1I[—Csin 0+ 4/C¥sin?0—1 | (3.156)

[pu atom abcosiorHas BeanyuHa |A|>> 1, uro o3HayaeT HeycTOH-
" yuBoCcThb. B ToMm e caywae, korja C?sin?0 << 1, aas wero, BooGIle
roBops, TpebyeTcs BLIIOJHEHHE YCJIOBHS

=0. (3.153)

I

c<, (3.157)

1as abCcoNOTHON BeJHUYHHB A TIOJyYaeM
| Ay P=C?%sin?6 + (1 — C?5sin?0), (3.158)
|[Ae|=1 mpu C<I. (3.159)

9To, OYEBHAHO, YIOBJETBOPSET YCJOBHIO yCTOH4YHBOCTH (3.152) B
NpefeJbHOM C/lydae PaBeHCTBA. AHAJOTHYHBIH pe3yJbTaT MoJayyaer-
csl TakKxXKe NpH JABYX HPOCTPAHCTBEHHBIX NE€PEMEHHBIX, HO 3/1ech AJS
ycTofunBOCTH Tpebyerca BuinosHeHHe HepaBeHcTBa Cy + C, << 1.

1) Yacro aas yrobersa 3To yoioeHe GOPMYJNHPYETCH TaK: AJS YCTOHIHBOCTH
CXeMH CIeKTPaJbHHI panuyc MmaTpuubl G He JOJKeH MNPEBHIIATL eIUHHUIE,
T. e. p(0G) < I, rxe p(G) == maxli,), a A, ectb p-e cOGCTBeHHOE 3naYeHHE
G. CnexTpanbHblit pajiHyC, OUEBHAHO, €CTb DAJHYC KDPYra B KOMILIEKCHOR mJIO-
CKOCTH, LEHTP KoToporo Haxoautcs B Touke (0,0) W BHYTPH KOTOpPOro nemxar
BCe COOCTBEHHDLIE 3HAYEHHSA. '
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MoxHo gymath, uTo aBaeMoe (3.159) suauenue |As|=1, or-
Beyaolee rpaHile YCTOHYHBOCTH, SIBJISETCH NpHEMJEMbIM JHIIb B
KpafiHeM cJyvae, HO B IEHCTBHTEJbHOCTH 3TO 3HaueHHE Ha)e Bechb-
Ma 3KenaTeJbHO, €CJH pelleHHe HCXOLHOro JIH(pdepeHIIHanbHOro
ypaBHeHHs He fABJSETCA 3aTyxalomuM. B camoMm gnese, ypaBHeHHe
Koupekuu# (3.144) npu OTCYTCTBHH BSI3KOCTH H TMOCTOSIHHOM U BBHI-
paxaer TOT GakT, 4TO NPOH3BOJBHOE HAUaJbHOE pachnpeieseHHe
¢ynkuun §(x, 0) IpOCTO CABUraeTCs CO CKOPOCTbIO KOHBEKLUHH U;
3HAYHT, AAS JI060ro cIBUra T O BpeMeHH pellieHHe 3TOr0o ypapHe-
HHSl HMeeT BUA

L(x, t+v)=¢(x —urt, 1) (3.160)

Takum o6pasoM, meroa ¢ou Helimana nokaswiBaeT, 4TO CXeMa
«4yexapjas» NpPaBHJIBHO MOJAEJHPYET OAHO H3 CBOHMCTB, NPHCYIIHX
pelileHHI0 HcXoAHOro aHGQepeHunaNbHOTO YpaBHEHHS MPH U ==
= const, a HMeHHO OTCyTCcTBHe 3aTyxaHus. Jlob6asi pasHoCTHas
cXxeMa AJa pelleHHs YpaBHEHHS JIJAA HEBS3KOH XHAKOCTH, Takas,
yto |G| <<1, obnanaer owubko#, o6yc/0BAEHHOH HCKYCCTBEHHBIM
UM YUCJEHHBIM 3aTyXaHueM. B mo6ofi cxoxsimeiicss pasHOCTHON
cxeMe 3Ta owmMOKa JAOJXKHA, KOHEYHO, CTPEMHUTbCS K HYJIO [pH
Ax—0, At =0, Ho npumenenue meroaa Hpou Hefimana noxasmpaer,
uTo cxeMma «uexapua» npH u == const u C = 1 obranaer Hy.eBoit
olH6KOH, OOYCJAOBJIeHHOH 3aTyXaHHeM, [a)ke NPH KOHEUHBIX Ax
u Ay.

HefcrBurensHo, B uyactHom ciayuae C =1 paccmarpuBaemas
cxeMa JaeT TOuHble pesyabrarhl, [Ilonaras 1= Af{, umeem
x—ut = x — CAx, nosromy npu C =1 pewenne (3.160) moxuo
NepenucaTb TakK:

grtl=pn . (3.161)

CuenoBaTenbHO, TOUHOe pewleHHe AHb(epeHUHAILHOTO ypaBHEHHUS,
ec/lH ero paccMaTpHBaTh B Y3JOBLIX TOUKAX KOHEUHO-Pa3HOCTHOM
CETKH, BBIpaxaeT NepeHoC BEeJHYHHBE § H3 TOYKH [ — ] Ha cJoe n
B TOUKY { Ha cjoe n - 1. Benuuura { 3a onMH 1lIar no BpeMeHH
IepEeHOCHTCS] ¢ KOHBEKTHBHOH CKOpDOCTBIO # Ha paccrosiine uAf,
a npu C =1 paccrosiune uAf paBuo Ax. Uepe3 1Ba BpeMeHHEIX wiara
TOUHOE peilieHue 6yIeT

gl =g, (3.162)

B pesysbraTte npuUMeHeHHS cXeMBl «uexapna» (3.146) npu C =1

noJryyaeM
prtt=sgn-t—gn o0 (3.163)

3aaaB NpaBuibHble Hada/JbHblE 3HAUEHHS COTJACHO YPaBHEHHIO
— #n—1 __sn—1

(3.161), a umenno %, ={7"! u {7 ,=1{}T;, nosayuaeMm, 4TO pas-

HocTHoe pemieHue (3.163) coBmajaer ¢ TOYHHIM pelleHHeM (3.162).

Takum obpasom, npu u = const 1 C = 1 cxema «uexapia» naer

TOYHOE pellenHe
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OnHako NpH NMpakKTHYECKHX THAPOJHHAMHYECKHX pacuerax, Ko-
rga CKOPOCTb MeHsieTCsd B NPOCTPAHCTBE, orpaHndeHHe Ha war Af
6yReT onpelenstbca (€CJIH He YUHTHIBATH JOMOJHHTE/IbHbIE YCI0XK-
HeHusl, 00YCJOBEHHbIE HEJHHEHHOCTBIO) HAHGOJIBIIHM 3HAUCHHEM U
B Y3JOBBIX TOYKax CeTKH. 3HauHT, BooOIle IOBOPS, HeJb3s MOJY-
yuth C = 1 Bo Bcex toukax. Ho mpu C <C 1 pasHocTHas cxema «ue-
xaplax» yxe He OyJZeT AaBaTh TOYHOTO peLIeHHS.

[Ipexne Bcero Bompeku pesyapraraM Merona (on HefiMmana
paccMaTpuBaeMol cXemMe MOXKeT OBITh HpHCYIe HEKOTOPOro poja
yUC/JEeHHOE 3aTyxaHue, XOTH 3TO oOBLIYHO He jgomyckaercs. Ha
puc. 3.10 mpencraBJeHb TpexMepHble rpadukn BennuHHBl [(X, f),
pPACCUMTARHOH MO CXeMe «uyexapAa» NpHM CHHYCOMAAJBHO MEHsIo-
weics Ha BXOAHOHN rpaHulle motoka seauunHe §(0,#)=sini Ilpu
C==1, xak BuaHO Ha puc. 3.10,a, nonyuaercs TOYHOE pelleHHE C
CUHYCOHJAJbHBIM 34KOHOM Ha BXOJHOH rpaHHLe, KOTOpOe IepeHo-
cuTcs 3a cueT KoHBekluH 6e3 3aryxanus. Ha puc. 3.10, 6 nocrpoena
JHarpaMMma, pacCudTaHHas C BJBOE MEHbIINM IIaroM HO BPeMEHH,

T. e. npu C = 1!/, $lcHO BHAHO, 4TO B 3TOM cJyyae MakKCHMYM
aMIJIHTY IRl TlepBoro rop6a yMeHbIIAeTCsl N0 Mepe ABMIKEHHs BHU3
no notoky. Puc. 3.10, 8 cHoBa coorserctByer C = !/, HO mnepuon

u3MeHeHHs { Ha BXOJHOH TpaHHlle H BeJMYMHA LIara 0 BpeMeHH
BuIGpanbl TakuM obpasoM, uTo6sl HX OTHouIeHHe (M war Ax) Gbian
TaKUMH Ke, KaK H Ajasd puc. 10,a; B 3ToM cJ/ydae 3aTyxaHHe OUYeHb
CHJBHOE.

37ech BO3HHKAeT BOIPOC OTHOCHTENbHO IPHMEHEHHs TepMHHA
«3atyxasue». Merox ¢on Hefimana cTajg HacToOMbKO LIHPOKO H3-
BECTHBIM, UTO «3aTyXaHHe» OOBLIUHO MOHMMAeTCsl B CMHICJE IOBeje-
nisi Gypbe-KOMIOHEHT Kak cayuail, korga |A|<< 1. Ouesuano, ecan
TEPMHH <«3aTyXaHie» O3HayaeT MO ompejeseHHio, uto |A|<< 1, ToO
cxema «dyexapAa» II0 onpelejeHHI0O He o00/jajnaeT 3aTyXaHHeM.
YMeHblleHHE Ke 3KCTPeMaJsbHbIX BeJWYHH AaMILUIHTYABI, KOTOpoe
BuaHo Ha puc. 3.10,6 u 3.10, 8, mpaBuJIbHO CBSI3LIBATH C JAHCIED-
cuoHHO# owubkoit!), koropas mposisasercd B Merose doH Hed-
maHa u Oyzer Kpatko obcyxXaaTbcs B janbHefinteM, Takasi TepMmu-
HOJIOTHSA Hesecoof6pa3Ha, H ee MOXKHO Jlake PEKOMEHA0BaTh B TeEX
caydasX, KOTJa HMeeTcsi B BHAY, UTO CXeMa B CaMOM jeJe MOXeT
BLI3BIBATbH YMeHbllleHHe 3KCTPeMaJbHBIX BEeJHYHH aMIJIHTYL BOJH.
B o6BIuHOM peuH TaKoe CBOHCTBO Ha3BIBAeTCS «3aTyXaHHEM»; UYTO
)e Kacaercd puc. 3.10, 8, To aydiue O6bl10 OB TOBOPUTb, UTO BOJIHA

1} Jucnepcronnyio ommnbky mu 6ynem obcyxkiath Ha crp. 123—124, a noka
OrpPaHHYNMCH KpaTKHM 3aMeuanneM. Ownbxka B BOJNHOBOM CKOPOCTH pasfiHuHa
AJs DA3MHYHBIX YPbe-KOMMOHEHT, TMO3TOMY Ka){Ias U3 HHX HMeeT pPassHuHYIO
CKOPOCTh KOHBeKHUWH. Takum o6pasoM, (ypbe-KOMIOOHEHTH HCXOAHOTO pachpese-
JeHHS] HMEKT TeHASHLUH <«PasMasbiBaThCH» HJH JHCOEPrHPOBATH B Hpolecce
pelleHys. Dta owH6Ka o6bUHO 60Jblle AJIE KOMIOHEHT C MeHblLIeH JJHHOH BOJHBLI
H, KOHeuyHO, 3aBHCHT or uucna Kypasra, npuyem npy C = | oHa He BO3HHKaeT.
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He 3aTyXaeT, a yMeHbIIAeT CBOIO aMIVIUTYAY IO Mepe ee NepeHoca
33 CUET KOHBEKIIHH.

OcHoBuiBasick Ha puc. 3.10, MOXHO clenaTb H JAPYyroe oudeHh
HHTepecHoe 3akKjaioueHHe. OObyHO He ofpailaloT BHHMAaHHS Ha TO,
YTO NPH pelleHNMH KOHEUHO-DPa3HOCTHHIX ypaBHeHUN AJs 3ajad, aHa-
JOTHYHBIX NpeicTaBjaeHHol Ha pHc. 3.10, cywecTByeT 0sa xapak-
TepHCTHUeCKHX mnapamerpa. llepBui#l mapaMerp mnpeacrasjiser co-
6ol uncyo KypaHra, KOTOpoe SIBJISeTCsl €IHHCTBEHHBIM l1apaMeTpoM
NpH peuleBHH KOHEYHO-pA3HOCTHOTO YPaBHEHHS BO BHYTPEHHHX TOY-
Kax. BropmM mapamerpoM sBasiercd ceTouHas uacrora N =
= 2n/Af, T. e. UHCJO BPEMEHHEIX CJOEB 3a IepHOJ H3MeHeHHs
(YHKIIHN Ha BXOJAHOH IpanHHIle [IOTOKA.

Cpasrenne puc. 3.10,6 u 3.10,8 OpUBOAUT K BHIBOAY, YTO MJS
¢uxcuporansoro C < | 3aryxaHue (yMeHbIIeHHe JKCTPEMaabHBHIX
aMIIMTY ) ochaabJasercsl ¢ yBeJHYeHHEM CETOYHOH YacTOTH B TOM
clydae, Korja certouHas dacrotra N mnpexpcrasiaser cofoli nesoe
gypcjo. Ho xorga N He gBiasieTcss uesabiM uucaoM (cayuail, uso-
OpaxeHHbi#t Ha puc. 3.10,2), TO NPOUCKOAHUT «HEAO3ATYyXaHHE» aAM-
MJIHTYAbl; KaK TNOKa3aHo Ha puc. 3.10,2, aMIJAUTYAB <«HEHO3aTy-
xaloT» Ha 15% OT aMmIMTYAB THKA Ha BXOJAHOH TpaHuLE, 4TO
o6ycaoBneHo Gas3oBbiMu omnbKamMu. JlanHBI 3hdexT Heanss noJ-
HOCTBIO OTHECTH 3a CUeT YCJIOBHA HA BBIXOJHOH TpaHHIE I0TOKA;
yXe IO TOTO, KaK IOYYBCTBYeTCs Kakoe-qHOO BJMSHHE 3THX YCJO-
BUit, HAaGJIOaeTcsl HeJ03aTyXaHHe aMIIHTY A Ha 8%,

CxeMe «uexapia» NMPUCYIIR TaKkKe APYrHe OWIHOKH H AHOMAJMHH.
Iuddepenunanbpuoe ypaBHeHue (3.144) sBifeTcs ypaBHeHHEM Iep-
BOIO NOPSAJAKA MO NPOCTPAHCTBEHHBIM II€DEMEHHBIM H MO BpeMeHH;
aas Beex x>0, { > 0 pelleHHe NOJHOCTBIO ONpenesseTcd 3aja-
HHeM HadanbHBIX ycjoBHil {(x,0) M rparHuHbx ycaoBuit §(0,1).
Ho pas navana BuIYHCJIEHMH NPH TNOMONIH AHCKPETHOrO aHaJjora
(3.145) Tpebyerca nBa HaGopa Haya/bHbIX YCJIOBHH, Tak KakK /s
pacuera 3HaueHn#i Ha (n 4 1)-M cjoe HeOOXOAMMBI 3HAYEHHS Ha
n-Mmu (n— 1)-M cnosx.

Takum o06paszoM, KOHEUHO-Pa3HOCTHOE ypaBHeHHe (aKTHYECKH
ABJSETC YpaBHEHHeM BTOPOrO NOPSAKAa IO BpPEMeHH H Tpelbyer
Haya/bHBLIX YCJOBHH {} ¥ §% 3TO aHaMOrHYHO 3aj@HHIO HAYAJbHBIX

sgauenuft {(x,0) u %%—t , At nuQdepeHINaNnbHOTO YPaBHEHHS,
4yTO Aenaer 3ajxauy mig AxddepeHnIHaNbHOTO YpaBHEHHS nepeonpe-
Oenennodl. Ina nonydenus ¢ nojxkHa GBITb HCOOJb30BaHA APyras
«pa3roHHasl» KOHEUHO-Da3HOCTHasf CXeMa, M0C/e Yero MOXKHO INpH-
MeHATb CXeMy «yexapjaa». Ecau Takasf <«pasroHHas» cxXema paaer
TOYHbIE Pe3yJbTaThl, KaK 3TO INpeANoJarajoch rocae obCyXKAeHHS
ypasHenus (3.163), To nocjeayiollee pelledle MO CXeMe «4yexapiaa>
npu C==1 Oyner ToynsiM. Ecau xe «pasroHHag» cXemMa BHOCHT
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omuGKy B 3HaueHus {2, To 3ta omubka Oyaer COXPaHATHCSH MPU MO-
CJAEAYIOIMIUX pacyeTax MO CXeMe «4exaplax.

Takum o6pasom, npaBH/IbHee TOBODHTb, YTO CXeMa <«dexapnaas
npu C==1 coxpauser, a He RaeT TOYHOe pelleHHe, 3aJlaHHOE Ha
epBOM BPEeMEHHOM cJoe, IS BCeX BpeMeH.

IpyruM TunoM oWMOKH cXeMbl «4exapia» (M BCeX HPYTHX
cxem) nmpu C < 1 sBasiercs ¢asosas ouiubka. Ilpu peweHun pud-
(epeHHHAJBHOTO YpaBHEeHHs Bce HayaJbHOe pacrnpefesense {(x, 0)
pacupoCcTpaHseTcss CO CKOPOCTbIO KOHBeKUHH . ITpH KoHeuHo-pas-
HOCTHBIX pacueTax pas/HuyHble (ypbe-KOMIOHCHTH HMeEIOT Da3HHe

g"\/\/\/\/

Puc. 3.11. ®ypbe-KoMnoHeHTa ¢ AJauHOA BOJMHE A =2Ax Ha npocTpaHCTBeHHON
ceTKe GeCKOHEUHOH MNPOTAXKEHHOCTH.

CKOPOCTH KOHBEKIHH, IIPHUYEM CKOPOCTb KOMIIOHEHT ¢ HauGoJblieH
IJHHOH BOJHBL A npubauxkaeTcs K NPaBHJIBHOMY 3HAYeHHIO 4, a
KOMIOHEHTH C MEHBLUIMMH JUJIMHAMH BOJIH paclnpocTpaHfOTes ¢
MenbluMu ckopoctsamu. PasoBas omwnbka Gyaer nojapobro obey-
Kaatbces B pasa. 3.1.13, HO 3TO sBJMeHHWE Jerko NPOAEMOHCTPHPO-
BaTh, paccmarpuBas (cM. pHC. 3.11) HaHUMEHbIIYIO BO3MOXKHYIO [IJIH-
Hy BoJHB A = 2AX Ha MpocTpaHCTBEeHHO! ceTKe GecKoHewHOH mnpo-
TAx)eHHocTH. [1i1s o6IHOCTH BO3MylLleHHs HA (7 — 1)-M H n-M Bpe-
MEHHHIX CJOAX B3ATH C PA3JHYHBEIMH aMILIUTYAaMU, YTO COOTBET-
CTBYeT HCMOJIb30BAHHIO «Pa3roHHON» CXeMBl, A/ KOTOPOH He BBHI-
noansercs yciaosue G == 1.

Hs puc. 3.11 scHo, uto

oL |* ?+1"’€’i1—1
'Y i=——ﬂ—x———0 (3.164)
ans seex i. Takum obpasom, M=, {"*2=¢" u t1. 1. 3Ha-
YMT, 3J€Ch HMEeT MECTO uepeJOBaHHe ABYX HUCKYCCTBEHHO 3aJaHHBIX
HavyaJIbHEIX pacnpefeseHdil ¢ OPOH3BONBLHON aMIIHTYAoH. Pypbe-
KOMIOHEHTa C AJHHON BOJHB A = 2Ax ABJSETCA HOAHOCTLIO (TA-
YUOHAPHOU, TIpUYeM HMeEeT MeCcTo INogHas omHbKa ¢dasoBoft CKo-
pocTH.
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D10 cTpaHHOE NOBeJeHHe COBMECTHMO C TeM, KazaJock 6bl, Ipo-
THBOpedalluM eMmy ¢hakToM, uTo cxema «uexapfa» npu C =1 co-
XpaHseT TouHoe pelreHHe. Ecau HayaTh pacueT ¢ TOYHOTO DEIIeHHS

m={" |, TO AN KOMIOHeHTH ¢ A = 2Ax cjeayioiiee npaBHJbHOE

pemrenne B caMoM pene Oyaer {3+l ={t~1=1""1, Slcno, uTO, XOTA
cxema «yexapja» HMeeT BTOPOH NOPANOK TOYHOCTH, 8 OeiicTaurens-
HOCTY TOYHOCTb ONPEOeARETCS TOYHOCTHLIO «PA320HHOLU» cxembl, HC-
noJb3yeMOR Ha HayaJbHOM craguu pacueral), ,

OnuIT pacueToB NOKA3LIBAET, UTO SIBJEHHS, IPOAEMOHCTPHPOBAH-
Hble Ha 3TOH MOJAENbHOH 3ajaye C NMOCTOSSHHOH CKOPOCTbIO KOHBeK-
IIMH, BO3HHKAIOT TaKxke H B HeJHHeflHHIX 3ajauax. TakuMm o6pasow,
B NPaKTHYeCKHX pacyeTax BCEer1a HMeEeTCs BO3MOXKHOCTb pacCHAEHe-
Hus pewenus no epemennvin waean (Jluaan [1965]), xorna pas-
BUBAIOTCA [BAa HECB3aHHBIX PACUJEeHEHHBIX peEIeHHsi, UePeaYIOMINX-
csl Ha KaxkjaoM lare. 3aMeTHM, 4TO, NMOCKOJbKY 0¢/0f = 0, u3mene-
HUe BpeMeHHOro liara He NpHBELeT K M3MeHEHHIO JBYX pacuseHeH-
Hpix pewrenuft! JIuanu [1965] ykasadn, 4To Takas «HeyCTOHYHBOCTH?,
CBSI3aHHA® C pacuJeHeHHeM pelleHHs [0 BPEMEeHHBIM Liaram, 10
BCell BUAMMOCTH, PAa3BUBAETCH IPH NPHUONHIKEHHH K CTAaHHOHADHOMY
COCTOSIHHIO. ABTOD HACTOsILIed KHHTH TaK¥Ke CTaJKHBAJCH ¢ ITHM
SIBJIEHHEM B Cjydae ypaBHEHHH A/ IJIOCKOTO TeUeHHs jaxke IpH
HaJHYHHA BA3KOCTH. I1pH pelleHHH 3axayn o6 o6TekaHHy 0GPaTHOrO
yCcTyna 3a cueT BSI3KHX UJEHOB (KOTOpBle He MOTYT OBITb paccMoT-
peHbl ¢ TNOMOIIbIO CXeMBl «4exapiaar, c¢M. pasi. 3.1.7) Bo3HHKJA
TeHJEHIUS CBECTH BOEJHHO ABA PACUNCHEHHEIX pelleHHs, HO MpH
NPpUGAHKEHHH K CTAallHOHAPHOMY COCTOSIHMIO pacujieHeHHHe pellle-
HUS DPa3BHBAJIKCH Ja)Ke NPH CTOJb MaJoOM 3HAuYeHHH dYucaa Peii-
HoJbACA, Kak Re == 100 %),

Cxema «uexapaa», pacCMOTPeHHas [JI KOHBEKTHBHHIX YJIEHOB,
npuMeHMMa Takxke AJA TeueHHH ¢ MaaeiMH Re (XwmH u Makano
[1966]) u ana TedeHHH HeBSI3KOH KHUAKOCTH NpPH YCJAOBHH, YTO
TOYHOe HayaJbHOe pellleHHe PACCUHTLIBAETCA OTHENBHO M 4TO CTa-
IIMOHAPHOEe COCTOAHNE He JJOCTHraercs.

1}y s toro 4ToOH NOJMYYHTH XOpOLl€e HAauasbiHoe pPeLIeHHE, MOXHO 6paTh
MeHblIHe BeJauuuHel Af aas nepwx 10—20 maros mo BpeMeHH, HCNOJB3YS Ka-
Kyo-1160 xByxciofinylo cxeMy. OIHaKo BONPOC O HAYaJlbHOM peINeHHH HerpH-
puajiied. Hanpumep, [Monmxkep [1971] mokasan, uro B c/iyyae HCNOJb30OBAHHA
CXeMBl «Yexapia» IJis NDOU3BOLHEIX [0 BPEMEHH B YDaBHEHHSX [IJA HeBA3Kof
XKHUAKOCTH HayasJbHOe DelleHHe OKa3BIBAeT CYUIeCTBEHHOE BJHAHHE Ha HeJUHeH-
HYH0 HeyCTOHYHBOCTb NMPH GOJIBUINX 3HAUECHHAX BPEMEHH.

2) ®pomm [1967] coobuinn, uro Muuny [1965] ymanoch uabaBuThCS OT Ta-
KOro pacu/ieHeHHs DEeIleHHs M0 BpeMeHHEIM waraM (KOTOpoe OH HasBaa (asoBoil
HeyCTOfUMBOCTbIO), TEPHOJAMYECKH noJaras pelleHde Ha (n—1)-m cioe pag-
HHIM pelleHui0 Ha n-M caoe. Ho He scHO, KaK 4acTo 3TO HAi0 HeJaTh, KOrjia
HaYHHA4TH H KAK 3TO MOBJHSeT Ha HeCTalHOHApHOe M CTAlUHOHAPHOe pelleHHd.
Bonpoc o cBoficTBax pelneHnfl, pacu/ieHeHHBIX II0 BPEMEHHEIM WIAaraM, OCTAETCH
OTKPHITEIM,
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B cxeme «uexapma» (M BO BCeX CXe€Max BTOPOTO MOPAAKA TOYHO-
CTH C LEHTPAJbHBIMH Pa3HOCTAMH IO MPOCTPaHCTBEHHBIM INEpeMeH-
HBIM) HMEIOT MeCTO M [ONOJHHTeJbHBE OmHOKH. PaccmoTpuM Ko-
HEUHO-DA3HOCTHYI0 CXeMYy, y KOTOpoH HauboJbllee 3HAaUeHHE [
pasHo /L. [IpuMenenne cxemel «uexapias (3.145) pja BeiuHCJIeHHS
{"#! morpeGoBano Gl 3HAUeHUs] BeJMYHHBI [} ., B TOUKe, KOTOpas

HAXODUTCS BHe pacueTHoN cerku. IloatomMy B Touke /L Heab3s
IPOBECTH pacueTsl M JJs onpelejnends {7F! tpebyerca saxaThb unc-

JieHHOe TPaHHuHOe ycJjoBHe B /L.

[Mono6Huble ycnoBus OyayT paccMaTpHBarbCs B pasig. 3.3, a
3eCh MBI JHIUb YKaxeM, 4TO TakKoe TpeboBaHWE aHAJIOTMYHO HEOO-
XOJAHMMOCTH 3a/JaHusl ByX HabOpOB HauaJbHBIX YCJOBHH M BeleT K
nepeonpeleNleHHOCTH 3afauu Anasa AuddepeHInaIbHOT0 YPaBHEHUS,
3ameTHM Takxe, 4TO OOLIYHO HCIOJb3yeMOe YCJOBHE pPAaBeHCTBa
HYJIO TpajieHTa AJs 3aJaHUA YCJOBHS Ha BXONHOH rpagune mo-

Jp—

ToKa (cM. pasi. 3.3.7), Korma moJaraior It ==}, IPUBOMHUT K
N3HKEHHIO CTALHOHApPHOH (B IPOYHUX OTHOLIEHHSX) (¢yphbe-KoMIo-
HEHTHl ¢ AJUHOH BOJHH A == 2Ax, HO 2TO ABHMXKeHHe He HUMeeT HHU-
yero oOIIEro ¢ TeM, YTO HMPOUCXOAHT HpH KoHBeKuHH. C pocroM
BpeMeHH 3Ta (ypbe-KoMIOHeHTa ¢ A = 2Ax 3aryxaer 10 ceTke
cnpaBa (0T BHIXOAHOH rpaHHUBl NOTOKA) HAJeBO, TOTLa KaK HacTosd-
iasi KOHBEKIHs pa3BHBaeTCH CJIeBa HAMpPaBo.

Takoe HenmpaBuJbHOe TpeGoBaHUe, COCTONIEE B 3aAaHUA JONOJ-
HHTEJBHOrO YCJAOBHS Ha BBIXOLHOH I'PaHHMIE NOTOKA, SIBASETCH CJel-
CcTBHEM OIIMOKH elle OAHOTO BHAA, a HMeHHO OOycJOBJIEHHON Ha-
pylleHHeM CBOHCTBA TPAHCHOPTHBHOCTH, KoTopad OyaeT o6cyKaaTh-
Cs1 HHKe.

¥Ynparxcrenue. TIpn MOMOLIM BLIYHC/IEHHN BPYYHYIO H TeOMETPHUECKHX COO0G-
pﬁ}K&HHf/'I npoBepHTDb, UTO CXeMa <«deXapJddr» Jaer IpaBHJIBLHOE [MOBEJCHHE Dpelle-
HHSl Ha JIeBOH rpaHHlue (BXOAHasl rpaHuua MOToka). 3aJaB HayajJbHOE YCJAOBHE,
BKJIOYAIOllee TOJbKO KOMIOHEHTY ¢ A == 2AX, H 3a(QHKCHPOBAB IPaHHUHOE yCJO-
BHe Ha BXOJHOI TpaHHlle IIOTOKA [JJsi BCeX MOMEHTOB BPEMEHM, HauaTh pacuersl
no cxeMe «uexapaa» npu C = 1 Ipy TOYHOM DpelUEHHH Ha BTOPOM BPEMeHHOM
cJIo¢e. HOKa3aTb, qT0 IOpH C = | HavaJbHH l'IpOd)HJlb npaBHJBbHO pacnopocrpa-
HaeTcs N0 CeTKe.

CJIeILYET TaKXKe 3aMeTHTb, 4HYTO Ha3BdHHe «HeXapha» TMpHMe-
HAETCA AA MHOIHX CXeM, OTJHYAIOWIHXCA BHAOM allIpOKCHMAaNHH
NpOCTPaHCTBEHHLIX NMPOU3BOAHBIX, HO BC€ OHHU SABJAIOTCH Tpexcnoﬁ-
HbIMH H HCIOJAL3YIOT LeHTpaJdbHble PA3HOCTH II0 BPEeMEHH, KaK H
TOJIbKO YTO paCcCMOTpeHHAas1 CxeMad.

3.1.7. Cxema «yexapga» [wodopra— MpaHuena

Kak 6bs10 MOKa3aHo, NPH HCIOJb30OBAHUH IEHTPAJbHBIX Pa3HO-
crefl Kak 1O BpPeMeHH, TaK H 0 NPOCTPAHCTBEHHBIM IEepeMEeHHBIM
A% annpOKCHMalUH MOARJBLHOIO yPaBHEHHA, ONUCHIBAIOIIETO Teue-
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HHe HeBSI3KOH KHAKOCTH, cxeMa «uexapiaas o6/Janaer HeKOTOPHIMH
KeNaTeNbHbIMH CBOHCTBaMU, BKJIOUasi BTOPOH NOPSIZOK TOYHOCTH
IO HPOCTPAHCTBEHHBIM NEepPeMeHHBIM H 10 BPEeMeHH ¥ TOT (DakKT, 4To
MHOXHTeNb hepexoga |G|=1. K coxaneHnio, sTa pasHOCTHas
cXema, IpHMeHeHHAass K ypaBHeHMIO Au(Qy3uHu, NPpHBOIAHT K Geayc-
JOBHO HeycToHumnBoli cxeMme Puuapacona. Tak kak |Gl|=1 nas
ypaBHeHHs, COfNepKallero TOJbKO KOHBEKTHBHBIH 4JeH, a JJIs1 ypas-
HeHuss audodysuu |G|> 1, TO HEYAHBUTENBHO, UYTO pPaA3HOCTHOE
ypaBHeHHe (3.17), BK/IOHamoollee KOHBEKTHBHBIH H Au(Py3HOHHBIH
4JeHbl, TaKxKe 0e3yCI0BHO HEYCTOHUHBO.

HekoTophle aBTOpel KOMOHMHHDOBAJIH CXeMy <«uexapaas, HMeio-
wyto omubky nopsaka O (A%, Ax?), 1/ KOHBEKTHBHBIX YJEHOB CO
cXeMo#, HCHOJIbL3YIoleH PA3HOCTH BIlepell 10 BpPeMEeHH H IeHTPaJb-
Hble PAa3HOCTH MO MPOCTPAHCTBEHHBIM MepeMeHHbIM (Ha HHTepBaJe
2At) u nmeromedt ownbKy nopsaka O(At, Ax?), 1as a1upPy3HOHHBIX
4JIEHOB:

G-t ulio —uliy | ST HLS -2t

oA 2 Ax +o Ax? - (3.169)

QopMaabHO MOPALOK OWUOKH anlpOKCHMAIUH COOTBETCTBYET BeJH-
ynHe owtuOKM npu Ax — 0, Af — 0, nostomy ofuas omubka anmnpo-
KCHMalliH J1J51 KOHEYHO-Da3HOCTHoro ypaBHeHHa (3.165) Oymer Be-
auunnoi nopsaka O (Af, Ax?). Ha npaxruke BesnunHa Tako#t owuob-
Ki MoxeT ObiTb MeHblle. [IpH Masbix, HO OTJHYHBIX OT HyJasa Af
MOXHO CYHTaTh, 470 @ = l/Re = O (A¢}. B aroMm caydae nepsbli
orbpacuiBaeMblil uned B psage Te#inopa auddysnonnoro yjiena Oy-
net uMmerb nopsinok Ofa(Af, Ax?)], a Bernuuna cymmapHoOil OWHGKH
ans ypaBHeHHs (3.165) — mopsanox O (Af% Ax?). Ycaosue ycrofiun-
BocTH AJs ypauenus (3.165) Oyzer onpenensitbcsa Haubosee XKecT-
KHM 43 YCJOBHHA, CBSI3aHHBIX ¢ KOHBEKTHBHLIM 4JeHoM, C=
= ulAt/Ax < 1, u ¢ aupQy3uoHHBIM uieHOM, d = alAt/Ax? < 1/
(Yero#unBOCTh A/ KOHBEKTHBHOTO M JAHGQY3HOHHOIO HJIEHOB BO
MHOTHX CJydasx, HO He BCerjaa, MOXHO HCCJIel0BaTh pa3iesbHO;
cM., manpumep, Kacaxapa [1965].) Ia3pecrHoii siBHOH cxemoi,
ycTpaHsiomei orpaHnyeHye, o0ycaoB/AeHHOe AHPGYSHOHHBIM uJje-
HoM, sBasiercs cxema [iodopra u Ppanxena [1953]. Ity cxemy
IJis peuleHHs MHOTHX 3ajad TMAPOAMHAMHKH C YCIIEeXOM HCIIOJIb-
3QBasH pasHble aBTOPb, Hanpumep, [lefn [1958], Ppomm n Xap-
noy [1963], ®pomm [1963, 1965, 1967], Amcaen u Xapsaoy [1964],
Xuin u Makano [1966], Toppauc [1968].

B nuddysnonHom usede ypanuenus (3.17) 3uHauenue ¥

B [EeHTPaJbHOl Y3J0BO# TOUKEe 3aMeHseTCs CPEAHHM [0 BpeMeHH
sHayenueM aas (n -+ 1)-ro u (n — l)-ro caoes, 4T0 paer
+1 -1 n n n n g+l __ pn—l
G- abi — el +a§i+1+§i—x & 4
2 At 2A0x Ax?

. (3.166)
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HecMoTpss Ha TO 4To 3Jech B NpPaByl0 4YacTb BXOASIT 3HAYEHHs Ha
(n 4 1)-M cnaoe, 3TH 3HaueHHs OTHOCsTCH K Touke I. CuenoBaresb-
HO, ypaBHenue (3.166) MOXKHO SIBHO paspelIHTh OTHOCHTEJNbHO {7+

- At 20At /.p -
| g = Ax (ulfpr —uli_y) + sz (Ch+ e~ 1)
gl = Sa Al (3.167)
v

Ilpn nmomowmn merona ¢on Helimana jmas ananusa ycTONYHBOCTH
MOXKHO y6eAuTbC B TOM, YTO €AHHCTBEHHBIM YCJOBHEM YCTOHYH-
BOCTH AJsi ypaBHeuusi (3.167) gaBasiercs ycnoue C <1, Kak B
cayvae HeBs3KOIl KHAKOCTH. B MHoromMepHoM ciaydae npu GOJIBIIHX
Re BOo3sMoxHO ocsabnenne 31oro ycnosus Gosee yem Ha 50% (owm.
Hlyman [1975]).

Ora cxeMma obaagaer HHTepeCHBIM cBoiicTBoM. Ecan ¢dyHKIHH,
BXOAsllMe B ypaBHeHde (3.167), pasnoxuTh B paawl Teftnmopa (Kak
B pasd. 3.1.5. B), To moayuurcs ypaBHEHHE TUNepGONHIECKOro THIA:

At 2 92 d 2

o) FHa =g ten G169
YcroitunBocts cxeMsl Jdodopra — PpaHKensa «MOXKHO CUHTATh
00yCcJOBJEHHON HaJguyHeM rHnepbOJHYECKOTO ujeHa B ypaBHEHHH
aubbepenunanbaoro npubamkenus» (diodopt u @panken [1953]).
Takum o6pa3oM, KOHEUHO-PA3HOCTHOe ypasHeHHe (3.167) anmpok-
cuMupyer HcxoAHoe aHbdepeHnHaJbHOE YpaBHeHHe (T. €. IpHU
Ax —0, Af >0 cTpeMHTCH K MOAeNbHOMY ypaBHeHHio (2.18), co-
JepKalleMy KOHBEKTHBHHIH H IH(GGY3HOHHBIH UYJEHBI) TOJbKO B
ToM cayuae, korga Ax— 0, Af — 0 rak, uro Af/Ax— 0. Ecau xe
Ax — 0, At =0, no At/Ax % 0, To KOHeUHO-pa3HOCTHOE ypaBHEHHE
(3.167) Oyner anmpoKcHMHpoBaTb ypaBHeHuHe (3.168) runepGouH-
YeCKOTO THIA.

Ha npaktuke xapakrep crpeMmaenust Ax >0 n Af — 0 ne BHOH-
paeTcs M MOHSTHe aNNPOKCHMAaLMH CTAHOBHTcA HedeTKHM. Ho ypas-
nenue (3.168) naer mpakTHuecKoe PYKOBOACTBO AJs pacueToB. Ecau
CXOAMMOCTb HeCTAIllHOHADHOTO pelleHHuss mpoBepdercsd (K4aK 3To
o6BIYHO JesaeTcsi Ha MpakTHKe A5 O6LIKHOBEHHBIX AH((epeHIH-
aJbHBIX YpaBHEHHH) YHCJAEHHO MNYTEM IepecyeTa pelleHHs ¢ BABOE
MeHBIIHM [arom Ax, To Af cienyeT ymeHbllath GoJee yeM B 4 pasa
(Puxtmaiiep [1957]). Ecau kK TOMY Ke NepeHecTH BTOPYIO IPOH3-
BOJAHYIO N0 BpeMeHH B NpaBylo 4acTb ypasHeHus (3.168), 1o mo-
JYIHTCS

9 9% 2 2
S =—lu5-+a ax2 + O[AL2, Ax2, a (At/Ax)3. (3.169)
Orciofia BHAHO, UTO paccMaTpHBaemas cxeMa HMeeT BTOPOH Iops-
0K TOYHOCTH TOJBKO B ToM cayuae, korjga o (Af/Ax)% madno. Hei-
CTBHTEJILHO, JJ8 [epBOro MopsjKa TOYHOCTH IO BPEMEHH IIOoJydaeM
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ycaosue O [a(Af/Ax)?] = O (Al), uau ali/Ax? = O(1). dto cos-
najaer ¢ ycjaoBuem ycrofuuBoctu (3.72) d << /s ans 1mpocroii
CXeMBI C PA3HOCTSIMH BIlepeJ N0 BPEMEHH U HEeHTPa/jbHBIMH PasHOo-
CTAMH N0 MNpocTpaHCTBeHHBIM nepemeHdbiM (BBILIIT), umermei
MepBLI MOPSAOK TOYHOCTH MO BpeMeHH.

Mpi yxe yKasbiBajH BbLILE, YTO KOHEYHO-PA3HOCTHBIE aHAJOIH
MOryT BOCIIDOH3BOJHTbL HEKOTOpLIe CBOHCTBA JH(depeHlIHaNbHBIX
ypaBHeHu#l faxe 6e3 mepexoia K npexeny npu Ax — 0, At — 0. Ta-
KOBBIMH CBOHCTBAMH SIBJSIIOTCST CBOACTBO HE3aBHCHMOCTH INOpSIAKa
nuddepennupoanns 8% /8x8y = 8%f /dydx, cBONCTBO KoHCepBAaTHB-
HOCTH, PABEHCTBO eAHHIIE MHOXKUTENS Nepexofa AJs CXEMbl «ue-
Xapjaa» H CBOACTBO TPAHCHOPTHBHOCTH, KOTOpoe OyJeT KpaTKo pac-
CMOTpPEHO HHiKe. YpaBHeHHe AHGY3HH, paccMOTpeHHoe Bhlle, 00-
Jajdaer CBOHCTBOM OrpaHHYEHHOCTH, KOTOPOe 3aKJAKuaeTcs B TOM,
uyro {(x,?) HHKOrga He NMPeBOCXOAUT MaKCHMAaJbHBIX 3HAUEHHH Ha-
qaJbHLIX W TPaHUUHBIX YCJAOBHH '), MOCTaBJEHHHIX Js YpaBHEHHS
0t/0t = a0%/0x%. DTO chnpaBelHBO H AJs KOHEUHO-Pa3HOCTHOH
CXEMBI C PA3HOCTMH BHepej [0 BPeMEHH M HEeHTPaJ/JbHBIMH Pa3HO-
CTSIMH 0 NMPOCTPAHCTBEHHOA MepeMeHHOH NPHU YCJIOBHH, UTO pacuer
yeroiuuB. (Kak ykaseliBasmocs B pasa. 3.1.5. a, 370 CROMCTBO MOXKHO
BBIBECTH H3 YCJOBHSI OTCYTCTBHS OCHUJAJASUUH, 0O0YCJOBJEHHBIX
ypeaMepHO OoabUINM IiaroM no BpeMmeHH.) I'opaod [1968] mnoka-
3aJj, yto cxema Hiodopra — PpaHxena He oTpaxaer TaKoro nose-
JAeHHsl H3-3a HaJuuus wieHoB nopsiaka O(Af, Ax) u 370 ABaseTcs
ee JOMOJIHHTeJIbHBIM HEeJOCTaTKOM.

Teitnop [1970] nokaszan, uTo rpaHHuHBIE yCJaoBHS THna Hefi-
MaHa (3ajaHHe BeNHYHHBI TpajHeHTa ) MOTyT INIPHBECTH K He-
YCTOAYHBOCTH YHCJEHHOTO pellleHust ypaBHeHus AudPy3uu no cxeme
Hiohopra — Ppankena, eciu NpejacTaBieHue pasHocTell B I'paHHY-
HBIX TOYKax IJIOXO COIJIACOBAHO CO CXeMOH pacdyeTa BO BHYTpEH-
HHX Toykax. [lo-BHAHMOMY, TaKoe COIJIACOBaHHE HE CTOJIb BaXKHO
LJs TedeHHi#l ¢ GOJAbIIHMHM Re, HO CylIeCTBEHHO sl TeUeHHH ¢ Ma-
JAbiMH Re u B 3amauax auddysuu. Angen [1968] croakuyics ¢ ne-
KOTOPBIMH TPYJHOCTSAMH PeLleHHA y IDAHUIBI NIPH IPUMEHEHHU 3TOH
CcXeMEl K ypaBHEHMAM, ONHCHLIBAIOHIUM TeYeHUS! CIKHMaeMOH Kuj-
KOCTH.

Hecmorpsa na To uro cxema [liodopra — Ppankena obaapaer
HEKOTOPHIMH HELOCTAaTKaMM, OHa HMeeT Te NpeHMYLiecTBa, YTo siB-
Jsietcsl ABHOH H abCoJIOTHO ycToHuHBOH. B mpakTHueckHX pacuerax
¢ QUKCHPOBAaHHBIMH AX W MaJ/JbIM ¢, KaK OTMEUEHO BhIlle, PA3HOCT-
HOe ypaBHEHHe MOXKeT HMeTb «BTOPOfl NOPAJOK» TOUHOCTH B CMBICJIE
MAaJIOCTH BeJHUYHHB OLIHOOK, & He B CMBbICJe AefCTBHTEJILHOrO IO-

'} B npuMeHeHHH K YDaBHEHHIO TeNJIONPOBORHOCTH 3TO CBONCTBO CBA3AHO
CO BTOPHIM 3aKOHOM TepMOAMHaMUKH. TeMmmepaTypa 3aMKHYTOro o6beMa Bellie-
CTBa, ompejessieMas TOJbKO Aupdy3Hefi, He MOXKET NPEBHILIATH CBOETO HAHOOMb-
lIero HAyajbHOrO 3HAYEHUs] M CBOEro HAKHGOJbIIEro 3HAaueHHs Ha rpaHuue ofbeMa.
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panka touHoctH. [lupcon [1965a,6] mnokasan, 4To B HEKOTOPHIX
npakTHueckux pacuerax cxeMa Jliodpopra-— Opankena spasercs
6oJiee TOUHO, UeM cXeMa C pa3HOCTSIMH BIlepe] N0 BpPeMeHH U
LEHTPaJbHBIMH PA3HOCTSIMH 110 MPOCTPAHCTBEHHOH NMepeMeHHOH (CM.
tTakxe ®pomm [1964]).

KoreuHo-passocTHoe mpexacraBiaenne [Miodopra — Dpankena,
paccMoTpeHHoe s AHPOY3UOHHLIX UJIEHOB, MOXKHO HCIOJMB30BATH
Il B COUYETAHHH C APYTMMH TPEXCJOHHBIMH cXeMaMH JJI KOHBEKTHB-
HBIX YJIEHOB, HO IIPH 3TOM KaxKiblil pa3 HeOOXOAHMMO HCCJAEA0BaTh
yCTOHYHBOCTEL NOJHOTO YpaBHeHHsi. EAMHCTBEHHOH ApYrod oanolla-
roBOHl IBHOH abCOJIIOTHO YCTOHUMBOH cxeMofl /s ypaBHeHus Aub-
¢bysuu aBaserca ofHa u3 cxeM Cayabea (Caynben [1964], Puxr-
maiiep n Mopron [1967], Kapnaxan u nap. [1969]; cM. rakxke
pazx. 3.1.17). Kax nokaspiBaer HeonmyOJHKOBaHHOe HCCIeNOBaHHE
aBTOpa, 3TOT MOAXOJ 0Ka3a/Ccsl HeMPHMEeHUMBIM K IIOJHOMY ypaBHe-
HHIO, BKJIIOUAIOLIEMY KOHBEKTHBHuIA M jaucdy3uoHnblil unensl. [Ipu
npuUMeHeHHH NI000H W3 3THX cXeM K KOHBEKTHBHBIM uJeHaM AJs
moboro uncna Kypanra C > 0 mosyuaercs TO ke orpaHduenye Ha
lar no BpeMeHH, KOoTopoe onpefneasercs AHGGYSHOHHBIM UjIeHOM
IJisl IPOCTON CXeMBbl ¢ PA3HOCTSIMH BIlepel MO BpeMeHH W LEeHTPaJb-
HBIMH Pa3HOCTSIMH IO NpPOCTpaHCTBeHHOH mepeMeHHo#l. Kpome rtoro,
cxema CayabeBa B JIefiCTBHTENBHOCTH OKA3bIBAeTCsl HEABHOM o rpa-
HHUHBIM YCJOBHAM, KOTOpble TpeOyIOT 0coB0ro paccMOTPeHHs IIpH
rUApOJHHAMHUECKHX pacyerax.

[ToyuutesnLHO paccMOTPeTb JABYXCJAOHHYIO CXeMy, aHAJOTHYHYIO
cxeme Jwdopra— Pparnkena. Aaznen [1968] 3ameTns KosapHylo
JOBYIIKY, UMeIOLIylocd IIPH 3ToM noaxone. PaccmarpuBas cxemy
C pa3HOCTSIMH BIleDel IO BPeMEHH H LEHTPAJbHBIMH Pa3HOCTAMH
mo npoctpancTBeHHoll nepemenHofi (BBIIIT) ans ypaBHeHus guc-
¢bysuu

YA R TS

At Ax? ’

(3.170)

3aMeHHM, Kak # B cxeme Jiodopra — ®Ppankesa, 3HayeHHe B cpel-
Heil Touke {? B anddysnonsoM unene Ha {?*'; aTo nact

n+l1 n n n n+1
& "‘Ci__a i1+ 8 — 25

At Ax?

(3.171)

Orciona MOXHO B sBHOM Buje HaliTh asnauenne [f*'.  Meron

¢on Heiimana nccienoBanus yCTOHIMBOCTH NOKa3biBaeT, 4TO (Kak

H MOXHO HaJZesiTbcsl) Takas cxeMa abcosioTHo ycrofiyusa. Ho moc-

Jle IPOCTHIX ajre6panyeckux NpeobpasoBaHHH 3Ty CXeMy MOXKHO Ie-
penucarh Tak:

gt - —y Bip1 + 80 — 267

At’ Ax? i

(3.172)
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rae
At

r__
At = 1 4 20 At/Ax? °

(3.173)

Tenepr ycJioBue YCTOHUHBOCTH AJf ypaBHeHus (3.172) umeer BunR
At << YoAx?/a; B TO Xe BpeMs M3 paBeHcTBa (3.173) npu Af — oo
caenyet, 4to A" — /sAx?/a. Mnaue rosops, cxema (3.171) npexn-
craBJyseT co6o¥ Bcero Jullb 3aBYaJHPOBAHHYIO NPOCTYIO CXeMy ¢
pa3HOCTAMH BIepel MO BPEMEHH H LEHTPAJBHLIMH Pa3HOCTAMH 1O
NpOCTPAHCTBEHHOH NepeMeHHOH ¢ omubo4yHO npeialonaraeMoil Be-
JUUHHOH Llara TMo BpeMeHH (oliuBOUHO MpeAmoJgaraeMof, Tak Kak
noJib30BaTeNb AYMAaeT, YTO Pe3yJabTarT, NOJYYEHHBIH Docjde s 11aros
10 BpeMeHH, COOTBETCTBYET MOMEHTY BpeMeHH nAf, B JeHCTBHTENb-
HOCTH K€ OH COOTBETCTBYeT BpeMeHH nAf’) ).

[Tonesno paccmorpers cxeMy [Hiwodopra — Ppaukena B npume-
HEHHH K CTAllMOHAPHOMY TEUeHHIO. B 9TOM cayuae

=3 @+ (3.174)

H JIEFKO BHAETh, uTo cxeMa [iodopra — Ppaunkena anreGpaudecku
SKBHBaJICHTHA cxeMe Puuapncona (cxeMe «uexapiaa» Kak AJS KOH-
BEKTHBHBIX, TaK H Jad AHOGPY3HOHHEIX uiseHoB). OJHAKO aHaJu3
nokasbiBaer, yto cxema [wodopra — DPpankena ycrofiuusa, B TO
BpeMsi KakK cxeMa Puuappcona 6esycioBHO HeycTohunBa. Paspere-
HHE 3TOTO TAapajoKca CBS3AHO C HaeeHd KOPPeKTHOH MOCTAHOBKH
3alauyd HJIM YYBCTBUTEJBHOCTH PelleHUs K HayaJbHBIM aaHHbiM, [To-
CKOJIBKY HEKOTOpble CIelHasbHble Cydyay HeCcylleCTBEHHH JJs npakK-
THYECKHX pacueroB, Mb He OyAeM paccMaTpuUBaTh yCTOHYHBOCTL B
sTux cayyasx. Torna, ecan

g;z_—_.;_(g;m + &) +e, (3.175)

rie e; — IMPOM3BOJIBHO Mansle, HO He BCE TOXK/GCTBEHHO DaBHBIE
HYJI0 YHCJa, TO pacdeThl KOHEYHO-PA3HOCTHLHIX YpaBHEHHH IO cxeMe
Puuapacona pacxonarcd, a no cxeMe [Jiodopra — Opankena ycrofi-
yuBH. 3aMeTHM, uTo B JI0OOH peasibHOA 3ajaue THAPOAHHAMHKH &;
He paBHB! TOXAECTBEHHO HYJIO.

3amerum Takxke, uto npH d == aAf/Ax® =1/, cxema Hiodop-
ta — ®paHkena, npUMeHeHHas K yparHeHHio Aud@ysun 6e3 KoH-
BEKTHBHOT'O uJieHa, anreOpanuyecKd 5KBHBAJIGHTHA CXeMe C PasHO-
CTAMH BIepeji 110 BPeMEHHM H IIEHTPAJbHLIMH DPa3HOCTAMH IO MPO-

1) Jlanras cxeMa COJepXHT OWHOKY ammpOKCHMAIlMH, CBA3aHHYI C orbpa-
coiBandeM wieHoB. CTporo roBops, 3Ta CXeMa MOXeT ObLITb MaTeMaTHYecKH afl-
NPOKCUMUPYIOILEH, ecad, HanpuMep, ycTpeMutb Ax u Af K Hymo Takum oBpasom,
yro6pt oTHOLIeHHe Af/AX® 6BIIO MOCTOAHHBIM — 3TO Jact B upefene ¢ — 7.
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cTpaHcTBeHHOfl nepemenHod. Ho npm d 5= '/, 318 1Be cxemwd, mo-
JyYeHHbIe 10 HHUM pe3yJbTaThl H CBOHCTBA YCTOHUMBOCTH OKa3bl-
BAIOTCSl PA3JIHYHBIMH.

3.1.8, lMepBasi cxema C pasHOCTAMKH MPOTHB NOTOKA.
Ownbuu, oBYCNOBAEHHBIE CXEMHOM
HCHYCCTBEHHOW BASHOCTLIO

OnHowaroBas siBHast ABYXCJOfiHAas MO BpeMeHH cXxema, obecme-
YHBAWOLIAs CTATHYECKYIO YCTOHUHBOCTh /il KOHBEKTHBHHIX UYJIEHOB,
OCHOBaHa Ha HCHOAb30BAHHHM OJHOCTODOHHHX, @ He NEHTPaJbHbIX
pasHocTedl MO NPOCTPAHCTBeHHBIM nepeMeHHBLIM. Korza cropocru
MOJIOXKHTEJNbHE], TO HCHOJb3YIOTCS PA3HOCTH Hasaj, I HaoGopor').
Takum o6pa3oM, OJHOCTOPOHHAS Pa3HOCTL Bceraa Oepercs NPOTUB
NOTOKA, T. €. B HAallpaBJeHHH BBEPX NO TEYEHHIO OT TOUKH, B KOTOPOH
Beruncasercs 8f/6¢2%). Jannas cxema uMmeer OIIHOGKY alnpoKCHMa-
uud £ = O (Af, Ax) u 3anuceiBaeTcs Tak:

n__,#n
g | - e >0
N a2, —ug (3.176)
——x; — mpr <0

Jlannas cxeMa 4acTo NpHMeHsieTcs B JHUTepaType IOA pasJHu-
HEIMH Ha3BaHHSIMH H C pasHHMH oObsicHeHHAMH. Mereoposoram
IABHO H3BECTHO cTaOHJH3HpYIOlLlee BJAHSIHHE pasHocTeHl MPOTHB MO-
toka (Jlunau [1965], Baszos u @opcaiit [1960]) unu «uaseTpeH-
Heix (@panken [1956]) pasnocte#t 3), U OHH HCIOJB3YIOT HUX AJS
pelleHHs 3aJaY O TeYeHHH HECXKHMaeMOH XKHIKOCTH H O TeYeHHH
B npubnumennu ByccuHecka. MarteMaTHKH OTHOCAT 3Ty CXeMy K
Pa3HOCTHBIM YPABHEHHSM «C IOJIOXKHTEJBHBIMH KO3Gb(GHIHEHTaMH»
(Basos u ®opcaiir [1960], Moukun u Basos [1953]); ynorpe6-
JSIeTCS TaKXKe TePMHH «HeCMMMeTpPHYHble pasHocTH» (JloMeke ¢ co-
aBTopamu [1970]).

A1y cxeMy Puxtmaiiep [1957] cravama npumuceiBan Jlemesbe,
BIepBHe MPHMEHHBUIEMY ee Il HCCJeJOBAHHS TeueHHs] HeBSI3KOH
CXXHMaeMo# KHUIKOCTH TIPH YCJIOBHH CHMMeTpuH ciof. Pobeprc u
Beiic [1966], Kypupox [1966] m Kpokko [1965}, mo-BuaumoMy
caenys PHXTMaHepy, TOXe€ CBSI3bIBAJH ee ¢ uMeHeM JleneBne. B 6o-
Jee mosgHedt paGore Toro ke Puxrtmatiepa (Puxrtmaiiep [1963])
3Ta cxeMa OblJa Ha3BaHA «CXeMOH ¢ Pa3HOCTSIMH NPOTHB IOTOKAa»

!) TepMuHBl «Ha3aA» HIH <BIEPeA», OUEBHAHO, HMRIOT CMBIC] TOJBKO MO OT-
HOLICHHIO K CKOPOCTH.

2) C yueroM 3TOro IPH NepeBOJe IPHHATO HA3BaHHE «CXeMa C DPa3HOCTAMH
npotus notoka». — Ipum. ped.

%) «HapetpeHHblM pasHOCTAM» MPOTHBONOJOXKHKE §e3yCNOBHO HEYCTOMUHBLI
«noAseTpennbie pasHocty» (Ppauxea [1956]).
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H yKa3aHo (B 3ToM K Puxtmapepy npucoeaununucs CroyH u Bpalien
[1963]), urto ona BocxoauT K cratbe Kypanra, Msaxcona u Puca
[1952]. B sToit cTrarthe Ghisia BepBbie MPOJAEMOHCTPHPOBaHA TeCHas
CBfI3b JaHHOM CXeMBbl C TeopHell XapaKTepHCTHK, a cama cxeMa IpH-
MeHeHa JJis MJOCKHX TeUeHHH HEeBSA3KOH CKHMaeMOH KHAKOCTH.
Cxema «runa II» Jlouraum [1960] u mepBas cxema Duajepa u
Jlannodda [1961] nmpencrasasitor co6o#i npuMeHeHHe 06CyXaaeMOH
CXeMBl JJIsi HCCJENOBAHHS OJHOMEPHHIX TEUeHHH CKUMaeMOH XHA-
KOCTH ¢ yueToM BsiskoctH. B Mmerope FLIC (Meron xuaxocTn B
aueiirax) [Ixeutpu, Mapruna u aan [1966] nannas cxema Ha-
3bHIBAETCS] «PA3HOCTHOH CXeMOH C JAOHOpPHBIMH fiuefikamu» '). Kypu-
pok [1966] npuMeHHJ 3Ty CXeMy M/ HCCJeJLOBAHHA ILJIOCKOTO Te-
UeHHs BASKOH CXKUMaeMoOH JKHUIKOCTH M HauleJ] KPHTHUECKOe YyCJo-
BHe JJIS BEJHYMHBI 11ara II0 BPpeMeHH B 3TOM caydyae. B aurepa-
Type MOXHO HAHTH H MHOTO APYTHX NPHJIOXKEHHH 3TOH CXeMH.
[lepenucuiBasi ypaBHeHus (3.176) u sBoas uucao Kypanra C =
= uAf/Ax ¢ NOJOKHUTEJBHOH NOCTOSHHON CKOPOCTBIO «, NMOJYydaeMm

g =1 — C (L — L) (3.177)

ITpu C=1 3ra cxema paer {?*!={" |, 4TO COOTBETCTBYeT TOUHO-
My pewennio (cM. pasa. 3.1.6). ¥YcaoBue C =1 sBiserca Takxe
npefeabHBIM YCJAOBHEM YCTOHUHBOCTH (CM. Ipejblayliee yIpaXHe-
uue). Ilpu C <C ! cxema BHOCHT HCKyCCTBEHHOe 3aTyxaHMe; IpH
3TOM HCCJeloBaHHe ycToHuuBocTH no Meroay ¢od Hefimana no-
Ka3blBaer, YTO MAaTpula Iepexoja HMeeT coOCTBeHHLIe 3HAYEHHUS
A << 1. JlioGas cxeMa AJA ypaBHEHUS C OJHHM TOJBKO KOHBEKTHB-
HBIM YJIEHOM B HeBS3KOM cayyae mpH A <C 1 obnajaer TakuMm cxeM-
HBIM HCKYCCTBEHHBIM 3aTyXaHHeM, a pasJjoxeHue B psig Teisopa
(Tax Xe, KaKk u [pUMeHeHHe MeTona XEpTa HCCACJOBaHHA YCTOMH-
YHBOCTH) MOKa3BIBAGT, UTO ypaBHeHHe (3.176) skBHBajseHTHO ypas-
HEHHIO

% - "(”O +a, 25 -+ UBII - TIBTY, (3.178)

rae [IBI1 — npousBsonHble BHicIIEro mopsajKa, a
a, = YouAx (1 — C). (3.179)

TTockonbky 31ech nosiBaAsAeTcs HeU3HUECKHI KOIQPHUIUEHT o, TPH
npou3BoJHOH G%C/0x%, 370 OGBSACHSET HE TOJNbKO HCKYCCTBEHHOE 3a-
TyXaHHE, HO, FOBOPS KOHKpeTHee, H TO, UYTO CXeMa C PasHOCTAMH

1) Cxemy ¢ moHOpHbIME suelikaMu [Ixentpn, Maptuna u [aau mel 6yneM
paccMaTpHBaTh HHXKe, HA3LIBAas ee BTOPOH CXeMOf ¢ Da3HOCTAMH NPOTHB HOTOKA
(cm. pasp. 3.1.11).
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NIPOTHB MOTOKa obJanaer cxemnol uckyccrsennot dupgysuer (Hox
u [Tporrep [1963]), unu cxemuoud uckyccreenHol 8A3KOCTHI0 Y.
Hurepnperanns KodpPpuLuHeHTa o, B cjayyae MHOTOMEPHBIX H
BA3KHUX TEUeHHH HE CTOJIb OUEBH/HA, KAK 3TO MOIJIO OBl NOKA3aThCs.
PaccMoTpuM,  HanpuMep, cilyuail, Korga A0OCTUraeTcs CTallHOHaPHOe
coctosinpe. Torga Jesas dacTb ypaBHeHHs (3.176) obpauiaercs B
HYJb U MOXHO YMeHbIIaTb Af, He MeHAS NPH 3TOM DellleHHst KoHeY-
HO-pA3HOCTHOTO ypaBHeHHUSl. YpaBHenue e (3.179) mnokaswoiBaer,
YTO yMeHbllieHue Af NPUBOAHT K yBeanueHHio o. (4eped C). Ecan
MOHSITHE CXEMHOH BA3KOCTH o, HMEET KaKOH-Au60 CMBLICJ, TO pelle-
HHe KOHEUYHO-PA3HOCTHOI'O YpaBHEeHHSs, Ka3aJoch Obl, AOJMKHO OLIJIO
3aBUCETh OT BEJHYHHH oe. OAHAKO €CJH BMECTO HCCHAeAOBAHHA He-
CTallHOHAPHOTO YPaBHeHHUA TOA0XKUTH 0(/df =0 B ypaBneHun
(3.176) u BocmoJb30BaThbCS pasJoXkKeHHeM B psiabl Teilsopa, To mo-
AYUUTCS
=1/ Ax. (3.180)

[Ipu 3ToM . He siBaseTcsl GyHKUHe#d oT Af U cTamuonapHoe pelie-
HHE He 3aBHCHT oT Af.

TlporuBopeune Mexay BhipaxkeHHsMH (3.179) n (3.180) mas .
MOXKHO 0OBACHUTH, BCIOMHUB, YTO AJI% MOAEJNLHOTO ypaBHEHUS, CO-
fepkKauero TOJbKO KOHBEKTHBHBIH 4JieH, eAMHCTBEHHBIM BO3MOX-
HBM CTABMOHAPHBLIM pelleHueM UpPH ¥ = const ABASETCA TPHBHAJD-
Hoe pelrenHe {?*! =" = const. B sToM cayuae 6%/6x* = 0%/0x* =0,
4TO AOMyCKaeT MPOH3BOJIbHLIA BUJ KO3(Q(HUIHEHTA Cle.

PaccMOTpHM Tenepb NPHMeHEHHE CXeMbl C PA3HOCTAMU MPOTHR
MOTOKA K YPaBHEHHIO MJIOCKOrO TEUEHHS, YYMTHIBAIOUleMY KAk KOH-
BeKUHIO, Tak ¥ {(dusuueckyio) auddysuo. [Ipd NOCTOAHHBX M0J0-
KUTEJbHBIX U;, U; TTOJAyYaeM

R DT N Sty S BN Rt +
A Ax Ry

n AR S R S TR L S 5
+0.( z+l,]+Ax21.i §z,1+§v!+1 QA‘yé ! g‘i), (3.181)

NpUYeM YCJIOBHe YCTOHYHBOCTHM HaKJajbiBaeT CJELYIOIlee OrpaHH-
yenue na Af:

1
A< [Qa (<= i ] . (3.182)
Pasnoxenus B psiip Tefiiopa nator
0 0
aﬁt = ((;f) - a(;g) +( "I"aex) axz

—i—(a—}-aey)-b?——l— UBIT - IIBTI,  (3.183)

') Kak Mbl yBHAMM I033Ke, APeACTaBJeHHe KO3PPHUIHEHTa CXeMHOH BA3KOCTH
O AJS CXeMEl C DA3HOCTAMM ODOTHB NOTOKA He eAHHCTBEHHO.



104 3.1. Merodot pewenus ypasHenus nepeHoca suxps

rZie B CJyuae UCCIel0BaHHs HeCTALMORAPHOTO yPaBHEHHs
Ooy =t Ax (1 — Cy), a,y="/wAy(l1 —C,), (3.184)
a B CAyyae HCCJAEJOBAHHA CTAUHOHAPHOTO YpaBHEHHs
O ="t Ax,  a,,="/0Ay. (3.185)

ABTop Hacrosillell KHHrM (CM. HpHJIOXKeHHe B) nokasaj, uro
peayabprar (3.185) pefcTBHTENbHO COOTBETCTBYET CTALHOHAPHBIM
pewmenuaM. st HeCTaLHOHADHLIX pelieHHH QopMyanl (3.184) mo-
Ka3bBAlOT, UTO BJHSHHE CXEMHOH BS3KOCTH OyaeT MHHHMAaJbHLIM,
ecan Cy u C, O BO3MOXKHOCTH 6JM3KY K enuHuue. OfHAKO HA Npak-
THKE HEBO3MOXKHO A0OHTbCsI, YTOOB! 3TH /B BeJHUYHHBI OJHOBpPEMeEH-
HO OblIM OJAM3KH K €AHHHIe BO BCeX uacTAX obJacTi TedyeHHs, HO-
3TOMY CXeMHas BS3KOCTb oOsi3aTeJlbHO OyAeT BXOAMTb B PacueTHl.

3ameruM TakxKe, 4To K03 HIHEeHTH CXeMHOH BSI3KOCTH 3aBHUCAT
OT COCTABJSIIOUIHX CKOPOCTH i H U, KOTOpble PAacCMAaTPUBAOTCA OT-
HOCUTENBHO HeINOoARHIKHOH 3#JepoBOR CHCTeMBl KOOpJAHMHAT. ITO
MPHBOAHT K HAapYUIEHUIO NpPHHIMNA HEBapHaHtHOocTH [anunesn, t.e.
npeobpasoBanue, cBg3aHHoe ¢ oOpauleHHeM CKOPOCTH HEBO3MYILCH-
HOr0o IOTOKA M JonycTumoe 1Js AuddepeHIHaJbHBIX yDaBHEHHH,
HENPHMEHHMO K 3THM KOHEYHO-DA3HOCTHLIM YpaBHEHHSM, 3a IiC-
KJouenneM cayuas, xorga Ax — 0, Ay — 0.

TepMuHBI «HMCKYCCTBEHHAs BH3KOCTb» H «CXeMa [MEPBOr0 I10-
psiika» 4acTo HCHOJBb3YIOTCS KAaK CHHOHHMBI, HO B HEHCTBUTEBLHO-
CTH 3TO He Tak. Hampumep, MoxHO mpocTo R06aBHTL B CXe€MY BTO-
poro ToOpsiAKa JONOJHHTENbHBI uieH opc0%[/0X? ¢ sIBHOW HCKyc-
CTBEHHOH BSI3KOCTEHIO aisr ~ Ax? Takas cxeMma ¢ SIBHOH HCKYCCTBEH-
HOIl BI3KOCTBIO HMEeT BTOPOH HOPAJOK; Ha Hell, B YACTHOCTH, OCHO-
BriBaeTcss meron ¢on Helimana — Puxrmafiepa anst pacyera ypap-
HBIX BOJH (CM. pasx. 5.4.1j.

O6cyauM HeKoTopble cooOpaXKeHHsT OTHOCHTENLHO TOTO, YTO TOY-
HOE pellleHHe HEeBO3MOXKHO O TeX TOP, M0Ka He BBIIOJHEHO yCJIOBHE
ae € o. M3 coorHomenust (3.185), noaydeHHBIX NPH HCCACIOBAHMH
CTallHOHAPHOrO YpaBHEHHS, BHJHO, YTO [Jis1 BBHIIOJHEHHHd 3TOro
YCJOBHS AOMKHO OBITE uAx/a € 2 u vAy/o € 2, T. e. ceTouHble
gucaa PefiHoabaca mo pasiduHLIM HAINPABJEHHAM JOJKHBI OBITh
MHOro MeHblle 2. DTH YCJOBHS SIBARIOTCS TpeGoBaHHeM (opMalb-
HOH TOYHOCTH, HO Ha NPAaKTHKE NOJOXKEHHE OKA3biBAETCS He CTOJb
Yy na0xuM. PaccMoTpuM HeKOTOpylo ofJaacTb, I'le IPHMEHHMO HpH-
Ganxkenue norpanudnoro cios (cm. Wauxtuur [1968]). Toraa npo-
u3BojHas 0%/0x? 6yaer Majna H BKJaJ wieHa ¢ Ko3(phuUHEHTOM
o -+ d.x B ypaBHenue (3.183) Gyaer mana. Kpome toro, Beanunna v
TaKXKe Mana, HoITOMY oy B (3.184) u (3.185) Moxker GnIThL MeHblile,
yeM o (cM. 3azayy 3.9).

Hccanepoanus Panuena u Boabdureiina [1969] (cM. Takxke
Boapowreiin [1969]) 1oxkaselBaioT, 4YTO AJsi IJOCKOTO TeYyeHHs
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%e = f3ulx sin 20, rae 6 — yroJs, KoTophlil JuHHS TOKa obpasyer
: ocblo abcupcc. DTH aBTOPHl HCMOJNB30BAJH BTOPYIO CXEMy C pas-
JOCTSIMH NpPOTHB NOTOKa !), Kotopast GymeT paccMOTpeHa HUXKe, AJIS
pacuera TeueHUs BHYTPH 3aMKHYyTOH MNpsSIMOYroJibHOH o6aacTtu ¢
»AHOY moABuxkgo# rpanuineit. [Ipy Re =100 na nepaBuoMepHOH
'eTke 13 X 13 MakcHMaJbHOe ceToyHoe uHeao PelHoabaca OvIO
ykoq10 20. Tem He MeHee MOJyYEBHbIE 3[IECh PE3YJbTAThl AOCTATOUYHO
XOpOUIO COTJIacyIOTCS ¢ pelleHHeM 3TOH 3ajaud, IMOJYUEHHBIM TNpH
MOMOILU CXeMBl BTOPOTO mopsiaxa Ha ceTke b1 X 51.

AHajornuHo, pe3yJbTaThl PAacCueTOB €CTECTBEHHOH KOHBEKIHH,
BbITIOJIHERHBIX ToppaHcoM [1968] Takxe ¢ HCMOab3OBaHHEM BTOPOM
cXeMbl C Pa3HOCTAMH MPOTHB MOTOKa mpH GoablioMm uncae I'pacroda
(sxBuBasenTHOM Re =~ 300), orauuaoTcs OT pelleHHs, NOJMYUYeH-
HOFO MpPH INOMOIIH CXEMBl BTOPOro NHOpsifKa, MeHee ueM Ha 5Y%.
Kemn6Gesn u Mionsep [1968], a rakxke Mioasep 1 O'Jlupu [1970]
YCTaHOBHJIH XOpoOllee COTJIaCOBaHHE De3yJbTaTOB PACUETOB C HaH-
HBIMH (H3HUECKHX 3KCIEPHMEHTOB AJsl HECKOJBKHX OTPBIBHBIX Te-
yeHu#i npu OoJabuInx uHcaax PefiHogblca.

Ha npuMepe pacuera TeueHHS BHYTPH 3aMKHYTOH NPAMOYTroJib-
Ho#t ofjactu ¢ OJZHOW MOABUKHOM rpanuuei#t ToppaHe ¢ coaBTO-
pamu [1972] nokasagu, 4To Pe3y/JbTATHl, NOJYyUEHHBIE IPH MOMOLIH
BTOPOH CXeMBbl C Pa3HOCTSIMH IIPOTHB MOTOKA AJS YPABHEHHH B KOH-
cepBaTHBHON QopMe, 3HAYHTENBHO TOYHEE pE3YJAbTATOB, NOJYYEH-
HBIX IpPH IIOMOLIH CX€Mbl BTOPOTO NOpPsIZKA AJs YPaBHeHHH B He-
KOHCepBAaTHBHOI (opMe.

Cuienyer TakxkKe HAaNOMHHTB, YTO BSI3KOCTh OKA3BIBAET BJHSAHHE
Ha ToJie TeueHHsd He TOJbKO depe3 AM(DQY3HOHHBIA UjeH B ypas-
HEHHH [epeHoca BHXPSA, HO TaKXKe M Uepe3 YCJIOBHE NMPHJIHIAHHS Ha
crenke. [locsenHee MOXeT NpHBecTH K oJjee CYIIECTBEHHBIM pas-
JHUHMSM MeXJy TeYeHHsIMM BS3KOH H HeBA3KOH xuakocrei. Tak,
Kenuep [1970a] ycTaHOBHJ, YTO pelieHHe JaxKe NMPH TaKOM MajoM
cxeMHOM (T. e. OCHOBAaHHOM Ha a.) uHcie Peiinoabiaca, kak 300,
MOXKEeT JOCTATOYHO XOpOULIO aNNpOKCHMHPOBATH pelleHHe MpH Of-
cyTcTBHH BA3KOCTH (o = 0) c yc/aoBHeM CKOJNbXKEHHS Ha CTEHKe.
[Tpu >ToM KOHKpeTiias OrpaHHUHTe/bHAS BeJHUMHA TAKOTO CXeM-
goro uncja Re Oyier, KOHeuHO, 3aBHceThb OT 3azaud. (OueBHIHO,
YTO B 3ajauyax, He 3aBHCAIHX OT Re, Takux, Kak pacuer TedyeHUs
[yaseitng uau teueHuss KyaTra, HCKyccTBeHHas BA3KOCTb He OKa-
3bIBAeT HUKAKOroO BJIHSHHA.)

Takum 006pa3oM, OKa3LIBaeTCsl, UTO MOJNE3Hble PEeUIeHUS MOXKHO
MOJy4YaTh MPH NOMOLUH CXeM C DasHOCTSIMH NPOTHB HOTOKA, HO NpPH
OlleHKe TOYHOCTH PEe3YJbTATOB CJElyeT YUHTHIBATH BJIHAHHE CXEM-
noit BssKocTH. CXeMBl C Pa3HOCTAMH MNPOTHB IIOTOKa 06JanaloT

1) Takoft aHanH3 HCKYCCTBEHHON BSI3KOCTH TPHMEHHM TakKXe [J1g MepBOH
CXeMBl ¢ DasHOCTAMH MPOTHB NOTOKA, PACCMATPHBAEMOH B HACTOsUleM pasaede,
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TaK¥Xe HeCKOJBbKHMH TpeHMyllecTBaMu. B oTjauude oT cXeMbl, He-
NOMNB3YIOlleH PAa3HOCTH Brepel MO BPeMeHH M HeHTPaJbHble Pa3Ho-
CTH 1O MPOCTPAHCTBEHHBIM MEePeMeHHbIM, B CXeMe C Pa3HOCTSIMH Npo-
THB TOTOKa Ha ceTouHoe uHcao PefiHosnbjaca He HaKJajablBaercs
orpaHmnyeHue, o6yc/noBieHHOe TPeGOBAHUSIMH yCTORUYMBOCTH. B or-
JHuHe OT CXeMBl «4yexapla co CpefHell TOUKOH» (paccMOTPEHHOH B
IpefBAYILEM pasfene) H HEKOTOPBIX APYIHX CXeM CXeMa C Pa3Ho-
CTAMHM TMPOTHB TNOTOKA He NPHBOAHT K DACUJEHEHHIO pelleHHs 0
BpPeMEHHHIM IIaraM, a NpH pacyerax TpedyeT Ha OJLHH MaCCHB MeHb-
e BeJAHYHH {. B oTyinuue oT IPYruX CXeM, HCNOJAb3YIOMX HEeHTPab-
Hble PA3HOCTH BTODPOrO TOPSAKAa IO NPOCTPAHCTBEHHBIM IePeMeH-
HBIM, CXeMa C Pa3HOCTAMHU TPOTHB NOTOKA HE COXpaHsdeT Pypbe-KoM-
noHeHTy A = 2Ax crauuHoHapHo# W He Tpebyer OoJbllero 4YucJaa
HauaJIbHBIX ¥ TPAHHYHBIX YCJOBHHA, YeM CTaBHUTCHA MJs HCXOLHOTO
o depeHIHaNbHOTO YPABHEHHA B YACTHHIX MPOH3BOAHLIX.

PaccmarpuBaemas cxema ofJajaer elle OLHHM BaXKHBIM CBOH-
CTBOM, CBISAHHBIM C JIBYM$ MOCJEIHUMH NYHKTaMH, a2 HMEHHO CBOH-
CTBOM TPAHCIOPTHBHOCTH. TPH TPYHIBl aBTOPOB C YCHEXOM HCIOJb-
30BaJd (DH3UYECKYI0 0COBEHHOCTh CXeMbl C OJHOCTOPOHHHMH pa3HO-
ctsiMu. st toro utobul H30eKAaTh BBEIEHUS] «MYCTLIX SUYEEK» U
yAyqWwuTs cBo#icTBa ycroiiumBoctH [Ixxkentpu, Maptur u  Hamau
[1966] npuMeHSIOT pPA3HOCTH C JOHOPHBIMH, siuefikaMH B MeToje
FLIC (meTon xuakoctu B Aueiikax). Ilpu pemennu 3agaun o teue-
HUH HecxHMaeMo#t kuakoctn Toman u Illesumk [1966] «ompene-
JSIIOT BEJWYHHY BUXDPS B IPAHMUHBIX fuefiKaX B COOTBETCTBHH C Ha-
npaBJeHHeM COCTABJSIOLIHX CKOPOCTH Ha COOTBETCTBYIOLIEH rpa-
HHIle» H TaKuM 00pasoM «IOJb3YIOTCA CPeIHHM BHXPeM AJs fiueek,
H3 KOTOPBIX OH mepeHocHrcsa». Ppanken [1956] rosopur 06 «omno-
HAmpaBJeHHOM TO0TOKe WH(opMmalun». Bce 3TH NOAXOAB TECHO CBs-
3aHBl C NMOHATHEM «CBOHCTBA TPAaHCIOPTHUBHOCTH®, KOTOPOE MH Te-
nepb ONpefesuM.

8.1.9. CgoiicTBO TPAHCNOPTUBHOCTH:

BygeMm ropopuTb, UTO KOHEYHO-PA3HOCTHLIH aHasor Auddepex-
UMadbHOTO YpaBHEHHs, ONHCBIBAIOLLETO TeueHHe XHAKOCTH, obJa-
naer ceoticreom Tpancnoptusnoctuy (Poyu uw Miwogasep [1970]),
€CJIM BO3MYILEHHEe, HAJIOKEHHOe HA KakKylo-AH60 (QYHKIHIO, NepeHo-
CHTCSl 32 CYeT KOHBEKIIMH TOJIbKO B HAMPABJEHHH CKOPOCTH.

Ato onpejeseHue NpeAcTaBasercst 6€300HAHBIM H OUEBHAHLIM,
HO JAeJio B TOM, 4TO OOJBIIHHCTBO cXeM He o6/jajaeT 3THM CBOH-
cTBoM. Tak, Bce cxeMHl, B KOTOPHIX JiJIsl NpPeACTABJAEHHS KOHBEKTHB-
HBIX YJIEHOB HCMOJb3YIOTCS HEHTPaJbHble PAa3HOCTH MO IPOCTPAH-
CTBEHHBIM IepEeMEHHbIM, He 06J1aal0T STUMH CBOACTBAMH.

Ocoboe ymapeHue [esaercss Ha CJAOB& <«IePEHOCHTCS 3a cuer
KOHBEKIMK». PH3HUeCKOe BO3MYHIeHHe BUXPS PacHpOCTPaHseTcs 3a
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cueT AHPQY3HH BO BCceX HaNpaBJeHUAX, HO OHO JOJIXKHO [epeHo-
CUTBCA TOJIBKO B HANpaBJEHHH CKOPOCTH. PaccMOTPHM MOJeJbHOE
ypaBHeHHE, OMUCHIBAIOLIEE TeUeHHEe HEBA3KOH KHAKOCTH:

% _ _ dw)
e (3.186)

[Tpu nomomyu cxeMbl C Pa3HOCTSAMH BIEPe] M0 BPEMEHH U LEHTPalb-
HBIMH Pa3HOCTSMH I10 MpocTpaHcTBeHHol nepeMennofi (BBLIIT) ox-
HOMepHoe ypaBHeHHe (3.186) MoKHO 3amucaTb B Caefymollell Ko-
HEeYHO-pPasHOCTHOH (opMe:

n+1 n n n

T =8 ubig —uli

e e T L (3.187)

PaccMoTpUM B TOYKE 7 BO3MYLIEHHe &, == §, THoJjaras BO BCex
ocTanbHbX Toukax € =0 u 4 > 0. Torga B Touke M -+ 1, BHU3 IO
IOTOKY OT TOYKH BO3MYIIEHHS,

gl _gn (0 — ud) ubd
_Ln_—_+1 mtl P = , (3.188)
At 2 Ax 2Ax
qyToO HpHeMJIEMO. HO B TOUKe, TAe HAJO¥KEHO Bosmymeﬂne,
gt —n, (0—0)
N =——5 =0 (3.189)

a 310 yXe Hepa3yMHo. Eue Gosee cyuiecTBeHHO, YTO B TOUKe [ =

= m — |, pacmo/IOKeHHOH 88epX NO NOTOKY OT TOUKH BO3MYLIEHHS,
b —Choy _ wd—0)  wb

At - 26 2Ax”

(3.190)

Takum o6pas3oM, BJAHAHHE BO3MYIUEHHUS TPOSBJSETCH 88epX MO IO-
TOKY OT TOUKH BO3MYUIEHHS, H, 3HAUUT, CBOHCTBO TPAHCIOPTHBHOCTH
"Hapymaercda. Ha caeayrolllem mare Ho BpeMeHH MHOJIOXKHTeJNbHOE
BO3MYyIlleHHe MOABHTCA B TOUKE [ =M — 2 U T. [
CpaBHHM IIOJYYEHHBIH pe3yJbTaT C pPe3yabTATOM, KOTOPBIH faer
CXeMa ¢ pa3HOCTSMH NIPOTHB NOTOKA npu u > (:
gt uly —ubi_,

e (3.191)

Torna npu e, =08, Kak 4 paHee, B TouKke m -+ 1, pacnosoxeHHoH
BHH3 [0 DOTOKY OT TOUKH BO3MYUIEHHA, OYIeM HMETh

gl _gn (0 — ud) ud
m+1At m+1 =—T=_AT’ (3192)
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YTO npueMileMo. B TouKe Xe m, rjie HasoXKeHO BO3MYIIeHHE, MO-
Jaydaem
gkl o (w8 — 0) ub

a 3TO O3HAuaeT, YTO BO3MYllEHHE BBIHOCHTCH M3 06J1aCTH, € OHO
Obl10 NPHJAOMEHO, KaK 3T0 H JOJKHO Obith, (QueBHAHA CBA3DH
MeXAy 3THM QAKTOM M paHee OTMeUEHHBIM JJISI CXeM C Pa3HOCTSAMH
(POTUB IOTOKA CBOHCTBOM HECTALHOHAPHOCTH (Pypbe-KOMIIOHEHTHI C
A = 2Ax.) Hakonenu, B Touke m — 1, pacnosoxKeHHo# BBepX IO MO-
TOKY OT TOUKH BO3MYIUIEHHS, HMEEM

gfntll"'gfn_x 0—0
oot B o, (3.194)

¥ 5TO yKasblBaeT Ha TO, UTO BO3MYIIEHHE He IIeDEHOCHTCS BBEPX MO
notoky. Takum o6pasoMm, cxema ¢ pasHOCTAMH IPOTHB NOTOKa 06-
JanaeT cBOHCTBOM TpaHcnopruBHOCTH. OHa ofecneuynBaer «OAHOHA-
npaBJeHHbI# OTOK HHpopMauun» (Opanken [1956]).

Oznaxko BHIOOp pasHOCTeH MNPOTHB MOTOKA OTHIOAb He BCerja
rapaHTHPyeT CBOHCTBO TPaHCIOPTHBHOCTH cxeMbl. PaccMoTpuM ABY-
MepHYIO 3ajayy, HCHOJb3ysl HeOOBIYHYIO CXeMy C PasHOCTSAMH Tpo-
THB MOTOKA, B KOTOPOH IIOTOKH ONMpeiessioTcs NPOCTPAHCTBEHHEIM
ocpejHeHHeM IO 00OMM HalpaBJeHHAM. IIpoCTOTHI painu npeano-
JIOKUM, 4TO COCTABJSAIOIIHE CKOPOCTH HOCTOSHHH. Torja ajs ypas-
HeHHS

9
25 =—V+(V}) (3.195)
noJay4aemM
g -ty k-l tr—~1s

= R o IR (3.196)

DTa KOHEUHO-PA3HOCTHAS CcXeMa 3amucaHa AJs MOJOXKHTEJbHBIX CO-
CTaBJIAIOIMX CKODOCTH; OCpelHeHHbIe SHAUCHHS BHXPA ONpejesioT-
csl caelyromwuM o6pazom:

8 jn T 26 ;485

éR =— 4‘ ) 4
P T I EO ot T N Al I o
gL _— 4 »
3.197
s Gy 2 Ly ( )
gT - 4 )
I N O R T S G AR A
L= 1 .

B aroli cxeme 3HaueHHe [p B siYeliKe, DacmoJOXKeHHOH BBepX IO HO-
TOKY, OlipejJensercsd Kak cpefiHee napabojiuuecKoe Tpex 3HaueHHH §
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B TOM CEYeHHH i, uepe3 KOTOpoe I1epeHOCHTCsl BUXpb {. PaccMoTpuMm
Telepb CTallHOHAPHOe pellleHue U OyjAeM CUHTaTh, 4TO BCloay v = 0;
BBEJIEM BO3MYIIeHHE BHXDSA €4, = §, T0Jaras BO BCEX OCTAJbHBIX
toukax & = 0. Torna B touke (@, b — 1) noayuum
Latom1 —Lh 5o 6/4—0 ud
—— = U5y —0=——. (3.198)
Takum oOpasoMm, BO3MyllleHHe H3 TOYKH (@, b) mepeHOCHTCS B
HanpasJeHHH U B TOUKY (@, b — 1) HecMOTps HA TO, UTO CKOPOCTb U
TOXIE€CTBEHHO paBHa HyJI0. [lanHas cxeMa He obsaagaer CBOHCTBOM
TPAaHCHOPTHBHOCTH, XOTsl OHa NpejacTaB/seT co0OH HeKoTopylo pas-
HOBHJHOCTb CXeMbl C PA3HOCTSIMU NMPOTHB NOTOKA.

®opmaJbHoe pas3jokeHHe B pAAb Tefijlopa yKaswmiBaeT Ha To,
YTO CXeMbl C IEeHTPaJbLHBLIMH Pa3HOCTSIMH TOUHEE OTHOCTOPOHHUX
CXeM C PpAa3sHOCTAMH IPOTHB TMorokKa. Kak OblJlo OTMeueHO B
pasa. 3.1.3 npu obcyxaeHuH CBOHCTBA KOHCEDBATHBHOCTH, IPH HC-
[OJIb30BAHHH HEKOHCEPBATHBHON CXeMbl MOXHO TOUHEe allpOKCH-
MHpPOBAaTb IPOH3BOAHYIO, HO €CJH B KaKOM-THOO KPUTEPHH TOYUHOCTH
YUUTBIBAETCS CBOHCTBO KOHCEPBATHBHOCTH, TO CHCTEMa B IEJIOM He
6yner Tousee. OKasblBaeTcsi, CBOHCTBO TPAHCHOPTHBHOCTH HMEET
TaKoil ke (PH3HYECKHI CMBLICJA, KaK H CBOHCTBO KOHCEPBATHBHOCTH.
CxeMbl ¢ pa3HOCTAMH INPOTHB MNOTOKA, 06Jaxaiouiie CBOHCTBOM
TPAHCHOPTHBHOCTH, TOUHEE, YeM CXeMbl C IEHTPaJbHBIMH pPasHo-
CTSIMH AJS1 NEPBBIX NPOHM3BOJHBIX UMEHHO B 3TOM CMBICJE, a He B
CMBICJIE TIOPSIAiKA OLINOKHM anipOKCHMAIHHA.

Urobbl NOAYEPKHYTh 3HauyeHHE CBOACTBA TPAHCIOPTHBHOCTH B
MPOTHBOMNOJIOXKHOCTL CXeMe C pasHOCTAMH MpOTHB [OTOKa, pac-
CMOTPHM CXeMy C DPa3HOCTAMH TIO IIOTOKY HJH HaBeTPeHHbie pas-
HocTHBle cxeMbl (Ppanken [1956]). Takas cxema HeycToHuupa, HO
MpeanoJiaraeTcs, YTo ee MOXKHO CJe7]aTh YCTOHYHBOH INPH IOMOILH
HEKOTOPOTr0 KOHEUHO-PA3HOCTHOIO IPeACTaBJeHHs] NPOU3BOAHOH 1O
BpeMeHd. C TOYKH 3PeHHs TOUHOCTH NPEACTABJGHHS TOJBKO MPOH3-
BOAHBIX ®TA CXeMa M CXeMa C Pa3HOCTSIMH NPOTHB HOTOKa OJHHAa-
KoBo mnpueMmaembl. OIHAKO B cXeMe C Pa3HOCTAMH IO MOTOKY BO3-
MylIeHHe OyJeT IIePeHOCHTbCH 3a CcueT KOHBEKLUH TOJBKO BBEPX IO
IIOTOKY, 4 BOBCE He B HalpaBJeHHu cKopocTu! DTO PH3HUecKH# ab-
Cypal), W CTOMT ellle Pa3 HAOMHHTbL TO, YTO OBLIIO CKa3aHO OTHO-
CHTEJbHO CBOHCTBA KOHCEPBATHBHOCTH: TOYHOCTb KOHEUHO-PA3HOCT-
HOTO IpEICTaBJeHHs IIPOH3BOAHBIX He 3KBHBAJEHTHAa TOYHOCTH
npeacraBienus AU GepeHlHAIbHOrO YPABHEHUA.

') CnoJaaHHr TNpeJJIOXKUJ Ha3blBaTh CXeMy C DasHOCTSMH INPOTHUB IMOTOKa
«CXeMoli cBUHapHHKa». Ero Mblcjb' 3akmJioyaeTcs B TOM, YTO ecdH [ pacemarpy-
BATb KaK KOHUEHTDPALHIO HEKOTOPOrO BellleCTBA, TO MBI JOJIKHBI [I0YYBCTBOBATh
3alax CBUHAPHHKA, KOTZAa HAaXOZHMCA Ha ero MOABETPEHHOH, a He Ha HaBeTPeH-
HOMH cropoHe (ecH HCKJIOUHTb BJHsIHHe AHGPY3uH).
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Pob6eprc u Befic [1966] nasmiBatoT cxemy JleseBbe ¢ pa3HOCTAMH
NPOTHB TIOTOKA <«HeajeKBATHON», OJHAKO B MOACTPOYHOM MpHMeua-
HUH TpH3HAIOT: «TeM He MeHee 3Ta OJHOCTODOHHSS cXeMa coxpa-
HSeT 3HAK MOJOXKHTEJNBHO OTIpeflesieHHBIX BeJHYHH, TaK XXe Kak U
JlarpaHKeBBl CXeMBl; HUMEPOBLI e CXeMB ¢ IeHTpaJbHLIMU pasHo-
CTAMH He 00/1afaI0T TAKHM CBOHCTBOM>.

FHTepecHO OTMETHTH, YTO B PACCMOTPEHHO! KOHEUHO-pa3HOCTHOH
cxeMe KaxcJas ysJjoBas TOUKa CeTKH aHaJornyHa KOHeUHOMY 3Je-
MEHTY B pacuyeTax KOHEUHO-3JeMeHTHOH MOAeJH peaKTopa, HHOrAa
ucnonbayeMoit nHxeHepamu-xumukamu (Kpumzep u Pocc [1966]).
[Tostomy, oueBMAHO, ONmpaBAaHO OpPEACTaBJIeHHe 3TOH CXeMbl Kak
CXeMbl «MOJEJIMPOBAHUAY.

3.1.10. TpaHcnopTHBHbLIE K KOHCEpBATHBHbIE
PA3HOCTHbLIE CXEMbI

[lepBas cxeMa ¢ pasHOCTSIMH IPOTHB noToka (3.176) sBiasercs
KOHCEpPBAaTHBHOH, a TakKe TPAHCIOPTHBHOA A0 TeX NOp, NOKa co-
CTaBJISIIOLIHE CKOPOCTH HE MeHSIOT cBOH 3HakK. [Tokaxkem masi oxHo-
MEpHOTO TeueHusd, Korga Bce u; > 0, urto ata cxema obJajaer CBOM-
CTBOM KoOHcepBaTHBHOCTH. [IpoBOjas Takue 3Ke BLIKJIAIKH, KaK B
pasa. 3.1.3, noayuaem

%:_ b “;‘;—1§z_1 , (3.199)
1, A§ I, ugli_ —ugl
‘_1 _ATiz ZI le FAx=
=ubl,_,—utl, -+ [i=1]
+u§l,] '—ugl[l.,_[_l‘ [l=11+1]
Fully —ubl o+ [i=1+2]
Fugl,_—ull,_,+ [i=1,—2]
+u€112_2_u§|12__1+ [i=12-—-1]
+ull . —ull, [i=1] (3.200)
HIu ,
% =ufl,_,—ull,. (3.201)
i=1

[IpaBas uactb mpencTaBaser coOOH BHIYHCAEHHYK MPOTHB I0-
TOKa pasHOCTb ABYX BEJHYHH, a HMEHHO NOTOKa, BTeKawllero B o0-
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NacTh R uepes ee rpanuuy {y 3a eRUHWUY BpPeMeHu, W TNOTOKA, BH-
Tekawulero H3 obsacti R uepes ee rpanuly /o 3a elHHUILY BPEMEHH.
Takum o6pas3oM, CBOHCTBO KOHCEPBATHBHOCTH 34€Ch HMEET MECTO.

OnxHako B ob6JacTH, TJe CKOPOCTb MeHsIeT 3HakK, HalpaBJeHHe
pasHocTell NPOTHB MOTOKA TaKkKe MEHAeTcs, H TOTAa CBOHCTBO KOH-
CepBaTHBHOCTH yTpayupaercs. [Tokaxkem 5T0 WIS OJHOMEPHOTO CJY-
vag npad u; > 0 past i <K luuy < 0o i > L

[TpuMmeHsis cxeMy ¢ pasHOCTIMH TPOTHB NOTOKA, HOJydydeM

AL ut |, —ull,_, .
AT Ry TpH i<, roe u; >0, (3.202)
A .., — .
th_z—ig-‘—l‘—x—igl—‘ npu i>1, rae u; <0; (3.203)
Toraa
AN R S & ugl, — ug|
i i—1 i ol T e ligl —
YA Z Ax Ax + Z Ax Ax=
i=I i=I i=l+1
=ug Ill—l —ug I]l +
+ ug '1] - ug '/1+1 +
T Ul — bl F
+ullpme —ullior +
+ullior —ull, +
Fullir —ulliye +
T+ ullig2 —ub s+
+uC '12_2_uC|12._1+
-I—uC I[Y__1_'ug I[2 "'L
+ubl, —ull,,, (3.204)
HaH
1 A;
A =l — bl —ubl ol (3.205)

i=1,
[lepBrie aBa uJeHa NPeACTABJIAIOT cOO0H BBLIUMC/IEHHYIO NPOTHB NO-
TOKa Pas3HOCTh MOTOKOB B €JHHHIy BpeMEeHH Ha ABYX IpanHuuax ob-
dactd R; Tperuil W ueTBepTHIY YJeHbl MPeACTaBASAIOT cOGOH OWHG-
Kd, OGYCJOBJEHHBle HeKOHcepBaTHBHOCTBIO. [lockoneky ;>0 u
Wiy << 0, 9TH YJeHb MOXKHO NepenucaTh Kak

~ull Ful iy =—Duw 8+ wal il (3.206)
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H TOorjaa
I
AL;
B g~ = [0 8 + y [Gy]) (3.207)

i=1
PaccMoTpum caydall, Korga { He MeHfAeT 3Haka!) mpu mepexojge oOT
toykd [ k Touke [41. Torna uneH, cooTBeTCTBYIOWHUI OLIHOKE, MOXK-
HO pPaccMaTpHUBaTbh KaK UCKYCCTBeHHblL cTox GyHKUMH . Ecau xe
iy << 0, a w4y >> 0, To 3TOT ujeH MOKHO pacCMaTpHBaTb KakK WUC-
KYyCCTBEHHbIL UCTOYHUK T 2).

Taxk Kak Ha yuacTKe Mexay Toukamu [ u [ 4 1 cyluectByer Tou-
Ka, rae u =20, TO #; W ;4 OBBIUHO MaJibl U NPH YMeHbIIEHHH IIara
IPOCTPAHCTBEHHOH ceTKH olunbKa, 00yCaoBJeHHAs HEKOHCEepBaTHB-
HOCTBIO, CTPEMHUTCS K HYJIO. .

B npyx Mopudukaunax cxeMbl C Pa3HOCTAMH HPOTHB MOTOKa
MOMHO yCTPaHHTH MNOfABJEHUE HCKYCCTBEHHOTO HCTO4HHKA. Ilepmas
MoaH(HKallUd OCHOBAHA Ha NePBOH cXeMe C PAa3HOCTSAMH NPOTUB
notoka (3.176), Korja CKOpOCTb He MEHSIeT 3HaK HH MexXAy TOu-
KaMu [— 1 ¥ i, Hu Mexay ToukaMu [ U i-} 1. Ecan xe ckopocTh
MeHsieT 3[eCh 3HAK, TO KOHEWHO-PA3HOCTHAA CXeMa CTPOUTCH MpH
MOMOLIH METOJa KOHTPOJIBHOTC 06beMa, OXBATHIBAIOIIETO TOYKY i3),
Hrak, Mbl uMeeM

AL, fi T+ Fy

AT Ax (3.208)
rie
fi=—1lu;lg, (3.209)
lu; 118y apu w;_y >0,
fi—l—{ 0 mpi 1 <0 (3.210)
H
0 npu u;41>=0,
Fre ={ S (3.211)
i1 [Copr. TpH 1,4, <O,

) D10 BCerAa HMeeT MeCTO B TOM CJyuae, KOr4a B KadecTBe [ paccMmatpu-
BAeTCs MJAOTHOCTb (MOJIOKHTENbHO ONPeieseHHast BeIHYHHA), BXOASIIAA B ypaBHe-
HHe Hepa3pPHIBHOCTH JJISI CHMAEMOf XKHAKOCTH.

2) B nsockoll 3ajaue Takasg OMWHOKAa MOABJASETCS TOJBKO OPH YCJIOBHH, 4TO
COCTABIAIOIAS CKOPOCTH MeHsieT 3HaK NP ABHIKEHHH B HANpaBJeHHu 3Tofi co-
crapastowefi. TakuMm o6GpasoM, ecan v, ; >0, a v; ;41 <0, T0 omubra, obyc-
JIOBMIEHHAst HeKOHCEePBATHBHOCTBLIO, MOSIBJSETCS, HO eclu Ui ; >0, a 054y, ; <0,
To Takoii ownGkn Her. Ilepsas cHTyauns BCTpedaeTcss B OTPHIBHBIX TEUCHHSAX,
BTOpasi — B CJAydYae, KOra IpH OGTEKaHHH COCTaBJAIOWAS CKOPOCTH U MeHseT
3HaK Npu Nepexofe oT J0o6oBofl 4acTH K KOPMOBoii Ge3 OTpHBA ToToKa. Takum
o6pasom, pasHocTHele peuwrenuss Ckanwsl # Topaona [1967] KoHcepBaTHBHSI

%) Takoil uactHBIl cayuail B ReHCTBHTENbHOCTH 3KBHBAJIGHTeH NpPHMEHEHHIO
cxemrl (3.176), Korga CcKOpocTh HE MeHfieT 3HAK. JTa CXeMa IIPH pacueTax
HCroslb3yeTcd BMecTo cxeMbl (3.176) He BO BCeX TOYKAX TOJMbKO MOTOMY, H4TO
B HeH I/ BBHITHCJEHHH M JOTHYECKHX onepaTtopoB IF npu peanusaunus mporpammbl
Ha ®oprpane tpebyioTcsl HecKoJbKO OOAbIUHe 3aTpaThl MAaUIMHHOrO BpeMeHH,
geM B cxeMe (3.176).
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Jlerko npoBepHuTh, UYTO TaKasg MOAH(GHKAUUA [AeSaeT NepBYIO
CXeMy C Pa3HOCTAMH IIPOTHB IOTOKa KOHCEPBATHUBHON H TpaHCHOP-
rusHofl. [lpu sTol#t Moaudukamuu tpebyercs MeHble apudMerHUe-
CKHX oOfiepallHf, HO NO TOYHOCTH OHa YCTYNaeT BTOPOH cXeMe C
Pa3HOCTAMH NPOTHB IOTOKA, K OOCYXKAEHHI0O KOTOpPOH MBI Telepb
TPHCTYITHM.

3.1.11. Bropas cxema c pasHOCTSIMM NPOTHB MOTOHA

Bo BTopo#f cxeMe ¢ pa3HOCTSIMH TNpPOTHB HOTOKA, Ha3kIBAeMOM
TaKKe CXeMoii ¢ NOHOPHLIMHU suefikamMH (JlxeHTpu, Maprun u Haau
[1966] ), no KaxXAylo CTOPOHY OT Y3JOBOH TOUKH MpPOCTPAHCTBEHHOH
CeTKH HaxXOASTCA HEKOTOphble cpeiHue 3HAUeHHS CKOPOCTeH Ha rpa-
HUIAX AYefiKH; 3HaK 3THX cKOpocrell onpenesseT, H3 KAKOTO HMEHHO
y3Jia CeTKH HaJ0 B3ATb 3HAUYEHHs { AJs HaNMHCaHUS PA3HOCTEH Mpo-
THB [0TOKa. B 0JlHOMepHOM ciiyuae ByfeM HMETh

CAL upby—uly
o= — L @212
rupe
Up="0s (w1 +u), (3.213)

up ="y (u; +u;_y)

(BO3MOMXKHBI U HEKOTOPBIE APYyTrHe cnocoOul ocpennenns). 3nauenus §
GepyTca Tak:

{ i npu up >0, { L1 mpu up >0, 3.214)
X Liqr mpu up <0, Tl mpmou <0 (3.
Jlerko npoBepHTb, YTO 3Ta CXeMa MABJSETCS KOHCEPBATHBHOA H
TPaHCHOPTHBHOH. DTy CcXeMy MpPOCTO HHTePNPETHPOBATh C TOUYKH
3DEHHs] MeTOJa KOHTPOJbHOrO 00beMa, ecJH BeJMYHHB CKOpOCTeH
Ha rpaHHIlaX fYeeK HaXOAATCA KaK CPelHHe 3HAYEHHA, a COOTBET-
CTByIOLLHE BEJHUHHBI { ONpepensioTcs HalmpabjeHueM Iotoka. (3a-
meuarue. Ecad BeJHUHHBEI [ Ha CTOPOHAX sideek ONpefesdaTh TOXKe
KaK CpejHHe, TO TMOJYUHTCS cXeMa ¢ DasHOCTAMH BIEpes Mo Bpe-
MeHH M UEHTPaJbHBIMH Pa3HOCTAMH N0 MPOCTPAHCTBEHHHIM Iepe-
MEHHbIM, He 00J/1ajaioniasi CBOACTBOM TPAHCIOPTHBHOCTH.)

[To cpaBHeHHMIO ¢ NepBOH CXeMOH C DA3HOCTSIMH IPOTUB MOTOKA
B paccMaTpHBaeMoll cxeMe TpebyeTcd NPOBedeHHe NOMOJHHTENbHBIX
BHIYMCJEHHH JJIA CKOPOCTeH: JOMOMHHUTeNbHOe YHCIeHHOe AU depeH-
nMpoBaHHe (YHKIHH TOKa  MJIS MOJYUeHHA 4 H JOIOJHHTEJbHBEE
pacueTsl cpefnHHX 3HaueHHH (3.213). OaHako 3Ta cxeMa TOYHee
MepBOH CXeMbl NPH annpoOKCHMaUHH MPOH3BOAHOH J(uf)/dx, Tak
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KaK COXpaHseT KOe-UTO OT BTOpPOTro mnopsaika TOYHOCTH, KOTOPBLIM
O6Jlaﬂa}OT CXE€MBbl C IIEHTPAaJdbHBIMH PA3HOCTSAMH.

Paccmorpum cayuai, korpga { I[OCTOIHHO, T. €. G ={;i==
=§it1 =, a u aBasgercsd ¢yHKIHeH NPOCTPAHCTBEHHOH nepeMeH-
Hot. Toraa ypaBHeHue (3.212) npuHuMaeT BHA
AL, upbp — 48y, S (i1 T 1) — ob (u; + 1y _y)

T & T ¥: . (3:2152)
HJH

A% R S R |

Y hmi Sy v (3.2156)

UTO JaeT BTOPOH MNOPSAAOK TOYHOCTH MJS 4JeHAa, ONHCHIBAIOIIErO
KoHBeKUHI0. Takum ofpasoMm, BTopas cXeMa C pasHOCTAMH MPOTHB
noTOKa 06JajfaeT Kak CBONCTBOM KOHCEPBATHBHOCTH, TaK H CBOM-
CTBOM TPAHCIOPTHBHOCTH H COXPaHseT KOe-uTo OT BTOPOTro IOpsSaKa
TOYHOCTH, NPHCYLIEro cXeMaM C IEHTPAJbHBIMH PasHOCTAMH [Js
MPOCTPAHCTBEHHEIX TPOH3BOJAHBIX. IIpeBOCX0OACTBO BTOPO#H CXeMbi
Haj [epBoH CXeMOH C PA3HOCTSIMHM NIPOTUB NIOTOKA OBII0 QaKTHUECKH
npogeMoncrpuposado Toppancom [1968] upu pacuere MJIOCKHX Te-
YEeHHH.

Tenepb MOXHO OOBACHHTH YAUBHTENbHOE COIVIACOBAHHE Pe3yJb-
tatoB (npu Re = 100 otknonenue Menee 5%) pemlenus 3ajaud o
TeUeHHH BSI3KOH KHIAKOCTH BHYTPH 3aMKHYTO NpPSAMOYroJibHOH 06-
JIACTH C OJHOH TNOABHXKHOH FrpaHHUed, NMOJYYEHHBIX NPH MOMOIIH
3TOH BTOPOH CXEMBl M IIPH MOMOIIH CXeMBl BTOPOTO NOPSJKA TOYHO-
crd, Henoan3obanHoil ToppancoM. Broab cpefneil uacTu cTeHoK, Tie
NPUMEHHMO MNpPHOJ/HIKEHHE IOrPaHHYHOTO CJOS, BJIAMSHHE WIeHa CO
CXeMHOHl HCKYCCTBEHHOH BSI3KOCTBIO o, MaJjio (cM. oOCyxaenue B
pa3z. 3.1.8). Bbuusu ke yrjos CKOPOCTH MaJbl, TOITOMY 3[€Ch KO-
3¢ uLHeHT (U3HYeCKOH BA3KOCTH « > d.. A BO Bpaluawineics
LHeHTPaJbHOH yacTH 06J1acTH TeYeHHSA BUXPL [ MeHsieTcss caabo, H
MO3TOMY paccMaTpHBaeMas BTopas CXeMa HMEeeT IOUTH BTOPOH Mo-
PALOK TOUHOCTH B COOTBETCTBHH ¢ yparHeHHeM (3.2156). '

Cxema Pangesna ¢ coasropamu [1969] anreGpaudeckd 3xBHBA-
JIeHTHA BTODPOH CcXeMe C Pa3HOCTAMH NMPOTHB MOTOKa. 3a CueT HeKo-
TOPLIX YCJOXKHEHHH H yBeJHYeHHs uyucJaa apHMeTHYECKHX omepa-
Ui B Hell ypaercst H36exkaTh CBA3AHHLIX C OTpejeJeHHEM 3HAKOB U
1 v Jjoruyeckux omnepatopos IIF ®oprpana. Ilpafic ¢ coaBTopamu
[1966] B omHOMepHOM cJyyae HCHOJB30BAJH HEKOHCEPBATHBHYIO
CXeMy BTOPOTrO INOPAAKA TOYHOCTH C PA3HOCTSMH IPOTHB IOTOKA.
KonBekTHBHaA NpOM3BOAHAs NMpH u > 0 3jech aNIpPOKCHMHPOBA-
Jlach CAeAYIOLHNM 06pa3oM:

6€i. . 3’:i _ 4§i_1 + ;i~2
8x 2Ax

(3.216)
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3.1.12, Cxembi Apamca — BawdopTa n Kporxo

PasnoctHada cxema Amamca — Bamdopra, ucnosibzoBannas JIua-
au [1965] maa ypaBHeHHs, CONEPXKAILLEro TOJbKO KOHBEKTHBHBIH
yjel, sIBJSETCH SABHOH OJHOIIAroBOIH TpexcsofiHofl HO BPeMeHH cXe-
MOl C pPa3HOCTAMM Brepel MO BPEMEHH; OHAa HMeeT OUIHGKY
O (Af?, Ax?). Ee M0OXKHO HHTEPNPETHPOBATh KAK KOHEUHO-PA3HOCTHYIO
aNlpOKCHMALHIO 8TOPOL APOU3BOOHOL no 8pemeni.

3anuieM ‘pasﬂomeﬁne get! B pan Teiopa no BpeMeHH:
19

ntl — 7n
Ci C + Jt ‘ k 2 01‘2

AnnpokcHMHpYeM BTOPYIO HPOH3BOJAHYIO 110 BPEMEHH OJHOCTO-
POHHUMY KOHEYHBIMH Pa3HOCTSAMH:

At2 -+ O (A8). (3.217)

S I < O T TR T
612,—6t[dt] Al +O0@). (3218

[Moacrasass sto Boipaxenue B (3.217), nonydyaem

it = ' At + = [ i ;Ft— i+ O(At)] A2+ O (AP,

HJIHN

30z * 1 oz !
;riz+l=€;}+[_2__6§7i L2 ]At—]—O(At3). (3.219)

D10 BHIpaxKeHHe JaeT OCHOBHYIO (hopMy pAasHOCTHOH cxeMbl
AnaMca — bsmidopra AAs KOHBEKTHBHBIX 4jeHoB. B coueranuu ¢
annpokcumanueil au@@y3HOHHOro 4jeHa LEHTPaJbLHBIMH Pas3HOCTS-
MH JiJI] MOMEHTa BpeMeHH n B Cjydae IJIOCKOHl 3a7aud IoJyyaeM

1 sug [T 3 8wt |t

i 208y |
n—1 62@

+(Z 5x2 |; _67 ; ]. (3.220)

+

gr=gaf- 3

1 8uf
7 (‘)y

i

OnHaKo 3Ta CXeMa MOpU HAJAUUMM BA3KUX WIEHOB HMEET TOJBKO
riepBbI MOPANOK TOUHOCTH.

OcnoBHas (Qopma pasHocTHoro ypaBHeHus (3.219) Owolna npen-
aoxena Damdoprom u Ampamcom B 1883 r. Tomac [1954] wucmoss-
30BaJl aHAJOrHUHYIO cXeMy OoJiee BBICOKOrO INopAaKa A NpubJiu-
KEHHsl K YAApHOMY (GPOHTY IIPH MOMOINH OJHOCTOPOHHHX pasJoxe-
Hu#i 0 NPOCTPAHCTBEHHON TlepeMeHHO! U Ha3BaJ 3Ty CXeMy CXeMoifi
Anawmca. Jluagn [1965] npumeHHJ TaKoe Ke Pas3JjOXKeHHe 110 Bpe-
MeHH, KaK 4 B (3.219), n/1s ypaBHEHHA mepeHOCa BHXDS B HEBSI3KOMH
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KUAKOCTH H $e3 Kakux-auf0 HCTODHUECKHX CCHIJIOK Ha3Bajd 3Ty
cxeMmy cxemoit Anamca — bamdopra.

YpaBuenne (3.219) B TOM BuHIe, KaK OHO 3aMHCAHO, SIBJAETCH
0e3yCJIOBHO HeyCTOHUHBBIM YDaBHEHHEM €0 caa00f pacXxoLHMOCTbIO,
00yCA0BJAGHHON TeM, UTO 3[1eChb MHOMXHTeJb Mepexofa HMeeT BHJ
G =1+ O(A#?); cm. Jlunau [1965]. Tak Kak HEeyCTOHUUBOCTDL CJia-
6as, 3Ty CXeMy MOXHO HCIOJb30BaTh AJs PacueTOB HeCTalHOHAD-
HbIX TEUEHHH HeBSI3KOH KHAKOCTH NPH YCJIOBHH, YTO MOJIHOE BpeMs
peleHus: HeBesuKo. JIuanu [1965] oGHapy:KHI, 4TO 3T CXeMa TOU-
Hee cxeMbl Jlakca — Beumpodda [1964] (cM. pasa. 5.5.5). Hann-
yHde BA3KHMX 4ieHOB B ypaBHeHHH (3.220) crabGHIH3HDYET 3TO ypaB-
HeHHe, [aBas BO3MOXHOCTh BbiOpaTh wwar Af{ B 3aBHCHMOCTH OT
uncaa PefiHosibaca Re (cm. 3amauy 3.11).

"Kpoxko [1965] mpeanoxusa cxeMy Ans pacueTa KBasHOLHOMEDP-
HOTO TeUeHHs CHKHMAaeMOH XKHAKOCTH, KoTopasi OyaeT anmpoKCHMH-
pylollell TOAbKO NPH JOCTHIKEHUH CTALHOHAPHOTO COCTOSIHHA. JTa
CXéMa HMeeT CJAeLYIONHIA BHA:

= — uAZ, + 0A%, (3.2212a)
U~ fri =80
Az, =(1+T) Ay —T 5 hy . (3.2216)
n no__ gpntl
pogy = S b R (3.2218)

Kpokko uccnenoBas BecoBOH MHOXHTeNb!) T' M B caydae TeyeHHs
HeBSI3KOH KHJAKOCTH YCTAHOBHJI, UTO IJs YCTOHYHBOCTH HAHMEHD-
wHuM sHavenuweMm [ mosxkHO Otk I' =1/, a 3TO B TOYHOCTHU COOT-
BETCTBYET CXxeMe NepBoro nopsigka Amgamca — bBamdopra (ypasHe-
Hie (3.219)). Anre6panueckue BBHKJALKH IPH NPHMeHEHHH MeTOAA
¢on HefiMana aas aHanu3a yCTOHUHMBOCTH CXeMbl OKa3aJHUCh CJAHLI-
KOM TIPOMO3JKHMH, I103TOMY KpPOKKO MNpejfcTaBHj UHCJAEHHLIE pe-
3yJIBTATH HCCAEJ0BAHUA yCTOHUMBOCTH rpaduuecKH, MOKa3LBas MpH
Kakux KoMOunauusx I', Re,, C u Af HMeeT MeCTO yCTOHYHMBOCThL B
pacuerax Oas OoJabluux 3HaueHWil BpeMenn. B neficTBHTesnbHOCTH
pacuerhl TeueHHH ObliH BuinonHeHsl npu I'=1. [Ipumenenne wme-
Tojla XEépTa mJs HCCHeOBaHHA ycTofuusocTH (cMm. 3azauy 3.12)
HAeT B HeCTalMOHADHOM cJydyae 3HaueHUe o, = u?Af(I' — 1/y), uto
TaK¥)e NPUBOAHT K YCAOBHIO yeTounBoct I' = Ye.

Cxemnl Apamca — Dsmdopra u Kpokko (Tax ke, Kak cxema
«yexapjga co cpeiHell Toukofl» H cxeMa <«dyexapna» [iopopra—
®paHKesna) HMEIOT BTOPOH NOPSJOK TOYHOCTH MAJSA KOHBEKTHBHBIX

1) Dr0 xopowo usBectuelfl npueM; cM. Puxrmaitep [1957].
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IpocTpaHCTBEeHHBIX npou3dBoaHbix. Ilogo6HO cxemam «uexapnas,
B HHX IJI7 pacueTa 3HAYeHHH Ha HEKOTOPOM CJIOe MO BPEeMEHH HC-
MOJIb3YIOTCA 3HaueHHs Ha ABYX NpPeJAIIEeCTBYIOUIHX CJ0AX, HO B TO
e BpeMf OHH de SIBASIOTCH CXeMaMn Tuoa <«uexapha», Tak Kak
B HHX 3HaueHHe [7F! BhiuncsisieTcs Kak cTapoe 3HaueHue L} peno-

CPeACTBEHHO B MpPEJIUIECTBYIOIIHI MOMEHT BpeMEHH MJIOC COOTBET-
cTByloulee npHpamesde. CuseaoBaTesbHO, 3TH CXeMbl HE IIPHBOJAT
K pacuJeHeHHIO pelleHHH 10 BpeMeHHBIM IlaraM, Kak CXeMbl «ue-
xapra». OHM He o0JajaloT CBOACTBOM TPaHCIOPTHBHOCTH H He
J 10T TOYHOro pemienus npu C = 1.

Cxema Musigoaw [1962] (cM. Takxke Jluaau [1965]) B HekoTo-
PBHIX OTHOLIEHUSX CXOAHA co cxemoll Apgamca — Bawdopra. 3ro
yeTHIpeXCJAOHHAA c¢xeMa, W JJs BHYHCJEHHS 3HAYeHHH Ha cJoe
n -+ 1 B Hefi HCNOJABL3YIOTCA 3HAYeHUs Ha caoix n—2, n—1 u A
Cxema Musikoab Toxe HMeeT BTOPOH NMOPALOK TOYHOCTH M He MPH-
BOAMT K pacujleHeHHIO pelleHHH MO BpeMeHHbIM Imaram. OHa TakKxe
aBasiercs cjiabo HeycTOHYABOH H, IO-BHAMMOMY, He HMeeT KaKHX-
an60 NpenMyllecTB II0 CpaBHeHHIO ¢ OoJiee npocToil cxeMolt Apxam-
ca — bsmdgopra.

3.1.13. Cxema Jledita; hasosuie ownbHU, OWKOKY,
00YyCNOBAEHHbLIE HEPASMYMUMOCTLIO,
paciienneHue no BpeMeHH

UpespsluallHO HHTEePeCHA OAHOLIArOBAA ABYXCJOHHAN cxeMa Jled-
ta [1965] BTOpOro MOpPSAKa TOUHOCTH; OJHOMEPHBIH BApPHAHT 3TOH
cxemnl npepaoxunu panee Hox u I[lporrep [1963] (cm. Takxe
Bengpodd [1961]). [Toctpoum cHauasa cxeMy AJisi OJHOMEPHOrO
TeyeHus, OOPaTUBLIUCH K JarpaHXKeBy ONMHCAHHMIO JBHKEHHS KHAKO-
CTH, IPH KOTOPOM CJIEAAT 33 JBHMKEHHEM YaCTHL.

Ha puc. 3.12,a crpeskaMH uszobpaxkeHbl TPAaeKTOPHH (KpHBbIE
B IJOCKOCTH (X, ?)) 4acTHL >KHAKOCTH AJs OAHOMepHOW 3a1adyH NpH
MOCTOSIHHOH CcKopocTH u. Ilpu H3MeHeHHH BpeMeHu OT ! mo !+ Af
qacTHILB MepeMellaioTcsl B HanpaBJ/JeHAH x HA paccrosHHe uAtl. [lo-
MEeTHM Tellepb KaXKAYI0 4HacTHLy, NPUIHCAB el 3HaueHHe §, NpHU-
yeM { MOXeT OHTh JIOOBIM €CTeCTBEHHBIM CBOHCTBOM, CBSI3aHHBIM
¢ oTJenbHO# wacTtuiedl xuaxocTH. B cayuae oTcyrcrBus auddysnu
Ka¥Kaasd 4acTHUa KUAKOCTH OyAer cCoXpaHaTb CBoe 3Hadenue §. Ta-
KHM 00pasoM, TpaekTopuHu, H3oOpaxeHHnle Ha puc. 3.12,a, npea-
CTaBASIIOT coO0H JHHHUH NOCTORHOTO §.

VpaBHeHHe KOHBEKUHH [/ HeBA3KOH uakoctn Of/0f =
= —u0{/0x Kak pa3 M O3Hayaer, 4TO { eCTh HEKOTOPOE CBOHCTBO
KUAKOCTH, KOTOPOE He MeHSIeTCsl B Ipollecce TeUeHHs. DTO ABJSeT-
Cs ompeAesieHueM CyOCTaHIHOHAJbHOH INPOH3BOAHOH, KOTOpas B
o6o3Hauennsx Jlarpanxa 3anuchiBaercss kKax DY/Dt =0f/0t +
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-+ udt/ox. Tlpoussomnass D{/Dt cBsizsaHa c uacTHLeH XHIKOCTH,
a ypaBHeHHe KOHBEKIHH JJIs HeBA3KOH XHAKOCTH KaK pa3 O3Ha-
yaet, yro D¢/Df =0, 1. e. 3HaueHue { J1060f YacTHIB OCTdeTCH
HEH3MeHHBIM !).

Kax mokasmiBaer puc. 3.12,0, ypaBHeHHe KoHBexnuu Oe3 yueTa
BSI3KHX YJEHOB o3HauaeT, yTo [}*!={". IlocrpoeHne KOHe4HO-pas-

HOCTHLIX YpaBHEHHI CBOIMTCS K 3ajaue NMpPUOGIMKEHHOrO onpejelie-

¢ //Zz t+At
I
! t
ubt e

a

= gk
6= t=(n+)AL
é* t=nAt
/re—unt—|
(i-Naz z=iAz (+Nbdz
3

Puc. 3.12. Tlocrpoenne cxemel JlefiTa B OfHOMEpHOM cJjydae. @ — TPAEKTOPHH
YacTHI B IJIOCKOCTH (X, {) npu u# = const; 6 — nepeHoc BeJMUMHBl [*.

HUus ¥ C MOMOILBI0 KaKOH-THOO HHTEepMOJNAIHH MO H3BECTHHIM 3Ha-
yeHHAM (7.

3aMeTHM cHauaJja, 4To NPH HEKOTOpo# onpelaeseHHOH KoMOHHa-
(MY TapaMeTPOB TPAeKTODHA MPOXOJIUT Yepe3 Y3J0BYIO TOUKY € KO-
opAuHatamu i— 1 u n. B arom caywae {*={?_,, T. e. {* HaxoauTcs

TOouYHO Ge3 BHeceHHs OWMOKHM npyu uuteprnogsnuu. Heobxoxumoe ana

1) Tem, XTO BNEpBble CTAJKHBAETCs C 3THM [MOHATHEM, MOXKeT O0Ka3aThes
noJie3Hol CaeAyiomlas HHTepnperanus. IlpeacrasuM cefe, 4To Ha MOBEPXHOCThb
071aBHO TeKkyllefi BOAB [OMelleHa Kamjia YepHUJ, H OyleM paccMaTpHBaTh §
KaK KOHIIEHTPALHIO OKPACKH, KOTOpas, OYEBHAHO, IPHIHCHIBaeTCH (KOHeYyHOM) va-
cruue xuAkocTH. Ecan npenebperats anddysneil, To 3iJepoBo onHcaHHe H3Me-
HeHHs OKpacK¥ B TOUKe jaercss ypasuenneM 07/0f = —udl/dx, a narpamnkeBo —
ypasHennem DZ/Dt = 0. PekoMenjyercs Taxxe o0bsCHeHHe, npel/oxeHHoe Bep-
aoM, Crewaprom u Jlaiirpyrom [1960].
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atoro ycaoBue (cM. puc. 3.12,6) nmeer Bux ulAf = Ax, nau C =1;
3HAuMT, NpH 4Hcae KypaHTa, paBHOM ejuHHILE, MOJydaeTcss TOYHOE
pewenue 7T!=7? | (xax u B pasg. 3.1.6),
Paccmorpum rteneps Gojee obiee yeaoBue C %= 1. Ecan uAf <
<C Ax, To TOYKa cO 3HaueHHeM [* HAXOOHTCS MeXAy TOYKaMH i
u i— 1 (cm. puc. 3.12,6). Hcnonbays ang npubMiXeHHOro omnpe-
AeneHHs {* JuHefHyI0 HHTEPIOJSIHIO, MOJIydaeM OLEHKY C NepBBIM
HOPSAKOM TOUHOCTH
u At

U=0—C =)= (3.222)
ITonaraa {t+!==_(", Gynem umersb
gt =g (é?— '3_1)
S = (), (3.223)

YTO COOTBETCTBYET CXeMe C Pa3HOCTAMH TNPOTHB INIOTOKA, PacCMOT-
penHo# B pasf. 3.1.8. EcaH NPHMEHHTH JHHEHHYI0 HHTEPIIOJAIHUIO
no ToykaM i 4+ | u i — 1, TO MOJNY4HTCA cXeMa C PA3HOCTSAMH Bliepes
0 BPEMEHH H UEHTPaJbHBIMU Pa3HOCTAMH MO NPOCTPAHCTBEHHBIM
nepeMeHHbBIM. Ecan Xe A9 HHTePNOJSIHH NO TOouKam i— 1, { u
i+ 1 ucrnosb3oBarh KBAJAPATHUHBIA aNnnpOKCUMALHOHHLIH IOJHHOM
(cM. pasn. 3.1.1), To moayunrcs cxema Jleiita

u At

€?+1=§?_%( Ax )(§;+1 ;—1 (uAt) 41 2§?+§?—x)-
(3.224)

Yucao Kypanra C= uAf/Ax Tenepp MOXHO paccMaTpuBaTh Kak
napamerp untepnosayuu. Orpannyenne C <{1, HakJalbiBaeMoe
yCAOBHEM YCTOMYUBOCTH, KAaK MOXKHO MOKA3aThb NPHMEHHTEJNBHO K
pPasHOCTHHIM ypaBHenuam (3.224) u (3.223), Tenepb MOXHO HHTEp-
NpeTHPOBATh KAk TpeboBaHHe, 4TO [* HQOJIKHO ONpenesaThCH UH-
Tepnoasyuetl, a He IKCTPAnOAfyuet.

Hpyrofi BbuBox cxeMbl Jlefita nosyuyaercs npH pacCMOTpPeHHH
pasnoxenns B pax Teisopa sBneped no BpemeHH a0 O(A#3), kak
H TpH BBIBOJe cxeMbl Agamca — bBamdopTa, HoO BTOpas NPOU3BO-
Hasi TI0 BpeMeHH Telepb Onpelensiercss M3 HCXOLHOrOo ypaBHEeHHS
KOHBEKIHH CAeAyIOUIUM 00pa3oM:

9g 28
or T T '

% 0% a AL\ __ o 0%
o T Ygrer T ox (_ oy ) =W (3.226)

Torga pazsioxeHnue B s Temopa naer

(3.225)

gl =+ M S+ 5 A ZE 4 0 (Af), (3.227)
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Hcnoabsyst aasi NPOM3BOAHKIX B ypaBHeHuax (3.225) u (3.226)
dopMyJisl C HEHTpPaJbHHIMH DPa3HOCTSIMH BTOporo mopsiaka 6f/éx
1 0% /6x% ¥ mOACTaBAAA UX B (3.227), 6y11eM HMETb

=g —unt 3 + ERVRAE T L O(AA A,  (3.228)

3TOT pe3yJbTar coBnagaer ¢ (3.224) M NoKas3wlBaeT, YTO JaHHaA
cXeMma UMeeT BTOPO# MOPSII0K TOUHOCTH.

dtu agBa cnocob6a BbIBOAA CXeMbl, OJHH H3 KOTOPBHIX OCHOBBHI-
BaeTCcs Ha KBaAPaTHYHON MHTEPNOJALHMH N0 MPOCTPAHCTBEHHOM me-
pEMEHHOH, a JpPYyrod — Ha pasyioXKeHHH BTOPOH NPOM3BOAHOH MO
BpEMeHHU, MPUBOAAT K OAMHAKOBHIM pe3yJbTaTaM, Tak KaK ypaBHe-
HHe (3.226) nmaer CBA3b MEXAY [POH3BOAHBIMH 0% /012 u 0% /0x2.
OnHako 3Ta CBSi3b CIIpaBellBa TOAbKO B Clydde YpaBHEHHS AJd
HEBSI3KOH XKHAKOCTH NPH MOCTOSTHHOM 4. B 3TOM cayuae cxema Jleii-
Ta coBnajgaer co cxemoil Jlakca — Bengpodda u apyrumu aByx-
maropuiMi cxemamu Jlakca — Bengpodda, ocHoBaHHBIMH Ha pas-
JIOXKeHHH N0 BpeMeHH (CM. T 5).

HauGosee uHTEepecHBI!l acHekT, BaXXHbIH H OpH 0OCYyXAEHHU
APYTHX CXeM, CBfi3aH C HCKYCCTBEHHbIM 3aTyxaHHeM B cxeMe Jleira.
Ecan Bce usieHB, BXoAsHiue B ypaBHeHHe (3.224), pasyioxuTh B
pansl Tefinopa B OKPECTHOCTH TOYKH (I, 1), KaK 3TO JesNaeTcs B Me-
TOJE XépTa IIPH HCCJIENOBAHWH YCTOHYHBOCTH, TO MOJYYHTCS

% A44SR LA+ O(AF) =

_ ubt op 1 uht 0% 1 w2AP ,
— & oy M A o A F g R [dszQ-l-O(Ax‘)]
(3.229)
HJIH
oz o .1
—57=—u-5x—+7At[ o N 20x2]+0(At2 Ax?).  (3.230)

B ypasuenun (3.230) waeH, crosmiuii B KBaApaTHHIX cKoOKax, NmpH
OCTOSSHHOM 4 PaBeH HyJI0 B cuay cBasn (3.226). Koadpoduuuent
npu 02¢/0x%? paBen HyJsi0, u B cxeMe Jlefita Her cXeMHOfl HCKyc-
cTBeHHOW BsizkocTH !). Takum oGpasom, cxeMa Jlefita, GpakTHyecKH
TpeAcTaB/sis ypaBHEeHHe IJIsl HeB3KOH KUAKOCTH B pPa3HOCTHOW
dopme ¢ ownOkoi mopsaka O (Af2, Ax?), npHBOAMT K TOH Xe op-
Me (3.224), 4To M cXeMa C pa3HOCTSIMH BIepeJ 110 BpeMEHH H IeH-
TPaJbHBIMH PA3HOCTSIMH MO NPOCTPAHCTBEHHOH mepeMeHHON, jaro-
1asg B NPHMEHEHHH K NOJHOMY YPaBHEHHIO AJS BS3KOH XHAKOCTH

') Huccunauns nOSBJSETCS JHINL B YieHe YeTBEPTOro NOpsAKa.



3.1.13. Cxema Jleiira 121

omn6bxy nopaaka O (Af, Ax) npu a. = !/ou?At (cpaBuure c¢ ¢op-
myqoi (3.18)).

OnxHako NpH HCCAEJOBAHHH TOJBKO CTAIlHOHADHBIX YpaBHEHHH
AJst 5TOH CXeMbl CHOBa MoJydaeTcs o, = !/pu?Af, oTKyaa caenyer,
4TQ CTAllMOHAPHOE pelleHHe 3aBUCUT OT Af U HMEET TOJbLKO NepBHIN
HOPSAOK TOuHOCTH. Takas aHoMasus cBsizaHa ¢ HEOOXOJHMOCTHIO
[IOCTAHOBKH JOMOJHHUTENLHOIO YCJIOBHS Ha BBIXOAHOI TpaHHlE Mno-
TOKa [PH HCIOJb30BAHHH LEHTPAJbHBIX Da3HOCTell AJs NPOU3BOA-
HBIX TO MPOCTPAHCTBEHHBIM IiepeMeHHHIM. Ha npakruke BhicoKas
TOUHOCTb obecneyuBaeTcs 3a CueT HOCTAHOBKH Ha BBIXOJHOH rpa-
HHLE ITOTOKa YyCJOBHA rpajueHTHoro tuma (pasm. 3.3.7). 31y aHo-
MaJHI0 MOXKHO PAacCMaTpPUBATH TOJBKO COBMECTHO € T'PAHHYHBLIMH
YCJOBHAME, NMOAPOOHOCTH MOXKHO HaliTu B cratbe Poyua [1971B].

OTMeTHM OJHMH Ba*KHbIH MOMEHT, Ha KOTOpHIl OOBIYHO He o6pa-
1aoT BHUMaHHsA. EcJAM B ypaBHEHHHM, BKJIIOUAIONIEM KOHBEKTHBHBIMH
M BS3KHH uYJseHbl, 15 KOHBEKTHBHOTO YJeHa HCIIOJb3YeTCs CxeMa
JlefiTa, TO cXeMHas HCKyCcCTBEHHasl BSI3KOCTb HMeeT BIIOJIHE OMpe-
HEeJEHHBIH BHI a. = !/ou?Af, 32 HCKJIIOUEHHEM €ZUHCTBEHHOIO CJy-
yas, korga C =1 {cM. npunoxenne B).

Ananus ycTOHUHBOCTH Ipu moMmou(n Meroaa ¢oH HeliMana mox-
HO NpPOBECTH OYEHb NPOCTO, HCHOJbL3YSl MmpuMep B pasi. 3.1.5.6, or-
HOCSIIIMACS K CXeMe C Pa3HOCTAMH BIepeld O BPeMeHH H IeH-
TPaJbHBIMH Da3HOCTAMH IO NPOCTPAHCTBEHHOH IeDeMeHHOH, H 3a-
Mmeuas, yto Tenepb B ypaBHerun (3.105) nazo samenurb d Ha C2/2.
Torma B cuay ¢popmyanl (3.108) 145 MHOXKHTENS Iepexoja B cCXeMe
Jlefita 6y1eM UMeThb

G=1—C?(] —cos8) — IC sin 6, (3.231)

OTKyJa cJaenyeT, 4To
|GRE=1-4 C2(C2—1)(1 — cos )2, (3.232)

H a4 YCTOﬁqHBOCTH JOJIZKHbI BBIIIOJIHATHCS HepaBeHCTBa
1<+ CCP— 1) (I — cos B2 <C + 1. (3.233)

Jlerko mpoBepHTDb, 4YTO JE€BOE HEPABEHCTBO BHINOJIHSETCS BCEraa, a
npasoe, Kak o6BYHO, TONbKO NpH C << I.

[Tpu nomomn ¢opmyasl (3.232) MOKHO TaK¥XKe HCCJAEAOBATh
owrn6Ky, oOyCAOBJEHHYIO 3aTyxaHueM, H dasoBylo owmwubky pac-
cmarpuBaeMoi cxeMbl. Jlefit [1965] mnposen Takoil aHaad3 mas
cryvas, korgza C < | u 6 Mmano, 4To mpeacTaB/sieT HHTEpeC NPH
MeTeopoJIorHuecKux pacuerax. [lepBoe yciioBHe HMeET MeCTO mo-
TOMY, YTO MEeTeOPOJIOTHYECKHe DacyeThl MPOBOJASATCA NPU Maublx Af,
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a BTOpO€ CBS33aHO C TeM, YTO HauboJblIMH HHTepec 3AeCh Mpe-
CTaBJAAIOT AJMHHOBOJIHOBble (IO CpaBHEHHIO ¢ AX) BO3MYIIeHHS,
korga 0 = k,Ax = 2xAx/A < 1. Tlosaras C* <« C?2u |l —cosO =~
~02/2, dopmyay (3.232) MOXKHO Mepenucath B CJACAYIOULEM BHJE:

|G PR~ 1— C2Y4 (3.234)
Tak KaK (1 —e)» &= | —e/2 npu ¢ < 1, orcioga chreayer, 4to
|G|~ 1— C%0%8. (3.235)

[TockoabKy mJast HCXOAHOro AubdepeHnHasbHOro ypaBHenus |G|=
=1, wien C20*/8 mpexcrasasier co6ofi npubaHKeHHOe BhIpaKeHHe
Ui olIHGKH, o0YyCJOBJEHHON 3aTyXxaHueM. 3aMeTHM, UTO OWIHOKA,
obycaoBJeHHas 3aTyXaHHeM, HMeET YeTBEPTHIH NMOPSAOK 10 AX.

AHaslornyro MOXKHO OLEHHTb $aszoByio owubOKy. Kaxk yxe 06-
cy:aamnoch Beime (cM. pasjg. 3.1.6), rounas ¢daszoBas CKOpOCTb AJH
auddepeHunaJpHOro ypaBHeHHs npH Bcex 0 6yaer u. Pewenue
nuddepeHnHanbHOTO ypaBHeHHA MOXKHO (mpeHebperast BJAHsHHEM
rpaHnn) sanucath B Buae (3.160) uam B ciaenyiolleM 3KBHBaJIEHT-
HOM BHJE:

Llx, ) =C(x —urt, t — 1), (3.236)

rae T-— NPOHM3BOJbHBIH CABHT IO BpeMeHH. DTO pelleHHe MOyKHO
3anucaTb yepe3 Qypbe-KOMHOHEHTH C BOJHOBBIM YHCJOM Ky H COOT-
BeTCTByIOLIeH aMIIUTYy ROl V 1) :

Lr, = Vexp[lky (x —ul)], (3.237)

HJIH
L, (x, )=Vexp[l (6 — k.ut)]. (3.238)
3HaYUT, TOUHHIH CABHr MO ¢ase 3a BpeMsl T LIS pelleHus gudde-
peHIUanbHOrO ypaBHeHHSt paBeH AO = —k.ut. CpaBHHM Tenepb

3TOT Pe3yJbTaT CO CABHIOM MO (hase 1151 YHCJAEHHOTO pelleHUs. Bhl-
YHCJHHM CABHT 1o ¢ase anasa audpdepenunasbaoro ypasuerus (V)
B YACTHBIX NIPOH3BOJHBIX 3a BpeMsi 7 = Af:

(A6) 1y = — kAt = — £,C Ax, (3.239)

(A8) 1y = — CO. (3.240)

®akTudeckuil CABHr MO ¢ase A58 KOHEYHO-PA3HOCTHOLO YpPaBHEHHS
(KPY) Haxogurcsi H3 reoMeTpHUecKHX coobpaxkeHHH (CM., HanpH-
Mmep, puc. 3.8) u onpejenseTcs paBeHCTBOM

sin [(A0)py] = 57 (3.241)

1} Ipoauddepenunposas (3.237), nonyuum 0F/0t = —Iuk.l u 6/0x =
= [k, T.e. ypaBHenue 9{/0f = —u0Y/Ox BBHIMOJHACTCA TOYHO.
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W3 ypasuenus (3.231) umeem Im G=—Csinf, TIloaaras
sin (A8) &~ A0 u ucrnoabays pasenctso (3.235), noayuaem
— Csin®
(AG)KPY = 1 —C%%/8 (3242)
HJIH, TOCKOJIBKY (1 —¢e)~' &~ 1+ enpue K 1,
(A8)ypy = — C sin 8 (1 4 C%*/8). (3.243)
Ilns yno6erBa cpaBrenus ¢ (3.240) mepennmem (3.243) B BuIe
(A8)ypy = — Cbr, (3.244)
rne 204
sm 0 C 6 sine
(1+5 = (3.245)
[Tockonbky O MaJjo, packnaaeBas sin @ B psaja, mosaydaem
ra L PBA0E) (3.246)
HJH
re1—046 < 1. (3.247)

CpasuuBas paBeHcTBa (3.244) u (3.240), MBl BHAUM, YTO B KO-
HEYHO-PA3HOCTHOM pEIIeHHH Kax7aas (ypbe-KOMIOHEHTA [EpeHo-
CHTCSl BAOJp OCH X MeJJICHHee H3-3a HaJHYHs MHOXKHTens r(0) < 1.
B rtounoM pemerun AuddepeHurasbHOTO ypaBHEHHSI B YACTHBIX
npousBoAHHX (V) BCe KOMIOHEHTH NMEPEHOCHTCA 33 CUET KOHBEK-
LHH CO CKOPOCTbIO #; B pPELIEHHH e KOHEUHO-Pa3HOCTHBIX ypaBHe-
HHH ocTanTcs Bce (Qypbe-KOMIOHEHTH TOUHOTO pelleHHs, HO pas-
JINUHBIE KOMIIOHEHTHI NepeHOCATCS C Pas3JHUHBIMH CKOPOCTSAMH. ITa
omnbkra Goablle ajas Gosbliux 6, T. e. Aaa Gosiee KOPOTKHX MJIMH
BoaH A. Takum o6pasoM, B IpolLecce YHCACHHOTO PelUeHHs pasJiHy-
HbBle (ypbe-KOMHOOHEHTH OYyAYT OTKJOHATHCS OAHA OT APYTOH HJH
HDHCIEPTHPOBATH; 3TO SIBJE€HHe YacTO HAa3bIBAaeTCsl OUCNepCUOHHOL
owubrod, (OQHO U3 MEePBBIX HCCIEAOBAHHU AHCIEPCHOHHOH OLIHOGKH
6uio aano B paGote Croyna u Bpafiena [1963].)

®asopasg owmubka 3a OAUH wWAar 1o BpeMeru O6yger Eg=
= (AB)kpy — (AO) ny. M3 dopmyn (3.240) u (3.243) wmaxomum, yro
E¢ &% —Csinf —(—CO)= —C[6 —6%/3! + .., —0], uau

Ey =~ CO%6. (3.248)

Takum oGpa3om, ¢azoBas omwnbka HMeeT TPeTHH NOPAACK mo 0, a
cJel0BaTeNbHO, TpeTUH nopaaok u no Ax.

[Ipenenpublfi caydalt KOPOTKHX IJIHH BOJH MOXHO DPacCMOTpETb
6e3 [OMOJHHTENbHBIX NpuOaMKeHHBX gonyiieHud. [Ipu C << 1 u3
ypaeuenus (3.232) caenyer, uto |G|? << 1, 3a dcKAlOueHHeM cay-
yast, korga 6 = 0. W3 pasencrBa (3.231) umeem Im G = —Csin 0.
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B npegene npu 6 —n Im(G)—0 u us pasencrea (3.241) noay-
yaeM, uto sin(A8)— 0 nau (AO)kpy— 0. Takum obpasom, dasosas
omn6ka Oyner MOJNHON, MPHUEM ypobe-KOMHOKERTA ¢ HauMmeHbuied
OAUHOL B0AHBL CTAHOBUTCA NOAHOCTHIO CTAUUOHAPHOU. IDTOT 3h-
(deKT TakxKe HMEET MeCTO B CXeMe «uexapla CO CpeldHell TOUKOMH»
(cM. pa3a. 3.1.6) u THIHYeH IJ BCeX CXeM, HCIOJB3YIOUHUX LEH-
TpaJbHBEle pasHocTH Aas dieHa 8/6x (Ppomm [1968]).

[Tpu C =1 u3 pasencrBa (3.232) cienyer, uto |G|2=1. 3aecs
¢dasoBas ownbKka TakkKe HCYe3aeT, NMOCKOJbKY paseHCTBO (3.241)
NpHHUMaeT BHA

[sin (AQ)]py = — SPO (3.249)
KPY T :
HIH

(AB)ypy ~ — 6, (3.25)

4TO COOTBeTCcTBYeT paBeHCTBY (3.240) nss TOUHOTO penleHHsT OpH
C =1. 3to snerko nposeputrb, nojarags C=1 B KOHEUHO-Pa3HOCT-
HOM ypaBHeHHH (3.224):

G =4 =3 G =) g Gt - XD, (.25

OTKyna {#*!==(%_,, 4TO COOTBETCTBYET TOYHOMY pelLIeHHIO.

B pa6Gore ®pomma [1968] npuBeneHn u30JAHHHH ($a30BOH H
aMIauTyZHO# omHGOK cXeMbl JleHiTa B 3aBHCHMOCTH OT TapaMer-
poB C u 0. Ormeuaercs Xxopolllee NOBefeHHe ITHX JHHHH B NMpefesib-
Hux caydasax npu C—1u 6—0, 2rn. B xauectBe QyHAaMeHTadbHOR
pabotel mo ¢a30BEIM OWIHGKAM MOXKHO pPeKOMEHIOBAThb CTaThiO
Kpoyau [1968a].

Ecnu umHTepecyioTcs TOABKO CTAUMOHADHEIM pellleHHeM, To da-
30Bble OIMOKH He mpelcraBisioT wHTepeca. OIHAKO B HECTAIWO-
HapHOM pDEUIeHHH OHH MOTYT HIDaTh BaHeHmyw poab. OCHOBHI-
Basich Ha dopmynae (3.248), Jleitr [1965] nawen, uto yucao N wa-
rOB N0 BPEMEHH, OPH KOTOPOM Nojyyaercs $asoBas olIHGKA B OJHH
panuaH, papgo N = 6/(C8%). Jleiir cuuraer, 4TO NpH YHCAEHHHIX
pacuerax (asoBble OMIMOKH OKa3LIBAIOTCH BaXKHee AaMIVIHTYAHBIX
OIIKHOOK.

Ynpamnenue. Onpenennts $as3oBylo U IHCTEDCHOHHYIO OWHGKH JAJIS CXEMbI
C PA3HOCTSMH NPOTHB NMOTOKA.

Ipyro#t Tun oWHOKH, KOTOPas OKa3blBaeT BJAUSHUE HAa TOUHOCTh
BECTAMOHAPHLIX H CTAHOHAPHBIX PAcueTOB IIPH HCIOJIb30BAHHH
KaK cxeMbt Jlefita, Tak H M06BIX IPYTHX CXeM, HA3LIBAeTCS Oub-
Ko, obycrosaennol Hepasauyumoctsro. Omubra, o6ycJoBaeHHad
Hepas3JHYHMOCTEIO, BIepBhle OblJa OHHCAHAa H NPOaHAaJIH3UPOBaHa
®unauncom [1959). B kauecTBe Apyrux BaxKHbIX paGoT Ha 3Ty
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TEeMy MOXKHO YKasaTb cTaThu [ pamMenwrBeara [1969] u PoGepra
¢ coaBropamu [1970]. 31ech MB TOJBKO ONHIIEM 3TO ABJEHHE.

Hepasnuuumocrs cBfisana ¢ oOMeHoM 3Heprueit Mexay (ypbe-
KOMIOOHEHTaMH (TepMHH <«3Hepruf» 31ech HCMOJAb3yeTcss B oblleM
CMBIC/IE TIE€DPBOTO MOMeHTa nepeHocHMoil ¢yHkuuH §2). Kak yxe
Obl0 YKa3aHO Bhlllle, HAHMEHbUWIAA AJHHA BOJH KOMIIOHEHT, KOTO-
pble MOXKHO Pa3JHYHTh NPH NaHHOW pasHOCTHOH ceTKe, paBHAa A =
== 2Ax. O6blyHO GOJbLINKA HHTEpeC MPEeACTaBASET TOUHOCTb AJNHHHO-
BOJIHOBLIX KOMIOHEHT, H IIO3TOMY HEBO3MOMKHOCTL DPAa3JHuaTh KO-
POTKOBOJIHOBBIE KOMMOHEHTHl MOTJIa Obl TOKa3aTbest  Hecyllle-
CTBEHHOH.

B camom pejie, ecnn NMPeAINONOXKHTh, YTO KOHBEKTHBHOE MoJje i
BCIOAY IMOCTOSIHHO, TO OWIHMOGKa, o0yCJOBAEHHAS HEPa3JHYUMOCTBIO,
He Oyner nosBaaTbed. OJHAKO B HeJAUHEHHBIX 3ajauax, Kak Ws-
BeCTHO, KOMIIOHEHTH B3aHMOAEHCTBYIOT TakHM 00pasoM, uTo 3Hep-
THSl MEPEeHOCHTCH OT AJHMHHOBOJHOBBIX KOMIOHEHT K KOPOTKOBOJI-
HOBBIM. (B ¢u3snke u3BecTHO, 4TO Heprus TypOYNEHTHOCTH OGBIUHO
mepeHOCHTCa OT OOJBIUMX BHXpel K MEHBIHHM, a 3HEPTHA MaJibiX
BHUXpEH AMCCHIHDYyeT MM Npeobpas3yeTcs BO BHYTPEHHIOI 3HEPTHIO
nocpeAcTBoM Tperus.) s Toro 4robvl HMeJO MECTO TaKoe B3aH-
MOIefiCTBHE KOMIIOHEHT, COBCeM He 06f3aTesNbHO HaJIHUHE HacTOs-
et HeJHHeHHOCTH; LOCTATOYHO, UTOOH CKOpOCTh & Guina yHKIHEH
MPOCTPAHCTBEHHEIX NepeMeHHbIX.

Tenepb BO3HHKAET CJEAYIOUK{T BONPOC: 4T0 GYAET NPOHCXOAHTH
B TOM CJyuae, KOrja MeXaHH3M [HCCHNALHH -JJs oT6Opa 3HepruH
OT KOPOTKOBOJHOBEIX KOMIOHEHT OTCYTCTBYeT H KOrjaa IpH pacue-
Tax HeJMb3s Pas3jMUNTh KOMTOHEHTH € AJunO# Boanb A < 2Ax? He-
O:KMJ@HHBIH OTBeT 3aKJ/IOuaercs B TOM, YTO TOrJa SHEPTHS Iepe-
pacnpeaejsercs M BHOBb IIeDeXOAMT K JJIHHHOBOJHOBBIM KOMIIO-
HEHTaM, HCKaxKasl 3TH NPEICTaB/sIOLHe HAaHOOJNBIIH HHTEPEC KOM-
[IOHEHTH H jAaxKe NPHUBOAA K HEKOTOPOMY POJY YHUCJIEHHOH HEeyCTOH-
yuBocTH (®uanunc [1959]). Hanuuue B pacuerax Kakoro-au6o 3a-
TyXaHus, GU3HIECKOTO HJIH UHCJAEHHOTro, 00eclieunBaeT AHCCHIATHB-
HbI MEXaHH3M H TeM CaMHM ofJieruaeT pelleHHe 3TOrO BOMpoOCa.
Takum ob6pasoM, pacueTsl TedeHHil NpH Maaelx Re u pacuers Teue-
nuii HeBSI3KOH JKUIKOCTH IPH IOMOUIM YHCJEHHBIX METOAOB, BBOAS-
L[HX HCKYCCTBEHHOE 3aTyXaHHe KOPOTKOBOJHOBBIX KOMIOHEHT, MEHb-
me CcTPajamT H3-32 olIuG0K, 06yCJOBJEHHBIX HEPA3JIHYHMOCTBIO.

CJ/I0BO Hepa3AutuMOCTs UCIOAb3YETCA TaKXKe MUt OIHCAHUS TOTO
(dakTa, YTO HA KOHEUHOH CeTKe NPOCTO Hesb3si AOOHTHCS Pa3HUH-
MOCTH HeKoTOphIX uacToT. (MMeHHO H3-3a 3TOr0 SHEPTHS MOXKeT
mepepacnpenessitecss K JAJMHHOBOJHOBBIM  KoMmnoHeHTaMm.) To
06CTOSATENILCTBO, UTO [BAa TaKHX paclpeleseHHsl, Kak (=
= cos [m(m = n)i], UMEOT B TOUHOCTH OAMHAKOBHIC 3HAYECHHS B
Y3JOBBIX TOUYKAX [, SIBASETCS CJeACTBHEM MPOCTBIX TPHUTOHOMETpPH-
YECKHX TOXKJeCTB. Takas XKe AMCKPeTH3AUHS HJKH «CeTOYHOe» Npei-
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CTaBJieHHe SBJEHHUS 60 8peMeHi BHI3HIBAET CTPOGOCKONHYecKHE 3()-
(GexTH B JBMKYLIUXCA KapTHHAX, HampuMep Kojeca BaroHa Ka-
KYTCS 3aMEISIONIHME JIBUXKeHHe H BpallalolUMHCH B 06paTHOM
nanpapjeHnH. Takoe cMeleHHe YacTOT sIBJsETCS HeH3OEXKHBIM
cJeACTBHEM IHMCKpeTusauuu; cM. XemMuHr [1962, c. 276, 303].

B s3akjaioueHHe 3TOro pasiesa paccMoTpHM 0000lleHHe cXeMhl
Jlelita Ha cayuait OBYX [POCTPAHCTBEHHBLIX IepeMeHHbIX. OueBHA-
HbIM 0606u1eHHeM ypaBHeHUs (3.224) 6YILeT ypaBHeHHUE

§?.+j1:§?,f C (€z+1 i Ct-—l )+ C2( Per, 20 i)_

- % Cy (Cttl. i+ gl j—l) + C2 (C, j+1 2@7, i + C,r;’, j—-l)’ (3252)

HJIK B OUEeBHAHBIX COKDAUIEHHbIX 0003HaueHHusAX

G =21, — 5 C8, @) + 3 O (€ — 5 C,8, € + 5 Gy (&7,
@%@

rae C, == ulAt/Ax, a Cy = vAt/Ay. Dra cxeMa He ABASETCH CXEMOH
BTOPOro Mopsifika ToyHoctH. Cxema BTOPOTO MOPSAKA A0/IXKHA Obiia
66l BKJKYATb 4jeH ¢ NPOH3BOAHOH 0%/0xdy B DA3J/IOKEHHsSX B
paant Tefinopa. Bonee toro, naHHas cxema weycroduusa (JIeHT
[1965]). Takum o6pasom, KoHedHO-pasHOCTHas cxema (3.252) sB-
Jsiercs NPpUMepoM [ABYMEpHOH HeyCTOHYHBOH CXeMBl, NOJYYeHHOH B
peayabTaTe KOMOHHALMH [ABYX OJHOMEDHBIX CXEM, KaxJas H3 KO-
TOPHIX YCTOHUYHBA.

Jlefir [1965] naeT ycTOHUYMBYIO OBYMEDHYIO CXeMy, KOTOpas
OCHOBBIBaeTCs Ha NOHATHH APOOHBIX 1IAaros 1o BpeMeHH (Mapuyxk
[1965]) u xoTopywo Tenepb OOLIYHO HA3BIBAIOT CXeMOH pacluellie-
Hua Mo BpeMeHHW. Ee njiest 3ak/iodaercss B II0OCJHEL0BaTENbHOM TPH-
MEHEeHHH KaXKJ0fl OJHOMEDHOH cXeMbl MO OTAENBLHOCTH, IpHUEM pe-
3yJbTATH, NOJydYalollHecs Ha NepBOM IIPOMEXYTOUHOM IIare, JiH-
nleHH (PU3UUECKOro ¢Mblcaal). Dra cxema 3aNHCHIBAETCH Tak:

gie—=gn _—ca@%+i@@@% (3.254a)
il =gt — = (; O, 12 + o C262 (En+ir), (3.2546)

OHa dBJasercs annpOKCHMprfomeﬁ, B OTJIHYHEe OT cxeMbl (3.253)
obecriedMBaeT MOJHBIA BTOPOH NOPSAOK TOYHOCTH H YCTOHUHMBA NpPHU
yeaoBuax Cx << 1, Cy << 1.

1) Dra KoHIenuHs IOXO)Ka HA paculelseHde, paHee HCNOAb30BaHHOe [luc-
meroM H Paxdoprom [1955] B HesBHOM cXeMe METONa YepeAVIOUIMXCA Hanpan-
qeHuit (cMm. pasa. 3.1.16), Ho me 3kBuBajscHTHA eMy. B mosorpapun Huenxo
[1967] paccmaTpuBaloTCH W JApYrde MeTOAb APOOHLIX [AroB MO BpPEMEHH.
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[To-BuauMoMy, 1100YI0 YCTOHUHBYIO OJHOMEPHYIO CXEMY MOXKHO
IIPUMEHSITh W B cjlyuae ABYX NPOCTPAHCTBEHHBIX [ePEeMeHHBIX, KOTAa
POBOAHTCH pacllelJieHHe MO BpPeMEeHH, NMpPHYeM YCJOBHA yCTOHUH-
BOCTH AJIs1 OAHOMepHO# cxeMul He MeHAWTCH. B 3anauax obrexkanus
TeJ TaKoe pacliellieHHe MO BPeMeHH NMPHBOAHT K TPYAHOCTSAM, CBS-
3AHHBIM C IPABHUHBIME YCJOBUSMM Ha NpoMexyrtouynom mare. Kaxk
MBI YBHJAHM, AJS BHIYHC/JEHHs TPAHHUYHBIX 3HauyeHUH { Ha HOBepx-
HOCTH TeJia HCHOJb3YIOTCSl 3HadeHHA (QYHKIMH TOKa { BO BHYTpEH-
HUX TOYKAaX, HO BBIYUCJATL 3HAUEHHS ¢™t'2 Ha MPOMEKYTOUHOM Ila-
re, KaXercs, He HMeeT CMBbICJa.

Ilpu ngocraTodHO MasHIX LIarax IO BPEMEHH Ha BTOPOM Iiare
cxembl (3.254), BeposiTHO, MOXHO OpaTb 3HaueHHe §" ¢ npexuie-
CTBYyIOLIEro /1051 1Mo BpeMenH. Kak BJHUsieT Takas HOCTAHOBKA rpa-
HUYHOTO YCJOBHMA Ha YCTOHUHBOCTD M TOUYHOCTH KAKOH-HOO CxeMbl
paculen/ieHHs No BpeMeHH, NMoKa 4To He ycranosjeHo. ([Ipu peue-
HHH MeTeOpOoJIOrHyeckHX 3ajay, paccmarpuBasuuxcs Jlefitom, tpya-
Hocrefi He Bosuukaer.) ®pommy ([1971] npu noMowim BBegeHHS
B OJHOLIATOBYIO CXEMY HYJEHOB CO CMEIUaHHBIMH TPOH3BOHBIMH
yAanoch JOOUTbCS YCTOHYHBOCTH B CXeMe, Kotopas Oblia ycro#-
yiBa B OAHOMEpPHOM CJydYae H HEeYCTOHYHBA B JBYMEPHOM.

Pacuiensenne no BpeMeHH MOXKeT NPHBECTH IIOMHMO YJIyYLIeHHS
YCTOHYHMBOCTH M K YJYYLICHHIO TOUHOCTH (CM. Ccjefyiollee ynpax-
HeHue).

Ynpooxnenue. [IpuMenuTb CXeMy C pa3sHOCTAMH NPOTHB [OTOKA B cjiyyae
JBYX NPOCTPAHCTBCHHLIX MeDeMEHHBHIX M OTCYTCTBHA BSI3KOCTH JJA YyPaBHeHHs
nepeHoca ¢ MOCTOSHHBIME KOG dHUHEHTAMU

96 0,08

ot “ox 3y "

[lokasaTsb, 4TO cXeMa pAaCUICTICHHS MO BPeMeHH B OTJHYHE OT CXeMbl Oe3 pac-
HlelIeHHss TNPHBOAMT K TOYHOMY pelieHHIO, Korja uucaa Kypaura uAf/Ax =1
i vAt/Ay = 1.

Hekoropbie cxemb!, aHajoruuusie cxeme Jle#ira, ofcymupawores
B paborax Kacaxapwl [1965] u @uwepa [1965a]. D1u cxembl
u cxeMa Jlefita moxoxu Ha cxeMmy Jlakca — Beuapodda u ee gpyx-
IIaroBble BapHAaHTH, KOTOpBHle OYAYT paccMaTpUBaTbCs B I
Xors cxembl Jlakca — Bengpodda Oblniu paspaGoTaunl gas Teue-
HHH CKUMAaeMOH KHIKOCTH, OHU NPEACTaBJAIOT HHTEPeC n JJs Te-
yeHn#t Hecxkumaemo#t xuakocru (JIuaau [1965]), HecMorpsi na TO
YTO 3TH CXeMbl NPHBOJAAT K CHJIBHOMY 3aTyXaHHIO KOPOTKOBOJIHO-
BLHIX BO3MYLIEHHI.

Jpyrue cxeMmpl, NOCTPOEHHBIe HA HJee pacUIENJEHUs MO Bpe-
MeHH H ofsafaioliye JyUYIIHMH JHCIEPCHOHHLIMH CBOHCTBaMH, Oy-
IyT paccMaTpHBAaTbCsl B CJAeAYIOLIHX pasiesax, a cefiuac Mul Ipo-
noxnm obcyXKaeHue HEKOTOpHIX 00Jiee NMPOCTHIX CXEM.
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3.1.14. HesaBHble cxembl

PaccMOTpeHHBIe BBIlIe CXeMBI BJAAIOTCS SIBHBIMH, T. €. B HHX
JJIR BbIYHCJAEHHS 3HAYeHHH Ha (n - 1)-M cjoe Mo BpeMeHH Heob-
XOMMMBI TOJNBKO H3BECTHBIE 3HAYEHHS HA n-M, (n— 1)-M, ... caosx.
Tenepr mnpHCeTynmUM K OOCYXKJIEHHIO HeABHBIX CXeM, B KOTOPHIX
B TIPOCTPAHCTBEHHLIX NPOHM3BOAHLIX HCHNOJNL3YIOTCS 3HAUEHHSA Ha
n + 1 caoe 1o BpeMeHH M IIO3TOMY JJs NPOABHXKEHHA pacueTa
HY?KHO OJTHOBPEMEHHO pellaTh CHCTEMY YpaBHeHHH Ha n -+ 1 cioe.

3anuuem obLyI0 cXeMy MAJS MOAEJbHOTO YpaBHEHHS, OMHCHI-
BAIOLIEr0 TEYEHHE HEBS3KON KHAKOCTH, B CJejlylolleM BHAE:

et =" — (uAY) 67 /b (3.255)

31ech 6y116T/ paccMaTpuUBaThCA MNpeACTaBJIeHHE NpOCTPAHCTBEHHOH
HpousBO,zIHOl'/’I TOJbKO LEHTPAJbLHBIMH Pa3HOCTSIMH, TakK 4TO
6§i €i+1_§i—1

e (3.256)

rje cjofi o BpPEMEHH A TMOKA ellle He onpefeseH. AHAJOTHYHO, A/
ypaBHeHHS AHGDPY3HH TOMOKUM

=" (a A) 87 /04%, (3.257)

Ecau mpocTpaHCTBeHHLIE NPOM3BOAHBIEe B (3.255) mam (3.257)
BHIMMCATb HA n-M CJ10e N0 BPEMEHH, TO MOJYYHTCS pPaccMOTpeHHas
paHee sBHAA CXeMa C pasHOCTAMH BIepej II0 BPeMeHH H LEeHTpaJb-
HBIMH Pa3HOCTSIMH N0 TMPOCTPAHCTBEHHOH MepeMeHHOH H ¢ owubKoH
nopsigka O (Af,Ax?). Ecau ke ujeH 8f/6x B ypaBHEHHH KOHBEKIHU
(3.255) szamucaTth Ha HOBOM (n - 1)-M cjoe, To NOJYUYHTCSH TaK Ha-
3blBAEMAast NOAHOCTHIO HEABHAS cXeMa

P =" — (u A 8 b (3.258)

Omubra nmpu 3TOM no-npexHeMy HMeer nopsgok O (Af, Ax?), Ho
sTa cxeMa 00/1afaeT CYILECTBEHHBIM IIPEHMYIIECTBOM B CMbICIe
ycrofiunBoctd, Mccaenys ycrofiuuBocTh MeTofoM ¢(on Hefimana
u mojgarags C = uAf{/Ax, nonyuaem

Vn+l — Vﬂ. _ (C/2) Vn+1 (ele . e-—le), (3'259)
V" (1 + CI sin ) = V", (3.260)
1 1 — CIsinb
G = T¥crams = TFchsmo” (3.261)
14+ C%sin?0 1
|GF= [+ C?sin26]2 ~ 1 C2sin%@ ° (3.262)

Takum ob6pasoM, AJs1 HOJHOCTbIO HESSBHOH cxeMbl uMeeM |G| << 1
HeszaBicuMo or BeanuuHbl C. JlaHHas cxema abCoOMIOTHO yCTOHYUBA,
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YTO AaeT BO3MOMKHOCTb BECTH pPacCUeThi ¢ MPOH3BOALHO OCOJBIIHM
1aroM 1o BpeMeHH, a 3TO fBJSIETCH GOJbIIHM MPEHMYUIECTBOM.

[TonnocThlo HesBHAs cxeMa MNepBOTO MOPSAKAa TOUHOCTH albco-
JHOTHO yCTOHUHBA TakKXe u AJA9 ypaBHenus auddysuu'!) (Jlaaco-
Hen [1949], Puxtmafiep u Mopron [1967]). Ilpu d = a At/Ax? no-
JAygaem

T =" a AT 647, (3.263)
Vi =y Tl (7 — 2), (3.264)
V"1 — 2d (cos 0 — 1)] = V", (3.265)

G ! (3.266)

T T1F2d(1 —cos®) °

Tak kak 1 —cos 8 =0 ans mo6bix 6, uMeeM |G| << 1 pas a06bIX
d nan mobuix Af. 3amerum rakxke, uto G > 0 aasa awoboix 0; Kax
6blJI0 YKa3aHO paHee, 3TO yCJOBHEe OTBEYAET CJyualo, KOrjaa OCIHJ-
JAUHH, 00YCJOBJEHHbIE Upe3MepHO GOJBLIMM LIArOM [0 BPEMEHH,
OTCYTCTBYIOT,

¥npascrnenue. Tlpn nomolu meropa dou Heilimana yGenutecst B TOM, uTO
MOJIHOCTBIO HesiBHAA CXeMa a6CoJIOTHO ycTofunBa A yPaBHeHHS, BKJ/IOUAIOUIEro
KOHBEKTHBHBIH H AH(P Y3HOHHLIA YJIeHH.

Ynpascnenue. Mcnoabsys, kak B MeTode Xépra, pasnoxenust B paabl Teli-
Jopa, MOKasarth, UTO B HECTALHOHAPHOM CJyd4ae cXeMHas BSI3KOCTb MOJHOCTBIO
HesiBHOM CxeMbl uMeeT BHA O = u?At/2. (¥Ykasanue. HJs yupollleHus BHIUHCIIe-
HHH pas/ioxeHHe NPOBOAHUTb B OKPEeCTHOCTH TOUKH (I, n 4 1).)

Ecnn B ypaBHeHuu kousekuuu (3.255) seanunny 6L/8x BeIumC-
JATb Kak cpejHee 3HaueHue Ha n-M H (n - 1)-M caosax, o bynem
HMETb

n a+1
Q”H:;”—%(uAt)[%Cx & ] (3.267)

Junau [1965] uHasBaa a3ty cxeMy <«MOAUGHLHPOBAHHOH CXeMOH
Dfinepa» (cxeMa ¢ Pas3HOCTAMH Brepel [0 BpeMeHH U LEHTpaJb-
HbBIMH Pa3HOCTSMH [0 NPOCTPAHCTBEHHBIM NEPEMEeHHBIM Ha3bIBaeTCs
cxemolt Diinepa?)). HaHHas cXeMa TakikKe HesiBHAs, HO MOCKOJBKY
OCpejiHeHHe EeHTPHPYET MPOCTPAHCTBEHHYIO NPOH3BOAHYIO OTHOCH-
TenbHO (n4-!/2), KAK U B cXeMe «uexapla CO CpeJHEH TOUKOH»
(cm. pasg. 3.1.6), omulGka wmeer mnopsaok O(Af? Ax?). Muoxu-

'} Tlpeabiayuide npuMepbl MOTAH Obl HABECTH HA MBICHAb, HTO DPA3HOCTHBIE
CXeMHl, C yclleXoM HCHOJb3yeMble 1/ ypaBHeHHs KOHBEKIHH, 0OLIYHO HemphMe-
HUME K ypaBHeHuio auddysnu. Ho 310 sMIHpHUeckKOe MPaBHAO HENPHMEHHMO
AN HESBHBIX CXeM.

?) Jaunas cxema HaswbiBaeTca Takke cxeMmofi Kpanka — Hukoncona. Kax
Oymer ykasaHO HuXKe, 3TO Ha3BaHHe Jyulle HOAXOAHT K cXeMe AJA ypasHeHus
Lubdysun, rakoh, kak cxema (3.273).
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TeJb MepexXoja s 3TOH CXEMBl TOMXKIECTBEHHO paBeH eJHHHILE,
|G| = 1. [eficTBHTEIbHO,

=yt — % (e — e ®) (v v7), (3.268)
VPl =V — g (VT 4 v, (3.269)
rue
a={C/2) sin 6; (3.270)
TOorjaa
A G__l—al___l——ilal—-a2
T 14al T 1+ a? ’ (3.271)
4
|G|2=GG_=(1——(1—“%)2£‘1—)2=1. (3.272)

Jlpyrue mpeuMmymecTBa MOAHGHIUHPOBAHHON cXeMbl Jijiepa 3aKJI0-
YaloTcs B CJAEAYIOLEM: B OTJHUHe OT CXeMBl «4yexapjaa co cpemHeil
TOYKo#» 3xech He Tpebyercs ABYX Ha0OpOB HauyafJbHHX JAaHHBIX
H He pasBUBAaeTCS HEYCTOHUMBOCTb, CBA3aHHAA C pacuJeRKeHHeM
pellleHHs] TIO BpeMeHH.

Takoe e ycpeAHeHHe IO BPeMEHH, NPHMEHEHHOE K ypaBHEHHIO
nudoysun (3.257), npuBoAHT K u3BecTHOH cxeme Kpauka — Hu-
KosacoHa [1947], takxke umeronleil omubky nopsaka O (Af?, Ax?):

" 1 82en 82entl
QRN ] s s | (3.273)

dx?

Ananua ycroftunsoctu no merony ¢don Heiimana paer

yr Vn+%(ele + L 2)v(vn+l + Vn)’ (3.274)

Vi = V" 4 d (cos 0 — 1) (V" 4 V™11, (3.275)
__1—d(l —cos0)
G= 1+d(1l—cosb) * (3.276)

Oass 1—cos®=0 umeem G = 1. Paccmorpum Temepb ciyuaii,
Korga 1 —cos0>0. Ecan d—>0, To G—1 (KaK 3T0 H LOJHHO
Guite npu Af—0). Ecau d—> oo, T0 G->—1. Takum o6pasom,
cxema Kpanka — Hukosncona aGcomotno ycrofiuusa u |G|<< |
g Goabunx Af; Ho OoJblie no BennudHe Af mpusoiar K obyc-
JIOBJIEHHBIM Ype3MepHO GOJbLINM LIATOM N0 BPEMEHH OCHHJISAIHAM
HEKOTOPBIX (Pypbe-KOMMOHEHT. DTO HABOJHUT Ha MBICIb, UYTO CXeMa
Kpanka — Hukoscona BToporo nmopsiaka MpH JAOCTATOYHO GOJBLIHX
Af Gyner MeHee TOUHOH, yeM fBHAs CXeMa C PA3HOCTAMH Bliepej
0C BpeMeHH H LEHTPaJbHBIMH Da3HOCTIMH IO NPOCTPAHCTBEHHOMN
nepemeHHolt (cxema BBIIII)., [leficTBuTenbHO, 3TO NOJayYaercs
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IPOCTO M COMOCTaBJEHHEM UJIEHOB, AAIOUWIHX OMHOKY CXeM: AJIs 10-
cTaTouHo Mmagabix Af ujnen nopsiaka O(Af?) Gyner menblle ujena
nopsgka O(Af), a npu jgocrartouno OGoapminx Af geno oGCTOUT
Hao60opor.

Ynpanmnenue. Vicxons wu3 paseHctBa (3.276), mokasath, uTo ecam war Af
B cxeme Kpanka — HukoscoHa npeBulliaer KpuTHUeckoe AJsi ABHON cxemnl BBIIIT
snayenue Af, To 6yAYT HMeTb MeCTO OOYC/IOBJIEHHBIE UPe3MePHO GOJbUINM LIaroM
N0 BPEMEHH OCUWIIALKH Gypbe-KOMMNOHEHTH ¢ AJHHON BOJHE A = 2Ax.

MoanpunupoBannas cxema Dfjepa 1Js ypaBHeHHS KOHBEKIIHH
(3.267) u cxema Kpanka — Hukoscona as1a ypasHenus auddysuu
(3.273) MoryTt GbiTh CKOMOHHHPOBAHH JJIS NIPHMEHEHHS K TMOJHOMY
YpPaBHEHHIO, BKJIOUAIOLUIEMY KOHBEKTHBHBIN M AH(OQPYIHOHHBIIL wie-
HBI; NOCTPOEHHAs CXeMa TakKxke Oyxer abCOJIOTHO YCTOHUHBOH.

B paccMOTpeHHBIX «YacCTHUHO HESBHHIX» CXeMax 3HauyeHHs
0tr/ox Ha n-m u 07" /0x Ha (n -+ 1)-M caosax GepyTes mpu ocpes-
HEHHH C OJHHAKOBHIMH BECOBBLIMH MHOXKHTEISMH, MO3TOMY ONTHOKA
spech umeer nopsagok O (Af%, Ax?). HanGosee Tounwiit Bapuaur Ta-
KOr'0 TNMOAX0Ma, YACTHYHO OCHOBAHHBIA Ha pauHell paborte Bpaiiena
[1961], 6bin mpensoxken CtoyHoM n Bpatienom [1963]. B sro#t pa-
6oTe pacCMaTpPHUBAIOTCS OTHE/IbHBIE BECOBBIE MHOMKUTEIH U Jesaercs
MOMbLITKA HX ONTHMH3auud. Hawayumméi pesyasrar mnosyuaercs
B TOM cJiyyae, KOrJa JJIs pasHbBIX LIAroB [0 BpeMeHH NPUHAMAIOTCS
pas3iuyuHLle BECOBbIe MHOMKHTEJH.

Ipyras uesBHas cxema Onisia paccMorTpera MBaHOBHIM ¢ coab-
topamu [1970].

OnuH U3 HEJOCTATKOB HEfBHLIX CXeM, NPHMEHSIEMHX K ypaBHe-
HHIO KOHBEKIHH B CJyuae HEBS3KOH XKUAKOCTH, 3aKJI0YaeTCsl B TOM,
YTO OHH NPHBORAT K GeCKOHEUHOH CKOPOCTH PaclpoCTpaHeHHs BO3-
Mmyiienus, Jng MOXeNbHOTO YpaBHEHHs B cjyuae HeBsI3KOH KHAKO-
CTH BO3MYILIEHHe BEeJHYHMHBI { pacmpoctpausiercsd 3a Bpems Af Ha
paccrossune [ = u Af. [na npocroll sBHOH KOHEYHO-PA3HOCTHON
cXeMBl BO3MYIIEHHEe BCeria pacrpocrpalsercs 3a Jioboe Bpems Af
B COCEHIOIO y3JI0BYIO TOUKY Ha paccrosuue [ = Ax. Ho ans uesis-
HON cXeMBl, IIOCKOJBKY B Helt Bce {"t! paccmarTpuBaoTcs OfHOBpe-
MeHHO, BO3MYLIeHHe PaclpOCTPAHAETCs HAa PACCTOSTHHE [ == oo (HMau
JIO TpaHULl pacueTHOH ceTku)!). 3ameTum, OQHAKO, YTO 3TO CBOH-
CTBO JKeJaTesIbHO JJis ypaBHeHus auddysun, Kotopoe B Andde-
peHuMaabpHON (hopMe HMeeT OeCKOHEUHYIO CKOPOCTh paclpocTpaHe-
HHs1 Bo3MyiieHust. [IpocTele SIBHEIE KOHEUHO-PA3HOCTHHIE AHAJOrH

1) Takasg GeckoHeUHas CKOPOCTh DACHPOCTPAHEHHS BO3MYIIEHHS TaKxKe O3Ha-
YaeT, YTO XOTA OBl HeKOTOpHE (Ypbe-KOMIOHEHTH HMEIT ollepexkaromyn ¢daso-
BYIO OWHOKY B MPOTHBONOJNOXKHOCTbL 3amasfuBaiomiefl ¢asosoit omubke B npo-
CTHIX SIBHBIX CXeMax.
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a5 ypaBHeHus nuddysun He oOmanaloT TakHm cBoidcrBoM. [das
TOro uto6bl MOAENHPOBATH NPABUJIbHOE KaUECTBEHHOE NOBeleHHe
ypaBHeHUs, BKIOUYAIOLEr0o KOHBEKTHBHbBIA N AM(DDY3HOHHBIH UieHH,
O CKOPOCTH pacnpOCTPaHEHHUS BO3MYILCHHS, MOXHO JJ5 KOHBEK-
THBHOI'O UJ€HA MPUMEHATh ABHYIO CXeMy, a AJaa AupQY3HOHHOTO
ynena — HesBHywo (cMm. [Ipaxr [1971a]). Koneuno, takoe nomege-
HHE He CYIIeCTBEHHO, €CJM OTBICKMBACTCA TOJbKO CTALHOHAPHOE
pelIeHue.

JIpyraM OUYEBHIHBIM HEZOCTATKOM PAaCCMOTDPEHHBIX HESBHBIX
cXeM sIBJsieTC HeOOXOAUMOCTb ONHOBPEMEHHOTO pellleHdst Ha HO-
BOM wiare MO BpeMeHH N asare6panveckux ypaBeenuit (rge N —
YHCNO TOYEK i TO TPOCTPAHCTBEHHOH IlepeMeHHON, B KOTOpBHIX
pellleHHe He ONpejessercsl H3BECTHBIMH I'D2HHUHBIMH YCJOBUSIMHU).
Ecau npu pellleHHH HenMHeHHOHN 3aKa4H YacTHYHO HEABHBIE CXEMBI
JOJUKHB JeficTBHTeNbHO o0ecneunTs Nopsaaok Tounoctu O (Af?, Ax?),
TO ToJie cKopocrell u”™t! [OJMIKHO pacCcUMTHIBATbLCS TaKiKe HESIBHO.
B Hacrosililee BpeMsl pelieHHe CHCTeMBl HeJHHEHHBIX YpaBHeHHH
ABJAsIeTCA BecbMa TPYAHBIM [€JIOM, H Ha NPaKTHKe HesBHbIE pac-
YyeThl KOHBEKTHBHOTO NOJA HE NpoBoasiTcs. Pewnth cucremy nsz N
JUHEeHHBIX YpaBHeHHH, KOHEUHO, TpyJAHEee, UeM IPOBECTH pacuerhl
no npocrofi ABHON cXeMe, HO, Kak OyleT IOKa3aHO HHXKe, TaKoe
pellleHHe He SIRJSETCS MCKJIOUHTENbHO TPYRHLIM M He TpebyeT upes-
MEpHO MHOrO BpeMeHH (B OJHOMEpDHOM ciyuae).

KoneuHo-pasHocTHOE ypaBHeHHe B KaxkJOH TOUKe [ BKJIOUAeT
HEeH3BECTHLIC 3HAUYEHUS TOJLKO B JBYX COCeJHHX TodkKax { =+ 1. [las
HJJIIOCTPAlMH TOKaXeM, KaK MOXKHO HMPOBOAHThL pelleHHe CHCTEMBb
TakKHX ypaBHenuit. (B neficTBHTENBHOCTH OmMUCHIBaeMsIil crnocol pe-
LIeHus NpHuMeHseTcss He yacTo.) [lycrTh u3BecTHH 3HaueHus Ty W §;
¥a (n- 1}-m cioe. ¥YpaBHeHHe B Y3JIOBOH TOYKE HMeeT BHJ

Cior+at + 0t =c, (3.277)

_ rRe BepXHHH nnjerc n - 1 omymen aaa npocrors., Ilpu masectHom
3HaueHHUH §; H3 ypaBHeHust (3.277), paccMaTpHBAeMOro B TOUKe
{ = 2, MOXHO Ha¥TH

€3=f(g2) Cl)) (3.278)
T. e. {3 KaK bynkuuio 3uaueHudt Lo u . Ilepexons x Touke i = 3,
HoJsyyaeM

Li=1 (s Co)- (3.279a)

[Tpn nomomu (3.278) BuipasuMm s uepes §p U {;, 4TO AaCT

Ly=T (L T (3.2796)
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[Tpononikas, nojayyaem B Touke {==[—2
Crv="F -2 &1_s) =T (Za C1) (3.280)
H, HakKoHel, B Touke { = [ — 1
=1 &) (3.281)

[Ipu #3BeCTHBIX TPAaHHUHBIX 3HAUSHUAX §; M {; OTCIOAA MOXKHO
Halitu Go. 3aTeM, MpPOBOAS AJA pelleHHs ypaBHeHHH Buaa (3.277)
«BTOpOH 0OXOZ» Y3JOBLIX TOUEK, MOKHO HAaNTH 3HAYeHHH § B OC-
TaJbHEIX TOUKax. TakoH crmocol pellleHHs JIETKO HPHCIOCOGHTh
U K MPaHUYHBIM YCJOBHAM JADPYroro BHAA.

JaHHB crmocol pelleHH$l, B TOM BHJe, KaK OH ObLI ONHCAaH,
HCTIONB3YETCA PEAKO, TAK KaK NpU NOAODHBIX «IBORHHIX 06Xonax»
MHOTJA TMPOUCXOAHT HaKOMJeHHe MAUIMHHHIX OMIHOOK OKDYTJEHHS.
JToro HeJOCTATKa JHIIEHBl HEKOTODLIE aJrOpPHTMB  NMPOTOHKH
(«TpexinaroHaJbHble aJCOPUTMBI»), OAHH H3 KOTODPHIX paccMarpi-
BaeTcd B NPHJIOXKeHHH A,

CucTeMa pa3HOCTHHIX YpaBHEHHI Ha3bIBaeTCd TPEXAHATOHAJb-
HOMl B TOM cJydyae, KOTa B MATPHUHOH 3alHCH 3TOH CHCTEMBEI

[A][g]=1[B] (3.282)

matpuna [A], Koropas poaxHa GHITh o6paliieHa, UMeeT Tpexjaua-
rOHaJbHYI0 QOpMY, T. €. BCE €e 3JEeMEHTHl, OTCTOSIUIHE OT JHaro-
Hanu Oosee yeM Ha OJAHY MO3HIMIO, paBHB Hyao. Tpexamaronalnb-
HYIO MaTpPHIY CXeMaTHUYEeCKH MOXHO MPeICTABHTb KakK

0
[Al=| . . . . (3.283)
,
Takue TPEXAHATOHAJbHBIE CHCTeMB! DAa3HOCTHBIX YpaBHeHHH pe-
orawTcd A0CTaTOUYHO HpOCTO. O,ZIHaKO HpHMeHeHHe HEeABHBLIX CXeM

IJ19 peIleHHs] ABYMEpHBIX 3ajay NPUBOJMT K MAaTpHIUE O.A04HO-
TpexduazonaAbHOlL HOpPMBI

d t 0
[A]= SR (3.284)

rne sMeMeHThl d H | CaMH SBJSIOTCH TPEXAHArOHAJbHBIMH MATpH-
namd (cM. Murtuena [1969, c. 120]). YpaBHenus ¢ TakoH MmaTpH-
e yKe He TaK HPOCTO PelldTb, U HauboJiee H3BECTHBIE METOLBl HX
pellleHHsl ABJAAIOTCS HTEPALHOHHBIMH,
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TosroMy, HecMOTpsl Ha TO YTO NPH HCIOJL3OBAHKEH HESBHHIX
CXeM JONYCTHMBl KpYIHblE LIArd IO BPEMeHH, HAa KaXJOM Liare,
Boo6lie roBops, TpebyeTcs BHIIOJHeHHe GOJBLIOrO YHCJAa HTepa-
uuit, [Ipu 5TOM HesiBHA# cXeMa yxKe He JaeT BHIMIpHIIA [0 CpaBHe-
HHIO C MHOTOKPATHLIM INIpHMeHeHHeM $BHOH cxeMul. Beaencrsue
9TOTO TaKHe HesiIBHbIE CXeMBbl He HaXoAAT HENOCPEACTBEHHOro NpH-
MEeHeHUs JJIs pelleHHs] MHOrOMepHbIX FTHAPOJHHAMHUECKUX 3a1a4 ).
EnvHcTBEeHHBIM HCKJIOUeHHeM fBJsieTCs ypaBHeHHe [OTPaHHYHOTrO
caosi (pasa. 6.4); sumech auddysuefi B HanpaBJeHHH MOTOKa IMpe-
HeOperaior, a BAOJAb APYrOd KOODIHMHATHOH OCH K YPaBHEHHIO -
dysun mnpumensercs cxema Kpauka — Hukosacosa?), Tak 4To
B 3TOM cJiyyae MOJIyuaeTcs TpeX/HaroHaJbHas cucTeMa ypaBHEHHH.

HesBHasi GopMynnpoBKa 4YacTO HCNOJb3yeTCss B HEIBHBIX CXe-
Max yepeayHIOUIHXCs HaNpaBJeHHH, OCHOBAHHBIX Ha HIee JPOOHBIX
maros no speMmeHH (pasm. 3.1.13) ¥ npuBoAAmMX K TpexzHaro-
HaJMbHLIM MaTpUIAM [ajKe B cJyyae MHOroMepobiX 3ajgad. Takue
cxeMbl 6yayT obcyxpaatbesi B JajbHefillleM, HO CHauaJja paccMoT-
PHM HEKOTOphle MHOrOLIAroBhle fBHLIE CXEMHBI.

3.1.16. Muorowaroeble ABHbIE CXEMbl

Panee onucaHHble CXeMBl /151 OAHOMEPHOrO JIHHEHHOTO MOJENb-
HOTO YpaBHEHHSI SIBJASIOTCA <OJHOIIATOBBLIMH», MOCKOJBKY B HHUX
AN TOJNydeHUS 3HaueHHH Ha HOBOM BpeMeHHOM cJioe Tpelyercs
TOJBKO OJHH BbIUHCJHTENbHBIH wmar?d). PaccMoTpuM Temeps He-
CKOJIbKO MHOTOWIATOBBLIX CXEM.

OpHofi H3 IBYXNIArOBBIX SIBHBIX CXE€M /IJIs PEHIeHHS yPaBHEHHS
KOHBEKLHH TMPH OTCYTCTBHH BSI3KOCTH sBJsieTcs cxeMa XoiiHa
(Heun). Ona ucnoas3oBanace Jlopenuem [1963] u Obna uccaeso-
BaHa Jluaau [1965]. Dta cxema mnpesncrasaser cobofl mepBoe Hre-
pauuoHHoe npubJAUKEeHHe i «MOAHPHIUPOBaHHOH cxeMbl -
Jepa» (3.267). Bwmecro uessHOro unena 6L"*+!/6x B Hee BXoAHT

aHaNOrHYHLIA Y/eH, colep:Kamui Beauduuy {*+!, koropas BbluHC-
JIETCs] [PEeABAPHUTENLHO TIPH MOMOINM CXeMBl C PA3HOCTAMH Blepes

1) Jlns npoCTOro HeCcTAUMOHAPHOrO ypaBHeHus Auddy3Hn B caydae AByX
HJIH TpeX [DOCTPAHCTBEHHBIX mNepeMeHHHX OF/0f = aV2], HesBHOe pa3sHOCTHOE
ypaBuenne Kpaska — Hukoscona csomurcss K ypasHeruw ITyaccona c «ucrou-
HHKOBHIM» uleHoM BHaa (2/a)df/dt — V2", B stom cayuae AJA pelleHHs He-
SIBHOTO Pa3HOCTHOTO YpaBHeHust A¥GMOY3MH MOKHO HCHOJIB30BATL HEHTEPALHOH-
HEle MeTOAM pelleHHst ypaBHeHusi [lyaccoma (cm. pasp. 3.2.1, 328 u 329) u
cxeMa OyaeT TouHO# H 3QdeKTHBHOH.

?) Ecan crassiTCs TpaHW4HbIE YCJOBHS rpajHeHTHOro THMNa, To cxemMa Kpan-
ka — HukoJsicona B 9ToM cayyae MoxeT npusecTH K HeycroftsuBoctn (P. Baorr-
Hep, JHYHOe CoobIleHHe).

%) B cxeme Jleitta (cum. pasa. 3.1.13) gBa mara tpebyioTcst TOJBKO B CAydae
ABYX DPOCTPAHCTBEHHHEIX NePEeMeHHHIX,
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[10 BPEMEHH H C HEHTPaJbHBIMH PAa3HOCTSMH MO NPOCTPAHCTBEHHBIM
epeMeHHbBIM;

¢ =" — u Aot ox, (3.285a)

n n+l

A Y . ] (3.2856)
Dra cxeMa COoXpaHseT BTOPOH HOPSAAOK TOUHOCTH, HPHCYLIHH cXeme
(3.267), Ho okasbiBaercss caabo Heycroiuusod (Jlmaan [1965]),
uMess MHOXKHTenb nepexoga G = |4 O(A#?). Ee MOKHO HCHOJD-
30BaTh Ha paHHefl CTajguu B HeCTAalMOHAPHBIX pacyerax, HO He
caelyeT NpHMeHsATh B HecTallHOHAPHBIX pacyerax A0 GOJbIIHX 3HA-
yeHHil BpeMeHH H B CTAallHOHAPHOM cJydae.

[leppoe wurepauuoHHoe NpHOMMMKEHHE MAJS [OJHOCTHIO SBHOR
cxeMbl (3.258) MpUMEHUTENBHO K YPaBHEHHIO KOHBEKUHWH MPH OT-
CYTCTBHH BfI3KOCTH Obl1O Tpeasnoxeno ManyHo (eM. Jlnaam
[1965]). Bpauaosckas [1965] mcnoabsoBaja TakoH Ke INOAXON
AJsl ypaBHEHHH, ONHCHIBAIOIWUX TeueHHe BA3KOH CKHMaeMOH XuM-
KOCTH. JTa cXeMa TaKoBa:

M =" — u A8 o, (3.2864)
=" — u AL [, (3.2866)
3aech omwnbKra annpokcuMaiun umeer nopsapork O(Af, Ax?).
P p
Jlaa rtoro urobn HccaegoBaTh YCTOHYHBOCTHL 3TOH JABYXILIAroO-
. ) y y
Bo#i cxembl Meronom ¢ou Hefimana, npexkje Bcero npeiacTaBHM ee

B BUJe ORHOWIAroBOfl cxeMmbl. Bunuuem ypaBHenue (3.286a) B ToOU-
Kax i =+ 1:

G =t — % (¢ — 7] (3.287)

i == S(o—r). (3.288)
[MoxcraBasis 3TH BHpaXenus B ypasHenne (3.28606), moayuaem
Gt =t—glan - h]=

L~ ‘%[ Cipt— (€z+2 é?) - C';_l + %(Cf - gril—2)]’ (3.289)

uJIn

= @)+ (5) @t G- 2) @.200)
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Torna meron don Hefimana gacr

yrtt— pn [1 _ % (ele . e—w) + (%)2(6216 + 6-210 . 2)] (3.291)

G=1—-(2sin )+ (%)2 (2c0s20—92).  (3.292)

Tak kak | — cos 20 = 2 sin? 0, umeem

G==1—1ICsin®— C?sin?6. (3.293)
Broas o6o3nauenne g = Csin 0, noayuyum
|GP=(l —a¥*+a% (3.294)
HaH
|GP==1—a’+ a’ (3.295)

Yeaosue ycrofiuuBocry |G |% << 1 6yxer BumoansaThes npy |a| << |,
orkyaa C <C I. Takum o6pa3oM, nepeoe uTepalHOHHOe NpHOJHKe-
HHEe [JIS OJHOCTBK) HEABHOH cXeMbl NPHUBOAMT K OOLIYHOMY YCJIO-
BHIO YCTOHYMBOCTH AJS SBHBIX cXeM, a He K abcoJIIOTHOH yCTOHYH-
BOCTH HeSIBHOH CXeMBbl.

Has neyxmaroBoft cxeMbl (3.286) mosyuaercss TO ke yCJAOBHE
yCTONYMBOCTH, YTO H IJs oAHowarosofl cxemel (3.290), HO ¢ BH-
YHCJAHTEJNbHON TOUKH 3peHHs 3TH CXeMbl He 5KBHBaJeHTHLI. J[ByX-
IIArOBYI0 CXEMY MOXHO TPHMEHSITh B COCEIHHX C TpaHHIel yaJjo-
BbIX TOUKaX, a AJIS OZHOIIATOBOH cxeMmbl Tpebyiorca HedH3MUecKHe
3Ha4YeHHS B y3JAaX, PAacloJIOXKeHHBIX 3a paHHlel pacueTHoH o6ja-
cTy. B cayuae npumenenns 5TO#l cxeMbl K TeUeHHSM CXKHUMaeMOH
xyaxocty (bpaunnosckas [1965]) K pasauuusiM NpHBOLUT U He-
JINHEHHOCTb.

OnpesesauM CXeMHYIO BA3KOCTb paccMaTpHBaeMOH CXeMbl B He-
CTAllHOHAPHOM cJy4yae, packaajibpiBas, KaK 3TO [JeJaJoCh B METOJE
Xépra, BXomsfliMe B OAHOWIAroBoe ypasHeHue (3.290) usenw
B psmb] Teitsiopa. Omyckas HuHAEKCH [ U 71, MOJdyyaeM

L+ S M5 ZE AL 08 =
1

—;— 4 {[c+ S Ax

62
LAt 0 (Ax3)] —

2A
—[t— & ax +; Ssae o))+
+4mr ([t {[ Sr@A)+ 3 5E QA+
+ 53 @AxP + (@A) + [t — 5= a0 +

+g o5 @Mr— ¢ Sh @Ay + 0@ -2} (3.200)
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[Tocne npuBeseHus NOAOOHBIX UJIGHOB K JeseHUs Ha Af Gynem
HMETb

YoM =—utoan twadh. (3297

Onpenenum 0%C/0f? u3 ypaBHeHHs KOHBEKUWH NPH OTCYTCTBHH Bfi3-
KocTH (cM. ypaBHeHHe (3.226)):

9?2 02
T =urlt. (3.208)
Torpa ypaBuenune (3.297) npunuMaer B
%%= —u oy ”W ‘” Ax?). (3.299)

CaepoBaTtebHO, B HeCTalHOHAPHOM cJydae paccMaTpuBaeMas
cXemMa HMeeT CJAQAYIoWHUN K0o3(h(HUIHEHT CXeMHOH BA3KOCTH:

=u? At =1/,C (u Ax). (3.300)
Ecay ydyecTh orpaHHYeHHe Ha BEJHYHHY lIara 1Mo BpeMeHH, HaKJa-
npiBaeMoe NHPPY3HOHHBIM 4JIEHOM B caydae SIBHOH CXeMBl
1 Ax

At < o (3.301)
to u3 (3.300) monyuurcs
1 Ax?
At << “2"@% , (3.302a)
u? AP < A2, (3.3026)

uny C<C1, Kak W mnpu HccaenoBaHHMH MeTozoM ¢oH Heltmana.

B NpoTHBOMOJOXKHOCTL CXEMHOH BSI3KOCTH B CXeMe C pasHo-
cTaAMU npotuB nmoroka (3.179) BAzkocTb B cxeMe MaluyHo nas He-
CTAIlHOHADHOro pelleHns yOuiBaeT ¢ ymeHbulenneM Af. Ilng cra-
IHOHAPHOTrO pellieHnss Ko3(h(UUHEHT CXeMHOH BS3KOCTH paBeHn
Hy/mo. B srom Jerxo y0OenuThbesi, 3aMeyasi, uYTO IpPH AOCTHIKEHHH
CTAUHOHAPHOrO peMeHHs] Pe3y/abTaThl, MOJyUeHHble HA KaXKAOM H3
o6oux wWaroB cxeMmbl, OyayT cosuagath (Aagen [1968], Aaaen
u Yen [1970]), rak xaxk obe ¢opMmyan npentuuHsl. (Bce npoune
JABYXILIaroBele cXeMbl He 00JajaiOT 3THM 3KeJaeMbIM CBOHCTBOM.)
Hcnonb3oBanue B 3TOM cayuae IeHTpajbHBIX pasHocTell ajs mpo-
H3BOLHON 8T/0x NMPHUBOIMT K paBeHCTBY o, = 0.

PaccmarprBaeMyo cXeMy MOXKHO TPUMEHSTh H JJS IOJHOTO
ypaBHeHHs, BKJIOUAONIEr0o KOHBEKTHBHBIA U AUDOY3HOHHBIH WieHb,
anBo BLIMHCHAAS NPeaBapUTCIbHBE 3HAUEHHS TOJBKO AN KOHBEK-
THBHOTO UJIEHA H OCTaBJSf cTapbie 3Hauenus aagd AAQGy3sHOHHOTO
YoieHa, JHOO BLIYHCASASA IIpe]BapUTebHble 3HAuUeHHs A 060HX



138 3.1. MeTodbl pewienus ypasHenus nepeHoca suxpa

9THX uJeHOB. B s1060M H3 3THX CJaydaeB HCCJAefAOBaHHE YCTOHUHBO-
cty MmerogoM ¢oH Hefimana, nokaseiBaer (bBpaumnosckas [1965],
Annen [1968]), yTo mOCTAaTOUHBIC YCJIOBHS YCTOHYHBOCTH HMEIOT
Bua C<C1 u d<< s Bropoe ycaosue okassiBaercs sdsoe Gosaee
oecTkuM, ueM OOBIUHOE OorpaHuuedHe, o0ycioBJeHHOE AHPODY3HOH-
HBIM YJIEHOM B CX€Me C Pas3HOCTSMH Bepej [0 BPEMEHH U IIeHTPaJlb-
HbIMH Pa3HOCTSIMH MO IPOCTPAHCTBEHHBLIM TIepeMeHHBIM. AJijieH
u Yen [1970] (cwm. takxke Annen [1968]) ycTpauuau orpannueHue,
o6ycaoBienHoe AUPGY3HOHHBM YJCHOM, MOAHDUIHPYS 3Ty CXeMY
o TOH e MJee H ¢ TOH XKe MpPOCTOTOH, ¢ KakuMu Jliodopr n dpan-
Kesq MOAHPUUHPOBAJIK CXeMy <«yexapiga cO cpeaHeH TOYKOH» (cM.
pasn. 3.1.7), a UMeHHO NOJOXKHUJIAN

i e AL e
{1 =t — ST — )+ T+ T ). @)

z—l
Takas cxema c ycHeXoM HCIOJb30BaJach sl ypaBHenusi Broprepca
(2.20) u ana ypaBHeHHH, ONUCLIBAIOWINX TeUeHHE CXKHMaeMOH KUJ-
KOCTH B CJydYae JABYX IIPOCTPAHCTBEHHBLIX INepeMeHHbIX (AJieH
[1968], Annen u Uen [1970]). Januasa cxema TakkKe jfaeT omubKy
nopaaxa O (At, Ax?).

Ecin B cxeme Mauyno — Bpausosckoit (3.286) nmist ypaBHeHHS,
ONMCHLIBAIOLEr0 TeUeHHe HAeaJbHOH IKUAKOCTH, NMPOLOJIKUTH HTe-
pauxy, TO MOJAYYHTCA aNNPOKCHMAaLHSA MOJHOCTbIO HESIBHOH CXeMbl
(3.258). O6Go3Hayasi HOMeD HTepallUM BEPXHHM HHAEKCOM k, Oynem
HMeTb

g(t’t-l-l)1 c —u At _ (g )

(nt1)2 __ on (n+1)1

k+1 k
;(n+ ) _Cn u M ;x (;(n+l) )
10T NoAXOd MOXHO pacnpoCTpaHHTL W Ha CXeM (3285 , TpHUEM

mosyyHTCca ycrofiymBas cxema ¢ owubkoi mnopsaaka O (A#2, Ax?):
gD = ey A 82" ok,

C(n+1)1 ¢ — QuAt[éc +_6(?;_(€(n+1)1)]’
9

g g ; uA[[GC + 5 (c‘"“)z)], (3.305)

X

§(n+ pR+l " — %uAt [%?;” + %(wa l)k)].
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Hu onna u3 3THX CXeM He HCHOJb30BAJaCh JJIF PEIUCHUS Ypab-
HeHust mnepeHoca BHXpsi, HO Beporuc [1968] npumenua cxemy
(3.305) aas peluieHHst cHCTeMD! OOLIKHOBEHHBIX JH(D(pepeHIHaNbHbIX
ypaBHeHHAl. OH 00Hapy:KuJ, 4TO NpPH <«ONTHMaJbHOM» BhOope Af
U8 JOCTHIXKEeHHsI CXOAHMMOCTH JOCTaTouHo B3aTh k= 3. (OxHako
yCTOMYMBOCTL CXEMBl CYLIECTBEHHO YJAYYlIaeTcsi TOJbKO Npu 6oib-
WX 3HAYEHHSX R.)

TpexcaofiHas AByxiiaroBas cxema, npenjioxenHas Kypuxapo#t
[1965] (cm. rakxe Iloamxep [1971]), obsanaer HEKOTOPHIMH
HHTEPECHBIMH CBOHCTBAMH. B c/aydae ypaBHeHHs naJd HeBA3KOMH
JKHAKOCTH €€ MOXKHO 3allHCaTh B CJIEAYIOIEM BHJE:

= 2 (3.3062)
" . o | oLl
ot =g — Lun [% =] (3.3066)

[TepBHifi mar ecTh HEe UYTO WHOE, KaK NPEAUKTOP TO CXeMe «ue-
xapja», a Bropoii — cxema (3.285). JJanHas cxema obsajaer KeKo-
TOPHIMH HHTEpeCHBIMH XapakKrepucrtukamu (cM. 3agauy 3.16). Ilo-
noGHO cxeMe «yexapaa», OHa HMeeT OWHOKY BTOPOTO MOpsAKa
E = O(Af3, Ax?); uccnenoBanre ycrofiuuBocTH MerogoM ¢on Heit-
MaHa NokasbiBaeT, uto |A|=1 npu C <C 1, u cxema mMeeT Hysxe-
BYIO CXEMHYIO BfI3KOCTb KaK B HeCTalMOHAPHOM, TaK H B CTaIHo-
HapHoM ciaydasix. OHa Takxe o0/anaer HeIOCTATKAMH, [IPHCYLIHUMH
cxeMme «uexapna», T. e. TpeOyeT AONOJHHTENBHBIX YCJI0BUH Ha BHI-
XOJHOH rpaHHlle MOTOKA U AONOJHHTEJNbHLIX HAYAJbHBIX YCJIOBHH H
¢dypbe-KOMIOHeHTa ¢ AJHHON BOJHBL A = 2Ax crannonapHa. B or-
AuYHe OT CXeMBl «Uexapraa» oHa ofjafaer ele U TeM HeLOCTATKOM,
YTO He JaeT TOYHOTO pellleHHs MOJe]bHOro ypaBHeHus npH C = I;
OJHAKO 3HAYUTENbHBIM TNPEUMYIIECTBOM paccMaTpHBaeMOH CXeMhl
SIBJISIeTCS OTCYTCTBHE HEYCTOMYHBOCTH, CBSI3AHHOH ¢ pacuJieHeHHeM
pelieHHs N0 BPeMEHHBIM LIaraM.

3.1.16. HesBHbie cxeMmbl mMeTOoda YepeayloWHUXCH HanpasBieHHI

Hespuple cxeMbl MeToma 4YepelyIOIIMXCS HampaBJeHUHA (cXeMH
ADI) Ooun npeaaoxensl B paborax Ilucmena, Pakdopaa [1955]
u Idyrnaca [1955]. HasriBaemas Takxke CXeMOH mepeMeHHBIX Ha-
npapaenufi (KyckoBa [1968]), sTa cxemMa ocHOBaHa Ha pacuien-
JeHUH 1ara fo BPeMEeHH C LeJbi0 NOCTPOCHHA MHOTOMEPHON HesIB-
HOH CXeMEBl, B KOTOpoll Tpefyercst ofpalueHHe TOJbKO TPeXJHaro-
HasabHOH MaTpuubl '), IlepBrie npuIoKeHus 3TOH CXeMBl K 3ajadyam

1y H. H. fgenko [1967] paspaboran merol ApOGHHX [1aroB, B KOTOPOM
MHOrOMepHOe YypaBHEHHe pacCIlel/sieTcsi Ha MOC/Ae/0BaTeNbHOCTh OJHOMEpPHBIX
ypaBHeHHil; mepBble Pe3yanTaThl oH omybaukosaa s JJAH CCCP, 1959, 1. 125,
Ne 6. Meron pacmenyiends GBI TaKXe pPasBHT COBeTCKHMH MaTeMaTHKaMH
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FHAPOAHHAMUKH Aajd YHJAKc H Hepunin [1966], Camoesnc u Yep-
aunn [1967], Mupcon!) [1964, 1965a, 19656], Asus n Xeaaymc
[1967]. B macrosiuiee Bpemsl HesiBHble CXeMbl YepeAyoLIMXCs Ha-
npaBaeHHit — HauGosee pPacnpOCTpaHEHHble CXeMBl A 3ajay
C yY4eTOM BA3KOCTH.

s JuHeapH30BAHHOHW 3ajauyd HesBHYI0 CXeMy MeToda depe-
nylownxcs nanpasjenuit Ilucmena m Pakdopia MoxHO mpexacra-
BUTL B caeaywoiieM suje. O6osHaunm yepes 6C/6x u 62C/8x2 annpok-
CHUMalHH C IEeHTPaJbHBIMH pasHocTME 1Js 0f/0x m 0%C/0x® B
TouKe {. MlHTerpHpoBaHie MO BpeMeHH Ha MHTepBaJse Af ypaBHeHHd,
BKJIIOUAIOIIEro KOHBEKTHBHEIE U AU(PDY3HOHHBIC UJEHH,

oL at at 0% 0%
W—“”a—x—”@“‘“ax?"'"aa-y?’ (3.307)

OCylIlleCTBJIACTCA 3@ ABa CJACAYIOLIUX Hiara:

€n+l/2 _ Cn L 6€ﬂ,+1/2 6@]1, 62Cn+1/2 (SZQH
T = —Uu %z 14 by o 512 [0 Sy? (33083)
€n+1 _ ;n+1/2 . 6€n+1/2 6€n+1 62€n+1/2 62€n+1
Atf2 =—Ud7 TV dy +a dx2 +a dy2
(3.3086)

(x ¥ y MOXKHO NMOMEHSATb POJISIMH).

[IpeumMyiecTBo 3TOro NMojAXoAa IO CPABHEHHIO C MOJHOCTHIO He-
SIBHLIMH CXe€MaMH 3aKJIouaeTcss B TOM, YTO B paccMaTpHBaeMoli
cXeMe KaxJl0oe pa3HOCTHOe YypaBHEHHe, XOTA H HesBHOE, HMEET
TOJbKO TPEXAHArOHAJbHYIO MaTpuuy. YpaBHenue (3.308a) comep-

KT HesiBHble HeusBecTHble {PH'?%, [#H)”. Ypasuenune (3.3086) co-

JEPKUT HesIBHble HEH3BECTHBIE Q';j.‘,’ ;.‘j‘].lil. dra AByMepHas cxema
abCcoMOTHO YCTOHYMBA, KaK M NOJHOCTBIO HesBHAsl cxeMa (ypaBHe-
HHa (3.258) manm (3.263)). Ho B panHo#l cxeme Tpebyercs pelraTh
TOJIbKO TPeXJHArcHa/JbHyl0 cucteMy (CM. NpHJOXKeHHe A), KoTopas
g OOblYHbIX HEeABHBIX CXeM HMeeT MeCTO JHILb B OZHOMEDHOM
cayuae. ([lpyroil HepocTaTOK HesIBHBIX CXeM, CBA3aHHHIN ¢ Gecko-
HEUHOH CKOPOCTbIO paclpocTpaHeHHs] BO3MYILUEHHS ANl KOHBEKTHB-

E. T. Hbaxonosmm, I. M. Mapuykom, A. A. Camapckum, B. K. CayibeBmm.
Ozro u3 NepBbIX NPHUMEHEHHH MeTOAa pacllell/leHHss K MHOTOMEPHOH THAPOJHHA-
muke 6Goio tano K. A. Barpunosckum n C. K. ToayHoBeIM B craTbe, onyGiu-
kosanHol B IAH CCCP, 1957, 1. 115, Ne 3. — [Ipum. ped.

1) Ilupcon [1964] noxasas, 4TO KOHBEKTHBHBEIE U/EeHH He MEHSIOT Ge3ycmaos-
HOH YCTOHYMBOCTH 3TOH CXeMbl, K&K U B c/Jydae NOJHOCTBIO HesBHOH cxemul, Of-
Hako Xayctod u fe Dpemekep [1974] yrBepKAalOT, YTO COGCTBeHHHE (YHKLHH,
Hcnoap3osanHble [1HPCOHOM, MpaBHABHBI TONLKO TOrAA, KOrA3 KOHBEKTHUBHBIE
qjeHBl MaJbl, H MO3TOMY €ro A0Ka3aTelbCTBY HexBaTaer ofijHoctd. Jlerko y6Ge-
JUTbC B TOM, YTo Tpebyemas 3dech MaJoCTb H3MepAeTCd, KaKk H MOXKHO ObLIO
npejanonararhb, ycjloBdeM AJa CeTouHoro uucaa Pedinosbaca Rec < 2.
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HOTrO WJeHa, COXPaHsieTCs H B HEeHBHBIX CXeMax MeTONa UYepenyio-
LIUXCH HAlpaBJeHHH.)

KpoMe Toro, paccMarpuBaemMas cxema, NPHMeHeHHas K JHHel-
HOMY YypaBHeHHIO, HMeer dopMaJibHYi0 OlIKGKY  mopsaaxa
O (A2, Ax?%, Ay?)y. das rtoro 4tobwl yOenuTbCs B TOM, 4TO CXeMa
JAefiCTBUTEbHO HMeeT BTOPOi MOPAAOK TOYHOCTH MO BpeMeHH (3TO
Ha TMepBbIH B3rJasiA He OYEBHAHC), HYXKHO BBINHCATL OTAEJAbHO
BKJaAbl OT MPOH3BOJAHLIX [0 MepeMeHHBIM x H y. [lpeneGperas 3a-
BHCHMOCTbBIO OT y, ypaBHenue (3.308) MoxkHO 3anucaTh B popme

gl g el s2gnt1r
At =—u Ox ox2

(3.309)

KoTopasi, oueBuAHO, umeer nopsinok O(Af?). Anajsorudho, mpeHe-
6peras B ypasueHun (3.308) 3aBHCHMOCTBIO OT X, NoJiyuaeM (opmy

§n+l — Cn . 1 6@!1 6Cn+1 1 62§ﬂ 62€n+1
e = o[ B a [S5 + 2] a0

At 2
KOTOpasi Takxe, oueBMAHO, nmeeT nopsnok O(A#?). Bropoit nops-
JIOK TOYHOCTH, alIPOKCHMALHS H CXOAHUMOCTb JAHHOH CXeMBl B IIpH-
MEHEeHHH K ypaBHeHHI0 AHPQY3HH OJ8 NPSMOYroJbHBIX M Henps-
MOYTOJBbHBIX ofaactefl Obliu (popmanbHO TNoOKaszaHbl Jlyriaacom
[1955, 1957].

Bropo#l nopaaoK TOUHOCTH CXeMBI MOXKeT OBbITh HApYLIeH HeJaH-
HEHHBIMU UJNeHAMH, KOTOPLIE COOTBETCTBEHHO AOJMKHB! BHIUHCAATHCH
Kak w12 uyn B ypaBHennn (3.308a) u kak u"t'2, p7tl B ypaBHeHHU
(3.3086). Ilockoabky u ¥ v onpefensitorces uepes QyHKIHUIO TOKa 1,
KOTOpasi B CBOO ouepe/b HaXOAHTCH M3 IJJIHITHUECKOTO YpaBHEHHSH
VA =, B 31OM cayyae TpeGyeTcs COBMECTHO pPeIlaTh ypaBHEHUS
aaa § u Aag ¢ Ha cao9x 74 o o n4 1, 4TO COBceM HepeasbHO.
Ecnu xe B cxeMe BCIOAY HCIOJb30BATH CTapble 3HaUeHHS u" H U7,
kak B pabore Cona u Xauparru [1969], To cxema 6ymer HMeThb
tdopMasbuylo TouHocth U (Af, Ax?, Ay?); ecam ®e noJe CKoOpocTel
MeHsieTcss ¢1abo, TO B JIHHeapH30BAHHON CHCTEME OCTAETCsl KOe-uTo
OT BTOpOro nopaaka touHoctH'). Dpuan {1970] 1o BHIYHCIEHHBIM
3HAUEHHSIM U” U 0" U MO paHee BBIYHCAEHHBIM 4™l n v"~! juHelHON
sKCTpanogsinuel onpeaenasa w2 u o2 Takag cxema ycro#i-
YHBa H, KAK 0Kas3aJoch, UMeeT BTOPOfl MOpAAOK TouHOCTH. OaHAKO
oHa Ttpebyer JOMOJHUTENBHON TNaMATH JJs XpaHEHHs 3Hadue-
Ui Pl

MoXKHO Takke TNPOBOAUTH [ONHYI0 WTEPALHOHHYIO TIPOUERYPY
(ITupcon [1965], Asuz u Xeanymc [1967]): u3 ypasuenus (3.308)

1) Dr1o aHaJOTHUHO TOMY CJAy4al0, KOrja BO BTOPOH cXeMe ¢ PasHOCTAMH
NPOTHB MOTOKA, (OpPMajbHO HMmelowreli TouHocTs O{Ax), ocraercss Koe-4To OT
BTOPOr0 MOPAJKA TOYHOCTH (IPH pacuyeTe KOHBEKTHBHOTO MoJs, ecan { cnabo
MeHAeTCss B 3aBHCHMOCTH OT NPOCTPAaHCTBEHHOH nepeMeHHoH (cM. pasg. 3.1.11).
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¢ u" ¥ v" HaliTH mepBoe mpubAMIKeHHe [AT!, a 3aTeM H3 ypaBHeHHS
V2 = g+ onpegeantb mepsoe NpHOJHKeHHe ur+l u o™, Ha sro-
poll mTepanUH KOHBEKTHBHBIE uJ/JeHbl B ypasHeHHH (3.308) moxHO
O6paTbh Kak cpefHue u == ‘/g(u”+um) H 1. 0. Urepanun MoxHo
3aKOHUTHUTE HA 9TOM HJH NMpPOLOJXKATh X0 (& -4 1)-# urepauuy, T. €.

kol
IO TeX Nop, moka He OyHer BBHIMOJNHATBCH ycaoBHe (w™H)" " =

= (u*)*; B moGom cayuae omnbka 6ymer umers mopsimok O (Af2),
Kak u B cxeMe (3.285); cm. pasn. 3.1.15. Ilpu oauno# wurepauuu
o0beM BBIUHCJEHHII Ha OJHOM BpPEMEHHOM Ilare YyjaBaHBaercd,
u TpebyeTcs JAONOJHHUTebHAS NaMATh AJH XpaHEHHT P+l

Ipyrasa Bo3MoxXHas NpouLelypa 3aKJI0YaeTcss B TOM, YTO IIOCJe
pewennss ypaBHenus (3.308a) Boiuncisercss QYHKIHs TOKa f*+1/2
M ToJygyaeMble H3 Hee 3HayeHusa w12, prtl2 pgopcraBasiiorces
B ypasHeHHe (3.3080). OTo NpHBOAMT K JHHeapH3aUWd TOJbKO Ha
nepsoM moJymiare. Takas npoueaypa MOXKET OKasaTbcsi GoJjiee TOY-
HOM, ueM Npoueaypa JWHeapH3alUHH [0 3HAUEHHAM 4" U U% U He
TpeOyeT MOMOJIHHTEJbRON NaMfATH KaK CXeMa CO CTpPOrO BTOPLIM
MOPSIAKOM TOYHOCTH, IOCKOJBKY 3/leChb HeT HeoOXOAMMOCTH pasJiH-
yath B naMatu " n 2 (To ects $" u "2 ymeror oauHaKo-
Bble HaeHTH(UKaTopbl B nporpamme). Asus u Xenaymc [1967] uc-
cael0Band 3TH PAa3HOBHAHOCTH cxeM. Kak H cl€ZoBajo OXHIAATS,
¢xeMa CO CTPOrO BTOPBIM MOPSAKOM TOYHOCTH (%" u ") okasa-
Jach TOWHee, HO AJIs PellleHHs TPexMepHo# 3ajaul 3TH aBTOPHI NPH-
MeHsiiM mocnenHon cxemy (Pt u P*H2) 0 motomy uto 0GBEM
HCNOJB3YEMOH NMaMsTH B 9TOM cJaydae Obla Ha mpegese.

B 3TuxX cXeMax uTepaun#, HeOOGXOAHMEIE AJS JOCTHIKEHHS BTO-
poro mnopsiiKa TOYHOCTH U AJs HeJHHEHHBIX UJeHOB, He o00s3a-
TEJBHO CBSI3aHbl C JOTMOJHHTENbROH paboTOH, TaK Kak OHH MOTYT
noTpeGOBaThCS H NPH YHCJAEHHON peasn3allid FPaHUYHBIX YCJIOBHA.
OfHHM H3 HeIOCTATKOB HEABHBIX CXEM MeToAa uepeAyIounxcs
HalpaBJeHdH, Tak e KaK M IPYTHX HEeSIBHBIX CXeM, SIBJISeTCs He-
06XOAHMOCTh HMETb TpaHHUYHbEe 3HAueHHs anag {*Hl. Bposab Heko-
TOPHIX FPAHHI, MOXHO 3ajaTbh YyCJAOBHS mis ™, nomyckaioniue
HeABHOe pelleHyue. [Ho Ha cTeHKe ¢ YCJOBHeM NpHJMIAHHA 3Haye-
Hust [, Ha 3TOH TIpaHulle 3aBHCAT OT 3HAYEHHHl 1 BO BHYTpEeH-
HHX TouKax (TaKue BO3MOIKHbBIE 3aBHCHMOCTH OYAYT O6GCYKAAThCS
B pasia. 3.3.2). IlosTomy pnad onpenenenns suavenns %*! ua
credke Tpebyercsl HesiBHOE pelileHHe ypaBHeHHsi VApr+! — {r+l,
Takum o6pasom, moJsHas HesBHAsl 3ajaiya ADH HANHYHH TPAHHY-
HOT'O YCJIOBHA NPHJAHNAHHS NPAKTHUECKH He MOJJAeTcsl pacuery
Jaxe IPH JHHeapH3allMH CKOPOCTeH IO 3HAYEHHUSM 4" U v™

BoamoxkHble nponeaypsl pacuetra IPAHUYHBIX 3Hauenuit [°+!
HICHTHYHE DacCMOTPEHHBLIM BBILIC BO3MOXHBIM INpOHEAypaM IJis
u u v. [as sHaveHdii HA CTeHKe MOXKHO NPHHATL {%Fl=gn,
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H B 3TOM CJydyae 3HaueHHUs { Ha CTeHKe OYyAYyT oTCTaBaTh Ha Af
OT 3HayYeHHH BO BHYTPEHHHUX TOUKax. Takas cXema HCNOJIb30BaJach
B pabore Yuikca u Uepuuana [1966]. Ilpu manwix Af ata anmnpox-
CHMAallHsl JAOCTAaTOYHO TOYHA, HO BEIb OCHOBHOE I[IPEHMYIIECTBO
HeSIBHBIX CXeM MeToJa 4UepeAyIOUHXCS HaNpaBJEHHI — BO3MOXK-
HOCTb cueTa ¢ OoJsbuinMu maramu Af. Ilpn Goabpminx Af taxkas
CcXeMa MOXKET OKas3aThbed He TOJMBKO HE TOUHON, HO W HAecTaluiusu-
pymoiiei. PellleHHe NPH MOMOIIH HTePaluil, KaK H NPH HAXOKIEHUH
peltenus "+l oueBHIHO, OKa3LIBAeTCs MpeAIOUTHTEbHEE,

Ilpu ucronb3oBaHHE HEABHBIX CXeM MeToJa UepeAVIONHXCS Ha-
npaBsJenu#l Ans pacdera TeueHu# npu GosbiiMx Re (uam mpu 607b-
IWHX uncaax I'pacroda ans TeueHu#t co cBOBGONHOH KOHBeKIMeH)
MHOTHE HCCJIefoBaTenn oGHAPYKHUBAJHA BLIYHCJIHUTENbHYIO HEyCTOH-
9UBCCTh (MJH, BO3MOMHO, OUYeHb MaJayl CKOPOCTh CXOJMMOCTH
urepannit). Onu au60 He CMOIJH MOJYUYUTL PellleHHe IPH GOJIbIIHX
Re (umampumep, ITapuc n Yurekep [1965], Toppauc [1968]), nubo
OBl BBIHYXKAEHH OCPEeNHATh C BECOM pacCUMTaHHBIE JNAaHHBIE Ha
crapomM H HoBOM cnosix o Bpemenu (ITupcon [1965al), uto akBu-
BaJEHTHO yMeHblleHHIO Af, nubo NEepexoiHJd K CXeMaM ¢ pasHo-
CTSIMH IIPOTHB [IOTOKA AN KOHBEKTHBHHIX uieHoB (Bao u Jlorepru
[1969]), uto B HeKoTOpO# cTeneHH GLIIO SKBHBAJIEHTHO YMeEHbIIe-
uuio Re (cMm. pasa. 3.1.8). buino Hesicho, ueM 0GyCJI0OBAUBAIACH
noTepss CXOAHMOCTH: MeJJIEHHOH CXOAHMOCTBIO JIHHEAaPH30BaHHOH
3alaud, HeJHHeHHOII HEeYyCTORYMBOCTLIO YPaBHEHMH BO BHYTPEHHHX
TOYKaX, OTCTaBaHueM (" Ha Af B OJHOLIATOBOH Npolueaype, Hemo-
CTaTOYHO CTeNeHbo CXOAMMOCTH {"*! B HTepaunoHHO# mpouenype .
HAH BHAOM YPaBHEHHs, HCHOOJNB3YEMOTo JJis pacuera {p MO 3Haue-
HUSM 1 BO BHYTPeHHHX TouKax. OnpelejsiONIMMH OKasajHuch JBe
nocaefnyue NPHUUHH, W B cBeTe paorw bBpuau [1970] Bosunkaio-
[He 3[0ech 3aTPYAHEHHS MOTYT OBITb Pa3pelicHb.

3arpynHeHnus, onucanusle Yuakcom n Uepumasom [1966], cra-
3aHbBl KaK C OTCTaBaHueM {p MO BpeMeHH (T. €. C TeM, YTO €ro
3HauyeHHe GepeTcsd C NPEINEeCTBYIOUIETO CJOf), TAK U C YaCTHHIM
BHAOM pPAa3HOCTHOTO YPaBHEHHS BTOPOrO I[OPSAKa TOUHOCTH, HC-
noJb3yeMoro mjs Lw. Peayabrarel Bpuan, oTHocsuiuecs K rpaHud-
HBIM yeaosuaMm aas Ly, 6yayT mpuBefeHsl B pasp. 3.3.2. Cammoenc
n Uepuuan [1967] Bepryaucb K ypaBHEHHIO NEPBOTO MOPSAIKa TOU-
HOCTH IJIS1 {w, KOTOPOE He NMPHUBOAHT K HeyCTOMUMBOCTH, Oaaronaps
yeMy HM YIaJ0Ch IPOJOJIKHTL PACUeTH aBTOPOB MPeALICCTBYIOMICH
paborsl nas Ooabwux uucesa I'pacroda no Tex nop, NOKa OTCTaBa-
Hue §p Ha Af He NPHUBOJMJIO K HEYCTOHYHBOCTH. ‘

CreneHb CXORHUMOCTH [y, TpebyeMas nJs TNOJYyYeHHS YCTOHUH-
BOTO pelreHus, 3aBHCHT Tpexjae Bcero or camoil 3anaun. Ilpu
GoJsbiinX Af CXOAHMOCTb MOXKET Hapywarbcs H3-3a HeJHHEHHOCTH.
QueBuaHO, 4TO npd (GUKCHPOBAHHOM 4HCJIe HTepaluii Tpebyercs
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MeHbIiMH wmwar Af IJ5 JAOCTHXKeHHS OJHOH M TOH XKe TOYHOCTH
CXOMHMOCTH UTepauui, T. €. OILHOPI H TOH Xe BeJIMYHHB &€ B KPUTEPHH
CXOIUMOCTH (C’;}“)Hl—( ”“) +&. Toppanc [1968] (cM. Takxe
Bpuau [1970], Bpuau n Yoanc [1971]) obnapyxui, uro ycaoBue
CXOAMMOCTH JJisi 3HAUEHHS BUXPA Ha CTEHKE B JefiCTBHTENbHOCTH
HakJajbiBaeT OrPAHHUEHHE HAa BEJWUMHY Iara 10 BpPeMEHM BHAA
At << a/Ax? rie a — HEKOTOPOE YHCJO, 3aBHCSIIEe OT 3aJaUH H OT
TpeGoBaunii cxomumoctu. Heemorps Ha 1o uto merox ¢on Hefimana
yKaspiBaeT Ha Ge3yCJOBHYI0 YCTOHUHBOCTL paccMaTpHBaeMoH
CXeMBbl, OKa3hlBaeTcs, UTO HeSBHOE ONpefeseHHe 3HaueHHH {p Ha
cTeHKe (DaKTHUECKH TNPHBOAHT K OTpAHHUEHHIO HA BEJHYHHY lIara
110 BpeMEeHH, KOTOpOe aHaJOrHUHO OTPaHHUYEHHIO, HMEIIEMY MECTO
IJs npocTefilel IBHOH CXEMBl C Da3HOCTSIMH BIlepel MO BPEMEHH
H IEHTPAJbHBIMH PASHOCTSIMH TO HPOCTPAHCTBEHHBIM MEPEMEHHBIM.
Takxoe mnomeneHHe NpHCYLle He TOJBKO HeBHBIM CXeMaM MeTona
YyepeAyIOUHXCS HAMpaBJelnil, HO U BCeM HeSIBHLIM CXeMaM.

Xorda TNpeHMyllecTBa HESIBHLIX CXeM MeTola Yepeayolinxcs
HanpaBJeHHii Haj SIBHBIMH CXeMaMH TPAKTHYECKHM He TAaKOBhl, Kak
9TO CJeAyeT U3 aHaau3a Ipu noMomu Mmerona ¢on Hefimana, onwr
MHOTHX HCCJenoBaTesell TMOKAa3blBaeT, UTO HESBHLIE CXEeMbl MeToja
YyepeyIOIHXCsH HanpaBJeHHH JonmycKatoT OO/AblliHe N0 BeJHYHHE
pasMepsl LIAroB 1O BpPeMEHH, YCKOPSIOT pacyeT B LeJOM (BABOE
u Gojee) U, KpoMe TOro, AalOT BO3MOMKHOCTL NOJYUYHTH BTOPOH MO-
PSIIOK TOUHOCTH 1O BpeMeHH. MOXHO OLITb YBepeHHBIM B TOM, YTO
IJ1s1 NPOCTBIX NPSIMOYFOJbHEX objacrell Takue CXeMbl OYAyT WLIH-
POKO TIpHMEHATbCA U B AaJbHeHleM. B cayuae ke obaacrell ne-
NpaBUJALHON (GOPMEl TPOrPaMMHUpPOBAHHE JJIs 3THX CXeM MOXKeT
VYCJAOXKHUTBCS ¥ Oojiee MPaKTHYHBIMH MOTYT 0Ka3aThCA  ABHBIE
CXEMBI.

Has ychmewrHoro paclpOCTPAHECHHUSI OCHOBHOH HESIBHOH CXEMBI
MeToza yepedylomuxca Hanpasiaenuit (3.308) na cayuall Tpex mpo-
CTPAHCTBEHHBIX MEpPEeMEHHLIX HYXXHO TPHHATH BO BHUMAaHHE HEKO-
Tophle TOHKOCTH. B nanGoJiee oueBHIHOH cxeMe B 3TOM cJayuae
HaJ0 BBHIMOJHHTb TPH BBIYHCAHTETbHBIX Liara C JIBYMSI MpPOMEXY-
TOUHLIMH wiaramu npu -+ Af/3 u t 4 2A¢/3. d1a cxema yxe ne
o6sajlaeT HU BTOPHIM TNOPSAKOM TOYHOCTH MO BPeMeHH, HH Gesyc-
noBHOf ycroliuuBocToio (Puxtmatiep u Mopron [1967]) u Heycroii-
yuBa npu d >3/, (KapHaxaH ¢ coasropaMu [1969]) Hponemon-
CTPHPYeM TaKoe DacnpocTpaHeHHe CXeMbl Ha cJydafl TpexMepHOro

ypaBHeHHUS zmtbcpysvm
%L | 0%, 0%
ax"’ dy? 022

(3.311)

Hyrnac  [1962] npeayoxua clReayolylo TpPeXIIaroBylD CXeMy
(BepxHHe HHAEKCH * H ## OTHOCATCS K NPOMEXKYTOUHBLIM 3Haye-
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HHAM, BBIUHCJEHHBIM C IIOMOIIbLID 4JIFOpHTMa HpOI‘OHKI/I)Z

e @+ O] +o i oS, (3.3120)

EE o[ e+ o) +e e [s @+ o] +a 55
(3.3126)

§n+1 _ cn

Pl e [%(c*ntc")]+a‘5—22[l(c**+;”>]+
+apr[3 @ +2)]. (3.3120)

Cxema umeer nopsiaok tounoctu O (A% Ax? Ay?, Az?) u GesycaosHo
ycroiiyuBa. dTa npoueiypa MoxeT ObTb o6obuieHa W Ha ciayyal
Boabuiero uncia nepeMmennnx. Jlyraac n Paxdopa [1956], dyraac
w Taun [1964] w Dpatien [1961] npemnoxuan Apyrue HesiBHEIE
CXeMbl MeTOJAa 4YepelyIOIlHXCs HanpaBJeHu#l B cjaydyae TpPeX NPOCT-
pPaHCTBEHHHIX TlepeMeHHBIX (cM. Takxke Kapnaxan ¢ coaBTopamu
[1969]). Eue pas oTMeTHM, YTO KasaJjoch Okl mpaBAononolHble 06-
oblieHHsa 3/1eChb YacTO OKa3blBAIOTCA HeBepHBIMM. Ecau B wieHe
8%/6x% B ypaBHenun (3.3128) BMecTo {* MCmONbL30BaThL NOC/TedHee
npubanKeHHoe 3HaueHue {**, To, Kak nokasanau Puxrmafiep u Mop-
ToH [1967], Ge3aycsoBHAs1 ycTOHYHBOCTD CXeMbl GYIeT yTpaueHa.

Asuz n Xeaaymc [1967] ¢ ycnmexoM HCNOJb30BaJu TpPeXMEpPHBIE
HesIBHbIe CXeMBI METOJa YepelYIOUINXCS HanpaBaeHUH AJS NOJHOrO
ypaBHEHHS, BKJIOYAIOIEro KOHBEKTHBHLIA U IU(QPY3HOHHBIA UJIeHbL.
Mak-Ku u Murgean [1970] paccMoTpeny HesiBHBIE CXeMBl YEPENYIO-
UIMXCsi HaNpaB/JeHHH AJs 3a1ay CO CMellaHHBIMH TPOU3BOIHBLIMH
no KoopauHatam 0°*(/0x dy. Kensmor [1969] uccnenoean HesiBHYIO
CXeMy MeTOa uepejayIoIuXCcs HalpaBJeHHl JJs HeJHHeHHOro
ypaBhenns 1HG(Y3HH ¢ HeJHHENHBIM TpaHHYHBIM ycaoBHeM. [Ipu-
MeHeHHe HesiBHEIX CXeM MeToJa UYepelVIOIINXCs HaNpaBJeHul a,4
ypaBHenust 1uddys3nun B cayuyae MepeMeHHOTO 1ara NpoCcTPaHCTBeH-
HOM CETKH M P’PaHHUHBIX yC/I0BUE obmero Buaa paccmorpes ClieHbep
[1967]. OObuee obcy:xaeHHe MeTojla NpoBOaUTCH B pabore Buu-
ayapa [1967]. Tycradcon [1971] npeanoxusa HesBHYIO CXeMy Me-
TOJla uepeldYIOLIHXCs HanpaBJeHH{l s ypaBHEHHI MeJaKOH BOJIHL.
Cypan u Muruenn [1969a] ycTaHOBHJH 3KBHBaJEHTHOCTH HEKOTO-
PHIX HesIBHBIX CXE€M MeTo/la UepeayIONIUXCH HAMpaBJAEHHH U «JIO-
KaJbHO OJHOMepHBIX» cXeM (cM. Takxke Muruenn [1969]). Pu-
yapiac [1970] ucnonn30Bas HEABHYIO CXeMY METOJA UYePeAYIOMIMXCH
HanpaBJcHHRA AJs ypaBHEHHs TNepeHoca BHXPS B IIMJIHHIPHUECKOH
cucteme Koopauuat. CM. rakxke paborwl [lnavexa [1968, 19696].
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3.1.17. flaHbie cxeMmbl MeTOAa YEPEAYIOWHUXCS HanpasieHWil

B OCHOBHOM M3 METOJAMYECKHX cO000paxeHHH paccCMOTpPHM Te-
nepb sIBHble CXeMbl MeTORa YepelyIOlHXCS HalpaBJjeHHH (CXeMbl
ADE). 310 ueabl#l Kjaacc cxeM, KOTOpble BIepBhle GLIIH PaccMOT-
pennl CayabeBuiM [1957] (cM. rakxke Caynben [1964], Puxtmattep
u Mopron [1967] u Kapuaxar c coaBropamu [1969]). B npume-
HeHHH K OJHOMEPHOMY ypaBHeHHI0 AH(DQY3UH mpocredimas cxema
CaynpeBa COOTBETCTBYeT CJjeayioulell opHomarosoit cxeme. [las
GoJsbliefl SCHOCTH 3amullleM ypaBHeHue NH(QY3HH B BuJe

0 _ 9% 0 (LY,
ot = % 9% T % 5y dx)’ (3.313)
TOrja KOHEUHO-pa3HOCTHasa cxeMma CayJIbeBa 6y]leT BHII'JIAAETh Tak:
Gg n ég n+l
Q?H—g? ox i+1/2—_67 i—1/2
; =q i , (3.314)

uiy, eciid d = o Af/Ax, To Tak:
=g +d, —u - +gt) muit. (3.315)

3ameruM, 4TO €CIH 00XOA TOYeK NpPH pacueTe NPOBOAMTCA B Ha-
mpaBjeHHH pocTa [ (Ha YTO yKasblBaeT 3amuch i{ B ypaBHEHHH
(3.315)), To smauenne [}F] Ha pacCUHTHIBAEMOM CJIO€ YKe H3Be-

cTHo. HecMoTpsa Ha TO 4TO 3Ta CXeMa fBJAAETCA ABYXCJIOHHOM, Tpe-
Gyercsi TOIBKO OJHMH MAacCHB [IJs1 XDaHeHHS HEH3BECTHOH BeJH-
YyHHbl §, MOCKOJAbKY B mporpame ({*+! m ", BXojsiuue B ypaBHe-
Hue (3.315), MOXKHO HAEHTH(OHUHPOBATL OAMHAKOBO. Tak Kak ypas-
Henue (3.315) MOXKHO pa3peluHTb OTHOCHTEJNbHO {1, naHHas cxema
O6yner ABHOL.

Ecau Ha KaXA0M 1are Mo BpeMeHHM HalpaBJieHne o6Xxo0[a TOUEK
IpU pacyeTe 4epeloBaTb OT yBeJHYEHHS { K YMEHBIIEHHIO {, TO Ta-
Kasg dBHAg cXeMa MeToja UYepelyIollHXCsi HampaBjaeHu# Oyaer
6/113Ka K CHMMETPUYHOA U MoxKeT OBIThL 3alUCaHa B BHJE

=0 a0 ) npu it (3.3162)
g =gt ra(Ey g gt 4+ gY)) mpuiy . (3.3166)
[Ipn uccnenosanuu ycrofiuuBocTd ypaBHeHHH (3.316) meronx don

Heifimana npumensierca Ha AByX warax. Jia nepsoro mara us
ypaBHeHus (3.316a) mosyuaem

= [ (P = D) v - 1] @317

1 —d 4 del®

AT Y a—ae

(3.318)
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Has Broporo mwara u3 ypaBHeHusi (3.3166) nosyuaem
Vﬂ+2= Vn+l _|_ d[vn+2 (ele _ 1) + Vﬂ-‘l’l (e—-l(-) . l)], (3‘319)

-16
—1—dtde” (3.320)

By d—ae®

Torpa ans mOJMHOH ABYXIIAroBO# cXeMbl 6yieM HMETb

Vi =GV =GR (G, V7, (3.321)

HJIN
V=GV, (3.322)

rune
G = G 4G;. (3.323)

YunrniBas, uto e='® = cos 0 £ /sin®, uz (3.323) Haxomum

1—d+4+dcos®—Idsin® 1 —d+dcos® 4 IdsinB 3.394
l4+d—dcosO—1Idsin® 1-4+d—dcosb4Idsind * ( )

G=

I/ICHOJH)3YH AJid yOpOLeHHST YHCJAHTEJ]AA W 3HaMEHaTe s TOXAECTBO
(a 4+ 1b) (a — Ib) = a?* + b?% nonyuaem

G — [t —d (1 —cos0)]®2+ d?sin?6
T[4 d (1 —cosB)]?+ d?sin?0

<l1, (3.325)

YTO N0KasbiBaeT GE€3YCJAOBHYIO YCTOHUHMBOCTH cXeMbl, J{okasarte/b-
cTBa Ge3ycsoBHOH ycrofiwuBocTH cxeMbl (3.315) ¢ onHuM Hanpas-
JedueM obxoma TouekK MoxHO HafiTh y Cayabera [1964].

fIBHas cxema MeTOJa YepelYIOLIUXCS HampaBJeHHH, NpHMeHeH-
Hasl K ypaBHEHHIO 1u(dPy3uu, 6e3yCI0BHO YCTOHUMBA, KaK U HesB-
Hasd cxeMa MeTOJa 4epelyIOLIMXCS HampaBJieHuHA, nMeeT dopMmasib-
Byl omubky annpokcumauun FE = O(Af?, Ax%) (cm. Cayabes
[1964]) u aHajoruuno oGobuiaercsi Ha ciaydyall 6oJibllero YHcna
IPOCTPAHCTBEHHLIX [epeMEeHHbIX, HalpuMmep

1 1
nel_gn . IS S A AT +
A Ax?
AP o N L L A
ST A A S T O R

(O pa3nuyHBIX UHMKJHYECKHX MePecTaHOBKaX HanpaBjieHHd o06xo-
JOB TOUeK NpH pacuyere cM. Jlapkud [1964].) Baxknoe nmpeumyiie-
CTBO 3TOH SIBHOH CXeMBbl 10 CpaBHEHHIO C HesiBHOH cXeMoH MeTona
yepeAyOMUXCS HampaBJeHUil 3ak/aloyaercs B TOM, YTO 3jech He
TpefyeTcsl HCNONB30BATh HEABHBIH TpeXAHaroHaJbHLIH aJrOPHTM.
Jlpyrue BapHaHTH SBHBIX CXeM MeTOJa YepeAyIOLIUXCSl Halpas-
nenuii npeanoxuau CaynapeB [1964], Jlapkun [1964], Bapaxar
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u Kuaapk [1966]; cm. Takxe kuury KapHaxaHa ¢ COaBTOpamy
[1969]. TTpnveHeHHe ABHON cXeMbl METOJa HepelyIOUIHXCS HaIpaB-
JeHHH K HeJHHeHHOMY ypaBHeHUIO AHPy3uH

%=‘067(“ %;) =a(x, ) (3.327)

npoBOAHTCs odeHb npocto (cM. KBom ¢ coasropamu [1966]).

OpHako MpHMEHEHHe SBHBIX CXEM MeTo/Aa uepeaylOnIHXcs Ha-
npapjeduil gaA peuleHus 3ajad CHAPOAHHAMHKH OrpaHHUEHO IO
JIBYM TpHUHHAM. Bo-mepBbIX, XOTA AJNS BUYTPEHHHX TOYEK KOHEUHO-
pasnocTHas cxema (3.316) saBasercd sBHOH, B IleJoM 3Ta cxeMa
tdakTudeckn GyAeT HesiBHOH H3-3a rpannunblx ycaosu#. Ilpu mep-
BOM Hampapsenunu obxoga mo cxeme {3.316a) nonxuo ObITb U3Be-
cTHO 3Havenue {f*! ¢ (n4- 1)-ro BpemeHHOro cJosi; MPH BTOPOM
HanpaBsJ/endn obxona no cxeme (3.3166) A0JMKHO ObITb H3BECTHO
3HaueHHe I7*!, rae [ == maxi. IT0 00CTOATEALCTBO HE BHI3HIBAET
OCJI0KHEHHH B Cryyae 3ajau TeNJoNpPOBOAHOCTH, I'le TEMIEPATyPHl
HJIH PPajHeHTbl TeMMEepaTyphl HA FPaHullaX. KaK [PaBHJO0, H3BECTHBI
IJIs BCeX MOMeHTOB BpeMeHuH. Ho 3HaveHus BUXps Ha CTeHKe He
H3BeCTHBl H, KaK yKe ObLIIO OTMeueHO NpH 0OCYXKIeHUH HesBHBX
cXeM MeToja 4depelyloHXCcs HanpaBJjeHU#, 3TO BLI3LIBACT 3aTPYA-
Henuss. Bo-Bropuix (M 3To ropasjpo Bakiee), ecJad jaHHAsg cxeMa
KOMOMHHpPYETCA ¢ IPYrHMH CXeMaMH W B Hell /s KOHBEKTHBHBIX
4JIeHOB HCHOJbB3YHTCS Kakue-nHOO BapHaHThl aNNpOKCHMAUUU H3
cXeMbl C PasHOCTAMH NPOTHB IOTOKA, CXeMbl C PA3HOCTAMH BIepe[,
MO0 BPeMEHHM N LEHTPAJbHBIMH PA3HOCTAMH MO MPOGCTPAHCTBEHHBIM
MepeMeHHbIM, CXeMBl «uexapaa» U SBHOM CXeMbl METOA Uepeayio-
IIUXCA HanpaBJeHu#, TO nNoJaydeHHas KOMOHHHpDOBAHHAS cxema
aub0 okasbiBaercsl 0e3yCJAOBHO HeyCTOHUMBOH, Jub0 s Hee ONSTH
nosBJaAIOTCS orpaHuuenus suga C << 1 u d << /p!), xapakrepHbie
U SIBHBIX cxeM. EnuHCTBeHHO{l CpPaBHHTENbHO YCMNELIHOH KOM-
Gunallnedt sBasercs KOMOMHALHA CXeMbl, B KOTOpOH mo ofoum ye-
peayoLUMCs HanpaBJeHHsaM o6X04a TOYeK HCIOJb3YIOTCS PasHOCTH
NpPOTHB TIOTOK2 A/ KOHBEKTHBHBIX 4JEHOB M fIBHOM CXeMBl MeTojAa
yepeAyIOILUXCS HAINpaBJeHH# ¢ ocpelHeHueM Aaa AHDPY3HOHHBIX
ujeHoB (cM. Jlapkun [1964]):

C=0—CU—t)+d(E, ~U—0+E,)  (3.328)
=4O ) (B 8 —E L), (3.3280)
et =1+ (3.3288)

1} Heony6anxkoBaHHLI pe3yabTaT aBTOpa.
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Jna Takofi cxembl aHaJH3 YCTOHUMBOCTH NPH NMOMOILK MeToda (oH
Hefimana paer

16 -1y
G —1= C1—+dd+ "; e (3.329a)
— ae
_ —16 ~16
G = Cﬁffd ——, (3.3296)
—de
G = (G"+G™. (3.3298)

Anre6panueckoe HcciaenoBaHne ypaBHeHu#l (3.329) Becbma 3aTpya-
HHUTeJbHO. YMCJAeHHOE HCC/JefOBaHHe HX [AJs MOJHOIC HHTepBaJa
usMenenus mnapamerpoB C, d u € NPHBOAHT K YCJIOBHIO YCTOHUH-
BoctH C < 1; orpaHuueHus Ha d 37ech HerT. [as pelleHHs 3ajxay
THAPOANHAMHKH C HeHY/JeBLIMH KOHBeKTHBHBIMH WJIEHAMH HH cXeMa
(3.328), Hm kakasi-1ubo jpyras sBHas CXeMa MeTOJa 4Yepeayio-
IHXCA HalpaBJ/eHHI HA MpaKTHKEe He UCNOJb30BaJjachb. EAHHCTBEH-
HOe HCKJIOYeHHe cocTaBaser paccyutanHoe Caxkypanm u HMBacaku
[1970] peweHue 3amauu O CTPYKType ONHOMEPHOH yNapHOH BOJIHbI,
B KOTOPOH He CTaBAITCSl KpaeBble YCJOBHSI.

Po6eprc n Befic [1966] npeanoxunay yaauHblil BapHaHT SBHOH
cXeMbl MeToja 4YepelYIOLIUXCS HampaBJeHUil AAs pelieHusl ypaB-
HeHHs [epeHoca /51 HeBSA3KOH JKHAKOCTH, KOTOPBIH OHH Ha3BaJ/u
«CXeMOHl C pa3HOCTAMH 10 AMaroHa/d»., JTa cxeMa OCHOBaHA Ha
IleHTPaJbHLIX Pa3HOCTAX KakK JJis NPOHU3BOJHON [0 BpeMeHH, TakK
H AJs IPOH3BOAHOH IO NPOCTPAHCTBEHHOH NepeMEeHHOH, KOTOpbie
BBLIUHCJSIOTCA B TOYKAX, PaclOJIOXKEHHBIX HAa HOJYUIACAX CETKH:

gl}+1 _ Q’:L gr.z+1/2 _ gt}j—lﬂ

i = i = —y z+1/2\Ax i—1/2 . (3330)
UseHsl, cTofliMe B [PaBOfl 4acCTH, BHIYUCJAAIOTCA KaK cpeIHHE 3HA-
YeHHS BJOJIb JHArOHAJH syeeK MPOCTPAHCTBEHHO-BpeMEeHHOH CeTKH.
Ecnu pacuer BefieTcsl B HampaBJeHHH yBeauueuus [ (cM. puc. 3.13),
To 6yJIeM HMETHb

Q?Ll//f = %(;7“ + Q?H) npuit, (3.331a)
G =t ) it (3.3316)
[Toacrasasis 9TH Bupa)KeHus B ypaBHeHue (3.330), mosnyuaem
G =g =5 (8, — k), (3.3322)
rae
g g S22 (3.3326)

T 14c/2
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Ynpaocrenue, TlokazaTts, 4T0 B cJIydYae NpOBejeHHs pacyeTa B HaNpaBJjeHHH
y6uBaHns [ cXeMa ¢ pasHoCTAME 1o AuaroHanu PoGeprca u Befica umeer BHA

gl = — g (G — ) (3.3332)
rae /2
oy (3.3336)

[TockosibKy B paccMaTpUBaeMOH cXeMe HCMOJb3YIOTCA LEeHTpalb-
Hble PA3HOCTH KaK 1O BPEMEHH, TaK # 1o HPOCTPaHCTBCHHOH nepe-
MeHHOH, cxeMa HMeer BTOpOfl MOPAAOK TOYHOCTH; OAHAKO H3-33

-1 13 i+

Puc. 3.13. Cxema ¢ pasHocTAMH NO auaroHati. Kpyxk# COOTBETCTBYIOT H3BecT-

HHM 3HAueHHSAM TpH 06Xoje B HanpapieHun pocTa i, POMOUK — HEHIBECTHOMY

sHayeHuio B ToukKe (i, n-+ 1), TPeyroJbHUKH — 3HAYEHHAM, oIpejeseMbM Ha

cepeiHHe nuaronaleil stueek Ha modymarax. CTpenka ClpaBa MOKasbiBaeT Hampa-
BJeHue o0xona.

HaJWYHS CMeLlaHHOH APOH3BOAHOH (IO BPEMEHH H IO HPOCTPaH-
CTBeHHOl MepeMeHHOil) B passoxkenusax B paasl Tefsopa ¢op-
MaJIbHO 3TO TPYAHO AoKasaTh., Kak ycranoBuau [Inauek u Ynabamc
[1970], »Ta cxema obJjajaeT AOCTATOYHOH TOUHOCTHIO B MPaKTHYE-
CKHX pacuerax.

[Tomgo6uo cxeme CayaneBa, paccMaTpHBaeMmass cXeMa OKa3Hl-
Baercsl ABHOH BO BHYTPEHHHX TOYKaX M HesBHOW npu pacyere rpa-
HMYHBIX ycaoBuil. [l JOCTHXKeHHS CHMMETDHH [PH pacyeTe MOXKHO
yepefoBaTh HaNpaBJenusi obxoma Ttouek it m i}. Hcceaenosanue
yeroftunBoct cxeMbl (3.332) mpu momomu meroza ¢ou HeiimaHa
Jaer

Vn+l — Vn . g(vnele _ Vﬂ+le—16), (3‘334)
N
G0 ;:_ . (3.335)

orkyaa |G|? =1 ToxnecTsenno. 3HAUUT, 3T ABHAS CXeMa yepe-
AylomuxcA nHanpasienufl Gesycaosno ycroituusa no Qou Heifimany
H nas Hee |G| =1, KaK 3TO MMeeT MeCTO H AJA CXeMbl «Uexapna»
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(cM. pasa. 3.1.6), HO B OT/aIHMYHe OT INoCJAejHell He obnanaer He-
YCTOHUMBOCTBIO, CBSI3aHHOH C pacujeHeHHeM pelleHHsl [0 BPeMeH-
HEIM IlaraM. DTa cxema JBYyXcJolfiHasi, HO NIPH ee HpPOTpaMMHPO-
pannn Ha PoprpaHe AOCTATOUHO OJLHOTO MAacCHBa IJsi XPaHEHHS
Cn H §n+1.

Onnaxo nobas ownOKa, AONYUEHHAS NPH BLIYUCJCHHH 3HAaUe-
HHH Ha rpaHule B Hauajge O0XOJa Y3JOBBIX TOYEK, MOMKET DacCTH
He ¢ yBeJHUeHHeM BpeMeHH, a IIPH H3MeHEHHUH NPOCTPAHCTBEHHOU
koopdunarst. Ilycte Bce §% =0, U NycTh Ha TrpaHHYHOE 3HAUYEHHE
grt! masoxena nekortopas omubOka e. Torna us ypasuenus (3.332)

Clefyer, UTo g;}:}:ge. Has toro urobu un3bexkaTh yBeJHUYEHHS
omuboK (cKaxeM, MAlUHHHLIX OMHOOK OKDYyTJAeHus) BAOJb APOCT-
PAHCTEeHHOU KOOPAHHATLI, HEOOXOAHMO, 4TOOBl MPH BO3PACTAHHY
i (i) 6wo |E|<C 1, a npu ymeHnbumennn i (i}) O6wo |E[<< 1.
Ilns cxeMbl uepeAylOLINXCS HallpaBjaeHHH ofa 3TH OrpaHUUueHHS
npusogar kK yecaosuio |C|<C1 (em. 3amauy 3.19). 310 omnn u3
npuMepoB, Koraa oObuHB Meron (o Heiimana He naer oreera
OTHOCHTEJNbHO JEHCTBUTEJbHOHA BBIYMCAHTENBHOR HeyCTOHYHBOCTH.

Ilomo6HO HesIBHBIM CXeMaM, fBHble CXeMbl MeTojAa Yepeiyio-
I{HXCS HanpaBJeHHH B NpUMeHeHHH K YPaBHEHHIO KOHBEKIHH s
HEBSI3KOH KUJIKOCTH NPHBOASAT K HOABJAEHHIO OecKOHEeUHOH CKOpo-
CTH pAaclpOCTPaHeHHs BO3MYIIEHHS, 4TO HE sBJsIeTCH CBOHCTBOM
nuddepeHIHANBHOTO yPAaBHCHHS.

PaccmoTpeHHas fgBHAsl cXeMa MeTOJa 4YepelyloLUXCs Halpas-
JeHH#l He KoMOMHHpOBajach C SIBHOH CXeMOR Meroga yepenylo-
UIHXCA HaNpaBJenuil AJs ypaBHeHHs AHGGY3HM ¢ HeJblo Mojyde-
Hus Ge3yCJOBHO YCTOHYMBOH fABHOH cXeMbl AJS MOJHOrO ypaBHe-
HH$l, BKJIOYAIOLIEro KOHBEKTHBHBIC M AH(D(Y3HOHHBIC YJEHBl, H HE
HCIIOJb30BaNach /51 pPeIleHHs peasbHbX 3aAad THAPOJHHAMUKH,

¥npaxcuenue. ITokazaTs, UTO sIBHAA CXeMa MeTONa YePeNYIOMHXCS HampasJe-
Huit CayspeBa (3.315) ans ypapHenus Auddysuu He OPHBOAHT K POCTY OIIHGOK
[pH mepexoAe OT OJHOH NPOCTPAHCTBEHHOH TOYKH K APYrof.

3.1.18. Cxema <HNaCCHHHW>

Drta cxeMa Oblja BlepBble MCIOAb30BAHA IJIS HTEPANHOHHOTO
peienus ypasuenus Ilyaccona [lengonom [1962] (cm. pasn. 3.2.7),
a IAA pelleHUs ypaBHeHHH, GNHCHIBAIOILHX TEeueHHe CKHUMaeMOH
xkuaxkoctd, Ckanoi u Toprnonom [1966, 1967]. I'ypau [1970a] o06-
obmua 3Ty cxeMy, J0Kasaj ee YCTOH4YHBOCTL s obliero cayuas
ypaBHeHHi MHOTOMEPHBIX TeueHH, NMPHMEHHJI CXeMy K HeCTallHo-
HAPHOMY YPaBHEHHIO TeIlJJONPOBOAHOCTH H K 3JIHITHYECKHM ypas-
HEHHSIM H JaJ efl Tounoe o6pasnoe Ha3BalNe <KJIACCHKHY,
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ATo Ha3BaHHE CBA3aHO CO cmocofoM 00XOAa pacyeTHHIX TOUEK,
nokasaHnubim #a puc. 3.14. Ha KaxnoM cnoe mo BpeMeHu n o6xoj
TOUeK IPOCTPAHCTBEHHOH CeTKH cosepliaerca ABaxnib. -‘Ha mepeom
H HOCJeAYIOLIHX CJOSIX MO BpeMeHH C HeYeTHLIMH £ BBIUHC/IAIOT

Puc. 3.14. Cxema «kaaccukn». POMOHKEH COOTBETCTBYIOT NepBOMY OGXORY, yer-
HOMYy uncay [ -+ - n; KpyKKH — BTOPOMY 0GXOAy, HEUETHOMY HMCay i - j + n.

3HAYeHHUs B y3JaX C HeueTHOH cyMMoH [ -+ j (Ha pUCYHKe OHH OTMe-
ueHsl poMOukamu). Jlaa mpocroro ypaBHeHHS Aub¢y3uu

9 0%, 0%

5 =77 e (3.336)
nosydaem
n+l__on Cr, g — 280+ 8y B — 20 8 )
&, =t ,-+Af( N + Ay :
i+ j "euernoe. (3.337)

3r1oT nepBHH 06XOA OCHOBAaH Ha CXeMe C PA3HOCTSMH BIepeld II0
BpeMeHH H C LEHTPaJbHBIMH PAa3HOCTAMH IO INPOCTPAHCTBEHHBIM
nepeMeHHBIM B y3J4ax ¢ HeueTHbIMH i+ j. IIpu BTopoM obxonxe na
TOM e CJIOE N0 BPEMEHH BLIMOJHSAIOTCA Te Ke BBIYHCJIEHHS B y3Jax
¢ 4yeTHOH cyMMoll {--j (Ha pHCYHKe OHH OTMeueHBl KPYKKaMH),
ipuueM B COCELHHMX TouKax Oepyrcsl 3Hauenus Ha (n-+ 1)-M caoe,
[10JyYeHHBIe IPY NepBoM o6xoje:
€n+[ ._z + AZ(;?-i-(:ll‘]__an-Fl + g:lj—ll’] + é’;‘_‘—]l-kl _2§I’L+I + §n+ )
i Ax? Ay? ’

i+ j uernoe. (3.338)

Srtor pacyer HpH BTOPOM OOXOHe TNOJHOCTHLIO HESSBEH B TOM
CMBICJIE, YTO 3HAaUeHUsl B TOoukaX (i, f), (i 1,j) u (i,j*£1) Ge-
‘pyTcs Ha (n-F1)-M cioe, HO 3Ta «HEJBHOCTb» He BjedeT 3a cobo#




3.1.18. Cxema ¢xraccuxus 1563

HeoOXOAHMOCTH pellleHHsl CHCTeMEl aarefpalyecKUX ypaBHEHHH, Tak
KaK 3HAaUYeHHA B COCeJHHX TodKax Ha (n -4 1)-M cJjoe yKe u3Be-
CTHBl B pe3yabraTe pacuera NpH nepsoM o006xoxe, a 3HaueHHe
(%! MOXKHO ONpEeNe/HTh NPOCTHIM HCKJIOUCHHEM:

n+1 + §n+l §n+1 n+l

n+l_(§1,+ z+1] 1—1,1‘+ t1+1 l!—l)/(1+ x2+Ay)
(3.339)

Ha sTopoM u mocieAyoOImHX cJOSX HO BPeMeHH C YeTHLIMH 7 POJH
y3JI0B, OTMEUEHHBIX pOMOHKaMH M Kpy:kKaMu, Mensiorcsa. Kpatko
9TO MOXKHO pe3MHUPOBaThL Tak: Npu (-4 j-4n uerHoM OGepercs
pa3HocTHoe ypaBHeHue (3.337), a npu {4 j4- n HeueTHOM — ypaB-
Hernue (3.338).

CKOpOCTh pacueTa CyLIeCTBEHHO YBeJHUYHBAETCS IPH HCIIOJb30-
gauuH coorHolleHus (3.340), caepyiowero u3 aJrebpanveckoil
cTpyKTypol cxembl (Iypau [1970a]).

¥Ynpaxcrenue. [Tokasatb, uro us ypasuenuii (3.337) u (3.338) caeayer coor-
HOlLIeHHE

§n+2 = 2§"+1 L i+ i+ n uernoe (3.340)

Ha Ttex cjosx no BpeMeHH, rie TpebyeTcs BhAaBaTbh HHDoOpMa-
M0 BO BCeX TOYKAX, HAAO BECTH pacyeTsl MO OCHOBHLIM ypaBHe-
HHSM CXEMBL.

dopmaabHO paccMaTpHBaeMas cxeMma HMeeT OMHOKY amnmpokKcii-
mauun £ = O (A¢, Ax?, Ay?). CxeMa NpuMeHHMa H AJs ypaBHeHusd,
BKJIIOYAIOIIEr0 KOHBEKTUBHEIE H JH((DY3HOHHbIE WIEHb, MPHYEM CO-
orHoluenne (3.340) coxpausercs.

I'ypau [1970a] noxaszan 6Ge3yc/JoBHYIO yCTOHUHBOCTh ITOH CXeMBI
I0Js1 ypaBHeHns AHO(Y3ud B AJs ypaBHeHHS, BRJIOYAIOUIEro KOH-
BeKTHBHBIC U JH(MPY3HOHHBIE UJEHBl, KOrja KOHBEKTHBHBIE UJIEHHI
MpejACTaBJsIOTesT pasHocTsIMH mpoTuB mnotoka. Ckada u Topmon
(1966, 1967] mpuMeHSNH CXeMY <KJACCHKM» C PA3HOCTSMH MPOTHB
MOTOKA [JIs1 pacuyera TeyeHHs BS3KOH cxkumaeMmofl xuaxocru. Ogn-
HAKO BO3MOXHO, UTO TakKHe CXeMbl MOIYT HCIIOJNb30BaTbCS H IpU
npejCTABJICHHH KOHBEKTHBHbIX UJCHOB LEHTPAJbHBIMH Pa3HOCTIMH,
K4aK 3TO JeJlaeTcsl B HESIBHBIX CXeMaX MeTOAa uepelyIOLHXCs Ha-
npasaennii. ['ypan [1970a] coobiuiaer, 4to u3-3a OTCyTCTBHS 06pa-
eHnst TPEXANArOHAJIbHBIX MaTpPHL M 3)(EeKTUBHOCTH COOTHOIEHNS
(3.340) pacuer ogHoro uiara HO BPeMeHH MO CXEME <KJACCHKH»
MPOU3BOJUTCS B TPH-UeTHIpe pa3a GbICTpee, 4eM MO HesIBHOH cxeme
MeTroja  depenylomiuxcs  HanpasJenuit  Ilucmena — Pakdopaa.
KpoMe TOro, cxema «KJacCHKH» CyUIECTBEHHO NpOLLEe AJsl MPOrpam-
MHPOBAHHA [0 CPAaBHEHHIO C HEABHOH CXeMOH MeToja uepenymo-
IWHxcsd nanpasJseHHH (ocoGeHHO AJis1 o6JacTell C/10:KHOH (QOpMBI)
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H Jerko o0o00iaercs HA caydafl Tpex NPOCTPAliCTBEHHBLIX MepeMeH-
ubiX. OZHAKO NPH pacueTax ypaBHEHHs [lepeHOca BUXDs 3Ta CXema,
KaK H SBHBIE W HEABHBIE CXEMbl METOAA UepenyIOUIUXCsl HampasJe-
HHUil, BCTpeyaercs ¢ TPYLHOCTbIO, CBA3AHHONA ¢ HESIBHOCTHIO FPAHHY-
Hbix yesosu#t, [ypam [1970a, 19700) oOuapyXua TecHylo CBA3b
MeXJAY CXeMOH <«KJAaCCHKH», HeABHOH cxeMOH MeTona uepeaylo-
muxcsa HanpasJ/enuit n cxemofi Hiwodopra — Opaukena.

«SIBHOCTBL» ypaBHenuii (3.338) obycaoBnena rteM (akrtoM, 4TO
afech B OOBIMHOM TISITHTOYEYHOM aHajore olnepartopa Jlannaca
HCIOJL3YIOTCA 3HAYEHHS TOAbKO B Toukax (4,f), (i=x=1,j) u
(i,j=1). Iypan [1970a] wuasniBaeT TakiHe KOHEUHO-PA3HOCTHHE
BbipaxkeHusl L-oneparopaMi. PopMma ¢ UeHTpAJbHLIMH PA3HOCTAMHU
A5 KOHBEKTHBHBIX UJIEHOB TaKxe ABsjsdercs E-omepatopom, a pas-
HOCTHbIE (POPMBI AJ5 UJICHOB CO CMEMIAHHBIMH NPOH3BOJAHBIMH H Je-
BATHTOUEYHbBIE pasHOCTHble ¢opMyaws ads onepatopa Jlanjaca
(cMm. paszn. 3.2.10) TarkoBEIM He SBASIOTCS M MO3TOMY OHH TpelyloT
HeSBHOTO paspelleHHs ypaBHEHHH, COOTBETCTBYIOUIMX YypaBHeHHIO
(3.338). I'ypau u Mak-Ku [1971] npumeHnan cxeMy «K/JIaCCHKH» B
clyyae CMeUlaHHBIX NpousBoAHbX, a ['ypan u Moppuc [1971] nas
runepbo/iMUecKHX CHCTeM CO CKaukKaMu. B nocaenneil pabore dakru-
yecKd paccMaTpHBajach OJHOMepHast yjapras BoaHa. Moappuc
[1971] npuMeHsa 3Ty cxeMy AJs pacyeTa yPaBHEHHS TelJIONPOBOA-
HocTH (mapaloJiMueckoro THNA) B TPeXMEPHOM cjydae ¢ TpPaHud-
HBIMH YCJOBHUAMH CMellaHHOro tuna (ycsaoBus Po60uHa), KOTOphIE
BO3HHMKAIOT MPH HUCIOMB30BAHUH HbIOTOHOBCKHX YPAaBHEHHH KOHBEK-
THBHOM Temjonepenaud. Jns pacuera MHOPOMEDHHIX TeueHHH He-
CXKHUMAEMON KHIKOCTH NPH HEKOTODHX TPAHHUHBIX YCJOBHSIX Tpa-
JHEHTHOIO THIA JaHHAsl cXeMa IOKa He NPHMEHsJaach, HO MOXKHO
NpeABHIETb €€ MHPOKOe NPUMeHeHHe B AaJbHefmeM.

3.1.19. Cxembl YeTBeptoro nopagHa toyHoctH PoGeprca —
Beiica u Hpoynu

B crenymolunx Tpex pasjaenax Mbl ofpatuMca K oGCYXAEHHIO
TAKHX $ABHBIX CX€M, KOTODbHle OKa3bIBAIOTCA CJOXKHEE HEfABHHIX,
CJI0KHOCTD 3THX cXeM OOBSCHAETCS TeM, UTO OHH CTPOSATCS C LEJBIO
yMeHbllleHHs (ha3oBod OWHUOKH, paccMOTpeHHod B pasa. 3.1.13 Ha
npuMepe cxeMnl Jlefita.

Crartbst PoGeprca u Beifica [1966] nosiBHnace NMOYTH ORXHOBpe-
MeHHO ¢ pabotolt Jlefita [1965]. O6e paGoThl MpPOAEMOHCTPHPOBAIH
BaXKHOCTb (a3oBofl omwnbku. PoGepre u Befic paspaborann uerwipe
PAa3JHYHBIX BHIA SBHBIX CXeM M H3YYHJM JIpyrude cxeMmbl. Huraresio,
KeJawleMy NI0oApo6HO O03HAKOMHTHCS ¢ (a30BEIMH OHIMOKaMH,
KpoMe 3TOH paboTel pekomeHayiorcsl pabornl Ppomma [1968]
u ['pammensrBenra [1969].
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B mpeawaymem pasiene yxe Obla pacCMOTpeHa cXeMma C pas-
HOCTAMHU MO Auaronann Pobeprca u Befica, uMmeromas BTOpoi nopsi-
JIOK TOYHOCTH. 3jech OyAyT NpejcTaBjieHbl HauboJee HHTepecHbie
i Haugaydinne (c TOUKH 3peHHsl yMeHblICHHS (a3oBoH oumubKu)
cXeMBl 3THX aBTOPOB, uMewIiMe nopafok Ttounoctd O (Af2, Ax?).
ITH cxeMbl OLIIH NMOCTPOEHHl NPH MOMOIUM HHTErpaJbHOTO MeToja
(pazn. 3.1.1B), uto ofecmeynBaso HX CTPOrYI KOHCEpPBAaTHBHOCTS,
Cnenys PoGeprcy u Beiicy [1966], onpenesnnm [Be nepensereHHble

n+3 — —4—
I | 1

A e i
|

T
T

nt2

n+3/2

ntl

l
|
+
|
|
n#1/2 ——?——--——?—— ——4-

-2, i , 42

-3 -1 i+ +3

Puc. 3.15. CeTka ¢ pacno/ioKeHHeM V3JOB B IIAXMATHOM IODSIIKE ISt CXEMBI
PoGeprca u Befica ueTBeproro mopdaka B cayuae ofHOH NPOCTPaHCTBEeHHOH nepe-
MeHHofL.

CeTKH C PAacHoJOXKeHHEeM Y3JOB B IIaXMaTHOM mopsjike!l), kak mo-
KazaHo Ha puc. 3.15, rae y3ael oqHOH CeTKH OTMeueHH pOMOGHKaMH,
a JIpyroil — KpykKamu. B3sp 19 anmpokCHMALHH IPOCTPAHCTBEH-
HOH MPOU3BOAHON B NMHEAPU30BAHHOM YPaBHEHHH UETHIpE 3HAYEHHS
¢ (n+1s)-ro ciaos mo BpeMeHH, IOJYyYyuM RepBYIO cxemy Pobepr-
ca — Beiica quBepToro nopsaKa, HMEIOUIYI0 CaedyIOIHH BUI:

1 / n+1/
=g @ - +
! n ‘7 )
o (1 =) (@ — g 3P — gt 3341

[TepBuifi 3akJ/ilOueHHBII B CKOOKH 4YJieH B 3TOM YPaBHEHHH B TOY-
HOCTH COOTBeTCTBYeT CXeMe <«uexapjas, a BTOPOH MNpeacTaBJsier

1) D1y cxeMy MOXHO Takke ONHCaTh Ha ofHOH aBymepHOl ceTke. Cxema
Po6eprca — Beiica ¢ ceTkof ¢ pacnojiokeHHeM y3J0B B LIAXMAaTHOM INOPAAKE
¢aKTHUeCKH IKBUBAJEHTHA CXeMe «yexapha» (cum. pasi. 3.1.6). .
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coGofi mompaBky OoJiee BbICOKOrO nopsika. Jlas 9Tof cxeMbl

M=1 nmpu C<C2 (3amerum, uto C =uAl/Ax, rae At=
= tn+l —¢2 Ho 3a OMMH pacyeTHBHNl Iar H3BECTHOE B MOMEHT Bpe-
Menu (%t12 pelreHue MpoABHraeTci A0 MOMEHTa BpeMeHu ("l
ToabKo Ha Af/2. [Toatomy adpdektusroe uncao KypaHTta B meficTBH-
teabHoctd 6yner C/ = (u Af/2)/Ax, npuueM a9 YCTOHYHBOCTH Tpe-
Gyercs BuimogHeHue yciaoBusg C' << 1.) Jlas cuBura dasu A8/2 3a
oaun war no BpemeHn Pobeprc u Befic [1966] nonyuuau (B 060-
3HAUeHUsX, BBeJeHHHX B pa3f. 3.1.13) Beipaxkenue

sin (5 )eny =5 sin8[6 + (1 ——) sin?0].  (3.342)

Bropasi cxema uyeTpepToro nopsiika TouHocTH Pobeprca — Beiica
CTPOHTCA KaK KOMOHMHALHA NPelJOKEHHBIX HMH JBYX CXEM BTCPOTO
MopsiAiKa TOUHOCTH: SIBHOH CXeMbl MeTOJa UYepelYHOLIHXCS Hampas-
JeHu#t ¢ pa3HoCTAMU Mo auaronanm (ypasHenus (3.332) u (3.333)
u3 pa3g. 3.1.17) u cxeMmbl «4yexapjas, 3aMHCaHHON Ha CeTKe ¢ pac-
MOJIO’KEHHEeM Y3/10B B IIaXMaTHOM MNOpSAJAKe, H HMEET CJACAYIOUIHHA
BHI:

;z+1 — C;z _ C/2 [(1 + 2M) (§n+l/2 n+1/2) _

1T=MC/2 i+1 t-—-l
—M(t,—4l)] wpuit, (3.343a)
e C/
1—C/2

ITockonbKy B INPaBYIO YacTh YypaBHEHHS (3 343a) BxoAHT 3Haue-
Hue [7*] sra BTOpasi cxema sBAsiercs ABHOH cXeMofl MeToxa depe-
AYIOIWHXCS HAaNpaBJeHWH, 3anucannofl AJs 06Xo4a TOYEK B HaIpas-
JIeHHH Bo3pacTaiolux 3HayeHui if. ITomo6HO ApPYrUM SBHBIM CcXe-
MaM MeTOJa uepeiyIoillUXCsl ~HANpaBJeHHH, pacCMOTPEeHHbIM
B pasn. 3.1.17, sTa cxema HefiBHad 1O FPAaHHYHOMY YCJAOBHIO, T. €.
IJs1 Toro, 4To0bl HAYaTb pacuerT B HANpaBJeHHH pocra [, HeoBXo-
IHMO 3HaTb [P+,

IMpu C— 0 umeeM M —1/; H—l—:(:/<42—(:/2-—>C/2. B stom cayuae

ypaBHeHHe (3.343a) MOXKHO mepemucarth B BHIE
4
A Bl (S vt B Y (A Ak | 3349

Crneur ¢asnl onpefener B pabore PolGeprca u Befica [1966]. Tlpu
C—0 dazoByo omubky MOKHO Ha#iTH H3 CJAeAYIOIIEro COOTHO-
IUEeHHs:

(AB)y py - Csin 0 (4 — cos 6)

(AB) Ji s ~ 30 ’

(3.345)
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Bropas cxema o0JajaeT HeCKOJbKO MeHbluefl (asoBoil own6Ko,
yeM TepBasi, Ho o0e 3TH CXeMbl CYLIECTBEHHO Jyyllle CXeM BTOPOro
nopaiKa TouHocTH. Bee 3TH cxeMbl He OKasblBaOT BO3AeHCTBHA Ha
KOMTIOHEHTY BO3MYIUEHHs € AJUHOH BOAHH A == 2Ax, T. e. nanda
Hee HMeeT MeCTO NosHas ¢aszoBas omuOKa, Kak H BO BCEX CXeMax
(32 MCKJIOUEHHEM CXeM C Pa3HOCTSIMH TIPOTHB MOTOKA).

Kak u crexoBaso oxkujgaThb, paccMaTpuBaeMasl cxema obJafaer
HEKOTOPLIMH HefocTaTKaMu. Jist ee MCNOJb30BAHHS B cayyae ABYX
POCTPAHCTBEHHLIX MepPEMEHHBIX TpelyeTcs dYeThpe CeTKH € pac-
TOJIOZKEHUEM Y3JI0B B IIAXMATHOM TOPSAKe: MO ABE MePeneTeHHbIX
CeTKH JJISl KaxAOH IMPOCTPAHCTBEHHON IllepeMeHHOH, NOCTPOEHHBIX
Ha UeJHIX M NOJYUEeNhX cJosix mo BpeMmenu (cM. Pobepre n Beiic
[1966]). O6beM BLuMCAEHHH INIPH 3TOM CYUIECTBEHHO YBeJHYH-
paercsl. Mosenkamn [1968] orMeuaeT, uTO mnpd HCHOAb30BAHHH
CXEMBl C PacHOJIOXKEHHEeM Y3JO0B B IIaXMaTHOM Nopsiike Tpebyercs
B 45 pa3 Gosblle MaUIMHHOTO BpeMeHd U B 4 pasa Gosiblunil 06beM
MaMATH, 9eM IIPH HCIOJb3OBAHHH CXE€MBl C pPa3HOCTSIMH TNPOTHB
noroka. ®opmanbHas omnbka annpokcuMannu E = O (Af?, Ax?) ne
BbIEPIKUBAETCS I'00aJbHO BO BCEX TOYKAX, €CJIH PPaHHUHBIE YCJ0-
BHS ToOXe He OynyT uMmerb omuOKy nopsaka O (Ax*), uro, Kak
npaBuJIo, He BHINOJHAETCS (CM. pasa. 3.3.2).

HeycroftunpocTb, cBfI3aHHAA C pacu/eHEHHeM peleHHs 10 Bpe-
MEHHBIM l1araMm B cxeMe «dexapaas (pasg. 3.1.6), mpuBoIMT K Io-
SBNEHUIO [BYX DAacuU/JeHeHHBIX DElUeHHH; NaHHAs CXeMa JOTNyCcKaeT
MOSIBJICHUE 4YeTolpex pacusJeHeHHBX peluennii. Jas o6benuHeHHUs
STHX peileHull, oueBuaHO, Tpebyercs Haanuue AMDOY3HOHHBIX uJe-
HOB M (ecad CUATAThb, YTO ONHIT MPUMEHEHHS CXeMH «uyexapaas
MOXKET CJAYXKUTb HEKOTOPBIM PYKOBOJACTBOM) TpPeOYIOTCS MaJibie
yucaa Re TpPH YCIOBUH BEPOSITHOTO JOCTHMKEHHS CTalHOHAPHOTO
pemenust. [laxMaTHas cerka NPHBOANT TakxXe K HEKOTOPHM 3a-
TPYAHEHHSIM T[IPH TNOCTAHOBKE TPAHMYHLIX YCJOBHH; T0CTaHOBKa
rpaHHYHBIX YCJ0BHH, mpennoxkenHass Pobeprcom u BeficoM, npuso-
OAT K TOMY, UTO HHTepnpeTauds 3uadeHHH B y3jaxX TpaHUIEl NMpH
TIOMOIIH MeTO/a KOHTPOJLHOTO 06beMa OKa3blBaeTCsl HeCOrJacoBaH-
HOM ¢ HHTepnperauuefl 3HayeHHH BO BHYTPEHHHUX Yy3JaxX CeTKH,
a 3TO NMPUBOJMT K CHHIKEHHWIO TOYHOCTH BOJIHN3U TPaHHIL

Jpyras cxema 4eTBepTOro NOpPSAKA TOYHOCTH C MeHbluel da-
3oBoil ownbKroft npenaoxkena ¥. Kpoyan [1967]). 3necy na mepBom
mare no cxeme Jlefita (3.224) c¢ Af/2 BBIUHCISIOTCS TIpeiBaPUTEND-
Hole 3Hawenus {12 B roukax i, i 4 1. Ha BTopoM miare wucmoJis-
3yercd cxema <<qexapﬂa>>'
§n+1 (€n+1/2 n+1/2 ) (3346)

i i+1 t—l

daszoBas omubKa JaHHON cxeMbl o6cyxkjaaercsa B paGorax Y. Kpoyan
[1967] n ®pomma [1968].
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3.1.20. Cxema Mpomma ¢ Hynesoi cpepHeh hasoBoil
OLWHOKON

BosbIHHCTBO ABHBIX cXeM o0Jafaer TOJbKO 3anasjbiBaloined
dazosoit omulGKoH, T. e. pacCUHTAHHAA CKOPOCTh KOHBEKLHH 0-KOM-
noHeHTH cocraBaser ur(9), rae r(6) << 1. ®Ppomm [1968) mocrpoun
KoMOMHAUMIO CXeM C oliepexalwollel ¥ 3anaspviBanoled GasoBbMu
omnOKaMu AMs NOJy4eHHs cXeMBl, KoTopas 1) Oblia 61 6e3yca0BHO
ycrofiunBa M 2) HMega 6Bl HYJeBYIO CpeRHIOO (ha30oBYHI0 OLIHOKY.

Wnes Taxkofi cXxembl 3akjiouaercss B onpeleJeHUH TOYHOrO pellle-
HHus (X5 JIHHeapPH30BaHHOTO YPaBHEHHS C MOCTOSIHHBIM 4) B HOBHIf
mMoMmeHT BpeMeHH npu C = 1. 3 3TOro TOYHOro pelLleHAs IPH NO-
MOILM cXeMbl JlefiTa ¢ pa3HOCTAMH Ha3ad TO BpeMeHH INoJydaercs
nckomoe peinenue npu C << 1. Jlng mpocToTHl NPOAEMOHCTPUPYEM
3Ty HJAEI0 CHayajia Ha CXeMe C DPa3HOCTSIMH BIepel IO BpeMeHH
H C IeHTPaJbHBIMH PAa3HOCTSIMH IO HPOCTPAHCTBEHHOH HNEpeMeHHOH,
a He Ha cxeme Jlefita.

Has touHoro pemwenuss npu uyucae KypaHTa, paBHOM eJHHHILE,
uMeeM At == Ax/u. Torza mnepeHOC CeTOYHBIX 3HAUYEHHH OT TOUKH
K TOUKE B CJyYae TOYHOTO pelleHHs] MPOHCXOAHT TaKHM 0o6pa3oM:

R (3.347a)
;ELM' __= : = Q?, (3.3476)
C:-_{-_}Atr — Cti_g = C?_r (3.347B)

ckoMoe pelieHne HaXONUTCH TepexojJ oM IO BpeMeHH B oBpaTHOM
HanpaBaeHuu ot ¢+ At nmo ¢+ Af, rae At << At torpa

§§+At’__€£+At 6§€+At' By rrar
—wrTAa = T d e = A G —ELT) (3.349)
Paspemas 310 ypaBHeHHe OTHOCHTeJbHO (i+A! m 3ameuasi, uro
Ll M) g, (3.349)
noJyuaem
g =" - o —un). (3.350)

Unenbl B MpaBod YacTH ONpeAeNsioTcs TOYHBIM peltieHneM (3.347),
H, yuuTbBas obosnauenne Ci+Af=7rt! umeem

Gt =1, F =D -y (3.351)

YpapHenne (3.351) nmokaselBaeT HOCTPOEHHE OAHOMEPHOH CXeMbl
c omepexampileil dasopoft omubkoi. BMecto neHtpasbHO-pasHocT-
HOTO NpEACTAaBJICHHS BTOPOrOo MOPSAKA TOWHOCTH AJs OL!F4% /by,

npuHsiToro ‘B ypaBHenHn (3.348), ®poMm Geper cxemy Jleiita
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ApOGHEIX 1IAaroB 110 BpeMeHH (3.254) mis ABYX HPOCTPAHCTBEHHBIX
nepeMenHblX. CxeMa ¢ onepexaiouieii (basoBon omWHOKOH KoMmGu-
Hupyercs (B cMbicie ocpenHenus) co cxeMmolt Jlefira (3.254), xo-
TOpas HMeEeT 3ama3AbBaIyr ¢aszoBy omubky. B pesyabraTe
nonydaercss cxema Ppomma, HasBaHHas «CXeMOH C HYJeBOH cpel-
Hell ¢dasoBoli omubKoii». OTMeruM 3HaueHHSl, BLIYHCJIGHHBE HA
noayware n -+ !y © He uMeouHe (HH3NIECKOTO CMBICIA, 3HAKOM
tuabia u nomoxuM C, = uAt/Ax u C, = v Af{/Ay. Torma cxema
®pomma ¢ HyJqeBo# cpenHelt ¢asoBoil omwnOKO#A 6yleT UMeTh cJe-
AYIOOiAi BUA

§ —§,1+ (Ct—l] z+11+€121 §, f)+
+—f‘(§?—1,1_ QC?J_{— €?+1, f)+

+( )(gi o — 25, L), (3.352a)
g =L, + 4y (R R S A AR
2
% Lo — 2 L) + (—) Civjea— 20 1T )
(3.3526)

dra cxema ycroityuBa npu Cx+ Cy << 1. @pomm [1968] moctponn
uzonunuu Moayas |G| u ¢asoBoii OWMOGKH B 3aBHCHMOCTH OT ma-
pamerpoB C,, C, u 6. Hecmorps Ha TO uTO cxema QopMasLHO
HMeeT BTODOH NOPSAJOK TOUHOCTH, ee (ha3oBele CBOMCTBA cylie-
CTBEHHO Jiyyllle COOTBETCTBYIOUIMX CBOMCTB CXeM YEeTBEPTOro Io-
psaka touHoctn Po6Geprca — Beiica [1966] n Kpoyan [1967], pac-
CMOTPEHHBIX B NpelblayuieM pasjene. Kak H AJasf 3THX CXeM, 3a-
TpaThl MalIHHHOTO BpeMeHM AJs1 cxeMb ®PpoMMa 3HAUHTENLHO
Oosblie 3atpat aiad Oojiee NMpocThIX cxeM. Kak u B cxeme Jleiira
M BO BceX cXemax ApoOHBIX HIAaroB 3jech HMEETCH TPYJHOCTb, CBsi-
3aHHAs C MOCTAHOBKOH IpaHUYHBIX YCJOBHH Ha MepBOM MoJyliare
(3.352a). DTH TPYAHOCTH MOXKHO IPEOJOJIETh, BEIOHPAs B KauecTBe
3HayeHu# { Ha CTeHKe 3HAuUeHHA [ ¢ HNepBOro InoJyluara UJH NoJy-
yasg MX HTePalHOHHBIM myTeM (cM. paszg. 3.1.16). @pomm!) peko-
MeHayeT BOJH3H I'PaHULE NEPeXoAHTb K GoJee MPOCTHIM PasHOCT-
HBIM CXeMaM C LEeHTPaJbHEIMH pPa3HOCTAMH HJIH C pPa3HOCTAMHU
NpPOTHB NOTOKa. PasHocrrble cxembl THHa (3.352) ¢ yuerom nuddy-
3HOHHBIX YJICHOB II0Ka ellle He MOSIBJAJHUCH B OTKPBITOH JHTEpaType.

Ynpaownenue. TloCTpOHTb cXeMy ¢ HYJIeBO# Cpe}.'LHEH (asoBoii OWHOKOH Ha
OCHOBE Pa3HOCTeH NMPOTHB NOTOKA. .

1) Jluynoe cooGlieHHe,
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B oauoit u3 nocaeayiouwux pabor ®pomm [1971] ncnoabzoBad
PA3HOCTH MPOTHB MOTOKA H LEHTpaJbHble PA3HOCTH HA dYepeiylo-
IMXCs [IAarax 110 BPeMEHH, a He B JBYXIIAroBofl cxeme, yMeHbllas
TeM CaMblM BpeM$sl BBIYHCJEeHHH, HO PAa3HOCTH MPOTHB MOTOKa Opa-
mick npu yncnax Kypanrta Cy << lfp, Cy << !/p. Pacuer Todex BOJAHSH
rpasul] 37ech Takxke TpebyeT chellaJbHOLO paccMOTPEHHsA (CM.
®pomm [1971]).

3.1.21. Cxema ApaHaBbi

Cxema Apakasul [1966] uacto npumensercss AJS pelleHUs Me-
TEOPOJIOrMUECKUX 3aj7a4, B KOTODHIX paccMaTpHBaeTcs YpaBHEHHE
epeHoca BUXPS B HEBA3KOIl KHUAKOCTH, DTO CYLIECTBEHHO ABYMEp-
Had JeBATHTOUYEUHAS cXema C y3Jjamu tuua ((+1,j—1) u 1. R
B Hefl cocTaBaslOMIME CKOPOCTH HENOCPEACTBEHHO BLIPAXKEHb 4epes
GYHKUMIO TOKA, T. €. HPHHATO u == JP/dy, v = —o0¢/0x. He npu-
BOJAA BBIBOJAA CXEMBI, Mbl OPOCTO BHINHIIEM ee¢ He B 0003HAYeHHAX
aBToOpa, a B HamMuX 0003HAUEHHAX:

=0+ 5%; {ipy =%y )G — 8 o) —
— (W, 1 — Wi, o) Girr, = Cimn, ) T Wisr i Cogr, jo1 — Lir 1) —
— i Gimt et — Cimr, =) — B, p41 Cipts jar — Simny 40
Vi o1 Cigt et = Cimty j=) T Ci it (Brn, jrr — Vi, pa) —
=L pet (Wiat, =t = Wiy, jo) = Cipn j (it 41 — Yig, j=1) +
F Zin  (Bion jer — $io, o)} (3.353)

HecMOTps Ha OUeBMIHYIO CHONKHOCTH, AaHHAs cxeMa o0jagaer
HEKOTOPBLIMH INIpeHMyllecTBaMH. ¥ Hee QopmajbHas olIHOKa arm-
npokcuMalun cocrasaser E = O(Af, Ax* Ay*). D10 oxnomaroBas
cxema, H TMO3TOMY 3/eCh He BO3HUKAeT npobJaeM, CBA3aHHBIX ¢ rpa-
HHYHBIMH YCJAOBHAMU, 115 3TOH CXeMBl TOX/ECTBEHHO BHINOJHSIETCS
paBeHcTBO |G|=1 H TOXKIECTBEHHO COXpAHSIOTCA BeJHUHHH §, {2
¥ KuHeTH4ecKas sHeprus u? 4 v?; 3TH cBoficTBa cXeMbl AeAaloT ee
0co0eHHO YA00HON AJS pelleHHs 3a7ay THAPOIHHAMUYECKOH yCTOH-
ynBocTH. IlocKoabKy cXxeMa coxpaHsieT BeJMUYHMHY (2, OHa He MOA-
Bep)KeHa HeauHelBO#l Heycrofiunsocty Puanunca [1959], Bosuu-
Kawollell H3-3a 00YCJOBJCHHBIX HepA3JMUYUMOCTBIO OIHOOK (TakHe
OWIHOKH HMEIOT MECTO, HO OCTaloTCA OrpaHHYeHHBIMH, TaK Kak G2
OCTaeTcs OrpapuyeHHbiM). Xopolne CBOWCTBa 3TOf CXEMBI, OTHO-
csawHecs K Ga3oBoli omubke U obobmarliye ee Ha caydalt MeTeo-
pOJIOTHYECKHX YPaBHeHHH B NPHUOJUKEHHH «[3-TNIOCKOCTH», pac-
cMmorpednt ['pammenstBenrom [1969]. Ucnosabsys noaxon [lio-
¢opra — ®Ppankena (pasa. 3.1.7), decra [1970] BEKAOUHA B
JaHHYI0 cXeMy AHQQY3HOHHEIE YJEHH.
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K coxanenuto, 3Ta cxema obsajaeT HeJOCTAaTKaMH, ‘IPUCYLIHMH
IPYTHM cXeMaM, HCHOJIb3YIOIIUM pPa3HOCTH IO BPEMEHH THIA «ue-
xapaa» (cM. pasf. 3.1.6), KoTopble UyBCTBHTEJNbHB K HEYCTOHUH-
BOCTH, CBA3aHNOH C pacuJieHeHHEM pellleHHs 110 BpeMeHHBIM LIaraM
(cM. Yuabsimce [1969]). Hdast poctuxeHnns yCTOHUMBOTO CTAIMOHAD-
Horo peureHus Pecra [1970] Bpems OT BpeMeHH NPOBOAHJI YCPEN-
HeHHe MO BpeMeHHBIM CJOSM.

3.1.22. Sameyanus 0 cxemax ANs pacyera cTauHOHaPHbIX
TEeYEeHHUN

Muorue cBoficTBa cxeM JJisg ypaBHeHHS] HepeHOCa BHXpS, OIU-
CaHHble Bblllle, HMEKT CMBICJ TOJbKO [JI5i HecTallHOHADHBIX pellle-
HUA (HanpuMep, dasoBas owuOKa). XoTsd cama ulesl HecTalHOHap-
HOro NoAxoja npHeJjekareabna (Xapaoy u ®pomm [1965], Makano
[1965]), ecTecTBeHHO BO3HHKAeT CJEAYIONIHE BOmpoCc: 3aueM BO-
3UTbLCA C HEeCTAlHOHADHBLIM pPeLICHHEM, €CJH HHTepec Mpe/CTaBJaseT
TOJMBKO BO3MOXKHOe cTannoHapHoe pelleHune? [louemy 6B He moso-
XKHTb 0C/0f u He paboTaTh C ypaBHEHHSIMH, ONHCHIBAIOLIMMH CTa-
LIHOHapHOE TeueHHer

Taxkoll moaxox Ha camMoM JeJjie ¢ YCIEeXOM HCHOJb30BaJCH MHO-
rumMu aptopamu. OgHako B oflleM cjydae MOKa peKOMeHIyeTcs
HeCTAaUHOHAPHBIH NOJAX0A. B KauecTBe MepBOro pellaloliero apry-
MeHTa B ero MoJb3y NPOAEMOHCTPHPYEM IKBHBAJEHTHOCTH HpOCTel-
wefl cxembl A/5 CTALHOHADHOrO YpaBHeHHs M ONHOH pas3HOCTHOMH
cXeMbl AJ19 HeCTAllHOHAPHOTO ypaBHeHHS.

OnHomepHOe cTalMOHADHOE MOJeNBHOE YpaBHEHHe IepeHoca Io-
JydaeTcs H3 MOJeJbHOIO YPaBHEHHs INepeHoca napaboJiHyecKoro
tuna (2.18) u uMeer BuZI

ag 0%

gy = %ox7-

(3.354)

3To ypaBHEHHEe MOXKHO NpPeJCTABHTL B KOHEUHO-Pa3HOCTHOH topme,
HCIOJb3YSl LeHTpajbHble DPA3HOCTH IO I[IPOCTPAHCTBEHHOH Inlepe- .
MeHHOH:

Livi— 8 Eip1— 26+ 8, .
U—"5%x * Ax? '

(3.355)

s penlesust 3TOro ypaBHeHHS JAJHOTHUECKOIO THIA MOMKHO BOC-
MOJNb30BATLCA KAKON-AN00 H3 HTEPALHOHHBIX CXeM, KOTOphle 6yayT
obcyxxkaaTecsd B pasja. 3.2. B mpocTefimiefl HTepalMOHHOH cXeMe
(Puuapmcona uiau $SIkoGu) ypashenue (3.355) paspelraercss OTHO-
curedbHo ;. CuuTasi H3BECTHBIM HEKOTOpOe HauajbHOe TpPHOJMXKe-
Hue §} gas Bcex i, HOBble 3uauenmsa (f*! ma (k- 1)-fi urepauun
ONpeNeNdTCd MO CTOALIMM B NPaBOH 4YacTH CTapblM 3Ha4YeHHAM
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nocJje k-fi urepauyu:

Q?H — 2 Ax (§z+1 ?—1) + % (§?+1 + g?—1)‘ (3.356)

Urepannn npopoakamrcs A0 TexX Nop, NoKa He OYJAeT BHIIOJHEH
HEKOTOPBIH KpuTepuifi cxoxuMocTd (pasf. 3.4). Ecam u3 obenx
yacrelt ypasuenus (3.356) BmiuecTb [, TO MTepauuMoHHas BBIUMC-

JHUTeJibHAdA CXeMa HE€ H3MEHUTCH

A 1
k+1 - uhx (ng ?_1)’1‘?(@?“ — o _}_gf_l), (3.357)
HJH \
qu C Q?_ g; 2€ +€l—
gt - =— % i+12Ax 1, + 2 = Ax? - (3.3%8)

3aMeruM Tenepb, UTO ypaBHeHHe (3.358) 6yleT 3KBHBAJIEHTHO
ypaBHeHuio (3.18) (necrayuonapromy KOHEUHO-PA3HOCTHOMY ypag-
HEHHIO C Pa3HOCTSMH BIEpe] 10 BPEMEHH H C IIeHTPaJbHBIMH pas-
HOCTSIMH TO HpPOCTDAHCTBEHHOH MepeMeHHOH), eCau ONpeNesHTh
Iar no BpeMeHu B ypaBHeHHH (3.18) Kak Af* = |, HTepalHOHHYIO
CKOPOCTh KOHBEKIHH Kak u” = u Ax?/(2a) u urepanuoOHHBIA KO3(-
dbumuent xuddysun kak o = Ax?/2. VI3 ananusa ypasuenus (3.18)
U3BECTHO, YTO JUIK CXOAHMMOCTH Tpebyercs, yTOOHI HTepallMOHHOE
ypcao Kypanra C* He HpeBBbIIAJO €IHHHUIB, T. €. YTOOH

w_ w"AM wAx® 1 uAx
C = =& — @ b (3.359a)
HIIH
Re. << 2. (3.3596)

3nayur, npud cerouHoM uucie PefiHonpaca uAx/e > 2 pauHas
HTepalHoHHas cxeMa OyAeT pacXOZHTBCA.

Jrtor npuMep INOKa3kbBaeT, YTO HTepaUHOHHAss cxema Puuapn-
COHa 8 TOYHOCTU IKBUBANEHTHA HEeCTALHOHAPHOH cxeMe H sBJseTCS
orpanuueHHof. [pyrue uTepallMOHHBIE CXeMbl AJd yDaBHEHHH 3J-
JIMNTHUECKOTO THNA SKBHBAJIEHTHH MJAU N0 MeHblled Mepe aHaJgo-
PMUHB HecTAalHOHAPHLIM CXeMaM [1J5 ypaBHeHHH mapabo/uuyeckoro
tuna. BrnepBble Ha Takyw aHaJoruio ykasaa ®panken [1950].

Brocaeacrsun  Xomxkkuac [1966] ycTaHOBHA COOTBETCTBHE
MeXJ1y HOJyaHaJHTHYCCKHM MeTofoM YeObillleBa U peIICHHEM He-
CTallMOHAPHOrO ypaBHeHUs runepGoandeckoro Tuna. Xeisyn [1970]
HCCIe0Basl CBS3b MeXIy pellleHHeM YpaBHEHHH [HJs cTaluoHap-
HOTO TeUeHHs H Npefes]oM pelleHHs HeCTaLHOHAaPHOrO ypaBHEHHS.

B cxemax HHKHeH W BepxHeH pesakcalMH CYLIECTBEHHYIO POJib
HrpaeT yMHOMXEeHHE YJIEHOB, CTOSUIMX B NPaBOH YacTH ypaBHeHHS
(3.357), HAa MHOXHTeNb r, NMpUUeM r < 1 COOTBETCTBYeT HHiKHeH
penakcauud, a r > 1 —BepxHe#t penaxkcaumu. Hanpumep, nas
cxeMbl (3.358) yMeHbuIeHHe r, OUEBHJAHO, 5KBHMBAJIEATHO yMeHblie-
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HHIO BeJHUYMHB IIara no BpeMeHH. Kak ciaeayer oXHaaTth u3 aHa-
JAM3a JUI HecTALMOHAPHHIX YpaBHEHHH, NPH YBeJHUeHHH uHcia Re
rpebyercss HUKHAS pesakcaunusi. Texcrop [1968] u Texefipa [1966]
SKCINIePUMEHTAJNbHO YCTAHOBHJ/H, YTO HYXKHas BeJHYHHa r ~ |/Re
B COOTBETCTBHH C NOJIyUEHHBIM paHee OrpaHHuYeHHeM Ha uuciao Ky-
panra. Ho Hauunas ¢ uekoroporo Re u BHle, CXOAUMOCTHL He
LOCTHraercs Jaxe HDH IPOU3BOJBLHO MajdblXx rl). DTO NMOATBEpK-
AaeT ONBIT MHOTHX HCCJeljoBaTesel, KOTOphle (yCIEUIHO) HCHIO/b-
30BaJIM CXeMy TaKoro Tuna; cM., Hanpumep, Tom u Opp [1931],
Tom [1933], Tom u Aneast [1961], KaBarytu [1953, 1961, 1965],
Byprrpag [1966], Maifikan [1966], I'amuaen ¢ coaBropamu [1967a,
19676], dpunman c coasropamu [1968], IleHHHC c coaBTOpamu
[1968], ®puaman [1970], JIu u dun [1970].

Orpannyenne Ha Re. coxpaHsercsl JHa)ke NPH HCNOJb30OBAHHH
HEKOTOpPHX (HO He Bcex) mpubiamKenuit norpauuatoro ciaost (Ilaot-
kuH [1968]). I1pu uTepauHOHHOM peleHHH CTALHOHAPHOrO YpaB-
HEeHHSl 3TO OrpaHHUeHHe YAaeTcs YCTPAHHUTb, BEPHYBIIHCH A
QNIPOKCHMAalHH KOHBEKTHBHBIX YJIEHOB K DAa3HOCTAM MPOTHB II0-
TOKa, Kak 3To cjaejann Panuen u Boawdmretin [1969], Tpuncnan
[1969a, 19696}, T'ocman u Cnosannr [1971]. BoaMoXHB U Apyrue
HTEepPAlHOHHBIE CXeMEl, KOTOpPHE MOT'YT 0OKasaTbcs BHOJHE 3(hdek-
THBHBEIMH; B [OIOJHEHHe K OTMeUeHHHM paboTaM YyKaxeM 37echb
pan pabor. Annen u Caycsenn [1955] ucnosnb3oBasH penakcamuoH-
HyI0 pasHocTHyo cxemy CaycBesna (pasn. 3.2.3) nns peluenus
3agauu 06 obrekanHu muanaapa npu Re = 1000; I'puddurc ¢ co-
apropamu [1969] npuMeHSN JHHEHHBI METOL TOCJIENOBATENbHON
BepxHell penakcauun (pasfi. 3.2.4) B OUJHHIPHUYECKOH cHCTeMe KO-
opaunart; Karcauuc [1967] m Bpenm [1967] pemanu urepaunuos-
HHIM METOAOM CTAlHOHADHBIE ypaBHEHHS, ONHCHLIBAIOIUIHE MOTEHIH-
aJbHOe TeueHMUe.

OTMeTHM HHTepeCHBII HCTOPUYECKHH (aKT, 3aKJOYalouuica
B TOM, u4TO OOJBIIHHCTBO HCcJefOBaTenel, NPUMEHSBUIMNX HTepa-
IHOHHBIE CXeMBbl NJS pelleHHsl CTalHOHAPHHIX 3ajay, He 3aHUMa-
JIOCh AHAJIN30M YCTOHYHBOCTH H CKOPOCTH CXOIMMOCTH CBOHX CX€M,
a OTpexeasiyio XapaKTePUCTHKH SMHUPHUYECKH, XOTA YKe B TO BpeMs
u3 pauneit pabornt don Hefimana Obl M3BEeCTeH METOX HCCJIENOBA-
HHUSA YCTOHYMBOCTH JUJis YPABHEHWH, ONUCHIBAIOUHX HECTANWOHAPHOE
teyeHne. BosMoKHOe 0OBbsiCHEHHe 3TOTO (hpaKTa 3aKJAI0YAETCH B TOM,
UTO METORBl pacuera CTAIMOHAPHBIX TeUeHHH pa3BHBAJMCh U3 pas-
JIesa YHCJIEHHOTO AHAJNH3a, OTHOCSLIErocs K peleHHIo ypaBHeHHd
Ilyaccona, AJs KOTOpOro npocTefiline HTEpALHOHHBIE METOIEl He
HMEIOT OrpaHHYeHUH, CBSI3aHHBIX C YCTONYHBOCTBHIO.

') HecMoTpst Ha 70 4T0 B [JefiCTBHTENLHOCTH 3TO OTpPaHHUYEHHe, HANOXKEHHOe
Ha Re, moxer ObITh CB32HO ¢ . THHe{1HON HeYCTOUYHBOCTBIO B HTEPALHOHHOM
pomecce, aHaJOrMYHOM IMPOUECCY HeCcTAIlMOHADHOrO pelUeHHS, OHO MOXeT OHTh
CBS3aHO H C BJMSIHHeM IpaHull, KOTOpoe paccMartpuBaercs B pasi. 3.3.8.



164 3.1. MeTodbt pewieHus ypasHeHus nepeHoca suxps

Paccmorpenne HeJMHeHHBIX KOHBEKTHBHEIX YJIEHOB MOXKeET H3-
MEHUTL CTPOryi0O SKBHBAJEHTHOCTb MeXKJAY HUTEPAllHOHHOH cXeMmoif
PuuapicoHa W HeCTalHOHApHHIM Toaxoiaom. Ilpu HectaunosapHOM
MOAXOJAE Ha Kax[OM lare 1Mo BPEeMeHH pellaercs ypaBHeHHe Iepe-
HOoca BHXPS H OOBLIUHO HTEepHpPyeTCs IO CXOMMMOCTH ypaBHEHHE
[Tyaccona sagauntudeckoro tuna, V2 = . Ilpu cranuonapHoM xe
NOAXOJEe KaXKAOE M3 5THX [BYX YPaBHEHHH MOXKHO (XOTd M He
06s3aTebHO) HTEPUPOBAThH Noc/efoBaTtesbHO. [1pu TakoM noaxome
¢ «<KOMOUHUPOBAHHLIM HTEPHPOBAHHEM» CXOLMMOCTb HTepalHil, ecan
OHa MMeEeT MecCTO, MOMKeT OBITb JOCTUIHYTA 3a MeHblliee UHCJIO0
waros; [ocman (nuunoe coobiiedue; cM. takke [ocMan u Chos-
auur [1971]) ykasbiBas, YTO 3aTparsl MallHHHOTO BpPEMEHH MpH
stom cokpamatorcad #a 40%. OmHako, MOCKOJNBKY IJSl YpaBHEHHS
V2 = [ He ofecrneduBaeTcsl CXOMUMOCTb HA KaMXKAOH UTepaunu 15
ypaBHEHHS BHXpS, MJI0X0H BbIOOD MCXOMHBIX 3HAYCHHH NMPH CTALMO-
HapHOM MOAXOAe MOXKeT NMPHUBECTH K HeyCTOHUHBOCTH, 06yCJOBJEH-
Hoit wueauuefinocthto (Texefipa [1966], Jlua [1969], Puuapnc
[1970]) u3-3a KOHBEKTHBHBIX HYJEHOB H/WJHM H3-32 TPaHHUHBIX
ycaosuil. ONBIT MOKA3bIBAET, YTO €CAH IpaHHUUHBIE YCJIOBHS HTEpHU-
PYIOTCS C JOCTATOYHOH CTeNeHbI0 TOUYHOCTH, TO TaKas TPYIHOCTh
He BO3HHKaeT HM TPH HCHOJb30BAHHH SIBHEIX HECTAUHMOHAPHBIX
CXeM, HH IpH HCTOJb30BAHHM HEABHBIX cXxeM. Dosee Toro, mpo-
rpamMma Ha DopTpaHe MoxkeT OBITH HamucaHa AJs HECTALHOHAPHBIX
ypaBHeHHH, a 3aTeM TpucriocobseHa AJst CTAlHOHAPHOrO MOAXOAA.

[Ipu «RKOMOUHHPOBAHHOM HTEpPHpPOBaHUH» ypaBHeHus [lyaccona
M ypaBHEHHs [IepeHOCa BHXDPS MOXKHO IOJh30BATHCH MPOCTBIM KPH-
TEpPHEM CXOLUMOCTH JUiss ypaBHenus [lyaccona. (3ty npouenypy
JNeACTBUTENbHO MOMKHO PEKOMEHAOBATb /IS PacueTos; cM. pasi. 3.4).
[IpeumyIectBo, MpHCYllee HTEPAaLlHOHHOMY MeTony Jlubmana (me-
togy [aycca — 3efinesss) HJIM HTEPALHOHHOMY METOAY [OCJeNO-
BaTeJbHOI BepxHell pesakcauun (OynyT paccMOTpeHH B pasi. 3.2),
KOTOpbHle aHaJIOCHMUHBl HEeCTallMOHApHBIM SBHBIM CXeMaM MeTona
yepejnylomuxes HanpasaeHu#i (pasap. 3.1.17), moxno o€ecmeuntsb
npocThiM fobasiaenvem B nporpammy onepatropa EQUIVALENCE
nas maccusoB ¢! u " Ha mpakTeKe ucnoab3oBaHHe MEHBIIHX
3HaueHHll mapaMerpa HuXKHell penakcauuu B6au3N rpanuy (Ppun-
Mat [1970] nns pacueroB B IpaHMYHBIX TOUKax 6pan nmapamerp r
npubBJU3HTENBHO PaBHBIM ORHOH TPETH OT ero 3HadeHUs, [pHHSA-
TOrO JUIS BHYTPEHHHX TOUYEK) MOXKeT ObIThb peasH30BaHO BBeleHHEM
repeMeHHOTO B nmpoctpanctse!) mara Af.

1) Taxnm ofpasoM, J0OKaJabHOe 3HaueHHe Af(x,y) MOKHO OMpelNe/sTb B 3a-
BHCHMOCTH OT JIOKaJbHOTO KPHTHUECKOro 3uauenus Af, a 3aTem 6path ero Jo-
KaJbHO M OPOABIKeHUsi { nocpeactsom Of/0f. HecranuonapHoe pelicHHe npn
3TOM, OUYeBHIHO, He OyaeT HMeTb CMBICJIA, HO CKOPOCTb CXOJHMOCTH HTepanHi
K CTALHOHAPHCMY COCTOSHHIO MOXeT OLITb YBeJHUeHa.
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Oano#t u3 palboT, B KOTOPHIX HCIMOJb30BAJHCh KaK CTALHOHAp-
HBIH, TaK W HeCTALHOHApHBIH NOAXONbI, siBJAsieTcss pabora XuHa
i Makano [1966]. DT aBTOpH HALLIH, YTO C HECTAUHOHAPHBIMH
ypaBHCHUAMH Jerde paboTtarb H OHH 6oJiee yCTOHUHBEL, K TaKOMY
e BBIBOAY C TeX NOp NPHUIJH MHOTHE [pyrue uccaegoBaresu. Ta-
Koe 3aKJIIOYeHHe, OYEeBHIHO, CBA3AHO C INPOCTOTOH HCIOJb3YyEMOro
HecTalUoHAapHOro Merona. Korga HHTepec NpeaCTaBAsieT TOJLKO
CTAallHOHAPHOE pelleHHe, HE PEKOMEHAYeTCs MPHMEHATb CJOKHYIO
cXeMy, Takylo, Hanpumep, Kak cxeMma @Ppomma (pasa. 3.1.19).
B nmocraTouyHo HPOCTBHIX HECTALHOHADPHLIX CXeMaxX IPHBJEKAeT KX
rHOKOCTb B OTHOLIEHHH BO3MOMHOCTEH MOJyUeHHsl HeCTaIlHOHAPHOTO
pelleHHs, ecaH MMEHHO OHO MpexcraBisieT uHrepec. M1 — uto Gosee
BaXKHO — NIPH HECTALHOHAPHOM TMOAXOJE He MPearoaraercs cyule-
CTBOBAHHE CTAIMOHADHOrO PELICHHS, KOTOPOro B JEHCTBUTEJNbLHOCTH
MOKeT U He CyLeCTBOBATb.

ITpu sToM ciepyer cobmofaTbh ONpefeseHHYI0 OCTOPOXKHOCTE,
Ecnn HecranuoHapHble KOHEUHO-PA3HOCTHHIE YpPABHEHHS CXOASTCS
K YCTOHUHBOMY CTALHOHAPHOMY DELICHHIO, TO ellle HeJNb3s CUHUTATH,
4TO COOTBETCTBYIOUIHE AH((epeHHHaNbHbie yPABHEHHS B HACTHBIX
NPOU3BOAHBIX HMET YCTOHUMBOe CTAallMOHAPHOe pelleHne. Kak Ml
yKe BHAEJH, AUCKPETH3ALHsl HHOTAAa MPHUBOAUT K MOSABJICHHUIO CXEM-
HOH BSA3KOCTH. DTa W IPYrHe OLWINOKH aNNpoOKCHMALHH MOTYT MpH-
BECTH K TOMY, UTO KOHEUHO-PA3HOCTHBIE YpaBHEHHS OoKaxkyTtcs GoJee
ycTouuBLIMH, UeM AHMdepeHInaabHbIe YPaBHEHHS B YaCTHBLIX HPO-
H3BOAHLIX. BHIfICHEHHE OT/IMYMA THAPOAHHAMHUECKOR YCTOHUHBOCTH
OT 3aBLIIIEHHON YHCJIEHHOH YCTOHYHBOCTH MPEACTaBJASET TPYAHYIO
zajgauy (cMm. pasg. 6.5).

Hpyroii sacny:KUBaOMHKA BHHMaHHA TIOAXON K PeLICHHIO 3ajay
THAPOANHAMHKH HECXKHMaeMON IKHAKOCTH COCTOHT B peIleHHH
ypaBHEHHS YeTBEPTOTo NOPSAKA JJS eIHHCTBEHHOH TNepeMeHHOH —
¢byuxuuu toka, IloncraBass ypasuenue [lyaccona (2.13) u Bopa-
JKeHHS JJIS COCTABJSIOUIUX CKOpPOCTH (2.7) B ypaBHEHHE NepeHoca
Buxpst (2.12), noayuaem

a(gjxp) _ aax 0w 21p) + 9 ay V%p) + & v4¢ (3.360a)

HecMoTpa Ha TO 4TO 3TO ypaBHeHHe B IPHHIUIIE ONHCHIBAET HecTa-
LMOHaPHOe TeueHUe, OHO 0OBIYHO pacCMaTpHBaeTCs B CTALHOHapHOM
dopMe, Korja ero Jesas 4acThb paBHa Hymo. Memoan3ys s1o ypas-
HeHHWe, YCHENIHBIX pe3yabTatoB nobuanch bBypcbe n  ®Ppancya
[1969], koropble NPHMEHANN HeSBHble CXeMbl YepPeLyIOUIHXCH Ha-
npasaennii (cM. pasp. 3.2.7), u Ilay ¢ coasropamu [1971], mous-
30BaBILIHECS UTEPALHOHHHIM MeToaoM Jlu6MaHa. DoJbIMIHHCTBO HC-
cnenosartesefi (Tom w Anennt [1961], [Mapuc w Yurekep [1965],
[Mapcon [1964, 1965a]) cTonkHyaHCb 37eCh ¢ TPYAHOCTAMH, CBf-
3aHHBIMH C TPAHHYHBIMH YCJOBHAMH H C MaJOH CKOPOCTbIO CXOJH-
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moctH. [Tupcon [1964, 1965a] BHIIOJIHHJ pacyeTsl B NpeleJbHOM
cJlyuae OTCYTCTBUSI KOHBEKTHUBHBIX YJEHOB, T. €. KOTJa AJS CTallHO-
HapHOro TeyeHusl ypaBHeHHe (3.360a) CBOAHTCHA K ypaBHEHHIO

Vép = 0 (3.3606)

C NpOCTeAMINMH PAaHUUHBIMH yca0BUAMH Jlupuxae. O o6HapyxuJ,
YTO [a¥Ke B 3TOM NPOCTOM CJydyae CKOPOCTb CXOAHMOCTH Ha mopsi-
JIOK MeHbIlle, 4eM B cJyuae, KOTJa pellaeTcss CHCTeMa IBYX ypaB-
Henuil (mas GyHKUMH TOKa M AJs Buxps). HeficTBurenbHo, H3Be-
cTHO, uTo Haubosee 3PGHEKTHBHLIA HTePALHOHHHIN MeTON pelleHHSs
6urapMonnueckoro ypasaernus (3.3606), obumenpruaThii B 3ajauax
TEOpPHUH YIPYrOCTH, 3aKJI0YaeTcsl B pas3fieJIeHUH 3TOr0 YpaBHeHHUs Ha
nBa ypaBHeHus Ilyaccona, ecim 3TO JONYyCKaeTCS 3aJaHHBIMU rpa-
HUYHBIMM ycJaoBHAMH (cM., Hampumep, Tom u Anenpr [1961],
a takxe [laabues [1970]). Huac [1970] Buumcasa omepatop VA
¢ TMOMOINLI0 MOJHHOMHAJBHHIX ANNPOKCHMAalUuH YETBEPTOro M MA-
TOTO MOPSKOB, HO NMPH 3TOM BO3HHKAJH TPYILHOCTH C TPaHHYHBLIMH
YCIOBHSMHA.

IIpeuMyilecTBo CTALIHOHADHOrO MOAX04a 0COOEHHO YOeIHTEJIBHO
B TOM CJyyae, KOrja CTAalOHAPHble YpaBHEHHS SBASIOTCA mapabo-
JHYECKHMH TIO ITIPOCTPAHCTBEHHON NepeMeHHOf, T. e. Korga BO3-
MOXKHO W TpebyeTcsl «MapiIeBoe» IMPOJBHIKEHHE pelleHHs [0 Mpo-
CTpaHCTBeHHOH KoopamHarte. K TakuM ciaydasiM OTHOCATCS ypaBHe-
HUS TOTPAHHYHOrO CJIOS, TEUYeHHs] C XHMHUYCCKHMH PpeakKlUMsMH,
HMEIOIMMHE KOHEUHBle CKOPOCTH, 3(h(eKTsl, KOTOphie 3aBHCAT OT
MpeABICTOPHH NarpaHXKeBHX yacTHL (pasi. 6.4), u pelienue ofpar-
Hoit 3ajmauyn o6 orowepuieit yiapHoi Bosane (pasx. 5.1.1). Ilpu
pellleHHH 3aja4d O TeUYeHHH rasa ¢ OTOlIeAlled yaapHOH BOJHOM
Kaiipuc [1970] nmpitascs mOCTPOHTH METOJ, COSNHHSIOUINHA HaWIyy-
e CBOMCTBA, NPUCYLIHE KAXKAOMY M3 MOAXONOB (CTaHOHAPHOMY
U HeCTAllHOHAPHOMY), B35B HecTallHOHAPHLIE (GOPMBI YpPaBHEHHS He-
Pas3pbIBHOCTH M YPaBHeHHI KOJHUeCTBA JABHMKEHHS M CTallMOHADHEIE
¢dopMB! ypaBHEHUH HIJs TeMIEepaTyphl U JJIS XHMHUECKHX KOMIIO-
HEHTOB. :

Issuc [1972] paspaGoran meTon pellenusi ypaBuenuit Hasne —
CrToKca, MOXOXKHH HA HeCTALHMOHApPHBIA MeToA, Ho obJaxaromui
HEKOTOPHIMH CBONCTBaMH, INPHCYIIHMH CTAllHOHADHBIM METOIAM.
BLiyuCeHNsT pPacHIenJsioTcs MO ABYM HANpaBJieHHSM; B OJHOM Ha-
MpaBJeHHH pacyeT NPOBOJUTCS IO HECTALLMOHADHBIM YpaBHEHUSM
MOTPAaHUYHOIO CJOS ¢ MONpPaBKOH BTOPOro MOPSANKA HA KPHBU3HY,
a B JApPYyroM HalpaBJeHUH ypaBHeHus OyayT JjuHeliunimu. Benen-
CTBHE HCIOJb3YEMBIX MpeoGpa3soBaHuil HAUaJbHEE YCAOBUS IS
ONpeJeIeHNs] CTAYUOHAPHO2O PEIleHHs YpaBHEHHH IOrpaHAYHOro
CJ0Sl TOJYUAIOTCH . €CTECTBEHHBIM o6pasoM. HauasbHoe peluenue
TakXke (UKCHPYeT rpaHHUHble 3HAYeHHA HAa OeCKOHeYHOCTH, COOT-
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BETCTBYIOHIHe cTanuoHapHoMy coctosuuio. {Ilpeo6pasoBauns Tak-
e YCTpaHsIOT 0cOOEHHOCTb Ha IlepejHell KpoMKe B NpeLesbHOM
cayuae TJIOCKOH MJAcTHHKH.) [ad reueHuil npn OoJbIIHX YuCaax
PefiHonbaca, Korja ypaBHEHHSI NOTPAHHYHOI'O CJIOST TOYHBI, CXOMH-
MOCTb JIOCTHTaeTcd 3a OAny Hrepaluuio. a5 6e30TPLIBHBIX TeueHHH
Npu MEeHbLIUMX 4YncaaX PefiHonbjca CXOAHMOCTb BCe ellle JOCTH-
raeTcs 3a CpPaBHHTEJbHO MaJjoe YHCa0 HTepaluil. Ectb Bce ocHo-
BAaHHSl CUUTATB, YTO ITOT METOZL OYJHeT IUHPOKO IPHMEHAThcH B Oy-
AylieM.

ABrop naHHOIl MoHOrpadMH TaKiKe NMpPeAJIOKHJ] HECKOJbKO Me-
TOJOB, KOTOpBle OTJHYAIOTCA OT HeCTAlHOHAPHBIX MOLXOAO0B MpO-
Benenunem wurepupoBanus (Poyu [1972]). DTu Meroan — MeTof,
B KOTOPOM HTEpPHPYIOTCS ypaBHeHUs Tuna ypaBHenus O3zeeHa (Me-
tog NOS), u Meron, B KOTOPOM HTepHpYeTCsl TOJbKO JaAlJacHaH
(Laplace Driver method, meron LAD)— ocHoBaHBl Ha HCIOJIb30BA-
HHY TOCJNELHUX AOCTHXKEHHH B DEMICHUH JIHHEHHBIX KOHEUHO-pPasHo-
CTHBIX ypaBHeHUH BTOporo nopsaka (cM. pasx. 3.2.1, 3.2.8 u 3.2.9).
Paspaborka atux MerojoB AaJjiekKa OT 3aBepHICHHS, HO MO KpaliHef
Mepe 175 HEKOTOPBIX THIOB TeUeHHH OHH NOKa3aJd OYeBHAHOE Hpe-
HMYILECTBO [0 CPAaBHEHHIO C HeCcTAllHOHaPHBLIMH MeTOJaM{ JaiKe
B ¢Jy4Yae OTPHIBHBIX TeueHHH.

Js1 pellleHHsl ypaBHeHHH, ONHCHIBAIOIIMX CTalHOHADHOE Teye-
HUe, HeuTepalHOHHbBIE METOAE HEMDHUMEHHAME! H3-32 HeJHHeHHOCTH
aTux ypaBHeHufl. OQHakc MeTonH, NOAOOHBIE paccMaTpHUBaEMBIM
B pasg. 3.2.1, 3.2.8 u 3.2.9, Moryr okasathcsi BechbMa 3(h(eKTHB-
HBIMH JIJ1 pelleHHst JIMHeAapH30BAHHBLIX YpaBHeHHH (Hampumep,
ypaBHeHHS JJs TeMIepaTtyphl, pass. 3.6).

Takum . o6pasoM, cpaBHHBasi HTepalHOHHBE CTallHOHApHEIE
¥ HeCTALHOHADHBIE MeTOAbl, MOXKHO IPHHTH K CJAEAYIOUWHM BH-
BOJAM.

1) HekoTopble cralHOHApHbIE METOALl B TOYHOCTH 3KBHBAJIEHTHb
HEeCTALMOHADHBIM MeTOoJaM, -IIpHYeM peryJHpPOBaHHe MHOMXKHTENs
B CXeMax HHKHell HJH BepxHel peslakcalluH 3KBHBAJEHTHO H3MeHe-
HHIO BeJHUYHHB wWwara no BpeMenu Af. BosbUIMHCTBO CTal{HOHAPHBIX
HTEPALHOHHBIX METOJOB [0 MeHblIEH Mepe aHAJOTHYHBH HECTALMO-
HapHBHIM MeroxaM. Bo BcAKOM cayuae, Takas aHaJOTHS IIOKashl-
BaeT, 4To

2) CraunoHapHble HTepalHOHHbIE METOJHB HeJb3s 3aBefOMO
CYMTATb YCTOHUMBBHIMH H ‘HX YCTOHYHBOCTb JOJKHA OBITH HCC/ejo-
BaHa NpH nomouy Merona ¢oxH Helimana.

3) Ilporpammy Ha QoprpaHe, HaNHCAHHYIO AJS HecTallHOHap-
HOro IMOAX0[a, MOXKHO a) TNPOCTO HCIIONB30BATb IJISl peaJHu3alni
KOMOHHHPOBAHHOTO HTEPHPOBAHHS B CTAllHOHADHOM MeTole, INpH-
yeM paccMaTpHUBAETCS KPHTePHil CXOAHMOCTH AJs ypaBHeHHs Ilyac-
coHa, u 6) OBICTPO NMpeBpPaTHTh B MeTOA JIuOMaHa WM MeToJ THNa
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MeToja MocJeoBaTeNbHOH BepxHel penakcauuu (merong SOR) wmo-
cpexcTBOM Hcnoab3oBaHusa oneparopa EQUIVALENCE.

4) slBuble HecTalMOHapHBIE METOAB, B KOTOPBIX MOCJE pacuera
KaXkJI0rTo 11ara AJs ypaBHEHUA [epeHoca BHXPS HTepHpyeTcH 10
cxoauMocTH ypaBHenne Ilyaccona, meliee BOCIPUHMYHBEL K HEYCTOH-
YUBOCTH, OOYCJAOBJNEHHON HeJHHEeHHOCTBIO YpaBHEHUH, U IO3TOMY
MeHee UyBCTBHTE/bHbBI K HAuaJbHBIM YCJIOBHAM.

5) Hecranuonapuas QopMyaupoBka gaer OOAblLIyI0 FHOKOCTb
OpH NOJY4YeHHH HeCTallHOHAapHOTO pelleHHs, €CJAH OHO IpeAcTaB-
JsieT HHTepec, H — 4To GoJjiee BAXKHO — HE IPEAINoJiaraeT CyLlecTBo-
BaHHS CTAallHOHADHOTO pelieHyd, KOTOPOro B AeHCTBHTEILHOCTH MO-
}KeT U He CyLLecTBOBATh.

6) EcTb HedTo npuBaeKaTeqbHOe (C NPHHUMNHAJILHOH H JAaxke
€ 3CTeTHYEeCKOH TOYKH 3peHHs) B MOAENHPOBAHHH HMEHHO Dealib-
HOro (H3HYECKOro [pomecca, KOTOPbIl B KOHIE KOHLOB Cylle-
CTBEHHO HecTallHOHapeH.

3.1.23. 3ameyvaHns K oueHKe MeToAO0B; OWWOKU, CBA3AHHbIE
CO CBOWCTBAMHM CXEMbl; HOMNAKTHbLIE PA3HOCTHbIE CXEMbl

B npeanigymux pasgesnax Obljl pacCMOTPEH LeJb psjl 4HC/ICH-
HbIX METOJOB AJs pelleHis ypaBHeHHs nepeHoca Buxpa. Ilepen
HccaeloBaTeNeM, KOTOPHIH cofHpaeTcs 00Jb30BAThCA 3THMH MeTO-
JlaMH, BCT4eT BONIPOC 06 OlLeHKe 3THX MeTOLOB NPHMEHHTENIbHO
K HHTepecyIOIHM ero IHipOJHHAMMYECKHM 3alauaM, a TakKiKe BO-
IPOC O NOCTPOEHHH HOBLIX METOAOB, €CJH OIHCaHHBIE 34eCh OH
HafifeT HeJOCTaTOUHBIMHU.

OcHoBHBIM (DaKTOPOM IPH OlleHKe H HOCTPOEHHH UHCHEHHLIX Me-
TOJAOB fIBJASETCS, OUYEBHJIHO, aHAAH3 OMIHOOK KOHEYHO-PA3HOCTHOTO
aganora. B oObluBBEIX yueOHHKax OLIMOKH KOHEYHO-PA3HOCTHHIX
ypaBHeHHH KiaacCHBHUAPYIOTCS KaK OHOKH OKpyeaerus N OWNOKY
annpokcumayuy. OWuOKU OKPYTJeHHs 00YCJOBJIEHbB KOHEYHOCTBIO
JUIMHBl CJ10BA Y 3JEKTPOHHBIX BBLIYHCIMTEJNBHBIX MAalIHH IPH Npel-
cTaBjeHHH uuces B ¢dopme ¢ nnaBawowel sansrof. Hanmna cjosa,
UM 9HCJ0 3HAYAIIMX OH(P, MOXKeT ObITb TOJALKO 1ieJbIM B CHCTeMe
curcienus IBM (obpuno 2, 8, 10 u 16). Ing coBpeMeHHEIX aMe-
pukaHckux OBM npu Hcnoab3oBaHHH OFHOrO Ipolieccopa SKBUBA-
JeHTHas AJHHa CJOBa B AeCATHYHON cHCTeMe MeHsieTcs oT 7 1o 14
3HAYallHX AeCATHUHBIX LHGP.

Tpynuoctn HcclenoBaHus OWHOOK OKPYIVIEHHS OO0YCJOBJAEHbI
TEM, YTO 3TH OINKOKH NpPHBOAAT K KAa4eCTBEHHOMY OTKJIOHEHHIO OT
HOPMaJbLHOTO MOBEJEHHS; HANpHMep, CJAOMKeHHe M YMHOXKeHHE Yu-
ces, NPeACTABACHHBIX B (opMe ¢ mJaparollell sanaTofl, obaanaior
CBOHCTBOM KOMMYTATHBHOCTH, HO B TO 2Ke BpeMs He HMeIOT CBOHCTB
accolUMaTUBHOCTH M jauctpubyrtusHocTd. (B pabore ®opcaiita
[1970] umeercsi npekpacHoe M 0OOIeAOCTYNHOE ONHUCAHHE 3(dek-
TOB, K KOTOPBIM NPHBOJHUT OLIMOKA OKPYTJIEHHS.)
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OmubKa OKPYrJaeHHs MOKeT HI'pPaTh FJIaBHYIO POJb NPH HAXOXK-
JNeHHH BbICOKOTOYHBIX pelleHHil OOBKHOBeHHBIX AHMbepeHtHasbHbIX
ypaBHeHHH, MOCKONbKY BeJHYMHa MMara Ax MoOXKeT CTaTh OveHb
Masiofi U NOCKOJIBbKY HCIIOJB3YIOTCH CXE€MBl BBICOKOIO MOpSAAKa TOY-
HOCTH, YyBCTBUTeJbHbEe K olluOkaMm okpyraeuus. Has auddepen-
IHaJIbHBIX YpaBHEHH#l B HYAaCTHBIX [POH3BOJIHBIX B OJHOMEPHOM
cayuae BeJHUYHHBI Ax U Af MOTYT TaKiKe OKasaTbCfl CTOJb MaJbIMH,
yto olubKa OKpyrjeHusi OyleT HrpaTh BaxHYW0 poJb. Oumubka
OKpYTJIeHHSI BajKHA H B HEKOTOPHIX 3ajayax OOpalleHHs] MaTPHIL
(cMm. pasa. 3.2.8). Dta omnbka Gyaer OKasblBaTh BJIHSHHE Ha BHOOp
KpHTepHS CXOAHMMOCTH (CM. pa3i. 3.4) H, oueBHJHO, OyjieT orpaHu-
YUBATh HAUMEHbIIYIO BeJHUMHY LIara 1o BpeMeHd Af, s KOTOPOil
BBIUMCJIEHHA HMEIT CMBICI.

Hecmorpd Ha BaXHOCTb NOHHMaHHs NpOGJEME, CBSI3aHHON
¢ omubKoll OKpyr/aeHns, oOLITHO AndQepeHIHaNbHBE YpaBHEHHSA
B YACTHBIX NPOHM3BOAHLIX B CJyuyae MHOTOMEPHLIX 34a4a4 MO Heol-
XOAUMOCTH pemaTcs NP AOCTATOYHO OOJbHIMX BeJHUHMHAX I1AroB
0 npocrpaHcTBeHHOR ceTke Ax = (Ax,Ay,Az) u no Bpemenu Af,
TaK 4TO OWHOKH anNpoKCUMAaUUM OKaswBaloTcs Oonbllte omubGOK
OKpPYTJIEHHSI.

Omubka anmpoKCHMALHH CBS3aHA C TeM, 4TO B PA3IONKEHHSX
B paasl Telsopa COXPAHAIOTC He BCe YJeHbl, 8 95TO 3KBHBaJEHTHO
HCIIOJIb30BAHUIO KOHeUHBIX BesHuuH Ax n Af. IlpeneGperas omub-
KaMH OKDYTJIEHHS, MOXHO CKa3aTb, YTO BCE OCTaJibHble OMUOKU
ABJSIOTC omubkaMu annpokcumanuu. Hecmorps Ha cBoo TOY-
HOCTb, Takas KJacCHQUKaUHWs olIHGOK He sIBJsSETCA afeKBaTHOM.
B npeasaymux pasjenax Mol 00CYXAaJu APYTYIO KJaacCH(OHKAIHIO
omn60OK, KOTOPYIO MOXKHO HasBaTh KJaccHbukauueir no c804-
cTeam.

OwmnbKH, CBA3aHHBIE C PA3JUIHBIMH CBOHCTBAMH CXEMBl, BKJIO-
yaor B cebs owmubku, oOYyCJOBIEeHHbBE HAapylUIEHHEM KOHCEPBaTHB-
HOCTH, OWHOKH, 00YCJOBJAEeHHBIe HapylleHHeM CBOHCTBA TpaHCHOP-
THBHOCTH, OIUMOKH, CBS3aHHBIE C YHCJAEHHBLIM 3aTyXaHHEM H CXeM-
HOH BfI3KOCTBhIO, OMNOKH, 0OYCJIOBJIeHHBIE HApylUleHHeM NpHHIUMA
uHBapuanTHocTH [lasmies (r. e. mpeo6pa3oBaHHsd, CBSI3AHHOTO
¢ obpallleHHEM CKOPOCTH HEBO3MYIIEHHOro TOTOKa), OLIMOKH, CBA-
3aHHble C OTPAHUYEHHOCTBIO DelleHHS (HMJIH TMOSBJEGHHEM OCUUJASA-
uufl, oOyCAOBJEHHBIX Upe3MepHO OOJBLINM LIAMOM IO BpPEMEHH),
(hazoBbie OWHOKH U OWHOKH, 0OYC/JOBJEHHBIE HEPA3JHUNMOCTLIO.
Bce atH 0IIHGKH (BJASIOTCS OwlubKaMU QRAPOKCUMAUUY B TOM
CMBICJE, UTO OHH CTPeMsiTCs K HyJo npu Ax >0, Af— 0, Ho B neil-
CTBUTEJBHOCTH 3TO JHIUL rpyGoe onpenesnenne. Hanpumep, omnbky,
o6yC/0BJICHHBIE HADYILEHHEM KGHCEPBATHBHOCTH, MOXHO YCTPaHHTD
He3aBHCHMO OT OLINOOK aNNpoKCHMalHM (XOTs MPH 3TOM COXpa-
HHTCS HEKOTOPHIH RKJAAJ OT OMIHGOK OKpyryienus). AHAJOTHYHO He-
KOTOpBIE MeTOnb 00safaloT CBOHCTBOM TPAaHCMOPTHBHOCTH, ApYrue
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Be HMeloT oWIHGOK, OOYCJNOBJNEHHBIX 3aTyXaHHeM U1 YpaBHEHHS
¢ TocTOoSIHHBIMH Ko3(ddunueHraMu, ¥ T. A. Ilo-BHAMMOMY, uMeeT
CMBICJT KJacCHPUIUPOBATh OMHOKH MO CBOHCTBAM, &4 HE MPOCTO Ae-
JUTh HX HA OWMUOKA OKPYrJeHHs U OILUOKM allpOKCHMAIUH.

[Tpu BbIGOpE UHMCJICHHOrO MeETOAA IO0Jb30BaTeNb AOJKEeH olle-
HHUTb BaxHOCTL 3THX OHmIMOOK B paccMaTtpuBaeMofi MM 3ajgave. Ha-
npuMep, AJs1 NPUHATOrO MeToAa omnGKa, oByc/oBJEHHAass Hapylle-
HHEM KOHCepBATHBHOCTH, MOXKeT CJyXKHTb JJf MPOBEPKH CXOAMMO-
CTH pelulenysi; (as’oBbie OMHOKH HeCyllleCTBeHHL! MJs CTalloHap-
HOTO pelleHus; AJs IMOJY4YeHHs CXeM C KeJaeMBIMH CBOHCTBAMH
DByneman [1967] paccmarpuBaa obpainaeMocTb MO BPEMEHH CHM--
METPHYHHIX [0 BpeMeHH cxeM H T. A. llesecoo6pasHo oleHHBaTh
METOJ ¢ TOUKH 3PeHHs KaaccHpuKaluu omwuboK nmo cBoficteaM, a He
COCPEJOTOUHBATD BHHMAHHE HCKJAIOUUTEJNLHO HA IOPAAKe OLIHOKH
annpoxkcuMmalind, ckaxem E = O(Af’, Ax%?) u T. I, XOT TOPALOK
OLINGKH TOXe BaXKEeH.

Te, KT0 3HAKOM TOJBKO C YHCJIEHHBIMH METOAaMHU [Jiss OOBIKHO-
BeHHBIX JHU(pdepeHUHATbHEIX YPaBHEHHH, TOCTOSHHO YIWBJsSeTCH
HH3KOMY [OpPSAKY anunpoKCHMalH# B CXeMaX, [PHMeHSBIIHXCA
B NpOILJIOM /5 AH(pGdepeHIuabHbIX yPaBHEHHH B YAaCTHHIX NPOH3-
BoAHbiX. [TpuunHa 3TOrO mMpOCTO 3aKJAKOyaeTcss B TOM, 4YTO AJA He-
TPUBHAMLHEIX 3a]a4 THIPOAMHAMHKH TPYLHO HNo6HThbCA (akTHUe-
CKOTO TI0JIyYeHUs Pe3yJbTaTOB PaBHOMEPHO BBICOKOT'O NOPSIKA TOU-
HOCTH. B mosHOB 3ajave TOUHOCTH pelleHUs YpaBHEHHs mepeHoca
BHXps OyleT OTrpaHHUYeHa TOYHOCTbIO pelleHHs ypabHenns [lyac-
coHa (cM. pasA. 3.2) W HNOCTAHOGKOLU epanuunbly ycaosutl (cM.
pasn. 3.3.1). Tlocaexuss ocofeHHO yBenWUHMBaeT TPYHHOCTb JHO-
CTHXKEHHs PABHOMEPHO BBICOKOIO MOPANKA TOUHOCTH IJisl 3anaud
B LEJOM I[pH HCHOJb30BAHHM CTAHAAPTHHIX MHOTOTOYEUHBIX YpaEB-
HeHUHl BLICOKOTO MNOPSIAKA TOYHOCTH, TAKHX, KOTODHIE paccMaTpH-
Batorcs B pasn. 3.2.10. (Hanpumep, sOausn npsMosnHeldHOH rpa-
HHUB, OOBIYHO HapaJsjaejbHOR OJAHOH u3 oOcefl KOOPAWHAT, M
cxeMbl ¢ owrn6koi mopsaaka O (Ax*) TpeGyercs 3HATh 3HAaUeHHs Ha
rpaHule U B NATH OvxKaHIIMX BHYTPEHHHX TouKax; cM. Caycpesd
[1946].) HccaenoBaTh yCTOAYHBOCTL TaKHX CXeM OYEHb TPYIHO,
XOTSi 3[eChb HAa INOMOIIb MOXKET NPUHTH NMOHATHE PACWEenieHus no
spemenu (pasnm. 3.1.13).

Ipyras npuunHa, 0OBSCHSIOMAS NOJNyUYeHHEe YacTO He OTpAaBH-
BAaIOMHX OMHJIAHHA XapaKTePUCTHK CXEM BBICOKOTO NOpAAKA s
nuddepeHnabHBIX ypaBHEHHH B YaCTHBIX NPOU3BOJHBIX, 3aKJIO-
Yaercs B TOM, YTO MOPSAAOK TOYHOCTH CXeM HMEET CMBICJ TOJBKO
mpu Ax — 0, Af—0. Takum oGpa3oM, NOPSNOK TOUHOCTH CX€M
uMeeT OGoJsbllee 3HaYeHHe B ciIyyae OORIKHOBEHHHIX IHbdepeHIH-
aJbHLIX ypaBHeHMH, Korja tpebyercsd MeHbIH# 06beM omepaTuB-
HOH MaMsATH K AGOYCTHMOEe BPeMs pacyeToB HO3BOJfAET 6paTh 3HA-
YUTeJbHO MEHbIUHE HIard AX.
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Bo MHOruX TECTOBBIX pacyeTax CXeMbl HH3KOTO IIOpPSAKa TOU-
HOCTH NPHUBOJST K JOBOJbHO TOUHBIM pe3yJbTaTaM HpH IpyOuX Ax
u At; cm. Catipyc u Danrou [1967], Uen [1968], Xemmuur [1962,
c. 210], a rakxe npumepsl, npuefendvie B pasn. 3.1.8. (Ilo mue-
uuio Yena [1970a], cxemwl BrOporo mopsjka, rpy6o rosops, sis-
JASIIOTCA ONTHMAJbHBIMH.) B IeficTBHTENBHOCTH NPH YAaCTO Kejae-
MBIX GOMBIIHX A/ MOXHO OXKHIAThb HCUE3HOBEHMS IIPEHMYILECTBA
cXeM, MMEIOLINX BHICOKHH NOPSAAOK TOUHOCTH BO BpeMeHH. Hamnpu-
mep, B pasn. 3.1.14 ykasbiBasoch, yto cxeMa KpaHka — Hukoncona
¢ omnbkolt E = O (A%, Ax?) npu npUMEHEHHH K YPaBHEHUIO AUD-
(hy3un NPUBOAUT K OLIXGOUHBIM OCUMJIAUNAM, OOYC/JAOBNEHHBIM
ypeaMepHo 6ogbiunM 1maroM no BpeMenu (G << 0), ans Goabuiux
Af, B TO BpeMsl KaK HOJHOCTBIO HesiBHas cxeMa ¢ OlHOKol £ ==
== O (Af,Ax?) naeT KauyecTBEHHO NPAaBHJbHOE TNOBEAeHHe peIleHHS.
Jlaxke B yCHelIHBIX NMPUJOXKEHHSX CYIECTBYeT LIHPOKUH AMamna3oH
YCJOBHH, MPH KOTOPHIX GOJblIHil ycloeX AT CXEMBl BTOPOTO MO-
pAika H eile GoJiee IIHPOKUI AHANAa30H YCJOBHH, NPH KOTOPHIX
6oJiee YCIIEIIHBl CXeMBl YETBEPTOrO NOpsiAKa. Pasjuuus B TOUHOCTH
KOHKYDHPYIOIIHX CXeM YeTBEpTOro MOPSAAKa 4acTo o6ycJoBJeHH
KOHCeps8aTusHocTsr0 cxeM (cM., Hanpumep, YuabsamcoH [1969])
H TeM, UTO OCHOBHOe BHHMAaHHE DU HX ITOCTPOEHHH COCPEIAOTOYEHO
Ha npobneme ¢pasosod owubknm (cM. pasa. 3.1.18—3.1.20). Kpowme
TOTO, OWUBKA, 00YCAOBACHHAN HEPA3AUYUMOCTLIO, ¥ HEKOTOPHIX
cXeM YeTBepTOr0 I[OpsAAKA TOUHOCTH MO NPOCTPAHCTBEHHOf mepe-
menHolt (O (Ax*)) oxaswiBaercsi GoJibllle, YeM y CXE€M BTOPOFO IO-
parka (O (Ax?)), oco6eHHO [Jfi KODOTKOBOJIHOBLIX KOMIIOHEHT
(TpammenstBenr [1969]).

TeM He MeHee B HacToslllee BpeMs NPOBOXMTCH paspaboTka
cxem ©OoJiee BBLICOKOTO NOPSAKA TOYHOCTH, M, NO-BUAMMOMY, OHHU
Halayr Gojee MWIHPOKOe NPUMEHEHHE B BBIUMCJHTENBHOH THIpONH-
HaMuKe. B nepBoM u3zanuu stoft KHurun (1972 r.) mwel moBToOpssH
«0OBIYHYI0 61aropasyMHyI0» MBIC/Ib: IIPH Nepexone K CXeMaM BHICO-
KOT'0 MOPSZKa TOYHOCTH H3-3a NOTepH HHGOpPMAauUUH NPH IUCKPETH-
3allii TPaHMYHBIX YCJAOBHH AJast AuddepeHNHaNbHBHIX YpaBHEHHH
B YaCTHHIX NPOH3BOAHBIX NPAKTHUECKH CJELyeT OXHAATh TOJBKO
YMEPEHHOTO YAYYUIEHHS TOYHOCTH N0 CPaBHEHHIO ¢ OOGLIKHOBEHHBIMHU
nuddepeHIuaibHEIMU YPaBHEHHSAMH; Telepb e y HAC BO3HHKJIH
cepbe3Hble COMHEHHS B CIPaBeJJIHBOCTH 3TOro coobpakeHus.
[IpaBpa, mpakTH4YeCKHe TPYAHOCTH, OKa3bIBAIOLIHe BIAUSHHE HA TOY-
HOCTb CXeM BTOPOTO IOpPSAKA, — TPYLHOCTH, CBSI3aHHEIE C I'PaHUY-
HEIMH YCJIOBHSIMH M CO CJIOXKHO# (OpPMON TIpaHHIB, ONpereeHHe
COOTBETCTBYIOLIErO pelieHus ypaBHenusi Ilyaccona u mpoGieMa ce-
TOYHOrO uucja PefiHoabaca, — Bce 3TH TPYAHOCTH cTaHOBATCH Go-
Jiee IIEKOTJHBBIMH TNPH MNOJYYeHHH pellleHHH 6osee BBICOKOTO
HOpsAKa TOYHOCTH; K TOMY Ke CKOpPOCTb CXOJUMOCTH He Bcerja
pPaBHOMEDHO BeJHKa BO BCeX TOoYKax JIByMepHO#l ceTku. Tem He
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MeHee NpU TOM Pe3yJbTaThl BLICOKOI'O MOPAAKA AN MHOTOMEPHBIX
3a7ia4 MOTYT ObITh HoJydeHbl H (DaKTHUECKH MOJIYYaIOTCH.

Hekoropble cxeMbl BbHICOKOrO HOPAAKA TOUHOCTH OLIJH ONHCAHBL
B pasx. 3.1.18—3.1.20. OTMeruM JOMOJHHTENBHO cCJepyiolllue pa-
GOTbl, B KOTOPHIX UCIOJB3YIOTCSH OOBIUHbBIE CXeMbl BLICOKOTO NOPAAKA
tounoctn. Defipresep [1969] npuMeHHs HeABHYIO CXeMY METOJa
YepeYOLUXCS HanpaBJeHHH JJig ypaBHeHHA ZH(POY3HH, HMEIOLLYIO
mopsiok touHoctu O (A2, Ax?). (3aMernM, YTO HEKOTOpble CXeMH,
npHBejeHHble B KHUre Puxrtmaiiepa u Moprona [1967} nas ypas-
Henus Auddysun, npuobperaloT BHICOKHI MOPALOK TOUHOCTH INpPHU
onpefeseHHbBIX KOMOHHAUHAX NapaMeTpoB, HO TH ycJ0BHS OOBIYHO
He XapaKTepHbl AJA 33444 FHAPOJUHAMHUKH.)

Fynaparnam n Ilepkunc [1970] nmocTpousn cXeMH BBICOKOTO
Nopsifika C NMOMOLIbI0 MeTo/a B3BelleHHBIX HeBA30K. [laycor u Map-
kyc [1970] wucmosnbsopanu MoauduuupoBaHHYIO cxeMy PyHre —
Kyrra — 'mana ToabKO “ s MHTErpHpoBaHHsl 1Mo BpemeHH. Jlo-
Mekc ¢ coasropamu [1970] npumenns cxemy Pynre — Kyrra uer-
BepTOro MNOpsiiKa TOYHOCTH AAA HHTETPHPOBAHHS IO BPEMEHH
0/lHOMEpPHOTO MOJENbHOrO ypaBHEHHS, ONHCHIBAIOILErO TeYeHHe He-
Bsi3kKoM kupkocTH. @puaman [1970] npexacraBasis BhipaxKeHHSIMH
4eTBEPTOrO NOPSAKA TOYHOCTH BTOpble MPOH3BOAHLIE [0 HOPMAaJH
K crTeHKe (mpeobnapawuiee Hanpasaenwe auddysuu) H Bbipaxe-
HUSMH BTODOr0 NOPHAKA NPOM3BOAHBIE MO HAIpPaBJEHMIO, MapaJ-
JIeJIbHOMY CTEHKe.

Ananornunni spdekr Moxer OblTh JZOCTHIHYT TIPH HCHOJB30-
BAHHH NPSIMOYTOJBLHOH CeTKM ¢ HepaBHBIMH maraMu Ax = Ay; pe-
ajibHOE TPEeUMYLIeCTBO TAKOH CeTKH [POJEMOHCTPHPOBAIH XbIH
u Makano [1966}. Pmbuuku n Xymnep [1970] pemaan aBymepHoe
ypaBHeHHe AM(DY3HH NPU TOMOILH MOJHOCTHIO HesABHBIX pasHOCTeH
nepsoro nopsaka O(Af) no BpeMeHH H KOHEUHBIX 3/IEMEHTOB, HMEO-
mux 36 crenenelt ¢cBOGOIH, MO NPOCTPAHCTBY.

[Tocne 1972 r. nosiBuAKCh U APYTHEe KOHEYHO-PA3HOCTHBIE CXEMBI
BBICOKOTO TNOpsIIKa TOUHOCTH OOBLIYHOrO THRA, HO HauboJee mnepc-
NeKTHBHBIMH OKa3aJHCb CXeMbl, OCHOBaHHble HA «KOMIAKTHBIX Pa3-
soctax». Opcar u Uspasan [1974] u Xépm [1975] ucnoabsoBaiu
cxeMy, mpetoxennyto Kpaficom [1973], 1 nHasBaau ee KOMIaKTHOH
pasHoctHo# cxemofi. Ho corsacuo pa6ore Py6una u Xocna [1975],
clelyIOIlHE CXeMbl SKBUBAJEHTHH (T. e. Kax[1as H3 HHUX MOXKeT
6bHITb NOJydeHa u3 JioGofl apyroft): Komnakrhas cxema Kpafica,
annpokcumannonnas dopmyna dpmura — [lage, cxema MepisTed-
Jenra, cobcTBeHnass cxema Py6una — Xocna co cnnafiHavm uer-
BepTroro mnopsiika. B ofo3zmauennax Xépwa [1975] komnakrHyo
CXeMy MOXKHO 3amHcaTh B CJAEAYIOLEM BHIE.

PaccmorpumM mHCKpeTHYIO (YHKUHIO §;, AJ8 KOTOPOH MBI XOTHM
onpefesHTh NPUOJMKeHHOe 3HaueHWe F; mepBofi wacrHOM mpous-
BOAHOH NO IPOCTPaHCTBEHHOH NepeMeHHOM M NpuOJMKEHHOE 3Ha-
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yeHHe S; BTOPOH 4YacTHOH NMPOH3BOJHON MO MPOCTPAHCTBEHHOH me-
pemennofi. Uro6bl BbIYUCAUTDL F;, cHadasja HalfigeM NePBYIO MpOU3-
BOAHYI0 MmO OOBYHOH aNNpOKCHUMAaLHMOHHOH ¢dopMyse BTOPOro
[IOpsilka TOUHOCTH C LeHTPAJbHOH PasHoCTbio, 0603HAUHM ee uepes
fi 1 OyneM XpaHHUTb B COOTBeTCTBYIOIleM MaccuBe. Hrak,

S~ 8
fi=—""5"=, (3.361a)
rage A — mar HpOCTpaHCTBeHHOﬁ CeTKH B HalpaBJeHHH X HJAH {.
Torna HpH6JIPI}K€HHOe 3HayeHHe F,' HEeTBEPTOro fopsaiKa TOYHOCTH
[I0/Iy4aeTcss U3 pelleHUsl ypaBHeHUH BHJIa

& Fost 4 4F, + Fi_) =], (3.3615)

OG6eIdHble CXEMBl 4eTBEPTOrO MOPSAJKa TOUHOCTH MMEIOT BHJ SBHBIX
Pa3HOCTHBIX (OPMYJ, MHOCTPOEHHBIX HA MATHTOUEUHOM MabJjoHe
(Touka [ u cocenHue TOUKH {41, {4 2). B KomnakTtHON cXxeme
OepyTcd ToOMbKO TpH To4kH (i M i+ 1), HO pasHocTHas dopMmyaa
NoJIiyyaeTcsl HeSABHOM, T. e. He JIOKAJbHOM. 3HaueHHs1 F; HaxoxsiTcs
13 ypasHeHus (3.3616) npH MOMOINM MeETOAAa NPOTOHKH (CM. TpH-
JoxeHHe A), TaK YTO 3TH 3HAUEHHS BO BCEX TOUKAX [ 3aBUCAT OT
3HayeHuH B APYTHX TOUKAX H, CJEJOBATEJNbHO, 3aBHCAT OT [; U (i
raobaabHo, a He JokagabHO. (M3-3a Takoil rao6asnbHOR 3aBHCHMO-
CTH KOMIIZKTHAsl cxeMma 10J00Ha cieKTpaJbHBIM H NMCeBAOCIeKTPab-
HBIM cxemaM; cM. Opcar u HMspasau [1974].) KomnaxrHas cxema
ofnajgaer Takxe MeHbIIUM Ko3(pGhHUIHEATOM IpH OMHOKe aNIpoK-
cuMauny nopsaka O(A*), yem o6BluHAs cXeMa UeTBEPTOro MOpAAKa
TOYHOCTH. AHaJIOTHYHO, CHAYaJa MO SBHOH cXeMe BTOPOro NOpPSAKa
TOYHOCTH BHIUHCJIIETCI BTOpas TPoH3BOAHAs, Kortopas o06o03Ha-
qyaeTcsl 4epe3 S; U XPaHUTCS B COOTBETCTBYIOLIeM MaccHBe. Takum
ofpasom,

_ Lig1— 25+ 8

i A2

(3.3618)

Torna npubauxeHHoe 3HAUeHHe S; YETBEPTOrO MOPSAKA TOUHOCTH
[OJy4aeTcsl U3 pellleHusi METOJA0M NMPOTOHKH YpaBHEHHH BUJA

Tz (Ses1 + 108 + Si_p) =s.. (3.361r)

Camo coboft pasymeercs, YTO IpPH pelleHHH YypaBHEHHHA HJs
byuknun F Heo6X0QHMO NOCTABHTb IDAHHYHOE YCJIOBHE ST nep-
BOH NPOHM3BOMHOH; aHAJOTHYHO HANO CTABHTH IPAaHUYHOE YCJIOBUE
u pas S. Takas TpymHOCTh NMpPUCYIla BCEM CXe€MaMm BBICOKOIQ MO~
psaaka. Oauako Xépmr [1975] nokasaa, uto aas obbeanHenHoft
cucreMbl ypaBHeHu#l jid F u S rpaHnuHble 3HaUEHHS YETBEPTOrQ
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nopsiaka TOYHOCTH MOTIYT OLITh NMoJIy4eHbl € [TOMOINLIO BTOPOro AHa-
rOHAJIbHOro anlnpoKCHMaHTa ITane

€1_€i+1+%(Fi+Fi+1)+1A_22(Si'_Si+1)=0- (3.362)

D10 ypaBHeHHE MO3BOJISeT OObeJANHEHHOH CHCTeMe ypaBHeHHH 11
F u S coxpaHHTb KaK 4YeTBepPTHH MOPSAAOK TOYHCCTH, TAK H Tpex-
IMaroHaJbHBIH BUJ MaTpPUIB! BIJOTh AO TpaHuUB. TakuM obpa3om,
nlaHHasi QopMa mpolle H TOuHee, 4eM OOLIYHBIE MNATHTOYEUHBIE
BLIPAXKEHHUS.

Hcnogbsyss KOMOAKTHYIO CXeMY B HESIBHOM MeToje Yepenyio-
muxcs Haupasgenn#t (cM. pasn. 3.1.16), Xépwr [1975] paccuuran
AByMepHbIe CTallHOHApHBIE TeUeHHs! BA3KOH JKMAKOCTH NPH MaJoM
yicae PefiHonbica. [Ipu MOMOIIM KOMNAKTHOH CXeMBl YETBEPTOro
nopsifika YAaJoch MAOCTHLHYTb SKOHOMHM MAalHHHOIO BpPEMEHH
B 20 pas u o6beMa MAIIHHHOH NaMATH B 3 pasa MO CPABHEHHIO CO
cXeMoil BTOpOro mopsjaka (IpUMepHO NpH TOH ke TouHocTH). ['pa-
HHUYHBIE YCJIOBHA JJs BuXps Opanuchk ¢ TNpelblayliero cJjos Mo
BpeMeHH (KakK 3To OOBIYHO HesiaeTcs B TOM CJydae, KOrJa HHTepec
NpeNcTaBJsieT TOJbKO CTAIHOHADHOE pelieHHe), YTO MPHUBOAHJIO
K MOTEPEe TOYHOCTH IO BpPeMeHH. TpexToueuHble KOMIAKTHbIE pas3HoO-
CTH MOXHO TaKXKe TPHMEHSTb [JJIS NOCTPOeHHsl CXeM IecToro H 6o-
Jee BBICOKOrO NOpPSAKA TOYHOCTH (XEpll, JHUHOe cooblleHHe).
B cxeme Py6una — Xocaa [1975], ocHOBaHHOH Ha aNMpPOKCHMAIMH
cIaflHaMH, BBOAMTCSI NEPEMEHHblL wiae RO APOCTPAHCTEEHHOU
ceTke, H B 9TOM caydae mopsjgok owmuOkn aas F ocraerca O(AY),
HO mopsiiok omHOKM aasa S ymenbiaerca fo O (A3).

Ilnsi 03HAKOMJIEHHS C PAa3HOCTHBIMH CXeMaMU BBICOKOrO MO-
psSifKa TOUHOCTH, a TaKXKe CO CHeKTPaJbHBIMH H IICeBROCHEKTPasb-
HBIMH CXeMaMH pekoMeHayiotcsi moHorpadus Kpafica m Oanpxepa
[1973] u o630p Opcara u Hspasau ([1974].

BaxXHO OTMETHThH, UTO Ja)Ke INpaBHJbHblE H PaBHOMEpPHO TOY-
Hble BO BCeX TOYKAX CXeMbl BBLICOKOrO HOPSIJKA He pellaloT Npol-
JIeMy CeTOYHOro umcjia PefiHoabjaca, onucaHHylo B pasa. 3.1.8.
B camom pese, KosebaHus, BO3HUKAIOIHE NIpH Re, = 2 npy HCIOJb-
30BaHUHM pPA3HOCTEll BBICOKOTO MOpPSIIKA, YacTO VBEJHUHBAKTCA.
ITo-BupumomMy, HeGJaronpHsTHEE OLEHKH CXeM BBICOKOIO NOpSiIKa
TOYHOCTH, NPHUBEeHHble BO MHOTHX PAHHHX HCCJEIOBAaHHUSX, MOXKHO
OTHECTH 34 CYeT HeAOCTATOYHOI'O IIOHHMAHHS POJIH OrpaHHYeHHs Ha
Re;, xoTopoe, BO3MOKHO, fBJseTCH caMoil CJOXKHOR mnpobieMmoil
BBIYHCJHUTENLHON THApoAHHAMHKK; cMm. Poyu [1975].

B 3akJioueHne 3aMeTHM, UTO TOUHOCTb HE SIBJISIETCS €lIHHCTBEH-
HEIM coobpazkeHneM npu BuiGope meroza. CyMMapHBe 3aTpaThl,
KaK MAallHHHOTO BPEMEHH, TAK U BpeMeHH UeJOBEeKa, YacCTO HIpaloT
[JIaBEHCTBYIOILYI0 poJdib. CymMMapHBIE 3aTpathl AOJXKHB BKJIIOUAThH
KaK 3aTpaThl Ha NpOBeAeHHe CepHHHBIX PAacyeTOB, TaK H 3aTpaThl
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Ha pa3pa6oTKy nmporpaMmul aas DBM, npuuem mocneanue B 3Hauu-
TEJbHOH Mepe 3aBHCAT OT NpocToThl Merona. CJIOKHBIE MeTOMAH
3aTpPyANTENbHBl JJIs IPOrpaMMHpPOBaHHs, IPOBEPKH U 0COBEHHO AJSA
OTJIaJKH IO CPAaBHEHHIO C NPOCTHIMH METOAaMH, UTO CTAHOBHTCA
6oJice BaxKHBIM B caydae objacreil ¢ rpaHHLIAMH CJAOXKHOH (HOPMBI
W TpH BKJIIOYEHHH AOMOJHHTEJNbHBIX (aKTOpOB, HaNPHMEpP XUMHUe-
CKUX peaknuil. jlcHO, 4To BHIGOp HAHJAYYIIEro METOAA OTHIOAb He
OYeBHEH.

3.2. MeToabl pelleHHA ypaBHEHHH ANA (YHHKUWKH TOKa

B npepslaymiux paspesax 6blla pacCMOTpPeHa TOJBKO OJHA H3
Tpex dacTell MOJHOH 3aJaun AHHAMHKH HECXKHMAeMOH KHIKOCTH,
a HMEHHO pelleHHe RNapaboNHYecKOro ypaBHEHHS MepeHoca BHUXPA.
Tlpu »ToM pewanach 3ajaua ¢ HavaJbHBIMH JAaHHBIMH, T. €. 3a-
Jada «MapUIeBOrOo» THNA MO BpeMeHH. PaccMOTPHM Temepb BTOPYIO
4acTh IIOJHOH 3aJayHd, a UMEHHO MEeTOAbl PelUeHHS BJJIHIITHYECKOrO
ypaBHenus [lyaccona (2.13) ,zJ;Jm (bym{umx TOKa :

Ve = 0x2 I (3.363)

31ecp UMeeT MeCTO KpaeBas 3ajaua, AJs pellleHHA KOTOpo# Tpe-
OyloTcsa apyrue Meronnl. Mul 6yzeM paccMmaTpuBaTh pellleHHe ypasn-
Herust [TyaccoHa ¢ JAByMs THIAMH IDAHHYHBIX YCJOBHi BLOJb pas-
JIMYHBIX 4YacTell rpaHuusl: aubo c ycaosueMm Jlupuxie, Korga Ha
rpaHuile H3BECTHHl 3HaueHUS GYHKUMH 1, aubo ¢ ycioueMm Heir-
MaHa, KOrja Ha IDaHHIle H3BeCTHH 3HAaYeHHS HOPMaJbHOH MpOH3-
BogHOH Oy/On. VMenno Bompoc o TOM, KOria 3TH YyCJOBHS SB-
JSI0TCS NOAXOAAIIHMH, COCTABMAgET 3aKJIIOUHTENbHYIO YacTh NOJHOH
3ajaun ¥ OyjaeT paccMaTpuBaThcd B pasi. 3.3.
JluckpeTusnpoBaHHas (popMa ypaBHenus Ilyaccona

R L=t (3.364)

6x

HCIOJNb3YIOUIas PasHOCTH BTOPOrO MOPAAKA, NpeacTaBjser coboi
nsitutoveuHnlfl wadmon (Tom u Ameast [1961])

T et R kS R T bt T Rk TR
Al =l SR R =, (3.365)

rae §i ; U3BECTHO.

3.2.1. lMpAmble meTOAbI

B npsmoyroabvHo#i obJaacTi, rie maxi=1I/ u maxj==>/,, ypas-
HeHus (3.365) W rpaHWuHBIE YCJAGBUS 00pasyloT B COBOKYITHOCTH
cucreMy N =(/ — 2)X (J — 2) nuHelinslx aJjre6panyecKHX ypaB-
HeHHH. Dra cHcTeMa gBasercs O6J0YHO-TPeXAMAaroHAJbHOH, Kak
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1 cucteMa, Kotopas Gbijia moJiyueHa NpH HCIOJb30BAHHH TTOJNHOCTHIO
HesIBHOM CXeMBbl [Jd pelleHHd ABYMEpPHOro ypaBHeHHs Nuddy3uu
(cM. pasn. 3.1.14), oTanuaercsl OT NOCAeAReHd JHIIb HaaHYHEM
«MCTOYHHKOBOrO» HEOQHOPOJHOTO ujeHa §;; H TaKXKe HE MOXKET
OHTh pelleHa NPH INOMOLIM MeTOAa IPOTOHKH.

Haubosee sneMeHTAPHEIMH METOJAMH pelIeHHS TaKOH CHCTEeMH
ABJsIIOTCSl npaBuno Kpamepa u  passinuHble BapHAHTH MeTOJa
uckmiouenua [aycca (cm. Kpeupenn [1956]). Has sapmau, npen-
CTaBJSIONINX ApaKTHUECKUi WHTepec, N BecbMa BeJHKO M 3TH Me-
TOJBl CTAHOBATCH HemoaxoastiuuMu. B npasuse Kpamepa tpebyercs
BHITOJIHUTH HeBeposiTHO OGoJblloe YHUCAO oNepauuil — npubausu-
teapuo (N 4+ 1)! yMHOXeHHH, W JaxKe ecad HMeeTcs AOCTATOUHO
MAalIHHHOTO BPEMEHH, TO TOUHOCTb pellleH¥s OyaeT (paKTHUECKH CBe-
Jena Ha HeT olWu6kKaMu okpyrieHus!). Uxceno ymHOXenuit B Me-
togax [aycca npsaMo mnpomopuuoHanbHOo N3 H MOMXKHO OXHIATH,
YTO TOYHOCTb pellleHHs Oymer yxyamarbcs npu N, 6oabuiux HsTH-
necatd  (Xemmuur [1962]), B 3aBHCHMOCTH OT jerajeff Meroja
U JJIHHBL CJ0Ba B MaliHHe. 3TH (M ApYyrHe) METOAB 0OCYKAaI0TCS
B KHuHre Yacrnefika [1968].

3a nocaexnue rofn OniiM pazpaboTaHH BBHICOKO3( (hEKTUBHbIE
npsimeie Metoasl, Jopp [1970] npusoautr 0630p «GAOUHBEIX» METO-
JIOB, METOMOB IIHKJHYECKOro HCKJIOUeHHs, METOJOB TEH30PHOro
TPOU3BENCHHS, METONOB, HCIOAB3VIOMHX pAibl DPypbe, U HEKOTO-
pbix apyrux. Jlankacrep [1970] rakxke nmpeactaBua 0630p MpsMBIX
cxeM. [Ipyrumu HegaBHO onyOJHKOBAHHEIMH TPAMBIMH METOAAMH
ABASIIOTCS METOJ NUCKPETHOTO MHBAPHAHTHOTO BJIOXKEHHS DHJKeNa
[1968a], ero noxxon AMHAMHUYECKOro NpOrpaMMHpoOBaHus (DHaxKen
[19686]), meroxm cymmapsaoro npeacrabiaenus [lonoxero [1965],
a rakxke J[upenko u Jlaumenko [1964] (cm. Takxke YagaeHko
[1970]), meron Plu [1969], MeTom HEUETHO-UETHOT'O HCKJIOUEHHS
Bas6u ¢ coaropamu [1969, 19706] u Meron pacuera pacnpocrpa-
HeHnust Bekropa owubku (Merox EVP) Poyua [1971a, 19716]. Xeiis
[1970] ucnoabzoBasn uHTerpanabHyto dopmynay ['puna aas mpaMoro
pemteHus ypasHeHus Jlamtaca (= 0). dunxen u Kanaba [1970]
noayunau GopMysasl MeToZa ¢ OAHUM OOXOZOM pacueTHHIX TOYEK,
OCHOBAHHOTO Ha MHBAapHAHTHOM BJoXeHHH. [[pyrue HpHMbIe METOIbI
paccmarpuann Ceudt [1971] u Ldo [1970].

Oco6enno npHBAeKaTeNbHBIM  sABJsleTcs MeTon Dynemana
[1969], ocHOoBaHHBIH Ha HeweTHo-yeTHOM HCKAlouenun. CooTser-
cTByBOWAs nporpamMma aasd IBM noctaTouHo KOPoTKa H 3aMKHYTAa,
HE 3aBHCHT OT HOAMpPOrpaMm Ajasi GeicTporo npeoGpasoanusi DPypoe

1} Ho Bpemenu, xak npasujo, 6blBaer HefocTaTouHo. JlaHHLIE, NPHBEIEHHBIE
®opcafitom [1970], moxasbiBaloT, YTo HaA BHINOJHEHHE YMHOXKEHHH s pelleHHs
26 ypaBeeHuif npu nomomm npasuaa Kpamepa Ha Belunc/urteabHoit maumue CDC
6600 norpeGyerca 10' ser, yro B 10° pa3s npesuiiaer Bospact Bcrenennofi (no
COBpPeMEHHEIM OLEHKAM).
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U JaeT pe3yJbTaThl, HMELINe MallMHHYI0 To4HOCcTh. Ho memocpen-
CTBEHHOE NMPHMCHEHHe 3TOr0 MeToJa OrpaHuueHo NPSMOYTOAbHBIME
06J1aCTIMH C TPAaHHYHBIMH ycJoBuAMH JlHpHXJe Ha Bcell rpaumie,
npuueM [—1 u J—1 RO/KHB ObITb CcTeleHAMH nBOHKH. (Bos-
MOXHbBIe CHocoObl 0006IHeHHs TaKHX METON0B MOXKHO HaiTH
B pasa. 3.2.9.) Oror Meron ucnoapzosana Ppomm [1971] npas
peweHus 3ajgaun B OoJibuiofl ob6JsacTH ¢ uucsaoM siueek 128X 128.
[Iporpamma 3jech mosyyaercss O4eHbL XOpolleil, HO HCIOJb30BaHHA
B Hell cucTeMa HHZekcauuu touek (M, N) mHeconmocTaBmMma ¢ cHCTe-
moit (/,J), npuMeHsemMoli B 3TOH KHHre, T. e. cucTeMy (M,N)
HEBO3MOXHO lepeBecTH B cucremy {(/,7).

Bce 3T MeTonnl 06/1a1a0T OOHUM HJH HECKOJbKHMHU H3 CJenyio-
IHX HEJOCTATKOB: OrpaHuyeHbl ') npaMmoyrogibuuiMH, L- wan T-o06-
pasHbIMH 00J1aCTAMM H BLIGOPOM IPaHHUYHBIX YCJAOBHH TuMna § = 0;
TpebyioT Gosbuioro odwemMa namaTn OBM; HenpuMeHHMb B ciyuae
cucTeMbl KOOPAHHAT, OTJHYHON OT MeKapTOBOW; HM3-3a HAKONJEHH:
OUHOKH OKPYTJIEHHS MOTYT OBIThb HCIOJAB30BAHH JHIUL a5 06Jja-
cTefl OrpaHHYEHHOrO pasmepa (T. e. IJs1 OrpaHUdeHHBIX 3HAueHHH [
u J); Hak/aajblBalOT OrpaHHYeHHe HA BHIOOD Y3J10B PACUETHON CEeTKH
(nanpumep, / —1 u J—1 poaxunl umerb BUR 2%, rae k- iedsoe
yHCa0); TpeOyIOT IPOMO3AKHX NpelBapHTENbHLIX BBIYHCICHHH 1%
MOCTPOEHHSl CETKH; IPUBOJAT K CAOXKHLIM IPOrpaMMaM H ajJropHT-
maM. OfHAKO IJsl pelleHHs OOJBIIMX 3anau Bce GoJbliiee MpUMe-
HeHHe HAaXOAST MMEHHO IpsSMble MeTOIE, O0COGEHHO METOJMb, OCHO-
BaHHble Ha pasjoxkeHun B psanl Pypre. Haubosee rubkuii u mpo-
CTOH MO CPaBHEHHIO C IPYTHMH NPSAMBLIMH MeTONaMH MeTOJA pacueTa
pacrnpocTpaHeHHs BekTopa oHOKH obcyxpaerca B pasn. 3.2.8;
B pas3i 3.2.9 paccmMaTpHBAIOTCS METOXLbl, HMCHOJb3YIOUIHE PAb
Oypve (1 urpawomye Bce GOABIIYIO ¥ OOJBUIYIO POJb).

[To cpaBHeHHIO C NPAMBIMH METOJ&MH pPas3JIMYHBIE HTEpalHOH-
Hble MeTOJB! IIPOMIe C TOYKH 3PEHHS TOHMMAaHH H NPOTPaMMHUPO-
BaHHAS W SBJAIOTCA A0OCTAaTOYHO THOKHMH. CKOPOCTh CXOAHMOCTH
B TaKHX METOJAaxX CYIIeCTBeHHO OOJbille CKOPOCTH CXOJHMOCTH
B cTapblXx npsaMBIX Meronax (V¥Yacraefik [1968]), Tak kak B HHX
HCMOJL3YIOTCS «paspekeHHble» MaTpHilbl. Meropruecku Ca0XHA0OCH
TaK, 4TO HTEpPALHOHHBIE METOAB Yallle NPHMEHSIOTCA B BBIUHCJIH-
TeJbHOH THAPOJAYHAMHKE H, HECOMHEHHO, He YTDATAT CBOEH Bax-
HOCTH. 3Jecb HTepalHOHHBIE MeToAs OyAyT paccMaTPUBATHCA
B XPOHOJIOTHUECKOM MOPSIKE.

38.2.2. Merop PuuapgcoHa u metop Jlu6Gmana

Kaxk obcyxnanocs paree B § 3.1.22, pemrenne (craunoHapHbIX)
YpaBHEHHH 3JJIHNTHUECKOTO THNA AHAJOTHYHO NOJIYICHHIO aCHMIITO-
THYECKH CTAaLHOHAPHOTO pellleHHs HecTaluonapHo#l sagaun (Ppau-

!) Ilpu HenocpeacTseHHoM OpuMeHeHuH; cM. pasa. 3.2.9,
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ken [1950]). Ilpennmonoxum, 4To paccMaTpHBaeTCs HeCTalHOHap-
Hoe ypaBHeHHe IUPPY3uH AAA P C <HUCTOYHHKOBHIM UJEHOM»
H ¢ Koa¢p¢unueHToM ANQPY3UH, PaBHLIM eAHHHLE:

oy
= V2 — E. (3.366)

du3HYeCKHI CMBICJ HECTaNMOHAPHOrO pelleHHs 3/[eCh He Urpaer
poJiH, HO KOTJa pelleHHe TAKOro ypaBHeHHs AuU(Pysunm npubiau-
XaeTcss K CTAllHOHAPHOMY, OHO CTDEMHTCSI K HHTepecyloHleMy Hac
pewennto ypaBHenus Ilyaccona (3.363).

B HeKOTOpHIX CJaydasgx TaKas aHaJIOTHS BBINOJHSETCH TOUHO.
Hast Toro 4To6bl NpOJEMOHCTPUPOBATE NOAOOGHYI0 S3KBHBAJIEHTHOCTD,
BLIBEleM HTEPALHOHHBIE MeTon Puuapacona AJs 3JJIHITHYECKOTO
ypaBHenns IlyaccoHa u3 HecTaUHOHAapHOH CXeMBl C pAa3HOCTSIMH
BIIepe] N0 BpeMeHH H LeHTPaJbHBIMH Pa3HOCTAMH IO NPOCTPaHCT-
BEHHBIM TepeMeHHHIM AJs ypaBHeHHS Aud¢ysun napaboauuecKoro
THIIA.

IlpuMensis K ypaBHeHHIO (3.366) pasHOCTHYIO CXeMy C pa3sHo-
CTSIMH BIIepeJ N0 BPEMEHH M C LEeHTPaJLbHBIMH PAaSHOCTAMH IO HPO-
CTPAHCTBEHHBLIM NepeMeHHBIM, NnoJjydyaeM

,lbie—l}l __ 'll)’i ; (521le 521|Jk
N - 5x2 + 6y2 —ci,]- (3'367)

Oas mpocTOTH BpPEMEHHO OTpaHMUYMMCs cjayuaeM, Korja Ax =
= Ay = A u ypaBHeHHe (3.367) npHUHAMAET CJEAYIOUIHH BULI:

PEr =1} - ’i—i D¥Ees Wiy, F -+ 9F o — 40, — A%,
(3.368)

[TokaxkeM cHauaJja, uto §;; He OKasbiBaeT BJAHSHUS Ha YCTOH-
yuBocTh ypaBHeHHA (3.368). Cuenys pabore Lopram n Yasuaiepa
[1938], 6ymem paccMaTpuBaTh rpaHuuHble yciaoBus Jupuxsae u o6o-
3HAYHM uepe3 Y™ TOUHOe KOHEUHO-DPAa3HOCTHOe pellieHue!) KoHeuHo-
pa3HocTHOro ypasHeHHs Ilyaccona (3.364). Tormna omu6ka
efj 3HaYeHHUs \p’;,, nocJje Hrepaudd k£ OYAeT COCTaBJAThb

e =V, =¥ (3.369)

IToacrasasAs ToJyueHHOe OTCIOAA BhipaX<eHHe AJs {* B ypaBHeHHe
(3.364), 6yneM uMmeTb

521IJ°° 6ze/a 621b°° 62ek .

5x2 8x2 + 6y2 - oy? -——Q (3-370)

l) d)opMaanoe 3aKJIOYEHHE, UTO TOYHOe pelleHHe NOaAydYaeTcsas 0OpH k—’oo,
ABJASIETCH CKOpee MNPEeANOJOXKHTEJNbHBIM, 4YeM CTPOrHM. Hpeaeﬂ lim ’Lbk 6y11eT
koo

OTIHYATBCA OT TOYHOTO pellleHHs ypaBHenHs (3.365) H3-3a OWHOOK OKPyIJICHHA.
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Tak ®xak ™ B TOYHOCTH yAOBJIeTBOpsAeT ypaBHeHuio (3.364), ypas-
HeHue (3.370) cBomuTcs K ypaBHeHmo Jlanaaca

bk | 8%*
T 5T =0. (3.371)
[TockodbKy rpanutnble ycjAOBUS 3aiaHBI, HA BCeX I'DaHMLAX Y% =
= ¢, mau e = 0. Torza aHANOTMYHO HTEPALHOHHOMY KOHEYHO-
pasHocTHOMY ypaBHeHHIO (3.368) MoxHO 3amucarb AJs owHOKH e
caepyolee ypaBHeHHe:

etl=el  + [elH jheb  tef ek, —4et ] (3.372)

Taxum o6pasoM, urepainonHoe ypaBHenne (3.368) mnas ¢ sKBH-
BaJIEeHTHO HTEPAIlHOHHOMY ypaBHeHHIO (3.372) nns e, upuHyeM KO-
cjleHee, OUEBHAHO, HE 3aBHCHT OT (.

YcaoBue ycroiuumBocTH ypaBHeHus (3.368) wumam  (3.372)
(cMm. pasn. 3.1.5.n) umeer Bun d = aAf/A?2 </, unu npn o =1
At << A%4. TlockoJabKY KeaTesbHO JOCTHYb aCHMITOTHYECKOrO pe-
IIeHHs] KaK MOXKHO CKopee, BbifepeM MAaKCHMaJbHO BO3MOXKHOE

snauenne Af = A’/4. IloacranoBKa 3TOro 3HaUeHHs B YypaBHeHHe
(3.368) nmaer

\plia,-f}l = /lb’:, i + %['q)lie+l, ]+ ’\p?_], ]+ :\plie, j+1 +
+ ‘q)’ie, -1 4/‘.[)/12, I A2€i’ ]]- (3.373)

[Tpusoas HOLIO6HbIe YJieHBl, COJepiKallie wk i j» moJydaeM

rq)k-H 4 [\bi+1 i + \pl—l j+ 'lb; i+l + \b, -1 Azci' ]]. (3374)

DTOT aJropuTM npeicraBasieT coGoli merod Puwapdconal) upu
Ax = Ay. B uvacriom ciyuae nns ypaBHenus Jlammaca (G, ;= 0)
OH CBOJHUTCS IPOCTO K TpeOoBaHHIO, YyTOOH 3HAaueHHE P HAa HOBOH
HTepallH PaBHAJOCh CPeiHEMY apH(MMeTHYECKOMY 3HAUYEHHIO B ue-
THIpeX COCEJHHX TOUKaX.

YpaBHenue (3.374) mnpexcraBisieT coGofl TOT Ke pe3yJbTar,
KOTOPBIH MOXHO NOJYYHTb, paspelias CTAalHOHAPHOe YpaBHeHHe
(3.365) >MJMUNTHYECKOTO THIA OTHOCHTENBbHO V; ; IIPH YCJIOBHH, UTO
3TOT YJeH B JIeBOH YacTH ypaBHeHHUs Oepercsl Ha uTepaluu & -+ 1,

) DToT MeTom u3BeCcTeH Takxe Kak Merod $Iko6m (CanbBagopn u DBapon
[1961]), xak wmeron «uTepauuii monHeiMH stanamu» (Kpenmean [1956]) u xkak
MeTOX «OfHOBpeMeHHHX cMelueHn#» (SIHr [1954]); nocienHee HA3BaHHME CBA3aHO
¢ Tem, UTO KaXI0e 3HaueHHe P*+! BLIUUC/IAETCH B TOUKE, KOTOPYH MOXKHO Gpath
He3aBHCHMO B Ji060M NOpPsAlKe H3 MOCAeA0BaTeJbHOCTH Touek (i, ), W mosTomy
BCE TOYKH MOXKHO B H3BECTHOM CMBICJIE PACCUHTATh OAHOBpeMeHHO. Takoe cBOIi-
CTBO aJrOPHTMA OYeHb BAXKHO IPH OUEHKE METOJOB AJA BLIYMC/HTETBHBIX MAUIHH
¢ mapasae/bHBIMH MPOLEccopaMu.
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a BCe u/eHb B NpaBofi yacTh OepyTcsa Ha MTepaluu k. Beezem Be-
JIHYHHY OTHOLUEHHS pasMepoB IIAroB ceTKH B = Ax/Ay; roraa

Vi = W%FW[‘I)?H, PR VR o i o i VRS 9
(3.375)

Srtor anroputM npeacraBiser cobofi merod Puuapdcona npu
Ax 5= Ay.

HcenenoBanue CKOPOCTH CXOAHMOCTH METOAOB MOMHO NPOBECTH
TaK e, KaK H HCCJeJOBaHHe YCTOMYMBOCTH [Jst yPaBHEHHS Hepe-
HOca BHMXpsl, NMOJCTABJAA B ypaBHeHHe AJs omHOKH (3.372)

Vi = gy* (3.376)

HJIM pacKnajaniBas onepatop Jlansmaca B JAHCKPETH3HPOBAHHOH
topme No ero coOCTBeHHBIM (DYHKLHSAM; Pe3yJabTaThi OKa3blBAIOTCs
WACHTHUHEIMH NpYU VYCJIOBHU, UTO TPAHHUHBIE YCAOBHS NPABUJALHO
yureHsl !). IlpexcraBuM 3iech MoOJyueHHble TaKuM crmocoboM (HO
B Apyrux o6o3HadeHusix) pesyabraTel Ppankesaa [1950].

KommnoneHTs omiubku ¢ HauboJbllell MU HaHMEHLLUIEH AJHHAMH
BOJH 3aTyxaloT Haubojee cjaabo (T. e. ©MeloT HauboOJBIIYIO BeJH-
yuHy |G (0)|). Takum o6pas3oM, HE3aBHCUMO OT HayaJbHOIO pac-
npefesieHus OWHOKH Mo O naHHble KOMIIOHEHTH OYyAYyT AOMHHHUPO-
BaTb NIPH aCUMNTOTHYCCKH Gospmiux k. O6e 3TH KOMIOHEHTHl HMEIT
OIHY H Ty e BeaHunHy |G (0)|, 10O KOPOTKOBOMHOBASI KOMIIOHEHTa
omn6KH (A == 2Ax) coBepliaeT 3HaKomepeMeHHBIC KoJseGaHHsS TIPH
G << 0, 4TO B HEKOTOPOM cMbicJae ontuMansHo (Dpankea [1950]).

YpaBHenue (3.375) sBasercs NBYXCHOHHBIM ypaBHEHUEM, H B
NaMsATH BHIYHCAHTEILHOH MaIUHHB HEOOXOAHMO XPaHHTL MAacCCHBHI
415 BeJdHuHH Y+l u pF Ecan 06xox pacueTHBIX TOUEK BECTH B Ha-
NpaBJeHHN BO3pacTaHus [ H j U B ypaBHeHuH (3.375) HCNOAbB30BATH,
rje 3TO. BO3MOXHO, yXe IOJyuYeHHble HOBble 3HaueHHs !, To mo-
JYYHTCS CJASAYIOUas cXeMa:

1 .
'lp’;-'}l = 2(1 +p9) ["Ma_*.l, i + W?jll,i + ﬁleI: J+1 +
B — A, (3.377)

KoTtopasi HasbiBaercss merodom Jlubmana?). Tlpu mporpaMMuposa-
HHH 9TOTO MeTOfa AOCTATOYHO B MAMSTH XPaHHTb JHIUb OLHH Mac-

1) Bojee ussllHbie MAaTpUuHble METOAB ONHCaHb B KHHrax Basosa u ®op-
cafita [1960] u ditmca [1969].

2) DToT MeTOX H3BeCTeH TakKike Kak Mmeron [aycca — 3eitzens (Cambsanopu
n Bapon [1961]), kKaK MeTox «uTepauuii HemoJHLIMH 3Tanamu» (Kpemmena
[1956]) u Kax MeToX <«IocJel0BaTeNbHHX cMelleHufi» (Slur [1954]). Dror Meroa”
HOX0X Ha MeToAnl CayibeBa AJf HeCTALMOHAPHBIX ypasHeduit (cm. pasz.3.1.17),
HO He H/EHTHYEH HM.
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CHB AJS BeJUUMHBl | B ypaBHeHuu (3.377), mpeaycMoTpeB B Ipo-
rpamMe oneparop sameuienusi. Kpome toro, ®panken [1950] mo-
KasaJ, uro Anaa HauboJee <«CTOMKHX» KOMIIOHEHT OIIHOKH
¢ GOJBIIUMH H MaJbLIMH BOJHOBHIMH YHCAaMH B Metoaax Jlubmana
¥ Pauapacona uMeer MecTo COOTHOWIEHHE

G (JTu6man) = [G (Puuapacoun)]2 (3.378)

AcuMIOTOTHYECKH [pPH JOCTaTOYHO O0JbIIOM 4YHCJAe HTepauuil &
urepanuii no Meronxy JIuGMaHa 3KBHBaJIeHTHH 2k HUTepaluaM MO
Meroay Puuapiacona; xpome Toro B Merope JInubmana Tpebyercs
BIBOE MeHbINIHH 06beM MaUIHHHOH mamstu ).

DBosee cnoxHblil BapuanT MeToja Jlmbmana Oblil HpejJoKeH
[Moptan u Yaanepom [1938].

3.2.3. Metoa penakcauun Hessnsku Caycsenna

Merton penakcauun HeBsisku Caycseasna (Caycens [1946])
NpHUMEHsJCS B TeueHHe MHOTHX JeT IIpH pacdyerax BPYUHYWO nJis
MOJIYYeHHS] YHUCJEHHBIX PelIeHHH BaXKHBIX TEXHHUECKHX H HayUYHLIX
3ajiay, BKJ0OUasd OJHO H3 CAMBIX PAHHHUX pelleHHH 3aJ]aul O TeUeHWH
npu GoabuioM yucae Pefinosbaca (Aagen u Caycsean [1955]).
[TepronavasnbHO OH Ha3LIBAJCH MPOCTO «PENAKCALUOHHBIM METO-
IOM», HO 3Jech 3TO Ha3BaHHe 3aMeHEHO Ha <«METOJ peJaKcalluH
HeBA3KH», 4TOOB OBIJIO MOXKHO OTJNHYaTh ero oT Mmeroxa JlubMmaua
M APYTHX WTEepPallMOHHBIX METOJAO0B, KOTOpPHE B HAaCTOsIlIee BpeMs
HHOr'Ja Ha3blBAIOT PENaKCAlHOHHBIMH METORAMHU,

[Tpocreiimias ¢opma Mertona penakcauuu HeBsidku CaycBenna
OCHOBaHa Ha TOM e ypaBHeHHH (3.375), uto u Merox Puuapacona
AJisl BbIYHCJIEHHs HOBBIX 3HaueHufi Yi+l. Pasanune sakmouaercs

B TOM, 4TO ypaBHeHue (3.375) He ucmoJsib3yercsl Bo Bcex 6e3 HCKJIO-
YeHHs Y3JIOBHIX TOYKAX CETKH. 3jeCh HEBfA3KA r;; OIpelensercs
H3 ypaBHEHHS

Wi, gV, 20, Wy g by e — 29
ri = A + N — G-

(3.379)

Koraa r;, ; = 0, ypaBHenue [lyaccona (3.365) yaosserBopsieTcsi, HO
ToabKO B Touke (i,f). Takum obpasoM, BenrHunHa |r; ;| mokasw-
BaeT, KaK Ha oUIHOKY B TOukKe (i, ) BJHSIOT Bce TeKylue mpubJid-

1} B pgeficTBHTe/NBHOCTH A1 METOAOB, MOA0OHBIX Meroay PHuapacona, mo-
Tpe6HOCTL B BeJuunHe oObeMa naMaTH OBM MoXHO COKPATHTb 34 CYeT HEXHT-
pPHIX NPOrPAMMHUCTCKHX [IPHEMOB H HCNOJIb30BAaHHs HECKOJBKO OOJbIUEro 4YucsIa
OflepaTopos 3aMelleHHs.
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KeHHble 3HauyeHHA VP; ;. 3areM Nepe6OpPOM HAXOAAT Ty Y3JOBYIO
TOUKY, 1€ BeJHUHHA |ri ;| siBAdeTcs HauGoJblief, NoJaralT B
aTOM Touke r;, ; = 0 1 mpu momolly ypaBHeHust (3.375) Haxomsr or-
ClOfla HOBOE 3HauyeHHe V;, j. DTO B CBOIO OUepeAb NPUBOJAHT K H3Me-
HEHHIO HeBA30K r BO BCeX COCENHHX TOUKaX, H Mpollecc MOBTOPSETCH.

Meroa Caycsesia He NpPHMeHsIeTCsl Ha COBPEMEHHHIX 3JeKTDPOH-
HBIX BLIYMCJIMTENbHBIX MallHHAaX, TaK Kak BpeMs, Hy:KHoe JJsi Ha-
XOMJAeHHs HAauGOJbIUeH BEJHUUHEL |ry ;| ¥ AAS NepecueTa HEBSI30K
r B COCEIHHX TOUKaX, HE OTJHYaeTcsl CYNIeCTBEHHO OT BpPEMEHH,
HeOGXOMHUMOro IJsl HeloCPeACTBEHHOro NpuMeHeHus: cxemul (3.375).
Takum o6pasom, Ha coBpeMeHHHX DBM nenecoobpasnee mo oue-
PeAH YCTPaHATb HEBH3KY B KaxkKAOH TOUKe, MCNOAL3YS yXKe HafileH-
Hble HOBHIE 3HAauyeHus, T.e. NpHMeHsaTb Merox Jlu6mana. Hcropn-
yeckd Meroj CaycBessa HHTepeCeH HOTOMY, 4TO €ro ycoBeplIeH-
CTBOBAHWE MPUBENO K JKCTPANOJSALHOHHOMY Mertopy JlubMaHa,
Gosee H3BECTHOrO TOJ Ha3BaHHeM MeToJa [OCJeN0BaTelbHOM
BepXHell pesiakcallMu.

3.2.4. Mertoa nocneaosaTtenbHON BepxHeil penaxcalMu

IIpaktuka npumenenus (Pokc [1948]) meroma CaycBenna mo-
Ka3aJja, 4To JAJs JOCTHXKeHusi HanGosbluell CKOPOCTH CXOAHMOCTH
HYXKHO YCTPaHsIThb He HauboAbwlyio HEBS3KY |ri ;|, & Ty HeBs3Ky
ri, jy JJIS JHKBHIALHM KOTOpoH Tpebyerca HanOoJbliee «CMelleHHe»
|1pk+‘ ’;?,j|. Takoli mpuem, OUEBHAHO, MOMXKEeT OBITb NpPUMEHEH

TOJBKO JOCTATOYHO KBaJH(DHUMPOBAHHBIM BBLIYHCJIHTENEM, KOTOPLIH
MOXeT OBICTPO NPHUOJIHKEHHO BHIUHCJAHTL MaKCUMaJbHOE CMelleHHe
TIp¥ BH3yaJbHOM mepefope HeBsi30K. 3arteM Obll pasBuT ApYyro#
MOAX0MA. Bblio o6HapyXKeHO, UTO ONTHMAaJbHAS CKOPOCTh CXOAMMO-
CTH JOCTHraeTcs He NPHPAaBHUBAHHEM HEBSI30K HYJIO, & HCIOJb30-
BaHUEM <«BepXHel» UK «HHKHeH» pejakcaluudl B 3aBHUCHUMOCTH OT
TOro, KaKie 3HaKH HMEIOT HeBSI3KH B COCEJHHX TOUKAX: OAHHAKOBBIE
uan nporuBonojioxHue (Poke [1948]). (O6uiee mousTHe BepxHel
pesakcaluu Obl10 mpensioxeHo Puuapiaconom eme B 1910 r.) Ta-
Kaf Hies C ycmexoMm OblIa HcHo/db3oBaHa B MeTofe CaycBessa, HO
Temeps IS PeajU3alUu 3TOro MeToja MOTPeGOBAJCsS BBIUHCJHTEND,
obsagaomui enle 66JpUIEMH MACTEPCTBOM W WHTyHUHel. (IT1o Tpe-
6oBaHHe (akTHYecKH GblI0 name BurofHeiM (Pokc [1948]) npm
pacyerax BPYYHYIO, TaK KaK BBLIYHCJAUTENb, BEPOSITHO, MeHEe YTOM-
JasJcst oT onHoo6pasHoil paboTsl!)

®pankesn [1950] u uezaBmcumo ot Hero Sur [1954] paspabo-
TajJn cnocob NpHMeHeHHs CXeMBl BepXHel pejakcallud IS MeTona
Jlubmana, ynoGHBEII ISl BJEKTPOHHBIX BBIUHCJANTEJNBHLIX MAIlHH,
Dpanken HasBad €ro «3KCTPANOJHPOBAHHLIM MeTofioM JinGmana»
(cm. 3amauy 3.21), a SIHr — «MeTOZOM MOCJEeAOBaTENbHON Bepxnen
pesakcalHH».
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Cooxus ypasuenue (3.377) u toxpectso 0=1f ,— ¢ ,, a 3a-
TeM NEPErpyIIupOBaB UJEHE, HOJYYHM

1
Vi =E ey (e o T 0 B L+
+ FPertl — AR, — 2004 f ] (3.380)

Teneps npu NpHOJHKEHUH K pellleHHIo A1 —> Pk naa Bcex (i, j)
yjJeH B KBaJpaTHBLIX CKOOKax CTAHOBHTCS PABHHIM HYJIO B CHJAY
ypasuenuss (3.365), a ypaBHenue (3.380) mepexomutr B oOTBevato-
lee CXOJUMOCTH PaBEHCTBO 1[:’”‘ = f i Ecau noJioXHuTb, YTO 4JeH
B KBaleaTHbIX ckoOKax paBeH HyJAK H dYTO0 B Touke (i,f)
11)’“'1 'q)l j» TO TOJYYHTCS METOX Jlubmana. B Merone nocsenoBa-

TeJbHOH BepXHEH peslaKcallHH 4JeH B KBaJApaTHHX cKOOKax B ypaB-
HeHun (3.380) yMHO)KaeTcsl Ha peNaKCAaLMOHHBIN MHOXHTeJb (ma-
pameTrp pesakcanuH) ®, rae o == 1; takum o6pasoMm, B ofuem
cayuae HeBfI3Ka r; ;7= 0, HO ri;~— 0 npu P*+!l—p* Meroa rmo-
cJelOoBaTeJbHOH BepxHell pesakcallid NPHBOAHT K YPaBHEHHSIM

Vi =0E gy [Whe, 0L BOE
+BENL, — AX,  —2(1 B Pf T (3.381)

Hast cxopuMoctu tpebyercs, utobul 1 << o << 2. @pankena u dur
ONpEeJUNH «ONTHMAJbHOE» 3HAUeHHe NapaMeTpa (g, NPHUEM HX
KpUTepUil ONTHMAJbHOCTH OCHOBBIBAJICS HA AaCHMITOTHYECKOM
yMeHbUIeHHH Haubosee croiikofl omubkn. OnTuManbHOe 3HaYeHHE
®p 3aBHCHT OT CETKH, KOHQHUrypauun o6JacTH M THIIA T'PaHHUYHBIX
yeaosuit. Mcnonesys nogxon ®pankena [1950] ans pewenus sa-
nayn Jlupuxyae B mpaMoyroapHoit o6mgactH pasmepom (I — 1)Ax X
X (J —1)Ay c nocroseabMu Ax B Ay, MOXHO T0OKa3arth, YTO

0y =2 %:_E , (3.382a)
rge 2
- [ cos (m/(] — 1))]JSr Bﬁf"s (/(J — 1)) ] (3.3826)

[Ipn © = wo uuca0 HUTepauuil k, HeoOXOAHMOE 17 YMEHbIIEHHS
HEBSI3KM A0 HEKOTOPOro 3aJZaHHOTO YDOBHA, NPSIMO INPOIOPIHO-
HaJIbHO HOJHOMY UHCJAY HTepHPyeMBIX ypaBHenu#ti N = (/ — 2)X
X (J—2), torpa kak aas Meroga Jlubmana k ~ N2 Tloatomy
MeTOJ INOCJefOBaTe/bHOH BepxHell pesnakcallHd C ONTHMAJbHHIM
IapaMeTpoM peNaKCaluH o (HHOrJa Ha3blBaeMbIli ONTHMaJbHHIM
METOJIOM BepXHell pejakcaiuu) Jyuiie aJs GOJBIINX 3a1ad.
AHannTHYeCKasl OlleHKa BeJHUMHHEl () HMEETCsl TOJbLKO AN JAO-
BOJIbHO y3Koro kjacca 3agau (Sur [1954], Muruenn [1969], Yop-
auk n Sur [1970]). Musaxona [1962] noxasan, yro ecnn Ha Beex
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Puc. 3.16a. TloBenenne urepauuii B MeTOAe NOCAELOBATENLHON BepxHell pesakca-

IMH B 3aBHCHMOCTH OT BeJMUHHB NapaMerpa penakcauud . Pasmep cerku

I =17]=21, Ax=Ay, onTuMaibhoe 3HaueHHe ® B 3ToM clydyae ©p= 1.7295,
ITo ocu opa¥HAT OT/OXKeHa BeJMYHHA MaX €;; HA NATHAECATOH HTEePALHH,

rpaHnnax crasarca ycaosus HefiMana, To wo yBesnunBaercs. B rex
cayvasiXx, KOrga Ha HeKOTOpPHIX TpaHHIaxX CTaBSATCS YCJaoBHS Jlu-
puxJje, a Ha ocranbHbeX ycuaosHa Hefimana, korma Ax uam Ay
nepeMeHHbl M Korja paccMmarpuBaetrcs L-o6pasnas obsacTb (M MHO-
rHe Jpyrue HenpsMOyToJabHble 00J1aCTH), MapaMeTp ©y, aHaJHTHYE-
CKH He ompejeseH. B Takux ciayuasx g MOXKHO HalTH SKCIIepHMEH-
TaJbHO, NOCJE/0BaTe/IbHO pelilasg ypaBHeHus Jlanjaca ¢ HyJeBLIMH
IrPaHHYHBIMH YCJOBHAMH NPH pasJHYHBIX 3HAURHHSX 0 (1 << o < 2)
H TPOBepss CXOAHMOCTb K pewennio ¥f =0 upu Goablux k.
(BennunHa oy He 3aBHCHT OT HAJHYUSl HCTOUYHHKOBOrO ujeHa G.)
lipn stom Becbma Ba)kHO, yToOB B HAYAJBHOE YCJOBHE BXOAHJH
BCE KOMIIOHEHTH OIIuOKH (HaHHOMY TpeGOBAHUIO JIETKO YA0BJETBO-
)

PHTDH, IIOJMOKHB BO BCE€X BHYTPEHHHX TOUYKaX TL? ]: ).
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Pue. 3.166. [Tosenenre HUTepauuii B MeToje noc/deAoBaTelbHON BepxHell pesakca-
OMHA B 3aBHCHMOCTH OT BEJHUHHBI NapaMerpa peJaKcanlH o NpyY Tex XKe JaHHbIX,
yto Ha pHc. 3.16a. [To ocn OpAMHAT OT/IOKEHO OTHOCHTENbHOE YHC/IO HTepalni,

HeOOXOAHUMBIX [JSi BHIMOJIHEHHS YCJIOBHS wfn*a'xl — wﬁlax =¢g.

[Tpouecc IKCUEPHMEHTAIBLHOIO HAXOKIEHHS (9 3aTPYAHHTENEH,
TaK KaK 0OBIUHO CKOPOCTb CXOJHMOCTH PE3KO MeHsieTcsl MpH H3Me-
HEHHH NapaMeTpa @ B OKPeCTHOCTH €ro ONTHMAaJbHOTO 3HAUCHHS .
CooTBeTcTBYIOILH NpHUMep npeacraBied Ha puc. 3.16a n 3.1606.
HsMmeHenne KpUBH3HBI MPHBedeHHBIX HA HUX IpauKOB B OKPECTHO-
CTH ®g IOKa3blBaeT, uTo OObIUHO Jyulie 6paTh wg ¢ HEBOJBIIHM
H3GHITKOM, YeM C HeJoCTaTKOM. BHJHO TaKxKe, 4TO BbIGOp OJM3KOro
K elHHHIEe 3HAYEHUT ®©, HANpUMep o = l.l1, IPUBOAHT K He3Ha4u-
TeAbHOMY YJYULIEHHIO CXOJUMOCTH [0 CpDaBHEHHIO €O cJaydaeM
o= l. ,
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ITockonbky ypaBHenue IlyaccoHa Hapgo pewatb Ha Kamxiaoi
HTepallid ypaBHEHHS IlePeHOca BHUXpS, BCErjJla HMeeT CMBICHA 3KCIme-
PHMEHTaJbHO OLEHHTb BEJHUHHY ¢ J2kefin [1967] npemnoxua
Jpyroil yaoO6HbLIA B HEKOTOPHIX CJAydYasX crocod OUeHKH ®g H3 UHC-
JeHHbIX pacueros. Caenysa Kappe [1961], Crpobpumx u Xynep
[1968], a Tak:ke Xomep u Bencrpym [1970] npu pelennu sapgau
C oceBOH cHMMETpPHEH TOXe OIeHHBaJH ©p 10 UPOLIECTBHH He-
CKOJIPKHX IlepBbiX HTepanuil, OueHkoH mapaMmerpa oy 3aHUMAJHCh
u apyrue HccaepoBarenun (fHr m Diiacon [1970], JKurko [1970]).

OnucaHHBI 3Jech MeToJ IOCJAeIOBaTeJbHON BepxXHefl peJa-
KCallUU SIBJSIETCH HCXOLHBIM METOJOM <«IIOTOUeyHOH» IociefoBa-
TeNbHOH BepxHeil penakcauun @pauxkena u fura. B HeMm Gepytcs
3Hayenus ¢ (k-4 1)-# urepamuu B AByX cocenuux ¢ (i,]) Toukax
(i—1,j) u ({,j—1). MOXHO HEeCKOJbKO YBEJHUYHTb CKOPOCTb CXO-
AHMOCTH NPH INIOMOIIH <IOJHHEHHON» MOCJeN0BaTEJbHON BepxHel
pejlaKcallH{, KOTAA HCIOJb3YIOTCS  <NPOABHHYTBIE» 3HAUeHHUS
¢ (k- 1)-# urepauuy B Tpex cocelHHX Toukax. Ilycrs ob6xon pac-
YeTHBIX TOUYEK BeJeTcs B HampaBJeHHu Bo3pacranusg j. Korga pac-
CUHTBIBaeTCsl CcTPoKa jl, 3HadeHHa B IpeJIIeCTBYIOUIEH CTpOKe
j1 —1 yxXe naiinens Ha (k- 1)-# urepauuyu. 3HauyeHHS B CTpoke jl
HaxXOAATCH MO 3THM 3HAUeHHAM H3 cTpoku jl—1 (B4 1)-# ure-
pauuH NpH IIOMOWIM HESBHOTO PpelleHHst /sl Y3JIOBHIX TOUEK
CTPOKH jl ¢ pasHbBIMH 3HA4YeHUSIMH {, 4YTO TpeOyeT INPHMEHEHHA Me-
TOJA NPOTOHKH (CM. MpuJOXKeHUe A).

diimc [1969, c. 147] ykasadq, uto npu Ax = Ay >0 uucjio ure-
pauni, HeoOXOAHMOE JUIT CXOZUMOCTH pelleHHS TPH pacyeTax
10 MeTOAY MNOJHHEHHOH IocJefoBaTebHON BepXHell pejaxkcauui,

B 4/2 pa3 MeHbllle, ueM NPH HCMOJL3OBAHHH METOA NMOTOYEYHOH
nocjenoBaTesbHON BepxHefl pesakcauuu. OgHaKO 3/eChb Ha BHIOJ-
HeHHe KaxAoi uTepanuu tpebyercs 6oablle BpeMeHH, TaK Kak IJs
pellleHHs] HCIOAb3yeTCss HeABHBIA MeTox (mporousa). B umcjeHHBIX
9KCMepUMeHTaX, BbinosHeHHBX bao u [oreprn [1969], 6bla no-
CTHrHYT HeGOJBLIOH BHIHTPHIL B CKOPOCTH BBLIYHCJIEHHH MO MeTOAY
NOJINHEeHOH MNOC/AeA0BaTe/bHOH BepXHeH pesaKCcalHH, He OKyTIaB-
MU JOTMOJHUTRJbHEIX TPYAHOCTEH, CBA3AHHBIX C METOAOM IIpo-
rouku. Jopp [1969] mosyuua oueHKH AJsi BeJHYUHBI ®g B CJyyae
ITPHMeHeHHs] MeTOAa IMOJHHeHHOH NocjenoBaTesNbHON BepxHe#d pe-
JIAKCANHH JJ5 penieHHs ypaBHeHus IlyaccoHa ¢ rpaHHUHBIMH ycJio-
BuaMu Heilimana.

H3-3a cBoelt npoctoTel H 3G(EKTHBHOCTH METOJA MOTOYEUHOMH
nocjefoBaTeJbHON BepxHell pesakcalluu sBJasiercsd HauboJsee mory-
JISPHBIM H3 BCeX HTePAUHOHHBIX METOJOB [JI pellleHHsl ypaBHEHHS
[Tyaccona B 3afiauax BHEIYHCJIHTENLHON THAPOAHHAMHKH. B mocnen-
HHe TOABl WIMPOKO NMPHMEHAIOTCA ¥ HECKOJbKO GoJjee CAOXKHBE He-
SIBHBle CXeMBl METOJa yepelylOIuXcsl HanpaBJeHn#, KoTopele 6yayT
paccMOTpeHbl HHIXKe,
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Opsoft U3 NPOCTEHIIMX JIerKo NpOrpaMMHUPYeMbIX MoZH(pHKANUN
MeTOAa HOCJeNOBaTeJbHOH BepxHeH pesaKCaluu SBJSETCH HCMOJb-
30BaHHE Ha MepBOH HTepauuu Merona JluGmana npu o =1, a 3a-
reM pacuer npd o = o (Ienmon [1959], Kappe [1961], Sur
u Kuugeitn [1969]). Ilpennoxenne Uy [1970] uepenoBath Hamnpas-
JeHre 06xoja paCuUeTHHIX TOUEK 0Ka3aJioCh MOJIE3HBIM TIPH pellleHHH
foJee oOmuX 3a/4ad, YeM pellieHHe mpocToro ypaBHeHus Ilyaccona.

3.2.56. TaxTHHa W cTpaTterus

dopcaiir [1956] ykasas, 4To 3HaUeHHe MapaMeTpa peJaKCalMH
wo, MOJyuaeMoe M3 ypaBHeHHs (3.382), onTHMaJbHO B «CTPaTEru-
YeCKOM» CMEICe, T. €. NPH AJHUTEJbHOM HTepupoBaHHH. [Ipu atom
cymMapHas omHO6Ka Zel ;—>0 acumnroTHueckH (mpu k-—>oo)

]
6bICTp€e BCero Ipu (D—(Do Ho NpH KOHCYHOM k onTHManabHOE

3HAYEHHE MOXKeT OKa3aThCs HeCKOJbKO MeHbIle @y B 3aBHCHMOCTH
OT HAYaJbHOrO pacnpeneseHus OIIHGKH. JleHCTBUTENBLHO, €CJH
orpaHHYHTbCA OAHOH HuTepauueii (k= 1), To BHOOp napamerpa
o ==1 (meron JlubGMaHa) NPHUBOIHT K HauGOJbIIEMY YMEHbINEHHIO
cyMMapHO# OWHOKH 3a OAHH 00X0J pacyeTHHIX TOUEK; TAKHM 00-
pasom, Merof Jln6MaHa onTHMaJsieH B «TAKTHYECKOM>» CMEIC]E, T. €,
npu KpatkopeMeHHoM urepuposaHun (Popcafit [1956]). (Meron
Jlu6mana u METOJ TOCJe/N0BaTeJbHON BepXHell penakcaluu ComMo-
crasasin 1 Kensep [1958].)

Kak Bcerma, BBIOOpP KPUTEPHSI ONTHMAaJbLHOCTH OKa3bIiBAET BJIHA-
HHe HA ONpefie/leHHe BeJHYHHBl ONTHMAJbLHOTO TMapaMeTpa, a Tou-
Has MaTeMaTHYeCKas TeODHS He MOXKET BHECTH SICHOCTb B HPOH3-
BOJIbHO ycTaHoBJeHHble craupaptei!). Aur u Kunkeiig [1969]
YCTAaHOBHJIH, UTO PEe3yJbTaThl CPABHEHHS Pa3JHYHBIX HT€PANHOHHLIX
METOJOB B 3HAUHTE/JbLHOH CTENeHH 3aBHCAT OT PasJHYHOro BhIGopa
KpHTEPHUEB ONTHMAJBLHOCTH Jaxe IpH & —> oo,

UucneHHble pacyeTH, BLHINOJHEHHBIE ABTOPOM HACTOSIeH KHHIM
Ha cerke c¢ paaMmepoM 21X 21, nokasajau, UTO IPEUMYILECTBO
(B cmmicne cymmapHOH ownbOku) BuiGopa BeMHYHHB o = 1 Hap
BLIGOPOM ONTHMAJBHOTO TMapaMeTpa ® == wy MOMKET COXPaHAThCS
o dncna Hrepaluil £ = 6 uan £ = 8. KpoMe Toro, no cpaBHEHH!O
co caydaeM o == | BHIOOD @ = ¢ NPHBOAHUT K GoJsbIIoMy pasbpocy
omUOKH; ecsH e HanpaBjeHHe 06X0Aa pacueTHBIX TOYEK MeEHseTcs
Ha KaxX1oH HTepamuu (ckaxeM, ¢ i, j wua i}, j§ HaIn Apyrum

) Taxkofi npou3BOM CYIECTBYeT Aae JJsi CPABHUTEJbHO XOPOIIO MOCTaB-
JeHHOH 3aJaul CXOAMMOCTH peUIeHHsl JHCKPeTH3UpOBaHHOro ypaBHeHHs Ilyac-
CoHa. A 4TO MOAPA3YMEBAIOT TOJ «ONTHMAJbHEIM» pelleHHeM BOeHHble, paspaba-
TbIBaroume 0GOpOHHTE/bHEIE [JIAHE, SKOHOMHCTHl, COLHOJOTH, TPafoCTPORTENH
WOT. AR
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06pa3oM), TO 3TO He OKa3blBaeT BJHSAHHA HA CXOAHUMOCTb B Cpel-
HeM, HO pa3bpoc ownOKU yMeHblIaeTcs. (YCAOXKHERHe MporpaMMu-
pOBaHHS M [AONOJHHTeJbHAS 3aTpaTa MAIIHHHOIO BpeMeHH [pH
tTakoM crocobe obxona 3aBucsAt ot tHna dBM.) Haubonee abdex-
THBHble HUTEPAlHOHHblE METOJB He HPUBOAAT K CTPOrO CHUMMETPHY-
HBIM UYHCJEHHBIM pe3yJbTaTaM Jake MPH CHMMETPHUYHLIX [DAHHY-
HBIX YCJOBHSIX, 49TO MOXHO KJacCH(PHUHPOBAaThL KaK ellle OIHY
«OUHOKY», CBA3aHHYIO CO CBOACTBaMH CXeMbl. 3aMETHM, YTO OJHHM
H3 NpeuMyllecTs rpyboro merofa PuuapjacoHa siBJaseTcss CcTporas
CHMMETPHUYHOCTb MOJyYaeMblX UHCJEHHBIX pe3yJbTaToB. Takas cuM-
METPHUYHOCTD MOXKET OKa3aThCfl KeJaTeNbHOHN, HanpuMep, NpH npo-
BeJleHHH CBEPXYCTOHYHBLIX pPACYETOB AJfA HCCAEAOBAHHS THIPOMH-
HaMHUeCKH HEeYCTOHYHBOro TedeHHs. 3aMeTHM Takxke, 4TO B MeToje
noc/aen0BaTeNbHON BepXHEH peJaKCalliu OCUMJJNALLNSA, BHI3BAHHASA
upe3MepHO GOJIbIIUM LIArOM [0 BPEMEHHU, NPH » == @, 0Ka3blBaeTcs
GoJibille, yeM NpH @ = | uaH B MeTode Puuapacona.

B 3akaioueHue 3aMeTHM, YTO B THAPOAMHAMHUKE TOJYUEHHOE [J14
P pellleHHe HCIOJb3yeTCs JUIS ONpeJleNeHns COCTaBJASIOUIHX CKO-
POCTH & ¥ U TIPH NIOMOINU "HCJIEHHOro AnddepedurpoBanus. Takum
ob6pasoM, omubku B BenuunHax 8¢/6x u O6¥/8y nOMKHEB paccmaT-
pHBaTbCA KaK HajiJsexallfe NMOKasaTeJH CXOJUMOCTH peIleHHs, HO,
HACKOJIbKO H3BECTHO aBTOPY, HH B OJHOM HCCJEIOBAHMH OHHM B Ta-
KOM KauecTBe He HCII0JIb30BaJIHCh,

3.2.6. HesBHbIe cxeMbl MeTOAa HYepeayWWXCA HanpasieHWH

[Tpomonxas aHanOrHi0 MeXJy MTeDALHOHHBIM DPelleHHeM ypas-
nenusi IlyaccoHa M acCHMITOTHYECKHM YCTAHOBAEHHEM NO BpEeMeHH
pellleHHsl HeCTalHOHapHOro ypaBHeHHs MHdQy3HH, eCTeCTBEHHO Dac-
CMOTPETb HEABHBIE CXeMbl METOJA YePeNyIOUIHXCS HampaBJeHuil,
onncanuvle B pasn. 3.1.16. Heficteurenvho, Ilucmen u Paxdopn
B cBoell crathe [1955] ofcyxnanu obe st sanawu. [To anasorun
c ypasHeHHeM (3.308) npn B = Ax/Ay umeem

PRt 4 SIS Pt ] (3.383)

P = Rt 2aAAxt? (o2 525_?;113“] -+ szg], (3.3836)

rge 63{‘1’ = lpi_H, i 2‘1’, i -+ ll’i_l‘] H 62y¢ = 'L]Ji‘ PN B 21131, i + 1|J,-_ j—1-
[lepBoe ypaBHenHe HegBHO IO X, HMesl TPEXAHAroHAJbHYIO hopMy
(cMm. mpusaoxeHnue A), BTopoe HeaBHO no y. CxoauMmocTh obecrneun-
BaeTcs TeM, YTO Ha oboux noJymarax Gepercd OfHA M Ta XKe BeJH-
yuHa Af (CM. cchlakM B pasn. 3.1.16).
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[Tocne ymHOXeHHsi Ha p==2Ax% (o Af) ypaBrenus (3.383)
MOXHO 3alucaTh B BHAE

W — @+ o)t 4 ¢f_+1”2, =
= — P [V: ,,, — (2 —p) vt + ¢F -] Ax*g, ,  (3.384a)
WL, — @+ ) Wi+ w’“ L=
—_ _[wkH/Z —(2—09) ‘1’?,“;”2 4 pEiR] — Ayt . (3.3846)

i+1,§
Moker mokKasathcfl, 4TO BHOOp oueHb Goabux Af (Majbx o)
OyneT YCKOPATb ACHMIITOTHUECKYIO 110 BPEeMEHH CKOPOCTb CXO[H-
MOCTH, HO B AefICTBHTE/JbHOCTH CYLIECTBYIOT HEKOTOpPble ONTHMAJb-
Hble 3HaueHHst Af uau p. IIpn ONTHMAasnbHOM p CXOAHMOCTH AOCTH-
raeTcs 3a HeCKOJbKO MeHbIlee 9HCJIO HTepaluif, 4eM 0OpH HC-.
MOoMb30BAHWM MeTOAa IIOCJef0BaTeNbHOH BepxHell pesakcalud ¢
ontTuManpHelM mnapamerpoM. Taxkas OGojnee OblcTpasi CXOLHMOCTB
MpeacTaBasieTcss NpaBAoNoAobHOMN, H60 HEeSIBHOCTb CXeMBl TIPHBOIHT
K TOMY, UTO BJIMSIHHE SJIIMNTHYECKHX TIPAaHHUYHBIX YCJHOBUE CKa3HI-
Baercs B TeueHHe Bcero BpeMeHH. OHAKO BHIMIOJIHEHHE OJHOH HTe-
pamuH B HedABHOW CXeMe MeTOJa YepelyHOLIHXCS HalpaBJeHHH
saHuMaer 0oJbllle BpPeMEeHH, H [O3TOMY MeTOl MOCJeA0BATENbHOMN
BepXHeH pesakcalnd ¢ ONTHMAaJbHBIM TapaMeTpoM (haKTHUECKU
TpeGyer MeHbllle MAIUHHHOIO BDEMEHH, UeM TaKas <«OJHOmapaMer-
pHuecKasi» HesiBHAsi CcXeMa MeTOLa YepeayIOLIMXCs HalpaBJeHH
(Bupkrodh ¢ coasropamu [1962], Yacrae#ir [1968]).

HesBHasn cxema MeTona uepelyoOMHUXCH HaNpaBieHHH CTaHO-
BHTCsl To-HacTosilieMy b deKTHBHON B cayuae BeGopa nocaedosa-
TEALHOCTY UTEPALHOHHBIX MAPaMeTPOB pg, KOTOpas 3aMeHSIeT OJHH
napaMerp p B ypaBHenun (3.384). Ha#ith Takyio onTHMaJabHYIO
MOCTe0BATENLHOCTh, OYEBHJIHO, TPYAHEe, YeM HafTH OAHH ONTH-
MaJIbHBIfl mapamerp. 37ech HaKJaAbBAIOTCS LONOJHHTENbHEIE Orpa-
HHUeHUsl, TaKue, KakK KeJaTeJbHOe OTHOCHTEJIbHOE YMeHbIIEeHHE
HauaJbHOU OMHOKH HJAH JKejartenbHoe unciao Hrepauuil. Ompene-
JIHHe TOCJIef0BaTeJbHOCTH O 110 NpaBy ObIJIO H OCTaercs Mmpen-
MeTOM HCCJ/IeIOBAHHH NpPHKJAaTHON MaTeMaTHKH. B kauecrBe mpu-
Mepa MBEl HpHBeIeM IIOC/A€IOBATENbHOCTh (g, IPHMEHSBIIYIOCS
B pa6ore [Tucmena u Pakdopna [1955].

B stofi pabote pemasnach maocKas CUMMETpHUHAs 3ajaua Ten-
JIOIIPOBO/IHOCTH ‘B KBaJpaTHOIl 06sacTH ¢ miaraMi cetku Ax = Ay;
rorga B ypaBHeHuu (3.384) T =0, B = 1. ['pannunsie ycjaoBus
(B cuJy CHMMETPHH pacCMaTpHBajach YeTBepTh 06sacTH) Gblau
TaKOBHI:

b , Ak N

=0 Ty, =0 (3.385a)
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B caywae yerplpHaJllaTH HHTEDBAJIOB CETKH Ha KaXMIOi rpaumie
(Ax = Ay = 1/14) 3anaua Brmoyaaa 1414 HeH3BECTHHIX B Y3JIOBHIX
TOYKaxXx ¢ HWHAeKcamu I, j=1, 2, ..., U=[—1=7J—1. Hec-
M0JIb30BAJACh M0CAEI0BATEeNbHOCTD P CAEAYIOIEr0 BHAA:

. 28 41
0p =14 sm?[w———«—(u;‘__ )1;‘],

oTkyga po = 0.012576, p;s = 3.9874. Torpa coorBeTrcTByOlas y6bl-
Balolasi IOCJAEJOBATeNbHOCTh Af Oyler HaUYHHATLCS UYJeHAMH
Aty == 0.40571, Af; = 0.04546 u KonuaTbcsi ujenoM Atfj; = 0.00128.

«OnruManbpHas» TMOCTEeIOBATENBHOCTh pr B 00lieM cayyae He-
poctuxuma. CIocobB MOJYUEHHS <«XOPOHIUX» TOCJAEHOBATEIbHO-
crefl ObiH mpensoxens Jyrmacom [1962] u Baxmpeccom [1966].
AtH cnocobul omucaHwl B KHHrax Jiimca [1969] u Muruenaa
[1969]; of6a mocnegHHX aBTOpPa YTBEP:XKAAIOT, YTO MapaMeTphl,
npensnoxeHHse BaxmpeccoM, NpeANnouYTHTENbHee, HO He TPHBOJAT
HAOCTATOUHO yOeNHTeNbHBIX N0BOLOB. B oboux cnocobax Tpebyercs
OLeHHTh HauGoJsblliee W HaHMeHbllee COGCTBEHHBIE 3HAUEHHS MaT-
PHIH, 4TO caMo 10 cefe HeTPHBHAJLHO. Pa3BHTHE TEOPHH NpHMe-
HHMBI TOJBKO JUIS 3ajay C TPAHHUYHBIMH YCAOBUAMU JlupuxJe
B KBajpaTHOH oO6JacTH NPH OAMHAKOBBIX LIaraX CeTKH Ax = Ay,
xota bBpusau [1970] ¢ ycmexoM wucnosb3oBasn napaMerpn Bax-
mpecca B OZHOM IHKJe H3 YeTHIPeX Ha HeKBaJpaTHOM CeTke.

Xamxuaumoc [1969] obcyxnaer BuGOp MOCAEROBATENLHOCTH
Or M YKa3blBaeT HAa HEKOTOpHIE HeBepHble HHTEPIDPeTAllHH TEOPUH
B npounioM. ¥Yacriefk {[1968] ormeuaer, uto B oblleM caydae
Jydlile 3aBBICHTb UHCJO LHKJOB, YeM 3aHU3UThb ero. B cayuae He-
npAMOyrosbHOi obaactu cnocoba BHGOpa NMOCAELOBATENBHOCTH pp
He MMeeTcs, XOTsS H3BeCTHO, YTO MeToN CXOmuTcs Ang Bcex p. (Or-
METHM, 4TO Ha OOOHX MOJylLlarax JOMKHO GpaThCsi OMHO W TO ¥XKe
or.) Mypapmoray [1968], Kpaynep m Haabron [19716] mnposeau
HEKOTOpble MpeABapHTEJbHEIE HCCJAENOBAHHS CBOHCTB CXOAHMOCTH
HeABHOHW CXeMbl METOJa UepelYIOIUHXCS HampaBlAeHHH B cayuae He-
IPAMOYTOJNBHOH CETKH.

B meropax mocnefoBaTeNRHON BepXHEH peNaKkCAlHH YHCIO UTe-
panu#i, HeoGXOMHMOe AJS CXOAHMOCTH, YBeJHUHBAETCH ¢ pocToM N,
Ilng HesiBHBIX CXeM MeTojla 4epelyIouHXcd HalpaBaeHHH, NpHUMe-
HsieMBIX B 00JacTSIX KBaApaTHOH (OPMbI, Rmax TOUTH HE 3aBUCHT
ot N, Tak 4TO AJS A0CTaTOUHO GoablinX N HeABHBIE CXeMBl METOAa
yepelyIOIUXCS HaNpaBJeHHH IpeanouTHTenabHee. B  uyncaeHusx
pacuerax Bupkroda ¢ coaBropamu [1962] na cerxe 40X 40 uesn-
Hble CXeMBl MeTOAa YepelyIOIIMXCS HalpaBJjeHHfl ¢ mapameTpami
Baxmnpecca oka3aJiicb HOYTH B YeThIpe pasa GHICTpee, YeM MeETOJ
TOCTEIOBATeNLHOR BepxHefl pesaKcalMH ¢ ONTHMAaJbHBIM Tapa-
meTpoM pejakcaluy. OQHAKO HesCHO, OYAYT JIH HESBHBIE CXEMbI
MeToJa UepeAyIOIMXCcA HampaBJeHHH OblcTpee B CJaydae HelnpsMo-

(3.386)
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yronbHblX obnactedd, Tem OGojee uTto paas obJacreit cyoxHO%
(dopMBl MeTOIBl NOCTENOBATENbHON BepxHell pesaKcallHH 3aBeiOMO
1pouie ¢ TOUKH 3PEHHSA NPOrpaMMHPOBAHHS.

JInnu u Pafic [1968] paccMmorpenu BJHsiHHE TJaAKOCTH Ha-
yaJpHEIX OMIHOOK Ha ONTHMaJbHYI0 IMOCHENOBATENbHOCTb Pk
M BJAHAHHEe OWINOOK MPH BLIYUC/JIEHHH COGCTBEHHBIX 3HAUEHUH MaT-
DHILBI, PEKOMEH[IO0BaJH HCIOJb30BaTh HJsl NPAKTHUYECKUX PaCUeTOB
napamMerpel Baxmpecca W yKasajad, YTO I[OCJAEAYIOLIME UHKJB Pk
MeHee 3¢ deKTHBHbBI, YeM HepBbiil LUK/ [locaenoBarenbHOCTb napas
METPOB pr paccMaTpHBaJach Takxke B crarhax lallepa u Toana
[1967]) 1 Baxmpecca [1968].

HesiBHBIE cxeMBl MeTOAA YepeqyIOUIHXCH HAaNpaBJeHUA H aHa-
JIOTHUHBIe UM cxembl uayuann Hur [1954], Camapckuit [1962]
1 Oeiippesep [1969]. Oefipesep c coartopamu [1967], Xamxumu-
mMoc [1969], Bypcve u ®pancya [1969] wucnosb3oBasn HesBHbBIE
cXeMbl MeTOAa uepelyIOLIMXCS HanpaBJeHHH AJs pelueHus Gurap-
MOHHUYecKHX ypaBHeHui#t. Kacmap [1968] paccMorpen HesiBuble
CXeMbl MeTOJa uepeAyIOIUXCH HampaBJjieHHH Anas caabo HenuHell-
HBIX ypaBHeHHH 3JjaunTuueckoro tuna. Bumayum [1967] coobuiun
00 H3BECTHBIX YCIexax [PH pelleHHH HEKOTOPHIX 3a7a4 C MOMOLIBIO
NoAX0Ad, MPH KOTOPOM pAacCHUHTHLIBAETCS HECTallHOHAPHOE aCHMMOTO-
THYeCKOe pelleHHe ypaBHeHHA Oojee o0uiero Buaa:

¢(x, GE=VH—1, (3.387)

rie JJisl YCKOPEHHS CXOJHMOCTH BHIOMpAeTCs MOJOKHUTEAbHBIH K03k~
buuHeHT ¢(x,y).

s noHMMaHHUs COBpeMEHHBIX HCCJHENOBAHHE HESBHBIX CXEM
MEeTOAd YepeAYIOILHXCA HamnpapjJeHHH TpebyeTcs 3HAKOMCTBO
c 0603HauUeHHAMH M CeMAaHTHKOH JuHeHHOH anareGpbl. 31eCh MOMKHO
PEKOMEHJOBATb KpaTKOe H3JIOXKeHHe I9TOro Bompoca B NepBOH
raase KHurd Muruenna [1969]1).

8.2.7. pyrue utepaluHOHHble METOAbI

HOns petwenuss ypaBdenusi [lyaccona paspaGoranHo MHOro Ba-
pPUAHTOB HTePAalUOHHBIX MeTonoB. OAHMH H3 NepBLIX 0630POB TAKHX
MeronoB Obl gaH [efipunrep [1959]. Hecmorps Ha ToO uro A4si
HEKOTOPHIX 3aJa4 MHOTHe H3 3THX MeTOJO0B 00/1aflaloT ONpejesieH-
HBIMH NIpeHMyLIecTBAMH HJH OrpaHHYeHUSIMH, K pe3yJbTaraMm HX

1) CoBeTcKOMY HYHTATeN0 MOXHO DEKOMEH[0BaTh Gojiee ROCTYIHblE KHHIM
no Jauneftnofi asirebpe: Ieindanmn M. M. Jlekuumn mno JHHeiiHofi asreGpe. —
4-e wusnm., npom. — M.: Hayka, 1971; Mambues A. W. Ocnosul JuHeiiHOH aJjre6-
phl. — 4-e H3A., crepeotun. — M.: Hayka, 1975; ®aanees M. K., ®azacera B. H.
BrrancauTe bHble MeTOAbl JHHeHHON anre6pel. — 2-e u3x., gom. — M.. ®usamarrus
1963. — Hpum. peo.



192 3.2. Merodel pewenus ypaeuenuli 048 pynxyuu TOKQ

CpaBHEHMS CJEAyeT OTHOCHTLCA C M3BECTHOH OCTOPOKHOCTBIO. Kak
Obl10 yKazaHo Bhllle B pasn. 3.2.5 (u B pabore fAura u Kunkeiina
[1969]), pe3ysnbTaT CpaBHEHHS METOJNOB 4acCTO 3aBHCAT OT HCPMHI
omu6KH, GopMmMpl 06JaCTH U FPAHHUHBIX YCJAOBHH 3aAauH.

[Tpu ouenxke xakoro-nuGo HOBOrO MeToja HEOOXOAUMO YUHTHI-
BaTb €ro CJO0XKHOCTb, THOKOCTh, HpHCNocob/feMOCTb (Hanpumep,
MOKHO JIH €r0 HCIOJb30BaTh AJ5 pEHIeHHS 3aAa4yH C TPaHHUHBIMH
yeaopusmMu Hefimana wnim Ha ceTke, OTJHYHOH OT KBajpaTHOM)
H OXXHUJAAeMBIl BHIHTPEILI NPY pelleHHM NOJHOH 3aJadyH THAPOIHHA-
mukn. Hakonen, npn Beiope MeTona HEMAJOBAXKHYIO POJIb HUIPAIOT
JUYHOE 3HAKOMCTBO C METOJOM H SICHOCTb €ro ONHCAHHUSI aBTOPOM.

KpoMme mpenacraBieHHbIX Bhle MeTOAOB, ¥Yactielik [1968] oue-
HUJ MeTOJ CONpHMKEHHbIX TpajaueHToB (cM. TakXke CHMeOHOB
(1967]), rpanueHTHBIe METOJE, KOTOpble CXOAATCH ORICTpee, ueMm
Meton Jlubmana, HO TpebGylOT Upe3MepHOro o6beMa MAUIMHHOHN Ma-
mMATH, MeTod HeioroHa — Padcona, Takxe TpeOYOWHH CIHIIKOM
6oJIbIIOro YHC/JIa UTepaluil u cIHWKOM 6oJblioro odbema MaMsTH,
cTauMoHADHBIE JuHEHHbIe HTepanuu H MeToan Mounre-Kapao. Hs-
BeCTHO, uYTO MeroAn Moure-Kapao 3¢@dekTHBHB IipH pelleHHH
YpaBHeHNsd ANST P, KOJa Ha CeTKe HMeeTCsl BCero OjHa WJH He-
CKOJBKO Y3JIOBEIX TOUEK, 1 HMEHHO MO3TOMY OHH He NPeACTaBJSIOT
LEeHHOCTH /15 pelleHHs MHAPOAHHAMUUYECKHX 3anad’l).

Vactaefik rakxke onpoboBas MeToa ABYXJAWHeHHOH 604HOH MO-
cleqoBaTeJbHON BepxHell pesaKcalyH ¢ LHKJIHYECKHM 4YeObllIeB-
CKHM yCKOpeHHeM, DTOT MeTO[ NPEeBOCXOAHT HEesIBHYIO CXeMy MeTojla
gepeayIOLIMXCS HaNpaBAeHHH 475 KBaJApaTHOH CeTKH C pasMepoM
uiara 6oJiblie HeKOTOPOro 3aBHCALIEro OT 3aJaYH 3HAYEHHSH, HO AN
3aJay ¢ MeJIKOH CeTKOH HesiBHAsi CXeMa MeTOJa Yepeayloliuxcs
HaripaBJ/eHHH faer Jyuliie pesyabratsl. Maptud u Tu [1961] mpo--
BeJU CpaBHEHHE HTEPALUOHHBIX METOLOB, BKJIOUAS TpajHEHTHbIE
meroasl. [Iupcon u Kannau [1970] ucciemoBasu pasjiuHbe CHO-
cobbl 06X0a pacueTHLIX TOYEK CeTKH JJIS MeToAd NOCJ]eN0BaTe b-
HO# BepXHeH pesakcauun. OHH OOHApYKHJH, YTO MOXKHO JOCTHYb
CXOIUMOCTH 3a MeHblIee YHCJIO HTepalldil, HO H3-32 HOMOJHHTENb-
HOTO YCJIOXKHEHHS MPOrpaMMbl IPH 3TOM MOKeT YBEJHYHUTHCS MA-
IIHHHOE BpPEMS,

Slur u Kunkeitn [1969] cpaBHuau mpencraBiieHHble BHIIE Me-
TOABl C HEKOTOPBLIMH APYTHMH MeTonaMu. OHH OXBAaTUJAH METOJ
noc/je0BaTehbHON BepXHell pesaKcalluy C MepeMeHHBIM IapaMer-
POM pesakCallH o, KaK U B HEABHON cXeMe MeToja 4depelyIoUIuXcsl
nanpasaenn#t  Jyrraca — Pakdopaa (cM. Takke Mak-Iloyann
[1967]), eme oxuH MOAMGHUMPOBAHHBIE METON MOCJIEI0BATENbHON
BepxHel penaxcaund, napamerps llennona pas MeTofa BepxHeH

!} Tonmancamu u Arrapsana [1970] paccmatpuBain MeToAbn Monre-Kapao
AJs GUTrapMOHHYECKHX YPaBHEHHH.
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pe/akCallud H HX MOAH(HUKALHIO, HHKJIMUECKHH YeOblIIeBCKHI Oy~
MUTEPAIlUOHHLIA MeToJ U €ro BapHaHT (cM. Takxe XO/IKKHHC
[1966] wu Pursmep [1969]), nosyurepaunoHunlii Metoz Ilespona
u ero moaudukauuio., UMenno sgece Slur nu Kuukelig [1969] peko-
MEeHLOBAJIH [POBOIUTE MepBB OGXOX paCUETHHIX TOYEK B METOLE
N0CJe0BATENLHON BepXHEH p2JaKcallii ¢ NapaMeTpoM pesaKcallui
o =1, a takxke oOCYyAHJH HEKOTOpbLle JeTaJH TOro, Kak HopMa
OWKUOKH MOMKeT BJHATL Ha pe3y/bTaThl CPaBHEHUA Pa3JIUUHBIX
METOJOB.

Amenpt [1969], a Takxke Con u Xaunpartu [1969] ucnosnzoBanu
BADUAHT MeToJa MOCHeNOoBaTeIbHOW BepxHe#l penakcaudu, Tpeano-
KeHHBI Paccesiiom [1962]. OngHo H3 caMBIX NPOCTBHIX VCOBEpILEH-
CTBOBAHHH [/ TNpPOrpaMMHPOBAHHA MeTOAAa MOCJAeAOBATENbHON
BepxHe#i penakcauuu Ben Wlemmon [1962]; cm. rtakxke pabory
Menccena u Crpene [1968]. lllengon pacuensser npouecc o6xoxna
pacueTHbIX TOYEK B METOJIe INOCJeA0BaTebHOK BepxHeH pesakca-
UUH Ha JBe YacTH ¢ OGXOAOM Y3JIO0BBIX TOUEK B WIAXMATHOM IO-
psiiKe — cHauajia o0XOJATCS TOUKU C HeUeTHOH cymMol [ j, a 3a-
TeM C 4eTHOH cyMMoii i 4 j. Ha nepsoit wactu Takoro o6xofa HoBas
uadopManus He HCHOAb3yeTcsl (B clydae paccMaTpPUBAaEeMOro 31ech
0OBIYHOTO MSATHTOUEYHOTO aHaJjora Jamnjacuana). Ha sropoll gacrtu
0o6xo1a BO BceX UYeTHIPEX COCEIHHX TOYKAX YYHTHIBAIOTCS HOBBIE
3gadenus (cM. pazz. 3.1.18 o MerTome «KAACCHKHY).

Croyu [1968], Befincrefin ¢ coasropamu [1968] u lionoH ¢ co-
apropamMu [1968] paccMoTpenu MeTOAH [JI1 pelleHHs ypaBHEHHS
anddysnu (IpUTOLHBIE 3AECH B CUAY aHANOTHH MEXAY lIaraMu no
BpeMeHH H HTepalHsIMH), HesBHble B OoJibllefi Mepe, ueM HesBHas
cxeMa MeToja 4epeiyIOIuXcs HampaBJeHHH, HO BCe-TakKH He INOJ-
HOCTBIO HefiBHBIE. DTH METOJAbl OCHOBAHH Ha NPOBEACHHH IpeaBa-
pUTEJNBHON MaTpHUHON (akTopuszanuu (Kak 3To jesaercs BO MHO-
THX NPSIMBIX METOAaX) H PelIeHHH BO3HHKAOlIeH MpH 5TOM 3a/1ayn
€ pa3pe:XKeHHON MaTpuliell MpU MOMOINM MPAMOr0 METORA HCKJAIOYe-
nus laycea. '

Pauwrron u Jlefiur [1968] mncrmosb3oBaau MeTod «AMHAMHYECKOMH
penaKcalfu» JJis pellleHus TPeXMepHOro ypapHesus Jlamnaca
(eM. takxe Byx [1971]).

Bunorpan [1969] paccMoTpesn Kiacc METOAOB «XaOTHUeCKORH
peiakcanuu», Koropsle, nofgobuo MeTony Pruapiacona, yaoOHH AAS
NpOrpaMMHPOBAaHUS HA BBIYMCJIMTENbHBIX MALIMHAX C TapaJesb-
HBIMH NpolLeccopaMu. 3/eCh HOBble 3HAUEHHS PACCUHTBHIBAIOTCS O[-
HOBPEMEHHO B MHOTHMX Y3JIOBBIX TOUKax. ABTOPY yAajoch NOJYyYHTDb
CXOnAIMecs] pe3yabTaThl, BooOlle He 3ajaBast 3apaHee HH NOPAAKA
BuiGopa Kaxpaoli o6pabaTeiBaeMolt TOUKH (7, f), HH 4HCJa HTepalHii
TpH DellieHHH ypaBHeHHsi. DTOT pesysabrat BuHOorpaza HaBOAWT HA
MBICTb O HeOBXOOHMOCTH HCCJeA0BaTh BHIOOpD mapaMerpoB pesak-
calWu HJ5 HesBHOH CXeMbl MeTOfa YepenyIoLluXcsl HalpabJeHHH
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npu momoluu Meroga Monrte-Kapjo, 4To MOXKeT [peACTaBJAATbH IO
MeHbmeH Mepe Teoperuueckudl nurepec. JIuk u Tancronn [1968],
a takxke Axamen [1970] paccmarpuBasy HTEpPaLHOHHbIE METOJB
AJS pelleHHsi ypaBHeHHs BHAa V2 == [(¢y). Meroas pemenus
ypapuenus Ilyaccosa obcyxpaiorcs Takxe B paborax Auekcujze
a Ilepras [1969] u Bornxa [1970].

B cuny cBoefl mpoCTOTH M NpueMJaeMofl CKOPOCTH CXOAHMOCTH
OCHOBHOM MeToJ [OC/NelOoBaTeJbHON BepxHell pesakcaluu (¢ napa-
MeTpoM ® = ] Ha nepBol HTepalHH), NO-BHANMOMY, OCTA€TCS HaH-
Gosee MONyJsAPHBIM HTePAallMOHHBIM MeTOJOM B cjydde oOJacTel
HeNpSAMOYTOJbHON (GOPMbI, TOrA KakK HesBHAsl CXeMa MeTOoJa yepe-
Aywouiuxcs nanpasaenuit yraaca u Pakdopia (#, BO3MOXHO, Me-
TOJ, TOCJeN0BaTeJbHON BepxHeH pesakKcalluu) HaBAeT, BePOATHO,
foJee MINPOKOE TMpUMeHeHHe njas obJjacrellt NPAMOYrOJbHOH

dopMnL.

3.2.8. Metog pacHderta pacnpocTpaHeHHs
BeHTOpa owkbxu (MeTtog EVP)

CpaBHHTEJBHO NpoCTOf M rHOKUE npamorl MeTOA pelleHHs ypaB-
Hennsl Ilyaccona OBl npenJoxeH aBTOPOM HAacTOALleH MOHOrpa-
¢un (Poyu [1971a, 19716]). DTOT MeTOJ OTHOCHTCS K KJACCy MeTO-
J0B ¢ ABOHHBHIM 00XOJOM pacyeTHHIX TOYEK HJIH MeTOJOB C pacye-
TOM Ko3(duuHeHTOB Bausuusa (cM., Hanpumep, Mcuasaku [1957],
Jliocn u Xaycen [1964], Xupora c coaeropamu [1970]). B nem
HCMOJIL3YIOTCS TOJbKO HanfoJsee sneMeHTapHble npaBuJja JHHeHHON
ajre6pul, 0OJHAKO OH o6sajjlaeT CyLIeCTBEHHBLIM HEJLOCTATKOM: H3-32
OIIHOOK OKPYIJIEHHS €r0 MOXHO NPHMEHATb JHIIb MAJS 3ajad
C OrpaHHYEHHBIM pa3MepoMm 006JacTH.

OnunuieM 3TOT MeTOR IJ19 OAHOMepHOH 3ajaun (OH IpHMeHseTCA
M NpH pacCMOTPEHHH YCJIOBHS HA BLIXOAHOM TpaHHIe [OTOKa
B pasn. 3.3.7). PaccmorpuM cHadajga ORHOMEpHYIO MO y 3ajpady
C 'PaHMUYHBLIMHU YCJIOBHAMH [{upHXJe, HCTOMb3YS /1A NPeicTaBJeHHS
BTODOH NPOoH3BOLHON §%Y/6y? OGLIUHYI0 KOHEUHO-Pa3HOCTHYIO ¢op-
MyJy BTODOrO MNOpSAKA TOYHOCTH:

By — 29 + b
=1 (3.388)
Yr=a, P,=b. (3.389)

BosbMeM HekOTOpDOe IPOHM3BOJNBbHOE 3HAueHHe P, (rAe MTPUX O3HA-
JaeT HpelBapUTebHOE 3HAUEHHUE), CKaXKeM w;=\p1=a. DTO 3Ha-
yeHHe 1, OTVIHYAETCH OT HCTHHHONO 3HAUEHHS P, HA ELHHHUHYIO

ounbKy e, T. €.
P, =P, + e. (3.390)
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Bce ocTasbHble NpeABapHTe/bHbIE 3HAaYeHHS ¢’ BIJIOTh A0 TOUKH J
ONpefeJsIoTCA NpH IOMOIM NMpeoOpa3oBaHHOrO ypaBHeHHs (3.388)
MpH nepBoM 00XOJe pacueTHbIX TOUEK, HauHHas ¢ j=3,

W) = Ay, + 29 — . (3.391)

DTH npejBapUTe/bHBE 3HAYEHHS P) OTJHUYAIOTC OT HCTHHHHIX Ha
BEJUYHUHY OWHOKH e}, T. €.

b= +e, (3.392)

[Topcrasasist Beipaxkenue (3.392) B ypaBHenue (3.388) u HCHOMDL-
2ya ypasrenne (3.391), nmonyyaeMm peKyppeHTHOE COOTHOLIEHHE JJIf
pacuera paclnpoCTpaHeHHs OIHOKH

i1 == 28] — ey (3.393)

KOTOpOe He 3aBHCHT OT HeonHOpoxHoro uneHa §;. Ilpu ycnoBuu
(3.389) ma JsieBoit rpanHIle, oueBHAHO, uMeeM e; == (0, a mo onpefe-
JIEHIII0 €3 = e; IO MHIYKLHH MOXKHO NOKa3aTh, YTO TOrJA ypaBHe-
Hie (3.393) npuHHMaer BUR

e;=(j—1)e. (3.394)

Enunuunas omubKa e BBIUHCASETCA B KOHIE HepBoro obxoma mo
H3BECTHOMY I'DAaHHUHOMY YCAOBHIO {; = b; TakuM o6pasom,

b—
e=——1". (3.395)

C ydeToM INOJY4YeHHOH BENHUYHHB e NPH BTOPOM 0OXOme HCIpaB-
JSIIOTCSl TpelIBapHTENbHblE 3HAYEHHS W OKOHUYATeJbHBIE 3HAUEHHS
OTIpeNeSIOTCS NPH NOMOIIH YPaBHEHUS

=¥+ (i — De. (3.396)

STH OKOHUATEJNbHble 3HAYEHHS MOXKHO HaHTH H HHAue — IPH MO-
vomu ypaBHeHHsa (3.391) W npaBUAbHBHIX 3HAUEHHH

P=a, Y=V, +e (3.397)

Takofi monxon OyleT HCIOJB30BAH B IBYMEpHOH 3anaue.
Ecnn Ha BTOpO# rpaHulle npH j=J 3agaHo ycaoBue HelimaHa
B KaKoM-11u00 U3 ABYX BHAOB

by — %
5y = U uan Ay

L2 /= (3.398)

TO, KaK JIETKO INpOBepuTh, ypaBHenHe (3.395) mns ompeneneHus e
3aMeHsIeTCs OJIHUM H3 CJAeIYIOUIHX YpaBHEHHH:

e=Uly—(¥;—¥;_,) wm e=Uldy— "5 (¥, — V) (339)
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Ecau npu j==1 ycaosue HefiMmana sapaHo B Bule

Yo — Pr __
= C, ~(3.400)

1o BMecTO €1 = 0 u ¢ = e OyLeM HUMeTb
e =eyg=—2e, (3.401)

a ypaBHenne (3.394), omuchBalllee pPacnpocTpaHeHHe OLIHOGKH,
3aMEHHTCA CJEAYIOUIHM:
ej=e+ (J—2)CAy. (3.402)

ITockoabky ypasrenus (3.394) mam (3.402), omuceiBarowue
pacnpocrpaHeHHe OWINOKH, JHHEHHBl M0 j, TPAKTHYECKH MOXHO He

p ) e )
\___.___-_______....__...___.._._.__.) ‘T‘
N
{ Y
B3 B4
Az JBY
Ep—[Zmp e — e — e o — b e — — [ — L
SO o — 2
(1) Ipanuya BY L1
= x >

Puc. 3.17. Pacuetnas 061acTh 9TAJNOHHON ABYMepHOR sajlaud AJsl MeTojla pacuera
pacnpocTpaHenrs OWHORH; Em — BEKTOD HaualbHOR OMINGKH, F, — BexTOp KO-

Heuyo#l OUIMOKH,

omacaTbCsl MOJYUHTH Upe3MepHO GoJbIlIHe BeJHYHHB ) U TeM ca-

MbIM HAPYIHTh TOYHOCTH H3-32 MALIMHHBIX OWMGOK OKpYyrJeHHs.
JBymepuas 3ajaya He CBOOOJHA OT 3TOr0 HeLOCTaTKa.

Pacuernas o6J/acTb 3TaJOHHON [ABYMepHOH 3ajauyu MpeaCTaB-
jgena Ha puc. 3.17. Ilycrs crHawasa Ha BCeX TpaHANAX 3a1aHH!
ycaopust [upuxae. Io amanornn ¢ OZHOMEPHBEIM CJyyaeM, KOria
MB BHOHpaJH ONHO-eJIHHCTBEHHOE TNpEIBAPHTEJbHOE 3HAUeHHe
119;, Tenepb BhOepeM 8eKTOp IPENBAPUTENbHBIX 3HAYCHUH 11);, o TE
i npoGeraer Bce LEJOUHCIEHHBE 3HAUEHHS OT i =2 J0 {=/—1L.
DTOT BEKTOP V; ,, ONPEAEJEHHbIA HA TOYKAX, PACHOJONKEHHBIX He-
nocpescTBeHHo Han rpanuneft B1 na puc. 3.17, oTamyaercs or
UCTHHHOTO 3HAUeHHs P; o HA BEKTOP €INHHHUHONH OWHOKH e 9, T. €.

Y=V T e s (3.403)
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Tlpu BhHIGpaHHOM TaKHM 06pa3oM 1) , OCTajdbHble TpejBapHTEJb-
Hble 3HAUEHHs BO BHYTPEHHHX TOUKAaxX A0 j == J BKJIOUHTEJNbHO BHI-
YHCJASIOTCS TIpH NepBOoM 00XoAe NpH MOMOMH Tpeobpa3oBaHHOrO
ypaBHenus (3.365). Takum o6pasom, npu p = Ax/Ay nonyuaem

1";' J+1t =Ay2§i, ]-+ 2 (1 + ﬁQ) w:, I ‘32 [lp;+l,j + 'lp;-l, J'] - "‘p: j—1
(3.404)

B cayuae HeoOxomumocTH B ypaBHeHHH (3.404) wucmosnsylotes
TOUHblE TpAaHUYHBIE 3HAueHHA Py, ; HA rpaHuue B3 u ¢, ; Ha rpa-
duile B 4. YpaBHenue, oNHCHBAWOLIE€e pACHPOCTpaHeHHE OIIHOKH
H COOTBETCTBYIWOIee ypasheHuio (3.393), umMeer BUA

e, =21+ e, i B,y 1 — B, ;8 q-p (3.405)
npuueM Ha rpanuuax B 1, B3 u B4 3rauenus omn60K paBHHI
éi1 =6’1,j=81,j=0. (3406)

[Tocne mepBoro o6xona, yuuThHBas TOYHLIE FPaHHYHBIE 3HAUEHUSA
i, 7, BBIUHCASAIOT BEKTOp KOHeuHON own6GKH Ha rpaHune B 2:

e ;=% ,—v (3.407)

3aTeM OnpefensioT BEKTOP HAuaJbHOH OUIMGKHA e; o Yepes g ; NMpH
OMOIIH NPEABAPHTEIbHO YCTAHOBJEHHOTO JHHEHHOTO COOTHOIICHHS
(cM. unxke). TlpaBunbHble 3HAYEHHA ;g HAXOAATCS H3 YpaBHEHHS
(3.403); sarem mpu BTOpoM 00XOZe pacUeTHHIX TOUEK H3 Mapiie-
Boro ypasHeHus (3.404), samMenuB B Hem ¢’ Ha V), HAXONAT OKOH-
yaTebHOE pelleHMe.

Temeps ans TOro, 4ToOB YCTAHOBHTH JHHEHHOE COOTHOUIEHHE
MeXNy e;9 W €;, s, YAOOHO BBECTH LONOJHHTeNbHHIE 06O3HAYEHUS
JJIs 3THX JIBYX BEKTODOB, KaK IOKa3aHo Ha pHc. 3.17. Bekrop Ko-
HeuHOH omubky o6o3HAauuUM yepes F; = e; ;; 3nech [ = {— 1 mpo-
Geraer BCe IeJOYHCIeHHBe 3HadeHHs oT [ =1 no [ =/— 2. Bek-
TOD HayaJpHOH omHO6KH o6o3nauuM deped En = e; 9 31eChb m =
= {— 1 Takxe npoleraer 3Hayerus or m =1 go m=171—2. 3a-
TeM NpPH HOMOIIH COOTHOLIEHHS

Fi=Ci,En (3.408)

BBOAUTCS «MaTpuna Kod3pduunentos Bausuus» C = {Cim}.

B orauune OT OAHOMEpHOro cJjydast s HaxoxneHus Ci, He
CyliecTBYeT yRoOHOro ypaBHeHufi. JTa MaTpHLUa NOJyYaercs A0
pelleHHs] KOHKPEeTHO!N 3aJa4H C IOMOILBIO CJAeLyIOUIero ajropHTMa,
Bribupaercs HeKOTOpOe YaCTHOe 3HAUYEHHE M1y BEJHUHMHBl M, TOJa-
raetcss Em =emi12=1, a g BCeX OCTAJbHBIX M TPHHHMAETCS
En = 0. 3arem npu nomoiin ypaBHeHHil (3.405) u (3.406) pac-
CYHTHIBAETCSl PACHPOCTPpaHeHne BekTopa ownbku E. B pesyabrate
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noJiyuaercst BeKTOp KOHeuHo# ominbku F; == e; 4, rae [ = { — 1 npo-
Oeraet 3nayenus ot | mo [— 2. TakuM o6pasoMm ompexessercs
cronben m; Marputsl C:

Cim, = Fi. (3.409)

Tonarasg Em =1, a Bce ocranbuble £, = 0 moovyepefiHo AJ4 BCeX
m, MeHswomuxcst oT | fo [/ — 2, 3aNOJHEUM BCO MaTpHUY K03dhdu-
nueHToB BJiHsHHASA C. UToOBl BRIPA3HTH €;,2 Yepe3 ey, paspelinM
OpH TMOMOHIH MeToAa HckmoueHHs Iaycca ypaBrenne (3.408) ortHo-
cureabuo E,, noaydnm

En=CriF, (3.410)
H, HAKOHel, onpeaeJmM

Em+1, 2=Cnt em+1, J» (3.411)

Taxolt MeTOA B NMPHUJOKEHHAX, OYEBHIHO, 3 PeKTHBHEe TPSIMOro
Mmerojga HckawyenHs [‘aycca. 3xech HCXOnHAsl 3ajaya pelleHus
cucreMbl U3 ([ —2)X(/—2) ypaBHeHHH C O6JOYHO-TPEXAHATO-
HaJbHOH MaTpHue#l cBoAuTCH K pelnenHio [/ — 2 ypasrenuil!) nna
onpejenendss o6parHoi Matpuus C—! ¥ npH 3TOM IONMOJHHTENLHO
npofennBaercs paboTa, 3KBUBAJeEHTHAs [ UTEPAUHSM O METORY
Puuapacona: jgBa 00XoJ4a pacyeTHBHIX TOYeK AJS ONpefeseHus )’
u p u3 ypasHenus (3.404) u I — 2 obxona ans onpeneneHus e u3s
ypaBuerus (3.405). [Tockonbky ypaBHenue (3.405), ommchiBaiwiunee
pacrnpocTpageHne OIIHOKH, He 3aBHCHT OT HEOAHOPOXHOTO UJeHa
ti, ; M NOCKOJbKY rpannunele yciaoBus (3.406) nns storo ypasHeHHs
He 32BUCAT OT I'DAHHYHBIX 3HAUeHHH P, a TOJBKO OT THOA TPaHHU-
HBIX YCJOBHH, SBJSIONHXCA B JaHHOM cJjyvae ycjoBusamu Ju-
puxJe, pacueT e NnpH NoMoiu ypasHenuit (3.405) u (3.406) u o6pa-
nenve mMarpunsl C HeoOXOOWMO NPOBOAHTH TOJLKO OAHH pas sl
LeJOro ceMeficTBa pellleHHH, onpelenseMBIX HA ONHOH W TOH Ke
CeTKe H IIPH OJHOM H TOM K€ THIle PPaHHYHBIX YCJAOBHi, HO C pas-
JHYHLIMH TPAHHYHLIMH 3HAaYeHHAMH Y H passuyHeiMu §. Hmenno
Tak OOCTOMT HeJO B THAPONUHAMUYECKUX 3ajauax.

Jlerko no6uTbHCA TOrO, UTOOB PACCMOTPEHHBI METON CXOQHJCS
npumepHo B 10+ 100 pas (B saBHCHUMOCTH OT BHOpaHHOro ara
CeTKH H BLIODAaHHOTO KDHTEPHS CXOIHMOCTH) GLICTPee APYIHX UTe-
paunuoHHEX MerojoB. Ho 3ToT MeTonm obsamaer TeM HEZOCTATKOM,
4TO TpebyeT cyllecTBEHHO 6OIbIUero oGbeMa NaMsiTH H MO MPOCTOTE
He MOXET KOHKYpPHPOBAaTb C METOJAOM IOCJeR0BATENbHON BepXHel
pesakcanuu. Eue BakHee TO 0OCTOSITENBCTBO, YTO W3-3a CBOWCTB
pacnpocTpaHeHHsl OIIMOKH METOA NPHUMEHHM TOJbKO B 06jacTax
OrpaHUYEeHHBIX Pa3MepoB.

') B mauleM onucaHun Metoxa GHrypupyer ofpathag marpuua C-!, HO W3-
BECTHO, YTO Ha MpakTHKe ynobnee He BHIUMCAATL C~!, a HENOCPEACTBEHHO DemIaTh
cucTeMy YpaBHeHufl, 0oCTaBAAA TPeYroNbHLI BHA CHCTeMH H TPHMEHAS MeTOR
HexmodenHs Tayceca,
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IIpn mocratouno 6Gosabmux J wmarpuna C, OUEBHAHO, MOXKET
cTaTh M10X0 OOYCJOBAEHHOH, @ 3TO, KaK MHTYHTHBHO fCHO, HPHBO-
AUT K TOMY, YTO TPYAHO OTAHUHTH OWIXOKY B Touke (i,2) OT oiumlu-
60Kk B TO4Kax (i-=1,2), u MOXKeT NOCAYKHTb UCTOYHUKOM JI0OOH
oun6kn npu j==J. Ho, kak npasujo, NpuMeHeHHe MeTOAa Ha
NpakTHKe OfpPaHU4lBaeTCs He 3THUM, a CJACAYIUM OOCTOATENb-
cTBoM. B orsiHuue OT JHHEHHOro No j peKyppeHTHOro COOTHOLIEHHS
(3.393) aas pachmpocTpaHeHust OWIHOKH B OJHOMEPHOM cCJjyuae
B IByMepHOM cayyae ypapueHue {3.405) naer Beauunny Fi (ic o3na-
yaeT CpejHIOl0 10 / TOYKY CeTKH), KOTOopas C POCTOM | YBeJHYH-
BaeTcsl IKCMOHERUHAJ bHO. [Ins 60abuInx 3HauyeHuil J 310 O3HauaerT,
4TO HPHMEHHMOCTb METOJAA AJA HaXOXIeHHd oWuOKH npy j==J 6y-
JleT OrpaHHueHa MAIIHHHBIMH OLIMOKaMH OKPYTJEHHUS,

Takoe mnoBeneHHe HakJajplBaeT abCOJIIOTHOE OrpaHHYEeHHE Ha
paspeliamuyo croco6HOCTh MeToa Jake NPH YCJAOBHH, YTO 00pa-
nlenve Matpuusl C MoxeT ObiThb BBHIIOJHEHO € HJAeaJbHOM TOY-
HOCcThI0. OJHAKO IPAaKTHYECKH WCHOJAb3YIOTCA CTAHRAPTHHIE MNpO-
rpaMMBl AJs MeTOAa HCKJoueHHs 'aycca, mMpH NOMOIIH KOTOPBIX
MOXHO TIPOBOAHUTH PACUETH C YABOGHHOH TOUHOCTHIO, yMEHbLIAN 3TY
omuOKy 10 npeHebpeKHMO MaJjoll BeqHuHHLL. Kpome Toro, peraju
KOHKDeTHOH 3anauu (T. e. 3HaueHns Y M {) TakxkKe He OKA3LIBAIOT
CYUIeCTBEHHOTO BJHSIHHS HaA pacnpocTpaHeHHe OIWHOKH HNPU yCJOo-
BHH, UTO TPAHHUHblE 3HAYEHHS AJA ¢ [pPEJACTaBJEHH B Pa3yMHOM
macmrabe ). [IpakTuyeckn OLEHUTh OrpaHHYeHHs AJsi METONA pac-
yera paclnpoCTPAaHEHHS! BEKTOpa OMIHOKH MOXKHO MYTeM YHCACHHOTO
pewennsi ypaBHenn#t (3.405) n (3.406) ¢ eAMHHUHBIME OIIHGKaMU
npu j = /.

Pacrnpocrpanenne OMHOKH B JaHHOM METOJAE HMeEeT TaK¥ke U He-
KOTOpbie TOJOXKUTeJNbHEIE aclekTh, HaunbGoasmwas (1 no3aTOMYy
HakjajaplBaouias HaunboJblilee OTPaHUYeHHe) OMHOKA BO3HHKAET
mocepelHHe CETKH, MO3TOMY HeoOXOAHMO paccMaTpyuBaTb TOJLKO
Fi.. KpoMe TOro, BAHfHHE DAa3/iHYHHIX TPAHUYHBIX YCAOBHH BROJD
rpanfll i =1 K { ==/, napajaiesbHLIX HaNpaBJeHHIO pacuera, Ha
3HaueHHe B CepefuHe CETKH NpeHeOpexKuMO MaJjo jaxke HOPH CTOJb
ManslX /, kKak [ == 7, nostromy pasMepoM no / MOXHO npeHebpeub,
a rpaHuyHble ycjaoBus Ha B3 u B 4 paccmaTpuBaTh Kak napaMerpbl
HJ1s1 pacnpocTpaHeHHss omin6kH. HaKoHem, CyIiecTBeHHOE BAHSTHHE
OKasblBaeT OTHOIUEHHEe WaroB ceTkH B == Ax/Ay, uro MoxXeT aaTth
onpejAeseHHOe HmpeuMyiectBo. Masble § OKa3wBAIOT Ha PacIpoCT-
pauesue omnGKH HeGiaronpusaTHOe BJHsHUE, a Gogbliue P, HAMpO-
TUB, NMojoxuTenpHoe. (B mpegerne npu Gosablinx 3 pacopocrpaHe-
Hie OWHOKU npubanKaeTcs K COOTBETCTBYIOIIEMY paclpocTpaHe-

1) OwnbKkH OT BTHX HCTOUHHKOB MOXKHO YMEHbIIHTb, NPOBOAS HONOJHH-
TeJabHOe HOJHOe HTePHPOBAHHE IJIi METORA B uedOoM, HO LOCTHraeMoe NDH 3TOM
yJayulieHHe OGHUYHO MEHbIIE TOr0, KOTODOE [OJydaeTcsi 3a CuUeT yMeHbIIeHHs J
Ha ezunuuy. Kpome Ttoro, Takas npoueaypa pacxoAuTCs Hocae BTOpOft uTepauuy.
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HHIO OWHMOGKH B OJHOMEPHOM CJydae, KOTOPOE€ IPOCTO JIHHEHAHO MO
J. Ognako B 3TOM cJy4ae TOUHOCTb OrpaHHYeHa H3-3a MNJIOXOH
o6ycaosjentnocTy MaTpunsl C. Boilo o6HapyXKeHo, 4TO 3Ta oliKnbKa
Urpaer OCHOBHYIO poJb B 3amaue ¢ cerkoli 101 X 101 npu B == 10.)

BespasMepHBIM pacCTOsIHHEM, NPeJCTABJAAIONINM NPaKTHYECKHH
HHTEpeC Ipy ONpefe/eHHH NPHUMEHHMOCTH METOAR, fIBJSETCS OTHO-
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Puc. 3.18. XapaKTepHCTHKM pacnpocTpaHeHus omMOKXH B MeTOAe pacueTa pacnpo-

CTpPaHeHHA BeKTOPa OWKGKM, NpHMeHeHHOM s ypaBHenns IlyaccoHa B meKap-
T0Bofi cucTeMe KoopamHat (x, y). 3nece P=Ilg Fi., p=Ax/Ay.

menne Y/Ax (T. e. uucsao mwaroB Ax, KOTOpoe MPOXOAMTCA B Ha-
npasaenun y). Ha puc. 3.18 npencrasied rpaduk BeauyuHsl P =
= lg Fi; nast eluHu4HOl omuOKu E;c = I, rie B cayxuT napamer-
poM. Ha 31OM Ke pHCYHKe NpHBeJeHH [aHHble O paspeluaiomie
CITOCOOGHOCTH BLIYHCJEHHH, XapaKTepH3yeMOH UHCJIOM 3Hayallux
nugp S B HEKOTOPBIX HCHOJb3yeMblXx B Hactosmee Bpems B CIIA
BHUMCIUTe bHEIX MamuHaX, (Cokpamenuns SP, DP u HDP coor-
BeTCTBEHHO O3HAYAIOT OJHHAPHYIO TOYHOCTL BHIUHCJEHHH, YXBOEH-
HYI0 TOYHOCTb BBIUHCJEHHH H YABOGHHYIO TOYHOCTh, obecmeunBae-
MYIO CIelHaJbHbBIM YCTPOHCTBOM.)

B kauecrBe mpuMepa K pHc. 3.18 pacCMOTPHM BBIYHCJIHTEJNBHYIO
mamuay CDC 6600 ¢ omnHapHOH TOUYHOCTBIO BBLIYHCJEHHH, KOrza

= 1445, Tlpu B==1 u Y/Ax =20 umeem S =~ P. Ilpu stom
yeaoBun (J = 21) MOXKHO o0XHJaTh, YTO paspemiaemMble OWIHOKH
B BeJHUHHAX V; ; OYAYT NOpSAKA eAHHHIH, a 3TO HenpHeMaemo. Ho
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Puc. 3.19. Merton pacuera pacmpocTpaHeHHS BeKTOpa OIMGKM AJs ofnactell He-
peryaapHoil dopMel. En — cocTap/siomlHe BEKTOPa HadasbHOM omubKH, Fl-—co-

CTaBJAIONHE BEKTOpPa KOHeuHol omulku. CTpesKol yKa3aHO HampaB/eHHe IIPo-
IBUXKEHHA DacUeTa.

nmpu =2 u Y/Ax =10 (npu stom mo-mpexueMy J = 21) nmeem
P ~ 7.5. B atoM cayuae pasuHoctb S— P = 14.56—75=7, u 1no-
3TOMY MOXKHO OXHIAaTb, YTO paspelraeMbie OIMOKH B BeJHYMHAX
P, ; 6yayT uMerb nopsinok 107, a 3To 06LUHO yXKe TpHEMJEMO.

Paspemaemble OWIHMOKH B MeTOJde pacyera pacHpoCTpaHeHHS
BeKTOpa OLIHGKH OTJHYAKOTCH OT Mepbl CXOAHMOCTH HJIH HEBA3KH
B HMTepallHOHHEIX MeTojax. HamGosnbmue paspewaeMble OWIHOKH
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B MeTOJie pacueTa pachnpocTpaHeHHd BeKTOpa OIMHOKM BO3HHKAIOT
Ha rpaHHle B KOHIe 06X0oja pacueTHHX TOYEK, B TO BpeMs KakK BO
BHYTPEHHHX TOUYKax OMMMOKH cyulecTseHHO weHbumwe., Hepsisku
B HTEPALHOHHBIX METONaX MMEIOT HaHOOJbIIYI0 BEJHYMHY BO BHYT-
peHHHX Toukax o6JiacTu, B TO BpPeMA KakK 3aJaHHBE TPaHHYHBIE
3HAUEHHUs ocTaloTrcsd HeMaMeHHbIMH. TakuMm ofpasoM, paspelllaeMylo
ourn6ky nopsizka 10~° B BenuumHe P Ha mocyenHell rpaHule B pac-
CMATPHBAEMOM METOe HeJb3sl HEMOCPEACTBEHHO COTOCTABJATh
¢ HeBa3Koit nopsiaka 10~% mas ¢ B HesABHON cxeMe MeTonxa uepe-
LYIOUUXCS HAlNpaBJeHHH M B MeToJe MNOCJeJ0oBaTeNbHOH BepXHeH
penakcalui.

OxHUM N3 NPEeHMYINeCTB MeTO/Ja pacueTa PacnpOCTpaHeHHs Bek-
TOpa OWHOKH MO CPaBHEHHIO C JPYTHMH NPAMBIMH METOAaMU §B-
Jsercsd IpoOCTOTa ero mnpucnocobJeHHs K caydasam obaacrtedr co
CJIOKHOA rpaHuuedl M ciaydasM pasJHYHLIX KOMOHHHDOBAHHEIX rpa-
HUYHBIX YCJOBHHA. EAMHCTBeHHHI MOMeHT, Tpebyloluii pasbsacHe-
HHA B cilydyae NMPUMeHeHHs MeTona AJjst obsacrtefl caoxuoll GopMel,
3aKJI0UAETCS B ONPEAeSeHHNW BEKTOPOB HAuaJbHOR M KOHEYHOH
omubku E u F. JIBa COOTBETCTBYIOUIMX NpHMepa NpPUBEJIEHH Ha
puc. 3.19. Hcnonbsyemasi 3jnech uupexcauus £ u F He sipasercs
eMHCTBEHHOH.

Jns kaXnoro OT/AEJbHOTO NPHUMEHEHHS MeTOoJa pacuera pac-
MpoCTpaHeHHsT BeKTOpa OWHOKH HAJO COOTBETCTBEHHO ONpeaeNsTh
ero xapakrtepucrtnku. OfHAKO, NOCKOJbKY HaJMUYHE T'PaHHU, HAXO-
JSIHIHXCA HAa paccTosHHH OGoJee YeM YeTHIpe HJAM MATH SI9eeK OT
KakKoro-nufo BHYTPEHHEro MYyTH NPOABHMKEHHS pacyera, OKas3bIBaer
CpaBHHUTEJBHO caaboe GJaronpusiTHOE BO3JEHCTBHE Ha pacueT Be-
JIMYHHBL ¢, MOMKHO OXHAaTh, YTO AAHHBIT MeTox OyAer uyaille BCEro
orpaHuuer BesuunHof P nHa puc. 3.18, BrluuciaeHHOH 1m0 HaHOOJb-
IleMy TYTH APOABHKEBUS pacyera B pacCMaTpHBaeMoil 3ajave.

3aMernm Takxke, uto ypaBHewus (3.404) u (3.405) MoxKHO
HCMOJb30BATh AJS PACCMOTPEHHS HEIMOJMHBIX g4eeK OKOJO. Hepery-
JApPHBIX Ipanull (cM. pasg. 6.1, a takxke Kuury CanasBanopu u ba-
pona [1961]).

Ipannunoe ycsiosue tuna Hefimana mpuBOIHT K YCJIOBHIO HyJe-
BOTO TPajHeHTa AJs e.

Ynpaxcuenue. TloxazaTs, uto moGoe rpanuynoe ycaosue tuna Hefimana ags
byHruME P, T. €. OP/0n = ¢, rie ¢ He 0BsA3aTeNLIIO PABHO HYJK0, B PACCMOTpEH-

HOM METOJe pacvyeTa pPAaCOPOCTPAHEHHS BEKTOpA OWMOKM TPHROAMT K YCJIOBHIO
defon = 0.

Hanpuwmep, ecau ycjaosue Baodb rpaHuiel B 1 umeer BHE

Yy o= W
L L . 2
Ay c, (3.412)
TO IOCJe TOTO, KaK BHIGpaHB NpeIBapHTeJIbHbIE 3HAUEHHS 11)2 9
W3 HEro HAaXOLfATCA BETHYHHH 113; 1 AnaJgoruuno, pacyetr BeKTOpa
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omubku no ypaeHeHuio (3.4050) gas Kakmoro m; HAYHHAIOT, OpH-

uuMasas En, ==eém41,2=1, HO BMECTO em4i,1=0 reneps OGepyr
em+1,0==1. Yciopue tuna Hefimana Bjgosb rpauunsl B3

Yo, Wy, g

——Ax——d (3.413)

BKJIOUAETCsl B pacyeT BeJHUYHH ¢’ U 1\, IPOBOAUMBIA TO ypaBHEHHIO
(3.404), a rpanuunoe ycjosue (3.406) ana omubkKH Ha rpaHULE
B 3 3ameHsieTcsl ycJaoBHEM

€y, j 7 €9, j. (3.414)

Anajnoruuno, qo6oe ycaosue tuna Hefimana na rpamuue B4 npu-
BOJHUT K YCJOBHIO €;,j == €/, j.

Ecnu ycnosue tuna Hefimana crasurca Ha rpanuuax B3 unu
B4, To 0HO OKa3wBaeT HecyLIeCTBeHHOe BJHSHHE HAa XapaKTepuc-
THKH OWIHOKH, ecJH Xe 3TO yCJA0BHe CTaBHTCSl Ha rpaHuie B 1, To
OHO OKa3blBaeT He3HauHTeJbHOe ONaronpHsTHOE BJNsHHE, a OyAydH
MOCTABJIEHHEIM Ha rpaHuue B 2, oHO NPHBOAUT K cephe3HBIM Hebsa-
ronpuatHeIM 3ddexraM. B ciayyae HeperyJsipHOR CeTKM UHCJeHHas
peanusanus ycaosuii Pob6una Ttoxe mnposoaMrcs mpocro. Takxe
JIETKO MOXHO peliaTb TpeX- M /-MepHBEE 3afaud, HO obpalleHHe
maTpuusl C MOXeT OKa3aThCsl 3aTPyAHHTEJbHBIM. XOTS Nepexoi OT
OJHOTO H3MepeHHS K JBYM CHJbHO YXyAIIaeT XapaKTepHCTHKH
ourn6KH, nociaelylollee yBeJHUeHHe PasMEpPHOCTH 3aJadd IPUBO-
IUT K GLICTPO yMeHbLIAlOmeMYycsl HeGJAronpAsSTHOMY BJHSHHIO.

B Merosne pacuera pacrnpocTpaHeHHs BeKTOpa OWHUOGKH AJsI KO-
HEeUHO-Pa3HOCTHOH aNNpoKcHMalWu JamnsnacuaHa (cM. pasz. 3.3.10)
MOKHO MCIIOJIb30BaTh NSITHTOUEYHBIl IMaGJOH ¢ AMaroHaJbHO pac-
NOJOXKEHHBIME Y3J0BBIMH TOMKAMU M [EBATUTOUEUHBIE MIAGNOHHL
[Tpu stoM HesiBHAash cXeMa YXy[dllaeT XapaKTeDHCTHKH OMHOKH,
B TO BpeMsl KaK HCIOJIb30BaHHe $BHON CXeMBI C JHarOHaJbHBIM
HanpaBjeHHeM IIPOXBIXKEHHS pacuera (peileHHe IJS iy, j+1)
yayumaer @x upu Masom [. Ilpyrag 3aciyxuBaiolias BHUMAaHHS
MoZu(UKaIHA 3aKJA0YaeTcs] B HCIOJb30BAHUH NATHTOUEUHOrO aHa-
Jlora 4YeTBepTOro NopsjKa TOYHOCTH ANs 0%)p/0x% B HanpaB/eHHH,
NepHeHAUKYJSPHOM HalpaBJIEHHIO NIPOABHKEHHS pacyeTa. DTO IpH-
BOAUT K yBeanueHuto P Ha 129 npu B = 1, uTo mosBoJser Takxke
6path 6OsplliHe [ MPH COOTBETCTBYIOILEM yBeauueHun P.. Merton
pacuera pacHpoCTpaHeHHs] BeKTopa OIIHOOK MNPHMEHHM TaKxke
U [AJs APYIMX JIMHEHHBIX SJUIHNTHYECKHX YpaBHeHHH THAPOJHHA-
MHKH; KPOME TOrO, €r0 MOXKHO HCIIOJb30BATb HPH HTEPALHOHHOM
NOAXO/e NI pelleHHs HesuHeHHBIx ypaBuenu#t Ilyaccona c mepe-
MeHHBIMH Ko3(pdunuentamu (MoApoGHOCTH MOXHO HafiTH B pabore
Poyua [1971al). Tlpu nmomou 3TOro MeToja BO3MOXKHO TpPAMOeE
pelleHue ypaBHeHHs V2 == f() (KoTopoe mosyuaercssi B HESBHOM
3fi7epOBOM MeTOJe pacyeTa MABHXKEeHMs CILIOUIHOH cpelbl (MeToXe
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ICE) c¢Mm. pasa. 5.1) W HEKOTODBIX 3JEKTPOJUHAMHUYECKHX 3ajau
C BHYTPEHHHMH YCJAOBHSMH COlJIaCOBAHHOCTH HA KOHTAKTHHIX TO-
- BEPXHOCTSX.

3.2.9. Metoasl, Hcnonesyowre pagbl Mypbe

Mertoasl, ncnonbaywomue paas Oypoe, ocHOBaHH Ha TOM (dakTe,
YTO TO4HOE pellieHHe KOHEYHO-PA3HOCTHOo20 ypaBHeHHs (3.365) Mo-
KeT OblTh IIPEJCTaBJEHO B BHJE pa3JOoKeHHS 10 COOCTBEHHBIM
GYHKIMAM, COlepiKalllero KOHeYHoe 4HCJo useHoB. Hanpumep, nas
npamoyroapHo#t obsnacru pasmepom X XY ¢ KOJIHUeCTBOM BHYT-
peHuux Touek MXN (N=/!—2,M=J—2) npu NOCTOSHHBIX
Ax v Ay w npu P = 0 Ha BcexX rpaHuiaxXx TOUHOE pelleHHe ypaBHe-
Hus (3.365) MoxHO 3amucaTh B caenyioiiem suge (Hopp [1970]):

N
2 . pnx
1l31-1=/\/——N+1 ZH,,_,sm—Ti-, (3.415)

p=1

roe x; == (i — 1)Ax, a Hp,; (npu 1 << p<CN) cyTb pellleHHS Tpex-
JHArOHAJNLHON CUCTeMBbl PA3HOCTHBIX YpaBHeHHH

1
W(Hpv 7—1_2Hp:l+Hp' /+1)+7”pHp,l=Vp, I (3.416)

npHUeM
Hy(=Hp ;=0 (3.417)
. N
2 . A
Vo.1= ’\/m Z Lg1, 741 8i0 ’qﬂix_f', (3.418)
g=1
Ap = oy ((cos ZEBE ). (3.419)

Xokun [1965, 1971] nokasan Bo3MOXKHOCTb 3(deKTHBHOrO He-
NONMb30BAHMS 5TOTO pEIIeHHs AJS PACUETOB B HPENNOJOXEHHH, YTO
N = 2% uqu N = 3-2*%, rupe k— nexotopoe neJsoe yncjao. B meroge
XOKHH HCHOJIB3YeTcsl TaKXKe HeueTHo-ueTHoe HcKJoueHne (opp
[1970], Bas6u ¢ coaBTopamu [1970]), 1 ero ckopocTb 3aBHCUT OT
npuMeHeHus OwicTporo npeo6pasoBanuss Pypee (Kynn u Thioku
[1965], TMaiinc u Xosanecsn [1969], ¥366 [1970]), xoropoe
nMeercsl B 6u6/AMOTEKe CTAHAADPTHBHIX NPOrpaMM MHOIHX BBIYHC/IH-
TeJbHBIX HeHTPOB. MeHee CJOXHBIE M MeHee OrDaHHUYHTEJNLHBIH Me-
TOA Obla HcloJb3oBaH YuabsiMcoM [1969], koTopmii paccMorpen
TaKXe NepHofHyecKHe yCJOBHA. AHaNOrHYHble MeTONbl Pa3BHBAJU
Byneman [1969] u Orypa [1969]. IOas toro uTto6Hn MHOJHOCTHIO
BOATH B Kypc JAeJa, UYHTATeNI0 pPEeKOMEHAYeTCH O3HAKOMHTLCA
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¢ srumu paboramu (cM. Takxke pabory Kosoun u PeliHoabjca
[1970]), mocKobKY YNOMSIHYTHeE 3JeChb MeTOJH BBIXOAAT 32 paMKH
LaHHOY KHHIH.

3aMeTnM, OjHAKO, UTO, XOTs 3TH METOAB B CBOEH OCHOBHOM
dbopMe HOBOJIBHO OTPAHHUEHE! 1O THIY TPaHHUHBIX YCJIOBHE 3ajxayH,
IpH HM3BeCTHOH MOAH(HKALHMK HX MOXKHO TNpPHMEHSATh H K GoJee
obuM 3ajgauam. PaccMoTpuM cHayasna cayda#fi npsiMOYTOJbHOR
00J1acTH ¢ rpaHuyYHEIM ycaoBuem [upuxsae ¢ = f(x,y), rie BCioay
[ = 0. Beesem BcmoMoraTesdbHyW (yHKHHIO ¢!, KoTtopas onpeje-
JsieTCsl KaK TOYHOe pelleHHe ypaBHeHHs V2! ={ ¢ rpaHHuHbIMI
ycaoBusimu P! = 0 Ha Bcell rpanuie. 3aTeM BBeleM BTOPYIO BCIO-
Morarejabuyo ¢yHKuH Y'!', KoTopas omnpeiensercd Kak TOUHOE
pellleHde KOHEUHO-PA3HOCTHOTO YpaBHeHH Jlammaca V!l =0
¢ rpaHHUHBIM ycaoBueM Y'! = f(x, y). To4Hoe pelenue nosayuaercs
MpH TMOMOLIH MeTOAa pa3jeseHus lepeMeHHBIX, pa3paboTaHHOIO
a7 pubdepeHIUabHBIX  ypaBHEHHI B YACTHBIX IIPOH3BOJIHBIX
(cM., HanpuMep, Beitn6eprep [1965]) u npuMeHsieMoro K xKoMeuHo-
pasnocthomy ypaBHeHuwo. (Heob6xoznmele passioxenus no cob-
CTBEHHBIM (YHKIHSM YK€ H3BECTHBl H3 Pa3JIOKEHHS, KOTOpOe Tpe-
Gyerca npu peweHuu ypasHeHus [Iyaccona.) Torma B cuny nunef-
HOCTH 3314l OKOHUATeNbHOE pelleHHe IoJaydaeTcs CyneploanItuett.
[Mockoabkry V2l = u V*p!! = 0, umeem VZ(Pp! 4 ') =§ u, no-
CKOJIbKY Ha rpaHumax ¢!'=0 n ' == [{x,y), umMeem '+ Pp!! =
= f(x,y). losromy ¢yuknus ¢ = ¢' + P!! ynosnersopsier ypas-
HeHHIO V2 = { U rpaHudyHOMY yCJIOBHIO VP == f(x, y).

Ecau crapstes rpaHuuHble yeaosus tuna Hefimana ¢ HyaeBeM
TPAJNeHTOM, TO pPAa3JoXKeHHe TPOBOAUTCH B pAL IO KOCHHYCAM.
Ecnu e rpagueHT M0 HOpPMAaJH K TpaHHIe OTJHYEH OT HyJs,
Oy /0n = g(x,y), To 3anaya peluaerca CJaeAyHIHM 06pa3oM
(Yunoame [1969]). Temepbp BcmomoratenavHas GyHKUus ¢! BBO-
QUTCA caenyomuM obpasoM: ! = 0 Bo BcexX BHYTPEHHHX TOYKAX,
P! = +4-g(x, y)An Ha rpanunax =17 u j=J u P! = —g(x, y)An
na rpanuunax i =1 u j= 1. Ora PyHruus P! apjisercs peunreHHeMm
BCIIOMOraTe/JbHOro IUCKPETH3HPOBAHHOro ypaBHenus Ilyaccona
V2Pl = ¢! ¢ rpaunyseiM ycaoBuem S¢'/én = g(x,y) nu c {'=20
BCIOAY, 32 HCKJIOUEHHEM TOYeK, CMEeXKHBIX C rpaHuuamu, rae tl=
= V2! = 0. (B y3sue, OTCTOSEM HA JBE UO3HIHM BHYTPhL OT
rpanunb, V2! = 0, nockoabky P! = 0 Bo Bcex cOCeIHHX TOUKAX.)
Ecau Beectn P! = — ! u ' = —E!, To HcxomHas 3ajgaua
cBeeTCA K HaXOXIEHHIO pelIeHHS KOHEeYHO-PAa3HOCTHOrO YpaBHe-
Hust V2! = 1! ¢ rpanuuHbiM ycaoBueMm 6y!!/6n = 0, uTO MOKHO
CHeNaTh C INOMOIIBIO pasjoxeHHsd 1o KocuHycam. Hckomoe peme-
HHe uMmeeT BHA P = P! - P!,

AHanoru4yHBIM TIPHEMOM MOXKHO pelwaTh 3ajauy B HENpAMO-
yroJpHO#t 006J1aCTH, HCIOJb3ys TPSIMOYTOJNbHYIO CETKY, MepeKphHl-
BAWOILIYI0 paccMaTpuBaeMylo obgactb. PaccMoTpuM H306pa’kKeHHYIO
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Ha puc. 3.20,a o6aacTb, 00pa3oBaHHYI0 OTCedeHHeM HeGOJBIIOrO
YIJIOBOTO yuYacTKa OT HpPAMOYroJibHofi obsacTH. I'paHMYHas Touka
(2,2) He JeXHT Ha TPaHHIE NEePEKPLIBAIOLIEro INPAMOYIOJbHHKA.
Ilyets ¢y = 0 Ha Bcex rpaHuuax obJsacru. [lepBasi BcmoMoraresb-
Hass GyHKuus P! ompejessercs pelieHHeM ypaBHeHus VP! =7
Ha TepeKkphiBalOllell CceTKe IIpH
o, 2 = 0. Bropas BcrmoMoraresabHas
tbynkuus P!! HaXOoNUTCH pelleHHeM
ypaBuenus V#p!!=7¢'Y, rmze !
onpejensiercs Tak, 4YTO L2 =1,
a B OCTaJbHBIX Toukax Z;;=01).
! 3areM HaxOAHUTCH Wg o Kaxk JH-

- o 1 11
:' | HelHass KomMOuBaumuss Yoo H V2,2
Lo Taxkas, uTo g, 2 =10, mpuueM
(1M 3HayeHHe [ BO BHYTPEHHHX TOY-
@ Kax He MeHseTrcs. 3HAUHUT,
Py ,=0=1-9} ,+a-p},(3.420)
OTKy 13
a=_‘p§,2/%,l2 (3.421)
i
F— (3naMeHaTesNb BCerha OTJIHYEH OT
1_ -|+ Hyas.) OkoHuaTesJbHOE pelIeHHe
Lo NnoJyyaeTcsl CyneprnosHIHel.
F—4—4- — il 1
L1 ="'+ ap'l. (3.422)
Lot 11 ‘
(1,1 HecMoTpss Ha TO YTO BeJHYHHA {
3 IJs TAKOTO «CYMMapHOro» pelie-

Puc. 3.20. ITpuvenenne meTona paz- 1A B TOUKE (2,2) pana aX

Joxenuss B psaabt Pypbe Ansd He- X(HCTHHHOQ) C2,2, OHa He OKa3hl-

OPSMOYTONbHBEIX ofJacTed. BaeT BJIHSAHUA Ha pelleHHe, IIO-

CKOJMLKY TOuKa (2,2) siBasercs

rpaHUYHON TOUKON cymMMapHOH 3amauM u mo3TOMY o 2 He HIypH-
pYeT B pellleHHM 3TOH 3ajaui.

Ecau na rpaHuie mepeKphiBalolero NpsMOYTOJbHHKA HE Jiexar
HECKOJIbKO T'DAHHYHBIX TOUEK, TO AJfA KaxXKAOH TAaKOH TOUKH HeoOl-
XOAHMO pemath JONOJHHTedbHOe ypaBHeHue Ilyaccoma. Ha
puc. 3.20,6 BcriomorareabHble pewrenus il P, YU gpasiorcs
COOTBETCTBEHHO pelUeHHSMH INpH ycjaoBuH, uTo §==1 B TOUKaXx
(2,4), (3,3) u (4,2). Ananornuno ypaBHenuio (3.420) B mocnen-

1) B s/ieKTpPOAMHAMHYECKHX NPHJOKeHUsiX, rie 1 mnpeacrasager coGof mo-
TeHuHak, a §{— 3apsg, 3ToT NPHCM H3BECTeH O] HA3BaHHEM MeTOAA eIHHHYHOTrO
sapafa. 3a ofCyXAeHHe »TOro npuema asrop OGaarojapen O. DyHemany u
Hx. Bopucy,
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HeM cjayudae AJs omnpeleseHus a, b u ¢ AOMKHA OBITL pelleHa Ju-
HeHHad cucreMma

Py, o= 0 =10} ,+ ady!, + byl + cpill,
Yy 3 =0=19} , + ap}'y + b, + cplll, (3.423)
By, o= 0="0, , + ab}', + b, + ey,

Aawolas MaTpuly Ko3()QHULUHEHTOB BJAHAHHSA AJA HYJEBHIX I'DaHuY-
HBIX 3HaueHHH, HeoOXOAMMYIO IS CJEAYIOIIero pelleHHs ¢ HO-
BoiM §. JIa9 @ rpaHUYHBIX TOYEK AOJKHO OBITh PENICHO W@ BCIOMO-
rareibHbX ypabHeHu#t Ilyaccona, a JuHefiHas cucremMa NOpsiaka
w, anajnoruuHas cucreMe (3.423), peinaercss MeTOJMOM HCKJIOUEHHS
[aycca; oanaxo npyu pelleHHH ceMeficTBa 3aad ¢ Pa3JHYHLIMH {
Ha ONHOMl M TOH Ke CeTKe 3TO HYXKHO CAeNaTb TOJNBKO JJS HepBOro
pelleHHs..

Takum xe oOpazoM MOMKHO pelwlaTh 3aaun ¢ KomMGHHALUAMU
HeHYJeBHX PPAHUUHBIX YciaoBHE dupuxiae u Helfimana B o6nacrsax,
OTJHMYHBIX OT NPAMOYTOJbHBIX, HO, OUeBHHO, TAKOE pelleHHe Gymer
OYeHb rpoMo3akuM. [IpuMepsl NpHMeHeHHS DPACCMOTPEHHBIX METO-
HoB aag obaacTefl Hepery/AaspHo# (oOpMbl MOXKHO HaiiTi B paforax
Bas6u ¢ coaBropamu [1970] u dxopaxa [1970]. das pessaturo-
YeyHOro aHaJsora ypaBHenus Jlamnaca (pasa. 3.2.10) nomgoGummu
MeTofaMH nogb3oBanuck Jlebefnp [1969], a rtakxke DBépaconn
i ®acc [1969]'). Bce 5TH MeTOXB ClIOKHee, YeM PACCMOTPEHHHIH
B pasd. 3.2.8 MeTOA pacuera paclpOCTPAHEHHS BeKTOpa OMIMOKH,
ONHAKO OHH HE OTPaHHUEHHl pa3MepaMH 0O0JaCTH, AAIOT MOYTH TOY-
HOe KOHEUHO-DAa3HOCTHOE pelieHHe H OLWHAKOBO NPHUFOAHLI AJs
TpeXMepHBIX 3a1auy H I8 HHJIHHIPHYECKOH CHCTeMBl KOOpPIHMHAT
(Yunosame [1969]). B cuay BHICOKOIl CKODOCTH H TOUHOCTH 3TH
METO/bl HECOMHEHHO HafilyT npuMeHeHHe B OyAylleM [IJs 3agay
C TNpPOCTOH reoMmerpuei.

3.2.10. AnnpoKcHMau{H BbICIIHX NOPAAKOB

J1o cux mop MBl PacCMaTpPHBAJH TOJNBKO OOBIYHBIA NATHTOYCUHbBIH
anaJjor omeparopa Jlanmnaca ans ypasuenus [lyaccoma, HO cylue-
CTBYIOT W ApyrHe aHaJord. TpH H3 HHUX NPHUMEHHMH TOJbKO A
KBafipaTHOH ceTKH ¢ pasMepamu maroB Ax = Ay =A. B Tepmu-
HOJIOTHH, CXEeMAaTHYECKOM MpeACTaBJIeHHH U OCBEIleHHH HCTOPHH BO-
npoca Mbl caenyem pabore Toma u Aneabra [1961]. Paccmorpen-
HBIl 3Jech NATHTOYEUHBIH aHajor BHepBeie OB HCHOJb30OBAH
Pyure B 1908 r. n uHOrJa Ha3BIBaeTCS QNepPaTOPOM, NMOCTPOEHHBIM

Y}y Ing toro uTo6H MONYyYUTH HaHOOJEe MOJHOe NUPEACTABJIEHHE O NPHMeHe-
HHM METONOB, HCHOMB3YIOUHX pAzel DPypbe, HYXKHO O3HAKOMHTBCS CO CTaTbeli
JNeGedtns [1972].
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Ha naTHToueuHoM mabgaoHe <«KpecT». JlAa cayvyas KBaApaTHOR
CeTKHM ero MOXHO CXeMaTHYeCKR IpeICTaBUTb Kak Ha puc. 3.21, a,
UTO COOTBETCTBYET YpaBHEHHIO

S — ;=N (3.424)
KOTOpOe uMmeer BTOpOﬁ IOPpsAAOK TOYHOCTH OTHOCHTECJDbLHO .A H B KO-

TOPOM
S = Yigr, Wi+ Oy, pe1 + Vi o (3.425)

Tak kak omeparop Jlannaca MHBapHaHTEH OTHOCHTEJIbHO TNMOBO-
poTa CHCTEMB! KOOPAMHAT, €r0 MOXHO 3alHCATh B CHCTEME KOOpPIH-
HaT, NOBepPHYTOH Ha 45° MO OTHOILEHHIO K JHHUAM CETKH, TaK UTO

- 1 ] 1[-1 1]
1 —4 1 — —4
L 1 QLI 1

a 6
1-1 2 1 1-1 4 1
T 2 —12 2] €L4 —20 4]
1 2 1 1 4 1
8 4

Puc. 3.21. CxemaTHuHOe NOpeACTABJAEHHE KOHEUHO-PA3HOCTHOrO aHajora Jamia-

cHaHa Ha ceTKe ¢ KBaApaTHOH suefikof. a — NATHTOUeUHBIH IIAGJOH <Kpect»;

0 — NATUTOYEUHHI AHAroHaAbHBIH MAa6JOH, 8 — AEBATHTOUYEYHBIH MAGJO0H ¢ Ko3d-
¢unnentom 12, ¢ — nepaTHTOYeuHbH WwabaoH ¢ Koadduuuentom 20.

paccTosHHe MeXKIy Y3JOBHIMH TOuKaMu GyneT paBHo 4/2A. IToay-
YeHHBIl B pe3y/bTaTe ONepaTop, NMOCTPOEHHBIl HAa MATHTOYEUHOM
IUaroHanbHOM 1Ia6JioHe W CXeMaTHYeCKH NpPEACTaBJEHHLIH Ha
puc. 3.21, 6, COOTBETCTBYeT ypPaBHEHHIO

Sy — 4y, ;= 2A%,; 4, (3.426)

KOTOpOe HMeeT BTODOH MOPSJOK TOYHOCTH OTHOCHTEJIBHO «\/2A H
B KOTOPOM

So==rer j+1 F Boar, jmt F Vimt g1+ Gimy, o (3.427)

W3 neBATHTOYEUHBIX 1IAa6JOHOB HanboJ/ee H3BECTHBIMHU SBJSIOTCS
«mabnaon ¢ koapoduuuenrom 12» Toma (puc. 3.21,8) u «mabion
¢ Koapuunenrom Z0» Bukau (puc. 3.21, 2). Ilepsblii U3 HUX COOT-
BETCTBYET YPaBHEHHIO

28, + S, — 12, , = 4A%, , (3.428)

a BTOPOH — yYPaBHeHHIO
48+ S — 20y, ; =647, . (3.429)
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®opmyna Toma uMeeT YeTBepTHI NMOPALOK TOYHOCTH TOJNBKO TOTHA,
xorga 1/13(V* + 04/0x%0y%)+p ue mupeBnimaer O(A?), a dopmyJa
Dukau Tosbko npu !/1,Viy = O(A?%). B ruapoanHaMuyeckux sana-
yaX Takue yCJA0BHA OOBIUHO He BhINOJAHAPOTCH. MckilouenueM sB-
Jsercd cranuoHaproe TedeHne Ctokca (Re = 0), xorza ypaBHeHHe
nepeHoca BHXPS CBOAHTCA K ypaBHeHHIO Jlamiaca V¥ = 0, uro
coorBeTcTByeT ypaBHeHuo V4 = 0. B obmem cayuae 3Tu peeaTH-
TOYeYHble DAa3HOCTHLIe (OPMYJbl OKa3hLIBAIOTCS Ja)Ke MeHee Tod-
HBIMH, 4eM pasdHocTHas (opMy.na, MOCTpPOeHHAs HA NATHTOYEUHOM
wa6ione «kpecr» (cm. Caifipyc u ®aaton [1967], Wenccen
u Crpene [1968]).

JIoKaJbHOH TouHOCTH GONee BHICOKOTO NOPSAKa peajbHo MOKHO
H0GHTBCA TIPH TOMOIIY PA3HOCTHHIX (GOPMYJ, B KOTOPBIX HCIOJb-
3yIOTCA 3HAUeHHs  He TOJBKO B CMEXHBIX, HO H B GoJjee ynaJen-
HBIX V3JIOBHIX TOYKaX, HANpUMep 3HAUEHHS VPite, ;. VIEHCCEH
u Crtpene [1968] paccMaTpuBalOT HEKOTOPHE M3 HUX, TaKue, Kak.

5 !
_57;1)7 i,]=W[—‘Pi+2.] + 16%;44,; — 30, ; +
+ 1691, ; — $; o, ;1 + O (Ax?), (3.430)

K cooTBeTCTBYIOLYI0 dopmyny nas 82p/6y? (cm. Takke pabory
Qefiepsesepa [1969]). Ilepefipa [1969] B cBoeM MeTone «HTepH-
POBAHHEIX OTCPOYEHHBLIX [ONPABOK» pacCMOTpPeJ pasHocTHBE (op-
MYJIB aCHMITOTHYECKH BBICOKOrO NMOPSAAKA TOUHOCTH.

3ech BaXKXHO NOHMMAThb, YTO (KaK M B CJyyae ypaBHeHHs mepe-
Hoca BHXpA B pasi. 3.1.23) s0KkaabHO deTBepTHIH MOPALOK TOUHO-
CTH He o3Hauyaer eaobaaovnold tounoctH. [locnennsis moxer cyule-
CTBEHHO 3aBHCETb OT TOYHOCTH 3aJaHHs PPaHHUHEIX YCJAOBHIl, KO-
Topasi, KaK IpaBHJO, faJjeKa OT YeTBEpTOro nopsaxa (cM. pasa. 3.3).
Kpome Toro, cxemnl, nofo6Hble pasHocTHOR dopmyne (3.430), ne-
BO3MOIKHO HCIOJb30BATh B TOUKAX, CMEXHBIX C IPAHUYHLIMH, Tak
Kak npu atoM Tpebyercst nH(OpMalHs H3 TOUeK BHe Pa3HOCTHON
cetku. [Ipn pacuere ToUeK, CMEKHEIX C 'PAHHYHBIMI, HCCIeN0BATENN
o6bI4HO ofpallatoTcsl K (opmyJaaM BTOPOro NopsAka TOUHOCTH!).
BoJsiee panuoHaJbHO B NPHIPAHHYHBIX TOYKAX JIOKAJbHO MCIOJb30-
BaTh CXeMnl 0o0Jlee HH3KOrO MOPSIKA TOYHOCTH HA MEJKOH CeTKe,
a BIAJH OT TPaHHIBl NPHMEHATb cXeMbl 60Jiee BBICOKHX HOPSIKOB
Ha rpyGoil ceTke. Takue Meroan Obliu paccMorpeHn BaxsaJioBhIM
[1959]. B smo6oM cayuae TOUHOCTb pelIeHHs ypaBHeHHS V2 = {

1) MHorue HCCJeI0BATENH HCHOJB3YIOT BOJIM3H TPaHULl CXEMHB UYeTBEPTOr0
MOpsIAKA TOYHOCTH, BBOAS BHe paccunTbiBaeMofl oGJacTé (GUKTHBHBIE TOUKH CETKH,
3HAYeHHs] B KOTOPBHIX CTABSITCS B COOTBETCTBHe TIPaHHYHBIM ycjoBusim. [axe B
3TOM CJydae [POHCXOLUT [OTepPs UeTBEPTOrO MNOPsAKa TOUHOCTH, 3a HCKJIOUe-
HHeM CJydaeB, KOTJla rpaHulia npeacrasiseT cofoll ocb {NaOCKOCTb) CHMMETpPHH.
HMsBecTHH u HemeHTpasbHble (OPMYJB BLICOKOTO NOPSAKA TOUHOCTH (HAlpHMep,
Caycsean [1946]), Ho oHH MeHee yCTOHUMBHL H PeAKO HCOOIb3YIOTCH.
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Oyier, KOHEUHO, OrpaHHYeHa TOYHOCTBIO DelleHUs YPaBHEHHS Mepe-
HOCA BHXPS U TOUHOCTbIO FPAHHUYHLIX YCJOBHH AJNA HEro, MOITOMY
pEKOMeHIYyeTCca moJaydaTh pellleHHe PaBHOMEPHO BHICOKOTO MOpsiIKa
TOYHOCTH [JIs BCEH 3aJa4H B ILEJOM.

Hrepanuonuble MeTOAb, ONHCAHHBIE paHee, NPHMEHHMB M B
clydae pacCMOTPEHHBIX pa3HOCTHBIX (opMmyn MJIs Janjacuasa,
XOTsl CKOPOCTb CXOAMMOCTH MOXKET IIPH 3TOM H3MEHHTbCH. 371ech
MOKHO TPHCIOCOOHTD H HEKOTOpble npsMble MeToan (JleGefiab
[1969]), Poyu [1971a, 19716]), Ho B 3TOM OTHOIIEHHH OHH OOHLIYHO
OKa3bIBAIOTCSA MeHee THOKHME, UeM HTepallMOHHble METO/Ibl.

Haxkonel, ocTaHOBHMCA HA BOMPOCE COIVIACOBAHHON ammpoKCH-
Malliu Npu QUcKpeTH3auuu ypasHenus Ilyaccora u npum ompenee-
HnH ckopocrteii. Pewenune ypapaenns [lyaccona ans ¢ HCIOsb3yeTcs
TOJILKO JiJisl ONpeJiesIeHHsI CKOPOCTeH KOHBEKIHMHU, BXOAALHUX B VPaB-
HeHHe mnepeHoca BUXps. YpasHenue [lyaccoma V) = { mnpencras-
ager cofofi He 4TO HHOE, KaK ONpefeseHHe BUXPA M B JIHCKPETH3H-
poBaHHO# Qopme OyAeT 3aNHCHBATbCS TaK:

ou dv
C=W—7§' (3.431)
rae u == &p/8y nu v = —38/8y. Pemenne ypaBuenuss V2 = { cue-
JIyeT pacCcMaTpHUBATh He KaK pelieHHe AJs P, a Kak pelleHue Mjs
8¢/6x u 6y/8y. Tonbko nATUTOYEYHAs cXeMa JJd oneparopa Jlam-
Jaca, 1o KOTopoil 3anucaHo ypapHende (3.365), cooTBeTCcTByeT pas-
HOCTHBIM MNpPEACTaBJEHHUSAM MJISI ¥ H U CO BTOPHIM NOPAAKOM TOY-

Hocrn ')
g, = (s, p1 — P, 1-0/(2 Ay), (3.432a)
05 5= — (by41. 7 — $i_1, N2 Ax). (3.4326)

Ecnu snamsiacuan mpemcraBiasieTcss N0 cxemaMm 0OoJjiee BBHICOKOTO
NOpsiJika, TO MOXeT 0Ka3aThCsl, YTO TOYHOCTb peIIeHHs MHOJHOH
3ajayn (PaKTHYECKH CHH3HUTCH, €CIH U H U He aNlpOKCHMHPYIOTCH
COTJIACOBAHHO C TEM XK€ MOPAAKOM TOUHOCTH, YTO ¥ JaNJacHaH.

AnanorsuHble 3aMeuanusl OTHOCATCS H K METOAAM HAaHMEHbIUX
KBAaAPaTOB AJs PEIICHHs] ypaBHEHHH 3JJIHTNTHYECKOro THHA (HAMpH-
mep, ssuc u Pa6unosBuu [1960]). B atux Meromax BesuuHHB P
aNMIPOKCHMHPYIOTCS OJUHOMAMH BBICOKOTO MOPSJAKA HJIH HEKOTO-

l) Tquee, OATHTOUEUHAA CXeMa JJd JanjacnaHa COOTBCTCTBYET onpenene-
HHIO CKOpoctell Ha 2panuyax sAdeldxu wmexay yanramu (cm. pasa. 3.1.2), xak

B YPaBHEHHSAX
g, pre = (%g, 41— 1, ;)/AY, (3.433a)
Uy, = by ;= by, ;—1)/AV, (3.4336)

HPH‘IQM 3HQYeHUs B Y3JIOBBIX TOUKAX -HAXONATCS CAeLYIOUINM 06pa30M:
U |
ti = (g gt o) (3.433e)
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pHIMH  APYrHMH m-TapaMeTPHUYECKHMH (YHKUHORAJBHBIME Gop-
mMaMu, DyHKIHOHAJAbHBIE (OPMBI OOBIUHO BHIOMPAIOTCA TAaKUM 00-
pasoM, 4TOOH YAOBJETBOPHTb AM(GepeHLIHaNbHEIM YPABHEHUSM BO
BHYTPeHHHX TOUKax (4TO He TPYAHO AJs ypaBHeHua Jlangaca),
a m muapaMerpoB (uau KO()PHIMEHTOB INOJUHOMOB) HAXOAATCH
NpPH IOMOLIH MHHHMH3aIHH OMKHOOK Ha TPpaHHIAX METOJOM HaH-
MeHbIINX KBajpaToB!). Kak mpaBuio, or 9THX METOIOB HE CJIeayeT
OJKHJATb ycrexa, ocoOOeHHO KOrja 1\ MeHSeTCs He MOHOTOHHO, H HX
He PEKOMEHAYETCA HCMNOJNb30BATH B BBIUHCJAHTEJNBHOH THAPOAMHA-
Mmuke, Ho ecsiu 3TH MeTOABl NMPUMEHSIIOTCS, TO ONpEIeJeHHe ¢ H U
LOMKHO OBITb COIVIACOBAHO ¢ BHIOpDAHHOH AamIpoOKCHMHpYIOUIeH
(byHKIMOHAJBHOH POpPMOTL.

3.2.11. O6 oleHHe pPacCMOTPEHHbIX METon0B

3ameuanusi, CAeJaHHbHe B pasd. 3.1.23 OTHOCUTENbHO OIEHKHU
METOJ0B DelIeHHs YPaBHEHUS TepeHOCa BUXDS, MPHUMEHHMBbI Takke
K OlleHKE MEeTOJOB HAXOXK/JEeHHs pellleHHss M KOHEUHO-DA3HOCTHBIM
npencraBienusaM ypaBHenus Ilyaccoma. Caenyer Takxke yuyecThb 3a-
MedaHus, clefaHHble B NPeIbIAYUIEM pasfesle OTHOCHTENbHO COoria-
coBaHHOCTH ypaBHeHHst Ilyaccona ans QyHKuMH TOKa U ypaBHeHHS
nepeHoca BHUXPs KaK B OTHOLIEHHH NOpsaKa omUOKH annpoKcHMa-
LIUH, TAK U B OTHOLIEHHH BBIYHCJIEHHS CKOPOCTEH.

Haxkowxel, npu oueHKe GLICTPOTH IPOBEAEHUS] CEPUHAHBIX pacye-
TOB B 3aBHCHMOCTH OT CJIOXHOCTH MeToJa M BpeMeHH pas3paGoTku
nporpaMMbl HeoOXOIHMO paccMaTpHBaThb 06a 3TH YpaBHEHHS 8Me-
cre. Ecnu mpu pelureHun ypasHeHus Ilyaccona aisd (QyHKHUH TOKa
V2 = { HCHOJAB3YIOTCA UTEPalMOHHbE METOLH, @ B YPaBHEHHH Ile-
peHoca Buxpst anaa 0G/0f Gepercs npocreiiluas ofHOWArOBast siBHAA
cXeMa, TO NpH HecTAlHOHAPHOM Noaxone obbiyHo okKosao 90% ma-
IIHHHOIO BpeMeHH 3aTpauuBaeTcs Ha pellleHHe ypaBHeHHs V2 == .
IToaTomy, ecau OpH TpefcraBjieHuH 0F/0f mepedTH K ABYXIIAroBoH
SIBHOH cxeMe (HanpuMep, K cxeme Assena — Yena u3 pasg. 3.1.15),
TO MaUIMHHOE BPEMS IIPH pelleHHH Bcefl CHCTEMBI YpaBHeHHH aas
1 { He YABOHTCS, @ TOJBKO yBenuuuTcs npubnausurenssHo Ha 109,
Torna orHouenne cKopocTefl pacuera Mo cxeMe ¢ Pa3HOCTSMH IpPO-
THB TOTOKa M Ho cxeme Pobeprca — Beiica uerBeproro mnopsigka
tounoctH (pasia. 3.1.19), paBHoe 45, npH pelieHHH BCEH CHCTEMHI
ypaBHeHUH Ajs P U § HAMHOTO yMeHBIIHTCS (XOTs1 U OCTAHETCs Bee
ellle 3HAYHTEJIbHBIM) H CTAHET PaBHBLIM NpuUMepHO 6.

1 JIu6o ¢yHkuvonagbHele (GopMbl BHIGHDAIOTCS TakHM 06pa3oM, 4TO rpa-
HHYHBlE YCJOBHA TOYHO YIOBJETBODSIOTCS, a HeBsiska jud)depeHunasnbHOro ypas-
HeHHA B YaCTHHIX INPOH3BOAHBIX MHHHUMH3MpDyerTcsi. BO3MOXKHO Takke, 4TC He
YAOBJETBOPSIOTCS HH TPAaHHYHEle YC/IOBHS, HH JuddepeHnnalbHEe ypaBHeHHS,
a4 MHHHUMH3HpYeTCs KOMOHHalMs OWHGOK Ha TIPaHHLaXx M HEBA3KM YDaBHeHHH
(uuHoe coobuienne A, Pycco).
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Anajoruuso, YHCJIO HTepanui, HeoOXONUMBIX AJS1 CXOAMMOCTH
pelreHnsi ypaBHeHHss V= [, OTYacTH 3aBHCHT OT HaYaJbHOrO
npubinKeHns 1as §;, ;. B KauecTBe HauaJbHOTO NPUOJNMIKEHHST IS
Pt npn pemenun ypaBHenns V3prtl = {7+l ecrectBeHHO 6path
paHee nosyueHHOe pelleHMe ypaBHenus VX" = (" Ilpu Gosbiinx
Af BeauynHa "' CYLIECTBEHHO OTJHYAETCs OT {® M TOrza " Oyaer
yKe HEA0CTAaTOUHO XOPOIINM HavaJbHBIM NpHOJIMKeHHeM Ans {7+,
B npenene npu Af — 0 Buxpb §{*t! — " a HauasbHoe MpHOAHIKeHHE
P —> P+l (Jro Habawogaercss U Mpu NpuOJIHIKEHHH K CTalHOHAp-
HOMY cocTosiHuio.) Takum 006pas3oM, BLIHIDHII B MaIIHHHOM Bpe-
MEHH 34 CYeT YBEJHUEHHs IONYCTHMBIX IIaroB Af NPH HCIMOJbB30-
BAHHM HESBHHX CXeM 1aa O0L/0f mo MeHbllel Mepe UYAacCTHYHO Te-
psieTcsl M3-3a yBeJHUYeHHS BpeMeHH, TpebGyeMOro /s KaxKIOro mara
HTEPAIHOHHOTO pellleHus ypaBHeHuss V2 = {, a TakkKe H3-3a JI0-
MOJIHMUTENBHOTO BPEMEHM BHIUMCJAEHHH 3a cuer HEesIBHOCTH CaMoifl
cxemul. Mastrocrpupys ato, @pomm [1964] mnpuBen psin npuMepoB
pacyeToB, B KOTOPHIX B OIpeJesieHHBIX Npefenax MallNHHOe Bpemsi
NpakTHUYeCcKH He 3aBuceso oT Afl

[Ipn uCMONMB30BAHHH MPSIMBIX METOJIOB peIUeHHS YypaBHeHUs
V2 == { BO3HHKAeT MPOTHBOMOJOXKHAf curyauus. [Ipamoit meron
pacuera BeKTopa pacmpocrpaHeHust omuOku (pasi. 3.2.8) npuso-
JQUT K YMEHBIIEHHI0 MAIIMHHOTO BpeMeHH, HeoOXONHMOIo AJs pe-
nieHnsi ypapHenuss V2 = g, npubausurensuo 8 100 paz; ato 3ua-
YHUT, UTO Ha pelIeHHe 3TOTO YPAaBHEHHs Teleps HOTPedyeTcs TOJbKO
109 MalmHHHOrO BpeMeHH, a Ha pacueT O0f/0f MO OAHOIIATOBOM
siBHOM cxeMe — okoso 90%. Ecsu ke nnsa pacuera 05/0f ucmodn-
30BaTh JBYXIIAroBylo cxemy Yena — Assena, To 1moJHOe MauIMHHOE
BpeMs IOUTH yABouTcH, a cxema Pobeprca — Befica werBeproro
TOPSZKA TOUHOCTH OKaxkeTcsl mMpubGausntensho B 40 pas mensenuee
CXeMbl C Pa3HOCTAMH TpOTHB noToka. C Apyro#l cTOPOHEH, YBeJaHue-
HHe JONMYCTHMO BeJHUHHH 11ara Af (ecJu He YUHTHLIBATH JOMOJHH-
TeJbHOTO YCJIOXKHEHHS caMoro ypapHeHHst pJjsi 0%/0f) Hemocpen-
CTBEHHO MPHBOAHT K COKpalleHHI0 MALIMHHOTO BPEMeHH, TaK Kak
BpeMsl pelleHus ypaBHeHHA V) = { Npu NoMolH NPpsSMOro Meroja
He 3aBUCHT OT BHOOpPA HAYAALHOTO MPUSAMKEHUS AAS V.

Brifop MeXAy HTepalMOHHBIMHU U TPSIMBIMH MeTOJaMH ompefe-
JsieTcsl TaKkKe BHAOM TpPaHHUHBIX ycaoBuil. Eciu Ha Bcex rpanumax
craBATcs ycaoBHsa Tuna Hefimana, kak, Hampumep, NPH peIUEHHH
ypaBHeHHs1 JJisi AaBJeHust (pasn. 3.5), TO HTepallHOHHBLIH mNpouecce
CXOIHUTCS OYeHb MeasenHo. Ecau e ypaBHeHue AJs1 IaBJCHUS XKe-
JATeJbHO pelaTb Ha KaxJOM 1iare Mo BPeMeHH, TO NpsAMEE Me-
TOABl OKa3bIBaloTCst 6ojiee 3D GeKTUBHEIMH,

PaccMoTpeHHBIE 31eCh METOAL, KOHEUHO, IPHUMEHHMBI HE TOJLKO
IJIl ypaBHeHHH MJI QYHKUHH TOKa M JaBJ/eHHs, HO U IJS IPYTAX
THAPOJMHAMHUECKHX 3ajay, ONHChIBaeMHIX ypaBHeHHeM [lyaccona.
Hanpumep, B pabore PozenGayma [1968] mpuBeneH pacueT HeBs3-
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KOro MOTeHIMa/IbHOTO TeyeHus. MrTepanuonHble METOHB [Jsi HeJH-
HeHHBIX YpPaBHEHHH 3JIIHINTHYECKOO THINA pacCMaTpHBaiu IiiMc
[1965, 1969] u Jluk [1969].

3.3. ['paHHYHbIe yCnoBHA
AN YpaBHEHHA nepeHoca BUXPA
M YpaBHEHHA ANA (PYHKUHH TOHa

HerpynHo npencraButh cefe HEKOTOPhIE THIBI NPaBAONONOGHBIX
IPAHUUYEBIX YCJIOBHE AJA Y H §, HO NOIBITKH ONpeJe/HTh peaJsibHble
TOUHBIE YCJOBHS, TNPHBOJSALIHE K YCTONUHBBLIM pelieHHAM, MOTYT
0Ka3aThCsl BeCbMa HEYAAUHBIMH, Dm0 o6HapyKeHO, 4TO aJEeKBart-
HOCTb JI000r0 I'PAaHHYHOTO YCJOBHS, ONpPEAEJEHHOrO NP IOMOLLH
YHCJIEHHBIX KCIePUMEHTOB, MOXKET 3aBHCETh OT uucsa PeliHodkxcaE,
Pa3HOCTHBIX CXeM, HCIOJb3YEMBIX BO BHYTPEHHHX TOUKaX, APYTUX
rPAaHUYHBIX YCJOBHI, a HHOIZA4 M OT HauyaJbHBIX yCJOBHH. Muoro-
YHCTEHHOCTb 3THX (PAKTOPOB 3aTPYAHSET aHAJHTHYECKHE HCCieNo-
BaHH H OrpPaHHUYMBAET HX IPHMEHHMOCTb., 1eM He MeHee B 3TOM
HATMpaBJEHUH H3BeCTeH Iledblit psp pabor; cM., HanpuMmMep, DAIAH
[1949], Kucr u Murvyean [1967], KemnGean u Kucr [1968],
1. Ix. Teitnop [1968, 1969, 1970] u Uen [1968, 1970].

Jl1si MHOTrMX 3afad OTCYTCTBYIOT MaTeMAaTHYeCKH CTPOrHe pe-
meHus. Hain BeIBOAB B OCHOBHOM OYyAyT OCHOBHIBATHCHA Ha WHTYH-
[HH, HA IKCIIEpPHMEHTAX B a’pOAMHAMHUYECKHX Tpybax H Ha UYHCJEH-
HBEIX 3KCHEepHMeHTaX. DOJBUIHHCTBO UHCJEHHBIX IKCIEPHMEHTOB IO
HCCJeI0BAHUIO TPAHHYHBIX YCJOBHH OCYLIECTBJAANOCH NPH MOMOLIH
OPOCTHIX JABYXCJOHHBIX HABHBIX CXeM [J5 YypaBHeHHH Iepexoca
BUXpS. 3aMeTHM, 4TO H3BECTHO HEeCKOJIbKO cjlyuaeB, KOTZa Te e
rpaHuuYHblE YCJOBHS, B3ATHIE B MHBIX CXeMaX, NPUBOAST K HEYCTOMH-
qgBocTH. (TepMuH «HEYCTOHUHBOCTH» HCIIONB3YETCS 31eCh B CMBICE
OTCYTCTBHUSA CXOAMUMOCTH HTepaluil, a He 00f3aTeJbHO B CMEICJE
3KCIIOHEHI[HAJIBHOTO POCTa OMIMOGKH.) ITH NMPHUMEPLl MOTYT CJAYXKHTSH
nmpenocTepe:KeHUeM OT IPUMEHEHHsI TaKHX CYLIeCTBEHHO YacTHHIX
MeTOH0B. B maHHON cBS3u MBI npeasnaraeM Ha HauaJbHOM 3Tane
MOCTPOEHHUST BHIYHCJHUTEJNBHOTO aJArOPUTMa I OTJIAKH NMPOrpaMMEbl
U BBLISICHEHUS YCTOMYHBOCTH CXeMBl, IPHMEHSIeMOH BO BHYTPEHHHX
TOYKax, OpaTh TpaHHYHbIE YCJIOBHS, KOTOpHE HMEIT HAaHHHSIIHE
MOPSJOK H ABJAAIOTCA HauboJiee OrPaHHYHTEJbHBIMH. 3aTEM MOMKHO
Oyner monpo6oBaTh TpaHUUYHLIE YCJIOBHS, HAKJIAABIBAIOIINE MeHb-
1iye OrpaHHYeHHS.

BosbuivHcTBO 3a4aBaeMBIX MPAHHYHBIX YCJOBH{l SIBJSIOTCA HJIH
ycaoBuAMH THna [upuxie (3ajgaHo 3HaueHHe QYHKIUH), HJIH
ycjaoBusaMH tuna Hefivana (3agad rpajgneHT QYHKLHH 1O HOpMAaJH
K rpanuie). lo Hacrosimero BpeMeHH THAPOAHHAMUYECKHE 3a1auH
C YCJOBHAMH CMeIIaHHOro Tuna (ycjosusi PoGOuHa), rae sajgaHa
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JuHeHHAs KOMOMHAuUMs 3HaueHMH (QYHKUHH M HOPMAJbHOH IIPOH3-
BOAHOH, He pewannch. (IlogoGHBle yCcaAOBHS BO3HHUKAKOT B 3ajmauax
TenJjonepegayn co cBOGOJHON KOHBEKUHEH MpPH HCNONb30BAHUH
HBIOTOHOBCKOT'O «3aKoHa» oxJjaxaeHus.) KemnGena u Kucr [1968]
NOKa3anu, YTO YCJOBHS 3TOrO0 THNA MOLYT NPHUBECTH K HEYCTOHUYH-
BOCTH B pacuerax ypaBHeHus AH(PPY3HH H3-3a HAJIHYHS HEOTpPaHH-
YeHHHX peuwleHHA y HcXOAHOrO AHGGepeHNHANbHOTO YypaBHeHHS
B YAaCTHBIX HPOH3BOJHbIX, a Kuct u Muruenn [1967] obuapyxuau,
YTO pelleHHs YpaBHEHHH 3JJHITHYECKOTO THIAa ¢ TaKUMH TpaHHY-
HBIMH YCJOBHSIMH He BCerja MOXKHO NOJYYHTb NPH HOMOIIH HecTa-
uHoHapHoro mojaxoga. Kakue-muGo HelHHeHHble TpaHHYHBIE YyCJIO-
BHS, HaIPHMep 3ajaHue rpajueHTa KBajpata (QyHKLHH, TOXE HH-
KeM 1 HHUKOTJa He HCIIO0JIb30BaJIHCh,

3.3.1. O nepsocTeneHHo! BayHOCTH YUCAEHHbIX
rPaHUYHbLIX YCNOBHH

Obsixrosennoe auddepennnalbHOe ypaBHeHHe NEPBOro NOpsAaKa
‘df/dx = 0 onpenessieT pelileHHe 3afayH C TOYHOCTBIO N0 aJJHTHB-
HOH TOCTOSHHOH; IpPaHHYHOE YCJOBHE MO3BOJSET ONPENEJHTh 3TY
nocrosannyto. nddepernnanpbHoe ypaBHeHHE 8 YACTHbIX HPOU3BOO-
Hblx TepBOro nopsaka Of(x,y)/0x =0 paer cpaBHHTEJbHO MaJoO
HH(pOpMAaLUU O pelleHHH; TakKoMy AN (depeHNHAJIbHOMY YPABHEHHIO
B YaCTHBIX INIPOH3BOJHBIX YJAOBJeTBOpseT Jwobas ¢ynkuua g(y),
U IPAaHHYHBIE YCJIOBHS LOJIKHEI ONpPEAENUTh 3Ty (pynxyuro. Judde-
peHIuasbHOe ypaBHeHHe V3 = { JelicTBHTENBHO AaeT OYeHb MaJo
uHpopmauuu o dyHKuuM . Bce MHoroob6pasne TeueHHH KaK rasos,
TaK K KHAKOCTEH ONHCLIBAETCH pPelIeHHSIMH OAHHX H TeX }Ke AuHp-
(depeHIHaNLHBIX YPaBHeHHH B YaCTHBHIX NPOU3BOJHLIX, YpaBHEHHH
Hasbe — Crokca. Paznuunbie TedeHus (T. e. peliieHHs) OTJIUUYAIOTCA
TOJIBKO I'PDAHHUYHBIMH H HavaJIbHBIMH YCJIOBHSIMH, @ TaKXe mapamer-
paMHu TeyeHHS, TAKUMH, Kak 4yHcao Peftnonbaca Re.

IlosToMy He yIUBUTENbHO, YTO 3aJaHHE UYHCJEHHBIX I'PAHHUHBIX
YCJIOBHE OKa3bIBAeT CYLIECTBEHHOE BJHSHUE HE TOJNBKO Ha yCTOHYH-
BOCTb, HO H Ha TOYHOCTb peHIeHHS KOHEYHO-Pa3HOCTHOrO ypaBHe-
Hust. CleayeT yRUBJAATbCA APYroMy: NOYEMY BaXKHOCTH 3THX VCJIO-
BHif He OblJa MIMPOKO NpH3HAHA B TeueHHe MHOI'HX JeT (H, BO3-
MOKHO, HeJOOlleHHBaeTCs Jake B Hacrosulee BpeMsi). Puuapncon
‘[1910} BmosHe ollpeiefieHHO OXapaKTepPH30BaJ BAXKHOCTb T'PAHHU-
HBIX YCJOBHH, HO B HOCJAeIyIollHe rofik B O0JbIIHHCTBe paboT BHH-
MaHHe YAeJsaJIoOCh Pa3HOCTHHIM CXeMaM BO BHYTPEHHHUX TOHYKaX.
OpnHOHl u3 BO3MOXKHBIX INIPUYHH 3TOro OBLIO TO, 4YTO OCHOBHOE
BHHMAaHHe TOTA4 YAeJs]0Ch 3ajayaM TeIJONPOBOAHOCTH, B KOTO-
pHIX TrpaHHYHBIe YCJOBHS, K&K NpPaBHJIO, MPOCTH H OXHO3HAUYHEL,
Jpyroft npuuuHO# O6BIJIO OTCYTCTBHE DPeasbHON BO3MOMKHOCTH YHC-
JIEHHBIX 5KCIEDHMEHTOB C pAa3JiMiHbIMH TPAHHYHBIMH YCJOBHSIMH
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IO TeX NOp, MOKa B MOBCEJHEBHYIO MPAKTHKY He BOLLIH 3JEKTPOH-
Hble BBIUHCJIHTEJNbHbIE MaUIHHH ).

ITepBrie paGoTH MO H3YYeHHIO rPAaHUUHBIX YCJIOBUE (10 pacueros
Ha 3JeKTPOHHBIX BBIYHCJAHTEJNBHBIX MAaUIMHAX) OBIJIH BBHIMOJHEHD
CaycBeasiom [1946], Aanenom u Caycsensiom [1955], Tomom
u Anenstrom [1961]. Tlocne nosienenns 3BM oxHoR u3 nepBHIX
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Puc. 3.22. I'paunner pacyetHoli o6iacTu B 3ajgaye o6 o6TeKanun o6paTHOro yeryna.

B 1 — oceBast sunus (guuust cummerpu#), B 2 — HaBerpeHHas uyacTb TBepioil mo-

BepxHOCTH, B 3 — BepxHsis rpanuna, B 4 — BxonHas rpanuna noroka, B 5 — ocxo-
BaHHe yctyna, B 6 — BHIXOAHAs rpaHHIa NOTOKA.

paGoT MO HM3yueHHIO DPA3JHYHLIX THIOB TIPAHUUYHBIX YCJOBHII Ha
KoHeuHO#i pacueTHOoW ceTKe Onsia pabora Tomana u IlleBunka
[1966]. Crarbu Uena [1968, 1970] u Moperru [19686], xors
M HacTo OTpaxalollie MPOTHBONOJONKHBIE TOUKH 3DeHHs, ellle pas
HOAYEePKHYAN BaXKHOCTb IpPaHHYHBIX ycnoBHH. B uacruoctn, Uen
[1970], mpoBoas umcjaeHHble 3KCIEPUMEHTH C ypaBHeHHeM Diop-
repca, MoKasaJ, YTO CXeMbl BBICIINX MOPSIAKOB AAlOT MEHee TOUHbIE
pes3yJbTAThl, YeM CXeMBl MepBOTO MOPAAKAa NPH CETOYHBIX YHCAAX
Pefinonbgca Re. > 1, uMeHHO #3-3a TpaHUYHBIX YCJIOBHII H 4YTO
OoMIHOGKH Ha TpaHHIaX MOrYT BABOE MpeBHIIATb OMHOKU amlpoK-

1y Kasarytn [1953] paccumran Ha MeXaHHUYeCKONl HAaCTOMBHOH BLIYHC/IHTENb-
HOM MallMHe OQHO-CAHHCTBEHHOe pellleHHe 3a4auH 06 OGTeKAHHH KDPYroBOro IIH-
quuapa npu Re = 40, paGoras mo 20 uacoB B HeleJl0 B TeUeHHE MOJYyTOpA JeT.
Bpsiax snm moxuo 6bl0 6Bl OXHAaTh, uToGH OH TOBTOPUA PaCUeTHl JJs TOro,
4T06L OMPoGOBATL TPH PA3NHYHBIX BHAA FPAHHUHBIX YCJAOBHR B BHIXOIHOM Cede-
HHH NOTOKA, IPAaHHYHblEe YCJAOBHS NEPBOrO H BTOPOTO MOpPAJKa [/ BHXpA HA
TOBEPXHOCTH Tena ¥ T. O,
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cHMallH® BO BHYTPEHHHX ToukKax. B atolt ke pabore 6BlIO oTMe-
YeHO, YTO CYIIeCTBEHHOE Pa3JjuyHe Pe3y bTaToB, MOJYYeHHBX FleH-
ceHoM [1959] u Famunenem ¢ coasropamu [1967] nmpu pelenuu
3ajaun 00 oOTeKaHWH HUJHHApPA BA3KHM MOTOKOM, OOYCJIOBJEHO
AMeHHO omuOKaMH Ha IPAHHLAX H YTO 3TH OWIMOKH COXPaHSIOTCSH
naxe npu Ax->0. TakuM o6pa3oM, IpeAcTaBJaseTCs, YTO TPAHHU-
Hble YCJOBHSI B HEKOTOPBIX OTHOLICHHAX HIPAKT TIJaBHYK pOJb
B BBIUHCJHTEJBHOH T'HAPONHHAMHKE.

ViMeHHO 3TH acHeKkTH, CBfi3aHHLIE ¢ TOCTAHOBKOH TIpPaHUUHBIX
YCJAOBHHA B BLIUHCJHTEJILHOH THAPOAMHAMHKE, TPeOYIOT NMOAJHHHOH
APTHCTHUHOCTH CIEIHAJHCTOB, KOTOPLIX 3a Hee HHOraa OOBHHSIOT
B NMPUMEHEHHH 3HAXapPCKHX IIPHEMOB.

OO6cynnM rpaHuuHble YCJOBHS HA IpHMepe IJOCKON 3agaunm 00
ob6TeKakHH NPSIMOYroJbHOr0 06paTHOTO yCTyna, n3obpakeHHoOro Ha
puc. 3.22, rge npeAcTaB/eHB BCe THIB PaHHL, MPHCYLIHE COCTaB-
JIEHHOH M3 NPSIMOYroJbHHKOB obmactu. (KpuBoJHHeHHBlE T'paHHIIB!
H COOTBETCTBYIOIIHe ceTKH OyayT paccmaTpuBatbed B 1. 6.)
K atoMy pHcyHKY ™Mbl OydeM NOCTOSHHO o6paliaThCsi B 3TOM pas-
neJsie, a Takxe W B ra. 6. Unrateno crowsao Onl 3arHyTh 3jech
YrOJIOK CTPAHHIB HJH NOJOXKHUTh 3aKAaAKY.

3.3.2. CreHKa B pacueTHOl CeTHe NMepBOro Tuna

~Teepnasi creHka, o6o3nHauyenHasi Ha pHc. 3.22 uepea B2, coort-
BETCTBYET HABETPEHHOH 4acTH TBepAOH MoBepXHOCTH, a B 5 — ocHo-
Bawuio ycryna. Ha pacuerHoft ceTke mepBoro THna 3HayeHHS ¢GYHK-
i ¢ 1 § OyAyT OHpefeATbCA B y3JaX, PACHOJOXKEHHBIX BAOAb
9THX CTEHOK.

Tak xak JguHua B2-—B5-—B 1 sBaserca aunuelt toka!l), Ha
Hell MOXKHO NpPHHATH M000e MOCTOSHHOe 3HaueHHe P (OOBIYHO IIO-
garatwor P = 0).

Oco6eHHO BaXKHO ONpeJesHTb 3HAUCHHS BUXPS Ha CTCHKe. Ypas-
HeHHe (2.12) mepeHoca BHXpPS ONHCHIBAET PaCHpOCTpaHeHHe BUXPH
3a cueT KOHBeKUHH n Auddy3uu, HO BUXPb { 3apoxdaercs He BO
BHYTPEHHHX TOUKAaX, a Ha rpaHHlax, I'le CTaBHTCH YCJOBHE TIPUJIH-
nanus. Vimenno anddysns u nocsenyiomas KOHBEKLHA 3TOTO BO3-
HUKILEro Ha CTeHKe BUXDPA (HaKTHUECKH ONpefesseT cofepKaHne 3a-
naud. Hekoropoie paHee BbinosHeHHBE reodH3nUecKHe pacyeThl
6blIM HEBEPHBIMHU, TAK KaK B HHX 3HAUEHMs { Ha CTEHKe onpeness-
JIHCh ¢ TOMOINBIO 3KCTPANOJALMH, UTO He HMeJNO HHuero obuiero ¢
busuKoii 3anaun 2).

1) Ecin Heo6XOAMMO MOAeIHPOBATH HPOHHLIAEMYIO CTeHKY, HalpuMep Ha
OCHOBAHMM YCTYNd, TO CKOPOCTb 4 BIOJb OCHOBAHHS MOKeT OBITH 3aJaHa B BHIE
u = [(y). Torma P MOKHO ONpeae/nTh HHTETPHDOBAHHEM ypaBHeHus Oy/8y={f(y)
BM0Jb OCHOBAHHSI OT yr/0Bofi Touku C; cM. 3aMeuanus B pasfg. 3.3.6.

2) C. A. Tlnauex (nH4yHOE COOGUIEHHE).
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3HaueHHe BUXPSA HA CTEHKe NOJAYYAeTCH M3 YCJIOBHA NpUANNE-
nug. B kKadecTBe npHMepa paccMOTpHM rpaHuny B2 u sanumem
pasyoxeHue i, jer; B pal Tellslopa B OKPeCTHOCTH TOUKH (i, jc):

o 1 o
1pi,]c+l=1pi,ic+57ti'jc Yy 3a—yz-chy2+
1 0%

+5 55|, AP+ O0).  (3.434)

Ho 0v/0y|ije=uijc=0 B cuay ycroBus NPHJIHNAHHS, a4
O*/OyY? |, jo = Ou/dy|i, jc; KpoMe Toro, § = 0u/dy— dv/dx. Ilo-
ckojIbKy v =const (1. e. v=0) BIOJb CTeHKH, 0V/0X|; jc =
Takum o6pasom, Ou/0y|i, jc = Ci je. [loAcTaBisIA 3TH BBIpAXKEHHS
B (3.434) u paspemas OTHOCHTENBHO ;. C YYeTOM YCJOBHA
Py, je = 0, moayuaeMm & jc = 2, je+1/Ay* + O (Ay). HesaBucumo ot
OpHEHTALHU CTEHKH H OT 3HAUeHMs ¢ Ha IPaHHIE MOXKHO 3amucaTh
Lo =2kl = ¥a) 1 o (Ap), (3.4352)

rie An-—paccTosHHe MO HOpPMAaJH K CTeHKe OT OJmxafimei
K CTeHKe Y3JIOBOH TOUKH @ + 1 /10 ee MPOEKUHH @ HA CTEHKY.

Takoe ycioBHe NmepBOro MopsiAiKa OBIJIO BOEPBbE LPEAJIONKEHO
B 1928 r. B pabore Toma [1928, 1933] u mupoko HCHOJb3yeTCs A0
HaCTOSIIIero BpeMeHH. DTO YCJOBHE OUeHb HAJeXKHO H YacTo MpH-
BOJAUT K pe3ybTaTaM, AOCTATOYHO XOPOLIO COTJacykoliHMcs ¢ pe-
3yJbTAaTaMH, TOJYUEHHBIMH NPH MOMOHNIM (OpPM BHICIIHX MOPSIAKOB
TPAaHHYHOTO YCJAOBHS AJSI BHUXpsi!); CM., HampuHMep, SKCHEPHMEHTH
Dia, onucanusle B pabore Tupcona [1965a].

Kak ©6bl10 yKasaHo B IV 2, aJbTePHATHBHOE OINpejeseHHe
BUXpA B Bue ' = —{ = —du/dy + 0v/0x He MeHseT dpopMmy ypas-
HeHHd TepeHoca BuXpA. Ho mpu 3TOM NpHHATHIH 3HAK <«BOHJET»
B pacyer IepeHoca BHXPS uepe3 T'PAHHUHbLIE YCJAOBHS, H aHAJOrOM
cooTHOweHnus (3.435a) Oyner

2 —_—
g, = — 2tz o) 4 o). (3.4356)

Coxpansass B pasjoxkenud (3.434) unenw mopaika Ay®, Bymc
[1954] npennoxua (opMysy BTOPOTO MOpsiAKA TOYHOCTH HJsi rpa-
HHUHOTO yCJOBHSl /IS BUXpSl Ha TBepao# crenke. [luddepeniupys
BLIpa’KeHHe, ONpeje/siollee BUXPb, I0JyYaeM

O _Pu_ o _ 0 3
dy ~ 9yt dy dx ~ 9ys dx dy *

(3.436)

'y B camom geae, mas npoduas Baasmyca B mOrpaHUYHOM CJI0E HA CTeHKe
*/0y® = 0%u/dy? = 0; uucCJeHHble pacyeTh MOKAa3LHIBAIOT, YTO B 3TOM CJyyae
pasHocTHple GOPMYJIbl EPBOro NOpAAKa NPHBOAAT K Gojee TOYHBIM Pe3yJbTaTaM,
4eM pa3HOCTHble (GOPMyJbl BTOPOrO NOpsaKa.
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W3 ypaBHenus HepaspwsisHOCTH (2.3) umeeM 0v/dy = —O0u/dx.
YuutniBast 3T0 H 3anuchiBag (3.436) Ha CTeHKe, HaXOJHM
o9 % (3.437)
Ay lw  0y® dx? |y ’

Bropoit unen 0%u/0x?|, paBen HYJIO B CHJAY YCJOBHA NPHJIHMAHHSA
(4 = const = 0). Usnen dt/dy]w BBIUHCJISIETCS] MO CXeMe ¢ pasHo-
CTSIMHM Ha3aj, HMelollefl NepBhIfl MOPSAOK TOUHOCTH:

S _M—i—O(A )~—' . (3.438)
9y
[ToxcraBuB 3T0 Bhipamenue Aas 0%/0y®|. B ypaBuenue (3.434)
¥ Pa3pelinB OTHOCUTEJbHO {wp, MOAYUHM ycioBHe Bynca aas BUXpA
Ha CTeHKe: .
(o =t e) _ Zrn OB, (3.439)

Ycnosue Byaca ¢ ycmexom ucnosansosan  Paccenn [1963];
cM. Takxke pabotnl Jlecrepa [1961] n Mafikna [1966]. Xuin n Ma-
KaHo [1966] HesaBucumo BeIBenH ycaoBue (3.439) 4 mpuMeHHJH
ero I pacuera TeueHuH npu ymepensanix uucaax Re (Re =& 300);
aAHAJOrHYHOE YCJIOBHe ObLJIO MOJAYYeHO W aBTOpoM 3ToH kuurh. Teo-
petuyeckue pacuetn I1. k. Tefiiopa [1968] ykasann na BO3MOXK-
HYI0O HEYCTOHUYHBOCTb, CBA3AaHHYIO C 3THM YCJOBHEM, NPH OOJbIIUX
ceTOUHBIX uHcsaax Pefinodbaca. B xonze 4Mc/IeHHOTO 3KCIeDUMEHTA
Pangen ¢ coaBtopamu [1969] cHOoBa He3aBHCHAMO NMPHILLIH K yCJao0-
BHIO (3.439). Hcnonbays HrepalHOHHbBIE METOALl A5 pacyera cra-
LHOHApPHBIX TeueHu#l, oun (Panues ¢ coapropamu [1969]) o6Ha-
PY3KHJIH, 4TO ZaHHas (opMma TPAHHYHOTO YCAOBHS BTOPOTO NMOPALKA,
BEPOATHO, MPUBOAMT K PACXOANWMOCTH, ocobeHHO npu Goabmux Re
H IIpU TNepeMEeHHBIX Ay.

®opmyJsy BTOPOro nopsgka M [p B OCECHMMETPHUHOM cJjydae
cuenuBanu Jlrorr u Pumon [1970], cpaBHUB ee ¢ TOYHBIM peLIeHHEM
8ajaud o0 oOTeKaHHH CIJIIGCHYTOrO 3JJIHIICOHJA BPAIleHHS; K CO-
JKAJeHHIO, 3TO pellleHHe NPHTOZHO TosabKo mpu Re = 0. Ounu pac-
CMOTpeJIM BHIpakeHHe, BKJIOYAlOUIee HeCTAUHOHADHBIA ujeH d(o/0!.
3anucaHHOE 4Yepe3 JIOKaJbHBIH pajuyc KDUBH3HBI r¢, 3TO BBIpaKe-
HHe HMeeT CJACAYIOIUH BUA:

_ Bbwt1/Ay2 — /olwi1 + /24 Ay® Re 0Lw/dt A2
bo 1—ag/(2r,) + 3 A9%/(812) +0@Ay). (3.440)

IIpu r.—> oo nosayuaerca ycjoBHe, COOTBeTCTBYIOIee O6TeKaHHIO
IJIOCKOH TJAaCTHHKHM M OTBeualolilee yciaoBuio Byaca (3.439) c no-
GaBjeHneM HecTauuoHapHoro usexa. Jaycon u Mapkyce [1970]
YCTaHOBHJIH, YTO HeCTALHOHApPHLIA uieH 0(y/0f B ycaosunm (3.440)
«BECbMA CHJIBHO CHMXKAaeT YCTOHYMBOCTL H HOJIKeH ObITh Omyulel».
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Haubonee yacro ucnoanayemasi GopMysaa BTOPOTO MOpsiAKa TOY-
HOCTH JUJIl TPAHHYHOIO YCJOBHSl ISl BUXPS Oblsia BIEpBHE MNpej-
aoxena Mencenom [1959], a nospnee Ilupconom [1965a]. Ira
¢dopmysa mosydaercs anmnpokcuMalHedl 3HaueHHH Y B OKPECTHOCTH
CTeHKH [OJHHOMOM TpeTbero MHopsiiKka C ycaoBHeM O0%/0y|y =
== Uy == 0 u umeer BuA (cM. Takxe Bpuan [1970])

L, == TPw + gleszl — Vw2 + 0 (A). (3.441)

Oty dopMmyny nosxe npumenann Yuake u Uepunan [1966] mns
pelueHHsl 3ajaun o cBOGOJHON KOHBEKHMH NPH MaJjoM uncie [pac-
roda, Ho xorma CoMmioenc u Yepunman [1967] npoxoskuaM 3TH
pacueTwl, OHH OOHAaDYXHJH, YTO pellleHHe HeYCTONYHBO, H BEpHY-
JINCh K YCJIOBHIO NMEPBOro Mopsiika TouHocTH (3.435). BepositHo, npu
60apinx unciax PefiHoabnaca pacuersi Mencema [1959] Takxke
Obii 6bl HeycrofuuBel. Pacuers: Toppanca [1968] u pacuern
Bao u [Horepru [1969], B KOTOpPEIX HCIIOJB30BAJIOCH YCJIOBHE
(3.441), ToxKe orpaHUYHBAJNHCh YMepeHHBLIMH uHcaamu PefiHosbaca;
cM. Takke padotsl Caycesna [1946], [Tapuca u Yurekepa [1965].
B nmanbHefillleM NpU CPAaBHEHHH PELIEHHS OCECHMMETPHYHOH 3ajauyu
0 BpallaolieMcs UHJIHHAPE C TOUYHBIM peIIeHHEM B OJHOMEDHOM
cnyuae DBépmean [1969] ob6napyxua, uro d¢opmyna Fencena
(3.441) nmaxe B cJayvae, KOrja OHa YyCTOHUHMBA, IPUBOXUT B Jefi-
CTBHTEJbHOCTH K MeHee TOUHBIM pe3yJbTaTaM, YeM YCJOBHE IepBOro
nopsizka !).

o mochentero BpeMeHH GbIJIO MUPOKO PACIPOCTPAHEHO MHEHHe
(npempaccyok?), uTo HeycTOHUHBOCTb ycsioBHS (3.441) Kak-To cBi-
3aHa ¢ TeM (axToM, YTO B HeM HCIIOJb3yeTcs HHbopMaInus us
TOYKH © -+ 2, a TaKHe CXeMbl CUHTAJIHCL OOpeYeHHBIMH Ha Heymauy.
B paGore Bpuau [1970], BHecureii B 3TOT BONpPOC SICHOCTb, GBLIO
J0Ka3aHo, 4TO 3TO MHEHWEe HeBepHO. DpU/NH OTMeTH, YTO IIpeacTaB-
JeHde Y B BHJE MHOrouJeHa IPH BHBOZe ycaosus (3.441) wme
coryiacyercsl ¢ onpejesienneM 4 = 0y/dy B TouKe w - 1, ecau noan-
30BaThCSl UEHTPAJbHBIMU pPa3HOCTAME; TpeboBaHHUE COrJIAacOBaHHO-
CTH 3[eChb NPHBOAHT K HEOOXOTHMOCTH HCHOJb30BATh JIJIsl ONIpeje-
JeHHs U CHEAYWIIYID CHeuuadbHyIo (opMyay (TOJBKO B TOYKe

w4 1):

uw+1:

S5 _ =5V + 4w+ + Yot 9
0y lw+i - . 4 Ay “ + O(Ay )- (3.442)

Ecan 3ty ¢opmysny HNpHMEHSTb BMecTe ¢ ycaosueM (3.441), To
pacueTnl, NpoBeJEHHBIE O HESBHOM CXeMe MeToJa YepepyIOIHXCS

1) Bépucau [1969] ycraHoBHa, uTo Haunyuilelr QopMyJsol, COBMeCTHMOH ¢
rJ06aNpHLIM COXpaHeHHeM (H3INTeCKUX BEJHUYHH B OCECHMMETPHUHOM CJydae, siB-
astercst Bupaxenve & == (27 — DYs—1/[(J — i) Ar?], roe r == JAr — Makcumain-
Huft paguyc. [lpn Gosbinx J (r — o0} 370 yc/OBHe TIEPEXOAUT B YCJOBHE (3.439).
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HaNpaBJeHHH, OKa3bIBAIOTCS YCTOHYHBLIMH Jaxke NpPH GOJIBIIHX
uypcnax Pefinoasaca. (KoHeuHo, ReHCTBHTENHHO pPa3yMHOH CBf3H
MeX/IY YCTOHUMBOCTBIO M «COTJIACOBAHHOCTBIO® HeT, NMpHUeM Halle
06BACHeHHEe HEYCTOHYMBOCTH MNO-TIpeXKHEeMy He 0ojiee ueM YIOMH-
HaBIUHiicd Bbime mpexapaccynok. Ilo mHenuio Bpuam, Mu, BO3-
MOYKHO, TPOCTO 3aMEHSeM HECOTJIACOBAHHEIA NMpEeApacCyNOK COrJia-
coBaHHBIM.) Dpuau naxke BriBeJ (GOpMyay mias CPaHHYHOTO YCJIO-
BHfl, OCHOBAHHYK) Ha WHTEPNOJSALUHOHHOM MHorodseHe Jlarpanxa
YeTBEpPTOro MOpsAaKa:

gw R 8511’&) 4 1081bw-|1~é A—y374‘17'w+2 + 41Pw+3 _|__ O (AyQ) (3443)

Ins cormacopaHHOCTH 3Jeck TpeOyercd, uToOb CKOPOCTH B ABYX
TOYKaX BOJH3M CTEHKH BBIUHCISAJHCL MO ocoObiM (opMynam

U= e et “ ey 4 08y, (3.444a)
Ugys == 14y — 36ww+1‘;'A1y§ﬂ)w+2 + 4pwts + 0 (AyZ), (3.4446)

H, KpoMe TOro, 4ytobnl usneH d%p/dy? B ypaBHenun [lyaccona Gbia
npeiacTaBneH B BHAE

52 200 — 54%yr1 + 270w r2 — 20 w+s

'esyizw+1= e B e —,  (3.4452)
8?2 11y — 27 16
e }l’sw;;ﬁ Yots (3.4456)

Otu popMyasl Takxe ycrofiuuel Nnpu Ooabminx Re. 3nayenue g,
nonyuenHoe no Gopmyne (3.443), oueHb Majo OTAHYAETCHA OT 3Ha-
yeHMs, NMoJydeHHoro no ycaosuio Mencena (3.441), tak Kaxk noJanas
omnbKa annpoKcHMaluu Npu 3ToM He MeHsercss (Bpunu [1970]).
Ho B HeaBHOI cxeMe MeTOZa yepelyIOIHXCS HanpaBJieHHl urtepa-
uuy mas §EFL (em. pasa. 3.1.16) cxomarca GbicTpee, MOXKHO MpPOBO-

IUTh PacueTs ¢ 0OJBIIHMH BeJHYHHAMHY IIATOB N0 BPEMEHH, a CyM-
MapHOe MalUHHHOe BpeMs cokpalnaercst BaBoe. OQHaKo nporpamMma
CTAaHOBHUTCHA CJIOXKHee, TAK Kak ¢opMmyan (3.445) npu peurenun
ypaBHeHnsi [lyaccoHa c momoliblo HesBHOH cXeMbl MeToda yepe-
LYIOLUXCS HanpaBJjeHuii NPHBOAST K NOSBJEHUIO WIEHOB B y3jaXx,
OTCTOALIUX OT I'paHMIbl 0ojlee yeM Ha OAHH LIAr; TAaKHM 06pasoM,
paclienyieHHble 1O BpPeMEHH HesBHBIE pPa3HOCTHBIE YPaBHEHHS!
BIOJb y B HeBHOH CXeMe MeToja uepelyIOIHXCst HanpaBJeHull He
OyayT TpexAMaroHanbHbIMH. JIAst TOro 4TtoOBl HMCKIIOUHTHL 3Ty
LOMOJHHTENbHYIO HeABHOCTL B TouykaXx w41 ¥ w42, Bpuan
[1970] npuMeHsn mTpocTyiO MOAMDHKAIMIO MeTONa HCKJIIOUEHUS
[aycca. Moxer okasarbes, uyto ycdaosusi (3.445) mnpensarcrsyioT
CXOUMOCTH TIpH pelleHuH ypaBHeHus IlyaccoHa MeTofoM mnocJe-
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JOBaTeNbHON BepXHefl pesaxkcanuy U OrPaHHUMBAIOT BO3MOXKHOCTDL
HCIONb30BAHHS MHOTHX MNpPAMBIX MeTOAcB. {Meron pacuera pac-
NpOCTPaHEHHS BEKTOpa OIIMOKH, pacCMOTpPeHHBIl B pasn. 3.2.8,
MOT' HCTIOJIb30BAThCA NIPH 00XOJe y3JIOBHIX TOYCK B HaNpaBJCHHH X.)

Puc. 3.23. OnpeneneHne 3HaYeHHs BUXPA Ha CTeHKe, He MapasjieNbHON OCH X,
@ — NPOH3BOJILHBI YroJl HaK/JOHA CTEHKH Oy, 6 — yroJ Hak/IOHA CTeHKH 8y = 45°,

Jns caydas HaKJAOHHOH CTEHKH, NPOXONSANIEdl MO AHATOHAJH
uyepe3 siuedKH CeTKH, KakK MOKa3aHo Ha puc. 3.23, 3HaueHue BHXPH
Ha CTeHKe MOXKHO HaHTH NpH NMoMollH (GopMYJs NEpBOro Mopsaka
touHocTH (3.435) caenymownM o6pa3oM. 3HaueHHS HA CTEHKe
B TOYKaX Wa, Ws W He SABJAIOLHXCA Y3JaMH CETKH, HaxXoIfATCA
TaK:

2 (Vg — Vug)
o= > (3.446a)
An? = (Ay cos B,,)? z%, (3.4466)

rae P = Ax/Ay — OTHOIIEHHe IAroB CeTKH. AHAJOrMYHO BBHIUHC-
nfpoTCA Gy, # Ly, Jlanee unrepnossiuuedl BAOML CTEHKH ompefe-
JAI0TCS 3HAYEHHH { HA CTeHKe B y3Jax @), @y, W3 ITOT CIOCOH
ycrofiunp H, no-BHAMMOMY, Touen (KemnOeasn u MioJaep [1968]).
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B uacTHOM Clryuae, KOTjJa yroJ HaK/oHa CTeHKH paBeH 45° (B = 1),
IJs TOuKH ({w, jw), usobpaxeHHo#l Ha puc. 3.23,6, noayuaercs

2 (br1, o+ ¥i — 2,
G o=zt fo T Vo jost “Phiwge) (5 447

rie A =Ax= Ay (OJInpu n Mwoanzep [1969])!). Takof croco6
OKa3bLIBAaeTCsl TOuHee, yeM pacyer mo dopmyse

Ciw, o= "I’iw—l, ]wz;— 'q’iw, fw , (3448)

Tak KakK 3HayeHUs v, BXOAfAmMe B BoipaxkeHue (3.448), Gepyrcs
B y3J1aX, PaClOJIOXKeHHBIX AaJjbule OT CTeHKH, YeM Y3Jbl, B KOTOPhHIX
Gepyrcs 3HaueHus P, BxoAsmue B (3.447).

[Ipu paccMoTpeHMHM ypaBHEHHH MABHXKEHHS BSI3KOH XKHJIKOCTH
MOKeT GBITh NMOJIe3HO TaK¥Ke MOAENHPOBAHHE YCJOBHS CKOJbXKEHHS
Ha creHke. B sToM caywae mpeamnosaraercs, 4To TOJILIMHA TOrpa-
HHYHOrO ¢J105 MeHbllle, 4eM BenHuMHa Ay. DT0 yCJIOBHe SBPHUCTH-
YeCKH MOXKHO MOJE/HPOBaTh C IOMOIIBIO YCJIOBHSA CKOJNLKEHHS Ha
CTeHKe, KaK 3TO JesaeTcss H B pasn. 3.3.5. Ha creHke 3apaercs
3HaueHue P, a BUXPb NoJyuaercs U3 ycaoBus Hefimana

Lo = Cw+1- (3.449)

CrnpaBeninBOCTL TAKOro MOAXOJA He HoKa3aHa. B stom cayuae
HeJ1b3st HOJYYHTb MaTeMaTHUYeCKH «COIVIaCOBAHHYIO» CHCTEMY ypaB-
HEeHHH, NMOCKOJbKY TOJIIHHA HOTPAHHYHOTO CJIOSI HE MOXKET OCTa-
Batbca MeHblle Ay npu Ay — 0. OgHaKo npecTasiseTcs, 4YTo TaKoe
ycaoBne ofecneuuBaeT pa3yMHOe (H3HUeckoe mpubiHXKeHHe.

CaenyeT OTMETHTb, UTO IIPYU pacueTe TeueHUs HesA3Kol wudKko-
CTU HeLOCTAaTOYHO (HOpPMAaJIEHO MOJIOXKHTh 1/Re =0 B ypaBHeuuu
nepeHoca BHXPHA; HEOOXOJHUMO TaKxKe IDHMEHATh ePAHUYHOE yCAO-
8ue cxoavierus. B neficTBUTENBHOCTH mnocjenHee Gojee BaxkHO,
uyeM npocroe mnpexanosoxenne 1/Re == 0. H3BectHo, 4TO TeyeHHs
HEBSI3KON JKHAKOCTH MOXHO JAOCTaTOYHO XOPOIIO MOJETHPOBATDH
Jaxe NpH Takux Manwx uncaaxXx Re, xax 300, ecam craBurcs rpa-
HuyHOe ycaoBue ckogabxkenus (Kenmep [1970a]). M3 ypaBHeenus
(2.12) nerko BHOeTb, UTO [Jist TEUCHHUS HEBA3KOH XKUIKOCTH {, KaK
H. P, MOCTOSAHHO BAOJDb JI0G0H CTALMOHAPHONH JIMHHH TOKA, BKJIOUAS
CTEHKY C YCJIOBHEM CKOJIbXKEeHHS Ha Hel, IOCKOJBbKY B 3TOM TeUEeHHH
Dt/Dt = 0. Takum o06pasoM, IS TeUCHHS HEBA3KOH KHIKOCTH
ycJOBHe Ha CTE€HKe (yp == const sBaseTcs KOPPEKTHHIM T'PAHHYHBLIM
ycioBueM (KOHCTaHTa olpepensercd u3 YcJaoBHi B naberawoumem
MOTOKeE).

') Aunanoruunywo mpoueaypy, HCIOJBb3YIOULYI0 ONePaTop, HOCTPOEHHH Ha
(SITHTOYEYHOM AHATOHAJbHOM WIabicHe (cM. pasa. 3.2.10), MoxHO Hafity B KHure
Toma u Anesera [1961, c. 126].
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HeobxonuMo cuenaTh 3aMeuaHde O BO3MOXKHOH mepeonpejeset-
HOCTH TPAHHYHBIX yCJOBHH. JLJs HPOCTOTH pPacCMOTPHM HEKOTOPOE
TeYeHHe B 3aMKHYTOH MOJIOCTH, 8Ce CTEHKH KOTOPOH HeNOJBHIKHBL
Ecnu creHKH, napasjesbHble OCH X, HEIPOHHLIAEMbl U HA HHX YJ0B-
JIETBOPSIETCS yCJOBHE MNpPUANNaHus, To HA HHX u=0 u v=0.
3anuchBas 3TH yCJAOBHS uepe3 (pYHKLHIO TOKA P, NPUXOJHM K cJje-
JNVIOUIMM COOTHOIUeHHAM: OV/0x = —uv = 0, oTKyAa noJyiaem, 4TO
P = const (ckaxem 0) BROJNb CTeHKH H 0Y/0y = 1 = 0 1o HoOp-
maau K credke. Ecan paccmartpusarte oduo ypasnenue Ilyaccona
V&4 =, To Kaxaoe U3 3THUX [ABYX YCJAOBUH fBHTCS AOCTATOYHBIM
rpaHHYHBIM YCJIOBHEM I HaXoxAeHHs pemieHus. OueBHIHO, AJs
ypasHeHus Ilyaccona Hesnb3s 6path o0a ycjoBUSI OJHOBPEMEHHO,
TAK KaK 3TO Jejaer 3ajauy . nepeonpeaenexunofi. Ho ycaosus
Pw = 0 He JOCTATOYHO AJH TOro, YToObl ONpeleNHTb BuUXpb [n HA
CTeHKe; 37eCh, KaK W mpu BeiBojge Qopmyn (3.435a) nmu (3.439),
HEOBX0AHMO TAKKe HCIOJb30BaTh yeaosue 0y /0y | = 0. Tlostomy
3a HeMMEHHEM HHOTO TPAaHHYHOTO YCJOBHA AJAd BHXPS { HCHOJb-
3yeTcss TpafHeHTHOe YcaoBHe OP/0y|o =0, a ycioBHe Yy =10
Gepercs Ans ypaBHeHHs [lyaccoHa ngs . D10 eduncreesHo npa-
BUJIbHOE pachpelesieHHe AaHHHIX ycaoBui, (CM. Takxe 3anauy 3.27.)

Heckonbko cMymaer 1o o6CTOSITENLCTBO, UTO YHCJEHHOE pelile-
HHe a8 ¢ He yuoBaerBopseT!) ycaoBuio 8P/8y = (Pui; —
— Pw) /Ay = 0. DtoT mapaJoOKC BO3HHKAaeT H3-3a TOrO, 4TO HJis
89/0y|» ucnonndyercs GopMmysa MepBOro Mopsiika TOYHOCTH, B TO
BpeMs KakK pelleHHe MOJHOIO YpaBHEHUS HILETCS CO BTOPBHIM TOPSI/I-
KOM TouyHOCTH. Ecanm BMecTo cucreMbl JABYX YpaBHEHHH BTOPOro
nopaaka (aas ¢ u L) paccmMarpuBaTh OJHO ypaBHeHHE YETBEPTOrO
nopsaika Ljasg P, TO AJs KOHEUHO-PA3HOCTHOTO YPaBHEHHs NOTpe-
6ytorcst H OyAyT yAOBJAETBOPATLCS 06a yCJIOBHA A Yo H OPY/OY|w.
Takum obpasoM, MOXKeT NOKAa3aThCsl, YTO pelileHHe OJHOr0 ypaBHe-
HHS YeTBeproro mopsiaka Oyner Gosee TOYHHIM, IO KpailiHell Mepe
B OTHOLIEHHH TPAHHUYHBIX ycJ0BHA. OQHAKO NPOH3BOIHBIE YeTBep-
TOI'O MOPSI/KA MO MPOCTPAHCTBEHHBIM IEPEMEHHHIM 8 OKPECTHOCTU
CTeHKH HeOOXOAMMO aNNpOKCHMHPOBAThL HEleHTPaJbHBIMH PasHo-
CTSIMH, ¥ TOILA MOJIyUeHHBIE PA3HOCTHEIE HOPMYJIBI He GYAYT COOT-
BETCTBOBATb BHPaXeHHI0 §¢/6y|w == (Yw+1 — Puw)/Ay; 3HAUUT, HaKe
IPH KOHEUHO-Da3HOCTHOM TNpEJCTaBJEeHHH UETBEPTOrO MOPALKA
ONATH NOAYYALTCH Pyt F= Po.

Cnenyer chesatb 3aMeuaHHe H OTHOCHTEJbHO OIpeleNeHHs
TOUEK OTpPHIBA Y BTOPHUUHOTO MPUCOEAHHEHHS IIOTOKA K CTeHKe.
Jlerko Mokasatb, 4to B gH{pGhepeHIHaNbHLX YpPaBHEHHAX Cp = 0
KaK B TOYKe OTPHIBAa IIOTOKA, TaK H B TOYKE BTOPHYHOTO NPHCOEIH-

) Uspasmu [1972] onpepensier ;g“ HTepAUUOHHLIM MyTeM (mpu HOMOUIH

HIXKHeH peJakCalHH) TaK, 4To6bl HA KaXK/A0M BPEMEHHOM cJ0e BHINOJHSJIOCH
yeaosue Op/0n|, = 0.
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tenus. Ecau H3BecTHBl 3HA4eHHA {p, TO MOJIOXKEHHE TOUEK, rje
Lo = 0, MOXHO HaWTH HHTepnoasuueit. Ho TakHe NPOHHTEPNOHPO-
BaHHBIE 3HAa4YeHHA OyAyT He Jyulile, 4eM pacCUHTAHHbIE 3HAYeHHUs
Ha CTeHKe, a, C/1eJ0BaTelNbHO, NOJOXKEHHe TOYEK OTPLIBA H BTOPHU-
HOrO MPHCOEAHHEHHs IOTOKAa HeJb3sl ONpeNesUTh C OOJbIIOH TOU-
HocTelo. Croco® onpedesieHHss YKa3aHHBIX TOYEK [0 [OJYUEHHOMY
pelleHHI0 JOJIKeH, KOHEUHO, paccMaTpHBaTbesl B J000# paboTe
(/IaBan c¢ coaBropamu [1969], Poyu u Miosanep [1970], IlaBe
i Puuapac [1970]).

B 3ak/ioueHHe OTMeTHM, UYTO pACCUHTAHHLIE BeJHUYHHB BHXPA
Ha CTeHKe MOXHO HCHOJIb30BaTh MAJs8 ONpefie/eHHs] TpPaHHYHOH
olHOKH, CBA3aHHONH ¢ HEKOTOPBHIM HapylleHHeM CBOHCTBAa KOHCepBa-
THBHOCTH DeIleHUs], YTO MOXKeT CJYIKHTb LJs MPOBEPKH CXOAHMOCTH
annpokcumauuu. (CM. 3agauy 3.32.)

Ynpascrenue. BriBecti!) GopMysasl Mepsoro M BTOPOro MOpPsiAKa TOUHOCTH
IJis BUXPSl Ha NapanjesbHOI OCH X CTEHKe, ecqd CTeHKa a) JABHXKeTcd C 3aJaH-
HOH CKODOCTBIO Uy = Uy, Up = 0; 6) sBAsieTCs NPOHHLAEMON, NpHYeM 3ajaHa
CKOpPOCTb BAYBa (0TCOCA) Uw =Vpu H Up = 0

B pabore Teitmopa [1970] ykaszano, 4To BAYB uepe3 CTEHKY
MOXET TPHUBECTH K UHCJICHHOH HEyCTOHYHBOCTH.

3.3.3. CteHHa B APYrHUX pacyeTHbIX CeTHax

B wmerose PobGeprca — Befica (pazn. 3.1.19) npumensercs cu-
cTeMa H3 JBYX CETOK, PA3HECEHHbLX B0 GpemeHil C IAXMaTHBIM
pacroJioKeHHeM y3J0B. AHAJOTHYHBIH BHJ HMEIOT CeTKH, pa3Hecen-
Hole 8 npocTpancrae (eubpudusie ceTxku), TAe HEKOTOPHE NePEMEH-
HBl€ ONMPEAENSIOTCS Ha OAHOM Habope y3J0B, a oCTajJbHBIE NEepEMEeH-
Hble — Ha CeTKe, CMeLleHHOH [0 AMaroHaJH OTHOCHTEJbHO MepBOH
(Xapioy u ®pomm [1954]; Ppomm [1963]; Yuabsmc [1969];
cM. Takxke pasfi. 3.7.3). HMcmosbsyloTcs Takwe cOBUHYTble CETKH,
KOrja OjfiHa CeTKa CABHHYTAa HA IOJOBHHY MPOCTPAHCTBEHHOrO LIAra
OTHOCHTENBbHO ApPYrof, NpHYeM COBHHYTa BJOJb KOOPAHHATHOH
JMHUY, a He BAOJb AHaroHajd. [Ipu ceTkax BcexX ITHX TpeX BH/IOB
BHXpb { omnpejeJsieTcss B y3Je, OTCTOAIIEM Ha An/2 OT CTeHKH, Kak
noKa3aHo Ha puc. 3.24, a.

Ins pacuera BUXpPA { He pekoMeHAyeTcs OparTb CETKH BTOPOro
tuna. [Ipu nocrasoBke 3agaun 3jech Tpebyercsi HEKOTOpas OCTO-
POXKHOCTb, HHAye HECOTJIACOBAHHOE BHIUHCJEHHE T, MNpHBemer
K TOMY, uTo cTeHKa Oyner sddekTuBno cMeuieHa Ha An/2 (Opomm
[1967]). Haxe eciau BBIYHCJEHHS NPOBOAATCH HaAjexkalpMm obpa-

1) 3ameruM, 4To HadxuHe ABMKYIeHCH CTEHKM NPUBOAAT K MOSBJIEHHIO A0-
nosHuTesbioro wiena 2U,/An B ¢dopmyne nepsoro mopsika Anf G, M AONOJTHH-
TeqbHOro wiena 3Uyu/An B dopmyse BTOpOro mopaaka.



3.3.8. Crenka a dpyeux pacuernsix cetkax 225

30M, CeTKa BTOPOro THNa, Kak Oy[deT NOKa3aHO HHXKe, NIPHBOJIUT
K CHHXXEHHI0 TOYHOCTH AJsa {.

YcaoBHe NPHAHIAHUS [OJKHO BHIIOJHATLCA Ha CTEHKE, a He
B ee okpecrrnocT. Ha puc. 3.24 Buxpu B Touke (i, ja), cocenuedt co
CTEHKOH, paccuuTbiBaeTCsl [0 YpaBHEHHIO IepeHoca BuxpfA. [lpu

° ° .  sd
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+ &%
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% x[ruja'1 x
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+ + + + + +
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Puc. 3.24. Pasauunble CeTKH [Jsi pacyera CTeHKH., @ — CceTKa AJs BHXpA §3

6 — ceTKa M QYHKUMH TOKA 1p; 8 — CABHHYTHIE CETKH: CBETJbIE KPYKKH — y3Jbl

CeTKH IJd BHXPSl {, KPECTHKH — y3abl CeTKH AJs (QYHKUHH TOKa ; & — rubpHa-

Hasl CeTKa C IUAXMATHBIM PACMOJIOXKEHHEM Y3JOB: TeMHble KPYMKKH — y3JIB CEeTKH
A9 BUXPS §, KPEeCTHKH — yaibl CeTKH AJa QyHKuuH ).

noMouiy ¢popMmyan (3.435), rne An 3amensiercs Ha An/2, B Touke w,
He fBJSIOUlEHCS y3/0BOH TOUKOH, HaXOAUTCA 3HAUEHHe BUXPA Ha
CTeHKe [ C IepPBHIM MNOPSIAKOM TOYHOCTH:

2= %) L hape).  (3.450)

i ta-1p=8; 0= (Anf2)?

(MoxHo Takke 6paTb U GopMyJy BTOPOro nopsijka TOYHOCTH.)
Has Toro 4ro6p MONYYHTH KOHEUHO-pa3HOCTHOE NPeACTaBJIeHHE
17151 TPOU3BOAHBIX B TOYKe (i,ja), cMeXHOH cO CTeHKOH, Heobxo-
JUMO B3SITh KaKym-i1060 CXeMy C HeCHMMETPHUHLIMH DPAa3HOCTSIMH.
OTa HeoGXOAHMOCTb NPUBOAMT K CHUXKEHHIO TOYHOCTH. OAHHM U3
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BO3MOMKHBIX CHOCO00B vllpeiedieiist 3HaueHIl B UPOMEKYTOUHON
Touke (i, ja -+ !/2) siBAsieTcs CaenyIOWHii:

gl, jat+lie ™ 1/2 [Ci,ja+1 + gi, la]' (34513)
(Ug)i, jarie T 1/2 [(Ug), ja+t + (UC)L ja]- (34516)
3areM oObluHbIe NPOCTPAHCTBEHHLIE Pa3HOCTH NO Yy B YpPaBHEHUH

nepexHoca BHXpA B Touke (f, ja) 3aMeHAIOTCS Pa3HOCTAMH 3HaueHHH
B 3THX TOJYLEJILIX TOUKAX:

6 (vg) _ (UC),-, jat12 — (Ug)i, w (Ug)l, ja+1/2

v e A = Ay . (3.452)
8%  Eijarp 218 e
S i ga ur) : (3.453)

Jlerko moxasartn (safaunm 3.24, 3.25), uro onpenesnesye 3Haye-
HUH (00) 4, jati1/2 B G, jat1/2 B TIONIYLEJBIX TOYKaX, KaK 3TO jejaercd
B dopmysax (3.451), He corsacyercs ¢ HCIHOJb30BAHHEM LEHTPaJib-
HBIX pasHocrefl B LENBbIX Y3JaX INPOCTPAHCTBEHHOH CEeTKH; IS mep-
BBIX NPOH3BOJAHLIX 9TO HE BHOCHT OMMOKH, HO BblpaxkeHue (3.453)
CHHXKaeT MOPSALOK TOYHOCTH A0 Hepsoro. [leficTBUTeNbHO, AJS Mpo-
CTO! OJHOMEpHOH 3&1auH, KOI'Za B YpaBHEHHE BXOIHT TOJLKO uJjieH
CO BTOPOH NMPOM3BOAHOH, JIerKo NoKasaThb (3ajpaua 3.25), 4uTo ceTka
BTOPOT'O THMa NPHBOAHT Ha CTeHKe K OlUHOKe, CBA3aHHON ¢ Hapy-
WeHUeM O2PDAHUYEHHOCTU peuleHus; B THAPOJMHAMUUECKHX 3a1ayax
sTa oWIHOKA, CBA3AHHAA CO CBOCTBAMM CXEMBI, MOTJIa Obl NPHBECTH
K HENpaBHJIbHOMY YKA3aHHUIO HAa OTPHIB MOTOKA.

Omnpenesnsis QUKTHBHBIE 3HAUEHHH v U { B yajax, o603HAYEHHBIX
Ha pHC. 3.24,a KpecTHKaMH H DAaCIOJIOXKEHHBIX SHYTPU TBepAOH
CTeHKH, MOXKHO JOOHTBCS H3BECTHHIX YILOOCTB B CMBIC/Je TpOrpam-
MHPOBAHHA H CO3JATh HJIJIO3HIO BTOPOrO NOPSAKA TOUHOCTH. IDTH
3HAUEHHSl { B y3JaxX TaKxe pasMelleHbl B oblleM ABYXHHAEKCHOM
MaccHBe, OTBeJeHHOM aast { u o0003HAaYeHHOM, CKaeM, depe3
Z([,J). Hanpumep, ecnu cTeHKa pacnoJoxkeHa Ha HEKHEM Kpae
CeTKH, TO 3JeMeHTH Z(/, 1) COOTBETCTBYIOT 3HAUEHHAM { B y3Jiax,
0003HaUEHHBIX KPECTHKAMH H HAXOASUIHXCS BHYTPH CTEHKH, a 3Je-
MeHTH Z(/,2)— sHauenusm §; j,. 3HaueHus B y3JaX CerKn, 060-
3HAUEHHBIX KPECTHKAaMH, MOJIKHBl ONPEeAesAThCsl MOCAe KaXKAOro
BBIYHC/INTEbHOrO IHKJA AJAA { BO BHYTPEHHMX TOUKAaX Tak, UTOOHI
VAOBJETBOPHTb HaJeXKalleMy TpaHiTHOMY VCJOBHIO B TOYKaX
({, w); mpu sTOM B TOUKaX (i, ja) MCHOJB3YIOTCS TaKue JKe ypaBHe-
HHf, KaK H B OOBIYHBIX BHYTPEHHHX TOUYKaX. DTOT cnocol pacyera
yio6Hee, HO OFpaHHYeH IEPBHIM NOpsjAKoM TouHocTH. Iloartomy
NpUMeHeHHe CeTOK BTOPOro THMA AJs pacueTa BHXPSI HH B KOeM
c/yuae He peKOMEHIyeTcs.
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Ecnu ceTKy BTOpPOro THIa BCe-TAKH HCNOJb30BAThH JJIS pacuera
BHXpS, TO (DYHKLHIO TOKA ONpEeAEJEeHHO He CJelyeT DacCUHTLIBATH
Ha TaKoll ceTKe. YcJOBHe NPHIHHAHUS Uy = (69/0y)w = O MoxKer
GBITH CBEAECHO K YCJOBHIO HYJIEBOT'O TpafHeHTa i, ja—1 == Vi ja. 11pH
3TOM BO3HHKAaeT HeoOXOJHMMOCTh pellaTh ypaBHeHHe Ilyaccona
C rPaHHUHBIMH ycaoBuAMH HefiMana, 9To CHMXKaeT CKOPOCTb CXOAH-
MOCTH HTepalHOHHOro npoliecca. Eule Ba)kHee TO 00CTOSTENbLCTBO,
YyTO 3TOR TNpHEeM He JaeT NPaBHJILHOTO 3HA4YeHHA P Ha CTEHKe.
Ecan Tago#l npueMm naer 3HaueHue g, == 0, TO 3TO 03HAUAET, YTO
P ja = 0 ¥ B TOYKAX, PaCHOMOKEHHLIX Ha pAcCCTOSHHH An/2 Han
cTeHKoH. B pesyabrate Hajx creHKo# Kak OYyATO TNMOSBJISETCS HEMo-
ABMXKHBIE caoft wugkoctd Tommuno#t Anf2. TakuMm o6pasom, CTeHKa
okamxercsl 9(O(deKTHBHO CMelleHHOH BBepX Ha paccrosiHue An/2 npu
pacuere W, HO He NIPH pelleHHH ypaBHeHHH AJaA §, 4TO, OUEBHAHO,
NPHBOAUMT K HECOrJIaCOBAHHOCTH.

OcnoBHass TPYAHOCTh 3aKJIOUAeTCss B TOM, UTO IPH pellleHHH
ypaBHeHud [lyaccoHa Hesib3sl OHOBPEMEHHO HCIIOAb30BATh 06a rpa-
HUYHBIX YCIAOBHA Yo = 0 U Uy == 0P/0y | = 0 BROAb OfHOH U TOU
JKe TPaHHUE!, TMOCKOJBKY NpPH 3TOM 3ajada CTAHOBUTCSA Iepeorpe-
HeJeHHOfl, Tak KaK AJg ee pelieHHs NOCTATOYHO JHGO YCJIOBUS
HNupuxJe, au6o ycnosus Helimana. [na ypaBuenus [lyaccona cire-
ayet Gpatb ycaopre ¢ == 0. (CM. Tekxke pasz. 3.3.2 u 3anauy 3.27.)

OyHKIHI0 Y HEOOXOAUMO pacCUHTHIBATL Ha CeTKe NepBOTo THME,
KoTopasi, Kak TokaszaHo Ha puc. 3.24, casuuyta Ha Ag/2 orHOCH-
TeJdbHO ceTKM misa . CkKopocTh KOHBEKIMH BuXps [ paceMarpu-
BAaeTCsl B y3/7aX [-CeTKH H COOTBETCTBEHHO HAXONUTCA MO SHaue-
HHUAM 1 B Y3J1aX P-CeTKH CJAeAYIOIHM o0pa3om:

U = ———— (3.454)

(0oGo3Hayenus Te XKe, 4To Ha pHC. 3.24). MOXKHO CABHHYTH -CETKY
OTHOCHTEJBHO {-CeTKH H B HanpaBJenud x. OkasuiBaeTcs, 4To TakoH
pHeM MOXKeT JalKe NPHBECTH K YMEHBIUEHHIO OMHOKHM aNmpoKCH-
Malli¥ MpPH BEIUHCJEHHH CKODOCTH, HO IIPH 9TOM B pellleHHe ypaBHe-
Hun Ilyaccona V2 = ¢ BHOcHTCA AOTMOJHHTENbHasd omubra. Jas
pewenuss ypaBHeHHs Ilyaccona tpefyioTcs sHauenna { B yanax
{P-CeTKH; 3TH 3HAU€HHS MH obOosHauum uepe3 t+. YuureBasg 06o-
sgauenusa Ha puc. 3.24 (xoropsle MoryT OHITh BEIOpaHB H HHaue),
sgayeHnss {t MOXHO HaWTH ocpeJHeHHeMm 3HavYeHu#t { B ys3maax
T-ceTKH; 3TH 3HaueHus Mul oGosHauuMm uepes § . Torza

g = G G G ) (3.459)

CocTaBasiolilie BEKTOPA CKOPOCTH B yanax {-ceTKH, o6o3HaueHHBIE
yepes u° H v, HAXOAATCA IO 3HAYEHHAM Y+ B ysjax P-CeTKH NpH
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MOMOILLH CJAeAYIOUINX Pa3HOCTHBIX GOpMya:

. UL %f e — 9 ‘W-L,HI—W-I.J]
uu=—2—-[ L+ = . (3.456a)

. LS =9 ‘l’;ff”"l’f—l,f]
vi,1=———2_[ Ax + Kx - (3.4566)

YciaoBusa HAa BXOLHOH M Ha BHIXOAHOH TpaHHLAxX MOTOKa TaKXe
MOTYT HECKOJIBKO YCJOXKHATbCA. Hampumep, npu Hcmosnb3oBaHHH
CETKH C LIAXMATHBIM paCHOJIOXKEHHEM Y3J0B 3HAUeHHS P Ha BXOJe
HOMKHB OBITh 3a/laHBl HA IPSIMOH, oTcTOsIHIeR Ha paccrosiHue Ax/2
OT mpsMOH, Ha KOTODOH 3ajaHbl 3nayeHua { Ha BXOHe, YTO CHOBa
NPHBOJUT K HECOraCOBAHHOCTH.

Cerka nmepBOro TUMNa, OYeBHAHO, ropasfo yAobHee B anMeHe-
HMH, 8 TaKXe NPHUBOJUT K Gosbllefl TOUHOCTH, H MOITOMY OGBIYHO
pPeKOMeHJYeTcsl HCIONB30BaTh HMeHHO ee. HMcmosbsoBanue ceTku
BTODOTO THHA AJA pacyera [ H CEeTKH [epBOro Ttuma (CABHHYTOMN
WM C IIaXMaTHBIM pacloJioXKeHHeM Y3J0B) JAJsA pacyera ¢ obJa-
JAaeT TeM NPEUMYILECTBOM, YTO 3JeCh He TpefyeTcs CHEIHANbHOTo
ucciaenoBaHua y3JaoBo# Toukd C, pachnojioKeHHOH B BeplUIMHE BHI-
nykmaoro yraa (cM. puc. 3.22 B pasg. 3.3.2.a). Ho 3To npeumMymiectBo
MHHHMAJbHO, H NO3TOMY 1/ PACYETOB Ha CTEHKe PEKOMEeHAyeTCs
6paTh WCKJIOUATENLHO CeTKY NEPBOro THIA.

3.8.4. Jlunus cummeTpHH

Ecaun penrpanbHag rpanuuna B 1 Ha puc. 3.22 ssaserca pasne-
asowed TBepROH MIACTHHON, TO HA Helft CTABATCHA TaKHE XKe Tpa-
HHYHble YCJOBHS, KaK H Ha TBepJAOf CTEHKe C YCJOBHEM TPHJHINA-
HHs. Ecam cudtaTh, YyTO Ha ITOM DHCYHKe MNpPEICTaBJEHAa TOJbKO
BePXHAS MOJYIJIOCKOCTh CHMMETPHYHOTO TEYEHHS OKOJO IJIOCKOro
yeryna, 10 Ha npamoft B 1 mo-mpexkHeMy HeOOXOIHMMO MNOCTABHTDH
ycaoBHe P == 0, HMeIOLlee CMBICT TOJBKO JUIl TOKPHTHYECKHX pellle-
Hift sajaun o ciefel). B arom cayuae npsmas B 1 urpaer poub
pasneJAlell NJACTHHB C YCJIOBHEM CKOJBXKEHHS, a TpaHHuHOe
ycJaoBHe JIJI BHXPA HMeeT o4deHb npoctoll BuA. Ha Bcell mentpasn-
Roit MuHEH v = 0, ¥ moatoMy 0v/0x = 0. [JaJee, MOCKOJLKY CKO-

1) B cayuae 3axPHTHYECKHX DPeKHUMOB, KOTZIa BO3MOXKHO HOABJEHHE OCLHJ-
JASUKE M aCHMMeTPHA B CJefe, Heo0XOAWMO pacCMATPHBATL NOJHYIO 06JaCThb,
BBOAA KpoMe BePXHeidl TDAHHUM ellle M HMXKHIOW TpaHHLy (KOTOopasi CHMMeTpHYHa
rpanune B 3 otHocurenpHo npsMoft B 1; cm. puc. 3.22). Ilpu stoM TOUKM ceTkH,
JexallHe Ha [EHTPasbHOH JIHHHM, GyAyT NpelcTaBAsATh coGofi peryaspHble BHYT-
DeHHHEe TOYKH.

Jas mcenenoBaHdasl TFHADOAMHAMMIECKOH YCTOAYHBOCTH MOXKET NPENCTaBJATb
HHTEPEC pacieT 3aKPHTHUECKOrO peXXHMa; B 3TOM CJIydae YCJIOBHE CHMMETDUH
HaxsMafuBacTCA fame NPH 3aKPHTHYECKHX sHaueHHAX Re.
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pPOCTb u CHMMETPHYHA OTHOCHTEJBHO HEHTPAJbHOR JIHHHH, 31eCh
O0u/0y = 0. Takum o6Gpasowm,
Lo, 2. =0. (3.457)

Hapsany ¢ ycaoBuem ¢ = 0 Henb3si HCIOJAB30BATb YCJIOBHS CHM-
MeTpHUM JJS MPOU3BOAHBIX OT 1, TAK KaK 3TO MEePeoNpejpesuno Obl
3azauy AJs ypaBHeHus [lyaccoua.

B caydae OceCHMMETPHUYHOTO TeUeHHS! B UHJHHAPHYECKOH CH-
creme KoopaHHAar HMeeM { =V X V u ycaosue (3.457) mno-npex-
neMy BuinosHsercd. Ho ypasnenns B 3ToM caydae yroGuee 3anucath
s ¢’ =={/r, rie r —JOKaJbHLI pPajuyc, NpHUEM Ha IEeHTPasbHOH
auHun r = 0. Toppanc [1968] ykasan, yTo Ha LeHTPaAAbLHOH JHHUH
BeJIMUHHA {’ XOTS H OrpaHHYEHa, HO He paBHA HYJIIO.

Pauuen u Boabndmrefin [1969], paccuntniBas crpylo, yaapsio-
MY O CTEHKY MOA NpPSIMBIM YyIJoM, Opaiu YCJIOBHE CHMMETPHH
T = 0 Broap mpsiMof, o6pa3sylomel yroa 45° co CTEHKOH H C IEHT-
panvHO#l smnuelt crpyn!). Ctporas cuMMeTpust B 3TOM cCJayuae
HMEeT MeCcTO TOJLKO JJ51 TOTeHLHAJLHOTO TeueHHs, HO B 3TOH
paboTe oHa IpHHAMAJach B KauecTBe NPHOJMIKEHHS [JId TeUeHHS
npu GosblIMX 3HaueHHsIX Re.

3.3.5. BepxHas rpaHuua

Bepxusis rpanuna (rpaunna B3 Ha puc. 3.22) takxke mpejcras-
Jasger OOJLUION HHTEpeC NPH NOCTAHOBKe 3axayd. KoHEuHO, MOKHO
BHIOpaTh TakHe (H3HUECKHe 3a1aUH, B KOTOPHIX TPAHUYHbIE YCAOBHS
Ha BepxHell TpaHWIe OUEBWAHBI, HaNpHMep, B 3afaue O TEUCHUH
B HECHMMETPHUHOM pacIIupsionieMcsl KaHaje rparuua B3 Gyner
TBEPJOH CTEHKO! C yCJOBHEM NpHJAHNAHHA U Ha Hell GYAyT npH-
MeHHME GOpMyJH AJAsd pacueTra BHXpS, NOJAydYeHHble B pasg. 3.3.2.
Beanunna ¢ Ha rpauune B3 mocrosnHa u MoxeT OHTHL Halijena
IpH TOMOIIM HHTETPHPOBAHHSI NMpPOQUIS CKOPOCTH 4 BO BXOJHOM
cevennd B4 xaunana (cum. pasa. 3.3.6). Droft sanavell zaHmmascs
Kasarytu [1965]. Ecau e puc. 3.22 paccmMaTpunaTh Kak HHKHIOW
HOJYMJOCKOCTL 3aJaud O TeUeHHH B CHMMETPUYHOM PacIIHpsIo-
meMcs KaHaje, TO B CHJY YCJAOBHE cnMMeTpud (Kak M B cayuyae
pasiensiomel MIACTHHB C YCJIOBHEM CKOJIbXKEHHS Ha IeHTPaJbHOH
JuHHH B pasna. 3.3.4) na rpanuue B3 Oyzem umers { = 0. Benu-
YyHHA P B 3TOM cJaydae TaKxe NOJYyUaeTcs HHTEIPHPOBAHHEM IpO-
¢uas ckopocru u Ha rpaHune B4. Ecian Ke yc/qOBHSI CHMMeTpHH
craBaATrcs u Ha B 1, u na B3, To at0 6yner COOTBETCTBOBAThL 3Je-
MeHTapHO! YacCTH M0/ TeueHHs NpH ofTeKaHHH GECKOHeYHOro psia

) 3ameruM, 4TO BHXPb { ONpefedseTcs BEKTOPHBIM omepatopoM § =
= £ VX V i nosTOMy MHBApHAHTEH N0 OTHONIGHHIO K NOBOPOTY CHCTEMBl KOOP-
zunat, TaknM o6pasoM, paseHcTBo § == 0 Byxer cnpaBefHBO BROMb 40604 JH-
HHH CHMMETPHH HE33BHCHMO OT €€ OPHEHTALHH,



230 3.3. panuunsie ycaosusn

OpSIMOYTOJbHBIX Tesl (IpaKTHUYeCKH OHH MOI'YT NeAcTaBisTh co6oH,
HampuMmep, psij pebep Ternaoo6MeHHHKA).

Ecau paccmaTpuBaercsi TeueHHe B HeorpaHHYeHHOH mo y obua-
CTH, TO Ha B 3 Hax0O NMOCTaBUTh YCJOBHE OTCYTCTBUA TPAHHUBl KaK
OpH «cBOGOAHOM TNOJETe»; B TOM CJydae BHOOp IPaHUYHBIX yCHO-
BHHA yXKe He CTOJIb OUeBHJEH.

[Tepsoe, 4TO NPHUXOAHT Ha yM, 3TO MOJennpoBaTb B3 cTeHKOH
as’pojuHaMHyeckKod TpyOnl ¢ ycaoBueM npuaunanus. M3 skcmepu-
MEHTOB B a3pOAHHaMHUecKOH Tpybe H3BECTHO, UTO C YBEJHUCHHUEM
paccTosHuA MeXAY CTeHKaMH TpyObl yMeHbllaeTcs «OJOKHPOBKA»
TpyOHl, a TedeHne BOIM3H Tesna 6yIeT COOTBETCTBOBATH TEUEHHUIO [IPU
cBo6oaHOM noJeTe Teja. OAHAKO OrpaHHYEHHOCTh BPEMEHH H Olle-
pPaTUBHOH IaMATH BBIYUHCJHTEJNLHBIX MAllWH NMPHBOJAHT K OrpaHude-
HHIO YHCJA TOYEK CeTKH, a4 TpeGOBaHHS TOYHOCTH OrPaHHYHBAIOT
pasmep mara Ay NPOCTPAHCTBEHHOH CETKH, HO3TOMY CYIIECTBYeT
OorpaHHYeHHEe Ha pa3Mmep 00/acTH, aHAJIOTHUYHHIH pa3Mepy paboueit
yacTH aspoauHamudeckoit TpyOnl. (CeTKH ¢ mepeMeHHBIM IAroM HO
NPOCTPAHCTBEHHBIM NepeMeHHBIM H Npeo6pa3oBaHusA KOOPAMHAT 114
3ajay Takoro tuna 6yAyT paccMoTpeHHl B Ial. 6. Jlaxke mpH HCnogb-
30BAHHHM TAKHX TPHEMOB pacyeT IPAaHHUYHBIX YCJOBHH, ONHCAHHBIX
3JeChb, 0CTAaeTCs CIPaBe/JIHBLIM.)

Moxno no6HTbCH CYHIECTBEHHOrQ YJYUIIEHHS, paccMaTpHBas
rparuny B 3 kak dsudcyuyyrocs cTeHKy TpyO®l; TaK feJaercsl B pa-
6orax ®pomma [1963] u Ppomma n Xapaoy [1963]. B atux paGo-
TaXx Ha rpaHule cTaBuauch ycaoBus v =0 u u= U, rae U,
MOKHO HHTEpIPETHPOBATh KaK CKOPOCTb HEBO3MYIIEHHOTO IIO-
toxa!). Torpa rpaHnuHble YCJIOBHS [1Js CHCTEMB YpaBHEHHH, ompe-
AeNAomUuX Y H §, 6yayT YCJOBHAMH [ ABHXKYIIEHCS CTEHKH
C YCJOBHeM MNpHJHNAHUs Ha Hefl, T.e. ¢ = const, a { (cMm. npeanl-
Idyllee ynpakHeHHe) Haxoautcs no Gopmynam

2 — P, U,A
(=W TV T2 oy asy)

HJIH

3 (b ;1 — ¥+ Ughy 1
Ci.lz ( i.J-1 Ayiz,l 0 )'__Q‘Ci,J—I"'O(Ay?)' (3'459)

®opmyny (3.458) c ycmexom mpumenanan KemnGessa u Miosep
[1968].

JIpyruM yCOBEpUICHCTBOBAHHEM NPU MOAECAUPOBAHMH (PHHUe-
CKOH CTEHKH a3pOJHHAMHUECKO! TPyOHl IBJSIETCS OPUMEHeHHEe Moje-
JH «CTeHKa 6e3 Tpenus». 3navenne 1 (B 3) B 3TOM cayuae ocraercs

') Tlpofomkas aHANOTHIO ¢ a>POAWHAMHYECKOH TPYGOH, 3aMeTHM, 4TO Mpak-
THYECKH JIBHKEHHE CTEHKM TPYOHl ¢ NOCTONHHOH CKODOCTBIO DeaNluadyercs Npu
NOMOILY ABHXKYINeHCS [0 POJHKAM JIEHTHI; NPH HCIBITAHHE aBTOMOGHJell B 23po-
LuHaMHueckol TpyOe 5T HCHOMb3yeTCA A/ MOJEJHPOBAHHA BJIHSAHHA GJAH3OCTH
JAOPOXKHOTO HQJIOTHA.



8.3.5. Bepxnas epanuya 231

IOCTOAHMLIM, & BHXPbL ONpefeNfAeTcs NpPH UIOMOIWM KOHIENIHH
«3epKaJbHOr0 OTPaXKEHUS», IPUMEHSEMOrO HAJisi OIpefesieHHs MO-
npaBokK Ha OJIOKMDOBKY aspoJHHaMHYecKoil Tpyb6ul. B aTom caydae
CUMMeTpHSI HpHUBOAHT K ycaoBuw § (B 3)= 0. Iro rpanuunoe ycJo-
BHe TpuHuMaJjoch B pabore Plencena [1959] nas pemiennst ocecum-
METPHYHOHA 3ajaud O TeueHHH B Kpyrao# tpybe. Toman u IlleBunk
[1966] ucnomb3oBanu nogo6HLIH NOAXOA, OKa3aBIIHICS, OfHAKO, Me-
Hee OUPaHHYHTEJNbHBIM, IOCKOJBKY PaccMOTpPeHHEe I'PaHHYHOTO yCJO-
BHSI TIPOBOJMJIOCH HA cOceOHel, TpaHUYHON JHHUHA, 3/ech CTaBHJHCD
YCJIOBYS, Kak Ha OeCKOHeUHO yjAaJsieHHOfi TpaHule, T. €. 337aBajoch
{ =0 npu 0y /0y = u = Uy u 0y /0x = —v = 0. Ycaosue Heii-
mana Broas B 3 ¢ yuetrom U, naer

Yo r =V o1+ Ug Ay. (3.460)

Ecan cunraTh, uto rpanuua B3 cosnadaer ¢ auumei j=J, To
yeaoBue (3.460) nmeer TOJbKO mepBHI Mopsifok Tounoctd, Ho npu-
HuMmasg, uro B 3 nexur mexny auHusMu j=J u j=J— 1, n obo-
3nauas ee uepes (i,J —!/s), Mn obecneunBaeM s yciaosus (3.460)
BTOPOH TOPSALOK TOYHOCTH !). DTOT MOMEHT YaCTO INOHHMAIOT He-
NpaBUIbHO, B MeficTBHTeNLHOCTH BONPOC 3aKJIIOYAETCS HE B TOM,
KakoBa Oyzer olwubka annpokcuMaunudu B dopmyae (3.460), ecau
nonoxuth u = U; Booas B 3, a B TOM, HACKOJABKO XOpOIIO YCIAOBHE
u= U, Bponr B3 annpokcuMmupyer ycjaoBHe <«CBOGOAHOro II0O-
Jera», KOTOpoe MBI XOTHM CMOJeJHPOBaThb. YcaoBHe v = 0 BAOJb
B 3 osnauaer dy/0x = 0 Bnoab B 3. Ecau rpanuna B3 naxogurcs

Ha JUHHH ({,]), TO
P (B3) =1, ;=1 (3.461)

ecan ke B3 naxomurcs Ha aunun (i,J—'/3), TO, yuursiBas ¢op-
myay (3.460), monyuaem

Yy =1, -1+ UpAy. (3.462)

B stux Qopmynaax iy, ; 7 P, /-1 CYTb 3HAUEHHUA, COOTBETCTBYIOILHE
BEpXHHM TOUKaM JeBoli 8x00noi rpaunlsl notoka B 4 Ha puc. 3.22.
Ecsn 3Hauenns ¥ NOJHOCTbIO 3aJaHbl Ha BXOJe NMOTOKA, TO TaKas
MOCTAHOBKA 3KBHMBAJEeHTHa TOMYy, 4YTO Ha rpaHnue B3 creHku
TpyOH He obaajalor tpenneM. Ecan ke sHaveHus | Ha BXole He
3aJIaHbl, a ONPEAesIOTCSl B Ipolecce BBIYHCIEHHS, KAK 3TO CAEJNAH0
B pabore Tomana u Ulesunka {1966] (cm. pasn. 3.3.6), To Takas
IIOCTAHOBKA MeHee orpanuudtenbHa. [Ipnm Hefl moTok Macch uepes
«pabouyio yacTb TpyOwl» He 3ajaercs 3apaHee, H XOTS BepXHAS
rpannua B3, <«Kpblmka», NO-IpeXHeMY sBJseTcsl JHHHeH ToOKa

1) [pyroi npueM 3ak/ai4aeTcst B TOM, 4ToGbl HOMeCTHTs B 3 Ha JIHHHH
j=J7—1, a na apERN | = J BBeCTA «QHKTHBHHE» TOUKH TaKuM 06pa3oM, yTOGH
Baoab B 3 moayunte Ug u3 pasenctsa i, ; == P, r-2 + 2UpAy.
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C NOCTOSIHHBIMH 3HAaYeHHSIMH P, CaMO 5TO 3HaueHHe ¢ He 3ajaercH,
a ompejeJssiercs B NpoLecce cyeTa.

Poyu n Mioanep [1970] mozenupoBasu creHKy TPyO®l, (uKCH-
pys § Ha BXoxHOH rpanuue ¥ cupgras, 9T0 B3 sBasercs JnHuefl
TOKa, HO MOJeJbHOe YCJOBHE OTCYTCTBHSl TPEHHS HA <«KpBILKe»
A5 § IoJIyuasJioch MeHee OFpaHUUHTENbHbIM crocoboM, yKena-
TeJbHO, 4TOOBl «KpHIIKa» He obJjajana TpPeHHeM, T. €, JONycKaja
CKOJIbXKEHHE, XOTSl B TO 3Ke BpeMs Ha caMoe XKHJAKOCTb BOJH3H
«KPBILIKHA» JOJXKHO [AefiCTBOBaTb TpeHHe. 3aMeTHM, 4YTO ecJH Ha
«KpbllIKe» ©v =0, 10 Ha Helt Ov/0x =0 n [ = 0u/dy. Taxkum
obpasomM, ycaosue § = 0 mpuBoaut kK ycjiosuio du/dy = 0.

Henas ciaeaylomuit mwar K ycaoBHAM CBOOGOAHOTO ABHXKEHHS Ha
BepXHell rpaHule, noJjaraem

£(B 3)=§t.1=§i.1—1- (3-463)

ILns uHTEpIpETAlMH 3TOrO YCJAOBHSA B TEPMHHAX CKODOCTH 3aMETHM,
yto dopmyaa (3.461) naer dv/dx|, = 0. Ecau rpanuma B3 pac-
MOJIOKEHa JOCTATOYHO HaJjeko oT cTeHKH B2, tak urto u(B3) Mme-
HSeTCs IIOYTH JuHelHO mo x (T. e. ecan 02u/0x?|; = 0 O(Ay)),
TO MOXHO NOKasatb, 4to 0v/0x|;,-y =04 O(Ay?) u ycaoBue
(3.463) npubin3uTEbHO 5KBHBAJEHTHO JHHEAHOH SKCTPAMOJALHNH
COCTaBJSAOLIEHl CKOPOCTH # Ha «KpPHILIKY»'). DKCTpamnoJsiuHH BbIC-
MIHX NOPSAKOB AASA { NPHBOAAT K OBICTPOMY pPa3BHTHIO HEyCTOHYH-
BOCTH HJIH K CMEILEHHIO PEelIeHHs.

[Tocsepnu#i cmoco6 Jydlle MOJenHpyeT YCJOBHE «CBOGOJZHOrO
noJera», 4eM crnocob ¢ «ABuKylUlelica cTeHKOH TpyObl» (dopMydsl
(3.458) u (3.459)), xoTs NpHUBECTH AOCTATOYHBEIE OCHOBAHHSA B 00-
meM caydae goBoJabHO TpynHo. Ho crnocob ¢ «aBuXKyuefics cTeH-
Kofi» obsnajzaeT TeM AOCTOMHCTBOM, YTO NIPaBH/IbHO MOJEJNHPYeT He-
KOTOpPYIO gu3uueckyio 3anavy. ENMHCTBeHHEI! ocTalomuiics OTKPHI-
TBIM BONpPOC (MOMHMO Bompoca 06 ourHOKax annpoKCHMaLHH) 3a-
KJI0UaeTcss B TOM, HACKOJBKO XOpOLIO 3Ta (hH3MUecKasr 3ajnaua
anNpoKCHMHUPYET HHTEPeCyIOILyI0 Hac 3ajauy, T. . cayyail «cobos-
Horo mnonera». [lociepnnii W3 paccMOTpPeHHBIX CNOCOGOB, ONHAKO,
MeHee OTPaHHYHUTEJEH.

CyLecTBYIOT # Apyrue crnocobbl MOAENHPOBAHHUS YCJAOBHS «CBO-
Goanoro mnoJsera», (QaKTHUECKH. AONYyCKaloUlHe IpOTEeKaHHe uepes
BepxHiolo rpanuny B 3. {ns Teuenus npu mocraToyHo Hosapiux Re
MOXKHO HCIOJNL30BAaTbh AHAJHTHYECKOEe pelleHHe, COOTBETCTBYIOLLEe
NOTEHLHAJAbHOMY TeYEeHHI0, ¢ TeM YTOOB (QHKCHPOBATh 1 BROJb
rpannusl B 3. Tom [1933] ana nocTpoeHHs TI'PaHUYHBIX YCJOBHH

1}y B pabore Tomana n IlleBunka [1966] mpm pewennn sanaun o6 obTeka-
HHH KPyroBoro puaumapa OGoJdee xecTKoe ycioBHe {==0 O6bui0 HEOOXOAHUMO
TOMbKO B CIydae Bpallaollerocs UHJIHHApa. Ecan ke BpalleHHe oTCYTCTBOBAJO,
TO BHOJHE YAOBJETBODHUTENbHBIE pe3y/bTaThl  HOJY4YaJHCh H MNPH  YCJIOBHH
0%ufoy? = 0. (Jluyuoe coobuiente.)
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Opan rpaduueckoe peureHHe O MNOTEHUHAJSbHOM OGTEKaHWE UU-
aunzipa !). B reuenuax upu Majnx Re nns s3apganus ¢ u { BROJb
B 3 moxHO HcxoauTh M3 pemenHns Crokca, a mpu Goabliux Re ans
aTux Lejefl noaxoaut pemwenne Oseexa. Ho mnpeanoutHTesbHee
OpaTb TIpaJHeHTHblE YCJOBUS 110 3THM peLIEHHAM; TIpajHeHTHbIe
YCJOBHSI HE CTOJb XECTKH, a OWHOKH TPH 3TOM CKJOHHH K 3aTy-
xanno (Yen [1970]). DT cmoco6bl, MO-BUAHMOMY, He MepcHek-
THBHBl MPUA MOJEJHPOBAHHH 3a]a4, NONOOHHX 3anaue 06 o6Tekaluu
ofpaTHOro ycTyna, B KOTOPHIX BJHsHHe 00J4CTH OTPBIBHOPO Teye-
HUsl npec6sanaeT Haa 3(PpPeKTOM OTKJIOHEHHS NMOTOKa OT MPSIMOJH-
HeHHOTO W [/ KOTOPHIX HeT YAOGHEIX pelleHHH HH OpH KaKHX
yucaax PefiHoabAca.

Bpuau [1970] pewmnn 3apady o6 OTpHIBE NOrpaHHYHOrO CJO0S
Ha TJAOCKOH NJacTHHKE, 3ajaBasi cKOpocTb u Ha rpauniie B3 ycao-
BHeM JIHHeHHO 3aMeJlJIeHHOro TeueHHst XoyapTa

u=Uy(x)=a+ bx (3.464)

IO HEKOTOPOTo Xy, Takoro, uto x(orpuiBa) << Xy << —a/b, ® BHIGH-
pas pajgee u = const mpu x > x;. [loMHMO BHINOJNHEHHUS YCJIOBHS
t = 0 na rpanuue B 3 Takoe 3anaHue u NPHBOAUT K OTPHIBY HOrpa-
HUUHOTO ¢Jiosl Ha B 1 u ero BropuyHoMy npucoeJuHeHH:0. [aHHBIH
crmocol JomycKaeT MpoTeKaHue depe3d rpaHuuy B3 u gaer ycroium-
BocTh mpu pacuerax. O Taxkxe o6aamaer TeM NOCTOHHCTBOM, 4YTO
pUMeeTcsl HEaBTOMOJIeNbHOE TOUYHOE pellleHHe JJI MNMOTPAaHHYHOro
CJI0sl, C KOTOPHIM MOMKHO CpaBHHBAaTh Bblpaxkenue (3.464) BmioTh
JO OTpPBIBA MOTOKA.

Bao u Horepru [1969]) Gpannm Baonas rpauuusl B3 ycriosus
0t/0y = 0 u 0%/dy? = 0. Kak 6yner nokaszaHo B pasa. 3.3.7, mo-
CTATOUHOCTbL 3THX YCJOBHH 3aBUCHT OT BHJA BXOAHOH M BBIXOJLHOM
rpaHHI NMOTOKA.

B HeXOTOPHIX METEOPOJOruvYecKHX 3ajauax BO3AEHCTBHE BeTpa
Ha TMOBEPXHOCTb KHUIKOCTH INIPEACTABJSETCS TeM, UTO Ha HEKOH
HenehopMupyeMOfi  TIOBEepPXHOCTH CTaBHTCA ycndosne $(B3)=
= const H 3amaercsl NOCTOSHHOE <«BETPOBOE HANpPSKEHHE», T. €.
safnaerca £ (B 3)= const (cm. Pecra [1970]).

3.3.6. YcnoBusn Ha BXOAHOW rpaH#ue noToKa

[panuunble  ycjaoBHS Ha  BXOAHOH rpaHuiue notoka B4
(puc. 3.22) Henb3s NPEACTABHTbL €AHHCTBEHHBIM 06pa3oM, MOCKOJIBKY
oHH ByAyT MEHSATHCS B 3aBHCHMOCTH OT (DPH3HUECKHX YCJOBHII BBEpX
IO TOTOKY OT paccMaTpuBaeMOil TPAHHLIB M 3aBHCAT OT peIleHH:

1y Tpaduieckue HIn YHCHSHHBIE PELIEHHs AN TAKOTO MOTEHUHANBHOTO Tewe-
HHS, TMO-BUMMOMY, NPEANOYTHTeNbHee, YeM [POCTOE aHAJHTHUECKOE DelleHHe IS
o6TeKaHHs UHJHHAPA, KOTOPOE IIOXO COIVIACYeTcsl ¢ KOHEUHO-PA3HOCTHRIMH pellle-
HHSIMH.
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B Hccaenyemoit obnacru, [lo nosapnenns paGorel Tomana u Lles-
ynka [1966] Bce aBTOPH MOJHOCTBIO 3a4aBAJIH TPAHHUYHLIE YCJIOBHA
Ha BXOAHOHM rpanuue mnoroka. Hampumep, Kaparyru [1965] nas
TOro, yro0bl (YUKCUpPOBATHL HA 3TOH TpaHHle KaK P, Tak H { mpu
pellieHHH 3a[a4d O TEYeHHH BO BHE3aNHO PacLIHPSAIOLIeMCS KaHaJe,
GpaJr pelleHHe JJs NMOJHOCTbO pasButoro rtedenus [lyasefns. Towm
[1933] craBun yca0BHS INOTEHHHAJLHOTO TOTOKA MJ peIUeHHS
3ajgayy o TNomepedHoM OOTeKaHHH UMAUHApa. Dpeunen [1968]
MPHMEHsIJT pellleHHe O MOTEHIHAJbHOM TeYeHHH IJISi TOro, 4ToBbI
3aj1aTh HA BXOJHON rpanuile rpajHeHT ¢, a He camoe QYHKIHIO ).
ITOT MeHee OTPAHUYHUTENLHBIA CHOCOD SIBJASIETCS UPEATOUTHTE/ b-
upiM. ®pomm [1963, 1967], Xapaoy u ®pomm [1963] n Karcanuc
[1967] 3agmaBanu Ha BXOAHOH TrpaHHIE PABHOMEPHLIH NOTOK CO
ckopoctbio #(1,j) u nomaraaun v(l,j)=0. Bao u Hdoreprn [1969]
3amaBamn § = 0 u 9y /dy = U, duxcupys . I'puncrsn [19696]
¢uxcuposaa ¢ u nojgaraa 0v/dx = 0, uto maer { = 0%y/dy?. Kak
Obl HH OBlIa OrpalHuHTeNbHA 3JJMHOTHYECKAS NPHPOAA YpaBHEHHH,
COBCEM He OYEBHIHO, YTO CJeAyeT NMOMHOCTBIO 3a4aBaTh T'PaHUUHBIE
yCJIOBHA HA BXOJE, HO B TO JXe BPeMsl 4T0-TO NOJIKHO GHITb 3aiato.
Iaxe ¢on Heiiman (Yapuu ¢ coaBropamu [1950]) cmor npusectu
JIUIIL 3BPHCTHUECKHE apryMeHTH B INOJB3Y TOTO, YTO HA BXOAHOH
rpaHpne JOCTATOYHO 3aJaBaThb TOJBKO BEJHUYHHY L.

Toman u lleBunk [1966] craBusiu MeHee KeCTKHe YCJOBHS Ha
BXOAHONW rpauuue nNepen uunuaapom. OnH mnotpeGoBasn, YTOOHI
v{l,j)= 0, uTO MPHBOILUT K YCJOBHIO

Yy, 1= Vg, ;. (3.465)

3To ycaoBHE naeT BO3MOXKHOCTb HAXOLUTh 4 (l,j) B mpouecce BH-
yucjenudl. B mocraHoBKe 3THX aBTOPOB Ha BepxHel rpanuue B3
sagaercs u = Uy, a $(B 3) rakxe mosaydaercs B pe3yJsbTaTe pac-
gera. [lpu ucnonb3oBanuu ycjaoBust (3.465) BJHAHHE BBepX IO
IOTOKY CKa3blBAaeTCs Jayke Ha BXOXHOH TpaHHlle.

[Ipu wusyuyenun 3apmauy, nOAOOHLIX 3ajadye O TeUEHHH OKOJO
obpaTtHoro ycryna (puc. 3.22), BiusiHHe BA3KOCTH BaXKHO Ha BXOJX-
HOH TI'panuile, MOITOMY XeJaTeIbHO (PHKCHPOBATH Wy, & Ui, ; N&Th
BO3MOXKHOCTh pasBHBaThc cBoGomno. Poyu u Miwagep [1970]
3ajaBaan YPi,; OPH TIOMOINY PeUIeHus YpPaBHEHHH MOrpaHHYHOrO
ciosi, Qurcupya Takum obpasom 0P[Oyl ;= ui ;. DTo TakKe
o3HayaeT, 4TO (HKCHpOBaJach INPOMU3BORHAA  O%/Iy?| ; =
= O0u/dy|,;, sgBAAOWAsACT TepBEIM UJE€HOM B BHIPAXKEHUH st
BUXDSL {1, ; = O0u/dy|\,; — Ov/0x|,;. Bropolt ujeH Takke MOKHO
6BLIO 3a71aTh TPH TIOMONIM pemIeHHs AJs MOrPaHHYHOIO CJIOS, HO
BMeCTO 3TOr'O aBTOPH Opann MeHee xecTkoe ycaosue. Oxasajocs,
YTO Jydille BCero MOJYYaTh STY BeJIHUUHY H3 YCJIOBHS

% (3—2)1 = 0, (3.466)
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OTKYy /13
o
Ox

— Jv
1‘1—0)6

0 (_9v) ___ 9%
2.y Ox ax Ja, 1 0x% 2,1’ (3.467)

HJH OKOHYATEJIBHO
du
ax i1, 7

s

4 by g2
SR SR ST ik LTH (3.468)

TakuM o6pas3oM, Ha BXOJHOH rpaHHLE MOTOKa (GUKCHPYIOTCH v
u du/dy, B TO BpeMs KaK BeJHUHHa § = Oufdy — O0v/0x Haxoautes
7O 3HAYEHHID Ou/0y Ha BXOJAe M NpH NOMOUM ypaBHeHus (3.486).

Jenanuch NONBITKH HCIOJNB30BATL faxKe 0oJiee «MSITKHE» yCJIO-
BHsl, 2 UMEHHO MOJy4aTb BEJUYHHY 0v/dx| ; NHHeHHOH 3KcTpamo-
JsiHell BBEpPX IO INOTOKY H3 BHYTPEHHHX TOUEK HJH SKCTPanoJs-
uner Apamca — DBawdopra. Taxo#i cnoco® npu Goabiiux 3sHaue-
HUsIX Re okaszajcs npuemJeMbiM, HO He3(phEKTHBHBIM, HPH MaJibiX
Ke Re oH MpuBOAMJ K <«GJYKIaHHIO» peLIeHHs.

OpHoft u3 yao6HbX (opMm samanus ufy) Ha BXOAHOH rpanuie
ABJISIETCS HCHOJb30BaHHE JJs 3Tol Beqanuudsl {Poyd n Miosanep
[1970}) omnonapamerpuueckoro cemeiicrsa npoduaeit Iossraysena
(em. Wauxtunr [1968]). Tako#i npodwuan, onucwiBaeMbl#i MHOIO-
YJeHOM UeTBEPTOrO MOpPAAKa, NOAYYaeTcd B pe3ysbraTe HHTErPH-
poBaHHfl ypaBHeHH#l mnorpanuyHoro ciuos. Ilpm srom mnapamerp
[Tonsraysena A mnpeacraBisier co0of Ge3pa3MepHbII TpagueHT
JABJIEHHSI, a KOODAHHATA 1) OIpelessieTcs KaK OTHOIIeHHe y/8, rie
8 — rommuna norpannynoro caosi. Ilpodune u umeer ciaexyoniui
BHJ:

w(B4)=2n—20°+n*+ A (n — 3n* + 3n® —n?). (3.469)

MoxHo takXe Oparp npohunb Baasuyca wan npocbmm DoskHe-
pa — Cran (Iauxtunr [1968]).

BosmoxHBE jABa crnocofa 3agaHuA QUCKPETH3HPOBAHHHIX TIpa-
HHUHBIX YCJOBHH BO BXOJZHOM CEUeHHH IIOTOKa. B mepBoM cmocobe
fepyTcs AHMCKpeTHEHE 3HAYEHHS P, KOTOPHIE COOTBETCTBYIOT pellle-
nuo  AnddepeHIHaNbHHX VpaBHeHHA BO BXOZHOM CEUEeHHH. DTH
3HAYEHHS TOJyvyaloTca Npd momMomin ypaBHeHus (3.469) Buiumcie-
HHEM HHTErpana, Hampumep, mo dopmyse CuMncoHa:

by

T S u (B 4) dy. (3.470)
0

Onnako ecau 3aTeM 4YHcJAeHHO npoauddepeHuuponartsb Pi,;, YTOOLI
Ha¥TH Uy, ;, TO NOJyUEHHble JUCKpeTHHEe Bedndunbl 4 (1, ) He OynyT
cooTBEeTCTBOBaTh pemteHno u (B 4) nuddepennyrasbHbX ypaBHEHHI
Ha rpanuue B4. Bropo#t cmoco® 3axaiouaercs B ANCKPETH3ALUH
pewienns u(B4) u mociexnywomeMm omnpeneneHuH P, ; TaKHM obpa-
30M, YTOOBEl 3TO OBIJIO COBMECTHMO C NIPHHATBHIM KOHEUHO-Pa3HOCT-



236 3.3 T'panuunsie ycrosus

HbIM I[IpE€ACTABJACHHEM Iaf U, j, HallpHuMep

U, ;= L j+12;y¢1’ tard S (3.471)
Torna 6ynem umetsb
Y1, e =0, (3.472a)
Y1, o1 == 241, jos1 DY, (3.4726)
i, p=2uy, ;o1 Ay + $y, ja. (3.4723)

IIpn BTOpOM crnocofe MOJy4aloTCA NPaBHJbHBlE BEJHYHHBL CKOPO-
cTelf, HO B pe3yJbTare AHCKPETH3aUHH BHOCHTCA ouINOKa B BeJH-
YHHBL Py, ;. OueBHAHO, 4TO 06a 3TH crocoba cxoxarcs npu Ay — 0.
[TockonpKy Haubousbliee BJIMSIHHE HA JMHAMHKY TEUEHHS OKasbl-
BaeT u, a He v, BTOpOH crmocol, 3akKJloyaloliuiics B 3aJaHUu BO
BXOXHOM CeYeHHH NOTOKa NpOQuJs AJA ¢ NPH JONYUIeHHH OWHOOK
B BeJHUYHHAX VY, KaKeTCs NpPeANOUTHTENbHEE.
3amerum, uto omHGKa B 1, oOyCJOBJeHHAs NUCKpeTH3aluel,
IIPHBOAUT K BO3HHKHOBEHHIO OIIMOKH NpPHW BBHIYHCAEHHH TOJIIHHBI
BoiTecHenus 6* (Lnuxtunr [1968]), ecan mociefHIO onpepensiTh
no ¢opmyJe
6= lim [y — L], (3.473)
y>oo u(y)
drta BesuuuMHA OOLIYHO HCIOJb3yeTcs s Toro, 4robsl NpHOJIH-
KEIHO ONPeNeNHTh NOJOXKEeHHEe MPAHHILB HOTPaHUUYHOTO CJIOf, OTMe-
yaeMoli HHAEKCOM e:
8y, — 2, (3.474)
e
UTo6bl NOJYUYUTb Pe3yJbTaThl, COTJACYIOUHECT € AHCKPETHBIMH yC-
JIOBHSIMH Ha BXOAHOH rpaHulle, HeOOXOAUMO HAXOAUTH &% MyTeM yuc-
JICHHOTO HHTETPHPOBAHHUS (HETErpupOBaHHe H3BeCTHOW QYHKIHH) IO
dopmy.e Tpanenni. [lockonbky ckopocts u 6eapasmepHa, u=i/U,,
BeJHunHa 0* 6ydeT OmpelessiTbCsl HHTErPaJoM
Ye
o — S (1 — u) dy. (3.475)
0
Hasi COOTBETCTBMA BCErO UHCJEHHOrO pEIIeHHs pesyJbTaraM
9KCIepHMeHTa He00XOLHMO, YTOOH HMeJO MeCTO COOTBETCTBHE
rpaHUYHBIX YCJOBHH BO BXOJHOM ceueHHHM nortoka (cm. Mionsaep
14 O’JI]HpH [1970], ®enunur u Mioanep [1971], WaBur u JlaBan
[1971]).

8.3.7. YcnoBua Ha BLIXOAHOW rpaHHue NOTOHA

Onpenesenve 3HaueHHH Y H { Ha BoXomgHoll rpanune B6
(puc. 3.22) sBaserca omHoH H3 Haubojee HHTEPECHLIX 3aja4 O Bbi-
YHCJUTENbHBIX IPaHUUHBIX ycjaoBuax. Heo6xoaumo kKakum-to obpa-
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30M IpeHeOpeub IeTassiMH TeUeHHA AAJeKO BHH3 110 MOTOKY U MPH
9TOM 06ecleydTb MOJY4YeHHe peanbHOIO pelleHHst B 00JacTH BBepx
Mo MOTOKY ‘0T 3TOH rpanuubl. Ongarh XKe 00paTHMCS K SKCIEPHMEHTY
B a9pOAHHAMHUECKO! Tpybe; ecsd NPOTAKEHHOCTh «pabouel yacTHy
JAOCTaTOYHO BeJIHKA, TO TeueHHe B 00J1aCTH /1aJIeKO BHHU3 IIO NOTOKY
He CTOJb BakHO. TeM He MeHee ONBLIT NPOBEACHUS PACUCTOB MOKa-
3LIBAET, UTO HEYCTOMYHBOCTb, 3apOXAAIOMiasicd Ha BBIXOAHOH rpa-
HHIIE, MOXKET PaclipoCTPAHATbCSA BBepPX MO IIOTOKY H HCKaXKaTb pe-
wende. Hama neap 3akiiodaercss B NOCTAHOBKe yCJOBHH, IAOLIHX
MaKCHMasAbHO AONYCTHMYI0 cBOOOAY NOTOKA Ha Trpanuue B 6 u B To-
XKe BpeMst ofecneynBalOUINX pellleHHe 3aJayH.

Haun6osee HameXHBIH ¢ TOYUKH 3peHHst YCTOHUMBOCTH CIOCOO
OCHOBAH Ha NOJHOM 3aJaHHH YCJIOBHH Ha BHIXOZHOH rpaHuue. Tom
{1933], a takxe Anneu u Cayceenn [1955], Ma#ka [1966], Con
i Xauparru [1969], Tamusen u Paaabp [1969] 6paaun yciaoBus H3
pellleHust, COOTBETCTBYIONIEr0 NOTEHIHAJbHOMY TeueHHlo. KarcaHHc
[1967] 3amaBan Ha BeIXOZe (a TaKKe H HAa BXOJe) DaBHOMEpHBIH
notok ¢ u=-const u v=0. QueBunHo, TaKHe YCJOBUH HeNDH-
FOAHBEl JJIS OTPEIBHEIX TeYEHHH MM AJs J0OBIX TeueHHH ¢ BA3KHM
caefoM. Il TeyeHui npu MaJslx Re MOXHO TaKxXe B3fTb pelleHHe
Croxca nin pemenre Ozeera 175 AaJbHero CJena, KaK 3To cuesad
Bapanaes [1968].

Obmas wnpgess MOCTAHOBKH TPAHHYHBLIX YCJOBHil, OTBeYalOMIHX
6eCKOHEUHOCTH Ha HauboJee yaaJeHHON rpaHHUlie pPa3HOCTHOH CeTKH,
Onlia mpepJoxena Puuapaconom [1910]. Kasarytu [1965], ®puxn-
man [1970], a takxe Jlu u Pwa [1970] B BBIXOAHOM CeUeHHH
6pann, HanpuMep, npopuap Ilyaszefins, 3amMerum, uTO acHMNTOTH-
yecKoe pelleHHe, HCHOJb3yeMOe B KayecTBe I'PaHHUYHOIO YCJIOBHS,
JIOJIKHO PaccCMaTPHBATLCA 8 MepeMeHHbly 3adaqu; HalpuMep, eClu
KOHEUHO-Da3HOCTHBIE YpaBHEHHS 3alUCAHBl B llepeMeHHBIX ¢ U {, TO
u pewtedue [lyazeiias posxuo OuTh 3anucano aas P u . Eeau u
3ajJaeTcsl Mo HMeEIOLEeMYCsl pelleHHI0 IupdepeHunanpHLIX ypabHe-
Hufi, 2 Y HAXOAMTCA TPU NOMOIUM KBAJAPaTyp, TO TPH TOM BO3HI-
kKaer owmwubka B pesysbrarax, OOYCJOBAEHHAd JHCKpETH3aLHeH
(aHaJorMyHas CHTyallHs BO3HHKaeT H B CJyuae NOCTAHOBKH YCJO-
BHH Ha BXOJHOH TpaHuile NMOTOKa; CM. MpeiblAyIHi pasgmen). Hdas
TedeHHH OoJiee ofluero BHAA, HanpuMep TaKHX, KaK acUMUTOTHUE-
CKO€ TeueHHe B NOTPAHUUHOM cJjoe, peluenue AH(depeHIHaNbHBIX
ypaBHeHHH OyJeT OTJIHYATbCA OT ACHMITOTHUECKOr0 KOHEeYHO-pas-
HOCTHOTO pelleHHs N0 BceM nepeMeHHBIM. Ha BEIXOAHOH rpaHHIe
IpeANnoyYTHTeIbHee O6paTh KOHEYHO-Pa3HOCTHOE pellleHHe acHMIITO-
THIECKOTO 066IKHO8EHH020 Juheperyuarvroco ypasrenus (Kasa-
ryru [1965]).

BMecto TOro urofBl CTaBUTHL I'PAHHUYHOE YCJIOBME BHH3 TNO NO-
TOKY, COOTBETCTByHOllee <«BECKOHEYHOCTH», MOXKHO HCHOJb30BaTh
acCHMITOTHYECKHE DeIUeHHs, NPHUMeHHMble Ha JOCTATOY