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Mpeaucnoeue pepakTopa
nepesoaaq

Beixoa B cBeT B PYcCKOM NepeBOje HAcToOsLied MoHOrpaduu — co-
OblTHE KaK /Ul (DU3MKOB-TEOPETHKOB, H3YUAIOUIUX BOJIHBLI B HEJHHEH-
HBIX cpeflaX, TaK H JJ1f MaTeMaTHKOB, WHTEPECYIOMIUXCS aHAJHUTH-
YeCKHMMH MeTO/aMH B TEOPHH ypaBHEHUH C YaCTHBIMH POU3BOHBIMH.
O6a 5Ty HayuHBle HampaBJEHHSl — MapajJenbHO H I[PH B3aUMHOM
BJIMSIHAM —— NIePeXKWiH 3a Doc/He[HHe [Ba NEeCSATHJIETHS 3HAYHTENb-
HBIH NOABEM.

9T0T noabeM OB CTHMYJHPOBAH HYXJIaMu (uanueckoll Haykwn,
B pasHbIX o0sacTtax KOTOpOH — (H3WKe NJ1a3Mbl, HeJuHeHHOH om-
THKe, Qu3nKe (PeppoMarHeTHKOB — B Hauaje LIECTHAECATHX TOXOB
CTaJi CUCTEMATHYECKH BO3HHKATb IPOOJeMBbl B3aUMOAEHCTBHS BOJH
fo/IbIION aMITUTYE. BCKOpe BEISICHWIOCH, YTO, HECMOTPS Ha pas-
Juuve (QU3NUECKHUX CHUTYaluH, 3TH 3aJaud HMelOT ¢ (opMajbHOH
TOUKH 3peHust MHOro o0uero Kak Mexay coboii, Tak U ¢ KJacchue-
CKOHl 3ajjaueil 0 HeJHHEHHBIX BOJHAX HA NMOBEPXHOCTH TAXKeJOH XKUA-
koctu. OmuIT MoKa3aj, 4To MHOTHe (DU3UUECKHe 3aJaud O HeJuHed-
HBIX BOJIHAX ONHCBIBAIOTCA CPABHHUTEJNbHO HeOOJbIUHM UYHCJIOM YHH-
BepcaJbHBIX MaTeMaTHUecKHX Mopesell. IlBe u3 HHX — ypaBHEHHE
Kopresera — ne ®pnza (KndP) u rak naseiBaemoe ypaBHeHHe «sin-
Topnou» — OBLTH H3BECTHH elle B NPOUIJIOM BeKe. Yxke Toraa 6blio
YCTAHOBJIEHO, YTO 3TH YpaBHEHUs] HMeEIOT 3aMeuaTesbHble JOKaIHu30-
BaHHble TOYHbIE PELIeHHS — COJUTOHBI, YIOMHHAIIIHECS B 3arJaBHU
nacrosuiet kHurd. Hnas ypaBuenusi sin-I'opaon, usyuasluerocs pa-
Hee B CBfI3H C €r0 IPUMEHEHUSIMH B TEOPDHH MOBEPXHOCTEH NOCTOSIH-
HOH OTPHLATEJbHON KPHBH3HBI, OBIJI OTKPHIT CNOCO0 «Pa3MHOMKEHNS»
TOYHBIX pelleHHH — npeoGpa3oBanue bakayupa. OxuH sump war
OTAeNSA MaTeMAaTHKOB JAEBATHAaAUATOIO BeKa OT BaXKHOTO MaTeMa-
THUECKOTO OTKPLITHH, KOTOPOe OBlIO clenaHo Togasko B 1967 r., Kor-
na Lapauep, ['pun, Kpackan u Muypa o6HapyXHJAH CBSI3b YpaBHe-
uuit Kn® c nuneiiusim ypaBHenueMm IIpénunrepa na mpsamo# u ot-
KPbIJIM METOJ TOYHOrO pellleHHs HEKOTOPHIX HeJIMHEHHEIX YPaBHEHHH
C YACTHHIMH TIPOH3BOIHLIMH, MOJYUHBIIHA B COBETCKOH JHTepaType
Ha3BaHHe «MeTOJ] oOpaTHOH 3aJayn PacCesHHS».

BoucTuHy 300TBIM BeKOM JJst MeToAa obpaTHOW 3amauu ObuIH
ceMujiecaTbie roAbl. B 3T0 Bpems CHOXKUACA CBOCOOPASHBIA MEKAY-
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HapoJAHbIH KAy6 HcclexoBaTeNell, 3aHHMaBLIMXCS yCOBepIIEHCTBOBA-
HHeM MeTOAa oGpaTHOH 3ajaul H NPHMEHEHHEM ero KO BCe HOBHIM H
HOBLIM HEJHHEHHHIM YpaBHEHHSIM, HMEIOIIUM NpuMeHeHHe B (u3UKe
W Tpexje Bcero — B (GHU3HKe HeJUHeHHBIX BOJH. [IpHSTHO OTMeETHTD,
YTO OJHY H3 BeAYyLIHX poJiell B 5TOM KJyOe CHIpDajJH OTe4YecTBeH-
Hble HccjepoBatend. Cefiyac H3BECTHO HECKOJLKO JeCATKOB TaKHX
ypaBHEHHI (HX HECKOJNbKO YCJIOBHO HA3LIBAIOT MHTETPHPYEeMBIMH),
a JadrepaTypa Ho MeToiaM OoOpaTHOH 3ajayd BLIPOCJA HACTONBKO,
UTO CcTajsa TPyAHOOGO3PHUMOH JHaxe AJaA Y3KHX cleuuasuctos. [lo-
ABUJIKNCb U NepBble Monorpaduu. B 1980 r. B uanareancrse «Hayka»
soimia kaura B. E. 3axaposa, C. B. Manakosa, C. Il. Hosukosa u
JI. T1. Tluraesckoro «Teopusi COMUTOHOBY», cTaBLlas yxe 6ubanorpa-
¢uueckoil peakocrbio. B 1983 r. B usnarennctse «Mup» Bhilliea re-
peson kuuru k. JIsMa (Ma.) «DJeMeHTh TEOPHH COJIMTOHOB», a
B 1985 r. B ToM ke u3naTenbcTBe — nepesod Kuuru ®. Kanomxepo
u A. Jleracnepuca «CnexkTpajbHble NpeoOPa3OBaHUsA N COJHTOHBI».
Bui10 011y6JHKOBAHO TaKKe HECKOJBbKO COODHUKOB IIepeBOJHBIX CTa-
TeH.

"DT0, OAHAKO, HHKAK He yMeHbIIAeT Ba’KHOCTH BLIXOJA B CBET
pycckoro nepesoja kHuru M. A6sosuna u X. Curypa, BHepBbie
ony6aukoBaHHOil B cepuu «HMceaepoBanua no npukaajgHod mMaTema-
tuke» B 1981 r. B CHIA. Heso B TOM, 4TO e€e aBTOpPLI ObLIH M AB-
JISIIOTCST BeCbMa MPOAYKTUBHBIMH Yy4YaCTHHKAMM DPa3sBHTHS METOAA
06paTHOI 3a71auM W ero NpuioXKenuil. B ucTOpun Merona BaxKHOH
BeXoi OblIo MosiBleHne B 1974 r. craTbM 4YeThipeX MOJOJABIX Tpe-
nojaBaTe/iel BBLICIIETO TeXHHYECKOro y4yeOHOTO 3aBejleHHs B lITaTe
Heio-Hopk, n3sectHoro nox HassanneM «Knapxcon-komnenx». Kpo-
Me A6aosuua u Curypa cpepu 5Tux uerBepblx Gbuin emie 1. Kayn
u A. Hoiosas1. B ux cratbe 6111 ¢hOpMyaHpPOBaH OJUH H3 BADHAHTOB
MeToAa OO6paTHO# 3ajauu, MOJYYMBUIMH HasBaHHe TO NepBHIM OYyk-
BaM (amumuii aBropos «meroga AKHC». C rex mop Bce yerBepo siB-
JASIOTCS, MOXKaJyH, caMblMH aKTHBHBIMH, XOTSl M HEH3MEHHO MIpy-
JKeCTBEHHBIMH, KOHKYPEHTaMH COBETCKHX HCCaefoBaTesell B 3TOH 06~
aactu. Haunnas ¢ 1973 r. Knapkcon-xonnen:X MHOro pas Obla HC-
TOYHHKOM BeCbMa BOJIHYIOLIMX W BaxKHbBIX HOBocTe#l. M mostomy knu-
ra, HalHCaHHAsl [IBYMA BENYLIUMH NPeJCTaBHTEJNSMH CJIOKHBIIEHCH
TaM HayuHO# LIKOJH, He MOXKeT He NpHBJeYb BHHMaHHS BCEX HHTe-
pecylolIuXcsi TeOpHEeH COJUTOHOB.

DTa KHMra, npejijaaraeMasi cefiuac pycCKOMy UHTATE/IO, HE COBCEM
o6bluHa. JluibL mepBas raaBa ee, cojepiKailas H3joxkeHne OGasuc-
HBIX Pe3yJibTaToB MeToAa oOpaTHON 3ajauM, ¥ BecbMa LEHHOE NpH-
JoKeHye, NMOCBALleHHOe NpuMeHeHHI0 MeTofa QPypbe K JHHEHHBIM
ypaBHEHHSIM B CIUIOIINOM cpejie, HANUCAaHbl 10 aKaAeMHUECKHM CTaH-
AapTam, IPHHATEM B HayuyHOM nuTeparype. Boabuias xe yacth mo-
Horpa(uu Hanucasa B ropasjo 0oJiee HENPHHYK/EHHON MaHepe H
R0 MHOrOM IpeACTaBasieT co60fl pasMblllIeHHs] aBTOPOB O BO3MOK-
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HOCTAX H NepCHeKTHBAaX TOUHBIX aHAJHTHUECKUX METOMOB B TEOPHH
HeJHHEeHHbIX BOJIA. MHOroe BLIHECEHO B YIPa’KHEHHUSt, BBIIOJIHUTD KO-
TOpble faJieKo He NPocTo. (ABTOpPLI caMH TOBOPSIT, YTO 3TH YIpaK-
HeHHA NPEeACTaBASIOT cO00f CKOpee CIHCOK HepeLleHHBIX 3ajady.)

Baaronaps BbIOpaHHOMY CTHJIO H3JIOXKEHHS aBTOpaM YAaercs
KOCHYTBbCSl WIHPOKOTO KPyra BONPOCOB, MOYTH HE 3ATPOHYTHIX B yIO-
MAHYTLIX BHIIe KHHrax. K ux uucay oTHOCsiTcst omucamue mpejsio-
*KeHHOro XHpPOTOfl MPSIMOrO METOJA BBIYMCAEHHS COJNHTOHHBIX pelle-
HHI HeJHHEHHBIX YpaBHEHHH # pa3BHTOro B paborax YOJKBHUCTA H
dctabpyka «MeToAa IICEeBAONOTEHLHAJNOBY», €llle KAYIIEro CBOEro
HaCTOSIIEr0 INOHMMaHHS. ABTOpBH H3JaraloT TEOPHIO ypaBHEHHUS
bBenaxkamuna — OHO, HMeIOILEro MPHJIOKEHHE K TEOPHH BHYTPEHHUX
BOJIH B OKeaHe, M KacaloTCs MHOrOMEpHLIX oGo0uieHuii meroga 06-
patuoit sagaun. B kuure nmoapoGHO onmscanbl KOHEUHO-PA3HOCTHBIE
aHaJIOTH HHTerpupyeMbix AH(depeHUHaNbHBIX YpaBHEHUH, He Ha-
wealne HoKa MNOJAPOOGHOro H3J0XKEHHS B COBETCKHX OO30DHBIX
craThsiX. ABTOPBH OCTaHABIHBAIOTCS HA BeCbMa HHTEPECHOM BOII-
poce 0 TOM, II0 KAKOMY KPHTEDHIO MOXKHO OTJIUYUTb HHTETPHPYEMOe
IpH IOMOUIH MeToaa oOpaTHOH 3ajaun ypaBHEHHe OT HEeHHTerpupye-
moro. OHu nmpeAsaraioT AJs 3TOrO 3MIHMDHUYECKH HAIlyNaHHBIH KpU-
TEPHUH, COCTOAIIMI B TOM, UTO B TeX YaCTHBIX CJAyuasix, KOraa ypas-
_HEHME C YacTHbLIMH NPOU3BOAHLIMH CBOJAHTCS K OOBIKHOBEHHOMY, IIO-
cjaelHee IOJKHO oO0JajlaTb <«CBOHCTBOM [leHseBe», T. e. HMETh
HeMOJABHKHBIE KPHTHUYECKHE TOYKH. HyXKHO OTMeTHTh, OAHAKO, UYTO
5T0T KpuTepud ellle HyxK/JaaeTcss B OBOCHOBAHHH.

KpoMe 4YHCTO MaTeMaTHYeCKOrO KHHTA COAEPHKHUT AOBOJBHO 06-
WUPHbIA (QU3HUeCKHH MaTepuaJ, OTHOCALIUICA K FHAPOAMHAMHKE H
HEJIMHEHHOH ONTHKE, BOJIOThL /IO OMHCAHHUS SKCIEPHMEHTOB [0 pacnpo-
CTPaHEHHIO H B3aHMOJEHCTBHIO COJIMTOHOB Ha MOBEPXHOCTH XKHIKO-
ctn. ABTOpE 06CYKAalOT CBOACTBA COJIHTOHOB NJAHETAPHOTO Mac-
wraba (coauToHoB Pocc6u) u naxe npuBoAAT (oTOrpaduio Kpac-
Horo natHa IOmuTepa, KOTOpOe OHM paccMaTPHBAIOT B KauyecTBe
KaHAujarta B TaKHe COJHUTOHH. B mocsesnee BpeMs MOSIBHJINCH BECh-
Ma BecKue cooOpaxKeHHa B MOJIb3Yy 2TOro yTBepXkKAeHud. B kuure mo-
IpoOHO paccMarpuBaercss (pyHIaMeHTaJbHOE I HeJHHEeHHOH omn-
THKH fBJIEHHE CAMOHMHAYLUPOBAHHON NPO3PAYHOCTH, B TeOpPeTHYe-
CKO€ H3y4YeHHe KOTOPOTO aBTOPHI BHEC/H HeMaJblii Bkaajx. PaspaGo-
TaHHbIE 3/leCb aBTOpaMu MeToAnl, ycoBepuleHcrsoBannbie B CCCP, B
HelaBHee BPeMfl IOZBOJIW/IW [OCTPOUTH TEOPHUIO JAPYrOTG BayKHOTO
ABJICHUSA HEJHHEHHOH ONTHKH — cynepdJyopecieHIIuH.

B nenom kuHra mpeacraBasier co6oi Kak Gbl MTHOBEHHYIO (OTO-
rpaduto GypHOpasBuBawllefics obsacTu Hayku, Haxoisliefics Ha
CTHIKE MaTeMaTHKH W PHU3UKH, NpuueM Qortorpaduio, CieJaHHYIO aK-
THBHBIMH YU4CTHHKAMH 5TOr0 pPasBUTHA. DTO JejaeT KHHTY OYeHb
KUBOH U OIpejessieT ee LEHHOCTb, KOTOPAsi COXPAHHTCS ellle JOJ-
roe BpeMs, HeCMOTPSA HA TO, YTO Ha HEKOTOPHIE NOJOXKeHHs, chop-
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MyJHpOBaHHEE B KHHFe, MBI yXKe cefyac CMOTDHM I[O-Apyromy.
U 3gech Goapluas 3acayra npuHaaaexuT takke M. AGiosuny u €ro
gosteraM. O6a astopa GbiBaju B Coserckom Colo3e, yuacTBOBAH
B OpraHU30BAaHHBIX Y HAC COBETCKO-AMEDHKAHCKHRX W MeXAyHapo.-
HBIX KOH(epeHIHSX, ¢ HHMH NOLAEPKHBAIOTCS TeCHBE HAy4YHBIE W
Jpy»KecKHue KOHTaKThl, KOTOPBIE HECOMHEHHO crnocobcrBoBaiu pabore
Haj nepeBoaoM. Mul 6sarojapHbl UM 3a TO COAEHCTBHE, KOTOPOE OHH
0Ka3aJiy NpUH OPraHU3allMH NepeBoaa KHHUTH.

C u3BeCTHLIMH OrOBOPKAMH KHUI'Y MOXKHO PEKOMEH/J0BAaTb AJA
NepBOHAYAJIbLHOTO 3HAKOMCTBA € HPEAMETOM, XOTsl OCHOBHOH HHTe-
pec OHa mpeACTaBJsieT AJIA CIENHAJHCTOB. DTOMY B HeMaJoii cTe-
TeHH CNoCcOGCTBYET cojeprkallasics B KHHre obmupHas 6ubauorpa-
¢usi, B KOTOPOH € HEMJOXOH CTEIEeHbIO MOJHOTHI MpPeACTaBAEHH H
oTeuecTBeHHble paboTh. B pycckom usmanun 6ubauorpadug cyule-
CTBEHHO JOINOJIHEHA,

B. E. 3axapos



Hocsawaercs Kapoa u Hrud

MNponor

OcHoBHasi TeMa 3TOfi KHUTH MOXeT OblTb cHOPMYyTHPOBAHA AOBOJb-
HO TIPOCTO: HEKOTOphle HeJNHHeHHble 3a1a4YH HMeT YAHUBUTEIbHO
IPOCTYIO CKPLITYIO CTPYKTYDPY, H HX pelleHHS MOXHO IOJYYHTb NIPH
TIOMOIIH MeTOJAOB JuHeHHOH Teopuu. Kak npaBuio, Takue 3ajaun
bOopMyJHPYIOTCA B BHIE 3BOJIOUHOHHEIX YPaBHEHHMH, ONHCHIBAIOIHX
IBOJIIOLHIO HEKOTOPOH BesNMUHHB (MK Habopa BeJHYUH) BO BPEMEHH
NpH 8aJlaHHBIX HAYaJbHBIX [AHHBIX. YPaBHEHHS MOLYT IIPHHMMATb
pasJuuHbIf BuA: AH(depeHnHaJbHble YpaBHEHHST B YaCTHHIX MPO-
H3BOJHBIX, AU((epeHIHalbHO-PA3HOCTHbIE yPaBHeHUs (AHCKPETHOe
IIPOCTPAHCTBO, HENpePhIBHOE BpeMs), YPaBHEHHS] B KOHEUHBIX Pa3HO-
cTsiX (BpeMsi W MPOCTPAHCTBO JAHCKPETHBI), HHTErpo-AHddepeHIH-
aJbHbBle YpaBHEHHSI U CHCTEMBl OOBIKHOBEHHHIX AH((depeHLHaNbHBIX
ypaBHeHHH (KOHeyHOro nopsiaka). Ha camom nene yIHBHTENbHO,
YTO MOXKHO HaifiTH ofllee pellleHHe 3THX ypaBHEHHH, aBjdmouleecs
pe3yJbTaTOM 3BOJIOUHHM IPOH3BOJbHBIX Haya/IbHbIX JAAHHBIX (mpH-
HaJJTeXXalliX MOAXOAsAILIEeMY KJaccy), He Jeslas HUKaKuX Npubinke-
HHH, XOTHl 3aJlayl ABAAIOTCS HeJuHEHHHIMH. Y BeposiTHO, CTOJbL XKe
YAMBHTEJbHO TO, YTO HEKOTOPbie M3 3THX TOYHO pellaeMbX 3alad
€CTeCTBEHHO BO3HHKAIOT B KauyecTBe MOJeJeH OmpelesieHHbIX (PusH-
YeCKHX sIBJEHHH. DTH TNPHJIOKEHHS CNOCOOGCTBOBANH BO3PACTAHHIO
HHTEepeca K IpeaMerTy.

B nacrosiiiee BpeMst ecTb HECKOJbKO OOIIENPHUHATHIX TOYEK 3pe-
HHMsl HA 9TH TOYHO pelnaemble 3ajaun. CorylacHO OJHOH M3 HUX, IV1aB-
HOM LIEJIbIO aHaJHu3a fBJSIETCS pellleHUe COOTBETCTBYIOUIeH 3alauu ¢
HAuyaJbHBIMH YCJIOBHSIMH. DTO pelIeHHe CTPOUTCS IPH NOMOMLIU Me-
Tofa o6patHO# 3apmaun paccesinus (MO3P), koropwii mnoapoGHO
onucad B v, 1 u 2. Ero MoxHO paccMaTpuBaTh Kak 0600LieHue Me-
Tofa npeoGpasoBanus Pypbe, KOTOPHIH OOBLIYHO NPUMEHSETCH AJS
pellleHus JHHEHHBIX 3a/al.

PaccmarpuBaembie 3ajgaud  ofaajzaloT upe3BblUaliHO OoraToi
BHYTPEHHEH CTPYKTYpOH, W 3TO NO3BOJIET PaccMaTpUBATh HX C pas-
JIMYHBIX TOYEK 3peHus, He ob6s3aTenbHo cBsiszaHHblx ¢ MO3P. Heko-
TOpble M3 HUX O0CYXJaloTcst B I. 3. MHoOrue Takue nojxoAnl GoJee
YAOOHBI, CCJIH HAC HHTEPECYIOT YacTHble DelleHHs, HApHMep COJH-
TOHBI, a He ofllee pelleHue 3aJauil ¢ HAYaJbHBIMH YCJOBUAMHU. Psij
pusuuecKHX NPUIOKEHHH moapobHo obcyxaaercs B Il 4,



10 Mponor

[lennocTp merona oGpaTHOl 3ajaud PACCeAHHS COCTOMT B TOM,
YTO OH IO3BOJISET HCC/EI0BATh HENIHHEHHYIO 3aJady 10 CyIIEeCTBY
MeTonamu JauHeitHOH Teopuu. Ho 310 nmpeumyumecrso, Koneuso, mMo-
TYT BNOJIHE OLEHHUTb TOJBLKO Te, KTO YXKe 3HAaKOM™ ¢ JIHHCHHOH Teo-
pueil u ee pesynbratamu. [lockosnbky nuneiinas Teopus urpaeT QyH-
JaMEeHTaJbHYyI0 POJb, MBl HN0OAaBHIY NPUJIOKEHHE, IOCBALIEHHOE JH-
HEAHBIM 3ajauaM u uX peitennaM. OHM OueHb NOJME3HBI AJs CpaB-
HEHHS C pellleHHSIMH COOTBETCTBYIOIUMX HEJHHEHHBLIX 3aiad, KOTO-
pBle SIBJASIOTCH HPEeAMEeTOM 3TOH KHHIH.

[Ipexze yem NPHUCTYHATb K H3JO0XKEHHIO, XOTEJIOCh BB BLICKA3aTh
3JeCb HALIM NOXKEJaHua O MOpajKe UTeHHs MaTepuana. [Ipuioxe-
HHE COJEepPKHT TNpeJBapHTeJbHbIe CBeJCHUS, HHOTJA BOBCE HETPH-
BHaJbHBIE. IMEHHO ¢ Hero cjeiyer HayaTh 4TeHHe TeM, KTO He 3Ha-
KOM ¢ MerojaoM mnpeoGpasoBanus Pypoe. Mbl n06aBuin HekoTOpOE
KOJHMYECTBO BECbMa NPOCTHIX YNPA’KHEHHI B KOHIE NPHUJIOMKEHH.

Tnasa 1 sBasercs dynnamenranbhoit. OcrasbHble 4B OCHO-
BaHbl Ha MarepuaJe 3TOH IJaBbl, U Mbl Ha HEe MOCTOSHHO CChIaeM-
csi. 'maBy 1 MBl peKOMeHIYyeM HPOUYECTh LEAHKOM.

[Tocae ocBoeHHs TJ. | uMeeTcst MHOTO BapuaHToB. [aBb 2, 3 n
4 3aBucAT OT raaBel 1, HO IPAKTHYECKH HE3aBHCHMBI APYT OT Apyra.
Mx moxHO uutaTh B JI060M mopsike. Pasmensl BHYTPU KaxJIoif
[J1aBbl TAKXKe MOXKHO CUHTAThb HE3aBUCHUMbBIMH. DTO [I03BOJISET YHTA-
TEJIO CPaBHUTENBHO OBICTPO pa3obpaTbess € 3aHHTEPECOBABLIEH ero-
qacTHOH npobJeMoH.

Haxkonren, Hecko/ibko ciioB 00 ynpaxkHeHusXx. OHH UMeOT mupo-
KUH JHAMa30H NO TPYAHOCTH: OT BOCCTAHOBJIEHHS MPONYLIEHHBIX IIa-
roB B JI0KAa34aTeJNbCTEE N0 HCCIeJ0BaTeNbCKHX 3alay, KOTOpHIe, Ha-
CKOJIbKO HaM H3BECTHO, [0 CHX 0P He pewieHbl. POpMYyJNHPOBKY 3a-
Iau OOBIYHO MOACKA3bIBAIOT YHTATENIO, KAKHE H3 3THX NpPo6JieM NoKa
OCTAIOTCA OTKPHITHIMH.



maea |. O6paTtHasa 3agaua
paccesiHus
Ha 6eCKOHEe4YHOM
UHTepBane

1.1. Beenenne. B 1965 r. 3alyxckuit u Kpackan [523] oGuapy-
~ KHJIH, 4TO pellenne ypaBHenuss KopreBera — ae ®pusa (Kad), npen-

crapasiomee coGofl yeAHHEHHYIO BOJIHY, o6jafaeT cBOHCTBOM, KOTO-
poe He ObLIO M3BECTHO MpeXkKJe: a HMEHHO, TAKOe pPELIeHHE «YyNPYyro»
B3aHUMOJEHCTBYET ¢ JPYTHM TaKuM e pelleHneM. OHuM Ha3BasH 3TH
pelleHust coauToramu. Bexope mocae 3Toro oTKphiTHA [apamep u ap.
(1967) [172, 173] cranu mepBOOTKPHIBATEJISIMH HOBOTO MeTOJda Ma-
temaTHyeckoi ¢usnku. TouHee roBops, OHH H300pe/n MeTOJ pelle-
uust ypasuenus Ka®, ucnonpsywoliui yaed NpaMoid u o6paTHOH 3a-
naun paccesuus. Jlake (1968) [318] cymecrsenHo 0606w HX
uaen, a 3axapos u abar (1971) [544] nokasanu, 4TO 3TOT Me-
TOJ TPHJIOKHM H K APYTOMY YPaBHEHHMIO, BAXKHOMY A5 PU3HYECKHX
npHJIOKeHUH, — Heauneiinomy ypasnenuio pénunrepa. Mcenonbays
5TH unen, A6aosuu, Kayn, Heoama u Curyp (1973—1974) [11, 12]
paspaboTtajn MeTOJ, NMO3BOJAUIMA HAATH CYLIECTBEHHO GoJjiee Iiu-
POKHH KJacc HeJHHEHHBIX 3BOJIIOLMOHHBIX  YPAaBHEHHH, KOTOpBIE
MOXKHO pellaTh, BOCHCJAb30BABIHCL NPSIMOA M OOpaTHOH 3anauefi
paccesinusi. OHU HA3BaAM 3Ty NPOLEAYPY «mpeoGpasoBanneM obpar-
Holl 3asaun paccessus» !). (Hnxke Gyner ymorpebasiTbesi Bbipaxke-
HHe «MeTon oOpartHoll 3ajaun paccesuus» (MO3P).)

Hacrosimas Mouorpagust mnocssimiena coauroHam u MO3P.
MHOrouHc/eHEbLE JOCTHIKEHHS B 3TOH 00/acTH HPUBJEKIH K cebe
BHUMAaHHE MHOTHX MaTeMAaTHKOB, (QH3HKOB M HHXKeHepoB. Mul Ha-
geeMcsi, 4TO, coGpaB HanGoJee BaxKHble MJAEH 3TOH TECOPHH H H3J]O-
JKHB MX B OJHOH KHHre, Mbl NpPHHECEM MOJb3y W HAYHHAIOIIUM, H
«npodeccronanam». OCHOBHEIE TPYAHOCTH IPH 3TOM CBSI3AHHI C
Ype3BbHYAHHO WHTCHCHBHBIM DPa3BHTHEM TEOPHH, IPOJOIKAIUIHMCS
H 10 cell JeHb.

HMeercst HeckoabKO 0630poB (cM., Hanpumep, [452, 381, 382, 3,
344] u c6opnuxos crarteii (cm., nanpumep, [396, 380, 332]), oTHo-

D B opurunane «The Inverse Transform Method». ApTopE HCHONB3YIOT
9TOT TepMHH Ha npoTskKenun Bceft monorpadun. Bripaxenuwe «meronm obpat-
HOK 3amaunM paccesHus» Opuio npefnoxeno B pabore 3axaposa u labara
[546] (1974) u saBasercs OOLieNpPH3NAHKLIM B COBETCKOH M 3HAUHTEJbHOH uacTH
sapyGexHoil autepatypsl. — [lpun. ped.
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cAmuxcss K npeamery. Bo BpeMsa HanucaHHs HacTosillell KHUTH He
Oblio HU onHOll MmoHorpaduu no teopuu conuronos u MO3P, xors
Mbl He COMHEBAeMCs, YTO CUTYalHs CKOPO H3MeHHTcs '),

H3zyuenne yennHeHHBIX BOJIH Hauasock c-Habmonenni Jdx. Ckor-
ta Paccena [437, 438], crenannbix Gosee Beka Hasan. Paccen Bnep-
Bble Hab/nI0Ja/j yeAHHEHHYIO BOJHY BO BpeMsi BEPXOBOH NPOTYJKH
BAOJIb Y3KOTO CYAOXOAHOro KaHaJja. Koraa 6apika, 3a KOTOpPOW OH
CJIe U, OCTAHOBHJIACh, Pacces orMeTna, 4To

«prnepe] no6exasno O6oJbliloe OJHHOUHOE BO3BHIILEHHE — OKDPYIJbIH, IaAkuil H
ACHO BLIDaXXeHHBIH BOASHOH XOJIM, KOTOPHIH TNpPOAGJXKAJ CBOH NYTb BJOJb - Ka-
Haja, HUCKOJBKO He Mensisl cBoelt GOpPMBI M He CHHXKas CKOPOCTH.. Ero BbicoTa
NOCTeNeHHO yMeHbllaJach, H uepe3 OAHY WJIH JBe MHJH TOTOHM s MIOTEpPS €ro
U3 BHAY B H3rubax KaHajsa. Tak B aBrycre 1834 r. MHe Brnepsble 10CYaCTJHBH-
Joch HabmoAaTh 3To HeoOHIYHOE W KpacuBoe siBjeHue». .. [437]

STO HaéﬂIO,ZIEHHO BAOXHOBHJIO Paccena nauatn CHUCTeMaTHuuecKoe
IKCIIEDHUMEHTAJIbHOE HCCJAeJ0BaHHe NOBEPXHOCTHBLIX BOJH Ha BOJE.
On pas3jeaua BCe INOBEPXHOCTHbIE BOJIHbI HA [Ba THIA: «HoJblIne
IIPOCTLIC BOJHBI TPAHCASALHH» (KOTOpre B ﬂaﬂbﬂeﬁmeM CTaJIn Ha3hl-
BaTb Ye€AHHEHHBIMH BOJIH&MH) H BC€ OCTaJlbHbIC€ BOJIHbI, KOTOpbIE
«IIPUHAJAJIEXKAT KO 8TOPOMY, UAU KoaebaTeabHOMY, Tuny BOJH». [lo-
CJleJHHE He §BJAIOTCS BOJHAMHU «nepBoro tuma» [437] Ouesunano,
YTO OH paccMaTpuBaJ YeAHHEHHbIE BOJHB! KaK HMEIOILNe [1€pBOCTE-
NEHHYIO BaKHOCTE U CKOHLUEHTPUDPOBaAJ HAa HHUX CBO€ BHUMAHHE. Cpe-
I¥ MHOXKECTBAa €ro pe3yJabTaTOB Mbl XOTeNH Obl OTMETHTb CJeAylo-
mue:

1. Ha Menkoii Boie M0O2yT pacnpoCTpaHsTbCst AJIHHHBIE YeJHHEeH-
Hble BOJIHBI HEH3MEHHOH (QOpMBL. DTO, HECOMHEHHO, Haubojee BaxK-
HbIH ero pesysbrar. ‘

2. CKOpOCTb pacnpocTpaHeHHs YEAMHEHHOH BOJIHBI [0 KaHaJy
NOCTOSIHHOH I1yOMHB AaeTcs ¢popMyJol

v=1/g (h+ ),

rje 1) «ABJAseTCs BLHICOTOH rpebHsA BOJNHBI HajJl MOBEPXHOCTBIO CIOKOMH-
HOM JKHAKOCTH, f — rny6uHa CIOKOMHOH KHIAKOCTH U g — YCKOpe-
HHe cBoGoaHOro magenus» [438]. Ecau yuecTb, ¢ KAKOH TOUHOCTHIO
mor Paccen nmpoBoAHTH CBOH H3MEPEHHS, 3TOT PE3yJaLTAT SBJIAETCH
3aMeyaTeJbHbIM.

Pacces o6HapyXui, uTO A0 CHX 1IOP HE CYyLIECTBYeT MaTeMaTH-
yecKkoll TeopuH, OGbsCHAIOWEH YelHHEHHYIO BOJIHY, HO OTMETHJ, YTO

«He cneayer aymartb, 9TO nocne OTKPHITHS ee CYLIeCTBOBalusi He OyAyT
NPeANpPHHATH TNONLITKH HPHBECTH 3TOT (DaKT B COOTBETCTBHE C CYUIECTBYIOMIEH
TeopHell, HHaye roBOps, NOkas3aTh, YTO e€e CJEJOBAJN0 OXKHMAATH HCXOAS U3 HU3-
BECTHHIX YPaBHeHHH JBHXKeHusi KHAKOCTH. JIpyruMu cjaoBamu, Temepb cJeayer

) Bo BpeMs KODDEeKTYpbl 3TOH MOHOrpadMM BLIIM H3 TEYAaTH KHUTH 3a-
xapoBa, Managosa, Hosukosa, Ilutaesckoro [539] u Jlsma [313].
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MaTeMaTHYeCKH MNpPEeACKa3aTh YK€ COBepIlUHBLIeeCss OTKPBHITHE, T.€. AaTb anpHop-
HYI0 AeMoHcTpauuio anoctepuopu». (Paccen (1844) [438]).

[To-Bupumomy, Paccen ¢ 0co60ff HONO3PUTENBHOCTBIO OTHOCHJICS
K Diipu, KOTOpHIH B cBoeH KHHre «IIpuauBb u BOsMHKY» [37] ony6au-
KOBaJl TEOPUIo AJHHHBLIX BOJH MaJIOH, HO KOHEUHOH aMIUIHTYAbL. DTa
TEOpHsl, KPaTKO H3JOXKeHHas B MoHorpadum JIsmba [314, §§ 175,
187], yrBepxkaaer: «Koraa BosBHIIeHHE 1) He MaJO IO CPABHEHHIO
co cpenHel ray6uHo# A, BOJHBI Ja)Ke B KaHajie MOCTOSHHOH IJy-
6UHH ¥ NPAMOYTOJbHOIO CeYeHHs He MOTYT PacHpoCTPaHATHCs BAOJD
6e3 u3MeHeHHs1 CBoero Buia». Takum oOpasom, 3akmaouan IHpH,
yeAUHEeHHble BOJNHH HeH3MeHHON dopmbl He cymecTByloT! OH Takxke
nawesa npuOAHKeHHYIO GopMyay AJsi CKOPOCTH BOJIH

— 1
v=+gh (14+57).

kotopas coraacyercs ¢ ¢opmynoit Paccena B mepBoM Hopsiike MO
n/h. Orcrona ditpu penan cienyowmuit BueBoa: «M3 srux [r. e. npo-
nenadnbix Paccenom] 3KCmepHMeHTOB Mbl BINpPaBe 3aKMIOYHTH, UYTO
Teopus [mpensioxenHas DipH] NONHOCTbIO MOATBepKIeHa». Paccen
OXapakrepusoBaJs 3akjloueHHe IDHPH KAaK <«MOJNHOCTbIO NMPOTHBOIO-
JIOXXHOE TOMY, KOTOpOe CJefoBaJio Gbl CAesaTh HAa A4HHOM OCHOBA-
HHH>.

Sra noseMHKa NMPOXOIKAJNACH HA NPOTAKEHHH CJAeAyIOWUX -
TH/JECATH JIeT, IOKa OHa He Oblia OKOHYaTesNbHO paspelueHa Kopre-
BeroM u Je Ppusom [28]. Ouu BriBeaH ypaBHeHue (HbIHE H3BeCT-
Hoe kak ypaBueHue KopreBera — ne ®pusa, uau ypasHenue Kad),
KOTOpPOE ONHUCHIBAET MOBeJeHHe BOJH YMEPEHHO! aMIUIHTYAbl Ha 1O-
BEPXHOCTH HErJyOOKOH MKHAKOCTH. DTO ypaBHEHHe HMeET pelleHHe
B BHJe CTALMOHAPHO PACIPOCTPAHAIIIUXCS BOJH, B TOM YHCJe CO-
JIUTOHOB.

Byccuneck [75, 76] Takke NOJyYua HeJHHEHHOE BOJIIOLIHOHHOE
ypaBHEHHE, OIHCHIBAOIIee N0J0OHBIE BOJHBI, H HALIes JJif HEro Co-
JAuTOHHOe peluenue. Takoe pelieHne moayuus takxe Pamesr (1876)
[426]. TTocae atux panHux pa6or ypasHenne Kopresera — ne ®pusa
He HAXORMAO0, Kak oTmeyan Muypa [381], HOBbIX mpHIOKEHHH
BT K0 1960 r., korna Tapauep n Mopukasa [174], usyuas mar-
HHUTOTHAPOAHHAMHUECKHE BOJHBL B GeCCTOJNKHOBUTE/IbHOH Masme,
CHOBa He BLIBEJH 5TO ypaBHeHue !).

HoBele mccaemosanus no ypaBnenuio Kad 6wlan  cTumysupo-
BaHb (u3uyecKoi npoliaemolt, H3BeCTHOH Kak mpobiaema Pepmy,
Macra, Yaama (1955) [153]. B 1914 r. Ile6ait [134] npeanonoxud,
YTO KOHEYHOCTb TEIJIOTNPOBOJHOCTH pELIeTKH H3 aHrapMOHHYECKHX
OCLHJIIITOPOB OGBACHSAETCA HEJIHHEMHOCTBIO CHCTeMbl. OT10 1OGYy-

D ConuTOHE B 6eCCTONKHOBHTeNbHOH naasme ObLTH paHee OTKPLITHL H CH-
cTeMmaTuueckn wuayuenst P 3. Cargeesnim B 1956, 1958 rr.— [Tpum. ped.
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JHJIO qJepMH [Tacta 1 Ynama npefnpuHsTh YHCAEHHOE H3YUeHHE OJI-
HOMEPHOH aHrapMOHHYECKOH UENOYKH OCIH/ISTOPOB. Owuu npenno-
Jarajy, 4TO H3-33 HEJUHEHHOCTH peNakcanus Jaio6oro raafKoro
HAYaJbHOTO BO3MYIIEeHHs OBICTPO UPUBEIET K PaBHOPACHpPeLeJIEHHIO
9HEPIHH MO CTENEeHsIM CBOGOJBI CHCTEMHI.

OTu aBTOPH PacCMaTPHBAJNU IENOYKH YACTHI OJHHAKOBOH Mac-
CBHI, Ka)Jasi H3 KOTOPBIX COeAMHEHa C OJHKalIIHMU COCeAsIMH HE-
JHHEHHBIMH NPY:KMHAMH, CHJIa HATAXKEHHs KOTOPLIX 3aBHUCHT OT pac-
TsKeHus mo 3aKoHy F(A) = —K(A 4+ aA?). YpaBHenus .1BUKEHUS
HMEIOT BH],

—% Yir= Wi+ y:i21—2y) F oy — v — (y:—y:-0)%
i=l, 2,...,N—'1, y():yN=Oy-

a THMMYHOE Haya/pHOoe ycaoBue ¥, (0) = sinin/N, y», =0 (o6biuno
BEIOUpasoch N = 64). 3aech y; 03HAUaeT OTKJAOHEeHHe i-fi HACTHIH
OT paBHOBeCHS.

[Tpountupyem ®Pepmu, ITacra u ¥Ynama [153].

«B pesy/bTaTe HAUIKX BBIYHC/ACHHH OOHapY’>KUJIHCh SABJEHHS, KOTOpLIE C CaMOTO
HadaJa YyJAHBHJH Hac. BMGCTO nocae10BaTe/IbHOTO HEIIPEPLIBHOTO IMOTOKa 3HEP-
THH OT MepBOH MOAbL K BHICUIMM. .. NPOHCXOAMJ 3HeprooOMeH JHIUb MeXAy He-
CKOJIbKHMH HHM3WHMH Moiamu... [Toutu He Habmofajoch TeHAEHUHH K paBHOpAc-
NpcAC/IeHHI0 SHEPTrHH N0 CTENnCHAM CBOGOlIbI 3a JaHHOC BpEMi. Unaue rosop4,
B CHCTEME onpejeseHHO He [J38 ) NepeMCLIHBAHUA»,

Hns toro utof6nl MOHATH 3TO siBjeHue, Kpackan m 3abyxckuil
(1963) [300] paccmoTpesn HenmpephiBHYH Mojaenab. Ilomaras pac-
crosipe Mexay npyxunamu h, ¢ = ot (0 = +/K/m, &' = x/h, upu-
yeM ¥ = ih, u pasnaras ¥+ B psag Teisopa, TPHBOJUM ypaBHeHHe
(1.1.1) K Buay (WTpHXH y £ U X onyCKaeM)

(1.1.2) Y1 = Yxx + Yslyx + '1‘2' Ygxxs + O (ehQs h4)s

rae & == 2oh. JlasbHelimasi pefyKUHUst BO3MOXHA, €CJAH Mbl HIIEM
acHMIITOTHUECKHEe pellleHHsi (IPOCTble BOJMHBI) BHAA

y"’q)(X’ T)’ X=x—t, T= 82t

(1.1.1)

roraa (1.1.2) naer y
(1.1.3) Pxr + PxPxx + S@xyxx + O (h2 l )ZO’

rae 62 = h%/12¢. [TonoXKHB & = @x, MOJAYYNM, 4TO ypaBHenue (1.1.3)
CBOJAATCS K ypaBHeHHIO, oTKphiToMy B 1895 r. Kopreserom u Jme
®pusom [291]:

(1.1.4) ur -t uny 4+ Suyyy=0.

Kpackan y 3abyxckuit pemwann na IBM ypasuenune (1.1.4) ¢ cu-
HYCOH/JaJIbHBIMH HAYaJbHbBIMH yCa0BUAMH. [lpu masom 6% kpyTusHa
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«ropba» HauyaJbHOI'O YCJOBHSI BO3pacTajia, IOKa He CTAHOBUJCH
BaXKHBIM 4JIeH C TpPeTbeH Npou3BogHOA. Ha 9toél craanu pemenue
pasBmBaeTci B clelN(UIECKYI0 OCUMJIATOPHYIO CTPYKTYpy. Bosuu-
KalOT OCLHJASALHH, B3anMojeficTBylolue MeXJy coGofi BIOJHE OI-
peneeHHbM # AOBOJIbHO HCOXKHMAAHHBIM CIOCOGOM, KOTOPHIE Mbl 06-
CyAUM Huxke. MIMeHHO MONLITKH NOHATH NMPUPOAY ITHX OCIHJJIALHHA
NPHBEIH K COBPEMEHHOMY NOHHMAaHUIO CBOHCTB pelleHHll ypaBHEHHS
Kn®. (MHTepecHO OTMETHTb, YTO K HUCCJIEAOBAHHIO ypaBHEHHUS
(1.1.4) npu manwx 62 BHOBb ofparunuce B 1979 r. Jlake u Jlesep-
mop [321].) '

Hajiee mbl 6ynem paborath ¢ ypaBHenneM Ka®, sanucaHHHIM B
caenylollei hopme:

(1.1.5) K@W)=u;+6uu, +u,,, =0.

Ypaerenne (1.1.5) skBuBanentno (1.1.4) (oTMeruM, 4TO mepes Kax-
JbIM H3 TpeX WJIEHOB ypPaBHEHHs MOXKHO MOJXOASIIUM H3MeHEHHEM
maciiTaba He3aBUCHUMBIX M 3aBHCHMBIX NI€PEMEHHBIX MTOCTaBHUThL NPO-
H3BOJIbHbIE IOCTOSIHHBIE KO3 (DHUIUEHTHI ).

Kpackany u 3aby:xckoMy Obll H3BECTEH AABHO OOHAPYKEHHBIH
dakr, uro Kad obranaer yacTHHIM pellleHHeM B BHAE YeAMHEHHOH
BOJIHBl HEH3MEHHOH (HOPMH

(1.1.6) u==2k%/ch®[k (x — 4R’ — x;)},

rae B u xo ABAsiIOTCA KoHcTaHTaMu. OTMETHM, YTO CKOPOCTb COJIH-
TOHa 4k% mponopluHOHaJbHA ero aMmiauTyfe 2k%2. Uto 6blIO Heus-
BECTHO MpeAblAYLIHM HCCAEA0BaTeNAM, TaK 3TO YANBHTE bHbIH (akT
YIPYrocT# B3aHMOJENRCTBHA COJHTOHOB. IIbiTasich TOHATb NPHPOLY
obcyxaaBmuxcsa kosebGanuil, 3abyxckult u Kpackan obuapyxumau
caenytouee. Ilycts npn ¢ = 0 3amanbl gBe Boaubl Buga (1.1.6), Ha-
XOMSIIHECS HA JOCTATOUYHO GOJLLIOM PACCTOSIHHM APYT OT APYyra, NpH-
yeM MeHbIas H3 HUX HaXOmUTCa cnpasa. Uepea HEKOTOpPOe BpeMs
BOJIHBI BCTPEYAIOTCs H HAUHHAIOT B3aUMOJEHCTBOBATh (Gosbluas Ho-
rjomaeTr MeHblIylo). 3aTeM (oJbllas BOJHA BHOBbL OTHEJseTCS OT
MeHbIIeH ¥ MOCTEeNeHHO (aCHMIITOTHYECKH) BOCCTAHABJIHBAET CBOIO
mepBOHAYaNbHYIO (opMy, a CJeloBaTeNbHO, H CKOpOCTh. Bech 3¢-
(hexkT B3aMMOAEHCTBHS CBEJETCH TOJNbKO K CABHTY (as, B pesyJib-
TaTe KOTOPOro LEHTPBl BOJH OYAYT HECKOJIbKO CABHUHYTHI MO CpaBHe-
HHIO C TeM, KaKMMM OHH Obliiu OBl IPpH CBOOOAHOM ABHXKEHHH (CM.
puc. 1.1).

ITockosbKy HMeeTcsl aHAJOTHA ¢ yacTHlaMH, 3abyxckuil U Kpa-
CKaJl Ha3BaJid Takue BOMHH coaurTornamu. Cuenys M, Mbl OyaeM Ha-
3BIBATh COJUTOHAMH JIOOble JIOKaJU30BaHHblE HeJNHHEHHBIE BOJIHHI,
KOTOpble B3aUMOJAEHCTBYIOT € IPOU3BOJBLHBIMH JIOKAJbHBIMH BO3MY-
IIEeHHSIMH U BCErZla BOCCTaHABJMBAIOT aCHMITOTHYECKH CBOIO TOUHYIO
nepBoHauaabHyo Gopmy (¢ BO3MOXKHEIM caBuroMm ¢asel). s jo-
KaJIH30BAaHHBIX BOJIH, B3aHMOAEHCTBYIOIIUX HEYyNpyruM o6pa3om, Mbl
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Puc, 1.1. Tunnysas KapTHHA B3aHMOAGHCTBHSA JABYX COJIHTOHOB B MOC/IEXOBATENb-
HbI€ MOMEHTHl BPEMEHH.

COXPAHHM TepMHH «yeJHHEHHas BosHas. CleayeT OTMETHTb, 4TO B
JHTEepaType CYLLeCTByeT MHOI'O pasHBIX ONpeAeJeHHH TOro, YyTo fB-
JISIeTC M UTO He §IBJAsETCS COJUTOHOM. Hamum uessiM afeKkBaTHO
AAHHOE BHIILIE ONpejesieHue.

[TonbITKM MOHSITL NPHYHHY BO3HHKHOBEHHS OCLMJLISLKE IIPU yHC-
JIEHHOM pelileRuu ypaBHeHus (1.1.4) npuBesn K 06CYy:KAeHHIO BOI-
poca 06 «o6paTuMbIX» yAapHLIX BosHax. Ha ¢poure ymapuoir Bos-
Hbl IPOHCXOAHT CKAUOK XapPaKTEPHCTHK CPEIBl; BONPOC O CKAauKax
TECHO CBSI3aH C BONIPOCOM O 3aKOHAaX cOXpaHeHHs. (3aKoH coxpaHe-
HHSl — 3TO0 ypaBHeHHe Bupaa 07/dt 4+ 0F /0x = 0, rae T HasbBaloT
IJIOTHOCTBIO, @ F — MOTOKOM IO aHAJOTHH C MOTOKOM KHAKOCTH.)
[TepBoHauanbHo y ypaBHeHHs1 (1.1.4) Obl10 OGHApyXKeHO yeThIpe 3a-
KOHa coxpaHenus. Muypa [381] OTKpBUI elile HECKONBKO 3aKOHOB
COXpaHeHHs, U OblJIM BBHICKA3aHBI MPENNOJNOXKEHHS, YTO HX HMeeTcsl
6ecKOHeYHO MHOTO.

Hayuas aTH 3aKOHH! COXPaHEHHs] W 3aKOHBI COXPAHEHHS, CBA3AH-
HbiE C ellle OJHHM COBEpIIEHHO HOBBIM 3BOJIIONHOHHHIM YpaBHEHHEM
(ero oObIYHO Ha3BIBAIOT MOAH(UIHPOBAaHHHIM YypaBHeHHeM Kopre-
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sera — ne ©pusa, unu MKad),
(1.1.7) M (v) =v; — 60%0, + 0., =0,

Muypa (1968) [379] o6Huapyxua ciaeayollee peoGpasoBaHHE,
Ecau v — pemenne (1.1.7), 10

(1.1.8) u=—(v"+ vy)
apasercs peuenueM (1.1.5). Tounee,
(1.1.9) K @) =— (20 +-a%-) M (v).

[Tpeo6pasoBanye OAHOIHAYHO JHIIb B OIHY CTOPOHY, NOCKOJBKY B
npasoii yactu (1.1.9) umeercsa oneparop AudpdepeHUUPOBAHUS.

Hmenno npeobpasosanue (1.1.9) mpuseso K ApyruMm BaskHBIM pe-
syabrataM mis ypasaenus Ka®. [lepsonauanbro 310 mpeoGpasosa-
Bye OBLIO OCHOBOH [ J0Ka3aTelbCTBA HaJHyls OeCKOHEUHOH ce-
pun 3akoHoB coxpanenns a1a Ka® (Muypa, apauep n Kpackan
(1968) [383]). OcunoBHast uaes 6una caenylomas. [TockoabKy ypa-
BHenne Kn®d sapBasiercs WHBAPHAHTHHIM OTHOCHTEJNBHO Ipeobpa3oBa-
puit Tanunes, B vaCTHOCTH BUAA

¥=x+-t, =t

(1.1.10a) 1
u(x, )=u'(x', ) — -5,
T0, NIOJIAras
(1.1.10b) o(x, )= —ew (¥, )+
npeo6pasyem ypaBHenue MKn® k Buxy
(1.1.10¢) wrr 4 o (30 + 3e20° + W) = 0.

(2]

9dcHo, uTo S w dx’ SBJSETCS COXPAHAWOILEHCS BEJMYHHOH 1.4
(1.1.10c). H—peo6pa303aﬂne Muypw (1.1.8), (1.1.10a,b) gaer
(1.1.10d) u = 2w+ ewy — w?.

Cunras & <€ 1, MBI MOXeM peKypPEHTHHIM 0O0pa3oM pa3peullTh
(1.1.10d) orHOCHTENBHO W, T. €.

(1.1.10e)  w=uw,+ew, +w, 4 ... =”7/ ——% u,+

T

Takum o6pasom, (1.1.10e) nossonsier HaiTH OeCKOHeUHBIl HaGop
3aKOHOB coxpaHeHusi. Huske B pasa. 1.6 ™Mb gagum apyroe
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JOKasarteJanbCTBo Toro ¢dakra, uro Kad®, MmKn® u ap. obaanaror Gec-
KOHEUHBIM HAG0POM COXPAaHSIOIIMXCS BeJHYHH  (MJH [JOTHOCTEH).
BoJee Toro, Gyaer nokazaHo, UTO 3aKOHHI COXPAaHEHHs! C'YETHBIMH
HOMEpaMH sBJISAIOTCSA HeTPHBHAJLHLIMH (T. €. T He sABJSIETCS MOJHOI
POU3BOJHOM 10 X).

OpnHako caMbiM Ba)KHbLIM PE3yJbTATOM YCHJIHH N0 H3YUEHUIO
vpaBHeHuss Kn®d Oblio OTKPHITHE HOBOrO MeTOJa MaTeMaTHYecKofl
busnkn — MeTtona obpartnoli 2agaun paccesiug (MO3P). Ou rakxe
nosiuica Omarogaps npeoOpasosanuio (1.1.8). 3amerum, uToO
(1.1.8) moxxHO paccMarpuBaThb KaK ypaBHeHHe PHKaTTH OTHOCH-
TeJIbHO U; XOpPOWIO W3BecTHoe mnpeobpasoBanue v = W./W¥ nunea-
pusyer (1.1.8), naBas

VY., +u¥=0.

Tax xak ypasuenune Ka® siBasietcst ranuneeBcKd HHBApUAHTHBIM, TO
ans 6osbuiedt o6muoctn Muypa, Tapanep u Kpackan (1968) [383]
pPacCMOTpeNH ypaBHEHHE

(1.1.11) W, ()W =0.

Oxasajoch, 4TO 3TO ypaBHEHHEe JaeT HEsBHYIO JHHeapusalluio
ypaBHenus Kn®. Ypasuenue (1.1.11) camo BecbMa HeMaJ/lOBaixKHO,
[IOCKOJIBKY ~sIBJISieTCsl IO CYIIECTBY CTAlMOHADHBIM YypaBHEHHEM
Illpénuurepa.

Tapauep, I'pun, Kpackan u Muypa (1967) [172], (1974) [173]
nepBEIMH OTKpHK Merof pewenns Ka®, ucnoabsyromui (1.1.11).
XoT MBl OTKJIOHMMCSl OT MX NepBOHAuaJbHOH NpPOLEAYpLl, B HAEH-
HOM IlJIaHe H3J0XKeHHe OyJer, KOHEUHO, CXOAHBIM. Mbl mocrynupyem,
yto ¢ ypaBHenuem (1.1.11) acconunpoBaHO HEKOTOpPOE IBOJIOIHOH-
HOE YpaBHCHHE

(1.1.12) ¥, =AY + BY¥,,

rae A, B— ckaasipuble GyHkuuu, He 3aBucsimge ot ¥ (oTMerum,
yTO 3TO HauOboJsiee OOGUIMH BHJ JHHEHHOTO ypaBHEHUS MNEPBOro Mo-
paaka no Bpemeru). Ecau u moaunnserca ypasrennio Kn® (1.1.5)
U ecJid MH BhIOUpaem

(1.1.13) A=u,, B =4\ —2u,

TO JIEPKO MOKAa3aTb, uTO cobcrBenHble 3Hauenus B (1.1.11) He 3aBu-
CSIT OT BpeMeHH, T. e. Ar = 0. Uurarenb MOXeT NPOBEPHTh, HaJjarasa
ycjoBre coBMECTHOCTH Wixy = Wixt, uTO

(1.1.14) K () + 4,] ¥ = 0.

Teneps ecan K(u) = 0, To As = 0. B pasn. 1.2 Mp jpanum nenyx-
THBHYIO NpONEAYPY HaxoxnieHuss A, B. Mbl mokaxeM, 4To cylle-
cTByeT GECKOHEUHO MHOTO yDaBHEHHH, CBA3AHHbLIX Takum e obpa-
zoM ¢ (1.1.11), uo ¢ apyrumn 4, B.
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B  nociaeayomnx paspenax Mbl 06CYAHM, KaKk pe3yJabTaThl
(1.1.11)—(1.1.14) MOXKHO HCMNONb30BATL IPH BOCCTAHOBJEGHHH IIO-
tennuasa u(x, f) no sagmannomy u(x, { = 0). Ilpumensaemuil naa
5TOrO METOJ JOBOJBHO CJOXKEH H MOAXOAHT IJs MHOTHX (H3HUECKH
HHTEPECHBIX IBOJIIOLHOHHBIX ypaBHeHu#. [lonydeHHble pe3yabTaThl
NPUJIOXKUMEl K Pa3HBIM (DH3UUECKHM 3ajadaM, Kak OyleT noxKas3ano
B ria. 4. [IpuMeHnsieMble MaTeMaTHYECKHEe MeTOALI TaKXe BecbMa pas-
HOOGpa3Hbl; OHY OTHOCATCS M K KJaCCHUYECKOMY aHa/H3y, H K Aud-
bepeHHaJbHON FeOMETPHH, U K aarebpe, U aire6panyeckod reoMer-
pur (cM. Takxke . 3).

1.2. 3anaya paccesHus Ajisi OMepaTopa BTOPOro Nopsjaka M CBs-

3aHHble C Hell MHTEerpupyeMbie YpaBHEHHS B YACTHBIX NPOH3BOJHbLIX.
Merog oGpatHoi 3ajgauu paccesnuss (MO3P), kak ormeuanoch B
pasx. 1.1, 6w passur lapuuepom, I'punom, Kpackanom u Muypo#
[172, 173] npumeHuTesnHO K ypaBHeHHi0 KopTesera — ge ®dpusa
(Ka®) u ero amajoram 6ojiee BHICOKOTO NOpsifka. B To Bpemsi u
Iaxe HecKOJIbKO No3fiHee He OBLIO SCHO, IPHUMEHHM JIH 9TOT METOA
‘K JIPYTHM BaXKHHM B (DM3HUECKUX NPUJIONKEHHSIX HEJIHHEHHBIM 2BO-
JIOIMOHHBIM ypaBHeHHsiM. 3axapoB u [aGar (1971) [544] noka-
sann, uro npumeHumocth MO3P k ypaBueruio Kad ne Oblia
cayuaitHolt ypauedi. Hcmoab3ysi npueM, BliepBhle INPeLJOKCHHBIH
Jlakcom (1968) [318], oHu moxasaJin, 4TO HeJIMHEHHOEe ypaBHeHHE
[lIipénuurepa '

(1.2.1) i, =G+ 24’0, % >0,

CBfI3aHO ¢ 3ajauell paccesiHus JJs1 HEKOTOPOTro JIMHEHHOro omepa-
topa. HMcnoap3ys upeto npsMoit ¥ o6paTHOH 3aJaun paccestHusi, OHH
cMorJaH pewnTs ypaBHexune (1.2.1) /s 3afaHHBIX HauaJbHBIX JaH-
Hbix g (%, 0), ZocTaToulo GLICTPO YObIBAIOWUX npu |x| — co. Beko-
pe Bagatn (1972) [492], ucnmonb3ys 3TH uaeH, NPEIJOKHI METOX
}zelﬁel—g)ﬂ mMoaudunpoBantoro ypaBHeHHs: KopteBera— ge ®pwusa
MRA

(1.2.2) 9: +60°q; + Guxx =0,

a A6aosun, Kayn, Huiosan u Curyp (1973) [10] npogenann to xe
camoe st ypaBHenus sin-I'opmon

(1.2.8) Uy =sinu.

YiKe 3TH pe3ysbTaThl IOKA3aJH MOIIHOCTb H MHOTOCTOPOHHOCTb
MO3P 79 pelieHHs1 HEKOTOPHIX HeduHeHHBIX NHbPepeHnHaNbHbIX
YpaBHEHHI B YaCTHBIX MPOW3BOLHBIX, UHTEPECHBIX C TOUKH 3peHHs
(GHU3NYECKUX NMPUIOXKEHUH.

3arem A6sosuu, Kayn, Heosnn u Curyp [11, 12] npeasoxunu
cxeMy, KoTopasi o MOAXOAsIIIel 3afaHHOl 3ajaue paccesiHus MO3BO-
Jsana HafTH HeJHHEHHbIe 3BOJIOIHOHHBIE YPaBHEHHA, DellaeMhle
MO3P. Hanpumep, MOKHO NOKasaTh, 4To ypasHenusi Ki®, mKno®,
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sin-Topaon u HenuHeitnoe ypaBHenue Wpénunrepa cBsi3anbl ¢ OLHOH
obulefl 3ajaueli paccesiHus.

Mbl HayHeM ¢ KPaTKOrO pacCMOTpPEHHs WAel, JieKalluX B OCHOBe
paborn Jlakca [318]. Paccmorpum pBa onepatopa L, M, mpuuem
Ans omepartopa L nocrasaena cmeKkTpasbHas 3ajaua, a oneparop M
onpezesisieT 9BOJIOLHIO COOCTBEHHOH (QYHKUUH NO BpeMeHH:

(1.2.4a) Ly = Ao,
(1.2.4b) v; = Mu.-

C ypaBnenneM Kad cBsizana 3amaua pacceanus MIs ypaBHEeHHs
Mpéaunrepa (1.1.11). Takum o6pasom, B sToM cayuae L = 0% +

—+u(x, ?).

Briuncnss npousBoAHyio no BpeMeHu ot (1.2.4a) W npeAnoaa-
rass A = 0, Mp moayuum L:v + Lv; = Av.. [loacranoska (1.2.4D)
llaeT ycJnoBHe, KOTOpoe Heo6XOAMMO Aas coBMectHocru (1.2.4a,b):

(1.2.4c) L+ (L, M]=0,

rie [L, M] = LM — ML (xommyrarop L u M). Ypasnenne (1.2.4c)
COAEPKHT HeJHHeHHOe BOMIOUMOHHOe ypaBHeHue, ecaun L-u M npa-
susvro BeIOpaHbl. Jlake [318] ykaszan, Kak 0o 3agaHHO L mo-
CTpOUTb TakoH ouepatop M, urobwl ypaBHenue (1.2,4¢) Dg:mo He-
TPHUBHAJIbHBIM. ‘

C 3THM MeTOJOM CBs3aHb CJEIYIOIIHEe TPYAHOCTH: BO-IEPBHIX,
HYXHO «yrajaTh» NOAXOAALIME omepaTop L u 3aTeM HalTH TaKoH
onepartop M, urobnl yaoBaerBoputs (1.2.4). Bo-Bropeix, 4acTo O4eHb
HeyJ06HO paboraTb ¢ Au(depeHuuanbHEIME OnepaTopamu (Hampu-
Mep, B caydae ypasnenus sin-lopaon (1.2.3)). Hpyrywo cxemy, Ko-
Topyto mpeanoxuan A6aosun, Kayn, Heosan u Curyp [12], mMOx-
HO copmyaHpOBaTh caedyomuM obpasom. PaccMoTpuM JBa JHHel-
HBIX ypaBHEHHS:

(1.2.5a) . v, = XV,
(1.2.5b) v,=Tv,

rjie v ectb n-MepHb# Bekrop, a X, T asasiorcsa n X n-MaTpPHULAMH.
IMpumenum k (1.2.5) nepexpecruoe guddepennuposanue (1. €. /0t
kK (1.2.5a) u d/0x x (1.2.5b)) u npupaBusiem npaBble yacTH. ITO
Jpaer

(1.2.6) X, —T,+[X, T|=0,

uto skBuBajeHTHO (1.2.4c). OkasmBaercss, yTo A1s 3aganHoro X
HMeeTCst Ipocrasi A¢AYKTHBHAS Mpoledypa AJsl HaXoxaeHus I, Ipu-
yeM Takad, yto (1.2.6) npeBpaumiaerca B HeJMHEHHOE 3BOJIIOIHOHHOE
ypaBHenue. Ins toro uto6nl ypaBuenue (1.2.6) 6bl10 HETpHBHAMDL-
HHIM, onepartop X JoJKeH 3aBHCeTb OT HEKOro mapamerpa §, urparo-
IEro poJb cob6cTBeHHOro 3HaueHus, npuuem §: = 0. Bosaee Toro,
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IIOJIHOE pEIUEHHE ACCOLHHPOBAHHOIO HEJHHEHHOro 3BOJIOLMOHHOTO
ypaBHeHHsi HA G€CKOHETHOM HHTEpBaJje MOXKHO HaHTH JIWIbL B TOM
clyyae, KOrja COOTBETCTBYIOIlAsi 3ajaya paccesHUsi MOXeT OBbiTh
3G GeKTHBHO pelieHa aHaJAuTHYeCKH. (XOTa B HACTOsilee BpPeMs H3-
BECTHO HEMAaJo HeJHHEHHBIX BOJIOLUHOHHLIX ypaBHEHUH, YAOBAETBO-
paomux (1.2.6), no Teopua npsamMoll 1 0O6paTHON 3aJayl paccesHUd
Aaa MHOrux onepatopos (1.2.5a) nmoka 4TO HeJOCTAaTOUHO Pa3BHTA.)

B kauecTBe npHMepa paccMOTpPHM 3ajauy Ha cOOCTBEHHbie 3HA-
yeHUsl, NPeACTaBAAIILYI0O cO00H MOAM(HKALHIO 3a4a4H paccesHus
3axaposa — llla6ara [544]:

Uy = — iLv; + q0y,
Vg == iLUy 41Uy,

a nauboJiee 06llas BpeMEHHAS 3aBHCHMOCTb, COJepiKallas MNepBble
HPOH3BOJAHBIE NO {, HMeeT BUA

vy = Av; + Bu,,
Uyt = Cuv, + Du,,

rae A, B, C, D — ckansipusle $yHKUHH, He 3aBucsiliue oT v. CooT-
nowenus (1.2.7a,b) wurpaior Ty xe poas, yto u (1.2.5a,b), npu
stom X u T palorcs npaBbiMu yacTsiMu (1.2.7a,b) coorBeTcTBeHHO.
OrmMetuM, 410 ecsin Obt B npasoft yactu (1.2.7) Oblin npousBoaHbBIE
0 X, TO HX MOXHO Oblio Obl HCKJIOYHTb, BOCHOJb30BABIIHChH
(1.2.7a). Kpome Toro, korga r = —I1, (1.2.7a) MOXKHO NpUBecTH K
WPEAUHTePOBOl 3ajaue paccesiHus '

Ve + (F+ @) vo=0

(B 3TOM cayuae {2 urpaer poab napamerpa A B (1.2.4a)).

VIHTepecHO OTMETHTb, UTO B caydae r = —| WK r = £=¢* (ui1u
r = --q, ecJIM ¢ BCDIECTBEHHO) M3 YKa3aHHOro (opmajusMa BbITe-
KaloT HeJuHeHdHble 9BOJIOLNHOHHbIE ypaBHEHUs, BaxKHble AJa (H3uye-
ckux npuioxenuil. Kpome roro, gns r = —1, 1. e. Korja Mbl uMeeM
ypaBuenne lllpénuurepa, Bonpoc o6 o6paTHOH 3ajaue paccesiHHA
6bl1 paccMorped MHoruMu aBropamu. O63op pabor, Kacatomuxcs
3ajjaul paccesiiusi Ha OecKOHeYHOH npsiMOH, MOXHO Haltth B pabo-
tax PajpneeBa [152] uin HepasHeit pabore [efipra u TpyGosuna
[136]. Cucremy (1.2.7a) unorpa HasbBaloT cucreMoil auddepen-
nuaabHbiX ypaBHenni upaka (ormerum, yto obpaTtHas 3ajada pac-
cessHHA JAJi HEKOTOPOro CIellHaJbHOro ciayyas cucrems (1.2.7a)
6maa paccmoTpeHa [acwiMoBbiM u JleButanom (1966) [179]).

Jlanee B 3TOM pasieje Mb ONMHLIEM MPOCTOH aJrOPHTM, NO3BO-
JAIOIHE HaXOAUTh HeJHHEHHble IBOJIIOIHOHHbIE yPaBHEeHHS BHIA
(1.2.6) nnst omucaHHBIX cHCTeM. B mocjeAyromux pasaenax Mbl pac-
CMOTPUM BLIBOJ ypaBHeHHI HpsiIMOH W 0OpaTHOH 3ajayyd paccesHMs,
a Takxe cucTeMbl 6osiee BEICOKOrO nopajka.

(1.2.7a)

(1.2.7b)
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CoBmecthocts (1.2.7a) w (1.2.7b) osnauaer, uTO JOJIXKHBI BbI-
NOJNHATBCS HeKoropele ycaoBua Ha A, ..., D. Tpebys (vix): =
= (Uit)x (T. e. paBeHCTBA CMELIAHHHX OpousBoAHHX (1.2.7a) u
(1.2.7b)) u nmpexmonaras HE3ABHCHMOCTb COOCTBEHHLIX 3HAUEHHI OT
BpeMenu (0t/0f = 0), mbl 6e3 Tpyza oOHapyXKuM, uTO (YHKLUH
A, ..., D ynoBJeTBOPSIIOT CACAYIOUIUM YPABHEHHSIM

A, =qC —rB,
By +2itB=¢q, — (A—D)g,
Co+2itC=r;+(A—D)r,
(— D), =¢qC —rB.

Des motepu ofmnocta B padabhefiiieM Mol 6ygem cuutats A = —D.
Taxuwm o6pasowm,

(1.2.8a) Ay=qC —rB;

(1.2.8b) B, + 2itB =q, — 24q,

(1.2.8¢) C, —2itC=r;+ 24r.

Tenepp Ham Hajfo pewlnTh cucTeMy ypaBHeHuil (1.2.8) oTHocurTenbHO
A, B, C. 210 rapaurupyer coBmectHocth (1.2.7a,b). Cucremy
(1.2.8) mMoKHO pemaTh, €CH BHIIOJHEHO HEKOTOpPOE YCJOBHE, KOTO-
poe Ha caMoM JeJie SIBJSIETCs 3BOJIONMOHHBIM ypaBHeHHeM. M3Bect-
HO HECKOJIbKO METOJAOB IOJyu4eHHs 3Toro ypaBHeHusi. OmuieM npo-
Helypy, CBI3aHHYIO C pa3JiokeHHeM B psii. B pasx. 1.5 BuiBeneno
(¢ ucmosb30OBaHHEM ONEPaTOPHOro MeToja) oblLiee 5BOMIOLUOHHOE
ypaBuenne. OTnpaBHOH TOYKOH APYroro MOAXOJa, IpPelJI0XKEHHOTOo
3axaposuiM u llaGatowm, siBjasieTcs JHHEHHOe HHTErpajbHOE YpaB-
HeHHe. DTOT NMOAXOJ Mbl 06CyiUM No3ke B pasf. 3.6.

[TockosbKy cOGCTBeHHOe 3HaueHHe { sBJsieTcs CBOOOAHLIM Ia-
paMeTpoM (OH MoOxeT OBITb MaJibiM), MBl MONbLITaeMC OTBICKAThb
TOYHOE pelleHne ypaBHenusa (1.2.8), sBisiiolneecs KOHEUHBIM CTeNeH-
ubiM psigom mo §. Ilpocrefiltee pasnozkenue, NMPHBOJsALLCE K HHTe-
PECHBIM HEJHHEHHBIM ypaBHEHHUSIM, HMEeT BHJ

(1.29) A = A2§2 + Alg -l" A()y
B=B,t*+ B\{ + By,
C=CH+C¢+Co.

[ToncraBum (1.2.9) B (1.2.8) u npupaBusieM HYJIO KO3pDHLHEHTH
IPH OAHHAKOBBIX cTenensix ¢. Koadduuuents: nupu ¥ [cm. (1.2.8b)
n (1.2.8¢)] uemensenno pawt pasencrsa By=Cy=0. Hnasa {* us
(1.2.8a) caenyer A, = a,==const, a us (1.2.8b, ¢) nosnyuaem B,=ia,q,
C,=ia,r cootBeTcTBeHHO. KoadduuueHTsl npu { UPUBOJAAT K CJie-
ayoutum cootHowenusM. M3 (1.2.8a) umeem A; == ai == const. Jusa
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npocToTl noJoxuM a@; =0 (ecau @, =0, TO noayuntcsa O6oJee
o6mee spogionnonnoe ypapuenue). Torma (1.2.8b) naer B, =
= —a,q,/2; (1.2.8¢) naer Cy=ayr,/2. I Hakonel, KO3(QQHIHEHTH
npu ¥ nawrt A,=ax,qr/2 + a,, choBa @y=const H Mbl IIOJOXKHM
ay;==0. Torga (1.2.8b) u (1.2.8¢c) B nopsaxke {° mawT ypaBHeHUs

1
(1.2.10a) — 5 Qffxx = Gt — Q"1
(1.2.10b) 3Ol ey =1y + 0

DTo napa CBA3aHHBIX HeJHHEeAHBIX BOJIOLHOHHBIX YpaBHEHHIl, KOTO-
puie HamomuHaloT Henuneiinoe ypabHeHue Ulpéaunrepa. Hefictsu-
TeNbHO, HenuHefiHOe ypaBHenue UIpénnnHrepa nosnyunTes, eciu Ml
nonoxuM r = F¢* Ilpu srom ypaBrerus (1.2.10a) u (1.2.10b) Gy-
JAYyT COBMECTHBIMH TOTJa W TOJbKO TOI'AA, KOTjJa @y = iol, o BellleCT-
BeHHO. Ec/iy MBl HOJIOXKHM @ == 2, TO NOJYYHM YypaBHEHHe

(1.2.11) i9;=q,y =+ 29°q".

[Ipu mosioxuTENbHOM 3HAKE B 3TOM YPaBHEHHM MOrYT ObITh Hal-
IeHbl COJIMTOHHLIE PellUeHUusi, €CIH XKe 3HAK OTpHIaTelleH, TO He Cy-
eCTBYET COJNUTOHHBIX pelleHni, 6LICTpo yObIBAIOIUX Ha oo (mo-
ckoJsibKy omepatop (1.2.7a) B nocjeasnem ciydae sBjseTcs IPMUTO-
BbIM).

Hrak, ecnu Mbl Buibpasiu 3ajauyy Ha cOGCTBEHHBbIC 3HAUEHHN s
onepatopa (1.2.7a) u cBA3aHHYI0 C Hell BpEMEHHYIO 3aBHCHMOCTh
(1.2.7b), torpa ycsnoBueM uX coBMecTHocTH saBAsiioTes (1.2.8).
B stom mpumepe Mbi Gepem pasnoxkenue (1.2.9) u, nomcrasass ero
B (1.2.8), HeAyKTHBHO W CHCTeMaTHYeCKH BBIBOAHM, YTO HpU I ==

A=+ 2+ iqq,

(1.2.12) B=2qt +iq,,
— *, . %

C=5F2¢"C+iq,

Otu ¢yuruun ynosaersopsior (1.2.8) rorpa, xorga g(x, t) ymosie-
TBOpsET HesqnHe#HOMY ypaBHeHuo [lipéaunrepa (1.2.11).

Taxkyio npoueaypy MOKHO BBIIOJHHTH AJsi JH0GOro MOJHHOMA IO
t. Mp npuBeeM pe3yibTaThl B HauboJiee BaXKHBIX caIydasix. 3auHTe-
PECcoBaBIUMACS UHTATENb MOMKET ¢aM HX HPOBEPHTb, HCIOJAb3YS OIH-
caHnble Bbille paeH. B cayuae MOJTMHOMOB TPeThell CTENEHH IO § Mb
HMeeM

A=a?+ a2 + 3 (@qr +a) G+ 5 axgr —

— =gy —rq,) + aq,
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. R i R
(1.2.13) B=iag? + (ia,g — 5 asq, ) ¢ + iag +
) | .
+ —;'aquY - '2—a2qx - ';_a:iqxxr
. . 1 B . i
C=iar®+ (tagr + 3 a3rx) §+iar + -;‘ asr’q -+
1

i
+—2'a2rx —Zalirxx’

1 3BOJIIOLIMOHHBIE YDABHCHHUA UMEIOT BHL

(1.2.14a) (h‘l-%as (Grxx — 6qrqy) +
1 .
+ -2-(12 9yx — 2q2r) — gy — 2009 =0,
(1.2.14b) rt‘!’_%aa(rxxx“‘ﬁrqrx)—

— %az (rex — 2r%q) — iayr, + 2ar = 0.

DBOJIIOLIHOHHEIE ypaBHEHHUsl, HHTepecHble C (PU3HYECKOH TOYKH 3pe-

HHsi, BO3HUKAIOT KaK YacTHbE cayyan. BosbMmeMm ap = a; = 0, a3 =
= —4i u r = —1, B pe3yJsbTare NoJy4um

(1215) q:+ qux + Gxxx (K,HCD)

Ecou r==Fgq, 10

(1.2.16) 41 £ 0%, 4 Gxe =0 (WK1 D).

OTMeruM, UTO ecau B3ATb Gy =0a; = a3 =0, @ = —2, u r =

= F¢* mbl noayuum (1.2.11).

Tem xe coco60oM, KOTOPEIM MBI NMOJYYHJIH SBOJIOUHOHHbBIE YPaB-
HEHHsi, COOTBETCTBYIOIIHe pasdjoxkennio A, B, C 10 NOJOXKHTEIbHbIM
crenmeHsiM §, MOXKHO TakXe HAaHTH ypaBHEHHs, COOTBETCTBYIOLLHE
Pa3yIoXKeHHIO 0 O6PATHBIM CTeNeHsaM [ (W MO NOJOXKHTENbHBIM H
orpunarensusiM). Hanpuwmep, nonaras

A=al(x, )z, B=b(x, ), C=c(x, ),
noJyuaem '
(1.2.17)  a, = % (gr)y  qer=—4iaq, ry=—4diar.
B uwactuwIX cayuasx

(1.2.18) a=cosu, b=c==sinu, g=-—r=—u,/2
u,;=sinu (ypasmenue sin-Topaown),

)5

(1.2.19) ¢=iAchu, b=—c=i/tshu, g=r="x,

uy;=shu, (ypaBuenue sh-I'opaow).
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[Mepeunciennsle Bhilile ypaBHEHHs NMPEACTaBJsIOT COO0H BCero Jullib
HECKOJIbKO MPHMEpPOB, NOJYUEHHBIX IPH NOMOIIH NPOLELypPhl PasJo-
KEeHHusl.

Hna r = —1 umeercss gpyroll moAXoJ, HCIONb3YOIMUA 3ajavy
paccesinus agsa oneparopa UlpéauArepa M NOAXOAAILYIO aCCOLKHPO-
BAaHHYIO C HHM BPEMEHHYIO 3aBUCHMOCTb, 8 HMEHHO:

(1.2.20a) Ve + A4 g)v=0,

(1.2.20b) v, = Av + Bu,.

Brimeonncannas poieaiypa CBOAUTCA B AAHHOM cJydae K BbIYHC-
JIEHHIO NPOH3BOAHON no BpeMenu ot (1.2.20a), BTopoli NMPOH3BOAHOH
no koopaunate ot (1.2.20b) H HCKJIIOUEHHIO Utxy M3 NOJYUEHHBIX Pa-
BencTB. [IpupaBHuBas HYJ/10 KOSQ(QHUHEHTH IPH U, Uy, MIONYYHM YC-
JIOBHS COBMECTHOCTH

(1.2.21a) A, — 2B, (A +q)— Bg, = — g4
(1.2.21b) B, +24,=0,
anajoruynble (1.2.8). Pasnaras A u B no crenedsam A (mpu r ==

= —1 B (1.2.7a) A = {?), noayyaeMm HeJuHEHHbE 3BOJIOLHOHHbIE
ypasHenus. Hanpumep, npeacrasiss A u B B Buge

A=A1}\,+A0, B=B]7\a+80
B IpPHPaBHHUBAsS HYMIO KOS(O(ULUHEHTH NPH CTENeHAX A, HMeeM
B, = b, =const, A, =a, =const,
b b
Bo=-“_2"‘7» A0=Tlﬂh+ao (ao = const);
JONOJHUTEJIbHOE OrpaHuueHue NpejcTasiaser co0oi HelnHeHHOe 3BO-

naouronsoe ypaBHenne. [lomoxus by =4, a; = 0= qo, noayuum
ypaBHenue Kn®

(1.2.22) q: +6qq; + Gxxx =0,
IpyYeM BpeMeHHAs 3aBHCMMOCTb COOCTBEHHOH (QYHKUHH HME€eT BHJ
(1.2.23) v, =q,v + (4% — 2g) v,.

Ha#iga Av us (1.2.20a), Mo momxeM nepenucath (1.2.23) B mpyroit
dopme:

(1.2.24a) v, + 40, + 6gv, + 3g,v =0,
HJIY
(1.2.24b) U+ 0y, +3(@—A)v,=0.

Takas ¢gopMa 3aBHCHMOCTH COOCTBeHHBIX (YHKUHH OT BpeMeHH fiB-
JsieTca THIHYHON B moaxoge Jlakca [318].
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Lpyrue HesuHeliHble 3BOJNIOUMMOHHBIE YPaBHEHHs MOJAYUalOTCS H3
pasJiokeHHH, OTJIHUHBIX OT BBILICONHCAHHLIX. DTa OpOUEAypa OpH-
BOAMUT K TeM K€ pesyabTaTam, uTo U noaxon Jlakca (1.2.4), u ss-
JISIETCA YHCTO anreOGpanyecKod Mo cBOell MpupoOje.

HutepecHoe suaousmenende 3TOro MOAX0AA HEJRABHO Npeio-
xkunu Kayn w Heiosan [266] u Bapatu, Komo, Mrnkasa [493].
Ecan mbl 3amennm (1.2.7) na

Uiy = — LU, + g0y,

(1.2.252) Vg == IL0y + Cru,
U
(1.2.25b) D= Av, + Boy,

Ugp == Cvl _— AUQ,
TOTJ2 BMECTO ycjosHa coBmecTHOcTH (1.2.8) HyxHO morpe6oBats,
4TOOH! BLINOJHANUCH PABEHCTBA
A, =8 (qC —rB),
(1.2.26) - B, +2itB = (q; — 294),
Cy —27C ={ (r; + 2rA).
Kak u panblue, KOHCYRble pasnoxenns A, B, C no cremensm § mpu-

BOASAT K MHOJKECTBY HEJHHEHHBIX 3BOJIOLHOHHBIX ypaBHEHHH, CBA3aH-
HblX ¢ (1.2.25). B kauectBe mpuMepa, B3sB r = —1, ¢ = u — I,

= — [4u g — =32y 2
B=4u""2(u— 1) 3® -+ 2iu~¥u, 2 — (w=2u,),t,

C= — 4u-112g3,
Mbl osyunuM ypasHeHue Jluma (Kpackaa [298])
(1.2.27) up=2W-"2),,..

1.3. BoiBoa JMHEHHOro WHTErpanbHOrO0 ypaBHeHHss W oOpaTHas
3ajaua paccesHus Ha GeCKOHEYHOM uHTepBaJje. B 3ToM pasjese Mbl
H3Y4YHM MpsAMYI0 U O0OpaTHyl0 3ajauyy paccesiHusl IJsi CHCTEMHI
(1.2.7a). Mbl nonbiTaeMcst DPOMJTIOCTPHPOBATL OCHOBHBIE HJEH, MO
BO3MOXKHOCTH H30€eras 3acujbsi TOUHBIX MaTeMaTHUeCKHX (GOpMyJiH-
poBOK K TeopeMm. B camoM sese, naxe B KJacCHYECKOM caydae 3a-
nayu pacceanus Aas oneparopa Ilpénunrepa crporas Teopus Bech-
Ma rpoMosjka (cMm., Hanpumep, [33, 152, 398, 136]), a masa 3amaun
paccesinus (1.2.7) BO3HHKAIOT HOBbIE TPYAHOCTH.

[Tpexae Bcero Mbl MPEANONOMKUM, YTO § U 7 JOCTATOYHO GHICTPO
CTPeMSTCSl K HYJIO NpH |x|— oo, OTMETHM, 4TO 3TO NpelJOXKEeHHe
OYeHb BAXKHO, NIOCKOJBKY TEOPHS PaCCEsiHUs ¢ APYTUMH I'PAHHUHBLIMH
YC/JOBHAMH MPHBOANT K COBEPLIEHHO APYTHM pe3ysabTaTaM. DuicTpoe
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yObiBaHHe MO3BOJSIET ONPELeNUTh COOCTBEHHbIE QYHKUHH @, , P, I
CO CJeAYIOUIUMHU TPAHHUHBIMH ycjaoBuaME npu § = & (E = § + in —
coO6CTBEHHOE 3HAUeHue):

(i)
(e

()
()

(OrMeruM, 4TO @ He SIBJSIETC KOMIIJIEKCHBIM CONPSIKEHHEM @; MBI
fyaem MoJb30BaTbcs O0O3HAUeHUEM ¢ AJS KOMIIEKCHOrO COIps-
XKeHHs1.) DTO pelleHHe onpejeeHo B (UKCHPOBAHHBIA MOMEHT Bpe-
meHun (ckaxem, npu t=0), u BcA pa3BuBaeMas B 3TOM pasjele
Teopus paccesHus (mpsMasi 0 obpaTHasi) OTHOCHTCA K 3TOMY (HK-
CHPOBAaHHOMY MOMEHTY BpeMeHH. B cienyloullem pasaene Mbl NnoOKa-
KeM, Kak IMOJY4YuThb 3aBUCSILHE OT BpPeMeHH BOJIHOBble (YHKLHH,
YAOBJETBOPAIOLINE OJAHOBpeMeHHO ypaBHeHusim (1.2.7a,b), us arux
He 3aBUCAILKUX OT BpeMeHu ¢yHkuuii. [lanee B 3TOM pasaene Mb Oy-
leM OomycKaTb BpPeMEeHHYI0 3aBUCHMOCTb B 0003HaueHusx. Tereps,
ecan u(x, &) (u(x, &) — 310 2 X 1 BekTOp-cTONGEL C KOMIOHEHTAMHM
ui(x, &), L-—l 2) u v(x, &) sBasiorcs pemenusimu (1.2.7a), bl
nMeeM

(1.3.2a) LW, =0,

npH xX—> — o0

(1.3.1)

<=

npu x — -} oo.

~

=1

rie W (u, v) — BpOHCKHUAH U U U:
(1.3.2b) W (u, v) = u,vy — vl

Ws (1.3.1) b Buanm, yto W(p, ¢)= —1 u W (4, ¢) = 1. Peute-

Hus P, P ABJAIOTCA JHHEHHO HEe3aBHCHUMBIMH; TaKWM 00pas3oM, Mbl
MOXeM Hamucarth

(1.3.3a) p=a@Vv+0E)Y,
(1.3.3h) p=—a®v+bEV.

(3Bak MmuHyc 3aech BHOpaH Jiasi yAoG6cTBa.) Mbl TakkKe OTMeETHM,
YTO MATpUIA paccesiHus omnpejensiercs OOBIYHO CJedylolnM obpa-
30M:

(1.3.3¢) s:(‘g *Z)
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Hcmoawsys (1.3.3) u W (p, §)=—1, Mb moayuum
(1.3.4) a®a@+o@bE=1.

Jlanee Mbl yCTAHOBUM aHAJHTHUECKHE CBOACTBA MAHHbBIX PacCestHus
(kak QyHkuUHA KOMUJIeKCHON mepemennodt £). Ecum ¢, r= L, (1. e.
SIBJSIOTCST a6COJIOTHO HHTETPHPYEMBIMHU), TO YVHKIHE et p, e~ &%
ABJSAIOTCA AHANHTHUECKHUMH B BepXHed moJaymiockoctn (n > 0),
a e~itxg, eiCr{p—— AHAJHUTHYECKUMHU B HHXKHel nonymiaockocTu(n << 0).
OT0 HeMELeHHO MPHBOJHT K TOMY, uTO (byHKIlPIHU a=W(p,¢)=
= @1y — Q2\; SIBJSETCS] AHAJUTHYCCKON B BEPXHEH MOJYNJAOCKOCTH,
a a=W (¢, ) — B HUKHEH noayII0cKOCTH. OYHKIHN b=—W (@, ),
b=1W (p, }), BooGwe ropops, He OGAANAIT AHATHTHUECKHMH
cpofictBamu. Jlssi yCTaHOBJEHUst CBOHCTB aHAJHTHYHOCTH 3344y
paccesinust OOBIYHO CBOAST K HHTErpaJJpHOMY ypaBHenuo. Hanpumep,
B cayuae (1.2.7a) dbyHKUHS @ yAOBJAETBOPSIET YPaBHEHHIO

X 4
(1.3.5a) @ (x, e =1+ S dy S dzq (y) r (z) ¥4~ g, (2, ),

HJIA
x

(1.3.5b) @ (x, Dett =1+ S M(x, y, Do (y, e’ dy,

-—00

X

(1.3.5¢) @ (x, §)eitr = Sem"“y’r ) 91 (y, et dy,

-0

rpe
x

(1.3.5d) M(x, g, &) =r(y) Sezit(z—wq(z) dz.
Yy

Ecnn g, r y6biBaloT mocTaToOYHO OBICTPO IpH |X| —- oo, Tak 4TO ¢,

r & Ly, TO CyLIeCTBYIOT HHTErpasbl
X X

Re= {Irwidy,  @w= {19)1ay,

—00 —o0

M MOXHO NOKa3aTeh, 4To psia Heifimana aas paccMatpuBaeMoro HH-
TerpaJibHOrO0 ypaBHeHUs Tuna BoabTeppsl aGCOMOTHO CXOAMTCS B
BepxHe#t nosymaockocty (n > 0). Tounee, u3 (1.3.5a) caexyer, yro
x y
(136) o et i<t+ {day {dzlomiir@i+
X y b4 th

+ Y ay §az (ay §azlqg@iir@awir @y,

-0 - 00 —oo -
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NIO3TOMY MNpOCTan OLEeHKa NaeT

. 1
(13.7) o (x, e | <1+ Q(x) R (%) + w @ (1) R () +

+ —(gl!gy QLR+ ... =10(2 A/Q, () Ro(x))»

H BHAHa abCoOJIOTHAS CXOAMMOCTb psiia Heiimana ass wHTerpaJb-
woro ypaeuenus (1.3.5) npu n > 0. Otciona HeMeIJEHHO cJlenyer,
yto @€'t spaserca orpanuueHHof ¢yHkume# npu v > 0. Ananu-
THYHOCTb QYHKUUH eT*@;(x, ) ycTaHaBiHBaeTcsi OBTOPEHHEM OIH-
CaHHOH MpPOUEAYPH, HO 15 UHTErPAJbHOrO ypaBHeHHS, MOJYUEHHOTO
nuddepenunpoBannem (1.3.5) mo &

[Ipocroe TpeGoBanue g, r & L, ne obecrieunBaeT aHaJHTHUHOCTH
NaHHBIX paccesiusi Ha BelllecTBeHHOH ocnm (n == 0); m1s sTOrO Ha
r, g cleqyeT HAJOXUThL GoJee XKecTKHE ycaoBHs. Bocnonab3oBaBLIKCh
TEMH XK€ COOOpaXKeHHsIMH, MOKHO MOKa3aTh, 4TO €CJH

Ir () 1<Cem®ixl, g (x)| < CemKIy,

rae C, K (K > 0) — koncTauts, To e*@(x, ), e~ (x, §) v a(®)
ABJSIOTCA aHAJIHTHUYECKHMH Tpu Bcex m> — K, a e~ #®%¢(x, ),
el P (x, 2) m @ () — amaautuueckuMu npu Bcex M < K. Kpome
Toro, b(f) u b () ABAAIOTCA AHAJHTHUECKHMH B Imomoce K >n>
Ecin e r, ¢ y6niBalOT GhICTpee J0GOH KCIOHEHTH NpH |x| —-
— 0o, TO 00CYKAaBIlirecs Bbillle QYHKIIHH ABISAIOTCA LHENbIMH QYHK-
uuaMu §. DTO JIerKo TOHSATb B OUEHb HAaCTHOM cJjydae, Koraa (yHK-
UHH 7, § uMeloT QUHHUTHBI HOCHTeNb, TaK Kak toraa (1.3.5) mpen-
CTaBJAAIOT cOGOH WHTErpasbHble YpaBHeHUs BoJjbTepphl Ha KOHEYHOM
unrepBaie. Takue ypaBHeHHs! BCErjla HMeIOT pelleHusi B Buje abco-
JIIOTHOTO cxofsmierocst psaaa Heiimana (cMm., Hanpumep, [424]).
Bosspamasics k (1.3.5) un (1.2.7a), Mbl MOXeM BBIYHC/IUTH aCHM-
NTOTHYECKHEe pasJjoxkenus npu Goabmux . Jlas storo mpouHrerpu-
pyem mo yactaM (1.3.5) u nafinem (§ nexur B BepxHed noaymso-

CKOCTH)
X

(1.3.82) Pttt =1— Zi—c S r@)q)dy+0 (™),

-0

(1.3.8Db) (p?eitx —— Etlf r(x)+ 0 (€—2)

(Boipaxkenns (1.3.8) Mbl Morsim 6bl HAaHTH HHAUe, HCMOJB3YS METOHA
BKb aas (1.2.72)). AHajOrH4YHO MOJYUalOTCs DPAa3/OXKeHHs [Js
Apyrux coGetBenHbX Gydknui. s $(§) (§ 7nexur B Bepxuei
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TOJIYIIJIOCKOCTH)
he” ¥ =5z (0 +0 (),

(1.3.9) s L L
e =1— 5= { r@gway+0@™),

a 115 @, P (¢ NeKHT B HIKHEH TOJYII0CKOCTH)

Ge = — 5 g () +0 (Y,

(1.3.10) ) L8
fer=— 11— {40 r @ dy+0¢),

-0

et =1+ 5 S 9@ (@) dy +0 ),
(1.3.11)

Poeits = —ng( x)4+0 (7).

Takum 06pasoM, B COOTBETCTBYIOUIMX IOJYIIOCKOCTSX Mbl HMeeM
npu |§| - o0

(1.3.120)  a@=1—5 | ¢@r@dy+0¢™),

(13120  a@=1+3 {a@r@dy+0¢™.

Ecau r, ¢ He CIAUILKOM «Manbl» (yCJAOBHS MaJIOCTH MBl YTOYHHM HH-
JKe B 3TOM paspese), to oneparop (1.2.7a) moxer obnagartb auc-
KPETHBIMH COGCTBEHHBIMH 3HAUEHHSIMH (CBA32HHBIMH COCTOSIHHSMH).
Onu Bosnukator, koraa GyHkuus a(f) nmeer Hyad B BepXHel mouy-
mnockoctd (n >> 0) uan korpa a(G) wMeeT Hysnu B HHUXKHeH moJay-
naockoctu (n << 0). Hyaun dyuxkuuu a(§) Mo 6yaem obo3HauaTh G,
k=1,2, ..., N, rie N — uncno cesizannbix cocrosiuuii. [Ipu § =
= {r QyHKOHS ¢ [OpOMOPIHOHAaJbHA Y (HADOMHHM, UYTO @ ==

= W((P’ 1‘1)))

(1.3.133) Q=C,b.

ABaJIOTHYHO, KOTJAa @ HMeeT HYJH B HUXKHEH MOJIYNJIOCKOCTH B TOY-
kKax L =18k, k=1, ..., N, MBl Takxke uMeeM CBSI3aHHOE COCTOs-
Hue, H

(1.3.13b) §=Cp}-
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Boille 0TMe4aaoch, 4yTo €Cu r, ¢ yOLIBAIOT A0CTaTOYHO OHICTPO
npu |x| = o0, 10 @, b, @, b aABasOTCS UeJbMi QyHKHUAMH. B 3TOM
cayuyae MBl MOXKeM NPOAOKUTb b, b u noayduts Cp = b(Lr), Cr =

= b (Tx). Urak, pmna ynobeTBa 3jech Mbl OydeM NpeAmojararh, 4To
r, g yOblBalOT AOCTaTOYHO OBLICTPO, TOYHEe

T

75 Bcex #. B stom cayuae a(§), @(f) sIBASIOTCS aHANUTHUECKHMH
GYHKUHAMH B BepxHefl W HHXKHeHl NOJYIJIOCKOCTAX COOTBETCTBEHHO
H Ha BeLIeCTBEHHOH ocu. JTo rapaHTupyer Ham, uto a(f) wumeer
TO1bKO KOHeuHoe uncao Hysefl npu Im ¢ = 0 (rak kak a(f) ssiaser-
cs ananuTHueckofi dynxkumeli npu Im¢g >0, a(t) -1 npu |¢| —
— oo, HyJau a(f) H30JMPOBAHBI M JeXKaT B OrpaHHYeHHON obJsacTu).

3agaua na cobcrennnie sHauenusa (1.2.7a) u (1.3.1) orTnuuaer-
cs OT COOTBETCTBYIOLIEH 3anaun A onepatopa Ipénuunrepa B cie-
ayomux otHowernusix: (i) myan a(f) (r. e. co6cTBeHHBIE 3HAUEGHHA)
He 00si3aTeNbHO JexaT Ha MHHMOHM ocu; (ii) a(f) moxer uMeTb
kpatupie Hyaw; (iii) a() mMoxker mpuHHMAaTb HyJeBble 3HAUEHHS HA
BemlecTBeHHOH ocy ImE = 0, oHaKO 3TH TOYKH HEe ABJISIOTCHA COO-
CTBEHHBIMH 3HAUEHHSMH, TaK KaK COOTBETCTBYIOIAs COOCTBEHHAs!
GyHRUOMA He SIBJISIETCS KBaJApaTHYHO HHTerpupyemofl (cM., Hampu-
mep, [12]).

Baxurie ¢ GU3HUECKOR TOUKM 3pEHUs CJIydual BO3HUKAIOT, KOTAa
r IpONOPUHOHANBHO ¢* uiu ¢. B cayuae korga r == =4¢* u3 (1.2.7a)
CEIYIOT COOTHOIIEHHS CHMMETPUH

q(x)
r(x)

}dx<oo

so.0= (L0
(1.3.14a) =hnt)
Fao,(x, 0
ote.0=( )
Hu3 KOTOprX CJIEJIYET, yTo
(1.3.14b) aQ=a (@), bO=FbE)
U COOTBETCTBEHHO
(1.3.14¢) N=N, &—ts Ci=FCr

CoBepuleHHO aHAJOTHYHO, B CJydYae 7 === g Mbl HMEeM

- » q: T
(1.3.152) % (x, §)=(i$?g, _g) % x, €)=(_$?Ei, —3)
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UTO NPUBOIAHUT K paBeHC_TBaM

(1.3.15b) d=a(—10) b)=Fb(—Y)
H, cJenoBaTeJIbHO,

(1.3.15¢) N=N, &=—2, C,= FC,

Ecau e r = -=¢ ¥ ¢ BelllecTBEHHO, TO HMEIT MeCTO o0e ONHUCAHHbBIE
BBIllle CHMMETpPHH. [1o3TOMYy, ecan r ABJseTCS COOCTBEHHBIM 3HAUe-

HUEM, TO U —Q; TakxKe 00683aH0 ObITb COOCTBEHHBIM 3HayeHHeM. Ta-
KHM 06pa3oM, coGCTBeHHble 3HaueHun Ju0O JekaT HA MHUMON OCH,
7460 PacmoJIONKeHbl CHMMETPHYHO OTHOCHTe/IbHO ee. OnncaHuble cO-
'OTHOIUEHHS NPHBOAAT K BaXHBIM caeAcTBuaM Aas MKn®, nennneii-
Horo ypaBrenus LIpéaunrepa n ypaBsenus sin-Topaon.

Otmerum aBa obcroareabcrsa. (i) Ilpu r = --¢* 3agaya na cod-
cTBeHHble 3HaueHns (1.2.7a) saBnsercs spMmuToBOd. B paccmarpu-
BaeMoM ciyuae (g -0 gocraTouno ObicTpo npu |x| —- o) cober-
BeHHBIE 3HAueHHs OTCyTcTByIOT mpu Im¢ > 0. (ii) Herpyano aate
OlIEHKY, FapaHTHUPYIOULYI0 OTCYTCTBHe COOCTBEHHBIX 3HAUEHHH InpH

r = —q*. [lockosnbky a = W (9@, ¥), Mbl HMeeM
(1.3.16a) a@)=1lim g, (x, §)e'**,
x>0
n u3 (1.3.5a)
Nl Yy

(13.160) la@—11<1+ {dy {azlg@lir () llo @ e -1,

Hcenousbays (1.3.7), noayuum
(1.3.16c)  [a() —11<Io(2 V/Qy(0) Ry(c0)) — 1
(Io(x)=1, ecan x >0). Takum oGpasoM, ecin

(1.3.16d) I,(2 VG, (20) R, (20)) < 2
HJu
(1.3.16¢) Q, (00) Ry (0) < 0,817,

To B 3agaue (1.2.7a2) oTCyTCTBYIOT CBSiI3aHHBIE COCTOSIHHA (eciu r ==
= —q*, 1O Qo = Ro)-

[TpoBeaeHEbIA aHanu3 OOLIYHO HA3EBIBAIOT NpPsMOf 3ajgauelt pac-
cesinus. Jlanee mMb GyiaeM u3ydaTh obpaTHYIO 3ajauy paccesHus.

Mpbl O6yzeM BHBOAHTH (QOpMyJbl OOpaTHOH 3ajauud pacCesiHHsd,
npeAnoJiaras, 4To AaHHbe paccesHus (a, d, b, b) ABASAIOTCS LeNbBIMHU
oyukuuamu. JocTaToyHo NpeanosoXuTh, 4T ¢, 7 yGpIBaIOT OblcTpEe
JI060H 3KCIHOHEHTH NpH |X| — 0o, DTO BecbMa OrpaHHYUTEbHOE
NPEeANoJiOKeHHe MOXKHO OTOPOCHTb, HO MHpPH 3TOM IIpelJOKeHHBLIH
371eCh MPOCTOIl BEIBOJ NMPUAETCS HECKOJIbKO MOAHGHUHPOBATH.
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BHauane Mbl DpuEMeM cJeAylOLiHe HHTErpaJjbHble NpeCTaBJ/eHHAs
Aas GyHKOHE P, |-

00

0
(1.3.17a) q;:(l )eicx+ S K (x, s)e'ts ds,

- 1 c =
(1.3.17b) q;:(o ) e-itr | S K (x, s)&i% ds,

rae {==t+in, n =0 n K, K ABAAIOTCA ABYXKOMIOHCHTHBIMH BeK-

K, (x, s)

Topamu, T. e. K (x, s)=(K (x s))' Mnrerpanbuelfi uien, comep-
2 >

xamuil K, K, onpenessier olJIHUHe ACHMITOTHK IPH X == 00 OT HC-
THHHOH coOGcTBeHHOH (yHKUHHM. UTOOB yAOBJETBODHTb TI'PAHHYHBIM
YCJIOBHSIM, €CTECTBEHHO cuuTaTh f4po K TpeyrogbHbM, T. e. K(x,
s) = 0 npu x > s. Haubosnee Ba:KHBIM 3BEHOM 3TOM KOHCTPYKIHH
aBaseTcss HezaBucuMocTh saep K, K or T. Irtor dakT oTMeuascs
lFenbdannom u JleBuranom (1955) [182] B ux opuruHa/bHO# pa-
6ote.

Hns toro uro6n 060CHOBATH CYLIECTBOBAHHE TAKHX NpeJCTaBJie-
Hu#, pocraroyHo mnoxacrasuth (1.3.17) B (1.2.7a). Hanpumep, u3
(1.3.17a) noayuaem

o0

(1.3.182) | &[0, — ) Ki(x, ) =g (1) Ka (x, )] ds —

— [q (%) + 2K, (x, x)] e** + l’f«l [K, (x, s)e’s] =0,

(1.3.18b) { €% [0 + 0 Ky (x, ) = r () K, (x, 9)]ds —

X
—lim [Ky(x, s)e'®s]=0.
s>

Takum o6pasoMm, HEOGXOAUMO K JOCTATOYHO YAOBJAETBOPHUTh ypaB-
HEeHHSM

(1.3.19) (0x — 09 K, (%, 8) — q (%) Ky (x, 5) =0,

(6)5 + as)K&!(xs S) - r(x)Kl (x’ S) =0
C y4ETOM CJICAYIOUHX FPAHHYHBIX YCJIOBME:
1
K, (x, JC) =3 fI(x),
limK (x, s)=0.

§=rx

(1.3.20)

2 3ak. 114



34 1. O6parHas 3apaua pacceanus Ha 6eckoHeuHOM uHTepsane

Cymecrsyer pewenue ypaBHenu#i (1.3.19), ynosnerBopsmwllee rpa-
HHuHbM ycaoBuaM (1.3.20). Ias toro uToGHl 3TO yBHAETb, BBEAEM
HOBBIE KOODJAHHATH

u=%(x+s), v=%(x——s).

Hepexonﬂ K 9THM KoopzuHataM, u3 (1.3.19, 20) monyuaem

0,K; (1, v) — g (1 + V) Ky (1, v) =0,
ap.K2(u" 'V)‘—f(!J:"l-V)Kl (P«: ’V)=0,

Ki (1, 0)= — 5 q (W),
lim K (1, v) =0
n->v

(-
(HeprILHO nposeputs, uto Ky (M, O)=% S r{u)qu) du’). Onu-
I
pasicb Ha TEOPHIO XapaKTePHCTHK, MOXKHO MOKa3aTh, 4TO pelleHHe
paccmartpuBaemofi 3ajaun (3amaum [ypca) cyllecTByeT W eaHHCT-
BeHHO. AHAJIOTHYHO MOXHO NOKAa3aTb CYILECTBOBAHHE M €IAHHCTBEH-
Hocthb K.

Tenepb Mbl BEIBeAeM JIHHEHHbIe HHTErpajibHble YypaBHeHus (ypas-
nenue [enbdanna — JleBurana — Mapuenko) o6partHo#i safauu pac-
ceanun. Paccmorpum Ttoukm §, mpusagnexaiuue KoHtypy C, KoTO-
peifi HauuHaercs B —oo -+ {0+, npoxoaut #ad scemu uynsmu a(f) u
OKaHuuBaeTcs B +oo + {0+, Mul npeanonoxuM GyskuHY g B 7 10-
CTaTOYHO OHICTPO YOLIBAIOLIMMH; 9TO IM03BOJIAACT MPOAOIKHTH
(1.3.3a) B BepXHIOIO MOJIYIJIOCKOCTb H 3aTeM MepenucaTth ero B BH/E

(13.21) L =bn 0+ ¢ v 0.

IMoncrasasa (1.3.17) 8 (1.3.21), naxoaum

00

(1.3.22) LA ((1) ) e—ity S K(x, s)e=ttsds 4

a
+L (((1’ Ve { K, 9 et )

VYmuoxum 310 ypasuenue Ha (1/2n)et¥df wu npomHTErpupyem
no koutypy C npa y > x. BocnonpsoBaBuxch mnpejcTaBieHHEM

o-pyukunn Iupaka 6(x)=§l&— Se‘c" df u U3MeHHB HOOPALOK HHTEr-
¢
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PHPOBaHHA, NOJYUYHM

o0

(1.3.23a) =K (x, y)—}—((l))F(x-l-yH- [ Kt 9F(s+o)as

rpe
1 b ;
(1.3.23b) F(x)=— S 2 e a,
c
ju— 1 (p( ) C) i
(1.3.23¢) 1=_2;CS B ety de,

Uuterpan I = 0, Tak Kak OYHKIUA @e’t* sBIsETCS aHAJIHTHUIECKOL
B BepPXHeH MOJYNJIOCKOCTH, ¥ => X H KOHTYp C NMpOXOJMT Bhille BCEX
uyaeit a(t). B pesyabrare umeeM

oo

(1.3.24) R, y)+(?)F(x+y)+SK(x, §) F (s + ) ds =0.

[MpousBeas rakue e NpeobpasoBaHHs HAJ aHAJHTHUYECKHM MPOJOJ-
xkenneMm cootHomenns (1.3.3b) B HHIKHIOIO MOJNYIJIOCKOCTD, HOJYUHM

o

(1.3.252) K (x, y)—(?)ﬁ(x+y) ~ K 9 Fs+y)ds=o,
e

(1.3.25b) F) =5 |

c

e~it* dg

&ll (=1

u C — Takofi xe KoHTyp, Kak C, HO o6xoasiuii Bce Hynu @ (%) cHu-
3y. YacTHblil cayuafl 9THX GOpMYys nojyyaercss B NPeLNONONKEHHH,
yTo a(§) MMeeT H30JIMPOBAHHBIE MPOCTHIC HY/IH (C/Iydall KPaTHBIX HY-
Aefil mMoJiydaeTcs Kak mpeles NPH CAHSHHH NPOCTHIX HyJel) u He 06-
pamaercs B HyJb Ha BellectBeHHo# ocu (§ = § n = 0). Uurerpu-
poBanue 110 kKoHTYpy B (1.3.23b) u (1.3.25b) nmaer

o

N
(1.3.26a) F(x)= ?ln_ S _Z_ (€) e&* dt — i Z C]_eic]x’

—0 je=1
oo _ N
(1.3.260)  F=- | L @etrdr 41y Ce,
— =1
- L () N S ()
I d &)’ ! a’ (&)

2*
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B cayuae Gosee MensenHoro yOGeBaHusl, KOria (GOyHKLUUH a, 4, b, b
HEe MOI'YT ObITb aHaJHUTHYECKH NIPONOJKEHH], popMysbl (1.3. 26a b) BCe
paBHO HMEIOT MeCTO, a HOPMHPOBOuUHble KoHCTaHTh C;, C; Ha-
XOISATC KakK KO3(h(HUHEHTH MOPONOPIHOHAJIBHOCTH COOCTBEHHBIX
byukunii ¢; = @(x,¢;), v;. Hanpumep,,=C b, u C;=C ja; n 1. &
(OrMerum He0OJBIIOE M3MEHEHHe O0O3HAYEeHHII 10 CPaBHEHHIO C
1.3.13.) Hurerpanvubie ypaBuenus (1.3.24, 25) ynobno 3anucaTh B
BHJI€ OJIHOrO MAaTPHYHOTO YpaBHEHMsI, NoJiaras

K, K, 0 —F
1.3.27 W=(—- ), g-=( ):
( a) R, K, F 0

Opu 3TOM HMEEM

(1.8.27b) H (x, y) + F (x, y)—l—gﬂ’(x, $)F (s + y)ds =0.

Kak yxe ormeuasoch Bhillle, B 4YaCTHOM (HO BaXKHOM C TOYKH
3peHHus (H3WUECKHX NPUJIOKEHHH) ciayyae 7 = —4q* uMeloTCa pas-
JIMYHble COOTHOLIEHHS cHMMeTpuu. BocmosbsoBaBumuch (1.3.14, 15),
NIOJy4UM

(1.3.28a) F(x)= F F*(x),
1.3.28b —( Kol y))
(" ) K(X, !/)—— tKI(x,y) :

Hurerpanbubie ypaBHenus (1.3.27b) ¢ yueToM 3THX ycJaoBHil cuMMe-
TPHH NPUBOAATCA K BUAY :

(1.3.292)
K, (x, !/):FF'()C-H/):!:S S K\ (x, 2)F(z+s)F' (s +y)dsdz=0.

(Korpa r = ¢, g BelnecTBeHHO, To F(x), K(x, 2) Takke Bellect-
sennnl.) Hakonen, ucnonnays (1.3.20), Mbl mOJIyYuM HOTEHHHAJ

1.3.29b) q (x) = — 2K, (x, x).
[ToTenuuadn r(x) onpeaensiercss no popmyJne
r(x) = — 2K, (x, x),

KoTopas MoJydaercs TeM xe cmocoboM, uro u (1.3.29b) (cwm.
(1.3.18) u T. 4.).
Bomnpoc o CYWECTBOBAHHU H €[HHCTBEHHOCTH peleHul TUHEeAHBIX
uHTEerpasbHbix ypaBHeHu# (1.3.24) oObiuHO pelraercs NPH IOMOLILH
- anbTepHatuBh Opeproabma [424]. Hanpumep, orpanuuenue r =
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= —g* aBAseTCA JOCTATOUHLIM JJISl TOrO, 4TOOH rapaHTHPOBATL CY-
IeCTBOBAaHHE ¥ €IMHCTBEHHOCTb pellieHus ypaBHeHus (1.3.24).

Jna pokaszaTenbcTBA PacCMOTPHM OLHOPOJHLIE YpaBHEHHUS, COOT-
Berctayomue (1.3.24) (y > x):

(1.3.30a) hy () + S hy(s) F (s + y) ds =0,

x

o

(1.3.30b) By (y) — g hy(s)F (s + ) ds =0.

h
[IpennoJsoxxum, 4TO h(y)=(hl) SIBJISIETCSl pelIeHHeM YpaBHEHHS
2

(1.3.30), ToXaECTBEHHO PaBHHIM HYJIO MpH y << x. [lasg Toro utobul
BOCIIOJIb30BaThCs anbTepHaTHBofi PpearonbMa, HOCTATOYHO IOKa-
3ath, ut0 h(y) =0. Yunoxum (1.3.30) ma (A], h;), mpounrerpu-
pyeM 10 y U BOCIOJIb3yeMCsl PAaBEHCTBOM

\in @) ray=\ 11 Pay.
X -0
B pesyabTarte noayunm

(1.3.30¢) S{:hl PP+ { (b @)Fs+y)—

Y —00

— () () F (s + gl ds | dy =0.

Ecan r = —¢*, 1o ycioBus cummerpun (1.3.28) mosponsior nepenu-
caTh IOC/eHee YpaBHEHHE B BHIE

S{l/z1|2+|h212+2nm Sh’f(y)h2<s>1-‘(s+y>ds}dy=o.

M3 paBedcrBa HyJIO BEIIeCTBEHHOH W MHHUMOH 4acTe# cljejyeT, yTo
h(y) =0, nostomy pemenne ypaBuenns (1.3.24) cymecTByer u
eAHHCTBEHHO.

Ecau ke r(x) = g*(x), To 3ajaua siBAsieTCcsl CaMOCOINPSKEHHOH,
CNeKTp JIeXKHT Ha BewmecTBeHHOH ocu u F(s+y)=—F*(s+y).
B stom cayuae (1.3.30) cBogutcs K

oo

(1.3.30d) S {|h1[?+1h2 2+ 2Re Shj(y)h2(s)F(s+y)ds}dy=o.

-0
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[Tockonbky r = +-g* 10 |a|? — |b|2 = 1 Ha BeluecTBeHHOH ocH, H,
caenosatenbho, |a(g)| > 0. Bonee Toro, 3anaya ABJASETCS CaAMOCO-
npsikeHHo#, moatomy |a(§)| > 0, n = 0. D10 03HAUaeT OTCYTCTBHE
MHUCKpETHHIX COOCTBEHHBIX 3HAUEHUH, U, C/1eJOBATEbHO,

oo

F@&) =57 | (bfa) e ds.

- 00

IIpeo6pasoBanue Pypsoe

hi®= | n@eway

-0

yaoBJeTBopsieT ToxaectBy [TapceBans
o0 l 0
{ 1npay=5 (14 pae

—o0 o]

Bocno/sb30BaBILIKHCh 3TUM TOXKAECTBOM U IIOMEHAB MOPAJOK HHTErpPH-
poBanus B (1.3.30d), noayuum

T A AN b A *

H{1A 0P +1R@ F+2Re [+ ® hi(— 8 B 0)]} ds =0

- 00

ITockoabky | (b/a) (E)| < 1, umeem
|2Re [ @R (-9 @] | <21 A (-9 11A2@) 1<
<IA (=B P+1h )R |

[TostoMy 06d3aHO BBINOJIHATBCS paBeHCTBO A = 0, W pelleHHe HH-
TerpaJjbHoro ypaBHeHus (1.3.24) cyuiecTByeT W eIHHCTBEHHO.

Cienyer OTMETHTb, YTO JO CHX NOP HE NPEANPHHATO MOJHOE H
CTpOroe H3yyeHHe OOpDATHOH 3a/ayH, CBS3aHHOH C ONMepPaToOpoM
(1.2.7a). Ilosromy He HalifileHa sIBHAsl XapaKTepH3alHs KJacca JaH-
HBIX paccesiHusi, NMPHBOASIIMX K <«XODPOWIHM» noreHunanam. (Dop-
MyJBl ¥ aHa/J U3, NPOBeJEHHHA B 3TOM pasjiefe, NOKA3LIBAIOT, YTO

oo
ecau r = #=g¢* U ¢ yAOBJETBOPsIeT HEPABEHCTBaAM S_wx”|q ldx < oo
IpH BCEX M, TO OOPATHYIO 3aJayy MOXKHO DEIIHTb, H TAKHE MOTeH-
OUajbl CBSI3AHB C AHAJUTHYECKHM IOBEJAEHHEM NaHHBIX PacCesiHHs
B NOAXOISIINX NOJYIJIOCKOCTSIX.)

OrmeruM Temepb, 4TO ypaBHeHHss o6paTHO# 3agadn ((1.3.24) n
Jajiee) MOXKHO BBIBECTH, HCHOJB3Ysl KJACCHUECKYI0 3ajaauy Puma-
wa — ['unbGepra. Mbl yxke MoKasaju, 4To QYHKIHH @e't*, (e it¥
a(f) aHANUTHYHBI B BepXHeil NOJYNJIOCKOCTH, a Pet* ge—i&x g(L)—
B umxHefl. [Ipu stom pasnoxenns (1.3.3) MoxHO npeo6pasoBarh K
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BUAY, KOTOPHIH MO CyLeCTBY npeiacraBisieT co6ol 3anauy Pamana —
Cuab6epra. Hanpumep, (1.3.3a) osnauaer, 4ToO

itx -
(1.3.31) P = et +% peitx,

[Tostomy ecau a(f) He muMeeT HyJeH B BepxHell MOJYIJIOCKOCTH, TO
(1.3.31) MOXHO TpPakKTOBaTb KaK YTBEePXKJAEHHe O Pa3HOCTH
(b/a)pe** na BellecTBEHHOH OCH MeXAy ABYMSl aHAJHTHYECKHMH
(B CBOMX MOJMYMJIOCKOCTSIX) GYHKHHAMH cpe’i"/a n Pe~%*, Takum 06-
pasoM ocCyllecTBAseTCs CBA3b ¢ 3ajavell Pumana — I'manbepra o
BOCCTaHOBJIEHUH KYCOYHO-aHaJUTHUECKO# (DYHKLHH M0 ee CKauKaM.
HeszaBucumo ot TOro, uMeer uau Het ¢yHkuns a(f) Hyau B BepxHei
TOJYIIOCKOCTH, O6LIIHbIH MOAXOA K pelIeHuIo 3TOf 3ajauu NPUBO-
IUT K JUHEHHbLIM WHTEI paJibHBIM YPaBHEHHAM Ha COOCTBeHHBIE (YHK-
nun. IToxesicreyem ma (1.3.31) npoekunonHeIM omepaTtopom Py =
== 1/,(1 + iH), rne H sasaserca npeoGpaszoBanueM I HibGepra

1

HU®) =5 S URNE —8de.

3amerum, uTO
P ()= 1())+ T ¥
Py et =@ et — 5 y).

1
Braan ( O) BO3HMKAET U3-32 YaCTH KOHTYPa B OKPECTHOCTH 00, IPY-

ro#i Bknajn nopoxkjaerca Hyasmu .¢yskunn a(f). HUrak, Mbl nmeeM
NHHEHHOe CHHTYJISIPHOE HHTErpaJbHOe YpaBHEHHE

(1332 $@e=—P, (- @V e“") + (3) +

Z Z‘k‘bke
E—Cr '

cBsisbiBalomee ¢yukuun P, $. Bropoe ypaBHeHHe MOXKHO BLIBECTH
u3 (1.3.3b); mpu 3TOM MOMyUHTCHA 3aMKHyTas cucTema aas ¥, ¥, u3
KOTOpOi#i B NPHHIHNE M0 AAaHHBIM PACCesiHHS MOXHO HaHTH NOTeH-
nuaas, Tag Kak rjo6ajbHble pe3y/JbTaThl JOBOJABHO TPYAHO H3BJe-
KaTb U3 3TOH CHCTeMbl, Mbl 0OBIUHO Oyaem obpallatecs K HpeAcTaB-
aenuro Teabdanga — JleBurana — Mapuenko. YmuHoxkue (1.3.32)
Ha e’®% (y > x) u mpousBens npeoGpazosanHe Pypbe, NPAMBIM Bhl-
yhcienneM ybexjaaemcs, uro ypaeHenue (1.3.32) cBoaurca K
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(1.3.24a). HanGosee BaxHO TO, 4TO, 3HASl aHAJHTHUECKHe CBOHCTBA
cobcTBeHHbIX (YHKIHKHA, JErKO BHIBECTH YypaBHeHHsi oOpaTHOH 3a-
Jau.

IlpuBesem B 3aBepllieHHe 3TOrO pasjena pe3yJbTaThl Io obpar-
HO¥ 3ajaye paccesHus AJsi onepatopa [IIpénunrepa:

(1.3.33) Ve + (A + g)v=0.

Mu omyckaeM BBIBOZ ypaBHeHHI 0OpaTHOf 3aiayy, TaK Kak OH aHa-
JioruyeH BhIIIeonncanHoMy. CTporylo Teopuio MOXKHO HalTh B pabo-
tax ®Papneena [152] u Heiidra, Tpy6osuua [136]. Has A = k2 mul
onpenenuM coOCTBeHHble (YHKUHH @, P, P, UMeWollHe ceaylollee
acCHMITOTHYECKOE NOBeJeHHe:

(1.3.34a) ¢~ et x> oo,
(1.3.34b) P~ ekt p~emiks x5 oo,

DyHKUMY P B P 0pu & 7= 0 JIHHEHHO HE3aBHCHMBI, OITOMY MOXKHO
HaNHCaTb Pa3JoXeHHe

(1.3.35a) p=a(k)P+ b k).

OGBIUHO ompeRensiioT KodbduuueHT oTpakeHus p(k)== b(k)/a(k)
u Koadpduuuent npoxoxaenus t(k) = 1/a(k). Haspanune «koadpdu-
LIUEHT OTpaXKeHUs» 31eCh HCIOJb3yeTCs IO aHAJOTHH C KBaHTOBO-
MeXaHHYeCKOH 3ajauell O paccedAHWH Ha MoTeHuuasne. Paspenus
(1.3.35a) na a(k), nonyuum

(1.3.35b) 19 =P + oV,

rae P o603HauaeT BOJIHY, MAAAONIYIO CpaBa ~ e~** npy x — oo
U T. &. COOGCTBeHHHIMH 3HAYEHHSAMH CJyXaT TakHe 4YucJja A, =
= —x2, 09 KOTOPHX OYHKUHH @,=@ (X, %,) u ¥, yGuBaior
IpH | X |—> c0; OHH CBSI3aHBl COOTHOILIEHHEM

(1.3.36a) ¢, =Co ¥,

HopmupoBounbie kosdhdunuents C, Mu OyaeM onpenensits Gopmy-
J0#

(1.3.36b) C, = —n

a’ (ixa)

(a(k) MOXKHO aHaNWTHYECKU MPOAONKUTH B BEPXHIOK MOJYIJIO-
ckocTb.) CoOGCTBeHHbIE 3HAUEHHS MOXKHO HAafTH Kak pelleHHs ypas-
Henus a(ix) = 0.

dtoit WHOOPMALMH AOCTATOYHO AJis pellleHHs oOpaTHOH 3amaun
paccesiHus, T. €. AJis BOCCTAHOBJIEHHs MOTeHUHana ¢. Bpuucaum
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BHavaJe QyHKLHIO
N

(18.37)  F(x) = S p(k)eits dl — iy Ce™"a"

—00 1

(B pa3n. 1.4 me nokaxeM, uro —iC, MOXKHO 3aMEHHTb MOJOXKH-
TeJbHLIMH BeJMYMHAMH C%.) 3aTeM DEUIAM HHTErpajibHOe ypaBHe-

HHe

o]

(1.3.37b) K (v, y) + F(x+y) + S K(x, 2) F(z + g)dz2 =0

x

u ompenesuM K(x, y). [loreHuuan ¢ BoccraHaBauBaercs no Qop-
MyJie

(1.3.37¢) g =2-K(x, 2.

Ypasuenune (1.3.37) B cnyuae oneparopa llIpéaunrepa anamnorusuxo
ypaBHenuio (1.3.27) nnsa 3apauu (1.2.7a).

B crnexpyiomem pasfese Mb TOKaxeM, YTO JaHHbIE pacCesiHUs
S(k) (p(k)— Kosdoduunent orpaxenus, {A;}"_, — AUCKpeTHbE COG-
crBenHble 3HaueHus, {C;}'_, — HOPMHPOBOUHBIE KO3(PPHIHEHTH)

HMEIOT IPOCTYIO 3aBHCHMOCTb OT BPEeMEHH, eC/IM MNOTeHLUHaa MNOAYU-
HETCA OJHOMY H3 HeJMHEeHHBIX BOJIONMOHHBIX ypaBHeHHUH, o6CyxK-
naBuruxcs B pasf. 1.1. Kpome TOro, cBI3aHHBIe COCTOSIHUS NPHBOAST
K conuTOHHbIM peweHuaM. IIpu p(k) = 0 HHTerpasibHOe ypaBHeHHe
MMEET BLIPOXKIEHHOE SIAPO, W MOXHO Haiith K(x, y) B 3aMKHyTO#
dopme (cm., Hanpumep, {270], a Takxke paszn. 1.4).

B sakjaiouenwe M3 IeJaroruyeckux coobpaxkeHUH CTOHUT OTMe-
THTb, Y4TO JJISi HEKOTOPHIX MOTEHLHAJOB NaHHBIE paccesiHus (kKo3d-
GuUHEHT OTpaXKeHUs H T. A.) MOXKHO BBIUHCJIHTb B 3aMKHYTOH (hop-
me. Hanpumep, nms

(1.3.38) g (x) = Q0 (x),
pewas (1.3.33), moayuum
2ik

al) =2t b =— g
(1.3.39a) 0 oih

o) =5zrg "W=gmrq
Ecau Q > 0, 10 a(ki)=0 B HeKOTOPOH TOUKe k; BepxHeH MOJYNJIO-
ckoctu. [ToaToMy umeercst cOGCTBEHHOE 3HaueHHe A = — %% u HOp-
MupoBouHas KoHcraHTa C) onpenensiercs GopMyJaaMu
(1.3.39b) o=, € =-2% —resp(in).

Ecin Q << 0, TO AMCKPETHBIH CIEKTP OTCYTCTBYET.
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[Mpamoyro/ibHas siMa TaKXKe $IBJSETCA MNPHMepPOM IOTEHIHaJa,
IS KOTOPOTO JIErKO BBIYHCIUTD NaHHbIE PACCESHHUS.

B nomosiHeHWe K pPacCMOTPEHHBIM 3/ieChb YPaBHEHHSIM H pe3yJlb-
TaTaM N0 O6paTHHIM 3aJayaM HMeercs GOJIBIIOE YHUCJO JAPYTHX BO-
MPOCOB, MHTEPECOBABIIWX HCCaenoBaTenell. Hanpumep, 3axapos u
[laGar (1972) [545] usyuanu HenuHeiiHoe ypaBHeHnue llpénunrepa
C HEHYJEBLIMH YCJIOBUAMH Ha GECKOHEUHOCTH (IpaHHYHBIE YCJOBHS
NPUBOAAT K MOSIBJIEHHIO TaK Ha3blBAEMOTrO COJINTOHA Orubalolliei,
TeMHOBOrO HMImyJkca; cM. Takxke [200]). IIpob6nema moucka peure-
HHH ¢ NepUOAMYECKHMH TPAHHYHBIMH YCJIOBHSIMH TaKye H3ydaJachb
MHOTHMH aBTOpaMu (cM. pa3z. 2.3); 3ajaua Ha IOJYOCH HUCIOJb30-
Bajach B paGorax [25] u [388]. B smrepatype MOXKHO BCTPETHTb
MHOIO ADYrMX 3a/ay, CBSI3aHHBIX C ONEPAaTOPOM BTOPOro NOPAAKA
(cM., HanpuMep, [242, 266]).

1.4. 3aBHCHMOCTb OT BPEMEHH H YacCTHble pellleHusi. B mpeawiay-
IeM pasfesie Mbl BhIBeJH ypaBHeHHs oOpaTHOH 3ajaud Aas 0606-
IeHHOM 3afaun paccesinus 3axapoBa — lllaGara u sazauu pacces-
Hus Aas oneparopa Wlpénunrepa. Tounee roBsopsi, HMes JaHHbIE
paccesiHus

sO={t}, CH, T0)

(1. e. mHCKpeTHHe COGCTBeHHble 3HAQUEHHs, HOPMHPOBOYHBIE KOH-
CTaHTH H KO3((HUHEHT OTpPaKeHHs), Mbl MOXKEM COCTaBUTb H B
NpUHIMIE PEeLIUTh JHHeHHble HHTErpajbHbie yPaBHEHHs OOPaTHOH
3a/lauu PaccesiHus, YTO NO3BOJISeT BOCCTAHOBHTbL PacceHBAIOLIHi NO-
tenuuan (cm. (1.3.29b), (1.3.37c)). D10 MOXKHO clenaTb AIs A/0-
6020 momenTa epemenu t, Tak uyro ¢ BXxoaut Kak napamerp. [lo-
CKOJIbKY HAaC HHTepecyeT pellleHHe HeJHHEeHHOrO 3BOJIIOLHOHHOTO
ypaBHeHHusi, TO Mbl 6yaeM JAeficTBOBaTh caeayiouium obpasom. Ilyers
npu { = 0 3agasbpl HayaJbHbIE YCJIOBHA OJHOH H3 cHcreMm, o6cy-
KAaBUIMXcs B pa3fd. 1.2. 3aTemM MBI pelluM NMpaAMYIO 3ajauy pacces-
Hua (wanpumep, (1.2.7a)) m orob6pasum 3TH HayaJbHble TNOTEH-
uuasgsl B JaHHble paccesHus S(§; t=0) (1. e. npu {=10 wumnl
BLIYHCJANM cOGCTBEHHBIE PYHKIUE H MO HUM HaiiieM AaHHbIe pacces-
Hus). B sTOoM pasjene Mu nokaxeM, KaK MOXHO MOJYYHTb JaHHbIE
paccesiuust S (G, ¢) B mo6oit MomenT Bpemenu ! > 0. Boccranosus
10 5THM AAHHBLIM IIOTEHIHAJ, Mbl MOJYYHM pelIeHHs HeauHeHHOro
5BOJIIOIIHOHHOTO YPaBHEHHUs B 060 MOMEHT BpeMeHH f.

Mu HauHeM ¢ TOCTPOEHHSI COBMECTHO20 pelleHHst ypaBHeHHH
(1.2.7a) u (1.2.7b). B pasa. 1.2 6r10 mokasano, yto TpeGoBanue ¢,
r—0 npu |x| — co paer WHPOKHH K1acc ypaBHeHHH, 06Jaafaiomux
teM cBoiictBoM, uto A —~A_(t), D > —A_(¢), B, C— 0 npu |x| —
— 00, 3aBHCsLHE OT BpeMeHN cOOGCTBeHHble (DYHKIMH ONpenensiorT-
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csl CeyIOUUM ciocoboM:

A o — et = pe=i-t,
4. it —A_t = (¢ < A_t/

(Pt=(pe T "I)() =1pe —,
rae ¢, , ¥, ¥ yaosaersopsawr (1.2.7a) ¢ 3apuKCHPOBAHHEIMH rpa-
HHYHBIMH YCJIOBHAMH (1.3.1). Caexyer OTMETHTb, YTO ypaBHEHHE
BpeMenHOH 3sBosounu (1.2.7b) He ymOBIeTBOpsieTcs NpH 3apUKCH-

pPOBaHHBIX TPaHHYHBIX ycjaoBuAX. [lostomMy ¢ ~ 0 e~ y 1.

He MoryT ynposderBopsth (1.2.7b). Hanpumep, Bpemennds ssoao-
Ius1

acp(t) . A B "
(1.4.2) _aT__(C D)g
ITIOKa3bIBaeT, 4TO @ leOBJIeTBOpﬂET
0 A—A_ (C) B )
1.4.3 90 _
(1.4.9) at ( c  D+a@)®

Ecaun mu BOCIIOJIB3yEMCsl COOTHOUIEHHEM

(1.4.4) p=ap+ b ~ a(l)e"c" -l—b(o) elt,
X>00 0 l

TO NIPH X —- 00 NOJYUYHM

a; e—itx . 0
(145 (b, s )=(Loa. © pots)
Takum obpasom,
(1.4.6a) bz )=0b(, 0)e A-®F,
(1.4.6Db) a(g, H)=al(g 0).

Hs (1.4.6b) caenyer, uro co6CTBeHHBHIE 3HAYEHHSI [, HE 3aBHCAT
oT BpeMeHH. AHAJOrdYHBIM 06pa3oM, BOCIIOJIL30BABINHCH ONpeje-

JleHHeM HOPMHPOBOYHBIX KOHCTAHT C,; (%) (¢ (;,)=6,1p €, C;=
= C,/aj), Ml naiizem

(1.4.7) C,t)=C, e~ CN*,  j=1,2, ..., N,

rie Cj o= C;(t = 0). B ToM ciyuae, Korja JaHHbIE pacCesTHHS

MOTYT OLITb NIPOJOJIKEHb B BEPXHIOIO NOJYIJIOCKOCTb, 3 COOTHO-
wenns C, —b/o HeMeLJIGHHO NoJIyyaeM

b (L 1) bj (. 0) e~ () ~2A_ (L)) ¢*
C, () =— = () L e () L
=y “ 7o’ o
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CoBeplLIeHHO aHAJOTHYHO [OJYYaeTCsl 3aBHCHMOCTb AdaHHBIX pacces-
uua S(E;; ¢) or BpeMeHu (npH BLIBOJE CJAEAYyeT BOCHO/b30BATHCS CO-

OTHOLIEHHEM § = —aP + Bp):
bt H=">( 0™~
(1.4.8) a@g, H=al, 0),
C, () =Ty 6™ .
9To M03BOJASIET YCTAHOBHTb 3aBHCHMOCTb OT BPEMeHH fjJep HHTe-
rpajibHbBIX ypaBHeHuil o6paTHo# 3amaun F(x,t) u F(x,1):

(1.4.92) F (x, t)_.__ S%(Q’ 0) ¥ ~2A-®1 g _

)

—ZZC £ S Dt

1=1

(1.4.9b)  F(r, )= S_Z_ L Q)emBHAS® g

— iZ Cj e oAt
i=1

®opmyast (1.4.9) urpaioT poab pelleHHH COOTBETCTBYIOLUEH JHHEH-
HOH 3ajgaux MetogoM Pypbe. PelueHne HeJHHEHHOro 3BOJIONHOH-
HOTO ypaBHeHHsi HaXoAuTcs mo dopmyae (1.3.24). Cnenyer OTMETUTD,
YTO HHTerpaJjibHble ypaBHEHHs YIPOILAIOTCs NpH x — oo, Hampumep,
u3 (1.3.24), npeanonoxus Aas yAo6CTBa, YTO 7 = ==¢*, NOJYyYHM
Ki(x,y) ~ =F*(x, +y).

IToatomy u3 (1.3.29b) caenyer, uro

qx; ) ~ 57 S( ) @ 0 el @rae,

OtMmeTuM, 4TO §; JexaT B BepXHeH NMOJYMJIOCKOCTH H II03TOMY BKJIAJ
CBSI3aHHBIX COCTOSIHMH 9SKCIOHEHIHaJbHO MaJ npu X—oco. Takum
06pasom, MpH X —> 0o 3ajaya CBeJach K JIMHEHHOH, W ee pellleHHe
MOXKHO NpPeICTaBUTb B BHJE

o0

o | a@)ettsemndg,

- 00

3xaech
o) =—2A" (- —)
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Korpa r = F¢* ¢ynxuus A_(E) sBAseTCs UHCTO MHHMOMH, H
0@ =2A_(— —i-) .

Taxk, wanpumep, B cJaydae HesanHeliHoro ypaBHenust HIpénuurepa
(1.2.11) u3 (1.2.12) umeem A_ (Z)= lim A()=2if% u nosromy
| x| > o

o (E)= —E? (4TO COOTBETCTBYeT JHCIEPCHOHHOMY COOTHOLIEHHIO
IJIs1 JJAHeapH30BaHHOTO ypaBHeHHs — ypaBHeHusi IlIpéaunrepa).

[Tepen TeM Kak nepefTH K ONHCAHHIO YACTHHIX PeIUCHUH, MBl A5
npuMepa MpHUBeJeM 3aBHCHMOCTb OT BPEMEHH JaHHBIX paccesiHHs
ans ypasuenns Ka® (1.2.23). Anajoruynsle paccy:xkAeHus AJs one-
patopa llIpénunrepa NpUBOAST K CJAEAYIOLIeH 3aBHCHMOCTH AaHHBIX
paccesinus {onpenenenssix B (1.3.35)) ot BpemeHu:

a(k, ) =al(k, 0),

(1.4.10) blk, ) =b (k. 0,
3

C,() =C,. """, n=1, ..., N.
JluckpeTHble COGCTBEHHBIE 3HAYEHHSI SBJSIIOTCA HYJSIMH (QYHKIHA
a(k, ) B BepxHeH MOJYIJIOCKOCTH H IIO9TOMY HE 3aBHCAT OT Bpe-
menn. Kosdoduunenr orpaxenus p(k, t) = b(k, t)/a(k, t) saBucur
OT BpeMeHH OueBHAHBIM o6pasoM. OTMeTuM, B 4acCTHOCTH, UTO 3aBH-
CUMOCTb OT BpeMeHH KO3(p(HIHEHTAa OTPaXKeHMs B cjydae ypaBHe-
nus Ka® rakosa, uto dp/dt = —8iw(k)p (npu 5TOM paBeHCTBO
o (k) = —k® coBnajaer ¢ AMCMEPCUOHHLIM ypaBHEHHEM JIHHEAPH3O-
BanHoro ypaBHenus Ka® (g: + guxxx = 0)).

B cayuae omepatopa IllpénmnHrepa MoxkHO mokasaTb (cM., Ha-
npumep, [136]), uto guCKpeTHBle COOCTBEHHbBIE 3HAUEHHS, T. €. HYJIHU
byuruuu a(k), ABASIOTCS NPOCTHIMH H JeXaT TOJbKO Ha MHHMOIl
ocu. BoJsiee Toro, HeTpYAHO MOKa3aTb, YTO HOPMHPOBOUYHLIE KOHCTAH-
TH, BXxogamue B (1.2.37), nonoxurenbunl. ITostomy M Gyaem 3a-
HHUCBLIBATD
(1.4.11)  —iC, =c2

[Tos10XHTeIbHOCTE HOPMHUPOBOUHEIX KO3 (UIMEHTOB MOKHO yCTa-~
HOBHTb CJeylolinM obpa3om. Byaem npeanosnarats, 4to Bce PyHK-
IIMH aHAJUTHUYECKH TIPOJOJIKAIOTCS B BEPXHIOI TMOJYIIOCKOCTh. 3a-
TeM AJg COOCTBEHHOTO 3HAUEHHS By = X, IpH X — -}-00 HMeeM
Pa ~ U X

(14 12) q)(kn)Ecpn=Cn¢n~Cne e,
B d , - , E %
dk P (%,) ~a (%) b ~ @ (”n)e o

rae Kosdduunent €, ¢ HeOGXOLHUMOCTBIO fBJISETCA BeIIeCTBEHHLIM.
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Ho npwu Bcex x cnpaBeaiuBo paBeHCTBO
d
(1.4.13) T (@ePr — i) = —2%,9%.

IMoacraBus acumnroTuky (1.4.12) B neByio uacts (1.4.13), noayuum

S midx
(1.4.14) a’ (n,) =— i\ —=—/;
Cn
TakuMm obpasom,
. —-ic, ¢
(1.4.15) =Ty T = n
S @2 dx

oo

(o6b1unO S @2 dx HOPMHpYeTCsl Ha efMHHULY). VITaK, KOHEUHYIO CyM-
My B ﬂuf)e ypaBHenus l'eabdanna — Jlesurana (1.3.37) MOKHO

IpeACTaBHThL B BHAE
n

(1.4.16) Fp(x)= ) ci() e,

=]

3
rie c, () =c, (0)e™ "

[TonyunB 3aBHCHMOCTb JAHHBIX PACCEsTHHsS OT BPEMEHH, Mbl MO-
®KeM Tenepb OGCYAHTb pellleHHe HEIHHEHHBIX 3BOJIOUHOHHBIX ypaB-
HeHHH W MX cBoficTBa. B 3TOM pasgmesne Mbl 06CYIUM MHOTOCOJUTOH-
Hble pelieHHs, a B pas3a. 1.7 6yner paccMOTpeHa acHMITOTHKA 3a-
nauu Komn, orBevarolasi HenpepEIBHOMY CHEKTPY.

BrauaJse Mbl BepHeMCsl K 3ajlaue Ha COOCTBEHHbIE 3HAUCHHS A4
oneparopa 3axaposa — [lla6ara (1.2.7a). Korga r = ¢* co6crsen-
Hble 3HAuYeHHs OTCYTCTBYIOT. B atom cayuae 3ajmaua Ha cobCeTBeH-
Hble 3HAa4YeHHs SBJSETCS CaMOCONPSIKEHHOH, T. e. 3ajgaua paccesi-
Hus takosa, uro LV =V, LA = (LA)* = L, rae L¥ — spmuroBo
conpsxeHHblit K L oneparop, LA conpsixen ¢ L. Ecau ¢, r y6uiBaor
JAOCTaTOYHO OBICTPO, TO COOCTBEHHBIE 3HAUEHHS MNOJIKHH OLITH He-
IIPEMEHHO BEIeCTBEHHBIMH H 1O 3TOH mMpHuYHHE orcyTcTBYIoT. OcTa-
HOBHMCSI IIO3TOMY Ha cjayyae r = —g* 3aecb HaM cjleldyeT BoOc-
nonb3oBatbes ypaBHeHueM (1.3.29). BriGepem F(x) TakuM, 4ToGbl
(b/a) (t =0) =0 (orcyrcrByer paccessune) u N = 1. Hwumeercs
OJIHO AMCKDEeTHOe cOGCTBEHHOe 3HaueHue. Torpa (omyckas Aas ypo6-
CTBa 3aBHCHMOCTb OT BPEMEHH)

(1.4.17) F(x)=—ice™*, ¢=Et+in, 1n>0.
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IoacraBue (1.4.17) B (1.3.29), nonyuum
(1.4.18) K, (x, y)=ic*e~®%"G+y —

— S S K, (x, 2)] ¢ Peit® eis €=t o=t ds dy.
-X X

=]

Onpenenum K, (x)=SK1 (x, 2)e'*2dz. Ymuoxum (1.4.18) na e'tv

X
H IPOHHTErPHPYEM OT X KO 00, IDTO NPHBOAHUT K YPaBHEHHIO AJS
K, (x), pelmenHe KOTOPOro HMeeT BHU]

c*ei (—2t*) x
C—=tl1—leP &% —g]
N3 (1.4.18) reneps cienyer, uTo

(1.4.20a) K, (x y)=‘ic*eic*<"+y)[l—._l_c_'z*—ezi(c—c*)x]—l.
’ T—Cr

Takum o6pa3om, noTeHuHan §(x) HMeeT BUL

(1.4.19) K, (x)=—

(14200) ¢ ()= —2K, (s, 1) = — —2CF
e2'qx + (_Z;l_z_) e~ 2

IMoaaras | ¢ [/4n? = e*, nosyuum

%
(1.4.20c) g (x) = — i57 2ne~2% fch (2nx — 29).
dta (opMyJaa HaeT COJHTOHHOE DelleHHe JI06Or0 3BOJIOLHOHHOIO
ypaBHeHHUsi ¢ r = —g*, pasyMeeTcs NpPH ydueTe 06CYXKAABLUIAXCH Bbl-
we ycaoBuit A - A_(T) u T. A., KOTOpPble NIPHBOAAT K ONpPeJeNeHHON
3aBHCHMOCTH ¢ == C(f) OT BpeMeHH:

(1.4.21) ¢ = gy~ @,
Takum o6pasom, g(x, t) umeer BHJ
(1.4.22) g (x, 1) =2me~#* 2 IMA_QF w

X e~ tw+a2/ch [2mx 4 2Re A_ () — %,

rae co=|cole'™, xo=1Inlcy|/2m. B cayuae meamueiliHOro ypaBHe-
Husi Ulpénunrepa (1.2.11) A_(§)=2i{%* un

(1.4.23) g (x, {) = 2ne—2i* p @*—M) I=1(W+72) [ch (2mx — 8Enf — x,)

(cm. puc. 4.16). OTmeTnM, 4TO CKOPOCTb COJIMTOHa paBHa 4§, a awm
TWIHTY A2 27).
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Caeiyer OTMETHTDB, UTO B 00lleM caydae (KOraa MeX1y ¢, I HeT
HUKAKOH CBsI3W) B PelIeHHH 32 KOHEUHOe BpeMs MOXKET BO3HHKHYThb
ocob6ennocTh. IlycTh y Hac umeercss OJHO COOCTBEHHOE 3HAueHHe §

B BepXHeil MOMYMIOCKOCTH H ofHO ({) — B HuxkHeit. Anasnorom
(1.4.17) 6ymer

F(z, )= —icet®, F(z, t)=ice~i%,

NpHUeM 3aBHCHMOCTh € OT Bpemenu paercs dopmysoin (1.4.21),

_ _ 24 (D)t
a ¢c= (e -© . Mu ele pa3 peluM I/IHTeI‘pa.HbHOG ypaBHeHHe C
Bb]pO}KJIEHHbIM AAPOM H IOJYYHM

9i ezA_ () t—2itx
- 0
q(x’ t)— D(x, t) ’
. —2A_ (%) tH2itx

(1.4.24) _ —2ice |~

oo =" '

D(x, )=1— Cofo__ (A B)=A_ @nt+2i G-B)x

’ Cc—&»

MOoXHO JIerko mpoBepuTh, 4To GyHKUUA D (X, ), He uMeBlIas Hysael
npu ¢t = 0, MoxXeT o6paTUTbCd B Hy/Jb B HEKOTOPHIH KOHEUHBLIH MO-
MeHT Bpemenn ! =T <  co. Mp 6yaeM HasbBaTb TaKHe pelleHHUs
B3DHIBAIOLIUMHUCS CONUTOHAMH. Tenepb MOHATHO, IIOYEMY CTOJBKO
BHHMAaHHSl Mbl YIEJUIH C1ydalo r = =+q*.

[IpuBenenHas 3hech cxeMa IpHMeHHMa H B 6ojee oOlieM Cly-
yae, Korja umeercss N pas3juuHBIX COGCTBEHHHIX 3HAUCHHH (ABY-
KpaTHble COOCTBEHHble 3HAUE€HHsI MOKHO IIOJYUYHTh KaK Mpeje CJaus-
HUsl JBYX MPOCTHIX). MHTerpanbHoe ypaBHeHHe B 3TOM cjyyae Tak-
JKe HMeeT BHIPOXKJeHHOe PO H MOXeT OHTb pelleHO B 3aMKHYTOH
dopme (T. e. pellleHHe MOXKHO BBLIPA3HTh 4epe3 ONpPEeACIUTeNH HEeKOo-
TOPLIX MATpPHI, CM., Hanpumep, 3axapos, Ilabar [544] nin Banarn
[495]). Caenyer Tak:Ke OTMETHTb, 4yTO XHPOTa NPENJNOKHI APYyroi
MeTOoJ, MO3BOJAIOINI cTpouTh N-cosinToHHble pemienusi, Merox Xu-
POTHl NPHMEHSETCS] HENOCPeACTBEHHO K HEeNHHEHHOMY YPaBHEHHIO
¥ He HCIoab3yeT o6o3HaueHuii oOpatHOH 3ajaun paccesHus. IJTOT
MeTol Mbl OGCYAMM B pasi. 3.3, TaM ke OyAyT nosaydernl N-conu-
TOHHBIE pelneHus JJsl ypaBHeHuss Kad.

BriBaeT Tak, 4TO AJs1 ABYX HJIH 6oJiee pasJHUYHBIX COOCTBeH-
HBIX 3HaueHui Beanunus Re A—(L)/n coBmanaioT (uHade roBops, co-
anTonn (1.4.22) umeroT oauHakoBble cKopocTH). B aTom cayuae
MHOTOCOJIMTOHHOE pellileHue OyIeT NpeacTaB/siTh co00f cBs3aHHOE
COCTOSIHHE C NEePHOJHYECKON 3aBHCHMOCThIO OT BpeMenu. Jlnsa Hean-
weitnoro ypasHenns llpémunrepa Re A_(L)/nm ~ &, nostomy muc-
KpeTHble COOCTBEHHbIE 3HAUEHHS, HMEIIME OJJHHAKOBEIE BelleCTBEH-
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Hble YacCTH, OTBEUAIOT CBA3aHHHIM MHOTOCOJNHTOHHHIM pelleHusiM !)
(o6cyxkpenne aToro Bompoca uMeercss B pabore 3axaposa u Lla-
Gata [544]). Jlpyroii mpuMep UePHOAMYECKHX BO BPCMEHH CBA3aH-
HBIX COCTOSIHHME JaeT ypaBHeHHe sin-I'opaoH. Ilia Toro ypaBHeHHs B
pasx. 1.2 6su1o nonyueno, uto A_ (%) = i/4C. Tlostomy Re A_(§) =
=1n/(4(8 4+ n?)), u coGCTBeHHble 3HAUEHHS, OTBEYAIOLIHe CBs3aH-
HBIM COJIMTOHHHIM pelleHHsM, AOJXKHBl JeXaTb Ha OKPYXKHOCTH
g2 + n? = const. Korza uMeercs Jullb 0JHO COGCTBEHHOE 3HAUEHHE,
TO OHO AOJIKHO JexaTb Ha MHUMOH ocu § = 0 (u3 BellleCTBEHHOCTU
g u YCJIOBHS ¢ = —Tr CJAeJYyeT, UTo COOCTBEHHBIE pelleHHd JexarT
au60 Ha MHUMOM ocH, HOO 00pasyIoT Naphbl, CHMMETPHUYHLIE OTHOCH-
TeJibHO MHHMON ocH: {, —E*, cM. pa3a. 1.3). CaesoBaTeJibHO,

Red. Q= mA_©=0 (h=7).

W3 (1.4.22) cnenyert, 4TO
3 1
u2' = — g (x, )=2n/ch (an +_2—71—t+ xo),

u pemeHue ypaBHeHHs sin-I'opJoH, oTBeualollee NPOCTOMY KHHKY,
HMeeT BUJ,

u=4arctgexp (2nx + —;n—t + xo) .

B na6opatopHoit cucreMe koopauHat x = (X +T)/2, t = (X —
— T)/2 ypaBHeHue sin-I'opoH nepenuceiBaeTcst B BHJAE

(14.25) Uxx — Urr = sinu
U OJJHOKHMHKOBOE€ pelleHue MPeACTaBaseTCda q)OpMyJIOﬁ

(14.26)  w(X, T)=4arctgexp((n+ ) X — X0+
+ (n — '71111— T) .

AnanoruynbiM 06pa3oM MOXKHO BHIUHCJHTB pPeEUIeHHE, OTBeyalollee
JIBYM COGCTBEeHHBIM 3HaueHusaM. He BJlaBasich B fleTajiy BHIUHCTEHHS,
Mbl TIpUBENEM De3yJbTaThl, OTHOCALIHECS K 3TOMYy chydalo. [lycts
3aJlaHH JBa COOCTBEHHBIX 3HayeHHs { = E--in u —L* Toraa peie-

') OrmeTnM, 9TO SHEprus CBfA3W S3THX COCTOSIHHE pasHa uymo. Herpyauo
IIPOBEPHTH, YTO NMOUTH JI0Goe Manoe BO3MYILEHHE HapyLIaeT pPaBEHCTBO CKOpO-
cTefl COJIMTOHOB H, CJeNOBAaTeJbHO, CBS3aHHOCTb cocTosinui. [T103TOMy HeT cepbes-
HBIX OCHOBAaHHH Ha3KIBaTb TaKHe COCTOSIHHS CBSI3aHHBIMH. IlpaMep Hacrosiiero
CBSI3aHHOT'O COCTOSIHHSI COJIMTOHOB Jaet OpusepHoe pettieHne ypasHenus sin-Top-
noH (cM. Huxe). 3hecb yxe HmeeTcss Ae(eKT Macch H3-3a HaJHYHA B3aUMOAeH-
CTBHS, H MaJble BO3MYLIEHHS He paspymaior cBssu.— [lpum. nepes,
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(14.27) (X, 1) =4arctg [Lcos (§ (v (T —Ty) — 4 —
— v)X))/ch (L& —X)—@—w1)],

raev=2-+1/(2|¢|?). Ecmm g2 +n?=|¢|>=1/4, T0 v=14, 0 MBI
IOJIYYHM pelIeHHe, KOTOPOe OGLIYHO HAa3HBAIT «GPH3EpOM>»,

(14.28)  u(X, T)=4arctg (—————-—“m:"’z sin (o (T —
—T)/eh (VT=& (X — X)),

rae ©=2E, £+ n?=1/4 (puc. 1.3). TunHUHOE KHHK-aHTHKHHKOBOE
u

L 21
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1 ‘—/ prr o ey ISR BN AR \A‘
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Puc. 1.2. (a) Kunk (n = +1/2); (6) antukung (n = 1/2).

u u u
27 I+ 2t 27T+
f g e I =
f . PR , [ L
-9 5 X -5 5 x T
-IT b -J -
- - -2m
a 2w 5 ¥

Puc. 1.3. Xapakrepumi Bua OGpusepa (1.4.28): (a) (T —To) = n/2;
6) o(T—To) = m; (8) @(T—To) = 3n/2 '

pemerne npr M =-5 (1 — 0)/(1 + 0", my=—1((1 + V)1 —v), ™
¢ =in, j=1, 2) umeer Bug

oT
(1.4.29) u(X, T)=4 arctg( hh( (‘/X' ‘j; )))
ve i




