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PaccmarpuBarorcesi HesimHeliHble KpaeBble 3ajiadu Teopuu (QuibrpoBaHus. Jlo-
MOJIHUTEJIbHAsT OCOOEHHOCTh 3THUX KPAaeBBbIX 3a/lad COCTOUT B TOM, YTO YPaBHEHUS
cozmepxkar nepemeHHble KodddunueHTol. Kaxkass kpaeBasi 3agada npeobpasoBaHa
K ABYM CAMOCTOSITEJIbHbIM KpaeBbIM 3aja4daMm L'ypca uisi KOHIleHTpauuu copbara B
pacTBope U KOHIleHTpanuu copbara, morJiomiaemoro copbenrom. Karkgass ns rakux
3a/1a4 pellaercs MeToaoM, rnogobubim merony Ilyankape. Ilpu aTom Kak/iast U3 BO3-
HHUKAaMIOIMUX KpaeBbIX 3a/a4 ['ypca miisi KoadPUIMEHTOB ACUMIITOTUYECKUX Pa3Jio-
>keHuill pemaercs merogom Pumana. Ilpumenenune merona Pumana rpebyer nmocrpoe-
Hus dyskuuu Pumana s Kaxk/aoi u3 AByX 3agad I'ypca. OgHako 115 IOCTpoOeHus
dyskuun Pumana B sBHOM Bujse Tpebyercs CyliecTBOBaHUE TakKoro rpeobpasoBa-
HHUSI UCKOMBIX (PYHKIHII, KOTOPOE IMO3BOJIsIET MPUBECTU COIPIA>KEHHOE ypaBHEHHE K
YPaBHEHUIO crenualibHoro suja. Ecinu rakoe npeobpa3oBanue cyuiecrByer AJisi obe-
ux 3aza4y I'ypca, 3aaya MoxkeT ObITh pelreHa a0 KoHHa. C Iiejiblo paclInpeHus
KJlacca 3ajiad, pelraeMbIX 3TUM METO/IOM, MPEAJIOXKEH II0XO0/l, IIO3BOJISIOMIUI MOo-
JydYaTh pelleHue 3a7a4y B 1eJIOM IIPpU YCJIOBUU, YTO TOJIBKO JJIs OJHON U3 ABYX
samad ['ypca ymaerca mocrpouth ¢dpyHkmuioo Puvana. TakumM MeTOHOM II0JIYyYeHBI
sSIBHbIE€ BbIPAX>XE€HUSsl JIJIS ACUMIITOTUYECKUX PA3JIOXKEHUI pellleHuil PacCMOTPEHHBIX

HeJIMHENHbIX 3aav Teopuunu (bI/I.T[bTI)OBaHI/IH.

KimroueBbie cioBa. 3ajada GuiibrpoBanust, HeJMHEHHbIE ypaBHEHUs, lepeMentbie Kodddu-
[MEHTHI, ACUMIITOTHIECKOE PA3/IOKEHUE.

BBenenue

Cucrema ypaBHEHHil JIUHAMUKE cOpOIuu (TO4UHee, aJCOpOIUM) COCTOUT W3
aByx auddepennuaibHbiX ypaBHEHUN C 9acTHbIMU mpou3Bo/ubivMu. [lepBoe u3
HUX CTPOUTCS HA OCHOBAHWM 3aKOHA COXPAHEHUs KOJUYECTBA BEIECTBA, HAXO/Is-
merocs B (pUIBTPYEMOM PACTBOPE, W KOJMIECTBA BEIECTBA, MOTVIOMEHHOTO (COp-
buposannoro) dunbrpom. Ilpu 3ToM npeanosaraeTes, 4To pacTBOP IMPOTEKAET 10
Tpybe ¢ IIOIMAIBI0 TOTIEPEeTHOTO cedeHnda S, 3am0THEHHOM COPOEHTOM, CO CKOPO-
crbio V. Och TpyObl HalpaBJieHa 10 OCH X, PACTBOP BXOJUT B TPYyOy B ee mole-
peanom cedennn ¢ = 0 (cm. puc. 1). Konrnenrpanus GuabrpyemMoro BemecTsa,
nornomaemoro dusbrpom, o(z,t), B HadaabHbl MoMenT Bpemenn t = 0 3aja-
Ha. 3ajlaHa TakxKe KoHreHTpanusg ¢uasrpyemoro semiectsa C(z,t) B pacrBope
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Ha Bxoje B TpyOy B Jitoboit MomenT Bpemenu ¢t > (. Takum obpazom, 3ajaHbI
CJTeTYTOIINE KPAEBBIE YCIOBUS:

C(0,t) = p(t), t >0; o(x,0) =¢(x), = > 0.

asee paccmarpuBaercsd ypaBHuenue 6ajianca (puabTpyeMoro BeIecTBa B 3j1IeMEHTe
TPyObI, 3aKTIOUEHHOM MEXKJIy €€ MOIMEePEYHbIMU CEYEeHUIMU & = & U & = & + dx.
Kosnaecrso dusibrpyemMoro BemecTsa, moCTynalomero B 9T0T 3JIEMEHT B TeYeHue
uHTepBaJia Bpemenu dt, paBHO

Q1= [(CVS)|x::C - (CVS)|x:x+d:c]dt

Yacre duabrpyemMoro Beriectsa Oyjier moromena puabrpoM, Apyrasd 4actb 0y-
ner ocraBaThcd B pactBope. [losromy B ssemente [x,x + dzx] TpyObl B TeueHue
UHTEpBaJia BPeMeHu JIJINHOM di Oyler HaXOAUThCs CASAYIOIEe KOJMIECTBO Pac-
TBOpA:

Q2 = [(S(2 + O)li=par — ((S(e + C))]=]dz.

-
.
Briiy

Puc. 1. Cxema dunprpa. A — copbenr, B — tpyba

3 ycroBus COXpaHEeHHS KOJUIECTBA (DUIBTPYEMOrO BEIIeCTBA B JJEMEHTE
[z,x + dx] tpybbl caenyer pasencrBo Q1 = Q9. Ilopcrasiss B 910 paBeHCTBO
BLIYHC/ICHHBIC 3HadeHud Q1 m Qo M IpUMEHAd TeopeMy O CPeJHEM 3HAYCHHH,
HOJLy YaeM:

Ox r=x+0dx

0S(p+C)

5 dxdt,

t+t+01dt

OTKY/Ia TIocjie cokpatenus na dx u dt u nepexona k upejeny upu dr — 0; dt — 0
clIe/lyeT ypaBHEHWE COXPAHEHUS KOJNIECTBA (PUIBTPYEMOTO BEIECTBA!

_8(CVS) _0S(e+0C)
or ot

Bropoe ypasuenue u3 cucrems! juddepeHiuabubiX ypaBHeHul (huabrpoBa-
HU$ CTPOUTCS UCXO/Id U3 aHAJIN3A [IPOTIECCA MOTIONeHUs (PUIBTPYEMOTO 3/IeMEeHTa
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cOpOEHTOM. DTOT MPOIECC OIMUCHIBAETCH yPAaBHEHUEM KUHETUKHU COpPOIUM, KOTOPOe
Ha OCHOBAHUU SKCIEPUMEHTAJIbHBIX JTaHHBIX IIPEACTAB/IACTCA B BUIE:

@ = ﬁ(c + (I),

ot

e [ — KuHerndeckuii Koadduiuuenr, a — KOHIEHTpalus copbara 1pu ajcopo-
[IMOHHOM paBHOBecuu. B majbHeIeM HCKI0Ya0T ¢ U3 IOCASIHEr0 YPABHEHN C
[IOMOIIBIO U30TEPM COPOLMU. DTU UB0TEPMbL COPOLMU JIOCTATOYHO PA3HOOOPA3HbI
JUT PA3/IMIHBIX COYeTanmil (puIbTpyeMoro u puabTPyIoIero semects. [Ipocreii-
meit u3 HUX dABJsgeTCd n3orepma Lenpu

0= —a,
Y
rje % — k0adbunuent l'enpu. locrarouno 9acTo uCHoIb3yercs n3dorepma, JIsur-
MIOpa BHQ
ka
1+ ka

¢ ko durmerTom k, 3aBUCAIIMM TaKKe 0T TeMmieparypbl. pyrue uzorepmbr
COpOIMK UMEIOT CYIIECTBEHHO DOJIee CJIOZKHBIE 3aBUCUMOCTH MEXKIYy o u a. VI3j10-
JKEHHOE TI03BOJISIeT CJIe/IaTh BBIBOJ O TOM, YTO B O0OIIEM C/iydae CHCTEMa, yDaBHE-
HUIT cOpOIMU OKA3BIBAETCS HEJWHEHHOW 1, KpoMme TOro, KodMA UIMEeHTH B 9TOH
cucreme OyAyT HepeMEeHHBIME, HAIIPUMED IPU HEOCTOAHHON CKOPOCTH JIBUKEHUS
pacTBopa BiOJIb (DUIBTPA, HEPEMEHHON IJIOMA/U [ONEPEYHOr0 cevdeHust (puib-
Tpa, IpHU IepeMeHHOM KuHeTndecKoM Ko duiinente u Tak jajee. B 1o ke Bpems
JI0 HACTOMIIEr0 BPEMEHU IOJIy9Y€Hbl PEIIeHUs JIUIIb OIPDAHMYEHHOIO KOJIUIeCTBA
3asiad puibrpoBanud. [lpexjie Bcero, ciemyer OTMETUTH pelIeHUE JIUHEAPU30-
BaHHOMN 3ajaun copbuuu [1], B KOTOpOi BCe napamerpbl ObLIM HPUHATHI 1OCTO-
sAHHBIMU U WCIIOJIb30BaHa JuHelinas nw3orepma lenpu. llo3nnee 6bL10 m0OIydeHO
ACUMIITOTUYECKOE DPa3JIOXKEeHUe HeJMHEeHHO 3a1adu copbuun [2, 3| u jokazano,
YTO TOJIyYEHHOE PAa3/I0KeHue JIefCTBUTENbHO dBjideTcd acuMmuroruydeckum. O -
Hako KO3 dunmenTsl ypaBuenuit copOiuu B 310l paboTe pacCMaTPUBAIUCH KAK
ocTogHHble. B coBpeMeHHO# IpakTUKe /I0CTATOYHO YaCTO UCIOJIB3YIOTCHA (DUTb-
TPBI C HEJTMHENHBIMI XapPAKTEePUCTHKAMU. YCTAHOBJIEHO TAKKe, YTO HAUDOJIBIIYTO
s dexTuBHOCTL DuIbTPOBAHUS 00€CIeInBaAIOT (DUILTPYIONINE SJIEMEHTbI, Hapa-
METpbl KOTOPBIX U3MEHAIOTCH BJ10JIb (buabrpa. Kpome Toro, mo mepe HachIIe-
Hus COPOEHTOB yJIEPKUBAEMBIMU 9aCTUIAME OT(PUIBTPOBAHHBIX BEIIECTB UX I1a-

0

paMeTpbl TaKxKe U3MeHAI0TCA. VIHBIMIA CIOBaMU, MPOUCXOIUT M3MEHEHUe CBOWCTB
duabrpyromnmux s1eMenToB BO Bpemenu. [losromy uccienopanne GpuiabTpoB C 1e-
PEMEHHBIMI BO BpPEMEHH U IPOCTPAHCTBE IIapaMeTpaMH, UMEIONNX K TOMY Ke
HeJInHeHbIe XaPaKTePUCTUKU, [PE/ICTABIAET BAXKHYIO i IPAKTUYECKOrO IIPU-
MEHEHU 33,a1y.
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1. IlocranoBka 3amadyn

B sT0it cBA3M paccMaTpuBaeTcs CEIyIONad KpaeBas 3aJada TeOpun (DUiTh-
rpoBanug. B obyactu x > 0; ¢t > 0 HaiiTu perieHne CUCTEMbl yPaBHEHUIA
oC (x,t) Oo(x,t)

Or ot +’7($at)9($at) + V(l',t)o($,t);
% = a(z,t)o(z,t) + Bz, t)C(x,t) + ef (x,t,0,C), (1.1)

VJOBJIETBOPLAIONIEE KPAeBbIM YCIOBUIM

C(0,t) = p(t), t>0; o(x,0) =¢(x), x> 0. (1.2)

Baecw C(x,t) n o(x,t) COOTBETCTBEHHO KOHIEHTPAIMSA U ILIOTHOCTH (DUJIb-
TPYeMOro BeIecTBa, € — MaJblil mapamerp. lIpeamosaraercs, 9TO BBIIOJIHEHDBI
YCJIOBUSL COIJIACOBAHMS! KPAEBbIX YCJIOBUIL, TO €CTh

©(0) = 4(0). (1.3)

[Ipeamnonaraercss takxe, uro dbyuxkuus f(x,t, 0,C) aBiaserca aubo anaaurude-
CKOIl OTHOCHTEIBHO apryMeHTOB ¢ U C' B OKPECTHOCTH MIOPOXKIAONIEr0 PEIIEHIST
oo(z,t), Co(x,t) mubo, 10 kpaiineir mepe, Moxker ObITh NpeACTaBIeHa 110 (POPMYJIE
Teitmopa 11 HEKOTOPOTO N

f(@,t,0,C) = (f) + (fo)(e — a0) + (fe)(C — Co)+
+ %(fgg)2 + %(fco)(C — Co)? + (foc(o — 00)(C = Co) + -+
+ %(fé”))((f — Co)" + R(z,t,0,0). (L4)

Baecy R(z,t,0,C) — ocrarounstii aien dopmyssr Teitiopa, obiagaromniumii cBoii-
CTBaMn

R(z,t,0,C) = o((0 — 00)"), (0— 00) = 0;
R(z,t,0,C) =o((C — Cy)", (C—Cp) — 0. (1.5)

Bakmouenne GyHKIUN [ 1 ee TPOM3BOJHBIX B CKOOKH O3HATAET

(f) = f(x7t7 00, CO)

BamernM, uTo B mepBoM ypasHenun (1.1) Takyke MOXKET B IPUHIIAIE IPUCYTCTBO-
BaTh HEJMHEHHOE CjaraemMoe C MaJibiM mapamerpom. K 3roMmy Caydaro TakKe 1mpu-
MeHUMa u3JjiaraemMas HUzKe TeXHUKa IIOCTPOEHHs aCUMIITOTHYECKOI'O Pa3J/I0zKeHUd
pemenuii. Touno rak xe kpaesbie ycaosus (1.2) MOTyT COepKaTh JTOMOTHATE b
Hble cjlaraeMble CO CTelleHsIMU MaJjioro llapaMeTpa.
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2. AcuMIITOTHYECKOE PA3J/I02KEHNE PEMICHUS

ITocrassiennast Takum 00pPa30M KpaeBas 3a/1a9a MOYXKET ObITH PEIIeHa MeTO/II0M
BO3MyIIeHuii B hopMe pasjioKeHuii 1Mo MajoMy HapaMeTpy &:

o(z,t) = 00(z,t) + 01(x, t)e + o2(x, t)e® + o3(z, 1) + -+ ;
C(ﬂj,t) = Co($,t) + Cl(ﬂj,t)€ + CQ(ﬂj,t)&Q + 03($,t)€3 —+ e (2.1)

IMoncrasasg pazmoxenus (1.4) u (2.1) B ypasuenusa (1.1) u npupasuuBast B Je-
BBIX U [IPABbIX YACTSIX [10J1Y YMBIINXCsL PABEHCTB KO3(hMUIMEHTHI 1P 0JIMHAKOBBIX
CTEIeHsIX €, MOJIYINUM CJIelyIommue CHCTeMbl auddepeHnnalbHbIX ypaBHEeHNIT:

9Cy(z,t) _8go(x, t)

ox ot

+ v(z, t)oo(x,t) + v(z,t)Co(z, t);

% = a(xz,t)oo(z,t) + B(z,t)Co(w,t). (2.2)

9Ci(z,t) _ Ooi(z,t)

ox ot

+ ’7($a t)Ql (iL‘, t) + I/(iL‘, t)Cl(x’ t);

W = a(z,t)o1(x,t) + Bz, t)Cy (z,t) + (f). (2.3)

9Cs(z,t) _ Doa(w,t)

ox ot

% = oz, t)e2(x,t) + B(x, 1) Ca(z,t) + [(fo)or + (fo) Tl (2.4)

+ ’7($a t)92(x’ t) + I/(iL‘, t)02(x’ t);

= +’Y(x7t)gn(x7t) +V(x7t)cn(x7t);

Oon(x,t)
ot
3nech, byrarogapd HAJIMYUIO MHOYKUTEJI € B IPABOl 9acTU BTOPOIO ypaBHE-

nus (1.1), dysxkuun g, 3aBucsat or t,x, 00,01, - -, 0n—-1,Co,C1,...,Cp_1, HO HE
saBucar or o, u C,. [ojcrasnsa pasnoxenus pemennii (2.1) B Kpaesbie yciio-

= a(x7t)gn(x7t) + B(x7t)cn(x7t) + gn- (25)

Bug (1.2) w mpupaBHUBAS B JIEBBIX M IPABBIX YACTAX IOJIYIUBIINXCS DABEHCTB
K03 MUIMEHTHI IPU OJMHAKOBBIX CTEIEHTX 0, [OJIYIaeM:

Co(0,t) = p(t), t >0; oo(x,0) =1(z), =>0. (2.6)
Ci(0,t) =0, t >0; 0i(x,0)=0, >0, i=1,2,... (2.7)

Takum obpazom, I KAk a0 mapel GyHKIHE ;, C; TOIyIaeTCs TOCTATOTHO
OJIHOTHUITHAS CUCTEMA YPAaBHEHUIT BUJIA:

oC(x,t)  Oo(z,t)

Ox ot

+ y(z,t)o(x,t) + v(x, t)C(z,t);

do(z,t)
ot

= a(z,t)o(z,t) + Bz, t)C(z,t) +g. (2.8)
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3. IlpeobpazoBanue K 3agadam I'ypca

Cucrembl ypasuenuii (2.2), (2.3), (2.4), (2.5) HeoOX01UMO UHTErPUPOBATH 110~
CJIe/JOBATEIBHO 110 Mepe BO3PACTAHUs HHAEKCa ¢. [Ipm sToM /1t KaxK 101l mapsl Ta-
KHUX ypaBHEHUIl y/I00HO BBIIOJIHUTH TAKOE MX 1IPeodpazoBaHue, YTo0bl 10y YU Th
KpaeBble 33/1a4i, OT/ebHbIe /I KOHIeHTpanuu u miaoTaocTr. C 9Toil messio,
npouddepennuposas cucremy (2.8) 10 ¢, nosyunm:

0?C 0?0(w,t)
8xat - atQ +’Ytg+’)’gt+VtC+I/Ct,
82

gg’ = a0+ ag + BC+BC +g. (3.1)

62
Mosicrasus g u3 sroporo ypasuenus (3.1) B nepsoe, nojiyunm:

92C B
orot

(v =B)Cr + (1t = B)C + (v — @)or + (v — ar)o — g
[loxcTaBisisg B 9T0 PaBEHCTBO 9; W3 BTOPOro ypapHeHus (2.8), OymeM HMeTh:

PC
oxot

(v—=0B)Cy+ v — B + By — )] C+
+ - t+aly—a)o+ (v —a)g — gl (3.2)

B pesyibrare moACTaHOBKE @; U3 BTOPOro ypasHeHus (2.8) B mepBoe mOJIydaeM:
Cr=(y—a)o+(v—-B)C—g, (3.3)
OTKY/IQ
Cm B (V B ﬁ)c + g
Y —a ’

[Moscrasssis 910 nOC/AEAHEE BhIPazKenue B (3.2), noyYuM ypaBHeHHe, COIEPKAIIEe
roJibko C:

Q:

92C oc  aC
o = —ags —boo +eC = Fe, (3.4)

[/ BBEJEHBI CJIe/Iyomme 0003HaYeHmst:

:’Yt—at+a; b=v—B; Fc:(%_at
v -« v -«

c=—|n—Bi+B—a)—(v-B)

a +7)9 — gt

ra)|. (35)

AHaTOrUIHO MOXKeT OBITH TOTyUeHo ypasHenue maisa ¢. C aroit menbio mpomndde-
pennupyem Bropoe ypasaenue (2.8) u nojacrasum B Hero 3uadenue C,, U3 1epBoro
ypasuenus (2.8). [losyanwm:

%0
o0x0t

= 0oy — for + (0 + 7)o + (B + BV)C + ga.
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A rak Kak w3 Broporo ypasenus (2.8) ciemyer

ot — 0o —g
c=2%"°20"9
B
ypaBHeHwue Jijisi 0 Oyjer uMerb BUJL:
%0 do 0o
— == — b — =F 3.6
0zt “or Mo Ta= e (36)
riae 0003HaYeHO
m=ai b=—-(3-v-)
a==|ator-aan)i £=-|Grng-al. 61

Takum obpaszom, ypashenusi (3.4) u (3.6) uiua C u o upejcrasisiior coboit j10-
CTATOYHO OJHOTHIHBIE TejerpadHble ypaBHeHus. KaX/0My U3 9TUX ypaBHEHHI
COOTBETCTBYET TOJBKO OJHO M3 KpaeBbix yciaoBuil (2.6) wim (2.7). Opnako s
OJIY YeHUsT €JMHCTBEHHOIO DEIIeHNs KayK/I0r0 U3 9TUX YPABHEHUIl OHOIO Kpae-
BOI'O yCJIOBUSI HEJIOCTATOYHO. JIjisi 10JlydeHus] HEeJO0CTAIOIEro KPAeBoro yCa0Bust
st byuxmun C' nosmoxuM B ypasuenun (3.3) ¢ = 0 u IpouHTErpUpyeM 0Ty IuB-
1Ieecsi ypaBHEHUe ¢ y4eroM Kpaeoro ycsosus (2.6) niam (2.7) mis 0. Ero obuwmm
pemrenneM Oyaer DyHKITHA

C(a.0) = exp (~ [ 19000) - v(0. 0}y )
" [’” | 106G0) = ata0)u(e) - el P00l gz (35)
0

[Tosarag B (3.8) = 0, ¢ yuerom (1.3) momyaaem D = 1(0). [Tosromy u3 (3.8)
OKOHYATE/ILHO LOJIydaeM BTopoe Kpaesoe yciosue Jyist dyukuun C:

O(2,0) = exp (— / “[8(4.0) — v(4.0)] dy> %
- [w<o>+ / “[(1(2.0) — oz, 0)b(z) — glels BwO—vwOlar) 4| - (3.9)
0

Awnasiornuno, mosiarast BO Bropom ypasuenuu (2.8) = 0 u unrerpupys 910 ypas-
Henue, ¢ yaeroM (1.3) mosyumm HemocTaroree KpaeBoe ycaIoBue it QyHKIUN O:

0(0, 1) = exp( /0 (0, 7) dr)x
X [cp(O) +/0 [B(0,7)p(T) 4+ g] exp(— /OT a(0, 2) dz) dr} . (3.10)

Taxkum obpazom, u g1 ypasaerns (3.4), u g ypaBaenus (3.6) BOSHUKAIOT O/HO-
TUIIHbIE KPae€Bble 3a/a9un Pypca C KpaeBbIMU YCJIOBUAMMU, 3a/JaHHBIMU Ha XapaK-
TepucTukax. B camom mene, mpamble £ = 0 ¢t = (0 gGBASIOTCS XapaKTePUCTUKAMUA
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Kak ypasHenus (3.4), tak u ypasuenns (3.6). dna ypasuenus (3.4) KpaeBbIMu
YCJIOBUSIME $IBJISIIOTCsL ycioBue (3.9) u

C0,1) = p(t), t>0, (3.11)

npuaem g seex C;(0,t), kpome Cy(0,t), Heobxoaumo mosarats p(t) = 0. s
ypasuenus (3.6) KpaeBbIMu yCi0BUsIMU ABAAIOTCA yeaosue (3.10) u

o(xz,0) =¢(x), = >0, (3.12)

npuyem i Beex p;(x,0), kpome go(x,0), Heobxomumo mosarars (x) = 0. o
HACTOSIIIIEr0 BpeMeHn HanboJjiee yHUBEPCAJbHBIM METOJIOM peIleHus 3ajad [ypca
JUtsd TejierpadHbIX ypaBHEHUl ocraercsd Meron Pumana. DTor Meros cocTout B
caeaytomem. st ompopomuoro auddepennuajibHOr0 ypaBHEHUsl, COOTBETCTBY-
forrero (3.6), compsizKeHHBIM B cMbIc/Ie Jlarpamnxka ssisierca auddepeHnuaabHoe
ypaBHEHUE

0% d(a1v) ~ A(byv)

et g+ o e =0, (3.13)
njm 82 8 a
v (v (v
e gy TG =0 (3.14)
e day b
_ Oay 1
=Sl S, (3.15)

®yuknueii PuMana HasbplBaeTCd 1BaK/Ibl HempepblBHO audepenmupyemoe
pemenue ypasuenus (3.14) v(xg,tg,x,t), yA0BIETBOPSIONIEE CAEAYIONIUM KDae-
BBIM yCJIOBHSIM:

v(xo, to, To, to) = 1;
ov ov
5t = —ay(zo,t)v(zo,t, 0, t0); —5— = —bi(z, to)v(z, to, zo, to).
=

oz
(3.16)

xo t=to

Eciu dynkrusa Pumana s ypasuenus (3.6) usBectra, To pemenne 3agaqu ['ypca
JIsl 9TOTO ypaBHeHus ¢ KpaeBbiMu ycaoBuamu (3.10) u (3.12) B mpousBosbHOI
rouke (z1,t1) umeer Buj [1]:

w(z1,t1) = u(xo, to)v(zo, to, 1, t1)+

+ /tt1 ’U(ZE(), t,x, tl)[q)/(t) “+ a1 (ZE(), t)q)(t)] dt+

0

+ /I1 v(x, to, x1,t1) [ () + b (@, to)(x)] do+

xr1 11
+/ / v(x,t,x1,t1)Fy(x, t)dt de. (3.17)
o to

Baech epe3 ® obosnadena mpasas dacTb paBerctsa (3.10); to u £¢g — Te 3HaUEHUST
t, x, upu KOTOPBIX 3ajaHbl Kpaesbie ycaosus (3.10) u (3.12); B gannom coyvae
to = 0, Trog = 0.



HEJIMHEIHAS 3AJTAYA ®UJIBTPOBAHUS 81

4. Ilocrpoenune dynkinuu Pumana

[Tocrpoenue dbyuknun Pumana g TejmerpadHbiX ypaBHeHU 0ODIIEro BUja
(3.14) upexcrasssier coboit JOCTATOYHO CJI0KHYIO M HE PA3PEHIEHHYIO /10 HACTOSI-
mero Bpemenu mpodjemy. QIHAKO CyIIECTBYET TAKOil IOJK/IACC YpaBHEHUN BUJA
(3.14), ayst koropwix dyukims Pumana moxker Obith nocrpoena. Peub uger o
TAKOM TOJKJacce ypasHenuii Buma (3.14), KoTopble mpeobpa3oBaHIEeM HCKOMOI

dbyukiun

o(z1) = w(z, HQ(, 1) (4.1
MOFyT 6])IT]3 HpI/IBeﬂeHbI K BI/Iﬂy
9w
5oy T Hw=0. (4.2)

Beimosiaus B ypasuerun (3.14) npeobpazosanue (4.1), morydamm:

Quyt + (Qr + a1Q)wa+
+(Qz + 01Q)wy + (Qut + 1Qz + b1Q¢ + hQ)w = 0. (4.3)

st roro urober ypasuenune (4.3) npunsiio Bug, (4.2), HeoOX0MMO, IPEXK e BCEro,
9100 (DYHKIUA () YIOBIETBOPSAIA ABYM AUMDMEPEHITNATBHBIM Y PABHEHIIM:

Qi +a1Q=0; Qr+0Q=0. (4.4)

Ob1miee perrenne Kaxk0ro u3 3TUX ypaBHEHUl eCTb
Qa.t) = Di(a)exp(~ [ ar(o.t) ) (15)
Qa.t) = Daft)exp(~ [ ba(a.t)do). (46)

g Toro arobsl ypasuenust (4.4) ObLIH COBMECTHBI, HEOOXOAUMO W TOCTATOTHO
‘ITO6bI BBITIOJIHAJIOCH PaBEHCTBO

Dy (z) exp(—/al(az,t) dt) = Ds(t) exp(—/bl(az,t) dx). (4.7)

U3 (4.7) cremyer
Dy (z)exp (—/al(az,t) dt + / bi(x,t) da:) = Dy(t). (4.8)
Huddepentupys pasercrso (4.8) mo z, mosrydaem:

[D’l (z) + (— / % dt + b1> Dl(x):| e(=Jar@dit[bu(et)dz) _

[Tocnemmee paBeHCTBO BO3MOYKHO JIUIIH IPU yCJIOBUI

Di(z) + <— % dt + b1> Dy(x) =0. (4.9)
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Ob6mee pemenne ypasuenus (4.9) ectsb

Dy(z) = By exp </< %dt—ln) d:z:>. (4.10)

IIpasas wacts paserncrsa (4.10) me 6ymer 3aBucers or ¢ (ubo D; or ¢ me 3aBucur),
ecJl ee IPOM3BOJHAs 1O t OyJer paBHA HYJIO, TO €CTb JIOJZKHO BBIIOJIHSTHCS
PaBEHCTBO

/<% _ %) dz exp (—/al(az,t)dt+/b1(x,t) dx) 0.

B cBoto ouepeib, moc/ie/iHee paBeHCTBO BO3MOYKHO JIUIIb [IPU YCJAOBUU

8(11 8()1 N
/ <% - E) 4z =0,

OTKY/Ia BCJIEJACTBUAE HENpPepbIBHOM juddepeniupyemoctu MyHKImMi a; u by ciie-
JlyeT HEODXOJMMOE U JIOCTATOYHOE YCJIOBUE TOrO, 9TODBI OJHOPO/IHOE YpPaBHEHUE,
COOTBETCTBYMOIee ypaBueHuio (3.6), Moryio ObITh IpuBeIeHO K BuLy (4.2):

8(11 o 8()1
=5 (4.11)
3 (4.11) caeayer:
oby
ay(z,t) = B dx + x1(t); by(z,t) / dt+x2 ). (4.12)

[Mojcrasisis 3uadenne by uz (4.12) B (4.10), nouaydum:

Di(z) = By exp (- / o (@) dx> .

Hakowen, nojgcrasus B nepsoe pasencrso (4.5) sro 3nadenue Dy u a; u3z (4.12),
LOJIy9UM BBIpazKeHue s GyHKIun ()

Q(z,t) = Eyexp (—/Xl(t) dt — /bl(az,t) da:) . (4.13)

Ypasuennio (4.3) Oyger coorBercrBoBarh ypashenue (4.2), eciu

H = th“_a‘le_‘_let—{_hQ. (414)
Q
[Moncrasus (4.13) B (4.14), ¢ yuerom (4.12) nosuyqum:
H = —% —aiby + h.
Ox

Orcrona u pasercrs (3.15) u (4.11) ciexyer:

Hzai—alb1+cl
ox
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IIO3TOMY

cp=H— % + a1by. (4.15)

Takmm obpasom, pasencrsa (4.11) u (4.15) gBigioTcs HEOOXOJUMBIME U JOCTa-
TOYHBbIMU yCJIOBUAMMU JIJjId TOI'O, ‘ITO6bI conpdzkennoe ¢ OAHOPO/JIHbIM yDABHEHUEM,
coorBercrByomuM (3.6), ypasuenue (3.14) moryio 6bBITH peoOPa30BaHO K BUILY
(4.2). Touno rakum ke obpazom K Buy (4.2) MoxKer ObiTh 1PeOOPA30BAHO ypaB-
HEHKe

0%v v ov

rae
hy =2+ = +c (4.17)

COIPSIZKEHHOE B CMbICsIe Jlarpanzka € OJHOPOJHBIM YDaBHEHHEM, COOTBETCTBYIO-
mum (3.4). g sroro B ypasuenuu (4.16) HEOOXOTMMO BBIMOJHUTH IPeobpa30-
Banue (4.1). I rorpa ayist Toro urober npeobpazosanue ypasienus (4.16) k Buy
(4.2) 66110 BO3MOXKHO, HEOOXOAUMO U JTOCTATOIHO, ITOOBI OBLIH BBIIOJTHEHBI YCIO-
BuU4d

da  0b oa

—=—; ¢c=H—— +ab. 4.18

ox Ot ox (4.18)
Tpebyemoe mis moctpoenus dbyukipn Pumana pemrenne ypasaerusi (4.2) mpu
H = const orbickusaercs ussecrubiM crocobom [1, 4]. C 910ii nesbio perienue

ypasuennusg (4.2) umyt B popme
W(l',t,fbo,to) :w(z)’ (419)

rjue

2 =2v/H(x — x0)(t — to). (4.20)

B pesysbrare Bbiiosnenus npeobpasosanus (4.19) ypasuenue (4.2) npusogurcs
K ypaBHEHHIO Becceysi Hy/JeBOro MOPsiKA, OIPAHMYEHHBIM PEIIeHHeM KOTOPOIro
sBJisiercd PyHKIus

w(z) = C(xo,t0)Jo(2), (4.21)

rae Jo(z) — dynkums Beccenst nynesoro nopsaka. Ilosromy, Hanpumep, pemenue
ypasuenus (4.2) umeer BUT:

U(l‘, t, o, to) = C(l‘o, to)Jo(Z\/H($ — wo)(t — to))X

X exp (- / a(t) di — / by (2, 1) da;>. (4.22)

13 (4.22) u nepsoro kpaesoro yciosug (3.16) ciaexyer:

(4.23)

T=x0
t=to

(0, t0) = exp ( / (b dt + / by (2,1) dx)

Bamerum, uro jyist byakuuu @ vHapsay ¢ npejcrasiaennem (4.13) cnpaseiuso
TaKKe PABEHCTBO

Q1) = Ey exp <— / yo(x) dz — / a1 (2, 1) dt> . (4.24)
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He cimmkom c1oxHO mpoBepuTh, 9ro dbyuKinug (4.22) mpu 060M 3HAUEHUN
C(xg,to) yaoBaersopser BTopoMy u Tperbemy Kpaesbim ycsaoBusim (3.16). Takum
obpazoM, dbyuknueit Pumana qis ypasaenus (3.6) Oymer dbyHKIma

v(x,t, z0,t0) = exp (/ x1(t) dt + /bl(aj,t) dm) X
T=x0
t=to

x Jo(2\/H(x — x0)(t — to)) exp (—/Xl(t) dt — /bl(x,t) dx) . (4.25)

CanenoBaresibuo, pemenus 3aja4 Lypca s ypasaenusi (3.6) ¢ KpaesbiMu ycJio-
Busimu (3.10) u (3.12) npeacrasasiiorcs dopmysoit (3.17), B KOTOPYI0 B KauecTse
dbyuknun v ciaexyer noacrasaaTh Gynknuio (4.25). CoBepIneHHO aHATOTUIHO MO-
xker ObiTh mocrpoena pyHkuus Pumana jis ypashenus (3.4) npu ycaoBuu, 410
compsizKeHHOe B cMbIc/e Jlarpamxa ¢ coorBercTByomuM (3.4) 0THOPOTHBIM ypaB-
HenueM ypastetue (4.16) rakxke moxker ObITh HpUBEJEHO K Bujy (4.2).

5. Monudukanma MeToaa

Kazanoch Obl, ONUCAHHBIA METOJL O3BOJIAET OJHOCTBIO PEIIUTh KPAEBYIO 3a-
nady reopun dbussrposanuns (1.1), (1.2), (1.3). OgHako npuMeHeHre T0ro MeTojia
HATAJKUBAECTCS Ha 3HAYUTEbHBIE 0CIOKHEeHUs . /1e10 B ToM, 9T0 KO3(hDUIueHTh
ypasuenuii (3.4) u (3.6) cBssanbl ¢ ko3 dunmenramu cucremsr (1.1) nepsbivu
TpeMsi paBeHcrBamu (3.5) m mepBeiMu Tpems pasencTBamu (3.7). Takum obpa-
30M, €CJIM BEJUIUHbI 4, b, ¢,al,bl, cl BeIOpaHbl U3 yCI0BUST IPUBEIECHUS yDPaBHE-
mnit (3.14) u (4.16) x Buxy (4.2), maa ompenesrenus deTeipex KoddduimenTosn
cucremsbr (1.1) a, 3,7, v nojaydaercsa cucrema u3 mecTu ypaBHeHUid, TO eCTh nepe-
olpe/ieJIeHHas CUCTeMa. B IpUHIUIIe BO3MOXKHO K 9TOi CHCTEMe U3 IIeCTU ypaB-
HEHUI C 9eThIPbMsS HEM3BECTHBIMU JI00ABUTH yCa0BUs coBMecTHOCTH. OHAKO 911
YCJIOBHSI COBMECTHOCTH CYIIIECTBEHHO Cy34T Kjacc cucreM (1.1), pemmaeMbIx TakuMm
METOJIOM.

[Tosromy 3j1eCh HpeIaraercs HEeCKOJbKO MHOM MOJX0J, K PEIIeHUI0 JaHHO
po0/IeMbl. DTO IPEJJIOKEHNEe COCTOUT B TOM, YTOOBI PACCMATPHUBATH IIPUBEJIe-
nue K npobsieme I'ypca 3a/1a4mn 0 HAXOXK/IEHUN TOJIBKO OJIHONW MCKOMOM (DyHKIIWN:
kouuenrpanuu C wim mwioraocru g. Ilycrs opna u3 srux dyHkiuit HaiijgeHa, Ha-
npumep o. Torga kourenrpaiusa C MoxkeT ObITh HaiijleHa KaK pelleHne 3aadu
Ko g nepsoro ypasuenus (1.1), B npaByio 4acTh KOTOPOIrO 1M0/CTaB/IeHA HAfi-
nenHasg (QYHKIHS 0, C HAYAJIBHBIM YCJIOBHEM B BuJe mepBoro pasexcrsa (1.2). B
9TOM Cciydae s orbickanusi C' BooOIe e rpedyercs crpoutsb MyHKImM0 Pumana,
[IO9TOMY KJIACC 3aJ1a4, pa3pelIuMblX STUM METOJ0OM, CYIIECTBEHHO PACIIUPAETCH.

Taxum 00pa3oM, IPEJJIOKeH CJIe/ Iy Ol aJTOPUTM IOCTPOEHM ACHMIITOTH-
YECKOT'O PAa3JIOKEHMs PEIIeHNs KPAEBbIX 3a/a49 Teopun (puibrpoBaHusi. 3j1eCh Oy-
JIET OIKMCAH AJITOPUTM, UCHOJIB3YIOMmuil (pyHKIumr PuMana Ji/1s OTBICKAHUS TOJIBKO
dbyuxnmit 0. AnropurM, ncnonbsytomuit pyuknuun Pumana 1y OTbICKaHUS TOJIb-
KO dyHKuit C', CTPOUTCS COBEPIIEHHO AHAJIOMUIHO.

Ha ocHoBanuu coobparkeHuil, MIPUBEJIEHHBIX B HAYAJIE CTATHU, PEIIEeHIe KPae-
Boit 3aga4u (1.1), (1.2), (1.3) orbickuaercs B Buge (2.1). dna kosddunuenros
pazsioxkennus (2.1) mosydarorcs cucreMbl auddepeHnuaabHbIX ypaBaernit (2.2),
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(2.3), (2.4), (2.5). B cucreme ypasuenwuii (2.2) 1js1 GyHKIUA 0 HOTYyIAOT ypaBHE-
uue Buja (3.6), B koropom B ganuom ciydae F, = 0. Kpaesbivmu ycioBusivu st
00 Ha XapakTepuCTUKax sapjgiorcs yciaosus (3.10) mpu g = 0 u (3.12). 3arewm,
UCIIOJIB3Ysl TIEPBbIE TPU PaBeHCTBa, (3.7), TO eCTh PaBEHCTBA

ag=a; b=—pF—-v—=); c1=— ax+6’y—a(%+u) , (5.1)
[IPOBEPSIIOT, CYIIECTBYIOT Ji Takue (byHKIUU a1, by, €1, YAOBIETBOPSIOIIUAE J10-
nosiHuTesibHO yeaosusm (4.12) u (4.15) upu upoussosibHOM 1ocTosinHOM H, uro
paBeHcTBa (5.1) BBIIOIHAIOTCH.

Ecimu rakux dpynxnuit He CymiecTByeT, JaHHBIR METOJ, 110 KpaliHeit Mepe Jijis
dbyuKIUY 0, HE TpUMeHUM. B 9TOM citydae cjieyeT MONbITAThCs BBIIOJTHUTD TY 2Ke
upouesypy ornocuresbuo ypasuenus (3.4) ayst C. Mbl gasee npejosaraem, 4ro
rakue (pyHKIWE a1, by, ¢l cymecrByor. B 93T0M Cilydae OMMCAHHBIM BBIIIE CIIOCO-
6om crpourcs dbynknusa Puvana (4.22) u nonyvaercs pemenue 3agaun [ypcea st
dbyuknun g B Buse dyuknuu (3.17). 1o 3HAUEHHE Q) TMOJCTABISIETCI B IEPBOE
ypasuenue (2.2), 1moc/e 4ero s 9TOro ypaBHEHUsl HAXOJUTCS PEIIeHue 3a/1a4u
Komm ¢ Haua/jbHBIM yC/IOBUEM B BUJIE IEPBOrO paBeHcTsa, (2.6):

Co(z,t) = exp </Oxfu(y,t) dy> X
x [go(t)+ /0 ’ (—890822’15 (2, 1) 00(2, 1) exp(— /O o) dy> dz} . (5.2)

Barem paccmarpuBaercs cucreMa ypasHenuit (2.3). Tak kak koadbdurmenTsr B
cucreme (2.3), a Takxke B cucremax (2.4) u (2.5) 01MHAKOBbI, ypaBHEHUS /IS Q
B 9THUX CUCTEMAaX MOT'YT ObITH pernenbl Merogom Pumana. B wacrtnoctu, gaig o1 B

COOTBETCTBUM C KpaeBbiMu yciaoBusiMu (2.7), B Koropbix ¢(t) = 0 u ¢(z) = 0, no
(3.10) mmeewm:

B(t) = 01(0.£) = exp < /0  a(0.7) dT> /O (Fexp (- /0 " (0, 2) dz> dr. (5.3)

[Tosromy no dhopmye (3.17) noayqaem, 4aro

Ql(l‘l,tl) = /ttl U($0,t,$1,t1)[q>/(t) + a1($0,t)<1>(t)] dt+

0

+/: /t:lv(a:,t,xl,tl)(f)(a:,t,)dt de. (5.4)

[Moxcrasisis 910 3HaYeHUE 01 B 1epBOe ypasHenue (2.3) u pemas /i Hero 3a/1ady
Kommu ¢ HyeBbIM HaIaIbHBIM yCIOBHEM (2.7), MOTydaeM:

Cyi(x,t) = exp(/om v(y,t) dy)x
X [/Ox (— 8@18(;,15 +7(z,t)01(z,t) exp(— /Ozv(y,t) dy> dz} . (5.5)
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i cucrembl ypaBaeHnit (2.5) ¢ IpON3BOIBHBIM 3HAYECHIEM HHJIEKCA 12 CHOBA CBO-
M 3a1aay s byHknun 9, K upobseme I'ypea u 1o dopmyse (3.17) noryuaem
ee peleHue:

on(x1,t1) = /ttl v(zo,t, 21, t1)[®(t) + a1(wo, t)®(t)] dt+

0
T t1
+/ / v(x,t,z1,t1)gn(x, t,) dt de, (5.6)
T to

rje

D(t) = 0,(0.8) = exp(/o a(0,71) dT)/O 9n(0,7) exp(— /OT a(0,z)dz)dr. (5.7)

Iloncrasas 3uadenue o, u3 (5.6) B mepsoe ypasmemnue (2.5) u pemas s HETo
sayady Komm ¢ HysieBbIM HadabHbIM ycsioBueM (2.7), mojydae:

Cp(z,t) = exp(/ox v(y,t) dy)x

X [/0 (—8937(752’15—1—7(2,15)&)”(2,& exp(— /Ozv(y,t) dy> dz]. (5.8)

Takum obpasom, dpyuknuu g, u C, MOryT ObITb BBIYUC/IEHBI Jjisi JIEOOOIO 3HA-
TeHWA WHIEKCA 1. 3aMETHM TaKKe, 9TO BCe (PYHKIUHU 0, u C), TpeacTaB/IsioT
coboit uaTerpaJsbl or HenpepbiBubix dyHkiui. [Ipu sTom dyuxmuu g, dBisgoTCH
[IOJITMHOMAMU OT HEIPEPBIBHBIX (DYHKIUil. DTO 3HAYUT, UYTO [PU KOHEYHBIX & U T
dbyukuuu g, u C), gaBasiorcs orpannuennbivu. Crenosaresibuo, pasaoxkenus (2.1)
SIBJISIFOTCS acCUMITOTHIecKuMu. OTMETHM TakzKe, 9T0 paBeHCTBa (5.1) MOryT OBITH
UCIIOJIB30BAHBI JIjIsi CAHTE3UPOBAHUSI TAKUX CUCTEM YypaBHEHUI Teopun pusibrpo-
Bamud (1.1), KOTOpBIE MOTYT OBITH IPOUHTErPHPOBAHBI ITPE/TIOKEHHBIM 376Ch CIIO-
cobom. JIjist 9T0ro J0CTarouHo 3ajarh (GYHKIUU a1, b| U €1, YIOBJIETBOPSIOIIIE
yenosusim (4.12) u (4.15), a 3arem no dopmynam (4.20) BeraucanTs Kodhdum-
eatsl cucteMmsr (1.1). IIpu srom, yunTeiBag ToT dakt, uro ypasuerunit (4.20) Tpu,
a ko3 durentos cucrembl (1.1) yerbipe, BbIsACHSIEM, UTO KJIACC yPABHEHUH TEO-
pun pUIbTPOBAHUS, PEIIaeMbIX MIPEJIOKEHHBIM METOJ0M, $IBJIA€TCI JOCTATOYHO
OOIIUPHBIM.

Hukakux npuHIUNIUAIBHBIX TPYIHOCTEN He BO3HUKAET TaKKe MPU PEeIIeHun
KPaeBbIX 3a/lad Teopun (DUIBTPOBAHKS, B KOTOPBIX [IPABbIE YaCTH KPAEBBIX YCJI0-
Buit (1.2) mpencTaBisior cobOil pa3/IOKEHNs [0 MAJTOMY ITaPaMeTpYy.

6. ITpumep

Paccmorpum cucremy ypaBHeHuit

oc 0 1
9 =g | THEP(-a +cosa) +att 4 sint| o+
1
+ exp(§$2t2 —cosx)C;
do

5 = (2%t 4 sint)o + e:x;p(%yczt2 —cosz)C +esin(pC) (6.1)
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¢ kpaespiMu ycsosusivu (1.2) u (1.3). 3necs H = const. B cucreme (6.1)
2 . L 20
alz,t) =zt +sint; [z, t) =v(x,t) = exp(ix t* — cosx);
1
y(z,t) = —H exp(—§x2t2 +cosz) + z’t +sint. (6.2)
[Tosromy mo dhopmyaam (3.7) morydaem:
ar(z,t) = 2t +sint; by(x,t) = xt? +sinz; x1(t) =sint; xa(r) = sinw;
ci(x,t) = H — 2xt + (2t + sint)(zt? + sinz). (6.3)
Herpyzano nposeputs, uro yemosus (4.12) u (4.15) maa dyskmuit aq, by, ¢; BbI-
noJsiHstoTcs. Perenune paccMarpuBaemMoii KpaeBol 3a/1ad1 CTPOUTCS B BUJE Das-
noxkenuit (2.1) u 1 K03hOUIMEHTOB TUX PA3IOKEHIH 0Ly YatOTCs yPABHEHI
(2.2), (2.3), (2.4), (2.5) ¢ kpaeBbimu ycaoBusivu (2.6), (2.7).

Hasee B cucreme ypasuenuii (2.2) 3a1ada 1y QYHKIUT 09 CBOIUTCS K 3a1ate
Cypca nns ypashenus suga (3.6), KOTOpoe B JAHHOM IIPUMEPE IPUHUMAET BUJL:

%00
0xot

. 8@0 . aQO
2 2
— (2"t +sint)—— — (xt* + sinx) t+

+ [H — 22t + (2%t +sint)(zt® +sinz)] 0o = 0. (6.4)

Kpaessle ycioBus nia ypasaenns (6.4) mosywatorca u3 (2.6) u (3.10) u umeror
BUJI:

2o(z,0) = ¢(z), =>0;
00(0,t) = exp(/ot sin T dr) [@(0) + /Ot[e_lcp(T) exp(— /OT sin z dz) dT:| . (6.5)
[Tocsie Bbruncienuit
00(0,t) = exp(1 — cost) [cp(O) + /Ot[e_lcp(T) exp(cosT — 1) dT:| . (6.6)
Teneps mo dhopmyte (4.25) crponm byukimio Puvana:

1
v(z,t,xg,tg) = exp(iazgtg — cos g — costy)X

1
X Jo(2v/H (x — x0)(t — tg)) exp(—§x2t2 + cosx +cost). (6.7)
C ydgerom Toro, uro B manuHoMm mpumepe tg = 0; z¢g = 0, u3 (6.7) morywaem:
1
v(x,t,0,0) = e 2Jy(2V Hut) exp(—§$2t2 + cosx + cost). (6.8)
[Tosromy ¢ momorpo dhopmysts (3.17) morywaem:
t
oo(z,t) =1 (0)v(0,0,z,t) +/ v(0,t1,2,t)[06(0.t1) + sinty00(0, t1)] dt1+
0

n / " o1, 0,2, O (21) + siner (a1 der, (6.9)
0
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npudem 3uavenns v u 0o(0,t) crexyer noxcrasaars B (6.9) w3 (6.6) u (6.8). IToce
sroro 1o dopmyie (5.2) sorancasiem Co(z,t):

Co(x,t) = exp </Ow exp(%yzt2 — cosy) dy> |:<p(t) + /om <—%+

1
+ <—H exp(—izth + cos z) + 2%t + sin t) oo(z,t) ) X
z 1
X exp (—/ e><p(§yzt2 —cosy)dy > dz] . (6.10)
0

Barem nepexojum K perienuto cucrembl (2.3) upu Kpaesbix ycsosusx (2.7).
s sroro, 3amerus, uro B paccmarpusaemom mpumepe (f) = sin(og Cp), 1o
dbopmysie (5.3) mosmyuaem:

t
01(0,%) = exp(1 — cost) / sin(oCop) exp(cos 7 — 1) dr. (6.11)
0

[Tosromy mo dopmyite (5.4) moaygaeM, 9To:

t
o1(x, 1) :/ v(0,t1,2,)[07(0,t1) + sint101(0, )] dt1 +
0
x t
+/ / U(l‘l,tl,l‘,t) Sin(gooo)(l‘l,tl)dtl d:El. (6.12)
0 0

Hasee o dopmyie (5.5) nonyqaem:

Cy(z,t) = exp </ exp <1y2t2 — COs y> dy> [/ (_ agl(z,t)+
0 2 0 ot

1
+ (—H exp (—izztz + cos z> + 2%t 4 sin t> 01(z,t) ) x

X exp (—/ exp (%yztz — cos y> dy>> dz} .
0

[Tocie 3TOro0 aHAJOTMYHBIM OOPA30M MOXKET OBbITH IMOJIYYEHO MPHU KPAEBBIX
ycoBusix (2.7) pemenne cucrembr (2.4) u Boobuie cucremst (2.5) 10 1106010 3Haqe-
Hust unekca n. Cre0BaTesibHO, IPe/I0KEeHHbII MeT0] MOKET ObITh UCIO/Ib30BAH
JUIst TIOJIyYeHUs] ACUMIITOTUYECKUX DAa3/I0KEHUI J0CTATOUHO IMIUPOKOrO KJIacca
HEJIMHEMHBIX KPAEBbIX 3a/iad Teopuu (PUAbTPOBAHUSA C HEPEMEHHLIMU IaPaMeT-
paMu GUIBTPYIONIUX 3/IEMEHTOB.

7. BeiBoabI

Takum 00pazoM, MOCTPOEH METOJ, PEITeHNs HETNHENHBIX 33,184 (DUIBTPOBAHUS
c nepeMeHHbIME KO3ddurmentamu B guddepennnaabublX yPaBHEHUAX. DTOT Me-
TOJT MOZKET OBITh MPUMEHEH K DENTEHUI0 HeJIMHETHBIX 33149 (DUIHTPOBAHMS C TIPO-
U3BOJIbHBIMU HEJIMHEHHOCTAMHU, [IPU YCJIOBUM, YTO STU HEJUHEHHbIE YJIEHBI JOIYC-
kafor npejcrasienue suja (1.4). Torpa Mozker ObITh MOCTPOEHO ACUMITOTUIECKOE
pa3JIozKeHUe PelleHns 3a/a49u 10 MaJIOMy [TapaMerpy.
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Orbickanue KO3(pDUIUEHTOB aCUMITOTUYECKOTO PA3/I0KEHUS CBEJIEHO K pe-
meHuio JiByx 3aja4 Lypca. OgHaKO B cjaydae nepeMeHHbIX KO(M(MUIUMEHTOB B
nuddepeHIuaibHbIX YpaBHEHUAX (DUIBTPOBAHUS STOT METOJ, MOYXKET OBbITh IMpU-
MEHEH JIUIIb TOrJA, KOUa KOIMMUIMEHTHI B yDABHEHUSIX YIOBIETBOPAIOT YC/IOBU-
s (4.11), (4.15) u (4.18), Tak KaK TOJBKO IIPU BBIIOTHEHUN STHX yCIOBUil (DyHK-
nug Pumana moxker ObITH OCTPOEHA, CYIIECTBYIOMMMEU Merojgamu. B nporuBaoM
caydae Jiid nocrpoerus (pyHKIME PruMana 10oKHbBI UCIO/IB30BATHCS JIPYTHe Me-
TOJIBL.

OjHako ymajoch MOKa3aTh, UTO JIOCTATOYHO HOCTpouTh dyHKimio Pumana
TOJIBKO [1j1si OTHON 13 uCKOMBIX (byHKImit. B sTOoM ciryuae sTa uckomas pyHKIus
OTBICKUBAETCSI C MOMOIIBIO MeTo/ta Pumana. OTbiCKaHue JAPyroit nuCKoMoit ¢dyHK-
[IUU CBOJINTCH K pelreHuto 3aja4uu Kormu.

[Tosrydeno B siBHOM B/ aCUMIITOTUIECKOE PEIIeHIe HeJIMHEHOM 3a/1a9u (hujib-
TpOBaHUA C repeMeHHbIMU KO3 durmentamu B uddepeHuajibHbiX ypPaBHeHU-
six. JlokazaHo, 9TO MOJIyUEHHOE PA3/I0KEHUE PEIIeHUsl JeHCTBUTEILHO SIBJISIETCS
ACUMIITOTHIECKUM.
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