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B YACTHBLIX IIPOM3BOMHLIX C IE€PEMEHHLIMU
KO PpunmeHTaMu
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B Teopum perynsapHBIX ocoGeHHOCTel OOLIKHOBEHHBIX au¢dhepeHInaIbLHEIX
ypaBHeHU U3BECTHO, YTO CYIIECTBYIOT PelIeHUs NpeJCTaBUMEIE B BHUAE CXO-
INAIMXCSA CTeNEeHHBIX panoB [1]. Ilnsa uccie1oBaHUA aCUMIOTOTUUYECKOTO IIOBE-
NeHUs pelleHUI TaKMX CUCTEM MCIOJb3YIOT METOIbLl PEelIeHUs CUCTEM C Ma-
JBIM apaMmeTpoM [2].

PaccMmoTrpuM cucremy, kotopas B MaTpuuHo#i ¢popMe 3anmcu mMeeT BUI

ou ou ou
x<Ea—x+115;+I2£> —A(:I:,y,z)u, (l)

u(x,y,2) — UCKOMLIHA BeKTOp cronben, T,y,2z — He3aBUCHUMBble IepeMeHHbIe,
FE — emunuunasn, I, I — HeBLHIpOXKAeHHbLIe IOCTOAHHLIE MaTpUULl. A(x,vy, z) —

rosioMmop¢Hsle B nojumuiauaape P = {(z,y,2):|z] < r, |y| < r1, |2| < 72}
o0

QYHKIMM, U1 KOTOPLIX CIpaBelIuBO pasioxenue A(r,y,z) = Y FAx(y, 2).
k=0

PaccMmoTrpuM cayuail, korga riaBHLIH YJ€H 3TOro pa3jIodKeHUS TOXK-
IECTBEHHO paBeH HyJN0. B aToM ciydae pa3mejuB MaTpHUUYHOE YypaBHEHUE

(1) Ha T mOJIyUYMM MaTpUUYHOE YpaBHEHMe, pellleHne KOTOporo 6ylaeM MCKaThb
B BUIE:

u(z,y,z) = Yy _ POy (y, 2). 2)
k=0

IToncraBuB pan (2) B mojlydeHHOe ypaBHEHHME, CPABHUB KO3()PUIMEHTELI

IpU CTeleHAX T ompeneiuM GyHKUUIO p(y,2) M MOJNYUMM peKypPpPEeHTHOE CO-
OTHOIIIEHUE

kEu, + I 8%’;—1 + Igauk_l = Z Ar_i1qu, k=0,1,... (3)

N3 (3) mpm k& = 0 monyumm, uro p(y,2) = 0, a uo(y, 2) — IPOU3BOILHLIMH
BeKTOp cTonben. CxomumocTh pajga (2) DOKa3LIBAIOT METOAOM MaxKopaHT [3].
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PaccMoTpum tenmepnh cayuaii, korma Ag(y, z) # O, O — HyneBasa MaTpuIa.
B asToM cnyuae pemenus (1) 6yaeM CTpOUTEL B BUAE CleAYIOMEro CTENeHHOro
pana:

u(z,y, z) = Z :Bk+p(y’z)uk(y, z,8),s =Inc. (4)
k=0

[TogcranoBka pana (4) B MaTpuyHoe ypaBHeHue (1) M NMpUpaBHUMBaHUE
HYJII0 KO3 QUIMEHTOB NPU CTENeHAX T, IPUBOAUT K COOTHOMIEHUAM

0
(p(y, 2)E + Aoy, 2))uo + E—2 =0, (5)
8uk (9uk_1 auk—l
((k+p)E + Ap)uk + E—g + I 9 + I 5,
dp 9y k—1
+Inzx Il—a—;-{-lz-a—z- uk_1+ZAzuk_l, k=1,2,... (6)

[=0

Y paBaenne (5) pemum cienyiouum obpasom. JlomycTum, UTO NEpBLIA
koapoumment paga (4), T.e. up(y, z,S) He 3aBUCUT OT IepeMmeHHoro s. Ilo-
TydaeM cHUCTeMy, KOTOpas MMeeT HeHyJieBoe peiienue, korga det(p(y, z)E+
Ao(y,z)) = 0. D10 ypaBHEHME OTHOCUTENbHO p(Yy,Z2) SABJIAETCA ypaBHEHUEM
yeTBepTOU cTeneHu U uMeeT B obIIeM ciyuae deTbipe KopHs. M3 (5) BuaHo,
4YTO BEKTOPHI Ug(y, 2) ABIAOTCA COBCTBEHHLIMM BeKTOpaMu MaTpuusl Ao (y, z),
COOTBETCTBYIOIMUE COOCTBEHHBIM 3HaueHuaM py (v, z), p2(v, 2), p3(v, 2), pa(y, 2).
[IpeanonoxuM, urto ecau p;(y, 2) u p;(y, 2) kakue 16O KOPHSA, TO B MOJIULU-
muaape P au6o p;(y, 2) = pi(y, z), mubo p;(y, z) # p;(y, z).

3 pexkypentHOoro coorHomeHus (6) mociieroBaTesIbHO ONpeNeNuM BCe
ko3 hunMenTHl paga (4), ecau tonsko det((k + p(y, 2))E + Ao(y, z)) # 0 mnsa
Bcex k. Ecnu coberBennnie 3uauenus Ao(y, z) pa3jIMYHbl, OHM CaMU M UX pa3-
HOCTU He ABJAIOTCH IeJLIMU UnciiaMi, TO B cucteMe (6) mius Bcex k u p(y, z)
cymecTBYIOT ((k+p)E + Ag)~! u Bce koadpduumenTr! psna (4) onpenensoTcs
o 3adaHHOMY Ug(Yy, 2).

MeTonoM MakOpaHT HOOKakeM cxoauMmocTh psaga (4). Cnpaseanusa
onenka [3]

T1

Ay, ) < AFl M2yl < 3

T2
—. 7

MeTo oM MaTeMaTU4YEeCKON MHAYKIUKA HOKAXKeM, 4TO 1A KO03bGUIUEeHTOB
pana (4) cnpaBelyiMBa CleAyIOIas OLEeHKA:

luk(y, 2, s)| < U*|y|~*|2|7F|s|". (8)
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IIpu k = 0 onenka (8) cmpaBeanuBa, Tak Kak ug(y, z) moaOUpaeM HpPOU3-

BOALHO. 3 pekyppenTHOro coorHomenus (6), socnonb3opasmuck (7) u (8),
OJIy4YaeM OLEHKY

e k—1ri+ry Orire 4e

rae |o-| < ¢, korma 0 < z < 1, 0=max|—g-§-+g§ :

[loctoannyio U BribepeM Tak, 4TOOBI BhIpaskeHue B ckobkax (...) u3 (9)
OBbIJIO MeHbIlle e IMHUILI. DTO HPU JOCTATOYHO OOJBLMUX k BO3MOMKHO M TeM
clpaBeNIMBOCTL oueHku (8) mokazana. IlonyueHHas oueHKa rapaHTUpyeT
cXomuMOCTh pafa (4) koraa 0 < z < min{=F=2,r,1}, |y| < B, |z| < Z2.

3aMeTuM Takke, 4YTO K02 PUIMeHTLI psaaa (4) OTHocheano e pEMEHHOTO
S ABAAIOTCA nojauHomaMu. Ilycts

k
£Y,2,8) = M rurki(y, 2). (10)
[=0

Iloncranoska (10) B (6) ¥ cpaBHMBaHUe KO3()(PUIMEHTOB NPU OLUHAKOBLIX

CTENeHAX § NPUBOIAUT K COOTHOIIEHUAM IJs ONpenesieHUsa Kod(pPUIMeHTOB
nonuHoMa (10)

OUg— 15— Ouk 15—
((k+ P)B + AoJurk—t + Bupei(k — 1 +1) + [ — 252 4 [, 2t 0
J 0z
Op Op l
<I1 ay + IZ@) Uk -1k—-1-1 — nZlAnuk—nk—l — O, | = ]-a 27 crey k— 17
Op Jp
(k+p)E+ Ao)ukk + | [1 =— 3y + 128 Ug—1k—1 = 0, (11)

Oup Ou
((k + p)E + Ao)uko + ur1 + I gy1°+ o ZAnuk no =0,

k=1,2,...

N3 (11) Bce ugk—i(y, z) onpenensoTcs OQHO3HAYHO IO 3aJaHHOMY Ugo(y, 2),
KOTOPELIA ABJIfAeTCA NPOU3BOJbHON rojioMopdHO#N dyHKUMEN MepeMeHHBIX |y U
z, ecnu Toabko det((k + p(y, 2))E + Ao(y,2)) #0, k=1,2,....

Tenepr paccMoTpuM ciayudalt korga cpeau coOCTBEHHBIX 3HAUYeHUU UMe-
I0TCA Lesiounciernnele. B aToM ciaydae He co BceMu k cymectytoT ((k+ p)E+
Ao)~! u u3 pekyppentHoro coornomenusa (6) maittu Bcex uk(y,z,s), k =
1,2,... weBoamoxkHo. Ilycts pi(y,2) + 1 = pa(y,2z). Torma (p1(y,2)E +
Ao)uo(y, 2) = 0, uo(y,2) = u®(y,2) u us (6) monyuaem ypasHeHHE, KOTOpOE
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pemuThL HeJb3s Tak Kak det((p1(y, 2)E+ Ao(y, 2)) = det((p2(y, 2) E+ Ao(y, 2)) =
0. I[lonoxkum B (6) kK =1 u nonyuaem

Ou,y ou Ou 0 0
((1+p)E+Ao)u1+E—a— +hg” o+ L=+ (] az +1 6’) Yuo — Ajug = 0.(12)
Pemenuit storo ypaBuenus 6yneM UCKATL B BUIE
uy = uy2(y, 2)8° +u11(y, 2)s + uio(y, 2). (13)
IToncraBus (13) B (12), monyvyaeMm cucremy
(pQE + Ao)u12 = 0, (14)
(2E + Ag)ury + 2uts + (L + 1,22} wg = 0 (15)
P2 0)U11 Ui2 1 By 25, Uo = U,
0 0
(p2 B+ Ap)uio + w1 — aquo + I auo 12-—u-9 = 0. (16)
Y 0z

Pemenunem ypasuenus (14) sBnsercsa cobcTBeHHLIN BekTop uy(y, z) cooT-
BeTCTBYIOIUYN cobcTBeHHOMY 3HaueHUIO po(y, 2). Ilycts uis = c(y, 2)ud(y, 2),
|ud(y, 2)| = 1, c(y,2) — HekoTOpas HPOM3BOJNLHAA TONOMOPOHAS YHKIMSL.
IToncrtaBuB monyueHHoe pemenue B (15) BUAMM, 4YTO 3TO ypaBHEHME pa3-
peliuMO eclIy ee MpaBas 4YaCThb OPTOrOHAJILHA pPEUIeHUSIM CONPKEHHOIO
ypaBHenusa (poF + AY)w = 0. ¥Ycnosue paspemumoctu (15) ¢ = %(Ilg-s +
Ig%f)(w, u3), pemenue uyy = cius(y, 2), |ud(y, z)| = 1, rae ¢ (y, z) — HekoTOpAas
Npou3BoJbHaA rojaoMopdHas ¢pyskuusa. [loacrasus pemenne (15) B (16) mo-
JIydaeM yCJIOBLe paspemuMoctH ¢1(y, z) = Ap(w,ud) + (11% + Iggg)(w, ud) u
pemeHue ujg (16), a BMecte ¢ TeM u pemenus (12) suma (13).

Ilanee 6epeMm B (6) k = 2. Ecau p; (y, 2) +2 HepaBeH HU oqHOMY COBGCTBEH-

HoMy 3HaudeHMio Ao(y,2), To cymectByer ((2 + p1)E + Ao)~™! u uy 6ymem
CTPOUTL B BUIE

Uz = ug3(y, 2)s° + uaa(y, 2)s% + u21(y, 2)s + u20(y, 2). (17)

IToncraBus (17) B (6) npu k = 2 Tak kak cymectByeT (po F 4+ Ag) ™! monyuaem
BhIpaYKeHUSA A Ko3¢PUnreHToB noaunoma (17).

OnucanHbll npomnecc mpomokaeM M HAXOOWM BCe KODGPUIMEHTLI paia
(4), KOTOpLIE ABIAIOTCA NOJMHOMAMH MEPEMEHHOIO S M CTelleHb IOJHHOMA
Ha eINHHULY BbIlle HOMepa KoadpuuueHTa. Eciu nns HekoToporo k = s, »x +

p(y, z) ABnsAercs cobecrBeHHLIM 3HaueHueM Ag(y, z), Torma u, 6ymeM MCKATD
B BHUJE

x+2

Use = Useset2(Y, 2)8 + Useseq1(y, 2)8™ T + .+ Use1 (Y, 2)8 + Us0(y, 2). (18)
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[ToncraBus (18) B (6) BBIIE KM3IOXKEHHBLIM coCcOOOM ompenessieM KO-
¢unmeHTs pasnoxkenus (18). M3 3a rpoMo3kocTH BLIKIALOK HOKa3aTeJNbCTBO
ONyCKaeM.

TakuM o6Gpa3oM HaX0oIuUM Bce Ko3pPuImenTs psaga (4).

Hakonen paccMoTrpum cayuait korjga cpeiu cOGCTBEHHBIX 3HaUeHUH mMMe-
jorcsa oauHakoBble. IlomyctuMm, urto p*(y,2) kKpaTHOe COOCTBeHHOe 3Haue-
uue MaTpuubl Ao(y, z), MHAEKC KoTOpo# Ooisbuie enuHUNbl. Be3 orpanuye-
HUA OOLIHOCTM IOJIOXKUM, UTO COOCTBEHHOe 3HaueHue p*(y,2z) MMeeT OIOWH
coOCTBeHHBLI# BEKTOp M [Ba IPHUCOENUHEHHBLIX BeKTOpa. Y KakeM crocob
IOCTPOEHUsA ceMelCTB YaCTHBIX pelleHME MaTpuyHOoro ypabHeHUs (1) cooT-
BETCTBYIOIIUX 3TOMY COOCTBEHHOMY 3HAUEHMUIO.

3aMeTuM, YTO K03 huumreHTH! psaga (4) 3aBUCAT HE TOJBKO OT NepeMeHHEIX
Y, 2,8, HO 1 oT ¢yHkuuu p(y, z). Herpyauno y6eaurcs, uro 3u(:1:,y,za,;,p(y,z)) | p=p

2
3 u(x,yéi),;,p(y,Z))b:p. apasorca pemenuamu (1). IIpoauddepenuuponan (4)

nBaxkapl mo p(y, z) ybesknmaeMmcs, yto pemenutt (1) B 2TOM ciydae cienyer
MCKAThL B BUJE:

u(z,y,2) = Z :I:k“L"’(y"")(ln2 zur(y, 2, 8, p) + Inxug(y, 2, s, p)
k=0

+ InzUk(y, 2, 5, p))- (19)

IToacraBus (19) B (1) ¥ NpupaBHAB HYJIO KO3(OOUUUEHTLI pU OIUHA-
KOBLIX CTENeHAX Inx M T, mojiydaeM, 4To uj ompeldensiorca u3 (6), a nud
onpelelleHUA Uy, Uk IOJydaeM peKyppeHTHbLle COOTHOIIEeHUA

auk—l auk—l 5uk—1

k E + Ap)ug
(k+p)E + Ao)ur + E 2 + I 8y + I o
9 _
+lnx<[18—y+lg ) Z At —1 + 2ur =0,
=0
k=0,1,2,..., (20)
_ Our_1 Our_1 Our_1
((k+ p)E + Ao)Tx + Bzt 4 okt f, Toket
ds Oy 0z
dp 5 k—1
+1nm<[15y+128p)uk 1—ZAluk 1 +ur =0,
k=0,1,2,.... (21)

N3 (5) monyuaem, uto wug(y,z) sBAsgeTCs COOCTBEHHLIM BEKTOPOM COOT-
BETCTBYIOIMM COOCTBEHHOMY 3HaueHuio p*(y,z), a ocTaiabHble uk(y, z,s),
k = 1,2,... onpeneasoTcs oqHO3HauHO o ug(y,z) u3 (6). M3 (20) npwu
k = 0 umeeMm, uto Ug(y,2) ompemnensercs Kak pellleHWe ypaBHeHUs (pE +
Ao)ug = 2ug. DTO ypaBHEHMEe pPa3pellMMO U €ro pelieHueM SBJISETCS MpU-
COeIVHEHHLI# BeKTOp IepBOro Mmopsaka cobcTBeHHOro 3HadeHus p*(y, z).
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OcranbHble Ug(y, 2,8, p), kK = 1,2, ... onpelensaioTcd Nocjaef0BATENLHO U O

Ho3HauyHO 3 (20). [Tonoxkus k = 0 B (21), monyuyaem ypasaenue (pE+Ag)ug =

Uo, pelleHueM KOTOPOro ABJISETCA MPUCOENNHEHHBIA BEKTOp BTOPOro MNOops-

Ka, & OCTallbHBIE Uk (Y, 2, S, p), k = 1,2, ... onpenensoTca ogHO3HAYHO U3 (21).
[Tonyuenunitt pesynnrar chopMympyeM B BUAE TEOPEMLI.

Teopema. Cemelicmaa wacmrblr pewenutl mampuurozo ypasrnenus (1) e ox-
pecmHoOCmU movex epromcaenwr x =0 umerom sud

u(z,y, 2) Z gk+ely.2) Z s*~urk_i(y, 2), s = Inz, ecau xopnu onpedens-

0ULe20 ypaenenufr det(p(y, )E+Ao (y, 2)) = 0 pasauunbs u uT paznocmu He 8-
VMCT YeabMu wucaamu. B cayuae, xoz0a camu nopuu UAU UL pamocmu — yeno-

wucaennble, pewenus (1) umerom sud u(x,y, z) = Z ght+r(y:2) Z s*lugr_i(y, 2),

a 8 cayuae Kpammozo ’KJOpHJT onpedenmow,ezo ypaenenwr cmpy'fcmypa pewenud (1)

maxosa: u(x,y, z) = Z sm—t Z P2y (y, 2, 8, p(y, 2)), 2de n — wucao yeavx
=0 k=0

KOpHeU uau paznocmel KopHrel, M — MAKCUMAALHAT CMENENb NPUCOEOUNENHOZO0
8exmopa.
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Apie daliniu iSvestiniu sistemos su kintamais koeficientais sprendiniu
struktiira

D. Jurgaitis

Darbe i3tirta i§sigimstanti daliniy i§vestiniy diferencialiniy lygéiu sistema. Gautos atskiry siste-
mos sprendiniy Seimy iSraiSkos apibendrintomis laipsninémis eilutémis ir nustatyta $iy sprendiniy
priklausomybé nuo sistemos koeficienty pagrindinés matricos struktiiros.



