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Auuomaquu" Memodou uHme?pctnbrbtx ypaeneuuit u (tyurc4uu puuaua dorcasauo
cyl4ecm6o6aHue u eduucmoeuHocmb peaeHur rcpaeeoil sadarau dnn nceedonapa6onuqecKux
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xapaKmepucmurcada 6epuneeu veK aponwK MoceneHlm qevllJ,tltHuH ilcarzbr3obrebt )rcatm
Jrcautezubr d aun d e u z e u.

The method o1 integral equations and the Riemann functictn proved the existence and
uniqueness of solutions of the boundary value problem for pseudo-parabolic equations when
gluing the conditions set on the actLtar characteriitics of th"e double.

Kffo'resrte cJIoBa: nceB.4onapa6oluqecxr4e ypaBHeHrrr, KpaeBbre ycnoBr4r, rlynxuuz
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apaJrbrK rxaprrap, Putras

paccr{oTpr{M

(1)

(2)

1. flocrauoBKa3aAar{rr. B o6.'acru D = {e,D:0 < x < (, _ h, < | . lr\ (t,h, h, > 0
ypaBHeHr.rs

Lr(u) = uo, -u,, = 0, (x,y) e Dt = Dn(y > 0)

Lr(u): t4oy l-q2uxx + bru* + cflx + dru, + e, (x,y) e D, = Dn(y<0)
ll.e q2, b2,d2, c2)e2 - 3aAaHHbIe t|ynx

IIuuus.y=0 rsrserctl ofr xapar<repucrurcofi ypaBlreHrrt (1),

ttl.
rro3ToMy 3ro ypaBHeHr{e qacTo H KpaTHbrMr..r xapaKTepHcl'HKaMr4



aHarofuqHo napa6onuqecKl'IM ypaBHeHI4fiM'

Ypanireuze (2) uo repMlluonoruu pa6orrr t3]--"*blBaercfi

ypu""r"".l't. 3lo ypaBHeHI4e I'IMeer ABpparHyro AeDtctnurenbHylo

oAHoKparHyIo xapaKrepl4crl4l(y x = U'
'B 

pa6ore paccMarplrBae^rcfl' {paeBa'I 3aAaqa AJII ypaBHeHLIIa

oKJIeI4BaHI'I fl 3aAAIo'tcAHa AByKpaTHoI{ XapaKTepI{cTI4Ke y =0 '

P accuarpuBaeMble ypaBHeHnt uclonb3ylorct rlpu vlsYrenvrr4

KA - JLLAme-rncLmqKAnbLK o^LbLm,

oAuaro, r43-3a lraflr4r{r4rl qJIeHa zlrl, nocTaHOBKa 3aAarM u csoiicTBa peflIeHllfl ypaBHeH[q (1)

nceBAoIIaP a6omlqecxr'lu

xapaKTepI4cTI{Ky ! =0 u

(1) rE (2), rAe YcrIoBIrt

rrorJlolqeHn.s flo'rseuHoii

BrIarI4 pacrenlrtMll [3]'
flYcrr Cn+m o3Haqaer KJIacc rfynrur,ril, I{Melotrplx [poI'I3BoAHbIe

Ar+s lAxr fu'(r =0,1,"', n;s =0,1,""m)'

oruoclltelluoxoot!$I4qIIeHToBypaBHeHl{fi[IpeA[onaraeMoIIeAyIoIqee:
a, e C(Dz)n C'.n1Dr; ,b, eC(Dz) n C"''(D')' 

- 
(3)

,,r. C(D).t c'*0 (Dr), d, e C(Dz)n (i'*r lDr) ez e c(Dz)'

3aAa'{a l. llaftrrr $Ynrquto
u(x, y)e c(D) ncr 1'o; n c1*r (D) n [c'-o (D' ) ^ 

czn (D)]'

yAoBnerBopqrcUylo 
'ypaBHeHl4fl 

(1) u (2) n o6lactrx Dt 14 Dz coorBercrBeuHo) KpaeBbIM

ycnoButM
u(O,y)=Qt(y), u,(}'y)=Qz(y) ' u(l'!)=9J!)'0< y <h'

u(0,Y)= I{l), u,(0,Y)= Xz(!)' -143 Y S0

" v'""""1;-Ti:;il51, u,(x,-0)=uy(x,+0),0<x3!' (6)

rpe e,(y)(l =1,3), Zi0) U =1,2) - 3aAaHHbIe uIaAKI4e Qyurqun' yAoBnerBoptrcufie ycnoBl4flM

rna,[KoCTI4

er(y), P'(Y) eczlo,hf' qr(Y) €ctlo'h\'

y, (y) e C' l-4,01 (i = 7,2)

lr ycJroBI'ltIM col- JIacoB aIII{fl

Q,(0) = 7'(0), pi(0) = ilQ), Qr(o) = hQ)'
BneAeu o6ogna'reHur

u (x,-0) = u (x,+0) -- r (x), u, (x,-0) = u v(x'+0) = v (x)' 0 < x 3 !''

r4e r(x), v(x) - rloKa HeI43BecrHbIe Qyuxqull'

z'flpe4cranrreuurpeuleHl,lq3aliaqulso6lactllD2'PaccuorpraucneAyloqyF

BcrroMorarenbHyro 3aAarly: uaircu Qynrquro u (x'y)eC'(D)nCr*r(D')n C"(D')

yAoBrrerBopqrcuyrc ypaRHeHI{IO (2) u rcpaeeblMycJIOBI4rrrl (5) u HaqaJIbHoMy yc'IIoBI{IO

u(x'D)=e(x)' 01x<(" r n 
(10)

,I\nr peurenEs .Jroil 3aAaqr,r 6y.uer'r IIpHMeHI{Tb MeroA $ynr<uvn Pr'ruaua'

PaccIrtotPllM ToxAecrBO

SLr(u) - ulr191=lgu,rSrru + ar.Su, - (arS)tu +

brSu, + CrSu)' -lLEuc + (br9) ru - dr9ufo'

rAe /(,9) : -LrEr.- (arl) :s + (brl)r,, - (crs)s * (d''g)o + e's'

Ilyctr S(r,y,€,ri - flBrterc's peureHueM cJleAylott1eft gaAaqrl:

74

(4)

(s)

(7)

(8)

(e)

(i l)
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t r,.rr191x, y; €,d) = 0, (€,r) e Di =

S(x,y;€,ry) 15 =."= 0, ,9r(x,X€,T)la=,

S(x,y;€,r/)lr=r= 9r(x,yt€),0 3 ( 7 x,

rpurreM 2r(x,y;€) onpeAeJrrercs KaK peurenue 3aAarru Koruu:

9tt (x, r 1, t) - lbr(€, y)9(x, y; €, il)1 + d r11, 9,9(x, y; €, y) = 0, 0 < I < x,

S(x, y:1, y)lE_* = 0, Sr(x,X€, /)lr-, =1.

llpu nlrnolHenr.ru ycnoBltr (3) :a4ava (15) oanosHatrHo pa3perullMa.
Peueuue 3altaqv (12) - (14) uoxno nocrpor4Tr, MeroAoM r4uTerpanbnbrx

PeneHze erofr :laAaqr4 Ha3oBeM Qynrqueft Ppruana,

I4Hrerpupys ror(AecrBo (11) uo o6nacrz D, nonyuurnr

Ifrnt,(u) - ut,O>Ltgary = !lt,u, + (b,s) ru - d,snfo , +

<n <0\,

+ c,r,guldrl

S(*,y;6,ry), u: (16) rorryrrraM

(r2)

(IJJ

(14)

(1 s)

ypanueuuff.

(16)

IrpeAc'raBneHrze

(.r7)

rl

1' r7<0;

, 
o't'

+lSur, + Srru + arSu, -(az9)Eu+br9u,
tr4onontsyr csofi crsa Qynxqnr,r Pnlraua

peueurfl 3aAaqr,r 1 n o6nacrn l),:

u(x, y) = 91(x,y;x,0)r, (x) + I r r P\

l/\\x,yis )rr\5 )46
0

+ !lu, @, t ; rD r i@) - s (*, y : 0, r?) z z 0D + c, (x, y ; ry) x rTD + E, (x, y ; ry) r, Q)Ia rt

rrc 4@, y ; €) = - I u (x, !; f ,0) + ltt r14,oSs1r, y; €,O)fe - d r(€,0)g(x, y; €,0),
Br(x,,y;rt)=Sr(x,y;0,ry)-br(O,r7)S(x,y;0,q), C,(x,y;r)=-ar(0,y)S(x,y;0,r),
E, (*, y ; rt) = [ 

q 
r. s 

(0, 4) - C, (0, 17) S (x, y i0, rl) + a r(0, q),9, (x, y ;0, ry).

Brlqracruts [polr3BoAHyto no y or u(x,y) c racnonb3oBaHr4eM Sopnrynrr (i7), sareria ycrpeMnrfi

/ K Hynro, HMeeM coorHortreHr{e MexAy t(x) u v(x):

v (x) = S r(x,0: x,O)r(x) + 
I 4 r{r,ot gr (€)d € + 8, (x),

r4e g,(x) = B,(x,0,0) ilQ)- 9(.r,0;0,0)7:,.(0)+C,(.r,0,0) IzQ)+8,(x,0,0) XrQ).
3. OynxquoHarrLHoe ooorHorrreHrre MexAy r(x) n v(x), YpaaHeHr.re (1) sanrzruelr

(18)

u*, -uy = at(y)- pij),
rxe at(y) - HelrcBecrual rbyuruus.

I,Is (19) rrpur y -> 0 uueev
r" (x)' v (x) = 4r(0) - Aig.
l,lcxffo'ra.f, v(x) us (18) u (20) noryrunr

r"(x) =ar(0) + a,(x)r(x) n l4@,6)r(1)d€+ F,(x),
d

rAe 3r(x) = g, (x) - rpi(O), qt(x) = 9" (x,0;x,0), 4(r,€) = 4,,(x,0;O, a a(0) - Her.r3Becruair

KOIICTAHTA.

B BI4AE

(1e)

(20)

(21)
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Peureur.re 3a4a.rv Koruu Airr ypaBneuw (21) flprr ycnoBr.ur

r(0) = h(0), r'(0) = Xr(O)
rrpeAcl'aBr4M B BrrAe

1'
r(x) = !a\0)x2 + [lr1x,€)r(€)dt + gr(x), (z:

u

try

rse Ar(x,O=ar(€)(*-E)+ J(x -t1Zr1t,qat, gr(x)= I(0)+ 7r(0)x+ J(x -t)Elt)dt,
€o

Ecrn yvecrb ycnoBue corJlacoBanue r(Q = er(O), To t'r3 (22) rvroxno orpeAeJrr{rr a;ifi}:
q .r(

a(0) = *[qrfo>- s,(q]- * I,q"fi,€)r,(€)d€ .[.'- - {'i
TorAa uz (22) noJr)rurr4M cneAyroqee rrHrerpanbrroe ypaBH euue pn t (x) :

/\/\'l,rtnfr(x) = 8,(x) * lA, x,{)r(od( -a llr<t,6)r,(€)d€
0

rAe &(x) = gz(x)+ lqr(o) - gr(e)lx' .

flocne o6paqenzs Bonbreponc ofr qacrr.r ypaBHegr.rr (23) npnxoAr4M K
@pe4ronrr"ra Buoporo poAa 

(

r(x) =s(x) + [g(r,€)r(€)ct|,:

@usurca - Jwame.llLamuKaibLx Sazotm

(. L <1,
rge L = ,T?IrlH( *,€)1, ro ypaBHerrue (24)uMeer eAHHcrBeHHoe perreHue.

4. Penesue 3aAarrr4 1 n o6nacru D . c noMorrlblo $yHrqzlr fpnna G(x,y;(,r):

rAe H(x,O = - [r' n i; R(x,t)t2br(t,€) , g(x) = g:(x) + j^,", ilsr(€)d€, R(x,/)
0

pe3onbBeHTa fr.Apa Ar(x,t)
Cor;rauro o6rqefi reopnr [4], ec,rn

(2s)

- *o[- 
]- "-'[-

2-r

ry

F t1l

4(v -
(x+

l]' llpe4craBnM perrleHue ypaBHeHu-s (19), y4onnerBopflroqee KpaeBbrM ycJroBr,reM

u(0, y) = ez(y), tt(|, y) = et(y), u(x,0) = r(x)
B B}INC

'1,-. 'n 
t

u (x, y) = - )G 
(r, y\,rD e2(ril d,n - !G, @, t : t,rDe3QD d r7 + tc 1r, y; {,0)r (O d ( -

opo
vty(.

- Ir@a,r !G|.r",y;q,rDd€ + foi@an !G(x,y;{,r)d(.0000
vlz (26) c rroMorrlbro ycrroBr.r.{ u(0, y) = e,,(l), rrorrr{aeM r4HrerpanbHoe ypaBHeHr{e
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(26)
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J 
K (y, 17) rtt(rt) d ry = r (y),

0

t

K(y,ril = IGQ,y;(,n)d4,
0

r (y) =' [c, {0, l, ;0, D qo, (y) d rt +' IG, {0, v {, D cpr(ry) d.ry -
00

yyr
- IG Q, y; 4,0)t (fl d { - !oi@ a n IG Q, y ; €, rD d ( q,(y).

000

,h(
K (y,ry) = !{-'= a, + !00,€,DdE.

00

,(y;€,y)= i {.-ol- 
yuLl*.*o[- (+o!!l]r]-

,"-* 1 'L 4(y-ry).1 'L 4(y-rD )')

(27)

rAe

Tar< rarc

rAe

(€

3Aecr ! - ognaqaer olcyrcrBlre rrJreHa cla,rMbr ilpvt n=1.
Ecrv yuecrb, llro IEK(r,rt) = 1, ro uz (27) nyreM aratfSepenqrpoBaHvs uonrrlrM

lrHTefpaJrbuoe ypaBHeHrae Bonrreppa BToporo poAa
v-

a(y) + 
J 

K r(l,n)ct(rDdrl = r' (!),
0

AoilycKruorqee oArro3naqHoe peileHue. flo4c'raqrtrs Haihensyro tfynxqllro a\y) s (26) rro:ryuurra

periieHr{e 3a4aqr,r I no6lacru D,.
f'axuu o6pason AoKa3aHa
Teoperr,la. Ecnrz srnorrHqK)rcl ycnoBr.rr (3), (7), (8) u (25), ro perueHue sa4a.lu I

cyulecTByeT H eALIHCTBeHHO.
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