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YIK: 517.956

NAPABOJO-TMNEPBONMNK TUNQAM MOOESNb TEHITTAMA YYYH YYUHYU YETAPABUN
LWAPTIIN HOJIOKAIT MACATA

A.prHOB, A.CoTBONaueB

AHHOMauyus
Makonada napabona-zunepbonuk mundazau codda meHanama ydyH 6up HOMokan macana ypeaHuneaH. byHOa
coxaHuHe napabonuk Kucmuda y4uH4u 4Yezapasuli wapm, eaurnepbornuk Kucmuda sca cumkuwiiu wapm 6epurzaH.
KytiuneaH macana equmMuHuHe Magxyonuau ea sieoHanuau ucbomnaHaaH.
AHHOMauus
B cmamebe u3ydyeHa o0Ha HernokanbHasi 3adayva 01 MoOeriHo2o napabosno-aunepbonuyeckozo ypasHeHus. pu
amom e napabonuyeckoli yacmu obrnacmu 839mo mpembe Kpaesoe ycrosue, a 8 aunepbonuyeckoli yacmu- ycrosue
co cmeweHueM. [Joka3aHo cyujecmeosaHue U eOUHCIMBEHHOCMb peweHus1 nocmasneHHol 3adayu.
Annotation
In the article a nonlocal problem for a model of the parabolic hyberbolic type equation is studied. The third
boundary-value condition in the parabolic part of the domain and shifting condition is given in the hyberbolic part of the
domain. The uniqueness and existence of solution of the considered problem is proved.

TasiHy cy3 ea ubopanap: napabona-sunepbonuk mundazu meHaiaama, e4UMHUH2 Maexyornuau, eYUMHUH2
Sle0Harnueu, yHuH4U Yezapasul wapm, CUrmKuWIu wapm.

Knroyeenie cnoea u ebipaxeHusi: ypasHeHusi napabosno-aunepbonuyecko2o muna, cyujecmeosaHue pelweHus,
€0UHCMBEHHOCMb PELUEHUS, Mpembe Kpaeeoe ycriosue, yciioeue co cMeljeHueM.

Keywords and expressions: parabolic hyperbolic type equation, existence of solution, uniqueness of solution,
third boundary-value condition, shifting condition.

Q 6unaH xOt TekmcnurHuHr x+t=0, x—t=[, x=0, x=[, t=T TyfpN unsnknap
6unaH 4yerapanaHraH 4eknu coxacuHu 6enrvnamnuk, 6y epga [ =const >0, T =const >0. AHa
Kyingary — GenrunawinapHu - kmputannuk:. Q) =[Qm(t>0):|uAE, Q,=0n(r<0),
AE ={(x,T):0<x<I}, 04={(0,£):0<t<T}, OB={(x,0):0<x<[}, BE={(l,t):0<t<T},
OM ={(x,t):t==x,0<x<(I/2)}, BM ={(x,t):t=x—1,(1/2)<x<l}.

Q coxapa
1 1
uxx—5(1—sgnt)uﬂ—5(1+sgnt)ut =0 (1)
TeHrnamaHu kapainuk. by TeHrnama Q, Ba ), coxanapaa mMoc pasuLwAa
u,.—u =0, (F)
u,—u,=0 (D)

KypuHuwnapHun onud, napabonuk Ba runepbonuk Tunra Ternwnu 6ynagn. LWyHWHr yuyH (1)
TeHrnama ) coxaga apanaw TeHrrnama, sibHu napabono-runepbonuk TeHrnama 6ynué, OB
KECMa YHWHI Tun Yy3rapuw uusuinavp. By TeHrmamaHuHr xapakepuctukanapn €, Ba Q,

coxanapga moc pasuwpaa ¢ =C, Ba x=*¢=C, usuknapgad mnbopat 6ynub, TeHrnamaHuHr Tun

y3rapyw umnsnrmn, sbHU OB Kecma xapakTepuctvka xam 0ynagw.
(1) TeHrnama yyyH 2 coxaga kKyrhugaru macananv ypraHamums:

1-Honokan Macana. LLyHoail u(x,t) e C(ﬁ) NCH ()N C* (Q,)

byHKYus monusncuHku, y €, ea Q, coxanapOda (1) menenamaru, OB mun y32apuw yusuruda

limu(x,¢)=limu(x,z), O<x<! 2

t—>—0(’) t—>+0(’), ()
A.YpuHos - ®aply, cusuka-mamemamuka chaHnapu Aokmopu,
i npogbeccop.

A.Comeonduee — Ham/]y masucmparHmu.
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yrnaw wapmuHu, coxa ‘-Ieaapacuaa aca
u, (0,0)+au(0,t)=y,(t), 0<t<T; (3)
u (Le)+pu(l,t)=y,(t), 0<t<T; 4)

a(x)u (_ ——)+b( Y (XTH XTI)+C(x)u(x 0)=f(x), 0sx</  (5)
yezapaeull wapmnapHu kaHoamnaHmupcur, 6y epma (1), v, (¢), a(x), b(x). ¢(x),
f(x) - Gepunran ysnykcus dyHkumsnap 6ymm6, a’(x)+b°(x)+c*(x)=0, xe[0,/] .
a,feR, af#0.

(5)- Honokan wapT 6ynm6, y Homawnym u(x,t) dyHkumsHuer OM , BM Ba OB

kecmanapgarv kmiumaTnapuHn 6ornamokaa.
Kynngarn waptnap GaxapunraH geb xucobnab, macanaHuHr Oup KMamMaTtnv eunnuinHn
TagKkuK Knnamms:

a(x), b(x), c(x)eCz[O,l]; (6)
a(l):O, b(O):O, a(0)+c(0)¢0,b(1)+c(l)¢0; (7)
a(x)+b(x)+20(x);t0, xe[O,l]; (8)

0 b(x) }> i|: a(x) }< <y<l.
8x|:a(x)+b(x)+20(x) =0, ox a(x)+b(x)+20(x) <0.0<x<lz @)
a(x)—b(x);tO, xe[O,l]. (10)

Macana eYMMWHUHT MaBXyanurn Ba AroHanurmHu ypraHamua. MacanaHuHr u(x,t) evynmmn
MaBxypn 6yncuH.

11
£(x) € C[01] (0.0, v(x)eC(0.0)AL[0.]] o
OenrnnawnapHun Ba apasnapHu kabyn Kunannuk.

Y xonna u(x,t) dyHkumaHm Q, coxana

u(x,O) =T(x),0£ x<Il; u, (x,O) = V(x), 0 <x<l;}

x+t

u(x, t)——l:r(x+t)+r(x t) :|+ jv(ﬁ) (12)

xt
KypUHULWAA é3u MyMKnH 6ynagn.
(12) dyHKUMAHKM (5) wapTtra OyhcyHAMPUW Makcagupa Kynmgarn xucobnawinapHu

Baxapamus: 0
(35 )= 3lr 0] e
u(xTH x—l)——[r ]+%jv(§)d§.

by TeHrnuknapHn abTUbopra oncak, (5) waptaaH

[a(x) +b(x)+ ZC(x)]z'(x) = f(x) —a(x)T(O) —b(x)r(l) +

l 6 | 2018/Ne6 l
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+a(x)[v(&)dé+b(x)[v(£)dé, xe[o.i]
TEHMMUK kennb ynkKagun. (8) LapTHX ) abTMbopra onunb, oy TEHMMNKHN
a(x) + b(x) + ZC(x) = e(x) ncgopaara 6ynammns. CyHrpa
AC) _a(x) _b(x)
= e 7

fenrvnalnapHu KMpuTcak, T(X) Ba V(x) HOMabnym dyHkUMAnap opacugarn ), coxapaH

ONMHraH acocull MyHocabamea ara 6ynamums:

7(x)=2/(x)—a,(x)z(0)=b,(x)z(!)+
+al(x)jv(g)d§+bl(x)jv(§)d§, xelo,1]. (14)

0 x
By Terrmukaa x =0 Ba x =/ pge6, (7) waptnapHu xucobra oncak, 7(0) sa 7 (/) Homawym
coHnap 6up KMnMaTnn Tonunagu:
2(0)={e(0)/[a(0) +c(0) ]2 ()={e()/[b()+e()]}. s)
OHan (1) TeHrnamapa ¢ HY Homra uHTUNTUpPCak, (11) 6enrnnawnapra acocaH
r"(x)—v(x)=0, xe(O,Z) (16)
TEHrNVK kennb Ynkaam.
Hatwkapga, Homabnym r(x) Ba V(x) dyHKUMsANapra HucbaraH {(14),(15),(16)}
Macanara ara 6ynamums.
{(14),(15),(16)} macanaHuHr 6up KWAMaTAM euYMnuMHW Tekwmpannuk. Oactnab 6y

mMacana eUYMMUHVHT AroHanurMHuW Tekwupamus. dapas Kunannuk, {(14),(15),(16)} macana
7, (x) Vl(x) Ba 7, (x) v, (x) eysmnapra ara OyncuH. Y xonga r(x):r1 (x)—z'2 (x)
V(x) =V, (x) -V, (x) dyHKumanap (16) sa

7(0)=0, z(/)=0, (17)

z'(x)=al(X)Iv(f)d§+bl(x)jv(§)d§, xe[0,/] (18)

TEHIMWKNaPHN KaHoATNaHTUpaau.
(16), (17) Ba (18) TeHrnuknap épgamunaa
1

J= Iz'(x)v(x)dx
0
MHTErpanHUHI NLLOPACUHM TEKLLMPATIVK.

(16) TeHrnukgaH V(x) dyHKUMAHM Tonnb Ba J umHTerpanra Kyinmb, cyHrpa xocwn 6ynram
WHTerpanHu 6ynaknacak Ba (17) TeHrnukrnapHuM nHobatra oncak,

J=jr(x)v(x)dxz—j[r'(x)]zdxSO (19)

TEHrCUanukka ara 6ynamms.

| 2018/No6 7 l
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OHOu T(x) yHKUMAHUHT (18) udogacuHu J uHTerpanra kysmMus Ba xocun 6ynrad
ncoaaHu kynngarnya ésnb onamms:

J =%I al(x)%ﬁv(f)df}z—bl(x)%ﬁv(:)dé}z dx.

0 X

By nHTerpanHn 6ynaknab, cyHrpa (7) wapTtnapHu xucobra oncak,

=_j [j )dé‘} —al(x )ﬁv(g)dgT dx

0

TEHrMMK kenub uumkagn. (9) wapT 6HaxapunraHaa ai(x)SO , b{(x)ZO : xe[O,l]

TeHrcusnuknap ypuHnu 6ynagn. bBynapHu nHobarra oncak, oxupru TeHrmukgad J >0 akaHnuruHmn
Tonamu3. ByHpaHn Ba (19) TewrcuanukaaH kenmn6 uukagukn, J =0. Y xonma J Huur (19)
kypuHuwura kypa 7'(x) =0, sivhn 7(x)=const, x €[0,/]. YHma (17) TeHrnuknapra acocaH

T(X)EO, xe[O,l]. ByHu (16) TeHrnukka Kyicak, V(x)EO, xe[O,l] aKaHnurn kenunoé
unkagun. [emak, Tl(x)srz(x), Vl(x)svz(x), xe[O,Z], SbHW, arap {(14),(15),(16)}

mMacana eyumra ara 6ynca, y sroHagup.

]
U3ox. by TacaukHm wucbotnawga I[T'(x)]z dx WHTerpanHu MaBXyn Ba Yeknu, AbHU
0
z"(x)eL2 [0,1] neb xucobnagmk. ByHum nHoGaTra oncak, (14) TeHrnukgaH 1/(x)eL2 [O,l]

6ynuwn kenub umnkagn. Jemak, euVMUHUr AroHanuru xakuaars tokopuaarn Tacauk z"(x) Ba
V(x) yHKumsnap L, [O,Z] CuHcpra Ternwnu 6ynranga, ypuHnu 6ynagu.
SHan {(14),(15),(16)} mMacana euYMMUHUHT MaexXyanuruHu Tekwuvpamus. Ly makcapgna

(16) TeHrnMukga X HW Zz OGunaH anmawTupub, xocun OynraH TeHrnukHWM Z 6ynundya [O,x]
opanvkaa UKKM MapTa UHTerpannanmMmma:

7(x)= j (x—2)v(2)dz+ Cx+ G,
By dyHKkumMsiHM (15) wapTnapra Kyvm6, C, Ba C, COHNapH TONamus;
¢,=(0). C, :%[f(z)_ r(o)_lj(z_z)v(z)dz}.
BynapHu abTM60pra oncak, 7 (x) dyHKuus Kyl?m,ua:M KYPUHULLAA E31naan:
(%) :f(x-z)v(z)dz%j(z W()de+
o o

+7(0)+(x/1) (1) -7(0)]. xe[0.1].
r(x) PYHKUMAHUHT By ndpopgacnHm (14) TeHrnmkka Kynnd, cyHrpa xocun 6ynraH TEHrMMKHN

6up mapta gudpdepeHunannab sa (10) waptHm nHobatra onwmd, V(x) HOMabnym yHKUMAra
HucbaTaH Kyhngarn KypuHuwgarm

l 8 | 2018/Ne6 l
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+I xz)dz fz( ) xe[O,Z] (20)

MKKMHYM Typ PpearonbM MHTErpan TeHrnamacura sra 6ynamus, 6y epaa 1
f (x) = {al' (X)T(O) + bl'(x)z'(l) - 2f1'(x)+[r(l) — T(O):Il_l} [al (x) —b, (x):|_

[al (x)—-, (x)]_1 [al' (x)—zl" ] , x>z

[a/(x)-b(x)] [Bi(x)+1-21""],  x<=z

(20) uHTerpan TeHrnama {(14),(15),(16)} mMacanara 3KBuMBaneHT 6ynub, yHra moc 6up

K(x,z)z

XUHCMN TeHrnama {(16),(17),(18)} 6Up XMHCNKM Macanara moc kenaan. Oxvpru macana dakaT

TpuBMan euynmra ara 6ynraHm ydyH (20) ra moc Ouvp >XUHCNM WHTErpan TeHrnama xam dakaT
TpuBMan eymmra ara 6ynagn. Y xonpga ®pegronbm anbTepHaTMBacura acocaH 6up >XuHcnmmac
(20) nHTerpan TeHrnama aroHa eyumra ara 6ynagu.

(6) wapTtnap Ba fz(x) K(x,z) dyHKUMANapHUHT Ty3unuwura acocaH (20) uHTerpan
TeHrnamanuHr euumn C' [0,[] CVHdra Teruwnu ynagu.
(20) uHTerpan TeHrnamagaH TonunraH v(x) eC' [O,l] bYyHKUMAHN (14) TEHrNMKKa Kynnob,

T(x) eC? [0,1] byHKLMAHN TONaMun3.

WyHpan kunnb, kyinparn Teopema ncbotnaHau:

1-reopema. Azap (6)-(10) wapmnap 6axapurica, {(14),(15),(16)} macana f2oHa
eyumea sea bynadu.

{(14),(15),(16)} macanagaH Tonunrad 7(x) Ba v(x) cyHkumanapHm (12) dopmynara
Kynno, 1- Honokan macanaHvHr e4MMNHN 92 coxaga Tonamms.

MacanaHuHr eunmn €2, coxaaa (F) TeHrnamara (3), (4) Ba u(x,O)zr(x), 0<x<l!
wapTtnap 6unaH KynunraH derapasBuini MacanaHuvHr edyvMmy cudatuga Tonunagu. YHu (F)
TEeHrnama yyyH KyNunraH UKKUHYM YerapaBmin MacanaHuHr e4nMn KypuHULWNAA KNaMpamms:

u(x,t)= jr(f)Gz (x,6,£,0)d& -

—_[(pl (x,1,0,n dn+f¢2(n)G (x,t;0,m)dn (21)

Oy epda ¢, (l‘) =u_ (O,t) .0, (t) —u (Z,t)
G, (x.5:6n)=(1/2)[z(t-n)]"

© (x—;?—2nl)2 (x+§—2nl)2
nzw{exp[_ i }exp[_ o=t ]}

By dopmynapar u(0,¢)8a u(/,t) napHu Tonamms:

| 2018/No6 | 9 l
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u(o,t):jr(g)Gz(o,t;g,o)dg —jgol (77)c;2(0,z;0,77)d77+jgo2 (7)G, (0,t31,7)dn

u(L,t) = [7()G, (1.1:£,0)dE ~[ 9, (1) G, (1,1:0,1)dn + [ 0, (1) G, (Lt51.1)

Bynapin (3) Ba (4) waptnapra kyiu6, cyHrpa u (0,0)=¢,(¢), u, (L,t)=g,(7)
GenrunawnapHu owT6opra oncak, ¢,(¢) Ba ¢,(¢) Homabnymnapra HucGaTaH Kyimpary
WHTErparn TeHrnamanap CUCTEMAacuUra Kenamma:

o (2)+ j¢1 (1)K, (x,t)dt + j¢2 (0)K, (x,0)dt=f,(t), O0<t<T;
0 0 (22)

2:(0)+ [2() Ko (1)t + [0, (1) Koy (ot)di = £,(1), 0<2<T,
Oy epaa ’ ’
f()=w, (z‘)—OtJ‘z'(.;?)G2 (0,£;£,0)d¢,

(@)=, (t)- ﬂjr(f)G2 (L5:;£,0)dE,

K, (x,t)=—aG,(0,:;0,n), K, (x,t)=aG,(0.t;1,n7),

K, (x,t)==BG,(1,;0,n), K, (x.t)=BG,(L.t;1,n).
G, (x,t;f,n) YHKUMSHAHT  TYSUMMWWAAH  OCOHMMHA  TOMUW  MYMKuHKW, K, (x,t) Ba
KZI(x,t) Y3ryKcus dyHKumsinap, K“(x,t) Ba K,, (x,t) nap aca 1/2 Tapmbrm cyct

MaxcCycrimkka ara 6ynraH dpyHkumanap.

Hemak, (22), ymymun xonga, CycT Maxcycrnmvkka ara 6ynraH agponu nkknHyam typ BonbTeppa
WHTerpan TeHrnamanap cucTeMacWHW TalwKun kunap akaH. bepunraH dyHkumMsanapra kynunraH
LapTrapra acocaH YHUHr YHr TOMOHSapu y3nykcus gyHkumsnap 6ynagw.

Y xonga ukknuun Typ BonbTeppa nHTerpan TeHrnamanap Hasapusicura acocaH, (22) cucrema
AroHa eynmra ara.

(22) cuctemapan TonmnraH ¢, (1) Ba @,(t) napHm (21) dopmynara Kyim, Kyaunra

MacanaHuHr ednmuHn (0, coxaaa Tonamms.
Macana tyna xan 6yngu.
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