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YOK:51+517.564

NAPABONO-TMNEPBONIUK TUNOATM MOOEN TEHIMAMA YYYH HOJTIOKAJ1 MACATAIJAP

HENOKAJIbHbIE 3A0AYN ANA MOAEJIbHOIO YPABHEHUA NMAPABOJO-
FMMNEPBONTIMYECKOIO TUMNA

NON-LOCAL PROBLEMS FOR PARABOLO-HYPERBOLIC TYPE MODEL EQUATION

NcmounoB MyxtopxoH Xamuaosuy, KynancmHosa 3axpoxoH

Wcmounos MyxTtopxoH XamngoBuy ®aproHa dasram yHuUeepcumemu, Mamemamuk
aHanu3 ea OuchpepeHuyuan meHenamanap  kaghedpacu
yKumye4ucu.

KynancuHoBa 3axpoxoH —®aproHa Gasnam yHusepcumemu, Ma2ucmpaHm.

AHHOMauyus
Makonada napabono-zunepbonuk mundazu meHenama y4yH buuyadsze-Camapckuli munudazau HoOJoKas
wapminu macananap KydunaaH ea ypaaHusieaH.
AHHOMauyus
B cmambe nocmaeneHa u u3yyeHa HeriokanbHas 3adaya C ycrosuem muna buuyadse-Camapckoeo 0ns
Mo0esnbHo20 rnapabosio-2unepbosiudecKo20o ypasHEeHUs.
Annotation
In the paper a non-local problem with Bitsadze-Samarskii type condition has benn formulated and investigated
for a model parabolic-hyperbolic type equation.

TasiH4 cy3 ea ubopanap: ®ypbe meHenamacu, [Janambep meHenamacu, napabono-sunepbonuk meHanama,
cumkuwu wapm, Tpukomu macanacu.

Knrouyeenie criosa u ebipaxeHus: ypasHeHue ®ypbe, ypasHeHue [Janambepa, napabono-aunepbonuyeckoe
ypasHeHue, ycriosue co cMmeweHuem, 3adada Tpukomu.

Key words and expressions: Fourier’s equation, D’Alamber’s equation, paraboli-hyperbolic equation, shift
condition, Tricomi’s problem.

Q 6unan xOt texmcnurvHmer x+¢t=0, x—t=[, x=0, x=[, t =T Tyfpn unsuknap
6unaH derapanaHraH 4Yeknu coxacuHu Genrunannuk, 6y eppa [ =const >0, T =const >0 .
AHa kyimparn GenrunawnapHu kuputanmvk: Q =[Q N (t>0)JU 4E , Q=QnN(<0),
AE ={(x,T):0<x <}, 04={(0,¢):0<t<T}, OB={(x,0):0<x<l}, BE={(l,t):0<t<T},
OM ={(x,t):t=—x,0<x<({/2)}, BM ={(x,t):t=x—-1,(I/2<x<I)}.

Q) coxapa
U, —%(l—sgnt)un —%(1+sgnt)ut =0 (1)

TEHrnamaHu kapavnuk. by TeHrnama Q1 coxaga ®Pypbe TeHrnamacu U, —U, =0 KypUHULIHK
onunb, napabonuk Tunra Teruwnu Gynagw, Q2 coxaga aca Top TebpaHuw TeHrnamacu, sibHU
[anambep Tenrnamacn U —u, =0  KypUHWLLHK onub, runepbonuk TUnNra  TEruwInu

6ynaown. WyHuHr yuyH (1) Tenrnama (2 coxaga apanaiw TeHrnama, sibHW napa6ono-runep6onmk
TeHrnama ©Oynub, OB kecma YHUMHT TUN  y3rapuw  umsuemgup. by  TeHrmamaHuHr
xapakTtepuctukanapu €2 Ba (), coxanapaa moc pasuwpa ¢t =C, Ba x ¢ =C, unsnknapaaH
nbopat 6yNub,TeHrnamaHnHr  TUN yarapuil 4naurn, abHn OB KecMa xapakTepucTuka xam éynaaw.
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2-macana. UWynpan u(x,t) € C(ﬁ) N Cf,’tl (Q)NC* Q) dyHkums  TonuncuHKM,
Q) BaQ), coxanapga (1) TeHrnamann, OB Tn y3rapuil umsnFnaa

limu, (x,t) =limu, (x,1) (2)

t—>+0 t—>—0
ynaLu LWapTUHK

u (0,0)=a®ux,t)+o @), ul.t)=LOu(x,)+e, (1), 0<t<T;  (25)
a(x)%u(g,—g)—kb(x)%u(x;l ,XT_I)+ c(X)u(x,0)= p(x) 0<x<I (26)

YerapaBui LapTnapHu kaHoatnaWtupcuH, 6y epaa @ (f) , ¢,(t) , a(x) , b(x) , c(x) ,
p(x), a(t), B(t) - 6epunran yanykeus dyrkumsinap a”(x) +b7(x)+c*(x) =0, x€[0,/],
X, # X,,X,,X, € (0,/)-6epunraH xakvkuit coHnap.

(2) cumxkmwu wapt ae6 atanub, y Homabnym u(x,t) dyHkumaHuir OB, OM sa BM

KecManapgaru knimatnapvHu 6ornamokaa.
Kynmgarn waptnap ©epunradH geb xucobnabd, macanaHuHr OuMp KMAMaTN €YUITULLNHK
TagKuK Kunamma:

a(x), b(x), c(x), p(x)eC?[0,1], (27)
a(l)=0,  b(0)=0, (28)
az(x)+b2(x)+cz(x);t0, xe[0,1], (29)
(a(x)/ R (x))' <0, (b(x)/ B(x)) 20, x€[0,1]; B(x)=a(x)+b(x)+2c(x) (30)
a(x)—b(x)#0. (31)

u(x,t) KyAnnrad macanaHuHr edummn 6yncuH. (6) GenrunalunapHy Ba dpapasnapHm kabyn Kurcak,
u(x,t) dyHkuma (7) kypuHuwga ésunagn. Hatwkaga (8) TeHrnuknap ypudnu 6ynagu. By
TeHrnuKnapHu abTMbopra oncak, (26) waprtaaH

B (x)7(x)=2p(x) - a(x)z(0) —b(x)z (/) + a(x)fV(é)df + b(X)JV(f)de‘; x€[0,/]

TeHrnuk kennb uumkagn. (30) wapTHn abTubopra onmb, Gy TeHrnukaaH Pl(x) udogara ara
6ynamua. CyHrpa

p(0)=p()/ RX), a(x)=ax)/Rx), b(x)=bx)/Rx),
GenrunawHu kuputcak, 7(x) Ba v(X) Homabnym dyHkuusnap opacugaru €, coxagaH OnuHra
acocull MyHocabamaa ara 6ynamua:

£(1) = 2,0 = 4, ()7(0) b, (D7(D) + 0, (D VEWE + b, [V(E)dE: xe[0.]], (32

By tenrnukaa x =0 Ba x =/ pe6, (28) waptnapHu xucobra oncak, 7(0) sa 7(/) Homabnym
coHnap 6up KUAMaTnM Tonunaau:

7(0) = p(0)/ [a(O) + c(O)], (D)= p(l)/ [b(l) + c(l)] : (33)
OHam (1) TeHrnamaga ! HUW HoMra MHTUATUpPCaK, (6) Genrvnalwunapra acocaH
"(x)-v(x)=0, xe(0,]) (34)

TEHINUK Kenub Ynkagu.
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Hatwkapa, Homabnym 7(x) Ba Vv(Xx) dyHkumsanapra HucbataH {(32), (33), (34)} macanara sra

oynamus.
{(32), (33), (34)} macanaHuHr 6up KMAMaTnIM ednnMWnHK Tekwupannuk. lactnad 6y macana

EUMMUHWHT SITOHanNUIMHK Tekwmpamua. ®apas kunainuk, {(32), (33), (34)} macana 7,(x), v,(x)
Ba 7,(x) Ba V,(X) euumnapra osra GyncuH. Y xonpa 7(x)=1,(x)-17,(x) ,
v(x) =v,(x) —v,(x) dyHkuusnap (34) Ba

7(0)=0, ()=, (35)

£(1) = 4, [VEME + B[ VEWE, xe[0.] (36)

TEHIMWKNapHU KaHoaTnaHTMpaau.
(34), (35), (36) TeHrnuknap épgammga

J= j r(x)v(x)dx

WHTErpanHUHI ULLOPACUHN TEKLLUMPANITUK.
(34) TeHrnukaaH V(x) dyHKumsiHM Tonub Ba J uHTerpanra kymu6, cyHrpa xocun Gynrau

WHTerpanHu 6ynaknacak Ba (35) TeHrnuknapH1 nHobaTra orncak,
/ ]
J= j r(x)v(x)dx = j [2'(x)dx <0 (37)
0 0

TEHIrCU3nuKkKa ara 6ynamma.
Suan 7(x) dyHKumsiHuHr (36) udbopmacuum J wHTerpanra kysmMus Ba Xxocun Gyrrad

ncopaHm kynmgarunda €3nb onamma:
- 12

J=§j a,(0L IV(cf)df_ —bl(X)%HV(f)dcf} dx.

) dx |
By nHTerpanHu 6ynaknab, cyHrpa (28) wapTnapHu xucobra oncak,
1L [ 72 | x 2
J=2 1@ [v@ds | —a)| [v§ds | rax
0 L x _ 0

TeHrMUK kenub uukagn.  (17) wapT 6GaxapunraHga ai(x) <0 , bl'(x) >0, xe€[0,]]
TeHrcuanuknap ypuHnu 6ynaaun. BynapHu uHobatra oncak, oxupr TeHrnvkaad J > 0 akaHnurium
Tonamu3. bByHoaH Ba (37) TeHrcusnukoaH kenub uukaguku, J =0. Y xonga J Huwer (37)
kypuHuwmra kypa 7'(x) =0, avHu 7(x) =const, x €[0,/]. Ynpa (35) TeHrnuknapra acocaH
7(x)=0, x €[0,/] akannuru kenu6 unkagu. femak, 7,(x) =7,(x), v,(x)=v,(x), x €[0,/],
abHK, arap {(32), (33), (34)} macana eunmra ara 6ynca, y sroHagup.

Usox. By Ttacamkiu ucbotnawpa [7'(x)]’dx wHTerpanHu maBxyn Ba YekmW, SbHU
7'(x) € L,[0,1] ne6 xucobnaguk. Bynn wHoGatra oncak, (33) TeHrnukaaH v(x)e L,[0,1]
6ynmmn kenmb umkagun. [emak, e4MMHUHT AroHanuri xakuaaru okopugarv tacauk 7 '(x) sa v(x)

dyHkumsnap L,[0,1] cuHdra Tervwnu 6ynraHaa ypuHnu 6ynaau.
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angm {(32), (33), (34)} macana €4MMMHMHI MaBXyanurnHu Tekwmnpamma. Ly makcagaa (34)
TEHrNMKAA X HU Z Gunad anmawTupmb, xocun 6ynraH TeHrnukHn z Gymuua [0, x] opanukaa
WKKW MapTa MHTerpanianmms:

(x)= j(x —z)W(z)dz+Cx+C,

By dyHkumsiHmM (33) waptnapra kyimb, C, Ba C, coHnapHu Tonamma:

C, =(0), C = %{7(1) —7(0) - j(l —2W(z)dz |.

BynapHu abTnbopra oncak, Z'(x) dYHKUMS Kynaarn KypuHuwaa ésnnagu:

7(x) = [ (x = 2)V(2)dz - % [-2v(2)dz +7(0)+ %[Z‘(l) —7(0)], xe[0,7].

7(X) dyHKUMAHUHT By ndpopacuHn (32) TEHrMKKA KyMnG, CyHrpa xocun 6ynraH TEHrnMKHM 6up
MapTa auddeperumannab, V(Xx) Homabiym yHKuuUsra HucbaTaH Kyiuaarn KypuHmuganm

v(x)+ jv(z)K1 (x,z)dz= f(x) xe(0,]) (38)

WKKMHYM Typ Opearonbm MHTErpan TeHrnamacura ara 6ynamms, 6y epaa
£1(x) = {a,(x)r(0) + b, (X)r()) = 2 p,(x) +[c()) — z(0)]] "} [a,(x) = b, (x)] ",

[a,(x) =B, ()] [, (x) 2], X2z
K (x,z)= '
[a,(x) = b,(x)] ' [b,(x)+1-2zI"], x<z.

(38) mnHTerpan teHrnama {(32), (33), (34)} macanara akBuMBaneHT 6ynub, yHra moc Gup >XuMHcnu
mMacanara moc kenagn. Oxuprn macana dakat Tpusman eummra ara 6ynranm ydyH (38) ra moc 6up
XMHCNM MHTerpan TeHrnama xam dakaT TpuBuman edumra ara 6ynagn. Y xonga dpearonbm
anbTepHaTuBacura acocaH 6up >xxmHcnumac (38) nHterpan TeHrnama siroHa edumra ara 6ynagu.

(27) waptnap Ba f,(x), K,(X,z) dyHKuMsnapHuHr Tysunuiumra acocaH (38) uHTerpan
tenrnamanmir eaumn C'[0,/] curdbra Tervwnm 6ynaam.

(38) uHTerpan Tenrnamagat Torvnrad V(x) € C'[0,1] dyHkumsiHm (32) TEHrMUKKa KYInG,
7(x) € C*[0,]] dyHKunsHN TONaMUS.

{(32), (33), (34)} macanagaH Tonunrad 7(x) Ba V(x) dyHkumsanapHu (7) dopmynara
Kyimnb, 2-macanaHuHr e4mMuHn €, coxaaa tonamus. MacanaHuHr edummn ) coxaga U, —uU, = 0

TeHrnamara (25), u(x,0)=7(0) waptnap 6unaH kynunraH MacanaHuHr euumu cudatuaa

aHvkKnaHaau. by macanaHuHr e4MMMHU MKKUHYM YerapaBuii MacanaHuHr e4ummnHn 6epysun yiby
KYPUHMLLAA KNOVPaMn3:
]

u(x,t) = j 7(E)G, (x,1;E,0)dE — j u_(0,7)G, (x,£;0,m7)dn + j u_ (LG, (x,t;1,n)dn ~ (39)

G(xtﬁn)——z{ N i ””2]+exp[—(“§‘2”” i
N 4—1) 4 —n)

(25) wapTnapHu xmucobra onm6, (40) dbopmynaHu kynmgarnya €3mw MyMKUH:
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t

/ t
u(x,) = [ H(O)G, (3,16, 0dE— [, m) + @ODIG, (o0, e+ [ [ Ao, m) + @ ()G, (sl (40)
0 0 0
By dopmynaga x =X, Ba X = x, Aeb, u(x,,?) Ba u(x,,t) dopmynanapra Huc6ataH Kynuaaru
TeHrnamanap cuctemacura ara 6ynamms:
t

(%,) = [y, MI@()G, (5,150, m)d = [, DIBG)Gy (5 y5=L ) = my (0),

° (41)

(o, £) + [y, M@ G, (x5, y30,m)dn = [uC, DIBYG, (x5, y5=1m)dn = m, (1)

J

my(0) = [£(OG, (%0, 1:0,mdn = [ 9,(11)G, (50, 1:0,)d + [ 0, ()G, (5o 851,7)dl .

my(0) = [T(SG, (x,,5:0,m)dn = [ ¢,() G, (x,,1:0,)dn + [ 0, ()G, (x,, 1L m)dn

(41) —mKkkMHuM Typ BonbTeppa uHTerpan TeHrnamanap cuctemacu 6ynnb, yHUHr sgponapu Ba yHr
TOMOHNapK y3nykcms yHkumnanapgaH noéopar. LUyHUHT yuyH By cUCTEMaAHMHI eYMMn MaBxXyp, Ba
SAroHa.
(41) cuctemapan TonunraH u(x,,t) Ba u(x,,f) dyHkuusinapHu (40) dopmynara Kyiin6,
ypraHunaétraH 2- macanaHuHr Q1 coxagaru edmmura ara 6ynamma.
Ly 6unaH 2-macana TagkukoTn SKyHIaHaW.
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