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YOK: 517.956
NAPABONO-TMNEPBOJIUK TEHITIAMA YYYH
HOJOKAI WWAPTIIN MACATNA

A.PacdukoB, A.CoTBOngueB

AHHOMauus
Makonada napabono-sunepbonuk mundasu codda meHanama y4yyH bup HOJOKan macana ypaaHuneaH. byHOa
coxaHuHe napabonuk Kucmuda yyuH4Yu Yezapasul wapm ea uHmezpan wapm, aunepbonuk Kucmuda 3ca cumkuwu
wapm bepurneaH. KyliuneaH macana e4uMuHUH2 MaexyOnueau ea sizoHanuau ucbomiaHaaH.
AHHOMauus
B cmamee u3dyyeHa oOHa HefloKkanbHas 3adaya 019 MooeribHoeo napaborno-aunepbonuyeckozo ypasHeHus. [pu
amom e napabonuyeckoli Yacmu obnacmu 635imo mpembe Kpaeesoe ycjiosue U UHmMezpanbHoe ycrosue, a 8
aunepbonuveckoli Yyacmu ycrosue co cMeweHueM. [JokazaHO Hanudue u eOUHCMBEHHOCMb PeleHUs MocmaesneHHoul
3adayu.
Annotation
In the paper a non local problem for a model parabolic hyperbolic equation is researched. The third boundary
condition and an integral condition are given in the parabolic part of the domain, and a shifting condition is given in the
hyperbolic part of the domain. The existence and uniqueness of the solution of the problem is proved.
TasiHy cy3 ea ubopanap: napabono-zunepbonuk mundasu meHznama, eYUMHUH2 MasxXyOonuau, eYyuMHUH2
SleOHarnueu, yHuHYU yezaapasull Wwapm, uHmeazparn wapm.
Knroyeenle croea u ebipaxeHusi: ypasHeHue mnapabono-zunepbonuyecko2o murna, Hanu4yue peueHus,
e0UHCMBEHHOCMb PeLeHUs, mpembe Kpaegoe ycriogue, UHmezparsnbsHOoe ycrosue.
Key words and expressions: parabolic hyperbolic type equation, existence of solution, uniqueness of solution,
third boundary-value condition, shifting condition.

Q 6unan xOt Texucnumvivmiar x+1=0, x—t=1[, x=0, x=1[, t =T Tyrpn unsmugnap
6unaH YerapanaHraH Yeknu coxacuHu Genrunaiinuk, 6y epaa [ =const >0, T =const > 0. Anxa

Kyingarm  GenrunawnapHu - kuputaitnuk: €2, =|:Qﬁ(t>0):|UAE , Q, =Qﬂ(t<0) ,
AE={(x,T):0<x<l} , 04={(0,):0<t<T} . OB={(x,0):0<x<l}
BE={(l,t):0<t<T} , OM ={(x,t):t=-x,0<x<(l/2)} ,
BM ={(x,t):t=x—1,(1/2)<x<l}.
Q coxapa kynmgarn napabono-runepbonmk
u_ —%(l—sgnt)uﬂ —%(1+sgnt)ut =0 (1)

Tenrnamanu kapaiinuk. OB kecma 6y TeHrnamaHuHr TUN y3rapuil Ynsuen 6ynub, y xapakTepucTvka
xam bynagu.
(1) TeHrnama y4yH Q) coxapa Kyyinparn macanaHu ypraHamus:

2-Honokan Mmacana. Wynoad u(x,t)e C(f_l) NCH(Q)NC*(Q,)  bynkuus
monuncunku, y Q, ea €2, coxanapda (1) mexznamanu, OB qusuxda
limu, (x,¢) = limu, (x,7), 0<x</(2)

ynaw wapmuHu, coxa L/eeapatc_L)/gOa aca e
u (0,6)+yu(0,t)=¢(t), 0<t<T; (3)
l
u(l,t)=a(t)_[u(x,t)dx+(p2(t), te[O,T]; (4)

0

A.Pacpukoe — ®ap/]¥, puzuka-mamemamuka ¢ghaHnapu HoM300u.
i A.Comeonduee — Ham/]y mazucmpaHmu.
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u(%,—§j+a’(x)u(x,0)=ﬂ(x), xe[O,l] (5)

yezapasull WapmmapHu KaHoamnaHmupcuH, 6y epda ¥ = const = 0 6epunezaH xaKukudi coH, ?, (t)
®, (t) a(t), Ot(x), ,B(x) - bepurneaH y3nykcus QyHkyusinap 6ynub, a(O) #—1.

(5) —bruapnse-Camapckuin wapTtn 6ynnb, y Homabnym u(x,t) PYHKUMAHUHT W KecMmagaru

yerapaeuii knitmatunn () coxara kapawnu OB kecmagaru kuitmaTi 6unan 6oFnamokaa.
Macana e4YMMUHVUHT MaBXyL4nUIMHW Ba AroHanuruHy ypraHamus. MacanaHuHr u(x,t) eynmMm
maBxyn 6yncuH. Macana wapTtnapura acocnaHmo,

u(x,O)zT(x), 0<x<I; ut(x,O)zv(x), O<x<l;} ©
7(x)eC[0,[]nC?(0,1), v(x)eC(0,])NL[0,]]

GenrunawnapHu Ba gapasnapHu Kabyn kunannumk.
Y xonpa u(x,t) DYHKLUMAHN Q2 coxaja U, —u, =0 Tenrnama yyyH Kowim macanacuHuHr

eunmn cucpatuga Kynmgarmda E3uw MymMmkiH 6ynagu:
X+t

u(x,t)=%|:T(x+t)+r(x—t):|+% [v()ae. )

x—t

(7) pyHKUMAHYK (5) wapTra 6yrncyHaupULL Makcaauaa Kynugaru xucobnawnapHu 6axapamums:

u(g,—gj=%[T(O)+T(x)]+%j‘v(§)d§. ®

X
(8) TeHrnukHM Ba (6) 6enrunawnapHu abTN6Opra onnb, (5) WapTaaH

X

[v(&)ag=7(0)+[1+2a(x)]z(x)-28(x).x€[0.1] (9)
0
TEHrNMWKHM Tonamn3. by TeHrnukga x=0 pneb, 05(0)7&—1 wapTHn 9bTubopra oncak,

T(O) = ,B(O) / [1 + 0((0)] HM ToNamus.
(9') TEHrMUKHM X Byirnya guddepeHumnannab, T(x) Ba V(x) dyHKUmMAnap opacugaru Q2
coxafaH onuHraH acocull hyHKUuUoHan MyHocabamea ara 6ynamms:

v(x)={[1+2a(x)]e(x)} —28'(x). xe(0.1). )

OHam (1) TeHrnamapa Ba (4) waptnapaa [ Hu Ql coxafaH Homra MHTUNTUpamun3. Hatwkaga
(6) 6enrnnawnapHu abTbopra onmo,

"(x)=v(x)=0, 0<x</l; 7(/)=a(0)|z(x)dx+¢p,(0) (10)

St

TEHNUKNapHU ToNamMmms.
(9) Ba (10) TeHrnmknapHuHr GupuHYncnaaH V(x) HW YnKapuo,

e'() - {1+ 20()Jr ()} =28 () xe(0.0)

anddepeHumnan TeHrnamaHm Tonamms. Hatmxkaga, (11) TeHrnamaHuHr
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1

7(0)= A(0)/[1+a(0)].7(1) = a(o)jr(x)dx +¢,(0) (12)
LIapTNapH/N KaHOATNaHTUMPYBYM €YMMUHMN TOMWLL XaKuaaru Homokan Maganara ara 6ynamus.

1-Teopema. Azap ‘a(O)‘Z <1 sa a'(x) >0, xe (O,Z) wapmnap 6axapurica,
{(1 1),(12)} macana 6ummadaH opmuK equmaa s2a 6ynmaiiou.
Ucbot. Papas kunannuk {(1 1),(12)} macana 7, (x) Ba 7, (x) eyumnapra ara 6yncuH. Y
xonga T(x) =T, (x) -7, (x) PyHKUMSA
7"(x)- [1 + 20((x)]z"(x) —2a'(x)7(x)=0, x€(0,1); (13)

]
T(O):O, T(l)za(O)J‘r(x)dx (14)
TEHMMUWKNapHW KaHoaTNaHTupaau. "

®apas kunannuk, (13) Ba (14) TeHrNUKNApPHU KaHoOATNAHTUPYBYM T(x);—_"O, xe[O,l]

yHKLMA MaBxyd 6yncuH. Y xonaa Sup|2'(x)’ =|T(x0)‘ =M>0 , x, e[(),l] 6ynaam.
[0.7]
T(O) =0 oynrann yuyn x, #0 . x, € (O,l) Aeb, dapas kunainuk. YHga X, HykTaga T(x)
hyHKUMS MycbaT MakcumMym (EKn MaHMUn MUHUMYM) Kabyn kunagu. LLIYHUHT yyyH
7"(x,)<0 (20), 7'(x,)=0, 7(x,)>0 (<0)
TEHICM3NUKNap ypuHnu 6ynaan. By TeHrcusnuknapHu Ba a'(x) >0, x, € (O,Z) TEHICU3ITUKHN
xucobra oncak,

{r'(x)-[1+2a(x)Jr'(x)-2a'(x)7(x)}| <0 (>0)
TeHrcusnukka asra 6ynamus. by aca (13) TeHrnukka anaaup. [lemak, X, e (O,l) .

Y xonga X, =1, sbHu |T(l)|=M 6ymu6, Vx €[0,/) yuyH |T(x)‘<M 6ynagn. ByHu
!

a(0)[7(z)d

0

<|a(0)|lM <M, avHu

xucobra oncak (14) TEHrMUKNapHWUHT KknHuncuaan M =

M<M KypuyH/LLAArn HOTYFPU TEHICU3MNMKKa ara Oynamus. [demak, Xy # /. By Kapama — kapLUMnuK
T(x) =0, xe[(),l] neraH apasvMn3 HOTYFPUIMIMHKM KypcaTaan. [emak, T(x) = O,xe[O,l] .
YHpa 7, (x) =7, (x) X e [O,Z] . 1-Teopema ncbotnaHgu.

OHau 1-Teopema wapTnapu 6axapunrad aeb dapas Kunmo, {(1 1),(12)} macana e4MMUHUHI

MaBXyaMriMHN Texkiwmnpamus. bynaa T"(x) =0, xe (O,Z); T(O) =0, T(l) = (0 macanaHuHr Mpux
dyHKuUMacK 6ynran ywby dyHKkuuaaaH onganaHamums:

-1)/1l, x<z
[
x—l)z/l, x>z

MnbBepT Teopemacura acocaH, F(x,z) yHKUMS Ba {(1 1),(12)} MacanaHuHr e4nMm yuyH

| 2019/Nel 7 l
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ﬁ[r(z)—r(oﬂ(x_mi I )[(1+2a(2))r(2)], -28(2)| ez

TEHIMUK ypuHnu 6ynaam [2].
By TeHrnukaaH, 6ynaknab uHterpannawl opmynacuHu KynnaHmo,

e roet)- ) [ 2028 09

TeHrnukka ara 6ynamus. (15) TeHrnMukHM X 6ylinya [O,I] Ja vHTerpannanmMmmns:
I

Je(x)av=(1)1 -2 [¢(2)-#(0)]-

—j)‘l:l + Za(z)]r(z)dzj;['z' (x,z)dx — 2iﬂ(z)dzifé (x,z)dx.

ByH (12) WAPTRAPHUHT MKKUHYMCUra Kynnb sa 2 —la(O) # 0 dapas kunub,

T(Z) HU BMP KMUMATIM Tonamms:

{jZa(O)[l+2a(z):|[IF (xz } )dz+
+1a(0)7(0)—4a(0) l B(z)dz ! I (x,z)dx + g, (0)} /[2-1a(0)].

T(l) HUHT By ndogacuHm (15) TEHrNMKKa Kynmo, T(x) HOMabnyMm PyHKUUAra HucbataH

x)+_:[K(x,z)T(z)dz= F(x). xe[0,] ()

KypuHULIAarn UHTerpan TeHrnamaHy onamus, 6y epaa

f(x):(1-§jr(o)+zjr;(x,z)ﬁ(z)d“
+m[m(o) (0)+¢,(0)- ! ! B(2)I (&2 dcfdz}

K(x,2)= {r’ (x,2)+= a jr' dé}[1+2a(z):|.

(16) — ukkmHuM Typ PpearonbM WHTErpan TeHrnamacu 6ynub, y {(1 l),(lZ)} macanara

3KBMBANEHTAMP. YHWHI €YUMUHVMHT MaBXyAnuru Ba SIroHanuru {(l 1),(12)} macana eYMMUHUHT

AroHanurngaH, abHu 1-TeopemagaH kenub Ynkagw.
Oemak, kynugarn Teopema YpUHNU:

2- Teopema. Arap |a(0)|l£l ea a'(x)>0, xe(O,Z) 8a 2—[61(0)-‘/—'0 wapmnap

6axapurca, {(1 1) ,(12)} macarna si2zoHa equmaa 32a 6ynaou.
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Arap Ot(x), ,B(x) eC' [O,l] NC? (O,Z) 6ynca, (16) TEHrMaMaHWMHr eu4uMu  Xam
CI[O,Z]F\CZ (O,l) cuHdra Ternwnu 6ynaam. Tonunraw T(x) DYHKUMAHN (9) TEHrMUKKa Kynno,
V(x)eC[O,l]ﬁC1 (O,l) (yHKUMsIHW Tonamua. HaTuxaga 2- Homokan macanaHuHr eunmmn €2,
coxaga (7) hopmyna 6unan, Q1 coxajaaca U, —U, = 0 tenrnama yuyH (3), (4) Ba u(x,O) = T(x)
, [O,Z] wapTnap 6unaH KyinnraH MacanaHuHr eduMm cudatnaa Tonunaau.

By macanaHuHr eqrmm Ql coxaga u_ —u, =0 TeHrnama yuyH GupnHUM apanaiu YerapaBuit
MacanaHuHr e4nmmn cudatnaa KMampamns:

u(x,t)= J.r(f)@ (x,5,£,0)dé -
" (17)
—Il//l s (x,2,0,m7)dn - Iwz G, (x,t;1,m)dn,
6y epaa i/, (t)zux(O,t), W, (t)—u(l,t), G, (x,t,f,n) FPUH yHKUMSCH:
Gy (x,t;£,m)=(1/2)[ = (t —77)]_1/2 X

X°° ex _(x—f—4nl)2 ex _(x+§—4nl)2 _
Z@O{ p[ 4(t-n) } p[ 4e=n) }
_exp{_(x—g—zz—m)z}_exp{_(ﬂg—zz—%z)z}}

4(t—mn)
(17) dyHkumsHu (3) Ba (4) waptnapra Kynub Ba l//l(t)zut((),t), l//z(t)zu(l,t)

GenrunalwunapHm 31>Tm6opra orcak,

t

J.lr/ll 11 t 77 Il//z(ﬂ)Klz(tsﬁ)dU=E(f)a

0

_[l//l K, t77 d77 _[Wz 22(t,77)d77=F2(t),

KypuHuLigaru TeHrnalvlanapra ara 6ynamus, 6y epga

K, (t.7)=rG(0,£;0,7),  K,(t.n)=rG;.(0.5;1,m).

K, (t.n)= —a(t)j‘G3 (x,5;0,n)dx, K,,(t,n)=-a (t)jG3§ (x.t50,m)dx

yj G,(0,6;£,0)dE  F, (1) = ¢, (¢) +a( ” G, (x,1;£,0)dEdx .
Anukkn, [ ( ), ) (t) € C[O,T] ; K, (t,n),K21 (t,n) € C[O <t,n< T] . Konasepca,
G3(x,t;§,77) - TpuH  QyHKUMACKM  TysunuwmaaH  dorganaHub KypcaTuwl  MYMKUHKA

K, (l‘,77),K22 (t,i]) € C[O <t,n<T,t+ 77] , t=¢ paaca 1/ 2 kypcatkmunu maxcycnukka ara.
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Oemak, (18) — yHr TOMOHM y3nyKcu3, agponapu CyCT Maxcycnukka ara OynraH WKKUHYM Typ
BonbTeppa uHTerpan TeHrnamanap cucTemMacuHW TallKun kunap 3kaH. Y xonga, 6y cuctemagaH

v, (t) Ba i/, (t) HOMabnyMm pyHKUMANap 6up KMAMaTnm Tonunaau.
LLyHgan kunnb, Kyhingarn Teopema ncboTnaHam:

2-Teopema. Arap |a(0)|l$l . 2—a(0)[£0: ¢ (t) . @(1) . a(t)eC[O,T] ;
a(x),,B(x)eCl[O,l]mCz(O,l) ; a'(x)>0 : xe((),l) wapTtnap 6Gaxapunca, 2-Horokan

Macana droHa eyumra ara 6ynagm.
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