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Abstract. The nonlocal boundary value problem with integral conditions for system of hyperbolic equations of
the second order is considered. The questions of the existence of unique solution of the considering problem and
ways of its construction are investigated. For the solve of nonlocal problem with integral conditions for system of
hyperbolic equations of the second order a method of a introducing additional functional parameters is applied. We
introduce a new unknown function as the values of the desired solution on the characteristics. The desired solution of
nonlocal problem with integral conditions for system of the hyperbolic equations is replaced by the sum of the new
unknown function and the introduced functional parameters. The consider nonlocal problem with integral conditions
is reduced to an equivalent problem consisting of a Goursat problem for the system of hyperbolic equations with
functional parameters and functional relations. The algorithms of finding solution to setting equivalent problem on
the characteristics with functional parameters are proposed. The feasibility and convergence of the constructed
algorithm are proved in the terms of the data to problem. Sufficient coefficient conditions of the unique solvability to
the equivalent problem on the characteristics with functional parameters are established. Theorem of the existence
unique classical solution to the nonlocal problem with integral conditions for system of hyperbolic equations of the
second order is proved.
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OB OJJHO3HAYHOI PASPEHINMOCTHU HEJIOKAJIBHO 3A TAUN
C MHTEI'PAJIbHBIMM YCJIOBUSAMM JJI51 CHCTEMBI
T'NMIEPBOJIMYECKUX YPABHEHIIT BTOPOT'O IMMOPSIIKA

A.T. AcanoBa

WruCcTnTyT MaTemaTuku u MateMaTudeckoro Moaemuposannst MOH PK, Amvarsr, Kazaxcran
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AHHOTaHI/Iﬂ. PaCCManI/IBaeTC}I HCJIOKATTbHAA KpacBasd 3aaa4va ¢ WHTCIPAJTbHBIMH YCJIOBHAMH LI CHCTCMBI
THICPOOTHICCKAX YPABHCHAH BTOPOTO MOPIAAKA. MICCICAYIOTCA BOMPOCH! CYIICCTBOBAHMA CAMHCTBCHHOTO PCHICHHS
paccMaTpHBAaECMOM 3aJa4H U CIOCOOBI €T0 MOCTPOCHU:A. /I peIIeHU HEIOKAIBHOH KPacBOH 3aJa4H C HHTCTPAJTb-
HBIMH YCIIOBHAMH AJIA CHCTCMBI rnnep6om/mec1<nx ypaBHeHI/Iﬁ BTOPOT0 MOpAAKA NPUMCHACTCA METOA BBCACHUA O0-
TIOJTHUTCIIBHBIX (I)YHKI.[I/IOH(:UIBHI)IX napaMeTpoB. BBOI[}ITC}I HOBBIC HCH3BCCTHBIC (I)YHKI.[I/II/I KAK 3HAYCHHA HCKOMOTO
peleHns Ha XapakTepucTukax. ICKOMOE pelieHHuE HEIOKAIbHOHW KPacBOH 3aJa4 C MHTETPATbHBIMH YCIOBUSMU
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JUTA CHCTEMBI THNECPOOIMUYCCKAX YPABHCHHH 3aMEHICTCS HA CYMMY HOBOW HEHM3BECTHOH (DYHKIHH M BBEICHHBIX
()YHKIIMOHANBHBIX MAPAMETPOB. PaccMarpuBacMasi HETOKAJIBbHAS 337a4a C HHTETPAIbHBIMH YCIOBHAME CBOJUTCS K
SKBHBAJICHTHOH 3a7aje, COCTOAIMCH W3 3amadd ['ypca g CHCTCMBI THICPOOIMYCCKUX VPABHCHHH C (DYHKIHO-
HAJIBHBIMH TIAPAMETPAMHU H (DYHKIMOHATLHBIM COOTHOHICHHSIM. [Ipe/UIoKEeHBI aNrOPHTMBI HAXOXKACHHS PEIICHI
MOy YCHHOW SKBUBAJCHTHOH 33JaYM HA XapaKTEPHCTHKAX C ()yHKIHOHANBHBIME HapaMerpaMu. JloKa3aHa ocyiue-
CTBHMOCTb M CXOJAMMOCTb IIOCTPOCHHOTO QJTOPUTMA B TCPMHUHAX JAHHBIX 337a4H. YCTAHOBJICHBI KO PUIHCHTHbIC
JIOCTATOYHBIC YCIOBHS OJHOZHAYHOM Pa3perIMMOCTH SKBUBAJICHTHOH 33/1a41 HA XapaKTCPHCTHKAX C ()YHKIIHOHATb-
HBIMH mapaMeTpaMu. Jloka3zaHa TeOpeMa O CYIIECTBOBAHUM ¢AUHCTBEHHOTO KIACCHYECKOTO PEHICHUA HETOKAIBHOM
KpAaeBoif 3a1a4M C HHTETPATIbHBIMHU YCIOBUSIMH IS CHCTEMbI THIIEPOOIMUECKHUX YPABHEHHH BTOPOTO MOPSAKA.

PaccmarpuBacTcst HenoOKampHAas KpacBas 3aiada C HMHTCTPAIBHBIMH YCIOBHSIMH IS CHCTEMBI
runepOOIHICSCKUX YpaBHEHHUH BToporo nopsiaka B odmactu Q =[0,7]x[0, o]

ou ou ou

o —A(l,x)aJrB(l,x)EJrC(l,x)u+f(t,x), @))]
[K@Emit,&)dé = (1), 1e[0,T], 2)
IK(T, Xu(z,x)dr = p(x), x €[0, 0], 3)

rae (nxn)-marpuust A(f,x), B(t,x), C(t,x), n- sexkrop-byukumst f(f,X) HempepsiBHB Ha €,
(nx n)-varpuna K (¢, x) wenpepeiBHo muddepenmupyema Ha €2 1o 00cHM MEPEMEHHBIM, 71 - BEKTOP-
byuxkumn  w(f), @(x) HenpepeieHO guddepentmpyemsr Ha [0,7], [0,®], COOTBETCTBEHHO.

a b
[peanonaracrcst, uro Gyukumu () u @(X) YAOBICTBOPAIOT COOTHOLICHHUIO I@(f)dﬁ = IW(T)d E.
0 0

IMycte C(€LR") - mpoctpanctBo Qynximit #:Q —> R” | HenpepwiBHbIX Ha (2, ¢ HOPMOH
u(t, x)

El

4|, = max
0 (tx)e

u(t, x)|| = max |u,(t,x)].

Oyuxums  #(1,x) € C(Q,R”), wmeoomas YacTHBIC MPOM3BOJHBIC % e C(Q,R"),

2
M e C(Q,R"), M e C(Q,R") wmaseiBactcs knaccuucckuM permcuuem sagaqu (1) - (3),
ot otox
CCITM OHA Y IOBJICTBOPSCT cucTeMe ypaBHeHutd (1) u uaTerpamsHbiM yeaosusm (2), (3).

HenoxanpHble 337a9M ¢ HMHTETPATBHBIMH YCIOBHSAMH BO3HHMKAIOT NP MaTEMATHUECKOM MOJE-
JUPOBAHUH Pa3IMYHBIX (U3HUCCKUX SBJICHUH, HAMpPUMEpP, MPOLIECCOB pacmpocTpaHeHus Tema [1-3],
(dusvku m1asMsl [4], TEXHOIOTHHE OUHCTKH KPSMHHUSI 5], BAaronepeHoca B KamWLISPHO-MIOPUCTHIX CPEAax
[6-8] m mp. Hcmonp3oBaHWe HHTErPAIBHBIX COOTHOIICHHH BMECTO KPAeBBIX YCIOBHUH HAa HMCKOMOE
pPCLICHHE COOTBETCTBYIOIICTO AW(D(EpEeHINATPHOTO VPABHEHHS OKAa3aJoCh JOCTATOYHO VIOOHBIM
anmnapaToM MaTeMaTHYECKOro ucciaeaoBanusd. CHCTEeMATHIECKOE H3YUCHNEC HETIOKATBHBIX KPACBBIX 3a1a,
B KOTOPBIX BMECTO KIACCHYECKMX KPAeBBIX YCIOBHH 33JacTCAd CBI3b MEXKAY 3HAUCHHAMH HCKOMOM
¢VHKUMH Ha TpaHuue obIacTH W BHYTPU Hee, nposeicHo B [9]. HenmokanbHble KpacBble 3amadd ¢
HHTCTPATBHBIMH  VCIOBHSAMU A THHCPOOMMYCCKUX YPABHCHUH HAvaad H3YVYaThCd OTHOCHUTEIIBHO
HCJABHO, HCKOTOPBIC KJIACCHl 3agad u Oubauorpaduro mokuo mocmorpers B [10-21]. C momoinsio
Pa3IUYHBIX METOAOB OBLIH MONYYCHBI YCIOBHS KIACCHUCCKOHW, OOOOIICHHON PaspeiiuMOCTH 3a71a4H C
HHTCIPATBHBIMH YCIOBHAMH A TUICPOOTHIecKUX ypasHeHnH. 3agaya (1)-(3) aiaga oaHoMepHOro ciayyas
mpu a =@, b =1 wuccnenosanacek B pabote [19]. BBIACHEHBI yCIOBHS Pa3pPEIIMMOCTH PACCMATPUBAEMOM
3a1a49¥ TPH TPCATIONIOKCHIH HEPEPBIBHOH auddepenuupyemoctu kodbdummentos A(Z, x), B(1,x).

B paborax [22, 23] paccMarpuBaiach HEIOKAIbHAS KPACBas 334a4a C HHTCTPATBHBIM YCIOBHUEM I10
BPCMCHHOH MEPEMCHHOH A CHCTEMBI THUNECPOOTHYCCKUX VPABHCHHH CO CMCIIAHHOH HPOW3BOJHOM.
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YcTaHOBNEHBI HEOOXOAUMBIC M JOCTATOYHBIC VCIOBHS KOPPEKTHOH Pa3pelIMMOCTH UCCIEAYEMOH 3aaauu
B TCPMHMHAX UCXOTHBIX JAHHBIX U MPEAT0KCHBI AITOPUTMBI €TI0 HAXO0XKICHHSL.

OTveTyM, YTO MPH HUCCIACAOBAHWM 3a7ad C HMHTCTPATIBHBIMH VCIOBHAMH [ THICPOOTHUECKHX
VPaBHCHHH BOZHHUKAIOT PSA TPYIHOCTEH, CBA3AHHBIX C M3VUCHHEM CONPSDKCHHOH 337a4H M HOCTPOCHUEM
¢vakumn Pumana. OxHnM U3 nyTed MPeoJoNeHUs STHX TPYAHOCTEH SBISICTCS CBCACHUE UX K OOBIYHBIM
HEJIOKATBHBIM VeroBrsaM. QHAKO, 3TO HE BCErAa YAACTCS CACIATh HA OCHOBE KIIACCHICCKUX METOOB.

B nacrosmeli pabore HelnokanbHag 3aiadya ¢ MHTETPATBHBIMH YCIOBHAMH Al CUCTEMBI rHIepOo-
JMYCCKUX YPAaBHCHUH Ha OCHOBE METOJA BBCACHUS (DYHKIMOHATIBHBIX mapameTpoB [24, 25] ceexeHa k
3agaue ['vpca pig cuctembl MHNCPOOTHYCCKUX VPABHCHHH ¢ mapaMeTpaMd U (YHKIHOHATBHBIM COOT-
HomeHUsAM. [lonydyeHBl yCIOBHS CYINECTBOBAHMS CIMHCTBCHHOIO KIACCHUCCKOTO PELICHUS H3yvYacMOU
3a1a4Yd B TCPMHHAX MCXOAHBIX JaHHBIX. [IpeanoxeH anroputM nocTpocHHs NPUOIMKCHHEIX PCLICHUH U
J0KazaHa ero ¢xoaumMocTe. OTHOCUTEIBHO KOR(MPHUIMEHTOB cHCTEMBI runepbonnieckux vpasHeHni (1)
MPEATONAracTCsl TOMBKO HEMPEPBIBHOCTh B oOmactu (). YKazaHHbIH METOA paHee ObLI NPHMCHCH K
qacTHOMy ciy4aro 3amauu (1)-(3), mpu K(7,x) =1, rae [ - cauHWYHAs MaTpHL@ Pa3MEPHOCTH /1 B
padoTe [26].

Cxema MeToa BBeACHHS PYHKIHUOHAIBHBIX TAPaMETPOB.

1 1
Beeaem oGosnauenus A(x) = u(0,x) — Eu(O,O) , () =u(t,0)— Eu(O,O) . B zagaue (1)-(3) ocy-

ICCTBUM 3aMEHY MCKOMOM Gyukumun u(?,x) : u(t,x) =u (¢, x)+ A(x) + p(t) u nepeiizem x creayromei

3ajaue
o o o ~
o A(, x)a + B(t, x)E +C(t,x)u + f(t,x)
+ A(t, x)A'(x) + B(t,x) fi(t) + C(t, x)A(x) + C(t, x) (1) . €))
i(1,0)=0, te[0,T]. )
u(0,x)=0, xe[0,m], (6)

[ K@, &) (1,£)dé + [ K, OMEE + [K(1,E)dE - u(t) = w(1), 1 £[0,T], (7)

iK(z‘, ) (r,x)dt + iK(z‘, x)dr - A(x) + iK(z‘, )u(t)dr = p(x), xe[0,w], (3)

Pemenuem 3anaun (4)-(8) seusercs Tpoiika Gyukumin (u(f), A(x),u (¢,x)), tae dyuxumst u (7, x)
HUMCCT HECMPCPBIBHBIC TIPOM3BOIHBIC TICPBOTO MOPSIAKA M CMEIIAHHY KO TIPOM3BOJHYIO BTOPOTO TOPSIIKA HA
Q. ¢ynkmms u(¢) wenpepeiBHO auddepenumpyema Ha [0,7], dynkums A(x) HenpepsiBHO aud-
depentmpyema Ha [0, @ |, yaoBaeTBopsitornas cucteme ypasHeHuit (4) yenosusim (5)-(8).

Bamaua (4) - (6) mpu ¢uxcupoBannbix A(x), u(f) sBusercs 3amadeit ['ypca OTHOCHTEIBHO
dyuxumu % (f,x) B obmactu Q. A coorHomenus (7), (8) MOZBOISIOT OMPEACTMTH HCH3BECTHBIC
mapametpsl A(x), u(t), rae dyukumu A(x), p(t) yaosnersopstor paseHctsy A(0) = 1(0).
ou(t,x) x) 8u( X)

ox

BBenem HOBblE HeusBecTHbIE GQyHKumE V(Z,X) = w(t,x) = U 3anMImeM c¢
PCIICHKC B BUAC CHCTEMBI TPEX UHTCTPATBHBIX YPABHCHUM

v(t,x)= j{A(z‘, xW(t,x)+ Bz, x)w(t,x)+ C(z,x)u(t,x)+ f(r,x)+

+ A(7, X)A'(x) + B(z,x) () + C(7,x)A(x) + C(7, x) ,u(z')}d T, 9




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

w(t,x) = I{A(l, EWEH+BEOWEE +CE,Hu &)+ f(1,5)+
+ ALEA(E)+ B@,E) (1) + C(1,E)AE) + C(t,E)u(0) Jdé (10)
i(t,x) = j W(z,x)dr . (11)

[peanonoxum, uro marpuna K, (7) ZIK (t,£)dE obparmma ana Beex t€[0,7], a marpuna

b
K, (x)= IK(T, x)dt obparuma nus Beex x € [0, @].
Toraa uz coorHomenuti (7), (8) Haxoaum

(@) =K, 01w () ~IK, O [ K@), &)dé ~[K, O [K@EHMEEE . 1 €[0,T]. (12)

) =[K, ()] o(x) - [K, (0] [K (@, x)ii (7, )d7 ~[K, ()] [K (7, x)u(7)d 7, x € [0, 0], (13)

[Ipoanddepenumposas cootnowmenue (7) mo f, a coorHomenne (8) — mo X W yuurteiBasg 0003Ha-
YCHMS, TOTYIHM

fit) = ~IK, (O] j B g w1k, 01 [FE aiepae -

B f K(z &)

(K01 [EE a0, ) - 1K, 01 jK(z N1, E)E +IK, (0] W), 1<[0.T], (14
20 =K1 [ a0 1K, ) [ eyt -

K %N

(z,%)d7r —[K,(x)] j K(z,x)9(z,x)dz +[K,(x)] ' ¢'(x), x€[0,0], (15)
0

Takum oOpazom, uMeeM 3aMKHYTYIO cucremy ypasueHui (9) - (11), (12)-(15) anst ompeacneHus
HemsBecTHBIX V (1, X), W(t,x), u(t,x), u(t), A(x), o), A'(x).

Ecmu wssectanr p(t), A(x), p(r), A'(x), 10 u3 (9) - (11) naxoaum dyskumm V(7,x), w(t,x),
u(t,x) . O6parso, ecu uzBectHsl GpyHkuun V (¢, x), w(t,x), u(f,x), 1o u3 cucremsl ypasaenuit (12)-
(15) mosxem wHairu u(t), A(x), p(), A'(x).

Tak Kak HEM3BECTHBIMU ABISIOTCS Kak V (1, x), w(t,x), u(t,x), tak u u(t), A(x), a(t), A'(x).
JUTSL HAXOXKACHUS perncHus 3aaaqu (4) - (8) UCrmoap3yeM UTEPaliMOHHBIH METOT.

Tpoitky (12" (2), A" (x),4 " (t,x)) - pemenue 3anauu (4) - (8), ompeensemM Kak MpeAest MOCIENO-
saremprocTH Tpoek (1 (1), A7 (x),1 " (t,x)), m = 0,1,2,..., O CICAYIOMEMY aNrOPHTMY:

IIlae-0. a) Tonaras B paBoii yacTH HETErpatbHOro cootsomenus (12) 7 (1, x) = 0, A(x) = u”(0)
HAXOIUM ,u(o)(l) s Beex t € [0,7], a B uaterpansuoM cootHommennu (13), mosjaras B mpaBo# 4acTu
u(t,x) =0, u@)=2200) - A”(x) mms Bcex x €[0,0]. B coorsomenuu (14), momaras B mpaBoit
aactu (1) = (1), A(x) = ”(0), u(t,x) =0, w(t,x) =0, maxommm 2V (¢) mus Beex 1 €[0,T],

a B coorsomernn (15), momaras B mpasoit wactn A(x) = A" (x), w(t)=A"(0), u(t,x)=0,
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