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CONSTRUCTION OF A SOLUTION FOR A SYSTEM OF NONLINEAR
INTEGRO-DIFFERENTIAL EQUATIONS IN PRIVATE DERIVATIVES

VJIK: 517.968

MooendewmupyyHyH scapoamviHoa K33 6up uzuxaivik maceienepou ougepenyuanovix, unmezpo-oughpepenyuanidvix menoemenepu
JHCaHa MbIHOAU meHOeMenepOUur cucmemacsl yuyH dbaumanksl maceneiepune keamupyyzo oonom. Kowymua apeymenm KuiuupyymemooyH
KOJIOOHYY JiceKkeue myyHOYIyy oughpepenyuanovix meHoemenepour JHeanvl KIACCMazbl MAceeleput usuioee20 MyMKyHUyayK 6epem. byn
MemOOOYH He2U3UHOe KOWYMYA APSYMEHM KUUUPYY ICONY MeHeH OAuimankvl YeKMuK MACeleHUH YeyumuH maodyyea MYMKYH 6GON2OH
uHmMezpanobik meHoemenepOUuH cucmemacviHa kexmupuiem. byn makanaoa scexeve myyHoyayy col3blKmyy smec UHmezpo-oupepenyuanobik
meHOemenep CUCEMACHIHBIH JHCeKe YUYPYHYH YeHUMUH KOULYMYA apeyMeHm KUPSU3yy YCyny MeHeH mypey3yy KapanzaH.

Hezuseu co30ep: unmezpo-oughgpepenyuandvix, menoemenep CUCMEMACHL, CHI3BIKMYY OMeC, Jicekeue MYyyHOYIap, OupuHdu
mapmunmezu, KOWYMUA Ap2yMeHm KUUUPYY YCYILY, HCAN2bL3 YEUUM.

Ilpu nomowu mooenuposanus Hekomopule husuyeckue 3a0aui MONCHO C8eCMU K HAYANbHbIM 3a0ayam O OupgepeHyuanbhblx,
unmezpo-oudpepeHyuarbHbiX YpasHeHull U cucmem Maxkux YPasHeHUll 8 YacmHbIX NpPOu3eoOHbIX. Bruedpenue memooa 0onoaHumenbHoz2o
apaymMeHma no3eosaem uccied08amy Hogvle KIaccvl 3a0ay Oisi OUupdepeHyuaibHbIX YPAGHEeHUI 8 YACMHbIX NPou3goonbix. OCHO8Y OAHHO2O
Memoda cocmasnsaem mo, 4mo UCXOOHAs, HAUAbHAS 3A0aA4a CHOCOO0M 68e0eHUsL OONONHUMENbHOU NePEeMEHHOT NePexooun K cucmeme unme-
2PANbHBIX YpaBHeHUll, Hauboee npuemaemoll 0 00Ka3amenbCmed Cyuecmsosanus peweHull. B smou cmamve paccmompeno npumeHeHue
Memooda OONOIHUMENbHO20 apeyMeHma OJisk NOCMPOEHUSL PEULEHUs. CUCIIEMbl HETUHELIHbIX UHMe2po- OUp@epeHyuanbHbIX YPAGHeHUIl 8 Yacm-
HbIX NPOU3EOOHBIX OISl KOHKDENHO20 CLYUAsL.

Knrwouesvie cnosa: unmezpo-oughpepenyuanvroe, cucmema ypasHeHutl, HeauHelHoe, YacmHble npou3go0Hbvle, NePeo2o NOPAOKd, Memoo
OONONHUMENLHO20 aPEYMEHMA, eOUHCIBEHHOE PeuleHUe.

Using simulation some physical problems can be reduced to initial problems for differential and integro-differential equations. Various
methods have been developed to prove the existence of solutions to such problems, as well as to study the properties of the above problems.
The introduction of the additional argument method allows us to explore new classes of problems for partial differential equations. This method
is based on the fact that the initial boundary value problem passes to the system of integral equations that is most suitable for proving the
existence of solutions by introducing an additional variable. The construction of proof statements when finding a solution is carried out by a
strict method of writing operators in function spaces using the principle of compressive maps for operators of a delayed type. Identification of
variables in the solution of such a system ultimately allows to solve the original problem. In this work, there is considered the application of
the additional argument method for constructing a solution of a system of nonlinear integro-differential partial differential equations for a
specific case with the same nonlinear factor. There is used the method of successive approximations to solve integral equations. The only
solution to the system has been built. A solution for a specific case is shown.

Key words: Integro - differential, system of equations, nonlinear, partial derivatives, first order, method of additional argument, unique
solution.

Penrenne HEKOTOPOH CUCTEMBI HEJIMHEHHBIX HHTErPO-TUQPEepeHINANTEHBIX ypPaBHEHUI B YaCTHBIX
npousBoaubix (CHU-AY B UIl) mMoxeT OBITh MOCTPOEHO C WCIOJIH30BAHHEM METO/a JIOTIOTHHUTEIHHOTO
aprymenta (M/IA). OTo oTMeuaeT 0cOOeHHOCTB 3TOro Metoaa. B MJIA cocTaBiiseTcsi CHCTeMa HHTErPaIbHBIX
ypaBHEHUH B 4acTHBIX Mpou3BoAHbIX (CUY B UIl), sKkBHBajeHTHAs HCXOHOU CUCTEME, K KOTOPOU IpHUMEHsIe-
TCSl MPUHLIMI CXAaTbIX oToOpakeHuid. s 3amau CUY npuMeHeHne 3TOro Meronaa yAoOHO JUIS MOTY4YeHUs
KOHKPETHBIX PELLICHUI.
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PaccmoTpum KOHerTHyIO CHU-Y B Ull u natinem ee pemenne M/A:

aul(t,x) (t X) t
p +U,(t, ) —Uz(t,X)+MU1(S,§)d§dS+f(t) M
e (t %) _ gt x,u, (t,9).
u,(0,x)=x, Uu,(0,x)=e(xX), xeR, (2)

(t,x) € Q,(T),
Q, (M) ={(t.t, t,..t,,x)| 0<t <t, <t <..<t <T,xeR}
Oynkunu, mpuBeAeHHEIE B 3a1aue (1) - (2), mocTaToYHO TIaaKue, T.€.

»()eCR), g(txu,)eC(@Q(T)xR),

rae

c () — mpocTpancTBO (HYHKINH, ONPEIEICHHBIX, HEMTPEPHIBHBIX U OTPAHUICHHEBIX (COOTBETCTBEHHO
BMECTE CO BCEMHU CBOMMH TIPOU3BOHBIMH 10 TIOpsi/iKa K BKITFOUNTEIBHO) Ha ().

3amaun moctpoenust pemenus CHY B UIl paccmoTrpensr B paborax A.K. AmmpbOaeBoi, XK.
Mawmb6eroBa, I'.K.CagpikoBoii [1-4]. B atux pabortax moctpoeHo pemienne CHY B UIl ¢ oanHAKOBBIM
HETUHEHHBIM cOMHOXHTETIeM MJIA.

B mannoi#t pabore npoBoautcs nocrpoenune pemenns CHU-Y B UIl ¢ HeoqMHAKOBBEIM COMHOXKHUTEIIEM.

CHayana HaxoJIuM pelIeHre TIepBOTo yYpaBHEeHUs cucteMsl (1) MJIA.

B pesynpraTe ncnonap3oBaHus METOJ1a, KaK MPaBUIIO:

u, (t,x) = x—juz(v,q(v,t, x))dv +
t O t (3)
+[u,(v,q(v,t,x))dv +Ct +[ f (s)ds,

rae q(S-t-X) -pCUICHUEC MHTCTPAJIBHOI'O YPAaBHCHUA:

q(s,t,x)=x-— juz (v,q(v,t,x))dv,

U3 (3) nmeem s

u, (t,x) :x+Ct+j f(s)ds, (4)
rae 0

C:ﬂul(s,g)dfds.

Uuterpupys o6e gacti ypasuerns (4) ot 0 10 1 1o t i X, momydaem:

C:;(1+ C)+b, ()
b= [ f()dvdeds
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N3 (5) onpenenum:
C=1+2b.

[oxcrasnss Halinennoe 3HaueHue C B (4) moimyyaem:

U,(t,X) = x+ (L+ 20)t + | f(s)ds. = x + F (1),

F(t) = 1+ 2b)t + | f (s)ds.

[TonoxuB 3Ty (HYHKIHUIO BO BTOPOE ypaBHEHHE cHUcTeMbl (1), TTOIydUM CIeayroliee ypaBHEeHHE:
ou, (t, x aou, (t, x
DL (e PP gt x4 FO) ©
ot
[Mpumensiem tenepb MJIA anst 3agaqu (6)-(2):

U, (%) = 9(P(0,6, )+ 95, B(S,1, X), P(5.t,X) + F($))ds,

rae p(s,t,X)-pelieHne ciaeayoIiero HHTErpalbHOr0 YpaBHEHUS, A1 KOTOPOro MOXKHO TIPUMEHSITh METO
MOCJIe0BATENbHBIX TPUOIKCHUN

p(s,t,x) =x— [F()dv — [ p(v,t,x)dv, (7)
(s,t,x) €Q, (T). S S

VYpaBuenue (7) uMeeT eMUHCTBEHHOE PELICHHUE, yIOBIETBOpstoiee AudhepeHIIHaTbHOMY YPaBHEHUIO

op (s,t,x) t,X)

+ (X me“i 0, p(s.sx)=x

I/ITaK, peuiCHuc MMOCTaBJICHHOMU 3aga4u UMECT BU:

u,(t,x) =x+F(t),

U, (t,%) = (p(0,t, X)) + [ 95, P(s,t,X), (s, t, ) + F (5))ds.
B wactHocTH, eciiu cuctema (1) uMeer BHI:

ou (t, x) ou, (t,x)
—a +u2(t,x)7ax =u,(t, x) ®)
auz(t,x) ou (t X)

(t ) - g(t,X,ul(t,X))-
TO PELIECHNUE UHTErPATIBHOTO ypaBHeHHsI (7) npuauMaer BUA:
p(s,t,x) = xe .
B camom niene (9) siBisiercs pernenneM ypaBHeHust (7):

(9)
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xe " =x— je“”dv X—xe = x—x+xe" =xe",

N

N3 (9) mmeem:

op (s,t,x) +Xap(s,t,x)

=0, 5,5,X) =X
ot OX P )
Torna pemrenve 3anaqn (8)-(2) uMeeT BUL;
u,(t, x) = x,

. (10)
Uz(t, X) — (D(Xeit) + J‘ g(S, Xef(tfs)' Xe—(t—s))dsl

[IpoBepum, uto pemenne (10) ymoBierBopsier cucreme (8):

8u1§[, X) 0. (t,X )8u (t,x)

Teneps mpoBepuM BTOPOE YPaBHEHHE CHCTEMBI:

ou, (t, X) ULt X) ou, (t, X)
ot OX

t
+ j [-g/xe ™ —g'xe“]ds+
0

—u,(t, ) =U, (t,X)

=—p'(xe")xe" +g(t,x,x+1t) +

+ x[go’(et)et + j[g;e*‘”) + g;)e“”]ds} =g(t, x,x+t) =g(t, x,x +1).

Ocob6ennocts M/IA cOCTOUT B TOM, UTO C €70 IOMOIIBIO MOKHO ITOCTPOUTSH perenre Hekotopoit CHU-
Y B UIl. 3TOT MeTO MOXKET OBITH B JAIbHEHINIEM MTPUMEHEH K HOBBIM THUIIAM CHUCTEM.
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