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AnHoranusi: B nanHOl pabore paccMaTpuBaeTcs MHOTOTOYEYHAs KpaeBas 3ajada Jull CUCTEM HHTErpo —
muddepeHmanbHbIX ypaBHEHHH ¢ MHBOJIIOIMEH, KOT/1a IIPOU3BO/IHAS OT UCKOMOM (DYHKIIMU COJCPIKUTCS B IPABOM 4acTH
ypaBHeHHs1. Vicrionb3ysi CBOWCTBA HHBOIIOTUBHOTO MPE0Opa30BaHusl, 3a/1aua CBOJUTCS K UCCIIEJOBAaHUIO MHOTOTOUEYHON
KpaeBoil 34a1a4u Ui CUCTEM HMHTErpo-IudepeHInanbHeIX ypaBHEHHH. PaccMarpuBas MHTerpajpHoe ypaBHeHue |l
poxa tuna dpearobMa OTHOCHTEIBHO sapa K, (t,S) ¥ onpenenrB ero pe3ojabBEHTY, MOKHO H30aBHUTCS OT IPOU3BOIHOM
UCKOMOM (DyHKIIMH B paBoil yacTu. Jlanee K JaHHOH 3a/1aue MOKHO MIPUMEHHT METOA ITapaMeTPH3aLMU PEIUIOKESHHBIN
npodeccopom [.JxymabaesoiM. Ha 0cHOBe 3TOTr0 penieHre 3aJaun CBOAUTCS K PELICHHIO ClieluaIbHOM 3aqaun Komm
M CHCTEMBI JIMHEHHBIX ypaBHeHHﬁ. I/ICHOHL?)yﬂ METOJbI PCHICHUA HWHTCTPAJIbHBIX YPAaBHCHUH, OJHO3HAYHAs
Pa3peInMOCThb I/ICXOJIHOf/'I 3aga4u, CBOJUTCA K O6paTI/IMOCTI/I MaTpulbl, KOTOpas 3aBUCUT OT UCXOJHBIX JTaHHBIX.

KaroueBble cioBa: Cucrema uHTErpajibHO-AH(GGEpEeHINANBHBIX YpaBHEHHH, METOJA IapaMeTpHU3alny,

mapameTp, KpaeBble YCIOBUS, OHO3HAYHAS Pa3pEeIIUMOCTb.

HccnenoBanne KpaeBbIX 3adady  HMHTErpo-auddepeHIuanbHbIX  ypaBHEHUR  ObLIN
paccMOTpeHbl B paboTax MHOTHX aBTOpPOB [1-7], oHAKO C pa3BUTHEM KOMIIBIOTEPHBIX TEXHOJIOTHH,
BO3HHUKAET BOMPOC O CO3JaHHE KOHCTYKTHBHBIX METOJIOB TOJyYEHHUE PEIICHHS IOCTABICHHOM
3amaun. Ces3u ¢ 3tuMm, npodeccopom Jl.J>kymabaeBbIM OBUT MPEIIOKEH METO]| IMapaMeTpU3aIiu
pellieHrs TUHEHHONW NBYXTOUYEYHOU KpaeBoil 3amaun Uil cucteM IuddepeHInalbHbIX YpaBHEHUN
[8]. B pabotax [9-12] nanHBbIi MeTOM OBUT MPUMEHEH K MCCIICOBAHUS KPAEBBIX 3a/1a4 Uil CHCTEM
UHTETPO-TU((EPCHIIMATLHBIX ~ YPABHEHUH W YCTAHOBJICHBI KPUTEPHH WX  OJHO3HAYHOU
Pa3perMOCTH.

Ha otpeske [0,T] paccmoTpum KpaeByro 3a1ady

m+diag(a1,a2,...,an)

X dx(a () _ me[ K, (t,s)x(s)ds +.T[K2(t, sSX(s)ds+f(t), te[0T] (1)

dt k=19 0
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iBix(Hi):d, deR", @)

0=6,<0,<...<6,,<0, =T,

rae marpunsl K (t,s), K, (t,s)HenpepsiBHbl coorBeTcTBeHHO Ha [0, T]x[0,T], N - MepHas BekTOp-
¢bynkmus  f (t) menpepsiBHb! Ha [0,T], matuns! B, i =1,m - MOCTOSHHBIC matpuubl.  «(t)—
W3MEHSIONIMNA OPUEHTALIUI0 TOMEOMOpP(HU3M a:[O,T] —>[O,T] takoit, uto a’(t)=a(a() =t .
I'omeomopdu3m «(t) Ha3BIBAIOT MHBOJIIOTHBHBIM MPE0Opa3oBaHUEM WIIM POCTO MHBOJOIMEH. Ha
orpeske [0,T] B KadecTBe Takoro mnpeoOpa3oBaHUS  MOXHO PacCMOTPETh TromMeoMophu3m

a(t)=T—-t . CpoiicTBa WHBOJIOTHBHOTO TpeoOpa3oBaHUs ObUTM H3y4eHB B paborax

I'.C.JIutBunuyka [13], H.K.Kapanersnua n C.I'.Camko [14] u ap.

Paccmotpum 3nadyenust ypapuenus (1) B Touke t = a(t)

S 4 diag(ay, a,, ..., dx(t) i j K, (e(t), s)x(s)ds + j K, (a(t),s)x(s)ds + f (a(t)).

_10

dx(a(t)
t

W3 cucrembl

d(t)erlag(a1 a,,...,a) dx(a(t)) Zm:]'Kl(t s)X(s ds+jK (t,s)x(s)ds+ f (t),
O'X(;‘t(t))+o||ag(a1 a,..a) dx(t) ]Kl(a(t) S)x(s)ds + j K, (a(t), S)K(s)ds + f (a(t).
ONpeETuM

diag(l-a/,1-a’,...,.1-a )d)é(t) _[ [K,(t,s)—diag(a,, a,, ..., a,)K(a(t),s) [x(s)ds +

+][K2 (t,s)—diag(a,, a,, ..., a,) K, (a(t),s)[x(s)ds +[ f (t) —diag(a,, a,, ..., a,) f («(1))].

Tpennonoxum, uro matpuna diag(l—a’,1-aZ,...,1—a’) He sABIAETCS BHIPOKICHHOI,

TOrJa OHa oOpaTHMa U KpaeByro 3a1auy (1), (2) MoXXHO 3anucaTh B BUJE

%=]K1(t,s)x(s)ds+}Kz(t,s)X(s)ds+f(t), te[0,T], 3
iBix(Hi):d, deR", (4)
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0=6,<6<...<0,,<6, =T,

rre K, (t,s)=diag(l/(@-a’),1/ 1-al),...,1/ 1-a2))[K,(t,s) —diag(a,, a,, ..., a,) K, (a(t),s)],
K,(t s)=diagl/ (1-a?),1/ 1-a}),...,1/ 1-a’)) [K,(t,s) —diag(a, &, ..., ,)K,(a(t),s)],

f(t) =diag(l/ (1-a2),1/ (1-a2),...,1/ 1—aZ)[ f (t) —diag(a,, &, ..., &,) f (a(t))].

Ycaosue A. [lycts nHTErpalibHOE YpaBHEHUE DpearosibMa BTOPOro poaa

z(t) =]K2 (t,5)z(s)ds +D(t) (5)

YMeeT eIMHCTBEHHOE PelIeHUe IIpH 000l pyHkimu D(t) e C([O,T l.R" ) .
Eciu BeIONHEHO yenosue A, To cymectByer I,(t,S;1) - pe3oibBeHTa HHTErpaIbHOTO

ypaBHeHust @pearoiasma BToporo poxa ¢ aapom K, (t,S) u perieHne MHTErpanbHOTO ypaBHEHUS

MOXHO 3aIliucaTtb B BUAC
]
" (t) = d(t) + j T, (t,s;)d(s)ds.
0

[Tonb3ysick ycnoBueMm A, 3agauy (3), (4) MOXHO 3anucaTh B BUJIE

% = ] K, (t,s)x(s)ds + f (t) +]r2 (t, ;1) ﬂ K,(z,5)x(s)ds + f(r)}dr, te[0,T], (6)

iBix(Hi)=d, deR", (7

0=6,<6<...<6,,<6, =T,

B mHTErpaJlbHOM 4iIeHEe MEHSS NOPSAI0K HHTETPUPOBAHHUS, TOTYyUYUM
T T 5 T T y T
j I,(t,s1) j Ki(s,7)x(z)dzds = | [ [T, =DK@, s)drj x(s)ds = j K, (t, s)x(s)ds.
0 0 0 0 0
Baegem 0003HaueHUA
]
K,(t,5) = K", (t,s)+ K (t,5), f)=fO)+[r,tu)f(o)de
0

Torna 3anauy (6), (7) 3anuiieM B BUje
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dx . £
a:_l'Klt,s)x(S)dS+f(t)1 te[0,T], ®
> Bx(@)=d, deR", ®)

0=6,<6<...<6,,<6, =T,

K xpaesoit 3amgaun (9), (10) npumensiem meton napamerpusaiuu [./xymabaesa [8], s

m(l+1)

aToro Oepem HarypaibHoe uncio | e N u mo Hemy mpousBoauMm pazouenue: [0,T) = U [t ,.t,),
r=1

rae =ti(,+1)+%, h=60-6,i=0m-1 j=11+1. O6osnaunm h=max{h,h,....h },

ti(I+l)+j

B = max |K(t,s)|.

t,Se[O,T]

Ha ocHOBe jaHHOr0o MeToja MMOJIYYHM CIICAYIOIICC YTBCPIKACHHUC:

Teopema. [lycmsb vinonnensvl ciedyrowue yciosus:
1) ycrosue A,
2) mampuya diag(l-a’,1-a’,...,1—a’) obparuma.
Torma ma oono3naunou paspewumocmu  3a0adu (8), (9) HeobXoOumMo u OocmamouHo

cywecmsosanusi |1 € N, npu xomopom mampuya Q. .(l) obpamuma.

h
e | onpenensiercst u3 yenosust q(l) = ST n <1.

JTO HcceJoBaHHe ObLI0 YACTHYHO MNOAJAep:;kaHO MUHHCTEPCTBOM 00pa3oBaHUsl U HAYKHU

Pecny6sanku Ka3zaxcran, I'pantsr Ne AP09259137
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Angarna. byn >xyMmbicta i3menmiHmi  QyHKOUSHBIH TYBIHABICHI TEHACYAIH OH >JKarblHAA OOJNFaH Ke3ze
WHBOJIIOIWSICE Oap HWHTErpangslk — IupQepeHIUaNablK TEeHACYNIep JKyWhenepi YVIIiH KOIMHYKTeJ IMIeTTIK ecen
KapacTeIpbUIaasl. IHBOMIOTHBTI TYpIIEHIIPYIiH KaCHETTepiH KOJIAaHa OTHIPHII, €CEll HHTETPAABIK -1r( dhepeHITHaTIBIK
TEeHJeYyJIep JKYWenepi VINH KONMHYKTeNl INeTTIK ecenTi 3eprreyre neiin kenripineni. ®pearomsm Il Tuminmeri
MHTETPAJIBIK TEHACYl ©3€KKEe KATBICTHI KapacTHIPBIN, OHBIH PE30JbBEHTACHIH AaHBIKTal OTHIPBIN, TEHIEY OH JKaKTa
i3aemiHal QYHKUMSHBIH TYBIHIBICH 0OJIMaNThIH MHTErpajablK-IuddepeHInaIbIK TeHIeyre KenTipiteai. Opi Kapai,
ecenkea npodeccop JI.JKymabaeBreH YCHIHBUIFAH MapaMeTpiiey OMiCiH Kojianyra Oonaabl. OHBIH HETI3iHIE €CCmTi
nrenry apHaiibl Komm ece6i MEH ChI3BIKTHIK TEHIEYJIEp XKYHECIH 1enyre KenTipineai. MHTerpanapk TeHaeyiepal menry
TEOPHACHIH KOJITaHa OTBHIPHIT, KOWBIUTFAH €CeNTiH OipMOH/I MEeMIMALIITI, OacTanKel OepiAreHaepre TOyeIai MaTPHIAHBIH
KA TBIMIBUTBIFBIHA OaTaHBICTRIPBLTAIEL.

Tyiiin ce3nep: MuTerpangsik-nuddepeHnnanaslk TeHACYIEp KyHeci, TapamMeTpiey dJici, mapaMeTp, MIeKTi

maptrap, 6ip MOHIII aXKbIPATHIM/BUIBIK.

ON THE UNAMBIGUOUS SOLVABILITY OF A MULTIPOINT BOUNDARY
VALUE PROBLEM FOR FUNCTIONAL DIFFERENTIAL EQUATIONS WITH
INVOLUTION.
USMANOV K.1.}, K.ZH. NAZAROVA!, TURMETOV B.K.!
!Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan

E-mail: y kairat@mail.ru, gjnazarova@mail.ru.

Abstract. In this paper, we consider a multipoint boundary value problem for systems of integro—differential
equations with an involution when the derivative of the desired function is contained in the right side of the equation.
Using the properties of the involutive transformation, the problem is reduced to the study of a multipoint boundary value
problem for systems of integro-differential equations. Considering an integral equation of the second kind of Fredholm
type with respect to the kernel and determining its resolvent, the equation reduces to an integro-differential equation that
does not contain the derivative of the desired function in the right part. Further, the parameterization method proposed by
Professor D.Dzhumabaev can be applied to this problem. Based on this, the solution of the problem is reduced to solving
a special Cauchy problem and a system of linear equations. Using the methods of solving integral equations, the
unambiguous solvability of the original problem is reduced to the reversibility of the matrix, which depends on the initial
data.

Key words: System of integral differential equations, parametrization method, parameter, boundary

conditions, unambiguous solvability.
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