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YCJOBHUE OJHO3HAYHOM PA3ZPEIIMMOCTH HEJIOKAJIBHBIX KPAEBBIX 3AJTAY
JJIsA CUCTEM ®@YHKIIMOHAJIBHO-IN®®EPEHLIUAJIBHBIX YPABHEHUMN.

AHHoTanus. [Ipu paccMOTpeHHH HENOKaJbHBIX KPAaeBBbIX 3a1ad A (PYHKUHOHAIbHO —
g depeHnnanbHbIX ypaBHEHUH, KOTJIa TPOU3BOHAS OT HCKOMOM (DYHKIIMU COAEPIKUTCS B IIPaBOM
YacTH, MOXXHO ObUIO OBl BOCIOJIB30BATCS PE30JBBEHTONM WHTErpajibHOTO ypaBHeHus. Ho, kak
M3BECTHO PE30JIbBEHTY MHTETpaibHOTO ypaBHeHHs |l ponma tuma dpenaronprma, HEe Beeraa yaaeTcs
OJIHO3HAYHO OMNpEACInUTh. B HEKOTOpPBIX CiIydasXx MOXHO BOCIIOJIB30BATCS CBOMCTBAMHU Sfpa
uHTerpo-nuddepeHnnanbHor0 ypaBHeHus. B manHOM paboTe paccMOTpeHa HENOKallbHAs KpaeBast
3ajjaya Juid CHUCTeM UHTerpoand@epeHIMalbHbIX ypaBHEHUUM C HWHBOJIOLMEH, KOrja sipo
MHTErpajbHOTO YJI€Ha COJeprKallee MPOU3BOJAHYI0 HMMEET YacTHYI0 Hpou3BOJHYH. Mcmomb3ys
CBOWCTBA MHBOJIIOTHBHOTO TPeoOpa3oBaHusl, 3aj7a4a CBOJUTCS K HMCCIEIOBAHUIO MHOTOTOYECYHOM
KpaeBOM 3ajau sl CUCTeM HHTerpo-auddepeHnuanbHbix ypaBHeHUH. K nmaHHON 3amade Obul
MPUMEHEH METOJl MapaMeTpHu3aluud TnpeioxkeHHsiii mpodeccopom JI.JxymadbaeBsiM. BBomsarcs
HOBBIE MapaMeTpbl, © HAa OCHOBE 3TUX MapaMeTPOB IEPEeXOJAUM K HOBBIM MepeMeHHbIM. [lpu
nepexo/ie K HOBBIM MEPEMEHHBIM I0JIy4aeéM HaydalbHbIE YCIOBUS JUIsl UCXOMHOTO ypaBHeHHs. C
MOMOIIBIO JTAHHOTO YCJIOBHSI MOKHO ONpEAETUTh pelleHne ModydeHHOHM 3anaun Komm, a Taxke
CHUCTEMBbl JIMHEUHBIX ypaBHeHUW. [Ipumensis Tteopuro @penarosibma A penieHUsS MOTYYEHHBIX
CHUCTEM HWHTErpalbHbIX YpaBHEHUU, T.€. OJHO3HAYHYIO Pa3pelIMMOCTb HCCIeIyeMoil 3anauu,
CBOJAMM K OOpaTHUMOCTH MaTpHULbl, KOTOpas 3aBHCUT OT HCXOJHBIX JaHHbIX. B kauecTBe
WJUTIOCTPAIMH MPEAJIOKEHOT0 METOAa OB POAEMOHCTPUPOBAH IPUMED.

KuaroueBbie cioBa: KpaeBas 3amaua, MeTo] mnapaMeTpu3alliy, MapaMeTp, OJAHO3HAYHAas
pa3pemumMocTb, Ipo.
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DO yHKIUOHANABI-AU( P epeHunANIBIK TeHaeyJiep Kyieci YIIiH JoKaabai eMec
LIETTIK ecenTiH OIpMIHAI memiMIUIIriHIH apTTapbl

Angarna. Waterpanasik-nuddepeHuanaplk TeHaeynep XKyhenepl YIIIH JTOKalbli eMec
IIETTIK ecenTep/l IMIbIFapFaHia, B3IeMiHAI (YHKUUSHBIH TYbIHABICHI OH aKTa OpHaJlacKaHIa,
WHTETPANJIBIK TEHICYIIH PEe30JIbBEHTAChIH KolAaHyra Oomanel. bipak, kebiHe ®penronbmuiy 11
TUMIHAET] WHTETPajAbIK TEHICYAIH pPe30JbBEHTAChIH OpKalllaH aHbIKTay MYMKIH emec. KeioOip
KarJainapaa, WHTErpanablK-TuddepeHInanablK TeHISYIIH ©3eTiHIH KacHeTTepiH MaijanaHyra
Oonanbl. by )kyMbIcTa, HHBOTIOIUSIIBI MHTETPATIBIK - AU GEpeHIInanIblK TeHaeyIep Kyhenepi
YIIIH KOIl HYKTEJNi MIETTIK €CENTiH, TYBIHJBICHl Oap MHTETpajAblK MYILIECIHIET1 ©3€eKTiH Jeplec
TYBIHABICBI OONFAaH JKaFdail KapacThIpbUIaabl. VIHBOMIOUMSIIBIK TYPISHAIPYIIH KaCHUETTEpiH
naiganaHa OTBIPHIN, €cell WHTErpaliblK - nuddepeHIuanaplK TeHIAeylnep Kyhenepl YIIiH Kol
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HYKTENIl TIeKapalblK ecenTepii 3eprreyre kentipiutemi. byn ecemke mpodeccop [.Jxymabaes
YCBIHFaH MapaMeTpiiey dici Komanbsuiaapl. JKaHa mapaMeTpiep eHTi3UIe Il )oHe OChI TapaMeTpiiep
Heri3igae 013 kaHa aHBIManbUIapra eTemi3. JKaHa allHBIMaNbUIAPFa KONy TCHICYIIH OacTamkbl
IapTTapblH ayFa MYMKIHAIK Oeperni. OChIHBIH HeriziHze ecenTiH memiMi apHaiibl Komm eceOi
JKOHE CBI3BIKTBHIK TCHJCYJCp JKYHEeCiH miemyre kenripureni. MHTerpanmblK TEHICYIEepi MICIry
ONiCTepiH KOJJaHa OTBIPBIN, OACTamKbpl €CeNTiH OipMOHMAI MMEImiMAUTri, OacTamkbl MoHJIEpIe
TOYeNJi MATPHIIAHBIH KAUTBIMIBUIBIFBIHA KENTIpUIeAi. Y CHIHBUIFAH OICTIH WJLTIOCTPALUASICHI
peTiHae MbIcai KOpPCeTUIII.

Kiar ce3aep: lllerrik ecem, mapamerprney omici, GyHKmuoHamabl — auddepeHrnaniIpk
TEHJeylep, napaMeTp, OIpMoH/1 MENTIMILIIK, 63€K.
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A condition for the unique solvability of nonlocal boundary value problems for systems of
functional-differential equations

Abstract. When considering non-local boundary value problems for functional-differential
equations, when the derivative of the desired function is contained in the right side, one could use
the resolvent of the integral equation. But, as is known, the resolvent of an integral equation of the
second kind of the Fredholm type cannot always be uniquely determined. In some cases, you can
use the properties of the kernel of the integro-differential equation. In this paper, we consider a non-
local boundary value problem for systems of integro-differential equations with involution, when
the kernel of the integral term containing the derivative has a partial derivative. Using the properties
of an involutive transformation, the problem is reduced to the study of a multipoint boundary value
problem for systems of integro-differential equations. The parameterization method proposed by
Professor D. Dzhumabaev was applied to this problem. New parameters are introduced, and based
on these parameters, we pass to new variables. When passing to new variables, we obtain the initial
conditions for the initial equation. With the help of this condition, it is possible to determine the
solution of the resulting Cauchy problem, as well as the system of linear equations. Applying the
Fredholm theory to solve the obtained systems of integral equations, i.e. the unique solvability of
the problem under study, we reduce to the reversibility of the matrix, which depends on the initial
data. An example was shown as an illustration of the proposed method.

Keywords: parametrization method, parameter, boundary condition, unambiguous
solvability, kernel.

BBenenune
Paccmorpum Ha [0, T] Henokanshyio KpaeByro 3a1auy
T T
d)(;it) +A. dx(;(t)) :_[Kl(t,s)x(s)ds+jKz(t,s)X(s)ds+ f(t),te[0,T], (1)
0 0

iBiX(ﬁi)=d ! )

0=6,<6,<...<0,,<6, =T,
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smecs K (t,8), K,(t,S) HempepbIBHBI MaTpuIlbl Ha COOTBETCTBYIOINX oTpeskax, f(t)eC [O,T ],
deR", A - Hekoropas mocTosiHHas Marpuna. 37ech  a(t)— W3MEHSIONMI OPHEHTAINIO
romeomoppusm @ :[0,T]—>[0,T] Takoit, uro a’(t)=a(a(t))=t. Takoit romeomopdusm,
Ha3pIBAIOT MHBOJIOTHBHBIM IIpeoOpasoBanmeM. Ha otpeske [0,T] B xauectBe Takoro

npeoOpa3oBaHus MOKHO paccMoTperh romeomopdusm «(t) =T—t. CpolicTBa HMHBOJIOTHBHBIX

npeoOpa3oBaHKUU ObLTH pacCMOTPEHBI B padoTax [1-5].

IIpumeHeHne MeTO1a MapaMeTPU3aLNHU.
PaccmoTpuM 3HaueHus ypaBHeHus (1) B Touke t = (t)

dx(a(t)
dt

A. d);(tt) - } K, (a(t), s)x(s)ds+]K2(a(t), S)k(s)ds+ f (a(t)).

W3 cucrembl

adX(O) | 5. IX(a(®) _ j Kl(t,s)x(S)dSJr] K, (t,s)x(s)ds + f (1),

dt dt
T T
dx(g‘t(t)) vy d);it) = [ Ky (), S)x(s)ds+ [ K, (@(t), s)x(s)ds + T (@(t).
0 0
YMHOXass BTOpOE YpaBHCHHE Ha MaTpuily —A C JICBOM CTOPOHBI, M CKJIaJbIBas YpaBHCHUS
MOJIYYUM
]
% j At s)x(s)ds+J'K t,s)x(s)ds+ f(t), te[0,T], (3)
0
> Bx(@)=d, deR", (4)
i=0

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

rae Ky(t,8) =] 1 - A2 [K, ()~ A-Ky(a(®).9)], K,t.8)=[1-A] [K,(t,9)~ A-K,(a(t).9)],
fO=[1-A] [fO-A f®)].

3nech ycnoBue 0OpaTUMOCTH MAaTPHUIIBI [I - AZJ ABIISIETCS] CYIIECTBEHHBIM. [[efiCTBUTETBHO

PaccCMOTPHM CIIEAYIOIIYIO OTHOPOIHYIO KPAeBYIO 3a/1ady ¢ MHBOJronMeld a =1

dX(t) dX( ) ]E ds+T X(s)ds, te[-z, 7]

-
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X(—7)—x(x)=0.

Jannas 3amgaua umeet pemenue X(t) = cos(kt). [Tomygaercs, 4To oAHOpPOIHAS KpaeBas 3a/1a4ya

HMMEET MHOYKECTBO HEHYJIEBBIX peleHun. B ciaydae a=-1, B kauecTBe He HYJICBOTO PEIICHHS
MOXHO B3Th QyHkuuio X(t) = sin(kt).

oK, (t,s)

[Ipeamnosoxum, 4T0 —=——— HENPEPBIBHBIMI, TOIAA

O ey —

R, (t,5)X(s)ds = K, (t,9)X(5)|, —]%x(s)ds -

0

R, T)X(T) =K, (t,0)x(0) ] oK (t 5) x(s)ds.

0

Toraa ypaBuenue (3), (4) MOKHO 3anucaTh B BUJIE

% - I K (t,5)X(5)ds + K (1)) X(6)) + K,y ()X(0,) + T (1) , )
iBix(Q):d, deR", (6)

0=¢,<6,<...<0,,<6, =T,

e
Kzo (t) = _Kz(tv 0) )

K21(t) = K2(t’T) )

]'K(t,s)x(s)ds :].Kl(t,s)x(s)ds—]%x(s)ds. (7

0

K kpaeBoii 3amaun (5), (6) nmpuMeHseM MeTOa MapaMeTpu3anuu [6-9], mis sToro OGepem
m(l+1)
HaTypainbHOoe uuciio leN u mo Hemy mnpousBoauMm paszouenue: [0,T)= U [t ,.t), Toe

r=1
b = tigeny + h.|+1 h=6-60,i=0m-1j=11+1.  OGo3naunm h=max{h,h,,...,h },
B = max [|K(t,s)|.

t,5€[0,T]

Hycts Y, (1), r=1,m(I+1) cyxenne dynxumn X(t) ma wnnrepsansr [t,_,t,), r=1,m(l1+1),

TOTJIa HEJIOKAJIbHYIO KpaeByo 3ajauy (5), (6) MOKHO 3amucaTh B BUJE

dy m(1+1) t;
d_tr = j K(t,s)y; (s)ds + Ko (t) Y, (t;) +
=gy

+K21(t) tEmO ym(l+l) (t)+ 1?(t)! [tr—l7tr)’ r :1’ m(l +1)! (8)
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m-1

BiYjgua (tj(l+1) ) + By M Yoo () =d, (9)

i=0

tIltmoy (t)= yp+1( ) p=1m(l+1)-1, (10)

3HaueHne (QYHKIUM B JIEBBIX KOHIAX pa30bueHus 0003HAUMM uepe3 4,

A=Y, (ty), r=Lm(1+1), A

m(l+1)+1

T.C.

= 1M Yo (t). B telt,,t) snemaem sameny mpemeHHBIX
t—>T-

y,(®) =v,()+ 4, r=1,m(I+1). Torxa nomydennyro 3axady (8) - (10) MOXHO HammcaTh B BHJE

m(1+1)
ddv = le tj K (t, ) [V; (8) + A Jds + Ko () A, + Ky () Arygnyn + f(t), [t_,t)r=1 m(l+1), (11)
v, (t,,) =0, s=1Lm(1+1), (12)
i Blﬂ1(l+l)+l ' (13)

i=0

ﬂp+tﬂtrprloup(t)=i p=1m(l+1). (14)

p+1?

Wcnons3yst HauanmbHbie ycrmoust U, (t,_,)=0, r=1m(l+1) pemenne 3amaun Koum

MOJXXEM 3aIltiucaTh B BUIAC MHTCIrPaJIbHBIX YPaBHCHHUU
t m(l+l ) i t m(l+1) §

v.(t) = j j K (z,S)V,(s)dsd 7 + j Z j K (z,s)dsdz4, + j K, (r)dzA, +

ty 1= =gy ta

+J. K21 (T)drﬂ’m(l+l)+l + .[ f(T)dT, te [tr—l’tr)' (15)

by Gy

Bri6epem |, Tak, utodsr q(l,) = AT Iﬂ <1. Torma w3 oLEHKH
0

m(l+1)

> jK(t r)j v,(r,)dr,dz

i<l ¢,

<pT - max||v|(t)|| te[0,T] (16)

cienyer, uro st sioboro | > 1, ypasuenue (15) uMeer eMHCTBEHHOE PELIEHHE.

MuosxectBo Bcex |, mpu xoropom (15) HMeeT eIMHCTBEHHOE pEIIEHHE HA30BEM
peryispHbIM pazOueHueM n o0o3HaumM yepe3 A,. Kak BumHO 3 (16), 4TO AaHHOE MHOXKECTBO

HCITYCTO.

N3 (15) omnpenenus IimOVs 1), s=1, m(l +1) , TOJCTaBIsAi COOTBETCTBYIOIUE WM
ot

BbIpakeHUss B ycnoBus (13) moiyuyuMm cHCTeMYy YpaBHEHUH, ISl OINpeNeseHUS HEU3BECTHBIX

napameTpoB A,
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QA =—F(1)=G(v,1), 2 e R"™"D) (17)

W3 monyyenHoil 3aMKHYTOH CUCTEMBI MOXKHO OIIPEIEINUTD IIa A, Uft]). T.e. u3 cucremsl
yd yT p Py
(17) onpememam A® =(A©,29,... /I(O%(HH )e R ranee noacrasus B ypauenus (15)

pelInM cucTeMy MHTETpalibHbIX ypaBHeHuu tuna dpenronasma Il pona, u T.1.

W3 BBIIIE CKa3aHHBIX CIEAYET
Teopema. Ilycts maTpuna [I - A2] obparuma. Torna /uist OTHO3HAYHOM Pa3pelIMMOCTH KpaeBOi

3agaun (1), (2) Heobxommmo ytoOb! Matpuna Q, (l) 6sima o6patma npu Beex | € A, u nocrarouno
p p p [

4TOOBI OHA ObLIa 00paTHMa npu HeKoTopoM | € A, .

JIJ1st WIDTFOCTPAIIMY BBIIE CKa3aHOTO PACCMOTPHM CIEAYIIUN TIpUMeED.
Ha otpeske [O,l] paccMOTPHUM CIESIIYIO TPEXTOUYSUHYIO KPaeByIo 3a7ady

X(t) —2x(1-t) = J1'(3t +1)x(s)ds +3j (t+s)x(s)ds—3t-1, (17)

x(O)—2x(%J+ x(1) =0. (18)
PaccmotpuB 3Hauenus ypaBHenus (17) B touke t*=1-t
1 1
X(1—t) - 2%(t) = j(4—3t)x(s)ds +3j (L-t+s)x(s)ds+3t—4, (19)
0 0

PaccmoTpum coBmecTHO cucteMbl ypaBHeHuit (17), (19)

X() —2x(1-t) = j(3t +1)x(s)ds +3j (t+s)x(s)ds—3t—1,

1 1
X(L—t) = 2x(t) = j(4—3t)x(s)ds+3j(1—t +s)%(s)ds +3t—4.
0 0
YMmHOXag BTOpPOC YpaBHCHUC HA 2u CKJIaJibIBas € ICPBbIM YPABHCHHUEM [10YIUM
1 1
X(t) = [ (t—3)x(s)ds+3[ (t-3s—2)x(s)ds —t +3. (20)
0 0

WHTerpupyem BTOpOi HHTErpaji no qacTAM
1

j(t—3s—2)x( s)ds =(t-35-2)x +3j s)ds = (t—5)x(1)—(t-2)x(0)+3[ x(s)ds.(21)

0

[MoacraBnsis (21) B (20) momyduM, U TPYNIUPYsl COOTBETCTBYIOIIME WIEHBI, KpaeByro 3aaauy (17),
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(18) Mo>xHO 3amucaTh B BUJE

>'<(t):Jl'tx(s)ds+(t—5)x(1)—(t—2)x(o)—t+3, (21)

x(O)—2x(%J+ x(1) =0. (22)
Otpesok [0,1) paso6em Ha e uactu [0,1) = O,l U l,l C x(t)
’ 2 o'~ ). Cyxenue byHKIIUN Ha

1 1
MHTEpBaJ O'E o603naunm uepes % (1) | a na unrepsan E’l yepes  %2(0) . Torna paesyio

3amauy (21), (22) MoxkHO 3anucaTh B BUJIE

Xl(t):lj'ztx )ds+ Itx Jds+(t=5)limx, (t)—(t-2)x (0)-t+3, te[o,%j, (23)
X?-(t):lj'zt ds+Itx Jds+(t=5)limx, (t)—-(t-2)x(0)-t+3, te[%,lj, (24)
x, (0)—2x, (;jﬂtml]x (t)=0, (25)
ti =3 @9

Beeas mapamerpsr 4 =%(0), 4 =x@1/2), 4= Iti£r11 X, (t) ® BBIMOTHEM 3aMeHy

X®=u®+4,r= 12. Torna xkpaeByro 3anauy (23) - (26) MOKHO 3amucar B BUJIE

u(O-iI ds+tj —(——2)@+ Zo+(t=5) 2, —t+3, te[Q%), (27)
ul(o) = 0 ' (28)

uz(t):tlj)'2 ul(S)dSHj. uz(s)ds—(%—Zjﬂﬁéﬂz+(t—5)13—t+3, teE,lj, (29)

%(ljza (30)

2
4—2@(%)hgzq (31)
Al+tlir1312u1(t):37, (32)
Ay +limu, () = 4, (33)

PaccmoTpum otnenbHo 3amaun Komw (27) — (30), oHM SKBUBAJIEHTHBI CIEAYIOITUM
WHTETpAJIbHBIM YPABHEHUSIM
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12

Ul(t)=§j ul(s)ds+§j uz(s)ds—(;—Zt)ﬂﬁ%@+[§—5t],13_

t? 1
—E+3t, te |:O,Ej, (34)
u, (t) =(%—%J j ul(s)ds+(%—1]

t? 15
5 UIZ Uz(S)dS—[Z—ZHEjﬂﬁ

t2 1 t? 19 t? 11 1
| ——— | +| ——5t+— |4, ——+3t—"=, te|=,1]. 35
[4 16]@ (2 8]’13 2 8 6{2 j (35)

1 1
WuTerpupyem o0e yacTu nepBoe ypaBHEHHE [O, Ej’ a BTOPOE COOTBETCTBEHHOIIO Ha[— ,lj. Torpa

2 1 1§ 23 1 29 17

ds = — ds +— ds+ 224 +— A4, — 22 A, +—, 36
! u,(s)ds 48-([ u(s) s+48J2 u,(s) s+9611+96/12 63/13+48 (36)
1 1/2 1
J' uz(s)ds:ij L
1/2 120

1/2

5 1 13 7
il A R T L 37
ul(s)ds+1zj uz(s)ds+24/11+2“rﬂ,2 24A3+24 (37)

Beenem o00o03HaueHme

1/2

k, = I u(s)ds, Kk,

0 1/2
Torma (36), (37) MO>XKHO 3amucaT B BUJE

1 1 23 1 29 17
k,=—k +—=K,+—A4+—4, ——A+—
148t 48 ° 9621 96)”2 63% 48
1 1 5 1 13 7
k,=—k +—=kK,+—A4+—4 -—4+—.
2 12t 127 24ﬂ1 241”Z 24A3 24

WIN
47 1

23 1 29 17

ke k, =2 = -2 38
48 * 48 ° 9611 9622 6323 48 (38)
1 11 5 1 13 7

-——k+—=kK,=—4+— 4, -——4+—. 39
127 12 2 24’11 24)“2 2423 24 (39)

Marpuiua cooTBeTcByomas npaBoi yactu ypasHeHu (38), (39)

55



Kootwca Axmem HAcayu amuvinoazel Xanvlkapanvlk Kazak-mypik yHueepcumeminiy xaoapaapol
(mamemamuxa, puzuka, ungpopmamuxa cepusacwt), Ne3 (22), 2022

a1

A— 48 48

EI

12 12

obpaTnma u

4 1

Al 43 43
4 47

43 43

D10 o03Hawaer 4rto A, sBusgercs perymspHeIM pasomenne s (34), (35). Iloacrammas

cooTBercByromue Beipaxkerust wist K, K, B mpasyio gacts (34), (35), momayuanm

12 6 6 1
u (t) =2t +—=t*4, —| —t?+5t |4, ——t*+3t, te|0,= ], 40
=2+ 2| et o) (0
12, 3 6 109 6 63 1
W) =(2t-D A+ 2221 [ Sy 2P O 9 111) @
(0=(2-1)4 (43 43)1Z (43 43) 43 43 6{2 j (41)

B (40), (41) nepexoas x npenerny Iirlll12 u, (t), Iinl1 u, (t) U TIOJICTABJISIS TIOJTYYCHHBIC BBIPAXKCHHS B
] t—

kpaeBbie ycnoBus (32), (33), moiayunm cucteMy [Uis OTIPEACICHuUs mapaMeTpoB A, 4,, 4

A =24 +2;=0,
40 . 109 63
QA —— ) ———f =
A 4312 43ﬂ’°‘ 43
52 155 60
+—A,——A4=——.
A 43’12 43% 43
HNJIN B ManI/I‘IHOM BHUC
1 -2 1 0
4
40 109 ) | 63
43 43 43 |
52 155 \%) | 60
43 43 43

Marpuia cooTBETCBYIOLIAs MPABOM YacTH ypaBHEHUS 0OpaTUMa U
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46 43 43
3 3 3
2oy B
6 6

23 22

3 3

Torna u3 cuctems! onpeneaum A4 =1, A, =2, A=1,. [loacrasisist NOIy4YeHHBI 3HAYCHHS
A=l A4=2, A=1 B(40), (4]1) monyunm U,(t)=0, u,(t)=0. Taxakak, X (t)=u, (t)+1,,
r=12u A =limx, (t), To x(t) =1.

t!

W3 TeopeMsl cneayeT, 4yTO MHOrOTOUYeUHas KpaeBas 3agada (17), (18) uMeer eanHCTBEHHOE
pemenue u X(t) =1.

3akjoueHmne
B nmanno# paboTe mMeTon mapaMmeTpusaniu ObUT TPUMEHEH IS PEIICHUS MHOTOTOYECYHOM

KpaeBOoM 3ajaue s CHCTEM HHTErpo-auddepeHunalbHbIX YpaBHEHUH C HWHBOJIOTUBHBIMU
npeoOpa3oBaHusiIMU. BBeleHHe mapamMeTpoB U yiayHas 3aMeHa NEpPEeMEHHBIX pa3OuBaeT 3a/avy Ha
aBe 4acT: 3amady Komm s cucteM HHTErpo-audQepeHnnanbHbIX ypaBHEHUH U CHCTEMY
JMHEWHBIX YpaBHEHUHM OTHOCHTEIBHO BBEACHHBIX NapaMeTpoB. [IpUMeHss TEOpHUIO MHTErpaIbHbIX
YPaBHEHMH, pELIeHHE 3aJaud CBOJUTCS K OOpPaTUMOCTM MAaTpHIbl, 3aBUCAIIEH OT HCXOJHBIX
NaHHbIX. TeM cambIM, YCTAHOBJIEHBl HEOOXOAMMBIE U JOCTATOYHBIE YCJIOBHUSA OJHO3HAYHOU
paspelMocTH uccieayeMoi 3agaun. IPQPEeKTUBHOCTh U TOYHOCTh METOJIa IPOJIEMOHCTPUPOBaHA
Ha HarjsAHOM npumepe. B nanbHelineM npeamnonaraercs IpUMEHEHHE METoJa IapaMeTpu3aliu K
MHOTOTOYEYHBIM KPAaeBbIM 3aJadaM JAJsl UHTErpo-anddepeHIuanbHbIX YPaBHEHUU C JIPOOHBIMU

IIPpOU3BOJHBIMU.

Hannoe uccnenoBanne ¢uHaHCHpyeTcss Komurerom Haykm MwuHHCTEepCcTBa 00pa3oBaHHS U HAYKH
Pecny6muxu Kazaxcran. AP09259137

CIIMCOK UCITIOJb30BAHHBIX HCTOYHHUKOB

1. Przeworska-Rolewicz D. Equations with Transformed Argument, An Algebraic Approach.
Amsterdam, Warszawa,1973.

2. Wiener J. Generalized Solutions of Functional Differential Equations. World Sci., Singapore,
New Jersey, London, Hong Kong, 1993.

3. Karapetyants N.K., Samko S.G. Equations with involution operators and their applications //
Rostov-n / D. Publishing house of RSU -1988. 188 p.

4. Kritskov L.V., Sadybekov M.A., Sarsenbi A.M. Properties in Lp of root functions for a nonlocal
problem with involution// Turk J Math. — 2019. - V.43. — P.393 - 401.

57



10.

11.

12.

13.

14.

15.

16.

17.

18.

Kootwca Axmem HAcayu amuvinoazel Xanvlkapanvlk Kazak-mypik yHueepcumeminiy xaoapaapol
(mamemamuxa, puzuka, ungpopmamuxa cepusacwt), Ne3 (22), 2022

Sadybekov M.A., Sarsenbi A.M. Criterion for the basis property of the eigenfunction system of
a multiple differentiation operator with an involution// Differential Equation. -.2012. -Vol.48,

No.8.-P.1112 - 1118.
Dzhumabayev D.S. Criteria for the unique solvability of a linear boundary-value problem for an

ordinary differential equation// Computational Mathematics and Mathematical Physics. -19809. -
Vol.29, No. 1.- P.34-46.

Dzhumabaev D.S. A method for solving a linear boundary value problem for an integro-
differential equation // Jrn. Comp. Mat. and Mat. Phys., 2010. V. 50. No. 7. Pp. 1209-1221.

D. S. Dzhumabaev, “On one approach to solve the linear boundary value problems for Fredholm
integro-differential equations”, Journal of Computational and Applied Mathematics, 294:2
(2016), 342-357

Dulat Dzhumabaev, “Computational methods of solving the boundary value problems for the
loaded differential and Fredholm integro-differential equations”, Mathematical Methods in
Applied Sciences, 41:4 (2018), 1439-1462

REFERENCES

Przeworska-Rolewicz D. Equations with Transformed Argument, An Algebraic Approach.
Amsterdam, Warszawa,1973.

Wiener J. Generalized Solutions of Functional Differential Equations. World Sci., Singapore,
New Jersey, London, Hong Kong, 1993.

Karapetyants N.K., Samko S.G. Equations with involution operators and their applications //
Rostov-n / D. Publishing house of RSU -1988. 188 p.

Kritskov L.V., Sadybekov M.A., Sarsenbi A.M. Properties in Lp of root functions for a nonlocal
problem with involution// Turk J Math. —2019. - V.43. — P.393 - 401.

Sadybekov M.A., Sarsenbi A.M. Criterion for the basis property of the eigenfunction system of a
multiple differentiation operator with an involution// Differential Equation. -.2012. - Vol.48,
No.8. -P.1112 - 1118.

Dzhumabayev D.S. Criteria for the unique solvability of a linear boundary-value problem for an

ordinary differential equation// Computational Mathematics and Mathematical Physics. -1989. -
Vol.29, No. 1.- P.34-46.

Dzhumabaev D.S. A method for solving a linear boundary value problem for an integro-
differential equation // Jrn. Comp. Mat. and Mat. Phys., 2010. V. 50. No. 7. Pp. 1209-1221.

D. S. Dzhumabaev, “On one approach to solve the linear boundary value problems for Fredholm
integro-differential equations”, Journal of Computational and Applied Mathematics, 294:2
(2016), 342-357

Dulat Dzhumabaev, “Computational methods of solving the boundary value problems for the
loaded differential and Fredholm integro-differential equations”, Mathematical Methods in
Applied Sciences, 41:4 (2018), 1439-1462

58



	MATHEMATICS, PHYSICS, COMPUTER SCIENCE SERIES
	УДК 517.968.72

	Функционалды-дифференциалдық теңдеулер жүйесі үшін локальді емес шеттік есептің бірмәнді шешімділігінің шарттары
	Аңдатпа. Интегралдық-дифференциалдық теңдеулер жүйелері үшін локальді емес шеттік есептерді шығарғанда, ізделінді функцияның туындысы оң жақта орналасқанда, интегралдық теңдеудің резольвентасын қолдануға болады. Бірақ, көбіне Фредгольмнің II типінде...

