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Paccmompervt 60npocul 00103HAUHOT PASPEUUMOCTIU U Onpedesens Kodpduuuenma 00noi HelOKaLbHOU 00pam-
1ot 3adauu s unmezpo-oudgepenyuanviiozo ypasuenus Opedzoivma 6mopozo nopsaoka ¢ GblPoNCOCHHBIM SOPOM
u ompaxcarowum omaonenuem. Howyuena cucmema anzedpauueckux ypasnenuil. Yempanenot 0CoOEHHOCMU, 603-
nuKaswue npu onpeoeieHu nPOUsCOILHbIX (HEUSBECTIBIX) NOCOAHHbIX. Yemanoeien Kpumeputi 00H03HauHot
PASPEUUMOCTU NOCTAGLEHNOT 3a0aUU U OOKA3ANA COOMBEMCMBYIOUAs. MEOPEMd.

Katouesvte cnosa: unmezpo-ougepenyuanvioe ypasuenue, obpamuas kpaesas 3a0aud, blpoicoenioe opo,
unmezpanbLHOE Ycaosue, 00OHOIHAUHASL PASPEUUMOCTID.

1. ITocranoBka 3asauyu. MaremaTinyeckoe MOJieJIMPOBaAHNE MHOTHX ITPOIIECCOB, IIPOUCXOSIINX B
peasibHOM MUPE, YaCTO MPUBOAUT K M3YYEHUIO HAYaJIbHBIX, TPAHUYHBIX U OOPATHBIX 3a/a4 JIJIst
0OBIKHOBEHHBIX (P epeHITUANbHBIX YpaBHeHUH 1 anddepeHInaabHbIX YpaBHEHUIT B YaCTHBIX
MIPOU3BOAHBIX. Takue 3amaun COCTABJSIOT OCHOBY MaremaTudeckoil dusuku. [lpemcrasisior
GOJIBIION MHTEPEC € TOYKU 3peHusi (HU3MYeCKUX MPUIOKEHUH HHTErpo-audbepeHinanibHbie
ypaBHeHUs. VI3yueHnio 0OBIKHOBEHHBIX UHTErpo-AndbepeHInaabHbIX ypaBHEHWA TTOCBSIIEHO
60JIbIII0E KOJTMYECTBO paboT (cM., Harpumep, [1—7]).

B cayuasx, Korja rpanuiia 06JacT mpoTeKanus (hU3MYECKOro Mpoiiecca HeOCTYITHA [Tt
u3MepeHuil, B KayecTBe JI0NOJHUTENbHON NHPOPMaIUK, JOCTATOYHOM /1J11 OJJTHO3HAYHON pa3pe-
IMAMOCTH 33J1a4¥, MOTYT CJIY>KUTh HEJIOKAJIbHbIE YCJIOBUS B MHTerpajbHoil (hopme. Hemokams-
HbIE 33/[a4U ¢ MHTETPATBHBIMU YCJIOBUAMU 7151 mudepeHinansbHbIX YPaBHEHN pacCcMaTpuBa-
JIiCh B paboTax MHOTHX aBTOPOB, B yacTHOCTH B [8—10].

B Hacrosiiieit paboTe M3y4aeTcs: OIHO3HAYHAST PA3PEITUMOCTh HEJIOKAIbHOI 06paTHOI 3a/1a-
91 1711 OOBIKHOBEHHOTO MHTErpo-anddepeHimanbHoro ypasuernst OpearosbmMa ¢ BRIPOKIEH-
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HBIM S7I[POM U OTpaskaioIlmuM aprymeHToM. VHTerpo-muddepenninaababie ypaBHEHUS C BBI-
POKICHHBIM SIPOM TIPH IPYTUX TTOCTAaHOBKAX 3a/a4 paccMatpuBaiuch B [11—14]. Mrak, Ha Ko-
HeuHoM otpeske [—T; T| paccmaTpuBaeTcs: ypaBHeHMe BUIA

u”(t)+k2u(t)=v.T|. K (t, s)u(w—s)ds+Po(t) (1)
T —

u(T) = } u(tydt, w'(T)=9, u(t)=vy(t), te[T;T+ol, (2)

u(0)= r_T (3)

rie 0 < T — 3agannoe neiicTBuTebHOE uncio; 0 < A — nelicTBuTe bHbIN apameTp; o (t) € C 2 [-T;

T + ]; @,r = const; v — JIENCTBUTEIbHBII CIIEKTPAJIbHBIN MTapameTp; B — koadduireHT nepeonpe-
k

nenenust; 0 < = const << T; K(t,s)=zai(t)bi(s), al-(t)eCz[—T; T+ o], bi(s)eC2[—T;T];

y()eC|-T;T), y(T)=u(T). 3neco ;E)ez_tnonaraeTCﬂ, uto yukmu a;(t) u b; (s) apuaaores
JINHEITHO HE3aBUCUMBIMU.

Borpoc o exutcTBenHOCTH perniennst obpatHoil 3agaun (1)—(3) cBoaUTCS K BOIIPOCY O TPH-
BUAJBHOCTH PETeHNs OTHOPOHOTO NHTETPO-An(depeHITnaaIbHOTO YPaBHEHUS TPU OJTHOPOTHOM
yeanosuu u'(T)=0.

2. Pemenue kpaeBoii 3amaun (1), (2). C yueTom BBIPOK/IEHHOCTH s/ipa ypaBHeHue (1) 3a-
HUIIEeM B BU/IE

T ¢
u”(t)+k2u(t) =V _[ Zai @) b; (@—-s)u(s)ds+o(t)p. (4)
_Ti=1
C momoIisi0 0003HaYEeHUST
T
= [ b (Hu(w-s)ds 5)
-T

ypaBHeHUe (4) TIeperuIeM B BUJIe

k
W) +A u(t)=v Y a;(t) 1; +o(t)B. (6)
i=1
[uddepentmanbroe ypaBaenue (6) peraercsa METO/IOM Bapvalliy MPOU3BOJIbHBIX MOCTOSIHHBIX
u(t)=A; cosht+A, sinh t+m(t), @)
k t
rae A, Ay — 110Ka IPOU3BOJIbHBIE TOCTOSHHBIE; T)(1) = %z Tk (1) +%81(t), h; (¢) :Jsin A(t—s) X
i=1 0

t
X a; (s)ds, i=1k 8,(t) :Jsink(t—s)a(s)ds.
0

1 HaxoxaeHus HeusBeCTHbIX Koa(dunuentoB A; u A, B (7) ucnosibsyem IepBoe U3
yc0Buit (2) ¥ MPUXOUM K PABEHCTBY
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Ajoi(M)=A430,(M)+&, (®)

T
rae 64(A)= coskT—%sinkT; 6y(A)=—sinAT; §; = I n@&)dt —n(T).
-T

Ecim B (8) nonoxum, uto 6(A)=0,0,5(A) #0 wmm o(A)#0,09(A)=0, TO HE CMOKeM BbI-
pasutb A uepes A,.

Ecmu B (8) mosoxumM, uto 64(A)=05(A)=0, TO IPUXOANM K TPUBHATBHOMY PE3yJIBTATy:
£y =0, . e. v=B=0. B atom cayuae cooTBeTCcTBYIOIICE nuddepenianbHoe ypaBHeHie
u”(t)+k2u(t) 0 wMeer GeCKOHEYHOE MHOKECTBO perneHuil u(t)= A1 coskt+A2 sinA ¢, rae
A1 , A2 — MPOU3BOJIbHBIE TTOCTOSTHHBIE. [0aTOMY TTOJIO KM

o6 (M)#0, o5(1)=0. 9)
Torna us (8) mosygaem, 4To
Gy (L)
u(t)=Ay | ———=cosA t+sinit |+&(1), (10)
oy (h)
e §(t)= S0 cosAt+m(t)
cy1(L)
Teriepb Bocmombayemcst BTOpbIM yesoBueM 13 (popmyJibl (2). Torpa uz (10) mosydaem, uto
o3(A)
=u'(t = —tv, 11
9 u()‘tzT 25 0 Y (11)

rie 63 (A)=sinAT -4, y=E&' (7).

Urak, [1uist onpeiesieHisi HeM3BeCTHOro Koadduimenta A, TpeGyeM BBITOJTHEHUS CleIyIo-
IEeTO YCJIOBUS:
63 (A)=sinAT-A#0. (12)
Torma s (11) Haxoanm
(¢-v)o1 (1)
2= (13)
c3(M)

[Toncrasass (13) B popmyay (10), mosyuaem

u(t)=B(t)+— Z’C D. (t)+BE(t) (14)
i=1
rjae

o (M)
AG3 (L)

B(t)= 80(t) COSA t+sinAt;

3 (¢ )_ 1@)

T
D;(1)=8, )| [hi()dt—=hy(T) |+ (T)+h; (),
0
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cosht O¢(t) |

T
E(t)=8,(1) !81(t)dt—81(T) +87(T)+5 (1), 62(t)=61(x)—63(k)s1nkT,

t t
hi(t)=[sinh(t - s)a;(s)ds, i=1,k, 8;(t)=[sinA(t-s)a(s)ds.
0 0

B (14) ¢ samenum Ha ®—¢:

k
u((n—t):(pB(o)—t)+%ZIiDi(w—t)+%E(w—t). (15)
i=1
[Moxcrasisis (15) B (5), nosrydaem crucremy ajirebpandeckux ypasaenuii (CAY)
k
\Y
Tty ZT]-Hi]-:‘Pi, (16)
=

T
rae Hy=— | bi(s)D;(w-s)ds;
-T

T
¥ = [ b(s) (pB(O)—s)+%E(0)—s) ds. (17)
-T
OTmernM, 4To U3 JHMHeHON HesaBucUMOCTU DyHKIUH a;(t) u b;(s) ciexyet, 4To Hy#0.
CAY (16) oano3HAYHO paspentrMa Ipu JObIX KOHEUHbIX W), eI BBIOIHSIETCS CIIeyioniee

yCJIOBHE:
Vv \V v
1-‘_XI_IM IH12 XHHQ
v \Y v
—H 1+—=Hyy ... —
avry=| A Ty A2k | 0. (18)
v \Y v
Torna pemrenusa CAY (16) sanumem B Bujie
A; (v, A —
AR (19)
A(v, )
rie
A% vV N v
1+XH11 XH1(1'—1) l111 IHK”D I 1k
% v v v
Ai(\/,k): XH21 XHQ(i—1) lPQ IHQ(Z'_H) XHW@
v v v y
XHM ka(i—Q \Pk ka(i+1) 1+X‘Hkk

ISSN 1025-6415. /lonos. Hay, axad. nayx Yxp. 2017. No 5 11



T.K. FOndawes

[Moxcrasnss (19) B (14), mosyyaem

_ VA (v B

3. O6ocHoBaHue pa3penMMOCTH KpaeBoi 3agaun (1), (2). Paccmorpum ciryyan, Korja Ha-

pymatores yeaosus B (9). Ilyets 64 (A) =cosAT —%sin AT =0 1pu HEKOTOPBIX A. ITO YCIOBUE

A
9KBUBAJIEHTHO ypaBHeHWIO tgAT = DX KOTOpPOE NMeeT pelleHnst

A :iarctg%?+ﬂ, neN, (21)

T T

rie N — MHOXKeCTBO HaTypasibHbIX unces. @opmyia (21) aBisercs: ypaBHEHUEM OTHOCUTENIBHO A,

" 1 A
Ero MosKHO perath METOI0M MTOCIe0BaTeIbHBIX TIPUOIKEHUI 7\'11, p= Tarctg%“, u=123,....
IIyctb 69 (A)=sin AT =0 npu HekoTopbIX A. OTClo/a OJyYaeM pelieHue

A :“Tm, meN. (22)

m

Tenepb paccMoTpuM cityyait, koraa Hapyaercs yeaosue (12). Ilycts 65 (A) =sinAT -1 =0
IIPY HEKOTOPBIX A. ITO yCJOBHE 9KBUBaJEHTHO paBeHcTBY sinAT =A. Ecin A<1, To aT0 Tpu-
TOHOMETPUYECKOe YpaBHEHIE UMeeT PeTeHns

arcsin g m—arcsinig

(=T g 2R (23)

2
B MIPETIOJIOKEHUH, UTO 7L§<1 nl< %C, € — narypasbhoe uncyio. Dopmyiisr B (23) Takxe sB-

JISIOTCST YPABHEHUAMU OTHOCUTENBHO A . VIX Takike MOKHO PelaTh METOJAOM MOCJIEA0BATE/b-
HbIX npubamkenwit. Ecoim A > 1, 10 ycinoBue (12) Bceria BbITIOTHSAETCS.

YcranoBUM eIMHCTBEHHOCTD petiieHus KpaeBoit 3a1aun (1), (2). C aToil 11esbio moKaxkeM, 4To
npu vHyseBoMm ycaosuu u’ (1) =0 u HyIeBoli mpaBoit YacTy Kpaesas 3a1a4a (1), (2) umeeT TOJIbKO
TpuBnanbHoe pemenue. Ilosromy BepHeMcs k onpezenutenio A; (v, A). leqo B Tom, 4TO cpean
aJleMeHTOB onpejeauteneit A; (v, A) nHaxoxarcsa ¥ ;. B cBoio ouepennb, B coctaBe Besnunn ¥
HaxozxsaTest @ u . B camom zeste, oaTi BesmunHbl Haxoauauch B npaBoil yactu CAY (16). Yrobbt
BBIBECTHU WX U3 3HAKA OIpeiesnTesel, Beipaskenue B (17) 3amuinem B cieyonieM BU/Ie:

B
¥, =0¥y; +X\P2i :

T T
rae Wy = [ bi(s)B(w=s)ds, ¥y, = [ b(s)E(w-s)ds.
-T -T

B aTom cydae cormacHo CBOWCTBY ONPEIETUTENS MMEEM
A; (v, M)=0A; (v, k)+% Ay (V,A),
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rie
\Y Y Y Y
1+xH11 XHi(i_D lP]l XHl(i+1) XHik
Y \Y \Y \Y
Aji(v, 1) = XH21 IH2(1'—1) Yo XH2(1'+1) w2k L i=1,2,
\Y \Y \Y Y
XH]“ ka(i_n \P]k ka(i+1) 1+XHkk
Torma popmyay (19) 3anuiiem B Buje
Ay (v, A Ao (VA -
P TL TN e L0 N ) (24)
A(V,A) A AV, D)
[Honcrasagas (24) B (14), momydaem
u=0FO+Eme) (25)
kA (VL) kA (V)
A% 11 \V A% 2i \Vs
Ft)=B@t)+— ) ———D;(t); M(t)=E(@®)+— ) —— D; (¢).
re F(0) = B(©) 5 X Di0: MO = EO+3 X2 Do)

Teneps npeanonokum, uto @ =0, B=0. Torga us popmyssr (25) caenyert, uto u(t)=0 nis
Beex te|-T,T].

4. Onpenenenne HeussecTHoro Koadduiuenrta. Vcmoassys ycaosue (3), us (25) momiy-
yaeM, 4To

r:(pF(0)+%M(O), (26)
r/Ie
_ LA (v, . _ E Ay (v,
F(0)=B(0)+v ;W D;(0); M(0)=E(0)+v g{m D;(0),
03 B ,
B(0)= o3 (h) D;(0)=-h;(T)8,(0)+hi(T),
1 Gy (M)

sinAT.

E0)=-8,(T)8,(0)+8,(T), 5,(0)= 5.(A) o,(M)c5(N)

N3 (26) opHo3HauHO ompesiesisieM Hen3BeCTHDIN K03 duimenT

r=9F(0)
=A———2% M(0)=0. 27
b=y MO 27)
[MoxacraBuB (27) B (25), oKOHYATETHHO UMEEM [IJIs1 HEU3BECTHOM (DYHKITUN
r—=9F(0)
D=0F@t)+—————=M ), M(0)=0. 28
u(®)=0F(@)+ M(0) (), M(0)= (28)
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5. 3akmouenne. MHOKECTBO BCeX 3HAUEHWIT TTapamMeTpa A, OIpeIeseHHBIX B (hOpMyJIax
(21)—(23), o6osuaunm A ;. Uncsio 3HaY€HNI TapaMeTpa A, IPH KOTOPHIX HAPYIIAIOTCS YCJI0-
Bud (9) u (12), cuetHoe.

Tenepw npearnonoxuMm, uto Hapytiaercs ycaosue (18). Onpenenmurens A(v, L) B (18) ecthb

%
MHOTOYJIEH OTHOCUTEJNBHO — CTeleHu He Boie k. YpaBHenue A(v, A)=0 umeer He Gosee k

pasJMYHBIX KOpHeil. VIx obo3naunM uepes W, . Torga v =AU, SBISIOTCS COOCTBEHHBIMU YNCIA-
MU siipa WHTErpo-auddepennnaabroro ypasaerus (1). MHOKeCTBO cOOCTBEHHBIX YHCEN SIPa
unrerpo-auddepennnanpaoro ypasnenus (1) oboznaunm yepes A o. UHCIO0 371€MEHTOB 3TOTO
MHOeCcTBa A 5 CUETHOE.

3uauenus napamerpa A€ (0,0)\ A Ha30BeM PeryJsIpPHBIMU, IIPU KOTOPBIX BBITTOTHSIIOTCS
ycaosus (9) u (12). AHanmornyio 3Ha4eHus CHeKTPAIbHOTO IapaMeTpa v € (—eo,00)\ A 5 Ha30BeM
pETyJISIPHBIMHA, TIPU KOTOPBIX BRITIOTHSIEeTCS yeaoBue (18).

[l TakuX peryJisipHbIX 3HAUYEHUI A U V HAMU JIOKA3aHO, YTO CIIPABEJINBA CJIeAYIONas
TeopeMa.

Teopema. Obpamnas kpaesas 3adaua (1)—(3) 00no3HaUHO paspewuma npu pezyrspHvix 3na-
uenusx A u v na koneunom ompeske |—T, T|. Pewenue amoti 3adauu {u(t),B} onpedersemcs gpop-
myaamu (27) u (28).
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PO3BSI3HICTDH [ BUBHAUEHHS KOEDIIIEHTA
B OJTHIN KPAMOBIN 3AIAUT JIJIS IHTETPO-JINUDEPEHIIAJIBHOTO
PIBHAHHY ®PE/TOJIbMA 3 BUPO/KEHUM SJIPOM

Po3ryisiHyTO MUTaHHS OJHO3HAYHOI PO3B’SI3HOCTI I BU3HAUEHHs KoedillieHTa 0/IHiEl HeoKaabHOI 06epHEHOI 3a-
Jadi 1uist inrerpo-audepeH iaabHoro pisHsaHHS OpearosbMa APyroro MOPSIAKY 3 BUPOIKEHUM sIPOM i BiOrBa-
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founM BigxuaeHHsM. Oep:KaHO CHCTEMY aureOpaiTHUX PiBHSHD. YCYHYTO OCOOIMBOCTI, 110 BUHUKAIN TIPH BU-
3HAYCHHI IOBITHHUX (HEBIIOMUX) cTaldnX. BecTamoBieHo KpuTepiil 0fHO3HAYHOI PO3B’SI3HOCTI MOCTABIEHO] 3a-
Jladi i T0Be/IeHO BiIMTOBITHY TEOPEMY.

Kntouosi caoea: inmezpo-oupepenyianvie pisnsnis, obepuena kpaiosa sadaua, supoodxcene sopo, inmezpaivia
YMOBA, OOHOIHAUNA PO3G AZHICND.

T K. Yuldasheo

Siberian State Aerospace University, Krasnoyarsk, Russia
E-mail: tursun.k.yuldashev@gmail.com

SOLVABILITY AND THE DETERMINATION OF THE COEFFICIENT
IN A BOUNDARY-VALUE PROBLEM FOR A FREDHOLM-TYPE
INTEGRO-DIFFERENTIAL EQUATION WITH DEGENERATE KERNEL

The questions of solvability and determination of the coefficients of a nonlocal boundary-value problem for a se-
cond-order Fredholm integro-differential equation with degenerate kernel and reflecting deviation are considered.
The system of algebraic equations is obtained. Some features arising in the determination of the arbitrary (un-
known) constants are removed. The criterion of one-value solvability of the considered problem is established.
Under this criterion, the one-valued solvability of the problem is proved, and the appropriate therem is proved.

Keywords: integro-differential equation, inverse boundary-value problem, degenerate kernel, integral condition,
one-valued solvability.
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