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Omnpenejsenuss  Jmbo  sApa, Jaubo  mNpaBbIX  4YacTeil  HHTerpo-
AnddepeHIHANBHBIX YPABHeHMIl, NN 3HAYeHHs 100 Ha4valbHBIX, JTHOO Kpae-
BBIX YCJIOBHIi ISl HHTerpo-1ugdepeHINaIbHBIX YPaBHEHHU, JU00 onpeneeHUus
NMPaBoil YaCTH JJIA HMHTerpo-aud@epeHINaIBLHOT0 YPAaBHEHHsS ¢ Iepeonpenee-
HHEeM BO BHYTPeHHel TOYKe IO AOMOJHHMTEeNbHOH MHGOPMANMH 0 pelleHHuH HC-
XO/IHOM 321241 HA3BIBAIOT 00pPATHBIMH 3aiadyaMu. MaTeMaTH4ecKre MOJEJIH CO-
BPeMEHHBIX NMPO00JieM reo(pu3nKH, 0KeaHOJOTHd, aTMochepsl, GU3NKH, TEXHUKH
U IPYTHX HayK ONHCBIBAIOTCS ¢ MOMOIIbI0 HHTerpo-IuddepeHIHANBHBIX YPaB-
HeHHU# ¢ YaCTHBIMM NPOM3BOAHBIMHU YeTBepToro nopsiaka. [Ipeanaraemas crarbs
MOCBAIEHA Pa3peliMMOCTH 00paTHOIl 3aJa4H, T. €. BOCCTAHOBJICHUIO fApa B Ha-
4YaJbHO-KPaeBoil 3asade s HHTerpo-AudepeHNATBLHOIO YPaBHEHHUS C
YACTHBIMH NMPOU3BOJHBLIMH YeTBEPTOr0 MOPSAAKA C H3BECTHBIM 3HAYEHHUEM HCKO-
MOro pemeHHsi Ha MpsiMoii X = Xo, 0 <Xg< 1, TO ecTh ¢ mepeomnpeaeleHneM BO
BHyTpeHHel mpsmoili. Hamu BrepBble N0Kka3aHa cyllecCTBOBaHHME W €IMHCTBEH-
HOCTh pellieHHs] paccMaTpHBaeMoii o0paTHoii 3agaun. /1 K0CTHKEHHs] TOCTAB-
JICHHOI 1eJIM HAMH HMCIO0JIb30BAHbI H3BeCTHbIE METO/bl. MeTO/l CBe/lecHHsl 00parT-
HO¥ 32124 K JIMHeHiHOMY MHTerpajibHOMY ypaBHeHHI0 BoabTeppa BTOpOro po-
Aa, merox ¢ynknuii I'puHa 1 00bIKHOBeHHBIX TU(depeHINAIbLHBIX ypaBHe-
HHUIi BTOPOro MOpsiika ¢ OHOPOJHBIMHM KpaeBbIMH ycaoBusiMHu. IIpn pemennu
TMOCTABJICHHOH 00paTHOM 32724l Hal/IeHbl 10CTATOYHbIC YCJIOBHS CyLIeCTBOBA-
HHUSl M eIMHCTBEHHOCTh pellieHHsl 00paTHOIi 3aJa4M N0 BOCCTAHOBJICHHIO S/Ipa B
HHTerpo-augdepeHNAIbLHOM YPABHEHHH B YACTHBIX NPOH3BOJHBIX YeTBEPTOro
nopsiaka. CHayaja ¢ noMoumblo npeodpa3opanHuii 1 GpyHkuuu I'puna ucxogHas
3aJa4ya CBOJUTCH K IKBHBAJEHTHOIi 3a1aye, UIsl KOTOPOJ 10Ka3bIBaeTcsl TeopeMa
CYIeCTBOBAHMSA M ¢IMHCTBEHHOCTH pemieHus. /lajiee ¢ MOMONIBI0 METO0B TeO-
pHH 00pPATHBIX 3224 COCTABJIAIOTCS TPU HHTErpalbHBIX ypaBHeHusa BoabTeppa
BTOPOr0 pOAa M J0Ka3bIBACTCS CYNIeCTBOBAHHE W €JIMHCTBCHHOCThb pelleHUs
CHCTEeM MHTerpajibHbIX ypaBHeHUii BoabTeppa BTOpoOro poaa.

Knoueswvie cnosa. oopamnas 3adaua; unmeepo-oughghepenyuanvivie ypagHeHus ¢
YACMHBIMU NPOU3BOOHBIMU; 0pa; QyHKyus I puna.

Beenenne. OOpIyHO ompeneneHus au0o sapa, MO0 MpaBbIX YacTed MHTErpo-nudepeHInaTbHbIX
ypaBHEHUH, WM 3HAYCHUs THMOO HAYANbHBIX, THOO KPaeBbIX YCIOBHH IJIsl HHTETPO-Au(epeHInaNTbHBIX
ypaBHEHHMH, THO0 OIpEeAeIeHHs IPaBOil YacTH Ul HHTETpo-1u(PepeHIINaNTEHOr0 YpaBHEHHS C TIepeotl-
peneneHueM BO BHYTPEHHEH TOUYKE MO AOMOIHUTENBHON MHPOPMALUHM O PElICHHH HCXOAHOHM 3amayu
Ha3bIBAIOT OOPATHBIMU 3a/1a4aMHU.

[Toutn Bo Bcex cdepax HAyKH M TEXHUKH, IIPU PEIICHUH MPAKTHYECKUX 3a1ad, OOpaTHBIC 3aJauu
3aHUMAIOT ocoboe MecTo. MaremaTudeckue MOJed COBPEMEHHBIX MPo0OIeM reo(pU3UKH, OKEaHOIOTHH,
aTMocdepsl, GU3NKN TEXHUKH M APYTHX HayK OMHCHIBAIOTCS ¢ OMOLIbIO AuddepeHInaIbHbIX ypaBHe-
HHUI C YaCTHBIMHU TPOU3BOAHBIMHU YETBEPTOTO Mopsiaka. Paznnunsle oOpaTHbBIE 33/1a4l PaCCMOTPEHBI B
paborax [1-5].

Hama craTes mocBsimieHa pa3peiinMOCTH 00paTHOH 3aJauH, T. €. BOCCTAaHOBJICHUS sApa B Hadalb-
HO-KpaeBoH 3ajade Uil MHTerpo-auddepeHnnanb-Horo ypaBHEHHS YETBEPTOTO TOPSAAKA C N3BECTHBIM
3HaYEHHEM UCKOMOTO PELICHUS Ha NPSIMOH X = Xy, %, J(0,1).

Hamu nokasaHo cyiiecTBOBaHHE U €JUHCTBEHHOCTh PEIIEHHS TOCTaBIEHHON 00paTHOH 3a1ayu.

JUIs NOCTMOXKEHUS! TTOCTABIEHHOM LI€JIM HaMM HCIIOJIb30BaHbl: METOJ] CBEICHUS OOpaTHOM 3ajauu K
JMHEHHOMY MHTETpajbHOMY ypaBHeHHIO BonbTeppa BTOporo poaa, Meton ¢ynkuuii ['puna amst oObIK-
HOBEHHBIX Au((epeHanbHbIX YpaBHEHHI BTOPOTO MOPSAAKA C OJHOPOIHBIMU KPACBBIMH yCIOBUSIMH.
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[Ipu pemiennn nocTaBaeHHOW 00paTHON 3a7ayyl HalICHBI JOCTATOYHBIE YCIIOBHS CYLIECTBOBAHUS U
€/IMHCTBEHHOCTH PEIleHNsI 00paTHOM 3a]]auy TI0 BOCCTAHOBIICHHIO SI/Ipa B HHTETpo-AuddepeHInantsHOM
YPaBHEHUH B YACTHBIX TPOU3BOIAHBIX YETBEPTOTO MOPSAIKA.
MocranoBka 3amauu. Vccnenyem nuHelHOE HEOIHOPOAHOE WMHTErpo-AuddepeHmansHoe ypas-
HEHHE YETBEPTOIO MOPAJIKA B YACTHBIX IIPOU3BOIHBIX:
t

U (6= 0 U (6 9+ BUs (L 3+ K Jug s X d8 (1 (,1)Q, (1)
0

C HaYaJIbHBIMHU yCIIOBUSIMU:

u(0,x)=¢(x), 4(0,X)=¢ (%), 0= x 1 (2)
OZHOPOJHBIMH KPAeBbIMH YCIIOBUSIMH:

u(t,0)=u(t,1)=0, O<t<T 3)
a TaKXKe C U3BECTHBIM 3HAYEHHEM HCKOMOTro pemeHust U(t, X) Ha mpsamoit X = X, %, [1(0,1):
u(t, %) = g(9), 0[O0, T], 4)

rae mocrosauble [B<0,0<a,0<T wmsBectusl, f(t,X) — m3Bectmas dymxmms, K(t) um u(t,x) —
HensBecTHbIE pyHkmn, Q ={(x t)|0 < x<1, 0<t<T}.

CTaBUTCS BOMPOC: MPH KAaKUX YCIOBUSX B oOmactd Q CymIecTBYeT €AMHCTBEHHOE PEIICHUE
{K(1), u(t X} obparnoii 3agaun (1)—(4)?

ITycTh BBIONHAIOTCS CIACAYIONIHE YCIOBHUS:

U;. MUsBectHas  ¢yHKIUS f(t,X) HempepelBHA B 3aMKHYTOM  IIPSMOYTOJBHUKE

Q={(x1]0<x<1, 0<t<T}.
Uz #(X), ¢ (x)0C[0,1], (0)= ¢ (1)= 0.4 (OF ¢ (1 C.
Us. gOC%[0,T], ¢(%) = d0).

Jlemma 1. Ilycte )= i >0, a,f0R, Ttorma pesombBenta R(t, S sapa K(t,s)=y(t—9),
a

(t,s)0G ={ (£9:0s < & '} oTpenensieTcs 0OJHO3HAYHO U B SIBHOM BHUJIE!

R(t, s):ﬁ/sh(ﬁ/(t— s)), (t 90 C. (5)

I[OK?BaTe.JIBCTBO. Z[JIH A0Ka3aTeCJIbCTBa JICMMBI TOCTATOYHO JOKAa3aTh CICAYIOIIECEC paBE€HCTBO
t
R(t9=[ KItT)Rr, §d+ K1H (30 ¢
S

Jlns mpoBepKH JTOTO pPaBEHCTBA MBI BCTaBisieM BeIpaxkeHust it sapa K(t,S)=py(t—9 u

pesonbBenTsl R(t, S) = \/T/ sh(\/}_/ (= s)) :
t t
[KEDRE 9@+ Kt 9=[y(erysh(y €= § d+y(t ¢

7=t
=-yt=9ch@+\y sy €=s)| _+y t- sE\y sty & s)= RS

Jlemma 1 nokxazaHa.

Jlemma 2. TIycte f(X)OC[0,1] u a >0, Torma pelieHue AByXTOYEUHON KpaeBOil 3a1a4n

z"(x)—%z(w (3 K01, 0= L= C

MOYKHO 3anHcath ¢ nomMoubko Gpynkuuu ['puna [6]:

1
2() = [ & x€) () &,
0

rIe
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2
V7 ah S ¢
eve sh—— £ _x sh— _E | x
ye a _ 17 eﬁ+ﬁ Ja _1 i do 0< x&<1,
2 2 2 2| 2 2
eva -1 ela -1
G(x¢)= )
Jaon $ '3
eve sh—= £ X sh——= < | x
_% > JE%GJE o7 4 VT ZJE +_12 @ | o, 0sés x1
eVo —1 el -1
Bsenem o0o3HaueHune
v(t, X) = U, (t X. (6)

Wurerpupyst (10) mo nepemeHHoM t, mMeeM:
t

w(tX)=[Us Y ds C X
0

rae C(x) —mpousBonbHast QyHKIIHS.
VuursiBasi HadanbHoe ycioBue Ui (0,X)=¢/(X), BeiGepem C(x) Tak, 4TOOBI BBINOJIHSIOCH 9TO

Ha4aJIbHOC YCIIOBHE!

0
W(©0.9)=[Us ¥ds G x= C)y()
0
Otcrona momyyaem:
t
U (%)= [ s 3 ds-gr( X )
0

Hanee, uarerpupys (7) mo nepeMeHHoii t , umeeM:
tr t
ut ) =[[w(s 3 dsd+[g( X dt & P,
00 0

rae Ci(x) —npousBonbHas QyHKIUS.
VuntsiBas HagansHoe ycimosre U(0,X)=¢@(X), Beibepem Cy(x):

or 0
u©0,)=[ws Wdsa+[w(xdt @)= & pep().
00 0

tr

Jliist IBOMHOTO MHTErpaia ”V(S, X) dsd , ucrons3ys hopmyiny Jupuxiie, moaydaem:
00

tr tt t t t
[[vs Ydsd=[[ ¢sxd ds|[ (vo)xfista[(-1t) 6 v} >
00 Os 0 S 0
Otcrona momyyaem:
t
U(t-X):j(t—S)\(SXdﬂ//( xto( ) (8)
0
VYuunteiBas 0603Hauenwue (6) narerpo-nuddepernuaapaoe ypasaenue (1) 3anuineM B BUIE:

t
V(LX) =N, (4 9+ Bug(t 3+ [ K(t= 3 ¢s X ds (), (9)
0

t
a MHTETpajl I K(t-s)M's ¥ ds MoxHO 3amicaTh B BUIE
0
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t t
[Kt-9usyds| KB Et sk (10)
0 0

Tuddepentmpys cooTHomenUe (8) ABAKIBI 110 TEPEMEHHOI X, TTOTyHaeM
Uy (t, X) =j(t— (s F dsy"( Xto"( (11)
Toncrapnss bipaxeris (10)m (113)3 ypasienue (9), momy=mM:
V(t X)=a v (1, X)+/J’:j)(t— I V(s X ds By "( xt5p"( )*:j) K)s(vt ,s)x ¢ls (f ),

nin

t
vt =219 =-L[ (- 9y (s ¥ ds Dy )l )l
0

- K)s(w+t ,s)x els,l (.12
a a

Ot

VYuuteiBas nemmy 1, momydunm

t

Vb= UL Y= WA ) [ KIE s Xds= (L
0

: (13)

t
1 " " 1 1
+[Jrsh(J(t- s)[; s X (X s )| k) @sT, Xk (ts)}ds
0 0
Ha ocHoBauwn o603nadenus (6) m3 0MHOPOIHBIX KPaeBbIX yCIoBHi (3) nMeeM:
v(t,0)=v(t,)=0, O<t<T (24)
[Mpumenss nemmy 2 k 3amaue (13), (14),monydaem mHTErpajbHOE ypaBHeHHE BonbTeppa BTOpro
poxa:

1 t

vt )= G(xf)[W"(E)HW"(E)—% J KO ) ds= € £)
0 0
1

t S
+jsh((y(t—s)){§v(sf)+yw"@f)s+y¢"@)—;j KOs T &) d- f(%‘)] d% & (1)
0 0

Ilycth
1 t
FLx0 =] G(xf)[ylﬂ" @O -0y ( (€ s y¢"(f)—¥jsh((y (- 9) d% 4(16)
0 0
Torma unaTErpabHOE ypaBHenue (15) npumer Bu:

t1
Vt=2[[ G RT3 () 8 ds
00

17)
tl tls
~[JEOKSN- 5 & ds[[[ RS G.H ) (v-.8) rded s ().
a5 @500
HetpynHo 3ameTuts, 4to B paBenctBe (17)npu t =0:
v(0,x)= F(0,x), x1[0,1]. (18)

Iuddepenaupyst papercTro (17)mo mepemennoii t u yuurtsiBas cootnomenue (18), umeem

1 t1 tl
Vt(LX){lIG(xE)F(O,E)df} KO==[[ GO R ¢ ) 8 ds5[[ 6&) K519 Ed—
aO aOO 0’00

tsl
-2[JJSRORMI KD (s.8) d d ds .t (19)
000
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Teneps B nomydeHHoM cooTHomeHun (19) momaraem, 4to X = X,. YuurtsiBast ycinosue (4) u coot-
HoeHue (8), MBI IOJTy4aeM Clie/Iyroliee paBeHCTBO:

1 tl tl
FIG(XO,E)F(O,E)OIE} K== [[ G5 IR(1S ) & ds=[] Go¥) K)s-t)sd 4
aO aOO aOO

1 tsl
—[[[G00OR(LIKD) (57.¢) d d ds (K. toh= )1 (20)
000
Takum o6pasom, s onpenenenus HemsBecTHbIX K (t),V(t, X), \ (t, X) MBI mOMy4nIN cCHCTEMY HEJU-
HEWHBIX MHTETPANILHBIX YpaBHeHHI BonbTeppa Broporo poaa (17), (19)u (20).
Hawmu nokazana ciemyrormas Teopema.

1
Teopema. [Tycts Bemonustores ycnosust U;, Uy, Us 1 HepaBeHCTBO l.[G()QJ,E) F(0,£)dé £ 0. To-
a
0

IJla TIpU OCTAaTouHO MamoM 3HaueHun 1 >0 obpartHas 3amada (1)—(4) uMeeT eIMHCTBEHHOE pPEIIeHUE

{u(t, %), K(t} Brmacce C**([0,T]x[0,4)xC[ 0T]
Tpuaem u(t,x)0C>2([0,T]x[0,3) = U (t,x0 [ 0,Tx[ 0.]).
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SOLVABILITY OF THE INVERSE INITIAL-BOUNDARY VALUE P ROBLEM
WITH A KNOWN VALUE ON THE LINE

A.O. Mamytov
Osh State University, Osh, Kyrgyz Republic
E-mail: mamytov1968@list.ru

The definitions of either the kernel or the riglad sides of integro-differential equations, or the
values of either the initial or boundary conditidos integro-differential equations or the defiaiti of
the right-hand side for an integro-differential ajan with over determination at an interior pdaaised
on additional information about the solution of tireginal problem is called inverse problems. Mathe
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matical models of modern problems of geophysiceanology, atmosphere, physics, technology and
other sciences are described using integro-diffedeaquations with partial derivatives of the fiur
order. The present article is devoted to the sditsabf the inverse problem, that is, the recovefithe
kernel in the initial-boundary value problem fofoarth-order integro-differential equation with pat
derivatives with a known value of the desired solubn the straight lin& = xo, 0 <X, < 1, that is, with
a new definition in the inner line. The authors égvoved for the first time the existence and ugiqu
ness of the solution of the inverse problem undersderation. Well-known methods are used to
achieve this goal: the method of reducing the isegroblem to a linear integral Volterra equatién o
the second kind, the method of Green's functionsfdinary differential equations of the secondeord
with homogeneous boundary conditions. When soltlregformulated inverse problem, sufficient con-
ditions for the existence and uniqueness of thetieol of the inverse problem of recovering the kekrn
in a fourth order partial integro-differential edgioa are found. First, using transformations ane th
Green's function, the original problem is reduce@rn equivalent problem, for which a theorem on the
existence and uniqueness of a solution is provadhér, using the methods of the theory of inverse
problems, three Volterra integral equations of seeond kind are compiled and the existence and
uniqueness of the solution of systems of Voltentagral equations of the second kind are proved.
Keywords: inverse problem; integro-differential etjon with partial derivatives; kernels; Green's
function.
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