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HUnmeepo-duppeperyuarvrovie YypasreHus uMerom ocobeHnocmu 6 8onpoce 00H03HA -
HotU paspewumocmu. Bonpocwr paspewumocmu aunetnur obpamunx 3aday 0asn oud-
PepeHuUANDHBIT YPABHEHUT 8 HACTVHBLT NPOUSBOOHBIT USYHEHDL MHO2UMU AETOPAMU.
B pabome paccmampusaemcs nesunetinas obpamnas 3adava, 20e GyHKyusL 60CCMAH06-
NEHUA 68 3a0AHHOE UHMEPANDLHO-0UPPepenyuasvhoe YpasHerue 6Lo0UM HEAUHETHO U
¢ 3anasdusaruem. OMHOCUMENLHO BOCCTNAHABAUBLEMOT PYHKUUYU JaHHOE YpasHeHUue
ABAAEMNCA HEABHBIM PYHKUUOHAADHO-UHMELPAALHBIM Ypasheruem Ppedzorvma. HU3y-
Yaemca 00HO3HAUHAA PA3PEWUMOCTNG HEAUHETHOT 06pammotl 3adavwu 0AA UHMeZPo-
Judeperyuarvrozo ypasrerus Ppedzosbma 68 HACMHBIT NPOUZEOOHVIT MPEMBE2O NO-
padka. CHavwara moduduyupyemcs memod 8vpoHCOEHH020 AIPA UHMEZPANDLHOZO YPAG-
Henua Ppedzorvoma OAf cAYHas uHmMezpo-duddepertuarvHur ypasHerut Ppedzoroma
8 UACTMHBLT NPOU3BOOHBIT mpemvbezo nopadka. IIpu pewenuu Heauneldrnold obpammot
3a0a%U OMHOCUMEADBHO BOCCMAHABAUBAEMOT, PYHKUUL NOAYHUMCA HEAUHETHOE UHIME-
2panvroe ypasrerue Boavmeppo. nepeozo poda, komopoe ¢ NoMouLbo CneyuasbHo20
HEKAGCCUHECKO20 UHMEZPAALHO20 NPEOOPA30BAHUA CEOOUMCH K HEAUHETHOMY UHMe-
2panvromy ypasnenuto Boavmeppu emopozo poda. Ilockosvky soccmanasausaemas,
Pynryua Heaurelno exodum 6 3adanhoe urmezpo-duddepenyuaivroe YypasHeHue U
umeem 3ana3dvlearue, 3a0GHUE HAUAABHOZO YCAOBUA NO OMHOULEHUN K B0CCMAHABAU-
saemoti PyrKkyuy obecnevusaem eOUHCMEEHHOCTIL PEULEHUS HEAUHETH020 UHME2PAND-
H020 YPABHEHUA NEPBO20 P0G U ONPEIEAALM ZHAMEHUE HEU3BECTNHOT B0CCMANABAUBA-
emoll pynryuu Ha HavasvHom ompeske. anee ucnoavdyemea memoo nocaedo8amenv-
HOT NPUBAUNCERUT, 8 COMEMAHUL C MEMOOOM CHCUMAIOULUT 0MobpartceHul.

KirroueBsie ciioBa: HeaunetHas 06pamuas 3a064a, YPABHEHUE 8 YACTIVHBIT NPOU3EOOHBIL
Mpemnve20o NopA0Ka, HeAsHoe PYHKUUOHANLHO-UHMELPAALHOE YDABHEHUE, UHMELPAND-
Hoe npeobpasosarue, mMemod nocaedosamesdvHHLT NPUOAUHCEHUT.

C Touknm 3peHust GU3NIECKUX MTPUIOKEHUN IIPEJICTABIISIIOT OOJIBIION HHTEPEC
b depeHIuaibHble yPABHEHUT B YaCTHBIX [POW3BOJHBIX BBICOKUX ITOPSJIKOB.
N3ydenme MHOTMX 3a7ad ra30BOil NWHAMWKHU, TEOPUU YIPYTOCTH, TEOPUU ILIa-
CTUH ¥ 000JIOYEK IPHUBOJIUAT K paccMoTpenuio juddepeHnuaabublX ypaBHEHM
B YACTHBIX IIPOM3BOJHBIX BBICOKUX HOPsiikoB [1]. duddepennnanbubie ypasHe-
HHUsl B YaCTHBIX IIPOU3BOJIHBIX TPETHEro IOPsjiKa PACCMaTPUBAIOTCS IIPU pellle-
HUN 33/1a4 TEOPUU HEeJNHEHHON aKyCTUKH W B THJAPOANHAMHUYIECKON TEOpHH KOC-
MUY€eCKOH 11a3Mbl. JacTo n3ydeHne 3ajad MOJICIMPOBaHUS (DUIHTPAIINH KU KO-
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O6parnast 3aj1a49a 1151 OJHOTO HHTErPO-AudhPEepEeHIHAIBHOIO YPABHEHUS . . .

CTH B IIOPUCTBIX Cpe/laX CBOJANTCA K PACCMOTPEHUIO An(@EepeHIuaIbHBIX YPaB-
HeHuit Tperhero mopsiaka [2]. K auddepennmanbubiM ypaBHeHHSIM B 9aCTHBIX
HPOU3BOAHBIX TPETHEIrO ITOPSJIKA TaKKe CBOAATCS 3a/1a9W N3Yy4YeHUsI PACIPOCTPa-
HEHHUsI BOJTH B CJIaDOIUCIIEPIUPYIONINX CPEJIaX, B XOJOIHON IIa3Me U MArHUTHON
PUAPOIUHAMUKE.

Nszydgennio nudpdepeHnmaabHbIX YPaBHEHUN B YaCTHBIX IIPOU3BOIHBIX TPEThHE-
o TOpsijiKa IOCBSAIIEHO GOJIbIIoe KOMUIecTBo pabor (cM., Hanp. [3-12]). Ho uzy-
qeHuio nHTerpo-auddepennnaababX ypaBuennit @peroabmMa B YJACTHBIX TPOU3-
BOJIHBIX TPETHEro MOPsIIKa MOCBSAIIEHO ropa3ao MeHbIne pabot. aTerpo-andde-
peHIuaTbHBIE YPABHEHUS UMEIOT OCODEHHOCTH B BOIIPOCE OJHO3HAYHON pa3perniu-
mocru |13, 14].

B macrosmieit pabore usydaercss He/lnHEHHas oOpaTHas 3a/1a9a I HHTEIPO-
muddepennnaabHOro ypapHeHus OpearoabMa B 9aCTHBIX MPOU3BOIHBIX TPETHETO
IIOPSAJIKA.

1. ITocranoBka 3amaun. B obiactu 2 = Qp X R paccMaTpuBaercss HHTEIPO-
nuddepennnaabHoe ypaBaenne Openroabma BIIA

aét((?za(tQ +)\/ KtsaQa(2 )d> <t$/ Koy(s S_T)d5> (1)

C HaYaJIbHbIMHA YCJIOBUSAMU
u(0,z) = ¢1(x), u(0,2) = ga(z), utt(o r) + Aa(0)c(r) = ¢p3(x), v € R, (2)
= t—s) s S
u(t,0) = h(t,0) — N1q(t) +/0 ( / Ky(0 )d@)d , (3)

t(t—
Ug (t,0) = hy(t,0) — Nog(t +/ o) —fz <s 0, / Ko (6 —T)d9> ds (4)
0
U JIOTIOJIHUTE/IbHBIME YCIIOBUSIMI

u(t,.%'()> = w(t), teQp, xg 7é 0, (5)
G(t) = O'o(t), te [_Tv 0]7 (6)

rie f(t,z,9) € C%29(Q x R); ¢;(z) € C*(R), i = 1,2,3; K(t,5) = a(t)b(s), a(t),
b(s) € C(Qr); o(t) — Boccranasimbaemasi byukuust; og(t) € C[—7; 0] — 3aganHas
HadasbHast GyHkims; N; —3ajanuble nocrosinubie, i = 1,2; Ko(t) € C (QT) —
sagannas Gyuknus; Qp = [0,7], 0 < T < 00; A — napamerp;

2

t t
ht.a) = dn(@) + da(o)t +0a@) 5. alt) = A [ (0= als)ds.

T 2u S, T
o) = /0 b(s)aa(x;)ds. (7

OrMmeTnM, ITO U3y YEHHUIO PA3PENTUMOCTH OOPATHBIX 3814 JJIsI IMHEHHBIX -
depeHInaIbHBIX YPABHEHUN B YACTHBIX ITPOU3BOIHBIX ITOCBSIIEHO OOIBITIOE KOJIU-
qecTBO paboT. OOpaTHYIO 33,19y HA30BEM JIMHEHHO, ecyin (pyHKIUsT BOCCTAHOBJIE-
HUsl BXOJUT B ypaBHeHue jiuHeitno. Bubnanorpaduio MHOrUX 1myOIuKaIuil, mocBsi-
MIEHHBIX TEOPUH JINHEHHBIX OOPATHBIX 3a/1a4, MOYKHO HafiTu, Hanpumep B [15-17].
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B pabore [18] usyuena ojHO3HAUHAST PA3PENIMMOCTD JIMHENHHOH 06paTHOI 3a1a-
91 JI71 OJTHOTO KBA3WIMHEHHOTO NHTErPo-anddepeHIuaIbHoro ypapaeaus Ppei-
TOJIbMa TPEThEero IIOPAIKA.

B macrosiimeit pabore usyvaercst obpaTHast 3a7ada JJIg WHTerpo-auddepeH-
nuaJbHoro ypasuenus OpearosibMa B 9aCTHBIX ITPOU3BOIHBIX TPETHETO TOPSIJIKA,
rIe BocCTaHaBauBaeMas (pyHKIUSI BXOIUT B ypaBHEHNE HEJMHEHHO U C 3alra3/Ibl-
BaHUEM.

OCHOBHOI ITOJIXO, JAHHO! PabOTHI COCTOUT B TOM, YTO IIPU PEIICHUU HEJIUHEe-
HO#l 0OpaTHOI 3aJ1a4l OTHOCUTEJIBHO BOCCTaHABJIMBaeMON (DYyHKIMU M3 yCJIOBUS
(5) mosyunTest HeMHEHOE WHTErpajbHOE ypaBHeHre BoJibTepphbl epBOro poja,
KOTOPOE C IOMOIIBIO HEKJIACCUIECKOT'O NMHTErPAILHOI0 IPe0Opa30BaHIs CBOSUTCS
K HeJIMTHEHHOMY WHTerpajbHOMY ypaBHEHHIO BoJsibTeppbl BTOporo poja. 3agaHue
HAYAIBHOIO ycsioBus (6) IIpU HHTErpajbHOM IIPeo0Pa3oBaHNY OOECIIEUNBALT €/[1H-
CTBEHHOCTD PeEIlleHu A HEeJINHEITHOTI' O UHTETr'paJIbHOI'O YpaBHEHW A BOﬂbTeppr IepBoO-
0 Pojia U OIpeJie/isieT 3HaYeHNe HEM3BECTHON (DYHKIINY Ha, 33JJAHHOM HAYAJIHLHOM
orpeske [—7;0].

OHPE,ZLEJIEHI/IE Pemmennem o6parnoit 3aman (1)-(6) nassiBaercs mapa QyHK-
wnit {u(t,z) € C*%(Q),0(t) € C(Qr)}, ynosrersopsiomas ypasuenuo (1) u yc-
JIOBUSIM (2)7(6)
2. Hagampnas 3amaga (1)—(4). Byaem wucmosb3oBaTh MeTOJ MHTEIPATBHBIX
ypasaenuit @pejirosbma ¢ BBIPOXK IeHHBIM sizipoM [19]. IIpu nomonm o6o3nadeHust
(7) uarerpo-mnddepennnanbhoe ypasaenne Openrosnbma (1) nepenucsBaercs B

BHJIE
0T 4 attye(a)) = f <t, . /0 " Ko(s)o(s - T)ds>,

C yuérom ycsioBust (2) TpEXKpaTHOE HHTEIPUPOBAHKE 110 ¢ [OCJIEIHEI0 PABEH-
CTBa JIAET

o — )2 T
u(t,z) = h(t,z) — c(x)q(t) —|—/O <t2>f<s,:v,/0 Ky(0)o(6 — T)d@) ds. (8)
[Tponuddepentupyem (8) nBa pasa 1o x:

ugg(t,:c):hx(t,x)—c’(x)q(t)—k/ (t—s)* (Sx/ Ko(0)o (60— T)d0>ds, 9)

0

uazz(ty 33) = hx:c(ta l‘) - C//(x)q(t)—'_

+/Ot(t_;)Qfm<s,x,/0TKo(9)a(9—T)d@)ds. (10)

[Moncrasasst (10) B (7), umeem
T
c(z) = /0 b(s) [hm(s,:v) —"(z)q(s)+

+/08(*9_29>2fm<9,x,/0TK0(§)a(5—ﬂdﬁ)d@]ds. (11)
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IIycTe .
A= /0 b(s)q(s)ds > 0. (12)

Torma st onpegenenus ¢(x) B (7) noayuaem u3 (11) caenyrommee nuddepeniu-
AJIbHOE yDaBHEHUE:

d"(z) + Be(z) = F(x), (13)
rie B = A"!, F(x) = BFy(x),

T
Fo(x):/o b(8)hyy (s, x)ds+

+ /OT b(s) /OS (8_29)2fzx (0, z, /OT Ko(&)o(€ — T)dg) dfds.

Perrast muddepennmanbioe ypasaenue (13) MeTo0M BapHaluy IIPOU3BOJIb-
HBIX [IOCTOAHHBIX, II0JIy4daeM

1 X
¢(x) = Dycosve + Dysinve + — / F(y)Q(z,y)dy, (14)
VJo

re Q(z,y) = sinv(z — y), v = VB, xosbdunnentsr Dy, Dy momieskar ompeie-
JICHUIO.
13 (14) nmeem
c(0) = Dy, c(0) =vDs. (15)

C yuérom (15) u3 (8) u (9) momyuaem

t(t_ g)2 T
u(t,O):h(t,O)—qu(t)+/ t 5 ) f<s,o,/0 KO(H)J(O—T)d9>ds,(16)

0
t s 2
uz(t,0) = hx(t,O)—szq(t)_i_/O (t 2)

fa (s, 0, /OT Ko(e)a(e—r)cw) ds.(17)

Cpasuenne coorromtenuit (16) u (17) ¢ 3aganubivu yenousiMu (3) u (4) maér
Dy = Ny, Dy = Ny /v. Torna (14) npuanmaer BuJ

N 1 [*
c(x) = Nycosvr + 72 sinvx + > / F(y)Q(z,y)dy. (18)
0

[Moxcranoska (18) B (8) maér

it _25)2f (s, x, /OT Ko(0)o(0 — T)d9> ds—

u(t,z) = h(t,z) +/

0

N T T
- q(t){Nl cos vz + — sinvw — 1// b(s) / Q(x,y)hyy(s,y)dsdy+
v 0 0

+V/0xQ(x,y)/0Tb(S)x
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></0 (s —0)° fyy<9 y,/ Ko(¢ f—r)d§>d6dsdy}. (19)

3. BoccranaBimBaemas pysknus. B cuy yenosus (5) u3 (19) momygaem
t 2
t —
[ 5T s an,0t510s =
0 2

x0 T
t+uqt/ Q(xo,y /bs)x

x /0 (3_ o)’ fyy<9 v, / Ko(¢ §—T)d§)d9dsdy, (20)

g(t) =(t) — h(t, z0) + q(t) [Nl cos vy + Nz sin vrg+

v “b(s) / " Q0. y)hyy (s, y)dsdy} .

Hesmneiinoe uHTerpaibHOe ypasHeHue mepBoro poza (20) mpu HadajibHOM
ycsioBu (6) SKBUBAJIEHTHO CJIE/IYIOIIEMY HHTErPAIbHOMY YPABHEHUIO BTOPOIO PO-
Ja (eMm., Haop. [20-22]):

o(t) = O(t;o [ / G(s)o(s)ds—

Ot <5 900,/ Ko(0)o(0 — T d0>ds+
+ Vq /OIO Q o, Y / )X
E 2
/ (s 0) —fuy (0 Y, / Ko(&§)o (€ — T)df) dOdsdy + g(t)} e () 1
* /otG(S)e“(ts) [0' (t) —o(s +/ G(s)o(s)ds — /S G(9)o(6)do—
[ e
; <9 9307/ Ko(§)o(§ -1 d§>d9+
+ Uq / Q Zo,Y / b

x/(s— 0)° fyy<9 y/ Ko(¢ £—T)d§>d6dsdy—
0

+
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T
—Vq(s/ (zo,y / b(0
0

(6 - § fyy<§y/ Ky(¢ —T)dg')d{dﬁdy—l—

() g<s>] ds, (21)

e

= /OtG(s)ds >0

t
e <« 1; 2/ G(s)e "=9ds < 1.
0

TaKasd, 9TO

TEOPEMA 1. Hycmb BUNONHAIOMCA CALOYIOULUE YCAOBUA:
1) max {|g(t)] : t € Qr} <8 < oo;

2) max{\fta:ﬁﬂ | faz(t,z,9)]} <A < oo;

3) f(t,z,9) € Lip{Lyy}, 0 < L1 = const < oo;
4) fra(t,x,9) € Lip{Loy}, 0 < L2 = const < 00;
)

T3 T 83
5) p= {1 + po + ng +vqoLy Q(xo, Z/)/ Gb(S)dey} P(T) <1,
0 0

20e
po =max {u(t) : t € Qr}, qo =max{|q(t)|: t € Qr},

t T
P(t) = e #t) 4 2/ G(s)e Mt=9)ds, T; = Li/ | Ko(s)||ds, i=1,2.
0 0

Tozda neaunetinoe urnmezpanrvhoe ypasnernue (21) umeem edurncmeermnoe pe-
wenue na ompesxe .

Jloxasamenncmeo. Bocrmoab3yeMcst METOIOM IIOC/IeI0BATEIbHBIX TPUOJIT-
KeHUil. PaccMmoTpum ciieryromnuii nrepalinoHHbIN Tporecc [Inkapa:

t(t— )2
oo(t) =0, on(t) = [/0 (t ) ) (5, 20, 0)ds+

o T s —

+vq(t) / Q(x0,y) / b(s) i " ) S fyy(0,y,0)d0dsdy + g(t)]e_“(t)—i—
— 5)? S (5 —0)2

/G Jer = [/ v )f(s,xo,o)ds—/o ( 29) £(0,0,0)d0+

S S — 2
+vq(t)/0 Q(wo,y)/o b(S)/0 ( 29) Fuy(8,y,0)d0dsdy—

v [ Qo) [ " b()x

x /O O ey, 0)dedvdy + g(t) — g(s)|ds, (22)
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or(t) = O(t;05-1(t)), k=2,3,4,.... (23)

B cuiy ycroBuit TeopeMbl U3 HOCIEI0BATENbHBIX Hpubsmrkennii (22) u (23)
HOJLy YaeM

3 0 T o3
lo1(t) — oo(t)]] < [AJ(; + VQOA/O Q(xo,y)/o %b(s)dsdy + 5] P(T); (24)
_ T3
low(t) — or—1()] < [1 0+ L

To T 83
+ VQoLz/O Q(l’my)/o 6b(s)d5dy] X
X P(T)|log—1(t) — op—1(t)[|. (25)

U3 onenok (24) u (25) caemyer, 4ro oneparop B npasoil gactu (21) sBiisercs
cxxumatonum. CiieioBaresibHO, HHTErpaJbHOe ypaBHeHue (21) umeer e uHCTBEH-
Hoe perrerne Ha orpeske (7. [

4. Pazpenmmocts o6paTHoii 3agaun (1)—(6).
TEOPEMA 2. Ilycmo évnoanaromes ycaosus meopemo, 1, (12) u yeaosua

1) max {|¢(z)|} < o0, i=1,2,3;
2) ’/ Q(w,y)hyy(s,y)dy‘ < o0;
O:L'

) | [ Qe o | <

Toedao 6 obaacmu §) cywecmayem eOUHCMEEHHOE PEULEHUE HAYAALHOT 30004
(1)~(4).

Jloxasamenscmeo TeopeMbl 2 ClelyeT U3 TOro, 4To, 1ojcTaBisds B (19)
pellieHne HHTerpabHOro ypasHeHust (21), 0JIHO3HAYHO [OJTyYaeM HCKOMYTO (DYHK-
o u(t, ).

W3 cupaBeyimBOCTH MIPUBEJIEHHBIX BBIIIE JIBYX TEOPEM CJIEIYeT, 9TO CIIPABE/I-
JIUBa

TEOPEMA 3. ITyecmov swnoanaomcea ece ycaosus meopemo, 2. Tozda cywe-
cmeyem eduncmeennas napa pewenud {u(t,z) € C**(Q),o0(t) € C(Qr)} o6-
pammot sadavu (1)—(6).
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The solvability of various problems for partial differential equations of the third order
1s researched in many papers. But, partial Fredholm integro-differential equations of
the third order are studied comparatively less. Integro-differential equations have traits
in their one-valued solvability. The questions of solvability of linear inverse problems
for partial differential equations are studied by many authors. We consider a nonlin-
ear inverse problem, where the restore function appears in the equation nonlinearly
and with delay. This equation with respect to the restore function is Fredholm implicit
functional integral equation. The one- valued solvability of the nonlinear inverse prob-
lem for a partial Fredholm integro-differential equation of the third order is studied.
First, the method of degenerate kernel designed for Fredholm integral equations is mod-
ified to the case of partial Fredholm integro-differential equations of the third order.
The nonlinear Volterra integral equation of the first kind is obtained while solving the
nonlinear inverse problem with respect to the restore function. This equation by the
special non-classical integral transformation is reduced to a nonlinear Volterra integral
equation of the second kind. Since the restore function, which entered into the integro-
differential equation, is nmonlinear and has delay time, we need an additional initial
value condition with respect to restore function. This initial value condition ensures
the uniqueness of solution of a nonlinear Volterra integral equation of the first kind
and determines the value of the unknown restore function at the initial set. Further the
method of successive approximations is used, combined with the method of contracting

mapping.
Keywords: nonlinear inverse problem, partial differential equation of the third order,

implicit functional-integral equation, integral transformation, method of successive ap-
proximations.
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