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AJTropuTM YMCJIEHHOTO pelleHrusi MHOTOMEPHO# oOpaTHOM
3a/1a9” JIEKTPOANHAMUKN

B crarbe paccmorpena obparHasi KoahbduIeHTHAs 3aJa49a JJIi MHOIPOMEPHOTO YPAaBHEHUS 3JIEKTPO/IH-
HaMUKHU B JIMHEHHOM npubsrkennn. /s pemenus KoapduimeHTHON 00paTHON 3aa4U 110 OIIPeIeIeHIIO
MIPOBOJMIMOCTHY CPEIbI, 3aBUCSIIEH OT ABYX IEPEMEHHBIX, HCIOIb30BAH OITUMHU3AIMOHHEIH MeTox. [lomytena
dopmysta jyist Beraucaenns rpajguenTta dyHknuonaaa. ChopMyInpoBaHbl COOTBETCTBYIOIINE COIPSI?KEHHBIE
3a1a4u.

Kmouesvie caosa: obpaTHast 3a1a4a, ypaBHEHUE SJIEKTPOINHAMUKHI, COMPsIyKEHHAs 3a[a9a, OMTHMHU3AIMOH-
HBIII MEeTOJ, TPOBOJUMOCTD CPEJIbI, JUJIEKTPUUIECKAs IIPOHUIIAEMOCTh, MAarHUTHASA IIPOHUIIAEMOCTD, ypaB-
Henue MakcBesia, JIMTHEAPU3AIUS.

1 Jlunetinoe npubausicenue obpamoti 3ada4u
PacnpocTpaneHne 3jeKTPOMATHUTHBIX BOJIH OIMCHIBAETCs CUCTEMON ypasHeHnit Makcsesuia [1]

—
s%frotﬁ+aﬁ+jcm:0, x3 £ 0,x € R, (1)
9 4ot B =0, t > 0
w5 +rotE =0,t > 0.
3nech E = (El,EQ,Eg)T,ﬁ = (Hy,Hy, H3)T — BeKTOpbl HANPSKEHHOCTH 3JIEKTPUYECKOTO W MATHHT-
HOTO nmoJieit;  €,pt — JWAJIEKTPUYeCcKass W MATHUTHAS TMPOHUIAEMOCTH  CPeIbl; O — IPOBOJUMOCTH CPEBI;
J

M — MJIOTHOCTH CTOPOHHUX TOKOB.

SajaauM HadaIbHbBIE YCJIOBUS

(E,H)

—0. e =o 2)

t<0 t<0

TaHFeHIH/IOHHI:Ie KOMIIOHEHTBI BEKTOPOB ﬁ, ? YVAOBJIETBOPAIOT YCJIOBUAM HEIIPEPHLIBHOCTHU

(Ej|a:3:70 = Ej|x3:+0; Hj|x3:70 = Hj|:c3:+0’ ‘7 = ]" 2. (3)
Hua onpenenenust koadbdunuenrta o (1, ) 3a4a10M JOIOJHUTEIbHY IO UHDOPMANUIO (OTKIUK CPEJIb)
Ej‘x3=0 ZXj(Z‘l,.TQ,t); Hj|:c3=0 :nj(xl,xg,t); ] = 1,2. (4)

IIycts K03 UIIEHT MPOBOIUMOCTH CPEJIbI IPEJICTABUM B BHUJIE
O-(x171'2) :00($3)+01(£L’1,ZL’3). (5)

Ipemosnoxum, uro koabdurmenTst o1 (21, £3) MAJIbl OTHOCUTEIBHO KO3 duimenTa o (23 ), TOrIa BOZMOXK-
HO HCIIOJIb30BATh METOJ JInHeapu3anuu [2].
IIpeacTaBuM BEKTOPBI JIEKTPUIECKON 1 MATHUTHOW HAIPSIKEHHOCTEN B BUIE

F—E'+E', H=H+H (6)

rie (E°, H°) — pemtenue sagaun (7). 37ech U B JadbHeHIIIeM CIATAEM, HTO ﬁo = E9; ﬁo = HY; El =FE;
Y=H'; jm = jm; torma
60%E0 —rotH® + 0o E° + j°™ = 0;
p2HO + rotE° = 0; (7)
(Eo, Ho)jt<o = 0.
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I[Ipenebperas Bemmaunoit oy B, momyanm aoa (EY, HY), ciemyrontyio 3amady:

6%E1 —rotH' + 0gE' = —0, EY;
p2H' + rotE' = 0; (8)
(El?H1)|t<O = 0.

Ha mockoctn z3 = 0 TanTeHImMambHbIe KoMIoHeHTH BekTopos (EC, HY), (E, H') ynosiersopsior ycio-
BUSM
[E?}Eszo = [H]O]CMZO =0; [Eyl]zzzo = [H]l]13:0 = 0. (9)

Hononaurenbuas undopmanus (4) mpuMer BUj

(EY),

= X}(Ev t); (Hl) ;

J‘z3:0

=n; (T, 1), j=1,2, X=(x;,%2). (10)

1'3:0

3mech

1 _ 0 r_ . 0 .
Xj=X;— Bl o m=n—H|, ., i=12 (11)

Iycrs dyukuuu og(23), 01(T1,23) YIOBIETBOPSIOT YCIOBUIM:
1. 09 € 02(%)
2. Cymecrsyior My,Ms,M3 € R Takue, uro upu Bcex x3 € R MMeeT MeCTO HEPABEHCTBA

0 <M <oo(xs) < Ma, |loollzpy < Ms.
3. Oyukuus o1 (1, 23) OTIMIHA OT HyJIs B obacti (21,x3) € (0,h) x K(D1),

K(D1) ={z1 € ®;|zj| < D1,j =1,3},

rae h, Dy € R — ukcupoBaHHbIE YUCIIA.
2 _ 2

4. 01(%11’3)6 C ((0, h) * K(Dl)), o = ||0'1|| C ((0, h) * K(Dl)) § Ml.

Ha ocHoBaHMU 9TUX yCJIOBHI U NPEANOJIOKeHus (5) MUHUMAJIbHOE BPEMS, 38 KOTOPOE BO3MYIIEHHE JOCTUIHET
riiy6unbl h npu Becex 1 € R u Bepuercs Ha nosepxsocrs s = 0, pasuo Ty, = 2h/(M; — «).

B cuty 9TOr0 mMeer MeCTo CJIEYIOIIee IPAHNIHOE YCIIOBHE:

0 _
Ej |1-1:iD1 =0. (12)

B cBasu ¢ Tem, uro koabdurnment oo(rs) 3aBUCHT OT OJHON IIEPEMEHHON I3, JOCTATOYHO 3aJaTh OJHY

TFOPU3OHTAJBHYIO KOMIIOHEHTY

E8|I3:0 = f(l)(xlat) (13)

Boimmumem yestosue jyist kommonentbl HY. Jlas atoro, momaras ycsosus (13) Kak rpaHWYHBIC YCIOBUS B
obnactu 3 < 0, tie 0 =0, a e =1, p = 1, u pemus cucremy (7), oupesesuM BEKTOP HO, rem cambiM Gyner
MU3BECTHO YCJIOBUE

0,0 = ey (21, 0). (14)

Takum obpazom, oOIIMiT aaropuT™M perreHust 06paTHON 33189 B JTUHEIHOM TPUOJIMAKEHUU COCTOUT U3 CJIe-
JIYIOIINX TIArO0B:

1. B wiockocru 23 < 0 (B Bo3ayxe), B KoTopoM u3Becthbl 0 = 0, € = 1, 4 = 1, pemus 3auady (1), Haxoqum
(E, H). Ucnonssyem npu sToM gpomosmuresbiyio niadopmarmo (10), (13), (14) npuMensioTcs Kak TpaHUYHBIE
YCJIOBUSL.

2. Jlastee BBIYHUCIISIEM TPAHUYHBIE YCJIOBUSI

Hil,,—o = fa(21,1);

HY 1o =m (@05 j=1,2 (15)
(H(])’)\wgzo ) ] = 17 2.

323:0

3. B wiockocru x5 > 0 pemaem obparnyio 3auadqy o6 oupesenenun og(xs), [lomaraem, aro E(z3) B 23 > 0
W3BECTHEL, a (= 1.
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SaﬂaﬂI/IM I'PaHN9IHOE YCJIOBHE

1 OF, 0
(/_j, (9],‘3)’ - = afg(fﬂl,t). (16)

4. OnpejiesisieM TIpaByio YacTh cucteMbl (8), T.e. Beraucaum o EP.

5. OupejensieM jonosHuTeNbHYI0 HHbOpManuio (10).

6. Vcmonp3yeM MeTo/] HAMCKODEHIIero CIycKa st oupejeseHns koaddurmenta oy (x1, T3) Kak pelieHne
cucremsl (8).

2 Asneopumm pewerus obpamnoti 3adavu 06 onpedesenuu o1(x1, x3)

ITycrb p(T) — upubizKeHHOe pellleHre 06paTHOM 3a1a4u, rjie 0603HAUYEHO Z = (1,3).
Beenem dynkimonan

- fOT <z§_1 [E;(f,o,t;p) - X!, t)rdt> +
+f0 < J= 1[ (x’ovtap)_n}(xvt)}th>'

Dopmyity Jjisi BblYUCIeHUs rpaauenTa PyHKunonana (17) noayduM 1o aHaJoruu ¢ u3J0xKeHHoi B [3]:

T Do
_ / / (E°) (T, w2, £)daadt, (18)
0 —Ds

TJIe ¢, 1) — PEIeHnsi COOTBETCTBYIONINX 3a,1a.

IMokaxkem 3To, 3ajaauMm npupamienue p(T) + Op(T), Torma 6 E' = EY(T,23,t;p + 6p) — EX(T,23, t;p);
SH! = HY(T, 23, t; p + dp) — H' (T, 23, t; p). [Ipenebperast wieHOM BTOPOTO HOPSAJIKA, TOJYIUM CJIIYIONLYIO CH-
cTeMy:

{ 58t5E1 —rotdH' 4+ 096 E' = —poE° — ECap,; (19)

,uat(SHl +rotéE' = 0.

O6e gactu cucrembl (19) yMHOXKHUM CKAJIAPHO HA BEKTOD ) = (11, o, 13). <“0t5H1’ V) + (rot §E!,¢) = 0.
PacnuiiieM OKOMIIOHEHTHO BTOPYIO mojicucremy cucrembl (19):

pgs0HL U1 + (3% 0E) — 52-0E3 ) ¢y = 0;
nr0H3 ¥n + (55 0E) — 550K} ) 2 = 0; (20)
pZ0HY s + (52-0BS — 52-0E} ) b3 = 0.

PacnuiieM MOKOMIIOHEHTHO IIEpBYIO mojicucremy cucrembl (19):

5at5E1¢1 (3% 0H3 — 52-0H3)1h1 + 00 B}y = —pd E{tpy — SpEDyn;
€ gr0 B30 ~ (%é — G GHD W + 008 B = —pdEty — OpEYy; (21)
e25E3); — (%5 — 315 13 + 000 E3tps = —pdESihs — opES1)s.

IIpounrerpupyem obe yacru Kaxkjuoro ypasuenus cucrembl (20) B obuactu ¢ € (0,7,),T € I'D, orciona

nmMeeM
0 0
1)7 -~ o 1 —
/ /D[ (0t ) n-t (08 = 50EL ) v | amae
.
/ / / / o 5E3¢1d$2d$3dﬁ1 / / / 8 5E2¢1d$3d {ITQd "E1‘| dt = (22)
Dz 2 Dz 3
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T Dy D3 D Do 8
=J; +/ / / (5E§’¢1 72 —/ 5E:1))7¢1d332 dxsdxy| dt—
0 -Dy J—-Dy 2 —D» 0z
T Dy Do D D3 a
—/ / / 5E%¢1 73D —/ 5E%7’¢1d$3 dl‘gdl‘l dt.
0 —Dy J—D, 3 Dy Ors

Ob6oznaunm nepBblit maTErpast yepes Ji. [lpemgnomoxum, aro

¢1($17$27$3aT) 207 (23)

¢1($1, X2, T3, t)|12:iD2 = O?
wl (Jj17 X2, T3, t)|w3:j:D3 =0. (24)

Ipanuynoe u HaYa bHOE YCIOBUA Jjig cucreMbl (19) umeror Bu

JE! ‘m:FD =0; (25)

(6E', sHY),_, =0. (26)

[t=0

Tne I'D — rpanuna obaactu D = Dig X Dig X Dys. Hasee, ¢ yuerom ycaosuii (25), (26) u npuHaThIX
yenosnit (23), (26), B coornomtenun (22), s J1 ocramyTes

T 5 5 )
1_ e el (D o
J —/O /IGD { oHy (“8#}1) 0E; (8;621/)1) + 0E; <81‘3¢1>} dzdt=0. (27)

IIpouHTErprpOBaB 110 YaCTIM BTOPOE U Tperbe ypasHenus cucrembl (20) ¢ ycaosuamu (25), (26) u upeo-
Jlarast, ITo
wj(l'h T2,T3, T) = 07] = 27 37

V@1, w2, 3, 8)|, _p =0, =2,31k=1,2,3; (28)
nMeeM
J? = /T/ {—5}1% <u3¢2> + 0E3 (a%) — 6E] (awﬂ dzdt = 0; (29)
o Jzep ot 3\ ox Y\ O3 ’
J? = /T/ —0H3 ﬂﬁqp — 0E} (aw ) + 0E} <a¢ ) dzdt = 0. (30)
o Jren ot 3 2\ 0z, ° oz, °

W13 coornomtenuit (27), (29), (30) nmeem

0 0 0
—5H% (Mat%) - 5H% <Mat¢2> - 5H§ (Math) +

0 0 0 0 0 0
1 _ _sml | 1 _ _
+0E; [83:11/}2 B9 77211] 0E, [ 8x3¢1 taa 1/13} + 0E; {8332% 63:3%} 0. (31)
U3 (31) BBITEKAET, UTO
1 9 1
— <5H ,uat¢> + <5E ,T0t¢> =0; (32)
0
Y+ roty = 0. (33)

i

o

ITo amasorum mpoBeseM aHAJOTMYHBIE BBIKJIAJIKKM C [IEPBBIM yDABHEHHEM CHCTEMBI (22), T.e. pAaCCMOTPUM
COOTHOIIIEHUEe

<s§t§E1,w> — <7’0t5H1’¢> + (005E1,¢> - _ <PEO71/J> _ <§pEO,1/1>7 (34)

rae ¢ = (¢17 1/)27 1/]3) .
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Kak u B OpeabLaAyIeM cjiydae, oIy YuM
0
- <5E11€8tw> - <50H177”0t1/)> + <50E1701/)> = - <E1,p7ﬁ> - <6pE07¢> . (35)

O6benuuuB pasencrsa (32), (35), OKOHYATEIBHO MOJIyYUM IOCTAHOBKHU COIPSI?KEHHBIX 33,104

— 2+ rotp = pe; (36)
—E5;p —roly + opp = —01E%
d}j(xlaxQ,waT) = 07 j = 2737
wj(xlva»xBat)uk + Dy, _Oa ]:2737k:172737 (37)
¢j(1’1,1‘2,$3, )*O j—2,3,
¢j(1’1,$2,$3,t)|wk:ka —0, j—2,3;]€:1,2,3;
(wﬂ 933\913 0 = 22 fE 0 t p) njl (fv t)] )
j=1
2
(0;) 23]e5=0 22 (7,0,t,p) — xj1 (T, 1)] - (38)
j=1

Taxum 06pa30M, MbI IIOJIy YU AJTOPUTM PeIleHust 00paTHOIl 3a1a41u 06 oupezeneHun o1(x1, r3). Auropurm
OIIPEJIEJIEHNUS] TUIIEKTPUIECKOH TPOHUIIAEMOCTH OITUMHU3AIIMOHHBIM METOJIOM il 3aaunu (1) B ImHeapu30BaH-
HOIl [IOCTAHOBKe U3JI0KEH B pabore [4].

Paboma noddeporcarna eparnmom MOH PK no dozosopy Ne 266 om 09.03.2017 e.
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K.T. Uckaxos, A.T. Kycannosa, 3.T. Xacenosa

DJIeKTPAMHAMUKAHBIH, KOIIOJIIIEM/Ii Kepi ecebin
CaH/BIK IMEINy aJropuTMi

MaxkaJsiafa ChI3BIKTBIK, YKYBIKTAY/IaFbl SJIEKTPAMHAMIKAHBIH KOIOJIIIEM/Il TeHIEY VIIiH Kepi KoadduimenT-
TiK ecell KapacThIPbLIIbl. EKi aifHbIMAJIbIFA TOYEJI/II OPTa OTKI3TIIMITINH aHBIKTAY OOMBIHIIA Kepi Koadduim-
EHTTIK €CeITi MIeNTy YIITiH OHTAMIAHIBIPY 9/IiCi KOJIIaHbLIIbI. PYHKIIMOHAJ TPAIUEHTIH ecenreyre hpopMyia
asbiapl. ColikeciHine Ty#iHec ecentep TYKbIPbIMIAJIbL.

Kiam cesdep: kepi ecenrep, 3JIeKTpAUHAMUKA TEHJEY1, TYHiH/EC ecenTep, THIMII 9J1iC, OpTa ©TKI3riITiri,
JUAJIEKTPJIK OTIMAIIK, MATHUTTIK ©TiMIiIiK, MaKkcBe1 TeHaeyi, JuHeapu3alusiay.
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K.T. Iskakov, A.T. Kussainova, Z.T. Khassenova

Algorithm of the numerical solution of the multidimensional inverse

94

problem of electrodynamics

In this article, we consider the inverse coefficient problem for the multidimensional equation of electro-
dynamics in the linear approximation. To solve the coefficient inverse problem for determining the conduc-
tivity of a medium that depends on two variables, an optimization method is used. A formula is obtained
for calculating the gradient of the functional. The corresponding conjugate problems are formulated.

Keywords: Inverse problem, electrodynamic equation, conjugate problem, optimization method, medium
conductivity, dielectric constant, magnetic permeability, Maxwell equation, linearization.
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