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I'panuyHble UHTErpaJbHble YPaBHEHUS TpPeTheil KpaeBoii
3a/la4u JiJisd ypaBHeHuda l'ebMroJibiia B Ri

C ILJTOCKOMAapaJLIeJbHBIMI pa3pe3aMu
(ITpedcmasaeno axademuxom HAH Yrpaunw E. 5. Xpycarosvim)

C' nomowybio memoda napamempuieckur npedcmasienull UHMeePaIbHbLE ONEPamopos euieede-
HbL CUCTNEMDL 2PAHUNHBIT UNHTNEZPAALHOIT YPABHEHUT MPEMBUL BHEUHUL KPAESHIT 34004 OAA
ypasnenua I'eavmzorvya, K Komopvim npuodam 3a0ayu PacCceAHUs NOAAPUIOBAHHBIT IAEKMPO-
MAZHUMHBDIE BOAH HA IKPAHUPOBAHHOT NAOCKONAPAAAEALHOT KOHEUHOT CUCTNEME UMNEIGHCHBLT
AEHM.

K kpaeBbiM 3amadam 111 ypaBHeHHil [eIbMIoJblia ¢ MpaHUYHBIME YCJIOBUSAMHI TPETHErO POJIa
IPUBOIAT 3aIa9H MaTEMaTUIECKO Teoprun nudpakIiuy 3JIEKTPOMATHUTHBIX BOJIH Ha MHOTOCJION-
HBIX HE UIeaIbHO IPOBOISIINX CTPpyKTypax. OmHuM u3 5 OEKTUBHBIX CIOCODOOB PEIeHUsT Kpae-
BBIX 33184 JIjId CTAIMOHAPHLIX ypaBHeHuit Makcsesia, kotopeie B 2D cirydae IpuBOIAT K Kpae-
BBIM 3aJiadaM JJjisl ypaBHEeHUs [ eJIbMroJIblia, SIBJIAETCA METOJ IapaMeTPUIeCKUX IPeICTaBICHIIT
HHTEerpaJbHbIX ollepaTopos [1—4|. B pesysibrare nmpuMeHeHUs! 3TONO METO/A UCXOJIHBIE KPAEBbIE
3aJ1a49K CBOJSATCS K CHCTEMaM IPAHUYHBIX CHHIYJISIPHBIX HHTErpajbHbix ypasuenuii (CUY). st
[TOCJIE Y IOIIEr0 YUCACHHOTO PeIIeHusI STUX YPABHEHNH UCIOIb3yeTCs OHa U3 MOAUMUKAIIAN Me-
Toga auckperHbix ocobennocreit (MJIO) [5, 6]. IIpumenenne Takoro moaxoja IO3BOJIUIO IIO-
CTPOUTDH MATEMAaTUIECKHE MOJEN PAa3HOOOPA3HDIX JIEKTPOJAMHAMUIECKUX CTPYKTYP U IIPOBECTH
YHCJIEHHBII 9KCIIEPUMEHT Ha uX ocHoBe [6-8]. Muorocoiiabie permerku, 6yarogaps ClienuaabHo-
MY II0/I00OPY COOTHOIIEHUH MKy PasMepaMu 3/IEMEHTOB CTPYKTYPbI, ITO3BOJIAIOT ITOJTY YT ITOJIsT
¢ HEOOXOMUMBIMI (DUBNIECKAMHI XapPAKTEPUCTUKAMU. TakKnM 00pasoM, MOCTPOEHNE MaTeMaTH-
YeCKUX MOJIeJIel IPOIECCOB PaCCeAHHsI SJIEKTPOMArHUTHBIX BOJIH HA MHOT'OCIONHBIX CTPYKTYpax
SABJICTCH AKTyaJIbHOU 3asiadeii.

B pabore npemjioxkeH MeTOH CBeIEHUsI KPaeBLIX 3a/ad, K KOTOPLIM IPHUBOIAT 3aIa9l Pac-
CesTHUsI TIOJITPU30BAHHDBIX BOJIH HA 9KPAHMPOBAHHON ILJIOCKOIIAPAJLIEILHON KOHEYHON crucTeMe He
UJICATTHHO POBOJSIINX (UMIIEJAHCHBIX ) JIEHT, K TPAHUYHBIM CUHIYJISIPHBIM HHTEIPAJIBHBIM yPaB-
HEHUSIM.

IIycrs nekaproBa cucreMa KOOpAWHAT BhIOpaHa Tak, 94To pebpa JeHT napaJjuieabHbl ocu OX

7 3JeKTPOMArHUTHBIE TOJIA He 3aBUCAT OT KOOPAWHATHI X.
N
_ 2
IIycrs S = U Sy — MHOXKecTBO TodeK B R®, KOODIMHATBI KOTOPBIX COOTBETCTBYIOT KOOD-
q=0
JUHATAM Y U 2 TOYEK IPOCTPAHCTBA, IOJYyUYEHHBIX IIPU MEPECEUEHUU CTPYKTYPHI IJIOCKOCTBHIO

YOZ. 3nech

My

Sy = (y,z)ER%r\z:zq>0,y€ U[aq,p,ﬂqm] ; g=1,...,N, — (1)
p=1
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Puc. 1. Ceuenne snekTpoguHaMUIeCKON! CTPYKTYPBI IJIOCKOCTBIO Y OZ

crcTeMa HellePeCceKafoMIXcs OTPE3KOB, JICXKAIUX Ha MPAMON 2z = 24, a So — npaMad 2 = zg = 0,
coBagaoras ¢ ocbio OY.

[Iycts n3 GeCKOHEYHOCTH CBEPXY Ha CTPYKTYPY HAKJIOHHO HajaeT H-Toaspu3oBaHHAs ILJIOC-
Kasl 9JIEKTPOMarHUTHasi BOJIHA:

H,(y,z) = exp(ik(y sin ¢ — z cos ¢)), kE=wcl. (2)

Heob6xomumo maiitn nosnoe noste u(y, z), KOTOpoe BO3HUKJ/IO B PE3YJIbTATe PACCESHIS Maat0-
et BoJiHbl Ha cTpyKType. OHO sABJsIeTCsi pelieHrneM ypaBHeHusi [ebMrosibIa:

Au+ k2u =0, (3)

B obnactu ) = Ri\S , KOTOpasi IPEeJICTABJISIET BEPXHIOK TOJIYIIJIOCKOCTE O€3 CUCTEMBI OTPE3KOB S
Perienne yzoBsierBopsieT TpeTbUM I'DAHUYHBIM yCIOBUSM [8]:

8_u — hu =0, (4)
on (y,2)€0Q
Pa3HOCTb IOJIHOTO U TAJAIONIEro Mol yJIOBJIETBOPSET YCJAOBUIO M3JIydeHus 3oMmepdesbia
W YCJIOBUIO KOHETHOCTH SHEPTHH B J0Goii orpammdennoil obmactn B RY. OTMeTnM, 4TO B CITy-
qae E-ToJsipusauy 3a1a9a JJisl eIMHCTBeHHON OTJIMIHOI OT HyJ/Isi KOMIIOHEHTBI 9JIEKTPUYECKOTO
nosist E,(y,z) craBuTcsi aHAJIOTHYHO.
Beesem B pacemorpenue (yHKIUIO

u*(y,z) = exp(ik(ysin ¢ — zcos ¢)) + z: i_ Z exp(ik(ysin ¢ + z cos ¢)), (5)

KOTOpasi yJOBJIETBOPSIET I'PAHUIHBIM yCJI0BUsIM Buja (4).
OupenenuMm obaacT

Qq:{(y7’z)|zq<z<zq+1}v q:07"'7N7 ZN+1 = +00. (6)

Cyzxkenne nosnoro noust u(y, z) Ha objactu (), WIIeM B BHIE

u(y,2) =u(y,2) tug(y, 2),  (4,2) €Qq,  q=0,...,N, (7)
rmue
ug(y, z) = /(C;()\)ev(/\)(Zq—Z) + Cq_()\)e'Y(A)(Z_Zqul))ei)\yd)\’ (8)
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YA) =vA—k*  Re(y(A) =0, Im(y(A) <0,  Cy(A) =0, (9)

. N —h
(\) = M _ My = Y= R 1
CH ) = MO esp (-1 N)Cr (N, M) = TR e (10)
udsyg = |zs—2,s=0,...,N,¢q=0,...,N.
Taxke BBEIEM B paccMoTpeHue (OyHKIUHI
Fy(y) = / DA NGV, Gyly) = / )T, (A)eMdA, (11)
Uy(A) = —=CF (N) + Cy (e "Wdaart 4 CF (\)e"Wdata — € (M), (12)

Ag(N) = Cf (V) + Cf (\e"Wdaatt — 0 (\)e " Wdata — 07 (N), ¢=1,...,N. (13)

s HEIPEPLIBHOCTHU IIOJIA W €ro IIPOU3BOAHBIX BHE JICHT CJEAYIOT paBEHCTBa

Y
Fq(y) = Gq(y) = 07 Yy gé Lq; (uq - uq—1)|zzzq = / Fq(n) dna Yy € an (14)
g1
Baq,s
Fq(n)dn:0, s=1,..., Mg, g=1,...,N, (15)
Oéqys
Mq
rae Ly = Ul(aq,p’ﬁqm)'
p:

[Ipumensis k bynkmusm Fy(y) u Gy(y) npeobpasosarne Dypbe, MosydaeM HHTErPAJbHBIE
npencrasienust 1yt QyHKmit AAg(A) 1 y(A) U, (N):

—i [ —i L7 —i
MG (A) = o /Fq(n)e Mdn, (AT, (N) = o /Gq(n)e Mdp,  q=1,...,N. (16)

U3 (11) u cBoiicTB nmapaMeTpudeckoro mnpejcraBienns npeodbpasosanus ['mibbepra [1-3] mo-
JIydaeM

%/Lz(f);t = - / IA[Ag(A)edA. (17)

Lg —o0o
[pannunbie yeaosust (4) u (11)—(15) npuBogsT K COOTHOIIEHUSIM

y
Gq(y) — h / Fq(n) dn — 2hug—1(y, z¢) = 2hu;(y, 2q)s y € Lg; (18)

Y

Oug — Oug—q . duy _
<W+W>(y’zq)_h/ Fq(n)dn——2a(y,zq), yeLy, q=1,...,N. (19)

—00
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Ucnomnssys (8) u (16), momyuaem

[e.e] (e}

0 Oug_ . ‘
S S (g, 2) = - / IA[Ag(\)eaN — /(7()\)_ IA)AG(\) e dA +
0z 0z
+ 2 / ’y()\)(C’q_()\)e—“/(A)dq,qH _C«;—_l()\)e—y(A)dq,l,q)ei)\yd)\’
talyzg) = [ (CENET e £ OL 0NN, g =1, .

W3 HenpepbIBHOCTH TOJISI U €r0 IPOU3BOMHBIX B ) BBITEKAET

N
Comr(N) = —% ST A + By (N)e W a,

l=q

M(N)e—YNdog N
C;_()\) = —% Z AN + T, (N)e” Y(Ndoy
=1

q
%Z (\)e " Wdsa g =1, N.

(20)

(21)

(22)

(23)

N3 coornomennit (16) u (22), (23) ciexyer, uro dbyukius ug—1(Y, z4) U BTOPOE U TPETLE
caaraemoe B 1paBoii yactu (popmysibt (20) mpecTaBUMbl B BUJIe MHTErPAJIOB, COJAEPIKAIINX HEN3-
Bectable dynkmmmn I (y) n Gy(y). Uz sToro n coornomenmuit (17)—(21), momyaem, uto dbyHKIIT

F,(y) u Gy(y) ABasTioTCA PentennsiMu CHCTeMBI TPAHUTHBIX HHTETPATbHBIX yDABHeHMI:

h/ dn+z /Kl,q, n—y)Fs(n)dn +

N
| *
P / K qo(n — 5)Go(n) dn = 20k (4, 7). y € Ly
L

s=1

%/ /F dn+z /qu,n y)Fs(n) dn +

N
1 ou}
+Z%/K47q,s(77_y)03(77)d77:_26—;(y,zq), yGLtp qzlv"'va

C JOIIOJTHUTEJIbHBIMUA YCJIOBUAMUA
Bq,s
/Fq(n)dn:07 8217"'7MQ7 q:].,,N
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B ypasuenusix (24), (25)

B T sign(q — s) + dg.s M(X) sin(\z)
Kiqs(z) = / < AWy o ) aO (27)
B Vi 1 M(N) cos(Az)
Kogs(2) =h / <ew>ds,q * e“f()\)(do,q-i-do,s)) NV (28)
0
T sin(Az
Ky galz) = 0 [(00) - 0220 g3 ¢
0

oo

+/fy()\)<5qu— 1 N M(N) )sin()\z)d)\7 (29)

eﬁ/()‘)d&q eﬁ/()‘)(do,q""do,s) )\
0
B 7 sign(s — q) M(N)
Kyq,s(2) = /< Ve g + ) oy + o) cos(Az)dA. (30)
0

[Tosryuennas cucTeMa IpaHIIHBIX HHTErPAJIbHBIX ypaBHeHnil (24), (25) ¢ J0noaHATEIbHBIMI
ycsoBusiMu (26) SKBHBaJICHTHA HCXOAHOI KpaeBoil 3ajade. OHA COCTOUT U3 CHHIYJISIPHBIX HHTEr-
paJIbHBIX ypaBHEHNIIT 1 HHTErpasbHbIX ypasHeHuit @pearosbMa Broporo posga. Hepes ee pernteHust
BBIPAsKAIOTCS OCHOBHBIE 9JIEKTPOJMHAMIYECCKIE XapAKTEPUCTHKI PACCESTHHBIX IIOJIEH.

YucjileHHOe pellleHne CUCTeMbl MHTerpasibHbIX ypaBHeHuil (24)—(26) cTpouTcesi ¢ HOMOIIBIO
BBIUHC/INTEIBHBIX CXEM METO/a JMCKPETHBIX ocobeHHOCTed [4, 5.
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Xapvrosckutll HGUUOHGALHDBIT YHUBEDPCUME, Iocmynuao 6 pedaxyuro 03.03.2014
um. B. H. Kapasuna
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0. B. Tl'angesns, B. . dymkin

I'panuyHi iHTerpaJjibHI piBHSIHHS TpeTbhOl KpaiioBoOl 3adadi [aJisi PiBHAHHS
l'enbmrosbia B ]Ri 3 IJIOCKOMAapaJieJIbHUMU PO3pizamMu

3a donomoz0t0 memody napaMempPuUBHUT 306pPaANHCEHd THMEZDANDHUL ONEPAMOPI6 8uGeder: cucme-
MU 2PAHUMHUL THIMEZPANODHUT PISHAHL MPEMIT 308HIWUHIT Kpatiosur 3a0ay Oas pieHannsA I esvm-
2040Ua, 00 AKUT NPU3BOOAMD 340041 PO3CHOBAHHA NOAAPUIOBAHUL CAEKMPOMALHIMHUL TEUND HA
eKPaAMo8anit NAOCKONAPAAEALHIT KIHUEBIT CUCTEMT IMNEIGHCHUT CMPIYOK.

Yu. V. Gandel’, V. D. Dushkin

Boundary integral equations of the third boundary-value problem for
the Helmholtz equation in Ri with plane-parallel slits

The systems of boundary integral equations of the third boundary-value problems for the Helmholtz
equation have been obtained by the method of the parametric representations of integral operators.
These boundary-value problems arise at the scattering of polarized electromagnetic waves on a
shielded multilayer parallel finite system of impedance tapes.
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