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MATEMATHYECKASI MOJEJTE TU®PAKIINHA BOJIH
HA TIEPHOIMYECKOH IIOCKOIAPAJLIEJILHOM
CHCTEME HMIEJAHCHBIX JIEHT

Ha ocHOBE CHCTEMBI I'PAaHUYHBIX CHHTYJIIPHBIX HHTCTPAJIBHBIX YPABHEHUH HEPBOTO M BTOPOTO POJa Io-
CTpOSHA MaTeMaTHUecKas MoJesb Audpakimi E-nonsapuzoBaHHbIX W H-MOJISpU30BaHHBIX BOJH Ha Iie-
PHOIHUSCKONH MHOTOCIOMHON CHCTeME UMIICJAHCHBIX JICHT. 1IpH MOCTPOCHUH MOJACTH ObLT MPUMEHEH
METOJ] MApPAMETPUUSCKUX HPEICTABJICHUN MHTCTPAIBLHBIX ONepaTopoB. UHCICHHOS PEIICHHE MOJTYUYCH-
HOW CHCTEMbI HHTSTPAJIBHBIX YPABHCHHH MOKHO MPOBECTH C MOMOIIBIO METO1A TUCKPETHBIX 0COOCHHO-
cTel.

KimoueBble clioBa: TUdpaKius BOJIH, UMICIAHCHBIC JICHTHI, CHHTYJLSIPDHBIC YPABHCHHS, MHTC-
IPAIBHBIC OTIEPATOPBIL, JECKTPOMATHUTHBIC BOJTHBL.

Bseaenne. PazButie COBPEMEHHON 3ICKTPOHUKH, 3ICKTPOTEXHUKU U MAIIH-
HOCTPOCHUS TPHUBOJUT K HEOOXOJUMOCTH CO3JAHHIO BCE OO0JICC COBEPHICHHBIX
VCTPONCTB, CO3JA0IIIX 3IEKTPOIHHAMITICCKHE MO ¢ TpeOyeMoH cTpykrypo# |1
— 2]. B 4aCTHOCTH, HHTEPEC MPEACTABILIFOT YCTPOUCTBA, KOTOPBIC MO3BOJLIOT MO-
JYYUTh 3HAYUTCIBHOC YBCIIM'ICHUC 3HAUCHHI QJICKTPOMArHUTHBIX MOJICH B OT-
JICIBHBIX TOUKAX MPOCTPaHCTBA. Tako# 3 eKT qocTuraercs B OOIBITHHCTBE CIIy-
YacB 3a CUET CICHHANBHOTO PACTONOKCHHUSA PA3IHYHBIX 3ICMEHTOB CTPYKTYp B
MPOCTPAHCTBE M CHCHHUATIBHO BHIOPAHHOTO COOTHOIICHHS MEKIY T'€OMETPHUHUCCKH-
MH pa3MepaMHM 3JIEMEHTOB CTPYKTYP. Tarxke HEOoOXoamMas CTPYKTypa IO J0C-
THTACTCS 3a CYET CIEHHMAJIBHOTO BHIOOPA MATECPHATIOB M YY€Ta MX IPOBOIUMO-
cta [3]. TTosToMy HOCTPOCHHE MATEMATHYCCKHX MOACICH IMPOLIECCOB PACCEAHUA
3EKTPOMATHUTHBIX BOJIH Ha CTPYKTYPAX, KOTOPBIC COCTOST M3 OOJIBINOTO KOJIHHC-
CTBA JJICMCHTOB W YUYHMTBIBAIOT JJICKTPOAUHAMHYICCKHC CBOMCTBA MATCPUAIOB, U3
KOTOPBIX H3TOTOBICHBI PEHICTKH, ABACTCA aKTyalbHOH 3adadeil A1 MCCIea0Ba-
TeNeH.

AHamm3 mocaeqHux uccjaeaoBanuil,. OgauM w3 3((CKTHBHBIX CIOCOOOB,
KOTOPBIA MO3BOJIICT MIOCTPOUTH MATEMATHUCCKHE MOJCIH PACCESHIL 3JICKTPOMAr-
HHUTHBIX BOIIH HAa CTPYKTYPAxX CIO>KHOH T€OMETPHUYCCKOH (POPMBI, SBISICTCS TIPE-
noxeHHbI [O. B. [anoenem, memoo napamempudeckux npeocmasnenuii unme-
epanvHuix npeobpaszosanuti [4]. IT0T METOI MO3BOIACT CBECTH UCXOTHBIC KPACBbIC
3a1avun A0 ypasHeHuli Makceenna K 3KBUBAJCHTHBIM CHCTEMAM HHTCTPAIBHBIX
VPaBHECHHUH, Yepe3 PEIICHHE KOTOPBIX BBIPAXKAIOTCSI OCHOBHBIC HJICKTPOAHHAMUIC-
CKHE XapaKTepucTHUKH nojcH. C MOMOIIBI0 3TOTO MOAX0a Pa3padoTaHo OO0JIBIIOE
KOJIMYECTBO MATEMATHYCCKUX MOJCICH PA3IHYHBIX 3JICKTPOIMHAMHUICCKHX MPO-

© B. JI. Aymxun, 2013
76 ISSN 2222-0631. Bicnux HTY «XI11». 2013. Ne5 (979)




LIECCOB U MPOBEJCH YHMCICHHBIA SKCIIEPHMEHT HA MX OCHOBE [5]. B yactHOCTH, B
padore [6] ObM MOIYUCHBI TPAHWYHBIC WHTETPAJBHBIC YPABHCHUS 3aJa4YU [TH-
(paKHK HA HETICPHOAMICCKONH MHOTOCIOMHOM CHCTEME UMneoaHcHvix aenm. Oc-
HOBBIBAACh HA MACAX 3TOH padOoThHL, MOCTPOCHA MATEMATHUYCCKAs MOJETb Pacces-
HUS 3JICKTPOMATHUTHBIX BOJIH HA MHOTOCJIOMHON MEPHOAMYCCKON CHCTEME HMIIC-
JAHCHBIX JeHT. M3102KeHUE aIrOpUTMA MOCTPOSHHUS 3TOM MOAETH ¢ MOMOMIBIO Me-
TOJA MAPAMCTPHICCKAX MPEACTABICHIHA HHTCTPATBHBIX MPSOOPA30BAHIH ABIACTCA
LENBI0 TAHHOHW PabOTHL.

IMocranorka 3agaumn. B 0ZHOPOAHON H30TPONMHON Cpele C MapaMeTpaMu
e=1, p=1 pacmonaraercs 2/'— MEPHOIUUCCKAS IMCKTPOIHMHAMUYCCKAS CTPYK-
Typa, COCTOSIIAs W3 OECKOHEYHO TOHKHMX HMIICAAHCHBIX JICHT. JTH JICHTHI Pacmo-
J0’KeHBI B N MapaJUIeNBHBIX IUIOCKOCTAX z' =2, ¢ =1,...,N . BBeném mekap-

TOBY CHCTEMY KOOPOHHAT TAK, YTOOBI KOOPAUHATHAA IJIOCKOCTh X 'OY' Obuia ma-

paiebHa MIOCKOCTAM JICHT, a ocb OX' — p&opam neHt. PaccMaTpuBaroTCs CTpy-

KTYPBL, PACTIOIOKSHHBIC TAK, YTO IIOCKOCTE X OZ' HE MEePECEKACT JICHTBL
Bseném crenyromue 0603HaueHM. OnpenenuM 001acTu

QqZ{(y'pz’)l Zq<Z<Z’q+1> qzob"'aN}a

TOE Zj = —%0, Zy, =+0.

! ! A ' P
Hyers oy, u [}, — KOOPAUHATEL MPOCKIMH HA 0Ck O’ pEOEP JCHTSHI C UH-

JICKCOM  p , JICIKAIICH B IIOCKOCTH z:zé, g=1,...N Bcrmoe 0< y<2/".

ST N
|
|

s

s i St S

Puc.1 — Ceuenue muppakIOHHON CTPYKTYphI IockocThio Y OZ' .
3aBHCHMOCTS TOJIA OT BPEMEHH JAéTCa MHOKHUTENEM e ' . TIycTh U3 Becko-
HEYHOCTH CBEPXY HA TU(PPAKLMOHHYIO CTPYKTYPY, OIHCAHHYIO BBIIIC, HAKIOHHO
nagaer H-mopu30BaHHAA IMIOCKASA 3ACKTPOMATHHMTHAS BOJHA CIMHHUYHOH aM-
ILTATY JBL:

UW'.,z)=H,(.z') :exp(ik(y’-singo—z’-cosgo)). 1
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B 3agaue Heo6x0auMO HANUTH MOTHOE TONe #()/,z") , BOSHHKINGE B PE3YIIBTa-
Te nudpakipy BOMHBI HA pemérkax. [loHoe mose #()',z') ABIACTCS PEIICHHEM
ypasHenusa [ enbmeonvya:
Au+k2u=0, )
B obmactu (), KOTOpas MPEACTABILIET YaCTh MPOCTPAHCTBA BHE JICHT. JTO pelie-
HHUE YJOBICTBOPSICT HMIICTAHCHBIM TPAHHYHBIM Y CIOBHM:

ou , 3)

= _hu |

on (
KOTOPBIC ABIAKOTCA CICACTBHEM 2epanuyneix yeaoguti Illyxuna-Jleonmosuya [3];
YCIIOBHIO KOHCUHOCTH JHCPIMH B JIOOOH OrpaHHYCHHOH 007acTH IJIOCKOCTH
Y'OZ' | ycnosuio uznyuenus 3ommepghenvoa M YCIo8Uio KAZUNepuoOOUUHOCHU
@roxe. 3ameTuM, ITO B ciay4dae E-nosipusamu 3aaa4a Ayl € TMHCTBECHHON OTJIHY-
HOH OT Hy Il KOMITOHCHTBI 3ICKTPHYCCKOTO NOTIs £, (v, Z) CTABHTCA AHATOTHYHO.

¥',2")edQ =0

Maremartuieckan Moaesb. [1oHoe mone #()',z') , BO3HHKIICE B Pe3yIbTa-
T¢ Au(pakuuy BOMHEL HA PCIIETKE, B KAKIOH M3 00macTed (), OyaeMm HCKath B

BHIAC:
u(v,2) = U2+, (002, (,2) €0 @
rac
0, ()= Y [C;n i), -87”(2'2'4”))8”’ )

pr’zzk-sinqp-i-ﬂ—f/l, yo=A(PL)Y —K, nez. (6)
l n

Ycnousa m3myucHuS 30MMep()enbaa Oy Ay T BHITOTHCHEL, SCITH
Re(y”?) >0, Im(;/”q)éo, Cyn=Cin=0,neZz.

Bseném Oe3pa3MepHbIe KOOPAWHATHL, TTAPAMETPHI B 0003HAYUCHHUS:
'k 20 T T T

Ol=—=—, y=gV, z=07, z,=21 N
=% Pap = 4= ®)
7n:\/(Pn)2—552, PnZ%Zﬁﬁ-singoﬂa, neZz, ©)
Lq:Uquw Lqp:(aqwﬂqp)' (10)

P
BrexéMm pyHKIHH
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F(v)= %[”q U L:zq . G, ()= a_az[”q U L:zq ' D

U3 ycroBuit HeMPEPhIBHOCTH MO H €0 MPOU3BOAHBIX BCKOY BHE JICHT Clic-
JYIOT PaBCHCTBA!

Fq(y):Gq(y)zo, vel, q=L...N: (12)

y
__=[F,mdn. yel, [ F(n)dn=0, VL, el (13)
7 0

Oynxumn £, (y) u G, (V) AMEIOT CICIyrOUHME MPEICTABICHHIS:

0 oy d )
Fq(}’) = Z ipn (C;n +C;,n .e Vi g j‘elpny B

n=—ow

-d - P,
_le(qln' 7/ qlq—‘rcqlnjen > (14)

—y d -
G,(») = Z Yy (—C;n-i-cq)n.e Vi q,qHJ‘elpny_

o0

d ,
_Z )/I’l( qln eyn QIq+qunJ epny, (15)

-
C moMOWIBI0 06pamHo20 npeobpasoeanus chpbe H3 (14) (15) Haxoamm:
d d

e dg , =|z

Cry+C, e /e _cr ePnfata Coin=g— J.F e " an. (16)
d d
[C* +c,,-e e —(—cq*ln e’ 414+cqlnj
G i
- L o) Py, an
27} n

H3 (16) — (17) caenyeTt CipaBe A TMBOCTh PABSHCTB:

_ F G —i
Con=C, e nda.gn _LJ. —i—1 (n) TR LA (7) e lp”ndﬂ, neZ; (18)
e 4x Py Y

F(n) G i
€l =Cpyee s e L L) G oy, ko)
R 4z ; Pu Vn

q

Yuutssas, uro Cy , =0, neZ u, pemwas cucremy ypasHenuii (18) moce-

J0BATCIBHO OTHOCHUTCIBHO C OJIy4acM, 410

—1,n >
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247 Dy Yn

N G 7
o= Zl { fi(n) M}.e lpnndn-exp(—y(i)dq)l). (20)

Y4uteBad, 410 Co,n =0, neZ , u pemas cucteMy ypasHeHui (19) mocre-

JIOBATENBHO OTHOCHTEMbHO C,

g 1 F.(n) G, (n)| -ip,n
oS [ 5S arnl )

W3 rparmunbix ycaosuil IllykuHa-JICOHTOBHYA HA MOBEPXHOCTH JICHT ClC-
JOYIOT COOTHOIICHMA:

MOIY4aeM, 4TO

Gaz(u ‘”ql)z:zq (g +u )z:zq=2fq(y)» vely (@2
a_az(”q”qfl)z:z ‘h‘(”q—“qfl)z:z =-2¢g,(v). veL;: (23

4 q

e
0
20U, (v.2,) =2/, (). 2h—U, (v.2,)=2g,(v). vel, @4
W3 ypasrermit (22) — (23). onpencnchms (11) ¢pysxuum G, (v) u cBotict-
Ba (13) dymxumit £, (y) cremyer, urto

y

G, (»)-h[F, (n)dn—zh-uq,lezq =2/, (). vel; 25)
0
)
Gz(u i, 1) hJ.F d77——2gq(y), yelL, (26)

H3 (20), (21) cneayeT cnpaBeIMBOCTb PABEHCTB!

-y, d._ ~ Y1 oG, —i
Coy,-e e o =Y~ G0, Pl an-exp(~7,d., )+
s=1 L Vn
. b
+Z@jim-e P iy -exp(-7,d..,). @7
5=1 4z L Py |

ey, =sign(s—q)+o,,.

Beeném 0003HaueHH:

A 1
A, =7, —|n|-0tsing- = =0| = |, n—>o (28)
n n
_ - _yn'd, 1 ynd 1, -
Aq)n_—(cgn+cq)n-e qq*j (Cq*ln e’n 4+cqlnj, (29)
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-1 —1 _
Tq)m:{yn |n| , (s q)/\(n:&O), (30)

S
11 _
:qan pn1 n-, (s q)/\(n:&O), 31)
pit ~((s=)A(r=0)):
Sd(y) = i@ (32)

U3 (5), (27), ¢ yuéroMm BBeASHHBIX 0003HaUCHAH (28) — (32) momydacM Cle-
AYOLIEE NPEACTABICHHS At QyHKUMA v, (), Z,) "

W 1
U, 1 (v.2,) = _Z:;ELI MG, (v—n)G,(n)dn +ELI In|y-7|G, (n)dn +
s q
Xs
+Z 27:.“MF y- 77) ( )dn—z—de y— 77) ( )d77, (33)
s=1
s q

rac:

5
Z ¥ @07 - =2 exp(i0tsing 2)-1)-Infe] . (34)

j & P,Z— 5
Mqu(z):éZE el _ —{exp(idtsing-2)-1)-5dlz|. (33)

q,5,1
n=—00

CrpaBeTHBO PABCHCTBO:

;(u +ig ) =— z Aqn[|n| | |8€sin¢}exp(ipny)— i Ay Ay, eXp(ipny)—
z n=—c0

n=0 n=0
-d -d i
70Aq0+2z Y ( e’ e’ Mj-e”ny. (36)

H3 (16) ¢ yquOM (29) CIICAYET, UTO

0 . 1 0 lAn
n;w A, A, ,exp (tpny) = ;Lj £, (77) . n;w . S

q
n=0 n=0

U3 cBOWCTB npeobpasosanus I unvbepma, NPUBSICHHBIX B |5, 7], cienyer

q.9+1 +
Cq 1n

exp(ip, (v—n))dn. (37)

127[

- J‘ Fotsing(y—1) tg( 5 jF (Hdt =
0

- i Ay, [|n|+ma£sm¢jexp(ipny). (38)
n=—om n

n=0

H3 (20) — (21) mony4daem
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2§: yn(cqn e yn dqu C;ln eyn'dql,qj‘eipny:
N N S N G
S22 e el ) -
5#q Lq
& qu > ip (y_77)
2] X e Veesp(-r,dy, )G (m)dn. (9)
s=1 n=—ow
5#q *
Bseném 0003HAUCHMS:
KF,,(z)= Z 2; Pnv1) cexp(—7,dy,). q=s: (40)
_ 0 iAn . _ﬂ IPOZ_Ctg( ) (zﬁfsmqp 41
Kqu(z)— n;wzpn exp(lpnz)dn 3 Oe 3 —; (41)
n=0
KG,, (z)=% 3 efn (v=11) exp(~7,d,,) 4%s. 42)

W3 (33) - (42) crenyer, uro ¢ymuxmun F, (y) u G, (y) ABIMOTCH pemmicHr-

€M CHCTEMBbI ypaBHeHHﬁ'

G, ( th dn——j1n|y nlG, (n)dm—de y=n)-F,(n)dn+

—o0 Lq Lq

N
h
+Z; J. MG, (y—n)Gs (77)d77 -
s=1 L,

N ; h
_Z Zﬂq J'Mqu (y_’7)'Fs(77)d77=2fq (y) vel,: @3
1 Fq(n)dﬂ
— | ———h F d + K Eg dn
”LI =Y { 772 I < (y=m)E, (n)dn
Z:Tq J'KG (v-n)G, (n)dn=-2g,(v). veL, 44
s=1 Lq
s£q

J.F )ydn =0, VL, eL. (45)

BriBoabI. B paboTe mOCTPOCHBI MATEMATHUICCKHIC MOJCTH PACCCSHHES HICKTPO-
MACHHUTHBIX BOJIH HA MCPHOIUUYCCKON CHCTEME UMIICTAHCHBIX JICHT HA OCHOBE CHCTC-
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MBI TPAaHUYHBIX CHHIYJIIPHBIX MHTCTPATIBHBIX YpaBHCHHH (43) — (45). 3ra cucrema
OTIHMYACTC OT CHCTEMBI HHTECTPAIBHBIX YPABHCHHI HENIEPHOAMMCCKON 3a0a4H [6] Ha-
JMYHEM B TTOABIHTETPAIBHBIX BHIPAKCHUSX CJIATACMBIX, COACPKAIIMX JIOTapu(Mure-
CKHE OCOOCHHOCTH WM MMCIOIIHMX PA3PbIBBI IEPBOTO poAa. Il UHCICHHOTO PEIHCHU
3TOH CHCTEMBbI IPUMEHUMA MOAU(DHIMPOBAHHAS CXEMA METO/A JUCKPETHBIX OCOOCH-
HOCTEH, OCHOBaHHAs HA UCIIOIb30BAHMH KBAZPaTyPHbIX (JOPMY I HHTCPIOALMOHHOTO
tHma [5, 7-9].
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Ha ocHOBi CHCTeMH I'paHUYHUX CHHTYJBIPHUX iHTeIpajlbHUX PiBHSHB IEPIIOTO Ta JPYroro poay
moGyA0BaHO MaTeMaTHUHy Mojesb Audpakiii E-nomipuzoBanux Ta H-nosipu3oBaHUX XBUIb HA IIepi-
OJIMUHIN GaraTomapoBiil cHCTeMi iMIleTaHCHHUX CTpiuoK. [Ipu moGymoBi Mojes GyJIo 3aCTOCOBAHO Me-
TOZA TMApaMeTPHUHHUX YSBJICHb iHTeTPAJIbHUX oIllepaTopiB. UHceNbHE PO3B’SI3aHHS OTPHUMAHOI CHCTEMH
IHTeTpaJIbHUX PIiBHSHb MOJKHA IPOBECTH 3a JOTIOMOTOI0 METOY AUCKPETHHX OCOOIHBOCTEH.

KmouoBi ciioBa: nudpaxiis XBWIb, iIMISTAHCHI CTPIYKHM, CHHTYJIAPHI PIBHSIHHS, iHTeTpasibHI
OTIEPATOPH, CJICKTPOMATHITHI XBHJIL.

The mathematical model of E-polarized and H-polarized waves diffraction on periodic multilayer
system of impedance tapes had been built. This model is based on the basis of a system of singular
boundary integral equations of the first and second kind. The method of integral operator’s parametric
representations had been used. The numerical solution of the obtained system of integral equations can
be obtained with the help of discrete singularities method.

Key words: diffracted wave impedance tape singular equations, integral operators
electromagnetic waves.
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