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TM-WAVES IN ANISOTROPIC NONLINEAR MEDIA 

The exact solutions o! Maxwell equations !or TM-waves 

propagating in an anisotropic nonlinear medium are obtained. 

It is shown that there exist solitary waves with their fields 

in continuous dependence on the coordinates, both for the po­

sitive and negative components of the permittivity tensor at 

positive and negative nonlinearities of the medium. 
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x.c.APYTKHHH, K.A.EAPCYKOB 

TM-BOJIHA B AHl130TPOI1HliX HE.JlHlll1lliHX CPFJJ.AX 

Ilo.ny~eIDi TO~ID:le pemeHKR: ypa.BHemrl!: Ma.KcBeJIJia ,IT,11.fl TM-Bo.JIH, 
0 

pa.cnpocTpaHRKmIDCCH B a.HK30TpoIIHott HeJlliHettHott cpe~e. IloKa3aHO, 

~TO ye,nl{Hemme BOJIHH c Henpepl:lBHOtt 38.BKCliMOCTI>D nOJiett OT KOOp­

,nl{HaTH cymecTBYIOT KaK ,IT,11.fl IlOJlOJKHTeJil>Hl:lX KOMilOH6HT T6H30pa. .u;H3~ 

~eKTpH'!eCKOtt npo~eMOCTH, TaK K ,IT,11.fl OTP~TeJil>HHX KOMilOHeHT 

npR nOJIOJKKTElJll>Hott H OTP~TeJil>Hott HeJIRHettHOCTHX cpe,ll;ll. 

EpeBaHcKIDt qiK3~ecront KHCTHTYT 

EpeBBJl 1988 

B noCJie~ee BpeMJI B ~Tepa.TJ'pe no~ocI> MHoro pa.60T, no­

CBHmeHHHX HCCJle~OBaHHD oco6eHHOCTett pa.cnpocTpa.H6HIDI TM-BOJIH B 

H30TpOIIHIDC HeJ.tKHei!HHX cpe,nax, .u;H3~6KTPH~eCKaH npommaeuocn 

KOTOp!:DC 3aBHCRT OT KB8,1U)8.Ta MO~~ 3JI6KTPK'i6CKOro IlOJIJI BOJIH!l. 

Ka~eCTBeHHoe RCCJle~oBaHRe TaKOro TRila BOJIH npoBe~eHO B pa-

6oTa.x [1-3] c HCil0Jll>30BaHR6M ,IT,11.fl ~3a ifia.30BOtt IlJlOCKOCTJl • 

O~o. KaK noKa3aHO B [4) , 3~ecI> B03MOl!tHO nocTpoeHHe TO-cmHX 

pememm ypaBHemlli Ma.KCBeJIJia ,IT,11.fl HMHHeil:HHX CT~OHaPHHX Tll­

BOJIH. 

,Il.JIH aHR30TpoIIHl:DC HeJIHHettHl:lX ope~ CRTYall;WI HBCKOJll>KO yCJioz-

M6TCH, HO, Kal' jy~eT IlOKB.3aHO HIDtte, R B 3TOM c.ny-qae B03MOlltHO 

nocTpoeHRe TO'llWX peweHRtt ypaBHeHRtt Ma.KcBeJIJia. ,IT,11.fl TM-BOJIH~ ~o­

nycKaKmIDC RCCJle~oBaHHe oco6eHHOCT6H 3TRX BOJ!H. Bee BH~C~e­

HKR: 6y~T npoBO.u;HTI>M no M6TO,u;HKe, pa.3pa60TaHHOtt B pa6oTe [4], 

IlycTI> 'IM-BO~ pa.cnpocTpaHR6TCH no OCR l. H6KOTOpott ~eKap­

TOBOtt CRCTeMH KOOp,IOIIHB.T. KoMIIOHeHTH B6KTOpoB no~ 3TOH BOJIHH 

38.na.nRM B ~e 

3 



Ex ( x, z 1 t) = ex (X) sin K0 (ct - <El), 

Ei! (x,z,t): ei!(x) cos l<o (ct-CE~), 

H (X,i!.,t) = h(x) sinKo(ct-rei!)J 
(I) 

a .mra~eKTpHqecKyD rrpo.mrn;a.eMOCTb a.HH30T.J?OIIHOM cpe,rol aa.na.n;KM 

,I(lial'OHa.JlbHl:lM T8H30.J?OM 

( 

E1 0 
C, = 0 E1 

0 0 
~ ) ' e2 

r.n;e 
e. = e . + o..1 El 2 L OL 1 

cu . 
Ka=c, L=1;2. 

~HK~r ell ( X) • e& (X) H h (x) B (I). KaK 3TO Me.nyeT H3 

ypaBHeHd MaKCBeJLJI.a, y.n;oBJ!eTBOpRIOT M8.DYRl!l8H CHCTeMe ypaBHeHliH: 

2 
dei!. _ 

0 
e, 

(re -E1)ex+<Ed~ - , h=-re-ex. 

(2) d ex d. 2 e!. _ 
0 ~ ~ + ci ~ a + e2E4- , 

r.n;e ~ = K 0 X • IIepB!lli KHTerpaJI CHCTeMH (2) Ha.XO,mrTcH O'!elil> 

IT.J?OCTO H HMeeT .BH,D; 

f dei!. ,a 2 2 cx:e2) 2 \~/-(a? +e_o2-eo1)ex+(eo2+-2- e =C, 

r .n;e c - IIOCTO.ffHHaH HHTerpHpoBa.HHH, a 
e2 = e~ + ei . 

(3) 

BBO.Afi e 2 
KaK rrapaMeTp, rro aHaJ.tor:im c pa6oToit [ 4] , ITMY­

'IHM 

4 

Cl(ez 
2 <£ 2(eo2 + T )cte 2 - <e2ciC 

cl ex = ---.,--..,,..---..,........-­e, ( z2- e,) + zzea 
2 

2 
[e1<ce-z-€,)+ ah:2-re2 (€02+ce

2
e )]cle2 +;e2ciC 

cJ. ei = --------=------=--------
C:1 ( oe2 -e1) + ae2 e2 

BBe.n;eM HOBHe nepeMeHH!ie no iI>oPMY~aM 

-r = €01 + Cl(e 
2 

z2 a=~ 
(EZ ' 

AO= to2 - €01 
z2 

(4) 

(5) 

C:e:cTeMa. (2), .Ka.K H B [4] • HMeeT B.Topott HHTerpaJI, KOTOpiil c 

yqeTOM 06o3Ha'ieHHl!: (5) 3arrHCHBaeTCH B BHJ(e 

e . . f (t'3-3t-2+a2- 3t'Lla+ZaAa.+C1)d't' 

ce~= :!: ) [t'(2-t')+Aa]j[(t'+a+2Aa)(-r-a)-C1][(3t-2't'2-a)(-t-a)+ct]'' 
't:'o . 

HJIH npH C1 :: 0 

't' 

z5= ± \ (t:~-3t'2 +a2-3_rAa + 2aAa)ctt' ,<6> 

·~ 

2d 
I',Jte t"0 - nocTORHHall mrrerPJlpoBa.HBll, C1 = zit C 

OoTaHOBHMM no,®O<Suee Ha CJIY-qae C, = 0 , xor,Aa · BOsuomro cy-

111ecTBOBaHHe xaHMHpo:eia.Hmcc BOJIH. 06pamca K IIJIOCKOCTH ( f;' 'c&) 

(cu. [4] ). 06.nacTH cy111ecTBOBaHJU1 BHTerpa.ml (6) or~eBH, 
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O'l:eBH,IUiO, Kp.KBHMH 

'C + a. + 2 AO. = 0 I 

.3"t--2e-a =O. 

KpoMe Toro, cymecTBeHHYD poJll> npH aHaJIK3e cBoncTB pemelilUi 

lll'pa.eT KPKB8.ll 
t- 3 -3~2 + a 2

- 3?Aa + 2aAa. = O, 

Ha KOTOpoH, KaK H B H30TpoIU!OM CJJY'Iae, TepIDIT pa.3pb1B nepooro 

po,iw. J1K60 npoH3BO,nHI:le KOMllOHeHT IlOJ!J!, Jllt60 Ca.MK IIOJ!J!. Kaprn­

HH o6JracTeii cymecTBO:sa.HIDI HHTerpa.na (6) IIPH pa.3JlITTl!lix 3Ha.'l:e:tm:­

mc rrapa.MeTpa. Aa IIpKBe,neH!l Ha pHc.I - 4, IIPH'l:eM HX cpa.BHeHHe 

c H3oTpollH!lM CJIY'la.eM npH Aa = 0 nora3:raaeT Ha cymecTBeIDioe pa.3-

JlK'l:He B xapa.KTepe o6JiacTen cymecTBo:aamur HHTerpa.na (6) • .Il.nJI BH­

acHeHWI 3THX pa.3.lIH'tltli HCCJie.nyeM pHc.I - 4 no OT,neJII>HOCTH. 

I. ACI. = -I (pnc.I) 

KaK OTMe'iallOCb B pa.6oTe [4] ' HC'l:e3HOBeHHD nOJien Ha 6eCKO­

He'l:HOCTK COOTBeTCTBY eT Il.PJIM8.fi ~=a. • IlpK A a = -I' a > 0 aTa 

IIpilM8Jl He HBJIR:eTcH rpaHKUett o6JiacTH cymecTBO:sa.HIDI peme:tm:n, 

CJie,noBeTeJibHO, B 3TOM CJIY'Iae HeB03MOlKHO IlOCTpoe:im:e HeIIpepllBHl:lX 

pemeHHtt c HC'ie3a~ Ha 6eCKOHe'l:HOCTJ1[ IIOJIHMH. Bo3MOlKHO TOJll>KO 

nocTpoe:im:e nepHO~'l:eCKHX pemeHlltit (o6JiacTb I Ha pHc.I) H pemeim:it 

c pa.3pi:ma.MH IIOJIH npH a <. 0 (o6JiaCTb 2 Ha pHC.I). 

2. 6 Q. = - 2 (pHc.2 ) 

B aToM CJIY'la.e IIPflMBJl ~ = a HBJIR:eTCH r pa.:im:uen o6JiacTen I (ct >O) 

H 2 (cC. < 0) IIPH Cl::> u ' CJie,nOBa.TeJibHO' B aTHX o.6.Ji~CTJDC B03MOlltHO 

nocTpoeHHe JlOKaJIH3CBaHHblX B IIpoCTpa.HCTBe pemem, npH'l:eM 

llOJIH H HX rrpoR3BO,nHble B aTHX o6JracTmc MeHHIOTC!I HenpepbiBHO. Pac-

6 

r 
i 

I 

rrpe,neJieHWI KOMilOHeHT IlOJl!{ B o6JiacTH I H 2 T8.l0lte OTJIH'la.IOTCH lIJJYr 

OT lIJJYra. EcJIH B o6JiaCTH I B ueHTpe BOJIHOBO,nHOro KaHalla o6pa.ma­

eTC!I B HYJll> npo,nOJlbHa.H KOMIIOHeHTa aJieKTpH'l:eCKOrO IlOJ!J! e~ ' TO 

B o6JiacTH 2 B HYJll> o6pamaeTcn ex , npH'l:eM B o6JiacTH I e~ 
~ . 

npmmMaeT 3KCTpeMaJll>H!le 3Ha.'l:emm B BOJlHOBO,nHOM KaHalle. &ro CBll-

38.HO c 3Ha.'ieHHeM ?'-=I (nepBOe ypaBHeHHe cHcTeMbl (3)). B 06-

JiacTmc 3 H 4 cymecTBytoT nepHo,n.K'l:ecKHe pemeHWI H pememm c pa.3-

pb1Ba.MH nOM, COOTBeTCTB0IDlO. 

3. AQ :::1 -0,5 (pHc.3) 

3,necb Ta.Kllte B03MOlKHO nocTpoemrn JIOKallH30Ba.IDlblX pemem B 06-

JiaCTmc I K 2, o,nHaKo B aTOM CJIY'l:ae, no cpa.BHeHHD c pHc.2, B 06-

JiaCTH I (cl< o) B ueHTpe BoJIHoBo,nHoro KaHa11a B HYJll> o6pamaeTcR 

ex ' a e ! HMeeT MaKCHMYM' Tor.na KaK B o6JiaCTH 2 B ueHTpe Ka-

Ha.71.a B HYJID o6pa.maeTCSi ei . 
B o6JiacTmc 3 :e: 4 pHc.3 pemeHKlI HMelOT TOT lite xapa.KTep, 'iTO 

·-1 B TaKHX lite o6JiacTmc pzc.2. 

4. ACI.= I,25 (p1m.4) 

3,neCJ> o6pa.maeT Ha ce6n BHHMaHHe o6JiacTb 2, r.ne B03MOlKHO nocT­

poe:im:e JIOKallH30Ba.IDlblX pemem c HenpephlBHhlMH pa.cIIPe.neJieHIDIMK ·IIO· · 

Jien IIPH a.< 0 . H cl > 0 • Ta.KHe xe pemeHHH HMelOT MeCTO H B 

o6JiaCTH I BOJIHOBO,nHoro pemeHWI c TOA JlKllll> pa.a:im:uett, 'iTO B 06-

Jia.CTH I B_ ueHTpe KaHalla B HYJll> o6pamaeTcn ei KOMilOHeHTa a.ne . · 

TpH'l:0CKOrO IlOJ!J!, a B 06JiaCTH 2 - ex• 
Pacnpe,neJieHH!I KOMilOHeHT nOJIH. BO Bcex pa.ccMOTpeIDlblX CJIY'IaHX 

as:anorK'l:Hhl pa.cnpe,ne.neHWIM, npne,neHHhlM B pa.6oTe [4] • 

? 



0TMeTHM, 'ITO KpoMe JlOKaJIK30Ba.HHWC peme:imit c HenpepllBHliMK 

pacnpe~eJieHHSIMH KOMIIoHeHT 3~ecb B03MOJ!tHO Ta.IO!te nocTpoe1:me pe­

meHIDi c pa.3pimaMH IlOJJ.lI, a.HaJIOrlf<mO llOCTpoeHH!:lM B [4] WIJI Bcex 

3Ha"lemm napa.MeTpa A a • 
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Il0,II,IB1Cli K PttCYHKAM 

PHc. I 06.nacTR cyuiecTBOBa.HRR RHTerpa.na ( 6) npR .t.a = -I, 0. 

KpRBruI I.- a:-2Aa-t', rr.- a=t' , Ill,- a.= 3t-2t'z, 

IY .- a.=-Aa !J(Aa.)i-t\3'e+3i-t..ci. (HyMepa.uIDI KpRBIDC coxpa.HJI-

eTCR .Ji7Lli pRc.2 - 4). 

PHc.2 06.na.CTR cyuiecTBO:sa.IDUI RHTerpa.na (6) npR AO.= -20. 

PHc.3 06.naCTR cyuiecTBO:sa.IDUI RHTerpa.na (6) npR t:..a= -u,5. 

PRc.4 06.na.CTR cyuiecTBOBa.HRiI RHTerpa.na (6) npR t:.0.= I ,25. 

l: 
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