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© UeHTJ>8JlbHblA Ha)"IHO-HCCAeJlOBate.nbCKHA HHCTHT)'T HH<!><>p111aUHH 

H TeXHHK0-9KOHOMH'leCIUIX MCC..'le.ll088HHH no 8TOMHOA HayKe 
H TeXHHKe (UHHHm>M11HCjlop11l 1985r. 

~ccne.n;OBaHlie pacrrpocTpaHeHRII arre.KTpoMarHliTHHX BOJIH B Harr­

paBJIJilOI!4RX CHCTeMax c H8JililHeftHHMH CBOttCTBaMH rrpe.n;cTaB1IJI8T B 

HacToRmee BpeMR 6on&mott lilHTepec lia-aa PR.n:a BaJ!tHllX sqxpeKToB, 

TaKZX, KaK reHeparuu.r rapMOHliK, npeo6paaoBaHlie H cMemeHHe qac­

TOT, napaMeTpHqecKoe ycHJieHHe H T.n. B mITepaType paccMoTpeH 

pR.n; qacTHHX a~aq sToro Harrpa.BJieHRII [I-3] . 0.ItHaKO, aHanora 

TaKott KJiaCCHq8CKOa 3~"Dll JllIHe~oa TeOplili, KaK OTpallteHHe OT 

rrnocKott rpaHmUl rrony6ecKoHeqHoro ,ItHsneKTPHKa c HeJIBHettliHMH 

CBoacTBaMl'I B BOJIHOBO.n;e, HaCKOn&KO Ha.M H3B8CTHO, B nHTepaType 

OTCYTCTByeT. 

PaccMoTpHM rra.n;eHHe TE BOnHH Ha nnocKyio rprumuy HeirnHefl:Ho,­

ro O.ItHOOCHOro KPHCTanrra, rroMemeHHoro B BOJIHOBO.n; rrpOH3BOJI&Horo 

nonepe~oro ceqeHRII. IlpenrronolltHM; ~o rrpH z < 0 € = 1 , a 

rrpH z > 0 . e = € ( E) H rpamma paa.n;e rra cpe.n; coBn~aeT c rrrroc­

KOCT&IO z = 0 (oc& z HarrpaBJieHa B.ll;OJI& OCH BOJIHOBO.n;a) .IIpe.n;­

llOJIOlll'.Ji!M Taruite, qTO OC& KPFICTaJIJia HaIIpaBJieHa B.ll;OJI& OCH z 
B aTOM cnyqae TeHaop .ItHSJie.KTpHqecKol npomm;aeMOCTH .JtHaroHarreH, 

rrpHqeM 

ex=€!!=£,.. , €z = €11 =/= €.1. ' (I) 

:i 



a CBII3b ~mi Id Ha.ITprutteHHOCTH aneKTPH'<teCKOro IIOJIII .naeTCH 

g)opMynott [ 4] 
Hll 

;z)i=ei.jEj+4srX~KEJEK=ci.jEJ+4srPi. ) (2) 

r.ne, KaK 06bl"IHO, IIO IIOBTOPffiOUU™CR :m!,I(6KCaM npe~onaraeTCH CYM­

MHpOBaH!de. 

IlycT:E. co CTOPOHH OTp>maTeJibHHX z Ha rpa.mnzy pa3,nena rra;a;a­

eT BOJIHa, z - COCTaBnffiO!llM MarIIBTHoro IIOJIII KOTOpott HMeeT Bll:.Il 
I\ " <(c.>t-f;, Z) 

Hnz=.An't'n(x,y)e ' (3) 
I\ J C<)a ~ 2 I r11 =ca-An 1 

I\ 

r.ne lf-'n l x) !:J) - HOPMHPOBa.HH!le co6CTBeHHHe rIJYJIKUH!d BTopott Kpae-
1\ 

BOli 38,Ita'<tld ~ rronepe~oro ce'<telill:H BOJIHOBO,na, ;\
11 

- co6cTBeH-

H!ile 3Ha'<teHHH 3a,zta'<tld. 

Ilorrepe'<!HHe COCTaBJimollllde IIOJIH onpe.nerunoTCH H3 riioPMY·JI 

- "-2 a -
Hn.i.. = /\" az 'i7..L Hnz 

I\ 

._.. .il-2 a - - ] 
E11..L=-f-at[ZoX'i7..LHnz, Enz=O, 

(4) 

r.ne - --a -a 
\7,1.. = Xo ax + !:1° ay ' - - -a X0 , ~o H Z 0 - e.nmm'<!HHe BeKTOp!i B.IlOJil> Koop.nHHaTH!ilX ocett. 

Ha rpaHHUe pas.nena .noJilltHH 6HTb Henpepb!BHHMH TaHreHIU'IaJIL­

HHe COCTaBJimollllie B0KTOpOB nomr. OTO YCJIOBHe IlP!dBO.IlJdT K cne.ny­

IDlllHM rpaHH'<!HHM ycJIOBHJIM: 

Hl1> = H(2> 
nz. nz 1 

aH 11> aH12> nz. _ nz. az--az- npli Z= O. (5) 

113 (5) Bll:.IlHO, '<!TO npH z < 0 ,ItOJIJKHa IIOHBRTI:.CH 0Tpal!t0HHM 

noJIHa, a rrpl'I Z :> 0 - npowe.IOJ1M BOJIHa. 0Tpa.JKeHHYJO H rrpome.n-

4 

IeylO BOJIH!l rrpe,ncTaBHM B BR.Ile 

R /\ " A • " H =.A R LIJ (X ) L(wt + r;, z) 
nz. n n Tn ,y e 

' (6) 
T /\ A A • "' 

Hnz =.An Tn'fln(x,y)eL(c.:it-a-nZ) 
' 

r.ne 
II I\ A ff2 ·._.----. II 
Y :Y'+LY 11 : ~-1 2 Y"< Q 
On On On ca An 1 On • 1 

"' I\ 

a Rn H Tn - Koa~eHT!l 0Tpagemt11 H rrpoxollf,IteHKH cooT:seT-
" II 

CTBeHHo. Ha rprum"Ilmx ycJIOBHtt .nnH Rn l'I Tn HaXO.nHM 

I\ " r. - ~n /\ _n ___ 

Rn=rn+~n 
"' II 2 rn 

T n = r" + in 
(?} 

Hccne;o:yeM BOJIHY, npome.JtlltYIO B HeJIHHelHylo cpe;o:y. 3ammieM 

YPaBHeHKR: MaltcBeRna: -._ 1 aH 
wt E. = -c at ' 

dLv~=O, 

_ 
1 

a5 
"l.otH =cat ' 

d~v H =O. 

Ilpe.ncTaBJWJ. E , H 11: °£ B Bl!,lte 

E = E" + E"it\ H = H" + HHI\ ~"" ~11 -r "fiHA. 
' ' ' 

(8} 

IO.l!y'mM ypa.BHeHWI 

r.ne 

a 

<.ot EH" - 1 aHH" ---cat , 

div ~Hn= 0 
) 

-iot HH" = ..:!_ a~H/\ 
car- ·~ 

-"Hll dtvH =0, 

B0KTOp ~ Hll ldMeeT CJI0.nyD!llHe COCTaBrurronuiie: 

(9} 

<71 ........ € E HA 4 I\ " C' HI\ HA. 
~~ = Lj J i" STil'.yKEj EK =c;.LJ EJ +4STPi. J (IO) 

'PH" - BeKTop HeJIHHei.lliol IIOJIJipH38ltl'IR cpe.Illl. 

HeTPY.IlHO BM6T:&, '<!TO IIOJill, 3a;D;aBa0MHe CHCTeMOI ypaBHeHRI 
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(9), yxe HeB03MOlKHO pasneJrn:Tb Ha TE H TM rroJIR:pH3Bnmi.HeirnHeli­

HHe CBOHCTBa nH9Il6KTPHR.a rrpHBO,nllT K ITORBneHIDO TM rrOJIB B OTpa­

xeHHOH BOnHe H rHOPlinHOMY ITOJI!O B CaMOM ~aneKTPHKe. IloaTOMy, 

pemeHIDI 3THX YPaBH6IDiH oyneM HCKaTb B B~e KOMOHHamrn TE H TM 
H/\ HI\ 

BOJlH • .llJI.ff Z - cocTaBlliI!OIIIHX Hz. H E z no~ ypaBHemm: 

TE B01.!HII-

t-111 e.1. 
AHz. -c-z a2 H~

11 

= _ 4sr _E_( iot pH")z. , 
~ cat (II) 

TM BOlIHhl-
e a H" 2 EH" 2 "" 4'" -

A EH/\ _,,a Ez_.§.u.~_4ST8Pz _ _:!.§..divPH/\(I2) 
WJ. z + £J. az2 c2 at2 - cz at2 e.1. az · . 

Ilorrepe'Ilible KOMITOHeHTH rroneli B HenHHe~Holi cpene orrpeneJI.ff­

roTc.a HS {flopMyn: 

TE BOJUW-
--re "-2 a ~ HI\ 
Hn.1.. = - An az \/J.Hnz. , 

-TE. 
11

-2 1 a -- - Hll] 
En.1.==Ancat[Zo,..'Y.1..Hnz., 

(I3) 

TM B01.!HII-

-rM _ ,.-2 J__ ~ [.- - Hll H/\ 
Hrt.I.. --lln cat ZoX\JJ..(€11Ezn+4giPz. )], 

ti/\ ( I4) 
-TM - . ,.~2 _!_ - a Ezn - -HI\) 
E nJ. - JL n E..1.. Y'.1.. ( c 11 a z + 4 gr 'V P . 

PaccMoTpHM TE Bomru. IloncTaBM.ff B ypaBHeIDte (II) BffPaJKe­

;me nJUI pH 11 H perua.a ero, rrony"IliM 
00 ~ ~ "' 

HI\ ~ Jlne l.jJe (X,y) ZK"Z 11 • " ( 

Hz. = L J •
4 

, 
4 

• e " sLn(2wt-2 0n'z+2o<.n+fine), I5) 
e=o one + 'l n 

rne BBenem; cne,JzyKJume oOosHaqeHH.ff: 

II 4 '2.,;,I /\ 
1::2 - U) '-.L -4 At2+4~"2-A2 
Une - c2 ~n On e 

/\ ", " rn + tn 
cln=a'Z.ctg -g: 

6 

'ell " " 11 
2 4w ... 8 v ' t," , n = -r- - on 11 ·Ln C 

"i! 

" 'ln J3 e = -a-ict~ F 
n ne 

" 
a .Rne rrpencTaBH.ff!OT co6oli KoatixI>IDUieHTH pasno~eHWI rrpaBoli qac-

TR ypaBH6llli.!i (II) ITO C00CTB6HHH'M ~YHKUH.!l:M BTOpoa KpaeBott sa­

nainr nJIB nonepe'll!oro ceqellli.ff BOJIHOBoha. 

IlonyqeHHoe none He ynoBneTBop.aeT rpaim'll!HM ycnoBR.fIM. .llo-

6aBo'llllie non.a OyneM HCKaTb B BH~e 

HI\ R oO (1) " " A (2) • " " 
(Hz ) = L. [C 11e cos(C'wt +feZ+2cin+J3ne)+Cne sin(2c.it+(fz+2o<.n +fa. eU'fle·(x,!:l)( 

f:O n I6) 
( Hll)T ~ r. (1) A A A ( J A A A 1."z 
Hz = L- L~ne cos (2c.vt- ~e'z +2cln +fine)+ .O"~ sin(2Ult-.re z + 2cin+ J3ne)] o/e (x,u) e e 

e=o ~ ' 
r~e 

" ~ 4cu2 /1. ' " ~ 4€..,c:.>2 " ' " rf=-ca- '6: ' Xe=cz--71..2e ' Im~e<O. 
Onpe~eJI.IDI HeHsBeCTH!le KOaifxI>mnteHTH HS rpaH:l'f1IHlilx ycnoB:itil: 

H no~CTaBJIIDI RX B ( I6) , ITOJIY1IlfJ 

oo A A ( "• 1 2 ("" "n'2 /\ A A R ) (HHll)R- \..Ant~(x,y) lle-2Kn) + te-Z"tn! si.n(2wt+rez+-2cin+f\,+6ne' 
z -L46·4+'1'4~ ~(f.+¢')2+~·1a' (I7) f=O nf rt e Of Of 

00 A A ;e'z J A A, 2 •,2 /\ " A " 

( H HA)T = ~ .Rne%(x,y)e{ re+2tn) +4Kn' si.n(c(.r)t-Q' z +2~n+ J3ne+e~e) I 
' z L J" 4 " ' ~ " '1)2 • 11 2 e e=o6 e+'l~<re+te +Ke . n 

rne 
I\ A II /\ J\ ~ A A 

611.:a-z.ctn ieUe+2t~)- 2~~(re+~'f) 
ne -a I r .a. ~, \I t I ,, :';I\ . ·"·II::> - " ,. " •• ' 

A II /\ I\ Alf /\ A f/- t Un(Tf+!i?)-d'e(ret-2/J~) 
ne-O"te 8 Ue+~e)(fet-2g~)+2~~· 8~ 

YpaBHeHHe ( I2) ~n.a TM BOJIH pemaeTc.a aHanorwnrnM cnocoOoM 

c TOR JUlllill> paaH~el, 'ITO rrpaBa.a ~acT:& ypa.BHellli.ff rroCJie rro~cTa­

HOBIW p Hll pasnaraeTc.a no coOcTBemnm \flYHKmf.!iM nepoott Kpa­

eBott s~ainr ~ norrepe'll!oro ce~ellli.ff BOnHOBo~a. a rpaim:'Uiue 
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YCJIOBIDi nplii Z = 0 JIIM6RJT Blii,D; 

E(1) =" r;:(2)+ 4 "" pHA 
z '-'11 '-z: ., z ' 

) (2) 4gr -aer - f!L 8Ez + -(vP HI\). (IS) az-- e.L az e.L 

. HA HI\ 
BHpa.xemm .nmr Hz , E z. B o6meM CJIY'lae BOJIHOBO~a npo-

Z3BOH'DHOro nonepe'!Horo ce'!eHWI c npol'l3BOJI'DHHM HeHJil:HettmlM aa­

no1Il!'.eHHeM O'leH'D rpoM03,ItKllI, IIOSTOMY paCCMOTPZM '!aCTHidt CHY'Jait 

IlpJrMOyrOJI'DHOro BOJIHOBO~. 3aIIOJIHeHHoro HeHZHe~ O~OOCHHM 

KpliiCTaJIHOM KD p • 

Ilo aKcnepJ1IMeHTaJI'DHHM ~aHHHM, npliIBe~eHH!iM B pa6oTe [5] , 

napaMeTPH KPliCTan:Jia KD p Ha '!aCTOTe 9' 25 rm eCT'D 

-5 
X

312 
= X

321 
= ( 1,2:t0,6)·10 (a5c.eg), 

e,, = 19,7 .! 0,5 , C..J.. = 42,3 :t 0)5 , ts611 = 8 · 10-4-. 

,Il.ml npSIMOyrOJI'DHoro rronepe'!Horo ce'!eHIDI BOJIHOBO~ ZMeeM 

TE BOJUIH 
" 2 n5T n.'91 
\f'nlx,y)=(ctS)1/Z cosc;:-xcos-g!:I 1 

TM BOllBli 2. . nW . n.'91 
ljln (X, y)= (a.t;)Vz SLn (1 X SLn -g-y · 

( 
HA)p. 

B aToM '!acTHOM CHY'Jae IIOHY'JaeM Hz = 0 , a 
2 " a "a , . 2n5T . 2n'1r 11 re"")R _645T3cu Jinn' rnn' nn 'X.312 smaxsmn cos(c?c.:it;-r,0,z.1~ (19) 

\ z ·~ ' - '( " " ~2. 2 P2 " I o;n,2n 7\nn•C (;; 0•+1fnn'/ cf. D hn,2n1 +21fnn 1 iz,,,zn•+e,Jzn,2n 

OTCIO~a B~O' 'ITO B nonyrrpocTpaHCTBe z < 0 Ha '!aCTOTe 2.CiJ 

HenRHe~ aqxpeKT Ha TE BOJIHe B nepBOM np1'16muteJrn1'1 OTCYTCTBY­

eT. B TO xe BpeMH, noRBmieTCR oTpruiteHHaR TM BOJIHa. Ee npHcyT­

cTBl'le B OTpruiteHHOM CHrHaJie nerKO MOXeT 6HT'D o6aapyxeHO 8KCile­

pJ1IM6HTaJI'DHO mo6HM H3 H3BecTHHX cnoco6oB paa~eneHHR TE 1'! TM 

TRilOB KOJie6aHlitt. 

8 

l 
1J 

Ha PHC. I npzBe~eHH 3aBl'ICHMOCT1'1 OTHOmeHIDI MOIIUIOCTl'I OTpa­

zeHHoi BOJIH.bl Ha '!aCTOTe 2.w K MOIIUIOCTH Il~8IO!ll6i BOJIHH .nmr 
... 2 

H6CKOJI'DKIDC 3Ha'l6HHtt n 1'I n I npH Finn~ "X. 312 =1. a= zg = 4cM 
CV 

OT 6e3pa3M6pHOrO rrapaMeTpa Ca. , q. Ha p:HC. 2 - OT OTHO-
C".) 

meHIDI reOM6Tp1'1'!6CKl'IX pa3M6poB BOJIHOBO~a npH ca. = 10 • 

B nocne~eM CJIYlJae aqxpeKT OTJ?allteHRA: RMeeT onTHMJTM, ~OBO.lll>HO 

Clil:Jll>HO M6HfIIOillZic.ll OT MO.l(!l K MO~e. 

9 
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IIO.IJJMCi1 K PHCYHKAM 

PHc. I. 3aBRcRMocTb OTHomeHruI MonniocTz oTpaxeHHoa BOmra Ha 
(&) 

tJacToTe 2ru K MonniocTz na,naJOmea BOJIHii oT ca. 
Kp:irarur I - n = n' = 1 ; KP.l!BaJI 2 - n .. 2, n' = 1 

KPRBaJI 3 - n = 1, n'=2; Kpnrui: 4 - n = n' = 2 

PHc. 2. 3aBRClrIMOCTb OTHOmeHruI MOlllHOCTR OTpruiteHHoa BOJIHH Ha 

d. tJacToTe 2w K MonniocTK IIB,ItaIOII!ett BOJIHbl OT T rrpz 

~ a=10. KpzBaJI I n=n'=1 ; KPRBaJI 2 - n = 2 

Itp!t!BM 3 - n.=1. n'=c; KPRBM 4 -n=ll1.::2. 

• n'= 1 

12 
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