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1. Pacce~H~e ~ norno~eH~e nnocKonon~p~JoBaHHO~ sonH~ Ha c~e
p~yecKo~ YaCT~4e MomeT 5~Tb on~caHo cornacHo Knacc~YecKo~ Teo
P~~ M~ll.2/. B Teop~~ M~ onT~YecK~e cso~cTsa YacT~~ ~ oKpyma~
~e~ ee c~ep~ nonara~Tc~ nocTo~HHbiM~ ~ He JaB~c~~~M~ OT 3neKT
poMarH~THoro non~. B HacTo~~ee speM~ 5onbwoe BH~MaH~e YAen~eT
c~ sonpocaM pacnpocTpaHeH~~ 3neKTpoMarH~THO~ sonHbl B Hen~He~
HbiX CpeAaX, A~3neKTP~YeCKa~ npoH~4aeMOCTb KOTOPbiX 3aB~C~T 
oT 3neKTp~yecKoro seKTopa (eM. , Hanp~Mep ,12-7 1 ) • B pa5oTe 111 

noAbiTomeHbl peJynbTaTbl TeopeT~YecKoro aHan~Ja c~Tya4~~ An~ cpeA 
c Hen~He~HbiM~ cso~cTBaM~ s nnocKonapannenbHO~ reoMeTp~~. C~
CTeMa ypasHeH~~ MaKcsenna s o5~eM cnyyae MomeT 5b1Tb cseAeHa 
K cneAy~~M ypasHeH~~M 

( 1) 

iru 4rra· kli=--k+i ). c 1 c 

~ 

- KOMnOHeH~~ BeKTOpa Ei B HeKOTOpo~ OpTOrOHanbHO~ C~CTeMe KO
OpA~HaT, H; - BeKTOP MarH~THoro non~ (npo4ecc nonaraeTc~ Ksa-
3~cTa4~0HapHb1M), i = 1,2, ~HAeKC "1" OTHOC~TC~ 8 HaWeM cny
Yae K YacT~4e, ~HAeKc "2" - K oKpyma~e~ cpeAe. 4epe3 Ill 
(E !1 , Ei2 , E iS ) o503HaYeHa cneAy~a~ ~YHK4~~ 
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-+ 4rra
1 

I! (E ,E ,E )=< (E )+i-~-
1 !1 12 i3 I I 

( 2) 

B pa5oTe 181 5blnt-1 nonyYeHbl Knaccbl TOYHbiX peweH'-1~ Ct-lCTeMbl ( 1) 

An~ Hent-lHe~HbiX cpeA, At-13neKTpt-1YecKa~ npoHt-l[.laeMocTb KOTOPbiX 3a-

8'-1Ct-1T OT non~ no OAHOMY '-13 cneAy~t-lX 3aKOH08 

2 ~ 2 ( 
a)<.=< 0.-la.IE .• 6)< 1 =<0.-la.IE.. 3) 

1111 l 11 

2 ~ 2 
rAe El = I Ei I . npeAnonaranocb' 4TO cpeAbl npeACTa8n~IOT co 5o~ 

noA05H~e APYr Apyry Tena c o5wt-1M t.~eHTpOM t-1nt-1 OCbiO Ct-lMMeTPt-1'-1 

( c<t>epbl, Ky5bi, [.1'-lnt-lHAPbl, TOpbl) . B YaCTHOCTt-1, 5blnt-1 Ha~AeHbl pe

weH'-1~ An~ ct-lCTeMbl KOH[.IeHTpt-lYeCK'-lX c<t>ep. Oco5eHHOCTbiO nonyYeH

H~x 8 181 peWeH~~ ~8n~eTC~ nOCTO~HCT80 MOAyn~ 3neKTP'-14eCKOrO 

8eKTOpa (An~ 3a8'-1Ct-1MOCT~ (3a) t-ln~ K8aApaTa 3neKTPt-14eCKOrO 8eK

TOpa (An~ 3a8~C~MOC~t-1 (35)). 6yAeM 0503Ha4aTb 3T~ peweH~~ 

8 AanbHei'iweM E.T t-1 H.T t-1 Hai'iAeM np~5nt-11KeHH~e p<>weH'-1~ 8 t-lX oK-
1 1 ~ -+ -+ 

peCTHOCT~. TaK~e peweH~~ 5yAeM t-lCKaTb 8 8~Ae E 1 = E 1·r + E '1 , 
-+-+ ... -+-+ 
H 1 = HIT +Hj , rAe E;' , Hj - Manble A05a8Kt-1. ~ Ta!10M cnyYae 

~3 C~CTeMbl ( 1) nony4~M cneAYIOWYIO C~CTeMy An~ E ', H ' 

... 2 4 'f7C7i -Jo 

M: 1 -2k (< +i---)E 1
'=0, 

01 w 
(4a) 

-+ 2 4TTa
1 

-.. ...,. -.. -+ 

Mi. -2k (< +i---'--) H'=-2la IV(E.TE.) xE.T, 
1 Oi 6J i 1 1 1 1 

(45) 

(48) 

(4r) 

Ypa8_tteH~e (.45) MOIKHO ynpocnTb, ecn~ cY~TaTb, YTO E1' = t.Li; fr + 

+ >.2E;" + >.3E 1.L (np~ paccMoTpeHt-1'-1 ~3a8~~Ct-1MOJ;T~ (3a), fAe Elir
KOMn.!leKCHo-:,conp~IKeHHbli'i 8eKTOP K E1 T; E i.Ll. EiT , '-ln~ E l = t.1E1 T + 
+ t.2E1J: + t.3EI.L (np~ paCCMOTpeH\1'-1 3a8~C\1MOCT'-1 (3Qj). non~ra~ 

Aanee, 4TO t-13 A8YX 8eKToao8 -\EfT t-1 .\2E 1:,:~nt-1 -\_ E1T t-1 ,\ 2E 1:{ oc

H08HOi'i 8KnaA 8 8en~4~HY E l 8HO.f~T nep8ble t-1 Y4~T~8a~ OTMeYeH

HyiO 8b1We OC05eHHOCTb peWeH~~ EIT , a TaKIKe C80~CT80 CKan~pHOrO 

npo~3BeAeH~~. 8MeCTo (45) nonyY~M cneA~ee ypasHeH~e 

-+ 2 41Tai 
t.H.-2k(<+i )H 1'=0. 

t Oi 6J 

(5) 
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Yp~8HeH~~ (4a) ~ (5) $opManbHO co8naAa~T c ypa8HeH~~M~ An~ E 
"' H 8 n"'He~HO~ cpeAe. npV! aToM ponb 8enw-t~Hbl A~aneKTPVI4eCKo~ 
npoHV!~aeMOCTVI ~rpaeT < =-2< 02 , a ponb K03~~~V!eHTa norno~e-

8 rra. 
H~~ 8enV!4~Ha Ki =- --1

-. ~HTepecHO OTMeTV!Tb, 4TO 8 TeOpV!~ pew 

30HaHC08, 803HV!Ka~V!X npV! 83aVIMOAe~CT8VI~ nnOCKOnOn~pV1308aHHO~ 
80nHbl CO C$epV!4eCKO~ 4aCTV!~e~, $V!rypV1pyeT AVI3neKTpV!4eCKa~ npo
HV!~aeMOCTb ( = -2 <o 2 . np~ OAH08peMeHHOM 8blnOnHeHV!V! ycn08VI~ 
K1 ~ 0 TaKa~ A~aneKTPV!4ecKa~ npoH~~aeMOCTb VIMeeT MecTo Ha 4a
cTOTe <llpenV!xa 11 1 • 

PaccMoTpVIM 8onpoc o5 ~A08DeT8opeHVIVI ycno8V!~ Ha rpaH~~e 4a
CTVI~bl c noMo~b~ peweHVI~ Ei, H 1 . EcnV! o5e cpeAbl Hem!He~Hbl, TO 
Ha rpaHV!~e pa3Aena A8YX cpeA MomHo 3anV!CaTb 

( t) ( t) 
E IT = E 2T • E 

,(t) E ,(t) 
1 = 2 H

,(t) H'(t) 
I = 2 (6) 

3Aecb 5e3 noTep~ o5~HocT~ Mbl nonaraeM, 4TO HiT= 0. ~HAeKc 
11 t 11 03Ha4aeT 11 TaHreHU.ll1anbHYIO cocTasns:uouzyl0 11

• TaKli1M o6pa3oM, 
K nony4eHHOMY paHee T04HOMY peweH~~ npV!cOeAVIH~eTc~ peweH~e nV!
He~Ho~ 3aAa4VI, onpeA~n~eMo€ Vl3 (4a), (5) VI Kpae8biX ycno8~~ 
(13), He3a8VICVIMO OT EiT" 

2. PaccMOTp~M Tenepb cny4a~, KOrAa 8HewH~~ cpeAa ~8n~eTc~ 
nV!He~Ho~. lln~ npocTOTbl 5yAeM nonaraTb, 4TO "Hen~He~Ha~" c$e
pV14ecKa~ 4aCTV!~a noMe~eHa 8 8aKyyM. lln~ 8eKTopo8 E1 rpaHVI4-
HOe ycn08VIe OyAeT V!MeTb 8VIA 

(7) 

BHeWHee none, B CBO~ 04epeAb, COCTOVIT 1!13 naAa~e~ (p) ~ pac
ce~HHO~ (s) sonH. TaKVIM o5pa3oM, BMecTo (7) MOmHo 3an~caTb 
E(t) = E, (t) = E(t) E(t) 

1 T 1 2p + 2s • (8) 

CooT8eTCT8eHHo, An~ MarHVITHo~ sonHbl VIMeeM 

H'(t)-H(t) H(t) 
1 - 2p + 2s • (9) 

PeweH"'e 3aAa4V! 8 n~He~HOM cny4ae, KaK ~3BeCTHo, MomeT ObiTb 
npeAcTa8neHo c noMo~b~ noTeH~V!anos rep~a: aneKTPVI4ecKoro~ •rr 
VI MarHVITHoro mrr . CneAy~ pa5oTe 121 ~ Y4V!Tb1Ba~, 4TO none H Ha
XOAVITC~ nonHOCTb~ V13 nV!He~HO~ 3aAa4V!, B C$epV14eCKO~ CVICTeMe 
KOOPAV!HaT BMeCTO (8) MOmHO 3anV!CaTb cneAY~VIe rpaHV!4Hble ycno
BVI~ 
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(lOa) 

2 e 2 e 
1 a r lis 1 1 a r liP l 

(----------+---- ll = 

r ara <f, sin8 r aro¢ sin$ R 

2 e 

1 
a r rr1 

=(-------+E ll 
rsinfl aro¢ </JT R 

(105) 

rAe Eer, Eq,T -R 111 ¢- KoMnOHeTbl seKTopa ET cooTB~TCTBeHHo, 
R- PaAIIIYC YaCTIIIL\bl, err ~Bn~eTc~ peweHI/IeM ypaBHeHIIIW 21 

e 
L ! ( Ce 1/Je ( m r) + de x e ( m r) I! a J cos ( j ¢) + 

j=-1 

Yepe3 fe (x) , x1 (x
) o5o3HaYeHbl cneAYIOIJ1111e cPYHKl.\111111 

r;;x 
<!J

1
(x) =v..::.:c- J (x), 

2 f+..!. 
2 

( 11) 

(12) 

JI+Vz (x), Nf+Vz (x)- cPYHKl.\111111 6eccen~ 111 He~MaHa nop~AKa 1+ ~ 

cooTseTcTBeHHo. noTeH4111an naAa101J1e~ sonH~ (ecn111 cneAOBaTb Knac

CIIIYeCKo~ cxeMe pacYeTa) paseH 

r ell= _..;_1_ ( 13) 

(k 21) 
2 

T. e. nponopl.\IIIOHaneH cos¢ • nocKOnbKY peweHI/I~ Ee T Ill E <liTHe 3a

BIIIC~T OT a3111MyTanbHOro yrna ¢, TO An~ TOrO, YT05bl YAOBlleTBOpiiiTb 

rpaHI/IYHbiM ycnoBI/I~M ( 10) 8 pacce~HHO~ BOn He, He05XOAIIIMO OCTa

BIIITb KaK yneHbl P~Aa, nponopl.\IIIOHanbHble cos¢ ( j = 1), TaK 111 yne

Hbl P~Aa, An~ KOTOpbiX j = 0. np111 3TOM, OAHaKO, CI/ICTeMa An~ on-
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peAeneH~R K03¢$~4~~HTOB paJno~eH~R OCTaeTCR HeJaMKHYTO~. ae~CT
B~TenbHO, peweH~e E T Oblno nony~eHo np~ ycnos~~ k 11 = 0, np~ Ko
TopoM ycnos~e Kan~OpOBK~ OOpa~anOCb B Hynb TO~AeCTBeHHO. noaTO
MY K03¢$~4~eHTbl paJno~eH~R B PRA no Pe(l) (cos e) AnR EeT ~ E¢T 
He CBRJaHbl Me~AY COOO~. TaK~M o6paJOM, ~MeeTCR n~Wb ABa ypaB
HeH~R AnR onpeAeneH~R TpoeK K03¢$~4~eHTOB B OO~~X peweH~RX 
EeT,E¢T, Ej np~ j = 0. 6onee TOrO, ~3 (106) cneAyeT, ~TO E¢T 
AOn~HO paBHRTbCR HyniO, a ycnos~e (lOa) OKa3biBaeTCR OAH~M yc
nos~eM, CBR3b1Ba~~M ABa HeonpeAeneHHbiX K03¢$~4~eHTa. npoBeAeH
Hbl~ aHan~3 nOKa3biBaeT, ~TO C~CTeMa ( 10) MO~eT cny~~Tb AnR OA
HOJHa~Horo onpeAeneH~R K03¢$~4~eHTOB paJno~eH~R TOnbKO B TOM 
cny~ae, ecn~ so BHewHe~ oonacT~ JaAaHbl TE- ~ TM-sonHbl, KoMno
HeHTbl KOTOpbiX (E,, Ee, H.p AnR TE-sonHbl ~ H, , He ,E ¢ AnR TM-son
Hbl) 3aB~CRT TOnbKO OT r ~ e. np~ E TdJ = 0 MO~HO orpaH~~~TbCR 
JaAaH~eM TOnbKO TE-sonHbl. 3Aecb yMeCTHo nposecT~ MaTeMaT~~ec
KYIO aHanor~10: np~ peweH~~ Kpaes~x JaAaY, COAep~a~~x c~HrynRp
Hble ypasHeH~R, ~cnonbJYIOT MeTOA BBeAeH~R norpaH~YH~X PRAOB, 
c noMO~biO KOTOPbiX YAaeTCR YAOBneTsop~Tb rpaH~~H~M ycnoB~HM. 
TaK~M oopaJOM, np~ KOppeKTHO~ nocTaHOBKe rpaH~~HbiX ycnoB~~ 
np~ paccMoTpeH~~ c~cTeM "Hen~He~HaR ~acT~4a - Hen~He~HaR cpe
Aa11, "Heilf..1HeLi1Has:l l..faCTVlU.a- IlV'IHeV!Has:l cpeAa 11 OCTaeTCs:l IlVIWb 3anfii
CaTb peweH~e n~He~HbiX ypaBHeH~~ renbMronb4a C KOMnneKCH~M nOKa-

47Ta. JaTeneM npenoMneH~R iii. = -2(,0. + i --1
-) (nonaraeM Aanee, ~To 

1 1 "' 

4 "" a2 = 0) B nepBOM cny~ae ~ c iii
1 

= -2 (,
01 

+ i ~) ~ iii
2 

= 1 -

BO BTOpOM. np~ paCCMOTpeH~~ C~CTeMbl "Hen~He~HaR ~aCT~4a - He
n~He~HaR CpeAa" OKOH~aTenbHble Bblpa~eH~R AnR pacceRHHO~ BOnHbl 
OYAYT OTn~~aTbCR OT Knacc~~eCK~X. TaKoe OTn~~~e ooycnosneHO 
TeM, ~TO Ben~Y~Ha m2 < 0. ae~CTB~TenbHO, B Knacc~~eCKO~ Teop~~ 
AnR pacceRHHO~ sonHbl ~cnonbJYIOTCR cjlyHK4~~ XaHKenR nepsoro POAa, 
TaK KaK OH~ OOpa~aiOTCR B Hynb Ha OeCKOHe~HOCT~ np~ nono~~Tenb
HO~ MH~MO~ ~aCT~. nocKOnbKY B paCCMaTp~saeMOM cny~ae apryMeHTOM 
paA~aflbHbiX cjlyHK4~~ OyAeT sen~~~Ha -i 2, .2!.r , TO AnR pacceHHHO~ 02 c 
BOnHbl OKaJbiBaiOTCR nOAXOAH~~M~ cjlyHK4~~ XaHKenH BTOporo POAa, KO
TOpble OOpa~aiOTCR B Hynb Ha OeCKOHe~HOCT~ B KOMnneKCHO~ nnOCKO
CT~ np~ OTP~4aTenbHO~ MH~MO~ ~aCT~. Mbl Bbln~WeM 3AeCb n03TOMY 
HeOOXOA~Mble Bblpa~eH~R AnR pacceRHHO~ aneKTP~YeCKO~ BOnHbl: 
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E' .e =- cos"' ~ 
m2r f=l 

.rn... (2)- (I) 1 
-I "e ~ e (km2 r) Pe (cosO)-.--- I, 

SID 0 

~ e (2) ' - (I) 1 
L ! Be ~e '(m2 kr) P1 (cosO)---

1=1 sinO 

.rn... ~<2J(-k) <IJ',< e · 
- I " e ' e m2 r p e cos ) sm 0 I . 

rii 1<Pe<d2J <Pi_<d1 J-m 2<Pe<d 2J.p1 (d 1) 

n;l ei2) "'i (dl l - n;2 et) '<d 2l "'e (d ll 

3AeCb BMeCTO ¢YHK4~~ 

e?l(x) =</Je (x) -i Xe (x) =V "; H(~) (x) 

~cnonb3Y~TCH ¢YHK4~~ 

e~2l(x) =.Pe (x) +ixf(x) =v-!:; H<2l(x), 

( 14) 

CooTBeTCTBeHHO MeHH1QTCH ~ ycnos~H onpeAeneH~H pe3oHaHCHbiX Ya
CTOT, T.e. ycnoB~H 05pa~eH~H B Hynb 3HaMeHaTene~ K03¢¢~4~eHTOB 
•ae, mae. 
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