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PEJIAKCAIITMOHHBIE KOJIEBAHHUS COJIMTOHOB

E.A.Ky3ueyos, A.B.Muxaiinoe

Hucmumym meopemuueckoii uauxu um.Jl.J.JJanday PAH,
117940 Mockea, Poccus

IMoctymuna B pemakumo 18 asrycra 1994 r.

PaccmorpeHa 3ajiaud O DelaxkcallMM BOIMYLIEHHOTO (ycwieHHOTO)  ONTHYECKOrO
conurona. Henwnneinas unrepdepeHUMs COJMTOHA M MOAS M3NYYEHUs! TIPUBOAMT K 3a-
TYXAIOIKMM CTENEHHbIM 00Pa30M KoseGaHMIM AMIVIMTYMIbI COJMTOHA. O0HapyxeH HOBBIi1
(pGheKT B3AMMHOTO MPUTSDKEHHS COJIMTOHOB 61arogaps MX B3aMMOAENCTBHIO C HECOMM-
TOHHOM YacCTbH).

1. B Hacrosunee BpeMs pa3pabaTbiBaeTCs HECKObKO BAPHAHTOB IUIMHHBIX CBE-
TOBOJIOKOHHBIX JIMHUH CBSI3M, TM€ B KayecTBE OuTa MHGOPMALMH HCMOMB3YIOTCH
conuToHB. ONTHYECKME COMMTOHBI XOPOINO OMHMCHIBAIOTCS € MOMOIIBKO HEJMHEHHOIO
ypaBHeHus Ulpenmmrepa [l1,2):

iE, + Ey +2|E’E=0. (1

Ypasuenne (1) sammcano B Ge3pa3MEpHBIX NEPEMEHHBIX B CHCTEME KOOPIMHAT,
ABMTalOmIECsl C TPYNIOBOM CKOPOCTHIO. JIng KOMIEHCAUMHM JMHEHAHOTO 3aTyXaHMS
HMCTOJIb3YIOTCS YCHUTMTEIN (CM., Hampumep, [3,4]), meficTBHE KOTOPHIX CBOAMTCS MO
CyIIECTBY K MPOCTOMY YMHOXCHHWIO BXOJHOTO CHTHAja Ha KO3(pMUMEHT yCHieHHs
v. Tak, nanpumep, OpMy OXMHOMHOTO COMHTOHA [5]

EoeiEgz ¢

E(t,z) = cosh Egt (2)

nocjae npoxoxaeHus ycuymreas (z =0) MOXHO CYUMTATb HEM3MEHHOM, a €r0 AMILIH-
Tyna mpeobpasyercd K

- B (3)

cosh Egt

3nece vy nexur B uHTepBa’ze | > 4 > 1,5: npu GosbmMX + pPOXAAKIOTCS HOBBHIC
conuronst [6]. Ecaum mpereOpeus 3aryxaHMeM, TO TOCAE YCHJIMTENS MOBEICHUE.
3/IEKTPOMATHUTHOTO MO ONpeResieTcsl ypasHeHMEM (1) ¢ HaYalbHBIM yCIOBHEM
(3). Ycuwmurens HapymiaeT COOTHOMIEHME MEXAY WIMPHHOM M AMILIHTYIOW COJMTOHA.
B pesyipraTe cOMMTOH pesakcHpyeT K HOBBIM COTJIACOBAHHBIM 3HAYCHMSM IIMPUHBL
U aMIUIATYQBL:

Ey(2=0,1)

Ey=Eo(2y - 1). (4)

Kax ormeuanocy B pabore [6], mpouecc pesakcauuu K HOBOMY COCTOSHHIO HMEET
OCUMJ/UISTODHBIH XapakTep, aMmIuiaTyna 3THX KojeOaHMM MEIJIEHHO 3aTyxaeT mpu
Goapmux z.

Haunas pabora NOCBSIIEHA HM3YYEHHIO 3THX KONEGAHMM W HEIMHEHHOTO B3a-
MMONCHCTBHS PCNAKCHPYIOMIMX COMUTOHOB. (OCHOBHOW TNPHYMHON pEAAKCAHOHHDBIX
konebanmit, Kak OyJeT mNOKA3aHO HHMXe, SIBJISETCS HeAMHEHHas uHTEpdDEpCHIHA
COIMTOHA U MoJig manydenus. Ilpomecc penakcauMd HOCHT NPHUHUMITHAJBHO HEAMU-
abaTHUeCKMN XapakTep, a YacToTa KoJIeGAaHHMH OTAMuYAETCS OT HAMICHHOM Bapwua-
upoHHBIMH MeTofamu [7]. HamGonee BaXHBIM ¢ HAame# TOUKM 3peHHs PPEKTOM
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SIB/ISIETCS B3AMMHOE COJMXKEHHME COJMTOHOB 61aromaps MX B3aMMONEHCTBHIO C MOJEM
H3JIyUEHHUS, KOTOPOE HE SBJSETCS IKCMOHEHLMAJBbHO MAJIbIM.

2. Pemenne sagaun Komm nas (1), xak M3BecTHO [5], CBOAMTCS K pCLICHHIO
npsMoil M oOpaTHOM 3aKay paccesHus A8 JMHEHHOro oneparTopa:

0—?’ =i(dos + E)¢ , (5)

(1 0 . (0 E
»(o 1) (20 )

B orimnume oT conuTOHHOrO pewicHus (2), mpeactaBasiouero codoit Ge3oTpaxaTesns-
Hbiii noteHuman E, wauanapHoe yciaoBue (4) COACPXKHMT MOMHUMO TOUKM JTUCKPETHONO
cmexTpa A9 = iEg(y — 1/2) KOMMOHEHT HCMpephBHOrO crnekTpa. KoadduumeHTst
MaTpuUbl paccesiHus a(A), b(A) ang cnextpaspHOW 3amauM (5) mmeror Bux [0]:

rne

a( )= /\—iEo/z—‘l:’)’EoA
X+ Eo/2 + ivEo

(A), b(A) =isin ry/ COSh(;—/\o) , (6)

rae GyHKous
T{—iMEo+~— 1/2)T(=iA/Ey — v + 3/2)
AHAJIMTHYHA M HE MMEeT HyJEeH B BEPXHEH NOJYIJIOCKOCTH A.
Kak wusBectHO [8], B OTCYTCTBUM COJIMTOHA HECOJUTOHHAS YaCTh ACMMITOTHUCCKU
0pH z — 00 PACILIBIBAETCS AMCNECPCHOHHBIM 00Pa3oM:

P

E'l(z,t)=Zl%f(f)exp{i%+ia(§)lnz}+0(z_1/2) , N

roe
a(®) =2(E)P, €=,

a |f(€)] csasan c KoadbuLMEHTOM b()) opmynoit

FOF = — 5= In(1 ~ b)) Q

AcvMnToTH4ecKas BOJHOBast (hyHKuus, oTBevaromas (7), aHAJIMTHYECKas B BEPXHEH
NOJYIJIOCKOCTH CreKTpaapHoro mnapamerpa A (ImA > 0) , cormacHo [9,11] mmeer
BUI:

P = ®exp[i(Mt + 2)22)03), (9)
rie & matpuma 2 x 2 C KOMIOHCHTAMM:
&1 = exp [-i/;m ;—(_%df] , (10)
¢21=i/\E_1—)exp [-i/; ;Ssldf] , (11)
&= —2(%E_—;—Sexp [—i/_; ;"S{)fdg] , (12)



£
$,5 =exp [—z/ 3 (f)gdf] . (13)

Qopmyant (9 — 13) cnpasenusbl B 06nacTM BIAMH OT pe3oHanca A =¢ :
A= &> |E(t, 2)| ~ Eoz™'/?

Jlo6aBieHWE IOMCKPETHOrO CHEKTPA B TOUKE A = \g MpPH 3aJAHHOM HEMpPEPHIBHOM
coguTcd, Kak mssectHo [12,13], k 3ameHe

® - d=x% ,
rie x=1- iﬂ:’%fP . 3mecy mpoekrop P (P? = P) onpeneaserca ¢hopMyioit

A

_In><n|
<nn> "’

(14)
a BEKTOp |n > 3alaeTcs ¢ MOMOWIBIO IOCTOSHHOTO KOMIUICKCHOTO BEKTOpa |ng >:
[n >=1(z,t, Ao)|ne >
[Tone E(z,t} mpu 3TOM BBIPAXAETCH Yepe3 KOMIOHEHTY Py -
E(z,t) = E1(z,t) — 2(Xo — A0)Pa1 . {15)
ITonaras BekTop '
|ng >= ( :1_7,-., )Pl Ao=(+1in ,

3 (15) ¢ momomero dopmyn (9 — 13) Haxomum:

. . [ - .
-1
cosh(6 — 2nA) — Msin(‘bl + &, — <p)) . (16)
| Ao — &I?
3nechb
6=2n(t +4¢z) +2¢" ,
p==2t+4(n" - () -2y,
- ®,=agk;
7 E = Qalg)de
‘1’2—/;00518“(5 —ﬁ)w ;
1 = d¢’
2@ =3 [ siomie -2

AcumnToTryeckoe pemeHue (16) yrounsier pesysaprar paborsr [10], mosyueHmHBbIHA
NpY aHAIM3E 3aKOHOB COXpaHeHud. Baxuo ormeTnts, yto (hakTopel ®,(¢) u A(¢)
He MOryr ObiTh HaiiACHBI NPU JTOM MOAXOAE. AHAJOrHYHBIC BBHIYHC/ICHHS Oblin
npusegeHsl B pabGore [11], omHako B orBere ObiiM OTOPOLIEHBI WIEHBl TOrO X€
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nopstaka  (~ z=1/%) | uMeomme, kak OydeT' BUNHO HUXE, BAaXHOE (U3HUECKOE
JHAYCHHE. :

3. HOns HavameHBIX YCJOBHH (3), CHMMETPHUHBIX OTHOCHTEJILHO f, pPEHICHUE
JOJIKHO OBITH YETHBIM OTHOCHTENbHO t. [loatomy 4" =( =0 . Ilpn 3sroM E;(z,t)
u dasa &,(¢) spasorcs ueTHHIMM QyHKumaME t, a2 A(f) - HEYETHOH (yHKUMEH.
Bxopsmas B (16) dyukums «(é) ompemensercs cootHomeHumamu (6) u (8), a
n=Eo(T - 1/2).

Pemenue (16) mpencrasaser coGoi acumnToTKy 3agaun Komm npm Gose-
WHX 2, ONPENEIEHHYK C TOYHOCTBIO OO KOHCTAHTHI 7' M OOMIEH NMOCTOSHHOM (asbr
(omymerHoit B (10)). JlanHoe pemieHMe eCThb Pe3y/bTAT HCIMHEHHOW CyNEpPIO3HIEM
COJIMTOHA W M3nyueHus. BaaumopeicTBue MeXny OBYMS 9THMH KOMIOHEHTAMH IpPH-
BONMT K OCIWLISUMSM AMIUTHTYIBI COJMTOHAl), pENakCHUpyOIMM K DPABHOBECHOMY
sHauennio Eo = Eo(2I'—1) . Yacrora ocumwmraumit = E? —a(0)/z acumnrornyeckn
CTPEMHUTCS K YACTOTE BpallcHMs COJMTOHA, 4 AMIUTATYAa KoseOaHwmii - yObiBaeT Kak
212, OrmeruM, uro mnaHHAas HHTEpdEPEHUMS ABASETCA CYLIECTBEHHO HEJIMHENH-
HOM — AMIUIMTYAA PCWICHWS HOCTMrAaeT MAKCMMYMa NPH MPOTHBOMOJIOXHBIX tbazax
COJIMTOHZ M PaaMaLMOHHOrO (PoHa. :

4, PaccMoTpMM 1Ba peflaKcHpyloliux coautoHa ({12 = 0), Haxomsdmuxcs Ha
paccrosumn T (TEp >> 1).  SIcHO, uTO B3aMMOMNEHCTBHE 33 CUET MEPEKPHITHA
COJIMTOHOB SBJSETCH JKCIOHEHHMATIBHO MajabM. [JiaBHbii ekt BoszHukaeT Oia-
rogapd B3aUMOACHCTBHUIO COJMMTOHA WM HECOJWTOHHOH 4YACTH, H3AYYECHHOA APYIHMM
COJIATOHOM (I+ 3TOM CJIy¥ae B3aWMONCHCTBHEM BOJIH, H3TYYEHHBIX DPEJAKCHPYIOUIH-
MM COJMTOHAMH, MOXHO NpeHeOpeyb — OHO MOMBJISETCS B CACAVIOMEM MNOPSAKE
ACHMIITOTMYECKOTO passioxeHus: mo z~1/2). B pesysipraTe COJIATOHB CABUralOTCS
HABCTpeuy Apyr K Apyry — ux (assl um3MeHsorcs. [I1s1 HaxXOXNEHUS CABHUIOB
IEHTPOB COJMTOHOB [OCTATOYHO BOCHOJIB30BATHCH pelreHneM (16), monoxws B HEM

4" = —nT. TlpupaBHHBasg apryMeHT B TrUIEPOOJMYECKOM KOCHHYCE HYJIO, JUIs
KOODAWHATH HEHTPA t(z) COJAUTOHA MOJYYMM YPABHEHHE: -
1 f> . t(z) | (£)d¢

t(z)=T — = sign . 17

(@)=7-3 [ siee+ a0 (1)

N depeHuupys 9TO COOTHOLICHHE MO z, IS “CKOPOCTH” LEHTPA COJUTOHA HAXO-
Yy ) Y P
INM C HYXHOM TOYHOCTHIO:
dt t o+
= ( 41.) . (1 8)

'U=____

dz 422 (L) 47

Ecnu wsnyyenue Haxomurcs ciaesa ot conautoHa (T > 0), T0 CKOpocTb COJHTOHA v
OTPMLUATENbHA — [JBA PEJAKCHPYIOLIMX COJMTOHA NPHOIHXKAKTCA APYr K APYry.

B cayuae nT >> 1 B mpasoit uactu (19) MOXHO NPUOIMXXEHHO 3aMEHUTh ¢ Ha
T. B pesyabpTate MOMHBIA CABAT COJIMTOHA HAXOXAMTCS NPOCTHIM HMHTErPUPOBAHUEM:

= af)
- e o

Jna HavanpHOro ycnoBus (3) dyHkums o) saBasgercs YETHOM, B ITOM Ciyuae
MHTErpaJl BHIYMCIACTCS SBHO:

_lo Ir’(y)
At= o log |a(in)| = oy = 1) log (m) (20)

) Anantorminas vHTEphEPEHUMA MMEeeT MECTO sl CONUTOHA HA MOCTOSHHOM ¢oue Eo =
Ao exp(—2i]Ao|?2) [14].
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