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11-3/ 
B He.naBHHX paooTax obi.'la paaB~Ta caMocornacosannag Te_opHSI 

CIIHii-4oHOHHOI'O B3aHMO.Q9HCTBHSI B aarapMOIIH'I9CKHX KpHCTiinJJaX · )W OCUOB? 

r MeTi:>na llBYXBpeMeHllbiX ljlyliKUHH fpHIIa. no_no6Bbll1 ;>Ke IIO.ll.XO.ll., OCJJOBallllhiH . 

T aa BapHaunoHaoi!: rrpoue.nype B MeTo~e <jlyBKilHM fpnna, r.nc B JIMICCOBOM ')ne-

1 paTope cl>oHOHHOif ci>YHKUHH rpHHa 6hill0 yttTeHO BnlHJHJie tteThtpeX-CfliJHJBhlX 

/4/ 
Kop'penSJUHH, rrpe.nno;>Kell B • B nacTOSJlllc•l1 pa6!)Te rrpHB0ll.eB SJBIIhlii y'IE>T 

8TH X KOppenSJUHH 0 a TaK;>KC CJTHH-~OHOUHhiX KOppenSJUHll BbiCWJIX ll~l•SIIlK OB 

Ha OCIIOB9 MCTO.O.a ll.HljlljlepeHUHpoBaHHSI qJyiiKUBii fpllll(l 110 ll.BYM BpC!IICIIIlM, 
I /5/ . 

IIpHM9H9llliOI'O B IIpH B~I'IHCneBHH. CBOOOiliiOll ~HCpl'llll llHJ'DfJM?IIll'lPrKOJ'fl 

KpBCTatlna. · 

PaccMoTpHM MaraHTHbiH anrapMOHII'lec-Knii KpliCTann, raMJinbTOHJWH 

/1-3/ ' . 
KOTOpOI'O ~pell.CTaBHM B BH.ll.9 

(I) 

... 
r.ne i e ·. - KOop.niiHaTa aToMa co CIIIIHOM s f ll MllCCOH M B yane pe-

' \ . . ... ... , 
meTKH X e = < R f ·> • ycpe.nnenne .< ... •'> IIpOBOUllTCSI II() paBHOBCCHOMY 

COCTOSI~ll!O Kpli~Ta~na C,c raMll~bTOHiWHOM ( 1 ). npe.n:::TaBnSJSJ noT~·uu',;anbliyJ0 
"" ... " ., 

:=meprnJO KpJJCTanna . u( .--~ Re ~.. ): ll o6MCHIIYJO :;lHeprnJO J( R f ".:..lim) B ... 
nn.ne 5ecKoHe'Inoro pSJila no TerrnoBbJM cMemeunSJM aTo\-Jos ~ f "R f- ;f 
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nony'IHM ypaBnenne ami ljlypbe..:.KoMnoneHTbi 'aana3JlbiBaJOIIieH: ljlynKunn fpnna 
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/2 3/ 
t B BHJle: (t-t ') =« u (t);u , (t'f>>,(i= 1' ,a) 

I I · 

0 ·"" 1 0 ·= 
(w)=G.
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n=O n! ;fm·· l. .. n ' 1 n m 

rJie Mbl BBeiiH HenpHBOJl~Mbie (i r) ljlyHKUHH fpnna, KOTOpbie He MOI'yT, 6biTb 

ynpoiUeHbl cnapHBUlHfeM OIIepaTopoB, OTHOCSIIUHXCSI K OJlHOMy MOMeHTY Bpe­

/3/ 
Menn H BBenn sljl<jleKTHBHOe ljJoHOH-ljJOHOHHO·e B3illiMO;:teil:CT311e: 

::::: -+ l .. . -+,.-+-+ -+ .. 

lll
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= V
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V [<U( •.. R n ••. )>- -~ < J(Rn -R )Sn ·S >].. (3) 
••• n ••• n l. 2 fm l. m l. m 

HyneBaSI ljlynKunsi fpnna onpeaenSieTcSI ypaBneniieM · 
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-~ (Mw o: -Ill 

. /j lj 

0 
)G., (w),lL.· 
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.. (4). 

/2 3/ 
n onnchlBaeT pacnpocTpanenne caMocornacoBaHHhlX ljlononoB ' 

n.•UI y'leTa · 38Tyxamm. ljloHOHOB paCCMOTpHM Jlilllee ypaBHeHHe JliiSI He-
. ;, 

npnBOJlHMbiX ¢yHKunH: fpnna .« A( t); u·,, ( t ') •» B npaBoil:. qacTn .( 2), 

anljlljlepenunpySI nx no BpeMenn · t' • B pe3ynbTaTe ypaBnenHe ( 2) MO>KHO :. 
~ ;·, . 0 0 .. 0 . . 

3anncaTh B MaT;JH'lHOM Bnae G =G .+G P G , rae MaTpnua P
1 
•• (w) 
I . 

paBHa cyMMe 'leTbipex npoH3BeJleHHH, COCTaBIIeHHbiX H3 ljlyHKUllH fpnHa 

· <A ·1 . '' ( A . I s.... . .... s < . B •>> w . , B = u1 ••• u n nnn u 1 ••• u n 1' • ·m ) n JlBY?C co-

OTBeTCTBY!OliiiiX BepiiiHH ljlonon-¢ononnoro nnn .cruin-¢ononnor~ B3anMo.uelicT-,, 
BHSI · ( oTMeTnM, . 'ITO < [ A , u 

1
, ] -> . = 0 ) • OnpeaemiSI MaccoBhiH onepaTop 

n ljlyHKUHll fpiiHa cornacno ypaBHeHrt!O G = G 
0 

+ G 
0 
n G . ·, uonyqaeM 

0 _, 

n , , c w +; c J = 1 P [ 1 + G P 1. 1 " 
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<J(Rr 7 R)-> V . J(Rl" -R ,)•>I, 

m . 

rna ·npn6nH>KeHHOe Bbipa>KeHHe nony'leHO BO BTOpOM nopHJlKe no CJ 
. . • t . ' . • ·. . : • . 

·l!DMy··n nonno;.,1y ljlonon.:ljlo:Uonno~y B3aHMOJleil:cTBHIO (3). llpn sTo 

ncnonb3oBaHo cneKTpa.TibHoe npeacTaBnenne aana3J:tbiBil!OlliHX ljlyHKI 

<<A ! B >> qepe3 BpeMeHHbie KoppenSIUHOHHbie ljlynKunn. llony.'lenno• w . . 

Hne. JliiH MaccoBoro onepaTJpa (5) y'lHT~IBaeT BKnan Bcex rrpouec 

pyroro ¢ouon-ljlononnoro pacceHHHSI ( nepBbiH 'lnen B ¢nrypHbiX CK 

TaioKe npoueccoa neyrrpyroro · pacceSIHU:SI ljlonouoB na cnnHOBbiX Bo 

('Ill elf: C BpeMeHHOH KOppeiiSIUllOHHOil:: _ljlyHKUHeli 'leTbipex cniiHoB) C 

Tenbn.~iM . Bo36y>KnenneM ¢on~ HOB (exp (; •• ) Bo BTopoM 'lnene) 

BpeMeHHbie Koppe.iwunonnhie ljlyuKunn cMemeiinH: B (5) Bbi'lHCIIHIOT 

nciil: ljly!iKunn fpnna G 11 , ( w ) .•. a BpeMeHHbie KOppeiiSIUllOHHbie 

cmiHOB MoryT obiT:S onpeneneUbi B neKoTopoM · npn6nn>Kennn no• co 

IUeil:-CllHHOBOH ljlyHKUllll fpnHa, _ypaBHeHHSI JliiSI KOTOp~il:'ll0Jl06HbiM 

UOM 6yJlyT·· paCCMOTpellbl B OTJlellbHOH pa6oTe. ' 

0TMeTHM, 'ITO :pa3BllTbiH MeTOJl HenocpeUCTBeHHO o6o6maeTC 

qail: CllCTeM C npD1I3BOIIhHbiM CllllH;;_CniiHOBbiM B3aHMOJleHCTBlleM. 
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IT83JlbiBaiOIUeii ljlyHKUMM rpnua 
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'pMH8 1 KOTOpble He MOI'YT 6b!Th 

XCH K OJl.HOMY "'MoMeHTy Bpe­

o'e B3811M0.1eiiCT311e: 

meM 

/2,3/ 
IIHblX ljJOHOIIOB 

( 3) 

(4)' 

[JM )lanee ypaBnef!ne JlnH ue­,, 
•» B npaBoit qacTM ,( 2), ·. 

rm~TaTe' ypaBHeime ( 2) MO)KHO ·· 
0 

, rJle MaTpMua ~~· (w __ J 

eHHhlX '11:3 ljlyHKUMH rpMHa ' · ... ... ' 

I 
;-•.. u S·o • 'S · ) M JlBYX. co-

·n L m .. 

,cnnu-:<flououuoro BaaMMo.uelicT~ 

npeilemui MaccoBbiii onepaTop 

·(; 
0 

+ G .
0

0 G · nonyqaeM _ 

;. 

- .. 
(JJ 

f 
d(JJ' '(J 

-----(e 
w-w '+i i -.'< 

( 5). 

+ exp(I, < u (t)u > v
1 

'\1
1
,, ).2_ I 

jj ; 4 eme'm' 

-· x.\7; < J(Re -Rm) >'II 

r.ue ·npn6nn)Keuuoe Bhrpa~eulre rronyqeuo ilo BTopoM nopHJlKe no ~nMu-ljlouoii..: 

HOMY'~ nonHOlvly ljJOHOH~OHOHHOMY B3aH~o~elicTBMIO (3), Ilpn aTOM 6htn0 

ncnonbaoBaHo crreKTpa.rrbHoe rrpeJlcTaBneune anna3t:lhiBaiO!UMX ljlyuKUMfi rpnua 

«A t B>> qepea BpeMeHHhte KoppenHunoHHhre ljlyuKunn. Ilonyqeuuoe Bbrpa)Ke-
w . 

nne Jlmi MaccoBoro orrepaT)pa (5) y'IHTbiBaeT BKnaJl Bcex rrpoueccoB. ue.yn-

pyroro ljlouou-ljlononuoro pacceHunH ( nepnhrli qnen B ljlnrypuhiX cKo6Kax), a 

TaK)Ke npoueccon neynpyroro pacce51u11H ljlououoa ua cnnuoBbiX aoa5y)KJ:teHnHx. 

(qnerr c BpeMenuott KoppenHunonuott ljlyuKuMeli '!eTwpex cnriuoa) c Jlonoriun~ 

TenblbiM •B036y)KJ.IeHMeM <jloH~HOB (exp (,.,) BO BTOpOM qneue) (cp. C 
141

), 

Bpe!'.ieHHbie KoppeiiHUMOHHhre <PYHKUMM cMeiUen'Mtt B (6) Bbi'!ncnHIOTCH' iio :non­

uciil: ljlyHKUllll rpnua G u' ( (JJ ) • a BpeMeHHble Koppen51UllOHHble ljlyHKUHll '' 

cmruon Mor~yT obiT!. onpeJlenel!bi B ueKoTopoM npn5nn)Kennn no coOTBeTCTBYID;.. 

IUefi CITHHOBOH <fly~KUllll rpnua~ yp~BHeliHH J:tnH KOTOpofi nOJ:t05HhlM )Ke MeTO­

JlOM 5yJlyT·· paCCMOTp91lbl B OTJlem:.uoli pa5oTe. · 

0TM9THM, 'ITO ·· pa3BllThlfi ··Me TOll uenocpeJlCTBeHHO o5o6IUaeTCH . 118 . cny- ': 

qafi CHCT9M C npon3BOnhHblM. CITllli~CniiltOBbiM B38llMOll9HCTBIIeM, 
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