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Y.UK 539.1. M-I6 

HEKOjTOPllE COBPEMEHHbIE IIPOEJIEMbI CIll1HOBOM ~: ilperrpRlH-r l1T~ 

~.c.n~errapoB - M., 1998 - I6c. 

06cYI)l;aeTCK p~ o6ID;IIX npo6JIeM cmmoBOi ,lUrIHaMBXJII, CB.lI3amn.IX C npOn;eCCaMH, oU,o
CTyIIlILIMJ! oU,nJl HCCJIe,ItOBaBlUl XaK CTaH,AapTHDIMlI MeTQI(aMJII MaI'HJlTHOro pe30xaxca, Tall: JII B 
paMlCax ,B-5lMP cneXTpoCKOUlDI. B "IacTXOCTH, paccMoTpelU>I: a) npOCTOH JII nOytDITe.JIb:a:LI:B: 
npJlIMep 3pI'OAK"IeCKOH Teope.MJ.I ,I(JUI npBMeem.oc cmDlOB; 6) npo~ecc ~epHoH peJIaKC~ 

"Iepe3 napaM8rHBTHl>le npllMeCB B C:HCTeM3X CnpOH3BOJILHOH pa3MepHOCTbIO JII np06JIeMa no
CTpoeHHJI cOOTBeTCTByxmxeii: TOOpJIIB cpe,nxero nOJU[; B) npo~eCC:bI TIna cmmoBOi oU,K4l4>y3JIIB 
B Reynop~o"leHHLIX CBCTeM3X :H r) HOBl>le Me1'<>n1>l XJI8CTepHl>IX p33JImll:elDlli .u.JIK OnHCaHHJI 
XlmeTJIIlOI MarH:HTOpa36aBJIe:a:m.rx: Cpe,zt. 

Number of general problems in spin dynamics are discussed, which can be studied 
experimentally by methods of conventional magnetic resonance or by ,B-NMR spectroscopy. 
There are discussed particularly: a) simple and instructive example of ergodic theorem for 
system of impurity spins; b} process of nuclear relaxation through paramagnetic impurities; 
c) spin diffusion like processes in disordered systems, and d) new methods of cluster 
expansions for description of kinetics in magnetically diluted media.. 

Crr~COK ~T. - 47 HaRlM. 



1. BDe,n;esHe. 

Cpe.n:a: nepemeRllhIX IIp06neM epYH.n;aMeBTaJThROH <pH3HXII 3a.n;a<JH cTaTHCTH'leCKOH Mexa

HHICJI Bl>I,ZJ;eJUllOTC.1I CBOIUllJl umpO'laiimJn.ur npJIJIOJl(eHlUIMlI IIOllTlI BO BCex 06JIaCT.IIX 3HaHlil.1I 

H, oc06eRHo, B XlIKlDI Il6HOJIOrHH. O.n;HO Jl3 Ba:lKHeii:Irmx HanpaBJIellllH 3.n;eCb - BbVlBJIeHlle 

H yTO'lHemre CBDei Me:lK.ny .nJilHaMll'leCIClDDI (MJlKpoCICOlni-q:eCKHMll) IIOCTpOeHllilMll II lIolax

po$a:3lIKOi. HanoMlllDll B 3TOi CBDII 0 3HaMelIHTOi 3prQAlPIeCICOi rllIIOTe3C JI OTMeTlDtI, 'ITO 

YJl(e 60JIee TpB.ZUtaTH neT B JDITepaType cocymecTBylOT npOTBBOnOJIOJl(HLIe TO"IKH 3pelllil..ll 

KaK Ha CTeneHb ee .nOICa3aHHOCTH (CM. HaIIpJlMep [1-7]), TaK H Ra CaMy B03M02f{HOCTb no

CTpOeHll.ll TeopHliI He06paTJlMlilX npOn;eCCOB Ha 6a3e '1HCTOi Mexamnur B paMKax H3BeCTHlllX 

B3aHMo,neicTBlIH [6,7]. 
CmmoBasr .n;HHaMHKa 3aMe'laTeJIbHa TeM, 'ITO B Hei .nOCTHrHyThI Hax60nee Bne-q:aTmno... 

lItHe ycnexx B nOCTpoemm nocne.nOBaTeJIbKOB: MlIKpOCKOIllPleCKOi TeOpBlI II B IIOllllMaHlIH Ha 

ee OCROBe MaxpOnpOn;eccoB. Tax, HaII!>lIMep, em;e B 1970 r. 6:wIO peanH30BaHO o6p~eHlIe 

3BOJIIOIJ;JIliI (oMOJIO:lKeHHe) n.nepm.rx. CIIlIHOB:LIX CHCTeM [8,9]. CymecTBeHHo, 'ITO 3TH CHCTe

.MliI KBmIIOTCa: repllolQD;JIHaMlI'IeCKHMH B TOM Jl(e CllrIhICJIe, B KaJ(OM Boo6m;e TepM<>,D;IlHaMltKa 

lIpllMeHllMa K MarBeTIlXaM. B '1acTHOCTH, B HIIX o6xapyJKeHl>I B nOJIHOM cooTBeTCTBHH C 

paBHOBeCHoi TeopHei rx66ca, napaMarIDITHOe, <peppOMaI'mrTHOe 11 aHTlI.peppOMaI'HIlTHoe 

COCTO.llliWl JI .pa30BLIe nepexo,D;bl lIoleJl[.ny HIIMH [10]. 
C 3KCnepHMeHTaJIbXoi TO'lKH 3pelDIa: yCIIexB cmmoBoi ,ltlIHa.MlIKlI 06ycnoBJIeRbI H B3a

BMOCBDa.HLI C 6JIeCTmIUIM nporpeccollol B TeXHllKe MarllllTHoro pe30HaHCa, XOTOpE>IH CTaJI 

0,lUllIM H3 OCHOBRLIX MeTO,D;OB nOJIY'IeHJI.lI CTpyxTypXOK lUIepOPMaIUIH B <pliI3lIKe, XHMlIJil H 

6J10JIOrllIH [9-11J. B reOpeTB1IeCXOM )l{e aHaJlIrI3e C~eCTBeHHO, 'ITO CIIIlROBLIe no.n;CHCTeMbI 

BeCbMa '{acTO XOpOIlIO OT.n;eJIeHl>l OT ,D;pyrux CTeneRei CB060,D;LI B BemeCTBe H pH,D; 3JIeMeHTap

HhIX 3a,na'l, TaxllX BanplIMep, KaK np06JIeMa Tpex Te.rr, .n;onYCXaKlT axamITH'IeCXOe pemeHlle. 

CYIIJ;eCTBeXHO TaKEe, '<ITO BO MJlorux HHTepecm.tX npo6JIeMax ClniHOBM TeMnepaTypa no'l

TH 6eCKOHe'llla H n03TOMy pa.BXOBeCHLIe COCTO.llHllSI TPllBHaJll>HLI, B TO BpelWl KaK KHHeTllxa 

XepaBHOBeCH:LIX COCTO.llRllii: BeCl>Ma 60raTa 11 CJIOIHa. 

EeTa-5IMP cneKTpOCKOIIWI XOpOUIO BIIHCLIBaeTCJI B 3TOT nOTOK llCCJIe,D;OBaH:a:i, nOCICOJIb

ICY, C o,IUloi CTOpOHLI, B Hei MO)l{HO pea.ma:30BaTb Bce MeTO~, pR3BXThIe .D;JIJI 06JiPIHOro 

5IMP,ac .npyroi CTOpOHLI, ORa npllBHOCHT HOBLIe B03MOJKHOCTH rotSI 3KcnepHMeRTa.m..Horo 

Il3y'leHIDI npOCTpaHCTBeHHO BpeMeH1Ioii ,l.ODIaMlIIXIl npon;eCCOB nepeRoca [12]. 
B .n;aHHOK pa60Te 6Y1J,eT paCCMOTpeH P.H,lJ; B3aHMOCBJI3aHRLIX npo6JIeM crnmoBOi ,nHHaMH

KH H cTaTepIl3IlKll, KOTopLIe, no MHeJlIO) aBTOpa, BaJl(HM ,D;JISI nOHJ[MaHHSI ReKoToplilX o6IIlHX 

TeH.neKIlJllii pa3BHTlI.lI cTaTIICTlI'leCXOK MexaHllKH H rota: nOIICKa B03MOIHl>IX 6y.n;ymJIIX npHJlQ

Jl(eRd B 3TOM HaIIpaBJIeHHH x.ax rout 6eTa-5IMP, Tax H .nIDI o6LPIHoi 5.lMP cneKTpocICOIIHH. 

2. 3pro,D;H1:IeCKaJI. npo6neMa. 

B .n;aJThHeiimeM no,D; spro.lIll'IJeCKOH rHlIoTe30B 6y.n;eT nOBHMaTbCSI CJIe.n:YJOmee yTBepJK.n;e

HBe: cpe.n;Hee no 6oJIbmoMy RHTepBany BpeMeJDI OT mo60K HOOJIlO,D;aeMoi BeJIlI'lHBlJI paBBO 

ee Cpe,D;ReMy no XaKOMY mr60 lI3 pacnpe.ne.rrenHi rH66ca: 

t 

lim-1 Ldrf(r)=(f)a (1) 
t-too t 0 

CTaH.n;apTlIhIi: BLIBO.n; pacnpe.ne.rreRlIa: rH66ca [13J OCHOBaH Ha rHnOTe3e 0 KBa3IIHe3aBH

Cl'IMOCTB MaXpOCICOllll'leCKlIX IIo,nCHCTeM 60JIbmoi CIICTeMLI. J1BTepaTypa nOCBXIIJ;eHHM no
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IILITICaM npDlOro ,l.{OKa3RTe.JIbCTBR 3pro~ec:rcoi rllnOTe3LI Hco603pBMR J1I 3a'lacTylO BCChMR 

CJ!O)J(HR. TcpMlmoJIorll'lccXJilc 6aphepw PCUJ.{eJIj[JOIUHC 3,lICCh 4lJil3BKy B MaTeMaTHKY '1pe3BI.I

'1ai:B:o BhlCOXH. l103TOMy IIOJIC3HO npocne.ztHTh poJIb OCHOBHhIX lI,Qei 3prO,J:tH1iIeCKOH TeOpHH 

xa XUOM .JUI60 npOCTOM • co.ztepJB:aTeJII>HOM npo~cce. 

PacCKOTpJDol C 3TOB: Ite.m.JO ,lOIB8.MJiIlI:Y npJilMCCHLtX ~PKHX ClIHB:OB B CJIY'Iae, Xor,l.{a 

06~aa cmmoBaa CBCTCMa s.ztep lIRTpmnt H IlplDolecJI Jl30mlpOBan& OT npo"DIX B3aJi1MOJ.{C:iCT

BD B KpHCT8JIJIC, KarBJITlUJC MOMCB:TLI Jl,I(ep JIPIIMCCB MCm.mC, R paCCTOJIlIJUI »CJI[,lIy JIlD4ll 

6om,me, llCM y MRTpllIUaI. B XalleCTBC PCaJUlCTB'ICCKOro npBKepa 3J.{CCh MOJl[XO pacCMOTpCTh 

CmmOByro CKCTeMy .smCp 107Ag H 19F B KpllCTaJIJIC AgF III)}1 060ram:emra: cro H30TOnOM 109Ag 
(eCTeCTBCHllOC COJ.{CpJB:aHHC H30TOUOB 107Ag B: 109Ag npHMcpHO QZlJIHaEOBO). llpyroi npHMCp 

(WIll ltOTOporo OCHOBHLIC lI,QeaJIliI3~, o6cY1K,Zl;aeMLIc BJlJlCC, BLIlIOJIHCHE HCCKOJIhKO xyJl[c) 

- CnHHOBBa CBCTeMR Jl,I(Cp 8Li _6 Li B LiF. 
IIOJJ;CIICTeMR npllMCCHl>1X ClIRHOB ll:' k = 1, ... , N, He 3aMKHYTa, H ec JJ;1IIlI0J1l>BBa 3HcprllK 

HC COXpaJIKCTCM. O.l\HaKO, IIQZlCllCTCMa lIMeeT .u;pyroi ~~TJilBm.Ii JiDlTerpan ,n;BBJB:CHH.lI 

Z-KOMnOHeHTy nOJIKoro MOMCHTa-
N 

IIII="L.lt, (2) 
k=:ol 

n03TOMY MOJKHO OJKlI,QRTh, 'ITO B TJIIIJiI1JHhIX YCJIOBJrUIX (:rcorJ.{a ,ltIDIOJ1l>Ha.lI TCMIIcpaTypa K 

TCWIOCM:ltOCTh TepM:OCTRTa (ClIJIHOB MRTplIIl;LI) 6ecKoHellHLI), cTapTyM C mo60ro epll3l1"lec

IOI pelUIll3yCMOro pacnpe.u;en:eKB:g, nO,llCBCTCMR C TellClDlCM BpeKeHJl np:wtCT B paBHOBCClIC, 

onHCllmaeMOC JCaHOHlI"leCKHllI pRcnpe,ll;enCHlICM 

(3) 

3.z:tCCh, ltax: 06LI'lHO, i} H ~ OnpC.z:temIlOTCJI H3 ycn:omd: Trp = 1]1 TrllllP =< 1111 >. .llns oIIllca

JIlIj[ 3TOro npOI~ecca MOJl[RO npB:MeRBTh TeOpJrnO, pa3BXT}'IO B pa60TC [14}. MaTeMaTH'ICCKa.lI 

MO,lICJIb, JIC:JB:~a.lI B CC OCROBe, BCn0JIb3yeT I'aMKJThTOHlIaH 

1 _ 
H = Ho + HI, Ho = LWi(t)Ij, HI = 2L ajlelt lie' (4) 

j i,1e 

rJ.{e It = Ii + iPj, Ii = (It)+, ajle = aOT~Tik3(1 - 3 cos
2 t?ile)' 3.u;CCh rjle r; - rle 

- BCltTOP coe.,zum.s::rom;H:i CIIJiI1IhI j B: k, a t?j/c - yroJI MeJICJJ;y rjle H BHCIIIHlIM: IIOCTOJlHll1:lIM 

nOJICM, RanpaBJICHlU>1ll4 B.lI0JII> OClI Z. I'JIaBHoe MOAeJIbHoe npe.llIIDnOIeHllC COCTOHT B TOM, 'ITO 

JIOKaJlhHOC nOJIe w;(t), C03,AaBaeMOe CIIlIlBaMB: TepMOCTaTa Ha j-OM. CIIJilRC npJD4eCK, Jm1llI~TCg 

15-lt0PPeJIHPOBaJIlDJ1l4 HOpM8JIbll1:iD4 cTRWlOHapm.IM CJIY"'IaHllbU4 npOnecCOM, T .e. 

2 
< w;(t)w/c(r) >n= T/(t- r)d;Ie' (5) 

N Nr rt dr 
U(t, to, [aJ) =< exp (if; 1 dra;(r)w;(r» >n= exp [-EI ito T a;(r) IJ· 

to 2 

3.u;eCh a;(t) - npOJlI3BOJIbHaJl ,ACB:CTBHTeJIhBM 4IYJIKI{IDI: 06cYJIC,AeRIlC nYTei H pC3ym,Ta

TOB 0606mcmrn nllX. q,opMyn Mg }"ICTa 60nec peamICTJII'ICCKlIX (rJIa.D;KB:X) epJIYXTy~ri 

nOKaJIbHLlX IIOJICH eo.z:tePJKDTC.R B pa60Tax [14, 12}. 
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Henocpe.nCTBeHHO H3 ypasueHHjJ JhryBHJlJIjJ H 4l0pMyJI (4) CJIe.n;yeT 1 'ITO ycpe.n;HeUHM DO 

ep.nyKTY~ JIOKaJIbHlJIX nOJIe:i: MSTpHn;S nJIOTUOCTll p(t) npJllMeCHhIX CnHHOB y.n;OBJIeTBo

PJleT ypaBHeHlUO 

1 
R = - LSj, SjP = [Ij, [Ij,p]]. (6)p= -(R + iLdp, 

T2 

ECJIlI <lla30BasI pen:aKC~ npOHCXO,lJ;HT 6loIcTpee, 'IeM nepeHoc no npHMeCH:r.IM CnHHaM, TO 

PD (,lJ;HaI'OHaJIhUM 'IaCTb p) Y.AOBJIeTBopjJeT HpH t » T2 60JIee npOCTOMy ypaBHemno [14] 

1 ~ 
PD = - :E wjle[I! I;, [Ij- It, PD]] = -APD, Wjle = a;leT2 = Wkj· (7)

2 jk 

3.n;ec:b nO,Iq>a.3YMeBaeTCJI, 'ITO PD .n;HaI'OHaJIbHa B npe.n;CTaBJIeHHJI c06CTBeUH:blX BeKTOpoB one

paTopOB Ii H HX npoH3Be,lJ;elDli. YpaBHeHlle (7) npHMelDlMO, eCJlH LjWj"T2 « 1 [14]. llPH
MeM) 'ITO Bce h = ~ . Ha30BeM onepaTOpHloIM npOll3B~eHHeM (all) paxra m onepaTOp 

Cm(it, ... ,im) = IT:'::l'Ii.. , r.n;e Bce io. pa3JIll'IH:bI.COBOKyIIHOCT:b BCex orr 06pa3yeT nOJI

x:wi OpToroXaJIhX:wi 6a3HC B no.nnpOCTpaxCTBe ,nHaI'OHaJIhUloIX MaTpn nJIOTHOCTH. COBo

KynHocTb all 4lHKCHpOBaHHOro paRra m 06pa3yeT m-oe HHBSpllaHTHoe no,nnpOCTpSHCTBO 

onepSTOps A , nOCKOJI:bKY 

ACm(jl, .. ·,im) = L L Wil(Cm(jl, ···,im) - Cm(jl, .. ·,im Ii/ -+ id)· (8) 
i~[m)IE[m) 

3~c:b [m] eCT:b COBOKYIIHOCT:b UOMepOB it,· .. ,jm , a Cm(jl, ... ,im I il -+ ii) eCT:b Oll 
CmUl, ... ,im), B KOTOpOM cnllH C XOMepOM il 3aMeUeH Ha ii. COOTBeTCTBeHHO K03<!><PHltH

eUTbI Km(jl, ... ,im, t) B pa3JlO)l{e.Hl'lH 

(9) 

Km(jl, ,jm,t) =< CmUl' ... ,im) >= TrCmUl, ... ,jm)PD(t), 

r,ne Z;;.l = Tr(Cm(jl, ,im))2 jTr!, y.n;OBJIeTBOp1lIOT ypaBxemno 

Km(jl' .. ·,im, t) = -An.Km(jl' ... ,im, t) = 

L L wiI(Km(it, ···,im,t) - Km(jl, ···,im, t Iii -+ jill· (10) 
if[m)IE[m] 

IIPll m = 1 ypaBUeHHe (10) COBIIa,naeT C H3BeCTHloIM ypaBXeHHeM cny-qaiim.Ix 6nyJK,naJI::aB: 

Kl(j) = - LWji(Kdi) - Kd i )). (11) 
i1'j 

BepueMCJI K 3pro,nlPleCKOi rHnOTe3e. IIYCTh Ha'IaJIbHOe COCTOJIHHe HMeeT BH,D; 

(12) 

Tor.n;a MSTpma nJlOTHOCTH mo60i 60JI:b1lI0i, HO KOHe'lHOH CHCTeM:r.I npB t -+ 00 npHMeT 

4>OpMy 

p(t -+ 00) = (1 + jiZlI,,)jTrl, P = pt/N, Zl = 3j(Ij (Jj + 1)), (13) 
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nOCIWJILKY Ha1laJILHasr: nOJIRpD8J{K1 paBBOM.ep:BO pa..'UlemaeTC.a: Ba. Bce c.nJlBl>t. O~eBJl.WiOI 'iTO 

no pacupeJl:eJIemIle:Be COBIIa,IlaeT C rB66cOBLnol (3). BUtHo, "lTO COCTO.JDDljl (12) npOJl3BO~T
c.a: B (n, i) peaKlUlJlX, B M.O]((:BO nOICa3aTL, 'lTO 3BOJIIOIUUI, HanpHMep, B CBCTeM.e 8 Li _6 Li B 

LiF Tak]((e He 3prop;rm8 &:8 ecTeCTBeBlllalX BpeMeH3X, IIpll ICOTOploIX. 30m.t B03,D;eiicTBHa pa3

HloIX s.n:ep 8 Li He nepexpLIBaJOTca• .llml llpe.nCTaBJIemm 0 nops,lO[8X cymeCTBeJlHI>IX BeJIlI'ilIH, 

YICaxeK, 'tJTO B 06pa3Ile LiF c No IX 1023 Y3JIOB Li c~ep~HTC.a: NI S;; 106 .It,llep 8 Li, lOU\D,IIIJ[

PYlOIIQIX uponecc , II N = eNo lX 3 . 10-2No llpntecm.IX Uep 6Li, no KOTOphnol npOIlCXO,lUlT 

nepeHOC, npH'IIeM :.lJcCneplIMCHTaJIbllO npoIXecc MO:&HO OTCJI~Tb TOJILXO .llO Tex IIOp, noxa. 

Ha1Ja.JILHasr: nOJIgpll3~ pa3MeIIIBBaeTC.a: no ND ::; 104 CIUIHaM 6Li. 
ITYCT:b Ha1JaJJ:bXOe cOCT01IlIBe lIllteeT Tax lla3hIBaeMy:IO XBa3HpaBHOBeCHyIO llJopMY 

N 1 N 3pQ 
p(t = 0) = exp(~ - ~ei1J) = T1 U(1 + 1.(1. ~ 1)1J), p~ = -th({j/2), (14) 

3=1 r J=1 J J 

.BAeWlLHO COOTBeTCTB~np~CTaBJIemnO0 KBa3Hlle3aBJ1CKMOCTII nO,ll;CIICTeM. EJUIHCT

BeHHoe CTauHOBapHoe COCTOKHHe ypaBBelllUl (10) COOTBeTCTByeT p8.BHOMepHOMy pa3MelUll

Bamno H8"laJILHOro ycnOBU Ha Bce Nm = N!/(N - m)! on pa.u:ra m, n03TOMY 

Km(jl,··.,im,t~oo)=Qm, Qm= ~ L IKm(il, ... ,im,t:=:O). (15) 
ffljJ,···.im 

(16) 

K (.. ) Q 2 1 (.:2 2) 2 1 2A 
2 )1, )2, t -+ 00 = 2 = fi - N _ 1 IF - fi =fi - N _ 1 up . 

Bo06m;e, eCJIJII p ex NO l TO 

K m(jl' ... ,jm,t ~ (0) =pm + O((m. -l)/N). (17) 

B IlTore n<>JIY1laeTca: pacupeJJ;eJIelllle, KOTOpoe C TO-omOCT:blO ,lI;O BeJIII'IIHH IX O((m - 1)/N) 
H3 nepBIoIX. m on He OTJIJItIJD40 OT rll66cOBcxoro. IIo~epICHeK,"'ITOXOT.a: Ha1laJILHOe COCTo

JIlDIe (12) .SJ:BID[eTca: 1l3CTm.IU: eJIY'laeM ~OPMYJILI (14), BDIBO,lJ;LI 06 3pI'O,lUl'IHOCTH nOBe~eHHH 

OK338JIl1Ch npOT:HBOnQJIOIKB.IJMH, nocxom.xy YCJlOBBe p lX N° B CJIY1Jae (12) He BhIIIOJIHeHO. 

Ha"lam.:Roe pacnpeJJ;en:elDle (14) np1Dla.nneJltBT K 'DICJIY npocTe:B:lIIJlX, IS KOTOphIX COCTo

JlIIJU pa3HhIX CIIlIlIOB He ClCOPPeJlllPOB8H:bI. ECJIH Ha.llam.m.Ie COCTODlUl CKoppe,mq>OBaHLl B 

XOHe'IHOM ooo,eMe pa.ztHyca Re, CO.nepJJ:am;eM Ne CIIlIHOB, HaIIpHMep K 2(it, i2, t = 0) i= pJl P~2' 

HO K2(il,j2, t = 0) ~ P~l p~ npJt rid2 > B.c, IIpll"'leM 

Q2 = N(: -1) ~'K2(j1,j2,t= 0) = p2 + O(Nc/N), p"'" N° (18) 
11.12 

B Boo6me, 

Qm =r +O((m - l)Nc/N), (19) 
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TO CHCTeMa CHOBa 3prO,lUlqHa B rJIaBHOM nopsr.nKe no mNc / N. Ho eCJI.H KoppeJUIJ;lIH rJIo6amr 

BY, TO eCTl> npK N -+ 00 

(20) 

TO ~pro,IJ;lI'IHOCTh HapymaeTCJI. 

TaKIIM 06paJOM, QItHa H Ta JKe CHCTeMa MoxeT HMeTh KaK 3pro,IJ;HqeCKOe, TaK K He3p

ro,ll;HqeCKOe nOBe,n,eH.l4e. B ,IJ;aHHOM llpliMepe 3pro,IJ;H"IHOCTh BhUlOJIHeHa, eCJI1II B HaqaJIbHOM 

COCTOmnDI a) KOPPeJIJIIUlH 3aTYXaIOT JlOCTaTO'lllO 6hICTPO npK pOCTe paCCTOJIHHK MeJK.ny 

qRCT1UJ;aMH H 6) BeJlH'<DrlIa a,Il,Il;llTHBHOro HHTerpan:a ,IJ;BJiI:lKeHHK ""' Nl. 
B nOCJIe.nHee BpeMll JilHTepec K 3pro,IJ;JiPlllOCTH ClllUlOB:&IX CJilCTeM o6ocTpllJICJI. B pa60Te 

[15] B paMKax "IHCJIeHHoro MO,IJ;eJlllpOBaHH.sI .nByYepm.rx B O,lJ;HOMepHI>IX CHCTeM KJlaCCHqeCKlIX 

CnJilHOB 6:b1JIl11 nOJIyqeHbI YKa3aHl1JI BR 60nee MeAJIemryIO 3BOmoIUlJO, -qeM n<P«PY3HOHHaJI, co

OTBeTCTBytOm;asr ypaBBemuo (11). B pa60Te [16] np. 'IIICJIeUBOM MQlleJIHpOBaHHH l'l30JIHpo

BaRUoi QltHoMepuoi IJ;enO"tlKH 143 8 cmmOB C I = ~ aBTOpl>I nOJIy"UtJIH YKa3aHJiIJI Ha JIOKaJIlI

3aIJ;Ji1IO nOruIpH3amm. B pa60Tax [171 paccMoTpeHa 3BOmoIJ;H.sI O,IJ;HOMepHOH H30JlHPOBaHHOH 

CIDIHOBOH nenOqKH, Kor.na B3aHMQJleHCTBlie onHChIBaeTCJI raMllJIbTOHJilaHOM 

(21) 

ECJIlI C = 0, TO TaKlie raMllJIhTOHlIaHhI ,IJ;HaI'OBaJIII3Jq>YIOTCJI npeo6pa30BRHJlKMH THlla 

Hop,IJ;ana-BHrHepa (eM. HanpHMep [18]): 1;:- = an exp(i7l" 2: a;tam ), r,IJ;e an-lPepMHeBcKu 
m>n 

onepaTop: [all a~J+ = <5lm . IIpa c :j:. 0 Ua,IlO eme ,IJ;OnOJIHHTeJIbBO npOD:3BeCTH CTa1UtapTBoe 

u-v-npe06pa30Bamte BoroJIJo6oBa. B pa6oTax: [17aJ 6hIJIa OTMeqeBa Be3pro,IJ;l'PIBOCTh 3TlIX 

CD:CTeM, a B pa60Te [176] npe.zvroxeB KOHKpeTBlIIB cnoc06 ee ua6mo,neHHH, OCBOBaHHI>Iii:, B 

-qRCTUOCTH 1Ia TOM, "ITO npH C :j:. 0 H HaqaJI:bBOM ycnOBHH p(t = 0) = (1 + ~I%)ITrl Ko

UeqHOe COCTOJIHHe He MoxeT 6LtTh OIIpe.Aen:euo npocTO :1i13 COxpaHeBlll.sI 3HeprHH, KaK 3TO 

06l>NHO [10] JleJIaeTCg JlJIjI 3pro,IJ;H"IeCKHX CUHHOBhIX CHCTeM. B yKa3aHHhIX pa60Tax OCTaJI

C.sI Ue3aM:eqeHHhIM: TOT ~axT, "ITO B paCCMaTpltBaeMhIX CHCTeMax: OTCyTcTByeT CIIHHOBaJI 

,IJ;H~Y3HJI .II ,nJI.IIKHOBpeMeRBaJI aCHl\fnTOTlIKa Upo.nOJll>BOrO JIOKam.aOro aBTOKOppeJIgTOpa 

< Io(t)I~ >OlX lit cooTBeTcTByeT 3ByxOBOii 3BOJIlOItlDI 6e3 3aTyxaHlISI. 3TOT 31P~eKT, B006

me roBOpJl, ,IJ;OcTyneH ,nmI ua6mo.neHlUl MeTO.nOM fJ - 5IMP. 
B HaCTOJJID;ee BpeIllUl pa3BKThI MeTO,IJ;hI [19] ,IJ;lIlarOH8JI.il3iUUUI 60Jlee CJIO)KBhlX raMlIlJlhTo

HH3UOB, qeM (21). O.nuaKo ,wIg paccMaTpHBaeMoro Kpyra 3a,Ila-q ORK, no-BH,IJ;HMoMy, erne He 

HCnOJIb30BaJIHCl>. 

3. RaepBaJI penaICcallHJI Qepe3 napaMarUHTBWe npHMecH. 

5I.nepHaJI peJIaKcaIlJiIJI qepe3 IIapaMaI'HHTHhIC npllIMec.II jffiJI.sIeTCg rJlaBHhIM peJIaKCaIJ;HOH

BhIM nponeCCOM ,IJ;1liI CIIJrIBOB 1/2 B H30JIJITOPax. XOTJI 3TOT nponecc H3yqaeTCJl yJKe BeC1:>Ma 

,ZJ;JlJ/ITeJIl:,HOe BpeM.sI (H B oc06eHHOCTB· B CB.DH C ,IJ;HHaMH-qecKoH nOIDlpH3aItHeH j{Jlep (CM. 

HanpHMep [10,20,21])), Pj{Jl lIHTepecBhIX BOnpOCOB l'l3yqeH eme BeChM3 He,IJ;OCTaTO~O. B 
qaCTBOCTH, B JIHTepaType no CIIHHOBOH ,IJ;HlIaMHKe eme He OTpaJKeH TOT ~aKT, 'ITO ,ltJlllH

ROBpeM€HHM aCHMIITOTlIKa non06xLtX CHCTeM Ue3KCnOUeH:qHaJI:bB3 B OTCyTcTByeT aHaJIH3 

~YMepBl>IX II O,lJ;HoMepHLtX CIICTeIll, B TO BpeMH KaK 3KCnepHMeUThI yJKe UanpaBJIeHhI Ba 

06'l>eKThI c q,PaKTaJIhHOH pa3MepBOCTblO [22J. 

06CYJK,naeMhtii np0IJ;ecc OIIHCloIBaeTC.lI KHHeTH"leCKHM ypaBHeHHeM 



6 

dp(x,t) ~ ~ 
-d- :::::; - LJ w=(p(x, t) - p(z, t)) - LJ ll",v=p(x, t), p(x,O) =Po, (22) 

t a '" 

r JI,e p(x, t) - nOJIjlpX3a.J:tl'U[ s.npa, pacnOJlOlKeHRoro B Y3JIe X XpBCTaJIJIa, X B npeHe6pelKeHHH 

yrnOBOB: 3aBHCIIMOCTI>1D JI,IlJIOJIb-JIJlIIOJIbBOro MaJUoIOJI,e:i:cTBl!Ul 

vorg C 
V -------- (23)

",:e - Ix - ziG - Ix - z16· 

3,I(eCD W:e",-,cXOpOCTb ~mm-cPnon. nepexQl{OB Jl,D;epHhIX CnHHOB paCnOJlOEeBKbIX B Y3JIax X 

H z, Vz:e-CXOpOCTL penaxcaIUUI s.nepHoro cmma B Y3J1e X nQl1 B1IJUlHlIeM 3JIeXTpoHHoro 

napaMaI'JDlTHoro npllDle~Horo IleHTpa (axIlenTopa) paCnOJIO)l(eHHoro B Y3JIe Z, Vo 2> Wo, 

n",-cooTBeTCTBylOiD;ee 'q]I(CJIO 3anOJIHeHHX, < n", >c= c « 1, c-:rwHUeHTpaIJ;l1Jl npllll4eCH, 

n = c/Q,,-eenJIOTHOCTb ( Qc-o&Leu: :meMeHTapHoi K'leUH KpHCTaJIJla) H ,I(aJIee npe,D;

nOJIaI'aeTClI, "ITO 3anOJIHeHlIUl pa311bIX y3JIOB He38.BlICJiIllLLI. B XOHTHlIyaJILHOU: npll6JmEemIH 

ypaBHeBHe (22) nepexQIUIT B 

op(x, t) 1~2 
~ = DL).p(x,t) - 'En",vz:p(x,t), D = 2d LJx WzO, (24) 

"
 II:
 

r,u;e d-pa3MepHOCTh XpHCTaJIJla, 3 D-J[03~eHT cmlROBoi JtH4>$Y3lD1. 

,Uanee MIoI orpaHB:tplMCJl 06cYJK,Zl;eHHeM 3Toro ypaBBeUjI JlMe.a: B BlIJtY, ~TO YCJIOBHS era 
nplDleIlJOolOCTlI 06hl'1HO ,D;OCT3TO"IHO xopomo BDIIlOJIlIem.x H llOJIOllUlM Po = 1. 

Ha6mo.zxaeMoi .SIBJl1IeTC.JI CYMM3pHa1I 1I)I;epHa1I HaMarHll'IelDlOCTb, I1ponOpnHOHaJILHaJI 

p(t) = A/ trxp(z, t) ::::< OIG(t)IO >=< 01 < G(t) >" 10 > . (25) 

3.u;eCD BBe,D;eH nponaraTOp GZI/(t), y.noBJIeTBopj{lQm;HJi ypaBHeJUlllO (24), HO C Ha'IaJIhHLIM 

YCJ1OBHeM: G:cy(t = 0) = 5(z - y), 'IepC3 10 > 0603H3~eH ROpMHpOBamn.ri BeKTOp C KOMIIo

BeHTaMJI < xlO >= 1/..;0., O-06'be1l4 KpllCTaJIJIa, a CHMBOJI < ... >c 03Ha~aeT ycpe.nneHlle 

no cn:y"laiillOJ4Y pacnOJIoJfteHlIlO npllDlecei:. 

EC1.IH Pa3JIOJftHTb p(t} B pg,n no XOB:IJ;eHTpaI:CllK npJD4eCH [14], TO B nepBliIX ~eHax 

p(t) =< OIG(t}IO >=< OIG(O)(t)IO > +n / trr < OI[G(l)(t, T) - G(O)(t)JlO > +O(n2} = 

= exp (-M(t)(l + O(n2 
)), (26) 

M(t) = n / lfr < OI[G(O)(t) - G(1)(r,t)]I0 > . (27) 

3,u;ecb BBe,u;eB..bI G(O)(t)-nponaraTop B OTCyTcTBHe npllll/leceB:, G(l)(t, r)-nponaraTop npll 
BaJIlII'UIX ~oro npJD4ecHoro IleliTpa, paCnOJIO:lKeHHoro B TO"IXe r, H Y'ITellO, -qTO 

< OIG(Ol(t)IO >= 1. Ranee, B cJUty TpaucmnnrOHHOi HHBapH8HTHOCTB 

M(t) = ~ f lfr£1l;z:£1ly[G~(t) - G~(T,t)] = 

= 7l. / lfxlfy[G~ - G~(O, t)] = nO < OI[G(Ol(t) - G(l)(O, t)IO > . (28) 
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Y.n06HO BBeCTJiI npeJJ:CTaBJIeHHe JIannaca COOTHOmeHHeM 

f(;\) = jdte->.tf(t). (29) 
o 

Tenepb G(O)(;\) = (;\ + A)-I, A = -Dil, 

1 1 nO 
M(A) = nO < 01(;\ + A - ;\ + A + U )\0 >= ~ < OIT(;\)IO >, (30)

o

1 
T(;\) = Uo1+ G(O)U ' (Uo)zy = 8zyv:z:o. 

o 
lb 3Toro npe,ncTaBJIeHH.Il, B CHJIy KOpoTKo.neB:CTBH.Il "nOTeHIUIaJIa" V:z:O CJle.nyeT, 'ITO T
MaTpHD;a T(;\) He 3aBHC:HT OT rpaJDItIHbIX YCJlOBD npH 0 -+ 00. IlmI peaJIbHhIX paC'IeTOB 

y.no6uee npOBeCTH CJle.nyIO:mee npeo6pa30BaBlIe: 

nO 1 nO 1 
M(;\) = ~ < OIUo;\ + A + U (;\ + A)IO >= T < DIUoA+ A + U 10 >= 

o o 

nO 1 
= T < OIUo(A + Uo)(A + A + Uo) (A + UolO >= 

nO 1 nO < nlUolD > 1
2 

= T < DIUo(A + U )(;\ + A + U )UolO >= T ~ 
I 

(;\ + En)E . (31)o o n 

3.neCb (A +Uo)ln >= En/n >. OXOH'laTeJIbUhIe <pOpMyJThI (26) H (31) co.nepJKaTCH B MOHD

rpa<t>1IJiI [23]. Harne H3JIO:llCeBJIe cne,nOBaJIO pa60Te [24]. 
nn.ll peaJIbH:hIX paClJeTOB no q>oPMYJIe (31) UOO6x.O.z:tHMO ,nHaroUaJllI30BaTb onepaTOp A + 

Uo. OlJeBH,ltHO, lJTO M(;\ -+ 0) H M(t -+ 00) onpe,neJUIlOTCH MaJIhIMH En. B 3TOH 06naCTH 

MOJKUO, CJle.nYH [23], npHMeHHTb TexHJiIKY paC'leTOB, pa3BHTYIO B TeopHll paccemH.ll Me.nn:eu

HhIX qaCTIlU (TeopHIO ,Zl.JIJ!Hl>l pacceBlllUI [25]). B 06naCTH 60JIblIIJIX ;\ B: MaJIhlX t YAo6ua 

TexHlIKa pa.3JIOJKeHHH no CTenelUIM K03q>tPHD;HeuTa ,nH4>$Y3HH, pa3BIITaJ[ B [24,26]. Y,noBJIe

TBOpHTeJThHylO TO'IHOCTb .naeT npe.n:CTaBJIeXHe 

T.ne nepBl.rH TUIeu OIIHC:LIBaeT HalJaJIbHYlO, epepcTepoBCKylO 'IaCTb pen:aKCaIIHH, a M1(t) pac

C'IHTLIBaeTCH cornaCHO (31) B paMKax TeOpHH A.J1]IlHbI paCceBllJll..lI. EcnJiI paCCMaTpHBaTb pa3

MepHOCTb npoCTpaHCTBa xaK HenpephIBHl>IB: napa.MeTp, TO 

M1(t) = 1?(d > 2)Ud(d - 2)nDtbd
-

2 + M2(t), (33) 

d-2 2 Ud d Dt 
M2 (t) = 2 (d - 2) P(2 _ ~) bonX( b2' d), (34) 

roo dx 1 - exp( -ax2 
) 

x(a, d) = 10 X3(Xd-2+X2-d_2cos(i(d-2)))' 

= ~ (r(2 - ~») 01':2 = (Q) 6 (r(1- ~)) 01:2 _ _~ 
bo 2 qg) , b D r(1+~=;) (.92) . 
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3.ll:eCb l1d-nnom:a.ztL e,nJmHqnOH d-MepROB: C4>ephI, b-,I(JIHlIa paCCCllHHil, as = 6-nOKa3aT€JIh 

CTcneHH B 3aBHCHMOCTH Vo:O OT paccTOmHil (23). IIPH d = 2 

(35) 

B 'I8.CTROCTH, upH Dt/b2 » 1 

411"Dnt 
M1(t, d = 3) = 411" Dbnt. (36)M1(t, d = 2) = In(Dt/l?) ' 

3.ll:eCL UpH d=l 3aBJ1lCHllOCTL OT b OTCyTCTByCT COBCCM, a B CJIyqae d=2 OHa OqeHL CJIa6ail. 

<1>oPMYJI:bI (26),(27) xeupBI'O,IJ;HH lIpH O'leHb 00m.:umx t. ne:B:CTBHTCJILlIO, paCCMOTpHM, 

CJIe.n;yJI [27], BlUla,D; B p(t -t (0) 60JIbUIHX 06JIacTei, lIe CQllepEaIWIX aKIlenTopOB. ITorJIow;e

Rl!le B RBX npOHCXo.n;B:T TOJIbXO XR rpaIUIn;e. CooTBeTcTByx>mee pemeHlle ypaBHeHHil .lUI<t>
<l>Y3HH ,wUI c4>ep:bI p~ca R nponOpIJ;B:OHaJILHO exp ( - KDt / R2 

), r,n;e K ex 1. BepmrTHocTb 

cymecTBoBamtSl TaKoi c41epLl oc exp(-nV(R)), V(R) = ~Rd. IT03T0Y:Y 

oo 

p(t -t (0) ex n L dV(R)exp (-nV(R) - ItDtR-2
) ex exp(-(Bt)d~2), (38) 

r,n;c B-lCORCTaH.Ta, Onpe.n;eJIJICMaB: reOMCTpJleB., nnOTlIOCTblO aKIlenTOpOB H x034x!>B:IlHeHTOM 

,n;B:cM>y:nm:. CTporHi: BLIBO,D; acBllIITOTHXlI (38) oo,u;epJK1ITCS[ B pa60Te [28]. 
Bonpoc 0 MOMeRTe nepexo,n;a C 3a.BICKMOCTH (26),(27) H8. acHM:nTOTlIXY (38), nO-B~OMY, 

][S~CH MOXO. B 1IJICJICHB:HX pac'lCTax [29] eCTL yKa3am1Jl xa. TO, "lTO a.CJDIUITOT:r.rxa. (38) 
pCaJIB:3yeTcSI: npJl p(t) < 10-11 • IIo3ToMY MOJKHO O.1KJI,lI;a.T1>, 'ITO nepexO.ll:HaB: 06JIacTb BeCbMa 

lWtpolCa. II 6lJUlo 61>1 lIHrepCCRO nocTpOllTL ,IVllI Bee a,o;eXB8.THyIO TeoplllO. ECTCCTBeHH1>Dl X8JI

,lI;JI,i(8.TOMH3 3Ty po.m. MOrJIB 6LI 6UTL nQD;X~ TJlIIa. TeOplDJ: Cpe,zJ;Jlero llOJlJl, KOTopLIe B ,D;aH

BOM Kpyre 3a,n;a~I1Ia3:&IBaIOTCj[MCTO,D;OM KOrepCXTHoro nOTeXIOIaJIa. (CM., HanpJIMep, [30]), HJIlI 

MeTO,n;OM 3epcPeXTllBlIo:i (KorepeHTBo:i) cpe,n;1>I [14]. OHll CTpOHTCH B mmnac-npe.n;CTaBJIeHllH 

.ztJIj[ npo"araropa. Ho B npJUIo)l(eJIHB: x o.ll:HOMepHI>IM H .ll:ByMepHLIM CHCTCMaM 3TH: no,ltXO,lUJ 

Be,ZlYT K 6eCCMLICJIemn.IM pe3yJILTaTaM .ll:JlJI rJIaBHoro np1l6JI1I)I(eHHSI. MO.1KRO O,ZlHaKO npoBec

TH aHaJIOrK'llIOC nocTpoeoe lIenocpe.nCTBellllO B t-npe,n;cTaBJICHlO'l H o6oiTH 3Ty Tpy.ltllOCTh. 

ITpe.ll:CTaBHM c 3To:i IleJIblO nponaraTOp G(t) KM 

G(t) =< exp( -(A + U)t) >c= exp( -B(t)), B(t) = At + M(t), (39) 

U = EnsU", U;q:= d~V;I;s' (40) 

HeJI3BCCTm.ri no:u onepa.Top M(t) 3ammIeM B 4>opMe M(t) = Ez MZ(t), a.HaJIOrH'IHOH 4>0P

MY.JIe (40) ,lI;lliI U. MOJKHO CX8.33Tb, 'lTO oncpaTophI MZ(t) ,ZlOJI2ICH:bI a,n;euaTHO OnH:ChlBaTL 

BJIHilHHe 8.KIlCnTOpoB B Tax R8.3LIBaeMOH "3tPcPeXTHBHoii: cpe,n;e" , B03Hl1J{aIO~eB: nOCJIe ycpe.zx

lIeOg no KOH4>HrypanJiUDoI 8.Ko.enTOpOB. llo3TOMY CCTeCTBeHRO nOTpe6OBaTh, qTO nponara

TOp G(t) B Cpe,ll;JleM He B:3MeJIl![TC.ll, eCJIH QlOIH 113 y3JIOB 3<P4>exTIlBHoi cpe.zx:bI 3a.MCHH:Tb Ha 

xacTom:n;Jdr H pe3YJThTaT YCpe.n;HllTL no pacnpc.nen:eHJIIO aKnenTopOll, TO eCTh 

G(t) =< exp(-At - M(t) + MZ(t) - n"UZt) >c . (41 
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COOTHoweHHH (39) - (41) 06Pa3YJOT 3aMKUYTyIO HeJIHHeiixyIO CHCTeMY onepaTopHbIX 

ypa.B:seKJlIi:. ITepei,neM K nOHcKy ee peme:SlLll. IIoCJIe ycpe.nHeBHH no n% HMeeM 

c[exp( -B(t)-U%t+MZ(t»)-exp( -B(t)+M.c(t»] = exp( -B(t)-exp(-B(t)+MZ(t». (42) 

Oneparop MZ ex C H n03TOMY MaJI, HO M = E MZ He MM. Y,n;ep:lInnl C o6o:a:x CTOpOH B (42) 
rm\BKhIe lDJeHl>I no c: 

c[exp( -B(t) - U%t) - exp(-B(t)] = -11 

d{ exp( -eB(t»M% exp(-(1 - ~)B(t). (43) 

CyYMHpyJl no Z H Y"<DIT:bIBM TpaHCJ1JUUIOHH)'IO HHBapHaHTHOCTh nOJIrraeM, 'ITO 

M(t) exp( -B(t» = c ~]exp( -B(t» - exp(-B(t) - UZt)]. (44) 

IIonO.lKHM 

M(t) = (mo(t) +m1(t)t, (mo(t»",q = 5zqmo(t). (45) 

3,n;eCh B rna BAI.D;eJIeHa 'IaCTb , nponopIUIO:SaJll>HM e,n;HHHqHoMy onepaTOpy, Tenepb, HCnOJIlr 

3yH npe06p330BaHlIe llaJIJIaca, MOXHO nepenHcaTL (44) KaK 

[mo(t) +ml(t)Jtexp(-(A +m1(t»)t) = 

"+iOO d>" 1 1 
=C J,,-ioo 211'i exp('\t) ~ >.. + A +m1(t) U.c ,\ +A + ml(t) +U,,' (46) 

YpaBHeUHe (46) lIMeeT MHoro 06m;ero C ypaBXeXH.lIMH (27)-(30) H CBO,ltllTCH K BlIM npw mt = 
O. llJIj[ pemeHHH npJl m1 ::f 0 Ha,D;O :saihH y.lt06B:bIi cnoc06 paC'leTa M('\) H3 (30),(31), 
06eCne'lHBaIOnnrii y'leT "IJIeHOB,n;o O(P) BIUIIO'llITem.HO npH 3aMeXe 10 >-+ Ik >, r,n;e 

< zlk >= ~ exp(ikz). C 3TOH TOllHOCThIO < klml(t)lk >= D1(t)k2 H POJIb ml CBO,IUlTCH 

B: IIepeHopMlIpOBKe K03«M!HWIeHTa ,D;lI«l>4>Y3HH: D -+ D + D1 (t). IIoIlpaBKJI K nony'laeMoMy 

TaKlIM 06pa30M nponaraTOpy 3$4>eKTJrnHOH cpe.zu,I MOJKHO XaHTH :sa OCROBe T-MaTpH'IBhIX 

.pa3JIoxemrii [14], llpll'leM nepBLIe ReHClIe3aIOm;JIe 1UIeHLI ex T 4 • HaCKOJIbKO HaM H3BeCTHO, :no 

- e.zlBHCTBeHllLti UYTb, lIO xpa:iReii Mepe B npJllllUlllIe n03BomnoJ:I:ll[i paCC"ClJITaT:& nOllpaBKJI 

K q,OpMyJlaM: (26),(27) H (31) npu BCex d H t He npllXO,lJ;H K 6eccMLICJ1elllDaIM: pe3YJIbTaTaM . 

MaTepHan ,n;aBlloro pa3,n;eJIa qaCTrmO ODllpaeTCJl Ha eme He ony6ml:xOBaHHyIO pa60Ty, 

BhIIIOJIHeHHYIO aBTOpOM COBMeCTXO C M.rOJIb.ztMaHOM, lK.-<I>.lKaxHRO H C.B.CTenaHOBLIM. 

4. CIIHHOBBJI ,ll;Hct»«ItY3HJI B HeynOpJlJlO~eBHhIx cpe,ll;ax. 

<l>y:a,ll;aJ4euTaJIbHLIi npon;ecc nepeRoca C1IJlHOBOH nomrpH3a!tHH no CHCTeMe CJIy'!aHHO pa3
~: 6pocaJIJILIX B KpJlCTamIe npJIMecHLlX Jl,llep 01IJlCLIBaeTCJi[ ypaBXeHlle1l4 

(47)Poi =- E(VmiPi; - VimPm;) 
m 

3,1l;ecI:> Pij(t) - BepoHTHoCTb o6HapyxHTI:> B036yJIC.lleHHe B MOMeHT t Ha i-OM Y3ne npHMeclI, 

ecnB BHa-qane OHO 6:LIJIO ua Y3JIe j. B CTaH,ZJ;apTHoi: lI4QZteJIH ,lJ;lIllOJIb-.lUlnOJIbHoro nepeHoca 

Vij == vorg/lri - ril6 
, r)l;e Vo - CKOpOCTI:> nepexo,na, cooTBeTcTByIOIIJ;ajI MBRlIMa.JD,HOMY pac

CTO~HlO ro MeJIC,lQ' npHMeCnnI, a ri-pa,mIyc-BeICTop i-oB npHMeCH. B ,naJIl:>HeimeM npe)J;IID

JIaraeTCa, 'ITO npJIMeCH CJIyqaiiHo H HeICoppemrpOBaHO pa36poCSBhI B npocToii: Ky6H'!eCKoi 

pemeTKe, a HX KOHn;eHTpaxuu c« 1. . 
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B p83,ZIeJIe 1 MhI yIe JDleJDI nplU4ep BLlDO,ZIa 3Toro ypaBHe.lllUI B paMKax. npocTelimeli 

l\4~ (b - JCOPPemlPOBalIHhlX) qu:rYXTYa.IVlB nOlCaJILUhlX none•. B:LIBo,ZI ~JI peaJILHLIX B32L

lIlMO~eBcTBri npOBe.D;eH B [14]. ASanlll3 K2L"'leCTBeBlIbIX BOnpOCOB 1Il nOp~KOB:ble onenxlIl B :lTO:i 

pa60Te·ocUOBaJILI Ha MQlteJmpOBaHllJl 4>JryxTy~inOJCaJl1>HLIX nonei HOPl\48JILH1>IM cnY"'lai:

IIhIM nponeCC014 C peaJIlllcTlIlIeCJCo:i: KOppeJIJll{.llJ:OBHOi 4>yJIKitlilei. II03~ee, B pa60Tax [31,12] 
6:EalJIO IIOXa3aHO, "'lTO 3Ta rHIIOTe32L ~a.eT He TOJThKO Xa"'leCTBeHHoe, HO 1Il xopomee KOJIliPIeCT

BeHHoe OmIC8HlIe pJllla cymecTBeB:lll>IX Ha6JIIO~aeMl>IXBe.JI:K'IlIll[ 1Il, B nepBytO O"'lepe,lJ,h, <tx>PMhI 
JIlIlHlDI pe30Ha.HCa IIplllMec:RI>lX ~p IIplil 113MeHeUlIllI ee,ZIO 10-4 OT 3Ua"'leXJUI B Bepnnme. 

B ,ltaHHOM pa3,ZXeJIe MLI paccMoTplDl BOnpOCLI, He ocnem;eHHMe B 0630pe [12]. OCUOB

Hoi IIporpecc B TeopeTlAeCIl:liIX lIlCCJIe.D;OBaHlUIX IIpo:o;ecca (47) B IIOCJIe.n;HlIle ro,ltbI COCTO.llJlB 

npOBe.n;eBlrDI npJDrloro 'IIiICJIeJlHoro 14QZleJIliIpOBaHlUl, n03BOJIlIlBwero onpe.n;eJIlIlTb K034>«PlIlIUleBT 

,D;lI4Jq>Y3l1R D C TO'IHOCTblO nOpH"l(K8 1% [32,33]. ITOlUlITKlIl 'IlIlCJIeBHoro pemeHlll.ll ypaBBeBlll.ll 

(47) IIpOBO,D;lIJIlICb B: pam.me (Cl\4. sauplllMep [34]), BO ORB: BCer,ZIS 6w:m COllp.llIeH:bl co 3Ba

"'lB"TeJIbHo:i Heo,ltH03B8'IHOCTI>IO B onpe.n;eJIeHllllll D. 
B pa60Te [32] BIdTIlIlCJIeHlU npone.n;eHDI H& ocROBe 3aMeHLI CJIrIa:i:Hoi KOH«plII'ypanB"lll 

CIIB:HOB nepJilQZll['lIecKoi C 60JIb1IIllM nepIlQZlOM R TaB:, 'ITO nepBOll&'lIaJIbHO B036YJIC.ZlellHhIM 

OCTaBaJIC.lI TOJIhKO o)Um :o;eHTp, pscllonOJKeHllle IIpIIMecei B xy6e neplllO,ZIlAHOCTlil 6L1no CJIy

"'laiHLIM. IIoCJIe TaKOK 3aMeHLI Heynop~O"'leRHOK cpe.n;hI lCPlilCTaJIJIOM C 6oJThillO:H CJIY'lIai

Hoi fieiKoi MOJKllO rrpOBecTlil JDIaI'OHaJIH3a:o;mo Onep2LTOpa nepeHoca H3 (47) Ba OCBOBe 

CTaH,D;apTliOi 30HHOi TeopHll H 'lIHCJIeHllLIH pSC'ieT ero HlIl3mero co6cTBeHBoro 3Xa'IeHlIl.ll 

ao(k) = Dk2 npll Mam.IX 3HaQellWlX ItBa311mmyJIbCa k Onpe.IleJIllT D. B [32] XCn0JIl>30BaRS 

P0,lJ;CTBeBHax, so Jma.s: CTpSTerIUl. B:blJIlIl BBe,neH:bl BcnOMOraTeJ'IbHhIe BeJI][q]/ffi:bl 

p;(k,t) = EP;m(t)exp(ik(rm - rj)). (48) 
m 

Kos4JxrypaI{llOJIsoe cpe.D;Ree OT lIlIX < p;(k, t) >c= P(k, t) lIlMeeT CMLlCJI<pypbe-06pMB IIpo

naraTOpa H, B IIpllB.1QlIIe, j[BJIj[eTCH HeIIOCpe.n;CTBeHHO Ba6mo,ZX&eMO:B BeJIX'DIROH B HeXOTOphIX 

OnTH"'leCKliIX 3xcnepB:M:eUT8X no nepellocy JIOX8JIlI30BaHH:hlX 3XCHTOHOB (CM. uanpllMep 135]). 
I13 (47) H (48) CJIe,n;yeT, 'ITO eCJIH ri - rj = Rm, m E Za, TO Pi = Pj, H, cne,ZJ;OBaTeJIbXO, 

,ZIOCTBTO'lRO peIIIHTb xOBelIBYlO clilcTewy ypaBUeHHjj; 

N 

Pi = -(A(k)p)i = - EIWji(O)P. - Wij(k)pj], pi(k,t = 0) = 1, (49) 
j=1 

r,lte i,j Tenep" RyMepYIOT y3JII>l B x:y6e nepllO,ZIJI['<I]IOCTlIl, 1Il 

Wij(k) = E vor~lrj - ri - mRI-6 exp [ik(rj - ri - mR)J. (50) 
meZ3 

KOHe'lHWI CHCTeMa (49) nplll MaJI:hlX 3BaQeHBJCC jkl.ZlaeT OClIOBB:ble CBe.n;eXBH 06 aClll\4IITo

TJlKe npo:o;eccs sa 6oJu,IIIJiIX BpeMes8X. B npo:o;ecce ~cneRRoroaHanB:3S B3Y"'!aeTcs BeJIH"IIIHa 

1 No 

P(k, tJNo) = Ii: EPi = (01 exp I-A(k)t]IO), (51) 
o i_I 

(r,D;e (iIO) = l/VNO) llpe.zlCTaBJ.U[I()m;as: cpe,D;Hee no BceM KOH4>nypaIJ;IDIM, 1I0JIY'IaIOnomCg H3 

,lJ;aJlHoi nepeMeHaMH "neJlTpam.Horo'~ Y3IIa. C pOCTOM No P(k, tlNo) CTpeMHTCj[ x P(k, t). 
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11:3 cneKTpaJIbKoro pa:3JIO)J(eHU 3pMH.TOBa onepaTopa A(k) CJIe,nyeT, llTO 

No-l 
2 aP(k,tINo) = E 1<1'10> 1e- ,,(k)t A(k)/J.' >= a~(k)lJ.' > (52) 

~o 

2
1h3IUee C06CTBeKHOe 3Ha'leJll![e ao(k --70) e,nHHCTBeHHO, a 1< 010 > 1 = 1+0(k2 

). BBO~K 
npoeKIlHOHlll>Ie onepaTOpJiI 7f = 10 >< 01 H. 1T = 1 - 7f nonyllaeM: 

_ - _ 1 
ao(k) =< O[A(k)IO > + < OIA(k)1T ao(k) -1i"A(k)ft ftA(k)IO > (53) 

(54) 

npH1JeM Iwacl>/flBIJ;HeHT q = (7f2 / 12)erg Vo nOJIHOCTbIO onpe~eJIaeTCS nepBhlM CJIaraeMl>IM H3 

(7) 1I MO)J(eT 6hITb paCC~TaH, KanpBMep, MeTO~OM nyaccoHa-3Ba.JIb~a [36]. TeK30p ~1rIep.. 

epY3l1H Y.l106HO rrpe,nCTaBIrITb B cl>opMe Dafj = (K,afj/6)r2(3. ITPH N --7 00 B cwry H30TP0IIllJrl 

CBCTeM:EaI Daf} --7 Ddafj, a K,afJ -+ I\.dafj. 
B [32] paC'IeTbt npOBO,llJrlJIIrIC!> npH No ;:; 2000 1r16bIJIO rrOJIY'IeHO, 'ITO K, = 0.301(4), y~O:BJIe

TBOpllTeJILH:LIe pe3YJIbTaT:LI ~OCTBraJIBCb yJK:e IIpH No ~ 500, a HMeIHOCTb npHMeHellllOro 

MeT0.lla 6:LIJIa rrpOBepeHa Ha aCllMlITOTlI'leCJCB TOllHO peIUaeMoi MO.lleJIH [36]. STOT aHaJlB3 

nOJIHOCTbIO BocnpoH3Be.JI· 'npe.n;acIlMlITOTJI1lecJOIii: 'UIeH B pa3JlOIellJlDl M8JlLIX k AJIB: Ma.CCo

8Oro orrepaTopa, 1rI, TeM·caMLIM, Bee CynJ;eCTBeHHJ.iIe CBOB:CTBa "nepeKoJIe6a.JDL9:" B up0Il;ecce 

BLIXO,lla aBTOKOppeJIB:TOpa < Poo(t) > Ha .zutcl>ct>Y3110HJIY1O a.CXMnTOTlIKY, IIpe,nCKa.3aHRbIe pa

Hee [14]. 

5. CUUBOBaS ,n;UBaMHKa MBrBHTOpcu6aBJleBRIoIX CHCTeM. 

3.lleCb, KaK IrI B P~OTax [37-40], IIQD; MaI'HJITOpmaBJIeHHOi nOHHlIIIaeTca CIrICTeMa, 06pa

30BaHHaa npBMeCHLIMHcIIJmaMJrl, cny'laHHO pacnpe.n;eneHHLlWlI B ReMRrHllTHOllll XpHCTaJIJIe. 

B KallecTBe npHlolepa MOIeT cnYJK:lITb ClICTeMa CIIlIllOB Z9Si B '1BCTOM XpHCTaJIJIe KpeMRHa 

KJIH 3JIeXTpOHH:bIe napaMaI'lDITlIhle npJilMeCHLIe lleHTphI B yCJIOBJUlX, xor,ZIa BJIlUlHHeM j[,Z1ep

HLIX CllHHOB MOXHO npeHe6pe'U>. ,1ln:s oIIpe,zJ;en:eHHocTII nOJIOJKB:M: BeJIlP.IJIHY CIIJlHa S = ~ H 

IIpJIMellll, "ITO CIIIIHOBWl 3BOJIlO~ B ,noCTaTOll:HO ClIJIbHOM BHeumev VaI'HHTHOllll nOJIe OIIlI

ChIBaeTCJI raMlIJIbTOHH.aHOV 

A = 1- 3cos2 
{}rq 

Arr = O. (55)
rq - I r _ q 13 ' 

raMKJIbTOlDIaH (55) IIpe,ZICTaBJIaeT 06LI'IHOe .,ZIJrIIIOJIb-,ZIJrIIIOJIhHOe B3aH.Mo,neicTBHe B CHJI1>HOM 

nMe [10], 38.IIl'lCaHHoe B 6e3pa.3l111epHbIX e,ZIHllJUlRX. 

OCHOBHbte cnO)J(HOCTH TOOpHH cnHHoBoi ,ZIHHaMH.KH B M8rHHTOp8.36aBJIeHHbIX CHCTeMa.x 

npoHCTeXaIOT H.3 rHraHTCKoro pa36poca BeJIH'lHH 3HeprHH B3aHMO~eHCTBHJI B HHX. HaJIH

~e no KpaiiHe:ii: vepe .ztByx xapaxTepHloIX 3HepreT:B1JeCKIIIX KOHCTaBT - B3aJitVO,ZIeii:cTBHJI 

Eo Ha MHlIHMaJIbHOM paCCTomnm (rropj'[,Z1Ka nocToaRHoi peIUeTKH) H. B3aHMo.lleicTBRa E Ha 

cpe,llKeM paCCTOB.HJilll, OTJIH'IaIOIIUlXCB: B ThIC~ pa.3, nplIBO,nllT K 6oJIbIUoMy p8.36pocy CKD

pocTei penaxCaIlHll II x BeB03MOJKHOCTlt nplBieHeHHa .ZIByxTe:p'lIIepaTypHoH TeOpHH. B BeCbMa 

lUHpOKOM ,ZIH.aIIa3oxe BpeMeH J{ )lJIa MxorHX npoIl;eccoB [41-44]. Ha,u;eJKHhIe pe3YJIbTaTLI no

JIYqaIOTC~ [45] Ha OCHOBe KOHIl;eHTpanHoHHoro p83JIO)J(eHHK [46], n03BOJIKIOm;erO nOCTpOHTb 
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p~ no CTeneH.lD4 El .w:tll Ra6mo~ae:au.IXBeJDI'DIH BJIB ~JI.s: COOTBeTCTB)'IOIIUIX <PyHKIJ;BH na

MHTH, O,nHaKO ero peam:,Hoe npBMeHeHHe OrpaJIJP:teHO He60JIbUll!MB Et. .lImJ npO,nBBJKeHIUI 

x 60JIbIWlM BpeMeRaM 6LJJI npe.w:rO)Kex [37,38] II pa3BBT [39,40] HOBLUi: MeTO~ KJIaCTepHhIX 

p83JIo:lKeHllli. OR COCTOllT B BliIAeJIemDl H TO'IHOM yqeTe RaB60Jlee CBlII'ymrpROH 'taCTH B3aB

M~eicTB:Hi) nop0E,ZJ;aIOm;ei Da3H.mlCXpeTlII>li cneXTp H CBiI3B.JIHoi C B3aHl4RLIM BJIJOmBeM 

6Jm3xopacnonO:>Ke:H.Hh1X CIIBHOB. OCTanl>HhIe B3aJ1lllQD;eHCTBH.s: MoryT 6l>ITb yqTeH:LI 8.IIaJI~ 

rK'IHo TOMY, KaK 3TO ~e.n:aeTc.s: B peryJVIpm.IX CBCTeM8X• 

.I{JIH YTO'IHeHHjJ BCnOJIb3yeMlJX noIDITHH OTMeTlIM, lITO TepMlIH KJIaCTepRHe pa.3JIoxeJUl.s: 

BeCbUB. MHOra3HB.lIeH, H XOHIJ;eRTpaIUIoHHllIe pa3JIO:lKellBJI [45,46] upeACTaBJUIIOT c060i KJIaC ..... 
TepHLIe pa3JIOEelDLll MJI xa6JIIO~aeMhIXBeJIH1IHH HJIB CBIDaHHhlX C HIIMlI ep)'HKIUlH mw..s:TH. 

B HOBOM JKe MeTO,lJ;e XJIaCTepRbIX pa3JI01KeHlIH [37-40]' pa3JIOJKeRBIO nOMe1KBT CaMa CHCTeua 

C n;eJIDIO pa3,QeJIeHHjJ otYbeXTOB, XapaKTepliO)'IOIIJ;HXC.s: ,lUIlCIpeTHliIM H HenpepLIBHLIM crreXT

paMB, B yCTpauellIDl HeKOTOp:LIX 6eCIORe1lH0CTeH. 3TH pacxo~MocTHB03ID1XaIOT B cTapoi 

TeOplDl B TaK lIa.3hIBaeMOM KOHTHHy3JIbB:OM npeJJ;e.n:e JllJIH npe.n;ene cnnomRoi cpe.zu,J (IlCC), 

IOr,lJ;a IIOCTOjJl[Rag pemeTKlI XpHCTaJIJIa CTpeMHTC.s: K HyJIIO, a llJIOTHOCTh npBMeceii OCTaeTCjJ 

KOHe"1JHoi. 

BOJIee epOpMaJIlI30BaHHOe KpaTKoe OIIHCaHHe HOB01'O IIo.n:x:o,na BhJl'JIjfJ[J[T· CJIe.zxYIO:w;HM06

Pa30M: KJIB.CTep paHl'a I - rpynna B3 I cmmOB) B cBJIY 1IHCTO reOMeTpJllieCKHX npH"IiI:H 

B3811M0~e:icTByIO:m;HX,lJ;pyr C .npyroM CJVIbRee, lieM C mo6l>IM CIDlHOM, lie BXO,IUIID;J.lM B rpyII

ny. lIJI.s: o,llH03HalIHocTH pa36HeHH.s: BBQlVITC.s: opToroHaJIhm.Ie KJIaCTepLI - KaJK,lJ;hlH CIlHH 

CO,lJ,epEllTC.s: He 60JIee qeM B O~HOM TaKOM KJIaCTepe. Pa3JIOMeHlle no OpT01'OH3JIbHllIM KJIaC

TepaM ocym;ecTBJI.s:eTCH CJIeJJ;YIOIIUIlItI 00p1130M; H3 epH3HlIecxlIX co06paJKeHHH <pRKClIpyeTcH k 
- cTapmmi paur KJIacTepOB, paccMaTpBBaeMHX B 3a,lJ,a'le; BliIAeJUIIOTCS Bce KJIaCTephI 3TOro 

paRra; 3aTeM, Cpe.n;H OCTaBIIIlIXC1l cnHHOB, B~emlIOTC.s: KJIaCTepLI paHI'a k - 1 2=: 2 II T.,lJ,. 

OCTaBma.s:c.s: nOCJIe BbUleJIeHH.s: BCex KJIaCrepOB 1JaCTb CBCTel4b1 HB.3:blBaeTC.s: "Maccoi" . B KR

'1eCTBe epll3H1JeCKo1'O KpHTepHH BLI60pa k B 137,38} n~OJICeH-a KBa3JIO~OP~OCTh MaCCLI, 

nOBlrll\laeMaa: KaK B03MOEHOCTb OIIB:C:bJ:BB..Tb ee TepMO.n;mIaMlIXy B npB6n::HJKeHBB cnJIOWHoi 

cp~• .no BLI,ZJ;eJIeHHS JUIacTepoB .IlHIIOJIbHlUI TeUJIOeMKOCTh B IleC 6ecxoxelIHa, a nOCJle 

XJIaCTepHoro pa36HeHl1UI npH k 2 3 .IlHnO.JIhHa.s: TenJIOeMKOCTh MaCChl CTaHOBHTC.s: KOXe'IXOB: 

11 onpe.zxeJIj[eTca B3aHMO,lJ;eiCTBHDri}I Ba Cpe,n;HWC paCCTOJDlliUlX. COBepmeHBo auaJIOrlllIHO Be

,lJ,eT ce6.s: B BTOpoii MOMeHT JIlIHHliI norJIo~eHB.s:. Ilo3ToMy MOJICHO npe.nn0110JICHTb, lITO BpeMR 

YCTaHOB1IelllU1: P8.BBOBeCIUI: B Macce nOpjl,lJ,Ka xapaxTepHoro BpeMeBll epmm-cPnon nepexQllOB 

H COOTHOCHTC.s: co BpeMelIeM <pa30BOH pe.naxcaJl]UI Tax Ee, xaK B perYJIHpHI.IX CJlCTeMax. 

'uJIJI OIDICaHH.s: JlCe caMora npon;ecca <pa30Boi peJIaKCaIUIB XJIacrepoB H MaCCLI B pa60Tax 

[37-40J 6hIJIa pa3BIITa MOIDIcPlIIC<lIUl.s: H3BeCTBoi TeopBH AH.IlepcoBa-Beicca-Ky60, MO.IlemIpy

IOmeH JIOK8.JIbHl>Ie nOJIH Ha cnIIHax HOPM8JIhHLIM CJIyqa:i.B:LIM npon;eCCOM. HOBE.IM 3JIeMeHTOM 

meCh HBJLIleTC.s: BBe.n;eHHe B TeopHIO CTaTB1IeCKWC cPnYxTyanHi BTOphIX MOMelITOB JIOXaJIhHhIX 

nOJIeH, 3a.BHCJnIXl1[X OT peamr3aIJ;HH CJIYliaB:HOro pacnpe,neJIeUlU cnHHOB B KpHCTaJIJIe. BaM

xe:ii:IInDi aprYMeHT B n0JIh3Y 3T01'O nO,IVCO,ll,a COCTOllT B TOM, lITO B npDJIOEeHHR K D3BeCTHoi 

T01l.BO pemaeMOH MQD;eJIlI AB.,IlepCOBa, Y'DIThlBalOm;ei TOJIbIO Z - Z 1JaCTb ra.Ml'IJIhTOHllRHR 

(55), .)TOT MeTO~ .IlaeT, BOIIpeo eCTeCTBeHHbIM OXJI/JlaHJI.SIM, Y,llHBHTeJIl>1I0 TO'lllLIe pe3yJIb

TaT:&1, a nOCJIe OT,lJ;eJIeHH.s: KJIaCrepOB era T01lH0CTb ,lJ,OJDKHa B03paCTH. 

06cy:B<..IlaeMM IJIaCcB<pllKaIlHH B3aHMQD;eiicTBlIH Cn:HHOB npe.zma.3Ha'ieHa .zm.g: BhI,I:teJIeHIDJ 

,lJ,liI:KaYJrI'IeCKlIX no,nCBCTeM npB OUHCaRlIIB 3BOJIIOIJ;JrIJrI CnllHOBOB: CKCTeM:LI. OnTRMaJIhHhl:H: AJIJl 

3TOi IleJ.lB MeTO,ll Bhl,lJ,eJ.leHHR KJIaCTepOB ,n:an:eKO He OlIeB~eH 1'1 He O,lJ;H03Ba1JeH. IIo3TOMY 

BaJKHO Bl>1jICHHTb, B KaxO:i Mepe 3Ta HeQIUl03Ha1JllOCTh BJIHaeT Ha epH3BlIecKHe pe3yJIbTa
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ThI. B pa60Te [391 DOICa3aJ10, 'ITO ~OnJl CIIIUlOB K, DOna,zJ;aIOIIUIX B ICnaCTep&I, BeCbM8. cna60 

3aBHClIT OT TOro, ICaKasI H3 ImaCCH4>HICa.n;mi, 3HepreT:H1JeCICaJI linK npOCTpaJICTBeHHaJI, DO

JIOIeUa B OCHOBy aHam13a. IIpaICxH'IeCKH OTCyTcTByeT TaICJKe 3aBHCHMOCTb ,;. OT cTapmero 

paHI'8. JUIaCTepOB k npH k = 2 H k = 3 [39]. B pa60re [40) B&IeJIeHO, 'ITO .ztJIB alIaJIB:3a 
ClII'UaJI8. e»06o.ZJ;Hoi: HB.ZJ;yICI(Hl![ (CCH) B BeCbMa IDlIpOXOM HlITepBaJIe Bpeu:eu .ZJ;OCTaTO'lHO 

Bhl6p8.Tb k = 2, npll1JeM ,llIDI CaMoro CCH nony'leHbl CPaBHHTeJIbHO npoCTDle lIHTerpaJIb

m.re npe.nCTaBJIeBHS:, co.nepJICaIQ;He I\, B Xa'leCTBe BuemHero IIapaMeTpa. B pa60Te [471 pac

CMOTpeHDI erne ,IJ;Be ICn8.CClI4>HIC~, B HeXOTOpLIX OTROmeHHJIX 60nee ecTecTBemll.te '1eM 

Bl>IIIIeynOMs:HyT&Ie. OBH OCHOBaHbl Ha CpaBHemm nonB, C03,D;aBaeMOro BCeMll BHeIUI3CTep

HhIMH CnHBaMlI C BHYTpllIUIacxepllbIMH nons:MK. B Xa'leCTBe Meplil BUeXJlaCTepHoro nons 
6&IJI HCn0Jlb30BaH ero BTOPOR MOMeUT. HMeHHO 3Ta BeJIJIlDIHa eJIyJKHT uUOOnee npocTO:H: 

H eCTeCTBeBHOH XapaKTepHCTlIXOH CneKTpaJIbHOR mHpHB&I KOppeJlJlIlHOBHLIX epyUXIUIH, cy

meCTBeKHLlX Kax B CDHHOBOR ,D;lIRaMHXe B D;eJIOM [10], Tax H B paCCMaTpllBaeMbDC 3ap;a1Jax 

[37-40J. llOJIy'leHHlile pe3YJIbTaTbI npOBCHJIlOT 06JlaCTb peaJIHCTH'IeCXHX 3UaQeHD I\, H ua 

JlX OCHOBe 6:bIJI npOaHaJlll3HpoBaH CCH B 4>H3H1JeCKH HUTepeCHOi 06JlacTH H3MeHeHIDI 3TOro 

n8.paMeTpa I\, = [0.6 - OAJ. 

B HRCTOmnee BpeMJl B 3TOM Kpyre HCCJI~OBaHH:i BnepBbIe nOCTpoeHa reopHS:, npeTeu

.lXYIOmaJI ua KOJIH1JeCTBeHHoe OIIHCamIe crn DpK HeMaJILtX Et H nOJIYtJem.r npe.nCKa3aHHJl, 

npOBepKa KOTOphIX n03BOJIlt1Ia 6hl 3KCIIepllMeHTaJIbHO yTO'iRllTb KaK HaH60nee cymecTBeH

HhIe ,llJIJ[ .ZJ;aJIbueimero pa3BHXHa napaMeXphl (XaKHe KaK, HanpHMep, k H It), TalC H CaMH 

npllHJlHlIhl JUIacxepHoro pMJIOJKeHllH. K YJICe .ZJ;OCXHrHyTWM ycnex:aM TeoplDl MOIUO OTUe

CTH ua:i.n:eHBoe B Hei 06b.llC1leBHe [39] xoro 4>a:rcTa [42], 'ITO ,D;&Ipa, Blil)J(BI'aeM8.S Ba xp:wIe 

.ZJ;JlnOJIbHO yuntpeHHOi: JIlIHlIlI, JllMeeT Dpll6Jm311TeJIbHO 3XcnOHell.I{JlaJIbllylO (a He JIOpeB:n;eBy, 

KaK C1JlITaJIOCb paHee) 1JaCTOTuyIO 4>opMY. Jlam.ueime:i D;e.JIbIO TeOplDl JIBJIJIeTC.lI OIIlllCalIHe 

npoueCCOB CIreKTpam.HOro nepeHoca B o6beu:e, .ZJ;OCTaT01JHOM WI.lI o6'I..lICRCHH.lI pe3YJIbTaTOB 

pafiOT [41,42] H npe.nCKa3aBlU HOBLIX aBJIeHlIi. 

qacTb HCCJle.ZJ;oBaHHB:, OXpaJICeHlIbIX B pa60re, BhIIIOJIlleBa npH nO.ZJ;.ZJ;epJKxe P<I><I>H (npo

eICTbI ·96-15-96418 H 96-02-17771-80). 
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