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§1. IlepeMezaeMOCTb BO MHOl!CeCTBeHHllX npoueccax 
! . 

HBJJem1e nepeMexaeMocT11 11HTeHcl1B~o · l!CcJie.n.osaJJocb B .. pa6oTax 
H. E. 3eJJb,lJ,OBl1qa 11 ero yqeHl1KOB B Teop1111 Typ6yJJeHTHOCTl1 11 rope-· 
Hl1H (CM.- COOTBeTC~BYIOIIIYIO Jll1TepaTYPY B [1-5)). HanpnMep, B

1

pa60Te, 
[3] nepeMezaeMOCTb 11iJJIOCTpl1pyeTCH B paMKaX npOCTOrO JJOrl1CT~qecKOro 
ypaBHeHl1H(MO,D,eJJl1) 

• 2 
n=en-J3n +g(t)n (1.11) 

r,D,e e-K03~~11U11eHT npttpOCTa, J3-K03~~11i11eHT HeJJ11HefiHoro caMoorpaH11-· 
qeH11H, g(t)-Kos~~11u11eHT ~JJYKTY~u1111 np11pocTa. Ilp11qeM ~JJYKTyautt11 
npe.n.noJJaraIOTCH rayccoBcK11M11 11 xapaKTep113y10TCH napaMeTpoM o: 

, 
<g(t)g(t ·)>=206(t-t ). 

,llaJJee BBO,ll,11TCSI B pacCMOTPeHtte nJJOTHOCTb sepOHTHOCTl1 P(n,t) 
nepeMeH~oii . n ct J 11 ,D,JJH · Hee m1IUeTcH . ypasHeHtte .. <lloKKepa:..IlJJaHKa 

( 1. 2) 

,lJ,Jll'I, 

{Jp 
. 2 

{}[ (en-,-J3n +On)p] o(On2
p) 

--=- + 
{}t; 

Ero·pemeHtte 

on on2 

·'· cc:101-1 · -p (n)=Zn exp[-(J3/0)n] 
.s, - . . . 

Y.D.OBJJeTBOpHeT CBOHCTBy_rrepeMexaeMOCTl1 np11 
0 > €: >·o, KOTOpoe 3aKJJJOqaeTCH B 6UCTpOM . . . 
l01!111X CTaTl1CT11qecKl1X MOMeHTOB 

<nk>=(O'/l3)k•~(k+~/O)/r(e/O), 

( 1. 3) 

q.4) 
I . 

3HaqeHttHX napaMeTpos 
YBeJJ11qeHl1l1 COOTBeTCTBY-

k=l',2,' •.• , (1.5) 

HecMOTPH Ha y6uBaH11e nJJoTHOCTl1 sepoHTHOCTl1 (1.4). 
XOTH caMO CJJOBO "nepeMexaeMOCTb ''._ ( BO MHOl!CeCTBeHHllX npoueccax) 

Mil anepsue.ycJJumaJJ11 oT H. M._ ,llpeMttHa[2l, np11Mepu sToro HBJJeH11H 
6UJJl1 paCCMOTpeHU HaMl1 eme B 1980-821"!'. B pa6oTaX [6-10). 

' OCHOBHaH sa.n.atia 3TC;H ~TaTbtt-noKasaTb, Hac1<oJJbKo ecTeCTBeHHO 
BosH11Ka10T·TaK11e HeperyjHPHOCTl1 np11 MHoroKoMnotteHTHOM paccM0TpeH1111· 
KoppeJJHU110HHHX xapaKTepttCTl1K ,D,JIH accou11aTl1BHllX, Be.n11q11H. 

CnepBa npe,lJ,CTaB11M. ce6e. qTQ HasirnaIOT nepeMexaeMOCTblO BO MHO
:w;e~TBeHHllX npou~ccax: BBe,D,eM onpe.n.eJJeH11e ·. Ma'cmTa6Horo . 4)aKTOpl1aJ.Ib
HOro MOMeHTa[ll] 
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M 
Fi= Mi-1l <nk(nk-1) ... (nk-i+l)> 

1=1 <n(n-1) ... (n-i+l)> 
<1:sJ 

r.n.e M - q11cJJO ,D,eJJeHl1H BCero 6UCTPOTHOI'O 11HTepBaJJa ~Y, nk- q11cJJO 
3apHmeHHUX a,D,pOHOB Bk- M ITO~hlHTepBaJie, n - 11X q11cJJO BO BCeM 

11HTepBaJJe ~y. B TepM11HaX ITJJOTHOCTeH no 6UCTPOTaM Fi sarr11meTCH 

cJJe.D.YIDl!IMM o6pasoM: 

F. = 
1 

~ i yn dy 

Mi-1 L, ( IT I dy)dy ... dy. 
1 1 Yn-1 1 1 

i jo+~y dO 
II ( dy) ----

n=1 Y n dy1···dyi 
~y 0 

r,11e y = Yo + n - . 
n M 

( 1.7) 

ECJJl1 qacTl1UU He Koppe.n11poBaHU no 6ucTpOTaM 11 COOTBeTCTBYIDl!l11e 

ITJJOTHOCTl1 He 3aBl1CSIT OT. 6UCTPOT (~eiiHMaHOBCKOe ITJJaTo), TOr)la 

F. = 1. 
1 

( 1.8) 

B. OCTaJJbHUX CJJyqaflX F. i 1 11 3TO C411TaeTCSI nepeMeJKaeMOCTbID, a 
A A 1 

ReJJl1411Ha F.(ln F.) - ee Mepoii. 
1 1 

EcTeCTBeHHO, )IOITYCTl1MO BBe,D,eH11e .n.pyr11x, 6oJJee ITO)IX0.11Hllll1X 

Mep. Hanp11Mep, M <n. (n -l) ... (nk-i+l)> 
i-1'\' .K k 

Fi= M £ i 
1=1 <n> 

Cefiqac ITPl1Hl1MaeTCSI 3Kcnep11MeHTaJJbHO ycTaHOBJJeHHUM ~aKTOM 

c.ne,11yromaH JJl1HeHHaH 3aB11Cl1MOCTb: 

( 1. 9) 

ln F1 = ai - b1 ln 6y (1.10) 
• 

B e+e~, µp, pp-11 pp-Bsa11Mo,D,eiicTBl1HX[12-18] (CM. Ta6.n. 1). 3.n.ecb 

~y 
6y:-M-. 

, _He,D,aBHO Ceii6epT 11 BOJJOilll1H[20,21] o60CHOBaJJl1 MeTO,lJ, KOppe.nH

U110HHUX ~YHKU11H ,D,JIH pacmen.neHMH 6ucTpOTHUX 11HTepsa.noB (Split-bin 

correlation function) 

r.n.e nL(R)_ 411CJJO 
m 

M 

l <nLnR> 
m=1 mm 

82 = M LR ' 
<n n > 

( 1.11) 

4acT11U B .nesoii (npasoii) no.nos11He m-ro MHTepsa.na, 

r~u-~~:;~ ·-·. . ~ 

I n'l'l"'U"'''I: •v~, · · ·c·"' ~~s,i;o1tiH:;· 
~ ~-~ 



Ta6J111ua 1 
3Ha4eHH.H napaMeTpa bi B pa3HblX 3KCnepHMeHTaX[16,18,19l 

b2 -- I b4 I b5 b3 

e+e-,Ys=91 raB 0,023±0,002 

µp, 280 raB/c 0,022±0,001 

o·,082± 
-

0,085± 

0,021 Oi182±0,062 0,285±0,080 

,004 0,242±0,015 b,464±0,050 
-

,c+p,K+p 
0,013±0,001 0,050t 

250 raB/c 
0,002 0,148±0,007 0,328±0,019 

-
Pi?,v's=630 raB 0,011±0,001 0,025± o,oos10,050±0,00510,077±0,011 

·-

nL(R)_ 4VICJIO 4aCTVIU B .neBOM (npaBoi1:) noJIOBVIHe BCero MHTepBa.na ~Y-

BaJKHO no.n;qepKHYTb, 4TO 11.n;e.H "pacmen.neHVI.H" 4aCTO (pMryp11pyeT 
B Mo.n;e.nVI KBAPKEP[22] VI 3aKJIID4aeTC.H B c.ne.n;yromeM: ecTeCTBeHHO 
npe.n;nOJIOJICMTb, 4TO npM Heli!OTOPblX YCJIOBM.HX nocTaHOBKVI 3KCnepVIMeHTa 
MOl!tHO YBVIAeTb pac~enJJetrne no 'pe30HaHCHbl'M CVIC'reMaM!_ 

Mb! VIMeeM B Btt.n;y pacmen.ne1111e no 4VICJleHHOCTHM TOl!IIO TaKoe, 
KaK 3TO 6u.no B Mo.n;e.nM KBAPKEP np~ pacnpe.n;e.neHMH KBapKOBOro cy6-

·,• ,, • I 

cTpaTa no cxeMe peaKUMM 
V 

a+b ~ n ~ 2 n.N. 
i=l 1 1, 

r.n;e n. (N.) - 4VICJIO a.n;pOHOB (BaJleHTHl:lX KBapKOB) ,i-ro Tima. 
1 l. 

( 1.12) 

B pesy.n1Ta're, KaK Heo.n;HoKpaT110 61:rno n0Kasa110[6-10J, OHO npo-
.HB.n.HeTc.H B 3aBMCVIMOCT.HX pa3HblX KOppe.n.HUHOHHblX COOTHOllieHVIH OT 
4VIC.na V. 

OxoTa ttaTaKoe "pacmen.neHVIe" npo.n;o.nJ1CaeTc.H 60.nee .n;ec.HTVI .neT 
[7-10,22,23], VI OHO Tenepb CTa.no oco6eHHO.aKTYaJl1HblM B CB.H3VI c 
.HBJleHVIeM nepeMeJICaeMOC,TVI. 

\,13 CTPYKTYPbl ce4eHVI.H TOPM03Horo VI3JIY4eHVI.H r.nIOOHOB B-.n;peBeCHblX 
.n;VIarpaMMax ~n nop.H.n;Ka TB KX~[24] BblBe.n;eH~ CMCTeMa ,ll;Vl(p(pepe11uVIaJ11-
HblX(~) ypaBHeHMH[23a] AJIH' 3KCKJll03VIBHOro VI DOJIHOro Ce4eHVIM, a TaKJKe 
,ll;JI.H cpe.n;HVIX (accouVIaTVIBHblX) Ml!Ol!tecTBeHHOCTei1:, COOTBeTCTBeHHo,· 

V 
d \ . 
d'C O'(n1•···,nv) = -(L_Nk nl<) O'(n1,-•·,nv)! 

k=1 .. 
V 

~'.C a_'.'.' -( L Nk <r,,?_) a, 
k=1 

4 

I 
' 

l 
~ 

f 1j. 
'' 

V 

~'C <ni> = - I NkDik' i=1,2, ••• ,v, (1.13) 
k=1 

rAe 'C - "BpeMeHHOM napaMeTp, Dik = <nink> -<ni><nk> - 3JleMeHTbl 
MaTPVIUbl KOppeJ1.HUHH_MeJ1C.n;y MHOJICeCTBeHHOCT.HMH pa3HblX KOMnOHeHT. 

B [23a) noKa3aHO, 4TO HeTpHBHaJlbHble H.. (pi1_3H4eCKH · i1HTepeCHble. 
perneHVI.H Mo.n;e.nVI KBAPKEP (1.13) B03HHKaroT JIVIllib AJI.H Koppe.nVIpoBaHHblX 
KOMnoHeHT D.k j O AJI.H Bcex i,k=l,.~ .• v. HanpHMep, B·c.ny4ae ' 1 

6VI.mrneMHOM napaMeTpVIsau1-rn. 

Dik ( 1.14) - 1 - -- <n. ><nk> 
aik 1 

VI npVI DOJIIIOM HaCblll\eHMVI KoppeJIHUVIOHHblX CVIJI aik = a (i,k=l, ... ,v) 

2.a.n;a•~a KomVI perna<=>'l'CH T04HO. B pesyJJbTaTe MeTO,ll;OM KOM6VIHVIPOBamrn 
no.nyqaeM CTa!.(VI0Hap11oe peilleHVIe B BM.n;e MHoroMep11oro MacmTa6110-
VIHBapVIaHTHoro pacnpe.n;e.neHVI.H Ko6!:l-HVI.n1ceHa-O.n1ce11a(KHO) 

,r· 

V . a-V _n <n1> O'(n1 , •.. ,nv)I O ~ t exp[-(a/V)t], 
1=1 · 

r.n;e t=2 zi, zi = ni/<ni>. 

DTMeTVIM, 1.JTO TaKoe 0606IT1eHVIe VISBeCTHOrci r-pacnpe.n;e.nemrn 
ecTeCTBeHHO o6h.HCH.HeT sara.n;Ky OTPMUaTeJlbHOro 6MHOMVI3JlbHOro 

. ' . . . . 

(1.15) 

pacnpe.n;e.neHM.H VI xoporno annpoKCMMVIpyeT 3KcnepVIMeHTa.n111ue .n;aHHble 
,ll;JIH ueHTpa.nbHblX VIHTepBaioB nceB.n;06blCTPOTbl npVI t~z ~. B [236] . C 

o6cyx.n;aeTC.H B03MOl!tHOCTb DPVIBeAeHMH CMCTeMbl ~-ypaBHeHMM ,ll;JI.H cpe.n;HttX 
(accouVIaTMBHbIX) MHOJICeCTBeHHOCTei1: K 3KOJIOPVI'4eCKOi1: Mo.n;e.nM BOJlbTeppa. 
Tor.n;a CTaHOBVITC.H .HCHblM, 4TO 6VIJIVIHei1:Ha.H IPOPMa (1.14) COOTBeTCTByeT 
MeTo)(y "BCTpe4M" VI COOTBeTC~Byroma.H MO)(eJI1~.n;VICCVIna.TMBHa.H Mo.n;e.n1 
KOHKYPMPYIDll\lfX KOMno11eHT, '4TO BMecTo·6ttoMa~c~ MOl!tHO BBecTVI.noH.HTVIe 
KBapKOMaCCbl, 4TO AJI.H HeKOTOPblX (pVI3VI'4eCKVIX BeJIVI'4VIH B03HVIKaroT ypaB
HeHM.H Ka~ C caMoorpaHVI48HMeM ~epxro.nbcTa, TaK VI_<? BOJlbTeppOBCKMM 
noc.ne.n;ei1:cTBVIeM ( sanas.n;uBaHVIeM) VI T. .n;. 3aMeTMM; · '4TO. noc.ne.n;11ee 
B03HMKaeT AJI.H ce4eHM.H ,· if · ' no.nyMHKJIID3VIBHOro o6pa30BaHVI.H n sap.HJICeH-

n C .c 
HUX '4aCTMU VI MMeeT BVIA 

V 

:'Con = -(None+ L Nk<~(nc)>)On, 
c k=2 . C' 

(1.16) 

5 



r.ne <nk(nc)> - 113B8CTHOe KoppeJIRU110HHOe COOTHOIIIeH_11e Tl-ma Neutral

charge 11 co4epJKl1T sanas.n1rnam1e 11s-sa ycpe,lltteH11R no ocTaJJI:.HHM KOM

notteHTaM C ytJeTOM ( 1. 15) . 
0,llHaKo B MO.lleJIYI KBAPKEP np11 "rpy6oM" cnoco6e pa6om MOJl(HO ·YI 

nponyCTl1Th 8~~eKT T11na nepeMeJKaeMOCTl1. HanpYIMep, B [23B] np11 

KatJeCTBeHHOM aHaJIYl3e )(YIHaMYIKl1 Ha ~a30BOi1 n.nocKOCTYI a!JaJil1311PO

BaJiaCh cJie,lly10maR Mo,lle.Ji1, noJiytJeHHaR np11 TaKoM cnoco6e ycpe.n;HeirnR 

11CXO,llHOt'O ypaBH8Hl1fl ( 1.13) ,llJlfl o( n1, ... , n1): 

___£_ Cl' 
dt nc 

<n >' = 
C 

NcncO'n + g1(t) neon-· g2(t) 0 n ' 
C C C 

N + g
1
(t)) D2 : 

C , .· C 

0 ~ot = (-Ne+ g1(t)) <nc> 0 tot- g2(t) ·0 tot' 

(1.17) 

(1.18) 

(1.19) 

r,lle D
2 =<n2 >-<n >2 

- .n;11cnepc11R pacnpe,lleJiemrn no MHOll(eCTBeHHOCTl1, 
C C C 

KQTopaR o6HtJHO napaMeTpl13YeTqR CJie.n;yl01!(11M 06pa30M: 

D2 =(<n >-8) 2 /a. 
C C 

3.nec1 a=3+4, 8=1. 

MOJl(HQ 

g1 ( t) 

npe,llnOJIOJl(Y!Tb, . . ' 
V 

= - y\ A.N • . L . 11 

i=2 

V 

tJTo B Hefl sanas,llHBamrn . 

➔ A.- A.N, 
· C .. c ', 

·. g2(t) = t \ B.N. ➔ B, L i, 1 1·-·.1 :11' 

i=2 . 

( 1. 20) 

KOTOpHe l'IBJIR!OTCR HeYl~Beci~~Ml1 ~YHKU,11RMYI OT 8BOJIIOUl10HH0f'O napaMeTpa 

'f, sa.n;a10;r(fa' ~JIYKTYMPYIOl!(Hk1YI ~YHKUYIR~l1, Hanp11Mep, CJie.nytomero Tl1na: 
• ' , t 

g.(~) ='··a .. S(t-:t.),. i=l,2,_. 
1 • £J iJ · J · ( 1. 21) 

r,lle 0 . .'- nOCTORHHlle," xapaKTepl1~YIOl!(l1e 11HTeHCl1BHOCTl1 IllYMa, 8(t)=l 
' 1.J ' ·,. . ' ', 

(11J111.0) ,np11 O<t<:to (t<O 11 t>to), to --: ,llJll1TeJJbHOCTb IIIyMa. ~pyrnM\1 

CJIOBaMl1,,llOnycKaeM, tJTO POlK,ll8Hl18 pesoHaHCOB cos.n;aeT H8KYIO WJIYKTY-

YIPY!Oll(YIO cpe,lly ( IIIYM). · ' " • · ' ·' · 

Ka_K 6HJJO CKa3aHO BO BB8,ll8Hl111, l{T()6H ycTaHOBl1Tb nepeMeJKaeMOCTb, 

Heo6xo,llttMO, Bo-nepBHX, nOJIYtJYITb CTau110Hapi1oe perneH11e ,llJIR BepORT

HOCTHOA WYHKU,1111 ~(zc) 11 ee MOMeHTOB C(k). Bo-BTOPblX, CJie,llyeT HaflTYI 

peJKHM nepeMeJKaeMOCTl1, KOf',lla np11 onpe,lleJieHHHX 3HatJeHl1RX napaMeTpOB 

6 

I 

I ,, 
''i 

11 
ii 
.:r 
I 

1· 

' 

I 
I 

r 

0 .. y611Ba10mei1 ~YHKU.1111 W(z) COOTB8TCTBY!OT 611cTpopacTyll(11e 3HatJe-
1J C 

Hl1fl C(k). 
l{TOObl 8TO no Kasa Th, B OT Jll14118 OT M8TO,lla CTOXaCTYltJeCKOH Kl1H8-. ' 

T11Kl1, Mbl He HYJK,llaeMCR B 11enoJib30BaHl111 KaKl1X-Jil160 .n;onOJIHl1T8JlbHllX 

ypaBH8Hl1H, HanpHMep, ~Ylna 10KKepa-TIJiaHKa (1.3). 
AHaJiorwrno TOMY, KaK 8TO 61rno c.neJiaHO B [23a] ,llJIR MHOrOKOMnO

HeH'l'HOf'O C:JiylfaR, CT3!.V10HapHoe peIIIeH11e nOJIY'-!aeM Henocpe,llCTBeHHblM 

l1HTerpYipoeaHYieM C:YICTeMll ypaBHeH11A (1.17)-(1.19). 
}lei1CTBl1T8Jlbl!O, no.n;eJil1M (1:11) 11 (1.18)· Ha (1.19) YI npOl1HTe

rp,1pyeM. TioJJy 1rnM c.ne.n;ytomHe COOTHOIII8Hl1fj: 

<n .> <n > 

ln(O /OO )= J:<n ;-/D2 
n n c c 

C C (I 
en 

+ J:<nc>[g2 (t)/{D;[Nc - g1(i)J}]. 
< n > 0 

( 1.22) 

C ·~ 
<n > <n > 

ln(Ot t/lt) t)= r:<n >[<.n >/r>2 ]+ J:,n >[g,('f),l{D2[N -g,(-r.)J}]. 
0 -0 C C C C c ~ ~ 

0 . 0 
· <nc> <nc> (1.23) 

8.n;ecL 0° , 0°t t M <n O - 3HatJeHHH COOTBeTCTBY!Olljl1X ¢YHKUMCi n O C · 
(" 

rTJH1 r=O. 
KoM611Hl1IJYR KHO-ipyHKILl110 1D_( z("), BM,1\HM, lfTO BTopoCl HHTerpaJI 

C Hel13BeCTHllMl1 CTOX.'l.CTW1E'CKl1Ml1 fj1yHKIU'!RM~1 npoeTO COKpamae-rcR 11. 

c y4eTOM (1.20). pe3y.flbTaT npl1Hl1Mil8T B11l 

[<n .. >-.S )( CT /ot t )]/[<n,>--.~- )( o _lot t )] -
c C nC 0. c; C 11C O, 't=(I 

{~a-1 ~ } {~a-1 ~ } = z exp( -az ). / z exp( -c1z ) , 
C . C C C 'f=O 

( 1.24 l 

rrre; =(n -8 )/(<n >-.s·) . 
. A C C C C C 

OTCIO,lla CJie,llyeT c.nerKa M0,1\11W11U11POBaHHOe CTaUYIOHapHC,e pernem1e 

.llJlR KHO-qiyHKUHYI [ 25 J: 

( <n >-S ) ( 0 lot t ) -• ;,a-1 
exp(-a;, ) , 

C C n , 0 C C 
C 

( 1.25) 

fCOTopoe B006ll(e He 3aBYICYIT OT 11HTeHC11BflOCTei1 O. . rnyMa 11, 3Ha 411T, 
1J 

He npl1B0ll1T K nepeMeJKaeMOCTYI. 

7 



,, 

Ta1<11M o6pa3oM, Henocpe,l\CTBeHHoe 11HTerp11poBaH11e 3Toft rpy6oft 

MO,l\eJil1 np11BeJio K npoTl1BOnOJIOJl(!lOMY pe3yJI1TaTy no cpaBHe!ll1!0 co 

CTau110HapHb!M pemeH11eM ypaBHeHl1H •~mmepa ..:.nJiaHKa, HBJIH!Oll\11MCH 

3aBl1CHll\11M OT o .. B TaKOM CJ!yyae paccMOTpeHl1~[3]. 
1J ·, 

§2. -I1epeMeir.aeMocT1 B npe,l\e.ne 60JII:-I1Ioro •rncJia 

KoppeJI11poBaHHb!X KOMnOHeHT 

CoBepllleHHO OTJil14Hb!Ml1 CBOV!CTBaMl1 o6Jia,l\aeT 0606111eHHOe 

r-pacnpe,l\eJieH11e ( 1. 14) , xapaKTep113yJ0111ee accou11au11JO v-1<0Mnm1eHT. 

COOTBeTCTBYJOllll1e MOMeHTbl pacnpe,l\eJieH11H no MHOlKeCTBeHHOCTl1 

H8TPY.l\HO Bbl411CJil1T1: 

a +k 
C(k) = A ex, e f(k+ll W(k+l,a +k+l,a CX,), 

e e 
(2.1) 

r,l\e ({1(cx,,/3,x)-Bb!pOJK,l\eHHaH r11nepreoMeTp111~ecKaH ilJYHKU11H, a =a-v+1, 
e 

ae=a/V, A-HOPMl1p0B04Hb!V! napaMeTp, onpe,l\eJieHHb!V! yc~OBl18M HOPMl1POBKl1 

c( O) = 1. 

B npe,l\eJie_ MaJIHX ex, (ex, ➔ O) 11MeeM[26J: 

W(a,b,CX,) = cx,1-b rcb-lJ/r(a), (2.2) 

11 ipopMyJia (2.1) ynpomaeTcH: 

C(k) = a-k rck+a )/r(a J. (2.3) e e . · e 

CJie,l\yeT OTMeTl1T1, YTO 3TOT npe,l\eJI ,l\eV!CTBl1'reJibHO 11MeeT MeCTO 

np11 3Ha YeHl1HX •-rncJia KOMnOHeHTHOCTl1 V;c ~ 11 v=a. B 3Tl1X CJIYYaHX 

oco6eHH.O npoCTOM B11,1\ 11MeeT oTHOilleH11e MOMeHTOB 

C(K+l)/C(K) = (v/a)K + 1. (2.4) 

Ha OCHOBe ipOPMYJI (1.14), (2.1), (2.3) 11 (2.4) 3aKJIJOYaeM, YTO 

nepeMelKaeMOCT1 ttacTynaeT B npe,l\eJie 60JI1rnoro 411CJia KoppeJI11poBaHHHX 

KOMnOHeHT_, KOr,l\a V > a. 
B saKJIJOYeH11e aToro naparpaipa c,l\eJiaeM BHBO.l\, YTO npoBe,l\eHHHM 

Bb!Ille aHaJil13 noKa3b!BaeT He06XO,l\11MOCTI, 11CCJie,l\OBaT1 nepeMeir.aeMOCTI, 

Ha OCHOBe OTHOilleHl1H MOMeHTOB 

8 

l, 
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1· 
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i 
'I 
1)_ 

···) 
"' 
~ j 

111 
~ 

' 'I 
I 
J 
,j 

r,l\e 

C(k+1,M) 

C(k,M) 
M 

<n> 

C(k,M) = 

M 

}: <n~+1> 
m=1 

~ <n~ > 
m=1 

( 2. 4a) 

M 

}: <n~>/M 
m=1 

( <n>/M) k 

BocnoJI13YeMCH 3,1\eCb cy111ecTBYIOll\l1M 3KCnepl1M8HTaJI1Hb!M MaTep11aJIOM, 

flOJIY48HHb!M KOJIJia6opau11eft DELPHICrn] ,l\JIH MaCll!Ta6Horo ipaKTOp11aJII,HOro 
MOMeHTa (1.8) (cM. 1<oppeKT11poBaHHHe ,l\aHHHe B Ta6JI. 2). 

Ilepeft,l\eM OT MOM8HTOB Fi K MOM8HTaM C(k,M) corJiaCHO ipOpMyJiaM 

C(2,M)=F
2 

+ M/<n>, 

C(3,M)=F
3 

+ 3•F
2

M/<n> + M2/<n>2 , 

( M) 2 2 3 3 C 4, =F
4 

+_~·F
3

M/<n> + 7·F
2

M /<n> + M /<n>, 
(2.5) 

C(5,M)=F
5 

+ 10·F
4

M/<n> + 25·F3M2/<n>2 + 15•F
2

M3/<n>3 + 49·M4/<n>4 • 

COOTBeTCTBYIOll\11e 3HaYeHl1H np11Be,l\eHbl'B Ta6JI11Ue 3. 

B Ta6JI11ue 4 np11Be,l\eHbl 3HaYeH11H ,l\JIH 0 0THOllleHl1H MOMeH'rOB (2.4a), 
\' . ' ' ' ' ' . . - ' 

B Ta6JI11Ue;5 npoBe,l\eHO cpaBHeH11e 3Toro OTHOill8Hl1H C COOTB8TCTBY!Oll\11Ml1 

B8Jil14iHaMl1 KOJIJia6opau1111 DELPHI. Ha PHCYHKe 1 11306palKeH ipa30Bb!V! 

nopTpeT OTHOilJ8Hl1H MOMeHTOB (2.4) np11 3HaYeHHHX napaMeTPOB a=4 11 

v=178, a TaKlKe OTHOlll8Hl18 MOM8HTOB (2.4a) np11 CJI8,l\YIOll\11X 3Ha48Hl1HX 
411CJia M: M=l,2,4,6,8,12,18,24,32,40. 

113 Ta6JIHUb! 5 B11,1\HO, YTO HBJI8Hl18 , nepeMeJ1CaeMOCTl1 HaMHOro 

saMe'I'Hee 11MeHHo ,l\JIH oTHOilleHHH C(k+1,M)/C(k,M), YeM ,l\JIH Fk+/Fk. 
npyroft, 6o~ee Kpac11Bblft np11Mep aToro HBJieH11H 6HJI paccMoTpeH 

eme B 1982 r. B pa6oTe [7]. 

YT06bl nOHHTb, YTO Mb! 11M88M ,l\8JIO C Cl1JI1HO Bb!J)aJr.eHHb!M 3f1Jf1JeKTOM, 

,l\OCTaTOYHO npoa~aJIH311POBaT1 MaCll!Ta6HO-KOppe~HU110HH08.COOTHOill8HHe 

_ ffi a / a <n0 (nc)>/<n0 > - zc ~(V,a+l,V zc) tl>(V-1,a,V zq). (2.6) 

Otto noJiyYaeTci c noM01111ro 06o6111ettttoro r-pacnpe,l\eJieH11H (1.14). 

B npeieJie 60JII,IIIOro 411CJia _ KOppeJIHPOBaHHb!X _KOMnOH8HT V»l [7-10], 

KOr,l\a f1JYHKUl1H ( 1. 14) 6b!CTPO (o'-o6pa3HO) TTa,l\aeT, ee nepBb!H (I) MOM8HT 
·no MHOJr.8CTB8HHOCTl1 H8HTpaJI1Hb!X YaCTHU 6b!CTPO pacTeT KaK pesyJibTaT 
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Toro, 4TO HeMTpa~bHUe 4aCTMUU accounnpoBaHu He TO~bKO C 3apH~eHHNMM 

4aCTMUaMn, HO n C 6o~blliMM 4MC~OM pe3OHaHCHUX cncTeM(CM. pnc. 2). 
Ha6~ID~aeMoe BUPO~~eHne OTHOllieHMH (2.6) no v B npe~e~e V>>l B 

pa60T8[9] 6u~o Ha3BaHO aBTOMO~e~bHOCTbID B (nO,nc)-Koppe~HUMHX. 
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1 
2 
4 
6 
8 

10 
12 
14 
16 
18-
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 

Ta6~nua 2 

F2 ± /l,F2 F3 ± /IF3 F 4 ± 6F 4 I\ ± 6F5 

l. 20 ± 0. 02 1.68 ± 0.05 2.7 ± 0.1 4.6 ± 0.2 
l. 34 ± 0.02 2.25 ± 0.04 4.4 ± 0.1 9.7 ± 0.4 
1.48 ± 0.02 2. ~➔7 ± n_og 7.6±0.-3 22. 9 ± 1.8 
1. 54 ± 0. 02 3:35 ± 0;07 9.~i ± 0.5 31.8 ± 2.5 
1.57 ±· 0.02 3.63 ± 0.11 11.1 ± 0.6 39.3 ± 3.5 
1.59 ± 0.01 3.74 ± 0.11 11.7±0.7 44.3 ± 4A 
1.60 ± 0,01 ~3.8:~ ± 0.11 12.2 ± 0.6 46.5 ± 4.7 
1.61 !: 0.01 3.94 ± 0.-12 13.1 ± 0.8 51.4 ± E,.7 
1. G:2 ±. 0. lll 4_c,;3 ± 0.1:.: 13.7 ± 0.8 56.3 ± 5.6 
1.63 ± 0.01 3.:n ± 0.12 13.2 ± 0,8 52. 5 ± 6:3 
1.63 ± 0.Ul 4:01 ± 0.12 1:3.2 ± 0.9 51.9 ± 7.3 
1. 63 -t 0. 01 4.06 ± 0.12 13.3 ± 0.9 49.4 ± 5.9 
l. 63 ± 0. 01 4. HJ ± 0.12 13.7 ± 1.0 51.9 ± 6~2 
1. 63 ± 0. 01 4.01±0.12 13.1 ± 0'.9 49.4 ± 7.4 
1.63 ± 0. 01 4.01±0.12 14. o. ± 1. 1 59.1 ± 9.5 
1.63 ±· 0.01 4.06 t- 0.12 13. 9 ± 1. 2 59 .1 ± 11. 2 
1. 63 ±· 0.01 4.01 ± 0.12 13.",' ± 1.1 55.7 ± 9.5 
l. 62 ± 0. 01 4.01 ± 0.12 13.9 ± 1.2 58.6 ± 11. 7 
l. 63 ± 0.01 4.18±0.17 15.3 ± 1.5 70.1 ± 16.1 
1. 64 ± 0.01 4.18±0.13 15.0 ± 1.5 68.7 ± 15.1 
1. 62 ± 0.01 4.01±.0.12 13. 9 ± 1: 2 54.6 ± 10.4 

Ta6~11ua 3 

_c2 ± 6c2 
'C + M'. · 
• 3 - ✓3 · C

4 
± 6C

4 
'C ± 60 5 5 

1.28 ± 0.03 2.00 ± 0.07 · :3.54 ± 0. 22 7.14 ± 0.50 
1.48 ± 0.03 2.82 ± 0.11 6.58 ± 0.34 17.17 ± 1.21 
1. 69 ± 0. 03 4.or; ±. o.1t-i 12·. 83 ± CJ. 76 49.78 ± 4.87 
1.84 ± 0.02 4.91 ± 0.16 17.15 ± 0.95 76.41 ± 6.61 
1.95 ± ,0.02 5 .. 56 ± 0.16 21.00 ± 1,24 · ' 95.62 ± 8.87 
2.07 ± _0.02 6.30 ± 0.18 25.35 ± 1.56 127.97 ± 13.25 
2.18 ± ·0.02 7.04 ± 0.20 30.41 ± 1.60 169.00 ± lE,.89 
2.27 ± 0.02 7.60 ± 0_20 33.36 '± L7J 191.50 ± 16.13 
2.38 ± ,0.02 8.27 ± O.~!l 38.46 ± 2.12 232.78 ± 20.55 
2.48, ± 0.02 8.92 ± 0.21 42_83 ± 2.13 283.00 ± 22.26 
2.57 ± 0.02 9.57 ± 0.22 47.89 ± 2_45 341.00 ± 29.f\2, 
2.66 ± ,0.02 10.04 ± 0.21 50 . 65 ± 2. 41 · 376.00, ± 26.11 
2.75 ± 0.02 10.80 ±0.23 56.49 ± 2.59 406.00 ·± 29.99 
2.85 ± 0.02 11.,37 ± 0. 22 59.72 ± 2.54 507.00 ± 29.62 
2.96 ± 0,02 12.40 ± 0.28 69.51 ± 3.47, 666.80 ± 45.64 
3.05 ± 0.02 . 13. ·oo ±. o. 29 7 3. 98 '± 3. 82 739.00 ± 51.60 
3.13 ± _0.02 13.5:., ± 0.28 78.02 ± 3.68 837.00 ± 49.39 
3.22 ± ,0.02 14.35 ± 0.29 85. 78 ± 4.0.3 1006.00 ± 59,70 
3_33 ± 0.02 15:. 21 ± 0. 30 91-87 ± 4.29 1132.00 ± 61.84 
3.45 ± o.ci~. , 16.39 ± 0,32 104.5'/ ± 5 .. 16 1405.00 ± 88.96 
3.52 ± 0.02 16,.84 ± 0. 35 106.28 ± 5.18 1273.00 ± 74.91 

1) 



M c 2 1 c 1 
c 3 ; c 2 

c4 1 c 3 

1 1.28 ± 0.03 1.56 ± 0.02 1. 77 ± 0.05 
2 1.48 ± 0.03 1..90 ± 0.04 2.33 ± 0.03 
4 1.69 ± 0.03 2.40 ± 0.05 3.16 ± 0.07 
6 1.84 ± 0.02 2.67 ± 0.06 3.49 ± 0.08 
8 1.95 ± 0.02 2.85 ± 0.05 3.78 ± O.il 

10 2.07 ± 0.02 3.04 ± 0.06 4.02 ± 0.13 
12 2.18 ± 0.02 3.23 ± 0.06 4.32 ± 0.10 
14 2.27 ± 0.02 3.35 ± 0.06 4.39 ± 0.11 
16 2.38 ± 0.02 3.47 ± 0.06 4.64 ± 0.14 
18 2.48 ± 0.02 3.60 ± 0.06 4.80 ± 0.13 
20 2.57 ± 0.02 3.72 ± 0.06 5.00 ± 0.14 
22 2.66 ± 0.02 3.77 ± 0.05 5.05 ± 0 .. 13 
24· 2.75 ± 0.02 3.94 ± 0.06 5.22 ± 0.13 
26 2.85 ± 0.02 3.99 ± 0.06 5.25 ± 0.12 
28 2.96 ± 0.02 4.19 ± 0.07 5.61 ± 0.15 
30 3.05 ± 0.02 4.26 ± 0.07 5.69 ± 0.17 
32 3.13 ± 0.02 4.33 ± 0.06 5.76 ± 0.15 
34 3.22 ± 0.02 4.46 ± 0.06 6.00 ± 0.16 
36 3.33 ± 0.02 4.57 ± 0.06 6.04 ± 0.16 
38 · 3.45 ± 0.02 4.75 ± 0.07 6.38 ± 0.19 
40 3.52 ± 0.02 4.78 ± 0.07 6.31 ± 0.18 

M F3 I F2 
c

3
; c 2 F4 I F3 C4 I c3 

1 1.48 1.56 1. 65 : 1. 77 
2 1. 75 1.90 2.12 2.33 
4 2.11 2.40 2.78 3.16 
6 2.25 2.67 2;92 3.49 
8 2.29 2.85 ' 3.06 3.78 

10 2.38 3.04 3.12 4.02 
12 2.46 3.23 3.20 4.32 
14 2.44 3.,35 3.15 4.39 
16 2.47 3.47 3.30 4.64 
18 2.45 · 3.60 3.32 4 .. 80 
20 2.49 3.72 3.39 5.00 
22 2.41 3.77 3.30 5.05 
24 2.48 3.94 3.22 5.22 
26 2.39 3.99 3.12 5.25 
28 2.48 4.19 3.58 5.61 
30 2.47 4.26 3.43 5.69 
32 2.43 4.33 3.34 5.76 
34 2.45 4.46 3.60 6.00 
36 2.46 4.57 3.31 6.04 
38 · 2.54 · 4.75 3.82 6.38 
40 2.46 4.78 3.38 6.31 
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Ta6J111ua 4 

cs I c4 

2.02 ± 0.02 
2.61 ± 0.05 
3.88 ± 0.15 
4.46 ± 0.14 
4.55 ± 0.15 
5.05 ± 0.21 · 
5.56 ± 0.23 
5,74 ± 0.19 
6.05 ± 0.20 
6.61 ± 0.19 
7.12 ± 0.26 
7.42 ± 0.16 
7.19 ± 0.20 
8.49 ± 0.13 
9.59 ± 0.22 
9.99 ± 0.18 

10.73 ± 0.13 
11-.73±0.14 
12.32 ± 0.10 
13.44 ± 0.19 
11.98 ± 0.12 

Ta6J111ua 5 

Fs / F4 cs / c4 

1.87 2.02 
2.29 2.61 
3.38 3.88 
3.81 4.46 
3.42 4.55 
3.75 5.05 
4.03 5.56 
3.86 5.74 
3.48 · 6.05 
3.97 6.61 
4.04 7.12 
3.57 7.42 
3.78 7.19 
3.68 8.49 
5.04 9.59 
4.01 9.99 
4.07 10.73 
4.76 11. 73 
4.05 12.32 
5.16 13.44 
3.72 11.98 
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