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Ha OCH0De KBallTOBblX ynpaBJIIIIOW.HX ypae11e11HH AJIII 0TKpblTblX CHCTeM OOCY>KAaeTCll KJ1a110-
BOC 0nHCaHHe np0l.\eCC0B MII0JKecrne1111oro p0>KAeHHII, npeAJI0>Ke1111oe Jl>KH0BallHHIIH H BaH Xo
BOM. noKa3aH0, 'ITO nyacC0II0BCKOC pacnpeAeJieHHe no MII0>KeCTBeHHOCTH ¢,parMeHTOB, o6pa3y
lOW.HXCII Ha nepeoil >KeCTKOH CTaAHH npol.\ecca, B 3Ha'IHTeJlbHOH CTeneHH M0AMbH0 He311BHCHM0 H 
M0>KeT 6b1Tb noJiy'leH0 c n0M0W.blO AOCTaTO•IH0 0011.\HX CQ9THOWeHHH Te0pHH 0TKpblTblX CHCTeM. 
BTopa11 CTaAH!I - o6pa3oea11He nocJ1eAy10w.ei1 JiaBHHbl, xapaKTepH3yeTCll caMoopraHH3YIOW.HMC!I 
KpHTH'leCKHM noee)\eHHeM. CTaAHII aApoHH3111.\HH (j)parMeHTOB M0JKeT 6b1Tb 0nHCaHa C YA0BJieT
BOpHTeJlbHOH T0•IHOCTblO M0)\eJiblO 2-ypoeHeBblX HCT0•IHHK0B H Han0MHHaeT pa6ory Jia3epa B 
n0An0pol'OB0M pe>KHMe reuepal.\HH. KpaTK0 o6cy>KAaeTC!I B03M0>KHall npH'IHHa 0TKJI0HeHHll Ha-
6J110AaeMblX pacnpeAMeHHH no MH0>KeCTBeHHOCTH OT 0TPHl.\aTMbH0l'O 6mt0MHaJibHOl'O, a TaK>Ke 
rnn0TC3a JI0KaJibHOH KeapK-aApoHHOH AYaJibHOCTH . 

Pa6oTa Bbln0JIHeHa B Jia6opaTOpHH Bbl'IHCJIHTMbll0H TeXHHKH H aBT0MaTH3111.\HH OH5Uf. 
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The clan description of multiparticle production process suggested by Giovannini and Van Hove 
is discussed on the base of quantum master equations for open systems. It is shown that the Poisson 
distribution of fragments created on the first hard stage is model independent to a great extent and 
can be obtained from rather general assertions of the theory of open systems. The second stage or 
development of the avalanche is characterized by self-organizing critical behaviour. The stage of 
hadronization can be satisfactorily described with the help or the model or two-level sources and 
reminds or the laser operation under the coherent threshold. A possible cause of deviation or 
multiplicity distributions from the NB regularity and the hypothesis or local parton-hadron duality is 
also discussed. 
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1 BBep;eHHe 

KBaHTOBbie ynpaBJI5IIO~IIe ypaBHeHI1'.5! y;a;o6HbI TeM, "ITO IlO3BO

JI5IIOT 1my"IaTb ;D;IIHaMHKY y:iKe oT;a;errbHOII "!aCTII S aaMKHYTOH 

rrnaHTOBOH cucTeMbI S + R. 0HII norry"!aIOTC5I II3 06I,1"!HbIX ;a;u

HaMII"!ecrrn:x ypaBHeHIIM nocrre pe;a;y:qIIpoBaHII5I norrHoH MaTpII:qbI 

IlJIOTHOCTII no "!aCTII ee I'IH)l;eKCOB, OTHOC5I~IIXC5I K peaepBy

apy R [1]. Kor;a;a BpeM5I ocrra6rreHirn KopperrJI:qn:iI cucTeMbI R, 
o6bI"IHO Ha3bIBaeMOH peaepByapOM HJIII TepMOCTaTOM, 3Ha"!II

TeJibHO MeHbWe xapaKTepHoro BpeMeHrr, 3a KOTOpoe B CIICTeMe S 
npo5IBJI5IIOTC5I 0cpcpeKTbI B3aHMo;a;eiicTBII5I c R, 0Borr10:qn:51 S onII

cbrnaeTc5I IrnaHTOBbIM MapI<OBCKIIM ynpaBJI5IIO~IIM ypaBHeHIIeM II 

5IBJI5IeTC5I (B CIIJIY cBoeiI Heo6paTIIMOCTII) )l;IIHaMII"IeCKOH norry

rpynnoiI.,I(rrJI KOHKpeT1ma:q1111: o6cy:,Kp;eHII5I yKa:,1rnM ynpaBJI5IIO~IIe 

ypaBHeHII5I o;a;HoH II3 HaII6orree II3y"!eHHbIX ;D;IIHaMII"!eCKIIX norry

rpynn 

8tfJ = i[H,pJ+t+pt-(t+tp+pt+t)/2. (1) 

3;a;ecb p - onepaTop IlJIOTHOCTII CIICTeMbI, if - HeKOTOpbIH orpa

HII"IeHHbIH caMoconpm1rnHHbIM onepaTop, IIrparo~IIH porrb raMIIJib

TOHIIaHa CIICTeMbI s' t - orpaHII"IeHHbIH onepaTop, OilIICbIBaIO

~IIII BJIII5IHIIe pe3epByapa Ha CIICTeMy. Kor;a;a L = 0, ypaBHeHIIe 

(1 ), O"!eBIIl];HO, nepexo;a;IIT B o6bI"IHOe ypaBHeHIIe cpoH HeiIMaHa 

)l;JI5I I<BaHTOBOMexaHII"!eCKOII CIICTeMbI, a 0BOJIIO:qII5I CTaHOBIITC5I 

o6paTIIMOH. ,I(OBOJibHO "!aCTO, o;a;HaKo, paCCMaTpIIBaIOTC5I ypaBHe

HII5I II 6orree o6~ero BII;a;a ( CM., HanpIIMep, [2,3]). 
YpaBHeHIIe ;D;IIHaMII"!eCKOII norryrpynnbI o6ecne"IIIBaeT a;a;e

rrnaTHoe OilIICaHu:e 0BOJIIO:qIIII OTKpbITOH CIICTeMbI II B TOM crry

"!ae, Kor;a;a y;a;aeTC5I HaMTII xopomyro Mo;a;eJih y"IeTa ncKJIIO"IeH

HbIX CTeneHeH CB06op;bI, T.e. IlOCTpOIITb onepaTOp t IICXOl];5I rm 

HeKoTopbIX Mo;a;errbHbIX npe;a;cTaBrreHIIM [2,3]. IIcnorrb3Y5I rrnaH

TOBbie ynpaBJI5IIO~He ypaBHeHII5I, Mb! IlOTibITaeMC5I B3rJI5IHYTb Ha 

He no;a;;a;a10~11n:c5I noKa TO"IHOMY onIIcaHIIIO npo:qecc a;a;poHima

:qIIII KaK Ha npo:qecc B3aIIMo;a;en:CTBII5I Me3OHOB C nopo)K;a;aro~IIMII 

IIX IICTO"IHIIKaMII II HaHTII paayMHbie MO)l;eJIII )l;JI5I OilIICaHII5I no

crre;a;HIIX. IlpII 0TOM Mb! 6y;a;eM OilIIpaTbC5I Ha 0KCnepuMeHTaJib-

Oblotkht;,;'~,i~ HK:rlt'fi' { 
· UA~~Shll BCCJ!f'!lOBIUHm i 
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• Hh!e ;a;aHHbie no MHO)l(eCTBeHHOMY pmK;a;eHIIIO oapJI)KeHHbIX Meoo-

HOB B PP-, PP-, rr+ P-, µP-BoaIIMo;a;eiicTBirnx B IIHTepBane. :mep

rIIi'1 vs = 4 - 900 raB. To"'rnee Mbl BOCilOITboyeMCJI TaK Ha0bI

BaeMOII KnaHOBOII napaMeTpIIoa:qIIeII aTIIX ;a;aHHhIX, npe;a;nmKeH

HOII ,Il;)KIIOBaHHIIHII II BaH XoBoM[4,5]. B pa6oTax aTnx aBTopoB 

6bma cq>opMym1poBaHa HeKOToprur BepoJITHOCTHM KapTIIHa MHO

)KeCTBeH~_oro pmK;a;emrn, cornacHo KOTopoii npo:qecc o6paooBa

Hirn Me0OHOB IIHTepnpeTnpyeTC.H KaK npo:qecc pmK;a;eHIIJI II no

cne;a;y10r.u;ero pacna;a;a HeKOTOpbIX Boo6y)K;D;eHHbIX COCTOHHIIII a;a;

pOHHOII MaTepIIII - KnaHOB . 

IIocKonhKY aTII npe;a;cTaBnemrn 6y;a;yT cyr.u;ecTBeHHO IIcnonboo

BaTbCJI B ;D;aJibHei'nueM, HanOMHIIM, "'ITO B COOTBeTCTBI-III c pa6o

TaMII [4,5] BepoJITHOCTb nona;a;aHIIJI N rmaHOB B paccMaTpIIBae

MhIII IIHTepBan 6bICTpOT om1cbrnaeTc.n pacnpe;a;eneHI-IeM IlyaccoHa 

A= e-NNN 
N!" 

(2) 

3aTeM nonaraeTC.ll, "'ITO !{a)K;D;bIII HO KITaHOB pacna;a;aeTC.ll Ha Me-

0OHbI B COOTBeTCTBIIII C reoMeTpII ... recKIIM pacnpe;a;eneHIIeM 

P2 = _1 (~)n 
v- l v ' 

(3) 

r;a;e v - cpe;a;HJIJI MHmKeCTBeHHOCTb MeooHOB B KnaHe, n = l, 2, · · · 
KpoMe Toro, npIIHIIMaIOTCJI BO BHIIMaHIIe q>nyKTya:qIIII cpe;a;Hei'r 

MHO)KeCTBeHHOCTI-I "!IaCTII:q B KnaHe 

C 
P3 - -

' 
(4) 

V 
n 

1 < V < l + k' 
1 

C - --
lnvmax 

3;a;ecb n - II k - napaMeTphr pacnpe;a;eneHII.ll no MHmKeCTBeH

HOCTII Me0OHOB, o6paooBaBlIJIIXCJI nocne pacna;a;a BCex KnaHOB. 

OHo onIIchrnaeTc.n B aToM cny"'!ae oTpII:qaTenhHhIM 6IIHOMIIanh-

2 

( 

f 

HhIM pacnpe;a;eneHIIeM (NBD) 

_ (k+ n- l)··• (k + l)k (~)n _ (-k-)k 
P4 ( n) - P0 1 _ k , Po - _ k , 

n. n+ · n+ 
(5) 

r;a;e n - cpe;a;Hee "'!IIcno MeooHoB, a napaMeTp k xapaKTepIIoyeT 

;a;ncnepcIIIO OTpII:qaTeITbHOro 6IIHOMIIaJibHOro pacnpe;a;eireHIIJI D 2 = 
- ii.2 
n+-;;-

C noMOI.I.J;hIO aTI-IX npe;a;cTaBneHIIn: aBTopaM y;a;anocb onIIcaTb 

oaBIICIIMOCTh napaMeTpoB NBD OT vs II lllIIpimhI OKHa B npo

cTpaHCTBe 6bICTpOT ;a;n.n BCex cyr.u;ecTBYIOI.I.J;IIX aKcnepIIMeHTaJib

HbIX ;a;aHHhIX. 11MII 6bmo ycTaHOBITeHo, "'ITO cpe;a;Hee "'IIICITO Kna

CTepoB, nonaBlIJIIX B paccMaTpirnaeMhIII IIHTepBan 6bICTpoT, BhI

"'IIICITJieMoe no q>opMyne, 

N = kln(l + I), 
pacTeT c pocTOM OKHa II cna6o oaBIICIIT OT VS· B TO )Ke BpeMH 

cpe;a;Hee "'IIICITO Me0OHOB B KnacTepe (KnacTepoM aBTOpbI Hat3BaJIII 

ycpe;a;HeHHbIII no pacnpe;a;eneHIIIO (4) KITaH) cna6o oaBIICI-IT OT 6bI

CTpOT ( aHeprIIII) Me0OHOB B KnacTepe II pacTeT C pOCTOM VS· 
B caMoe nocnep;Hee BpeMJI CTaJIII noJIBIT.lITbCJI ;a;ononHIITeIThHbie 

;a;aHHhie, CBII;a;eTeITbCTBYIOI.I.J;IIe, Ha Halli BtlrnJI;a;, 0 npIIH:qIInIIaJibHOII 

npaBIIITbHOCTII no;a;o6HbIX npe;a;cTaBneHIIH ( c HeKOTOpOII ;D;aJibHeu

Ulen: IIX ;a;eTaJIIIna:qIIen: II YTO"'!HeHIIeM). TaK, BbIJICHIIITOCb, "'ITO .lIB

neHIIe nepeMe)KaeMOCTII - HaJIII"'!IIe 6onblllIIX q>nyKTya:qIIn: "'IIICna 

Me0OHOB B MaJibIX IIHTepBanax 6bICTpOT [6], nony"'!aeT HaII6onee 

npoc'f'oe II ecTeCTBeHHoe o6'bJICHeHIIe Ha ocHoBe npe;a;cTaBneHIIn: o 

cyr.u;ecTBOBaHIIII OT;a;enbHbIX IICTO"'IHIIKOB, HanoMIIHaIOI.I.J;IIX KITaHhI 

,Il;)KIIOBaHHIIHII - BaH XoBa, II IInny"'IaIOr.u;IIx MIIHIICTpyII MenoHoB 

c HeHyneBbIMII nonepe"'IHbIMII IIMnynhCaMII [7,8]. 
IJ;enb HaCTOJir.u;eii: pa60TbI - nepeBeCTII nepBOHa"'!anbHYIO Be

pO.lITHOCTHyIO KapTIIHY ,Il;)lrnOBaHHIIHII - BaH XoBa Ha KBaHTOBhin: 

.litlbIK ( 6y;a;yr.u;rur TeopIIJI ;D;OIT)l{Ha 6b!Tb KBaHTOBOn:!), IICilOITbtlYH 

q>opManimM ;D;IIHaMn"'!ecKon: nonyrpynnhl. OcHOBHhie ynpor.u;eHIIJI, 

npIIHJITbie npn paCCMOTpeHIIII, - nrHopIIpOBaHIIe nonepe"'IHbIX 

cTeneHeII cBo6o;a;hI. KpoMe Toro, Mb! He 6y;a;eM IIHTepecoBaThC.H 
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pacnpe;a;erreHIIeM B npocTpaHCTBe 6I,IcTpoT npop;yKTOB pacnaµ;a 

KJiaHa, cqnTaJI HX JIOKaJIH30BaHHbIMH ;a;ocTaToqHO 6nnmm µ;pyr OT 

µ;pyra. Bee 0TO Il03BOJIHT HaM cocpeµ;oToqnTbCH npn nepBOM 06-

cy)Kp;eHlilI Ha Han6orree cy~ecTBeHHhIX cTopoHax npo:a;ecca. 

B cneµ;yro~eM pa:3p;ene Mbl paccMOTpIIM µ;Be KBaHTOBbie MO

µ;enn cpparMeHTa:a;11u a;a;poHHoii CTPYHhI, np1rno;a;.n:~ne K nyaccoHo

BCKOMY pacnpe;a;erreHIIIO (2) pmKµ;aro~nxc.n: cpparMeHTOB. -IloMIIMO 

aToro, 3µ;ecb 6y;a;yT BbrncHeHbI o6~ue orpam,iqemrn, HaKrrap;hrna

eMhie nyacCOHOBCKIIM pacnpe;a;erreHIIeM Ha xapaKTep npoTeKaHllH 

)KeCTKoii cTaµ;nn npo:a;ecca MHmKecTBeHHoro pmKµ;emrn. 3aTeM 

paccMaTpIIBaIOTCH npo:a;eccbl o6pa:30BaH11H Me30HOB, BOCilpOlI3-

BO}];H~IIe pacnpe;a;erreHn.n: (3) - (5). 

2 KBaHTOBbie MOµ;errH q>parMeHTaI.J;HH 
V 

aµ;poHHOH CTPYHbl 

B HaCTOH~ee BpeMH cy~eCTByeT HeCl{OJibKO Moµ;erreii, OilIICbIBaIO

~IIX MHmKeCTBeHHOe pmKp;eHIIe Me30HOB, ncxo;a;.a II3 1mpTHHbl no

cnep;oBaTeJlhHOH cpparMeHTa:a;nn Knacc11qecKoi'1 a;a;poHHOH cTpyHhI 

( CM., HanpIIMep, o63op [9]). 3;a;ecb, op;HaKO, MhI He 6y;a;eM cne;a;o

BaTh HII O}];HOH II3 0TIIX cxeM 6y1rnaJihHO, a IlOilbITaeMCH onncaTh 

pacna;a; cTpyHhI np.aMo Ha ocHoBe KBaHTOBhIX ynpaBnmb~nx ypa

BHeHnii. Ilpn 0TOM Mb! paCCMOTpIIM p;Ba Kpa:rrHIIX cnyqa.a: 

a)npo:a;ecc CHHTIIH B036y:n-:p;eHIIH CTpyHhl nponc

xop;IIT MHrKnM o6pa:3oM, 3a cqeT ncnycKaHn.a 1rnapK

aHTIIKBapKOBhIX nap, aHeprirn KOTOpbIX 3HaqnTeJlhHO 

MeHhllie Macchi cTpyHhI, 
6)npo:a;ecc cpparMeHTa:a;:rrn cTpyHhI HOCIIT B3pbIBHOII 

xapaKTep. 

0Ka:3bIBaeTc.a, qTo B o6onx cnyqa.ax pacnpe;a;eneHne no MHmKe

cTBeHHOCTH npop;yKTOB pacna;a;a noµ;q1rn.n:eTc.a pacnpe;a;eneHIIIO Ily

accoHa, ecnn npIIHHTh BO BHIIMaHne nMeHHO KnaccnqecKyro npn

po;a;y npo:a;ecca cpparMeHTa:a;nn cTpyHhI. PaccMoTpHM BHaqarre He

CKOJlhKO 6onee npocToii cnyqaii 6). 

4 
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IlycTb MaTpu:a;a nnoTHOCTII cTpyHhI xapaKTep1myeTc.a eµ;IIH

CTBeHHhIM napaMeTpOM x -·ee µ;mIHoii 

p =IX>< XI -

Ecnu l - MaKCIIMaJlbHOe pacTmKem1e, npn KOTopoM y:n<e HacTy

naeT pa:3pbIB CTPYHhI, a r - co6c-rBeHHoe BpeM.n:, xapaKTepn-

3y10~ee µ;mITenhHOCTh rrpo:a;ecca pacna;a;a, TO nocne oKoHqaHirn 

npo:a;ecca cpparMeHTa:a;1rn MaTpn:a;a nnoTHOCTII nMeeT cne;a;yro~ni'r 

BII}]; 
00 

p(ro + r) = L (r+np(ro)f~;n Pn(r), (6) 
n=O 

rµ;e U = eipl onepaTop cµ;m1ra, ;a;efrcTByro~m':i: Ha Koopp;IIHaTbI 

op;Horo II3 KOHIJ;OB CTPYHhI, p = i8x , Pn ( T) - Bepo.n:THOCTh Toro, 

qTo cTpyHa pacnaµ;eTc.a poBHO Ha n qacTei'i. YqTeM Tenepb 1mac

cnqec1mfr xapaKTep aTof1 cTaµ;m1 npo:a;ecca cpparMeHTa:a;1rn, npe;a;

nonara.a, qTo OHa onHCbIBaeTCH KJiaCCH"leCKHM ~HCKpeTHbIM 

cJiy"lattHhIM rrpo:u;eccoM. B pa6oTe [10] 6bmo noKa:JaHo (npn 

HeKOTOpbIX ecTeCTBeHHbIX orpaHH'-IeHirnx), qTo Han6orree o6~ee 

1rnaHTOBOe ynpaBJIHIO~ee ypaBHeHI1e, yp;OBJleTBOpmo~ee 0TOMY 

Tpe6oBaHIIIO, IIMeeT BIii]; 

8tp = >-.(U+pU - p),t = r - ro, (7) 

rµ;e >-. - HeimTopbIII nocTOHHHhIII napaMeTp, a U ym1TapHhIII one

paTop, KOHKpeTHoe 3Ha'-1eH11e KOToporo onpeµ;en.n:eTc.n: cne:a;ncpu

Koii pacc}.mTp1rnaeMofr Moµ;enn. Y6eµ;nMc.n:, qTo Bhrpa:a-:emre (6) 
µ;n.a MaTpIID;bl nnoTHOCTII l{al( pan II HBJIHeTCH pellieHIIeM ypaBHe

HHH (7), ecnu B rmqecTBe Pn( r) B3HTh pacnpeµ;enemre TiyaccoHa 

n ( ) _ -,\r(>-.rt 
In T - e I • 

n. 
(8) 

.I(mrn3aTeJibCTBO 0TOro YTBep)Kl];eHHH MO)KHO nonyqnTh, ecnH 

npeµ;cTaBIITb pellieHIIe ypaBHeHirn (7) B BIIµ;e 

p(t) = eltp(O), 

5 



rµ;e 

Lp = .\(u+ fJU - p), 
II naTeM pannmKIITh i,t B p.Hp; Te:i'mopa. BhI"<fIICJI.H.H penynhTaT 

µ;e:i'ICTBIHI Ha MaTpnn:y nJIOTHOCTH 1m21wro If3 "9:JieHOB 3TOro p.Hp;a, 

MmKHO :JaTeM npoBepIITh, "'ITO nony"<fIIBllla.HC.fl nocnep;oBaTeJib

HOCTh p;eIICTBIITeJihHO co6upaeTC.fl B Bbipa)KCHIIe (6) c Tpe6ye

MhIMII l(03q>qm:n;neHTaMII Pn(t) . 
Mn (8) cneµ;yeT, "'ITO B p;aHHOI'I MOp;emI npoµ;omKHTeJibHOCTh 

r npon;ecca pacnaµ;a cTpyHhI np.l!MO nponopn:1mHaJibHa cpep;HeMy 

-qucny < n > q>parMeHTOB, Ha KOTOpb1e oHa pacnaµ;aeTc.ll. OT

MeTIIM TaK)Ke, "'ITO ypaBHeHue (7) npIIBO)J;IITC.fl K KaHOHII"<feCKOMY 

mrµ;y (1), ecJrn nonmKIITh (11] 

iI = ;icu+ - u), t = -1>.cu - i). 

O6paTIIMC.H Tenepb K Moµ;em1 "M.Hrrm:i'r" q>parMeHTan;1rn aµ;poH

HOPI cTpyHhI, onIIchrnaro~ePI pmKp;eHne 1rnapK-aHTmrnapKOBhIX nap 

B n;BeT03JieKTpII'1eCKOM none CTPYHhI [12]. O6'heKTOM uny"<feHII.H 

B p;aHHOM cny-qae .lIBJI.lleTC.fl BaKyyM ,I(upaKa, )];JI.fl KOToporo, KaI( 

o6bI"9:HO, Bee COCTO.HHII.ll C OTpIIn;aTeJibHhIMII 3HeprII.lIMII npeµ;no

naraIOTC.fl nanoJIHeHHbIMII. HenaMKHYTOCTh CIICTeMhI nµ;ecb o6y

CJIOBJieHa IIHTeHCIIBHhIM BHeIIIHIIM noneM, Bhl3bIBaIO~IIM nepexop;bI 

KBapKOB 113 Mop.a: ( COCTO.HHII.fl C n < 0 ) B COCTOHHIIH C nonmKII

TeJibHOI'I 3HeprIIePI (n > 0). 
IIycTb onepaTop q;t° KBapKOBOro non.fl OilIICbIBaeT pmKµ;em1e 

KBapKa, ecnu n > 0, II YHII"<fTmKeHIIe aHTIIKBap1m, ecnu n < 0. 
AHanorII~Ho, IJn IIHTepnpeTIIpyeTc.H m160 rmK onepaTop YHII"<fT0-

2KeHIIH KBapKa, eCJIII n > 0, m160 KaK onepaTOp pmKp;eHII.fl aH

TIIKBapKa, ecnu n < 0 . B rePI:JeH6eproBCKOM npep;cTaBJieHIIII 

onepaTOpbI nonePI B MOMeHT BpeMeHII t IIMeIOT BII)J; 

Q!(t) = L Cnk(t)Qt(O), Qm(t) = L c:,(t)Q,(O), (9) 
k I 

rµ;e Cnk(t) - aMnJIIITyµ;a nepexoµ;a 1m cocTO.HHirn kB cocTO.HHIIe 

n na BpeMH t, 
I: CnmCi"m = 8nl, 
m 

6 

:i: 

) 

'~ 
r• 

!' 

a onepaTOpbI non.fl B Ha"<faJibHhII'I MOMeHT BpeMeHII COBnap;aIOT 

C COOTBeTCTBYIO~HMH onepaTopaMII Ii npep;cTaBJieHIIII IIIpep;IIH

repa 
A+ A+ A A 

Qk (0) = qk, Q1(0) = q1. 

<PnmI'leCKHI'I CMbICJI COOTHOIIIeHIIII (9) µ;ocTaTO"<fHO 0"9:eBnp;eH 1. 

A1'IIIJIIITY)J;bl BepOHTHOCTlI po)I(µ;emrn KBapim II aHTIIKBapKa, 

Haxop;.H~HXCH B COCTOHHIIHX n > 0 u n < 0, paBHhI 

Anm(t) =< 0 I q;An I 'Pt >=< 0 I UiCJ";;,(t)Qn(t) IO>, 

rµ;e y-qTeHo, "'ITO I '¥t >= Ut I O >, Q+(t) = ut-1Q+(o)Ut. EcnII 

npeµ;nonmKIITh, "'ITO BepOHTHOCTh pmKp;eHIIH napbI 3a BpeM.ll t 
Mana, T.e. I< 0 I 'Pi >J~ 1 To, ucnonhny.a: (9), HeTpyp;Ho HaPITII 

Anm(t) ~< 0 I '¥t > L Cm1C~i(t). 
l<O 

AHanOrII"<fHO MO)KHO nOC"<fIITaTb aMnJIIITyµ;y BepO.lITHOCTII po

)K)J;CHIIH 2,3 n T.p;. nap. B pa6oTe (14] noµ;o6HbIM o6panoM 6bIJIO 

ycTaHOBJieHo, "'ITO pacnpeµ;eneHIIe no MHmKeCTBCHHOCTII e+ e- -nap, 

pmKp;aIO~IIXC.ll B IIHTeHCIIBHOM 3JieKTpII'1eCKOM none, nop;"'IIIH.HeTCH 

pacnpeµ;enemuo IlyaccoHa. <PaKTII"<feCKII, noµ;o6HbIM penynhTaT 

MO)KHO 6bIJIO 6bI npep;CKa3aTb napaHee, IICXO)J;H II3 Toro, "'ITO BHe

IIIHee B03)J;CMCTBIIe IIMeeT 3p;ech MaKpOCKOnII'leCKYIO npIIpop;y. B 

pa6oTax (15,16] 6hrno nor<a:JaHo, "'ITO B o6~eM cny-qae, Korµ;a cy

~ecTBeHHhI KBaHTOBhle KoppeJI.HIJ;HH Me)Kp;y COCTOHHIIHMII CII

CTeMbI II penepByapa, CIICTeMa OKa3hIBaeTC.ll nop;Bep)KeHHOI'I B03-

p;eIICTBIIIO BHeIIIHero KBaHToaoro IIIyMa. B cneµ;yro~eM panµ;ene 

Mbl paCCMOTpIIM OTKpbITYIO CIICTeMy, µ;n.a: KOTOpOPI KBaHTOBbie 

1 Ilpeo6pa30BaHII.ll (9) npIIHIIMaIOT KaHOHII"<feCKIIM BII)J; (13], 
ecJIII )];JI.fl COCTO.l!HIIII C OTpnn;aTeJibHOI'I 3HeprIIeii: BBeCTII JIBHO one

paTOpbI pm1qi;eHIIJI lI YHII"<fTO)KeHII.ll aHTIIKBapKOB 

-+ - + Q_n = Qn,Q-n = Qn,n < 0. 
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KOppemm;1m: HOC.SIT oco6eHHO .np1m Bbipa)I{eHHblll xapaKTep - -qa

CTIID;bl CIICTeMbl s (Me30Hb1) 6yp;yT CTllMy1rnpoBaTb pacna,u; 2-

ypoBHeBbIX IICTO"'IHIIKOB, IIrpaIOll\IIX pmlb pe3epByapa R, Haxo,u;H

ll\eroc.n B MeTaCTa6mibHOM COCTO.SIHIIII. 

3 Mo;a;errb 2-ypoBHeBbIX HCTO"l:{H~KOB 

MbI y6e,u;IInlICb, "'ITO KBaHTOBbie yrrpaBn.fiIOll\lie ypaBHeHirn (7) re

Hep11py10T ,u;1rnaM11'1ecKy10 rronyrpyrrrry ( 6), orrnchrnaroll\y.ncH pac

npe,u;eneHIIeM IlyaccoHa, II ,u;orrycKaIOT cpIIm1-qecKy10 IIHTeprrpeTa

u;nro B TepMIIHax rrpou;ecca cpparMeHTau;1nr a,u;poHHOII cTpyHhI. 

,I(nH pac"'!eTa 6onee ,u;eTanbHhIX xapaKTepIICTIIK, Tarrnx, 1mK rrnoT

HOCTb pacrrpe,u;enemrn cpparMeHTOB B rrpocTpaHCTBe 6hICTpoT, Tpe-

6yeTC.fi ,u;orronHIITenhHM IIHq>OpMaD;lI.SI O rrpou;ecce, B "9:aCTHOCTII 

- pac-qeT (MeTop;aMII, BbIXO,Il;.fill\lIMII 3a paMKlI TeopIIII B03Myll\e

HII~) Ko0cpcp11u;11eHTOB Cnk• OcTaBnHH rrmm 0TOT Borrpoc OTKpbI

ThlM, o6paTIIMC.SI Terrepb K II3Y"'!eHIIIO rrpou;ecca a,u;poHII3aD;IIII -

pmK,u;eHI{IO Ha6nro,u;aeMbIX Me30HOB II3 o6pa30BaBIIIIIXCJI cpparMeH

TOB CTpyHbl. KaK lI3BeCTHO, orr11cam1e 0TUX rrpou;eccoB MeTo,u;aMU 

KBaHTOBOli XpOMO,Il;IIHaMUKU CTMKUBaeTCJI c Han6onhIIIHMII Tpy

,Il;HOCTJIMII. B TO )Ke BpeMJI HMeHHO 3p;ecb MeTo,u; ,u;uHaM1I"'Iec1mii: 

rronyrpynrrbI MO)KeT ,u;aTb HaII6onee HHTepeCHbie pe3ynhTaThI, TaK 

KaK OH II03BOnJieT CTpOIITb Mo,u;enh rrpou;ecca Herrocpe,u;cTBeHHO Ha 

OCHOBe Ha6nro,u;aeMbIX 0KCIIepIIMeHTanhHblX p;aHHbIX. KaK yKa3bI

BMOCb paHee, 3ap;a"'Ia IIplI 0TOM CBO)];IITCJI K HaxmK;a;eHIIIO Heim

Toporo orrepaTopa L, a;a;e1rnaTHO om1cb1BaIOll\ero CBORCTBa 1mny

"'IaTeneii Me30HHoro rronJI. 3;a;ecb MbI paccMoTpIIM rrpocTeIIIIIYIO 

Mo;a;enb TaKoro TUIIa - Mo;a;enb 2-ypoBHeBhlX IICTO"'IHIIKOB. 

By;a;eM C"'IUTaTb, "'ITO B3aIIMo,u;eii:cTBIIe Me30HOB C IICTO"'IHII

KaMU OIIlICbIBaeTC.SI IIOTeHu;uanoM 

iiint = g(cr+J + J+cr), (10) 

r,u;e J+ II efJ - orrepaTOphl pmK;a;eHirn II YHH"'ITO)KeHirn KBaHTOB 

Me30HHOro nonJI, a er+' CT OIIHCbIBaIOT rrpou;eccbI B036y)K;a;emrn II 

;a;eB036y:a<:;a;eHIIJI IICTO"'IHHKa 

er+ I Eo >=I E1 >,er I E1 >=I Eo > · 

8 

b 

..,,, 

). 

0, 

lIMeJI B BII;a;y, "'ITO rrpou;e~c cpopMupoBamrn Me30HOB 1m rrpe;a;

rnecTBYJOll\IIX IIM cpparMeHTOB ;a;mrTCJI KOHe"'!HOe BpeM.SI, rrpe;a;no

nmKIIM, "'ITO KOHD;eHTpau;1rn IICTO"'IHIIKOB OIIIIChlBaeTCJI HeKoTopoi'r 

cpyHKu;ne11 BpeMeHir w(t), TaKmr, "'ITO 

w(-oo) = w(oo) = 0. 

,I(anee 6y;a;eT BII;D;HO, '-ITO KOHKpeTHM cpopMa cpyHI<D;HH w(t) He 

BmrneT Ha Bn;a; pacrrpe;a;enemrn no MHmKeCTBeHHOCTII o6pano

BaBrnnxcJI Me30HOB. Tpe6yeTCJI nIIlllb KOHe"'IHOCTb lIHTerpana' 

f~oo w(t)dt, xapaKTepII3YIOll\ero 06ll\ee "9:Hcno IICTO"'IHIIKOB y-qa

CTBYIOll\IIX B rrpou;ecce reHepau;nn. Byp;eM TaK)Ke rrpe;a;rronaraTb, 

"'ITO BCe IICTO"'IHIIKII PQ)K,Il;aIOTCJI B MeTaCTa6unbHOM COCTOJIHIII{ 

I E 1 >, HeycTOII"'IIIBOM K rrpou;eccaM pacrra;a;a 

I E1 > -- > I Eo > + I 7r > • 
YpaBHeHIIe cpoH HefrMaHa ,u;nJI orrepaTopa rrnoTHOCTII cncTeMhl 

B rrpe,u;cTaBneHHI{ B3aIIMo;a;ei'rcTBirn HMeeT Bll;D; 

atP = -i[Hint, p]. (11) 

Ilocne o6bI"'IHOir rrpou;e;a;ypbI CBepTbIBamrn p no CTerreHJIM CBo-

6o;a;hI HCTO"'IHIUWB, rronrmM BO BTOpOM rropJI;a;Ke no 0cpcpeI(TI1BHOII 

KOHCTaHThl CBJI3ll 

9o<I><I> = gr 

ypaBHeHue ,u;nJI orrepaTopa rrnoTHOCTII Me30HHoro rronJI 2 

81fJ = J(t)J+ P1r¢ - f~t) [JJ+ P1r + P1rJ¢+], (12) 

r;a;e T - BpeMJI )KII3HU IICTO"'IHIIKa, P1r = Tr up, 

f(t) = g;<I>w(t). (13) 

2 0TMeTIIM, "'ITO (12) He JIBnJieTCJI "9:aCTHbIM cny-qaeM ypaBHe-

HlIJI (1). 
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• 
0Tcro;a;a ;a;mi: ;a;naroHaJihHhIX ;meMeHTOB MaTpIII.J;hl IIl'IOTHOCTII Ha-

XO)];IIM 

8tPo(t) 
8tPn(t) 

- f(t)Po(t), 
- f(t)((n + l)Pn(t) - nPn-1(t)), 

Pn = < n Ip In>, n = l, 2, · · ·. 

(14) 

B cnny Toro, "'ITO Pn(t) IIMeeT CMhICl'I Bepo.aTHOCTII o6panoBa

mrn n Me30HOB K MOMeHTY BpeMeHiI t, CIICTeMy ypaBHeHirii (14) 
ecTeCTBeHHO ;a;oIIOl'IHIITh cne;a;yroru;IIMII Ha"'!aJihHhIMII ycnoBirnMII 

Po(0) = 1, Pn(0) = 0. (15) 

KaK 6meT BIIp;Ho un o6cy)Kp;emrn 6onee o6ru;ero cny-qa.a ( cM. 

HII)I(e), peweHIIe paccMaTpIIBaeMOII CIICTeMhI C 0TIIMII Ha"'!al'Ih

HhIMII ycnOBII.HMII IIMeeT BII)J; reoMeTpII"'IeCKOro pacrrpeµ;eneHII.H (3), 
orrIIchrnaroru;ero pacrra;a; KnaHoB. 

Cneµ;yeT CKanaTh, "'ITO c co6bITII.HMII, OTBe"'!alOI.l.l;IIMII HyneBOMy 

"9:IICllY BTOpII"'IHhIX "9:aCTIII.J;, CB.H3aHhI, C Hamen TO"'IKII 3peHirn, He

KOTOpbie BHyTp'eHHIIe TPYAHOCTII cxeMhI, rrpe;a;nmKeHHOH ,I()I(IIO

BaHHIIHII II BaH XoBoM. Ecnn 0KcTparron11poBaTh pacrrpe;a;errem1e 

(3) B o6nacTh n = 0, TO 06Hapy.1KIITC.H, "'ITO cyru;ecTByeT 60l1hWOe 

"9:IICl'IO HeHa6rrro;a;aeMbIX Kl'IaHOB. Tru(, OTHOWeHIIe "9:IICel'I HeHa6nro

;a;aeMbIX II Ha6nro;a;aeMhIX Kl'IaHOB paBHO 

Po 1 
d = " 00 A 

L.,i=l ' 

=---
v-l 

B Haweii MOp;eJIII HeHa6nro;a;aeMhie KJiaHbI OTBe"'!alOT IICTO"'IHIIImM, 

He rropop;IIBWIIM 3a BpeM.H CBOeJ°:I )KII3HII HII O)];HOrO Me30Ha. BII

)];IIMO, OHII COOTBeTCTBYJOT BIIPTYaJihHhIM cpnyKTyan;IrnM BaKyyMa, 

rrpIIHIIMalOI.l.l;IIM y-qacTIIe B rrpon;ecce. CaMII aBTOpbI rrapaMeTpII-

3aI.J;IIII He o6cy)K;a;aroT TaKIIe co6bITII.H, B03M02KHO, PYKOBO)J;CTBY.HCh 

aHarr9rIIe11 c KBaHTOBOII 0neKTpop;IIHaMIIKOII, r;a;e Bee "'IIICTO Ba

KYYMHhie ;a;IIarpaMMhI o6bI"9:HO He paccMaTpIIBalOTC.H no rrpII"'IIIHe 

CBOeH HeHa6nro;a;aeMOCTII [17]. Ifo rrpe;a;b1p;yru;ero COOTHOWeHII.H II 

II3 ( 4) cne;a;yeT, "'ITO 

k 
d > -=-· n 

10 

j 

!!!-11 .,, 
~ 

iJ 
ri 
'1 

Y"'IIIThIBM xapaKTep naBIICIIMOCTII rrapaMeTpoB k II n OT 0HepriIII vs [4], MO)KHO CKanaTh, "'ITO C pocTOM 0HeprIIII 'BKna;a; "HeB03-

6y.1K;a;eHHhIX" IICTO"'IHIIKOB yMeHbwaeTC.H. 

HHTepecHO OTMeTIITh, "'ITO paccMaTprrnaeMa.a KapTIIHa 0"9:eHb 

HaIIOMIIHaeT rrpon;ecchI, rrporrcxo;a;.aru;ue B nanepe B rro;a;rroporoBOM 

pe)KIIMe reHepan;IIII [18]. B -qacTHOCTII, Me30HhI Haxop;.HTC.H B Tep

MII"'!eCI(OM paBHOBeCIIII co CBOIIMII IICTO"'IHIIKaMII, TaK "'ITO MO)KHO 

orrpe;a;emITh TeMrrepaTypy rrocne;a;mIX, :JarrIIcaB reoMeTp11-qec1me 

pacrrpe;a;enemre B cpopMe pacnpe;a;enemrn n166ca. He TPJAHO y6e

;a;1IThC.H, "'ITO C pOCTOM 0Heprrrn vs TaKIIM o6pa30M onpe;a;eneHH~ 

TeMnepaTypa IICTO"'IHIIKOB pacTeT. Ha 0TOM B03M02KHOCTII OIIIICa

Hirn npon;eccoB MHmKeCTBeHHOro pmKp;eHII.H C IIOMOI.l.l;hlO npocTeH

wero noTeHn;narra (10) npe;a;cTaBl'I.HJOTC.H IIC"'IepnaHHhIMII. 

B pa6oTax [19,20] paccMaTp1rnannch onepaTophI pmKp;eHII.H 

II YHII"'!TO)KeHirn ;a;n.a q-;a;ecpopMupoBaHHOro OCI.l;IIl'IJI.HTOpa, y;a;oBne

TBOp.HlOI.l.l;IIe KOMMyTaI.J;IIOHHhIM COOTHOUieHII.HM 

aa+ - q2a+a = 1, 

a TaIOKe ;a;oITOl'IHIITel'IhHOMY .YCllOBIIlO 

aa+ = a,+a. 

(16) 

(17) 

Ecnu npocTpaHCTBO <PoKa IIOIIOl'IHIITh COCTO.HHII.HMII C OTpIIn;a

Tel'IhHOH 0HeprIIeH, TO ;a;e1rcT:i:me 0TIIX onepaTopoB CBO)J;IITC.H K 

C)];BIIry 

a,+ In>= C1 I n+l >,a In>= C2 I n-l >,n = ···-l,0,1,···, 

r;a;e Ko0cpcpun;ueHThI C1 II C2 ner1m Bhrpa)I(aJOTC.H "9:epe3 q2 c no

MOI.l.l;hJO COOTHOUieHirn (15). 
Y6ep;IIMC.H, "'ITO 1rnaHTOBbie ynpaBl'I.HlOI.l.l;IIe ypaBHeHII.H (12) npII

BO)];.HT Henocpe;a;cTBeHHO K OTpIIn;aTel'IbHOMY 6JIHOMIIaJihHOMY pac

npe;a;eneHIIJO, ecmI npe;a;nonmKIITh, "<ITO 

J+ = ir+ +a,+, J = ir + a. (18) 

3;a;ecb 7r+, ir - o6bI"<IHhie onepaTopbI pO)I()];eHII.H II YHII"<ITO)I(eHII.H 

Me:JOHHoro norr.H, a -qucna C1, C2 CB.imaHhl c napaMeTpoM k oTpII

n;aTel'IhHOro 6IIHOMIIaJihHoro pacnpe;a;enemrn no cpopMyne 

Ca = ±v1c=li. (19) 
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Terrepb )];JI.SI p;IIarOHaJibHbIX 3JieMeHTOB MaTpIID;bI IIJIOTHOCTII IIO

ny-qaeM BMeCTO (14) CIICTeMy ypaBHeHIIll 

- f(t)kPo(t), BtPo(t) 
BtPn(t) - -f(t)((n + k)Pn(t) - (n + k - l)Pn-1(t)), (20) 

C TeMII, "ITO II rrpe)Kp;e, Ha"IaJibHbIMII ycJIOBIHIMII. CIIcTeMa ypa

BHeHIII1 (20) JierKo CBO)];UTC.ll K O)];HOMY ;a;mpcpepeHD;IIaJibHOMY ypa

BHeHIIIO B '9:aCTHbIX rrpOII3BO)];HbIX 

8tIT(s, t) = f(t)(s - l)(k + s8s)IT(s, t), (21) 

C rpaHU"!HbIMII ycJIOBII.lIMII 

TI(0,t) = P0 (t),IT(s,0) = 1 

)];JI.ll rrpoII3BO)];.lIUJ;eI1 <pyHKD;IUI 

00 

IT(s, t) = L Pnsn 
n=O 

IICKOMoro pacrrpep;enemrn Pn(t). 
PerneHIIeM aToro ypaBHemrn .lIBJI.lleTcn rrpmmBop;nrn;an cpyH

KD;II.lI oTpuu;aTeJibHoro 6uHOMIIaJibHoro pacrrpe;a;enemrn [21] 

rp;e 

IT(s, t) = p(t/(l - q(t))-k, 

( ) _ ( ) _ exp(Jt f(t)dt) pt -l-qt ------=~-'-. 
1+!!. 

k 

(22) 

lin (22) cne;a;yeT, "ITO pacrrpe;a;enem1e rr9 MHmKecTBeHHOCTII o6pa

noBaBrnnxcn MenoHOB IIMeeT 3TOT BII)]; He TOJibKO IIOCJie naBeprne

HII.lI rrpou;ecca reHepau;1m, HO II BO Bee rrpe;a;rneCTBYIOUJ;IIe MOMeHTbI 

BpeMeHII. Ilpu 3TOM 

_ kq(t) 
n(t) = p(t) , k(t) = const. 

12 

O6rn;ee "IIICJIO IICTO"IHIIKOB, y"IaCTBYIOUJ;IIX B rrpou;ecce, OKa3bIBa

eTC.lI rrporropu;noHaJibHbIM cneAyrorn;e11 Ha6nro;a;aeMon: BeJIII"IIIHe 

i: f(t)dt = ln(l + ~)-

C cpnnu-qecK011 TO"IKII npemrn rrpeo6panoBaHue (18) o"!eHb Ha

rroMxmaeT rrpeo6pan0Bam1e Boron1060Ba [22] 

<P = ir + c, 

BbI;JJ;eJIIOUJ;ee II3 6onOHHOro IIOJI.ll ¢ KJiaCCH"!eCKYIO COCTaBJIJIIOUJ;YID 

C. HeKOTopoe OTJIII'-IIIe naI<JIIO'-IaeTC.lI JIIIIllb B TOM, "ITO Terrepb 

poJib KJiaccu-qec1mro KOHp;eHcaTa urpaeT 6umrnei'rnan rroneBan KOH

cpnrypau;xrn 

A A+ A+ A 1 k l aa = a a = -- = · - . 
1 -q2 

(23) 

Ta1mM o6panoM, oTpnu;aTeJibHOe 6uHoMIIaJibHOe pacrrpep;enem1e 

(5) corJiaCH0 3TOH 1.10p;em1 MmKeT CBII)J;eTeJibCTBOBaTb O TOM, "ITO 

B o6JiaCTII MHO)KeCTBeHHOro pmKp;emrn COCTO.lIHIIe BaKyyMa OT

JIII'·IHO OT q)OKOBCKOro, TaK Kai( B HeM rrpucyTCTByeT HeKOTOpbIH 

rronyrmaccII'-IeCKUH "q-KoHp;eHcaT". 

Cyrn;ecTByeT ern;e O)];HO COCTO.lIHIIe BaKyyMa, OTJIII"IHOe OT <po

KOBCKOro, rrpIIBO)];.lIUJ;ee K OTpIIn;aTeJibHOMY 6IIHOMIIaJibHOMY pac

rrpe;a;enemuo na op;IIH mar. B aTOM cny-qae 

J = n(N, k)ir, (fa+= fr+ncfl, k), (24) 

r;a;e 

~-~N+k NA - A+A 
H - A ' - 7r 'Tr, 

N+l 

u Im (12) rroJiy-qaeM TY )Ke CIICTeMy ypaBHeHIII1 (20). IloJIJI ¢, (fa+ 
yp;oBJieTBOp~IOT o6bI"!HbIM KOMMyTaD;IIOHHhIM COOTHOilleHirnM 

[¢, J+] = 1 

Ha rrpocTpaHCTBe HaOJIIO~aeMbIX (T.e. cop;ep)Imrn;ux XOT.ll 6bI 

o;a;nH MenoH) cocTO.lIHHH II rroaToMy ''Bbirnnp;nT" B o6nacTn re

Hepau;mr KaK o6bI"IHbie Me30Hbl. c:f>imH'-IeCKIII1 CMbICJI cpanoBoro 

13 



nepexop;a, OTBe'laIOll\ero npeo6panoBaHHID (24), MmKHo noHJITb, 

ecrrH npep;cTaBHTb ero B KaHOHH''leCKOM Blip;e 

J+ = s+ir+ s, J = s+irs, 
rp;e S - cnep;yIDll\Hll H:30MeTp1P1ec1mi:'r onepaTop 

SI n > = In+ k - l >, 
s+ I n + k - l > = I n >, n ~ 0. 

(25) 

Mn (25) Bll)l;HO, "<ITO COCTOJIHJrn Me:3OHHOro IIOJIJI cop;ep)KaT B 

06rracTI1 reHepan;IIH Ha k - l -qacTHIJ; 6orrbIIIe, "tJ:eM :JTII )Ke cocTo

JIHIIJI B o6bI"tJ:HOM BaKyyMe <POim. ,l];pyrIIMII crroBaMII, Ha6rr10p;an 

rpyrrny Me:3OHOB, COCTOJill\YID rm n "tJ:aCTIIIJ;, MmKHO cp;erraTb BbIBO)l; 

o TOM, "<ITO B 06rracTI1 reHepan;nH IIM cooTBeTCTBOBarro n + k - l 
"tJ:aCTIIIJ;, II crrep;oBaTeJibHo, k - l -qacTIIn;a 6bma "rrmKepTBOBaHa" 

:3TOU rpynrron, "tJ:T06bI BbIUTII II:3 o6rraCTII, xapaKTepII:3YIOll\ellCJI 

p;pyrI1M cocTOJIHIIeM BaKyyMa. CorrracHo cyll\eCTBYIDll\IIM :JKcne

pnMeHTMbHbIM p;aHHbIM C yBeJIIl"tJ:eHJieM :JHeprIIII CTOllKHOBeHIIII 

rrapaMeTp k yMeHbIIIaeTcn, "<ITO c TO"<IKII npemrn paccMaTp1rnae

MbIX MOp;erren: COOTBeTCTByeT IIpII6JIIDKeHII10 BaKyyMa K HOpMaJib

HOMY q>OKOBCKOMY COCTO.lIHIIIO. 

XoTJI o6e paCCMOTpeHHbie MOp;em1, OIIIICbIBaeMbie npeo6pano

BaHirnMII (18) II (24), IIO:3BOJIJIIOT BOCIIpormBeCTII pacrrpep;erreH'Ile 

(5) :Ja O)l;IIH war, .BepHeMCJI OIIJITb K 6orree peamICTII"tJ:eCI(Oll 3-
warOBOll cxeMe, rrpep;rrmKeHHon ,l];)KIIOBaHHIIHII II BaH XoBoM. ,II;rrn 

OITIICaHIIJI rrpon;ecca <pparMeHTaIJ;IIII IIHTepecHO paCCMOTpeTb II 

06paTHy10 K orrI1caHHOII cnTyan;I110 - Korp;a BbIXO)l;Jill\M II:3 06-

rracTII rpynna rrpHoopeTaeT HeKOTopoe )l;OIIO1IHIITe1IbHOe "tJ:IICJIO 

"tJ:aCTIIIJ;-<pparMeHTOB ( :Ja C"tJ:eT BbiphIBaHIIJI II:3 BaKyyMa )l;OIIOITHII

TeJibHbIX KBapK-aHTIIKBapKOBbIX nap). B :3TOM crry-qae rrapaMeTp 

k cTaHOBIITCJI MeHowe ep;IIHIIIJ;bI. ,II;rrn o6cy)Kp;emrn :JTon BO:3MO)K

HOCTII rrpep;cTaBIIM pacrrpep;erreHile (5) B Bilp;e 

a( a + b) • · · ( a + b( n - l)) 
Pn =Po ' ' n. 

(26) 

rp;e 
nk -

a= -~b- n fi + k' - fi + k'Po = (1- b)°/b_ 
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Ecrrn k ~ 0, TO a ~ 0, b ~ l, TaI( "<ITO pacnpep;erreHIIe (26) 
nepe..--::op;IIT B 

bn 
Pn ~ -;; (27) 

IIJIII, ITO Kpan:Hell Mepe IIpII He O"tJ:eHb 60JibllIIIX :JHa"tJ:eHIIJIX n, p;a)Ke 

B pacrrpep;erreHne Bnp;a ( 4) / 

1 
D ~-, .rn n (28) 

o6'b.lICH.lI.lI TeM caMbIM <prryKTyan;1rn cpep;Hero "tJ:IICJia -qacTIID; B 

1maHe. 
!IoH.lITHO, "<ITO o6e paHee pacCMOTpeHHbie MOp;errII, rrpII COOT

BeTCTBYIDll\eII Mop;mfm:1mn;un rrpeo6panoBaHilll (18) II (24), BOC

rrpmmBop;nT pacrrpep;erreHile (27). MmKHO Ta101w rrpep;rronmKIITh, 

"<ITO cyll\eCTBYIDT II p;pyrIIe q>II:3H"tJ:eCKIIe Mop;errn, KOTOpbie rrpn He

KOTOpOM :JHa"tJ:eHIUI CBOIIX rrapaMeTpOB p;aIOT pacrrpep;erreHIIJI (27), 
(28). B TeopnII KpIITI1"tJ:ec1rnx JIBneHIHI TaKile Mop;errII OTHOCJIT K 

op;HoMy II TOMY )Ke Krraccy ymrnepcarrhHOCTII. B CBJI:3II c :JTIIM 

Ba:,rrno rrop;-qepKHYTb, "<ITO COOTHOIIIeHirn (27) n (28), BII)l;IIMO, OT

pa:,rmIOT HeKoTopore o6ll\He cBoncTBa rrpon;ecca o6panoBamrn rra

BIIHbI B MeTacTa6ImoHOM BaKyyMe. 8TOT BbIBO)l; corrracyeTCJI II c 

06ll\ell Teopnen KJiaCCII"tJ:ecimro q>JIIIKKep-wyMa, rrpep;JIO)l(eHHOll B 

pa6oTe [23] II o6'bJICHJIIOll\eII IIO.lIBlleHIIe CTaTIICTII"tJ:ec1rnx <prryK

TyaIJ;Illl Bnp;a (28) Ha ocHoBe rrpep;cTaBrreHIIll o cxop;e nec"tJ:aHon 

nrrn cHe)KHon rraBIIHbI. Mcnorronyn TepMnHorrorn10 aBTopoB :JTOU 

pa60TbI, MmKHO CKa:3aTh, "<ITO nepBM CTa)l;IIJI npon;ecca MHO)l(e

CTBeHHOro po:,r(p;eHll.lI :JaKaH"tJ:JiIBaeTCJI conp;aHIIeM IICTO"tJ:HllKOB, Ha

XO)l;Jill\llXCJI B caMoopraHll:3YIDll\llXCJI KpIITil"tJ:eCKIIX COCTOJIHllJIX. 

CBepTKa pacnpep;enemrn (27) c pacnpep;erreHI1eM IIyaccoHa 

(2) TaK)Ke np1rnop;UT K OTpnn;aTeJibHOMY 6IIHOMIIaJibHOMY pac

npeµ;erreHHIO (5) p;rrn pacnpep;erreHII.lI no MHO)l(eCTBeHHOCTll <ppar

MeHTOB nocrre OKOH"laHHJI BTopo:u: cTap;nII npon;ecca. B :JTOM 

CMbICJie paccMaTpimaeMM MOp;errb BOCnpoII:JBO)l;IIT JIOKaJibHYID 

1rnapK-ap;poHHYID p;yarrhHOCTh, o6Hapy)KeHHYID npn Mop;errI1poBa

HIIII npon;eccoB MHO)l(eCTBeHHOrO po:,r(p;eHllJI C IIOMOll\blO npo

rpaMMbI JETSET [24]. Borree Toro, KaK noKanbrnaeT npoBe-
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• 
p;eHHhIII aHamm, )];IT.lI cpparMeHTOB, 06pany10r.u;IIXC.lI nocrre OKOH'-Ia- . 

HII.lI BTopoir cTap;IIII, NBD-::mKoHoMepHocTh p;omKHa BhrnorrHJIThC.lI 

TO"!Hee, "9:eM )];IT.lI Ha6mop;aeMbIX Me::30HOB. ,I(eircTBIITeIThHO, B 3TOM 

crry-qae ee BbIBO)]; B nHa"IIITeITbHOlI Mepe MOp;errbHO HenaBIICIIM -

nyaccoHOBCKoe pacnpep;erreHIIe .lIBIT.lieTc.lI rrIIlllh crrep;cTBIIeM npep;

cTaBrreHifII 06 OTCYTCTBIIII naMeTHbIX KBaHTOBbIX cprryKTyaqui'r 

npu npoTeI<aHIIIf caMoir )KeCTKOII cTap;1rn npoqecca, pacnpep;erre

HIIe (27) crrep;yeT II::3 npep;norrmKeHirn O TOM, "ITO panBIITIIe rraBIIHhI 

npOIICXO)];IIT B pe)I(IJMe, 6mmKOM K KpIITII"IeCKOMy. B TO )Ke BpeM.lI 

npII paccMoTpeHIIII nocrrep;Heir cTa)];IIII - ap;pommaquII cpparMeH

ToB, IICilOITh::30Barracb KOHKpeTHaJI Mop;errb 2-ypoBHeBbIX IICTO"IHII

KOB. Ilop;o6Hhie BhIBO)];bI IlO)];TBep)K)];aIOTCJI I<aK "IIICITeHHbIMII 3Kcne

pIIMeHTaMII, BhIIlOITHeHhIMII Ha ocHoBe nporpaMMhI JETSET [25], 

TaK II cyr.u;ecTBYIOUJ;IIMII 3KCnepIIMeHTaITbHhIMII p;aHHhIMII [26,27). 

4 3aKJIIO"t.J:eHHe 

B HacTo.lir.u;e11: pa6oTe MhI o6cy)K)J;arrII 1maH0By10 napaMeTpII

naqmo npoqeccoB MHO)I<eCTBeHHOro pmKp;emrn, npep;rrmKeHHYIO 

,I()KIIOBaHHIIHII II BaH XoBoM, norrhnyHch 1rnaHTOBhIMII ynpaBrrn

ror.u;nMII ypaBHeHirnMII )];IT.lI OTKpbITbIX CIICTeM. Ilpu 3TOM 6brnO 

ycTaHOBITeHo, "ITO nepBM CTap;Irn npoqecca cpparMeHTaqIIII OilII

CbIBaeTCJI p;IIcKpeTHon: p;nHaMII"!ecrmn: norryrpynnon:, OTBe"!aror.u;en: 

OTKphITOII cIIcTeMe, nop;Bep)KeHHOH Bonp;en:cTBIIIO Krraccu-qecKoro 

BHelllero lllyMa. IIorry-qaror.u;eecH nyaccoHOBCKoe pacnpep;erreHue 

pmKp;aIOUJ;IIXCJI cpparMeHTOB OKanhIBaeTCH HenaBIICIIMhIM OT 60-

rree p;eTaIThHOI'O Mop;errbHOro onIIcaHIIH. BTopan CTap;Irn npoqecca 

- 06pan0Bam1:e rraBHHhI, IIHIIqrmpoBaHHOH cpparMeHTaMu, Haxo

)];HUJ;HMIIC.lI B MeTaCTa6IIIThHOM COCTOHHIIH, TaK)Ke B ::3Ha"IIITerrb

HOH Mepe Mop;errhHO-HenaBHCHMa. B npu'Hqrme oHa MmKeT onucbI

BaThCH panH~IMH TeopirnMII, npIIHap;rre)KaUJ;IIMII K O)];HOMY H TOMY 

)Ke Imaccy YHHBepcarrbHOCTH, II xapaKTepunyeTCH noBep;eHIIeM, 

6mmKHM K caMoopraHimOBaHHOMY KpIITII"!ecKoMy. B "9:acTHOCTII, 

)];Be paccMOTpeHHhie paHee MOp;erru p;eMOHCTpupyIOT Ta1me noBe

p;eHIIe B HeKOTopon: o6rraCTII CBOHX napaMeTpOB u onIIChIBaIOT 

o6panoBaHue rraBIIHhI B MeTaCTa6ImhHOM BaKyyMe. BonMO)KHOCTb 
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norry-qeHII.lI OTpIIqaTeIThHOro 6uHOMIIaITbHOro pacnpep;erreHHH c no

MOUJ;bIO 3TIIX )Ke Mop;erreii (npu p;pyroM BbI6ope ynpaBITHIOUJ;IIX 

napaMeTpoB) He OTBe'-IaeT, no HallleMy MHeHIIIO, HHKaKOMY pe

aJibHOMY cpnnn-qecKoMy npoqeccy. IIocrre;a;HaJI cTa;a;mr - a;a;poHH

naq1rn, y;a;oBrreTBOpUTeIThHO onIICbIBaeTC.lI MOp;errhIO 2-ypoBHeBbIX 

IICTO'-IHIIKOB u HanoMnHaeT npoqecc nnrry'-IeHirn rranepa, Haxop;a

r.u;erocn B nop;noporoBOM pe)IGIMe reHepaqun. B p;arrbHe111I1eM 6brno 

6hI llHTepecHO nonpo6oBaTb YTO'-IHIITh MOp;errh 3T0ll CTa)];IIII, <pH

TIIpOBaB pacnpe;a;erremre no MHmi..:ecTBeHHOCTII po)I(;a;aror.u;uxcn Me

noHoB HeKOTOpbIMII p;pyrIIMII, o6cy)Kp;aror.u;uMIIC5I B HaCTOJir.u;ee 

BpeMJI pacnpe;a;erremrnMII [26,27). Bbrno 6hr TaK)Ke HHTepecHo no

nhITaThCH onucaTh JIBITeHIIe nepeMe)l(aeMOCTH, nocTpOIIB 6orree 

µ;eTaITbHYIO MOp;errh pacna;a;a KrraHOB 1I npIIHJIB,B "9:aCTHOCTH, BO 

BHUMaHife nonepe"!Hble CTeneHII CB06op;hI [7,8). HeKOTOpbie aB

TOpbI C"IIITaIOT, 'ITO nop;o6HhIC 3<p<peKThI OTBeTCTBeHHbI TaK)I(e 

na OT"IeTrrIIBhie npn vs = 900 r3B ocqurrrrnqu11 pacnpep;erreHH.lI 

no MHmKeCTBeHHOCTII OTHOCIITeIThHO OTpnqaTeIThHOro 6IIHOMH

arrhHOro. Co cBoeii cTopoHhI ;a;o6aBIIM, 'ITO 3TO .lIBrremie MO)I<eT 

Tarcm:e CBIIp;eTeIThCTBOBaTh II O npncyTCTBIIU cpep;n pmKp;aIOUJ;IIXCH 

Me::30HOB- nHa"IIITCITbHOII npnMeCH rmrepeHTHhIX C)KaThIX COCTO.lI-

HIIII norrn. 
ABTOp 6rraro;a;apnT cBOIIX rwrrrrer )K.)K.MycyrrhMaH6eKoBa II 

H.B.Maxarrp;uaHII na MHoro-qncrreHHhie CTIIMymrpyror.u;IIe o6cy)Kp;e-

HII.lI. 
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