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1 BBe,n;eHHe 

Omrca1me MRnwtt cTa,n:1u1 npon;eccoB MHomecTBeHHoro pom,n;emm n:, 

B qacTH0CTH, Il0CTpoeHHe MHKpOCKOilHqecKOit TeOpHH a,n;poHH3aD;HH 

KBapK - rJIIOOHHOii IlJia3Mhl - o,n:Ha H3 aan:6onee aKTyam,HhlX npo-

6JieM COBpeMeHHOH ;eopn:n: ClIJibH!>IX B3aIIMo,n:efiCTBHfi. B pa6oTax'[i 

- 5] 06cym,n;anac1, B03MO.lRHOCTb npHMeHeHHR ,n:JIR 3THX n;enett q>eHO

MeH0JI0rHqeCKott TeopHH cpa30BhlX nepexo,n:oB rn:a36ypra - Jlaa,n:ay 

[6] (napaMeTpoM nopR,n;Ka B 3TOM cnyqae RBJIReTCR Bem1qm1a noJIR 

7r pom,n:aiomHXCR Me30HOB). KaK 0TMeqaJI0Cb B pa6oTaX [1,5], 3T0T 

MexaHH3M pom,n:eHHR Me30H0B oqea1, HanoMHHaeT npon;ecc reaepan;IIH 

3JieI<TpoMarHHTH0ro H3JiyqeHIIR Jia3epaMII. ,ll;aHHM pa6oTa Il0CBR

meHa 6onee ·,n:eTa;bHOMY H3yqeHHIO 3Tofi aHaJiornH 1• 

IIocKOJinKY cymecTB0BaHHe TepM0.ZJ:IIHaMHqecKoro paBHOBeCIIR Ha 

cTa,n:nn, Herrocpe,n:cTBeHH0 npe,n:rnecTBYIDmett a.zipoHH3aD;HH,He ,n:0Ka-

3aao, HHKaKIIX anpH0pHhlX TepM0.ZJ:HHaMHqecKHX COOTHOIIIeHIIfi, Heo6-

X0,ll;HMhlX B Te0pHH rlIH36ypra - JlaH,n;ay, Mhl 3,ll;eCn lICil0Jib30BaTb He 

6y.n;eM. BMecTo 3T0ro Mhl paccMoTpHM KBaHT0BYIO Mo.n;en1, a.n;poHH3a

U:HH, B KOTopott Me30HH0e IIOJie B3aHM0,n;ettcTByeT C nopom.n;a10mnMH 

ero HCTOqHHKaMH - KBapK - rJIIOOHH0it IlJia3MOtt, - B 6JIII3KOM COOT-
/ 

BeTCTBllll C TeM, KaK 3JieKTp0MarHllTH0e Il0Jie B3anMo,n:ettCTBYeT C B03-

6ym.n;eHHhlMII aToMaMII B ra30B0M na3epe [8]. Ilocne aToro Bee cBofi

CTBa HCTQqHnKa, . Heo6xo,n;HMhle ,ll;JIR Il0CTpoeHHR caM0C0rJiacoBaHH0fi 

KapTnHhl npon;ecca, 6y.n;yT ll3BJieqeHhl Henocpe.n;cTBeHH0 H3 aKcnepn

MeHTaJinHhlX ,n;aHHhlX. 

O,n;HH H3 0CH0BHhlX ~hlB0,ll;0B .n;aHH0fi pa6oThl 6y.n;eT COCTORTb B TOM, 

qTQ B npon;ec_ce a.n;poHII3aD;HlI Ba.lRHYIO poJib MoryT IIrpaTb BIIpTy

aJibHhle Me30Hhl, cnoco6Hhle CTHMYJIHpoBaTn npon;ecchl nepexo,n;a B03-

6ym.n;eaHofi a.n;poHHOii MaTepHn B 0CH0BH0e COCTORHHe. 9To 3aKJIIO

qeHHe, o.n;HaKo, cne.n;yeT T0JlbK0 B TOM npe.n;noJIO.lReHim, qTQ q>JiyKTY

an;IIII IlJI0TH0CTII KBapK - rJIIOOHHOii IlJia3Mhl, Bhl,ll;eJIRIOmettcR B npo

n;ecce MH0.lReCTBeHHoro pom,n:eHnR B 3a,n:aHH0M llHTepBaJie 6hlCTpOT' 

He oqeHn BeJIHKII. 

,ll;JIR 0ilIICaHHR BHpTyaJinHhlX CTeneaett CB06o.n;hl B q>II3HKe BhlC0KllX 

1 I1,n;eH 0ilHCaHHR npon;eCC0B Me30H006pa30BaHHR C Il0M0mnIO Jia-

3epHofi aHanornH BhlCKa3LIBaJinc1, TaKme Kappy3epcoM [7]. 



,meprn:tt pa3pa60Tam,1 npocThle uarJIR,nHhle npe,ncTaBnemrn, Bocxo,lVl

ru;ne B n,ne:ttHoM nnaue eru;e K H3BeCTHoil: pa6oTe Battn;3eKepa n Bnm,JI

Mca [9], KOTOphle JieI'Jill B OCHOBJ pa3JillqHhlX MO,nene:11 napTOHHoro 

KacKa,na. O,nuaKo cBo:ttcTBa BHpTyam,HhlX Me3oHoB, o KOTOphlx 6y,neT 

ll,l(Tll peqJ, HH.lRe, cyru;ecTBeHHO OTJinqaIOTCJI OT CBOHCTB napTOHOB, 

BXo,lVlru;nx ~ cocTaB a,npoIIoB. B KHnre 8. XeHJIH n' B. TnppnHra [10] 
OIIllCaHhl ,nBe Toquo pemaeMhle MO,l(eJIH Teopnn IIOJIR, Il03BOJIJIIOIIl;He 

nponnnrocTpnpoBaTb cBoitcTBa BHpTyanbHhlX noneil: o6onx THIIOB. 

a) IlepBaJI H3 aTHX Mo,n;enett OTBeqaeT cKaJIRpHoMy nomo, B3aHMO

,nettcTBYIOru;eMy co CTaTnqecKHM llCTOqHHKOM B COOTBeTCTBllll C ypa-

BHeHHeM 

c!t22 - V2 + m 2)</J(r, t) = p(r). 

Onpe,neJIRJI cTaH,napTHhlM o6pa30M onepaTophl polli,nemrn 11 yHn~no

meHHJI at, ak KBaHTOB CBo6o,n:Horo noJIR 

. a~eikr + a±-e-ikr 
<Pm(r, 0) = ~ k (2w3 L3)1/2 , 

k 

n, c n0Moru;1,10 _ aHanorl{qHhlX cooTHOIIIeHntt, onepaTophl bt, bk ,nJIR 

noJIR <P, B3aHMo,neitCTBJIOru;ero C llCToqHHKOM, MO.lRHO y6e,n:HTbCJI B 

cnpaBe,ZJ;JlllBOCTll COOTHOIIIeHHii: 2 

Pk 
b;; = a;;+ (2w3 L3)1/2' 

p"'.. 
+ k • bt = a;; + (2w3 L3)1/2 (1) 

<l>opMJJihl (1) 
0

llMeIOT npocTyIO IlHTepnpeTaD;HIO: noMHMO RBaHTOB 

CBo6o.n;Horo IIOJIR, OIIHChlBileMhlX onepaTopaMH ll_k, at, CTaTnqecKHii: 

23,n;ec1, 

P;; = j p(f')e-ikrd3r, 

w = ✓m2 +k2 , 

L - HeKOTOphltt KOHeqHhlH napaMeTp pa:iMepHOCTil ,Zl;JIIIHhl, q>IIKCH

py10ru;nit 061,eM, B KOTOphlit 3aKJIIoqeHa CHCTeMa. 

2 

·1 

I 
I , 

h 

I' 
Is 

HCTOqHHK OKpyllieH HeKOTOphlM KJiaccnqecKHM IIOJieM - KOH,n:eHCaTOM, 

Ben11qHHa KOToporo 
Pk 

Xk = (2w3 L3)1/2' 

nponopn;HoHaJibHa 3apn,n:y HCTOqHJlKa. KnaccHqecKoe none Xk KaK 

pa3 H onHChlBaeT BHpTyaJIJ,Hhle CTeneHH CB06o.n;hl,· OKpylliaIOru;He llC

TOqHHK. qT06hl y6e.n;HTJ,CJI B aTOM, ,Zl;OCTaToqHo paCCMOTpeTJ, .n;ett

CTBHe onepaTOpOB YHH'ITOllieHHJI "ronoro" noJIJI ak Ha qrn3nqecKntt 

BaKyyM. B COOTBeTCTBHH c ( 1) HMeeM 

. 
bklin, 0 >= Xklin, 0 >, (2) 

T.e. cocT0JIHHJI jin, 0 > JIBJIJII0TCJI co6cTBeHHhlMH BeKTopaMH orrepaTo

poB bk. OTcro.n;a BH.ZJ:HO [i 1], qTQ "c Toqrrn 3peHHJI" onepaTOpoB bk, bt 
C0CT0JIHHJI cpH3Jl'IeCKOro BaKyyMa JIBJIJIIOTCJI KorepeHTHhlMH C0CT0JIHH

JIMH, co.n;eplliaru;HMH KBaHThl ronoro, HJIII BHpTyanbHoro_noJIJI </J 3. ll3 

TeopHH KorepeHTHhlX C0CT0JIHHii: H3BeCTH0 [11], 'ITO pacnpe,n;eJieHHe 

no q11cny qacTHU: B HHX onncnIBaeTcn pacnpe.n;enem1eM Ilyacc~Ha, RO

Topoe, B ,Zl;aHHOM cnrrae, OTBeqaeT Bep0RTH0CTH 3aperHCTpHpOBaTJ, 

B6JIH3H HCT0'IHHKa nonn n BllpTyaJibHhlX RBaHT0B 

-n 
n -n n 
rn = e -

1
• 

n. 

3.n;ech 

ii= lxkl 2
, 

btbk jin,0 >= ii Jin,0 >. 

MolliHO TaR}Ke y6e,n;HThCR, qTo ccpopMynupoBaHHaJI MO,n;eJih .n;aeT 

npon;eccy ncnycKaHHJI T0pMo3Horo 1rnnyqenHJI namJI,n:HyIO cpH3H'Ie

CKYIO HHTepnpeTaD;HlO ( 0TphlB BHpTyaJihHhlX RB,aHTOB OT HCTOqHHRa 

npn era CT0JIRH0BeHHH C .n;pyrHM 3apJI,n;oM), npaBHJihHO onHChlBaeT 
. ., 

-----------
3 To, qTo KBaHThl noJIR <P BHpTyaJihHhl, noHJITHO X0TJI 6hl H3 Toro, 

'ITO aHeprHJI cocTOJIHHJI jin, 0 > paBna nyn10. B nanrnx paccym.n;e

HHJIX no,n:pa3yMeBaeTCJI ncnoJih30BaHHe npe,n:cTaBJieHHJI feifaen6epra, 

B KOT0p0M HaqaJihHOe COCT0JIHJle Jin, 0 > OCTaeTCR HeH3MeHHhlM, B TO 

BpeMn KaK onepaTophl ak pa3BHBaIOTCR B bk. 

3 



crreRTp . TOpM03HOro n:3nyqemrn, rrpe.n;cRa3hIBaeT cyrn:ecTBOBaHn:e RO

HeqHoro BpeMeIJH cpopMn:poBaHHH BHpTyaJihHOro IIOJIH IIOCJie "BcTpH

xrrnaHn:H" qacTHUhl - HCTOqHHRa' B MOMeHT CTOJIRHOBeHHH (,Hp<peRT 

JlaH,n:ay - IloMepaHqyRa [12]) [10]. 
6) .l(pyraH MO,n:eJib, ROTopyIO MO}RHO np1rneCTll B RaqecTBe HJIJIIO

CTpaumI CBOitCTB BHpTyaJibHhlX Me30HOB, yqacTByIOrn:HX B npouecce 

a,n:pOHH3aUHH, 3a,n:aeTCH ypaBHeHHeM BH,n:a 

( :t
2

2 - V2 + m2 )</>(r, t) = j d3r'V(i, i', t)</>(i', t). (3) 

K Mo,n:eJIHM TaRoro TJma OTHOCHTCH, HanpHM<:P, rnaBHhIH qnen peJIH

THBHCTCRoii:: TeopHH H.n;epHhlX CHJI (Me30IIHOil: ,s- TeopHH [10]). B 3TOM 

cnyqae 
2 

V(i, i', t) = ~8(i - r')p(r, t), 

r.n:e p = 'ljJ*(r)'!/J(r) - HJRJIOHHaH IIJI0THOCTh, M - Macca HJRJIOHa. 

B3aHMO,n:eii::CTBHe 3JieRTpoMarnHTHOro IIOJIH C HepeJIHTHBHCTCRHMH qa

CTHUaMH TaRme MO}I{~T 6MTI, OilHCaHO TaRHM o6pa30M [10] 4 • IlpH 3TOM 

B RaqecTBe IlOTeHn;HaJia cne.n:yeT B3HTh 

2 

V(r, i', t) = :.__8(i - i')p(r, t), 
m 

r.n:e p(r,t) = l'!/J(r,t)l2, m,e - ITJIOTHocTh, Macca H 3apH,n: qacTHU 

COOTBeTCTBenno. 

.l(JIH MO,n:eJieii:: 3TOrO THIIa MaTpHUa D, npeo6pa3JIOrn:aH_JIORaJihHhle 

nepeMeHHhle IIOJIH B aCHMIITOTH'leCRHe, HBJIHeTCH "nonyyHHTapHoii:" 

( H30MeTpH'IeCROii::), y,n:oBJieTBopmorn:eii:: COOTHOIIIeHHHM 

n;t n± = 1, n± n;t = 1- P, (4) 

r.n:e· P - onepaTop npoeRTHpoBamrn Ha cocTOHHHH, He Ha6n10.n:aeMhle 

B,n:aJIH OT HCTO'lHHRa. B HaCTOHrn:eii: pa6oTe Mhl He 6y,n:eM B.n;aBaTbCH 

4 O6cym.n:aeMaH 3,n:ec1, aHanorttH Mem.n:y npoueccaMH a.n:poHH3aunn 

II pa6oToii:: Jia3epa, B ROHe'IHOM C'leTe, o6ycJIOBJieHa HMeHHO 3THM 

o6cTOHTeJibCTBOM. 

4 

"' 

( 
;!' 

B TeXHII"IeCRHe .n:eTaJIH' CBH3aHHhle C BhlBO.ll:OM cpopMyJI ( 4)' rro.n:po6-

HOe H3JIO}I{eHHe R0T0phlX HMeeTCH B RHHre [10]. BMeCTO 3T0ro Mhl 

noCTp0IIM HeR0TopyIO cxeMy RBaHTOBaHHH C yqeTOM BHpTyaJibHhlX 

COCTOHHHH, II03B0JIHIOrn:yro cpa3y IIOJIJ'IHTh BCe Heo6xo.n;HMhle COOT

HOIIIeHJIJI, IIOCJie qero nepeii:.n;eM I{ cpopMJJIHpOBRe JIMepHott MO,n:eJIH 

a.n:poHH3aD;HH. 

Httme, BO H36emaHHe nyTaHHUh!, Mhl 6y.n;eM Bcne.n: 3a XeHJIH H Tnp

pHHroM HMeH0BaTb BHpTyaJibHhle IlOJIH BT0poro THila CBH3aHHhlMH co

CTOHHHHMH IIOJIH. 8TH IIOJIH, B OTJIH'!He OT napTOHHhlX, He HBJIHIOTCH 

3aMopomeHHhlMH, a npHHHMaIOT caMoe aRTHBHOe yqacTHe B CTHMJJIH

UHH nepexo,n:oB B036ym,n:eHHOll a,n:ponnott MaTepHH B OCHOBHOe COCTO

HHHe. 

2 RBaHTOBLIH ocn;HJIJIRTop c yqeTOM 
.., 

CBR3aHHhlX COCTORHHH 

EcJIH B npocTpaHCTBeHH0 - BpeMeHHOii:: o6JiaCTH, B ROTOpoii:: rrpottc

xo,n:HT a.n:poHH3aD;HH, npHCJTCTBJIOT CBH3amrne Me30Hhl, TO o6hl'lHOe 

CO0TH0UieHHe 

al0 >= 0, 

R0Topoe HBJIHeTCH onpe,n:eJieHHeM BaRyyMa B npocTpaHCTBe <l>oRa, 

60JibIIIe He cnpaBe,n:JIHBO: 

bl0 >=J:. 0. 

BMeCTO C0OTHOIIIeHirn (2) Mhl Tenepb IIOTpe6yeM: 

bl0 >= ,Bl - 1 >, 

r.n:e ,8 - HeROT0poe 'IHCJI0, onpe,n:eJIHeMoe HHme, 1-1 > - COCT0HHHe, 

R0T0poe 0TJIH'laeTCH OT 10 > TeM, 'ITO B HeM .Ha o,n:Hy CBH3aHHYIO qa

CTHUY MeHbIIIe. By,n:eM C'lHTaTh, 'ITO onepaTophl b, b+ y,n:oBJieTBOpHIOT 

o6bi:'lHhlM ROMMyTaUH0HHhlM COOTHOIIIeHHHM 

[b, b+] = 1. 

raMHJibTOHHaH OCUHJIJIHTOpa B03bMeM B BH,n:e 

1 
H = b+b+ - - Ci 

2 ' 

5 

(5) 



I -

oTJin-.:i:aroru;eMcJI OT 061,1-.:i:Horo Ha nocT0JIHHyro G1, K0Topa11, KaK 6y.n.eT 

II0Ka.3aH0 HHlKe, 0IIIlChlBaeT 3Heprnro CBJ13ll BllpTyaJibHhlX tJ:aCTHI:~ ( CM. 

TaKme pa3)1.eJI 9:2 B KHnre XeHJIIl n TnppnHra [10]). I1oJih3YJICh K0M

MyTa:a;noHHhlMR C00TH0IIIeHHJIMil, HaX0)J.IlM 

Hb+k >= (e: + l)b+k >, 

r,n;e le:> - HeK0Top1,1tl: co6cTBeHHhltl: BeKTop raMRJihT0Hnaaa (5). OT-

cro,n;a cJie,n;yeT, tJ:To 

t,+le: >= qle: + i >, 

r.n.e q - HeKoTopoe C-tJ:ncJio. ,UaJiee, nocK0JihKY 

< e:lbb+k >= lql2 

n . 1 
bb+k >= (1 + b+b)le: >= (e: + 2 + G1)le: >, 

TO 

q= Je:+1+G1. 

TaKnM o6pa3oM, 

b+le: >= Je:+ i + Gile:+ 1 >. (6) 

AaaJiorntJ:HhlM o6pa30M noJiytJ:aeM 

ble: >= ✓E - ~ + G1l-e: -1 >. 
2 . (7) 

TaK KaK 0CH0BH0e C0CTOJIHile 10 > co,n;epmnT KBaHThl CBJI3annoro 

Il0JIJI, IlOTpe6yeM 

b+bl0 >= G2I0 >, 

r,n;e G2 - tJ:IlCJI0 CBJI3aHHhlX KBaHT0B, iiaXO,n;JIIIl;HXCJI B 0CHOBH0M co

CT0JIHHH, G2 > 0. TaKnM o6pa3oM, ,ll.JIJI ocnoBnoro cocToJIHRJI oc:a;HJI-

JIJITopa nMeeM 
1 

HI0 >= (2 - G1 + G2)I0 > . 

6 

... 

( 
J 

EcJin CtJ:IlTaTh, tJ:TO CBJI3aHHhle C0CT0JIHHJI ne ,ll.aIOT BKJiaAa B ::meprnro 

B036ym.n.enHJI,. TO neo6xo.n.m,10 noTpe6oBaTh 

G1 = G2. 

I1oJiyqemrne C00TH0IIIeHHJI II03B0JIJIIOT HHTepnpeTnpoBaTb Il0CT0-

JIHHYIO G1 , Bxo,n;11ru;y10 B raMnJihT~1rnaa (5), KaK rny6nay noTea:a;n

aJihH0it JIMhl, B KOTopy10 onycKaeTCJI 0CD;IlJIJIJITOp nocJie ncnycKaHHJI 

BHpTyaJibHhlX HBaHTOB 5
• B 3TOM cJiyqae cneKTp 3Heprnn raMHJihTO

nnana (5) He 6y.n.eT OTJill'laTbCJI OT 061,1qnoro, B TO BpeMJI HaK .n.eitCTBlle 

onepaTopoB pom.n.enIIJI II yHnqTomemrn na n-qacTIJqHoe cocToJinIIe, 

cornacno (6) H (7), 6y~eT HMeTb BH,ll. 

bin >= Jn + Gin - 1 >, b+ln >= Jn + C + lln+ 1 >, (8) 

r,n;e C = C1 = C2. 
OnepaTOphl a, a+ n b, b+ MoryT 6hlTh Bhlpamen1,1 .n.pyr 1.1epe3 .n.pyra 

C IlOM0IIl;hlO CJie.n.y10mero HaHOHH'IeCHOro npeo6pa30BaHHJI 

b+ = s+a+ S, b = $+as, 

r.n.e S - H30MeTp111.1ecirnit onepaTop BH,n;a 

Sin>= In+ G >, s+1n + c >= In >, 

n ~ 0. 

OTCIO,ll.a BH)J.HO, l.JTO B TOM cJiyqae, HOr,ll.a G JIBJIJieTCJI ueJihlM 'IHCJIOM, 

H3Menenne BaKyyMa CBO,ll.HTCJI K .n.o6aBJieHHIO I{ n "nopMaJibHhlM" C 
"CBJI3a1ui1,1x" qacTIIU. 

HeTpy.D.HO TaHme Haii:TH JIBHhlll BH)J. onepaTopOB f2, OIIHChlBaIOIIl,HX 

nepexo.n. OT "o.n.eT11x" H "roJihlM" orrepaTopaM pom.n.eHHJI H ynHqTo

memrn 

b = n(N, G)a, b+ = a+nJN, C). 

5O6pa3HO roBopJI, rrpH onncannoM Bhl6ope aneprnH BaKyyMa no

TenunaJI V, BXO,Zl;Jllll,Hit B ypaBnenHe (3), IlOJIH0CThlO "e1,e.n.aeT" CBJI-

3aHHhle COCTOJIHHJI Il0JIJI. 

7 



I1MeHHO -

D= ✓N+C+l 
N+l ' 

r.n:e N = a+ a. Tenep1, MO>RHO npoBepHTl> RBHO, qTo onepaTophl b 
II b+ Y.ZI.OBJieTBOpRIOT o6hlqHI,IM l{QMMyTaIJ;II0HHhlM CO0THOIIIeHHRM ( Ha 

COCTORHHRX, C0,Zl,ep>Ralil;HX XOTR 6hl O,ZJ,Hy qacTHn;y). 

CcpopMynn:poBaHHaR cxeMa RBaHTOBaHIIR OCIJ;HJIJIRTOpa C yqeTOM 

BIIpTyaJII,HhlX COCTORHHi1 He RBJIReTCR e,ZJ,HHCTBeHHO B03MO>RHOi1. Cy

rn;eCTByeT .n.pyran, npHBO,n:Rrn;aR O,L(HaRO R TeM me <pH3HqecRHM pe3yn1,

TaTaM, cxeMa 1rnaHTOBaHHR, B l{OTOpoil: CBR3aHHhle COCTORHHR noJIR 

MoryT 6hlTI, npe.n.cTaBJieHhl B "napTOHoo6pa3HOM" BH,n:e C noMOIUI,IO 

cpopMyJI ( 1). E.n.HHCTBeHHOe ( 0,L(HaRO oqeHI, cyrn:ecTBeHHoe!) OTJIHqHe 

3aRJIIOqaeTCR B TOM, qTQ BMeCTO RJiaccnqecRoro l{QH,L(eHCaTa Xk Te

nep1, cne.n.yeT B3RTl> HeRoTopoe "noqTn RJiaccnqecRoe" "none, y.n.0Bne

rnopn10rn;ee q- .n.ecpopMHpOBaH'HhlM R0MMyTaIJ;HOHHI,IM COOTHOIIIeHHRM 

(cM. ITpnnomenne). 

3 Jia3epHa11 Mo,n;eJIL rrpqu;eccoB a,n;po

HH3aD;HH 6e3 yqeTa q>JIYRTyau;HH HC

TO"CJHHROB 

.LJ:nR onncamrn npon;ecca a.n.poHH3an;nn 6y,n:eM ncxo,n:IITl> H3 cne.n.y10-

rn;ero xoporno H3BeCTHOfO B TeOpHH Jia3epoB ypaBHeHHR [13] 

OtPt = ~ < y+(t)y(t) > (2b+ Ptb- bb+ Pt - p1bb+), (9) 

B ROTOpOM T II < y+(t)y(t) > - BpeMR >RH3HH HCTOqHHROB ll Be

nnqnna, nponon;nonaJibHM HX TIJIOTHOCTH COOTBeTCTBeHHO, Pt - Ma

Tpnn;a TIJIOTHOCTH TIOJIR H3JiyqeHHR. YpaBnenne (9) MO>ReT 6hlTb no

nyqeHO H3 BeCbMa o6rn;n:x ypaBHeHIIH TeopHH OTRphlThlX CHCTeM [13], 
eCJIH npe.n:noJIO>RHTb, qTo BpeMR >RH3HH HCToqHHROB H3JiyqenHR orpa

HIIqeno HIITepBaJI0M T, a TaRme, qTo o6paTHhle nepexo,n:hl Me30HOB B 

RBapR0Bhle noJIR OTCYTCTBYIOT. 

8 
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I 
" 

ITpn BhlBO,n:e ypaBHeHHR (9) no TeopHH B03Myrn;eHIIi1 ~ cq11TaeTCR 

qTo B3aIIMO.L(eikTBHe Me30HOB C IIX HCTOqHIIRaMII onIIChlBaeTCR noTeH

IJ;IIaJIOM 

Hint= g(q+b + b+q), 

r.n:e g - ROHCTaHTa B3aIIMO,n:ei1CTBIIR, q - onepaTOphl, OilllChlBaIOrn;IIe 

npon;ecc B036ym,n:eHHR ll ,n:eB036ym.n:emrn IICTOqHIIROB 

q+ 10 >= 11 >, ' qll >=IO>. (10) 

OnepaTOphl y(t), BXOMIUIIe B (9), MoryT 6hlTI, Bhlpa>ReHhl qepe3 one

paTOphl l{BapR0B0fO noJIR H IIOCTORHHYIO B3aHMO,n:ei1CTBHR g 

y(t) = gq(t). 

B Harneil: MO,ZJ,eJIH npe.n:uonaraeTCR, 'ITO HeB036ym,n:eHHOe COCTOR

HHe HCTO'IHHRa RBJIReTCR BaRyyMHhlM. ITo9TOMY COOTHOIIIeHHR (10) 
OIIHChlBaIOT npon;ecchl pom.n:eHllR II YHH'ITO}l{eHHR RBaHTOB IIOJIR HC

TO'IHHRa - RBapROB. Ilpu 9TOM noHRTHO, 'ITO ecJIH onepaTOphl q H 

q+ no,n:'lllHRIOTCR aHTIIROMMyTaIJ;HOHHhlM COOTHOIIIeHHRM, TO, B CHJIY 

IipHHIJ;Ima Ilaynn:, HCTO'IHHRH RBJIRIOTCH "2 - ypoBHeBhlMII", B TOM 

CMhlCJie, 'ITO 

q+ 11 >= 0. 

OcHoBnoe OTJill'!He ccpopMynn:poBaHHoii Mo,n:enH OT o6hl'IHOit Teo

PHH Jia3epa C0CTOHT B TOM, 'ITO Me30HHhle II RBapROBhle IlOJIR MoryT 

HaXO.D:HTbCR RaR B o6hl'IHhlX, Tal{ n: n BIIpTyaJibHhlX COCTORHIIHX. lJTO 

RacaeTCR RBapROBhlX noneii, TO HaJIII'!He BIIpTyaJibHOit ROMIIOHeHThl 

npe.n:nonaraJIOCb yme npn BhlBO,n:e ypaBHeHHH (9). C'IIITaJIOCb, 'ITO 

RBapR, ne ncnycTHBIIIIIH B TeqeHIIe BpeMeHII T Me30H, peRoM6IIHIIpyeT 

c .n:pyrIIM RBapRoM, He nopom.n:an "cBoero co6cTBeHHoro" Me3oHa. Be3 

9Toro npe.n:nonomemrn raMIIJil>HOHHaH B3aHMo,n:eikTBIIH Hint, OIIIIChl

Ba10rn;ni1 npon;ecchl cpparMeHTan;nu RBapRoB, rrpoTIIBopeqIIJI 6hl .n:ame 

6 l1MeeTCH B Bll,ZJ,y cxeMa BhlBO,n:a, H3JIO}l{eHHM, HaIIpIIMep, B [8]. 
KoHcTaHTY g rrpII 9TOM He o6n3aTeJibHO C'IHTaTb Manoit: i'pe6yeTCH 

JIHIIIb MaJIOCTI, 9cpcpeRTHBHOii l{OHCTaHThl B3aHMO,n:eiiCTBHH 9sq,q, :::::: 

0g. 
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3'aROHY coxpaHemrn 3apR,n:a 7• 'llTo RacaeTCR BIIpTyam,iIIJX ( CBR3aH

HhlX) Me3OHOB, TO ,n;aJiee 6y,n;eT BII,Zl;HO, 'ITO B IIOJib3Y HXj yqacTHR B 

npon;eccax a,n;pOHII3aD;IIII roBOpRT caMII 3RCIIepIIMeHTaJihHhle ,naHHIJe. 

CBR3aHHhle Me3OHhl He MoryT IIORIIHYTb o6JiaCTb peaRD;IIII ll HaIIOMII

HaIOT 3JieRTpoMarHHTHOe IIOJie, y.n;eplKHBaeMoe B pe3OHaTope Jia3epa 

C IIOMOIUbIO 3epRaJibHhlX OTpalKaTeJieil:. 

lfcnOJib3YR COOTHOmemrn (8), ll3 ypaBHeHHR (9) JierRO IIOJiy

'IIITb CJie.nyroru:yro CIICTeMy ypaBHeHllii ,l(JIR BepORTHOCTII Pn ( t) = 
< nlPtln > o6pa3oBaHIIR n Me3OHOB R MOMeHTY BpeMeHH t 

-f(t)(C + l)P0 (t), 8tPo(t) 
8tPn(t) -f(t)((C + 1 + n)Pn(t) - (C + n)Pn-1(t)), (11) 

r.ne J(t) = g;cpcpw(t), w(t) =< q+(t)q(t) > - IIJIOTHOCTb RBap

ROBoro IIOJIR. ,l1;onoJIHIIM CIICTeMy ( 11) Ha'!aJibHhlMH ycJIOBHRMH, o6o-

3Ha'!aIOru;HMH OTCYTCTBHe Me3OHOB B Ha'!aJibHhlii MOMeHT BpeMeHH 

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

IloJiy'IeHHaR CHCTeMa ypaBHeHHii 3RBIIBaJieHTHa CJie,nyroru;eMy 

,Zl;II<p<pepeHD;llaJibHOMY ypaBHeHHIO B qacTHhlX npOH3BO,Zl;HhlX 

OtII(s, t) = f(t)(s - l)(C + 1 + s8s)II(s, t), (12) 

C rpaHll'IHhlMH ycJIOBHRMH 

II(0, t) = P0 (t), II(s, 0) = 1 

,UJIR IIpOII3BO.l(Rill;eil: <pyHRD;HH 

= 
II(s, t) = L Pnsn 

n=O 

HCROMOro pacnpe,neJieHHR Pn(t). 

7Il pII'IIIHa, IIO ROTOpOii: BBO,l(HTCR ROHe'IHOe BpeMR lKH3HH BO3-

6ylK,neHHhlX HCTO'IHIIROB B o6IJ'!HhlX B ra3OBhlX Jia3epax, - yTe'!Ra 

B036ylK,neHHhlX aTOMOB H3 o6JiaCTH reHepan;HH [14]. EcTecTBeHHO, 3TO 

HHRaK He CBR3aHo C BHpTyaJibHhlM xapaRTepoM HCTO'IHHROB. 

10 

.4, 

1: 

Perne1rneM 3TOro ypaBHeHHR RBJIReTCR IIpO113BO.l(Rill;aR <pyHRD;HR OT

p11n;aTeJibHO - 6HHOMHaJibHOro pacnpe,neJieHHR [15] 

II(s, t) = p(tl(l - q(t))-k, 

r.ne 

p(t) = 1 _ q(t) == exp(;':f~t)dt), 
k 

n 11 k - napaMeTphl OTpHu;aTeJibHO - 6HHOMHaJibHOro pacnpe,neJieHHR 
8 B HarneM cnyqae · 

k=C+l. ( 13) 

IloJiy'IeHHoe pacnpe,neJiemrn. xopomo onHCIJBaeT q>JiyKTyau:1111 

ITJIOTHOCTH Me3OHOB B npocTpaHCTBe 6hlCTpOT B 01rnax llIHpHHOii !:iy ~ 
1 [16] (,n;JIR 6onee Y3KHX lIHTepBaJIOB, RaR H3BeCTHO, q>JIYKTyau;m1 BO3-

pacTaIOT - Ha6mo,naeTCR JIBJiem1e nepeMelKaeMOCTH [17]). 
IloCMOTpHM, RaKyIO pOJib HrpaIOT BHpTyaJibHIJe Me3OHhl B Jia3ep

HOH RapTHHe a,npoHH3aIJ;HH. Ecn11 k = 1 ( BHpTyaJihHhlX Me3OHOB HeT), 

OTpHu;aTeJibHO - 611HOMHaJibHOe pacnpe,neJieHHe xapaRTep113yeTCR Ha-

1160JibllIHMH OTHOCHTeJibHhlMH q>JiyRTyau;HJIMH 

a/ft= 1 + ft, 

BhlpOlK,Zl;aJICb npH 3TOM B reoMeTpH'IeCROe. TaKaa: RapTHHa HaITOMH

HaeT pa6oTy Jia3epa B no.nnoporoBoM pelKHMe reHepau;11u, Ror,na H3-

Jiy'IeHHe HaXO,l(HTCJI B TepMH'IeCKOM 'paBHOBeCHH 'co CBOHMH IICTO'IHH

RaMH. B 3TOM cJiyqae MOlKHO BBeCTH IlOHJITHe. TeMnepaTyphl HCTO'I

HHROB, nepenncaB reoMeTpn,1ec1me pacnpe,neneHHe B <popMe pacnpe

,neJieHHJI fn66ca 

Pn rv e-n,; 

,l1;pyroii npe,n;eJibHhlii cJiyqaii oTBe'IaeT k -+ oo. IIpn 3TOM oT

pnu;aTeJihHO - 6HHOMHaJibHOe pacnpe,neJieHHe nepexo.n;HT B nyacCOHO

BCKOe, OTBe'IaIOru;ee RorepeHTHOMY Jia3epHOMY H3JiytieHHIO. 

· 8Ilapa:i.1:eTp k xapaRTep1rnyeT .nncnepc1110 oTpnu;aTeJihHoro 611Ho-
2 -2 

MHaJihHoro pacnpe,nenemrn D = ft + nk , ft - cpe.nnee 'IHCJIO 

Me3OHOB. 
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ToT cpaKT, qTo c pocToM ,mepnrn rrapaMeTp k yMeHbrnaeTcJI, o6'h

JICHJieTcJI B Jia3epaoit Mo.n.emi: a.n.pomrnaumi: TeM, qTo c pocToM aaepro

Bhl.D.enemrn CBJI3aHHhle Me30HhI, rrpncyTCTByroru:iie B o6nacTn reaepa

unn, rrepeX0,ll.JIT B o6blqHble ll aaqnaaIOT llHTeHCllBH0 ll3 Hee BbIJieTaTb. 

BoT HeCI{OJihK0 .n.pyrnx BhIB0,ll.0B, cne.n.yIOIIJ,llX ll3 3T0it M0,ZJ;eJill. 

1) Pacrrpe.n.eJieHne Me30H0B no MH0mecTBeHH0CTII: HMeeT 0,ll.llH ll 

TOT me Bll.D. BO Bee BpeMeaa, B TOM qncne n .n.o 3aBeprneanJI rrpouecca 

a.n.pomrnaunn. 

2) KoHKpeTHaJI cpopMa cpyHKUllll w(t), 0IIllCbIBaIOIIJ,eit 3B0JIIOUHIO 

cpe.n.aeit IIJI0TH0CTll KBapK0B, He cylIJ,eCTBeHHa, Tpe6yeTCJI JlllIIIh K0-

HeqHQCTh HHTerpana Q= J~
00 

w(t)dt, xapaKTepn3JIOIIJ,ero 061IJ,ee qn

cno ncToqanKoB yqacTBJIOIIJ,HX B rrpouecce reHepaunn. Bennqnaa 

rrapaMeTpa Q paBHa cne.n;y101IJ,eit Ha6nro.n.aeMoit Bennqnae 

n 
Q = ln(l + k). 

3) Cpe.n.Hee qncno BHpTyanhHhIX Me30H0B, yqacTBJIOIIJ,llX B rrpo

uecce reHepaunn, CBJI3aHo c rrapaMeTpoM oTpnuaTeJihHO - 6HHOMH

aJihHoro pacrrpe.n.eneHHJI C00TH0IIIeHHeM (13). 
OrrncaHHaJI KapTHHa a.n.poHn3aUHH JIBJIJieTcJI rrpocTefirneii B TOM 

CMhICJie, qTo HIIKaK He yqHThIBaeT q>JIJKTyau;HH IIJI0TH0CTH KBapK0-

Boro II0JIJI. B TO me BpeMJI II0HRTH0, qTo CK0p0CTh II0CTJIIJieHHR B03-

6ym.n.eHHhIX HCT0qHHK0B He MomeT 6hlTh CT0Jih me paBHOMepHoii, KaK 

B o6blqHQM Jia3epe, r.n;e 0Ha crreu;HaJibH0 rro.n..n.epmHBaeTCR Ha HeK0T0-

poM II0CT0RHH0M ypoBHe. 06 3T0M, no - BH,ZJ;llM0MY, TaKme roBopRT H 

RBJieHHJI rrepeMemaeM0CTH, Ha6JIIO,ll.aeMhle B oqenh Y3KHX HHTepBaJiax 

6hlCTpOT [17]. 
B K0HTeKCTe .n:annoii pa60Thl 6onee BamnhIM, o,n:HaK0, JIBJIJieTCJI B0-

rrpoc 0 TOM, HaCK0JihK0 JI0KaJibHhle q>JIJKTyaUHH IIJI0TH0CTll KBapK0B 

MoryT II0BJIHJITh Ha BhlB0.D. 06 yqacTHH BHpTyaJibHhlX Me30H0B B rrpo

ueccax a,n:p0HH3aUHII. ,Uei!.CTBHTeJibHO, eCJIH rrpe.n.cTaBJieHHJI 0 TOM, 

qTo He Kam.n.hli!. KBapK crroco6eH cpparMeHTIIpOBaTb B Me30H, Haxo

,ll.JITCR B KaqeCTBeHH0M C00TBeTCTBHII C pR,ll.0M cylIJ,eCTBJIOIIJ,HX B Ha

CT0RI.Uee .apeMJI Mo.n.enei!. (yqnThIBaIOIUIIX BHpTyanhH0CTh napToHoB, 

B03M0mH0CTh peKoM6HHaUHII KBapI<a H aHTHKBapKa B Me3oH), TO Bhl

B0)l 0 TOM, "ITO BHpTyaJihHhle Me30Hhl MoryT HrpaTb cymecTBeHHYIO 
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poJib B rrpoueccax a.n.poHH3au;1rn, RBJIJieTCR cpaBHHTeJibH0 H0BhIM 9• 

B cne,n:y101IJ,eM pa3.n.ene Mhl rrocMoTpHM, B KaKoit Mepe yqeT cpnyK

Tyaunit HCTQqHIIK0B Me30HH0ro II0JIJI M0meT II0BJIHJITh Ha 3T0T BhIB0)l. 

4 YqeT <pJIYRTyau;11ii IIJIOTHOCTH RBap-

ROB . 

U:enh HaCT0JIIUero pa3,n:eJia - II0CTp0HTh ,ll.0CTaToqHo peaJIHCTHqe

CKYIO M0,ll.eJib q>JIJKTyauni!. llCT0qHHK0B Me30HH0ro II0JIJI. ,UJIJI pe

rneHIIJI aToii 3a,n:aqn Mhl 6y.n.eM ncrronh3oBaTh aeKoTop:r,rn o6merrpn-

3HaHHhle .B HaCT0RIIJ,ee BpeMR rrpe.n.cTaBJieHHJI 0 xapaKTepe 3B0JIIOUIIII 

KBapK - rJIIOOHHOH IIJia3MhI Ha HaqaJibHOH, rrpe.n.rneCTBJIOIIJ,eit 3Tany 

a.n.poHH3aUHII, CTa)lHH. fnrroTe3y 06 yqaCTHH BHpTyaJibHhIX Me30-

H0B B rrpouecce a.n.poHH3aUHH M0mH0 6y.n.eT II0CTaBHTh rro.n. C0MHeHHe, 

ecJIH Mo,n:eJih HCTQqHHKa II03B0JIHT HaM rrpaBHJihH0 0IIHCaTb q>JIJKTy

auHH MH0meCTBeHH0CTH pom.n.aIOIIJ,IIXCJI Me30H0B .n:ame B TOM cnyqae, 

Kor.n.a C = 0. 
KaK 0TMeqaJI0Ch B o.63ope [19), 6oJibIIIHHCTBO cylIJ,eCTBJIOIIJ,HX B 

HaCT0Ril],ee BpeMJI crroco6oB 0IIHCaHHJI HaqaJihH0it CTa,D;HH 3B0JIIOUHH 

KBapK - rJIIO0HH0H IIJia3MhI M0mHo 0THeCTH K 0,D;H0MY H3 .D.BYX 0CH0-

BHhIX aanpaBJieHHii: a) IlapTOHHhle KacKa,D;Hhle Mo.n.enn, 6) Mo,n;enn 

cpparMeHTaunn a,n;poairntt cTpJHhI. B HaCT0RIIJ,eit pa6oTe Mhl o6cy.n.nM 

M0,ll.eJih q>JIJKTyaUHH HCT0qHHKa B .n.yxe napTOHH0r0 II0,ll.X0,D;a. AJihTep

HaTHBHhIH rro,n;xo.n., · HCII0Jih3JIOIUHi!. rrpe,ll.CT<lBJieHHJI 0 cpparMeHTaUHH 

a,n:poHH0H CTPYHhI, 0IIHCaH B .n.pyroii_pa6oTe aBT0pa [20); 
B napT0HHhIX Mo,n:eJIJIX KBapK - rmooHHaJI IIJia3Ma pa3BHBaeTCJI 

H3 KorepeHTHoro o6naKa cna6oBHpTyanhHhIX rrapToHoB, xapaKTepn-

3JIOIIJ,HXCJI BpeMeHaMH mH3HH ,MHoro 6oJibIIIHMH ·BpeMeHH a.n.poH - a.n:

poHH0ro B3aHM0,ll.eiicTBHR (cM., HanpHMep, [10,21)). IlonyqnB (B pe-

3JJibTaTe CT0JIKH0BeHHR C ,n;pyrHM a.n;poHoM) 3HeprHIO, o6JiaKO BHpTy-

9Ha RaqecTBeHH0M ypoBHe acpcpeKT aH0MaJibH0 llHTeHCHBHOi!. CTH

MJJIJIUHH rrpoueccoB Me3oaoo6pa3oBaHHR ( 6e3 BhIRCHeHIIR cp1rnnqecRHx 

rrpnqHH 3T0ro RBJieHHR) 0TMeqancR B pa6oTe ,UmnoBaHHHHH H Baa 

XoBa [18). 
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aJII,HhlX tJaCTHD; He TOJil>KO CTaHOBHTCJI cnoco6m,1M IlOKHHYTb o6JiaCTI> 

reHepan;nn, HO n Ha'IHHaeT HHTeHCHBHO pom.n:aTI> HOBhle napTOHhl -

KBapKH n rnrooHhl. Ilocne 3aBeprneHnJI cTa,n:nn pa3MHomeHnJI nponc

xo,n:nT o6pa3oBaHne peaJI1>Ho Ha6nro.n:aromnxcn qacTnn;, rnaBHhlM o6-

pa3oM - Me3OHOB. 

By,n:eM npe.n:nonaraTb, 'ITO KorepeHTHoe o6naKo napTOHOB onn

ChlBaeTcJI B 6JIH3KOM COOTBeTCTBHH C napTOHHOit MO,n:eJil>IO, o6cym,n:a

BilleficJI BO BBe,n:eHnn. B tJaCTHOCTn, 6y,n:eM C'IHTaTb, 'ITO KOJIH'IeCTBO 

napTOHOB, Bhl,n:eJIRIOIIl:HXCR B HeKOTOphlfi q>HKCHpOBaHHhlfi HHTepBaJI 

6hlCTpOT, OllHChlBaeTCJI pacnpe,n:eJieHHeM IlyaccoHa. 

Mo.n:ennpoBaHne nocne,n:yromero pa3BHTHJI napTOHHo:ii JiaBHHhl 

MOmHO ocymecTBHTI> B .n:yxe nonyJIJipHhlX B HaCTOJirn:ee BpeMJI no.n:

xo,n:oB, HCilOJil>3YIOIIl:HX KBaHTOBhle KHHeTntJecKne ypaBHeHHJI [22 -
25]. ,UJIR 3THX n;ene:ii ,name MOmHo ncnoJib3OBaTI> ynpaBJimomne ypa

BHeHnJI, nonyqeHHhle B npe,n:M,n:yrn:eM pa3,n:ene, ecnn 06paTnT1> BHH

MaHne Ha cne.n:yromee 06cToJiteJI1>cTBO. ToT q>aKT, 'ITO BHe o6nacTn 

reHepan:nn Ha6nro,n:aeTcJI n qacTnn;, cornacHo Jia3epHoit Mo,n:enn c yqe

TOM CBJI3aHHhlX COCTOJIHHii, O3HatJaeT, 'ITO B o6JiaCTll reHepan:1111 HX 

6hlJIO n + C. lIHhlMH cJioBaMn, C qacTnn: 6hlno rromepTBOBaHo 

rpynrro:ii qacTnn: ,n:JIR Toro, 'IT06hl "pacrrnaTHTbCR" c 3aKOHOM coxpa

HeHnJI aneprnn rrpn nx Bhlxo.n:e 113 o6nacTn, xapaKTepn3y10meii:cJI ne

q>OKOBCKHM BaKyyMOM. 

IloaToMy ,n:JIR orrncaHnJI rrpon:ecca pa3MHomeHHJI Momno rrorrhl

TaTl>CJI paCCMOTpeTI> rrpoTHBOIIOJIOmHyro cnTyan:1110, Kor.n:a BhlXOMIIl:M 

H3 HeKOTOpo:ii rrpocTpaHCTBeHHO - BpeMeIIHOH o6JiaCTll rpyrrna np1-1-
06peTaeT HeKoTopoe .n:onoJIHHTeJil>HOe 'IHCJIO 'IaCTHU, B ,n:aHHOM cny

qae - napTOHOB. 3aKOH coxpaHeHHJI 3Heprnn rrpn 3TOM ,n:e:iiCTByeT 

KaK 6hl B o6paTHOM HarrpaBJieHnn - 3a ctJeT pa~rra.n:a HecTa6nJibHoro 

BaKyyMa, KHHeTH'IeCKM 3HeprnJI rpyrrrrhl rrpeo6pa3yeTCJI B ,n:oIIOJIHH

TeJil>HYIO Macey. 

Mhl MomeM rrpn,n:aTI> 3THM coo6pameHHJIM BIIOJIHe KOHKpeTHOe Ma

TeMaTn'IeCKOe co.n:epmanne, ecnn rrpo.n:onmnM rrapaMeTp C, q>nrypn

pyrorn:H:ii B cncTeMe (11 ), B 06nacT1> 3HatJeHnii: C < 0. Momlio rro

cTynnT1> eme rrpome - rrpe.n:rroJiomnT1>, 'ITO napaMeTp k = C + 1 
OTpnn;aTeJI1>Ho - 6nnoMnaJI1>Horo pacrrpe,n:eJieHnJI, JIBJIJirorn:erocJI pe

rnenneM CHCTeMhl (11 ), CTaHOBHTCJI MeH1>rne e,n:nnnn;hl. Ha 3TOM. rryTn 
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HMeeM 

r.n:e 

_ (k+n-l)··•(k+l)k( n )n _ 
Pn - Po . 1 . _ + k -n. n 

= Po a ( a + b) • • • ( a + b( n _ l)) 
n! 

Po= (~)k 
n+k ' 

a= nk 
n+k' 

~ 
bn 

n 

b= _n_ 
n+ k. 

Ecnn, K TOMY me, kjn ~ 0, Tor.n:a 
10 

1 
Pn~ -. 

n 

(14) 

(16) 

B pa60Te [27] 6hlJIO rrpe,n:JiomeHo 061,ncHeHne q>JIYKTyan:n:ii Ta

Koro THIIa na OCHOBe KJiaccntJeCKOfi MO,D;eJin, HCIIOJil>3YIOmen HarJIR

.n:noe rrpe,n:cTaBJieune o cxo.n:e rrec,iauoit HJIH cHemuon JiaBHHhl ( sand 

pile model). BhlJIO ycTanoBJieHo, 'ITO coBeprneHHO pa3JIH'IHhle q>n-

3nqecKne MO,n:eJIH B HeKOTOpo:ii o6JiaCTll 3HatJeHHfi CBOHX rrapaMeTpOB 

HHOr,n:a rrpHBO,n:RT K crreKTPY BH,D;a (15) II HMeIOT B 3TOM cJiyqae o.n:n

HaKOBYIO "naBnHoo6pa3Hyro" nHTeprrpeTaunro 
11

• BMrne Mhl y6e.n:n

JI11c1,, 'ITO Jia3epHM MO,n:eJib MHomecTBeHHOro pom,n:eHHJI, 6y.n:yqn 'IH

CTO KBaHTOBO:ii, xapaKTepn3yeTCJI,TeM He Menee, aHanorH'IHhlM KpHTH

qeCKHM rroBe,n:eHneM rrpn C = -1. He ncKJIIO'IeHo, 'ITO 3TO - o6_man 

10B CBJI3H C _q>OpMyJio:ii (16), HHTepeCHO OTMeTHTb, 'ITO cJiyqafiHhle 

rrpon:ecchl, xapaKTepn3y10mnecJI crreKTpoM 

1 
P(E) ~ E' (15) 

H3BeCTHhl O'IeHb ,n:aBHO ( TaK Ha3hlBaeMhlii q>JIHKKep - rnyM) H, KaK Te

rrep1> ycTaHOBJieHo, ,n:ocTaTO'IHO qaCTO BCTpeqaIOTCJI B rrpnpo.n:e [26]. 
HeCMOTp51 Ha 3TO, o6rn:aJI TeopnJI 3THX JIBJieHHfi .n:o HaCTOJirn:ero Bpe

MeHH He IIOCTpoeHa. 
11 KaK H3BeCTHO, B Teopnn KpHTH'IeCKHX JIBJieHH:ii TaKne MO,n:enn OT-

HOCJIT K o,n:HoMy II TOMY me KJiaccy ymrnepcaJil>HOCTH. 
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qepTa 6onee IIIIIpmwro KJiacca Teopntt, OIIIIChlBammnx nponecc pac

IIpocTpaHeHIIH napTOHHOit JiaBIIHhl. B qacTHOCTII, HeKOTOphlM yKa-

3aHIIeM B IIOJib3J :noro npe.unoJIO}l{eHIIH MO}l{eT CJIJ}l{IITb cpaKT cyme

CTBOBaHIIH .UBYX pa3HhlX cxeM KBaHTOBaHIIH, npIIBO~SIII{llX K HeCKOJibKO 

OTJIIIqamrn;IIMCH q>II3IIqecKIIM llHTepnpeTaIIIIHM napTOHOB. 11cnoJib3JH 

TepMIIHOJIOrIIIO aBTOpOB pa60Thl [27]' IIOCJie,UHee yrnepm,ueHIIe MO}l{HO 

Bhlpa3HTb CJie.nymrn:nM o6pa30M: B pe3JJibTaTe CTOJIHOBeHHH .UBYX a,u

poHOB OKpymamrn:IIe HX o6JiaKa BIIpTyaJibHhlX napTOHOB nepeXO,ZlHT B 

caMoopraHl130BaHHOe Kpl1Tl1t.IecKoe COCTORHl-ie, corrpOBO}l{,Zla

IOrn:eecH IJOCJie,uymrn:IIM JiaBIIH006pa30BairneM B Ka}l{,UOM II3 IIHTepBa

JIOB 6hlCTpOT, B KOTOphlii rrorraJI XOTR 6hl O,ZlIIH rrapTOH. 

,Unn OIJHCaHHR CTa,UIIH a,upOHII3aIIIIII 6y,ueM rrpe.nrronaraTb, B co

OTBeTCTBHII C rnaBHOii 3a,uaqeii .nannoro pa3.n;ena, 'ITO BIIpTyaJibHhle 

Me3OHhl B o6naCTII a.npoHII3aIIIIII OTCJTCTBJIOT, 

C=0. 

KaK OTMelJaJIOCb panee, rrpII 3TOM BMeCTO OTPIIIIaTeJibHO - 6IIHOMII-

aJILHoro pacrrpe.neneHIIH Me3onoB, na6n10,uaeMoro 

rronyqIIM reoMeTpII'IeCKOe 

Pn=~(n-l)n 
n '- l n , 

B 3KCnepnMeHTe, 

(17) 

xapaKTepII3JIOmeecH 60JibIIIIIMII . OTHOCIITeJibHhlMII. q>JIJKTyanIIRMII. 

C1ITyanII10, o.nnaKo, MO}l{HO IICrrpaBIITb, ecJIII ClJIITaTb, 'ITO KOJUI'le

CTBO IICTO'IHIIKOB Me3OHOB (rrapTOHOB), IJOIJaBIIIIIX B 3a,UaHHhlii IIH

TepBaJI 6hlCTpoT, He RBJIReTCR IJOCTORHHOH BeJIIIlJIIHOH. B 3TOM cnyqae 

q>JIJKTJaIIIIII CTa,ll;IIII a.npomrnanIIII MoryT ycpe.n;HIITbCR C MeHbIIIIIMII 

q>JIJKTyanIIHMII rrpe.nIIIecrnymrn:nx cTa,uHii rrponecca MHomecTBennoro 

pom.nemrn II ,uaTL rrpaBIIJILHJIO BeJIII'IIIHY q>JIJKTyanIIii. IlonnTno, 'ITO 

rrpII TaKoM rro.nxo.ue rrpe,urronaraeTcn, 'ITO pacrrpe.nenenne no MHo-· 

meCTBeHHOCTII Me3OHOB cpopMIIpyeTCR, B OCHOBHOM, yme Ha CTa,UHII, 

rrpe.nIIIecrnymru:eii a.npoHII3annn, a caM rrponecc a.npoHII3annn BHOCIIT 

JIIIIIIb ne6oJibIIIIIe rronpaBKII B q>JIJKTyanIIII B CTopony IIX yBeJIH'leHIIH. 

By.n;eM ClJIITaTL, 'ITO cpe.nnee lJIICJIO qacTIIII n, 06pa3y10rn;IIXCR Ha 

CTa,ll;IIII a,n;pOHII3aIIIIII B HeKOTOpOM IIHTepaJie 6hlCTpOT, ripOIIOpUHO-. 

naJibHO KOJIIIlJeCTBY rrapTOHOB, rrorraBIIIIIX B 3TOT IIHTepBaJI. ,Uanee, 
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B COOTBeTCTBHII C H,ll;eRMII, BhlCKa3aHHhlMH BO BBe,n;eHIIH, rrpe,n;IIOJIO

}l{JIM, 'ITO pacrrpe~eJieHHe rrapTOHOB, nonaBIIIHX B paccMaTpHBaeMhlii 

nnTepBaJI 6McTpoT, coBrra.naeT c pacn:pe.nenenIIeM Ilyaccona. TaKHM 

o6pa3oM, HMeeM 
1 

Pn~-:-. 
n 

EcJIII Tenepb ClJHTaTb, "'t:J:TO Ka}I{,ll;hl:lt H3 napTOHOB nopom.naeT JiaBHHY, 

·orrIIChlBa10my10cn 1/n -pacrrpe.nenenIIeM, TO pacnpe.nenenne no MHO-. . . 
mecTBeHHOCTII Me3OHOB, IIOIIaBIIIIIX B HeKOTOphlii HHTepBaJI 6hlCTpoT, 

ORa3hlBaeTCR pe3JJibTaTOM CBepTKII Tpex pacrrpe.neJI~HHii __:_ nyacco

HOBCKoro, 1 / n II reoMeTpII'IeCKoro. 11MeHHO TaRan rrapaMeTpH3aIIHR 

3KCrrepIIMeHTaJibHhlX ,uaHHhlX paccMaTpIIBaJiaCb B pa6oTe ,UmnoBaH

HIIHII II Ban XOBa [16],. r.ne 6hlJIO IIORa3aHo, 'ITO ona TaR}I{~ npHBO

,ll;IIT K oTpIIIIaTeJILHO - 6IIHOMIIaJILHoMy pacnpe.neneHIIIO. ToT cpaKT, 

'ITO q>JIJKTyanIIII pom.namrn;HXCR Me3OHOB. npeBhlIIIaIOT CTaTIICTHqe

CKIIe ( rryacCOHOBCKHe ), naxo,n;HT CBOe 061,ncnenne B TOM, lJTO Me3~Hhl 

rrpe,n;IIOlJHTaIOT rpyrrrrnpoBaTbCR BOKpyr IIOJIO}l{eHIIR rrapTOHa - npa

po,n;IITeJIR, IIOpo,n;IIBIIIero BCIO IIOCJie,n;y10my10 JiaBHHy. TaKyIO rpyrrrry 

qacTHII ,UmnoBannnnn n Ban XoB rrpe.nnmirnnn na3hlBaTL RJianoM. 

CooTBeTCTBIIe KJianoBoii rrapaMeTpn3annn aKcrrepnMeni'aJILHhlM 

.naHHhlM rro.npo6no II3JlJaJIOCb Ban XoBOM lI ,UmHOBaHHHHH [16]. C 

IIOMOill;bIO 3THX rrpe,ucT.aBJiennii HM y,n;aJIOCb OIIHCaTb pa3JMHbIM C cpn-

3HlJeCROH TOqKH 3peHHR o6pa30M 3aBHCHMOCTb rrapaMeTpOB OTpHIIa

TeJibHO - 6HHOMHaJibHOro pacrrpe.neJieHHR OT 3HeprIIH vs lI IIIHpHHbl 

OKHa B rrpocTpancrne 61,1cTpoT b..y > 1 ,n;JIR PP-; RP-, 1r+ P-, µP
B3aHMo.n;eiicTBIIfi B IIHTepBaJie aneprnii vs = 4 -'- 900 n~B. · B qa

CTHOCTH, HMH 6J~JIO ycTaHOBJieno, lJTO cpe.nnee lJ.HCJIO. RJiaCTepoB 12 , 

IIOIIaBIIIHX B paccMaTpRBaeMblfi HHTepBaJI 6bICTpoT, .131,1qncJIReMOe no 

cpopMy!Ie ' 

N=kln(1+~), 

pacTeT c pocTOM oKHa n cna6o 3aBncnT OT .Js. · B TO me BpeMR cpe

.nnee lJRCJIO Me3OHOB B KJiaCTepe CJia6o 3aBRCRT OT ero IIOJIO}l{eHHR B 

rrpocTpancrne 61,1cTpoT n pacTeT c pocTOM VS· Bee 3TO naxo.nnTcR B 

12KnacTepoM B TaKOM IIo.n;xo.ne na3LIBaIOT ycpe.na:enn1,1:ti no l - pac-
, • n ' 

rrpe.nenennm KJiaH. 
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Ra"tJeCTBeHH0M C00TBeTCTBirn C Rapnrnoit npon;ecca MH0}I{eCTBeHH0ro 

pom,nemrn, ccpopMJJIHpOBaHHoit B HaCT0Hru;eM pa3,neJie. Mhl TaRme no

npo6oBaJIH H3J"tJHTb 3aBHCHM0CTb TeMnepaTyphl HCT0"tJHIIR0B II3JIJ"tJe

HIIJI, onpe,neJIHeMOH Ha 0CH0Be C00TBeTCTBJIOru:ero reoMeTp11qec1mro 

pacnpe,neJieHHH, OT 3Heprnn CTaJIRIIBaIOru;HXCH "tJaCTHD;. OKa3aJIOCh, 

"'ITO oHa pacTeT c pocT0M VS, "'ITO TaRme npe,ncTaBJIHeTcH ecTecTBeH

HhlM. 

TaRHM o6pa3oM, n;eJib nocTaBJieHHaH B Ha"tJaJie ,naHHoro pa3.p;eJia, 

,Zl;0CTIIrHyTa - peaJIHCTII"tJeCRaH M0,ZI;eJib q>JIJRTyan;nit IICT0"tJHIIRa, -cno

co6HaH cBecTn na HeT BRJia,n BnpTyaJibHhlX Me30H0B B a,npomrnau;nw, 

cyru:ecTBYeT. 

5 · 3aRJII01:Je1n1:e 

0TRJIOHeHIIe q>JIJRTyau;nu MH0}I{eCTBeHH0CTII OT CTaTIICTII"tJeCRIIX ( HB

JieHHe nepeMemaeMOCTII) HHTepeCHO TeM, "'ITO noxomee JIBJieHIIe -

pe3R0e HapacTaHne q>JIJRTyau;IIn:, Ha6JIIO,naeTCH B o6hl"tJHhlX Beru:ecTBaX 

npn nx npII6JIIImeHIIII R T0"tJRe cpa3oBoro nepexo,na ( CM., HanpnMep, 

[28]). BhlJIO 6hl 0"tJeHb 3aMaH"tJIIBbtM 3aperIICTpnpoBaTb cpa30BhlH ne

pexo,n a,npoH0B B RBapR - rJIIO0HHYIO IlJia3MY no npoHBJieHIIHM TaRoro 

TIIna. .Ll:JIH onncaHIIH q>JIJRTyan;nn: MH0}I{eCTBeHH0CTII B IIHTepBaJiax 

6hlcTpOT l'!::.y < l neo6xo,nnMO TaR MO,ZI;IIq>IID;IIpOBaTb ccpopMJJIIIpoBaH

HYIO 3,ZI;eCb M0,ZI;eJib HCTQqHnRa, "tJT06hl 0Ha J"tJIITbIBaJia TaR0H T0HRIIH 

3q>q>eRT1 RaR nepeRphlBaHIIe B npocTpaHCTBe 6hlCTpOT rpynn RBapR0B, 

o6pa3oBaBmHXCH OT pa3HhlX nepBII"t!HhlX napT0H0B. Cyru:ecTBJIOT He

R0TOphle 0CH0BaHHH npe,nnoJiaraTb, "'ITO yme 0,Zl;H0 3T0 cnoco6Ho ofr1-

HCHHTb Ha6mo,naeMhle q>JIJRTyan:1111 B o6JiaCTH oqeHb MaJihlX IIHTepBa

JI0B 6hlcTpoT [5]. EcJIII 3TH ,naHHhle no,nrnep,n;HTCJI, TO B03JiaraeMhle 

B nocJie,nnee BpeMH Ha,nem,nhl II3BJie"tJb H0BYIO IIH<pop1rnn;mo 0 CB0it

CTBax B036ym,neHHOH a,npoHnon: MaTepnn, II3J"tJaH pacnpe,neJieHIIH no 

MH0}I{eCTBeHH0CTH B IIHTepBaJiaX, .6.y < 1, He onpaB,naIOTCH. · 

B nacToHru:en: pa6oTe aBTop, xoTeJI noRa3aTn, "'ITO H3J"tJeHIIe q>JIJil

Tyan;nit MH0}I{eCTBeHH0CTII a,np0H0B, pom,nawru:nxcJI B BhlC0R03Hepre

TII"tJeCRIIX CT0JIRH0BeHHHX, npo,noJimaeT npe,ncTaBJIHTb 3Ha"tJIITeJibHhli1 

IIHTepec B CBH3II c 3a,na-qefi onncaHIIH npou;eccoB a,npoHH3au;1rn -

18 

0,Zl;HOit H3 BamHei1nmx npo6JieM COBpeMeHHOit q>H3HRH. HcnOJII,30-

BaHIIe MeT0,Zl;0B TeopIIH 0TRphlThlX RBaHT0BhlX CIICTeM, B "tJaCTH0CTH, 

ypaBHeHHH (9), n03B0JIHeT CTp0HTI, M0,ZI;eJIH nponeccoB a,npon113au;1111, 

onHpaHCb Henocpe,ncTBeHH0 Ha 3TH 3RCnepnMeHTaJibHhle ,naHHhle. B 

CJIUH0CTH, 3a,n:a-qa CB0.ll:HTCH R Il0CTp0eHIIIO HeR0T0pott ,Zl;OCTaToqno 

peaJIHCTH"tJecRoi1 Mo,n:eJIH ucToqHHR0B Me30HHoro noJIH. PaccMoTpeH

Hhle B ,n:aHHOit pa6oTe Mo,n:eJIH HCTQqHHROB HOCHT, B 3Ha"tJHTeJibHOH 

Mepe, HJIJIIOCTpaTHBHhlit XapailTep. rJiaBHhlfi q>H3H"tJeCRHit BhlB0,n: pa-

60Thl - B03M0}I{H0CTb cyru:ecTB0BaHHH B o6JiaCTH a,n:p0HH3aD;HII CBHc 

3aHnhlx cocT0HHHii Me30HHoro noJIJI, CTHMJJIHpywmnx, no.n:o6no cpo

TOHaM B pe30HaTope Jia3epa, ,n:eB036ym.n.enne iICTO'-IHHROB H3JIJ'-IeHHJI. 

ToT cpaRT' '-ITO MH0ro<IaCTH<IHhle C0CT0JIHHJI, He Moryru:ne po

m,naTbCJI H3-3a He,n:ocTaT0'-IH0CTH 3HeprHH CTaJIRHBaIOru:HXCH qacTHU, 

TeM He Menee rrpIICJTCTBYIOT B o6JiaCTH peaRI(HH B HeR0Topott BHp

TyaJib~OH cpopMe ( H~XOMTCH B 3cpcpeRTHBH0i1 noTeHu;1rnJI1noi1 JIMe, 

HHR0r,na H3 iree He BhlJieTaH), II3BeCTeH yme ,naBH0._ TaR, B RHIIre 

Ba3JI, 3eJI1,noBII~ra II ITepeno,MoBa [29] o6cym,n:aIOTCH <:~JI3aHHhle co

CT0HHIIJI ,n:Byx "tJaCTHU B6mrnn nopora peaRD;IIH a + b - > c + d, r.n:e 

o6ru:aJI Macca rrpo.n:yRT0B peaRD;IIII 6on1,me cyMMhl Mace q~cTIIU a H b. 
ABTOphl 0TMe<IaIOT, <ITO HHme rropora <1acTHUhl c H d He MoryT yttTH 

.n:pyr OT .n:pyra H3 - 3a He,n:oCTaTRa 3neprnu. ITo3ToMy BHe o6JiaCTH 

peaRD;HII HX IIJI0TH0CTb crra.n:aeT 3RCII0Henu;HaJibH0 

,I, -kr 
'+' ~ e . 

ITpn npoxom,neHIIH .-qepe3 T0'-IRY nopora RHHeTII<IecRaJI 3HepruJI -qa

CTIIU npeBhlmaeT IIX 3Heprmo CBJI3H, a 3RCII0HeHu;HaJibHhle XB0CThl 

BOJIHOB0H cpyHRUIIII rrpeBparu:aI0TCJI B pacxo,n:Hru;HeCJI B0JIHhl 

lp ~ e-ikr 
' (l 

0IIHChlBM TeM caMhlM peaJibHhle •-qacTIIUhl, perHCTpnpyeMhle B 3RCne

pHMeHTe. 

B ,naHHOH pa6oTe Il0CTaBJieH B0IIpoc 06 yqacTHH BHpTyaJII,HhlX 

Me30H0B TaRorci TIIna ( CBJI3aHHhlX C0CT0JIHHJIX Me30HHoro IIOJIJI) B npo

u;eccax a,npoHH3aD;HH. Bee pa3pa6oTaHHhle R HacToHru;eMy BpeMeHH 

M0,n:eJIII npou;ecc0B MH0}I{eCTBeHH0ro pom,n:eHHJI Il0Ra He yqHThlBaJIH 
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rroi106HOH B03MO)KH0CTH. B qaCTH0CTH, rnrroTe3a IrnapK - a,.upoH

H0ii .zzyam,H0CTII 13 3BHBaJieHTHa npe,.UII0JI0}I{eHino 0 cyrn:ecTB0BaHHH 

6oJiblliHX q>JIJKTya:u;ntt IICTQqHnKa, HCHJIIoqarorn:nx,KaK 6bIJIO II0Ha3aHo 

Bblrue, BIIpTyaJibHble Me3oHi.i:. B HeK0T0p0M CMhlCJie ee ..uame M0}I{H0 

,.U0Ka3aTb - B paMKax ccpopMJJIHpOBaHHOii B rrpe,.uhl.nyrn:eM pa3,.UeJie 

Mo,.uemr. B cal\JoM .rreJie, ecm1 cqnTaTb, qTo pa3BIITne rrapT0HHoro 
• 1 , 

KaCKai(a rrp0HCX0J:(HT B II0,.UKpHTIIqecK0M pemIIMe, TO BMeCTO ;; - pac-

rrpe,.ueJieHHR CJie,.uyeT B3RTb cpopMJJIY (14). H~Tpy..uno y6e~HTbCR, qTQ 

cBepTKa 3Toro pacrrpe,.ueJiemrn c rryacconoBcKHM, ,.uarorn:an pacrrpe..ue

Jienne rrapTOHOB rrpu TaKoM pa3BHTIIII rrpo:u;ecca naBIInoo6pa30Ba1rnn, 

TaKme rrpIIB0.lIIIT H 0TpII:u;aTeJibH0 - 6IIHOMI1aJibHOMY pacrrpe.n;eJieHIIIO. 

MbI y6e.n;IIJIIICb, qTo 3T0T BhIB0.lI He 6y.n;eT crrpaBe,D;JIIIB, eCJIH MHO

mecTBeHH0e pom.n;eHne ocyrn:ecTBJIReTcR "3a o.n;HH Illar", c yqacTneM 
BIIpTyaJibHhlX Me30H0B. 

I1nTepecno OTMeTIITh, qTo orrncamrnii Bhlllle MexaHII3M 3Hepro

B11,.ueJieHIIR (rrpII I{0T0pOM HeH0TOpaR qaq'b Me30HOB, HaXoMrn:IIXCR 

B o6JiaCTII 1momecTBemroro pom.n;eHIIR, 6eccJie.n;Ho IIcqe3aeT, rrepe.n;a

Ban rrpII 3TOM ',.UOIIOJIHIITeJibHJIO 3HeprIIIO OtT~BllIIIMCR Me30HaM) He 

RBJIReTCR rrpIIHIJ;IIITIIaJibH0 HOBbIM. CqIITaeTCR, ~TO oqenb IIOXOlliIIe 

RBJieHIIR - 3cpcpeKT XoyKIIHra II rrpo:u;ecc ·rrenpoy3a, MoryT rrpoIIc

xo.n;nTb B OKpeCTHOCTII qepHbIX .lihlp [30]. HarrpIIMep, B CJiyqae npo~ 

:u;ecca I1eHpOJ3a qacTb qacTIIIJ; IIhIJieBoro o6JiaKa JXO.lIIIT 3a ropII30HT . 

co6bITIIH 
1

II norJiorn:aeTCR qepHOH .lihlpott, B TO BpeMR KaK OCTaBllIIIeCR 

qacTIIIJ;hl yBeJIHqIIBaIOT' CB0IO HIIHeTIIqecKyI<J 3HeprIIIO II BhlXOMT II3 

3proccpephl. 

CpaBHIIBaR Jia3epHyIO Mo.n;eJib a.n;poHII3aIJ;IIII C rro.n;xo,.uaMH, HCITOJib-

3JIOrn:IIMH Te0pIIIO fIIH36ypra - JlaH.n;ay, BII.lIIIM, qTo OHII, ' HeCM0TpSI 

Ha HeK0Topy10 rroxomecTb 14, rro-cyrn:ecTBY, coBeprneno pa3Jrnqnhl. 

B qacTnodn, Mhl y6e.n;nJIHCb, qTo Jia3epnan· KapTnHa a.n;ponirna:u;IIH 

13Cornacno KOTOpo:tl: pacrrpe.n;eJieHHR no MH0llieCTBeHH0CTH rrapTO- q 
HOB na cTa.IJ.ttII, nerrocpe.n;crnenHo rrpe.n;rnecrnyrorn:e:tl: rrpo:u;eccy a.n;po

HII3a:u;IIn, IIMeIOT TOT me BII.lI, qTo II .lIJIR rropom.n;aeMbIX IIMH Me30HOB. 
14 J1 B rrepB0M, II BO BTOpOM cJiyqae HMeeTCR cpa30Bhlit rrepexo.n;, co

rrpoBO}K,ll;aIOrn:nitcn B03HttHHOBeHIIeM HJiaccnqecKoro rroJin: :iorepeT

noro lI3JiyqenIIR B rrepB0M cJiyqae II K0H.n;encaTa - BO BTOpOM [31]. 
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yqIIThlBaeT KaK TepMaJIII30BaHHhle, TaK II nepaBHOBeCHble npon;eccbl;a 

TaKllie rrpHHHMaeT BO BHIIMaHne CBR3aHHble Me30Hhl. 

C q>n3nqecKoit ToqKII 3pemrn rrepexo.n; OT cTa,zurn JiaBHHoo6pa3o

BaHHR K CTa,D;IIII a.n;poHII3aD;IIH MO}KHO paccMaTpnBaTb KaK rrpon;ecc 

:r;i:epecTpoii:Kn BaKyyMa, corrpoBom.n;arorn:nttcn H3MeHeHIIeM rrapaMeTpa 

C H3. o6JiacTn oTpIIn;aTeJibHhlX 3Haqenntt B o6JiaCTb rroJI0lliHTeJibHhlX 

HJIH H0Jib ( B 3aBHCHMOCTH OT Toro; KaKyIO pom, IIrpaIOT B rrpon;ecce 

a.n;ponn3a:u;nn BIIpTyaJibHhle Me30Hhl). B ITpnJiomennn rroKMano, qTo 

BHpTyaJibHble Me30Hhl MOlKHO cqnTaTb CBoeo6pa3HhlM "rroJiyKJiaccnqe

CKHM" q - KOH.n;encaTOM. I1o3TOMY rrpo:u;ecc pa3BaJia KorepeHTHOro 

rrapTonnoro <?6JiaKa B cTaJIKHBa10rn:nxcH a,n;ponax Momno paccMaTpn

BaTb KaK CBOeo6pa3Hblii: cpa30BhlH rrepexo.n;, Bhl3BaHHhlii "rro,n;orpeBoM" 

BaKyyMa, co.n;eplliarn:ero-3TOT KJiaccnqecKnii C-Kon,n;encaT. <l>a30Bhli!: 

rrepexo.n; 3aKJiroqaeTcH B rrpeo6pa3oBannn C-Kon,n;encaTa B q- KOH

.n;encaT - CBR3aHH0MY COCTORHHIO ITOJIR, 3aHnMaIOrn:eMy HeKOTOpoe 

rrpoMemyToqnoe Il0JIO}KeHIIe Melli.UY CB06o.n;HhlMH H BHpTyaJibHhlMH II0-

JIRMH. 

6 IlpHJiomeHHe 

Cyrn:ecTByeT ern:e O,.UHH crroco6 KBaHTOBaHHH OCD;HJIJIRTOpa; Il03BOJIR

IOrn:nfi orrncaTb rroJIR c yqeToM nx CBR3aHHhlX cocToHnnit, nMe10rn:ntt 

OTHomenne K rrorryJinpnhlM B rrocJie.n;nee BpeMH cxeMaM • )' ,n;ecpopMnpo

Bannoro" RBaHTOBaHHH. B. 3TOM cJiyqae IIOHBJienne CBH3aHHhlX co

CTOJIHHH rroJIR nnTeprrpeTnpyeTcJI KaK rrpo:u;ecc cpa~oBoro · rrepexo,n;a 

OT cpOROBCROro BaRyyMa K HeKOTopoMy ,n;pyroMy' !co,n;epmarn:eMy no

JIJRJiaccnqecRHH "q-Ron,n;encaT"_. ITonomnM, no ananornn c (1), 

b = a+ d, b+ = a+ + d+, I (18) 

r,n;e a+, a-061Iqn1Ie orrepaTOphl pom,n;ennJI n ynnqTomenmi, d+, d -
orrepaTophl, orrnchlBa10rn:ne Ron,n;encaT. Onn y,n;oBJieTBOpHIOT cJie.nyro

rn:nM q-.n;ecpopMnpoBaHHhlM K0MMyTa:u;noHHhlM coc>THomeHnRM 

dd+ - q2d+d = l 
n ,ZJ;OIIOJIHHTeJib]lOMY YCJIOBHIO 

dd+ = d+d = C, (19) 
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r.n:e 
1 

C= -1--2· -q ., 
KBaHTOBLie IIOJIH TaRoro nma o6cym,n:aJIIICL B pa6oTax [32, 33]. 

,l(e:ticTBIIe onepaTopoB d II d+ B npocTpaHCTBe, noJiyqa10meMcR H3 qio
ROBCRoro .n:o6a:sJieHHeM COCTORHH:ti c OTpHD;aTeJILHhlM qucJIOM qacTHD;, 

( 

IIMeeT Bll.ll: 

din>= -ivGln -1 >, 

d+jn >= ivGln + 1 >. 

HeTpy.n:ao npoBepHTL, qTQ cneRTp raMiIJILTOHHaHa (5) - TaRoii 
me, RaR Il .ll:JIH 06hlqHoro OCD;IlJIJIRTOpa, Il y6e,n:IITLCR, qTo ypaBHeHHe 
(9) ,n:JIR onepaTopa IIJIOTHOCTH Me30HHoro IIOJIR npHBO.D:HT R TOii me 
CHCTeMe ( 11) ypaBHeHIIii .ll:JIH pacrrpe,n:eJieHHR BepORTHOCTH pom,n:aIO
muxcR Me3oHoB. ··Koa.n:eacaT d Mhl Ha3hlBaeM noJiyRJiaccuqecRHM no~ 
TOMY, qTo C-qucJioM B ,n:aHHOM cJiyqae RBJIReTcR H~ caMo rroJie d, a 
ero 6IIJIHHeiiHaR ROM6mian;IIR 

d+d = dd+. 
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KocreHKo B.<1>. P2-94-506 
Jia3epHaSI MOAe.Jlh npon;ecCOB aApOHH3aIJ;HH -

..... ... - ' 

Ilpe~JIO::>K~Ha MOAeJI~, corJiaCHO KOTOpOH nel)exo; KBapKOBOH ITJia3MbI B 
MC3OHHOe none HanOMHHaeT reHepan;mo 3JICKTpOMamHTHOro H3JiyqeHHSI BO3-;-
6y;>KAeHHhlMH aTOMaMH B. r33OBhlX Jia3epax •. no XOAY _o6cy;>KAeHHSI q,op
MYJIHPYIDTCSI ABC CXCMhl KBaHTOBaHHSI CKaJISipHoro ITOJISI C yqeTOM CBSI3aHHbIX 
cocroSIHHH, OAHa · H3 KOTop1,1x ocHOBaHa Ha q-Aeq>opMHpoBaHHhlX KOMMy
TaIJ;HOHHhlX COOTHOmeHHSIX. CpaBHCHHe C 3KCnepHMeHTOM npHBOAHT K aJihTep- ' 
HaTHBe: JIH6o Ha CTaAHH aApOHH3an;HH 6on1,my10 ponh HrparoT BHPTYaJihHhle 
Me30H~, C'I'HMYJIHpyrom;He nepexoA B036y)l(AeHHOH MPOHHOH MaTepHH B 
OCHOBHOe COC'I'OSIHHe, JIH6o pa3BHTHe napTOHHOI'Q. _KaCKaAa npoHCXOAHT B 
pe::>KHMe, 6JIH3KOM K caMoopraHH30BaHHOMY KPHTHqecKoMy. 

Pa6oTa BhlITOJIHeHa B • Jia6opaTOpHH BhlqHCJIHTeJihHOH TeXHHKH H aBTO
MaTH3aIJ;HH 011.sn,[ 

IlperrpHHT O!h,e'AHHemioro HHcrnzyia ll'AepH&IX HCCJJe'AoBaHHii:. ,D;y6Ha, 1994 _ 

IlepeBOA aBTOpOB 

Kostenko B.F. ·p2..:94-506 
Laser Model for Hadronization Processes 

A model which considers transition of quark plasma into meson field by the 
analogy with genera'tion of electromagnetic field by excited atoins in gas laser 

· is suggested: Two schemes of ·quantizations of scalar fields ~ith account of 
~bol,lnd states (one. of them is based on q-deformed commutation rules) are 
formulated. Comparison with experimental data leads to the conclusion: either 
bound mesons stimulate transitions of excited hadronic matter into the main 
state ·or development of parton avalanche proceeds in conditions close to 
selforganizing ones. -

The investigatio~ has been perfo~ed at ihe Laborat~ry of Computing 
Techniques and Automation, JINR. · 
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