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.[(mI orrncan:rut BaanMci.nettcTBntt qacTnn n R.n;ep rrpn Br.tCOKHX 3Hepnrnx c y~eToM 

KBapK - rmoOHHLIX: CTerreriett CB06~nu K nacromne1ry BpeMemI paapa6oTaHO MHoro paa~ 

JIH'lHLIX.Mci,neJiett (cM., narrpnMep, ccLIJIKH, B o6aope [l]),B ocHoBy'KoTopLix noJioJKeHLI 

JIH6o rrapTOIIHM qieHOMeHOJIOr:rut [2,3], JIII6o rrpe,ncTaBJieHHR o qiparMeHTartnn·a.npoH

HOtt CTPYHLI [4,5]. B 3THX MO,D;emIX, BLI,nemIIOT,Tp~ ocnoBHhle; o.f:i_rncinem,no ne:iaBu

cnMI.Ie CTa,ll,Hn: · a) qiopMnpoBanne aaTpaBo<tnoro BOaMymeHnR iinyTpe:imett ctpyKTYPLI 

a,npOH~; 6) pa:3BHTHe Il3 3TOrO B03Myme~HJI KBapK• fJIIO0HHOtt'.mrnHHhl, B) IIpOD;eCC1'.1 IIe~ 

pexo.na KBapKoB JI rJiroonoB B na6Jiro,naeMLie a.npom.r. Han6oiihrune_ neorrpe,neJieIIHOCTil, 

OIIIICaHIIR CBJI3am.t 'co 'CTa,ll,HRMil a) Il n); K0T0pLie He OIIIlCLIBaIOTCR· B pa.MKaX nep- 1 

Typ6aTilBHOtt KX.[(. B 3TOtt CBR3Il 'nanoMHHM;' 'ITO CTpyHHhltt 'rro.nxo.n paccMaTpnBaer 

o6paaoBanne a.npoH0B KaK "eci:ecTBeH~oe upo,noJIJKeH~e rrpoiiecca ,neJieH:rut a.npoRIIOtt 

CTpyn:r,r •. B rrapTOHHLIX M0,D;ClliIX IIpHX:O;:urTCR IIOCTYJIIlpClBaTh, 'ITO HeIIOCpe,ncTBeHH~ 

rrepe.n HaqaJIOM a.nponnaannn KaJK.IU>ltt Il3 rJIIOOHOB' upeBpamae-rcR ,B KBilpK ~ aHTil· 

KBapKOBJIO rrapy [6], TaK KaK 3TH rrponecch! ylKe ne M()ryT 6h!Th omxcaim B p~MKaX 

rrepTyp6aTilBHOtt KX.[(, r.zie Bcer.na .ncn,mnnpyIOT g -> 2g~riep~~O,D;hl., .[(aJiee upnnn~ 

MaeTCR rnrroTeaa "rrpe,nKOHcpattMeHTa" [6, 7]' C0CTORillM_ B :ro'i.1, '~TO o6paaoBaBJIIIleCR 

KBapK - anTIIKBapKOBLie nap LI o6'Le,D;HHRIOT~R B 6eCD;BeTiiMe COCTO~~:rut -;-- , KJiacTephl, 

'K0T0pLie aaTeM pacria~aIOTCR-Ha na6JIIO,naeMLie a.npoH~. CymecTBeHHLIM HC,D;OCTaTK01( 

, o6enx, cxeM a,npoHnaan~n RBmieTCR rrpene6pelKeHIIe KBaHTOBLIMn 3q>q>eKTa11n :ToHU(e~ · 

CTBCHHOCTII po}I{l(aIOmnxca'MeaOHOB, B03M0lKH0CTh!O o6paTHoro B03,D;eitCT!lllR Meaomi6ro 

, rroim Ha 'ncTOtJHilKII . ll _ TeM, o6CTORTCJihCTB0M, OTMetJ~HHLIM eme ll · pa6oTe [ 6], 'ITO .npn 

orrpe.neneHH~X JCJIOBIDIX: 3TH IICTOtJHil~ MoryT ,nefiCTBOBaTh KOJIJleKTilBHLIM, He He3a-
' ' ' ' ' ' ' ,· . ' ' . ·. . ·., '\ 

BllCllMMM .npyr OT .npyra, o6paaoM. • · ·' .• . _ , _ , · '· ' ._, 

Orrncanne KOtIKpeTHhlX rro,nxo,noB K pe~eHnro 3TOfi rrpo6JieMLI - nem, H~ctomxtelt' 

pa6~LI- 'HncKO~~o He rrpeTen.nyi.i:Ia II0CTp0eHne .0K0HtJaTeJihHOlt. RapTilllhl. rrpo,necca , 

Meaonoo6paaoBaHnn, ,MLI a,nech ocTanoBHMCR JIHmL na · pR,ne ,rrpnnnrimraJihnLix. Borrpo~ 

'COB,' B03H~Karomnx na 3T0M nyTII. ToT cpaKT, 'ITO TpeTLR CTa.nirnuponeccoB MHO

'lKeCTBCHHOr0 p0}I{l(eHIIJI I!aII60Jiee HeIIOCpe,D;CTBeHHO °CBR3aHa C · 3KCIIepm.i:en-ram,nLIMil 

,D;aHHLIMH, II03BOJIHT,HaM, O,nHaKo'," DLICKa.3aTh KOHKpeTHLie q>Il3IltJeCKIIe flIIIOTe3LI 0. xa-
. ,,,' ' ' . . ·,• ' ' . ' "\. ', ,·• . ' .. 

paKTepe 'rrpoTeKaH:rut rrponeccoB a.nponn3aD;llll. O,ll,HH' Il3 Bh!B0,D;0B,' K K0T0p0MY .MLI ' 

rrpn.neM, 6yii~ CO~TORTh B TOM, 'ITO BllpTyamnLie MC30Hhl MoryT ~~a3hlBclTh i;TllMYJIIl-
pyromee B03,D;ettcTBHC Ha npon:ecCLI a,npOHH3aD;nll'. , _ .. , _· ' 

.[(mI orrncan:rut BllpTyamiILIX CT~rrenett CB~6omr B cpn:!HKe BLICilKHX 3Heprntt paapa-

6oTan pR,n rrpdcTMX rrpe,ncT~BJieHntt, BOCXOMIUH; B H.n;ettH~M IIJiane eme K Il3BeCTHLIM 

pa6oTaM• Batt113eK~pa lI BHJlhJIMCa (8], KOTOpLie 11erJIH BOCH0BY' pa3JllltJHI>lX Mo,neJielt 

rrapTOHHoro ~aCKa,na. O,nnaKO: CHOtl.CTBa ~HpTyaJihHLIX Me30~0B, 0 KOTOpLIX 6y.neT ~.n;Tll 

pe'Ib HHlKe, 'neCKOJihKO.,OTJIHtJ~IOTCR OT CB~ttCTB rraproiroii, B~0Mmnx B·'cocnrn a,l\po0 

HOB. IlpoHJlJIIOCTpHpyeM CBOilcTBa BRpTyaJJ:hHLIX II0Jieit o6onx TIIIIOB; BOCUOJI:b30Ba-

BIIIHCb, ,1U1y1rn -ro~Ho: peruaeM:LIMH ~o,nemIMII B ~BanToB~lt TeopHn rromI [9]. . 
1) IlepBM Ha_ 3Tnx MO.UeJiett OTBetJaeT CKamipnoMy rromo, B3anMo,nettciByrom;~111y co 

' ',· ' ' ' ·- - . . . . . •: '. ' 

0 OObCJl~HcH .. Ha.a·li 1111cr11,yr iu1cP11.1.tx-·HCC11CJ1~~anHii, 1J.y611a. l99S :· 
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cTaTnqecKIIM ncroqnnKoM 
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-'v +m)ip(r,t)=p(r). 

Orrpe,neJIRR cTaimapTHLIM o6paaoM orrepaTOpLI po}I{l(eH:rut n yHntJTOJKeH:rut at, a, KBan

TOB CBo6o,nnoro IIOJIII: 
·rr + -ikr a~e• + a,e 

IPin(r, 0) = ~ k.(2w3 £3)1/2 

n c 110MOIUhIO ananornqm,1x cooTHoruenn:li. orrepaTopLI bI, bk ,n;JIH rroJIH IP, BaanMo,nett

CTBJIOmero c llCTOqHllK0M, MOlKH0 y6e)J,HThCR B crrpaBe,D;JIIlBOCTil COOTHOJIIenn:111 

Pi 
bk= a,+ (2w3£3)1/2' 

p"!. 
+ + ~--k I. bI = a, (2w3 £3)1 2 (1) 

cI>opMyJihI (I) HMeIOT rrpocTyIO q>ll3HqecKyIO IlHTeprrpeTan;HIO: IIOMHM0 KBaHT0B CB0-

60,n;Horo II0JJH, OIIHCLIBaeMLIX orrepaTopaMH ak, at' CTaTnqeCKilfi IlCToqnnK 0KpylKeH 

HCKOTOpMM KJiaCCH'ICCKilM IIOJICM - KOH,ZJ;encaTOM, BeJIIIqnna K0TOporo 

. Pk 
Xk = (2w3 £3)1/2 . 

rrporropnnonam,na aapR.ny ncToqnnKa. KJiaccnqecKoe rroJie Xk orrncLIBaeT BHpTyam,

Hhle CTenenn CB060,nhl, 0KpylKaIOm;ne ncroqnnK. qT06hI y6e,nHThCR B 3T0M, ,nocTaT0'lH0 

paccMoTpeTb ,nettcTBne orrepaTOpOB ynnqromeH:rut "roJioro" rroJJH ak na qinanqecKHtt 

BaKyyM. B COOTBeTCTBllll c (1), HMeeM 

bklin, 0 >= nlin, 0 >, (2) 

T.e. cocT0RHHR lin, 0 > IIBmIIOTCR co6cTBCHHhIMH BeKTopaMn orrepaTopoB bk, OTcro,na 

BHMO, 'ITO "c TOqKil apen:rut" orrepaTOp0B bk, bt COCT0RH:rut q>Il3HqecKoro BaKyyMa 

[ l " " IIBJJHIOTCR KorepeHTHLIMll COCTORHHRMH 10 , co,nepJKamnMn KBaHThI roJioro llJIIl Bnpzy-

aJibHoro rroJJH 1P2 • Ma Teopnn KorepenTHhIX cocTORne::li naBeCTH0 (10], ·qTO pacrrpe,ne

JieIIHe no qncJiy qacTHII B HHX orruc1,rnaeTc1I pacrrpe,neJienneM Ilyaccona, K0TOpoe. B 

13.nech 

_Pr= J p(r)e-ikf d3r, 

/ w=/m2 +k2, 
L - HeKOTOphI:li KoneqHI,I:li rrapaMeTp paaMepH0CTH ,D;JIHHLI, q>llKCHpyIOmntt o6'heM, B 

ItoTOphI:li 3aKJIIO'leHa CHCTeMa. 
2To, -qro KBaHThI 110JJH IP BHPTJaJihIIhI, rroHRTH0 H3 Toro, qTo 3Hepr:rut cocToRH:rut 

lin, 0 > paBna nymo. B namnx paccy}I{l(ennRx rro.npaayMeBaeTCH ncrrom,aoBanne rrpe.n

cTaBJiennR rettaen6epra, B KoTopoM naqaJihnoe cocroRnne lin, 0 > ocTaeTCR nen3Men

HhIM, B TO BpeMR KaK orreparophl ak paaBHBalOTCR B bk, 
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,n;aHHOM CJIY'lae OTBetJ:aeT BepOllTHOCTII pernCTpHpOBaHml B6JIH311 IICTO'lHIIHa IIOJIH n 
BllpTyaJII>HLIX HBaHTOB 

-n - n 
Pn = e-n n! · 

3,n;ecL 

ii= lxkl2
, 

btbk lin, 0 >= ii lin, 0 > . 
MoJRHO TaIORe y6e,n:HTI,CH,·'ITO 3Ta MO,Zl;CJII, ,n;aeT npoueccy ncnycHaHllll TOpM03Horo 

ll3JIY'ICHIIH narJIH,n;nyw q>Il311'leCHYIO IIHTepuperaD,IIIO ( OTpbIB BllpTyaJihHbIX HBaHTOB OT 

IICTO'lHIIHa rrpn ero CTOJll{HOBCHIIII C ,n;pyr11M 3ap11,n:0M), rrpaBIIJII,HO OIIIICbIBaer cneHTp 

TOpM03HOro Il3JIY'leHHH, upe,n;CHMLIBaeT cymecTBOBaHile HOHC'lHOro BpeMeHII qiopMil

poBaHIIH BllpTyam,noro IIOJIH IIOCJie "BcTpllXIIBaHHH" tJ:aCTIIIl,bl - IICTO'lHIIHa B MOMeHT 

· CTOJll{HOBeHHH (aqiq>eHT JlaH,n;ay - IloMepan'lyHa [ll)) [9). 
21 ,lJ;pyraH MO,Zl;CJih, HOTopyw MOJRHO rrpnBeCTII B Ha'leCTBe IIJIJIIOCTpaD,IIII CB0.11:CTB 

BllpTyaJILHLIX Me30HOB, ytJ:aCTBy10m;nx B npouecce a,n;poHn3aD,HII, 3a,n;aeTCll ypaBIICHIICM 

nn,n;a 

(:t
2

2 - V2 + m2)¢,(r, t) = j d3r'V(r, r', t)ef>(r', t). (3) 

K Mo,n;eJIHM TaHoro Tnua OTHOCHTCH, narrpnMep, rJiaBHhlll 'IJICH peJIHTIIBIICTCHOil: Teopnn 

11,n;epHLIX CHJI {Me30HHOfi ,s- Teopnn [9)). B 3TOM CJiy'lae . 

. 2 

V(r, r', t) = ~S(r - r')p(r, t), 

r,n;e p = tp•(r)t/J(r) - nyHJIOHHaH IIJIOTHOCTL, M - Macca HYHJioIIa. B3aIIMo,n;efi

CTBne 3JICKTpOMarHIITHOro IIOJIH C nepeJIHTIIBHCTCKHMll 'laCTIID,aMII TamKe MOJRCT 6b1Tb 

orr11cano TaRnM o6pa30M [9)3. Ilpn 31'.0M B Ha'leCTBe IlOTCIID,llaJia ,cJie,n;yeT B3l1Tb 

. 2 

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

r,n;e p(r, t) = lt/J(r, t)1 2, m, e ...:__ IIJIOTHOCTL, Macca ll 3ap11,n; 'IaCTIIU COOTBeTCTBeHHO. 

,lJ;JIH Mo,n;eJiefi rrocJie,n;nero Tnrra MaTpnua n, rrpeo6pa3y10m;aH JioHaJILHhle rrepeMeH

nhle IIOJIH B acnMIITOTH'lCCKHe, llBJIHeTCll "rroJiyymITapnoil:" (1rnoMeTpll'ICCKOfi), y,n;o»Jie: 

. TBOpllIOID;efi COOTHOIIICHIIHM 

nt n± = 1, n± nt =1-P, (4) 

r,n;e P - orrepaTop rrpoeKTllpOBaHHll na COCTOHHHJI, ne na6mo,n;aeMbIC B,ZJ;aJIH OT IICTO'l

HIIHa. 3,n;eCh Mhl ne 6y,n;eM B,Zl;aBaTLCll B TCXIIIl'lCCKIIe ,n;eramI, CBJI3aHIIbIC C BhlBO,!l;OM 

qiopMyJI {4), 110,n;po6noe II3JIOJRen11e l{OTOpLIX HMeeTCH B KHH:re [9). BMeCTO noro 

3O6cyJR,n;aeMaH nnJRe anaJiorIIH 111eJR,n;y rrpouecca111e: a,n;pone:3aUHH 11 pa6oTo.tt Jia3epa, 

B KOIIe'lHOM C'lere, o6ycJIOBJiena llMel!HO 3THM o6CTOJITCJILCTBOM. 

4 

paCCl!OTpnM rrpocTyIO cxe111y HBa!ITOBaHIIH C Y'leTOll BHpTyaJibllHX COCTOllHIIfi, II03BO

JIHIOID;YIO cpa3y IIOJiytlllTL BCC 11co6xo,n;nMble COOTIIOIIICl!Hll. 

H11JRc MLI 6y,n;eM, BcJie,n; 3a Xe11m1 11 Tnppnurmt. m.1enoBaTh BHpTyaJihHLie 110JIJ1 

BTOporo THIIa CBJI3allllhll\lll COCTOHIIIIHMII JIOJIH. chII IIOJIJI, B OTJIIl'IHC OT uapTOHHLIX, He 

JIBJIHIOTCJI 3aAIOpOlReJIHLIMJI, a rrpmnniaIOT aHTHBIIOC y'laCTHC' B CTHMy;um;nn rrepexo,n;oB 

B036yJR,n;el!HOfi a,n;pOHHOfi MaTepnn B OCHOBHOe COCTOHHHe. 

2 KBaHTOBhlH oc:u;HJIJI.111;op c y11eTOM CBJl3aHHLIX 

COCTOJIHHH 

Ecmi: B rrpocTpaHCTBCHHO - BpCMCIIHOfi 06Jiacn1, B HOTOpott nponcxo,n;HT a,n;pOHH3a

Il,HH, rrpncyTCTBYIOT CBJI3alIHLle 'laCTIIIl,LI (KoTopue 6y,n;eM C'lllTaTL HQA'IHHHIOIIl,HMHCH 

CTaTHCTHKe Bo3e), TO 06L1'IIIO~ COOTHomenne 

alO >= 0, 

HOTopoe JIBJIHCTCJI onpe,n;eJielIIICIII BaKyyMa B npoCTpaHCTBC -<l>oKa, 6oJihIIIC rre cupa

BC,Zl;JIHBO: 

blO ># 0. 

IlMCCTO COOTIIOmerrnH (2) Mhl Tenepb IlOTpe6ycM 

blO >= /31 - 1 >, 

r,n;e ,8 - 11ex0Topoe qncJio, onpe,n;eJIHe111oe 1mme, I - 1 > - cocTOHHHe, KOTopoe OTJIIl

qaeTCH OT 10 > TCIII, 'ITO B IICI\I na o,n;ny CBH3aIIIIYIO 'IaCTIID,y l\lCllbIIIe. By,n;eM C'lllTaTL, 

'ITO ouepaTopu b, b+ y,n;oBJICTBOpHIOT o6LI'lllldM HOMMyTaUHOIIHhll\l C0OTIIOIIICIIIIJIM: 

[b, b+] = 1. 

faMHJlbTOHHarr OCUHJIJIJITOpa B03bl\lCM B BH,ZJ;e 

1 
JJ = b+b + - - Ci, 

2 
(5) 

OTJIII'laIOm;eMCH OT o6LI'll!Oro Ha IIOCTOHIIIIYIO C1, KOTopaH, Hal{ 6y,n;eT noHa3ano IIHJKe, 

OIIIICLIBaCT aneprmo CBH311 BHpTyaJibllldX qaCTJIU ( CM. TamKe pa3,ZJ;CJI 9.2 B J{lll!re Xenm1 

H Tnppnrrra [9)). IloJib3YllCb HOMMyTaUHOllll!dMII COOTIIOIIICIIIIHMII, 11axo,n;11111 

Jlb+lf >= (f + l)b+lf >, 

r,n;e If > - nenoToputt co6cTBe1111ufi BCHTop raMHJihTOHnana (5). OTcm,n;a cJie,n;yeT, 

'ITO -

b+lc >= qlf + 1 >, 

5 



r,ZJ;e q - HeKoTopoe C-'IHCJio • .[l,anee, nocHoJihKY 

< f]bb+lf >= lql2 

ll 
1 

bb+lt: >= (1 + b+b)lt: >= (t: + 2 + Ci)lt: >, 

TO 

q = Jt:+ ½+c1. 

· TaimM o6paJoM, · 

·✓ 1 b+lt: >= f + 2 + C1lt: + 1 >. (6) 

Arranorn'IHhlM o6pa3oM, 

bit:>= ✓f - ½ + C1lf - 1 >. (7) 

TaK KaK OCHOBHOe COCTOHHHe 10 > CO,D;eplKHT HBaHTbl CBHJaHH0ro IIOJIH, IIOTpe6yeM 

b+bjO >= C2I0 >, 

r,ZJ;e C2 - 'llICJib CBHJaHHbIX KBaHTOB, rraxo.ZJ;Hm11xcn B ocHoBHOM cocronH11n, C2 > 0. 
Cne,ZJ;OBaTeJibHO, ,ZJ;JIH OCHOBHOro COCTOHHHH OCIIHJIJIHTOpa l!MeeM 

1 
HID>= (2 - C1 + C2)I0 >. 

EcJil! C'll!TaTh, 'ITO CBHJaHHble COCTOHHHH He ,ZJ;alOT BKJia,ZJ; B :rneprn:IO B036JJK,ZJ;eHllH, TO 

Heo6XO,Zl;l!MO IlOTpe6oBaTh 

C1 = C2. 

IloJIJ'ICHHble COOTHOIIICHl!H Il03BOJIHIOT l!IITepnpeTnpoBaTb ITOCTOHHHYIO C1, BXOM

JUYIO B raMHJihTOHilaH (.5), HaK rny6nny IIOTCIIIIHaJihHOil HMhl, B KOTopyro onycKaCTCH 

OCIIHJIJIHT0p IlOCJie 11cnycKannH BHpTyaJibllbIX KBaHTOB. O6pa3HO roBopH, npn onrrcaH

IlOM Bbl6ope 3Heprrrrr BaKyyMa IlOTeurrrraJI V, BXOMJUlllt B ypaBIIeHHC (3), IlOJIHOCTblO 

"C'be,ZJ;aeT" CBHJaIIIIble COCTOHHl!H ITOJIH. B 3TOM cny'laC cueKTp 3Hepnm raMHJibTOHHaHa 

(.5) He 6y.ZJ;eT OTJIH'laTbCH OT o6wrnoro, B TO BpCMH KaK ,Zl;CllCTBIIC oneparopoB poJK,ZJ;eHl!H 

11 YHll'lTOJKemrn Ha n-'laCTll'lHOC COCTOHITHC cornacHO (6) 11 (7) 6y.ZJ;eT IIMeTb BHA 

bin >= ✓n + Gin - 1 >, b+jn >= ✓n + C + lln + 1 >, (8) 

r.ZJ;e C = C1 = C2, 
OnepaTopbI a, a+ H b, b+ MoryT 6IJTh Bh!paJKeHbl .D;pyr 'lepe3 .D;pyra c IIOM0JUbIO 

CJie,ZJ;yIOJUero HaIIOIIII'lCCHOro npeo6pa30BaIIIIH: 

b+ = s+a+s, b = s+as, 

6 

r,ZJ;e S - HJ0MeTp1I'lecm1li: onepaTop BJI,ZJ;a 

Sin>= ln+C >, s+1n + c >=In>, 

n 2:'. 0. 

OTCIO,ZJ;a Bll,ZJ;HO, 'ITO B TOM cJiy'lae, KOr,ZJ;a C HBJIHeTCH rremlM 'll!CJIOM, l!JMeHemie Ba

KyyMa CBO,Zl;IITCH K ,ZJ;06aBJieHl!IO C0 «CBll3aHHhIX» •IaCTHll K n-«HOpMaJJhHhIM». 

HeTpy.D;HO TaKJKe HafiTll HBHhlfi Bll,Zl; oneparopoB n, Olll!CbIBalOJUl!X nepexo,ZJ; OT "o,ZJ;e

TbIX" K "roJibIM" onepaTopaM poJK,ZJ;eHl!H ll •YHll'lTOJKeHllH: 

b = fl(N, C)a, b+ = a+fl(N, C)
1 

fl=JN+C+l 
N+l ' 

r.ZJ;e N = a+a. Tenepb MOJKHO npOBepun, HBHo, 'ITO oneparopbI b n b+ y,n;oBJieTBO

pHIOT 06h!'lHbIM KOMMJTaIIIIOHHbIM COOTHOIIIeHHHM (Ha COCTOHHllHX, CO,D;eplKclJUHX XOTH 

6IJ o.ZJ;ny 'lacnm;y). 

CcpopMynn:poBanHaH cxe~rn KBaHTOBaHHH OCIIIIJIJIJiropa C J'ICTOM BIIpTyaJibHbIX co

CTOHHIIH He HBJIHeTCH e,ZJ;HHCTBeHHO B03MOJRHOil:. CymecTBYCT .D;pyran, npnBOMJUM, 

O,ZJ;Harm, I{ TCM JRC <pll3l!'leCKllM pe3JJibTaTaM cxeMa, B KOTOpofi CBHJaHHble COCTOHHHH 

IIOJIH MoryT 6bITb npe,D;CTaBJICHbl B "naproHoo6pa3HOM" BH,ZJ;e C IIOMOJUblO cpopMyJI (1). 
E.ZJ;IIHCTBCHHOC, O,ZJ;HaKo,cymecTBCHHOC OTJIIl'llle JaKJIJO'laeTCH B TOM, 'ITO BMeCTO KJiac

CH'leCKOro KOH,Zl;CHCaTa Xk TCI!Cpb CJIC,ZJ;yCT B3HTb HeKOTOpoe "IIO'lTil KJiaCCil'lCCKOe" 

IIOJIC, YA0BJieTB0pHIOJUeC q-,D;ecpopMHpoBaHHbIM KOMMyTarrnonHbIM COOTHOIIIeHllHM ( CM. 

npttnoJKetttte). 

3 JiasepHaH MO,!J;eJib npoQeCCOB a.n;pOH1'13aQHH 

B pa6oTC (l'>uJI,ZJ;a u BoJib<ppaMa [6] OTMe'laJI0Ch, 'ITO B TOM CJiy'lae, lmr,ZJ;a Macca IlHAH

Bll,ZJ;yaJibIIbIX napTOHOB, IIOCTyrraromux Ha CTaAHJO a,D;pOHUJaIIUII MeHbIIIe HCKOTOporo 

KplITll'lCCKOro 3Ha'ICHHH µc, npe.L\CTaBJieHHe, 0 TOM, 'ITO l(aJR,Zl;blll .1I3 HIIX, HC3aBllCllMO 

OT OCTaJibHbIX, pacna,ZJ;aeTCH Ha Ha6JIJO,ZJ;aeMble a,D;pOHbl, rrepecTaeT 6blTb crrpaBe,ZJ;JIII

BblM. Sho CBH3aHO C TCM, 'ITO B 3TOM CJIJ'lae ,Zl;OMIIHllpyIOJUYIO pOJib Ha'lJIHa!OT. n:rpaTb 

KOOIIepaTHBHbIC HBJieHl!H. B naCTOHJUeM pa3,ZJ;eJie Mbl o6cy,n;uM 3TY B03MOJRHOCTh, rrpe,D;

IIOJiaran, 'ITO KOJIJieI{Tl!BHbIM o6pa30M MoryT ,ZJ;eil:CTB0BaTb Jlllllih JierKJie KBapK - aHTII

KBapROBble napbl, rropoJK,ZJ;eHHble pacrra,ZJ;OM O,ZJ;Horo n Toro JRe THllieJioro RJiacTepa, JIO

RaJIJIJOBamrmi B J3ROM IIHTCpBaJie rrpocTpancTBa 6bICTpOT .l::,.y ~ 1. IlpII 3TOM 6y,ZJ;eM 

TaRJRe Y'lllTbIBaTb 3<p<pCRTbl o6paTnoro B03,ZJ;eil:CTB11H MC30Hnoro IIOJIH Ha rropoJK,ZJ;aIOJUl!e 

ero l!CT0'lHIIRll 11 KBaHTOBble 3<p<pCHTbl TOJR,ZJ;eCTBCHHOCTll poJK,ZJ;aIOJUl!XCH MC30HOB. Ha

rr6onee ecTeCTBeHHO BCC 3T0 MOJRHO C,ZJ;CJiaTb C IIOMOJUh!O Jla3epnofi MO,ZJ;eJil! nporreccoB 

a,D;pOH1!3aI11I1!
4

• 

4IlpeAIIOJIOJI{Cill!C O B03MOJRH0CTH o6'bHCHCHl!H nporreccoB a,D;p0Hll3alll!ll na OCHOBe 

Jia3CpHofi aHaJiorurr BbICRa3bIBaJIOCb TaKJRe B pa6oTax [12,13] Ha TOM OCHOBaHllll, 'ITO 
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liiMeeTCJI pH,n JRa.3anIIfi - ne:1.rnor0'IIICJiennocTb Me30H0B, o6pa3JIOIIJ,llXCJI II0CJie 

pacna,na RJiacTepa, cyru;ecTB0BanIIe nIIna B6JIII3II nyn11 B pacnpe.n;enemrn no MaccaM 

!{JlaCTepoB [1,6,19,20] - na TO, 'ITO cpe.n;II RBapR - aHTlil<BapR0BhlX nap, JIBJIJII0IIJ,IIXCJI 

IICT0'IIIIIRaMII po)I{Jl;aIOIIJ,IIXCJI Me30H0B, IIMeeTCJI HCR0Topoe !{0JIIPICCTB0 BllpTyaJibHhlX, 

ne 06na.n;a101JJ,IIX ,nocTaTo'Inofi Maccoil: ,nJIJI po)I{Jl;eHnJI tiaJRe o,nnoro Me3oHa. Tanne napbI 

,noJIJKilLI 6eccne,nno aRHHrHJIIIpoBaTb B nponecce a.n;poHH3ao;1rn - ~BJ1e111rn, 11anoM1111a

romeM: 6e3LI3JIJ'IaTeJibHJIO JTC'IRY aT0M0B II3 pe3onaTopa B ra30BLIX Jia3epax [21], JICfR0 

)"IIIThIBaeMOM B na:iepHOH MO,llenn
5

• 

liiTaR, B. C00TBeTCTBIIII c RJiaCTepnoil: M0,I\CJibIO [1,6] 6y.n;eM npe.n;nonaraTb, 'ITO npo

necc a.n;p0HII3aD;IIII onpe.n;eJIJieTCJI B3aIIM0,neficTBllCM JIIUllb !{BapR0BLIX II MC30HHLIX CTe

nenefi CB06o,nLI, T.e.,'IT0 fJIIO0HLI ycneBaIOT Il0JIH0CTbIO npeBpaTHTbCJI B RBapR - aIITll

RBapK0BLie napLI e1JJ,e .n;o na'IaJia nponecca a,npoHH3aD;Hll. ,ll;anee, cornacno rHII0Te3e 

"npe,nnoncpafiMenTa" RBapR - aIITIIRBapR0BLie napbl 061,e.n;HHJIIOTCJI B 6eCD;BCTHble R0M-

6IInanm1 - RJiaCTepLI, pacna.n;aIOIIJ,IIeCJI Ha 6onee JICfRlle RBapR - aHTllRBapR0BhlC naphl, 

R0T0pbie II JIBJIJIIOTCJI IICT0'IHIIRaMII na6JIIO,!l;aCMbIX MC30H0B. 

IlpII !HOM, Mhl 6y,neM ncxo.n;IITb II3 cne.ny101JJ,efi ananorIIn MeJR.ny np011eccaMn a,n

ponII3aD;IIII II renepaIIIIII aJieRTp0MarnIITH0f0 Il3JIJ'ICIIIIJI B ra30BhlX Jia3epax: poJib 

B036y)I{Jl;ennoro C0CT0JIHIIJI aT0Ma 11P > 6y.n;eT IIrpaTb RBapR - aHTIIRBapR0BaJI napa, 

ocnoBnoro l1Po > - q>II3II'IecnIIfi BanyyM, a poJR,naIOIIJ,IIficJI 1r- Me3on 6y.n;eM C'III

TaTb anaJI0fII'IHbIM q>OTOHY' IIcnycnaeM0MY B036y)I{Jl;eHIIbIM aT0M0M. OnepaTOpbI u+ II 

a-, 0llIICLIBaIOIIJ,IIe nponeccbl B036yJR.n;emrn II .n;eB036yJR,nemrn IICT0'IHIIR0B, BbipamaIOTCJI 

'Iepe3 onepaT0pbI p0)I{Jl;CIIII~ II YHII'IT0}l{ClllIJI RBapR0B q+' q II annnrnapR0B q+' ij 
cne.nyIOIIJ,IIM o6pa3oM: 

a-+= q+q+, 

,ll;JIJI HlIX cnpaBe,nJIIIBbI C00TH0lliCHIIJI: 

a-+ 10, 0 >= lq, ij >, 

u+lq,ij >= 0, 

[u, u+J+lq, ij >= lq, ij >, 

<T = ijq. 

ulq,ij >= I0, 0 >,. 

o-10,0 >= 0,

[u,u+J+I0,0 >= I0,0 >, 

(9) 

q>eIIOMCHOJ!OrII'IeCKM Teopirn <pa30Bh!X nepexo,noB fIIB36ypra - Jlan,nay [14], IICII0J!b3J

eMaJI HCK0T0pbIMll aBT0paMII llJIJI 0llIICaBIIJI 3TIIX JIBJiennfi [12,13,15 - 17], IIMeeT MH0f0 

06111ero c 061,11cnenIIeM nponecca rrepexo.n;a na3epa II3 neKorepenTnoro B 1<0repeHTHhlil: 

pemIIM pa6oTLI [18]. Ilpe11no'ITHTCJibIIee, 011nano, cpa3y IICX0llllTh n3 na3epuofi auano

fIIII, II0CR0JibRY B 3T0M CJiy'!ae ne HJlKH0 lICII0J!b30BaTb Ile ,!l;0l(a3aHH0e npe.n;II0JI0JReime 

o cymecTB0BannII Tep:1.101IIIHaMHqecKoro paBH0BeCIIJI na cTa,n1rn a,npoHII3a111rn. 
5 B cymecTBYIOIIIIIX rrporpaMMaX M0llCJIHpoBaHHJI rrpo11ecc0B MH0lKeCTBCIIII0f0 po

)I{Jl;CHIIJI anaJI0fII'IHhl.l!. pe3JJibTaT ,I\0CTIIraeTCJI C II0M0IIILIO HCCI(OJ!bl(0 llCRJCCTBCIIH0il: 

npo11e.nyp1,1 "yKpyIInenIIJI" oqenh nerKnx RJiacTepoB ( cM., uarrpnMep, [l ]). 
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K0T0pLIC ananornqnhl <l>opMy,'IaM llJIR 2-ypoBIICBh!X HCT0'IIIIIK0B ,'Ia3ep11oro 113JIJ'ICHllJI6 • 

B3aIIMOl!CfiCTBHe 1rnapR0BLIX II MC30IIHLIX IIOJiefi 6y11eM 0TIUCLIBaTb ra~IHJ!hTOIIIIaU0M 

B3aIIM0l!CliCTBIIn 

Hint= g(u+b + b+a), (10) 

r,ne g - KoncTanTa B3amrn.n;ettcTBHJI, u+, a- - onepaTop1,1, omtch!Ba1011111e nponecc 

B036J)I{Jl;CHIIJI H 11eB036JJRllCIIHJI HCT0'IBIIK0B. 8TOT raMHJ!bTOI!HaH cj>aKTII'leCl(ll ::0Bna-

11aeT C raMIIJibT0IIIIaH0M B3allM0llCfiCTBUJI 3JICKTpo111arnllTH0f0 TI0JIJI C B036JJR1IeHBJdMll 

aToMaMII. B Honnott ananor11II c nponeccaim, rrponcX0llJIIIJ,IIMII B Jia3epax, B 11annoM 

CJIJ'!aC ecTeCTBCHH0 TamKe npe,llTI0JI0JRHTb cymecTB0BaJrne llBYX pa3JIII'!Hh!X BpeMeH 

pcnaKca11IIII: KBapH - anTHKBapH0Bhle 11ap1,1 orneqawT 6h!cTpbIM cTenenm,1 cB060111,1, 

p0JR1Ia10IIIIICCJI Me301Ihl - 6onee MC1IJiem10tt l(0MII0UeJITe. 8To o6CTOJITeJibCTBO II03B0-

JIJICT llCKJIIO'lllTb a11ua6aTl1'!ec1mM o6pa30M HBapR0Bh!e CTCIICIIII CB060111,1 II3 ypaBnenIItt 

llBll}l{CI!lIJI II II0JIY'IlITb cpaBHHTCJ!bH0 Ilp0CT0C ypaB11eune 3B0JIIOIIHII, 0!IllCLlBaIOmee 

MC30IIII0C IIOJie1: 

r . 
OtPt = 2 < y+(t)y(t) > (2b+ Pth - bb+ Pt - Pthb+). ( 11) 

3,necb r ll < y+(t)y(t) >= g2 < u+u > - Bpeirn }KII3IIII IICT0'IIIHK0B II BCJIII'!Illla, 

nponop1111onaJibIIaJI IIX IIJI0TII0CTH C00TBCTCTBCillI0, Pt - MaTpnu,a TIJIOTII0CTII II0JIJI 

lI3JIJ'lennJI. YpaB11e11ne 3B0JII0IIIIII ( 11) co,neplKHT KBa p!(0Bble CTCIIC!lll CB060llbl B ne

JIBH0fi <pop Me - B Bn.n;e :I.IO,!J;CJIII HCT0'IHIIl(0B MC30II!I0f0 H0JIJI < a-+ <T >, H0TopyIO Mhl 

6y.n;eM .n;anee no.n;6npaTb TaimM o6pa30M, 11T06hl II0Jiyt!aIOIU,CCCJI perne1111e 0llHCL!BaJio 

IIMCIOIIJ,llCCJI !:l!{C!Iep11111enTaJibllh!C ,namme. 

Ilpn BhIB0llC (11) npncyTCTBHC BHpTya,'ILIIhlX 1rnapH - anTmrnapH0BhlX nap Y'lllThl

BaeTCJI CJIC,l\J!Olll,lll\I o6pa30M: C'IIITaCTCJI, '!TO KBapK-a11rnrnapKOB~ napa, lie IIcny

CTl!BlliaJI B Teqe11ne BpeMenu a.n;pomrna11n11 r- Me3011, IIC'Ie3aeT 6eccne.n;110 ("yte'!Ha" 

IICT0'Illlll(0B II3 "pe30IIaTopa"). By.n.eM C'lllTc\Tb, '!TO ne T0JILJ{0 IICT0'llllll{Jl, 110 II cairn 

MC30Ilhl B o6nacTU a.n;p0II1f3a111rn MoryT naxo.n;UTbCJI B BIIpTyaJib!I0M ( CBJl3alIIIOM) co

CTOJIIU!Il. 8TH MC30Ilhl Be MoryT II0l(UHYTb o6naCTb peam1u11 II 11anmm11a10T 3JICl(T))0-

6B Teop11u Jia3cpoB 061,111110 Bhl6upaIOT npe.n;cTaBJie1111e, B J(QT0p0M 

11P > = ( ~)' l~'o > = ( ~)' a-+= (~ ~), a-=( 0 0 ) 
0 . 

7
Il ponc.nypa a.n;na6aTH'ICCl(Qf0 llCKJII0TICIIIIJI 6h!CTph!X rrepeMCIIJlhlX BO BT0))0M no

pn,llI{e teop1111 B03MJIIIem1l1 llJIJI B3a1nm11ettcTBHn BHlla (10) orrnca11a, 11anp11:1.1ep,B [21] 

II B IICCR0JILKO 6onec ,oGmeii cpopMe - B [22]. YpaB11e11nc ( 11) Il0JI)"!aCTCll lf3 o6ncero 

ypaBIICIIHn 3B0JII0IIHII, rrp1rne.11em10ro B [22], ecnn 11pe.n;110JI0lKlITI,, 'ITO BpeMJI a.n;ponu-

3a111111 KJiacTepa orpa1111qe110 mnepaaJioM r,a Tamne, 'ITO o6panme uepcxo.n;hl Me30H0B 

B 1rnap1m 0TCJTCTBYIOT. Ilpn Bh!Bo.n;c ypam1cnnn (11) 110 teopm1 B03My111eunl1 [21]. rro

cTommyw g ne o6JI3aTem,no C'IIITaTb MaJiolt, Tpc6ycTc11 JIHlllh ManocTb 3cpcj>e1nm111oi1 

I<OIICTaIIThl B3aHMOl!Ci1CTBllJI 9eJJ = ftg. 
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Marannrne ll3Jiyqeune, y.nepmnaaeJ110e a pe3ouaTope Jia3epa c noM0ilihIO 3epHaJibIILIX 

0Tpa>KaTeJiell:. l1cnoJih3YJI C00TIIOilie!IlIJI (8), Y'lIITLIBaIOruue, TI0l\llll\10 peaJILHLIX, BI!p

TyaJibIIbie cTenem1 cao6o,nLI, onepaTopuoe ypaauenue ( 11) JICrKo npeo6pa3oBaTL a cne

.nywmyw cncTeMy ,ll,JIJI aepoHTH0CTU Pn(t) = < njp1jn > o6pa30BaIIu11 n MC30II0B H 

M0MeIITY BpeMeHn t: 

81Po(t) = ~ f(t)(C + l)Po(t), 

81Pn(t) = -J(t)((C + 1 + n)Pn(t) - (C + n)Pn-1(t)), (12) 

r.ne J(t) = 9~Jfw(t), w(t) =< u+(t)u(t) > - IIJI0T!I0CTb RBapR - aHTURBapH0BLIX 

IIap • .l.(oIIOJIHHM CIICTeMy ypaa11em1ll: (12) Ha'laJIL.IlLIMll YCJI0BIIJIMH, o603lla'lalOilIHMII 

0TCYTCTBHe Me30110B B Ha'laJibIIbill: M0MeHT BpeMCHII: 

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

CcpopMyJinpoaaHHaH M0,ll,eJib 3RBHBaJieHTHa cJie.nywrueMy .nucpcpepem1naJILHOMY 

ypaBHeHil!0 B qacTHLIX np0II3B0,ll,HblX: 

o1II(s, t) = J(t)(s - l)(C + 1 + so,)II(s, t), (13) 

C rpaI!Il'IIILIMII ycJI0BIIJIMll 

II(O, t) = Po(t), II(s,0) = l 

,l],JIJI IIp0113B0,nHinefi cpyHRllllll 
00 

II(s, t) = I: Pnsn 
n=O 

IICH0J\!Of0 pacnpe.neJICHIIJI Pn( t). 
PerueHIICM 3T0f0 ypaBI!eIIIIJI JIBJIJICTCJI IIp0I13B0,nHiliaJI cpy1rn1111JI 0Tpu11aTeJihH0 - 6n

H0MUaJibII0f0 pacnpe,neJICHIIJI [23] 

II(s, t) = p(t)k(l - sq(t))-k, 

r.ne 

(t) = 1 _ (t) = exp(ft' J(t)dt) 
p q 1 + !.'. ' 

k 

n II k - napaMeTpLI oTpnuaTeJihH0 - 6n110l\maJILHoro pacrrpe.neneHIIJI ( OBP)8. B HarneM 

cJiyqae 

k=C+l. (14) 

OBP xoporuo onucuaaeT cpnyRTyaI111n HJI0TH0CTII MC30JI0B B npocTpaHCTBC 6blcTpOT 

a ormax ruupmroit 6.y ~ 1 [19,20] (.nJIJI 6oJiee J3RHX IIHTepaaJioa, HaR H3BecTHo, q>JIJR

TyaI111n B03pacTalOT - Ha6JIIO,naeTCJI JIBJICHIIC nepeMemaeM0CTll [24]). 

8flapaMeTp k xapa1ffepn3yeT .nncnepcnw OBP D2 =ii+ n:, ii - cpe.nnee 'lUCJio 

Me30II0B. 
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Ponb, H0Topy10 nrpaIOT anpTyaJihHble MC30Hhl B Jia3ep11oll: M0,ll,eJin a.npoan3a11nn, 

JierHo nonJITh,paccMoTpeB .naa cJie.nywrunx Hpall:11nx cJiy'laJI. Ecm1 k = 1 (anpTyam

HhlX Me30HOB HeT), OBP xapaHTep1rnyeTCJI I1an60JibllIHMn oT11ocnTeJibHL1Mn q>JIYRTya

llllJIMII 

u/n = 1 + n, 
Bhlp0lK,l],aJICb npn 3T0M B reOJ\IeTpn'leCR0e. TaRaJI RapTnHa HaIIOMIIHaeT pa6oTy Jia-

3Cpa B II0,ll,II0poroaoM pe>KUMC re11epaI}nn, Ror.na ll3JIJ'leHne HaX0,ll,IlTCJI B TepMn'leCR0M 

paBH0BCCilll co CB0IIMII IICT0'lllllI{aMH. B 3T0M CJiy'lae M0JRH0 BBeCTil Il0HJITUe _ TCMile

paTyphl ncTo'lHHR0B, rreperrncaa reoMeTpnqecKoe pacrrpe,neJieHne B cpopMe pacrrpe.ne

Jiemrn rn6oca: 
Pn~e-";'_ 

.l.(pyrott npe.neJI k-+ oo. flpn 3T0M OBP nepexo,nnT B nyaccoHoBcRoe, 0TBe'laIO

ruee R0repCHTH0MY Jia3epH0MY U3JIY'ICHUIO. 

ToT cpaHT, 'ITO C poCT0M 3Heprnn napaMCTp k JMCHblliaeTcJI, M0JRH0 0\)'bJICHllTI,, 

II0-Bll,ll,HM0MY, "no.norpeBOM" CBJI3aHilblX MC30H0B, conp0B0>K,l],aIOmnMcJI nx nepexo.noM 

a o6bl'lllblC 'laCTUI}bl. 

BoT HeKOTOpble' .npyrne BblB0,ll,hl, CJie.nywmne U:3 paccMaTpnBaeM0ll M0,l],eJIU . 

1 ). Pacupe.neJIC!IllC Me30H0B no MH0>KeCTBCHH0CTll nMeeT 0,ll,HH Il TOT >Ke an.n BO Bee 

apeMeHa, B TOM qncne n .no 3aaeprueHnn npoI}ecca a.npoHn3aI}nn. 

2). KoHRpeTIIaJI cpopMa cpyHHllllll w(t), OilllCLIBaIOmett 3B0JIIOI}lll0 cpe.naeil: IIJI0TH0-

CTll l{Baprma, He cyruecTBCIIHa; Tpe6yeTCJI Jlllllib R0He'lH0CTb IlHTerpaJia Q= f::::'oo J(t)dt, 
nponopIIH0HaJibH0f0 o6meMy 'lllCJIY llCT0'lHHI{0B, yqaCTBJIOinIIX B npo11ecce reHepa

llUll. BeJIII'lHHa napaMCTpa Q paa11a CJIC,nJIOmeil: aa6JIIO,ll,aeMOll: aeJIH'lIIHe: 

. n 
Q = ln(l + ,;)-

3). CpC,!1,HCC 'IIICJI0 BllpTyaJibHblX MC30H0B, yqaCTBYIOinIIX B npoI}ecce reHepaI}nn, 

CBJI3ano c napaMeTpoM OBP cooTHorueaneM (14). 

4 Mo.n;eJib <pJIYKTyau;MH MCTO'tJHMHOB Me30HHoro 

IIOJIH 

PaccMoTpllM TCIIepb B0IIpoc o TOM, B RaRoil: Mepe yqeT q>JIJHTya11uil: llCT0'lHilR0B MC-

30HH0ro II0JIJI M0JRCT II0BJIHHTb Ha npe,nhl.nymntt BblB0,ll, 0 B03,ll,ettcTBIIll BIIpTyaJihHbIX 

Me30H0B Ha npoI}eCCbl a.npoHH3aI}IIll. By.neM ncxo.nnTb II3 RJiaH0B0ll: napaMeTpn3a11un 

3KcnepnMCHTaJihHhlX ,naHHLIX, npe.nJioJRe11nott .l.(muoaa11nHn n BaH XoaoM [19,20]. B 

0CJI0BC 3T0tt napaMeTp1rna11un JieJRaT He BII0JIHe 0'leBU,nHble MaTeMaTH'lCCRHC coo6pa

JReHIIJI, CJTb R0T0pbIX M0JRH0 II0JICHUTI, C II0M0inblO CJIC,nJIOmett npocToil: aaaJiornn 

[25]. flpe,nnoJIOJRIIM, 'ITO 'lllCJI0 y.napoB M0JIHHII 3a :epeMJI t IIMCeT Bll,ll, pacupe.neJie

mrn flyaccona co cpe.n;HnM 3HaqenneM >-.t. EcJIH {fn}-BepoHTHocTnoe pacrrpe,nenem1e 

ymep6a, npn'IHHennoro q>llRCHpOBaHHblM y.napoM, TO, npe.nnonaraJI He3a.BHCIIMOCTh, 
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pacnpe.n;eJienne BepoHTHOCTefi noJinoro ymep6a Bhlpa3HTCH cJIOJRHh!M pacnpe.n;eJienneM 

ITyaccona: 

{h;} = e->.t L (.,\ktt {JJk~ 
k • 

3.n;ecL {J;}h - pacnpe.n;eJieHne BepOHTHOCTll BeJilllJllHhl j = n1 + n2 + ... + nk cyM

Mapnoro ymep6a, nanecennoro k y.n;apaMn. HeTpy.n;no npoBepnTL, •no rrpon3BO,Zl;Jlru;M 

q>ymrn;nH (IT~) pacnpe.n;eJieHHJI {J;Jk* paBna Jk(s), me f(s) - IT~ pacrrpe.n;eJieHnH 

{fn}- YtJnTh!BaH TO, tJTO IT~ pacrrpe.n;eJiennH ITyaccona co cpe.zurnM .,\t nMeeT Bn.n; 

h(.,\t,s) = e->.t+>.ta, 

.n;JIH IT~ pacnpe.n;eJiennH BepoHTHOCTn nanecennoro yru;ep6a naxo.n;nM 

H(s,t) = h(.-\t,J(s)) = e--:>.t+>.tJ(•) = e->.tL (.,\kttfk(s). 
k • 

(15) 

KJiaHOBaH napaMeTpn3au;nH ocnoBh!BaeTcH Ha TOM q>aKTe, tJTo OBP HBJIHeTcn cJioJR

HhIM pacrrpe.n;enenneM ITyaccona, B KOTopoM poJIL {fn} nrpaeT Jiorapnq>MlltJernoe pac

npe.n;enenne BepoHTnocTefi. ITpn 3TOM q>aKTntJecKn npenrronaraeTcn, tJTO "y.n;apu 

MOJIHllll" MOJRHO accou;nnpoBaTL C poJR.n;errneM CllJILHO BllpTyaJibHLIX rrapTOIIOB, rrpnBO

,Zl;JIIll;llX (nocne pa3BllTllH napTonnoro KacKa.n;a n npou;ecca a.n;ponn3au;m1) K poJR.n;eHmo 

CllJILHO CKoppeJillpOBaHHOfi rpynrrh! Me30IIOB - KJiacTepa. "Hanecemrnii: yru;ep6" B 

3TOM cJiytJae OTBetJaeT lJllCJIY tJaCTllU B KJiaCTepe. 

f!pon3BO,Zl;JIIll;aH q>yHKil;llH (15) o6na.n;aer BaJRHLIM CBOHCTBOM 

H(s, t1 + t2) = H( s, ti)H( s, t 2 ), 

KOTopoe roBopnT O TOM, lJTO BKJia,ZJ;LI B cyMMapnyIO MIIO}KCCTBCHHOCTL 'IaCTllU, po}K,Zl;CH

HLIX B pa3HLIC MOMCHTLI BpeMeHn, He3aBllCllMLI. 8To II03BOJIHCT paccMaTpnBaTL MC30HLI, 

OTHOCHru;necn K pa3HLIM KJiacTepaM, OTHOCllTCJILHO aBTOHOMH0. KpoMe Toro, CCJill ClJll

TaTL, lJT0 napaMerpoM 3BOJII0D;llll HBJIHCTCH K00p,llllIIaTa B rrpocTpaHCTBC 6LJcTpoT (T.e., 

lJTO_ nopn.n;oK poJR,ZJ;CHllH tJaCTllll; orrpe.n;eJIHeTCH llX 6LJCTpOTaMn), TO MC30HLI, npmra.n;Jie

JRaru;ne K O,Zl;HOMY n TOMY JRe KJiacTepy' ,l(OJIJRHLI 6LJTL JI0HaJIH30BaHLI B HCKOTOp0Mt 

,Zl;OCTaT0lJIIO Y3KOM lIHTepBaJie 6h!CTpOT. 

Cornacno CKa3annoMy BLime. npon3Bo,ZJ;Jiru;ne cpyHKD;IllI OBP, rryacconoBcnoro 11 no
rapnq>MlltJecKoro pacnpe.n;enen11tt 

)

k 1- b 
GN1!D = (i _ bs ' GPois = eN(s-l) 

' 

CO0TBCTCTBCHH0. CBH3aHLI CJIC,ZJ;yIOill;lIM o6pa30M; 

GNBD = GPois(N, GLog(b)), 
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1 - bs 
GLog=T=,; 

r.n;e lJlICJia b n .N MoryT 6bITL BbipaJRCllbI tJCpe3 rrapaMeTpbI Ha6mo.n;aeMoro na 0IJbITC 

oTpnu;aTeJILH0 - 611n0Amanr,noro pacrrpe.n;eneHnn: 

. ii 
b=-

ii + k' 

N = k I~ ( 1 + I) . (16) 

IlapaMerp .N lIMCeT CMbICJI lJlICJia KJiaCTepoB (" ynapoB MOJIHiltt" ). Pacrrpe,llCJICHHe no 

MH0JReCTBCHHOCTil tJaCTIIU B KJiacTepc ("BCJllllJllIIbI nanecennoro y1uep6a") lIMCCT Bll.l( 

1 bn 
Pn = - ln(l - b) n 

(17) 

Pacrrpe.n;eJICHIIIO tJaCTIIU B KJiaCTCpe M0JRH0 ,llaTb 6onee IJO,llp06HyJO mneprrpeTau;1110, 

eCJIH B0CIJOJIL30BaTLCH q>opMyiiol1 

r•ma% 
GLog{b,s) = Ji Ga,om(::,s)p(z)dz, 

r.n;c Zmax = 1 + n/k, 
s 

Ga,om(z,s) = z _ (:: - l)s 

- np0il3BO,ZJ;JIIll;aH qiym<D;IIH rcoMeTpII'ICCK0ro pacrrpe.n;eJieHIIH 

1 (:: - l)n Pn =-;; --;- , n = 1,2, ... , 

1 1 
p(z) = ---. 

lnZmax Z 

(18) 

( 19) 

Ha OCHOBaHI!II (18), (19) MOJKIIO npc.n;IIOJIO)l{l!Tb, lJTO p(z) OIJI!~LIBaeT qmyKTyau;nn 

cpe.n;HeH MHOJKCCTBCHHOCTil z BLI,llCJICHIIOlt rpyIIIILI tJaCTIIU (nJiaCTepa). Tamm o6pa-

30M, KJiaCTCp B TaROM 110,Zl;X0,llC CJIC,ZJ;yCT IIOIIIUlaTb naK ancaM6Jib •IacnIu, CO,llepmamult 

CHpLITLIC <pJIYKTyaum1 nrna (19). Cornacno 3TOfi rIIIlOTC3C JICTililllOC pacnpe,llCJICHl!C 

no MIIO}KCCTBClIIIOCTll B CKOppCJIHpoBaIIIIOfi rpy1111e 'IaCTIIU )I.Jin ualK,llOf0 HOIIHpCTIIOro 

co6LJTHJI COBIIa,llaCT C reOMCTpn•Icc1rnM, B TO BpCMJI KaR 11apaMeTp 3TOI'O pacnpe,lleJie

HHJI ( cpe,n;11ec 'llfCJIO •1acn11~) MCIIHCTCJI OT CJiy>IaH K CJlj"IalO. Ta1me rpymlbl 'IaCTIIU 

Ban XoB n ,ll;JRH0Ba11n11n npe.llJIOlHIIJIH na3LIBaTb KJia11a~m. Ilonnnm, 'ITO unan - Jro 

'IIICTO TCOpCTil'ICCKllfi 061,eHT, IIOCHOJILHY BO BCJIHOJ\I OIILITC ML! IIOJI)''Ial'J\I 1111tj1op.Ma1u110 

JIHillb o KJia11ax, ycpe)J.11e1111hlx 110 a11caMCimo 11a(imo)J.e1111ii, T.e. o K.11anepax. 

Cpe.n;IIJIJI MIIO)l{CCTBCIIHOCTb ii ua6mo.n;ael\lJJX MC30HOB, pO.llllBlllllXCH B Te•IeI111e ne

KOToporo IJIITCpBaJia BpCMCIIll (nnn B IICHOTO!)OM IIIITl'J)BaJie 6idCTj>OT), MOJKCT 6blTL 

BidpaJKena 1Iepe3 cpe.n;n1010 MII0JKCCTBenuocTL fie 'IaCTHU B Iwanepe II cpe.n.nee tJHCJI0 

N KnacTcpoB: 

ii= 11J{ 
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CooTBeTCTBlle KJiaIIOBOtl: napaMeTpn3aIJ,nn :mcnepnMCHTaJiblILIM ,llaHHLIM IIO,llpo6110 

n3yqanocb BaH XoBoM n .LJ:mrroBaHn11n [19,20]. C noMOll\bIO 3TIIX npe.ucTaBne11nil: nM 

y.uaJIOCb onncaTb pa3JMIILIM, C <pll3II'leCI{Otl: TO'lRII 3peHIIJI, o6pa30M 3aBIICIIMOCTb na

paMeTpOB OBP OT 3IIeprrrII vs II nmprrIILI omra B npoCTpancrne 6LicTpoT 6..y > 1 

.UJIH PP-, PP-, 1r+ P-, µP-B3aIIMo.uettcTBIIli B mnepaane 3Heprrrli vs= 4 - 900 f3B. 

If.Mn 6r,rno ycTaHOBJICHO, 'ITO cpe.unee 'IIICJIO KJiaCTepoB,n~naBIIIIIX a paccMaTpIIBaeMbltl: 

IIHTCpBaJI 6bICTpoT, BbI'lIICJIHeMOC no cpopMyJie (16), paCTeT c pOCTOM IIIIIpIIHbI OKHa 

n cna6o 3aBncnT OT VS· B TO me BpeMJI cpe.u11ee 'lIICJio Me30110B B KJiacTepe cna6o 

3aBIICIIT OT ero nonomeHHJI B npocTpaHCTBe 6blcTpoT II pacTeT c pocTOM VS· 
OnnpMCb Ha MO,lleJib, o6cym.uaBIIIJIOCJI B npe,llbl.llJll\CM pa3,llCJie, MLI MO}KCM Tenepb 

.uaTb RJiaHoBott napaMeTpn3aIJ,nn .LJ:mn0Ba11rr11n n Ban XoBa cne.uyromyro IIHTep11peTa

IJ,IIIO. By.ueM npe,llIIoJiaraTb, 'ITO nponecc a.upoIIII3aIJ,nn npoTer<aeT 6e3 yqacTHJI BIIp

TyaJibHbIX MC30HOB, T.e., 'ITO B ypaBHCHilll (11) cne.uyeT B3JITb C = 0. IlonyqaromeecJI 

reoMeTpll'ICCIWe pacnpe,llCJICHHe ,llJIH 'lllCJia polK,llaIOll{HXCJI MC30IIOB 6y.il;eM llIITepnpe

TnpoBaTb KaK BepoHTIIOCTHOe pacnpe.uenerrne IIO MHO}KCCTBCIIIIOCTII 'laCTIIll B KJiaHe. 

.LJ:anee, cpe,llHee 'IIICJIO qacTIIll, o6pa3JIO!l\IIXCH Ha cTa.UIIII a.upomrnanIIn, 6y.ueM C'lII

TaTb rrporropD,IIOIIaJibHbIM KOJill'lCCTBY KBapK - aHTIIKBapKOBLIX rrap, o6pa30BaBIIIIIXCJI 

nocne pa3BaJia THllieJibIX KJiacTepoB. TaKoe .uonyme11IIe Brronue cornacyeTCH c na-

3CpHott KapTllHOtt npoD,eCCOB a.upoIIH3aIJ,IIH, o6cym.uaBIIICtl:CH B rrpe,llbI.ZlJll\CM pa3,lleJie, 

noCKOJibKY 6naro.uapJI BHpTyaJibHOCTII rrnapK - aHTIIKBapKOBhlX nap TOJibKO 'laCTb ll3 

IIIIX rrpeBpamaeTCJI B Ha6nro.uaeMbIC MC30Hbl. 

Pa3BIITIIe rrapTOHIIOtl: JiaBlIHbI 6y.ueM npe.unonaraTb npoTeKaIOll{lIM B ,llBe CTa,llIIII: B 

uaqane B MaJIOM KOJIH'leCTBe pom.uaroTCJI napTOHhl, IIO.ll'llIHJIIOll\IIecJI pacrrpe.ueneunro 

Ilyaccoua, 3aTeM Kalli,llbI.ll: II3 HIIX IIHIIIJ,IIIIpyeT 1rnapK - rJIIOOHIIhltt KacKa.u, B KOIIIJ,C KOH

llOB OKaII'l!IBaIOll{II.ll:CJI (B COOTBeTCTBIIII C rnIIOTC30tl: npe,llKOII<paliMeHTa [6,7]) pom.ue

nneM neKoToporo qncna cna6o BIIpTyaJibHbIX KBapK - a1nmrnapROBbIX nap, cnymamnx 

IICTO'lHIIKaMII Me30HHOro IIOJIH. 

Heo6xo,llIIMO o6paTHTb BIIIIManIIe Ha cne.uyromee o6CTOJITCJibCTBO: no.upa3JMCBa

eTcH, 'ITO Ralli,llLI.ll: ll3 nepBII'lIIbIX rrapTOHOB, rropolK,llaIOll{II.ll: perIICTpIIpyeMbltt KJian, 

JIBJIHCTCJI rrenocpe.ucTBeHno rra6JIIO,llaCMbIM na onbITC 061,eKTOM B TOM CMbICJie, 'ITO C 

onpe.uenenIIOCTbIO .uacr aMIITHBHblii:, He 3aBIICJill{IItt OT OCTaJibnLix 3aTpaBO'lHbIX rrap

TOIIOB BRJia.u B pe3JJibTHpyromee pacnpe.uene11IIe MC30IIOB. IlonoMy pacnpe.ueneHne 

IlyaccoHa ,llJIH 'lIICJia 3aTpaBO'lHLIX rrapTOHOB BXO,llHT JIBHO B cpopMyny pac'leTa pac

npe.uenemrn BepoJITIIOCTlI ,llJIH 'llICJia po,llIIBilllIXCJI Me30HOB. B TO JKe speMll. CJia6o 

BIIpTyaJibHble RBapR - aHTIIRBapROBLIC napLI - lICTO'lHilKil Ha6mo.uaeMbIX MC30HOB, ne 

JIBJIHIOTCJI Henocpe,llCTBCHHO na6nro.uacMbIMII o6'beinaMII, TaR Hal{ ne I{a}K,llaJI II3 TaRHX 

nap nopom.uaeT perncTpnpyeMbIH na onbITC MC30H. 8To 03Ha'IaeT, 'ITO Mbl ne MOlliCM 

npon3BOJibno ll3MeHIITb MO,llCJib pa3BlITilJI RBapI{ - rmoomroro RacRa.ua, JIIllllb 6bl oHa 

rrpIIBO,llIIJia I{ TaRoMy }Ke pacnpe.uenennro IIO 'llICJIY p0,lllIBilllIXCJI RBapK - aHTilRBap

ROBbIX' nap R MOMCIITY, Hcnocpe.ucTBCnHO npe,llIIICCTBYIOIUeMy npop;eccy a.upoHH3aIJ,IllI. 

KaK pacnpe.uene1me Ilyaccona .UJIH 3aTpaBo'lnhlx napTonoB, TaK II 1/n-pacrrpe.uene

mrn .UJIH qncna RBapR - aHTHKBapKoBbIX nap nepe.u Ha'laJIOM npoD,ecca a.upoHn3alllIII -

cTporo cp1mcIIpoBa11rrble pacnpe.uenennJI BcpoHTnocTefi npII TOM ycnoann, 'ITO npoD,ecc 
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a.uponn3aIJ,IIH H,lleT 6e3 yqacTHJI BIIpTyaJibHbIX MC30HOB (xapaRTepH3JeTCJI reoMeTpll
'leCKlIM pacrrpe.uenenIIeM BepoHTHOCTII). 

PacCMOTpeHHaJI RapTIIHa npoD,ecca MHOlliCCTBCHHOro po}K,lleIIIIJI OTJIH'laeTCJI OT nn

TepnpeTaIJ,IIlI OTpHD,aTCJibHO-OlIHOMIIaJibHOro pacrrpe.uenemrn, rrpe,llJIOllieHHO.ll: .LJ:mIIOBa

HlIHll n BaH XoaoM, B cne.uy10meM OTIIOIIIeHnn. B pa6oTax [26] npe,llilonaracrCJI, 'ITO 

norapII<pMII'lCCROe pacnpe,lleJieHIIe BepOHTHOCTetl: OTBC'laeT pacnpe.ueneHHIO no 'IHCJIY 

rrapTonoa B KJiane Ha cTa.um1, Henocpe.ucTBenno npe,llIIIeCTBJIOll\efi npoD,eccy a.upo

IIII3aIJ,IIII. CllnTaeTCJI, 'ITO OHO JIBJIHCTCJI ycp'e,llHeHHbIM reoMeTpII'leCRHM pacnpe.uene

HileM, Ra}I{,llOe ll3 ROTOpbIX OTBC'laeT npoD,eccy BeTBJieHnli g -> 2g, onIICbIBaeMOMY 

B paMKax nepTyp6aTnBHott KX.LJ:. Ilepexo.u OT napTOHOB K a.uponaM .uocTnracrCJI c 

noMOll{bIO rIInOTe3bI napTOH - a.upoHHOtt .uyaJibHOCTII9 , <plI3H'leCKIItt CMbICJI KOTopott He 
BllOJIHC JICen. 

Pacrrpe.ueJICHIIe IIO. MHOllieCTBCIIHOCTH KBapK - aHTHRBapKOBbIX nap nepe.u Ha'la

JIOM npoD,ecca a.upoHH3aIJ,nrr JIBJIHeTCJI caepTRott nyaccoHOBCRoro rr 1/n-pacnpe.uene

IIIIil:. OHo, Boo6me roaopJI, OTJIII~aCTCJI OT OTpHD,aTeJibHO - 6IIHOMIIaJibHOro. O.uHaKO. B 

paccMaTpmiaeMOM npe.uene OHO BCC lliC K HeMy ,llOCTaTO'lHO 6JIH3RO, 'ITO Bli,llHO li3 CJie

.uyromnx paccylli.UCHIItt. Ilpll k ~ 0 OBP MOlliHO npeo6pa3oBaTb cne.uy10mrrM o6pa3oM: 

r.ue 

_ (k+n-l)··•(k+l)k( n )n 
Pn-Po 1 ~k 

n. n+ 

a(a + b) ···(a+ b(n - 1)) =Po_.;___.:...___:___::______:_:_ 
n! 

bn 

n 

Po= (n ~ k)\ a= nk 
n+k' 

b = _!!:__ 
n+k· 

Ecnrr R TOMY llie k/n ~ O, TOr.ua 

(20) 

1 
Pn ~ -. (21) 

n 

EcJIII 1/n-pacnpe.ueJICHIIe (21) 3aMeHIITb 6JIH3RHM R IICMY Jiorap!I<pMl:l'leCRIIM pac

npe.uenenrreM (20), TO ero caepTRa c pacnpe.ueneHIIeM TiyaccoHa nprrBe,lleT R OBP. 

TaKIIM o6pa30M, o6cylli.uaeMaJI MO,lleJib HCTO'IIIIIHOB npHBO,llIIT I{ BbIBO.llJ O llOXOlliCCTll 

cpopMbI pacnpe,llCJICHIIH 'llICJia RBapR0B nepe.u rraqaJI0M npou;ecca a.upoHH3aIJ,Hll 1;1 MH0-

meCTBeHHOCTil polR,llaIOll{IIXCJI MC30H0B - YTBeplI(,llCIIHIO, JieJI(ameMy B 0CIIOBe rrrnoTe3bI 

a.upoH - napTOIIH0tt .uyaJibllOCTH. 

9 CorJiaCHO rIIIIOTC3e napron - a.uponHott .uyaJibH0CTH napaMeTpbI OTpIID,aTCJibllO -

6nHOMIIaJibllbIX pacnpe,lleJieHnli B npocTpaHCTBe 6blcTpOT ,llJIH a.upoH0B n napTOIIOB 

CBJI3allbl C0OTH0meHHJIMH [26]: 

kh '.:::::'. kp, nh '.:::::'. 2np. 
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IloHJITb,IlO'leMy IlJI0TH0CTI, nenTp0B RJiacTepoB B npocTpaHCTBe 6blCTpOT II0,!J;'lllHH

eTCJI pacnpe.n;eJieHmo Ilyaccona, TaR JKe RaR n nafiTH q>H3HtJ:eCRyIO HHTepnpeTaI{HIO 

1/n-pacnpe.n;eJieHHII ~ 'lHCJia RBapR - aHTHRBapR0BhlX nap B RJiaCTepe, ,!J;0CTaT0'l!I0 
CJI0JKH0, Il0CR0JibRY 3TH nponeccbl He onncLIBa!OTCH B paMKaX nepTyp6aTJIBIIOH KX,U. 

IIorrpo6yeM Bee JKe . .n;aTb HM HHTepnpeTaI{HIO, HCII0JIL3YH 11att.n;ennoe B npe.n;hl~Ill;eM 

pa3.n;eJie ypaB11enne, npe,n;noJiaran, 'ITO Tenepi, 0110 onnc1.rnaeT poJK,n;e11ne ( H3 cooT

BeTCTByIOm;nx HCTO'IHHKOB) JIH6o 3aTpaB0'lllhIX napT0H0B, .n;a!Olll;HX HatJ:aJI0 pa3BllTll!O 

RBapR - rJIIOOHH0.11: JiaBHHhI, JIH6o JierKHX KBapR - aHTHRBapR0BhIX nap, y<IaCTBY!Olll;HX 

B nponecce ~poHH3annn. 

qTo RacaeTCJI nepBo.11: cT~H nponecca 11rnomecTBe1111oro poJK,n;e11n11 - q>opMnpo

BaHHIO rrepBH'lH0ro B03Mym;eHH1! BHyTpennett CTPYKTYPLI CTaJIRHBaIOm;erocn a.n;pona, TO 

ee, IIO-BHMM0MY, JIYtJ:Ille Bcero 0IIHCLIBaTb B paMKax napT0HHhIX npe,n;cTaBJieHH.ll: (1]1°. 

YRMaHHII B noJIL3Y pacnpe.n;eJie11n11 Ilyaccona ,n;aeT yJKe rrpocTan Mo,n;eJib KorepenTnoro 

o6JiaRa, o6cyJK,n;aBillMCJI BO !BBe,!(eHHH, eCJIH B KatJ:eCTBe KBaHT0B BHpTyaJibH0ro II0JIII 

Terrepb II0IIHMaTb CRaJillpIIhie RBapR - aHTHRBapR0BLie rraphl ll rJIJ00IIhI, 0KpymaIOm;ne 

CTaJIRHBaromnecR a,n;p0HhI. TaRHM o6pa30M M0JKII0 ofrbRCIIHTb, no Rpatt11eit Mepe, II0-

tJ:eMy Bep0RTH0CTI, 0611apylKHTI, HeR0Topoe R0JIHtJ:eCTB0 BHpTyaJibHhlX rrapT0H0B B pac

CMaTpHBaeM0M RHHeMaTntJ:eCR0M HHTepBaJie II0,!J;tJ:HHHeTCJI pacnpe,n;eJieHIIIO Ilyacco11a. 

EcJIH tJ:HCJI0 "c6paChIBaeMLIX" B pe3yJibTaTe CT0JIHH0BeHHR rrapT0II0B rrporropl{H0HaJib!I0 

HX naqaJII,H0.ll: IIJI0TH0CTH, TO ecTeCTBeHH0 TaRJKe 0JKH,!J;aTb,- 'ITO Il 'IHCJI0 po,n;HBillllXCR 

napT0H0B 6y.n;eT II0ll,tJ:HHRTI,CJI pacnpe,n;eJieHHIO Ilyacco11a: 

Eme o.n;ny npocTyIO M0,!J;eJib, 06'.LHCHH!Olll;YIO npoHCX0JK,n;e11ne rryacC0II0BCH0ro pac

npe,n;eJieHHJI, M0JKH0 rroJiytJ:IITh,nepexo.n;n B ypaBHennn (12) R rrpe,n;eJiy: 

C-+ oo, f(t)-+ 0, Cf(t) =: g(t) < oo. 

HnTepnpeTal{HR 3Toro npe,n;eJia TaRoBa: IIMeeTCR 6oJibllIOe 'IHCJI0 C BIIpTyaJib

llhIX qacTIIl{, T0JibR0 MaJian ll,OJIII f(t) H3 R0T0phIX BhICBo6oJK,n;aeTCH B nponecce 

CTOJIHIIOBeHHHll. 

B paCCMaTpHBaeM0M npe,n;eJie BMeCT0 (12) IIMeell[ 

- ( )[ ] - n(t) -n(t) OtPn - -g t Pn - Pn-I , Pn - - 1-e , 
. n. 

r.n;e o1n(t) := g(t). Ko11RpeTnoe Bhlpame11ne ,n;JI11 cRopocrn rrepexo.n;oB g(t) Mm1rno rroJiy

tJ:HTb II3 ,!J;0II0JIIIHTeJibHhIX M0,!J;eJibilhIX coo6pamenntt, H0T0pLie l\[l,l 3,!J;eCI, paccMaTpUBaTJ, 

11e 6y,n;eM. 

OrrucaHHLie MeT0,!J;hI re11epnp0Ba1IHR rryacC0II0BCR0ro pacrrpe,n;eJieHUH 0TII0CIIJlllCb R 

11apT0IIHO.ll: CTaMU. qTO JKe RacaeTCH npol{eCC0B a,n;p0HH3al{IIH, r.n;e pacrrpe,n;eJieHHI0 

10CTpynnLie Mo,n;eJIH, 061,11cn1110m;ne nponcxoJK,n;e11ne pacnpe.n;cne11u11 ITyaccona, pac

CMaTp1rnaJinc1, B pa6oTe [27]. 
11 AnaJiorn11: eCJIH pacTenue HMeeT 6oJibllIOe tJ:IlCJI0 ceMRH, T0Jll,l{Q MaJiaJI ,!J;0JIII 113 

R0T0phlx cnoco6Ha coxpaHHTbCR, TO tJ:llCJI0 pa3BHBIIIHXCH 113 3THX ceMHII pacTeHHit, 

no,n;q11n11eTCR parnpe.n;ene1I1110 ITyaccoHa (25]. 
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IIyaccona II0,!J;tJ:HIIRIOTCR MH0JKeCTBeHH0CTll 6ec1weTHhIX RJiaCTepoB, TO B 3T0III cnyqae, 

BH,n;nMo, npome Bcero npe.n;noJI0lKHTh, tJ:To npnpo.n;a 3Toro pacrrpe.n;enennn o6ycnoBJiena 

yme CaMott MaJI0CTI,IO BeJIHtJ:ll!ILI Bep0HTII0CTH p rrorra.n;aHIIH RJlaCTepa B paccMaTpnBa
eMhltt HHTepBaJI 6hICTpoT: 

p~ 1. 

,UettCTBHTeJibHO, B 3T0II[ cnyqae 6HHOMHaJibHOe pacnpe.n;eJieHHe 

Pn = CNpn(l - p)N-n, 

OTBetJ:aIOm;ee T0MY, tJ:T0 n RJiaCTepoB ll3 N poJK,n;e!IHLIX rrona,n;yT B paccMaTpHBaeMhltt 

HHTepBaJI, rrpn6JIII3HTeJibHO coBrra.n;aeT c pacrrpe.n;eneHneM ITyaccoHa co cpe.n;HHM tJ:H
CJI0M tJ:aCTIII{ 

n=Np. 

.Umr orrncaHHH npol{ecca .n;eJ1e11n11 Tnmenoro nnacTepa, rrpnBoMmero B pe3yJ11,TaTe 

R 1/n-pacrrpe,n;eJieHnIO, l\[QJKH0 II0 - rrpe}RI!CMY llCII0JI!,30BaTI, ypaBne11ue "(12), eCJIII 

o6paTHTI, BIIIIMa11ne ua CJle~IOUjee o6CTOHTCJlhCTBO. Cornacuo Jla3epuott M0,!J;eJIII C 

yqeTOM CBH3aHIILIX qacTHII TOT cpaRT, 'ITO Bile o6JiaCTII rc11epal{UII ua6JIIO,n;aeTCR n 
qacTnl{, 03HatJ:aeT, tJ:To B o6nacTn re11epal{11u 11x qncno 6LIJio n + C. OCTaJibHLie C 
'!aCTllll 6LIJIH RaR 6LI "rroJKepTBOBaHLI" BCett rpyrrrrolt ll.JIII Toro, 'IT06hl "pacnJiaTIITbCH" 

C 3aROIIOM coxpaneunn 3Heprun 11pn HX BhIX0,!J;C 113 3TOlt 06m1CTII (xapaKTepH3YIOll{ettCR 

Heq>OROBCRHM BaKyyM0M C C =f. 0). .L{JIH om1ca11n11 rrpo11ecca pa3MH0lKeHIIH neo6xo

ll.HMO paCCM0TpeTb rrpoTHB0II0JI0HmyIO CHTyal{mo, Hor.n;a BhlX0,!J;llll!aH 113 11e1wTopon npo

CTpa11CTBe11110 - BpeMCIIH0lt o6JiaCTH rpyrrrra np1-106peTaeT HeK0T0poe ,!J;0II0JIJIIITeJib-

11oe 'IHCJio '!aCTHl{, B .n;amroM cny<rne - qij-nap. Cne.n;oBaTeJibHO, rrepexo.n; OT peJKHMa 

nornomemrn R pem11My pa3111110JKe11u11 B ypaBucmm (12) ocymecTBJI11eTc11 rrpo.n;onme-

1111eM uapaMeTpa C B o6nacTb oTpnnaTeJibHhIX 3Ha'!eHnit. Ilonaran k = C + 1 -+ 0, 
Haxo.n;nM B Ra'!ecTBe pellleHIIH ypaa11e111111 (12) npe.n;en oTpul{aTeJibIIo -
6n110M11aJ1bHoro pacrrpe.n;enenun 

1 
Pn ~ -

n . 
B TO'IIIOM C00TBeTCTBllll C Tpe6oBanneM I<JiaH0B0lt rrapall!eTpH3al{llll ( 19). 

B CBH3H C II0CJie.n;ue.tt q>op111ynott CJle~eT CHa3aTb, 'ITO CJIY'IaitHLie npoueccLI, xa
paKTepH3YIOHJHeCJI CIICRTp0M 

1 
P(E) ~ E' (22) 

-TaR Ha3LIBaeMLiit q>JIH!rnep - IIIYM - .ZJ;0CTaT0'III0 '!aCT0 BCTpC'laJOTCH B IIpHpo.n;e. TeM 

He Me11ee o6maJI Teopnn 3THX HBJleHnll II0Ha He II0CTpoeJia [28). B pa6oTe (29] 6LIJIO 

rrpe.n;nome110 061,ncae1111e lPJIYRTyau11n Tanoro THrra ua oc110Be nnacn!'1ecHotl Mo,n;enu, 

llCIIOJlh3YJOll~ell 11arnn.n;11oe rrpe,n;cTaBJICUHe 0 cxo.n;e IICC'IaHOfi HJIH cnemnol! JiaBHHLI 

(sand pile model). Ilpn no111 6Jrno BLicRa3auo rrpe.n;uonoiKeune, 'ITO cucKTpLI Tanoro 

BH.n;a Bcer.n;a o6ycJIOBJie!ILI TCM, 'ITO C00TBCTCTBYIOll!IIC <Jm311•1enme M0JJ;eJIU B IICH0T0-

pott (npHTII'lecnoll) o6JiaCTJI 31Ia•1e11ntt CB0IIX napaMcTp0B IIMCI0T IIIITepnpeTa~mo B 
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TepM1max naKoIIJiemrn n rrocJie.ny10mero cxo.na JiaBillILJ. Burne MU y6e,nnJinc1,, •rTo Jia

aepHaJI Mo,neJIL, 6y.nyqn qncTo KBaHToBolt, xapaKTepnayeTCR TeM ne Menee anaJiornq

lihIM KpHTnqecKHM II0Be,nenneM rrpn C = -1, 0llllCbIBaR rrponecc pa3MH0lKCIIHR KBapK 

- alITHKBapK0BbIX IIap. B C00TBCTCTBHH c (29] '.HOT cpaKT M0lKH0 ccpopMyJinpoBaTb . 

cJie.ny10mm,1 o6pa3oM: B HaqaJie IIponecca a.npomrnannn cpopM11py10TCR 6ecnBeTHhle 

KJiaCTepbI, HaX0.ZJ;Rll{llCCR B caMoo,pralIH30BalilIUX KpnTnqecKHX C0CT0RHIIRX, reuepnpy-

10mne aaTeM JiaBHlIY JierRHX RBapR - aHTllRBapR0BUX nap. 
C ToqRH apemrn aa,naqn, nocTaBJieHnolt B ca.MOM HaqaJie nacToRmero paa,neJia, cJie

.nyer c,neJiaTb BbIB0.ZJ;: paCCM0TpennaJI 3.ZJ;CCb M0.ZJ;CJ!b rroRa3h!BaCT, 'ITO yqeT <pJIYKTyannit 

IIJI0TIIOCTll llCT0qHHR0B MC30Hll0f0 ll0JIR M0lKCT ll3MCHllTb uarn rrpe.nu.nymnit BbIBO.ZJ; 06 

yqacTnn BHpTyaJihlihIX MeaonoB B IIponeccax a.nponnaarrnn. 

5 8q>q>eKThl peJiaKcaa;HH Me30HHOro IlOJIH 

Mu paccM0TpCJill .ZJ;Be n.neaJIH3llp0BalIHh!e CXCMU o6'bJICHeHllR na6mo.nae.MUX <pJIYKTya

nnlt MIIOlKCCTBellli:0CTll B npocTpaHCTBe 6ucipoT' Y'IHTUBaromne KBaHTOBUe 3<p<pCKTU 

TOlK.ZJ;eCTBennocTn. O.nnarw ylKe B pa60Te ,UmnoBainrnn n Ban XoBa (30], r.ne 3TH 

RBJICllllR 06cy)l{.ZJ;aJIHCb na RaqecTBCIIII0M ypoBHC (n 6e3 yqeTa BllpTyaJihHUX qacTnn), 

0TMeqaJI0Cb, qTo cymeCTBJCT ll .npyrolt, ROIIKypnpy10mnlt C 1rnaHT0BUM, MCXallll3M re

nepnpOBalIHR <pJIJKTyarrnlt - rrponeccu pacrra.na JierRHX RJiacTepoB n peaonancoB. 

B II0JIL3Y RJiacTepnoro MexaunaMa roBopnT TaRJRe 1Ieo6xo,nnMocTh yqeTa BaanMo.n;elt

CTBHi:t B R0IIC'III0M C0CT0RHHll. ,Uei:tCTBllTCJibIIO, .name ecmr 1Ipe.nrroJIOlKllTh, qTo ua 

caM0M .ZJ;CJIC lll\ICeT l\IeCT0 Jiaaepnhllt MexaHH3M MC30H006paaoBanmr, B3allMO.ZJ;CliCTBllR 

po,nnBillllXCR MC30H0B MoryT 1IpHBCCTll I{ o6paaoBaIIHIO pe:ionaIIC0B. 8Tu peaonaHChl, 

pacIIa.ZJ;aJICb, .na.nyT. npn6JIH3llTCJlbIIO TaKo.ll. lKC BRJ!a.ZJ; B ua6mo.naeMh!C pacrrpe,neJieHHR 

no MII0ll(CCTBCIIH0CTll, qro n nopo.ZJ;llBilllIC nx qacTlIIIhl. O.nnaJ(O caM0 HX o6pa30Banne 

B 1Ip0MClKJT0'III0M C0CT0RilllH npnBe.n;eT R "BhlRJIIOqem110" •raCTII MC30H0B 113 Jia3ep

uoro MCXalIII3Ma reueparrmr - Ha'IHCTCR 0.ZJ;ll0BpeMeHII0C polK.ZJ;CHllC RaR MC30HOB, TaR 

H l\IC30HlIUX peaonaHC0B. 
K naCT0Ril.{Cl\IY BpCMCIIII pa3pa6oTall pR.n rrporpaMM pacqeTa, o6'bRCIIRIOil.{lIX MIIO

rne, .ZJ;0CTaToqH0 T0HRHC ,neTaJIII Ha6n10.n;aeMLIX 3HCI1CpHMCHTaJibHLIX .n;aHHLIX Ha OCHOBC 

RapTIIHLI neaaBHCHMhlX pacrra.noB JierRHX RJiacrepoB ll peaonaHC0B (6,7,1], TaR qro B03-

M0lKII0 ,nalKe, qro peqb n.neT JIHillb 0 nol!CRC HeR0T0ph!X 1rnaHT0BUX rrorrpaBOR R 3TOii 

Raprnne. E1ne 0.ZJ;H0 cyrnecTBCIIII0C aaMeqanne HO II0B0.ny o6JiaCTH npm,!CHHMOCTll MO.ZJ;e

Jielt, orrncamrux Bh!IIIe: nMeercn p11.n .nonoJIIIHTCJILHhlX, ney•ITemn,rx B uarnnx n.neaJin

anpoBarrrrhlx cxeMax, 3<p<peRTOB, oRa3hlBa101nux BJinnune ua nnreprrperannm .nanuhlx. 

B qacruocrn,- 3<p<peRThl paa6poca polK,naromnxcn qacrnn a npocrpancrae 6hlcTpor. 

B nacronrneM pa3,neJie Mhl o•IeHh HparH0 o6cy,nnM p0Jih HCH0T0phlX U3 HHX. 

Ilpocreltrnan M0;:(CJih pacna.na HJiacrepoB n peaouanco.B no cxeMe 

A---+B+C (23) 

MmHeT 6bITh ocH0Bana na ypaBHeHHRX, Rorophle (no rrpnqnue coBeprnerrno cJiyqai:tHolt) 

cos11aJ(aKJT c (12) npn C = 0: 
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81Po(t) 
81Pn(t) 

Pn(0) 

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

Dn,O• 

(24) 

11HrepIIperannR 3T0lt M0.ZJ;CJIH, o.nnaHo, TeIIepb C0BCeM llllaJI: HMCCTCR HacHa.n BeTBJie

unit C Bep0RTH0CTbIO, IIp0IIopnnoIIaJibHOit qncJiy llMCIOJUHXCR qacTllll ( 0llllChIBaercn 

qJieHaMn B llpaBolt qacrn (24), IIp0II0Pllll0llaJibHbIMll n -1 n n ), conp0B0)l{.ZJ;aJOrnnficn 

llCIIJCKaHHCM qacrm~ .ZJ;0II0JIHHTeJibllbIMll ncroqnnKaMll lI0CT0RHII0i:t (a.necb e,$mn'IIIOit) 

lllITCHCllBII0CTH12• 9ro o6cronTCJibCTBO lI03B0JIRCT IIaM cpa3y me ccpopMyJinpoBaTb 1Ipo

creitmy10 HJiacrepny10 Mo,neJIL, ormpanch na peayJibTarLI IIpe.nLI.nyrnero pa3.n;eJia. 

By.neM cqnrarh, qro qncJio KJiacrepoB, I1ocryIIa10rnnx B paccMarpnaaeMufi nnrep

BaJI 6hlcTpor, 1Io,nqnnnercn pacI1pe,neJienn10 Ilyaccona. Ilpe.ZJ;lloJioJRnM Taxme, '!TO 

pacIIa.n l{aJl{.ZJ;0ro KJiaCTepa IIpHB0.ZJ;llT, C0rJiaClI0 IIp0CTefirnefi cxeMe ,neJiennn (23), R 

rem.IeTpll'ICCitoMy pacIIpe,neJIClIHIO 

Pn=~(n-l)n 
n-1 n ' 

/ 

n=l,2, ... , 

.ZJ;JIR qncJia po,nnBIIIHXCR MC30II0B. B C00TBCTCTBllll C MaTeMaTH'ICCHllMH coo6paJRenn

RMll, BhlCHa3aHIIblMll B naqaJie IIpe,nhl,nyrnero pa3,neJia, pacrrpe,neJiemre II0 MH0JReCTBCH

H0CTlI MeaonoB 6y.ner no.n;qnnnr1,cn OBP, ecJin <pJIYHTyannn BeJin'lnHhl ii nMeJOT Bn.n 

1 
P,. ~ -=-· n 

B CB0IO oqepe.ZJ;L, <pJIJKTyannn cpe.nnefi MH0lKeCTBeHH0CTlI ii ecrecrBeHH0 CBR3aTb C TeM, 

'ITO RJiacTephl, pacna.namrnnecn na Meaonnhle peaonanchl, xapaKrepnay10Tcn cIIeRTpoM 

Mace M, 06Jia,na10rnm,1 MaRCllMJM0M B HJJIC n M0H0T0HH0 y6hlBaIOJUllM C pocT0M M 
(TO'IHhlfi Bll.ZJ; CIICRTpa 3aBHCIIT OT ,neTaJiefi mrneMaTlIHlI). Ka'!CCTBCHHO 3Ta HapTlIHa 

corJiacyercn C 1ICII0Jlh3JeMhlMll B HaCTOlllltee BpeMll MO/leJ!llMI{ . renepan1In na6JIIO,D;aCMbIX 

Me30H0B, B H0T0phlX II0CTJJIIlpyeTCR ne1Ioql{a pacIIa,n;oB (1,6]: 6ecnBeTHhl:ii TRlKeJihlfi 

1macrep ---+ JierKne RJiacrephl ---+ Meaonnhle peaonanchl ---+ Meaonhl. 

0'ICB1I.n;no, 'ITO B M0.n;eJilI JJ:BYX '!aCTll'!IlhlX pacIIa.n;oB He Tpe6yercn, <i:ro6hl Bee qa

CTllD;hl, IIpnna.n;JieJRarnne o.nnoMy RJiacrepy, xapaKTep1IaoBaJinc1, IIp1I6JI1I31ITeJibHO o.nn

naH0BhlMlI 3Hepr1IRM1I 1I lIMIIJJibCaMlI. B pa6ore (30] 1I3J'!aJI0Cb BJilIRHlIC 3<P,<peKTOB 

IIepeRphlTlIR na aaBlIClIM0CT:& IIapaMerpoB OBP OT m1Ip1IHhl 0HHa B IIpocrpancTBe 6hl

CTpoT 1I 6bIJIO ycTaH0BJieH0 l{aqecTBeIIH0e corJiacne RapTlIHU RaCKa.ZJ;HUX BeTBJienn.ll. 

12MoJRHO y6e.n;HThCR, 'ITO K reoMeTpnqeCH0MY pacIIpe,neJieHlIIO IIplIB0.ZJ;llT KaCKa.n 

BeTBJieHlI.ll. 1I 6e3 .ZJ;0II0JIHHTeJibHblX lICT0'llllIK0B e.n;nHlI'IH0fi lIHTCHClIBH0CTlI' CCJllI C'llI

TaTb, 'ITO B Ha'!aJibH0M C0CT0RHlllI lIMCeTCR o.nna <racrnna. IlplI 3T0M ypaBHeIIlIC 3B0-

JIIOD;llll llMeer BlI.ZJ; 

81Pn ~ (n - l)Pn-1 - nPn. 
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c 3RcnepnMeHTaJII,HhIMH ,l(aHHblMH. MexamI3Mbl renepa1urn OBP 6blm1, o,l(naRo, npn 

3T0M .l(pyrne. Ilpe,l(IlOJiaraJIOCb, qTo neR0T0poe R0JIHqecTB0 Me30II0B, Il0HaBHIIIX B pac

CMaTpHBaeMbltt IlHTepBaJI 6blCTpOT, 0IIIlCblBaeTCH reo.MeTpn:qecrrnM pacrrpe,l(eJiem1eM, 

o6ycJIOBJieHHblM npoJieccaMn .l(BJX qacTJiqnbJX pacna.l(0B (23). KpoMe Toro, .n;onycKa~ 

JI0Cb, qTo qacTb Me30H0B, rionaBIIIHX B paccMaTpirnaeMbltt IIHTepBaJI 611cTpOT 0ilIICbl

BaeTCH pacnpe,l(eJieHneM, 6JIH3RHM R pacHpe.l(eJieHnIO Ilyaccona. 8To 'IaCTIIIIhl, 

o6pa30BaHHble B pe3JJibTaTe pacna,l(0B .l(pyrIIX KJiacTepoB, a TaRJKe HeK0T0phle ,l(0II0JI

HlITeJibHble "nepBnqHble" Me30Hbl, IlCIIJIIIeHIIble IIHbIM, He pe30HaHCHb!M crroco6oM. OT

PHIIaTeJibH0-6HHOMJiaJibHOC pacnpe,l(eJICHilC llHTepnpeTnpoBaJI0Cb, TaKilM o6pa30M, KaK 

pe3JJibTaT naJI0.lKCHIIH reoMeTpnqecKoro n nyaccoaoBcKoro pacrrpe,n;eJieHIIfi. 

B cnJiy Toro, qTQ ypaBHeHne (24) coBna.l(aeT c (12) Hpn C = 0, Mb! M0lReM TaKlRC 

,l(aTb 3T0tt M0,l(CJIH ll .l(pyry10 IlHTepnpeTaIIHIO - cqnTaTb, qTo MC30IILI,II0,l(qnnHIOIIIIlCCH 

reoMeTpnqecRoMy pacnpe.l(eJienn10, o6ycJIOBJieHbl Jia3epm,1111 MexamrnMoM renepau1rn 

(6C3 yqacTHH BHpTyaJibIIbIX qacTnn;). Me30Hbl, o6pa30BaBIIIIlCCH B pe3JJibTaTe pacna

,l(0B "qymHx" RJiacTepoB n nonaBIIIHe B paccMaTpnBaeMhlli IIHTepBaJI, 111om110 onncaTb 

pacnpe.l(eJieIIHeM Ilyaccona, ecJIH HX neMnoro ( CM. K0Hen Hpe,nhl,nyIIIero pa3,neJia). 

Pacnpe,neJieHJie Ilyaccona ,nJIH nepBJiqHbJX CJ1a6osHp'fYaJ1hHh1x MC30H0B, RaR 6bl rrpe,n

cyIIIeCTBYIOIIIHX B a,n;ponax II "c6paCblBaeMblX" B M0MCHT CT0JIKH0BCIIIIH, CCTCCTBeIIH0 

0IIJICaTb ypaBIICHIICM 

a,Pn = -g(t)[Pn - Pn-d, Pn = n(t) e~ii(t) n! , (25) 

r,n;e 8,n(t) := g(t), 06cy.1K,l(aBIIIIIMCH B R0HIIC npe,l(bl,ZJ;JIIICro pa3,l(eJia rrpn paCCM0Tpemrn 

npou;ecca c6pacbIBaHIIH II0JIH nepBH'IHhlX rrapT0H0B. IlpIIo6peTa.H ,l],0II0JIIIHTCJibllYIO 

3Heprn10, Bbl,l(CJIHIOIIIYIOCH B nponecce CT0JIRH0BCHIIH, 3TH MC30Hhl II0KII,l],a!OT o6JiaCTb 

reHepau;nH. YpaBHenJie, 0IIIIChlBaIOIIIee KaK c6paChlBaeMhle, TaK n ItaCKa,l(Uhle qacTHilhl, 

HMeeT, CJIC,l(0BaTCJibII0, Bil,!( (12) _ c C00TBeTCTBYIOIIIIIM Bhl6opoM uapaMeTpa C, 

C = g(t) 
f(t)' 

(26) 

0IIIICbIBaIOIIICro Teuepb C00TH0IIICII!Ie MC.IK,!(J Bima,l(0M nyacc0II0BCKOll ll reoMeTpnqe

CRO:li R0MHoneHT. Ha6JIIO,l(ae.Mble Ha onb!Te oco6ennocTH Il3MenennH rrapaMeTpoB OBP 

C Il3MCHCHilCM 3IIeprn:n noJiyqaIOT CJIC,!(JIOIIIYIO CCTCCTBenny10 llHTeprrpeTau;mo: C yBe

JlllqenneM 3HeprHH B03pacTaeT BRJia,l( Me30H0B, I!0p0JI{,l(aeMblX KaCKa,l(0M pacHa,l(0B KJia

CTepoB II yMeHbUiaeTCH poJib c6poIIIeHHbIX, CJJa6oBHPTYaJlhllhlX Me30II0B, yJRe Hal{ 61,1 

C0,l(ep.lKaIIIIIXCH B CTamrnBaIOIIIHXCH a,l(p0Hax. llMeIOIIIIICCH 3KCIIepnMel!TaJibllhlC ,l(all

Hble, 0,l],HaKo, ne II03B0JIHIOT 0TJIIIqIITb pacc~IOTpeIIHblii 3,l(eCb RorepeIITilblii MexaIIJI3M 

renepau;IIn OT RJiacTepHott M0,l(eJIH, o6cyJR.l(aBUiettcH ,Ll;JirnoBanmm II Ban XoBoM [30), 
0 ROT0pott IIIJia peqb BblIIIe. 

YqeT Toro o6cTOHTeJibCTBa, qTo MC30IIbl, rrpIIHa,l(Jie.lKaIIIHe 0.l(H0MY m,acTepy, ne 06-

Jia,l(aIOT B ToqnoCTil 0,l],IIIIaK0BhlMII 3HeprIIHMII II IIMIIYJibCaMII ( H, CJIC.l{0BaTeJibII0, ne 

TOJR,l(eCTBeIInhl),eIIIe 6oJiee BameH B Jia3epnott 1110,neJIII rrpoueccoB Me3011006pa3oBannH. 

llcIIOJib3JH npe,l(CTaBJICIIIIH 0 qacTIIqno nepeRpLIBaIOIIIHXCH B0JIII0BblX mrneTax, M0IKII0 
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BBeCTH II0IIHTile qacnrquoli KorepeHTII0CTII [30), C'IUTM, 'ITO neK0Topoe qncJio MC30-

II0B, II0I!aBUIIlX B paccMaTp!IBaeA!blli IIHTepBaJI 6b!CTpOT, 6blJIO p0lI{,l(eno c II0M0IIILIO 

Jia3epHoro 111exaIIH3Ma, 0CTaJibHhlC )KC po,nHJil!Cb IIe3aBl!CIIMblM ,npyr OT ,npyra o6pa-

30l\1. C MaTeMaTl!l{CCK0ii T0'IKII 3pemrn TaRM M0,l(e,1b C0BIIa,l(aeT C /\BYXKOMIIOl!eHTHOii 

1\10,l(CJibIO, 06cya<,l(aBI1IeliCH Bb!HIC, C HapaMeTp0M C B <pOpMe (26). Jia3epI10My .Me

XaIIH3MY reaepaunn 0TBeqaeT reoMeTpnqecKoe pacHpe,neJienne, neKorepeHTH0MY -

nyacconoBcRoe. II0:nm1y HapaMeTp C = ~ - I xapaRTepn3yeT TeHepb 0TII0IIIem1e 

BRJia,l(0B HeRorepeIITH0fi II Horepernnott K0I\III0IIeHT. ToT 3RCI1epm1enTaJibHblfi cpaRT, 

'ITO C yBeJinqenneM IIIIIpIIHhl 0HHa rrapaMeTp k B03pacTaeT, I\I0lRH0 IlIITepHpeTnpoBaTb 

Ral{ np0HBJieHIIe 3cpcpeKTa yMeIIbIIIeIIIIH CTeHeIIII IWrepeHTII0CTll p0lR.l(aeMblX B 3T0M 

l!HTepBaJie Me30II0B. 

6 3aKJiroqeH:ue 

B HaCT0HIIICC BpeMH cyIIIeCTBYIOT .l(eTaJII,110 pa3pa6oTaHJlble, .l{0CTaT0'IH0 peaJIUCTll'Ie

CRIIe M0,l(eJI:n l\fC30II006pa3oBamrn, 0CII0BaH!lblC na rrpe,l(II0JI0JKCH!fll 0 II0CJie,l(0BaTeJib

II0l\f pacna,ne TR.lKeJiblX KJiacTepoB B Jier1me, 3aTel\I Jierrrnx HJiacTepoB - B Me30IIHble 

pe3oHaIICbI n Tex, B cB010 oqepe.l(b, - B na6mo,l(ae111ble MC30IIhl (cM., 11arrpm1ep, o6-

3op [1) H IIl\fCIOIIIIIeCR Tal\f CCb!JIKII). 8TJI 1\10,ll,eJIII xopomo 0ilIICblBaIOT Mnorne .n;eTaJII! 

3KCIICplIMCIITaJibHblX ,l(aHilblX II, Bll,l(III\IO, B OCH0BH0I\I npaBHJibII0 0Tpa}KaIOT oco6e11110-

CTH 9TIIX rrpou;eccoB. B ,l(aunott pa6oTe 6h!JIII paCCI\IOTpe!lbl HeH0T0phle B031\10)KII0CTH 

0IIIICaIIIIR RBaHT0BblX nonpaB0I{ I{ 3T0fi KapTHHe. TaK, B TpeTLCI\I pa3,l(eJie Mhl paCCl\!0-

TpeJIII Jia3epny10 M0,l(CJ!b, II03B0JIHIOIIIYIO yt!eCTI, 3cjJcjJeHThl T0JK,l(ecrnennocTII polR.l{a

JOIUIIXCH Me30H0B, K0oncpaTIIBII0e ytJaCTUe KBapl{ - aHTIIHBapK0BhlX Hap B rrpoueccax 

Me30HOo6pa30Bamrn, o6paTHOe B03,l(elicTBIIe l\!e30II0B Ha l!X IICT0'II!l[l{ll, a TaRJRe 3<p
cjJeRTbl 11pucyTCTBIIH BIIpTyaJibllblX lJaCTlIII B o6JiaCTH a,l(p01II13aIIHII. HecMOTpR na TO, 

'ITO BaJKII0CTb yqeTa 3THX RBJienutt (1rnn, no HpaiiIIefi Mepe, lICK0T0pb!X ll3 IlllX) yJRe 

HeO,l(II0HpaTII0 0TI\IC'laJiaCb B JIIITepaType, ,l(0CTaT0'IH0 l!0JIIIOro II CIICTel\JaTifl!CCHOro 

06cyll{,ne1IIIH Bcex 3THX B0HJ)0C0B ,no HaCTORll(ero BJ)CMeJ!ll He CJIIICCTByeT. 

IIpoBe,neHHOe 06cy.1K,1J,e1me II03B0JIHeT IICCK0JibK0 rny6me IIJ)0IIIIKHYTb B Hel{OT0pble 

Mexam13Mbl Hpou;eccoB l\le301J006pa30BaIIIIH,paccl\laTplIBaBUJIIXCH llj)ClK,l(C Ha 6oJiee rpy-

6oM Ita'ICCTBel!H0M ypoB11e, a TaK)l{C Bbl,l(BlllIYTb HeK0T0phle II0Bhle rumne3hl 0 xapaH

Tepe npoTeHaIIIIH npouecca a,l(p0llll3an;uu. O.n11a ll3 HUX - rllll0Te3a 0 TOM, '!TO BHJHY

aJibJihle JIIC30Hbl MoryT ORa3blBaTb CTIII\IJJIIIpy10n1ce B03,l(CliCTBIIC na npoueccbl IIepexo,l(a 

RBapn - aIJTIIRBapIWBbIX nap B na6mo,l(ae!'.lble Me30llbl. 

B pa6oTe Mhl npII.l(CplRHBaJIJICb lfI!TepnpeTaI{llU 0Tplll(aTeJibH0 - 611IJOl\lllaJibHOro 

pacrrpe.l(eJiennH, HpRMo Bb!TeHa101uett II3 rwanoBott napaMeTp113au1111 tta6mo,l(ael\1hlx 

pacnpe,D;eJie1111fi 'Tr- Me30IIOB B rrpocTpancTBe 6blcTpOT, II0JIY'IeIIHOli ,l(>KIIOBammu Il 

Ball XoBOM [19,20), XOTR ca.Mn 3TII aBTOpbl B CB0HX II0CJIC,!(JIOIUHX pa6oTax 61,1m1 

CHJIOHHhl CBH3hlBaTb OBP npem,ne Bcero c pacnpe.n,ene1111eM napT011os. renepnpye

MhlX nporpaMMoli JETSET (26). Mb! y6e,nnnncb (B TOit l\l('pc, B KaHolt 3Ta napaMe

Tpu3aIIUH c11paBe,l(JI1IBa), qTo rrpe,nnoJI0)KCUIIC 06 0TCYTCTBIIII BllpTyaJibllldX l\lC30HOB 

B o6JiaCTII a,npom13au1m rrpIIB0,nHT I{ BhlB0,!(J 0 TOM, '(TO TlllHC'JII,It' HJiaCTepbl, renepn-

21 



pyeMLie na 11a11aJib11ol1 cTa,zurn nponecca a,n;pomrnanm1, naxo)lflTcn B MeTacTa6HJibHOM 

C0CT0JIIllrn, anaJI0rll'IH0M caMoopraHll30BaHH0MY RpHTH'ICCl{0ll!y. Jla3epHaJI M0,ZJ;CJib 

nponecca a,n;ponn3annn no3BoJIHeT pacc111aTpHBaTb nepexo,n; OT peJRn111a ,n;enennn RJia

CTepa R pelKnMy reHepannn Me3onnoro noJIH RaR cBoeo6pa3Hbll1 "<pa3oBul1 nepexo,n;", 

conpoBoJR,na10mnl1cn 3aMenol1 napaMeTpa C = -1 B ypaBHeHHll (12) na C = 0. 
Buno pacCM0TpeHo TaRlKC HeCR0Jibl{0 CXCl\1 reHepnpoBairnn 11a6mo,n;aeMLIX MC30-

II0B B paMRax npe.n;cTaBJICHlll1 0 II0CJie,n;oBaTeJibH0l\1 (RaCRa.n;nm1) pacna,n;e TfllKCJlblX 

IUiaCTepoB ll pe30HaHC0B. BLIJIO Il0Ra3a110, 'ITO 3<p<peRTbl CTaTHCTH'leCRHX <pJIYRTya

nnl1 llCT0'IHllR0B Me30HH0ro Il0JIH MoryT ycnenrno HMHTHp0BaTbCJI 3<p<peRTaMH T0JR,n;e

CTBCHH0CTll poJR,na10mnxcn MC30H0B ( a TamKe BllpTyaJibH1IMH CTCIICHflMll CB060,n;11). 

XoTJI cxeMa co CTaTHCTH'ICCRHMH <pJiyRTyannnMH IICT0'IHHH0B npe.n;cTaBJIHCTCJI HaH-

6oJiee ecTeCTBCHH0tt13 H B naCTonmee BpeMn. <paHTH'ICCHH o6w;errpn3HaHHa, HeJib3fl 

IICRJIIO'll!Tb, 'ITO onpe,n;eJieHHLil1 BHJia,n; B na6mo,n;ae111ble qlJIYHTyanmr ,n;aIOT H 3<p<peRTbl 

RBaHT0B0tt CTaTHCTllHH. 

Mu ycTaH0BllJIII, 'ITO cxeMa reHepnpoBaHnn l\le30H0B Ha OCHOBe rrpe,n;cTaBJieHJilt 0 

He3aBllCllM0M II0CJie.n;oBaTeJibH0M pacna,n;e pe30HaHC0B no CB0elt CTPYRType 6JIH3Ra R 

Jia3epHo.11 M0.ZJ;eJIH 6e3 BHpTyaJibH1IX 'laCTHU, HO C y'leT0M cpnyHTyannlt llCT0'IIIHR0B. B 

06m1x cny'laJIX OBP JIBJIHeTcn pe3yJihTaToM H0IIIII03IIUHH nyaccoHOBCRoro n norapncp

Mn11ecRoro pacrrpe,n;ene1ml1, r,n;e rrocne,n;nee C'IHTaeTCJI ycpe,n;HeHHbllll reo111eTpn'!ec1m111 

pacrrpe,n;eJieHIIeM. <l>H3H'ICCROC 0TJill'IHe 3THX MO,ZJ;CJieii C0CT0IIT B TOM, 'ITO B II0CJie,n;He111 

cnyqae HCR0T0pb!e (BHpTyaJibHb!e) RBapR - aIITIIHBapR0BhlC napb! MoryT 6eccne,n;HO HC

'le3aTh, B TO BpeMn Hal{ B nepB0I\I cny11ae C'IHTaeTcn, 'ITO mo6aJI ll3 HHX ,n;aeT,II0 Hpaii

HCii 111epe, o,n;HII Me3oH; !:ho, B 'IaCTIIOCTH, 03Ha'!aCT; 'ITO pacc1110Tpemlhlii: MexaHH3M 

CTllMYJIIIpOBamrn He MOJRCT 11,ZJ;TH O,ZJ;IIOBpeMeHHO C rrponecca11111 HaCI<a,n;HhlX pacna,n;oB 

pe3orrarrcoB, ycnnnBM nx (B pa6oTe [30) 6Mno yHa3aHo, 'ITO ecnn 6M 3TO JIMeJio 111ecTo, 

TO pacrrpe,n;enenne no l\lHOJReCTBeIIHOCTH 3aMCTHO OTJIJitiaJIOCh 6M OT OBP B llHTCpBaJiax 

6LICTpOT D.y ~ 1). 
Cne.nyeT BMecTe c Tel11 rro,n;qepHHYTh, '!TO 111exaHJI3lllbl pom,n;emrn qepe3 pacrra,n; 

pe3onarrcoB n 1mrepenTHolt renepannn BHOJIHC 111oryT cocyw;ecTBOBaTh. Harrpn111ep, 

l\lOJRCT CJIY'IHThCH, 'ITO '!aCTh Me30IIOB, po,n;HBIIIIIXCH C IIOIIIOll(h!O Jia3epnorn 111examrn111a, 

ycrreBaeT ofrhC,ZJ;HHIIThCH B TC'lCHlle BpCIIICHH a,n;pOHH3aUHJI B pe30HaHChl. Bhl,n;CJIHTh 

Bl{Jia,n; rro,n;o6m,1x B3aHI\IO,I.IC.fiCTBHit B HOHe'!HOI\I COCTOJl!Illll B 11a6mo,n;ae111MC pacrrpe,1.1eJie

IIIIH B nacTonmee Bpe111n He rrpe,1.1cTaBJineTCH B03l\lOJRHMM. CymecTBeJIHhll\l IICTO'll!HHOI\I 

neorrpe,1.1eJieIIIIOCTeii HBJIHIOTCH, B 'laCTHOCTH, 3<p<peHThl rrepeHpb!Tllfl HJiaCTepoB, o6cy

JR,naBIIIHCCH B IIHTOM pa3,ZJ;CJIC. 

B 3a!{JIIO'ICIIHe CKa;KeM IICCKOJJbKO CJIOB O MCTO)le Y4CTa BHpTyaJII,IILIX CTCIICHCit CB06o.n;M, 

06cym,1.1aBIIICIIICH Bblllle ( CM. TaRJRC 1Ip11110)1(Cl!He). ToT <paRT' 'ITO 11111oroqacTH'lllble 

COCTOflHIIH, HC po)l{J{aIOIUHecn H3-3a 11e,n;ocTaTO'IHOCTl! 3HeprHH CTaJIRHBaIOIUHXCfl 'la

CTHU, MoryT npncyTCTBOBaTh B o6JiaCTH peaHUHH B HCl{OTOpoit BIIpTyaJihIIOit <pop111e, 

Ha ca1110111 ,n;ene H3BCCTCH yme ,n;aBHO. TaH, B RIIJire Ba3JI, 3enh,n;OBII'Ia n Ilepeno111oaa 

13B 3TOM cnyqae OTHJIOIICIIIIe <pJIYHTyaI\llli OT CTaTHCTH'leCHllX 061,nc11neTCH Tell!, 'ITO 

l\lC30IIhl rrpe,1.1IIO'lllTalOT rpyrrrrnpoBaThC/f BOHpyr HCHOTOpb!X ne11Tp0B, xpaHJIIUHX llH

cpopManmo o rrepBH'IHOM HJiacTepe HJIII pe3011ance. 
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[31] o6cyJR,naJOTCJI CBJl3aHHhle COCTOflHllH ,I.\Byx qacTllI{ B6Jlll3ll rropora peal{I{llll a+ b 
-> c + d, r,n;e o6maJI 111acca rrpo.nyRTOB peaRnnn 6oJihllle cy111111M 111acc qacTnn; a n b. 
AsTOpu OTMC'laIOT, 'ITO HlllRe rropora qacrnnu c 11 d 11e 111oryT yttni ,n;pyr oT ,1.1py_ra 

113 - 3a ne,n;ocTaTHa 311eprnn. Ilo3TOMY. BIIe o6nacTn peal{I{nn nx IIJIOTHOCTh cna,n;aeT 

3KCII0Henu;naJibH0: 

t/J~e-k•. 

Ilpn rrpoxoJR,neHnn qepe3 T0'IHY rropora. HHHeTH'IecuaJI 3Heprnn 'IacTnn; rrpeBIJillaeT 

llX 3Heprlll0 CBJl3ll, a 3HClIOHeHUllaJihHIJe XBO~TIJ BOJIII0BO.il: <pyHHUllll rrpeBpall(aIOTCJI B 

paCX0.llfllUllCCJI B0JIIlhl: 
t/J ~ e-ikr 

' 
OllllC11BaJI TCM cal\lhllll peaJiblIIJC 'IaCTllU11, perncTpnpye11111e B 3RClICpllMCHTC. 

B ,n;aHHO.fi pa6oTe 6hlJI lIOCTaBJICil Borrpcic 06 y'IaCTllll BllpTyam.HhlX MC30110B Ta

Horo Tnua B rrpou;eccax aji;poan3au;nn n rrpe,n;nome11 MeTo,n; nx orrnca11Hn B cpop111aJill3Me 

BTopn'Inoro RBaHTOBannn. HII'l:epecao OTMeTHTh, 'ITO cirrnca1111utt B ,1.1a11noii pa6oTe 

MCXaHll31\1 3HeprOBhl,ZJ;CJICHHn, Ror.na IICROT0paJI 'IaCTh MC301I0B, HaXO.llflll(llXCJI B o6na

CTll MiIOJRCCTBeHH0ro poJR,neHnn, rrornomaeTCJI (rrepe,n;aBaJI rrpll 3T0M ,ZJ;0lI0JIIIllTCJibllYIO 

3neprn10 ocTam.n11111 111e3ona111), 11arro111nnaeT 3<p<peRT XoyHHnra n rrpou;ecc Ile11po

y3a, IIIOrymne rrpoHCXO,ZJ;llTh B 0RpeCTH0CTll 'ICpHIJX ,n;I,Ip [32]. Harrp11111ep, B CJiy'Iae 

rrpou;ecca Ile11poy3a 'IacTI, qacTnn; IIhlJieBoro o6naua yxo.n;nT 3a ropn3011T co6uTntt n 

rrornomaeTCJI 'Iepnoit ,n;I,Ipo.fi, B TO Bpe111n. l{aR.OCTaBillllCCH 'IaCTllI{hl YBCJill'IllBalOT CBOIO 

RlllICTll'IeCRYIO 3Heprn10 ll BhlXO)lflT ll3 3proccpephl. 

7 IIp1:1JiomeH1:1e 

CymecTByeT eme 0,1.\llll crroco6 RBaHTOBannn 0CI{llJIJIHTOpa, lI03BOJIHIOll(llfi orrncaTh lIOJIH 

C Y'ICT0M nx CBJl3aHHhlX COCTOJIHllfi, n111e10mn.11 0THOilICHlle I{ rrorryJIHpHhlM B lI0CJie

,n;nee BpeMn cxe111aM ",1.1eqiop111np0Bannoro" RBaHTOBaHHn. B 3TOM cny~ae rroJIBJienne 

CBH3aHIIhlX COCTOJIHllfi lI0JIH llHTeprrpeTnpyeTCJI RaR rrponecc qla30BOro rrepexo.na OT 

qlOI{OBCHOro BaRyyMa I{ HeROT0poMy ,1.1pyro111y, co,n;epJRall(e.My lIOJIYRJiaCCll'ICCHH.il: "q
ROH,n;encaT". IlonoJRnM no ananornn c (1) 

b= a+d, b+ =a+ +d+, 

r,n;e a+, a-o6hl'IHhle orrepaTOphl poJR,neHIIn n ym1'!TOJRe11nn, d+, d - orrepaTop11, orrn

ChlBa10mne R0H,l.leHCaT. Onn y,n;oBJieTBOpJIIOT CJ1e.nyroI1IeMy q-necpopMHpOBaHHOMY: 1{0111-

MyrllUH0IIH0MY C00TH0ll!ettmo: 

dd+ -q2d+d= 1 

n ,D;0lI0JIHIITem.noMy ycJIOBlllO 

dd+ = d+d= C, 

r,n;e 
1 

C = 1 _ q2· 
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KuaHTOBhle IlOJIJI TaJlOro THna o6cy}K)l;aJIHCL B pa6oTax (33,34) . .Il:efiCTBlle onepaTO
poB d 11 a+ B npocTpaHCTBe, IlOJiytJ:aIOm;eMCH 113 q>OKOBCKoro ,n;o6aBJieHneM COCTOHIIllii 
C OTpnn;aTeJILHhIM 'IHCJIOM tJ:aCTllD;, llMeeT Bll,Zl; 

din >= -h!Cln - l >, 

a+jn >= iv'cln + 1 >. 
HeTpY,lUIO npoBepHTL, 'ITO CIIeKTP raMHJILTOHllaHa (5) TaKOfi JKe, KaK n ,ZJ;JIJI 

o6hl'IHOro OCD;llJIJIHTOpa u y6e.nnTLCH, 'ITO ypaBHeHHe (11) ,Zl;JIJI onepaTOpa IIJIOTHOCTll 
Me30HHOro IIOJIJI npHBOMT K TOfi JKe CllCTeMe (12) ypaBneHHfi ,ZJ;JIJI pacrrpe,n;eJieHHH 
BepoHTHOCTll polK,ll;aIOID;HXCH Me30HOB. Kon,n;encaT d Mhl Ha3HBaeM IIOJIYKJiaCCll'leCKllM 
noTOMY, 'ITO C-'IHCJIOM B ,n;anHoM cJiytJ:ae HBJIJieTCH 11e caMo rroJie d, aero 6nJinnefinan 
KOM6nHaD;HH 

d+d = dd+. 

Mo,neJIL c q-KOH,n;encaTOM, ,norrycKaIOm;aH cymecTBOBanne COCTOHIIHii c JII06LIM 'lll
CJIOM CBH3aHHLIX tJ:aCTHD;, B HeKOTOpOM CMLICJie 6Jill3Ka K rrpe,ncTaBJieHJrnM O "rrpo
CTpaHCTBenno - rro,n;o6HLIX KacKa,nax"' o6cy}K)l;aBillllXCH B [2,3). ABTOpLI 3TIIX pa6oT 
paccMaTpnBaJIH npon;ecc1,1 pa3MilOJKeHnH 

a--tb+c, 

corrpoBOlK,ll;aIOmHeCH yBeJIH':{eHlleM 'lllCJia napTOHOB 3a C'leT yBeJIH'leHIIH CTeIICHll nx 
BHpTyaJILHOCTH, OllHCLIBaeMofi napaMeTpOM 

E2 - (p2 + m2) < O. 

OtJ:eBll,llHO, 'ITO 3TO 3KBilBaJieHTIIO ,nonym;eHlllO O BKJia,ne B 3HeprHIO E neKOTOporo 
OTp11n;aTeJILHOro IIOTeHD;llaJia. 
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KocreHKO 6.C!>. P2-95-542 
KoaHTOB~le MCXaJlll3Mbl npoueccoB rutpo11113au1'111 

,ll;lll 01111ca1111ll npoueccoo anpo111nau1111 npeunoJKe11a MO:teJJh, comac110 Kornpoii nepexo;i KBapK· 
aHTIIKBapKOBhlX nap B MC30llhl llallO~;l;llaeT re11epaUIIIO 3JlCKTpOManmrnoro 111nyqe1mll BCp6)'lK.UCllllhlMII 

, aTO~f3MII B raJOBhlX JJa3cpax. C UeJlhlO }"leTa BJlllllHllll BllpTya%HhlX MCJOIIOB 11a npouecc1,1 anpo111nau1111 
ccpopMyJ111posai11,1 llBe CXt:Ml,I, KB3IITOBaJlllii CKa1llpHOfO ·no.1ll, C y,icTOM CBll3aJ!llhlX COCTOllllllii, o;i11a 
113 KOTOphlX OCIIOBaHa iia <J·llt:cpopM!lpoBallllblX KOMMYTaUIIOllllhlX COOTIIOWCHllllX,. 8 a;u1a6aT114CCKOM 

·11p116JJ1llKCIIIIII, IIOCJJC )'Cpem1em1ll 110 KBapK·aJITIIKB3pKOBhlM CTCIICllll~I C~060llhl; ,no.10e110 3B0' 
'JJIOUilOIIIIOC yp~BileUl!e, Olll!ChlBalOIUee npOUCCC pOlK,'l'ellllll MeJOIIOB .. C' IICIIOJlhJOB3.lllleM. K.~aJIOBOii, 
napaMeTp11:ia11m1 '3KC11epm1e11Ta.%HblX llUlllll,IX, npcllJlOlKCIIIIOli JlJKIIBaJlllllll '11 Baii' XoBOM, ccpop
Mym1posa110 HeCKOJlhKO paJJJll4llhlX MO)leHeii HCT041111KOB MC30llll0f0 II0,1ll, BXOlllllUIIX B 3B0mOUIIOIIIIOC 
ypas11e1111e, cornacYJOUlllXCll c 'JTOii napaMeTpmauueii. B , 4ai:rnocrn; ,' 0~11c1,ina10icll JcjxpeKThl ' 

. CTHMYJ1Hpy10mero BOJ)leiiCTBllll Me30IIOB (B TOM 4II CJJe H s11pryan1,111,1x) ;la nopOlKll~IOU(lle IIX, 11c~o•11111rn: 
o6cYJKllaeTcll_ n3auMoueiicrni1e Me,30110B B Ko11e4HOM cocTOS1111111, paccM0Tpe11:i ~ioueJJh, B KoTopcii"I T~JKe'.11,1e, 
KJJaCTepu' pOlK)la!OTCll B COCTO~llllll, 11an,OMllllal01UeM caMoopraHll30BaHlloe Kp1ITll4eCKOC, IIJ)"lalOTCll 
3cpcpeKThl nepeKphlTHll ,ripouyKToB pacnaaa ~aCTepOB B npoCTpa!lCTBe 6hlCTpO~ 11.llPi 

;: 
Pa6orn BhlllOJlllell~ s'na6oparnp1111:s1,1411cm1TeJ1bll,Oii T':_xi111KH II a.BTOMaTmaum1 01151H. 
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Quantum Mechanisms of Hadronization Processes • .·. , , , . , . , , ·.• , . 
· For·description of tiadron.ization' proc~sses a'model :which assunies the tran~ition of quark~antiquark 

pairs into mesons tri b~ analogous to generation of electromagnetic· field by excited atoms ln ga.s las~i 
is ~uggested. With the purpos'e of account for influence ·of yirtual mesons on'the hadronization processes 
two qu~tization schemes ,with, ~egard forbo~nded s'tat~s (one of.them is ba.sed. o~ •q:deformed 
commutation rules) are formulated. In the adiabat_ic approximation after ~veragi~g on the quark~antiquark' 
degrees of freedo1n an evolution equation for description of meson production is obtained, Several models 
of me;ori sources which are in ag~eement ,with the so-called_ clan parametrization (to be due to Giov.milini 
an,d Van Hove) are formulated. In particular, we; consider effects of stimulating influence ;of mesons, 
including virtual ones,' on their. sources, interactions in the, final state, a model with hea~y clusters · 
production in states.close to-selforganizing ones, overlapping effects for decay products in rapidiiy space, 
etc. , · ·• , ,• • 
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