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I. BeeoeHue 

06ID;eH3BeCTHa onpe)J.eJI.IIIOID;a.ll ponb npou;eccos MHO)I(eCT­

BeHHOrO o6pa30BaHH.II 'laCTHD; npH B3aHMO)J,eHCTBHH a)J.pOHOB 

BbiCOI<OH 3HeprHH. MHO)I(eCTBeHHOe o6pa30BaHHe HHTeHCHB­

HO H3yqaeTCJI, H CYJD;eCTByeT )J,OCTaTO'IHO 063opos/l/, npe)J,­

CTaBJIJIIOID;HX B 06JiaCTH BbiCOI<HX 3HeprHH 06ID;YIO II<ai< Teo­

peTH'IeCI<yiO, Tal< H 3I<CnepHMeHTaJibHYIOI CHTyaD;HIO. 0)J.Ha­

I<O, so scex o63opax, ua uaw B3rJIJI.D., He.D.OCTaTO'IHO ocse­

ID;eHa Tal< Ha3biBaeMaJI $eHHMaHOBCI<aJI aHaJIOrH.II Tai<HX 

npou;eccos c ra30M lnnu, TO'IHee, auanoru.11 npou;eccos 

c 4>eiiHMauosci<HM "ra3oM" 
1 I. ,I:{auuwii o63op HMeeT u;enLIO 

HaCI<OJibi<O B03M0)1(H0 3allOJIHHTb 3TOT npo6eJI. 

Auanoru.11 c 4>eiiHMaHoBci<HM ra3oM I A<l»r I JIBJI.IIeTcJI 

O)J,HHM H3 B03MO)I(HbiX nyTeH llpOBe)J,eHH.II B )I(H3Hb nporpay­

Mbl: HCllOJib30BaTb )J,JI.II OllHCaHH.II npon;eCCOB MHOlKeCTBeHHO­

ro po)I()J,eHH.II MeTO)J,bl CTaTHCTH'IeCI<OH $H3HI<H. 06ID;a.ll o6oc­

HOBaHHOCTb :JTOH nporpaMMbl BbiTei<aeT H3 cyiD;eCTBOBaHHJI 

B 06'beMe B3aHMO)J,eHCTBHJI )J,OCTaTO'IHO 60JibWOrO 'IHCJia 

cTeneueii cso6o)J.w, o)J.Hai<o I<OHI<peTuwe $opMbl ee peaJIH3a­

U.HH CBJI3aHbl ylKe C )J,OllOJIHHTeJibHbiMH npe)J.llOJIO)I(eHHJIMH. 

XoTJI 3TH npe)J.nono•enHJI JIBJIJIIOTCJI 6onee HJIH Meuee ec­

TeCTBeHHbiMH, OHH 3Ha'IHTeJibHO cna6ee onpas)J,auw. Hu O.D.HH 

H3 CyiD;eCTBYIQID;HX BHaCTO.IIID;ee BpeMJI BapHaHTOB peaJIH3aD;HH 

CTaTHCTH'IeCI<Oi nporpa.MMbl He )J.OBe)J,eH )1.0 TeOpHH: BCe 

OHH HaXO)J,JITCJI DOI<a Ha yposue .MO)J,eJieH. 

DepsaJI H3 .MO)J.eneii 6wna npe)J.JIOlKeua ~epMH s DJITH­

.D.eCJITbiX ro)J,ax. B neil npe)J.nonaranacb pasuosecuocTb 

npou;eccos, npoucxo,AJIID;HX B o6'beMe B3aHMO.D.eiicTBHJI. 3To 

"' Ha3saiiB:_e_"ilieb.Mauosci<Hii ra3" oTpalKaeT TOT l)a.I<T, 
'ITO XOTJI ra3 DO)J,'IHHJieTCJI 06bi'IHOB CT&THCTHI<e, OH o6ua­
py)I(HBaeT Hei<OTOpble CDeU.H$H'IeCI<He 'lepTbl H, C 3TOB 
TO'II<H 3peHH.II, JIBJIJieTCJI HOBOB CHCTe.MOB. 
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upe,llDOJIOliCeHHe, uecwoTpJI ua ,llam.Helwee c~ecTaeuuoe 
p&3BBTBe B B3MeHeHHe MO,IleJIB, COXpaHBJI(\Cio ,llO HaCTOJIJQero 

apeweua. Coapeweuuoe cocToJiaae :no I MO,IleJia o6c)'liCAaeT­

CJI B o63ope E.JJ.ctela6epra 121, lC ICOTOpouy M.W OTCWJiaeM 

BHTepecyiOIJUIXCJI ,ll8TAJUMB. 

,npyrol MO,IleJILJO 3Toro ICJiacca JIBHJiacL cTaTHCTB'Iecxa• 

6yTcTpaD-~O.IleJIL Xare,llopua-•payqa131 .B 3TOI wo,lleJIB 

A,llpOHW C.'IBTaJIBCio CJIOliCH.WMB CHCTeMAMB, COCTaBJieHH.WMB 

83 &,llpOHOB. IJJIOTHOCTL ypOBHel TAICOB CHCTeM.W qepe3 

GyTcTpaD·ypaaueHBe 6.wna CBJI3aaa co cDexTpow wacc 

upoua.wx pe3ouaacoa. Taxaw o6pa3ou, ,llBHauaqecJCae 34J· 

teJCTW B 06"Joeue B3ABMO,IleBCTBBJI /T.e. B03MOliCHOCTio JlBYX 

• 6onee CT&.IlBI a Dpoueccax MHOliCeCTBeuaoro o6pa3oaa­

••• • 96pa30BaHBe pe30HAHCOB B DOCJI8,1lYJOJQBB BX pacDaJJ./, 

worJIB 6.WTL yqyeu.w BHTerpapoaauaew DO cDeKTPY wacc 

&,llpoROB. 

HepaBHoaeca.we wexaua3MW o6pa30BaHRJI BTopaqu.wx 

'I&CTBQ p&CCMaTpHBaJIBCL B peJIJITRBBCTCICOI rH,IlpO,IlHHaua­

'18CICOB uo,AeJIB JlaHflY 
141 , a TaiOKe B Dpa6JIBliCeuaa cny­

qaiH.wx Dpo~teccoa 15 
• 

Kax DOICA3auo Kaeacxoii rpyDDoa16~ TeCHYJO CBJI3L co 

cT&THCTB'Iecxoii aueeT .AYaJILuaa pe3oaaucuaa wo,AeJIL. B 
3TBX pa60TAX 6WJI C,ll8JiaH war BDepe,A DO cpaBHeHBJO CO 

CTaTBCTB'I8CICOB 6yTCTpaD·MO,AeJILJO, 3aiCJIJO'IAIOIQBBCJI B OT· 

,ll8JILHOM paCCMOTpeHBH HB31C03HepreTB'I8CICOI, ,ABCICpeTHOB 

'I&CTB CDeiCTpa MACC A.llPOHOB /T.H. ,AHHaMH'IeCJCOe ycpe,A· 

aeaue/ a a.wcoxo:JaepreTH'Iecxoii, aeDpep.wauol /6yTcTpaD­

cDeJCTp/. 

HaJCOHeQ, COBepweHBO HOBaJI B03MO)KJIOCTL RCDOJIL30Ba • 

RBJI CTaTHCTH'IeCJCBX MeTO,AOB 6.WJia yJCa3aHa •eiHMaHOM 17 I, 
xoTop.wl Dpe,AJIOliCHJI pacc:waTpaaaTL Dpouecc.w :wao:>KecT­

aeuaoro o6pa30B&HHJI xax paauoaecu.we, uo ue B o6w'IHOM 

t&30BOM DPOCTp&HCTBe, a B DPOCTpaHCTBe "6.WCTpOTa·Do· 

Depe'IH.WB BMDYJILC" *. 3TOT MeTO,Il paCCMOTpeHBJI BDO· 

* iepMHH "DpOCTpaHCTBO 6.WCTpOT" He CJie,AyeT DOHBMaTL 
B 6yJCBaJILHOM CM.WCJie, DOCICOJILICY 6.WCTpOTa Dpe,ACTaBJIJieT 
p&CCTOJIHBe B DpOCTpaHCTBe CICOpOCTeii. 3TOT TepMBH BC· 
DOJIL3yeTCJI 3,AeCL BCJI8,ACTBBe ero 06JQeyDOTpe6aTeJILHOCTH. 
KoppeiCTHOe ODpe,lleJieHRe 3TOB BeJIB'IBH.W MO)KJIO HaiTH B o6· 
3ope 181. · 
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CJie,D,CTBBB 6WJI Ha3B8.H aaaJIOrBeH C clJeHHMaHOBCKBM ra30M 

B O'leHL CKOpO DpBBJieK K ce6e npBCTaJILHOe BHBMaHBe, B 

qaCTHOCTB, B CBJI3B C TeM, 'ITO C ero DOMOII{LJO npoCTO H 

BDOJIHe ecTeCTBeHHO DOJIBJIJieTCJI clJeHHMaHOBCKBH CKeHJIBHr 

/:wacwTa6HaJI BHBapBaHTHOCTL/. B ,AaJILae:Bweu BWJICHu­

JIOCL, 'ITO Ha JI3.WKe clJeBHMaHOBCICOrO ra3a MO:>KHO B.Wpa3BTb 

,AOBOJibHO 60JibWOe 'IBCJIO MO,AeJieH MHO:>KeCTBeHHOro o6pa3o­

BaHBJI. 3TO Be,AeT K o60JO,AHOMY pa3BBTBJO KaK caMOB aHa­

JIOrBB, TalC B CyJQeCTByJOJQBX MO,Aeneii, DOCKOJibKY D03BOJIJieT 

JIY'IWe DOHJITb y:>Ke B3BeCTH.We B, MO:>KeT 6WTb, YBB,D,eTb He­

ICOTOp.We HOB.We acneKT.W BCDOJib3yeMWX MO.I{eneii. TaKOH 

DO,AXO,Il OKa3aJICJI TaK:>Ke caMOCTOJITeJibH.WM BHCTpyMeHTOM 

aHaJIH3a npo~teCCOB MHO:>KeCTBeHHOrO o6pa30BaHBJI, TaK KaK 

Ha OCHOBe auanorBB B03MO:>KHO cclJopMyJIHpOBa Tb HOB.We 

MO,AeJIB TaKBX npo~teCCOB. Bee 3TH OCHOBH.We xapaKTepBCTB· 

KB npe,D,Jiaraeuoro no.AXO.Aa u.w B nocTapaeMCJI oTpa3BTb 

B o63ope. 

061l{Bii nnaH o63opa cne.AyiOUUlii: 
B pa3,Aene II B3JIO:>KeH.w ocHOBH.We nonmtceHBJI paccuaT­

pusaeuoro DO,AXO,Aa B DpBBe.I{eHW COOTHOWeHHJI Me)f(JJ.y B3Me­

pJieMWMB BeJIB'IBHaMB B xapaKTepHCTBKaMB clJeiiHMaHOBCKOrO 

ra3a. 

B pa3,Aene III o6cY:>K.AeH.w B03MO:>KH.we cucTeM.w clleiiu­

uauoscxoro ra3a B ax o61l{Be csoiicTBa. 
B pa3,Aene IV paccuoTpeHbl CBJI3B ue>KJJ.Y pa3JIB'IHbiMB 

clJeHoMeHOJIOrB'IeCKBMB MO,AeJIJIMB MHO)f(eCTBeHHOB reuepa~tBB 

a,ApOHOB. 
B cne,AyJOmeu pa3,Aene npe,AcTaoneHa ueTO.I{BKa uccne­

.AOBaHBJI clJeBHMaHOBCKOrO ra3a C DOMOII{biO ypaBHeHBB. 

B 3aKJIJO'IBTeJILHOM pa3,Aene npuBe.AeHbl cne,ACTBBJI B s.w­

nonueuo CpaBHeHBe C 3KCDepBMeHTaJibHbiMB ,AaHH.WMB. 

B o63ope BCDOJib30BaHbl o6o3uaqeHBJI, o6.w'IHO ynoTpe6-

JIJI.eu.we ,AJIJI xapaKTepBCTBKB npo~teCCOB MHO)f(eCTBeHHOB 

reuepanuu. HuDyn~oc.w qacTBU o6o3Ha'leH.w 6yxaoii p c co­

OTBeTcTBYIOJQBM BH,D,eKCOM i - ,D,JIJI BTOpH'IHbiX, a B b - ,AJIJI 

ua 'laJILHWX. OcHoouoii Ha6op DepeueHHbiX ( y , p ..L , Y ) , r ,Ae 

y = .L En E + pll - npo,D,OJibHaJI 6.wcTpoTa, Y = _.!. fu(-
8
--)-

2 E -pll 2 mamb 

DOJIHaJI 6WCTpOTa. 
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~n• npocTOTW B3no•eHB• uw orpaHaqauc• YOAen•ua 
c OABBY TBnou reaepapyeuwx qacTBI{. ITaxoe npa6na•eaae 
OUp&BAaBO, T.X. npa COBpeYeBBWX 3HeprBRX YCXOpBTenei 
-a~ oT nonHoro qscna BTopaqHwx qacTau; •BJJ•JOTCR nao­
HaYBI. 06o6~eHBe Ha cnyqai reHepau;aa qacTsn pa3Horo 
copTa nerxo swnona•eTc• /5,34/. 

II. 0cH06HIJJe noAOJiteHuJI paccMa•puaaeMozo 
nooxooa 

AHanora• c l)eiHYaHoscxau ra3oY I ACI>r I npeACTaBJJR­
eT cTaTacTaqecxyiO YOAem. YHo•ecTBeHHoi reHepau;aa aA­
poHOB. 

CTaTBCTHqecxae YOAeJJB AOBOJJhHO WHpOXO HCUOJJh3YJOTCR 
B pa3JJBqawx o6nacTRX I)B3HXH. Tax, B Teopaa TBepAoro 
Tena CTaTHCTaqecxyro YOAeJJh l)eppouarHeTaxa npeAcTas­
JJJieT peweToqHwi ra3. B 3Tou cnyqae pean~tHouy aHcau6JJIO 
aTOYOB l)eppouarHeTHXa CTaBHTCR B COOTBeTCTBHe aH· 
ca.w6Jlh aoo6pa•ae:w:wx qacTBn, ynop•AoqeHHWX xpacTaJJJJH­
qecxoi cTpyxTypoi. Pa3naqHoi opaeHTau;aa cnaHa aTo:w:oa 
COUOCTaBJJReTCR HaJJBqae HJJH OTCYTCTBHe qaCTHD;W B Y3JJe 
peweTxa. TaxaJt xapTHHa l)a3aqecxoro RBJJeHHR, Ha nepawi 
B3TJJRA l)opuaJJhHaR H AaJJeXaR OT HCTBHHOB, TeM He MeHee 
D03BOJJReT nonyqBTh AOCTaToqHo xopowee onacaHBe 3xcne­
pHYeHTaJJhHWX pe3yJJhTaTOB. 

B Aellr XWKAoi BTopaqHoi qacTBne c a:w:nynJ.coM p'; 
o6pa30BaHHOB B pe3yJJhTaTe CTOJJXHOBeHHR aApOHOB BWCOXOB 
3HeprHB, CTaBHTCR B COOTBeTCTBHe qacTHD;a HeXOTOpOrO 
cTaTHCTaqecxoro aHca:w:6n• I>KBAXOCTH HJJB ra3al, HMeiO~aJI 
XOOPABHaTw f; . KOMDOHeHTW r i qacJJeHHO paBHW Y;. H I?.J_ ;· 

Taxa:w: o6pa30M, a:w:nynhcHaJI qacTh l)a3osoro o61.e:w:a 
AJJJI BTOpHqHWX qacTBl{ COUOCTaBJJJieTCJI XOHI)HrypaD;HOHHOB 
lxoopASHaTHoil qacTH 06'heMa B l)a30BOM npocTpaHCTBe, 
3aHBMaeMOM CTaTBCTBqecXHM aHCaM6JJeM, npeACTaBJJJIIO~eM 
l)eiHMaHoacxai ra3. IIpaqaHa Taxoro conocTaBJJeHHJI JICHa. 
Tax xax MaTpaqawe 3JJeMeHTW I)H3Bqecxax npou;eccos 3aaa­
CJIT OT HMUYJJhCOB, TO UpH UOCTpoeHHH CTaTHCTBqecXOH 
MOAeJJB MHO>KeCTBeHHOH reHepau;HB He06XOAHMO yqBTWBaTJ. 
B3aHMOAeBCTBHe B BMDYJJhCHOB qacTB l)a30BOro npocTpaH­
CTBa. Ho TaKOe B3aHMOAeBCTBBe MO)I(HO yqecTh JJBWh 31)1)ex­
TBBHO, H npo~e BCero 3TO CAeJJaTh, UOCTpOHB aHCaM6JJh, 

6 

B XOTOpOM B3aBMOAeBCTBHe, 3aBHCJI~ee OT XOOPABHaT, 6y­
AeT OTpa>KaTh B3aBMOAeBCTBBe B BMDYJJhCHOM UpOCTpaH­
CTBe AJJR peaJJhHWX qacTBD;. 

HTax, rpy6o rosop•, l)eiHMaHoscxai ra3 l«<l.r ./ - 3To 
ra3 6WCTPOT B nonepequwx HMDYJJhCOB, UOA06HO TOMY XaX 
peweToqHwi ra3 - 3TO ra3 cnHHOB. 

061aeM CHCTeMW «<l.r. MO)I(HO npeACTaBHTh B BRAe 
nBJJBHAPa AJJBHW Y B nonepeqHwx pa3Mepoa - , pl. / = 
= 0,3-o-0,4 T3B/c*. lips nepexoAe OT OAHoicacTeMWOTcqe­
Ta X Apyroi, ABB)I(~eicR BAOJJh DPOAOJJhHOrO HanpaBJJeHHJI, 
H3MeHReTCR JJBWh nono>KeHHe, HO He 06'heM D;HJJHHApa. 
Tax XaX npa 3TOM He MeHRIOTCR OTHOCBTeJJhHWe paCCTOR­
HHR Me>KAY qacTHD;aMH l)eiHMaHOBCXOTO ra3a, TO B3aHMO­
AeBCTBHe B HeM He 3aBBCHT OT BW6opa CHCTeMW OTcqeTa. 

AHCaM6Jlh ell. r., COOTBeTCTBYIO~i 3XCXJJI03HBHOMY npo­
u;eccy, coAep>KHT l)axcaposaHHoe qacno qacTHD;. )l.JJJJ HHXJJI0-
3HBHWX npou;ecCOB qHCJJO qacTBl{ B D;HJJBHApe C Cl>.r. He 
onpeAeJJeHo. 

Hop:w:apoaaHHOMY ceqeHBIO o6pa30BaHBJI n qacTau; Ia 
3XCXJJI03BBHOM BJJB BHXJJI03BBHOM npou;eccel 

Et···En dan -----
(J d • d > 

tot PI ··· P n 

cooTBeTCTByeT B ACI>r p 11 
( r; r' 11 • N ,Y ) BJJB fi 11 

( r'
1 

. r> Y )­
pacnpeAeJJeHae sepoJITHOCTB o6HaPY>KBTh n qacTBD; B nono­
>KeHHJIX r ; ( Y; , p ~ ; ) B nBJJHHApe AJJHHOB Y, COAep>Ka~eM 
N HJJB npoH3BOJJhHoe qacno qacTau;. 

06wqHWe CTaTHCTHqecxHe COOTHOWeHBJI Me)I(Ayl)yHXD;HR­
MH pacnpeAeJJeHBJI AJJR aHCaM6JJei C I)HXCHpOBaHHWM H ~e­
I)HXCHpOBaHHWM qacJJOM qaCTBl{ 

,- HeT-- Ha<.ero -y.iias:HTeJJhHoro a pa3Hoi pa3:w:epHocTa 
npocTpaHcTBa AJJJI l)eiHMaHoscxoro ra3a B pa3naqHwx Ha­
npasneHHRX. HcnoJJh30BaHBe npocTpaHCTBa c OABBaxosoi 

pa3MepHOCThiO Tana y, y 
1 

= .L fn E + P_L He BHOCHT Haqero 
2 E-pJ. 

HOBOTO, X PO Me, 6WTh MO)I(eT, 3CTeTaqecxoro YAOBJJeTBOpe­
HHR. Ha6op (y,pl, Y) sw6paH HaMH xax OABB H3 Haa6onee 
qaCTO ynoTpe6JJReMWX. 
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n -> -> 1 n+m -> -> .... d -> 
p (r ... r ,Y)=! -,J p (r 1 ... r + ,n +m,Y)dr +l""" r + I n m m. n m . n n m 

n(_, -> Y) ~ n( .... -> 
p r, ... r, = "'-P r1 ••• r ,n+m,Y) 

n m n /11.1/ 

C nOMO~LID 3aMeH~ BXO~R~X CID~a BenH'IHH Ha COOTBeT· 

CTBYJO~e "3KCKniD3HBH~e" H "HHKniD3HBH~e" pacnpe~ene • 
HHR n03BOnRIDT nonyqHTL H3BeCTH~e COOTHOWeHHR Me~y 
3THMH BenH'IHHaMH. 

Cpe~H d!YHKQHii pacnpe~eneHHR HaH6onee Harns~H~ii 
CM~Cn HMeeT dJYHKIUU PI npe~cTaBnsro~ag nnOTHOCTL 

CHCTeM~. Ha npHMepe 3TOH dJYHKUHH npo~e BCero YBH~eTL, 
'ITO npoueCCLI MHO>KeCTBeHHOrO 06pa30BaHHR C MaCWTa6-

HOB HHBapHaHTHOCTLID COOTBeTCTBYJOT paBHOBeCH~M aHCaM6· 

nsM <I>.r. B caMoM ~ene, nnoTHOCTL B cHcTeMax, 6nH3KHx 

K paBHOBeCHID, He 3aBHCHT OT reOMeTpH'IeCKHX pa3MepOB 

CHCTeM~ /T.e. pl He 3aBHCHT OT Y /, HO TOr~a CeqeHBe 

__ !L__ . -~2...-
(J dp' 

tot 
He 3aBHCHT OT HaqanLHOB 3HeprHH. ~nx 

paBHOBeCHLIX CHCTeM nnOTHOCTL He MeHSeTCR OT TO'IKH K 

TO'IKe /XOTR 6~ B6nH3H l{eHTpa CHCTeM~/. 0TCID~a cne~yeT, 

E du 
'ITO BenB'IHHa --- • ? MO>KeT 3aBHCeTL TOnLKO OT p J, , 

a tot P 
HO He 3aBHCHT OT 6~CTpOTLI. 

PaccMOTPHM TepMO~HHaMH'IeCKHe aenH'IHH~, xapaKTe­

pH3yiD~e <l>.r. l-f3BeCTHO, 'ITO TepMO~HHaMHKa CHCTeM~ 
C dJHKCHpOBaHH~M 'IHCnOM 'laCTIII{ nOnHOCTLID onpe~enseTCR 
cTaTHCTH'IecKoii CYMMoii 

Q 1 J n(·• ' d• ' "' - 1 p r 1 ...• r , n, Y) r
1 

.•• dr 
n n. n n I II .2/ 

~ng CHCTeM C Heonpe~eneHH~M 'IHCnOM 'laCTHU cne~yeT 
3a~aTL 6onLWYID CTaTHCTH'IeCKYID CYMMy 

Q ~ ! z n Qn' 
n 1 n.3/ 

r~e Z - aKTHBHOCTL. <I>H3H'IeCKHB CM~Cn 3THX BenH'IHH 

cne~YIOIUHB: Q n • 3TO OTHOWeHHe an ·napuHanLHOrO ceqe-

8 

HHR o6pa30BaHHs n BTOpH~~X 'laCTHU K a
101 

·nOnHOMY 

HeynpyroMy Ce'leHHID, a 6onLwas CTaTHCTH'IeCKaR CYMMa 

COOTBeTCTByeT npOH3BO~R~eii dJYHKUHH HOpMHpOBaHHOrO pac­

npe~eneHHR BTOpH~~X 'laCTHU no MHO>KeCTBeHHOCTH. 

Mo>KeT noKa3aTLcs, 'ITO B TeopHH MHo>KeCTBeHHoii reHe­

pai{HH He HMeeT CM~Cna BBO~HTL 6onLWYJO CTaTHCTH'IeCKYID 

CYMMY MR dJeiiHMaHOBCKOrO ra3a, T .K. B03HHKaiDT Tpy~­
HOCTH C HHTepnpeTai{Heii aKTHBHOCTH. Ha CaMOM ~ene 3TH 

TPY~OCTH HnniD30PH~, nocKonLKY ~ns WH3B'IecKH BHTepec­

H~x cnyqaea xopowo onpe~eneH~ KaK 6onLwas cTaTHCTH­

qecKas cyMMa, TaK H ace ee npoH3BO~H~e no z. 

~ns 3KCKniD3HBHoro npouecca z .·0 * a 

n a 
1 !LQ_ I = _Jl 

fiT dz n z=O a 
tot 

E E d exclusive d • dp·• 
~ an p n .r - . - . ..:r..I ···---
a tot dp ... dp El En 

l n 

/II .4/ 

T.e. 6onLWaS CTaTBCTB'IeCKaR CYMMa B ee npOH3BO~H~e 
~aiDT HOpMBpOBaHHOe pacnpe~eneHBe no MHO>KeCTBeHHOCTH 

/npOHHTerpBpOBaHH~e 3KCKniD3HBH~e Ce'leHHJI/. 

~nJi HHKniD3HBHLIX npol{eCCOB z = 1 H 

in., lu,.; i Vf' 

d "n ak Er .. E da 
~! ~a ~ lk(k-1) ... (k-ntl}-~ J--n n >: / II .5/ 
dz" z-·1 n k a a d • d' 

tot tot P1··· Pn 

dpl dpn 
X-- • ·---"""---

EI En 

< 3aMeTBM, 'ITO z- e -11, r,ll,e !1 • XBMH'IeCKHH noTeHI{Han, 
senB'IHHa KoToporo, rpy6o roaopJI, paaua. 3HeprHH, KOTOPYJO 
HY>KHO ,Ii,06aBHTL B CBCTeMy, 'iT06LI H3MeHHTL 'IHCnO 'laCTHU 
B HeR. /EcTeCTBeHHO, 'iTO ~nJI CHCTeM C dJHKCBpOBaHH~M 
'IHCnOM 'laCTBU j1 = oo , .D.n.ll CHCTeM C Heonpe~eneHH~M 'IHCnOM 
'laCTBU !1 = 0 /. 
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T.e. 60JILWaJI CTaTBCTB'feCKaJI CYMMa B ee npOB3BO)).HLie 

)).aiOT ua6op clmxTopBanLHLIX MOMeHTOB pacnpe)).eneHBJI no 

MHO>KeCTBeHHOCTB /npOBHTerpBpOBaHHLie, BHKni03BBHLie Ce­

'feHBJI/. 

3aMeTBM, 'ITO oco6euuocTB n~eo6pa3ol!,a~JI Jlannaca 

60JILWOH CTaTBCTB'feCKOH CYMMLI Q(f ,z) -~ f e y Q(z, Y)dY 
COBna)).aiOT C OC06eHHOCTJIMB aMnJIBTY)).LI ~npyroro pacCeJI· 

HBJI B KOMnJieKCHOH nJIOCKOCTB yrJIOBOrO MOMeHTa. B uexo­

TOPLIX MO)),eJIJIX 3TO 06CTOJITeJILCTBO nOMoraeT yqeCTL 

HenB)).BpyiOUUie oco6eHHOCTB. 

llpe)).cTaBnJieT BHTepec Bccne)).oBaHBe norapB~Ma 6onL­

moi CTaTBCTB'feCKOH CyMMLI B ero npOB3BO)).HLIX. )J,JIJI paBHO­

BeCHLIX CBCTeM 3Ta BeJIB'IBHa y)).OBJieTBOpJieT TepMO)).HHaMH­

qecxoMy npe)).eny: 

fnQ 'p(z)Y + s(z), I II .6/ 
y ""' 

r)).e p(z) - )).asneuue, a s(z) - nosepxuocTuoe HaTJI>KeHHe. 

Hccne)).oBaHBe fnQ B TepMO)).BHaMB'IecxoM npe)).ene )).JIJI 

Cl>.r., T .e. npB aCBMnTOTB'feCKB 60JILWOH Ha'faJILHOH 3HeprHB 

U03BOJIJieT BLI)).eJIBTL )),Ba Knacca MO)).enei MHO>KeCTBeHHOH 

reuepau;BB. Tax qacTL MO)).eneB: npBBO)).BT x aucaM6JIJIM 

Cl>.r., B KOTOpbiX HeT noBepXHOCTHOrO HaTJI>KeHBJI s(z) -,0 
/ra30n0)).06HLie CBCTeMLI/. )J,JIJI HBX napu.BaJILHLie Ce'feHHJI 

Be)).yT ce6JI KaK an- Y" . Mo)).eJIB, )).JIJI xoTopwx aucaM6JIL 

Cl>.r. He HMeeT )),aBJieHBJI p(z) =0 />KB)).KOCTHOn0)).06eH*' /, 

)).aiOT CJie)).yiOIJJ;YIO 3aBBCBMOCTL napu;BaJILHLIX Ce'feHHB OT 

3HeprBB an - const + 0 ( ~ ). 
llpOB3BO)).HLie En Q n~B z = 1 Ha3wBaiOTCJI xoppenJIJJ;HOH­

HLIMB napaMeTpaMB f n /npOBHTerpBpOBaHHLIMB KOppeJIJI• 

JJ;BOHHLIMB ~YHKJJ;BJIMB/ B CO)).ep>KaT BCIO HH~OpMaJJ;HIO 0 )).B· 

HaMBKe B3aBMO)).eBCTBBJI B Cl>.r ., a, CJie)),OBaTeJILHO, 0 Mexa­

HB3Me MHO>KeCTBeHHOB reuepau;BB. 

tlJHTaTeJIJI He )).OJI>KHO CMYIJJ;aTL, 'ITO ~eBHMaHOBCKHH ra3 

HHOr)),a UOXO>K Ha ra3, HHOr)),a Ha >KH)).KOCTL, HHOr)).a Ha 

cnnas H T .n. PemeTO'IHbiB ra3 To>Ke 6onLme noxo>K ua 

KpHCTann, 'feM Ha ra3. 
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KoppenJiu;HOHHLie napaMeTpLI O)).H03Ha'IHO CBJI3aHLI c 

~aKTOpBaJILHLIMB MOMeHTaMH ~YHKJJ;BB pacnpe)).eJieHHJI no 

MHO>KeCTBeHHOCTB * 

f = - q ! ! ( ! n. -1 ) ! n ( -~ ) n i - 1- o ( q- ! n . ) I II . 7 a/ 
q i 1 • 1 1 1 n 1 . 1 

Dj 1= · · j · I 

oo f. n --n 
a = q ! ! ll ( -. -1 

) i i+ I ' o ( q- .! n. 
q . I 11 I • I 

n i I= • (n - n ) ! 1 

i i+l 

oo > n 1 ·~ n 
2 

:::_ .•. ·~ n i ·:::_ ... I II .76/ 

)J,JIJI ra3on0)).06HLIX CBCTeM S ( Z) ~ 0 npe)).cTaBJIJieT BH­

Tepee BBpBaJILHOe pa3JIO>KeHHe BJIB pa3JIO>KeHHe )),aBneHHJI 

no cTeneHJIM z • Ko3~Bu;BeHTLI pa3JIO>KeHHJI CBJ13aHw c 

BepOJITHOCTJIMH 6HHapHLIX, TpOB'IHLIX H T .)).. B3aHMO)).eB· 

cTBHi B ci>.r., T.e. c sepoJITHOCTJIMH reuepau;HH xnacTepou 

B npou;eccax MHO>KeCTBeHHoi reuepau;HH. 

II/ ·B03MOJICHble ~eiiHMOH06CKUe CUCJfeMbl 

PaCCMOTpBM pa3JIB1fHLie ~eBHMaHOBCKBe CHCTeMLI H BLI· 

JICHBM BX CBJ13B CO CBOBCTBaMB MHO>KeCTBeHHOro pO)f()),eHBJI 

a)).pOHOB. 3aMeTBM, 'ITO paBHOBeCHaJI /BJIH 6JIH3KaJI K paBHO­

BeCHIO/ CBCTeMa COOTBeTCTByeT MaCmTa6uo-BHBapBaHT­

HOMy MeXaHB3MY MHO>KeCTBeHHOH reuepau;BH. 

J. Faaono()o6Ha.R CUCJfeMa. fiOTeHJJ;BaJILI B3aBMO)).ei­

CTBBJI ~eiHMaHOBCKHX 'faCTBJJ;, COCTaBJIJIIOUUIX CBCTeMy, 

)).OJI>KHLI 6LITL peryJIJfpHLI B )).OJDKHLI )).OCTaTO'IHO 6LICTpO 

y6LIBaTL C POCTOM paCCTOJIHBJI Me)f()),y HBMB. Tor)),a, Ha'IB· 

HaJI C HeKOTOporo, MO>KHO npeue6peqL B3aBMO)),eBCTBBJIMB 

6onee swcoxoro nopJI)).Ka. Kax cne)).CTBBe, 

* CooTuomeuBe I 11. 76/ snepswe nonyqeuo MIOnnepoM' 10< 
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n 
Q - Y '; f = a Y + {3 n n n n npa n < N 

- mfX 

I III .1/ 
f =0 
n npa n > N max' 

r~e N max - .MaiCCHMaJILHOe 'IHCJIO O~HOBpeueHHO B3aHuo­
~eiiCTBYIOIIUIX 'laCTH:Q. 

MexaHH3M reHepa:QHH, COOTBeTCTB}'lOI:QHB :noii CHCTeMe 
«<>.r ., MO)I(eT 6LITL npe~cTasneH xaxHe3asacauoe o6pa3oaa­
HHe ICJiaCTepoB 83 n::;. N max 'laCTH:Q. Taxoe o6pa30BaHHe 
HMeeT MYJILTHnepatlJepH'IeCICHB xapaiCTep. 

2. Cuc•e.wa, nooo6HaJI JICUOKoc•u. B CHCTeue noTeH:QHa­
JILI B3aHMO~eiiCTBHJJ CHHryJIJJpHLI /'laCTH:QLI HMeJOT TBep~LIB 
ICOp H npHTJJrHBaJOTCJJ IC CTeHICaM/. 3TO 03Ha'laeT, 'ITO 

Q -aY 
n - const + 0 ( e ), 

f - Y n n 
I III .21 

H f He o6pai:QaeTCJJ B HYJIL npH JIIOOLIX n . llO~OOHLie CH­
CTeMLI COOTBeTCTBYIOT ~HtlJpaiC:QHOHHOMy B036y~eHHIO Ha­
'laJILHLIX 'laCTH:Q. 

Pacnpe~eneHHe no 6wcTpoTau B :nou cnyqae aueeT 
xapaxTepHyiO I:QeJIL I puc. 16/, Tor~a xax ~JIJJ ra3ono.zio6Hwx 
CHCTeu oHo o~opo~Ho I puc. 1 a/. 

3. Cuc•e.w~oa, aHaAOZU'IHble c.wecu zaaoe paaHoii nAom­
HOCIIU. ~JIJJ HHX cnpaBeMHBO 

Q n- Y n + Y n-1 + ... 

I III .3/ 
f -Y£nY n 

Taxae cacTeuw noJJBJIJJJOTCJJ npa yqeye BeTBJieHHii B uynL­
THnepatlJepaqecxoii MO~eJIH Ill/. ra3aM pa3HOB nJIOTHOCTH 
cooTBeTCTBYJOT co6wTHJJ c pa3JIH'IHLIM itacnou uynLTHne­
patlJepaqecxax rpe6eHoiC. Pacnpe~eneHae no 6wcTpoTau 
~JIJJ ICa~oro COOLITHJJ OMOpO~HO, HO BCTpe'laJOTCJJ co6w­
TIIJJ C. ~DQB, TpOiHOB H T.~. nJIOTHOCTLIO /T.e. C yMeHL-

12 

I I I I I I I 
a) 

111111 111111 
6) 

W .. :WlJ~ 
llll1lJ :. 
b) 

I I I + lill1J 
e) 

Puc. 1. IlAOIIIHOCJib 0.11.11 paaAU'IHbiX ¢eiiHMaHoecKux cuc111eM 
/pacnpeoeAeHue no 6~oac11po•a.w ellopu'IHI>IxaopoHoe/: a/ uoe­
aA&Hblii zaa /MYA~>•unepu¢epu'lecKoe o6paaoeaHue 6ea KAac­
•epuaat~uu/; 6/ xuoKOCJib /ou¢paKf.IUOHHoe o6paaoeaHue/; 
6/ CM€Cb Za306 pa3HOU nAO,HOCIIU /MY.IIbi/IUnepu¢epu'lec­
KOe o6paaoeaHue c y'le•o.w ee•eAeHuii/; z/ c.wec~o zaaa 
c xuoKoc•&IO /oeyxKo.wnoHeH.,Hble .wooeAu/. 

WeHHLIM B COOTBeTCTBYIOI:Qee 'IHCJIO pa3 paCCTOJIHHeM B 
6LicTpoTax ue~y coce~HHMH 'laCTH:QaMH I I puc. 1e/. 

4. Cuc•e.wa c.wec~o zaa- JICUOKOCIIIb *. B 3TOM cnyqae 
CTaTHCTH'IeCICa.JI CYMMa ecn. cynepn03H:QHJI CTaTHCTH'IeCICHX 
CYMM ~JIJI ICa~oii CHCTeMLI: 

Qn"' C8
0

( .f'838) + c
2

Q
0

()iU!JlKOCTI1 ); c
1

+c
2

=1 

f1 = Cl < 0 ( 1"'838 ) > + C 
2 

< 0 ( )K!1)lKOCTI1 )>; <n>=!nQn 
n 

* B :QHJIH~p c-~eiHMaHoscxoii ~ICOCTLJO 3aiCa'lana no~ 
~asneHHeM ra3. 
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f 2= cIa 2( f'838 ) + c 
2 

a 
2
( )!(IIJJ.KOCTII ) - [ c { n ( f'838 ) > + 

+ c
2

< n( )!(fi)J.KOCTII )>]2 "' 

"'ci'2[<n( ra3a )>-<n( )!(IIJJ.KOCTII )>]
2

; I III .4/ 

a 2 =In(n-l)Q 
n n 

3 f "'c c (c -c )[<n( ra3a)>-<n( )!(IIllKOCTII) >]. 
3 I 2 2 I 

KapTHHa HMeeT cne~YJOI.IUI:ii cllHJHqecKH:ii CMLlcn. B qacTH 
C06LITHH, nponopUHOHaJILHOH l' I o6pa30BaHHe qacTHU Mynb­
THnepucllepHqecKoe. OcTaswa~c~ qacTb, nponopnHoHanbHa~ 
c2 , cooTBeTcTsyeT ~ucllcllpaKUHOHHOMY o6pa3oBaHHJO. B JK­

cnepHMeHTanbHLIX ~aHHLIX C06LITH~ C pa3HLIMH MeXaHHJMa­
MH reHepanuu He pa3~eneHLI ' I puc. 1 z/. 

5. CucmeMbl muna peaAbHozo za3a.lloTeHnuanhl BlaHMo­
AeiicTBH~ B TaKHX CHCTeMaX CHHryn~pHLI H AOCTaToqHo 
CnO*Hhl, TIOJTOMY ~eTaJILHOe HCCneAOBaHHe HX noBeAeHH~ 
y~anOCb npoBeCTH nonyJMnHpHqecKH /c nOMOIUbJO ypaBHeHHH 
cocTo~HH~ peanbHoro raJa ·

1 12 . nu6o ucnonb3Y~ ypas­
HeHH~/ 13/ I. 

llpHBneKaTenbHOH qepTOH nOA06Horo DOAXO~a ~Bn~eTC~ 
BOJMO*HOCTb eAHHOrO OnHCaHH~ CnO:>KHOrO MeXaHH3Ma MHO­
:>KeCTBeHHOH reHepanuu, Kor~a secb nponecc o6pa3oBaHH~ 
BTOpHqHLIX qacTHU npOHCXOAHT B HeCKOnbKO CTaAHH, Ha Ka:>K­
AOH H3 KOTOphlx AeiicTsyeT cso:ii MexaHH3M *. * 

B JTOM cnyqae pa3nuqHLIM cTaAH~M nponecca MHo:>KeCT­
BeHHoro po~eHH~ COOTBeTCTBYJOT pa3HLle clla3Ll clleiiHMaHOB­
CKOH CHCTeMhl H BeCb nponecc B nenoM HanOMHHaeT clla30BLIH 
nepexoA. 

)J;n~ Toro, qyo6Ll nOH~Tb cneACTBH~ MOAenH Cl».r. TaKo­
ro THna, npHBeAeM H3BeCTHLle 061.1U1e pe3ynbTaTLI TeOpHH 
cllalOBLIX nepexo~osl IS/. 

B OAHOMepHLIX CHCTeMaX, C noTeHUHanOM B3aHMOAeii­
CTBH~ KOHequoro pa~HyCa, cllalOBLIX nepexo~OB HeT. 0TCYT-

* BnepBLle IIOA06Ha~ k~pTHHa MHo:>KeCTBeHHoro po~eHH~ 
paccwoTpeua BHnbcouow/8/ 

* * I 14' 3Ty runoTe3y BLI~BHHyn llouepaHqyK 1 ' 
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CTBYJOT -4Ja,30BLle nepeXOALI B CHCTeMaX, rAe AeHCTBYJOT 
CHnLI OTTanKHBaHH~. 

)J;n~ CHCTeM C npHT~:>KeHHeM CYIUeCTBOBaHHe cllalOBOrO 
nepexo~a nepsoro poAa B BaHAepsaanbCOBOM npeAene 

·v ( ) A -Hr AOKa3aHo An~ JKcnoueHnuanbHoro noTeHnuana r =- e H 

oo , r ---:a 
An~ nHHeiiHoro noTeHnuana, s~a 'V(r)=l /T.e. 

-A+B(r-a), r .'a 

An~ qacTHU C TBepAL(M KOpOM/. 061.1U1e pe3ynbTaTLI An~ 
060HX noTeHUHanOB COBnaAaJOT, T.K. nBHeHHLIH noTeHUHan 
MO*HO npeACTaBHTb /s npeAene cna6oro non~/ KaK pa3-
no:>KeHHe JKcnoHeHnuanbHoro. 0AHaKo, B oTnuque oT JKcno­
HeHUHanbHoro, nHHeHHLIH noTeHnuan He rapaHTHpyeT CYIUeCT­
BOBaHHe TepMOAHHaMHqecKoro npeAena /cllaKTHqecKH, no­
TeHnuan MO:>KeT BLIHTH 3a npeAenLI CHCTeMLI/. lloJTOMY An~ 
CHCTeM C TaKHM noTeHnuanOM He06XOAHMO BBOAHTb o6pe-
3aHHe Ha rpaHHUaX, nH60 pa6oTaTb C HecllHKCHpOBaHHLIM 
qacnOM B3aHMOAeHCTBYJOIUHX qaCTHU. 

0TCJO~a cneAyeT BLIBOA: An~ cy~eCTBOBaHH~ cllaJOBOrO 
nepexo~a B clleiiHMaHOBCKOH CHCTeMe He06XOAHM He TOnbKO 
KOM6HHHpOBaHHLIH MeXaHH3M o6pa30BaHH~ BTOpHqHLIX 
qacTHU, HO H KnacTepHJaUH~. 

XapaKTep clla30BOro nepexoAa B w.r. MO:>KHO onpeAenHTb 
no JKCnepHMeHTanbHO Ha6nJOAaeMLIM cneACTBH~M. llpH ne­
peXOAe nepsoro POAa paJnHqHLle MeXaHH3MLI MHO:>KeCTBeH­
HOH reHepanuu ~eiicTBYJOT paJAenbHO /KaK qacTHLlii cny­
qaii * CIOAa OTHOC~Tc~ MOAenu Tuna IV I. C poe ToM 

* B cnyqae cyiUeCTBOBaHH~ ABYX MexaHHJMOB reHepa­
UHH HOpMHpOBaHHoe pacnpeAeneHHe no MHO:>KeCTBeHHOCTH 
MO*HO npeAcTayf>Tb B BMe 

~=I~. a.i~'k C(nk) 
0 tot k-oa(\) ~ ' ' 

rAe C(n,k) xap'A'kTepH3"}'ln KOppen~UHJO Me :>KAY MeXaHH3-
MaMH. KaK qacTHLlii cnyqaii, OTCJOAa cneAyeT /III .4/, ecnH 

nonO)I(HTb 

cl 

C{n,k) =I c, 
0 

k =n 

k=O 

O<k < n. 
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:mepruu B pacDpe,neneHHH no MHo>KeCTBeHHOCTH cTaHoBJITCJI 

Bee 6onee qeTKBMH xapaKTepHwe oco6eHHOCTH /DnaTo HJIH 
OCitHHJIJIItHH/. 

,ll;JIJI l)a30Boro nepexo.na BToporo po,na pa3JIHqHwe Mexa­

HH3MW ,neiiCTBYIOT B O,IJ;HOM B3aHMO,IJ;eBCTBHH. PacDpe,neJieHHe 

DO MHO>KeCTBeHHOCTH He HMeeT OC06eHHOCTeii. B 3TOM 

cnyqae oco6eHHOCTH /HeJIHHeiiHwii poeT, DepeMeHa 3HaKa/ 

Ha6JIIO,IJ;aiOTCJI B DOBe,IJ;eHHH KOppeJIJIIJ;HOHHWX DapaMeTpOB. 

IV. tl>eiiHMaHoecKue cuc•e-wr.1 u OCH06Hble MoOeAu 
MHOJICec•eeHHOU ZeHepafiUU 

O,nHoii H3 Hau6onee pa3pa6oTaHHwx Mo,neneii MHO>KecT­

BeHHoii reHepaltHH JIBJIJieTCJI MYJILTHDepul)epuqecKaJI MO,IJ;eJIL 

/MIIM/ B pa3JIHquwx ee BapHaHTax. IIpocTeiiwuM JIBJIJieTcJI 
BapHaHT 1JLIO·llurHOTTH /16/. 

Mo,neJIL npe,nDonaraeT, qTo o6pa3oBaHue BTopuqHwx 

qaCTHu; ODHCWBaeTCJI .IJ;HarpaMMaMH THDa rpe6eHKH. 3HeprHH 

BCeX DO,IJ;CHCTeM BeJIHKH H Y.IJ;OBJieTBOpJIIOT COOTHOWeHHJIM: 

E. » E i+ 1 I 
2 2 

Ei >> V P J. i + m i Tor,na ceqeHue 

06pa30BaHHJI n • qaCTHIJ; MO>KHO Dpe,IJ;CTaBHTL B BH.IJ;e 

y 2n n ( 
- e- I g n s .. + J 

an i=-1 1 ' 1 

2a 
) J<t> 

II I IV .1/ 

r,ne g
2

- KBa,npaT KOHCTaHTW CBJ13H, a - 06MeHHBaeMaJI 

TpaeKTOpHJI, d <I> n - 3JieMeHT l)a3oBoro o6"LeMa. Ecnu nepeii­

TH B 3TOM BWpa>KeHHH K 6WCTPOTaM, TO, B Dpe,nene BWCOKHX 
3Hepruii, DonyquM 

a -e 
n 

2Y (a- I) "n n 2 
g- n I f(p )dp.L· dy. , 

i=l .l i I I ;rv .2/ 

T.e. C TOqHOCTLIO ,IJ;O 3KCUOHeHu;HaJILHOrO DO Y i)aKTOpa, 

ceqeHHe oDpe,nenJieTcJI HMDYJILCHoii qacTLIO l)a3oBoro o6"Le­

Ma H B3aHMo,neiicTBHe He 3aBHCHT OT 6wcTpoTw. Ecnu 

yqeCTL, qTO B A<ltr a COUOCTaBJIJieTCJI Q , TO DOJiyqaeM, 
n n 

qTo B aHCaM6Jie Cit. r., 3KBHBaJieHTHOM MO.IJ;eJIH liLIO-IIHrHOT-

16 

TH, B3aH.MO,IJ;eBCTBHe He 3aBHCHT OT KOOp,nHHa T, a CaM 

aHcaM6JIL e CTL u.neanLHWii ra3. 

Ha UpHMepe 3TOB MO,IJ;eJIH CTaHOBHTCJI DOHJITeH CMWCJI 

,naBneHHJI B e~t.r. BwqucnJIJI c DOMOIIJ;LIO I IV .2/ 6onLwyro 

cTaTHCTHqecKyiO cyMMY I II .3/ H Depexo,nJI K Dpe,neny 

I II .6/, DOJiyqHM 

p(z) ""2(1-a)(z-1), I I'V .3/ 

T.e. ,naBJieHHe JIBJIJieTcJI DpocToi l)yHKu;Heii o6MeHHBaeMoii 

TpaeKTOpHH Pe.IJ;>Ke. 
1 ; 7' 

B 6onee cno>KHoM BapuaHTe MIIM /Tuna AFST · · I, 
r,ne yqHTWBaeTCJI B03MO>KHOCTL o6pa30BaHHJI KJiaCTepoB, 

Dono>KeHHe KaqecTBeHHO He MeHJieTcJI, HO ,naBJieHue cTaHo­

BHTCJI HeJIHHeBHOi l)yHKIJ;Hei aKTHBHOCTH, OCTaBaJICL DpOCTOH 

l)yHKu;Hei a . KaK CJie,IJ;CTBHe' DOJIBJIJIIOTCJI OTJIHqHwe OT 

HYJIJI KoppeJIJIItHOHHwe DapaMeTpw: 

f -aY~{3, 
n n n a = 

n 

d "p(z) 

dz" z~o 

3 = _d "s(zL_I /IV .4/ 
f n d Z n z=ll 

1 18 191 
YqeT HeJIH,nupyiOIIJ;Hx oco6eHHocTeii B MIIM' ' 1DpHBo-

.IJ;HT K CTaTHCTHqecKOi CyMMe cJ».r. BH,na: 

¢ 1(z,Y) -aY ¢
2

(z,Y) 
Q--e +e (e -1)+ ... , /IV .5/ 

r.ne ¢ 1,2= cl.iz)Y + cl',2 (z); ¢1,2 (z ~1, Y) = 0. 

IIpu 6onLWHX 3HeprHJIX B 3TOM Bwpa>KeHHH ocTaeTcJI DepBwii 

qneH H Bee CBO.IJ;HTCJI K Dpe.nw.nYIIJ;eMy cnyqaro. 

MyJILTHDepul)epuqecKaJI Mo,neJIL c pe,n>Ke -pa3pe3aMH 6w­

na paccMoTpeHa ApHoJIL.IJ;OM H CTeiHxol)oM /1 9 /. 06o6IIJ;aJI 

aCHMUTOTHKy yupyroi aMDJIHTY.IJ;W 

A(s) -> /3 {t)sa [ 1- .-lm._~] 
s->oo (fn s) m+ 

B ,nyxe 3iKoHaJILHoro Dpu6JIH>KeHHJI, T.e. DonaraJI Bwpa­

>KeHHe B KBa,D;paTHWX CK06KaX paBHWM pa3JIO>KeHHIO COOTBeT· 

CTBYIOIIJ;eR 3KCDOHeHTW, DOJiyqaeM UOTeHIJ;HaJI B3aHMO.IJ;ei-

CTBHJI MYJILTHDOJILHOrO THDa U (y) = 
Y. 
_!!!__

1 
• TaK KaK 3TOT 

Y m+ 
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noTeHI{HaJJ xapaKTepHJyeT JcWleKTLI OTTaJJKHBaHHJI B aH­

CaM6JJe cl>.r ., BOJHHKaJOII.Uie BCJJe,ACTBHe 3TOrO BJaHMO­

,AeHCTBHJI ,A06aBKH B KoppeJJJIUHOHHLie napaMeTpLI OTpHua­

TeJJLHLI. 
· I I ' 

PonL BeTBJJeHHH B MOM Hccne,AoBanacL KaHqenH · · 

Ha JIJLIKe ~eHHMaHOBCKoro raJa no,Ao6HLIH MeXaHHJM co­

OTBeTCTByeT BOJMO)I(HOCTH CMeWHBaHHJI raJOB paJHOH nJJOT­

HOCTH I CHCTeMa THna III I. 3Ta pa6oTa nocny>KHna ocHOBOH 

AJ}JI COJ,AaHHJI MO,AeJJeH MYJJLTHnepH~epH'IeCKOrO THna, yqH-

1'LIBaiOII.UIX ,AaJJLHO,AeHCTBYJOII.Uie no 6LICTpoTaM KOppeJJJI· 

UHH /I 9,20/ /0o,Ap06Hee OHH 6YAYT o6cy>K,AeHLI HH>Ke/. 

HaKoHeu, o6~ee paccMoTpeHHe MYJJLTHnepH~epH'IeCKOH 
MO,AeJJH THna ¢ 3 B paMKaX A«<>r 6LIJJO BLinOJJHeHo JlH 2 1 • 

OoKaJaHO, 'ITO noTeHUHaJJLI BJaHMO,AeHCTBHJI qacTHU cl>r, 
COOTBeTCTBYIOIUero TaKOH MO,AeJJH, JIBJJJIIOTCJI noTeHUHaJJaMH 

OTTaJJKHBaHHJI. ,lJ;aBJJeHHe <l>.r. B 3TOM CJJyqae MO)I(eT 6LITL 

npe,ACTaBJJeHO 06LI'IHLIM BHpHaJJLHLIM paJJJO>KeHHeM p ( Z) = 
= I b nz e , r,Ae BHpHaJJLHLie Ko3cWIHUHeHTLI b f COBna,AaiOT e r. 

C K03cWIHI~HeHTaMH :raJJJO)I(eHHJI TpaeKTOpHH a no CTeneHJIM 

KOHCTaHTLI CBJIJH g · 

TaKHM o6pa30M, MyJJLTHnepH$epHqecKHH MexaHH3M o6-

paJoBaHHJI BTOpH'IHLIX 'laCTHU COOTBeTCTByeT H,AeaJJLHOMY 

/MOM 6eJ KJiaCTepHJaUHH/ HJJH HeH.AeaJJLHOMy cl>r. ,lJ;as­

JJeHHe 3Toro raJa onpe,AenJieTcJI xapaKTepoM peA)I(e-oco-

6eHHOCTeH aMnJJHTYALI /nOJJIOCa ,AaJOT nOJJO>KHTeJJLHLIH, a 

paJpeJLI - OTPHUaTeJJLHLIH BKJJa,Aj H KJJaCTepH3aUHeii B 

MOM /'IHCJJo qneHOB paJJJO>KeHHJI no cTeneHJIM aKTHBHOCTH 

paBHO 'IHCJJY paJJJH'IHLIX COpTOB KJJaCTepoB/. 

,lJ;pyroH nonyJJJipHOH MO,AeJJLIO MHO>KeCTBeHHOH reHepa­

UHH JIBJJJieTcJI AH$paKUHOHHaJI Mo,AeJJL. B npocTeiiwHx ee 

BapHaHTaX Ce'leHHe o6paJOBaHHJI n -qacTHU ,AOCTHraeT C 

pocToM 3HeprHH HeKoToporo npe,Aena H ,Aanee He MeHJieTcJI. 

B 3TOM cnyqae 6oJILWaJI cTaTHCTH'IeCKaJI cyMMa c~>r He 

JaBHCHT OT Y H ,AaBJieHHe paBHO HyJJIO. 

0,AHOH HJ HaH60Jiee XapaKTepHLIX OC06eHHOCTeH ,AH$paK­

UHOHHOrO MeXaHHJMa JIBJIJieTCJI CHJILHaJI CBJIJb BTOpH'IHLIX 

H Ha'laJJLHLIX 'laCTHU. 3TO 06CTOJITeJILCTBO nOJBOJIJieT npe,A­

JJO)I(HTL AJIJI onHcaHHJI AH$paKUHOHHLix npoueccos B A«<>r 
MO,AeJIL C JJHHeHHLIM noTeHUHaJJOM npHTJI)I(eHHJI 'laCTHU K 

cTeHKe: U = g
2 (y- Y ). Tor,Aa 6oJILWaJI CTaTHCTH'IecKaJI 

CYMMa HMeeT BH,A: 
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.I 
I,, I 
11 

J1 

Q = [ 1- z + z e -r!-Y] -~ /IV .6/ 

EH COOTBeTCTByeT reoMeTpH'IeCKOe pacnpe,AeJieHHe no MHO­

>KeCTBeHHOCTH. 

Mo,AeJIL nerKo o6o6~aeTcJI Ha cnyqaii $parMeHTaUHH 

o6oHx Ha'lanLHLIX qacTHU. Tor,Aa 

- 2y -2 2y -I 
Q = ( 1- z2 + 2 z2e g - z 2e g ) / IV . 7/ 

H pacnpe,AeJJeHHe no MHO>KeCTBeHHOCTH CTaHOBHTCJI pacnpe­

,AeJJeHHeM nacKaJIJI. CneKTP no 6LICTpOTaM B OAHO'IaCTHq­

HOM HHKJJI03HBHOM npouecce noJiyqaeTCJI 3KCnOHeHUHaJILHO 

paCTYIUHM Ha KOHuax. OcHoBHLie peJyJILTaTLI coxpaHJIJOTCJI, 

eCJIH HCnOJILJOBaTL B MO,AeJIH 3KCnOHeHUHaJJLHLIH noTeHUHaJI 

npHT JI>KeHHJI BMe CTO JJHHeHHoro. 

,lJ;pyrOH $opMOH OnHCaHHJI AH$paKUHOHHOro MeXaHH3Ma 
'22 .· 

JIBJIJieTCJI MOAeJIL AH$paKUHOHHoro B036Y>KAeHHJI · . BepoJIT-

HOCTL o6paJOBaHHJI BOJ6y>K,AeHHOrO UeHTpa/"HOBOH"/MaCCLI 

M npe,AnonaraeTcJI paBHoi: 

{3 
(M-Ma) e 

(M}=C{3 -M )2 
P (M a 

r,Ae {3= 2 F:JB, c = 24 M6H. I IV .8/ 

Pacnpe,AeJJeHHe BTOpH'IHLIX qaCTHU no HMllYJJLCaM B CHCTe­

Me UOKOJI "HOBOH" npHHJITO rayCCOBCKHM. HCXOAJI H3 3THX 

npe,AUOJJO>KeHHH, MO>KHO onpe,AeJJHTL 60JILWYJO CTa THCTH'IeC­

KYIO CYMMY $eHHMaHOBCKOrO raJa, COOTBeTCTBYIOIUero 3TOH 

MO,AeJIH, CJie,AyJOII.UIM o6pa30M: 

\ s 2,HM-M J y-;Hnz-z+l) 

Q- J p (M) z a dM "" e 

(z-l)fns 

• e I IV .9/ 

Ma 

JlerKO BH,AeTL, 'ITO TepMO,AHHaMH'IeCKOrO npe,AeJia B 3TOM 

cnyqae He cy~eCTByeT, ll03TOMY MO,AeJIL AH$paKUHOHHOrO 

B036y)I(AeHHJI COOTBeTCTByeT cy~eCTBeHHO HepaBHOBeCHOH 

CHCTeMe «<>r. 
TaKHM o6paJoM, AH~paKUHOHHLie MOAeJIH oTo6pa>KaiOTCJI 

B Acl>r CHCTeMaMH C HaCTOJILKO CHJJLHLIM BJaHMO,AeHCTBHeM, 
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'lfTO Dp&BJIJUtHee rOBOpBTL 0 HBX I<ai< 0 "cbe:iHUaHOBCI<Oi 
)I(II,AI<OCTB", a ue ra3e. 

flpocTeimBU BapBaHTOU COBUeCTHOrO ODHCaHBJI .ABcb­
pai<UBOHHOrO B uynLTBDepacbepB'IfeCI<Oro 06pa30BaH~ BTO­
pB'IfHWX 'lfaCTB~ JIBnJIIOTCJI.ABYXI<OUDOHeHTHWe UO,AenB. 3•241 • 
BapaaHTOB Tai<Bx uo,Aene:i CYII'eCTByeT uuoro, uo pa3na­
qaiOTCJI ORB TOnLI<O I<OHI<peTHOB cbopuo:i ODBCaHBJI uexa­
HB3UOB. 3TH UO,[tenB COOTBeTCTBYJOT cbeitHUaHOBCI<BU CBCTe­
uau, npe.ttcTaBnJI.IOIQIIM cuecu ra3a c )I(IIJti<OCTLIO. KpaTI<aJI 
CBO,lti<a cne,ACTBBB .ltBYXI<OUDOHeHTHWX UO.ttene:i DpBBe,lteHa 
B •a6A. J. 

H3 ,ltpyrBX UO,[teneii: MHO*eCTBeHHOB reHepa~BB OTUe­
TBM eute .ttBe: .ttyan:t.HYIO uo.tten:t. Ko6w-Hsn:t.ceHa/25/s uo­
.tten:t. "pean:t.Horo cbeiuuauouci<oro ra3a" ApHon:t.,Aa-To­
uaca/12/. 

llepecbopuyJIBpoui<a B Atl»r .ttyan:t.Hoii uo.ttenu Ko6w­
Hsn:t.ceHa 6wna uwnonueHa B pa6oTel26/. ~eii:HMaHOBCI<Bii: 
ra3, COOTBeTCTBy.IOIQIIii: 3TOB MO.ttenB, BMeeT ,ltBa ,[tODOJIBB­
Ten:t.HWX H3MepeHBJI, CBJI3aHHWX C Z -,ltyanLHWUB nepeMeH­
HWMB Ko6w-Hun:t.CeHa. fioTeH~Ban B3aHMO.tteii:cTBBR He ue­
HJieTCJI C pOCTOM paCCTORHBR Z. -z. , T.e. B z -npocTpaH-

1 J 
CTBe He CyuteCTByeT BBpBanLHOrO pa3nO*eHBJI * 

Jleri<O DOHRTL, 'lfTO cba30BWB nepeXO,A B03MO*eH, DpB'IfeM 
ero xapai<Tep 3aBBCHT OT wspuHw pe3oHaHcou f • B cnyqae 
Hyneuoii WHPBHbl f = 0 peana3yeTcs cba3ouwii nepexo.tt nep­
uoro po.tta. B cnyqae HeHyneuoii: WHPBHW CYII'eCTByeT Tai<oe 
f = f c ,, 3aBBCRutee OT Hai<nOHa 06MeHBBaeMOB Tpaei<TOpBH, 
npa I<oTopou uueeT uecTo nepe·xo.tt BToporo po,Aa, npu 

~' < f peana3yeTCJI nepexo.tt nepuoro po.tta, npu f'> f cba-c c 
30BWX DepeXO,ltOB B006ute BeT. . 

B uo.tteJIB "pean:t.uoro cbeii:Huauouci<oro ra3a" ApHon:t..tta 
B Touaca/ l2/ DOCTyJIBpyeTCJI, 'ITO ypaBHeHBeM COCTOJIHBJI 
~.r. JIBnJieTcs ypauueHHe uau .ttep Baan:t.ca: 

[p(z) + ap2(z)][ 1 -b p(z)]=p(z) /IV .10/ 

"'Auanora'lfHwe-pe3yni.TaTw nony'lfaiOTCJI npu cbopuyns­
poui<e. .ttYan:t.uoi uo.tteJIB B npa6nft*eHBB cny'lfaiuwx npo­
~eccou/27/. 
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t 

f 
j 

I 

llo.tto6uoe ypaBHeHHe 03Ha'lfaeT, 'lfTO qacTQW t~».r. uueiOT 
cbBI<CBpOBaHBWe pa3Uepw /co6CTBeHHWi 06'LeU BX paBeH b/ 
B B3aBUO.tteiCTBYIOT DODapHO 1fepe3 ,AOCTaTO'IfHO 6WCTpO y6w­
BaiOutB:i DOTeHUBan /DOCTOJIHHaJI a paBHa DpOH3Be.tteHBIO 
cpe.ttuero 3Ha'lfeHHJI noTeuuaana ua 3cbcltei<TBBHWi o6wu 
B3aBUO.[teiCTBBJI/. 

Bw'lfacn•• cTaTHCTB'Ifeci<YIO cyuuy Qn B 3aueu.a.a ee ua 
a nonvuuu *'. 

n ' J-. 

an2 
n --

(Y -nb) e Y 

n! 
u

0 
.• g2n I IV .11/ 

Ecnu npe,Anono*HTL, 'lfTO cbeii:Huauouci<Bii: ra3 uaxo,ABTC.a 
B I<pBTB'IfeCI<O:i TO'Ifi<e, TO, BCDOnL3Y.& B3BeCTHWe COOTHO-

WeHBR CTaTBCTH'IfeCI<OB tilH3BI<B p = l__b, b= ~ a(J =T ), 
K~T 3 27 K~T 

uo*fto nonyqBTL 'lfBcneHHwe 3Ha'lfeua.a ucex BenB'IfBH, uxo-

.ltRutBX B /IV .11/, a BMeHHO: a=li..;b=.l._ ; g2 =0,695 
-.8...* 64 8 

PK{JHT - 3 

* Tai<ae *e pacnpe.tteneHBR nony'lfeHw B3 ,ltpyrux npe.tt­
nono*eHHii: u pa6oTax/13,20,29/. 

** Cne.ttyeT OTMeTBTL, 'lfTO np.auoe onpe.tteneHBe B3 3I<-
cnepaueHTan:t.uwx ,ltaHHWX napaMeTpOB, BXO,lt.&lltBX B COOTHO­
WeHBe /I'V . 11/, npBBO.ABT I< .[tpyrau ax 3Ha'lfeHa.aul 13/. Tai< 
napaueTp b OI<a3WBaeTC.& 3aBBC.&UUIM OT 3HeprHB B ,Aa*e 
MeHJieT 3Hai< B o6naCTB 3HeprHi Ha'lfanLHWX 'lfaCTB~ DOp.&.[ti<a 
50 r3B. 3aa'lfeHBe napaueTpa Plq)HT, I<OTOpOe paBHO OTHO­
WeHBIO Cpe.[tHei UHO*eCTBeHHOC'tB I< DOJIBOi 6wcTpOTe, 
Tai<*e CYuteCTBeHHO OTJIB'IfaeTC.& OT npe,ltCI<a3aHHOrO B pa-
60Te /12/; B3 3I<cnepaueuTa p K~ ,.573. Tai<BM o6pa3ou, 
eCTL OCHOBaHBJI COUHeB&TLCJI B TOM, 'lfTO te:iHUaHOBCI<BB 
ra3 HaXO.[tBTCJI B I<pBTB'IfeCI<OU COCTO.&HBB DPB ni060ii: 3Hep­
rBB. lionee uepoJITHO, 'lfTO 3TO npe,Anono)l(eHBe cnpaBe.ltJIBBO 
mum. AA• orpausqeBRol o6nacTB 3Heprsl. 
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H3 swpa*eHHs /IV. 11/ cne~yeT YHHBepcanLHoe co­
OTHOWeHHe ~S ceqeHHH /nonyqeHHOe,nyTeM HCKniDqeHHS 
napaMeTpos/ 

n f 2 
.a n n n n 

Pn--n-- n PnY =Y [0,42- +-En (1- -)-0,36--1]/ IV .12/ 
a Y Y 84 Y tot 

KOTOpoe He npOTHBOpeqHT cy~eCTBYIOJIUIM 3KCnepHMeHTam.­
HWM ~aHHWM B o6naCTH HaqanLHWX HMnynLCOB BWWe 
50 F3Bic/ 121jpuc. 2/. 

llpe~nono*eHHe 0 cy~eCTBOBaHHH ~HKCHpOBaHHWX pa3-
MepOB qacTH.Q «1>. r. Be~eT e~e K O~HOMy npe~enLHOMY CO­
OTHOWeHHIO / 39/ 

>­
~ 
>­c 

.s::. 
u 

c 
I --~ 
1n 
0 

~ 
b-
"' .s::. u 
be 

"fi 
.s 
c 

0 

• 21 GeV/c 
o 69 GeV!c 
• 103 GeV!c 
• 205 GeV!c 
o 303 GeV/c 

2 

0 
• 0 

~--~----
~iif"o ',\ 

3 4 5 6 

p =n ch/Y 

\ 
\ 
\ 
\ 
\ 
I 
I 
I 
\ 
I 
I 
I 

7 8 

Puc. 2. CpaeHeHue c 3KcnepuMeHmaAbHbiMU oaHHbrMu coo•­
HOUleHU.R OA.R cet~e Huii I IV .121, ebr•e Karor~~ezo ua MooeAu 
peaAbHozo ,PeiiHMaHoecKozo zaaa /12/. IKpuebre coo•ee•­
c•eyiOII MooeA.RM c ooHUM •unoM o6paayror~~uxc.R t~ac•ut~ 
lcnAOUlHa.RI u ee o6o6r~~eHUIO c yt~eiiOM o6paaoeaHu.R Heii•­
paAbHbiX 'IQC111Ufl lnyHK111UpHa.RI 1. 
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50-300 1:~8/c 
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2 
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/ 
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n-
_L__ i<rt.> 

3 4 
Puc. 3. CpaeHeHue c 3KcnepuMeH1IIOAbHbiMU oaHHbiMU coom­
HOUleHu.R I IV .141, noAy'leHHozo /3 9/ e npeonoAoJKeHuu 
cyr~~ec•eoeaHUJI fPUKcupoeaHHbiX paaMepoe 'IOC111Ufl ,PeiiHMa­
HoecKozo zaaa . 

JL En a (Y) ' P(p ), 
a y n n' y -•oo I IV .13/ 

n/Y -> p 

KOTopoe onpe~enseT ~asneHHe B KaHOHHqecKOM aHcaM6ne. 
)J;ns 3KcnepHMeHTanLHOH nposepKH y~o6Ho npe~cTaBHTL 
ero B BH~e * 

a n 
-- fn a ( < n>) = p( -- ). 
a<n> n <n·> I IV .14/ 

)J;aHHWe no pp -pacceSHHIO He llpOTHBOpeqaT cy~eCTBOBa­
HHIO TaKoro cooTHoweHHR I puc. 3/. 

«<>HKCHpoBaHHwe pa3Mepw qacTH.U «<>.r. 03HaqaJOT, qTo 
TononorHqecKHe ceqeHHS y6wBaiOT C pOCTOM n npH ~HKCHpo­
BaHHOH nonHOH 6WCTpOTe. 3TO ycnOBHe Ta~e 6y~eT BW-

* qaCTO 3TO COOTHOWeHHe Ha3WBaJOT "CKeHnHHrOM liaH­
~epa". 
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DOJIHeHO, eCJIH DOJIO>KHTL BCe TODOJIOrH'IeCI<He Ce'leHHJI 

paBHWMH Hymo, Ha 'IHHaJI c Hei<oToporo , n·~ N (Y), r ~e N or­
paHH'IeHO CTeneHLIO y · 

Kai< MOlKHo HHTepnpeTHpoaaTL pacnpe~eneHHJI I IV .Ill 
C TO'II<H 3peHHJI cymeCTBYJO~X MeXaHH3MOB MHOlKeCTBeH· 
Hoi reHepaUHa'l 

-v!-
«<lai<TOp e , CBJI3aHHLIB C HeCHHryJIJipHOB 'laCTLIO 

B3aHMO~eBCTBHJI B cJ».r. • MOlKHO paCCMaTpHBaTL I<ai< DpOJIB• 

JieHae 3~ei<TOB I<JiacTepa3aUHH B MYJILTHnepa~epH'Ieci<oM 
MeXaHH3Me MHOlKeCTBeHHOB reHepaiJ:HH. ,lJ.JIJI ~I<Topa 

(Y -nb) 
0 

CBJI3aHHoro C CHHryJIJipHOB 'laCTLIO DOTeHUHaJia n! 

B3aHMO~eBCTBHJI B cJ».r. • B HaCTOJimee BpeMJI HeJIL3JI ~aTL 
o~H03Ha'IHoro o6'LJICHeHHJI. B pa6oTe -' 131 Tai<oe pacnpe~ene­
HHe nonyqeHo I<ai< npa6nHlKeHHoe peweHHe ypaBHeHHi ~r. 
C y'leTOM ~H~ai<UHOHHOrO o6pa30BaHHJI BTOpH'IHLIX 'laCTliij. 

(Y -nb)
0 

B 3TOM CJiy'lae MHOlKHTeJIL 
1 

OTpalKaeT BI<Jia~ ~aH-
n. 

Horo w:exaHH3Ma. O~Hai<o HMeeTcJI a ~pyraJI TO'II<a 3pe­

HHJI /
2
0f,corJiaCHO I<OTOpOB 3TOT ~I<TOp DOJIBJIJieTCJI BCJie~­

CTBHe cymecTBOBaHHJI CHJI OTTaJII<HBaHHJI B MYJILTHnepH· 

~pH'IeCI<OI UeDO'II<e. fipH Tai<OB HHTepnpeTaUHH Heo6xo­

~MO ~OI<a3aTL Tai<lKe B03MOlKHOCTL CBe~eHHJI MHOrO'IaC­

TH'IHWX CHHryJIJipHWX DOTeHUHaJIOB OTTaJII<HBaHHJI, xapai<­

TepHWX ~· MYJILTHnepa~paqeci<ol Mo~ena B Ae~»r. I< 3~­
~I<THBao:w:y CBHryJIJipHOMY DOTeHUHaJiy. 

V. Ypa6HeHUJI (}JI.Jr pacnpe<>eAeHuil no MHoxec•6eHHoc•u 

6 Clly'lae K6Q3UC.Qf1UOHapHt.JX npofleCC06 

6 -eUHMQH06CKOM ZQ3e 

fiyCTL P0 (Y) • BepOJITHOCTL TOrO, 'ITO aHCaM6JIL cJ».r. 
co~eplKHT n 'laCTH:Q B "UHJIHH~pe". ~oi Y. ,lJ.JIJI :w:acw­

Ta6Ho.-HJIBapaaHTHWX npo:QeCCOB o6pa30BaHHJI BTOPH'IHWX 

'laCTH:Q 3Ta BeJIH'IHHa He 3aBHCHT OT BpeMeHH JIBHO. 

Paccw:oTpHM H3MeHeHHe BepoJITHOCTB Pn (Y +~ Y) c yae­

JIH'IeHHeM ~JIHHLl "Tpy6I<B" cJ».r. Ha ~ Y. QqeBH~HO, 'ITO 
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P (Y +<1 Y) = P (Y) + ! [ Anm ~ Y .p (Y)-A ~ Y .p (Y)],/V.I/ n n m m mn n 

r~e pm (Y) - BepOJITHOCTL HaRTH m <n 'laCTH:Q B "06'LeMe" 

y' a A nm - DJIOTHOCTL BepoJITHOCTH o6pa3oBaHHJI (n-m) 
'laCTH:Q. 

llepaw:B 'IJieH cnpaaa B I ·v .11 cooTBeTcTayeT BI<Jia~y. 
I<or~a "Tpy6I<a" c e~».r. ~Hoi Y co~ep>KHT n 'laCTH:Q 

a A,06aBI<a nycToro "o6'LeMa" 1'1 Y HH'Iero He MeHJieT. BTopo:B 

'IJieH ~aeT DOJIOlKBTeJILHWB BI<Jia~ B Tex CJiy'laJix, I<Or~a B 

nepaoHa'laJILHOM "o6'LeMe" Y co~eplKHTCJI m < n 'laCTH:Q, a 

yaeJIH'IeHae "o6'Lew:a" Ha L'1 Y n;o6aBJIJieT eme (n-m) 'laCTH:Q. 

06mee 'IHCJIO 'laCTH:Q B "Tpy6I<e" • ~JIHHOB Y +i'l Y CTaHOBHTCJI 

paBHWM n. TpeTHB 'IJieH Y'IHTLIBaeT OTpH:QaTeJILHW:B BI<Jia~ 
83· 3a ~ODOJIHHTeJILHLIX 'laCTH:Q, CO~eplKa~XCJI B "o6'LeMe" 

L'1 Y, I<or~a B "o6'Lew:e" Y YlKe HMeeTcJI n 'laCTHU. 

llepeHecew: Pn (Y) Haneao, pa3~eJIHw: o6e 'laCTH I'V .11 
Ha L\Y H YCTpeMHM L'! Y ~0, B pe3yJILTaTe DOJIY'IHM/32/ 

_dPn(Y)=! [A
0
mPm(y)-AonPn(y)], 

dy m 1·v .21 

r~e Y= Y - Tei<y~:B nonHw:B "o6"Lew:" Tpy6I<a c ~eiHMaHoB­
CI<HM ra30M. 

Ha'laJILHLie ycnoBHJI ~JI I ·v .21 npocTw: 

l 0, 
p (y=O)= 

11 1, 

n f 0 

0=0 
I 'V .31 

B He Hy~aiOTCJI B DOJICHeHHJIX. 

Pacnpe~eJieHHe no MHOlKeCTBeHHOCTH nonyqaeTcJI I<ai< 

peweHae ypaBHeHHJI I V -~1 npa cooTBeTCTBYJOmew: aw6ope 

A mn, I<OTOpwe onpe~eJIJIIOTCJI B3aHMO~eicTBBeM B e~».r. 
Tai<, ecJIH 'lacTauw e~».r. He B3aaw:o~eicTBYJOT ~pyr c 

~pyroM, TO npa H3MeHeHHH 06'LeMa Tai<OB CHCTeMW Ha 6ec­

I<OHe'IHO MaJiyro BeJIH'IHHY 'IHCJIO 'laCTH:Q B HeR n MO)I(eT 

C Hei<OTOpOH BepOJITHOCTLIO B3MeHHTLCJI TOJILI<O Ha e~HHH:Qy 
B 3Ta BepOJITHOCTL He 3aBHCHT OT n. 
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Tor,D;a B cHcTeMe I V .21 oTnHqHLI oT HynJI TonLKO 

An u-1 ~A n-1 ,n H OHH He 3aBHCJIT OT n • 

B cnyqae, xor,D;a qacTH~LI ~.r. B3aBMo,D;eiicTBYJOT qepe3 

napHLIB, TpOBHOB H T .,ll;., ,IJ;OCTaToqHo 6LICTPO y6LIBaiO~B 
noTeH~an lra3ono,D;o6HaJI cHcTeMal, npH 6ecxoHeqHo ManoM 

H3MeHeHHH 06'LeMa K CHCTeMe MO)I(eT ,D;06aBHTLCJI He TOnLKO 

o,D;Ha qacTH~a. HO - ~enLiii xnacTep. O,D;Haxo sepoJITHOCTL 

:noro OnJITL-TaKH He 3aBHCHT OT npe,D;LICTOpHH lqHcna qac­

TH~ B CHCTeMel. TenepL B ypaBHeHHH IV .21 OTnHqHLI OT 

HynJI ·\ rl,n-1 =An-I ,n ; A n-2,n ; ... A n,n-2 =A n,n-k 
r,D;e k - MaKCHManLHOe qHcno B3aHMO,D;eBCTBYJO~X qac­

TH~ B <l>.r. IMaKCHManLHOe qHcno qaCTH~ B KnacTepel. 

3TH BepOJITHOCTH He 3aBHCJIT OT n HO KOHeqHo, MOryT 

3aBHCeTL OT y. 
HaKOHe~, B cnyqae, KOr,D;a qacTH~LI B CHCTeMe CHnLHO 

CBJI3aHLI ~~eBHMaHOBCKaJI )I(H,li;KOCTLI, qHcno qacTH~ B HeR 

MeHJieTCJI C BepOJITHOCTLIO, nponop~HOHanLHOB n . 

HanoMHHM, qTo )I(H,li;KOCTHono,D;o6HLie cHcTeMLI B A~r 

COOTBeTCTBYIOT ,IJ;H~paK~HOHHOMy o6pa30BaHHIO BTOpHqHLIX 

qacTH~, a ra30nO,D;06HLie - MynLTHnepH~epHqecKOMy. 

,l(nJI 6onee CnO)I(HLIX CHCTeM IKOM6HHHpOBaHHOro Mexa­

HH3Ma MHO)I(eCTBeHHOB reHepa~HHI nepeXO,IJ;HLie BepOJIT­

HOCTH Arnn npe,D;CTaBnJIIOT co6o:ii KOM6HHa~HH nepeXO,li;HLIX 

BepOJITHOCTeB ,D;nJI npOCTLIX CHCTeM. 

KpaTKaJI cso,D;Ka peweHH:ii I ·v .21 ,D;nJI pa3nHqHLix B3aH­

Mo,D;eicTBH:ii B c~>.r. npHBe,D;eHa B 111a611. 2. 
Eon~owoii HHTepec npe,D;CTaBnJieT acHMnTOTHKa HopMHpo­

BaHHLIX pacnpe,D;eneHHB no MHO)I(eCTBeHHOCTH npH 6onLWHX 

qHcnax BTopH~Lix qacTH~. B 3TOM cnyqae cTaHoBHTCJI 

B031\40)1(HLIM nepeXO,IJ; OT ,IJ;HCKpeTHLIX n K HenpepLIBHLIM 

H pa3HOCTHLie npOH3BO,li;HLie B npaBOB qaCTH ypaBHeHHJI 

I ·v .21 3aMeHJIIOTCJI Ha o6LiqHLJe qacTHLie npoH3BO,IJ;HLie: 

aP(n ,y),., LnP(n,y), 
ay 

1 v .41 

r,D;e ·L n - .nuHeiiHLii onepaTop ,D;H4MtlepeH~HpOBaHHJI no n 

TaKOB cnoco6 OnHCaHHJI MO)I(HO ycnOBHO Ha3BaTL noneBLIM 

3KBHBaneHTOM A~r. Tiepexo,D; K HenpepLIBHLIM n B ypaBHe­

HHJIX ,D;nJI ~I: nonHOCTLIO nO,D;06eH nepeXO,D;y K 3KBHBaneHT-

26 

HOB TeopHH nonJI ,D;nJI peweToqHoro ra3a npH 6onLWHX 

xoppenJI~OHHLIX ,D;nHHax • IB ponu noneBLIX N - ToqeqHLIX 

~yHK~H:ii rpHHa B 3TOM cnyqae BLICTynaJOT N -qacTHqHLJe 

xoppenJI~OHHLie ~YH~HHI. 
IIpJIMLIM cne,D;CTBHeM Taxoro nepexo,D;a B Ac~>r JIBnJieTcJI 

:MacwTa6HaJI HHBapHaHTHOCTL Ko6LI-HHnLceHa-OneceHa/
301 

,D;nJI pacnpe,D;eneHHJI no MHO)I(eCTBeHHOCTH. Pa3nuqHLie ~op­
MLI *, nOJIBnJIJO~eCJI B pe3ynLTaTe peweHHJI ypaBHeHHJI 

IV .41 ,D;nJI H3BeCTHLIX MexaHH3MOB MHO)I(eCTBeHHOB reHepa­

~HH, npe,D;CTaBneHLI B 111a611. 3. 
IIo,D;qepxHeM, qTo MacwTa6HaJI HHBapHaHTHOCTL Ko6LI­

HHnLceHa- One ceHa noJIBnJieTCJI 3,D;eCL xax cne,D;cTBHe ~eiiH­
MaHOBCKOrO CKe:iinHHra B CHCTeMe C ,li;OCTaToqHO 6onLWHM 

qHcnoM qacTH~. TaKHM o6pa30M, 3TOT THn MacwTa6Hoii 

HHBapHaHTHOCTH ,IJ;On)l(eH Ha6niO,D;aTLCJI B 3KCnepHMeHTe, 

HaqHHaJI c 3HeprH:ii, r,D;e cpe,D;Hee qHcno BTOpHqHLIX qacTH~ 

<n> 6on~owe cpe,D;Hero paccTOJIHHJI Me)I(,D;Y HHMH no 6LICTpo­

Te ,.\ . CospeMeHHLie 3KcnepHMeHTanLHLie ,D;aHHLie no3BOnJI­

IOT o~eHHTL ,.\:: 2, Tor,D;a cpe,D;Hee qHcno oTpH~aTenLHO 3a-

nch - 2 

2 
pJI)I(eHHLIX qacTH~ < n '> ,D;OO)I(HO 6LITL > .; 

6onLWe ,D;ByX, qTO y,D;OBneTBOpJieTCJI B pp -pacceJIHHH npH 

3HeprHJIX BLIWe 50 F3B. HaxoHe~ OTMeTHM, qTo MacwTa6-

HaJI HHBapHaHTHOCTL Ko6~a~-HHnLceHa- OneceHa ,D;On)I(Ha 

MeHLWe HapyWaTLCJI ,IJ;nJI n > < n > . 

VI. C11eocmeu.R aHaAozuu c tPF. u cpaeHeHue 
C 3KCnepuMeHIIIOM 

p aCCMOTPHM pJI,D; 3KCnepHMeHTanLHO nposepJieMLIX cne,D;­

CTBHH A~r, xoTopLie He nonyqHnH ,D;OCTaToqHoro oTpa)l(eHHJI 

B npe,D;LI,D;y~x pa3,D;enax. 

IJpe)I(,IJ;e BCero HHTepecHa 3HepreTHqeCKaJI 3aBHCHMOCTL 

xapaKTepHCTHK ~eiHUaHOBCKOrO ra3a. 3Ta 3aBHCHMOCTL 

-· /31/ * H3 cYIQeCTBYJOIIUIX 3UnHpHqecxRx BLip8JICeHH:ii s 
,D;aHHOU DO,IJ;XO,D;e He DonyqaeTC.a TOn .. KO rrapaueTpH3a~HJI, 

rrpe,D;no•eHHa.a ,l(ao. 
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DOnHOCTLIO ODpe~eneHa DOBe~eHHeM cpe~Heii DnOTHOCTH p , 

KOTOpaJI pasHa OTHOWeHHJO Cpe~HeB MHO)I(eCTBeHHOCTH K 

Donaoii 6wcTpoTe. ~nJI H~eanLaoro'ra3a DnOTHOCTL Do­

CTOJIHHa, H Cpe~JIJI MHO)I(eCTBeHHOCTL pacTeT KaK fn S 

~nJI HeH~eanLHOrO - B03MO)I(H0 DOJIBneHHe ~o6aBO'IHWX 
qneaos c fn 2s . ~JI cHcTeM THDa CMecH ~o6asxa DpoDop­

IUIOHanLHa s-a fn s. TaKHM o6pa30M, c TO'IKH 3~eHHJI A«<>r, 
HCKniO'IaeTCJI TOnLKO 'IHCTO CTeDeHHaJI 3aBHCHMOCTL < fl'> OT 

s, 'ITO eCTeCTBeHHO, T .K. 3TO DpOTHBOpe'IHT MaCWTa6HOB 

HHBapHaHTHOCTH. 

ToDonorH'IeCKHe Ce'leHHJI KaK l)yHKilHH OT cpe~Hei MHO­

)I(eCTBeHHOCTH Dpe~cKa3WBaJOTCJI B BH~e DnaBHWX KpHBWX 

c uaxcHMYMOM. Hcxnro'leHHeu JIBnJIJOTCJI Dpe~cKa3aHHJI xou-

6HHHpoaaaawx MO~eneii IHaDpHMep, ~BYXKOUDOHeHTHWXI, 
H3 KOTOPWX cne~yeT BWXO~ Ha DOCTO.RHHOe 3Ha'leHHe ceqe­

HHB o6pa3oBaHH.a uanoro 'IRena BTOPH'IHWX qacTBil. 3TH 

uo~enB Dpe~cKa3wsaroT xapaKTepawe oco6eHHOCTH s pac­

Dpe~eneHHH DO MHO)I(eCTBeHHocTH l~syxrop6osoe pacDpe~e­
neHHel. 

IIose~eHHe xoppenJIIlHOHHWX DapaueTpos swcoxoro Do­

p.a~xa B pa3nB'IHWX MO~enJIX DpHBe~eHO B •a6.11. 4. 
PacDpe~eneaHe Do DODepeqaouy HYDynLcy s ACI>r ODH­

cwsaeTcJI 3KCDOHeHuHanLHo y6wsarolllei l)yHKUHeii e - 6 P.1 

da . 2 2 
He6onLWHe BapBallHH THDa -_

1
-- K ( {3 y p

1 
+ m ), MO)I(HO 

up.l v 

DOnyqHTL DpH 6onee TOHKOM y'leTe ~HHaMBKH B3aHMO~ei­
CTBHJI. 

CDeKTp DO DpO~OnLHOB 6WCTpOTe B MO~enJIX, COOTBeT­

CTBYIOIIlBX ra30D0~06HWM CHCTeMaM, DOnyqaeTCJI, B cpe~­
HeM, DnaT006pa3HWM. ~nJI OT~enLHWX BW6opoK C06WTHB 

B03MO)I(HW H3MeHeHHJI B BWCOTe DnaTO H ~a)l(e DOJIBneHHe 

CTyneHeK. JICH~KOCTHOD0~06HWe CHCTeMW COOTBeTCTBYJOT 

3KCDOHeHilHanLHO paCTYIIlHM cDeKTpaM DO y. Cne~yeT O)I(H­

~aTL, 'ITO DnaT006pa3HWe CDeKTpW ODHCWBaJOT BKna~ OT 

HenB~HPYIOIIlHX 'laCTHil, a 3KCDOHeHUHanLHO pacTylllHe -

OT nB~PYIOIIlBX. 

IIpH ycxopHTenLHwx 3HeprHJIX s Dpe~cKa3aHHJI aeo6xo­

~HMO saecTH DODpaBKH, Y'IHTWBaiOIIlHe l)nroxTyauHH. Tor~a 

~JI O~O'IaCTH'IHOrO HHKni03HBHOrO CDeKTpa BMeCTO DnOCKO­

ro nerxo Dony'IHTL rayccoscxoe pacDpe~eneaHe: 
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1 da 2y2 
--· --- e 
a. 1 dy 

IDe 

I VI .1/ 

AHanorH'IHYJO l)opuy DpHo6peTaeT ~syxqacTH'IHaJI l)yHKilHJI 

pacDpe~eneHHJI DO DepeMeHHoi !1 y = I y - y I·: 
I 2 

(Ll y)2 
2 ---

. d a _ e 2L 
2 

, L z. _l_ y 
dyldy2 2 

-~~-. I VI .21 
a inel 

3aMeTHM, 'ITO CDeKTpW ~On)I(HLI 6WTL 6onee DnOCKHMH ~JI 

co6WTHB C 6onLWHM 'IHCnOM 'laCTHil, T .K. B 3TOM Cnyqae 

l)nJOKTyallHB MeHLWe. 

Cne~yeT yqecTL, 'ITO see Dpe~cKa3aHHJI Hcxo~JIT H3 

TepMo~HHaMHKH ~r. B3aHMo~eiicTBHJI s fl»r oDpe~ensroT 
s~ 3KCKni03HBHWX l)yHKUHii pacDpe~eneHHJI. O~aaxo Depexo~ 

OT 3THX l)yHKilHB K HHKni03HBHWM pa3pa6oTaH DnOXO * 
ll03TOMY MO)I(HO C'IHTaTL, 'ITO pac'leTLI HHKni03HBHLIX CDeKT­

pOB CTaTHCTH'IeCKHMH MeTO~aMH OTCyTCTBYJOT. 

0TMeTHM, 'ITO Donyqeaawe pe3ynLTaTw nerKo o6o6ma­

IOTCJI aa cnyqai reaepallHB qacTHil pa3aoro co pTa I 5 .:14/. 

CoDocTaBHM ocaosawe 3KCDepHueaTanLHwe ~aaawe o 

Dpoueccax MHO)I(eCTBeHHoi reaepaUHH co cne~cTBHJIMH H3 

Ae~>r. 

O~oqacTH'IHwe pacDpe~eneHHJI DO 6wcTpoTau aenB~H­
PYIOIIlBX BTOPH'IHLIX qacTHil DPH 3HeprHJIX ISR /:l:i/~aJOT 
JICHOe yKa3aHHe Ha CYIIleCTBOBaHHe DnaCTO B UeHTpanLHOB 

o6naCTH. ~aHHLie DpH 6onee HH3KHX 3HeprHJIX /36/ TaK)I(e 

yKa3LIBaJOT Ha CyllleCTBOBaHHe DnaTO HnH, DO Kpaiiaeii Mepe, 

He DpOTHBOpe'laT raycCOBOMY pacDpe~eneHHJO, DOJIBnJIJOIIle­

MYCJI s Afl»r DPH yqeTe l)nroxTyauHii I puc. 4/. 
3KCDepHMeHTanLHWe ~aHHLie /37/ 0 ~BYX'IaCTH'IHLIX KOp­

penJIIlHJIX cornacyiOTCJI · c l)yaxuHeii s~a I 'VI .21 I puc. 51. 

* Tpe6yeTc.a peweaHe soDpocos o pa3HOi aopMHposxe, 
pa3HWX secax H ~p./33,34/. B cTaTHCTH'Iecxoi I)H3HKH TaKHe 
BODpoCLI aBTOMaTH'IeCKH CHHManHCL H3-3a 6onLWOrO 'IHCna 

'laCTBil s aacau6ne. 
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Puc. 4. OoHo'lacmu'lHble UHKAI03U6Hble pacnpeoeAeHUJI no 
6b1Cifpolle l;J5,36/. B o6Aacmu ebiCOKux 3Hepzuii nAallo, co­
o•ee•c•eyrou,ee paeH06eCHOMy (JeiiHMQH06CKOMY 2Q3y, 00· 
c•a•o'lHO pa3eumo. 
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Pacnpe,AeneHHJI no MHO)I(eCTBeHHOCTH 3apJI)I(eHHLIX qac­

THn B HHTepaane 3HeprHH OT 10 ,AO 400 T3B '3H, MOryT 6LITL 

onHcaHw HeCKOnLKHMH cnoco6aMH. B qacTHOCTH, y,AoaneT­

aopJIIOT 3kCnepHMeHTY cilYH~HH, nony'leHHLie ,AnJI kOM6HHH· 

pOBaHHOrO MeXaHH3Ma o6pa30BaHHJI BTOpH'IHLIX 'laCTHn H 

npHBe,AeHHLie B lfa6A. 2. fipH cilHTHpOBaHHH ,AaHHLIX B o6naCTH 

50-400 F3B/c xopoWHe pe3ynLTaTLI AaJOT pacnpe,AeneHHJI H3 

ma6A. J IABYXkOMnOHeHTHLie MO,ZJ;enHI. 

fiOBe,AeHHe cpe,AHeii MHO)I(eCTBeHHOCTH C pOCTOM 3HeprHH 

MO)I(eT 6LITL cilHTHpOBaHO cne,AyiOIJ{HMH cilYHKD;HJIMH IB no­

pJI,Ake ocna6neHHJI cor nacHJII: 

<n ·> == 4,06 ·S -0·
79 Pns + 1.09 f'n s -3,799 I 'VI .3al 

<n > = 0,01· f'n 2 s + 0,8 £ns -1,90 I 'VI.36I 

<n > = 0,65. s 0,35_1 I 'VI.3BI 

< n •> = 0,8 £n s - 1,80 I 'VI.3rl 

,lJ;nJI cilYHKUHH I VI .3al cornacHe ynyqwaeTcJI, ecnH BepxHHii 

npe,Aen npHMeHHMOCTH yMeHLWHTL AO 100 F3B. AHanorH'I­

HLiii pe3yJILTaT AOCTHraeTCJI .AJIJI I 'VI .3rl, ecnH HH)I(HHH 

npe,AeJI nO,AHJITL ,AO 3TOH BeJIH'IHHLI. 

B paMKax Acl>r MO)I(HO nony'IHTL cilYH~HH I 'VI .3a, 36, 

3rl, H TOJILkO cilYHKUHJI I VI .3al npoTHBope'IHT aHanorHH 

C cileiiHMaHOBCkHM ra30M. 

,lJ;aHHLie 0 BTOpOM H TpeTLeM kOppeJIJID;HOHHLIX napaMeT­

pax/puc. 6/nOJIHOCTLIO OnHCLIBaiOTCJI TOJILkO B o6meii MO,Ae· 

JIB C kOM6HHHpOBaHHLIM MeXaHH3MOM o6pa30BaHHJI BTOpH'I· 

HLIX 'laCTHU. lloae,AeHHe f 3 He cornacyeTCJI c npe,Acka3a­

HHJIMH ABYXkOMnOHeHTHLIX MO,ZJ;eneii. 

Puc. 5. KoppeA.IIijUOHH'f:e (JyHK'L#UU OAJI oeyx'laCI/IU'lHbiX UH­
~ KA103U6HbiX npoijeccoe 37· . 06u,ee noeeoeHue cozAacyemc.R 

c 3aeucuMOCifbiO I VI .2/ c y'lemoM (JoHa om ooHO'lacmu'lHbiX 
cneKJfpoe. 
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TaKHM o6pa3oM, MOlKHO cKa3aTL, 'ITO 1/ 3KcnepHMeH­

TaJILHLie pe3yJILTaTLI, HCKJUO'IaJI B03MQ)I(HLIH CTeneHHOH poeT 

cpe.z.He:i MHO)I(eCTBeHHOCTH, B IJ,eJIOM, He IIpOTHBOpe'laT 

Aellr; 2/ 4Je:iHMaHOBCKHH ra3 He JIBJIJieTCJI, DO- BHAHMOMY, 

HH OAH04Ja3HOH CHCTeMOH, HH CHCTeMOH B KpHTH'IeCKOM 

cocTOJIHBH npa mo6o:i 3HeprBH. ITocne.z.Hee 03Ha'laeT, 'ITO 

B NeXaHB3N MHO)I(eCTBeHHOB reHepaiJ,HH AaiOT BJCJiaA B OAHOM 

B3aHNOAeHCTBHH, HO Ha pa3HLIX ero CTaAHJIX, KaK AH4JpaK­

IJ,HOHHOe, TaK H MYJILTHIIepa4JepH'IeCKOe /c KJiaCTepB3a­

IJ,He:i/ po)I(AeHHe. 

2.0 

1.5 

0 

0.5 

t; ,t; 
PP 

10-400 n!J;c 

v t; 
0 t; 

Puc. 6. Brwpou u •pe•uii KoppeAJifiUOHHr.ru napaMe•pr.r OAJI 
ollpUIIQIIleAr.Ho 3ap.RxeHHbiX 'iac•urt !iiH/. Kpuar.ae npoaeoeH~tl 
no MOOeAU C KOM6UHUp06QHHbiM MeXaHU3MOM /eM. /Ill/, 
•a6A. 2 u /Ill. a/, •a6A. 4/. 
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VII. 3aKAIO'ieHue 

B 063ope CAeJiaHa IIODLITKa C~OPMYJIBpoBaTL OCHOBHLie 

IIOHJITHJI aHaJIOrHH Me)I(AY npou.eccaMH MHO)I(eCTBeHHOB re­

uepaiJ,HH H 4JeHHMaHOBCKHM ra30M, KOTopaJI 3a CpaBHHTeJILHO 

KOPOTKHii OTpe3oK apeueHH II03BOJIBJia nony'IBTL P•A HH­

TepecHwx pe3yJILTaToa. 0AHaKo A'l>r eliJ,e HeJIL3JI pac­

cuaTpHaaTL KaK 3aKOH'IeHHYIO TeOpHIO, T.K. B Heii OCTaJIOCL 

MHOro aonpocoa He pa3peweHHLIMB. Haa6onee Ba)I(HLIMB 

MOMeHTaMB AaJILHeiiwero pa3BHTHJI IIOAXOAa B IJ,eJIOM, C 

Haweii TO'IKH 3peHHJI, JIBJIJIIOTCJI CJieAYIOIIJ.Be: 

1/ pac'leT xapaKTepHCTB'IeCKHX BeJIH'IBH B 'I>Jl. 6e3 

rrpBBJie'leBBJI 3Kcnepaw:euTanLuwx Aauuwx; 

2/ 06bJICHeHBe 3~eKTOB IIpB CBepXBLICOKHX 3HeprBJIX 

/poeT IIOJIHoro ceqeuaJI; "auouanLuwe" P .1 I B npeACKa-
3aHBe HOBLIX JIBJieHBii; 

3/ HCCJieAOBaHBe IIPBPOALI MaCWTa6uoii BHBapBaHTHOCTB 
a o6ocHoaaHBe A'l>r; 

4/ BLI'IBCJieHBe CTaTHCTB'IeCKBX 4JYHKU.BB pacnpeAeJieHBJI 
IIO 6LICTpOTaM; 

5/ AaJILHeiiwee o6o6liJ,eHae A'l>r Ha cnyqaii reHepau.aa 
'laCTHU. pa3HOrO COpTa. 

liy.z.ey HaAeJITLCJI, 'ITO AaJILHeBWHe TeopeTH'IeCKBe HC­

CJieAOBaHBJI II03BOJIJIT peaJIB30BaTL 3TY nporpaMMy. 0AHaKO 

ue cneAyeT 3a6waaTL, 'ITo Aellr a Kouequou C'leTe acero 

JIHWL BHCTpyMeHT AJIJI B3y'leHBJI npoiJ,eCCOB MHO)I(eCTBeHHOB 

reuepaiJ,HH, H BOIIpOC 0 DpHrOAHOCTB B 3~eKTBBBOCTB 3TOrO 

BHCTpyMeHTa MO)I(eT peWBTL JIBWL HOBaJI 3KCnepBMeHTaJIL­
HaJJ BH4JOpMaiJ,HJI. 

Ta6AUfla 1 
~BYXKOMDOHeHTHLie MOAeJIB npou.eccoa MHO)I(eCTBeHHOro 

o6pa3oBaHBJI ;23 ,24/ 

I. Pacnpe.z.eneHBe no MHO)I(eCTaeuHocTB HMeeT BHA 
a -il (ii ) n- a D 
n_ c e - - + c n_ • -- = I -- 2 -;;n-- • 

atot (n_)! qtot 
napaw(npw: a/ii_ =1,33 fns -4,56; D 

c 2 =0,19; a 0 =2,0mb 
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aiD= 2,7 mb; a~ =1,7 mb /~pe3ep H J(p./ 

6/ n _ = 1,45 Ens- 3,58; c 2 == 0,23; a~ = 2,26 mb; 

aiD=3,08mb; a~ = 0,59mb; aJ> = 0,58 mb 
/~HaJIKOBCKHB H ll.P./ / I 

~ 38 ..,HTHpyJOTCJI 3KCnepHMeHTaJibHhle ll,aHHhle ' no pp -pac-
CeJIHHIO npH PJJa6= 50; 69; 102; 205; 303 T3B/c. 

II .Pacnpell,eneWie no MHO>KeCTBeHHOCTH HMeeT BHll. 
- - n a -n (n ) - c 

--!!-..=c e --- + 2 ; 
atot 

1 (n_)! ({2)n:_ 
((x)- 41YHKIUIJI PHMaua. 
OapaMeTphl: i\_ = 1,2 ens -4,06; c2 =0,37 /.n)l(eKCOH H ll.P-1 
~HTHpyJOTCJI 3KCnepHMeHTaJibHhle ll,aHHhle / 38/ npH p JJa6 = 
= 102, 205, 303 T3B/c. 

III.Pacnpell,eneHHe no MHO)I(eCTBeHHOCTH HMeeT BHll.: 
-n +.Lf- f- n - f- I) 

an e - 2 2 2 -= n_- 2 an_ 
--- = c (- -) 2 H ( ) + c 2 --
a 1 {IL)! 2 ".1_2f al) 

tot V 2 tot 

H n( x ) - nonHHOM 3pMHTa, 
napaMeTpw: 

a/n =Ens-2,71; c
2

=0,09; a 0 =2,0mb; a 0 =2,2mb 
- 0 I 

a D = 0,9 mb ; f - = 0,35 En s -1,85 /XapapH H Jl.p./ 
2 2 

6/ n_ = fns -2,5; 2,15 . D 51 . IJ 19 c 2 =---, a
0 

=-mb, a 1 = -mb 
ens Ens fn s 

D 11 • 5 b · D 1 • 5 b · f - 0 4 n - 2 35 a =--m , a =--m , 2 - , LOS , 
2 Ens 3 fns 

~HTHPYIOTCJI 3KCnepHMeHTaJibHhle ll,aHHhle 138/ npH p JJaJ 
=50; 69; 102; 205; 303 T3B/c. 
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Ta6.11u14a 2 
Pememu ypaBHeHBi ll.nJI clJeiH:wauoscKoro ra3a1I 3•28/ 

I. MynLTRnep•4lePH'Iecx•i :wexaHR3M o6pa3osana.11 aTo-
pR'IH:WX 'laCTRJt. i 

_dPn = _ ~ A f (-1) ( k ) p 
dy k=I n,n-k f=D f f n-f ' 

N - .:waxcR:wanbHO B03MO)I(Hoe 'IHCno qacTHit B o6pa3YJOIIUIX­
cJI KnacTepax. 
PemeHHe N e 

n I te (z-0 
p = j_ _d_ ef =I I 

n n! dz n z =0 

-<n> <n·>" 
a/ npB N = 1 ; P = e -

1 n n. 
n 

6/ npB N = 2 ; t 2 
-<n>+ft 2 (- f 2) <n•>- £2 P =e -- H ( ) 

n n! n V -2f2 ' 
H n - nOJIHHOMhl 3pMHTa; pemeHHe COBnall,aeT C nony'leHHWM 

B /IO/ 

s/ npH N -• "" ; 1 ~:- ( '5' ) 
f a I f a 2 f an n. u n - k a 

p -:::. I ( -lf) ( 212
) ... ( +) I I ~ 

n lal · · n. al.a2·····an. 
II. KoM6HHBposaHHwii MexaHH3M o6pa3oBaHBJI BTOPH'IH:wx 

'laCTHJt 
dPn 
~iy = f(y)l(nPn -(n-1)~-l )-a (Pn -P8 _ 1 )- {J(Pn -2~-I + Pn_:z}l 

pemeHHe: 
-{3 z(z-l)<n> 

n a+ {3- (z-1 )< n> 
1 d e 

P = ~- --··-· -----I 
n n! dz" (z-1) a+f3 z=O 

[1- --<n>] 
a +{3 

a/ npH {3 = 0; a= 1 /'IHCThiB, ll.H4JpaKI{HOHHhiB MeXaHH3M/ 

p = ( ..$..!!:L t -'1"---_ 
n l+<n'> (l+<n,>) 

6/ npH {3 =0 /MyJibTBnepHclJepH'IeCKHB MeXaHH3M 6e3 KJiaC­
TepH3ai{BH + ll.H4JpaKlUIOHHhiB MeXaHH3M/ 

2 
p = r (a+n) ( < n> ) n 1 ; a = < fl'> 

n r(a)n! a+<n•> (a+<n•>)a f2 
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B/ npH f3 = 0 Manhle a /MYllLTHDepH<ilepH'IeCKHH MeXaHH3M 
6e3 xnacTepH3alUIH + Manhlii axna,IJ; .Inl<llPaKu;HoHHoro Mexa­
HH3Ma/ 

p -n -

(<n>-na)n 

n' 

Ta6Aur~a 3 
PeweuHe ypaaHeHHii IV .4/ .D;n.ll pa3nH'IHLIX MexaHH3MOB 

o6pa30BaHH.II BTOpH'IHLIX 'laCTHIJ; 

1. MynhTHnepH<ilePH'IecxHii MexaHH3M 

2 
aP(n,y) 2 aP(n,y) 2 a P(n,y) 
--- =-g -g3 
ay 2 an an 2 

peweHHe 

n 

2 
1!;2 n 

(J_ -2 ly-
1!;3 

P (n, Y) :::. c 
1 
c- Y +. c

2 
e + .... 

11. )l.H<llpaKIUIOHHLiii MexaHH3M 

a P(n.y) = _ 
8

2 n a P (n,y) 
ay I an 

peweHHe: 
p (n,y) ;: 

Cl y 2 

n2 

III.KoM6HHHpoaaHHLiii MexaHH3M 
2 

- .... 

aP(n,y) 2 aP(n,y) 2 
---'-=-g n -g 

aP(n,y) 2 

an - 8 3 
a P(n,y) 

ay I an 2 an 2 

peweHHe 
2 2 2 

n 82 a . 3 . g 1 n 82 2 
p (n' y) = cl ( y + -2 ) ~ ( 1 + -2 ' 2 ' - 22 ( y + -2 ) ) + 

g l 28 l 83 g l 

2 2 
+ c ~ ( .L + _a_ . .!... . _ .£L ( n 8 2 )2 ) 

2 2 2g2' 2 ' 2~ v +-2 . 
l 3 gl 
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DPB a= 8 1
2 

·• c 2 =0 a.wpoliC,IleHH&JI rBDepreoueTpB'Iecxa• tYBIC­
UBJI DepeXO,IJ;BT B 31CCDOBeHTy B pemeHBe COBDa.D;&eT C D&­
paMeTpB3&101ei Ko6.w / 31/ /3MDBPH'Iecx•e 3H&'IeHBJI .llPYrBx 

2 g2 
DOCTOJIHH.WX p&BH.W ~ = 0,659 , ~ = 0,142 , C 

1
=2,346 /. 

8a 81 
llpB 8~ =0 Dony'l&eTcJI DapaueTpB3allBJI Ji10paca- Beiic6ep­
ra /3MDBpB'IeCICBe 3H&'IeHBJI DOCTOJIHH.WX paBH.W: g~/gi={\79; 

c 1=1,57/JiJOpac/; g~ /g: =0,89 ; c1 =3,70 /Beiic6epr/. 

Ta611u11a 4 
lloBe.lleHBe xoppenJIIlBOHH.wx napaueTpoa xax WYHICJlBii 

OT cpeJlHe:i MHOlKeCTBeHHOCTB 

I. MyJILTHDepBI)epH'IecxB:i uexaHB3M reuepaJlBB BTo­
PB'IWX 'Ia CTBJl. 

PacDpeJleJieHBe Do MHOlKeCTBeuuocTB TBna I _110611. 2. 

f k = A k < n•> + B k , k ~ N 

fk= 0, k > N. 

II .,n.l)paiCJOIOHH.wil uexaHB3M reuepauBB BTopB'IH.wx 'lac­
TBJl. PacDpe,D;eJieHBe DO MHOlKeCTBeHHOCTB TBDa /11. a/•a611. 2 
/reoueTpB'Iecxoe pacnpe,IJ;eneuHe/ 

k f =(k-1)! <n•>. n 

III . Kou6BHBpoaaHB.wi uexaHB3M reuepauBB BTOPB'IH.wx 
'laCTBil 

a/ Pacnpe,IJ;eJieHBe Do MHOlKeCTBeHHOCTB THna npe.D;cTas­
JieHB.wx B •a611. 1 /.D;BYXICOMDOHeHTH.We MO,IJ;eJIB/ 

<n·>= c <n ·>+ c <n ·>· c +.c -1 
I l 2 2 ' I 2-

37 



2 
f - c c ( < n -> - < n '> ) 
"2-12 I 2 ' 

3 

£3:::: cl~ (c2-cl )(<nl> -<n2>). 

jc yqeTOM q> c2 U <n 1 >'><n 2> UMeeM f~p0 ,f3< 0 /. 
6/ PacnpeAeneHHe no MUO)KeCTBeuuocTu Tuna /II .6/ 

11aA6. 2 /pacnpeAeneuue lloiiJI/ 
fk=(k-D! <n:!'. 

ak 

a/ PacnpeAeneuue no MHO)KeCTBenuocTu Tuna II 11a6A. 2 

I o6UUiii cnyqaii/ 

f 2 =A<n> (<n>-B) 

f 
3 

= A ' < n > ( < n > - B ' )( < n > - c ' ) . 

3MnupuqecKue 3Ha'leHHJI nocTOJIHHLIX AllJI PP -pacceJIHUJI 

A=0,33; B=l,75; A '=0,22; B'=l,60; c'=3,75. 
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