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PocT 8Heprd COBpeMeHHHX YCKOpHTenel H noBsmeHHe TOqHOCTH 

KSMepemd B 8Rcnep111MeHTax C KOCMIA8CKHM.ll ~aMK 'A8JiallT Bee 6onee 

• 6onee BKTYaJILHoA sa.nav TeopeTJ[llecKoro onHca.HKil nponeccoB MHO

aecTBeHHoro polr,IleHM qacTxn, KOTOp!,Te HBJDD'.lTCH 'AOMmntpl7D11HM11 

B a,itpOHHliX CTOHKHOB8HHHX npH BHCOKHX SHeprHHX [I] . He-
SaBKCJIMO OT Toro, B KBKOM HallpaBJI8HHJI B ~LHelmeM 6y'AeT pa.SBH

BaTLCH ~a.MH11eCKWI Teopllll CWll,HSX B38.l!MO'A8ICTBd, yze celqac C 

'AOCTaTo~ol CTeneHLD yBepeHHOCTH MOlmO YTB8plr,IlaTL, qTo ,llJIII npo

neccoB MHOZ8CTBeHHoro p0lr,Il8Hllll qacTxn Heo6XO,IUIMO 6y'AeT HCnonLSO

:eaTL Taue B HeKOTopol q>OpMe H CTSTHCTlAeCKOe HnH K0nn8RTHBHOe 

OnKcaHHe. XapaKTePHOI qepTOI TaKoro OimCa.HKH HBJtfl8TCH HcnonLSOBa

HHe "wmpOCKOIIJA8Cltll" JIJIJI TepMOw,HSMHq6CKHX llOHHTd - MOTHOCTH 

&HeprHH, 'ABBJI6HHH, TeWepaTYPH JI T·:n. -3TH llOHHTllfl, O,IUJaKO, Hm<Or-
.... - . '' ' 

.It& He onpe'AeJmllT MHRpOCTPYKTYPY MHoro~aCTJ[IIHOI CHCTeMH, a Sa,naDT, 

MK HSBeCTHO, nHWL HeKOTOp!,18 HSMepmme llapa.MeTpli, xapaKTepK8y»

lltJl8 CHCT8MY B' nenoM. IlOBTOMY EC MOlKHO accoUJi[HpOBaTL C Jm6HM aH

CaM6neM, 0 KOTOpOM KMeeTCH COOTBe'l.'CTBYll!lEUI HHq>OpMaIUIJI. Il?'A06Hoe 

OllJlcaHHe, B qaCTHOCTK, ~ee'l.' M8CTO np11 HSY'{eHHH pa.sJIHqHHx HHKJill-

8KBHSX pa.cnpe'AeneHd B 8,lq)OHHOI !pll8HK8 BHCOKJ!X BHeprd, KOr.zta HS

lftplW'l'CH Boero JIHIIIL HeCKOJll,KO HS 6onLmOro 'IJICna MHoroqacTH'raliX 

nepeMeHmix, a no 6onmoMY 'DICJJY ocTaBllllilXCH nepeMeHJmx npc>BO'AiITCH 

yope)VfeHHe [ 2 ] • 

B nonLsy CTaTHCTHtl€CKOro llO'AXO.zta roBOplIT He TOJll,KO HHTYHTHB

Hlle coo6paaeHID[ 11 BBelllllHe rum.normi:,ao, npelr,Ile Boero, ycneXK cTa

TKCTH"lecR:ax MO'Aenel B ~HOMeHonorHqecKOM 8.HanHSe 8RCnepllMeHTWIL

HRX ,ItaHmIX no HeynpyrHM B3aHMO~elCTB!lRM a,Jij)OHOB tr,3). Ilp• 8T~M 

KpH'1'K1DBIIOI .Jt,1III CTaTHC'l.'H'leCKOro IlO'AXO.zta HBJtflllTCH He pesynLTam, 

CJle.eyDll)le KS CTa'l.'KCTH'leCKHX npe~onoaeHd O KOHeqHol CTa,Il;lm He-
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ynpyrmc rrponeccoB, a peayJILTaTH, Oimp8,llltJiecs: Ha CTaTHCTiltJ8CKJ!IO 

npe,nIIOJIOJlt8HIIH O HatJaJILHOft CTa.ztHB. Tax, HanpHMep, HCR.lID'raT8nLHO 

BaJlCHll 1I)IH. BH1ICH8HWI MexaHl!SMa 8,lij)OHHllX peaxnmt llOl!BllillllHe.cs: B 

llOCJie~ee BpeMl'I coo6meHIDI O Ha6JID,I(8Hml apl!RCOHOBCKWC qiJJyRTYanml 

B ynpyroM JC .. P -paccemnm Ha 6onLnme yrnu [ 41 • 3u qiJJyRTYanD, 

npHBO~ft~He K peaxott m HeperymrpHott SaBHCliWOCTK cetJemnl paccemum: 

OT 9Heprim H yrJIB. paccemma:, MOJtHO paCCMaTpHBaTL Rax cne~J'41Iec

KOe llp01IBJieHI!e CTBTHCTJAeCROi!: IIpHpO,ItH BBaIDAO.I(elcTBJlR'. [ s. 6] . BMec

Te C TeM BOBMOl!!HOCTL .I(OCTHqL corJIB.CWi C 8RCrrep1iIMeHTaJILHllMR .I(aHHllMH 

He MOllteT CJJY.llmTL 8,IUIHCTBeHHHM RPRTepneM RCTl!HHOCTH CTaTHCTWl8CKOro 

paCCMOTpeHWI, IlocJie~ee, HeCOMHeHHo, HYllUJ.8.8TC1! eme l!l,B o60Cil0BlllilDI 

rrpmII4HIIHaJILHHX BOIIpOCOB, .a s.necL ycneXH IlOKa BeCLMa HeSHatJl'ITeJILHil. 

HcTopntJeCKH T80pR1! rrpoµeccoB MHOJlt80TB8HHOro poJlt,ll;emm llOl!BR

JiaCL B BR,ne KJiaCCH'i8CKoro .TepMO,IUIHB.MlA8CKOro OllllcaHIDi, .I(aHHOro 

r~seH6eproM npaxTRtJecRn eme .no aKcnepHMeHTaJILHoro o6HapyxeHim: 

SToro l!BJieHIDI l?] . B ,ItaJU,HeilmeM npe,nrroJIOlltem1e o TOM, tJTO :aepo11T

HOCTL rrponecca orrpe.ne.mmTM lp8.30BHM o6~eMOM ROH8qffOro COCTOflHH1I, 

IlOJIYtJMO ~rut:60Jiee IlOCJie.noBaTeJILHOe paBBHTHe B pa6oTaX <PepMH [a]. 
B npeMOllt8HHOtt HM KapTHHe, B pesyJILTaTe CTOJIKHOB8HWi .n:ayx HYRJIO

HOB, B CHCTeMe n;eHTpa Mace o6pasyeTC1! 8,IUIHaJI CTaTJICTlfll'.8CR81! c:a:c

TeMa B HeKoTopoM o6~eMe BBaHMo,nettcTBM V, . PasMep &Toro o6~eua 

onpe.nemreTCII pa,n;llyCOM .nettCTBRII 11.nepHHX ell.JI, aero sa.BHOlWOCTL OT 

HatJaJILHOtt 3H8prHH CBO,IUITM JIJIWL R yqeTY COOTB8TCTBYJlllero JIOpeHn;eB-

CKoro qia.KTopa, noaTOMY Vr; m.ieeT Bll.It: • 

, r = \ r 2M-=- ~x..L~ 2.M _ {I) 
Vr Vo E.c. ~ _W\1t. t-c. 

r.ne Wl1t. - Macca JC -MesoHa, M - Macca HatJaJILHoro HYRJIOHa, 

Ee. - ero aHeprIDI B oncTeMe n;eHTpa Mace. B STOM o6~eMe opaay 
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xe YCTaHaB.mmaeT.M CTaTI.ICTK'i8CKOe paBHC>Bemi:e M8JQJy paBJIK'iHHf.!11 

CTerreHJIMH CB060~ Bcex o6pasOBaBWHXCS: B pesynLTaTe CTOJIKHOBeHIDI 

tJacTnn;, Ilpe,nrroJiozemre 06 orrpe.neJllUlllel_poJIH qasoBoro o6~eMa KoHeq

Horo COCTOffillm 3RB:lll3a.JI8HTHO B KJiaCCH'ieCKOi!: CTaTHCTlA8CKOi!: ~IlSHKe 

rrpe,nrrOJIOJlteHliD O MilltpOKaHOHH'i8CKOM pacrrpe.neJieHHH, Il03TOMY 1I)IH. nay

qeHKR: paSJIJlqHllX xapaxTepncTHR MHOJlt8CTBeHHoro rrpon;ecca MOlltHO IlCilOJIL-

30BaTL T8pMO.nIDJ&!11'18CK118 ~pM;ynu. IlpOBO.nll ,ItaJILHeiimne pacqeTH no 

~PMYJiaM qepHoro Il3Jlyq8HWI, (KOH8qff0, C yqeTOM Toro, tJTO Y 7t -

MeBOHOB TPH BHYTpeHHHe CTeneHH CB060,ll;ll) MO.EHO, B tJaCTHOCTH, IlOJIY

tJJITL 1I)IH. MHOllt8CTBeHHOCTH o6pasoBaBumxcs: tJaCTHIJ; peayJILTaT, KOTO

pHl! He npOTHBOpetJHT cymecTBYJlll1IM 9K<;mepHM8HTaJILHHM .naHHHM. IloCJie

.nynnee 11syqenne rrpon;eccoB MHOlltecTBeHHoro poir,neH:im Ha ocHoBe Mo.ne

JDII ~epMH IlOKB.BaJIO, ~TO 9TOT pesyJILTaT 1IBJI1IeTCS: rrpaKTRtJ8CKH e,IlHH

CT~eHHliM cor.nacymtHMC1! c axcnepllMeHTOM, a OaMa MO,D;eJIL Bee rrepBo

natJaJILHOi ~pMyJIHpOBKe qpeSBHtJal!HO orpaHH'ieHHa. 

MHorO'DIOJieHHHe yooBepmeHCTBOBB.HIDI, KOTOPHM MO.neJIL <PepMR rro,11;

Bepr.nacL C MOM8HTa CBoero rrooBJieHBJI, ITOMKMO Toro, tJTO IIBJISDJTM 

BO MHOrOM B8llOCJI8,ll;OBa.TeJILH1iMH, e111e H He rrp,~/~.nllT B IlOJIHOl! Mepe R 

ze.naeMYM pesyJILTaTaM._ Hrut6oJiee rrpHHIJ;HIDUlJILHHMil, .Ha HB.lll Bar~, 

6uJm npe.nnozemm, BH.ztBHHYTHe B pa6oTax C. 3.EeJiem,Roro l 9] • 
H.H.IloMepaHqyxa [ro], onpe.neJIHBllllle no cyT• .neJia ,ItBa HanpaBJieHaa: 

B paSBJlTJDI CTaTHCTJA8CIO!X MO.I(eJiett B IlOCJI8,Izy'D!IH8 ro,IJ;H. OCHOBHaJI 

l,i.I(eJI nepBoro H3 HllX [ 9 j COCTOHT B YTB8PllJ48IDI11 O He06XO,IOlMOCTil 

yqeTa peSOHUOOB B RatJ8CTBe BOSMOlltllliX BTOplltJHl,IX tJaCTllIJ;. 3Ta H.nel! 

no.npo6Ho o6cyz,u.aeTcs: B rrepBott r.naBe .nnccepTan;:e::e:, r.ne Ha rrpHMepe 

N N ~ a.HH.III'llJDIIJ;Jl B noxoe noxasaHo, tJTo Mo~ppBaHHM c yqeToM 

peSOHaHCOB, MO.neJIL ~pMR MOllteT 6HTL HCilOJlLBOBaHa 1I)IH. OilHCaH:iUI He

ynpyrllX peaxn;d B6JlllBH nopora, T.e. BITJIOTL .no 3Hepr:d, IlpH KOTOpHX 
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B ceqemmx HalJRHam npOJIBJISI'l'LCJI mmK B HanpaBJIIHWOC Bnepe.n IIJill 

HS.3~. TaxHe mmH, KS.R HS:eecTHO, npe.nnoAaram KOrepeH'l'HOC'l'l, BKJia

,ltOB paSJill'q}WX peSOHa.HCOB IIpR:MOro KaHa.na, "1'1'0 JieDT yze sa npe.ne

JI8MII BOSMOJIHOCTe! 'il'ICTO CTa'l'HC'l'H118CKOrO OilRcam!II. 

3aMe"laHKe IloMepa.HtJy.Ka [ro] KB.caeTCJI BOSMO:KHOCTH npeo,nOJieHim 

,ltOCTaTO"IHO O"leBR,ltHOro IlpOTRBOpeqim, npicy!11ero MO,lteJIR ~pMH H coc

TOJDitero B TOM, '<1'1'0, c 0.JtHOI CTOpOHll, .JtJIH 6HCTporo YCTaHOBJieHHa: CTa

TKCTl!'iBCKOro pa:eHo:eecim B o6~eMe Bsruwo.nelcTBRH \/0 o6pasoBaBlllie

CJI qacT:mn,J ,ltOJllmH B3aID40,ltettcTBOBaTb Melr,ey' co6o! (TeM 6oJiee, "ITO 

OHH HaxO,MTCJI .npyr OT .npyra Ha paccTOJIHD B npe.ne.nax pa.nKYCa .nel

CTBim Jl,ll;epHHX cu) • a C .npyroii CTOpOHli ,.JtJIH OilllCIUUIJI TaKOI CJICTeMU 

Hcnon1,syetca cTaTJICTHKa HensaHMoielcTBYD~HX qacTi;m • .JllIR: npeo.noJieHWI 

8Toro npoTHBOpeqim 6HJIO npe,ltJIOXeHO paCCMa.TpJ1BaT1> CT8TKCTJfCleCKYJ) 

CHCTeMY B .npyroM o6~eMe 

vp""V\"Vo, (2) 

B KOTOpOM 'qQCTHIU,l yxe He 6y'JIYT BSa11M0.1telcTBOB8Tl,, 3To, ecTeCTBeHHo, 

npHBO,ItliT K HHOMY no:ee,neH:im MHOJlt8CTBBHHOCTH H, "ITO 6onee Bal!tHO, K 

HHOyY noBe,neH1m TeMnepaTypU, KO'l'OpaH,B OTJll["IHe OT paCTYJllel C 

aHeprKel TeMnepaTYpU B MO,lt8Jll[ ~epMII, Tenep1, IlOCTOJIHHa X H8BBJJRKa. 

Ilpe,nnpKHHTOe B IlOCJie,ltHHe ro,D;li ,lt8'1'aJil,HOe H3Y'<leHH8 aKcnepllMeHTaJiblil:IX 

,ltaHHUX no MHOXeCTBeHHOMY p0lll'Jt8Hm:) a.npOHOB Ha OCHOBe MO,lteJill C pac

nmpsIJllU(MCJI o6~eMOM npH aHeprWIX .no 30 ra:e IlOKaSaJIO, '<ITO MO.Jt8Jll, 

IloMepaHqyKa,npH YCJIOBIDI BBe.neHWI HOBoro ~eHOM8HOJIOrH'IeCKOro napa

MeTpa - K084XPIDUl8HTa HeynpyrocTH K ~ 0,4 HMeeT o6JiaCTl, npllMeHlllMO-

CTH [ II1 • 
HAM Ilouepagqyxa O Heo6XO,ltHMOCTH CTaTKCTJ!lieCKOro omicamm CKC

T8MU a.npOHOB B o6~eMe (3) no.npo6HO odcyz,J1.aerca B ,ltHCCepTa.umc B 

CBIISII C :asyqeHHeM <l>H3HtleCKOro co.nep:EaHWI cTaTHCTl['q8CKOI 6yTCTpan -
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Teop:im lI2}, KoTopag, Ha HaW BSrJIII,Il, noxasu:eaeT BaxHOCTL s~aqH 

BHHCHemm HeKOTopo! ,ltHHaMH'JeCKOI OCHOBU .JtJIH IlOCTpOeHWI CTaTHCTH

qecKHX MO,lteJieff. Rax H3:B8CTHO, pOJil, .IU'HawrtleCKoro OiraCaHHJI ,ltOCTa

TOtraO Be.nmta H B odH'<IHOtt CTaTKCTH'leCKOA MBxaHj[Ke, r.ne qacTO pac

"leT paSJIJl'iHHX Ma.KpOCKOIIJl'qeCKHX xapaxTepICTKK IlpOHSBO.ltl(TCJI Ha OCHO

Be HCilOJil,30:eaHIIJI HH~p~ 0 ~pOCKOillAeCKHX BSamlO,ltelcTBKIIX 

qacT~, COCTaBJllDXIUIX CHCTeMy-. 

Pesy~LTam nepBHX .n:eyx rJiaB .JtHCcepT~ y6e.JtlilTeJILHO .neMOHCTpH

pym, '<ITO npodJieMa CTaTHCTnecKoro OIIl!CaHJlfl npoueccoB MHOJlteCTBeH

HOro polll'JteHHH a.npOHOB CBR:SaHa C aeodXO,ltHMOCTl,D pemeHli!Ji .n:eyx ~

MeHTaJil,BllX 38,Ita'<I: C O.JtHOI CTOpOHY, IlOCTpOKTl, CT&THCTKqecKYJ) Teop:im 

a.npoHHoro rasa, T.e. HayqRTbCH BU'<IKCJillTl, CTaTHCTH"leCKYJ) CYMMY CHc

TeM CIIJ11,HOB38.HMO.Jt8ICTBYDJUll qaCTHit, a C .npyroa CTOpOHU, SHaH CTa

TKCTrieCKie cBoAcT~ ~oaaoro rasa, onzcaTL npouecc paccemnur 

a.npOHOB. HcHo, '<ITO BTK 39.,ltalJK BSaHMOCBHSaHH, H npHHUHilHaJibHO He

BOSMOJIHO P8Illl1Tb OJI.HY HS HHX, He pemHB .npyroA, IlOCKO~bKY CT8THCTH

qecKaH cyw,,a CHCTeMU a.npOHOB cymecTBeHHO saBHCHT OT xapaKTepHCTKK 

npoueccoB pacCeHHIIH, KOTOpue MU,B CBOD oqepe,nL,HaMepe:eaeMCJI OilH

caTL Ha OCHOBe 3H8.lillli CTaTHCTl('qeCKOI cyMMU. TaKoe IlOJIOJltBHHe Tpedy

eT O,ltHOBpeMeHHoro paCCMOTp8HJlll o6e.H.X sa,naq,H npoBeCTH ero B npHH

~ne MOl!HO 6HJIO 6H Ha OCHOBe S -MaTpJll'ql{oa TeOpKH CHJibHllX BSaHMO-

,zteitcTBd, ecJII[ Q'ql(TaTb,'<ITO pesoHaHCHUe COCTOHHim, ,naDIIKB BKJia,lt B 

s -MaTPHey Ilpl( BHCOKIIX 8HeprKIIX, H 8HepreTI{'qeCKHe YPOBHK, onpe

.JteJIJIDl!Ie cTaTHCTH'Iecxyn CYMMY Z (T) , acHMnTOTI'<lecKH co:e~aJOT. 

TO'<IHOe ocymecTBJieHKe BTOA nporpaMMl,l BCTpeqaeTCJI, O,ltHaKO, C BeCbMa 

cepbeSHUMll Tpy,ltHOCTJIMJI, Il08TOMy Ha nepBHX nopax HMeeT CMUC~ pac

CMOTpeTl, BOSMOl!HOCTH CTaTHCTl['qeCKOro OOHCaHIDI B38.llMO,zteAcTBilll a.npo

HOB Ha OCHOBe KOHKpeTHHX .Jt][HB.Mll'qeCKllX MO,IteJiea .JtJIH 8.MIIJIHTY,llli pacce

HHIII. B HaCTOJD!leA .ltl(CCepTaD;Hl[ BnepBue pacCMOTpeHa TaKaH sa,naqa -
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CTaTHCT.lflleCKlm IlO,ItXO,D; K npo6JieMe MHOXCCTBeHHoro po~el{IDI ~pOHOB 

pasBRBaeTCH 8,D;8Cl, Ha OCHOBe .IJ.Y~Hott p~80HaHCHOtt MO,D;eJIK, KOTOpalI, 

KaK HsBecTHO, nosBoJlfleT 88.IIHCaTI> B&paxeHHe 'AJlfl MHoroqacTll'lHOtt 

llMIIJlllTY'AH B 38.MKHYTOit qx>pMe (ecTeCTBeHHO, B onpe.iteJieHHOM
0

np:a6J1K

JlteHRR) • .IllmcepTan:HJI COCTOHT HS meCTll rJ.IB.B, MTI, HS KOTOp!:IX nocrui:

meHH pasBHTHIJ CTaTHCT.lflleCKoro IIO'AXO,I!,a B Teopo MHOJlteCTBeHHOrO pox

,D;eH:rm ~pOHOB,. a O'Affa - BOilpOCaM ,IJ,yaJII>HOCTH B 8JIBKTpOMB.I'HKTHHX 

BSaRMO,D;eitCTBIDIX a,tq)OHOB, BBe,D;eHIDI H SaKJlllqerum. 

B nepBott r~e 'AKCcepTaumt: pasBHBaeTCH cTaTKCT.lfllecxas MO,D;eJII> 

'AJlfl OIIHCamm eyKJIOH.;..aHTHHYKJIOHHOii aHH:HrHJllm]ffl B 'IIOKOe. B 8TOM 

nponeccie cTaTHCT.lfllecKasi:c!IIcTeMa pea.,m:syeTCSI,IIO-BH,IJ;HMOMY, :e Ha:11-

6ciJiee qJ{CTOM Bl!J(e, IIOCKOJil,KY OH conpo:soJmaBTCH B&,D;eJieHHeM KOJlI

qecTBa 8Hepr.l!l[ ,D;OCTaTOqffOro 'AJlfl o6pa8OBaHH!I ,D;OBOJil,HO 6OJ11,WOro 

q:11cJia qacTHD; H I/I'A8T co CTOnponeHTHOtt HeynpyrOCTl,D (po~CH TOJil,

KO 6os6HH). 3TH qaKTH, a TalCJ!te TO, qTo 'AJlfl aHIDII'WllIUIDI B IIOKOe 

He npHXO,D;HTCH yqHTHBaTl> COCTOHHIDI C 60JI1,mm.i:11 op6HTB.JiI,HHMH MOM8H- .• 

TaMH, IIO8BOJlf!DT H~es.tTl,OfI Ha BOSMOlltHOCTl, OilRCaHIDI nponecca B palll

Kax npocTettmett CTaTHCTJIIqecKott MO,D;eJIH, BKJIDqaJlllett B KaqecTBe KO

Heqwx qaCT:IIIt TS.Ue pasJilllJHHe M83OHH&e peSOHaHC&. IlpR 8TOM, IlpaB

,D;a, qJIICJIO ql8.3OB&X HHT8rpaJIOB, KOTOp!:18 H8O6XO,D;HMO B&qHCJlf!Tl,, CTa

HOB!IITCH orpOMHHM, IlO8TOMY 'AJlfl npeo,D;OJieHIDI Bcex Tpy.z;;HOCTett HMeeT 

CMHCJI paCCMaTpHBaTI, qacTHD;H H p83OHaHCH IlpHH8,Ir,ll:examRMK COOTBeT

CTByD!IRM npe,D;cTaBJieHHRM rpynna SU (3). 

Ilpe'AUoJiarrui:, qTo cHcTeMa, o6pasoBaBmasi:CH B pesyJII,TaTe N N -
aHHRrHJI.liitWI B noxoe, pacn~a~TOl'I saTeM B pasJU1qffge ,D;OIJYCTIIMHe sa

KOHa.Mll COXpaHeHIDI KOH8qffge COCTOfillIDI C BepoaTHOCTl>D,nponopitHOHaJll>

HOtt SaHBMaeMOMY m.m ql8.SOBOMY o6~eMY, MN HaJCO'AHM ,nJIR: BepOaTHOCTH 

o6pasoBarum n qacTmi; cJie.IJ.Yllllee B&paxeHHe: 
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WV\::: VoV\"~SJJ., U1JP><v)<o(E,Yl) • (3) 

8,D;ec1, Vo onpe,D;eJllieTCH corJiacHo (I), MHODT8Jll, S.... yqHTHBaer B&poz

.u;eHHe JmCTRit no Clll!HY, 6lt,V1) - IL1IornocT1> ypoBHett B ROH8qffOM coc

Tomum, a MHODT8Jll, GVI yq:amBaeT 60.hnwmoBCKYD cTaTHCTHKY 11ac

THD:, Ilp.lfll8M TOlf,It8CTB8HHliMH cqHTaDTOl'I My-Jll,TRllJ18m, o6~aJOOIR8 O,D;H

Ha.ROBHM cmmoM H npOCTpaHCTB8HHOI 118THOCTI>D. IloaBJieHHe MHO.EiT8Jlfl 

lJ1-1 lP><v) cBR:saHo c Tpe6oBmmeM SVC~) - mrnapHaHTHOCTH paccMaT-

pHBaeMol aMI!JllITY'AH· OH npe.u;cTaBJllI8T co6ott KpaTHOCTI>, c KOTOpoA 

.u;aHHoe SU(3)- npe,D;CTaBJieHHe, s~eMoe ,D;ByMlI qnc.naM!II (Pi'\') , 
BCTpe'l'a8TOl'I B p!I,D;8 Kne6ma - rop.n;aHa 'AJlfl npOR3B8,D;8HIDI 'V\ COOT

B8TCTBymiHX npe.u;cTaBJieH:ait [r3]. 
12i'l'HCJI8HHII, npoBe,IteHHHe 'AJlfl CJiyqaeB pp H VI p - aHHHrHJIIIItHH, 

npHBo~ R pesyJI1,TaTBM, xopomo corJiacyonHMCH c cymecTByD11!1IMH BK

cnepHMeHTaJII>HHMH ,D;WIHHMH 'AJlfl cpe'Affett MHOJ!t8CTB8HHOCTH JC -M88OHOB, 

,nJili pacnpe.u;eJieHd no 'l'RCJIY 3ap!Illt8HHUX qacTHit III 'AJlfl OTHOCHT8Jll,HliX 

BepOaTHOCTett pasJl!IIqffgX KaHSJIOB peaxUHtt, l I4] • O6uqm3JI ,nJIR: Mo

.u;eJiett c ~!IIKCHpOBaHHHM o6~eMOM TPY'AHOCTI, co CJlRIIIKOM BHCOKOll OTHOCH

T8JII,HOll BepoaTHOCTI>D po~eHHJi \<, -M83OHOB Tpe6yeT paccMOTp8HIDi 

HapymeHWI CHMMeTpHH 'AJlfl COOTB8TCTByilllHX KaHaJIOB. ~OilOJiliHT8JlbHUH 

napaMeTp, KOTOpuA llOHBJlfl8TCH npH 8TOM, !IIM88T BllOJilie npospaqeym 

HHTepnpeTaitHD, llOCKOJil,KY OKa3UBaeTCH CBH3aHHllM C KOHCTaHTOll cpe,D;

H8CWII>HOro BSaHMO,D;ettcTBrur, Hapywamiero 51.J(?))- cRMMeTpm:i. CpaB

HeHHe C pesyJII>TaTa.M!II KBapKOBOll [r5) III CTaTHCTJIIq8CKOtt 6yTCTpan

MO,IteJI8tt lrs] noKasuBaeT, ~To ,nJIR: ocHoBHott Maces xapaxTepHCTHK 

nponeccoB pp R III p - aHHlll'HJllIItHH nonY'leHnae B ,D;Hccepranirn pesym,-

. TaTH JIY'IW8 corJiacymM C 8KCll8pHM8HTaJll,HllMR ,D;aHHHMR. 
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Bo BTOpott rJIB.Be 'AHCCepT~ HCC~e'AOBalW ~H3Rtiecruie OCHOBH 

BaJmettumx peay~LTaTOB CTaTKCTR'ieCKOil 6yTCTpan-MO'AeJm [121- 0 Jm-. 
HettHOM no Ma.CCe 8KCilOHeH~HOM pOCTe ~OWioro cneKTpa H 06 or-

paHK'leHHOCTH cpe~ 8Heprd.BTOpli'IHHX qacT~ K noKa3aHO, qTo 

OHH MOryT 6HTL no~elll,J B MO'AeJIIIX, BOBCe He YAOBnerBopsm.HX OCHOB

HHM nOCTYMTaM CTaTlICTR1ieCKOil 6YTCTpan-TeopKH. BJ:IBO,Itli 8TH OCHOBa

Hll Ha 'AeTMLHOM aH~3e pacn8,It!WX K COCTaBHHX CBOttCTB ~OHHHX 

ClICTeM - qia!p6o~oB, OIIKCHBaewx 6YTCTpan - ypaBHeHKeM. 

HayqeHO, B qaCTHOCTH, noBe'AeHKe MOTHOCTK YPOBH81 BH,Ita. 

'L (Pl)"[. (mxt(vi\T.Y'"I r _17 <PP; 84(P-t P,). ·, p2~M1.; R.1.zVYl~ (4) 
p V1•2. .i'\( t,,.2.?oi . 

K mm'AeHO. qTo npn M- 00 OHO 6y'AeT Ka.R B 6yTCTpaII-MO'AeJm 

<[ (M),,. const M-?>ey_p(.c.M), (5) 
- p 

. r'Ae C - HeKoTopaa KOHCTaHTa. STo nosBOJJReT YKa3aTL Ha KJiacc MO-

'Ae~ett, B IroTOpHX qallp6oJJH MOrYT paCCMaTpnBaTLCH lW.K ras CB06o~x 

COCTaBJlliJllllDC B liMIJY~CHOM IIpOCTpaHCTBe aHMOrmo MO'AeJm ~PMJII 0 

Tott JmlllL pasHnneil, qTo 'AJlll. no~emm cneKTpa B~ (5) c~e]lyeT nc

no~LsoBaTL pacnmp.annmtca: o6~?M (2), IW.K B MO'A~ IloMepaH'IYKa [r7]. 
Ilpn 8TOM HeT HlilRa.ROtt Heo6xo~OCTH B 6yTcTpan - YMOBKH, a B Ka

qecTBe COCTaBJlllJllllDC qmip6om, KOTOpHe nOJ1BJlllllTCli npH pacna,Ite, pac

CMaTpHBamca: TO~LKO CTa6~HHe qaCTHIUl. 

B 8TOtt xe rmBe KCC~e'AOBaHO TOqffOe pemeHRe CTaTHCTK'JeCKoro 

6yTCTpan-ypaBHeHim n noKaaaHO, ~o KOHeqHl,Je npO]JyKTH pacIIB,Wl qaitp-

6o~OB, onHCHBaeMHX 8TW4 ypaBHeHHeM, o6pa8YJJT CHCTeMY, 8KBHBM8HT

HYJJ H,It8MLHOMY rasy j( -Me80HOB B o6~eMe B8alIMO'AeicTBIDI,nponop

J:lHOHMLHO.M qHc~ BTOpHtJHHX qacT~ [rn]. STo 3aMeqaHHe npHBe~o Ha.C 

K ~OPMY~OBKe o6o6~eHHott CTaTKCTH'JeCKOil 6yTCTpaII-MO'A8Jlll rum MO

'AeJm pacna,ItOB qiai!:p6o~oB, CBOOO'AHOil OT npOTHBOpeqd. IlOCTYJmpyH, 

qTo I) Jlll(Sag ~OHHaH CHCTeMa B noxoe, pacna,ItamtaJICH Ha Vl COCTaB-
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JJJmllWC ,MOJleT 6un npe'ACTaMeHa RaK cBo6o'A8Ht.i ras B o6~eMe Yl \Jo ; 
2) qnc~o cTeneHei CB060,Itli COXpaHHeTCH npH nepeXO'Ae OT O'AffOtt CHCTe

Mli (qallp6o~ c o6~eMOM V0 ) R .JUlYI'OR CcBo6o'AHOMY raay ~oHoB B 06~

eMe ~\10 ), Mil npmco~ ~ ypaBHemm MlI MOTHOCTH ypoBHett LI9} 
([:(P1.)"S(P2-VY\2.) + r_ { V\V~YHJ.. ( \lcl.4 Rf'.t:°(P:2) b4{P-f P·) 

1t ""2.\.SJT:..} fl\ );.1 I • ,,1 I• (6) 

EcJIK Kcno~soBaTL HsBecTHoe onpe'Ae~eHKe cTaTHCTKtJecKott CYMMJi Z(p) 
RaK npeo6paaoBaHIDI Jiawraca MOTHOCTK ypoBHett <t(P1.) , TO ypaBHeHHe 

(6) MOlBHO CBeCTH K Mre6paR1ieCROMY ypaBHerum, pemeHHe KOTOporo 

npHBO'AHT Taue R axcnoHeHJ:ll!MLHOMY noBe'AeHim <t:"(P') BH,Ita. (5). Ta

Koe noBe'AeHKe MOTHOCTH ypoBHett onpe'AeJilleTca: cHHryMpHOCTLX> Z (~) 
B KOMDJieKCHOI MOCKOCTH J> [20] . O'AHaKO 8'AeCL :HMeeTCH plI.n OTJIK

qd OT 6yTCTpaII-MO'A8JIK, ltOTOpHe nO'AP06HO o6cyir.naJ)Tca:. IlO'AtJ8PKHeM, 

qTo npe,ltlloZeHHoe ypaBHeHKe YCTaH~BaeT 8aKOWIOCTL OIIHCaHWI CHC

TeMH BTOpliqHl,JX ~OHOB noc~e HX 'AOCTaToqHoro paa~eTa, KaK MHKPOKa

HOHIAeCKOrO aHCaM6Jlll CB06o~x qacT~. )lpyrHMH CROBaMH, OHO HBJill

eTca: KCXO'AHHM ,IUllI qRCTO CTaTHCTIA8CKOrO OIIHCaHim, H ~oe OTK~OHe!ille 

OT Hero Ha CaMOM 'A8~e 6y~eT CBH8aHO C BHXO'AOM aa paMKH TaKoro OIIH

CaHIDI pacna.noB, 

PacCMOTpeHHe CTPYKTYPHHX CBO!CTB qiattp60ROB IIOKa3MO, qTo no

~TL noBe'AeHHe MOTHOCTH ypOBHeil Bff'Aa (5) MOlKHO Truate, HCXO.ltll 1'13 

MO'Ae~ l}ep,.m, ,ec~ ct"(f·) aaIIK~aTL B nepeMeHHllx JlllllettHol!:, KacKa,zuml!: 

paclla'AHol! nenoqKH P;'"tPr. (",o.1,2., ... ,Yl)P~M~n C'Ae~aTI, npe'AUo~oxeHHe 

o paBHopacnpe'Ae~eHHH no K~RpOBaHHllM xmcTepHliM MaccaM Mt , a 

He no KX n~pBHM CTeneHHM. IlpH 3TOK COCTaBJIR:DIUie, HMny~Cli KOTOpHX -

?t , 6y)JyT yxe He CB060'AHHMH, a B8aHMO'Aei1CTBYDIIHMR• MR BBO'AHM MeX

]ly HRMH c~HHe KOppeMJ:lHH B HMIIY~CHOM npOCTpaHCTBe. IlpIAeM KOppe

JillllHK 'AOJIJ!tHli 6UTL KaK pas TaKHMH, KOTOpue HMeDT M8CTO B npoueccax 

po.E'Aemm ~OHOB qepes npm,1eatyTOtJH!le peaoHaHcH, ~eJEa111He Ha .mmettHHX 
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no nepeMeHHoii S TpaeKTOpl!IHX Pe,Jµte [r?]. B npOTllBOIIOnOltHOCTJ:, 

MOASJil'I IlOMepaHTJyKa CTaTHCT:IASCKWi MOAenL B Pe,1µte-I1pOCTpaHCTBe He 

eyl!Ol;aeTCJI B KOHUSimHH o6~eMa BSaHMOASICTBWI B KOOp,nm.taTHOM npqcT

paHCTBe. Ilponecc po,r,r,;eHIDI qacTHU B TaKO:lt MOASJIR IIOnHOCTJ:,D onpeAe

JIH8TCII SaKOHOM KOMilOSHUHH qiattp6o.na B TepMIDiaX COCTaBJllilll!HX, CBJI

SaHHllX C peSOHaHCru.ra, Cil8KTp ROTOpHX sa.naeTCJI JIRHeiiHHMH TpaeKTOpH

SIMH Pe~e. 

TpeThfl r.naBa AHCC8pTruum IIOCBJIIJleHa HsnoxeHHD CTaTRCTRqecKoro 

MeTO,na RsyqeHIDI CBOiiCTB AYMLHllX pesOHaHCOB. HsBeCTHO, qTo IIPR RC

cneAOBaHRR CBOHCTB MHOroqacT:IAHHX AYMLHllX aMIIJil'ITY'A y~o6HO RCIIOJil,

SOBaTJ:, onepaTOpHJ:rll: WOPMaJIRSM, OCHOBaHIIJ:rll: Ha BB8A8HRR 6eCKOH8'1HOrO 

Ha6opa OCUlWillTOpHHX onepaTopoB ( 2I J . C IIOMOl!lI>D 8TRX onepaTopoB 

onpe~eJIHJOTCJI Bep!lllllIHill1 onepaTop V(P) · R nporraraTop ~(J.(s)) , a 

caMa I'\ -qacT:IAHWI aMIIJmTyAa san:acuBaeTCJI TOrAa KaK 

BV\l~ r · · > P") =<ol V(P,_)C[:)V(P3) ... 9JV(P ... ~) \ o> , (?) 

r~e BaicyyMHOe COCTOJIHRe ID> COOTBeTCTByeT H:wmitmett CKaJI.fII)HO:lt 

qacTRUe, a Bos6y,r,r,;eHH!le pesoHaHCH!le cocTOJIHIDI \ Ri> c mccott M 
TaKoii, tJTo o..(MZ) =-"'-(0) + ~ M2 

"° N, CTpOJITCJI Ae:ltcTBHeM 

Ha OCHOBHOe COCTOHHH8 COOTBeTCTBYD~ero q:acna oneparopoB po:r,Jt8HHH~ 

Pe30HaHCHHe COCTOHHHH HBnHDTCH COOCTB8HHYMH COCTOHHHHMH oneparo

pa H , Kotopul! :arpaer pom, rrumm,roa:aaHa, 

H \Ri) ~ NlRi) ·> i ~-112 1 .. - , d.(N) , (8) 

IIp:aqeM OHR HBJIHIDTCJI BHpol{,I{eHH!lMR, T.e. O'AffOMY li TOMY Ee CO6CTB0H

HOMY sHatJeHRD N cooTB8TCTByeT d.(N) paSJIR'IBHX pesoHaHCOB. IIpeA

Bap:aTenLHHe oneHKR IIOKas~. tJTO BHpOl!Ol;eHll:e npR 6o~umx sHaqeH:imX 

N pacTeT aKcnoHeHitID3JILHO L 22] • TaKWI orpoMHWI wpol!Ol;eHHocTL 
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pesoHaHCHoro CII8KTpa B JtYBJII,HHX MO'A8Jl!IX 'A~8T 8CT8CTBeHH!lM li Aa

xe H8O6XO,Itil)WM HCIIOJIJ:,SOBaHRe M8TO'AOB CTaTHCT:IA8CKOI M8XB.HRKH ,It1IR: 

:asyqeHmI CBOICTB AYMLHHX peSOHaHCOB R cpe'AffRX xapaKTepHCTHK npo

ueccoB paccrum:im. 

HCXO'AHUM MOM8HTOM eamero CTaTHCT:IAeCKOro OIIHcamm: 6yAeT BHpa

xeHHe (8). CHCT8MY D d.(1\1) - pesoH~COB, .It1IR: ROTOpo! <plilltCHpOBaHHOe 

seaqee:ae d.lS)=-N HrpaeT(cor.nacHo (8) ) po~ aHeprim, 6yAeM npeAI1O- · 

JUll'aTJ:, o6paSYJllt8I MHKpOKaHO~ecKHA aHCaM6nL. TorAa rrpoCTWi TepMo

,nm.laM:IA8CKaH MO'A8Jlh ,It1IR: OCUHJIJU!TOpHHX BOS6yl!Ol;eHd IIO3BOJIH8T pe

mHTJ:, l!HTepecHYD sa,naqy O pacnpe'AeneHHH CIIRHOB 'AYMLHHX peSOHaHCOB 

[ 23] • To, 'ITO. BTOT BOIIpoc T~e6yeT crreIJ,HaJil,HOro :asyqemm, HCHO 

yxe XOTH 6u :as Toro, qro IIomoe qHcno cocTOJIHHI pacTeT c N aKcrro

HeHUHa,lll,HO, a q:acno paSJIRqHHX CIIRHOBHX COCTOJllill:lt TOJil,RO JIRHelHO, 

3Ha'IHT,CIIl!IHOBH8 COCTOJIHHR .l!BJlllD'l'CJl TaKJt8 CKJll,HO BYpO1t,11;8HHHMH. Bu
'IHCJieHlfJI IIOKBSHBall'f, qro cpe~ CilKH peSOHBHCOB ,naHHOtt Maces B8'A8T 

C86Ji KaK f ~ w ~ V5 • 3TOT . pesynLTBT HBJ1118Tcst ~OCTaTO'IHO 

HeOD,ItaHHH~, IJOCKon1:,ey OKasa.noc1:,, qTo BM8CTO 6ecKOH81JHOI IJOcne'AO

BaT8Jil,HOCTl! mme:lbwx TpaeKTOpd, orrpexeJlllllllWC aMIIJll'lTY,Jzy' IIpH IIOJIY

qeHHH ycp8'Aff8HHHX pesy.m..TaTOB, "pa6oTaeT acplieKTHBHru:t" HenHHe!HaJI 

Tpa8KTOpHH. 

1IHCJIO cocToHHHI ea ypoBBe N B paMKaX pasBHBaeMoro rro,JtXo.zta 

6y'AeT onpe,neJ111T1:,ca Blipa&eHBeM [ 241 

d.(N)::+-. ~Jr. 1-N-lSp'l.H, (9) 
c:.)CI 

r'Ae CJ18'A ~epeTCH IIO q>OKOBCKOMY IIpOCTpaHCTBY OCUWlJilITOpHHX BOs6y.llt-

.neHd, a JIBTerpHpOBaHHe B8'A8TCH B KOMIJJI8KCHOtt MOCKOCTR 't.. IIO 

SSMKHYTOMY KOHTYPY, oXBaTYBamteMY Toqey ~,,. 0 • BilqHc.neH:ae m1rer

pana B (9) IIO M8TO'AY IIepeBaJia IIpHBOAHT K 6onee TO'IHOMJ,IIO CpaBHe-

. HHil C pesynHaTaMH [ 22] , BHpalK8HHD .It1IR: d.(N) • KOTOpoe HMC8T BH'A, 
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no,noomnt (3). TB.Koe cne~ecRoe noBe,neme WCJia cocTomml!: B TJY

aJIDHOI pesoHaHCHOI MO,neJIH OR8.3SBaeTCH TeCHO CBJ138.HHl,IM co CBOICTBa

MR TJYMDHOCTH H He 3aBHCHT OT KOHRpeTHOI qiopMS lJYa.Jll,HOI 8.MIIJIHTY.Illl• 

Hsy,ieHHe noBe,neHmt qHCJia COCTOJIHHii B oonee peanHCTH11eCKOI TJYa.Jll,HOI 

Mo,nen:a HeBe-IIIBapu,a. npHBD~ .K TaROMY xe pesyJ11>TaTY [ 251 • 

IlpoBe,neHHoe B STOA rJiaBe Il0,Iij>00H08 paCCMOTpeHKe CllCT8MS TJY-

8JIDHHX pesoHaHCOB ,lt8.HHoro ypoBHH N noKaSSBaeT, t1To ltJlli npo:as

BOnDHOI (pil8Htl8CROI B8JDl'lmnl, JCapaRT8pH5yeMol onepaTOpOM A. , MOll

HO BBeCTH·cpe~e no BCeM COCTOJUIHfIM TaKoro ypOBH.R:, ROTOpHe OYTJYT 

onpe,neJmTDCH R8lt 

L (RI/\\ R) ~ ft..,_ -tMc r, ~I\\ 
(/\1 :: ~r-1 :: • 11, I\ \JjOJt. 1:.. . Jp\..l "J (IO) 

~ L <. R \ R), 2JC I 0..\"" 1 · • 
e.<at.J 

STo BSpazeHHe JIBJlli8TCH OOHtlHHM onpe,neneHKeM cpe~ B Mm<pOKaHOHH

qecKOM aHcaMOne. O~o .ItJUI HeKoTopsx onepaTopoB A BHtlHcne

HHe cpe~ (IO) Momio npoBO,Il;IITD, zcnoJ.11,syn MeTO.It nepeBaJJa, T.e. 

nepeXO,nll TeM CSMHM R RaHOHHtleCKOMY OnHcaHlill. B qacTHOCTH, TaROI 

nepexo.n y,noOHO OCytlleCTBHTD npH HaxOJE,ll8HlDI q,ymaunI pacnpe,neneHM 

no CDHHaM ,eyaJlDHHX pesoHaHCOB [ 26] . OTMeTHM TaKJte, tlTO BStlHC

neHl!le cpe,1tHero qzcna ocllJ11JIJlRTopHHx BosoyJr,Item, cor.nacHo {IO), 

npHBO.ttHT K oOHtlHOMY pacnpe.ztenemm Eose-SIHurreAHa [ 24] • 

PesynTaTH TpeTDel rJUlBH ,ttHCCepTantm CBB,IteTMDC'l'BYJ'T O TOM, 

tlTO B paMKaX ,eyaJIDHOI pe50H8HCHOI MO.ItMH CytlleCTliyeT OIST,elt'f, KOTOpni 

MOllll:IO paccMaTpHBaTD R8lt CTaTHCTHtleCKYJ) CHCTe.uy, npl!tleM DnOTHOCTD 

ypoBHel 8TOI CHCTeMH Be.It8T ceOH Ta.Klte Kalt DnOTHOCTD ypOBHeA, BS'IHC

neHHM B CTaTHCTHqecxoA dyTcTpan-Ko~e~•.0,JtHaKO B npoTHBODOnOllll:IOCTD 

nocne,JtHel OHa YCTaHaBJIHBaeT npocTO TOtlRH B mmyncHOM npOCTpaHCTBe, 

Ha KOTOJ:BX onpe.1teneHB ,ItYanHM aMIIJIRTY.Ita, H H8 onpe.1teJm8T Bcex <pH

SK'leCJ:UlX M8.ItCTBHii. TaK, HanpHMep, ltJlli BH'IHMeHWI CBOICTB pacnSNl 
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aJU)OHHHX CHCTeM B ltY8JIDHOtt MO.ItenH HeoOXO.ItHMO HCnOJ11>30BaTD Bep

lllliliHStt onepaTop. KpoMe Toro, .ItHHaMK"leCKWi HHqx>pMaIUUI, co,nepm

l!lMCH.B ,llyMDHHX Mo,neJlliX, npoHBJIIIeT ceOH npH BSWMeHHH pa3JIH"l

HHX cp~ X8paRTepHCTHK CHCTeM .IIYMDHHX pe30HaHCOB eme H B TOM, 

no K8ltHM COCTOHHIDIM ,IJyaJ11>HOI MO.zteJIH npoBO.ItHTCH CTaTHCTH"leCKOe 

ycpe,!tHeHze. 

IlpoBe,neHHoe B qeTBepTol rJiaBe H3y,ieHHe CBOICTB pacna.na Tff

XeJISX p830HaHCOB B ~HOI MO.It8JIH IlOKaSSBaeT, "lTO 'aTa MO'A8Jll, ,na

eT T8lt08 ,nHHaMHtleCROe OilHCaHHe, KOTOpoe npH,BliCOKKX 8Hepr:wn MOXeT 

OHTh ecTeCTBeHHSM 00pa30M cqiopMj'JmpOBaHO Ha ff3HK8 CTaTRCTIN8CKOI 

MexaHHKH H MOZ8T nocnyJmTD OCHOBOI ltJlli pasBHTIDi CTaTRCTK'J8CKOro 

IlO.ztXOM K npooneMe MHOll8CTBeHHoro po,r,neHWI 8,Iij)OHOB. BepMTHOCTL 

pacna.na pesoHaHCOB ypoBHH N1 Ha pesoH~CH ypoBH.R: N2 H mora.1-

IIIYll CKaJlliPHYD -qacTHrzy (ycnoBHo TC -MesoH) sa.ItaeTCH B TaKOM no.n

xo,ne BSpaE8H.ll8M [ 271 
W~ (

2
~i)2J(N

1
) ~~d.x.dy x-l'J,-•~i-t-1.:-isp(~HV(PJ Y~V+(P)). en> 

Bs'Jllcnemi:e .llHTerpanoB B (II) no MeTOlJY nepeBaJIB. np:a N0 N2. ->DQ 

npHBO,ItllT K oonLn,&mOBCKOMY pacnpe,neneHKD ,ItJIII·aHeprd BTOpH"lHHX 

JC. -M830HOB C H8KOTopoft aqq>eRT.llBHOft TeMnepaTYPOit. Henocpe,ncTBeH

HHMH CJI8.ItCTBKIIMJl TaKoro pacnpe,neneHHJI JD3JifmTCH: a) orpawAeHHOCTL 

cpe,JtHKX sii:aqem 8Hepr:im BTOpli111HHX /\ -MeSOHOB, BHneTaJlilRX npK 

pacna,ne; 0) OrpaHH11eHHOOTL IlOJIHOft lllllpllHY pacna.ztOB TJllltenHX peso-

HaHCOB Maces M c :acnycIUUm:eM 1l -MesoHoB np:a M-7 co 

B) pocT IlOJIHoro 'lllMa BTOpHtJHHX IC -MeSOHOB nponop~OHanhHO 

Macce pacna,nannerocn TJllltenoro pesomlHca. Ilo,11;06HHe cBolcT:sa pacna.na 
' JiBJI/llJTCH X8p8.KTepIWMlil ltJlli CTaTHCT!i1118CKH paBHOBeCHHX aJU)OHHHX KJIB.C-

TepoB-qiaitp6onoB. 
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Ilpone;iypa ycpe,ItHeHIDI. KOTOpyll Mil K,CllOJU,SyeM B pasBRBB.eMOM 

CTaTKCT:HlleCKOM llO.ztXO'Ae, noSBOJDieT JieI'KO llOH!tTl>, 'ITO paCCMOTpemte 

BepOJITHOCTR pacna.zta R 1 _,. R2 .. X CB.llsaHO c :e:s~eHHeM BKn8,I{a o.n

HoneTJieBoft ,DyMl>HOtt ,ItHaI'paMMll c 'ABYMfl HeBOS6~eHHHMK KOmtar,m. 

Ilpll 8TOM O'Allli HS nponaraTopoB CO'A8pDT COCTOJIHIDI, COOTBeTCTBYJ)

Jll}te HatJaJU,HOMY pe30HaHCY, a .npyrott - ROHe'IHOMY. C BTO:ft TO~H spe

HIDI npe'ACTaBJDieT HHTepec BU'IBM8HHe BepOJITHOCTK pacna.zta, COOTBeT

CTBYDJtero BRJI8.DY H8MOCRHX O'Aff0Il8TJI8BUX r~OB. BupalteH}Ie, KOTO

poe np:e: 8TOM npHXO'ARTCJi paCCMaTpHBaTl>, OTJlli'JaeTc.a OT (II) HllJIH

'IBeM TBHCTHHr-onepaTOpOB l 211 . Bli'IHCJieHIDI,O,ItHaRO, Il0Ra3UB8.IJT, 

'ITO H B BTOM CJJY'lae OCHOBH!ie CBOftCTBa cneKTpa MeSOHOB pacna.zta 

nonHocT1>1> onpe'AeJllill'l'rur MHomeneM cl.( N 2.) / cllN~) , npHBO'AfDlll,lM R no

HBJieHHll 60Jil>n;MaHOBCROro q,aRTOpa. C Tott xe, 'ITO H npH BU'IBMeHim 

(II), 84JP8KTHBHOtt TeMnepaTYPOtt [2a] 
A.lq>oHHUe CHCTeMH, _06.na;naDJtHe CBOttCTB&m, aHMorrnMH ycpe'A

HeHHOMy ,DyMl>HOMY pe30HaHCY, BBO'AflTCJi.BO MHorn: MO'A8JllIX MHOl\'.8CT

BeHHoro pol!fJ(emm 'laCTKU, 0.ItHaRO BOilpOC o MeXBHHSMe o6paSOBaHR!i 

TaRHX CHCT8M pemaeTCR B 8THX MO'AeJ.UIX B OCHOBHOM !peHOM8HOJIOrif<lec

KH. ,I)yMl>HalI pesOHaHCHSJI MO'A8JI1, HMeeT B 8TOM Bonpoce HeCOMHeHHoe 

npem.wmecTBO, B paMKaX CTaTHCTRll8CKOro IlO,ItXO,Ita OHa Il03BOJDieT ~aTL 

OTBeT Ha Bonpocu: RaR OnHCaTl> CllCT8Mli, B03HHKrulltR8 B ~ommx 

perumruix Henocpe'ACTBeHHO nocne CTOJIRHOBeHIDI, H KaK MOrD 6u llOJIB

JIHTl,Cf.[ qiru1p6o.rm B ~OHHUX peaitnRRX? PemeHHe 8THX BOllpOCOB, RaR 

H 06'LR'.CHeHHe, HanpHMep, Ha6.mo.naeMoro 8Itcnepl!MeHTaJII,HO q,aRTa BH

~eJieHHOCTll OCH coy~apemrl1, Oita8HBaeTCH CB.IISaHHUM c O'AHHM 06cTO

H'l'8Jil,CTBOM, npHCYJllHM HMeHHO ,DyMl>HUM MO'A8JlfIM, R HeytJHTHBaBIImMCff 

B npe.nu.IJYIIlllX BU'IHCJieH:wrx. Bee ycpe.IUieHIDI Mli IlpOBO.ll,HJm, llCllOJil,8YH 

noJIHHtt (8RCllOH8HUH8Jll>HHil) cneRTp COCTOllHnli, ROTOpuil BOSHHKaeT 
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npH qaKTOpHsan;im ,Dya.JU,HHX aMIJJillTY~ c llOMO~l,D 6eCROHetJHoro Ha6opa 

OCnMJIHTOpHHX onepaTopoB. 0,ItHaRO B ,DyaJll,HUX &mJIHTY.ItaX c <pm<cnpo

BaHHUM 'lHMOM BHelllIIHX .JI11HHtt BupO)K'Aemrn c~eCTBeHHO MeH1>me 8Kcno

Heitnnam,Horo H pacTeT TOJil>KO CT8Il8HHliM o6paSOM (npHtJeM CT8ll8Hl, 

onpe~e.naeTc.a 'IHCJIOM BHemHRX JIHHK!!) • :3TOT B8JltHHil q,aRT. OTt.ieqemnra 

nnepBile B pa6oTe [ 29] , B IlpHHnRU; OSHatJaeT, -.iTO B ,DyaJII,HOii pe-

30HaHCHo:lf MO'A8Jm c~eCTBymT H8KOTO_pse ,zumawrqecKHEi npaBHJia OT6opa, 

ROTOp!l8 Heo6XO'ARJ40 ~HTHBaTb H B CTaTllCTH'l8CKOM HO,ItXO'Ae, 

OcHOBHBaSICl> Ha 8TOM 3aM8'1aHHH, Mli BBO,nl!M HOBHil THU cpe'AHHX 

X8paKT8p.HCTHR B ,DyaJII,HOtt MO'A8JIH - 'ARHru.mtJ8CKHe cpe.znrn:e [ 301 • 
ROTopge ,nJifI ~HsnqecKott BeJIIf\IBHH, xapaitTepnsyeMoil onepaTopoM A 
onpe'AeJllill'l'c.a B BH'Ae 

lVz11:iY·4~cWd.Y x·•H~r»-~<o\V(P) Y-. \-\AttV"'(P) \o> 
<<A>{== (V2it,)~ch)Cw-~01V(p)~Hv+(P)ID> · (!2) 

Cpe,ItHne (!2) OTJIH'lam'CR OT cpe'AHWC (IO), np:e: BU'IRCJieHHR KOTOp!lX 

KaJr,ItOe pesoHaHCHOe COCTOJIHRe BXO'ART C O'AHHaROBUM BeCOM, TeM, 'ITO 

npR 'AllliaMR'l8CKOM ycpe,lUlemm: llOJIBJDIMCJI Te peSOHaHCHUe COCTOJIHKII 

,ItaHHOrO YPOBHlI, ROTOp!le MO:ry'l' CB.118HBaTl>CR C 'ABYMII Hnxattmm.m COCTO

HHRHMR. 3To IlpHBO'Al!T K TOMy, 'ITO ycpe.ItHeHHe (!2) IlpOBO'AHTCJi'C B8COM, 

nponopnHOHMl>HUM RBa'ApaTY KOHCTaHTli CB.118R BOS6yQeHHoro COCTOJIHH!I 

C 'ABYMII HHJlfa:ltmmm COC'l'OJIHJtfIMR • .If.mI&mqecKne cpe.IUIRe H08BOJIHM Ha

XO'AHTl> cpe'AHll'.e XSpaKTepHCTHKK ~ommx C111CTeM, o6paSYJJIIIHXCR Henoc

pe'ACTB8HHO B pesyJII,TaTe CTOJIKHOB8HIDI 'ABYX HatJaJII,HliX qacTKU, XapaK

TepHCTRRR TaKJll CHCT8M c~eCTB8HHO OTJlli'JaJJTCR OT CBOftCTB qiaiip60JIOB. 

B qacTHOCTH, pacnpe~eneHHe no aHeprHH BHJieTannero np:e: pacII8.,Ite Ta

RHX CRCTeM 1C -MeSOHa He HMeeT 60JII,~OBCROro o6pesaHKII, ero 

cpe,ItHJm 8Heprmi:, ecTeCTBeHHo, He orpaHHtJeHa H pacTeT c yneJIHtJeHH-
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eM Ha"lam,Ho:it aHepr:im, a pacnpe,neneHl'!e no HMIJYJII,caM - cyllleCTBeHHo 

amISOTpOllHO. XaprutTepHOit "18pTO! cpe~·lJRcen 3aIIOAH8HIDI npH TaKOM 

ycpe,n;Hemm JJB.1Ili8TCJI H8paBHOM8pHOCTL pacrrpe~eX8HHH llX no oc~

TOpBHM MO,naM. 

3KcnOHeimr,taJlI,Hlli! pOCT MOTHOCTH a,I!JlOHBHX COCTOJIHmi B ,llYaJILHdi 

pe30HaHCHOI M0~8XH sacTaBXH8T Hae B IIHTOI rxaBe paCCKOTpeTL T8pKO-· 

~HHaKHqecxoe co~epzaaHe &To! Mo,n~n. nocKo.nr,ey no,no6HWI: pocT HB

MeTCH q>aKTH"l8CKlf 6HcTpe!wm.1 HS Bcex BOSMOllllllX, e~e COBM8CTHHX C 

T8pMO,ItHI{aMH"l8CKHM onHCa.HHeM. EcnH B npHpo,ne ,neitCTBHT8JII,HO peansyeT

CH no,no6Hoe CBO!CTBO a,I!JlOHHOro crreKTpa, TO c TO'IUU! speHJIII CTaTRC

THqecKOI 6yTCTpall-MO,nenH OHO, Kalt HSB8CTHO, Be,neT K cymeCTBOBaHl'!D 

a6co.nmHo! npe,ne.nr,Ho! TeMIIepaTYJ)H [12] . PasBHTH! B npe~.uynurx 

rJiaBaX CTaTHCT.H"leCKHi!: no~.n noKaSHBaeT, "ITO B ,llYaJILHO! pesoHa.HCHOI 

MO,neJIR C TepMO,ItHHaMll"leCKO:it TO"IKH speHrur CYI118CTByl)T ~ THlla a,I!JlOH

BHX cHcTeM: l) qaiip6onH-o6~exm c orpa.HH"leHHO:it TeMIIepaTYJ)off pacna

,na; 2) 'AHHaMH"l8CKH8 a,I!JlOHime CHCTew-o6~.eRTH,HM8DIU!:e Heorpa.HH"l8H

'HYD TeMnepaTYJ)y pacrra.zta H H8ROTOp!ie CBOttOTBa,:xapaKTepBHe .Jt1I11 HepaB

HOB8CBHX oTaTHCTH"l80RHX OHOTeM. IlpH rroone,noBaTeJ.ILHOM HSJJY'l8HHH BTq

pH"IHHX qaoTHU 'AHHaMH"l80KM OHCTeMa, KOTOpaH renep:e:pyeTCR: Henoope.n

CTB8HHO nocne OTOJIKHOBeHrur, MOXeT, HSM8HJlll OBOH CBO!CTBa, nepe!TH 

B qmip6M • 

PasJIRqime oueHKH, c,neJlfilfBHe B BTOtt rnaile, IIOSBOMIOT SB.KJID"IHTL, 

"ITO npH OTaTHCTR"leCKOM OllHcaHIDI ,nyanLHliX pesoHaHCBHX MO,nenea npe

,nenLHa.R: TeMIIepaTYPa, ~eCMOTpsi Ha 0611lHOCTL H8ROTOpliX pesy.nr,TaTOB 0 

pesynLTaTaMH CTaTHCTH"l8CKOft 6yTCTpan-MO,nenH, OTCYTOTByeT. IlapaMeTp 

. ~ • nOHBJIIIJlllHi!:CH B BHpruteHlm .lt1III IIAOTHOCTH ,nyanLHliX ypOBHel, 

HrpaeT pML H8KOTOpO! KpHTH"18CKO! T8MII8paTYp!i, KOTOpali HBJUteTCJI 

MaKCHManLHO! TeMIIepaTYJ)ott_)t1III qm1p6onoB H MHHHMaJILHO! .lt1III 'AHHElMH

qecIU!X CHCT8M. Ilo,no6Ha.R: xapTHHa E:MeeT M8CTO B MO,neJIH IloMepa.!I'JyKa 
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[ IO 1 H B r~O,ItHI{aMH"l8CKO! MO,neJIH Jla.H.nay [ 3I] • r.ne a.DJ)OH

Ha.R: CHOTeMa, HaxO~a.R:CJI Ha nopore o6paSOBaHRII KOH8"1HHX qacTHU, 

xapaKT8pHSY8TCH qlHKCHpOBa!IHOil TeMIIepaTYpO:it, H8 SaBHcmne! OT HaqanL

HO! BHeprHH H HBJilmll8ilCJI TeMIIepaTYpO:it pacna,na OHCTeMH. B 8THX MO

,nenHX Ta.KJlte Henocpe.ncTB8HHO nocne BSB.HMO,nettoTBIDI a,I!JlOHOB BOSHHKa

eT OHOTeMa, TeMIIepaTYJ)a KOTOpott MOX8T 6HTL CKOAL yro.n;HO 6om,wott 

C pOCTOM Ha"laJII,HOtt aHeprn, a saT(JM 8Ta CHOT8Ma OCTHBa.8T .no"KpH

TH"18CROil" TeMIIepaTYpH. IlpaB,na, B OTAH"IHe OT MO,nenett Jla.H,nay li ITo

M8pa.HqyKa,nponecc "OOTHBaHIDI" 'AHHaMH"l8CKott CHCT8Mll B ItapTHHe, oc

HOBaHHOil Ha ,nyaJILHOtt peSOHaHCHOH Mo.nenH, oonpoBO.lK,IJ;aeTCH HCllYCKB;

HHeM KOH8"1HliX qacTHU [ 17] . 
B aTott xe r.naBe o6cyz,u,aeTCH Ra"leCTBeHHaH ItapTHHa npouecooB 

MHOXeCTBeHHoro po.lK,ll;eHHH, KOTOpaH cne,nyeT HS OTaTHCTH"l8CROro pao

CMOTpemm ,nyanLHHX peSOHaHCHliX MO,neneii. MH rrpHXO,nHM K BOSMOJKHOC

TH CYI118CTBOBaHIDI .nBYX CTa.nHi!: B rrponeccax MHOX80TBeHHoro po.lK,ll;eHHSI: 

HeHsOTpoIIHoro pacna.na, cooTBeTCTBYJ001ero CTa.nHH qiopMHpOBaHHII qia:itp-

60.na,n HSOTpOIIHOro paorra,na Ca.Moro qattp6o.na. IlpOBO,nHTOH cpaBHeHHe 

C .DJ)yrliMH MO,neMMR MHOXeCTB8lIHOro pOlK,It8HIDI H ~enaJOTOH oneHKlf IIO

Be,neHHH H8KOTOp!iX q,RSH"18CKHX xapaKTepHOTl!K .It,1VI TaKHX npoueccoB B 

rrpe.n;.,raraeMoil ItapTHHe. 

3KcnepHMeHTanLBHe ,na.HHHe no HeyrrpyrHM BsaHMo,neifcTBWIM npH 

BllCOKllX 8Heprrurx IIOitaSanH B rrocxe~Hee Bp8MH [32] • "ITO BepOlIT

HOCTL pO.lK,ll;8HRli qaoTHU C 6onLlllHMH rrorrepe"IHHMH HMIIYALCSMH Ha.MHoro 

6onLme, '118M MOXHO 6ano 6H oJm,D;aTL HS rrpOCTO:it 8KCTpaIIOJI!IURH ,na.HHHX, 

IIOJIY'l8HHHX npH HHSIOIX 8HeprIDIX. 3KOIIOHeHUHaJILH8JI qiymaum: AHHe:itHBJI 

:wm ItBa'ApaTH"IHa.R: no B. • xopomo pa60Tamt8JI B 06.nacTH HHSKHX R. 
OKaSHBaeTCH He B COCTOHHHH ornrcaTL Ha<lXll.ltaeMHe cei:ieHHll BO BCeM 

HHTepBane Pi. , rronyqaewx B rrocne.n;HIDC a~cnepHMeHTax. B rurTo:li r.na-
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Be ,IJ;HCCepTail,lIB npe.ItlUU'aeTCSI MexruIH3M B' rH,lij)O,ItHHaMH'JeCKOli MO]J,eJm, 

Il03BOJIIIXIllRil KaqecTBeHHO 06'Ll'ICHHTI, 3KcnepHMeHTanI,HHe JJ,aHHHe O pac

npeJJ,e~eHRR BTopll'IHHx qacTmt no nonepelJHUM HMny~t:,CaM. 06o6meHHe 

rH,lij)O,ItHHaMWleCROil MOJJ,eJIK llpR 3TOM COCTORT B JJ,onymeHRH, qTo. qacTR

uu MOryT nO.!IBJIIITLCSI He TO~t:,Ko Ha CT~ pa2~eTa np:a T=-T-<r, HOH 

6JiarO,nap11 H3JJY'IeHmo (no RpailHeil Mepe, He6M1:,mott JJ,OJIK) qacTmt Ha 

CT~ rH,lij)O,ItHHB.MWiecRoro pacmHpemm npR Te.1.mepaTypaX T ~p<I ~ T.., • 
B paMKax OJJ.HOMepHoro npH6JimteHIDI pacnpeJJ,e~eHHe BTOpJ.I1JHSx qac

Tmt ( iC -Me3oHoB) B nonepe,moM HanpaB~emm no aaeprIDIM E,c" 
,,.-iJ D1+ YY17.' 6yJJ,eT TOr,na HMeTI, CJie~ BH]J, [ 33]: 

r1. }I. 

T,., 

1(Eit)"1r~JE.,._j + 3-,tJE"-J"C/~ptEit./r,.~ +(2. ~ ~(-r)eit.pcEJf./TJ lf. (I3) 
T~p 

IIepBOe CJiaraeMoe B (13) COOTBeTC'l'ByeT qacT.HnaM, o6paSOBaBIIIHMCSI Ha 

CT~ pas~eTa npR 1 •Tkp ~ VYl:,c • :e:, KaK HSBeCTHo, xopomo on11cuBaeT 

eRcnepm.1eliTSJI1,HHe JJ,aIIHHe JJ.JilI g_ < 2 r:,&jc • BTopoe CJiaraeMoe oTBe

qaeT Rcnapemw, R XOTR q11cno zcnapRBIIIRXCSI qacT~ Ma.no no cpaBuemm 

C 06mHM qnCJIOM BTOpll'm!lX qacTim;, T.e. BRcnepHMeHT nOKaSHBaeT, qTo 

c, >'? C 2. , OHR 6y.nyT HMeTI, 60~1,ume T8MOBH8 RMUY~CH, R IIpll 60~-

umx nonepeqHHX m.my~cax MOryT ,naBaTI, JJ,OMKHllpYmodt BKJia,It B pacnpe

,Ite~eID!e no p.t 
AHMorM c o6uqaaM npo~eCCOM RcnapelllUI llp.llBO,ItRT R 'l'OMY, qTQ 

BeCOBaR: 4JYH1UUIS1 lp(T) 6yJJ,eT ,;iponop~OHMI:,Ha CYJr!MSPHOil MOlll8,!U! 

cBo6oJJ.Hol noBepxaocTR Bcex rH,lij)O.ItHHaMRqecRRX e~eMeHTOB, HMeltllll'IX B 

pasmtx To~ npocTpaIIcT:aa· X B MOMeHTH BpeMeHR t TeMnepaTY!)y T • 
Haxo~ 'l'aRJIM nyTeM'()(f) , MH .MR: ~SR: o6o6meHHoro ypaBHeHHR coc

Tomma p ~ c; ~ [ 34] llOJJY'IaeM aCRMnTOfflqeCKOe Bupazem1e ]J,JilI llC

nap:11Te~ol qacTR (!3) B BHJJ.e 
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L f \ -~+{ ' 1 
~I\C.ll'-Pl)"-' B._c.?- eyp[:c.o11stp.l/s(·/c.~•G€\ j, (!4) 

Bsno~eHHoe B M'l'Oil r.naBe CpaBHeHRe C aitcnepHMeHTMI,HHMll ,naHHHMH 

noRa3SBaeT, qTo no,Ito61:!Wt yqeT aqqieKTa RcnapeHHJI llpHBO,IJ;HT R Bno~~ 

He YJJ.OB~8TBOpRT8~HHM pesyn1:,TaTaM. 

MaTepHa.JI meCTOI rJiaBH ,IJ;HCCepTanmr He CMsaH C pesy~t:,TaTaMH 

npeJJ.[118CTBYDl!l'!X rnaB, OH llOCBRmeH paCCMOTpeHmo HeROTopux BonpocoB 

JJ.YMl:,HOCTll ]J,JilI aMIIJmTYJJ. BRJ)TYSJil,HOro KOMllTOHOBCROro paccemum. 

IlpRMeqaTMl:,HHM pesy~1:,TaTOM 9TOtt rJiaBH HaM npe,ItcTa~eTCSI BUBO.It 06 

3RB~8HTHOCTH OIIllICalld MacmTa6Ho-mmapH8HTHOro noBeJJ,eHIDI ROMIITO

HOBCRHX a.MIIJIKTY.It paccemnm Ha RSHRe napTOHHOil MOJJ,enR H Ha RSHRe 

MO,Ite.llll o6o6meHHoil BeRTOpHol ]J,OMHHaHTHOCTH. 3TOT BHBOJJ, c~e.nyeT HS 

aHwmsa npe~ollteHHoro B [ 35] .nyam,Horo MexaHRsw.a reHepawm 

qJHRCRpOBaHHHX noJllOCOB B "cna6ux" aMIIJmTYJJ,aX~ )JyMI:,HHli MeXa!llisM 

nosBOJIR:8T IlOJJY'IRTI:, TaIUte pll]J, HHTepeCHHX yruisamn1 O ~ 2. -SaBHCll

MOCTll BH'leTOB ~CRpOBaHHHX llOJllOCOB. Tait, HanpHMep, npH yqeTe .ny

aJ.IJ:,HOro MeXEUraS.Ma He clyJJ,eT yxe RSB8CTHHX KOppe~ [ 36] Mel!UJY 
2 

noJ.IRHOMKaJ.Il>HllM no ~ noBe,IteHHeM BuqeTOB (!!HRCRpOBBJIHHX noJIIOCOB 

KOMnTOHOBCRHX at.mJIRTY.zt R WC OTCYTCTBHeM B ru.mJIKTYJJ,aX ql()TOpO.llt]J.emm. 

KpoMe TOro,B BTOil ae rnaBe Ha OCHOBe npami.7.I cyMM ]J,JilI a.M~TY.zt Bilp

'l'Yam.Horo ROMIITOHOBCROro paccemnur BHRCHReTCSI po~b qiHKCRpOBaHHHX 

llOJllOCOB B reHepaumi: M8.Clll'l'a6HO-RHBapRaHTHOro noBe.ztemm y B?HX aWIJIH

TY.It [ 37] . 3aMeTRM, qTo SaKJilllqemrn O CYmeCTBOBaHIDI 3RBKBaJ.IeHT

HOCTR onR~ B pmmax MO,It8Jlll o6o6meHHott BeKTOpaott ]J,OMmlaHTHOCTR 

R napTOHHOI MO,IteJm B noCJieJJ,Hee BpeMR: H80JJ,HORpaTHO o6cyllr,I{p.1IOCI:, B 
2. 

CBJl:SR C H,Iteett .ll;,YaJll,HOCTR no nepeMeHHott \ B a~eRTpOMarHRTHHX Bsa-

HMOJJ,eilcTB.WU:: 8JJJ)OEOB [ 38] . 
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B 8aKJD:rqeHKH KpaTKO nepe'lllCJllilDT~ OCHOBHUe pesyJll>TaTU ;LtHCCep

Tanmt. OHR HeO,n!IOKpaTHO ~OKJia,l]JlBaJmCL Ha BC8COD8HUX R Mez,eyHapo~

HUX KOHipepeHnIDIX, COB81Il8.HKflX, npo6R8MHUX ceMRHapax H IDKORax R 

ony6.mmoBaHU B pa6oTax lr3,I4,I?-I9,23-25,2?,28,30,33,35,3?] 
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