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~iCITOJIJ,3CBamie MeTO.ILOB, OCHOBaHH!lX Ha rrpl!MeHeH.Ulf Ma.TeMaT!I

tieCKoro arurapaTa Teop:im KBa.HTOBaRHhlX rrc~11eil, OKa3aJIOCh BeC:&?/le 

IIJIO.n;OTBOpHflM npv. llCCJI8,Il;OB8.HI1li CUCTeM B38JlMO,lleilcTBilS! MHOrnx 

tiaCTI'IU B CTaTHCTI'J'leCKOll MeXa.H!iKe. 0.n;Ho Il3 pesyJitTaTI'!BlillX Ha,npan

JieHUH HCCJie,Il;OBaJULf{ MHOroTJaCT;!'IHb!X Cl!CTeM CB.fI3a.HO C MeTo.nou miyx

BpeMeHHIDC Te~mepaTypHHX onepe:iKa!Ommc u sarraa.roma.IOmnx 'PJ'HKUHil I'p11-

Ha \:.l]. 0TMeTMM, 'ITO .n;ByxBpeMeHH11e orrepel!tE'JCIIme n sanas,Il;h1Ba.I0111He 

itYHKIUI¼ rp,:Ha :VIM81iJT 6oJiee "y:uo6m.re" aHa.JIUTil'l6Cllli6 CBOHCTBa, 'ITO 

IIQ3BOJJ.ff8T liX liCIIOJll,30BaJU1e 1I,JilI paCCMOTpemm; ',n;oCTaTO"lliO llllipOROro 

Kpyra BOIIpoCOB CTaTHCT!!'let::KOH Teopm-r. 

· l(eJil,IQ .nammro ECCJie.n;oBamm .flllJI.lI8TC.l1 li3Y'!8HHe BOIIpoCOB, CB.fI

aamrux C Bl1POJim8HI'J8M COCTOP,"RHJ! CTaTI1CTli'l6CY.oro p8.BHOB6CHJI B He

KOTOPillC Mo.neJIJDC cpnsntiec:.mx cncTeM. E ocHo:ey nccJie.n:oBamm noiroJKeH 

emrnufi no.nxo.n, 6aanpy1rnm1ttcJI Ha qiYJI.!{B11IeHTaThHofi RoHnenwi:u H.H.Eo

roJII06oBa O KBaav.cpe,IUIY.X li H8paBeHCTB8.X .n.,'IJI KOMMYTaTOpH!:lX cpyn:rmml: 

rp1-um. 

3aMeTI'JM, 'ITO B OCH:)BOITOJiaraiort1eil pa6oTe H~H.EoroJII060Ba f.21 
6:,(.]IO YCTaHOBJieHo, ~TO B pP~e sa.na'l CTaTttCTY.'IeCKOH MeXlli!llKU BCJie~-· 

CTBI'!e Ha.JllfqUH a.n;IJ;MTllBHillC saKOH:)B coxpa:a:eHM UJIH, l:!..~1,T8pHaTlf-1lHO, 

I'IHBapI'!aHTHOCTll rc1vm~1>TO!lliaHa CUCT8Ml,I OTHOCI'ITO.lll,HO HeKOTOpWC He

npep!iBHWC rpynn npeo6pasoBaHui! MH .uMeeM .n;eJio c :mrpol!U(emreM cccToJI• 

HH/i CTaTUCTM'reCRoro pa.BHOBeCHJI. C .npyrott CTopoHu,nsBaCTHO, ~TO 

8,!l,lJ;l!Tl!BHl!e 3eKQH11 coxpaHemIJI npllBO~T K onpe,neJieHHl!M IIpaBMaM OT-

6opa MJI GTB.TI'ICTil'!ecrorx -cpe.rurnx P qiymc:i;ufi I'puHa, MeJK,IJ;y· TeM nsy

'leHI'!e pz.na MO,D;eJieil, OITI'ICUBaeMUX raM,Wll,TOHllaHaMll ytta3aHHoro Tima, 

IIORa31!BaeT, 'ITO CYJ!jOCTBYIOT ReHyJieDble cpe.rurne, xapa1tTep.u3yroume 

CllCT8MY, r.oropue, car JiaC!IO npaBH!IaM OT6opa, .noJilK!ill 6HT1, TOJimeCTBeH-

ft!<.,. ''"''"•i· · .. ·•,•1,1,\ r-ccf-i"TT,'(,"" Vt.1 t.;l¾./""'-!'.7.,., 'C, 1 i'-" ,; ......-11•uu..J.a.,- a 

nne~uull nc,·;1.::.uooomru 
GVi6nMOTEKA , 
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HO p8.BllH HYJIIO. 3TOT qiaRT yita.3UB8.eT Ha ~o. '!Tu COCTOID!He CTaT:tl:C

TU'!eCRoro prumonecru:r, xapa.RTepnsyeMoe Ta.Roro po.n:a c pe.n:mrM¥, 06-

Jia.naeT OoJiee HU3KOti CY.Ml,!eTpneli, '!eM CfIMMeTptm rru,rnJiuomrnHa, n 

ossai:raeT CI:Of!Ta.HHOe Bapymemrn CHMMSTp.mr B C11C'L'3Me. 

MaTel/18.THtiecrore rrpc6JreMU HCCJie,noE8.HM CUCTBM c na;pymemrott 

cUMMeTpneil 611Jm .neT8.JI1,HO paspa.6oTaJil,! H.H.Foro.mo6oB!,[M, 'ITO rrpn

:eeJio R cos.n;amuo EoHo;enrurn o RBasncpP..runnc. 

CorJia.CHo H.H.fioroJI~OOBY,RRasncpe.n;Hne orrpeieJI.P.JOTcR CJie.n;yro

imrM o6pa.soM: 

o S ( - "Je~/e j S ( _ "Je~/e) < ... >= -lhn. p ... e ) p e , 
~➔O 

(I) 

r.ne 'Jf ~::: "Jf! + i> H' , rrpU'IeM ';ff_ - raMWI1>TOHll8.H cncTeMU, 

~H' (~ > O) eon MaJU,tij 'IJieu, Hapyma.IOlljllil c1w.MeTpmo Je H 

TBM CS.MHM ITpaBP---18. OTOOpa, C KO'l'Opm.m CB.1!3af!O B!,lfOliU;emre COC'l'O.l!

H:IR CT8.~UC'l'U'I6CROro p9~HOBecll.q. 

0TMeTHM, '!TO rrpn llCCJie.n:oBB.Hnn CUCTeM C Bl1POJK,ll;0HH!IM COCTO!l

ImeM CT8.TFJ;CT¥!"l:BCKOro pamrnnecM m1.eCTO lllYH~it J;'pi:ma, IIOCTpOSH

HWC us c611imwc _ cpP,.n;Hnx, H~o6xo.nnuo i;i:cno.m,s0Ba.T1;, lllYHKI.nm I'puna, 

IIOCTp0€HFl,Ie ll3 RB83V.Cpe,nmr.x (I). 

H.H.Eoro.JII06o~ B pa.doTe (2], B '118.C'l'HOCTll, <)WIO YCT8.HOBJle

HO CJIB,U:YlJ!11ee nepaneHCTBO .:iw. (l)yp:&e-o6paaoB )Uly-..rnpeMerumx Tetme

paTypm.x ROMMYT8.TO.PH!DC cfJYHRijllfi I'pi:ma: 

j<<A; B>{~o I~ l<<A;A
4

>{=q\· I« B+; E)>l::ol, 
crreRTpaJII,H.IDC rrpe.n:CTaBJie~nfi u ITOJI8.I'M 

A= [G; J.e] , MoJKHc sanncan B aKBUB8.),leHTBOfl: q\opMe 

< fj8 + Bt> 020 I<[ Q; B] >1
2 

l<[Q;[Q~; ?eJJ>I 

RoTopoe, ncxo;vr HS 

2 

(2) 

(3) 

• 

AHaJiorWIH11e IIepaBeHCTBa l!Me'OT MeCTO H p)I.ll 'PYHKltllii I'p:ima 

Ioraccl!ll'.eCKOtt CT8.T.IICTll'IeCKOli MexaHHRn [3],a HMeHHO: 

* <BB> /, f) I< {q ; I?)}> 12 
1/ \< { Q;{ Q*; 1£}} > I 

osHatJaeT Macclftlecne cKo6RH: IJyaccona 

(4) 

r.n:e{ ••• ; ••• } • OT COOT-

BeTCTByYOJm!X 1YHK1Ufil ,l'UmaMH'!ecrooc rrepeMeHHHX nsyi:raeMOM CllCTeMU. 

~aMeHT8Jil>HM ROHI{errrnra H.H.Eoro.JII06ona O RB8.3.11Cpe,I:(H.IIX .II 

HepaneHCTBa ,IIJI.ff RoMMyTaToprurx: WYHKD;!ili I'p.11na, Jiel1t8.lllHe B ocnone 

.11snecTHOH TeopeM!:l H.H.Eoro.JII06ona 06 oco6eHHoCTRX ~nrra 1/i2 

B Teopnn BlilpoJK,D;eHH!DC 6ose- n cpepMH-cncTeM, corJiacno KoTopofi, 

HarrpnMep, ITJIOTHOCTJ, nerrpepllBHOro pa.crrpe.neJieHM 'laCT.IIU no IDl-
➔ . 

rrym.caM rrp.11 9, ~ O CTpeMHTC.I! K 6eCROH8"l:HOCTll He Me,l(JieHHee, 'IBM 

1 J i2. , OKa3!lBa.IDTCH ~eRTUBHHM MeTo.noM rrp.11 ncc.ne,lloBa.mrn mi

JieHHii, CB.1!38.HHHX C BllpOJK,D;eHneM COCTO.mrn.fi CT8.TllCT.ll'!eCKoro pa.BHO

BeCM [4,5]. 
Ilpe.n:.,roxeHHM B [ 2] Ma.TeMa.TntrecKaJI cxeMa rrpe.!{cTa.BJIRe"' co6ofi 

aJirOPllTM YCT8.HOBJI6HM HeTpllBllaJU,HWC Hepa.EeHCTB JJ,1IiI cpe.n:nHX (RBa

sncpe.n;Hl!X), IT02BOJI1IBT llCCJie,noBaTl> Borrpoc O cneuncpll"l:eCKOM YIIOIJ.l!

.!{OlJ:eHnn B MO,IteJI:&HWC CllCTeMa.X n pacCMOTpeTh CTPYRTYPY anepreTn-
' ➔ 

i:rec:KOro cneKTpa. CJia.6oB036~eHH!1X COCTO.l!HllH ( CJ, ➔ O ) 

BalltHefrurnM MOMeHTOM B ,It8JibHefuaeM llCITOJI:&30B8.ffiiM pesyJI:&T8.TOB, 

rroJiy'leHHUX H. H. I;oro;rnO'OBHM, /IB.IIJl~CJ, nx rrp.11MeHeHne B Ka'leCTBe 

.11crot1H.11Ka nonyt1eH.11R crpororo .noxasareJihCTBa orcyrcrB.11R crreu.11-

cp.11t1ecxoro ynopR.not1eHnR npH {)¥, On orrpe.neJieHHOM orJ;aH.11t1eHnn Ha 

IIOTeHu.11an B3aJIMO.l(eRcTDY.R B OeCKOH6'1HllX OAHO- If ABYXMepH!lX MO

AenRX B3~.IIMO,lleRCTBYDllllfX MHOrnx qacrnu [ 6-8]. 
0TMeTHM, '!TO rrpn nsyi:reunn Mo,nem,HWC cncTeM rroJiy-qe1me MD.Te

Ma.THi:reciru CTpornx pesy.JU,T8.TOB, n, B 'laCTHOCn1, CTpornx oneP.oK, 
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JIBJI.f!8TC./I O.IUIOH 113 ::Ja.JKHeill!lliX 33,IT,a'-l CTaTHCTIITieCKOH Mexrumror. Ha 

Haw B3rJI.ff,ll;,. HepruieHCTBa (3) 11 ( 4), Hocmw.e o6!llHi1 xapaKTep, .'ll!J'.JI

mc.11 Hal!OOJiee rrepcneKTHBHhlMli B 3TOU o6~aCTl1. 

0,!UIHM 113 -fiKTYMI>HUX BOIIpOCOB Teop:im qia30BhlX rrepexo~OB RBM-

8TCJI BOilpoC O crre~qiU'!eCROM yrrop.!I,D;0'!8Hl1ll B HeKOTopux MO,JJ;eMX o.n

HO- H ,JJ;Byxfl!epH!IX CHCTeM. V1HTepec K 3TOMY BOIIpocy BU3llllaeTCJl He 

TO~I,KO C T80pCTHl!eCKOH, HO ll C npaKTI1qeCKOH ToqKH 3p€HllH.TaK, Ha

npmiep, BUCKa3UBH8TCJI B03MOJKHOCTI, C03,JJ;aHI!R O,JJ;HO- ll ,!J;ByxMepHux 

CBepxrr:pOBO,JJ;H'll!WB C 60~I,ll!OH RPHT'll'IeCKOH '.i'e!,!IIepaTypott Ha OCHOBe 

He<poHOHHoro MeX-aHH3Ma B03H!JRHOB8Hl1Jl peay~I>TV.PYJOll!8I'O ITpUTJIJ!teHI1Jl 

MeJK,ny 3~8KTPOHaMn [ 9 ]. HeCOI,!JieHHO, l!TO coa.rrrurne O,IlHO-ll ,IUJyxMep

HUX 1.1w.poCKOilll'I8CKHX o6~acTett YIIOPff,IJ;O'leHUJI ~eTCJI BaJ!'.HOit rrro-
6~eMofi. B CBJI3ll C 3TllM rrpe~CTaBJIIIP.T HHTepec YCTaHOBllTI, KpnTeprrn 

B03MOiKHOCTH CYJ1l8CTBOB/.1HHJI ~rre~qill'leCKoro yrropR,l{O'l8HIDI B O,JJ;HO-

I1 ,JJ;By:xMepmnc CHCTeMa.X, He ITpOTHBopel!all!ne TeopeMa.M 06 OTCYTCT-

'91111 yrrop.!I,D;O'l8HHJI B COOTB8TCTBY]lll!l1X 6eCKOHe'lHUX C.l:!CTeMaX. 

KaK HaMH ITOKa3aHo, HepaBeHCTBa {3), (4) MOrYT 6~TI, llCII0~-

30Balll1 .n;JIJl BUJICH8HT1Jl BOITPOCOB, CBJI3aHHUX C CYJlleCTBOBa.P..MeM 3qq)eK-· 

TOD ,JJ;MLHero rropJI,IJ;Ka B KOI!el!HJL"C O.JJ;HO- H ,JJ;ByxMepma: CllCTeMaX. 

3HaH MHIIHMaJibHhlH ~ym,c Q. • > 2Jr ¼ ( /4 -xapaitTep-
yn-ti'1. ;,-,J . /' 

Hliil p9.3Mep CHCT81fil), OKa3!IBaeTCJI B03MOJKHUM ou.eHHTI, MaKCll!\ta.lII,HUO 

pa3Mepli CHCTeM, COBMCCTHMUe C HeKoii CT8II8HI,JO CIICW1qllll!8CKOro yrro

p.!I,D;O'l8HM. Cfl.8.IQ'8T OTM8THTI,, 'ITO B03MOl!tHOCTI, cnerniqill'!eCKOro yrro

pll;I(Oll8HHJI CYJ.~BCTBeHHiIM odpa30M onpe;:i;eJmeTCJI oco6aHHOCTI,JO Koppe-

JIJill;HOHHIDC 4lYHKl.O'!li B ,!J,]l.liliHOBOJIHOP.OM npe.1.4e~e ( i ➔ 0 ) • ITp:ir 

3TOM c~yqatt 8 :::: 0 c~e.JJ;yeT paccMaTpHBaTI, oco6o, IIOCKO~I>KY, Y.aK 

MOl!tHO ITOKa3aTI>, ITpH $ =. 0 0C06eHHOCTll rtopp8JI.1Il.UIOHHUX qJJ'HK-

IU:!ll Cl1CT8M, Oill1CUBaeMIDC ra.Ml1JII,TOHT.JaHOM, mmapRaHT!IHM OTHOCHTBJII,-

4 

.. 

HO HeKOTOpott Henpep!1BHOH rpyrrrru npeo6p.!t30B8.Hl!li, BCJI8.ll;CTEHe H8.JU!

l!II.ll BeTBll 3.'IeMeHTapHHX B036YJKJJ;emiil: 6ecmeJieBoro 'l'HIIa, CT.'IW.f8JOTCH 

OT HMenwero uecTo npn t) =f:.. 0 • ~ Il0~8HHH Taimro pe-

3YJII>TaTa mm Il0Tpe60BMOCI, YCTaHODl!TL HepaBeHCTBO H. H. Eoromodo

Ba ~ HYM TeMIIepaTypu, TIOCRO~l}Y rrp:11: 3TOM CITP.KTpa1U,HJle npe,n

CTaDJIBHHH HDJIHIOTCR HHm.m, qeM B CJiyqae 8 t- O. 
PeayJir,TaTS' no~eHHue npH paCCMOTpeHIIB MO,l(eJII,HblX CHCTeM, 

TaK11x KaK naoTponnu.A re.A3eH6eproncKuil cpeppouar11eT11K,npocTpa11cT-. 

B81IHo-nepuo,1111qec1mR c11c-Te1m, c11cTe1.1a cnepxrrpono,111111iero Tuna, yKa-' 

3LIBaIOT 11a noauoJKaocTr, cneumpuqecKOro yrropJ!Aoqemrn npn 0:t: 0 B 

KOHequux o,11no- n .n;Byx11epmnc cncTeuax. 

B padoTe npo.n:eMOHCTpHpoBana MO.l(GTBOpHOCTI, HCITOJlI,30BaHIDI 

HepaBeHCTB (3), ( 4) .n;JIJl IlOJIY"'IOH!m CTpornx ·oueHOit paBHOF8CllllX xa

paKTepvrCT.l:!K CHCTef.ru. Trut, c Y.X IlOMOIIU,JO llOY.a3aHO, 'ITO ;i;e6aeBCKll8 

3Ha'leHl!Jl CTaTlil!SCKoro CTpy:!,TypHoro ipaKTOpa lil BHJTpeHHPU 3HeprHII 

O,JJ;HOROMIIOI!eHTHOii Ma3MU Jlll.7!Jil!)TCH. TOl!HO orpaHHl!8HH!1MH C'HH!'lY. 

Hcno~I,30BaHHe Hepa.BeFCTB H.H.EoroJII06oBa ITOSBOJIJJJIO liCCne.n:o

BaTI, OJT.HY Y.3 HHTepecl!l1X Mo,ne~efi CTaTHCTJi(t{eCKOll MeXaIDiKII - MO~e~I, 

Xa66ap)];a [IO], K?'l'Oprut o!ta3UBaeTcJI npnro.JJ;Hoii, na11pm,1ep, .n;JIJI orrn:

CaHHJI .mrn~eRTPHKOB u n:cc~e,r:oBaHnJI rrepexo.na MeT~-.D:Ha~eKTPHK. I1H

Tepec K 3TOH MO,!J;8Jll1 BU3UBaeTCH ll TeM, l!TO OHa ~onycKaeT aH~H~eppo. 

1\18.I'HHTHOe pellleHne. B pll;I(e pa6oT rru.mJII>TOHllaH Xa6dap.na li!CIT0~!,30Ba.JJ· 

CJI .n,nJI o6'bJICHeHim KOH9l!HOH BeJIHl!HHU u~ B cneKTpe 1£ -OJieKTpo

HOB B 6eCKOH8l!HUX IIOJ.II18HHOBUX ueno'IY.ax. 0CHOBI1BMCI, Ha trepaBeIICT

BaX H.H.Eoro.mo6oBa, MU 110Ka3arrn, 'ITO BeJrWrnHa li{8JIH B CIIOKTpe O.JJ;Ho

l!aCTI,:tl'HUX B030YJK,D;emrlt B 6eCKOH8l!HUX o.mro- .I:! ,ll;BJ'Xl\!epHolt MO.l(BMX 

Xa66ap.na ~8TCJI KOH9'lHOH JTHlIII, IlpH _8 = 0 , B TO BpeiUI KaK 

.n;JIJl KOHel!HUX CHCTeM Be~H'IHHa nepBoro 8JISKTPOHHoro rrepexo.na OTJIH'I-
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Ha OT HYM R TipR e -=f=. 0 • CXO,!Uille pe3yJII,TaTU IlO.lfY'JeHH lI Ilpll 

paccMoTpemm reuseH6eproBCKoti Mo,neJill ,ItByxno,npemeTo'IHoro q,eppo

MarneTI1Ka • 

JLnccepTaJ.UIB COCTOHT R3 BBe,nerum l1 Tpex rJiaB. Bo BBe,nemm 

.ItaH 06::iop- pa6o'I·. paCCMOTpeHH BKpaTqe co,nep.lKal:!Ue ,Itl!CCePTa.wm u 

rroJiyqelllille pesyJI1,TaTu. 

IlepBM rJiaBa TIOCBHIIleHa HCilOJlI,30Ba.HIDJ annapaTa clJYHKUllii I'pn

Ha B O!Il1CaHl1l1 MHOrotJaCTH'lliWC Cl!CTeM. D §I npHBO,nlITCJI neo6xo.nn

M!1e CBe,nemm 06 onepe.JKaJOll!HX H sana3,Itl1BaIDll!HX clJYHKUIDIX I'pRHa D 

I<BaHTODOit ._r KJiaCCR"leCKOii CTaT-HCTl!"leCKOii MexannKe. B § 2 pacCLfaT

pl!BaeTC.fl MeTO.It KBa3HCpe,ItHHX H.H.EorOJII06oBa, a 13 § 3 nplllle.n.enu 

HepaBeHCTBa H.H.Eoro.JI1060Ba, KOTOp!ie Ha OCHOBe crreKTpaJibHblX 

npe,nCTaBJI0Hl!H sarrncruw: D 60.n:ee ~o6nott cIJopMe. 3aMeTRM s.nec1,, 

"ITO .no Cl!X nop HepaBeHCTBa H.H.BorOJII06oBa HCilOJlI,3Ql3aJIHCI, npn 

nonyqemm TO'TiillX cooTHomeHRtt ,ItJllI KOppe.n,imnoHHux cIJymtrcirn: JllllllI, 

npH e =t- o . B P.f!.Ite cJiy<IaeB npe,nCTaB/IJleT RHTepec noJiycIHTI, no

.no6HHe COOT-HOmeHR.fl H Ilpll & :::: 0 • B CD.fl3H C 3TllM B §4,na OCHOBe 

CTI0KTpaJibHl.lX Tip0.D.CTaBJI8HHll ,ItJI.fl 0 = 0 1 YCTa.HODJieHH HepaDeH-

CTBa ,ItJI.fl Koppe.n,imnommx clJYHKUmi H clJ-YHKtUrti: I'pHHa ,ItJI.fl 3TOPO 00060-

ro CJiycIM 0 = O • Ilplf'IeM .1Wl Koppe.n,imnolllillX <pYHKUllii Tillla 

< s; B'l,-+ Bi B; ) IlOJiy<IeHO CJl0.D.YJ)lnee nepa:aeHC~BO 

<B+ B +B B > >, b(<J,) k[Bi;Q'}]>I (5) 

ii 1 
'} 1/ l<(ai{Q;;:Je]J>\ 

r.ne <3(<}) - WllillMBJil,HaJI aneprll.fl aJieMeHTapnoro B036y,t.IteHR.fl c 
➔ 

HMIIYJU,COM Cf, • 3aMeT:HL1, "ITO rrpn CTIOHTaHHOM Hapymemm CIDI.MeT-

pmi: ll onpe,neJieHHOM orpa.Hlf'IeHHH Ha IlOTe~aJI B3anMo,neitCTBRII 

:rnepr1rnil ane1ie11Tap11ux noaClyJK,1tem1n Clec1I1enenoro uma HBJIHDTCH 

6 

~ 
1 

r 
( 

l 
1 
I 

~ l ,, 

(fitYL GUp = o ) , CYJ!1eCTB01la.HHe KoTopux 0ClycnoBJI1,lBaeTca RH-
~o - -:sapllaHTHOCTI,ID raMUJII,TOHlla.Ha OTHOCHTeJII,HO H8KOTOpoH HenpepUBHOH 

rpynnu npeo6pa30BaHHii li COOTJ30TCTBYJ()lllliM BllPO~eHHeM COCTO.f!HlI.lI 

CTaTHCTlf'I0CKOro paBHOBeCH.fl [2}. Tor~a oco6eHHOCTH, IlO.fIBJLIIFJII1He

C.II y Koppe.n,imHOHHUX clJYHKUllii npli 0 = 0 , 6y,1tyT HHUMJ-t, "leM B CJfY

tiae €) =I= 0 • BXO,Itlil!lHll B (5) one pa.TOP q,,,, .IIBJI.fleTC.fl npo1rn-
+ 

BOJII,HHM. 0,n;na.KO, paccMB.TP:ima.fl Koppe.n,imnmmyro clJYHKtUm < B'} B,,. + 
+ ..... 

+ e, B > B ,IT,1illHOBOJIHOBOM npe,neJie '1, - o , .ItJI.fl 6oJII,meii ~ 
~ <\r 

qJeKTHBHOCTli (5) B Ka'IeCTBe Q~ CJie.n.yeT BU6paTI> KBa3HRHTerpaJI 

.ItBIDKeID!Jl .ItaHHof!: sa,natIH: -li.m [Q0 ; °Jf]=O . IloJiyqeHH11e s,nec1, 
'l,➔0 y 

peaym,TaTli HCTIOJII,30BaHli B rJiaDe Il. 

Bo BTOpoii rJiane RCCJie,ItOBaHli MaI'HRTHUe CHCTeMU: MO,IteJII, Teit-

3eH6epra (§ 5), Mo~eJII, Xa.66ap,na (§ 6) ~ ,ItByxno.npemeTtJaTHH reit

sen6eproBC!OOl: ipeppouarHeTHK ( § 7). 

3ru.teTHM, "ITO raMHJII,TOHRaH reitsen6epra, .f!BJIHJICI, CRB.JIJipoM, 

HH:BapHaHTeH OTHOCHT8JII,HO rpynnu TpeniepHUX Bpa.lljeH:irii CilliHa. IlpH 

3TOM, paCCMaTPli:Ba.fl ,ItBa pa3Jm'IIH.UX OCHOBHIDC COCTO.RHWI CRCTeMU, OT

Jilf'IaxJII1HeC.fl IlOBOpOTOM CIIHHOB Ha H8KOTOpl.lit yroJI l.j ( ( 0, 2 Ji ) 

BOKpyr npoll3BOJII,HOii OCH PI OilliCilllaeMl.le BOJIHOBHMH <PYHKUWI?.m 1/{, 
ll 1fl~ COO?Be?CTB0HHO~KOJCHO IIOKaaaTb,q?o CKMHpHOe npOH3B0A8HHe 

( 't/'"o, 1/f ':J ) prumo nym,, npntieM npeo6paso:BaHHe 1/1;, ➔ 'lf-I ':f> ne 

MO%eT 6HTI, OIIHCa.HO YHHTapHUM onepaTOPOM. C.n:e,noBaT0JII,HO, paCCMaT

pHBaeMoe npeo6pasoBru~e MeHJieT aHatieHne Ma.ItpOCKOIIHtiecxoii Ha6Jno-

~aeMott - HaMarHHtieHHOCTH, '!ITO BBH,Izy RHBapHaHTHOCTli raMWII,TOHHa

Ha OTHOCllT6JII,HO yita3aIIHl:lX npeo6pa3oBalllflr 03HatJaeT CTIOHTaHHOe Ha

pymeHHe CIDr!MeTp:im B 8TOtt CHCTeMe. 

.Il,mI MO,IteJm retseH6epra Ha OCHOBe KO~e~ 0 KBa3HCpe,n;HllX 

ll nepaBeHCTB (3) IlOJiyqeHo ~epa,BeHCTBO Tlma 
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Co11.sl 
n. '} >,, '} 2, (6) 

KOTopoe HBJIJieTCJI aHaJioroM TeopeM11 H.H.EoroJIBJ6oBa o ,, i/1,2. /I 

JJ,JI.lI HaygaeMott M0,!{8.llli ( 11.'v eCTJ, ITJIOTHOCTI, CnHHOBliX 

BOJill C I1MIIYJII>COM <j., ) • 

0TM8Tl:!M, 'ITO mi OCHOBe no.no6HUX HepaBeHCTB B [ 7] BrrepBim 

6wro ITOJiyt.IeHo ,!{0Ka3aTeJII,CTBO OTCYTCTBM Cl18qirq]H'!eCKoro YITO.PfI,ll;O

'!eP.M B O.IUlO--H .nBYJCMepHUX Mo.neJIP.X rettseH6epra. O.rmruco aToT pe

ayJII>T~T Crrpa.Be,!l)IIIB TOJII,KO JJ,JI.lI 6eCKOH8'IHlJX CilCTeM (np:u 6 =I= O ) • 

0Ka38JIOCI, B03MO.JKHUM IlCITOJII,30BaTI, TeopeMy O 
II 

i/</'- " JJ,lI.lI BWIC

HeHM Borrpoca O CITUHOBOM YITO.PfI,ll;o'IeHHil B KOHetIHmc 0.IUlO- Il ,nBYJC

MepHUX CilCTeMa.x. IloKaaauo, 'ITO B KOH8TIHHX 0,l{HO- H .nBYXMepmi:x 

CV.CTeMaX, OfillCHBae1vm M0,!{8JII,JO reiiaeH6epra, B03MO.lKHO CITIDIOBOe yuo

Pfm0'!8Hlle, P,CJIH 'IllCJIO 'IaCTilll; B CilCTeMe orpaull'!eHo H8KOTOpUM 

N tno.x , rrpW-IeM STU o6JiacTH yrro .PfI,ll;o'IeHIDI .lIBJIJilOTCJI BIToJIHe MaKpo. 

CKOillI'JeCKlmll, ll BHITOJIH.IIJOTCJI yCJIOB.11.fI T8PI.10.IUllia.Mll'IeCKOH YCTOH'IllBOC

T.11.. 

B § 6 paaBHT.Elfi rro.nxo.n pacnpoCTpaHJieTCJI JJ,lI.lI :uccJie~oBEUIHII Mo

.ns.m.; Xa66ap,na, a .11MeHHo: Ha OCHOBe HepaBeHCTBa (3) JJ,JI.lI 8 =/: o 

ycTaua.BJIUBaeTc:1, 'ITO Be.'mtIIDia U1emr .1 E (.IV) B crreKTpe o.zuro'Iac--

Tll'IHHX B036Y]{.D;ew.tt B 0.IUIO- H ,nByxMepHUX CllCTeMax CTpeMHTC.'I K Hy

JIIO npn .N ➔ 00 • Ilpn STOM )J,JIR KOHetIHUX CHCTeM npH peaJII,HUX 3Ha

'I8Hll.lIX rrapaMeTpOB Mo,ne.lll )J,JIR l10JIU8HOBOtt u;eITO'IKH ITOJiytiemwe ou;eH-

ID! no IlO.PfI,ll;Ky B8.7IWIIDI corJiaCYJQTCJI C 3KCnep.11MeHT8JII,HI:lMil .n;aHiillMll. 

CJiy,Iaii 0 = 0 llCCJI8,l{OBau Ha OCHOBe HepaBeHCTBa (5). Krut ITOJIY-

'I8HO, BeJIUtI11Ha A E (J\[) HMeeT cTaTHCTJ1lfecKUtt no.PfI,ll;oK Jlf 0 

T • e. np:u $ = 0 H B 6eCKOH8'IHliX O,l{HO- ll ,nBYJ{MepHUX ClrCT8MaX Be

Jil:!'IIDia lll8JIH OTJIU'!Ha OT HyM. AHaJiormillle ou;eHror CITpaBe,nJillllH H 

8 

)J,JIR 1118Jll1 B cnempe aJieMeHTapHHX B036~eHIIH B .n;Byxrro.npellleT1J:aTOM 

reiiaeH6eproBCKoM qieppormrHeTnKe. 

TpeTM rJiaBa co,neplllliT pe3yJII,TaTU, OTHOC.1'.lljirnC.lI K ou;eHKe CTa

Tlf'IeCKOro CTPYKTYPHOro qiaKTopa IIJia31Vill l! paCC!,!OTpeHHJO B03MOJKHOC

TH cBepxnpoBO.nJilllero ll KpllCTaJIJIB'IeCKoro COCTO.lIHllU B KOHe'ffiUX o.n

HO- II 'ABYJCMepmnccHcTeMax. 

B § 8 ,llJijI IlOJiy,IeHM ou;eHKl! CTaT.II'I8CKoro CTPYKTypHoro qJaKTO

pa ITJiaaMbl BH6paJIH ururooJiee npoCTyro Mo,neJII> paccMaTp1rnaeuoti: CHCTe

MII, C'I.HTM, '!To rrJia3Ma npe.ncTaBMeT cooofi raa aap;L'itemrux '!aCTMU:, 

KOTOpHe ,l{Blll'aJOTC.ll B cpe.ne, HMe10mett rrpoTMBOITOJIOlKHUll aapim. RCHO, 

'ITO Ta.KOH BU6op He orpau.lI'!HBaeT Od!llHOCTl! paCCMOTpemm 3a,n;a1rn. B 

pa6oTe OT,!{8JII,HO paCCMOTpeHH CJIY'Iall CTaTllCTl!'IeCKOM Mexamnrn RJiac

Cll'!eCKOli ll KBaHTOBOH C.IICTeM. B RJ.laCCJ!'IBCKOM CJiy,Iae ]VT.JI CTaTn'-leC

Koro CTpJKTypHoro qiaKTOpa 

Sci>= ~ < \ L eii-:tjl2> 
.N . 

1-$_/~.N 

n npll6JIIDB:emm CaMOCOrJiaCOBaHIIoro IIOJI.ll IIOJiy,IeHa ou;eHKa 

i~ 
S ccp ~ 31<+ ,1.,<-

2. /. ,... 
l d.. = .::!.!!!1e2, 

e 
(7) 

IlO~YtJeHa COOTB8TCTBYJ()lllaJI ou;eHKa ,llJIJI CTaTll'leCKOro CTPYKTYPHoro 

qJaKTOpa KBaHTOBWC CHCT8M Sci)= N--.:.1.,, P-i > ( .f<t, -qiypi,e-KOMITOHeH

Ta IJJIOTHOCTH 'IllCJia 'IaCTHIJ;), KOTOpa.lI B npnd.mDKeHHI! CaMOCOrJiaco

BaHHOrO ITOJI.ll Il KJiaCCI!'IBCKOM npe,neJie .naeT peayJII,TaT (7). 0Ka8lIBa

eTC.ll B03MOJKHW.1 IlOJIY'!llTI, on;eHKY JI BHYTPBHHeii 3Heprmr CHCT8ll.!:I. B 

tiaCTHOCTlf, B K!laCCll'leCKOM CJiy,Iae nMBeM 

3 eZr).. E >,, "i" .Ne -
3

?,,~ N 

9 



B § 9 o6c~a.IDTCJI Borrpoca, CM38.Hlilale C B03MOJK!IOCTI,IO CB_epx

IIpOBOWilllero ,lla.Jll,Hero rropJUJ;Ka B KoHe'llll:lX O,nHO-ll ,ICByxMepHHX CllCTe

MaX, OllllC!maeMUX MO,ll6JI1,IWM rru.mJII,TOHllaHOM <1>pe1rnxa. B OCHOBY pac

CMOTp6Hllll ITOJIO~eH TOT cpaKT, '!TO CBOttCTBO CBep:xnpoBO,!UW~CTll Mlll{

poCKOllll'!eCKaJI T60pllll CBR3l:llla6T C llOHBR6Hll6M OTJ!HllllllX OT HyM 

+ + ( + ruroMM1,HUX cpe.zumx <aJa._:f > , <a-:J a:f > a..:f, a.5 
cpepMn-orrepaTopa, :J = (<y, 5) , 5 = "!. 1./2 ) • IlOKa3aHO, 'ITO B 

KOH6"IHUX o.zm:o- 11 ,ICByxMepHWC CllCTeMax B03MOJK!IO CYII16CTBOBaIIlle· 

CBepxrrpoBo,IVllllero ,llMI,Hero llOJ)R.IUta,. eCRU 'IBCJIO "laCTllil; orpaIIll"l6HO 

H6KOTOpuM ..Af' t,,,,.~ x • 

B § IO IIpll_pa.CCMOTpeHllll Borrpoca O B03MOJK!IOCTll KpllCTa.JIJill'leC

KOro YITOP,.'m0'!6Hllll B KOH6'!HWC o.zm:o- ll ,ICByxMepHWC MaCCll"l6CKllX cnc

Teuax l!CXO~ H3 YCTaHODJieHHoro Ha OCHOBe (4) HepaBeHCTBa lJ.]1R 

1<oppe.1IHWI0HlillX WYHKUHil BU'Aa "IIJIOTHOCTI>-IIJIOTHOCTI>'~ o f- · ·> 
J IC+G -K-G · 

,llJm oneHKll MaKCVMaJihlWX pasMepoB KOH6'llillX O,nHO- ll ,ICByxMeJ)HUX 

CllCTeM, COBM6CT.11M!DC C HeKoil CTeneHI,IO cnenng>ll"l6CKoro yrro~o'!e

llllH,ll0Tpe6oBMOCI, HattTH ,ICByx-qacTH'!HYJO WYHKUHIO pacrrpe.rieJieHllll, 

'!TO 6WIO orrpe,lleJieHO B rrpH6~eHllll caMocornacoBa.HHOro ITOM ll3 

nerrO"IKll Y,paBH6Hllll H.H.EoroJil06oBa. IlpH 8TOM rp8llli'llioe YCJIOBlle 

BH6llpMOCI, B BH,lle BHelllHero ll30TpoITHoro ,l(aBJieHllll. Ilo.nytlemwe pe-

3YRLTaTH y:ita3HBa.JOT Ha B03MOJK!IOCTI, KpllCTaJJJlll'leCKOro yrro~O"l6Hllll 

B KOHe"IHUX 0,nHO- ll ,ICByxMepHUX CllCTeMaX. B CBR3ll C 8THM HY)KHO OT

M6TllTI, pa.6oTy [II], B KOTopoil llO.l(06HHtt BHBO.Il c~eRaH Ha OCHOBe 

11 8KCnepHMeHTMI,HOro" llCCR6,l(OBa.HRSI ITOROllt6Hlitt paBHOB6Cllll KOHe"IHoro 

"lllCJ.Ia KRaCCll"lecrorx '!aCTllil;, npe,l(CTaBMIOmmc O,nHOM8PHYD CHCTeMY. 

Pe31llMllPYH, 3aMeTHM, 'ITO D pa.6oTe paCCMaTpllBa.irn:CI, pa.3Jlll'll1He 

Wll3ll"l6CitIIe SBReHllll Ha 6.l(HHOll OCHOBe (pYH,I!;aM8HTaRl>HOll KOHU6llUllll 

H.H~EoroRI060Ba O KDa811Cpe,2urnx, ll HepaBeHCTB lJ.]1R KOMMy-TaToprua: 
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(1';i'l!I(IU;l; fpmm. !i0,7IJ''l:6HHb!e pe::>yJII,TaTU IT03BOJI.F.I'.JT 3RK7Im11TL, '!TO 

Hepa:ael{CT13a H.H.EorOJif160B::!. ,IB.'T.ITT.'JTCR 3iW)8KTHBHill,I HHCTPJ'!,!eHTOM 

rrp!l ycTa..'{OBJieHim CTPOI'IIX COOTtrn'.IleHnfr ,nw. RoppeJIP.IC!OHH1IX cpymm:rii 

>i r.ccJie,10:aamm rrpo6.Jiel,l, C::3JI3a.JIHID: C DbIP0JiiJJ:8HI,e!,; COCTORJff.ii CTa

T¼Cl',.'lGCKoro pa.BHOB8CU.fr, 

0CHOBHH8 pesyJILTO.TU .n;wccepTar.nrn )\OKJiaJU,IBaID!CI,. Ha II Me;;urJ'}la

po.ruroil: Kouqiepemw:v. no Teop:va·r rurasMlil (H:neB, 1974), I'uITOM pacotieM 

coBemrumn ·rrc cTaTJ:rCTH'!eCKoti: cp1rn1rne (JI1:aoB, 1975), ce1.umapax 01-

,neJia CTaTHCTH"tJeCRoft M6X8HllRI! i1!1:i:re11IaTI1'leCRO!'O IIBCTI!l'?Ta HM.B.A. 

CTeKJioBa P. KB!P6.I(p!,! KBa.H'!0BOi1: CTaTHCTHro! ivlOCitoBCKOI'O rocy,napCTB8H

HOro y,rn:aepCI!TeTa, a Ta:Ea.e rra ce:.mHape ITO MeTO.D;aM Cl'aTIICT1!'!8CROit 

M6Xa.!;{1!KI! (Eruc:r' 1976) ll orry6Jl}IROBaHli! B CJI6,liYJOmITT{ pa6oTax: 

h.II.CanoBH.IHCO-:J, ;.1.X.XappacoB • .!LAH CCCP, ZJ], 513 (1974) 

1i{.X.X1;1ppacoB. JlAH CCCP, ~. 826 (1976) 

E. ),'I. Ca.no:ammoB, i,I.X.Xappi:J.COB. JiperrpHHT WI'\D-74-lilP, KueB, 1974 

E. !1. Ca.n;oBmmon, M.X.Xappaco:a. Te3}1CH IT Ivle.JK.nym::ipo_:::urnu RoHqiepem: mr 

no Teop:v.i1 IIJI8.3MU, Kue:a, 1974 

lvl.X.XappacoB. IlpenpI!HT P4-895I Ov!ffi'I, ,lly6Ha, 1975 

M.X.Xappaco:a. IIpenp1rnT P4-9087 omm, ,ll,y6Ha, 1975. 
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