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BBel\eJme 

O~ofi H3 BaOHHX npo6~eM ConpeMeHBOn CTaTHCT~eCKOfi T80pHH 

HBnHeTCH TIOOTPOeHHe rrpHdrrameHHUX KHHeTnqeoKRX ypaBHeHHfi,npH

MSHRMHX ~ HCC~9~0BaHnfl CpaBHRT9~HO ~OTHHX CHCTSM ~aCTKU. 

Ha ocHoBe CWHK!lHOHaJThHOll rl!lloTesH H. H. Eoromo6oBa [I J " KJiac

TePJ!liX paMol!leHd B ueno'!Ke BRrl!l! [2 J B noCJiemme ro~ nQJIY

~eH p~ BaxHHX peay~T8TOB OTHOCHTS~HO OTIHCBHRH TipOUSCCa rrpH-

6~eHRH CHCTSM K COCTOREEID CT8THC~9CKOrO paBHOB9CH8. B 

'laCTHOCTJI,TIOJITI9HH B9CPm9 yKB.3amtfi H8 aHOMaJilm B ypaBH9HlUIX 

raupO~aMBKH B BHCmHX nop~ no ~OTHOCT!I [3]. Hamxo o&offc

HeH!Ie "aHOMWll>HOe" /c TO'!Kll spelmH CT&WlPTHRX npe)1CT8llJ!e~/ 

CT8TI8HH09 y6HBaHRe aBTOKOppe~OHHHX ~,OTRpHTOe B Ma

IIIKHHHX axcnepHMeHTax [ 4 J c cHCTeMaMK "ynpyrn mapoB". Bo MHo

roM neo~aHHHM OKa3anCR TOT WSKT,'ITO cTeneHHoe ydHBaH.He Moz

Ho TIO~Tb npH paCCMOTpCRHH He~efHHx S~KTOB B OdyqHQM 

ypaBHeHHH BonUMaHa [5]. ~ee Toro,nonpaHKR BHcmero no]lMRa 

no TIJIOTHOCTl'l,pacct:ruTa.mme no Teopw 3Hcxora (6],noaBOJ.r..RDT yc

nemHo OTIRC8Tb 9KCTiepMMeHTaHDHHe naHHUe ~ BSC~Ma nHOTHHX CHC

TeM. Ha B03Momoe o6IJicnemre s·Toro smnemm BIIepBHe yKB.SaJI 

H. H. Boromo6oB r 7 J. saMeTJIBmd. 'ITO ypaBHBH!Ie BonUMaHa-SHCKOra 

OdJia,naeT, IIOMmJIO Odi:ftiHO paCCMaTJ)liBS.BtliBXCH, TOlJHID..m: MHiq)OCKOim

'IBCKHMll pemeHI!.HMII /T. e. :Oe'lBHIIHMli YIJaBHB!mH JlnyBJt1Wr/ • 

B pa6oTe [ 7 ] 6ww yRa.Sa.HO, liTO KJiacc KIDieT}l"qeciOtX ypa.BHemrli, 

06~~ TI0~06HHM CBottCTBOM,CymeCTBeHHO mKPe,l:leM C~RTaxOCD 

paHee. Trut,Bce ypa:eHemm: Tmra 

I 



"?UZ'/ '~ r:;(lf~fJ{'Jitff·•fil!-A<:JfJir~z;- .. <,fiJ}dwi[ + m rc.;r)~o 

+ ""f ,<t>of;;;J pftz ;,yz- ' /ft< il; 1'1'£. ? I. ' L 1. ~ ' ~~ 'fl: 

TaFOKe l!M9IOT MliKpOCROIIWIBCKMe peiDSHIDr, COOTB6TCTByroiiG!9 IIOJ.llfOMy 
~~eCKOMy OIIHC8HHID CllCTBM ~aCTHU C 6HHapHRM BsaHMO~efiCT
BHBM 

f ~, (It;- t;l«:<), 
Vrz;-z;; ~ { ¢.'r!Z:-',"I), (1>;-V:>a). 

(2) 

B ypaBHeHHH (I),RoTopoe ecTeCTBeHHo HaSBaT» o6o6m8HHHM 
yprumeirneM EonUMBHa-3HCKora,f't17~! ~ //tf,Z:,i{Jdi{ , ~- em<
HW!Hlrli BeRTOp, ~,1=- ~- \? ~ ~"' ... ?+ (r?/fJ,. ?"'= ~- 6(~1·6), a- .IU!aMeTp 06J:taCTli 11 TB8p.n;oro ROpa". 

JlanH0)1eMCTBYJIJII{M l<OMIIOHOHTa l!OTOHI1Ka.7!!l ¢.: o;;- ?,_I) 1103BO-
JIJIOT ITpi!MOHHTb J'PaBHOirne (I) lil/R OIII'ICrum.<! ITpO!lOCCOB B pean-
HHX CHCTBMaX. 

3.n;ecb MH p~ccMoTpe~ nexoTopue cBofiCTBa pemeHBfi CI),cooTBBT
cTBYJIJ!Ql!X M8JlliM OTRJ[OHOHW!M W,vlmuJm pacnpe)10J!OIIII!I /f~ 't, v) OT 
paBHOBBCHOfi. 0TM8TKM,~TO ~ ypaBHBHHH 50~UMaRB-8HCROra 
(¢, - o ) CrpJKTypa rro)1odHNX pemeH!'IM dana H3yqeHa B padoTax 
[8]. TeM HO MeHee yqeT )1aJII,H0)10fiCByroiQefi HOMIIOHOHTH ITpHBOJ1HT R 
HOB!Thl CY!QOCTBO!li1W OCOdeHHOCTIIM peiDOHI'Ifi (I),aH8Jll'I3 ROTOpHX 
HBXff8TCH HB06XO~ ~ HCC~e.n;OBaHBB aCHMnTOTHKH aBTOROppe
JIS!Ul'WHH\IX ~ B M0)10JIH C JIOTOHIU!BJIOM (2). 

§I. llpnd~HRe rrepBoro 110~ no rrapaMeTpy OHHOPOHHOCTH 

CoCTOmrn:e CI'ICTOMR, OIII'ICHBaeMOJ! ypaHHOHI'IOM (I) BdJIHBI'I paBH0-
B8CHH,X8paKT8pH3yeTCH rrapaMeTpOM 

J - r,/ •lj ' 
I')10 Z, - MaCIIITad ydHBrum.<I/ ifr7t;- f{!J 

(3) 
,t'>7Q.. 
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BaTD,J << i ;TIOSTOMY 8CT9CTBeHBO KCKaTD pemeHHe B Bnne paano

lii9HRi! no CTeJieHHM J . !lpe.IUIOJiarM llMilJll!TY)IY BOSMYJ!lemm MaJioll, 

Jip9)\CTaBJIM <PYI!KUlfiO paCJip9)\9Jl9Hlffi /f( Z: V) B <j)opMe 

I~ t. r1" >"'J. 
t / m )% f m v'j 
• = ! 2.- e exp -~ . 

(4) 

Jlls (I) cJie;eyeT, '!TO 'f YJ\OBJieTsopaeT mmelllloMY ypaBrremm 

;[ +vj[ -:J/,[f;f.1i•V1]k[P.rVJf(t.(v)</r!z-ff)Jdv~nA'f=O, C5) 

r;~~e A - orrepaTop Bom.llM'l!!a-3HcKora , 

J1 r = a' jfif. 0't!['f(~i£,v") + <f'!t;'i·a.5,v'•J-
rlv' v;fi)>o (6) 

- 'N~ >; VJ - trt, <-a&, v)] 'f_rv?N:Jg. 

0TMeTRM,~TO ~ HaruKX Ue~e~ ~06TaTO~O paCCM0Tp9TD c~al 

'Z, » a, T. e. )IOJIYCTI!MO rrpeHe6pe'!b B (6) pa3Jlll'!l<9M JipOCTPaHCT-

BSHHHX apryMSHTOB C~araeMHX. TipK HCIT0~30BaHHH rrpe~CTaBReHHH 

'f(t, t; v) ~ fe ;;<z 'f;;:..(il) e-.ta'tdi< C7) 

no.nyqaeM >Is (5-6) ypaBHeHHe )l.llli 4.iYHJ<mm 'f.,, ( v) : 

r-z.+ ii<v!'f.,rv;-:;;_:, fi ;it[ f'f/,.rvJ'f.rvJ,Ivjx CB) 

'¢rii) - "A, rv> 'f.,, CVJ = o. 

r;~~e <lJri<) = fr:t?rlf!) e'"frlf , J\rvJ - onepaTop Bom.IJ;MaHa. 

C~e~eT no~epRffYTD.~To pas~o
seHne pemeH~ no rrapaMeTPY o~o

POJIHOCT>I (3) ~ - 1;, ( K I Herrocpe;~~cTBeHHo cBJisaao c <j)yHK!1HOHam.

Holl 3aBJl:Cl!MOCTbll 'Prx) JipR MaJlllX /K/ ,T.e. JIOB9)19HH9M Me)J,JI9HHO 

y6!1llmlll\9ll KOMITOH9HTH Ha 6om,nmx pacCTOIIH1I!tt. B )\aJn.Hel\meM M!1 

6y;tteM rrpe.IUIOJiaraTb, 'ITo CYII\ecTBym seJI>I'IRHH $r o) • /¢, (!{') If , 

if}fo) = ]¢.tJf;}f"a'f. 
!lpli 3TOM ifo(K}MO'/DJ.O rrpe;liCTaBRTB B BR)Ie 

ifJ(I<; = ¢M- tVjroJ . 

T.e. B nepBllX !\BP. JIOpl!.IU<aX no napaMeTPY 0)1HOp0)\HOCTII MO'/DJ.O 

JIOJ!Ol<RTb qJ(KJ ~ (/;(o) • 
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llBOM o6oaHa'!ei!IIlt 

Q 'f'ri/J • ev f.NvJ 'f. rv)t/Y; ,13-j, e-,~ (9) 

sam<me>< (8) B BJI,lle 
-

~ ~ r'lf. (vJ • [-n-1, + ii<>'- "'" ¢ro)k t? JYf;.fVJ (IO) 
8]>MitWBO Conp!ll<emmM OTHOCIITeJll>HO CRBMpHOro npoiiSBe,lleHIIH 
Cf,t') • ]'l'j<: 'f.'rv;d'v .IIBJIJie7CH onepaTop' 

~·/rvJ= /<>"v'Y,rvJrev}/rv)_ (II) 
0TMeT.HM,'tJTO onepaTOp!l t? H IJ"" He ROMM)illpyiOT,BCJie,ZI;CTBHe STOrO 
co6oTll<!mme \PyHKl(llll onepaTopa,CTOJIJJlero B npaBOll """"" (IO), 
BOodu\e rOBOpa ,He OpTQrOHaJIJ,liH. EcTeCTBeH!IHM 6aaiiCOM .1\I[JI Bll'liiC
JieBM }'Ri! {Vj ,COOT.BSTC'I'Bj!IJIIUU rlUJ;pO.zoma.MlN8CRRM. B03MYI!lemun.t 
i!(Kj ~ o IIPII" - o, lDlJ!HeTCH OPTOHOpMJ!pOilB!IIIW! na6op [8] 'f;.r<Jrv; = ,,/o.J3mv'+(j.Jm)'4rev}; t30 

(!2) 
u,J&) -; (, ;1:< - -r_ (v - L<m e v . 0 .,_ .t.J.-' 
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Fn-r-~ 
" 1 r ,.IP~m 

liS yt:J!OBHJI paspellli!>IOCT>I C>ICTOMH (!4) ITOJIY'!I!M B0Jll4'lllllll 2, ,onpe-

)(eJilllliii>IO qacTOTll B nepBOM nop~~,IUte no napaMerpy O;n;Hopo;n;HocTH: 

(Z!,) = ~ v;i Y.('_ $'; (?,) = 0' (I5) 
~,2 'j3QJ -..... ~ o\~S ~ 

r)(e .<. ~ If- ,e"- tFfo} YJ;; S ~ /'"' .J;;u; 'IJi · 

llciTOJ!l>SyJI B (I4) SJIQqeHJIH (!5),!!8ll.lliiM KOaiiiPJlll>leHTH {., • 

raJ A ' / r•_} ,,..---;y C ''> 
t.qJ- :J.o; L,~- A,fr:<-ro<.~_ ; 2 

); .. , "" o,. 

nopii,!Ute no napaMeTpy O;n;HopO;n;HOCTH MOXIIO npe)(CTQBI!TD B if!opMe 

[/;f/2) , .~ -f. ' 0 
r, ·~ [2o1.:;;2o<vo<'-8'] ~[o'f.'+(<>+Vo~.•s')V:,W], 

- r,J ,,, (/~ ' '{, 
Y,;' = Jq ; /Z><1,.,s, 

Kax H CJI9)(0BaJ!O Ol!<H,JI!IT:D,BCJ!e)(CTBII9 {fl, flJ.! 0 bHKllllll 'f;/1
He 

iD3J!JilOTCJI opToroRaJII>II!lMJI. OTMeTIIM T8lt!<e, 'ITO pemeHI!li (!6) nOJIY

qellll B npe)(ITOJIO!teHIIH 0 )(OCTQTO'IHO 6HCTpOM y6liBQHIIII if? (/f- ~ 1) 

§2. 06o61JliiHHoe ypaBHeHI!e EOJII,I(M8Ha-3HCRora B 

r~o~ecROM np116JIHZeRHII 

.IVm onpe)(eJieHIIJI nonpaaoR BToporo nopJIMQ no napaMerpy O;n;Ho

po~ocTR,B OT~e OT o6gqaoft TeOpBH BOSMYmeHHtt,He06XO~ 

Henocpe)(CTBei!HO HCITOJ!DSOBQT:b pBSJ!OJKeJme (!3). HeO;n;HOpO;n;HaJI 

Cl'!CTeMa aJire6penecKI!X ypaBHeHirll, onpe)(eJIJmliiU!X BeJIII'!Ili!H 2~, q i, 
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r.n:e Yj - co6CTBeHHHe WY"Hruum orrepaTopa Eo.Jn.I0\18Ha J, ,cooTBeT
cTByromHe co6CTBeHHHM sHa~eHHRM A1 ;cYMMUPOBaHHe B rrpaaol ~acTH 
a?) np01!3BOll.HTCH ITO BCeM $ ,1\lll! KOTOpHX )._ $"0. 
Yc~oBI!e pas~OKKMOCTII CI!CTeMH (I?) M~eT 6HTb npeACTa&rreHo 

B BRAe [8]: V) :J:' 4 z... / c. -j , t z (f.;' ,(e"i7..j3Jt'f-'(oj/l)V>'.>') ' 
j·• I [ ;o, ? n £- '' -' '' (!8) 

,....._, . " . 
•('/;, i(eV-~~t.cfJfoJfl)'f/,/'1)]= 0, 

rne { !f',t} - pemeHI!e O;rrHOpO;r(l!OH CHCTeMH, apMPITOBO COIIpal!tOHHOi! (!4). 
Bocrro~SOBaBIDI!Cb wopt~oi! z. r~v: f~l(Y;;. PY;'''! 

.s >-., 

= ( Y;; v; ; / Cp~ t.'''-;£__ '1;,(1}'1;,~7 f r:"y)) 
/Jo /'•.L ' npencTaBI!M C'JMMY no. { t / B BH;r(e 

L r'l;"/ i(e-v- ~,.¢(.,{;);<~;,.) 
" ~, 

( :<"; _!__X''' I 
~ ' ...1.,. f J ' 

r.ne ;(t·)= A f;,(iJ_ L (~o·; A 'f:n'J) ~r·l 
1'', Ji I J (20) 

;£/'z A'•Y;vj_ z o~·": AY::'11J Y;;~' A··re":rir.vt?r 
('.) . ./~~' 

TIOCROJr&KY h ', ~VlopTOrOHa.JibHH BCBM co6CTB9HlD:IM qiymm;ru:~:M one-
paTopa Li,fT2),TO,yqi!THBaff Onpe;rre~eHRH(9) ,(II) ,Hai!;rreM,qTO B 
(2o, MOJmo rro~ollmTb A • .; e v . 
)\ei!CTBI!Te~HO,COr~CH0(9), (II) ;rrei!CTBI!e onepaTopOB f}, /j+ Ha 
npoii9B~I!He WyHKUIIi! ;rracT I!HBapllaBTH CTOJlliHOBeHRH cond. ev. 
ROTOpae He .n;oJDKltli co.nepm.a.T:&OR B :Jt'J, /fJ. Ta.RHM o6pasoM,KOM
rroHeHTl:l T9H30pa (I9) He saBl:'ICJlT OT $(o) H MOrYT 6E:lTb BW:IHCJie
HH B paMK8.X CTaH;rrapTHOfi npouenypH 1\lll! ypaBHeHRH Eo~UMaHa C 
ITOTOHUIIMOM TBep;r(HX cwep [ 8]. 

PemeHHH cHcTeMY,spMHTOBO conpgxeHHoft CI4),HMeiDT B~ 
)(!l) __ s. xa)_o(_y.,(.z_$.z. X'~.t~ 4.-' .t- , I o_,/>2.: 
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X·ri)= S·. ,; ... 4~5". 

(~} . 
X·=tJJ/>2./ 
I 

(2I) 

,/ ;-
Tionpa.BKa. BTOporo rrpHcimrntemut R COdCTBBHHJ:,IM 3Ha"ti8HIDIM ~2.rtJ 

COr~aCHO (!8) MOX8T dHT~ rrpe~CTaBXeHa B ~OpMe 

2 '" ~ _j_ ::f. C,, C1e "/''! 4 x''''"' oJ (22) 
2. n.- "'[";;{ '/? / L.o· " 

j ~' 'I r-h~i--.h) (·" ,-v-_,,rQ) C .Z r.;,evY; r;r, r .. 

Y~HTHBaH CBOfiCTBa CHMMBTPRH T8H30pa ~t=- $ ~8 

H COOTHOIDeHIDI 06), (20 , (22) ,liOJiy<n<M <;'~ d {l;i ,r)le 

0f· C., ·!J'{br +2:2\); rf.,=nli,.; G',.· G,,~"XJz 

~T'~1 - R08WWHnM8HTH T8pMO~Y3HH H KKHeTnqeCKOH Bff3KOCTH, 

orrpe~e~eMHe ypaBHeH~eM ~a. 

TrutHM odpa30M,B8Jllfimnl z.t") ,COOTB8TCTBYIOIJUI8 BTOpOMy" TIOpM

RY no rrapaMeTPY O)lHOPO!lHOCTK,~ !lOCTaTo~o 6HCTPO y6asaromHX 

IIOT8m.p!aJIOB cf;j(f~- ~~) TIOJI01KHT8JThHb! H He 8aBRC.fiT OT KOH!tp8T

HOrO Bll)la ¢, . CTPyRTypa perneHJ!ll ypaBHemm (8) orrpe!leJ!f!eTCH 
(.) ~ 

Rooi!$mJ!eHTaMH (
9

' (I6), co)lepliiBlU1lMII rrapaMeTp .Pro) , 

0TM8THM,"t!TO ~ IIOT8HURanOB,aCRMITTOT~ecKH y6HBaromHX KaR 

Cll>Wz' 

/
...... -.7 .y ,IIOrrpaBKH BTOporo IIOPJI,U;Ra ITO rrapa.MeTPY. O.IJ}IOpO.nHOCTH 

~ z.,J 
K 'ZUI B03HlffiaiDT B nepBOM IIOpll.IU{e. TeopRH B03MYll!8Hlrli ,JJ...1IR OIIB-

paTopa (IQ) ,llOCKOJU,ltY B 9TOM CJIY'!ae pasJIO>teHKe ¢(KJ ID/feeT BH)l 

¢m ~ itroJ + K ij +... . , .,vJ~~i ~ --Yf~l) 
Y"l!HTblB8H CBOitCTBa CHMM8TPHH T8H3opa f_l = -L (YfiLV ;}(s,,Rv ' -

(I ,r lit 

"COOTHOW8HMH (I6),(2I),(22), nony"MM Z!-,_= :: t:.i, r~e 

rl"f~ 6),& J/0r1',z~ }; ~3=4; G...,~~_,.= "-0z 
X)r ,~ -Koaww~~H8HT~ T8pMOAH~@y3HH H K~H8THqecKOW BH3-

KOCTij, onpe~enaeM~e ypaBHeHHeM EonbUM8Ha. 

TaKHM o6pa30M, BeJU:IqHH~ t/') , COOTB8TCTBY!Olli.Me BTOpOMy 

ITOpH~Ky ITO il8p8M8Tpy O~HOP0,11.HOC TI'I, ~JIH ,UOCT8TOtiHO 6biCTpo y6~B8-

~IJll!X TIOT8HUM8ROB tP, (/f.- t;_ !) TIOJIOJIG1T8JI:OH~ H H8 38BHCHT 

OT KOHKPSTHDro BH~a ~ • CTPYKTypa 

eN 
~· (I6), 

7 

peweHMM yp8BH8HMH (8) Ofl
CV 

co~ep~aiJll!MM rrapaMeTp (P{o/. 



0TMBT~M, ~TO ~~H ll0T8H~M8~DB, 8CHMflTOT~'48CRM y0~B8IDmHX K8K ~:~..,-r 
/~-~~~, . nonpaBRH BTOporo rropH~Ka no rrapaMerpy o~Hopo~-

HDCT~ K ~) B03HMK8IDT B rrepBOM TIOpH~Ke TBOpHM B03My~BHH~ n~H 
orreparopa (IO), TIOCK01!1Ky B 3TOM CJiytJ:ae pa3JIOJK8HMB ~C) ~!:MeeT ,._ ~ 

""~ r}[r) = ¢(Pj + k 9'4 . 

!Ipiil 3TOY B OT.JmqHS OT (22) 'VlSHI:.I,IIpOTIOpllROHaJII,Hile K
2 

,ROMWieR
CHll. CJIBlJYST TB.!OKS OTMeTHT:E., liTO BJIIDniJie CpaBmrreJII,HQ MB.ltJI8HHO 
yCHBaiDmBft KOMITOHBHTR ITOTe~a CTaHOBRTCH npe06KaAaiD~ ~ 
¢'(!;-~;)~ < ,o<< Z,l! TpB6yeT C!!BIJ;llaJl!,HOrO paCC;..,Tpe-/i;- ~/<>( 

HI!H. 

ABTOpll BJlPBJK8JOT my6oKyro 6Jraro;uapaOCTI> aKallBMln<Y 
H.H.Boromo6oBy sa rrellH!le COBBTR n YKaSaHI!H. 
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