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@ 1974 06'!>eOUHeHH1>1U UHCIIIUIIIYJJ JIOepNWX UCCAe006QHUU )ly6Ha 

llpa aaana3e aa<IJopMauaa, nonyqaeMoii B coBpeMeHHbiX 

<IJH3H'IeCKHX 3KCnepHMeHTaX, BblllOllHJieMbiX 3neKTpOHHbiMH 

MeTO,IJ.aMH, 'laCTO B03HHKaeT He06XO,IJ.HMOCTb yqeTa MHOro

KpaTHOrO KynOHOBCKOrO pacCeJIHHJI /M.K.p./ 3apJI)I(eHHbiX 

'laCTHU B Bell.(eCTBe 3KCllepHMeHTallbHOH ycTaHOBKH /1 • 2 / 

3TO HeTpy,II.HO C,IJ.enaTb MO,IJ.enapOBaHHeM M.K.p. MeTO,IJ.OM 

MoaTe- Kapno. PacceaBaTena, Ka)I(,IJ.biH H3 KOTopbiX MO)I(eT 

xapaKTepH30BaTbCJI CBOeH pa,IJ.Hal.(HOHHOH ,IJ.llHHOH, Me)I(,IJ.y 

KOOp,II.HHaTHbiMH ,IJ.eTeKTOpaMH pa36HBaiOTCJI Han( k) - l TOH

KHX cnoeB, TaK 'ITO Ha Ka)I(,IJ.OM H3 HHX BblllOllHJieTCJI ycnOBHe: 

( kl i'\E ."-,' 
( k) F: 

i ' I:::::-
1.2 :) (k) 

' ' ••• ' n -]' /1/ 

(k) 1,- (k)i\L, (kh~ (klr 
r,IJ.e 3,II.eCb H BCIO.IJ.Y ,II.aJJee Lj, LH~j = F> i+]- ~>( 3HeprHJI 

H ilOTepH 3HeprHH 'laCTHUbl COOTBeTCTBeHHO B /AI3B/ npu 

npoXO)I(.IJ.eHHH e10 i - ro cnoJI k - ro pacceaBaTenJI jk= l, 2, •... mj. 

. ( k). 
Ha rpauaue Ka)I(.IJ.Oro H3 1 cnoeB cocTOJIHHe qacTHUbl 

( k) ~ 
onpe,II.enJieTCJI ee nono)l(euueM - r i -Koop,II.HHaTHbiM BeK-

TopoM a HMnynbCOM ( klp' i I AI3B/c/. 0TMeTHM TaK)I(e, 

'ITO ((klf'nrk),(k)Pnlk>)-((k+ll-;l'(k-'l)pl ),T.e. BHyTpeHHHe 

rpaHH'IHble TO'IKH <IJa30BOrO llpOCTpaHCTBa COBlla,IJ.aiOT, ecnH 

pacceaBaTenH HMeiOT o6IUYIO rpaHHUY. llo3TOMY CBOHCTBO 

"MapKOBOCTH" npouecca MHOrOKpa THOrO KynOHOBCKOrO pac

CeHBaHHJI B Ka)I(,II.OM H3 m·pacceHBaTeneH / 3/ COxpaHJieTCJI 

H B cnyqae HX KOM6HHal.(HH. llonHaJI DllOTHOCTb BepOJITHOCTH 

npoxO)I(.IJ.eHHJI qacTHUbi no BceM TO'IKaM <IJa3oBoro npo

cTpaHCTBa MO)I(eT 6b1Tb 3allHCaHa ll03TOMY B BH,IJ.e 
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m[11)-> (l)-> (1)--> (1)-> Amt-> (m)-> (m)-> (m)-> . 
'~' r r2, p 2, ... ; rnc 1), PnC n ), ..•• ~· r2, P2•···· rn(m), Ptfml)/ 

m n(k) 

((1)-. (1)_. )]= II n -Lr((kl~ (kl .... ) '((kl-•. (kl->. )] /2/ 
r1 ' P 1 '!-'- rl ' P 1 1 r 1- 1' P 1- 1 ' 

k=1 i=2 

r.D.e ¢[ ( (k)ri, (klp i ) /((kl r'i_ 1 , (klp i- 1 )] - ycnosaa.11 nnoT

uocTL BepO.IITHOCTH nepeXO,IJ,a qaCTHnLI H3 O,IJ,HOH TO'IKH 4Ja-

30BOrO npocTpaaCTBa B .IJ.pyryro. liy,IJ,eM BCIO.D.Y ,IJ,anee aaJLI

saTL ee 3neMeHTapuoii: nnoTHOCTLIO uepo.HTHOCTH. Pa3LirpLI

sa.H cnyqaii:HLie nepeMeHHLie ( kl r ... i , ( klp' i c nnoTHOCTLIO 

¢[( (klt. (k)->p.) /((k)r. (k)->p. )j He3aBHCHMO B Ka)K,IJ,OMCnOe 
I' l 1-1 ' 1-1 

no MeTO.IJ.Y MoaTe-Kapno, MO>KHO, TaKHM o6pa30M, npocne-

.IJ.HTL sec~> nyTL qacTHnLI B Bel.l(eCTBe. Ho npu 3TOM 3neMea

Tapaa.H BepO.IITHOCTL, KaK H3BeCTHO, .IIBn.lleTCJI 4JyHKnHeii: 

3HepreTH'IeCKHX UOTepL /pa,IJ,aanHOHHLIX H HOHH3anHOHHLIX/. 

)J;n.11 ynpol.l(eHHJI npone.D.YPLI coBMecTaoro MO.D.enuposaau.H 

nepeMeHHLIX r H p Ha Ka>K,IJ,OM H3 cnoeB MO>KHO BOCUOn,L-

30BaTLC.II ycnOBHeM /1/. flpH 3TOM 3neMeHTapHa.ll ycnOBHa.ll 

BepO.IITHOCTL npao6peTaeT BH,II, <l>epMH / 4 / ,IJ,n.ll nepeMeHHOH 

; C UOCTO.IIHHOH 3Hepraeii: BHYTPB Ka>K,IJ,Oro cno.11. Mo,IJ,enu

pOBaHHe noTepL npu nepexo,IJ,e OT o,IJ,aoro pacceusaro~ero 

cn0.11 K ,IJ,pyroMy MO>KHO BLIUOnHHTL, HallpBMep, BOCUOnL30" 

saswucLI4/, 

CTaHOBHTCJI no3TOMY o'leBB.IJ.HLIM, 'ITO cnoco6 yTO'IHeHH.II 

napaMeTpOB cnyqaii:HLIX TpaeKTOPHH OT,IJ,enLHLIX 3ap.H>KeHHLIX 

qacTun, BKnroqaromuii: MO,IJ,enuposauue M.K.p. B 6onLWOM 

'IHCne TOHKHX cnoeB, Ha KOTOpLie pa36HBaiOTC.II pacceaBaiO

I.l(He cpe,IJ,LI, ,IJ,a:>Ke ,IJ,n.ll COBpeMeHHLIX 3neKTpOHHLIX BLI'IBCna

TenLHLIX MaWHH CTaHOBHTC.II 3aTpy,IJ,HHTenLHLIM. 

B ,IJ,aauoii: pa6oTe npe,IJ,naraeTC.II npocToii: cnoco6 MO,IJ,enu

posaau.H HCKa>KeHB.II TpaeKTOpHH 3apB::>KeHHLIX qaCTHn H3- 3a 

MHOrOKpaTHOrO KynOHOBCKOrO pacce.HHH.II B TOnCTLIX cpe,IJ,aX. 

flpHBO,IJ,HTC.II, B OTnH'IHe OT /S/, .IIBHLIH BH,IJ, pacnpe,IJ,ene

HH.II nepeMeHHLIX, xapaKTepH3YIOI.l(HX MHOro:KpaTHOe Kyno

HOBCKOe pacce.HHHe B TOnCTLIX cpe,IJ,aX C yqeTOM 3HepreTH· 

qeCKHX UOTepL. 

HTaK, nyCTL HenpepLIBHa.ll cnOHCTa.ll cpe,IJ,a COCTOHT H3 

m TOnCTLIX pacceHBaTeneii:, xapaKTepH3YIOII{HXC.II pa3nH'IHLI· 

MH pa,IJ,aanHOHHLIMH ,IJ,nHHaMH. flyCTL TaK:>Ke Ja,IJ,aHO Ha'lanL· 
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HOe pacnpe,IJ,eneHHe ¢ (( 1)-r 
1 

, ( l) p 
1 

) HnH KOOp,IJ,HHa TLI TO'IKB 

BXO>K.IJ.eHH.II qacTanLI B nepsyro pacceusaromyro cpe,IJ,y a ee 

uaqanLHLIH HMnynLC. Pa36HBaeM Ka>K,IJ,yiO H3 cpe,II, Ha TOHKBe 

CnOH, KaK 3TO 6LJnO yKa3aHO BLIWe, 'IT06LI BLIUOnH.IInHCL yc· 

noBH.II /1/. Haxo,IJ,HM B rpaHH'IHLIX TO'IKax Ka)K,IJ,oro TaKoro 

CnO.II 3Ha'leHHJI 3HeprHH H HMnynLCa qaCTHllLI. 3TO MO>KHO 
7 4 I 

c,IJ,enaTL nYTeM MO,IJ,enuposaau.H, uanpaMep/ ' , 3HepreTu-

qecKux noTepL, ecnu .ueo6xo,IJ,HMO, una BLI'IBcneuaeM 

cpe,II,HHX HOHH3anHOHHLIX UOTepL/4 / B Ka>K,IJ,OM H3 TOHKHX 

cnoes. llony'IHM TenepL .IIBHLIH BH.D. 4JyaKnuu pacnpe,IJ,eneHB.II * 
/2/. 8 BLI6paHHOH CHCTeMe KOOp,II,HHaT nepeMeHHLie v H z
npOeKnHH cnyqaii:HLIX 60KOBLIX CMell{eHHH TpaeKTOpHB 'laCTB

nLI H3- 3a M.K.p. B nnocKOCTJIX XOY a XOZ cooTBeTCTBeauo 

ua ocu OY a OZ .• 06o3Ha'IHM npoeKnuu yrna MaoroKpaTaoro 

pacceJIHH.II <UP~ kl'p i+ 1 = OM.K.p. aa BLI6paHHLie nnocKOCTB 

COOTBeTCTBeHHO ( k) o.(y) H ( klo. ( z) , bOKOBLie CMel.l(eHB.II 
I I 

H yrnOBLie OTKflOHeHH.II UOflHOCTLIO OUBCLIBaiOT nponecc 

M.K.p. Mo>KHo paccMaTpaBaTL / 4 / M.K.p. aeJasucaMo B Ka>K

.IJ.OH H3 3THX .D.BYX B3aHMHO"OPTOroaanLHLIX llflOCKOCTeH ;·* 

fi03TOMY ,IJ.anee paccy>K,IJ.eHH.II 6y,IJ.eM llpOBO,!J.BTb OTHOCBTeflbHO 

O.IJ.HOH H3 yKaJaHHLIX nnocKOCTeu /uanpuMep, XO) I, onycKa.H 

npB 3TOM HH,IJ,eKC ( y) HnH ( z) Y COOTBeTCTBYIOI.l(eH nepeMeHHOH. 

flpH c4JopMynapoBaHHLIX BLIWe npe,IJ,UOnO>KeHBJIX M .K,. B 

TOHKHX cnOJIX OUHCbiBaeTC.II pacnpe,IJ.eneHBeM <l>epMH / 4 

*He Tep.HJI o61.l(HOCTB paccy>K.D.eHBH, MO>KeM C'IBTaTL, 'ITO 
HJyqaeTC.II pacce.HHBe npB BLICOKBX 3HeprBJIX B llflOCKO· 
napannenLHOH nnacTBHe, nepneH.D.BKyn.Hpaou uanpasneuuro 
( J) p I• flpB 3TOM npaBa.ll ,IJ.eKapTOBa CBCTeMa KOOp,IJ.HHRT 
BLI6apaeTcJI TaKBM o6pa3oM, 'IT06LI ee uaqano cosna,IJ,ano 
C TO'IKOH 9((llxl ,(I~·Jillz 1 )~Q((l)ri)B OCb 0X6Lina 6LIHanpas
neaa no < 'lp 1 • 3!W>eKTBBHa.H Tonmaua pacceusaromax cnoes 
B TaKOH KOOp,IJ.BHaTHOH CBCTeMe, ecTeCTBeHH~ B3MepB:eTC.II 
B,!J.Oflb OX. 

** <l>BTHpOBaHHe napaMeTpOB TpaeKTOpBH Jap.H>KeHHLIX 'laC
TBn B yKa3aHHLIX BLIWe 3KCUepBMeHTaX TaK:>Ke 06LI'IHO npo
H3BO,IJ,.IIT He3aBHCHMO B .IJ.BYX nnOCKOCT.IIX. 
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<P[(<kly.<kl a. ),<kle_ ;o,<kli. J-= 2\1'3. __ 1 __ 
1 l l l 77 e 2 < kl e ? 

( k) 0 ? 
4 l -

x exp [- (i2 ( fkjf-
s l 

3
( k) (k)l> 

Yi u; 
< k le .2 

l 

+ 

s 1 

( k) 2 
3 Yi 

ffiD"' 
I 

)], 

X 

/3/ 

KOTopoe BBJIBeTcJI ,IJ;ByMepHbiM rayccoBbiM pacnpe,IJ;ene~HeM 

y'3 
C HyJieBbiMH cpe,IJ;HHMH,K034ltlJHUHeHTOM KOppeJIBUHH p = 2 H 

Koaapuauuouuoii: Ma Tpuueii /3 I 

2 ' jl< k, e .3 
(1( u: pa(k) y; a(k) ~ 

_!_Ckl e .2 
3 l 2 I 

(k)~ i =I 'Y; ( k) 2 
= Yi 

pa(k)~; a(k)ji 
2 ll<kl e ~ < k) e . 

a( kl§. 
I 

2 l l 

/4/ -,. 

3,IJ;eCb H BCIO,IJ;y ,IJ;aJiee ( k) £ . = ((k )x. + 
1
+ (k)x. )- ,IJ;JIHHa npOH,IJ;eHHO-

( ) l l l 
ro nyTH B k i CJIOe, 

(k)y.2 = (21.2)
2 

l 

1 

(k) xpaJJ., 

(k) E (k)E 

i+ 1 

(( k)P. (k)p . ) 2 
1+) l 

k - 1 2 · . - 1 2 ( kl 1 X - p -,IJ;JIB acex - , , ••• , m , 1 - , , ... , n - , paJJ.. a,IJ;Ha 
UHOHHaJI ,IJ;JIHHa. 

IJpH 3a,IJ;aHHOM cnoco6e pa36HeHHJI /1/ H Bbi'IHCJieHHbiX 

3Ha'leHHBX no,IJ;nocne,IJ;oBaTeJILHOCTeii (k) y; nonuocTLIO 

onpe,D;eJIJIJOTCB no,IJ;nocne,IJ;oaa TeJILHOCTH Ma Tpuu ( k li ; . 
,D;n.JI ynpomeHHB ,IJ;aJILHeiiwux paccy)K,IJ;euuii aae,IJ;eM noc

ne,IJ;oaaTeJILHYJO uyMepauuJO ua6opoa nepeMeuuwx f(k)Y; ,<kl o;, 
(k) (k) (k)~ l 6 f;, Yi• ""i ,OllHCbiBaiOll.{HX M.K.p., T.e. y,IJ;eM Ka)K,IJ;YIO 

nepeMeHHYIO Hafiopa HyMepoBaTb O,IJ;HHM HH,IJ;eKCOM /Hanpu

Mep,{ y., 8., £., y. ,I.lN1 , T.e. 
l J J J J 

. - 1 ( l) . (1) ( l) ( 1) ( 2) J- , 2, ... , n -1, n , n + 1, ... , n + n -2; , .. , 

rn-1 (k) rn (k) 
I n -(m-1)+1, ... , I n -m 
k=l k=l 

6 

.. 

., 

" 

Teneph MO)KeM 3anucaTL BBHblii: BH,IJ; ycnoauoii:mioTHOcTH 

BepOJITHOCTH /2/ npOXO)K,IJ;eHHJI 'laCTHUbi no BCeM TO'IKaM 4Ja-

30BOrO npOCTpaHCTBa{y.,o.,f.,y.} C y'leTOM MapKOBOCTH 
J J J J 

M.K.p. 

N .... __, -N -l/2 
<l'[(y.,o. ,£.)

1 
/(r 

1
,p

1
)]=(2rr) I II x /5/ 

J l l (l) 

1 -1 T 
r,IJ;e 

exp [ - "2 ( y , ~) ( l) L ( y, ~) ] , 

( Y • L\) -=( Y1' 0 1 ; Y 2' 0 2 ; ••• ; YN• oN) -(2N) -KOMnoHeHTHbiH CJiyqaii

HbiH BeKTOp 60KOBbiX CMell.{eHHH H yrJIOBbiX OTKJIOHeHHH B Ka)K

,IJ;OM 3Jit!reuTapuoM cnoe aemecTaa; < n I - KBa3H,IJ;uaro-

JI o HaJILHaJI ,IJ;HcnepcuouuaJI MaTpuua 

pa3MepHOCTH [ 2N, 2N] , , y KOTO· 2 

I= 
(J) 

0 

I3 

IN 

poii no ,IJ;HarouaJIH CTOJIT MaTpHUbl 

[ 2, 2 ] BH,IJ;a I 4/, I ( 1 )I I - ,11;e

TepMHHaHT MaTpuuw ( lli , T -
3HaK TpaucnopTHpOBaHHJI. 

BwnoJIHHM nepecTaHOBKH B cnyqaiiuoM aeKTope ( y , A) 

/5/, B pe3yJILTaTe KOTOpbiX nepBbiMH 1\J KOMnOHeHTaMH OKa

)KyTCJI { Y I , Y 2 , • • •, Y N) - fiOKOBble CMell.{eHHJI, a BTOpbiMH -

yrJIOBble OTKJIOHeHHJI ( c"i I, 0 2 , •••, 0 N ). IlO,IJ;06Hble nepecTaHOB

KH MO)I(JIO BblnOJIHHTb C nOMOll.{biO CJie,IJ;yJOll.{ero HeBblpO)K,IJ;eH

uoro opTorouanLHoro nuueiiuoro npeo6pa3oBaHHB 

T T 
( ) I ' y 2 ' . .. ' y N ; [) I ' p, 2 ' ••• ' 8 N ) = C. ( y I •8 I ; y 2 '() 2 ; • • • ; Y N' i) "' ) 

/6/ 

r,IJ;e 3JieMeHTbl MaTpHUbl npeo6pa30BaHHJI C HMeiOT BH,IJ; 

I, ecnu j=2i-l, i=l,2,3, ••• ,N 

C ijc 11, ecna jc2(i-N), ieN+l,N+2, ... ,2N /7/ 

0 BO BCeX OCTaJibHbiX CJiyqaJIX. 
-I T 

B cuny opTorouaJILHOCTH C = C • 
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Ilpeo6pa30BaHHe 161 He MeHJieT 3Ha'leHHJI KBa,D,paTH'IHOH 
d>opMbi B noKaJaTene 3KcnoHeHTbl 151. 0.D.HaKo MaTpHn;a 
( 1)2 llpH 3TOM npHHHMaeT BH.D. /3/ 

(2)2=C'(l)2· CT= 

a2 
yl 

0 

2 
aY2 

0 

2 

pa ao 
y l l 

0 

a,-
paY2 °2 

0 

aYN I __ -
-- -~-2-

a"• 
payN o !':! ·-----

a,:, a" pay u 1 1 u 1 0 
l 0 I 4 

0 

P 0 Y2 ao2 Uc'J2 I 

lo 
I 

p a a~ 1 
y i'J I 
N N

1 

2 
ao 

N 

181 

l 
BbinonHHM Tenepb / 3 I HeBbiPO>K.D.eHHoe nHHeitHoe npeo6pa-
30BaHHe cnyqaitHoro BeKTopa (y1 , y 2 , ... , y N; o 1, o 2, ••• , 3 N) 

i i-1 j 
Y i = 2 y i + 2 2 e i + 1 s k 191 

j=l j=l k=l 

o i = o i , i = l, 2, ... , N . 
HeTPY.D.HO BHJJ.eTb, 'ITO B 191 cnyqaitHble nepeMeHHble Yi 
COOTBeTCTBYIOT nonHbiM CMeiD;eHHJIM H3- 3a M.K.p. TpaeKTOpHH 
JapJI>KeHHOH qacTHUbl B.D.Onb ocH OY B Bb16paHHOH CHCTeMe 

KOOPJJ.HHa T, HaKonneHHbiM no npoxo>K,lJ,eHHIO nocne,D,oaa Tenb
HOCTH i TOHKHX pacceHBaTeneit (j = l, 2, ... , i) . . 0 i - no
npe>KHeMy cny'laHHbiH yron M.K.p. B 3neMeHT,pHOM i -pac
ceHBaTene. Ilp~~eHHB TeopeMy IT. 2.4.116 I K 191, 181, 
151, HaXO,lJ,HM 3 COBMeCTHOe HOpManbHOe· pacnpe,D,eJieHHe 
aeKTopa(Y1 ,Y 2 , ... ,YN;o1 ,o 2, ... ,oN) = (Y,~) 

<ll[(Y,~)/0,( 3t:1=(2rr)-N 1( 3)21-l/2 x 1101 

l -1 T 
x exp [- 2' ( Y, ~) • ( 3) 2 ( Y, ~) ], 

8 

' 

.. 

\ 
J1. 

J 

i 

r.D.e r, ~ ''] [ E I :1 ")' _\ 
")'-

'(2)-. LX ( '3) ... - 0 
' 

0~ I~ (Df)' ; < Drlj 
L :] rr ""-( 2) .... - 0 

_.!_(D£)2 De 
- 2. 

el r Y, l £2 0 Y2 ol 1111 
] 0 

E =I De= f'= 

0 ·lj 

0 • l 0 eN YN 

l 

I I 0 l l 0 0 £z o 
l l l ~ ek £3 0 

k=2 
E = 

!\ ' L t·.= 

N N-
l l l· . 0 l 2 ek 2 ek • • eNo 

k=2 k=3 ' 

OT IIO/ nepeit,D,eM, HaKoHeu, K pacnpe,D,eneHHIO aenH'IHH 
(Y,e),aocnonb30BaBmHcb npeo6pa3oBaHHeM BH,D,a: 

N-l N --------.. __...-... 

y. o,u, ... ,u,o,l,O, ... ,o 
[ J=[ 1·(YI>Y2, ... ,YN,o1,o2 , ... ,o 
e o,o, ... ,o,o,o,l,l, ... ,l 

) T 

/121 
O'leBH.D.HO, Y - nonHoe 6oKoaoe cMeiD;eHHe H e - nonHoe 
yrnoaoe OTKnoHeHHe H3- 3a M.K.p. nocne npoxo>K,lJ,eHHJI qac
THn;e:B N 3neMeHTapHbiX pacceHBaTene:B. IlpH'IeM paHr MaT
PHUbl npeo6pa3oBaHHJ! 1121 ;f'BeH 2. Cne,D,oBaTenbHO, Ha 
ocHoBaHHH TeopeMbl IT. 2.4.4 I pacnpe,D,eneHHe cnyqaitHbiX 
aenH'IHH ( Y, e) BBnJieTCJI HOpManbHbl¥ c HyneBbiMH cpe,D,HHMH 
H .D.HCnepcHOHHOH MaTpHn;e:B D( 3)2 · D , r.D.e D - MaTpHua 
npeo6pa3oBaHHJI/12I, a ( 3)2 onpe,D,eneHaai11I.IIepeMHo
>KHB yKa3aHHble MaTPHUbl, B pe3ynbTaTe nonyqaeM 
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r N t~ N I N l N 
! .i, tPril.li,2

+ ( ~. £i) ·(2.£i) 1 .2 y~ei(-£:+. ~ e. 
I!= 1 3 ;=Hl j=l I 1=1 2 . j=Hl 1 

. ~T ! ____ -- -- ------ r-- -- --- -
L= D·r"·JL·JJ =~ " N 

1 
.'\' 1131 

_.j ' , c l ' 2 
·/L(-r-+ 2 £

1
.)1 2yiPi 

. . 2 
1 

!=i+l . i+l 

Es.pa*eHBe . 13/ ,u.mi ;J.BcnepcuoHHoi MaTpBUbl nony'leHo 
HaMB ripB ::me,lJ.eHHOH Bbiille nocne,lJ.OBaTenbHOH HyMepaUBB 
:L'!eMeHTapHbiX pacceHBaiOtQBX cnoes. ,[J.nB Y.D.06CTBa .D.anLHei
:nero aHanB3a Bbl,lJ.eJIHM CYMMBpOBaHBe TIO OT,lJ,enbHblM O,lJ,HO
pO,J,Hb.iM cpe,J,aM, coxpaHBB nocne.D.oBaTenLHyro HyMepauuiO 
3J1eMeHTapHbiX CJ10eB B Ka:JK,lJ,OH B3 HBX. ,[(nB 3TOrO BBe)J,eM 

k -1 
cne,lJ.yro[IJ;He c6o3Ha'~eHHH: s 

k 
2 n(j)- (k- 2) - HOMep 

; = l 

ne}l:aoro 3Jieuernapuoro pacceesaJOmero cnoB k - Toi cpe.-

k 
.D.hi, t k 

,. ( ' 
.._ n \ -- HOMep nocne.D.Hero cnoB k -Toi 

j =- 1 

cpe,l1.bl. 

(\2 :~ . ,. lit'], 
Tor,l].a ~ c, [H.o, a 0 ·'a5 
r,l).e: 

I· 

2 - ;g ~ ,. ? l 2 ~ 
ay -- ~ ,'fi[ 7 Pi +(L-- P )(L 

k = 1 1 ~ " L 3 7)= 1 1) 

i-1 
2 e ) l 

7)=1 1) 

m t k 

aJ= 2 2 v 2 E 
k= l i=sk 

. i /13 'I 
m tk 

y?e. r..Le. +(L- 2 e )J. Ray a (;I= " " .... 
k=l i=sk I I 2 I 1)= 1 TJ 

r,l).e, KaK ycnOBBnBCb Bblllle, m- 'IHCnO TOnCTblX pacceBBaiO
IQBX cpe.IJ., ( n ( il - 1) - 'IBcno 3neMeHTapHbiX cnoea, Ha KO
TOpble pa36BBaeTCB j ( j = l, 2 , ... , m) - cpe)J,a, 'IT06bl BblTIOnHB • 
noeL ycnoaue 111, a L- cyMMapHaB .D.nHHa Bcex pacceuaa10-

10 

t 
l 

tm 

IQBX cpe,u. L = 2 e . 
7)=1 1) 

Ko3~BUBeHT KoppenBUBB aenB'IBH 

Y B (j paBeH 

m 

2 
tk 

2 2 l 
. 2.£77)] 

R=-.~~=K===l=l===s=k=======·=========='l=-=·================== 
r;;:t."k m tk i-l i 

Yi fd'ffi + (L-

J 2 1 Y~ e .. 2 2 Y ~e. [ ~ e~ + (L- 2 n (L-2 e n 
k=J i="k_ I I k=li=sk I I I 7J=JT/ 7)=1 TJ 
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3HaB ,lJ.HcnepcuoHHYJO Ma TPBUY I 13 ' / , MO)KHO MO.IJ.enu
poaaTh nonHoe yrnoaoe oTKnoHeHue e u nonHoe 6oKoaoe 
CMetQeHBe Y TpaeKTOpBH 3apB)KeHHblX 'laCTBU, o6ycnoBneH
Hble M.K.p. B TOnCTblX Ia CMblCne HeBblTIOnHeHBB ycnOBBB 
/11 I cpe.D.ax. ,[J.nB 3Toro noneJHO BblnonHBTb npe,lJ.BapuTenL
HO nepeXO,l). K KaHOHH'IeCKHM nepeMeHHblM a B f3 · 

[ 

a ] _ [ _l _l l [ ;y ] 
r; ~ V22 • -"~ :~ o 
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HeTPY.lJ.HO BH.IJ.eTL, 'ITO o6paTHoe npeo6pa3oBaHBe HMeeT 

BB,l). 

y a y ( 
-= a 
-J2 

{3) 

1161 ae e = -= (a + {3) 
y'2 

3.IJ.eCb a B f3- HeKOppenupoBaHHble HOpManhHO pacnpe,lJ.eneH
·Hble/6/ cny'laBHble BenH'IHHbl CO CTaH,lJ,apTHblMH.OTKnOHe-

HBBMB 

a =,/l+R 
a 

B a{3=-Jl-R. 

HeKOTOpbli caMOCTOBTenhHbli HHTepec npe.IJ.CTaBnBeT 
Ka'leCTBeHHblH aHanB3 TIOBe,lJ,eHBB K03~HUHeHTa KOppenBUHH 
Ra 3aBBCBMOCTB oT cTpyKTYPbi pacceuaaTenB. 

II 



llyCTb cpe.IJ.a, B KOTOpOB npOHCXO.lJ,HT M.K.p., O.lJ,HOpO.lJ,Ha, 

H 3HepreTHqeCKHMH DOTepHMH qacTHQ~ B 3TOM Be~eCTBe 

MO)KJ{O npeue6peqb /T.e. BLmonueuo ycnoaHe /1//. B 3TOM 

cnyqae 

( 21, 2) 2 

Y 2 = con st ~ --
i 2 

l E2 

7 xpaa. 

H3 /13/ nerKo nonyqHTL, qTo 

2 
Oy 

') 
y ~ 

L:l 

3 

2 
2 2 2 L r'e= y ·L, Rayau =y 2 , R j_2_ 

2 

qTo, KaK H CJie.lJ,OBaJIO O:lKH.lJ,aTL, COOTBeTCTByeT pacnpe.lJ,eJie

HHIO <t>epMH. 3TO Bepuo TOJibKO .lJ,JIH O.lJ,HOpO.IJ.HOB pacceHBaiO

lQeB cpe.IJ.bl. )J,JIH pacceHBaiOIQeB cpe.IJ.bl, COCTOJIIQeB H3 .ll.BYX 

CJIOeB pa3HOH TOJIIQHHbl H C pa3JIHqHbiMH pa.lJ,HaQHOHHbiMH 
(]). -(2)· 2 2 .M. 

.IJ.JIHHaMH X pan. t _ XrJ~l.c<.rJ i r 2 , K03'~"~'HUHeHT KoppeJIJIU.HH 
Me:lK.IJ.Y BeJIHqHHaMH )' H 0 paBeH 

H = .l2_ 
2 -----m----=-1- --

2u. xpaa. 
\ 1 + (I) -] )2 

( u + -1 X paa, 

r.IJ.e 
ll = ( 2) . 

X pan. 
Olx 

· pna. 

/17/ 

TaKHM o6pa3oM, Ko3«W!HUHeHT KoppeJIHU.HH H MenxeTcJI 

B 3aBHCHMOCTH OT pa.lJ,HaQHOHH~X .lJ,JIHH CJIOeB BelQeCTBa, 

H3 KOTOpbiX COCTOHT pacceHBaiOIQaJI cpe.lJ,a. 

H3 /14/ cne.lJ,yeT, qTo HweeTCJI B03MO:lKHOCTb no.IJ.6HpaTL 

CJIOH C pa3JIHqH~MH pa.lJ,HaU.HOHH~MH .lJ,JIHHaMH H B TaKOB 

nocne.IJ.oBaTeJILHOCTH, qTo6~ H .. 1 , , HJIH qTo6bl R _, 0 . 
0TMeTBM TaK:lKe, qTo .lJ,JIH O.lJ,HOPO.lJ.HOrO BelQeCTBa 3Hep

reTHqecKHe DOTepH npHBO.lJ,JIT K yMeHbWeHHIO KOppeJIHQHH 

aenHqHu f3 u Y H, uaKoueu., a 3aKJIIOqeuHe npoae.IJ.eM qucneu

u~e 3uaqeuHJI BeJIHqftH a y , a e H R .IJ.JIH ueKoTop~x ua6opoa 

pacceHBaiOlli.HX cpe.IJ., ablqllcneuuble no npHBe.IJ.eHH~M a~ue 

4JopMyJiaM C yqeTOM 3HepreTHqecKHX DOTepb. 
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