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HHTepec K TeopeTB~eCKOMY H3y~eHBID CTOnKHOBeHBH H~epnpu 

cpe~HBX B BLICOKBX 3HeprBJIX cyll{eCTBeHHO B03pOC B CBJI3B C 

ocymecTaneuaeM 3Ha~aTem.uoro ~ucna 3KcnepaMeHTanLHLIX uccne

~oaauaA /l-4/. TeopeTa~ecKaJI HHTepnpeTaUBJI :nux ~auuwx ~nJI 
Manoro 3Ha~eHBJI nepe~aaaeMoro BMnynLca npoao~unacb a paMKax 

3HKOHanbHOro no~xo~a rnay6epa-CaTeHKO. O~HaKo npu BLI~Bcne

HBB ce~euuA ~a)l(e npocTeAwux npoueccoa s~epuo- JI~epuwx cTonK

uoaeuaA ~JI JI~ep c peanucTa~ecKBMB pacnpe~eneHBJIMH JI~epuoro 

Bell{eCTBa DpBXO~BTCJI CTanKBBaTbCJI C 6onbWBMB MaTeMaTH~eCKBMH 

Tpy~HOCTJIMB. 

llpa6n8)1(euae rayccoacKoro pacnpe~eneHBJI uyKnouoa B cTan

KBBaiDmuxcJI Jl~pax, D03BOnJIIDII{ee BLI~BCnBTb B JIBHOM BB~e Ka~LIA 

~eu P.ll.lla Teopau MHoroKpaTuoro pacceJIHBJI una npu6n8)1(euae 

)l(eCTKoro uaneTaiDmero Jl~pa, paccMoTpeuw B pa6oTax /s/. O~HaKo, 
KaK noKa3LIBaeT cpasueuae c 3KcnepaMeHTanbHLIMB ~aHHLIMB, 

3TH pa6oTLI MoryT npeTeH~OBaTb JJBWb ua Ka~ecTseuuoe onacauae 

xapaKTepacTHK Jl~epuo·JI~epuoro pacceJIHBJI. 

Pa6oTa 161, r~e y~anocb nony~BTb KOMnaKTHLIH pJI~ ~JJJI 
cila30BOH ciJyHKUBB B BB~e ~BOHHOH CYMMLI CBepTOK pa3JJB~HLIX CTe • 

neueii cilYHKUBH Tonmauw T , T 8 cTaJJKBBaiDmaxcJI Jl~ep c aToM· 
A 

HLIMH HOMepaMB A B B, JIBnJieTCJI Ba)I(HLIM WarOM B fiOCTpOeHBB 

KonattecTaeuuoii Teopaa Jl~epuo·JIJlepuoro pacceJIHHJI. XoTJI 3TOT 

pe3yJJLTaT fi03BOnHeT pa6oTaTb C peanHCTH'IeCKHMH nnoTHOCTJIMH 

fipH BLI'IHCneHHH nonHLIX cetteHHB B3aHMO)leBCTBHJI H cetteHHB 

ynpyroro pacceHHHH cpeJlHHX a TJI)I(eJJLix H,llep, 3HaKonepeMeuuwii 

xapaKTep ttneuoa pJIJla a ero cna6aJI CXOJlHMOCTb C03JlaiDT TPY.ll" 

HOCTH npa npaKTHttecKHX pactteTax. 3TH TPYJlHOCTH 6blna ycTpaueuw 

B pa6oTe/71, r)le nonytteuo JIBHoe Bblpa)l(euae )ln.H cyMMLI pJIJla npu 
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orpauaqeuaa 3cWleKTaMB nopJI.nxa (y 0 = tf--6e3pa3Mepuwii napa

MeTp). MeTO.Il, npe,llJIO)I(eHHhlii s/7 I, a 3H~ie JIBHO:ii 4>YHKUBOHam.

uoii 3aBBCBMOCTB 4>a3:w /aMnJIBTY.Ilhl/ ynpyroro AB -pacce.IIHB.II 

B OnTB'IeCKOM npe.nene (A, 8--.oo) OT 4>YHKUBB TOJIIUBHhl T , T A B 
CTaJIKBBaiOIUBXC.II .ll,llep n03BOJIJIIOT nyTeM 4>YHKUBOHaJibHOrO .IlBcWle-

peHUBPOBaHB.II ee no T , T Bhi'IBCJIBTb nonpaBKB ni06oro nop.11.n· 
-k k A B 

Ka A , 8- , CBJI3aHH:We C KOHe'IHOCTbiO aTOMHhiX HOMepoB, 

peaJibHO B3aBMO,lleBCTBYIOJUBX Jl,llep, B TeM CaMhiM onBC:WBaTb 

ynpyroe pacce.IIHBe JII06:wx Jl,llep 3a BCKJIIO'IeHBeM caM:wx nerKBX. 

,nanee B npa6JIB)I(eHBB Kouequoro 'IBcna ueynpyrax coy.napeuaii 

y.naeTCJI CB.II3aTb aMnJIBTY.Ilhl B036y)I(.IleHBJI O,llHOrO BJIB 060BX 

Jl,llep c 4>YHKUBOHaJibHhiMB npoB3BO.IlHhiMB no T A , T B -4>YHKUB.IIM 

TOJIJUBHhl OT aMnJIBTY.Il ynpyroro pacce.IIHH.II 3TBX )l(e .ll,llep B TaK 

Ha3:wsaeMWMB nepexo.IlHhiMB nnoTHOCT.IIMB. Ce'leHB.II KBa3aynpy

roro pacce.IIHBJI R.npa .npyrBM .II.IlPOM, peaKUBH B036y)l(,lleHB.II o.nuoro 

B3 Jl,llep BJIB 060BX O,llHOBpeMeHHO, .IlB4>paKUBOHHa.ll ,llBCCOUBaUBJI 

o.nuoro B3 Jl,llep, cTpannauroswe peaKUBB, npoueccw ynpyroii 

B KBa3aynpyroii nepe3ap.ll,llKB, HaKoueu,nonpaBKB, o6ycnosneuuwe 

KOppeJI.IIUBJIMB B pacnpe,lleJieHBB HyKJIOHOB B .ll,llpe B MHOrBe ,llpyrae 

TaK)I(e uenocpe,llCTBeHHO CB.II3aHhl C 4>a30BhiM 4>YHKUBOHaJIOM ynpyro

ro pacceJIHB.II npOCThiMH COOTHOWeHBJIMB B MOryT 6:WTb paCC'fH· 

TaHw, ecna B3BecTeH 3TOT 4>YHKUHOHaJI. TaKBM o6pa30M, 4>a3oswii 

4>YHKUHOHaJI ynpyroro pacce.IIHB.II, T .e. 4la3a KaK 4>YHKUB.II OT 4>YHKUBB 

TOJIIUBHhl CTaHOBBTC.II Ba)I(HOB BeJIH'IBHOB TeOpBB pacce.IIHB.II Jl,llep 

.ll,llpaMB, a ycTaHOBJieHBe ee 4>YHKUBOHaJibHOB 3aBBCBMOCTH OT 3THX 

BeJIB'IBH .IIBJI.IIeTC.& O,llHOB B3 rnaBHhiX 3a,lla'l TeOpBB. HB)I(e B3Jia• 

raiOTCJI OCHOBhl KOJIB'IeCTBeHHOB TeOpBB npocTeBWBX npouecCOB 

.ll,llepHO- .ll,llepuoro B3aBMO,lleBCTBB.II, ynOM.IIHYThiX Bb!We, B onBCbiBa

eTC.II OCHOBHOe npB6JIB)I(eHBe B MeTO,ll nepeXO,lla OT Bhi'IHCJieHB.II 

aMnJIBTY.Ilhl K Bhi'IBCJieHBIO 4>a3hl. 

llpe.nnaraeMhiB DO,llXO,ll OTJIB'IaeTCJI OT HCnOJib30BaHHOrO s/ 6/ 

TeM, 'ITO n03BOJIJieT paccMaTpHBaTb ueynpyrue npoueccw. Bo3-

MO:lKHO, OH OKa)l(eTCJI noJie3HhiM ,llJIJI peWeHH.II ,llpyrBX 3a,lla'l. 

Kax B3BecTHO, npe.nnoJIO)I(eHae o6 a,ll,llHTBBHOCTB 4>a3 pacce.11· 

HBJI, Jie:lKalUee B OCHOBe TeOpBH MHOroxpaTHOrO pacce.IIHB.II rnay6e

pa, npHBO.D.BT K CJie,llYIOIUeMy B3BeCTHOMY COOTHOWeHHIO Me)l(,lly 

aMnJIBTY.IlaMa peaKUBB B + A ... B • + A· /3.IleCb B - uaneTaiOIUee 

4 

.ll,llpo, A - .II.IlPO Maweua, A· , B ·- JI.IQ>a nocne B3aaMo.neiicTBB.II/ 

B aMnJIBTY.IlOB HYKJIOB"HYKJIOHHOrO (NN) pacceJIHB.&: 

FA B->A'B,(q) 
~ Kft).)J d2 beiqb I~E->A'B' (b) 
2rr 

/1/ 

A B 
I" . ,(b) =<1/;,t/1 .!1-11 II [1-y(b-s.-r.)]it/J t/1 8 >· 

AB->A B A B i= 1 j= 1 1 J A 
/2/ 

}' (b) 1 
2rr i p~ J f N N ( q) exp ( iqb) ct

2 
q , /3/ 

r.ne t/1 A(!l) 
, t/; - BOJIHOB:We 4>YHKUBB Ha'laJibHOrO B KOHeq-

A '(B ') 

Horo COCTO.IIHHB .ll.n,pa npH A (B); y (b) - 4>YHKUB.II npo4>BJI.II aMDJIHTY.D.bl 

ynpyroro 

MeTpa b 

NN -pacce.IIHH.II B npe.n.cTasneHHB npauenJ.uoro napa-

f., ,(q) = P,/4rrcta (i+p)e-1 2q~ - aMDJIHTY.Ila 
.,N N tot 

ynpyroro NN-pacce.IIHH.II, npe.nnonaraeMaJI B .nanJ.ueiiweM He 3a

BHCJIIUeii OT CDBHOBhiX B H30CDHHOBhiX nepeMeHHbiX (! = atot (i+p). 

3.necb " - DOJIHOe ceqeHHe NN -pacceJIHHJI, p - OTHOWeHBe 
tot 

peanbHOB 'laCTH aMDJIHTY.D.bi pacceJIHHJI K MHHMOB, a - napaMeTp 

uaKnoua ynpyroro .nucWlepeuuuanLHOro ceqeHH.II NN -pacce.IIHH.II, 

p. - HMnynbC, npBXO.D..IIIUHBC.II Ha O.D.HH HYKJIOH HaJieTaiOIUero .II.D.pa. 

~HO:lKHTeJib K ( q l cB.II3aH c nonpasxaMH ua .D.BH:lKeuue ueuTpa Mace 

li.D.ep. 
P accMoTpHM cnyqaii ynpyroro pacce.IIHH.II A~ A' , B = B •. B xa-

qeCTBe OCHOBHOrO npH6JIH)I(eHH.II HCDOJib3YeM, KaK 06bl'IHO, npe.D.DO" 

JIO:lKeHHe 0 4>aKTOpH3yeMOCTH 4>YHKUHH DJIOTHOCTH OCHOBHblX COCTO.II" 

HHH cTanKHBaiOIUHXCJI JI.D.ep 

: ' . I 2 
1 VA( Bl(r I ..... rA( B)); 

r r ( n) ct·r = 1 
. A B) 

A( Ill ( r 
i:ll PA( H) i 

/4/ 

/5/ 
+"'' 

T.\(Hl(b) = A(B) JP\(Il)t(b, z) dz. 

'ITO COOTBeTCTByeT npeHe6pe:lKeHHIO 34l<PeKTaMH KOppeJIJIU.Hii. 
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llepeA~eM x swqacneHBID ~3osoi ~YHKUBR yDpyroro paccea

HB&. llpOBe~eM ycpe~HeHHe DO Jl.~py A B BWpWKeHBH /2/ 

A 1 B 
r (b) = < !/1 11 - n I -IT ( si) d s. n [ 1 - y (b- s. - r. ) J 11 !/1 > = 

AB-.AB B i=l A A t j=l t J B 

= <t/I. 11-11-.!Ir (b-s,lr I)T (s)dsiAI!/J > 
B A B B A B 

B 
r 8 (b - s, 1 r Bl) = 1 - n r 1 - y (b - s - r. ) J • 

j =1 J 

/6/ 

llepexo~a x ODTaqecxowy Dpe~eny 

xax o6wqao, B cwwcne 3aMeHw 

DO a~py A , DOHBMaeMOMY, 

(1 + ..! )A .... exp ( X ) , 
A A-.oo 

Dpeo6pa3yew swpWKeuae /6/ x cne~yiDmewy sa~y: 

r AB->AB (b) 1- < !/1 
8 

I exp[- I r 
8 

(b- s, I r 
8
!) T A (s) ds]lifi

8
> = 1- expx (b), 

/7/ 
r~e x (b) - ~3osaa ~yuxuaa, ~· swqacneuaa KOTopoii ueo6xo-

~Mo awqacn&Th swpa)l(euae sa~a 

<1/JB I expt({ rBI) 11/JB >. 

Bse~eM reuepaTopuyiD~YHKUHID 

G(h) = <I exphel > = exp </>(h), /8/ 

xoTopaa DpB h = 1 ~aeT acxowoe swpa)l(euae. Qua o6na~aeT 

cne~YIDIUBM O'leBB~HWM CBOBCTBOM 

L G(h) I = < !C I>, /9/ 
dh0 h=O 

D03BOJIRIDIUBM DPBMeHBTh Texuaxy, pa3BBTYID B pa6oTel8/. Pa3-

naraa ~YHKUHID cp B pa~ DO CTeDeH&M h 
oo h D 

cf>(h) = }; -.; 
n=l n! 0 

a Dpe~cTasnaa reaepaTOPHYID ~yuxQHID B sa~e pa~a Do cTeDe

u.aM h, T.e. pa3naraa :JKCDoaeuT oT cf> a co6apaJJ qneuw Dpa o~a-

6 

UaKOBWX CTeDeuax h, DpBXO~BM K cne~yiDIQeMy BWpa)l(eHBID <j tnJ > 
qepe3 e /B/: 

n 

n d n ' 1 nl n2 n. 
<It 1>=-G(h) lh=O =n!}; ii/n )(n) ... (n 1 

) ... * /10/ 
d hn - n1 ~···· . 2 3 i + 1 

... * I e ln1-n2 C ei )n; -ni+1 
1 ... -i! ... 

00 e n -n 
n! }; II (-i-) i i+1 1 

nl,n2, .•• i=1 i! (n-n )t 
i i+1 . 

r~e cywwaposauae se~eTCJI Dpa ycnosaa 

n > n > n > ... > n. 
1-2-3- -~ 

YqTeM, qTo B aaweM cnyqae 

~ ni+1 ~ ... n = 

t = -l+ry. Tor~a 

}; n. 
I 

'G(h) = <lehtl > = e-h <I exp hry I> 
h oo hn 

e- exp [}; -ry 
n=1 n! n 

BJIB G(h) = e-hG'(h) T.e. 1'/ = e DPB n> 1. CooTuoweuae Me)l(-
' n n 

~Y r1 a cpe~uawu 3uaqeu&JIMB OT pa3naqawx cTeDeueii 17 ~aeTca 

swp:)l(eUBeM /10/ c 3aMeuoii e .... 1'/ B e --> 1'/ • BwpWKeHae 
n n 

/10/ MO)I(eT 6wTh o6pameuo 

1'/ 
n 

<f fnG'(h) , 
I 

dh h=O 
G'=l 

dn n k 
=---;fn[ 1 + (G'-1)] ~=0 =~ ~ (-l)k+l (G'-1) ]j 

dh , dlf k=l k G ~1 
G =I 

n k+1 1 n! = }; (-1) - }; --
k=l kpl,e2 ... ~ fl!£2! ... fk! 

G,(f1)'G'(f2) ... 'G'(fk) I • /11/ 
G '=I 

P1 +f2 ... P1<=n 
e . r ... r ;<:o 

I 2 k 

3~ecJ. sse~euw cTau~apTuwe o6o3uaqeuaa 

e 
c ,(Y) (h) 1 = ~ c' (h) 1 = < !11 e 1 > 

G'=l dhf G'=l 
0KOHqaTeJIJ.HO COOTHOWeHBe /11/ &MeeT BB~ 

1'/(f) • 

_ n~l ( 1)k+l1 ..., n! (f ) (P ) (-1)n+l( -l)t[ (l) ]n 1'/ -k- -;:, 771 ... 711. + n ·71 • 
n k= I k Yl, ... fk £1! ... fk! /12/ 

7 



)].nx paccexHHX X,!i.ep x.apaMH 

" E 
ht - j ct· s T ( s) I 1- l i i 1- y ( b- s - '· ) l; 

I i·~t ! 

') r: " 
hI) -- J d" s T\ ( s) [! [ 1 - } { b - s - '. ) 1 = J d-s T} s) p ( s i . 

. !=: l 

TaJ<HM o6pa3oM, paJJio)l(eHHe ll!YHKUHH o K reHeparopHoH ¢\YHK

UHH G B Pll.ll no h CJie,!l.yeT ITOHHMa Tb KaK pa 3JIOi!<eHHe B ¢\yHK • 

l!.HOHaJibHblH pll~ no paJJIH'iHbiM creneHHM 1JYHKUHH T ( s) 
. ·\ 

a llpOH3BOJlHhle no t; - KaK ,pyHKUHOHaJlbHble npOHJBO,J,HbiC IIO 

:noB: )l(e •PYHKUIHi. B 3TOM npe,!l.cTaBJieHHH Bblpa)l(eHHe I 12/ rrpHua

MaeT BH,!I. 

t; 
q 

~ _r d-s. 
, f:; C'(T \ ·' 

f • T / s ) ---v~··~-~---~~··~=-. ' I (s J ... ·· , \ , ~ 'I , . 
1 

., I\ 1 "n J 1 l ', '1 
( \ ''1 .. "' . ' I ·· d 

•) ·' 
fct·s, ... d-s T (s l .. T (s )[<iP(s l ... P(s )!· 
• · n .\ I ·\ " l n 

+ !,!; ( k t-l 1 ,- !11 
- '. -1) - - ------... 

k _q k 1 V ' !' I )
1 

' I' I ... - ' t 1' '2 ... t k 1. ': •••• ' 

-r. <! P(si) ... ) ·~_, ,:j P(sy _
1 

) •. P(~~f-1-a J [ P( ;sn--i 
k 

\ 

... P(,;c i 

/13/ 

4>opMyc1a /13/ Y;J;06Ha TeM, 'iTO cpen;Hee 'HJa'lt>J-me or pa·L1iHHhlX 

CTeiieHeH p lBfeeT ,4030JJ!>RO npoc fOH BH,[l B Oil! H -f..:CKOM rrr'-'.lE' ;;e 

rro ililPY B. 

ph! o- <- P'." l ... P(~ 1 exp i .. ~;~' (b- s, ~- .·) Tr/') dr 

.... l:tc - ,. ) T u.~ ,i \. b ·- G t } ;.· ~ iJ ·- :; - ; ) 

1 .,(-) dr 
:• 

+ (-- 1/' ! ) (b- :s, - ;-) ... v (b- ,; - :) 1 Il (;) d ,- ~ 
• - '1 

,, ~r i ' h . 1 . , , , • ·- ~, 
i=: 

;·:) _ 1! 1 t-~(: )dr{. /14/ 

\~ 

Tax, 

h( = fd
2

sT (s)!exp[-fy(b-s-r)TB(r)dr]-1\. 
I A /15/ 

Or6pach!Bax B clJaJoBoii cPYHKUHH 'IJieHhl co creneHJIMH T A 

BhiWe nepBOH, y,!l.ep)I(HM OT pa3JIO)I(eHHJI 3KCDOHeHThl B Bhlpa)l(eHHH 

/15/ nepBhiH HeHC'Ie3a10IUHH 'IJieH, COOTBeTCTBYIOIUHH H3BeCTHOMY 

npH6JIH)I(eHH10 qH)I(a- MaKCHMOHa I 9 I 
... f 2 ry f(b)-,:.- d sd"ry(b-s-r)T-\(s)TB(r) . 

Y'leT TOJibKO 3TOro CJiaraeMoro B 4Ja30BOH cPYHKUHH COOTBeTCT

ByeT yqery B aMnJIHTy,!l.e JI.IJ.epHo-x,!i.epHoro paccexHHli~CJie,!l.yJOIUHX 

,!I.HarpaMM: 

A 

B ilj] 
I I I I - -
I I I I I I - + 

A A 

:II] +&IIJ+-·· 
I I I I I I I I - -

I I I I I I - + -+ 

0TMeTHM, 'ITO BTOpall, TpeTbll H DOCJie,!l.yJOIUHe ,!I.HarpaMMbl -

HeCBHJaHHble .nuarpaMMbl rrepsoro nopll,!i.Ka, He .na10r BKJia.IJ.a B 4Ja-

30BY10 IPYHKUHJO /coKpamaercll BKJia.n HeCBll3aHHblx .naarpaMM Bon

TH'IeCKOM npe_neJie no aTOMHblM HOMepaM/. 

* ,l].HarpaMMHOe npe,ncTaBJieHHe aHaJIOrH'IHO HCTIOJib30BaHHOMy 
B pa6orax /lo/. 
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Cne.nyJOU(BH 'IJieH pa3JIO:lKeHBJI B /15/ CBJI3aH c BKna.noM .nuar • 
paMMbl TBna: 

A A 

Bllll!llllllj BHIIIIIIIII J I 
I I' I I I I I I I I . + I I I I I I I I I I I . ~ 

a nOJIHOe Bblpa:lKeHBe /15/, COOTBeTCTBYJOU(ee npB6JIB:lKeHBIO "JKeCT· 

Koro" HaneTaJOU(ero JI,npa/5/, CBJI3aHo c .n.uarpaMMaMB nponeccoB, 

B KOTOpbiX BCe HYKJIOHbi Jl,ll.pa pacceHBaJOTCJI KaK lleJIOe Ha KaKOM· 

nu6o HYKJIOHe JI,Il.pa A. 

C.nenaeM cne.n.yJOU(Bii war OT BblmenepequcneHHbiX npu6nB:lKe • 

HBii, a HMeHHO, Bbi'IHCJIHM h2 
Tj 

2 

2 2 2 
h TJ = fd s d s TA(s )T (s2) 

n l 2 l A 

* exp[ -f y(b- s 
1
-r) T B(r) dr- fy(b- s2-r)T B(r) drh /16/ 

* expl[fy(b-s
1 

-r)y(b-s2 -r)TB(r)dr]-11. 

Y'leT JIHHeiiaoro qneHa pa3Jio:lKeHHJI 3KcnoaeHTbl, CTOJIU(eii B 4mryp· 

HbiX CJC06KaX, COOTBeTCTByeT y'leTy CBJI3aHHOH ,ll.HarpaMMbi THna: 

A 

I I I I I I I I 1 -~ 

Y'leT BToporo H cne.n.yJOU(BX COOTBeTCTByeT y'leTy .ll.HarpaMM 

8 

J 111111 A tJ 111111 

B 

l •t 
IIIII·~ ..,. 4 I I I I I I I +-

10 

1 

co.nep:lKall(Bx 3aMKHYTLie neTJIH. PaccMoTpHM nepsy10 B3 3THX 

.nBarpaMM, BKna.n KoTopofi BblpaJKaeTc.ll cne.nyJOU(BM o6pa3oM: 

2 2 2 2 
Jd s

1
d s

2
d r

1
d r

2
TA(s

1
)TA(s

2
)TB(r

1
)TB(r

2
) * 

* y(b-s -r )y(b-s -r )y(b-s -r )y(b-s -r). 
l I 2 I l 2 2 2 

llpe.n.nonara.11 Manocn, pa.nuyca NN ·s3aHMO,Il.eiicTBB.Il no cpasHeHH10 
c JI,nepHLIMH pa3MepaMH, nonyqaeM 

-2 2 2 2 2 
(£:) Jd s d s T (s )T (s )T (b-s )y (s - s ) ::: 

2 I 2A I A 2 B 1 I 2 

:::: ~fy2(r)d2 r(~) 3 Jd2 sT~(s)T~(b-s) 
a 

3.necJ. x = '2: T ( s) 
2 A 

Y='£:T (b-s), 
2 B 

2 2 2 2 =a f d sx y 
a 

a £ = -4 a = 0,25 - 6e3pa3MepHblii napaMeTp. Ero MaJIOCTh rra 
nOlBOJIJieT npeHe6peqJ. BKJia,ll.OM 3TOfi ,ll.BarpaMMbl. BLI'IHCJI.IIJI BKJia • 

.ll.LI .npyrux .nuarpaMM, co.nep:lKall(Bx neTJIB, MOlKHo y6e.nHThC.Il, 'ITO 

BCe OHB BXO,Il..IIT C nO,Il.06HLIM MaJILIM napaMeTpOM. 3,neCb MLI HX 

Y'IBTbiBaTL He 6y.neM. llpeHe6peraJI 3TBMB .nuarpaMMaMB, a TaK:lKe 

Y'IHTLIBa.ll ManocTL pa.nuyca NN • B3aBMOAeiicTBBJI no cpasHeHBJO 

C Jl,ll.epHbiMB pa3MepaMB, T .e. npHHHMaJI npH6JIB:lKeHHO 

2 -
Jy(b-s-r)Til(r)d r = ~TH(b-s) 

r ( a 2 2 Jr b-s-r 1)y(b-s-r2)T8 (r
1
)Til(r

2
) = ("2) T

13
(b-s) 

B T .n., llOJly'laeM nepBble 'leTLipe 'IJieHa cPa30BOB ¢YHKllHB 

2 2 -v 
h~ = =fd sx(e ·-t) 

a 

2 2 ? 2 -2 y 
h TJ 

2 
= ::: f d" s x y e 

a 

' 2 ? 3 -3y 2 hr;=-fd"sxe (-y+3y) 
3 -a 

h47] 
'~ 

~ J d2 s x4 e-4y (y + 12 y 2 + 16 y 3 ) • 
71 

/17/ 

/18/ 
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Bw:l.fHcneHHe qneuos h3 11 3 H h4 11
4 

no3sonJieT ctl>opMynuposaTb 

npoue~ypy nonyqeHH.Il n·ro l.fneua p.ll~a, KoTopa.ll cocTOHT acne

~YIOlUCM. liy~eM nocne~osaTeJJLHO pa3naraTb exp, onpe~en.lleMble 

BW:pa:lKeHHCM /14/, 'ITO llpHBO~HT K pe3yJlbTaTy 

(n) (!) n n n 
P -[P ] ; explf[ll (1-y(b-s, -r))-l]'f

8
(r)drl-expl-lfy(b-s.-r)* 

i=l 1 i=l 1 

n oo 1 1 n . · 
JO ~(r) drl; exp[-l Jy(b-s. -r)'fll(r)]x}.; - 1--.l fy(b-s. -r)y(b-s,-r)'f (r)dr+ ... + 

i;l 1 Jt;lk! 21,1;1 1 J B 
iFi 

n k 
+ (-1) fy(b-s

1 
-r)y(b-s2 -r) ... y(b-5

0 
-r)'I8(r)drl . /19/ 

ilOCKOJibKy pa3JlH'IHble CTeneHH cnaraeMblX B <iJHrypHblX CK06KaX, 

KpoMe nocne.nHero, rrpe~cTaBJJHIOT co6oii BKna~ .nuarpaMM c ner

JIJIMH llOpH.IJ:Ka MeHbWe l.feM n no HD.PY A, BCe OHH COKpaTHTCJI 

,llpyrHMH l.fJlCHaMH Bblpa:lKeHBH /13/ /B OllTHl.feCKOM npe~ene ,llHar

paMMbl MCHbWero IIOp.ll,llKa He ~aiDT BKJia~a B hn T} /. ll03TOMY 
n 

HY:lKHO Yl.fHTblBaTb ronbKO rrpoHJBe~eHHH OTD.CJihHblX cnaraeMblx, 

B3JITbiX s nepaoil CTeneHH I ecnu KaKoe- nu6o cnaraeMoe axo~HT 

B fiOJibWeH CTeiTeHH, TO B ~HarpaMMaX B03HHKaiOT 3aMKHYTble 

TieTJIH/. KpOMC Toro, HeKOTOpble H3 npOH3Be~CHHH rrpe~CTaBJI.IliOT 
BKJia~bl HeCB.Il3aHHblX ,llHarpaMM HH3Wero llOpH~Ka, KOTOpble co

KpaTHTCH. 

11TaK, oT rrepaoro qneua paJJIO:lKeHHH ocraeTcH TOJibKo cna

raeMoe au~a 

' n , 
\.-1) Jy(b-s 1 -r) ... y(b-sn -r)Tlllr)dr, 

'ITO COOTBeTCTByeT BKJia~y CB.Il3aHHOH ~HarpaMMbl ll rropx~Ka OT 

BToporo qneHa pa3no:lKeHH.Il 3KcrroHeHTbl. KaK y:lKe roaopHnocb 

BblWe, Mbl y.nep:lKHM cnaraeMble BH,D,a 

.l..Jy(b-sn -r,) ... v(b-s£ -r,)y(b-sr -r,,J ... y(b-sp -r,)) -~c 
21 rl j_ k i k-t-1 ... m ~ 

"TB(r
1

)TB(r 2 )dr1 dr 2 , 

r~e Sf , ... Srn - HeKOTOpaH Bbl60pKa C ITOBTOpeHHIIMH H3 n 3JJe-

MeHTOB S] , ... S m , m MO:lKeT MeHJITbCH OT 4 ~0 2 n. JiCHO, 'ITO 

eCJIH B 3TY Bbl60pKy He BKJIIOl.feHbl BCe n 3JieMeHTOB ( m S: n), TO 

12 

I 
l 

3TO • BKJia~ ~HarpaMM HH3Wero ITOpH,llKa, KOTOpblH COKpaiUaeTC.Il. 

PaCCMOTpHM cnyqaii, KOr~a m ~ n + 1 H B Bbl60pKy BKJllO'ICHbl BCe 

s H TOllbKO O~HH H3 HHX llOBTOpHeTCH ~Ba:lK~bl, HallpHMep Sl 

f-:-h·(b-s
1 

--r,l ... y(b-sl' -:
1

}y(b -sf -r,) 
~1 ' k k +I 

'(h-s .... ;' )·(h--s -; )T (r )T (r )dr dr • 
... ' i ~· ... f 2 B l B 2 I ~ 

m 

TaKOMY BKJia,lly COOTBt!TCTBYK>T )J;HarpaMMbl, r~e n- 1 • JlHHHH 

H;J.pa A ( S., .•. , S. ) , KOTOpaH ;J.eJIHTCH Ha ;J.Be rpynrrbl. 06IUee 
... h 

'IHCJIO 3THX rpyrrn ;J.aeTCH Bblpa:lKCHHCM 

2: 
(n-1)~ 

P .P ?_ 'F 
l " l ~ 

" P ... n-! 
.1 2 

p.p/oo 
l q ' 

A 

alfJltiB 
,--------.- --r--~------y----,.........------T 

n 

I 
+ 

KpoMc Toro, JIHHHll .ll~pa A. c KOTopoii B3aHMo,neiicTBYIOT ~sa 

HyKnoua li,llpa B. Mo:lKeT 6blTb Bhi6paHa n cnoco6aMH. ilo3TOMY 

l10'1Hhlif BKJld;J, TaKUX ~HarpaMM paB;?H 

1 
,;, n ( -1 ) n " l 2: 

p •I p I 
l . ~ . 

(n-!_ll_l {y(b-s
1 
-r

1
)y(b-s

2
-r

2
)' 

Pr ,P2 

p ~ p 
l 2 

pl ! p'l 

u- t 

;.c 
) 

" . '1 ) T . . 'T ) ) :, ,) - s l' - r I ) <., r \ [)- s - ' . \ 7 ) " ( T d" d T 
Dl :2 tl 1 tl' 2 l 2 

/20/ 

EcnH xaKHe-nH6o sf a \ l:ICTpeqaJOTC.Il ~aa HJJH 6onee qucno 

paJ, TO 3TO aBTOMaTH'IeC:KH ITpHBO~HT K ~HarpaMMaM C rreTJIJIMH, 

l.fTO ITpOHCXO~HT TaK:lKe npH m '• n t 1. 3TH ~HarpaMMbl Mbl ITOKa 

He Yl.fHTblaaeM. TpeTHH qneH pa3Jio:lKeHHH 3KcrroHeHTbl /19/ HMeer 

BH)], 

1 r ('' " " \ l'r) S - ) Jb " • ) y (b- S - • ) ,,. ·- " u ·- ~, - • ... , - - - • l , - uo - • ... n • · 
3~ ' i l ' k I · r k+! 2 r j 2 

• v(b-s -r) .. '(b-s -c )T (r )T (c )T 
' ~

1 

• , 1 , m 3 B , l H 2 B 
j-+-.t_ 

(r ) d r d r d r 
3 I 2 3 
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MBHHMaJlbHOe 'IBCJJO m, Ha'IBHaJI C KOTOporo, DOJIBJJJIIOTCJI CBR3aH

Hble .D,BarpaMMbl n - ro DOpJI.D,Ka, paBHO n + 2. liBCJlO DOBTopeHBB 

KaKoro-na6o 8£ npa 3TOM He MO)I(eT npeB.blWaTb 3. 

~JIB BCeB Bbi60pKB ill CDpaBe.D,JJHBbl paccy)I(.D,eHBB, DpHBe.D,eHHble 

B.blWe. HM COOTBeTCTBYIOT .D,BarpaMMbl, B KOTOpbiX KaKBe-na6o 

.D,Be JlBHHH B.D,pa A, OT.D,eJlbHble HJJB COBDa.D,aJOIIUie, COe.D,BHeHbl 

c TpeMB JJBHBBMB R.D.pa B 

A 

slfH H1HH J slllllfHllHJ . . . . . . 
f t I I I I I I I I I I + f I I I I I 1 I I I I · ~ 

~ 

n n 
2 

3THX JlBHHB MO)I(HO Bb16paTb n pa3JJH'IHbiMB CDOC06aMB, DpH'IeM 

ocTaJJbHble pa36BBaJOTCB Ha 3 rpynn~o~. 06IQee 'IBCJJo rpynn .D,aeT

CB Bblpa)l(eHBeM 

n2 2 (n- 1)! 

PI ,P2 ,P3 PI ! p2 ! p3 

P +P +P =n-1 
1 2 3 

P·P·Pfo 
I 2 3 

a BKJJa.D, scex .D,BarpaMM paseH: 

0-__!l"+
2 

n2( 2 (n- 1)! Jy(b-8 -r )y(b-8 -r,)y(b-8 -r ) ... 
31 p p p p ! p ! p ! 1 I 1 2 I 3 

. I23 I 2 3 

y(b- 82 - r 1) ... y(b- 8
0

- r
3

) T
8

(r
1 

)T
8

(r
2

) T
8

(r
3

) dri dr
2

dr
3

• 

/21/ 

flo aHaJJOrHB, .D,JlB BbiCWBX 'IJleHOB pa3JJO)I(eHBJI /19/ DOJJY'IBM, 

'ITO h0 TJ HMeeT BB.D, 
n 

h
0

TJ = Jd
2

8 1 ... d
2

8 TA(8I) ... TA(8 )exp[-l Jy(b-s.-r)T
8
(r)dr]* 

n n n i=I ' 

14 

I( 

I 

* i, (-1) nk-I 2 n- · Jy(b-8 -r) y(b- 8
1
-r

2
) ... 

k=I k! I[ ... Pk PI ! p2 ! ... pk ! I I 
n 1 n + k -I ~ ( 1) 1 J 

PI + ••• +Pk =n-I 

PI ... Pk =I 0 /22/ 

... y(b-8I-\)y(b-8 2- rei) ... y(b-80 -r~) T
8

(ri) ... T
8
(\) * dri ... drk , 

r.D,e rf ... rf • Hei<OTOpaJI nepecTaHOBI<a. ri ••• rk • Ilpe.D,· 
I k ~ 

nono)l(eaae ManocTH pa.D,Byca NN-s3aBMO.D.eBcTBBB no cpasaeHBJO 

C B.D,epHbiMB pa3MepaMB, D03BOJJReT BbiHeCTH c)yHI<JUIB TOJJIIUIH 3a 

3HaJC BHTerpana, B pe3yJJbTaTe 'lero /22/ npao6peTeT BH.D,: 

n-I( l)n+k-I 
n"., =Jd28T 0 (8)exp[-n~T (b-8)]2- nk-I * 

n A 2 B k=I k! 

* ( 2 (n-1)! )Tk(b- 8)(£)n+k-I 

lJ. "'IJ. fi ! p2 ! ... pk ! B 2 /23/ 

2 n-I ( l)n+k-I ( 
::fd28x"e-nY2- nk-Iyk( 2 n-1)! ). 

a k! PI"'pk PI ! ... pk ! 

0JCOH'IaTeJlbHO PH.D. .IUJB c)a30BOB c)yaJCUBB DpBo6peTaeT BH.D, 

n m m -my n-I( 1)k ( 1)1 
X= gfd28[x(eY -1)- 2 (-1) x e * 2 .:-__mk-Il*( 2 m- . )]. 

a rn=2 m! k=Ik! P ... PP! ... P! 
I k I k 

IIpe.D,cTasn.:.: BeJJB'IHHbl B BH.D.e 
/24/ 

k k k-1 "" n n n 
(-1) mk-~k e-my= (-1) m _ y k 

2 
(-1) m y 

k! k! n=O n! 

"" 1 n-I n "" ( 1)n 
I - n(n- 1) ... (n- k + 1)(-1)" ~-y- = 2 ck ..=._ m"-Y' , 

n=l k! n! n=l n n! 

npeo6pa3yeM /24/ B DOJJY'IBM: 

2 2 "" ( 1)n n 
x=-fd8!x~- Y - ---

a n=l n! 
- l (-l)m~-£ (-1)" m"-Iyn*Tlck( 2 (m-1)! )1. 

m=2 m! n=l n! k=I np
1 

... )_P1 ! ... Pk! 

/24/ 
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3aM1l'laJI, 'ITO 

m-I k k ( 1) t 
~ C ( ~ m- . 

k= I n PI ••• pk pi I ••• p k ! 

m-1 
n 

BWpa*eHBe /24/ ~n.ll ~30BOH ~YHKUBB MO*HO DPBBeCTB K 6onee 
KO.MDaKTHOMy B~y /6/: 

X = -~ f d2 s I (-lr~ mn-I nm-I xY. 
a m,n= I m!n1 

CyMMa :noro p.li,D.a, nai.D.enna.ll B pa6oTe/7 /, paana: 

x ( b) = ~ f d2 s [ u ( e z - 1 ) + z ( e u - 1 ) - u z] . • 
(J 

/25/ 

3.D.ec~o u B z - peweHHJI cucTeMw Tpaucueu.aeHTHWX ypasueuui 

) u = 

( z = 

X t; -: 

y ('-!: 

ABTOPhl 6naro.aap.liT JI.H.Jlann,ayca u A. B. Tapacoaa Ja noneJ
HWe o6CY*.lleHH.&. 
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