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ilp01!3BOA!!Jll8SI WH!<IIHSI 

nyCTb p ('b. D f"'" n e >- BepOSITHOCTb Taro, 'ITO cny'IallHbie Bei!H'IHHbi Ao 
A I •··' A f 

IlpHHHMSlOT uenOlJHCneHHbie IlOnO>KHTenbHbie 3H81:{9HHSI n
0 

, n
1 

, •• ~ · nf • npH H3y1.f B HHH Cny

'I8llHbiX npoiieCCOB 06bi'IHO npome paCCMBTpHBBTb HeKOTOpOe npeo6p830BBHHe BepOSITHOCTH 

p ( n0 , •·· · n f), HBUpHMep, ee npOH3BOASIII!Y!O <i>YHKI!HIO, KOTOpBSI OnpeuensteTCSI COOTHOllleHHeM 

H ( x0 , xI , .. , x f ) = I 

06p8THOe npeo6pa30BBHHe HMeeT BHA 
"o ·····•e 

(n + •.• +n,) a o , 
H 

x"I 
I 

MoMeHTbr cnyqattabrx senuqua n0 , n 1 , ••• "f nony'l.aJOTCH aa cooTHoweHHH 

< ~Q nrl ••• n'f > 
i I 

a 
H 

Ecnu B YPBBHeHHH ( 1) ITOI!OlKHTb Xo = XI= ••• = X e = X • TO nonyqaeTCSI npoH3BOASIII!BS! 

<I>YHKUHSI HN(x) pacnpeueneHHH p 
N 

CyMMbi 

H ( x, ··'X =I P(n
0

, ••• "f) x"o+ •• ;:+::,e 
0

0 ···• "'f 

I 
N 

XN I 
p ( "o •··· 0 f) H ( x ) • 

N 

( 1) 

(2) 

(3) 

(4) 

Koraa cnyqaAHbre aenuqHHhr n
0 

, ••• ·nr 
HM99T BH.£1. 

MelKAY C060l! He3BBHCHMbi, BepOSITHOCTb p ( n
0 

, •• ,n f ) 

H Torus HN(x) 6yueT npocTo npouaaeueHHeM 

e 
fi HI ( x ) 

I =0 
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2. npouecc p83MBOlK9HHll '18CTBU 

nycTb B npouecce p83MHOlK9HHll Y'I8CTBY~T q aCTHUW f+ · 

CTOpOHBBX BCTO'IHHKOB '18CTHU. qepe3 B9KOTOpOe Cpenaee Bp9Mll 

copTOB, H nyCTb H 9 T no-

KB~8H 1.{8 CTHU8 COp-

T8 j = · 0,1, • .;. ·1 npeBp8Ul89TCB C eepOBTHOCTb~ </> (k
0 

, •• ; kn) B k = ( ~ , •• ;·ka ) 'IBC TBU 1 I t1 I .. 01 ll 

ecex OCT8UbHWX copTOB. CooTeeTCTBy~mell npoaa e o n sn u e ll <jlyaxuaell 6yneT ewp8JKeuae : 

G (;) 
I 

= t 
k 

I 

</> (k ) x'<>l 
I I 0 

•u 
X I X kfl 

(6) 

B aeJtoTopoM noKoneHHH r ' · BM99M ~, = { n , , ... 1\,r') 1.{8C THU, 8 B H9KOTOpOM llOKOneHHH 
r · 0 r · t 

~ ~ 

o, ~ (no, , ... ·nf·') . n ycTb P,:r<">-' "r r > r' · 'IHCUO '18CTBU 6yneT 

CTBy~mell eepOBTHOCTb~, 8 

H, ( x' 1 x 
ror 

) = t 
~ ~ 

nl • "r 

COOTB9TCTBY~IIle A npOH3B0Ulllll9ll <jlyHKUHell. 

P, 
r,·r 

no,' . no,' . 
XOr ... X f r ••• 

nf, 
xf, 

Ecna 38<jlHKCHpOB8Tb t' · a p8CCMOTpeTb nepexon OT noxoneHHll r - 1 

TO,y'IHTWB8B M8pKOBCK09 CBOliCTBO npouecca 

P, c n,.; )=I P, ( ~ , • ; ) p (; I ; ) 
r ,· ... 1 r · ~ 1 r ,_ 1 

ror r · r 

H Q1.{98H.O.H09 COOTHOW9HH9 

t 
~ . 

' 
"'' X •• • o, 

x"f., 
e. 

~ . .. , 
P ( il I il ) = G"

0ti) 
r p.l 0 

r n e P (fi I ~ ) - ycnoBH8B eepoBTHOCTb Toro, 'ITO B 
r ,..t 

"f .. ) ~ ) 
G 1 \X • 

noxoneHHH 

6yneT COOTB9T-

(7) 

K noKoneHHIO r , 

(8) 

(9) 

~ 

HM99TCSI n r . l.l8C-

THU npH ycnOBHH, t{TO 8 flOKOneHHH - 1 HMenOCb if,_
1 

'18CTHU, H3 (7) nony'I89M 

peKyppeHTH09 COOTHOIIl9HH e : 

H , ( ;·, ;_ ) = H , ( -;·, G (; ) ) 
r P r~· 1 (10) 

rne G(;) -(G
0
(;),." G

1
(;) ). 

0oC K ODbKY H8C HHTepecyeT nepeXOU K HenpepWBHbiM Bp9M9H8M, TO (10) yno6HO 38UHC8Tb 

B BH.0.9 .. , .. ..., ...... 
H, (x 1 x )= ·H, \x.-x + ·g St), 
'·"' , ..... (11) 

rne ~(i) _; 
(12) &<il -

EcnH B p8CCM8TpHB89MY~ CHCTBMY UOCTOliHHO UOU8U8~T '18CTHUW UOCTOpOHHHX HCTO'IHHKOB, 

TO K np8BOll '18CTH ( 11 ) HYJKHO eme no68BBTb HBKOTOpwll MHOJKHT9Ub. 

nycTb BBpOBTHOCTb HCnyCK8HBB BCTO'IHHKOM '18CTHU COpT8 onuoll qacTHUbi 38 

HBTepean apeMeHH St p8BHa 

Si St+ · O(St). 
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CooTae TCTByJOwel! npoH3BO.ll>lmel! <j>yaKu Hel! 5y.ueT BbtpaJKeHHe 

1 - si s t +. s/ s t ) xi = 1 +.sis t ( xi - 1 ) • 

r ne si -HHT9HCHBHOCTb HCTO"'HHK8, OTHeCeHHBH K 9.llH HHUe apeMeHH, EcnH CtiHTBTb, 1.JTO 

'18CTHUbl p83Hb!X COpTOB H3nyqaJOTCSI H938BHCHMO .apyr OT npyra, TO MHQ)KHT Snb, KOTOpbii\ 

HYlt<HO .ll058BHTb K npaBOJ! CTOpOHB ( 11), 'IT05bi Y'I9CTb .ueliC T BHe HCTO'lHHKB HB paCCM8TpH-

BBeMbi J! pOCT HBCeJieHHSI neJ!TpOHOB, 5y.ueT HMBTb BH.ll: 

f 
n (1 + s S t(x -1)) =1 +Ot :E s (x -1)+0(ot). 

I I t I I (13) 
I = 0 

YMHOlKBSI npaByJO CTOpOHy ( 11) H8 ( 13) H pa3JI8I'851 H ' r. · r-1 
B p>l.ll n o CT e neH RM g(x) ot I 

nonyqaeM 

H,(it',-"i) = H, (~',;)+..Q.H, g o t+ 
u, ·r r ,,..1 a-;' •'"' I 

) + O(St) . H, St :E 
,,..1 t ( 14) 

Ecnu o603B8'1HTb t' ·= r'r; t >= rr , TO H3 (14) nepe xo.uoM S t 4 0 nonyttaeTCH 

H, (-;' ., ~) 
'·' 

a . H~ &<xl aH~ + . H~ S (;- 1) t' ·< t 
a . t aT 

(15) 

•I'A9 f 
)~ i (X ) a H~ :t ,, (; 

aT 1= ·0 a z 
I (16) 

s = ( so . s, s .£ 

Jln>l MBOI'HX pacCyJKABHHJ! yuo5BO 3H8Tb npOH3BOAR1UYJO <j>yHKIIHIO 11
1 (X. t; t

0
) pacnpeAene-

HBSI 'IBCTBQ B CBCT9M9 6e3 DOCTOpOHHero HCTO'IHHKB B MOM9HT t npH YCJIOBHH, 'ITO B MQ-

M9HT t < 
0 

B CHCT9M9 BMenaCb nHWh OnHB '18CTHU8 COpTS • TaKaS! 'IBCTHUa 3 8 ape-
4 

M>l nopoJKuaeT cneuy10wee noxoneHHe c aepo>ITHOCTbJO ¢
1 

( k 
1 

) • KalKA& >I '18CTHua 

&Toro BTOporo noxoneHHSI 3a apeMR t • · r r nopoJKuaeT pacnpeu eneHHe 'IBCTHU c npoH3-

BOAlllllel! <j>yuKUuel! H: . nosToMy npou3ao.umnaH <j>ynKUHH pacnpe.ueneHHSI noxoneHHR r + 1 
(npHHHM8H 3a n e paoe 

H
1 

(i) = l 
ri-1 ~ 

rAe ' · 

0TCJOA8 T8KHM lKB o6pa30M\K8K H BbiWB, nony'IBIOTCSI ypaBHBHHSI ADS! <j>yHKUHI! HI ( ;, t ; rt0 ) : 

.. 
lM ( z , t; to ) = g H ( ;, t; t 0 ) (17) 
a t 
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3. Pa3MHO*eHHe HeliTpOHOB B p e aKTopax 

YpasHeHH!I (1 6 ) a (17) MoryT 6b1Tb npuMeHeHhl K npoueccy pa3MHO*eHH!I n efiTpouon. 

PaccMaTpHBaeTC!I OllHOrpynnosag MO!lenb c npocTpaHCTBeHHO ycpellHeHHhiMH senH'IHHa-

MH. i1H.D.8KC •Q' nyCTb OTHOCHTCSI K HeJ1:TpOH8M, 8 liiH.£l9KCbl "1,2, ... · e" ITyCTb 0603H8'1810T 

H81\TpOH08KTHBHbi8 OCKOnKH aeneHHSI. nyCTb 1 .nan ee, - c pe.nHee Bp9MSI *H3HH MrHOBSH-

HhiX Hel\TpOHOB, 3a 3 TO Bp9MSI Ka*llhll\ H9l\TpOH MOJK eT C BepOSITHOC TblO p ( t) Bbi3BaTb 

llenenHe Mpa ropJO'!ero unu c sepoS!THOCTbJO 1 - P (t) • 6ecnon eano" norH6HyTb, OcKorroK 

copTa 3a Bp9MSI MO*eT pacnaCTbCSI, HCnyc KaSI (3ana31lhiBaJOIUH9 ) Hel!TpOHhl, 

HnH H9 p8Cll8CTbCSI, •nopo>K,nagr T SM C8MbiM C8MOrO Ce6 H. npe.anonO>KlfM, qTQ npH K8>KllOM 

J].9fl8HHH o6pa3yeTCH nHWb O.!lHH H8H:TpOH08KTHBHbifi: OCKOflOK H 1.JTO nocne.D.HH'A He MO>KeT 

BCnycKaTb 60rrblll9 OllHOrO H9i!TpOHa, BepOSITHOCTb H3rryqeHHSI OCKOHKOM COpTa 3a ape-

MSI T Hel!TpOHa 6y!leT pasHa A i T , r11e A i - ITOCTOSIHHaSI pacna11a OCKOHKa COpTa 

no3TOMY 'pacnpeneneHBe' H9RTpOHOB H OCKOnKOB .neneHHSI, ITOpO>K.£l9HHWX O.D.HHM nepaHq-

HbiM OCKOnKOM COpTS 3a speMSI , 6yll9T SIM9Tb llpOH3BOil!llllYlO <jlyHKUHIO 

G
1 

( x , ; ) = >.
1 

r x + ( 1 >. 1 r ) Y 1 i =·1,2, ... 
(19) 

OllHH nepBH'IHhil! nel!TpoH c sepoHTHOCTbJO ( ¢
0 

( k
0 

, .. , kf.) aa speM!I npespaTHTCSI B k 0 

MrHOB8HHbiX Hei\TpOHOB H k1 

npoH3BOillllllYJO <jlyHKUHJO 

G(x,; 

MO*HO npe!lCTaBHTb B <jlopMe 

OCKOnKOB neneHHH COpTS i = 1,2,... f • 

I ¢
0 

(k ) x'"n y kl 
I 

kf 
y f 

G( x,;) 1-p(t}+p G.,(x,;); 
(20) 

G., ( x,y ) I 

" 
PJ"o , .. ,vf) x'b yl ... y"l' 

J 

rne Pv ( ~· ... 'f)- sepo!!THOCTb Tore, 'ITO npH Oil HOM neneHHH pO*IlaJOTC!I v
0 

MrHoaen-

HhiX Hel!TpOHOB u "; nel!TponoaKTHBHhiX ocKorrKOB copTa i • YpasHeHHe ( 15) n iTS! 

{lpOH3BO.D.SIJilei\ tflYHKJIHH H ( x',. Y',. t';· x, f, t ) npHHHM88T BHn: 

a H2 
at 

G( x,y)- X ~ 
a.x 

+I ~ ( x- y )2-l!J + S ( t ) H2( x - 1 ), 
k a Yk 

t ' .< t J (21) 

rne S( t) - MOIUHOCTb nocTopoHHero HCTO'IHHKa nel!TpOHOB, Ecnu B ypaaHeHHB (21) nonO* HTb 

' ' 1 11/ "' X ·= yi c , TO OHO nepexonHT B H3B8CTH08 yp8BH9HH9 nng rrpOH3BOilstm8i:t '+'YHKURH 

H1 (X. y • t ) E H:f 1, 1, t' -; x, y, t 

pacnpell9H9HHSI Hel!TpOHOB H OCKOHKOB nerreHHSI B MOM9HT 

rrpOH3BO.USIIUYJO <jlyHKUHJO H 
1 
(X, y, t) MO*HO npenCTaBHTb B BHil9 

~ t 

flerKO npOB9pHTb, 'ITO 

~ 

H
1 

( x, Y J I H0 (x,y,t;to). HI exp r dt s I H0 ( x, y, t; t')-1 I. 
'o 

6 

(22) 



rue J (X, f) - npOH3BO!IS!lU8!1 <jlyHKUB!I HLl'I!lnbHOro pacnpeueneHH!! HBilTpOHOB H OCKOnKOB 

u e neHHSJ, a H
0 

( x, y, I; 1,), H
1 

- pellleHH!! y pannenHii (17): 

aHo r __ 

a 1 

a fJI 
at 

o I ~ ) = \ ( H - H ( x, y, I; 1
0

) i = l.2, ••• ·· r, 

llpii'IBM CHCTB M8 yp8BH 8 HHH Un!l H
1 

MO>KBT 6b!Tb <jlopManbHO pellleHa: 

... -A1 < t-t'> 
+ >; d ( H0 

( x, y. t'; 'o ) c 

i = 1,2.... r . 'o 

(23) 

(24) 

H a nponanouSIIllell <I>YHKII HH G ( x, y) (20) nonyqaeM npu x = )\ = z un<Jxl>epeHunpona-

HHeM no Z COOTHOW9HHe 

HaH 

k 
0 

k0 = < k > = p ( I ) ( i6 + ~ f ) = p ;:; 

.lln!! IIBnH !18HHOtl pa60Tbl !IOCT8TO'IHO 3H8Tb n e pnbiB UBHTpanbHb!B MOMBHTbl 

2 
0 < (n -ii )2 >; p.• =<( n _;; )(c.-c:) > 

125) 

(26) 

(27) 

rae - qHcno neATponos, a 
c 1 - qHcno OCKOnKOB .O.eneHHSI COpTa , C0.£18p>K8W.HXCR 

• Ha ypanneHH!I (21) un11 H1(x,y,l) nony'IBIOTC!I ypan-
B CHCTeMe B MOM8HT BpeM9HH 

HeHHH o.ns D H c • 
+ : a n = 

0 

a T8K>KB ypaBHBHH!! !In!! U9HTp8nbHb!X MOMB HTOB (27): 

-~-lh _ , a• '"• - · 
d I 

rue 

A 

a, ~ • +·( \ +· .\ • 

a = 
0 

~o; 

A • 

) r.. = 
-A n 

lk 
+0. 

a, = ~ 

=~ -2a • 

7 

(28) 

(29) 

I c -
I a, ) ~ .. 

(30) 

A 
lk 



JJerKO npoeepHTb npBBHllhHOCTb cnenyJOmero COOTHO!Il<'HH!I: 

k ( k 1 ) 
2A + 2 I A. + I I. A = --- + ' 2 a 

• ~ k •• lk (32) 

rne 
k = I k

1 
+ k

0 

1 - k 
a = 

(33) 
B nanbHeAmeM 6ynyT paccMaTpHeaTbCH TOllbKO CTBUliOHa pHbre nonKPHTH'IeCKHe cac TeMhl 

(a > 0, S > 0 ) • B 9TOM cnyqae H3 (28) cnenyeT 

;; = s I a' 

8 yp8BHBRBSI (·29) npHRHM8JOT BHn: 

ao a2 - ·~ Ak "k = · A il 

-aka~ + ' (Ak+ ·~),.k- ·~ AI Prk= · \ n 
(34) 

- • ak "• - a, "k + . ( Ak +: A,) Prk = A,k n 

B o6meM cnyqae HX HYlKRO p e liiHTb 'IHCneRHO, B cny'!ae, Korna nonHbiA Kos!jJ!jJHUHB HT paa-

MHO>K9HHSI k O't9Hb M8nO OTnH11891+CSI OT 9.QRHHilhl 1 .OnSI l'k MOlKHO nony'IHTh npH6nH-

/1/ 
lKBHHOB peliiBHHB : 

"• 
npB ycnOBHH 

;; __!U_ a~ ( l - · ....!!,__ 

Ar A, 

1- k « ~ 
I~ 

~ 

;; -E.L o ·~ 

A, 

Ha yp8BRBHHA (34) H COOTHOlllBHHH (32) nerKO nony'IHTb ypaBHBHHB 

oTKyna nn11 
~ 

a 

a ·~+ ' I ILk = · D + : 
k (k -1) -

2 a r 

B npH6nHlKBHHH ( 35) HMBBM: 

a' ;: D 
k(k -1) 

2 a r q 
q = 1 + I ak 

Ak 

MaoJKHTBnh k ( k -1 ) nerxo Bblpa3HTb qepea H3MepHMble eenH'IHHhi v 

nmneA !jJyHKUHH (20) nnll X • yi- z llBOAHbiM nB<P<!>epeHUHOB8pHeM no 

k ( k -1 ) = p v- ( II- 1 ) = k~ r. 
;:; 

4, KoppenHUHORHasr <I>YRXUBR npouecca paaMBOJKeHHH HeATpoHoe 

(35) 

(36) 

{37) 

(38) 

,} • H a n p oHaao-

nonyqae T\ t: 

(39) 

nnsr: onpe,nen9HBH .QBCnepCHJI 'IHCna HCnyCX89MbiX H9ATpOHOB B H9 KOHe'IHOM HHTeJ I!IIlJl' 

BpBMBRB {1 t , 8 TBI<lKB nn!l onpeneneRHR CTIBI<TpallbROA nnOTHOCTB MOIUHOCTH HBi'IT pOIII II :\ 

myMOB B CTAUHORBpBOM peaxTope Yn06RO 3R8Tb I<OppenSillHORRbiB !jJyHKUHH 

8 
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K(t'.t ) =< n(t')n(t )> - < n(t'-) >< n(t ) > 

(40) 

113 ypaBH9HI!SI ( 15) a H<jl<jlepeHUHp0BBI!H9M no X · , yk 

ansi KOppenmli!OHHbiX <jlyHKUHA ( 40): 

If nonyqaeM ypasHe HHSI 

( t', . t ) = - a
0 

K 

a . ~ = -A R +·a K -a-
1
- k k k 

t ' ·< ( 41) 

C HB'IBnbHbi MH yCnOBHSIMH 

K ( t',- t' - ) =a 2( t'); 
(42) 

YpasaeHH SI ( 41) no s Hewaell <jlopMe cosnanaY.lT c KHHe TH'l eCKHMH ypasHeHHSIM H (28), KaK 

tiyaeT BHaHO B aBilbH9AWeM, Ollaron apJI 3 T OMy K C T BUHOHBpHbiM llHH9l!HbiM peBKTOpHbiM 

CHCT9MBM MOJK9T Ob!Tb npi!M9H9HB llHH9liHBR aHHBMH'l9CKHSI M0ll91lb (28 ). XOTR cny'lBHHbi9 

He liBilSIIOTCR HenpepbiBHbiMI! <jlyHKUIIRMI! Bp9M9HI!, 

11a cootipaJKeHHSI CHMMeTpHI! cneayeT: 

K = { 
K ( t'1 t ) an g t' ·~ t 

K (t, 1' -) ang t' - ~ t 

R 
Rk( 1',-t ) llllH t' -< t . ~ 

k 
Rk(l,l' ·) I' > t llllR . 

rae K ( 1',. I) , Rk ( t',. I) - perueHI!R YPBBH9HHA ( 41), npoH3BOa Hble OT K 
11 R no 

k 
H t' HM9JOT B TOqKe t = · t pa3 pbiB, OTKyna CnenyeT, liTO n, Ci 

pbiBH biMH <j;yHKUHRMI! Bp9M9HH/
2 / 

He HBn SilOTCst Henpe-

B CTBUIIOHBpHOM cnyqa e KOppenRUHOHHb19 <jlyHKUHI! 3BBI!CHT TOilbKO OT p83HOCTI! 

CBOHX apry M9HTOB: 

K ( t I • '•) ~ K ( t2- t, ) E K (t). 

T o r aa CHC T eMa (41) pewaeTCH Tax JKe , KBK CI!CTeMa KHH&TR'lecux ypasaeaHA (28), 

nocpeaCTBOM npeotipa30BBHHH nannaca: 

e -rk 1.:1 
K (l)= !. p c 

k = 0 k 

a 0+:I £~_;1 
pk ~ t 

(42) +:!. >., a, 
(>. I - • yk 

)2 

rae Yk - KopHH ypasHeHHR 

9 



8 DpH6nHlK9HHH (35) KOppenlUUIOHH!IH <!>YHKOHH ( 42) npHHRM!I9T BHII : 

K(t) = · o'~ 8 
-r,l< l 

• e 
k = · 0 

B= • 
a I 

1+ · ~ X
1

- n.. 

l+: l: ~ 
I (A,- Jk )o 

(44) 

• nucnepCHH 0 ~t 'IHCna HCITyCK89MblX CHCT9MOI! HellTpOHOB 38 DpOMeJKyTOK Bp9M9HH 

t- t = ~ t nonyqaeTcst 

• "~t 

H3 COOTHOW9HHH 

~. . 
~ 2 { ,.JU.' f ,..d...l'~ · K(t'~ .), 

( 41?) 

OTKYJl!l JlnH OTBOCHT9llhBOA JlBCnepCHB nony"'B.eM Bb!p!llKeBHe yJKe p!IB99 BblB9119BBOe/S/ 

o .., o r 

f 
~= I 

n~t • = 0 

o, '~'. (~t) 

lJI k ( ~ t ) a 1 _ 1 - e·JI. ~t 
Y, ~ t 

n~t = ; ~t 

0. = ~ 
r, r n 

5. CneKTpan&BaH nnOTBOCTb MOIIIBOCTR sei!TpOBHblX myMOB 

(48) 

B paCCM8TpRB89MOI! CT!IDHOB!IpBOil CRCTeMe 'I.IICnO BellTpOROB D B K!llKIIblll MOM9RT 

apeMeRH o6n!lllaeT nucnepc•oell o 
0 

• OpaKTR'IOCKR JKe RRTepecaa 'I!ICTOTBasr 38BRCRCH-

MOCTb 3TRX 4unoKTy8IlJ:Il, 

J13B9CTHO, 'ITO Cp911BHII CD9KTp!lnbB8ll DnOTBOCTb MOIIIBOCTR cny'lallBOI! B&nR'IRHbl 

n - < n > CBB3aua c KoppenllltHOBHOA cjJyBKilH&A K (t) o6bl'IBblM npeo6pa30B!IRBeM $yp&e, 

Ecnu CIT9KTpanbBYIO nnOTHOCTb MOIIIHOCTB RellTpOBHblX WYMOB, OTB9C9B&yl0 ][ 'I!ICTOTBOMY 

HHTepaany wupasoA 1 ra, o603Ba'111Tb qepe3 <I n (f) 1° > , TO RMeeT wecTo cnenyJOmee 

/2/ 
COOTHOW9HR9 

<ln(f)l
0
>: =· 4 fdt K(t) cos(2wft), 

(47) 

rne - 'I!ICTOTA B rR, Ho nonyqesaaa B3 (37) T!IKRM o6pa30M ¢opMa cneKTpallhBOA 

nnoTHOCTB 

<l ni~ >= 4I 
• P, r• + (2wf ) 0 

• 
lk 

(48) 

ue yoo6ua nnst Dp81<TB'I9CJ<OrO nonb30B!IBBB, C Jlpyroll CTOpOBbl, MOli<BO Cpa3y K yp!IBH9HBBM 

( 41) npHM9BBTb npeo6pa30B8Hll9 $ypbe, HnH, 'ITO TO JKe C!IMOe, BCXOIIBTD R3 npeo6pa3o

B!IBBH flannaca cjJyBKilBB K ( t) : 

7·'+t ~ 
Ll K(t) I ,. K (s) = +. a- · I~ 

8 0 I >., + : S 

(49) 

B Y'I9CTb COOTBOWeBBe 

10 
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! 
r 

< I n I 
2 
> = 4 Real 

w = · 2 "f • 

T or n a c neo:TpanbBBH nnOTBOCTb 

lKa<Ue M KOpllei\ \ 

<I n I\ rrony'IBTCH B 6onee KOMll8KTHOM BH.ne , He Co.nep-

c 
(50) 

B -4L w 2 ~ {51) 

2 

B '* ao- · l: .\1 a I 
.\2 +" 2 

I 
w 

(52) 

L = 1 + l ,\1 a I 

.~.• +" .,• I 

(53) 

nerKO !IpOB9pHTb, 'ITO Bb!p8lK9HH9 

-I 
( B - i w L ) (54) 

eCTb rrepexonuaH <jlyuo:uaH KHBeTH'IeCKBX ypaaae ual! (28), caeneoobiX K ypaaueuaJO nn H on-

uoll uel!Tpouuol! <jlyaxuau n (t) • llepexonaaH <jlyHKUHH T( -i w ) rrony'laeTCH H3 rrpe o6-

30B4HHH flannaca aTOrO ypaBH9HHH H HM98T BH.!l 

T ( s ) = ( s + . a 
0 

- ·l 
.~.. +" s 

(55) 

Ho TOrna ypaBH9HB9 (50) MOlKHO HCTOni<OB8Tb KBK ypaaueaae nuueAuoA nHHBMH'IeCXOil 

CBCT9Mbl, I<OTOpB!! 3B!lBHB KHHeTH'IeCXHMH ypaBHeHH!IMH (28) (HnH <jlyHKUBeA (55)}, H WYM 

ua 'abtxone' < I ·n 1
2
> MOlKHO noHHMBTb KBK npeo6pa3oaaaob!A cucTeMoA wyM aa 'axon e• 

CO C!l9KTp8nbHOA nnOTBOCTb!O MOWHOCTH 

c .. (56) 

TaKHM o6pa30M, Bb!palKeaae (50) MOlKeT 6btTb rrpencTaaneao a sane ypaauea·B !I 

< I n <O I 
2
> 

. 2 2 
= IT(-iwll < IS

0
(w ll > (57) 

C npyroA CTOpOHbl, !lpH H3MepeBHB p98KTOpHb!X WYMOB !IpHH!ITO C'IHT8Tb, 'ITO C!leKTpBnbHB H 
2 

rrnoTHOCTb < lo I ·> 3THX wyMOB rrponopuaoaanbHB KBBnpaTy Monyn!l nepexonuoA ¢YHKUBH 

T(-iw). B TepMaaax Monenu (53) aTo 03HB'IB9T, 'ITO wyM aa 'axone• npHH!ITO C'IHTBTb 

oen b1M 0 T,e. He 38BHC!IWHM OT 'IBCTOTbl/
4/ 

< I s I 2 > = 2 k' v<v - 1 l i1 = 
0 

2 r n 
(58) 

v r 

TaK KBK Taxoe npe.anono>Keuue xopowo cornacyeTCH c onhtToM, To MO>KHO no.o,o3peaaTb, 

'ITO aa nepabtl! a3rnSlll cnoJKuoe Bb!paJKeHBe (51) nn11 < I 5
0 

I > s RHTepecyiOmell aac 
• a a 

OOnBCTH 'IBCTOT 10 < W < 10 0'1911b cnaoo 38BBCHT OT 'IBCTOTbl B MBnO OTnR'I89TCSI OT 

rrocTO!IBHol! (58), PaccMoTpHM npenenboble 3BB'IeBH!I 
2 2 

w « A l (61 ) npBHBM89T BH/l: 

11 
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B cnyqae w2 » >.2 
I 

2 
<I so I . > 2k(k-1); + 4a n 

(51) npe8pamaeTCll 8 8bipalKeHHe: 

<I S 12
>= 2~ln +·4a ~ 

0 0 
T 

!13 llp01!3801llllll9li <jlyHKUHH ( 14) IIOnyqaeTCll TO'IHOe COOT HOlll9HHe: 

k(k::T) = ~~1 ) + 2 ~----r-1{ + ~ ~ (kk -k s ) 
0 0 I .'0 I i k i ik 

OTKyna nnll pa3HOCTH 8blpBlK9 HHli (59) H (60~ ~nenyeT 

flso = 
2; 

k k + s 
0 I 

:s k
1 

k, - 3 {3 I I 2 ~ 

(59) 

(60) 

(61) 

Llnll OUeHKH IIOpllUK6 8bipBlK9HHll (61) MOlKHO IIOnh308BThCSl ynpOIU9HHbiM npeu nonOlKeHH9M 0 

~To MrHoeeHHbie ueATpOHbi H3nyqaiOTCSI H938BHCHMO OT aanaa.abiBBK}lllHX. KpoMe Taro, 

npe.nnonaii OCb, 'ITO npH K8)t(.QOM neneHHH B03HHK89T T OflbKO O.Ol'!H HeHTpOH08 KTH BRbltl OCKOnOK, 

KOT OpbiH MOJI<eT nanyqHTh ae 6onb we oa.aoro aeRTpoHa. BeposrrHOCTh Toro, qTo rrpH neneHHH 

303HHK8 9T OllltH OCKOfl OK THna 6yu eT Toru a v1 .BepoSITHOCTh P(v
0 

••• . , ·ve) 8 (20) HMeeT 

p ( ';,' ... vE) = Po (vo) pd ( v, ' .. , ve ) 
Tenepb BHJJ.: 

a npOII3801!liiUYIO <jlyHKUHIO (20) M OlKHO 3BUHCBTh 8 <jiOpMe: 

G ( x, y ) = 1 - p + p Gv ( x ) I 1 + ~ ~ ( yk- 1 ) I , 
0 

rae 

G ( x ) = ~ 
'0 "o 

~ ( v ) /o 
0 0 

0TCIOA6 cneuyeT : 

kk=p;;: ,Bv-
o I 1 0 t 0 

k, k, = .a, a, • . 

TaxH M o6pa3oM , pa3HOCTh (61) 6yueT nop!lllxa 

• 4" "' <- 4;., '-'s =- 1-' v - · 1 )= --1-'· 
0 T 0 - T 

3To 11 OyueT wHpH HB nonoCbi, B KOTopofi H3MeHHeTCR aenHqHHB 
2 

<I so I > . 

(62) 

(63) 

(64) 

(65) 

l1HTepeCHO OT MeTHTh, 'ITO 8 npH6IIHlK9HHH (35) nonyqaeTCll tl8 = 0 6e3 xaxoro-nH6o 
0 

npeanonolKeHH" o <jlyHKIIHH G ( x, y ) • Llel!CT8HTenhHO, H3 (35) H (37) cneuyeT: 

2 k(k-1)- -
u a q = ~n+· a n 

a >13 nep8oro ypa8HeHH 51 (34) npH noMOIUH (35) nonyqaeM: 

u'b q = JiOc:.!l n + "n n 

Cpa8HeHMe o6oHx 8bipalKeHHli naeT: 
2 T 

k ( k - 1 ) - k 
0

( k0 - 1 ) = 2 ,8 

T, e , fl
8

= 0 , no3 TOMY MOlKHO C AOCTBTO'lHOll TO'lHOCTh!O C'JHT6Th 0 'ITO 8 cnyqae IIO'JTH 

0 
KpH TH"!9CKHX CHCTeM UpOH3BOASllllB51 <jlyHKilHSl 9AHBB'IHOI'O 6KTB pa3MHOlK9HB51 MOlK9T 6b!Tb 

• Bbi6pa i<a 8 8HAe (62 ). HaxoHeu
1
3ano!lleM <I S

0
• I > (51) unSI ouHol! rpy nnhi 3BIIB3Ab1BaiOmHx 

HeliTpoHoa . nocne n pocToro npeo6pa3o8aHBll nonyqaeM: 

12 



(66) 

Kax BHDHO, BCe Bhlp~eHHH (59), (60) H (66) npaKTH'-IeCKH C0Bll8U8~T C llOCTORHHOfi (58), 

ecnH X09¢¢HnHeHT p83MHO~eHHR UOCT8TO'-IHO 6nH30K K eUHHHUe. 

6. 38MB'-18HHH 0 KPHTHq&OCTH peaXTOpa 

Bee Bblmo aano>KeHHbte paccy:>t<.neHHSI, CBSI38HHbie co crrexTpanhHOA nnoTHOCTbiO Mom-

HOCTH, OTHOCHTCH X CT8UHOH8pHOMy llOUKpHTH'-!eCXOMy pe8XTOpy. Ho 06b!'-IHO npH H3MepeHHH 

CUet<TpanhROJi nnOTHOCTI! MOIUHOCTI! myMOB B Kpi!TH'-IBCKHX CHCTB M8X ( k = 1, S = 0 ) T8K~e 

npHMeHSIIOT Bblp8~eHHR (57), (58), rue B nepeXOAHY~ <i>YHKUH~ UOUCT8Bnli~T ycnOBHe XpHTH'-1-

HOCTH k K 1 
14

•
51 

• 

.llonyCTHM, 'ITO peaXTOp pa60T8eT npH *naHei!HOM pe~HMe•, T.e. yp88HBHHll KHHeTHKH 

MOI'yT 15biTh npHMHeHhl 8 nHHei!HOII ¢opMe (28), HnH, TO'-!Hee, MO~eT 6biTh npHMBHBH8 11HHei\

H8H MOUenh p83MHO~eHHH HeliTpOHOB (21). nyCTb HaT llOCTOpOHHHX HCTO'-IHHKOB Hei!TpOHOB 

( S = 0 ) , TOI')l8 H3 Tpei5088HHH ll0CTORHCTB8 cpeaHef'O '-IHC/18 HBl!TpOHOB 

R3 yp88HeHHl! (28) nonj'-!8eTCH ycnoaae KpaTa'-!aOCTH 

ana 

k k + f3 
0 

const 

(67) 

(68) 

Ho co CTaTaCTH'let:Koll TO'IKR apeHa!l ycnoaaa n = · cons! erue HeaocTaTO'IHO ansr CTBUHOHap

Horo pe~HMa peaKTopa • .llon~Ho 6biTb abmonHeHo 6onee o6mee y c noa&e 

~ (x, y, t ) = 0 • 
a t (69) 

CTBllHOHBpHOCTb npouecca MO>KHO noBHM&Th B a 6011ee lliHpoxoM CMhicne, xorna nocTaToqHo, 

l:fT06bJ BbiiiORHHnHCb CR9llYIOlllH9 yCROBHH: 

n = const; u~ = const ~k = · cons! 

c 
I 

const ; 1'1 = const ; K ( t,' t) = K ( t - ( ) • 

LlonyCTH M , 'iTO BbiiiOnHeHO Y CllOBH9 n = · CODSt , T-,e. HMeeT M9CTO YCROBH9 KpHTHtJHOCTH 

(67), (68). C npyroa 

d 

d t 

CTOpOHbi, CYMM8 yp8BHBHRII (29) npR ycnoaRU (67) uaeT: 

1'k + 2 1: ~k I 
k ( k 1 ) n 

(70) 

(71) 

B brpaJKe HHe B cxo6xax eCTb u&cnepcHH u · 2 
Q 

cnyqall&oll aenH'-Ia&hl Q = n + ·~ c • 0Tc~na 
I I 

c n euyeT, 'ITO peanb&BH naael!Haa peaxTop&a>r CHCT9M8 693 DOCTOpOHHHX HCTOl:fHHKOB He 

a onyCK8eT CT8UHOH8pHoro pelKHM8 )18~e B IUHpOI<OM CMbiCne (70), T8K K8K k(k-1) eCTh 

B9ll(,f'IHH8 1 cymeCTB9HHO OTRJittH8H OT HyllH: 

k(k-l)Kra 2. 

13 



EcnH rrpolf3aoaHasr (71) OTilH'IHa OT »ynH, TO OTilH'IHbJ OT HynH H ac e n p oH3BO!l H bJe a ypa a 

He HHIIi (29). LlucrrepcHsr '!Hcna Hel!TpoHoa Heorpa HH'Ie HHO pacT e T co ape Me HeM. H o amt 

HeCTauuoHapHoro rrpoue cca KoppenHUHOHHasr <jJyHKUHsr K ( t', t) 38BHCHT OT t " · H. 

B He OT p83H OCTH t- t' · , noaToMy noHSITHe cneKTpanbHOH n n oTHOC TH M OlltHOCT H <In 1
2
> 

.ann T&Koro nponecca He HMeeT CMbtcna. 3To BH.nHo H n3 caM oro BbipameHHH .nnH c neKTpanbaoa 
2 

nnoTHOCTH (50), rae a H IJ.1 !lllH a = 0 p8CX O.O.SlTCfl . no9 TOMy, CTpOro rosOp H, H9Jib 3Sl 

llpHMeHSITb BbtpaJKeHHSI (57) K 'KpHTH'IeCKHM' llHHe il H biM C HCT e MBM. 

CMbiCn HeCTauHoHapHOCTH KPHTH'!eCKHX CHCTe M c ocTOIIT a cneayJOmeM. Pacc M OTpH M 

p83MHOlKa!OlUYIO HefiTpOHbl CHCTeMy 6e3 lld'CTOpOHHHX H CTO'IHHKOB H !lOilyCTHM MbiCneHHO, 

'ITO OHa He COaeplKHT HH O!lHOJ'O He l!TpOHa. 8 TaK yiO CHCTeMy HH )I(eKTHpyeM B MOMeHT 1
0
= 0 

oaHH Hel!Tpou. Hac HHTe pecyeT aeposrTHOCTb Toro, 'ITO ansr 6onhlUHX OOTOMCTBO 

HH >K9KTHpy eMOrO H9i1TpOH8 BblpO,ClHTCH, T.e. B9p051THOCTb TOrO, "'TO npH 6onblll0 M t B 

CHCTeMe He 6yaeT HH O!lHOrO H9l!TpOHa. io:CnH llp01:3BO!lSilUYIO <jJyHKUHIO pacnpea e neHHII n e ll-

TpOHOB H OCKOnKOB n e neHHSI . a · MOM9HT DpH ycnOBHH, "'TO B MOM9HT t
0 

= f) HH >K9KTH-

poaancsr•O!lHH HeilTpOH, 0603HB'IlfTb '1epe3 H0
( X,:;, t), TO HCKOMaSI aepOSITHOCTb W 

pasHa 

W = H0 
( 0, 0, t). 

t~ ~ 

6yaeT 

(72) 

Ho <jJyHKUHSI Ho yaoaneTaopHeT ypaaHeHHJO (23), no3 TOMy an>T W HMeeM y paSH9HHe 

G ( W , .. ,w ) w • (73) 

ra e <jJyHKUHSI 

G(x,y)=l-p+pG (x,; 
"' 

onpeaeneHa B (20) • EcnH paCCMOTpeTb llH!Ub O'leHb Mallbie OTKilOHeHHSI OT KpHTH'IHOCTH 

\k -I \<< I , To anll G(x,y) MOlKHO 6btnO 6bi B3S!Tb rrpn6nnJKeHHe (62). Ho ecnH yqeCTb, 

'ITO w a TaKOM cnyqae 6yaeT O'leHb 6nH3KO K I, TO y p aaHeHHe (73) MOlKHo 3arrHCaTb 

B BHll8 

fn W = fn G ( W, ••• W ) 
(74) 

11 rrpaay10 '!a CTb pa3nO)I(HTb a p sra Tellnopa no CTerreHHM fn W • Y'IHTbJSasr, 'ITO 

:J fn G ( z, ... z) I= k 

z= 1 

. I --. i) fn G ( z, •. ; z ) = k 2 - k " ---. :J(fn z ) 

•=' 

2 
!'J. • (75) 

:1 fn z 

H npeHe6peraSI 'llleHaMH Tp e Tbero H Bb!ClUHX llOPS!llKOB B fn W , nonyqaeM: 

- !'J. • 
Cn W =- k fn W + -

2
- en 2 w 

w = I 

2( k -I) 

~ 
k - 1 > 0 ; ·, 

Hill< 

k - I < 0 , (76) 
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0TC!Oil8 BHJlHO, nO'IBMY KpHTH'I9CK8!1 nHH9HH8!1 CHCT9M8 (k = 1) 6yll9T H9CT81lHOH8pHOII; B 

KOH9'1HOM C'I9Te OH8 BblpOJlHTC!I, XOT!I H3 - 3a 6e3rpaHH'IHOrO pOCT8 cpn!OKTYBilHil OHa B np<r

Me>KyTOLJHOM COCTORHHH MO>K9T 'B30pB8TbCSI .,, T.e. MO}f(ST 1 B OTnHttHe OT llOll,KpHTH1.f9CKOA 

C HCT8M bl, BpeMSHHO JlOCTHrHyTb BbiCOKHX ypOBHef:t MOlUHOCTH. 

C ltpyrol\ CTOpOHbl, 1!3B9CTHO, 'ITO BblpalKeHHe (57), (58) Jln!l cneKTpanbHOII nnOTHOCTH 

MOIUHOCTH XOpOWO COrnacyeTCSI C H3M9p9HHHMH B 'l(pHTH'ISCKHX' CHCT8M8X1 eCnH B nepe

XOili!Oll <j>yUKUHH yqeCTh yCnOBH9 Kp;< TH'IHOCTH k = 1 /
5

/ • 3TO 06b!!CH!19TC!I, 0'19BHJlHO, 

TGM ~SKTOM, qTQ ecerna cyweCTBY~T 'nOCTOpOHHHe' HCTOqHHKH Refi:TpOHOB H noaTOMY peanb

Hbi9 'KpHTH1.f8CKH8 ' CHCT8Mbl B nHHSAHOM pe>KHMe B ll.Gfi:CTBHTSnbHOCTH scerna 6ynyT IIOqTH 

KpHTH'I9CKHMH, Tax 'ITO BbinOnHeUO ycnOBH9 ( 36) • flo3TOMy <j>OpMyna (57), (58) Jln!l cneK-

TpanbHOH nnOTHOCTH MOUIHOCTH 6yJleT npHMeHeHa, H Ha Hell MOlKHO nonOlKHTb 1 - k ;; {3 
0 

7. Ce!l3b CTaTHCTHKH qucna OTC'IeTOB co cTaTHCTHKOII ueiiTpOHOB B peaxTope 

llnst Taro, 'IT06b! onpe.a.enHTb BnHRHH8 ll.8T8KTOpa HB H3MepeHH9 cneK-

TpanbHOII nnOTHOCTH WYMOB, ll0CT8TO'IHO onpeJlenHTb KOppen!IUHOHHYIO <j>yHKUHIO ll9T9KTOpa 

a npouecce H3MepeHHH. 

P accMOTpHM cHa'!ana cTaTHCTHKY H3MepeHuli '!Hcna Hell TPOHOB 3a onpeJleneHHbiii HH-

TepBan epeMeHH ll t • 11 Hllexc N nyCTb OTHOCHTC!I K CTBTHCTHKB He11Tp0HOB B peaKTOpe, 

a HIUieKC m - K CT8THCTHKe H3MepeKHII. flyCTh 11anee a<j><j>eKTHBHOCTb Jl9T9KTOpa -ee-

nH"'HHa noCTOSIHHast. EcnH N -qHcno Hefi:TpoHOB, nornomeHHblX B peaKTope 3a 

speMSI ~ t , To eepostTHOCTb Toro. 'ITO H3 aToro "'Hcna m Hel!TpOHOB 6y11yT nornoweHbi 

Jl9TBKTOpOM 3a Bp9M!I /'), t , paBHa 

a COOTB9TCTBYIOJlla!l npOII3BOil!IUia!l <j>yHKUH!I HM99T BHJl; 

[ 1 + r ( z - 1 > I .~ 
Tax xax N -BenH'IHHa cnyqaliHB!I c pacnpe11eneHHeM P N H npOH3BOil!IWell ¢YHKUHeA HN , 

TO llpOH3BO!Hl8!1 <j>yHKUH!I pacnpeueneHH!I BC9X 38perHCTpHpOBaHHbiX H9HTpOHOB 38 BpeM!I/'!.t 

HMeeT BHll.: 

N 

PN [ )+r(z-1)1 , 
(77) 

H (77) n aeT CB!I3b CTaTHCTHKH 'IHCna OTC'19TOB CO CTaTHCTHKOH H9l!Tp0!10B B pea KTOpe. 

Tax, Jln!l cpenHero qucna oTc'leTOB B HHTeBane 1\ t H3 (77) cne11yeT 

m = N r , (78 ) 

a nnH nucnepcHH a~ m 2 -; 
2 

nonyqaeM 
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a~= · < • H (1- r ) : +:r~~_2 = r . N + · d7 -~, 
N N 

- 2 
(79) 

rae a = · N ·- N 
N 

Mo>KHO TaK>Ke nocTpOHTb asyMepHyiO npOH3BOII.IIIIIYIO <jlyHXIlHIO, H3 KOTopoll nony'laeTCSI 

xoppenSIIlHOHHaR ~yHXIlHR aeTeKTHposaHHH HeliTpOHOB, BepoSITHOCTb Toro, 'ITO H3 noxoneHHSI 

OKOnO MOM8HT8 t I , COaep>K8111BrO n I HeJ!TpOHOB, HeKOTOpOB 'IHCnO HBJ!TpOHOB 6yaeT 

nornOIIIBHO aeTBKTOpOM, HMBBT npOH3BOaRIIIY!O ~yHKilH!O 

[ 1 + ' ( z I - 1 ) I ~I /T. 

TaxyiO >Ke npoH3BOaRliiYIO <i>YHKUHIO HMeeM anSI nornoweHHll aeTeKTopoM seliTpOHOB sa nol(o-

neHHQ OKOnO MOMeHT8 t~ ~ tf noaTOMY npOH3BO/.ISIIllell <jlyHKilHBll BBPOSITHOCTH TOro, 'ITO 

ae T e KTop aaperHcTpHposan oxono M OMeHTa 1 1 HeKOTOpOB 'IHCnO HBJ!TpOHOB H3 llOI(Qne-

HH Sf n I H OKOnO M OM9HT8 t~ - H8KOTOpOe qHcno HBATpOHOB H3 llOKOneHHH n 2 t 6yneT 

Bhipa me HHe 
nj/ T nz'T 

P,~(n 1 ,n~)[1+r( z -1 )) [ln(z -1) ]., H(z,t;z,t)=t 
(80) 

r ne P
1 2 

- aepoSJTHOCTb Taro, qTo noKoneHHe OKano MOMBHTa t
1 

coaep>KHT n 
1 

Hei!TpoHos, 

a noxoneHHe oxono MOMeHTa t~- ·~ HeliTpOHOB. DH<!$epeHUHPYR (80) no z 1 H z ~ , nony-

qaeM npH z
1 

... z
2

=- 1 

.~ 
mt m:a "" nt n2--;-i""" 

2 
ml 

. ..., ~ 

~ + nt--;r- , 
a OTCIOaa anA KOppenliUBOHHOII <j>yHKilHH aeTBKTHpOB8HHSI k ( 11 • t ~) BM88M: 

~ 

k(t
1
,t

2
) =m

1
m

2
-m

1
m,= n (!

1
)-;- 8( t ~ - t 1 ) + --7~ K ( t 1 , t ~) , 

(81) 

(82) 

rne K ( t
1

, t~)- xoppenSIIlHOHHaH <i>YHKUHll npouecca pa3MHOlKBHH!I HeiiTpOHOB s (40), a 

aenbT8- ~YHKUHSI 

rae 

8 (t,- t 1 )nony~aeTCSI H3 Tp~6osa~:!l HOpMBpOBI(B (79): 

all.. r . N +,~a; • (~t' ( .dt" k ( t', t'~ - ) , 

- t, , 
N = ( ~- n ( t') 

r 
'I 

'I 'I 

2 
a • · 

N 

t:a dt' t, dt" r- r- K (t.' 1 t"). 
, r 

t 1 tt 

npH CT4UHOH8PHOM pe>KHMB peaKTOpa K ( ~~~ t~) 38BBCBT TOnbi(O OT pa3HOCTH t a · I - t 
_I .2 

k ( t) ' n 
.. 

8(t)+ :~K(t). 
,~ (83) 

0TCIOaa nonyqaeTCH Cll8KTpanbH8H nnOTHOCTb MOIIIHOCTB aeTBI(TOpRbiX WYMOB npH R3MBpBHHII 

liiYMOB B peaKTOpe: 

<I m (f)~> • 2r i 
2 

l 2 
+ : ~ <In ( Ol :> 

(84) 

EcnH aeTeKTop npH KalK!lOM nornomeHHOM R&IITpoHe OTaaeT cp&llHBII aapH!l Q , TO cpenHHll 

a eTeKTOpHbiJI TOK 6ya&T 

( ·Q 
(85) 
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2 
Torus anH He6enoll 'ISCTH c rreKTpanbHO H nnOTHOCTB myMoB ueTeKTOpHoro TOKa <IJI > (85) 

naeT c asrah 
2 !~Q 2 

<I J I > ,= --.- < I n 1
2
> •. 

n e pB bii! >Ke 'IITeH B llp8BOI! '18CTH (84) - 6enbili myM C Bt!TeHCHBHOCTbiO 

Llnsr He r o >r3 

J = Q r 

cneayeT 

(86) 
• n r = 

(87) 

0KOHq8 T9 nbHO n nsr CIIBKTpanbHOH nnOTHOCTK neT9KTOpHOrO TOK8 HMBeM H3B 9 CTH09 BMpame

/ 4/ 
HHe 

<In I 2> l 
(88) 

HaKOHeu rYKB>KeM K8 CB!I3b Me >Kay KoppensmHOHKOII <jiyKKUHell aei!TpOKOB K (t) H BepoRTHo

CTbiO UBYX rrocneuOBBTenbHbiX perHCTpBUHB Hei!TpOHOB B HHTepBBITBX d t 1 B d t 2 C pac-

CTORKHeM t-t 2 · t 
2 I 

BepoHTHOCTb Toro, 'ITO H3 ecex HeiiTpoHoB rroKoneHHR D J HBXOTQo-

pble 6yu yT rrornomeKhi ueTeKTopoM B HHTepeane 

[1+~<(z 1 -1 
d t 1 ' HM99T 11pOH3BOURlliYIO cjiyHKUBIO 

n l 
) ) .. 

TaKy JO >Ke npoH3BOUHlliYIO cjiyHKUHIO HMeeM ansr HHTepeana d t 2 , TBK 'ITO eepoHTHOCTb 

Taro, qTo a HHTepaane d t 1 6yuyT rrornomeabi KeKoTopbie aei!TpoKbi H3 noJtoneHHB 

a s HHTepaane d t 2 - KeKOTOpb!e Hei!TpOHbl H3 l!OKoneHHR n
2 

, HMeeT rrpoH3BOURIUYIO 

<jiyKKUH IO : 

bl D2 

Hm(z
1
,dt

1
;z

2
dt

2
)=r, P

12
[1 + ~~ f (z

1
-l)J.( :1 + · ~2f(z 2 -1) J,, 

nl,n 2 
(89) 

BepoHTKOCTb Toro, 'ITo B HHTepeane d t 1 6yueT 3aperHCTpHpOB8H Hei!TpOH l!OK0119HBH n
1 1 

a a HHTepaane d t
2 

-Kei!TpOH noxoneHHH n
2

, p8BH8: 

dt _ a2 Hm .----a., a z • 
KITH 

(90) 

T a K Ka K "' dt 1 eCTb BepOHTHOCTb perHCTpBUHH OUHOrO HeATpOHB H3 l!OKOIT9HHH OKOITO 
r 

MOM9HT8 t I B HHTepaane d t I 1 TO 

--.:.!_ K ( t) dt 
1 

dt 
2 r 2 

eCTb BepOHTHOCTb perHCTpBUHH B HKTepBBITBX 

II8pbi H9fiTpOHOB 1 8 Bbip8>K9HH9 

P(t) dt -(~ + • · 
r 

17 

(91) 

dt [ OUHOI! KoppenBpOB8HHOA 

K(t) ) dt 
n 

(92) 



eC Tb ycnO BH851 Bep051THOCTb TOrO, ~0 B HHTepaane dt OKOnO MOMeHT8 6ylleT 3ape-

I'HCTpHpOBBH Olli!H HeliT pOH npH YCliOBHH , 'ITO B HHTepB8ll9 dt 0 OKOliO MOM9HTa 

npOH30Wll8 ylKe p9I'HCTp8UI!S! HeltTpOHB . 

t = · 0 
0 

rJpH y'leT e OllHHX MI'HOBeHHblX HeltTpOHOB BepOS!THOCTb (92) COBn81l89T C BbiB91l9HHOH 

/ 6/ 
ad hoc sepoSITHOCTb!O B pa6oTe • .llei!CTBI!TenbHO, KoppenHIIHOHHBR <jJyHKUHR K (t) cne-

nyeT Jll!S! 3TOI'O c nyqag 1!3 yp8BH9HHlt (41) B Bl!ll9 

rJle CJ · 

0TC!Oil8 

2 ·a \~ 
K(t) =u e 

, s cso10 oqepellb , nonyqaeTCSI 1!3 nepsoro ypasHeHHR (34) : 

2 
a · = n + : 

r;;
~· 

<n . v(v-;1)- .a, 
P ( t ) dt = - dt + < ---- k e dt • 

2Var 2 

Korlla onpelleliRIOT llHCnepcHIO 'IHCna oTC'IeToB B HeKo TopoM HHTepsane speMeHH ~~ 

np8KTH'I9CKH pe!'HCTpHpy!OT 'IBCTII!lbl B nOCll91lOB8T9llbHbiX HHT9pB8li8X Bp9M9HH ~I c pac-

CT OS!Hil9M lj • ':IHCll8 OTC'I9TOB (
1 

, (
1 

B llBYX IIHTepB8li8X BpeMeHH MelKJl y C060lt KOp-

penHpOBBHbl. f!BHOe Bblp8 lK9HH9 llliS! KOpp9liHilllOHHOlt <jJyHKUIIH 

K , (O, ~ t) = < ( (, > - < ( >< ( , > 
II· I I · I I · (93) 

6b!ll0 BblB91l9HO B pa6oTe /
3 / 3TO Bblp8lK9HH9 UOlly'!aeTCS! npOCTO 113 KOppeliS!IlllOHHOH <jJyHK-

Ul!ll ll9T9JCTOp8 (82) • Jl 9ltCTBHT91ll>HO, KOppeliS!UHOHHBH <jJyHKilHS! (93) CBSI3aH8 C 

KOppeliS!UHOHHOli <jJyHKUHelt (82) Cll91lYIOWHM o6p830M: 

tb td 

K 11 . _(0,~t) =[ dt' {dt" ( t" - t' ) ' (94) 

t t 
• 0 

I'll9 _t.-t.= ~~ - IIHTepB8ll, B KOTOpOM 'IHCliO OTC'IeTOB p8BHO (
1 

, a td- 1
0 
=~I - HHTep-

BBll, B KOTOpOM 'IHCliO OTC'I9TOB p8BHO (
1

, • rJocne npe o6p830BaHH!I nepeMeHHbi X 

t'~ -- : t' . ... t ; t - t'·-+ s 

HM99M <• -• 'xO +At> • +At 

K11 , _(1J,~t) = { , ds 

<' -• 'x 0 +At> - ~. 

J dt k ( t) 
(95) 

riOilCTBBliS!S! k(t ) (82) II (44 ) B (95), nOliY'189M OKOH'I8T9llbHO 

K • (0 At) = (~ )2 I P ( 1 - 1¥ (~t ) I ~eyk ~, -x.<O+~tl\t-t'\ -= 
II · 1 r k k k (96) 

2 
=~C 1 (~t)r. I 

k 

yk Dk (I -ll'k( ~~) l~e -\0\ t- t'l; 

r il e C 1 = ~ - CKopoCTb C'!eTa lleTeKTopa, D k CBSI38HO c pk 
r 

3KCnOH9HTe C npaaolt CTOpOHbl BTOpOrO ypBBHeHHS! no Cp8BH9HHIO C 

06bi'IHO 0 >> ~ t .• .llliSI i = i' · HMB9M, O"tJ:eBH.D.HO, 

K = u
2 

II m 
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no ( 46). a ~ t s 
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