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Bs elleHse 

a11 1 
6binB llOI<a3aaa cnallyJO!IlBSI TeopeMa: 

EHaapHBSI nnoTHOCTb l<OppenSIUBB K ( r', v', t',r, v , t He l!TpOHOB B SlllepB~X 

pe8KTOp8X y.noaneTBOpSieT IIpH <I>H:K:CHpOBBHHbiX r', v ' , t' H t > t' ( r, v, t - npocTpaa-

CTBeHHhiA PBlli!YC-Bel<TOp, B81CTOp Cl<OpOCTH Hel!TpOHOB B MOMeHT BpeMeHH) H8CT81lHOB8p

HOMY OllHOPOllBOMY ypasaeBHJO EollbuMaaa c 1<paes~MB ycnosKHIIlH, aHanorB'IHhiMH ICpaeBbiM 

ycnOBif!IM llnSI Cp8llHel! ael!TpOBHOA nnOTHOCTH n ( r, v, t) 

BHll 

K(r',v',t',r,v,t')= o 2,(r',v';r,v), 
t 

, a naqanhHOe ycnoaxe HMeeT 

(1) 

rlle at' - 6KH8pH8!1 nnOTHOCTb ll8HTp8llbBOI'O MOMeHTB BTOpOI'O UOp!illiC8, l<OT0p8!1 B CBOIO 

O'le pellb onpellen!leTCB H81COTOpblMB 6HH8pHblMH yp8BHeHH!IMH 60llbllM8HOBCI<OI'O THna
11

•
21

• 

BMeCTe c ypasaeaHeM EonbllMBHB llnSI cpellaell HeATpOHHOll nnoTHOCTH HMeeTCH TeM CBMbiM 

06!Il8!1 KOppenSIUHOHHB!I TeOpHH, U03Bon!IIO!Il8B p8U18Tb BCe npo6neMbl ICOppenSIUHB HeliTpOBOB 

B !lll8PHhlX pe81tTOp8X n1060J! CTpyt<Typbl. 

B HBCTOS!Uiell CTBTbe paCCM8TpHB88TCSI ltOppenSI!lHH HCHTpOHOB B pe8l<TOpe C OTp8~8-

TeneM B OllHOrpynnosoM H llBYX30HBOM nps6nH~eass. TalC l<BI< aeATpoa~ B peaKTope (cpella 

C HBll81<COM '!') H B OTpB~BTene (cpellB C HBll81<COM '2') p8CCM8TpHB810TC!I 1<81< '18CTH

Ubl p83HbiX COpTOB
1 

C I<OR8'1BOJI BepOHTBOCTbiO nepeXOll!llllH8 llPYI' B llpyra, TO TBI<OO OUHC!I

HHe paBHOCHilbHO OllH030HHOMY nps6ns~eBHIO c llBYM!I copTBMH 'IBCTR!l. HcxollH B3 ypasHe

HHll pn11 KOppen!lllHORHhlX <jJyHI<UHJI ael!TpOHOB B peaKTOpe H 0Tp8~8Tene B B3 yp8BH8HHll 

l(nSI ll8HTp81lbHblX MOM8BTOB BTOpOrO UOpS!lli<a, onpel(enSIIOTCSI llHCnepCHSI 'IHCna OTC'I8TOB 

3a npOMe~yTOK BpeMSHH ~ ~ neTeKTopa, noMemeHHoro B peaKTop ans oTpa~aTenb 

(MeTOil ~el!HM8H8), sepOSITHOCTb perBCTp8UHH COOTB8TCTBYIOII!HM ll8T8KTOpOM KOppenHpo

BBHH biX nap Hel!TpOHOB B MeTO!le POCCB H cneKTpBllbHhie nnOTHOCTH MOII!HOCTH C06CTB8H

Hh!X WYMOB Hel!TpOHOB B peai<TOpe H OTpa~arene, a T8K~e BX B3aBMH8SI CU81CTp8nbHaSI 

nnOTROCTb. Kax H3B8CTHO_, H3M8P9HH9M STHX aenH"'HH MO>KHO onpenenHTb KHH9TRqeCKH9 
/3,4,5/ 

napaMeTpbl cTaUHOHapHLIX peaxTOpOB , a TaKJKe MRHHM8llbHYIO aMnnHTYilY peaKTHBHOCTH 

/6/ 
B OCU.HnJISUlHOHHbiX OnbiTB X 

3 



llncnepCHSJ B MeTo.ne <l>eAnMaHa
131

, aepom·nocTb a ueTo.ne Poccn
141 

11 cneKTpBilb-

HB SJ !IJTOTHOCTb MOWHOCTH ne l!~·poBRhiX WYMOB B CTBIUIORBpRbiX peaKTOpax npOCTO CBSJ38Hbl 

c n eiiTponaoli KoppenmuiOn nolt <!JynKunell ( TO'!Hee - c Koppensuuwnnoll <jJynxunell npcuecca 

p a 3 MIIOA< e HH II nel!Tponoa) 
111

• Ha ocnoae Bhl!ney n OMlDfYTOll Koppensmnonnoll T e opnn s ee 3TH 

neHH'IHHht 6bUDI o upe.ne ii"Hhl B o.nnorpy unono M 11 onnoaonno M npn6nnJKennn
171 

(nnll peaK~·o
p a 093 OTp d lK8Tell11) . n pli 3 TOM OKll3!lllOCb, 'ITO CUeKTp81lbH8ST UllOTHOCTb MO!l\HOCTII Hell-· 

2 
Tli OF llbi X myMOB <j n( U> ) j > H Mee T Dll.<l npOH3BelleHBII xaanpBTB MO.<lyllSJ lteilTpOUHOll nepe-

. 2 
!ld1' 0 'IUOil <jJy HKDIIH KHHBTH'!e CKHX y pannenull JIB n eKoTopb!li MHOlKHTellb <IS 

0 
I > , cna6o 

aaaliC mi! R li o T " -" CT OT bJ. E r o MO>KHO OblllO npencTaBHTb a aline 

<!Sol"> = 
2n 

(l ; 2q (w )) ; 

' - k ( 1 ~ p ) -; q (c, ) -;_ I - k r k v(~ 1 ) 
v 

r .ne n - c pe.nuee Mrnoaennoe '!Reno nefiTpoaoa B peaKTope; - cpe.nuee apeMsr 

)f{H3H.H M r HOB8HHbiX Ke9:TpOHOB f k - UOilllb lli K03<P<!JHUBeHT pa3MHOlKeHHSJ neihpOHOB 

( M rHOBeHHbiX + 3 B!I83.<lbi8BIOWHX); v - nonaoe qHcno neHTpouos neneHHR, a p - .<101!51 

aan a 3.<lh1BBJOWHX Rei!Tponoa. TeM caMhiM ohtna cTaTHCTB'!eCKB CTporo o6ocaoaana .nnnaMB'Ie

. 16,8/ 
CK BII MO.<lellb CTBUHORBpHOrO peBKTOpa C OBil biM WYMOM HB 'BXOile • 

B pa60Te
191 

na ocnoae necTporux MOilellbHhtX npellCTaenenH>I onpeneneHhl cneK-

TpallbHbJe UITOTHOCTH IIBHTpOHOB B CHC T e Me peaKTOp-OTpB lKBTellb, a B pa6 0Te / !Q / He 

oq:eKh CTporHM nyTeM BbtaeneHo abtpa>Ke axe .ll.IIB aepoSITHOCTH Poccx a -aK.cnepuMeHTa. 

8 IIB CT O" We li lKe CTBTbe 1131lBPBeT C II KOppellSUTIIOHHBII TeOpllll HeHTpOHOB B CHCTeMe 

pe8XTOp- OTp8>KBTenb, ll03B01ISUOIU8SI, B l.fBCTHOCTH , BbP:IHCIIHTb TOtJHbJe Bbtp8)f{9!1BR .llllSI 

c n e KTpant.HbiX n n OTHOCTei! 11 a e posrruocTell Potcn a - 3KCnepHMenTa. 

Lln11 npOCTOTbl uano,Ke HIIII enRIIHne aana3AhiBBJO!l\HX uellTponoa ne y'IRTbleaeTcSJ, xOTSI 

y 'leCTb 11x <jlopMBilbHO 11e n pe.ncTaanHeT Tpy.nnocTH (eM. aaMe'!aHHe a KOHI(e p aoOThi). 

003TOMY BCC Bb!Be .neHHbl6 B b!pBlKeHBII, COile p lKBIDHe OOMelKyTKH apeMeHII 113Mepetfllll, MOryT 

6b1Tb npHMeHelibl nHlllb !l.IISI llOCTBT01.fHO MBJlbiX IIpOM9>KyTKOB npeMeHH 1 a Bbt p8>K9HHR ,ang 

CITeKTpBilbllhiX !ITIOTHOCTeli MODJHOCTH OYIIYT cnpaeelllliiBbl .'IUWb npH IIOCTHTO'IIIO Dh!COKHX 

"'BCTOTBX 
2 - 2 

U> >> A I ; AI - ITOCTOIIHHbiB paCITBAB npe.nweCTBeHHHKOB 3BU83.<lb1BBIOWHX 

H6HTpOIIOB). 

2 . YpaanemtR .<IllS! KoppeniiUHOHHhJX <jJYHKUHil 11 ueliTpanbHbiX MOMeHTOn 

BTOporo flOQMKB 

HMeiOTCII .naa Tl!na 'IBCTI!n: n 
1
(t)- 'IHCno Hei1Tponon a peaKTope H n 2 (t)- 'IIICI!O 

nei!Tponoa B oTpalKaTene. OycTb P 1 (n ,t) - nepoRTHOCTb Toro, 'ITO CIICTeMa (peaKTop + 

OTpBlKBTellb) 8 MOMenT coneplKII T n = (n 1 , n 
2

) 'IBCTliU. OycTb P
2
(n',t'; n,t) 

4 

COOTBe TCTBYJOWBSJ COBMBCTt 

p I , p 
2 

- YCilOBHhle aepOIIT. 

.<liiTUHB <jJyHKUHH 

H 
2 

( x' 

Y.<lOBileTBOpliiOT O.<lHOMY H C 

KOTopoe a o.nnorpyunoeoM 

aH, 
at 

~ 
l=t,: 

r.ne k = 1,2; 5
1 

(t) - IIHTt 

A-: , A-! - cpellHHe epe:v 

OTp8lK8Tene, B <jJyHKUHH 

G 1 (X 

G 2 (X 

r.ne A
11 

/A
1

- aepoHTHOCTb 

neanol! rn6enn neliTponoa 1 

pacCeHHIIH HeliTpOHOB 011110 

npe.ueneHHSI MI"UOB9HHbtX HE 

ne C0.0,9p>KHT !1911SilllHXC SI BE 

Ha ypann enHR (3) .nn 

'IBCTHU 8 peBKTOpe II 0Tp8 

r11e 



ae P occK
141 

H cneltTpan&-

JC8E TOp8X n pOCTO CBli3 8Hbl 

rOHHo ll <jly n ~tuHell n poue cca 

•Cll RUUOHH Oll TeOpi!H BCe 3TH 

171 
H61lHlKCHH B (llllR peaK~'Q-

llllOT HOCTb M OlllHOCTII He ll-· 

9 M OilYilll IICKT!JOIIHOit nepe 

<HT Cilb < \ S 
0 

\
2 

> , c na6o 

- cpenuee spe MH 

\.tHO>Ke HHSI nei{TpOHOB 

lOB ,aeneRHR, 0 p - llOilll 

TpOf'O 0 6 0 C HOB8H8 JlHIISMH 'IC

• /6 ,8 / 
•ue • 

leHHfl onpeneneuht crreK

lh, a B pa50Te
1 101 

He 

Poccu a -sJtcne pnMe HTa. 

·efiTpOHOB B CHC T CMC 

)l:IHbJ8 Bblp8 )f(8 HII H JlRR 

!HT8. 

HOB He y qHThlB88TCH, XOT SI 

HH C B K OHllC pa50Thl ) • 

ape Me HH H3 Mepeuu sr, Mory T 

npH llOC T 8 T 0 1.f H O DbiC OKHX 

iKOB 3 8flB3.!lbTB8JOIUHX 

tB n b Hb iX MOM8HT OD 

JeaKTope H n 
2 

(t ) - '! u cno 

TO C HCTC MS (peaK T Op + 

nycTb P.(n', t '; n,t ) -

COOTBCTCTBy lOin8ll COBMCCTHBSI nepOliTHOCTb /Iil li llBY X MON 9HTOB B p e NeHK t ' H t > t' 

p I , p O - yCilOBHbl 9 B epOliTHOCTH , T B K KBK OHH 3 8BBCliT OT H8'18JlbHbi X Y C llOBH ll. n poB 3BQ

Il!llllHC <jlyHKU HK 

H 1 (x,t) I pI 
"t •• 

X I x, (1 ) 

, 
' 

H 
2 

( x ' ,t';x ,t) m ,I 
, D I •• D 1 n 2 P

2
x 

1 x. X x. (2) 
n , n 

y noaneTBOpSIJOT OllHOMY u TOMY ll<e ypaaReHKJO/ ll / ( H 2 rrpu <jJKKCH p OBBHHbiX x', t' u t > t' ), 

KOTOpOe B 0/IHOrpynnOBO M H 0JlH 0 30HH O M llpH61lH>K9HHII HM99 T BK Jl: 

~ 
1= 1,2 

- x )~ + H k s I ( t ) ( X I - 1) I 
a x 1 

(3) 

rn e k m 1,2; S1 ( t ) - KHTCHCHBHOCTK IlOCTOpOHHHX HC TO'IHHKOB B peBKTOpe K 0Tp8 >K8Ten e , 

A- : , A-~ - Cp 9/IHH C B pCMeHH >KH3HH Mf'HOBCHHbiX He l!TpOHOB B p e aJtTOpe H HCliTp OH OB B 

OTpa>KaTe ne, a <jJyHKIIKH G 1 HMC IOT cnenyJOlllHll B K Jl : 

G 1 ( X I ' X 2 ) 
A t o >.12 A II h (X 

1 
) + X + 

A I A I 
2 

A 1 
(4) 

G 2 ( X 1 ) 
A 2c A 2 1 

+ 
A 2 A 2 

rne A 11 / A 1 - s e p o liTHOC T b n e n c HH R HeliTpoHa B pea K Tope , A 1 c I A 1 - s e poHT HOC TH 6ecno

n eaHol\ r u6enn HeliTpOHOB s p e a KTope H oTpa>KaTene, \
2

/ \ = a
12 
•\/ A

2 
=: a

2 1 
- Bep o RT H OCTll 

paC CC!lHHR H CHTpOHOB OllHOH 3 0Hbl B ApyryJO 30Ry , a h( X 1) - Ilp OK3 BOARlll8 51 <jJy HKUHll pa c 

npeae n e HBll M f'HOBeHH hiX He l!T p OHOB a e neRHll. B ( 4) npe .unonarae T Cll, 'IT O o T pa>Ka T e nb 

n e co.ue p >Kl!T llC llRlllH XC ll B ClllCCTB (A 2 1 m 0 ) 

11 a ypasHe HHll ( 3) n n ll H 1 Clle .Uy iOT y paBHC!lHll llllR CpCJlHH X Mf'HOBCHHbi X 'IHCCll 

'IBCTHll B p e BJ<TOpe H OTp8>K8TCllC ( S 2 ( t )m 0 ) : 

rae 

dn- 1. 

d t 
+ 

~ + 
d t 

a 

a 2 

a 1 n 1 

A 2 

5 

A 2 1 n- 2 + S I ( t ) 

(5 ) 

( 6 ) 



k - llOIIHiltl J<03cjxjlllll.H8l!T p83MH0li<8Bllll Hei!TpOBOB ( MrBOB8HHbiX H 38U83ll.b!B810!UBX) B pe

llXTOpe. YpasueHHSI D./lSI cTanHouapm>Ix neHTPB1IhBbiX MOMeBTOB 

11 -..eiOT BHJ.( : 

rD.exl 

2 a, - ; 2 - n-2 ; l = 1, 2 
l l 

ll = n 1 n 2 -n 1 n'J 

<r• -A
21

ii 
1 I 

a2 a:- A 1:f 

a 
1

n 

a 

+ fl n-

n 2 

- A a
2 -A a " + (a + a )ll = -n A -n A 

12 1 ~~ 2 1 ~· 1 12 2 :::t 

A 
v (v -I) 

A, k --_-. (1-2/3) 
2v 

r 
A '2 • 

a v - llOIIHOO 'lHC/10 Hel!TpOHOB ll.91191l11SI. 

(7) 

(8} 

(9) 

~3 Toro ll<e ypasueHHSI (3) D./Ill 

<jlyRKUHil 

1!2 C/lell.yiOT yp8BH8HHSI UIISI KOppeiiSID.HOHHhlX 

K 1,(t',t") n
1 
(t')n,(t")- n-

1
(t')n,(t"). 

B. cTauHouapuoM cny'Iae ouR HMeiOT BHll. 

dKtt(t) a K 
--+ I It 

dt 

t -a2 (t-t') 

A
21

A 
1
,( dt' K

11
(t')e =A 21 

0 

-a 2 t 
lie 

(10) 

( 11) 

d K 12 (1) 

dt 

t -a (t-t') -a t 

+ a
2

K
12 

-A 
12

A
21 

fdt'K
11

(t')e 
1 

=A
12

o
2 

e 
1 

(12) 
0 

YpasueHHSI D.IISI <jlyHKilHll K,. II K21 nony'lSIOTCSI 113 ypaBHeHRK (12) II (13) 38MeHOH 

HHneKCOB 1 ... ~ M910T MeCTO C/19ll.YIODliie B8'l8JlbHbJe YCIIOBII SJ: 

K 11 (0) = a 
1 

i = 1,2 ; 
( 13) 

K 12(0) = K 12(0) jJ. 

8 TSK>Ke C118ll.YIODlHe CBOKCTB8 CHMMeTpHH 

Kll(t)= Ku(-t); K 12 (-t) K 21 ( t) . {14) 

x) /20/ 
CM. <jlopMynhl ! 

6 

f 

3. 0 

YpasueRHH (II), (12) H C • 

pelllHTb npeo6pa3osauaeM Jlanna• 

K ll ( t) =pI 

r.a.e 'Y 1 , .y 
2

- I<OpHH ypaBHeHHSI 

a 

a K03cjxj>HD.II8HTbl p lk HMe;QT Bl 

f3 

P n 

p 2k 

a 
12 

a 
2 

t MO>KHO H83B8Tb 3$PE 

Tenepb HYli<Ho pemaTb ypa : 

IJ. 

2 

" 

02 

-
~ 

2a 

n 

npHYeM B KpHTH~eCKHX CHCTOMBJ 

a = k/o A 

f1pH YCIIOBHH 

a <· 
a ~' 



: ll 381183llbiB810InHX) B pe-

(7) 

• 

(8) 

n >. 
2 ~ 1 

(9) 

S1 !lll>I KOppellSIIlHOIIHblX 

( t") . 
(10) 

.-t') -a 2 t 

=An ,.e ( 11) 

- a (t- t' ) -a. t 
I =A a 2 e I 

12 I 
( 12) 

HHH (12) H (13) 311MeHOli 

( 13) 

(14) 

3. OnpeaeneHHe Jtoppen51IlHOHHbiX <jlyHKUHli 

YpaBHeRHSI ( 11), ( 12) H cooTBeTCTByJOmHe ypasHeHHR llllR K 
02 

, K 
21 

pewHTh npeo6pa30BSHHeM flannaca: 

~y I 14 ~y 2 It[ 
K 11 (t)=p

11
e + ·p

12
e i = 1, 2 , 

f'll<3 ·Y I • . y 2 - !tOpiiH yp&BHeHHSI 

s 
2 

- s (a I +a 
2 

) + a ~a 0 

a E a-Aa a 
t I 12 21 

a K03<jl<jlHUHeHTbi p lk HM910T BHll 

2 

p lk 

0 1 (a 2 - .y k )+). 2 1li 

(a I +a 2) - 2 ·y k 

2 

p 2k 

0 2(al - yk)+.l.lf 

(a I+ a 2 ) - 2-y k 

1,2 • 

{3 a a 
12 2 I 

MO>KHO H83B8Tb 3<jl<jleKTHBHOCTbiO OTpa lKSTellR. 

Tenepb HYlKRO p emaTb yp & BHeHHSI (8 ): 

2 ). In I a 2 + a 
0 = n + 

I 2a a 
2 

+a 

02 n 2 + 
r >.2;;2 ~ 

2a a 2 +a I 

~ >.12 
n 

2 
li -~ K 

2a c:.t 2 +a 1 ).2 n-

npM~eM a KpHTH~eCKHX CHCTaMax HY~Ho nono>KHTh 

fT pH ycnOBHH 

a << 1 + 
a~~ 

7 

a _ _ .L 

a2 

k 1 - fJ 

MO>KHO 

(15) 

(16) 

(17) 

(18) 

( Ill) 

(20) 

(21) 

(22) 

(23 ) 



nonyqaeM npu 6 nH>KeHHb1 e Bb1pa>KeHH!l an11 KOpneii Y, 1 -y
2

' 

y 1 = a 2 r Y. 
2 

= a/ r , 

npH'!e M y 
2 

« y ~ • B aTOM cnyqae Koa<jl<jlHuHeHTbi 

p 1 1 = 
(A +a 1 )n : 

p 21 

a 
2 

r 

n I r 
2 

E c nz ycwnuTb Tpe6oa anne ( 23 ): 

" 
a. 

p = a 
12 l 

p 22 a 
2 

<< l ' 

plk 

p 
11 

p 
~ 1 

(24) 

KMe !OT BHJl 

(25) 

(26) 

TO I< MeeT MeCTO l!epaaeHCTBO p 
11 

<< p 
12

, H KOppenltll!IOHHaH <jlyHKUB!l HellTpOHOB B peaK TOpe 

np:HHJ.fMSeT fHJfl 

K 1 1 (t ) 
-a/ r 1•·1 

a 1 e 

r)le IIHCllOpCHIO ( 19) llp8KTH'IeCKH MOlKBO 3aUHC8Tb B <jlopM e 

0'~ £' 
l 

I A 1 n 1 

2a r 

(27 ) 

(28) 

BHII (27) KoppenRUHOHuon <jlyuKnHH uellTponoa a peaKTope orpaHH'IeH TOnbKO Tpe6oaasHeM 

>., 

A 1 
» p(1-{i ) , 

KOTOpOe BLtnOnHOHO B 06b!'IHblX TOpMll'leCKHX pe8KTOpax. 

HepaaencTao p >> p 
22 21 

HM09T M9CTO UpH A068BO'IHOM yCnOBJIH 

a 
I 2 

A~ » _a_( a 1 +a2 ), 

A A 2 
! 

(29) 

(30) 

'ITO ll89T cneayromRA BHU KOppenRUHOHHO~ <jlyHKUBH neJITpOUOB B OTpa>KaTene T9pMB'IeCJ:Oro 

peaKTopa : 

n. ;. At -a/r\tj 
K2 2 (t)= --- __ Ke 

2ar A " (31} 

HID! 

K 22 (t) = K•K
11

(t), 
(32) 

rae K onpeaen•1<IO a ( 21 } 

8 

CooTHorneHBIO ( 32 J MO 

COBUatlaiOtUee CO BTOpb!M CTa1 

Ta~HM o6paaoM, ecnR cpeanll 

He Cl!HWK:OM Mana, 8 O'I'HOlll9E 

Tene noCT8TO'tHO BeiiBK:O, T O 

B8Tb ~a~ UiJOCTY!O lli!Ha MR"te C 

npH T8IHX ycnOBH!lX CTaTI!CTf 

eJI B C8MOM peai(TOpe, a Bl(n, 

TO'I~H 3peBR!l ycnOBHR (29) l 

~aeT, qTo see H3MepeHBR a 

ycneXOM MO)KBO npOH3BeCTH I 

CRny H Toraa, I(O!'tla Cp8!1HIOI 

paanwqaoA. 

113 COOTBOtnelmll (33) C 

TO'!Bb1e Bblp8lK9HRSI !lUll KOTOJ 

ro ypaaaeH!lR anB K 21 , RC 

K 12(1) = 

rae 

q 

B aalt.nJo'!eHRe OTMeTB! 

tnHpOKOI'O 

ecn11 f3 

Knacca pea~Topoa. 

-2 
- 10 • IToaTOMY 

BHOM, XOT!l B KOppenRUHOBKbl 

9XCflOHeHTbl, K8X B cnyqae Ol 

TOpMR'IOCK8R ~onOHK8 6b!CTp( 

11810T B KOJlOH~y, HO TepMB'IO 



(24) 

!OT BRA 

(25) 

(26) 

YHKUHH HeHTpOHOB B peaii.TOpe 

(27 ) 

(28) 

HH'IeH TOltbKO Tpe60BAHR9M 

(29) 

ycnOBHH 

(30 ) 

I 0Tp8>KBT9Jte T 9pMR'IeCII.OI'O 

" 
(31) 

(32) 

CooTROllleHHIO ( 32) MO>KRO conocTaBBTb cToXIlCTB'IBCII.oe ypasaeHHe 

(33) 

cosnanaoo!llee co BTOpb!M cTanuoaapHbiM ypasaeaxeM (5} nn11 cpenRHx seliH'IHH B n 
2 

Taii.RM o6p830M, ecnu c peAHRB eepo!ITHOCTb p8cce!IKB!I aeliTPOR8 pe8KTopa s oTpa>KaTenb 

He CJIH lliii.OM Mana, a OTHO!lleHHe cpeA1!11X Bp9M9HR lKH3RH oeliTpOROB B pellii.TOpe 11 OTpaJKB.-

Tene Jl0CT8TO'IRO B91IHJI.00 TO CT8JlHOH8pHyKl CHCTBMY peaii.TOp-OTpa>KaTenb MO>KHO p8CCM8T pB

B8Tb 11.811. UIJOCTYIO AHHa MH'IeCKYIO CHC'rBMYo 3 8JlaHoyKl ypasHeHHeM (33). 3TO 03H8 '189T0 'ITO 

npH TBXHX ycnOBHKX CTa TRCTHJI.8 HeliTpOHOB B OTpa >K aTene onpenen!leTC!I TOnbii.O H X RCTOpH

eil B CSMOM peaKTOpe, a BI<ltaA OTp8lKATelt!l B 9TY CTaTBCTHKY npene6pe>KHMO Malt, C 9TOll 

TO'IKH 3p9RH5I ycnOBH!I (29) H (30) BJ!onHe llOH IITH bl , npaKTH'I9CJI.H COOTHOUI9RH9 (32) 03Ha-

qaeT0 'ITO BCe H3MepeRH!I 8 peaJI.TOp9 0 CB!I3aRRbie C KOpp9lt!lllH9H ReliTpOROB 0 C TIIJI.KM >Ke 

ycnexoM MO>KHO nponasecTH s OTp8>K8Tene. Bee Bb!WeBb!BeAeHRble COOTRO!llellll!l coxp8R!IIOT 

cnny n Torn8, I<orna cpeAHIOIO cxopocTb aeliTPOHOB s peaKTope H OTpa>KaTene C'IHTRJOT 

pa3JtH'IBOK. 

113 COOTHOmelm!l (33) Cp83Y cnenyiOT B38HMHble :I<Oppelt!ILIHOHRble <\JyRKIIHH: 

K 12( t) = K 21 ( t) - K K ll(t) • \34) 

TO'IHbie Bblpa>KeHHH All!l KOTOpb!X MOJKRO nOny'IHTb H3 yp8BHeR11 H ( 11) H C OOTB9TCTBYIOlli9-

ro yp8BHeHRII An!l K
21 0 HCll01Ib3YB npH 9TOM peweBHe (19)-(21) II CBOliCTBO (14): 

• B aaKnJo'-leHxe 

-.y t 
q e 2 

12 

q e'Y It + 
21 

q lk 

q~k = 

p.(a I - ·yk )+>. d'~ 

a I +a 2 - 2 ·yk 

IJ. (a2- 'Yk )+ >.21u~ 

a I +a 2 - 2·y k 

> 0 

(35) 
~ 0 • 

(k = 1,2) 

(36) 

OTMeTBM, 'ITO ycnosne (23) AOBOIIbHO o6wee H BblllOllR9HO All!! 

3 
lllRPOKoro Knacca peaKTopos. Hanpauep, ono YAOBneTsop!IBTC!I na>Ke npR >. J >. 2 - 10 , 

ecnH i3 - 10-2• nosTOMY BO MHOI'KX Clt)"'S!IX (24} H (25) 6yAeT XOpOmHM apa6mfll<e

HH9M0 XOT!I R II.OppenguHORHbl9 $yRKIIHB (15), (35) R e ltb3!1 6yneT 38llBC8Tb B BRAe OJ:IHOll 

sKcnoneaTbl, K8lt s cnyqae o6bi'IBbiX TepMH'IeCI<HX peaxTopos. H8npHMep, KOI'A8 aMeeTCSI 

TepMB'!eCK8ll KOJ10HK8 6biCTpOI'O pellJI.TOpa, T8I<8!10 'ITO 6b!CTpbie H9l1Tp0Hbl pe811.TOp8 UOU8-

118IOT B KonOHKY 
0 

HO TepMH'Ie CKHe BeiiTpOHbl KOllORKH np8KTH'I9CKB He JIOU8A8JOT o 6 p8THO 

9 



a peaxTop , TO f3 = 0, 11 ·y ~ = a •Y 1 =a 2 • 8 3TOM Cny'lae KOppellSIIIHOHH8!1 <jlyHKUH!I 

Hei!TpOHOB B peaKTOpe 6yae"' BMeTb 06bl'IBbiA Bl!a 

K 11 (t) = ( n + 
r A .-

1 1 

2a 

-altl 
) e (37) 

HO, HanpHMep, XOppell!IUHOHHa!l <jlyHKUH!I 

eCID< He BbinOJlHeHO yCJlOEIHe (26) : 

K 22 ( t) He MOJKeT 6biTb cae.o.ena x <jlopMe ( 37), 

K 22 ( t) r A,n , a~. 
2 

+ 

A2 

aa 2 (a 2 - a;) 

a 2 I •I 
n 

2 
e 

lae-a2 1tl 

4. TeopH!! Pocca u -sxcnepBMeHTa 

a 
2 

'e -altl l + 

(38) 

K ax H3BeCTHO, MeToa PoccH - a OCHOBb!BBeTC!I Ha Bbipa>KeHIIH aJlB BepO!ITHOCTH 

p ( t) dt perHCTp8UHB )leTeKTOpOM ( llOMemeHHbiM B peaKTOp} B HHT epaane d t OKOllO 

MOMeHTll t HeiiTpOHa npl! yCJlOBHH , 'ITO npe.QbiJlYIIIa !l perHCTpllUI!!I HeliTpOHB np01!3 011IJla 

141 1101 
B HHTepa ane dt 0 oxono MOMenTa t 0 =0 • B pa50Te TaKHM >Ke ad hoc 

'141 
CllOC060M KaK B Bh!B8Jl8HO Bb1palKeHHe 3 TOA BepO!ITHOCTII JlJl!l peaKTOpa C OTpaJKaTe-

neM. Ho aepo!ITHOCTb PoccH 

<jlyHKUHeli HeliTpOHOB/
7/ : 

- 3 I<CnepHMGHTa npOCTO CB!I:;l8HB C KOppell!IUIIOHHOli 

PI ( t) dt cl dt + 
' >. 
~!_K 11 (t)dt; i 

n I 
1, 2 • (39) 

TaKy~ BepO!!THOCTb MOlKHO paCCMaTpl!B8Tb II aJl!l Cny'la!l, KOraa Oai!H Jl8T8I<Top HB XOal!TC!I 

- / 7/ 
a peaxTope, a Apyrow - B oTpalKaTene : 

p ( t) dt = c, dt + ~ K ( t) dt 12 ii 12 
1 

(40) 

' A p 21 ( t) dt = c 1 dt + ~ K 2 1 (t)dt . 
n 2 

rae f - 3<jlq,GK TIIBHOCTb, 8 C 1 = f 1 >. 1 n 
1 

- CKOpOCTb C'I8T8 COOTB8 TCTBYIOlll8 rO .(lCTGKTOpa. 

P12 (t)dt - BGpO!!THOCTb TOrO, 'ITO JlCTCKTOpOM B OTpB>KBTene D IIHTepnane dt OKOJlO 

M 0 1.1C JIT8 perHcTpllpyeTCSI neiiTpon, npu ycnonHu , 'ITO a HnTepnane dt
0 

OKOIIO MOMelJ-

Ta t
0 

~ 0 y>Ke npoliaou1na 

cny'!ae (39) HMeeT aun 

perHCT])BUHSI n eiiTpona aeTeKTOpOM B peaxTope . 8 o6meM 

10 

,. 

... 

/ 

pI ( !} dt c 

a B npH6JlHlK81lHH (23), (24) , (2( 

rae 

llJlB 

r, < t) dt 

At 

.\I 

Bhrpalt<eHKSI A 
1 

, 

( r 
2AI 

a 

n 
2a. 

A 
2 

(4 

B TepMH'!ecxoi\ xonoHI<e 6w 

l >. 
p ( t) dt = c 2 dt + ' 2 2 

2a 

Hai<ouen:, .O.Jl!l o6h1'1HbiX TepMH'IeC 

rae •,. 
~.,. 

,\ I 

p 1 ( t)dt = ( 

? . ( t) dt 

Koppemm11onub1e <jlyHKIIHH 

M 0Tp8>K8Tellh 1 RMelOT cnenyKHUK 

k 1k ( t) = 



• e Koppen gnaoaaa g ~YHKUHH 

137) 

,rTb caeueaa K ~pMe (37), 

· -al tl I + 
, 2 e 

(38} 

lK8HHH llJIH a epOHTHOCTH 

Tepaane d t OKOJlO 

IUHH aefiTpoaa npoaaowna 

TBKHM ll<e ad hoc 

lJIH pea KTopa C OTp8lKBTe

l H8 C KOppe11HUII OHHOli 

1, 2 • 139 ) 

OllHH JleTe KT Op HBXOilHTCH 

140) 

'Be T CTBY IOUJ.ero neT e XTOp a. 

3 I<HTepaane 

man e d t 
0 

dt OK OJ10 

OKano MOMeu-

e peaxTope. 8 o5meM 

pI ( t) dt •C 
1 

dt + 
~y 1 t 

( e + 
P - ·r2 • 
~e ), 

p 
11 

(41) 

a B npH6J1H>KeBHH (23), 124), 125), aanpHMep, AJISI p 1 ( t)dt nonyqaeM ahrpalKeHJie 

rne 

111111 

p' ( t) dt 

.~I = 

.I 

- a tt -a/r (t) 
C 1 dt + < 1 A 1 ( e 2 + A 

2 
e ) 

2 
f ,\ 1 

A 2 

A 2 = 

r 
2aA 1 a 2 +a 2 

a 2 

a 

_:_,\ +a 
2 1 I 

A 
2 

( 44) cnpaaennwabl npa .uo6aao'IHOM ycnoaHH {3 << 1 • 

B TepMH'IeCKOil KonoaJ<e 6blCTporo peaKTOpa HMeeM 

2 

p 2 (t) dt c 2 dt +. 2 

I ,\ a a 
1 ~ ·~ e 

-a 
2 

t 

(a e - a 

-at 

) + • a 
-a ~ t 

e 

(42) 

(43) 

( 44) 

{45) 

HaJ<oaeu, .un<~ o6hi'!Hb!X TepMl<'18CKHX peaKTopoa l y cnoaae 126)) nonyqaeM awpall<e&He 

a 
12 

. 2 a! 
P

1
(t)dt = C

1
dt + <, __!~1 e-( •>t dt 

2ar 

? ( t) dt c 2 dt 

2 

·r >. 1 

( 2~ at2 e 

5. MoTon <llellaMaaa 

-(a/r)t 
dt 

(46) 

(47} 

KoppenrntHOHHbre 4ry HKIU!H k lk ( t) &eilTpOHHbJX U8T8KTOpOB, nOME:IIleRHbJX B peBKTOp 

H oTpa>KaTellh, HMe!OT cneay!OIUHi! aHJJ.
17 1 

(48 ) 

ll 



r.ne ll 1, - CHMBon Kpoae~epa, a ll(t) - .nenbTa-<I>YHt<IlH sr .llapaxa • .llMcnepcHH 'll!Cna OT-

C'IeTos COOTBGTCTBYJOIUHX .neTeKTOpOB 3a npOMelK)'TO!t speMeHH f'l t onpe.nenReTCSI 

~a~ p83 KOppen!lllliOHHblMII <f>yHKUIISIMII ( 48): 

• ~t t' 

0 .~. = 2f dt'fk .. (t) dt. 
0 0 

TO eCTb Bblp4lKeHHHMH 

r.ne 

0 I 1\t = c I t. t I 1 + < I I 0 lk ( 1 -
k = t.:.t 

c lk = 
2>, 1 Pik 

0
1 Y k 

1- e-y, .">t 
) I • 

Y, t. t 

B npM6nHJKeaan (29) a (30) swpaJKeHHSI (50) rrpHHHMaJOT san 

r.ne 

2 

0 1'\t 

l >.." 
c tlt l1+ <

1
0

1 
__ 1(1 

a' 

-cal •> \, 
1- e 

l I 
(a/ r ) .\t 

(! 
I 1; 0 2 3 

1 2 

6 . CneKTparrbHble niTOTHOCTll MO!UHOCTK 

(49) 

(50) 

(51) 

(52) 

(53) 

CnexTpallbH bre nrroTHOCTH "Dlll'IOCTil cooTne TCTB)'tO!UHX neT e KTopon norry 'la tOTCsr n pa 

x) 
ITOMOIUH <jlypb e -npeoopa30BBHHH KOppe iT SIU HOHI!biX <\JyHKUH li (48) , 

<l n l n,I > Del 2C 1 1l lk + <1 <,A
1
A, <I n

1 
n, I> (54) 

<I n 
1

n,l > 
lwt 

r dt e IKik (t) + Kkl(t) I (55) 

x) 
T eopeMa BHHepa-XHH'IHHa, 

12 

6 

r.ne w = 2m , a - q:aCT01 

Hbtll 6enbtll m y M, Ka~ sa.nao, 

HOI! nnOTHOCTll, flOIICTI.IBnRR <j>o: 

Bblp4 lKeHIISI .nnsr COOTBGTCTByiOm: 

6y.neT HMeTb BHJl 

<l n 1 I 
2 

> 

Ecna Bbtnonaeno ycno sae (21 

9 KCITOHeHUH8nbHblH BHII (27) , T 

'18CTII paBeHCTB8 (56) MOlKHO l 

<In 
1 

I 

HMeeT MeCTO TO/lbKO ITpH 

Tor.na rrpasasr '!aCTb (57) conn 

<i>YHKITIIH (27). 

Eonee YllOOHO paCCMOTpe· 

B OT!TH'IHOM OT (56) BHAe, HC 

B8.Hlle (55) llpSIMO l< ypaBHeHII~ 

nnOTHOCTCft: 

< 

<ln 1 n
2

(> 

r'llC 

ll 
1 a I ~ 



H nap8K8, nacnepCBH 'IHCna OT-

9MBHH !J. t onpenenBeTCSI 

(49) 

(50} 

(51) 

' BKn 

-(a/ ,, \t 
(52) 

l I 
\t 

(53) 

\lfO tllHOCTH 

HX llBTBKTOpOB nony'IBIOTC SI !IpH 

(48)x) . 

(54) 

) l {55) 

rne w = 21Tf , a - '18CTOT8 B repuax. nepBblli q neH H8 IIp8BOli CTOpOH8 (54) - o6bi'I-

Bhili 6enwli myM. KaJt sanao, ero MOlKHO HCKniO'!UTb B3MBpBIIBBM B38HMHOli CllBKTp8nb-

HOlt !InOTBOCTHo !lOllCT8Bnl!R tj>opM811hHO Bblp8lKBHHll (15) B (35 ) B (55), 110ny'I8BM TO'!Hble 

awpa >KeBBB nnsr cooTseTcTayiOmax cneKTpanbawx nnOTsocTell . HanpHMep, <I n I 12 > 

6y~teT B M8Tb BHil 

(56) 

Ecn.H Bhmonaeao ycn o ase (26}, npH K OTOp OM K0ppen?.UBOHH8H ~YHKIIHSI K I! HMeeT 

9 KC!IOH8HUB8nbHhl ii BH.Il ( 27) , TO OTCIOU8 eme He CneayeT, 'ITO nepBbi M qneHOM B npaaoil 

'18CT ll p8B8RCT B8 (56) MOlKIIO rrpe!Ie6pe'lb; !IpH6nHlK8 liH08 tJOB8HCTBO 

HM88T M8CTO TOnbKO !IpH 

2 

<I n I I > 

a >> a 

w 

Torna rrp a aaH 'IBCTb (57) c o u naaaeT c ~ypbe--npeo6paaoaaaHe M (55) Koppenszuaoaaoii 

!jlyHKUHII (27), 

(57) 

(58) 

E onee yao6 no pacCMOTpeTb TO•!Hee Bbipa>KeHHll an11 c neKTpan h HLIX nnoTHOCTeii (55 ) 

13 OTnH'!HO"' OT ( 56) BH!l8 , HB COl!BplK8lllBM KOpHeii y 
1 

, •Y 
2 

, n p HMB RSill ~yphe-npeo6paao

B8HH8 (55) rrp >TMO K ypa s ueHHHM {II) , ( 12), nony'!ae M c neny!Omuil san nnH cne KTpanhHh1X 

nnOTHOCTel!: 

<I n ~ I~> 

<In n 2 1> 

131 a
1 

1 
a - u 1 

1 + ( .':!._)" 
(~ 2 

B 1 +cu 2 L~ 

L 

13 

~ 
12

(r,;) 

B22 + (.? 1.~2 

I ' 

(A / A
2
);o

l -: ( .!::!...{ 
a~, 

(59) 

(60) 

(61) 



2 
1 + "' 

8
2 
=a~ a-a-;- L = 1+~ 1 -ala 

a I 1 + w2 2 (62) 
---;;-o 

a, 1 + 0)2 

I 
a" 

Belll<'<KHbl A 1 , A •• Bbl'IHCMIJOTCSI npH ITOMOJUH yp&BHeHlll\ (8) H HX peweHHll (19)- (21): 

2 

A 
1 

(w) = 4 (a~ + a 2 ,\211' 
2 ) B I -4L ~ (63} 

a 2 + w t a2+cu2 
2 2 

2 w 2 >. a 2 

A 12 (w) = 2(1' + a ,>.,.gr ) B -2L 12 I (64} 
w2+a2 2 2 a2+uJ2 

I I 

A 22 H A 2l nony'I&IOTCSI 113 A II H A 12 3HM9HOil HHA9KCOB 1 ~ 2 • nocne COOTBeT-

CTBYIOWHX ITOACTB IIOBOl< (63) npHHHMaeT BRA 

A II (w) 2n-
1 

A I ( f + 2 Q II (w ) ) 

(65) 

Q "(w) k/3 + 1- k -
{J 

2 
1 + {..!!!._) 

(59), (61), (62), (65) H (22) onpeuenHJOT 
a2 

"TO'EIHOe" BbipB.>K9HH9 CTI9KTpanbJ-IOA rrnOTHOCTU 

HBllTpOHOB B pe&KTOpe H OTp&lK&Tene. 

11a-aa HHnH'IliR .poua 6enoro wyMa {<jlopMyna (54)) cneKTp&JlbiiYJO nnoTHOCTb MOW

HOCTH HBB03MOlKHO H3M9pSITb npH npOH3BOJlbHO BbiCOKHX 'IBCTOTHX/
121

• 003TOMy OrpaHH-

'lfeiJ\19 'IBCTOT HepaseHCTDOM 

(~)· « 
a2 

(66) 

BO Ml!OPHX cny'IH SIX (o6bi'IHbl9 TepMH'IeCKIIe peHKTOp b1 ) 6yueT eCTeCTBeHHblM orpaHI!'IeHHeM. 

Torua Q 
11 

::; k/3 

CTOil BIIA: 

rue 

, H cneKTpanbH&H nnOTHOCTb MOWHOCTH <I n 1 2 > 
I 

<I n 1
2 

> = 
2f0 >. 

1
n

1 
I 

a2+f2w 2 

r = 1 + ~i I o = r + 2,3k 
>. 2 

npRHHMBeT npo-

(67) 

(68) 

Bblp&JKeaae (66) orpaHH'IeHo TOnbKO Tpe6oaaHHeM (66), H noaToMy oao 6onee o6wee, 

'IB M npH6nHlKBHH9 (57), npH KOTOpOM AOITlKHbl BbinOIT HSITbCSI yCi10911SI (58). !13 (67) cne-

AYBT, 'ITO KOppenSIUHSI He O'leHb 6nH3KHX ITO epeMeHH HBllTpOHOB B peaKTOpe OfiHCbiB&eTCR 

KOppen!lllHOHHOM <jlyH[[UHBll 

14 

K 

Torua aa paaeacTaa 

nony'l&eM BbrpaJKeHBe unSJ a• 

B pe&KTOpe: 

E* 

0TMeTHM 0 'ITO [[Oppen!lllHOH. 

JKe cpeAHHM BpeMBHBM lKH3. 

noll <jlynKllHH K 
11 

( t) (69): 

Opu fJ g 0 BMeeM r • 

Koa<jl<jlanueaT A22 (w) 

A 22 (w) 

Ka[[ BHAHO H3 (73) B (6~ 

AOCTBTO'IHO HH3KHX (HnH Bb 

B 'I&CTHOM cnyqae Te: 

ITJlOTHOCTb HeHTpOHOB B Tep 

< 

'<TO coenauaeT c BblpalKeHH 

BaaHMIIYIO cnelCTp&JlbH 

Jl!lllHOBHOll <jlyHKUHH K 12 ( t ) 

<In 1 n 
2
1 > " 

npH'IeM, eCnH KOpHH ·y
1 

H 

·y 

'} 



(62) 
a 2 

(8) u ux p e wenHl! (19)- (21): 

(63) 

(64) 

1 - 2 • flocne COOTBeT-

(65) 

d9 CIT9KTpSIIb HOfi nnOTHOCTU 

eKTp8UbHy!O HUOTH OCTb MOlli 

/12/ 
'OT8X • fl03TOMy Orpa HH-

(66) 

r e CTeCT B9H HbiM orp8HH'l9HH9M. 

<I n I 
2 

> 
1 

npHHHM8 9T npo-

(67) 

(68) 

I03TOMY ouo 6 onee o 6m e e , 

yc;1osHSJ (58). 11a (67) cne-

HOB B peaKTOpe 011HCbiB89TCR 

.~ 

TorAa ua paseuCTBB 

a 

r 0 A1n1 
e al• l•l 

2 a r 

A* {3 

ROHY'JAeM BblpBJKeHBe ABH acjxj>el<THBROrO BpeMeRll lKB3Rll e• 
a peaJ<Tope: 

(69) 

(70) 

MrHOBeHHblX a eliTpOROB 

(71) 

OTMeTBM, 'fTO KoppenHnuouaau ¢yRKnuu ueliTpoao s B peaJ<Tope 6ea OTpaJKaTenu c TeM 

JKe CpeaHHM spe•.<eBeM lKH3Rll MrBOB9BBb!X aeliTPOBOB f* npooopnBOB8HbB8 ICOppenRHBOB-

ROll <i>YHKilBB Kll(t) (69); 

K 
0 

(t) ; K ll (t ). (72) 

flpH {3 = 0 BMe eM r • 1. 

Koa<l><!>unueaT A~ 2 (w) BMeeT cneeyJOm•ll BRA: 

A 
22 

(w) 4n
2 

A
2

(1+Q
2 2

(w)) ) 
_..!:A A -' a 2 I 12 ",a,,._, 

a~ +w
2 

(73) 

KaK BHABO H3 (73) B (62), ynpomeHBe Bbtpa lKeRHR <In 
2
1 2 > B03MOJKHO TOn&I<O npB 

AOCTBTO'IHO HII3I<HX (HnH Bb!COI<HX) 'l8CTOT8X, 

B qacTnoM cny'<ae TepMB'IecKoil KononKB 6btCTporo peaKTOpa c A
21 

0 cneKTpanbnau 

RHOTHOCTb HeATpOHOB B TepMB'leCKOll XOnOBKe npHRHM89T BRA 

<In 1
2 

> "' 2 

·r a A
2 

t;a I + 2 ) ' 
a 2 +w2 

'ITO COBB8AB9T C Bblp8lKeHH9M, oony qeBHhi M B pa60Te/S / . 

(74) 

• BaaHMHy!O cne JCTpan&HyiO nnOTBOCT& <I o 
1 
n 

2
1 > yAo6uo nony'IHTb npu noMomu I<oppe

nRHHOBBol! <I>YHKHIIH K 1 2 ( t ) (35): 

<I n 
1 
n 

2
1 > = 2 I 'Y I ( qll +q 21~ ·Y ~ ( q 22 + q 12) 

·r:+w2 y22 + (L) 2 

n pH'leM, eCnH KOpHH ·Y l H •y 
2 

B3RTbl B BpBbnHJKeHHH (24), TOrAa 

~y 2 1-' + 

15 

n-, A 12 +n-2 A21 ·y2 

·Y, 

(75) 

( 76) 

(77) 



B a aKnX>'IeHHe OTMeTHM, qTo y'leT 3anaa.nbU3.GJOntHX aeATpOHOB BO scex BhiBe.neHHhiX 

BbllliG Bbtpa>KGHHSIX He npeACTBBJHIGT TpyAHOCTH, .QnSI STOrO Hy>KHO TOnhKO K npaBOll CTOpo

He ypaBHGHHSI (3) A 06BBHTh qnen
111

: 

I A (x - y ) ~-
•= 1 " 1 • aye (78) 

rae ;\ 
8 

- UOCTOSIHHBSI pacnaaa npeAU!GCTBeHHHKB 3Bna3Qb!Ba!OIJlHX neATpOHOB COpTa "e" 

B BMeCTO h B (4 ) UO~CTaBHTb npOH3BOASilllY IO $yHKI1H!O COBMeCTHOrO pacnpeueneHHSI 

MrHOBBHHbiX HBliTpOHOB AellGHHil H Rp9AW9CTBeHHHKOB 3dU63lt!.!Bil!OlliHX HeiiTpOHOB, UOS<Bnmo-

wnxc<I npa aeneaan ouHoro napa ropJOqero: 

h (X 0 Y ) E b( X 0 y , •••• y ) • 
1 e I 1 m 

(79) 

Ecnu npeunono>KHTb, 'ITO npH u eneHKB ouaoro napa ropJOqero acnycxaeTcSI He 6on&llle ou-

HOrO 3BUil3Ab!Bll!Olll9rO HeliTpOHa, T O npOH3BOASilllYIO ¢yJJKJlHIO h MO.>KHO 38flHC8:Tb B Bllll,e: 

(80) 

h(x 1 ,y.l 
1.1-l 

:£P(v)x, {(1-{:lv)x
1

+:£/3.v Y.l 

rue P(v) - aepo<ITHOCTb Toro, 'ITO nonaoe ~cno aeliTpOHOB aeneHHSI 6yueT paaao v 

Torua npll x 1 = y
1
= ••• = ym = l nonyqaeM 

iJh 

ax I 

(1 -p) v- .£.!!_ 
ay. 

2-
a h 
--

2 
= v (v - 1) (1- 2/3 ) 

a X I 

/3 v . 
a\ 

ax,ay. 

2-a h 

ay l a y n 

= 0 

v (v- 1) /3 • • 

(81) 

n pH UOMODlB (81) H3 ypllBBeHHSI (3) C y'leTOM (78) llOnyqaeM CllCTeMy ypaBHGHHll AnSI 

llGHTpBnhHblX MOMeHTOB BTOporo nopRQKa ll AnSI ltOppenSIIlHOHHbiX $yHIUlBll, a OTCIOQB H 

BCe BblpB>KBHHll1 Re06XOABMble AnSI ltOppenBIIROHRb!X B3MepeRRll, 
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