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BaeAenne 

B Aannoll pafloTe na ocnoae Teopnn TO'Ie'IHbiX cny'!allnb!X npoueccoa CTpoHTC!l 

Koppen!IIlHOnna!l TeOpH!I HellTpOnOB B !lAepnb!X peaKTopax. npn 9TOM OCHOBnbiMH ypaane

HHS!MH flyAyT COHpS!>Kannble ypaanenH!l EOnbUMana AHS! <jlynKUHH rpnna B CBCTeMa ypaane-

nnll AnSI 5nnapnb!X nnoTnocTell uenTpaHbnbiX MOMenToa BToporo nopS!AKa. Ennapnasr nnoT

nocTb KoppenS!Ilnn >Ke (nnoTnocTb Koppensrnnonnoll <jlynKunn) onpeAensreTcsr pemenn~n 

sTnx ypaanennll. TaKa!l <jlopMynnpoaKa Koppensrnnonnoll Teopnn nel!Tponoa AonycKae'l' npoc

Tyro nnTepnpeTaunro cTannonapnoro peaxTopa KaK AHHaMB'IeCxoll cncTeMbl (Konnennnsr 

nepeAaTO'!Holl <jlynKunn), oTKyAa cpaay cneAyeT TO'IHOe Bblpa>Kenne n <jlnan'leCKoe COAep

>Kanne cneKTpanbHOll HHOTHOCTH MOWHOCTH WyMOB <jlHKTHBHOI"O UCTO'IHHKa Ha BXOAe, Bbl3biBS

romero COflCTB9HHbla WYMbl peaKTOpa. <iaCTO'l'Ha51 3aBHCHMOCTb BXOAHOI"O myMa OKa3biBaeT

Cli O'leHb cnafloll, H C TO'IHOCTbiD AO cnaraeMOI"O nopS!AKa {3 ( {3 -AOHS! 3aHa3AbiBaiDWHX 

nel!Tponoa ) ero MO>KHO C'IHTaTb 5enb!M. TorAa nerKO nony'IHTb npocTpancTaenno-anepre

TH'IeCKyro 3aBIICHMOCTb flnnapnoll CHeKTpaHbnoll llHOTHOCTH MOIIlHOCTH, KOTOpasr Bblpa>KaeT

CS! TOJlbKO '!epea <jlY'HKHHIO rpnna ypaaneHHS! EonbaMaHa. nocKOJlbKY OTHOCIITenbHble <jlnyKTya-

HUH neliTpOHHOll llHOTHOCTH AS>Ke B KpHTH'IeCKOM peaKTOpe flyAyT aaanceTb OT npOCTpan-

C'l'BanHbiX KOOp-;nnaT, TO, B03MO>KH00 Ha STOM OCnoaaHHH MO>Kno flyAeT llp!IMO H3Mep51Tb 

neKOTOpbiO HpOCTpanCTBeHHble napaMeTpbl (AHHna ):IH<jl<jly311H0 B03paCT <jlepMH) peaKTOpa. 

¢>ynKu Hli rpnna ypaBHeHH!l EoHbnMana 

PaccMoTpiiM cna'lana paaMno>Kenlle MrnoaeH!fbiX nel!Tponoa a peaKTOpe flea OTpa-

>KaTen51, B KOTOpOM MaTepnanbHble CBOllCTBS He 3aBIICliT OT apeManll • ECHII AO neKOTo-

poro MOMenTa apeMenu B CHCTaMe He flbiHO nn OAHOI"O nel!Tpona, a B MOMeHT t 
0 

B TO'IKY r 0 pe:xTopa Hn>KeKTHpOBaHC!l OAHn nel!Tpon C sneprnell E 0 H nanpaanenneM 

CKopocTn no= 2L , To nyCTb n( u , t I u
0

, ·to)du flyAeT cpeAnHM 'IHCHOM nell-
Yo I 

TponoB B MOMenT t 1 > t 0 B aneMenTe 'ofl'beMa' du = dV dE dO OKOHO 'TO'IKII ' 

u = ( r, :E, n ) B03niiKWHX BCHOACTBIIO nponecca pa3MnO>Kenll!l0 pOAOna'laHbnHKOM 
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KoToporo ohtn HH:>KeKTHpyeMhlll nellTpon, 4>yHIUUill nnOTHOCTH n ( n, t 1 I .n 0 , t 0 ) fiylleT 

saBIIC9Tb TO!IbKO OT pasnOCTII t = t 1- t o • B ll8!IbHellweM ooosaa'!IIM ee 'lepes 

n( u,t
1

l.n0 ,t 0 ) =G(n,uo;t ), (1) 

<l>yHKitHJO G ( u, Uo; t ) Mbl DYll9M H83biBaTb ojJynxnuell rpuna ypaaneHHS! Bom.nMana. 

Oaa ynonneTBOpSieT OTHOCHTenbHO U OllHOpOJlHOMY neCTSitHOHapHOMY ypaaneHHto Bon&n-

MS.Ha, a OTllOCIITenbHO Uo COOTBeTCTBYJOIIleMy CO!IpS!lK9HHOMY ypanHeHHto: 

A CJG 

at 
( u, · U 0 ; t ) = T ( U) G ( u, U 0 ; t ) ; 

a a "+ 
-- ( u, u0 ; t ) = T ( U ) G ( u, U 0 ; t ) • 
at 

KpoMe Taro, ana yAonneTnopSI9T cnenyromaM na'!an&HbiM n xpaenwM ycnonnnM: 

lim G ( u, u 
0

; t ) = a ( u - u 0 ) ; 

t-+ +" 0 

lim G ( u, u
0

; t)=·O 

r 0 -+ r 

lim G(u,u 0 ;t)=0 

r -+ r . 

npn 

npn 

( n
8

n 0 )> 0 

( n • n ) < 0, .. 

(2) 

(3) 

rne r. - panllyc-neKTop TO'IKH na nwnyxnon nonepxnocTn, oxnaThlnaromell necb oo'beM 
A+ 

peaxTopa, a n - ennnH'IHbill nexTop nnemaell nopMann n STOll TO'!Ke. T (u) - onepaTop, . ~ 

CO!IpS!lK9HHblll K onepaTOpy T (u) , KOTOphlll B paCCMSTpHBaeMOll 3a)la'le 11M99T Bllll: 

rne 

T (u) f(u) = I-n v(E) V r- v(E)! (r, :.E >I f(u) + 

+:f dE'· f dfl'.v(E') !.( r, E') f( r,:E',-n'-) :•> ( r,:·E',-n'4 E, n )+ 

+:fdE' f!Hl' v(:E') !
1
(r,:E')f(r,E',n')! vPv(r,:-E'-,n'4'E,n), 

v 

(4) 

P ( 'E' 'I·E ) l f d· ' fd lV) (I) ( ' 1 " .. (II))· - ('E ) r, .· ·, n 1 . , n = - s · •••• s p r, s 1 s, s ·,· ·•••· s , s = . , n , ( ) v v! · v · 5 
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l 
t: 
I 

1 
,I 

lj 

-~-

3necb :t: n }; 1 - MaKpocKonn'leCKne ce'!eHnSI pacceSIHHSI 11 neneHHSI, ! - ·nonnoe . (~ . -
ce'!eHite: ! =! • + ! 1 + ! • , a P ( r, :E, n I E',- n '.l nnoTHOCTb ycnonnoi\ nepoSITHOCTII 

'TOrO, 'ITO HeHTpOH B pe3y!IbTaTe paCCeSIHHS! B ~O'IKe ll3MeHSieT CBOIO SHeprnto 'E 

n nanpannenne cxopocTn n Ha E' II n' 

fd:E' fdn'~"'cr,E,n IE'-,n'),.. 1· (6) 

¢lyHKUIIH 
(f) . . , , - , "· .. (JJ) (JI) ) -

p ( r, .·E, n I .E ·, n ·; .E ·; n ., •••. E • n npencTaanSitoT coooH nnoTnocTn ycnon-v 

nwx neposTHOCTeil Taro, 'ITO B pesy!IbTaTe neneHHH S!Jlpa, nponsaeneaaoro B TO'!Ke 

aellTpoHoM c sneprnell E n HanpannenneM CKopocTn n , oopasyeTCS! V HellTpo-

HOB c sneprns.:m E', "E'~, ·····E(Y) n nanpanneHHSIMH 
.. , , - (II) -

CKOpOCT9H n ,. · n, ····• n 

! 
v v! 

f ds'· ... f ds<v> P<O ( r, sl S:· 
v 

, (V) 
s .,. .. ;.·s ) = ].. (7) 

Conpm:·ennoe ypannenne n (2) nnSI ycnonnoll cpennell nnOTHOCTH HeliTpOHOB G ( u, n
0

; t) 

cne)lyeT 113 oopaTHoro oooomeHHOro ypanHeHHH KonMoropona-4>ennepa JlliH nponecca 

paSMHOlKeHHH nel1Tponon
11 1

, n TO npeMSI xaK nepnoe ypannenne n (2) MOJKeT ohiTb BbiBe-

neno nenocpencTnenno, · n CMbtcne npHMoro ypannennSI KonMoropona-<t>ennepa, ecnn pas

MHOlKeHHe HeilTpOHOB paCCMOTpeTb KaK CTOXaCTH'!eCKHil TO'Ie'!Hb!H 

ypanHennSI. nnSI nnoTHOCTeil nponsneneHnll
131

• Torna G ( u, u 0 ; ·t) 

nnoTHOCTbto nponsnenennSI nepnoro. nopS!JlKa, 11 BbipaJKeHne 

G(u, u
0

; t) du 

fiyneT nepOHTHOCTbto TOrO, 'ITO B MOM9HT n nnTepnane d u 

/2/ 
npouecc II BbiBeCTH 

oyneT ycnOBHOil 

HaXOJliiTCS! OJliiH 

H9HTpOH1 !Ipii yC!IOB\111 1 'ITO B MOM9HT t = 0 B 'nycTyto' CIICTeMy HHlK9KTHpOnancH 

onnn nell-x;pon c napaMeTpOM Uo =(ro, ·Eo, no>•Hs ypann'ennll (2) cpasy cnenyeT: 

+ 

G (u, u 0 ; t) = G(u 00 u; -t), 

+ 
rne conpHlKeHHaH ~YHKUHSI G (u, uo ;t) ynonneTnopSieT ypanneHHHM 

a G + 
at(u,~;t) 

+ 
T (u) G (u, U 0 ; t ) ; 

a G+ "+ + 
at ( u, Uo; t ) =- T ( u ) G ( u, u0 ; t 

II. CO!IpSilKeHHbiM ycnoBIIHM 
+ 

lim G ( u, u 0 ; t ) = a ( u - U 0 ) ; 

t-+-0 

5 

(8) 

(9) 

( 10) 



lim G + ( u, u0 ; t ) = 0 

r .. r 
" 

lim 
+ 

G ( u, Uo ; t ) = 0 

- ro--+ r s 
<l>1t3H'leCKIIil CMbiCll COllpli>KeHnOJI cjJynKUHH 

npn 

npn 
+ 

( n •• n ) > 0 

(u
5
.n0 )<0, 

G ( u, u0 ;t) cnenyeT na (8) H (10), 

npn llOMOIUH <jlyuKUHH fpnna G(u, uo; t MOlKno nocTpOHTh pemennll neonnopon-

nero ypanneHHS! BonhnMaH/l np!I nro5oM na'lanhHOM pacnpenenennn neliTponon, Ecnn, na-

npHMep, R ( u 0) du 0 

HllXOlli!TCll nel!TpOH 

- BepOSITHOCTb Tore, 'ITO B MOMeiiT t = 0 B nnTepnane du 0 

( R ( u
0

) - llllOTROCTb Ha'lanhROrO pacnpeneneHHH), .TO llllOTnOCTb 

Hei1TPOIIOB B MOMenT 5yneT HMeTb BHA 

n 
1 

( u, t ) = f.d u 0 R ( u 0 ) G ( u , u o; t ) • (11) 

KaK OhtnO OTMe'leno B 
141

, BbtpalKenne 

J ( U 01 t = f d u G ( u, u 0 ; t (12) 

5 - y /5/ npellCTaBllli&T CO Oll BB91l911Hy!O C/l'l&BblM uenHOCTb HHlK&KTllpyeMOrO HeiiTPOna, 

Ha (11) n (12) npS!MO cnenyeT, 'ITO cpennllll nnoTHOCTh neliTpouon (11) ynonneTBOplleT 

ofiht'IHOMY ypanneanro BonhnMana (oTnocnTenhno u ), a uennocTh (12) - conpl!lKenno-

MY ypannennro BonbnMaiia ( OTnocnTenhHO u 0 ) • 

KaK fiyneT BHAHO B .[lanhHellweM, KOppellliUHOHHy!O TeOpH!O neJITpOHOB B CTaUHOHilpHOM 

peaKTOpe MOlKHO cnecTn K aaua'le onpenenennn <jlynKunn fpnna G(u,u 0;t) 

Mbl fiyllOM HCllOllb30BaTb llpeofipa30B/lHHYIO cjJyHKUHIO 

-l<Llt 
G ( u, u 

0
; "' ) = f d t e G ( u, u 0 ; t ) , 

0 

npHMbie ypaBHeHIIH llllH KOTOpOJI IIMe!OT B:lll 

[ j "' T ( U)] G ( u, u 0 ; <Ll ) ·= <'l( U - Uo); · 

[- j w - T (u)] G* ( u, u
0

; w ) = o( u - u 0 ), 

a TaKJKe <jlyHKU!f!O 

F(u 1 ,u 2 ;u'1 u'~;-t)= fdw G (u 2 ,u'~;"' ):G*(u
1
,u'·;w). 

_ .. lilT 

• HnlKe 

(13) 

(14) 

(15) 

(16) 

npu t>O HHTerpan (16) onpenenneTCH nonrocaMH onnoil ¢yHKUHH G ( u 2, u'~.; w 

11 fiyneT ofioaua'len 'lepea F+ • Torna F_ fiyneT o5oana'laTb HHTerpan (16) npn t.<O, 

KOrna BKllllll All!OT TOllbKO llOll!OCa ¢yHKUHH G* (u .. u'-,cu). 

6 

•f 

J 
' 

.. , 
~ ..... __ 

HaKoneu, pacCMOTPHM paanoJKenue ¢ynKUlln fpnna G ( u, u0 ; t) no coficTneHHbiM 
A 

¢yHKUHHM onepaTopa T ( u) : 

"· 
.T ( u ) <;\ ( u ) =- >. k 't ( u ) • 

Ha ypanneunil (2) cpaay cnenyeT, 'ITO TaKoe paanoJKenne nonJKno HMeTb 

rne 

+ ·\t 
G ( u, u ; t) = :£ A ¢ ( u 0 ) ¢ ( u ) e , 

0 k k k k 

¢ + (u)- coficTnennhle <jlynKnun conpniKennoro onepaTopa T+ ( u): 
k 

"'·+ + + 
T (u)¢k(u)=->.k¢k(u), 

a Ak - uopMupono'!Hhiil Koa<jJ.puunenT: 

. nnn <jlyHKUifll 

fJi' 
k 

G ( u , u
0

; "' ) 

G, ( u, u
0 

; "' ) = ~ 
k 

fdu ¢+(u 
k 

Y (u). 
k 

(13) HMeeM: 

+ 
Ak ¢k (uo) •;\(u) 

>.k+ j w 

0Tcrona cnenyeT paano>Kenue <jlynKnnu F ( u f u 2; u ', u",. t) : 

·F+( u
1

, u
2

; u'1 u'~i t) =:£ -~ 
- I k 

X l 

->.It 
e ; t > 0 

>.k. 
e t .< 0 

A A .!,+ ( u') ¢k (•u 
1

) ¢~ ( u'~~ x 1 k rk 

\ + >. k 

BHll 

npennonaraeTCSI, 'ITO COflCTBeHHbte ¢YHKUIIII (17) If (19) YllOBlleTBOpSI!OT npaBIInhHbiM 

ycnOBHSIM Ha llOBepXHOCTII peaKTOpa, 

2. BnaapaaSI nnOTHOCTb uenTpanbHbiX MOMeHTOB nToporo nopS!nKa 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

npH paCCMOTpeHIIH TO'le'!Hl>IX cnyqailHh!X npOUeCCOB, KOr.[la 'llfCllO nefiTPOHOB pacnpe

neneuo Ha Henpepb!BHOM MHOlKeCTBe COCTOllllllil1 YllOflHO BBeCTH TaK Ua3LIBaeMbie llllOTHQ

CTH npOH3Beneuuil/
2
/, nyCTb N ( r, E, n, t) - 'IIICllO HellTpOHOD B MOMei!T t B He-

KOTopoil o5'beMHOil qaCTII r < V r peaKTopa, aneprnu KOTOpbtX MeHhwe aneprnu E II 

BCKTOpa HanpanneHUSI CKOpOCTeil KOTOpb!X nelKaT BHyTpll KOHyca · n OKOllO e.[liiHII'liiOro 

BCKTOpa D nnOTHOCTb llpOI13Be.[leHIIS! nepnoro llOPSillKa onpenenena Cnenyroru!IM 

ofipaaoM: 
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n 1 ( u, t) du- = !.1 I d N ( u," t) I , (23) 

rAe M I - onepaUHR MllTGMllTH'ieCKOrO O:IKHAllHHR, a ycpeAHeHBe npOH3BOAUTCR. no Be-

pOSITHOCTHM TOrO, 'iTO B- peaKTOpe B MOMeHT t HllXOABTCR AllHHOe KOIIll'ieCTBO HeiiTpo-

HOB, pacnpeAelleHHOe K TOMY .:IKe onpeAe119HHbiM Ofipll30M no TO'iKllM U = ( r, :E, D ) • 

Bbtpa:>KeRUe (23) HMeeT C:Mbl<;;n: BepOSITROCTH TOro, 'iTO B BHTepBane d U B MOMeHT 

HllXOAHTCR OAHH ReiiTpOH. J.iRTerpan BbtpaiKeHHSI (23) IIO ReKOTOpOMy KOHe'iROMy 'otheMY' 

6u 

!.II 6 N ( u, t )_ I = { du n 
1 

( u, t) 

6u 

.naeT cpe.nnee 'il!Cno neiiTpOHOB B oo'beMe .1u B MOMeHT • nnOTHOCTb 

yaoaneTBopneT ofibt'iHOMY ypaBnimniD BonbnMana. '4Toohl nony'lnTb ancnepcuro 

(24) 

n ( u, t) 
I 

'iHCIIa neil-

TponoB B oo'beMe 6 u B MOMenT ,_ neooxoanMo BBeCTH nnOTHOCTb nponaBelleHBSI 

BToporo nopnaKa: 

n
2
(u 1 u 2t )du 1 du 2 =~1ldN (u 1,t· )dN (u 2,t)l. (25) 

Ecnn nuTepBllllbi du 1 H -d U 2 He nepeKpblBlllOTCR1 TO (25) Jn .• eeT CMbiCII BepOSITHOCTH 

Taro, l:I'.1'0 B MOM9HT OllllH HefiTpOH HllXOAHTCB B UHTepaane 

TepBane d u2 • npu u I u. Bblpa>Kenue (~5) npnHHMllOT aua: 

du 
1 

Ml[dN(u 1,t )12 1 =M ldN(u
1
,t)l =n

1
(u,t )du 1• 

, a apyroll - B uu-

noeTOMY BTOpOii MOMeHT pacnpeAelleHIIH 'lllCIIa neiiTpOHOB B Ofi'beMe 6u fiyAeT 

2 
M I [ 6 N ( u, t ) 1 I = f du 

1 
nl u

1
, t) +J duJ du2 n2 ( u1, u2 , t), 

6u ~u ~u 

a aucnepCHR 'lllCIIa HeiiTpOHOB B 3TOM Ofi'beMe 3llHI!WeTCR B BHAe 

u 2
( !1 u) = M I [ 6 N ( u, t )]

2 1 - [ M 1!1 N ( u, t) I 1
2 

= 

2 
={ du1 fdu

2 
u ( u 1, u

2
, t ), 

L\ u Au 

(26) 

rae 
·u 2 (u

1
,u2,t) =n

1
(u 1,t )8(u 1-u 2)+•~(u't u1 t), 

(27) 

•!- ( u 
1

, u 
2

, t) = n 
2
_ ( u 

1
, u 

2
; _ t )_ - n 

1 
( u 1 , t) _n 1 ( u 2 , t ) • 

8 

---

Bb!pa:IKeHile u 2 ( u
1

, u 21 t ) Mb1 fiyAOM Ha3biBaTb fiHHllpHOii niiOTHOCTblO UOHTpllllbHblX 

MOM9HTOB BTOpOrO nopSUlKll Hill! !IpOCTO .nnOTHOCTblO AHCnepCHH. <PleBHAH01 Bblpa:IKeHHe 

<J ( U I 1 U 2.1 t ) d U 
1 

d U 
2 

UMOeT CMbiCII B9pOSITHOCTB TOro, 'iTO B HHTepBllllllX d U 1 B d U 2 naXOABTCSI no OAHOMY 

neiiTpony, ;pn'ieM ofia nellTpona Apyr c apyroM xoppennpoBanhl. TaxnM :IKe ofipaaoM MO:IK

HO BBeCTB nnOTHOCTB npOH3BOAOHUii fionee BbiCOKUX nopSUlltOB1 ypaBHeHUSI AilS! KOTOpbiX 
' / 

Bb!BOABTCSI npS!MO B CMhlcne npSIMoro ofio6mennoro ypaBnemm KonMoropoBa-ct>ennepa. 
. /3/ 

.UnSI pa3MHO:IKOHUSI MrHOBOHHhiX nei!TpOHOB OHU npUB9A9Bhl B pafiOTe • B paMXaX KOppe-

IIRnUOHBOll TeOpUU AOCTaTO'iBO onpeAOIIUTb niiOTHOCTH npOH3B9AOHBil nepBbiX ABYX UOPSUlKOBe 

npn STOM niiOTHOCTb nepBoro nopS!AKa , D
1
( n, t) YAOBII9TBOpS19T Ofibi'IHOMY ypllBHeHUIO 

BollhnNana : 

~(u,t) 
at 

T ( u ) n 
1
( u, t ) + · S ( u, t ) , (28) 

rae ·s ( u, t) - nnOTHOCTb HCTO'IHBKa HeliTpOHOB 1 a lliiSI finnapnoii nnOTHOCTB <J ( u P 1 u
2

, t) 

nonyqaeTCSI ypa~nenne 

~(u 1,~2,t)-[ T(u )+:T(u.)]<J(u
1
,u

2
,t) 

8 t 1 • 

=N (u ;u
1
,u

2
)n

1
(u,t), 

rae 

N ( u ; u I , u 2 ) n 1 ( u, t) 

f II E f d n { d v v (E) :t I ( r, E ) n ( u, t) :t .... ( .... -1) X 
1 .... 

x P,...(ul s
1
,s

2
) 8(r -1

1
)8( r -r~. 

BepOSITHOCTU P v B (30) onpeAenenhl cneayromuM ofipaaoM: 

1 
p (u,l s1,s2) =;I .... f d ,, f d(J.') (f)( I ,, (V)) s ··~ s p u s

1
, s

2
,·s ·-; .... ::s , 

.... 

(I) 

(29) 

(30) 

(31) 

rAe s =(E, n ); ds= dE dO , a BepOSITHOCTH P,... onpeaenenbt B (7), KpaeBbte ycno-

BUS! AIIR ¢yHKUUU <J(u1 , u
2
,t) npH r 1.... r a • ' r 2 ... r a ananorn'!Hbl KpaeBbiM ycnoauSIM 

AilS! n 
1 
( u, t) • B AllljlbHOiilllOM HaC fiyAeT UHTepeCOBllTb TonbKO CTailUOHilpHoe ypllBHe~e 

{29L, pewenne KOToporo MO:IKHO paano:IKBTb no cooCTBennbiM cjlynKUBI'IM onepaTopoa T (u I 
blk 

u T ( u2): ~ ( u1' u2) = :t :t 
I It •\ + >." 

¢1(u1)¢k(u2), 
{32) 

a 



rAe 

b = 
lk 

+ + 
J d u 1 J d u 

2 
¢

1 
( u 

1
) cpk ( u

2
) N ( u ; u 

1
, u ;) n 

1
( u 

+ J du 1 ¢
1
(u) 'i\(u 1) 

+ 
Jdu ¢ (u) ¢(u 2) 

2 k 2 k • 

(33) 

3. Enaapaag nnoTHOCTb xoppenllUHB 

TaKHM ~e ,ol5pa30M KSK Ob!IIS BBeAeHa IIIIOTHO~Tb UpOH3BeAeHHS! BTOporo IIOpllAK8 (25), 

MO~HO BBeCTII BepOllTHOCTb TOrO, 'iTO B MOMeHT 

OUHH HeiiTpOH, B TO BpeMll KSK B MOMeHT t ~ t I 

t 1 B HHTepaane du 1 HaXOAHTCH 

B HHTepaane d U 
2 

TSK~e H8XOAHT-

est aeiiTpoa: n
2

( u
1

, t 1; u
2

, t
2

) du
1 

du 
2 

npeACTSBHTb B BRAe: 

O'ieBHAHO, 'iTO TSKYIO nepollTHOCTb Mo~o 

n
2
(u

1
, t

1
; u

2
, t

2
) du

1
du 2 = 

(34) 

=Jn 2 ( u1 , u'; t 1 ) du 1du' G(u
2

, u'; t2 t 
1
) du 

2
, 

rAe n 
2
( u

1
, u';. t

1
) IIIIOTHOCTb IlpOH3BeAeHHS! BTOpOrO IIOpHAK8 (25), 8 cpyHKUHS! fpHHS 

G ( u
2

, u'-; t
2
- t 

1 
) HMeeT CMbiCII IIIIOTHOCTH IlpOH3BeAeHI!IS! nepaoro IIOpHAKS. Ha OCHOBe 

onpeAeiieHHH ( 34) Mo~ao BBeCTH 6naapay10 nnoTHOCTb xoppensrunn, onpeAeneaeyiO cneAytO

mnM 00p830M: 

k+(u
1
,t

1
;u 2,tJ=fdu'-u·2(u't·u'1 t

1
)G (u

2
,u'; t 2 t

1
), 

(35) 

rAe na-aa nepBOrO CBOfiCTBS (3) cpyHKIIHH fpHH8: HMeeM: 
I 

k+( u
1
, t 

1
; u

2
, t 

1
) =u-2

( u 
1
; u

2
, t 

1
). (36) 

Bbipa~eane 

k._( u 1, t 1; u 2 , •tJ du
2 

du 1 

HMeeT CMbiCII BepOHTHOCTH TOro. 'iTO B MOMeHTbl t 1 n t 2> t 1 B nHTepnanax du 
1 

n du 
2 

HaXOAHTCll'no OAHOMY aeiiTpoey, KOTopble Me~AY col5oii ttoppennponaHbl. O'ieBHAHO, ecnn 

C'iHTSTb t 2 < t I 1 TO OHHapeyiO IIIIOTHOCTb KOppeiiHUHH HeOOXOUHMO 38IIIIC8Tb B BHUe: 

k_( u
1

, ·t
1
; u2, t,)=Jdu'u-2

( u 2, u'-; tJG ( u
1

, u'-; t
1
- t J; (37) 

2 • 
k _( u 1 , t 2 , u2' · t 

2
) = u ( u 

2
, u

1 
, t

2
). (38) 

10 

·, 

. 

TaKBM ol5.paaoM, 15Baapaag nnOTHOCTb xoppenl!IIBB HL!eeT BBA 

k+(u 1,t 1;u 2,tJ; t2~ t 1 

K ( u
1 

, u 
2

; t 
1

, t J = (39) 

k_(u
1
,t1 ;u

2
,tJ; t2."S_ t 1. 

Ha Bhlpa~eHHfi (35} H (37) CIIeAyeT1 'iTO B cnyqae CTSIIHOHSpHhlX CHCTeM1 KOrAa IIIIOTHo-
x) , 

CTH IlpOH3BeAeHHii BCeX IIOpl!QKOB He 38BBCllT OT BpeMeHB 1 OBH8pH8ll IIIIOTHOCTb KOppen!!-

IIHH 38BHCIIT TOIIbKO OT p83HOCTH t=·t 2- t 1 

KoppenHUnH cneuyeT caoiicTBo CHMMeTpnn: 

• Ha caMoro onpeAeneanl! nnOTHOCTB 

K(u1 ,u 2 ;t2,t 1
) =K(u 2,u 1;tvt1 

HIIH, B CTSIIHOHapHOM cnyqae: 

K ( u 
1

, u2, ~t) = K ( u 
2

, u 
1

; t ) • 

HaTerpan 

K L\u ( t 1 , t J = J du 1 J do 2 K ( u 
1

, u 
2

; t
1

, ·t 
2
) 

L\u L\u 

npeACTSBIIHeT COOOIO KoppeiiHUHOHHYIO cpyHKUBIO aeiiTpOHOB B OO'beMe L\ U 

ll<eane 

2 
uL\t ( L\u) 

t'' t" 

t' 

J d t J dt K L\ ( t 
1 

, t
2 

) 
1 , 2 u 

I 

(40) 

(41} 

1 TSK 'iTO Bblpa-

(42) 

ABeT AHCnepCHIO 'iHCIIa HeiiTpOHOB B OO'beMe L\ U HCIIyCKSeMbiX B HHTepaane L\ t = t"- t' 
" 

Tax KaK onepaTop T(u) nnaeiiHbifi, TO na npeACTaaneHBH (35) B (37) cpaay cneAyeT, 

'iTO OHHSpH8S! IIIIOTHOCTb KOppeiil!IIHH YAOBIIeTBOpHeT TSKHM ~e ypaBHeHHHM, KSK H cpyHKIIHll 

fpnaa G 

x) 

ak + 

at 2 

( u 1, t 1; u 2' t2) 

ak_ (ul, tl;u2,·t2) 

a tl 

T (u 2)k+~u 1 ,t 1 ;u 2,t 2); 
(43) 

.. 
T (u

1
) k_{u

1
,t

1
;u1 tJ. 

3To 15yueT onpeuenoane CTaunoaapaocTH B )GKOM CMb1Cne. B mnpottoM CMbiCne 

CTSIIHOHapHOCTb OIIpeuenlleTCH He38BHCUMOCTb10 OT BpeMeHB IIIIOTHOCTell IIPOII3BeUeHHii 

nepBbiX unyx nopHAKOB. 
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Ha'lallbHhie ycnoann aa.ttaHbl a (36)- (38), a xpaeBbie ycnoann coana.ttaiOT c xpaeabiMH 

ycnoaHSIMH .ttnn u-2 
( u 1, u 2 ) • B 

161 
6hlno noxaaano, 'ITO ypanneann (43) cne.ttyroT 

H3 o6mnx CaoacTB IIPOH3BO.!!Hmero ¢yHKnHOHana .ttnH COBMeCTHOrO pacnpe.tteneHHSI HeaTpo-

HOB a .ttaa nocne.ttoaaTellbHhiX MOMenTa apeMeHn. TaxnM o6paaoM, xoppennnun neaTponoa 

B peaKTOpe nonHOCTbiO OllHCbiB89TCSI ypaBH9HHSIMH (2),(29) H (43). 

4. Ennapnan cneKTpallbnan nnoTIIOCTb MomnocTn 

' 
B cTannonapHhiX CHCTeMax BSlKIIYIO pon& nrpaeT cnexTpan&nan nnoTnocT& MomnocTn 

~yxTyanna neaTponoa a o6~eMe 6u • llo TeopeMe Bnnepa-Xnn'lnHa oHa onpe.ttenneT-

CSI <1Jyp&e-npeo6p830B8liH9M KOppenS!nHOIIHOa ~HKllHH (41): 

2 oo •JCO t 

< I .t. N ( u, cu) I : > = 2 f dt e • Kf.u(t)= 

=f du
1

f .du 2 <n (u
1
,cu )n(u 2,cu )>. 

f>u f>u (42') 

Benn'lnny 

< n ( u 
1 

, cu ) n ( u 
2

, cu • ) > = < u;, u 
2 
> 

•ICU t 
= 2 f dt e K ( u 

1
, u

2
; t ) (43') 

12 

/ 

~ 

~ ,, 

! 
L 
.l ,} 

_, _'\ 
'1 . ;i 
') 

\
-~ 

I 

·) 

/ 

Mb1 6y.tteM H83b!B8Tb 6HH8pHoa cneKTp81IbHOA nnoTHOCTbiO MOmHOCTHe H3 CBOfiCTB8 (41) 

6nnapnoa nnoTnocTn xoppennunn cne.ttyeT: 
/ 

.< ut,u2> =.< u2,ul> *' (44) 

r.tte 3Be3.ttO'IKa o6oanaqaeT KOMttnexcnyro COIIP~eHHOCT&. B o6meM cnyqae 6nnapnan 

cne":K~n&Han nnOTHOCTb - KOMnnexcnan aenn'lnna. Ona 6y.tteT aemecTnennoa npn u
1 

= u _. 

·Ha npe.ttcTaBJiennn (35) 11 (37) ~ne.ttyeT:' 

.<u
1
,u 2 >,= 2 fdu' { u2(u

1
,u') G (u

2
,·u'·; cu.)+ (45) 

+ u 2 
( u 

2
, u') G * ( u 

1 
, u'-; cu) I , 

r.tte <!Jynxnnn G(u 20 u., cu) OIIPenenena a (ls), (14). llpn noMOI:lH (27) n (14) Bhipa:>Ke-
- J 

nne ( 45) MO:>KHO aanncaT& B ¢opMe: 

r.tte 

<u
1
,u 2 >=2ln

1
(u

1
)G(u

2
,u

1
;cu)+ 

. A •1 "·•·1 
+ n 

1 
( u 

2
) G* ( u

1
, u 

2
; cu ) I+ 2 I L 

2 
+ L 1 I <ll ( u 

2
, u

1
) , 

L2 = i cu 

L* =- j cu 
I 

T (u 2); 

"· 
T ( u

1
). · 

PaCCMOTpHM BTOpyro CK06Ky B (46). Ee MO:>KHO 38llHC8Tb B BHne: 

•I 
I L* L* 

I I 

.. A A 
•I •I •I 

L
2 

+L
2 

L
2

Li l<ll(u2,u
1
) 

"· •1 A._J A "· 

= L *, L 2 I - [ T ( u I) + T ( u 2) l <ll ( u ,. u 2) I 

',. 
=fdu' fdu" G(u

2
,u";-cu).G*(u

1
",u', cu )N (u;u',u'q:n

1
(u). 

(46) 

<t7) 

(48) 

'TaxuM o6pa3oM, 6nnapnyro cnexTpallbnyro nnoTHOCTb MomnocTn co6CTBeHHbiX myMOB peax

Topa MOlKHO Bblpa3UTb '1epe3 <!JyHKllUIO rpuna G ( U I 1 U 2; t ) 

.<u
1
,u2 >= 21 n

1
(u

1
)G (u

2
,u

1
; cu) +n

1
(u 2)G* (u 1,u 2;cu) I+ 

{49) 
+ 2 f du' fdu" N ( u ; u',- u'!) n 

1
(u ) G ( u

2
, u";-cu) G*{ u 

1
, u';- cu); 

n 1( u ) = fdu' f dt G ( u, u';- t) S (u'-). · {50) 
0 
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llpn noMomn o6paTaoro npeo6pa3oBaann ¢7pbe (42} Bhlpa~eans (49) Mo~ao nony~nTb 
6nnapay~ nnOTHOCTb xoppen~nn 

k+( u1, u~; t ) = n 1(u1 ).G ( u~, u 1; t )+:f ,du' f~u" N ( u; u',-u'q n
1
(u) :F+(u1, u~; u',- u'~-; t) 

+ .. 
k_(ul'u~;t)=nln~)G (u

2
,u 1;t) +Jdu' fdu" N(u,u',-u'q n

1
(u 

(51) 
X 

x .F _( u
1

, u
2

; u'-, u'~-; t), 

a oTCro.na 6naap!fY~ nnoTHOCTb AHcnepcnH: 

all ( u , u ) = k ( u., u ; 0) = k ( u , un; 0 ) , 
12. +12 -1· 

(52) 

r,~:~e ljlyHKillrH F onpe,~:~enena B (15 ), (22), npH'IeM npn t = 0 ee MO~HO npeACTaBIITb 

B Bllne 

.. 
a onepaTop N 

.F (u 1 ,u~;u',- u'~;- 0) =fdt' G(u~,u·~;-t'-)G(u 1 ,u';-t'-), 
0 

onpenenea B (30) • 

CnenoBaTenbno, xoppennnno~aaH TeopnH neATpoaoB B cTannonapnoM peaKTOpe caoAHT

CH K Teopnn ~yHKUHH rpnna ypaBHeHHH BOnbllMBHa, paCCMaTpnaaeMoA B nepaoa 'IBCTH. KaK 

6y.neT UOKB3BHO Hn~e, Y'iBT 3ana3.[1hlaaromi!X HeATpOHOB He 3STparHBaeT o6mnx BbiBO.rtOa, 

KaCaromHXCH CBH3H KOppenHUHOHHOA TeOpHH H TeOpHH <jlyHKilHH rplma. 

5. CBH3b C KOHileUUHell nepeABTO'IHOA <jlyHKilHH 

B peaxTopnoa xnneTnKe wnpoxo ncnonb3Y~T xoanennnro nepe.naTO'IHoll ljlyaKnnn. B aToA 

KOHUBUilHII peaKTOp paCCMaTpHBaeTCH KaK .[IHHBMH'I9CKaH CHCTeMa C BXO.[IOM H BbiXOnOM
1 

aananaaa KHHeTn'leCKHMH ypaBnennHMH. CnexTpanbnaa aaancnMoCTb naMenennn MOMenTanb

noro 'IHCn~ neiiTponoB {ypoBHH MomnocTn), o6ycnoanennaa noaMYmenHeM Birewner,o HCTO'I

HHKa (HnH peaKTHaHOCTH), OUHChlBBeTCH UpH UOMOmH nepe.[laTO'IHOH ~yHKilHH1 KOTOpaH B 

cnyqae aoaMymeHHH llCTO'illHKa 6yAeT npeo6pa3oBanneM nannaca ~YHKilHH rpll.HB ypaBHBHHH 

xnaeTHKll nna o,~:~aoro qncna neiiTponoa. Tax, ecnu cTannonapnbtll nponecc aanaeTCH ypaBne-

HI! OM 

rne !\,(t) 

dn 
--(t) +a on ( t) = S0 (t). 
dt (53) 

- CTaUI!OHapnoe B03Mymenne Ha BXone C 3BABHHOII KOppenHUIIOHHOA ~IIKUI!ell 

n nyll_eBhlM MaTeMaTn'leCKHM o~nAaaneM S
0
(t) = 0 , Tf> cneKTpanbHBH nnoTnoCTb 

MOmHOCTII B03MymeHIIH HB BbiXOAe ( D ( t ) = 0) HMeeT aliA 

14 

.:-

<!it("')J2> =IT (j "')Ja<l So("' >Ia> • (54) 

r,~:~e 

T(j"');. 1 
(55} ao+:j"' 

2 

- nepe.naTO'iHBH ~yRKnHH cncTeMhi (53), a <I :s ("')!> - cneKTpanbaaH nnOTROCTb Momao-
• 0 

CTH B03MymeHHH HB BXOAO. llo TeopeMe 8HHepa-XHH'IHHa CUBKTpanbHhle nnOTHOCTH MOmHo-

CTB fiexoToporo CTanuonapnoro nponecca CBnaanu c KoppenHUHOHHhlMH ljlynKnnnMH npouecca 

UpOCThlM <l>ypbe-npeo6pa30aaHHeM: 

•IOJt 

<In (w) 12
> = 2 f dt e K(t), (56) 

r,~:~e K ( t) - xoppenHUnonnan ~yHKnHH nponecca n ( t) , a cneKTpanbnan nnoTHOCTb Mom

aocTa a an,~:~e (56) OTHOCHTCH K 'laCTOTHOMY HHTepaany WllpHHOA a OliHH repn (w=2uf; 

- 'laCTOTa a rn) .: ':!aCTO nepenaTO~HaH WHKilHH abrpa~aeTCH a ~opue: 

o n(w) 
T(jw), (57) 

o S
0 

(w) 

KOTOpaH yKa3btaaeT Ha CUOC06 ee H3MepeHHH. B TaKOM aHAB H3MepsreTCH a6conroTHOe 3H8-

'ieane lr ~a3bl nepe.naTO'IHOII ~yHKilHH, a TO apeMH KaK H3MepeHHeM CUeKTpanbHOII nnOTHOCTH 

MomnocTH (54)" onpenenneTcn TOnbKO a6conroTaoe ee anaqeHHe. Bonee no.npo6aoe paccMo-
' 17/ 

Tpenne aToro aonpoca MO~Ho naATn a 

Pa3MHO~enne HOATpOHOa a peaKTOpe HMeeT CTaTHCTll'i9CKHH xapaKTep. llo3TOMY 

MOM9HTa.nbHOe 'IHCno HeiiTpOHOa a CTaUHOHapHOM peaKTOpe· o6na.naeT HeKOTOpblM C06CTB9H• 

HbiM 'wyMoM'. B KoB:uennHH nepenaTo'laoll ~ynxnnu aTo oaaa'iaeT, 'ITO a HeB03MymennoM 
/8/ 

CTaUHOHapHOM peaKTOpe cymecTayeT HBKOT~pblll ~HKTHBHbtA HCTO'iHHK ( driving force ) 1 

Cey'IBHHble WYMbl KOTOporo, UOCTynaH HB BX0.[11 H Bhl3biB8~T ~nyKTyallHH MOMOHTanbHOrO 

'IHCna H9HTpOHOa a peaKTOpe. 3TH 'nOMBXH HB BXOne' He06XOnHMO y'IHTbiaaTb a KHH9TH

'IOCKHX 0Ub!TBX1 TaK KaK OHH onpenenHIOT MHHHManb&yiO aMnnHTyAY B03MymeHHH Ha axone. 

B /BI npnae,~:~eno npn6nn~ennoe noKaaaTenbCTBO Toro, 'ITO cnexTpanbnan nnoTHOCTb• Mom

nocTn co6cTaeHHbiX wyM:oa MOMenTanbnoro qncna neiiTponoa nponopn.nonanbna xaanpaTy 

MOJ'Iynn nepenaTO'IHOII ~yHKilHH KHHeTH'IeCKOrO ypaanennn. 3TO 03HB'IaeT1 'ITO WyM ~a 

axone (cneKTpanbHBH nnOTHOCTb MOmHOCTH ~HKTHBHOrO HCTO'IHHKa) He 3aaHCllT OT qaCTOTbl 

(oenbtll wyM). QTc~na cne,~:~yeT npnMan aoaMo~nocTb onpenennTb a6conroTnoe anaqenne 
· · rot 

nepenaTO'IHoll ljlynKnnn peaxTopa, ne npn6erasr K anewnnM aoaMymennnM cncTeMbt 
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K colKanenmo, AoxaaaTellbCTno, IIJlHBeAeHHoe B 
/8/ 

, Hellb3B_ C~HTaTb AOCTaTO~H~ y6eAH-

T91IbHbiM XOTB 6hi llOTOMY0 ~TO OHO C CaMoro Ha~ana 6a3HpyeTCB Ha XOHitOIII!HH nepeA8TO~

HOil cjJymi.nHH. fipn sToM nennnna 6enoro myMa na BXOAe ix:TaeTCB neaaneCTnoll. B pa6o

Te1101 na ocnone MOAenH Apo6onoro s¢¢exTa n snexTpoBH~x naMnax (¢opMYna llJOTTxn) 

npn6nalKenno onpeAenena nena~ana 6enoro myMa. fiony~aeTCH paayMnoe n~a>KeHHe 

<I Sol3> = 2 nro (58) 

rAe D - cpeAHOO ~Hcno HeilTpOHOB B peaKTope B MOMOHT - cpeAHee npeMB 

lKH3HH MrHOBOHH~X H9l1Tp0HOB 0 a BOnH~BHa ro BMOOT BHll: 

ro=v(v-1) 
(59) 

v 

rAe V - ~I!CJIO HOliTpOHOB llOJlOHBB. fipH STOM paCCMaTpHBaJlCH XpHTB·~OCKHll peaxTop. 
/11/ 

Haxonen, n pa60Te na ocnone cTaTHCTB~ecxolt Teopnu pa3MHO>Kennn nel1TpOHOB 6Mna 

onpeAenena xoppenHilBOHHan <I>YHKilBH nponecca B TOM caMbiM 6hmo nony~eno To~uoe n CTa

THCTII'IOCKOM CMbiCJIO B~a)KOHIIO AJIH CllOKTpam.nolt llJlOTHOCTH MOIUHOCTB C06CTBOHH~X 
l 

wyMan MOMeHTanhHoro ~ncna nel1Tponon B peaKTope. B STOM npu6nn)KeHBH (oAnorpynnonoe 

B OAH030HHOe) CllOKTpaJihHaH llJlOTHOCTb MOWHOCTH <!>BKTHBHOro HCTO~HHKa Ha BXOAO nony

~HnaCb B BHAOl 

<I s <w > 12> = ~ < k r o + 2 q <w > > 
o r 

(60) 

1 - k ( 1 + {3) ~- q (w) ~ 1 - k , 

r.ne. k - llOJIH~il KOS#IfllHOH'l' pa3MHO)KeHHH0 a [3 - nonn aanaanhiBaromax HeliTpoHon. 

fip11 sToM Heo6xonuMo OTMeTHTh cnenyromee. Toqnoe Bblpa)KeJIBe CllOKTpanhHOli llJlOTHOCTH 

MOwHOCTH, nony~eHHoe B nnne 

2 2 2 
<f n ( W ) 1 > = I T (J w ) .1 < I S 0 ( w ) I > (61) 

6'bmo onpeAeneHo AJIB not:~xpHTK'lecxoro ua aanaaAbmarownx HeilTpOHax cTannoHapHoro peax-
• . 

TOpa, 'TO~IIO KpHTH'lOCKHil pellKTOp - CHCTOMa HOCTallHOHapHaB na)Ke B WHpOKOM CMbiCJie, 

Tax xax nucnepc:m MOMOHTanl>Horo 'lncna HeliTpoHoa nunelino pacTeT co npeMeHeM, He

CMOTpn HB· TO, 'ITO cpennee MOMOHTanbHOO 'IHCJIO HOllTpOHOB HO 3BBHCHT OT BpOMOHH. Ho 

nnB TaKHX CHCTeM CllOKTpam.aaH llJlOTHOCTb MOWHOCTH He onpeAeneHa. CymeCTBYIOT nne 

B03MO)KHOCTB HHTOpiiJl9T81lHH KpHTH~ecxoro peaKTOpa KaK CTallHOHBpHOll CHCTOMbl
0 

fiOCKOnbKy 

nncnepCHH ~Hcna HOllTpOBOB llpH nocTaTO'lHO Bb!COKOM HB~BJlbBOM ypOBHO MOWHOCTH paCTOT 

/11/ 
O'IOHb MOliJlOHHO CO .apeMOHOM , TO 3B He CJIBWKOM A1111HHblO npOMO~TKH BpOM~HH' 

¢011 aana3JlbiBBIOIUHX HOHTpOHOB MO)KHO paCCMaTpHaaTb KaK nyaCCOHOBCKHll llOCTOpOHHHll 

HCTO'lHHK HellTpOHOB B IIOnKpHTH'lOCKOli Ha MrHOBOHHblX HOllTpOHaX CTallHOHapnoli CHCTeMe. 

16 
r 

fiony'IOHHOO TaKHM o6pa30M· BblpalKOHHO nnH CJIOKTpallbHO!l JIJIOTHOCTII MOWHOCTH C.06CTBOH

HbiX wyMon ·He coneplKHT nnnHHHH aana3Ah!Barownx HeliTponoa 11 6yneT xopowuM np1!6nu>Ke-
. 2 3 

HHOM 1IHWb AJIH nOCTaTO'IHO BbiCOKHX 'laCTOT ( W > > ;\ I ; >. 1 - JIOCTOHHHbiO pacnaria 

npenmeCTBeHHHKOB 3alla3nbiBaiOWIIX HeliTpOHOB)o C npyroli CTOp0Hb!0 acerna IIMOIOTCH no

CTOpOHHHe IICTO'IHliKU HOliTpOHOB (KOCMH~OCKIIO, CTIOHTBHHbiO ,[IOJIOHIIH II np.) 'u, XOTH !IX 

IIHTOHCIIBHOCTb Mana, OHU o6ecne~HBaiOT CTalli!OHapHyiO pa6oTy JIO'ITII KpiiTH'IOCKOrO peaKTOpa, 

B STOM cny~ae cnpaaennnaa TeOpiiH nnH nonKpliTH'IOCKIIX CliCTOM ll IIMOeT MOCTO BblpalKe

Hlle (61). fipll STOM He06XOAIIMO !!MOTh B auny, ~TO npll Bb!COKHX 'IBCTOTBX B nepeAaTO'I

HO!l <I>YHKnnn .onpenenneTCH aenn'IHHa 

a = 
0 

1 -k k ,. 
+ __ P_ ' (62) 

a He, KaK 'laCTO npennonaraiOT, aenii'II!Ha f3 I r. 

/12/ 
B paccMaTpnaanacb onHorpynnoaan 11 onH030HHa51 ItoppeHHiliiOHHaH Teopnn peaK-

Tapa C OTpalKaTeneM. EcnH B STOM cny~ae CJIOKTpanr..nyiO JIJIOTHOCTb MOWHOCTII C06CTBQHHblX 

WYMOB IIOllTpOHOB B CBMOM peaKTOpe npenCTBBIITb B anne (61 ), rne T(jw) 6yneT nepe- . 

JlBTO'IHOll <jlyHKilllil KliHOTII'IOCKOrO ypaB!ISHHH, COneplKamero T01IbKO <jlyHKUIIIO HOfiTpOHOB B pe

SKTOpe·, a .<IS (w) 1
2
> - cnexTpallhHa51 nnoTHOCTb MOliiHOCTII wyMan .PnKTIIaHoro HCTO'IHI!Ka 

0 

B peaKTOpe ( B npennoJIOlKOHHH, 'ITO B OTpa lKSTene HOT ¢nKTIIBI!OrO liCTO'IHIIKa), TO WyM liB 

axone. He 6yneT 6enhiM, nalKe ecn11 npe:m6pe'lh aanaanbiBaromHMH nei1TpOHBMII. fipanna, 

ii anecb oTKJIOHeHHe OT 6enoro wyMa 6yneT ManhiM. Oao nopnnxa (j , rne fj xapax-

TOpH3yeT s¢¢eKTIIBHOCTb OTpa)KaTenH, TaK 'ITO ycnOBHO KpliTli'IHOCTII liM COT BI!Jl 1-k = {3 , 

Eonee npaBHIIbHaH nnHaMH'IOCKaH Monellb nonllCna paccMaT;:>IIaaTh <jlnKTHaHbie IICTO'IHIIKH 11 n 

peaKTOpe, ll B OTpalKaTene, TaK KaK aneCb IIMOIOTCH ABe CBH38HHbl9 CIIC'fOMbi: peaKTOp 

n OTpaJKaTellb. 

B nocnenHee apeMH nee 6onbwee BHnMaHne o6pawaeTCH Ha npocTpancTaeHHLie s~'J<jleKTbi 

a peaKTHBHOli KHHeTHKe. Bo Mnornx pa6oTax H3y'laeTCH npocTpai!CTBaHHaH aaanc:IMOCTb 

/13/ 
nepeAaTO'IHOli <!>YHKilllll • Baonn B03MymeHIIO IICTO'IHI!Ka B HOKOTOpyro TO'IKY peaKTOpa; 

nonyqaeM B03Mymer-~ne: MOMei!TanhHOro ~ncna HeiiTpoaoa, xaKIIM-TO o6paaoM pacnpenenan 

HOe no peaKTOpy. B CBH3H C STIIM npencTaBHHeT liHTepac onpeneni!Tb npOCTpaliCTBOIIIIOO 

paCIIJleneneHIIe co6CTBeHHbiX wyMOB peaxTopa 11 nony'li!Tb npocTpaHCT3eHHOe pacnpeJl"eneHne 

WYMOB ¢nKTHBHOrO IICTO'lJIHK8 Ha BXOne. 

PaccMOTpiiM cTannoHapHyiO nnHaMn'lecxyro cncTeMy, aanm1nyro ypanHeaneM (28): 

an " 
--- ( u,t) - T ( n) n ( u, t) = S0 ( u, t), 
·at (63) 

rne n ( u, t )..0 S
0
(u,t) = 0 , a <I>YHKiliiH n ( u, t) nyCTb ynoaneTaopneT TaKHM >Ke Kpae-

17 



BbiM ycnoaJHIM, xax cpeAHSISI aeliTpoaaaSI nnoTHOCTb. TorAa MO>KHO BBeCTH nepeAaTO'IeyiO 

ljJyHKUHIO HCTO'IHHKa cneAyiOIUHM o6pa30M: 

rJJ.e 

"' -.I n ( u 
2

, . ., ) = L 
2 

S
0

( u
2

, w ) , 

·IWt 

S
0
(u

2
,w )= f dte 

0 

S
0

( u 
2

, t ) , 

(64) 

(65) 

a onepaTop L 2 onpeAenea n (47). t{To6bl onpeAenHTb na (64) noaMymeaue na BXOAe, 

HCOOXOAl!MO 3H8Tb npOCTpaHCTBeHHOe pacnpeAenenne B03MYIUCHHSI HCTO'IHHKa. 

npaKTH'ICCKII HHTepeCHbiM 6yAeT cnyqal!, KOrAa ljJyHKUHSI IICTO'IliiiKS 6yAeT IIMeTb BHA: 

S0 ( u, t) = S0 ( t) f ( U) • (66) 

--8 3TOM cnyqae (64) npHHHMBCT BHA: 

n(u
2
,·"' )= S

0
(.,),J du" G(u 2 ,u'~-,w )f(u"), (6~) 

H nepeAaTO'IHOll ljlyaxuuell MO>KHO Ha3biBaTb Bi>Ipa>Keauei 

an(u,w) 
rdu ' G ( u , u' -; w ) f ( u ') • (68) 

a S0 (w J 
Ecnn >Ke BBCCTH 'TO'I_C'!Hoe..- B03MYIUCHHe:· 

S0 ( u, t ) =·S
0
(t) a

0
( u - U

0
)-, (66a) 

TO nepGABTO'!HOH ljJyHKUHell 6yAeT npoCTO ljJyrmUHSI rpnna: 

a~(u,w) 
= G ( u , u 0 , ci ) , 

(69) a so (w ) 

KOTOPYIO TaKIIM o6pa30M MO>KHO onpeAenSITb 3KCnepHMCHTSnhHO. no aHanornn- c OObi'IHbiMH 

AHHBMH'ICCKHMH CHCTeMSMH {69) 6yAeT 'HaCTOSIIllell' nepeAaTO'!HOH ljJyHKUHell, nonHOCTblO 

-OnpeAemiiOIUeJl CBOJICTBB AHHSMli'ICCKOJl CHCTeMbl (63). Mc>KHO H 3A9Cb BBCCTH OIIHapHyiO 

CHeKTpanbHYIO 'nnOTHOCTb MOI!lHOCTH: 

·< n ( u
1

, ·w) n ( u 
2

, "') > = f d u' f du" G ( u 
2

, u",- w) G*( u1 , u', c.i) x 

x<S
0
(u',w) S

0
(u"-, w >, 

KOTOpag B cnyqae liCTO'IHHK·a (66) HMCCT BHA: 

<u u >=<IS. (w ll
2
> f d~' fdu" G(u ,u",w)x •• 2 0 . 2 

x G* ( ul' u', w) f(u') f( u") , 

18 

(70) 

(71) 

a AnSI HCTO'IHHKa ( 66a) B TO'IKe U I= U 2 HMeeM: 

2 2 2 
<In (u

1
,w )I> =I G(u

1
,u

0
;w)l <I S

0
(w)l > • (72) 

'ITO no BHemHeMy BliUY COBnaABCT C ypaBHCHHeM (61). 

Tenepb MO>KHO npeAnono>KnTb; 'ITO B oTCyTcTnne xaxoro-nn6o BHemHero B03MymeHHH Ha 

BXOAe ypaBHCHHe (70) OCTaeTCSI B cnne, rAe neBaSI.CTOpOHa 6yAeT OHHapHOH cneKTpanbHOH 

nnoTHOCTbiO co6CTB~HHbiX myMoB peaKTopa, a < S 0 (u , ·w ) S 0 (u ,w)> HMeeT CMbiCn 6nnap-
- I 2 

noli cnexTpanhHOll nnOTHOCTH myMOB ljJHKTHBI!Oro HCTO'IHHKa Ha BXOAe. CpanHnnast Bbtpa>Ke-

HHSI (50) 11 (70), cpaay nonyqaeM: 

< S
0 

( u
1

, w ) S
0 

( u
2

, . ., ) > = 2 N ( u, u
1

, u
2

) n 
1 
(u ) - (73) 

-2ln
1
(u

1
)T (u

2
) +n

1
(u)T(u

1
)1 a(u 2 -u1 ). 

8Topoll 'InCH B (73), COAep>KantHll onepaTOpbl T , CBSI3aH C CHHrynHpHbiM qneHOM··B (27). 

npn He CnliWKOM Manoli MOIUHc;>CTll peaKTOpa OH OyAeT HeCyiUeCTBCHHblMo nepBbiJl :>1(9 qneit 

onpeAenen B (30). TaxnM o6paaoM, np11 npeHe6pe>KeHHH aana3AbiBaiOntHMH l!ellTpoHaMn, B 

yKa3aHHOM BbiWe CMbiCne, WYM ljJHKTHBHOrO HCTO'IHHKB HS BXOAe 6yAeT 6enbiM0 a ero npo

CTpaHCTBeHHOe pacnpeAeneHne HMeeT BHA: 

rAe 

<S
0
(u

1
,·"' )S 0(u

2
,., )>=f 0 (r

1
,E

1
,n

1
;'E2'n

2
)a(r1 -r 2), 

fJ.r,:E
1

,n
1

; E 2,n~=fdE Jdfl v(:E)I 1 (r, E )n 1(1, E,n) x 

x I 11 ( 11 - 1) P
11 

( r, :E , n I 'E 
1 

, n 1 ; E 2 , n 2) • 
II 

(74) 

(75) 

Ha (74), (75) HenocpeACTBeHIIO cneAyeT ljluauqecxoe COAep>KaHne Tep~mHa 'ljJnKTHBHblii 

HCTO'IHIIK Ha BXOAe' (driving force • B aaxniO'IeHne oTMeTHM, 'ITO Bbipa>KeHne l74) 

onpeAenSieT OHHapeyiO cneKTpanhHYIO nnOTHOCTb MOI!lHOCTH HCKOTOpOll cnyqailHOJl BCnii'!IIHblo 

Ca!l.la >Ke ¢yHKUIIH HCTO'IHJIKa So ( u, t) He MOX(eT obiTb npeucTanneHa B aHannTn'lecxoM 

BIIUe, TSK >Ke KBK H ypaBHCHHe (63) HMeeT CMbiCn nHWb AnSI CpeAHeJl nnOTHOCTII JlefiTpOHOD, 

B TO BpeMSI KaK '!HCnO HeilTpOHOD KBK cny'lai1Ha!I neiiii'IJIHB HBn!IeTCSI CKB'IKOOopa3HOii QYHK-

UHeii BpeMeHII II HIIKSKOMY IIHTerpoun¢¢epeHUHanb!iOMY ypaBHCHIIIO He YAOBneTBOpSieT. 

JliiHBMII'!CCKSSI >Ke HHTepnpeTBUIISI COOCTBCHHhiX myMOB peSKTOpa B03MO:KHa B paMKBX 

KOppenSIUHOHHOll TeOpHH HOTOMy, 'ITO OliHBpllbiC nnOTHOCTH KOppenHUI<II npouecca pS3MIIO:>l(e

lliiSI HCfiTpOHOB onpeAenmoTCSI TBKIIMH >Ke yp8DHCH!IHMII KBK OHHapHbiC nnOTHOCT!f KOppeng

UIIII AHHBMH'!CCKOil CliCTeMbl (63). 
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6. Y'ieT aana3Jlhmaronmx HeilTpOHOB 

B Hano>KeHHoli Bhillle xoppensmnoHHOil TeopnH ·HeiiTponoB He y'iHThiBanHch ¢nyKTyauun 

MOMeHTSIIhl!Of'O 'il!CIIS HeilTpOHOB B peaKTOpe, OOYCIIOBIIeHHhie 3SIIS3Jlh!BSIO!llHMH HeliTpOHa

MII. 06o6meHne BCeX paCCYlKJl9HHil C y'leTOM 3SIIS3Jlh!BaiO!llHX H9ilTpOHOB He Up9JlCTSBIIS19T 

TpyJla: nn11 KpaTKOCTl! li31IO>K9HIISI paCCMOTp!IM cpaay npHOIIII)f{9HH9 UOCTOSIHHh!X Ce'i9HHil, 

B KOTOp0>.-1 llpS!M09 ypaBH9HII9 JliiSI ¢YHKUHll fpiiHS HM99T BH)l: 

a a ->. <,.t'>· 
-- ( r', r; t) - ( D V +a ) G - ~ >. a f dt'·e •. G ( r',. r; t') ~ 0 a t !' 0 .. e eo 

(76) 

G( r' ·, r; 0) ~ a ( r'- r) ; 

G ( ll , r; t ) ~ G ( r', ll ; t ) tt 0 , 

f'Jl9 D - K03¢<~11UIIeHT JllfcPcPY31111, A e - llOCTOllHiiaa paCIISJlS np9Jliii9CTB9HHHKa 3SI_IS3Jlhl-

BSIO!lll!X H9iiTpOHOB COpTS "9", Jl - paJlHyC-B9KTOp TO'i9K Ira 3KCTpanonHpOBaHHOil IIOB9pX-

HOCTII p9aKTOpa, a xo3¢GJHUII9HThi a 
0 

, a e onp9Jl9II9Hhi CII9JlYIOillHM o6paaoM: 

a 0= V ~a{k(1-fl)-1); a~v~kfl; k~;~/l:. 
e a. e a 

(77) 

KpoM9 6uHapaoil ,nnoTHOCTII 

<t( r'·, r) =u~ r',·r) -n 
1
(r) a( r- r') 

Heo6xonHMo BBeCTn 91119 6nHapHhi9 nnoTHOCTll 

"' ( r',. r) = c ( r', r) - c (r'l c (r) - c. ( r ) a ( r - r') a 
ep 2 ep le lp e ep 

(78) 

1L e ( r',. r) = m 
28 

( r'; r) - n 
1
( r') c

1 
~ r), (79) 

l'Jl9 C 10 ( r) d V - BepOllTHOCTb TOI'O, 'iTO B MOMeHT B OO'h9Me dV HSXOJlHTCll OJlHH 

npeJliii90TBeHHIIK 3ana3)lh!DSIO!llliX H9ilTpOHOB COpTS "9' ; c ( r',r) dV'·dV 2ep - nepo-

-SITHOCTb Toro, 'ITO B 06'beMe dV' HSXOJliiTCll OJlHI! np9Jliii9CTB9HHHK aana3)lhiBaiO!llllX Hell-

TpOHOB COpTa • 9" , a B o6'heMe dV m ( r~· r) dV' d V 
~. 

- OJlHH ll3 COpTa "p" 

- B9pOilT:IOCTb Taro, 'iTO B o6'heM9 d V' HM99TCll OJlHH HeilTpoH, a n o6'heM9 d v -
OAIIH np~ll.liieCTB9HHUK 38IT83Jl.biB8lOWHX Heii:TpOHOB COpT a 1 

'e" • 

c (r) 
1e 

, c (r',. r) 
2ep 

; m (r',·r) 
2• 

BBOJlllTCll cnoco6oM, nnOTHOCTll Up0113B9Jl9HHil 

yxaaaHHh!M B 'laCTll 2 )laHHOil pa6oThi. YpaBH9HlBI Jlll>I OHHapHhiX nnoTHOCT9il (77)-(79) 

20 

BhiBOJlllTCll TSKHM )!{9 00p830M1 KSK ypaBH9Hlle (29). B CTaUHOHapHOM cnyqa9 OHH HM910T 

BHJl: 

A_· A •1 
( L, + i..,.) <!> ( r'_., r ) = [,. r k nf.!) .~ ( r - r') + 

(80) 

+: ::E A
8

1L
8
(r •., r) +·l: \IL.< r ·1 r'); 

L IL ( r, r~ +·>. IL ( r1 r') = l: .P ( r 1 r') + 
~ e e P pe (81) 

+ a 
0
41 ( f 1 r') + a e l O 0 I ( f) a ( f - t') ; 

(82) 
-(>.. • + AP) :.pep ( ··~ r') +·a 

0
/l p< r 1 r') +·aP ll} r'·1 r) = 0, 

T'Jle 
-1 

[ "' v l: a a L, = -( D~, +·a
0

) 

(83) 

•[ "'ro ( 1 - 2/l ) 
r = v(v..:l) 

0 ---· v 

K 3THM ypaBHeHHllM aeol5xoJliiMO JlOOilBHTb ypanB9HHll, nonyqaromaacg ua ypaBHeHlll! 

(80)- (82) 3aMeHOJ! 
. r .. r •· Tenepb nerxo nony'iBTb eme ypasaeaae Jlll>I senH'iHHhi 

.P ( r , r' ) ~ 41 ( r, r') - l: ll • ( r, r') • (84) 

Oao HM9eT BDJl: 
·1 

L .p ( r, r' ) + L , .p ( r'1 r) = f k f' n ( r )a( r -r') , 
r a 0 1 (85) 

f'JlO 

L, =- ( D~,+·a); a='f 1
(k-1). 

a {86) 

qTOOhl nony'iHTb llBBoe Bhlpa)f{eBBe JlJill 6aaapHoil cnexTpanhHOil nnoTHOCTH MO!llHOCTH IllY

MOB <jJHKTHBBOI'O BCTO'iHHKa HS BXOJle < S0 ( r'·1 «>) S0 ( t1 «>) > , HOT HOOOXOJlH

MOCTII peiiiSTb CHCTOMY (80)- (82), a JlOCTaTO'iHO HCIIOJib30BSTb ypaBHOHBll (80) ll (84) 

B uenoM. nei!CTBHTeJibHO, ypaBBeHHll Jlllll OHBapaoli UJIOTHOCTH KOppensmHH K ( r',. r; t ) 

HMOIOT BHA: 

ak ->. o-t'l 
_+_ ( r',. r; t) + L k - l: >. a f d t' k+( r'; r; t~ e • 
~ r + e e 
u t • 0 

->. t 
= l: >.. .IL • ( r' ·1 r ) e • 

ak A t >...o-t'l 
---- ( r'1 r; t ) + L 1 k + l: >.a f d t' -k ( r'; r; t') e at r - e e eo -

>. t 

=l:>. IL (r, r') e • . . . 
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PewaSI ypanHe!IRSI (89) 
1 
(90), nonyqaeM npeACTaane!IRe oaaapaol!: nnoTHOCTH KoppenSIIlnH 

K(r~-r, t) qepea cj>yHKnnro rpnaa (75) n OHH8pHble nnOTHOCTH u~(r~·r) • "·(r,r'); 

f.l}r~-r) • Enaapayro cneKTpallbayto nnoTHOCTb >Ke nonyqaeM npSIMbiM 4>yp&e - npeoopaao

naaneM ypanaeanl!: (89), (90): 

<n(r'1 cu)n(r,ru)>= < r'1 r> .. 2{k (r~·r.cu)+k(r~·r.til)J, 
+ -

rAe 

k+(r~-r; cu) ""f dte-1"" k +( r, r';-t); 

0 -1-t 
k_(r';_r;cuhf dte k_(r,r';t) •• 

0003H8'18.!l 
... 

0 (r)=jcu+L -I 
til • • 

,\e ae 

\+i cu 

non~aeM (91) B CHMBOITH'IeCKOA cj>opMe: 

nnn 

rAe 

, ""· -1 " • 1 " , , A ,.. ( {,-r) 
<r I r>= 2 0 ~ ( r') 0 cu (r)l o,:; (r Hu- (<t ,r·) +I ) + 

... 
+O..,{r) (ua (r, r')+ I 

e 

>. + i cu 

A.f.t.(r.r')_ )I, 
>-.- j til 

<r',r>=fdr
1 

fdra G(r,•r
1
,cu) G*(r',r

1
cu) X 

x2{ 0* (r') R ( r'1 r,til)+0 (r )R*(r, r~-ru) J, 
cu cu 

R(r' 1 r;cu)=u 2 (r',r) +I Aef.l.(r',r) 

A + i cu 
G ( ... r'; cu) - npeo6pa30B8HHe cj>yHKUHH rpnaa (75) ~HAS 

DO 
•jCUt 

G( r', r, til)= f dte 
0 

G ( r,', r, t) • 

(91) 

(92) 

(93) 

(94) 

(95) 

(96) 

(97) 

C Apyrol!: CTOpOHhl, If3 COOTBeTCTBYIOWero ypSBHeHH.!l·AITSI AHH8MH'IeCKOA CHCT9Mhl (63) 

nonyqaeM: 

< r~-r > = f dr 
1 
f draG ( r, r, cu) G*( r' 1 ra, til)< S

0 
( rl' ru) S

0
( ra• cu) > • (98) 

0TCIOA8 cneAyeT, 'ITO 0HH8 pH8.!l nnOTHOCTb MOWHOCTH WyMOB cj>HKTHBHOrO HCTO'IHHKa Ha 

BXOAe 'nopo)!(Aatomero' COOCTBeHHhiH WYM peaKTOpa, HMeeT BRA! 

<S (r~·ru) S (r, til )>=2{0* (..-') R (r~-r;w)+O (r) R*(r,r',-cu)l. 
0 0 (U (t) (99) 
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nna til>O STO oyAeT MOHOTOHHO He B03p8CT810!1l8SI cj>ynKrrHSI OT til • 3annmeM (99) 

B 8Hll9!· 
... .. 

<S0 (r~·c.~,S0(r,ru)>=21L., R({,-r,w)+L• R*(r, r';til)-

A2 
-I~ [ R({,·r.til)+R*(r,r';-til)]-j til L0(R(r'1 r,c.~)-R*(r,r';til))), 

A2+ru2 . 

rlle' 

npn STOM R (r', r; C<l) 

L 0 = 1 + I 
e 

nueeT cj>opuy 

2 

>-.a e 

Aa + til2 

2 
R( r~·r.w).;.~ (r~·r)+I >-.,.. .({,-r) -jtil I 

A 2 + "'a 

A0 f.' e Cr~·r) 
A 2 + til2 

(100) 

(101) 

(102) -

Bb!pa>KeHne (100) cno>KHhiM oopaaoM aanncnT OT til • OllHaKo na-aa MOHOTOHHoro xapaK-

Tepa STOA cj>yHKrrHH AITSI til > 0 HaM AOCTaTO'IHO 3HaTb lllHpHay rrOITOChl H3M9HOHHSI STOll 

cj>yHiti!BH, PaccMOTPHM npeAen&Hhle 3Ha'leHHSI .< S 
0 

( r~·O) S
0

( r, 0)> 

Ha Bbipa>KeHHSI (100) n ypanHeHHSI (85) cneeyeT: 

n <S
0

(r:-oo)S
0
(r, ~]>, 

•I 
<So (r~-0) So(r,O) >=2 f .. k ro D l(r) 8 (r -r')-

" 
(103) 

-·2 (L ,+L )n (r) 8(r -r'), 
• • I 

• 
a npH ITOMO!IlH ypaBH9HHSI (80) nonyqaeM: 

·I 
< S

0
(r'1 oo) S

0
(r,oo)>=2fa k-f n

1
(r)8(r-r')-

(104) 

' -·2(t, +L )n (r) 8 (r -r' ). 
--. r r 1 

TaKnM oopaaou, mnpnaa nonocbl naMeaeanSI cj>yHKnnn (99) llaeTCH Bhipa>KeHne~ 

6. = < > .:..< > 
so 0 

= 4f
1 

k {3 (L -1)n (r) 8 (r -r'), 
a 0 I (105) 

rl{e ro -1 .. 1 • npn {3 «1 ero MO>KHO npem:i6pe'lb, cneAonaTen&ao, 6naapay~e cneK-

Tpan&ayto ITITOTHOCTb cj>HKTHBHOrO HCTO'IHHKa MO>KHO 38ITHC8Tb B BHll9! 

•I 
.<S

0 
(r~·cu) S

0
(r,w)>=2fa k [f

0
-2q(til>l-n

1
(r) 8(r -{)-

(lOB) 
... 

-2 (L, +L )n (r) 8(r -r'-), 
I' I' ·1 
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. ~· 

I 

. rAe. 

o-~q(.., > ~o;; -t> f3 = f3. (107) .. 
. npn He emmiKOM MallbiX MOWHOeTmt peaxTopa 'IJI9HOM, eoAepl!UliilHM onepaTOpbi r;-
MmKHO npene6pe'lh. ( 106) smnHeTCH o6o6meJm:eM peaylibTaTa, nonyqeuuoro B OllH03ouuciM 

. /11/ . 
HpH61IH:lK9HHH B pa60Te j H3-3a BnHliHHH 3ana3llbiBaiOmHX HellTpOHOB myM ljmltTHBHOrO 

HeTO'IHHKa He 6ylleT TO'IHO 6enbiM~ C llpyroll eTOpOHbi1 OTKIIOHeJm:e OT 6enoro myMa 6yll9T 

nopS!Jllta {3 H IIM MO:lKHO npene6pe'lb: 3To o6eTORTe1IbeTBO ynpomaeT Bb1pa:lKeJm:e (95) 
I ' 

llllli 6IIHapnoll eneKTpanbHOil nnoTHOeTD MOWHOCTIIo Y'IHTbiBQH B (106) TOnhKO rnaBHbiil 

'lneu, nonyqaeM:-

•I 
< r') f ) g f, d f I 1 f. a k f

0 
D ( r I) G ( r, f I, OJ ) .QO ( r' > f I ; OJ ) > 

(108) 

rAe cjlynKttHH fpHna G ( r', r; t ) onpeAenHeTCn IIpHMbiM ypanueniieM (76) II eoOTne,_ 

eTBYIOWHM eonpu:lKeHHbiM ypanneHHeM oTuoeiiTen&no TO'IKII I (cp. yp. (2 ). 
/ 

H3 (108), B npiiH~Hne, MO:lKHO nony'IIITb '6nn~pnyiO nnOTHOeTb KOppenHitiiH II TSM 

eaMbiM 6IIuapnyiO nnoTnoeTb Anenepeiiii .,. 2(r'·, r ). 

3 a K n ro q e u II e 

B Aanuoll pa6oTe IlanoJKeua o6maH xoppenHniiouuan Teopnu uellil-pouon B HttepHbiX 

peaxTopax, oenonbtsaromaneu na eonpstJKeHHbiX ypanneHIImt llllH cjlyHKnJm: fpnua ypanueunn· 

BonhnMaua n ua eneTeMe ypanneunll AIIH 6nuapnbiX IIJIOTHOCTell nenTpanhnbiX MoMeliTOB 

nToporo nopSIAxa. BnnapnaH nnoTuoeTh xoppenSIAnn uellTpolloB yAonneTnopsteT TaKOMY .JKe 

npHMOMy ypaBH9HHID1 'ITO H lj>yHKUHS! fpnua (nellTpOHHOll HHJK9KUHH). B enY'Iae eTanHo

HapHbiX eneTeM nee eTaTHeTH'IeeKH HHTepeeUb1e B91IH'IHHbi MOryT 6b1Tb Bb!paJK9Hbi 'lepe3 

Ollny cjlyHKttnro fpnna ypanueunn BonbnMaua. CTpyxTypa Il3noJKeuuoh KoppenHitnouuoll Teo

p~n AaeT npoeTYIO eBH3b e KOHttenttnell nepell~TO'IHOll cjlyHK!tHH H H03BOIIH9T OIIp9llQnHTb 

TO'IHOO Bb1paJKeHHe AIIH eneKTpallbHOil HIIOTHOCTH MOWHOCTH WYM,OB lj>HKTHBlloro HeTO'IHH-

Ka Ha BXOA9 driving fOrce ) • TaKHM o6paaoM <mpeAene!la npoeTpaueTnenllo-sllepreTn-

qeeKan aasnenMoeTb xoppengnnn nellTpOHOB B HAepub1x peaKTopax. 

v 0TMeTHM eme eneAyromee. B enyqae nM:nynbeHb1X peaxTopon poeT nMnyn~>eon npo

XOllHT B BallKpBTH'IBOll Ba MrHOB9HHb1X,HellTpOHQX o6naeTn, rAe CTaTHeTH'I9eKHil XapaKTep 

/14/ nponeeea pa3MHOJK9HBS! HellTpOHOB s¢¢eKTHBHO nepeXOAHT B AeTepMHHHeTB'IeeKHH IIpOneee 

B TaKoM· enyqae pemenne _ypaBH9HIISI (29) AliH aMnllBTYA ·HMHynheOB MOJKHO npeneTaBBTb 
/3/ 

'lepe3 nnOTHOeTH npOH3B9ll9HHSI nepsoro 1 a STO 03HaqaeT, 'ITO OTHOeHT9nhHaH AHenepeHH 

'IRena Hei!TpOHOB B H9KOTOpOM MallOM o6~eMe peaKTOpa OKOnO TO'IKH He 3aBHeHT. OT 
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nonoJKennn STOll TO'IKn. B eTannonapHOM JKe peaKTope llano o6eTonT He TaK. B 
paano-

JKeHHH ( 32) eoxpaHHTb TOnhKO nepBblll 'lneu yJKe H9B03MOJKHO • .l!elleTBHT9nhHO, paeeMOTpHM 

onnorpynnonoe npn6nuJKenne xpnTn'leeKoro na aana3AbiBaiOmnx neliTponax peaKTopa: 

• I 
- ( D i\, +a 0 ) n I( r ) = f. k ;3 n 

1
( r ) ; 

(109) 

•I 

1-(Di\,+a0 ) -( Di\,,+ a
0

) I¢ (r'·,r )=fa kfn
1
(r)B(r-r'.), (110) 

B paanoJKennn no eo6eTBeHHbiM lj>ynKnHHM onepaTopa i\ 

2 
i\ ¢ (r) =- B ¢ (r) (111) 

r k k k 

epellHHH IIJIOTHOeTb 

no B paanoJKennn 

D I ( f ) 6ylleT HM9Tb BHA:-

ni(r) = n
0

¢
0 

(r), 

~ ( r',. 1) = l: l: a1k ¢1 ( r'·l ¢k ( r ) , 

3
11t 

k 

blk {I r k 

(I +(It 
2 

·I 2 2 
(It= DBk -a

0
= fa k {3 +D(Bk -8

0
); 

b 
lk 

[dr ¢ (r) ¢ (r) ¢ (r) 
0 

0 
o 1 k!!.__ ___ _ 

fdr ¢ 2(r) fdr ¢ 2 (r) 
I k 

(112) 

(113) 

6yAyT yqaeTsosaTb nee 'lnenb1. To JKe eaMoe 6yAeT HMeTh MeeTo Ann paanoJKennu 6nnap-

noll eneKTpanhnoll nnoTnocTn. Koslj>lj>nnnenTbi blk He y6biBaiOT AOCTQTO'IHO 6biCTpo 
1 

H B o6meM enY'Iae OTHOCHT91lhHaH AHCnepCHH 'IHcna H91lTpOHOB B MallOM 06~eMe peaKTOpa 

OKano TO'IKH 6yll9T 3aBHC9Tb OT HOIIOJK9HHH TO'IKH • To )!(e eaMoe HMeeT MeeTo 

llnH OTHOCHTenhHOl! Cn9KTpan~>nol! nnOTHOCTH MOWHOCTB, Ecna TaKHe npOCTpaHCTB9HHble 

a¢¢eKTbl llOCTaTO'IHO BallBKH , TO HX H3MepeHH9M1 B03MOJKHO, MO)!(HO 6yAeT npHMO Onpelle

IIHTh TaKHe napaMeTpbl peaKTOpa KaK llnHHa llH<j>lj>y3HH B B03paCT ¢epMH. 3TOT BOnpoe Tpe-

6yeT Aanhnel!wero sKcnepnMeHTanhnoro n TeopeTH'IeCKoro nccnenosannn. 
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