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nnoTHOCTb aeneHHA B peaKTope noA~HHHeTCH cneay~meMY HHTerpanb-

HOMY ypaBHeHH~: 

N * ( X , t ) == f( N* (X , , t ') p (X, ' X • t,, t ) dt, dx , + 

s <x',t'> 
+ ff P

8 
(X ', X , t', t) dt' dx"' 

v(x,t) 

(l) 

rae N*(x,t)- CKOpOCTb aeneHHA B MOMeHT t B eAHHHU~ 06'beMa B TO~Ke X 

( "nnOTHOCTb aeneHHA"); p( X', X, t', t) - nnOTHOCTb AeneHHA B MOMeHT t 

B TO~Ke X , Bhl3B8HHhiX HeATpOH8MH OllHOrO 11eneHHH B TO~Ke X' B MOMeHT t! 
v(x,t)- ~HCno BTOpH~HhiX HeATpOHOB Ha 8KT 11eneHHH B TO~Ke X B MOMeHT t; 

s (X ',t') - nnOTHOCTb HCTO~HHKOB HeATpOHOBj p~( X' x, t ', t ) - nnoT-

HOCTb reHepaURH BTOpH~HbiX HeATpOHOB aeneHHil:, Bbi3B8HHhiX HeATpOHOM HC

TO~HRKa B TO~Ke (X ' , t ' ) j HHTerpHpOB8HHe DO X ' l1pOH3BOAH TCH no 

BCeMY npOCTpaHCTBy 1 no t ' - oT-oo AO t 

BseaeM o6oaHa~eHHH: N(t')== fN*(x',t')dx' - CKopoCTb aeneHHA so 

BCeM peaK TOpe B ,MOMeHT t' ( 11
MOWHOCTb peaKTOpa") j 

r N* c x , • t, > dx, If P< x , , x. t,. t > dx dt --- . K ( t~) (3) 
N ( t '' 

- llHH8MH~eCKHA KOS~~HUHeHT pa3MHO~eHHH B MOMeHT t' 
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fN* (x ', t ') fp (x ', x ,t ',t) dx dx' 
(4) P(t',t-t') 

k(t')N(t') 

- ~HH8MH'IeCKag nnOTHOCTb pacnpe~eneHBB BepOBTHOCTB BTOpHqHoro ~eneHBB 

no apeMeHH, ecnH nepauqHoe ~eneHHe HMeno MecTo B MOMeHT t' ; oqe-

BH~HO, 

f p ( t,, t - t, ) d( t - t , ) 1 (5) 

aaanorH'IHbl9 o603H8'1eHHg BBO~BTCg ~ng HCTO'IHHK8, 

i1HTerpHpySI ( 1) no X H, npOH3BO~SI 38MeHy nepeM9HHbiX r = t - t' , 

nonyqHM: 

00 

N ( t ) f [ N ( t - r ) k ( t - r ) P ( t - r~, r ) + 
0 

\b) 
k

5
(t-r) 

P, ( t - r , r ) ] d r 
x/ 

+ S (t-r) 
Jl 

YpasHeHHe (6), cTporo rosopg, ae npHMeHHMO ~ng aaxo>K~eHBB N (t ) , 

TSK KSK paC'Ifn p ( t ', r ) H k ( t') y>Ke npe~nonaraeT 3H8HH9 c!JyHKUHH 

N'(x,t)· 
UJlH8KO B03MO>K.Hbl TSKHe npoUeCCbi, KOrJla k ( t ' ) B p ( t ', r ) 

HnH se;b'Ma cna6o saBHCSIT oT pacnpe~eneHHB N" ( x, t ) , HnH pacnpe~eneaHe 
nnoTHOCTH ~eneHHA N* ( x, t ) no npocTpaHCTBY Mano MeHSieTcg co apeMe

HeM, TipHMepOM ~aHHbiX CHTYSUHA MO>KeT cny>KHTb CHCTeMa Cna60CBSI38HHbiX 

peaKTOpOB ( HnH MHOr030HHOrO peaKTOpa) C Mano H3MeHSIIOIUHMHCSI BO apeMe

HH reoMeTpHqeCKHMH H ~H3H'I9CKHMH CBOACTBSMHo 

TorJla k ( t ') H P ( t ', r) MoryT 6biTb pacc'IHTSHbi JlnH pasHosecHoro 

pacnpe~eneHHB N"'(x) B peanbHO:i!: reoMeTpHH CHCTeMbi (HanpHMep, MeTo~oM 

CT8THCTH'I9CKOrO MO)lenHpOB8HBB) H HCnonb30B8Hbl npH peWeHHH (6), 

x/ /1 2/ 
no.Q06HaSI aanHCb ypaBHeHHSI KHHeTHKH HCfiOJlb30BanaCb B ' 
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TipaKTH'I9CKH HBTepeCBble pesynbT8Tbl MO>KBO nOny'IHTb0 npeJlnonarag
0 

'ITO p ( t ' , r ) 38BHCHT TOnbKO OT T 

1) p (t ' , T ) P 8 (t',r)=P(r) 
-ar 

ae 

YpasaeBHe (6) JlH~epeBuHposaBHeM no t CBO~HTCSI K O~BOTO'I9'1-

BOMy ypaBB9BHIO KHB9THKH: 

k s 
N' a (k - 1) N + a ---Jl . 

0'19BH~H0 0 'ITO 

j r P (r) dr = ..L = T 
0 a 

cpeJlBee Bp9MB >KH3HH fiOKoneHHB He:i!:TpOHOB, 

M 

2) p ( r) p (r) :£ 
a 1=1 

3aMeHa 

t 
n 

1 
f[k(t')N(t') 
-oo 

a1 y1 
-a 

e 1 

+ kJ...(!_} 
Jl 

r 

a y e-ar 
1 1 ,. 1 

dt' 

CBOJlHT (6) K CHCTeMe JlH~epeBUHanbBbiX ypaBB9HHA 1-ro nopHJlK8: 

M k s 
n = -a! n 

1 1 
+a y,ki n 

1 1 J=l J 
+a y -" 

1 1 y 

i = 1, 2 ••.• M • 

flo onpe~eneHHIO f\ ( t ) 

M 

N ( t) :£ n
1 

( t ) 
1= 1 
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EcJJH a I >> a 1 H 1~ a 1 y1 << a I Y 1 1 TO CHCTeMa ( 8) MO}I{eT 6biTb 

3 ;HIHCaHa B BHJle, ElH8JJOrH'IHOM OJlHOTO'Ie'IHOMy ypaBHeHH!O KHHeTHKH C 381183-

,Qb!BBIOIUHMH aefiTpOH8MH: 

N' = a N (ky - 1 ) 
I I 

+a I Yl ks ~ 
II 

c; - a 1 C1 + k y
1 

N 

+a ~ 
1 !=2 

c, n 1 I a 1 i 2,3 ..• M . 

a, c, 

YpaBHeHHSI ( 8) OTJ1H'I8IOTCSI OT I1pH6JJH}I{eHHbiX ypaBBeBHll: KHBeTHKH CBSI

/3/ 
38HHbiX peaKTOpOB ( CM., HaiipHMep, ) ; HCKOMbie lfJyBKUHH n

1 
( t ) B H8CTOSI-

ruell: pa6oTe eCTb IIJJOTHOCTH )leJJeHHll: B peaKTOpe aeli:TpOH8MH CO BpeMeHeM 

}I{H3HH 1 I a
1 

, a ypaBHeHHSI KHHeTHKH CBSI38HHhiX peaKTopoB sarrRCbiBBIOTCSI JlJJSI 

IIJJOTHOCTH JleneHBll: B orrpeJleneBBOll: IIpOCTp8HCTBeHHOll: 30He (HJJH orrpeneneH

HOM peaKTOpe) • 

3) P (r) - rrpoH3BOnbHaSI IPYBKUHSI, o6nanaiOIUaSJ cBoll:cTBaMH rrnoTaocTH pac

rrpenen~HSI BepoSITHOCTH. ITycTb B oKpecTBOCTH t 0 oKono TO'IKH t N(t) 

MO}I{HO rrpencTaBRTb B BRae nsyx T.~neHOB pSina Tall:nopa: 

N(t') =N(t) -N'(t) T ( T t- t'). (9) 

ITpenrronaraSI eme, 'ITO k ( t ) 1 ks ( t ) H S ( t ) cna6o MeHSIIOTCSI 

B aToM HBTepBane ( HX norapH«<JMH'IeCKHe rrpoR3BOJ1Hbie MHoro MeBbiUe 1 I t 0 ) , 

BMeCTO (6)rrony'IHM! 

N(t) = k(t) N(t) y -k(t) N' (t) T y + 
p p p 

(10) 

+k 8 (t)~ y + f k ( t - r) N ( t - r ) P ( r ) dr 
p 0 

t 
y 

6 

.\~ 
! 

·~ .. ·'1 ,,I,! 

;;:,t~ 
·.t: 

~~ 
:~ 

( 

y 

I 

r.ae 

MeHT 

3a t
0 

yp 
•o f P ( r ) dr 
0 

YP TP 

to 
f r P (r) d r 
0 

HHTerpan B rrpasoll: '18CTH (10) eCTb llOJJSI MOWHOCTH peaKTOpa B MO-

t 1 orrpe.oenSieMaSI Heli:Tp0H8MH 1 KOTOpbie IIOSIBHJJHCb He paHee, '18M 

JlO MOMeHTa t • fpy6o rOBOpSI, 38 8TY '18CTb MOWHOCTH OTBeT-

CTBeHHbl "neHHBbie" aeli:TpOHbi; B Ka'leCTBe T8KOBbiX B peaKTOpe MoryT 6b1Tb 

3aMe.OJJSI!OWHeCSI H TeiiJJOBbie Heli:Tp0Hbl 1 Beli:TpOHbl H3 "naneKHX" rrpOCTpaH

CTBeHHbiX 30H1 38l1831lbiB8!0WHe Heli:TpOHbl C KOpOTKHM rrepHOJ10M 1 Heli:TpOJibl 

CIIOHTBHHO .oenSIWHXCSI H30MepOB C M8J1biM BpeMeBeM }I{H3HH. 0T.~eBH.IlHO, 'ITO 

N 
3arr. 

00 

= f k N P dr < Max I k N l 
I 

0 

=(1-y ) Max {kN 
p 

EcnH t 
0 

T8KOB0 1 'ITO 1 - y = jp dr 
P to 

00 

x f P dr 
t 
0 

«1 T01 OT6paCbiB8l'l B ( 10) 

N 3 arr.• rrony'IHM .oR!fJ!fJepeHuHanbBoe ypaBHeHRe, KOTopoe c a6coniOTHOll: rro-

rperuaocTbiO He 6onee ( 1 - y ) Max 
p 

k(t)y - 1 
N'(t) = P 

k(t) y T 
p p 

k N 

N ( t) 

orrpenenReT MQUlJIOCTb: 

K 

+-8-
k 

s (t ) 

y T 
p 

(11) 

YpaeHeHRe coerra.oaeT rro BHilY c o.oaoToT.~e'IHbiM ypaBBeHReM KHHeTHKH; 

onHaKo, cpenaee BpeMSI }I{H3HH rroKoneHRSI TP 3J1eCb orrpeneneao 6e3 y'leTa 

aeli:TpOHOB 1 KOTOpbie "}I{HByT" O'leHb JlOnro. 

k (t) 
BenR'<~HHa " S (t) = S * cyTb atjKj>eKTHBHbill: HCTO'IHHK aeli:TpOHOB. 

k ( t) 

MO}I{HO IIOK838Tb1 'ITO B OTCYTCTBHe HCTO'IHHK8 pa3JJO}I{eHRe ( 9) OK83bi

B8eTCSI crrpaBeilJJHBbiM IIpH yCJJOBHH 

T 
k - 1 « ----11.-. 

to 
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4) flyCTb p ( T ) eCTb liHHeii:Ha.ll KOMOHHSUH.II IIpOH3BOllbHOi!: !j>yHK-

UHH, IIO)l'IHH.II!Ol!lelfcSI YCliOllHS!M II. 3 H M SKCIIOHeHT a I y 1 e - t!l T ( '). > 0 ). 

8 aTOM Clly'lae (6) CBO)lHTCSI K CHCTeMe ypaBHeHHi!:: 

N' 
k Yp - 1 

ky T 
p p 

s 
N +-+ 

vT 
p 

1 

ky T 
p p 

M 

l: n J 
1=1 

nl - a 
1 

n
1 

+ k a 
1 

y 
1 

( N + S * / v ) . 

5) Pasna:raSI N ( t ') B p.IIJl Tail:nopa B TO'IKe t 

n -hiM 'lll9HOM1 IIOliY'IHM BM9CTO ( 6): 

( 12) 

H o:rpaHH'IHB851Cb 

N ' N 
T2 

k y - 1 + N" ---ll..- + ... + 

+ N(n) 

k y T 
p p 

,n 
D 

n! T 
p 

+ 
k s 

B 

k v Tp 

I'Jle T n - n -bill: MOM9HT $yHKUHH p ( T ) • 
p 

2T 
p 

(13) 

Hs BhiiiieH3liOlK9HHo:ro cne)lyeT, 'ITO rrpHMeHHMOCTb OJlHOTO'Ie'IHO:ro ypaB-

aeHHSI KHH9THKH orrpenenSieTCSI BHJlOM !j>yHKUHH pacrrpeneneHHSI U9IIO'I9K Jl9ll9HHSI 

rro BpeMeHH P ( r ) • EcnH B peaKTope rrpHcyTcTByJOT Hei!:TpOHhi c BpeMe

HeM lKH3HH 1 cpaBHHMbiM C IIp0JlOlllKHT91IbHOCTb!O paCCM8TpHB89MOI'O H9CT8UHO.

H8pHOI'O rrpouecca, TO 0JlHOT0'19'1H8SI MO)lenb MOlKeT Ob!Tb HCII01Ib30B8H8 B orpa

HH'I9HHOM HHTepBane BpeMeHH C OIIpe)leneHHOi!: IIOI'pelllHOCTb!O (eM. II. 3). 

HarrpHMep, rrpH saTyxaHHH ueii:Tpoauo:ro HMrrynbca B HMrrynbCHOM peaKTope 
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HnH 6ycTepe Jl01II'OlKHByWH9 Heii:TpOHbl 3H8'1HTel!bHO YB8l!H'IHB810T 'XBOCT• 

HMIIyn:bca; ecnH pacrrpe)leneHHe T8KHX Hei!:TpOHOB OIIHCbiB89TC51 SKCIIOH9HTOil:, 

TO MOWHOCTb peaKTOpa MOlKHO onpe)lenHTb 1 pellia.ll CHCTeMy ( 12) ( n. 4) • 
/4/ 

KaK IIOK838HO B o 0JlHOTO'I9'1HOe ypaBH9HHe KHHeTHKH COOTB8TCTBY9T 

cny'laJO onuosoaao:ro OJlHOCKopocTHo:ro peaKTopa. IToaToMy BBeJleHHeM B ypae

ueuee ( 6) P ( r ) Jln.ll t5onee peanbHoi!: Monene peaKTopa MOlKHO uane.IITbC.II 

nony'IHTb cnenyJOIUee rrpHOliHlK9HHe K H9CT8UHOH8pHOMy IIOB9Jl9HHIO MOIUHOCTH 

peaKTOpa. YpaBHeHHSI (8), ( 11) H ( 12), OCHOB8HHbi8 Ha onpeneneHHOM BHlle 

!j>yHKUHH pacrrpeneneHHH1 MOlKHO H83B8Tb 'ypaBH9HHSIMH OJlHOTO'I9'1HOI MO)le

nH KHHeTHKH peaKTOpa' • 

.llaHHhiA nonxon noseonHeT, no-BHllHMoMy, nony'IHTb noeeneuee MOJil

uocTH peaKTopa B T8KOM lKe rrpe6nHlK9HHH 1 'ITO H MHOrOTO'I9'1Hbl9 MHOrorpyrr• 

IIOBbie ypaBHeHHSI KHH9THKH/5,8/ • flpeHMymeCTBO acMleKTHBHOil: 0JlHOT0'18'lHOI 

M0Jl91IH ITO cpaBH8HHIO C IIOC119JlHHMH 38Kl!IO'I89TC51 B OTCyTCTBHH 8l!bT9pH8THB 

BbiOOpa 'lHCna 30H H rpyrrn; 'lHCno BpeMeHH~IX rpynn seii:TpOHOB llHKTyeT 

BHJl cJ!yHKUHH p ( r ) 

Pacnpeneneuee ueii:Tpouoe rro epeMeHH MelKJlY neneHHHMH P ( r) c no

cTaTO'IHO:It TO'IHOCTb!O MOlKHO Bbl'lHCl!HTb MOJl9l!HpOB8HH8M CTOX8CTH'l8CKOI'O 

npouecca cTaull:oHapuoro rrepeuoca uel!:TpoHOB MeToJlOM MoaTe-Kapno no 
t + l 

IIOK0119HHS!Mo ABTOpbi BBenH anropHTM OU9HKH B91IH'IHH If p ( r ) dr 1 r H -;:r-' 
tl 

B rrporpaMMy MouTe-Kapno nm1 TpeXMepuoro MHorosouuoro peaKTopa/6/. 

BhmH pacc'lHTaHhi KHHeTH'leCKHe xapaKTepHCTHKH Tpex BapHaHTOB peaKTopoe 

Ha Obl~TpblX Heii:TpOH83 Cl!OlKHOil: reoMeTpHH H COCTaBa: 1 - rfpoeKTHbll Ba

pH8HT HMrrynbCRoro HccnenoeaTenbcKoro peaKTopa HBP-217 1, 2 - pac'l~TRblA 
BapHaHT HBP-2 c souoil: H3 U-235 H oTpalKaTeneM H U-238 , 3 - eapeaBT 

rHrroTeTH'IecKoro nByxsoaaoro peaKTopa (6es BOJl.IIHo:ro saMennHTenH) - Pu 

B 30H8 H W B OTpalKaTene. 

<l>yHKUHSI p ( T ) Jll!SI BCeX OOC'IHT8HHblX peaKTOpOB MOHOTOHHO YOblB8-

eT C pOCTOM r (pee. 1) H XOpOIUO arrrrpOKCHMHpyeTCB B HHTepB8B8 

Q < r < 10 MKCeK cyMMOil: HeCKOl!bKHX SKCIIOHeHT ( Ta6n. 1) • .lJ.nH B8pH8B

T8 1 BKll8Jl Heii:TpOHOB C BpeMeHeM lKH3HH T > 10 MKCeK B IlliOTHOCTb Jl9118• 

HHil: COCTSBHll 2.10-4, B cpenHee BpeMSI lKH3HH - 10%. 
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fl>rr), MKCeK-f 

;d2 (0-2 

(0-j 

10 to·t 

to-5 1 
1 

, I 7 I , ~ MKCeK 
0 I 2 3 4 5" 6 

1 

o.f I 
1 1 

~ _ 'C, MKceK 

0 Qf 02 03 

Pac, 1, ITnoTHOCTb pacnpeneneHHH aeATpoaos no speMeHH Me*Ay neneHHHMH 
p ( r) AnH Ob!CTporo peaKTOpa C TOHKHM OTp8lK8TeneM H BOAHHbiM 38MeAnH
TeneM ( sapHaHT 1); ssepxy cnpasa - npononJKeaae P ( r) B o6nacTb 0,3 MKCeK < 
<r< 6 MKC9K, 

10 

2 

3 

4 

5 

6 

Ta6naua 1 

ArrrrpoKCHMaUHH rrnoTHOCTH pacrrpeneneHHH sepoHTHOCTH 

BTopH'!Horo neneHHH no speMeHH 3KcrroaeauaanbHhiM pHJlOM 

p ( T ) 

( 1) -; 

yl 

0,347 

0,430 

0,205 

0,017 

0,0008 

0,0002 

~ al yl e -al r 

4.10-8
ceK 

a 
I 

245 

44 

14 

4,3 

0,6 

AnSI Tpex B8pH8HTOB peaKTOpOB 

(2) -r 

yl 

0,408 

0,415 

0,176 

0,001 

-8 2,7•10 ceK 

a 
I 

206 

39 

14,2 

1,0 

(3) -; 

yl 

0,43 

0,29 

0,28 

-8 4,4•10 ceK 

a 
I 

170 

50 

11,5 

BJtHSIHHe ¢lopMbl p ( r ) H8 pa3BHTHe MOUIHOCTH BO BpeM~HH HJlniOCTpH

pyeTCSI pHC, 2, 3neCb npHBeJleHbl HMnynbCbl MOIIIHOCTH 6ycTepa npH p83MHO

)f{eHHH "' 20 ( 6ea Y'I~Ta 38IT83JlbiB8101UHX He~TpOHOB) 1 ITOJlC'IHT8HHbJe JlJtSI. Ba

pHaHTa 2 KaK no o6bi'IHO~ onHoTo'!e'IHO~ MonenH c T = 2, 7·I0-8 ceK, TaK 

H no ypaBHeHHSIM (8) c 4 aKcnoHeHTaMH, PaanH'!He B senH'IHHe MrHoBeHHO~ 

MOIIIHOCTH Ha cnane HMnynbca npeBbJWaeT 20%; SHeprHSI 38 BpeMSI OT 0 JlO 

5 MKCeK, nOJlC'IHT8HH8SI no a¢1¢leKTHBHO~ MOJleJlH 1 H8 7% MeHbWe, 

nnTepBTYPB 

1, T,A, YanToH. MaTepnanbl MeJKJlYHBpoanoil KOHI/JepeHUHH no MHpHoMy ncnollb-

30B8HHIO aToMHoil aneprHH B )f(eneBe, T, 5, 1955 r • .M., H3JZaTenbCTBO 

AH CCCP, 1958, 
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20 

fO 

Q 1 2 
t 

..3 HKce~r 

PHC, 2, <l>opM8 HMnynbC8 MOIIIHOCTH 6ycTepa; B HHTepBane BpeM&!HH 

0 < t < 3 MKCeK AeltCTByeT noCTOHHHbllt HCTO'IHHK HeltTpOHOB; K = 0,95; 
T = 2, 7•1Q-8ceK; cnnOWH8SI KpHB8H - p8C'I~T no OAHOTO'Ie'IHOil MOAenH; 

nyHKTHpH8H KpHB8SI - p8C'I~T no ~~eKTHBHOil OAHOTO'Ie'IHOil MOAenH (ypaB

HeHHSI ( 8) H8CTOSIIIIei! pa60Tbl), 

12 
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