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BBeaean:e 

EonblliHHCTBO axcnepn:MeHTOB no peaxTopaofi xn:aeTn:xe CBOllHTcg K 

n:ccneaoBaHHIO BpeMeHHOI'O llOBe)leHHH 05IUei'O KOnH'IeCTBa". HefiTpOHOB B CHC-
, -. . 

"TeMe. npn: STOM BO MHOI'HX :cnyqagx anann:s npoBO.llHTcg Ha OCIIOBe O)lHO

TO'Ie'IHOH Moaenn: .xn:aeTmi;n:." Hanpn:Mep, npn: BBeaean:n. B Hatianbllhili:, MoMeHT 

llOpUHH HefiTpOIIOB 38 C'leT BHeiU!Iei'O HCTO'IHHKB ll3MeHeHHe MOIUHOCTH 

peaKTOpa CO BpeMeHeM OllllChlBBIOT cpyHKUHeli: 

lr.p- l t 

e-at r 
e 

rae k P - xoacjlcjln:un:eaT pasMaomean:g Ha MI'HoBeHHhiX aeli:Tpoaax n: r 

CpeaHee BpeMg )l{ll3HH ·ueHHOCTH Heli:TpOHOB B peaKTOpe, B COCTOg!'fllll Kpll-· 

. Tll'IHOCTH .!Ia 38ll83JlhlB810IUHX HefiTpOHBX llOCTOHHHag · a Cll81l8 MI'HOBeHHbiX 

. _f3a . . 
Heli:TpOHOB paBHB ( {3 9 - acjlcpeKTHBHaH· i:iong 38ll831lbiB810lUHX Heli:T-

r 

pOHOB) • 

B. llefiCTBHTe"nbHOCTn axcnoaeaTa e -a 1" OllllCbJBBeT Cll8ll TOnbKO 

OCHOBHOH I'BpMOHHKH HefiTpOHHOI'O llOTOK8 0 T,e, XapaKTepn:syeT" ero BCHMllTO-. 
~ 

TH'Iecx.o!'l. nciBelleHne. CnelloBaTe~pHo,· npe,!lnonomean:e .o6 axcnoaemin:anbHofi 

38BHCHMOCTH cnpaBe~nHBO nHIUb.BO BpeMeHHOH o6naCTH1 CB050ilHOfi OT BnHg-
• , • .' Jt 

HHg BbiCIUHX I'SpMOHHK H 38ll831lbiB810lUHX Heli:TpOHOB, 

> ':· 
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KaK' noKaaan onbiT, pac'teTHoe aHa'teHue BpeMeHH »maHH ueHHOCTH 

HefiTpOHOB r OK83blB8eTCH CHCTeM8TH'teCKH 38HH»<eHHblM·. no Cp8BHeHHIO 

{33 ;11 . 
c sKcnepuMeHTanbHbiMH 3Ha'teHHeM --- na 20 -t 30% • Bonee Toro, 

a 
B HeKOTOpblX cny'!SSJX ( 06bi'!HO B peaKTOpax C TOnCTbiM OTp8»<8TeneM) 38-

BHCHMOCTb "MrHoBeHHofi" MOWHOCTH OT BpeMeHH HOCHna SJBHO He 3KCnOHeH

llH8nbHblfi xapaK'l'ep /2/. 

3TO HeCOOTBeTCTBHe Henb3SJ o6~SJCHHTb TOnbKO HeTO'!HOCTbiO oaHo

TO'te'!HOfi Teopuu. BoaMoJKHo, '!To cymecTByroT ewe KaKHe-To npH'!HHhi, - _. 

npusoastmue K TllKOMY Hecornacuro onhJTa c ero TeopeTH'tecKofi HHTepnpeTa

uue« •. 0aHofi H3 npH'!HH MOI'yT OK838TbCSJ H3BeCTHble B H8CTOSJWee BpeMSJ 

cnoHTaHHo aenstmuecst uaoMepbi 13• 71• BpeMst »<H3HH oTHocuTenbHO cnoHTaH

Horo aeneHHSJ HeKOTOphlX H30MepoB aocTHraeT HeCKOnbKHX aecSJTKoe: MHKpo-. . . 

ceKyHa /3/. 3T~ BpeMst cpaBHHMo c nepuoaoM cnaaa MrHoBeHHhiX HefiTpo-

HoB B peaKTope, Ho Mlioro MeHbme nepuoaa pacnaaa nro6oro ua HaBecTHhiX 

HCTOqHHKOB aanaaabiBlliOWHX HelfTpOHOBo 

QqeBHaHo, '!TO .ecnH aonst H30MepHblX HefiTpOHOB aoCT8TO'!HO BenHKa, 

TO HX BKnaa MO»<eT Ka'teCTBeHHO H3MeHHTb HCCneayeMyro K8pTHHy cnaaa. 

MOWHOCTHo TiosTOMY npellCTaBmreT HHTepec aaTb OUeHKy BenH'!HHe .aToro:,. 

BKnaaa. B peaynbTaT 3KCnepHMeHTOB, CBSJ3aHHblX C KHHeTHKOfi MI'HOBeHHblX 

HefiTpoHoB. B Ka'tecTBe npuMepa 6bm. Bbi6paH PoccJI..!ai -aKcnepHMenT, 

xaK HaH6onee pacnpocTpaHeHHhifi onbiT no uaMepeHuro cpeaHero speMeHH 

»<H3HH ueHHOCTII HefiTpOHOB. CaenaHa ncinbiTK8 OTBeTJITb H8 Bonpoc, MO»<HO 

nH B npHHUHne 06Hapy»<HTb H30Mep B peaKTOpHOM 3KCnepHMeHTe H KllKOBbl 

onTHManbHbie yCnOBHSJ noCT8HOBKH TllKOI'O OnbJTa. 

4 
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I. Ypasne 

HaoMepnoe coc'I 

MeHeM »maHH no cpa: 

cocTostHHst. MexanuaM 

nepaUHH B peaKTope r 

nepexoa ua uaoMep_noJ 

HOB, To TaKHe nelfTpo 

y'!HTbiB8TbCSJ KllK 06bi 

HOI'O noBeneHHSJ MOWH 

HCfiOnb30B8Tb H3BeCTB 

STIIX HefiTpOHOB {3 B 

HeKoTopbie stllpl 
~ . 

KIIX HefiTpOHOB ( v
1 

Pu-239, KOTOpbiH MOl 

roro pacceHHHH nefiTp 

CHTenbHO CfiOHTllHHOI'O 
' 

'!HCno VI MI'HOBeHHbl; 

2,5 .. 3. 

Ecnu ¢(l,E; t)-

pos, reHepHpyeMbiX ae 

l(t} = f'~(;,E,t) I./E 

rae I. 
1 

- u I. -Ma 
" 

npouecca, B peaynbTa1 

- BbiXOll H30MepOB OTI 

reHepaunu I (t} yao1 

tfJopMyny ( 1) cneay!'!T 



MeHH .. :»<H3HH ueHHOCTH' 

meHHbiM · no cpaaHeHHJO 

· 111 
-t 30% . • Bonee Toro, 

CTbiM oTpamaTeneM) 3a-

OCHna HBHO He SKCTIOHeH-

KO HeToqHOCTbJO onuo-

l. KaKHe-To npHqHHbl1 

!OpeTnqecKoti HHTepnpeTa

.Ie B HaCTOHIUee BpeMH 

fH OTHOCHTenbHO CfiOHTaH

c~nbKHX necHTKOB.· MHKpo

da MI'HOBeHHbiX HSHTpo

la n106oro H3 H3BecTHbiX 

1oa nocTaToquo aennKa, 
,, 

reMyJO KapTHHy cnana., 

leHKY aennqnue aToro. 

KHHeTHKOH MI'HOBeHHbiX 

~n..!ai -axcnepnMenT,· 

no .cpenuero apeMeHH 

THTb na aonpoc, Momno . 

lKCnepHMeHTe H KaKorfbl 

I 
I 
I 

1. YpaBHeHHe OAHOTO'Ieqaoti KHHeTHKII C yqeTOM 1130M8pOB 

H3oMepHoe COCTOHHile Hnpa xapaKTepll3yeTCH aHOManbHO 6onbWIIM Bpe

MeHeM mH3HH no cpanHeHIIJO c npeMeHeM :»<H3Hil o6biqHoro B036ymnenuoro 

COCTOHHHH. MexaHH3M o6pa30BaHIIH H30M8pOB TaKO.B1 qTo CKOpOCTb IIX re-

uepaun11 B peaK Tope n~onopulloHanbHa noToKy HetiTpouon. nos'!' oMy, ecn11 

nepexon 113 ll30Mepuoro cocToHHHH conpoaomnaeTcH HcnycKaHileM ueuTpo

HoB, TO TaKHe HetiTpDHbl, C TO'IKII 3p8HHH KIIHSTIIKII peaKTopa, non:»<Hbl 

yqllTbiBaTbCH KaK o6bJqHbie 3ana3nbiBaiOIUile. 3uaqllT, nnn onncannn apeMen-. . 
Horo noaeneHHH MomliocTn peaKTopa c y'leToM H3oMepHbiX netiTponoa Momno 

HCTIOnb30B8Tb H3B8CTllb18 ypaBHSHHH KHH8THKH 1 ecnH BBSCTH TIOHHTHe nonu 

STHX HSuTpOHOB f3 B HX 06IUeM q11cne V 1 npHXOAHIUSMCH Ha aKT neneHHH • 

HeKoTopbie nnpa-H3oMepb! cnoHTaHHo nenHTCH c ncnycKaHHeM necKonb-

KIIX HStfTpOHOB ( vi ). OnHHM H3 TaKHx npHMepoB nanneTcH H3oMep 

Pu-239 1 KOTOpb!H MO:»<eT o6pa30B8TbCH1 HanpllMep, B pe3ynbTaTe Heynpy-. 

roro paccenHHR neuTpoua na Rnpe H3oTona Pu -239 • BpeMn :»<H3HH oTno

CHTenbno cnonTaHHoro neneHHR aToro H3oMepa -12 MKCeK, a cpenuee . 

'IIICnO VI MI'HOBeHHb!X li8HTpOHOB1 B03HIIK810 IUHX npH neneHHH1 !JOpRnKa. 

2,5 .. 3. 

Ecnn ¢(1, E, t) -noT OK HetiTpouon a peaK Tope, .To KonnqecTBo H3oMe-

poe, reuepnpyeMbiX 3a onny ceKynny a MOMenT 6yneT panuo: 

-+ .... -+ ... 

l(t) = J'c'f!(r,E,t) 'I.;(E)drdE = Jci>(r,E,t)'I.,JE)·p (E)drdE, 
. X 

(I) 

I'ne "£ { - H "£ x -MaKpOCKOTIH'I8CK118 ceqeHHH o6pa30BaHIISI H30M8pa H 

npouecca, .B pe3ynbTaTe KoToporo naHHbiH H3oMep o6pa3yeTcst, a ·p = u !u 
· . X { X 

- BhlXOll H30M8pOB OTHOCHTenbHO STOI'O (Heynpyroro) npouecca, CKopOCTb 

reuepau.HH J (t) yno6aee Bb!pamaTb qepe3. MOIUHOCTb N (t) • noaTOMY. 

<f>opMyny ( 1) Cneny~T 3aTIIICaTb B BHne: 
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·.r 

· .. ·· 

J ( t) N (t) = 3 1 •1 0 16 'P W ( t). 'P -.- ' ( 2) 
rl 

< };i > 
3JleCh p = 'P = -·--

. I. .<};I> 
- BbiXOJl naoMepoB B nepectJeTe na OJlno Ilene-

nne ( cetiennsr }; ; n };1 ycpeJlnenbi no. noToKy nefiTpoaoB), r -BpeMSI 
~ •• > 

. >~mann nefiTponoB oTnocnTenhao Jlenennsr, N ( t) -'Incno. nefiTponoB B peaK;_· 

Tope H . W ( t) -MomaocTh B MBT ( 5ea ytJeTa J?KnaJla oT cnoaTanaoro Jlene

nnsr naoMepoB). 

OycTh v -cpeJlnee tJncno MriioBenabiX n naoMepabiX aefiTponoB, Boaan

Karomnx ·npn Jlenennn. TorJla Jlonsr 13 naoMepiibiX aefiTpoaoB B aToM tJncne 

paBna: 

f3 
'P IIi 

1/ 

'P 1/ i 

'Pll; + 1/ p 
(3) 

CiieJloBaTenhno, KoacpcpnunenT paaMaro)!(eansr aa MrnoBeanblx nefiTponax 5yJleT 

paBea: k P = (1 · - f3) k , rile k -Ko::icpcpnunenT paaMIIO)!(eansr, a a MriioBeiinhn~: 

li ll30MepflbiX nefiTpoaax. Teneph, onpeJlennB TaKnM oopaaoM JlOniO f3 > n 

anali Bbipa)!(enne Jlnsr cKopocTn renepaunn naoMepoB, MO)!(fiO aanncaTh ypaB-' .· 

' neansr KnneTnKn: 

k -1 ~ = _P __ N + Avi C 
d t T 

kf3 
dC=-,\C+--N. 

(4) 

d t 1/ T 

3JleCh C ( t) -tJncno naoMepoB B peaK Tope B MoMenT BpeMenn t , ,\ 

nocTosrnnasr pacnaJla naoMepa, N ( t) -oomee., KonntJeCTBo MrnoBeanbiX n 

naorV!epnbiX ·nefiTpolloB. 3Ta cncTeMa ypaBnennfi cnpaBE)JlnnBa B npeJlnono-

)!(e!IHI!1 'ITO OJlHOTO'IetJnasr MOJlenh peaKTOpa JlOCT8TO'InO Bepna li 'ITO 38IT83Jlbl-
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B810llllle · ·uefiTpOHbi1 65 

··' Knae.TnKy ·B. paccMaTpl 

JleTh, '~.To npn aaMene 

OObi'Inbii!: BHJl. 

OocneJlHHfi tJneJ 

nonpaBKY K KapTI!H~ C 

38BHCHT1 OtJeBHJlli0 1 0' 

naoMepa. B cneJlyrome 

6yJleT noKaaaao, 'ITO 

HHHYIO cnaJla MrHOBeH 

paanornacnsr Me)!(JlY p 

nnn KatJeCTBeHno )13ME 

2. A nanHa pea 

Uenhro Pocc11-a 

BpeMennofi Koppensru~J 

naphl nefiTpOHOB B pel 

Bea npocTpancTE 

JlnSI BepOSITHOCTH 3ape 

Me)!(yTKe ( t 1 t + d 

t . "' 0, nMeeT Bl!Jl ( c 

r(tJdt 
. 

(F'dt+( 
0 

B aTofi cpopMyne: . 
F

0 
· -cpeJlHSISI cKopoc 

paaMHO)!(ennsr ( B nawe 

cJ>yiiKUHSI IJI ( t) paBH! 



.. ,_,.. 

( 2) 

pec~eTe Ha onHo nene-

p0HOB) 1 Tf _-BpeMSI 

fcno HeftTpOHOB B peaK~-

1 oT cnonTaHnoro nene-

epHbiX HefiTpOHOB1 B03HH

rrTpOHOB B aTOM ~Hcne 

(3) 

leHHblX HefiTpOHax oyneT 

IOlKeHHSI Ha MrHoBeHHbU. . 

oopaaoM nomo {3 . n 

MOJKHO aanncaTb ypaa·..; · 

( 4) 

speMeHn 

CTBO MrHOBeH!IbiX H 

Bennnaa B npennono-

no ~epna' ·n ~To aanaanhi-

· .. I 
·f 

I 
I• 
I 

''·: 

B810Illlle · 'gefiTpOHbll ooycnoBneHHhie npyrHMH HCTO~HHK8MH 1 He BnHSIIOT Ha 
. . . 

' KHHe.THKy ·B. paCCMi:!TpHBaeMOM HHTepBane BpeMeHH Haomonennsr, flerKO BH-

neTb1 ~To npn aaMeHe C ( t) na C(t)/v. 
I 

ypaanennsr (4) npnnnMaiOT 

oobi~Hhiil: ann. 

flocnenHnfi ~neH B nepBOM ypaBHeHHH ( 4) xapaKTepnayeT "H30MepnyiO" 

nonpaBKY K KapTHHe cnana MrHoBenriw~ neilTpoHoB. Benn~~na a~ofi nonpa~Kn 

aaancnT1 o~eannno, oT Toro, KaKOBhi nocTosrH!Ihie ,\ Ii {3 ·nnsr nannoro 

naoMepa. B cnenyromeM paanene Ha ·npnMepe Poccn- a -aKcnepnMeHTa 

. ' 
HHHYIO cnana MrHO~~HHbiX HefiTpOHOB (~TO MOlKeT srahsrTbCSI .OiliiOfi ll3 npn~nH 
~ . . . 

paanornacnsr MeJKny pac~eTHhiMn n aKcnepHMenTanbHhiM apeMena11:m lKII3HH) 

nnn Ka~ecTBenno naMeHHTb xapaKTep cnana. 

2. Anamia peaynhTaToB PoccH-fl -H3MepeHHfi C y~eTOM ll30MepoB 

UenbiO PoccH- a -aKcnepnMeHTa sransreTcsr H3 Mepenne xapaKTepa 

BpeMennofi Koppensrunn MeJKny nayMsr nocnenoBaTenbHhiMH perncTpaunsrMn 

napbl neil:TpOHOB B peaKTOpe, 

Eea npocTpaHCTBenno-anepreTn~eCKOfi 38BHCHMOCTH oowasr cjwpMyna 

nnsr BepOSITHOCTH 38perHCTpllpOB8Tb HefiTpOH B MOM9HT BpeMeHH. t B npo-

MeJKyTKe ( t 1 + d t ) 1 ecnn npenhmymnfi oTc~eT nponaomen B MoMenT 

t · "'.01 nMeeT BHn·(cM,, nanpnMep 1 /41): 

r(tJdt 
. 

·t F. dt +. t 
0 

v(v..:J) k 2 oo · - r IJl(t'J IJI re' + eJde'ae. · 
;;2 r2 o 

( 5) 

B aToil: cjJopMyne: £ -a.P.PeKTnanocTb neTeKTopa B oTc~eTax na nenenne, 

F 
0 

-cpennsrsr cKopocTb nenennfi B cncTeMe 1 
k 

paaMHOJKennsr ( B nariieM cny~ae Ha MrHoBeHHhiX n naoMepHbiX H:eil:Tponax). 

<J>yHKUHSI IJI ( t) paana: 
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' 

t 

''P( t) (G(t- t')e(t')dt', ( 6) 
0 

rae 'G (.t) -aaKoH, B cpeaHeM onHCbiBaromnii uenotJKy, KOTopaH HHHUHHpoaa-

Ha. OaHHM Ha'lanbHbiM H9HTpOHOM H e( t) d t · -BepoHTHOCTb TOr01 'ITO 

H9HTpOH ]leneHHH1 KOTOpoe npoHaomno B MOM9HT t = 0 1 ilOHBHTCH B MO-

MeHT t B npoMe>KyTKe ( 't 1 . t + d t ). • 

f1epaoe cnaraeMoe B ( 5) npeacTaBnHeT co5oii. aepoHTHOCTb perncTpa-_. 

UHH HefiTpOHa H3. ilpOH3BOnbHOH U9ilO'IKH 0 T,e, 9TO ilOCTOHHHbiH. BO BpeMeHH 

~on cnyqafiHhlX coanaaenn:ii, BTopoe cnaraeMoe - sTo sepoHTHOCTb a Mo-
1 

M9HT t B npoMe>KyTKe ( t 1 t + d t ) HM9Tb OTC'IeT, CKOppenn:poBaHHbiH 

C, OTC'19TOM B MOM9HT t 0, f1ponaseaenn:e 11 ( 11 - 1) y'IHTbiBaeT TOT 

~aKT1 'ITO OT B03liHKmHX npH Jl9n9HHH II U9il0'19K H9fiTpOHOB MO>KHO 

HM9Tb 11(11-1) 

ueno'leK paano 

TOB, 

nap CKOppenHpOBaHHhlX OTC'I9TOB1 TaK KaK 'IHCnO nap 
11(11- 1) 

2 
, a JlBe uenotJKH MoryT aaTb JlBe napbi OTC'Ie-

Ecnn .B uenotJKe cneJlyeT Y'IHTbiBaTb TonbKO oany rpynny aanaaabiBaro

mnx nefiTponoa, aonH KOTOpbiX paana {3 , To 

e(t) = ( 1- {3) B(t) + >..{3e ->..t . (7) 

Kor]la cymeCTB9HHOe 3Ha'19l1He HM9IDT nHIDb MrHOB9liHbl9 HeiiTpOHbl
1 

TO 

e (t) = B(t) t npH 9TOM lJ1(t} = 'G (t) = exp 1-at I H HHTerpan 

B ~OpMyne (5) paBeH exp 1-a t I I 2 a , B 9TOM cnyqae HMeeM xopollio 

H3B9CTHyro 
. ' . ~ 

~opMyny Opnao~~a JlnH sepoHTHOCTH aapern:cTpHpoaaTb c_Koppenn-

poBaHHyro. napy OTC'I9TOB 1 pa3JleneJIHbiX npoM~)!<YTKOM Bp9M9liH 

p (t) 

-- 2 
"II( II -1) k 

-at 
·e 

E 2 2 
11 r 2a 

. (8) 

3Ty aaBHCHMOCTb H .H3MepHroT 05bi'IliO B ·Poccn;..a . -9KCnepHM9liTe~ 

' .. -· 

8 

-. 

l 
-~ 

.... 

'1 
l.l 

HamPme naoMepc 

Ecnn npHHHMaTb · 

ayromnxcH napaMeTpaM 

ami 'G(t) 1 cneaye~ 

BHHMH G(O} = II 'I 

'G(t) 1 [( s 1 

s 1 

rJle 

-a.+·, 
s 

1. 2 2 

-KOpHH xapaKT9pHCT~'IE 

(1 - kp )/r , k = 

HcnonbayH. e ( t) 1 

nHpOBaHHbiX OTC'I9TOB. 

P(t) = E 
-~- k:/ 

ii 2 ----:;:2 2 

Hamefi uenbro HBJ 

~opMynbi Opnao~~a (8) 

Poccn:-a · .. -na¥epennn 

f1ycTi Poccri.:..a· 

sanaaJlbiBaromHM neiiTpl 

JlHTCH TOnbKO a5nnan: B 

aep>KHBaeTCH cmi5biM .E 

KaKHX-nH5o HCTO'IHHKOE 

ce5H a HHTe.pecyromeM 

naaeeTCH ·annpoKCHMHpt 

a = {3 /r 
9 

1 Toraa 

sTo) cneayeT aaKoay ( 



( 6) 

Ky, KOTOpag HHHUHHpOBa-

IOSITHOCTh TOI'01 ~TO 

0, nOSIBHTCSI B MO_; 

BepOSITHOCTh pei'HCTpa

:>CTOSIHHbiH BO BpeMeHH 

ro BepOSITHOCTh B MO-

~~eT, cxoppennpoBaHHbifi 

' 1) y~HTbiBB~T TOT 

iefiTpOHOB MOmHo 

TBK KBK ~HCnO nap 

~ ~8Th ~Be I!Bpbi OTC~e-

Hy. rpynny sanas~biBaro-

( 7) 

Hbie HetiTpOHbi1 TO 

y-~ae IIMeeM xopomo 

I'HCTPI!POBBTh C_Koppenn-

I .BpeMeHH 

. ( 8) 

-aKCIIepiiMeHTe~ 

t· 
.~ 

HanH~He HSOMepoB B peaKTOpe, O~eBH~H0 1 HSMeHHT ~OpMyny (8). 

EcnH npHHHMBTh BO BHHMBHHe TOnhKO O~HH THn HSOMepoB, xapaKTepH

SYIOII!HXCSI napaMeT}JBMH .A H {3 1 TO ~ng TOI'0 1 ~T06bi nony~HTh abipameHHe 

~mi. 'G(t). 

BHSIMH G(O) 

'G(t) 
s l 

r~e 

s 
l. 2 

1 

1 cne~yeT pelliHTh CHCTeMy ypaBHeHHfi (4) C Ha~anhHbiMH ycno-

1, C (0) = 0.' PemeHne HMee'r an~: 

·s1t 
- (s +A) e s 2 t) , [(s + A.) e 

s2 1 2 {9) 

a + A v(a+A) 
2 1- k ·± - A--

2 . 2 r ( 10) 

-KOpHH xapaKTepHCTH~ec KOI'O ypaBHeHHH1 B KOTOpbiX1 KBK H npem~e, a 

( 1 - k P ) I r · k = k P I (1- {3) H A -nocToSIHHaSI pacna~a nsoMepa, 

Hcnonhsyg e (t) n G(t) B ~opMe (7) u (9), ~ng BepoSITHocTwcxoppe-

· nHpOBBHHbiX OTC~eTOB nony~HM BbipameHHe: 

2 2 . 2 ;r;;·::}r k2 '1 [ A_2-si(J-{3):slt_ A -s2(1-{3) es2t].(11) 
ii 2 72( s 2- s 2) s s 

1 2 1 2 

P(t) 

Hamefi uenhiO SIBnSieTCSI BbiSIBHTh CTeneHh OTnH~HSI ~OpMynbi ' 11) OT 

~OpMynbi 0pH~O~~a (8), KOTOpoft 06bi~Ha HHTepnpeTnpyroTCSI pesynhTBTbi 

.:.axcnepHMeHT npOBO~HTCSI Ha KpliTH~eC~OM • no. 

sanas~biBBIOllliiM HetiTpoHaM peaK Tope ( npaKTII~ecxn peaxTop: .. MomeT aaxo~ 

~IITCSI TOnhKO B6JIHSH KpliTII~HOCTII, a IIOCTOSIHHbiH ypoBeHb MOllliiOCTH ·no~- . 

~epmiiBaeTcg cn.a6biM a!IemHn~ HcTo~HHKoM). He npe~nonarag cymecT~oBaHHH 
" ' ~ ' ' f .• 

KBKHX-niioO IICTO~HHKOB SaiiaS~biBBIOllliiX HetiTpOHOB 1 CriOCOOHblX IIpog BnSITh 

ce6SI B IIRTe.pecy!OmeM nnTepaane BpeMeHH Haonro~eHnH, axcnepnMeHTaTop 

Ha~eeTCSI ·annpoKCHMlipo~aTh pesynhTaT Oil biT a SBBHCHMOCTb~· ( 8) 
1 
~ ~~T~pofi 

a = {3 9 I r , Tor~a xax HSMepSieMaSI BepoSITHOCTh P (t) TO~Ho ( ~onycTHM 

aTo) cne~yeT saxoHy (11). 
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BoaMD:lKHDCTb BbinenHTb BTopyiO axcnoneHTY .aaBHCHT oT TO'IHDCTH 

H3MepeHHfi H1 npe:lKne ace_ro1 oT .3Ha'leHHfi BenH'IHH ,\ H f3 • HanpuMep1 

. ITPH. tPHKCHpOB8HHOfi none {3 H30MepHbiX. HeftTpOHOB . cymeCTByiOT nBa npe-

nEmbHbiX cnyqas: ,\ = 0 u ,\ = oo 1 'ITO cooTBeTCTByeT ,Hao~-epy1 KoTopbifi 

SIBnsteTCSI ITOCTOSIHHbiM BO BpeMeHH HCTO'IHHKOM1 H H30Mepy1 KaK HCTO'IHHKy 
. . , . . t , 

Mr!fDBeHHbiX nefiTponoB. B nepBoM cnyqae P (t) - exp 1-( /3 .,. + {3)- I 1 TaK 
. ' ~ r 

. xaK peaxTop KpHTH'Ien na Bcex aana3nbiBaiOmux nefiTponax, a Bo BTopoMt : 

P (t) ~ exp 1- f3 t / r I 
. 9 1 T8K K8K H30MepHbie HefiTpOHbl srBnsriOTCH Mf'HOBeH-

HbiMn. · J.1a sTliX npenenhHbiX aaaqeanft tflopMynbi ( 11) srcno, 'ITO npu tPHKCH

poBannofi none .. /3. cymecTByeT nexoe ~poMe:lKyTo'lnoe ana'leHHe· ,\ , Korna 

B naHHOM BpeMeHHOM HHTepaane li3Mep~HHfi OTKnoneniie 38KOH8 ( 11) OT 

sxcnonenuuanbnoro nan6onee aaMeTJIO• Mo:lKHO ouenHTh, 'ITO B. cny'lae, 

Korna KpHBYIO cnana MO:lKHO noCT8TO'IHO TO'IHD H3MepHTb B npenenax nByX

Tpex no'psrnKOB1 SKCllOHeHTbl npaKTll'leCKll B03MD>KHO paanenHTb1 ecnH 

,\ 
0,1 < ( -) < 1 + 2' 

a 7 

a nau6onee 'yno6noe"' B sToM CMbiCne cooTnornenue Me>Kny >. u 

3biBaeTcsr B pafione 0,5: 
,\ 

(-) - 0,5; 
a OITT. 

( 12) 

a OKa-

( 13) 

llpn . {3 = 0 Bbipa:lKenue ( 11) nonnocTbiO nepexonnT B_ cjlopMyny Opn-. 

notfltfla, T.e. BTopasr 9KCITOHeHT8 HC'IeaaeT. CnenoBaTenhH01 ITOMHMO orpaHH

'IeHHSl: ( 12), HY:lKHO nano:lKliTb nexoTopoe ycnoBue u na BenH'IHHy . {3 • Ana

nua noxaabiBaeT1 'ITO ecnn xpus_asr cnana liaMepena no Tpex nopsrnxoB, To 

axcnoneHTbi MO>t<JIO paanenHTh1 ecnu · f3 ;:: 0,01 f3 3 u BbmonnsreTcsr ycno-

~e ( 12) ~ 3To ana'lnT, 'ITO B npnnuune ( ecnu. HCKniO'IliTb Bnnsrnue nononnu

TenbHbiX tP8KTOpOB). MO:lKHO 06Hapy:lKHTb H30Mep· C {3 min = 0,01 f3 S H noc-

TOHHHOf\ ,\ pacnana, KOTOpaH nopsinK8 ITOCTOHHHOti a ~::nana ,Mf'HOBeHHbiX 
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HefiTpOHOB B. 9TOM pel 

KHM OTpa:lKaTeneM H . t 
uaoMep Pu-239 c Jion' 

' .. :. . . -5 
. = 213 • 10 H_ ·nocTost_J 

6bin 6bi 6nuaox: K onTJ 

nst npaKTH'IeCKH HCKnK 

BopHTb1 paayMeeTcsr, -~ 
( 

TenbHasr ouenxa .113Mef 

CnenyeT · cxaaa1 

Of'p8Hll'leHbl CT8THCTll' 

o6nacTH ana'lenufi · · P ( 

· npu nonsrx f3 - 10-6 n: 

HOM SKCnepHMeHTe1 I'll 

6onee rnnpoxnx npenen 

nocTbiO. OJinaxo npn. o 

a HMeeT HeK.OTOpoe, 

TOM, 'ITO KOStPtPHUlleHTI 

HOMy 38B~CsrT OT ,\ 

_nH'IHe B KOstPtPliUHeHT8X 

· lloSTOMY BKnan H30Mep_c 

, -aKcnepuMeHTe, .. He >Ken 

Ha · pnc. 1 np~Be! 

BpeMeHH C y'leTOM H30 

o6ycnoBnena BBenenne~ 

HefiTpOHHOf'O ,HMiiynbca • 

_.npenenax Tpex nopsrnKc 

. COOTBeTCTByiOmefi cny'l 

oTnorneausr · 13 1 ·r 1 - k 



aBHCHT 'OT TOqHOCTH 

,\ · n f3 • HanpnMep, 

,cyruecTByJOT naa npe

rayeT .naoMepyj KOTOpbifi · 

130Mepy1 K8K HCToqHHKy 
t . 

;p(-(f3
9
+f3)-;:l, TaK 

rpOH8X1 a BO BTOpOM~: 

lHbl SIBliSIIOTCSI MrHOBeH-
... 

) SICHO, qTo npH ~HKCH-

e aHaqeHHe · ,\ xorna 

~HHe 38KOHa (11) OT 

~pHTb a npenenax nayx-

paallenHTb, ecnn 

( 12) 

MeJKny ,\ H a oKa-

( 13) 

·enbHo, noMHMo orpaHH

Ha aennqnHy . f3 • Aaa

llo Tpex nopHllKOB1 TO 

8 9 H BbinOliHSieTCSI ycno

~qHTb anHHHHe nononan-

r min = 0,01 f3 9 H noc-
.. 

a. cnana MraoBeHHbiX 

( ~' 
·, 

HeltTpOHOB B 9TOM peaKTOpe, HanpHMep, B nnyTOHH9BOM peaKTope C TOH-

KHM OTp8)K8TeneM H f3 9 = 2,3• 10-3 , T_ ~ 1,5• 10-8 CeK M~)KHO 38MeTHTb 

naoMep Pu-239 c nonelt Heti:TpoRoa:oT cnoHTaHHoro neneHIIH {3 min = 
'-,;.. 2,3 • w-5 

H noCTOSIHHOtl: pacnalla ,\ = o;087 MKCeK -1. TaKott aKcnepn~ eHT 

~ ::: 0,5 ll Bl!HSIHHe 0Tp8)K8Te-
a 

6bm obi 6nnaoK ·K onTHManbHOMy, TaK KaK 

l!SI npaKTHqecKH HCKl!JOqeHo, 06 OnTHM8llbHOtl: nOC:J'8HOBKe OnbiTa MO)KHO ro-

BOpHTb1 pa3yMeeTCH1 TOllbKO B TOM cnyqae, KOrlla. CyiUeCTByeT npellB8pH
( 

Tel!bHaSI oueHKa H3MepSieMotl: aennqHHbi ,\ • 

Cne}lyeT cxaaaTb 1 qTo B03MO)KHOCTH MeTolla Poccn- a 

orpaHHqeHbl CT8THCTnqecKotl: TOqHOCTh!O, OueHKa CTaTHCTH~eCKll HaJle)KHOlt 

o6nacTn 3HaqeHntl: ·. P (t) a Tpn nopSIIlKa HBl!SieTcSI aaBbiiUeHHotl:. IToaToMy 

npH JlOllSIX f3 - lQ-5 H30Mep BepOSITHee OoHapy)KHTh1 HanpHMep, B HMnynbc

.HOM aKcnepHMeHTe, rile, KpH.BYIO cnalla (g) MO)KHO npocnellHTb B rop831l0 

6onee mnpoxnx npellenax n c cyruecTBeHuo.nyqmetl: cTaTIICTnqecxotl: Toq

HOCThJO. 0JlH8KO npn OJlHH8KOBOtl: CT8THCTHqecKotl: TOqHOCTH MeTOil Poccn-

a HMeeT HeKOTOpoe, XOTSI. H He3HaqHT9llhH091 npeHMyiUeCTBO, lleno B 

ToM, q.J.o Koacjlcjlnune.HTbi npn axc':lo.He.HTax B Bbipa)!{e.HnHx ( 11) n ( 9) no-paa-
. 1 - k . . 

HOMy aaBHCSIT oT ,\ • B cjlopMyne ( II) npn . ,\ .< --- oT.HOCHTenbHoe paa
r 

l!IIqne B KO~cjlHUIIeHT8X OK83bi~aeTCSI .HeCKOllhKO Me.Hb!UIIM1 qeM B cjlopMyne ( 9), 
"' · l1o9ToMy axnall II30Mepoa np~ Taxux ..\ 6yJJeT 6onee aaMeTe.H a Pocc11 - a 

~- -axcnepiiMeHTe, _ .He)Kel!H B axcnepiiMaiTe c IIMnynhCHbiM ni::Toq.HIIKoM. 

Ha · plli::. I np~Bell~.H npnMe.p ( Kpnaag I) aaBIICIIM ocTII ~omaocTII oT-

apeMe.HII c yqeTOM _IIao_MepoB ( ,\ = 1/8 MKcex-1, f3 = 8.1Q-5), KOTopasr .: 

OOYCllOBlleHa BBelle.HIIeM B peaKTop c ( 1 - k fJ ) = w-2 H . r = 4 ·lo-8 ceK 
. · . 

.HefiTpO.HHoro IIMITyllhC8 IUIIpiiHOH 2 MKCeK, Ha piiCyHKa BllllH0
1 

qTo ll8)!{e B . .. . . . 

:-nP,ellenax Tp.ex nopHJlKOB a'aa.IICIIMocTh I cymecTae.HHo He oTniiqaeTcH oT 2, 

COOTBeTCTBYJOIUetl: Cnyqa!O f3 =; 0, 3To OOYCllOBlleHO M8llbiM 3H8'1eHIIeM 

OTHOIUeHIIH f3 I ( 1 - kt,) 8'• 10-3. Ha peaxTope c MeHbiUetl: nOilKpiiTHq-

II 
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-4 a 12 16 20 2t, u J2 J6 ~to ++ "' .rz i 
Pnc. 1. 3aBIICRMOCTb MOWIIOCTII ( OTH. en.) OT BpeMeHH ( MKCeK) C y'IeToM 
( KpHBaSI 1) H 6es y'IeTa ( KpHB8H 2) H30Mepa Pu -239 npri {3 = 8. w-5 H 

.\ = 1/8 MKcei<-1. lllnpnna BBonnMoro npHMoyronhHoro nMnynhca HefiTpo
iloB 2 MKCeK. 

Pnc. l 

l~ 
~. i 

-1' 
I 

! 
i 
~ 

t 
L 
t 

,0 • ., 

HOCTbiO . ( J ~ k p ) • 

HOBRTCH cymecTBeHHh: 
• v 

1 OITRCbiB8eTCH npaKT 

' Te MOmHO · 38MeTRTb I 

Meuee 10-4_. 

.,\ ... 
Ecnn - > 2 -. a - ' . 

H ee BKnan saMeTeH · 

nim · Bbtcwnx rapMoHR! 

RHTepec, xapaK'rep ¢ 
.• t . - . 

l . . 
TOfi e • Ilpn {3 > 

BpeMH )Kli3HH ueHHOCT 
. ·, 

'" 'IeToM na 

8 
~-Is 1· 

_. l_·. 

a 

npoueHTOB• · 3neci> Y '= 

= 2 oueHRBaeT BepXHE 

npn {3. = 2,a ;· 10~ 
.a 

nnH {3 c: 10~ oyneM 

xomneune Memny RSMI 

ool.HCHRTb nnui b . 1130~ 

. -.,._ 

1. C noMowhro: F 

B pe8KTOpe cnoHT8HHO 

pacnana .\ , cpaBHm 
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~eHH (MKCeK) C yqeTOM 
:9 npri {3 . .:. 8. to-5 n 
.noro nMnyfihca nettTpo-

nocTbiO. ( 1 - k P .) a«flcpeKT 61>In 61>1 6onee aaMeTen. BKnan naoMepoe cTa

HOBHTCSI cymecTBeHH:biM itpn t , ~ 30 . MKCeK, a. npn t ~· 50 MKCeK KpHBaSI 
. I- ~ 

1 onHC:biBaeTCSI npaKTH'Iecxn onnott axcnoaenTott, B Poccnn;..a · -axcnepnMen-

Te MO)KHO 38M9THTb ·B.nHSIHHe H30MepH:biX HeftTpOHOB1 HO C nonett {3 He 

Meaee to-4, 

. A 
Ecnn - ;::·· 2, To axcnoaeaTa c MeHbwett aMnnnTynott t5:E>ICTpo cnanaeT 

a 

n ee exnan aaMeTeH TOnbKO e caMoM Jiaqane cnana, T.e. e o6nacTn ennSI

.HHH BI>Icwnx rapMoanx,' .UnH OCTan~H:bi]C epeMea, KOTOp:bie n ·npencTaBnHIOT 

HHTepec, 
'II z' 

TOft e 

xapaKTep cpyH~UHH . p (t) 

• Tipn {3 > · 0 ecerna 

6yneT onpenenSITbCSI TOnbKO axcnonea-
. {3. . 

Is 1 I .< a == ~, TaK 'ITO naMepeanoe 
r 

Bp9MSI )Kif3HH U9JiHOCTH HeftTpOHOB 6yneT 38B:b!W9HO no Cp8BH9HHIO C pac-

'19TOM Ha 

a -1 s 1·. 
---· .:...

1
- 100 

a 
Llvrx+ r--1)

2 +4Y - rx+ :y-1JI1~o 
2 . : ( 14) 

.. 
{3 . A 

· npoueHTOB• 3necb Y = -a n X== a , npnqeM X ·~ 2. 3Ha'le.Hne X == 
'"'a . , 

=· 2 oueaneae.T eepX.Hnti npenen innH 8 (npn .cpnxcli:poeaaaoM Y ) • HanpnMep, 
'· 

npn {3 • = 2,8 • 10-3 n {3 = 0, 1 • {3 9 = 2,3 • 10-4 'nony'lnM 8 ~ 8,5% • 
. ·--S ., ._~- · max 

.UnH {3 = to...S 6yneM nMeTb 8 · :24%, .T.e, o6I>I'IHo ita6nronae_ M~e. pac-max · 

- XO)Kll9HHe Me)Klly H3M9p9HH:b!M' · H paclJ:eTHbiM BpeM":H8MH )KH3HH · MO)KJiO 

o6'bSICJiHTb nnw b H30MepaMR1 nnH KOTOpbiX .{3 Jie Meaee 10~, 

BbiBOJlbl 

1. C noMoiitbiO Poccn-.Ci • -axcnepnMeHTa MO)KHO o6uapy)KHTb nannqne 

B peaKTope cno.HTaHHO Jl9nSIIItHXCSI H30MepoB C JlOneA {3 ~ 10-4 H fiOCTOSIHHOA 

pacnaaa ,\ , cpaB.HHM?tt c nocTOSIHHott cnaaa a MraoeeaubiX uettTpouoe; 
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l, 
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. ~., 
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t:~ 

~ ... 

npn 9TOM BKJ18ll 1 o5yCJlOBJle!IHblii H30Mep!lblMH nei1Tp0!18MH 1 TeM 38M€TUee
1

. 

qeM 50JlbWe OT1IOW€!1He HX .llOJlH 8 K MPHOBeHHOfi 110llKpHTHq!IOCTH peaKTO

. pa. llnH aToll uenn MoryT cny>KHTb Ma'Jibie cncTeMbi na 5bicTpbiX nefiTponax, 
. . . . . ·' . 

IIBX.OllSIIUHeCH B5JlH3H KpHTHqHOCTH .Ha aal183llbiB810IUIIX HefiTpOHax, 

Opn nonHx 8 - to-5 
IIaoMep BepoHTHee o5napy*IITb B aKcrrepnMeH

.Te c nMrrynhCIIbiM ncToqHnKoM, KaKOBbiMH, narrpnMep, HBJIHIOTCH nMrrynhc

Hbie peaK~opbi-6ycTepbi, 

2. Pacxo>Knenne Me>Kny na5nronaeMbiM n pacqeTHbiM BpeMeHaMn·. 

>KIIal!ll ueHIIOCTH HefiTpOIIOB B 20 f- 30% !IeJlb3Sl 110JlHOCTbJO o5'bHC!IIITb BJliiH

HHeM naoMepoB. TaK KaK o>KnnaeMLIH BbiXOll naoMepa Pu -239 He rrpeBbiWaeT 

lQ-4, TO ero BKrillll B BeJinquHy CpenHero BpeMeHJI >Kli3Hll U€HHOCTII HefiT-

poHOB He fionee JieCKOJlbKHX rrpoueHTOB, 

nnTepaTypa 
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3 •. Nucl. Phys., Al51,. 656 (1970) 

4:Nukleonik, !, 213 - 226 (1962). 
5, il~. p, KHI111H, "'.<I>JI3JiqecKHe OCHOBbl KIIH€TIIKII H!lepl!biX peaKTOpOB,., 

AToMIIanaT, MocKBa, 1967. · 

6. Nucl. Sci. and Eng., _£, 450 (1957) •. 
7, A31 T. 31, Bbin, 2, 156 ( 1971), 

PyKorrncb rrocTyrriina B IIanaTenbCKHfi oTnen 

5 HIOJIH 1972 rona. 
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OTPAIAETCH B MAT 
. WKOJI. 

81>1 MOJKeTe 

B Bawell . 6H6JIHOTeKe 

13-3700 

~~3893 

. P1-3971 

10-4220 

10-4226. 

.. 10-4229. 

i0-4231· 
,,· 

10-4244 

MaTepuanLI 
JneKTPOHHKI 

Coo6meuua 
Ma no CTPY~ 

llyKnOHLI H 
cosemauua 
HLIM B3aHMO 

3BM B JKC: 
Ta, 1968. 

·JI.3son!>CKH, 
sue 3BMsc 
HOH ljJH3HKH, 

JleKUHH TOi 
H opraua3a'u 

JleKunu Toii 
CKHil. MeTot 
B ljJH3HKC BLI 

JleKUHH TOH 
,t~a'<ax JKCne 

JleKUHH TOH 
X3.tl. · 06pa6 
c noMoui~>~o I 

pJ0:4245 JleKUHII TO~ 
• IICJJna. 06p1 

GecljlunLMOBI 

10-4319 .. JICKUHH TOH 
neKunii - np 

~ ·. TanbHoii ¢IH3 
Jlop,~:~, L{on/. 

H5B9 

2-4816 

PolK)lenue Ml 

De KTopnLie. 
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