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B cnHan c o5cy~aeHneM rrepcrreKTnn aneKTpOHAepHoro MeToaa rrony-

. /1-3/ 
qeHRH 8Heprnn R H8KOITJieHRH peAKRX R30TOITon n ITOCJieAHee npeMH 

nHpnb ITOBbiCHJICH RHTepec K rrpoueccatvt, ITpOHCXOAHIIlHM n AeJIHIIlRXCH _cpe

A8X ITOA aei1CTnHeM rryqKoB nhiCOK08HepreTHqecKRX qaCTRU, 

· B aaHHoif paooTe rrpnnoaHTCH HeKoTopbie peaynhTaTbi TeopeTnqecKoro 

nccneaonaHHH aTHX rrpoueccon, nhmonHemwro n OJ1.HJ1 n 1964-1968 rr. 

3TH pe3ynhT8Thi rronyqeHbi MeToaoM MoHTe-Kapno rryTeM HerrocpeacTneHHoro 

Moaennpon~HHH "cyahobi" K8)1{AOi1 qacTHUhi n 5noKe nemecTna ao ee panna

~noimoro aaxnaTa nnn nhixoaa 113 5noKa, 

Heo5xoaiiMbie AJIH pacqeTa xapaKTepncTHKII naanMoaeifcTniiH qacTnu 

c· HAp8MII. nbiqiiCJIHJIHC~ T8K)I{e MeTOllOM- M OHTe-KapJIO Ha OCHOne K8CK8l1HO.:.: 

ncrrapHTenhHoif Monenn n coqeTaHnn co cTaTHCTIIqecKoif. Teopneif aeneHIIH,~ 

. qTo aaeT XOpowee cornacne C ·HaBeCTHLIMH 8KCITepiiMel!T8JibHblMH ll8HHbiMH, 

ITocKonbKY aHeprnH rrepnnqHhiX qaciiiu obina He cnnmKoM nbiCOKoif 

f T < 700 Man), Mbi rrpeHeoperann rrpoueccaMII MeaoHoo5paaonaHIIH, 

3apH)I{eHHhie qacTIIUhi rrpocne)I{IInanncb nrrnoTb ao aHepriiii 30 Man; 

yqJIThinaJIHCb HX IIOHH38UIIOHHbie ITOTe;m, floneaeHHe HeifTpOHOn n OOJI8CTII 

aHepriiif, Mefiownx 10,5 Man, orriicbiBanocb c rroMombro 2_5-rpyrrrronoif ciicTe..: 

Mbl peaKTOpHbiX KOHCTaH; /4/, . 
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l1Meromas:rcs:r B nameM pacnops:r)!{enun nporpaMMa rtoaaons:reT Bhmon

HHTb pactteThi npaKTnttecKn ans:r nrooofi reoMeTpun n nroooro cocTaBa oony-

ttaeMOI"O B9IU9CTBa 1 O}:lHaKO npUBOJlUMbi9 Hll)!{9 JlaHHhi9 OTHOCHTCH K onoKaM 

238 u 238 u 'IHCTOI"O ypaHa ll 9CT9CTB9HHOfi CM9CH ll30TOnOB U 
235 u 

( 7j = Ns:r'{ 235 u ) I :N H ( 238 u ) = 0 172%); JlnH KOH-

KpeTHocTu Mhi npeanonaranu, ttTo onoKu nMenu ¢opMy uununapa c paauycoM 

R = 60 eM n anunofi L 90 CM, TottettHhifi UCTO'IHHK 1 ucnyCKaiOIUHfi' 

npoTOHhi aaonb ueHTpanhHofi ocu unnunapa, pacnonarancs:r BHyTpu onaKa 

Ha paCCTOHHUU Zo = 26 CM OT 9I"O nepe}:lH9I"O KpaH x/, 

Ha puc, 1 B aailucuMocTu oT paauyca r u "rnyouHbi" z noKaaano 
o I· \ 

I 
pacnpeaenenue no oiloKy ttucna s:raepHhiX aaauMoaeficTBUfi HyKnoHoB B Ka_cKaa-

Hofi naBUH9 1 nopO)KJl9HHOfi OJlHIIM nepBII'lHhiM npoTOHOM1 

t R t 
N (Z)=2 17 ( N(z,r)rdr 

II o 

t L 
N (r) -='. f 

J.. ' 0 

t 
N (z, r)dz. U 

Ha puc. 2 npnaeaeHhi cooTBeTCTByromne pacnpeaenenus:r neynpyrnx 
in . jn . 

s:raepHbiX B3aUMO}:l9fiCTBHfi ~r (z) n N J.' (r). • nns:r cpaBHeHHH Ha 

puc. 1 oTae.iibHO npeacTaaneHhi pacnpeaenenns:r "illCna aaauMoneficTaufi,

oTnocs:rmuxcs:r TOnbKO K BbiCOK0:3H9pi"eTU'I9CKOfi KOMnOH9HT9 1 He COll9p)!{~Ulefi 

BKnana "ucnapnTenbHbiX 'ttaCTnu" ( 'T' >' 10,5 M aB). rncTorpaMMbi puc. 3 ' 

noKa3biBaiOT1 KaK BenH'IUHa 'ff (z, r) 

ueHTpanbHofi ocn onaKa. 

H3M9HH9TCH no Mepe ynaneHUH OT 

x/ . 
3KCIIepUM9HTanbHO :3TO COOTB9TCTByeT TOMy 1 'ITO XOpOlliO._ KDnnUMU-

poBaHHhifi nyttOK nepBU'IHhiX npOTOHOB nonaaaeT B Y3Kllfi Bbipea BJlOnb U9HT-

panbHofi ocu unnnnapa c rnyonnofi zo 
TiocKonbKY cpennnfi nonuaaunoHHhifi u cpennnfi HJlepHhifi npooern npo-

TOHOB C aneprnefi nopHllKa HeCKOnbKUX COTeH MaB 3HattHTenbHO M9Hblli9 

paaMepoB paceM aTpuaaeMoro onaKa ( nanpnMep, an.11 ·r = 660 M aB 

.A nonna, = 19 CM n A Hn.neynp. = 10 eM), peaynhTaThi pactteToB 

non)!{Hhi OhiTb onnaKn K nannhiM an.11 cny'IaH pacnpocTpanennH npoTonoa B 

oeCKOH9'lHOfi cpene, 
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1aMMa rtoaaomteT Bbmon-

a rr nro6oro cocTaBa o6ny-

iHHbie OTHOCSITCfl K 6noKaM 
238 . 

H30TOIIOB U H 

= 0, 72%); J:lnfl KOH

popMy urrnrrnnpa c panrrycoM 

rrcTo'IJHHK, rrcnycKaromrrfi · 

onarancH BHyTprr 6noKa 

, KpaSI x/. 

H ·"rny6HHbi" .. Z IIOK838HO 

tefiCTBHfi HyKnOHOB B K8CKan-

~OHOM1 

t 
N (z, _r) dz. 

cnpeneneHHH neynpyrrrx 

o nnfl Cp8BHeHHfl H8 

acna aaarrMoneficTBHfi,· 

JMnonenTe, ne conepma.mefi 

:lB) o fHCTOrpaMMbl pHC, 3 

reg no Mepe ynaneHHH oT 

JM~,. 'ITO xoporno, KonnrrMrr-

3 Y3Krrfi Bbipea anonb uenT-

:rrfi HnepHbifi rrpo6errr rrpo

:m 3H8'1JHTenbHO MeHbiii·e 

AnSI ·r = 660 M sB 

peaynhT8Tbi pac'IJeToB 

lpOCTpaHeHHfl. IlpOTOHOB B 

I 

I 
.I 

~ 
I 

·~ 
~ 

,_ __ J ~ 
I 

,-----J 

~J ~ 
~ 

.---J ~ 
I r----• 

,..1 ~ 
rj 

l--, ~ 
I '-----, 

L_ • ., ~ 

..... 

5 

I •-, 
I L-, C>J 

I '-----, 
I 

0 



.. ,,., 

•aoao.L 

I'J. 099 = ,[ uan..rdaae o 
0 .LO (WO) J XHHHHO.LO 

I ( J) N J JJ Z' 1 nwedl1H o 
I 

an~auattaduoed ·s •ond 

. '.~ ' 

r··. 

~ .. 

"(] 

= (') . 
!" 
..., 
0 

:lE 
Cl> . 
..c: 
>i 
0 

= 
:r: 
Ill 

'C 

= (') . 
:r: 
0 

>i 
0 
::t 
0' 
~ 
0 

l:l 
::t 
:Q 

:r: 
Cl> 
'< 

:::1 
'C 
'< 
"':1· = >4 

(') 
>i 
0 
::t ::.; 
:r: 
0 
l:ll 
Cl> 
:r: = ::· 

~ 

..,.. 

..... 

~ 

~ 

;;;j 

Qo 

0; 

~ 

~ 

ct 
~ 

~ .. ~ 

9 

(5.:. 
._ 

I 
L .... --, 

I L, 
I L---, 

I L., 
&..----, 

L..., 
I 
~ . 
I 

,..J. 
I ,_ .. 

I 
r---.J 
I 

r---J 
I 

' , _______ r ___ r' 
I ·----, 
-'-~--.J 

I 
r--.J 
I 

r-.1 
I 

rJ 
I 

1-.J 

,_J 
I 

rJ 
I 

r--' 
,.J 
I ,.--' 

I 
,--.J 
I .__, 

,--------J 
I ··---, 

I •-, 
I 



s ~ 
:::: 

~- lll 
Cll .., Ill 

I 

~ 
0 

• .J lll 
~ 
~ 

~ 
0 
£-< 
0 

C'll ~-.., :::: 
-~ 

~ 
l» 
0. 
r:: 
l» 

~ 
Cll 
lll 

0: 
~ 
t:t· 

0 
~ 
..Q 
~ 
0 

~ £-< 

0 

~ 
lll ., 

. I -·-· 12 . 
0 
:::: 
0. 

~ Ql 
lll 

:::: 
0 
£-< 
:>' 

Cll 
ita 
0 

E-o 

~ . 
0 
:::: a. 

j 
I 

[ 

. ·~ \. 
. . ,· . 

·: 

•'' • ' ~ • I 

- r.s;s 
,. ... ,_, 

--- ,.. 12.2 

-- r'"•l6,3 
-.1- .... 2~,0 j 

~ r· 39,2 
r; ··' 

_, 
,10 

;.- .. 
·I 

JO 

9. . .18 . 27.. 36 ~5 S!J 63 72 81 ~t, 

PHc. 3. Pacrrpenene!me 'IHCna yrrpyrHx H aeyrrpyrnx cTonKHoBeHnii .. ay:~noaoB 
c SinpaMH 12 1T r rl ( r) I B rrpononbHOM HarrpasneHHH Ha' pasnH'lllbiX pac-
CTOSIHHSIX r ( CM) OT OCH 6noKa ( B 'pactieTe I{ a OllHH' rrepBH'lHblll IIpOTOH 
i:: aaeprHeil .T = 660 M aa) ;_.CTpenKofi .• yKa3aH:o nono>KeHHe ncTo'IHHKa rrpo-

Tonoa. 
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llpH onHH8KOBOft HOpMHpOBKe pacnpeneneHHH1 OTHOCHmHeCH K B38HM0-
235 . 238 . 

neftCTBHIO C HnpaMH U l T8KHe :me, K8K H- nnH Hnep U 

onHaKO B a6coniOTHbiX 3H8'JeHHHX HMeiOTCH1 KOHetJH0 1 cymeCTBeHHbie paanH-

'JHH ( CMo HH:me) • 
t 

PacnpeneneHHH N 
in 

u N xapaKTepuay!QT pacnpeneneaue BHyTpH 

6noKa ITOTOK8 'J8CTHU ( B OCHOBHOM - aeftTpOHOB) 1 reHepupyeMbiX nepBH'JHbiM 

npoToHoM c aaeprueft ·r ,u onpenenHIOT pacnpeneneHHH acex ocaoBHbiX !jluautiec~ 

KHX BenH'JHH: .;HCna neneHHft H BbiXOna paanHtJHblX H30TOITOB ( B 'J8CTHOCTH, 
239 

Pu ) , TennoBbineneHHH u .T.n. 

Ha ·npuaeneHllbiX naHHbiX ·Bnnao, .tJTo ace aTH pacnpeneneauH non:mHbi 

HMeTb qeTKO B,bipa:meHHblft. M8KCHMYM B KOnbUeBoft 30He C panuycoM 

r·• .\ ~" aeynp /2 aa paccTOHHHH z '- z
0 

.. .\ , I 2 oT HCTOtJHHKa 
"'"'" • · • · HJl.Hey_np. 

npoTOHOB . ( .\ - HnepHblft npo6er nepBHtiHbiX. npoTOHOB no He-
Rile Heynp. 

ynpyroro aaanMoi:teftcTBHH). B o6nacTn ·r = 300-700 M aa aToT BbiBOJl 

He aaBHCHT OT . Bemi'JHHbl aHeprHH 'T (eM. puc. 4 u 5). 

KaK noKaabiBaiOT. pactJeTbi1 pacnpeAeneHHH ocaoBHbiX !jluautJecKnx 

BenH'JHH BeCbM8 cna6o 38BHCHT OT BenHtJHHbl 'rrapaMeTpa nnOTHOCTH HJlepHbiX 
. ' 

ypoaaeft a ( CM, pH Co 5) • fHCTOI'paMMbl Ha pHC, 1-4 H BCe . npoBOJlHMbie 

au :me peaynhT8Tbi pacctJHTaHbi c napaMeTpO!.f a = 0,05/ M aa. 

Cna6aH aaBHCHMOCTb nepBHtJHoft aaepruu ·r xapaKT~paa TaK:me Ami 

!jlopMbl aaepreTH'JeCKHX cneKTpOB HYKnOHOB1 o6paay10mHXCH BllyTpH 6noKa, 

0JlH8K0
1 
~aK aTO BHJlllO H3 Ta6nHUbl 1, cpeJlHHH aaeprHH HyKnOHOB XOTH H 

OCT8eTCH BO BCeX cnytJaHX BenH'JHHOft ITOpHJlK8 Maa•a, BCe :me aaMeTHO 

aoapacTaeT npu ynenutJeHHH aaepruu ·r • nocneAHee o6cTOHTenbcTBo, 

ecnu ero ae ytJHTbiBaTh, Mo:meT npuBecTH K cepbeaHbiM omn6KaM B aKcne-

pnMeHTa~, rile B KatJeCTBe uannKaTopa ucnonbayeTCH n-y peaKUHH 1 Be-

pOHTHOCTb KOTOpoft cymeCTBeHHO 38BHCHT OT BHJl8 aHepreTH'JeCKOI'O cneKTpa 

aeftTpOHOBo 

8 

J ·-

M fi.,'l)[- I I I 1·, .( 
~)C ') 

JO a 

8 

6 

~ 

2 

. 12 24. 

Puc. 4. 3aancnMoCTb ' 
238 u ( . ) . 239 n ,·.y 
~oM (a) u B panuanhH 
CMeCH H30TOITOB ypana 
.nono:meaue. HCTO'JHHKa', 

:-··· 

'.i '• 



ii, oTHocsrmnecsr K aaanMo-

238 ·u 
I Jll!SI SIJlep 

qao, cymecTBeHHb!e paann-

pacnpeJlenenne BHyTpH 

1, reaepnpyeMbiX nepBH'iHbiM 

!eHHSI BCSX OCHOBHbiX !jJH3H'ieC

Ii30TOllOB ( B 'i8CTHOCTH, 

TH pacnpeJleneHHSI JlOmKHbi 

>fi 30He c paJlHYCOM 

. / 2 OT HCTO'iHHKB 
tn.aey:np. 

BH'iHbiX' npOTOHOB JlO He-

)0-700 M aa aToT Bb!BOJl 

, 4 H 5), 

OCHOBHb!X !jJH3H'ieCKHX 

paMeTpa lll!OTHOCTH SIJlepHbiX 

:. 1-4 H BCe npOBOJlHMbiS 

a =' 0,05/Maa. 

'1 J(BpaKT~pHa .TBK>Ke Jll!SI 

!:layromnxcsr BHYTPH 6noKa, 

aHeprHSI HYKl!OHOB XOTSI H 

~ aa•a, ace >Ke aaMeTHo 

Ie]lHee o6CTOSITel!bCTBO, 

lbe3HbiM onm6KaM B aKcne-

yeTCSI n-y peaKUHSI, Be-. 

JlB aHepreTH'ieCKOI'O cneKTpa 

! 

8 

6 

2 

T·500 ma 
T·MOmt. 
T•300,.,~s 

lcH 12 
' 

7 til 
I 

Pnc, 4. 3aBHCHMOCTb qncna paJlHaUHOHHbiX aaxaaToB aefiTpoHCm 
238 u ( . ) . 2.39 u ' n , ., y , O.T aHept'HH JiepBH'iHOI'O npOTOH8 '1, .B npOJlOl!b-

HOM (a) H B p8JlH8l!bHOM (6) HanpaBneHHSIX Jll!SI.6nOK8 H3 ecTeCTBeHHOfi 

'cMecn naoTonoB ypana. HopMnpoaKa, KaK. aa pnc. 1. G~p~nK~_fi o:rMe'ieHo 

nono>KeHne. HCTO.'iHHKa, npOTOHOB, -·- .·. 
:.·- •. .,• . .. ; 

'. ~. ·- . ':. 
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' 

·pHc •. 5. PacriperieneHHe IJHcna paAHBUHOHHhiX aaxBaToB aeitTpoaoa a npo

aonbHOM H paaHanbiiOM nanpaaneHHHX ang ypanoaoro 6noKa, o6nytJenaoro 
npoToHaMH c aaeprHeii T = 660 M aa. .,_.. · 

HopMHpoaKa, KaK Ha pHc. 1. fHcTorpaMMbi - pactJeT ang ecTeCTBeHnofi: · 

CMeCH H30TOnOB ypaHa COOTBeTCTBeHHO C napaMeTp8MH a = 0,05/ M 9B 

11 a = 0,1 MaB. KpecTHKBMH OTMetJeHbi pactJeTHbie rHCTorpaMMbi anH 
238 

IJHCTor:o U • CTpenKol noKaaaHo nono:lKeHHe HCTOIJHHKa npoToHoB 

zo ) 

10 

;. 

~.· 

. 

,;~· 

·~ 

I~ ' ·r 

Ha116onee HHTepec 

nylJK8 np6TOHOB C ypaH 
i R · . 

Ta6nHue N =2."J"·rdr ·1 
0 

. ynpyrHX CTOnKHOBeHHH 

nepBHIJHbiM npOTOHOMj 

. 8 
HMOAeHCTBHiij N sax 

pOHOB COOTBeTCTBeH~O 

pOHOB1 . BbtneTeBIIIHX H3 

-IJHCnO .aKTOB aeneHHH 

neHHfi:; Q -TennoBhi.O 

xapaKTepH3YIOIIIHe B38H: 

IIIHMH · 10,5 M aB. JlpH ~ : 

CHIUHeCg K 6noKy Ha q} 

AeHHhlX ABHHhlX COCTaa 

qHcno B38HMOAeiic 

. p83BeTBneHHOCTH ('MDI 

MOIUHOCTb K8CK8A8·5hlC 

238 
Hapa~m U , paa 

. JlonHblii Bb!XOA He 

H3 IJHCna HeiiTpOHOB1 B 

· HocTb 'H Topuhx~ n ·n,a '" 

UHOHIIblX .sa:~CBBTOB neii'l 

N 

JlpH AByKpaTHOM' yaenH1 

BenHIJHH8 B03p8CT8eT B 

aoapacTaeT H IJHCno aK 



tBllTOB HefiTpOHOB B llpO

BOI'O 5noKa, o5ny'leHHoro 

:'leT lliiH ecTeCTB9HHDfi .. 

.teTpllMH a = 0,05/MsB 

~Hhie I'HCTOrpaMMhl lliiH 

~HHe. HCTO'IHHKa llpOTOHOB 

HaHoonee HHTepeCHhre ~peaHHe xapaKTepHCTHKH eaanMoaeil:cTBHii 

ny'IKa npc>ToHoB c ypaHoBhiM 6noKoM npHBeaeiihr a TaonHue 11 • B sToil: 

i R L d 
TaonHue N = 2rr r·· tdr . f N ("z, r ~ z - nonaoe 'IIICIIO ynprrHx If He-

. 0 0 . . 

. ynpyi'HX CTOIIKHOB9HHil: B 0/IOKe 'lllCTHU H3 II8BIIHhl1 nopO:lKll9HHOil: OllHIIM 

nepBH'IHhiM npoTOHOMj 

nMoaeil:cTBHil:; N
8aax 

-COOTBeTCTByromee 'IHCIIO Heynpyi'IIX Baa-

. 5 . 
H · N. aax - 'IHcno paanauHOHHhiX aaxBaToB Heii:T-

238 u 235 
pOHOB COOTB9TCTB9HHO SlllpaM~ H U N • - 'IIICIIO Heii:T-

Bhin 

poHoB, BhtneTeBUIIIX Ha 5noKa; N 
' 238 

-'IHCIIO llKTOB JieneHHH Hll9p U 

8 5 
-DOIIHhlil: BhiXOll Heii:TpOHDBj V II V 

235 
H 

neHHil:; 

u . • v -nonHoe 'IHcno ae-

xapaKTepHayromne B381IMD!l9ii:CTBIIH 'lllCTHU C 9H9pi'HHMH1 00/IbUIHMH H M9Hb

UIIIMH. 10,5 M SB. IT pH 'T = 660 M SB B CKOOKllX YK838Hhl B91III'IHHbi, OTHO:.. 

CHUIH9CH K OIIOKY H3 'IHCTOI'O 
238 u 

• CTaTHCTH'IecKaH TO'IHDCTb npnee-

·ll9HHhlX llllHHhiX COCT8BIIH9T 5-10% •. 

N t N in 
lJncno eaaHMO!leiicTBHiJ H aaeT npeacTaBneam:i o cTerrean 

pa3B9TBII9HHOCTH ( "MOUIHDCTH") KllCKllllll B 0/IOKe. C pOCTOM 9H9pi'IIH 

MDUIHDCTb KllCKllllll 

238 
Hllpll~II U 

5hrcTpo y~enn'IH~aeTcH. lJucno aeiiTpouoa, aaxeaqeuuhrx 

. 239 
paBHO 'IIICny o5pa30B8BUIHXCH B 0/IOKe. Hllep . ... .Pu 

f1onHhiH BhiXDll HefiTpOHDB Hll OllHH nepBH'IHhiH npOTOH CKIIllllhiB89TCH 

H3 'IHCna HefiTpOHDB, Bhin9T9BUIHX. H3 OIIOKll 'Iepea er:o OOKDByro noBepx

HDcTb''H Topuhr, n J!3 "euy:rpeHuero Bhrxo . .ua", onpeaenHeMoro· 'IHCnoM paaua-
... . . . . .·· '238 235 •... 

UHOHHhlX 3llXBllTOB HefiTpOHOB H30TOflllMH . ·U U . U 
. . . 8 . . 5 

N N + N + N 
aax. aax Bhifi 

IT pH aByKpaTHoM · yaenn'leHHH sHepruu npoTouoe oT 300. 'ao 600 Mas si~ 

eenH'IHHa eoapacTaeT B 'leThrpe paaa. ITpuMepuo B TaKofi :lKe rrponopunn 

B03paCTaeT H 'IHCIIO llKTOB aeneHHH V 
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Pnc~· 6~ 3aBncnMoCTh oT ::meprnn nepBH'IIIbiX npoTDIIDB pacnpenene!InSI 
qncna aKToB nenelmSI .. , B 5noKe ns ecTec.TBeli:Hoii: cMecn nsoTonoB .ypa!Ia 
( B pacqeTe Ha onnH nepBH'l!Ibiii: npoToH) •. CTpenKotl noKasaHo irono)Ke!Ine 
'il'c-i·o>mnKa·' npo:roH'?B• · · · 

';t 'I .. • ; ~~ : 

~1\1 ·a '.'' 

t-

" 
.5 
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·, 
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Pnc. 7, Pacnpeneneune no 6noKy ns ecTecTBe!IHoii: cMecn nsoTonoB ypaua i' 
qucna · aKTDB neneHnSI, _nHnuunpoBa!I!IbiX npoToHoM c a!Ieprueii: T = 660 M aB. I 

l 
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Pnc. 8. PacnpeneneHnl 
. ' ,., 

CMecn ll30TOITOB ypa!Ia 
Koii: OTMe'leHo nono)Ke~ 

/ 
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oToaoB pacnpeneneanH 
CMeCH H30TOnOB ypaHa · 

KOR noK838HO nonOllieHHe 

? 24 J6 . .f8 ~,,., 

1oli cMecn naoTonoB ypaaa 
.f q sHeprneli -~. = 660 M sB. 

11)8 T· 660 
T·SOO. -- T-·400 ·-

--- T•JOO 

12 2't JG 1,8 . 60 72 ~,Crt 

Pnc. 8. PacnpeneneHne TennOBbiAeneHHH anonb 6noKa H3 ecTeCTBeHHOH 
cMecn naoTonoB ypaaa, o6nyqeHHOI'O npoTOH8MH c SHeprneli ·r • CTpen
KOll OTMe'ieHO nonollieHne HCTO'iHHKa npOTOHOBo 
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0 10 20 30 ~0 50 l,t!n 
Puc. 9. 8aeprHSI, KOTopyiO HMeeT npoToH nocn~ Toro KaK npoii:neT z (eM) 

238 U 9B 
B 6noxe, cocToSimeM H3 roMoreaaoii: cMecn + e • Ha~anbaaSI 
aaeprnsr npoToaa T = 660 M aB. 4ncna y ocaoBaHHR KpHBbiX - npoue!iTHoe 
CO)l9p:H<BHH9 9 8 e ~,. TO~KBMH HB KpHBblX OTMe~eHO 3H8~9HHe aHeprHH npo-

TOHOB nocne npoxo:H<lleHHSI HMH paccTosrHHSI z = A srn.norii. ~·· 

14 
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' 

Pacnpeneneane aK 

npeneneansr oT aaeprHH 

HB pHC~ 6 H 7. 

nnsr Toro .qT06bi. ( 

HeH pac~eT nnsr 6noxa 1 

nHllib 0, 72%_;aSI npHM9Cb 

Ha ~eTBepTb llOBbllliBeT 

B nocnenaeii: rpa!f> 

run, BbiJlensreMoii: B 6nc 

TOHOM C aH~prneii:.T • 

Tepb aneprHH1 0CB060:H<ll8 

DoCKOnhKY OCHOBHOH BK. 

noBbilleneansr no 6noxy. 

npeneneHHIO ~Hcna aKTOI 

Bee Benn~HHhi, np1 

neHbl llpH ycnoBHH 1 ~TO 

Ecnn ncnonh3DBBTh BllBI 

N · yMeHbmaeTCSI aa 10 

x/ 
3aa~eHHe a , = 0 

C H3B9CTHbiMH . 9KCnepHM 

HMO.cieilCTBHSIM: , OllHBKO 

· HaTepecao oTMeTH 

a = 0, 11M ~B o6pa3y~Tc 
=0,05/MaB,. B .To BpeMSI 

3yeTcsr nnSI · a =0,05/ M • 

KniO~aeTCSI B . TOM 1 ~TO I 

6onee )KecTKHii: aliepreTI! 

IUeCTBeHHbiM .)lnSI HX llOI 



4-0 50 l,t!n 
Toro KaK npolineT z (eM) 

+ 9 Be ~. Hat~anbHaH 
,aHHH KpHBbiX - npoueHT}I09 
no anat~eHHe aaeprHH npo-

= A Hn.norii. ~·· 

\j) 

f 
II 
I 
I , 
t 
I 
I 

i 
I ~ 

PacnpeneneHHe aKTOB neneHHH no 6noKy H aaBHCHMOCTb aToro pac

npeneneHHH OT aneprHH npoToHoB H H3oTonnoro cocTaBa 6noKa noKaaaHbi 

na puc~ 6 H 7. 

2.35 u llnH TOrO 'IT06bi OU9HHTb BnHHHHe npHM9Cll Hllep 6btn Dbtnon-
2.38 

nen pact~eT nnH 6noKa Ha 'IHCToro U KaK BHllHO Ha Ta6nHUbi
1 

acero 

2.35 
nHllib 0, 72%-aH npHMecb U B 6noKe Ha ecTecTaennoro ypana not~TH 

Ha '19TBepTI:i nOBbllli89T BbiXOll HeliTpOHOB H 'IHCnO lleneJm!i. 

B nocnenneli rpa¢e Ta6nHubxll yKaaana aenH'IHHa Tennoaoli anep-. 

rHH 1 Bblll9nsieMOti B 6noKe KllCKllllOM '18CTHU 1 HHHUHHpODllHHbiM OllHHM npo

TOHOM C aHeprHeli T o 3Ta 9HeprHH CKnllllbiBaeTCH ll3 HOHll38UMOHHhlX no

Tepb 9HeprHH,OCB060)I(Jl8IDlli9fiCH rlpll neneHHH Hllep H 9HeprHH OT!leneHHH. 'lllCTHUo 

DocKonbKY ocnoanoli BKnan naeT aneprHH nenenHH, To pacnpenenenne Ten

noBbllleneHHH no 6noKy ( CMo pHC, 8) OK83blB89TCH 0'19Hb 6nH3KHM K pac-. 

npeneneHHIO 'IRena aKToB neneHHH v ( z, r) 

Bee aenH'IHHbi, npHBeneHHbie B Ta6nHue II II Ha pHC, 6-8,. Bbl'IHC-

neabr npn ycnoBHH1 'ITO napaMeTp ~nnoTHOCTH HllepHbiX yponaett a =0,05/M an. 

EcnH HcnonbaoBaTb anaoe 6onbrnee anat~eHHe a 
1 . TO BblXOll HefiTpOHOB 

N yMeHbrnaeTcH Ha 10-15% x/ 

xl · 
3nat~enne a .= 0,05/Maa .noaaonSieT nonyt~HTb nannyt~rnee cornacHe 

C ll3B9CTHblMH 9KCnepHM9HTanbHblMH llllH!IbiMH no HyKnOH-Hll9pHblM B38-

HMOJieiiCTBHHM , onnaKo cornacHH MD>I<Ho llDCTH'Ib H npH a = 0, 11M aa. 

· HnTepecno oTMeTHTb1 'ITo B HyKnoH-HllepnoM B3llHMoneiicTBHH npH 

a = 0,1/Maa o6paayeTcH 6onbuiee t~Hcno neliTponoa, t~eM npH a = 

= 0,05/Maa, B TO apeMSI ~~K ·a 6noKe, nao6opoT, - 6onbrne neiiTponoB o6pa

ayeTCH nnH a =0,05/ M aa. DpH'IHHa aT oro Kamym_erocSI npoTHBopet~HH aa

.K~IO'IaeTCH B ToM, 'ITO npH a. = 0,05/ M aa neiiTpOHbi ncnapenHH HMeiOT 

6onee )1{9CTKHH aHepreTH'I9CKHH cneKTp H.9TOT ¢aKT HBnHeTCH B9CbM8 cy

IU9CTB9HHbiM .llnH HX fiOB9ll9HHH B o6naCTH peaKTOp!IbiX 9HeprHlt
0 
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Pnc. 10. 38BIICliMOC'I'b Bb!XO!la"6biC'I'pblx" HetiTpOIIOB O'I' Benli"iHHbl npnMecn 
9 Be K 6npKy na yp8H8 238 ·u . ( B oTHocnTenbHbiX · eannnu8x). CnnoiiiH8H 

238 u KpliB8H - Bb!XO!l neftTpOHOB TOnbKO 38 C"i9T ; nyHKTlip - BbiXOll 
neiiTpOHOB C y"ieTOM p83MJIQ)KeHIIH HefiTpOIIOB1 Bbi61ITblX nepBli"iHbiM npo-

9 
TOHOM H3 Be • 

16 

~ 

l 
i 

'i 

B "18-CTHOCTn, J:tnH 6noK 

··r= 660 MaB· 

,· 

N 38X = 641 . 

npn aToM \·v 8 (< 10,5) 

BbiXOll aetiTpoaoB 

liOHli38UliOHHbiX llOTepb 

yMe~bWli'I'b aTn noTepn 

, aeaneM nepea 6noKoM · 

WliM Bb!XO!lOM pe8KUlift 

~ccne):lOB8HIISI /Sf ITOKB 

XO!l HeiiTpOHOB OK8"3b!BI 

o6ny"ieHim yp8JI8. · 

llpyr8H B03MO)KliO 

' . . 
yp8JI8 H8 annae noanaa 

roMoreaaoti npnMecn 

liOHli38UIIOHHblti npo6er 

ll8PH "leMy nonaee ncm 

xopowo Bli!lHO na pnc. 
9 

cocTOHIIleti na Be , 

na annae nx cpeaaero 

H8 pnc. 10. noKa::: 

poHoB c aaeprneti T > 
"' 

6noKe anSI aaeprnn ne~ 

OK83b!B8eTCSI np~MeCb 

npnMepao B 10-12 Heft~ 

Eme oaaa naTepe 

c"leT canmeHnH noHII38i 



rO 50 

0~ OT BenH'IllHhl npHM9CH 
hiX e.unnnuax) •. CnnoliiHaSI 
r. 

i nyHKTllp - Bh!XO.ll 
oJ6HTh!X nepBH'IHh!M npo-

-r 
. ~-

i 
I 

B qacTHOCTH, .unSI 6noxa ns ecTecTBennoii: cMecn nsoTonon ypana npn 

··r = 660 Man 

N N 4, T.e. 68; 
sax 64, 

npn aToM· \·v 8 (< 10,5) = 9,5; v 5 
( ~: 10,5~ = 4, 1~ 

BbiXO.ll !Jeii:Tponon N qpe3Bhi'Iafino cnnhHo sanncnT oT nenn'IHHhi 

nonnsaunoHHhiX noTepb nyqxa ne:pnH'IHhiX npoTcinon. M O>KHO nonhiT8TbCSI 

YM9HbliiHTb aTH lloTepn ll TeM C8Mh!M yBenH'IllTb nhiXP.ll H9HTpoHPB Bne-

,ll9H~9M nepe.u 6noKoM ypana · cnoSI nemecTBa - nanpnMep, 
9 

Be - c 6onb-

liiirM BhiXP.lloM peaxunii: Tnna ( P , xn ) • Onllaxo axcnepnMeHTanbHhie 

HCCneJlOB8HH~ 15/ fiDK838JIH, "'ITO 9TOT nyTb 'a9 npHBOJliiT K ycnexY: Bbi-

XO.ll H9ii:TpOHOB OK8"3biB89TCSI BCe >Ke M9llblllj{M1 '19M npn H9llOCp9.llCTB9HHOM 

o6nyqeniin_. ypana. 

npyrasr nosMO>KliOCTb 3'8KniO'I89TCSI B YM9Hblii9Jillll nnoTHOCTlt GnoKa 

ypana na nnnne nonnsaunonnoro npo6era nepnnqnoro npoToHa sa c'leT 

roMorennofi npnMecn , nerKoro semecTsa. C ysenJ!'IenneM aTofi npnMecn 

llOHll38UllOHHhlll npo6er B03p8CT89T 3H8'1HTenbHO 6biCTpee SI,llepHOI'0 1 6naro-
- ,., -

napSI qeMy nonnee ncnonhsyeTcSI nyqoK nepnn'IHhiX npoTonos. Tiocnennee 

xopolllo snnHo ns puc. 9, rne nnsr pasnn'IHhiX KonuenTpaunil npnMecu, 
9 Be COCTOSiliJ9ll li3 1 llOK838li8 cpe,llHSISI aHeprllSI nepBH'IllhiX ·npOTOHOB 

na nnnne nx cpennero SI.llepnoro npo6era SI.ll.Heynp. a 6noxe. 

Ha pnc. 10 noKasaHa sasncnMoCTb cpenHero qncna "6hiCTphix" neii:T-
9 

poHOB c aneprnefi T,? 2 Man oT npoueHTHoro conep>Kal!HSI Be a 

6noxe .unSI anepriin nepBii'IHhiX npoToHoB T 660 Man. OnTnManhHoil 
9 

. oKa3hiBaeTcsr npnMech Be = 20%. Tipn T = 660 Mas aTo naeT BhiHI'philll 

npnMepHo B 10-12 neilTponos B nonHoM BhiXO.lle N 

Eme O,llH8 HHT9p9Cli8SI B03MO>KliOCTb ynenll'lllTb BhiXO.ll HefiTpOliOB 38 

C1J9T CHH>K9HHSI llOHll38UIIOHHhlX llOTepb 38KniO'I89TCSI n ncnonb30B8HliH ny1JK8 



..... 

nefiTpoHoB, rne c caMoro ~aqana HMeeTcH HenoHnsnpyromaH qacTnua -

HefiTpoH. KaK noKa3biBaroT oueHKn, B o5nacTn a_!!eprnfi T 'i. 300-700 M aB 

(T.e. T.::: 150-350 MaBIHyKnoH) Bhixon HefiTpoHoB BospacTaeT Ha 

15~20%. npn OOnblliHX 9HeprHHX npeHMymeCTBO ncnonb30B8HHH nefiTpOHOB
1 

no-BnnHMOMy, oyneT YX<9 He CTOnb 38M9THbiM, nOCKOnhKY HOHH38UHOHHbiH 

npo5er npoToHoB saMeTHo 5onhwe nx HnepHoro npo5era. 

flnTepaTypa 

1. P.r. BacnnhKOB, B.H. ronhnaJICKHu, B.n. ll>KenenoB, B.n. llMHTpneB
CKHH. A3, 29, 151 ( 1970). 

2. ~.A. ilaBnneJIKO. A3, 2!!, 158 ( 1970) •. 

3. C.M. <l>eiiHoepr. A3, 2!!, 162 ( 1970). 

4. n.n. A5arHJI, H.O. Ba383HIIU, H.H. BoHnapeHKo, M.H. HnKonaeB. 
fpynnoBbie KoHcTaJITbi nnH pacqeTa HnepHbiX peaKTopoB. AToMnsnaT, 
M., 1964 •• 

5.W.E.Cranda11, G.P.Mi11burn. UCLR-2063 (1953), 
UCLR-4931 (1957). 

PyKonnch nocTynnna B nsnaTenbcKnu oTnen 
24 nronH 1972 rona. 
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· Cpe,n;HSISI :meprllii 
'. ":: 

,.OT OCH nytnta ne 

,,·A,M3B. 3C 
'l· < < 

·~ ;eM .. -
5;6 o,,6 
8;4 l)' 5 

I2,2 0,3 

140 
< ' 

0,3 

16,8 u,3 
· 30,U. 0,2 

'33,6 0,2 

39,2' 0,2 

-
CTaTHCTHt~ecKM om:~~d 

:; 



fiH3HpyiOUl8SI 'I8CTHU8 -

~eprnil T 'i. 300-700 Mas 

JHOB soapacTaeT Ha 

~cnonb30B8HHSI aeilTpOHOB1 

IOCKonbKY noanaaunoHHhiil 

roro npo5era. 

enenoB, B.n. ilMHTpHeB-

Ko, ·M.H. HnKonaeB. 
peaKTopoB. AToMnsaaT, 

063 (1953) 1 

(aTenbcKnil oTaen 
·oaa. 

I 

·I 
l 
r 

.~. < ....... 

T A £·n M u A r 
· Cpe~~sui :meprnSI HYKJI?HOB (B M3B'~) ua pa3Jil'It~Hmc paccTOSIHHax 

,, ,. ,'t•' 

.oT. ocn nyqKa nepBl1ttHbiX npoTOHOB c 3Hepnett T. 

····~,M3B . 300 400 500 660 
.~;eM .. ·. . . 

5;6 0~63 o,B6 0,95 I,I6 

8,4 u, 57 u,7o 0,72 0,85 

12,2 0,34 0,53 u, 52 0,67 

14,0 0,38 u,57 u,46 0,61 

16,8 u,s2 0,48 0,45 o,so 
. 30,0. o,29 u,3o o,30 u,34 

33,6 0,21 0,28 0,32 0,35 

39,2 0,22 0,27 0,35 0,40 

CTaucTnqecKM omnelica pacqeTa 5-7%. 
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TAEJIRUA IT 

Cpe~Hne xapaKTepncTHKH B3aHKo~encTBHR nyqKa npoTOHOB c 3Heprnen 

T (B pacqeTe Ha o~nH nepBHqHhllt npoToH) c 6JIOKOM ns ecTeCTBenuon 

CMeCH ypo.Ha. 

-~T,M3B 300 400 500 660 
xap-Ka -,.rt 700 I290 U90 3030 

lvt. c<ro,5) 3,0 4,0 5,8 8,5 

Nik. IOO I84 280 430 

Nih (<I0,5) I,7 2,I 3,1 4,6 

t/3~ 17 32 48 74(60) 

11/ /ax o,I8 0,36 0,5 0,8 (-) 

'II BWI 
r,r 2,5 3,3 5,4(4) 

tl IS 35 52 80(64) 

~ (':)IO, 5) 2,4 ' 3,7(3,6) I,4 1,6 . 

~8 (<10,5) 2,6 5,6 8,6 13,4(10,2) 
-s 
~ ~o,s) 1,0 1,8 3,0 4,6 (-) 
-~ 21,7 (13,8) 5,u 9,0 14,0 .. 
Q) f3B 1,2 .2,2 3,4 9,0(3,4) 
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nperrpHHThl ll coo6me~ 
HMHoro o5Meaa,yanBepcn7 
aayql!hiM rpynrraM II OT!lel 

nonyqaTemiM ll31l8HMll 

SIBllTh MHIIUll8THBy B 6ecm: 

06MeHa npliHHMaiOTCSI H8Y' 
ny6nliK8UliM no TeMaTHKe. 

EanacTBel!Hhlii BM!l w 
8TO perrpnHTbl ( 'oTTMCKH CT; 

B pSiae cnyqaeB Mhi c 
6onee KpymihiM nonyqaTen! 

cnaTb H8M K8KHe-nn6o KHH 

mypHanhi, H3JJ,a IOmnecSI B ·n; 

H3naTenhcKnii oTaen e 
COB H8 Bh!ChinKy ll31l8HIIH I 

YK83b!B8Th IIHJJ,eKC 38HpaiJJ 

nncbMa no BCeM BOilp1 

oTaenhlihie H31l8HMSI cneayeT 

l 
c 
HJ 

Aapec ami rroChinKM Be 

6ecnnaTHOH ITO!liTMCKll Ha Ha 

c 
H, 


