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, 3KCnepV1MeHTanbHbIMl-1 l-1 TeÓpeTl-14eCKl-1Ml-1 l-1CCneAOBaHl-1RMl-1 MHOr\l1.X 
aBTOpOB ICM. 0630Pbl 11.21. r ne nPI1BeAeHa nOAP06HaR Ul-16nl-10rpa$l-1RI 

õuno noxaaaao , 4TO Ml-1WeHl-1 l-13 neruuuer-ocn 'aeutec r aa , ypaaa l-1nl-1 TO

, 

t 

\~ 

~ j'~ 

1
Pl-1R, 06nY4aeMble nY4KOM BbICOK03HepreTl-14eCK~X 4aCn1L~, MorYT CIlY
mHTb l-1CT04H~KOM He~TpOHOB, no MHor~M napaMeTpaM cpaBHV1M~M, a no 

h • HeKOTop~M Aame npeBOCXOARll.\l-1M MOll.\H~e l-1MnynbcH~e peaKTOp~.
!l~ 

XOTR B paC4eTe Ha 0Al-1H HYKnOH HaneTa~~ero RApa cpeAHee 4V1cno.~ J!
l' ' "71" , 4aCTV14, pOmAa~ll.\V1XCR npl-1 HeynpyroM CTonKHOBeHV1l-1 ABYX RAep, MeHb~ l,' l'i1~ I'" 

we, 4eM B npOTOH-RAepHOM CTonKHOBeHV1l-1, HeKOTop~e aBTqp~ B~CKa~ 

''I', 'I, 3~BanV1	 npeAnOnOmeHl-1e o TOM, 4TO B~XOA He~TpOHOB B ~l-1WeHRX, 06'I ;r.« ,,~ 

< f1Y4aeMblx nY4KaMl-1 l-10HpS, 6YAeT B~e me õonsuie , 4eM nOA Ae~cTBV1eM 
~~~ npOTOHOB, nOCKonbKY He~TpoH~ HaneTan~ero RApa MorYT CYll.\eCTBeHHO!;,. 

l" 

\!; CHl-13101T6 no repu 3HeprV1V1 Hq 1010HH3a4t-!ta cpenu , PaC4eTbI 1{J,41 noxa
'10'-' . aanu , 4TO B 06naCTV1' T - 1 r3B/HYKnoH * ;at-1eHa nY4Ka F1POTOROB 

'I 'I .r.tr: 

Ae~TpoHaMIo1 Ae~cTBV1TenbHo YBen1014l-1BaeT nOTOK He~TpoHoB B ~~WeHl-1 
.;; ..,.., Ha 10-15%. 04eHKV1 AnR RAep TpIo1Tl-1R Aanl-1 e~e 60nee 06HaAemV1Ba~

tj,' 

-!J" ll.\lo1e peayns r aru 111. ' 
'Ii~'" .

iI"	 " J 
~ I jl
 

f~ ....!II ,di
 

1'<11 ',~	 HaMV1pa3paSoTaHa MOHTe-~apnoBcKaR MOAenb MembR~epHblx KaCKa
, "	 AÓB B AenRll.\eMCR Bell.\eCTBe nOA Ae~cTBlo1eM a-4aCT1014 l-1 60nee TRme

<J" .~ 

h n~x l-10HOB. PaC4eT ~e~npyrl-1x CTonKHOBeHIo1~ RAep Bblnon~ReTcR ~a:','W,f1ti:"iJ	 I' • 1 

"" ,,. I, i M/; ~~ OCHOBe MeXaHl-13Ma BHYTpV1RAepH~X ~aCKaAOB c Y4eTOM KOHKYPl-1PY~ll.\l-1X"'j ~ii 
",11 f\ , ...,(~t 

,~ " ~~~J~(t 10;~t,~ :lo~. ~. , MemAY coõoü npoueccos l-1CnapeHl-1R 101 AeneHV1R B036Y}/{AeHHblx OCTa
'd 'Jt 
,}	 T04HblX /nocnexacsanuux/ RAep'. B 06naCTl-1 T:s 1 r3B/HYKJ)OH '101 AnR 

H",,h	 ... ~./\;:::~'::~,>. ::lJ 
He cnl-1WKOM r axenux HaJ)eTaIOll.\l-1X 1010HOB TaKo~ nOAXOA XOpOUJO corna

':;' .~l. ;1' "i ,.i~" .J,í, ~ 
,;,.' .",' " li, CY~TCR c on~ToM, oc06eHHo KorAa pe4b V1Ae~ o cpeAHIo1~ xapaKTeplo1-"--"-""'J.:;'w ,1,[ CTl-1KaX B3al-1MOAe~CTBIo1R 15-7/.

I.~ ~!f 

H3 Ta6n.1 BV1AHO, 4TO cpeAHRR MHomeCTBeHHOCTb BTOpl-14HblX 4ac
t "" 

o: ,\ 
Tl-1~ <n>AosonbHO 6~CTPO B03paCTaeT npV1 Y8enIo14eHl-1V1 MaCCOBoro 

"jI.l\ri. 

') i ,~ :/ 
4101cna	 HaneTa~~ero l-10Ha A, B TO BpeMR xaK 4101cno BTOPV14HblX 4aCTl-14,

'"'' '\ 
!l',~, 'npIo1XOARll.\l-1XCR Ha Ogl-1H HYKnOH ~OHa, <n>/A,YMeHbwaeTCR np~6nIo13l-1

f''l<' 

Tenb'HO BABoe npl-1 n-epexOAe OT npOTOHa K a-4aCTIo1L\e, l-1 el1.\e BABa~{l

~,'l); ~J' paaa '- npl-1 nepexone OT a i< l-10HY 12 C I CM. puc . 11. npl-1 3aM~He 

.\~ 
1. 

'" ,I 
I 

nY4Ka	 npOTOHOB l-10HaMl-1 12C 4101cno pOmAa~ll.\HxcA 3apR}I{eH~~X 4~CT~4 
B03paCTaeT B C~Mb pa3, B TO BpeMR KaK 4101CnO He~TpQH08 YBenl-14~

\ , ~l\ .. I '., 
« 

",I>	 
Ba.eTCR ace ró nl-1Wb npV1MepHO BABO~. 3TO 06bRCHReTCR TeM, 4TO 
B cnY4ae TRmen~x l-10H08 pOCT MHomeCTBeHHOCTl-1 éTOPl-14H~X 4aCTl-1~ ...	 I' I ~ 

~,	 npOV1CXOAl-1T, B OCHOBHOM, aa C4eT KaCK?AHbIX 4aCTl-14; 4l-1CnO 4açTl-14, 
06pa3Y~ll.\l-1XCR npl-1 pacnaAe l-1 AeneHV1l-1 OCTaT04Hqro RApa la 3TO npe

~'J••I. - 
\ Io1MYll.\eCTBeHHO He~TpOH~1 3aBIo1Cl-1T OT Maccosoro 4l-1CIla l-10Ha 3Ha4HTeIlb

t ~/f 

~" HO cna6ee.I 

':t b" . ~: *3AeCh H Be3Ae HH~e T- KHHeTH~eCKaH 3HeprMR rrepBH~HOH Hane~ 
t",
i ~f1 I' 

Tá)O~eH ~,aCTHU;bI, ~ 7" ~.I'fHeTH~eCKaR .,:.~:~~R !<aCKa,EJ;HOH ~aCTHIJ,br. 
"1,' 
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\1PHc.3. CeqeHHe HeyrrpyrHx B3aHMOri 
I: 4' geHcTBHH O"in H rrornroe ce-rernre o..
 

'D' 
~~~;,-=.= =~.~-__ --,"Di 

'" ?,IiJ _o. _" O"t = O"in + a,J Ic ,lÍlaKTopoM 1/2/ 'l~ !~. N (J)
12 eu ::s::w..J \ - - cn ~JlR BsaHMogeHcTBHH 'rrpOTOHOB, am ::r:: ::.::

\: ::r eu. c.J._."~~_._. - - -·-·-io;:à qaCTH~ H HOHOB	 12C·c RgpOM 238U o. (J)"" '-. _. ê :>. :::r
/cooTBeTcTBeHHo CrrJlOlliHaH, rrYHK \O ::s:: eu o E-o
THpHaR H lliTpHx-rrYHKTHpHaH KpH~~e/. E-1 ~ c.J3 \- ."\)('iz'.\ -_ -.n

o ::s::];' 
eu

TOqKaMH HaHeceHO CeqeHHe a t gJlH	 ::r:: E-o 
::r::

geHTpoHa, CeqeHHe ero HeyrrpyrHx	 (J) E-o 
ill c.J

B3aHMogeikTBHH a in (d + 238U):::: E-o 
I c.J :ã:: a, (a + 238U ) .	 " (J) ::r:: 

10	 ,I;• .- E-o eu 
c.J 'Cf) 

(J) eu 
::.:: 

,Cf) >,
0.1 0.2 0.5 1	 ::s::~ SOl	 n 

g ::r::T [r3S/H'YKn.J	 h· 
e , 

'- -	 .a ot t
::r::~C/2	 I::i ~3:	 30 (J) ::.:: 

r--1 S :»i I 

o-:	 ::1r'..f· I	 ::s:: ::r:: 

::8 ..........
o..	 \'~ " 
,[ r;!:l

20 c.J (I)p rJ];-iPHc.4. 3HeprHH, rrpn KOTOPOH o. 
~ 

:p... '\ (J) ...... 
npoHcxogHT nepBoe HgepHoe t:[

10 $	 -b::: 11
c~onKHoBeHHe HaJleTaro~ero Rgpa ~ 

~ E-4 
B ypaHoBoH MHilleHH. TIo OCH op- r 

f
 
~~\ i ::s::
 

::.:: ::s::
 
~~j 

gHHaT, OTJlOlKeHa Bep·O.fITHOCTh o 500 750~' 10'	 ~ o. 
y' (J) t::

CTOJlKHOBe~HR /%!.	 T[r-bEVH!>'IIiIJ I::.rI" eu 
::s:: o. 

II' 't:[ 
ill b::: 
o

pOFlTHOCTb 6blCTPblX pacnanoa 11 -+ 2y /, 'a r aiose xacxanu , nopoxnae	 o::r:: 

o ~... 
M~e B Be~eCTBe MHweHH 60nee TFlmen~M~ ~parMeHTaM~, POAHBWHMHtFl	 E-o (J)

o g
B npeA~AY~HX FlAepH~X CTonKHOBeHHAX /cM.Ta6n.l ,. rAe YKasaH ~po	 o. ~ 

t:: eu
~eHT TaKHX ~parMe~TOB/.	 E-o·1 b::: (J)B OCTanbH~X AeTanFlX B~4HcneHHFl Mano oThH4aIDTCFl ~T cnY4aFl 1" 

~ @
: ~,l '.-.$ ;1'npOTOHHoro HnH Ae~TpOHHoro	 nY4KOB. E-o ::r:: 

c.J 
::r::B 'Ta6n ~ 2 pac-re ruue AaHHble AnFl II -4aCTH~. H HOHOB 12c, BsaHMO I l::S::. 

(J) o 
A,e~CTBYtO~HX c ypaaosoà MHweHblO, conocr aanaor ca c COOTBeTCTBYIO f,l' t:[ I:: 

O::':: ... 
~HMH AaHH~MH AnFl nY4KO~ npOTOHOB H Ae~TpOHOB npH OAHO~ H TO~ ::8 :» 

. *	 \"" ::s:: ::r:: eu 
me ~HeprHH T = 1 r3B/HYKnoH • AnFl YAo6cTBa IcpaBHeHHFl npa BeAeHbl	 eu E-o 

Cf) ::r:: (J)/,.
AaHH~e, nOAeneAH~e Ha 4Hcno HYKnOHOB B HaneTaID~eM FlApe.	 ill ::s:: :::r 

t:[ c.J 
(KaK BHAHO, B~XOA He~TpoHoB, HeCKonbKO BospaCTaFl npH HcnOflb 1/ 

::s:: o eu 
j ::.:: o.

SOBaHHH nY4Ka.Ae~TpoHoB AnFl a-4aCTH~, OCTaeTCFl npaKTH4ecK~	 ::s:: eu 
E-o ::r:: .::s:: 

TaKHM me, KaK AnFl npOTOHOB, a ~pH nepexoAé K nY4KY HOHOB 12C	 c.J E-o 
::s:: (J) c.J 
o. E-o oCHHmaeTCFl n04TH Ha 4eTBepTb. CooTBeTc~BeHHo YMeHbwaeTCFl H 4Hcno, ~ 
(J) (J) ::r:: 

E-o :::r s~ ::.:: c.J (J) 
l~' eu '.(Ij o.
'li o. o, ~ 

*PaCCMaTpHBaJlaCh Ta )Ke MHilleHh, qTÓ H B p:a60Tax /3,4/: gJlHHa C'j' o 
" 

:x: ÇQ t:: 
MHilleHH - 90 CM, gHaMeTp - 120 CM, nyqOK qaCTH~ rrorragaeT B oce 'l 
Byro meJlh rrry6HHoH ·26 eM. MHilleHh COCTOHT H3 MeTarrnHqeCKOrO rrpH ~ ,

1,pogHqro ypaHa. 
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íf1AepHblX B3aIllMOAeHCTBIIl~ KaCKaAH,blX 4aCTIIll\ BHYTPIll MlIlweHIfÍ, rIlaB~blM 

06pa30M B ~1Il~K03HeprelI1l4eCKOR 06naCTIIl 1 S 10 M~B. TaKoe nOBe f 

AeHlIle XapaKTeplllCTIIlK OTpa~aeT KOHKypeHl\~~ Me~AY CH~~~HlIleM YAe~b l~l
 

HOrO B~xbAa 4aCTIIll\ <n>/A B nepBOM f1AepHOM CToIl~HqBeH~IIl, YB~Il~

4eHIIl'êM no reps .3Heprllllll MepBIIl4.HOH 4aCTIIll\bl Ha IIlÓHIIl3al\1Il1O cpenu
 

"'" 
(- Z 2/ A. rne z - aapan l.laCTIIll\bl,. f\ - ee Macca)' c, OAHOH CTOPOH~I, ti 

11I YMeHbweHlIleM AIlIllH~ ripo6era 4aCTIIll\~ AO Heynpyroro B3~IIlMbAeRcT~ C006mEHH~, KPATK~E C006IUEHHH, nPEnp~HTbl H CoOPH~.K~ TP}:'AOB
BlIlfl (- li a. ). c APyroH. AeHTpoH', AIlfl KOToporo oruoureuae z 2/A 

I 

ln 1 • ,I	 I KOH<t>EPEHU~~, ~3AABAE.MblE- OSbEAHHEHHbIM~HCT~TYT{)M ~AEPHbIX ~CCJlE
MeHbwe, 4eM AIlfl npOT-OHa, HaxOAIIlTCfI B OC060M nOIlo~eHIIlIll. CpeAHfIfI . ,.cíOBAH~~, ~BI1~IOTC~ O$HI..l~AJlbHbIMH nY5Jl~KAI..l~~M~ .. 

.3Heprlllfl, nplll KOTOpO~ nepB1Il4H~R npOT0H IIlCn~T~BaeT Heynpyro~ f1Aep
Hoe B3alllMOAeRcTBIIle B cp~Ae, paBHa 760+30 M3B; HYKIlOH~, BXOAa~lIle

B COCTaB 6oM6apAMpy~~~~ MlIlwe~b 1Il0HOB -2D, 4He 12C.Heynpyroe CC~Il~1Il Ha'C006IUEH~~ 11I nPEnPHHT~ O~~~ AOIl~H~ cOAepmaTb cne11I 

R'AepHÇ>e B3a~MoAe~cTBlIle IIlCnbITbIBaIOT, COOTBeTCTBeHHO, npa ?Heprlllflx ~~A~IO~lIle 3neMeHT~: 

920+10,830+30 11I 630+40- M3B /CM. plllc.4, YKa3aHbl CTaT.IIlCTIIl4~CKllle'- - -*	 - $aMIIlIlIllIll IIlHIIll\~aIl~ aBTopoB, /11I 

norpeWHOC TIIl. pacvera/ •	 r .... - cOKpa~eHHOé ~a3BaHlIle ~HCTlIlrYTa /OH~~I 11I IIlHAeKC ny6IlIllKal\lIllll,
TaKIIlM 06pa30M., "3HepreTlIl4eCKafl CTOIllMOCTb" He~TpOHa, po~~eH MeCTO ~3AaHlIlfl /Ay6Ha/, . 

Horo TfI~eIl~M 1Il0HO~, 3aMeTHO B~we, 4eM B CIlY4ae IIlCnOIlb30BaHIIlfl - rOA 1Il3AaHlIlfl,

nY4Ka npoTbHOB 11I1111I Ae~TpOHOB. BMeCTe ç Te~ nplll OAIIlHaKOBO~ IIlHTe~~ ,
 - HOMep'CTpaHIIll\~ /nplll Heo6xoAIIlMOCT~/.
 
c1I1BHOCTIIl IIlCT04HIIlKa ycxopaeasrx 4aCTIIll\ 1Il0Hbl cnoco6Hbl r euepupoe'ar s
 

I, :.:1 
J~."'60Ilee MO~H~e nY4KIIl He~TpOHOB. nIlfl peweHlIlfl HeKOTOp~X 3~Aa4, ~a npIllMep':

nplll'Mep, B Ma r epa aIlQBeAeH 11I 111 , 3"OT oaxroo Mo~eT 6blTb Ba~Hee"3Hep
reTIIl4eCK0l1 CTOIllMOC TIIl 11 • • 1. llepeYWUH B.H: U àp. OHEH~ P2-84-649~ 

,aY6Hà~ 1-9/34.1 
7"" "' 

Jl~TEPATYPA	 I, CC~IlK~ Ha KOHKpeTHY~ CTATblO, rioMe~eHHYIO B t6o~HIIlKe, AonmH~ \ 
: \ '~oAep~aTb: ' . . 

1: 6apaweHKoB' O.C. 34A.S-l, 1978, T.9, c.871. epaMIIlIllll1ll ~ IIlHIIll\~a~~ aBTopOB,

\2. Bacuns xoa p.r. ÀP. y<tJH, 1983, T.13~, c.435.\
11I	 - aarnàaue cõop-üuca , nepen KOTOpblM npHSOAflTCfI cokpaureuaue 

J'. 3. ~apawe~KoB B.C. 11I AP. O~~~, 2-84-391,-AY6Ha, 1984. .i 
cnoaa : IIB KH.II	 I 

4. Eapeure-uco a B.C. AP. A3, 1974., ·T.37, c.480 .. (11I .i - cokpa~eHHoe Ha3BaHIIle ~HCTIIlTYTa /O~~~/ 11I HHAeKC 1Il3AaHlIlfl~ 
.5. Bar~shenkov ~.s. et al. Zs.f.Phys., 1980, Bd.A296, 5.371. , 

" 
MeCTó 1Il3AaHIIlfl /Ay6Ha/,

6. 6apaweHKoB B.C. 11I AP. O~~~, P2-83-1 17, ny6Ha, 1983. - rOA 1Il3AaHlIlfl,	 / 
I ~ :;,'	 /.t . Bapaure-ncoa B.C. 11I Ap. H$., 1984, T.39, c.1133. 
',I - HQ~ep CTpaHIIll\~. 
(o r,l) I' 

nplllMep:1" 
'1 

HOAnaKoe H.~. B KH. Xl MexàYHapoàHmü! ' " . fPYKonlllCb nocTynlllna B 1Il3AaTeIlbcKIIlH OTAeIl 
'~	 CUMn03UYM nà RàepHOÜ 3~eKmpOHUKe~ OHHH~ 

20 et>espaIlfl ~985 rOAa. ,l(13-84-53~.· ,ay61-la~ 1984~ c.26. 
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Ca eu n H.A. ~ C~UPH08 r.H., B eô , 1IJ-!'pamKue
 

*,U.rrH Oll,eHOK 3Hepn·m: rrepnor-o H,[1;epHOrO CTOnKHOB€HHH MO)l(HO HC"'; C006~eHUJl OHEH"" N 2-84~ ,,ay6.Ha~L984~c.3. 
\ ftónb30BaTb ~OOTHOilleHHe	 .Jt 

,U,{ 
T 1A" = T - ~ T'A "'" T - I<Z 2;/A = T - (T - T Ip )( Z 21A ) [~,P (T',) 1 a 'Ai' ( T )1 • .ri.	 1n n. . 

I'r,IJ;e a 1~ - c exeaue aevnpvnor-o ,B3aHMO,IJ;eHC TBH}I HOHa c r-racc oü A. 
p n	 .. 

'ft t» iJ f 
•a in - COO'fBeTcTBYlo~e~ Cel.IeHl1e npOTOH.... fl,IJ;epHorO ,83aHMO,IJ;eHCTBHH; ~ I, 

T ~ 3HeprHH nepBQro H,IJ;eRHOro B~aHMq,IJ;eHCTBHH npO'fOHa.
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