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8 Ha CTORme e Bpe MR Cy me c T By e T PRA AOCT R TOYHO KoppeKT HYX MeTO

AI-1 K p a c v e r a MClKb flAe p Ho r o Ka CI<aAa 13 TOIl CTbl X finoxa x s e urec r a a npl1 
1'\	 06IlY YCHI-1 11 11 K HYK IlOHaM~ w~ pOKoro AI1an a 3 0Ha 3 He p r l1A , YT O n 03BO

Ilfl CT pa CC YI1TY Ba T b n OIl R KaK B10p l1YHOr O / 1-1 3 MI1WCHeA / , TaK 11 p a c 

c eRHHor o / 3 a 3amI1T <1MI-1 / 11 3 Il yy e HI-1R Ha YCKOP I1TCIl R X n p OTOHOB . np l1 

p aA I-1a4 110 HHo R 0 6 CTaHO BKI-1 3 a 3 am" Ta MH YCKop l-1 Tcnc A TR~eIlY X4 e HKC 
110HOB Ha l-1 MCHCe 11 3 YYC HHYMI-1 RBIlR~ T C R YCIl OBI1R ~OpMHpOBa H HR BT Op H4 

HYX nOIle R 11 3 Il y y e HI1R 1-13-3a HCAo c Ta T Ka AaH HYX no AB OAHYM AI1~~e 
pC H4 I1aIlb H~M Ce YC HI1RM RAP O-RA epH~ x B3 al1MOACRcTBI1 R 11 CeYC H I1 ~ 
~parMcHT a 4 l1 H RAc p - c Ha p RAo B . C 4 enb ~ n OIlyy eHI1R A aHH~X , npl1r OA 

H~ X AIl R n p OB CP KI1 MeToAoB p a Cy e Ta 3 am l1 T~ Ha YCKop l1TcnR x TfllK en~ x 

110H OB , Ha Ka Ha Il e MCAnc HHoro B~B OAa CI1HXpOo a 30T p o Ha fl8 3 6~IlI1 
H 3 yy eH~ n OIl R BT opl1Y HOr O 11 3 nYY C HI1R 113 TOIl cT oA / AI1RMCT P 100 MM , 

TO Illl\I1Hil n o n y 4 Ky 130 MM/ MCAHOR MI1W CHI1, r eHe pl1 p YC M~C n p l1 06Il Y

4 e HI-1 1-1 c c npOT OHa MI1, a -4 a CTI14aM I-1 H RApa MI-1 12e C 3H c p rl1e A 

3 ,65 r 38/ HYKn o H. T aKaR c I1Tya 4 11 R I1 MI1T I1 PYC T c Il Y4aR B ~C aAK I1 B~

BCACHHoro ny4K a Hil K OH CTPYK411 0 HH ~ X ACT aIlR X CHC TCM c r o Tp aH C 

n OpTl1pOB KI1. 8 XOAC HCCK OnbKI1 X 3 KCnC p l1MCHTOB 6~n l1 I1 c cneAoBaH~ 

I1H KIl ~3 I1B H~C cn C K T p~ He ~TpoHoB n OA AByMA vrn RMI1 C 3 Hc p r l1e A 6 0 
' 1 ' 

Il CC 10 t13 8 np~1 OGIl Y Ll C H ~-Hl MI1W CHI1 RAp a MI1 12e ' BblXOA aA PoHo B ~1 3 
MI1 WCH I1 11 I1X y r Il o B ~c pa cn p cA cIl CHI1R '2 ' , il T a KlKC yrIlo B~e p a cnpeAc

IlCH I1R 3 a pR~cH Hh1X 4 a C TI14 :l · np l1 06Il Y4 C HI111 M I1 W C H~' n p OT OHaM I1, a .

y a CT I14 aM I1 11 R,Q P ilMI1 12e . 
na HH~c Ha CT oRll\c R p aGo T~ , B KOT opoA n pI1 B CACH~ y rnoB~c p a c

n p c ,QcIlCHI1R 3il P RlKC H H~X 4 aCTI14 11 3 TOIl cT oA C AHHl\ OB OR MI1W CHI1 , Aon OIl 
" 3 ' 

HRlOT P C3YIlbT il Tbi p a 6 0Tbi '" . T OIlll\ I1Ha C [H1 H I~ O BO i'" MI1W CHI1 n o ny4Ky 

/ 170 MM/ B ~G l1pa Il a c b 113 co06 palK c HI1A e c 3 KBI1S il Il C HT HOC T I1 no 411CIl Y 
12eHc y npyrl1 x B 3 ilH MO,QcRCT BI1R A,Qcp MCAHOR MI1 WCHI1, I1c nOIl b30Ba HHoA 

B npCAbIAYll\I1 X 11 3 MCpC HI1RX . 3Ha y e HI1R o AIlA U~ e I ell 11 12 e + Ph 
, III 

paC C4 I1 T ~Ba Il I1 Cb n o mOP MYIl e 4 . P C 3 Y Il bT aT~ 113MCPCHI1R, HOpMl1p OBa H

HblC Hil 0 ,Q 11Y y na BWy lO Ha '111W CHb 4 a c T 11l\ Y . n p e n c T a BJlCHbl Ha PI1C . 1 • 
Yr JlOBNC p Re npc ,QCJle HI1R 3 a pR lKCHH~X y a C TI14 / Hl1lK HHC n opo r l1 3Hepr HR 

npOT OHOS ~1 TT - MC 3 0 HOB - 45 11 20 t\ ;:lB COOT BC TC T BC HHO/ 11 3 Ph - MI1 

WCHI1 a n n P OKCI1M I1 P y ~T CA BbIPCl)!( C HI1RMI1 : 

- 2 
dN (. (8 )	 dO - 7.30 exp(-3 ,75 · 10 e j . 

2 
d N (8 ) d ll ~ 0 ,77 exp (- 3 .70 . 10- 8 j . 

r 

3 ,QC Cb e - B r p a ,Qyca x . 
He 06 xOA ~MO OT MCT MT b , YT O C T04KI1 3 pe HI1R YCIl OBI1A pa 3BMTI1R© O61.~eHBbIA CTHTYT AAep HCcne,Ao.lUIIdl aa, 1985. 

MClKbR,QcpHor o Ka CKa Aa, 113-3 a p a 3Il~4MR B ,QIlI1Ha X np06er OB BTO pM4

1 
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PI1C. 2 . Yr JJOBble pacnpcn e n euuu 
aa p axe u a s rx tIa CT111..\ 11 3 CU- 11 Pb 
MHllleHI1, aopxupoa a inrue n a n e vnpv  :I 
r oe B3aHM oAe HCTIHie II IIHX s n p a ~ 

12CC! •• ) Ii v r-n onue p a cnpe.o;ene <X 
HHH npo r o n o a / 60 s Ep ~ 300 M3 B/ ~ 

B 12C +Cu H12C +P b B3aJ1loIO.o;eilc TBH-
e 
~ 

/5 /
HX ( tI.. 0) .' Cnn oumue nHIIHI1 

a n n pOKCI1Na l(HH 3KCrre p l1Ne il TaJJb llhIX 0 ,1 

na ausrx MeT oAoN lIaH MeHhwHX KBa A

PI1C. I. Yr JJOBbJe p a c rtp e n e rt e u u s B c n Y4 ae TonCTblX MHweHeA 60nee aHH30TponHbl. 3TO 06ycnoBneHo 

aa pnxe u nu x tIa CTI1l( 113 Pb -MllliIelll1 HanH4HeM HOHH3a~HOHHblX nOTepb 3H eprHH H 3HepreTH4ecKoA 3aBH

/E p = E C = 3 , 65 f 3B/HYKJlOH/. CHMOCTblO AnHHbl o c n a 6 n e HHFI aAPOHOB B Bell1eCTBe, Hrpa~HMH ponb 

e 
it i,a

t.. ~ 

- , i 

npeH MYll1eCT BeHH O nOA oonbwHMH yrnaMH H3-3a CMRr4eHHFI c ne KTp o B , 

a T a K~e cYll1e CTBe HHo 60nb wHM 3H epreTH4 ecKHM AHana30HoM perHcT
pa~HH 4a cTH ~ B H3Me peHHFl x C TonCTblMH MHweHRMH. YrnoBble pacnpe

Aen e HHA npo TOHOB OT F1APO-RAepHblx B3aHMOAeAcTBHA / 5 / 06tlapymHBa
lOT 3aM CTItylO TCHACH'-IHIO K YBen\.14 eHHIO H30TponHOCTH C POCTOM aTOM

Horo Be c a M\.1W CHH. 4 TO CBA3 a HO , BHAHMO, C ymecT04 eHH eM B '-IenOM 
cne KTpOB BTOPH4HblX 4 aCTH~, BblneTalOlI1HX B n epeAHlO1O nonyc~epy. 

nOA06HaR T eHA CH~HFI B cny4ae TonCTblX MHweHeA CHnbHO HHBenHpyeT 
CFI HOHH3a~HOHHblMH nOTepRMH 3HeprHH, KaCKaAHblMH npo~eccaMH 

H B3aHMoAei1cTBHeM ~parMeHTOB RApa-CHapFlAa C Bell1eCTBOM MHweHeA,
 
4TO npHBOAHT K TOMy. 4TO ~opMa yrnoB~x pacnpeA eneHHA CTaHOBH T

CR npaKTH4eCKH He3aBHCHMoA aT aTOMHblX BeCOB RAep- CHapFlAOB
 
H MHweH e A .
 

3KcnepHMeHTanbHble 3Ha4eHHFI K03~~H~HeHTOB nponop~HOHanbHO

CTH MemAY BblXOAaMH 3apFl~eHHblX 4aCTH~, BblneTalOlI1HX H3 Pb-H Cu 
MHweH eA B AHana30He yrnoB 30°-90° npH HX 06nY4eHHH RApaM H 12C, 

Ii aHanorH4HblMH BblXOAaMH npH 06nY4 eHHH Pb-H Cu -MHweHeA npOTO-

HaMH, cOBnaAalOT B npeAenax oWH60K /9,4+1,2 H 7,7+0,9 ' ~I COOT-
BeT cTBeHHo/ *, He CMOTpFl Ha CYll1eCTBeHHoe-pa3nH4He B aTOMHblX Be

c ax RAep-MHweHeA. 3Ha4eHHe K03~~H~HeHTa nponop~HOHanbHOCTH 

M e~AY BblXOAaMH 3apFlmeHHblX 4aCTH~ AnR Cu -M\.1WeH\.1, nony4 eHHoe 
B He3aBHC\.1MblX H3Mepe H\.1RX C nOMOll1blO T epMOn IO M \.1H eC~ eHTHblX AeT eK

/ 3 / TOpOB ~ /, Xo p OWO c ornacyeTcR C AaHHblMH pa60Tbl . OTHow eHHe Bbl

XOAOB 3apRmeHHbl X 4aCTH~ B TOM me AHana30H e yrnoB npH 60M6ap
AHpOB Ke npOTOHaMH P b-H Cu -MHweHeA COCTaBnReT 1.25. 

e, ·3,65 r3B/HYMO«	 B pa60Te / 7 / n p HBeAe Hbl paC4eTbl BblXOAa HeATpoHoB C 3HeprHeA 

60nee 100 M3B C 3aAHe A H 6 0 KOBOA nOBepxHocTeA mene3HoA ~ \.1n H H A 

pH4 ecKoA MHweHH AHa Me TpOM 40 CM, TOnll1HHOA 60 CM, 06nY4aeMO~ 
L......-....L-.1 1 1 11 1 t Ip a TOH; nyHK THp - p e 3YJJb Ta T r pa 	 RApaMH C a TOM H blM~ Bec a MH OT 1 AO 250 H 3H epr~ eA 3 r3B/HYKnoH .

10 20 30 40 50 60 70 BO 90 100 i10 
q,H4 e CKoro HHTepnOJlUp OBaIll1H. Ha pHc .3 npeACTaBneH a paC 4C THa R 3aBHC ~ MOCTb OTHoweHHR BblXOAOB

8,rPAAYCbl 

HeATpoHoB H3 MHweHH, re HcpHp YCMblX B He A RAp aMH H npOTOHaMH OT 

aTOMHoro Beca RApa- CHa pFlna , a Ta Kme 3Kcne pHMeHTanbHble 3Ha4eHHR 

HblX aAPOHOB B CU- H Pb -MHWeHflX H pa 3 n H 41~ fl HOH\.13a~ ftI0HHb) X nor eps K03~~H~HeHTOB n p onop~HOH anb HOC T \.1 , n o n Y4e HHble B HaWHX \.1 3Me pe HHRX 

3HeprHH BTOPH4H blX 3apflmeHHbiX 4aCT \.1~ , 3KBHBaJle HTHOCTb 06e\.1x MH BblXOAOB 3apR~eHH~ X 4aC T H ~ M3 MCAHOA MHwe HH AHaMe TpOM 10 CM, 

w e He~ RBn fle TCfl OTHOCftlTenbHoA. OAHa KO CpaBHeHHe pe3ynb TaToU Ha TOn ll1 \.1H OA 13 CM npH 06nY4 e HHM ee nY4 Ka MH n pOTOHOB . a -4aCTH~ 

CTOFlll1eA pafioru H peayns r aroa , nOnY4 eHHbiX C Cu -MHweHblO 13 ' . H RAep 12C C 3HeprHRMH 3 . 6 5 r3 B/HY Kn o H . He CMOT p R Ha CYll1eCTBeH

YKa3blBaeT Ha cna6ylO 3aBHCHMOCTb ~OPMbl yrnoBblx pacnpeAeneHH~ HylO pa3 HH~y B pa3Mepax M\.1WeH H /~X a TOMHblC Be ca H cpeAHH e 3Hep

3apFl*eHHblx 4aCT H~ aT aTOMHblX BeCOB flAep-CHapFlAOB H MHweHeA . r H\.1 B3 a HMo Ae Ac TBYlOlI1 HX Ha TOn ll1 HHe M \.1We H e ~ RAe p -CHapRAOB cpaB

Ha pftlc. 2 np\.1BeAeHO cpaBHeHH e yrnoBbl x pacnpeAeneHHA 3apfl	 H~Mbl MemAY c060A/, Ha6nlOA a e Tc R Hen n o xo e co rna c~ e paC4eTaI) meHHblX 4aCH1'-1 H3 TOnCTbI X Pb--H Cu -MHweHeA / c n n o wHble nHHHH/ H 3K c n e p HMe HTOB .
 

H npOTOHOB OT F1APO-F1AepHbIX / 12C « P b H 12C + Cu / B3a ~1MoAei1cT 


BHA /nYHKTHpHble nHHHH/, HOpMHpOBaHHblX Ha OAHO Heynpyroe B3aHMO
 j 
AeAcTBHe F1Apa-CHapFlAa. AaHHbl e no F1APO-F1A epHblM B3aHM OAe AcTB HFlM
 
nonY4eHbl HHTerpHpOBaHH eM HHKnlO3HBHblX c ne KTpOB npOTOHOB B HHTep * Bsrxonu l1a CT111..\ n o psrap on an x c r, na 0.0;1111 n artarounni u a Nl1tl1elIb n po 


Bane 3HeprH~ 60 7 3 00 M3B l S I . BHAHO, 4TO yr noaue oacn penene aaa TOil H onu o H.o; p O 12C. 

2 3 



PHC . 3. Cpan uenac p aC'l C1'lIblX 0 1'11 0 
Nl /Np JUClflii'1 IlbIXOAOJl HCi'I1'POIIOB li 3 1'OJl

10' 
En '>mO MaB c r on JKCJlC3 HOll NHIllCHH IlPH 0 6JlY4 C

IUlII c c l1 Ap a ~1H C a l'OMHbP.-H1 Dc c aMII 
/\ H n p OTOJlaMlI ,' 7 ,' C H3MCPCJlHf,(lo1\/ 3 l 

OTl lOlUCHlil1 l-1H JlbIXOp,OIl 3a pm(e Jll1hlX 

10'·
4aCTlll \ lI 3 TOJI C1'0 11

06 J IY ll ll C ~lO fl l1 p, pa ~m 

~e A I1 () i'1 

C A= 4 , 
Mrune 111·1 , 

A= 12 
H J1 P O T OIl D ~lII . n YI1 K TH p O ~ 1 n lln CCCII 

I(OPII I\OP n o rpeuuro c -r c fi p aC 4 CTa , 

I{) ' 

A CH4 , HA A 

Tll K ~ M 06p aa oM , e CT b OC I 1 0B ~ H ~ ~ C4 HTa T b , 4 TO cpaBH ~T enb H~ ~ 
n OAx oA ' 7 ,8 ' K O~CH K C none ~ B To p ~4 Ho r o H 3 ny4cH~~, B03HHKa~~Hx 

n p H yC KOpC H H~ pc n n T ~B MC T CK HX ~Aep . MO~C T 6~T b Hcnonb30 Ba H B Ka 

4~C T B e n cpo or o n p H GnH ~ cl1 Hn n pH n po r H0 3 ~ poB a H ~H paA Ha 4HOH HO~ 

oGc Ta Ho BKH Ha Y C Ko p l\T cn~x l R* enw x HOll o n . 

Ao TOPhi BhIP<1 )'( <110T Gn <lrOA<1pH OCT b M. t,j . 1 <G ~104 1< OB Y ~ 1 B . n . DaMGn e s 

CKOMY aa noncauuc oGCY )\{AC H ~ A , A . A . H ~1 K ~1H1 H Y 11 B .r . )~Ga H KoB Y sa 

no woun. B npoBCA em1~ 3 K cn c p ~1 11C HTOB . 
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