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1. BBEA EHHE 

B3aHMOAe HCTBHe T~*en~x HOHOB C ~Ap aMH npHBOAHT K o6pa30B a HH~ 

ne r KHX 3a p~*eHH~X 4aCTH~ B WHPOKOM AHana30He 3HeprH~ H Macc. 
H H Kn~3HBH~e 3HepreTH4ecKHe cneKTp~ 3THX 4acTH~ c OAe p* a T KaK 
Hanpa Bn eHHyl') anepen auccxcauepr'erwvecxye KOMnoHeHTy 14 , 14 1 , TaK 
H HH 3K 03Hep reTH4 eC KY~ KOMno HeHTy C H30 TponHblM B CHCTe Me ~eHTpa 

Mac e y rnoBblM pa c npe Ae n e HHe M. 3M H CC H~ 4aCTH~ B aaAH1010 nonYC$epy 
06b ~cH~ eTc~ Hc na peHHeM H3 COCTaB Horo ~Apa , oc~onKOB A en eHH~ Hn H 
npoAyKTOB p eaK~H~ r l1y6 oKoHey npy r Hx nepe n a u /6,61 • 4ac Tb H3 3THX 
4aCTH~ Hcn YC Ka eTC~ nepneHAHKYl1~PHO KOCH Bbll1eTa OCKOl1KOB Ael1e­
HH~ H Mo*eT paCCMaTpHBaTbC~ no aHa110rHH C HH3K03HepreTH4eCKHM 
Ael1eHH e M KaK T p O~ H oe Ae l1e HHe COCTaBHoro ~Apa C Bbll1eTOM 3ap~~eH­
HO~ 4 a CTH~ b1 171 • non~TKH BblAel1eHH~ TpO~Ho ro Ael1eHH~ C 3MHCCHeH 
a- 4acTH~ HnH ~Ae p y rl1epOAa B pea K~H~ x C T~*el1b1MH HOHaMH 6b111H 
npeAnpHH~ TbI B pafiora x 1 1 - 13 , 16 1 • HHTepec K H3y4e HHIO Tp O~Ho ro 
Ael1e HH ~ B nOCl1e AHe e BpeM~ CHl1bHO B03pOC B CB~ 3H C OTKpblTHeM HO­
Boro BHAa pac naAa C Bbll1eTOM T~*el1b1X 3ap~~eHHblX 4aC TH ~ / 1 6 1 H 
nOHCKa MH nOAo 6 Ho r o BHAa pa c na Aa H3 B 03 6 Y~AeHHblX COCT aBHblX ~Aep. 

Ha6 11 IOAa e Mo e n pH HH3KHX 3 Hep rH~X B03GYmAeHH ~ OTHowe HHe TPO~­
Horo AeneH H~ K ABOHHOMY MeAl1e HHO pa CTe T C 3HeprHeH B036YmAeHHR 
OT Bel1H4HHbI 0 ,0023 + 0, 0001 Al1R Ael1e HHR Te nn OBblMH He~T p oHaMH 

AO 0 , 0027+0, 0004 B peaK ~HH p / 42 M3B/ + 238U 13 1 • 

He HCKnI04eHO, 4TO C POCTOM 3HeprHH B03GYmAeHHR H yrl1oBoro 
MOMeH Ta A el1R~erO CR RApa BepORTHOCTb TpoHHoro AeneHH~ C Bbll1eTOM 
a -4aC TH~ MO* e T B03paCTH. 

AnR BbiAen e HHR KaHana TpOHHoro Aen eHHR Heo6xOAHMO HaAe*H O 
pa3Ae n HTb pa a Hble HCT04HHKH 3 MHCC HH RAep 4He . C 3 TOH ~ CIlblO G~n 
npo Be Ae H 3Kc nepHMeHT, B KOTOPOM H3MepRnHCb 3HepreTH4CCKHe H yr­
n o e u e pacnpeneneaaa a -4aCTH~. a aperwcr papouauuux B COlJn aAe HHH 

H 16 0C OCKo n Ka MH AeneHH~ B peaK~HRX B3aHMOAeHCTBHI1 HOHOIJ ll!C
 
C RApa MH 197Au H 232 Th . HAeH TH $H Ka~HR a - ll a C H1 ~ TpOHlIOro Ae­

neHHR npOBeAeHa Ha OCHOBe aHa11H3a 3Hcp r UTH4u cKHX c nc Kl pOB H
 
p a c n pe n e n e a a a CKOpOCTeH RAep 1 He .
 

2 . METOAHKA 3KCnEPHMEHTn 

OnbiTbi npOBOAHl1HCb Ha ny4Kax HOHOIJ 
16a - 144 M3 B/ H/E LAB 

12c /ELAB = 108 M3B/ ~HKnOTpOHa Y-200 fla6opaTopHH RAe pHWX pe ­
aK~H H OHRH. 611aroAapR CHCTeMe K0l111HMa~HH, CocToR ~eH H3 t pex 
AHa$pa r M, pa 3Me p ny4Ka Ha MHwe HH COCTClOl1Rl1 ~ z 4 MM . CaMOnQA ­
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PHC. I . CXeMa p a 3 MemCHHH ~C TC K­

TOp OB . 
80° 

A ,qe p lK.... BalOllla R CR M.... We H b 113 232T1l 

1- 0, 5 Mr / cM 2 I 1111.... 19 7Au 

1- 0,2 Mr/ c M 2 I YC T aH a B11HBa11a cb 

no,q y r110M ~5 ° K ny4Ky .... OHOB. 

AeTe K TI1 Py~a R c HcTeMa, Hcn011b ­

30BaHHaR B 3KCnepl1MCHTC , n p eA­

CT a B11e Ha Ha pl1c .1. ADa n 0 3 11411­

OHHO- 4 Y BC T BI1TC11bl-lbiX n onvnpoaon ­

HI1KOBblX ACTeKTopa ( P5 1J) p<l3Me ­

paM 8x30 MM C T e11e CHblM yrnoM o = 0, 2 ~ cp K<lHl/l t.IH n 0 3 110 JH111H 11 3 ­

MepR Tb 3H eprH~ 11 y ro11 Bbl11eTa cOB n aAalOU\11 X OC KOIlKO R I\CJ1C I H11l B ,qH ­
0 

ana 3 0 He y rnoB OT 5 3 0 AO 1 0 7 CHMMeT p ~1 4 HO 0 '1I0 CI1 ' c ru.uo II Y 'IK<l ....0 ­

HOB . 

H,qe HT ....¢I1 Ka4I1R 11 113MepeHI1C 31l Cp rl111 1/ - '/ ,)(. '11 1~ l1!JlJI IOI I IH H1C h C no­

MOl4 b~ ,qByX Te11eCKonOB L\E x E , K<lHlJ.\W1 11 3 1<0 10PI>ll< ( Jj,1I 1 I Il f I dl:l Jle H .... 3 

TOHKoro 17 MKMI n o a e p xu o c r a o -fiapuepuo r-o l<p CM' HH' UI,IIU W·,L' t<TOp a L\E 
11 TOIlC Toro 11,3 MMI Si (Ll ) E - ,qCT C Klopa . Po cnUIlOMlI 'tll"O 1 1~l1 eCK O ­

nOB A 11 B AaHO Ha p .... C . 1 . Tenec xon A I 0 .. 13 '~cp l lI il l<n l ll1 11Cn 

B n 110 C KO CT I1 p e a K4 11 11 n o n yr110 M (J = 1 ~ 0 a 11 y = 0 ('. lilt ' 0 - y r o n 

Me HlA Y HanpaB11eH l1eM n y 4 Ka 11 T e 11e C Ko n OM , y - y r on U l'1J l ' Il 'H ' C l l1 , 

n c p n eH,qI1KY11 RP HOH I< nIlOc KOc T .... p e a x u .... 11 11 n p o x o n a eie « "1l! IH ' ;J IlC II T P 

T e11e C I<Ona .1 l\ CH T P MI1WeHI1. Teriec xon B / n = 20 Menl p .J(: ll0nOHlCH 
0

BHe n110 cKOcT .... p e a l<41111 I () = 1 35 11 Y = -~ 5 °1 nOA ny'lI<nM 11 0 HOB . 

MI1HI1MaIl bHaR 3Hep rl1 R a - 4aC T I14 , 11 3Mep Re MaR B r enecxona x , I: OCT a 8 ­

IlR11a 5 ,5 M3 B . 

PerHC T p l1p Y lOll\a R CI1CTeMCl n 0 3 BOIlR11a 113MepRT b yr110Bbl c I<OPPC IlR4 11 11 

Me lKAY RApaMI1 4 He 111 OCK011K aM I1 AelleHI1R 8 A I1a n a 3 0 He yr110B 0 " 3 0 a 

A D 1 0 0 0 18 lla 6 0 p a TopHOH CI1C T e Mc / . T 0 4 HOCT b 113Me peHI1R yrna BWIle T a 

OCKOllKOB o npe,qe11R11 a Cb: n03114110HHbl M p a3peWe H1IIeM AeTeI<TOpOB, I<OT O­

p o e 6b11l0 llY 4 we 1 MM , WIllP I1HOH n y 4 1<a T RlKe JlblX 11 0 H0 8 11 KOHe 4HoH WI1­

PI1HOH n 0 3 11 4 11 0H HO-4Y BcT BI1T e 11 b Hblx Ae TeKTo p08 8 n1l0C I<OC T I1 , ne p n e H­

AI1KYIlR PHOH K n110CKOCTI1 p ea1< 41111. B I1Tore yrn u asmer a OCI<OllKOB .13­
0
 

Me p R11l1Cb C p a apeureuae a - 7 •
 

MOHI1 TOPl1 p OBaHl1e nY 4 Ka .... OHOB OCYl4eCTB11R1l 0 Cb 11 3Mep e HI1e M T OK<l 

4 I111I1 H,qp OM ¢apa,qe R H n o y npyro pacceRH HblM 110Ha M, p e rl1 c T pl1py eMblM 

n 0 11y npoBOA Hl1 l<OBblM A e TeKTopOM n o ,q yr110M 2 0 0 • 

CIIICT e Ma cfiopa I1H¢opMa41111, nonpofiuo Onl1CaHHa R B p a 6 0 T a x 17 ,1 7 ,18;' 

A aBa11 a 803MOlKHOCT b Bbl60pa 11 per l1CT p a 4 11 11 COBnaAeHI1 H Me lKAY 8 0 CbMb~ 

na p a Me TpaMI1, C 8R 3 a HHblMI1 C I1Mny11b c a MH, noc Ty n a~14I1MI1 C AeT el<T OpOn 

a - y a c T l14 11 OC I<0 11KOB Ae11 e HHR . 

2 

3 . A HAnH3 AAH H~X 

HHlKe npeAC T aB11eH c noc06 a Ha11l13a ,qa HHblX , B pe3Y11bTaTe n pHMe He ­

HHR KOToporo n011Y 4eH~ Ma CCO Bble , 3HepreTH4eCKHe H yr11oB~e pacnpe­

Ae11eHI1R OCK011KOB Ae11eHI1R, 3 He p r e T I14 e C KHe cneKTp~ 11 pacnpeAe 11eH H~ 

CKopOCTeH A11 ~ a - 4 a CTH4 . 

nOCKOnbKY B 3KCnepl1MCH Te H3MepR11H C b 3HeprHI1 OCI< 011KOB 11 y r11 ~ 

HX pa311eTa OTHOCI1Te11bHO ny 4Ka, TO ,q11~ p aC4eTa MaCC OC I<0 11KO B He­

06XOAHMO BOCnpOH3BeCTH n011HY~ KHHe MaTI1KY peaK411~. 

An~ Ka)t(AOH napu ¢parMeHTOB I1X MaCCbI 11 3 Hepn111 6bl11H n011Y4eHbl 

I1TepaTHBHblM MeTOAOM npH C11e,qYIOII\HX npeAn0110lKeHHRX: 

al B peaK4H~X n 011HOrO C11HR HH~ nonepe4Hble COCTaB11~~l1e I1Mnynb ­

CO B OC I<OnKOB	 A e 11eHHR paBHbl: MAE A 8in 
2 () A = MB E B stn 2 0B ' , rne 

M A ' M B' E A ,	 E B ' () A' 0B - MaC Cbl, 3HeprHH H yrllbl OCI<011KOB A 
H B B 11a60paTopHoH CI1CTeMe. 

6/ CYMMa Macc OCK011KO B M A11R KalK,qoi1 I1Tepa411H paa-ra cyMMe 

Macc R,qep CHapRAa 11 MI1We HH Mp +M T npl1 I1HKJ1~3HBHbIX H3MepeH.... ~X H 

Mp +M T -4 MR cOBnaAeHHH C a - 4 a CTHll a MI1. 

B/ 3 MHC CHR He~TpO HoB H30TponHa B CI1CTeMe HC T 04HI11<a 3 MI1CCI1H H 

He MeHRe T ....Mny11bca 3Toro I1CT04HHKa. Cpe,qHee 4H C1l0 H cny cKa eM~ X 

B AaHHO~ peaK4HH He~T p OHOB j; paBHO V = 0, 118( M - 22 0 ) + 
+	 0,133 E*, rne E* - 3Heprl1R 8036Y)t(AeHI1R COC TaBHoro RApa B M3B. 

16 0AnR peaK4HH + 232 TIl ii = 13, ~, a MR pea KllHI1 12 C + 197 Au 

ii c 9.8. CpeAHee 4H C110 HeHTpoHoB , '.:!.cnYl4':HHblX 113 OCK0 11KOB (VA' VB ), 

~onoP~110Ha11~ Macce VA / = M A 3TOMHO OCK011KOB: liB /M B • n pH 

lIA + VB = II • 

rl n OTepH 3Heprl1H OCKOJlKOB B MI1WeHH H B ~on b re , 3 a l4Hl4a n l4eH 

AeTeI< TOpH, 6bl11l1 paCC4HTa Hbl C nOM~b~ Me T o ,qa , I1c n011b30 BaHHoro 

B nporpaxae SPAR / 20/ , B npeAnOI1o)t(eHIIII1 , "l TO R,qepHble 3 apR,qbl o c­

K011I<OB (Z A ' Z B ) nponopuaoaansuu I1X Ma c c a M : Z A / Z B = MA / M B ' 

C Y4eToM 3THX npeAn0110l4<eHI1H V1 nonpaao« Ha Ma CCO BblH Aelllel<T 

B n 0 11y n p o Bo A HI1K0 8 blX AeTeKTopax YAa 110Cb o npenen a r s 3 H ep n 1H H Ma c ­

CbI OCK011KOB C T04HOCTblO - 5%. 
no H3BeCTHbiM Macce, 3Heprl1H 11 y r 11Y Bbl11e T a OCK011KOB 111 u - 4 a c­

T .... 4 /B 11a60paTopHoH cacreae./ AnR l<alKAo r o COG~T I1 R c nenau nepeaon 

CKopOCTeH OC K011 KO B ~i R,qep ·tHe B C I1 CTe l~y u e-rr p a Ma c c . CI<OPOCTb 

a -vac r .... 4 B CI1CT e Me u e-rrpa Ma c c (v CM) Gl>l11a oaanox e u a Ha CKO ­
a	 a 

pOCTb, napa1111e11bHYIO - v ~ H nepneH,qH I<Y11A PHY ~ - v~ CI<0POCTI1 

Gonee TRlK eJlOrO OCK 011l<a . B p ea YIl b T ClT e ,qnR a -4aCTH4 n011Y 4eH~ ABy ­

MepHble pacnpeAe11~HI1R C~4CH I1 H 0 v ~ L\n r x d 3<7 I (dvaCMdn dO r ) a 
B KOOPAI1HaTaX V II , v • rne n r - T e 11c cHblH yron n e r ek r opa 

J. " 
OCK011I<OB, n Cl - r ene cuuu yron A CT eKTopa a -4acT H4· 

Cpa BHeHl1e pe3Y11bTa r oB aHallH3a 3 KCn e p l1Me HT a ll b HblX AaH Hblx C T e o ­

peTI14 e C l<HMH npeACl<a3aHH~MI1 npoBeAeHo c nOMOU\blQ nporpaMMbl ELPIlIC , 
MOAe 11l1py~eH MeT oAOM HO~Te-Kap11o KH He Ma THKy R,qe pHblx p e al<4HH 

rC 3 MI1CCH eH 11erl<HX 4aCTI14/2 1/ . nporpaMMa n 0 3B011R11 a n poBe c T H p a ­

4eT Y r 110 Bbl X ,	 Ma CCOBblX 11 3Hep r e TH 4 e c 1<11 X p a c np eAe11eH I1 ~ OC K0 11KOB 

H a -4a CTH 4 C Y4eTOM pea11 b HOH reoMeT p HH . Pe3yll bTaTbl A a lOT OCH08a ­
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HHe CAenaTb 3aKn~4eHHe 0 B03MO~H~ X HCT0 4HHKaX Hc nycKaHHfl a - 4a C­
T H~ H MHO~eCTBeHHOCT H HX 3 MH CCHH. Bce paC4eT~ npOBeAeH~ B npeA ­
nOnO~eHHH pea K~HH no nHo r o cnHfl HHfl H 3aTe M AeneHHfl COCTaBHoro RA­
pa C Hc nycKaHHeM nerKH X 4a CTH ~ (n,p .a ) C BepOATHOCTAMH 3MHCCHH 
H3 COCTa BHoro flApa Hn H OCKon KOB AeneHHfl, pac c4 HTa HH~MH no MOAH­
~H~HpOBaHHOH nporpaMMe AL ICE I pa3Aen 51. 

npor paMMa ELPHIC 6~n a Hc non b30BaHa Ta~e AnA o n peAene HHA 
HaH60ne e 3~eKTHBHoro pac nono~ eHHA n03H~HOHHO-4YBcTBHTen bH~X 

Ae TeKTopOB. 

4. PE3YJ1bTATbi 

4. 1. ~ Kn~3HBH~e pa c npeAeneHHfl OCKon KOB Aen e HHR
 

160
Ha pHc . 2 npeACTa BneH~ nonY4eHH~e An~ pcaK~HH + 232 Th 
H 12C + 197Au pacnpeAeneHHA y rno B pa 3n CTa MC~AY OCKon Ka MH OF ' 
non HOH KHHeTH4e CKOH 3He p rHH B na60paTopHOH CHCTCMC TKE L A B 

Ti'iE ,H~ st. M:>B M, 118' 1, 
til KEr wo'''' ~ 80 : I. AM.,,,..... 55'" 

~= 158" ±3· 

t.Elr_=1 2"tY' 

0.5 
t:t 

~ 
Ji 
m 

.'lS 0.01----------'-"- «Ji
 
:I:
 
.II 12Cl101lM3 B)'?Au 
Ql 
c; 

l­ 1.0 ~ i?t 0 16" G' 
S /l8r_;1 2"~3" 
U 
o 
:I: 
I­

o 0.5 

80 160 21.0 320 50 100 150 

TKELAB I H3 BI MF/a.e .M.1 
120 

0.5 

1.0 

1.0 

0.5 

Mr 

t~TKEua 

Il-_ ~ I.. .~, 

8r 

8. TK E' . !1 

.. " 

1~ 0 

Pa c , 2. Pacnpen aneuae y r rta paane 'r a OF ' nOJ1Hoi! KliHe T H ­

q ecK o ii 3Hepr'HH TKE L A B Ii Macc M F O CKon K OB AeJleHH R 

B p e a x u a a x 160 1 144 M3B I + 232 Th I a e p XHRR q a CT b l H 

12 C 1 10 8 th EI + 197 Au I m OKHRR q a CT b/. T OtIK H - axcne -r 

pHMeH T8J1 b Hbl e AaH Hbl e , Cl1J10 WHhle J1H HHH - p e 3 YJ1b T 8 T hl KII ­

H e M 8 T H tI e CKO r O MO,lJ,e.r1H p On 8 HIHI . 

4 

~ Macc An A OCKonKOB AeneHHA MF . YKa3a H~ c peAHHe BenH4H H~ H WH­
PH H~ Ha nonYB~coTe 3 THX pa c npeAe n e HHH. CnnOWHOH nHHH eH 0603Ha4e­
H~ pe3ynb TaT~ KH HeMaTH4eCKoro MOAenHpOBaHHR. CpeAHH e BenH4HH~ H 
nonywHpHH~ pac npeAeneHHH TKE LA B H MF cornacyorcn C peayns r ara­
MH , non Y 4e HH ~MH Anfl nOAo6H~X peaK~ HH 122~ 26/. H3 cpaBHeHHfl pac­
4 eTH~X KPHB~X C 3KcnepHM eHTanbH~MH T04KaMH cneAyeT, 4TO B Hccne­
AOBaHH~X p eaK~HAX Ha6n~AaeTcfl, r n a BH~ M 06pa30M, AeneHHe COCTaB­
Ho ro AApa C nonHOH nepeAa4eH HMnynbca. 

3KcnepHMeHTanbH~e pacnpeAeneHHA yrnoB pa3neTa Or OKa3~Ba~ TCA 

WHpe nonY4 eHH ~ X npl1 MOAenHpOB8 HHH . AnR peaK~HH 18 a + 282 Th 
KpOMe 3 Toro yWHpe HHA BHAHa TaK* e He60nbwaA aCHMMeTpHA B pacnpe­
AeneHHH y rna OF , o6y c noBn e HHa A BKnaAoM peaK~HH cn HflHHA ~ Henon­
HOH nepeAa4eH HMnyn bca , KaK 3TO Ha6n~A anO Cb AnA 6nH3KHX RAep H ~X 

CHC TeM H 3HeprHH HOHOB / 2 3/ 

Ha OCHOBe H 3Mep eHH~X pacnpeAeneHHH OCKonKOB AeneHHA MO ~ HO 

onpeneriar s ce4e HHR AeneHHR aCis AnR 06e HX pe a KllHH. B np ennono­
~eH HH, 4TO yrno Boe pa c npeAen e HHe OCKonKOB B CHCTeMe UH nponop­
4HOHanbHO 1I sin 00M , H C Y4eTOM 3~eKTHBHoC TH perHcTpa4HH nap 
OCKOIlKOB nonY4 eH~ arts : 780+ 140 M6 AnA perH CTpallHH 120 + 197Au 
H 144 0+ 2 10 M6 AnA pea K4HH - 160 + 23 2 Th. • 

4. 2 . PacnpeAeneHHe CKopocTe~ ~ 3 Hepre TH4eCK~e cneKTp~
 

a - 4aC TH~ B COBnaAeHHH C OCKonKaMH AeneHHJl
 

AnA Ha A e ~ HO H HAeH T H~HKallHH HCT04HHKOB 3MHCCHH RAep 4 He pe­
3yn b T a T ~ 3 Kcne pHMeHTOB np eAC TaBne H~ B ~opMe AByMepHorO pacnpe­
Aen e HHR Ce 4eHHJl Uv B KOOPAHHaTa x v~ H v~ . npHMeHeHHe n03H­
~HOH H O- 4Y BCT BHTen b H~X AeTeKTopOB n03BOnHIl O nonY4HT b pa cnpeAene­
HH e a B HHTep Bane y rnoB Me*AY CKOpOCTRMH a -4a C TH~ H OAHoro 

v 0 0
H3 OCKOnKO B OT 30 AO 150 B CHCTeMe ~eHT pa Mac c . Ha pHc .3 
np eACTaB Ile HO pacnoeneneuwe a An A peaK~ ~ H 18 0 + 282 Th , a Hav 
pHc. 4 AIlA pea KllHH 12C + 197Au • CnIlOWHblMH Ay r a MH 0 603 H a4eH~ 
HaH60Il ee BepORTHwe CKOpOCTH a -4aC T H~ , HcnYCKae M~X H3 COC TaB HO ­
ro AApa (CNE), W T pH XOB~e AyrH OTBe4 a~ T HaH60nee BepORTH~ M CKO­
pOCTAM AAe p 4 He HcnY CKaeM~X H3 OCKon KOB AenCHHR (FFE ) . nYHK ­
THpH ~e n HHI1 H YKa3~Ba~T 3KcnepHMeHTaIlb HblC npenenu cxooocrea a ­
4aCTHll . Ha pHC. :: H 4 xo powo B~A en R~T c n 4a CTHll~ H3 CNE H FFE. 
BHAHa T aK ~e KOMnOHe HT8 , He CBR3a l1Han c H cn apHTenb H~MH npo4ecca ­
MH , - 3TO a - 4a C' Hll~ . Hcnyc KacM~c nc pncHAHKynRpHo OCH pa3IleTa 
OCKon KOB C 3 Hcp r HRMH OKOIlO 16 HoB B CHCTe Me ~e HTp a Macc. 3 He p­
rHH H yrnoeue 3aBHCHMOC TH 3TI1X u - vac ru u nOAo6 Hbi 113Mepe HH~M 

B nOOlle c ce TpOHHor o Ae ne HHA ( Tr~) cna6o Bo36Y *Ae HH~X CHCTe M / 1 -3 ~ 

Ha pHc. 3 H 4 nOA 3KcnepHMeHTanbH~MH pa cnpeA eneHI1RM~ 

npHBeAeH~ p e3 YIlbTaT~ KHHeMaTH4eCKoro MOAen HpOBaHHR AllR 3MH CCH ~ 

CNE H FFE. C I1X n OMO~b~ ny Te M B~ 4H Ta HH A BKnaAa Hc na pHTen b H~X 

npoueccos nOJlY 4eH~ y r nosue pacncenen e aaa a - ua c rau AnR TFE 
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PHc.3. ABYHepHOe pacnpegeneHHe PHc .4. ABYHepHoe pacnpeAeJleHlie 
CetIeHHR U B KOoPAHHaTax: CKO­ Ce tIeHHR 0'" Jl,J1H p e aK ~HH 12C v 
pOCTb a -tIaCTlU~, napannerrsuan /1 08 M3BI + 197Au looo3HatI e HHH, 
(V I~ ) Ii ne pne anaxyn apuaa (V ~ ) KaK Ha pHc . 3 / . 
K CKOpOCTH THXenOrO OCKOJIKa AnH 

16 0 1144 M3BI + 232 Th • Bepxxsn 
tIaCTb - pe3YJIbTaTbl 3KCne pHHe JlT<l , 
JuamHH - KHHeHaTHtIeCKOrO HOAeJlH­
po aanaa Jl,J1fl CNE Ii FFEu" B HC/(CP ' 
· c M/ HC) . 

/pHc.5/. ~ 3MepeHH~e B COBnaAeHHH C OCKonKaMH AeneHHR 3HepreTH­
4eCKHe cneK Tp~ a - 4aCTH4 B na60paTopHO~ CHCTeMe npeACTaBneH~ Ha 
pHc.6. CnnOWHO~ nHHH e~ 0603Ha4eH~ paC4eTH~e cneKTp~ CNE, WTpH­
XOBO ~ nHHHe~ - FFE . HOPMHpOBKa KPHB~X npoBeAeHa no c ne KTpa M. 
H3Mepe HHbl M r e ne c xo nox A B n ce n noncx euaa , 4TO cyHHa KOMnOHeHl 
CNE H FFE AonlllHa non HOCTb ~ onHC~BaTb 3KcnepHMeHTanbHble pe3ynb ­
TaT~ AnR 3HeprH~ a -4aCTH4 C E ~AB > 16 H3B. 113 cpaBHeHHR pac­
4eTHblX KpHBblX C 3KCnepHMeHTanb HblMH T04KaMH cneAyeT, 4TO B 06­
naCTH E ~AB - 14 H3B nORBnAe TCA " A06aBKa" a -vac rau , CBR3aHHaR 
C T PO~ H~M AeneHHe M. KOMnOHeHTa H3 TFE 60 nee a aMeTHa AnR Tene­
CKona B • KOTO Pbl~ pacnon OllleH ne pneHAHKyn RpHo OCH pa3neTa OCKon­
KOB Ae ne HHR . 3TO Ha XOAHTCR B c orn aCHH C BHAOM yrnoBoro pacnpe­
AeneHHR a -4aCTHII npH KJlaCCH4eCKOM TPO~ HOM AeneHHH. 
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PJlc.5. YrnO Bwe pa c npeAeJle HiiSl
15l "0(1"/'\38)~Th e~f'~15' a -qaCTH~ p,JIH TFE. BepXIIHH 
30' 'tit H3 TFE be.-..2215" qaCTb Jl,J1H 160 / 144 lliB I + 232Th, 

'::s: HHXHHH Jl,J1H 12C 1 108 M3B/ + 197Au. 
::s:~ 
I- YKa 3 aHbl cpenuae BenHtIHHW II:ll
 

norrynmpnnu pacnpenenenan •
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Ha pHc.7 11 30 Gpa lKc Hbi 3HCp r-CT I14CC Kl1e cne xr pa a -4aCTI1l.\ AnR TFE 
/wTpl1XOaaA nHHI1R/. nonY4eHHblC Me TOAOM Bbl4HTaHHR BKnaAOB 3MHCCHI1 
CNE 11 FFE H3 3KcnepHM eHTanbHblX c ne KTpOB B AHa na 30 He E~AB OT 
8 AO 30 H3B. HOPMHpoBKa c ne KTpOB TFE AnR Te n e CKo na n po ­
BeAe Ha Ha OCHOBaHHH yrnoeux p acnpeAen e H H~ a -4aCTHII B TFE 
/pHc. 5/ . CnnOWHO~ KPH BO~ Ha pHc.7 npeAC TaBne Ha cyMMa np0 l.\ e CCOB 
CNE, FFE H TFE . 
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-... PHc . 7 . Cp a BUe HHe pe3YJ1b Ta TOB 
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4.3 . MHo~e C TBe H H OCTM a-4aCTM U An R npou eCCOB CNE, FFE M TFE . 

MHo~e C TBeHHOCT b a -4a CTMU AnR Ka~Ao ro n pou e c c a o n pe Aene Ha 
nyTe M MH TerpMpoBa HM R no Bc eMy TenecHoMy y rny OTHowe HMR 4Mcn a 
a - 4a CTMl.\, Mc ny~eH H~x B 3 TOM np0l.\e Cc e B c OBn a Ae HMM C OCKo nKaMM 
Ae ne HMR, K 4Mcny Bc e x OCKonKOB Ae neHMR. r-eoMeTpM4 ecKM e $aKT O p~ 

3K c nepMMeHTanb HoA yCT a HoBKM 6~nM onpe AeneH~ C nOMO~b~ KMHeMa TM ­
4 e CI<o r o MOAenMpOBa HMA MSY4aeMI>lX peaKl.\MIl. AnR CMCTeMbl 12 C + 
+ 197Au nonyueau cneAYlOO\I1e MHo~e CTB eHHOCTM: AnR
 
3MMC CMI-1 a -43CTI-1 U MS COCTaBHoro nnoa MCNE = 0,025+0 ,00 6 , AnA
 
3MI-1CCI-11-1 M3 OCKonKOB Ae n e HI1 R M r F E = 0, 0 08+ 0 , 0 0 3 . AiiR peaKl.\l-11-1
 
16 0 + 232 Th c o o TBe Tc TBYlOU\ I1 e MHOlKeCTBeH HOCTI1 paBHbl M CNE
 

= 0 ,0102:,0,003 M = 0,007~0,003. [) n p MBe Ae HHble SH3 4eHI1A
 M FF E 
OWM6oK BKn~4eHbl CTaTI-1CH14eCKMe pasfipocu M HeonpeAeneHHO CH1 HOp­
MMpOB KM TeopeTM 4eCKI1X KpMBblX no 3 KCnepl1MeH TanbHblM cne xr pan a ­
4aCTM l.\. C Y4eTOM I1SMepeHHblX yrnoaux pacnpe AeneHMii AnR TFE HaA­
Ae Hbl MHo~eC T B eH HOC TM : = 0 , 006+0 , 00 3 AnA 12C + 197AuM T F E 

11 = 0,00 5+0,002 AmI 16 0 + 232 Th . CYMMa p Hble MHOlK e CTBe H­MT F E 
HOCTM An R CNE, FFE ¥l TFE p a BHbl: = 0 , 036 + 0 , 007 AnA 12C +MTOT 

160+ 197Au 11 M TOT = 0 , 0 22~O , 005 An R + 232Th • • 

5 . D6CYXAEHHE PE3ynbTATOB 

3 KC nep l1Me H T an b H ~e 3 Ha4 e HI1R ce 4eH MR AeneHMR H MHOIK eC TBe HHOCTM 
3 MMCCMM a -4a CT11 1.\ cpa BHe H~ c paC4 eT a MM, oC H O BaHH~ MM Ha CTa TM ­

8 

TaGJ1 Hl ~a 

Ce qeHHR o o p a 3 0 Ba HHR COCTa BHOrO Rp,p a H p,eJI e HHR , . 3 11a q e ­
lIHR MHOJKeCTBeHH OCTeii 3MHCCHH a -qa CTH~ H peSYJ1bT a Tbl 
Te o p eTH4 e CKHX p aCqeTOB n o nporpaMMe ALICE C HCnOJ1bsy­
eMWMH n a p a Me Tp a MH 

16 232 o 1144 ~bB I + Th 12C 1108 Ms BI + 19 7Au 

3Kcn. Teop. 3 Kc n . 'r e o p . 

E~N lfuBI 98 83,5 

u e N IMOI 1640 1410 
144o±2IO 1640 7ao±r40 729urls/MOI 

MCNE o,OrD±o,OO3 O,OI? 0, 025±0,006 0.025 
M F FE 0, oarr-o, 003 0,009 O,Ooa±o.OO3 O,0l5 

M T FE 0, oosso. 002 o,ooo±o.om 

MTO T O,022±o,Oll5 0.026 O,036±o,O(J7 0,040 

ar/lfv 1, 00 r ,02 
f cr/ h / 70 50 
C I,D 0,9 
£ rr / h/ 20 20 

E;r /MsB/ 7I 41 

CTM4eCKoii MOAenH RApa M npO Be Ae HHblMM C nOMO~ b~ MOAH$Ml.\HpOBa HHoii 
nporpaMMbl ALICE /27,28/ • B pacue'r ex Mcnonb30BanMCb n a p a x e 'r pu , 

6nl13KMe K no nY4eH H ~M AnR nOAo6HblX peaKl.\Hii B pa60Te / 28 / . B Ta6­
n Ml.\ e ne p e4 H cne H~ 3Kcne pMMeHTan bHble M Teo peTM4ecKMe pe s y nb Ta Tbl 
11 napaaer pu , Mcnon b s yeM~e AnR pac ve r o a , rne ar / av - OTHowe HM e 
nnOTHOCTM YPoBHeA RAep B AenMTenb HoM H 3MMCCHOHHOM Ka Ha n ax An R 
MOAenM $epMM- rasa, fer - KpMTH4ecKMii yrnoBoii MOMeHT; na paae'r p 
C , McnonbsyeMblii AnR paC4eTOB 6apbepa AeneHMR: B r ( r. ) 
= CB f P S (f) - /),. WC:lp (7., A) , rne B rC PS (f ) - 6apbep Ae n e HMR 
B MOA e n H CPS / 29 / . 6.W U:l1'(Z . A) - 3Kc nepHMeH TaJl bHOe SHa 4e HMe 

06ono 4e4HoA nonoaaxa A11R COC1.:lDtlOro nnpa B OCHOBHOM COCTORHMM, 
B p a c4eTa x MHo~eCTBeH HOCTH 3MMCCMM M3 OCKonKOB Ae ne HH R MF F E 
np l1 HMManMcb cpeAHl1e 3Ha4e HI1R Ma5c, 3apRAo B, y r11o Boro MOMe HTa 
( f rr ) 11 3Heprl1ii BosGy~e HMR (E rr ) OCKon KOB. H3 n p MBeA e HHblx 
B Ta 6 n Hl.\e MHo~ ec T BeHHocTe ii BblTe Ka e T, 4 TO AO M MH HPY~H M MCT04HH­
KOM 3 MMCCMM a-Ya CTM l.\ npM Ae neHMH RBnA eT CR I1Cna p eH l1 e 11 3 COCT a B­
Ho r o RApa. Cp a BHe Hl1e 3Kc nepMMeHTaJlb HblX c e 4 eHM~ AeneHI1 R' 11 MHO­
me CTBe HHOCTM 3 MHCCI1M C Te Ope TI1 4 e CKHMH n pe ACKa s a HMRMH YKa 3bl Ba e T 
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Plic . 8. 3a BHClfMOCTb MHO)l(eCTBCH­
1I0CTii 'I'pOHHOr o Aen eHHH C HCnyC­
KaHH eM a -'1aC THIJ; M TFE OT :3Hep­
rliH B03GYJKAeHHR COCTaBHOrO HApa 

~ IG 1O~ 
I 1 ~n2S + 238 U / 3 / , "LU 

U. 
f ­ +	 197 Au , E8:I: 

+ 232 '!h , F 
6 + 23 8 U/12/ 

/350 fuBI + 
E 

AJlR	 TO'IKIf F'A 
16	 Ie 

o lOll 200 E~ /t13B/ 

E ~N : A ­
262cr /26 / , 
+ 238 U / 26 / 

CnOHT3H1lOe AeneHHe 
B - P 1 15 M:3BI + 

, C - p 14 2 M:3 BI + 
D - l2C I 108 M:3B/+ 

16 0- / 14 4 f-13BI + 
- 40 A r /334 M3BI + 

, 0- S5 Cl 
HBT Ag / 131 • MT F E 

YMJlOJKeHa Ita 0 ,25 . 

Ha HX xopowee corna CHe. Hc nonb30 BaH H~ H cTaTHcTH 4e c KHH nOAXOA
 
C PRAOM ,eHoMe HonorH4ecKHx non paaOK onHC~Bae T He TonbKO OCHOB­

H ~e xapaKTepHCT HKH Aene HH R COCT aBHoro RApa /28 / , HO TaKme aepo ­

~ T HOCTH HcnycKa HH A nerKHX 4ncTH4 H3 pa BHoBecH~ x HCT04HHKOB
 
3MHCCH H.
 

HHomecTBeHHocTH 3MHCC HH a - 4acTH 4 AnA TFE OKa3anHCb 3Ha4H­
TenbHO 60nbwe 3Ha4 eHHH An ~ TpOHHoro c nOHTaHHo ro AeneHHR 252Cf 

MC~E = 0. 0033+0,000 1 126 / I Hm1 OT Me 4e HHOH pau ee pea K4 1H1 
p ;'42 M3BI + 23a D • C APyroH CTO pOHbl, B pafio 're / 13 / AnA pe aK4HH 
S5C! 135 0 H3BI + HDTAg nony vex o B ABa paaa fions ureMT FE
 

M T F E = 0. 0 1O~O , 002/. a A Il ~ pea K4 HH 40Ar 1334 M3BI + 238U
 
M = 0, 0 04~0, 002 , 4TO B HeCKOIlbKO paa noeeuuraer BenH 4HH~,T F E 
H3 MepeHH ~e B H ac To~~eH pa60Te . Ha pHc.8 npeACTaBne Ha 3a BHCH­
MOCTb MHo~ eC T B eHHOC TH OT 3He prHH B03GY~A eH H ~ COCTa BHoro MT F E 
RApa EON • MT FE pacr e r C POCTOM ' 4TO cBHAeTenbcTByeT ECN 
o 3aBHCHMOCTH Be poRTHoCTH np04ecca TFE OT Me xaHH3Ma AeIle HH R 
RAe p . OAHoBpeMeHHo MO~H O 3a Me THTb, 4TO A n~ AocTaT0 4Ho GOIlbWHX 
3HeprHH B03GY~AeH HR HC4e 3aeT np~Ma ~ 3aBHCHMOCTH M TF E OT napa ­
Me Tpa AeIlHMocTH Z 21 A COCT aBHoro RApa, xorooaa xapa x're paa AIlA 
cn a60Bo 36 Y~AeHH blx CH CTeM / 2/ • H3 3Toro BblTeKaeT, 4TO npH 
B3aHMOAeAcTBH H TA~en~ x HOHOB AH HaMH4ec KHe xapa KTe pHCTHK H TPOH­
Horo AeneHH A HMe~T on peAen~~~ee 3Ha4e HHe . 

HHme nepe4H cneHbl OCHO BH ~e pe 3ynbTa T~ npoBeAeHHblx H3MepeHH H 
COBna Ae HHH a -4a CTH4 C OCKo nK aMH AeneHHR AIlR CHCTeM 12C 
1108 1'138 1 + 197Au I'l 

16 0 / 144 M3B / + 23 2 T h : 

1/ ~3Y4eHbl OCHOBHwe xapaKTepHCTI'lKH 13Hep r eTH4ecKHe cne KTpw 
H yrnoBwe pacnpeAeneHHRI a - 4aCTH4 , Hcnyc KaeMwx B np0 4ecce, 
aH anor H4HOM TpOHHOMy Aene HHn T ~ ~e IlWX RAe p AIlA HH3 KHX 3Hepr H ~ 

B0 3GY~AeHH R . 

21 MHomecTBeH HocTH 3MHCCHH AAep 4He AIlR TFE npeaeuuanr 3Ha­
4eHHR, H3 B e CT H~e AnR Aene HHA cIla60Bo 36ymAeHH~x CH CTe M, H CBH-
AeTenbCT BY~T B coaoxyrn-oc r a C pe3YIlbTaTaMH paGoT / 12 , 13 / 0 TOM, 

10 

4TO B epO~ T HOCTb TpoHHor o AeneHHR paCTeT C YBenH4eHHeM 3Hepr HH 
B036ymAe HHR. 

31 AOM HH H P Y~~HM HCT Oll HHK OM 3MH CCHH a- 4aCTH4 B peaK4HR X cnH­
~HHR-A eneHHR RB nR eT C~ Hcn apeHHe H3 COCTaBHoro ~Apa. 3KcnepHMeH­
TanbHble aHa4eHHR MHomeCTBeHHOCTH An~ CNE H FFE HaXOARTC~ B xo ­
poweM co rnaCHH C pe aynb Ta TaMH npeAcKa3ahHH CTaTHC TH4e CKOH MOAe­
nH AeB036Y~Ae HH R COCTa BHo ro RApa . 

ABT OP~ B~pama ~T HC K PY H H~~ Gna roAapHoc Tb a Ka AeMHKy r . H. ' nepo ­
By H npo, eccopy ~ .U . OraHeCRHY aa npeAOCT aBneHHyn B03MO~HOCTb 

npOBeAeHHR 3Kc ne pHMeHTOB, O . A .HY 3~4K e H 6 . H. nYC T~nb HH KY 3a npo ­
BeAeHHe Teope TH4eCKHX paC4eTOB H 4e HH ~e 3a Me 4a HHR, ~ .3.n eHH OH­

~ Ke BH4Y 3a nOMO~ b H COAeHCTBHe , a TaKme B.r .CaHAYKoBCKOMY 3a 
H3rOTOBne HHe H n OMO~b B nOAr OTOBKe K H3 Me pe HHR M n0 3H4HoHHO-4YB­
C T BH Ten b H~X AeTeKTopOB . 
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PYKonHCb	 nocTynHna B H3AaTenbc KH H oTAen 
21 Ma~ 1985 rOAa. ... 

COBHHCKH 11 . ~ AP. P7- 8S-377 
TpoMKOe AeJ1CHHC C a_CCHeM flAep 4

Ue 
n peaKl4llHlo. 111011114 l1aB/ + 232T1l H 12e 1108 113BI + 191Au 

npeACTa BneH~ pe3yn bTaTu ~ 3MepeH~ H 3MHeCHH RAep 'He B COBnaAeHHH C oc­
KOflKillolM AeJ1eHHfl 8 peaIC\4HRX 1l'.c /1 OB I13BI C 1\l1Au H 160 /1 44 M3B/ C 232Tb • 

AHanH3 3HeprCTH'leCICHX cnexr pc a H pac npeAcne HHM c xopoc rea a "4aCntl\ C nOMOU\bl:J 
KliHeMaTU4eCICoro HOAenupooaHHA. peaK\4HJ1 no MeTOAY MOHTe-Kapno npHBOAI1T K OblOO ­
AY , 'ITO rn aOHblI4 HCT04HK KOM 3101MCCHH flAep 'HII RIlI1ReTCA I-tCna peHHe 143 COCTa BHO­
ro AenR1l\e rOCR RApa. CYl:(eCTlleHt-lWM OKllilA II H1131-C03Hepr cn " leCKYG '1aCTb cnexrpo 
a -'1aCTH\4 BHOCI-tT 3MHCCHR 143 nonHOCTlo1O YCICOpeHHbIlC OCKOnKOB AeneHHR . Kpol'la a ­
4aCTHI4. HCnY C Ka e~x 143 3THlo. ASYX HCT04HHKO B, 06H apyxe~ RApa 'Ha CO cpeAHeM 
3HcprHeH OKono 16 MaB I s CHCTeMe l4e HT pa Mace/ , 3HK THpyeMWe, rn aBH~ 14 06pa30M, 
nepneHAHlCynRpHo DCH paanera OCKonKOB, KOTo p~e no CBOHCT Oal4 llanOHI1HaDT a ­
4aCTHI4b1 , Ha6nDAaeMWe D TpoMHOM Aene HHH RAep npH HH3KHX 3HeprHRX o oa6 y~eH HR. 

nonY'IeHHble MHo*eCTDCHHOCTH 3MI1CCI1 H 3THX a - 4aCTHl\ D 06eHX peaKl\HAX C~ecT­
BeHHQ npeUbiWOlDT 3Ha4eHHR AnR TPOMHOrO AeneHHH cna6oB036Y*ACHHWX HAep . Pe ­
aynbTaTbi 3Kc ne pHMeHTOB cpaBHH ea~TCR C TeOpeTH'IeCKHMH paC4eTaMH Ha OCHOOdHHH 
CTaTHCTH4eCICOH MOAenH RApa . 

Pa60Ta obinonHeHa B na6opaTopHH RAepHWX peaK~HH OHRH. 

~. ~AepHWX "ecn~o 

nepeBoA O.C . BMHor paAoDoH 

Sow l ~ s k l M. et al . P7-8S- 377 
Te rna ry Fis lon with ~o Emission 
in Reac t ions 16 0 / 144 MeVI + 232Tb and 12C /108 MeVI + 197Au 

1 Results of coi nc idence s t udy of 4Ho omission with fi s s ion fra~men t s in 
2C 1 108 MeVI ions with 1111 Au t a rge t and 180 /1 44 MeVI ions with a 2'111 tar­

ge t reactions are presen t ed . On t he basis of Monte-Carlo k inemat ic simula­
tion of nuclear reactions energy and velocity spectra of a-part i c l es has 
been performed . The conclusIon has buen drew t ha t the main sourc e of ' He 
emis s ion was the evaporat Ion from. flu I on Ing compound nuc l e us , Subs t ant ia 1 
part of a -particles was emitted from full y scee l e ra t e d fIssIon f ragments. 
Some o f ~e nuclei with mean energy of about 16 MeV lI n C. H. I emi t t ed 
mainl y perpendlcul.r to tho fi s s ion axIs wore Identif ied as simi la r to long 
ra nge " -part Ic Ias In ternary f lu Jon of ha8vy nuc le i wi t h low exc l tat ion 
energy . Hultl p l Icltles of emiss ion of these pa r tic les are cons iderably 
highe r than those a t low oxcltatlon ene rgy. C~pa r l son of expc r iment a l 
results with s t a t is t i ca l ~de l cal cu la t ions has been made . 

The inv e s tigation has bee n performed at the Laboratory of Nuclear 
Reactions, JI NR. 
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