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3onatt X. H np. P7 - 10671 

Koppens!llHOHHbI!l MeTOLl H3MepeHHSI xapaKTepHCTHK nponyKTOB 
sinepHbIX peaKUH!l C TstlKenbIMR ROHBMR 

OnRCbJB8eTCSI MeTO!I R3MepeHHSI KHHeTR'leCKRX ::rneprttl! nponyKTOB 
MepHblX peaKURl! C nOMOIIlblO LlBYX noaepXHOCTH0-58pbepHbIX 
neTeKropoa, pa6ora10mttx B 6b1C:rpo-Menneuuol! cxeMe coanaAeHRst. npeA­
CTaaneHbI 5noK-CXeMbl sneKTpOHHOll annaparypbl R nporpBMMbl o5pa5oTKR 
!IBYXMepHb!X 3HepreTR'leCKHX cneKTpoa. On11caua MeTO!IRK8 Kantt5pOI)KR 
Si(Au) -neT8KTOPOB C noM0IIlblO TSl)!(enbIX H0H0B, ynpyro paccestHHbJX 
HB TOHK0l! MRWeHR. 

npRB8!181ibl 3KCnepttMeHTanbHbl8 pe3ym,,T8Tbl R3MepeHRSI 3HepreTR­
'18CKHX cneKTpoa nponyKT0B nnsi peaKURR 40Ar+ 208 Pb nptt EAr=222MsB. 
nony'leHo Maccoaoe pacnpeneneHRe nponyKT0B peaKUHR R cpeAuee 
3H8'18HH8 nonHol! Kl{HeTR'18CK0l! 3HeprRH 0CK0nKOB AeneHRSI COCTBBHOrO 

Mpa 248 Frn. 

Pa5ora Bbmonueua B /la5oparopRH sinepHbIX peaKURll OH.RH. 

Coo6well■e 061.e,uHeaaoro aacTKTYT& -uepawx 11ccne.110B&H11i. )ly6Ha 1977. 

Sod an H. et al. P7 • 10671 

Angular Correlation Method for Measurement of 
Characteristics of Heavy Ion Reaction Products 

• ·· 
The angular co.rrelation method for the measurement 

of kinetic energies of nuclear reaction products by means 
of two surface-barrier detectors in a fast-slow coinc1den 
ce scheme is described. Th~ block diagram of electronics 
and the computer programme for processing two dimensional 
energy spectra are given. A method of calibrat{ng the 
SHAu) detectors based on heavy ion scattering on ,thin 
targets is also described. 

Experimental results are pr.esented for the energy 
spectra of products from the reaction 40Ar + 208 Pb · at 
E Ar = 222 MeV. The mass distribution of the reaction 
products and the average value of the total kinetic ener­
gy of the fission fragments from the compound nucleus 
248 Frn are obtained. 

The investigation has been performed at the 
Laboratory of Nuclear ~eactions, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 
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BaaliMoneiiCTBl{e ycKopeHHbIX l{OHOB C s.npaMI{ B 6onb­

lliRHCTBe cnyqaeB npliBOnliT K o6paaoaaHl{I0 .nayx qacTHU 
B BhIXOJ:lHOM KaHane . ( ecnH npeHe6peqb HcnapeHHeM nePKHX 

qacTHU). T aK, HanpHMep, npu 6oM6ap.n1ipOBKe TSI)l{enhIMH 
HOHaMI{ MHllieHeii, COCTOSilllHX H3 s.nep cpe.nHHX Ii TSl)l{enbJX 
Mace c 6onblliHM ceqeHHeM, npoTeKaIOT peaKUHH ynpyPOI'O 
H Heynpyl'OI'O pacceSIHliSI, Pny60KOHeynpyPue peaKUHli, 
a TaK)l{e peaKUHH C o6paaoaaHHeM COCTaBHOI'O snpa H no­
cne.nyromHM .neneHueM Ha .naa ocKonKa. Bee 3TH peaKUHH 
HOCSIT .nayxrenbHhiii xapaKTep, T.e. onpenenSIIOTCSI HanuqueM 
.nayx snep BO BXO,l:lHOM H Bh!XOJ:lHOM KaHanax, a cne.noaa­
TenbHO, ux KHHeMaTliKa, onpe.nenSieMaSI yPnaMH paanera, 
3Hepl'HSIMH H HMnynhCaMH qacTHU no H nocne HX B3aHMO­
.neiiCTBHSI, B o6mel\,U cnyqae O,1:lHHaKOBa. 

3aKOH coxpaHeHHSI 3HepPHH H HMnynhca .nnSI 3THX peaK­
UHii, KoP.na HOH c Maccoii M1 na.naeT Ha HenonBH)KHOe snpo 
MHllleHH M 2 H BCne.nCTBHe peaKUHH o6pa3yIOTCSI s.npa M 

3 
HM 4' B na6oparopaoii CHCTeMe KoopnliHaT MO)l{HO aanucaTb 
a· au.ne 111: 

EI ~ E3 +E4 -Q 

y2M 1E 1= y2 M3E 3 cos®
3 

+·v2M 
4
E 

4 
cos® 

4 

y2M 3E 3sin® 3 =y2M 4E 4 sin®4 , 

(1) 

(2) 

(3) 

Pae E 1, E3H E 4 KliHeTiiqecKas aaeprH·SI uoHa u npo.nyKTOB 
peaKUHH, COOTBeTCTBeHHOj Q - pa3HOCTb ne¢eKTOB Mace 

.nayx Mep no H nocne B3aHMo.neiicTBHSI, a ®3 H ®4 - yPnhI 
BhlneTa npo.nyKTOB peaKUHH OTHOCHTenbHO HanpaaneHHSI 
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nanarorueii: qacTHUhI M 1.TTonarasi M 1 +M2 =A=M3 +M4, HeTpyn­
ao noKa3aTh, 'ITO H3MepeHHe mo6bIX Tpex aenH'IHH npH H.3-
BeCTHOll aaeprHH nanarorueii: qacTHUhI nonHOCThIO onpenensi­
eT cn:cTeMy ypaaaemrii: (1 )-(3). TaK, aanpnMep, H3Mepsisi 

KHHeTH'l8CKHe 3Heprn:H E3, E4 H OAHH yron ®a KoppennpoBaH­
HbIX nponyKTOB, MO)KHO aafiTH MaCCbl Mg ,M4,,a raK)Ke 04 H 
Q • Ha 3TOM OCHOBbIBaeTCSI yrnoaoii KOppenSIUHOHHblll MeTOll 

onpeneneHHSI Mace nponyKTOB sinepHbIX peaKUHii:. BBOllSI 
COOTBeTCTBYIOIUHe Benn:•rnHbI nnsi aHeprn:ii, CKOpOCTeii H yr­
~OB BhmeTa qac_THU .13 cn:creMe ueHTpa Mace ( E 1 , E 2, E 3, 
E

4
, v

3 
, v

4 
, 0

3 
,0

4 
), H.3 ypaaaean:ii (1)-(3) MO)KHO 

nony'IHTh COOTHOlll8HHSI, CBSI3bIBaIOIUHe Kn:HeTIPieCKHe aaep­
rHH nponyKTOB peaKUHH B na6oparopaoii CHCTeMe KOOpllHHaT 

n B cucTeMe uearpa Mace: 

2 2 2 
E3,4=(k3,4cos®a,4±v'l-k3,4sin ®a,4) E 3,4, 

(4) 

rne -
k2 

MlM3 E M4 
= I k = - k 

3 
M2M 4 E +Q 

4 M 3 
3 

TaK Ha3bIBa8Mbie KHHeMaTH'l8CKH0 HHBapuaHTbI, a E 

- - - M2 - -
E =E 1 +E2 =-~-E 1 =E 3 +E4 -Q 

M1+M2 

cy MMa KlfHeTH'l8CKHX 3Heprn:ii qaCTHU 

uearpa Mace. 3aeprn:n: nponyKTOB 3 n: 4 
Mace onpenenSIIOTCSI H.3 Bbip8)K8ffHSI: 

M 1M3,4 El E+Q 
E3 4 = 2 •72- =---....;_-

' {M1+M2) k3,4 l+Ma,/M4,3 

1 11 2 a CHCTeMe 
B cn:creMe uea_rpa 

{5) 

Ecnn: yqeCTb, 'ITO CKOpOCTb ueHTpa Mace vc,m. OTHOCn:renbHO 
na6opaTopaoii cn:cTeMhI KOopnn:aaT 3anHChIBaeTcSI B an:ne 

M 1 y'2M 1E 1 
V = V 1 (6) 
c.m. M +M I M M I 2 1 + 2 

TO CKOpOCTH nponyKTOB 3 n 4 a c.u.M. 6ynyr onpellemITbCSI 

npOCTblMH COOTHOllleHHSIMH 

4 

... 
l 

;I 

l 

f I 
rl ·I, 

l 

v c.m. 
v3 =-k-- 1 

3 

vc.m. 
V =--- • 

4 k4 
(7) 

HaKOHeu, yrnhI, non KOTOpbIMH paaneTaIO'J'.CSI nponyKTbI 3 n: 4 
B na6oparopaoii cn:cTeMe H B cncTeMe uearpa Mace, casiaa­

HhI. cnenyIOIUHMH COOTHOllleHHSIMH 121: 

2 + 2 2 ) 
cos@ 3_, 4 = -k3,4 sin 0 3,4 - cos® 3,4v'I-k 3,4 sin 0 3,4 (8 

sin0 34 = sin0g 4 (k 
4

cos@
3 

±v'l-k
3
2

4 
sin

2
@

34
); (9) 

, , 3, _ ,4 , . , 

Hcnonb3YSI 3TH COOTHOIII8HHSI, MO)KHO CBSI3aTb ceqeHHSI peaK­
UHH B na6oparopHOll CHCTeMe H B CHCTeMe ueHTpa Macc121: 

2 . 
du 

d n 
v'l- k sin 13 du 

df! 
(10) 

(k cos 0 ±y' 1- k 2 si_n 2@ ) 2 

du 
2 - 3/2 

(l+k +2kcos0) da: 
dfi 

(11) 
-= 
d{l l+ kcos8 

' TTpn:HUHil KOppenSIUHOHHb!X ii3MepeHHH HarnSillHO n:nnrocTpa-

pyeTCSI p II c y HK o M 1, r.ne npencTaaneaa aeKTopaasi llHar­
paMMa CnO)K8HHSI CKopocTeii. flo onpelleneHHIO, 'a C!iCTeMe 
ueHTpa Mace .naa ¢parMeHTa paaneraroTcsi no.n yrnoM 
83 +04 = 180 °. Cno)KeHHe nx CKopocTeii v3 n: v 4 co CKO­
pocrhro uearpa Mace v c.m . .na'eT· cKopocrn: B na6oparopaoii 
CliCTeMe KOOP.llliHaT V g H V 4 H yrnhI paaneTa B TOH )1{0 

C!iCTeMe ®an: 04 • 
Ilnsi perrrcrpaUHH npOllYKTOB peaKUIIH HaMH 6binli rrc­

nonb.30BaHbI llBa Si (Au) noaepxHOCTH0-6apbepHbIX neTeKropa. 
!'f 3 .nn:arpaMMbI BHllHO, qro oraocn:renhHoe pacrrono)KeHue 
3TiiX .llBYX .neTeKTOpOB H HX yrnhI pacraopa MO)KHO paccqn:­
TaTb Ha OCHOBaHirli KHHeMaTH'leCKHX COOTHOllleHirll (4)-(6). 
OnHaKO B cnyqae O'leHh TSl)Kenoii MHIIIeHn: 3aMeTHblll BKnan 
MOryT .naaaTb peaKUH!i, B• peaynhTaTe KOTOpbIX o6paayIOTCSI 
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p "C. I. BeKTOp(-laSI J:marpaMMa cnmKeHHSI CKOpOCTeii 
B aayxTenhHOM npouecce. 

Tptt cpparMeHTa. TaK, HanpuMep, o6paaoaaaweecg nocne 
peaKUl:lH nepeaaqu HSCKOnhKHX HyKnOHOB SIJ:tpO MO)K8T uc­
IlblTaTb aeneHne. Yron paaneTa TaKHX OCKOnKOB 3aBHCHT 
OT npoeKUHH CKOpOCTH aenSIIUSI'OCSI Siapa Ha HanpaaneHue 
naaaroIUero noHa 13•41 • B cnyqae aHepruu, Ha MHoro 6onh­
weii 6aphepa B3aHMOJ.{8BCTBHSI EI>> B,npoeKUHSI Mana " cyM­
MapHbIB yron BhineTa 6nuaoK K 180 ° . Hao6opoT, a cnyqae 
E 1 == B aenSIIUuecSI nocne nepeaaqu HYK_noHOB SIJ:tpa o6paayroT­

CSI nuwh rrpu noqTu no60Bb1X coyaapeHuSix. B peaynbTaTe 
CKopocTb TaKux SIJ:tep MO)KST 6bITb 6onhwe cKopocTu v c.m. 

a yron paaneTa OCKOnKOB M8Hhwe, qeM B ABYXTSnbHOM 
cnyqae. TTo3TOMy ycnomrn H3MepeHHSI J.{On)l{Hbl 6hJTb orrpe­
i:teneHbl 3KcrrepuMeHT8llbHO H3 yrnoBb!X KoppenSIUHii, r.e. H3 
aaaucuMoCTH CKopocTu cqeTa coanaaaroIUttX co6h1Tuii oT cyM­

Mapaoro yrna 0 3 +0 4, npu qJHKCHp0B8HHOM 0 3 •. 
6 
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P tt c. 2. KotpenSIUHOHHbie KpHBbie anSI OCKOnKOB aeneHHSI 
B peaKUHH 4 Ar+ 243Am. CnnowHaSI nuHHSI cooTBeTcTayeT 
E Ar = 300 M~B n,A 3 = 67°. TTyHKTHpHaSI nttHHSI cooTBeT­
CTByeT E Ar = 222 MaB " e 3 = 69°. YrnOBbie paCTBOpbl 
J.{8T8KTOpOB COCT8Bnsmu !10 3 = 2° H i\0 4 = 6°. fleBaSI WKa­
na - 300 MaB, npaaaSI - 222 MaB. 

Ha p l:l c. 2 anSI unn10cTpauuu npeacTaaneHbI KOppenSI­
unoHHbJe Kpl:lBbie, nonyqeHHI,Ie a aaHHOB pa6oTe ang OCKOn-

. . 40 A 243'A KOB aeneHuSI, o6pa30B8BWHXCSI B peaKUHH r+ m npu 
3HepI'HSIX HOHOB apI'OHa 222 " 300 MaB. t.Jucno COBil8J.{8Hl:lii 
6panOCb H3 aayxMepHbIX cneKTpOB. TTpn 8TOM l:[CKnroqanttCb 
co6bITl:lSI, COOTBeTCTBYIOIUl:le yrrpyI'l:lM " rieynpyrHM B38HMO­
aeiiCTBH.SIM. MeTOAHKa H3MepeHHSI ABYXMepHbIX crrei{Tp0B . 
onncaaa Htt)Ke. Ha pncyHKa BHAHO, qTo npn o6oux_aaaqeHl:lSIX 
3Hepl'HH HMeeTCSI xopowo Bbipa)KeHHbIB Ill:[K (A), COOTBeT­
CTBYIOIUl:lB nonaoii nepeaaqe HMnynbca. OaHaKo npu 
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I~, 

E Ar = 222 MaB, T.e. npu 9HeprHH a6nH3H KynoHOBCKoro 
6apbepa peaKUHH, eCTb T8K)Ke nuK (B) B o6naCTH MeHbllIHX 

yrnos 0 3 +® 4 , a npH E Ar = 300 MaB 9TOT nHK (B) 
nposIBnSJeTCSJ npH 6onbllIHX yrnax. BHnHo, 'iTO cyMMapHbI:ii: __ 
yron, co'oTBeTcTsyromH:ii: nonHo:ii: nepenaqe HMnynbca (nHK A ) , 
MeHSJeTCSJ cna6o B 38BIICHMOCTH OT 9HeprHH nanaromux 
uoHos, Torna KaK npH HenonHo:ii: nepenaqe HMnynbca (nuK B) 
9TOT yron MeHSJeTCSJ cymeCTBeHHO. 

B cnyqae 6onee nerKHX MHllleHe:ii:; rne sKnan OT nene­

HHSJ nocne peaKUHII nepena'iH HecymecTBeHHhI:ii:, BHneH 
TOnbKO nHK (A) ( Hanp., /S,6/ ) • TaKHM o6pa30M, HCnOnb-

3YSJ 9KcnepuMeHTanbHhie KOppenSJUHOHHhie KpHBhie, MO)KHO -

6bmo onpenenHTb nono)KeHHe neTeKTopos H ux yrnosb1e 
paCTBOpbI, Heo6xonHMhie nnSJ onHOBpeMeHHO:ii: perucTpauHH 
nsyx OCKOnKOB neneHHSJ, o6paayIOIIlHXCSJ s peaynbTaTe peaK­
UHH nonHoro cnuSJHHSJ. On1IH ua neTeKropos ycTaHasnusancSJ 
non qJHKCIIpOBaHHhIM yrnoM ® 3 K HanpasneHHIO ny'iKa 

u HMen yrnoso:ii: pacTsop Ll® =2° . Bropo:ii: neTekTop pacno­
narancSJ non yrnoM ®4 ,onpenenSJeMhIM KoppenSJUIIOHHhIMH 
ycnOBIISJMH, II non)KeH 6bm OXB8Tb!B8Tb yrnoso:ii: IIHTepsan 

Ll® 4,38BHCSJIIlH:ii: OT 3Ha'ieHHSJ ® 3 , KaK 9TO BHnHo H3 Ta6-
nHUhI, B KOTopo:ii: B 3BBHCHMOCTH OT ®3 H OT COOTHOllleHHSJ 
Mace OCKOnKOB R_= M 3; M 4 npencTasneHhI pac'ieTHh1e·. 3Ha'ie­

HHSJ. yrnos ® 4 , nnSJ peaKUHH 40 Ar + 243 Am npu E Ar = 
= 222 MaB. 

BunHo, 'iTO nnSJ perucTpaUHH OCKOnKOB, HMeIOIIlHX co­
OTHOllleHue MB.CC R = 0, 16 - 5, eCTb 3Ha'ieHHSJ ® 3 , KOTO­
pb!M COOTBel'CTByeT HHTepsan Ll@4 > 10°. nnSJ 3Ha'ieHH:ii: @3 

-ll R , nnSJ KOTOpbIX ® 4 He npuseneHbI, 9HeprHH OCKOnKoB 
cpaBHHMbl C noTepSIMH B MHllleHH, aamHTHbIX cponbrax H MepT­
BOM cnoe nereKI'OpOB, II, T8KHM o6pa30M, OHH MoryT He 
perucTpHp0B8TbCSJo (nnSJ 38IIlHThl OT HH3K09Heprel'H'iHOrO 
cpoHa OT aneKTpOHOB H X I y -uany'ieHIISJ neTeKTOpbI aaKpbl­
Banucb l'OHKO:ii: anIOMHHHeB_O:ii: cponbro:ii:). B CBSJ3H C TeM, 
'iTO pa3Mepbi nonynposonHHKOBbJX neTeKTOpOB, a cnenosa,­
TenbHO, u ux yrn0!3h1e pacTBOpbI (s HallIHX H3MepeHHSJX yr­
noso:ii: pacTsop sToporo neTeKTopa cocrasnSJn 10°) orpa­
HH'ieHhI, H3MepeHHSJ B llIHPOKOM. yrnoBOM HHTepsane ( Ll® 4 "' 
"'30 ~ - 40 ° ) MO,KHO 6bJJIO npoBO.!ll-ll'b MeronoM nocneno-

BaTenbHbIX uaMepeHu:ii: no yrnaM c nocnenyromuM cno)KeHHeM 
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pe3ynhTBT0B H3Mepemrn. flpH 3T0M BeCbMa cymeCTBeHHbIM 

smnsmcg B0IIpoc IIpHB513KH pa3nH'IHbIX H3MepeHHll no HHTer­

panhH0MY II0T0KY qaCTHU 'lepe3 MHIII9Hh. C 3TOll uenhIO 

HaMH HCII0nh30Bancg TpeTHll AeTeKTop, pacrronm1<eHHbill 

II0A yrnoM 20 ° K rrytJKY, KOTOpbill cnyxmn MOHHTOp0M 6oM-

6apAHpyIOIUHX 'IBCTHU. To'IHOTh ycTaHOBKH AeTeKTOpOB 6hI­

na ::!:_0,5 °. 
O'IeHh cymeCTBeHHbIM .HBn.HeTC.H BOIIpoc KanH6pOBKH 

rronyrrp0BOAHHKOBb!X AeTeKT0pos, IIpHMeH.HeMbIX ,qng H3Me­

peHH51 KHH9TH'I9CKHX aaeprHii: rrpoayKTOB g,qepHbIX peaKUHii:. 

l13MepeHHbie HMH aMIInHTYAhI HMIIynhCOB 3aBHC51T H3-3a 

aMnnuTyAHOI'O aecpeKTa OT 8Hepr1rn 'IaCTHU, a TaK)l{e OT HX 

Mace. 3KcrrepHMeHTjnhHO ycTaHOBneHO, 'ITO 3TB 3BBHCH­

MOCTh xopOIII0 BOCIIpOH3B0AHTC51 cpopMynoii: 171 

E=(a+a'M)K +b+b'M, (12) 

rae a ' a, ' b ' b, - IlOCTOHHHhJe Koacpcp HUHeHTbI, orrpe­

aenH9MbI9 KanH6poBKOii:, H K - aMrrnuryaa HMIIynhCOB. 

Kantt6poBKa AeTeKTOP0B npOH3BOAHnach C IIOMOlllhlO HOHOB 
22Ne , 40Ar , 84Kr , 132 •136Xe , yrrpyr-o pacceSIHHhIX rroa 

pa3HbIMH yrnaMH Ha TOHKOll MHIII9HH H3 208Pb,Haaeceuuoii: 

Ha yrnepOAHYIO noanO)l{Ky TOnllIHHOH 40 MKrlcM 2 .3ro aaaa­

no B03MO)l{HOCTh HCIIOnb30BaTh ,qng KBnH6pOBKH TaK)l{e smpa 

OT,({atJH 
208

Pb. flpHMep TaKOll MeTOAHKH IIOKa3aH Ha pH C. 3. 
LJepe3 aKcnepHMeHranhHbie TOtJKH rrposeaeHbI npHMb1e, orrH­

CbIBaeMbie cpopMynoii: ( 12) npH 3Ha'IeHHHX K03<p<pHUHeHTOB 

a , a' , b , b ', yKa3aHHhIX Ha pucyHKe. fl pH rrocrpoeHHH 

KanH6pOBKH YtJHTbIBanHCh rrorrpaBKH Ha norepH 3HepI'HH a 

MHIII9HH, B 3aIUHTHOll cponbre H B MepTBOM cnoe AeTeKTopa. 

BHAHO, 'fTO cpopMyna (12) xopowo OilHCbIBaeT 3aBHCHMOCTh 

aMIInHTYAbI HMIIynhca OT aaeprHH H MaCCbl tJaCTHU. 

3aepr-eTH'leCKOe pa3pellleHHe HCIIOnb30BaHHhlX HaMH 

AeTeKropos B o6nacTH E = 100 MaB H a HHTepsane Mace 

40 .:5. M .:5-208 6hrno He Xy)Ke 5%, a TO'IHOCTh onpeaeneHHH 

aaepI'HH a AByXMepHbIX cneKTpax COCTaansma ::!:.3 MaB. 

BbICTpo-MeAneHHBH CXeMa COBIIa.[{elmfi, C rrocneayIOIUHM 

aMIInHTYAHbIM auanH30M, II03BOn.Hna lf3Mep.HTh ABYXMepHbill 

crreKTp auepr-nii: rrpoAyKTOB. BnoK-CXeMa aneKTpOHH0A arr­

rrapaTypbl II0Ka3aua Ha pH C. 4. CuraanhI C ABYX AeTeK-
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Topoa, npeABapnTenbH0 ccpopMHPOBaHHbie H ycnneHHbie 
Ha npeAyCHllHTengx, noAaIOTCil Ha cneKTp0MeTpnqecKne 
H 6bICTpbie ycnnnrenn. ITocne 3T0P0 CHPHallbI, ycnneHHbie 
cneKTp0MeTpnqecKHMH ycnnnrenBMH, nocryna10T HenocpeA­
CTBeHH0 Ha BX0A aHanoro-uncppoaoro npeo6pasoaaTeng 
( AUIT) • nng ynpaaneHHil nnHeHHblMH aopoTaMH AUIT npe.;.. 
o6pasoaaTeneii.a ABYXMepHoM pemnMe ncnonbsyeTcg 
6bICTpO-Me]:lneHHail CXeMa coanaAeHnii. Eb!CTpag qaCTb 
C0CT0HT H3 ABYX 6bICTpbIX ycnnnreneii, cpopMnpoaaTeneii, 
apeMeHH0P0 K0HBepTopa H 0AH0KaHallbH0P0 aHannsaropa. 
MeAneHHag CXeMa C0CT0HT H3 nornqecK0['0 BeHTHllil "11 "' 
Ha BX0J:lbl KoToporo nocryna10T BX0AHbie HMnynbCbI c AUIT. 
Ha 0AHH H3 BX0A0B aeHTHllil "11" npHX0AHT H 6b!CTpb!H 
nornqeCKHH CHPHan C 6bICTpoii qaCTH cxeMbl coanaAeHHil. 
Paspell1a10mee apeMB coanaAeHnii - 300-500 HC. ITocne 0T-
6opa H npeo6pa30BaHHil B UHCppOBOH K0J:l HMIIYllbC0B, Allfl. 

BbIAaeT CHPHanbI "KoHeU npeo6pasoaaHHil 11 B 6noK ynpaB­
neHHil perncrpauneii (EYP}, K0T0pbIH Bb1pa6aTb1BaeT · cnr­

Han, paspellla10mnii perncrpaun10 uncppoBbIX K0A0B c AUTI. 
t.Jepes K0MMyTaTop K0Abl K00p.i:tHHaT nocryrraIOT 0AH0Bpe­
MeHH0 n B O3Y aHannsaropa TRIDAC c pas6neHneM 64x64 
H Ha nepcpoparop THila fln-80 HllH fln-150 B BHAe 4096x4096 

KaHanoa. 
ITonyqeHHag Ha nepcponeHTax HHcpopMaUHB o6pa6arbrna­

nacb Ha 3BM c II0M0lllblO nporpaMMbI, 6noK-CXeMa K0T0poii 
Il0Ka3aHa Ha pH C • 5. flocm~ onpeAeneHHil K03lplpHUHeHTOB 
Kann6pOBKH AeTeKT0p0B n rronyqeHHil HyneBbIX npn6nnmeHHH 
J:lllil Mace BbJqHCllillOTCil 3Heprnn H CK0p0CTH np0AYKT0B 
peaKUHH B na6opaTOpHOH CHCTeMe K00pAHHaT. TiepeBOAil 
3HaqeHHil CKOpocTeii H yrnoB B CHCTeMy ueHTpa Mace, 
M0MH0 BbJqHCllHTb 6onee ToqHbie 3HaqeHHil Mace rrp0AYKT0B 

rrpn noMomn cooTH0llleHHB M3 E3 =M4 E 4.3roT UHKn noaTopg­
eTcg, noKa BbJqncnBeMbie Ha AaHHOH HTepaUHH MaCCbl pas­
nnqa10Tcg He 6onee qeM Ha 0AHY Maccoay10 eAHHHUY. Pe­
synbTaTbl BbIAaIOTCil B BHAe Ta6nHU H TOIIOPpacpnqeCKHX 
KapT 3aBHCHMOCTeii, yKa3aHHblX B 6noK-CXeMe. . 

C II0M0lllbIO AaHHOH MeT0AHKH nsyqanocb pacrr~eAeneHne 
Ilp0AYKT0B, o6pa30BaBlIIHXCSI B peaKUHH 40 Ar+ 2 8Pb. 
MnllleHb rrpeAcTaangna co6oii T0HKHii cnoii ( - 150 MKrlcM 2 ) 

o6orameHHOPO CBHHUa-208, HaHeceHHbIH Ha yrnep0AHYIO 
rrneHKY TOlllllHHOH -40 MK['/ CM 2 . 
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l<aAuGpcl,ka no :tt1epruu 

E3.,•<•3,1, ••3,,MJ,,>K3,1, +bl'+ b'i,M3_. 

\ 
vJ,4 • (2E3_4I M3,,,v2 

V3 :a: <vj + vbn. 2v3v,.m.cos83 )½ 

03 • orccos( v3cos~ - Vc.m. J 
•1 

•er 

04 = 1T - 03 - arcsin( v~~m. sin83 ) 

V4 = ( vl + vl.m. ~ 2 v4 vc_m, cos 94 )½ 

- ~ 
E3,, • 2 

A 
M3., '1• E\/~3 

HQT 

a ...... 1cK3,K,,E3,E,,Ml'M,,E3.E,. E3 • E,_ ,e, 
CneKTP•i: Ncl:'.1.E4l. NCM3.E3•E,> 

Orrp~AeneHne K03lplpHUHeHTOB 
"3'"'3•b3,b3•"L••4•b,,b.i . 
B ypaBHeHHAA J:lllil 3Heprnii 

Hyneaoe rrpn6nnmeHne 
J:lllil MaCC 

BbJtmcneHn:e 3Heprnii a na6o­
paropHou CHCTeMe K00PAHHaT 

CKopOCTb IIp0AYKT0B a na6o­
paropHoii cncTeMe 

ITepeXOA K CHCTeMe ueHTpa 
Mace • c2E,M,1Vz 

"c.m. A 

C o6bITHe HCKllIO'laeTCSI 

OrrpeAeneHne Mac.c Ha ocHoae 
M1 • M2 • M3 • M, • A 

M3E\, M,E, 

p H C • 5. EnoK-CXeMa rrporpaMMbl o6pa60TKH ABYXMepHbIX 
3HepreTnqecKnx crreKrpoa. 

Ha pH c. 6 rrpeACTaaneHbI E 3 xE 
4 

crreKTpbI, rronyqeHHbie 
B 3T0H me peaKUHH rrpn pePHCTpaunn IIP0AYKT0B II0A pa3Hbl­
MH yrnaMH ®4 rrpn qJHKCHpOBaHHOM @ 3 = 66°. floA yrnoM 
® 4 = .46° BHAHbl IIHKH, 0CH0BHYIO qacTb K0T0pb!X C0CTaB­
llilIOT yrrpyrne n Kaasnyrrpyrne co6bITHB. C yaennqeHneM @ 4 
HHTeHCHBH0CTb 3THX IIHK0B yMeHblllaeTCil, KaK MOMH0 6binO 
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pH c. 6. CneKTphl KHHeTR''leCKHX 3HeprHii E 3 xE4, B 3aBH­

CHMOCTH OT yrna ]leTeKTOpa 0 4 npH cpHKCHpOBaHHOM yrne 

0 3= 66°. 

O.>KHJ::taTb JlJISI ynpyroro pacCeSIHHSI. 8 TO .>Ke apeMSI, C yae­

nl:l'ieHHeM 3HatteHHSI 04 HatJHHalOT C 60JibIIIOH BepOSITHOCTblO 

peI'HCTpHpOBaTbCSI C06hITHSI, xapaKTepH3YlOIUHeCSI 6onee 
IIIHPOKHM pacnpeJleJieHHeM no 3HepI'HH, tJHCJIO KOTOphIX MaK­

PHMaJibHO IlOJl yrJIOM 66 ° H HatJHHaeT yMeHbIIIaTbCSI IlOJl 

6oJibIIIHMH yrJiaMH. _ 

14 

1.JT06hI OXBaTHTb JlHaDa30H Mace 40 < M < 208, HY.>KHO 

6hIJIO CJleJia Tb HeCK~JlbKO H3MepeHHH IlOJl yrnaMH 0 4 = 46 °' 
56°' 66° H 76° C nocnenylOIUHM HX cyMMHpOBaHHeM. B cyM­

MHPOBaHHe BKJilOtJeHO H3MepeHHe IlOJl yrJIOM 46-0
, T.K. xapaK­

TepHCTHKH, nonytteHHhie JlJISI ynpyrn:x co6hITHii, nocne o6pa-

6oTKH itaHHbIX naaaJIH B03MO.>KHOCTb npoaepttTb npaBHJib­

HOCTb caMoii o6pa6oTKH. Ha pH C. 7 IlOKa3aH CYMMapHhiit 

JlBYXMepHhlii cneKTp KHHeTHtJeCKHX 3HeprHii npOJlYKTOB B na-
6opaTOpHOH CHCTeMe KOOPJlHHaT. TTyHKTHPHhre JIHHHH npoae­

)leHhl qep-e3 3HatteHHSI 3HeprHil E 3 H E 4 nponyKTOB, KOTOphie 

peracTpHpylOTCSI non yrnaMH ® 3 = 66 ° "0 4 , yKa3aHHhIMH Ha 

PHCyHKe. BHJlHO, 'ITO 60JibWHHCTBO OCKOJIKOB 3aKJilOtJeHO 

B liHTepaaJie 61° <0 4 < 71° B COOTBeTCTBHH C pesynbTaTOM 

H3MepeHHSI, IlOKa3aHHhIM Ha p Ii C. 6. 
l1 Me SI IlOJIHhIH cneKTp Mace nponyKTOB peaKUHH, nonytteH­

HhIH C IlOMOlllblO OilHCaHHOii BhIIIIe MeTOJlHKH o6pa60TKH, 

MO.>KHO IlOJIYtJHTb 3aBHCHMOCTb DOJIHOH KHHeTHtJeCKOii 3Hep­

I'Hli OT MaCCbl OCKOJIKa~ nonaJlalOIUero B OJlliH H3 neTeKTO­

poe. 3Ta 3aBHCHMOCTb JlJISI nponyKTOB peaKUHli 
40 

Ar+ 20sPb 
IlOKa3aHa Ha p "C. 8. BHJ:rno, 'ITO MaKCHMYMhl pacnpeJlene­

HHSI BOKpyr Mace HOHa H MHIIIeHij COOTBeTCTBYlOT IlOJIHOil 

KHHeTHttecKoA 3Hepruu ,__ 190 Jv\38, ttTO o.>Kn:naeTCSI JlJISI · 

ynpyroro pacceSIHHSI HOHOB 40Ar Ha 208 Pb npH E11a 6 JAr) = 
= 222 M3B. Me.>Kny 3THMH nayMSI MaKCHMyMaMH HMeeTcsi 

tionee wn:poKoe•pacnpeneneaue no MaccaM OCKOJIKOB Jlene-
• 248 

HHSI cocTaaaoro Sillpa Fm.Maccoaoe pacnpeneneHHe, 

nonytteHHOe nyTeM cyMMHPOBaHHSI tJHCJia OCKOJIKOB Ka.>KllOH 

MaCChI llJISI acex 3HatJeHHH KHHeTtttJeCKHX 3HeprHii, OilHChI­

B.aeTCSI rayccOBCKOit KPHBOH. C MaKCHMYMOM Ar "'124 H 

/),.Ar[FWHM],,,60, ttTo Haxonn:TcSI e cornaCHH c o.>Kn:naeMhrM 
248 /8/ 

B cnyttae neneHHSI COCTaBHOI'O Sii:tpa Fm • CpeJlHSISI 

. IlOJIHaSI KHHeTHtJeCKaSI 3HeprHSI OCKOJIKOB neneHHSI B naHHOM 

cnyttae paaua "' 188 M3B. 3To 3HatteHHe He yttHTornaeT 

ucnapeHHSI HeiiTpOHOB, KOTOpoe MO.>KeT li3MeHHTb nepBOHa­

tJaJibHOe HanpaaneHHe HMilYJib~a OCKOJIKOB. C ytteTOM HCna­

PHBWHXCSI H3 OCKOJIKOB HeiiTpOHOB i7 noJiyqaeTCSI HCTHHHOe 

3HatteH11e nonaoii KttHeTHttecKoii 3HeprHH TKE, nnSI CHMMeT­

PHtJHoro JleneHHSI paaHoe 

TKE = TKE' (1 + i7 ) , (13) 
A 
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npoayKTOB peaKUHH 40 Ar+ 208 Pb OT HX Macchi. 
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200 

rae TKE ' - SKcnepHMeHTanhHoe aaatJeHHe nonaoii: KHHe­
THtJeCKOH SHepree OCKOnKOB aeneHHH. 8 npennonO)K9HHH, 
'ITO ae:iirpoHbI HcnycKaIOTCH H3 o6paaoaaBIIIHXCH ocKonKoa, 
cpeaaee tJHCno Heii:TpOHOB MO)KHO oueHHTb C IlOMOmbro 
aHepreTHtJecKoro 6anaaca peaKUHH aeneHHH. B aToM cnyqae 

* Et - Ey 
V= 

~2 I 
2 . (B ni +2T£i) 

(14) 

rne aaeprHSI B036y)KneHHSI OCKOnKOB paaHa 

E f = EtN .- TKE + Q. ( 15) 

3necb EC.N.- 8HepI'HSI B036y)KJ:{eHHSI COCT8BHOI'O Hnpa, 
Ey - cpenaee aHatJeHHe aaepreH aoa6y*neHHH ocKon­
KOB aeneHHH, pacxonyeMo:ii Ha eanytJeHee y-KBaHTOB nocne 
HcnapeHHH · HefiTpoHoa; Ey ""10 MaB, Q =Mc.rr.(M 3+ M 4) -
aaatJeHHH Mace, a3HThie ea pa6oThI / 9/ , B . , · Tr· - aHeprHSI 

lll 1 
CBH3H aeii:Tpoaa H TeMnepaTypa ocKonKa,ucnapSiromero i-
roro He:iirpoHa, COOTBeTCTBeHHO. TToCKOnhKY B ¢opMyny 
(15) noncTaanHeTCH aeecnpaaneHHoe aKcnepeMeHTanbHoe 
3HatJeHHe TKE'~ H3 ( 14) H (13) TaK:lKe nonytJaroTCSI TonhKO 
IlpH6nH)KeHHbie aenHtJHHbI. ITonyqeHHOe TaKHM o6pa30M nep­
BOe npH6ne*eHee anH TKE, a caoro otJepenh, noncTaanSI­
eTCSI a (15), H• pactJeT IlOBTOpSieTCSI no nonytJeHHSI cxone­
MOCTH peaynbTaTOB~ OK83bIBaeTCSI llOCTaTOtJHbIM nponenaTb 
nae-TpH HTepauee. 

40 8 pean7nbTaTe ytJeTa Heii:TpOHOB, TKE OCKOnKOB peaKUHH 
Ar+ 20 Pb nonytJaercSI paaHoii: ~ 195 MaB. 3ro 3HatJeHHe 

aaxoneTcSI a xopoIIIeM cornaceH co 3HatJeHHeM, nonytJeHHbIM 
c IlOMOmhIO nonyaMnHpHtJeCKOH ¢opMynbI /IO/ 

TKE ( MaB ) = 0,1065 Z 2 
/ A 113+ 20,1, ( 16) 

rae z H A - aTOMHbIH HOMep H Maccoaoe tJIICnO COCTaB­
HOI'O Hnpa. 

TaKHM o6pa30M, onecaHHbIH BbIIIIe MeTon II03BOnSieT 
onpeaenSITb paam1tJHbie xapaKTepHCTHKH nponyKTOB MepHbIX 
peaKUHii: - Maccoahxe pacnpeneneHHH, aHepreTetJeCKHe pac­
npeneneHHH c paapeIIIeHHeM He xy)Ke 5%, yrnOBbie pacnpe­
aeneHHH, nonHhie KHHeTHtJeCKHe aHepI'HH, tJHCno Heii:TpOHOB, 
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ncnapHBlllHXCSI H3 OCKOnKOB, H AP· OAH8KO, K8K OTMetrn­

nocb Bbillle, '°dToT MeTOA BKn10qaeT B ce6SI npeAnono:lKeHne 

0 MeXaHH3Me SIAepHoii peaKUlfH. Bo MHOI'HX cny'laSIX 9TH 

npe.Qnono:lKE!HHSI SIBnSIIOTCSI npaB,[{0IlOA06HbIMH •. Ho AnSI lfCCne­

AOB8HHSI xapaKTepHCTlfK npoAyKTOB SIAepHbIX peaKUlfii, 

o6pa3yIOIUlfXCSI nplf pacnaAe O'!eHh TSI:lKenbIX ClfCTeM, Mexa­

HH3M KOTOpb!X Mano H3y'leH, He06XOAlfMO, Ha Halli B3I'nSIA, 

BKnIO'leHHe B ABHHyIO MeTOAHKY AOn0nHHTenhHO B03MO:lKHO­

CTH lf3MepeHHSI TpeThero, napaMeTpa, HanpHMep, BpeMeHH 

nponera npOAYKTOB, C IlOMOIUhIO KOTOporo B03MO:lKHO He3a­

BlfClfMOe lf3MepeHHe Mace npOAYKTOB. 

B 38KnIO'!eHHe aBTOpbI Bblp8:lK8IOT 6narOA8PHOCTh 

B.M.DnoTKo, A.f .DHnhKOBY, 3 • .U.DoKpOBCKOii 38 noMOIUh 

B npoBeAeHHH 9KCnepnMeHTOB. ABTOpbI 6naro.QapSIT T8K:lKe 

10.U.OraHeCSIHa 3a nocTaHOBKY 3aAa'IH If ueHHbie coaeTbI 

B npouecce Bb!IlOnHeHHSI pa60TbI. 
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