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Kam!HKHH E.H., nepMS!KOB B.n. P4-6150 

0 B03MO*HOCTH aayqeHHSI nenaqHHbl 6apbepa neneHHSI B peaKUHSIX 
npsiMOI'O Tana Me*AY cno*HbIMH sinpaMH 

HccnenyeTCSI Bonpoc, aa KaKHX 3KCnepaMeHTOB H npaTOM Haa6onee npoc 
nyTeM MO*HO nonyqaTb HHCpOpMaUHIO O 6apbepe nenemrn npOH3BOnbHbIX 

p (ae TonhKO nensirunxcsi). Llnsi aTofi uenn npennaraeTcsi ncnonbaoBaTb 
MY MaCCOBOI'O pacnpeneneHHSI OCKOnKOB neneHHSI H Monenh, pa3BHTYIO aBT 
.H H OCHOBaHHYIO Ha MeXaHH3Me Heynpyroro ynapa. 

IlpenpHHT O61.e.llHll8HH0ro HHCTKTYTB Jl,ll8pHblX HCCJ18Jl0BBHHI. 

,lbr&la, 1971 

Kalinkin B.N., Permyakov V.P. P4-6150 

On Possible Study of the Fission Barrier Value 
in the Direct Type Reactions between Compound 

Nuclei 

The question is studied of which experiments, and _ 
sides in the simplest way,can give information about. thej 
sion · barrier for arbitrary nuclei (not only fissioning) .I,_ 
:h this aim in view it is ,suggested to use the form of 
? mass distribution of the fission fragments and the 
iel, developed by the authors which is based on the 
ilastic shock mechanism. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1971 
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1. Bae.rteHH~ 

OAHOH ua Ba*HefilliHX xapaKTepHCTHK aTOMHOPO SJApa SJBnSJeTCSJ ePO 

6apbep AeneHHSJ. BenuquHa 6apbepa onpeAenHeT ycTofiquaocTb Mpa no oT

HomeHuro K paaaany Ha KpynHbl~ ¢paPMeHThI, apeMSJ *H3HH Mpa no 0THOllieHHIO .., 

K KaHany paaaana npu Bb!C0KHX 3HepPHHX aoa6y*AeHHSJ. 

C T0qKH apeHHSJ cneKTpdCK0ilHH 3HaHue aenuquHhl 6apbepa AeneHHSJ AaeT 

B03M0*H0CTb ycTaH0BHTb lliHPHHY 3HepPeTuqeCK0P0 HHTepaana, B K0T0p0M 

MOPYT peanuaoaaTbCSJ KOnneKTHBHhI9 BH6paUHOHHhl9 C0CT0SJHHSJ. 

Eonbmoe aHaqeHue »MeeT abnpoc o aenuquHax 6apbepoa AeneHHH cBepx

TH*enhIX Mep, K0T0pb1e; KaK· npeAnonaPaeTCSJ, M0PYT cymecTB0BaTb B o6nac

TH sapMa z = 114 " MaCC0B0PO qucna A= 298 • BenuquHy 6apbepa 3THX 

Mep noKa M0*H0 nmnb npeACKa3bIBaTb, 0CHOBbIBaSJCb Ha 3KCTpanonSJUHH ABH

HhIX, nonyqeHHb!X AnSJ H3BeCTHblX Mep. 

Ha Han6onee uaaeCTHbIX TeopeTuqeCKHX pa6oT, Il0CBSJUJeHHbIX 3TOMY aonpo-
. 11,2/ 

cy, cneAyeT 0TM9THTb uccneA0BaHHSJ CaSJT9UKOPo-Maliepca 11 CTpyTUHCK0-
/3-5/ . /3-5/ 

PO • PacqeThl 3TIIX aBT0pOB (B oco6eHHOCTH, aBTOpa ) Hennoxo 

BOCilP0H3B0ASJT 3KCnepuMeHTanbHhJe .QaHHbJe no 6apbepaM AeneHHSJ SJAep ypa

H0B0H PpynnhI. 
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OAH8KO 'IT06bJ np0B0J:lHTh 6onee yBepeHH0 9KCTpanommmo ll8HHbIX 0 

6apbepax AeneHHSI B o6naCTb I"Hll0TeTHtteCKHX CBepXTSI>KenbIX SI/lep, Heo6xo

AHM0 y6ellHThCSI, 'ITO M0/lenb llSeT npaBHnhHbie peaynhT8Tbl B WHP0K0M mrn-

naaoHe MaCC0Bb!X 'IHCen cymeCTBYIOIIlHX SIAep. EbmO 6b! HHTepeCH0 npoaHa

nn:3Hp0B8Tb BenH'IHHbl 6apbepoB B o6naCTH SI/lep C A < 208 - 209 ( TaK Ha-

3bJBaeMbJe "HeAennmn:ecn" SI/lpa), npnMoii: aHann:a JlnSI KOTOpb1X He npoBo

AHncn. 

8 CBSI3H C 9THM B03HHKaeT B0llpOC,, H3 KSKHX 9KCllepHMeHTOB M0)KHO 

6bmO 6bl nony'IHTh HH<pOpMaUHIO H llpHT0M HaH6onee np0CTblM nyTeM 0 6apb

epe AeneHHSI SIAep B yKa3aHH0M HHTepBane MaCCOBb!X 'IHCen. 

3AeCb Mb! paCCMOTpHM 0llHY H3 TaKHX B03M0)Kff0CTeii:. 

2. TipSIMOe neneH!Ie B peaKUHSIX Me)KUV Cn0)KffblMH SinpaMH 

H 6apbep neneHHSI 

B 
• /8/ 

6 npe/lblllYIIleH CT8The HSMH bina npeAn0)Keffa M0/lenh, BKnlO'l810lll8SI 

B ce6SI KaK o6bl'IHO paCCMaTpHBaeMb!H KaHan P,8Cll8/l8 K0MnayHll-SI/lpa, TaK 

Ii HOBb!H KaHan npSIM0I"0 AeneHHSI. Tipn: OilHCSHHH npSIMOI"O KaHana JleneHHSI 
/8/ .. 

B 6bm paCCMOTpeH cny,aH, KOI"Aa SI/lpO-MHWeHh SIBnSieTCSI JlenSIJllHMCSI 

H llecpopMHPOBaH_HblM. OCHOBHblM MOMeHTOM MOJlenH SIBnSieTCSI llOilYIIleHHe, 

'ITO B MOMeHT Yllapa TSI)KenbIH HOH, nornomaSICb SI/lpOM-MHWeHblO, B0BnexaeT 

B llBH)KeHHe nHWh Ty ero o6naCTh, K0TOpaSI noxanH30BaHa Henocpe/lCTBeHH0 

B 30He B38HMOAeHCTBHSI. -3Ta 30Ha xapaKTepn:ayeTCSI BenH'IHH0H "acpcpeKTHB

HOH" MSCCbJ, 3Ha'leHHe KOTopoii: M0)KeT 6b!Tb ycTaH0BneHO nyTeM cpaBHeHHSI 

TeopeTH'leCKHX H 9KCnepHMeHTanhHblX /l8HHblX 0 Hatt6onee BS)l{Hb!X xapaKTe-

/8/ 
pHCTHKaX npouecca AeneHHSI (KOHKpeTHO B . AnSI 9TOH uenn: HCil0nb30BaHa 

cpopMa MSCC0BOI"O pacnpeAeneHHSI OCKOnK0B, a TO'IHee, Mepa ee 0TKnOHeHHSI 

OT npe/lCKa3aHHH CTaTHCTH'leCK0H TeopHH). YcnOBHeM peann:aaUHH llpSIMOI"0 

KaHana JleneHHSI SIBnSieTCSI npeBbIWeHHe· aHepI"HH "opraHH30BaHHOI"O" llBH)Ke

HHSI BA0nb OCH CHMMeTpHH SI/lpa, HHllyUHP0BaHHOI"O TaKHM Yll8POM, Hall Be-· 

nH'IHHOH 6apbepa JleneHHSI V f • 
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/7 / 
.AHanna 3KCnepHMeHTa C Il03HUHH 3TOH MOAenn Il03Bonnn oueHHTb 

3cj)(peKTHBHYIO Macey µ acj)(p, 3HaqeHHe acjnpeKTHBHOH MaCCbl B KOHKpeTHbIX 

paCCMOTpeHHbIX peaKUHSix/6/ OKaaanocb npn6nH)K0HHO paBHb!M µ = 30 
. acpcp. 

(6onee TQqHoe 3HaqeHHe IlOKa Henb3SI ycTaHOBHTb H3-3a own6oK B 3KCnepn-

MeHTe), TT PH 3TOM 3HaqeHHH µ acpcp. B paMKaX npeAnO)KeHHOll MOAenn HaXOASIT 

ce6e o6'bSICH0HHe OCHOBHble cpaKTbl, Ha6JIIOA£l~Mbl0 B 3KCnepHM0HTe OTHOCHTenb

HO nonywnpHHbl M8CCOBOI'O pacnpeAeneHHSI OCKOnKOB, ee 38BHCHMOCTb OT 

aHepr-nu, a TaK)Ke nonywnp1rna pacnpeAeneHHSI aapsiAa npn cpHKCHpoBaHHOM 

OTHOW0HHH Mace OCKOnKOB Aenemrn. MoAenb Il03B0Jlllna, T8KHM o6pa30M, 

BbIAeJlHTb H3 nonuor-o ceqeHUSI AeneHHSI KaHanbI, COOTBeTCTBYIOIUHe npSIMOMY 

. M0X8HH3MY If MexaHli3MY I npeAnonar-a1omeMy Hannqne CTaAliH o6pa3oBaHHSI 

KOMnayHA-5Ulpa. 

nnsi AanbHeiiwer-o ncnonb30BaHHSI TaKOI'O IlOAXOAa Heo6xo)lHMO o6o6IUJITb 

er-o Ha cnyqafi ccpepnqecKnX siAep-MnweHefi. B aToM cnyqae cpopMynupoBKa 

MOAenn OK83hIBaeTCSI npeAenbHO npocTofi. ilefICTBHTenbHO, cneAySI JIOI'HKe 

. /6/ 
paaBHT011 B MOAenu, Ansi nonHor-o ceqemrn neneHnsi nonyqaeM Bb1pa)KeHne 

( o603HaqeHHSI H HX CMbICJI npe)KJ!He): 

IlOJIH acp~ 2 
a f (E) = TT (Rf ) K (E) .. ( 1 ) 

Bb1pa3HM Tenepb ceqeHHe npSIMOI'O AeneHl!SI qepe3 napaMeTpb!, BXOLlSIIUHe B 

3aAaqy, nerKO BHAeTb, qTo aTy KOMilOHeHTY ceqeHUSI MO)KHO npeACTaBHTb 

B Bl!Ae (cM, pnc. 1 ): 

IlpSIM 
a f (E) 2 

TT P MaKc "- (E) (2) 

I'Ae O 1c - MaKcnManbHoe 3Haqemie yrna Me)KAY HanpanneHHeM y,uapa n pa-

AHycoM-BeKTopoM, npoBeAeH!lblM l!3 UeHTpa f!JlPB-MHWeHH B TOqKy yAapa, AnSI 

KOTOpor-o BhmonHSieTCSI ycnoBH0 nopora peaKUllH npSIMOI'O AeneHHSI: 
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fmax 

Pnc. 1. CxeMa BbI.QeneHHSI npSIMOI'O KaHana nen13HHSI llnSI cnrrnsi, KOI'lla Slll
pO-MHllleHb c¢epm1ecKoe • .U~SI yPnOB 0 ~: e,.' · BhmonHSieTcSI ycnoane peann
aauHH KaHana npSIMOI'O neneHHSI. 
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A 
T 

2 
E I cos 0" v, (3) 

OTCIO/l8 2 µ a4>qi+A v, 
cos 01c -•-::: 1 H nnsr ce'leHHH npsrMoro JleneHHH 

A E, -
npSIM 

a, ( EJ nonyqa,eM: 

u npsrM (E} 1r ( R ~} < (E} ( 1 
I I 

µ ""1vn +A V 1 
:;:x:i: ·-} •. 

A E 
(4) 

I 

Aaanorn'!Ho Jlnsr ceqeansr Jlen¢HHsr, npoxonsrmero qepea CTa/lHIO o5paao

B8HHH KOMnayHJl-SI/lpa, HMeeM Bb!p8JKeHne: 

Ko Mn nonH · npsrM a<p<p 2 µ a<p<p + A 
u1 (EJ = u

1 
(E} - u 

1 
(E}=1r (~ 

1 
} K(E} A 

v, 
E. 

I 

(5) 

/6/ 
B C00TBeTCTBHH c npennono)K'eHJi:srMH, CJlenaHHb!MH B pa5oTe , JlnSI 

0TH0IJJ9HHSI nonylliHpHH M~CCOBOf'O I78Cnpe1leneHHSI npo/lyKTOB JleneHHSI < /i 2 > 
2 2 . · 

2 
aKcn 

H < Ii > cTaT ( H8llOMHHM,. 'ITO <, Ii fionli' Ha5moJlaeMasr nonylliHpHHa, < Ii ~TaT 

nony1JJHPHHa, npe/lCK83blB~eMaH CT8THCTH'!eCKOH MOJlenbIO, 0CHOBaHHOH Ha 

paCCM0TpeHHH pacna/la cocTaBHOrQ H/lpa) HMeeM: 

2 u I nonlfEJ E < /i >nona A I (6) "" 
2 

<·/i >cTaT (T /OM~E} µ a<p<p + A v, 

HcnonbayeM Tenepb aTy npocTyIO <pOpMynHpOBKY JlnSI naBne'!eHHSI HH<pOpM8UHil 
209 ' 

0 BenH'!HHe 5apbepa Jle,'IeHHSI M8CC0BOI'O Sl/lp8 Bi • OTHOllieHHe nonylliHPHH, 

BX0,[lSimee B neByIO '!aCTb CO0THOIJJeflHSI (6), JlnSI p~aKunn Ar 40 + Bi 209 

na5 
npn EA,"" 310 MaB, E 1 ""100 MaB, /La<p<p"" 30, A= 40 paBHo npn5nH-

/7/ 
)K9HHO "" 3 • Tor/la ;::insr VI nonyqae!\1: 

V
1 

18 MaB, 
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KaK IT0Jl'lepKllBanoCb paHee, 3Ha'leHHe scficfieKTlIBHOH MaCCbl Henb3SI 

ycTaH0BlITb T0'IH0 1i3-3a oum6oK 9KCneplIMeHTa.· nonyCTlIMbIM 3Ha'leHlieM 

µ scficfi M0)KeT 6b!Tb Ii µ scficfi =20. Tor-Jla ansi V, nonyqaeM: 

v, 20-21 Mss. 

PactJeTbl CBsiTeUKOI'O u CTpyTlIHCKOI'O nplIB0/lSIT K peaynbTaTy v, :: 21-22Mss. 

KaK BHJlHO, cooTBeTCTBlie snonHe yaosneTB0plITenbH0e, 

CnpaBeJlnlIBOCTb TaK0I'0 MeT0lla onpeaeneHlISI Benll'iHHbl 6apbepa aene

HlISI M0)KH0 nposeplITb Ii eme 0llHlIM cnoco6_0M, 11 Me!OTCSI aaHHbie 06 0TH0We-

2 2 
Hllll nonyumplIH < t:,,. > I< t:,,. > ansi peaKUHlI 

9KCn CTaT 

Ne 22 + Bi 209 
( E ::

6
,,, 200 M 9B) • 

ByaeM C'llITaTb 6apbep ]lenemrn siapa Bi lI3BeCTHbIM u paBHbIM V ,,,20MsB. . , 
11cnonbaysi cfiopMyny (6)' Bbl'llICnlIM 0TH0illeHlIS! nonyllllIPlIH, Tip!i 3Ha'leHlilI 

scficfieKTlIBHOH MaCCbl µ scficfi "' 30 nony'laeM 
<t:-..2>nonH 

2 
"' 1,8. Ha6moaaeMoe 

< t:,,. > CTaT 
0TH0illeHlie nonylllliplIH npH6_mrn<eHHO paBH0 1,5-1,6. 

CneaosaTe_nbHO, ycTaH0BlIB 3Ha'leHlie scpcfieKTlIBHOH MaCCbI, HanplIMep, 

1i3 peaKUIIR Ne 20(U 238
, 2 F), Mb! nony'laeM npasttnbHYIO BenH'llIHY 6apbepa 

209 A 40 B" 209 ]leneHHSI ansi Bi ( acnonb3YSI peaKUlIIO r r I I 2 F ) ) • nanee, cfiuKCH-

pOBaB 3Ha'leHHe µ scficfi H V f , paCC'lHTbIBaeM OTH0illeHHe nonyllllIPHH 

<6.2 > l<t:-..2 > Ii nonytJaeM peaynhTaT, cosnaaa10mui1 c 9KcnepttMeHTanhHhIMH 
noml' cTaT 

]laHHb!Mll, no HameMy MHeHHIO, TaKaSI K0ppensiuusi peaynbTaTOB C 9KCnepu-

MeHTanbHbIMII Jl8HHb!MH, nony'leHHbIX ansi pa3nH'lllb!X peaKUHH, cny}KHT yKa-

3aHHeM Ha HenpOTIIBOpe'llIB0CTb 0CH0BHbIX nono)KeHHH nplIHS!T0H M01len11. 

TaKHM o6paaoM, onpeaeneH11e semI'lHHhI 6apbepa ]leneHHsi Ha ocHose 

H3y'leHHSI aaHHbIX no MaCC0BOMy pacnpe]leneHHIO 0CK0nK0B aeneHl!S! B peaK

UllSIX Me)KJlY cn0)KHb!Mll Sl/lp8Mll M0)!CeT CT8Tb scficfieKTHBHbIM MeT0ll0M, O'le

BlillHO, ansi er-o 11cnonb30BaHIISI Heo6XOllllMO nony'lllTb ll0CTaT0'lH0 TO'IHYIO 

llH<lJOpMaUHIO O xapaKTepllCTHKaX MaCC0B0I'O p_acnpeaeneHHSI 0CK0nKOB aeneHlISI, 
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3. 0 nepcneKTHBax HcnonbaoaaHHR Meroaa 

Bo aaeaeHHH y>Ke yKa3bJBanocb, 'ITO H3y'leHHe 6apbepa aeneHHR paa

nH'IHbIX gaep - Ba>l(HaR H HHTepecHaR aaaaqa. 3aecb Mb! KpaTKO o6cyaHM 

. /6/ 
BO3MO>l(HOCTH, KOTOpb1e BO3HHKa!OT B CBR3H C npeano>KeHHOH B H aaecb 

MOaenblOo, 

HaM npeacraanReTCR 'lpe3BbI'lafiHO HHTepeCHbIM ocyI11eCTBHTh
0 

9KCnepH-

/7,8/ ' . 
MeHTbl THna y>Ke npoaeaeHHb!X • Tor-aa, HCnonb3YR onHCaHHYIO HaMH MeTO-

aHKY, MO>KHO nony'IHTb HenocpeacTBeHHo aaHHbte o aenH'IHHe 6apbepa aene

HHR gaep B WHpOKOM . .rmanaaoHe MaCCOBblX 'IHCen. 

QqeaHaHo, anR aocTH>KeHHR uenH Ha 9TOM nyTH Heo6xoaHMO H3y'laTb 

peaKUHH C yqaCTHeM aocTaTO'IHO TR>KenbIX HOHOB ( HanpHMep, Ar 40
) ,06naaa10-

IIIHX aocTaTO'IHO 6onbWOfi 9Hepr-Hefi. AaanH3 npoayKTOB aeneHHR noaaonHT 

cyaHTb Tor-aa O npaBHnbHOCTH TeopeTH'leCKHX npeacTaaneHHfi_o aenH'IHHe 

6apbepoB aeneHHR caMblX pa3nH'IHbIX gaep H npoaepHTb, B 'laCTHOCTH, HMeJO

IIIHeCR Ha 9TOT C'leT TeopeTH'leCKHe npeacKa3aHHR, 

nnR Hnn10cTpaUHH B03MO>KHOCTefi, HMe!OIIIHXCR B 9TOM HanpaaneHHH, Ha 
40 

PHC. 2 npHBeaeHbl peaynbTaTbl pacqeTa anR Tpex peaKUHfi C yqaCTHeM Ar 

Ha Tpex paanH'IHbIX RapaX-MHWeHRX: Nd (paBHOBeCHaR aecjJopMaUHR f3o=O ), 

Er ( /3 "" 0,3 ) 
0 

H w ( f3 0 "" 0,2). B paC'leTaX 6bmH HCnonb3OBaHbl oonH'IHHbl 
. . /2/ 

6apbepoB aeneHHR, yKa3aHHbie B ' Ii 3Ha'leHfie acpcpeKTliBHOfi MaCCbl µ. scpcp = 

=30. B03MO>KHbl~ 3Ha'leHHR OTHOWeHHR nonywnp1rn <~2
r?on/<~~~all-Tno>KeHbl 

Ha pnc. 2 B 3aBliCliMOCTH OT 9Hepr-1m HaneTaJOIIIeI'O HO Ha. n OCKOnbKY aenH-
121 

'lliHa 6apbepa aeneHliR Rapa MO>KeT OTnn'laTbCR OT paCC'lliTaHHOll B 'Mb! 

npnaoanM aaHHbie anR OTHOWeHl{R nonywnpnH, COOTBeTCTBYIOIIIHe caanr-aM 

/2/ 
B CTopoHy 6onbWliX Ii B CTopoHy MeHbWliX 3Ha'leHHfi OT paCC'lliTaHHOI'O B 

TaKnM o6pa30M, cpnKClipyR 9HepI'HIO HaneTaJOIIIeI'O HOHa H OTHOIIIeHHe t:Iony

<~2 > nonH 
WHPHHbl A 2 ' neI'KO 1{3 npnaeaeHHblX r-pacpnKOB ycTaHOBHTb aenll'lliHy 

<u > CTaT 

6apbepa aeneHHR nHTepecy10mer-o Hae Rapa. 

9 



-0 

(.l),_ 

(42>-

3 

.2 

~=1/jH~ 

/ 
/ 

/ Jh+W 

/ 
/ 

-~· 
~ .,--__.,,,-· . ~----' 
/ . ~ . ~;?' . U•.l2• . •1,/Jd 

/ 

· 220 ~~o 2(,0 280 !,()() -'lO 3IC J60 J8D l,CX} £ 

<~2> nonH 
Puc. 2. l1aMeHeHHe nonynmpHH ~2 Ami peaKUHfi 

40 
Ar 

40 
+ Nd, 

< > CTaT. 
Ar + W, Ar40+ Er. · 

B 38BHCHMOCTH OT 3Heprlrn HaneTaIOlllero HOaa. - -



nony<IeHHhie pesyJibT8Tb! II0K83b!B8IOT, 'ITO y)l{e ceii'IaC II0CT8H0BK8 

rroao6Hb!X 9KCIIepnMeHT0B BII0JIHe peaJibHa, 

JhITepaTypa 

1, W,J, Swiatecki, Phys.Rev,, 101, 97 (1956), 

2, W,D, Myers, W,I, Swiatecki, N,P, 81, 1 (1966), 

3, B,M. CTpyTHHCKHii, HaepHaSI cpnsnKa, 3, 614 (1966), 

4, V,M, Strutinsky, Nucl,Phys,, A122, 1 (1968), 

5, V,M, Strutinsky, Nucl,Phys,, A95, 420 (1967), 

6. E.H. KannHKHH, B.n. TTepMSIKOB, TTperrpnHT O11Hl1, P4-6149, ily6aa, 1971, 

7, C,A, KapaMSIH, <P. HopMyparoB, 10,U, OraaecSIH, 10.,3, TTeHHOH)l{KeBH'I, 
E.11. TTycThlJlbHHK, LH. <PnepoB, TTperrpnHT O11Hl1, P7-3732, lly6aa, 1968, 

8. C.A. KapaMSIH, 10.u. OraHeCSIH, 10,3. TTeHHOH)l{KeBH'I, E.11. TTyCTblJlbHHK, 
TTperrpnHT O11Hl1, P7-4024, lly6aa, 1968, 

PyKOIIHCb II0CTymwa B H31la TeJlbCKllll 0TlleJl 
3 aeKa6pSI 1971 roaa, 

11 


