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A H H 0 T a U H R 

BbiqHcneHbi ceqeHHR o6paaosaHHR KOMnayHA-RApa AnR pRAa peaKuHA. B pacqeTax Hcnonb

aosaHa HH<PopM8UHSI 0 napaMeTp8X RAepHOI'O B38HMOAeACTBHSI Me )KAY S1Ap8MH, nonyqeHH8SI 

H3 KB83HKn8CCHqecKOI'O 8H8nH38 3KCnepHMeHTOB n o ynpyi'OMy pacceSIHHIO TR)KenbiX HOHOB. 

YcTaHosneHa B8)KHOCTb yqeTa TaKoro B38HMOAeAcTBHR. 

S.P .Ivanova, B.N.Kalinkin 

CROSS SECTION FOR COMPOUND
-NUCLEUS FORMATION IN 

REACTIONS INVOLVING IIEAVY IONS 

Abstract 

The compound -nucleus formation cross sections are calculated for a number of reactions. The information about 

the parameters of nuclear interaction between nuclei is used which was obtained from the quasi- classical analysis 

of experiments on heavy ion elastic scattering. It is established that the account of such. an interaction is important. 
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Cpe.!lH pea~tUHit, I1pOT8K8IOWHX C y'iaCTHeM TSDK81lb!X HOHOB, B8:>KHYIO pOilq HrpaiOT Te, 

' 
KOTOpbi8 npOXO.!lSIT qepe3 CT8.!lHIO o6p830B8HHSI KOMnayH.!l-S!.!lpa. noaTOMY BOI1pOC 0 B81IH'iHHe 

Ce'ieHHSI o6pa30B8HHSI KOMI18YH.!l-S!.!lp8 (1 
c 

npe.!lCT8BIIS!eT HHTepec K8K C 9KCI1epHMeHT81lbHOit, 

T8K H C TeopeTH'ieCKOit TO'iKH 3peHHSI. 

nonbiTKY Bbi'iHCIIHTb ceqeHHe npeanpHHS!Il ToMac (Thomas, 1959) • B ero pa6oTe 

paCCMOTpeHbl .!lBe MO.!lellH. nepB8SI H3 HHX OI1HpaeTCSI Ha rrpe.!ll101lO:>KeHHe 0 TOM, 'iTO CT81IKH

B8IOWH8CSI S!.!lpa HMeiOT qeTKO orrpe.oeneHHbie rpaHHUbl ( I1pH61IH:>K8HHe I1pS!MOyrOilbHOit S!Mbl) • 

KpoMe Toro, npearronaraeTCSI, 'iTO Kor.oa paccToSIHHe Me:>K.oy ueHTpaMH cTanKHBaiOWHXCSI Sl.!lep 

r CTBHOBHTCSI MeHbllle R = r
0 
(A ~/3+ A 1~3 ), TO rrpoHCXO.!lHT rronHoe rrornoweHHe, T.e. o6paaoBa

HHe KOMI18YH.!l-S!Llpa. 

r.oe 

npu 9THX rrpe.!ll101IO:>K8HHSIX Ce'ieHHe 

(1 

(1 
c 

paBHO: 

4KR Sf 
6.:1 + (KR + S ):l e e 

c ( 1 ) 

1/k Fe = d Fe 1 d (kr J ,· 

ae-= d ae /d(krJ, 
I1pH'ieM F f , G f - KYIIOHOBCKHe BOIIHOBbie tPYHKUHH. 4HCileHHbie pacqeTbl Ha 9118KTpOHHOit M8lllH-

He ITO tPOpMyne ( 1) C HCI101lb30B8HH8M peKyppeHTHb!X COOTHOllleHHlt .!lllSI KYIIOHOBCKHX tPYHKUHit 

I1pHBO.!lS!T K peaynbT8T8M 1 H8XOL1S!WHMCSI B Hel11IOXOM COOTBeTCTBHH C 9KCI1epHMeHTOM 1 eCIIH B 

KB'ieCTBe r B3S!Tb 3H8'ieHHe 
0 

r = 1,5 • f • 
0 

AHai:IOrH'iHhiA peaynhTaT 6bill rronyqeH 6a6HKOBbiM (6a6HKOB 1 1960) c rrOMOWbiO rrpu6nu:>KeH-

HOrO 8H81IHTH'i8CKOrO Bbipa:>KeHHSI LlllSI U c 1 Bb!pa:>KeHHOrO qepe3 rrapaMeTpbl 38.!l8'iH. 

O.oHaKo 1 aTHM peaynbTaTaM rrpucywu He.oocTaTKH. Bo-rrepBbiX 1 R - pa.oHyc B38HMO.!leA-

CTBHSI SIBIIS!eTcSI rro.oroHO'iHbiM rrapaMeTpoM. Bo-BTOpbiX 1 aHaqeHHe r 1,5 • f SIBIIS18TCSI CIIHlll KOM 

60ilblllHM C TO'iKH 3peHHSI pe81lbH blX p83MepOB yqaCTByiOWHX B peaKUHH S!Llep. 

B CBSI3H c rrocneaHHM o6cTOS!TellbCTBOM ToMac paccMoTpen apyry10 Moaenb, B KOTopoA 

l10l1b!T81ICSI yqeCTb H81lH'iHe L1HtPtPY3HOrO CIIOSI H8 rpaHHUe SJ.!lep. 34J4JeKTHBHbllt I10T8HUH81l B38HMO

.!leltCTBHS11 SIBIISIIOWHJ!.CSI CYMMOlt KyllOHOBCKOr0 1 U8HTp06e:>KHOrO H Si.!lepHOrO TIOTeHUH81IOB.6biii 

arrrrpoKCHMHpoBaH rrapa6onoA. Bbi'iHCIISJSI rrpoHnuaeMoCTb qepea 6apbep TaKoro THI18 1 ToMac rrony-

'iHII ceqeHHe UC K8K tPYHKUHIO OT SHeprHH CTOIIKHOBeHHSI. B STOM cnyqae .!lllSI r
0 

rronyqaeTCSI 

3H8'ieHHe r · ., 1,17 • f • 0.!lH8K0 1 HCI101lb30B8HHe rrapa60IIH'ieCKOrO I1pH61IH:>K eHHSI .!lllSI ScPtP8KTHB

HOrO I10T8HUH8118 SIBIISieTCSI CIIHlllKOM rpy6biM. 

CeqeHHe o6paaoBaHHSJ KOMrrayHa-g.opa MO:>KHO Bbi'iHCnHTb rro-HHOMY 1 a HMeHH0 1 orrupaS!Cb 

Ha .!l8HHb!e 0 S!LlepHOM B38HMOLleltCTBHH TSI:>K81lb!X HO.HOB C S!Llp8MH 1 I10ily'ieHHbie B KB83HKII8CCH

'ieCKOM ijpH61IH:>KeHHH. 6b!ll0 yCT8HOBneH0 1 'iTO Te()peTH'ieCKHe pe3yllbT8Tbl O'i8Hb 'iYBCTBHT81lbHbl 

K 3H8'ieHHSIM p8.!lHyCa B38HMO.!leltCTBHSI H WHpHHbl LlHcf'tPy3HOrO CIIOSI. napaMeTp pa.oHyca 
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B38HMOaeltCTBHSI OK838nCSI npaKTH'IeCKH OaHH8KOBbiM anSI pa3nH'IHblX KOM5HH8 UHlt HOHOB H Siaep

MHllleHelt (aa HCKniO'IeHHeM O'leHb TSI:>Kenb!X HOHOB Ne 10 H TSI:>Ken bJX Siaep, KOraa Heo5xoaHMO 

y'IHTbiBaTb aecpopMauHOHHbJe acpcpeKTbd, Ero aHa'leHHe r - .. 1,28 · f 
0 

'ITO SIBnSieTCSI cpeaHelt 

senH'IHHOlt Me:>Kay aHa'leHHSIMH cpeaHero paaHyca anSI nerKHX H TSI:>KenbiX Siaep. 

Cor naCHO KapTHHe, HCnonb30B8HHOlt B pa5oTe ( KanHHKHH, nycTbinbHHK 1962) pacceSIHHe 

npOHCXOaHT B rpaHH'IHOlt 30He, T,e, B cnyqae, KOraa Siapa ConpHK8C810TCSI CBOHMH "8TMOCcpepa

MH'. Bbi'IHcneHHe ce'leHHSI ynpyroro pacceSIHHSI B cy llleCTBeHHolt csoell qacTH onHpaeTcSI Ha pac

qeT KnBCCH'IeCKOlt cpyHKUHH OTKnOHeHHSI: 

8 (f) rr- 2 J 
Ro 

(f + '12 ) / r 
2 

[..llL(E-U(r)-(f+ 
h1 

(2) 
dr 

1 'n 
¥2 ) I r1 ] 

rae U - cyMMa KynoHoBcKoro H SiaepHoro noTeHuHana CaKcoHa-Byaa. CxeMaTH'IeCKH aHa 

KnBCCH'IeCKOlt cpyHKUHH OTKnOHeHHSI npeacTasneH Ha pHC, 1. Yfa pHC. 1 BHaHO, 'ITO 8(f) npH 

f = f l npOXOaHT qepe3 Hynb H npH 3H8'1eHHSIX f < f l , 5nH3KHX K f , CT8HOBHTCSI 0Tp~U8Tenb-
l 

HOlt, 3TOT cnyqalt COOTBeTCTByeT aBH:>KeHHIO HOH8 BaOnb nosepXHOCTH Siapa, BsHay HBnH'IHSI 50nb-

11JHX SiaepHbiX CHn, BepOSITHOCTb paa pyllleHHSI H 3 8XB8T8 HOH8 SiapOM CT8HOBHTCSI 5onblllO.il:, TaKHM 

o5paaoM, MO:>KHo npHHSITb, 'ITO npH f < f npoHcxoaHT nonHoe nornoweHHe HOHOB SiapoM, 
- l 

T.e. o5paayeTCSI KOMnay Ha-Siapo. B pa5oTe ( KanHHKHH, nycTblnbHHK, 1962 ) 5binO npHHSITO npH-

5nH:>KeHHe, COCTOS!Wee B TOM, 'ITO npJ! f > f
1 

, npOHCXOaHT pacceSIHHe 5ea nornouieHHSI, 

B aeltcTBHTenbHOCTH, oaHaKo, nornoweHHe SisnS!eT.CSI nnasHolt cpy'HKUHelt oT f • OT nonHero 

npH f =f
1 

OHO, nnaBHO MeHSISICb1 o5pawaeTCSI B Hynb npH f =f, , C tPH3H'IeCKOlt TO'IKH 3peHHSI 

aoHa nnasHoro naaeHHSI nornoweHHSI B HHTepsane f 
1 

.. f, cooTBeTcTsyeT npSIM biM npoaeccaM H 

HeynpyroMy pacceHHHIO, o5ycnosneHHbiM HaepHbiM saaHMoaellcTsHeM. TaK KBK yqeT nnaBHOCTH 

naaeHHSI nornoweHHSI npHBOaHT K Cp8BHHTenbHO 
- I 

He5onblllHM H3MeHeHHSIM 3H8'1eHHll napaMeTpOB 

SlaepHoro noTeHuHana, TO anSI npH5nH:>KeHHOlt oueHKH a
0 

(E) , MO:>KHO socnonb30B8TbCSI npe:>KHH-

MH HX 3H8'1eHHSIMR, 

TaKHM o5paaoM, - ecnH HcxoaHTb H3 nonyKnaccHqecKoro paccMoTpe HHSI npouecca pacceSIHHSI 1 

TO MOH<HO C'IHT8Tb1 'ITO CTOnKHOBeHHe TSI:>Kenbi X HOHOB C SiapaMH npHBOaHT K o5pa30B8HHIO KOM-

nayHa-Siapa s TOM cnyqae, Koraa f :; f 1 fl K8K cpyHKUHIO OT 9HeprHH MO:>KHO nony'IHTb 

TOnbKO 'IHCneHHbiM cnoc060M 1 nonb3yHCb COOTHOllleHHeM ( 2). Bb!p8:>K8SI M8KCHM8nbHOe 3H8'1eHHe 

npHuenhHoro napaMeTpa 1 npHsoaSiwee K o6paao.saHHIO KOMnayHa-Siapa, qepea f 1 1 MO:>KHO nony

'IHTb npOCTYIO cpopMyny anSI O'c (E) 

O'c (E) rr fi 2 rei + v, ) 
2 

211-E 
( 3) 

PeaynbTBTbi pacqeToB anSI aHeprHll, npeBbJlllaiOWHX KynoHOBC KHll 5apbep, T, e , s o5nacT.H 1 rae 

KnaccHqecKoe npH6nH:>KeHHe cnpaseanHB 0 1 npHseaeHo Ha pHc. 2 1 3,4. 

Ha pHc. 2 1 3 aaHbi ceqeHHSI o6paaosaHHSI KOMnayHa-S!apa !3 p eaKUHSIX 0 16 +"'Au 191 
, 

12 1J'f tl! t-olT liS · • SB 
C + Au , C + Ag 1 0 + Nt • .ilnSI cpasHeHHSI npHseaeHbi TaK:>Ke aaHHbie, no-

16 • $8 
nyqeHHbie ToMaCoM (nyHKTHp). a (E) anSI peaKUHH 0 + Nt conocTasnSieTCSI c 6nH3KHM cny-

c 

q aeM peaKUHH 0
16 

+ Cu 
63 

1 paccMOTpeHHbiM ToMacoM. 
• 
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ae 
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rae 
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!MO 

epa

pac-

(2) 

I .a 

.pH 

TaKHM 

nonHoro 

IE!HHSl 

'l.M H 

:>CTH 

:eSIHHll, 

~HTb 

o nony-

(3) 

1 , r.ae 

7 

bie, no-

mM cny-

KpoMe Toro, Ha pHC , 4 npe.acTaaneHhi pe3ynbTaThi Bhi'IHcneHHSI uc (E) .anSI peaKuHA 

CJ.2+ Bi209 H 0111+ Bi 209 

Vf3 pHC, 2,3 BH.aHO, 'ITO KpHBble 0' c (E) , nonyqeHHb!e B ,aaHHOit pa6oTe, O'leHb 6nH3KH 

COOTBeTCTBYIOlUHM KpHBbiM, nolJy'leHHhlM ToMaCOM, XOTSl MO.aenH, HCnOnb30BaHHb!e npH HX Bbi

'IHClleHHH, pa3nH'IHbl, H pa,aHyChl B3aHMo.aeltCTBHSl SI,aep cyweCTBeHHO OTnH'IaiOTCSl, 

npH'IHHOit TOrO, 'ITO nonyKnacCH'IeCK8Sl MO.aenb C MeHblllHM 3Ha'leHHeM pa,aHyca B38HMO

.aeltCTBHSl .aaeT TaKOit :>Ke pe3ynbTaT, 'ITO H MO.aenb a6cpniOTHO qepHOit npSIMoyronbHOit SlMbl C 

6onblllHM pa.aHycoM, SIBnSieTcSI y'leT peanbHoro oTpHuaTenbHoro SI.aepHoro noTeHuHana. HanH'IHe 

9TOrO noTeHUHana npHBO,aHT K HCK8,:>KeHHIO op6HT, no KOTOpblM ,aBH:>KyTCSl H'OHhl B none SI,apa

MHllleHH, 8 pe3y1lbTaTe ,aeltCTBHSl g,aepHblX CHn HOHhl, nponeTaiOlUHe Ha 6nH3KOM paCCTOSlHHH OT 

SI,apa-MHllleHH "BTSlrHBaiOTCSl" B 30HY norllOlUeHHSl, 3TOT acp<PeKT npHBO.aHT y K yaenH'IeHHIO 

npHUellbHOrO napaMeTpa, npH KOTOpOM Ha'IHHaeTCSl acpcpeKTHBHhllt 3aXB8T HOHOB, 

TaKHM o6pa3oM, nony'leHHhie pe3y1lbTaThi CBH.aeTenbCTByiOT o Heo6xo.aHMOCTH y'leTa .aHcpcpy3-

Horo g,aepHoro noTe HuH ana. npH 9TOM pa3yMHOe 3Ha'leHHe 0' c (E) a .aaHHOM cnyqae onpe.ae-

llHeTCSl 6onee peallHCTH'IeCKHM 

KpoMe TOro, B paMKaX OnHCaHHOit nonyKllaCCH'IeCKOit Mo.aenH r
0 

He HBnHeTCH' no.aro-

HO'IHhlM napaMeTpoM, Ero . 3HaqeHHe onpe.aenSieTCSI H3 aHanH3a .aaHHhlX no ynpyroMy pacceSIHmD 

TSI:>KellbiX HOHOB, 

B npSIMoA caSI3H c npe.abi.aywHMH BbiBo.aaMH Haxo.aHTCSI aonpoc o qacTo npHMeHSieMOM a 

pa6oTax no peaKUHHM nepe.aa'IH MeTo.ae onpe.aeneHHSI r 
0 

acpcp., xapaKTepH3YIOlllero paccTOSIHHe, 

H8 KOTOpOM npOHCXO.aHT acpcpeKTHBHhllt 06MeH HyKllOHOM, nnSI STOlt uenH HCnOnb3yeTCSI cpopMyna: 

acpcp. 
R = r • 

J/s J/J [ I (A + A ) "' a 1 + Cosec ( (J 2 ) ] , 
I f 

(4) 

r.ae a - nonOBHHa paCCTOSIHHSI HaH60nbwero c6nH:>KeHH!l. H.aep, 3Ta cpopMyna cnpaae.anHBa TOnbKO 

a cnyqae KynoHoacKoro B3aHMo.aell:cTBH!l.. O.aHaKo npH aHeprHHx, npeabiWaiOlUHX 6apbep, Kor.aa 

Sl,aepHble CHllbl CTaHOBSITCH CylUeCTBeHHblMH, ee npHMeHeHHe MO:>KeT npHBeCTH K He,aopa3yMe-
acpcp, 

HHSIM, noaTOMy He y,aHBHTenbHO, 'ITO HCfiOnb30B8HHe cpopMyllbl (4) .anSI Bhi'IHCneHHSl r 
0 

no Ha6niO,aaeMOMy yrnOBOMY pacnpe.aeneHHIO npo.ayKTOB peaKUHH nepe,a8'1H npHBO,aHT K BeCbM8 

6o~blllHM 3Ha'leHHSIM: r 
0 

acpcp. .. 1,5 - 2,0 · I ( Zucker , 1962 ) Y'leT SI.aepHoro B3aHMo

acpcp, 
,aeltCTBHSI .aon:>KeH npHBeCTH K 3H8'1HTenbHO MeHblllHM 3H8'1eHHHM ro 

AaTophi npH3HaTenbHhi T.n.Ko'IKHHoA 3a noMOW.b a 'IHcneHHhiX pac'leTax. 
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