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1. Jionee .nsa.nuaTH neT Ha3a,n JinaTT H BaH:cKomp 
c4JopMynHposanH .H,nepuyro Mo,nenL I I/, no3BOJUIIOillYIO Bhl
qHcnHTL ceqeHHe o6pa30BaHH.H COCTaBHOrO .H,npa ,nn.H peaK
I{HH c 3ap.H:>KeHHhiMH qacTHilaMH. B H3BeCTHOH pa6oTe /2/ ua 
OCHOBe 3TOH MO,nenH T.~.TOMaCOM 6blnH npose,neHbl KOH
KpeTHble pacqeThl peaKI{HH C T.H:>KenhiMH HOHaMH ,nn.H WHpo
KOrO Kpyra .H,nep H 3HeprHH. B pa6oTe I 31 6blna .naua 
aHanHTHqecKa.H BepCH.H 3TOH :>Ke MO,IJ;enH. 

IJOCKOnLKY HCIIOnh30BaHHe 3TOH MO,nenH H ee MO,IJ;H-
4JHKai{HH ne:>KHT B OCHOBe ,nanLHeHWHX paccy:>K,neHHH, Kpa;Ko 
HaiiOMHHM ee OCHOBHble IIOnO:>KeHH.H. 

Ilpe.nnonaraeTc.H, qTo npouecc o6pa3oBaHH.H cocTasuo
ro .H,npa MO:>KeT 6b1Tb OIIHCaH B paMKaX IIOTeHI{HanLHOrO 
pacce.HHH.H. BellleCTseuua.H qacTL noTeHuHanLHOH 3HeprHH 
Bbi6HpaeTC.H B BH,IJ;e: 

2 
z

1 
z

2
e 

R, --- npH r > 
v r /1.1/ = 

0 

- Vo npH r < R. 

3.necL R = R1+R2,a R 1 H R 2 - pa,nHyChl uaneT~~eH: qacTH
Ilhl H .H,npa-MHWeHH: 'Rc" r 0• A ~13 , R 2 = r 0 • A

1
2 

3
• T .~. ToMac 

HcnonL30Ban cne.nyrolllHe 3HaqeHH.H napaMeTpos r 0 H V0 : 
2 2 h k 0 A1·A 2 

r 0= 1,5£/JM, V 0 = ---, Jl=MN , k 0= 1 £/JM-1
• 

211 A 1 + A 2 
~anee npe.nnonaraeTC.H, qTo npH r < R HM{!eT MecTo nonuoe. 
nornollleHHe. 3To 03HaqaeT, qTo BHYTPH H,npa ecT~ :r<~nLKO 
cxo.n.Hilla.Hc.H sonua H suewuee peweuHe, npe,ncTaBn.HIOillee 
co6oH: KOM6HHai{HIO KynoHOBCKHX <PYHKI{HH Fe H G e ' CWH
saeTC.H npH r= R co cxo,n.H~eH:c.H 3KcnoHeHTOH u- exp (-ik1 r), 

3 



r,11,e k 1 ecTL BOJIHOBoe 'IHCJIO BHYTPH .H,D,pa, cne,D,YJOll\HM 

o6pa30M CB.H3aHHOe C BOJIHOBLIM 'IHCJIOM k BHe .H,D,pa: 

-2--2- 2 211E • 
k 1 = v k + k 0 , kfi1r --,- I E - 3HeprH.H a c.u.M./. Pe3ynL

p h-
TaTOM 3THX npe,D,nOJIO)KeHHH .HBJI.HeTC.H CJie,D,yiOll\a.H npocTa.H 

l}>opMyna ,D,JI.H ceqeHH.H: 

4k IRs r 
a= rr/..2 ~ (2C + 1) -2 2 • 

~E + (k 1 R + s E) 
/1.2/ 

r,11,e 

kR FeFi + G eG'e 
s=-----.~=kR ,A. 

f F 2 G 2 f F· 2 G 2 e+ e e+ e 

1 
k ' 

dFe<TJ,p) dGe<TJ,r) 
F' = I ' G' = --1 

f dp r= R f dp r= R 

2. B npe,D,LI,IJ,YllleM nyHKTe MLI He KOHKpeTH3HpOBaJIH, 

ceqeHHe KaKoro HMeHHO npouecca onHcLiaaeT BLipa)KeHHe 

/1.2/. JICHO, O,D,HaKO, 'ITO 6eCKOHe'IHO 60JILWOe norJIOll\eHHe 

npHBO,IJ,HT K BLI6LIBaHHIO qaCTHU H3 nyqKa 6e30THOCHTeJILHO 

K TOMY, o6pa3yeTC.H JIH npH 3TOM COCTaBHOe .H,D,pO HJIH HeT. 

To'IHee roaop.H, TOJILKO qacTL ceqeHH.H peaKUHH /1.2/ 

H,D,eT Ha o6pa3oBaHHe cocTaBHoro .H,D,pa. Ha puc. 1 cnnow

HLIMH JIHHH.HMH nOKa3aHa 3aBHCHMOCTL Ce'leHH.H peaKUHH OT 

3HeprHH, BLI'IHCJieHHa.H no l}>opMyJie /1.2/ ,IJ,JI.H peaKUHH 

r6o' 27 Al)' npH pa3JIH'IHLIX 3Ha'leHH.HX rnyoHHLI Bell\eCT

BeHHOro noTeHUHana Vo. B HHTepaaneVo=<l-:-10) M3BKpHBLie 

npaKTH'IeCKH He pa3JIH'IaiOTC.H. ToMacoacKoMy BLI6opy co

OTBeTcTayeT 3Ha'leHHe Vo = 2,07 M3B. KpecTHKaMH noKa-

3aHLI 3KCnepHMeHTaJILHLie ,D,aHHLie no nOJIHOMY Ce'leHHIO 

peaKUHH I 41, KPY)KKH cooTBeTCTBYIOT 3KcnepHMeHTaJILHLIM 

,D,aHHLIM no Ce'leHHIO CJIH.HHH.H/S/, 0TJIH'IHOe COrJiaCHe TOMa

COBCKOrO Ce'leHH.H /1.2/ C 3KCnepHMeHTaJILHLIMH Ce'leHH.HMH 

peaKUHH JIHWHHH pa3 y6e)K,D,aeT HaC, 'ITO Ce'leHHe /1.2/ 

4 

ecTL ceqeHHe _peaKUHH, a He ceqeHHe CJIH.HHH.H .H,D,ep. He 

HMe.H B03MO)KHOCTH BBH,IJ,Y He,IJ,OCTaTKa MeCTa ynOM.HHYTL 

BCe noCJie,IJ,yiOll\He pa60TLI, MLI XOTeJIH 6LI no,D,qepKHYTL, 

'ITO HH O,D,Ha H3 HHX He HMeeT npOCTOTLI H I}>H3H'IeCKOH 

HarJI.H,IJ,HOCTH, npHCYll\HX nHOHepCKHM pa6oTaM /2, 3/. 

100 

i5D 
v,~a -10 
v.• iOO 

V,• 500 

iDO 

-
~SD 

1.:::> 

...... ...... ..... ..... ..... ............ I 
.... -- ---

iO tOO 150 200 50 
E .... lMeV) 

Puc. 1. CnAOWHble AUHUU - ce~eHUJI peaKfiUU, ebi~UcAeHHble 
no (JopMyAe ToMaca /1.2/. l!u(Jpbl cnpaea om KpU6biX o3-
Ha~aK>m zAy6uHy /M3B/ peaAbHou ~acmu nomeHfiUUAa Vo • 
B UHmepeaAe V

0
=<0-10) M3B ace KpuebJe npaKmu~ecKu coe

naoaK>m. IlyHKmupHaJI KpueaJI omHocumcJI K MoOeAu c Kea3u
cmafiUOHapHbiMU cocmoJIHUJIMU. KpecmuKu u KPYJKKU omHoc.Rm
CJI coomeemcmeeHHq K 3KcnepuMeHmaAJ>H,.IM oaHHbiM no 
ce~eHUK> peaKijuul 41 u ce~eHwo CAUJIHUJI Is I. 

UenL ,D,aHHoii: pa6oTLI cocTOHT B TOM, 'IT06LI npoaHa

JIH3Hpoaa TL I}>H3H'IeCKY~ _ _£!._0J?OHY _ nQQ_Uecca. (;;Jilf.~HH.H .H,D,ep 

Ha ocHoBe He3Ha'IHTeJILHLIX MOAHI}>HKaulii- HcXO,D,Hoif Mo.zi.e-

JIH I I-:~/. llpH 3TOM MLI onpe,D,en.HeM, 'ITO cne,11,yeT noHH

MaTL nO,IJ, CJIOBaMH " Ce'leHHe o6pa30BaHH.H COCTaBHOrO 

.H,D,pa". fiOCJie,D,yiOll\ee H3JIO)KeHHe nOCB.Hll\eHO aHaJIH3Y H 

npHJIO)KeHHIO HeCKOJILKHX TaKHX onpe,D,eJieHHH. 
-----~----·--~ ----·- ---- -~ - --
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3. Hau6onee eCTeCTBeHHO nOnhlTaTbCB CBB3aTb ceqe

HHe o6pa30BaHHB COCTaBHOrO B~pa C HanH'IHeM KBa3HCTa

UHOHapHhlX cocTOBHHH B noTeHuuane I 1:1/. HMeHHo, npu

MeM, 'ITO ceqeHHe peaKUHH ecTh cyMMa /1.2/ npu cyMMH

poaaHHH no BCeM £ OT f = 0 ~0 £ = oo. llo~ Ce1.feHHeM COCTaB

HOrO B~pa 6y~eM nOHHMaTb qacTb CYMMhl /1.2/, nonyqeH

HYIO orpaHH'IeHHeM cyMMHpoaaHHB ~0 e c' _!'_.D.~- ec - eCTb 

MaKCHManhHhlH yrnOBOH MOMeHT KBa3HCTaUHOHapHOrO co

CTOBHHB, ~OCTH)I(HMhlH B noTeHUHanbHOH BMe /1.1/. Qqe

BH~HO, 'ITO ceqeHHe KaK ~YHKUHB 3HeprHH 6y~eT B03pa

CTaTb ~0 TeX nop, noKa 3~eKTHBHOe 1.fHCnO op6HTanbHhlX 

MOMeHTOB, BHOCBW:HX BKna~ B Ce1.feHHe /1.2/, He npeBhliUa

eT £ c • C ~anbHeHIUHM pOCTOM 3HeprHH BCe 6onbiUaB 'laCTb 

CYMMbl COCpe~oTa'IHBaeTCB B o6naCTH f > £ c' H n03TOMY 

OTHOCHTenbHhlH BKna~ B Ce1.feHHe o6pa30BaHHB COCTaBHOrO 

B~pa yMeHbiUaeTCB. 

Cne~yB pa6oTe 161, Mhl Haxo~HM cne~yro~ee ypaaHeHHe 

~nB nono)l(eHHB KBa3HCTaUHOHapHhlX ypoaHei 3Hepruu: 

r~e 

JE+3/2<klm ----e + 1 - k H --· -1 
--- = - kR \/ ¢ (kH ) ( 1 + y ) , 

l J£+l/2(klH> 

X 

\ ¢ ( x) = ~ + <e + 1/ 2) 2 'J 
2 -1,y= 

X 

d¢ 

1~ 4[ - l 
¢ 3/2 k:R 

j- f{ !..-~-"-
'•.L 

Lr- . t" 

illHpHHa KBa3HCTauuoHapHoro ypoBHB paaHa: 

[' - 2h 
2 

e- --
f1 

l/2 
k¢ (kR ) exp [ - 2 w (kR ) ] 

2 ----, 
:zf' t-1 Je+312<k1R> Je+3/2 <k1 R> 1_y 1 Rl1- -- + l+-- --

kR Jf+l/2(k R) .q+l/2(klR> ky¢ l+y 

npH'IeM noKa3aTenb 3KCnOHeHThl w(p) paBeH 

w(p) = - p ¢ 1 I 2 
( p) + '!_ TJ + TJ arc sin _ ___:_TJ_-_;P:__ __ 

2 -----

- (£ + 1/2Hn 

6 

y TJ 2 + (£ + 1/2) 2 

y TJ 2+ (£ + 1/2)2 

2 
TJ+ (f+l/2) j \£+1/2)¢l/2(p) 

p 

Ha, puc. 1 nyHKTHpHoi nHHHei noKa3aHo ceqeHHe o6-

pa3oBaHHB cocTaBHoro B~pa /a CMhlcne onpe~eneHHB, npu

ae~eHHoro B Haqane ~aHHoro nyHKTa/. Xo~ KpHaoi Ka'lecT

aeHHO npaBHnhHO OTpa)l(aeT 3KCnepHMeHTanhHYJO TeH~eH

UHIO K y6hlBaHHIO Ce'leHHJI CnHBHHB npH 60nhiUHX 3HeprHBX, 

O~HaKO B KOnH'IeCTBeHHOM OTHOIUeHHH HH 0 KaKOM COrnaCHH 

He MO)I(eT 6hlTh H pe'IH. O~Ha H3 npH'IHH Toro, 'ITO Bhl'IHC

neHHOe Ce1.feHHe CnHBHHB 3aHH)I(eHO no cpaBHeHHIO C 3KCne

pHMeHTanhHhlM COCTOHT B TOM, 'ITO B noTeHUHanhHOH BMe 

/1.1/ CyW:eCTByeT HeCKOnhKO KBa3HCTaUHOHapHhlX COCTOB

HHH c ~aHHhlM 3Ha1.feHHeM op6HTanbHOro MOMeHTa e H 

B ~OpMyne ~nB Ce\feHHB CnHBHHB 3TO cne~yeT y'IHThlBaTb, 

BBO~B aMnnHTY~Y nepexo~a H3 COCTOBHHB HenpephlBHOrO 

cneKTpa c 3Hepruei E B Ka)l(~oe H3 KBa3HcTaUHOHapHhiX 

COCTOBHHH. 

4. IIa~eHHB ce1.feHHB peaKUHH, Ha'IHHaB c HeKoTopoi 

3HeprHH, MO)I(HO ~06HTbCB, BBO~B B noTeHUHan KOHe'IHYIO 

MHHMYIO 1.faCTh. PaccMoTpHM, HanpHMep, pacceBHHe Ha 

cne~YJOW:eM noTeHuuane: 

v "l 
-Vo-i\\o 

2 z 1z 2e 

r 

npu r < R, 

/4.1/ 
npu r> R. 

B 3TOM cnyqae ~nB ceqe~HB HMeeM cne~yro~ee Bhlpa)l(eHue: 

a=rrA2 ~Te<U+U /4.2/ 

r~e 

'f f = -

4'1'2f 1 

2 2 
Ff + G f G eG f + F eF i 2 l ) 2 

( - -IJ'lf) +( -IJI2f 
2 2 . 2 2 

Ff+Gf Fe+Gf 

3~ecb '1'1 f , 'I' 2t - aew:ecTBeHHaB H MHHMaB qacTH nora

pH~MH1.fecKoi npoH3Bo~oi BHyTpeHHei ~YHKUHH npH r = R 
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'l' = 
If 

'l'' 
1 in -Re--
k 'I'. 

In 

'l' 2f 

'l'' 
1 in -Im--
k 'I'. 

In 

B cnyqae noTeHI.(Hana /4.1/ HMeeM: 

f + 1 
'l'If= ~-

1 J ( -Re[k _f+3/2 kiR> 
k I'J ] 

f + v2<k R> ' 

'l' - 1 J I 2f---Im[k ....i._+3/2<kiR> 
k I J - ] 

3.IJ;ech k 
y' 2j.tE 

h 

f + I/2 <k I m . 

y' 2p <E + V o + iW o . 
k I = 

h 

/4.3/ 

/I 2/ 
Cnyqaro, paCCMOTpeHHOMy B ' , COOTBeTCTByeT cne.IJ;ylOll.(HH 

Bhl6op 'l': 

'l' lf = 0 ' 
'l' E+V 2e =- v' __ o_ E . 

EcnH ycTpeMHTh B /4.3/ W 0 K "",To 6y.IJ;eM HMeTh 

1 . I/2 
'l' = 'l' = - --- (\\ /E) . 

If 2f V 2 0 

TaKHM o6pa3oM, npH yBenHqeHHH rny6HHhl MHHMoro noTeH
; ' 

l.(Hana Mhl He llpHXO.IJ;HM K cnyqaro, paCCMOTpeHHOMY B t I • 2/. 
KaqecTBeHHo .HcHo, KaK .IJ;On)l(}fo BeCTH ce6.H ceqeHHe 

/4.2/ npH HJMeHeHHH 3HeprHH. B caMoM .IJ;ene, npH ManhiX 

3HeprH.HX MliHMa.H qaCTh llOTeHI.(Hana .IJ;OMHHHpyeT, T .e. 

HMeeM MO.IJ;enb C CHnhHhlM nornOII.(eHHeM THna MO.IJ;enH 

ToMaca. B 3Toii o6nacTH ceqeHHe pacTeT c pocToM 3Hep

rHH. C .IJ;pyroii CTOpOHhl, npH BhlCOKHX 3HeprH.HX MHHMOH 

qaCThlO llOTeHI.(Hana MO)KHO npeHe6peqh, 8-MaTpHI.(a 6nH3Ka 

K YHHTapHOH, ll03TOMy CTpeMHTC.H K HyniO BenHqHHa 
'} 

T f \E > = 1 - 1 sf 1 ~ 

a, cne.IJ;OBaTenhHO, H BC.H CYMMa /4.2/. 

8 

~ 

' 

~ -i' 

... 

Ha puc. 2 npHBe.IJ;eHa JaBHCHMOCTh ceqeHHii OT 3HeprHH 

.IJ;n.H paJnHqHhlX rny6HH MHHMoro noTeHI.(Hana \\o. XoT.H 

KaqecTBeHHO na.IJ;eHHe ceqeHH.H C yMeHbWeHHeM 3HeprHH 

06'h.HCH.HeTC.H, HaKnOHhl KpHBhlX .IJ;n.H ceqeHHH OTnHqaiOTC.H 

OT 3KCnepHMeHTanhHhlX. 

E. 

200 

i50 

100 

50 

w,:soo 

111,:200 

w,•iOO 

--~ w,=so 

iO 

W,•iO 

50 100 150 200 

E~,.(MeV) 
Puc. 2. BepxH.RJI Kpuea.R - ce'ieHue peaKI.IUU, Bbl'iUCAeHHoe 
no (JopMyAe ToMaca /1.2/ c V 

0 
= 2,07 M3B.. OcmaAbHble 

CnAOIUHble AUHUU 01/lHOCJI1/lCJI K MOOeAU C KOHe'iHbiM n02A0-
1J1eHUeM. l(u(Jpbl cnpaea 01/l KpU8biX 03HQ'iQ101/l 2Ay6uHy MHU
MOU 'iacmu nomeHt~UaAa /M3B/. 3KcnepuMeHmaAbHble mottKU
me JICe, 'i11lO u Ha puc. 1. 

5. PaccMoTpeHHa.H B npe.IJ;hi.IJ;yll.(eM nyHKTe MO.IJ;enh Ha

noMHHaeT npol.(ecc pacce.HHH.H nyqKa 4JoTOHOB. IlpH 3TOM 

npOHCXO.IJ;HT ocna6neHHe HHTeHCHBHOCTH nyqKa 4JoTOHOB, XOT.H 

3HeprH.H pacCe.HHHhiX liJOTOHOB paBHa 3HeprHH na.IJ;alOll.(HX. 

C .IJ;pyroii CTOpOHhl, 3ap.H)KeHHhle qacTHI.(hl, npOXO.IJ;.H qepe3 

Bell.(eCTBO, TaK)Ke Tep.HIOT 3HeprHIO. IIonhiTaeMC.H nocTpOHTh 

aHanor TaKoii MO.IJ;enH B cnyqae pacce.HHH.H T.H)KenhiX HOHOB. 
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Mbi no- npe:>KueMy uexo,IJ;HM H3 noTeuu;uana I 1.1, O,IJ;HaKo 
e'IHTaeM TenepL, 'ITO, nona,IJ;aJI B o6naeTL r< R, qaeTuu;a 
TepJieT eao10 3HepruiO. llpu 3TOM npe~nonaraeTeJI, 'ITO npu 
r < R qaeTHUbl ,IJ;BH:>KyTeJI no KJiaeeuqeeKHM TpaeKTOPHJIM. 
lloeKOJILKY B 3TOB 06JiaeTH noTeHIJ;HaJI JIBJIJieTeJI KOHeTaH
TOB, TO TpaeKTopuu eyTL npJIMble JIHHHH. Ha rpauuu;e 
o6naeTH lnpu r = R I uaKJIOH TpaeKTopuu MeHJieTeJI H3- 3a 
eKa'IKa B noKa3aTene npenoMJieHHJI. PyKoBo,D;eTByJieL no
,IJ;06HbiMH eoo6pa:>KeHHJIMH, JierKO Bbi'IHeJIHTL ,IJ;JIHHY nyTH, 
npOXO,IJ;HMOrO qaeTHIJ;eB e op6HTaJILHbiM MOMeHTOM f 

r-, 2 2 
s r= 2RJ1- .:_e + 1/2> h 

211 (E + vo )R 

EeJIH :>Ke e TaKOBO, 'ITO no,IJ;Kopeuuoe Bblpa:>KeHHe OTpuu;a
TeJILHO, To Sr ene,11;yeT e'IHTaTL paBHbiM uyn10, T .K. npu 
3TOM HMeeT MeeTO nOJIHOe BHyTpeHHee OTpa:>KeHHe. )J,JIJI 
npoeTOTbl npHMeM, 'ITO noTepH 3HeprHH noeTOJIHHbl Ha e,IJ;HHH
u;e~ nyTH u paBHbl a M3B/4JM. Tor,11;a noTepu 3Hepruu ua 
0Tpe3Ke ,IJ;JIHHbl S e paBHbl 

ap=a·Sp IM3BI. 15.11 

«<>OpMyJiy ,IJ;JIJI ee'leHHJI eJIHJIHHJI MO:>KHO npe,IJ;eTaBHTL 
B BH,IJ;e 

a c = rr!..Z'J. (2£ + DTf(E)[1- Tf <E- ae )] . 15.21 

COMHO:>KHTeJIJIM, BXO,II;JIIltHM B /5.21, MO:>KHO ,IJ;aTL eJie,IJ;yJO
IltYIO 4JH3H'IeeKyiO HHTepnpeTaiJ;HIO. qaeTHIJ;a e 3Heprue8 
E u op6uTaJILHbiM MOMeHTOM f e aepoJITHoeTLIO Te (E)Mo:>KeT 
npoHHKHYTL qepe3 6apLep. llpoit,IJ;JI 6apLep H nonaB BHYTPL 
e4Jepbl pa,IJ;Hyea R, qaeTHIJ;a, B eOOTBeTeTBHH e HaWHMH npe,IJ;
noJIO:>KeHHJIMH, e HeH36e:>KHOeTLIO TepJieT 3HeprHIO ae M3B. 
)J,anee, T r<E- ae) eeTL BepOJITHOeTL qaeTHULI e 3Heprue8 
CE- a e) nOKHHYTL noTeHu;HaJILHYIO JIMy; TOr,IJ;a [1- Tp<E -ae )] 
eeTL BepOJITHOeTL TOrO, 'ITO 'laeTHIJ;a 3aXBaTHTeJI noTeH
IJ;HaJILHOH JIMoa. HaKoueu;, Tp <E>[1- Te<E--ap)] eeTL aepoJIT
uoeTL nonuoro npou;eeea. 

«<>H3H'IeeKH JieHO, KaK ,II;OJI)KHO DeeTH eeqeuue eJIHJIHHJI 
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i 
l 

z z e 2 

e poeTOM 3Hepruu. HMeuuo, npu E<<E B(=c _j-f--) ne.pBLIB 

MHO:>KHTeJIL B 15.21 3KenoHeHIJ;HaJILHO MaJI, a BTOpOB npaK
TH'IeeKH He OTJIH'IaeTeJI OT e,IJ;HHHIJ;bl. fio Mepe npH6JIH:>KeHHJI 
3HeprHH K 6apLepy Tp (E) ,IJ;JIJI MaJibiX e npH6JIH:>KaeTeJI K 1, 
TOr,IJ;a KaK H-Te <E-ae)] TaK:>Ke nopJI,IJ;Ka e,IJ;HHHUbl lu3-3a 
TOrO, 'ITO e6poe 3HeprHH BeJIHK HMeHHO ,IJ;JIJI MaJibiX f 1. 
TaKHM o6pa3oM, B no,IJ;6apLepuo8 o6naeTH Mbl ,IJ;OJI)KHbl 
ua6JIJO,IJ;aTL poeT eeqeuuJI e 3Heprue8.- llpu E > E B nepBbiB 

v2/l <E-EBm2 1 " 
MHO:>KHTeJIL - nopJI,D;Ka e,IJ;HHHIJ;LI ,IJ;JIJI f<f (o= -

2
) 

c h 
y6biBaeT e poeT OM f npH f > fc. )J,JIJI TeX f, ,II;JIJI KOTOpbiX 
a£> E-E B, Mbl HMeeM npe:>KHIOIO eHTyaiJ;HIO, T .e. ,IJ;JIJI TaKHX 
f OT,IJ;eJILHble eJiaraeMble 15.21 paeTyT. )J,JIJI TeX f, ,IJ;JIJI 
KOTOPLIX BLinOJIHJieTeJI o6paTHOe uepaBeHeTBO, T e <E-ae) no
pJI,D;Ka e,IJ;HHHIJ;bl H (1-Tp<E-ap)] 6JIH3KO K HYJIIO. C poeTOM 
3HeprHH 'IHeJIO op6HTaJILHbiX MOMeHTOB, y,IJ;OBJieTBOpJIIOiltHX 
uepaaeueTBY ap > E-E B, yMeHLUiaeTeJI. llo3TOMY B ua,IJ;-
6apLepuo8 o6naeTH eeqeuue eJIHJIHHJI npo,IJ;oJI)KaeT paeTH 
B HeKOTOpOM HHTepBaJie, 3aBHeJID.teM OT KOHeTaHTLI a , 

a 3aTeM uaquuaeT y6LIBaTL. 
Ha puc. 3 npuae,IJ;eHLI 3aBHeHMOeTH eeqeuuJI eJIHJIHHJI 

OT 3HeprHH ,IJ;JIJI pa3JIH'IHLIX 3Ha'leHHB KOHeTaHTbl e6poea 
3HeprHH a.JaMeTHM, 'ITO MO,IJ;eJIH ToMaea eOOTBeTeTByeT 
enyqaa a="". TaKHM o6pa3oM, 3Ha'leuue a = 2,5 M3B/4JM 
y,IJ;oBJieTaopuTeJILHO onueLIBaeT 3KenepuMeHTanLHLie ,11;au
HLie. Bee KpHBLie ua pueyuKe 6LIJIH BLI'IHeJieHLI npu To
MaeoaeKOM 3Haqeuuu Vo = 2,07 M3B. HuTepeeuo ,IJ;JIJI ,IJ;au
uoa MO,IJ;enu npoene,IJ;HTL, KaKyiO poJIL urpaeT BLI6op V0 . 
Ha puc. 4 npe,D;eTaaneu ua6op eeqeuua, BLI'IHeJieHHLIX 
,IJ;JIJI pa3JIH'IHLIX 3Ha'leHHB Vo H a. H3 pueyuKa ene,IJ;yeT, 
'ITO V0 H a y,IJ;a'luo ,IJ;onoJIHJIIOT ,11;pyr ,11;pyra npu 4JuTupoaa
HHH: 3Ha'leHHe a onpe,IJ;eJIJieT MeeTO OTXO,IJ;a KpHBOB eeqe
HHJI eJIHJIHHJI OT TOMaeoBeKOH KpHBOB, TOr,IJ;a KaK V0 onpe
,IJ,eJIJieT HaKJIOH ee'leHHJI eJIHJIHHJI. 

6. HuTepeeuo paeeMoTpeTL TaK:>Ke HHLie aapuanTLI ,11;e
rpa,11;au;uu 3Hepruu, KpoMe 15.11. Ha puc. 5 npuae,IJ,eHLI 
eeqeHHJI eJIHJIHHH ,IJ;JIH eJiyqaJI 3KenoueHIJ;HaJILHOrO y6LIBaHHH 
3HeprHH 
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Puc. 3. Mooe/lb co c6pocoM :mepzuu c nocmoJIHHoii nomepeu 
a Ha eOUHUIIe nymu. 3Ha~eHUJI a oaHbl B eOUHUIIOX M3B/ci>M 
U HOHeceHbl cnpaaa om KpU6biX. 3KcnepuMeHma/lbHble OOHHble 
me JKe, ~mo u Ha puc. 1. 

lOD 
uo 

iOO -.. E ----(c. 
50 

v.-..soo r=5 
'1,=101 r-=5 

v,d r =5 

v,-soo r=z. 
V,•iDO r=2. 

v,=t r=2. 
10~------~--------~~------~--------~------

100 150 200 50 
EA.<. (MeV) 

Puc. 4. MooeAb co c6pocoM 3Hepzuu c nocmoJIHHbiMU nome
PJIMU a Ha eoUHUIIe nymu. Cnpaaa om KPUBbiX HaxooJimcJI 
3Ha~eHUJI a /M3B/ci>M/ u Vo /M3B/. 3KcnepuMeHma/lbHble 
oaHHble me JKe, ~mo u Ha puc. 1. 

12 

I 

I 

l 
I 

. 
I 

200 I' 'J,=SIO o~.:O.i 

iSO I / v,. iiO J.. .. us 

100 

~~·} L= 
V, • itt o1. =o.ozs 

V, • iO .L = 1.015 
V.•i ol.=a.U5 

v,•5DI .1.. =o.u 

I f ~ 
V.• ill J.. •O.Ii 

V.• iO .L. = O.U 

I V.=i o~,:O.Di 

iD 
50 {00 t50 200 

E •.•. (MeV) 

Puc. 5 . • Wooe/lb co c6pocoM 3Hepzuu c 3KcnoHeHIIUO/IbHbiMU 
nomepJIMU: E<x? c~ E 0e-ax. l{u,Ppbl cnpaaa om KPUBbiX 03Ha
~al0m a /ci>M- I u Vo /M3B/. 3KcnepuMeHma/lbHble oaHHble 
me JKe, ~mo u Ha puc. 1. 

E = E
0
exp(-aS£) 

.nnJI pa3nH'IHblX 3Hal.JeHHH a , V 0 • BH.IJ.HO, 'ITO B 3TOM cny
qae TPY.D.Hee .no6HTbCJI cornacHJI c 3KcrrepHMeHTOM. B cny
qae, ecnH y6blnh 3HeprHH Ha e.nHHHI.J,e IIYTH rrporropuHoHanL-

Ha CKOpOCTH 

dE di-=-f3v, 
3HeprHJI rrocne rrpoxo:>K.IJ.eHHJI qacTHI.J,eH paccTOJIHHJI Se paa

Ha 

--- rse 2 
E<Se>=E 0 - ySeyiE + V0 + <-z-) 

2 
(y = v -[3). 

Jl 
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Ha puc. 6 npHBe,n;eHbl ceqeHHJI cnHJIHHJI ,n;nJI Ha6opa napa
MeTpoa y , V O. 0TMCTHM, 'ITO B 3TOM cnyqae BCe CC'ICHHJI 
H,D;YT npHMepHO napannenLHO H BapHaUB'JI Y Be,D;eT npHMCpHO 
K TCM )KC pe3ynLTaTaM, 'ITO H BapHaUHJI. V

0 
• 

100 

i50 

100 

--... 
.! 50 --Co 

~-~------ v,aSOO t=IJ 

v.=••a } .. aJ 

V,sSIO t=U 

'\•t r=o.3 

V.•i08 }=O.i 

V,•t ¥"0.i 

iO 100 150 200 50 
E •.•. (HeV) 

Puc. 6. MooeAb co c6pocoM 3Hepzuu c nomep.RMU 3Hepzuu, 

nponopfiUOHaAbHbiMU CKopocmu dE = -f3v. Qu¢pbl cnpaea 
2 dx 1/2 

om KpuebJX 03Ha"'arom y = v'- f3 je eOUHUflax M3B /tiJM/ 
f1 

uv0 /M3B/. 3KcnepuMeHmaAbHble oaHHble me JICe, 1.tmo u Ha 
puc. 1. 

7. HTaK, Mbl paccMoTpenH HecKonLKo ripocTbiX Mo,n;eneil, 
fi03BOllJIIO~HX ITOHJITL 4JH3HKY npouecca CllHJIHHJI Ha npHMepe 
peaKUHH <

1 
0, 

27 
Al ). HaH6onee y,n;a'IHOH JIBnJieTCJI Mo,n;enL 

c norno~eHHeM 3HeprHH. Heo6xo.n;HMO anpo6HpoBaTL pac
CMOTpeHHble MO,D;CllH Ha HMCIO~CMCJI 3KCnepHMCHTanLHOM 
MaTepHane. 

O.n;HH H3 aaTopoB I A.r .H./ 6naro.n;apeH npoc1Jeccopy 
B.r.ConoBLeay 3a npe.n;ocTaaneHHyro B03MO)KHOCTL pa6o
TaTL Ha,D; ,n;aHHOH TCMOH. 

14 

t 

l 
I 

I 

Jlumepamypa 

1. ,4.EAamm, B.BailcKon¢. Teopemu"tecKa.R .ROepHa.R ¢u3uKa. 
M., HJI., 1954. 

2. T.D. Thomas. Phys.Rev., 116, 703 j1959j. 
3. B.B.Ea6uKoe. )J(3TtiJ, 38, 279 /1960/. 
4. B. Wilkins and G./go. Proc. of the Third Conf. on 

Reactions between Complex Nuclei. (Univ. of Cali
fornia Press, Berkeley, 1963, p. 241). 

5. L.Kowalski, J. C.Jodogne and J.M.Miller. Phys. 
Rev., 169, 894 /1968/. 

6. G.H. Winslow. Phys.Rev., 96, 1032/1954/. 

PyKonucb nocmynuAa e u3oameAbCKUil omoeA 
25 ¢eepaA.R 1976 zooa. 

15 


