


PHc,}, llapaMeTpHS~R ~op~ ABOHHOH RAePHOH CHCTe~ AByMR 
c~epaMH paAHYCOB R1 , R2 ,cBnsaHHbMH KOHH~ecKoH meAKoH. 
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·stn6 mu: 
- nepeMeHHaR, xapaKTepH3Y~~aR cTeneHb 

CBR3H RAep. 

H3 pHc.1 BHAHO, 4To $opMa ABOHHOH RAePHOH cHcTeM~ napaMeTpH3yeT
CR ABYMR C$epaMH, 4eHTp~ KOTOP~X pacnono*eH~ Ha paCCTORHHH r, 
CBR3aHH~MH KOHH4eCKOH WeHKOH. 3Ha4eHHR a XapaKTepH3Y~T Ton~HHY 

CBR3~Ba~eH RAPa WeHKH. ,llnR a< 1/2 ocy~eCTBnReTCR "dinuclear 
regime", 8 3TOM pe*HMe AnR Mace~ OTHOCHTenbHOro ABH*eHHR npHHH
MaeTCR eenH4HHa npHBeAeHHOH Mace~. npH a > 1/2 peanH3yeTCR 
"mononuclear regime". B 3TOM cny4ae HHeP4HOHH~MH CHnaMH npe
He6peraeTCR , TaK KaK C4HTaeTCR , 4TO OHH 3Ha4HTenbHO MeHbWe AHC 
CHnaTHBH~X CHn. noTeH4HanbHaR 3HeprHR, KaK o6~4HO, npeACTaBnReT
CR B BI-1Ae CYMM~ noeepXHOCTHOH lo1 KynOHOBCKOH 3Heprlo1H. 8 TepMio1HaX 
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HOB~X nepeMeHH~X V !0 .,ja ( 0 + 1] ; u :o ft [ -1 +oa] B~pa*eHI-1e AnR 
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.noTeH41-1anbHOH 3Heprlo11-1 · nPHHio1MaeT Blo1A /nosepXHOCTHaR 3Heprlo1R pa3-
no*eHa B PRA AO 3-H CTeneHI-1 no a~nlo141o1He TO~Io1H~ WeHKH/: 

~ e noT.3Heprlo1R - noTeH4.3Heprlo11o1 KaCaT.C$ep = 
&rR2 y 

= vu -v 2 +v 8 -xu. 

3Aecb R .. R1 R 2/(R1+R2), X 
z 1Z1e 2/(R 1+R2)
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!kiiy 
3$$eKTHBH~H napa-

MeTp Aeni-1MOCTio1, paBHWH AnR 11dinuclear regime" OTHOWeHI-1~ Kyno
HOBCKHX Clo1n K nplo1TRrHBa~lo1M CHnaM nosepXHOCTHOrO HaTR~eHHR 1o1n1o1 
c1o1naM "proximity", pasH~M :4rrRy, y - K03CII$1o141o1eHT nosepxHoCTHoro 
HaTR*eHio1R. 
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..................... --------------------------------
noTeH~HaJlbHaJl 3HeprHJl B /2/ OTC4HT~BaeTCR OT ee 3Ha4eHHR AJlJl 

-~~ KaCa~~HXCR c~ep H OTHeCeHa K BeJ1H4HHe SuR y. ~OPMYJl~ AJ1Jl CKOpo-
CTH AHCCHna~HH 3HeprHH HMe~T BHA 

• - • 2 Q "'pv '(n- D) da - A11R "mononuclear regime" - Wall formula, 

A11Jl "dinuclear regime" - \-lall-_ and Window formula. 
B /3/ P - JlAepHaJl nnoTHOCTb, v - cpeAHee 3Ha4eHHe HYKJlOHHOH 

CKOPOCTH, n - HOpMaJlbi-taJl CKOPOCTb 3JleMeHTa noBepXHOCTH da, !!a 
nn~aAb OKHa, Ut, Ur- TaHreH~HaJlbHaR H paAHaJlbHaR KOMnOHeHT~ OT
HOCHTeJlbHOro ABHmeHHR JlAep, 0 - HOpMaJlbHaR KOMnoHeHTa APeH~OBOH 
CKOPOCTH 4aCTH~, B3aHMOAeHCTBY~~HX C noeepXHOCTb~. B~pameHHR 
AJlR Q, KaK H B CJ1y4ae C noTeH~HaJlbHOH 3HeprHeH, paCKJlaA~Ba~TCR 
B PRA AO 3-ro nOPJlAKa no eeJ1H4HHe TO~HH~ WeHKH H 3aTeM 3anHc~
ea~TCJl B TepMHHaX Y H a /a pa6oTe/6/ npHBeAeH~ RBH~e B~pameHHR 
0 KaK ~YHK~HH KOH~Hrypa~HH/. AnR nOJlHOT~ H3110meHHJl npHBeAeM 

ypaeHeHHR ABHmeHHJl /A11R "dinuclear regime"/: 
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TpaeKTOPH~e pac4eT~, e~nonHeHH~e A11R CHCTeM c pa311H4a~HMHCR 

3Ha4eHHJlMH AeJlHMOCTH H acHMMeTpHH, npHBeJlH aeTopa pa6oT 
11

'
61 

K HeTpHBHaJlbHOMY B~BOAY: A11R TOrO, 4To6~ CJlHRHHe HMeJlO MeCTO, 
a PJlAe cny4aee HymHa AOnoJlHHTeJlbHaR KHHeTH4eCKaR 3HeprHJl Er 
BO BXOAHOM KaHane. B~pameHHe A11R E r HMeeT BHA: 

0; 
2 2 2 n~p. 

(Z /A)~<t>4>. + (L/Lxap) ~ (Z /A) 34>4> •• 
/51 

E [ 2 )2 2 nop. 2 
k (Z I A) ~4J4J,+ (L/L xap. - (Z I A) :l4J4J_l + e~cwHe 

CTeneHH B~pameHHJl, CTOR~ero B KBaApaTH~X CK06Kax; 

(Z 2 /A)~$ - (L/L xap) 2 > (Z 
2
/A) ~:: 

' 

B /5/ (Z 2/A)~<Ml: 3~~eKTHBHaR AeJlHMOCTb, paBHaR 

(Z2/A)~4>4>:" 4Z Z /A
118

A
118 f!i118 

+ A
118

), (Z 2/A)~: .. 
noporoeaR eenH4HHa 3~eKTHBHOH Ae11HMOCTH /4Hcno, nony4eHHoe 
H3 TpaeKTOPH~X pac4eTOB/, L/L xap, - yrJlOBOH MOMeHT CHCTeM~ 
a eAHHH~ax L x ap. , onpeAeneHHoro KaK 

A
2/8 2/8 (A1/8 1/8 ) 

ey'mro 1 A 2 1 +A2 
L "'--- _.;;...-::::::::==:-..;;;.-

xap. 2f v' A 1 + A 2 

napaMeTp f paBeH AJlR c6nHma~HXCR RAeP H 5/7 AJlR ABYX c~ep, 
epa~a~HXCJl 6e3 CKOJlbmeHHR. 8e11H4HHa k, BXOAR~aR B B~pameHHe 

/5/, pasHa: 

Al/8 A 118 (A 118 Al/8 ) 2 218 1 2 1 + 2 -E-(.!.) 
(A 

1 
+ A 2 ) 2025 rr 

k= 

rAe a - napaMeTp, ycTaHOBJleHH~H H3 TpaeKTOPH~X pac4eTOB (a = 5), 
K 4HCJ1y opHrHHaJlbH~X MOMeHTOB pa60T/1·6/ OTHOCHTCR TaKme 

TOT ~aKT, 4TO HH~OpMa~H~ 0 AOnOJlHHTeJlbHOH 3HeprHH /Extra push/ 
CBJlTe~KHH AOBOJlbHO npoCT~M o6pa30M BHeC B KJlaCCH4eCKOe onpeAe
JleHHe ce4eHHR peaK~HH. M~ He 6yAeM eocnpoH3BOAHTb ero paccy~e-

. I - - /0 I 1 

nYII1 I vnn IIVI-\IJUUMU l'l;jJIUIKt::Mbl ts ~dUU It:: . -· I • d npo-~eeAeM OKOH4a-

TeJlbHOe e~pameHHe AJlR a: 

/6/ 

- 2 2 nop.1 c 1 .. v' k [ (Z I A)~<l><l>- - (Z I A)~<t> •• 

llfJM 2 1/8 -1/S 
0= R- -, R=1,28A -0,76+ O,SA ~M. 
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B 6onee n03AHei1 pa6oTe 141 A11R napaMeTpoa r, a H (Z 2 I A)~ 6b1J1H 
npHHRTbl CJ1eAYIOII4He 3Ha4eHHR: r = 3/4' a = 12' (z2 I A)"~R.· =a!J': 
Ha pHc.2 npHBeAeHo Ka4ecTBeHHoe noaeAeHHe ce4eHHi1 ~~~HH, pac-

1Tf2 
C4HTaHHbiX no o6w4Hoi1 !llOPMYJle ur = --

0 
(E - V8 ) H no !llOPMYJle /6/, 

E 

coAeplKall(ei1 HH!IlopMa~HIO o6 "extra push~e". TaM IKe noRcHeH CMbiCJl 
BeJ1H4HH C1 H C

2
, 

PHc.2. KaqecTBeunoe nosegeHHe 
ceqeHHH CJIHRHHR U O, paccqHTaH
HhlX no MOgH~HUHPOBaHHOH ~OpMyne 
/6/ '/mTpHXOBNe nHHHH/· H no 
mnnMVno> n - wP 2 (1 " /10'\ 

ic~~mHNe ~HHH~~~; 3~=~~~MOCTH 
OT 3HeprHH CTOflKHOBeHHR, 

/ 

-, 
,..c.....2· 
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III. ,llE!IlOPMAU11R !llOPMbl R,llEP 11 3~EKTI1BHbiE 6APbEPbl CJ111RH11R 

• 

113BeCTHO, 4TO RAPa o6JlaAaiOT KOHe4HOH l~eCTKOCTbiO no OTHOI!IeHHIO 
K A -noJlbHOH Ae!llOPMa~HH !llOPMbl RAep. no3TOMY .ecTeCTBeHHO OIKHAaTb 
a xoAe peaK~HH aoaHHKHOBeHHR A-nonbHbiX Ae!llOPMa~HH !llOPMbl RAep, 
Bb13BaHHbiX KYJlOHOBCKHM B3aHMOAeHCTBHeM, RBJlR~HMCR no CBOeH npH
POAe KonneKTHBHbiM. Y4HTwaaR aoaMOIKHOCTb HaMeHeHHR !llOPMN RAeP 
B XOAe peaK~HH, A11R 3~eKTHBHOrO 6apbepa CJlHRHHR npHMeM CJleAyiO
II(ee cooTHoweHHe/71: 

(Q (Q 
V 8 = max[ V KyJJ.(r, ~A ) + V JJJJ.. (r, ~ A )], 

181 (i) 
rAe VKy.'l. onpeAeneHo, KaK a , ~A - napaMeTpw, onHCNBa1011111e !lloPMY 
RAep. ,llnR RAepHoro noTeH~Hana npHHRTa HaH6onee 4acTo ynoTpe6nRe
MaR !llopMa CaKcoHa-ByAca. BenH4HHa 3!1>!1leKTHBHoro 6apbepa no caoeMy 
!llH3H4eCKOMY CMWCJly pasHa MHHHMaJlbHOH KHHeTH4eCKOH 3HeprHH BO 
BXOAHOM KaHaJle, Heo6XOAHMOH AJlR CJlHRHHR /3!1l!lleKTaMH nOA6apbep
Horo cnHRHHR, ecTecTaeHHo, npeHe6peraeM/. no3TOMY awpameHHe /7/ 

6 

MOIKHO aanHcaTb a YAo6Hoi1 c T04KH apeHHR 3KcnepHMeHTal1bHoro Ha
MepeHHR !llOPMe, npHHRB napaMeTpHaa~HI0//8/ 

171 

3AeCb E nop. CJUfliH.- noporoaaR 3HeprHR CJlHRHHR, E 1 - 6apbep aaaHMo
Aei1cTBHR AI1R HaH6onee npeAno4THTeJ1bHbiX opHeHTa~HH a no6oawx 
cTOJlKHOBeHHRX. TaKHM o6paaoM, npo6neMa nepeHopMHpoBKH 3!1>!1leKTHB
Horo 6apbepa BCJleACTBHe AeHCTBHR R~~pHbiX CHJl H KYJlOHOBCKHX CHJl 
CBOAHTCR K onpeAeJleHHIO BeJ1H4HH~ r 3IJKP•, -Bonpoc 0 BKJlaAe RAePHbiX 
H KYJlOHOBCKHX CHJl B BeJ1H4HHyr 3 $ nOAPOOHO paCCMaTpHBaJlCR 
B pa60Te/7/,3AeCb MW paCCMOTPHM H3MeHeHHR B BeJ1H4HHaX 6apbepoa 
/B noporOBbiX 3HeprHRX CJlHRHHR/ BCJleACTBHe AHHaMH4eCKHX HCKalKe
HHH !llOPMW RAep, aoaHHKaiOIIIHX noA AeHcTBHeM KynoHoacKHX cHn.AflR 
RAep, OOJlaAaiOII(HX CTaTH4eCKOH KBaAPYnOJlbHOH Ae!llOPMa~Hei1 ~~1) , 

~~), npHMeM o6b14HOe onpeAeJleHHe paAHyCa CHJlbHOrO B3aHMOAeHCTBHR: 

[ 
1/2 (1) 

R 0 = R01 1 + (6/4") ~ 2 P2 (cos61)] + 

[ 
t/2 (2) 

+ R02 1 + (5/411) ~ 
2 

P 2 (cos("- o2 ))] , /8/ 

,llnR RAepHoro /BHAa CaKcoHa-ByAca/ H KYJlOHOBCKoro noTeH~Hanoa 
HMeeM: 

/9/ 

• 
/10/ 

ECJlH npHHRTb BO BHHMaHHe, 4TO RAPa o611aAaiOT KOHe4HOH IKeCTKOCTbiO 
C2 /paccMaTpHBaeM TOJlbKO KBaApynOJlbHble KOJ1e6aHHR !llOPMN/, TO 

/11 I 
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/12/ 

Pac4eT~, 8~nonHeHH~e An~ pa3n~4H~x ~Aep, noKa3~8a~T, 4TO 
0, 8 .::; a <5.. 1 • 3To o3Ha4aeT, 4TO An~ 3aAaHHOH nap~ HaneTaiOIII~H 
~OH + ~APO-M~WeHb 3~~eKT~8H~H 6apbep 803pacTaeT 8CneACT8~e 3~
~eKT08 ~cKa*eH~~ ~opM~ ~Aep. 0TMeT~M, 4To ~eKT~ A~HaM~4eCKOH 
Ae~opMa~~~ /11/, /12/ 8~4~cneH~ 6e3 y4eTa HAePH~x c~n. 0AHaKo, 
KaK 3To cneAyeT ~3 /7/, ~AePH~e c~n~ ~rpa~T 6onbwy~ ponb 8 ~op
M~po8aH~~ 6apbepa. Ha 3To Y*e o6pa~anocb BHHMaH~e 8 pa6oTe 191 . 
B AOnonHeH~e K 8~80AaM a8Topo8 191 OTMeT~M, 4TO nocKonbKY Kyno
H08CK~e c~nbl ~8n~~TC~ AanbHOAeHCT8Y~~HM~, TO OH~ 11nOArOTa8n~-
8a~T11 ~Apa K MOMeHTy 8Kn~4eHH~ ~AePH~X CHn, nepeHOPM~PY~ Pall~YCbl 

cpeAHero non~ ~AeP R 01 .TaK~M o6pa3oM, KynoHOBCKHe c~n~ KaK 
8 aA~a6aT~4eCKOM, ·TaK ~ 8 HeaA~a6aT~4ecKoM np~6n~*eH~~x Aei1cT-
8Y~T 8 OAHOM Hanpa8neH~~: 8 CTOPOHY y8enH4eH~~ 8~COT~ 6apbepa. 
4TO KacaeTC~ ~AePH~X CHn, TO OH~ Hrpa~T A80~Ky~ ponb 8 onpeAe
neHH~ 6apbepa. C OAHOH CTOPOH~, ~AepH~e CHn~ AeHCT8Y~T 8 Hanpa8-
neH~~, o6paTHOM KynOH08CK~M C~naM, ~ TeM CaM~M AOn*H~ np~80AHTb 
K yMeHbWeH~~ A~HaM~4eCK~X ~CKa*eH~H, 8~38aHH~X KynoH08CK~M~ c~
naM~. C APYroi1 CTOPOH~, ~AePH~e C~n~ np~BOART K TaK Ha3~BaeMOH 
YAaPHOH C~Tya~~~. T.e. B3a~MOAeHCTB~e RAeP C y4eTOM RAePH~X C~n 
HOCHT cy~eCTBeHHO HeaA~a6aT~4eCK~H xapaKTep. 3TO np~BOA~T K B03-
6Y*AeH~~ ~AeP Y*e Ha nepaoi1 CTaA~~ cn~~HHft. 

TaKHM o6pa3oM, onpeAeneHHe AnR V a/7 I, cTporo roaop~, aepHo 
TOnbKO B aAHa6aTH4eCKOM npH6nH~eHHH, T.e. B cny4ae, KOrAa npeA
nonaraeTC~, 4TO Ha KamAOM 3Tane B3aHMOAeHCTBHft CHCTeM~ ycnesa~T 
cneA~Tb 3a ~3MeHeH~~M~ BHewHero non~. 3To o3Ha4aeT, 4TO HAPa 
MoryT ~3MeH~Tb cao~ ~OPMY IA~OPM~poaaTbCH/, ocTaaa~cb np~ 3TOM 
11XOnOAH~M~ 11 . Ecn~ Tenepb np~H~Tb BO BH~MaHHe, 4TO napaMeTp~ f31i), 
on~c~aa10111~e QOPMY ~Aep, H3MeH~~TC~ C 3aMeTHOH CKOPOCTb~ /COH3-
MepHMOH co CKopocTbiO pa3neTa ~AeP a6nH3H VB I, To An~ VB cne
AYeT np~H~Tb APYroe onpeAeneH~e: 

V8 = V~l) + E*, 

8 

rAe V~) - 3~eKT~BH~i1 6apbep, paCC4~TaHH~H C y4eTOM 3~e~oa 
A~HaM~4eCKOH Ae~opMa~~~ a aA~a6aT~4eCKOM np~6n~*eH~~. a E* 
xapaKTep~3yeT HeaA~a6aT~4eCK~e 3~~eKT~, T.e. 8en~4~HY A~Cc~na

~~~ K~HeT~4eCKOH 3Hepr~~ OTHOC~TenbHoro AB~*eH~~ ~Aep Ha BHyT
peHH~e cTeneH~ cao6oA~ ~Aep. B pa6oTe 171 npoaeAeH pac4eT aen~-
4~H f* An~ P~Aa peaK~~H fAn~ BHyTpeHH~X KonneKT~BH~X raM~nbTO
H~aHOB ~Aep 6~no nP~H~TO np~Gn~~eHHe 3~eKT~BHOrO OC~~nn~Topa/. 
MacwTa6 3Ha4eH~H E* cocTaan~eT 2-5% aen~4~H VB. 

B Ta6n~~e np~BeAeH~ ~3MeHeH~~ a aen~4~Hax 3~eKT~BH~x 6apbe
poa ~Aep, pacc4~TaHH~e a aA~a6aT~4eCKOM npH6nH*eH~~. TaM *e · 
npeACTaaneH~ pe3ynbTaT~ pac4eToa, a~nonHeHH~x Ca~Te~KHM Ha oc
Hoae ~opMyn~ /6/. H3 rpaQ~K08 3aa~c~MOCT~ ce4eH~H cn~~H~~ u 
OT E M~ B3~n~ TOnbKO T04K~, OTHOC~~~ec~ K CAB~raM noporOB~X 
3Hepr~.H cn~~H~~ OTHOC~TenbHO 3~eKT~BH~X 6apbepoB VB, B~4~CneH
H~X 6e3 y4eTa A~HaM~4eCK~X ~CKa*eH~H QOpM~ HAep /T.e. An~ KOHK
peTH~X peaK~~I1 np~BeAeH~ aen~4~H~ Ci ~3 p~c. 2/. 

Ta6nH~a 

PeaK~H V g- 6es ytteTa VB- c yqeTOM ~VB 

AJiH.AeclJ,, M3B AJiH.AeclJ,, M3B ~VB H3 pa6oTbl 121 

26Mg + 208Pb 110,8 113' 6 2,8 -0 
27 Al ... 208 !>h 110,7 1?1 ' 'l (.. 0 

50Ti + 208pb 187,9 201 13, I -10 
52cr + 208pb 203,9 219,8 15,9 -15,2 
68Fe+ 208pb 217,9 237,5 19,5 -17 

64Ni + 208 Pb 231,6 254, I 23,1 -32,5 

48Ca + 208Pb 181,5 188,8 7,3 - 8 

B~AHO, 4To cornacHe pac4eToa, y4~T~Ba10111~X ao3MO*HOCTb A~HaM~-
4ecK~x HCKa*eH~H QOPM~ ~AeP B XOAe peaK~~~. C pe3ynbTaTaM~ pa-
6oT~ Ca~Te~Koro YAOBneTBOP~TenbHOe. np~ 3TOM M~ He aapb~poaan~ 
napaMeTp~ /Hanp~Mep, 8en~4~Ha *eCTKOCT~ BC~AY np~H~Manacb paa
HOH 6~ M3B/ An~ nony4eH~~ ny4wero coanaAeH~~. 

Uenb pa6oT~ 6~na ~HaR, a ~MeHHo: nony4~Tb CAB~r~ a aen~4~Hax 
6apbepo8 80 8XOAHOM KaHane, OCH08~8a~Cb Ha 3QQeKTaX ~CKa*eH~~ 
QOPM~ ~Aep. 3T~ 3QQeKT~ B 8~6paHHOH a8TOPOM pa6oT~/l/ napaMeTp~
aa~~~ QopM A80i1Hoi1 ~AepHol1 c~cTeM~ He 6~n~ Y4TeH~. 
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3AKI104EHHE 

KaK YlKe HeOAHOKpaTHo noA4ePKHBanocb asTopaMH pa6oT /1-8/, Bbi-
4HcneHHe Ce4eHHH o6pa30BaHHH KOMnayHA-RAeP no ~OpMyne /6/ Tpe-
6yeT aHaHHR no KpaHHeH Mepe Tpex napaMeTpos. Hx npH6JlHlKeHHble 
3Ha4eHHR Ha nepBbiX 3Tanax pa60Tbl yc~aHaBJlHBaKlTCR H3 YCJlOBHR 
coanaAeHHR pac4eTHbiX KPHBbiX AJlR u c 3KcnepHMeHTanbHbiMH AJlR 
KOHKpeTHbiX peaK~HH. !enaTeJlbHO HaHTH cnoco6 HX He 3aBHCR~ero 
OT MOAeJlH onpeAeJleHHR. npeAJlOlKeHHaR CXeMa npeACTaBJlReT B03MOlK
HOCTb AJlR o~eHKH no KpaHHeH Mepe OAHOro napaMeTpa. B CJleAY~HX 
ny6JlHKa~HRX npeAnonaraeTCR npoBeCTH o~eHKH BXOAR~HX B ypaBHeHHe 
/6/ napaMeTpos. 3To noTpe6yeT pacwHpeHHR paccMoTpeHHOH cxeMbl. 
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