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I.BBe,n;eHHe 
B rrocrre~HHe rOÃH Wo~Hr-MoÃe~/I/ lliHpOKO Hcrro~b3yeTcH ~ aHa

~3a yrrpyroro H Heyrrpyroro paCCeHHHH aYKflOHOB fi crrO~HHX HÃepHHX ~acTHU. 

O~eHb rrorry~pHHM a~eKTHBHHM B3aHMOÃe~CTBHeM B aTHX paC~eTaX H~eTCH 

M3Y HYMOH-HYMOHHOe (NN ) B3aHMO.neiicTBHe/2/ , OCHoBaHHoe aa G
MaTpH~HHX a~eMeHTaX NN ~B3aHMOÃeiicTBHii Pei~a H 8~OTa. HeCMOTpH Ha 
ycrrex B aHaJIH3e paCCeHHHH THiKeJIliX HOHOB (no /I{ M3Y - B3aHMOÃeticTBHe 
OKa3MOCb ne B CODTOHHHH orracnsarr, O( -HÃ8p'Hoe pacceanae aa rrrn:pOKOM 
HH;epBMe yr~OB rrpH aHeprRHX E~~ 100 MaB 73/ , H no~pea~cTH~ecKaH 
~OTHOCTHaH 3aBHCHMOCTb 6~a BBeÃeHa BaTO B3aHt10ÃeMCTBHe ( DDM3Y
B3aHMOÃeHCTBHe). DÃHaKO DDM3Y - B3aHMOÃe11:CTBHe OKa3a~OCb ,e B COCTO
HHHH OÃHOBpeMeHHO orrHCHBaTb pacceHHHH ex -~acTHU H TM .4/. rrOCKO~b-
KY pons rrpmmana rray~ osens cymecTBemIa rrpa onacaaaa B3àHMoÃe~cTBHH ." 
tiacTHu "Ím31illX suepraã c MPaMl.,/5,u/ , raxoe naoororacae MO:IKeT 6HTb o6yc- ,. 
~OMeHo TeM. ~TO B 060HX M3'1'-H DDM3Y-B3aHMo,neticTBIDIx o6MeHHHe NN-KOP

peARUHH y~THBaIDTCH ~b a~eKTHBHO BBe,neHHeM rrceBÃonOTe~ana HY~e

Boro pa,IUiyca. rrceBÃorrOTeHUHa~ .fIBJlHeTCH rrpH6~DeHHeM }J)I.H 06MeHHoro rro
TeH~Ma B c~~ae 6eCKOHelffiOH MepHOH MaTepRH c rrocToHHHof:i ~OTHOCTbIO 

/1, H MO:IKeT OKa3aTbCH HeÃOCTaTO~M ~ C~~aH CTO~KHOBeHHH ~yx KO
HelffiHX flÃep. HeÃaBHO B /8,9/ 6un pa3BRT MeTOÃ pac~eTa o6MeHHoro rrOTeH
~a~a H3 rrepBHx rrpHHUHrroB BMeCTO RcrrO~b30BaHHH rrce~orrOTeHUH~a. OÃHa
KO aTOT MeTOÃ OCHOB8H Ha rpOM03ÃKOH HTepaUMoHHoH rrpone~pe H MO:IKeT 
6HTb RC/O~b30BaH TO~KO }J)I.H aHaHR3a yrrpyroro pacceHHHH C~O:IKHHX ~aCT~. 

B 10/ 6~ rrpe~O:IKeH e~HH rrO~MHKpOCKOrrn~ecKH~rroÃxoÃ K orrnc8
rllim yrrpyroro R Heyrrpyroro pacceHHHH HYKflOHOB H C~O~HX ~ac~, TÃe B 
OTJll'I~e OT rr~o~/iX nonxonoa K 38Ãa~aM pacceaaaa HYMoHoB/I 7, 0(

qaCTllU R TM ') BHpaEeHHR ~ 06MeHHHX rrOTeH~MOB rro~~eHH B 38MK
HYTOn illOpMB, B ~OKMbHOM rrpH6~eHHH WOpMaJll'l3Ma MaTPKUH ~OTHOCTH, 

1 D'lIIC;'hCi(Uli~Ü' imCraryt I 
C~'-: lJji l;,a A Se: .1~)lDB1UBI 

6l1&Jf~lCTEKAI. 
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y'tleToM no.mroã aHTUeMMM8TpMSaU;li11 MeJK,I(y COCTOmIIDIMM HYKJIOHOB HaJIeTaromlüi: 

qaCT1ID.ll 11 Hy:KJIOHOB anpa-eanueaa, oea acncorssosaaaa xaxax-..1JHOO nrepana
OHHHX rrpou;e~p. B HaCTORmeli paOOTe 3TOT rro~xo~ rrpHMeHReTCfl R aHa~saM 

ynpyroro l'[ neynpyrcro paccesnaa o< - 'tIaCT11U H TM npa paSHUX anep
rIDDC 11 R 113y'tleHHlO OOMeHHUX NN -KOppeJI.HIJ;Irfi B aTUX npnneccax, 

2.êJ?opMaJII13M 

I1PJIMaH 'tIaCTr, anpo-nnepnoro rrOTeHIJ;l1aJIa pacc'tlliTJ:illaeTc./
I / IIYTeM 

ycpennenaa rrp.HMoi1: 'tIaCTli aq.xI1eKTuBHoro NN - BSaMMo,neíicTBIDI IrD(S) rro 

JI,IJ;8pHHM !1JI:JTHOCTRM ;nBYX CTaJIKHBaIllIlMXCfl anep c Macc8.MH Ali H A2 : 

DI' ~ SA"')(~) rL2)(-~ (d-"d~ ... ""'"" ~ ,..U '-.R)::: r ~ r r;)1i"p s) r., li ) S::: t;,-fi+R. (I) 

I 2/OOM8HID:lfr noreanaa..'I B OOmeM CJIy'tlae ,nOJIJKeH OUTp HeJIORaJI:bHm/ . 
110CROJIr,KY TO'tIHuM y'tleT HeJIORaJIIJHOrO OOMeHHoro qneH8 CJIUlliKOM CJIO~eH,B 

tnICJIeHHI:lX pacve'rax, RaK rrpaB:HJIO, npHMeHHIOT rrp0U;I3.nyPY· JIOKaJrnSaI.UUi OOMeH

soro ~pO-R,UepHOrO rrOTeHIJ;H8JIa, B KOTOPOit OTHOCl1TeJIhHhI8 ,nBHJlteHiR rKJIO

HOE B CTaJIRHBaRJUnlXCR anpax rrp8~CTaBJImOTCJl B BH,n;e TIJIOCKHX BO~ 13 • B 
TaROM npHOJrn~eHRH OOMeHHaM nOTeHqKaJI.npe,ncTaBnJIeT COOOH CJIe,nYIDmHH aH

TlicuMMe'rpHsoBaHHbIH M8TpM'tIHillí aJIeMeHT oOMeHHOn qaCTH sqxpeKTliBHoro NN
BsaliMo,neticTEID'I ""EX(S) rro O,UHO'tlaCTlftmUM BOJIHOBHM W'HRIUUllJl HYRJIOHOB I L> 
li Ij > B H,Iij)ax A'l H Al. COOTBeTCTBeHHO: 

UEX(R)=L <i.j !l1exIjr,>. 
L6A > j6A2, (2)
 

JLaJIee, IIOCJIe BBe,neHIDI O,IJ;HO'tlaCTI1tUI~n MBTPHUIl lIJIOTHOCTH p(~ r') /8,10/ ,
 
OOMeHHaR nOTeHqHaJI MoxeT OHTb 3anncaH B qopMe:
 

. UEJ«Rl=~ p~ti;,'.G"S') fW, ~-S')1rEX(S)exp filicR'> s'IM] di;,'dii, (3) 

nne k2(R)= (2m.M/t;2) [E .- U(k")-yc(t()]) (4)c.m 

.M. li: Ec.m. ecrs npaneneaaaa Macca ~b A.A~I(A.t+ A2.) li: aaepraa OTHOCRTem,-

Horo .n;BRmeHRJI B C~CTeMe ueHTpa MaCC, m - Macca HYKJ10Ha. 3.n;ec:D 

UCft) H VC(R) -.rrOJIHHl1 H,IlepHHfi, T. e. U(R):: UD(R) +UEX(~) ,li KYJIOHOB

CKH~ nOTeHIU1a~. PaSBHTaq H8MIf cxeMa paC'tIeT8 OOMeHHoro rrOTemlliaJIa (3) 
~3~araeTCff IIo~6HO B /10/. ~!o nORasaHO, ~TO c nOMOmIJID TeOpeMH YMHO

.EelllIR,IJ.JU1 <PYHI<UIDl Becceaa, pemeaaa liHTerpaJThHOrO ypasneaaa (3), ( 4) 
'JdoI'y'r 6H'1':b rro.nyqeHJ:il B SaMKHYToK ({:opMe. 

HMAHHO, c y~eToM ~~JIbTRrrO~1:bHUX pa3JIo~eHHfi' n.n;epHoro li KYJIOHOBCRO

ro rrOTerrrma~OB B BH.n;e: .
 

U(ft)-kYCOt):2=CL(UrCR)+U~XCR)+VE(R))Y~ (~):::LCL[ UiXCR)+VL(R)]Yt~f~) 
LM LM' 

2 

rrOJIy'tlaeM 

UL(R)= uPCR) + UiX(R) = U~(R)+ 1t o (R)+ te(RHL"CR) [1 +é)e(R)I01-(R)] J{ 

1 ~2(R> 
J( [I-oJR)-flc,ÇR)] +~~R)IL2(R) [IolR)-fk}R)] + 4JT ILiR~ (211-t1) I

Jl1 
(R)x 

11=1:.0 

~ [Ino(R)-+V,,(R)] +~R)L L -~I\ S{l}l})'; ~~'){[IJl'oCR)+ "",CR)] )(
1)'" 7I't<' L 

(",*0) 

><[IM (R)+2cr:(R)IJl2.(R) (Ioô{R)- fk.(R»)] + ~(R) I71'1(R)I Jl1(JO [Ioo{R~- f,,!R)]} ) 

(6) 

rne CJI = I eCJIn ))"* O, Co='ffif, ~(R)= m/{1koCR}11l2.)- ) 

K:CR) =(2m.M/ii2.){Ec.m.-U~(R)-V;~R)J) {7} 

"" ;llll' 
SCLllll'; r-er-a')=ffJIt <})~/)'t-<'I L(~+fl'»<l\071'O ILo) 

li OOMeHIllie liHTerpaJIH IJln{R) BCTh: 
cOe) 

. flln(R)= ~ ~ lJ"f:XCS) jn(\k;(R)1s/M)GlI(R)s) snt2 ds (8) 

o 

O lc2.iR)~o ( 9) 

fkIR)= 
) co 

{
• t,'l-!{Rlj(rnJ\l) (lOl z· ...,\:~(Jll< o. 

~yHKl.UUI GJ/R)s) oonepza'r BC-e Heo-c5xO,1un.me UH<P0PMaumf -o ~epHoi1: 
CTPYI{Type xepea nep eXO,1lHj e IIJIOTHOCTR -CTaJIllliBaIOIImXCJl Jl,I(eIJ, HBHHH BR,1l 

-G})(R)s) MOJKHO itaMTli B rol. B 'tIaCTHOCTli,.,I(.JUi CJIY'tIaH Bos6YJK.IJ;emiJl 

onucro HS ,nBYX CTaJIIG1BaIOOniXCJl JI,Uep, uanp, I~ = 711 =J) -:J: o 
t,:: I~= 11 = o, 00 HMeeM 

(In
G}){T?)s)= (Il121(1) Sf~'(t;s) f~)( t~s) jll{iRH2.dt 

r,ne 00 o 

fJl(t)s)::: 4JTSPi'l(r)j1(k~r)s)j»ttr} r2dr ) j.,(X)::: 3 (sin)i(-XCos;j(·)/x~ .. 

3,necL '0_ l'I -KOMIlOHeHTa nepexonnoã llJIOTHOCT:H naauoro smpa :HP,,( r) 
\çF(r) =[1.5JT2.po(r)]~ '. OTMeTHM, 'tI'I'O G.JICR) s)He .s8J3liCHT OT 3HeprID:I 11 

HYJKHD paccxarars ~(RJs) <r0JIhRO O,nHH pas .wm yrrpyI':HXH HeyrrpyI'HX nepe

Xo,nOB paccaaT-lJHBaeMO}t CKCTeMH. JLalIee, 3Ta epyHRD;IDI MoxeT 6HT'~ BcnOJO,30

BSHa B'p8c~eTax rrOTeHnHaJIOB ~ 3~oD JK~ CHcTeMH rrpn Beex B09MÓMHHX 

3HeprnJIX. B 3TOM H 3a~'t{aeTCfl cymecTBBHHoe rrpeHlVIYme'CTB0 Hamero no.n;

-3 
"'. 
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xona no cpanneruno c pa3HHNlM u'r8paO;IWHHbll'vlli npouenypaaa /8,9,10/, rrOTO

Ivry lITO MOJKHO 8H8JIl1311pOB2'l'b 110T8HUVI8JIl:l T11 npa p83Hl:lX anepraax VI 3Ha

1IVIT8JIbHO 3KOH01ffiTb rrpl1 8TOM- Bpe~m U1I8Tà Ha SBM. OrrTVIlIecro1fi rrOT8fmHa~ 

cOO'rB8'l'C'rByeT 1IJleHY c L = O 113 (6). 

P83Jrn:lIHbIe IWf!mOHeH'rbI U~(R) rrp.R:M0I1 lIácTM JUJ:pO-H;n8pHoro noremnr

ana (1) paCC'llITl:lBaIO'I'(',,H B panxa x crannapmoã Q)oJI,II;l-mr-MO;n8Jlli (CM. non

pOOHOC'l'VI B/1/ ) .
 

3.CxeM8 paclIeTa 

ITp.R:MaR (11D) 11 OOM8HHaH (»EX) IWMITÓH8HTfl ,3cIxIJeKTVIBHoro NN -B3aUMO

;ner1:cTBl1H 113BJIeKalOTCH rro li3-BeCTHo:ti: ~oprv1YJIe/14/. 

~D(EX);:: ('1/16) (.311~E+3ltfE ± 9lrio :f 1.';0 ) , (I2) 

c c c c 
rne lIeTHhte trTE ) 1]SE VI HelIeTHbIe '):0 ~ 1)so 'rpVIrrJIeTHH8 VI CI1HrJIeTHl:le
 

I{OMIIOHeHTbI U8HTpaJIbHHX CVIJI oepYTCH 2/ TaKVIMM JKe, KaR H ;nJIR crannapr
ncro M3Y -B38MMo;netIcTBVIH. B pe3YJIbTaTe VIM8eM:
 

1}D(S) =7999,0 exp(-4sJ!C4s)-2134,25 e.xp(-~5s)/(2.5s) (13) 

VEX(s):: 4631)38 exp(-4~)/(4s)-1787,13exp(-2,óS)/(2,Ss)

- 7,8474 exp (- 0,70725)/ (o" 70T2s) (14) 

B ;naJInHetuIleM Ivllil oy;neM Ha3hIBaTn BSaHMO;neHCTBM8 (13), (I4) M3Y-B3aHMO

;neücTBlieM c oOMeHHoH IWNlIloHeHToH xone-raóro pamryca ( M3Y /FRE )" B 

OTJrn:'llI8 0'1' OObllIHOM BepCHI1 M3Y - B3aHMO;neücTBHR, KOTOpaR BMeCTO (14) 

VICrrOJIn3yeT rrCeB,II;OrrOTeIlIJ;V1aJI HYJIeBOrO panayca B CJle;nYIOII.\eí1 tIJopMe: 

-2TG (1- OJoosEJlaô /A p) 8(sJ . (5) 

ITOCKOJInKY M3Y/FRE -B3aMMo;nefrcTBVI8 Bem8CTB8HHO (CM. (13),(14», K pe

aJInHHM rrOTeHUVIaJIaM, paCCqnTaHHl:lM rro (I) VI (3), ;nOOaBJIRIDTCH MHI1:MHe no

TeHUVIaJIH M3 OOH~HOH ROJlJIeKTMBHoll MO;n8JIll. MMeHHo, MHVI1llill onTHlIeCKMll rro

TeHIlYIaJI BBO;nI1TCH B BH;ne nOTeHUVIaJIa 'CaKcoHa - By;nca: 

'~~ WoCR)= - Wy / {1 + exp [(R-Rv) / QvJJ J (I6)
 
rno Ry=rv CAl+Al ); WV ' rv M Qy Onp8;neJlHlOTCH M3 .nyqnrero cor


JIaCl1H, pacc-rarusaeaax ynpyrnx celIeHHH c axcnepnneurow (~v= r A~ B cJrYv 
lIae paCCeHHM.fI ~ -lIacTMU). lilllHMHH HeyrrpyrHll'wopMW3RTOP orrpe;neJIReTCH 

rryTeM ";ne(poPMaIlYIH" nOTeHUR8JIa Caxcona-Bynca (I6), r ,», 
, , WL..(R) = ~)Ry IdW(R)/dR]. ., (17) 

B pazxax OOPHoBcRora rrpHOJIillKeHM.fI MCKa.lKeHHHX BOJlH (EIDID) rrap'aMeTpH 

"MHMMOif" ;neq,opMar~VII'I ~l~ M3BJIeRaIOTCH rro COOTHOIlIeHHIO (CM/17): ~p R ::: 
v

~(~RciI ' rne 3ap~oBHe pa,IO'IYCH orrpe;neJIHIOTCH H3 ;naHHhIX rro SJIeKTRch 
POHHQMy pacc~HHMK!I5~ H rrapaMeTpl:l 3aPJI.nOBOif ;ne'OPMa~MM ~t) - M3 ;naH

HblX;nJIR BepOHTHOCTeif rrepexo;na B(EL) (CM./I,I4 ). B paClIeTax rro MeTO

.ny CBR3qHllliX KaH8JIOB (MCR) ~Fff) BMeCTe c Wv , r v VI ay orrpene

4 

JIHIOTCH H3- JrY1Illiero CorJIaCHR paCC1IMTaBaeMHX yrrpyrnx M Heynpyrnx ce1I8HMM 

c SKQrrepHMeHTOM. 

KYJIOHOBCKafi 'tiac'!'n orrraxecxoro rrOTeHlU1aJIa TM BBO;nMTCH ~K npocroe 
KyJIOHOBCKoe B38HMO;neHCTBMe MeJK;ny ~BYMH 3apRE8HHHMM cwepa}~ 14/ c pa

.lUiYCOM B3aJ'IMO;neí1cTBMR R = ..tô (A1+ K;) «(T1M~ , ~c:::1JB1A~ (rf1M)c 
B CJIYlIae ex -lIacTHU) • He~l1pyrYJí KyJIOHOBCIlliM 1)()pr~aKTop VE( R) pac-

ClIVITHBaeTCH B HaUleM paOOTe MMKpOCKorrMlIeCRM rro TOM ~e rrpoue.nype cnepT

RM, lITO M ;nJm rrpJIMoro ~epHoro nOTe~aJIa (IJ.To~bKO BMeCTO ~epHl:lX 

nepexomnrx IIJIOTHOCTeif ,H 1t"p_{S) BBO;nJI'l' 3ap.fI,Il;OBHe nepcxcmrse IIJIOTHOCTVI 

H KYJIOHOBCIwe- B3aHMo;neí1:cTBMe MeJK.D;y ;nBYMH nporonaícr t COOTB8TCTBeHHO. 

,1J.n.fr ncex ~ep-MHIlIeHeM IIJr0THOCTH OCHOB1'IOrO COCTOHHIDI ~(r) 11 ne
pexonase IIJIOTHOCTH t COOTBeTCTBYlOl.l{VIe p8aJllPIHhIM B03cJY*.II:eIllIm.n B j-;pe B/t".>y
paCC~THBalOTCH B paMKax KBa3HlIaCTn1IH0-qoHOiHO~'MO~eJIM~pa/I6 (CM. 

rrO;np06HOCTH cxeMbI BH1IHCJIeHRH rrJIOTHOCTeH B 17/). ~OTHOCTh ~(t") ;nJI.fI 

~ -lIaCTMU oepeTcR B rayccoBoif wopMe c rrapaMeTpaMM H3/I/. Enff ;npy

rnx H8JIeTalOl.l{VIX VIO'OB ~ (r) õepercn B BH;n8 q)epr.rn:eBcKoro pacnpenenenaa 
c napaMeTpaMM M3 4/. 

Bce aaazaas ynpyrax ;naHHHX BHIIOJIHHIOTCR c nozoursn nporpaiess ormi
lIeeKoí1: MO;neJJJ'I c npHJIOJKeHHOif B Heif npouenypoã flffiHHMH3au;Irn MINUIT" /18/. 

PaclJeTH B paMKix JflliB MJI;H: MCR BhlrrOJIRfIlOTCH c rrOMOII.\D1O rrporpaMM IIWUCK4 
/19/ MJIH EeIS 20, COOTBeTCTBeHHO. 

4~Pe3YJInTaThI paclIeToB M oocy~eHHH 

Pacceanae o<-lIaCTHU npencraanae'r OOJInIllOí1: aarepec ztna HallJIlIX 

HCCJIe.n;oBaHMu, TaK RaK DO MHOI'llX CJIYlIaHX nanase no pacceaszn O{ -lIaC-

TMnt rrOJIYlIeHHHe B lllHpOKOM HHTepBane yrJIOB t OKa3HBalOTCR qyBcTBHTeJIDHH

MH K o<-JI;nepHOMY nOTeHUllaJIY He TOJInKO Ha rrOBepXHOCTH, HO H Ha OOJIee 

MaJlHX paCCTORHH.fIX. TI 3TH ~aHHHe MorYT OhITn HCrra~n30BaHl:l ~H rrpOBePKH 

TeOpeTHlIeckKx rrOTeHUHaJIOB pa3~lIHHX MO;neJIeU. TIpHMeHHR HaIlI nO;nXO~ K ' 

pacxeraa cc - JI;nepHhIX rrOTeHUHaJIOB t .\lli rrpOaHaJlli3HpOBaJJJ'I cnenynune Ha-

OOpH ;naHHHX rro yrrpyroMY M HeyrrpyroMY, paCC8.fIHMIO O( -lIaCTHU: 

I)S8Ni(D(,oc)rrpli E~= 104 MsBJ2 17; 139 M3:sf22/ M 172,5 Ms:sf23/; 

5BNt (o( ()( ') IIpH 139 M31Y 22/ 

2 )90Zr(o<,od np'M EOf = 40;59,,1 ;79,5; 99,5 H 118 Ms:sf24/ H 9CZr(o(, eX ') 
rrpH 99 5 M3B!247 

3)208Pb fo{o(\rrPH l:" = 27 6 Ms:sI25/~ 42 MaB!26/. 104 M3B!27/, 139 
_ /22/ ~ / 'J J-o(, , , 

M3J:r' • 

Heynpyrne ;naHHHe cooTBeTcTBYIDT B030y~eHHHM rrepBHx KBa.npyrro~nHI:lX(2:) 
H oKTyrrOJInHhIX (3~) COCTOHHHH 'B J1,Iij)ax-MllilleHRX. IlOCKOJThKY' 3TH COCTO

HHHR HMelOT O~HOq,OHOHHyIO CTPYKTY.fYt EII1'1B JIBJIReTCH nocrâro-ruo XOpOllJIlIM 

rrpllMIDKeHH6M .n;JI.fI 3TVIX CJIYlIaeB 7 , 4/. B aHaJJJ'I3aX ynpyrax nannsx nOJI

HHU onrnlIecKH:l1: rrOTeHIU'IaJI ecrs 

5 . 
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N (J)(J)N'<;fI N... LD.. ~ '1. (J).. 1::'-.. -<.O.. ~ co.. ex:. f.l!:-~ co_ ú:,. c»... N...(18) 
~ \u, . (J)" ..; LÔ~.. t.OCD '<;fI H so 1::'-()) LDC').a) 1::'-1::'-'(l')OCO~ 

'<;fI N NH1-i-HH"H.NH(Y) Hf-1HH 

'<;fItO U) (y)N '<;fIC01::'-OOLDHNGJt'-N~ NCDC")1::' ..... ,g;, '<;fI O C") OJ 00 1::'- N co 1::'- to
~~ffi~g2td~~f=8 HOC'f){")02'<;fI~.....:,' N., ""... '<;fI.. ~ ........ ............
~~ ~ ~ ~ ~ ~ ~ ~.. .. 
LD LD io LD LD LD LD L{) L.{) L.DV r;; LD LD LD tO 1::'--r:--1::'-1::'-1::'-1::' 

~ 

.~ 'P', t.O N W -(Y) Q) L.{) <o co L0 H so o o '<;fI G01::'-02C00lC'f)
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~... .. ..... ... ..
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--M3V/FRE 
____ o. M3V 

10 20 30 40 50 60 

nS TaOJI.2 raxae BH,IT,HO, 'ITO M.5Y/FRE"-J10TeH

~,rVI/JIH ,n;OBOJI:bHO OJrnSKH K DDM3Y - n0TeHUHaJÍy 

3 fi rroT~f~Ha~ MO,IT,eJI:bHO-HeSaBHCHMoro aHa
o'	 .1uI3a!3I/MR OJIy'IaR 58 Ni (0(10() 172,5 MsB n 

l( ~eHOMeHOJIOrl'I'IeCKOMY norennaany (GW)2. 
/3 / M.fI CJIY'IaR 58 Ni(Ol,Or) 139 MaB. rJIYOl'IHH 

(l' M3Y/~AE -rrOTeHWlaJIOB B aTID:: CJIy-qaRx RO

JIeOJIK)TCH B npenenax N 140 MaB, 'ITO corJIac -
Li 
Ui DeTCH c pe3YJI:bTaTill~1 ~yrax aHaKaSOB/3,3 ~ E 
~ (lo B cJIY'Iae HeynpyrllX Ce'IeHl'IE pesYJI:bTaT~ 
~ 
"tl HaJIll'IX paC'I8TOB B EITI1B nOKaSaJIM, 'ITO Hecor:-

JIaCl'Ie MeJK,IJ;y M3Y M M3Y/FREpesYJI:bTaTaMl'I B 
rr 

SHa'!HTeJI:bHOM CT8n8Hl'I oOYCJIOBJIeHO pasJll'I'!H

eM B nCK81K8HHHX BOJIHaX ,. paCC'IRTaHHHX c 

nOMOU~:bIO M3Y - l'I M3Y/FRf-rrOT8HlUIaJIOB. Ilanee 
rf 

IvlhI paCCMOTp8JIH se 8Tl'IX nprn'IIepax TaK HaSbI

Ba8MHH arMJ8KT CM8IIrnBamm MYJI:bTH110JI8H/10/, 

IWTOpID1 COCTOl'IT B TOM, 'ITO L-KOMIIOHeH-

Ta OOM8HHO,ro nOTeHI.J;HaJIa onp8,n;eJIR8TCH l'I Elcm(deg) 

L-KOMIIOHeíiTOH H 7\ - KOMIlOHeHTOM c "li#: L 
PHc.2. Heyrrpyrne Ce'ieHIDi nepexonuax IIJIO'I'HOCTeH cTâJIKvIBaIOUU1xcH anep 
AIDI o( + i/tiL npa Eo( = 

(mJ1'. (6». ,1J,Jm Mpa-Ml'IIUeIDI, 58Nt nepe= 139 MaB, paCC'IHTaHHHe 
c M3Y-(illTpaxoBHe KpHBHe) XO,UH~e nJIOTHOcTM ,n;BYX KOJIJIeKTHBHHX coc
H N3Y/FR..f:_ (CIJ.7IOlllHHe J'ORl'tMH 2 ~ M 3; OHJJ.J1 I1cnOJI:bSOBaHH B pac
Kpmme) -éIJOPMé1JaKTOpaxilli. 

xe're CMelllliBaromero 'IJIeHa ~U~(R) ,n;JIR oOMeH-

HOH 'IaCTM OnTl'I'I8cKOro nOTeHIJ;t1aJIa U;X(R) li 

neynpyrnx éIJopM$3.KTOpoB U{~(R).P8SYJI:bTaTbI noxasana, 'ITO ~U~(f() ,B 8Tl'IX c.rryI 

'IaRX npanonar K H8SHa'!l1T8JIbHHM l'ISMeHeHHHM B paCC'!MTllBa8MIiX nOTeHW1a

nax LJEX (R) na noaepxaocra (nopanxa I + 2%),' r.rryOHHH H XBOC'1'Il rrOT8H
0,2,3 

IJ;l'IaJIOB OCTaIOTC.fI rrO'ITl'I Hel'ISM8HHHMH (CM. TaOJI. 2). IToarroMY MO'f{HO cnexaT:b 

BHBO,n; o TOM, 'ITO B aHaJJ.J1SaX yrrpyrHx ,n;aHHHX MOMHO rrpeHeOpe'Ib CMeilll1Ba

RmI'IMH 'IJIeHar-m B U~X(R) c ueonpeneaennocrz,» ne OOJIbIlle Heorrpe,n;eJI8HHOCTM 

B caMHX 8qxpeKTl'IBHHX NN - BsaMMo,n;8itcTBIDIx /14/. .II.mr neynpyrnx c.rry

-qaeB 8TOT 8~eKT MO'f{eT OHT:b Ba'lCHHM rrpH BOSOY'f{,Il;eHHH COCTO.fIHHH CJIO~HOll 

6PYKTYPH (.n;ByxéIJoHoHHHe ••• ), xcrna 'IJIeHH rrepnoro rrOP.fI,IJ;Ka B uEtCR) , 
r ,e, ILo(R) ,IL.,(R) H I1.1 (R) MOryT OHT:b MaJIb!.. U?(r<) Mo~eT onpene-

JI.fIT:bCR B OCHOBHOM 'IJIeHaMl'I sroporo nopanxa , a :3'ÍlIleKT CBffSl'I KaHaJIOB l'I 

:3~eKT CMeillHBaHR.fI MY~bTMnOJIeM MorYT OHTb Cl'IJI:bHll /6,11/. 

~JIee MH rrpOaHaJIMSMpOBaJIl'IHaOOp .n.aHHHX Ha llil'IpOKOM MHTepBaJIe yr-

JIOB mpacceaaas o< -'IaCTHIJ; na 90Zr npa SHepI"~UI/ EC)( OT 40 no 120 

MaB 24/. PesYJffiTaTH <PeHoMeHOJIOrlP-iecKMx aHaJrnSOB 24/ noxasana, 'ITO 
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~TU ~aHHHe ~BCTBMTeAbHH R O(-~epHOMY rrOTeHUH8AY Ha paCCTO~HHRX 

OT 4 ~o 9 @~,u ~MaeM, ~TO TaRMe ~aHHHe o~eHb rrO~XO~T ~ rrpoBepKH 

1I311l11X rrOTeHIUiaJIOB 11 ,1t7IR: 113Y'leH11R 06MeHHHx ~@leRToB c 113Merí:eHH€M ~~Iep

rHH. Pe3YAbTaTH HalilllX pac~eToB rrpuBe~eHH B Ta6A~I H Ha,pl1c. 3-5. Mo~

HO B11~BTb, ~TO npa HU3KOlf aaeprna ( Eo( = 40 'M~B) 06a M3Y i 11 M3Y/ 
fRE rrOTeHI.J;RMH O,n:nHaKOBO orrUCHBaIOT ynpyrne ~aHHHe. Hecoroiacae reopna 
C aRcrrepUMeHTOM npa yrorax 900~ eG,h1~I400 B ~<rOM cAY~ae TOAbRO '~aCTU~

no CBR3aHO c 06MeHHIDvlli arpepeRTalVill {CM. pué.3). Pacxe'r 'B MCK c y~eToM 
CBfi3U c ,2: 11 3; COCTORH~ B 90Zr ~aIOT pe3YJlliTaTH (mrpax-nvnx
rnpnaa rqmEaR), oxein, CíJrn3Ime K M3Y!FRE pe3YAbTa,TaM (onzoumaa Kpl1BaR). J 
C 'YBeJrn~eHueM aHepru.v.r Eo( ) -M~Y - 'rrOTeHI~aAH, x:y~e orrl1CHBaIOT ynpyrae 
~aHHHe na 60nuIHx yrvrax no cpaanexmo c M3Y/FRE nOTeHIUiaAal\ffi. fI aTO rro

HIT'l'HO, rrOCKOAbKY nannue na ÓOAbIllliX yrxax ~BCTBnTeAbHlf K ~OTeH1.U'IaAY 

na 60Aee MaJrnX paccroannax, r]l;€ 06MeHHHe NN -KoppeARI.Uil1 60Aee CY

llleCTBeHHH" qeM na nOBepxHOCTU. C 60Aee <rOtrnHM y~eTOM npaanzna ITaYJlli . 

(CM. M3Y/fRE pe3YJIbTaTH) rroTeHIJ;UaAH npaooperanr llIJaBUA:QHYIO q>opr-W 

u' BHYTPU U ua rrOBepXHOCTU. PC3YAb'l'aTH HaUI11X pac sercs noxa3aAH , 'cITO 

,IT)IJI BHCOKHX aaeprnü M3Y -irOTeHnnaJrn rAy6JKe aa Ma;JIHX paCcrWH!:~':.fIX 

11 MeAb~e na nOBepXHOC'l'U no cpanneuan c M3Y/FRE'-nOTeHUHaAaMM (CM. p:vic. 

5,7) Hanpanep, H3 pHG. 5 BI'mnO, qTO na Ma.lIHX pà~uycax nepenopaaponaunsü 

M~Y -rroreiuma» )I,.:lIH
CJOZt {ol}ocl 9 9 , 5 MaR OCT3e'I'CH aamtoro rAYó~e M3Y/FRE

rrOTeHIJ;liaJI3,11 . Ut1eHHo aro-r dr;xyeK'l' npnaonar IC cYlllecTBeHHoMY pa3JrnqHIO B 

pacc~THBaeMHX ynpYrHx ce~eHUHX rrpu ÓOAblliUX yrAax (CM. puc.3). boAee 
Toro, M3Y!FRE-rrOTeHW'!3AhI npz auepruax Eo( ~ IOD MaB, KaR 11 B CAYtIafIX 

o( +SBNí npa 139 U 172,5 JIaB, OKa3b1BaIOTCH o~eHn (jJrn:3KHMl1 K noren
IU1aAav. Mo~eAbHo-HC3éiBlICIIMHX aHaJrn:30B (CM... Hanp11Mep,nosenenac reope
TlItIeCIGIX C:vICTeMhl 0<'+~OZr npa M~B B 3

pa3HKUe~ TOAbRO B nOBe~eHH11 KO-

s<Ix-~m.J;MeHTa NR • 3HaqeHHH 

NR ,nJUI scex p3CCMOTpeHHHX 

CJIY~aeB pacceaaan o<-~aCTI1n 

rrOKa3aHH Ha pMC.G. KaR BU~HO 

H3 pHC. 6, KO~(MJill.I;HeHT NR 
OKa3HBaeTC.fI 3aBHC:vIMbJ:M 0'1' ~He~

nu! 11 113MeH~eTCH OT 1,0 ± g:o~ 
npz enepraax 20 & Eo( ~ 60 

MaB ~o 0,8 ±.8:6g rrpH ÓOAee BH

COIillX SHeprl1RX BIIJIOTb no 172,5 

UfsB. OTMeT11M, ~TO -13 cnysae 
DDM5Y .B3aHMo~elicTBIDf aHa

AlI3H aTUX,JKe .n:aHHHx/3/ rrp11BoMT 

K sHepreTH~ecKH He33BRcHMOMY 

. 3Halíetm:IO NR = 1,3 ± 0,05 npa 

25 ~ Eo< <. 172,5 MaB. B 

TaóA.I BMeCTC c NR npHEe

lo''''	 ~eHH T3KJKe OÓ'beMHHe HHTerpaAH) 

nenrpaxsnse rJIY6HHH, cpeznte
Tma~paTHqHHe Pé1,IJ;HYCH rro<reHUHaJIOB. 

Bl1,UHO, ~TO aTH 3Ha~eHl1R: ~ 

M3Y!FRE'-RoTeHWIaAoB OtICHb \5AH3

Im 1< 3Hn~eHum.l, rrOJIY~eHHUM~ IO Ji 
DDM3Y -noremtaanoa (CM. 3 ) • 

.i l1TOÓH rrOKa3aTb BJIIDIHHe oóMeHHHxr 

paccenuaa npa SHeprl1R:X OT 40 172,5 aa 20 %, H 06a noremraana HMem nOtITU 0,JJ;r!H2I\OBHe '90PMli. C YBeJm:qeHHeM 
}~B H rrpllI.lIJrn K BHBO.ny o TOM, ~TO rrCeB,I(OrrOTeHI.U1aA HYJIeBOrO pa.n;Hyca,HC;" aaeprna M3Y - rrOTeHIUiaA CTaHOBUTCH rJIYô1Ke BHYTPII H MeAbtIe na rro
nOJIb3yeM1:lH B M3Y -B33HMO~eHCTBHil, Hea,D;eRBaTeH onacaaao Pa.n;yJK- BepXHOCTli rro cpaBHeHHIO o M3Y/FRE-rrOTeHIJ:HaAOM, .ocoõenno npn Eot~ 
aoro paCCe.fIHIDi O( -tIaCTUn na ÓOAblliue yrAH, xoropoe naõznnanoce ,IVrR 100 ilí3B. ~ll'lreHHO STO'!'" 3cMleRT 11 06'bHCHHeT Hey,natIy M3Y-noTemnraJIa B orraca
scex paCCMOTpeHHH'X CJIY'tlaeB c E '> 40 MaB.lLanee Mbt npoauaxaaaposana nau... HID'I pacceaaaa O(-tIaCTUn ira .60Aburne yrJIH.ot 

1HHe no ynpyror'4Y paccemiliíoa(, -vacran Ha~rrpu aaepraax 0'1',27,6 no I6B Ilanee MH rrOKa3HBaeM, tITO M3Y/FRE·B3aHMo~eKoTBue raxxe ycnemro MOllt

MsB. ~8Til ,IlaHHHe rroAY~eHH 13 OCHOBHOM B 06AaCTl1 MaAHX yrAoB~ H 06a M3Y	 HO rrpUMeHRTb K OllRCaHHD paCCe.fIHR.fI TM~ OTMeTUM, qTO DOM~Y _B3aHMO

U M3Y/FRE noreanaaaa ~aIOT ,npilMepno omnraxonae orracasaa ;IJ;aHHHX c	 ~e~cTBHe OKa3HBaeTC.fI He B COCTO.f!lI11H o,nHOBpeMeHHO OITHcHBaTb paCceRHRH 

., , ,
rro<reHr.m::MOI3 )J)IR 99, 5 HHTepBaAe 102030 50 7b 90 ~O·-'30·-i50~ 

24/). Elcm(deg)8 (PM rro cpaBHeHUIO c norenuaanoa U3 MO,nCJlliHO-He3aBHCUMoro aHaJrn:33/

B neynpyrox CJIY~aH 90Zr{0(,.o<~99, 5 M~B pacxeru B 13ITI1B c M3Y ,.. rfx:>PM(faKTO	 Pnc.3. Yrrpy.rHe CeqeHHH )J..1I.fI Q(+90Zr 
rrpu 40 ~ Eoc ~ rI8 MaB, paCCqHTaH

paMM :U2,3( R) (CM. puc.4) y:y~e OrrHCHHalOT ~aHHHe na 60AbUIl'IX yrvrax rro	 HHe c MBY (lIITpUXGEHe Kp/fBHe) U 
, M3Y/FRE (croionnse KpHBHe) nQTeHcpannemno c paCqeTarvrn: c M3Y!FRE -!flOPMPaKTOpaMH, U STO Oc5'b.fICH.fIBTC.fI 
1!:í!3JIf-iMM. 

TeM~e ~141eRTOM, ~TO H B ynpyroM cJIY~ae. 

TaImM oopaaou, MH UCCAe~OB3Jlli poxs 06MeHHHX NN "'RoppeJI.RIWti B M3Y..,noTemmaA npocro H€,nOOneHUBaeT 
O( -~aCTUU na 58Ni H 90Z r no 

I 

~~neRToB c YBe~~eHHeM sHeprMM, 

MH narrecna na pHC. 7 p~CCtrnTaH

HHe M3Y H M3Y/FRE' norenna

aJIH ~JIR CUCTeMbJ: O( +2OBpb npz 

3Hepr:IDIX Eo< OT 27, 6 no 166MsB. 

Bl1,UHO, qTO npa rraaxax 3ReprIDix 

M3Y/ERE-rrOTerm113JI rrpIDvT€pHO' 
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/1/
XOBaH RPHBaH) H M3Y!FRE meHHH, xapaKTepHOrO ~~H paCCeHHHH TM • 
(lliTpMX-rryHKTM~HaH KpH- B HeyrrpyroM c~~ae cHTyaI~ rrpMMepHO TaKaH ~e, 
BaR) BSaMMO~eHCTBHRMH,M . H 
rro.ny~eHHHM HS Mo.n;eJIbij:o ~TO 11 B ynpyrox. anpmeep, yrrpyrHe H He-
HeSaBHCHMOrO aHaJllisa/24/ ynpyrne Ce~eH:VfH ,ll,JIH 1S0 t 2DiPb npa 104 MaB, pac
(CMOlliHaH KPHBaH). C~TaHHhle c M5Y _ II M3Y/FRE.BsaI1:rv'lo~etlcTBMHf'lm., 

I , 

I " .p.....' 

a: 
Z 

~~ 1.5d 
! 

"i 
I 

to 

rrO~TM HepaarrH~H 

(cM.pMc.IO,II). OTMe-

THM, ~TO 8HOMaJIbHOe rro/\ 
Be~8HH8 Koa~HUHeHTa 

NR ~JI.ff CHCTeMhI 
, ...... 16'O+105'p~ IIp'M HHSKHX 

\ .-o;Q,.. -. _.-!-. _.. .....>..:..~ 
'-'-'0:-:..-;;-- ~\ ,'.Ã .> 8HeprHH!337 ( NR 

"\\ ./ ~ \ YBeJIH~BaeTCR c 3Hep
r118í1., rrpMOJIIDll'2.iOllleí1cH K 

RY~OHOBClCOMY oap:oepy), 
He CBHsaHO c OOMeHHhlNrrI 

20 40 60 80 100 120' 140 160E«(MeV} ROppeMUMHMH (CM. rro-
PHC.S. IToBe.n;eHMe RO~l1~HeHTa rrepeHOp~llipOBRI1 ne.n;eHMe NR ~ 
.n;JIR M3Y!FRE (M3Y)BsaHMo.n;eI1CTBHH, HSBJI8RaeMOe HS 
aHaJll1S0B yrrpyroro pacceanaa C( -~aCTHU na M3Y/FRE-rroTeHI~a~oB B 

S8 N,' - 1:IepHhle (Oe~bIe) Tpeyro~:OHHKH, -< 3) p
90 Zr _~epHhle \ oe~h1e) TO~ID1 H 208 Pb ._ ~ep- Tav~.. acuer 

1

hI IlO-
HhIe (oeJIhle) KBa,n;paTMKH. 

I, 

I
 
1+1 

\. 

~ 
~ I- 166MeV 

=1 

'}~. 
102 

42MeV 

27.6Mev 

o< .208Pb 

l0 
1l ---M]Y

MH/FRE 

(NR'" ) 

1 2 3 4 5 6 7 8 9, R(fm) 

Ii:3ShlBaIOT, ~TO CJIY'laH 

FHc.7. Pea~:Orille orrTH~eCI{l1e rrOTeH~Ma~h1
 
MH o<42.0gp~ npz 27, 6 ~ Ec{ ~ 166 MàB,
 
pacc-rarannse c M;Y (lliTpMxoBhle RpHBhle)
 
H M3Y/FRE (Crr~OlliHl:le Rpl1Bhle) ..BSaHMO.n;eí1
CTBHHMl1.
 

1'olOgPb npa 78 MaB ÓIW e.n;HHCTBeHHl:lM MS 

BceX paCCMOTpeHHbIX C~~aeB. ROr.n;a OOMeH
HhlM rrOTeHWAa~ paCC~THBaeTCR rro OOeHM 

qoPMY~aM (9) l1 (10); HMeHHO, rrpH 9,9 ~ 

R ~ 12,9 WM k-;(R) CTaHOBHTCH OTp11IU3
Te~ÚIhlM, H paccearrae rrpOHCXO.n;HT dnarona
pR HerrpRMHM rrpo~eccaM. Eo~ee TOrO, B MH

repsane TI, 7 c R ~ 12,7 WM 3HeprHR 
OTHOCMTeJIbHOrO ~B~eHHR CMCTeMhI CTaHOBHT

CR oTp~aTe~:OHoí1, T. e. k'CR) <o, l1 B pac

ceRHIm, rro-Bl1~MOMY .n;OMHHHPYIOT nonõapsep.. 
/4/ I

Hhle acIxPeKTbI • ,. 

HaKoHe~,oTMeTMM,,~TO rrOBe~eHHe KOa~l1

~eHTa NR. ,nJIR M3Y/fRE -BsaHMo~e:t1:c'rBAA B 
c~~ae TM (CM. Tao~.3 H pnc.8) cor~acye~ 
CR co c~y~aeM o(-~aCT~ (CM~ TaO~.I H 

13 
'\ 



TaéJIHua 3. PeaJI:bHhIB orrnorecxae nOTeHT.J;MaJIli ~ -1 6 0 + 4°Gt 1 

160+2C~p1, J 4oea. +4T>(a 

CHCTe-

M!:I 

.El\a~ 

(MaB) 

PJ;. 
(I1lM) 

- Uo(D~) 

(MaB) 

M3Y 

-Do(O)
~R (Mam 

M3Y/FRE 

NR 
-Uo(o) 
·(MaB) 

'78,0 

Bu,O 
I04,0 

12 5a) 

12'66) 

I2'2a), 

2, -5 
I,69 

2,00 

1,89 

1,51 

0,98 

1914 

1527 

994 

1,43 

1,13 

B,73 

1-623 

1275 

817 

J\ 
o, 

00 o 
('\J 

+ 
O 

129,5 

138,5 

192,0 

216,6 

12,8 
12 48 ), 
12,4 
12 -oa), 

1,:00 

1,62 

1,51 

1,99 

L,2I 

1,07 

I,GO 
0,7-6 . 

1220 

10'74 

99Q 

746 

0,93 

-0,82 

0,78 

0,5b 

1020 

892 

824 

573 
<D 

'" 312,6 12,1 2,56 1,10 1065 0,89 868 

40,0 9,7 D,6'7 1,00 814 0,'75 801 

55,6 9,5 1,(,)3 I,t3 917 ·0,-85 892 

60,0 9,4 1,20 1,13 916 887 
~ °185 

o 74,4 9,3 1,27 1",03 830 0,78 '799 
V" 

193,6 9,1 1,50 O,?O 722 0,69 685+ 
CD 
O 139,6 9,0 2,1'9 1,14 906 0,88 844 
~ 2I4,J 8,B 2,53 . 0,99 772 -0,78 -696 

129,0 10,7 1,24 0,99 1494 0,72 1527 

I43,u 10,7 1,24 0,99 1487 0,72 1518(J 
176 1 0 10,5 L,70 1,.01 1524 0,'74 1545~ . 

+ 186,0 ID,5 1,70 1',01 1523 0,74 1541 
v d 

225,0 10,4 1,98 1.,02 1526 0,76 1537o...,. 
240,0 10,4 1,98 1,03 1532 0,"76 1526 

'~ . 

t 

C~hIJl-

=:rm 

/33/ 

/33/ 

/35/ 

/36/ 

/35/ 

/36/ 

/35/ 

/3'7/ 

.1 
l 

I 

/38/ 

/39/ 

/40/ 

/39/ 
/39/ 

/3'9/ 

/39/ 

/41/ 

/41/ 

/41/ 

/41/ 
/41/ 
/41/ 

( 

a) P~YChIt npH KOTOphIX M3Y - H M3Y/FRE ~nOTeHUHa~~ paBHhI 

pe3YJIbTaTOB uauero 8HaJUI3a ynpYTI1:X .na1!H!:lXJ ,
'/4/é) PanHYChI,B3flThIe H3 4 . 

n.JIH scex OCTaJIllHhIX CJI,Y'tJaeB {) I. H UA{P.L) éwrn 'BailThI H3 /1/..
'Í ~ '" . 

(H3 

J 

I 
14 1 

I 

'i' 
I
 
I
 
I,li:: 

Z , 
\ 

15 ~ , 
\ 
\,, 

\ 

\ /A.. 
-I / \ ~ 
\ / b.. ' 

1.0 ,f,i. -, -,-=-::--..:::-..::.,~_._. _._. _. 7~L.::-

\.... \,""'0""'''''''''''''''''/

V
.0.5 

SO 120 160 200 240 2S0 320 E0 16(HtVI 

PHC.8. Ilonenetere Ima!W?m.J;HeHTa nepeHo"pMJ'IpOBKH 
,nJIR M3Y!FRE (M3Y)·B3aHMO)l;eHCTBHR, H3BJIelm
eMoe H3 aHaJIH30B ,naHHhIX no 'yIlPYroMY paccea-
HHIO -1 60 na 20f Pb - 'tJepHbIe (oeJIhIe) TO'tJKJ'I. 

10
Jr\------ 600Mev PHC •s, Peansnse OIlTIPcl8Cillie rrOTCiIJJ:JIaJIhl )J;JIR

:; - '160 t 108Pb npn 86 ~ E Aa\ ~ GOO MaB~ pac
~ . - etrnTaHHHe c M3Y (lIITpnXOBhIe KpHBHe) H
 
~ M3Y!FRE( CIlJIÓlllHhIe KplI Bhle ) -B3aHMo,neHCTBHHMH.
 
, . ~ To'tJR.l1 COOTBCTCTBYIOT 3Hr=.llcIeHHflM nOTeHUMaJIa
 

10 3 
~, ripa R=R-s..a., TlOJIYtI8HHhlM H3 8.HaJIH30B ynpy


rnx .n:aHHhIX.
 

pHc.6 ). TI O()OHX CJIYtI3HX NR OKaShI:"" 

BaeTCH 38BYlCfir.lhIrA 0'1'. alleprHH H H3MeHfleTCfl 

nparsepno 0'1' ellHHHUbI npa 'aHepnffiX~OJIH3IGIX 

;( KYJIOHOBC1mMY 6nphCpy/ ]1;0 "'" 0,8 rrpa 60JIee 

BhlCOKMX aHepnmx:. 

5.I3HBO,IJ;hI 

I) íIceB,nono'reHlum.lI HYJTeBOrO pamryca flBJIfl t;. 
eTCH ,rr.OCTaTOtIllhlr·,1 -Jrpfi6JillJKeHH8M )J;JIR O,nHOHYK.

JIOHHhIX OéM~HJlhlX aqqleKToB TOJIbKO Hp~ HH3KMí 

aueprnax ( V> 10 MaB/HYKJIOH). C YBeJIH'tJeHH-

BM aHeprnH nOTeHUJ'IaJI c o6MeHHoH 'tJaCTbIO, pac

CtrnTaHHOH H3 nepasx rrpYIHI1;RnOB, MOJKeTcy.I1{eCT

BeHHO OTJIRtIaTbCR OT rrOTeH~aJIa c HCnOJIb30

BaHHeM rrceB1LOrrOTeHIJ;lIaJIa li rro BeJIHtrnHe H no 
2 ) 4 68 la ,i' ~(fm) rDopMe. . 

2) 06MeHH,l:Ie 31M'e!CTbI ocoõenno BéUlCHbI B pa,ny]KHOM pacceanaa 0(

-tIaCTHU na éOJThIlrne yrJIbI, rne H ynpyrne H ueynpyrne ,naHHhIe Mory"T 6HTb 

ormoaus ronsxo c TO "tfHbD':! YlIeTOM npnanana IIayJI1l: B aanaxe paCCeHHIDi. 

15 

••• - M3V 

- M3V!FR[ 
\~,) 

'6Q. 208Pb 

la' 

102 

. 



-----MJY 

--M3V/FRE 

100 

'0 ' 

~ 
:> 

1021 

10-1 

8	 10 12 " Rlfml 

PMc.IO.HeyrrpyrH8 WOEM08KTO
~U,,(R)~ 208Pbl'6'Ô I6'O:'> 
104 MaB. pacc~TaHHH8/c M3Y 
(llITpHXOBélH KPHBaR) H 

M!Y/FRE (CIlJIOlIlHaH KPH
BaJI) -B3allMO,n;eftcTBl'IRI-iIH. 

elastic 

160 • 208p b 110HleVl 

----M3V 

--M3V/FRE 

'0 ' 

!
 
. 20	 30 'O 50 60 70 80 90 Elcmklegl 

FRc.I1. Ynpyrae H H~~rrpy
rae Ce'tleHIDI ,IT.JIR: -160+10~Pb 
npa EIIa~= 104 MaB) pac
C'tIliTaHHHe c M3Y (lllTpHXO
Bse KpXBHe) H M3V/FRE 
(~OillHHe KpHBHe)-~OPMPaK
TOpaMIf. 

I' 

CorAaCHe M~Y/FRE rrOTeHUMaAOB C 

HOT8HqliaAaMH MO,n;eAI>HO-He3aBHCmAHX aHaAM

3(}B H C ODM3Y - nOTeHUHaAaMI1 B paCCMOT

peHHUX CAy~8HX rrOKa8HBaeT) tITO rroAYpea

AMCTHtIeCKaH IlJI0THOCTHaH 8aBHCFmI0CTI» BBe
,n;eHHaH B DOM~Y _ B8aMMO.n;8ftCTBRv/3( :B 8Ha~ 
'lliTeAI>HOM eT8rremr OTpaJKaeT BHYTJleHHIOIO 3a

BHCHMO'CT:D OT MOTHOCTeM H 3HeprHH nOTeH

UMaAa C OÓMeHHOM tIaCTI>IO) paCC~THBaeMoft 

M3 rrepBHX rrpHRUHrrOB. 3TOT BHBO,n; corAacy
8'l'CH C BI:lHO,n;OM, C,n;eAaHHhUVI B /8,9/. 

3-) B OTmilJHe OT DDM3Y CJIy'tlaR, 

M~Y/FREB3aMMo,n;eMcTBMe Mo~eT ÓHTI> orolOBpe
MeHHO HcrrOAb30BaHO B orrHcaHMH pacceHHIDI 

ex -xacran H TM. K03q:~HIJ,Me-HT nepenop

MMpOBKH NR OKa8HBaeTCR 3aBHCnMHM OT 

a}WprHH 11 B czyxae o( -xacran 11 B CJrY

'tlae T~. TaKaR aHepreTH'tleCKaR saB11CHMOCTI> 

MOiKeT ÓHTI> oeycaoaaeaa OTCYTcTB11eM IIJIOT

HOCTHO.í1 3aB11c,ocTH B rrp.HMOM ImMIlOHeHTe 
B3aHMo.n;eftcTBRH 34/. 

4) O,nHOHYMoHHHe oÓMeHHHe a~eKTH 

B cJIy'tlaRX pacc8HHHH TM He TaK eymecTBeH

HH, KaK B cJIY'tlae pacceHHMH ~-'tlaCTHU 

H3-3a CMAI>HOrO rrorAomeHHH, cBoftcTBeH~oro 

pacceanmo T~ •. ~ aTO OÓ'bHCIDIeT y,CjeXH craa
,n;apTHoro M3Y -B3aHMo,n;ei1cTBHsl2 c HC

rrOAI>30BaHH8M rrceB,n;orrOT8HIJ,HaAa (I5) KaK 

06MeHHO'~ KOMIIOHeHTH B orrnCiHIDI yrrpyroro 
11 Hcyrrpyroro paCCeHHRH T~I • 

ABTopH rrpH3HaTeAI>HU X.PeÓarrID li 

~.A.rapeeBY 3a rrOMOmI> H rrOAe3HHe OÓCYiK
,neHHH. 
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PyKOllHC~ nocTy~a B H3AaTaAbCKaH OT~QH 
18 ~eKa6pH 1986 .roaa. 

l8 

Aao	 THeH Kxoa, KHH3bKOB O.M. P4-86-814 
OÕMeHHble 3!W>eKTbI B ynpyrOM H HeynpyroM paccenaaa 
a ~tIac THIJ; H THJKeJlhIX HOROB 

C~10cornacoBaHHaH nonyMHKpOCKOnHtIeCKaH MOgenõ gnH onHcaHHH 
ynpyroro H Heynpyroro paCCeHHRH cno~IX HgepHblX tIaCTHIJ; npHMe
HR:eTCH K aHanH3~ AaHHblX no pacceHHHW a-tIaCTHIJ; fi THJKe~IX HOHOB 
npH 3HeprHHX AO ~40 M3B/HyKnoH. C oõMeHHbIMH tIaCTHMH OnTHtIeC
xor-o .noTeUIJ;HaJIa H cPopMctJaKTopo~ aevnpvrnx nep exonoa , paCClJ.HTaH
HblMU H3 rrep ssrx npHHIJ;HnOB, B nOKaJIbHOM npHónHJKeHHH 4>opMaJIH3Ma 
MaTpHJ.U.>1 nnoTHo.CTH, nonpoõno accrrenve'rca porrs OõMeHHbIX HYKJlOU
HyKnOHliblX KOppenRIJ;HH B 3THX npoueccax , nOKa3aHO, tITO xoppex-r-: 
Hbl:tt yqeT' npannana Ilayna B aanaxe paccearraa ocoõemro Ba!CeH p;JIH 
cnvxaea pa.p;Y:Il(Horo pacceaaaa (1 -qaCTHIJ; aa õorrsmae yrJlhl npa anep-: 
rHH E a ?:: 100 M3B. 

Paõora asmornrena B Jlaõoparopaa TeOperntIeCKOH <PH3HKH OIDUf. 

Ilpenpaar Olhc,iXHHeHHOrO HHCTHTyra 8,!1epHbIX HccnenoBaHHH.lly6Ha 1986 

rrepeBog T.ID.AYMõpaHC 

Dao Tien K~oa, ,Knyazkov O.M.	 P4-86-814 
Exchange Effects 1n Elastic 'and Inelastic 
Alpha- and Heavy-Ion Scattering 

A consistent semimicroscopic model for the description of 
elastic and inelastic scattering of composite nuclearparticle 
with full finite-range effective ~rn interaction is developed. 
With the exchange parts of both the optical potential ahd 
inelastic form factor calculated from first principles, the 
role of exchange m~ correlations in these processes is studied 
in detail. The model simultaneously reprdduces the (1'- and t 
h~aVY-io~ scattering data with good accuracy. 

The investigatio~ has been performed at the Laboratory
 
of Theoretical Physics, JINR.
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