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1. BBE,LIEHHE 

K HacTo~~eMy epeMeHH HaKonneH 6onbWOH 3KcnepHMeHTanbH~H MaTe
pHan no Ce4eHH~M o6pa30BaHH~ KOMnayHA-~Aep. ~3y4anHCb pa3nH4H~e 
KOM6HHaL.1HH nap 11 HaJ1eTaiOUIHH HOH + ~ApO-MHWeHb 11 B WHpOKOM HHTep
BaJle 3HeprHH CTOnKHOBeHH~ /5-20 M3B/HyKnoH/. 

OcHoBH~e 3aKoHoMepHOCTH, ycTaHosneHH~e 3KcnepHMeHTanbHo, cso
A~Tc~ K cneAYIOUieMy: npH B3aHMOAeHCTBHH HOHOB C MaCCOB~MH 4HCna
MH A ~ 40 C He CnHWKOM T~lKen~MH ~APaMH-MHWeH~MH KaHan nonHero cnH
~HH~ ~BJl~eTC~ AOMHHHPYIOUIHM. C POCTOM MaCCOB~X 4HCeJ1 HaJleTa~~HX 

HOHOB H ~Aep-MHWeHeH OTKP~Ba~TC~ HOB~e KaHan~ /HaH6onee HHTeH
CHBH~H - KaHan rny60KOHeynpyrHX B3aHMOAeHCTBHH, An~ KOTOporo 
xapaKTepHo o6pa3oeaHHe ABOHHOH ~AePHOH cHcTeM~/. 4To KacaeTc~ 
TaKHX peaKLIHH, KaK Xe + Xe, U + U , TO An~ HHX nony4eH~ nHwb eepx
HHe rpaHHLI~ Ce4eHH~ o6pa30BaHH~ KOMnayHA-~Aep. 

K 4Hcny ealKH~x oco6eHHOCTeH npoTeKaHH~ peaKL.IHH c y4aCTHeM 
T~lKen~x HOHOB (A Han, HOH, > 40) OTHOC~TC~ H3MeHeHH~ B XapaKTepe 
Maccoe~x pacnpeAeneHHH npOAYKTOB peaKL.IHH. B Tex cny4a~x. KOrAa 
KaHan nonHero cnH~HH~ HaH6onee HHTeHCHBeH, Maccoe~e pacnpeAene
HH~ npOAYKTOB peaKL.IHH onHC~Ba~TC~ CHMMeTpH4H~MH KPHB~MH /THna 
KpHB~X raycca/ C LleHTpOM BOKpyr nonOBHHHOH Mace~ A =(A Han.HOH.+ 
+A~APO-MHWeHb)/2. C POCTOM A B3aHMOAe~CTBY~~HX ~Aep Maccoe~e 
pacnpeAeneHH~ KOHL.IeHTpHpy~TC~ BOKpyr HCXOAH~X MaCCOB~X 4HCen 
AHan.HOH• A~Apo-MHweHb' 4To rosopHT e no11b3Y o6pa3oeaHH~ ABOH
HOH ~AePHOH CHCTeM~. 11 nocJleAHee 3aMe4aHHe. C POCTOM 3HeprHH 
CTOnKHOBeHH~ Ce4eHHe o6pa30BaHH~ KOMnayHA-RApa yMeHbWaeTC~. 3TO 
eCTeCTBeHHO, nOCKOnbKY C pOCTOM 3HeprHH CTOnKHOBeHH~ OTKp~Ba~TC~ 
HOB~e KaHan~ peaKL.IHH H, CJleAOBaTeJlbHO, OTHOCHTenbH~H _BKnaA KaHana 
nonHero cnH~HH~ a nonHoe ce4eHHe peaKLIHH yMeHbwaeTc~. 

C~eCTBY~~He MOAenH An~ B~4HCneHH~ ac(E) MOIKHO pa3AenHTb Ha 
ABe rpynn~. K nepBOH OTHOC~TC~ MOAenH, OCHOBaHH~e Ha KnaCCH4ec
KOM onHcaHHH npo1.1ecca CTOilKHOBeHH~. Pewa~TCR AHHaMH4eCKHe ypae
HeHH~ THna ypaBHeHHH narpaHIKa C teHOMeHOnOrH4eCKH BKn~4eHH~MH 
AHCCHnaTHBH~MH CHJlaMH. ECI1H TpaeKTOPH~ ABHIKeHH~ An~ npHBeAeHHOH 
Mace~ /J. nonaAaeT BHYTPb 11 KapMaHa 11

, o6pa3oBaHHoro cyMMOH Kyno
HOBCKoro, LleHTpo6elKHoro H RAepHoro noTeHL.IHanoe, TO C4HTaeTc~, 
4TO 06pa30BaJ1aCb KOMnayHA-CHCTeMa. Ko BTOPO~ rpynne OTHOCRTC~ 
KBaHToeoMexaHH4eCKHe MOAenH. B 3TOM cny4ae MHoro4aCTH4Hoe ypae
HeHHe WpeAHHrepa CBOAHTC~ K OAH04aCTH4HOMY ypaBHeHH~ ABHIKeHH~ 
npHBeAeHHO~ Mace~ /J. e none 3tteKTHBHoro noTeHLIHana. B o6nacTH a 
/a - HeKOTOpa~ 'HKCHpOBaHHa~ KOHCTaHTa/ B Ka4eCTBe peweHH~ ypae-
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HeH~R np~H~MaeTCR cxoAR~aRCR sonHa c aMnn~TYAOH Ae. TaK~M o6pa-
30M, 3aAa4a CBOA~TCR K B~4~CneH~O K03~~~~eHTOB npoH~~aeMOCT~ 
3~~eKT~BHOrO 6apbepa. 

2. 3~~EKH1BHbl~ nOTEHL.lHAil B3AHMOAE~CTBH.R ABYX CilOlKHbiX .RAEP 

CornacHo Teop~~ 6paKHepa/I/ nonHaR 3Hepr~R c~cTeM~ B3a~Mo
AeHCTBY~~x ~epM~OHOB npeACTaBnReTCR KaK ~YHK~~OHan OT noKanbHOH 
nnoTHOCT~ i[p]. TorAa AnR peanbHOH 4aCT~ s3a~MoAeHCTB~R ABYX 
cnomH~X RAep B np~6n~meH~~ MrHOBeHHOrO CTOnKHOBeH~R ~MeeM/1/: 

/1/ 

nnoTHOCTb 3Hepr~~ 6epeTCR B B~Ae 

1i
2 

1 I i (p) == iT«P + p V (p. a)+ Sm 71 <v p)2- 2 epVe - 0.7386e2 p4 3, /2/ 

rAe ~«{{ - nnoTHOCTb K~HeT~4eCKOH 3Hepr~~, B~4~CneHHaR B np~6n~
meH~~ ToMaca-~epM~: 

i T«P = .!_ ..!: ( 317
2 

)2/3 .1.. [ (1 _ a)5/3 + (1 +a) 5/3]p 5/3. 
5 2m 2 2 

\T(A _\ - n"'TOLJIIIA~nLLJ-,D ""'!'oLJOI"'\r""IAn ll""'nl""'or"\LJ-1• ....... "'r',...l"'lol••• ........ ,.'0.1,...",..'''"" ... ,..,.. ··-.- ---.··--·- ---· ----..-· ...... ,.....-,...·-·· . ·-. -r····' ......... ,_,., .. _,_. .. -· . 
OA~H HyKnoH; OHa ~MeeT B~A 

4/3 5/3 V (p, a)= B1 (a~ p + B2(a)p + B3(a)p • 

(i = 1+3). 

HyKnOHH~e nnoTHOCT~ ·p 1 , ·p 2 ~3sneKaOTCR ~3 pac4eTos no MeTOAY 
XapTp~-~OKa ~ HaXOARTCR s xopoweM cornac~~ c AaHHbiM~ o pacceRH~~ 

3fleKTPOHOB Ha RApax. 4neH 7j ~ ( V p)2 Y4~T~BaeT KOHe4HOCTb RAep, 
Sm 

a K03~~~~~eHT~ 71 , a i , b i ~~Kc~pyoTcR ~3 ycnoa~R Ha~ny4wero 

cornac~R pac4eTos s paMKax Teop~ 6paKHepa c 3Kcnep~MeHTanbHbiM~ 

AaHH~M~ no 3Hepr~RM CBR3~ RAep l6Q , 4°Ca , 208pb , 238U . 

B pa6oTe/2/ 6~na npeAnomeHa YA06HaR annpoKc~Ma~~R peanbHOH 
4aCT~ noTeH~~ana B3a~MOAeHCTB~R: 

(A I/3 AI/3) 
JJ. m. 

VN (r) = UN (s), 
(AI/3 +AI/~ 

JJ. m. 

rAe VN(r) COOTBeTCTByeT noTeH~~any /1/ 3a B~4eTOM KyflOHOBCKOro 
B3a~MOAeHCTB~R, AJJ.,m. - Maccos~e 4~cna RAeP, a UN (8) - YH~sep-

2 

canbHaR ~YHK~~R, 3aBHCR~aR TOnbKO OT paCCTORHHR Me*AY C~epH4ec
K~MH nosepxHoCTRM~ RAep: 

8 ~ 0, 

{ 

-V0 exp (-0,2782 ), 
UN (s) = 

-V0 +6,3s2 , s <0. 

3Aecb s= r-r0 (A 1{.3 +A1~~). r 0 = 1 ~M, v0 = 30 M3B. TaKHM o6pa3oM, 
3~~eKTHBHbiH noTeH~~an B3a~MOAeHCTBHR B f -H nap~HanbHOH BOnHe 
HMeeT BHA 

/3/ 

Pac4eT ce4eHHH o6pa30BaH~R KOMnayHA-RAeP M~ 6yAeM paccMaTpH
BaTb a paM~aX MOAen~,. npeAnomeHHOH B pa6oTe / 3/. npo~ecc 3aXBaTa 
RAPa noTeH~~anbH~M 6apbepoM paccMaTpHsaeTcR KaK ABYXCTyneH4a
T~H. Ha nepsoM 3Tane RAPa npeoAoneaaoT noTeH~HanbH~H 6apbep c 
aepORTHOCTbO Ty(E). 8TOPOH 3Tan COCTOHT B o6pa3oBaHHH KBa3HCTa
~HOHapHoro COCTORH~R C 3Hepr~eH if ~ BepORTHOCTbO wf&f) • TorAa 
nonHOe Ce4eHHe o6pa30BaHHR KOMnayHA-RAPa 

fKpWI' • 
!T1i2 

a (E)= 0"£. (2f + 1) Tf (E) we (£f}, 
e 2j.IE L..., 

/4/ 

rAe E- 3HeprHR HaneTa~~x 4aCTH~ a c.~.H.,j.l- np~BeAeHHaR Mac
ca. 3Ha4eHHe f, npH KOTOPOM peanH3yeTCR nocneAHee CBR3aHHOe Coc
TORH~e £ f , o603Ha4aeTCR KaK f KpHT .. no nOBOAY COOTHOWeH~R /4/ 
cAenaeM PRA 3aMe4aH~H. H3-3a YH~TapHoCTHS -MaTpH~~ 4~cno naAa~Hx 
4aCTH~ paBHO 4HCny YXOAR~HX, TO eCTb, CTporo roaopR, 4aCT~~a He 
MomeT 3axaaT~TbCR noTeH~~anbH~M 6apbepoM. 0AHaKo KamAaR MOAenb, 
on~C~Ba~aR pacceRH~e TRmen~x ~OHOB, COAepmHT KaK OAH04aCTH4H~e, 
TaK H MHOr04aCT~4H~e acneKT~. 0AH04aCT~4H~e acneKT~ npORBflROTCR 
B TOM, 4TO Ha 6onbWHX paCCTORHHRX noTeH~Han np~6nHmaeTCR K Kyno
HOBCKOMy, a TaKme B CaMOM cy~eCTBOBaH~~ noTeH~~anbH~X 6apbepoB. 
MHoro4aCT~4H~e 3~eKT~ npORBnROTCR Ha Man~X pacCTORHHRX, TO eCTb 
TaM, rAe nnOTHOCT~ CTanK~Ba~~XCR ~OHOB nepeKp~BaOTCR. npH 3TOM 
npOHCXOAHT cy~eCTBeHHaR nepeCTPOHKa noTeH~~anbH~X noneH CTanKH
Ba~HXCR ~OHOB ~ nOHRTHe nOTeH~~anbHOrO 6apbepa TepReT CBOH CM~Cn. 
no3TOMY COAepmaHHe npeA~A~eH ~OpMyn~ 3aKn04aeTCR B TOM, 4TO o6-
pa30BaHHe COCTaBHOrO RAPa nocTyn~pyeTCR BCRK~H pa3, KOrAa B pe-
3ynbTaTe AHCC~na~HH 3HeprHR naAa~ero HOHa OKa3~BaeTCR H~me 6apb
epa. 8 pa6oTe/4/ 6~n npeAnO*eH MeXaHH3M AHCCHna~~H 3HeprH~ KaK 
pe3ynbTaT B036ymAeH~R YPOBHeH OC~~nnRTOpa, KOTOP~H OTOmAeCTBnRn
CR C MOAaMH rHraHTCKOrO pe30HaHCa B RApe-M~WeHH. 

Pac4eT~, s~nonHeHH~e no ~opMynaM pa6oT 13•4/ AnR pa3nH4H~x nap 
B3aHMOAeHCTBYO~HX RAep, He npHBen~ K cornacHO C 3KCnepHMeHTOM. 
C ~enbo cornacosaH~R pac4eTHblx AaHH~x c 3KcnepHMeHTanbH~MH s 
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pa6oTe/5/ 6blna npeAnomeHa nepeHopM~poeKa noeepxHOCTHoi1 3Hepr~~= 

-+ 2 -+ 2 -+ 2 3 
V (r) = Tlofi(V(pi + p2 )) - (V pi-) - (V p2 ) ld r. 

IIOB. 

/5/ 

.[\nR napaMeTpa Tlo np~HRTa ~eHoMeHonor~4ecKaR 3aB~C~MOCTb r 

{ 

Tlo s::: 1,16, 

11 (r) = B.s + C, 1,16 2: s ~ 1,06, 

1,06 • B + C, s < 1,06, !61 

s = r/ (1- ka 2 ) (AI{3 + AI.j3 }, a= (N- Z)/ (N + Z), 

k = 2,15, Tj 0 = 15,2. 

,[\nR HaneTa~~~x HOHOB c MaccoBbiM~ 4~cnaM~ A~ 20 npHHRTO B = -280, 
C = 340; np~ A> 20 B = -469, C = 560.Pa311H4~e e napaMeTpax A11R 1 

AS 20 ~ A > 20 o6bRCHReTcR TeM, 4TO e pac4eTax noeepxHocTHO~ 
3HeprHH AllR nnOTHOCTH ~CnOJ1b30Ba1lOCb YHHBepcanbHOe CHMMeTp~3o
BaHHOe ~epM~-pacnpeAe1leH~e. 0AHaKO AllR nerK~X RAeP n1lOTHOCTb 
pacnpeAeneH~R 6n~me K rayccoeoi1 ~opMe. 

3. 0 POnH KBAHTOB~X KOnE6AHHA nOBEPXHOCTH B nPOUECCE 
nonHOrO CnHHHHH ADEP. PF~YnhTAT~ 

CneAYR pa6oTe/6/, raM~nbTOHHaH, on~cblea~l!l~i1 c~cTeMy ~3 ABYX 
B3a~MOAeHCTBY~~~x RAep, onpeAell~M cneAY~~~M o6pa3oM: 

,., A A 

H = T ~<.>~H .+ Ho + HB3 • • 171 

rAe TK>IH. - onepaTop K~HeT~4eCKOH 3Hepr~H OTHOC~TellbHOrO AB~me
HHl'l, Ho on~cblaaeT BHyTpeHHee AB~meH~e e RApax, He3 .- B3aHMOAei1-
CTB~e ABYX l'IAep. 6yAeM npHH~MaTb BO BHHMaHHe ll~Wb B036ymAeH~e 

H~3KOJ1ema~HX RAePHbiX COCTORH~H, npH on~CaH~H KOTOpbiX MOmHO orpa
H~4~TbCl'l rapMoH~4ecK~M np~6n~meH~eM. TorAa Alll'l Ho ~MeeM 

~ f1 iJ2 fl 
H0 - - - I w "--·-- +- I w. a. a'!' - 2 j i aa. a a~ 2 j I I I ' 

I I 

rAe a i - AHHaM~4eCK~e nepeMeHHble, on~CbiBa~~He BHyTpeHHee ABHmeHHe 
B l'IApax, j - COBOKynHOCTb KBaHTOBbiX 4~Ce11, BK11~4aiOII.\aR H ~HAeKC 
l'IAPa. .[\lll'l H83 . np~MeM /6/ 

/8/ 

3AeCb r - paCCTORH~e MemAY ~eHTpaM~ Mace CTallKHBa~~HXCR RAep, 
-+- -+ 
ri , r2 - BeKTOpbl, OTK11aAb1BaeMble ~3 ~eHTfJOB COOTBeTCTBYII>~HX 

RAep, V - HYKllOH- HYKllOHHbiH noTeH~Hall; p ( ) (ti ), p (2) (t2 ) - OAH0-
4aCTH4Hble MaTpH~bl nllOTHOCTH ABYX RAep, KOTOpble MOmHO npeACTaBHTb 
B BHAe PRAa no CTeneHRM aj : 

/9/ 

noACTaBJ1RR /9/ B /8/, nolly4aeM 

H83 ... U0 (r)+~Ui (r)ai +~Ujk(r)aiak+···, 
I Jl: 

/10/ 

u
1
. <f> = rv (r +;I -; > (po> <r > p<2> <r > + p<2> (r > po> <r ))dr dr" 2 0 I j 2 0 2 i I I2 

~ T.A. ~MeR B BHAY B AallbHei1weM 3aAa4y npH6J1HmeHHOrO pa3AelleHHR 
nepeMeHHbiX a ypaaHeHHH WpeAHHrepa, cAenaeM cneAyn~He npeo6pa3o
aaH~R KOOPAHHaT: 

1 = <~~ (r', m = 1 + I ~ . (r'> f3
1
• • 

V II V i Ill 
Ill/ 

a. = F. {t', {3) .. F.0 ) (1'} + I F.\~) (t') f3 L 

I I I ik I"' "' 

3AeCb r~ - C~ep~4eCKHe KOMnOHeHTbl paAHyc-aeKTOpa. B COOTHOWeHHH 
/11/ f~, {3i- HOBble AHHaMH4eCKHe nepeMeHHble, OnHCbiBan~He COOT
BeTCTBeHHO paAHallbHOe ABHmeHHe H BHyTpeHHHe KOJ1e6aHHR B RApax. 
Ha aCHMnTOTHKe r-+ oo f~-+ r11 - paAHyc-aeKTOp OTHOCHTellbHOrO paCCTO
RHHR MemAY ~eHTpaMH Mace CTallKHBaii>~HXCR RAep /3i-+aj • ~YHK~HH 
ciJ11i (J ') , FJl) (t') , FJ~) (r') onpeAellHM TaK, 4TOObl B H OTCyT-
CTBOBallH: 

a/ nepeKpeCTHble 41leHbl BHAa a2 /ar~a{3 k; 
6/ 11HHei1Hble no f3i cnaraeMble. 

B pe3yllbTaTe raMHllbTOHHaH/7/ 

~ 1'12 a -I a - 1i a2 
H = - - I - M , - + U (r ') - - I w . + 

2 vv'ar~ vv ar~ 2 i I a{3i a{3j 

1i 
+ -I O.k (r')f3

1
. ~ + .••. 

2 ill I 

/11 'I 
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MaTp~~a Mvv' /o6paTHa~ Mr~', ~rpa~~a~ e /11/ ponb TeHaopa Mac
e~/ CTaHOB~TC~ 3aB~C~~e~ OT r' ~ BHyTpeHH~X A~HaM~4eCK~X nepe
MeHH~X ~~ ~ ~MeeT B~A 

11 aFPl aF.<O 
(-)vM, =M8 ,(-l)v + -~ ~·1 ~·1 _ 

v-v -vv · ~ar ~ cu I II <ftV 

3AeCb M- np~BeAeHHa~ Macca. 
C!>yHK~~~ n1k (r'}, onpeAen~IO~a~ nepeHopM~poeKy noTeH~~anbHo~ 

3Hepr~~ BHyTpeHHero raM~nbTOH~aHa, OnpeAen~eTC~ COOTHOWeH~eM 

-+- I Uoo, W.2l JiD~2 ) ... _..! ~- a
2

Uf£'"' "' . li'~l) n<.ll 
u . - ~. ~ a r 2 -vI - va. L - L 

v 

M~ He 6yAeM ocTaHa8nH8aTbCR Ha ypa8HeHH~x An~ C!>YHK~H~ F/1), 
F1~2 ) , ~Ak /nOAP06HOCTH AaH~ 8 pa6oTe/6 / I. PaccMOTPHM cny4a~, 
KOrAa 8HyTpeHHHe nepeMeHH~e a1 onHC~8aiOT K8aApynonbH~e Kone6a
HH~ no8epXHOCTH ~Aep. TorAa npeo6pa308aHH~ /11/ 6YAYT HMeTb 8~A 

rv • r~ + t (~ ~L} lv • 

/12/ 

ll .. o. ±1, ±2, 

~LM(t') • ~ 1 (r '
2
) r~ + ~2 (r ' 2} [r 'r '12,.1'+ ~3 (r ' 2} [r--,.'t'13y', 

(I) ... , ... , ... , (I) ,2 (2) ... 4 fm (2) 2 ... ... 
FIL (r ) • [r r 12j.l F (r }; Fjk (r ') .. Co c2j2j Ff (r } [r, .•. r '1fm .• 

6 

KeaApaTH~e cKo6K~ [ 1£m oaHa4aiOT 8eKTOPHYIO ce~ab. An~ onpeAene
H~~ 3C!>CI>eKTOB nepeHOpM~p080K 8 K~HeT~4eCKO~ 4aCTH 3Hepr~H CTOnKH0-
8eH~~ Heo6xoA~Ma 3HaTb MaTpH~Y M;i~' . He aae~c~~a~ OT BHYTPeHH~x 

nepeMeHH~x M(0)~ 1 
4aCTb 3TO~ MaTp~~~ HMeeT 8~A 

'11'11 

1 /13/ 
----------------- r71 r. 71 ,. 

1 + 2r2 F (1)2 

TaK~M o6paaoM, 3CI>C!>eKTH8H~~ raM~nbTOH~aH, y4~T~8aiJ~~~ A~cc~na
~~10 3Hepr~~ OTHOC~TenbHOrO A8H*eH~~ Ha KOnneKT~BH~e, K8aApynonb
HOro T~na, 8036Y*AeH~~ ~Aep, HMeeT 8~A/8/ fAn~ no6o8~X CTOnKHO
BeH~~/: 

~ 112 
H=--

2M 

..!_(Z
2e\2 (2Ro} 

1m 9~n r : C 
- M 2 2 R r ar + v34>4>(r} • 

1 +.!... (~}2(~ }8 
100 2R0C r 

/14/ 

B /14/ x - OTHOWeH~e 3KcnepHMeHTanbHoro Macco8oro K03C!>CI>~~~eHTa 
K Macco80MY K03C!>CI>H~HeHTy rHAPOAHHaMH4ecKo~ MOAen~. Z, R0 , C -
COOT8eTCT8eHHO 3aPRA, paA~YC H *eCTKOCTb ~Apa, V~4J4J.- noTeH~~an 
83a~MOAe~CT8HR A8YX cno*H~x ~Aep. C noM~biO npeo6paao8aH~R 
'I'. exp [fA (r') dr']'l'' ypa8HeHHe /14/ npHBOAHTC~ K 8HAY 

1 
1~-:-:---
1 + f(r} 

3AeCb 

f(f + 1} - .1e_ (V.,.,,.. + !iV +!iS- E}]l 'l''(r}.;. 0. 
r 2 fi2 "''''t'· 

!iV (r}. -16[(x/100} (fl2e 2 /2Ro C}2 (2R0 /r}81 2![1 + 

+ (x/100) (Z2 e 2 /2R0 C}2 (2R 0/e) 81 • r 2 , 

!iS (r) - 64· R0 (x/100) (Z 2 e 2 /2R 0C)2 (2R0 /r)15 /[1 + 

+ (x/100) (Z 2 e 2 /2R0 C) 2 (2R0 /r) 81. r 2 , 

A(r} .. -4 (x/100) (Z 2 e 2 /2R0 C)2 (2Ro /r) 8 • 
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40 

20 

... -+ ...... 
5 

4 

3 

2 

PHc.l. 3aBHCHMOCTb HOH-HOHHoro 
rroTeH~ana OT paccTOHHHH r • KpH
saH I - peanbHaH ~acTb rroTeHQH~~a 
6e3 yqeTa xynoHoscxoro B036~e
HHH /B 3TOM cnyqae peanbHaH ~aCTb 
ITOTeH~ana OT 3HeprHH He 3aBHCHT/, 
KpHBhle 2,3 - rrepeHOpMHpOBaHHhle 
peanbHhle ~acTH rroTeH~ana. UH.Ppbi 
Ha KpHBhlX - 3HeprHH CTOnKHOBeHHH 
HOHOB B C.Q.H. CneBa OT BepTH
KanbHOH ITYHKTHpHOH rrpHMOH Haxo-

Q fcpMf rffm) ,!UfTCH o6nacTb cnHHHHH. ITo rrpasoH 
~f~~~~~--~,6~--~20~-r~· mxane - H3MeHeHHe ~0 B 3aBHCHMOC-

-1Q -1 TH OT r • Ha HHJKHeH ~aCTH PHCYHKa 
-20 _2 - H3MeHeHHe AV +AS s 3aBHCHMoc-

TH OT r , BXOAH~ee B ypaBHeHHe 
-30 -3 

d2 f(f+1) 

8 

(1 + f ( r)) 

6 

.... 
' 

1 . .QnR Ca40+ Ca40 

B= SBntAP. 

7 8 9 10 11 

! 1 
1 + f (r) 

[-.-
dr2 r 2 

PHc.2. 3aBHCHMOCTb ilJyHKQHH 
1 + f(r) OT r , perynHpyro~eH yrny6-
neHHe ITOTeH~ana HAPO + HApO. 

TaK~M o6pa3oM, M~ nony4aeM ypaeHeH~e 2-ro nopRAKa AnR ~, c ne
peHopM~poeaHH~M 3cpcpeKT~BH~M noTeHI.I~anoM v3$P.= V3qxp + AV +AS 
~ np~BeAeHHoi::\ Maceo!::\ ~ , 3aB~CRIJiei::\ OT r • Ha p~c. 1 npeACTaeneH 
noTeH1.111an B3ai1MOAeHCTBI1R ABYX RAeP 40Ca /Kpi1BaR 1-V31tJ¢(r), 
Kp~e~e 2,3 - nepeHOPMI1poeaHH~i::\ noTeH1.111an np11 ABYX 3Hepri1RX 
EcQM.~ B11AHO, 4TO noTeHI.I~an yrny6nReTcR. 3TOT pe3ynbTaT eameH 
np11 pac4eTax npOHI11.1aeMocT~, a TaKme eeni1411H~ fKpHT ., orpaHI14~

ea~IJiei::\ CYMMI1POBaH~e no nap1.111anbH~M BOnHaM AflR ce4eHI1R ac(E). 

PeaKQHH 

I2c + 137 Au /a/ 

77Se + 10 Ar /r/ 

tis +l59Tb /e/ 

I2c + tssGd I e I 

I6o +l54Sm /e/ 
86Kr + 84se /e/ 

40ca +12280 /e/ 
34-s + 136Xe I e/ 

E /M3B/ CM 

81 

88 

98 

118' 7 

136,5 

250 

170 

195 

225 

99 

113 

118 

146 

95,4 

132 

242 

182 

101,5 

114 

124 

274 

235 

207 

1347 

1481 

1331 

680 

1050 

1347 

1620 

1672 

1290 

1132 

1081 

874 

648 

1342 

1795 

2053 

1044 

1142 

1362 

1844 

1864 

1754 

44 

48 

52 

66 

84 

102 

120 

132 

51 

51 

'il 

51 

50 

84 

145 

97 

41 

47 

60 

!81 

151 

123 

1380 

534 

995 

1229 

1586 

1622 

865 

900 

7?.7 

768 

979+146 

1096+162 

1262+183 

r 3KCIT • 
KpaT. 

42+6 

51+7 

59+2 

82+3 

98+4 

118+5 

130+8 

42 

45 

48 

50+5 

70+10 

139+7 

102+5 

40+3 

46+4 

58+4 

3Kcnepi1MeHTanbH~e AaHH~e B3RT~ 113 pa6oT: a/- pa6oTa /S/, 
6/ - pa6oTa /9/ , e/ pa6oTa /lO/, r/ - pa6oTa /ll~ AI - pafioTa/l~/ 
e/ - pa6oTa113/. 
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1 

a 6c 

1 
d. (M6) v ~ 2 l"f~ 100) 

500 500 

1. B = Bnt~p. 

1 B- Br~p. I 2. 8 • 5Bn-t~p. 

2 B • 5Br~-t.llp. 3. B• 6Br~-t~p. 

"\ .... ,...I"\ __ ·--
,.J o- u o• n""'f-1· 

I I •• I • 
20 30 L.O 50 60 E(MlB) 50 70 90 110 130E(M38) 

Puc.). CeqeHHH o6pa3oBaHHH KOMnayHg-Hgpa KaK ~YHK~HH 
3HeprHH CTOnKHOBeHHH: a/ gnH pa3nHqHb~ OTHOWeHHH Mac
COBbJX Ko3~H~eHTOB B/Brugp.; 6/ gnH peaK~"" 40ca +40ca. 

B Ta6nH~e npHBeAeH~ pac4eTH~e aHa4eHH~ ce4eHHH o6paaoeaHH~ KOM
nayHA-~AeP An~ pa3H~X KOM6HHa~Hi:l 11 HaneTaiOl!IHi:l HOH + ~ApO-MHWeHb 11 

npH paanH4H~x 3HeprH~x CTOnKHOBeHH~. TaM me AaH~ 3KCnepHMeHTanb
H~e 3Ha4eHH~ ac • CornacHe TeopeTH4eCKHX pac4eToe c 3KcnepHMeH
TanbH~MH AaHH~MH enonHe YAOBneTeopHTenbHoe. 

Ha PHC. 2 npeAcTaeneHa aaeHCHMOCTb <I>YHK~HH (1 + f (r)). perynH
PY~llleH yrny6neHHe noTeH~Hana. Ha pHc.3 a,6 AaH pac4eT ce4eHHi:l 
a An~ peaK~HH 28Si + 28St, 40Ca + 40ca. 

AanbHeHWHH nporpecc e nOHHMaHHH npo~ecca cnH~HH~ ce~aaH, no
BHAHMoMy, C KOppeKTH~M y4eTOM APYrHX CTeneHeH CB060A~ ~Aep 
/HanpHMep, MynbTHnOnbH~X KOne6aHHH nnOTHOCTH/. 
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H3A3TenbCKHA OTAen Oe~eAHHeHHOrO HHCTHTYT8 RAePHbiX HCcneAOB8HKA 

A*onoc P.B. M AP· P4-83-618 
PeaK~MR nonHero cnMRHMR RAeP 

npoBeAeH aHanM3 BnMRHMR CBR3M BHyTpeHHMX CTeneHeH CBo60AW RAep C OTHO
CHTenbHWM ABM*eHHeM Ha 3~eKTHBHWH raMHnbTOHHaH, OnHCWBa~MH B3aHMOAeHCTBHe 
RAeP H 3aBHCR~HH TOnbKO OT paAHyc-&eKTOpar, COeAHHR~ero ~eHTpW Mace. C 
3TOH ~enb~ npM nOM~H npeo6pa3oBaHHR KOOPAHHaT, OnHCWBa~HX KaK OTHOCHTenb
HOe ABH*eHHe, TaK H BHyTpeHHHe KOne6aHHR B RApax, AOCTHraeTCR npH6nM*eHHOe 
pa3AeneHHe nepeMeHHwx a ypaaHeHHH WpeAHHrepa. B HTore nony4eHo paAHanbHOe 
ypaaHeHHe WpeAMHrepa c nepeHOPMHpoaaHHWMH npHBeAeHHOH MaccoH H KonneKTMBHWMH 
napaMeTpaMH RAep. 3TO AaeT B03MO*HOCTb HCCneAOBaTb BnHRHHe HeaAHa6aTH4HOCTH 
npo~ecca CTOnKHOBeHHR Ha Ce4eHHe nonHOrO CnHRHHR RAep. 

Pa6oTa awnonHeHa a fla6opaTopHH TeopeTH4eCKOH ~H3HKH OH~H. 

Ozholos R.V. et al. P4-83-618 
Reaction of Total Nuclear Fusion 

The Influence of connection of lntrlslc degrees of freedom for nuclei 
with relative motion upon the effective Hamll}onian wh~ch describes nuclear 
interaction and depends on the radius-vector r connecting centers of masses 
is analysed. With this aim using the transformation over coordina~es which 
describes both the relative motion and intrinsic nuclear oscillations an 
approximate separation of variables in Schrodinger equation was achieved. 
As a result radial Schrodinger equation with a renormalized reduced mass 
and nuclear'collective parameters was obtained. This permits to investigate 
the influence of nonadiabatics of coli is ion process on fusion cross sections. 

The investigation has been performed at the laboratory of Theoretical 
Physics, JINR. 
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