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KyxT11Ha H,H., T11ToB A.H.; <l>ypMaH B.H. P4 - 10225 

Bn1111H11e BH)'TpeHHell_ CTPYKTypbl 1Jel!Tp0H0B Ha IIX ynpyroe 
pacce11H11e s111paM11 

Ynpyroe pacce11u11e II pacmenneH11e 1Jel!TpOHOB Ha 111Jpax pacc~10TpeHo 
C noM0lllblO eyKnOH-llllepHbJX onT11•1eCKIIX noTeH1111anoB 1Jn11 3Hepr1111 1Je11TpO
II0B, cymeCTBeHH0 6onbWIIX IIX 3Hepr1111 CBl13H, C noM0lllblO MOllllip11UllpOB8H
H0I'0 MeT0ll8 CBSl38HHblX KaHanoB npoBell9Hbl 'IIICneHHbJe paC'leTbl 1Jn11 
ynpyroro pacce11H1111 1Jel!Tpo11oa 11a 111Jpax 12 C 11 40ca. 

Pa6oTa Bbin0nHeHa B na6opaTop1111 Hel!Tp0HHOl! !pll311KII OH.HH. 

OpenpHHT 06be)lHHeHHOr'O HHCTHTyTa .H)lepHbIX HCCJie)lOBaHH'1 

,ay6ua 1976 

Kukhtina I.N., Titov A.I., Furman W.I. P4 - 10225 

The Influence of the Internal Deuteron Structure 
on the Elastic Scattering of Deuterons by Nuclei 

The deuteron elastic scattering and desintegration of 
deuterons by nuclei are considered in terms of the nucleon
nucleus optical potentials: For the energy of deuterons 
much greater than their binding energy the problem may be 
reduced to the investigation of the motion of the point 
deuteron in the deformed nuclear potential. This depends 
both on coordinates of the centre-of-mass deuteron and on 
its internal coordinates. Using the modified couple-channel 
method the numerical calculations have been done for the 
deuteron elastical scattering on 12 C and Wea nuclei. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 

(C) 1976 O61>e0UHeHHWll UHc•u•y• A0epHWX ucc11eooeaHull,4y6Ha 

1. B HacTo.11mee apeM.11 pac'leTLI ynpyroro pacceJIHHJI 
AeHTPOHOB Ha .11,I:{pax B OCHOBHOM npoBOAHTCJI B paMKax 
OilTH'IeCKOH MOAeJIH C HCilOJIL3OBaHHeM A€HTpoH- JIAepHLIX 
OilTH'IeCKHX IlOTeHI.~HaJIOB. CJie,I:{ylOll(HM waroM Ha nyTH HCCJie
AOBaHHJI MexaHH3Ma B3aHMOAeiiCTBHJI AeiiTpOHOB C .11,I:{paMH 
.11an.11eTc.11 paccMoTpeHue ynpyroro pacce.11Hu.11 AeiiTpOHOB 
B TepMHHax HYKJIOH• JIAepHLIX B3aHMOAeHCTBHH. IlepBLie waru 
B 3TOM HanpaBJieHHH CAeJiaHLI B pa6oTax /l, 2/. 3.I:{eCb 6LIJia 
npeAJIO)KeHa npocTaJI MOAeJIL AHcl>paKUHOHHoro B3aHMOAeiicT
BHJI AeHTPOHOB C .11,I:{paMH, KOTOpa.11 IlO3BOJIHJia CBeCTH 3a,I:{a'Iy 
pacceJIHHJI AeHTPOHOB K HeynpyroMy pacceJIHHIO TO'Ie'IHOH 
qacTHULI B Heccl>epuqecKOM IlOTeHUHaJie. 

B pa6oTe / 3/ aMnJIHTYAa ynpyroro pacce.11Hu.11 AeiiTpOHOB 
6LIJia npeACTaimeita 1,1epe3 aMnJIHTYAY ynpyroro pacceHHHH 
HYKJIOHOB Ha .11,I:{pe, riyTeM pa3JIO)KeHHJI IlOJIHOH "TpexqacTH'I • 
HOH" aMilJIHTYALI AeiiTpOH• JIAepHoro pacceJIHHJI B HTepauucrn
HLIH PHA no "ABYX'IaCTH'IHLIM aMilJIHTYAaM" HyKJIOH· JIAepHOro 
pacce.11Hu.11, npu'IeM B pac'leTax orpaHu1,1uaanucL BTopoii 
HTepauueii. ,ll;ayxqacTH'IHLie aMilJIHTYALI npeACTaBJIJIJIHCL 
B paMKax AH<l>paKUHOHHOH MO,I:{eJIH C nnaBHLIM o6pe3aHHeM 
JI.I:{epHOH IlOBepxHOCTH. TaKoe paCCMOTpeHHe ynpyroro pac
ceJIHHJI AeiiTpOHOB COAep)KHT PJIA TeopeTH'IeCKHX orpaHH'Ie
HHH, K ToMy )Ke nony'IeHHOe aaTopaMu cornacue c 3Kcnepu
MeHTOM He JIBJIJieTCJI BilOJIHe y6eAHTeJILHLIM. 

B pa6oTe /4/ ynpyroe pacce.11Hue AeiiTpOHOB Ha JIApax 
6LJJIO pacCMOTpeHo Ha OCHOBe OilTH'leCKHX IlOTeHuHaJIOB, 
OilHCLIBaIOll(HX ynpyroe pacceJIHHe np'OTOHOB H HeHTJ>OHOB 
Ha Tex )Ke .11.I:{pax. B AaHHOH pa6oTe 3TOT IlOAXOA / 4/ pac
CMOTpeH 6onee AeTaJILHO TeopeTH'leCKH u npoBe,I:{eHLI 'IHCJieH
HLie pacqeTLI AJIJI cnyqaea ynpyroro pacceHHHH AeiiTpoHoB 
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Ha 11,npax 40ca H 12c. OcHOBHoe npH6nmKeHHe B HaweM no.n
xo.ne - HCnonL30BaHHe a,nHa6aTH'IHOCTH no BHyTpeHHeMy 
,nBH)KeHHIO HyKnOHOB B .neiiTpoHe - BLIIlOnH11eTC1I Tor.na, 
Kor.na KHHeTH'lecKa11 :rneprH11 ,neiiTpoHa MHoro 6onLwe ero 
:meprHH CB113H. Ilo CBOeMy ,nyxy Hawe pacCMOTpeHHe 6nH3KO 
K ynoMHHaBWHMC11 pa6oTaM 11,21, o,nHaKo OTnH'IHe COCTOHT 
B TOM, 'ITO 3,necb aMnnHTy,na peaKUHH Haxo,nHTC11 nyTeM 
peweHH11 CHCTeMLI CB113aHHLIX ypaBHeHHH illpe,nHHrepa H, 
TaKHM o6pa30M ,OTCYTCTBYIOT xapaKTepHLie .nn11 .nu<t,paKUHOH
HhIX Mo,neneii npu6nH)KeHH11 /HanpHMep, ycnoBHe kR» 1 /. 
B uenoM o6a no,nxo.na .non)KHLI .nononH11TL ,npyr ,npyra B 
HCCne,noBaHHII MexaHH3Ma B3aHMO,neHCTBH11 .neiiTpOHOB C 11.n
paMH. 

2. KBaHTOBOMeXaHH'leCKa11 3a,naqa pacce11HH1I ,neiiTpOHa 
B none 11,npa 3aKn10qaeTc11 B peweHHH ypaBHeHH11 illpe,nHH
repa: 

➔ ➔ ➔ ➔ ➔ 

<Tr' + T P + 'V (p) + V (r, p) - E 
O 

)ll' k (r, p) "' 0, /1/ 

➔ ➔ V 

r.ne r H p - KOOp,nHHaTLI ueHTpa Mace ,neHTpona H OTHO-
CHTenLHOro ,nBH)KeHH11 HyKnOHOB B .neiiTpOH~; T ~ - KHHe -
TH'leCKa11 3HeprH11 ,nBH)KeHH11 uenTpa Mace; k - BOnHOBOH 
BeKTOp 3TOrO ,nBH)KeHH11; T p + V (p) - raMHnLTOHHaH OTH0-
CHTenLHOrO ,nBH)Ke11H11 nyKnonoB; _V <I, p) - noTenuHan 
B3aHMO,neiiCTBH11 nyKnOHOB C 11,npoM: 

, ➔➔ , ➔ 1 ➔ ➔ 1 ➔-. 
V (r, p) = V (r - - p) + V (r + -- p 1, 

n 2 P 2 
/2/ 

a V , ·v - onTH'leCKHe noTeHUHanLI B3aHMO,neHCTBH11 neii-
n p 

Tpona H npoTOHa C 11.npoM MHWeHH. 
EcnH KHHeTH'leCKa11 3HeprH11 ,neiiTpOHOB MHOro 6onLwe 

3HeprHH OTHOCHTenLHOro ,nBH)KeHH11 HyKnOHOB E , TO 
pewenHe ypaBHeHH11 / 1/ MO)KHO HCKa Tb B BH,ne / 4/: 

➔ ➔ - ➔ ➔ 

ll'... (r, p) = 'l' ➔ (r, p) <I> (p), 
k k 

/3/ 

r.ne <l>(p) - <liYHKUH11 OTHOCHTenLH0ro ,nBH)KeHH11 HyKn0H0B: 

4 

<T + 'V (p) - d <I> (p) = O, 
p 

.. 

/4/ 

a 'Pk (;,r) y,noBneTBOp11eT ypaBHeHHIO: 

➔ ➔ - ➔ ➔ 

<T➔ + V (r , p ) - E )ll' ➔ (r , p) = 0 
r k 

/5/ 

E = Eo - E 

H onHCLIBaeT pacce1111He "opHeHTHpoBaHHLIX" ,neiiTpOHOB B 
none 11.nep. 

Ilpeo6pa3yeM ypaBHeHHe /5/ C noMOIULIO COOTHOWeHHH 

ll' ➔ 
k 

➔ ➔ ia e , rp; , (r ' p ) 
(r,p) = I 2rrie ----Y0 

ff' m kr m 

➔ ➔ A 

V (r , p) = V
O 
(r) + I VA lr , p ) Y . (r '} , 

A>O Ao 

" ... 
(r')YY'm(k') /6/ 

/7/ 

r.ne a p - KynOHOBCKHe <t,a3LI, a WTPHXH y ; H k yKa3LIBalOT 
Ha TO, 'ITO CHCTeMa Koop,nuuaT BLI6pana c 0ChlO z, napan-

v ➔ 

nenhH0H BeKT0PY p. 
Tor.na .nn11 <t,yHKl{HH ¢w, nonyqaeM CHCTeMy .nu<t,<t,epen-

uuanhHhIX ypanneuuii: · 

2 2 . ' m Am m 
[E.__ (-d- - ~Jf~l)- V (r)+ El¢ , (r ,p )=I VA (r,p)pf'£ c/Ju,<r,p) 

2md dr2 r2 0 ff ~A 1 l 

C rpaHH'IHLIMH ycnoBH11MH: 

m ) 1 [( m ¢ee- <r,p = 2 Fe+iGe>ofl',.+'82£,(pHFe-iGe>L /9/ 

r.ne 
A A ½ 

p i\m = [ ~l..:._] 
1 

. < A ~ 'm I f m > < .A Of 'O I f O > ee, A 

A 4rrf /10/ 
1=21+1. 

.Ff , G f - C00TBeTCTBeHH0 peryn11pHa11 H Heperyn11p11a11 
KynoHOBCKHe <t,yHKUHH; ·s;;,(p) - MaTpHua pacce11HH1I, K0TO-
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paH onpeAeJrneT aMnnHTYAY pac_ceHHHH AeiiTpOHOB C "3a
MOPO)KeHHoii" KOOPAHHa Toii p : 

➔ ➔ ➔ 2 f-f' i(ae -t{Tf') ffi A A 

f<k. ,k ,p)= ; ~i e (S00 ,-0,,,,,)Y,, <k;)Y~. (k1). 
1 f ff m ik a a t m . t m / ll/ 

1IT06b1 nony'IHTb aMnnHTYAY /11/ B CHCTeMe KOOPAHHaT 
- ➔ . . -

c ocLIO zllk. , ucnonLJyeM cooTHOIIIeHHH: 
l 

A e A A 

Yam<kr')= ID (p)Yn (kr> /12/ 
L ml m1 m i_m 1 , 

A '* A A 2 f, + 1 f'* A 

Y* (k')=I of (p)Y*, (k_)!!!y _ D om(p). /13/ e 'm j m2 m2m f m2 I 417 

Tor.Ila cpopMyna /11/ npHMeT BHA: 

➔ 

f(k ,p) = I 
f ff' mm1 

17f' • e~ f i(ae-tae,) _ m 
V ik l e (Sff,(p)-oee,) X 

e " e '* " " x D (p) D
O 

(p) Yo (k f). m
1

m m i_m
1 

/14/ 

AMnnHTyAa ynpyroro pacceHHHH AeiiTpOHa MO)KeT 6LITb 

nony11eHa H3 /14/ ycpeAHeHHeM no OCHOBHOMY ero co
CTOHHHIO; 

➔ d ➔ ➔ ➔ -d ➔ 
f ef (k f ) = < <I> 0 (p ) ] f(k f , p ) I ·:P O (p ) > , /15/ 

d(➔ .t-. • ~ rAe <I> Op) - BOnHOBaH 'i'YHKUHH OCHOBHoro COCTOHHHH Aeu-
Tpona: 

d -- -ap m E 

<I> {p)=...J-'!:_ _e __ ;a=v-d-;E =2,226 M3B. /16/ 
o 211 p h 2 

6 

IloACTaBnHH / 16/, / 14/ B / 15/, nony11aeM OKoH11a TenLHoe 
Bblpa)KeHHe .D;nH 

fn=Iv3-
et e e 

1 2ia f A 

- e (S
O 

-1) Y
O 

(k ) , 
ik L t O f 

/17/ 

rAe 

-2 ap 
Sf = 2af e · S°ef (p)dp. /18/ 

TaKHM o6pa3oM, u3y11eHHe ynpyroro pacceHHHH AeiiTpo
HOB Ha HJlpe CBOAHTCH K CTaHAaPTHOH JaAa-Y:e O CBH3H KaHa
noB, T.e. peweHHIO CHCTeMbl CBH3aHHblX ypaBHeHHH /8/ 
c rpaHH'IHblMH ycnoBHHMH /9/, npH'leM MaTpHJJ.bl pacceHHHH 
-s;, ( p) HBnHIOTCH nonHLIM aHanoroM o6LI'IHOH MaTPHU.bl 
pacce»HHH. ,D;ucpcpepenu.uanLHoe ce11eHHe onpeAen»eTcH KBaA • 
pa TOM cyMMLI aMnnHTYALI /17 / H aMnnHTYALI ynpyroro pac
ce»HHH AeiiTpOHa B KynoHOBCKOM none: 

2 
da n = If n (0) + f I (0)1 , 

ec et cou 
/19/ 

rAe 

f (0) =TJ l i(2a 0 -71fnsin0/2) 
coul O e 

2k sin 2
2 

zTet 
/20/ 

' T/ = ---
-hV d 

0 - yron pacceHHHH; V d - CKOPOCTb AeiiTpOHa. 
3. HacT011iuuii noAXOA K JaAa-Y:e o BJaHMOAeiicTBHH 

AeiiTpOHOB C HJlpaMH HMeeT TO AOnonHHTenbHOe npeHMy
mecTBO, 'ITO OH noJBOnHeT na eAHHOH OCHOBe paccMaTpH
BaTb KaK KaHan ynpyroro pacceHHHH, TaK H KaHan pacmen
neHHH AeiiTpoHa. B nocneAHeM cny11ae B BbipaiKeHHH AnH 

aMnnHTYAhl /15/ AOCTaTO'IHO BMeCTO qiyHKUHH <Po (p) noA· 
CTaBHTb <l>YHKUHIO pacceHHHH HeiiTpOHa Ha npoTOHe, Hanpu
Mep, B cpOpMe: 

md( ➔) i~p l iqp 
'¼' ➔ P =e + _ e q • --

Iq - (3 p 
/21/ 
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➔ 

r,D,e q - BOJIHOBOH BeKTOP OTHOCHTeJihHOrO ,IJ,BH)KeHHJI npo-

TOHa H HeiiTpOHa B BhIXO,IJ,HOM KaHaJie. Tor,D,a ,IJ,JIJI aMnJIHTY,IJ,hl 

pacI.QenneHH.11 nonyqaeM aHanorHqHo npe,D,LI.D.YI.QeMy BLipa

meHHe: 

e +e'-e d -\ ➔ ➔ d -\ 477 2 
.F=<<fl➔ (p1 lf(k ,p)<I> (pJ> = ~ --i x 

q o ff'e 2mm:iiqk 

1T(2f 2 + 1) xv---
2f' +1 

A A i(ae+ae,> -m y (k )Y (q)x 

e S ff 'f 2 em I f f 2 -m I 

x<f 2 -m 1em 1 1f'O><f2 0fmlf'm>, /22/ 

r,D,e MaTpHqHbie 3JieMeHTbl 8 -MaTPHUhl 

:-' m 2 m 
see 'f . =fp xo<qp)Stt, (p)xt (qp)dp. 

2 2 

/23/ 

3,D,eCb: 

d ➔ 1 d ➔ 
<fl o<p)_= --=-Xo(p); <flq (p) =,t 

v" im 

.!Ei.L ( p )Y (p) Y * (;). 
q Xe q em em 

3aMeTHM, qTo B cnyqae pacI.QenneHHH aMnJIHTy,D,a 

npouecca /22/ CO,D,epmHT CYMMHpOBaHHe ITO npoeKUHHM, 

B OTJIHqHe OT 6onee npocToro cnyqa.11 ynpyroro pacceHHHH. 

4. ,Un.11 Bbl.!IBJieHH.!l BJIH.!IHH.!l BHyTpeHHHX CTeneHeii CBO· 

60,D,LI ,D,eiiTpoHa B ynpyroM pacceHHHH 6blJI npoae,D,eH MeTo

.D.HqecKHii pacqeT ceqenHH /19/. CHCTeMa ypaBHeHHH /8/ 
c rpaHHqHhlMH YCJIOBH.!IMH /9/ H /10/ pernanach CTaH,D,apT

HhIM MeTO,IJ,OM c noMOI.QLIO nporpaMMhI SIRIUS, co3,D,aHHoii: 

Ha ocHoae· nporpaMMhl KASTOR/
5/. Mo,D,HqJHKaUHH .D.JIH 

Harnero cnyqa.11 3aKnroqanHch B cne,1J,y101.QeM: Bo-nepaL1x, 

6bIJI 3aMeHeH 6JIOK no,D,cqeTa MaTpHqHhIX 3JieMeHTOB noTeH

UHana, OTBeTCTBeHHOro 3a CB.!13b KaHaiIOB. Bo· BTOpbIX, 

noCKOJlhKY ,IJ,JI.!l 3Toro noTeHuHaJia CHCTeMa /8/ He pacI.Qen

JI.!leTC.!l Ha ,D,Be no,D,CHCTeMLI, COOTBeTCTBYIOI.QHe KaHaJiaM 

C qeTHbIMH H HeqeTHhIMH f, TO, B OTJIHqHe OT yKa3aHHOrO 

B/5/; 6bIJia HanHCaHa no,D,nporpaMMa ,IJ,JI.!l perneHH.!l noJIHOH 

8 

t·, 

I. 
\ 

j 
I 
I 

CHCTeMhl /8/. 3aMeTHM, qTo nocne,D,Hee npHBO,IJ,HT K cyI.QecT • 

BeHHOMY yBeJIHqeHHIO 06-beMa BbJqucneHHH. B·TpeTbHX, no

CKOJihKY ,IJ,Jl.!l nonyqeHH.!l HHTerpaJihHOH S ·MaTpHUhl /18/ 

Tpe6yeTC.!l 3HaHue qiyHKUHH S&,(p) ,IJ,O ,IJ,OCTaToqHQ 6onL· 

IIIHX paccTOHHHii pmax,r,D,e 6naro,D,ap.11 qiaKTopy l<fl~ (p)I 
2
06ec

neqHaaeTc.11 3qJqJeKTHBHa.!l CXO,IJ,HMOCTh HHTerpana /18/, TO 

perneHHe CHCTeMhl ypaBHeHHH /8/ npoBO,IJ,HJIOCh ,IJ,Jl.!l 3Haqe -

HHii napaMeTpa p B HHTepaane [O ,p ] c rnaroM fy,, ra-
m ax 

paHTUPYJOI.QHM 3a,D,aHHYJO TOqHOCTh HHTerpana / 18/. ,Uanee' 

npH pe.IIIeHHH CHCTeMbl ypaBHeHHH /8/ Heo6XO,IJ,HMO BBeCTH 

o6pe 3aHHe no qffCJIY yqHTbIBaeMblX op6HTaJibHhIX MOMeHTOB 

f <f H no qffCJIY CB.!13bIBaeMbIX KaHaJIOB A<A • OKa· _ max ~ max 
3bIBaeTCH, qTo BCJie,IJ,CTBHe 3aBHCHMOCTH rpaHHqHbIX ycno-

BHH /9/ OT napaMeTpa p ,f H ,\ TaKme 3aBHC.!IT OT p. 
max max. -

KpoMe Toro, ToqKa CIIIHBaHH.!l rm all BHyTpeHHHX qiyHKUHH C 

aCHMnTOTHqecKHM BbipameHHeM /9/ TaKme OKa3LIBaeTC.!l 

3aBHC.!II.Qeii OT BeJIHqHHhl p, XapaKTep CXO,IJ,HMOCTH no ,\ , 

KOTopa.11 o6ecneqHaaeTC.!l CBOHCTBaMH noTeHUHana ''y(;,p), 
BH,D,eH H3 Ta6JIHUhI, r,D,e npHBe,D,eHhl MaKCHMaJihHbie 3Haqe

HH.!l peanLHoii qacTH MaTpHqHLIX 3JieMeHTOB V ,\ (r,p). IIo

TeHUHaJI V ( r, p) /2/ HcnoJIL3yeM B cTaH,D,apTHOii By,D,c-CaK

coHOBCKoii qiopMe c rny6HHaMH peaJibHbIX qacTeii V On H 

· V0P, pa,D,uycaMH nonycna,D,a Ron= r 0~A V3 H R 0 p=r0PA 1/ 3 
H 

,IJ,H(J)qJY3HOCTH¥H an H ap. ,Un.11 MHHMbIX qacTeii - aHaJIOrHqHo. 

OnTHMaJibHhIM C TOqKH 3peHH.!l cqeTa OKa3aJIC.!l cne

.D.YIOI.QHH BbI6op napaMeTpOB o6pe3aHHH: 

,\max =·6 

0 (p < 5) 
r = Ir max 

(p > 5) /24/ max p + 5 

e = 2kR 
O 

+ 0, 6p .• 
max 

Ha puc. 1 H 2 IIOKa3aHa 3aBHCHMOCTb peaJibHOH H MHH

MOH qacTH MaTpHqHblX 3JieMeHTOB Sf£, (p) OT BeJIHqHHhl 

P• CnJIOIIIHbIMH KpHBhIMH H306pameHbl pe3yJibTaTbl peIIIeHH.!l 

IlOJIHOH CHCTeMhl ypaBHeHHH /8/' a nyHKTHpOM - pe3yJibTa

Thl pacqeTOB, KOr,D,a yqHTblBanacb CB.!13h KaHaJIOB TOJibKO 

O,IJ,HOH qeTHOCTH. KaK CJie,D,yeT H3 pHCYHKOB, MaTpHqHhle 
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Puc. 1. 3aeucuMocmb Res&, om .napaMempa p. 1'u¢paMu 
yKa3aHbl · 3Ha'leHUJI e. CnAOWHb1e KPU8b1e - peayAbmamb1 
peweHu.11 noAHOU cucmeMb1 /8/, nyHKmup - peayAbmamb1 OAJI 
CAY'IQJI y'lema mOAbKO C8Jl3U KQHQA08 OOHOU 'lemHocmu. 

11 



Jm s:e~---------~-
0,60 ,, 
0,50 

0,40 

0,30 

0,20 

0,1 

0 

-Q1 

-0,20 

-0,30 

2 4 6 8 

, 
,'-o 

I 
I 
I 
I 
I 
I 
I 
I 
I -,-... 

I ',-5 
I ' ' ' ' 

10 12 14 ffrp) 

Puc. 2. 3aeucuMocmb lmS?£' 0111 napaMempa p. Oc-
maAbHble 060311a<1e11uJ1 me JtCe, <11110 u Ha puc. I. 

:meMeHThl Bee- (p) All.II MallhlX f(f<f O:: kR O)) OCUHllllH

PYIOT' a C pOCTOM f Ha'lHHalOT y6LIBaTL.' TaKHM o6pa30M, 

o6pe3aHHe B HHTerpalle ~18/ MO)KeT 6LITL nolly'leHO JIHWL 

3a cqeT <}JyHKUHH j<i>g (p)I • lfa puc. I H 2 MO)KHO nolly'IHTL 

ell\e OAHH noJie3HhlH BLIBOA • CB.113h KaHaJIOB HeOAHHaKOBOH 

'leTHOCTH npHBOAHT K OTHOCHTeJILHO He60llhWOMY H3MeHe

HHIO BeJIH'lHHhl Sf£' (p), TaK 'ITO MO)KHO Cyll\eCTBeHHO COKpa

THTL ofrLeM Bhl'lHClleHHH, Y'lHTLIBa.11 TOJILKO CB.1131, KaHallOB 

OAHHaKOBOH qeTHOCTH. TO'IHOCTL 3Toro npH6JIH)KeHH.II onpe-

12 

nen.HeTC.11 pa3HHUeii Me)KAY cnllOWHOH H nyHKTHpHOH KPHBhlMH 

Ha puc. 3 /o603Ha'leHH.II Te )Ke, 'ITO H All.II puc. I H 2/, 
KOTop1,1e H3o6pa)KaIOT pac'leTHLie yrnoBLie pacnpeneneHH.11 

ynpyroro pacce.11HH.11 neiiTpoHoB Ha .11npe 12c c 3HeprHeii 

25,9 M3B. 
Ha puc. 4 npHBeneHLI MeTOAH'leCKHe pacqeTLI AH<b<}Je

peHQHallLHhlX ce'leHHH ynpyroro pacce.11HH.11 neiiTpoHOB yr

lleponoM. IlyHKTHP COOTBeTCTByeT npH6llH)KeHHIO All.II no

TeHuHaJia: 

'V(r,p) = V (r) +'V (r), 
n p /25/ 

T. e. npH6llmKeHHIO TO'le'lHOro neiiTpoHa. III TPHX - nyHKTHp 

OTMe'laeT Clly'laH, Korna BHyTpeHH.11.11 CTPYKTypa neiiTpOHa 

y'lHTLIBaeTC.11 ycpenHeHHeM HYKllOHHLI.X onTH'leCKHX noTeH

UHaJIOB no BHyTpeHHeH BOJIHOBOH <}JyHKUHH neiiTpOHa: 

V (r , p) = VO O (r h <<I>~ (p ) IV n (r, p ) + VP (r, p) I Ill ~ (p) > /26/ 

H, HaKoHeu, cnllOWHa.11 KPHBa.11 noKa3LIBaeT pe3yllLTaT pacqe

Ta no MeTOAY, onucaHHOMY BLIWe. H3 puc. 4 BHAHO, 'ITO 

yqeT CTPYKTYPLI neiiTpoHa Ha YPOBHe aMnllHTYA npHBOAHT 

K Cyll\eCTBeHHOMY OTJIH'IHIO OT npH6JIH)KeHHH, He Y'lHTLIBaI0-

1.QHX CB.113,H Ka'.Hall<JB. AHaJIOrH'lHLie fe3yJILTaTLI nOJIY'lHJIHCh 

nn.11 pacce.11HH.11 neiiTpoHoB Ha .11npe ° Ca. 
B CBJl3H C o6CY)KAeHHeM 3THX pe3yJILTaTOB Heo6XOAHMO 

3aMeTHTL, 'ITO nOCKOllLKY MHHMaJI qacTL onTH'leCKoro no

TeHuHaJia npH6JIH)KeHHO Y'lHTLIBaeT 3<}J<}JeKT BCex KaHallOB 

peaKUHH, TO npouenypa nolly'leHHJI MHHMOH 'laCTH noTeH

UHaJia V (r, p), no <}JopMylle /2/ MO)KeT 6LITL nocTaBJieHa 

non COMHeHHe. Bo3MO)KHO, 'ITO 61,mo 6LI 6onee nocnenoBa· 

TeJILHO HCnOllh3OBaTL COOTHOWeHHe /2/ TOJILKO AJIJI Bell\eCT

BeHHhlX qacTeii noTeHuHallOB, a MHHMYIO 'laCTL 'V (r, p) no-

no6pa TL <}JeHoMeHOllOrH'leCKH. · 

IlpoBeneHHLie HaMH pac'leTLI HOC.HT MeTOAH'leCKHH xa

paKTep H HX ueJIL • BLIJIBHTL OCHOBHLie Ka'leCTBeHHhle 3a

KOHOMepHOCTH npH y'leTe CTPYKTYPLI pacceHBaIOll\HXCJI qa

CTHU'. PacqeTLI AOBOJILHO rpOMO3AKH /3 'I AJI.JI HApa 12C H 
4oc I . H OKOllO 10 " AJIJI 11npa a ' HO OHH Heo6XOAHMLI B Ka· 

qecTBe nepBoro wara Ha nyTH HccnenoBaHH.JI 3anaq TaKoro 
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Puc. 3. ,l(u¢¢epeHrJUaAbHble cetJeHu.R ynpyzozo pacce.RHU.R 
oeumpoHoe. c 3Hepzueu 25,9 M3B Ha .Rope 12,c. CnAowHou 
Kpueou noKa3aHbl pe3yAbmami,i pactJema c ytJemoM ce.R3U 
ecex KaHaAoe oo "-max =6; nyHKmupoM - pe3yAbmambl, Kozoa 
Y'lUmbleaAaCb C8.R3b KaHaA08 C A =0,2,4,6. 
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Puc. 4. CpaeHeHue pe3yAbmamoe pactJemoe ou¢¢epeHrJUaAb
HblX Ce'leHUU ynpyzozo pacce.RHU.R oeumpOH08 Ha .ROpe 12C , 
8blnOAHeHHblX pa3AU'lHblMU cnoco6aMU. CnAOUIHQJI Kpuea.R -
pe3YAbmam pac'lema no Memooy, npeoAoJKeHHOMY e oaHHoii 
pa6ome. ,l(pyzue oee Kpueb1e coomeemcmey10m pac'lemaM no 
cmaHoapmHoii onmutJecKoii MooeAu 6e3 ce.R3U KaHaAoe c on
mutJeCKUM nomeHrJUaAOM oeumpoHa.,e3.Rmb1M - e euc)e cyMMbl 
onmutJeCKUX nomeHrJUaAoe HeiimpoHa u npomoHa /nyHKmup/ 
uAu e euoe mou JKe cyMMbl, ycpeoHeHHoii no eHympeHHeii eoA
Hoeou <fiyHKlJUU oeumpoHa /wmpux- nyHKmup/. 
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Knacca, Il03TOMY ecTeCTBeHHO, qyo AeTanLHhle pacqeThl 
HMeIOI.QHXC}l"3KCilepHMeHTanLHLIX AaHHhIX - Aeno 6nmKaihnero 
6yAyti.{ero. 

IlOABO,na HTOr npoBeAeHHOMY HaMH HccneAOBaHHIO, MO)K• 
HO CAenaTb BhIBOA O Ba>KHOCTH yqeTa BHyTpeHHeii CTPYKTYPbl 
AeiiTpOHOB B peaKUH}IX ynpyroro pacceaHH}I AeiiTpOHOB 
aTOMHbIMH }IApaMH. ·3TOT yqeT, no-BHAHMOMY, TaK>Ke He

o6XOAHM npH paccMoTpeHHH H APYrHx, 6onee cno>KHbIX 
peaKUHH C uenblO H3BneqeHH}I TOHKHX CTPYKTYPHLIX xapaK
TepHCTHK aAep H oco6eHHOCTeii MexaHH3Ma HAepHhlX pe

aKUHH. 
ABTOphl cqHTaIOT CBOHM npHaTHLIM AOnroM no6naro

AapHTb c.r.KaAMeHcKoro H B.K.IlyKLaHoaa 3a none3Hhle 
o6CY>KAeHH}I. 
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