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Uenbro pa6oThi HBnHeTcH rronyqeHne BenuqnH ~y6neTHoR u KBBpTeTHOR 

~nllH pacceHHllH nyTeM peweHHH ypaBHeHnfi <Pa~~eeBa c noKanbHhiMll HyKnoH-
a t 

HyKnOHHh!Mll ITOTeHUHanaMll1 OITllCh!BlliDlllllMll S t - ll S o -cjJa3bl B HHTepBa-

ne anepi'llH OT 0 JlO 300-400 MaB, DpeJlmeCTByromue uanai'aeMhiM 3/leCb 

pacqeThi JlnllH n-d pacceHHllH MOlKHO ycnoBHO paa6nTb f:!a llBe I'pyrrrrhi: 

1) pacqeThi c "peanucTnqecKnMn" N N rroTenuuanaMu, BhiiiOnHeHHhie npu6-
/ll 

nulKeHH01 a llMeHHO - B8pllaUllOHHhiM MeTOJlOM 2) pacqeThl C ynpomeH-.. 
HhiMH noTeHuuanal\m1 BhmonneHHhie ,npeJlnoJKeHHhiMll B nocnellHHe I'Oilhi 6o-

/2/ n , , 
nee KOppeKTHh!Mll MeTO/l8Mll , 0~ ynporueHHh!Mll 3~eCb ITOHllM8IDTCH po-

TeHUll8nbi1 onachiBaromae S -cjJa3hi TonbKO. B npeJlene " effective range': 
' 

He no, qTo nonbiTKR nonyqaTb JlnRHhi n- d pacceHHRH B TaKax ITO/lXOJlaX 

COJleplKaT B Ce6e aneMeHT cnyqafiHOCTRj B nepBOM cnyqae OH CO/leplKRTCH 

B npoueJlype Bhi6opa npo6nofi ljJynKuua, BO BTopoM - B npeJlnonoJKenaa o 

llOCTaToqnocTu ynpomennoi'o noTenuuana JlnH onacannH Jlnan n-d pacceH-

HR 5!, 

Vianai'aeMhle pacqeThl OCHOBh!BBIDTCH Ha pei'ynHpHOH npoUeJlype1. CB~ 
/3/ 

6ollHOH, no Kpafinefi Mepe, OT nepequcneHHhiX Bhime neJlOCTaTKOB • CyTb 

npoueJlyphi cocToHT B cenapa6enbHOM npeJlcTaBnenuu 2-qacTaqnofi 

MaTpRUhl BHe MaCCOBOH ITOBepXHOCTU 1 liMeromeM JlnSI Uei!TpanbH,hlX can rrpona

BOnbHOll ljJopMhi cneJlyromnii Bun: 
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" 
I'.Ue 

(N) N. f 1 · · 1 
t (k~k ',.z l "' ~ [ (C (z))-] V

0 
(k,s

1 
.)V,; (sj ,k ') 

f l,j ""1 lj L L f 

V (k, k .') - f -51 I'apMOHHKa ljlyphe-o6pasa 
f 

f f 
c il ( d = v f ( s I 's j ) + 87i /L 12 I w ( z ) ' 

f oo V f {I~, s 1 ) V f (k,s 1 ) 2 . 
I ( z) = f . . . . . k dk 

11 0 · k 2 -2 " z.-. i l .-,2. 

noTeHunana, a 

: 

(1) 

.[l.n5I t .;.MaTpHUhl, HMe!Ollieii: BH.U ( 1), ypaBHeHHSI ¢a.o.oeeaa, K8K H3BeCTHO, 

nepeXO.U5IT B CHCTeMy N O.UHOMepHhiX HHTei'panhHhiX ypaBHeHHii:, KOTOpa5I 

.Qn5I cny"'a?J pacceSIHHSI 6eCCllHHOBOii: "'8CTHUhl Ha CBSI38HHOM COCTOSIHHH llBYX 

.Upyi'HX HMeeT BH.U: 
N 

4 
F (p)=--TT 

n 3 

V( !_ ,s ) ~ V (p,s 
1 

) C 
1 

oo N 

2 n : "" 
1 

- - 4 17m I .·~ 
a2+p2 o 1=1 

K 
nl 

(p,p.')F
1

(p')p'
2
dp' •. (2) 

(3.uecb H HH/Ke Mbl OI'p8HH"'HB8eMC5I S -COCT.OSIHHeM. no napHOMy B38HMO

.oeiiCTBHIO) • 5J.opa YP.8BHennii: K (p,y·' ) sa.uaJOTCSI .cne.oyJOIUHM o6pasoM: 
nl· _,., _, 

N 

Knt(p,·.p ')~ ~ C 
3 ·, 2 17 V ( s n ; I ~ + p' !> V (s m'l ; ~ p' I ') 

< z -·- L) I _____ _.;;;_ ___ _ 
.m=1 ml 4 m 2 ,2 ->->, 2 

o p + p + pp + a 

.N 2 

~·C C 
1=1 I II 

(z=-~)=0 
2/L ' 

a2 
z~ =-- • 

2/L 

. p p' 
cos 13 = ...:.....;:,__ 

pp 

~ c c 
.ll I I 

a a 2 
[--2 ' (z=--)]=1, 

a( a ) lj 2 /L 

.Unnna pacce5IHHSI onpe.uen5IeTC5I BhipaJKeHHeM 

N 

a = ~ · C l F . (0) 
1=1 . I • 

4 

sin8d8, 

i , 

t . ~ 

! I 

YpaaneHHSI (2) pernannch .L:tn5I noTeHunana IOKaBhi, HMeJOlliE 

HOe COCTOSIHHe C SHepi'Heii: 2
1
2 MsB. Pac"'eT llpOBO.UHnCSI 

4 annoa: iC1>, ••• , t <4> 

Ta6nnua 1 

N 2 3 

a (fm) 46,3 12,8 11,8 

11s Ta6nHUhi BH.UHo, "'TO pasnoJKenne ( 1) o6ecne"'HB81 

6biCTpyJO CXO.UHMOCTb .QnSI 3-"'aCTH"'HOii: .Qm!Hhl pacceSIHH5 

aenH"'HHa 

X2"' 

"' 

.aN-raN -2-
nopSI.oKa y X .on5I N =3,4 

aN .. 2 
I! v < k , k , >- v < k , k , > I dk dk , 

f v 2 (k' k , ) dk d k , 

-a 
"'3.}0 

a V (k, k ') - npn6nH)!{eHHbiii: noTe Hunan, .uaJOIUHii: .on5I 

' I'.Ue 

JKeHHe ( 1) c N ,4 , T,e, T'O"'HOCTb Bhi"'HCneHHSI 3 -"'aCTH 

pacce5IHHSI npaKTH"'eCKH COBIT8.U8eT C TO"'HOCTb!O annpOKCHl 

"' 
I'O llOTeHUHana V ( k , k ') npH6nHIKeHHhiM llOTeHUHanOM V 

B cny"'ae "'aCTHU co CITHHOM pernanHCh cne.uyJOIUHe Cl 

HhiX ypaanennii:: 

j =1/2 t N . . t 

V ( ~.s ) ~ C V(p,s) .,. N ~ 
F~( )=~ .!. nl=1 I !..17mi~(Ktt(p,p')F (p')+3 

n p 3 2 2 0 j=1 nj l 
a+p 

~ 
G (p) = 17 

n 

N t ) ~ 
s( p 

8 )~ C V (p,s1 oo N ss( ')C (p')+3K 
V 2' n 1=1 I -77mJ~ (Knj P•P l 

0 1=1 a2 + p 2 
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IV·(s k') £ I • I ( 1 ) 

·eHunana, a 

nneeaa, KaK uaaecTHo, 

X ypaBH9Hiill 1 KOTOpaH 

3aHHOM COCTOHHiili ~BYX 

) F ( ') ' 
2 
d ' . ( 2 ) I p p p • 

l. IlO I18pHOMy B38UMO

:n'enyJOlllliM o5paaoM: 
-, 

'p ... •I-+ ·P ~~ ') m-2 
2. 

+ a 

,2 

:..:... ) ] "'I ' 
:L 

sin8d8, 

/ 

YpaBHeHiiH (2) pemanucb nnH rroTeHunana IOKaBhi, liMeromero onHo CBH3aH-

HOe COCTOHHiie c sneprneii: 2 12 MsB. Pac'!eT npoaonnncH nnR t -MaTpHU 

4 BH~OB: 
(1) (4) 

l • . ..• l . 

Ta5nuua 1 

N 2 3 4 

a (fm) 48,3 12,8 1118 1110 

l1a Ta5nHUhi annH0 1 'ITO paano)!(eHne ( 1 ) o5ecne'!naaeT noaonbHO 

5biCTpyro CXOnH~OCTb nnH 3-'IaCTii'IHOll LlnHHhl pacceHHiiH, 3aMeTHM 1 'ITO 

.aN_f"aN -
IlOpHLlKa VX2 

nnH N =3.4 1 rae 

aN "' 2 
II v < k , k ' > - v < k • k ' > I dk dk , -3 - = 3 .}0 

I v 2 (k, k ' > dk d k ' .. 
"" 

a V (k, k ') - npn5nu:>KeHHhiit rroTeHunan, aaromufi nnR -MaTpHUbl Bblpa-

)!(9Hiie ( 1) c N =4 1 T,e, T'O'IHOCTb Bbi'IHCneHHH 3 -'IaCTH'IHOll nnHHbl 
•" - ' 

paCCeHHiiH npaKTH'I9CKH COBnanaeT C TO'IHOCTb!O annpOKCHMaUHH noKanbHO-
"" 

ro noTenuuana V ( k , k ') npu5nn)!(eHHhiM rroTenuuanoM V (k, k ') • 

B cny'Iae '!aCTHU co cnnHoM pemanncb cnenyromue cncTeMbi· onnoMep

HhiX ypaBH9Hiiii: 

J=l/2 N t 
t p • ( ) 

~ V ( z•S ) ~ C V p,s I oo N tt ~ ts ~ 
F (p) .. 

3
17 

___ n_::;__1----TTmi ~ (K (p,p')F (p')+3K 
1
(p,p')GI (p'))p2 dp' 

n a2 + p 2 0 J=1 nl I n ( 3) 

~ 

G (p) = " 
n 

oo N "" ~ st ~ 2 
-------- -TTmi~ (Kn1(p,p')C 1 (p')+3Kn1(p,p')F

1 
(p'))p dp' 

2 2 Q J"'1 I a +.p 



J =3/2 • 

N t ) a/~- ,2 , Vt( f. 8 
)IC V (p,s,. ooN Ktt ( · ')F (p?p dp, 

·2'" 1-'1 ·I + 2rrm~ · nl p,p l 
0 J=l a2 + p2 

"·· 
3h · 2 
F (p) =- -rr 

n 3 (4) 

M' 
3.uecb Knj · (p,p ') IIM910T BII.U . ... 

A ... .A' . ' 
M, . N A, 3 p, 2 . 1T v ( s n ' If-+ i' I ) v ( Sm ' I tr rl> 

K (p,p 'h I C ( z- ...:..- ) f .sin 0 d 0. 
nj m=l mj 4 m r 2 , 2 ... -o , 2 

p + p + pp .+ a 

Pac"leT · npoao.uuncg .unSI noKanhHbiX noTeHuaanoa. 

/4/ 3 t 
1) I1oTeHuuan Mop3e ( OllHCbiBaeT st - H s-{).- cjJa3b! OT 0 .uo 

' 400 Maa ): 

",t V ( ) s,t -2 (r-r"'tl/. s,t 
r =V [ o "' o e (5) 

( 
s,t 

- r-ro >/a s,t 
] -:- 2e 

2) noTeHUHan Mu\Jliet /5/ 3 ts H J.M. Tjpn ( OllHCbiBaeT S - H t 0 

cjJa3bi oT 0 .uo 300 Maa),: 
.s,t s,t -112 r -ll·t r 

s,t s,t e s,t e 
v (r ) "'·A 1 + A2 .. (6) r r 

t 
3aMeTuM, "'TO cum•neTHbiii: noTeHuaan (5) onucbiBaeT S 0 -cjJa3y co 3Ha"le-

HIIeM CII.HI'neTHOI'O acjJcjJeKTIIBHOI'O pa.uuyca paBHbiM r "' 2, 44 fm H .QniiHOii: 
s 

pacceSIHIISI as = -23,68 fm, 
. 1 

B TO BpeMSI Ka~ CIIHI'neTHhlii: llOT9HUHan 

(6) OllHCbiBaeT S O - cjla3y CO 3H8"19HH9M r
5

_=2,80fm, a = 
s -23,68 ~ni. 

TaK KaK pacceSIHUe B CllHI'neTHOM H TpunneTHOM COCTOSIHIISIX SIBnSieTCSI He-

38BHCIIMb!M1 TO BbipaiKeHIISI (5) H (6) cjJaKTII"leCKII npe.ucTaBnSIJOT A acjJcjJeK

TIIBHbiX llOTeHUUana, U09TOMY paC"leT llpOBO.Qil:nCSI T8K/Ke .QnSI KOM6H.H8Uil:ii: 
• ::::s t :::::: s t :::::= ·s . . ~ 1 
V s , V H V. V5 ( noTeHuHan V • onacbmaeT · S 0 -cjla3y 5 6 ~ • u . 

co 3Ha"leHueM -r s = 2,80 fm , a;. = -17fm ). Pe3ynbTaTbi pac"!eTa 

npaae.ueHbi B Ta6nuue 2. 

6 

I . 
·~ 'IP 

'"'-' j 1 

I. 

l't 
'· 

} 
y 
h 

It 
ll 
1 
I 
~ 

l 
i 

l 
t 

f. 

v 

·2 

a .(fm) 

4 . 
8 (fm) 

" t v5, V5 

0,54 

6,35 

ET(Msa). 9,12 

Ta6naua 2 

s t .. " t 
.. 

v a• vo v 5 ,v~~ v:.' 

1 ,i5 1,33' 1,1 

6,37 

.8,56 8,10 

CpaBHeHHA TeopeTu"leCKIIX pe3ynbTaToB .unSI·.uy6neTHoii: .un 
u 

6 
/2c/ u 

9T Bb!BO.Ll, C.UenaHHblli B pa OTe 1 0 Cll:nbHOH 38BHCHMI 

"liiHbi OT CHHrneTHoro acjJcjJeKTHBHoro pa.uayca. KaapTeTHaSI 

KaK H cne.uoaano OIKH.UaTb, OKa3anacb npaKTH"leCKH He"lyB 

cjJopMe napHoro noTeHuaana. 

06paTHMCSI Tenepb K 9KCllepHM9HTanbHbiM .QaHHb!M ll 

2 
HHSI a 

4 
H a • B HaCTOSIIUee apeMSI HMeeTCSI 2 Ha6 

TanbHhiX 3Ha"leHHii (eM. nocne.uHaii: cTon6eu, Ta6mma 2) ·~ 
4 a • ITocneAHHii: Ha6op 6onee 6n!I'30K K TeopeTH"leCKHM 

C"lHTaHHbiM C llOTeHUHanoM (5) (npH r s = 2,44 fm ). 
, /3c/ 

9Hepi'HH CBSI3H SIApa 
3 

II H aneKTpoMai'HIITHbiX ¢c 

3TOI'O SIApa, BblllOnHeHHbiii: C llOTeHUHanOM (5), 06Hapy1KHBI 

nacae c aKcnep~MeHTo~, "!eM aHanora"!Hbiii: pac"!eT' c noTE 

KHM o6pa3oM, necMoTpSI Ha npeAriot!TuTenhHOCTb. noT~Huua 

noTeHuuanorJ (~)), Heo6xoAttMo KoHcTaTupoaaTb, "'To o6a' a 

3 
.Q810T OAHOBpeMeHHOI'O Ollll:C8HHSI 9Hepi'HH CBSI3H II , A: 

3 
9neKTpOM8I'HHTHbiX _II cna6hiX cjJOpMcjJaKTOpOB rulep . .He H 

IUeeCSI paCXO/KA9HHe MO/KHO llbiT8TbCSI ycTpaHHTb cneAyJOIII 

7 -



3/J 
') F ( ? ' 2 d ' 

.j p p p' (4) 

.... 
.. .... . p t 

Sm ~~ P+T:j) 
______ __;__.sin e de • 

.... 2 . . 
'P +a 

1 s rr .- tjla3b! OT ·0 llO 
' -o 

s,t 

(5) 

(6) 

1 . . : 
·T · S 0 -¢asy co saaqe-

"' 2, 44 fm H lln!fHOH 
s . . 

cuarneTHbiH noTeaulian 

2,80fm, <= -23,68 fnl. 
ocrosrHusrx SIBnSieTcsr He

[pencTaBnsriOT 4 s¢¢eK

tK)!{e nnsr. KOM5H,Hau'nfi 

~:nHC:::biBaeT:· 1 S 0 -¢asy. 

,, PesynbTaTbl pac'!eTa 

·'>. , J.? 

v 

2 

a (fm) 

4 
a(fm) 

.. t v;; ,V5 

0,54 

6,35 

Ta5nuua 2 

" t v a, v6 

1, is 

6,37 

,8,56 

"" " t v 5 .v~ 

1,33 

8,10 

~~. t 

v ~· V6 

1 '19 

_161 
0,15+0,05 

0,48~,0517 I 

6,46+0,0517 I 

6,I3;o,o/
61 

8,48 

CpaBHeHHA TeopeTH'IeCKHX pesynbTaToB nnSI· ny5neTaoil: nnHHbi nollTBep)!{lla-.. 

5 12c/ • • 
9T Bb!BO.O, CllenaHHb!H B pa OTe 1 0 CHnbHOH 38BHCHMOCTH STOll BenH-

'IHHbi oT cuarneTHoro s¢¢eKTHBHoro panuyca. KBapTeTaasr onuaa paccesrHHsr, 

K8K 1i cnellOBano 0)!{1ill8Tb 1 OK83anaCb npaKTH'IeCKH He'IyBCTBITTenbHOH K 

¢opMe napaoro noTeauuana. ., 
05paTHMCSI Tenepb K SKcnepaMeHTanbHbiM naHHbiM no nnuaaM pacce~.-. 

2 4 
HHSI a li a , B H8CTOSIIUee BpeMSI HMeeTCSI 2 Ha5opa SKCnepHMeH-

TanbHblX 3H8'I8HHH ( CM, nocnellHHH CTOn5eu, ra6nuua 2) BenH'IHH .;;! a 
4 a : fiocnellHHH Ha5op 5onee 5nH30K K TeopeTH'IeCKl!M 3H8'!8HHSIM

1 
pac-

C'IHTaHHbiM c noTeaunanoM ( 5) ( npn r s "' 2,44 fm ) • OnHaKo · pac'IeT 
13cl · · ·181 

s'aeprnn CBSI3H srnpa 
3 

H H sneKTpoMai'HHTHbiX !jlopMtjlaKropoB 

SToro Slllpa, BbmonaeHHbiH c noTeaunanoM (5), o5aapy)!{HBaeT xynrnee cor

nacne c sKcnepnMeiuo~, '!eM aHanorn'IHbiil: pac'!eT' c noTeauiianoM (6), Ta

KHM o5pasoM, iiecMoTpH iia · npenrio<iTnTen'haocTb noTeauuana .<in nepen 

noTeaunano~ (5), aeo5xoni1Mo KOH~TaTHpoBaTb 1 'ITO o5a STH noTeauuana He 
. . . . 3 

na10r onHoBpeMeHHoi'o onncaansr SHeprnn CBSI3H II 
3 

sneKrpoMai'HHT!ibiX u cna5biX. ¢opMtjlaKTopoB sr.oep He 

. . 
, ny5neTHOH .OnHHhl 1 

3 
II · H , l1MeiO-

!lleecsr pacxo)!{.oeaue MO)!{HO nhiTaTbCSI ycTpaHHTb cne.oyiOIUH~m · cnoco5aMn: 

7 ; 
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1) 1i3M9H9Hii9M <iJopMbi s<iJ<iJeKTHBHOI'O napHOI'O IIOT9HUHa~.a; .2) OTK830M OT 

IIOHSITHSI s<iJ¢eKTHBHOI'O IIOTeHUHana, A9llCTBYIOIU9I'O TOllbKO B s -COCTOSIHiilf 
1 

1i BB9A9HH9M COBOKYIIHOCTii U9HTpanbHOI'O H T9H30pHOI'O B38HMOA9llCTBHll . 
(3A9Cb cnenyeT 38M9THTb, qTQ IIepeXOA OT s<iJ<iJeKTHBHOI'O IIOT9HUHana K 

COBOKyiiHOCTH U9HTpanbHbill IIniOC TeH30pHbil!: IIpHBOAHT B IIpHonH)I{9HHH HMa

/9/ 
K OAHOBpeMeHHOMY li cyrueCTBeHH_oMy yohiBaHHIO SHepi'HH CBSI3H I'yqu 

aH 
H ani'eopaHqecKOMY B03paCT8HHIO AyoneTHOll AnHHhi paCCeSIHHSI1 OTCIO-

na cnenyeT, qTQ paCXO)I{A9HHe M9)1{AY 8THMH BenHqHHaMH MO)I{eT ]:l8)1{9 yBe

nHqHTbCSI); 3) BB9A9HH9M 3-qacTHqHbiX CHn HnH HX aHanOI'a; 4) Hapyrue-

HHeM H30TOIIHqeCKOll HHBapHaHTHOCTH B CHHI'neTHOM COCTOSIHHH, 

HeKoTopbie H3 8THX B03MO:>KHOCTel!: t5y JJ.yT HccnenoBaTbCSI B rrocneny

IOIUHx rryonHK8UHSIX. 

ABT«?Phi Bbipa:>KaiOT 6nai'onapHOCTb B.H.EcpuMoBy 3a HHTepec K pa6oTe. 
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