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. C~eCTBYJO~He MeT.O.U.LI onucannx CBHJaHHhiX H peJonan-
.CHLIX cocTOHHHH B :KaaHTOBOH Teo pun nonx acer.na BKmoqa:Kn 
qacTH'IHOe cyMMHPOBa.HHe px.u.a TeOpHH B03M~eHHH. IIo
CKOiihKY CyMMHPOBaHH.e HBnHeTCH npu6nH:>KeH_HLIM, TO peJynh·~.· 
TaT MO:>KeT OKaJaTLCH_. CHnhHO J~BHCHIUHM OT BL16paHHOrO 
M'eTo.u.a . CYMMHpoBaHHH; B nocne.u.Hee BpeMJI HHTeHCHBHO 
o6CY:>K.U.anCJI. MeTO.U. na.zie-annpOKCHM.aUHH .B CBJI3H C onHca-
HHeM pe30HaHCHbiX COCTOJIHHH B paJnH'IHbiX TeopeTHKO-none-. . , I . · .. 
Bhlx Mo.nenJix /eM.-, nanpHMep, o6Jop · ' H UHTHpoaaiiHyJO 

· B HeM nuT epa TYPY I. 113 .npyrux MeTo.noa onHcaHHJI CBJIJaHHhu 
COCTOJIHHH B KBaHTOBOH TeOpHH nonH HaH6onee npHBneKaTeneH 

. MeTO.U. .U.HHaMH'IeCKHX ypaaHeHHii /ypaaHeHHe lieTe- ConnHT.e
pa; :z· •. KBaJunoTeHUHanhHbie ypaimeHHH .';J-S/ /.He ocTa
aaanaaaJicb Ha TPY.U.HOCTHX, CBHJaHIIhiX c ypaaHe.HHeM lieTe'" 

,· ConnuTepa, HanoMJIHM; 'ITO KBaJHnoTenu:HanhHLlii no.u.xo.u.; 
.npe.u.no;,ceHHhiH JloryHOBhiM H Taaxenu.u.Je ::1,, c ycnexoM 
· 6Lln ripu-MeileH · .u.nR onacaHHH :mepreTH'IeCKHX ypoalieii rio

JHTJlOHHJI H ao.nopo.nonoio6HbiX aToMOB 
16

'. 3.necb MLI 6y.neM 
llOnhJOBaTbCJI BapHaHTOM. JIOKanbHOrO KBa3HllOTeHU~aJibHOrO 
no.nxo.u.a, npe.u.no:>KeHHoro To.nopoBLIM1 o/~M. Ta~e 1 71 ·• r.u.e 
nOKaJibHOe K~a3HllOTeHUHanbHOe ypaBHeHHe npHMeHJieTCJI K 
OllHCaHHIO CBJI3aHHhiX COCTOJIHHH B CKanJipHOH: 3neKTP.O.U.R-. 
HRMHKe/. 

B HaCTOJI~eii JaMeTKe .nenaeTcJI nonhiTKa onucaHHJI: p -

peJoHaHca B paMKax TeopeTHKo-noneaoii Mo.ne.rrH c npocTeii
. · nmM Jiarpa.H:>KHaHOM B3aHMO.U.eHCTBHJI: 

- 2 
f = (- ~):(c$c$): 

int . . 4 : . . Jl/. 

MLI YBH.U.HM, .'ITO JiarpaH)IOiaH/1/He npHBO.lJ.HTKY.lJ.OBJieT
BOpHTenhHbiM peJyJibTaTaM npH OllHCaHHH P -peJOHaHCa 
B .. · 1T1T -:CHCTeMe.· ·o.T¥eTHM~ 'ITO TaKaJI )Ke CHTyaiUUI HMeeT 
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MCCTO IipH HCllOJib30BaHHH MCTO~a fla~e,r~e JIIDUh npHBJIC'IC• 
HHC 6oJiee CJIO:>KHbiX MO~CJICH ll03BOJIHCT llOJIY'IHTh pa3yMHOC 
cornacue c onhiTOM. 

llepuas TPY~HOCTh, B03HHKaro~ax npu npnMe:Henuu KBa3H
noTennuaJibHOro MeTo~a K 1717 -paccexHHIO c narpaiDiCHaHoM 

. /1/, COCTOHT B TOM, 'ITO m~nocpe~CTBCHHhlH paC'ICT no Teo· 
pHH B03M~CHHH npHBO~T K CHJibHO CHHryJIJipHOMY DOTCH· 
I{Hany npHTJDKCHUJI. lJT06hi peryJIHpU30BaTh KBa3UllOTeHnuaJI, 
npH.MCHJICTC·a MCTO~ nane-annpOKCUMai{UH K 'pa3JIO)I(CHHIO 
KBa3unoT€:mnuana Bps~ no nepe~aqe UMllYJibCa. /TaKOH npueM 
6hln npe~ni:5:lKeH KpaTepoM/. B nTote B03HHKaeT p -Me3ou
Hhlii pe3oHanc~· · o~Hai<o ero mupuna cuJihHO OTJinqaeTCJI OT 
Ha6JilO~aeMOI'O 3Ha'ICHUH, .a_ llOJIO:lKCHHC O'ICHh 'IYBCTBUTCJihHO 
K 3Ha'ICHHIO KOHCTaHTbl CBH3H. 

flepeii~eM K DOCJIC~OBaTCJihHOMY U3JIO:>KCHHIO. 3TUX pe· 
3YJih'TaTo8. BhlnnmeM ypaunemle ~JIH BOJIHoaoii !llynKnuu cuJi- . 
3annoro cocTosnus ~uyx cKanspHhlX qacTuU paun~x Mace 
B !lTOM no~xo~e: 

< vi2+ P 2)t/J(?) 
~ 

-+ 

= /2/ 

3,tiecb p . • OTHOCUTCJihHhiH UMllYJihC ~BYX tiaCTUI{ B C.I{.M., · 
m ·- :Macca * ;V(r) - KBa3unoTennuan: 'V(t) cTpou1-cs no· 
H3BCCTHbiM npaBUJJaM/3 ,S/•, CCJIU U3BeCTCH pg.z:(> TCOpUH 

B03MYJnCHUH ~JIJI aMiiJIHTY~hl paCCCJIHHH: 
Cne~ys 3TUM npauunaM, nocTpouM KBa3unoTennuan, onu

ChlBaro~:uii p ·BOJIHOBOC B3aUMO~CHCTBHC, U3 ~uarpaMM Teo· 
· puu B03M~enuii, npuue~eHHLIX na puc. I: 

a 6-- B 

~ •: "T . Puc. I 

* B J,_~aJiblleiimeM MLI 6y~eM pa6oTaTI:,; B cuc'I'e:Me- e~unun~ 
r~e fi=c=m=l. . 
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M O:>KHO noKa3a Tb, 'ITO- BKJia~bl B KBa3unOTCHI{UaJI OT BCCX 
' ~· ; ,_ -' .· . ~ 

Tpex npuue~eHHhiX ~uarpaMM npe~cTaBHMhl B uu~e 
oo -yA r , ·.. .. · 

e 
.f · .. a(.\)d.\, /3/ 
4 

r~e CnCKTpaJibHbiC nJIOCKOCTH ·a(.\) pa3JIH'IHhl ~JIJI pa3JIH'IHWX 
~uarpaMM. 

I<OHKpCTHbiH aHaJIH3 _Bhipa)KCHHH ~JIH a(.\) B paCCMaT· 
p;~~uaeMOM cnyqae noKa3hiBaeT, 'ITO B o6micTH Ma~x r M~ 
UMCCM ~CJIO C CUJihHO CHHI'YJIJipHbiM B3aHMO~CHCTBHCM npu
TH:lKCHUH * · B qacTHOCTH, BKJia~ oT ~uarpaMM~ puc. Ia 
ue.Ii;eT ce6s npu r-> 0, KaK (-r-3 ), a BKJia~hl OT ~uarpaMM 
puc._ 16 il Ia - KaK ln r /r 3 . · 

. ilOCKOJihKy nOCJIC~OBaTCJihHbiC MCTO~hl pa60T~ C TaKOI'O 
po~a noTeunuanaMu neu3BCCTHhi, Mhl: cne~y.11 KpaTepy, 
()y~e:M. CTpOHTb na~e-annpOKCHMai{HU no KOHCTaHTC CBJI3H 
~ns aMnJIHTY~hl pacceJIHHJI, a 3aTeM npu nepexo~e K Koop
-,IJ;HHaTHOMY npe~CTaBJICHUIO 6y~eM . DOJib30BaTbCJI na~e
annpOKCUMai{UCH no nepe~aHHOMY HMnyJibCY. 

. ·. : 06o3Ha'lHM BKJia~hi B aMn ... nuTy~y nacc_;xnus oT ~uar_paMM 
:-:puc. Ia, 16, Ia qepe3 T(2) (~) , T (3 )(11) u T (3)(~) 
· .. cooTBEncTaenno I A ·- nepe~annLiii HMnyn~>c/ u BhlnumeM 

UX. B HBHOM BU~C; 

(2) -> g 2 -> 2 (2) -> 

T (~)=(- 4)~f (~). /4a/ 

T (3)(,;)=(- .! ) 3~~ f <&>~) 
1 · 4 I t • /46/ 

(3) -> g 3 -+ 2 2 (3) -> 
T2(~)=(-4) (~) f2(~). /4B/ 

rAe oo ,\~ · · d.\ 

f (2) (~ )=-14417 1 V -.\ -. X(A+ ~2) I Sa/ 

* CM., TaK:lKe pa6oThi /8,9/. 
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- ;..\, -4 

d..\ oo VT'J 
\(\ _,2 fIn [e 

(3) -> 216 00 
..\ -4 

f I. (fl) = -TT- j..J-..\-· 

..j ..\, -4 

X I ..\' . I ..\'(..\-4)2 

..\:+A-4 

1\ 1\+ !l ) 4 

]d..\,, 

(3) _,···"108 . 00 .\-4 d.\ 2 
f. (fl)=-· -. [ f ..j- ]. 

2 " 4 -' -'<-'+ X2 > 

··x. 

/56/ .. 

/5B/ 

0TMeTBM, 'ITO BLI'IHTaHHJI, BBe,IJ;eHHble ,IJ;nJI ycTpaHeHBJI 

pac:x;O,IJ;BMOCTei, B03HHKa10IIlRX OT ,IJ;HarpaMM PHC. 1, Dpose·· 

,IJ;eRLI B TO'IKaX tO = S O = 0. 
-+ [ 1 , 1) - Da,IJ;e- aDDpOKCHManHJI DO KORCTaHTe CBJI3B ,IJ;nJI 

T(!l) BLirnJI.n;HT cne.nyrolllHM o6pa3oM: 

(2) -> 
[I,I] -> . g 2 ->2 .. f (!l) 

T (!l) = (- 4) !l ... fCJ).. -+ 2 (3) -> • 
g . l- (-. g ) I (!l) + !l f 2 ( !l) . 

4 . f (2)(~) . 
/6/ 

ODpe.nenaM KBa3HDOTeHnaan ·v(r), aeo6xo.n;HML1ii M•.nan~.
aeitnmx pac'le~oB: 

-> 
-> ...... i;!l 

V(r)=Jd!le 

_,-> 
-> -> ir!l -> 

V(fl)=-fd!le T(!l). /1/ 
. .... . 

.ZJ;n'I B3JITHJI HRTerpana· B 4!opMyne /7/ c T(t\)' B BB.n;e 

/6/ 6y.n;eM DonL30BaTLCJI [ 1,1] -Da.ne-aDDPOKCBManaeA MJI 
.,. -+2 T( fl) Do /l . Oaa HMeeT BH.n; 

6 
(! 

t [1,I] 
t2 g, Ll 

2 ~2 
(i)=-(- ~ )2 _ao · __ fl __ _ 

4 a 1 ->2 a
0 . !l -

al. 
~ < • • ' ' . :::.~. ~- -:-'?~ ....... 

/8/ 

~~. 
l 
r 
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r~ 

·> 

J .. I. 

3.iiecL 

(2) 

f 
ao= (2} g )f (3) 

f -(- 4 I 

/98./ 

. Zf (2}f ~(2lr_(2)-<-:~-)f/3 )]-[f (2) l 21f' (~<-f>U'I~l~) 
a = I 

[ f (2} -(- !_)f (3)]_2 
4 I 

~2). . 00 ..\-4 ... d.\ 
f = -14471 J ..j ..\ 7, 

4 

(2) ,.· 00 --

f, · =144TT J ..j .\-4 ~ 
4 ..\ 3 , .\ 

..j 
-- 00 

(3) 216· oo .\-4 · d..\ fIn [e-
f =-f..j-.\-.-.~ 

I "4 1\4 

..\'-4 v---2 
..\ , I .\ , ( .\ -4 ) ] d.\ I, 

X I ..\,+A- 4 

/96/. 

/lOa/ 

/106/ 

'/lOs/ 

f/(3L 216 
I --

j-./ A-4 dA "' -./ A'~· 
4 . ..\ T jln [ e .\ 3 .. . X· 

v---=· I ~ 
IdA'. /lOr/ 

<:s) 108 "" . A--4 d..\ 2 
f :1 = -TT-[f \1-,\- -2 ). /.I.Oil./ 

~ {: :-. :.> .. ;. ·~ ~! ., .... :! •. 4 ... ·.,, • ., . ;· A.-~: , 
: ~ •• ~ • -t. 
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IIpHBe~eM 'IHCJie~HhH~ 3Ha'leHHH BeJIH'IHH, BXO~HlllHX B BLl-
pa)KeHHe ~nx T L I !.1 J ·: 

fg, /'), 2 

(2) (2) 
f = -75,5; f , = 7,55; 

/11/ 
(3) (3) (3) 

· f I = 7,36; f I =-0,332; f 2 = 0,960. 
. -~ 

B pe3yJihTaTe B3HTHH HHTerpana B «<JopMyne /11/ ~nx V(r) 
nony'IHM cne~yrow;ee BhlpameHHe: 

-·'- ao . V - r 
... . a 2 

V (r) = 2 112 a ( _Q_ ) 
o a I 

~ al g 2 
(--;r) --r-

/12/ 

liy~eM pema Tb ypaBHeHHe /2/ C KBa3HflOTeH:QHaJIOM 

/12/ MeTo~oM «1Ja30BhiX «<JyHKUHH/lO,IL· *. YpanHeHHe ~JIJI. 
«1Ja30BOH «<JyHKUHH o f (r, p) , COOTBeTCTBYIOW:ee ypaBHeHHIO 
/2/, HMeeT BH~: 

_d_ 00 (r,p) =-
1 V(r)[cosoe (r,p)je(pr)-

dr L 2 
4p yp +1 

-sin 0 e(r,p) ne (pr) ]: /13/ 

rAe 

• · 77X 
) (x) = v -- J (x) n e 2 f+I/2 

X . 
n (x)= y-77

- N n · (x)-e 2 L+ I/2 

c«<JepH'IeCKHe «<JyHKUHH liecceJIH H HeiiMaHa COOTBeTCTBeHHO. 
fl»a:ihl pacceJIHHJI v e<P) onpe~enJleTcx cne~yiOlllHM o6pa-
30M: 

o (p) = lim o (r,p). e r-+ 00 e /14/ 
. f ~. 

.,• 

,. 

' .. ~ ;~·. 

* B nocne~Hee npeMJI Me TO~ ~a30BhiX «<JyHKUHH HHTeHCHB,-
HO pa3pa6aThiBancJI B pa6oTax: 1 -l4t. · 

.. 
_,. . ,· 

~-

•,;c-

AHaJIH3 pemeHHJI· ypanHeHHH /13/ ~JIJI f,..l noxaJwna
·eT, 'ITO Ha6JIIO~aeMQe. "Ha 3KcnepHMeHTe 3Ha'leHHe :Mac eLl 
p -Me3oHa · I m P _ =765 M3.e/·nonyqae~cJI 'npu g=0,1159-

H pe3yJihTaT qyncTBHTeneH. x MaJihiM H3MeHeHHHM g · • H3-
MeHeHHe g · -B TpeTheM 3HaKe nocne 3amiTOH npHBO~T B o6-
JiaCTH pe30HaHCa K H3MeHeHHJ() $a3hi BO BTOpOM 3HaKe flOCJie 
3anJIToii. Ilpu ~aHHOM 3Ha'l.eHHII g IIIHPHHa pe3ouauba no
nyqaeTCH n 5-6 pa3 6onhme 31CcnepuMeHTaJihHoro 3Ha'leHHJI. 

Ilpune~euuoe paccMoTpeHHe ew:e pa3 cnu~eTe.nbcTnyeT o 
HepeaJIHCTH'IHOCTH MO~eJIH C 'leTblpexnHOHHbiM B3a:HMO~eiicT
BHeM /CM. B :JTOH CBJI3H, HanpHMep, /I,l5,16/ . /. 

. . ' 
AnTophl H cKpeune npH 3Ha TenhHLir:hJ:--.-=B=-.~li~a-6~H..;,K..,o-n"""y~-~lA. B. Ecll

peMony, A.H.KBHHHXH~3e, B.A.MaTneeny, P.M.M:Hp-Kacu
Mony, B.H.IIepnyiiiHuy, B.A.PH30By, A.H:TanxenM3e, 
A~T .fl»HJIHnnony, ,n.B.ffiHpKony 3a o6c~euue JaTpouyTWX 
3~ecb nonpocon. Oco6yro 6naro~apHOCTh Bhlpa)KaiOT aBTOPLl 
H.T.To~opony 3a HHTepec K pa6oTe, MHoroqucneHHLle o6-
c~~eHHJI H COBeThi. 

Jlumepamypa 

1. J.L.8ssdevant. CERN-preprint TH. 1441 (1971). 
2. H.8ethe, E.SIIIpeter. Phys:Rev., 84, 1232 (1951). 
3. A.A.Logunov, A.N. Tsvk.helidze. Nt10110 Cim., 29, 380 (1963). 
4. V.G.Kadlshevsky. Nuci.Phys., 86, 125 (1968). 
5. I. T. Todorov. Phys.Reif., 03, 2351 (1971). 
6. P.H.fiJayc'ltoe. · JleKf.IUU e MexoyHapocmoii 3UMHeii IIIKOJJe · 

no 'lteope11fU'I€CKOU rPU3UKe. ,lfy6Ha, 1964. '" 
· P.H.fiJayc'ltoe. 3qAJI, m. 3, cmp. 238, A'IIOMU30a'll, M., 
1972. 

7. B.G.Kpanttee, B.A.Puaoe, H. T. Tooopoe. Coo6111eHue 
OH.RH, P2-7311, ,lfy6Ha, 1973. 

8. G.A.Ap6yaoe, A. T.<l>uJJunnoe, O.A.Xpyc'ltaJJee. _,lfoKJJaO 
Ha XH MexoyHapooHoii Kcm,PepeHf.IUU no ,PuauKe e~>rco

. · ·Kux 3Hepzuii,,lfy6Ha,1964. AmoMuaoam, M., 1966. 
9. A. T.<l>uAunnoe. JleKf.IUU e MexoyHapoOHoii auMHeii IIIKo

Ae no 'lteope11fu'leci(Ou ,PuauKe, ,lfy6Ha, 1964. 
10. F.Cslogero. Vsrisble Phase Approach to Potential Scattering. Acad . 

Press, New York, 196Z · 
11. B.B.Ga6uKoe. Memoo tjjaaoeblx ,PyHKf.IUii e KeaH•oeoii 

MexaHUKe. HayKa; MocKea, 1968. · 
12. V. V.8Bbikov, R.M.Mir-Kasimov. Phys.Lett., 318, 415(1970). 

'> 
t-..t'· 



} .·· 

:- . ~. 

• 

0

13. B.B.Ea6uKoe, r.B.Fpywa, P.'M.Milp-·KacuMoe, 
H.E.HiyAbZUHa; Coo6r~~eHue OH.JIH, P2- 6828, P2- 6829, 
,l(y6Ha, 1972. 

14. H.B.AMupxaHoe, B.E.Fpe'IKO," P.K.,l(eMeH111bee. Coo6-
UieHUe OH.RH, P4-7105, ,l(y6Ha, 1973. · 

15. ,l(.B.HiupKoe, B.B.Cepe6pJIKOe, B.A.Mer~~epJIKOB. ,l(uc
nepcuoHHbre 111eopuu CUIIbHblX .. B3QUMOOeUC1116UU npu HU3-
KUX. 3Hepzu.Rx. HayKa, M., 1967. · 

16. B.P.FapceeaHuweuAu, ,l(.B.Hiupiroe . . JleKfiUU e .HIKoAe · 
·no (Ju3uKe Bblcb1Cux · 3Hepzuii, Cyxy.Uu~ 1972. ,l(y6Ha, ., 
P2-6867.. . . 

Pyxonucb nocTynuna B H3,naTenLCKHB oT,nen 
. 17 OKTH6pH 1973. ro,na. 

-:.··. 

10 

\. 


