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B nocJleAHl-1e rOAbl AOCTl-1rHYT 3Ha41-1TeJlbHblA nporpecc B l-13Mepe

Hl-11,1 BeJll-141-1Hbl ceepxTOHKoro pac~en11eHl-1R /CTP/ OCHOBHoro COCTOR
Hl-1R n031-1TPOHl-1R 1-1 M~OHl-1R. B HaCTOR~ee epeMR 3Kcnep1-1MeHTaJlbHOe 

3Ha4eH1-1e TaKoro pac~en11eHl-1R AJlR n031-1TPOHl-1R paBHo 111 : 

/).v= 203389,10(74) Mf4 

/2/ 
1-1 AJlR M~OHl-1R 

D.v = 4463302,88(16) Kf4. 

3Tl-1 3KCnep1-1MeHTbl 1-1Me~T OTHOCl-1TeJlbHY~ T04HOCTb 3 ,6x10 -B 

1,1 3,6x10-8 COOTBeTCTBeHHO. 6011ee Toro, n11aH1-1py~TCR 3Kcnep1-1MeH

Tbl, KOTOPble n03B0JlRT CHl-131,1Tb norpeWHOCTb e~e Ha nOPRAOK. He

COMHeHHO' ace BblWeCKa3aHHoe yKa3blBaeT Ha Heo6xoAl-1MOCTb nOBblWe

Hl-1R TeopeT1,14ecKoA T04HOCTl-1 pac4eToB CTP, TaK KaK cpaeHeH1-1e pe-

3YilbTaTos no3BOJ1ReT CAeJlaTb onpeAeJleHHble BblBOAbl 06 aAeKBaT

HOCTl-1 on1-1caHl-1R ABYX4aCTl-14HblX CBR3aHHblX COCTORHl-1A B paMKax KBaH

TOBoA 3JleKTPOAl-1HaMl-1Kl-1. 

B AaHHOM Hanpas11eH1-11-1 no11y4eHw c11eAY~~1,1e TeopeT1-14ecK1-1e pe-

3YJ1bTaTbI: Bbl41-1CJleHbl 11orap1-1$Ml-14eCKl-1e nonpaBKl-1 K 3Hepr1,11,1 <l>epMl-1 

2 3 4 ➔ ➔ µ 2 /3/ 2 
Er=--1!-(Za) <a

1
a2> B1-1Aa --(Za) ln(Za) , nonpaBKl-1 (Za) 

3 mM mM 

1,1 ~( Z a )2 14
•
51 

C noMO~b~ 41,1c11eHHbIx pac4eToB no11y4eH BKJlaA 
M 

m 161 
Bl-1Aa a2--EF , 

M 
aHaJll-1Tl-14eCKl,1M cnoco6oM Bbl41-1CJleHbl paA1-1a41-10H-

m 2 m /7,8/ 
Hble nonpaBKl-1 K OTAa4e a(Za)- 1,1 Z a(Za)- • TaK>Ke 1,13eecT-

M M 
Hbl HeKOTOPble nonpaBKl-1 B1-1Aa a(Za ) 2 1911-1 a 3.m.1n3 .m/ 10 , 111 , np1,1-

M M 
4eM e nocneAHeA pa6oTe np1-1MeHeH peHopMrpynnoeoA aHa111,13 11ora-

p1-1ct>M1-14eCKl-1X BKJlaAOB. 

0THOCl-1TeJlbHO eonpoca O CTP B BOAOPOAOnOA06HblX aTOMaX, M~O-

Hl-11,1 1,1 n031-1TpOHl-11,1 CM. o630pbl 112,131 • BeaAe BblWe 1-1 B nocneAy~

~eM a - nocToRHHaR TOHKOA cTpyKTypb1; m, M - Macca 4aCTl-14 /11er

KOA 1-1 TR>Ke110A COOTBeTCTBeHHO/, µ - np1-1eeAeHHaR Macca, Z -
aTOMHblA HOMep. 

Uenb~ HaCTOR~eA pa6oTbl RBJlReTCR pac4eT 11orap11(j)M1-14eCKl-1X 

m2 m2 
no v = m/M nonpasoK noPRAKa a(Za)-2 11 Z 2a(Za )-2- K CTP OCHOBHo-

. M M 
ro YPOBHR M~OHl-1R OT OAHOneTJleBblX AHarpaMM /p11c. 1/. -----·· . -----

(lt,1 .. k-- • , ... -: ..,,iC'!ITT~ 

un~~r1..~ ui :~:_;i;mauml .r 
6,1"1:,JII-;;__; 1 EKA ..,._ .... - ___ ...... . 
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Ei.q 
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~1 • e_ ~ ~1 • q E,,P ~ E, ,q 

E2,-p ~ E2,·q E2,· P ~ E2,•q 

E,,P E,,q E1.P E,,q 

E2 ,-P E2 ,-q E 2 ,-P E2 ,-q 

PHC. I. Op;HorreTneBbie p;HarpaMMbl p;mI ( /l + e-)-CHCTeMbl / COCTaB
Jl.HlO~He "<IaCTHIJ;hI ttaxop;.HTCH BHe MaccoBo:ti: rroBepxHoCTH/. 

Cy~eCTBeHHOH 4epTOA HCnOflb3yeMoro HaMH ¢opMaflH3Ma f!Bnf!eTCfl 
npHMeHeHHe KBa3HnOTeH4HanbHOro ypasHeHHH 1141 H Haxom,qeHHe 
3HepreTH4eCKHX xapaKTepHCTHK CTP 4epe3 MaTpH4Hble 3fleMeHTbl cooT
BeTCTBYIO~ero KBa3HnOTeH4Hana: 

CT p ➔ A ➔ ➔ ➔ 

M: = <'1'
0

(p)jV(p,q;E)j'l'
0
(q)>, /1/ 

➔ 8rr(Za) µ I 'I' (O)j 
r,qe 'I' (p)= C - HepenflTHBHCTCKafl KYflOHOBCKafl Bon-

e (p2 + z2a2µ2 )2 

HOBafl ¢YHK4Hfl /8¢/, flBnfllO~af!Cfl npH6nHmeHHblM peweHHeM OAHOBpe
MeHHoro ypasHeHHfl floryHosa - TasxenH,q3e c KynoHoBCKHM HAPOM 

zs s s 
Q'l'c(O)l2= a /l ) • 

1T 

B HH3WeM nopf!,qKe pac4eT BKna,qa B CTP OCHOBHoro YPOBHfl MIOO
HHfl OT OAH0$0TOHHOH AHarpaMMbl C sepwHHHOH 4aCTblO CBO,qHTCfl 
K y4eTy aHOManbHOro MarHHTHOro MOMeHTa 4aCTH4 H AOCTHraeTCfl 
nyTeM npHMeHeHHfl ,qnfl 8¢ npH6nHmeHHfl: 

➔ 3 ➔ 
'I' (p) ,,, (2rr) I 'I' (0) I 8(p), E

1 
= m1 • C C /2/ 

/8/ 
ABTopaMH TaKoe npH6nHmeHHe Ha3BaHO 11CTaH,qapTHblMH ycnoBHflMH 11 

• m 2 m /CY/ H Hcnonb3osaHo Aflfl Bbl4HCnt.:HHfl nonpasoK a(Za)M H Z a(Za)M 

K ¢epMHeBCKOMY pac~enneHHIO YPOBHeA 3HeprHH OT AHarpaMM 6onee 

2 

,, 

,·, 

Bb1cOKoro nopH,qKa no a • TaM me OTMe4eHo, 4TO B KanH6posKe ~eHH-
MaHa BO3MOmHOCTb orpaHH4HTbCfl CY ,qnfl Haxom,qeHHfl senH4HHhl CTP 
C yKa3'aHHOH TO4HOCTblO Tpe6yeT ,qonOflHHTenbHOrO HCCne,qosaHHfl. 
noMHMo 3Toro, HeHceH sonpoc o cnpase,qnHsocTH npe,qcTasneHHfl 
OAHO$OTOHHOro rpa¢HKa /pHc.2a/ ABYMfl rpa¢HKaMH /pHc.26 H 2s/ 
B npOH3B0flbHOH KanH6pOBKe /KpoMe KanH6POBKH ¢pH,qa - ~eHHH/. 

a 
. 
• 6 

• • 

PHc.2. Tipep;cTaBneHHe O,ll;HO~OTOHHoro rpa~HKa c BeprnHHHOH 
qacTblO /a/ ,ll;BYM.H rpa~HKaMH /6 H B/; TO'le"<IHa.H JIHHH.H -
3aTpaBO'lHb!H 06MeH; KpecT Ha M!OOHHOH JIHHHH YKa3b1BaeT 
Ha rrpoeKTHpoBaHHe Ha MaCCOBY!O rroBepXHOC'.Tb. 

8 HaweA pa6oTe Hccne,qyeTCfl B03MOmHOCTb cy~eCTBOBaHHR 110ra-
PH¢MH4eCK~X nonpaBOK 6onee B~COKOro nOPflAKa no oT,qa4e C HC-
nOflb3oBaHHeM TO4HblX 8¢. 8bl4HCneHHfl npoBOAflTCfl B ¢ieHHMaHOBCKOH 
KanH6posKe. 

Ksa3HnoTeH4Han cTpoHTCfl 4epe3 aMnnHTYAY pacceHHHfl T(p,q;E) 
Ha 3HepreTH4eCKOH nosepxHOCTH, HO HMnynbCbl COCTaBnfllO~HX nemaT 
BHe MaccosoA nosepxHoCTH. B 3TOM cny4ae 

T(p,q;E) 
2 e - ➔ 

( ➔ ➔ 2ul(p)u2(-p)[y/l+Aµ(c)( ·} 
p-q) 1 1 p,q 

/3/ 
/l µ ➔ ➔) ) 

-C1(P) Y1 - Y1 Cl(q)]y2µ ul(q)u2(-q + o- 2 

/15/ 
/npHHflTbl o6o3Ha4eHHfl /. 

KaK H3BeCTHO, npH nepeHopMHPOBKe CTaflKHBalOTCfl C npo6neMOH 
HH¢paKpacHhlX /HK/ pacxoAHMOCTeA. HK-pacxo,qHMOCTb npHCYTCTsyeT 
KaK B A1 ( p, p) ' TaK H B C1 (p)' C1 ( q) ' ecnH BTopoe Bb14HTaHHe 
npoBOAHTCfl Ha MaccosoA nosepxHOCTH. npH Bb14HTaHHH B ,qpyroA 
TO4Ke HK-paCXOAHMOCTb nOflBflfleTCfl B T(p,q;E) /a paBHO 
H B V(p,q; E)/ 4epe3 KOHTp4neH /cM.116/ /. 8 TO me speMfl $H3H-
4eCKHe pe3ynbTaTbl He ,qonmHbl 3aBHCeTb OT He¢H3H4eCKoro napaMeT
pa ,\ - Ma CC bl ¢QToHa. 
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npM Bbl4MCneHMM 3HepreTM4eCKMX xapaKTepMCTMK ABYx¢epMMOHHblX 
CBH3aHHblX CMCTeM, HanpMMep n3M60BCKoro CMe~eHMH, TPYAHOCTM 
C 11 MH¢paKpaCHOH KaTaCTPO¢OH 11 YCTpaHHl0TCH C nOMO~blO y4eTa o6Me
Ha 11MHrKMMM 1 I ¢oToHaMM. 

PaccMoTpMM B¢ 'Pc(P) , KoTopaH, KaK MssecTHO, npM a ➔ 0 ne
pexoAMT s /2/. nocne pasAeneHMH ee Ha ABe 4acTM: 

) ➔ ➔ 3 ➔ ➔ 

'Pc(P) ='P~(p) + tJ.'P/p) = (211) \'Pc(O)\o(p) + tJ.'Pc(P), /4/ 

M nOACTaHOBKM B TaKOM BMAe B COOTHoweHMe /1/., nonY4MM 

tJ.ECTp ,H:• CTp At:" CTP AE CTP 
Lll!Jl + /..l.C.12 + u 3 • /5/ 

rAe 

CTp ➔ A ➔ ➔ ➔ 
~ l = < q,~ ( p ) \ V ( P, q; E ) \ 'I'~ (q) >, /6/ 

CTp 
~2 

➔ " ➔➔ ➔ ➔ ,.., ➔➔ ➔ 
< 'P 0 (p) \ V(p,q; E) \ tJ.'P (q) > + <.t'J.'P (p)\V(p,q,;E)\'P

0
(q)>, 

C C C C 

CTp ➔ A ➔ ➔ ➔ 
t'J.E3 = <t'J.'Pc(p)\V(p,q;E)\tJ.'P/q)>. /8/ 

H 
u u AE CTP 

enocpeACTBeHHOM nposepKOM HaMM YCTaHOBneHO, 4TO u 1 MMeeT 
rlOPHfcOK a 5 , tJ.E:rTP MMeeT BeAY~MH nOPHAOK a 6 M, HaKOHe~, 
t:,.E~ P - seAY~MH nOPHAOK a

7 M sb1w"e. KpoMe Toro, cnaraeMbIe, Ta
KMe KaK ln,\/m B t:,.EfYP M tJ.E ~TP, COKpa~alOTCH. 

CTp 
npM Bbl4MCneHMM tJ.E2 BCTpeTMnMCb MHTerpanbl BMAa 

q2dq q2m 

r--- - - , 
(q2+02)2tfq2+v2yyq~+v2"+ V 

dq 1 {--------, 
. m 4---

q V q2 + V 2 ✓ /q 2 + V 2 + V 

+m q- dq 

J 4--- ,i-=:========--ln q. 
y q 2 + v2 J,,[q 2 + V 2 + V 

KOTOPble MoryT 6b1Tb Bbl4McneHbl aHanMTM4eCKM. 

4 

/9/ 

/10/ 

/11 / 

-1 

] 

B MTore 

3 4 
"E CTp 2 µ ➔ ➔ (Za). a 
u 1 = - - <a a > --

3 mM 1 2 211 /12/ 

u • /17/ 
4To nOATBepmAaeT pesynbTaT, nony4eHHWM paHee 

nonpaBKM nepsoro noPHAKa no OTAa4e 6wnM Bbl4MCneHw 
BB MAY 3Toro M3 ~iTP Mbl npMBOAMM nMWb HOBblH BKnaA: 

- 2 
cTp I a(Za) m2 3y2 [(711 2 ) 1 m] 

~ 2 =-E ~ - -- -- + n- + 
F 11.c M 2 4 16 M 

2( 2-g 40 

paHe·e /8/ 
' 

Z a Za) ~y2 [-ln2J!l... +(1--ln2 + 
+ rr2 M2 3 M 3 /13/ 

+ 16y2 ln(l + y2)) 1n :]I, 

4TO 4McneHHO COCTaBnHeT -0,047 Kr~. 
nony4eHHbl~ pesynbTaT He MC4epnwsaeT scex nonpasoK TaKoro 

nOPHAKa K CTP OCHOBHoro COCTOHHMH MIOOHMH, n03TOMY cpasHeHMe 
ero C 3KcnepMMeHTanbHblM 3Ha4eHMeM npemAeBpeMeHHO. B nocneAylO
~MX pa6oTax Mbl co6MpaeMCH Bbl4MCnMTb BKnaAbl OT AMarpaMM' K6To
pbIe MMelOT pa_3nM4HOe 4MCno o6MeHHblX ¢oTOHOB' a TaKme nposepMTb 
KanM6POB04HYIO MHBapMaHTHOCTb 3HeprMM CTP B cny4ae, KOrAa Bbl-
4MCneHMH npoBOAHTCH BHe MaCCOBO~ nosepxHOCTM COCTaBnHIO~MX 4a
CTM~. 

nocneAHeH npo6neMe nOCBH~eHbl pa60Tbl /l8, 
191

' ' B KOTOPblX yT
sepmAaeTCH He3aBMCMMOCTb pesynbTaTOB OT Bb16opa KanM6poBKM KaK 
npM Bbl4MCneHMM AO nOPHAKa a 5, TaK M AnH scero PHAa TeopMM sos
My~eHMH. Ho sonpoc O KanM6poB04HO~ MHBapMaHTHOCTM TeCHO YBH-
3aH C oco6eHHOCTHMM MCnOnb3yeMoro ¢opManM3Ma, 4TO MHM~MMpyeT 
Hae Ha TaKylO nposepKy. 

AsTopb1 6naroAaPHT H.A.6o~Kosy, H.E.HIOHbKO, C.H.CTapMKosa 
sa none3Hble o6cymAeHMH M H. 6. CKa4KOBa sa nOMO~b. 

JlHTEPATYPA 

1. Ritter M.W. et al. - Phys.Rev. A., 1984, 30, No.3, p.1331. 
2. Mariam F.G. et al. - Phys.Rev. Lett., 1982, 49, No.14, 

p.993-

5 



3. 6oAKoea H.A., T~xTRee ~.H., ¢aycTOB P.H. - B c6.: TPYAW 
MemA. ceMHHapa no npo6neMaM ¢H3HKH BWCOKHX 3HeprHA H KBaH
ToeoA TeopHH nonR. Cepnyxoe, HtB3, 1983, T.1, c.116; 
Lepage G.P. - Phys.Rev. A., 1977, 16, No.3, p.863; 
Bodwin G.T., Vennie D.R. - Phys. Repts, 1978, 43, No.6, 
p.267. 

4. Bodwin G.T., Vennie D.R., Gregorio M.A. - Phys.Rev.Lett., 
1982, 48, No.26, p.1799. 

5. MapTWHeHKo A.n., ¢aycTo~ P.H. - RAepHaR ¢H3HKa, 1987, 45, 
N' 3, c. 770. 

6. Sapirstein J.R., Terray E.A., Vennie D.R. - Phys.Rev. 
Lett., 1983, 51, No.11, p.982. 

7. Terray E.A., Vennie D.R. - Phys.Rev.Lett., 1982, 48, No.26, 
p. 1803. 

8. KapweH60HM c.r., WemTo B.A., 3AAeC M.H. - ~3T¢, 1988, 94, 
N' 4, c.42. 

9. Sapirstein J.R. - Phys.Rev. Lett., 1983, 51, No.11, p.985. 
10. Eides M.1., Shelyuto V.A. - Phys. Lett., 1984, 146B, 

No.3-4, p.241. 
11. CTapweHKO B.B., ¢aycToe P.H. - B c6.: KpaTKHe coo6~eHHR 

OHRH, N' 7, Ay6Ha, 1985, c.39. 
12. Sapirstein J.R., Terray E.A., Vennie D.R. - Phys.Rev., 

1984, 29, No.10, p.2290. 
13. Bodwin G.T., Vennie D.R., Gregorio M.A. - Rev. Mod. Phys., 

1985, 57, No.3, p.1, 723. . 
14. Logunov A.A., Tavkhel idze A.N. ~ Nuovo Cimento, 1963, 29, 

No.2, p.380. 
15. 6bepKeH Am.A., Apenn C.A. - PenRTHBHCTCKaR KBaHToBaR 

TeopHR. M.: HayKa, 1978, T.1. 
16. 6oron~6oe H.H., WHpKoB A.B. - KeaHToewe nonR. M.: HayKa, 

1980, c.231. 
17. Karplus R., Klein A., Schwinger J. - Phys.Rev., 1951, 84, 

No.3, p.597. 
18. Cung V.K., Fulton T., Repko W.W. - Phys. Rev., 1976, A14, 

No.2, p.552. 
19. Feldman G., Fulton T., Heckathorn D.L. - Nucl. Phys., 1980, 

B167, No.3, p.364; B174, No.1, p.89. 

6 

PyKOnHCb nocTynHna B H3AaTenbCKHH OTAen 
19 anpenR 1989 roAa. 


