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H3MepeHl'le CBepXTOHKoro paClQen11eHl'lR OCHOBHOrO YPOBHR n03l'lTpO
Hl'lR Bbln011HeHO B HaCTORlQee BpeMR C T04HOCTblO 3,6 .10 -6 , a MIOOHl'lR 
3,6 ·10 -8 • .L\IlR paC4eTOB C nOA06Ho~ T04HOCTblO coor ee'rcr aysnnax 

'reoper auecxax 3Ha4eHl'lt1 He06xOAl'lMO Bbl4l'lC11l'lTb 411eHbl nopaaxa a 6 
me 

B n03l'lTpOHl'll'l l'l a 6. (--) - B MIOOHl'll'l / a -; nOCTORHHaR TOHKO~ CTPyK
mIL 

Typbl, me' mIL - Macc~ 311eKTpOHa l'l MIOOHa COOTBeTCTBeHHO/ • 
B HaCTORlQee BpeMR B TeOpeTl'l4eCKl'lX l'lCC11eAOBaHl'lRX AOCTl'lrHYTa 

T04HOCTb, n03B011RlOutaR paCC4l'lTb1BaTb BK11aAbI B CBepXTOHKoe paCuten
11eHl'le OCHOBHoro YPOBHR 3Heprl'll'l BOAopOAonOA06HOr.0 /Bn/ aTOMa 

nopanxa a 6 (~)lna 11,2/. npl'lMeHeHl'le AJ1R 3Tl'lX ueneü KBa3l'lnOTeH
m

2 
'-'l'la11bHOrO MeToAa, Ha4aToe pa60To~/3~ n011Y4l'l110 pa3Bl'lTl'le B CTaTb
RX 14,5/ • 

OCHOBHble BblBOAbI BbIn011HeHHblx l'lCC11eAOBaHl'lt1 no onpeneneuao 
YPOBHe~ 3Heprl'll'l Bn aTOMOB CBOARTCR BKpaT,-,e K C11eAYlOlQeMY. CYM
MapHbl~ 110rapl'lC/JMl'l4eCKl'lt1 no a BK11aA B CBepXTOHKoe oacurenneuae 
OT npl'lBOAl'lMblX Al'larpaMM C OAHOt1 nonepe4Hot1 l'l n /n = 0,1,2 ..• / 
KY110HOBCKl'lMl'l C/JOTOHHbIMl'l 11l'lHl'lRMl'l pa BeH HY11IO. ,lJ.BYXC/JOToHHble 06MeHbl 
nonepe4HblMl'l C/JoToHaMl'l npl'lBOART K nonpaBKe l'l3BeCTHo~ C T04HOCTblO 

5AO a Be11l'l4l'lHbI cBepxToHKoro paClQen11eHl'lR OCHoBHoro YPOBHR Bn 
aTOMa: 

298E 2_ . E a 2 lna -1	 /1/
2· 1n m F

1 2 

ITI llTI2	 8 . a41L3 
rAe 11. ee ---- - npl'lBeAeHHaR Macca, E := -. -- - Be11l'l4l'lHa 

ITIl+ ITI2 F 3 mllTI2 

etJepMl'leBCKOro pacw.en11eHl'lR OCHOBHoro ypOBHR. 
KY110HOBCKoe B3al'lMOAe~CTBl'le, a TaK~e TpexC/JoToHHaR Al'larpaMMa 

C ABYMR nonepe4HblMl'l l'l npoMe~YT04HO~ KY110HOBCKO~ C/JOTOHHbIMl'l na
Hl'lRMl'l AalOT cYMMapHbI~ BK11aA 

3 11. 2 2-1L\E + ~E	 == -_. ---. E a lna /2/C TCT 2 ITI ITI F
1 2 

/"'C" .l'l NT" Cl'lMB011l'l3l'lpYIOT COOTBeTCTBeHHO 06MeHbl KY110HOBCKl'lM 
l'l nonepe4HblM etJOTOHaMl'l/. 

HaKOHe,-" napa Cl'lMMeTpl'l4HbIX ABYXC/JOTOHHbIX nepekoecr uux Al'lar
paMM C KY110HOBCKO~ l'l nonepe4Ho~ C/JOTOHHblMl'l 11l'lHl'lRMl'l npl'lBOAl'lT 

K AOn011Hl'lTe11bHoMY paCuten~eH~~ ~HoBHoro YPOBHR 3Heprl'll'l Ha Be
11l'l4l'lHY 

·O'1>Clliictt'1:.i~~a RHcnrrYt I 
fU1t:~n~ filCC]e.xanB3Ud 
C.U~ NIL...c" ..... _ ... A 

1 



211 2 1 
~ + ~ =-(Q+2).--.EF a ln« "	 /3/c r Te m1.m2 

ml m2 
rAe Q = -. + -- • 

m2 ml 
,B paQOTax/4~õl OTMe4eHa He06~OAHMOCTb pen~THBHCTCKO~ MOAH$H

Ka~HH KynoHoBcKO~ BonHOBO~ $yHK~HH 

1l3a 3
2'1l 2) 2cP e (~) = 817ll1l cP e (O) cP~ , cPp = (p,2 + a -1 , IcP (O)1 = -- c 17 

QijHaKO HH B aHanHTH4ecKoM BHAe, 'HH 4HcneHHO B03HHKa~~a~ B CB~
3H C 3THM nonpaBKa K ypOBH~M 3HeprHH He 6~na onpeAeneHa. 

TaKY~ B03MomHocTb OTKp~BaeT 60nee T04Hoe peweHHe KBa3HnOTeH
4Hanb~oro ypaBHeHH~ florYHOBa - TaBxenHA3e, KOTopoe An~ cHCTeM~ 

ABYX $epMHOHOB HMeeT BHA 

-1	 /4/(F E '- VE ) tfE = O , 

rne V = F;l_(O+) '-1 - KBa3HnOTeH4Han, a 
E 

1 3 -+ -+ )
F - = (217) Ô(p '- q~ (E - e lp - f 2p ,

E 

2 * f. =: Vp-+2+ m [ •.. ] + UI 'U* 2 [ ..• Iv 10 y 20 U 1 U 2 
ip i' 

-+ -+ -2 -+ -+ 
a (p , q : E} = (217) J a (p o' q.o ; p, q; E) dpo dq O ' 

Ui - AHpaKoBcKH~ 6HcnHHop i -~ 4aCTH4w. 
BWAenHM B 3TOM ypaBHeHHH B3aHMOAeAcTBHe c KynoHoBcKHM ~A

pOM K~ H 0603Ha4HM 4epe3 ~E nonpaBKY K OCHOBHOMY ypOBH~ 3Hep
rHH Ec Hepen~THBHcTcKoro ypaBHeHH~ llipeAHHrepa c KynoHoBcKHM 

nOTeH4HanoM: 

-1 + ~
 

CFE' + ~K - K e - VE) t/J E = O; L\E == E -Ec
 
c	 . 

/5/ 
-+ -+ ., -+ -+-2 

= -
+ K Cp, q) = e l e2 YlO Y20 . CP - q)VE VE Kc c 

nYCTb E' - c06CTBeHHoe 3Ha4eH~e 3HeprH~, COOTBeTcTBy~~ee ypaB

HeHfI1~ c ~APOM K + ,c 

(F;; - K ~) ljJ E' = o.	 / 6/ 

nonHwA CAB~r HCKoMoro 3Ha4eH~~ 3Hepr~~ E AByx4acTH4 Hoi:1	 CHCTeM~ 

2 

OTHOC~TenbHO KynoHoBcKoro npeAcTaB~M CYMMO~ 

~E =ÔE' + L\Ec' ~' =E -E', L\E =E' =- E c •	 /7/c 

TO~Aa An~ npHMeHeH~~ TeopHH B03My~eH~A ~CXOAHoe ypaBHeH~é YA06
HO 3anHcaTb B $opMe 

(F -; - K + + ~' - V ) t/J = O •	 /81
E c E E
 

+

Y4HTbIBa~, 4TO ~APO K e OT 3Hepr~~ He 3aB~C~T ~ AJ1R $YHK~~~ 

B~nonH~~TC~ 06~~Hwe ycnoBH~ HOpMHpOBK~ ~ opTorOHanbHOCTH, BO 
BTOpOM nop~AKe TeopHH B03My~eH~~ nonY4HM 

L\E';: ,<t/J E' IVE' C1 + ÔF· VE' ) I t/J E' > , ÔF = F (1 + K
+ c F) • /9/ 

He06xOAHMY~ An~ BbI4HcneH~~ aroro CAB~ra c06cTBeHHYlO $YH.K~HIO 

Ha~AeM, pewa~ ypaBHeH~e /6/. BcnOMoraTenbHa~ $YHK~~~ 

<IlE ' Cq) = 81lE' CE' +€ 1q + f 2q )[ 2E ' • f 1q + E ' 2+ mi· -= m~ ] x / 10/ 
x [2E'f +E '2+ m2 - m 2] ljJ ,

2q 2 1 E
 
YAoBneTBop~eT Hepen~THB~cTCKOMY ypaBHeHH~ T~na ypaBHeH~~ Wpe
A~Hrepa: 

-+2 

i ~Il + vC - WC + & + óK c )<Il E' = O, &;; - ~ c ' 
/11/ 

~ + " ) -1 -1 -+
óKC = Kc (E - f lq - f 2q f Cq ) - vcf 

-+2 " 
. -1 - q

"c - KynoH~BcKH~ noreuuaan , WC = Ec - ml-~'. f CV = Wc -- ~. 
Pewa~ 3TO ypaBHeH~e no Teop~~ B03My~eH~~, HaxoA~M 

/12/L\Ec .: <cPc \ôK c \ cP c >" 

(f lp - m 1)(f2P' + m2 ) - p2 
t/JE' (p) ~ R p [ cP c Cp) + f ôKc cP c «i) l : R p ------"'4iri m • / 13/

1 2 

B npocTe~weM cnY4ae ~APO B3a~MOAe~CTBH~ ABYX ~aCT~~ on~c~

BaeT o6MeH OAHHM KynOHoBcK~M ~nH nonepe~H~M ~TOHOM: 

+ -1 J -. +-1_1
 
ôKc = Kc - vC' VE = F GoK T a o F
 

8 k. k , . . -+ -+ -+
18 2

K T = - -"k2 --<Ô _ -.!:;_J..)y 1 y J : k =p -q; i,.j =0,1,2,3.
i j k 2 1 2 

3 



Bblpa)f(eHlite A11R COOTBeTCTBYlOlqe~ BeI11it41itHbl CBepXTOHKOrO pacuren TaKIitM o6pa30M, nplit Bbl4litCI1eHlitlit BK11aAa a 6ln a OT AldarpaMMbl 06

I1eHIitR IitMeeT BIitA MeHa OAHIitM nonepe"lHblM <1>OTOHOM B Ka4eCTBe BOI1HOBO~ <1>YHK~1it1it ABYX

4aCTlit4Hol:1 CIitCTeM~ MO)f(HO B~6paTb peWeHlite HepeI1RTIitBlitCTCKOro ypaB

L\E = 
+ 

<<P o18K oI <P o > + .< <P~ I(K T) oF I cP ~ > + 
HeHIitR llipeAIitHrepa c 

C nOMOlqblO 3Toro 

KYI10HOBCKlitM nOTeH~litaI10M. 
)f(e ypaBHeHIitR MO)f(HO nOKasaTb, 4TO nonpaBKa 

K OCHOBHOMY ypOBH~ 3Heprlitlit nplitHIitMaeT BIitA 

+ ~ + 
+ <<p~l (KOGOK T+ KTGOKO)~FI <P~ > - <<p~ I (K T ) OF· FvO I <P c> = <cPC I(K T) OF I <P O >, /17/ 

/14/ TO eCTb CBOAIitTCR K aHaI1IitSY 0AHo<1>oTóHHoro BSalitMOAel:1cTBIitR.-·<<pél(KT)~F· Fvol<Po> -.<cPolvoF(KT);F IcPé > 
nplit IitCCI1eAOBaHlitlit BK11aAa ~CTE B CBepXTOHKoe paClqenI1eHlite OT~;

]
+ _1' - +-1_1 nOCI1eAOBaTeI1bHOrO 06MeHa KYI10HOBCKlitM Iit nonepe4HblM <1>oToHaMIit /14/ 

[ ••• ]OF = F GO [ ••• ] GO F , OCTaHOBIitMCR õonee nOAP06HO Ha paccaorpeaa« sup a>Ke HIit 1:1 , B KOTOpblX 

T04Hbll:1 Y4eT <1>aKTopoB Rp Iit R q Heo6xOAIitM. CooTBeTcTBYlOlqYIO 4aCTb 
rAe cP~.(p) = R cP o(~, a Rp - <1>aKTop, BOSHIit KalOlqlit~ lits-sa peI1RTIit  BKI1aAa MO)f(HO npeACTaBIitTb B BIitAe IitHTerpaI1ap 
BIitCTCKOro xapaKTepa KBa3IitnOTeH~litaI1bHOrO ypaBHeHIitR /4/. 

IlOraplit<1>Mlit4ecKYIO nonpasxy nopanxa a G1n a K IitSBeCTHoMy c T04 R 2a '\L2 e -+ .. 
5 

HOCTblO AO a SHa4eHlitlO cBepxToHKoro paClqenI1eHIitR OCHOBHoro YPOB ~ OTE = -._-\ <P O (O) I .< O' 1 • O' 2 > x
3,,6 

HR Bn aTOMa BcerAa 06eCne4litBaeT cTaHAapTH~~ IitHTerpaI1 /18/ 
~ ~ -+ 

~ -+... -+ ~ 2 -1 2·2 ~ -... 
dp dq ... 77 2lna-1 x.r dp dq dk [l.fkl2k k p ] <P p<P q cP k RpA(p, q) R q ; k =k -p.

pt = (877 2 ) -1 J ---cP r <P = ---- /15/OT 
E"lp l2p n : (p - <O 2 q 2m 1 m2 

4epes A(p, q) 06oSHa4eH~ HQPMlitPOB04Hble MHO>KIitTeI1Iit AlitpaKOBCKIitX 
AOnQI1HPlTeI1bHble creneua p IitI1Iit q B 4litCI1litTeI1e Iit <1>aKTopbl p 2+ a 2p.2 6litCnlitHOpOB B cTaHAapTHoM ~peACTaBI1eHlitlit. HeTPYAHO nOKaSaTb, 4TO, 
IitI1Iit q2+ a 2 fl 2 B SHaMeHaTeI1RX Bblpa>KeHIitI:1 /14/ npaaonar K BKI1aAaM Bbl4litCI1RR IitHTerpaI1 /18/ C T04HOCTblO AO a 6ln a, MO>KHO BOCn0I1b30
nopRAKa a6 IitI1Iit a 4, a 5 

COOTBeTCTBeHHO. BaTbCR npIit6I1Iit)f(eHIitRMIit
 
BenW4litHa BKI1aAa B cBepxToHKoe paClqenI1eHlite OCHOBHoro ypOBHR
 

-+2
Bfl aroaa OT 06MeHa OAHIitM nonepe4HblM <1>OTOHOM nOCI1e IitHTerplitpOBa ... p
 
HIitR n..o 3HepreTlit4eCKlitM KOMnoHeHTaM c nOMOlqblO r eopan Bb14eToB, R p = 1 + (Q - 1) • - 


nepeMHa>HeHIitR MaTplit~ Iit Y4eTa CIitMMeTplit1it nOAbIH"TerpaI1bHOrO B~pa
4m1m2 /19/
 

>KeHIitR MO>KeT 6blTb npeACTaBI1eHa IitHTerpaI10M ... ~
 p2+ q2
Rp A:(p, q) R q ·= 1 + (Q - 2) -.'--o 

8m1m e , _1"---'+ -1 , 
~ T E = < cP O IF GOKTG OF I cP C > '=: "'2 ~ 2 

) nplit 3TOM nponOp~IitOHaI1bHbI~ P ,q 4I1eH 3Toro paSI10>KeHIitR o6ec

3 2 -+ - ne4litBaeT BKI1aA2a Iç6 O (O) \' <0'1· O' 2 > dpdq 2 «(lp -ml )(( 2p-m2)
.r --:--R R cP cP [1 + ~ ~ .... J)(

3m 1m2 (277) 3 (1p(2p P q P q {p_q)2 R 6. 8a 

4
(Q - 2) 2 ~ ~ 

~ E (a ln e ) = ·1 cP (O) I <a . O' > x/16/ 
O T 3m m (277) 5 O 1 2 

rq2 (1p + (1q + 2m 1 e 2p + (2q + 2m 2 1 2 /20/ 
x 1-----(----- + --------) +2«(1 + m 2) L 

~ -+ 2 P +m 1)«(2p ~ -+
CP - q) (2p + e 2q (1p + e 1q J 2 2 -+r 2 ... r( 2 -1 x P cPpdP. <pqdq .l1k (2kkp) cPk dk• 

CpaBHeHlite 3Toro B~pa>KeHIitR co cTaHAapTH~M IitHTerpaI10M n03BO

I1ReT 3aKI1104IitTb, 4TO nepBoe CI1araeMOe B <1>litrypH~x cK06Kax BHOCIitT HHTerplitpOBaHlite no nepeMeHHol:1 q nplitBOAIitT K CTaHAapTHOMY IitHTer
BKI1aAbl Ha4litHaR c 4I1eHOB nOpRAKa a 6 ma '. nplit 3TOM <1>aKTopbl R p paI1Y, TaK 4TO c Y4eTOM BKI1aAa CIitMMeTpIit4HO~ AlitarpaMMbI HaXOAIitM 
Iit Rq MO>KHO n0I10>KIitTb paBHblMI4 eAIitHIit~e. Ha1it6oI1bWIit~ BKI1aA aropor-o J

CI1araeMOro - nopRAKa a 4 , O A Ha KO oTcyTcTBlite KYI10HOBCKoro <1>aKTopa 2R 6 _fl_ E a 2'lna-1 /21/B BblpenKeWl1flX, oõecneuaaaourax TaKo~ BKI1aA, He n03B0I1ReT CBeCTIit 2~OTE (a ln c) = (Q - 2) • 

m ffi F 
IitHTerpaI1 K cTaHAapTHoMY. 1 2 

4 5 



... ... 
ECIlIll nOIlO>KIIlTb B Bblpa>KeHIIll-f /1-8/ <l>aKTopbl R p , A(p, q) paBHblMIIl eAIIl-
HIIl~e, TO IIlHTerpaIl OKa>KeTCR npOnOp~1Il0HaIlbHblM a 4 . 

3~0 06CTORTeIlbCTBO nOKa3b1BaeT, 4TOipenRTIIlBIIlCTCKIIle nOnpaBKIIl 
MOrYT nplllBOAIIlTb K 4neHaM nopanxa a 6 lna lllllWb B Bblpa>KeHIIlRX, OCHOB
HO~ BKnaA KOTOpblX npOnOp~1Il0H~neH a 4 . 

<l>0pMyna /14/ nOIlHOCTblO COAep>KIIlT ace nOAo6Hble B3aIllMoAe~cTBIIlR. 

n03ToMy ronpaBKa /21/, nonY4eHHaR 3a C4eT penRTIIlBlIlcTCKO~ MOAIIl
<l>IIlKa~1Il1ll KYIlOHOBCKO~ <l>YHK~lIllllt RBnReTCR eAIIlHcTBeHHo~ 11I He MO>KeT 
6blTb cxoaneacapoaaaa APyrlllMIIl Bf(na,qaMIIl B csepx'rouxoe pacuíenneaae , 
y411lTb1BalOU4I1lMIIl penRTIIlBlIlcTCKIIl~ xapaxrep B3a""MoAe~cTBIIlR 4aCTIIl~ s Ha
4anbHOM 11I KOHe4HOM COCTORHIIlRX. 

CYMMIIlPYR Bblpa>KeHIIlR /1/-/3/, /21/, nonY4aeM nonHbI~ noraplll~MIIl

4eCKIIl~ no KOHCTãHTe TOHKO~ CTPYKTYPbl a BKna,q B csepXTOHKoe pac
U4enneHlIle OCHOBHoro ypOBHR 3Hepr~1Il Bn aTOMa: 

2 22 
~E ~-E lna-1	 /22/

Fm1m 2 

C Y4eToM 3TO~ nOnpaSKIIl TeOpeTH4ecKaR Benlll411lHa CBepxTOHKorO 
pacU4enneHIIlR OCHOBHoro YPOBHR 3Hepr""H S MIOOHIIlIll 11I n0311lTpOHIIllll 
coCTaBnReT COOTBeTCTseHHO 

v th = 4'463304,7 /1 ,9/ xFu ,	 /23/Ile 

th 
v ee 0-. = 203390 /11 / Mr~t	 /24/ 

3TIIl 3Ha4eHIIlR cornaCYIOTCR C nocneAHIIlM~ TeopeTIIl4eCKIIlMIIl III 3Kcne
plllMeHTanbHblMIIl AaHHblMIIl /1,2,6/ ' 
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The Correction of the Order of a2ma to the Fermi 
Splitting of the Hydrogen-Like Atom Ground State 

On the basis of the-Logunov - Tavkhelidze quasipoten
tial equation the relativistic correction to the Coulomb 
wave function is found. A value of the hyperfine splitting 
of the ground state of hydrogen atom is calculated. 
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