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OTITII'IIIe T0'!Horo (BbI'IIIC]I.!IeMOro c noM0lI{hIO MOIT0BCKHx: q>aooBbIX cp;BIIr0B 

[I]) Bbipa:lKeHII.lI p;n.lI ce'!eHirn pacce.lIHII.lI pen.lITIIBIICTCKIIX aneKTp0H0B T.lI:lKem>IMII 

t3ap.lI:lKeHHhIMII 'IaCTm:i;aMII OT ero 6opHOBCKOro aHanora npIIB0)J;IIT K nonpaBKaM K 

qiopMyne EeTe - Enoxa [2] ,(Jill cpe/lHHX IT0Tep1, :;rneprnu 3apll,KeHHMMH qacTHllaMH 

B BelI{eCTBe. 

8TH nonpaBKII npeµ;cTaBIT.lIIOTC.lI Bbipa:lKeHIIeM 

rµ;e no - 'IIICIT0 aT0M0B BelI{eCTBa B ep;IIHIII:i;e o6'beMa, z - 'IIICno 8JieKTp0H0B 

B aT0Me, a daM(B)/dc ·-:- C00TBeTCTBeHH0 MOITO~CKOe u 6opHOBCKOe Bbipa:lKe

HII.lI p;n.lI Ce'!eHIIH pacceJIHIIH penl!THBHCTCK0ro aneKTp0Ha TH:lKeno:ii: 'IacTm:i;e:ii: KaK 

q>yHKI.J;IIH OH~prIIII c, nepep;aBaeMOH aneKTpoHy B CIICTeMe ero noK0.lI. OHII 6bIITII 

BnepBhle T0'IH0 paCC'IIITaHbI B pa6oTax [3] nyTeM 'IIICneHH0r0 IIHTerpIIpoBaHII.lI 

Bhlpa:lKeHrur (1) µ;nJI HecKonhKIIX tJHa'!eHII'H tJapJIµ;a Z II cKopocTII /3 = V / c T.lI:lKe

no:ii: t3ap.lI:lKeHHOH 'IaCTIII.J;hI (IIoHa). 8TH pac'!eTbI npoµ;eM0HCTpIIpoBanII Ba:lKH0CTh 

y'IeTa MOITOBCKHX nonpaB0K (MIT) K cpopMyne EeTe -:-- Enoxa npu aiianu3e µ;aH

HhlX 06 OHepreTII'IeCKIIX noTep.lIX. pen.lITIIBIICTCKIIX T.lI:lKeITbIX H0H0B B Bell{ecTBe. 

Oµ;HaKo Bbipa:lKeHIIe µ;nx MII B IIHTerpanhH~n: cpopMyne (1) Kpan:He Heyµ;o6Ho p;n.lI 
npaKTII'!eCKoro npnMeHeHIDI, II noaToMy npII aHanIItJe K0HKpeTHbIX aKcnepIIMeH

TaIThHbIX µ;aHHbIX [4] o6bI'IHO nonhtJYIOTCH npII6nII_:lKeHHbIMII aHaITIITII'IeCKIIMH BhI

pa:lKeHIIHMII µ;nJI MII Tnna nony'IeHHbIX B pa6oTe_[5]. 

Heµ;ocTaToK aTIIX npII6ITII:lKeHHbIX Bhlpa:lKeHIIH cocToIIT B orpaHn'IeHHOCTII 06-

nacTII IIX npIIMeHHM0CTII, rpy6o ou;eHIIBaeMo:ii: cooTH0IIIeHIIeM Z / f)-S.100, II no cy

lI{eCTBY Heonpeµ;eneHHHOH T0'IH0CTII. K ToMy :lKe HenpaBIIIThH0e noporoBoe (npII 

/3-0) noBeµ;eHIIe 0TIIX Bbipa:lKeHIIH He notJB0IT.lieT nonhtJ0BaThC.lI IIMII npII Bhl'III

cneHIIII noITHbIX npo6eroB penHTIIBIICTCKIIX T.lI:lKenbIX II0H0B B Beui;ecTBe. 

IloaToMy t3ap;a'!a nony'IeHIIH npoCTbIX B o6palI{eHIIII II BMeCTe c TeM .T0'IHbIX 

Bbipa:lKeHIIn: µ;nJI MII JIBnJieTC.lI µ;ocTaTo'IHo aKTyanhHOH. 

Uen1, HacT0»ll{eif pa60TL1 - noKa3aT1,, qTo HHTerpupoBanue B riiopMyne (0 MO• 

:lKeT 6bITh Bhln0nHeH0 aHanIITII'IeCKII, a Bbipa:lKeHne /J;IT.lI MII M0:lKeT 6bITh npeµ;

cTaBneH0 B BIIµ;e µ;ocTaTO'IH0.6bICTpo·cxoµ;JilI{erocx pxµ;a BenII'IIIH, 6IIITIIHeHHbIX.no 

M0IT0BCKHM. napu;IIanhHhIM aMnnIITYIJ;aM, nerK0 Bhl'IIICITJieMoro c noM0lI{hIO 8BM. 

Ilepexoµ;JI B Bhlpa:lKemm (I) OT IIHTerpIIpoBaHII.lI no nepeµ;aHHo:ii: :meKTpoHy aHep- · 

rIIII c K IIHTerpIIpoBaHIIIO no yrny {) ero pacce.lIHII.lI II0H0M B C.I.J;.M. (no cylI{eCTBY 

B CIICTeMe noK0H IIOHa) nepenIIIIIeM ( 1) B BIIp;e 

6M(- ddE) = 1rzno lim r [wM(i'J)-wB(i'J)]sin2 i'J/2sin{)di'J,, 
X me '90-0/,10 

(2) 

Hay11uo-Texuuttec1..a ~=: 
6H6JIHOTeHa j 
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,i ., 

.l 
rµ;e 

wB( t9) = r/ (1 - /32 sin2 {) /2)/ sin4 
{) /2, 

WM({))= e21FM(t9)12 / sin2t9/2 + IGM(t9)12 / cos2 t9/2, 
FM({))= LFM(l)p1(x), GM({))= LGM(l)p,(x), x = cos{), 

I I 

FM(!) ~ lCM(l) - (l + l)CM(l+I)' 

GM<1> == z2cM<1l + (Z + 1)2cM<1+il, 
(I) . r(p1 - iTJ) ~ 

CM =exp[-rn(p1-l)]r( l . )'TJ=Za//3,E=TJyl-/32
, 

Pl+ + ZTJ 

P1 = ✓12 - z 2a 2
, a= 1/137, 

me- Macca eneKTpoHa. 

(3) 

,I(mI p;anbHenlllero BMecTo opnrIIHanhHoro [1] Bhlpa)KeHIIH µ;nH G ( {) ), npirne.ueH-

ttoro Bhlllle, y.uo6HO HCUOJlh30BaTh ' HeCKOJlbKO IIHoe, Bblpa)KaIOlll;ee ero 'Iepe:J F( t9). 
3arrIICbIBaJI 

GM(t9)= L [l2CM(l) + (l + 1)2CM(l+I)]P1(x) = L (l + 1)2CM(l+l)[P1(x) + P1+1(x)] 
(4) 

II Y'IIITbIBaJI COOTHOIIIeHIIe [6] 

(l + l)[P1(x )'+ P1+1(x )] =cot{) /2 [P1+/1>(x) - P/l(x)], (5) 

eneMeHTapHo rrony'!aeM 

GM({))= cott9/2 L[lCM(I) -(l + l)CM(l+I)]p/1l(x) = -cot{)j2F'({)), 

II KaK crreµ;CTBIIe 

WM({))= [ejF({J)j2 + IF'({J)i2]/sin2({J/2). 

BBeµ;eM BeJIII'IIIHbI 

r(l-iTJ) 
G_z'1> = r(z + 1 + iTJ)' 

(6) 

(7) 

(8) 

rrony'!aeMble II:J CM(!) :JaMeHOH p1 -+ l II OTBe'!a10w;ne rrpn6JIII)KeHIIIO 3oMMepqie~b

.ua - Mays - <l>appH [7) B TeOpHH eZ.pacce»HH» H COOTBeTCTByJOrn;He HM BeJIH'IHHhl 

Fz(I) = lCz(l) - (l + l)Cz(l+i), 

F ({)) = ~ F (L); (x) = r(l + iTJ) (sin {J/2)2;,, 
Z L., z I r(l - iTJ) ' 

Wz('l9) = (e2 + TJ2Cot2 {) /2)/sin2 {) /2 = WB( {)). 
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(9) ;, 

l 

3arrIICbIBaJI 

WM({))= wz(t9) + .,\(t9)/sin2 t9/2, 
.,\(t9) = e2[2R(~F(t9)Fz(t9)) + l~F(t9)12] + 2R[~F'(t9)F~*(t9)] + l~F'(t9)i2, 

~F(t9) = FM({)) - Fz(t9) (10). 

II :JaMe'IaJI, 'ITO norapIIq>MII'IeCKII pacxoµ;Hrn;necH Ha HII)KHeM rrpeµ;ene B_ (2) BKJiaµ;bl 

O~ wz( {)) II wB( {)) B:JaIIMHO COKparn;aIOTC~ B CHJIY (9), UOJI}"IHM OKOH'-laTeJihHO . 

- L 2 
~M(- dE) = ?TZno r .,\({))sin{) d{) = 21rZno L [l(l + 1) + E l [IF~l2 - 1Fl)12], 

dx me Jo me l=O 21 + 1 · 
(11) 

rµ;e IICIIOJib:JOBaHO COOTHOIIIeHIIe opToroHanbHOCTU q>yHKQIIII Jie)KaHµ;pa 

/ 

(m)( ) (n)( ) . 2 (l + lml)! 
P1 cos{) P1 cos{) sm ti d{) = 21 + 1 (l _ lml)! 811,. (12) 

HeTpyµ;Ho y6eµ;IITbCH, 'ITO 'IJieHbl pHµ;a (11) acIIMIITOTII'IeCKII Beµ;yT ce6H KaK 

[-2 II pHµ; a6COJIIOTHO CXOIJ;IITCH .. 

TexHU'IeCKUM BorrpocaM BbI6opa paQIIOHaJibHoro MeToµ;a 'IUCJieHHOro cyMMII

poBaHIIH pHµ;a (11), a TaK)Ke cpaBHeHIIIO penyJibTaTOB pac•reTOB 0HepreTn'IeCKUX 

IIOTep_b TH)KeJibIX IIOHOB C y'IeTOM MII C IIMeIOlll;IIMIICH 0KCIIepnMeHTanbHbIMU µ;aH

HhlMlI 6yµ;eT IIOCBHlll;eHa oTµ;eJibHaJI rry6JIIIKaQUH. 3µ;ecb )Ke Mb! rrp1rneµ;eM Jllllllb 

cpaBHeHne TO'!Horo (11) penyJibTaTa l];JIH MII c rrpII6JIH)K~HHbIM [5], µ;nH µ;eMOH-

. CTpaQHH YPOBHH ero TO'IHOCTH. 
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. Ha pncyHKe npegcTaBJieHo oTHOllleHne R npn6irn:iKeHHoro aHannTwiecKoro pe
:JYITbTaTa gmr MII K TO'IHOMY KaK cpyHKIIMH OT /3 gnH Tpex ::rna'!eHnn Z = 54, 79, 92. 
BugHo, 'ITO npn6nn:iKeHHoe :JHa'IeHne gnH MII npn Manbrx /3 cTaHOBMTCJI OTpn11a-
TenbHbIM, B TO BpeMJI KaK TO'!Hoe, KaK noKa3bIBalOT pac'!eTbl, 
nono:iKUTenbHbIM. 
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