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I. BBe~eHHe 

8a~aqa o B~qHCneHHH nonpaBoK Ha aneKTpoMarHHTHY~ CTpYKTYPY 

R~ep K aHeprHH CBR3H ue30MoneKyn B03HHKna B CBR3H c npe~H3HOHH~

UH paCqeTaUH CnadOCBH8BHH~X COCTOHHHÜ Ue30MoneKyn cI~ aoLiM/I~ 

.'	 Heodxo~ ~ OrraCaHHR TeMITepaTypHOA aaBHCHUOCTH CKOpOC

TH HX peaOHBHCHOrO OdpaaOBaHHH/~/. SHeprHH. B~AenHeMBR B peaK

~HH OdpaaOBaHHH ueaouoneKyn~ - T.H. aHeprHH CBH3H ~ - pBBHa 
~;J'V 

paaHOCTH YPOBHeÜ aHeprHH UeaOMOneKYnH c=~ H OCHOBHOrO COCTO
l O 

HHHH HCXOAHoro ueaoaToua E A 

- E av _ E. 10E - AI A·	 (1) 

~nH onHcaHHR KHHeTHKH U~OHHoro KaTsnHaa aHeprH~ CBRSH 

HaodxOAHUO BbI'lHCnHTII c TOqHOOTII~ IV 1 MaB 13 I; aTO TpedyeT no

cneAOBaTenllHoro yqeTa penRTHBHCTCKHX awweK~OB H a~eKTOB. CBR

aaHH~X c HAepHO~ aneKTpouarHHTHOÜ CTPYKTYPO~ (R.a.-u.c.) npH B~
;Tv E,(o

qHCneHHH E /tA H A (I) • 

ManoxeHHbI~ HHxe ueTOA B~qHCneHHR nonpaBOK K KynoHoBcKOMY 

aHaqeHHIO aHeprHH CBH3H 8 (NA) c~eCTBeHHO onapaerca HB TO od

cToHTenDoTBo. qTO penRTHBHcTcKHe a~eKT~ Aa~T npHMepHo OAHHaKO
J'v eo /'t/

B~~ BKna,lt B SHaqeHHH E AI H E A • H npa B~tmTaHHH B (1) 

pe3yn1lTHPYIO~aH nonpaBKa K ~N~) OKa3b1BaeTCR Ha nOpHAKH ueHII

we~. BnaroAapH aTOMY npe:' B~~cneHHH é c TOqHOCTD~ ~ (",,38 

MOlHO npeHedpeq,& KBpHTOBo-aneKTpOAHHBUHqeCKHMH a~weKTauH nop~Ka 

0(0< 5 e,., O( ) H B~we H OrpaHHqHTDCR nHWII 3~eK'TaUH O(O(II)~ 
OnHp~BBeU~UH AHarpaMuaMe: OAHO~OTOHHoro odueHa. TaKie AOCTaTOqHO 

noxapH3yeMocTD Ae~TpOHa (AHarpaMMa ABYXWOTOHHoro odMeHa c BHPTY

anllH~M pBa~anOM Ae~TpOHa HB npOTOH H .He~TpOH) onHC~BaTII awweK

THBH~M ncrenuaaaoa, npeAnOJlCeHH~M B padOTax/5, 61. B RAPa paocaae

9"" " .. H . WU1~"""---' 

dllI"''t.~~, ' t, -f> 1", .,....... ('" '.

l"vOIr,..,.Iot,~\.->tlj"·'i1 .. \...~\.~I,: "oi! 

t1nOO:~1>il~K UC. )';, '~; 

G~;;l1f,.l, - . , 



pHBa~b KaK aneMeH~apH~e qaC~HU~ o ~HKCHpOBaHH~M paCnpe~6n6HHeM 

a~pfl~a, MarHH~HOrO.MOMeHTa H np. TaKHM 06paSOM, aa~aqa O B~qHO

neHHH ypOBHe~ aHeprHH MeSOa~OMOB H MeSoMoneKyn CBO~HTCfl K pewe

HH~ ypaBHeHHH llipe~HHrepa c raMHnbTOHHaHOM, OnHC~Ba~~HM C TOq

HOCTD~ O(f/CfJ.) penflTHBHCTCKYIO ~HHaMHKY CHCTeM~ HeTOt{eqH~X 
CnHHOB~ qaC~HU C aneKTpOMarHHTH~M BaaHMO~eUCTBHeM. 

2. r~MHnD~oHHaH CHCTeM~ HeTot{et{H~X cn~HOB~X qaCTHu 

B urHoBeHHoü wopMe ~HHaMHKH npfluoro aneKTpoMarHHTHoro BaaH

Mo~eÜcTBHfl/*,7,a/ penflTHBHcTCKH~ rSUHnbTOHHaH fi CHCTeM~ AI~~ 

qaCTHU HMeeT BH~ 

H .: H Co)+- H <,) + 0(1/e:!)) H'c"'~ O rI{ /c2",)) "J SI. O.) i.)' 

H (71) ~ K (7'1)+ U c~) K (71).. -?Kr~ t</o~ f[:l.12M.; , 

1-«1) ~	 _ p'l/8Ml ; (2) 
---;> -i> ~ 

('») I ~ U{1'I) , Jt.n) U(7J) /r; -'>. R 5 S)U :=. 2- ~ v: vi:: ,,; "ijJfli;'J ~l) ·i) i 
~	 ~ .-;> ~ -.;> -> 

f",,'I ::: Ri - R~') ;,,;/= (M; f:j -~'A)IMii , R;' =R +11 
M .. -	 A",. --'-M' ,"," c. M?'Mj /M·ú 'V - IVI.,., ;, v v v 

-"7 -"7 .-;;> . 

8~eCb Mi) Ri) A H Si - aacca, pa~HYC-BeK~Op, wmYJIbC 
\	 . 

H BeKTOp cnaaa 1, -TO.tt qaCTHU~. JlJIfl nOCTpoeHHH onepaecpca napao-

U ' O) U('.J	 . 
ro BaaHMO~eÜCTBHH '1'i H 'li aa aMnnHTY~blpacceHHH.H 

qaCTHU i H ~ /~I o Tpe6yeMo~ TOqHOCTb~, ~OOTaTOqHO yqeCTb 

BKna~ ~HarpaMM a) H 6) aa plicymce(,IJ,1IJI ,Itet\TpoHoB - li .rumrpaMMH 

B», r~e aamTpHxoBaHH~e KPYXKH 060SHSqamT BepmHHH~e ~YHKUHH, 

BKnlOqalO~e ~opM~aK~opbl (CM. npHno~eHHe I). C HcnonbaoBaaueM 060

...aHaqeHH~, BBe~e~~mx B npHno~eHHH r, BblpaE.eH~ ~IDi U-t~?)14. ut!J 
8SIIHCHBaD'l'Ca B CJIe~eM BH,IJ;9 (HH,lleXCH i 1lI. i- B OJlIMBoJIax ~. D.. 

.	 "i'r4 ) 

2 

J li IA

i II i I 
-e 

.p I \n
~I 

II I 
Q+ 

a	 6 BI 

AA UÓ()??7'i) {"('li) ,,/ ) Cj(1'I)i,J' ony~eHbI): 

U (o) .:: Zz' 2; eo/r + (/ps~) +-U ,'P~) 
(3) 

CPOL)	 õi' e 2'

uc.-s:EL 2,7,e'?cl)/r) U = -2r~ (r"~r;,2) (4) 

- 3/1°1 rae ~nH ~e~TpOHa 0<= ~ 63'M ,a napaueTp ro ~ /6 <{JM noao

cpaa aa cpaBHeHHH c peaynbTaTOul 10 I ~nH c.zumra t1E::tJ I; 
U''I: U'D~U(lW~U'VP~U'F~ U(SO)+U(T~ U(~) (5) 

U(D)=. /etifJ("TJ(;.)+~ )~ (~i -Jl&·ls'l)~·
(-c/I\ Q(õ)2Sj+1 2M! 

(6a) 
+ (4vd(r)+§C5')) ~ 2dd'-&A>,l)2

271"1 M~ J-; 

U (R/tl)	 ~--,>Z·rie2 (i 2 
;;;:: -.% - '9{I)+2$>(I~ /R ~) 

2MiAli c2 r II E·? 
(66) 

+	 1+2?(IJ-6i")(r(rÂJR)} ,
 
r 3 v
 

U,vP)= ~ 7.e2. 2P< s~dx -Ix>.., (1+ '..)Jl3~ e 1'1.r 
. ? 37T 1 )<!J. 2.x (;l.1T) (68) 

..:;>2. ) -- :z.).t ~ 2 /')(2) 1; . 'fb (:k. l!fl (- k.. /{fk.2.+ '" x / /\a ,'~~ = ~c ' 

3 



U (~) - _..!...(eJ1"l'8 /~'i )/~)(S~"S) , (Gr)- 6 c j q(li) (luiS:' l~. Si g1 

U· (sc) e2.t f 7. 2' -( Q - -+ ~.":2 _ -+-+ 

= .- - ~ ~rr)<R)5i+~ '-9co(; )( p )S . 
c- 2Ml r 3 oi) 2M.~ rd .; (I 

. ~. (GA) 
-~ 1-~2) <rx/»S. - ZZoV'i . -1- ~ffI(;'1»5; j
2mAJ'~' r 'I 2,", Mi 5i r 

o». _.1(e,1i)2 (~t·.. )/h...) 1-;;1;)
tt	 C M1 5 1 ( Í11 ~ r S 

(Ge) 

·(Y;'~~êr~)_ (S;~J) , 

U CQ
) = 2'iQ;e2.. 1-f!(:;J) (B(rSi)~ S~)
 

2 r~ r 2 7
 

+	 c;,Qie 2 I-~~/) (g (Fs,)4L ~ S~) 
(G~) 

2. r IJ r2. ij . 

S,1teCb xepea e i) ~'i H 6(t' 060SHatleHh1 sapH~., MarHI4~llb1A 

~I4nOnbHh1~ H aneKTpHtleCKHÜ KBa,1tPynon~Hh1~ MOM6HTh1 t -~oU tlaC~H

l\h1	 B e;lU{HHl\ax e, 21t~ .... 1W~e. COO~BtlTC~BeHHO; U (FS.i!-) 

OnMCh1Ba8~ HCKaaeHHe KynoHo~cKoro nO~eHl\Hana KOH6QHh1MH paaM6paMH 

U	 <P0L) 'U(F) U(SOJ U,T)
qaCTHl\. - 8wweK~b1 nonHpHayeMoC~H. . J J 

11 U(tV - lllepMHeBcKoe cnaa-cnaaoaoe , cnaa-opoareasaoe ~OH8 op-


U CVP) U(~N)
 
HO~ 14 KBa,1tpynon~Hoe BaaHMO,1teUC~BBH. 14 - nona

PHS81UU) B8KYYM8 H ~.H. penH~HB14CTC~YK) nonpa~KY K aacoe , a UC.D) 

- qneHY ~pBBHOBOKorO·THna. SwllleK~h1 He~OqeqHOCTH tlaC~Hl\ On14Ch1BS

fJ~ca lÍlYHKl\HHM14 g!TI)/ ~"'J HT.,D,. (n1•.1-2), Bh1pallaJOUUUl14CH xepee tlJyp:oe-' 

npeodpaaoBaHHH ~put1JaKTopoB tl8C~Hl\; ~nH ~OqetlHh1X qaC~Bl\ 8~I4 

WYHKl\HH ~OE,1teCTBeHHO paBHh1' HYXK). 

4 

~SHH~~ raMHn:OTOHHaH (2)-(6) OTP~tlaeTCR OT Hcnon:OSOBaHHhlX B 

/ 1'/ A..I
,1tpyrHx paooeax (CM., aanp., I ) lflYHKl\H6~ ~(f) B onepaeope 

U	 (RM) • 

3.	 llonpsBKH Ha aneKTpoMarHHTHY~ CTPYKTYPY H,1tep K YPOBHRM 

8HeprHH ~-COCTORHH~ ;U-Me30a~oMoB ~~oTonoB BO,1tOpO,1ta 

] KatleC~Be nepBoro npHMepa npHMeHHM Hsno~eHH~U Bhlwe lflopMa

nH3M K BhltlHCneHHID pénflTHBHC~CKHX H CBflsaHHhlX c R.3.-U.C. nonpa

BOK KYPOBHHM 8HeprHH aTOMOB ;>;UI oI;u H ~ • 

~cnon:OSOBaHHe raMHn:O~OHHaHa (2)-(6) ,1tnH BhltlHCneHHR 3HepreTH

tleCKHX YPoBHe~ ManOtlaCTHtlH~X cHc~eM ~pe6yeT SHaHHR aneKTpoMarHHT

HhlX wopMwaK~opoB BSaHMO,1teUcTBYK)~HX tlaCTHl\. B ,1taHH'o~ pa60Te ,1tnfl 

WOPUlflSKTOPOB npOTOHa, ,1teÜTpOHa H ~pHTOHa Hcnon:OSOBanaCb annpOK

CHMaA14R ,1taHHh1X no CetleHHHM ynpy.roro pacceflH14R aneKTpOHOB Ha fl,1t

pax/12,13/ WYHKl\HRMH ~Hna 

r '~2.) ~ I. r2. ~, ~'nJs '"')
'in	 (-k j::L- i/tfi7JJrI (1-+-1< I (~'i??)!:J) ,.L- 'v1.6'n)s-.=.i.J

S	 . S . (7) 
.",. j. I 2, lO ') 2 Si +1. , 

npHBO,1tH~HM~ (B npeHe6pe~eHHH BHYTpeHHe~ CTPYKTYPO~ MIDoHa) K 

npOC~h1M Bh1p8llteHHHlJ ,1tnR WYHKl\H~ 1('17) (CM. npanoaeaae 2). 

He",1teHHble ~aM14 8HaqeHHH napsaeepoa W) /l J t np14BeAeHbI B 

TaOnHl\e I. 
Ytle~ KOHetlHhlX pa3MepOB R,1tep npHBO,1tH~ K HSMeHeHH~ tlJOPMhI panR~H~ 

BHCTCKoro BaaHMO,1te~CTBHR. (6) H8 ManhlX paccToRHHHX, crna~BaR CHH

rYXRPHOc~b onepàTopoB (6a)-(6~) npH r-. O • B M830STOM8X H30

~onOB ~O,1topO,1ta 8~OT awtlJeK~ npeBhlwaeT YCTaHoBneHHbI~'Bblwe nopor 

TOtlHOC~H p8Ctle~OB nonpaBOK K YPOBHRM 8H6prHH IO-~ aB JllIWb B ~

COC~ORHHRX. BbltlHCneHHhle ~ nepBOU nopRAK8 T60pHH B03uy~eHHU C 

5 



.Ta6mum I. IlapaMeTp1i W , t1 B MsB/c li e B annpORCHManIDI 
(7) 9JIeRTpOMarHl'ITHbIX WapliÇaRTOpoB npOTOH8, .n;eATp0Ha 
li TpHTOHa 

W ~pM-	 e H.np ~PM- {\.
o 'WaRTOP vJ	 o waRTOp W i." 0,789 852 2	 0,350 374 5

F~ 0,211 2095 3 ~ 0,663 707 5 
-0,013 1980 5P 

0,437	 770 3 0,389 38I 5f2 0,563 1194 3 d ~ 0,611 756 5 
1,645 701 5 0,561 444 5F.l 

-0,S45	 848 5 S 0,439 798 5i 1,533	 522 3·Fl/ 
-0,533 695 3 

yq6TOM H.a.M.C. penflTHBHCTCKHe nonpaasa 6 EX~')''11o OTJIHqalOTCH 
"...,()() no 

OT 3Haqemdt /jE A , COOTB6TCTBYIOl/UDC TO'leqHblM H,ltpaM, aa I4HO

&HTeJIH. rr' . ,ltJIH KOTOpbIX - 6JIarO,lta~H BbI60py annpOKCHMa~HH 
(7) - MOEHO nonyqHTL BblpaEeHHfI qepea napaM6Tpbl H,ltepHblx WOpMWaKTO

pOB	 (CM. (n2.4) J x) ; aaecs e.ti = m',j =1., Zi':= :-~. =- 1: 
( ,,\ 

/ 71D (DJ (D) ~ (D)'no ~ - ~ 
I1EA.D :, <-noo/U '/noo> =fi ~ C"A ~ : 1.1~ n · 

• {	 M.ZI(Mi2+(~f;-/)Mi2)(4-ti1} + 2 ()4--i-2i )M-:;2 (~~ Si2» , ~3i.:: ~2, 
• • I 1\ J'I 

(~((21lâ-.)/aMr -~/~Mi)' .(f-~f)+ &~ (~-Ji~)) , ~ ~ 1; 

ô'E(D)"''' ..-O(~ Si I-C!ltS; 1-2fi!).!L (8a)
A Sj + I 2 j + 8 ~ 7)~
 

.A E(RN}no < lU (~Mh ., _ JJ-. (,<!N) A 1E(RAi)lID

U:A	 =?1Oo ('7100/ -q'f ~C:-A 

"'f.(I:AI) = 1_ J;,,cAM) f1'gCJlM)1Io-. _ 0(2. (2. _..LJ. (86) 
6 2 J A /ti .M.. ",3 .,,11-/

'1 ~ 
AH8JIOrHtlHO, HueeM 

t.1 EÁI/P)'1JO =. f,t(VP)LlE~VP)'11O •	 (8s) 

..	 ) .. . 
x	 SAeCD HH,lt6KC 1 ~ooTBeTcTByeT H,ltPY, a l - MIOOHY· 

6 

~(VP)-11O ve)
SauHY2!Y6 Bupaz6HHS/ ,ltWl ~ E A H (..;C Oq6HD 

rpOM03;ztKH; ·HX qHCneHHU6 aHaq6HHH JI6rqe nOJIJ'qHTD no 146TO,zur, 

np6·,ltJIOJK6HHOMY B pa60T6/1~/. OTM6THM JIHWD, qTO 

({/YP) = I ..~O ( tn 1V;~';I.tW4)S) . . (ar) 
s 

JInH CB6pXTOHKoro paC~enJIeHHH S -YPOBH6Ü MM6eM 

êlE C::FS) '1JO = f,;(F) Â ~(HFS)"O , 

~E(HFS}nO = ~~ 25,+1 ./-'ib'
 
"A 3 MiM; Si '173
 

/'o /'o 

•CF) {~- (;!~ di1~ÇUi-2i)d:2 )/Ai,Sa' :.1/2t l'::: ,. -t (~)
" - cf·'12 , S ..• ' -= 1. • 

HaKOHe~, HepaJIHTHBHCTCKaH nonpaBKa Ha KOHeqHNe paaMep~ flAep 

paDHa 

.1Ers~)~:. <-noo/U (FSJI)/noo> =!-i(~~OO/4TJ(;)In«J>' 

r./FS~) := J:,	 (Ia) 

a nonpaBKa Ha nonHpH8yeMooTD RAPa 

fj E. (POL)?70 11: <.."ov/U(NJLJf"oo>:a - ~~ (I +- Ott;)) 
o	 (11) 

(FSZ) rCD) (CF)
qHCJI8HHhl6 aHaq8HHH D6nHqHH ( " H ncnpaaos 

~nH OCHOBHoro COCTOHHHH M8S0aTOMOB ~;«J oI;u H ru npHB6,lt6

UH B Ta6n. 2. 
4.	 nonpaBKH H8 a.-M. OTPYKTYPY H,lt6p K aH6prHH CBR8R 

M8aoMonaKyn ~ H ,,~ B cna60CBHsaHHUX COCTOftHHHX 

o	 :i.. I)v=-l 

KBaHTOBoan8KTpO,ltHHaMHq6CKHe 's!Wl6KTU, OnHCYBa6l1U6 Tp8xt!ac-

THqHHU rSMHnDTOHHaHDM 1-1 (2)-(6), npHBO,ltfl~ K 061q6MY C,ltBHI',Y . 
.7 



Ta6~yp 2. 3~KTü ROHe~ pasMepoB ~ B OCHOBHOM COCTOnHHH 
Mea08TOMOB HaOTonOB Bo~opo~a (nmnpaBKB R ypOBHHM 
9HeprHH - B MsB) 

~(Fst) #SIl)10 (a) (D)JO ;v4>}103qq>e~TATOM . A ~ AE aE H.B. t(f) Af0F~) Af~F1) 
It A Pt M.C. 

fIA 1,109-6 22,4 0,9956 114,8 115,4 -0,6 0,9950 181,8 182,7 
c1fi. 1,00?-5 214,6 0, 986? 126,1 12?8 -1,7 0,98?0 48,4 49,1 
ir 6, ?II-6 145.6 0,9884 136,0' 13?,~ -1.6 Oa9848 236,6 240.2 

. 7'1 
li K cnHHoBoMY paClltenJIeHHIO YPoBHett aHepl'l1H MeSOMOJIeKYJI EM • 
a o.TCIO,lta - H 3HeprHH CBflSH e;: E;'V - E ~o (1.) • llpH BU

lIHCneHHH nonpeaos ..1 t eX):III Â E ~FTV_ I1E ~')t) io caaxeae 

6uJIH nonYlIeHU COOTHoweHHH (aHSnOl'HlIHU6 (8)-(10». BüpaaalO~EI 

Ll E ~) J"v xspea SHStleHHH .s ri ':,)J"v' ,ltnR TOlletlHüX 

H,ltep. HS~,1.leHHUe '13 a,1.lHSCSaTHQeCKOM npe,ltO'J:BBneHHH sa)ia'lH Tpex Tell 

1151 13 nspaoa nopazxe TeopHH BOaMYIIt~HID!l4 I. Ilosaaaac, lITO B 

ona60C13HsaHHüX 'COCTOflHIUIX dei; H oJ~ BKJIS,lt B ÂE (x) O~ 
'-""'e;c)J....' 

116 8aBHOsmwc 0'1' cnaaoa peJUlTHBKCTOKIDC ~eRTOB .1E M H 

~~~X)'D) )C .. o , VP) RM B'aSUKHO COKpSlltae!OR, lI~O n08BOna

6T npeH66pe'lb R.a.-M.c. npH Buquon6HHH penfl~HBHC!CKOl'O C,ltBHI'S 

aHeprHH CBfl3H c TOllHOCTDIO I MaB. H aaa,lt6HH nonpaBKH HS R.S.-K.C. 

H KynoHoBCKOMY 3HalleHHIO H K CBepXTOHH~KY paC~enJIeHHD EC~R~ 
B C,lt13Hl' yp013Hfi SHepl'HH MBSOMonBKYJIH 13KnS,lt ,ltalOT ,1tH81'0H8nDHH6 

. (x) 
no CUHHau' B3aHMO,ltB~CT13Hft ~;' J X::.FS~ PO'-J.D) RN~ VP,) ~t1R BCElX 

Tpex nap (i.i) J ':Ii=- /J 2/3 ~ 1..:;. (~2 0603HslIeoT R,ltp8, 8 il·.3 

- "'100H): 

A E(x)'JV s T {j E o:~3" lJé. C1:J.'T"=- <:r,,/U.,~) /JV>. (12)
L.l M f-?-:- ....1).;

'B~i v 

~ B B,1tHaCSBTHtleCKOM npe,ltCTaBn6HHJ4 aa,ltBU ~pex T6nl 15I CpEl,ltHH8 

SHallOHHft OT onepaTopoB ~~) npEl,ltCTaBnHWTcH (noene ycpeAHe

,3 . 

;,. 

HHH no Yl'naM) B BH)t6 00:T1 J Ji
 

<Jv/U.~~;TV> = J L rd~.~ '(R)4'/~,!l{:x7ctm> ~f YiR),

rI, C~I ct1ll J Cem , 7» (13) 

o ' . 

3~ • ~" <:c'I~ 'I,U~~)lcf"'>=!.. Sel! fdPt('f-'l)1l,,'n,/~?iR)UiJ Cfc-bn~7)"J J 

'11 8. 1 -t 

I',ltEl R '~ (;"21, ! = (Y;3 +ri3 )/R ~ '? =. (fia - r2.3 )/r~ 

%+..,{S) ,?J'R)- KynoHoBcKH6 C~6pOH.ztSJI:bHüB WYHKl.\HHI 16 I (t HOMB
.' . 

pyeT pew6HHR 3S,lt~lIH ,ltBYX UElHTpOB C ,ltaHHuMro,CoCP6,ltOTOlleHH~x BCSnu
"l17v 

8H HAPa C =1,2), a "ctm (R)- aKI1JlHTYAu BonHoBo~ WYHKUHH ...eaOMO

nElKynH B sA~acsaTH1I6cKOK nPElACTsBJIeHHH/I I. 
OOHOBHOit BKJfaA B CYKW (13) ,ltam tlneHH c -f = t,I.. J H 

'111 ': on I.=- o "*.J, a B HHT61'panU (13) - oCSnaCTb 

R ~ 1; / (a.p V2m,:z.E)) ~ ~ i(7J)tae~ 

B sToit'oCSnacTH CnpaB6,ltJIHBO SCHW1TOTHlIeCKoe p83JIOZeHHEI 9'c:tm
 
/ 11 I:
no WYHK~HM BO,ltOpO,ltHOl'O ~ -aTOKa o n6HTpOK B H.ztPEI 0

1''''' 9' -~ N <~L- ~tm (~ "lI-R) ..L R C",p ~3 I'"I~>, 
{27 "I A1~ (J ~, • 

B lIS0THOO'H 

.~ C(JC:40 (l/~;R) = <'~3 1"00>+ O(R -2.) 
V2" , 

nOOKOlIDK)' J5e,ltYlijKe lIn6HU B pa3JIOa6HHH t;'IC))( ~ D) R,N I VP 
, I 

He 88J5BCRf Of HBaHTOBüX lIHC6n'" B '11 (CK. (n2.1)-(n2.3»). B 

.OdX8QTH R» L HKeElK ".
 
,.." .
 

<c't~/Ui~) feto> =Ii~)<, i fó/V.!)/it;9{1 + o(íA\J"0(1/2),1», 

I',ltEl O ç~ onBCUBSI)~ B3aHMO;1teitcTBHe TOllEl'üiOl'O RAPa c MIlO-I; 

I B} SU-;';' -0;00......&0 • .aeJJoa •• npeBWl88'l' C(f/~Y, r ...,(_ 717 .2 / m' J • 
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U (FS~) U'POL.) t

ASIOT HepeJIHTHB1I1CTCKki6 qJleHhl i}!, H i 3 ) 2:1, 2.1 onacs

B81O~e CT8THQeCKHe H AHHBMkiqeCKHe awweKTbI a.a.-M.C. SH8QeHHa 

COOTBeTCTBYlOl1tHX nOnp8BOH l1 €(FS~) H J), E. (POL.) npaae-

AeHbI B TaOJI. 3.	 ,7 

~Jmna 3.	 B~ acIxlJeKToB aJIeKTpOMal'HHTHOI OTpyRTypH ,fmep 
B o,ttmlI' SHepmH CBH3B MeSOMOJIeRYJI oI~ H eH)A (B MsB) i~ 

MeSOMOJIeRYJIa ta. éf5~)~1 A E(FSi},O l'LFs~) El'f)9 ~()9 AM€)M	 A c. ~ M Â,.,. A. t\r

a1d,M.	 213,1 214,7 \ -1,6 -9,0 -9,0 0,0 
159,4 145,6 13,7 -1,9 0,0 -:1,8

do{;fr 

YpO~HH cBepxToHKO~ CTpYKTYPbl MeaouoxeKYJIbI HaxOAaTca HeK Coo~
 

CTBeHHble SUaQeHHa aw~eKTHBHoro cnHHOBoro raUHJIbTOHHaHa '}1Itd'
 

H eff. e, (~. S3)+E2(~'~) +~ (52 ~) +E~(.s;.J)0 

+ ,. .E (5:,..7)+Ef; (~.j-) -I-E~ ((Sl.j)(~ .J-)-Jt~~)/3) s 
+ E, ((S/.j)(SJ)-T~)I3)+E9((VX~i)-J:"(~SaJI3) 
+ E.fO ((s,.f)~J2s,!g) + E'I((Sa.:ff-jfl..{ap) ,
 

~BDBm~6roca On6pB~opoR B npOO~p6HO!B6 npaROro npOH8B6A6HHanpeA- I
 
cT8BnÊlHHI (S,) s {~) (8 (Sa) 6\ (J") onreopu SU(~). Ko-


a!WlH~HeuTH E k ) k:: .fpooJ,f1 BWpa&amCa sepea cpeAHH8 aaase


HHa qneHOB },t , oonOA~~X COOTBeTcTBy~el CnHHOBOA o,pys:


TYPOÜ, B qSCTHOOTH
 

2. ~ . \ 
IEi ==	 E!... p, _~3 ~:Tv/~~)('i:a)I;:rv>J'Z~l2• 

3 Ali,Si M" I 
l 

\ Ra-so 1I0XOOTH, E k 7) k.... 9,1~.1 ....,} I~ a4ÇaKThI Jl.S.~1I.0. C1UJ;V l 
eT YtU1ThlBe~b UU!J) B 3He1leHHJlX E"", ~ • ." ~aJ)IIlHX ocaOBBol BKne)t 'l/; 

i ..B H tf . AHOnOrH1IHO ( 9 ) ulI'eell 
iCp)N' liE ; - 1"	 i E I ) t ; (,2. ~ ! 

...
 

.	 ~ 

rAe M"3. H'p~ - uaC08 H MarHHTHbI~ uoueHT 14100HB, a El. co-


OTBeTcTBye~ TOllellHblM HApaM; o/F) onpeaeaesa B ( <3 ), Jf
 

E.	 ~4~~)-ti)ls 
1 :::. 3"	 MiSi ,ti!; o i . 

He 6YAeu npHBOAHTb 8HBHHTHlIeCKHX BblpBReHH~ AnH nonp8BoH Ha 

a.a.-14.C. K ypOBHaM cBepxToHKO~ CTpYKTYPbl U6S0MoneKYH; lIMCJIeH

Hlie peweHHa npHBeAeHH B Ts6x. 4. OTue~HM JIHWb, lITO oBepx~oHKoe 

p8C~enJl6HHe YMeHbwseTca ~PHOJlHSH~enbHo B (;I~~F) pas, T.e. 

HB 2/IMJ3 B oIl;t (1.1 I) H .H8 ~"M38 B d+al). 

Ta6mura 4. 3qxlleKTH KOHe1lHla poouepoB .a,nep B CZTOHKOA 
CT'PYR'lffe Me30MOJlBISYJI dd,kt (1.1) H 01-(1.1) (B MaB) 

Ó #- dd)A 

· C ytieToM Ees yqeTB ~ . C yqeToM' Eea 3<p
1St Ji.STM.C. s. STM. o. I1lãKT I 5 J Ji.9 o- M. C. ytIeTB (pã1~T 

R.S.M.C. R;a.M.C 
190,0 192,4 -2.4 16,0 . 16,3 -0,3E2(MSB)	 E2(MaB)

EI(MsB) 6,4 6,5 -0,1 El (MaB) 16,0 16,3 -0,3 
1/2 I 2 -142,7 -144,4 0,7 I 1/2 3/2 -16,1 -16,3 -0,2 
1/2 I O -142,7 -144,4 1,7 I 1/2 1/2 -15,9 -16,1 -0,2 
1/2 O I -142,6 -144,3 1,7 I 3/2 1/2 7,7 7,8 0,1 
1/2 I I 41,0 41,5 -0,5 I 3/2 3/2 7,9 8,1 0,1 
3/2 I I 44,0 44,6' -0,6 I 3/~ 5/2 8,2 8,3 0,1 
1/2 I 2 44,5 45,1 -0,6 
3/2 I O 44,? 45,2 -0,6 
3/2 2 I 50,2 50,8 -0,6 
3/2 2 3 50,7 51,4 -0,6 
3/2 2 2 51,1 51,7 -0,6 

SOKJIIOq8HHe
 

KOpOTHO pealOYHPY8M Hano~eHHbl8 Bblwe pesYnDT8TbI.
 

I. 8WWeKTbI a.a.-M.C. ~alOT oy~eCTBeHHbI~ BKHaA B HepenaTHBHoT

OHH" O~BHr H B OBepXTOHKoe pao~enneHMe 8HeprHH'CBHSH H AOnEHbI 

npüHHII8Tboa BO BHHMBHHe npH paCqeT8X CKOpOCTH peaOHOHOHoro oOpa

ll-/ 13
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aOBSHHH MeaolAoneKyn dd;u H dI? H npa OnHCSllHH ;..t -KSTSnH

as H~epHoro CHHTess. BKne~ aTHX a~eKTO~ B BenHqHHY penHTHBHOT

CKoro C~BHrs npeHedpe~HMO Msn. 

2. B B~qHCneHHHX nonpaBoK HS H.a.-u.c. K ypOBHHM aH6prHH 
I' 

~BYXqSCTijqH~X, H OC006HHO 'TpeXqaCTHqHblX CHCTeM, uenecooCSpSSHO 
I. . 

~l!MeH&T:&,' annpOKCHMSUHK> ~OpM\tlSKTOpOB qSCTHU ~YHKI.tHHUH THns I. 
\I 

( 1 ), npHBOAH~HUH K npOCT~U SHanHTHqeCKHM \tl0pMynau. 
. (~) 

3. raMHnl>.ToHHS~ (Q.-G)(cses yqeTa q'neHoB L/.z./ ) aana

eT o~HOaHaqHY~ ~YHKUHOHanDHYD CBHSI> uezAY HepenHTHBHCTCKHM no


TeHUHsnOM (f - i M (rJ) Ir H p8nHTHBHCTCKHIIH nOT6HUHanaMH
 
J\ 
~,")(r) H T.~., H IAOE6T CS~TI> HCnOnl>SOBSH AnH 8BpHCTHqeCKHX oue-


HOK penHTHBHCTCKHY. a~6KTOB B CHCTeuax c npoM3BOnI>H~M Hep6HHTH


BHCTCKHM nOT6HUHanOM.
 

B aSKnDQeHH8 SBTOp Bblpa.06T CSnorO~SpHOCTI> A.KBHI.tHHCKOUY,
 

~.~.M6HI>WHKOBY H ~.~.nOHOMapeBY ae UHorOKpOTH~e H OqeBI> noneaH~e
 

oCSoy&~eHHft, B.C.Me~a.HKY H M.n.~SU~MSHY - ao nOAAep&KY B pado

Te.
 

npWlOIEH~E I 

KOBSpBSHfH~e BHpS&eHHH AnH KSfPUquWX anOM8HfOB an6KTpoMsr


JlHfHoro fOKS J; (f.H. B6pDlUHH~8 ~HKItBB) UMel>f cneAY~lItHit BB,1l
 

( 1) = C = 1.) :' 
. I (8 r. 

AnH qOCfHUU 2 00 onHHOM Si:& "/~ 

<p?/J;./91)=- e Ui (p) {r» z.'Z. AI (t. 2) 

/- b';,(,,]k"/f~i G2 (""l1 'U1 M ; 

.. '1
8~eol> k '= P-q, HononaOB8H8 uefp.HKS 'JjIo~= (+. -" -", -)~ 

J ,Fi.1 H Fi2. - \tl0PMI1lSKfOPU J{KPSK8 H nS·Ymt. HOpUHpOBSHHIlI8 yo

... 

nOBHeu F.t, (o):. Fi2 (O)"i,} S ~~. H A J' - 3SpH,1l H aHO-

usnl>Hutf MarHHfHhI~ MoueHf B eAHHHusX e H e 1;/2. M-I" C 

COOTBeTCfBeHHO; 
. . /19 I 
~IDI QBCTHUU '1 co cnHHOM Si::' 

<.p~/~/9'? >~ e. (U;(p))r Ir-~ fit (I< z.)~ftr 
f tr)](p t-9JM...,. M-i2Q j - 2; +}Li h' a 2)( k. fl er_..L k :l.a 

2M~ '%3 .3 rF r 
'I 

+;ki ~ (/lz)(~V(J"1!-<; ~f~~)k)l}('lt,?(?))fr ~ 

r;Ae -Fi, (0)= /i2 Co)::Fr'~ (o) =1,) a ~1' H rQ... - uarHHTHhlü 

~HnOnI>H~~ H aneKTpHqeCK~ KB8APynonbHblü UoueHTU qaCTHu~ ?~ 

~nH KounBKTHO~ 8BnHCH nocneAY~~HX wopuyn 0003HaqHu: 

Ft:= G1 .e: :::. (~~+Ai.fi2. )~ ..' ecnH S~· = 1/2:, 

H Fi.: ::. F.; 1 F;'1 == F22 ») 

Fiai = (e, F:;f -,...ui fi2 +(MiZ.Qi,,~i-Z3i)~)/QiMf ' 

e.cnH Sta' -.I. . 

H oupeAenHM 01leAY~~He \tlYHKI.tHH: 

, / / r> • ,;1.,:;1. -fi /.;;'
CC,) -.::. ~f ~'2 ) 4(2} ~:2. (Iof, et'2~,r 14 ;2. f' 

I ,I J0 ,. I I 1
Ç(3) :: Fz'a Fj., ~ 9(81) = Fi, ?3,) G(*) = 1f2 fj':J. 

r _ /~ . c:": ~'l'E../)F / /(.:::::z .. .1.1.. /0 . )
U(5) - ~ c t 'ú Si i2. (/1 I ( z::;.'1 -r '1/-.=1'1/ " 

G(5:1 = (17 ~-1('';;) F.:/(2/ -)';/~) 

B KOOPAHH8THOM npOCfpSHCTBe. a8BHCHMOCTI> onep8TopOB nspHoro 

1514 



B3aaMo~e"CTBMfl ( 3 )-( 6 ) OT WopM~aKTopoB qaCT'au onMC~BaeTca 

WYHKl.\MflMH 

'd~k ti/<..? 41T Q ([2)
~('1J)(r)= l-rjC21f}3 e 1<2 (?'J) - /,) (ilI.1) 

I'I	 1 S:-Sl
"1?" 1~,.2.J 2 .J S.J 3 ) ifI iJ / 

M TaK)Ke 
~ # 1/ r 

<j(??) (r) = ~(?I) (r)/r- 47r(?(7J)(r)-~)o(;) , 

-	 1
?'('II) (r):: ?(n) (r) - r. ~('1I)(r) ~
 

(ilI.2 )
== _ r% /I

~("/r) ='- c;(nJ (r) ~ 31(.,)(1")
 

~ I [r )
~'''J (r) = r oh" x fl") (X . 
o 

ilPl1JIOlKEHMrJ 2 

PaCCMOTpHM WYHK~aID 

fi f ({2) Il):::: ((+1.2/II~rt . 

B ~aHHo" pa60Te aneKTpoMarHMTH~e wopM~aKTop~ t -TO" qaCTH~ 

~·oI (_%2)
} 

Oi = l2.J ~ ..)2S" + I annpOKcaUHPYlOTca nHHeüHoti 

'KOM6HHa~Heü KOMnOHeHT THnB ~e c nO~XO~fl~MR BecaMH 

~« (_[2) ~ L ltt-fz~s Ap. (l2.) 1\('1'oi)S) , 
e 'ttoC)S 

'.2..- vV(-iol)S = J. . 
s 

Onpe,ltenHM B KOOp,ltHHBTHOM npOCTpaHCTB6. no BHBnorHH c ( nf,4 ), 
,-+ ~ 

~ ti a~	 ~1c..1" A aa I \ ~ 1T 
af (Y'J Il).: f-r[c211' e t JIlJ 7. 

16 

;,. 

HenOCpe,ltCTBeHH~e B~qaCneHaa ,ltaIDT 
1-'
 

a (r") 11)::. e -/lrZ cf (Ilr/'k ,
t . 1."Ic 
1"=0 

f	 k ~I • 
CI< :	 ~ L r(Qs-k.)/(4~(s-k.)/s /), 

r (Ir.) s =1< e
/lo' A .2-"fJ
ae(r-,A) :=. a:(~A)lr=- ",.3e - r.L.-CÁ (Itr)", 

c 1<=0 

êt:: 2k+3-2R(2~_ k-li).'/ (k.!(t- I) / (/~k -2)/) , 
'V ) ... ~ J;.I I Iae (r, /I :: (f\r) L (k.~ o.CA t 

k-o 
k+1 S I)(1_ eXf(-/\r~(l\r) /5. . 
~$O 

OTc~~a, ~HH MaTpHqH~X an6MeHTOB Me~AY co6CTBeHH~Ma WYHK~HHMH 

,ltHCKpeTHoro cneKTpa BO,ltOpO,ltHOrO aTOM8 nonyqaeM (B e,ltHHH~aX 

"t=-e ,.m~ " ) 

~'oo/ ap(rJA)/-noo> == d(lI)f)<",60/Ll1rJ(r J/"'·oo> 
r, ' 

r r -3/2
<~!co / Lnr d (r) /nao>= 4,. ')') 1'11) t 

Je'" fl=· e2. (~_!.- (21+1)/.1+ 1+ 1 1,(0 '+71- '+ 77 .2) (n2.1)
) I	 f\2 7 91\ t2.1)/.' 2112 \'1 

/

+ o(I\-a)) , . 
A 

<mÓo/ ât (r , Il)/ 'fJ Oo> :=, (" - ó(/l) i)) <'1?~olLorJCr)/'7?oo,/ I 

cf
A

(/\ R);:: !L (Qf-f)/! _ L (fO+ TJ-
2+ 7J' - :l )+ O(A-3) 

J /\ (2./-2)/1 1\% J , ~n2.2) 

<';"oo/_.!-/fJ+.Lr(rV)Vl + 0e (~It)(~ _.!.. r(rV}V\arv r a I r r: J 
"

_ Q.f(r,tl) (!J _ ~JírfJ)p)/rnoo >: ((-&1\,/). 
r 

~ <1J100/ _L (IP;,;(-;.v)"v) roo>=- (( -l(IV») (~ - ~~ )
2r 
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~ -J 

d(1\) ~ ) -= ~~ ( 4- 4/27») {e-n (~.f- ~) 
mz.s )

i-I e 1<+4 '71 f 2
-L'1(k+I)LLs-.L+ a»:+ A2 (u+~- ~ )+o(A- )1 

k::'1 S'::4 ,=t J 

TaKHM odpaaOM, aWW6KT~ OT~6RbH~X wopMwaKTopOB onHC~Ba~TCfi MHO

:lItHT6RHMH 

Ó1.ot :s L W(iol)S' J(I\"o/,}SJ e(1O()S)' 
~ S A 

dto( • L WCi.,c)s J (I\C1'.Jl)S' e(i.-.)5 ), 

~io\ =a i \A{1'«) S 'g( 1\(,ioc)s) e(1'01.) s ) • (ll2.4)
s 

JD1':rBP.l':rYP.l 

1• .l.~cheToa .t.al. ~78.~tt.B15"p.'49, 1985.
 
2~ K.P~hlfJ1an et al~ Prepr1nt~JDllK4-86-541, Dubna. 198(i:
 
,;' r.;"X.PonomareT. ~.Jlor~DtW. 8uo~~oa~lysed fus1oD.1.p.1.1987.
 
4~ D.EakalOT et ale Ph78.Lett.161B.p.,,19S5.
 

5. n.A.KBpzuHq. ~.K.neRbKoB. E3Tt 85,a7,c.80, 1983.
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PylCOIDICI, nocTylIWIa B H3.rtaTeJIDOlCd OT,IJ;8JI 
4 aBI'YOTa 1007 ro,Ita. 
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3~KTH 9neKTpOHarHHTHoH CTPYKTyp~ HAep 
B MeaOMOneKYnax 

BI:lI'IHCJIeHhI norrpanxa na 9nexTpOMarHHTHylO CTPYKTYPY HAep 
K 9HeprHH CBHaR MeaOManexyn dd~ H dt~. llOKaaaHO, qTO 9TH 
g~TU AaroT c~eCTBeHBUH BKnaA B HepenHTHBRCTCKHH CABHr 
H CBepXTOHKoe pac~enneHHe ypOBHeH MeaoMoneKyn dd~ H dt~, 

ltOTOPfllÜ AOJIl[eH npIIIDIMaTbCH BO BBHMaHHe rrpn pacne'rax HX 

cxopocTeA peaOHaHCnOrO OÕpasOBaHHH •. BKnaA 3~eKTOB 3neKT
pOMarHHTHOH CTpYKTYP~ ~ep B BenH~ penHTHBRCTCKoro 
CABRra npeHeÕpeJKHMO MaJI. 

.Pa60Ta B~OnHeHa ~ naÕopaTopHH TeopeT~eCKOH ~HaHKH 

OIDIH. 

npeupBHT 06l.eJ:umEHHoroRBCTJDyTa Mepm.a accnenoaaaaã. .zly6Ha1987 

ITepeBOA O.C.BHHorp~oBoH 

Bakalov D.D. P4-87-616 
Effects of Electromagnetic Structure 
of Nuclei in Mesic Molecules 

The corrections tb the.bound energy of dd~ and dt~ me
sic molecules awing to the electromagnetic structure of 
the nuclei have been calculated. tt is shown that these 
effects give the essential contribution to the nonrelati 
vistic shift and hyperfine splitting.of dd~ and dt~ mole
cule energy leveIs, and it should be taken into account 
in the calculations of the resonant formation rates. The 
contribution of electromagnetic structure of nuclei to 
the relativistic shift is negligibly small. 

~e investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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