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1. BBE,[(EHHE 

llJM6oacKHH c~aar ypoaaeu 3Hepraa ao~opo~ono~o6-
HLIX a TOMOB .RBJIJICTCJI O~HHM H3 Ba)KHCHWHX pa~HaUHOHHLIX 

JcWleKTOB /1, 2 /, llO~TBCp)K~aiOIUHX C 60JILWOH TO'IHOCTLIO 

cnpaae~JIHBOCTL KBaHTOBOH 3JICKTpo~aHaMHKH. He~aaao 6LI

no C006IUCHO 0 Ha6JIJO~CHHH/S/CB.Il3aHHOH CHCTCMLI llHOHa 

H MIOOHa: (77!1) ·aTOMa B aTOMHOM pacna~e /4/ KL -> (77J1)v • 
llpe~JiaraeMLIC llpCUH3HOHHLIC H3MepeHHJI JI3M60BCKOrO 

C~BHra B TaKOM aTOMC ~aJIH 6LI BCCLMa UCHHLIC CBC~CHHJI 

0 BJIHJIHHH 3cWleKTOB CHJILHLIX B3aHMO~CHCTBHH Ha npe~
CKa3aHHJI KBaHTOBOH 3JICKTpO~HHaMHKH npH HH3KHX 3Hep

rH.RX. 

11HTepec K H3Y'ICHHIO (77J1) ·aTOMa Bb13BaH B nepay10 

oqepe~L TCM, 'ITO BKJia~ pa3MepoB llHOHa B 06IUHH C~BHr 

paaeu 1 Ofo H H3MepeHHC JI3M60BCKOrO C~BHra C TO'IHOCTLIO 

1 o-3 
npaaeno 6LI K YTO'IHCHHIO 3Ha'leHH.R 3JICKTPOMarHHT

aoro pa~uyca nuoaa. 3KcnepaMeHTaJILHLie H3MepeHH.Il naoa

aoro pa~uyca r = < r 2 > 'h npaao~.IIT K pa3JIH'IHLIM 
77 77 

pe3yJILTaTaM: 

r 0,75:+: 0,09 tiJM /5/ 
' 77 

r 
77 

0 78 ± 0,09 tiJ /6/ 
, 0,10 M ' 

r = 0,56 ± 0,04 tiJM /7 I. 
77 

B CBJI3H C BLIWCCKa3aHHbiM npe~CTaBJIJICTC.R aKTyaJILHbiM 

llOBbiWCHHC TO'IHOCTH TCOpCTH'ICCKHX paC'ICTOB CllCKTpa 

3Hepraa (77J1) -aToMa. He~aaao a pa6oTe/8 / 6Lina BLI'IHCJieHa 

nonpaaKa aa a~poaayro non.RpH3auaro aaKyyMa I AllB/ K 

I}IOTOHHOMY nponaraTopy H K JI3M60BCKOMY C~BHry MIOOHHbiX 

aToMoB. B 3TOH 3aMeTKe a paMKax KBa3anoTeauaaJILHoro 
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no~xo~a Jloryuosa-Tasxenu~Je/9 /abll.fHCneubl cneKTp Juep
ruu (TTp.) -aToMa, nonpaBKH nopJI~Ka a[ rs] K 3HepreTu-
1.feCKHM ypoBHJIM u ycTpaueubl ueKoTopble ueTO'IHOCTH B pa
uee npose~euuoM pacl.feTe hoi. 

2. CXEMA BbllfHCJIEHH.JI YPOBHEH 3HEPFHH 

Xopowo HJBeCTHbl npeuMyll.{eCTBa KBaJunoTeuuuanbuoro 
no~xo~a Jloryuosa-Tasxenu~Je B peweuuu Ja~aqu o6 ypos
HJIX 3uepruu Bo~opo~ono~o6ublx aToMos/1 1•121 no cpasue
HHIO C ~pyrHMH nO~XO~aMH. 3TOT MeTO~ nOJBOnJieT COBMe· 
ll.{aTb npocToTy u uarnJI~HOCTb TpexMepuoro onucauuJI ue
penJITHBHCTCKoii KBaHTOBOH MexaHHKH /ypasueuue Wpe~uu
repa/ c KOBapuaHTHbiM annapaTOM KBaHToBoii Teopuu nonJI. 
06ll.{aJI cxeMa KBaJunoTeuu,uanbuoro no~xo~a no~po6uo 

HJno:>Keua B o6Jopax 111,121, no3TOMY HH)I(e npuse~eM 
TOnbKO Hy:>KHble HaM «l>opMynbl. 

B ~anbueiiweM Mbl 6y~eM paccMaTpuBaTb CBJIJauuyro 
cucTeMy cnuuopuoii l.faCTHUbl /MIOOHa/ c Maccoii rna u 
cKanJipuoii qacTHUbl /nuoua/ c Maccoii m b. KsaJunoTeu
uuanbuoe ypasueuue B cucTeMe ueuTpa Mace uMeeT BH~ 

(M _ ...; P2 + m 2 _...; p2 + m 2 )II' <P> 
a b M 

3 d q ~ ~ ~ 
= f -- V(p ' q; p) 'P M ( q) ' 

(277)3 

/1/ 

r~e M • Macca CBJI3aHHOH CHCTeMbl, p H q - OTHOCHTenb· 
Hble HMnynbCbl B KOHel.fHOM H Hal.fanbHOM COCTOJIHHJIX. 
KBaJunoTeuuuan V onpe~enJieTCJI B TepMuuax aMnnuTy~bl 
pacceJIHHJl BHe 3HepreTH1.feCKOH noBepXHOCTH: 

r~e 

4 

v = T(l + G ( +) T ) - 1 = T - T G ( +) T + 
0 0 ... ' 

,--, (+) -+ -+ 
G o (p, q; p) 

3 3 -+ ~ 
(2rr) o (P-lll 

---====---==--=====~ 
M-yp 2+m 2-yp2+m2 

a b 

/2/ 

/3/ 

P =(M,O) - nonHbiH uMnynbc cucTeMbl, a yMHO:>Keuue nouu
MaeTCJI B onepaTopuoM CMblcne KaK uuTerpuposauue no 
npoCTpaHCTBY OTHOCHTenbHbiX TpeXHMnynbCOB. 

AMnnuTy~a pacceJIHHJI: 

T = (c < +) 1 - 1 tla ( +) [ a ( +) 1 - 1 
0 0 

MJ (+)='G(+) _{i' (+). 
0 

/4/ 

Bblpa:>KaeTCJl 1.fepe3 «i>ypbe·o6pa3 ~BYXBpeMeHHOB «i>YHKUHH 
rpuua B HMnynbCHOM npOCTpaHCTBe: 

r---t-)-) 1 00 -+ -) 
G(p,q; P) = -- r dpodqOG(p,q; P). P=(Po,p) ,q=(qO,q), 

(2rrt ~ 

cnpoeKTHpOBaHHOH Ha nonO:>KHTenbHOl.faCTOTHble COCTOJI· 
uuJI I 11z)J.nJI cnuuop- cKanJipuoro cnyqaJI onepauuJI npoeKTH
poBaHHJl HMeeT BH~ 

~ ~ 

u * (p) u (q) 
,--,(+) ~ ~ m a ,_.., ~ ~ m a 
G (p,q; j) = ----G(p,q;J) y 0 

----, 
---:;- a ---~-

y2fb(p) y2fb(q) 
/5/ 

fa, b (;) = Y ; 2 
+ m 

2 
a,b 

)J.upaKOBCKHe CnHHOpbl, HOpMHpOBaHHble ycnOBHeM U*U = 1, 
B03bMeM B CTaH~apTHOM npe~CTaBneHHH: 

-----( 1 ) 
~ 

.... ( (p) + m ~ .... 
u(p) = y --.... - ap w, 

2dp) ----
f(p) + m 

/6/ 

r~e w- ~BYXKOMnoueHTHbiB naynueBCKHH cnuuop. qeTblpex
BpeMeHHaJI «i>YHKUHJI rpuua y~oBneTBOpJieT ypaBHeHHIO 6e· 
Te- ConnuTepa: 

G - G = G KG = G KG + 
0 0 0 0 
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B paMI<ax I<BaHToao:ii 31Iei<rpo~HHaMHI<H I<Ba3anoTeHuaan 
MO:>KHO flOCTpOHTL no TeOpHH B03MYI.UeHHH: 

V=V +V + ..• , ly 2y 

V = T V = T - V G (+) V 
ly ly . 2y 2y ly 0 ly 

/7/ 
+ ..• , 

r~e 'I ly - aMnnary~a o~Hocl>oroHuoro o6Mena c pa~aauaou
HLIMH nonpaai<aMH, 'I 2y - aMnliHTy~a ~BYXci>OTOHHOrO OfiMe
na H T.~. Y~o6uo BLI~enHTL .HBHO I<ynouoaci<a:ii norenuHan 

.... 2 4rr Za e 2 
V = V + .1 V , V (k ) =- --, a = -- , /8/ 

ly C 1 y C k 2 4rr 

r~e Z - 3ap.H~ 'laCTHULI b /.H~pa/. YpaaHeuae /1/ B nepe
li.HTHBHCTCI<OM npe~ene nepexu~HT a ypaaneHae Illpe~aurepa 

p 2 
--> 1 3 --> .... . .... 

(W- --) 'l'(p) = -- f d q V(p, q; W) 'l'(q), 
2p. . ( 2rr) 3 

/9/ 

f1.= mmb W=M-m -mb. __ a ___ ' a 

m a+ mb 

Ja HCXO~HOe npHfiliH:>KeHHe npHHHMaeTCJI TO'IHOe peruenae 
ypaaHeHH.H /9/ C I<YliOHOBCI<HM nOTeHUHaJIOM, ~li.H KOTOporo 

w 
Cn 
--> 

(Za)2 11 ' 
----'---, n = 1,2, .... 

2n2 /10/ 

'I' en (p) - I<YliOHOBCKHe BOliHOBLie ci>YHKUHH. C~aar ypoaue:ii 
onpe~eli.HeTC.H no OfiLI'IHOH TeopHH B03MyiUeHH:ii: 

W =wen + ~W, 
/11/ 

- 1 3 3 ... -+ ... . ... 
~ W = < n \ ~ V\ n > = -- f d p d q 'I' * (p) ~ V (p , q ; W) 'I' ( q) . 

)
6 Cn Cn 

(2rr 

6 

'I 

B ~aliLHe:iiweM HaM noHa~o6HTC.H 3Ha'leHHe aenH'IHHLI 

--> rz ) 3 
\'1' (r = 0) \

2 
= ~~o , /12/ 

Cn rrn 3 fo 

r~e f - op6HTaJILHOe I<BaHTOBOe 'IHCJIO. 

3. TOHKAJI CTPYKTYPA YPOBHEH 
(rrll) - ATOMA 

06IUee BLipa:>KeHHe ~JI I<Ba3HflOTeHUHalla, COOTBeT
CTBYIOIUero O~Oci>OTOHHOMY o6MeHy, B npH61IH:>KeHHH pac
ce.HHH.H HMeer cne~yiOIUHH a~ /a cacreMe ueHrpa Mace 

; =-P = ; • ii =-q---b= -q I= 
a b a 

-->--> 2---> -+ f1.V 
V 1y(p,q)=Ze ua(p)ra11 (pa,qa)ua(q)~ (k) 0 

r bv (p a. p b) 
/13/ 

0 --- --
y 2( b cP> ..; 2( b <~ 

r~e 

2 ikv 2 -+ -+ 
r (p ,q ) = r P (k ) +--a r (k ) • k4J,p-q). 

af1. a a f1. a 2m fl.V a 
a 

2 -+ -+ 

rb <P .P b) = <Pb + q b) P b(k > ·Po b=f b(p) • q o b=f b(q) • v a v a, a, a, a, 

p b (0) = 1 , f (0) = a - aHOMaliLHLIH MarHHTHLIH MO· a, a 
MeHT. XoT.H ~nJI (rrf1.) -aToMa Z=1, MLI 6y~eM .HBHO nacaTL 
Z~.H TOrO, 'IT06LI OTJIH'IaTL pa~HaUHOHHLie nonpaBKH OT 
peliJITHBHCTCKHX. ~OTOHHLIH nponaraTOp ~fl.V Y~OfiHO BLI· 
6paTL B TaK Ha3LIBaeMOH KYliOHOBCI<OH KaJIH6pOBKe: 
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~ 00 d(k 2) 
(k) =- --.... -

k 2 

Tij (k) =- ~Ck2)_(oij 
k2 

~ Oi (k) T w (k) = o . 

/14/ 
i j 

k k ) · · _ 1 2 3 d(O) = 1 · -- 'l,J- , t, 

k 2 

BenB'IHHa d(k 2) onHCbiBaeT 31}11}leKT nomrpH3aUBH saKyyMa. 
B CHny ManOCTB cpe~HBX 3Ha'leHHH HMnynLCOB B aTOMe 
<p 2 > = 211IWc I npoH3Be~eM pa3nO)I{eHHe B paseHCTBe /13/ 

n -+ 
no napaMeTpy p 2 /m 2 • HcnonL3YJI JIBHbiH BH~ cnHHopos/6/ 
H ocTaBnJI~ B I 13/ nHWL qneHbl nepsoro nopJI~Ka no 3To
MY napaMeTpy, B cornacHB c onpe~eneHHeM /8/ nonyqaeM: 

vly V +I...V , 1\V =V +V +V , 
C ly ly fs 0 S /15/ 

ze2 2 2 --> -· -> 

=---::;--2d(k )p (k2)p (k2)(1+~a.lia[pxq] k2 k a b ·1-------! 
mb 4m2 8m2 , 

a a 
V fs 

/16/ 

v = _!:!:_2 2 -->2 
4

2 
0 k 2-pa (k ) pb(k2) d(k2) ~~~~--

( 
_,2 -->2 2 
p -q ) 
- .... I ' 

2ma m b 4mambk
2 

/17/ 
Z e 2 

2 2.. 2 
V S =- k 

2 
[ d(k ) pb (k )'GEa (k ) - 1) -

.... .... .... m 2 
_ ze

2 ~a[pxq_LCl+ -~)ctCk1pb(k 2 )rack ). 

k2 2m~ mb 

k 2 =-k 2 /18/ 

r~e BBe~eH 3neKTpB'IeCKBB l}lopMI}laKTOp 

/19/ 2 2 k
2 

(2 G (k ) = p (k ) + ___ fa k ) . 
Ea a 4m2 
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,. 

KpoMe TOrO, HMeeTC~ nonpaBKa K KHHeTH'IeCKOH 3HeprHH 
B3 pa3llO)I{eHB~ no p 2 /m 2 KBa~paTHOrO KOpH~ B ypaB· 

HeHBB /1/: 

p4 11 3 --> .... v . =- --(1-3---H2rr) o(p-q). /20/ 
kin 8 3 m +ill 

11 a b 

06cy~BM Tenepb I}IB3B'IeCKBH CMbiCll pa3nB'IHbiX cna
raeMbiX B onpe~eneHBB /15/. lloTeHuuan V fs BMecTe c 
nepBbiM cnaraeMbiM B nonpaBKe K KBHeTB'IeCKOH 3HeprBB 
/20/ ~aeT TOHKOe pacmenneHBe KynOHOBCKBX ypuBHeH 
3HeprBB /10/. fiOTeHUBan V0 BMeCTe CO BTOpbiM cnarae
MbiM nonpaBKB /20/ npBBO~BT He TOllbKO K 06IUeMy C~BB· 
ry, 3aBBC~IUeMy OT rnaBHOrO KBaHTOBOrO 'IBCna U, HO 
B K xapaKTepHOMY ~n~ CKan~pHOH 3lleKTpO~BHaMBKB C~BBry 
S -ypoBH~, snepsble OTMe'leHHOMY To~opoBbiM 11 3~lloTeH
uuan V s npe~cTaBn~eT co6oi nonpaBKY Ha CTPYKTYPY qac
TBU B non~pB3aUBID BaKyyMa B npBBO~BT K ll3M60BCKOMY 
C~BBry. llepei~eM K Bbi'IBCneHBIO TOHKOH CTpyKTypbl. 

B Ka'leCTBe noTeHuuana B ypasHeHBB I 1/ cHaqana 
B03bMeM V c+ V fs + V O 6e3 y'leTa pa~BUBOHHbiX nonpaBOK, 
non~pB3aUBB BaKyyMa B CTpyKTypbl 'laCTBU: 

2 2) 2 d(k ) = 1, Pa (k = p b(k ) = 1 . 

llonyqaromeec~ nocne TaKBX npu6nB)I{eHBH ypasHeHBe cos
na~aeT C ypaBHeHBeM lipeHTa /2,13/ /B CHCTeMe UeHTpa 

Mace/: 

--> 2 -->4 
p p 11 .... [ w ___ + --<1- 3---n IJI(p) 
211 8113 rna+ m b 

1 3 -+ 
= -- I d q (V c + V r + v o ) .... _.II' ( q) . 

(2rr) 3 s p, q 
/21/ 

YpasHeHHe /21/ npHBO~HT K npaounLHOMY cneKTPY 3Hep
ruu llBWb B nepBOM nopJI~Ke TeOpHH B03M}'IUeHHH. llepenB
weM ~anee ypasueHBe /21/ o Koop~BHaTHOM npocTpaH
CTBe C yqeTOM JIBHbiX Bblpa)l{eHHH ~n~ noTeHUBanoB: 
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a p2 p 4 3/1 
IW+(-- --)+ --(1- ---) + 

2 2/1 811 3 m + m 
a b 

........ 
a --> 2 i rp 

+ ---[p + ----
2ma m b r 2 

2m .... __, 

t:2 
-] 
2r 2 

a [ a La - --- 1+2(1+ --)-]l'l'(r) 
8m2 m b r 3 

a 

' ' 

= 0' /22/ 

r .IJ;e p - i V L r :-: p . 
3uaqeuuii 1 ~1 cTeneueu 
BOnHOBWM ~YHKQHJIM, 

HcnonL3YJI JIBHwii BH.IJ; cpe.IJ;HHX 
r H onepaTopa p' no KynouoBCKHM 

nony'IHM nonpaBKY I< KynOHOBCKHM 

mb "'mrr /: 
ypoBHJIM I m "= m 

!! W fs 

a 11 

4 
(Za) 11 m -11 
------ I _::...L__ + 
(m11 +m~n

3 2r + 1 
__1!2~ I + 
2j + 1 

4 
(Za) /1-(3-+ - --

8n 4 

m m 1 
/1 ) II - ~- j' = e ± - • 

'r- ' 2 
m +m m +m 

/1 TT TT f1 

/23/ 

0TMeTHM, 'ITO B OTnH'IHe OT o6~1.fH~X BO,IJ;OpO,IJ;OnO.IJ;06HWX 
aToMoB B~po>K,IJ;euue TOHI<oii CTPYKTYP~ (11") -aToMa no 
e OTCYTCTByeT. TaKHM o6pa30M, .IJ;nJI (TT!l)- a TOM a OCyll(eCT
BnJieTcJI, no B~pa>KeHHIO lipo,IJ;ci<oro /1 4/,"ecTeCTBeuu~ii 
n3M60BCKHH C,IJ;BHr": 

[~W(2S)-i\W(2P)]L' u 

upel!T 

(Za) 
4

11~~-
= - --1-~m; + m ") /24/ 

llepeii.IJ;eM I< B~'1Hcnenu10 pa,D;uauuouu~x nonpaBoK nop.R,IJ;
Ka a [ fs]. 

10 
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4. JI3MEOBCKHH CABHr B (TT11)-ATOME. 
BKJIAA OAHO(/)()TOHHOFO OEMEHA 

Xopowo H3BeCTHO /2. 12/, •uo npu BLI'IHcnenHH n3M-
6oBci<oro C.IJ;BHra npuxo,IJ;HTCJI O.IJ;HOBpeMeuuo ycTpaHJITL 
KaK ynLTpa~uoneTOB~e. TaK H HH~pai<pacu~e pacxo,IJ;HMo
CTH. 3TO npHBO,IJ;HT I< TOMY, 'ITO Ha npaKTHI<e HCnOnL3yeT
cJI, KaK npaBuno, "cMewauuoe" paccMoTpeuue 3Toii npo6-
neM~: uepenJITHBHCTci<oe - B o6nacTH Man~x qacToT ~o
TOHOB H penJITHBHCTCI<Oe - B o6naCTH 6onLWHX 'laC TOT. 
Bcne,IJ;CTBHe 3Toro B03HHI<eeT npo6neMa /2/ "cwuBaHHJI" 
nonyqeuuwx pe3ynLTaToB. 3Ta npo6neMa BnepBwe 6wna 
peweua /15/ ua ocnoBe KOBapuauTuoro ypaBHeHHJI lieTe
ConnuTepa. He.IJ;aBuo y.IJ;anocL pa3BHTL /16/BeCLMa o6UUiii 

MeTO,IJ; CYMMHpOBaHHJI BI<na,IJ;a MJirKHX /HH~pai<paCH~X/ ~o
TOHOB, OCHOBaHH~H Ha HOBOM ypaBHeHHH THna ~aHCOHa
IIIBHHrepa .IJ;nJI .IJ;BYX'IaCTH'IHOH ~YHKQHH rpuua. 3,IJ;eCL M~ 
npHMeHHM 3TOT ~OpManH3M .IJ;nJI B~'IHCneHHJI n3M60BCI<OrO 
C,IJ;BHra HH3Wero nopJI,IJ;Ka a ( fs) B (TT/1) -a TOMe. 3aMeTHM, 
'ITO BCe 3~eKT~ "CBJI3aHHOCTH" npOJIBnJIIOTCJI nHWb npH 
Man~x HMnynLcax BHpTyanLuoro ~oToua. llapaMeTp A , 
orpaHH'IHBalOIUHH HH3K01.faCTOTHYIO /Hq/ o6naCTb, cne,IJ;yeT 
B~6paTb TaKHM, 'IT06~ 

( Z a) 2 11 « A « 11· /25/ 

Ha npaKTHI<e y.IJ;o6uo B3JITL A - Za11. B cooTBeTCTBHH 
C 3THM HHTerpan no HMnynLCy BHpTyanLHOro ~OTOHa 
pa3o6LeM ua ,IJ;Be qacTH: 

I d
3
k d k 

0 
= [ I 

Iii <A 

d 
3
k + I d 

3 
k l j d k 

0
. 

Iii >A -oo 

/26/ 

fiOCI<OnLI<y rnaBHYIO ponb B 3~ei<TaX "CBJI3aHHOCTH" Hr
paeT KynonoBci<oe B3aHMO.IJ;eiicTBHe, TO B Hq o6nacTH 
MO>KeM HCnonb30BaTb KynOHOBCKYIO ~YHKUHIO rpuua uepe
nJITHBHCTCI<Oro ypaBHeHHJI Illpe,IJ;HHrepa /9/, MO,IJ;H~HUH

poBaHHOrO COOTBeTCTBYIOU(HM o6pa30M. llpH 3TOM C Hy>K
HOH TO'IHOCTLIO ,IJ;OCTaTO'IHO HCnOnb30BaTL nHWb nono>KH
TenLHO'IaCTOTHYIO npoeKUHIO 1.feTbipeXBpeMeHHOH ~YHKUHH 
rpuua: 
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r,l],e 

G(+) -'G (+)= G(+\a(+)]-1 [GNR_Ql+l](G(tl] -1G (tl 
coo o coo o· 

c (+)c q)- ·c2 )4 o4 ( -q) s<+lc ) s<+lc ) 
0 p, - 1 rr P a p a b pb 

(+) --:2_2 __ - 1 
S a, b = (p 0 - V p + m a • b ) 

a<+)ci>. c;: P) 
c 

-cNR __,__, 'V (p-·)u'*(_q), 
= c (p,q; W) = l-~.::...-~

n W- W Cn tiO 

/27/ 

3,1],eCh cyMMHpoaauue ae,l],e rc.11 I<ai< no ,I],HCI<pe rooMy, Tal< 
H no uenpepblBHOMY cnei<Tpy JHeprHH. flo,I],CTaBHB <ilYHI<UHK> 
rpuua /27/ B Bblpa)l(eHHe, COOTBeTCTBYK>~.~..tee ,I],HarpaM· 
MaM puc. la, H npouurerpupoaaa no k 0 . uaU:,I],eM I<BaJu· 

noreuuuan ;') V ly a H4 o6nacru: 

12 

< -->--> e 2 d 
3 

k - --> -• -• 
AV (p,q;W)=---- [ ---!u.(p)y. u (p-k) < 

ly (
2 

)3 __, 2k a a11 a 
TT \k\<A 

X ( l 
n 

---) ---) -~ ---) 

'P (p - 1J k ) 'P * ( q - 1J b k ) 
Cn b Cn ·---------

W-W -ktiO 
n 

3 3--> ::\ -->--> --> 
( 2rr) 8 (p - IV __ ] u ( q _ k ) y Jl u ( q) + 
----- a a a 

~ cp) _ f <P _ k) _ k + iO 
a a 

2 -t 4 ---+ ~-+ 

(2p- k)
11 

• Z 'PC (p +IJ k) 'PC* (q + 1J k) 
+ ---------®[l n a n a 

v 2£ (p) v 2£ (p - k) 
b b 

n W- W - k t iO 
n 

l 

1 
) 

33' _, 11 
(2rr) o (p- q) ] ® _J:_~_k) ---I, 

~ -) ---) . ---__,- --__,--:-;-
( (p) - f (p -k) -k+ 10 v 2£ (q) ,l 2£ (q-k) 

b b b v b 

' 
k=\k\,!Ja,b= 

m a,b /28/ 
ma+mb 

CoorsercrsyK>maH ~eucraureJJbHaH <taCTh nonpaai<H I< ypoa
HHM Bblpa)l(aeTCH , 2. 12/ <tepe3 xoporno H3BecTHblH nora-

pu<tlM liere /,I],JI.II (rrl1) -aroMa/: 

< 
Rei\W 

n 

4a(Zal 4
11

3 1 Z
2 

--------[ -- + --J X 

3rrn 3 m2 m2 
Jl TT 

2 

x [ ln i Za) __!_~ 
2W av 

n,P 

2A -], tOn ln --2 
ro (Za) 11 

/29/ 

av r,l],e W n,P- cpe,I],HHJI Jueprua aoJ6y)l(,l],eHH.II c y<teroM npu-

ae,l],euuoa Macchl. 
flpH Bbl4HCJieHHH cnei<Tpa JHeprHH B BbiCOI<O<JaCTOTHOH 

IB41 o6JiaCTH MO)I(HO, Kai< yKa3blBaJIOCb Bblllle, npeue6· 
pe<tb J<ll<ilei<TaMH "CBJI3aHHOCTH" H BOCnOJib30BaTbCH noTeH· 
uuanoM I lSI ,nony•teHHbiM a npu6JIH)I(eHHH pacce HHHH. flpe,i],

CTaBHM HHBapHaHTHYK> 4lyHI<UHK> d(k2) B BH,I],e 

d (k 2 ) = 1 - II ( e 1e) - II \11 111 l - II ( a,l],pOHbl ) , /301 

r,l],e II - nonHpH3aUHOHHblH oneparop cooraercrayK>mux <Jac
ruu. Tor,l],a I<BaJunoreuuuan V MO)I(HO ecrecraeHHbiM s 
o6pa3oM pa36HTh ua rpa qacru: 

'> '> '> 

V ~V tV tV 
s 11 rr e 

/311 

., 
r,l],e V l1 CO,i],ep>KHT nonpaBKY K MK>OHHOH aeplllHHHOH <taCTH 
H Ha MK>OHHYK> llOJIHpH3aUHK> BaKyyMa BTOpOrO nop.ll,i],Ka 
I puc. lzl, V "rr - nonpaBI<Y K nuouuou aeprnuuuoU: <taCTH 
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~ 

+ 
==x-= =®= 

d.. 

::1::-I+:£-I 
0. 

:f+f +~ 
' 2 

~+:C:L+~ 
II+ X+~-

e , 
"--- - MIOOH ,, " , = - nuoH , .--fl--- - S 

Puc. 1 

14 

BToporo nopJI~Ka a aa a~poHHYJO nonJipaJaUHJO aaKyyMa 
/puc. 1o/, v> - nonpaBKY aa 3JieKTpoa-noJHTPOHHYJO nonJI-e 
pH3aUHJO BaKyyMa /3llllB/ BTOporo H 'leTBepToro nopg~-
KOB I puc. 1e/. )J.nJI 4!opM4!aKTopoa p (k 2 ) , f(k 2 ) a liiYHK
uaa II <11 + 11 ) H3BeCTHbl /1,17 /JIBHble npa6na*eHHble BLIPa*e
HHJI: 

p (k 2 ) ::1 + ~(ln~ + .!.!..)~, f (k 2) =a=~-. 
11 317 2A 24 m 2 11 211 

k2 
a --II <11 + 11 -) ::: 15;;- ~ 2 

11 

2 m 2 
(k 2) - 1 a k (l 11 1 ) k 2 p - +--- n-+-- +-<r >, 

17 3rr m 2 2A 12 6 rr 
/32/ 

IT 

r~e A - napaMeTp aalllpaKpacaoro o6peJaHHJI. Hcxo~JI HJ 
3KCnepHMeHTanLHLIX ~aHHLIX DO aHHHrHllJIUHH e +e - B a~po
HLI ~nJI nonJipaJauaoaaoro on epa Topa II (a~pOHLI) npa Ma
nLix nepe~aqax HMnynLca 6Lino nonyqeao /8/ Bblpa*eHae 

2 
II ( a~poHLI) :: ~ _k __ , m 2 = 4m2 /33/ 

317 m 2 h rr 
h 

llo~CTaBnJIJI Bblpa)l(eHHJI /30/, /32/ H /33/ B paBeHCTBa 
/18/ H/11/, Haii~eM C~BHr ypOBHeH 3HeprHH (rr11) -aTOMa 
B BH~e CYMMLI HeCKOllbKHX BKna~OB: 

- BKna~ MJOOHHOH BepWHHHOH 'laCTH BTOporo DOpJI~Ka: 

> ( Z a) 4 4all 3 m 11 3 m 2 . 
!1 W = ------1 [ ln _LZ_ + -- - - --.1:.] o + 

n 31711 am~ 2A 24 8 m! Eo 

3 1 1 mil 
+ -[ --- ----](1+ -)!, 

4 2f + 1 2j + 1 mrr 
/34/ 

- BKna~ MJOOHHOH flOllJipH3aUHH BaKyyMa BTOporo DOpJI~
Ka: 

15 



) 4 3 > 4a(Za J1 
~w =- ------o , /35/ 

n 15 n 3m 2 77 eo 
J1 

- BKna,IJ, llHOHHOH BepWHHHOH 'laCTH BTOporo nopJI,IJ,Ka H 
nonpaBKH ua CTPYKTypy nHoua: 

) 4 3 > 4a(Za)4 3 m77 1 2 (Za J1 2... 
~w = ___ _!:__[In-+ -H>ro +- ---<r 7Tofo 

n 377n3m 2 2A 12 3 n3 /36/ 
77 

- BKna.n. ATIB: 

l~W: =-~ (Za)4J13 o 
377n3 m 2 fo 

h 

4 3 
4a (Z~_!l---0 eo ' 
~3(4m~ 

/37/ 

3Ha'leHHe KOTOporo npeBbiWaeT Ha nopJI,II,OK COOTBeTCTByJO· 
l.I.UIB BKna,IJ, llHOHHOH neTnB C TO'Ie'IHbiMH BepWHHaMH * . 

CKna,IJ,biBaJI peJynLTaTbl .n.nJI Bq o6nacTH /34/-/37 I 
c peJynLTaToM .n.nJI Hq o6nacTH /29/, nony'IHM ue JaBH
CJiwee OT napaMeTpa A Bblpa)l{eHHe, KOTOpoe ,IJ,flJI C,IJ,BHra 
2S- H 2P -ypOBHeH (77J1) -aTOMa HMeeT BH,IJ,: 

r.n.e 

W 
a 5 J1 3 m 19 

~ (2S) = --[ln-11- + --] 
677m2 2w av 30 

J1 2,0 

5 3 m 1 ] 
a 11-[ln-_lL_ __ ' 

+-- 2 .av 6 
677m 77 2W 2,0 /38/ 

a5 11 3 Ry m11 a511 3 Ry 
~W(2P) = ---[ln--- -]+ --ln--, /39/ 

677m 2 W av 811 677m 2 W av 
J1 2,1 77 2,1 

Ry 
ln -- = - 2,811769883(28) , 

W av 
2,0 

a 2 J1 
Ry --. 

2 

ln ~ = 0,030016697( 12), 
W av 

2,1 

*0TMeTHM, 'ITO B pa6oTe /lOa/BKna,IJ, llHOHHOH neTnH 
npHBe,IJ,eH C HenpaBHflbHbiM 3HaKOM. 
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> 
llepexo.n.JI K Bbi'IHCneHHJO BKna.n.a noTenu.Hana V , JaMe-

u e 
THM, 'ITO OCHOBHYIO ,IJ,OnJO B C,IJ,BHr ypOBHeH MIOOHHbiX aTO· 
MOB BHeCeT 34MlJeKT 3llllB. B 3TOM cnyqae, KaK XOpOWO 
H3BeCTHO /1S(Henb3JI llOflb30BaTbCJI HepenJITHBHCTCKHM Bbl
pa)l{eHHeM /32/ .n.nJI nonJipHJaU.HOHHoro on epa Topa. )J.eno 
B TOM, 'ITO xapaKTepHble HMllYflbCbl MIOOHa B (77J1) -aTOMe 
IP 

11
1 -am 

11 
.n.nJI MJOoua JIBnJIJOTCJI HepenJITHBHCTCKHMH, 

HO no OTHOWeHHIO K 3neKTpOHY penJITHBHCTCKHMH. Hcnonb· 
3YJI TO'IHOe Bblpa)l{eHHe/1. 18/ ,IJ,flJI onepaTopa D(e+e J ,Haif
,IJ,eM BKna,IJ, * llOTeHU.Hana V > B fl3M60BCKHH C,IJ,BHr (77J1) -
aTOMa /10, 191: e 

1 a2 2 
L\W(2S)- L\W(2P) = -Ry J dx ----p(il-), 

o (Vx+ a) 4 x 
/40/ 

r.n.e 

00 dm 2p(m2) 
11 ck 2 ) = k 2 r 

4m2 m2 ( m2-k 2+ iO) 
e 

2me 
a=--' 

m
11

m77 
J1 = ------. 

all m + m 
J1 77 

2 
CneKTpanLHaJI liiYHKU.HJI p (~) so BTopoM nopJI.n.Ke pasHa: 

X 
q2 1 ----

p(-) = ~-(1 + -x) v 1- x, /41/ 
X 377 2 . 

a B 'leTBepTOM nopJI,IJ,Ke - npHBe,IJ,eHa B pa6oT/20~4HcneH
Hoe HHTerpHpOBaHHe B Bblpa)l{eHHH /40/ npHBO,IJ,HT K cne
.Il.YIOU\HM 3Ha'leHHJIM /lOf: 

1/ .n.nJI BKna.n.a 3llllB BToporo nopJI,IJ,Ka: 

t..W(2S) - ~W(2P) = -76,584-10 -s :JB, /42/ 

2/ .n.nJI BKna.n.a 3TIBB 'leTBepToro nopJI,IJ,Ka: 

~W(2S)- ~W(2P) =- 0,589.10-
3

:JB. /43/ 

* B COOTBeTCTBYIOU\HX Bblpa)l{eHHJIX OWH6Q'IHO HallHCaHbl 
MHO)I{HTenH 1/2 B pa60Te/10a/ H 2 B pa6oTe /19/. 
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5. J13MEOBCKHH C,4BHF B (rr/1) -A TOME. 
BKJIA,4 ,4BYXtPOTOHHOFO OEMEHA 

fiepeiiAeM f\mepb K Bbi'IHCJieHmo nonpaBOK, CBJI3aHHbiX 
c ABYX41oTOHHbiM o6MeHOM I puc. 16, el, KOTopwe Y'IHTbiBa
lOT 3414leKTbl OTAa'IH. Bnepswe TaKHe nonpaBKH nopJIAKa 

rna 
a --( fs) AJIJI CBJI3aHHbiX COCTOJIHHB ABYX CllHHOpHbiX 

mb 

qacTHU. 6blnH nony'leHw 'IHcneHHO ConnHTepoM/21/a B aHa
JIHTH'IeCKOM BHAe - B pa6oTe cl>ynToHa H MapTHHaf15(raKHe 
)l(e nonpaBKH AJIJI BOAOPOAa B paMKax "MoAenH 3414leKT~B
Horo noTeHU,Hana" paccMOTpeHbl rpoT'IeM H HeHHH 

22Z 
llocneAOBaTeJibHOe Bbi'IHCJieHHe nonpaBOK Ha ABYX4IOTOHHbiB 
06MeH B paMKaX KBa3HllOTeHU,HaJibHOrO llOAXOAa COAep)I(HT
CJI B pa6oTe /23~KBa3HllOTeHU,Han, COOTBeTCTBYIOllJ,HB ABYX-
4l0TOHHOMY 06MeHy, onpeAeneH Bblpa)l(eHHJIMH 171 H 181, 
a CABHr ypOBHeB paBeH 

,....-,(+) 
!J.W =<niV +f'lV G !J.V In>= 

2y 2y l·y 0 ly 

=<ni'I -V {i'(+) v -V {}'(+) !J.V -!J.V ra<+)v In> 
2y c 0 c c 0 ly ly 0 c • 

1441 

Bwpa)l(eHHe AJIJI aMnnHTYAbl ABYx41oTOHHoro o6MeHa 'I 2Y. 
HMeeT cneAYIDilJ.YIO CTPYKTYPY Is CHCTeMe u,eHTpa Mace/: 

- -+ 
--> .... u (p) -+ --> 

T
2

y (p, q; P) =-a -+ M 2y(p,q; P) 
y' 2t: b (p) 

-+ 
ua(q) 

y' 2f b (ij} 
rAe 

-+ -+ i( Z e ~ 2 4 Ill/ · 
M (p,q; P) .. -- J d k~ (k-p).y s (77 p +k)y \ ~ 

2y (2u) 4 a11 a a a/\ 

~ {(277b P -P -k)v sb <77 bp -kH277b P -q-k) a + 

18 

+[ 2( 71 P -p) -q+k] s <71 P +k-p-q) [ 2(71 P-q) -p+kl -
b a b b b v 

"'a>.. 
- 2g a A I~ (k - q) • 

-Jo -JI _,. _,. 

P=(M,O). P=(O,p). q=(O,q). k=(k
0
,k), 

. -1 -1 2 2 
p = TJ P ± p, S (p) = p y -m , S = p - m 

a,b a,b a a a b b 

1451 

llpH HcnonbJOBaHHH KYJIOHOBCKoii KanH6poBKH I 141 AJIJI 
41oTOHHoro nponaraTopa aMnnHTyAa 'I 2y 1451 ecTecTBeH
HbiM o6pa30M pa36HBaeTCJI Ha TpH 'laCTH, COOTBeTCTByiO
llJ,He o6MeHy ABYMJI KYJIOHOBCKHMH, KYJIOHOBCKHM H none
pe'IHbiM H ABYMJI nonepe'IHblMH 41oToHaMH: 

'I ='I +'I +'I 
2y CC CT TT 

M2y =Mcc+McT+ MTT 
1461 

fipH Bbi'IHCJieHHH BKJiaAa B KBa3HllOTeHU,HaJI OT 3THX Tpex 
'laCTeB aMITJIHTYAbl npHXOAHTCJI HCllOJlb30BaTb pa3JIH'IHOrO 
POAa npH6JIH)I(eHHJI. B sq o6nacTH MO)I(HO npeHe6pe'lb 
3414leKTaMH "CBJI3aHHOCTH" B npoMe)l(yTO'IHblX BHpTyaJibHblX 
cocToJIHHJix. B npH6JIH)I(eHHH 

p:;:; q :;:; 0, Vv = M- m - m :::0 
a b 

aMITJIHTYAa 'ICC npHHHMaeT npOCTOB BHA: 

> i(Za) 
2 

d 
3

k 
T (0,0) = ---- J -- f 

(2m a+ ko) dk o 

cc 2 -+ -+4 
2mb" lki>A k 

2 -+2 2 
(m a +k o) -k -m a 

® [ 

2 2 
(2mb -k o) (2mb +k o) 

+- - 2] 
2 -->2 2 2 -+ 2 2 

(mb-k 0) -k -mb (mb+k J -k ~mb 

1471 

® 
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2 
16 (Za) 11 

3,.\ 3 

+ 

2 
4( Z a ) ( m b -m a) 

+-------
A(ma+mb)mb 

2(Za)
2 

rna mb 
-----ln--. 

4(Za) 2 

3mamb (m2-m2) 
b a 

m m 
b a 

/48/ 

Haii,IJ.eM Tenepb COOTBCTCTBYIOIUHH BKJia,IJ. Bbi'IHTaeMOH HTe
paUHH B Bblpa)I(CHHH /44/ ,IJ.JIJI nonpaBKH K ypOBHJIM 3HeprBB. 
Hy)I(HaJI qacTL KBa3anoTeHuuana O.IJ.HoclloTOHHoro o6MeHa 

paaaa 

-> 2 ->2 
4rrZa P + q 

-> -> ---( 
(\ V ly (p,q) = - k 2 2m am b 

-> 2 2m -> 2 ->2 2 k 1\] 
(p --q) - -0+-·). 

· ->2 8m 2 mb 
4m am bk a /49/ 

TaKHM o6pa3oM, B npBHJITOM Bblwe npu6JIB)I(CHBH 

,--.,(+) ,--.,(+) ,--,(+) > 
[Vc'G oVc+VcG o~Vly-t-~VlyGO Vc] -

2 
- 2(Zc:)_ I 

rr !k! >..\ 

mb + 2ma 

4m 2m a b 

_ ct\ -r 1 
-> 2 ... 2 2 ->2 2-, 2m m 
k (ma+mb-y'k =t-ma-v'k +IEJJ a b 

/50/ 

+ _1 -] ;; _ 16p.(Za )
2 

4(Za)
2
(m-m) 

... 2 ---- + --o a 
k 3.\3 . Amb( ma-t-m b) 

llO,IJ.CTaBJIJIJI Bblpa)l(eHBJI /49/ B /50/ B paBeHCTBO /44/, 
nonyqaeM He 3aBHCJIIUBB OT napaMeTpa ,\ pe3yJILTaT, KOTO
pbl ii ,IJ.JIJI C,IJ.BBra 28- B 2P-ypOBHeii ~rrp.) ·aTOMa BMeeT BB.D. 

5,3 a51l3mll 
a r + 

~W cc<
2

S) = - 6rrm m 4rr(m 2-m ~) mrr 
11 ll 77 r 

~w ccf2P) = o. 

20 

1 
mtr 

n--
m 

p. 
' 

/51/ 

3aMeTBM, 'ITO 3TOT pe3yJILTaT OTJIH'IaeTCJI OT CJiy'laJI 
CllBHOp- CllBHOpHOH CBCTeMbl /15,23/ norapali>Mft'I,CKHM 'IJie
HOM B COBDa,IJ.aeT C pe3yJibTaTOM pa60Tbl lO .llepeii,IJ.eM 
K paCCMOTpeHBIO BKJia,IJ.a 06MeHa .D.BYMJI nonepe'IHbiMH 4>o· 
TOHaMa B C.IJ.BHr ypoBHeii 3Heprau. B B q o6nacTH, KaK 

.... ... 
u npe)I(,IJ.e, nono)I(HM P=q = 0 a M=ma+mb. Tor,IJ.a 

T > u 

Bblpa)l(eHHe ,IJ.JIJI aMDJIHTY.IJ.bl TT HMeeT CJie,IJ.yiOIUBB BH,IJ.: 

> 
. 2 4 

T TT (0,0) 
1 (Za) 3 k 0 dk 0 =---I ct k f-----

2m 2 -> 2 ->2 2 2 4 2 2 
b71 jkj>A (k 0-k) [(ma-t-k0) -k -m) 

2(Za )2 ln~-. /52/ 
mamb rna 

3TO Bblpa)l(eHHe OTJIH'IaeTCJI OT CJiy'laJI CllHHOp· CllHHOp· 
aoii cacTeMbl KOHe'IHbiM norapali>MH'IeCKHM qneHoM. B Hq 
06JiaCTH y)Ke HeJib3JI npeae6pe'lb BHeWHHMH HMDYJILCaMH 
p H q, HO no-npe)KHeMy MO)KHO C'IHTaTb M = m a + m b. 

B 3TOM cnyqae 

. 2 4 . . ki k j k a . a 
= l(:la)- I d k [oiJ_ ..L..£..][- 0 I n 1 ~ 

2m rr 2 (k 2l~(k 2 -i?) k 2 (m -t-k) 
2...k 2-m2 

b 0 p' 0 q p a'"'' a 

'I ~T (P, q) 

knke 
(k+p). (k+q)e (kq -~)e (k -2cV 1-2 l[oen- __g_g_1::;:; 
~[--L---r----- gje ... 2 

2 4 2 2 2 ->2 2 k 
(mb-kJ -k -mb (mb-t-kJ -kpq-mb q 

-> -> 2 
- .. --- (kp ·kq) 

d 3k(k -t-k -t-2y'k 2 -t-m 2 )(1-t- -::;o--:;-2 -) 2 P q a k""·k 
;:;_ (Za) I P q 

mb71 -> -> ... 2 -> 2 I kj<A v'mi-t-k2 (kp +kq)[ mi-(k p+v' m2a-t-k2) ][rna -(kq +v'm~-t-k2) ] 

2 (k ·k )2 1 2 
__ <~- J ct3k[ 1+ __£___S__J( - + 1. 

4m mb 71 jkj<A k2 .k2 k k _1k2+m2 kpkq (kp-t-kq) 
a p q p qV a 
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r,IJ.e -> -> 
k=k-p, p 

-> -> 
k =k-q, q 

~~ -~ ~ ---+ 

k =k-p-q, pq 

->2 ->2 ->2 
k = v k ' k = yk ' k = v k p p q q pq pq 

/53/ 

C u u T < 
OOTBeTCTBYIO~HH MaTpH"'HbiH JneMeHT < Ti> no KynOHOB-

CKHM aonnoabiM WYHKUHJIM /2/28- H 2P - cocTOJIHHB, onpe
,IJ.enJIIOIUHB C,IJ.BHr ypOBHeB JHeprHH, HanOMHHaeT BKna,IJ./15,23/ 

He 3aBHCJIIUeii OT CllHHa "'aCTH aMnnHTY.IJ.bi CllHHop- CllHHOp
HOB CHCTeMbl H COrnaCHO pa6oTe/15/HMeeT BH,IJ.: 

5 3 Za < (Za) f1 m 7 4 
t1W (28) = [ln-a __ +- + -(1-ln2)], 

T T 477 m a m b 2A 4 3 

1\W < (2P) 
TT 

5 3 
(Za) f1 

4R 17mam b 
/54/ 

KaK H cne,IJ.oaano mKug.an., cKna~aaJI Bblpa:>KeHue /54/ 
C nonpaBKOB t1W~T= <T TT>, r,IJ.e TTT ,IJ.aeTCJI Bblpa:>KeHHeM 
/52/, Mbl nonyqaeM He 3aBHCJIIUHB OT A KOHe"'HbiB pe3ynL
TaT, KOTOpbiB ,IJ.nJI C,IJ.BHra (1711) -aToMa paBeH 

a 511 3 7 4 1\W (28) = ---- [Ina + -- + -(1 -In 2)], 
TT 477m m 4 3 

f1 17 

t1WTT(2P) 
5 3 a f1 

4877m
11 

m 17 
/55/ 

Hau6onLwue TPY.D.HOCTH npe,IJ.cTaBnJieT Bbi"'HcneHHe BKna,IJ.a 
a C.IJ.BHr ypoaHeii oT o6MeHa KynoHOBCKHM H nonepe"'HbiM 
<!JoToHOM. 3,IJ.ecL HH<!JpaKpacHyiO oco6eHHOCTL y,IJ.aeTcJI ycTpa
HHTL nHWL C llOMO~hiO JIBHOrO yqeTa JI)MIIeKTOB "CBJIJaH
HOCTH", T .e. CYMMHpOBaHHJI MHOrOKpaTHbiX 06MeHOB Kyno
HOBCKHMH <boToHaMH a BHpTyanLHbiX npoMe)f(yTO"'HbiX co
CTOJIHHJIX I puc. 16/. He BblllHChiBaJI rpoM03.IJ.KHX Bblpa)f(e
HHB ,IJ.nJI COOTBeTCTBYIO~HX ,IJ.HarpaMM, OTMeTHM, "'TO BKna,IJ. 

22 

B C,IJ.BHr ypOBHeH Bbi"'HCnJieTCJI TaK )f(e, KaK H B cnyqae 
o,IJ.HOWOTOHHoro o6MeHa /ablpa)f(eHHJI /28/, /29/ I, a non
HOCTLIO n;HBe,IJ.eH ,IJ.nJI CllHHop- CllHHOpHOB CHCTeMbl B pa6o
Tax/15 •23 • 3aMeTHM, "'TO pe3ynLTaT He 3aBHCHT OT CllHHa 
qacTHU H llOJTOMY Bblpa:>KeHHe ,IJ.nJI C,IJ.BHra YPOBHeB nony
qaeTCJI TaKoe :>Ke, KaK H ,IJ.nJI cnaHop- cnHHOpHoro cny"'aJI 
I ,IJ.nJI ( 1711) -a TOMa/: 

5 3 
a f1 pn 25 
----- [ ln--- + -1, 
317m m wav 12 

f1 17 2,0 

1\W c T(2S) = 

/56/ 

t\W C T(2P) 
a5 f1 3 Ry 1 

----[ln-- --1. 
317m m W av 12 

f1 17 2,1 

llonHhiB n3M6oacKHB C.IJ.BHr nopJI,IJ.Ka a [ fs] ,IJ.nJI (1711)-aTo
Ma ,IJ.aeTCJI Bblpa:>KeHHJIMH /24/, /38/, /39/, /42/, /51/, 
/55/ H /56/. 4acneHHoe 3Ha"'eHHe nonHoro n3M6oacKoro 
C,IJ.BHra paBHO: 

t1W(28)- !\W(2P) = -79,449·10-3 .JB /57/ 

H 6nH3KO K pe3ynLTaTy pa60Tbl / 10(CIO,IJ.a He BKniO"'eH BKna,IJ. 
CTPYKTYPhl naoHa, ,IJ.aaaeMbiB Bhlpa:>KeHHeM /36/. 

B 3aKniO"'eHHe aaTopbl Bblpa)f(aiOT 6naro,D.apHoCTL 
H.H. 6oron106oay, B.A. MemepJIKOBY, JI.)J..ConoaLeay, 
A.H.TaaxenH,IJ.3e, JI.lli.Xo,IJ.:>Kaeay 3a BHHMaHHe K pa6oTe 
a nno,IJ.oTaopHble o6cy)f(,IJ.eHHJI, B.n.rep.IJ.TY - 3a noMOIUL 
a qacneHHhlx pac"'eTax H none3Hble 3aMe"'aHHJI. 
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