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B· llHccepTaunn paccMaTpnnaeTcH npnMeaeane KBa3nnoT,eaunanhHoro· MeTolla • K nccne-
. - . . 

,!lOBaHllIO ~BH3aHHoro COCTOHHHH llByx qacTHU B KBaHTOBOfi aneKTponnHaMHKe. -- . .. ~' . - . ' ' _. . . 

, Teopnw CBH3a·aaoro coCTOHHHH nnyx- 3apH>KeHHbIX qac:Tnu ( oonopon, Mrooanfi, noanTpo-
/ ' . / ' 

HHfi, , M030aTOMbI) HBITH0TCH OllHOfi H3 npOCTefiWHX H Han6one\3 ITOITHO pa3pa6oTaHHbIX o6na~:-
~ . . 121 , - : · ' : . ' . 

Tefi npHM0H0HHH KBaHTOBOfi M9X8HHKH , • nng TaKHX CHCT0M: ITonpanoqHbte qneHbI,. yqHTbIBa-

IOWHe llBHlK9HHe H CTPYKTYPY aTOMHoro Hnpa, penHTHBHCTCKHe H KBaHTOBO8IT9KTponnaaMH-· 
, . · , . ' :,. · . · ' '', . < ·12 3/ 1

' ~ 
,q~CKH.e 3<p(p9KTbI,· MaITbl n' MoryT 6b!Tb, BblqliCIT0Hbl C ,60ITbWOfi To:rnoCTbIO ,. 1 

, 0 C Jlpyr~fi-

CTOpOHbI,' ypoBH_H aaeprnn ~THX .CHCTeM MOlKHO C BblCOKOfi CTeneHbIO ToqHoCTH 'nccnenoaaTh 
. ' ' . ' ,,:.. . - . 

'8KCnepnMeHTanbHO. Enaronapg 8TOMY, OKa3bIBaeTCH BO3MOlKHOfi nponep1rn cnpaaennnBOCTH .. · 
' ', ' : ,' ' ' ' ,_ ' ' /3/ / . ' 
_KBaHTOB,ofi -Me,xaHHKH H KBaHTOBOfi aneKTponnHaMHKH • ' 

nnccepTaumI 'coneplKHT 3 ·rnaa~: B § 1 BB0ll0HHH ll89TCH KpaTKaH ·xapaKTepHCTHKa' ' 

-. p_a3~~qnh1x.MeTonoa, npnMeiIHeMbIX_llnH onnc'aairn nayxqacTnqHhIX cncTei'.i. ;YKa3a.HM oc~oa-·'.::_/ 

·'Hbie nocToHHCTBa, n. nenocTaTKH aTnx,'MeTonoa,_ PaccMoTpeai,1 cnenyrowne MeTOllhI: /\ 

1 )'- HepenHTHBHCTCKOe . ypilBH9HHe llJpennarepa 
' ,, ,, : - '' ' ' /2/ 

2) ypannenne illnirnrepa-E,eTe-ConnnTepa . ; 
- . ' I I , 

, -, 3) 'MeTon cj)oKa-TaMMa-IlaHKoBa 
2 

; 

. './''ti,4i, 
H penHTHBHCTCKOe yp8BH0HH9 . nnpaKa , i 

4), MeTon, ocnonaHHhifi na;KoM6nnannn caoficTa' anamiTnqaocTn -CnncnepcnoC- 1x -cooT-, 
• ). , , I /5/ , ' , 

Howeanfi ·n ycnOBHH yHHTapHOCTH L ,, '' ' f' 

B" §~2 BB9ll9HHH npHB9ll9Hbl 'H9KOTOpbl9 (pOpMyIT~I KB8HTOBOfi M9X8HHKH CHC:_TeMbI llBYX , \·. 

qacTnu, B ~nyqae·c~aunonapaol! 3·~,ciaqn, Korna coxpaHHeTCH.nonnag aneprnH E ·, ·.'cncTe-_-.' 
- - \. - - . , - - , ~ - . ~- a,_ 

Mb! llBYX qacTHU, ypaBH0HHe llJpennarepa llITH B0KTOp8 1 COCTOHHHH 3TOfi CHCT9Mbl HMeeT 
' . , /4/ , / 'r' ·' ' , 

'BH/l ' 
l 

I· 

,, 
( E" -, H )I tf, a >' ~- 0 

(1) -" 

, rne onepaTop ~ H -nonHblfi. · raMHITbTOHH8H CHCT0Mbl,, TTpenrionOlKHM, qTo onepaTop H 

~O)KHO- ·paa6HTb Ha llB0 qacTn' 

" 
H H 0 + V· 1(2) 

- ·' 

' ., 
' - . - ~ [ \ 

·rne H
O 

_ -one,paTop fll.M;11llbTO~a ca'o60llHblX, H9B3aHMonefi<,:TBYIOWIIX qacTIIU, a _onepll.TOP ~\ 
- . . . . - - . . - , ' ' \ 

v, , '.'"ITOT9HU!Ian, OITHCb1Ba10mnfi B38HMonefiCTBH9 ,'.'aCTIIU. BeKTOp COCTOHH)ISI aeB3a!IMOll8.fi-:,.; 

C'.l'BYIOWHX "1acTIIU npn 8_TOM 'ynoa,neTBopHeT ypaaHeHHIO 
,\ 

-3 

r,~-
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(E 
a Ho ) I a > o::, - . (3) ,1· 

B c;y'!ae·•aanaqn pai:ce,mns·q,y_iiKuHIO fpnaa ypaaaeam:r· ( 1)• Mol!mo· q,opManbao· aanncaTb a 

·anne: 

G 
. •I 

(_Ea -,H -1;: i< ) , ' 
(4) 

rne. cnoc~6 'ycTpaH8HHSI c1rnrymtpHOCTH C llOMOillbIO. Manoil MHHMoil no6aBKH ' i<,. 

'\. . . , - / - -
~ ' , 

C00TB9T-
.,. ·1, 

, CTByei Bbl6?PY pemeHHlI a BR.tie pacxonsmeil_ClI pacCelIHH0il BOllHbl. Auanorn'l:HO q>yHKll'st' 

~fpun:~ ypaBH8H~lI'. ( 3) - . 

,Go ~-(Ea:-•Ho_+: 
.. 1 . 

i<) '(5)"'. 

':~ 

• Ha cpaaHeHnst p1;ae'ucTB (4) _H (5); c yqeToM onpe11eneuns:r (2) cne11yeT, 'l:TO' 

~ , •I •I 
V =' G · -• G 

- 0 (6) 

, I· ,), ~ _( -~ -, ~ \ \.;'""" ' 

•·TaKHM o6paaoM, n0Terut11an __ V /Mol!<eT 6b!Tb Bblpal!<ea B anne_ paaH0CTil. o6paTHblX · q,yHK--

.. .' - . : :-, -~-. ,.,, --- , -:;,.,, .· ·-. . . l ; ' ,._ 

IIHH. fpnHa. CB060JlHbllt H B3SHM0Jl9ilCTBYIOmllx, 'l:aCTHU. O6bl'l:HO B T90pllll paccelIHHlI BB0JlllT-

. ' . ·.· ·,. : .. •· '. . '. . /, . . .. ' ' '/. .. 

ClI,aMnnnTyna pacceltHHlI, onpenenlteMalt C Il0M0mbro C00TH0IIl9HHlI 
. I , . . •. 

. <a I :;(,a·> ~- <a) :~I i/,,8 > • ·(7) 

Ha' SHepr-~TH'l:9CKOil noaepxnocTH' a~mnHTy~a pacCelIHHlI ,IlP_?CT0 

. TaMn.·- 's -MSTpllllbl! 

CBSl3SHa C sneMeH~. 

<a 1s1ii > =·<al/3>:..:, i2,r8 (Ea,:..•E ,a><i ltl;s >:,;. 

AMnnHTyna,. pacCE'SIHHlI Y.tl0Bll9TBOpneT ypaBHel!nIO·_nnm.iaHa:..lllanHrepa 

'-.. 1i 
\ . 

<ajVlr ><yl'.rl/3 >: 
<Ii I 'fl J3 >; -<a I VI /3 >,-+:- ~ 

- ~ , , ', . ' y ,, 
E ,8 '."' Ey: 

,,, .. , 

OnepaTop ·T M0l!<9T 6b!Th BbipSl!<eH 'Iepea q>yHKllHH fpnaa·, G, 

Ge- G 0 +:? 0 TG 0 

CooTB9TCTB9HHO Il0T9HllHM . v, MOJKeT 6b!Tb onpenenea qepea 
' -- I,, I 

. . . -1 
V .;:, T (1 +; G

0 
T ) , , 

. : 3KBllBSl!~THbIM ( 6) •. 

- 4 

'· 

H- GO 

-...· 
onepa_TOp 
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(8) ./ 

(9)' ' 

H3 C00THomeHnlI 

( 10) ,., 

._ T paaeacTao:w 
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1 }3 CJiyqae.- nanH'l:HSl ,CBst3aHHblX C0CT0SlHHil _B CHCTeMe JlBYX qacTnn Mb! HMee_M aanaqy 

Ha co6cTBE!HHbl9 3Ha'l:eHnst: 
;, 

.,.. '1 ...... :---

( 12) 
(H +>v{t i/i >: - E l,J, 11 > .• 

O . ,. __ n _ n 

fnaaa III ll0CBstmeHa paCCM0Tp9HilIO 3a1ta'l:H 0 CBst3aHH0M C0CT0SlHilil JlBYX 'IaCTllll B 

. ' ' ' .. . . . /1/ . . 

KBa~T0B0il sneKTP0llHHaMHKe. Ha 0CH0B8 .KaaannoTea1111anbH0ro M8T0lla · . 

· B · § 3 npnae11eaa Kp~TK~n q,opMy;npoa~a xaaannoTeHnnanbHoro' MeTona: H~Knro'l:eHH~ 

' ~ ' • :_ , •. ~ ' • .I ,1 • . ,• . \ 

Heq>H31l'l:9CKOH nep9M9HH0H\0TH0CHT9llbH0ro BpeMeHH. B K0BapnaHTH0fi B0llH0B0il q,yHKllHH llBYX~---

qa~inu; npnBoJlHT K ncnonb;OBaHHIO '.nayxapeMeHHoil :<1>yHK11nn _ fpiuia_ nayx: qacT1i:11:, B nM-;nbc;_ 

- I' / - - ,....; '. - 1 , 
1 

-_· 

HOM_ npocTpaHCTB9 JlBYXBp9M9HHalI q,yHKllHlI fpHHa G; ' onpe11en1IeTCSl qepea 'l:9Tb!pexape::. ' · 1 
/1/ , ' . 

MS_HHYIO .. q>yHI\llHIO fpHHS 

'- ~ ...... 
G(p,q;E) 

G C Il0M0IDb!O C00TH0meHHlI 

j j de~•• •G (p , q, • ; ,'.; E L , 
"' - -.. I I -

-,oo j 

➔ 

r11e p. ·H ➔, q. -nMrrynbCbl 'l:aCTllll B CHCT_eMe ll8HTp_a Mace,. a · E 

·1 '· 

(Is) 

- nonaag· saeprHlI .. 

·.;-· (cM. •'pncyHOK). - r ~~-

Ha. ocaoae q,yaxnnil fp11aa G' · n . G 
~ ·" . 

Mol!<ao, - ncnonb3ylI paaeacTBo; (.IO),' nocTpo-'' 
, - I ', , / 

_HTb C00TB_eTCTByromne aMnnHTYJlbI paccelIHHlI ~ i H · T ;>c~s:raaHHbie COOTHOIIlE!HH'llM · · 

- r--~1-~ -:...1 

T-:_.G 0 _G 0 TG0 G0 
,., • I 

(14) 

- - __ ,.,' 
rne ~o e•-oi SI • S 2 , \ S

102 
:-nonHbie:~0JlH0'l:aCTH'l:HbI9· q>YHKUIIH fpHHa.' Tor}la KBa3Hll0T9H-, 

•--: nnan v_ _onpenenlteTat qepea aMnnnTyJly pacceBHHlI T c noMombro paaelicTaa, aaano-

rnqaoro ( 11); . 

.l 

w ~· - ... --1 
V--T(l+:G 0 T.) 

{(_ ~. , 

-J_-

. (15). 
/ 

CTpn S~OM B0llH0BSlI q>yHKll~~ CBlt3aHH0r0 COCTOlI~SI Y.tlOBll9TBOpsteT·ypaBH9HlllO (12). 
, - - -· ,. 

, ' ' - . -

· B · CTpz'noiKe.HHH · A' ~oKaaaHo, 'l:T0 a~ saepreTn'l:ecKott noaepxao~;a 

0
• 2 c· . 2 · -. 2-

--2 2 · · · 2 ' • -' · -

E - ( y.p + m2 +:y.p +:M ) , , p 2· e. q aMnnnTyna paccelIHHlI · T coanana-

1' 
, - \ l 

eT C aMnnHTY.tl0H pacces:rang . T . aa MSCCOBOil noBepXH0CTll H naeT _TaKl!M o6paaoM q>H3H- ·.,-

, / 
' ~· 

qecxyro aMnnnTyny pacceltHHlI. · ' 

,·.' .• ' . ' . •'' .· /6/ ' 

.. :.13_ § 4 paCCM0Tpeaa _ l'!epeH0PMHp0BKS ~BaannoTeannanbH0i:-o ypaBH9HillI npn ST0M 

ll0Kaaaao, 'l:T0 B Teopns:rx, r:ne. paCXOllSITClI. ~Hilb. co6CTB<rn;;o-saepreTH'l:9CICH9 'n aepmH_HHbl9 

qacTU ( H8llpHM9p 1 i KBS~TOBOH. 
0

Sll9KTpO~HHa'MnKe r, 'B · irnaannOT9HUHane ~e B03HHKaeT npyrHX • · 

.· • . · ' . , - · . /3 5/ . . . 

paCX0JllIM0CTett, KpoMe Tex, K0T0pbie xapaKT9pHbl ·nns:r ,S -MaTpllllbl 1 
• 

~ .. / - .. . ' 

5 

\ . 

,, 
,; -· ,- ____ ,,. 

,· 
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3T0M 
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8-§ 5 naeTcSJ npyroil B03~10l!<IIb1il-MeTon orrpe;:ienemrn ·KBB3IIITOTeHUHana- _V, • B 
'-........: . ' ' ., . '' 

MeTone aMrrniiTyna, paccel!HHII T B Bb1pa)KaHHH ( I 5) 'orrpe.llen11eTcS1 qepe3 aMIIITHTY llV .,- ' /; ' I • • - ' • , • ., 

pacceSJHIIS!' ,,T C II0M0IUbm,paB~HCTBa -, , 
__ ,\_ 

__ , 

·--..:.:. 
- -+.. ... .... 
T(p,q;E) =-·T(p,q,'• ~-0, ••. .,,,or E). "' (16) 

, / 

\ , 

OppBe;:ieHo· cpaBHeiiHe o6onx -MeTo.110B nocTpoeHIII! KBa3nnoTeHnnana _Ha npHMepe -'np~cTol! 
'~onenn, rne nBe , CKamipHbie qaCTIIllbl B381IMOl{el!cTBYIOT ,' C 'noMOIIlb!O o6MeHa , cKam1p~blMII ', , /7/ - -- ', - :c , ,, . . - - ., , qlOTOIIBMII' , • OoKa3aHo, , 'IT0 AIIII yp0B11ei! ::meprnn, CBl!3aHHoro COCTOIIHHH _'.llBYX 'laCTIIU B, 
aTol! ~~;:ienn nonyqaroTcH o;:inHaKOBbie Bblpa)!{eHnH no Teopnn Bo3~ymeaiil!; Opn aToM,onHaKo, . . . •I - \· 

BbI'IHCneHII!I BO BT0p0M MeTo;:ie,_ OCHOBaHHOM Ha paBe~CTBe ( 16)' oKa3tIBaIOTCH 311B'IIITenbHO 
.·,,npome, r.\· 

B § , 6 'paccMoTpe_HbI HeK0TOpbie oco6ea110CTH, K0TOpbie B03HHKBIOT llp!I IIOCTpoennlI 
'-KBa3HITOTeHUH

1
anbHOrO ypSBHeHII;j .lllIII_ CIIC;eMbi' .llBYX, q>e~MIIOHOB II3-3a- Ha~II'IIIH, C'iJHHO,pHOfi, ,, ' - , , -'' , /8 9/ . -- - - - ,, · · , --MaTp_H'IHol! CTPYKTYPbI ' , ·Ifa paae11cTB ( 14) n ( 15) BII.llHO,' 'IT0 KBa3HIToTeHn1Ian V · · r=t-1 ;' ' ' . ' .. ~ . < ,......,__ ---- ~ • _Bb1pa)!{a~Tc11.'1epea G0" _.·, ,-T,e~ Heo6xoAJIMo, 'IT06hl , det G0-,1- 0 ·,. Opn 1Ic11onh-· 

3~BaHIIH, ITOJIHblX, ori110'1aCTH'IH~IX qiyHKUIIfi fp1ma 3TO, ycnoBHe BblllOIIHl!eT;I!;" OnHaKo, - K~rtta · , • . ._ , __,. . . "-, I 

, B'Ka'l'.eCTBe .-.S 102 B· HH311leM_ ITpH61IH)!{eHIIII_ m:II0ITb3YIO_TCH ~ro'~b1e' nporraraTOpbl ,q>epM_~O.:_, 
_ aoa, ,nnH·-- --~o , 'rronyqaeTcSJ Bb1pa)!{e11ue: ' 

~·- - ,,,_ -. 

Pfle 

,,\ 

/ 

· ·c211 > ''c(cic > 
' 1 - 0 

,('\:·, 

\_ 

(1) 

A ±. 

(2) 

A+ 

,fin 

1' A(I) (2) 
, [. A 

(

----,-2 . __ +: + · 
11) E-.;;, ---

Em-,£ M 

➔ (!) ➔-·· (.I) 

•m±;(a, k +:{! _m 

2,"' 

( 2)➔ (2) 
• M,±,la k +:{3 M ) · 

2£M~ 

2 , 2 y.k ,+:m,- EM 

' . . ~ ~ n, -KaK HeTpynno _ y6enHThCH_, det_ G 0 
~- o · •.. 

" - . . . ' 

( I) (2) 
A A . (I). (2) _, - I {3 f3 . 

·,.,.- 'E ,,+:f m +:,· M 
·,\,, 

/ 

•' 

-2-, -.-2, 
y:k · +:M . 

---

" 

/ 

3-i-'o. SJ\,~~eTcH, -Bo_o6me rosopH, cnencTB1IeM Toro, qTo . Mb! nepe111n1I K TpexMepnoMy. 
I - ... - , . ·__ ·,· , .__ •. ,·, ,·_' 

,, 

< 

eBKITII.ll0BY rrpocTpancTBy. HMIIYITbCOB,' coxpaHIIB 'IeTbipexK0MITOHeHTHbJe aenlI'IIIHbl 'leTbipex -
MepBoro npoc;paHCT·B::n~pemia. ·rroaToMy: ec;eCTB~H~O nepellTH TBK)!{e K ,.llBYXKOMITOHeHTHblM ' ---... 

• ., • • 
• - 'C \ ., 

aenn'IIIHaM. TpexMepaoro eaKnnnoaa npocTpaacTBa, 3-r~ro M~:nrno n~cTHrHyT&, oripenenna ,,_ . . ~ . . ,.., 
Kaaanrro;eau_na:n. cnenyro llllIM o6paaoM: . , 
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·1_lr 
ii 
11-

e-i•,.' 
:,':/ 
'1! 

-Ii 
'J.; • 

}Ii_·,.. 
.' 1 
'\ 

";L. 
·i;. .J 

1,; 
)I 

:i~\ 
\\1 .. 

·uL 
\I;, . >t 
,!\ 

"{f·1, 
,t) 

11 ... 1 

''-';~ _· 
J;. 
J 
l ~-, t'i ,. 

'·, •j1{,··,' 
, __ \.· .. ,l ,• 

_, 
I 
'ii'· 

II 'I ,,,, ·, 

:,ft 
"._·,f ___ .,'. 

, ,~ 

'i/ 

·l 
·,;·-· I.'., _ _._ 
<t '~ -
I -~ -

l:-
, J._ , •. r~ 
'i . 

- ~ , 
; t-

· :_( · 
•.· ·,(· ): 

t' -
\,_., ,,-,,,\. 
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rne 
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-, 

~ '. ' ·r-, ~ - t 
V T +: (1 +: F + T +: )' ., 

':' 

..... ➔ : -: . ➔ _, --➔" ,- ➔:➔. .. ➔ 
T +(p,q_) = u 1 (p)ul-P) T(p,q)u 

1
(q)_u

2 
(-q) 

/I 

'i? (p) 
-t 

.• 

,E-,/:p2+m~~,/:p2 + M2 

. _; 

l 
'- ( 18) 

·'" . 

-. 
I -- ·--.., 

.,''-

a ~ 1,2 - _CillI~pbl nn11 COCT0HHIIi! C ITOIT0)!{llTenhHOl! s11eprue_l! (CITIIH~pHb18, II n6nHpH3~n~.: < 
' . . .- ,✓ '•, / \ " ,• OHHbJe IIHlleKCbl orrymeHbI) •·: Ypaaaeane nnSJ BOIIH0B0i! q>yHKUIIII CBl!3aHHOl'O c;,ocTOHHHH'. HMeeT ,, 

BII.11: I ._-.., 
• , -2--2 2 - 2 ' 1 ·. ., 

(E·.-yp +m., -yp +:M )if,(p).•---' f,V(p,q)r/J(q)dq . - . (211)3 . ; ' '· < rn>' 
':::s .\ 

, _ Benn~HHhI , r/J V H , T nMeIOT naneKcbl, KalKllbil! na KoTopi;,x M0)!{eT ripHHHMaTb" +_". ' • . . . . ' 
)1Ba 3Ha'leHHH. 

B §, 7 rrony'qe11a aenH'IHHa cBepxTOHKOro pacmerrneHIIS! OCHOBHOro 'ypo~Hli ~-aeprun··,ao- i, 
nopon'a,'-BKIIIO'laH. 'IITellhl nop.11.nKa a

5 
(m/M )

2
. ( • a - IT0CT0SIHHaH TOHKoi!' C.TPYKTypbl, - . - '. . ~ . - ' , ·- /9/ . . ' : m J- Macca :aneKTpoaa, · M - Mace~ __ npoToaa) ... '. 

I B aa·cToHmee a'pe'M11 rienH'IHiia ,caepxToHKoro pacmenneHHSI ocaoaaoro ypori1111· aaeprnn '. - . : . . ' / 10-14/ , . oonopona - II3M_epeaa C O'lellb -BblC0KOi! TO'IHOCTb!O, Macro pa60T ,, 6binO . IT0CBHmeao 

::.\ 

• , ' ' ' .• ; ·' I 121:• , -'. '. •·· TeopeTH'leCK0MY Bbl'IIICITeHIIIO norrpaB0K K xopo1110 II3BeCTHOi! q>OpMyne <PepMH· ,' .·OnaaKo no ,. -. . , •, . . ' '\ , '\ -~ 
CIIX nop:ocTaeTc11·cymecTBeu_H~I! aeonpeneneHH0CTb B TOI! ~aCTH riorrpaBOK;' KOTopaS! CBH3~Ha 

'- - C KOHe'IHOCTb!O M!3CCbl II CTPY .. wrypol! npoTOHa,: OcHOBHbJe TpynaocTH B03HIIKaIOT ~necb-,II3;,. - , ,· __ ,,_:..,, ', ' , ,. ··• I _,. -, • 
aa Toro, ,'IT_0 npoTOH B. 0TIIII'l!Ie OT aneKTpoHa He,11BnHeTcS1' TO'Ie'IHOi! lllIPBK0BCKoi!''laCTll-· 

TaK KBK BCITe.llCTBHe cinhHblX B3aHMO.llei!CTBni! 06nana'eT 601Iblll!IM ~H~M~IIbHb;M M-arHHT-nel!, 

•/~ Hb1M 
/ ' . .: . . . ' . , . ,•· . , . -MOMeHToM., Y'leT ·aaoManhHoro·:MarHJITH0ro MOME!HTa o6hl'IHO npon·asonnTCH ,j,e110Meao- (; I" • 

• • - .f - • ',, • 

norH'lecK~' c · noMomhro · n~6aaneauSJ K o6bI'IHol1 nnpaKoBcKol! aep1111I~e e y' · · iaa1IMonel!cT-·" ·. - ' . I) ' \ ,,, - µ. 
~IISJ,IJaynlI ,,i(eg/2M)_up.v.' k , l;PH_·_aTOM1 onaaico; y)!{e BTopa5:· _IIT,epanH_H 3TOro 

·, B3aHMoi:iencTBHlI -(riayx,j,oTOHHb!l! o6MeH Me)!{_Qy aneKTpoao1i11I npoTOHOM) na;.;: ~orapnq>Mll.: . ' ' · · ' . : · · . , ·, ,' - . ' . - · . / 10 1 1 / _" - ·- ', c" -. qecKn pacxon11m1I<i c.11 peaynbTaT. _l!To6b1 H36e)!{8Tb 3Toro, B pa6oTax ' __ , Baonunocb '06-

/ 

' .... --

• I -- , ' • , '- , ' -. : ' ' . : . ':, ' ! . ,,., .. ,. '>; •pe3.'cl.HHe,- 'ITO, KOHe'IHO/ ae HBnHeTCSI nocnenoaaTenhllbIM. Birepai1e aa ,_B03MO)!{HOCTh_ iicrron·h.,;:·,_-,. 
',, 30BBIII!:H ,POpM<pBKTOpOB ITPII awmcneHHll norrpaB0K 1 ~ C.BSI3aHHbIX' cJ CTPYKTYPOi! npoToHa,, yKa-

' ': : ,1 / 12/· 'i .,,,- , · - . -- . ' - · • . -'· aan 3eMax ' • B 3TOi! pa6oTe, B 'laCTH0CTH, 6bIITO npoaeneao HepenHTIIBHCTCKOe Bbl'IIICne-
. ,HIIe. BKnana · an~KTpoMaranTm,,x ,j,op~q>aKTo~o~ npoTo~a II caepxToHKoe 'pacme-~nea;e. 

_.:.: 
I,; 

7 



,.I 

>' 

)·: 

'. . I 13/ ' · · ' - · - ✓- - · 
B ,pa6oTe .• nplI Bbl'rncneHIIII _ BKnaua uayxcpoToHHoro 06!-feHa 6bmn. ncnonbaoaaHbI. 

_- • - • ' --· 4 : .. - • ' • -
MouenbHb10- q,opMcpaKTOpbI, y6b1Ba .. rom1Ie K8K 1/k -c' nplI :-sTOM, OUHBKO, He" 6bm y'lT9H BKnau 

/, - • ~- ""f -· ' I 

cpopMcl>a:rcTopoB ·a· OUHOcpOTOHHbil!_ o6MeH, • 

i1MEl10m1IeCSI B HSCTOl!mee Bp0MlI SKCil0plIM0HT8nbHw'.e -U8HHbl0 
,. - .. - 2 

'·;IlOK83b!B8IOT,; 'ITO cpopM<pSKTOpbl y6b1B8IOT nplI_MepHO KBK 1/k • 

,. 
,r 

/ 2 .,._l,. -2 ". 
BnnoTb uo . k =-175 f _ 

'~ '. npocTel!mel!'cpyHKUHel! TaKoro BHA8,HOpMHpOB8HHOl! B'."Hyne Ha ·1!lIBnlie;~S1 

2 
, f(k ) 

. ,\ 

..... 

2 
K 

)" ·2 

K 

2 
K,,\. 

2 2 ➔ 2· 
1k,\ e k 

O 
-,k 

-"Mb! npn~eM, 'ITO B381I'MoUel!cTBII0 sneKTpoMarHIITHoro nonsi C npoTOHOM O_IllICbIB89TCSI -scpcpe~_.-. 

TIIBHO!l B0J'.l~,HHO!l _BIIUS -

>. 

r cic > -·er .,, ,\ µ 

'" .. ,, 

..... 
V - 2 I 

+·ig·_e_u·v k ,f(k.,\):, 
2M µ - ' 

rJie. _g _;= .1, 79 -- aHOM_anbH~Ill MarHIITHbil! MOM9HT npo;ro1:a, 

--c·· 
.,-

" (20) 

. nm1 Bbl'llICneHIISI nonpaBOK K cpop~yne <l>epMII-, CBSl38HHblX>CO'CTPYKTYPO!l II KOH0'1HOCTblO.-

". ~~CC bl n'po':rdHa, Mb! IICUOnbaye_M KB831IIlOT0HUHanbH~e ypaBHElllll·e ( 19). . '~' 

B--nHTepecyromeM Hae npn6nn)Keann uocTaTO'lHO orpaHH'lHTbCSI qneaaMn rio qeTaepToro · 
. •• · ' . ,. - _ • ~ , . t • - - , '. - · · , : \ . • • / r - :' - -.' ·, 

nopsi11Ka aKnroqnTenbHO B paano)KeHIIH- aMunlITYUbI paccesiunlI no aaplIUY' sneKTpoHa, KpoMe · 

roro, dnarpaMMbi uay:x:cpo'.ToHHOrO o6M~Hil caeue~bl K ~Tepa;nn /IBYX: nnarpaM~ OUH~cpo;OHHO-

. ro --,<:_>6MeHa, Paa.ri_ar_alI Bb1pa)Keane ( 18) · una KBa3nnoTeuU:nana V B plIU no aapsi11y·sneK-

, ipoHa;, nonyq1IM nocneuoaaTenbao. 

(2) -- (2) -

,- V =-T +: 

I 

(4) '. __ (4) ~ (2) .-.·;. (2) 

', V C• T+: -· T+ F~:T+ '. 
,: 

3a · ncxo/lH00 npn6nH)K0HH0 e'cTeCTB9HHO B3IlTb KynoHOBCKHll noTemtnan ' 
- ( 2) - - ' . 

- ~v. 
, V 

(2) 

{') +: /',.V 
( t) -

+· V 

'. 

~ 

\ 
(21) 

.,, 
{') BXOUSlmnll B ---- ' 

(22) 

\ ., 
nplI Bbl;IHCneHllH -nonpaBKII ·!',. E K KynOHOBCKHM: ypOBHSIM 8H9pl'HII H906XOUIIMO yqeCTb qneH 
"' i ~ ' , ' -' .·. \ ; - - ' ' ' . ' 
~Toporo~nopsinKa TeOplIII B03MymeHHll, TaKHM 06J:!a3oM, Mbl IIM99M:\ 

(2), -'(4) (2)·,; (2) 

·/',.Em•« AV - >>' +~ « V .• +:AV · f'+:/',.V >>_] , • (23)' 

r11e CIIMBon· <<·.,, ;:,>J"-ci6oauaq~eT MaTplI'lHbill aneMeHT no BOnHOBbIM 'cpyrum~siM ypaBHe __ un·si: 

( 1_9) __ c, eynO~OBCKHM, noTeHunanOM, 

8' 

! { 

'\. 

.I 

' 

/~ 

., 

-' 

:, 

• ,_ J- / 

I 

! · 
r 
~-
I" i 

i 
I: 
I· 
r•. 
,I 
i.1 

i 

~-;,._ 

,,;::~/." 

... 
---

• npoBO;II COOTB8TCTBY10mne -__ Bbl'lHC-neHII_ii,:· ~bl _nony~aeM A·n11 _Benll'l1Illbl 
, .·, - - - .. -- . ' . , . - ·19/·: 

I ,._' 
'4,_ 

··'1 

CBepxTOHKoro' 

• pacmenneHIIII ocHOBHoro ypoBHSI aaeprlIII BOAopoua Bb1pa>KeH1Ie 
· _:" h re·<' - , 4 2 AW _ . :.. Sa m - ' - 3 

(l+g)(l +:"~)(l + ~) c1-a>, 
rAe 

'a··e ,3M 
2 TT ~I_ :_,,• 

,· 

_a 
·4amg 

+ 
. '2 . M 

1<( 1 +· g) 
_ 3am· [(4- g )In m 

4TTM(l+~) . 

- . -2 -
-•g In 

4
. 2-

g K 

~ +: 2 
M . ·v 4 M 2 _, K 

't 

v'-4M 2 
~-K 

2 

arc lg 
K. 

(24) 
g2 '1 

4 
J 

·/ / 

],,·1<<21.1 

\.. :·I 

-' - _ · B · § 8 BbI'llicneHa paaHocTh ocHoBHbIX ypoBHell Tp1InneTHoro II CIIHrneTHoro, ocHoBHblit° ._ · 
. · -. - · I 81 .. -. _ · . -5 - ' - • • - - - • - - • 
.YPOBHell Il03HTpOHHS! • BKnroqag qn0Hbl llOplIUKa ·a l1ccneuoaaH1Ie CBSl38HHoro COCTOSI-

HII'Sl .. 9n9KTpoHa' II ll03HTpOH8 ·.{ Il~3~TpOHIIS1) .npeUCTBBnSieT OC06b!l! ·1IHT~pec,. 8To·· cBsi3a;c:i C . ' - . - - . 

T9M, 'lTOi Bo-nepBbIX, -11031ITpOHHll B OTnlI'!IIe OT 8TOM8 BOUOpoua" lIBnlieTCSI 'llICTO sneKTpo-:· -- - ' . ' . , , \ ' ' ' . __ , ' . ' . - -~ · ...... 
,UHHa_MII'leCKO!l cncTeMoll II, cneU0!38TenbHO, .AOllYCKaeT CTporoe onncaH!Ie B paMKa::c KBSHTo,- · 

BOll"SneKTpouirnaMHKII i BO-BTOpbDC, _ 6narouapsi _"it~1rnqnro 8HHIIrHnS!UIIOHHOr~-- KaHana, anecb ; 
' ~ - ' - ' . ; ' - '' ~ . 

HMeeTCS! PS!U_ scpcpeKTOB,- xapaKT9p!IblX /WSI TE!-Op!Ill ~ap napaKa, ~OTOpb!e o-i:cyTCTBYIOT B "11py-

-: rlIX ·"n6uo6HbIX · cncTeMax, 

06masi cxeMa Bbl'llICnean!l ii SToll' aa)la'Ie ananornq11a paccMOTpeHHOi\ a npeui,uymeM 
• , • " '. •• ' '. I ' ·- , , \.·," -...,, ' , ,"'...., 

naparpacp13, YpoBHH - 3Heprnn Il03llTpOIIHS! MO)KHO paa11en1ITb Ha, CIIHrneTHbie ( nonHblll cnlIH -pa-, 
.. - . ' , . , ... ' ', . ' ~ i ... / ,. 

,Bell :Hyll!O) II 'fpllnneTHbI0 (nonHbI!l CilHH paBeH 0UllHHUe),_ B HH3lli9M iipn6nlI)K0HHll "Mb! IIM99M 

~nOHOBCKHe - YPOBHH,-3Heprnn •. B:cneuyrom1IX npn6nn~eunSI; llO~Bll.>10T~S! pacmenneHIIe ·,STHX,· 
/' ~ . , . - _·. - - " '' ' ' . ' ' ~ . 

ypoBHell, PaaHoCTb Tp!InneTuoro n cnarneTuoro ocHOBHblX ypoaue!l npn STOM nonyqaeTcsi paB-
" /8/ - ' , ' 
Holl 

r_,·-: 

·,, 

: ·11 W 
p 

4 . 

a~[.:_ 
2 6 

~(~ + ln2_)J;; 
TT- 9 -

-:.' . 

-- 4 11061-

·I. 

_(26) · "• 

I 
, '/. r 

~; '-IneH noplIUKa a _ 6bln pauee nonyqeH ,B - • nonpaaKa nopsiuKa · a 6bllta' BnepBbie ;.--, .... - /16/' '. '--- -- , '. - . 
Bbl'llICneHa B pa6oTe_ _ c noMombro ypaaueHHlI EeTe-ConnnTepa, 

· B rnaae III uauo o6cy>KueHne _peaynbTaToa· n aaKnroqeHHe: 

B Bb!pa)KeHnn. ( 24) Benn'lllllbl ,, i:aepxTO~Koro pacmenneHIISI OCHOBHOrO YPOBHS! SH;prnu, 
- , •- • / ~- ""; '\ I ' \ • - " , ' • •• 

·, Bouopoua COA0p)KIITCS! - napaMeTp K , HMerom1Ill nopHUOK- MBCCbl- npoTOHa, n, noCKOnbKY 
:. - '. ---- ' . . ,.. - ' • - '. ·2. ' - 2 

TO'lH8lI Benn'lnHa .ero, H91I3Bec-r_Ha, Mb! pacCMOTpHM H0CKOnbKO .3H8'10H1Ill OTHOlli0HHSI 'M- /K--_ , , 

·._,,, , ' '', -. . . / 'r 
-- 8KcnepnMeHTanbHOe a£aqea1Ie BenH'IHHbI CBepxTOHKoro pacmenneH1IS! ocHOBHoro •ypoBHH 

., ·' · 1111 . 
-- : Bonopoua paaHo 

,-
--! ;.. 

g . /' 

' -



-

·. / ,. ' ~ 

'/ 

hfs 

· 6. W > ' (exp)_ 
. .H .. ·• 

,,.· - .· " 

1420405751, 800 ~~ 0,028 ru. . \,. . ' -:--· , - -
( 26) 

nmi cpaBHeHlrn. TeopeTu'IeCKoro u aKdr.epuMeHTanbHoro 3Ha_'IeH11H yJ:to5Ho ,BBecTH; Be-

nH'IlIHY ,_,...-. 
-. ,5 

6._W H (exp) .;..;6, W H ( thror) 

6.WH(exp) 
(27) 

--: . ,-
· ,. · 1181 

Hcnonb3YlI,JlnlI Bcex npO'IlIX napaMeTp0B 3Ha'I9HJilI, npHBe)leHHhle B 

"- '1( 

Mb! Ha ~cHosaia:n~ 

.)24), (26) JI (27) nony'IHM cneJlylOilllI9 pesynbTaThl_-. 

M2 /K2 

I,5 

I 

0,5; 

0,25· 

I 

. 8,. 

I6,7 · 

~I4,6 

I2 

,; I0,2 

Ta 5-n 11 u a 

I t, WH(theor) Mru 

· !420,368 ± 0,024 

·I420,37I. ± 0,024 ·. 
. _; - , ' + ' ... 
!420,375 -0,024 . 

I4~0,377. ± 0,024· 

. '' 

-... 

6. (ppm) 

27~17 j 

25±17 

22±17_ 

2o±17 ' . 

J,13 Ta5nlIUbl: 1 BlIJlHo,· 'ITO HM88TClI H8KOTQpoe paCX0)KJleJme M9]KJlY• T80peTJI'I8CKHM 
. ' hfa - ' 

. H ai<:cn~p11MeHTanbHhIM· sHa'IeHneM • Cw · , KoTopoe ·ollHHK0 · MSHbme npHBeJ:teHHoro . 
•-~ I 

/ 18 13/ · · , H , . ' I •• 

. .,_;_B. • .• Qm116Ka B B9nlI'IHll8 6. ~ H-( theor). . . CBlI38HH B 0CH0BII0M· C Heonpe)lenel!HOCTblO 
1. 

,....... . . "'r ' . ' 

B:3Hii<fel!HH a 7 , noaToMy pacxo]KJleH~e Me]Knyc.6."W H(exp) 

Bbi3BaH~; no:.BHJlHMOMY, · HeTO'I;bIM rieTOM CHnbHbIX. B3~1IM0-;8~CTBHil oco5enno B JlHarpaM;_.• • ~ 
-· ' . -· . . . - .- -•, 

n '6.WH (theor) 

Max llBYX~OTO~Horo o5MeHa, 

',' . . 
C Jlpyrol! CT0p0Hbl, JlnlI Il031ITpOHJISI, K0T0pblil lIBillI8TClI' 'IIICT0 aneKTpori1rnaMH"I8CKOl!

0 

. . ''. . . . . - . , . /19/ -
CHCTeMol!, Mb! IIM98M•nonnoe cornac11e-TeopHH: lI 3KCnepHMe_!Ta ·: 

-r 6. WP ( theor) 
5 

•· 2,0337. :10 Mru . •, " 
I 

(28) ' 

5 

6.W ·(exp) c- ·(2,0336 + 0,0002) 
.P .•. ' . • -

JO Mru · 

· :3TO cornac11e Cny]KJIT BHlKHbIM nOJlTB8p]KJl8HlI~M 0CH0BHhlX ll/l81! lI M8T0Jl0B -KB8H;·oooil. ,, , 
' . / - \_ / 

3Il8KTp0lllI,llaMlIKlI, \' \' \..~ 

' ' " ' ,y ; 

O_CHOBHOe 'npeHMY_Ill;~TBO KBa3Hn0T8HllllHilbH0ro M8T0Jla -no cpaBH8HHIO c· K0BapuaHT,-' 

·-'. 
10 

" 
..: 

.,· 

..,-, f( 
·1 
i 

!llf 
,i 

-.· 

1; 
'I 
I 
i 
~

•1ii . I 

t 

l.-. 
L_ 
,:; 
-/ 

,.__ 

·., 

•' 

.• 
·\ 

-
_Hb!M' ypaBHeHHeM · BeTe-Co~nHTepa cgCT0HT B. 5nH30CTlI-' KBa31In~Teia:u11anbHOro ypaB~eHHlI', K . 

05hl'IHOMy ypamieHJIIO llipeJlHHrepa, BCneJlCTBJie 'Iero M~; .JIMee~ Jleno c· TpexMepHb!MlI BOil:.. 

HO~bIMH . ¢YHKUHlIMH~ ~poMe -roro, nocTpoe;~e · KBS;11no;eHUH~~a sHa~11Te'iibHo 'o5nerqae-rcsi, , 
. . .. . . . . . . ... . .. · / , Ill. . . , 

nocK0nbKY OH onpe)lenHeTClI B TepMHHax aMnnHTYJlhl paccelIHHlI.' • 
, . -~.. . 

•• ' • • ' • ' • • : I '- .• • 

. Bee Bb1me11:c>no]KeHH0e no3B0nlieT, C)lenaTb · BbIB0Jl, 'ITO KBa311noTeHu11anbHb!l!. noJlX0Jl B 

. ·. . - Ill . · .· . , ... 
• KBaHT0B0l! Teop~H II0nlI lIBnlieTClI a<j,<j,eKT_HBHbIM MeT0Jl0M_ B sana'Ie 06 ypoBHlIX 3Hepr1111 

"- .\, 

CBlI3aHH0r0 C0CT0lIBlilI JlBYX 'IaCTHU B'KBaHT0B0l! aneKTP0llHHaMlfKe. 

· •' • 16-91 
' OcHOBHble "pesym,TaThl JllICCepTaUJIH ony5nHKOBaHbI B pa6oTax H Jl0KnaJlbIBan11cb 

Ha 'scecorosimM CQBelllaHH~ no <j,11snxe •'JaCTJIU BbIC0KHX. 3Hepr11l! ( HoBOCH6H.pcK:: co AH , '. 

· C::CCP, 1963 r·o~) / B Me~yHapo/l~Ol! neTHel! m~one· TeopeTH'I~CK~l! <j,~3H~n (BaH~a~yp, . 

· HHAHH, 1963 roil) ; 

(ny6Ha, 1964 roll); 

B .Me]KJlyHapo)lHOl!. 3HMHeil WKone Teop9TH'IeCK0I! <j,ll3HKH IIpH OHHH, 
~ / ' ---- . . . 

Ha Me]KJlYH~pOJlHOi! KOH<j,epeHUHH no <j,HSHKe BbIC0KHX_ 3."!epr111! · (ny'6-' . 

~-- Ha; _1964 roll). 
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