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B a,n;.Ma6aTMtiec1tou npt161mxemur ycTaHaBJm-
';:- , , ( 

:aaexcs 3KBHBaJieH.fHOC?lt ral{llJIJ,TOmtana Be.p

i_ ,niiaa ra1mJI1>TOIIMe.Hy' {f?epnnxa U BHqHCJIJll>TCSi .. 

' ?J8TO,n;0}.{
0 

·xaHOH~tz8CKO~()' ;npeot1~Jo~aH:~sf ·~neprusr 

ocuonnoro cocTosrn1Jsr 1t ~~ezieuTapnax B036~e

iurt1o .. · 

B padoxe. f) II~:H~Eorom::160~ ll0Ka3aJI B COOTBeTcTnHH c 6oJiee 

pa1m1IMM · pesyn~TaTaim · Ea.pJi~na, Itynepa H IlipHcJrl.)epa · [ 2] ·, tzTo 
, I "• • ' \ ;· ,'•: ~ ; • ~ 

CB0fiCTB0M CBepxnpo:a oji;m.ro'ctn odJia;taeT-' 1:10'.n:eJII, sireKTPOJIHOro 
, • , ' • • , :, 1_c I ·~, 

rasa, B i~6'iopoi1. npen'e6peraeTCSI. B3amio,n;etiCTBM8M 3JieRTpOHOB .n;pyr 

C ,n;pyrm[,· lI~--YtJI1TLIBaeTCSI IIX. B3aHl.fO,iehtTBHe C qlOHO~HLU.{ n'oJiel.I& 

3TH pesyiu)ra~~- tS1iIJin YCT~Hbiurem,I irpH' nc'noJII,3bBaHm/ )I.JUI omrna

HHSI CI1I6:re21h1,. rh1:mJI:&TOHMHa 4peJIMXa . .:[31 

(I) 

c2Y 

(3) 

r.n:e ( k) - 0HeprMn 0neRTpoHa i twcq> .... 3He;rusr qlOH
0
OHa; 

~( l q. - BOJrHOBbie BeKTOpa, (:/ - CilHHOBaSI nepe:MeHHaSI 

(G · ·1. 
1/e L , · V _=. 061,eu cuc:re1.t~J. :• 9 _--~- xoHcTaHf'a. cB~aH; 

A - xm.urt.Iec:rmn noTeH1inano OnepaTopu rropmi.n:emu1 11 yHrt'IT.oxennn 

3JI8K;po~OB c·a+l_q) \··1· rt,0QH_O~HOB (~\ i') .. y~o~JI-TBO~SIIDT ... 06hI,t.IHbll:~. 

nepecT_aHO,B?~HHM co.9-r.~.om_~mun.r, a J .= _onpe~eJisrercn_. M3. yc_Jio~nn 

X) 'I{aK I UlITHpyeTCSI nepBaSI pa6oTa 3T011. cepalt [I] 



""' 2 = 
___ , :··;> " ·;,;..;- '.' "~·,:,· '.;,: :;~ 

K"f..G a~
1
G d~~=:~ -.~.,, .. r~e . 1\J - 3a.n;c;i.1rnoe .tJl1CJIO aJieKTpoHoB o 

, PesyJI:&TaTu EapJtnHa 6UJtM nonyqem)1 n1m: Meno Jil>3OBaHMM 
·, '.- ; ,'- .. , ,- .... ,,' ,; . ' .. ,, . 

Bttec; 0 ra?.tMJII>TpmIBHa. (3,) , ~eXOT~poro 3KBHBa)IeHTHOro ra?ll!Jil>TO= 

mmna 3JI8KTpOHHG-~JieRT!)OHHOro B3avil.iO,lt8i1CTBII.ft np11 He COBCeM 

SICH1IX ·~~'e.n;no·c~~~x O DlilrO)U!Ocx°i;,( odpaso~amm ,3JI,8KTPOHHb1X nap 

Ha nonepXHOCTli <i~ptm = cqJephlo Uu no1m.~eu III!Ite 3KBHBaJieHTHOCTi 

ra1.UUII:>,TO~UaHOB cuc-reu fap.1mua 11 <?P,Jmxa U YCTatIOBMU CBOt!CTBO 
' . ; . . . ·. . . , ' ' ' ' 

CBepxnpOBO)J;In,WCTll )];JUI noJIY1!eHnoro TO.KHU o6pa30M ratUIJILTOIIHana 

Eap.n;1rn:ao ~JISI BLttmCJie~~n l{.U. ucnoJIJ>3yeM M8T0,1!; pa60TU I 0 
' • ~ ' "'~ ,' '\ '. f ' • • " . • • " • • • ' • _, , 

XapaKTepnon itepToti 3JieKTpo1mo_-cpo'l.loHHoro :e3am.10.netieim,ur 
,. . ,', .. ~ . ' . ' , . . ; 

(3) SIBJIR8TCSI, TO, ,tITO OHO sr~cpeit'?llBHO TOJil>KO B Bec1>ua TOHitOU 

CJIOe y ~TI
1

~Be;x~~'d;i C?e!il.il! rr c5ECTpO OCJia.6JineT~ff · c y;:i;aJieHMelt 
.. ' \.;~•- ... ·. ..· ·. .l ,. ·· ) -~.:l : "_\' :·,~_.;'_.:"::·':: ·>. .:l "'·_:; ', ,. 

OT nee o TIO3TOMY cymecTBeHHuli DKJta.Jt BO Bee aqxi>eRTlI 6y,:yT .n;aBaT• 
~ • 'C : " .,, c, ;-:- ' . ~- /:. I ' ·:·· ':- , 

• ;s V; ., • •• 

SJieKTPOlIHL!e nepeXO,!tLt y no!epXIIOCTll <J?epMM O 13 3TOll c.nytm.e 31Ieprua 

3JieKTpoHHI.TX nepexo.n;oB 110:e-r ~ccuaTprrBaTi.csr SflR ua,rasr no cpan= 

Hemm c SHeprrrnti qJOROHOB i W , H UN 11:ueeM 'tHill!'llHYJ) a.n11a6aTH

qecKyn CBH3l:,, KOr.!ta ttaCTOTU O~Hon no.n;crrcTeMI.T (3JI9KTpOHOB) C'llH~aQ 

llTC! Mamn,m no cpa:BHeHmo C ttaCTOTaun .n;pyron TIO,!tCMCTemit (rpOHOHOB )o 

!aueqan ;:i;anee, tITO Hi.ht - ~-;;; 6y.n;e11 CtJHTaT1:, Hint 

nepBoro nopSI.n;Ka MaJioctrt, a Hee - BToporo nopsr.n;xa MaJIOCTMo 

.nim y.n;odCTBa np011exyT0ttlIRX BbltIMCJieHJtifl BB8,!t0M B COOTDeTCTBlU1 
MAMtU 

C STMM napaMeT:p t, p '.KO4rOpb!:M B OKOH"CtaTeJII:,HI.TX pe3yJII:,TaTax 

nonoxtut panmifai e,1unmne,, B srrrx npe.n;noJio:ra:emrnx raMMJil>TOHMHH cH

cTeMH (I) Ml.i:i!i:HO samtcaT:L B Bn.n;e: 

H •=t, 
2
H p"h + c. Hint + Hee (4) 

BocnoJI:&3yeMCH ,1tailee onepaTopHoii' cpopMoi1 TeopMH BO3MYIIt8HH!1 

\41 ,. ~ 06o;Ha~MM .n;isr 3Tor6· ~epe3 · P -.~poexnno~irntt onepaTop npo 0 

8KTRPY1'1rtHir' co6CTBfHiHhle cpyHKnMn C oneparopa . I-el Ha no.n:npoc'Tpe.Ho 

CTBO c'o6CTB6HHoIX q:>yHKt'{Rn onepaTopa Hp'h ' a' itepe3 Co . o'6osmi~~M 
co6cTB9HHLie cpyHitl,\MM 113 3TOro no.n;npoc:rpaHCTBa Co ::: PC i) o. 



!IpH 3T0M 3a~aqa Haxn.n;emrn c'o6CTB8HHHX cpyHK!lHtt I1 C06CTl38HHLIX 

3Ha qeHHtl "y~HeSJU! 

(H-E)C =-0 
(5) 

CB0~HTCH K pemeHMD ypaDHeHHH O HeK0Topar "~e~opMJq)OBaHHLll.l. 

onepaT0p0Mo C TO'llHOCTl,I> ~O 'llJI8HOB E, 
2 

BKJIDtJH'l'8JU1H09 ItO'l'OpO!l 
', 

MII ImJie H orpaHHtfMMCJ'!' BTO ypairneHMe nneeT BH~: 

: P{cHlnt +f-
2Hee • E.'"(HLnt-PHintP)(Ho-E0)

1
{~Lnt-PHtntP)}~co ( 6) 

• ✓ ' ~, ~. ' ,. ' • , ' .'"' ~ ' 

r~e E0' ... co6crBemrne 3Ha-qenne onepa.ropa . H ph · ·· o 

Mu paccuorpm.r CJiytran lpOHOHHOrO BaKyyim. ., ItOJlOXlllt B ·coor-

!eTCTBMH C 3TH?.t Eo'~ 0 0 3&18THJJ ia.11ee' 'ltO PHef p ~Heep I 
x ol\o l-let · '.He'.· ~el1CTBY8T Ha q>0HOHHmf ·nepe?JeHHliie:, ~' tJT() :PH{n/P =O 
ToKo H(nt JIHHeeu' 0no·; onepa'?opa1( ft :.~ ,ii, o 'TaitHU·:06pa.3ou, 
rpeTHil tJJieH B'~'cpllrypiroif :CK06Ite n (6) npnimuaer BH)t .. 

; ,'.: .. 

'. ·. ·: . ·-f .· "i •., 

PHt.nt(Ho-Eo) HtntP: 
' ' ',• ,"'I I'. • 

(7) 

0 . 
. B 3T01f !Ltpa:s:eIIHff, OTJm'llHLt. OT HYJIH, Kalt .1ter1to BH,Itel'L, T0Jil>K0 

tJJI8HH C 6
1 

=I= 62 o Ilepe.HOCJl OTiepaTOpll. nop0!:)t8HHR BJI8BO I a 

Ytnf tl?OilCeHnn· = BnpaBO · If npicoe,ItMf!SISJ Blil)ttJ[R!Jl!tYJ)CJI. npu 3TOJ.! ·. 

x) Onep!lTQP , onpe,n;eJieu :cJ!e,lyDI!tHM o6pa30LH pc:= lf o ( 4>0 ,c) · 

r,n;e .. , lfo .. -.cq<foT.~enHaf.~~H.~~~lfH .. on,epaiopa. ~ Hph. , -Kpyrnue 

CKOdKI! 060:hrattaDT CKaJISipHoe npOH3Be)teHH8o · 
' , ·. ,. . 
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KB a ,1t pa TM lI HY IO no a. a cpopuy Jt onepa.Topy Rn:IIeTut1ec1eoi1 3HeprnM, 

samrnreM ypaBHeune ( 6) B cJ1e.1tyt>tt,u BQe: 

6 
EC0 =(H 0 + H(nt)Co 

' '"f ', s' .. ,, .,• ,--.....1-
(8) 

~e . - . ,, ... . . . c . .. 
Ho::: ·'t, 'i(l<)G:·GQK,6.l· Uk):\E(k)-,lv L, u ~ {.) (9) 

"(k,G') o > l . ~ k 

B -~2 + + , 
H- t = -·· [ a , ., a , " o K u a k _ i. (Io) 

Ln v· ... ( . . / /. ) k1,2 1<2,-2 f)/i!. Cl 2 k'1k,ik1 k'2 
.· k' - ,,. ' - k 1 - K -1- 0 

.. '. I ''2. - C . 2. T, ' 

( s,1tec:r, H mnre cpopMaJII>HLiti ua,mn na,paue:rp f. noJioxeH paBHUM 

e,1tv.rum~e) o BTopoe · cJiaraeuoe B Eck) yttnTuBaer oCSiiitinyio nonpaBKY 

K XltMHt1eqKOMY IIOTeH~HaJtYo ·.,·.... . .. · .. . ' 8 

B cpopMe (~O )· tlJI0H B3at!MO,Jteft~TBHR . H Lnt COBna.n;aer C COOT- ' ' 

BeTCTBYIOIItMM B~XeHHeM, HCfiOJilt30B6Bnnt1.!CJI B pa6oxax, Rynep~ ff 
. ; ' ·. ' - , \ .. ,·, 

Bap,n;n:Ha, Ryne.pa )I_ filpw!xpepao ilpH HameM. BUBO).te. ypaBH8Hl'I~ (8) MEI 
• ! - ~ •, e • 

\ 

cqnra,m aHepruro 3JieKrpoHHhlX nepexo,n;on ue..1ton no cpaBHemiro c. 

3Heprnen qJOHOHOB fl~ , t?l'O cnpaBe,1tmrno TOJU,KO ,ltJIR nepeXO)tOB 

B ruapOBOM cnoe OKOJIO I!OBepxHOCTH Pepi-mo lliHpn:Ha 3TOro CJIOR ~y,IteT, 

OtJeBll,ltHO, I10pSJ,ztKa HeKOTOpOtf 3c:[xpeRTJrnHOt1 _ tiaCTOTiiI i W o I,IcrrOJIL-

30BaHH8 Il8:P,BOHattaJrI,HOrO cppeJUIXOBCKOro ratmJII>TOHHaHa H ~nt (3) 

Be,IteT, Ka.K 3TO IlOX8.3aHO HoHonoromo6oBill! B I K aHaJIOrHtJHOUY 

pesyJII>TaT,Yo 

ITp1nreHeHne xeopnH B03Mymem,:n K orreparopy (8) - (IO) ne,neT 

K JIOrapmI>MMtJeCKMM paCXO,ltHMOCTSIM _npM _y,1taJI8HMH 01' TTOBepXHOCTH 
. ' '· ; , ·-· ~~ ' . ,' ,.. . - . . . ' ' - -• ,- '-

cI>ep:MH O IIpMtJHHa IlORBJieHMSJ HX nenT B TOM, t?TO, npn BLIBO,n;e ypaBHe-
. . - .. ' , ' . ' 

HMJI (8) B a;via6aTIIlI8CKOM npn611m1eemm 3He prMII 3.7I8KTpOHHbIX nepe-

XO,ltOD CtJHTaJI8CI, Ma.nofi no cpanHeHitIO c,aHeprnen cpOHOHOBo 0,n;H8.KO 

noc.ne,n;nee c·trpaileitmrno TOJII>KO. OK0.7!0 '·'noB0

epxHO;cTH ~pirn )J,]IH H0KO-, 
. r ,. , • '" 1· ·, ,, •. ' •• 

'' 

xoporo mapoBoro cnosr TOJII!:(MHU nopsr,n;Ka "sqJCpeKTHBHOil 3Heprm-t 

, cponoHa" 1i w o 
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B 6onee T0QH0M BapnaHTe pa6orhl HoHoBoron~doBa T B~~Ho, 

tfl'(l O C:HOBHOi1 BRJla.A f!O Bee BeJnitnnm JtaIOT MMeHHO a,pipeKI'h! IlPO-= 

HCXO.JtRmHe B 3TOM cnoe 0 

B C00TB8TCTBI-rn: c 3TUMI1 coo6pallemunm Mht BBe~eH B ypanHe

':-!'.m, ca, c::, (IO) rrapaMe?p o6pe3aHI1Jf }! 6y,1te?.I pacm,mTp1rnaT:& 

ypaBHem1e B nrapOBOM CJrf\ ,9 kr t 8 , rJ{B k F a:{Q8pMU8BCimn 

BOJIHOBOH BeKTop, onpe,neJUie1.rnTT I!t3 YCJIOBI-tR f, ( k) -= 0 0 

BBl!.JtY Jiorap:vrrp1mqecK0fi ocot1eHHOCTI1 nemrtmm,r ,D;OJITi\HH 6LITI, MaJI0 

tJYBCTBHT8JII,HH I<: BH6opy napaMeTpa oc5pe3aHPUI 6 '.l!I. 

3a.Mexm.1, t1To c90TBeTeTBYJOutee ypaBHemrn B pa601ax Eap,n;n:Ha• 

I{yrrepa H ffipHcMJepa rIOHv!MaeTC.fI HU8IIHO B TaKOM CMbICJfe O. 

+ 
ITpov.:8Be,neM H8J.t orreparopa1rn: a · a ·· · .. k)G<l · · 1<}5 · 

npeo6pa3dBamre · ·[I]. 

? , 
Li. + V,._ = 1 

k k 

KaHOHMtJ~CKOe 

+ 
r)te c<) o( - ltOB~e rpepMlt-onepttTOPH' u K l V K c:, ROS(ilt!-imt~'lell'tl:! . 

npeo6pasoBaHMst 9 K0T0pHe 6y,n;yr orrpe.n;enenu Htnlt'eo 

B HOBLIX .rrepeMemrnx r&rn:iih?OmtaH ypaBB8HHJI (8) llOXS'f OtnL 

38ImCB.H B BH,l,;8: 

H :C +H +H +H c.o o i 2 (I3) 

{I4) 

(I5) 



- 0 = 

+ + 
H 1 = 2. L t ( k) u K VK ( cl,. Kl 1 o< ·K) 0 + o< - I{ IO o( K) i ) 

(I6) 

2 
~ t + { :· 

H2; ~. r (LI;.,,1U.#,o<,.,, 1o<.,<' a ·-\/...,1VL,1ri. K'Oc(k,-~-Ul(,V.~10(, fr:,{¥'('...,+ V - l', 1 ""2. "'I l · ~I ~• r•c. - 11 Z. 1 • f "i! i'Cti i;:, 

+ V. / u I cl- I o( /. ' 'I. + ) 
\t, K;z_ -k0 0 X.2, 0 

(I7) 

+ + . + + 
X ( u u d. cl.. -v V o( d.. . - u V o( ' o{ / t- V, u o( o{ 

Ki Kt.k,.,1 Kz)O K;, }{a-Ki,o -K2.11 K,Ki! K,11 ··Kc1 ~f 1,<;:.,-re.,o li2,o· 

Ey,n;eM ,n;anee paccuaTpHBaTb Ho Kalt onepaTop Hy11eaoro 

npII6JIHX8HIISI' a H.., ) H ~ Gt Ka!t B03JIYnteHHe 0 

• 
B pa6oxe · I 61i1110 nomaaao, qro n psr)U' Te opmt B03MYllt8HHii · 

onacHm.m 6y,n;yT 'tIJI8HU C00TB8TCTB1l)II{Me nopox,n;eHHI) PtB"JX ttaCTl'm;, 

TaM 6IiIJIO IlOIta.3aHO, tlTO 3_TO CBSI3aHO C naJUrllH01J Jiorapncp1.mttecKHX 

OC060HHOCT8ii Ha IlOBepXHOCTH <Eep1.mo 

lT.mr raui-!Jit,TOHMaHa (I3) no.noj!emre conepmeHHO anaJiorMqHoe o 

' 
J.(Jia ycrpaHemu1 xpy,n;uocxen · c pacxo,n;nuoctlaD B nepso1~r nopSI,n;Ke 

2 
no <J. . npocJ'}.n.mpyeM Bee rpa(fm, ne,n;yl!U'te H3 BeJtyyua K ,n;nyxqac-.. 

TJ,ftIHiilM C0CT0HHIISIM, II BiiI6epeM <PYHKIU!M Uk ) V k • , TaK HT06LI OHP! 

c1to1menc11:poBaJrn ,n;pyr ,n;pyrao O,n;1rn TaKoii rpa(p ecT:& B raMMJII,T0= 

miaHe H.1 : • 

. +. ' t 
? Y Erk) UL, ,1.~o<K· ,,d._k O N, __ , f\"' )I ) 

n ,n;na - B raMHJI:o:rommHe H2 . 

2. r'~--~-, 
~ { ' + + + -:"'.:' L -v / LJ / V. V d. I . ct. I of. o( -V , . ,· k 1 Ka k 1 ~<2. -1<po k 21 0 -1-< 110 -k::. 11 

(
K11 K2/K 1 >

1
K2. ) 

_ 1<1-k1 
,:': k'2 -Kz. to 

+ t- ,---.. , .• , T •' 

-u I u I LI V o( ' Ci( I d,. r1' l::; v., ~{2. K, Kl K1,i ~lP ~,ht -li((.11 J 

2. 
~ . l i?. + + 

:-:: - -"~- "' \ U V " ( Ll - \/, ) cl. o< ·o · 
V L Kt k L k I< K f -K> 

( I/) i/!,t) ) ".« '\, " -' ' 

t" 



Hs paBeHCTBa HYJtm K03tp~UH6UTOB npn II0JiyttaeM 

CMCTeMy ypaBHeHmn )!;M cpyHKI(Jii1 LI k ) V k : 

i!. 

?.tCK>uKvK-=(u~-v~)_i r. uKiv"'1 V (Ki) (I8) 

OTMeT'I1M rrpe~e Bcer0, l!TO CWC!IJ.11 (IS) nteeT TpHBHaJilrHOe 

peruemte UK VK :::: 0 • C00TBetCT:BeI!H0: 

2. l 0 
) I kj <. i< ,~ 

UK -· ·-
1 )K/ ) KF l 1 

l ~ ~ 
I KI I._ 1~F (I9) 

VK ---
IKI > KF ) 

3TO pemeHHe, Kax 6yiet BWJtH0 H3 'AanbHenwero, COOTBeTCTByet 

HOpMaJI:bHOMY. (He cBepxnpo:aO,IVIIIteMy)coctOBHmo cncteUb!o 

Jl)m Toro, T.ITo6u nanrn HeTPHBMaJibHO..e pemesne, BBe,lJ;eM 

ot1osnattemrn: 
2 

C cc ·J· L u I< V K 
. . ti<) (20) 

. Tor,n;a., HCTIOJU,3YSI YCJIOBme HOpt,mpoBiffl (I2) ,Il;JISI cpyHKUHtf 

UK> vk , He 'l'PYJJ:HO petr1H1'1t CHCTeMy (I8) OTHOCvIT8Jil>HO u: 

(2I) 

ITo.z,;cTaBJI.fI.fI lle.ItJteHIIOe PTCl)Jtti rmpallteHne ,Il;~SI u /,{ VK 

B (20), f.IOJiytta.e:u ypaBHe1rne ,Il;JI.H onpe,n;eJleHSUI II0CT0SIHH0U C 

(22) 

• • 
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ITepiexo~R n (22) or cyimu It 1mTerpaJiau u npmun.rasr no 
\.,_ 

BHiUiaHHe ' tJTO ocimCTL nHTerpMp0BaHMR no k JiemtT B HH'fepne.JJe 
. . n. 

( K F -- LJ. > K F + /1) 9 uo XH O no JIYtffiT I, JJ,1Itf (:: CJIC)tyt)fl'(ee acmlTO'l"H;... 

qecxoe pemeime ~ 

~ 0 2 ?. . 
~ - - e ~ k,· ~ I 

c ::.: 2 L\ e Y j y ::: (.if, ). f;,(!':K.~ , · · 11 :: f. ( K F ) fl 
r., F (23) 

~ l 
Butrnc,0rut TenepL n nepBoM no ~ np116111r,reIIH1t oneprmo 

• 
3.7IeMeHTal)HI,JX B036~eltHTTo 

. ' 2 

Q ( k, 1 ) ~; E ( k )( u: - V: ) + ' u kV K ◊ [ u I< 1 VI< f 
( kl) 

liJIU ,. MCTIOJil>3YH C!)0l)MY1!LI (20), (2!)2 

. .. '. 'i? ( k ). ~) ::: ~ C 2 + E,'l ( K)l · ... (24) 
. .. . . . x). 

r.n;e nocxonHHast c oµp_eie_.1_111etcs. nupa~eimeu . (23) o 

.nnn H0pMaJI.LHoro C0CT01ll!HII9· 0tieBU)J;H0 i 

.Q (kl¥) :::[(k). 
(25) 

\. 

Ifa (24) Bl!J.(tn.r, \JTO B O?Jmtnte 07 HOJ)MRJILHOro COCTO!UIHII, 

r:-

:nr~prHSI sJie:MeH?apHiitX B036yx,n;emrn ·o,:~eJieHe. OT . OCfIOBHOrO YJ)OBHSI 

Ir{eJU,IO 

11n =-'· c 
(26) 

TOlJHO TaK ,ice, Ea.KB I, 1.rO!iHO paCCMOTper1, TOKOBOe COCTOJi

HMe, T 08 o C0CT0JIHHe C 'noJIHHM UMny.n:&COM CUCTeUH 9 OTJili'IHilM OT 

HYJIHo 
i: ... -' ., , , ,•, , • , ,, ',il " , 

Ha qT__g r1ueeTcR vKa3amre n Pl?~Tke T'amuumeca 
x) cl>opMy Jia (24) noJiytieHa Eap,n;I'IHHM I1'. ".u;p-:;·r,··' CM O I _v,s. Viv J.Q.r, J5q.' 

. (I957)o 



!Ipn 3TOJ.r HO,IIIO IlOKa3aTL, tI1'O npH JtOCTaTO'lHO MaJibIX CKO-
', - ', . ' ~ '. , . . . 

pOCT.RX ·u. BeJII,ttnma nieJIH yCShIBaeT nponopIU!Olle.JtiBO LJ O 

' ) . ~ 

ITepeXO,ItR K BhlttMCJI8HHD nonpanu K aneprnn OCHOBHoro 
' < "' ' • 

' '·i, ~: ~ i. 1 - • 

co CTOSIHMSI I saMeTm.r, ttTO BKJmJl Jt8.CT e)tt!HCTB8HHI:lti tJJI8Ho B pesyJil,-
' ,,, 

TaTe IIOJiyttaeM: 
2. . . ' . 

Llto :: -- -v~t ( L Uk vk t =.-':a C
2 

( k) if 
·' ' , - . 

(27) 

(,ItJISI HOpMa1II,HOrO COCTORHHS C = 0 > ~ f., 0 =-. 0 )o 
'·. i• 

IIOKa1.teM Tenepi,, ttTO CBepxnpOBO,ItSII!tee COCTOSHH8 3Hepreru

tzeCKli Bbl_ro,1tH.ee HopMaJI1,noro o UcnoJii»3YJt cpopuy1n1 (I4 ), (f7) u . 

(2I), IIOJiytiae1.r ,ItJI!I pa3HOCTtr HU3IDHX 3HepreTHtt8CKUX yponnen 

CBepxn~OBO~Rlltero_ I1 HOptraJil>HOro COCTOJIHJrn~ 

O:rc10,1ta c Tott ,xe crenen:o :roqHocxn, tITO n ac:m.m:ror1rc1ectcoe 

pemem1e ,ItJUI · c ' ., nonyqaeu OKOHlle.TeJU,HO 

(29) 

BeJIMtII1HY 

__ · -~ K~ - . 1 , ·1 V . 411 k C d k} : 
(c.'ii)lf_'(krl -v (iIT)3 dE k:::kF . ('J 

MOXHO llHTepnpeTMPOBaTI, MK OTHOO!!!eJ!t.Hyr, TIJIOTHOCT:L 3JI8KTPOHHUX 

ypoBne!I "j ~ . Tor.l(ll (29) iiepen11merca' cJie,llYJ)lllll!.I odpaao11: 

. d' --- i 
J_ Lit = -__ n CJ, ~l e - ]i 
V dE 2 

(30) 



=IO= 

0TO~eCTBJI.fI.fI TOJtt\ZHY CJIOH lb. C B811HtJHHOti 0J (I4oI) 

· Mii! nonyqae?,t 'coBrra;:i;'eHHe ·co ncemt' pe3l7JiiT&Ta1.m-:it;noio:~O'JID~OBa <! 1 

rI0JiytJeHHm.m rrpH HCilOJI:&;OBamrn .· :ra;.tnJ'I!>TOHHaHa' '.1>pemrxa o . Ecmt. B 

(30) npon.3Becrll~;38:1i_e~~--.od~3~aqeHHi1.g. i ~ W 
1

. "~
2

~_ ···-~- '( J • ~- ➔ ft!> 
. •·' . -;J.:·,'.,,., . :· •• -·:_:-.-... . ·. . . d.f. 

TO CTaHOBHTCfl OtJeBll)'tHii!M COBIIB.)temte noJiytJeHHLIX pesyJn,TaTOB H C 

pesy.u,raraMH Eap.n:nna [2 J (Mnmn.raJIJ>Ha!I 3Heprusr~ Heodxo~H~.mn 
0 

,D;JISI paspymeHI1'!l napI,Ii) BHtm:CJieHHaR B . [ 4 J . 9 pa1ma, 0tJeBHJtH0 p 

y,n;BoeHH0ll BeJmtillHe niemr n cneKTpe 3JieuenrapHax B036y,rc,1temii{ (26) o 

'"" '' 

37'HM caumr ycTaHaBJIKBa~TCR Il0JIH0e COOTB8TCTBH8 ramtJU,TO= 

HI1'aHOB ~pe,mxa n f)8.p){Hlia n' pesy,iJ.TaTOl3 noJiy~ae;,mx 'c:,:HX no;.IOIIfblOo 
CJie;tyeT OTMeTM?I,:t) ttTO noitytren~ue 1ra1.u{ ~opuyJII:f 'f 26)' (30) 

MaJIO tzjTBCTBUT81I1,HU i M31.!eHeHmo ~OpMH rrpRH!ITOro HaMH nsam,ro.n:eri= 

CTBMRo TaK, ecmz B (IO) n1.re·d~o· rrocroitHHoll ~2 ·· n'xo.n;HJI~ ;dii' :aeJm-

tmHa ~ '( ~-1 -- k, ) 

TO BHpa~e~*H (26)9 

, CK0Hil8HTpHp0Ba!man 0K01I0 nonepxH0Cl'U 'Pepim, 

(30) coxpamumc1> c re1t e,1:tuHcTneHHUM OTJrnqMeu, 

~ 2 
tJTO BMeCTO BeJmtrllHLiiBXO,ItlfJIO 6u cpe,Itttee 3Hattemt! OT· -~ ( k1 - kz) 

a BMeCTO' . = . ii':..· ueitoT'opast· C:p&)tH~n ;iimp1rna·'. l ( k~ - 'k2 f O HaripOTMB. 

Toro, C5038BCR:asr tiaCTl'> cneKTpa- cycie'crBeHHo 38BHCHT OT ,IteTaJILHoro . 

BH.n;a cpyHKl{Hll ~ ( k 1 - Ke ) 0 MM He paccua:rpRBaeu. 3Ty 3al3MCHMO CTL 

rIOCKOJU,Ity ona He npe.n;cTaBJISIElT HHTepeca ,?(JUI Haco 

ITpnne;te1m11e BLime pesyJI:Eitaru noJiyqeau n nepnoM nopsr;tICe · 

Teopmt B03UymeH~Tio He Tpy.n;HO yde.n;HTLC.flp tITO K0Mil8HCaI.tHH rpacpon 

BO Bl'0pOtt nopn~Ke ( ~ ~) He MeHsrer peayJI1>TaT0Bo ,llefiCTBHT8JliHO, 

n oneparope B03MYIIte1mn . H2 . (Ii) 1ruerorca 'tl1Iemi1, onncnrnarortMe 
"" -. ~ ; , ~ : ' ~ • ~- • .i .: • ; t., . . . .· ,.:- ·,, . . ' ,'._ . _,, 

npn JteficTBliH. Ra, Ba1t111.r i) ~opo~e,~Me 4'°x ttaeTnrt I-;-' 4 + 9 nopoQe- ·. 
. ' ~ ' .,,, •,, .... ' ' ,, ', ' ' - -.- ,, " .. ~ . . ,, ' -

mm I-n l!a.CTHI.{!il re yanqxoxenrre 3-x qa.crnrt Hi+ 3 ~ n r o)J;o 

Bo BTOpo:u ITOp.!i,!tICe TeopMH B031'tyllt8HRtl DKJraJt B rpa,piii C .ItBYMII 

, qacTnna:mr Ha Baxo,zte .Ita.ItYT tureHu B!r.1ta 
.• 1-. ·,· 

' l ~ 

H f ,.. 3 - ( Ho ~ '1; o ) H.4 + (3I) 
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KOTopue rpa.cp1piecRH nso6pa?te11u ua c!Jnr oI o 

Mu no.Tpe_~ye1~_-_ -ren~:p~,_ ~o-~hI:9.mt Ko1n:re1~cnp0B~nc1, ,1, ·:CY'!llit~ . 

c rpacpaw, noJiy~nnnr1mcn M3-:,H1, .n ns H2 
-11306paxemnn.rn: Ha 3T0M xe. pncymteo 

,, • .,, , , , I - ' , 

···;;q,·-, 

·7f1· 

~ ~ • ,, • ~·· j 

' 4'- '$. 

(32) 

(34) 

'~ ;' ' ~•.~ • I ~ ·1 
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+(lY (~'~ka ~~,3 ,u ;K, VK, ~('.~1;:~~~~~~::~.J:ll. ,·.·t'>. 
r\ c I "'3 r• · ·· · .. 

- DBM,n;y :Toro' -\!TO ,n;OCSaBOtJHHe .: tJJieH_H_1 'tte±:aepTor'o :rxopaiKa?rio ':i ,: 
~ . . ,•, . •· '. ,. ,... ., .. ,,. . . \· •.• ,,., ... ".' , .. -' 

CO,ItepxaT np0H3B8;temrn:; UV C 0,ItHHM H Tel,t' xe · HH.n;excou; no CJI8,ltH~t · 
I\)~ .. ' ,... , • ., . . . .. .. ' }(f}/. . .. '., . '" ' 

,itaFJT 3Kcnoue:iura,u>H0 MaJihlll BKJta,n;, 10 'l!0XH0 BH,n;exi,, He M:JlSI.e'T . ' \. ;, 

acminroTHKn pemeHni1, uan,n;enuon pa.nee o 3auerm.,, Kpoue Toro,,. ttTo 

ytteT tIJienon tteTBeproro nopst,n;Ka 6u11 c.n;enau JI.JIH uo,n;eiu,Horo ra

i.tnni,toHHaHa _(IO), KOTOpLill Cal.I. noJiytteH C TOqHQCT 1>10 ,no qJieHOB 

! 

nopn,n;Ka i 2 
0 II03TOMY' ecJIH rmTa.TI>CSI llOJIYtJHTI> npaBHJI!>Hiite 

IionpaBKH o:r tiJieHon <J-,·, .. \ lleo6xo,n;uuo npe,n;BapHTem,Ho y,ryqmrr1> .. , 
.. • .. •" ,,.., "· · • ., • • ··" ._, ~ • , .. •.- ·-1 · .,·" .~ ~ •··« " ; · · r_-·1-

i.; 
' 

}.{0,IteJI:E,HUtl · raMHJi:t:,TOHHaH (IO), npo)ioJixun ·· 1,iexo,n npoekrviponaH~SI . .ztQ · :~ 

trneHoB tJeT:aepToro nopn,1tK8.'o· ·• 

B 3aICJtJ'Jtt81IlJ8 8.B?Opbl riO.nI,3YJlTCSl C1IytzaeM BLipaSHTl, npr£3Ha

T0Jil,lIOCTJ, 3a Bec:aua· nenuoe ocSeyxie1me pa.60Tbl HoHoBOrOJIJ'JeiOBY, 

a TaKxe J!oHo3yCSapeBy H DoAoilepE0B!UtK0BYo 

I . . _JI }I' ~ ~ P, j .I Y, f A 
Io HoHoBoronro6oB, I3TP, B neqaTUo 

2o Jo Bardeen, LoNo Cooper and JoRo Schrieffer, PhysoReTo 106, 152 

(1957) .. ,, .. ·. 
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Ho Fr&hl1ch9 .Phys·o,.l_levo·~.79 9 845, (1950); Proco Royo'.. Sooo · 

(Loadon).A.215,.291 (1952)0 
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Tip1:met1amrn: B cax-rne noc.rr_e~nee Bpe1.m, np11 no,nroTOBKe pyrrnm:rcn 
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K rretian1, Hau cTaJI H3BecTeH rrpenpm1T nec:r,ua 1tmTe
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