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1, BBE,l.1,EH~1E 

B Teop~~ CBepxnpOBOA~MOCT~ W~POKO ~3BeCTeH MeTOA caMocorna
COBaHHoro nona H. H. 60ronlO60Ba /1~/, KOTOPbl1l1 He r onsxo noa sonan 
~3fl~HO onpeAen~Tb OCHOBHoe COCTOflH~e CBepxnpOBOAfl~ell1 3neKTpOH
HOIl1 ~~AKOCT~ ~·3HepreT~4ecK~1I1 cneKTp ee KBa3~4aCT~~, HO ~ co
3Aan aAeKBaTH~1I1 MaTeMaT~4ecK~1I1 annapaT Anfl ~ccneAOBaH~fl $~3~

4eCK~X npo~eCCOB B CBepxnpOBOAH~Kax. 

Ha4anOM pa3B~T~fl M~KpOCKon~4eCK0Il1 Teop~~ CBepxnpOBOA~MOCT~ 

6wno 06HapymeH~e 06pa30BaH~fl CBfl3aHHoro COCTOflH~fl ABYX 3neKTpo
HOB B6n~3~ noaepxaocr a $epM~ - nap Kynepa - B peayns r ar e He
KOToporo 3$$eKT~BHoro np~Tfl~eH~fl Me~AY 3neKTpOHaM~, np~4eM 

B cnY4ae $OHOHHoro MexaH~3Ma 3$$eKT~BHoe B3a~MOAeIl1CTB~e 3neKT
POHOB He 3aB~C~T OT ~x cn~HOBbIX COCTOflH~1I1 ~ napu Kynep a oõpa
3Y~TCfl B C~HrneTHOM COCTOflH~~ - C~HrneTHoe Cnap~BaH~e 12', np~ 

APyr~x He$OHOHHbIX MexaH~3Max 3neKTpOHHO-3neKTpOHHOrO B3a~MO
AeIl1CTB~fl '3-6/ B cuny Cn~HOBOIl1 3aB~C~MOCT~ 3$$eKT~BHOrO nOTeH
4~ana B03MO~-H0 ~ Tp~nneT.HOe Cnap~BaH~e - 06pa30BaH~e rlap Kyne
pa B Tp~nneTHOM COCTOflH~~, ~HTepeC K KOTOPOMY B03POC nocne 06
Hapy~eH~fl c aepxnpoeonaurax Tfl~enblX $epM~OHOB /7-9. B nocnenuee 
BpeMfl 3Ta np06neMa CTana e~e 60nee aKTyanbHoll1 B CBfl3~ C pa3
B~T~eM TeOp~~ B~COKOTeMnepaTYPHOIl1 CBepXnpOBOA~MOCT~!10~O/. 

B HaCTOfl~ev. naõor e Mbl np~MeHRe/'l\ MeTOA c as-ocornacoaauuor-o 
nona H, H, 60ronlo60Ba K ~3Y4eH~1O c aepxnpoaonnute r o cnap~BaH~fl 

3neKTpOHOB B ~30TpOnH0Il1 3neKTpOHH0ll1 ~~AKOCT~ c 3aB~Cfl~~M OT 
c naua 3$$eKT~BHbIM 3neKTpOHHO-3neKTpOHHbIM B3aIltMOAeIl1CTB~eM 06
urer o B~Aa. Mbl noxaxea , 4T-0 B COOTBeTCTBYIO~eM npVt6n~~eH~~ oc
HOBHoe COCTOflH~e /BaKYYM/ cBepxnpoBOAfl~ell1 3neKTpOHH0ll1 ~~AKOCT~ 

npeACTaBnfleT c0601l1 KOHAeHcaT nap Kynepa ABYX COpTOB c ABYMfl 
pa3n~4HbIM~ 3HepreTIo14ec KIo1M~ lUenflM~. BblBeABM TaK~e Clo1CTeMY ypa B
HeHIo1~ AnA onpeAeneH~fl 3Tlo1X 3HepreT~4eCK~X ~enell1. 

2. 3$$EKTHBH~~ rAMHnbTOH~AH 

J.1Mefl B BIt1AY cm1HOBYlO 3aBIt1CIt1MOCTb 3$$eKH1BHoro no r euunana 
B3alltMOAell1CTBHfl 3neKTpoHOB, M~ 3anlt1WeM raMlt1nbTOHlt1aH MHor03neKT
POHHOl1 CIt1CTeMbl B BHAe 

\1 ~bUBliKetiHl>l ..g gU~' 
~~~~~1 BCC~ea03aumi 

(i~bn~iOTEHA 
1 



H = r t/J + Cf) [ - L - E ] t/J (~d 3r +Fa 2m a 

/1/
1 ~	 --) ~ --) --) + --) -I- --) à ...., 3--) 3 --) 3 -+ 3 --) 

+"2- r Va {3yÀ (f1 · f2 • r3 .f4 ) !/Ja (f1)rf;fj(r2) t/JÀ"rJ t/Jy(f3 ) d rI d f2 d f3 d r 4 ~ 

rge m - Macca 3neKTpOHa, E F - 3 HepnH:t <1>epMIt1, a, {3, y, À - cn-i-

HOBWe It1HAeKCWo nOCKonbKY raMlt1nbTOHlt1aH /1/ 3PMIt1TOB, 3~~eKTIt1B

Hbl~ noreuuaan B3aIt1MOAe~CT BIt1f1 AOn}f{eH YAOBlleTBOpflT b ycno avno 
_ ~	 -+ -+ -+ - 4-+ -+ ~ 

Va {3yÀ (r i :	 r 2' r 3 • f 4) * = v.yM.{3 (f 3' f 4' r 1 • f 2) .. 

KpOMe Toro, B clt1ny TpaHCnfl~1t10HHO~ It1HBaplt1aHTHOCTIt1 KOMnOHeHTbl 
TeH30pa nOTeH~lt1ana f1BHO 3aBIt1CflT nlt1Wb OT pa3HOCTe~ KOOPAIt1HaT 

(i -;2. ;1 - ; 3. ;1-;4' Bc nenc r aae I<Ot:lAeHca ~1t11t1 nap Kynepa 
B BaKYYMe paCCMçTpIt1BaeMO~ CBepxnpoBOAfI~e~ 3neKTpOHHO~ }f{It1AKOCTIt1 

OTnlt14HW OT Hynfl BaKYYMHwe c~eAHlt1e 
~ --) --> .... + -? 
F a{3(f1- f2} = <01 t/Ja+(f1) r/J{3(r 2)\ O>	 /2/o 

CneAYfI H.H o5 0 r On I06 o BY , np0lt13BOAIt1M 3aMeHY 

+ -? +-? --> -? ~ ........ -? --)
 
t/J (r 1) t/J{3 (r 2) t/J À (f4) t/J y (r 3 ) --) F a{3 (r 1 - r 2) t/J À(f 4) t/J y (r 3) +
 a
 

+ -? +.... ~ --) -?
 
+ t/J a (f 1) t/J (3(f2) F yÀ(f 3 - r 4 ) * o 

Mw It1MeeM TorAa cneAYIO~It1~ npIt16nlt1}f{eHHW~ 3~~eKTIt1BHW~ raMlt1nbTO

Hlt1aH:
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H rr = rt/J+ (f) E- _Y- - E 1t/J (r) d 3 r+ +	 /3/
e a 2m F a 

1 ... ........ .... + --) ~ -? --) -?.... 3.... '3 .... 
+"2 r[t1a{3(f1-r2)t/J~(rl)lj;fff2)+ f"..a{3(f 1-r2 ) *t/J{3(r 2)r,úa(r 1) ] d r 1d r 2 , 

rne 
~ ~..., ~ ~ -? -1> -) ,~ --) --) * 3.... 3 ....
 
f"..a{3(f 1-f2 ) = rVa{3yÀ(r1. f 2• f 3 • f 4 ) F yÀ(f 3 - r 4) d f 3d f 4 . /4/
 

nepeXOAIt1M 3aTeM K It1MnynbcHO~Y npeAciaBneHlt110 
.... -->
 

--> ikr--)

t/J a (f) = ~ e a a (k) ~
 

k
 

--)--) 

~a{3 (-;)	 ~ e i li r t1a{3 Ô~)
 
k
 

lt1 nOnY41t1M 

--) +4 ... 1 --) +-? + .... 
H =,~ [(k) aa (k) aa(k) + -2 L\a{3(k) aa (k) a {3(-k ) +e fC 

k 

1 --) + .... --) 
+ 2"f"..a{3 (k) a {3 (-k )aa (k)] ,	 /5/ 

k2 
ç-(ib = --	- E F • /6/2m 

B 1t130TpOnHo~' 3neKTpoHHO~ }f{\IlAKOCTIt1 Cnlt1HOp BToporo paHra ~ (1) 
It1MeeT o6~1t1~ BIt1A: a{3 

-+ -+. --Jo-+ -+ 

f".. {3 (k) =! {3 t1 (k) + ..L(0'2 o k ) (3 f".. (k),	 /7/
a a S k a T 

rne e a{3 - It1HBaplt1aHTHbl~ aHTIt1CIt1MMeTpIt14Hbl~ cnuuop a r oporo paur-a ,--) -? 
O' i ---) MaTplt1~bl Ilaynu , a f"..s (k) lt1 !'1 T(k) - 4eTHbie ~YHK~1t11t1 OT BeKTO
pa k. 6YAeM Bbl61t1paTb ~a3bl TaK, 4T06bl 3TIt1 ~YHK~1t11t1 6bln\ll aeuiec r> 
BeHHblMlt1 0 

B 3<p~eKTIt18HOM raMlt1nbTOHlt1aHe /51 COAep}f{aTCfI oneparopu YHIt14TO
}f{eHIt1f1 aa (i~) lt1 pO}f{AeHIt1f1 a; (lt) Anfl 3neKTpOHa c o'r1peAeneHHbIMIt1 It1M

nynbcoM lt1 npOeK~\Ile~ Cnlt1Ha Ha KOOPAIt1HaTHO~ OCIt1 Oz. BMeCTO HIt1X 
-t	 + ...,

8BeAeM oneparopu YHIt14TO}f{eHIt1f1 b (K) lt1 pO}/{AeHIt1f1 b (k) Anfl 3neKTa	 .a 
pOHa C onpeAeneHHWM\Il It1MnynbcoM lt1 Cnlt1panbHOCTblO InpoeK~\Ile~ cnlt1

Ha Ha It1Mnynbce/o OHIt1 CBfl3aHbl Me}f{AY co6o~ cneAYIO~It1M o6pa30M: 

a: (k) = Ua{3 (k) b ~ ci~) ,	 /8/ 

rrie U {3 (k) ---)MaTplt14Hble anesre-rr u apauie aua , B KOTOpOM HanpaBnea 
Hlt1e BeKTopa k nepeXOAIt1T B HanpaBneHlt1e KooPAIt1HaTHO~ OCIt1 OZo One
p arop bi(K) --> poxaae r anek r poa c It1MnynbcoM k' lt1 cnapaneuoc r uo 
+1/2, a b~ (k) - cnapaneuoc r blO -1/2 o Ilorts 3YflC b COOTHOWeHIt1f1MIt1 

U ay ci~) UI3À (k) ea{3 = e yÀ ' 

/9/ 
--) .... .... .... 

U ay (k) U {3À (k) (O' 2 a k) a{3 = k (a 2 (73 ) yÀ ' 

Mbl nOnY41t1M 

H eff 2- ~ {ç(i~) b:(k) ba(i) + 
a = 1,2 k 

/10/ 
1 --)	 + --) + --) --> .... 

+ "2!'1 (k)	 [ba(k) b (-k) + b (-k) b (k) 1 1 , a a a a .. 

rAe 

.... .... --) -? .... 
f".. 1Ô~) f".. s (k) + f".. T(k). f".. 2 (k) = f".. s (k) -!'1 T (k) . /11/ 
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~ 

-+ + -+ -t 
raM~nbTOH~aH /10/ nerKO np~BeCT~ K A~arOHanbHOMY BIt1AY no- F a{3 (k) = <O\ a a (- k) a (3 (k) \ O> . /18/

cpeACTBOM npeo6pa30BaH~R 6oron~6oBa: 

-i' -t ~ -t + -t B 1t130TpOnHo~ cBepxnpoBoAR~e~ 3neKTpoHHO~ mlt1AKOCTIt1 Cnlt1HOp BTOba(k) == lL(k),y (k) + V (k) y (-k), a == 1,2,	 /12/-a a a a	 poro paHra F (3(k ) It1MeeT o6~~~ BIt1A:a 
-t -t 

U a (-k) = ua(k) , V (-k) ==-Va(k),	 /13a/a 

-t 2 ~ 2 
li a (k ) + V	 (k) = 1 . a /136/ 

Mbl nonY4~M 

-t +-t -t 

H = L L e (k) y (k) y (k)	 /14/
er r -12 -t a' a aa-. k 

-t 

[~&) 2 + t:..	 (k)2] 1/2 a == 1,2.E a (k)	 /15/a ' 

K03~~~~~eHTbl npeo6pa30BaH~R, YAoBneTBopR~~~e ycnoB~RM /13a/ 
~ /136/, onpeAenR~TCR COOTHoweH~RM~ 

: 2 i ~(k)-+ ]	 /16a/U a (k) = -2r1 + ~- ,l Ea (k) 

v' (;) 2 = 1.[1 _ Ç(;)]. /166/ 
a 2 E a.(i~) 
TaK~M 06pa30M, B paCCMaTp~BaeMOM npH6n~meH~~ oCHOBHoe CO

CToRH~e !BaKYYM/ CBepxnpOBOAR~e~ 3neKTpOHHO~ m~AKOCTIt1 RBnReT
CR KOHAeHcaTOM ABYX COP-J0B nap Kynepa c ABYMR pa3n~4HbIM~ 3Hep
reT~4eCK~M~ ~enRMI1 t:.. a (k ) , a = 1,2, np~4eM napu Kynepa KamAoro 
cOÓTa cOAepmaT n~Wb 3neKTpOH~ C OAHO~ 3aAaHHo~ cn~panbHOCTb~: 

+1/2 ~n~ -1/2. ~Ha4e rOBopR, 3neKTpOH~ C OAHO~ ~ TO~ me cnlt1
panbHoCTb~ cnap~Ba~TCR. 

3. YPABHEH~R ~nR 3HEPrET~4ECK~X mEnE~ 

AnR AanbHe~wero ~ccneAOBaH~R 3HepreT~4eCK~X ~ene~ M~ nepe
n~weM COOTHoweH~e /4/ B ~MnynbcHoM npeACTaBneH~It1: 

-t	 -t ~ -t -t -t 
/17/~ a{3 (k) ==	 ~ V a(3yÀ (k, -k, - e, E) F yÀ (e) * , 

f 
-+ -+ -t	 -t 

rne V a~YÀ (k i - k2 ' k 3' k 4) npenc r aanaer coõoa ~YPbe-KOMnOHeHTY 
3~$eKT~BHoro nOTeH~~ana B3a~MOAe~CTBIt1R B raM~nbTOH~aHe /1/, 
a Fa{3(k) - aHOManbHaR ~YHK~~R rp~Ha /2/ B ~MnynbcHoM npenc re a
neH~~: 

... -+ i -+-+ -t 

;) 
Fa (3 (k) = E a{3 Fs (k) - k (O' k 0'2 ) a(3 F T (k) ,	 /19/ 

-+ 4	 -+ 

rne Fs (k)	 lt1 FT (k) - 4eTHble ~YHK~VtIt1 OT eexr ooa k, xo'ropue MomHO 
C41t1TaTb Be~ecTBeHH~MIt1, a 3~~eKTIt1BH~~ nOTeH~lt1an B3a~MoAe~CTBIt1Rc, 
BcerAa MomHO npeACTaBIt1Tb cneAY~~It1M o6pa30M: 

-t -t -t'" -t -t -t -t -+4 -+-t 

Va{3yÀ (k, -k, - f, f) = A(k, f )fa {3 E À + B(k , f ) (0'2 o k )-a(3 (nkO'2 )yÀ +y 
-t 4 -+-t -t-t -t -+ -+ -+ -t-+ 

+ C(k, f) (0'2 O'k )a(3 (a fO'2 )yÀ + D(k, f ) (0'20' e )a{3 (O' k t72 Y,yÀ+ 120/ 

-+ -+ -t -+ -+ -+' -+ -+ -+ -t -+ -+ -+ -+ 

+ E (k, f ) (0'2 a f ) a(3 (a f 0'2 ) yÀ + F (k, O (0'2 0'[ k f]) a{3 (a [k f] a 2 ) ,yÀ , 

rAe A, B, C, D, E, F - CKanRpH~e ~YHK~1t11t1 OT ABYX BeKTopoB , 
~ t nOAcTaBnRR B~pameHIt1R /19/ lt1 /20/ B npaBY~ 4aCTb COOTHowe
HIt1R /17/, M~ nonY41t1M 

-+ -+ -+ -+ 

t:.. S (k) = 2 L V S (k , l) F (E ) , /21a/ 
f	 s 

-+ -+ -+ -+ 

~T (k ) = 2 L VT (k, f) FT Cf) , /216/ 

f 
rue 

/22a/V s = A, 

1 2-+-+ 22 -+-+2 -+4 2 
V T = -- [k (k f') B + k f C + (k f) D + (k ~) f E]. /226/

kf 
-+ + -+ 

Oneparopu Ya(k) lt1 'Ya(k) B npeoõp aao aauaax 6oron~6oBa /12/ 
YAOBneTBopR~T KaHOHIt14eCKIt1M aHTIt1KOMMYTa~1t10HHbIM CooTHOWeHIt1RM. 
OHIt1 OnIt1CbIBa~T YHIt14TOmeHIt1e lt1 pomAeHlt1e KBa31t14aCTIt1~ B CBepxnpo
BOAR~e~ 3neKTpoHHO~ mIt1AKOCTIt1. BeKTop COCTORHIt1R BaKYYMa AonmeH 
YAOBneTBopRTb cneAy~~eMY ycnOBIt1~: 

1 y ci~) I o> == O ~ a = 1, 2 . a 

;), 3T~ CBo~cTBa BMeCTe C ~opMynaMIt1 /8/, /9/, /12/, /13a/ lt1 /136/ 
n03BonR~T onpeAenlt1Tb MaTp~~H~e 3neMeHT~ /18/ lt1 B~pa3lt1Tb ~YHK

~1t1~ Fs(k) lt1 FT(k) B TepM~Hax K03~~It1~~eHTOB npeo~pa30BaHIt1R 
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..... ..... 3.	 AXI-1e3ep A.H., nOMepaH4YK K.H. - m3T~, 1959, T.36, Bwn.3,Ua(k) 1-1 va(k), a = 1, 2. B p eayru.rare Mbl MO}/{eM nepenuce r s COOT-
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~ ..... ] c.2208-2216...... 1........... ~ 1 (2 ) ~ 2 (O	 ~.
 

~ ~s(k) = - -- Vs (k, f ) [ --- + --- ,	 /23a/
2	 ... ..... ...
 

f ( 1 (f) (2 (O
 
..... .....
 

..... 1 ~ ... - [~l(f) ~2(f)]
 /236/ .~T (k) -- ~ VT (k f) ---~ - .2	 ~, ~ -+
 

e f 1 (f) (2 (e)
 
~ 

TaKI-1M 06pa30M, 3HepreTI-14eCKI-1e uiena ~ a(k), a = 1, 2, AOn}/{Hbl 
YAOBneTBopRTb cneAY~llle~ CI-1CTeMe ypaBHeHI-1~ npl-1 HyneBO~ TeMnepa
Type: 

.....	 ..... ..... ~l(f) 
. ~ 1 (k)	 !.- L [V (k, P) - V T (k. e)] ---:-2----.....2'"112 

2..... s (t(O + ~ l{e) ]e	 . 
/24~/ 

4 ~2(ê) 
- _l:- k [V (k, P) + V T (k, e)] - ..... 2 '-1)-2-]--1/2
 

2 f S [ç (f) + ~ 2 (
 

..... 

..... ..... ~1~) 
~ (~) = - ..1 L [V s (It ,e ) + V T (k ,f )] ..... 2 ..... 2 11/2
 

2 2 ê [t (f) + ~ 1(f)
 

/246/ 
..... 

..... ~2U) 

1 ~ [V (k f) - VT(k. e)J ~ 2 (f! )2] 1,'2- "2-	 ~ S ' ( ç(r) + ~ 2 [e 

BWBOA o CYllleCTBOBaHl-11-1 ABYX 3HepreTI-14eCKI-1X lllene~, nO-BI-1A~MO

MY, HaxOAI-1TCR B cornacl-1l-1 c 3KCnepl-1MeHTanbHblM 06Hapy}/{eHl-1eM ABYX 
/,TeMnepaTYP CBepxnpOBOARlllero ~a30Boro nepexoAa 121 
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HET Jill nPOEEllOB B BAmEA ElffilllJOTEKE? 

B~ MOMeTe no~HTb no no'!Te nepequcneuaue uKKe KHHru, 
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Nguyen van Hieu et al. Pl7-87-727 
On the Electron Pairing in Superconductors 

Cooper pairing is considered for electrons in an isotro
pic superconducting electron liquid with a spin-dependent 
electron-electron interaction effective potential.By means 
of the self-consistent field method of N.N.Bogolubov it is 
shown that in the corresponding approximation the pairing 
takes place for electrons with one and the same helicity. 
In the quasiparticle exeitation spectrUill there are two dif 
ferent energy gaps. 

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