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I. INTRODUCTION 

It is known /I/ that weak interactions of electrons with the equal 

and opposite momenta near the Fermi surface lead to the metal supercon

ductivity. The superflu1d state is energetically- lower than the state of 

a purely degenerate Fermi-gas which we shall call the normal one. Basing 

upon :some similarity of the Fer~i-s;rstems of the nucleus and metal 12/ 

we shall consider the nucleon interactions in complex nuclei and in-· 

vestigate a possibility of appearing such state of the atomic nucleus 

which will be energetically lower than the normal state. We shall call 

this state the superfl~id s~ate of the atomic nucleus. 

We intend to investigate the appearance of the super:t'luid state of 

the atomic nucleus using the BogoluboT variational principle /J/wh1ch 

is the generalization of the well-known Fock method / 4/and b;r.meansof 
' . -

mathematical methods developed in the theory of :superconductivity.II/ 

Basing upon the nuclear shell mod~; an~ having 1n view the me,d1um 

and heavy nuclei w~ consid~r the weak interactions of protons·/or t>.eut

rons/ situating on the same shell near the Fermi surface energy. We 

characterize the proton state by a set of the quantum numbers S deter

mining the shell and by the quantum number m of the angular momentum 

projection along the symmetry axis of the nucleus. We assume the nuclear 

f'ield to deviate somewhat from the central symmetrical one, therefore, 

there will be no energetic degeneration over m. 

2. Ground Super:f'luid state. 

Let us consider weak interactions of protons /or neutrons/ which 
' . /", . . : ,· .. i 

are situated on tb.t'.9 ou~~r shell of the nucleus. The nucleons forming· · 

the closed 1ntern~1 shei~s create the central -s;rmmetrioal field which 

is somewhat distorted bY: the nucleons of the outer shell. 



- 4 -

·. The Hamiltonian describing the inter.action of protons situating on 

the same shell may be written as follows: 

H = L._ { E(51n?)- £~ }:_a:.,.(~) am,r (~):·+ 
!>,m,is- . , ·':-·~.- ;·.: . 

·--,. 

+~-.;;;;- ]· (s/m11mzim,_~~})flm~(-s) am:5:: (-s).'.a_.• ~~;.-(~) JL-.._ '--:••<! II :z. •·.··::,·:.z.~ 

(

~, Gj,G;__ .,m,,Y"2..,PJ/
1

P7j ) .. ·:·: .... , 

m,+"'2.= PJ,',+PJ. / P?/,f, Pl/ . 
•' -· 

a_,,r, (-!>J ~ 

/I/ 

where· N" is the number of levels; u= --±. f-'•oharacter1,-.ea the spen direct• 
+ . . . . . 

ion, tXmrr a,.,q-· are t_he ·operators of proton production and absorption. 
. .. I . 

E(-5,m} = E (&1 -m) _ is. the proton .energy in the state S , m , EF-

1s the parameter \Vh1oh plays. the role -Of the chemical potential, in the 

normal_sta.te it -equals the Fermi surface energy. The function 
. 

J(~/m,,~:1:·;P1,',mIJ is the ·real.: one and possesses the following properties: 

J(sjm,,~~jm,'1 m£) =- J.(-sft11,',m; ;m"m), 

J ( 5 / m,- m,/ m,',, ~,) = J ( 5 /-m,,. m~; • m(,-m;_) 

/2/ 
Le~-, us perform the linear canonical transf'ormat-1on of; the ·Fermi 

amplitudes 

• •c ... .,·., 

+ 
a<rm:, a-(!>) = ltm (-s) ctm~- (j" ($). + u V: (-8) olmo (-s) ., /J/ 

in_order that it would not violate their commutation properties it is 

necessary that the condition 

: ,t'?,f9 ·-· ~m {~J:J,+ 1'(5)~ - I = o 
/4/ 

would be fu~filled. Let us determine the vacuum state 
\ ~ . ~ . -. ~ : .. -i ',, : . Co 

;\ ;\ .. ,L --L'f. ' '. 

cl,·mr {!_,a = 0 /5/ 

and find ~the mean value of H by the new vacuum state, and namely : 
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+ ~ £ {]· · (s Jm;-mi Pl:j·~:~9 IL,.,(~) 1T,., (-5) U,.,,(~~ v;,(:S):- .. : ,. (61._ 
. -S,m,m' . . 

· m,:f.m' · "'-~ .. : " ·-_:·"j ('" ··.··. . "\\ 

; .,-. • .,<•• 

Let us deterin).~-~ the functions- ll.,,,(-5)., U,(-s):t'rom ,.,:the condition of:: the 

minimum of the N~m--~;t {u,.1r)· if' t'here 1s auxiliary condition /4/. The' 

corresponding equation is 

' /7/ 

where Am (-5). is the Eiler factor, the variations 8/1,M(-sJ-a.nd S~ (-5) are 

. cons\titered as indep~~d~n~:_·?_:'le~. As a result we obtain 
~ 

~n; (-5)' Um (-5) '11;,(s)'•;.4 '.. .,,. /8/ 

where 

/9/ 

.f: (u,11}· gives the energy of the ground state, for.· ~~(~),~(~)satisfying 
,' 

/8/. · Equation /8/ admits· . .-the so;tution 

/IO/ 
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... ,.. .... -. . •, ,. 
<' . f.&-4· · .: ) , ..... 

which corresponds to the normal state':· 'Th~ 't~~ction ~ (-s,m) = f 

_£(-s,mJ < EF 

To solve 

and {lF (~.,m);_ 0 .i;f. ·•/f;~~(l':77r_3 -~F'-,,'J _·. i 

/8/ we introduce the new .;ftiriot·i~n 
' : 

:1 ~: . ' 

(!>1\(1 \ = .J..:..\ ~ {}· )(·,5,J•m ;-'Jri\m'>-yzf',)(li}~.;(t;)'·:'?X-· (,e,1.\·\ ·:·.· 
m './ ·-- N . -"'' '· '1 ' . ., r - 7 ·-.. r~ : . ;,';: m' y . ., 

·-:;r.· 
.( 

...... ,·, \; ·, 

',".\ .t\~.-!· ·, ' -, ' \ .... __ _ 

connected with U,.., (~) and 2f., (-:1}1n the following way:''\;=''' 

if 

. -!---

· u.. <~l-'- i [1 + ~-(-sJ .. \J-.,·\\'lY ()_,.2.·".t;•I· [·1· -~i_;·-~"P.(~j]f"' ·• ... • \ ·:--/ / 
,_ ' '· ·.. , · 'U-· · -5 . d.. '":::7 •· •. ,:- · -,.· 1 ,.;J. '· ·. · · · . ~ [(<, '. 1·:, : II 
C · (-5) ' m i ~ . £ (-5) · ., ' ~) ; 

i...,,.,,, . rn ' 
,.· 

"',' i · ·•· · · '· ... .t r, · · d' · · ·J:; (-5/\.. \\ · , ~ • .. Cw (SJ _,_ , • -r ~·l•.u;c~J~-(~) ~-J~ V r- i;)/Ji~\ ; u;;.··c~fv;'(s:f'Sl.:~ ~--:, ~ ·;;:.' ,-5 '\, .: ;· :,:r j'f), 

EJ1i'.i.' .\, .. t,\ r,·;/:j-Jf),:--o-:-, ·?:.ts):fi·xt1~: =:,'· :-;•_;:,:<J ·:t 1• '',•,::,.~\:)£,'7'::t). ;;-;_,j '.t:~- if"::,,J:.n' 

Em(5) 
\ ,:•· 

= JC.. (sf :-'"" .;';;,;, ( 5 f ', . 
-- . . :,. ) .,,_:_:-. ( . ) .. i< 

_; 

·"-_, 

. ·-~ ···-

,. 
'· il~_; .1: {: , .. ,!.\ 

i ··, ,. 
'. \ ~ 

;_. :·c )f~'l 1It.~ 

/I2/ ... 
•~ I 

_,.. (~·,\ \"\~ .. ·,\\\ 
,,. 

For C,,,(5) oti"e may. obtain the following equation 
tt,"--,r·r-· ( r-) ~·- ,·-: -i .~J .a..B t '- \. 1_,. -~3rrce ~t t .G.i •_c.;":;;. : .·= .. :.:· ~ .. ~- :>.;2.4'_::- ;e-· -:r~r .,!' -i- ;:._~~) : (\ ;\ ~; .-. '." ,.:· ;_"{ . ,t;· :·. ;("l . · _. .,. r,, ,"••},.. '1 \ "' ·: _ ;:,; -~ . .11,...,, I;&,)~\ r. Nt:,.-. ')!f r '·'· ,:: J...c .•• ··, /J.)._/,, .-... Cm(t>) =- )v, 1;;-_,_,,_ -~Jm,-nt~·,;1:-·mj·· ·- (I;.: 1.,:7-:-, .. ,.,. ~ ·• ~ ·-·· -- ·· -···- ·"· 

· C ,(.sJ + ~,,,,, (-sJ ,. , i . -, \· r :,,:---_ ::..:: 
\ f~ \ • .· • ,n \ \_. C) e<' •: '.,.·" ; ·:~ . ·\,•., _I •:• t""-·> 

Let us consider the interaction of protons situating on the oute;r 
. · • · . , •.. . ... . . ·: · ·. •. ··,.t- .. :-~ r, ·.. \ \ 

· shell char~p~eri~e,di,--by, ·. ~ .'.\\ -$.,,, ,:·\~t~e1 pro~dn: energy whibh'·i is· 1~ .. '.t.~~ i-

neighbourhodd of. t-he Fermi surface, i.e., \ ------- ---·-----· . ·,A. t.' 
,,, 

EF - Jl 1 ~ £(-50,m) ~ EF + dz ·:~· ,. 

/1 ((.,E(i (,._.,,, /J.,, <<.;:£.',.\ T 
I . •.· i".; ',( ~ IF/·\ 

--✓ 

-·· <.~,. 
'I'.· \;\_ ,V i ;.? :\ 

·\_•. 
t :,. \ 

-~.:i 

Let us-now pass 1n /IJ/ from the sum to the integral and obtain 
m,. 

C~ (~i}j'::?!· < )· .. i~·;)i (~'.) ·;rs. f ,;,; :.;,;; ; ;;;;!!;;;)" ~,u (},.,<~.),-,, " ~ '' ·,__ :: :p•' . -,: /IJ 'I ' 
N .. J :t -~ . .?. .. ••(;' .. ··c· ·c· J :.::•-·· .. ····(:~·-> .. ,,., ... - . . .. .. . ,. ·;t,' .. ...,_, . m' ·~o· ... . .. ·. . ... 

tn, · m' 0 

\n·: ,' 

r , t 

' \ =::···i ~;\ \ .. 
·.· .. :~ -~:, ' 

\ \\ 
. ~-

....... 
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which at small J ~~;nc;?,~ef t:~;~,~;/I~ '.I ,_,~~1.111ptot1oally, here ;n is the 

proton mass. The approximate soiiit:i.on o·f'/I47 at small Cm (-;So) may be 

found in the following form 
:--· . . ,( .. ,· • t<.,~· .... : -:_:·""f .7·,;·- .... :.._: ···, ~:. . ··~y -

where 

/I6/. \~·,·\} · 
.. ·,_ .. ·,.,;.. 

~· ....... -~,-+ ' 
:'., .' .. ·· •• _:J ,: ........ . 

· 1,;[ J(&.1m,-~;m',-"') c"c~~. ~1 
·.. Jm_' ,. . .. 

• _.A,' 



. It .qan :,be seen ·:from the ·above _calculations that to obtain the 
• . , • •. • ~'f.. . ' ... ,· ~ •• 

asymptotics .~f the superfluid ~t,.at./J o:t; J.~e a~o~ic nuc:teus only ~ s~all 
• • ·•• •.• '. ',. ." • .•, -C· \ 

part of all the. iffter~,ct~on . J (~ /m,, m:h ;,,'7{~_~// of_. the P;Rt.ons sit;uating 

on the safne shell is essential, and namely J(-;5.0.Jm,-Mjm~-m') , i.e. 

the interactions of protons with the equal and opposite projtfotions of 

the angular momentum on' the summetry -a:~is of the nucleus ax,e·;; essential. 

The rest part of the proton interactions should be ta.ken into account 

accordin~_. -~o the perturbation theory. Therefore, further investiga:tions 

will be performed wi':th,:5!-1:\•i:Q.teraot:l.o~ . J(-s/rn,-m; m_',-~') -Whiolr is 
•.i.'\ . ·. . 

denoted as :foll'?wif:..:.'J(-&jm,-m; m',-m') =- J(-5/m,m'J. ,,.,. 

~~ .fl ;~ uJ· .~t- :1.f !~~ r,; .. : r .-, .'"": 

J. Ground and Excited States. 
./ .., f: 

i 
\... 

.) :.,1 ·.-:- f": 
..... ""• -~ . _, ~ ... ·· . . j,F;. • r('; lirl'l' ', -;. 

Let us calculate the energy of the excited state by taking into 
account .the weak interactions of protons/or neutrons/ on the same shell 

'\/.": ••~• \ "M"• .. 0 - • • ' 

with the equal and opposi~e values of-~, th~angular momentum projection 
·._ •,,~ 

on the symmetry axis of the nucleus • 

In the oon~idered approximation ~~(~) assumes the va-lue 
.. . ·•. ,- .. . :. '-· ~ . 

£{J,m) - EF , whereas E.,,,(&) passes -1nto. em(-5)::. _ fE(:S,;..J-E,,.f+C .. t~ The expression . 

fl{"'J/d~~-(~) becomes equal to /IE''._= dn._ ·, which at ~-=-S.;·., m=J?io 
/ dm, \' :f, ·. d E' · · 

is the level density near the Ferm1'' surface. Further let us write the 
~\ 

ex:pression for C;, (~o) in the following form : 

. J (1o(m,mo) ~ · 
lm(s.) : w ] ..... , .:) e _<?,, 

· .,:. _(:S~ Im,,,· mo·. · ··· ·_. · ·· , " /I5' / .. · 

where 
G- = J (-5 0 /mo, mo) J(lf-}_ 

;''t· /I6'/ 
. ' -~-:-- ... \, z.1 

ln~-=;n 

m~ ............ _ ... . 

( dm' , t, )E(a.,m;J-i:F I . ;;, [J<5.jm,m) C,.,.(••)f (i')] . /17/ 
) f(EF) /7 
m, 



/ 
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., . 

' 2 ~ 1 E c~, m~ - ff J ?Tm, (-5).t + -i E (~,m} - EF} \ u,,, (-5)~ - ~ (-5)~3 -+ 

/18/ 

The difference !J. [' between the energies in the state~ C, and e,-:S may 

be found in the.form 
.• 

It -is worth noting tha.t--:e, -=d.m: Co,:·is'- a. superposition of the statt;s with 

the ··6dd.·number of pa.rtidles. Therefore, to·avo1d the transition,-from ... 
' ' 

' they even..:.even nucleus to the odd. one-one sllould make the calculations'. 

Vii th the excited 'state 

Calculating:· the difference A E z. between the energy of the·· first . 

excited· and ground superflu1d· state of the·· even-even nucleus· we tiild/7/ 

• '., .I that ·> 
'.I. < ;It , + + 

/J. Em (5) = t.s d..mo (-5) olm, (5) H 9L m, (-5) cl.mo (-S) C-s > 
/20/ -< l51t H CJ!,> ::~. 2 Em '(jSJ 

and at --5\1:1;, S0 , m = n10 

·.;-,:. :.; .. ,. ' :r ',, _!__ 

fl Emo (So) ·-= 2:.~ e & 
/20'/ 
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, \. ', ' 
It can be seen :from hera.,_'t,~\r1:-:t.he :first \,exoited,t.,-state is separated :from . . -·- ' . -

the ground state by the gap /20' / @ •• -It should be -noted that in the· odd 

nuclei. tho: energ~ti.o_ g~p; must not appear ej_noe there v1ill be observed 

the. t1:ans:t:tions betwee:c:a the st.&tes inside the,··outer shell, there is also 

no energetic gap in the.excitation of the normal state both in the even

even and in the odd rn.iclei. t ; 

The difference A E bet,rrnen th~ superfluid and the normal states 

m·1y. be · obtained ·a.s follows /~ /:, 

Ll Em (s) = < ct H C.!,> <c:H Cn> 
j :1., 

iE(-s,mJ- £ 
=- ~ EM(SJ - l S ,5 F} + {f(.s,mJ-£d · {/- 2, BF (-<,m) J 

'. - " ' ·, ....,( J.~,-- ' ·y_r,.-~; J ~ ~ ;.;ws;;t 

/2I/·-

at -s =-So, ~::;;: mo 

. A '£~
0
,(5.,) = ~ l. Cm

0 
(-5~) /2I'/ 

It can, be seen· from here _that thesuporfluid state is energetically 

ic>o~er ,.a,nd --sep.~a.te.d _from the normal state b;y 'the -gap •. ·· 

_; Thus, Jhe_ ,.interactions of the proton~· situating on the sai:ne ·shelTt 

wit.Ji eq~al and .opposite angular momentum projections 1ead to -thtLappea

rance of the superfluid state_ of. the at:omic nucleus. The _-,presence ,of 

J;he energetic ,gap ·~~~we~- t:b.e ·.f.·trse· excited state and the .ground super-

fluid one .is · c,q_~-;firm~d by:~;,t_Jae ,·010:n~iderat'ions suggested by<A. Bohr,= :J!ot

telson and '·p~es'. r/ about the possibility. of explaining t~e energetic 

gap in the heavy. even-;wen nuclei in such a way. . 

4. Conditions :fo~~a;!_i:!ls_);h~. Superf'luid State ·of the 

Atomic Nucleus. -~ 
Using the variational principle- suggested -bJ" Bogolubov' one-·may

obtain the conditions for appearing tho superf'luid state of the system. 



·In /f/ the method for.investigating the condition ot the superfluidity 
--:· . . ·..... . ·· .. • ,, . ; . . . . . 

of the nuclear matter is proposed,• JTher~~s in /~;,/ it is shown that the 

nuclear matter posseses the superfluidity property if the attraction 

fo1~·ce,f at· ~t'he; Fe±'m::t · surface e~ergf predominate •. Let us , 1nvest1gate the 

conditions £or appearing th@ super:fluid state in theassuined ·model of 

desc:,~1bing th~ nuoJ.ear properties. 

In orde~ to determine when the energy of the normal state Cn is 

not be minimum, and, therefore, the superfluid state e~ will appear, let 

u~ fi:f.tl th© second variation of l(u,v') if the condition /4/ 1s ful-

/22/ 

If expression /22/ lfi less than zero·for:~he>solution corresp~n.ding to· 
the normal state Cn it means that the superflu1d state C~ will appear • 

. As a result of th.e oalculations we obtain that the supe:rfluid state of 
1 

th~ atomic nucleus oxists in tho case when there a.re solutions of the 

/23/ 

with the negn.t:tve eigenvalues · £ ==- 2 3, S > O . 

·Let us investigate th~ asymptotic :form ·of solutions of.:. /23/ if 

is tendi:ag to mere 1Then J is also tending to zero being negative .• 

We B.S8Ull'Hl .cf, .. 

and pass from t~e ow~ to the integral and obtain 



P1:z.. 

2 0m{s
0

} ··; j· 'JJ~;j!iJrn1J(-5,/m:;;;:_r• &,., c~>: ' . '= 0 :·_--_.,,.-, 
·•· ·.··. '· IE (-!>a,·m')- Ef I+ s . . . :::: :! 

. m, . 

, ... ,.".,'..' 
/24/ 

' ,~; : 

Taking into aocoµnt that at &~o the integral in /24/ beoomes logarith. 
".'.,.:.'i.·J. ·.. .( .. ,·.. -

m1oal_ly diy,~gent. n!ar _the. ~e::r:-m1 surface we .. pass t_c, the consideration 
• •,. .•} ,,.I•;• • ;,..:,.,:~ "! : ••.,;,_-!° , _ ,.:.•·· , .. ; ,~ · · 

of the. approximate equation 

.,,J_g•> + l!n ~ · Jct,> ](&•I"'•"'·)' 0~(5~L- .. 

. . "11, 

_J._-jdm' 0 }E(-5,m')-E f ,t tn--~F . j;;, [J (5./rn,m) J(E'.) 0.,,,(-5.)] = O 
,. /25/ 

, 
\_1,11;•.. . !'1. 

which at small J cqincides asymptotically with /24/, in /25/ 

f>..= A,-:=;:/l2. >>~ • Let US, introduce a new function. ·J.~. 
w~ • ·• - . . 

~ ,. 1.,,,. ~'.:'. _,..,-· .,,J.n.• c~ J. . -, --. -.;' 
- •. ,., ·.>" ~'--·.. . (7, . • ,, '"'"'" ' ~ ;;_.-:-... ''_ . · ~ .:.. . '.'. 1 · I (:Sa) . . .:_; . /J ~ 
~,~ B~S'!,, .1m - •. (},., (-5•) ,(#1 3 

:/! .;:__\_} V; .. ~ •. 

\ ~ .. ., .... 
)1, ..... 

. ~n,, ( ~o) = 1 > 0 . 
I . .. .· . tJ A 

tn -s 

J ·~· ,·~ .> 

l .· .: ' . , ) '. .. L.· .. , 

??.,_,..._ 

The e?,.uation fo:r /m (-10) at m=m,, ma;r be obtained as follows : 

f,.:(-9 + J(lc,) J<-5,fm.,m:) : .. C"Cv~ 

~~>· 

- i r Jrn• ,&, /£ (",;- E,-f . J-;;;, [J ( & I"'··"'') f (£'.) f' ( 8.) 1 = 0 

·. m, - ·- /26/ 

"':.:i , ..... 

"-7 



If J tends to zero equation·/26/ has the solution in the case if 

/27/ 

. Iride_edi /,;,
0 

(-5~)'> 0 , Wl:1-e:reas the::,,1a:st term 1n /26/·is the~-Talue of 

higliet-·order of s~allness, if J(-50/m,;,m:) does not ohange·ra;pidly in the 

inte:t~ai -m;,, from ~ up to m,. ·• Since the leTel dens1t_;r }(EJ> O then 

tlit superfl:tiid1t1·· c:rond1t1on of the atomic nuol,us 'ritay bo d,tained 

/27'/ 

1.e. the attraction .forces must predominate'' between the pritdni s1tJ-.t1ng 

011- the same shell~ 

5. Temperature of ·Phase Transitioa. 

To determine the critical temperature ·of th.e phas~;',transition. of.· 
• • . •. ><--,-•.• •· ·,, •.• , ... ,,. ·. - .. . • ,/ ' 

the nucleus from-. the superfluid . to the normal. state we . make use of ·the 
• .• ,. • _. • . .;.<: ,., _- '·, ·:·. •• • 

stat1st1oal.var1atioaal principle./~/ The stati~t~cal variational 

principle sui~able for the determination of the th~rmod~amic quantities. 
·· tiiat ,. · ... _ ', . . 

· both at zero temperature and at different from zero"is ~he generalizat-

ion of the variational principle suggested.by BogoluboY/J/. 
• , .. ~.:··:· J:·. _.,., .,._;\, ' .· • •:::·- ,. -;.,.~ ·••, -· 

As a result of the calculations we obtain that the superfluid 

state of the.atomic nucleus· S:t the temperature. fJ different".;;om zero 
:,; ::.~ ~ -:-. 'T.'("•· ~. ·-:·• /: :, •,_ -,: _;. :-'.? i·-4 >. • . i, ~-;.; 

exists in the case when there are solutions of the equation 

I 
+

N 

/28/ 
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~ --~'!:t~-~J .;..:_ .. . ',.Oi:, J .. 
,:.'• , .. 

tfith tho negative etgenvalues 
r.~,.~-•:{ \_ f)3:~ . ., .. ~ ,,-." t:t . ~~ --~~ .. , 

E <. O. It 1s easily seen that at f}_ = O 
t;.J •i,. •'~j;; :-~. 

\ ,., '• •. . . ' 

equation /28/ passes into /2J/ .. If( the eigenvalue E ~--,0 then the normal. 

state 1s a ground one. If at 

.:tlle~i,,vith<tM:£ tempe~~j;ura . 0 

. . . ~ '• " ::. ' ' \ ,· ·; ' .,, ; j -

~ ~ '· ., " 

fJ = o there exists a superflu.id phase 

increal?i . .: ~.;_,,_wili:l ,ino.re.a.s~r-~ls"c.,. JP. t_},le 

~ tJ. .. tr?tpsi i;t.pn from, .·t-:p._e supertluid .· .. phas ~\ t c .~he. ~~tiJlfl.~irOlle a. t 7 :the cr1~1;cal 
. . ' ., . . • t :. . . ' . • •' ,. ' .. ; ,.,.. .,•:·• • .• 

n:~ii~ml)l)r~~-~ .. 00-_,-.,t~ ieig<!J_n~~lu~~ -,. , ;E must ya.~f-~h~-.,One:,~N o'1t~,~~,.·fr~m--

hor~;··tl\ea.o,~.qua.t1on f~~- --;~~ -de-t0~mi11~t~;en_ of,:_ -th:,e, _9r.~tio~l::, ~ep.tper~~1.1.re,. 

and namely: 

\ -~~ · .. 
'< 

zlE(-s.,rn).-E j d;h. /E(1 .. ,m)-EFI L) -&., ,-
1f'flj·.,:.~ --~."-, :,,, _';:-f{,· f'.'_, · _,.,, .. , .. ~~·'·.:·,l),8j .. r-;:)m C J ... :r ·-~~ ff..·(· ·. ;~- ... ~f'-.·t:: l?- : .. ,... ~:..:• ... 

: ... ~:~7: i? !-.~· '-"' ~i~::· :~· ~---~ ---~ 

+ ~ L. J (:So j m, m') 'rn1, (~.,) = 0 
N m' . ;·.(:· · .. t.·~ .'; .. ::·.~:;·~;. __ :~ . : .. ~ ·:;~~:. ...... . ~Y·~:-.)~ :·~:.;~-:~,::.. :" 

/29/ 

·Taking 1.nti aoe'ou..~t 't'rw.i'.-,£'(-5~;,;,J~E>/l'·~ts.,~at'her small; "and''pa.ss'irig from . 
•• •,·. ' • ·•·4·· •~•~-;.; ~·•?•,•·~;.. - ~-."t~V • •~ I,.;'!-, ,-"," ~-~•• r'f•, .-·~ .. ·••i.• • •'•i 1"' ••;., ;-.. ~ .•~·,,., , • 

.. the s.um to· tho inte·gra.1 vie' obtain.' th'.e ·approxima'ttf ·equation ' ,, .. ,. ·,: 
I' , 

-:-1-: ' ' ..... ,.,~ :\' .. . --~~- ~~ r. -~- ~ ) .~-

' 171:1, 

;-v,: •. } . . :.;:~ . ; ~~~ ¢:.~ .f. -~ ·'.'.;?-.:a 

~,,-.;;J lf, (:So) _;:r::1.··:''ilj>',J~'·a·(:;·:· (~ai;,,,~;.;,'j·~o/;;•'t~o)-~ 0· .~•.-;7C M.'-~••,c:J··,:•1 

-:+.<J.:"1} [~-- · .,. · · , •. 4;0
0

· > "F'.a.-·-::F." 1: · /:· , .L '· .::' .· ;:,:, ,:l /.;':JOl[:·,:,;(i 
. 1'11 , , 

, . ···.r..~ ..... \O!{ ~rri~· } _ •. J, ... ir~_,~ . ~-~: ~ -. ··: · · ... .. -:};:-(f),.~ :·~·-· :;. -~-i:J,"q '"• .. : r t"f..: ,· 

In order that /JO/ would ht'lv~ the solution different from zero it is 
·•··.J:C". -t ,.. .,. :-,;,>-i-. };'{.('.· ·":.' •.. :.~ __ ;·; -~•-· •• , -~~a:A :t~:;: ~-, '.·f..J, .. '.:·!;~ J'.;; :.·,: . .\ ' 

nocessa.ry · that th~ determinant ~ would be equal to zero. Ta.king 
o~;:s~:· ... ,, .. ~·- ·::· ~ ·h ~--~'· •~>· • ···::"".: ~.:::.~-c ·~-r, .:->~1~.--~-,~-. ,--:;.ff..~.f ·; . .,~-., 

into account the weakness of thfJ interaction. we may obtain the.· expr~s-
)"'r . :!:.·f, "?•;-~_. "':>·r; :L;'",..,:~_~.: _ _f..~.-. t~··-:·t,-~·f,j· .. /:, ~·:'.°'· ~~ff:.:·· r ~-~ .. · ... !: .. 

oion for the temperature of the phase transition 

or 

m~ ., . !.\-:\ \ 

11 = - -' J dm' P (,,,;:)·- ]((~) ,·:.i, m;\:. ,,_, ---~- . :., , 
(7

0 
'J ./ ,. a 1 ./ \) , . : . 

JY"/1 

{] -:t - .!.. 
Uo 1t fl J 

·....:,.-. .,..._,_ 

•.·, 
'•:,.::_ ... 

'., \ 

: \· 
, .f.• •• ;, , .. ;, 

/JI/ 

/JI'/ 
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., ·, . 

:. -;'. ~ . ..;: 

.n· . "iZ,: ,.,,_.,.._.;. •."' '\;:-·::_rro-:,; ,CY.J_Y;):;_· •. ::'.'.' .·_·:,.l·.;~_-,t",_',• __ ·, ......... ~.c.·- ...• ·r . • 
_ . , -. . - - ·., ·•,: D}~: :·:,•;•·-) ·, · .. ·:;;--.f!..R Z.:i.: 

.. ,'f:;t :t;t _*eoti~~----t, w~ ~-~v~--~Q~_aint3,d ,_the asy~ptoti~ · f«?rm of the· solution 
.>.~"-'"···- ~ - .. ,. ..- .•. - .··, -~.:_:,1;1.,J .~ .,.~)t: •. ~ .. - r. rn .t.:J~·_:·, .. <·:,:'"::t~?<;t~:1 . .-:r.tt .}-._;·: .. :.,_:-.}-.~~ Jl . 

o~nE~,i .8e,~~d equatlQn /~J/ •
1
_ L~~}l~ ~~~s;d!r _t~~ mor&, rough· appro~imat·e 

~ ~ . ' .... • _ c, ·• '•. .L ,f._..F· .. · · ··,, -4,:..J.. .. J ~ / .. ~- ,.~. i:~ ·:•;-~: .. <:".\ ~- ttt 1··t, r.~- f.fL.0 :J. :·.;~ .. l1.tt C·. · 

solutions of this equation. · · - •,. 
:~· r.:_·t ·.:;~ .~,.-_, ·

1 
.. rl'o tJY. ~"~ 'f-\l · ~-"' f;t-: .. :r,nr.:; .--~~,.\ ·i·.' ru, ... •·· ·-~-

Let us somew~t simplify equation /IJ' / and· ·wr1t~"it~ asA"tollows· : 
£,.+A 

C~(&:) =- l j JE'J(E'.) JC&.Jm,m) /J2/ 

EF-h,, 

We assume that f(E) .__,,~~d ·;··~~,,;:~/are. we·a.kly de;ei~eni~upon; (£;~>~,Jin this 
.... 

i:P~r~:.r.Pm;.qJ_~ ,l!}Jl: ,e;e~~fd~ ':~;~~'t-_up~~~,.,~7J 'J~i A_~·:_.t .. rj:f-~~-_i~~ !,~:>ta~:rf :;- fL.L 

I ---' - z 

~: ·: -: :::_}- -~;- :·: '· ; : _-:. S . C ~ · r ~·s --·:· · ;t :·•.- I 

:i-r.:Jlf-5:~-, .. 7-.? .. A ·.q~~~- ::
1[:t ... _. 

, , , 

/JJ/ 

/J4/ 

"-. ~➔ \. 
\::.ct -:r·:' ••. ;:{ ~:. 

Thus, in this rough approximation there 1~ also a gap between the 

excited and the ~ound superfluid states, as well as between the super-
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fluid a.ndnornial states. The supei-fluid1ty- condition in this case is 
. - . . . . 

> > ,> (~;',.:.;..!!"./-<,- ~ 

reduced, ~o-: the require,~ent .. J .· <(.. · • O, vthereas Jhe . temperature of the 

. phase .. transitionc·:1.~;determ1ned:·P3,J".c~:~~-- formu~;'1./,1~' /_~'J 
. ,... __ . ., ,,_. ·, .. . .. -,:. ... ...,.~.,.~.. . ' ., . ,,;~.,, 

As a.nether rough _approximation -we., ·can: consider the case,· when 
. ... I '. : : r . ... ·•. •::. ,., ,:.. . .. , ,. _ .. : ., . 

"'E(-&,m) is independent of. m .. , 1·.e;; there a degeneration over the 
,_.: :J b . . ~ • . . 1' -~ ft-., '. '· - 'h"'" ·. . ,;. •·.,. · ~ . 

, quantum number~ m, ♦ I Then for"the she ii '· -s;•--: -5o ; 'we ha.Te t·(-5°),::. EF and 

· from the equa.ti:on /IJ/ we obtain that 
"; ~ ,, ·:O:.•,....,. .. 

•u:•: s \:(_( ~ ~;t ~ lJ.U ·:·.-~, 

\~ 
. Cm c~o) ~ - ;.,_ ~·c1Y,:1:;'•"'! 

further ( :.:. ) +· · r .;l:). ,,:) ·v . 
t.. '·:·-:--~ 

) 
( ' •; \ i' \ ~-\ ~- i ; .. "·' . ' :.\ 

/J5/ 
'\ 

\.~:. \ 

'-~'· 

. . U (~o) 2 =. '1/.L ( 1o):J. = J..._ 7 Cm (-50) - f,n (-5o) . 
LL. · M . /1'1 ',• .• 6'i2{<lt\W ,,•,~1·,,1,.-I •\' ' ··::'d'.:t ....• ..J' 

i:--· .. .,.., ....... ~- -l ... ~.•~· \.' ,_.·-:\-.:i':-, · · . ·-. --!i,1 \ . r.l._m;r 

In this case the diff ~ren~~ bet~eeri) :e~er gi~~- '1ftf l'luf~l1 t~d'.' and ground 

superfluid states will be propor·t1onal· to J . 

7. Conclusion.: ·, +- \_ 

t~ 
·~-" 

~ , . ' .. 
We have considered a rather idealized modlJl·tof the a.tQJDiO· nucleus~ 

Analogous oalcula.t1ons ma.y be made for other nuclear mode1s·1n which 

the-interactions of all the nucleons a.retaken into aooount. The ,~r~ . 
·account of.n--p interactions together with i,-p and n-n interactions 

as is shown:in/5/ for case of nuclear matter l;.eads to grea.t·compl1cat

_.1ons·and requires the·modification of·th,a matliem~tical methods. 

The obtained results confirm the consid~~a.tions set. iorth· 1n/a,2/ 

a.bcs'ut t'he p·bysical 'arts.logy·· between ·the ·Fermi-systems. of·· metal and . 
• ...::.::\ ; ••• : --1 r -·-: C ··:-:•:·,, {~ J._._7 ~- ,,_.,_; ·_ :·· -~. _, • ••• • ·-· • ·_--, .• - • • -

nucleus '·and: 'illustrate the·. :fruitfulness '..of applic·ation of.: the"mathema-

tioal methods,developed in thetheory of s~percQnductivity- /I/ for 
,, ,_.,;: _;:'· ..... :: 

·w ,;.:i.J: J.! ,. r --~_i<.,;"'1;,., ,. . ..,,. 



- I7 .. 

studying the properties of the atomic nuoleusx/. 

In conolus1o~ the ~11thor.:~ii>;~sses. ·-th~: grat1~utle~ to ·N.N. BogoluboV··. 

for his constant interest to in:l present· work· and·; .,-iiuable remarks~ 

·, 06
;~C.lll!W!ll/fJ.IJ1 HHcn,rn ( 

J1.11ep11wr Mcciie.1toaarr1;:; ! 
JiHGRHOTEKA . i 

--·. ····----------------.... -_,...__ ---
x/ After this paper had been oompleteJ{i yrepared f ~r . publ+~at;~Jl ~~,, ._, : 

. · author got the preprint b:, Be]J'a; ev O who obtained some similar 
· results using .the method rI/ but in somewhat different :ma:rµier •. · ... 

; - . ;-' -·-·•'" ,.,,, 
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