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1. Introduction 

Problems related to the improvement of the one-particle level sche­

mes have recenUy drawn attention of physicists engaged in studying the 

nuclear structure. These schemes underlie all theoretical approaches clai~. 

ming to the explanation of main regularities in nuclei from the microscopic 

point of view. 

The one- particle level schemes are to be improved for the following 

reasons. 

It is well known that the peripheral collisions are very important in 

direct reactions. Therefore, it is necessary for the model wave functions 

of nucleus states involved in the transition to have right behaviour on 

the boundary and the periphery of the nucleus. 

In analysing the nuclear structure it is very important to take into 

account the right behaviour of the wave functions. There are data which 

indicate that the correlative forces acting between nucleons are especially 

effective in the surface layer of the nucleus 1•
2

• 

This region gives the largest contribution in the electromagnetic 

transitions of high multipolarity .\ > 2 , as well as in forbidden beta 

transitions since in these cases the radial part of the transition operator 

is a sharply increasing function of the coordinate. 

All the investigations of deformed nuclei were actually based on the 

model one- particle states obtained in the paper by Nilsson 3 which played 

a great role in nuclear spectroscopy. 

3 



However the v.ave functions of these sti'ites are not accurate in 

the abovementioned sence pecause they are the solution of the Schro­

dinger equation with oscillator potential. which strongly differs from the rea­

listic potential on the boundary and the periphery of the nucleus. 

In addition, the relative position of the levels in the Nilsson scheme 

with a noticeable changing of the mass number A remains unaffected ( it is 

only the energy scale that changes). In the realistic potential the relative 

position and even the level sequence may essentially alter. 

To get more correct wave functions and the one- particle energies 

of deformed nuclei it is necessary to sti'irt from the anisotropic Saxon­

-Woods potential which reflects, to a larger degree, the real situation. 

A number of paper 4•5 •6• 7•8 is devoted to the solution of this prob­

lem for axially- symmetrical deformed nuclei. 

In the present paper ·we generalize the method suggested in refs. 

5•6 to the case of nonaxial deformed nuclei and consider the main regu­

larities in the behaviour of one- particle levels. This problem is very important 

in the study of the nucleus equilibrium shape. The calculations performed 

are based on the Newton approximation 
9

, being a generlization of the 

Nilsson scheme 3 and therefore in this case too are not correct enough. 

2. Solution of the Schrodinger eguation 

Following the paper of Gareev. Ivanova and Kalinkin
5 

we assume 
I 

that the mean radius R of a deformed nucleus is determined by the formula: 

R 
0 

R c R [ 1 + a Y 0 + a ( Y 
2 

+ Y-
2 

) ] c 

0 0 2 2 2 2 

c R o [ 1 + ( 2 17 ) -1/2 a P +2( 217)-1/2a P12 l Cos 2 </>]; 
0 2 2 2 

-1/2 a K{3Cosy; a •2 {3Slny 
0 2 

being the radius of an equally large sphere 
10 

4 

• 

( 1) 

( 2) 

-'~~·:&k 

',1 j 

':~ 'f~ 

The Schrodinger equation is written in the form: 

h2 .. 
[---ll + V({3,y,r)-EJ., .. o. 

2M 

We make the identity transformation. Adding and suhtracting 

symmetrical part of the potential V ( 0, 0, r ) we have: 

mere 

h 2 .. .. 
[ - -- ll + V ( 0, 0, r ) + V ( {3 , y , r ) - E ·] ., • 0 

2M 

.. .. 
V(f3,y, 1) •V(f3,y, r) -V(O,O,r). 

Following paper 
5 

we expand V ( {3, y ,r) in a series in spher 

Here 

.. 
V(f3,y,r)-I 

A, II 

I' I' 
c.>. ({3,y, r) Y.>. (8,¢), 

V(f3,y,r)·-V ll+exp[ 
0 

r-R(f3,y,6, rf>) 
11-1 + v ({3,y, 

I •• o. 

The term V in eq. ( 6) correspond to the spin- orbiti'il in 
•• o. 11 

was shown earlier that the account of the change in the 

V with nucleus deforming leads to rather small correc •• o. 
fore we put that v ( {3 • r ' -;) ., 0 • Thus 

•• o. 

r-R({3 y 8 ~) r- R 
V(f3,y,r,6,¢)•-V 1[1 +exp( ' '' )]-1-[l+exp(--

o ··· a a 

.. 
From eqs. ( 1) and ( 7) it follows that the expression V ( {3 , )' 

invariant with respect to the transformations: 

rf> .. -rf>; rf> .. ~r+rf>; 8 .. 17-8 

There f :Jre the expansion coefficients ( 5) possess the followiJ 

c" -~~ 

.>. •C.>. and .>.,11 are even • 

As before 5
, we find the solution for eq. ( 4) in the form of 

tion: 
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II'• I 8 m 1/Jm 
afl 111 afl afl ( 10) 

where 1/1 mf are the eigenfunctions of the states obtained from the 
n I 

Schrodinger equation with spherically symmetrical potential : 

in this case 

'!Jm 
f I 

b 2 
In 

[---ft.+ V(O,O,r)-f p] 1/1 n .o 
2M n I arJ 

"' m 1/J.·R.(r)~. 
Dtl tl[l tl 

is the spherical spinor. As is shown in 

( 11) 

(12) 

ref. 
12 

the ra.-

dial part of the wave function ( 12) can be well represented in the form 

R .(r) • N r-lH [ S(r)] ezp [ -S 2 (r)l2] 
D[j D 

( 13) 

(for the definition of the function S ( r) see ref. 
12

). 

Inserting the expansion ( 10) into eq. ( 4), multiplying th? l.h.s. by 

( 1/J"'' )• and integrating we get 
D 'f 'J -

m 

(f '"' ,-E)am:.,, +I 
D ' l II ' I afl m 

am < 1/1 m I I C 11 yll .. r 1 .. ,,, 1 ' >. .\ "' >- 0 af1 

in this case: 

, .. 
< 1/Ja'f' 1' II 

AIL 
c" v" 

.\ .\ 
1/J m > "' 

af I 

ll m' jL m 
• I < R 

AjL a'f'J' C.\ I R afJ > < '!J f'J ,I Y .\ I ~ fl > "' 

• ( 4 .. ) -t/2 I 
AjL 

< R I c I f+f'- , 'f, , , R > ( -l) m - m 
D I 1\ ,, I 

X 

( 14) 

( 15) 

x [ ( 2.\ + 1 )( H + 1 )( 2 j ' + 1 ) ] t! 2 (f .\0 0 I f '0 )( .\ j' IL - m 'I j - m ) W ( f .\ '1/2 {; f 'j ) 

By solving the system of equations ( 14) we may determine the energy E 

and the coefficients am • of ( 10), i.e. the wave functions of the states. 
Dtl • 

Since the expansion ( 5) for V ( {3, y, i") includes the terms only 

with even .\ then the contribution to ( 10) will be gi:\:en by the functi-
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ons 1/J rn which have the definite parity, i.e. the sumn 
n f I 

made only either over the even or over the odd values , 

3. Expansion of the potential V ( £3, y, r, 0, rp ) 
spherical functions 

in a 

To solve the system of equations ( 14) it is nece~ 

the functions c iJ. ( {3 ' r ' r ) 
,\ 

jL 21T IT'" 1J. 
C ( {3, y, 11) • f f V ( {3, y, r, 0, </>) Y ( 0, ¢ ) Sin 6 d 6 d 

.\ o o A 

These functions were obtained by numerical integration • 

0.16 and {3 is 0.32) gives the curves corresponding 

[~ (.\-~~o)! ] 1/2= C ((3,y,r) depending on r for dif 
4 IT (.\ + 1! )! 

the parameter y 

It is seen frorn Fig.1 that with increasing parameter 

nents of the expansion ( 5) with different .\ but for 11 

shape· of the corresponding curves for y .. 0 

decrease. On the contrary, with increasing y 

However 

the com~ 

become more important. Among the components with nonz4 

important is C 2 
( {3, y, r) • This is due to the fact firstly tt 

2 2 
C has no zeros, Therefore the radial part of the mat 

2 

tering equations ( 14) for this component is the largest 01 

function C 
2 

exceeds all other functions and rapidly i1 
2 

increasing y 

2 
C (0, 32; IT/12 

2 
R ) I C 

0 
( 0, 32 ; rr I 12; R ) • 0, 04 . 

0 2 0 
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0
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2 0 2 

A similar picture occurs at 

the absolute value of the functions 
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4. Neutron levels 

It may be expected that the violation of the axial nudear symmetry 

occurs in the transition regions between the spherical and strongly de-

. 13 0 h . . f d b I . Nd143 
formed nucle1 • ne of sue reg1ons 1s orme y nuc e1 near • 

Therefore the calculation were made for the nuclei of this group. 

The one- particle wave functions and the energies of the spherical 
143 . 12 

N state should naturally be chosen as the bas1c ones 

Using the expansion ( 5) ~ solve the system in a numerical way. 

In the expansion ( 10) it is necessary to restrict oneself only to 

those 1/J tne states of the spherically symmetrical nucleus the account 
n J 

of which is very essential. Such are the bound and the lowest states of 

the continuous spectrum. The problem of the account the continuous spectrum 

states is rather complicated. However, approximately this problem can be 

solved in just the same way as in ref.
5

, expecially as the used appro­

ximation is satisfactory enough 
6

• 

This approximation is based on the fact the most contribution should 

be given by those states of the continuous spectrum which correspond 

to the quasistationary levels. The wave functions of these levels are 

maximum .inside the nucleus, the effective barrier penetrability being 

small • Such states possess low energies and large angular momenta. 

Taking into consideration the character of the problem they can be well 

described by the stationary wave functions. The difference of these 

functions from the real ones outside the barrier is of no importance since 

the matrix elements of ( 14) contain the quantity t1 , which rapidly 

tends to zero for large • It is necessary to take into account se-

vera! lowest quasistationary states because they noticeably affect the 

behaviour the highest bound states of the deformed nucleus, The wave 

functions and the energies of the quasistationary states are calculated by 

the method presented in ref. 
12

• 

We have used the follo·wing values of the Saxon- Woods potential 

parameters: 

V • 48, 8 MeV; r • 1, 24 f 
0 0 

a•0,6Sf 

8 

• 

4' 
' ~ ' 

,, 
-~~ 

IC • 0,28 is the constant of the spin- orbital interaction. 

Fig.2 gives the space diagram- fragment showing the be 

the neuftoon states of the even shell at beta and gamma nucl· 

matlons. 

Fig,3 ·and 4 give the systems of upper neutron levels 

,., at f3 •0,16 and f3 • 0,32 respectively. 

For the sake of convenience, the even and odd states 

separately. 

The basic wave functions and the energies are given 

and n ( the parameters defining these functions have the sal 

as in ref,
12

), The asteriks denote the quasistationary states 

tinuous spectrum which are taken into account. The rank of 

matrix for even states is - 49, and that for odd states is 42,. 

In the calculations we have restricted ourselves to the 

the components with >. < 4 in ( 5) since the contribution of 

with >. : 6 -is very small ( see ref, 5 ) • 

As is seen from the above considerations we have tak 

count a large number of basis states of equal parity, The ne 

such an approach follows from the comparison of the data ot 

described approach with these obtained with the aid of the "~ 

shell" model which was used by Nilsson 3 and Newton 9 • A 1 

the neutron level system ({3·0,32) is given in Fig.5 as a 

of such an approach. The continupus lines show the behavic 

levels in our approximation the dotted line is the. same levels 

the "independent shell" model ( only states belonging to a gh 

interact , the rank of the energy matrix being sharply decrea~ 

that both cases essentlaily dUfer from one another. When the inter 

switched on between the shells there appear noticeable displ 

levels, the behaviour of the curve often changes. Fig,5 showl 

interaction between the shells spould be taken into account. 

9 
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Fig,2 gives the space diagram- fragment showing the behaviour of 

the neutron states of the even shell at beta and gamma nucleus defor­
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Fig,3 ·and 4 give the systems of upper neutron levels for different 

Y at fJ •0,16 and fJ • 0,32 respectively. 

For the sake of convenience, the even and odd states are presented 

separately. 

The basic wave functions and the energies are given in Tables I 

and II ( the parameters defining these functions have the same meaning 

as in ref,
12

). The asteriks denote the quasistationary states of the con­

tinuous spectrum which are taken into account. The rank of the energy 

matrix for even states is - 49, and that for odd states is 42,. 

In the calculations we have restricted ourselves to the account of 

the components with A < 4 in ( 5) since the contribution of the components 

A > 6 -is very small ( see ref, 5 ) • with 

As is seen from the above considerations we have taken into ac­

count a large number of basis states of equal parity, The necessity of 

such an approach follows from the comparison of the data obtained by the 

described approach with these obtained with the aid of the "independent 

shell" model which was used by Nilsson 3 and Newton 9 , A fragment of 

the neutron level system ( fJ • 0, 32 ) is given in Fig,5 as an example 

of such an approach. The continupus lines show the behaviour 6f the 

levels in our approximation the dotted line is the. same levels calculated by 

the "independent shell" model (only states belonging to a given shell 

interact , the rank of the energy matrix being sharply decreased). We see 

that both cases essentially differ from one another, When the interaction is 

switched on between the shells there appear noticeable displacements of 

levels, the behaviour of the curve often changes. Fig,5 shows that the 

interaction between the shells spould be taken into account, 
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5, Proton level system 

In order to calculate the proton one- particle levels 

the Coulomb potential of a deformed nucleus in a series in spherical Mn.-,tinnco 

The Coulomb potential is determined by the formula 

Putting 

v 
coul 

3(Z-1) 
s 

4tr R 
0 

e• f 
.. 

n ((3, y, r', ()', ¢') dr' 

l t- ~'I 

n(F3,y,r', ()',if>') • D (r') + D(f3,y,r',()',if>') 
0 

where n 
0 
(r') is the radial density of the charge of a 

(17) 

( 18) 

spherical nucleus 

of the same volume and assuming that it is described by the Fermi- type 

function, in just the same way as in section 3 we get: 

;(,B,y, r', ()' ,¢') • I cfl (,B,y, r') < (()',¢'). 
A,fl A ( 19) 

Using then the formulas 

and 

-for v 

where 

coul 

( 

...L !. ( ~ ) k P (Cos H ) , r' < t 
r k r k 

...L ! ( _r- )k P ( Coa H ) , r' > r 
r' k r' k 

l;- ;' l 

4rr 
p (Cos H) .. 2k+l k 

! vv* ( () ' .1. ' ) y v ( () ' .1. ) 
k ''I' k 'I' 

(,B,y,r,6;¢) we get: 

V (f3,y,r,6,¢)•! 
coul A fl. 

fl. ,.. 
DA (F3,y,r) \(6,¢) 

( 20) 

( 21) 

( 22) 

3( z-ue• 4w 
o"(,B,y,r).. 4rrR' 2A+l 

• I' r'1 r' A [ J C (,B,y,r)--(~) dr'+ 
a A r r ( 23) A a 

00 I' r A 
+ J C ( ,B, y, r') r' (- ) d r'] 

A r' 

Thus, in calculating the proton level system the radial matrix elements in­

clude the sum 

10 

• 

l 

,I 
i 
'( 

! 
·~\'< 

('i'l' ., I 

I' 

( 
ll 

I' fl 
C A ( ,B, r, r) + D A ( {3, r, r ) • 

. cl t Nd143 . . '!he proton level system for nuclei ose o IS g1ven 

In Fig,a the part of the level scheme calculated with t1 

of (24) (continuous lines) and for ~(f3,y,r)"' 0 (de 

given to show the effect of the term V 1 ( {3, y, r, 6, ¢) on the 
1101l 

levels. Different levels react to a different extent to the Cou 

distortion, This should have been expected since the radial 

ments essentially depend on the behaviour of the radial wave 

in the case of different states, have different form and value in th• 

D:(,B, y, r) noticeably differ from zero, 

6, Conclusion 

a'his paper is of a methodical character. 'The main ain 

construction of the method for calculating the one- particle s 

med nuclei using the realistic diffuse potential. 

It is established that in calculating the levels it is nee 

take into account the effect of at least neip..hbouring shells o 

rity, 

The method allows one to take into account in a eons 

deformation of the Coulomb potential. The results can b~ u 

correct solution of the problem of the existence of nonaxial 

in the transition regions. 

The authors are grateful to V,G,Soloviev for useful di 
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5, Proton level system 

the proton one- particle levels we have to E:fpancl 

deformed nucleus in a series in spherical ft;lnctions •. 

by the formula 

2 

e f n (fl, Y• r', ()', </>') d;' (17) 

I r"*- t' I rrR 
0 

' </>' ) .. n 0 ( r, ) + n ( f! ' y ' r, ' () , ' </>,) ( 18) 

radial density of the charge of a spherical nuc!eus 

that it is described by the Fermi- type 

way as in section 3 we get: 

I <(fl,y,r') V:(C'I',<f>'). 

( 

_j__ I (..I.:_ ) k P (Cos H ) , r' < T 
r '"' r k 

...L I ( __ r )k P ( Coe H ) , r' > r 
r' k r' k 

4, 
I vii"< 8,, </>, > vII < 8, </> l 

k k 2 k + 1 

we get: 

y' r, ()' </>) "' I 
All 

. 2 

ll ll 
D (fl,y, r) Y (8,</>) 

X A 

( 19) 

( 20) 

(21) 

(22) 

( Z -l)e _____!! 
4, R3 2 A+ 1 

r ,I , A 
f cll(fl,y,r)-r-(-L.) dr'+ 

o A r r ( 23) 0 

ll r A 
C (f!, y, r') r'(-) dr'] 

A r' 

proton level system the radial matrix elements in-

10 

• 

,, 

( 
"•"' 

t ; 

" ll CA (fl,y, r) + DA (f3,y, r ). 
(24) 

· t N 143 . . . F" 6 d 'The proton level system for nucle1 close o d 1s g1ven m 1g, an 7. 

In Fig,8 the part of the level scheme calculated with the account 

of ( 24) ( continuous lines) and for ~ ( f3, y, r ) • 0 ( dotted line ) is 

given to show the effect of the term V 1 (fl,y,r,(J,rp) on the position of the 
""" levels. Different levels react to a different extent to the Coulomb field 

distortion. This should have been expected since the radial matrix, ele­

ments essentially depend on the behaviour of the radial wave functions which, 

in the case of different states, have different form and value in the region where 

o:(fl, y, r) noticeably differ from zero. 

6. Conclusion 

Q'his paper is of a methodical character. The main aim of it is the 

construction of the method for calculating the one- particle states of defor­

med nuclei using the realistic diffuse potential. 

It is established that in calculating the levels it is necessary to 

take into account the effect of at least neip..hbouring shells of the same pa­

rity, 

The method allows one to ake into account in a eonsistent way the 

deformation of the Coulomb potential. The results can b~ used for a more 

correct solution of the problem of the existence of nonaxial deformed nuclei 

in the transition regions, 

The a·uthors are grateful to V.G.Soloviev for useful discussions. 
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Table 1 

Basic neutron functions 

---
State 

Enlj a b o 1 ________ __..,..J.... _____ 

1 1K 17/2 4 15.26 6.092 4.715 4.707 
2 1j 15/2 * 6.42 5.857 4.494 4.602 
J 1i 11/2 * 4.79 5.J52 4.019 4.117 
4 2g 9/2 * 1.87 ,.226 J.1J1 J.71J 
5 11 1J/2 -2.29 5.62J 4.19J 4.J86 
6 Jp 1/2 -J.05 4.091 1.855 2.696 
7 2f 5/2 -J.lJ 4.699 2.7J9 J.J27 
8 Jp J/2 -J.98 4.129 1.85J 2.702 
9 1h 9/2 -5.J2 5.112 J.7J6 .:3.924 

10 2f 7/2 -5.85 4.824 2.746 J.J76 
11 1h 11/2 -10,71 5.J75 J.8J4 4.09.:3 

12 Js -12.08 J.494 1 • .32J 2.169 
1J 2d J/2 -12.18 4.298 2.J1J 2.936 
14 2d 5/2 -14.05 4 • .:399 2.JlJ 2.955 
15 1g 7/2 -14.94 4.866 J.J8J J.6.30 
16 1g 9/2 -18.72 5.100 J.4.34 3.733 
17 2p 1/2 -21.Jl J.8JJ 1.816 2.444 
18 2p J/2 -22.29 J.898 1.815 2.452 
19 lf 5/2 -2.3.82 4.589 2.957 .:3.249 
20 1f 7/2 -26.2J 4.78J 2.985 J • .311 

21 2s -J0 • .34 .:3.202 1.202 1.826 
22 1d J/2 -J1.82 4.252 2.456 2.778 
2J 1d 5/2 -JJ.1J 4.J95 2.467 2.809 

24 1p l/2 -J8.77 J.785 1.860 2.191 

25 1p J/2 -J9.J2 J.87J 1.861 2.20J 

26 1s -44.65 J.011 1.081 1.407 
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19 1f 5/2 -2.3.82 4.589 2.957 .3.249 4.088 0.555 
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Table 2 

Basio proton functions 

-------------------- __ , ______ _ 
State Enl_J_ a ~L-__:--~-- N 

lj 15/2 * 
11 11/201. 
2g 9/2,. 
Jp 1/2.c 
2f 5/2 .. 
Ii lJ/2"' 
Jp J/2* 
lh 9/2"' 
2f 7/2 II 

Js 
lh 11/2 
2d J/2 
2d 5/2 
1g 7/2 
lg 9/2 

2p 1/2 
2p )/2 
lf 5/2 
1f 7/2 
2s 

1d J/2 
1d 5/2 
1p 1/2 
1p J/2 
1s 

• 

14.6) 
14.19 
11.18 

6.86 
6.61 
5.91 
5.77 
).86 
).40 

-2.)7 
-2.44 
-2.56 
-4.7) 

-5.86 
-10.)1 
-11.71 
-12.84 
-14.75 
-17.61 
-20.74 
-22.64 

-24 .2) 
-29.)6 
-)0.04 
-)4.86 

5.8)0 
5.315 
5.221 
4.114 
4.702 
5.614 
4.159 
5.097 
4.845 

J.54J 
5.)84 
4.)27 
4.444 
4.870 
5.1JO 
).894 
).970 
4.624 
4.840 
).)26 
4.)26 
4.491 
).9)0 
4.0)8 
J.JJ1 

4.588 
4.09J 
).185 
1.867 
2.777 
4.290 
1.867 
).806 
2.792 

1.210 
•• 078 
2.608 
2.58) 
4.412 
4.)2) 
2.086 
2.016 
).629 
).555 
1.J54 
2.821 
2.774 
1.9~0 

1.960 
1.050 
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4.711 
4.195 
J.786 
2.7JO 
J.J82 
4.488 
2.741 
J.977 
J.444 
2.0)2 
5.J84 
J.lll 
J.1J7 
4.796 
4.880 
2.868 
2.70) 
J.J56 
J.J84 
2.175 
2.86) 

2.890 
2.)26 
2.)49 
1.689 

4.817 
4.295 
J.857 
J.275 
J.789 
4.856 
J.J89 
4.404 
4#04J 

J.164 
4.222 
).427 
J.969 
J.902 
4.676 
).596 
J.6J7 
4.J04 
4.440 
).164 
4.049 
4.150 
).70) 
).767 
).175 

0.608 
0.594 
o.J99 
0.174 
0.)79 
0.610 
0.175 
0.601 
O.J80 

0.167 
o.68J 
O.J76 
o.J89 
0.676 
0.685 
0.)85 
0.)81 
0.59) 
0.572 
o.J7J 
0.546 
0.5)0 
0.491 
0.481 
0.419 

.. 
~ 
"' ... .... 

""-./ 
~ .. 'c 

~ ~ ~ 
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Table 2 --
Basio proton functions 

----------- 1 l 
·,~ l ... 

~ .. 
bl 0 b N 

... 
Enl_J_ a .... 

'----------
4.6J 5.8JO 4.588 4.711 4.817 0.608 

4.19 5.J15 4.09J 4.195 4.295 0.594 

1.18 5.221 J.185 J.786 J.857 o.J99 -I 
~ -

6.86 4.114 1.867 2.7JO J.275 0.174 
I 
< 

6.61 4.702 2.777 J.J82 J.789 O.J79 
.. 
~ 

~ 

5.91 5.614 4.290 4.488 4.856 0.610 
::.. 
<li 
~ 

5.77 4.159 1.867 2.741 J.J89 0.175 ::&.-< 
u 

0.601 J.86 5.097 J.806 J.977 4.404 Q .. 
;:;. -

J.40 4.845 2.792 J.444 4,04J O.J80 .. -
~ 
~ 

J.54J 1.210 2.0J2 J.164 0.167 . .:&. ::&. 
I .. 

5.J84 •• 078 5.J84 4.222 o.68J ~ -< 
~ ~ 

4.J27 2.608 J.lll J.427 O.J76 ll ... 
-;1 k 

4.444 2.58J J.1J7 J.969 o.J89 .. -< .... 
N 

4.870 4.412 4.796 J.902 0.676 

5.1JO 4.J2J 4.880 4.676 0.685 ... .1(. I ~ "ol(, ii l ~ 0 .... '" .• 
~ ~ .. Ill 

J.894 2.086 2.868 J.596 O.J85 ,., ,;,. ~ ., .;. "' .:c ~ c 
l;' 

.S! 

J.970 2.016 2.70J J.6J7 o.J81 
.. , 0 
.: c 

I! .a 
4.624 J.629 J.J56 4.J04 0.59J G) 

4.840 J.555 J.J84 4.440 0.572 
.. 

~ 

J.J26 1.J54 2.175 J.164 O.J7J ,..; 

4.J26 2.821 2.86J 4.049 0.546 ~ -... 
.2J 4.491 2.774 2.890 4.150 0.5JO ~ 

"" J.9JO 1.9~0 2.326 J.70J 0.491 
... 
"'-' 

-,!!,... 

4.0J8 1.960 2.J49 J.767 0.481 ~I 
~ 9 c •j ~ ~ 

J.JJ1 1.050 1.689 J.175 
• c 

0.419 :.~ .... '~ I ~ 7 .., 
~. ; I .. t .. 

·- ooc"' .. "'~ .:. .... :c 
i () '1' " 

I 
~ ~ '!' ' ~ ljl 
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