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                                                                         L,R = o
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R
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L – NL( L,  = 0o) L’–

NL’( L ,  = 0o) R, R' – , NR( R,  = 180o) NR
‘( R,  = 180o), .

NL,R( L,R, L,R) :

                             

ECEAp

EnNN

EdRLy

EdRLoRLRLnRLRLRL

RL

RL

,sincos,
2

31

,,

,,

,,,,,,,

,

,

,                                                      (3) 

L,R – ( L = 0, R = ),  «+» L = 0 

«-» R = ; n – ; Nn –  1 2; L,R – 

; L,R – ; p –

; < o( L,R,E)>d , E – ,

d L,R , , ,

, ; <Ay( ,E)>d , E – 

, d L,R , ,

,

 ( ). 

( -  = 0).  <C( ,E)> - 
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 (2) , = 0

 ( . .1) 
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, L = R =  d L = d R = d .

                                                     
R

R

L

L

b
EE

Ed
oEdo

2

1
,,

,

'
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 ,                                            (4) 
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, d ,
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d

EE
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oEdo EddE
dE

E
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2/1

,
sin,

11
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o
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d L  d R,, 

                                                                   

y

y

Ap
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rr

rr

2/31
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1/
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EdRyEdLyy

RL

EAEAA
,,

),(,
2

1
                                                 (7) 

                                                 
EdRyEdLyy

RL

EAEAA
,,

,,
2

1
 ,                                               (8) 

 = 0,  <Ay( L ,E)>d , E = <Ay( R ,E)>d , E = <Ay( ,E)>d , E. , :

                  1) y( ,E) = 0 y( ,E) = const ( ).

,  <Ay( L ,E)>d , E <Ay( R ,E)>d , E  20% (  = 

0,1).  = 0,25 EA , y( ,E)  1,25% ;

                  2) L = R =  , , (t)/2 = 0;

                  3) d L = d R = d  - , , -

, .

, r’ = 1.  2) -

 (2) 

                                                                                      
L

R

R

L

r

r
 .                                                                              (9) 

 3)  y( ,E) (7) 

                                                               
1

11

3

2
,

, r

r

p
EAA

Edyy  .                                                    (10) 

,   < o( ,E)>d , E

<Ay( ,E)>d , E -

.

 ( . . r’=1 ) -

                                                                                
RL

21
 ,                                                                           (11)   

                                                                              
RLp

Ay

211
 .                                                                      (12)   
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, ,

, , .

:

1.  ( )
2

 ( . .2, .3 .4. ).

2. ,

 [6]. 

3.  ( ,

, .). 

:

. , .

:

1.

 ( , .).

, -

-

 [1]; 

2.

, , ,

.

. , , :

1.  [6],                   

;

2.  ( , )

, ,

 ( .5). 

. 2. 
9 -197 u,

-
9

d=2,8 L= 100 .

. 3. 
12 -197 u,

d=2,2 L= 90 .

-

, .

/ u  N(Be)/N(Au) = 63±2,5 

( .4). = 30

d= 2,8 , .

.

d= 2,3  55 ,

.
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,

. ,

, .2 ( ).

. ,

, ,

.

.
12 (d,p1)

13C.

, , .

.

,

.

2-4%  3-4% .  ( 1,5 )
9 (d,t1)

8 .

. 4.  (

)

  (197Au)  :

) – 12  + 197 u   (<b> = 73  2);

) – 9  + 197 u   (<b> = 63  2,5). 

.

. 5. - -

.  – -

- , - -

:  (1) – r 3,4 = 1,094 0,015   (3) – r 1,2 =0,970 0,015.

 –  rAu (2) – <rAu
3,4> = 

1,077 0,017   (4) – <rAu
1,2> = 0,985 0,019;  1,2  3,4 -

. -  (5), ,

-  rR

 =  0,5 /2. (6) – <rAu
3,4>/r 3,4 = 0,994 2,3%   <rAu

1,2>/r 1,2 = 

1,015 2,5%, . . <rAu> = 1,000  0,016 

, .

 [7-9], 

 1,0-2,5 .  2,5 

 4,0 .

 11,8 .

 [10] 

- d = 2,0; 2,3; 2,5;  2,8 

 50  150 d = 2,0; 2,3  2,5  30  – 150 d = 

2,8  10 . ,

 [5]. ,

,

.  (3,4) 

,  (1,2) – . , ,

, ,  6,5 ,  – 7,0 .

 1 /  3-4 .

, -

 12,5 .
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d = 

2,2  [3].  = - 0,22 ± 0,02. 

 2,3  2,5 

 [8], ,

, . [8] 

( )/ R( ). 

 100 .  [9]  2,0 

, . . ( )/ R( ) .

,  90  -120 .

( )/ R( )

 2,8 .

-

 2,0 – 2,8 .

 - 0,3  130 .

 [10]. 

,

.

= 45 -70 =75 -

100 . d = 2,8 d > 11 

 [16,27,28,30-32] .

, , -

 [11,12]. 

 1 

 ( ( ), d( ), 

( ) = d( ) 11

)  Sj
l (

 1  Sl
l+1, Sl

l – 1, Sl
l l). 

, , , D, ( ) :

                                                                                ( ) = 

ABC

DED

CBA

.                                                           (13) 

,  [13]: 

                                                      ( ) = [ A
2
 + 2( B

2
 + C

2
 + D

2
 + E

2
)]/3 ,                         (14) 

                                                             P( ) =  n
DEBDAC

o )(

Im

3

22 ***

 ,                                                  (15) 

n – n = (ki  kf )/ ki  kf .

:

                           iT11( ) = i[(A
*

 – AD
*
) + (B

*
E – BE

*
) – (C

*
D – CD

*
)]/ 6·  ( ). (16) 

( ) = 

( ) -

.

,  = ReA + ImA; A* =  ReA – ImA A 2 = (ReA)2 + (ImA)2,

,

fc
l( ), Sl±s, l l
j = l ± sd, ( sd – c ), l

l Pl(cos ) Pl
n(cos ). 
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. 6.  OPTIK ( )

 ( )

 (  –  OPTICS 

 [15],  – )

( )/ R( )   iT11  
13

d=15 .

 [14]. 

 OPTIK 

.6 

OPTICS [15]. ,

3 5% .

 iT11

 5 8%.

. ,

l
.

, ,

 [11], 

-

- .

-

, : 1) –  [18,19], ; 2) – -

 [17],  SH; 3) –  [16], 

 1,1  2,5  [11]. -

-  Vr ~ 100 ,

 Ws ~ 10 ÷ 16   ( .1).

d=2,8 ,

 2,0  2,8 d  = 2,4  = 0,8 .

                    V(r) = - Vrfm(r) – iWvf(r) + iWs4aw [dfi(r)/dr] + Vso ( /m c)2 (1/r) [dfm1(r)/dr] (l · s),                                (22) 

fm,i,m1(r) - fm,i ,ml(r) = {1 + exp [(r – Rm,i,ml)/ao,w,so]}
-1 Rm,i,ml = ro,w,soA

1/3.                         

- ,

d =1,8  [11],  ( .7). 

.

 ( > 90 ),

,  = 130 160 .

 ( . .7).

,

, 9 ,

,

. -

, ,

 30  60 ,

.

 SH [11] -

 Vso =14÷15 
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 Vr = 102,0 , rr = 1,05 , ar = 0,9 . ,

- 40  [17,35] 9
d=11,8  [30]. 

 [11]  

-  Vso = 15,0 , rso =1,15 , aso = 0,81 ,

 > 80 .

. 7. -

( )/ R( ) y

Ed= 2,8 

) P, ) SH, ) H, 

 [11]  1,8 

.  – -

;  – Vso= 4 ;

-  – 6,0 ;  – 10,0 ;

– 15,0 .

,

SH,

.

- -

,  [11]. 

,

,

,  ( . .7) 

-  Vso~

15,0 .

 ( 150 ), 

- -

 ( - , -

),

.

 1.  ,  ( rc=1,3  ). 

[ ]
d

  U   rr

   

  ar  Wd   ri   ai i
2(Ei)

   ( 2)

[11] 1,8 114,2 0,869 1,01 16,0 2,160 0,323 284  [16],  Fitz W., et.al.  

 SH    [11] 1,8 102,0 1,050 0,90 10,0 1,930 0,460    553  [17,30,35] Schwandt P., HaeberliW 

  P [11] 1,8 95,44 1,150 0,81 10,8 1,575 0,585    647 [18,19,29], Perey C.M., Perey F.G.  

  Z    [21] 2,8 112,5 0,900 0,90 4,25  2,861 0,493    Satchler G.R [21] 

BD6 [18] 2,5 92,1 1,200 0,74   6,0 1,200 0,920  (33,4) [20],  Hodgson P.E.(Satchler G.R.)

, .

( )/ R( )

( ( )) - ,

.8. 

, .8 ,

.

,  (  [13]), 
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,  [34] ( -
40

d = 11 ), .

                     

. 8. -  – ( )/ R( )  – ( )

 [11] ( . . 1) -

d = 2,8 .  [18,29].
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,

 3- .

, ,

> 140 . , - ,

,

.

-

 ( . .8):

1.  Vr

 (  > 100 ) ( )/ R( ) < 1,  (  = 40  90 )

2- .  2-

,  1-  – ` , . .

.  Rr = rrA
1/3. ,

,

 [16,27,30,32].  –  VrRr
2 = const., 

 Vr  Rr.

 Vr  Rr

.  Vr  Rr

 > 90 ,

.

.

,  1- , ,

.  1-  2– .

,

, ( )/ R( ) ,

, ,  3- .

 – 

,

.

2. . ,  Vr

, ,

( )/ R( )  (  < 90 )

 (  > 90 ) .

)  Ws  1-  (  < 90 ) -

, 2-  3-   (  > 

90 ) .

 3- . ( )/ R( )
9  ( . . 9, 11, 13). 

,  1-  3- ,  2-

. ,

.

)  Ws  1-  (  < 90 ) – .  > 90

2-  3- -

, ( )/ R( ).

)  Rw.

> 120  120

,  3- .

)  Ws , aw

 1- ,  2-  1-  (  < 90 )  120 ,

. > 120 -

aw  0,383  0,785 .

, . ,

aw ,  1-

.

3. -

 2-  (  > 90 ) ( )/ R( ) >

150 .
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.

.

:

1. ’ d = 2,8 

 (

< 90 )  (  > 90 ) .

2.

( )/ R( )  < 1 

 (  – 0,7) 

.  1-

 « » .

3.  1-

( )/ R( )

 (  = 20  80 )

.

4. ( )/ R( )

 (  > 80 )

.

5.

:

)  2- -

 (  ~ 140 )

)  3-  = 150  180 ,

 2- ( )/ R( )

.

6.

 ( w).  

7. -

d = 2,8 .

8. - -

( )/ R( )

-

.

 Vr2 = const., Wa = const. . ., , , .

. ,

,

' , .

,

, ( )/ R( )

,  180 . ,

, .

2

, ,  FYMILI [20] 

  OPTIK [14].  

2
=

1

N

2

1

/ /

/

N
i R i i R i

i i R i

2

1

N y j j

j j

A

.(23)

,

,

 ( .  2). 
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 2. '. 

/

( i)/ R( i) ( ( i)/ R( i))

 10%, ( i)  – 20%. 

      1  Vo, Ws,  Vso      2 – 3 ' -

      2      ao, Ws      2 1 2 =3,8 . 3. 

      3    rw, aw, Ws      2 

      4 Vo, ao, Ws, rw, aw       1    (SH)'  1 3. 

      5   Vo, Ws, Vso       1  

. 9. -

) ( )/ R( ) )

( ) d = 2,5  2,8 

 2,0  2,8 

<Ed> = 2,4  = 0,8  ( ¤ –

‹ ( )/ R( )›  ‹ ( )›)

. d = 2,8 

:  – 1;

 – 3; -  – 1. d = 

2,5 :  2 – 

BD6 ( .1);  – 

( .1). d = 2,4 :    1 – 

2.

1 -

 [11] 

 (SH) ( . .1) -

 Vso =14 

 ( .  (SH)’ . 3). 

 ( .9.) 

,

( )/ R( )

 140  ( 2  = 2,5), 

 ( 2  = 

14,5).  , -

1 - ( ’), 

.  145

-

.

.

.

3, 2 1, 

( )/ R( )

( 2  = 4,2)  ( 2  = 6,9)  ro ~ 1 . -

,

- 40  [17]. ,

Ws, - ,   Vso . 

1 -  10,0 

 [11] ( ro = 1,15 ) rw . -

 ( 2  = 3,8) d = 2,8 ,

 ( 2  = 4,22). 
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 3. -
9

d  2,8 . , rc = 1,3 

d -   Vo   ro   ao  Ws   rw  aw  Vso   rso  aso
2 2 2

 2,8     H’ 114,2 0,869  1,01  16,0  2,16 0,323   6,0   0,869 1,01    

 2,8 (SH)’ 102,0 1,05  0,90  10,0 1,93 0,46 15,0 1,05 0,9    

 2,8 P’ 95,44 1,15  0,81 10,80 1,575 0,585 10,0 1,15 0,81    

 2,8 1 102,0 1,05  0,90 10,00 1,93 0,46 14,0 1,15 0,60    8,7  2,5  14,5 

 2,8 3 101,1 1,04  0,89 15,19 1,95 0,43  5,15 0,95 0,60    5,6  4,2   6,9 

 2,8 4  89,6 1,05 0,931 10,00 1,80 0,60 10,0 0,90 0,60    

 2,8 1 95.44 1,15  0,79 10,80 1,70 0,585 10,0 1,15 0,60    3,8 3,34 4,22 

 2,4 2 93,44 1,15  0,80 14,28 1,63 0,616 9,57 0,95 0,60    5,3 3,12 7,20 

 2,4 3 93,49 1,14  0,86 10,73 1,70 0,635 9,55 0,90 0,60    1,66 2,02 6,00 

, 1, 2

2 d = 2,4 .

 [34] 40 ,  Ws  Vso.

.9 ( )/ R( ),

,

 2,5  [11,12]. ,  2-

, ,  1- -

 (

 [21] ( . .12) ,

 [22] d =5,25 .

,

( ,l,s) ( ’,l’,s’),

        

LSlssl

L

ss

aA

PsLJJllZsLlJlJZJccU
JJd

d

,'',

2'
2

cos;'';'
12124

,       (24)

Ja JA  – ,  – - , J

 – , s – , sLlJlJZ ;  – Z-

PL(cos ) – .

L .  Z-

, L .

 = 90

.
2

U l = 

1 - l
2,  - , S- ,

l ( ). 

                                                                    

c

J

c

J

c

J

c

T

TT
JccU '

2

'   .                                                                   (25) 

-

 LEANA [36], 

,  30  (d,d), (d,d’), (d,n), (d,p), (d,t), (d, )  (d, ).  

 ( )

                                                                       ( ) = . .( ) + R . .( ),                                                                     (26) 

. .( ) = ( ) , , . .( ) = .- .( )

, -
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PARAMETRIZATION OF THE OPTICAL POTENTIALS FOR  ELASTIC SCATERING OF THE LOW 

ENERGY DEUTERONS BY 
9
Be

V.D. Sarana 

V.N.Karazin Kharkiv National University, 61077, Svobody sq. 4, Kharkiv, Ukraine 

It is consider characteristic property of parameterization of the phenomenological optical potentials for elastic scattering of a low 

energy deuterons by 9Be with simultaneously account of the differential cross section and VAP by the spherical optical model. Some 

lines of the parameterization are considering in detail. It is obtain that in region of the low energy the spin-orbital interaction may be 

important. It is shown that there are some problem connected with the location of the large interference minimum at low energy 

scattering deuterons on 9Be and his description in frame of being parameterizations of the optical parameters at simultaneously 

account of the differential cross section and VAP. 

KEY WORDS: elastic scattering deuterons, beryllium, optical model, potential parameterization
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