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 [ 10—13 ].

p x x = R

E  ( p)2/2m = 2/2mR2,  — En = 2n2/6 2R2m* (R — 

, p — , x — ,  — , m, m* — 

) [ 9 ].

, - ,

, , , -

 [ 15 ]. 

,

E = e2/2C (  — , R) -

kT [ 1 ].  ( -

) -

 [ 16—21 ].

,

, Fe, Rh,  [ 22 ]. -

 Nbn  N2  D2, -

 ( ) n = 3, 5, …, 35 n = 2, 4, …, 20,

n = 8, 10, 16 [ 1, 23 ].

 Pd ,

 [ 1 ]. 

EF ,

, T 0

, -

 [ 1 ].

c = kT/d (d = EF/N; d — , N — 

)  Pdn, d/k  12; 4,5; 3,0  0,0060 K -

n = 561, 1415, 2057,  15 

(T 1 K), ,  [ 1 ]. -

c T 2, , -

.

, -

X - , d- , ,
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,  Cr(VI).

 — -

( , , , ,
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) n  ( -,

- ) -
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-
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- -

-
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)  ( s , , , -

 Zn, Cd, Ag):



. . , . . , . . , . .140

1

n

i ic  (i,  = 1, 2,…, n), (1)

n — . —

ˆ
i i iF (2)

ci

1

( ) 0
n

i ic F S  ( ,  = 1, 2,…, n), (3)

µ µ
ˆF F µ µS  — F̂ —

 (S  = 1 ).

 (3)  ( ) ,  ( -

) :

µ µ 0.
i

F S (4)

 (4) i,

(3) ci  (1), , i -

i i  = 1, i i  = 0  (i i ). (5)

, , ,  [ 24, 25 ],

,  [ 26, 27 ],  [ 28 ], -

 [ 29 ], -

 [ 16—21, 30, 31 ] -

 ( ) [ 32 ]. -

.  (1)—(4) -

, , -

.

-  [ 33 ]  (3)  (4):

ci  (3)  (4) -

i, .

 (1)—(4)  ( )

 ( ) i .

 [ 33 ]

1

,
m

i

k k

k

R T R (6)

T(Rk) — Rk ( , , -

), i(Rk) — i, k m

. i  (6) 

. - i -

 (6) -

, .

, i

, Ni

(Ni = 1, 2, …). i i  (  = 1, 2, …,

m —  i, m < n)

1

,i ia (7)

i
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µ µ

µ 1

.
m

i i i
c (8)

 (3)  (4) i

 (n < m):

µ µ µ

µ 1

0,
m

i i
c F S (9)

µ µ
0

i
F S  ( ,  = 1, 2, …, m < n),

i Fi i Si i .

i  ( ,  = 1)  (8)  (9) 

i = i, i = F . (10)

-

 (3)  [ 34 ]

µ 1 µ µ 1
0,c xc c (11)

 – 1,  + 1 —  ( i c

),

µµ µ,µ 1 µ,µ 1
,

i
x F F S (12)

µ,µ 1 µ,µ 1 µ,µ 1 µ,µ 1
.F S F S

 (n —  ( ) )

c  = c +n, (13)

 (11) 

2
sin

k
c

n
(k = 0, 1, 2, …).        (14)

 (14)  (11), 

2 2 2 2 2 2
sin ( 1) sin sin ( 1) 2sin cos sin 0,

k k k k k k
x x

n n n n n n
    (15)

1 1
sin sin 2sin ( )cos ( ).

2 2

 (12) :

2
2 cos .

k
x

n
            (16)

 (12)  (16), :

µµ µ,µ 1 µ,µ 1

2 2
2 cos 1 2 cos .

k k
F F S

n n
(17)

n ,  (14) 
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2

n
k (18)

1
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n
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 (17) , k, k = 0 
2

n
k , ,

 (14) ,  (11) ( -
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 Mn

M2.  M2

 Mn  (n = 3, 4, …). ,

D h, -

 (6) s-  1  2 g -

u , 1
g

1
u

:

1 2
1 2 1 ,

g
s s S

1 2
1 2 1 ,

u
s s S (20)

1 g 1 u  (9) -

 (20) F̂ :

1 + 1 ,g S 1 1 .u S                  (21)

-

, µ µ 1, 2, ...,s n  — s- - ,

1 1 2 2
ˆ ˆ ˆ... n ns F s s F s s F s  — F̂ ,

µ µ 1 µ µ 1
ˆ ˆs F s s F s  — , S —

.

 M2, , -

s1 ( , , )

s2 ( , , Zn, Cd, Hg) - -

.

,  M2 s1 -

I, 1 ( 1 = 1/  — ),  ( -

), D,

D , , :

              1 1 ( ) /(1 ) ( ),gI S

2

1
1 1 2 1 2 ,u g s S

                                            
2 2 1 2 22( ) /(1 )

[2( ) 2( )] /(1 ) 2( ) 2 ,

gD S

S S s

                     D  = D/2 = [(  – ) – (  – S)]/(1 + S)  –(  – s)/(1 + s) – , (22)

ˆ( )s I s F s  — F̂  M, -

s I .

 (22) S,

s- ,

F̂ F̂ ˆ ˆ ,s F s s F s

 M2.

M3.

D h D3h  ( . . 1).

 (6) 

,1 1 2 2g s s 1 2 2u s s  (20) S - -

 1  2  M2, s3 -

3 g , . . ,2 3.g s
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 Mn (n = 2—5) s = 0 

, -

, -

 [ 35 ]. 

 Mn .

 M3  [ 32 ] -

 M2 s- s3.

ˆ1
u uu F (23)

1 2
1 2 ,u s s (24)

. g -

 (9) 
1 2 1 2 3 3

ˆ ˆ2 2 ,s s F s s s F s

1 2 3

ˆ2 2 ,s s F s
1 2 3

2 2 .s s s S  (9) 

2 22
0,

2

s
S

s
(25)
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1 ( 2 ) /(1 2 ) 2 1,41 ,g S (26)

2 ( 2 ) /(1 2 ) 2 1,41 .g S (27)

c3 c1,2 s3 1 g

3 1,2

3 1,2

2 0,

2 0.

c c S

c S c

                  (28)

 (28) + (26) – (27), c3+ = c1,2+ c3– = c1,2–. -

, 1 g 2 g :

1 g 3 3 1 2 3 1 2
2 2 2 1 2 ,c c s s s s s S

2 g 1 3 1 2 3 1 2
2 2 2 1 2 ,c s s s s s s S   (29)

c+ c– 1 1 1
g g

2 2 1
g g

.

 M3 S = 0 .

I1, I2, 1, 2, D D :

1
1 ,

u
I

2
1 ( 2 ) 1 2 2 1, 41 ,gI S

          
1

2 1 2 1 2 2 1, 41 ,g u S S

                          
2

2
2 1 2 2 1 2 2 2 2,82 ,g g S S

3 2 1 1 2 2 1 2 2 2 2,82 ,g uD s S

D  = D/3  –0,94 . (30)

I1, I2, I3 — ,

 ( , ).

,  M2  M3 I1, 1, D D -

,  ( -

) .

 M3 D3h

 (6) :

1 1 1 2 3
1 3 1 2 ,A A s s s S       (31)

1 2 3 2 3
1 2 6 1 , 2 1 ,E E s s s S s s S               (32)

.

1 1 1
ˆ1 2 1 2 2 ,A A F A S (33)

1 1 1
ˆ1 1 .E E F E S (34)

 M3 D3h

.

1 1
1 1 ,I E S

I2 = –1A 1 = –(  + 2 )/(1 + 2S) –(2  + 2 ),
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2

1 1 1
1 1 3( ) 1 2 3 ,E A S S S

2 2
3 2 2 1 2 3 ,D S S S S S

D  = D/3  – .           (35)

,  M3 I1 -

, I2, 1, D, D 2 2 3 , . . -

.

,  (31), (32)  (33), (34) -

 (14)  (17) .

M4. , -

, ,

( . ).

 (6) D h -

 M4 ( . ) s- ,1g , ,1u  (20) ,2g , ,2u

,  1 3, 2 4 S ( -

 3  4  1  2):

1 2,1 2(1 ) ,g s s S
1 2,1 2(1 ) ,u s s S

,2 3 4 2 ,g s s ,2 3 4 2 .u s s

F̂ :

,2 ,2 ,2 ,2
ˆ ˆ ,g g u uF F

,1 ,1
ˆ 1 ,g gF S ,1 ,1

ˆ 1 ,u uF S

,1 ,2
ˆ 1 ,g gF S ,1 ,2

ˆ 1 ,u uF S

,1 ,2 1 ,g g S S ,1 ,2 1 .u u S S          (37)

 M4  ( +

– g u )

2

22

2

1 1 1 1

1

1

1

1 0,

S S

S S S s s

SS S

S

S S S S

x x

x = (  – )/(  – S).     (39)

xn+1 = xn + 1 

, n = 1, 2,

3, 4  1,618; 1,465; 1,380; 1,344, 

yn–1 = 1/yn, . . 0,618; 0,465; 0,380; 0,324.

 (38) 

1,2

1 1 1 5 1 2, 24
4 0,62; 1, 62.

2 4 2 2
x  (40)

(36)

(38)
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 (39) :

1 (1 5) / 2 / 1 (1 5) / 2 ( 1,62 ) /(1 1,62 ) 1,62 ,g S S     (41)

2 (1 5) / 2 / 1 (1 5) / 2 ( 0,62 ) /(1 0,62 ) 0,62 ,g S S    (42)

1 ( 0,62 ) /(1 0,62 ) 0,62 ,u s     (43)

2 ( 1,62 ) /(1 1,62 ) 0,62 .u s     (44)

c1i c2i ,1 ,g ,2 ;g ,1 ,u ,2u 1 ,gi 2 ;g

1 ,u 2 u

1 2

1 2

1 1 0,

1 0,

i i

i i

c S c S S

c S S C

    (45)

,

2 1 2 11 1 [ 1 ] 0,
i i i i i i i ii S s c c S S c cc   (46)

2 1
1 1 ,

i i i i
c c S S x S       (47)

c1i i i  = 1 
1 1 2 1 2

:
i i i

i c i c c i

1 1

2 2
2 2

1

2 2

1

1 1 1 2 1 1 1 1 2 .

1 1 1 4 (1 )
i i i i i

x S xS S S x xS

C s s s s s
  (48)

1
2

2

,1 ,21 1 1 1, 62 2 1, 62 ,g g g s S     (49)

1
2

2

,1 ,22 1 1 0, 62 2 0, 62 ,g g g S S      (50)

1
2

2

,1 ,21 1 1 0,62 2 0,62 ,u u u S S      (51)

1
2

2

,1 ,22 1 1 1,62 2 1, 62 .u u u S S      (52)

 M4 s = 0 , -

:

1 1 ( 0,62 ) /(1 0,62 ) ( 0,62 ),uI S

2 1 ( 1,62 ) /(1 1,62 ) ( 1,62 ),gI S

1

2

2 1 0,62 1 0, 62 ( 0, 62 ) 1 0,62

1, 24 1 0,384 1, 24 ,

g u S S

S S

2

2

2 1 1,62 1 1, 62 0,62 1 0, 62

2, 24 1 2, 24 ,

u u S S

S S S
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3

2

2 1 0, 62 1 0,62 ( 1,62 ) 1 1, 62

2, 24 1 2, 24 ,

g g S S

S S S

4

2

2 1 1, 62 1 1, 62 ( 1, 62 ) 1 1, 62

3, 24 1 2,624 3, 24 ,

u u S S

S S

2 2

4 2 1, 62 1 1, 62 2 0, 62 1 0, 62

4, 48 4 1 2, 24 4, 48 ,

D S S

S S S S

D  = D/4 –1,12 .

 M4 D3h -

 ( . . 1) 1,1A 1E  (31)  (32) 

s = 0 1,2 3A s , F̂ -

:

1,1 1,1 1,2 1,2
ˆ ˆ ˆ ,A F A A F A E F E

1,1 1,1 1,2 1,2
1,A A A A E E         (54)

                                              
1,1 1,2

ˆ 3 ,A F A
1,1 1,2

3 .A A

,

1E  = , (55)

1E  (32) S = 0. 
1

A c

2 23
3 0,

3

S
S

S
   (56)

1
1 3 1 3 1, 73 ,A S

1
2 3 1 3 1, 73 .A S (57)

c1 c2 1,1
A

1,2 3
A S

1 2

1 2

3 0,

3 0,

c c S

c S c

2 1

1 2

3 ,

3 ,

c S c

c S c
    (58)

2 1

1 2

,
c c

c c

2

2

1

1,
c

c
c2 = c1.     (59)

,  (57) 
1

1A
1

2A , -

1 1,2 1,1
1 2 3 ,A A A S

1 1,2 1,1
2 2 3 .A A A S   (60)

 M4 D3h, -

1
1 ,I E

2 1
1 3 1 3 3 1, 73 ,A SI

11
2 1 ( 3 ) 1 3 3( ) 1 3 3 1, 73 ,A E S s s

(53)
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2 1 1

2

2 1 ( 3 ) 1 3 ( 3 ) 1 3

2 3( ) 1 3 2 3 3, 5 ,

A A S S

s S

1
4 2 1 2 1 2 3 1 3 2 3 3, 5 ,D A E S S

D  = D/4 –0,88 .                (61)

 M4 D4h, , -

A1g, B1g Eg, -

 (6) s1- s1- s2-

.

1 2 3 411 2 1 2 ,gA s s s s S
1 2 3 411 2 1 2 ,gB s s s s S

1 3
1 2,uE s s

2 4
2,s s     (62)

Eu S -

1—3  2—3  1—2 ( 2 1, 4 -

).

:

1 111 2 1 2 ,ˆ
g ggA A A SF

1 111 2 1 2 ,ˆ
g ggB B B SF     (63)

1 .ˆ
u u uE E EF

 M4 D4h, -

:

1
1 ,uI E

2
1 2 1 2 2 ,uI A s

1 11 1 ( 2 ) 1 2 2( ) 1 2 2 ,gB E S s S

2

2

1 11 1 ( 2 ) 1 2 ( 2 ) 1 2

4( ) 1 4 4 ,

g gB A S s

S S

14 2 1 2 1 2 4 2 2 1 2 2

4 1 2 4 ,

g uD A E S

S S

4 1 2 .D D s s            (64)

 M4 D2h

( . ) :

1 2,2 2(1 2 ),gA s s S
3 4,2 2,gA s s

1 23 2 1 ,uB s s S
3 42 2.uB s s  (65)

F̂

,1 ,1 1 ,ˆ
g gA A SF ,2 ,2 2 2 ,ˆ ˆ

g g u uA A B BF F

3 ,1 3 ,1 1 ,ˆ
u uB B SF ,1 1 ,2 2 1 ,ˆ

g gA A SF             (66)

,1 ,2 2 1 .g gA A S S

, B3u B2u

31 1 ,uB S
2

1 ,
u

B  (67)

Ag
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2 2

2 2

1 2 1 2 / 1

2 1 2 / 1

( ) 1 2 / 1

2 / 1

[ / 1 ] / 1 4 / 1

2 2 4 4 0,

S S S S

S S S

S S S S

S S

S S S S S

S S x x

   (68)

x  (39).

 (67) 

x1,2 = –2,56,  1,56, (69)

, ,  (39) 

1 2,56 1 2,56 2,56 ,gA S 2 1,56 1 1,56 1,56 .gA S     (70)

,  (3), 

1 2

1 2

1 1 2 1 0,

2 1 0,

C x s C s

C x s C
(71)

1 2

1 2

1 2 1 0,

2 1 0.

c x c S

c c x S
(72)

c1 c2 x = x1 = –2,56 

2 1 1
1,56 2 1 0,78 1c c S c S  — 

2 1 1
2 2,56 1 0, 78 1c c S c S , . .

.

,  (71) x = x1 = 1,561, 

2 1 1
2,56 2 1 1, 28 1 .c c S c S c1

1 1g gA A 2 2g gA A ,

,1 ,21 0, 78 1 1 (0, 61 3,12 ) 1 ,g g gA A A S S S

,1 ,22 1, 28 1 1 1, 64 5,12 1 .g g gA A A S S S            (73)

D3h -

, :

1 21 ,uI B
2 11 2, 56 1 2, 56 2, 56 ,gI A S

1 3 21 1 ( ) 1 ,u uB B S S

                                                 
2 1 22 1 1, 56 ( ) 1 1, 56 1, 56 ,g uA B S S

                                                
2

3 31 1 3, 56 ( ) 1 1, 56 2, 56 3, 56 ,u gB A S S S

                                                
2

4
2 1 4,12 1 4 4,12 ,g gA A S S S

24 2 1 2 1 5,12 1 2, 56 5,12 ,g uD A B S S

4 1, 28 1 2, 56 1, 28 .D D s s

 M4 ( . ) Td

A1 T2,  (6) s1 s1,

s2, s3 A1 T2 -

.

(74)
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1 1 2 3 4
1 2 1 3 ;A s s s s S

2 1 2 3 4
2 1 2 ,T s s s s S

1 2 3 4
2 1 2 ,s s s s S

1 2 3 4
2 1 2 ,s s s s S    (75)

1 1 1
ˆ1 3 1 3 3 ,A A F A S

2 2 2
ˆ1 1 .T T F T S      (76)

 M4, -

:

1 2
1 1 ,I T S

2 1
1 3 1 3 3 ,I A S

2

1 2 1
1 1 4 ( ) 1 2 3 4 ,T A s S S

1 2

2 2

4 2 1 2 1

4 3 3 1 2 3 4 ,

D A T

S S S S S

D  = D/4  – .             (77)

, -

 (D  = – ),  (D  = –1,28 ),

(D  = –1,12 )

(D  = –0,88 ).

M5. D h  ( . ) -

: ,1g , ,2g ,1u , ,2u , ,  M2,

 (20), (21)  1 3, 2 3 -

:

,1 1 2 ,2 3 4( ) / 2, ( ) / 2,g gs s s s

,1 1 2 ,2 3 4( ) / 2, ( ) / 2,u us s s s           (78)

5,3 .g s    (79)

F̂ :

1 1 1 1

1

,1 ,1 ,2 ,2 ,3 ,3 ,1 ,1

,2 ,2

ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ,1 ,1 ,1 ,1

ˆˆ ,1 , ,

g g g g g g u u

u u

F F F F

F S

1 1,1 ,2 ,1 ,2
ˆ ˆˆ ˆ,1 ,1 , ,g g u uF F S ,1 ,3

ˆˆ ,1 2 , 2 ,g gF S ,2 ,3
ˆˆ ,1 0, 0,g gF    (80)

1̂, .

u
:

2 2
0,

S
S

S

1 2

1 2

0,

0,

c c S

c S c
(81)

 M2 ( . )

1 1 ,u S (82)

2 1 ,u S (83)

1 2 3 4,1 ,21 1 2 1 2 1 ,u u u S s s s s S

1 2 3 4,1 ,22 1 2 1 2 1 .u u u S s s s s S          (84)



- s- 151

, c2/c1  (81) , -

c2/c1 = c1/c2,
2 2
2 1c c , c2 = c1, . . 1 u 2 u  (80). g -

3 2

2 1 2

( ) 0 1 0 3 3 0,

2 0 2 0

S S x

x x x x x

S x

    (85)

1 2 3

1 2

1 3

2 0,

0,

2 0,

c x c c

c c x

c c x

   (86)

x  (39).

 (81) 
1

3,x x2 = 0, 
3

3,x , ,

3 1 3 1, 73 ,1 g S (87)

2 ,g 3 3 1 3 1,73 .g S (88)

 (82):

x2 = 0, c1 = 0, 
2 3

2 ,c c c3

5 3 4,3 ,22 2 / 3 3;g g g s s s (89)

1
3 1, 73,x

1 2 3
3 3 2 ,c c c

2 3
2c c c3 ,

1 2 3 4 5

,1 ,2 ,31 3 2 3 1 3

3 2 6 1 3 ;

g g g g S

s s s s s S

(90)

3
3 1,72,x

1 2 3
3 3 2 ,c c c

2 3
2c c c3 ,

3 4 1 2 5

,2 ,1 ,33 3 3 2 / 6 1 3

3 2 6 1 3 .

g g g g S

s s s s s S

(91)

 M5

:

1
2 ,gI

2
1 1 ,uI S

3
1 3 1 3 3 1, 732 ,gI S

                                                               
1

|
2 2 ( ) 1 ,u g S S

2
3 2 3( ) 1 3 3 1, 723 ,g g S S

                        
2

3
2 1 2( ) 1 2 ,u u S S

                           
2

4
2 1 2, 72( ) 1 0, 72 1, 72 2, 72 ,u g S S S

2

5
3 1 2 3( ) 1 3 2 3 3, 44 ,g g S S                           (92)
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2
5 2 1 2 1 2 [5, 46 7,92 ] 1 2, 72 1, 72 5, 46 ,g u gD S S s s

D  = D/5 –1,05 .

 M5 D4h

( . )

1 2 3 41 ,1 / 2,gA s s s s
51 ,2 ,gA s

1 2 3 4
/ 2,uE s s s s

(s1 – s2 – s3 + s4)/2,
1 2 3 41 / 2,gB s s s s     (93)

1 ,1 1 ,1 1 1
ˆ ˆ ˆ ,g g g g g gA F A B F B E F E 1 ,1 1 ,2

ˆˆ ,1 2 , 2 .g gA F A S   (94)

,

11 1 ,u gE B 1 ,u uE E 1 11 ,g gB B     (95)

 1A1g  2A1g

2
2 2

4 0,
2 2

S x
x

S x
x1,2 = 2, (96)

11 2 1 2 2 ,gA S 2 2 1 2 2 ,gA S        (97)

x  (39).  1A1g  2A1g

1 2

1 2

2 0,

2 0,

c x c

c c x
(98)

x1 = –2, c1 = c2

1 2 3 4 51 ,1 1 ,21 1 2 1 2 [ 2 ] 2(1 2 ),g g gA A A S s s s s s S       (99)

x2 = 2, c1 = –c2

1 2 3 4 51 1 ,1 1 ,22 1 2 1 2 [ 2 ] 2(1 2 ).g g gA A A S s s s s s S     (100)

,

1 1 1 ,g uI B E

          
2 11 2 1 2 2 ,gI A S

1 1 1
2 1 ,1 2( ) 1 2 2 ,

g g u
A B E S S

                                           
2

2 1 1
2 1 4( ) 1 4 4 ,

g g
A A S S

1
5 2 1 3 1 2 1 2 2 ,

g u
D A E S S

D  = D/5 –0,4 .        (101)

 M5 D5h,  (16) 

(17), k = 0 

x1 = –2, 
1

1 2 1 2 2 ,A S (102)

k = 1

x2 = –2cos72  = –2 0,309 = –0,62, (103)

11 0, 62 1 0, 62 0, 62 ,E s (104)

k = 2

x3 = –2cos144  = –2 cos(90  + 54 ) = 2sin54  = –2 0,809 = 1,618, (105)

2
1 1, 62 1 1, 62 1, 62 .E S     (106)

 (11), ci (i = 1, 2, …, 5) -
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1 2 3

2 3 4

3 4 5

4 5 1

5 1 2

0,

0,

0,

0,

0,

c xc c

c xc c

c xc c

c xc c

c xc c

(107)

x  (39).

 (
1

1A
1

1 ;E
2

1E ) c4 = c3, c5 = c2  (107) 

1 2 3

2 3

2 1

0,

1 0,

2 0,

c xc c

c x c

c xc

(108)

, c3 c2 ,

c3 = –c1 – xc2 = –c1(1 – x2/2)    (109)

, c3 c3,

c3 = –c2/(x + 1) = xc1/2(x + 1).    (110)

 (
1

1E
2

1E ) c4 = –c3, c5 = –c2

1 2 3

2 3

3 2 1

1

0,

1 0,

0,

0,

c xc c

c x c

c xc c

xc

(111)

c1 = 0, c3 = –c2/(x + 1) c3 = –xc2. (112)

S A :

2

1 2 5 3 4 1
2 1 2 ,S s x s s x s s c                  (113)

2 2 2

1
1 1 2 1 2 2 2 2 2 1 2c x x S xS xS x

4 2 3
1 3 1, 5 0, 5 1, 5 2 ;x x x S S x S (114)

2 5 3 4 2
,A s s x s s c (115)

2

2
1 2 2 1 4 ,c x S xS (116)

c1 c2 S A .

 (113)  (114) :

x = –2
5

1

1

1 5 1 2 ,
i

i

A s S (117)

x = –0,618

1,1 1 2 5 3 4
1 0, 309 0,809 2, 499 1 0, 618 ,E s s s s s S (118)

x = 1,618
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2,1 1 2 5 3 4
1 0,809 0, 309 3, 499 1 1, 618 .E s s s s s S        (119)

 (107)  (108) :

x = –0,618

1,2 2 5 3 4
1 0, 618 2, 764 1 0, 618 ,E s s s s S       (120)

x = 1,618

2,2 2 5 3 4
1 1, 618 7, 236 1 1, 618 .E s s s s S       (121)

 M5 . 1, -

:

              
1 1

1 0, 618 1 0, 618 ( 0, 618),I E S

                                 
2 1

1 2 1 2 2 ,I E S

2

1 1 1
2 1 1, 382( ) 1 2, 618 1, 236 1, 382 ,E A S S S

                                           
2

2 2 1
1 1 2, 23( ) 1 2, 236 ,E E S S S

                        
2

3 2 1
1 1 3, 618( ) 1 0, 382 3, 236 3, 618 ,E A S S S

2

1 1
1 3 1 2 0, 694 1, 057 1 2, 618 1, 236 5,854 ,5 2 A E S S S SD

D  = D/5 = –1,171 .      (122)

D3h -

 ( . )

 (6) :

1,1 1 2 3
3 1 2 ,A s s s S

1,2 4 5
2,A s s

2 4 5
2,A s s

1 2 3
2 6 1 ,E s s s S

2 3
2 1 .s s S (123)

, 2A E
2

1A  1E

F̂ :

1A  = , 1 .E S (124)

1
A F̂ 1̂

1,1 1,1
ˆ 2 1 2 ,A F A S

1,2 1,2
ˆ ,A F A

1,1 1,2
ˆˆ ,1 6 1 2 ,A F A S 6 1 2 ,S S     (125)

:

2 1 2 6 1 2

6 1 2

2 1 2 6 1 2

6 1 2

2 1 2 6 1 2 2 6 1 2 1

6 1 2 1 1 2 6

S S S

S S

S S S S

S S

x S S x S

S x x S

= x(x + 2)/6 – 1 = 0 (126)

x(x + 2) – 6 = 0, x2 + 2x – 6 = 0,

1,2
1 7 1 2,645,x x1 = –3,645, x2 = 1,645,              (127)
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1
1 3,645 1 3, 645 3, 65 ,A S

1
2 1, 645 1 1, 645 1, 65 ,A S

x  (39). c1 c2 1
1A

1
2A

1 2

1 2

2 6 1 2 0,

1 2 6 0,

c x S c

c c x S

      (128)

2 1
2 6 1 2 ,c c x S    (129)

1 2
6 1 2 .c c x S

 (128)  (129) , , (128):

1 2 1,2 1,1
6 1 2 ,nA c A x S A n = 1,2.    (130)

c2

2

2
1 1 6 1 2 12 1 2 ,c x S xS S            (131)

, ,

2

1 1,2 1,1
6 1 2 1 6 1 2 12 1 2 ,nA A x S A x S xS S

1 1,2 1,1
1 3, 645 6 1 2 1 79, 776 1 2 43, 740 1 2 ,A A S A S S S (132)

1 1,2 1,1
2 1, 645 6 1 2 1 16, 230 1 2 19, 740 1 2 .A A S A S S S

, :

1 2
1 ,I A

2
1 1 ,I E S

3 1
1 3, 645 1 3, 645 3, 645 ,I A S

2

1 1
2 1 0, 645( ) 1 2, 645 1, 645 0, 645 ,A E S S S

2 2
1 1 ( ) 1 ,E A S S

3 1 2
2 1 1, 645( ) 1 1, 645 1, 645 ,A A S S

2

4 1
1 1 4, 645( ) 1 2, 645 3, 645 4, 645 ,E A S S S

2

5 1 1
2 1 5, 290( ) 1 2 6 5, 290 ,A A S S S

1 2

2 2

5 2 1 2 2 1

6, 290 10,935 1 2, 645 3,645 6, 290 ,

D A A E

S S S S

D  = D/5 = –1,260 .           (133)

D3h  4, 5 ,

,  1, 2  3  ( . ).  (6) :

1,1 1 2 3( ) / 3,A s s s
1,2 4 5( ) / 2(1 ),A s s S

2 4 5( ) / 2(1 ),A s s S  (134)

1 2 3 2 3(2 ) / 6, ( ) / 2.E s s s s s

2
1A  1E F̂ :

2
1 1 ,A S  1E  = . (135)

 (134) 
1

1A , F̂ -

1̂:
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1,1 1,1
ˆ ,A F A

1,2 1,2
ˆ 1 ,A F A S       (136)

1,1 1,2
ˆˆ ,1 6 1 2 ,A F A S 6 1 2 .S S

1
1A

1
2A

6 1 2

6 1 2 2 1 2

6 1 2

6 1 2 2 1 2

6 1 2
0,

6 1 2 2 1 2

S S

S S S

S S

S S S S

x S

S x S

x(x + 1)/(1 + S) – 6/(1 + S) = 0

x(x + 1) – 6 = 0, x2 + x – 6 = 0,

1,2

1 1 1 25
6 0,5 2,5,

2 4 2 4
x

x1 = –3, x2 = 2.       (137)

x1 x2  (6), 

1
1 3 1 3 3 ,A S

1
2 2 1 3 2 .A S (138)

c1 c2 1
1A

1
2A

1 2

1 2

6 1 0,

6 1 1 1 0.

xc S c

S c x c S

          (139)

, c2:

2 1
1 6 ,c x S c (140)

2

1 1 1,2 1,2 1,2 1,2
1 1 1 1 2 6 ,nA c A x S A A x S A x S xS     (141)

n = 1, 2,

c1 1 1
| 1nA nA :

2 2

1
1 1 1 2 1 6 1 1 1 1 2 6 .c x S x S S S x S xS (142)

,
1

1A
1

2A

1 1,1 1,2
1 3 1 1 9 1 6 6 ,A A S A S S (143)

1 1,1 1,2
2 2 1 1 4(1 ) 4 6 .A A S A S S

:

I1 = –1E  = – ,

2 1
1 3 1 3 3 ,I A S

                                              
1 2

1 1 ( ) 1 ,A E S S

2 1
2 1 2 ( ) 1 2 2 ,A E S S

3 1
1 1 3( ) 1 3 3 ,E A S S      (144)



- s- 157

                                         
2

4 1 1
2 1 5( ) 1 6 5 ,A A S S S

1
5 1 1 3 1 6 1 3 6 ,D A E S S

D  = D/5  –1,2 .

Td

 (6) :

1,1 1 2 3 4
2;A s s s s

1,2 5
;A s

2 1 2 3 4
2,T s s s s  (145)

1 2 3 4
2,s s s s

1 2 3 4
2.s s s s

,  1T2

F̂
2

T :

2 2 2
ˆ1 ,T T F T

2 2
1 .T T (146)

A1,

1,1 1,1 1,2 1,2
ˆ ˆ ,A F A A F A

1,1 1,2
ˆ , ,A F A S (147)

2
1

1 0,
1

S x
x

S x
(148)

x1,2 = 1.

x1 x2  (39), 

1
1 1 ,A S (149)

1
2 1 .A S

c1 c2

1 2

1 2

0,

0.

c x c

c c x
(150)

, , c2 = –c1x c1 = c2x,

c2/c1 = c1/c2,
2 2
2 1c c , c2 = c1.     (151)

,
1

1A
1

2A

1 1,1 1,2 1 1,1 1,2
1 2 1 ,A A A c A A S

1 1,1 1,2 1 1,1 1,2
2 2 1 ,A A A c A A S (152)

c1 1 1 1 1
1 |1 2 | 2 1A A A A .

:

I1 = –1T2 = – ,

2 1
1 1 ,I A S

1 1 2
2 1 ( ) 1 ,A T S S

2 2 1
1 1 ( ) 1 ,T A S S

2

3 1 1
2 1 2( ) 1 2 ,A A S S

1 2
5 2 1 3 1 2 1 2 ,D A T S S

D  = D/5  –0,4 .           (153)

,  M5 : -

 (D  = –1,269 ),  (D  = –1,2 ), -

 (D  = –1,171 ),  (D  = –0,544 ), -

 (D  = –0,4 ).
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Mn s-  = 0  S = 0

n c I1 I2 1 2 D D

2 –1 0 2 2 2 1

3 0

–1

1,41

2

1,41

3

2,82 2,82

3

2,82

3

0,94

1

4 0,62

0

1

0

1

1,62

–1,73

2

2,56

3

1,24

1,73

2

1

4

2,24

3,5

4

1,56

–

3,24

3,5

4

4,12

4

4,48

3,5

4

5,12

4

1,12

0,88

1

1,28

1

5

1

2

0

0

0,618

0

0

0

1

2

2

–1

3

1

1

2

1,382

0,645

1

1

1,72

4

2,236

1

2

1

3,44

4

3,618

5,290

5

2

5,46

2

5,854

6,290

6

2

1,09

0,4

1,171

1,260

1,2

0,4

.  — ,  — ,  — 

, — , — , 1 2 —
, — .

 Mn (n = 2, 3, ..., 5)  = 0 -

s- S = 0  (  0) , -

n, -

 (  — Rb, Cs, Na, K, Li;  — Ba, Sr, Be, Ca,

Mg;  — Au, Ag, Cu  Zn, Cd, Hg). 

. .

1. ns2 ( ; ; Zn, Cd, Hg) 

, -

.

2. I1, I2 . .

 ( . (22), (35), (53), (61), (64), (73), (76), (92), (122), (153)), 

s-  ( , 0,

). ,  Rb, Cs, Na, K, Li 

Au, Ag, Cu, .

3. 1, 2, , D D  ( . . s- )

, n

( ). , -

.

4. 1, 2 , D, D  ( . . -

) ,  ( , 1,

2) .

.

1. . ., . ., . . . – .: ,

2001.
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