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 1.   
  

  ,        -
   –     .   

 1985 .   .  ( ,  ), 
 . ,  . ` ,  .    .   -

  ( ,  )    -  
 ,    ,   [1], 

       
 (1895–1983),      -

    1967 ,      .   
   , .  (1939–2016), .  (1943–2005)  .  

(1933)     1996 .
     ,    

        
(         -

),     .     
 ,       

,  n   .
   :   ,  

 60,     1970      -
 « »,  .       [2]; 

        .    
       

[3].  ,     
60 (    ),     

 . .   . .   1972  [4].   
(1966 .) .  ,     , -

    ,     
         . 
         -

.         -
,    ,   [5].

        , -
    .     ,  
   ,      
 ,     . 
      1990 ,    

  .  [6]      -
         -

 . ,    ,    
,       .  

      .
     –    -

 . ,   ,    
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 ,     -
     (2700 0C) [7].  
     -    

   ,      -
- .        
 100%-    [8-10].     

     .

1.1.     
 

     ,  -
    ,      . 

   ,     
, , ,    62 -

      ( ) [11],  -
   68     

C68Cl6    ( ) [12].

 1.1.   
 60

      -
 C60 (  1.1)   70,    -

     .  , 
   ,       -

,    .     
     ,     

      , -
, 20, 28  . . [13-16].       -

 ,   ,       
   ,     .

        
,        
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 1.     
  

,   ,     -
    ( )    
  ( ).     
 ,    ,  

       [17]. 
  H       

   :

 

10
2
−=

nH
,  

(1.1)

 n –     .  ,    
   n  .

,      -
    H     -

      . 
,   60,   12   20 , -

 1812      [17].

 1.2.   

         : 
,       
 (  ) [18-20],  ,   -

   ,     ;  
          

  ,  ,      
,   (  1.2), .   

      ,  
        ,    
,    . ,   -
      .    -

  ,   ,  
     ( -

  ),      [21-30].
  ,   C20,     

 60,      Ih   -
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     ;   -
  70    .   -
,      ,   60 

 94,  ,       
   [31].      -

         
        . , 

   72  74,     , 
  ,   D6d  D3h, ,   

          -
,    –  60  70 [32-37].

        
:  ,  , . .   -

 –   .     [38],  , -
  ,   .     

,      
  .      

«  »,  ,   -
     «  (  ) 

».    ,  -
 ,      

.  ,      . 
      60  

70,    ,     
,          -

 .     « -
», «  »,     -
  -  ,   

  ,    .
  ,    

,     :    -
,    ,   ,   

     ,  -
    [31, 39]. ,    

    , ,  
 ,          
 .

 ,   ,  Cn  
   n:    76   

     D2  Td,   
 C78      (2 C2v, D3h, D3h, D3),  

80 –   (D5d, D2, 2 C2v, D3, D5h, Ih),  82 –  -
 (3 C2, 3 Cs, 2 C3v, C2v),  84 –     -
 86 – ;  (     -

  )   ,   
 ,       

 [17].
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 1.     
  

      -
     .     

     –  , 
   3D-  [5].

 1.3.    60

     ,     -
 (  )      -

  , ,      -
  « »  (  1.3).    

     .

1.2.    
  

   ,     
60  70.  ,       

 ,    .
   60  70    -

  ( ) [40, 41],   -
 (  ) [42, 43], 13     [44], 

 [45]   -  -
 [ , 46, 47].      -

        
   .

   ,   -
.  -  ,    

,  ,   ,  
,   : , 720, 840, 912, 936, 984, 1008, 

   60, 70, 76, 78, 82, 84.   -
        -

        
 ( ).     13   ,    
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         , 
     ,     
       . ,  -

 60    (  1.4),      
       ,  
  , –    Ih.

 1.4. 13     60  70

 13    70     (  1.4), -
,     ,   ; 

    10:20:10:20:10,   -
     ,    -

 70  D5h.

 1.5.  ,   
 -    60 (Ih)  70 (D5h)

 ,    60      
         « », 

    ,     (6,6), 
  ( ) ,       -

,     (5,6) [2, 42, 48],  -
     .   
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 1.     
  

 « »       1.37-1.41Å,  
« » – 1.43-1.47Å [42] (  1.5   1.1).   -

    ,      
    ( )   ,   

         
  -  ,  « »   

 60  70  [49].      -
      . 

, ,        
    ,    -
     .   -

        
     .

 1.1.      (Å)   -
 60.   [49]   Copyright © 2001, American 

Chemical Society
 (5,6)  (6,6)

 
 

HF (STO-3G)
HF (7s3p/4s2p)
LDF (11s6p)
HF (tzp)
MP2

1.450
1.444
1.458
1.467
1.465
1.453
1.430
1.448
1.446

1.400
1.391
1.401
1.355
1.376
1.369
1.390
1.370
1.406

 1.6.    70 (D5h). 
  –  ,  –  ,  

    .  
 – . . 1.2

  70        -
       -  

(  1.6) [49, 50],     ,    -
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  [43] (  1.2).    
[51],      60,   70   -

  ,     ( -
      130)    

  - ,     
;           

    (~50  ~10, ).

 1.2.      (Å)   -
 70.   [43]   Copyright © 1997, American 

Chemical Society
*

a b c d e f g h
 1.461 1.388 1.453 1.386 1.468 1.425 1.405 1.538

 1.464 1.370 1.470 1.370 1.460 1.470 1.390 1.410

1.460 1.382 1.449 1.396 1.464 1.420 1.415 1.477
 1.458 1.380 1.459 1.370 1.460 1.430 1.407 1.476

HF/dzp 1.451 1.375 1.446 1.361 1.457 1.415 1.407 1.475
BP86/tzp 1.454 1.401 1.450 1.395 1.449 1.441 1.424 1.471

*      1.6.

         -
  [52], ,      
       (  -

),        
    (     1.7) 

[52].            -
 60  70,    [53], ,    -

 [54]        -
  (  1.7).

 1.7.   «  -  –  
- »      [54]
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 1.     
  

         
,        -H;   

,  « »,  ,   
   ,     

(  1.1).

 1.1

  60    -
     , ,  

   :  ,   -
,   0.41 / ,  ,   

 1 (D2)  84   0.40 /     
    [55].

  70      
    (0.38 / )   -

        -
.      - ,  -

  ,   [51],    
    70.

1.3.  
       -
  .   ,     60,  

 «     » [1, 56] 
        : , -

, ,  –       . 
 1970 .   .   .      

      -
,     [2, 3].  , , 

     . .   . .  [4].  
 -    ,    60 

   ,       -
,      60    

    [4].
 ,   « »    

 .   [57-58]   -
      . 
   « »    

   ,        
     . ,    
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 ,       
  . ,     

       -
    ,  -

 - .   ,    
  , ,  -

  .,       
   ,       -

   [20].     -
    .

           
,        -
.   70,    ,    

         -
    –     

(  1.6), –        
 (0.02 Å). ,      

  ,    -
 ,     -

  ,      -
  [49, 50].

 [58]     HOMA (Harmonic 
Oscillator Model of Aromaticity –     -

 ),      , 
 :       

  .

  (1.2)

 Ropt –      -
    - ,  –     -

 ,  –      -
, N –  ,   ;  -  -

,    HOMA (HOMA = 0    
     HOMA = 1     , 

   ) [58].
       ,   

        
 [49]. ,   HOMA   -

 60       70 (  1.8) -
    . ,   

 HOMA       -
 70         

,    ,   ,   -
 ,    .



19

 1.     
  

 1.8.  HOMA     
 C60  C70.   [49]   

Copyright © 2001, American Chemical Society

   ,  , -
  ,  ,     -
  ,    

    ,  ,  
  .   , ,  

,      
  -   [60],    

(TRE),    (BRE,   -    
 TRE),      ( )   -

 ( )  ,   [61]. 
,        

        -  
  .  ,    -

       
  [58]. ,      

 . ,      -
          

     [49].
    ,   

         -
       [49]. 

       
 ,     , -

    . ,     
   -   70.  -

      . -
     3      

    [62].    
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    3 @ n,  ,  -
        . 

, ,   3 @ 60    -6.36 . ., 
  3 @ 70    -28.81 . .    

   .     
    He@Cn [63-65]. , 

   , 70     60 -
 ,        

 .      
      3 ,   

      .   
        

 3He    .   -
     70    

       
      -  [59].  -

        -
,     70,      

 .
       

   , ,   . , 
    60   3 @ 60 -

   ,   -9 . .,    70  
  . . .  3He  ,  -
   C60   ,    

 C70, ,    . 
      60  -
    ,  ,  6,6 

     
  ,      

      (  ~ -3 . .); -
    5,6  -   60 

 (  ~ -0.5 . .) [66].
       -

.  ,      
,       C60  

C70  , ,   . , 
   60    -6.36 . .,   -

  C60
6-    -48.7 . .  , 

   70    -
  70

6- (8.2 . .) [67].  ,   -
     ,   

    .   ,  
        -

,       -
 .
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 1.     
  

1.4.  
        ( -

 1.9).       , 
       

      .  
    , -
     ,   
      .

 1.9.       60.

1.4.1.  
   ,     

 ,    0.7  1.0   , , 
 60  96. ,        

-  ,      ,    -
       .  -

    ,   -
    ( , , ),    

 (H2, H20, HF, CH4),       -
     [68-81].    1-  

 (Li, Na, K, Cs), 2-   (Ca, Sr, Ba), 3-   (Sc, Y, La, U), 
      4-  (Ti, Zr, Hf)  8 

 (Pt).    ,  
      , , -
 Scn@C82 (n = 1–4),        -

  .   , , , 
     (Sc3N, ErSc2N),   

(Sc2C2, Lu3C2, Y2C2, UCU, Er2C2, TiTb2C),   (Sc2S, Y2S, 
Dy2S)       c   
Sc4O2  Sc4O3 [68-81].
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      -
       , 

 ,   ,  
. . - ,   , 

 ,    [82], -
   [83]  ., ,  ( )  

    .
      @. 

,  @C82 ,       -
  82.       -
      incarcerane (  . « -

»),   La@C82   iLaC82 [84].  -
,        .

      
  : )      
   )     -

 , ,  ,   -  . -
        (    

 ).       -
      , 

  ,     -
     -    
 -        

 (  1000 ° ).      -
       – , , , 
 (     ),    , -

,  [85].      -
 .    , ,  -

     Cu@C60 [67].     
   ., , 70, 71, 77.

   ( ., , [68-78, 86-88])   -
     ,  

,    ,  . 
       
           

          -
    ,   -

     . ,   ,  
  (   ,     – -

 ), ,    ,  
   ,      -
  ,      – , . .  -

       
,        .

        
    ,     -

   .     -
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 1.     
  

     –  ,  -
   .       

   ,        
     Sc3N   Sc2C2. , 

        
   . ,    -

       -
      ,  

,   ,     , 
   ,    .
      -

,    ,   « » 
     ( )   -
  .      

     -
 ,      [89]. ,  

,  « »       
Y, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Lu,    Sc, Eu, Sm, Yb, 
Tm, Ca, Sr, Ba « »      [68, 
69].     M2C2   M3N  -

         
 ,  [90, 91].

 1.10.     82    
82

2-  82
3-     

3 ( 2).   [98]   Copyright © 1998, 
Elsevier Science B.V.
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  ,     [ , 69, 
93] ,      -

. ,      82  
  ,    La@C82   

  [92, 93].  , - ,   , 
  ,         

       . , -
,  -    -

 La2@C80,     ,  
         -

   1 (D5d)  2 (D2) [94].   -
 [69, 95, 96],        

   ,      
      -

     . , 
       -

,   6 (D5h)  7 (Ih)     
[90, 97].       -

 .
  1.10     -

      82   -
     82

2–  82
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 3.2.   (Å)  60 (Ih), 70 (D5h)  72 (D6d)
60 70 72 

 
(B3LYP/
6-31G)
[13] [48]

 
(B3LYP/
6-31G)  [18]

 
(B3LYP/
6-31G)

1.458 1.459 1.531
1.453

1.477
1.454

1.47*
1.46
1.45

1.401 1.397 1.388
1.386

1.399
1.390

1.43
1.40
1.38

- - 1.425
1.405

1.439
1.424

-

* : 1, 2, 3  – ,    , -
.

 3.3.  ,       -
   60 (Ih), 70 (D5h)  72 (D6d), . (B3LYP) [13]

  
 

  
 

  /  
/  /    

60 (Ih) 120.00 108.00 348.00 138.19 - 142.62 -

70 (D5h) 116.17*
121.46

106.98
108.54

347.42
353.29

137.16
155.26

18.10 141.82
147.62

5.80

72 (D6d) 118.07
121.66

106.53
108.71

346.32
356.15

125.94
157.49

31.55 134.05
150.25

16.20

*    , .

       -
      -

      .    -
       [49],  

 ,    70     -
 ,   - , -

 130. ,        60 -
.  ,      

      60,    
  . ,     -

        -
 .   72 (D6d)   -

 ( )    (  3.4).  
         , 

 ,    72        
   70,      72  

  . ,     -
        -
    .
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 3.4.       60 (Ih), 
70 (D5h)  72 (D6d), . (B3LYP)

  
  

-

60 (Ih) 0.00 (20) - 0.00 (12)

70 (D5h) 4.39 (10) 12.59 (5) 1.01 (10)

72 (D6d) 9.60 (12) - 8.45 (12)

*   –     .

,     (  ) 
       , 

  .
 ,     , 

  72      ,   
   [4, 50, 51] (    -

 ),    11188   C2v  
    [51].       

  ,       C72Cl4 [52, 
53].

  72

   ,     -
    72.    -

     72  -
 (    )    -

 (   )  ,  -
   . ,   [50, 54, 55] 

    Ca@C72  ,  
    (    

),     35-37 /   
 ,      D6h, -

   .  ,  
   La@C72,  -

     (  
 La@C72  -    ) [56, 57], 

,    ,    -
 .  10611 (D2),    

 ,      -
  La2@C72,    -

   [58]    -
 [59].   [60]  ,  La2@C72 
   10611,     10958,  

  D2     ,  -
  Sc3N@C72.    (10611 (D2))  -
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 3.     
  

   Ce2@C72   13     
-   [61],     -

        . -
    Sc2S@ 72  

   10528 (Cs),    -
  [62].   ,  -

   ,    
 Mg@C72 [63, 64], Eu@C72, Sr@C72  Yb@C72 [65, 66].

 74

    74 (D3h),  
,    ,  -
         [4, 

31].        -
        

 [33].     , 
  74,        

   –  [31].    -
   74 (D3h)     -

  .
  74  -    [35]   

    [38]   -
  [36],      

C74     ,     [38, 67] 
   .

                                                                                

 3.5. 3-D  ( )    ( )   74 (D3h) 
(   -  ) [13, 68]

     74 (D3h) (  
3.5 )        
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  ( .  2.2 ),    -
,   ,     , 

   3      -
    ( .  2.2 ) [13, 68].  

    ,    
,      2.1,  .   -

,   74      
      [13, 68]. ,  

-    (  3.5),     -
   74     , 

        [13, 68], 
       -
 74          

– .       
74

2-      ,   
 74 (  3.5),     74  

 ,      -
   .

 3.5.     ( E, / ), -
     ( – , ),   

 ( , )  74    (B3LYP) [13, 68]
–

6-31G 6-31G* 6-31+G* 6-31G 6-31G* 6-31+G* 6-31G 6-31G*
C74 3.89 15.72 4.16 0.71 0.68 0.68

C74 0.00 0.00 0.00 0.99 0.99 0.96 3.32 2.51

C74
2- 1.61 1.58 1.56

         
                                                                                               

 3.6.   C74 (D3h):  ( )    ( ) 
  (        ), 

B3LYP [13]

     74,   
[13],        

  ,      
(  3.6 ).  -    74 

    (  3.6 ),  -
   -   
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 3.     
  

[68, 69].      -
     .

 3.6.   (Å)  60 (Ih), 70 (D5h)  74 (D3h)
60 70 74 

 
(B3LYP/
6-31G)
[13, 68]

 [48]

 
(B3LYP/
6-31G)  [18]

 
(B3LYP/
6-31G)

1.458 1.459 1.531
1.453

1.477
1.454

 1.48*

1.46
1.45

1.401 1.397 1.388
1.386

1.399
1.390

1.40
1.39
1.39

- - 1.425
1.405

1.439
1.424

1.45
1.43
1.42

* : 1, 2, 3  – ,    , -
.

      74    
  60  70 (  3.6)   

    (  3.6 ).   
  (  3.6),      (  3.7)  -

 74   -      –  -
        -

   .
  74,     72,    -
    (  3.8).       

70 [49]        -
 - ,    .   

     ,   
 -     .

 3.7.  ,       -
   60 (Ih), 70 (D5h)  74 (D3h), . (B3LYP/6-31G)

  
 

   

  /  
/  /    

60 (Ih) 120.00 108.00 348.00 138.19 - 142.62 -

70 (D5h) 116.17*
121.46

106.98
108.54

347.42
353.29

137.16
155.26

18.10 141.82
147.62

5.80

C74 (D3h) 115.88
121.51

107.03
108.81

346.77
353.36

136.00
154.34

18.34 140.94
150.16

9.22

*    , .
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 3.8.       60 (Ih), 
70 (D5h)  74 (D3h), . (B3LYP/6-31G)

  
    -

60 (Ih) 0.00 (20) - 0.00 (12)

70 (D5h) 4.39 (10) 12.59 (5) 1.01 (10)
C74 (D3h) 3.85 (12) 11.82 (3) 3.31 (6)

*   –     .

,    74 (D3h)  -
      , 

     (    
)    .

  74
    C72 (D6d),     -

 ,   C74 (D3h)   -
:       , 

  , , Ca@C74, Ba@C74, 
La@C74  . [70-72].

-     Ca@C74 [73, 74]  
Ba@C74 [75] ,      

  C74 (D3h),    
.     ,  

  ,  , ,  Sc2@C74: 
       D3h, 

    [74].  -
  M2@C74 (M = Sc, La)  DFT -

,   ,     -
,    : ,  13295 ( 2)  13333 

( 2)      -
   [76].  ,  Yb@C74  

    [77, 78]   100:3,  
 , ,     . 

 ,       
D3h,      3500    

,      [79].
      Eu@C74  Yb@C74 -

    [79, 80]: ,  Yb@C74   
51 / . ,      La@
C74  Gd@C74  [81]:        -

.         
         -

 ,          
     .
    74    74

2–  
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 3.     
  

,      [68].    -
       

        
 ,  Sc2+,      -

   74.   [68],    
   7.51 Å,    

 — 7.87 Å.  ,      
  ,  Sc–Sc  Sc–C,   Sc2@C74 [82], 

 3.43  2.32 Å, .    -
  ,     

,   ,     
(      )   

 (     ),  Sc2@C84 (~4.01  
2.4 Å, ) [83].      -

    74
2-  ,    

, ,       
h      D3h,    -
, ,   M@ 82 [21, 81, 84].   

     DFT-  [73]  
Ca@C74,         7-9 /

.     ,    

 13C    D3h  .

  74
      

      .  
    ,     

 [51, 52, 85]. ,    
74         C74F38 

(D3)  ,    
,   D3h [86, 87].       

     CF3I   C74 (CF3)12 [88, 89].
 ,  ,      

    DFT   72  74 
,    « »   

       72 
(D6d)      (  ) 

 C74 (D3h).      
  ,  ,      , 

       ,   
.         –  74 (D3h) – -

     (  ,  ), 
      72 (D6d) , 

- ,        
     .
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3.1.3.  76
  76   12   28 ,  
    19151 -

.        : 
19150 (D2) (  1)  19151 (Td) (  2)  [15].    

      [90-93].  13    
 ,      

  D2 [91, 94].     1 (D2) 
       [92]   

  ,      
[96].        

76    [97, 98],     
 [99, 100],    [101].
   -   ,  -

   1(D2)  76  
    [93, 95, 96, 102-107].

  [108]       -
          -

   1 (D2)  76 (  3.8 ). 
,         70: 

    (  2.2 )   -
 (  2.2 ) .     

      [109],  -
    ,      -

     .

                                                             
 3.7.    1 (D2) ( )   2 (Td) ( )  76 

[108].

    3.7 ,    2 
(Td)  76   -  -

 (  2.2 ),        
 , . .       

, - , -    ,    74. 
  ,    74,       
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 3.     
  

 .     - -
       -
     (  3.9) [108].

 3.9.     ( E, / ), -
     ( – , ),   

 ( , )  76 (B3LYP) [108]
 

76

E –

6-31G 6-31G* 6-31+G* 6-311+G* 6-31G 6-31G* 6-31+G* 6-311+G* 6-31G 6-31G*

1 
( ) 
(D2)

0.00 0.00 0.00 0.00 1.99 1.97 1.95 1.95 2.59 2.32

2 
( ) 
(D2d)
   
( )
(C3v)

16.77

14.48

18.31

14.48

16.94

16.24

16.73

14.64

0.83

0.94

0.83

0.96

0.81

0.96

0.82

0.94

3.04 2.65

    2 (Td)     
  D2d,    C3v.      [90, 

95, 102-104, 106],         -
       –

,    -     -
.      2 (Td),    
,          -

          -
.   ,   -   , 
 [5],       .   -

 [110]  ,       
    - ,      

  .

 3.10.  ,       
      76, . (B3LYP/6-31G) 

[108]
 

76

  
 

  
 

  /  
/  /    

1 (D2) 115.87*
122.07

106.99
108.92

346.74
356.04

130.96
162.97

32.01 136.77
156.88

20.11

2 ( 3v) 116.49
121.51

107.08
109.16

347.96
353.64

138.48
152.65

14.17 142.52
150.14

7.62

*    , .
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      72  74,    -
 76       60 

 70       , 
    (  3.7) [108]. ,  

        78– 86. -
  74,   2 (Td)     

        , . . -
     .    
   ,      -

 76  (  3.10),     
  –      -

       ( -
,     ),    

–  ,     (  -
 (   )).

      :   
   -      – 

        
 .  ,   , -

,          
        
,     ,   -

     ,    
    ( ) . 

,        -
       .  , 

     –   -
 ,      

   ,    
 [9, 10].

 3.11.        76, 
. (B3LYP/6-31G) [108]

 76   
  

-
1 (D2) 12.63 (4) 17.26 (4) 6.89 (4)
2 (Td) 1.59 (12) 11.43 (12) 3.36 (12)

*   –     .

    76     
 (  3.11) [108].       70 [49]  74, 
       -

 - ,    .   
       ,  

   2 (Td)   ,    
   1 (D2).   ,  -
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 3.     
  

  2 (Td)      
      .

  76
 ,    ,  

     : , 
    1 (D2)    [ , -

, 27, 59, 77, 111, 112],   2 (Td)   , -
       Lu2@C76 [113].  

 Td       
    , ,    , 

    .
        -

  Sc3N@C76 [114], ,   
    M3N@C76   . 

, -    Dy3N@C76,    
      [115], -

       («missing») 
 [107].   ,  DySc2N, -

        
C76,        [107].  
DFT  ,    DySc2N@
C76      Cs,    

  [107].      
 [114],        -
  17490 (Cs)     .   

      La2@C76 [116].  
  19138 (C2v)  76,    -

 ,     Sm@C76 [117].

  76
      74 (D3h),     

       2 
(Td)  76. ,       CF3I  

      
  ,      

 19F -   DFT- .  -
  C76(CF3)6,8,10,12,14,16,18    D2  

76 [118]   C76(CF3)12    Td,  -
     [88],     

       .
 ,     76,  -

  ,       
–  1 (D2) [90-93],        

   70 [108].   -
 2 (Td),      -  

,     ,   -
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     [108].    ,  
 ,         
    .

3.1.4.  78
  78  24109  ,   
      : 1 (D3), 2 (C2v), 

3 (C2v), 4 (D3h)  5 (D3h) [15].  78    
   ,   60,      

 ,    .
  .      

      
  78   1:5, ,  13   
,   D3  C2v [90, 119].    . [120] 
      D3, C2v  C2v   2:2:5. 

  .         
 C2v, D3  C2v   5.2:3.0:1.8 [94, 121].  , 

     C2v    , 
     [122],   3He  

   He@C78    
 [123].     , 

 [96]      2 (C2v) .

 3.8.    xi 
 78  .   [124]  

 MATCH Commun. Math. Comput. Chem.

  . [124]      -  
      78 

  (  3.8).      
(0-5000 ),  . .    (   ), -

     3 (C2v).  -
   78    (   78 

  )      .  -
 4 (D3h)      .
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 3.     
  

  , , ,   -
-      -

    [2, 4, 93, 102, 103, 124-129] (  
3.9).    ,      

 1 (D3), 2 (C2v)  5 (D3h)      -
    ,    5 (D3h),  
  1 (D3)  2 (C2v),    .    
   ,        -

       ,  
      .      

3 (C2v)  4 (D3h)        
  , .

 3.9.     ( E, / )  , 
   ,  78: 1 – B3LYP/STO-3G 

[93], 2 – B3LYP/3-21G [93], 3 – B3LYP/6-31G* [93], 4 – B3LYP/6-31G* [124], 5 – B3LYP/6-
31G* [4], 6 – SAM1 [4], 7 – TBMD . [93], 8 – HF/4-31G [4], 9 – DFTB . [93], 10 – BP85 . 
[93] (     )

                                                                                                      
 3.10.    1 (D3) ( ), 2 (C2v) ( )  3 (C2v) ( )  78 [128]

       
1 (D3), 2 (C2v)  3 (C2v)  78 ,    1 (D3) (  
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3.10 )    70  (   
    ),    2 (C2v) ( -

 3.10 ),     ,  
    (  2.2 ),    3 (C2v) 

(  3.10 ) –    (  2.2 ) [128, 129].
,    72,      [13],  

     , ,  
      

  ,      -
 [11-14].        

,    .
,    4 (D3h) -

 78,     (  3.11 ), -
, - ,   ,  -

   [2, 4, 93, 102, 103, 124-129].

                                                                     
 3.11.       4 (D3h) 

( )  5 (D3h) ( )  78 [128, 129]

   5 (D3h) (  3.11 )    -
  (  2.2 ),     

  3 ( 2v)  ,     
 .

     2.1,     
   :      

, .   -  
 [128, 129] (  3.12),    5 (D3h) 

  ,  ,    
   .    , 

  5 (D3h),     , 
    .   

  [17],        
        -

       5 (D3h).  
  ,       -

   [125].   , -
    ,    
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 3.     
  

  ,      -
      -
    .

 3.12.     ( E, / ), -
     ( – , ),   

 ( , )    78 (B3LYP) [128, 129]
 78 E –

6-31G 6-31G* 6-31+G* 6-31G 6-31G* 6-31+G* 6-31G 6-31G*
  :

78 1 (D3) 9.37 9.93 8.69 1.66 1.62 1.60 2.79 2.18

78 2 (C2v) 6.35 6.59 6.55 2.05 2.02 2.00 2.74 2.89

78 3 (C2v) 
                  

0.00
15.30

0.00
16.06

0.00
14.58

1.64
0.34

1.64
0.35

1.62
0.29

2.89 2.89

  :

78 4 (D3h) 24.22 23.90 23.68 2.47 2.47 2.44 2.25 2.13

78 5 (D3h) 
                  
                  
                  

4.93
18.48
32.70
48.38

4.55
14.68
-
-

3.62
19.45
-
-

1.51
0.37
0.27
0.14

1.52
0.37
-
-

1.50
0.35
-
-

3.06 2.86

 4 (D3h)  78,    
 (  3.12),     

     78    -
  – .      

       ,  
,    ,     .

      72– 76,     -
    (  3.13).   -

    5 (D3h)     
    - ,     
  5 (D3h) ,     78,     -

      .   
2 (C2v)  ,     -

 - ,       .

 3.13.        78, 
. (B3LYP/6-31G)

 78   
    -

  :
1 (D3) 14.74 (6) 18.49 (3) 8.39 (6)
2 (C2v) 13.99 (2) 12.46 (4) 13.30 (4)
3 (C2v) 11.37 (2) 12.46 (4) 11.20 (2)

  :
4 (D3h) 15.23 (6) - 14.36 (6)
5 (D3h) 2.17 (3) 10.78 (12) 3.31 (6)

*   –     .
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  ,      
     ,     

      , ,  
      4 (D3h).  
      ,   
 , ,   ,   -
  (  3.13).     -

     (1.375 Å,    
3.11 ),        

.        -
.

  78

 3.12.    
Sc3N@C78 5 (D3h).    
Sc3N      [130]

   ,     -
     78     

5 (D3h). ,   Sc3N@C78  [130],   
   5 (D3h),     Sc3N 

     ( 3)  -
   ,     (  3.12), 

,   [124],     -
.     ,  -

    Sc3N    . 
-       -
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 3.     
  

     Sc3N   , -
      [132],   

  [133].
13      La2@C78 [134]  

,      D3h, ,  - -
  La2@C78,   5 (D3h).   

     5 (D3h)    -
 277 / ,      

.
      Ti2C80,  -

,  13   ,    -
 Ti2@C80 [135].    [136],    

       
Ti2C80   ,      -

   (  3.13). ,  
  Ti2@C80  Ti2C2@C78  -  -

,        EELS, 
    [135-138],  ,  -

   Ti2 2@C78   D3h.   - -
      D3h [136, 138]  , 

         
5 (D3h). 

13    c   -
 Ce2@C78 [139, 140]       

  La2@C78 ,      
 5 (D3h).

 3.13.  Ti2C80   .     – 
 .          

 ,   –    .   [136] 
  Copyright © 2005, American Chemical Society

 ,       -
,    ,   
  5 (D3h) [130, 134-140].
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  ,   78 
    ,    -

  [141, 142]. ,      
 Tm3N@C2n (n=39-43) [143]    -

 Tm3N@C78,       
  5 (D3h)  Sc3N@C78,  -

  .      -
   Dy3N@C2n (n=38-49),   

   Dy3N@C78 [115],    
     Sc3N@C78  La2@C78,   -

    .   , 
        1 (D3), 
 4 (D3h) [143].       

 -  -     -
,   Tm3N@C78  Dy3N@C78   -

   22010 ( 2),     
[142].   ,     [141], 

   Gd3N@C78.
 ,   Sc3N   , -

   ,  Tm3N, Dy3N  Gd3N –  , 
   ,     -

 . ,  Sc3N     Sc3N@C78 
(5 D3h),    Tm3N, Dy3N  Gd3N,    

,    ,   -
.        22010 ( 2),  

   .
      

5 (D3h)  78 [128]     -
  , ,  Sc3N@C78 [130]   Ti2C2@C78,  

      Ti-C-C-Ti, 
  D3h,    13C 

  [136-138].  ,    -
 , , 22010 ( 2)  78,  

        
  ,        -

     [141, 142],  
      -

 .

  78
   1 (D3), 2 (C2v)  3 (C2v)  78  -

     , -
,   [118, 144].      
   C78Br18,   -

        -
   2 (C2v)  3 (C2v) [145].   
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 3.     
  

  1 (D3), 2 (C2v)  3 (C2v)      -
 C78Cl18  C78Cl30  [146-148].

    5 (D3h)  78,  -
   ,     C78(CF3)12, 
        - -

   19F   [88],      -
 [89].       (2.47 ), 

     60  70,    -
    4 (D3h)   C78Cl18 [149],   

, . .    5 (D3h) [150].
 ,     78,  -

  ,       -
   : 1 (D3), 2 (C2v)  3 (C2v) [90, 94, 96, 119-122]. -
,      5 (D3h)    [151], 
      .   1 

(D3)    70 ,    2 
(C2v)  3 (C2v)       -

 , .      
   4 (D3h)  78  -

  ,     . , 
,      , 
  ,    

          -
 5 (D3h)       -
  .

  ,    -
        5 (D3h) [130, 134-140], 

         : 1 
(D3), 2 (C2v), 3 (C2v)  5 (D3h) [88, 89, 118, 144-150].   ,  -

 4 (D3h),     , 
       ,   -

 ,    72 (D6d)    
.

3.1.5.  80
 80,    12   30 ,  

 31924 ,        -
 : 1 (D5d), 2 (D2), 3 (C2v), 4 (D3), 5 (C2v), 6 (D5h)  7 

(Ih) [15].      ,   
    60,    ,  

 60,       
Ih.       60,  -

  80       .   
   80,    

,    1 (D5d)  2 (D2)    -
 [152-154].
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   3.14.     ( E, / )  , 
   ,  80: 1 – B3LYP/STO-3G 

[155], 2 – B3LYP/3-21G [155], 3 – B3LYP/6-31G* [155], 4 – AM1 [156], 5 – PCFF/PI [114], 
6 – BP86 [157], 7 – B3LYP/6-31G* [4] (     

)

   -   -
,     1 (D5d)  2 (D2) -
 80      [2, 4, 

17, 103, 114, 154-159] (  3.14). ,   ,     
 78,      

     .  7 (Ih)  
      .

      
1 (D5d)  2 (D2)  80,    1 (D5d) (  
3.15 )     C60:    -

 ;    2 (D2) (  3.15 )  
  C70:  ,     -

 ,   -     [11, 160].

                                                    
 3.15.    1 (D5d) ( )  2 (D2) ( )  80 [11, 160]

     80 
   3.16.  ,  3 (C2v)  4 (D3) -

     -  ,  
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 3.     
  

       .   
  -    , -

,   7 (Ih)     , , -
    ,    

 . ,       
         , 

     ,    
    (  3.16) [14, 160]. 

 3.16.       
 80: 3 (C2v) ( ), 4 (D3) ( ), 5 (C2v) ( ), 6 (D5h) ( )  7 (Ih) ( ) [14, 160]

 3.14.     ( E, / ), -
     ( – , ),   

 ( , )  80 (B3LYP) [160]
 80 E –

6-31G 6-31G* 6-31+G* 6-31G 6-31G* 6-31+G* 6-31G 6-31G*
  :

1 (D5d) 1.83 4.25 2.83 1.05 0.99 0.97 3.05 2.94
2 (D2) 0.00 0.00 0.00 1.39 1.35 1.33 2.93 2.73

  :
3 (C2v) 
            

7.12
3.24

7.60
2.88

9.39
4.71

0.81
0.96

0.78
0.93

0.67
0.94

3.29 2.93

4 (D3) 
           

9.54
7.85

10.49
7.68

9.45
7.04

0.78
0.92

0.75
0.94

0.73
0.94

3.14 3.08

5 (C2v) 
            

9.02
4.64

9.43
4.21

10.73
6.11

0.67
0.95

0.65
0.97

0.63
0.95

3.57 3.44

6 (D5h)  Cs
            

11.85
11.88

11.60
9.18

12.51
11.97

0.65
0.64

0.63
0.63

0.63
0.64

3.72 3.44

7 (Ih)  D2h
          C2h

29.67
30.11

27.88
27.71

27.45
28.56

0.76
0.73

0.77
0.74

0.76
0.73

-* -

*       7 (Ih) 80
-.

     3-7  -
     ,    

      , 
        -
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,         -
  (  3.14).

 [157],   ,    1 (D5d)  2 
(D2),    3 (C2v),   ,   -

      1 (D5d)  2 (D2),   
    .         . 

,        ,   
  ,     - -

  [157]    .  
,         -

      -    -
.  [161]      -

   ,   7 (Ih)    
,         

      .
  3.14  ,    6  7  -

 :   6 (D5h)     
  Cs (     -

),   7 (Ih)      : 
  –  D2h,    –  C2h.    

 [156, 158, 162]      
 - ,      
  . ,     , 

   6 (D5h)   Cs [156],    
7 (Ih) –  D2h [157].   [155, 156]  7 (Ih),   

  D2,      .
      -

        , 
    1 (D5d)  2 (D2)   (   -

 ,     - )  , 
     3-7 (  3.15),  

   ,      -
        .

 3.15.       
 80, . (B3LYP/6-31G) [160]

 80   
    -

  :
1 (D5d) 17.63 (10) - 0.22 (10)
2 (D2) 17.89 (4) 17.52 (2) 8.23 (4)
   :

3 (C2v) 5.21 (4) 11.99 (2) 11.33 (2)
4 (D3) 8.70 (6) 17.49 (6) 6.13 (6)
5 (C2v) 10.48 (2) 12.07 (4) 10.57 (2)
6 (D5h) 1.94 (10) 8.24 (10) 2.32 (10)
7 (Ih) - 5.14 (30) 0.57 (12)

*   –     .
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 3.     
  

  80
   ,    -

  80     7 (Ih),  
     60,     

    Ih,    60. , 
      60,   

 80       .     
       -
: , La2@C80 [163-165], Sc3N@C80 [166], ErxSc3-xN@C80 [165, 167], 

Tm3@C80 [143, 168, 169], Dy3N@C80 [115, 170], Tb3N@C80 [171], Lu3N@C80 
[172], Gd3N@C80 [173, 174], GdxSc3-xN@C80 [175], Y3N@C80 [176], CeSc2N@
C80 [177], ScYErN@C80 [178].   Ca@C80, Sr@C80  
Ba@C80 [179, 180]  Ce2@C80 [181]   ,    

     7 (Ih).
 6 (D5h)       -

, , Sc3N@C80 [182, 183], Dy3N@C80 [115, 170, 184], Tm3N@
C80 [143, 169], Tb3N@C80 [171], GdxSc3-xN@C80 [175].

      Dy3N@C80, -
    1 (D5d) [115, 185].

        
 80:  3 (C2v) –     

La@C80,   ,   -
    [186],    -

  Yb@C80 [187];   5 (C2v) –   
  Sc2C2@C80 [188].

 ,    ,   
 ,  80    -

,   ,   : -
 3 (C2v), 5 (C2v), 6 (D5h), 7 (Ih) , , 1 (D5d).

  1997 .   13C  139La  La2@C80 [187] 
       

   :      -
,       .  

         
.        

    ab initio  -
  [190]    .  

         
    [156, 191]    

     .   - -
  [164]  ,     -

    .
       Sc3N  Sc3N@

C80 [ . 59, 192]. -     
(    )     

 Sc3N   C80       
    (   2 / ) [193, 194],  -
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         -
    Sc3N    7 (Ih),   -

  6 (D5h) [182].  ,    
      A3N@C80 (  A – , 

  Sc, Y, Gd, Tb, Tm, Dy  . .) [162, 168, 170, 173, 176],   -
  AxB3-xN@C80.    M3N   

Sc Y®Lu, ,      ,  
    [192, 193].  ,    -

    ScYErN@C80,  
,     ,     

[178].   Sc3N@C78,    Sc3N@ 80,     
      ,   

   [131].      
         Sc3N   

:   Sc3N    , 
    TiSc2N     ,  

      Ti-N [195].
        -

      ,   
        -

 [25, 196]. ,    ( )   
       -

   . ,    
  :     -

        [197, 198]. 
      -

       
  [199].       -

       Sc2C2 -
   Sc2C2@ 80-5(C2v)  [200].

  80
  ,   80,   

-        
2 (D2) ( , C80Cl12 [201]),      

  80,  5 (C2v),    -
 C80(CF3)12 [88].

 ,     80,  -
  ,    1 (D5d)  2 (D2)  -

   [152-154],     -
    C60  C70.   -

      -  
,     .      

      : 3 
(C2v) [186, 187], 5 (C2v) [188], 6 (D5h) [115, 143, 169-171, 175, 182-184], 7 (Ih) 
[115, 143, 163-178] , , 1 (D5d) [115, 185];     

 :  2 (D2) [208]  5 (C2v) [88].
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 3.     
  

3.1.6.  82
 82   39718 ,   

    ,  :   
 C2 (  1, 3  5),    s (  2, 4 

 6),    C3v (  7  8)     
C2v (  9) [15].         

  3 ( 2) [4, 202], , ,   [120] , 
  82        

2, 2v  C3v   8:1:1  ,   ,    
 .        

     .    
      

 3 (C2)  82 [203],    [204], 
   [204].

  3 ( 2)  82  
    : 

    TBMD [198],   -
  [96, 195, 199]      [2, 

4, 96, 195, 198, 200] (  3.17).     -
        , 
         

,       .

 3.17.     ( E, / )  , 
   ,  82: 1 – B3LYP/STO-3G 

[202], 2 – B3LYP/3-21G [202], 3 – B3LYP/6-31G* [202], 4 – AM1 [103], 5 – LDA [207], 6 – HF//
AM1 [208], 7 – QCFF/PI [208], 8 – TBMD [205], 9 – B3LYP/6-31G* [4] (  

   )
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 3.18.    2 ( 2) 
 82 [209]

      3 
( 2)  82 (  3.18) ,     -

       [11-13, 37, 40, 
209], . .       70.

      
82 ,   1 ( 2), 2 ( s)  4 ( s)     

,    2 ( s)  4 ( s)    
  ,  (  3.19) [12-14, 209].

 3.19.       
 82: 1 (C2) ( ), 2 ( s) ( ), 4 (Cs) ( ), 5 (C2) ( ), 6 (Cs) ( ), 7 (C3v) ( ), 8 (C3v) ( )  9 

(C2v) ( ) [209]

  ,      
 - ,     5-9,   

7 (C3v), 8 (C3v)  9 (C2v)    ,   -
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 3.     
  

    [12-14, 209].   
   4 (Cs), 5 ( 2)  6 (Cs)   -

   ,       5 (D3h) 
 78. ,   (  3.16),  1-6 -

 C82    ,     
     1 ( 2), 3 ( 2)  5 

( 2)  [127].   ,   1, 2, 4-6,  
       ,    -
   3 ( 2),      .

 3.16.     ( E, / ), -
     ( – , ),   

 ( , )  82 (B3LYP) [209]
 82 E –

6-31G 6-31G* 6-31+G* 6-31G 6-31G* 6-31+G* 6-31G 6-31G*

  :

3 (C2) 0.00 0.00 0.00 1.67 1.63 1.61 2.86 2.59

  :

1 ( 2) 7.40 6.67 7.31 1.31 1.26 1.24 3.06 2.86

2 ( s) 6.70 7.98 7.23 1.71 1.65 1.63 2.79 2.76

4 (Cs) 
          

4.20
17.63

1.14
15.81

3.16
21.64

1.58
0.41

1.55
0.43

1.54
0.42

3.05 2.79

5 (C2) 
          

8.73
15.29

2.99
7.32

7.37
14.57

1.29
0.72

1.28
0.73

1.27
1.12

3.31 2.92

6 (Cs) 
          

12.97
15.48

10.80
17.81

11.40
15.08

1.10
0.89

1.10
0.90

1.09
0.89

3.46 3.25

7 (C3v)  Cs
            

26.59
22.54

26.19
21.93

26.08
22.20

0.85
1.14

0.85
1.16

0.83
1.27

-* -

8 (C3v)  Cs
            

28.36
28.44

30.70
25.42

32.17
27.61

0.72
0.95

0.74
0.95

0.73
0.95

3.61 3.50

9 (C2v) 
            

19.24
17.69

17.65
12.05

18.14
16.72

0.73
0.86

0.73
0.87

0.73
0.86

3.63 2.85

*       7 (C3v) 82
-.

 ,      -
 -      [210].  -

         82  -
  -   ,  

 ,       
 .

     ,   
 –       He@

C82,        
 3 (C2),   [4]     -
   1 (C2), 2 ( s)  4 ( s).  -

   2 (Cs)  4 (Cs)    
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  [202],       
     – ,   -

  .
   7 (C3v), 8 (C3v)  9 (C2v), -

  [12-14, 209], ,    
  ,     
         

(  3.16). ,      -
 ,    3,  7 (C3v),   

   [211],     
     La@C82,  -

     C3v.

 3.20.    
    ( , / ) 

(1 – [13], 2 – [211], 3 – [191, 208])    
 N     82

  ,    7 (C3v)  8 (C3v)   
       -

  Cs,   –   C3v.  -
   7, 8  9      -

     [3, 202, 205, 207].   
 [3]  -  (  - - ) -

     .    
   ,   -     

      [5].
 ,    7-9  82 -

 ,   ,  -
   ,   -
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 3.     
  

   ,     
    .      

 :      ,   -
    (  3.20) [13, 209].

 3.17.       82, 
. (B3LYP/6-31G) [209]

 82   
  

   :
1 (C2) 17.28 (2) 14.77 (2) 9.91 (2)
2 (Cs) 16.39 (2) 12.52 (2) 12.74 (2)
3 (C2) 16.47 (2) 13.66 (2) 10.68 (2)
4 (Cs) 15.09 (2) 12.86 (2) 11.04 (2)
5 (C2) 13.77 (2) 12.94 (2) 10.09 (2)
6 (Cs) 11.07 (2) 12.81 (2) 9.27 (2)
   :

7 (C3v) 11.94 (3) 12.27 (6) 11.55 (6)
8 (C3v) 10.39 (6) 10.63 (6) 8.59 (3)
9 (C2v) 7.83 (4) 10.38 (4) 6.88 (4)

*   –     .   
  .

    ,     
82      (  3.17). -

,      ,    1-5 
       - -

    .  ,   -
   ,    -
,   ,    

    ,      
.         

     3 (C2). , -
       

 1 (C2), 2 ( s), 4 (Cs), 5 (C2)  6 (Cs),  ,   
     .

     ,      
 70 [49],      -

   - . ,  -
        

  3 (C2)      -
    ,      -

   7 (C3v), 8 (C3v)  9 (C2v)    
  .      

 7 (C3v)         
    .
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  82
 82       

,       -
  -      -
    .    

     
     -

.       ,  
   ,      , -

    , ,   
    .     

 M@C82      
[21, 29, 112, 212-214],      -  

  [53, 112, 180, 215, 216]      
     .   

  ,  13C      -
 ,   Sc@C82, Y@C82  La@C82; -

   13   , ,    s  
  2  82      

.       -
 @ 82    .

,   13    M@C82 (M = La, Y  Sc) [217]  
,      2v,   

    [191, 208, 218]. , 
  [15]     

  9 (C2v).   ,  13C   
      9 (C2v)   La@

C82
- [219],      DFT  [220],   Pr@

C82 [221]       [213].
 [180]      -

 82   2  (Ca, Sr, Ba).   Ca@C82, -
  13   ,   Cs, C3v, C2  C2v, 

 [222]. ,  IV   9, . . 
     C2v;  I –  2, 4  6; 

 II – 7  8 ;  III – 1, 3  5.   
,   5, 6, 7,  9     

   , ,   
   Ca@C82    Ca2+@

C82
2-, . . ,   I, II  III   6, 7  5, 

 [180].
  [223]  13      

   Tm@C82:  I   Cs,  
II –  C2,  III – C2v.

   ,   
 ,    M@C82 c 

       , 
 La@C82  Y@C82,   M@C82    
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 3.     
  

       , , 
  Tm@C82  Yb@C82    Ca@C82 [77, 224, 225]. 

      -
        

,       –    
      [226].

 ,   ,     
    -

 @ 82:
-  5 (C2) – ,    Ca@C82  -

   ,    
13C   [180]   Yb@C82     
13    [187];

-  6 (Cs) –    Er2@C82  -
  [227]; La@C82   13   [228]; Dy@C82 – -

       (EX-
AFS) [229]; Yb@C82     13    
[187], Sc2( 2-O)@C82 [230], Sc2( 2-S)@C82 [231], Tm2@C82, Tm2C2@C82 [232, 
233] –      .;

-  7 (C3v)     La@C82  
   1H-  139La     

[211];
-  8 (C3v) –   Sc3@C82 [234], Sc2C2@C82  Y2C2@C82 [191, 235, 

236] –   13      , -
   ; Sc2( 2-S)@C82 –   

  [231];
-  9 (C2v) – Sc@C82 [26, 217], La@C82 [21]  Gd@C82 [237, 238] –  

   ,   
 ; La@C82

– [219]  Pr@C82
– [221]  13C  -

; Tm@C82 [223] –     13  ; Dy@
C82 –       -

 (EXAFS) [216], Y2C2@C82 [233] –   13  ; Yb@C82  
   13    [187]  .

     Gd3N@C82  -
  39663 (Cs),     -

,        
[239].        

.  [234]  ,    82
6-,  -

   ,   
 ,  ,   . -

     [59]:   ,  
  ,  9 (C2v)  82

6-  -
 39705 (C2v)  39663 (Cs),     

,       
– .  Sc3N@C82     -

, ,  39705 (C2v),    -
 ,   ( E = 17.7 /   Sc3N@
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C82,    C82
6- E = 30.1 / ). ,   -

       –
,  [59] ,  ,    

 ,       
 Sc3N@C82.   Y3N@C82    

:      39705 (C2v) ( –
 = 1.32 ),     9 (C2v) ( –  = 0.84 

),        -
   ,     

  [59].
 ( )   

    82   ,    
    ,       

        
,    , ,   

 M@C82 [30, 180, 191, 216-218, 228, 236-238, 240-243], 
       -

.
,     [21]  ,    

  82 (C2v)    ,    C2, 
         1.9Å. 

 ,      
      ,  

       ,   
  .      

    ,       
    POAV    

  [243] .

 3.21.        
 82         

-  (      :  
3 ( 2), 7 ( 3v), 8 (C3v)  9 (C2v) – [29, 30, 202, 208, 210, 237, 241, 242, 244-246],  5 
(C2)  6 (Cs) – [187]).

       
[29, 30, 187, 188, 202, 208, 210, 230, 237, 241, 242, 244-247]  -

      82  , 
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 3.     
  

,     (  
3.21) [13, 37, 209].    ,     -

        
     .  

    ,     -
 , , ,      ,  
 ,       -

 [22].      
      DFT   [248]. -

        
       ,      

,     Sc3@C82 [234].
     La@C82 (C2v), 

  [208], ,      -
    .    -

        
 ,     

 [30].      -
    –    [220]  

.  ,   [30]   -
       

 .
        

 Sc2C2  Sc3@C82 [234]   (Sc2C2)@C82 [249], ,  
       C3v. -

          Ba@C74 
[71]  Ca@C74 [70, 73],       (7-9 

/ )  .       
   -  -   

[214, 215].

  82
   ,    

 C82(CF3)12,18     
  « »  3 ( 2)  82     

     (  5 ( 2))   C82(CF3)12 [88, 250].
 ,        82, 

   ,    
  3 ( 2) [4, 191, 202],      
     70.   

     7 (C3v), 8 (C3v)  9 (C2v) -
     .    -

     1 (C2), 2 ( s), 4 (Cs), 5 
(C2)  6 (Cs)  ,        

.
   ,   -
,    : 5 (C2) [180, 187], 6 (Cs) [187, 227-
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233], 7 (C3v) [211], 8 (C3v) [191, 231, 234-236], 9 (C2v) [21, 30, 187, 216, 217, 
219, 221, 233, 237, 238].       

 3 ( 2)  5 ( 2) [88, 250].

3.1.7.  84
 84      60 

 70,         
 . ,      -

,        
  ,  84      

[15] (      51592 ).   
, 23 (D2d)  22 (D2),    13C  

   2:1     -
    [120, 251]. 

         -
 60  70      -

 .  3He   He@C84  -
    [252]    -

    13    -  [253]. 
      13C  

    -, -  -   
     :  24 (D6h)  19 

(D3d) [94, 254].    . [255]   
     :   -

 Cs,   C2, D2d  D2,     
 4 (D2d), 5 (D2), 11 (C2), 16 (Cs)      s   

 (      ).  [256] 
         

  84 – 14 (Cs).
 ,   C84     -

        
   [4, 94, 120, 252, 251-258]: 4 (D2d), 5 (D2), 11 

(C2), 14 (Cs), 16 (Cs), 19 (D3d), 22 (D2), 23 (D2d), 24 (D6h)   -
    C2  Cs.   [7]   -
   20 (Td)      

   ,    
  .

  ,    
   -  . , 

        
  ,      

23 (D2d)  22 (D2)   [259].    
      [ . 257, 

260].       
 -       

         -
 [261].       84,  
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 3.     
  

        
       

      [2, 4, 103, 114, 
257, 260-267],      

     (  3.22). ,  
       

      ,   -
        ,     

  ,       
 .       , -

         
 :       

      DFT- , , 
,  ,   - , -

    .

 3.22.     ( E, / ) 24 , 
   ,  84: 1 – B3LYP/STO-3G [257], 

2 – B3LYP/3-21G [259], 3 – B3LYP/6-31G* [257], 4 – SCF/DZ//MNDO [260], 5 – HF/3-21G//
AM [82], 6 – RHF/3-21G [263], 7 – PCFF/PI [114], 8 – B3LYP/6-31G* [4] (  

   )

       -
       

    3.23.   -
  ,    4 (D2d), 5 (D2), 11 (C2), 19 (D3d), 22 

(D2)  23 (D2d) (  3.23 , , , , , )   -
   ,   14 (Cs)  16 (Cs) (  

3.23 , )     ,    24 
(D6h) (  3.23 ) –   ,      
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      -
 [8-12, 268].

     [2, 4, 38, 103, 
257, 260, 262-267],     4 (D2d)  5 (D2) -

, ,    15 (Cs) (  3.22). - -
,        

   Cs.    
  2, ,    13 ( 2),  

        
         (  -
        8 ( 2)) [8-12]. , 
   (  3.24)     

  :     
   ,    -

 ,    .

 3.23.      
  84: 4 (D2d) ( ), 5 (D2) ( ), 11 (C2) ( ), 14 (Cs) ( ), 16 (Cs) ( ), 19 (D3d) ( ), 22 

(D2) ( ), 23 (D2d) ( ), 24 (D6h) ( ) [8-12]
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 3.     
  

                                                                  
 3.24.       
 C2  Cs  84:  13 (C2) (a)  15 (Cs) ( ) [8-12]

 3.25.   NICS (GIAO-SCF/DZP//
BP86/3-21G [269])    23 ((D2d)  84

      -
     [269]   -

  (NICS)     .   
   23 ((D2d):  ,   NICS  
  -     . 

  [269]    NICS  
     - , 

     (  3.25).
     13   

 84,      :     
   ,    

,        (  3.26).
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,     
,  , ,  ,   6 (C2v) -

   ,   7 (C2v)  -
   ,   12 (C1) –   

   ,    17 (C2v) –  -
    ,   18 (C2v) – -
     ,   21 (D2) 

–      .  -
        

        
(  3.18) [8-12].

 3.26.     84: 6 (C2v) ( ), 7 (C2v) ( ), 12 (C1) ( ), 
17 (C2v) ( ), 18 (C2v) ( ), 21 (D2) ( ) [8-12]

      17 (C2v)   
    18 (C2v)     -

   ,        14 
(Cs), 16 (Cs)  24 (D6h),       7 
(C2v), 12 (C1), 17 (C2v), 21 (D2),    -

 ,     .   
   6 (C2v)  18 (C2v)    

  [257].
 ,       

,   ,   
         

      
  6 (C2v), 7 (C2v), 12 (C1), 17 (C2v), 18 (C2v)  21 (D2).
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 3.18.     ( E, / ), -
     ( – , ),   

 ( , )  84 [8-12]

 84 E –
6-31G 6-31G* 6-31+G* 6-31G 6-31G* 6-31+G* 6-31G 6-31G*

  :
4 (D2d) 16.21 15.82 16.82 2.12 1.88 2.10 2.64 2.39
5 (D2) 17.65 17.02 15.46 1.88 1.88 1.87 2.75 2.55
11 (C2) 8.38 8.46 8.37 1.68 1.64 1.63 3.01 2.76
13 (C2) 25.47 30.77 25.11 1.17 1.16 1.14 3.42 3.23
14 (Cs) 15.38 20.66 15.13 1.96 1.91 1.89 2.78 2.93
15 (Cs) 11.75 11.18 11.42 1.56 1.54 1.53 3.02 2.82
16 (Cs) 8.07 7.78 9.49 1.83 1.78 1.76 2.92 2.84
19 (D3d) 10.04 10.64 10.21 1.44 1.38 1.37 3.17 3.09
22 (D2) 0.26 0.25 0.06 2.02 1.98 1.96 2.78 2.75
23 (D2d) 0.00 0.00 0.00 2.08 2.05 2.03 2.76 2.81
24 (D6h) 7.32 2.43 7.19 2.40 2.34 2.32 2.60 2.11
   :

6 (C2v) 17.29 17.99 17.71 1.41 1.36 1.35 3.05 2.68
7 (C2v) 
            

25.08
34.92

25.43
29.55

24.89
33.54

1.34
0.49

1.30
0.54

1.28
0.52

3.11 3.15

12 (C1) 
            

12.56
24.22

8.43
22.87

13.66
24.77

1.48
0.49

1.46
0.51

1.44
0.54

3.15 2.79

17 (C2v) 
             

21.92
31.32

28.74
18.69

22.90
37.51

1.40
0.61

1.37
0.64

1.34
0.66

3.28 3.31

18 (C2v) 15.94 17.26 15.74 1.99 1.95 1.94 2.83 2.13
21 (D2) 
             

16.83
29.53

17.01
29.71

16.10
28.28

1.36
0.25

1.34
0.27

1.33
0.25

3.16 2.35

   :
3 (Cs) 
          
          . 

32.89
29.21
27.64

28.01
30.41
46.79

41.58
37.59
26.58

0.79
0.89
1.07

0.77
0.91
1.05

0.76
0.87
1.02

3.14 2.86

8 (C2) 
          
          . 

22.72
25.61
22.58

32.87
25.88
30.26

21.65
24.35
21.56

0.99
0.73
1.06

0.98
0.74
1.05

0.98
0.73
1.04

3.26 3.24

9 (C2) 
          
          . 

26.98
25.00
24.91

26.38
34.00
31.36

26.31
24.12
24.22

0.82
0.97
1.05

0.81
0.99
1.04

0.79
0.98
1.02

3.42 2.98

10 (Cs) 
            

29.97
27.11

29.61
25.65

29.71
27.51

0.61
0.85

0.64
0.85

0.64
0.84

3.83 2.48

    :
1 (D2) 53.11 58.26 50.81 2.45 2.37 2.34 2.29 2.38
2 (C2) 34.79 35.57 32.47 1.99 1.95 1.93 2.81 2.91
20 (Td) 31.18 30.12 30.13 2.73 2.66 2.63 2.31 1.85

     84  -
 ,       

 , . .      
  (  3.27). ,  -

 ,   3 (Cs)    -
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   -  ,   8 (C2)  9 (C2) 
–     -  ,   
10 (Cs) –     -  -

.  ,       
         

(  3.18),       
     (  10 (Cs)),  

      -
    ( – ).

 3.27.     84    
: 3 (Cs) ( ), 8 (C2) ( ), 9 (C2) ( ), 10 (Cs) ( ) [8-12]

, ,      1 (D2), 2 (C2)  20 (Td), -
,   ,    , 

        
(  3.18) [8-12].      20 
(Td)     [17].     -

  (  3.28),     , -
    . ,  -

  1 (D2)   ,   -
   .   2 (C2),   

 ,      
   20 (Td) –   . , 

   ,      ,  
 « »      

   .
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 3.     
  

                                                                                                                     
 3.28.       84: 1 (D2) 

( ), 2 (C2) ( ), 20 (Td) ( ) [8-12]

  [8],        
 ,       

   ,      -
      ,   

  ,       
-  (  3.19),       . -

  ,       
 .     

          -
      ,   -

       .

 3.19.        
 84, . (B3LYP/6-31G) [8-12]

 
84

   
84

  
 -

 
 -

 
-

 -
 

 -
 

-
  :

4 (D2d) 9.6 (8) 13.2 (4) 10.6 (4) 16 (Cs) 12.4 (2) 11.9 (2) 10.9 (2)
5 (D2) 8.9 (4) 16.2 (4) 4.8 (4) 19 (D3d) 10.9 (6) 11.4 (3) 8.3 (6)
11 (C2) 12.9 (2) 11.6 (2) 9.1 (2) 22 (D2) 9.3 (4) 12.3 (2) 7.7 (4)
13 (C2) 12.7 (2) 17.2 (1) 9.6 (2) 23 (D2d) 8.7 (8) 10.2 (8) 7.2 (8)
14 (Cs) 14.4 (2) 14.4 (2) 11.4 (2) 24 (D6h) 8.6 (12) 5.9 (6) 8.4 (12)
15 (Cs) 13.8 (2) 12.9 (2) 9.9 (1)
   :

6 (C2v) 14.2 (4) 14.2 (4) 9.9 (2) 17 (C2v) 11.5 (4) 9.1 (4) 10.6 (4)
7 (C2v) 15.1 (4) 10.3 (4) 10.7 (2) 18 (C2v) 11.8 (4) 9.7 (4) 12.5 (2)
12 (C1) 11.7 (1) 14.4 (1) 9.4 (1) 21 (D2) 10.9 (4) 11.2 (4) 6.7 (4)
   :

3 (Cs) 15.6 (2) 13.9 (2) 11.2 (2) 9 (C2) 11.9 (2) 13.9 (2) 9.5 (2)
8 (C2) 14.7 (2) 13.2 (2) 9.6 (2) 10 (Cs) 12.2 (2) 14.2 (2) 9.1 (2)

    :
1 (D2) 20.8 (4) - 17.8 (4) 20 (Td) 12.6 (12) - 11.9 (12)
2 (C2) 19.6 (2) 17.4 (2) 17.4 (2)
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  84
  ,     -

,    ,   -
      7 (C2v), 10 

(Cs), 11 (C2), 12 (C1), 13 (C2), 19 (D3d)  23 (D2d) [53, 82, 83, 187, 212, 270-272]. 
, ,   7 (C2v), 10 (Cs)  23 (D2d)   

    Sc2@C84 [272].  [187]    
    ,  -

   11 (C2), 12 (C1)  13 (C2),    
     13   .  -

         ,   -
 .  [271]     Sm@

C84,     – 13 (C2)  19 (D3d) –    
 .     

    , , 
  Ti2@C84 [273]    Yb@C84 [77].

  84,    M3N@C84 
(M = Tm, Dy, Tb),       ,  -

    [115].  [59]    
       -
  M3N@C84,      

:     51589 (D2) (  21), 
   ,   -

   51365 (Cs),    , -
  .    -

       ,    
 ,      

     M3N@C84 [59, 267].  
      

    Tb3N@C84, -
 ,      51365 (Cs),  -
    [274].  -

        
Tm3N@C84  Gd3N@C84,     Cs (51365) [275].

        -
  84 [83, 187, 276].   [82, 

191, 241]       
 Sc2@C84 (23 (D2d), 10 (Cs)  7 (C2v)) ,  -

        23 (D2d)  10 
(Cs)      [83, 276]: 
45Sc         23 
(D2d)   238-433 ,       10 (Cs)   -

  383 ,     [277].   
         
.
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 3.     
  

                                                                    
 3.29.        23 (D2d) 

( ), 10 (Cs) ( ), 7 (C2v) ( )  84       
  -  (      [82, 

191, 241])

      
        -  

  ,       
-   (  3.29).  -

         
      

  Yb@C84 [187] (  3.30.)
 ,       

      , 
    .    

         
      .

                                                                                                         
 3.30.    (  )  Yb@C84   11 

( 2) ( ), 12 (C1) ( ), 13 (C2) ( )  84   [187]     
     -  [12]
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Sc2C2@C84.      

  Sc2@C86,      
   13C      

   23 (D2d) [236, 278].    -
       Sc2C2 

  Sc-Sc     . 
       

  C2   Sc-Sc  Sc2C2.    [279, 280] 
     , . .  

 2        
Sc2C2@C84,      -

 (0.4 ),       
      2   

.      DFT  
   .

 3.31.       84,  
84

2-   84
4-        

   23 (D2d)  C84 [12]

      C2  
  Sc2C2@C84    

  ( )    
    84

2-. ,  -
     23 (D2d)  84    
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 3.     
  

   ,    
  (  3.31),      

,    [12].

  84
  ,   C84   

 ,   -  
  4 (D2d), 5 (D2), 11 (C2), 16 (Cs), 18 (C2v), 22 (D2)  23 (D2d) [118, 

281-283]. ,   18 (C2v)         
 .

        
[281-283].      1.5,    ,  

  Rf    ,  
     ( 2 ),      -

,     (3 ) (  3.1).  -
,       ,  -

,   -    (  
3.2),      2  11 .

 
                     3.1                                                     3.2

,  « »     3   ,  
   , -    

  [282, 283].    -
   « »    

 ,        
   ,    . . [281-283], -

      .

 3.20.       
-  [268, 284]

84(RF)2m Hd
*1  € Hd

*2  Hd,    , %
23( 1)( 2F5)12 8 10 100
22(D2)( 2F5)12 8 12 75
22(C1)( F3)16 8 12 88
16(C1)( 2F5)12 6 9 100
16(C1)( 2F5)12 6 8 100
11( 1)( F3)12 6 8 83
11(C1)( 2F5)12 6 7 100
4(D2)( F3)12 4 8 100
5(C2)( F3)16 8 8 75
18(C1)( 2F5)12 4 5 100

*1 - Hd -    - ; *2 -  € Hd –  , 
     - .
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      , 
     ,  -

    Rf   ,   -
  ,     -

          
 . ,     

 [268, 284]     -
 ,    , -

 84 (  3.32  3.33,  3.20) [281-283]  
      -

 - .

 3.32.   
    22 

(D2)    RF  
 22(D2)( 2F5)12 (  ) 

 22( 1)( F3)16 (  ) [281]. 
   

Hd   

 3.33.     
  23 (D2d) c  

 RF   23( 1)( 2F5)12 
[281]

,      -
     . ,  -
      ,  

     .     -
 –     ,   -

   ,  , 
       

   .  ,   
         

         -
,   .  ,    

     . ,  -
         

       
.
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 3.     
  

    ,  -
,        - -

         
     (  3.3).  , 

         -
.

    
                3.3                                                          3.4

      
 , ,      -

  . . (  3.4). ,    -
   ,    ,  

   -     
   F3  2F5 [268, 284].  

         -
 , ,     -

   90 [285].
 ,   C84     -

        
   [4, 94, 120, 252, 251-258]: 4 (D2d), 5 (D2), 11 

(C2), 14 (Cs), 16 (Cs), 19 (D3d), 22 (D2), 23 (D2d), 24 (D6h) , -
, 13 (C2)  15 (Cs).       

  ,       
60  70.   14 (Cs)  16 (Cs)    -

 ,    24 (D6h) –   ,   
       -

 .       
,   ,   

         
       

   6 (C2v), 7 (C2v), 12 (C1), 17 (C2v), 18 (C2v) 
 21 (D2) [8-12, 268].

   3 (Cs), 8 (C2), 9 (C2)  10 (Cs) -
    -  ,  

 1 (D2), 2 (C2)  20 (Td),    -
, –  ,    

 ,    -
.

    ,   
 ,     -

,   ,    7 (C2v), 
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10 (Cs), 11 (C2), 12 (C1), 13 (C2), 19 (D3d)  23 (D2d) [53, 82, 83, 187, 212, 270-
272],      –  4 (D2d), 5 (D2), 11 (C2), 
16 (Cs), 18 (C2v), 22 (D2)  23 (D2d) [118, 281-283]. ,   

  1 (D2), 2 (C2)  20 (Td),    72 (D6d)  4 
(D3h) – 78    ,    -

   -  .
,     -   -

     CF3  2F5 . 
 ,       -

     84,   
   .

3.1.8.  86
,   86    , 

      -
 [15].         

     s  C2 [ . 286-288].    
 -   [ . 2, 4, 103, 286, 287, 289] 

 ,      16 ( s)  17 
(C2),      .  

,        -
,     [287]. ,  -

,         
.

                                                                               
 3.34.    16 ( s) ( )  17 (C2) ( )  86 [290]

    3.34,    -
   16 ( s)  17 (C2)  86   

    ,   -
  , ,     

  [290].   16 ( s)     
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 3.     
  

 ,        
        
.

    86   
 [15]     .   

    ,     -
 ,   2 (C2),    17 ( 2) 

 16 ( s)     , . .  -
       ( .  3.35  3.36) 

[290].

 3.35.     C86    
: 1 (C1) ( ), 3 (C2) ( ), 4 (C2) ( ), 5 (C2) ( ), 6 (C2) ( ), 7 (C1) ( ), 8 ( s) ( ), 9 (C2v) ( ), 

10 (C2v) ( ) [290]

    ,    
 ,   10 (C2v)   -

 ,      
 .     -

 -   (  3.21) [290].  
       
  ,     
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       -
    ,     -
     [290].    ,  

     ,  
 (  1 (C1), 13 (C1), 18 (C3)), - ,   
      .

 3.36.     C86    
: 11 ( 1) ( ), 12 (C1) ( ), 13 ( 1) ( ), 14 (C2) ( ), 15 (Cs) ( ), 18 (C3) ( ), 19 (D3) ( ) 

[290]

 -   -  -
  , - ,    -

        ,   
       -

.
  [286] ,   6 (C2), 10 (C2v), 11 ( 1), 12 (C1), 

13 ( 1)  18 (C3)       -
         20 

/ ,          
  – ,     
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 3.     
  

.    1, 3, 4  7-10 -
   [287, 291].

 3.21.     ( E, / ), -
     ( – , ),   

 ( , )  86 (B3LYP) [290]

 86 E –
6-31G 6-31G* 6-31+G* 6-31G 6-31G* 6-31+G* 6-31G 6-31G*

1 2 3 4 5 6 7 8 9
  :

16 (Cs) 6.52 3.26 7.49 1.91 1.88 1.85 2.79
17 (C2) 0.00 0.00 0.00 1.56 1.53 1.50 3.00 3.51

   :
1 ( 1) 
          
          . 

28.52
32.47
28.52

24.29
29.90
24.73

26.90
31.75
27.05

1.10
0.75
1.10

1.12
0.75
1.15

1.11
0.72
1.14

3.21 3.23

3 (C2) 
          
          . 

20.85
26.83
20.85

17.01
23.47
12.12

17.49
24.42
16.95

1.12
0.60
1.12

1.14
0.58
1.15

1.13
0.57
1.14

3.30 3.06

4 ( 2) 
           

22.01
22.05

20.51
18.23

20.54
20.14

0.90
0.89

0.87
0.91

0.88
0.89 3.35 3.09

5 ( 1) 
          

21.38
25.06

15.82
21.24

33.81
24.55

1.02
0.67

1.00
0.68

1.00
0.67 3.35 0.14

6 (C2) 
          
          . 

15.87
18.91
15.81

19.42
18.50
12.99

14.76
17.31
14.76

0.99
0.72
1.03

0.97
0.79
1.02

0.96
0.74
1.01

3.21 0.004

7 (C1) 
          

24.94
23.79

22.20
14.67

24.19
22.80

0.88
0.95

0.87
0.97

0.86
0.95 3.48 2.95

8 (Cs) 
          

36.67
36.92

33.33
31.12

38.21
39.78

0.82
0.84

0.82
0.82

0.82
0.77 3.57 3.22

9 (C2v) 
           
           . 

43.17
42.91
42.67

36.61
44.39
38.74

40.49
40.78
40.29

0.78
0.87
0.87

0.79
0.81
0.81

0.78
0.83
0.81

3.80 3.43

10 (C2v) 
             
             . 

18.82
21.77
18.75

21.36
20.35
17.18

17.22
20.49
17.28

1.06
0.82
1.10

1.06
0.82
1.10

1.06
0.83
1.09

3.22 3.19

11 (C1) 
            
            . 

10.81
16.53
10.81

16.76
7.13
5.95

11.23
15.64
9.37

1.17
0.65
1.17

1.15
0.67
1.13

1.14
0.67
1.12

3.23 3.05

12 (C1) 
            
            . 

10.79
16.77
10.79

7.95
7.79
7.93

11.27
15.99
11.46

1.20
0.68
1.20

1.18
0.69
1.20

1.17
0.69
1.19

3.17 2.96

13 (C1) 
            
            . 

14.88
20.98
14.88

14.90
21.43
17.88

16.30
22.02
16.31

1.22
0.67
1.22

1.19
0.69
1.21

1.19
0.69
1.19

3.18 2.98

14 (C2) 
            
            . 

22.29
25.83
22.29

21.03
11.91
21.19

20.89
27.75
20.17

0.97
0.69
0.97

0.97
0.69
1.00

0.95
0.68
1.00

3.24 2.66

15 (Cs) 
            
            . 

22.67
31.11
22.67

23.02
28.02
20.03

21.25
29.32
21.28

1.07
0.55
1.07

1.05
0.57
1.03

1.04
0.56
1.02

3.30 3.38
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 3.21 

1 2 3 4 5 6 7 8 9
18 (C3) 
            
          . 

11.87
19.41
11.87

6.71
18.89
9.29

12.06
19.61
12.16

1.14
0.48
1.14

1.13
0.54
1.13

1.13
0.49
1.12

3.17 2.22

19 (D3) 
             
          . 

24.25
29.28
24.29

23.22
22.83
21.51

23.16
27.55
22.37

1.02
0.59
1.09

0.99
0.62
1.06

0.99
0.61
1.08

0.12 3.32

   :
2 (C2) 
           

29.23
57.65

26.26
56.21

26.58
56.21

2.10
0.28

2.10
0.25

2.09
0.27 2.64 2.46

                                                                                                          
 3.37.      2 ( 2)  86 ( ) 

      ( ) [290]

       2 (C2) ( .  3.37 ), 
     ,   

   ( .  3.37 ). -
 ,       -

        -
 ,   -   

( .  3.21),  ,   2 (C2)  -
    .   ,  
     ,   

    .  -
  [287],   ,      

,     ,  -
  .
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 3.22.       
 86, . (B3LYP/6-31G) [290]

 
86

   86   
 -

 
 -

 
-

 -
 

 -
 

-
  :

16 ( s) 13.46 (2) 17.54 (2) 11.54 (1) 17 (C2) 14.12 (2) 17.27 (1) 9.29 (1)
   :

2 (C2) 16.14 (2) 25.11 (1) 13.15 (2)
   :

1 (C1) 17.72 (1) 23.62 (1) 14.19 (1) 10 (C2v) 13.21 (4) 14.27 (4) 12.09 (2)
3 (C2) 20.59 (2) 17.47 (2) 9.89 (2) 11 (C1) 14.37 (1) 19.58 (1) 9.76 (1)
4 (C2) 14.61 (2) 22.37 (1) 11.75 (2) 12 (C1) 11.49 (1) 19.44 (1) 9.59 (1)
5 (C1) 16.11 (1) 21.81 (1) 11.78 (1) 13 (C1) 11.12 (1) 16.97 (1) 9.76 (1)
6 (C2) 16.62 (2) 23.51 (1) 8.64 (2) 14 (C2) 13.69 (2) 20.37 (1) 8.07 (2)
7 (C1) 15.93 (1) 20.93 (1) 11.76 (1) 15 (Cs) 10.79 (2) 17.10 (2) 7.70 (1)
8 (Cs) 15.85 (2) 18.53 (2) 12.92 (1) 18 (C3) 12.94 (3) 18.69 (3) 8.34 (3)
9 (C2v) 10.29 (4) 17.67 (4) 9.77 (2) 19 (D3) 9.87 (6) 13.20 (6) 5.65 (6)

     ,     
 16 ( s)  17 (C2),      

-  (  3.22), ,       70,  -
 .  ,      

    .    
3 (C2),       , 

        
    ,    

 .      
   2 (C2)       

   ,       
    .

  86
    ,    

86      -
   . ,    -

 Sc2@C86    ,     -
 [288].  ,     

    Tb3N@C86, Tm3N@
C86  Dy3N@C86   19 (D3) [114],    -

   Tb3N@C86 [288]. . .   , 
   ,  -

   .

  86
  ,   86   

      C86(CF3)16  
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C86(CF3)18      17 (C2),  -
     [292].      

   16 (Cs)  17 (C2)   C86(16)Cl16, C86(17)Cl18, C86(17)
Cl20  C86(17)Cl22 [293].

 ,     19 ,  
  ,    -

  :  16 ( s)  17 (C2) [ . 286-288],   -
     ,  

   ;   16 ( s)    
  .

    ,   
2 (C2),     , . .  -

      ;  
      2 (C2), -

   ,    
       .  

       19 (D3) [288],  
   –  16 (Cs)  17 (C2) [292, 293].

3.2.    
  

   , -    
   ,     

   . ,   
    . ,   

 ,      
,       [8-14, 

19, 37, 68, 108, 129, 160, 209, 268, 284, 285, 290].    
       

    ,  
       .

, ,  84:    -
   .   [8-10, 257],   

    0  25 /  (   
    23 (D2d)).  ,   -

,         
     25 / ,    

         , 
 ,       70  84 

   ,     
        
  .   ,  ,   

       ?
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 3.     
  

  –       
,    –   ,      

         
, –      .      
       

   .   ,   
 ,       

.        
  ,       

(TE/n  Hf/n) [11, 40] (  3.38) .

 3.38.    (TE/n)     
( Hf/n)      Cn (1 – B3LYP/6-31G* [4], 2 – B3LYP/
6-31G [11, 40], 3 – B3LYP/6-31G* [2, 262]).  ,   

   

       «  -
».       TE/n 

(    Hf/n),      
 60, 70, 84 (  23 (D2d)  22(D2)),    133 (C2) 
 94.       

         
 Cn,     .

 ,        -
        , -

,   . ,     -
   ,   60   

. ,      -
  60  70,       . 

,        -
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   ,    
.     ,     

,      -  -
  ,    .  

     «  », 
        -

,    .
        Cn -

    ,   ,   
        -

,          -
 . ,   84    

25 /  (        
   25-30 /  ( .  3.18).  , 

   25 /       
  ,      6 (C2v), 7 

(C2v), 12 (C1), 17 (C2v)  21 (D2),   .    -
, ,   80        

    5 / ,       
  .      -

 –   ,      
     (  80),   

    , . .     
  . , ,   ,    

         (  
84),      . 

 ,      -
,       ,  

     . , ,    -
 ,  ,    

  (     , -
    ),      -

     .  -
,       

    ,    
 .        (   -

)   ,       
  .
    ,    -

         
     ,   -

       
,    3.23.    

  ,       
    ,     -

 — .
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 3.     
  

 3
.2

3.
 

 
 

 
 

 
 

 
 

 
 

-
, 

 
 

 
 (

) 
 

 
 

 
 (

) 
 

 
72

–
86

 [1
2]

1
2

3
4

5
6

7
8

9
10

11
12

C
72

 (D
6d

)
—

—
—

C
84

 1
 (D

2)
—

—
—

86
 1

 (C
1)

—
—

—
C

74
 (D

3h
)

—
[3

4,
 3

8,
 7

0-
72

, 7
7,

 7
8,

 
82

, 1
11

]
[8

6,
 8

8,
 8

9]
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 3.     
  

  ,      
   ;

2.  ,     -
  , , ,  7 (C3v)  C82   

1 (C1)  10 (C2v)  C86,      -
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 ,    ,  
      ,  

 ,     
      ,   -

      -
 , ,  5 (D3h)  78,  1 (C2), 2 

( s), 4 (Cs), 5 (C2)  6 (Cs)  82   6 (C2v), 7 (C2v), 12 (C1), 17 
(C2v), 18 (C2v)  21 (D2)  84.    

   -    -
      14 (Cs)  84.

   ,     
   90  104,     

       [295-297]. 
      , ,  -
     (  12)  -

      -   , 
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         -
     ,  

 ,     ,  
     -    
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 ,       -
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        -
 ,       , 

     [85, 299].
         

       -
:        -
 .     : , , 

 74 (D3h)  76 (Td),     
[68, 108],       C74F38 [86, 87], 
C74(CF3)12 [88, 89]  C76(CF3)12 [88].    -

, - ,     .
  C74(CF3)12  C76(CF3)12,   

  [88, 89], ,    -
     ,  -

    500 /  [300].
 ,       

    -   (  
3.39, 3.40),       ,  -

        -
    .

                                      
 3.39.    74( F3)12 c    
  74 ( )     ( )

                                                              
 3.40.    76( F3)12 c    
  76 ( )     ( )
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 3.     
  

       74( F3)12  
76( F3)12 (  3.39, 3.40)      

 74  76, , ,     
        -

  ,     . 
         
      - -

     -   
[89].

 ,       
  C74(CF3)12 [88, 89]  C76(CF3)12 [88]   -

.        
   CF3     [299].  -
,       

H·  CF3
·      74 (D3d)   b    

 76 (Td) (  3.24).      -
       74 

(D3d)  76 (Td) [68, 108],        
     ( x(CF3))

• Cx 
+ CF3

•  ( xH)• Cx + H•,       c   
C74 (D3d)   b  c   C76 (Td)  , 

      (  3.25).

 3.24.     ( / ) 
 74CF3

·, 74H·  C76CF3
·, 76H·  [300]

C74 F3
 (C74H C76 F3 (C76H

a 31.7 (32.7) 32.2 (33.3)

b 15.6 (15.7) 0.0 (0.1)

c 0.0 (0.0) 0.4 (0.0)

d 26.1 (26.7) 22.9 (24.5)

e - 1.7 (1.9)

f 29.3 (26.7) -

h 4.1 (4.2) -
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 3.25.     ( / ) 
 x(CF3)•  Cx + CF3

•  xH•  Cx + H• (x = 74, 76) [300]
C74 F3

 (C74H C76 F3 (C76H

a 17.4 (28.1) 17.1 (27.3)

b 33.5 (45.1) 49.2 (60.6)

c 49.1 (60.8) 48.8 (60.7)

d 23.0 (34.) 26.3 (36.1)

e - 47.5 (58.7)

f 19.9 (34.1) -

h 45.1 (56.6) -

 ,   ,    -
      , -

        -
   ,    -

        
- .       
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22010 (C2) [7], Me3N@C84 51365 (CS) (Me = Tb, Tm, Gd) [11, 12]  . ( -

     ,     
,    [16]).

      
,     , 

    .   
        
, , CCl4.  ,      -

,    ,   
  ,   C76Cl24 (  18917 ( 2)), 

   SbCl5  19150 (D2),  
    [17].   -

    , . .    
      .  

C76Cl24       
     [17, 18].  -

     18917 (C2)  76  
  C76Cl24 ,    18917 (C2)   

   8.1   ,   D2, -
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   ,     
 :    C76Cl24   D2   
  4.3   ,  C76Cl24    18917 (C2) [18].

       
    : C54Cl8,   

    ; C56Cl12,   
      ;  C64Cl4, 

C64Cl8 [19], C66Cl6, C66Cl10 [20],       -
    ,    6094 (Cs)  

C68Cl8 [21],  11188 (C2v)  C72Cl4 [22, 23]   23863 ( 1) 
 C78Cl8 [24].  ,   -

 ,     .
 ,    ,    

« »     , 
       , 

   ,     
 (    ),   

   .      
    ,   

       
,        

(   ).  ,   
   , ,  
,      

      -   
,      .

                                                                                                                          
 4.1.   (  ( ), « » ( ),  

    ( ))

        
 ,     8 6 

(  4.1).     -
  [ . 25],        

        
(  4.1 ),      [ . 26, 27], 

 « » (  4.1 ).      
   ,    

   ,  4k+2  
,    8  .     
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 4.  ,     
  

     : , 
,  ( 3- ) ( 8- ) ,   . [25, 28-

32].        
 ,     ,   

 10-    :    
,       .  
     ,    

    ,    ( 8 6
2-) 

    ,    « » -
  7– 8 (  4.1 )   ,  30-40° [33].
      

     ,    
.         

  ,     
  [34].      

      ,  
        
  ,      

  [35].
    ,    

   (      
   ), - ,    

,        
 ,     ,  ( ) 

    (    
  )    -

   [36].  ,    
       [37, 38]. 

 ,  ,    (    
« »    )    

  ,   , , 
,   ,    

    ,    
 . - ,      

    .
       

 62,       ( -
) [39].       [39] , 
        

        
   ,   (  

3.1) [40], . .      
 ,         

,        
  .
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 1  3       76.  -
,   ,     

,      [4],  
   ,    

 ,     
, . .       

 . -   ,    
   80-100 /  [4].    

    ,    
 ,     -

:    M3N@C2n      2n = 
68–72,    2n = 74–80      2n = 82; 84.  -

 C86  C88    ,  
  ,     [41] .

 4.2.      APP (   ) 
        C2n

6-.  
 [41]   Copyright © 2007, American Chemical Society

   ,       -
:    ,       

 ,        -
  [42-44]. ,    

 ,  ,  ,  -
   ,      

 ,    (  4.2) [41]. 
,     (C68, C70)     

  , ,   C76
6-,    

    .      
    C72

6-–C78
6-. , ,  -

 ,       -
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 4.  ,     
  

      ,     
C80

6-–C86
6-.  ,  ,   -

 ,       
    .  ,  

       -
  :      -
,     ,  

  , ,   C86
6-,      

  ,   . . . -
    ,    

 ,     .
      -

    . ,  [45]   
       -

  Sc3N@C72    -
 72,      :    

    10611 (D2),     
    10528 (Cs).    -

    :  10611 (D2)   -
     ,   -

      Sc3N     10528 (Cs), 
     .  

   ,     Sc3N@C72  
  ,    La2@C72 (10611) [46].

     78,    
        

Sc3N@C78   ,     
 Sc3N@C78         5 

(D3h) [47].     Y3N@C78,    
 ,   ,    

 ,     , 
22010 ( 2),      Y3N , 

      [41, 48].
 ,    ,  -
 ,     -

,        
: (1)     ( )   

 ; (2)    ; (3) -
       ;  

(4)  ( )     [36].
         -
     ,   

 .       
       -

        -
  .  ,     

        . -
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   ,     -
       .

4.1.   4348 (C2V), 
   

 ,  66 
   Sc2@C66

 66,     4478  (2 
   D3, 1    C3v, 18 –  C2v, 112 –  Cs, 

211 –  C2  4134 –   C1) [16],        
   . 

    [8, 9]  ,     
     66   

  Sc2@C66.    
 Sc2@C66     «    -

 »:      ,  
     C2v   -

  13    [9]. 
  -   [49]  ,  

    Sc2@ 66 -
   4059 (C2v).    [8, 9]  ,  -

   13   [23]     -
   [8]     

4059 [49],   Sc2@ 66  ,    4348 (C2v), 
    . , ,  2014 .  
   4059 (C2v),      
      ,  -

    2D-    .
     [49],      4059 

(C2v),    6     , 
    ,  4348 (C2v) 

      2  
    ,      -

 .   ,   
         -

    ,   -
 ,     [50].  -

      ,     
      ,  

        
   .

     
 66  [50],    4348 (C2v) -

         3500  
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 4.  ,     
  

    Cs:0060,    
   .

  [44]     -
 66        

.         ,  -
  66,     

,     ;   
 66    ,   -

 - ;      « -
» ,    .

          
  4348 (C2v)  66,   -

    ,     -
,      -  [51].

                                                           
 4.3.    66 (  4348 (C2v)):    

 ( )       ( ) [51]

     66    
     (  4.3).   

  (  4.3 )   -
         

. ,    ,   
    ,   
   60,     

(    - ,    
  70,     ).

      4348 (C2v)  66 
(  4.3 ),   ,   -

    -     
 (     ).  -

          
   « » ,    

 (      4.3 ), –    
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    ,        
 .  ,  ,   

 4348 (C2v)  66      -
  ,   74 [52].

 4.1.     ( E, / ), 
     ( – , ), 

   ( , )  4348 (C2v)  66 (B3LYP) [51]
–

6-31G 6-31G* 6-31+G* 6-31G 6-31G* 6-31+G* 6-31G 6-31G*

66 6.59 8.68 6.93 0.78 0.76 0.72 3.34 3.32

66 0.00 0.00 0.00 1.22 1.21 1.18

,  (  4.1),    
  ,    ~ 6–9 / ,    

     66 [51]. -
  –   (1.2 )  ,   -
 (0.8 ). ,    -  

  ,     -
 4348 (C2v)  66      

(  4.3 ).

 4.4.    66 (  4348 
(C2v)  -   (   

      
) [51]

       [51],  
      

        -
-   :    66  -
   -     -
 - ,     (  4.4).   
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 4.  ,     
  

   .     -
,    , -

 -       (   
       4.4). 

   ,   -
        . 

        
    [51].

,    4348 (C2v)  66 -
   ,    

.  ,      -
      74 [52]  -
  [53].  ,     

         
 [51],    [50].    

     C66   C66
2-,  [51],  -

       . -
     –  

      . -
  ,      66

2-  -
 66

4-, ,      ,     
     .   
  ,     , -

       -
.  ,    66

4-   
     ,    66

2-. 
   [49],   Sc2@ 66    

     ,    
     ,    

  [9].

 4.5.      
 Sc2@C66 (  )
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     ,    
   Sc2

2+@C66
2-    

 ,       -
      . -

,  -    Sc2@C66 -
,       -

 ( .  4.5).      -
  C66    Sc2@C66  

        
 C66  C66

2-, . .   ,     -
 - ,    .   

      -
:         

       -
.       [50].

 4.2.       4348 ( 2v) 
 66, . (B3LYP/6-31G) [51]

  
    -

4348 (C2v) 8.2 (4) 17.7 (4) 3.0 (2)

*   –     .

       (  
4.2) [51]        

,      , ,      
  70,  ,   -

  4348 ( 2v)  66     -
.

 ,      -
   -   ,   

 4348 (C2v)  66   ,  -
   .   66

2-   
      ,  

   Sc2
2+   .

4.2.     
  4169 ( S)  66, 

   
 

  4348 (C2v),     
 Sc2@C66,  66     -

     C66Cl6  C66Cl10   [20, 36]. 
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 4.  ,     
  

,    Sc2@C66,     -
 4169 (Cs),       

4348 (C2v)        
( ).   ,      -

    sp2  sp3 [36]     
   [20],  ,   ,   -
  .

     4169 (Cs)  66, -
      ,    -

   ,    
         [54, 

55]:     -     
      (  4.6 ),     ( -

 4.6 )       .   
        -
    .

                                                                                 
 4.6.    4169 (Cs)  66    

  [54, 55]

    ,   , -
   ,   

   .   ,    
    [56].   [54, 55], 

   4169 (Cs)  66    
:     ,   

 ~20 /  (  4.3).   –   
(1.9 )  ,    (0.3 )     
[50].
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 4.3.     ( , / ), -
     ( – , )  

4169 (Cs)  66 (B3LYP) [54, 55]
 4169 (Cs) E –

6-31G 6-31G* 6-31+G* 6-31G 6-31G* 6-31+G*

66 0.00 0.00 0.00 1.99 1.95 (1.93)* 1.93

66 20.61 19.91 19.65 0.27 0.31 0.29

*   –   [50].

         
   (  4.6) ,     

      [54, 55]. ,  
  -    , 

     4169 (Cs)  66 
     (  4.6 ).

 4.7.   
       

4169 (Cs)  66 (B3LYP/6-31G) 
[54, 55]      C66Cl6 
(  )  C66Cl10 (  

) [20, 36]

 4.8.   
 (-0.061 – 0.066  B3LYP/6-31G) 

  4169 (Cs)  66 (  
   
 ) [54, 55]

  4169 (Cs)  66,      -
,      ,  -

         
  (  4.7) [54, 55]. ,    

 ,      
,     ,    

      ,  -
    .     

 4169 (Cs)  66     -
  84 (1 (D2), 2 (C2)  20 (Td)) [57-59],     -

  ,     .
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 4.  ,     
  

    (  4.8) , 
       ,    

,        -
,    ,     -
  C66Cl6  C66Cl10  [20, 36].       

      C66Cl6  C66Cl10 [20, 36] ( . -
 4.7),    :    
       15.8°  16.8°  2.6-9.7° 

[20].        
    4169 (Cs)  66, ,   

        . 
        

 ,        -
       -

.  ,        
         -

  ,     
,    54Cl8 (  540 ( 2v))   56Cl12 (  864 (Cs)) 

[20].         -
 ,       -
    ,     [50],  

 ,       -
 Sc2@ 66 (4169 (Cs))    .

 ,        
  4169 (Cs)  66,    -

 , ,      -
 ,       

        -
   ,     

   [54, 55].

4.3.   6140 (D3)  6275 (D3),
    

,  68   
 S 3N@C68

 68   6332 ,       -
  « » .  ,   , 

      ,    -
 ,     -
,       Sc3N@C68, 

ErSc2N@C68, Er2ScN@C68 [60], DySc2N@C68, LuSc2N@C68, Lu2ScN@C68 [61], 
  Sc2C2@C68 [14].

13    ,    M3N@C68 
  D3,     -

 [60].     -   [13, 
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43, 60, 62-64]   ,    
     6140  6275.    

    ,      
 ,      

[4].   6140  ,   6275 [64],  
    6275.

      -
 6140 (D3)      

Sc3N@C68 [13],   ,   Sc3N  , 
          -

    .    Sc3N -
    [64],     

6140  6275      
   3, . .      -

    Sc3N.
      

        -
         Sc3N@

C68. ,   ,    -
  Sc3N@C68  Sc3N     

  , , - ,  -
  [41, 60, 62-66].

  -     
Sc3N@C68, Y3N@C68  La3N@C68  DFT-  [41] ,  -

      . , -
 Sc3N     Sc3N@C68,    Y3N 

 La3N,    ,   
 ,   .     

     , -
      ,      
  ,        

 DySc2N@C68, LuSc2N@C68  Lu2ScN@C68 [61].
    Sc2C2@C68   -
-    ,     

6073 (C2v) [14],     ,   -
       -

  C2v.     -
  (Sc3+)2(C2)

2-@C68
4- [14].

       
    6140 (D3)  6275 (D3)  

[56, 67],      6140 (D3)   -
 ,   « » ,   -
 ,   « »  -

 (  4.9 ),    .   
6275 (D3) (  4.9 )      
6140 (D3):       , 

  « »  ,  -  
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 4.  ,     
  

,   « »  ,   -
  [56, 67].

                                                                      
 4.9.     6140 (D3) ( )  6275 (D3) ( )  

68 [56, 67]

    -
     ,   

  -   (  4.4): ,  -
        -

     ,  -
 (  1 / )    [56, 67].

        -
,  6140   :   18 /

.         
   Sc3N@C68,     

      100 / .   -
       –

:     6140  -
 Sc3N@C68 (2.09 ) ,    6275 (1.97 ) [56, 67].

 4.4.     ( E, / ), -
     ( – , ),   

 ( , )  6140 (D3)  6275 (D3)  68 (B3LYP) [56, 67]
E –

6-31G 6-31G* 6-31+G* 6-31G 6-31G* 6-31+G* 6-31G 6-31G*
 6140 (D3)

 2
.  

0.29
5.80
0.00

0.00
4.87
0.61

0.00
5.96
0.26

1.24
0.70
1.28

1.24
0.71
1.19

1.23
0.69
1.18

3.38 2.93

 6275 (D3)

. 

1.15
9.11
0.00

0.00
8.46
0.03

0.00
8.46
0.002

1.28
0.59
1.28

1.29
0.58
1.29

1.27
0.57
1.28

3.06 2.66

E6140-6275
17.37 18.12 18.26 - - - - -

ESc3N@C68
100.21 98.43 - - - - - -
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    ,  ,  
     66,     -

 ( .  4.10).     
      -

        , 
          

   .

                                                                              
 4.10.     6140 (D3) ( )  6275 (D3) ( )  

68    -   (B3LYP/6-31G) [56, 67]

   ,     -
       . 

       -
 [68],       

  -      -
   -  .

    68,   [56, 67], -
     ,    

6275 (D3)    (  4.5).   , 
   ,     6140 (D3)    -

 70,     -   -
   .

 4.5.       6140 (D3) 
 6275 (D3)  68, . (B3LYP/6-31G) [56, 67]

 68   
    -

6140 (D3) 14.1 (6) 14.7 (6) 6.1 (6)
6275 (D3) 17.1 (6) 14.3 (6) 13.9 (6)

*   –     .
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 4.  ,     
  

 ,   ,   -
   6140 (D3)  6275 (D3)     

    ,   -
      [56, 67].   

       
    ,   -

    Sc3N@
C68,      Sc3N   -

     .    
 6275 (D3)         -

 .

4.4.   22010 (C2)  24095 (C1), 
    

,  78

     3,   Tm3N@
C78, Dy3N@C78  Gd3N@C78      22010 ( 2) -

 78,     , -
        [7, 48]. -

    ,     
  24095 ( 1),  [56],    22010 ( 2),  

  ,      
  (  4.11 ).   24095 ( 1) (  

4.11 )    -     
,      . 

         
,      60  70.

                                               

 4.11.    22010 ( 2) ( )  24095 ( 1) ( ),   
  ,  C78 [56]
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       -
    ,    -
  -   (  4.6): -
    22010 ( 2)  78 -

      ;   
 24095 ( 1)       

    [56].

 4.6.     ( E, / )  -
     ( – , )  

22010 ( 2)  24095 ( 1),     -
,  78 (B3LYP/6-31G) [56]

22010 ( 2) 24095 ( 1)

E – E –

78 0.49 0.82 0.00 1.41

       . - - 0.00 1.41
      0.00 0.87 9.48 0.54

78 E 22010-24095 42.57 - 0.00 -

78
6- 532.23 2.55 618.04 1.42

78
6- E22010-24095 0.00 - 43.24 -

      ,     -
  22010 ( 2)  42.57 /    , 

  24095 ( 1),        –
.     78

6-   : 
 22010 ( 2)   43.24 /    
 24095 ( 1),    22010 ( 2)    

–      ,    24095 ( 1),   
,          -

.
      ,    -

 ,    ,   
      -

 ,    ,   , 
   (  4.12) [56].   22010 (C2) 

(  4.12 )    ,   
  ,    

,      . -
   -     -

,        ,   
    (  ).    

24095 (C1) (  4.12 )     -
      ,   -

 (  ).
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 4.  ,     
  

                                                            
 4.12.    22010 ( 2) ( )  24095 ( 1) ( )    
-   (B3LYP/6-31G) [56]

        
 ,    ,   -

,    ,  78 
(  4.7).

 4.7.       22010 ( 2)  
24095 ( 1)  78, . (B3LYP/6-31G) [56]

 78   
    

-
22010 ( 2) 22.2 (2) 17.4 (2) 6.6 (2)
24095 ( 1) 20.0 (1) 21.7 (1) 9.5 (1)

*   –     .

 ,    22010 ( 2)  
24095 ( 1)  78,     -

,        -
  (      )  -
 .

 4.13.       66, 68  
78,     
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 4.14.  :        

( ),       ( ),    ( ) [69]

     66, 68  78,  
   , ,  -

,      -
 (  4.13),       -

. ,       
   ,      -
,        , . .  

        [54]. 
           

    ,  -
  ,       , 
    ,    

.
        

  .      
    , ,    

,      -
, ,    . 

          -
  [70].  ,    ,  -

      ,  
   (  4.14 ).       

 ,    « »  ,  30-
40° (  4.14 ).     « » -

        40-50°,  
   ,    

  (  4.14 ) [54].     -
 ,      -

, - ,     , 
        .
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  72- 86,  

  

72 (D6d)

74 (D3h)



179

6. 
  

76 (D2)

76 (Td)



180

     

78 1 (D3)

78 2 (C2v)



181

6. 
  

78 3 (C2v)

78 4 (D3h)



182

     

78 5 (D3h)

80 1 (D5d)



183

6. 
  

80 2 (D2)

80 3 (C2v)



184

     

80 4 (D3)

80 5 (C2v)



185

6. 
  

80 6 (D5h)

80 7 (Ih)



186

     

82 1 (C2)

82 2 (Cs)



187

6. 
  

82 3 (C2)

82 4 (Cs)



188

     

82 5 (C2)

82 6 (Cs)



189
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82 7 (C3v)

82 8 (C3v)



190

     

82 9 (C2v)

84 1 (D2)
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84 2 (C2)

84 3 (Cs)
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84 4 (D2d)

84 5 (D2)
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84 7 (C2v)



194

     

84 8 (C2)

84 9 (C2)



195
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84 10 (Cs)

84 11 (C2)



196

     

84 12 (C1)

84 13 (C2)



197

6. 
  

84 14 (Cs)

84 15 (Cs)



198

     

84 16 (Cs)

84 17 (C2v)



199

6. 
  

84 18 (C2v)

84 19 (D3d)



200

     

84 20 (Td)

84 21 (D2)



201

6. 
  

84 22 (D2)

84 23 (D2d)



202

     

84 24 (D6h)

86 1 (C1)



203

6. 
  

86 2 (C2)

86 3 (C2)



204

     

86 4 (C2)

86 5 (C1)



205

6. 
  

86 6 (C2)

86 7 (C1)



206

     

86 8 (Cs)

86 9 (C2v)



207

6. 
  

86 10 (C2v)

86 11 (C1)



208

     

86 12 (C1)

86 13 (C1)



209
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86 14 (C2)

86 15 (Cs)



210

     

86 16 (Cs)

86 17 (C2)



211
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86 18 (C3)

86 19 (D3)
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