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,       -
   . 

       
,       -

       Ubuntu Linux. 
   ?  Linux    

   ,    Ubuntu,   
    ,    -

  ( . [2]).  
       -   

  ,      
,       -

.       (  
  )     , 

   ,      -
   -  -

     .  -
         
       , 

   . ,   
       -

    . 
 ,       

      -
 ,   «  -

   » [3],   -
       -

: , , , -  -
.      

     , -
      , 

       -
      .  

      -
,     -

       
   ,    -

        -
,         -
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   (     
     ). 

 ,    , -
       , 

     .   
   LibreOffice Writer  Ubuntu Linux  

   .       -
,  ,     -

       , 
        -

   ,   , 
      -

. 
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 1.    
 -    

  –   ,  -
 -      -

 ,       
   ,     

        
[4]. 

        -
     ,  

       
 (E. Schrödinger).   ,  -

   ,  , 
    , -

    [3]. 
       -

      -
  ,   3N  (  N –  

),    . 

     
     -

,  n : 

 
2 2 2

2

1 1 1

ˆ ˆ,   
2

n n n

i
i i i j je i ij

Ze eH H
m r r

. (1) 

ˆ (1)     H –  -
  ,  –    

 n   ,  –   
 . 

.  (D. Hartree)  ,     
,          -

       , 
    .    -

        -
   : 1 2 ... n .  
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 ,  (1)     -
 : 

 
22 2

2 2

2

n
j

i j i i
j ie j ij

Ze e d
m r r i , (2) 

ˆ
i       H   i-  

; i = 1, 2, …; d  –  ; i –  -
  i-   .  

      i-  
       (1)   
,     -

  i-      -
. 
. .     (2) ,  -

 : 
2

2 2
1 12 12

ˆ 2
n

j j i
i i i i i i

j
H d d

r r
. (3) 

      – . 
      , -

         
    .  ,   
    ,   

      , -
  . 

 -   (3)  -
 :    i

(0) ,  -
   ,   i

(1),  -
     .    

   , ,  -
      ,    

     .  ,   
       
.    –    -

  [3]. 
   –     

  ,   -
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,      ,  n-  
        

   (   ), 
    . 

,       -
,      –   . -
    –      

    (   
 2).     (  3, 

4  . .). 
  ( )    

  ,     -
,      , . . 

    –   . 

,r R

     ,    
    ,  ,  -

         
   .  ,   -

       
   (     -

 , . .       ). -
  ,      -

    ( )   ( R ) 

 ,  r  –  , R  – -
 .  

  ( )      
 ,        -

   R.     -
  –  (M. Born, R. Oppenheimer). 

,r R

    
.  (F. Hund), . -  (J. E. Lennard-Jones)  

. .  (R. S. Mulliken)    -
   :    

 ,      , 
       -

 ,   .   -
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   ( )    -
  (  )  M  -

 .  
      -

,       -
,    ,  -

   . 
       -
 ( )      -

 ;      -
   ,    -
       

  [3]. 
,    H     -

    :   -
,      : 

 1 2

3 4

,
,

A B

A B

c c
c c

  (4) 

 c1…c4 –  ,    
  .  

        
    ,    -

   (  ).  -
     ,  -

   .  -
   ,      

     . 
       –  -

  ,  .  (C. Roothaan) [3, 4]: 

   (5) 
1

0,  1,2,..., ,
M

i ic F S M

 ˆF F d r  –     -

  

F̂

; S d r  –   

 ;  –  .  
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        -
  ab initio   .  

     -
  ,     
       , -

    .     -
      -

 ,    –    
 M4.   3, 4   -

 6  7 .    -
      -

 . 

   Ab initio  
      -

   – ,    
    ,    , 

    ( )  -
 ,    -

      . 
       -

,       
, . .    .  

,       , 
   .   

   .    
 . 

   (Slater type orbital – STO) 
  : 

 
* *1/2 1/2* * 1

, , , 2 ! 2 n n r
l mR n r n r e , (6) 

 –    ; *n –  -
  (  ); r –   -
  .      
   ,     . 

      (GTO)  
 : 



12

 

  
21

, ,, , , , ,n r
l m l mG n r N r e Y ,      (7)  

 N –  ;  –   -
 ; n, l, m –  ,  

   ; r –    
 ; Yl,m –   . 

     STO  , ,  
        

 ,      
      ,  -

  .     
 ,   STO,    

.       -
    .  

         
 GTO: 

 ,i i
i

R d G . (8) 

     , -
         -
 ,    ,     

        
,         

   [4].    -
,        -

  1 ;   –  5 ;   – 
 9 .       

   ,     -
 .  

  Gamess,    3  -
,      , 

  . , STO-3G -
      (J. Pople),  -

      
  ,      

  ,  . 
-     ,  -

      – 
,  ,  ,  . -
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 -   –  4-31G,    
4 –    ,   

;        
: « » (3 )  « » (1 ). 

          -
 . 

      -
  ,    

  ,     
 , . .   . ,  

  6-31G*  ,   
 ;   Gamess  -

 ,     
    . 
      -

        -
  .   

   DZ. 
  ,      -

   20,    -
   ,    

       
   [4]. 

   ,     
   -   

-      
(T. Dunning).        

    , . .    
     – .   

     cc  aug-cc. 
      -

,       .  
       -

           
  .   (ab initio)  

       ,  
  -  ,    

  . 
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,      -
  .    

 : , ,    -
   ,      

.        
        -

, . .        
 . 

     -
     -

 . 
1 (Austin Model).      -

   ,   -
      - -  . 
        

  .   1   -
   ,    -

,       [4]. 
3 (Parameterised Model).     

  ,   -
 ,  ,  ,  

    .   -
   ,  - -  -

      . 
RM1 –   1.   -

  1736  ,   , H, 
N, O, P, S, F, Cl, Br, I. 

5  6     
,      -

    .    
  ,      

  , -    
 [4]. 
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. 1.      

 . 1 ,    ,    
     ,  

   :    -
 ,      

  ,   ,   
     .  

         
  ,    -

  . 

    
  ( . Hückel)   1931 .   

  -  ,   -
  ,   -

    ,  
   ,    -

  .    -
,         -

 ,    -
      [4]. 
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        -
     . 

   ( )   -
 ( D)       

    .   -
         , 

 ,     .  -
       

    ,   -
  .     ,    

 ,   -  
,        –  -

  . 
       , 

     -
 .       -
   .    

  ,   , 
     

.        
 ,     

.  
      -

 , . .     -
  [3].  

 D   ,   
   .    

    ,    
     .  -

   ,    
,        

 ,  , ,    -
  .  

        
   [3].       

     , -
    ( ,  -

),        . 
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     MD   
. 

    MD     
    ,   

ab initio,        -
   -   

. 
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 2.  Ghemical  
       

   
Ghemical –      -

    3D-  [5]. 
        -

       -
 .      -

  ,     -
   .  

 Ghemical    ++   -
  (  GNU/GPL).  -

       -
   ,     

Ubuntu Linux. 
   Ghemical   Ubuntu Linux -

   (   -
   ): 

sudo apt-get install xfonts-100dpi, xfonts-
75dpi 
sudo apt-get install ghemical 

         -
 Ubuntu Linux      ,   

    .   
     Midnight 

Commander (  mc).     , -
 ,   ghemical. ,  

        
     :  

ghemical > log.txt & 

       ( . 
2).       ,  

       
.  
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. 2.    Ghemical  

      : 
 

 
   ,     -

   . 

    . 

 
     (   -

)       . 

    . 

 
      

 OpenGL- . 

 

      
(   Shift)    -

. 

 

      
(   Shift)  , -

   . 

 
      ( -

  Shift)      -
. 
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      ( -
  Shift)      -

 . 

 

      ( -
  Shift)    

   . 

 
      ( -

  Shift)    
    . 

 
   , , -

   . 

 
      

(     ). 

 
      -

: , ,   . 

 
      -

 . 
 

      -
    ,   

 ,     -
      .  

   ,   Ghemical   -
     -  

 ,     
       , 

  ,  ,    
Gamess,     . 

   
      -

 –  .    ,  
  :  
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 /  

.  

IUPAC Name */ 
CAS RN 

 CA Index Name** 

1   
C3H5(OH)3 

propane-1,2,3-triol / 
56-81-5 

1,2,3-propanetriol 

2   
C3H6O 

propan-2-one / 
67-64-1 

2-propanone 

3   
C2H4(OH)2 

ethane-1,2-diol/ 
107-21-1 

1,2-ethanediol 

4   
C6H5NH2 

phenylamine / 
62-53-3 

benzenamine 

5   
2H5OH 

ethanol / 
64-17-5 
ethanol 

6   
C9H8O4 

2-(acetyloxy)benzoic acid/ 
50-78-2 

benzoic acid, 2-(acetyloxy)- 

7    
C4H6O6 

2,3-dihydroxybutanedioic acid / 
526-83-0 

butanedioic acid, 2,3-dihydroxy- 

8    
C6H8O7 

3-carboxy-3-hydroxypentane-1,5-dioic acid/ 
77-92-9 

1,2,3-propanetricarboxylic acid, 2-hydroxy- 

9   
C6H12O6 

(2R,3S,4R,5R)-2,3,4,5,6- 
pentahydroxyhexanal (D-Glucose) / 

50-99-7 
D-Glucose 

10   
C10H14N2 

3-[(2S)-1-methylpyrrolidin-2-yl]pyridine / 
54-11-5 

pyridine, 3-[(2S)-1-methyl-2-pyrrolidinyl]- 
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  : 
* –     , 

     -
  – International Union of Pure and Applied Chemistry 

(IUPAC).  
** –         

    (Chemical Ab-
stracts Service, CAS, http://www.cas.org). 

       
-        ,   

    1. ,   ChemSpider 
        -

 « » (simple) .    -
  . 3.   ChemSpider   -

         -
.        

 –   .mol. 
 

 

. 3.       
 -   ChemSpider  
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     Ghemical  
.       
  ,       

 .       
   .      

  ,      -
.     ,  -

       ,   ,  
   .     -

    .  
     ,  

        (  -
  ),       -

 ,     . 
   , . .   
   ,     

Shift. 
        -

        
        . 

       
,        . 

 , Ghemical       
  ,  ,   -

  ,      -
  .    -

       
(conjugated),    . 

       
  ,     

    .   Ghemical  
     

.        
     ,    -

 ,    -
.        , -
     ( . 4). 
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. 4.    
    

,    ,      
     ,  : 

 «  »,  ,   . 
        -

        
      .   

      , -
         -

     .    
 OK  , ,    -

 ,     -
,    .     

   ,    
    ( . 5). 

      . -
      

      ...,  -
      

( ,   - - ). 
   ,    

    .    ,  
      -

 ,     .  -
   –       -

.  
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. 5.     Ghemical  

  ,     
,   - .   -

       -  
   .   , -

    . 
    -

  ,      -
      .   
   ( ,    – , -

 – ,  – ,    ,   
 ).     ,  

    ,    -
 .        

        -
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 .       
  . 

        -
.      , 

      .   -
 :       

,   ;     -
  ,   –   .  -

         
 . 
   (  ),   -

   .      
.        

,      .  -
        -
  . 

      -
       

    ( . 6).     
    ,   

  ,    -
  (     «  

»     ,   
  ). 

 

. 6.     
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      -
     .    -

    ,  ,  / . 
        esp-unity-

surface,        -
     / . 

 Ghemical     -
     , . 

 :   ,  ,   
 .       

      -
 «  ». 
Ghemical       

      
, ,  ,      

  ( )   -
.  -   ,  -

     .   
    .     
  ,      

,     . ,   ( . 7) 
        5  

10.          
     4, 5, 10, 12;    4, 5, 10 

  ,   5, 10, 12 – . 

 

. 7.     
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        -
    .   -
,   ,       
   A, B, C, D    . 

      , -
       -

 .       -
  ,      .  

       -
      ( . 8),   -
         -
 ,       

.      , -
     .   -

  ,      
   .     -

    . 
 

 

. 8.      
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   Ghemical   -
         

   ,    -
 ( ) ,   . -

         
      .  

        
    .    -

        0.05 ,     
  –   30 000.    -
,      ,  

  .      
     .  

      -
       -
 …,    .      -

,    .log     
    . 
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 3.  Gamess    
     

   
 Gamess (    The 

General Atomic and Molecular Electronic Structure System) -
       -

      , 
,      [6].     -

      -
   ,   -

    .  – Mark 
Gordon's Quantum Theory Group,   ,  
[7].     . Gamess  

        -
  ,  ,   ,  -
      Firefly [8], -

   Windows.       
     . 

 
 

 
. 9.     Gamess  
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 Linux  Gamess (    -
   Gamess US)   -

 ,  .    -
       -

     -
  (MPI).    -

      [7].  
Gamess    ,    

    - , -
 ,  MacMolPlt [9].      

Gamess    ( . 9). 
    Gamess    -

 ,     ,  -
  .       ,  

 Gamess,   rungms,   -
 (  )    

SCR (    ), USERSCR (    -
), GMSPATH (    Gamess). 

     
    ASCII-  , -

      .  -
            

   .   
      -

,        .  -
-       ,  -

   . 
     ,     

      
  .       -
 .   (!)     -

  . 

  : 
< >$ _  < >=< > … $end 

        -
 ,     . 
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$contrl 
SCFTYP = RHF 

(   
) 

   
  –  (  

 ).   
,   

,   
  

$contrl SCFTYP = UHF 

   – 
 (   -
),   . 

    

$contrl SCFTYP = ROHF 
   –  

     
 

$contrl RUNTYP = ENERGY     
 

$contrl RUNTYP = 
GRADIENT 

    
    

$contrl RUNTYP = 
OPTIMIZE 

   
   

(   ) 

$contrl RUNTYP = HESSIAN
  ,  

    ,  
  

$contrl EXETYP = RUN     

$contrl EXETYP = CHECK 
    
     
 

$contrl ICHARG = 0 
 1, –1, 2, –2 

     
 ,  

    

$contrl MULT = 1 
 2, 3 

  = 2S + 1, 
 S –   . 

1 –  , 
2 – , 3 –   
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$contrl UNITS = ANGS 
 BOHR 

   
(   – ) 

$basis GBASIS = STO 

    
( . . 1),  -

 «STO-nG».  n  
 NGAUSS    
 2, 3, 4, 5, 6.   

   , 
  H – Xe  

$basis GBASIS = N21 
 

-   
,  -

 n-21G.  n  
 NGAUSS, n = 3 (H – Xe)  

 6 (H – Ar)  

$basis GBASIS = N31 

-   
,  -

 n-31G.  n  
 NGAUSS, n = 4 (H – Ne,  

P – Cl), n = 5 (H – He, C – F)  
 6 (H – Ar) 

$basis GBASIS = N311 

  6-311G  
 .  

 NGAUSS=6 (H – Ne),  
 Na – Ar    

 –  (MC) 

$basis GBASIS = DZV 
GBASIS = ZV 

   -
 (D)   (T) . 

    -
 ,   

H, Li, Be–Ne, Al–Cl (D), K–Ca,  
Ga–Kr (D), Na-Ar (T), Sc–Zn (T) 

$basis 
GBASIS = MNDO 
GBASIS = AM1 
GBASIS = PM3 

 .  
      

   
   $basis 

$basis NGAUSS = 6 
 2, 3, 4, 5 

   (N).  
    

  GBASIS=STO (2…6), 
N21, N31 (4…6)  N311 (6)  
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$basis NDFUNC = 0 
 1, 2, 3 

   
 d- ,   

      
. « »  

Na      
 STO  N21,   
 –   Li  

$basis EXTFIL = .TRUE. 
,     

     
 (   .FALSE.)  

$system TIMLIM = 600 
   

  ,  
   

$system MWORDS = 10 
   

   
,   

    -
 .   

    ,  
     

$guess $GUESS=HUCKEL 
     -

 ,  
    

$guess GUESS = HCORE 

  -
 .  

 ,   
  

$guess GUESS = MOREAD 

    
  $VEC   

.   
     

$scf DIRSCF =.TRUE.  
   

   
 (   .False.)  

 
     inp-    , 

   $data…$end.  -
     COORD  -

 $contrl.        -
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   ,    
    ( )  

(COORD=CART  COORD=UNIQUE).     
      -

.         
(    ( . Schoenflies));  ,  -

       
1).     1     

 ,       
      :  

<  > <  > < . X> < . Y> < . Z>. 
        – -

,     .  
   – . 

       Gamess: 
!        
!   
!        
 $contrl SCFTYP=RHF MULT=1 RUNTYP=Optimize $end 
 $contrl COORD=UNIQUE $end 
 $system TIMLIM=1 MWORDS=10 $end 
 $basis GBASIS=STO NGAUSS=3 $end 
 $guess GUESS=HUCKEL $end 
 $data 

     
C1 
O  8.000000 -3.366694 3.049284 -11.895848 
H  1.000000 -4.081143 3.756490 -10.749093 
H  1.000000 -3.748481 3.359866 -13.339248 
 $end 

  log-   ,   
  ,      -

   ,   
   MacMolPlt.    

  [10]      Ubuntu 
Linux   : 

sudo apt-get install wxmacmolplt 
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 1:  .  

     -     
 ,     gamess/ 

tests/standard , –     .inp. ,   
exam25.inp.      -

,        ( . 10)  -
  

wxmacmolplt exam25.inp 

  ,     Gamess,  
   .inp   ,  

     ( . 11).   
  –      

 AM1. 
 

 
. 10.     Macmolplt  
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. 11.     
  Gamess  inp-   

         
 

./rungms exam25.inp > exam25.log 

 ,   ,   
Gamess,  log-  (      -

    ).    
      exam25.log.   

 ,  , : 1)   -
    ,     

rungms   inp- ; 2)      
    .dat,     -

  Gamess. 
  log-       

     .    -
 EXECUTION OF GAMESS TERMINATED NORMALLY, -

    .    -
    NUCLEAR ENERGY, 

ELECTRONIC ENERGY  TOTAL ENERGY.    
 – : 1Eh = 27.2116  = 4.3597 · 10–18 /  

 2625.5 / . 
 log-       

  
wxmacmolplt exam25.log 
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. 12.    ,  
     MacMolPlt:  

  –   ;   –  
  (RMS)    

 ,      -
  ,       

,     Subwindow  
Energy Plot ( . 12).  

       Energy Plot, 
    ,     -

  . MacMolPlt     
  (  Subwindow  Coordinates)     

  (  Subwindow  Bonds). 
 

 2:  .  
    gpr-    -

  ( . 2,  ).     
inp-   Gamess    OpenBabel. OpenBabel 
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      -
     -  

.       
,   –  .  -

  ,     OpenBabel  
Ubuntu Linux,    

sudo apt-get install openbabel 

        -
  
obabel _ .gpr -O _ .inp 

     inp- :  
     $DATA   

  Gamess.       -
  ,     

ab initio.        
. 13. 
 

 
. 13.      

  ,    ,   
     .  -

        
./rungms _ .inp > _ .log & 

        
    top  htop,  

     .  -
 log-    MacMolPlt  ,  -

    .  log-   
 ,        
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     .  
,    ab initio    

   ,    -
 :   ONE ELECTRON ENERGY, TWO 

ELECTRON ENERGY (     ), 
TOTAL POTENTIAL ENERGY  TOTAL KINETIC ENERGY,   
VIRIAL RATIO (V/T) –    V  -

 T  :    V/T  2.0,  
    . 

 
 3:   .  

       log- ,  
    ,   

RUNTYP=ENERGY, ,  ,   log- . 
  log-    MacMolPlt  -

   Subwindow  Surfaces.     
 .    – 2D orbitals – 

       
(Orbital Set = Atomic Orbitals)    ( . 14).  -

    Update,   -
  ,      

Max contour value. 
 

 
. 14.    2D orbitals  

     ,  
 ,    Add.    
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3D orbitals       
 (Orbital Set = Molecular Eigenvectors)    

Update ( . 15). 
 

 

. 15.    3D orbitals  

      
 (      

),       ,     
   .  ,  -
     Contour Value  

   .     
        ,  

      (   -
),  ,     -

  . 
,      , 

     2D Total 
Electron Density  3D Total Electron Density.   -

 Contour Value ,  ,   -
   .  ,    

         
.     (   -

)   ,   -
,    2D Molecular Electrostatic potential  
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3D Molecular Electrostatic potential.    Contour 
Value      -

  .    
    ,  -

         -
.  

 
 4:   - .  

,    ,  
       

.        -
-       

.  -     -
         
 .       -

,  [ –1] = 107/  [ ].  
       3000  400 –1 

       , -
   ,  -
    .     

        -
 . 

    ,     , 
   MacMolPlt (  Subwindow  Input 

Builder)     Gamess,  
     ( . 16).    -

        Control  
  Run Type   Hessian.    

Write File,   inp-    . 
      ,  

  ,      -
 ab initio     . 

        – 
   ,      

     log- ,  -
       

( . 17).  
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. 16.   inp-    MacMolPlt  

 

 

. 17.     
     

 ,      
 (        

).       -
      -
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,     $CONTRL  EXETYP= 
CHECK ,    ,    EXETYP=RUN. 

       -
      MacMolPlt, 
   Subwindow  Frequencies ( . 18).  -

       :    
–  ;      – 

  ,     –  
   .  

  Frequency    . 
 

 

. 18.       
  MacMolPlt  

      
      MacMolPlt   -

   (      Frequencies). 
   ,    

.     View  Animate Mode, -
    . 
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  GabEdit,    -
 ,     Gamess -

 ,  log-      
Tools  IR Spectrum  Read frequencies and intensities from a Gamess 
output file,       -

  .      
   . 19. 

 

 

. 19.       GabEdit  

        
 -   .   -
 CAS-  ,  -  -

        (  ,  
  [11–13]),     -

,      (  
  absorbance,      

,     ) , ,   
       

     . 
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 4.  GabEdit  
     

   
GabEdit (   ,  A.-R. Allou-

che [14])       -
  -   (   Gamess 

[Firefly], MOPAC, MolPro  .),   -
    ,   -
       -

   ( . 20).  
      Ghemical,  

   ,    
     -  -

.  Ubuntu Linux   Gabedit   
    

sudo apt-get install gabedit 

 

 

. 20.    GabEdit  
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  GabEdit    ,  
       -

 .   1   -
   -  ,   -

 Gabedit      . 
      , 
   GabEdit,      -

   .     
 ( . 21)   Draw geometry. 

    ,     
,      ( . 22). 
 

 

. 21.      

   > Read   ,   
    ,   

    .    
  .xyz –     -

      .  
         -

,   ,   
.gpr-  .inp-    .xyz    
OpenBabel.       

   > Other format,  ,  ,  
   : 
obabel .gpr -O .xyz 

 : GabEdit     
    log-   

Gamess,  inp-       -
. 
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. 22.     

 ,      - 
 ,     :  

 –      ;  – 

  ,  –     -
 .      -

 .       
.      ,  -

  –       -
 ,    .   

       .  
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 M > Edit > Delete Molecule    -
.  Ubuntu-         

       -
,   .   -

         
 Ctrl. 

    .   

      ,   -
 ,         

(      ).    
    ,   

  (      ). 
       ,   

   .    –  u 
 Ctrl-z,   –  U,    

,       . 
       -

     ,    
         -

. 

   
 1:     .  

      
    sp2- .  -

     -
  -   .   

  ( 5),  –  ( 6). 
        n  

 12    (n/2 – 10)  
 [15]. 

        [16]  
c60.hin,      -

-   HyperChem [17].     -
 GabEdit    > Read > Hyperchem File.  

   60: 20   12  



50

 

( . 23).       60 -
,        -
   .    GabEdit -

    Conjugated,   
    ,    :  -

       -
 ,       

.      (Insert/ 
Change atoms or bonds):       

. 
 

 

. 23.   C60   GabEdit  

 « »    
     > Add > Add Hydrogens.  -

  ,     ,  
  .    ,  



51

 

   > Edit > Remove hydrogens atoms   -
 ,      .  

       
  > Molecular Mechanics > Optimization.  -

    .   -
  > Save as > GabEdit file. 

    ,    
 (Measure).        
  ,     -
.      . -

   – -   = - .  
,   ,    

(  > Screen Capture > Copy to clipboard). 

 2:      . 
    :   . 

     n  60 ( n < 60),   
–  60 [15].     20. -

     5-    
       ( . 24).  

 

. 24.   C20,  
   GabEdit  
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       -

       .   

   .    -
   > Render > Hide hydrogen atoms (   

   ).   -
     ,  

       .  
      -

 C60. 
  inp-    Gamess -

   GabEdit      -
.           

   GabEdit     -
 GAMESS (   ).    Gamess 

input ( . 25),  ,   -
 .    ab initio   -

 OK. 

 

. 25.     Gamess  

     GabEdit   -
  inp-    ,  -
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      .   File > 
Save  ,   .inp,    
GabEdit.        
Gamess,       -

   20.       
 GabEdit  inp- :      

 log-    .  log-   -
 – ,    :    

  log-     ,   
          inp-
. 

   Geom. Conv.    GabEdit  
       -

  ( . 26).        
      Draw –   

       -
 .     -

     . 
 

 

. 26.      
 GabEdit  



54

 

 3:  .  
     – 

 (onion, ) [15].    -
     , -

    ( . 27). 
 

 
. 27.   [15]  

    . 
         -

 60  20,    ,   
GabEdit.        -

 M > Add a fragment.     
  Fullerenes,     
,     ,    

       .  
         -

 ,       -
      , 

 ,     
(    ),  –    ( -

 ) , ,      
   ,    -

      (    
      ).  

        -
   ,      
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,  ,  -      
 ,      .  

   > Add > Add hydrogens,   -
    .   

   .    
  ,     

   .    
 ,     Gamess. 

   ?     
      ?  -

   ?     -
     ?   

        -
 .  
 

 4:    .  
    -    -

   ,    -
.    , ,  -

   ,    
[15].       -

  60Fx c x = 2÷60,   -
  [18].    -

   60F18, 60F36, 60F48.  
    ,    

      [18].  -
        

    .  
         

 60 ,      
  . 

     -
       -
.       

      -
,     M > Add a fragment  Drugs. -

  ,    
       (M > 

Molecular Mechanics  Molecular Dynamics).   -
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       -
       ,  

         -
. 

 5:     GabEdit.  
     -

,     -
  .   - 

        
  .      

.  
     -

.      (m, n),  -
   ,   -
  ,    ,  -

   .  ,  
        
     ,  -

      ( . 28). 
        -

 [19]:  
 

 

. 28.       
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3
2

narctg
n m-

 . (9) 

        
  :   « » (zigzag,  = 0°) 

  « » (armchair,  = 30°)     -
   0  30°. ,    -

   ,    
    (m – n) / 3 = s,  s –  . 

      .  
      « » 

   ,   
 « » (m, 0)  m = 3k (k –  ) –  

,  m  3k –  (    -
).       -

     [19]. 
   GabEdit   (  -

   )   6   , -
    60,   

  .    
  > Build > Nanotube.   -

 ,  , ,    
    GabEdit.   

  : 2 20 3aD m n mn ,   

a0 = 0.142  –       
 .    -

 , . .       -
.   ,     -

 (m, n)  . 

 6:    . 
   ,   -

   « ».     -
      

  [19].    60  
  .  « »  -

    ,    –   ( . 29).  
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. 29.      

   M > Build,    -
     .  -

       > Edit 
> Personal fragment > Add group.      

 ,     .  
   > Edit > Personal fragment > Add this molecule 

to personal fragments,      
     ;   

   .  , -
     ,  -
,     (     ) 

 ,  .  -
    . 

     -
    . , ,   

      [18].  -
,     (   – 

 ),   ,   
  (    0  15°),   -

  (8, 0)  (7, 1)   .   -
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  :    « »   
  [19].  

     -   
(       ,    

 ),  . 

 7:    . 
   GabEdit    , -

 . « »   ,     
,  .     

      ( . 30). 
 

 

. 30. ,   
    

    .    
 ,    ,   

.    ,   -
     .  -

     ,   
 > Edit > Personal fragment > Add this molecule to personal 

fragments.  
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  ,   . 31.   -

      .  
   .   -

    ?  
 

 

. 31.     

     -
     .  -

       -
 .  

   ( . 32)  -
        [20],  

    [16]  Si_3a.mol2.   -
      
 3 . 

 



61

 

 

. 32.  ,    GabEdit  

 

. 33.        
    ( ) [21]  

     ,  -
     .  -
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     , 
   .   -

 ,    -
,   [21] ( . 33). 
      GabEdit -

  ,        -
    .   

   GabEdit  -
      Gamess.  

  . ,   
       -

   .     . 
        

 ?   . 
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 1 
 -      ,  

, -    . 

1. ChemSpider (http://chemspider.com)  
      -
,     . 

      , 
,      35  . 
       -

 , ,  ( ) , 
 (   ).  ,  «  

  » (search by chemical structure).   
   :  

        -
; 

   - ; 
     

MOL, SDF, CDX       
PNG, JPG, GIF.  

2. PubChem (http://pubchem.ncbi.nlm.nih.gov)  
      , -

   2004     -
    (NCBI), -

    .  -
  , -  , , 

  .   -
,   , . 

         -
 ,     « » , 

   «  » (Structure 
search). 

 -  PubChem Sketcher ( . 34),  -
     ,    

   Smiles, InChI, InChIKey   
 .    :  -

      . 
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. 34.   ,  Smiles, InChI, InChIKey 
  -  PubChem Sketcher  

 Smiles  InChI, InChIKey    -
,       -

  .   ,  , 
   ,    -

 ,       . 



67

 

    InChI (International Chemical 
Identifier)  InChIKey  IUPAC.  

3. ChemSynthesis (http://www.chemsynthesis.com)  
       -

 .       -
   ,       -

    .   -
       

 .  
 

 

. 35.      ChemSynthesis  

  ChemSynthesis    . 
    :  

 ; 
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 ; 
 ; 

  ( , CAS, EINECS); 
 InChIKey  Smiles. 
 EINECS (  EC #, ELINCS #) – ,  -

     -
   (European inventory of existing commercial 

chemical substances). 
      (Text Search)  -

 .  
     , -

    ,     -
 ,    ,    -

   .  
     - , -

    ( . 35).  
    ,    

 . 

4. Chemical Abstracts Service (http://www.cas.org) 
   ,    

103    (CAS  CAS Registry Num-
ber, CASRN, CAS RN, CAS Number, CAS#) .  

,   1957 ,     
, -    .   

 15 .  .  
    CAS     

CAS REGISTRY,     ,  
     CAS. 

5. Common Chemistry (http://www.commonchemistry.org) 
    CASRN, 

    (Chemical 
Abstracts Service).     , 

       CAS.  
     . 36. 
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. 36.    Common Chemistry 
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 2 
  -  ,  

    GabEdit (   
   GabEdit). 

1. FIREFLY (PC-GAMESS) 
http://classic.chem.msu.su/gran/gamess 

  . 
-   ab initio.    

   GAMESS (US),    -
 .  – . , , .  

    GAMESS,   . 

2. GAMESS US 
http://www.msg.ameslab.gov/gamess/ 

  . 
-   ab initio.  – . 

M. Gordon   ,   , .  
  –  (RHF, UHF, ROHF),   

 (DFT),    (GVB), -
   (MCSCF).  -

   (MNDO, AM1, PM3). 

3. GAUSSIAN 
http://www.gaussian.com/ 

  . 
     .  

–     J. Pople ( ). 
   ,  

,   – .   -
  .   -

 -  ,   -
 . 

4. MOLCAS 
http://www.molcas.org/ 

   . 
-   ab initio.    -

   (CASSCF, RASSCF). 
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 –     , 
. 

5. MOLPRO 
https://www.molpro.net/ 

  . 
    ab initio   

. : H.-J. Werner (  , -
)  P. Knowles (  , ). 

       ( -
 ,  ,  -

 ,    . .).   -
     .  -

     . 

6. MOPAC 
http://openmopac.net/ 

  .  
-     -

  (PM7, PM6, PM3, AM1, RM1, MINDO/3, MNDO). -
 – . J. Stewart,  SCC, .   -

       
  .      -

 ,    ab initio. 

7. MPQC 
http://www.mpqc.org/ 

   . 
   ( ) -  

 ab initio.  – . E. Valeev, SNL, .  
 –  – ,   ,  

  – . 
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