
 Stiar N.1, Evershed R.P.1,  Outram A.K.2,   . .3 
1  ,   ( . , .); 

2  ,   ( . , ) 
3      .  . .  

 
 

       
   ∗ 

 

 ,    . 
         

         
     (Evershed et al., 1999; Evershed, 2008). 

    ,   ,    , 
   ,     

 (Evershed et al., 2001).    «  
»  « »,        

(Evershed et al., 1999; Evershed et al., 2001). 
       

     30  ,    
      (GC) (Condamin et al., 

1976; Patrick et al., 1985).   ,        
    ,   

    ,   
 -      

    ,   
  .  

       
    ,   

   ,   
     (Peters et al., 2005), 
    ,   

      (Evershed, 1993).  
        

   GC (HTGC)   
/ -  (GC/MS).     

 -    ,  
       

(Evershed et al., 1990; Evershed et al., 1992).     
 « »   - ,    

 (ESI),       
    ,    , 

,  ( ),      
  MS ( - )  (Mirabaud et 

al., 2007).  ,     , 

∗         (  
NE/B504506/1),   (  SG-35540)      

  (  0529/ 2 «     
   »). 
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       GC/C/IRMS 
     ,   

    (Evershed et al., 1994; Evershed et al., 
1997b).         

  .  
   ,    , 

     (Evershed et al., 1999). 
 ,        
 ,        

 :   ,  ,  
,  ,  ,  , 
 , , ,  , ,  

. . (Mills & White, 1994; Evershed et al., 2001).  ,    
          

   ,     
,        ,   

   ,     
  .      , 

  ,     , 
         

 . 
      

   ,    
 .  

      ,   
  ,      

  ,     
  ,    

            
 (Evershed et al., 1999; Evershed et al., 2001). ,   
       

           
    ,      

     (Evershed et al., 1999; Evershed et al., 2001). 
       ,   

( ) – 12 , 13    14 ,   .  
 98,89%, 1,11%  1x10-10 %   , . 
       

13 /12 ,     (  )   
(       )   

     VPDB,    
,  0‰.  ,    ( ), : 

 
13  = [ R  – R  ]  1000 (  13     ‰) 

                      R  
 
R  =   13 /12   
R  =   13 /12   
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 13         
(         FAMEs),   

     GC/ /IRMS ( . 1).  
      

  13     C16:0  C18:0   
GC/C/IRMS.         

 ,           
 ,       13   

,        
  (Evershed et al., 1997; Dudd, 1999; Mottram et al.,1999). 

        ,   
,      ,    

 ,   13    C16:0  C18:0 
         

    (Evershed et al., 1995; Charters, 1996),  
         

.  
     , 

     ,  
       

      « »  
 -    , ,   

(Causeway Lane, Leicester, UK) (Evershed et al., 1997b; Mottram et al., 1999).  
     ,     

  GC-MS, ,      
   ,    

 .      , , , 
  ,   - ,  ,  

             
.     C16:0  C18:0   

      ,  , 
          

 .       - , 
    13     (C16:0 ~ 2 ‰  

C18:0 ~ 5 ‰),   .        , 
  13    13     

,  13C   - ,     
  ,    , 
    .      , 13C 

   ,      
(     ; . 2).     

           -
  ,  (Evershed et al., 1997; Mottram et al., 1999). 

      
,       

         
   (   )    

         
, , ,    (Dudd, 1999).  
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 ,    (    ),   
(    ),  ,  ,  ,   

   ,    ,     
 .      
      ,   

        
     (Dudd, 1999).    . 

3,  13C        
 ,       (Dudd, 1999).  

,  ,        
  ,    13C  ~ 2,3 ‰ 

  13C18:0        13C18:0  
   (Dudd & Evershed, 1998; Dudd, 1999; Copley et al., 2003).  
  ,     18:0    
        .   

,  18:0 ,     ,   
    (    ),   

      (    ).  
,     ,      18:0, 

 18:0        18:0 
 ,    ,   

  ,    ,    
  (Moore & Christie, 1981).    13

18:0   
        ,  

    13
,   (Deniro & Epstein, 1977).  

,  , ,  ,   
    ,   

  13     ,   
,  2,3 ‰ ,   13  18:0  

  ( . 4) (Dudd & Evershed, 1998; Dudd, 1999). 
    ,   

  ,     
,     ,    

   . ,   ,   
     ,   

        ,   
 ,        
    (Copley et al., 2003; 2005a; 2005b; 

2005c; 2005d; Craig et al., 2005; Evershed et al., 2008).     
  ,       

 ,  VII .  . . (Evershed et al., 2008).  ,   
   ,       

   (Mukherjee et al., 2007).  
, ,    ,   
   ,   , 

      ,  
        

.  
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  . 
    220     . ,   

  .      . 
.     -  

     ( , 2011).   
   ,    ,   

     XIII-IX .  . .   
   30 000   .   

  .      
 .       ,   
     ,  , 

 ,   —  , , .  
    I    .  

,    6%     
,       .  

  — , ,        
      I ( . 5; . 6).    

        ( . 5; . 
6: 1-4, 9),      ( . 6: 8),   .   

   2-3 ( . 6: 5-7)  10-12  ( . 5; . 6: 1-4, 9).    
,           

      ,     
  ,    .   

   ,      /  
 .  

  ,     
,   63      .  
   , , - ,   

 .   ,     , 
   ,       

,   (Charters et al., 1993).  
   . 

      , 
      ( . 7).    2  

   ,        
  (Como Mini Drill, MFA Como Drills),    

 ,   ,   ,    
  /   .     
      ,      
 ,     20 l   (n-

,  Sigma Aldrich Company Ltd.).   
,  :  (10 ; 2:1 v/v)   

 (2 x 20 ).     (2500 / ; 10 
; MSE Mistral 1000)  ,  TLE (   ), 
      . TLE      

 (1 ),     .    
TLE,    ( )      

   HTGC (   
)  GC/MS (  / - ). , 
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    –  (FAMEs)    

GC  GC/C/IRMS /  GC/TC/IRMS.  
  . 

 TLE   N,O-  ( )  
(BSTFA),  1%  (Sigma Aldrich Company Ltd.; 40, l; 
70°C, 1 ).  BSTFA    ,   TLE  

    ,     GC  GC/MS.  
 TLE. 

   (5 % v/v)     TLE  
 (70°C, 1 )   .  ,  

    (3 x 3 ).      
pH 3 (HCl 1M)        (3 x 3 

),     . 
      (FAMEs). 

 (FAMEs)       
   BF3-  (14 % w/v; Sigma Aldrich Company Ltd.; 100 l, 

70°C, 1 ).      (1 )   
(FAMEs)     (3 x 2 ),   

  .  (FAMEs)       
   GC, GC/C/IRMS  GC/TC/IRMS.  

     . 
        

  2002-2005 .      11  
, 6   10     ,  5  

   6        
.      ,     

      .   , 
 c       , ,  

       10100   . . 
(Kremenetski, 2003; Tarasov, Kaptan, 1997).  ,  ,    

 . ,   ,  
  ,    ,  

   ,  ,   ,   
.  ,    16   . 

        .   ,  
      ,   .  ,  

    (3),  (2),  (4),  (6)   (1).  
          

   .       
 70 g   ( - ).   
,  ,  .    

(2500 / , 10 .)       (1 ).  
TLE     BSTFA,   ,   

    — HTGC.  
           

  (FAMEs)    GC, GC/C/IRMS  
GC/TC/IRMS.  
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   . 
     (HTGC)  

    Hewlett Packard 5890 series II,   
 Opus V PC,    HP Chemstation. 

      ,   
  (15  x 0,32  . .),    

   (J&W Scientific; DB1-HT,    0,1 ). 
    2 .    50 ,  

     350    10   -1. 
    350    10 . -

  ( ) ,   . 
  -       10   

 . 
         

  Hewlett Packard 5890 series II,    
,    Clarity.   

    ,     
(60  x 0,32  . .),     , 

   (Varian Inc., USA; VF23ms;  
  0,15 ). 

    1 .    
50 ,       100     15   

-1,      240    4   -1, 
       260   

 15   -1     15    260 . 
-   ( ) – (FID) ,    

,    -       10 
   .  

   / -  (GC/MS),  
 -  ThermoFinnigan Trace MS ThermoFinnigan Trace 

MS,         
 (PTV),        

  (Phenomenex, ZB-1, 60  x 0,32  . .,  
  0,1 ).      

50      1 ,      50   300   
    14,5  -1     37 

.  GC      2   50 ,  
     300    10 . -

       (EI) 
    300    

  200 .    150   S    m/z 
50-650 . . .    1,3   .   

       
Xcalibur. 

   / -  
(HTGC/MS)    TLE,  

  Perkin Elmer Turbomass Gold,   , 
    (J&W; DB1-HT; 15  x 0,25  . .;  

  0,1 ).   (GC)   
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350 . -       (50 – 850 , 
1 /0,6 ; 40 eV     240 ). -

  ,     
  : 2     50 , 

      350    10  -1, 
   350     10 .   

,    -     
 ,     c NIST  - .  

       MS 
(GC/C/IRMS)       Varian 3400, 

  -  Finnigan MAT Delta S IRMS   
    Finnigan MAT type I, 

     ,   
  (0,1   )    (0,5 

  ).      860 , 
    -   6  10-6 .   

     m/z  44 . . . (12C16O2), 45 (13C16O2  
12C17O16O)  46 (12C18O16O).      

 Factor Four VF-23ms (Varian Chrompack 60  x 0,32  . .,   
 0,15 ).        1 

  50 ,       240    
10°C -1,       10   240 . 

     -   
 ThermoElectron Deltaplus XP,     

ThermoElectron Trace   Thermo-Electron GCCIII.  
  PTV      . 

         (60  
x 0,32  . .),     , 

  (Varian Inc., USA; VF23ms;  
  0,15 ).        

940°C,       600°C.    
 6 x 10-6 ,    ,    

 44 . . .(12C16O2), 45 (13C16O2  12C17O16O)  46 (12C18O16O).  
      1   40 ,   
    240     10°C -1,  

 –    1   240 .  
     . 
 8 ,   13   16:0  18:0   

    .     
       ,     

   ,       
  13

18:0       . 
      ,    

  13
18:0,         

    ,  13
18:0  13

16:0 , 
,  3‰  1.5 ‰      ( . 8). 

  13        
 2,     (Rau, 1980; Fry, 2002),   

   2        
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,       13      
     . 

   (Dudd & Evershed, 1998),    
     ,    

   13    18:0   .  
 ,      

  ,   ,   
   18:0     ,    

18:0   ,   ,      
    (Christie, 1981; Dudd & Evershed, 1998). 

     ,    
   ,    13     -  

     . , ,  -
    ,     

,          
.  

       
 . 

     63    , 
73%    ,  .  

   126,9 g g-1      
    ,     

  C16:0  C18:0  ( . 9).  ( )    
21   (33%)      C44  C56,   

   C52     ,  C44, 
C46  C56        
( .9 ).   (PS108, PS110, PS143  PS145)    
C31, C33 and C35    1:2:1,   ,     

    ( . 9 ).    
   C15:0  C17:0  .     

,     , ,    
      . 
   ,   

   . 
   31        

,      . 
 13 ,   ,  ,    

10.        ,  
  (74%)   ,   

  .    ,   
  ,        

,     /  .  
         , 
         

   (Benecke & von Den Driesch, 2003)     
   ,    
 (Mallory, 1989; Zdanovich, 2003; Lamberg-Karlovsky, 2005).  

 13C        
     ,     
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      .   
 (39%)    13C   C18:0, 

     ,   ,    
      .  

,      ,   
 ,  -     ,   

,        . 
,        

 ,     (  )   
,  ,   13C     

 ,  -    
    .  ,       

,      ( . 10),     
 ,        .     

,         , 
         

    .    ,    
,          

 ,       
      (Charters et al., 1995; 

Charters, 1996). 
      ,    ,   

       .   
       ,    

 0,08% (Outram, , 2007).  ,     
    ,     -

 .        
 -  ,      

     (Mallory, 1989; Lamberg-
Karlovsky, 2005).         

     .   , 
       ,  ,    . ,  

    — . ,    ,  
     ,    

 .  
      (PS114, 141, 179, 186)  

 13     ,     
,    ,     .  

   ,    ,    
  ,   ,      

     .    
  ,  ,   ,  

    30%    . 
. 
,      

      ,    
    .     

      ,   
    , ,   ,   
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  ,     (  
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  ,      
    13 ,   

   .    
   ,       , 
  ,     ,       

 .    ,     
    .      
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      ,   

          ,  
   .         , , -
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