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 . 

3.4.  

3.4.1.     
      -

,    .    
 ,         

,      -
  .  ,    

    ,   -
  ,    . 

      (  -
 –  )      

   - .  
3.4.1.1.  -     -

.       -
- .    -

  - ,    ,  -
      -
    -  (  5). 

3.4.1.2.       «01»   
    « >> », « << »,    -

: 
CHOOSE A TASK 
1. Object. magnif 

3.4.1.3.   «Enter».    : 
Parameter 1/2 

Z = 0, 
 Z –    - .   

«Z»     (  ),   
          

 «Enter». 
!         -

   «Enter». 
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    ,  « »  
,   «Clear»     . 

   «Enter»     -
: 

Parameter 2/2 
C( m) = 0, 

 ( m) –    - , . 
3.4.1.4.        -

 .   «Enter».       
 . 
!     « >> », « << »,   -

      .  
     ,  -

  «Clear»,  ,   
 ,    –  «Enter». 

3.4.1.5.   ,    
       -

   -  ( . 4).   BEG. 
3.4.1.6.        
 ,      -

  - ,     
 « Z » ( . 4).     :  

Magnification 
01 Q = 0, 

,    ,  01 –  
 ; Q –   (1  = 4 ), -

      . 
3.4.1.7.   END.     :  

Magnification 
01 V = 

 V    ,   
 . 

      -
 

 V = WQ/ZC,  (3.6) 
 W –  ,  (W – 4); Q –  ; Z –  

 - ;  –    -
, . 

      -
    .  
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3.4.1.8.   «Enter».     -
       Vc , 

   

 cp
1

/
n

i
i

V V n    (3.7) 

 

n

i
iV

1  –   ; n –  . 
3.4.1.9.    « << »,  « >> ».   
      

        
     0. 

   0,   : 

 
2

cp

1

( )
( 1)

n
i

i

V V
n

  0 n
  (3.8) 

    . 3.1. 
 3.1  

    

   
, V Vcp  0 

     
3.4.2.     

       
  ,    -

      (NaCl). 
3.4.2.1.       10   -

 0,098  ( ).  
       -

           -
  .      -

         . -
   ,  .  -

        -
.     10–15 . -
        

      3 %. 
    F = 6,3 ;  = 0,60. 

3.4.2.2.        
  10 ,    -

.        .  
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    10 , -
       -

     ,   0,95 
   : 
   19–21 . ., 

      10 -
 ( )   : 

   0,15 . . 
     10 -

      MOB-1-16X -
  : 

 

2
cp

1
0

[ ( ) ]

( 1)

n

i
i

HV HV

n
,  (3.9) 

 1

n

i
cp

HV
HV

n
, (3.10) 

 n –  ; HVcp –    
; HVi – –   i- o . 

3.4.2.2.    . 3.2.  
 3.2  

     (NaCl) 
  

  D1  D2  Hv Hv  0 

     
3.4.3.     -

   
      -

  . 3.2.6.1–3.2.6.6  3.2.7.1–3.2.7.12.    . 3.3. 
 3 

      
    

 

  
 

(
 

-
) 

 
 

 D
1 

 D
2 

 H
v 

Hv  0 
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3.5.   

1.   
2.    (   3.1-3.3) 
3.    
4.    
5.     

3.6.   

1.  . 
2.   . 
3.        . 
4.    ? ? 
5.        

 . 
6.       -

 . 
7.        -

      10 . 
8.         

(         
     ). 

9.         
. 

10.     . 
11.     . 

3.7.  

1. ,  .   : 
  / . . , . . , . . . 

– .:  , 2000. – 125 . 
2. ,  .   -

  / . . ;   . 
. . . – .: , 1976. – 230 . 

3. ,  .    
   / . . , . . . – .: -

, 1982. 
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4.     
      

 

      
           

 . 

4.1. .   

      -
          

  .    -
         

    .  
        
   : 

 H20 = H2 + ½ O2  (4.1) 
     ,   

   .   -
    10–3 –1· –1,    

  4·10–8 –1· –1.      
  – , , .  (4.1),  

,   ,    -
          -

.        
(NaOH)    . 

)   
     

  : 
 

  4NaOH 4Na+ + 40 -, (4.2) 
  4Na+ + 8 20  4NaOH + 4 30+ (4.3) 

_________________________________ 
 8 20 4 30+ + 40 -  (4.4) 
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)   
      

 4 30 +  4  + + 4 20.  (4.5) 
  

 4 + + 4   4 .  (4.6) 
   

 4   4    (4.7) 
  (   ) 

 4   2 2 .  (4.8) 
  

 2 2  2 2.  (4.9) 
)   

    
 40 - – 4   2 20 + 02.  (4.10) 

  
 02  02 .  (4.11) 

  
 02  02  (4.12) 

_________________________ 
   2 20  2 2 + 02  (4.13) 
  

       
17°     1.23 .   -

    ,  ,   
.        -

        1,7–2,6 ,  
      . 

        -
,  ,  : )    -

 ; )       -
 (  ); )     

   (  ); )   
  ,    -

   . 
      -

    . 
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  (V1)    

 1
I lV
S

,  (4.14) 

  –   ; I –  ; l – -
  ; S –  . 

       
 , ,    -

   .     
      -

.  ,     -
 ,         -

  ,    –   . 
      ,   -

       .  
 ,    , -

,    ,    -
,      -

     ,    
,         -

  ,    –   .  
     ,   -
       .  

      
 : 

    ,    ; 
      ; 
     ; 
    ; 
  ; 
 ,   . 

        -
 (  )   ,     , 

. .     .  
     -

,   ,    
,      DK.  

 , (    
H)          . 4.1.  



 

54

 
. 4.1.       

 . 

    ,   -
        

  ,        -
     .   

      -
        7–8 / .  

      -
    .   DK  -

     ,    
 ,      0.01–0.1 / 2. 

  DK      -
        -

 ,          -
  ,     . 

  ,    -
,     ,     

  . 
           

   ,    -
      ,   -

        
      -
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   .     
   ,      . 

,       -
 . ,   ,    

     ,  -
      ,  , 

   . .  
        -

. , ,   . . ,   -
      -

 ,    .   -
    ,    -

  ,   . 
  ,  ,   -
       ,  

  ,     
      .  -

        , 
       -

     ,      
   .  ,   -

       -
  ,    . 

         
   ( )     

.     
    ;  -

  .    ,    
   . 

   ,    , 
      .  -

        ,   
   , . .    -

    . 
         

   .      -
          -
 ,     -
   .  
        -

   ,     
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   .      -
 ,        -

    ,  «  -
».        -

 –  ,   -
,  ,   , -

        -
.       -

  ,  :  ,   . . 
       

    ,     
   .       

,     ,     
      . 

       -
       ,    -

     .   
 ,      -

      ,   
  .  

        -
 ,        

     . 
     : 1) -

    ; 2) -
    ,   -

 ( )  3)    -
 . 

       -
,       .  

  ,     
 ,      

     ( ). 
         -

           
 , ,      -

   . 
     ,  

  . 
     , -

          -
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      ,  
           

.       -
        -

         . 
      -

 .  
      -

  ,    . 
,       

,    ,    -
,     .   

       
         -

 : 

 2 ,x   (4.15) 
 x –   ,  – . 

4.2.    

       
     . 4.2.   -

       -
     , ,  

      GPS-1830D.  
      . 

    GPS-1830D   -
  ,      

       -
   ,     . 

       
          -

,     .  
       -

  . 
     0   . 

        
 ±(0,5×10–2×I  + 2×N),  I . –   -

 , N –     (10 ). -
  ,     ,   
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      0,2×10–2×I .+ 3 . 
   :  3  . . . 

 

0.05 A  6.7V

 

 

 
. 4.2.       

   

4.3.    

       -
  .     -

     ,   
    ,      
  .  ,    -

     . ,  
  ,  ,   -

  ,     –   
  .     

     .  
      -

 ,    
 ,      .  

       
  ,      -

  . 
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4.4.  

!        
  

 
1.      

    .  
2.      

    (   )  -
  . 

3.      
       -

 ,     . 
4.      

        -
 . 

4.5.   

1.   
2.     
3.    
4.    
5.     

4.6.   

1. ,      . 
2. ,      

   . 
3.       . 
4.      

     . 
5.      . 

4.7.  

1.  . .,  . .     -
. – . : , 1962. 

2.  . .    . – , 1957. 
3.  . .,  . .,  . .  . – 

.: , 1970. 
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5.       
    

       
    . 

5.1.      

      -
       -

    ,      
.        -

          -
.   ,    -

 ,      -
       -

,     . 
     -

    ,    
   (  , ),  

        -
     ,  -

       -
.      ,    -

     . , 
  ,   . .    ( . 5.1), 

        -
   [1].     . 

 5.1 
      

 -
 -

  

,  
  

 
  
 

 -
 -
 

   
 

 
 

 
 -

  

  
 

 -
    

  
  

 
300–1000 °  
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 . 5.1 

 -
 -

  

,  
  

 
  
 

 -
 -
 

   
 

 -
 

, ,  
 

  
 

 -
    -

  -
   

 
300–1000 °  
 

 -
 

, Al, 
Mg,  

, -
-

  
 

  
  

  -
 

 
-

  
   

  
 -

 
1    
,    

 

, -
  

 
 -

 

  
  

  -
  
 

 
-

   
  

 -
   

 -
 

, Ti  
 , 

Zr, Nb 

 
, -

, -
 -

 

  
  

,  
,  

 -
  

 -
, -
 -

  
, 

 -
 -
 

 -
  

  
 -

 

,  
Ti- ,  

l- , 
Mg, V, Nb 

 
 

 
  

, -
 -

 ,  
 -

 -
  

 
 -

 -
,  

 -
 

 
 

, Ti-
 

 
 

 -
   

 , 
 

 -
 

 
  

, 
 

 -
 

 -
 
 

Fe, , Ni-
 

 
  

 

  
  -

;  
 

 -
 -

 -
,  
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 . 5.1 

 -
  

 

,  
  

 
  
 

 -
 -
 

   
 

, -
,  
, «  

» 
 

 
 

 
( -

)  
 

 -
   

  
  -

   
  

  

 
 -

 -
 -

,  
 -
 

I1  
, 
 

( ) 
 

,  
1-  

 

-
  

  -
 , -

 
 

 -
 -

,  
  

 
 

 -
 -

  -
  

-
  -

-
  

«  » 
 

 
 

, -
  

 
 

  
 -

  -
  – 

 

 
, 
 

 -
 

  
 -

 -
 

,  
Ni – , 

 
,  

Ti – , 
Al-  

 
 

, -
 -

   
  

  
, -

  
 

  
10–6–108 , 

 -
 -
,  

 

 
 

 
 

 
 

 -
 

  
(2–8)·108 , 
t=20–100º C 

 
 

 

,  
Al- ,  
Ti-  

, -
 

 -
 -

 

  -
 -

  

 
, 

 -
 -
,  

 
       -

     . ,      
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 ,     ,  -
     ,       . .  
      , 
       

  ,  ,  -
 ,  ,  

         . 
 ,     ,  -

,         -
.  . . ,    
    ,  .   

         ( -
 ,  ,  -

).        
. 5.2,       

 (     ): 
     ,  -

    ,   -
      ; 

  ,     -
   ; 

       -
     . 

5.2.        

       , 
        -
    ,    -

   ,    -
      .  

      
,     , -

  ,      
      . 
        
   ,  ,  ,  
    ,     
  .     
   . 5.3. 
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1      -    
          .  -

    .   ,   -
    , –  ,   -

    (      ,    
 ). 

  
 

    
  

  

  
 

  
 

    
,   

     

   
 ,   

    
  

      
    

Ti, Nb, V 

    
   

    
  

 
 

 
 

 
 

 
 

 
  

-
 

 
 

 
 

 
 

  , 
     

    
     

   

  
 

  
 

    
   

    
   

(    
  ) 

  
1 

 
-

, 
 

 

     

      
  

     
    

      
     

     

  -
  

    
  

  

  
  

    
  

  
(  ) 

   
  

  
 

   
  , 

  
  

 

 5.2 
    

 
 

 
 

 
 –
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       -
          

.        -
  ,     -

,       -
     ,   -

       
  .  

       
  ,  ,  , -

     , , -
,    ,   

  . 
       -

  ,       1,5-3 
 ,   ,    -

         -
,  , , , , , . 

     , -
     . 

 5.3 
       

     
  

 
/100  

  
 : 

  
    

   

  - 
: 

   
 

  
  

 
 

    
  (   

) 
 

   
 (   -

) 
   

  
, - 
 

-  
  

1 
1 
 
1 

0,1 
 
 

0,1 
 

10 
 
 
 
 
 

0,1 
0,1 
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5.3.   RHEN602.    
     

5.3.1.     
RHEN602     Windows,   

   ,      -
       ( . 5.1). 

 

 
. 5.1.   RHEN602 

      
-    ( ) . -  

RHEN602   . 5.2. 
        

     .  -
,       .   

 ,     ,  -
  ,   .   

  .     -
   .       , 

   ,    .  
      , -

 ,     .  
-         

    .      
Lecosorb  ,   CO2   .  
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        . 

 
. 5.2. -   RHEN602 

   ,    -
         -

.           
  Schutze,   CO  CO2.   

    Lecsorb  ,   
CO2  .       

,    ,     
.         

,    . 
,       -

-      ,    -
    . 
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5.3.2.   RHEN602 
      -

     . -
       -

   ,   -
 . 

     -
:   , ,   -
    .     

,    ;   
  ,      -

.       -
     .  

     . , 
    ,   -

     (Ar). 

   
. 5.3.       

    ,  ,   
     ,     

           (Ab). 

 19 18 18 19 18,5
4

Ab   (5.1) 

     (Ab),  -
       . 

    ,   
 .    ,  

      -
       . 

  ,       
.        -

  .      
    ,     

     .    
     ,    
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 ,         -
.         . 

 
. 5.4.      

      ,  
   (Ar).     -

, Ab,     , Ar, ,   
     , A. 

 A = Ar – Ab  (5.2) 
 A,      -

    .    
   (Drift Factor)  

 1.0.     , A,  
      -

    (sensitivity factor). 
 Aadj = A * Sensitivity Factor * Drift Factor   (5.3) 

    , Aadj,  
      

(Analyte) * 100,  .  -
 ,  ,       

     .   
    1.0     . 

 ,    ,   -
    RMS.    -
        -
 ,     ,   -
 .   ,    -

      -
     . 

    ,   , 
     

,    1/certified .   -
     -
    ,    

 . 
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. 5.5.   

 Aadj      
   (grams analyte) * 100. 

grams Analyte * 100 = Aadj *  +  
,   ,    

.      -
  (grams analyte) * 100,     . 

100% _ _ _ _
_

 

,       -
 .    , -

   .   ,    
,          , -

    .     
  ,     . 

5.3.3.   
      

  .  
     . -

  .     . 
  Solenoids     

Isolation  Purge Makeup.     -
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       .   
     , . 5.6. 

 

 
 . 5.6.       

 
. 5.7.    

          
   ( . 5.7). 

     .   
   . 

        -
.   ,    ,   
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. ,      -
.   ,  .    

      . -
      . -

    .   -
 Isolation  Purge Makeup    .   

     ( . 8).  
 ,     . 

 

 
. 5.8.   

   ( . 5.8).    
       .  

         . 
   ,   ,  -
  .       -

  250  . .,        
  .   .  -

  60 ,   .   
    5  . .   , -

    .   ,  
  .   Leak Check Progress,  -

  .      
      .   ,  -

    .   ,  
   .   ,   Results 
  «Leak Check Failed».     – 
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«Leak Check Passed».     ,  
 ,   ,   30 . -

         . 
      .    
   ,   –   

,  .      
,     .  Diagnostics  

 Leak Check.    . 
 

 
. 5.9.     

 System Leak Check,     -
    By-pass By-pass Furnace Leak Check, 

    ,   . -
      Results. 

 Stop Leak Check,    -
 . 

 Print,       
 . 

   ,     
.  

      , 
       

 ,    . 
        3  

5   .     . 
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       -
    . 

    ,  -
      .  

      -
  3  5  .    -
 .  

,     .  
 

 
. 5.10.   «  » 

     ,  -
  . 

   ,      
.    «  ».  

     -  . 
  «  »,   -
,      -

,    .    -
   .  

 Samples   Login.    
. 

     .  
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  ,    , -
  Balance,     . 

    ,  OK,  
 . 

5.3.4.    
Sample Name –   .   , -

  ,    -
    . 

Mass –  .    ,  1.000 . 
       . 
Method –     .   

  ,    . 
Comments –    .    

.  
Description –     .   

 . 
Operator –  ,   .   

 . 
Keep logging samples until cancel is pressed –   , -

   .   OK  
  . 

5.3.5.   
       ,  -

  « »  .        
   ( ) .     

  ,    . 
   ,   . 

5.3.6.   (  ) 
     Configuration   Menu  

 Methods.  
   ,      

Properties. 
  Analysis Parameters   Analysis Type,  

   Manual Analysis (Top Load). 
,     . 

   .  
  ,   .  
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   F5   , 
  ,     -

  .  
 ,         

.  
  . 

 ,   ,   . 
     . 

  . 
  ,   . 
 ,  . 

 . 
  ,   . 

     .   -
      . 

5.3.7.   (  ) 
     Configuration   Menu  

 Methods.  
   ,      

Properties.  
  Analysis Paramenters,   Analysis Type, , 

   Manual Analysis. 
,     .  

   . 
  . 

   F5   , 
  ,     -

  . 
          

.  
 ,    ,   

. 
     . 

  .    . 
  ,   . 
   . 

  ,      . 
     .   -

      . 
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5.4.  

1.          -
 

2.        
3.       

5.4.1.       
 –    ,   
        -

.   ,     
  - . 

5.4.1.1.   
  Configuration,  Method.   « ». 

 

 
. 5.11.  « » 

 Add,   .     
.   . 

   ,      
. 

 Properties.    . 
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. 5.12.  «  » 

5.4.1.2  . 
Analysis Parameters (  ) 
Outgas –    .    , 

         -
. 
Outgas Cycles –  ,  . -

: 2. 
Analysis Delay –     -

  . - : 15 . 
Analysis Delay Comparator –    -

 ,     . : 0 (  -
 ) – 2 (    ). 

Analysis Type –     -
,      . 

Automatic Analysis –     -
    .    -
  . 
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Semiautomatic Analysis –    -
         

 .  –   . 
Manual Analysis –      

   .   ,  -
  .      -

     . 
Manual Top Load –  ,    -

      .   
,    .   -

        . 
Pre-analysis preparation –      . 

       .  
   ,      

    . 
Auto  on Mass Entry –   ,  

    .    ,  -
       . 

Preliminary Crucible Outgas (mass not required) –   -
    . 

Outgas Next Crucible After Last Sample Analyzed –   -
     .  Preliminary 

Crucible Outgas   ,      
. 

Standards require separate parameters for single peak analysis – -
  ,       -

 ,       . 
Dispense Pellets –     

  .      -
. 

Dispense Powder –      . 
     . 

Element Parameters (  ) 
Minimum Analysis Time –     

 .     .   
       -

. - : 30 . 
Significant Digits –   ,   -

 .         
 . ,     

  3,      – 0.0325 %  
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0.0125 %.       – 
0.03253 %  0.0125 %. - : 5. 

Conversion Factor – ,   -
   ,  .  -

       
 . Conversion Factor    

    . - : 1. 
Integration Delay –     ,   -

  .     
     .    2  

   .   
  ,      

   2   ,      
,     . - : 5 . 

Comparator Level –  ,   -
    ,     -

 .  ,    -
    . Comparator Level -
      . -

: 1.00 %. 
Stop If Below –     -

  .  , -
     ,  -

   .       
 . : 0–100%. 

Gas Dose Parameters (   ) 
Minimum Gas Dose Time –    . 

       .  
    ,     -
  Comparator Level. - : 30 . 

Comparator Level –     ( -
 ),       -
.      .   
    Comparator Level,   -

. - : 1.00 %. 
Gas Dose Type –      . 
Gas Dose Cycles –     .  -

   10 PPM.    ,  
         

. 
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Furnace Bypass –    ,   -
      .    

,       -
 .    ,    
,     . 

Furnace Parameters (  ) 
Furnace Control Mode –    . 

   : Temperature ( ), Power 
( )  Current ( ). 

Temperature –       -
   . 

Power –       . 
     . 
Current –      

   .       
 ,    ,     -
   . 

Purge Time –   ,     -
      .     
,    . -  15 . 

Outgas Time –        -
   . - : 15 . 
Outgas Cool Time –    ,  -

 ,      . 
      .  -

     ,  -
 . - : 5 . 

Outgas Power (low and high) –     -
         -

. - : 0 .    ,  
 –  ,  –  -

.        . 
Outgas Ramp Rate –   (   )  -

        -
. -  0. 
Analyze Power (low and high) –     
    .   ,  

      . -
: 3000 .    ,  -

 –  ,   –  . 
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Analyze Ramp Rate –   (   ),  -
        . 
Sample Preparation Time –    ,  -

   .    
: 30 .        . 

        -
 . 

Sample Preparation Power –      
 .    -

: 1600 . 
Furnace On Time –        
  .       

   . 
Temperature Sustain –    -

     . 
None  ,      

.  
Steps       -

        .  
Manual Sustain  ,   /  

  ,      
.   Manual Sustain,    

Manual Sustain   ,     .  -
     , -

   .   -
  ,   Hold Furnace.   -

 ,     Hold Furnace.  -
         Hold 

Furnace.   (   )   
           .  

Hydrogen          
  .      

.       -
        -
 .  
Hydrogen Bulk  ,       

   .    -
  .    ,  -

         -
 .  
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5.4.1.3.   
     -

    ,      -
      .  -

 ,     ,  -
      .  

 Steps,    Temperature Sustain,  
    . 

 Edit,     .  
       . 
 

 
. 5.13.    

 Add,   . 
      Remove,   . 

 Start Power (  ), End Power (  
)  Time ( )  .     -

  ,   ,    -
   . 

 OK,  ,      . 
 

 
. 5.14.      
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         -
: 

Analysis Parameters (  ) 
Outgas Cycles 3 
Analysis Delay 90 seconds 
Analysis Delay Comparator 1.000 
Analysis Type Auto Analysis 
Pre-analysis Crucible 
Outgas 

Disabled 

 
Element Parameters (  ) 

Minimum Analysis Time 70 seconds 
Significant Digits 7 
Conversion Factor 1.000000 
Integration Delay 40 seconds 
Comparator Level 2.000000 % 
Stop if Below (%) 0.000000 

 
Furnace Parameters (  ) 

Furnace Control Mode Current 
Pre-Analyze Purge Time – 
Purge Time 15 seconds 
Outgas Time 15 seconds 
Outgas Cool Time 15 seconds 
Outgas low Power 700 amps 
Outgas high Power 700 amps 
Outgas Ramp Rate – 
Analyze Power 650 
Analyze Power 650 
Analyze Ramp Rate – 
Sample Preparation Time – 
Sample Preparation Power – 
Temperature Sustain None 

5.4.2.  

5.4.2.1.    
       -

         -
.         -

 .        -
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 0,002 % .  3–5    
     ,   . 

  ,       . 
      . 

 Configuration   Blank. 
  ,       -

,      . 
 

 

 
. 5.15.     

   ,    -
   Include/Exclude.   ,  

  .   ,    
      . 

 OK,      , -
  ,    5.4.1. 

5.4.2.2.   
  ,   -

     .  
 ,      -

 . 
   ,    -

 .  
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       -
 ,    .  

    3   .  
   ,  -

  .      -
,    ,     

. 
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   20  30 %    -

  ,       .  -
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 {112} <111>).  <112>   <111>,    -

.  ,        
,       <112>  180°, , 

,      (   -
)       -

   .      
,      .  -
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   –   , -
      

 (   = 0    ). 
         –   

    -    
[  H  > (800 ... 8000) / ]. 

 .   -
  –   ,  -

  :  = 1 + m –  
 B = 0 H (7.4) 
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   1.      4 . 
     15 .  

4.    μmax(tH), μ(tH), (tH).  -
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 μmax –   ; 
 μ –  ; 
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 L.  DL = L–L0    -
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 ,     -

  s    e: 
 s = E|e|  (8.5) 
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  ( ).     -

   ,         
.       -

    (  ). 
    .    -
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     2  (      -
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8.1.3.     
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 0/ /Lf S E D L   (8.6) 
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    (8.6),     -
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 <f >,      : 
 0/ 2Lf ES D L   (8.9) 
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    A f DL    

 2
0/ 2LA ES D L  (8.10) 

     (8.8),   -
    : 

 2
0/ 2LW ES D L  (8.11) 

    0/ES L k  –  
;  –  .   (8.10)   
   

 2 / 2W kx  (8.12) 
 

 (8.11)     -
  

8.1.4.   –  
       -
     .  -

    ,     
        -

  .       -
     ,   

       
 .       

        ,  -
       -

     –  . 
   ,        
  ,   -

    –   . 
         F0, 

  l –     l0,    
 –  ;    -

  = P/F0     
 0 0 0/ /l l l l l  (8.13) 

   –   (  8.3) 
,        

   .  ,   
   (  SK)  ,   
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  F0.       -
 ,        
,     ( . . 8.4). 

 
 

 a    
. 8.3.  : –     

 (  , , ); –   
         

(  , - ); –      
(    , ) 

 
 

 
 

. 8.4.     =f2( ) (  ) 
     S=f1( ) (  ) 

 

l l 0 

P 

0 

P 

l 

P

0 
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8.1.5.      
   

      ( , , ), 
    ,    -

 .     -
    ,     -

    .      -
     ,   . 

,         -
     ,  , 

  .       
 ,        ,  

.        -
   ,     , -

  ,      -
  .    . 

       -
     . 

 .      
      l (    

. 5).            
 

 
. 8.5.    :  

  –       ; 
-  –   

    (      -
),      (   

  – l   – ).     -
       -
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       -
     ,   -

  .    -
     ( , -

 ,    .). 

   
   :  

 0 /P F   (8.14) 

 –  ,     
    ,  -

 . 

 
. 8.6.       

   

       -
 .      ( . 8.6), -

     .   -
 ,         -
      T  ,    -
  KN,    .  N    

       CD   
.    CD      . 

   
 0,05 0,05 0 /P F   (8.15) 

0,05 –  ,    -
  = 0,05 %    l = 5·10–4·l0. ( . 8.7, 

  ).     -
  0,05.  
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  ( )  

 0/T F   (8.16) 

T –  ,    T,  
       ( . . 5, 

-  ).     -
 . T    . 

 

 
. 8.7.     0,05    

  ( )  

 0,2 0,2 0/P F   (8.17) 

0,2 –  ,     -
 0,2 %.     , , -

,   0,05 ( . 8.8)  , 0,05, T, 0,2 
   ( )  -

. 

  (  )  

 0 /B BP F  (8.18) 
    -

   B.   -
 B       .  -

     . 
    ,  

 B. 
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. 8.8.      0,2  

 

    S  
  SK     

      ( . . 8.5)   
  .  

 /K K KS P F , (8.19) 
 – FK      . 

  SK      -
  (  ,   ). 

8.1.6.      

     
  (%)      -

        ,  
     : 

 0 0  / 100 %Kl l l ,  (8.20) 

 l  –      . 
       -

.         -
       , -

 ,    -
 ,      

     .  
       -
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       , -
     l0    -

 F0 . 
  ,    -

,     . -
       

(l0= 10 d0,  d0 –   )  10 , -
   (l0= 5d0) – 5.   -

    : 5  (1,2... 1,5) 10.  
       

    ,  -
     . 

   ,    
   ,    , -

          
  . 

        
 ,          

      1/3,  -
 –   1/5   l0. 

       -
   ,       

    ( . 9.9). 

 
. 8.9.  ,      

( )    ( ) 

       -
 ,    ,  -

 . 
        -

  N (   10  20)  (  8.10).  -
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        -
 ,          

  –  .  n –       , 
       -

 : 
)  (N – n) –  :  = ( +2  – l0)·100 / l0; 
)  (N – n) –  :  = (AB+BC/+BC//–l0) ·100 / l0. 

         
      -

     dK     -
,       

  .       -
     FK,       

 K 0 0  F – F / F ·1 00 %.  (8.21) 

 
   

 2
K 0  1– d / d  · 100 % ,  (8.22) 

 
     ( . 8.10)  

 1 / 100 %a b ab  (8.23) 
 

   b –        ,  a'  
b' –          . 

 
. 10.       
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. 8.11.         

      

 

8.2.    

       -
 ( . 8.12, )    ( . 8.12, ). -

 1    2  3.   2   -
 4,     5,   -

  3     ,   
     7.  -

       8. -
,     ,   -

  9.     10  -
    .  4 

      11. , -
   (   )  ,    12,  -

      –   13.  
        14, 

  1      15.  -
      16, -
    17. ,  -

   ,     18. 
  19   -

 (  – At). 
  « »   20   

  .      
  « »  20.  
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8.3.      
 

        -
 ,        

     .   
,      , 
       -

   ( ).     -
          -
       , , 

        . 

 
. 8.12.   
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 ,     
  100   ,  .   -
      -

,      ,  
    ,     

(  ). 
    ,   -

  ,   ,  , , 
    .     – 

    . 
        -

   :       « -
» .       (   

  )      
,    . -

       .  
        

  .      
 ,         

,     ,   . 
      -

  ,      
   .    -
      -
 ,    ,     

.        
 ,     , . 

        
  , ,    

     .  -
          

 ,   Cu,     
     (Mo, Ni, V, Ti, -

 ). 
         -

      1-   -
     .    -

,  ,      -
         

  ,     
. 
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     ,  
       12 18 10  

 340  1000   ( . 8.13,  1). -
      -

     ,    
(LiOH + H2 ) ( . 8.13,  2)  (LiOD + D2O) ( . 8.13,  4) 

      . 
      (H2SO4 + H2O)   

     ( . 8.13,  3). -
,     ,  

 ,    . 

 
. 8.13.  «  – »    

   750 °  (  1),  
   12    (LiOH + H2 )  

(  2),   (H2SO4 + H2O) (  3),  
  ( LiOD + D2O) (  4). 

    , -
    H2SO4 + H2O, ,  -
      

12 18 10     .  
  2      -

 ,      -
    30  ( . 8.14,  2).    

       -
,       .  
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     12  -
     .  -

      (410 ).   
   12    

        
,     ( . 8.14,  3). 

  ,     
        

.       . -
        -

  ( . 8.14,  4). 
 

 
 

. 8.14.  «  – »    
    750 °  (  1),  

   2    (H2SO4 + H2O)  
(  2),   12  (  3)    

  15  (  4) 

8.4.   

1.      -
,       -

 .  
2.        -

.  
3.     ,  -

,      . -
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    1.   -

   4 .    
  30 .  

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

5.          
    . 

8.4.   

1.   ?  ?  ? 
2.    ?   ?   

 ? 
3.         

 ( )? 
4.     ,   . 

   .  
5.   ,    -

   .  
6.    ?    ? -

     ?  
7.    ? ? -

? ? 
8.  ,       

    . 
9.       . 
10.     . 

8.5.   

1.  . .,  , ., 1950 
2.  . .,   , . 2–4, 2 ., , 1941. 
3.  . .     , ., 1962.  
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9.    
    

  

 :     
    ,    -

.    ,  
  . 

9.1.   

        -
. 

     ,    
,       -

 : 
 1 1cos( )A t ;   2 2cos( )A t .  (9.1) 

      -
 : 

cos2 21
2
2

2
1

2 AAAAA ,    (9.2) 
 2 1 . 

        
  ,    .   

   ,    -
  ,      -

 s   .   

 2 2 2
1 2A A A .  (9.3) 

,  2I A , ,  ,  
   ,   , -

     : 
 1 2I I I .  (9.4) 

    s      
(      ) ,    

 1 2 1 22 cosI I I I I .  (9.5) 
   ,   s  > 0, I  -

 I1 + I2;     s <0, I   I1 + I2.  
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,       -
    ,     -

   ,    –  -
.     .   

    ,    
  : I1 = I2.    I = 4I1,  

  I = 0.        -
    I = 2I1. 

  ,      -
    ( ,  ) 

,  ,     -
       -

.     ,     
        -

       . 
  ,      . 

9.2. ,      

  -4   -
     ,    -

    . -
    -    

   ,   
  .   

       (+20  2) °   -
    80 %. 

9.2.1.   

   
    -4   -

       
  . . .   -
     . 

     ,  -
,    ,     

 ,   . 
  -4     

   ,  -
  .     

  ,     -
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   ,  .   -
        -

  . 
 

 
 

. 9.1.   S2 –  , 1, 2, 
 – , 1 2 –  , F –  

         

    : 0, 3, , ,2
2 2

  . .,   – 

  .   ,     , 2 , 3   
. .,       ,  

 ,     3 5, ,
2 2 2

  . ., –  . 

       -
     . 
  ,     

       
  .     

       -
      . -
       

 , (9.6) 

  –   ; 
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 –       
        . 
  -4   -
        -

 .    1 ( . 9.1)   -
 .   , ,   , -

     ( 1 2 = 2 ),   -
   , , ,   
  . 
  1,    ,  -

  ,         -
;         .  -

       
          . 

  ,     
,       .  -

      . 
    (9.6),      

  ;      -
.           -

   ,    ,  
   .  , -

       :   -
   ,     
      ,    -

     .     
(  )      -

     . 
      

    .  
  S2    -   -

         
,       .  

        -
   ,       
 .      -

 
2

,          . 

       ,   
     , ,  -
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. , ,     0,275 m  
        

    (   ).   -
       -

 .    ,   -
  . 

 
. 9.2.     

 
. 9.3.    

        
      , -

    .  
       . 

         
. 9.2,   – . 9.3. 
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9.9.2.   
     . 9.4.  

  1   2   -
  3.      4 

   5,    4  
. 

 
. 9.4.    

      -
    6,     -

  .    -
     :    , -

 – . 
 ,    6 ,    

 7   ,  ,   
    7,  6,     

 8,     . 
 9      . 
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  ,     6, -
   10,       11  

  12,   ,    
 11,  10      6. 

       6     -
 ,        6  

     ,  -
     .  -

       13. 
 ,     -

        -
   . 
       

 3,     ;   
        , 

     . 
    , . .  -

  ,    -
  14,      

   .   
    . 

   9    ,  
,    15     16,   -

     17.  
9.2.3.   

 -4    18 ( . 9.5), 
      19   20  -

 .       -
  21,      22.  -

    23      
  ,   -

     .    -
       24. 

  21   70°     
  25,     -

     15    
 . 

      
        

  26 ( -1-16 ). 



 

146

 
. 9.5.   

    27,     
        9 ( . 9.4) -

 .       -
     -

  28 ( . 9.5).    -
        -

 . 
      

.       . 
       29   30 (  

 )   31,     
 .      

 32   .      -
     (   
)    ,  , 

,      .   33 
       (  1

1  

 1
8  ). 

       7 
( . . 9.4).       

 6   10.  34 ( . . 9.5)   
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       11 ( . . 9.4);   
       -
 .    34 ( . . 5)  , 

  . 
      11 ( . . 9.4)  

  12.       -
    .   -

   35 ( . . 9.5)   .  -
          

  .  36    -
     . 

9.3.    

9.3.1.   
       -

    (  ).   
       -
     41. 

  ,     
   ,        

 ;        
   ;     30 -

      , 
       . 

  35     -
       -

 . 
9.3.2.    

   (   )  -
  :        

. 
        

       -
 ,   ,     

,      -
      . 

         -
,          -

      . 
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         -
   : 

 0,27H N m ,  (9.7) 
     –   

 
1
2

H m , (9.8) 

  –  ; N –      -
;  –   ,   . 

       
-1-16         
,   ,        

  ,   –   
    ( . 9.6).    
    . 

      -
   ,      
 . 

 
. 9.6.    

)      
       

   .    -
        
   ,     . 

 . 9.7       -
       -

      -
  . 
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. 9.7.       

  N1      
        

   ;        
   ,     -

 ,   -       
 N2;       n  

. 
)     

        -
   . 

       -
         N3. 

           
     N4. 

        -
  

 3 4

1 2

N NN n
N N   (9.9) 

)    
         

      , 
 0,27 .         

   

 3 4

1 2

0,27 N NH n
N N

 (9.10) 

 N1 –       ; N2 – 
      ; N3 –  -

     ; N4 –    -
   ; n –    . 

 

 N4

 N2 

 N1N3 
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9.3.3.      , 
   

     -
      -

   12 18 10 .     -
     H3PO4(80%) + 

CrO3(13 %) + H2O (  –  )     
 1000    30  (    ).    

   1   LiOH+H2O   
 0,5 / 2   2 .     

( ) 1, 2, 6  10 %.    -
  -21    -4.  

 . 9.8–9.10 ( )    -
  12 18 10    ( ) ,   

 ,     (   ). 
 2 %       
   ( . 9.9, , 9.10, ).  , -
      -

 .      , 
  . 9.9,   9.10, ,    -

     ,     -
      .  

 
. 9.8.     12 18 10  ( ) 

  ,     ( ). 
 12 18 10 ,  .  500 
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. 9.9.     12 18 10  ( )  

 ,     ( ). 
 12 18 10 ,  2%,   .  500 

 
. 9.10.     12 18 10  ( ) 

   ,     ( ). 
 12 18 10 ,  2%.     

  1   LiOH+H2O    0,5 / 2. 
  – 2 .  500 

      -
  ,   -
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       -
  ,   . 

,       
      . 

9.4.    

 
1.       -

 -4.     . 
2.    .  
3.       ,  :  

)     ; 
)    ; 
)   . 

4.        . 
 

   
1.       « ».  

   .     
 .  

2.      ,   
       -

.  
3. ,      

,      
.  

4.       . (  
, ,   ) 

5.    . 
6.       . 
7.        -

,     ,    
 . 

8.          
. 

9.5.   

1.     . 
2.        

? 
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3.      .  -
  ,   . 

4.      ,   
  ? 

5.       . 
6.     . 
7.     . 
8.    . 
9.    ,     

 .  
10.   . 

9.6.  

1.  . .,  . .,  . ..   -
 - . – .: ; : STT, 2004. – 270 . 

2.  . .,  . .,  . . . . 3. . 
 :     -

. – : -  . - , 2005. – 740 .  
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10.     
   

 :     -
   ,   -

     . 

10.1.   

   -  
.   ,   -

    , , , -
    ,    -

  .   -
        (   , -

 ).         
,  ,      -

.        -
      -
  .  

10.1.   

10.1.1.   
       

 
 E = I/V,  (10.1) 

 I –  , V –  ;  -
 –  

 0 /L E ,  (10.2) 
 Lo– ,  – ,  –  . 

   (10.1)  (10.2),  R   
 , , : 

 /R V I ;  0/R L   (10.3) 
      

       
     -
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 1/3 1/3/ / ( / )AR V D , (10.4) 
e VM –  . MA –  , D – ,  -

  . 
10.1.2.     

   
     -, -  -

       -
  .       0   

     
 

0

2
0( )cos ,  (10.5) 

    –   ,  -
     -

 . 
      

     : 

 1 1 2
3

.  (1.6) 

     -
      .  -

         
  . 

10.1.3.     
   

    -
 ,     –  -

   .      ( ) 
     -

  (     ). 
       -

     -
    

 2 1

1 2 1 1 1

1 1 d
T T dT

,  (1.7) 

 1  2 –      -
 1  2 .     

290     4–10–3 –1. 
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     -
    0,2 < / DT  < 1,2  -

  / 1,17 / 0,17T DR R T . 
   0  -

       ,   
  290 / 4,2 (   -

  290   4,2  )     -
 .      , -
   . 
10.1.4.      

 
  ,     

      
    ,   -

      -
       -

.  
10.1.5.      

  
     

  (    
   F1)  : 

 1

1 1 0

1 1 1 2R
F R F E

,  (1.8) 

      ( -
      F2) – : 

 1

2 2 0

1 1 1R
F R F E  (1.9) 

   E0 –  ,   –  . 
 . 1       .   

      
   10 %    90   273 . 

 /  90  ,   273 ,   -
      273    -
  . 
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 1 
     

       
   10 %  

 (1/ 0)-1010   1010 –1 1010 
–1 

/ 102  ,  

273 90 

 0,81 0,34 1,75 -2,4 0,55 3,9 

 1,26 0,38 2,86 -0,04 0,5 4,2 

 1,25 0,42 3,878 -4,9 0,75 3,2 

 0,48 0,28 1,42 0,54 0,3 – 

 0,89 0,39 1,37 0,51 – – 

 0,59 0,39 1,78 0,30 (0,78) – 3,1 

:       ,  
,   –  . 

10.1.6.   
  ,    

 ,       -
   – ,   . .  

      -
  ,    

   .    
( , , ,   .)    

   ,   .    
       -

 (   )     -
 .  . 2     -

      -
      -

 . 
     -

        -
. ,   ka   0,1·10–8 · , k  1,3,   -

    .      
    (  0,01·10-8 · , k  1,8). 

 
 



 

158

 2  
    (1) 

   (2)  

 , %  -
 ,  

·108 *  
1 2 

 80 423 1,80 1,75 
 90 423 1,80 1,72 

 90 423 2,50 2,41 
 75 473 2,81 2,79 
 > 60 ~ 1070 6,50 6,30 
 > 60 ~ 1270 6,75 6,15 
 > 75 723 11,19 11,17 

 > 75 648 11,06 11,01 

10.1.7.      -
  

  
        -

 ,   : 
    1 %    -

  1,2 ·      40 ·   .   
       -
 :    0,75  11,5 ·   1 % -

 .    , -
      ,  -

  (2,4 ± 0,4) ·   1 % .  -
  (1,8 ± 0,3)1013  · 2,   –   -

     , –1.  u, Ag, u -
    2·10–8 ·     

,  ,    . 

 

. 10.1.   
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  ,    
  ,  .  . 10.1 

     -
   .  . 10.2    -

,       .  -
        30 . 

 
. 10.2.    ,  

   

 

 
. 10.3.   ,   

 ,    99,96 %,    = 4,2 ,  
   

    , 
  .    -

   100 ,      
  .    

(  10 %)   ,    
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     -
.  ,   ,  

    . 10.3. 
  ,   d (Nd) -

,   d /Nd        -
 (      4*109 -2).  d   

 4,2   70  ,      -
: d /Nd = 1,8–10–19 · 3  = 4,2 , d /Nd  = –2,9·10–19 · 3 

  = 70 . ,     Nd  -
  d /Nd ~ 2,3–10–19 · 3.  ,  -
      ,    

    ( . 10.4, 10.5). 

 

. 10.4.   d     -
  (1),  (2)   (3) 

 
. 10.5.    .  

  Nd = 2·1011 –2 
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,    ,  

  ,     
   .    -

   .   10.6 -
   ,    

   .      
  (4,8±0,3)10-11 * / 2/ 3.  -

,     ,   -
      ,   :  

2*10-12 * 2 (   )  4*1012 * 2  -
  .  ,   

        .   
  gh  : 

 sin( / 2) sin( / 2)gh A B  (10.15) 

  –  ,  –  ,       . 
    ( 3 ,  –1 –  

      , -
     )     

gh = 1,5·10–17 · 2.      1 2  -
  –    10–14 · 2  

    10–12 · 2     
 10–3. 

 

 
. 10.6.    (  99,999 %),  

 = 4,2       
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   0     
 ,     -
 ,         -

.  ,  ,    
 ,   ,   -

 ,   ,    – 
     ,     

 0 ( ,    N(EF)   -
 ).  ,    0  -

         .   -
        -

 0   ,     -
      . 

         
   0   -   (   
    ),    -

  . C    
   Pd –H    -

.     . 3     
 r = R(Pd – H)/R(Pd)  (10.16) 

 4,2 .  
 3 

n( ) 0 0,49 0,58 0,67 0,74 0,89 
r 1,0 8,8 14,2 20,3 21,2 14,8 

      
« »     n  1,    n  0, 
, ,       -

    . 

 

. 10.7.    
  Pd – H     

   = 298  
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10.1.8.   
     ,   

      -
       -

 .  ,     -
     .  

 ,      -
      . 

        , 
        . 
          -

   .      
       

   -      
.  ,     -

         
  ,    -

.      -  -
        -

    .  
10.1.9. -   

     -
  ,       

 ,      -
       

 ,  ,    -   
    .  ,   

          -
,      Me–H(D),    

      . 
      -

     Pd-H.    
,   . 10.8,  -   -

     (  < 100 )   
,    (  d/ Pd-H -

    ) .  -
   ,       

   d-      -
   s–d-   .   

      -
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      ( . 10.8, 
 1).     (   > 100 )  

        -
     ( . 10.8,  2) .  
  ,   -   -

        
( . 10.8,  3),      -

 ,       -
     ,     

 –  . 
 

 
 

. 10.8.      
   ,        

   (  – ,   – ) 

10.2.    

  
   LCR WK4265/4270 

      -
,   .    

 0,1 %.      
   .     -

         
  . 
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10.2.1.     

  WK 4265 
 ,    ,   

   .  -
      , 

        -
  .    -

    30 . 
  

 R,  ,  L,  Q, -
  D,  Z,   ,   

  Vx,      1 . 
  

   . 
  

  (    DC), 50, 60, 100, 120 , 200  – 
20    100 , 100 . 

   FAST: 200  – 20    200 , 100 . 
   : ±0,01 %,   

10,9 .       ±0,033 %. 
     

  (  ): 
1.     100    
2.   400    
50   100    

   : ±(2 % )   
  20 , ±(10 %)   100 .  -
  ± 1% 

     
    100    
  400    

0,3   100    
   : ±(4 %). -

   ±1% 
    (  -

     ) 
: 2 . 

   : ±(5 %), 
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  : 
 14  · (0,6 + 0,01 · /1 ),    1,6    

0,4 . 
 60       270  
 2,3·10”4  · /1     270   , 

 95 %   . 
    (   

   
 ) 

: 0–40     2 . 
 
10.2.2.     

   
     -

    .    -
       .  -
      -

 .        
      
.   «AUTO»     [SER/PAR]  

 «AUTO»       -
  ( ,   ). 

 ,         
   Q,   

 D,  Z,   ,  Vx    1 . 
     0,5 .  
    ,     -

    ,   -
    ,   -

  .     : 
1.     0°     

 . 
2.     90°. 
3.      0°. 

   >1: 
1.      90. 
2.      0°. 
3.      90°. 
4.      0°. 
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   = 1: 
1.      0°. 
2.      90°. 
3.      0°. 
4.      90°. 

         
 .        

    Rs, -
   5    

Q = X/R3   .   «AUTO» -
  ,     , 

           -
    .   -  -

  ,       -
    .     -

      .  
 

 
. 10.9 
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