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A Z N  
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  .  
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   40           4  .       

1 (16  2 (18  3 (20  4 (22  

  
:                 (N Z)   .       

    .(N Z)  

  
A Z N
N Z N Z
A Z (Z ) Z

4 4
4 40 18

  

  )2 (  .  
  

  
            

1 (Cl35
17  2 (Br80

35  3(Ca40 2
20  4(Sr88 2

38  

  
     e   :  

  : Cl : Z ,e ( ) , N A Z | N e | | |35
17 17 17 1 18 35 17 18 18 18 0  )1(  

  : Br : Z ,e ( ) , N A Z | N e | | |80
35 35 35 1 36 80 35 45 45 36 9  )2(  

  : Ca : Z ,e , N A Z | N e | | |40 2
20 20 20 2 18 40 20 20 20 18 2  )3(  

  : Sr : Z ,e , N A Z | N e | | |88 2
38 38 38 2 36 88 38 50 50 36 14   )4(  

   )4 (  .  
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:      )  (              .      
   .                   .  

  
   X  85     /1 5       .  X2    

1 (32  2 (34  3 (36  4 (38  

  
  N / ZA Z N A Z / Z / Z Z1 5 1 5 85 2 5 34  

  e e2 34 34 2 36        
  )3 (  .  

  

  
                      .     
                .               
                     .     

  .  
:                  .  

                      .  
    2300   )   (   .    279     . 

           .             .
        .  

      :  
                  

     H1
1  1  1  0  

     D2
1  1  1  1  

     T3
1  1  1  2  

  

 3:                       
         .                . 

      )H O2 (g / mL1     )D O2 (/ g / mL1 11  .      
   . 

 4:                 .   

  
                             .  

            .      .  
(          

(       D O2    (H O)2       
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(g100            g100           .     

  g / mL100 1100 / g / mL , H O2
100 1 1190 D O2  

 (  -   D O2        .  
: D O2   H O2  .         D O2  
 H O2                   . 
 D O2  D O2     .       D O2  H O2 

        .)      (.  
  

  
     ( T , D , H)3 2 1

1 1 1                 .  
 6    

  H2  D2  T2  HD  HT  DT  
  ( )2 1 2  ( )2 2 4  ( )2 3 6  1 2 3  1 3 4  2 3 5  

    H2    T2 .  
  

  
       ( Cl , Cl)37 35    ( O , O , O)18 17 16 :  

(     Cl O2        
(            .  
(          

  
(  O16     :  O Cl Cl O Cl Cl O Cl Cl16 35 35 16 35 37 16 37 37  

        O    9    .  
(   : ( )2 35 16 86 : O Cl Cl16 35 35    

  : ( )2 37 18 92: O Cl Cl18 37 37    
  92 86 6  

(                  .O Cl Cl18 37 37       .  
  
               .       84      

     .                 5/1      

)/1 5(      .                 

  .   
                          .  

             :  
          2   2        4 

    .                
             )      

 (.              .  

 

      
Z N  A 

4
2  2- 2- 4-  
0
1  1+ 1- 0  

0
0  0  0  0  
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             )T3 T4 (    .        
             .      -131          

  .              .  

   
                .      33/1        

   5/2           .            . 
                           

   .  
                     

          -12 ( C)12
6      .  

         C12C13 C14         
      989   -12   11   -13 .  

 -12  6   6   .       000/12   
  .  

        33/1           
( / ) /1 33 12 16 000  .  

                 .            
     .            amu      atomicmassunit  

           .  

: amu ( )1
12    -12    / 241 661 10  .  

    :      (amu) .  

      -12  / amu12 000    / amu16 000  .  

   1
12  amu C12

61   

        amu1  .        ( )1
2000    .  

          .  

     *      
amu g 

  e0
1  1-  0005/0  / 289 109 10  

  p1
1  1+  0073/1  / 241 673 10  

  n1
0  0  0087/1  / 241 675 10  

*                        .:p1
1  

:              amu1   .  
  

  5:                  .      )-(  
    . 

:                 amu1              .  
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       3   4   amu    

  
  A Z N amu amu amu3 4 7      

  

  
          1

2000                                z
z A2       

     

  
                         .                             

 . :  

  
Z

Z

1
12000

2 4000  

  
:                .           

        .                     . 
                             

          .  
   2   /0 001  /2 001  2    2  /0 001  /0 002.  

  

        .        .           
 Cl35

17   Cl37
17  .   8/75      Cl35

17  2/24    Cl37
17   .  

  
  
  
  
  
  

  
                          

    .           12 011/12    .  
  :                     .  

             .  

M a M a
(M)

a a
1 1 2 2

1 2
     

M1 M2 …    a1 a2  …   )  (   .  

:          a a1 2 100  .  
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     Fe59

26  Fe55
26   .       .  

  
  M a M a

a a
1 1 2 2

1 2
     

  ( ) ( ) / amu59 1 55 4 55 81 4      
  

  6:                             .
                  .  

 7:           . 

  
                

  )56/0%Sr :84 86/9%Sr86 00/7%Sr :87 58/82%Sr :88(  
1 (88  2 (86  3 (58/82  4 (71/87  

  
  M a M a M a M a ( / ) ( / ) ( ) ( / ) /

a a a a
1 1 2 2 3 3 4 4

1 2 3 4

84 0 56 86 9 86 87 7 88 82 58 87 71100    

   )4 (  .  
  

  
  A  2 A20 A21    / amu20 6 :  

(         .  
(      

  
( A20  a1  A21  a2   .  

  M a M a
, a a a a

a a
1 1 2 2

1 2 1 2
1 2

100 100    

  ( a ) (a )/ a a a a , a2 2
2 2 2 2 1

20 100 2120 6 2060 2000 20 21 60 %60 %40100  

(A21           .  
  

       
               .             

(amu)  .               .        
  amu1                         

              .  
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 (   )  -  (         )  -    .(  
 ( )-  ( )-  (  .  
 ( )-  (      .  )-  (       .  
 (   ) -   (         ) -    (   
 .  
 (     (D O T O)2 2         ) -   (.  
 (           )-  (           

)-  (        )- ( .  
 (  ) -  (          .  
 (      )-  ( .  
(  ) -   (       .  
(      18  19       )-  (   .  
(A A

Z Z( M M)1
1  A

Z X  .  
 (   )-   (                .  

 (     ( )amu1 112 .  

 (               )-  (  .     
 ( ) ( )1 1     .  

                                                           
1-        .              .       . 



   42   ) (  /  
  

19         .         . 
 (                         100     

        .  
 (    84         .  
 (            .  
 (              .  
 (           .  
 (     .  
 (          .  
 (          .  
 (    amu32         32    - 12 .  

20              A , B , C , D , E , F , G , H32 118 1 33 2 120 120 2 2 33
16 50 1 16 51 50 1 17  

21        .  

22   B  56               .       .  

23 X  42  .           5        .  

24 X  200     2
3         X    .  

25     .                 .  

   (N)  (e) )  (A ) (Z   
-          Ti48

22  
-        10  Ne20 
-  2        T1  
-    42  96    Mo  
-      101  44  Ru  

  74  54      I127 
2+          Sr88

38  
-    39      Y89  

    28    30  Zn65 

26        .    

27 3  ( O , O , O)18 17 16
8 8 8          ( T, D, H)3 2 1

1 1 1   .                   
                                                  

           .  

28    ( C , C)13 12
6 6        ( O , O , O)18 17 16

8 8 8   .                 
        CO2     

29  A10
5   A11

5 :  
 (     .   (     

30                  :Ag107
47   / amu106 91Ag109

47      / amu108 91 .
    / amu107 87  .            
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17 

( -       (T3-T4- -   -131  
(   -    (  -      
(     (   
( - -T3

1-D2
1    ( 5/1  

( 84-     ( 1
12 -  12-amu  

18 
(    (  - -  (   (  -     

( -   (  -   (  -    (D O2-    
( - -   (    (   (    
(   (A

Z M1   (    ( 1  
( -) 1-(  

19 
(   (   (   

(  .   .  
(   
(  .       .          (amu) .  
(   
(  .     .  

(  . 32
12   - 12 .  

20 
                 :  

  ( G , C) , ( F , B) , ( D , A)2 1 120 2 118 33 2 32
1 1 50 50 16 16  

21 
      0e0

1    
      amu1p1

1     
      amu1n1

0      
22 

  A Z N , Z N N Z Z (Z ) Z2 2 56 2 27  
23 

  N e N e , Z e Z e5 5 1 1  
      A Z N A (e ) (e ) e1 5 42 18  
    N e , Z e X42

195 18 5 23 1 18 1 19  
24  

    
A Z N
Z N

200
2
3

  

    Z 80  N N N N Z2 5 2200 200 120 120 803 3 3  

       X    X.  
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25  
   (N)  (e) )  (A ) (Z   

-  26  22  48  22  Ti48
22  

-  10  10  20  10  Ne20
10  

-  2  1  3  1  T3
1  

-  54  42  96  42  Mo96
42  

-  57  44  101  44  Ru101
44  

1-  74  54  127  53  I127
53  

2+  50  36  88  38  Sr88 2
38  

-  50  39  89  39  Y89
39  

2+  35  28  65  30  Zn65 2
30 

  

26 
   H1

1-  D2
1-  T3

1         .  
27 

 O16
8   OO17

8   *O O18
8   O    .         

   .  18      .  
            

20  H O2  
19  *H O2  

18  H O2  
22  D O2  

21  *D O2  
20  D O2  

24  T O2  
23  *T O2  

22  T O2  
21  HDO  

20  *HDO  
19  HDO  

22  HTO  
21  *HTO  

20  HTO  
23  DTO  

22  *DTO  
21  DTO  

:     T O2            .  
28 

12  .6  C12  :  
   C O O C O O C O O C O O C O O C O O12 16 16 12 16 17 12 16 18 12 17 17 12 17 18 12 18 18  

 6  C13    .  
29 

(   M a M a ( ) ( ) / amu
a a

1 1 2 2
1 2

10 4 11 1 10 24 1    

( A10
5   .     .  

30 

  M a M a
a a

1 1 2 2
1 2

    

    / (a ) / (a )
/ , a a a a

a a
1 2

1 2 1 2
1 2

106 91 108 91107 87 100 100  

  / / ( a ) / a / a / a2 2 2 2107 87 100 106 91 100 108 91 10787 10691 106 91 108 91  
  a a a1 2 1100 52  ,   a a2 296 2 48  
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48.                    …………    …………                         

    …………  …………   
1 ( -  -  - .  2 ( - - - .  
3 (-  -  - .  4 (- - - .  

49.     

1 (amu   ( )1
12     .  

2 (    amu1      ( )1
2000   .  

3 (                   .  
4 (   100                .  

50.     
1 (       .  
2 (  1837           .  
3 ( C12 amu12 .  
4 (                   .  

51.     
1 (      .  
2 (    amu1 .  
3 (    3  3   4   amu10 .  
4 (          .  

52.         
1 (           .  
2 (      .  
3 (         Cl37

17   Cl35
17 .  

4 (             .  

53. amu          …………        …………   .  

1(amu1 11000  2(amu1 1
1000 12  3(amu1 12000  4(amu1 1

2000 12  

54.       )       (     
1(n e1 0

0 1  2(n e1 0
1 1  3(n e1 1

1 0  4(n e0 1
1 0  

55.             
1(Ne10  2(Mg2

12  3(Si414  4(Al313  

56.              A            B    .     
      

1(A B     .  
2 ( A     B     B .  
3 ( A     B     B .  
4 (      B   A .  
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57.   X Y        X 4    Y     X Y    
1 (1  2 (2  3 (3  4 (4  

58.     Mg24
12 …………  

1 (Mg   .    2 ( Mg   .  
3 ( Al27

13   .  4 (  Al27
13   .  

59.           
1(x  15 .  
2(z  34 .  
3(C B  .  
4(y  29 .  

60. X2  42  .            6          ………….   
1 (23  2 (19  3 (40  4 (21  

61.              
1(Cl35

17  2(Al27
13  3(Sc45

21  4(Br80
35  

62.      X    79   .        X  50 %                  X    
 )X     (.  

1 (200  2 (198  3 (196  4( 194  

63.      X7
3           .  X2    46                        

   
1 (96  2 (102  3 (112  4 (128  

64.       Po210
84     

1(1
2000  2(1

4000  3(1
5000  4(1

6000  

65.                             
1 (4  2 (1  3 (8  4 (16  

66.     …………   …………     ………… .  
1 ( -  -     2 ( -  -   
3 ( -  -    4 ( -  -   

67.      
(A40

19  (B40
20  (C39

19  (D39
18  

1 (   2 (   3 (   4 (   
68.           

1(H O2  2(D O2  3(T O2  4 (   .  
69.           

1 (  2 (   3 (   4 (   

70.      )T, D, H3 2 1
1 1 1 (    )Cl , Cl37 35

17 17 (  HCl     
1 (3  2 (6  3 (9  4 (12  

           
A2  12  24  x  
B  16  y  15  

C3 17  z  18  
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71.                O16
8O17

8  O18
8            O2        O2      

    
1 (6  2 (9  3 (12  4 (18  

72.        C12  C13          O16O17  O18   .       CO2   
                CO2      

1 (12  2 (6  3 (18  4 (9  

73.              )O , O, O18 17 16
8 8 8 (    )H , D, T1 2 3

1 1 1 (                
 23  24  amu   

1 (2  1  2 (4  1  3 (2  2  4 (3  4  

74.                                                        
     

1 (3/63  2 (3/64  
3 (5/63  4 (5/64  

75.                28  29    30  amu            92  5    3     .      
  amu    

1 (92/27  2 (11/28  3 (04/29  4 (95/29  

76.          X      
       amu    
1 (6/2  2 (5/2  
3 (9/1  4 (1/2  

77. A     amu2/91   A90
40 A92

40          
1 (20%  2 (40%  3 (10%  4 (15%  

78.  A      A20  A21        / amu20 6      …………           
    ………… .  

1(A2040  2(A2060  3(A2140  4(A2160  

79.  A                20  21    22    amu   .        / amu21 4      
        )  amu21 (          

1 (55  2 (70  3 (40  4 (25  

80.                      A12        x A  A26        / amu24 4 
      

1 (        .  
2 ( A26  20  .  
3 (    12      .  
4 (           4        .  

81.X18        / g mol 136 8                        20        20 %    
18    70 % .       )       amu1   (.  
1 (21  2 (22  3 (23  4 (24  

82.      X         .        X              
   amu25/1        :  

1 (          2(1
4          

3 (          4(3
4          
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48-)2( 

49-)1(   

amu   ( )1
12  C12  )  

  (         
   C12C13 C14     .  

50-)2(   
           1837 

    .  

51-)3(   
        .  

  amu amu amu3 4 7    

52-)1(   
           

       .  

53-)3(   
 amu     amu1   

      ( )1
2000   .  

54-)1(   
             

         :  

n1
0 :  p1

1 :  e0
1 :  

55-)4(   
             13 

   10     Al313  .  

56-)3(   

 :  mA , B  
  mA A BB

e e Z Z m  

  B AZ Z m
A B A A B BA A N Z N Z  

  A A B A A BN Z N Z m N N m  
:      A     

mB   .   A     
(m)     B  )   2 ( 

       A B    
 )   1 .(    A B  

        .  

 A        B     
 A          B  

)   3 (    A     
           
  A   B ) .   4(  
 :            

             .  

  A (Z , e , N )27 12 12 1512 :   

  B (Z , e , N )27 13 12 1413  

57-)2(   

 :X       Y   
    .   X Y     

X  2    Y       
        X  2    Y 

 .    X 4    Y   
   A Z N  2     Y  

    4    .  
 :   )  : (X , Y  

  X Y X YZ Z Z Z ( )2 2 1  
  A Z N

X Y X X Y YA A Z N (Z N )4 4  
  X Y X YZ Z N N 4  

  X Y X YN N N N2 4 2  

58-)4(   

     Mg24
12  X25

13    

   Al27
13 .  

59-)3(   
 x     :  

  A Z N Z Z24 12 12  
      2          

2          10  
x 10)    )1((  

  y   B     .  
   15       15   

            16  
  :A Z N 15 16 31 y 31 

 .B31
15)    )4((  

  )1( 
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HCl HCl

DCl DCl

TCl TCl

  z    C3     .
      18        
  3            15 
  .:  

  A Z N A 15 17 32  
z 32  C32

15)    )2 .((   

  B C        
       ) .   )3.((  

60-)2(   
         

  Z e e Z ( )2 2  
  N e6      

  ( ) N (Z ) N Z ( )6 2 4  

  ( )A Z N Z (Z ) Z42 4 19  
:            

 X2       6     
  )2 (  2        

       4  :  

  N Z 4  
61-)4(   

  Cl : Z , N N Z35 17 35 17 18 18 17 117  

  Al : Z , N N Z27 13 27 13 14 14 13 113  

  Sc : Z , N N Z45 21 45 21 24 24 21 321  

 Br : Z , N N Z80 35 80 35 45 45 35 1035  

62-)1(   

  X : e Z79 79 1 80  
  N / Z /1 5 1 5 80 120  
  A Z N 80 120 200   

63-)3(   

  X : e Z2 46 46 2 48  

  A Z7 7 48 1123 3  

       )   (  
 .  

  
  

64-)3(   
        amu1    

1
2000   .  

184 12000
210 5000  

65-)4(   

          )He24
2 (   

             16 
    .  

66-)1(  

67-)2(   

 A40
19 C39

19         

   .  

68-)3(   
T O2       .     

H O2 D O2     .      
     :  

  : T O D O H O2 2 2     

69-)1(   
             

   .  

70-)2(   

  Cl37
17  *Cl   : 

    
 6  HCl   .  

71-)1(   
          O2 6  

      .  
  O O O O O O16 16 16 17 16 18  
  O O O O17 18 18 18O O17 17  

         .  

72-)1(   

     C12     6  
 (O C O)CO2  :  

  O C O O C O O C O16 12 16 16 12 17 16 12 18  
  O C O O C O17 12 18 18 12 18O C O17 12 17  

     C12 C13      .  
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73-)1(  

 23   24  

      

74-)3(   

    Cu65  5  Cu63  15 :  

  M a M a
a a

1 1 2 2
1 2

     

  / amu5 65 15 63 63 55 15   Cu  

75-)2(   

  ( ) ( ) ( )M / amu28 92 29 5 30 3 28 1192 5 3  

76-)1(   

    14 X3 4 X2 2 X1  .  

  / amu14 3 4 2 2 1 2 614 4 2  X  

77-)1(   

     )A90
40 (x    

   )A92
40 (y    :  

  x y y x100 100  

  (x) ( x)/ 90 92 10091 2 100     

  x x9120 90 9200 92  
  x x y2 9200 9120 80 40 60  

  y x %20  

78-)4(   

    )A20 (x     
  )A21 (y    .  

  x y y x100 100  

  x ( x)/ 20 21 10020 6 100     

  x x x2060 20 2100 21 40  
  y 100 40 60       

          
   )A21 ( .  

  
  

  

79-)1(   
  M M M M /1 2 320 21 22 21 4  

x x
x (x x )

(M x ) (M x ) (M x )
M

x x x
2 1

3 1 2
21 1 2 2 3 3

1001 2 3
  

  ( x ) ( ( x )) ( ( x ))
x ( x ) ( x )

1 1 1
1 1 1

20 21 2 22 100 3
2 100 3/21 4  

x x x x
/ /

x x
1 1 1 1

1 1

20 42 2200 66 2200 421 4 21 43 100 3 100  

  x x1 12140 2200 4 4 2200 2140 60  

  x1
60 154  

  x x ( )2 12 2 15 30  
  x ( x ) ( )3 1100 3 100 3 15 55  

80-)1(   

   x A   :  

  x( ) ( ) /24 26 6 24 424 6     

  x x24 156 732 24  
  )1 :(        .

 x A  A24       
   .  

  )2 :( A26 6 100 %2030 .  

  )3 :(  A24  12    
  A Z N N A Z 24 12 12  

  )4 :(    6    24  
              

  4        .  

81-)2(   
       18 20 38      

  18 18 36      
  %100 %20 %70 %10     

  ( ) ( ) M ( ) /38 20 36 70 10 36 8100    

  )   ( M 40  
  : A Z N N N40 18 22    

82-)1(   

  M a M a
a a

1 1 2 2
1 2

    

      A      
 A /1 25  .  

  A (A / ) A A1 4 1 25 4 5
1 4 5    

  (A )A A5 15 5 15 5
  


