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ȼɨɩɪɨɫɵ ɬɟɨɪɢɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɩɪɭɝɢɯ ɜɨɥɧ ɜ ɤɪɢɫɬɚɥɥɚɯ ɪɚɡɪɚɛɨɬɚɧɵ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ 
ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɟɨɞɧɨɤɪɚɬɧɨ [1-7]. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɭɩɪɭɝɢɯ ɜɨɥɧ 

ɜ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɭɬɟɦ ɧɚɯɨɠɞɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɢ ɡɚɬɭɯɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ ɨɬ 
ɬɟɯ ɢɥɢ ɢɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɢɧɬɟɪɟɫ ɞɥɹ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɝɨ ɫɩɟɤɬɪɚ, ɜ ɤɨɬɨɪɨɦ ɟɞɢɧɫɬɜɟɧɧɨɣ ɱɢɫɬɨɣ ɦɨɞɨɣ ɹɜɥɹɟɬɫɹ ɩɨɩɟɪɟɱɧɚɹ ɜɨɥɧɚ, ɭɩɪɭɝɢɣ 

ɫɩɟɤɬɪ ɜ ɤɚɱɟɫɬɜɟ ɱɢɫɬɵɯ ɦɨɞ ɜɤɥɸɱɚɟɬ ɤɚɤ ɩɨɩɟɪɟɱɧɵɟ, ɬɚɤ ɢ ɩɪɨɞɨɥɶɧɵɟ ɜɨɥɧɵ, ɧɟ ɝɨɜɨɪɹ ɭɠɟ ɨ 
ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɬɢɩɚɯ. 

ȼ ɨɫɧɨɜɟ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ ɥɟɠɢɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠ-

ɞɭ ɩɪɢɥɚɝɚɟɦɵɦ ɤ ɬɟɥɭ ɧɚɩɪɹɠɟɧɢɟɦ ɢ ɜɵɡɵɜɚɟɦɨɣ ɷɬɢɦ ɧɚɩɪɹɠɟɧɢɟɦ ɞɟɮɨɪɦɚɰɢɟɣ. ȼ ɫɥɭɱɚɟ ɚɧɢ-

ɡɨɬɪɨɩɧɵɯ ɫɪɟɞ (ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ, ɬɟɤɫɬɭɪ) ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɤɨɦɩɨɧɟɧɬɚɦɢ ɬɟɧɡɨɪɨɜ 
ɧɚɩɪɹɠɟɧɢɹ ɢ ɞɟɮɨɪɦɚɰɢɢ ɜɵɪɚɠɚɟɬɫɹ ɨɛɨɛɳɟɧɧɵɦ ɡɚɤɨɧɨɦ Ƚɭɤɚ [3]: 

ij ijk ku s           ɢɥɢ        ij ijk kc u ,         (1) 

ɝɞɟ uij – ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɚ ɧɚɩɪɹɠɟɧɢɹ, ij – ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɚ ɞɟɮɨɪɦɚɰɢɢ, sijkƐ – ɩɨɫɬɨ-
ɹɧɧɵɟ ɩɨɞɚɬɥɢɜɨɫɬɢ, ɫijkƐ – ɩɨɫɬɨɹɧɧɵɟ ɠɟɫɬɤɨɫɬɢ, a i, j, k, Ɛ – ɱɢɫɥɨɜɵɟ ɢɧɞɟɤɫɵ, ɩɪɢɧɢɦɚɸɳɢɟ ɡɧɚ-
ɱɟɧɢɹ 1, 2 ɢ 3. 

ȼ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ ɡɚɤɨɧ Ƚɭɤɚ ɢɦɟɟɬ ɜɢɞ: 

i ij ju s          ɢ        i ij jc u ,      ɝɞɟ i, j 1,6.    (2) 

ɑɢɫɥɨ ɧɟɡɚɜɢɫɢɦɵɯ ɩɨɫɬɨɹɧɧɵɯ ɠɟɫɬɤɨɫɬɢ (ɩɨɫɬɨɹɧɧɵɯ ɩɨɞɚɬɥɢɜɨɫɬɢ) ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɜɟɪ-
ɞɵɯ ɬɟɥ ɡɚɜɢɫɢɬ ɨɬ ɫɬɪɨɟɧɢɹ ɢɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɪɟɲɟɬɨɤ [2]. Ⱦɥɹ ɬɪɢɤɥɢɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɫ ɧɚɢɧɢɡɲɟɣ 

ɫɢɦɦɟɬɪɢɟɣ ɪɟɲɟɬɤɢ ɢɯ ɱɢɫɥɨ ɪɚɜɧɨ 21, ɞɥɹ ɜɵɫɨɤɨɫɢɦɦɟɬɪɢɱɧɵɯ ɤɭɛɢɱɟɫɤɢɯ ɤɪɢɫɬɚɥɥɨɜ – 3. ȼ ɩɨ-
ɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɭɩɪɭɝɨɫɬɶ ɪɟɲɟɬɤɢ ɨɩɢɫɵɜɚɟɬɫɹ ɤɨɧɫɬɚɧɬɚɦɢ ɫ11, ɫ12, ɫ44, ɨɛɪɚɡɭɸɳɢɦɢ ɦɚɬɪɢɰɭ: 

11 12 12

12 11 12

12 12 11

44

44

44

c c c 0 0 0

c c c 0 0 0

c c c 0 0 0

0 0 0 c 0 0

0 0 0 0 c 0

0 0 0 0 0 c

         (3) 

Ⱦɥɹ ɤɪɢɫɬɚɥɥɨɜ ɫ ɪɨɦɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ ɱɢɫɥɨ ɧɟɡɚɜɢɫɢɦɵɯ ɩɨɫɬɨɹɧɧɵɯ ɠɟɫɬɤɨɫɬɢ (ɩɨɫɬɨɹɧ-

ɧɵɟ ɩɨɞɚɬɥɢɜɨɫɬɢ) 9 – ɫ11, ɫ22, ɫ33, ɫ44, ɫ55, ɫ66, ɫ12, ɫ13, ɫ23 – ɢ ɨɧɢ ɨɛɪɚɡɭɸɬ ɦɚɬɪɢɰɭ: 
11 12 13

12 22 23

13 23 33

44

55

66

c c c 0 0 0

c c c 0 0 0

c c c 0 0 0

0 0 0 c 0 0

0 0 0 0 c 0

0 0 0 0 0 c

        (4) 

Ɋɚɫɱɟɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɫij ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟɸɬ ɜɢɞ:  

     100 110 100

2 2 2

L 11 L 11 12 44 t 44

1
c , (c c 2c ), c ,

2
         

   111 111

2 2

L 11 12 44 t 11 44 12

1 1
(c 2c 4c ), (c c c ),

3 3
         

 110

2

t 44

1
c

2
   (ɜɨɥɧɚ ɩɨɥɹɪɢɡɨɜɚɧɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ  001
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2

t 11 12

1
(c c )

2
    (ɜɨɥɧɚ ɩɨɥɹɪɢɡɨɜɚɧɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 110



),             (5) 

ɝɞɟ   – ɩɥɨɬɧɨɫɬɶ ɤɪɢɫɬɚɥɥɚ, L – ɫɤɨɪɨɫɬɶ ɩɪɨɞɨɥɶɧɵɯ ɭɩɪɭɝɢɯ ɜɨɥɧ ɜ «ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ» 

ɫɪɟɞɟ (ɨɛɴɟɦɧɚɹ ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ), t – ɫɤɨɪɨɫɬɶ ɩɨɩɟɪɟɱɧɵɯ ɭɩɪɭɝɢɯ ɜɨɥɧ, ɚ ɢɧɞɟɤɫɵ ɜ ɤɜɚɞɪɚɬɧɵɯ 
ɫɤɨɛɤɚɯ ɨɡɧɚɱɚɸɬ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɝɥɚɫɧɨ (5) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫij ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɤɭɛɢɱɟɫɤɨɣ ɫɢɦɦɟɬɪɢɢ ɧɟɨɛ-
ɯɨɞɢɦɨ ɢɡɦɟɪɢɬɶ ɥɢɛɨ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ ɨɞɧɨɝɨ ɬɢɩɚ ɜ ɬɪɟɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ, ɥɢɛɨ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧ ɨɛɨɢɯ ɬɢɩɨɜ ɜ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. 

ɉɨɫɬɨɹɧɧɵɟ ɠɟɫɬɤɨɫɬɢ ɫij ɢ ɩɨɫɬɨɹɧɧɵɟ ɩɨɞɚɬɥɢɜɨɫɬɢ sij ɤɭɛɢɱɟɫɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɫɜɹɡɚɧɵ ɮɨɪɦɭɥɚɦɢ: 
11 12 12

11 12 44

11 12 11 12 11 12 11 12 44

s s s 1
c , c , c .

(s s )(s 2s ) (s s )(s 2s ) s


   

   
                   (6) 

11 12 12

11 12 44

11 12 11 12 11 12 11 12 44

c c c 1
s , s , s .

(c c )(c 2c ) (c c )(c 2c ) c


   

   
                   (7) 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɣ ɦɟɠɞɭ ɩɨɫɬɨɹɧɧɵɦɢ ɠɟɫɬɤɨɫɬɢ ɢɦɟɸɬ ɦɟɫɬɨ ɫɨɨɬɧɨ-
ɲɟɧɢɹ, ɜɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɧɵɟ Ʉɨɲɢ 1. ȼ ɫɥɭɱɚɟ ɤɪɢɫɬɚɥɥɨɜ ɤɭɛɢɱɟɫɤɨɣ ɫɢɦɦɟɬɪɢɢ ɨɧɢ ɫɜɨɞɹɬɫɹ ɤ 
ɪɚɜɟɧɫɬɜɭ ɫ12=ɫ44 ɢ ɬɪɟɛɭɸɬ, ɱɬɨɛɵ ɫɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɵɥɢ ɰɟɧɬɪɚɥɶɧɵɦɢ, ɤɚɠɞɵɣ ɚɬɨɦ ɜ ɪɟɲɟɬ-
ɤɟ ɞɨɥɠɟɧ ɹɜɥɹɬɶɫɹ ɰɟɧɬɪɨɦ ɫɢɦɦɟɬɪɢɢ ɢ ɨɬɫɭɬɫɬɜɨɜɚɥɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɪɢɫɬɚɥɥɟ. ȼ ɢɨɧɧɵɯ ɤɪɢ-

ɫɬɚɥɥɚɯ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɧɨɜ ɹɜɥɹɟɬɫɹ ɩɪɟɨɛɥɚɞɚɸɳɢɦ ɬɢɩɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɢ, 

ɤɪɨɦɟ ɬɨɝɨ, ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɫɢɥɵ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɰɟɧɬɪɚɥɶɧɵɟ. ɉɨɷɬɨɦɭ ɧɟɭɞɢɜɢɬɟɥɶɧɨ, ɱɬɨ 
ɫɨɨɬɧɨɲɟɧɢɟ Ʉɨɲɢ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɳɟɥɨɱɧɨ - ɝɚɥɨɢɞɧɵɯ ɤɪɢɫɬɚɥɥɨɜ. 

ȼ ɢɡɨɬɪɨɩɧɨɦ ɬɜɟɪɞɨɦ ɬɟɥɟ ɭɩɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟ ɞɨɥɠɧɵ ɡɚɜɢɫɟɬɶ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɫɨ-
ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɞɟɮɨɪɦɚɰɢɟɣ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɞɥɹ ɧɟɝɨ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ [3]: 

ij ij kk ij ij

1, i j,
u 2 u ,

0, i j,


                              (8) 

ɝɞɟ ɜɟɥɢɱɢɧɵ  ɢ  ɧɚɡɵɜɚɸɬ ɩɨɫɬɨɹɧɧɵɦɢ Ʌɚɦɟ; ɨɧɢ ɩɨɥɧɨɫɬɶɸ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɭɩɪɭɝɢɟ 
ɫɜɨɣɫɬɜɚ ɢɡɨɬɪɨɩɧɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ 

L

2  
 


      ɢ      

t .


 


                                   (9) 

Ɉɞɧɚɤɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɰɟɥɟɣ ɛɵɥɢ ɜɜɟɞɟɧɵ ɭɩɪɭɝɢɟ ɦɨɞɭɥɢ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɩɨɫɬɨɹɧ-

ɧɵɦɢ Ʌɚɦɟ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

(3 2 )
E , G , .

2( )

    
    

   
                                (10) 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɩɪɭɝɢɯ ɦɨɞɭɥɟɣ ɫɜɹɡɶ ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɡɜɭɤɚ ɢɦɟɟɬ ɜɢɞ: 

2 2 2 2

L t t

E(1 ) E G E
, , , ,

(1 )(1 2 ) 2 (1 )
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2 L t

L 2 2

L t

2K 4 / 3G
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2( )

  
   

   
                                               (11) 

Ɂɞɟɫɶ Ɛ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɪɨɞɨɥɶɧɵɯ ɭɩɪɭɝɢɯ ɜɨɥɧ ɜ ɫɬɟɪɠɧɟ («ɫɬɟɪɠɧɟɜɚɹ» ɫɤɨ-
ɪɨɫɬɶ ɡɜɭɤɚ). 

ȼɟɥɢɱɢɧɵ ȿ, G, Ʉ, ,  ɫɜɹɡɚɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɫɨɨɬɧɨɲɟɧɢɹɦɢ 

E 1 E
1 , K ,

2G 3(1 2 )
    

  
                    (12) 

ɬɚɤ ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɡɧɚɬɶ ɥɸɛɵɟ ɞɜɟ ɢɡ ɧɢɯ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɨɫɬɚɥɶɧɵɟ. 
Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɚɤɭɫɬɢɱɟɫɤɢɯ ɨɛɴɟɦɧɵɯ ɜɨɥɧ ɜ ɤɪɢɫɬɚɥɥɟ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ ɚɞɢɚɛɚɬɢɱɟɫɤɢɦ ɜɩɥɨɬɶ ɞɨ ɝɢɩɟɪɡɜɭɤɨɜɵɯ ɱɚɫɬɨɬ [2]. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɩɨɫɬɨɹɧɧɵɟ ɠɟɫɬɤɨ-
ɫɬɢ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɢ ɭɩɪɭɝɢɟ ɦɨɞɭɥɢ ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɫɨɨɬɧɨɲɟ-
ɧɢɹɦ (5) ɢ (10), (11) ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɹɜɥɹɸɬɫɹ ɚɞɢɚɛɚɬɢɱɟɫɤɢɦɢ. 

ȼɟɥɢɱɢɧɚ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɧɚɢ-

ɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ. Ɉɛɵɱɧɨ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
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ɧɚɛɥɸɞɚɟɬɫɹ ɦɨɧɨɬɨɧɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ (ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ ɪɚɡɧɨɟ ɩɨ ɪɚɡɥɢɱɧɵɦ ɤɪɢ-

ɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɦ ɧɚɩɪɚɜɥɟɧɢɹɦ), ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɚɦɩɥɢɬɭɞ ɬɟɩɥɨɜɵɯ ɤɨɥɟɛɚɧɢɣ ɭɡɥɨɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ [8]. Ɉɬɫɬɭɩɥɟɧɢɟ ɨɬ ɭɤɚɡɚɧɧɨɣ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ 

ɡɜɭɤɚ ɜɫɟɝɞɚ ɨɛɭɫɥɨɜɥɟɧɨ ɤɚɤɢɦɢ-ɥɢɛɨ ɩɟɪɟɫɬɪɨɣɤɚɦɢ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ. Ɍɚɤ, ɩɪɢ ɩɟɪɟɯɨɞɟ 
ɢɡ ɬɜɟɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɠɢɞɤɨɟ ɧɚɛɥɸɞɚɟɬɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢɡɦɟɧɟɧɢɟ ɦɧɨɝɢɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɢ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ. ȼɟɥɢɱɢɧɚ ɫɤɚɱɤɚ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɩɪɢ ɷɬɨɦ ɡɚɜɢɫɢɬ ɨɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 

ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɫɨɥɢ ɢ ɫɨɫɬɚɜɥɹɟɬ 1,2 (AlSb), 2,2 (NaCl), 3,2 (CdCl2) ɢ 4,0 (ZnCl2) [9]. 

Ⱦɢɫɩɟɪɫɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜɛɥɢɡɢ ɬɨɱɟɤ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 2-ɝɨ ɪɨɞɚ ɪɚɫɫɦɨɬɪɟɧɚ ɜ [10]. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɛɥɢɡɢ ɬɨɱɤɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 2-ɝɨ ɪɨɞɚ (Ɍɫ) ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ Ɏ 

= Ɏ(ɪ, Ɍ, ) (ɪ – ɞɚɜɥɟɧɢɟ,  – ɩɚɪɚɦɟɬɪ ɩɨɪɹɞɤɚ), ɫɨɝɥɚɫɧɨ ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɨɜ 2-ɝɨ ɪɨɞɚ Ʌ. Ⱦ. Ʌɚɧɞɚɭ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɢɡɜɟɫɬɧɨɝɨ ɪɹɞɚ: 

2 4

0

1Ɏ(ɪ,Ɍ, ) Ɏ (ɪ,Ɍ) Ⱥ(ɪ,Ɍ) ɋ(ɪ,Ɍ) ,
2

     
                               (13) 

ɝɞɟ Ɏ0(ɪ, Ɍ) – ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɫɢɦɦɟɬɪɢɱɧɨɣ (ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ) ɮɚɡɵ, Ⱥ ɢ ɋ – 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɢɫɩɟɪɫɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɚɠɧɭɸ ɩɪɢ ɚɧɚɥɢɡɟ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɢɡɦɟɪɟɧɢɸ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜɛɥɢɡɢ ɬɨɱɤɢ ɩɟɪɟɯɨɞɚ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɮɨɪɦɭɥ 
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v vɌ

Ɍ 1 1
,

ɋ ɋɪ

 
                             (14) 

ɝɞɟ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, T

p

1 V
,

V T

     
 – ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɫɠɢɦɚɟɦɨɫɬɶ, 

T
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1 2v v 0C , ,u,C ,   – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɢ ɪɚɜɧɨ-

ɜɟɫɧɵɟ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɞɥɹ ɜɵɫɨɤɨ - ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɮɚɡ. ɂɡ ɮɨɪɦɭɥɵ (14) ɜɢɞɧɨ, ɱɬɨ ɞɢɫɩɟɪɫɢɹ 
ɞɨɥɠɧɚ ɧɚɛɥɸɞɚɬɶɫɹ ɜ ɬɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ, ɩɪɢɦɵɤɚɸɳɟɣ ɤ ɬɨɱɤɟ ɩɟɪɟɯɨɞɚ, ɝɞɟ 

1vC   
2vC .  

ɉɨɫɬɨɹɧɧɵɟ ɩɨɞɚɬɥɢɜɨɫɬɢ sij ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɢɡ ɢɡɦɟɪɟɧɢɣ ɦɨɞɭɥɟɣ ɘɧɝɚ ȿ ɢ ɦɨɞɭɥɟɣ 
ɤɪɭɱɟɧɢɹ (ɫɞɜɢɝɚ) G ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ, ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɨɬ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɧɚɩɪɚɜ-
ɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ ɧɚɩɪɚɜɥɹɸɳɢɦɢ ɤɨɫɢɧɭɫɚɦɢ 1, 2, 3, ɡɚɞɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ 11: 

   2 2 2 2 2 2

11 11 12 44 1 2 2 3 3 1
1/ E s 2 s s s / 2 ,               

   2 2 2 2 2 2

44 11 12 44 1 2 2 3 3 1
1/ G s 4 s s s / 2 .                                                    (15) 

ɂɡ (15) ɫɥɟɞɭɟɬ, ɱɬɨ  
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                                              (16) 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥ ɜɢɞɧɨ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ s11 ɢ s44 ɬɚ ɠɟ, ɱɬɨ ɢ ɦɨɞɭɥɟɣ 

ɘɧɝɚ ɢ ɤɪɭɱɟɧɢɹ ɜ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 9. ɉɨɫɬɨɹɧɧɚɹ s12 ɹɜɥɹɟɬɫɹ ɦɚɥɨɣ ɜɟɥɢɱɢ-

ɧɨɣ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɪɚɡɧɨɫɬɶɸ ɛɨɥɶɲɢɯ ɜɟɥɢɱɢɧ. ɉɨɷɬɨɦɭ ɠɟɥɚɬɟɥɶɧɨ ɷɬɭ ɩɨɫɬɨɹɧɧɭɸ ɧɚɯɨɞɢɬɶ ɢɡ 
ɪɚɡɥɢɱɧɵɯ ɜɵɪɚɠɟɧɢɣ ɮɨɪɦɭɥɵ (16). ɇɚɢɛɨɥɶɲɭɸ ɬɨɱɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɸɬ ɢɡɦɟɪɟɧɢɹ ȿ110 ɢ G110 

ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɨɛɪɚɡɰɟ. 
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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɯɢɧɨɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɧɚɯɨɞɹɬ ɜɫɟ ɧɨɜɵɟ ɨɛɥɚɫɬɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ: 
ɦɟɞɢɰɢɧɫɤɢɟ ɩɪɟɩɚɪɚɬɵ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɚɝɟɧɬɵ, ɤɨɦɩɨɧɟɧɬɵ ɞɥɹ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɤɨɦɩɨ-
ɡɢɰɢɣ, ɥɸɦɢɧɨɮɨɪɵ, ɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɦɟɬɤɢ ɞɥɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ, ɯɢɦɢɤɚɬɵ ɞɥɹ ɫɟɥɶɫɤɨɝɨ 
ɯɨɡɹɣɫɬɜɚ [1-3]. ɉɚɪɚɥɥɟɥɶɧɨ ɩɪɨɜɨɞɹɬ ɪɚɛɨɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɞɟɥɟɧɢɟɦ, ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ, ɨɩɪɟɞɟ-
ɥɟɧɢɟɦ ɪɨɥɢ  ɯɢɧɨɧɨɜ ɜ ɠɢɜɵɯ ɫɢɫɬɟɦɚɯ [4]. Ȼɟɡɭɫɥɨɜɧɨ, ɤɪɨɦɟ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ ɯɢɧɨɧɵ 

ɜɵɡɵɜɚɸɬ ɢɧɬɟɪɟɫ ɟɳɟ ɢ ɩɨɬɨɦɭ, ɱɬɨ ɢɯ ɮɢɡɢɱɟɫɤɢɟ ɢ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɚɱɚɫɬɭɸ ɨɪɢɝɢɧɚɥɶɧɵ, 

ɚ ɢɧɨɝɞɚ ɧɟ ɢɦɟɸɬ ɚɧɚɥɨɝɢɢ ɜ ɞɪɭɝɢɯ ɤɥɚɫɫɚɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 
Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɵɡɵɜɚɸɬ ɯɢɧɨɧɵ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ, ɨɛɥɚɞɚɸɳɢɟ ɥɟɤɚɪɫɬ-

ɜɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɋɪɟɞɢ ɯɢɧɨɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡɜɟɫɬɧɵ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ, ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɟ, 
ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɩɪɟɩɚɪɚɬɵ, ɜɢɬɚɦɢɧɵ [5, 6]. ɇɟɪɟɞɤɨ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɯɢɧɨɧɨɜ ɭɫɢ-

ɥɢɜɚɟɬɫɹ, ɟɫɥɢ ɜ ɢɯ ɦɨɥɟɤɭɥɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɮɪɚɝɦɟɧɬɵ, ɩɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹ-
ɟɬɫɹ ɩɨɢɫɤ ɩɭɬɟɣ ɫɢɧɬɟɡɚ ɯɢɧɨɧɨɜ, ɜ ɦɨɥɟɤɭɥɚɯ ɤɨɬɨɪɵɯ ɢɦɟɟɬɫɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɣ ɝɟɬɟɪɨɰɢɤɥ. 

ȼ ɪɹɞɟ ɪɚɛɨɬ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɯɢɧɨɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ  ɬɪɢɚɡɨɥɶɧɵɣ, 

ɬɪɢɚɡɨɥɨɤɫɢɞɧɵɣ ɮɪɚɝɦɟɧɬɵ ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ [7].  

ɐɟɥɶɸ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɮɭɧɤɰɢɨɧɚɥɨɜ ɢ ɛɚɡɢɫɧɵɯ ɫɨɫɬɨɹɧɢɣ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɚɯ GAUSSIAN ɢ 

ADF ɤ ɚɧɚɥɢɡɭ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟɤɨɬɨɪɵɯ ɯɢɧɨɢɞɧɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ ɫ ɪɚɡɥɢɱɧɵɦ ɱɢɫɥɨɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ. 

ɉɨɥɧɚɹ ɨɩɬɢɦɢɡɚɰɢɹ ɝɟɨɦɟɬɪɢɢ ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ  ɦɟɬɨɞɨɦ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ  B3LYP 

[8]   ɩɨ ɩɪɨɝɪɚɦɦɟ GAUSSIAN’98W [9]. ɇɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧ ɫɬɚɧɞɚɪɬɧɵɣ ɩɨɥɧɨɷɥɟɤɬɪɨɧɧɵɣ ɛɚɡɢɫ-
ɧɵɣ ɧɚɛɨɪ 6-31G(d) ɞɥɹ ɜɫɟɯ ɚɬɨɦɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɹɜɥɹɸɬɫɹ ɦɢɧɢɦɭɦɚɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ (ɉɉɗ). ɗɬɨ ɫɥɟɞɭɟɬ ɢɡ ɩɪɨɜɟɞɟɧɧɵɯ ɧɚɦɢ ɪɚɫɱɟɬɨɜ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ ɜɨ ɜɫɟɯ 
ɤɨɦɩɥɟɤɫɚɯ, ɩɨɤɚɡɵɜɚɸɳɢɯ ɨɬɫɭɬɫɬɜɢɟ ɦɧɢɦɵɯ ɡɧɚɱɟɧɢɣ.  

Ⱦɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɥɸɛɵɯ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɫɨɨɬɜɟɬɫɬɜɢɟɦ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨ-
ɥɟɤɭɥ. Ɋɚɫɫɱɢɬɚɧɧɵɟ ɧɚɦɢ ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɜɦɟɫɬɟ ɫ ɞɨɫɬɭɩ-

ɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

ɋɪɚɜɧɟɧɢɟ ɜɵɱɢɫɥɟɧɧɵɯ ɧɚɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɫɫɱɢɬɚɧɧɵɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɜ ɨɫɧɨɜɧɨɦ ɡɚɧɢɠɟɧɵ, ɚ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɡɚɜɵɲɟɧɵ. Ɉɞ-

ɧɚɤɨ ɩɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɪɢɜɨɞɢɬ ɤ ɯɨɪɨɲɟɝɨ ɤɚɱɟɫɬɜɚ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɹɦ ɦɟɠɞɭ ɪɚɫ-
ɫɱɢɬɚɧɧɵɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɥɢɧɚɦɢ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɦɢ ɭɝɥɚɦɢ [10-13] ɞɥɹ ɧɟɤɨɬɨɪɵɯ 
ɢɡɭɱɟɧɧɵɯ ɦɨɥɟɤɭɥ (Ɋɢɫ.1, 2): 

Rɷɤɫɩ. = -0.04 + 1.03 Rɪɚɫɱ.             (r = 0.996; s = 0.02; n = 22)                  (1) 

 

 


