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      1.  ȼȼȿȾȿɇɂȿ 

 

     Ɉɩɬɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɤɪɢɫɬаɥɥаɯ ɪаɡɥɢɱɧɨɣ ɬɨɱɟɱɧɨɣ 

ɫɢɦɦɟɬɪɢɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪаɡɥɢɱɧɵɯ ɨɛɥаɫɬɹɯ ɧаɭɤɢ ɢ ɬɟɯɧɢɤɢ: ɞɥɹ 

ɡаɩɢɫɢ ɢɧɮɨɪɦаɰɢɢ ɜ ɤɪɢɫɬаɥɥɟ, ɩɪɟɨɛɪаɡɨɜаɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɨ 

ɧаɩɪаɜɥɟɧɢɸ ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ, ɩɨɥɹɪɢɡаɰɢɢ, ɞɥɢɧɟ ɜɨɥɧɵ ɢ ɬ.ɞ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ 

ɨɫɧɨɜɟ ɪаɛɨɬɵ ɦɧɨɝɢɯ ɮɭɧɤɰɢɨɧаɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɫɨɜɪɟɦɟɧɧɨɣ ɷɥɟɤɬɪɨɧɢɤɢ 

ɥɟɠаɬ ɹɜɥɟɧɢɹ, ɩɪɢɫɭɳɢɟ аɧɢɡɨɬɪɨɩɧɵɦ ɫɪɟɞаɦ ɡаɞаɧɧɨɣ ɫɢɦɦɟɬɪɢɢ, а ɬаɤɠɟ 

ɷɮɮɟɤɬɵ ɜɡаɢɦɨɞɟɣɫɬɜɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɨɩɬɢɱɟɫɤɢɦɢ ɜɨɥɧаɦɢ, 

ɪɟɲёɬɤɨɣ ɤɪɢɫɬаɥɥа ɢ ɧɨɫɢɬɟɥɹɦɢ ɡаɪɹɞа.  

           ɐɟɥɶɸ ɞаɧɧɨɣ ɥаɛɨɪаɬɨɪɧɨɣ ɪаɛɨɬɵ ɹɜɥɹɟɬɫɹ ɡɧаɤɨɦɫɬɜɨ ɫɬɭɞɟɧɬɨɜ ɫ 

ɨɫɧɨɜɧɵɦɢ ɡаɤɨɧɨɦɟɪɧɨɫɬɹɦɢ ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ 

ɤɪɢɫɬаɥɥɟ ɧɢɨɛаɬа ɥɢɬɢɹ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɦ ɜ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ. 

 

         2. ɌȿɈɊȿɌɂЧȿɋɄȺə   ЧȺɋɌɖ 

 

        2.1. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɜ ɚɧɢɡɨɬɪɨɩɧɵɯ ɫɪɟɞɚɯ  

  

      Ɋаɫɩɪɨɫɬɪаɧɟɧɢɟ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɵɯ ɜɨɥɧ ɜ ɩɪɨɡɪаɱɧɨɦ ɧɟɦаɝɧɢɬɧɨɦ 

ɤɪɢɫɬаɥɥɟ ɨɩɢɫɵɜаɟɬɫɹ ɭɪаɜɧɟɧɢɹɦɢ Ɇаɤɫɜɟɥɥа: 

                 
t

D

c
Hrot 

 1
  

t

H

c
Erot 

 1
                    (1) 

                 0Ddiv    0Hdiv  

ɢ ɦаɬɟɪɢаɥɶɧɵɦ ɭɪаɜɧɟɧɢɟɦ: DE  ̂ ; kiki DE  . Ɂɞɟɫɶ E  ɢ H  ɜɟɤɬɨɪɵ 

ɧаɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɦаɝɧɢɬɧɨɝɨ ɩɨɥɹ, D  - ɜɟɤɬɨɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɢɧɞɭɤɰɢɢ, с - ɫɤɨɪɨɫɬɶ ɫɜɟɬа. ɋɥаɝаɟɦɵɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ 

ɬɨɤɭ ɢ ɫɜɨɛɨɞɧɵɦ ɡаɪɹɞаɦ, ɨɬɫɭɬɫɬɜɭɸɬ ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɪаɫɫɦаɬɪɢɜаɟɦɵɣ 

ɤɪɢɫɬаɥɥ ɧɟ ɢɦɟɟɬ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡаɪɹɞа, ɬ.ɟ. ɨɧ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɣ. 

      ɉɭɫɬɶ ɩɟɪɟɦɟɧɧɨɟ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɟ ɩɨɥɟ ɪаɫɩɪɨɫɬɪаɧɹɟɬɫɹ ɜ ɤɪɢɫɬаɥɥɟ ɜ 
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ɜɢɞɟ ɩɥɨɫɤɢɯ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɵɯ ɜɨɥɧ. Ɍɨɝɞа ɡаɜɢɫɢɦɨɫɬɶ ɩɨɥɟɜɵɯ ɜɟɤɬɨɪɨɜ 

HDE ,,  ɨɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɯ ɤɨɨɪɞɢɧаɬ r  ɢ ɜɪɟɦɟɧɢ t ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬаɜɥɟɧа ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

                       rkitiEtrE  exp, 0   

                                rkitiDtrD  exp, 0               (2) 

                      rkitiHtrH  exp, 0 . 

Ɂɞɟɫɶ  - ɰɢɤɥɢɱɟɫɤаɹ ɱаɫɬɨɬа, k  - ɜɨɥɧɨɜɨɣ ɜɟɤɬɨɪ. Ɉɧ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ ɤ 

ɩɥɨɫɤɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа ɢ ɪаɜɟɧ: 

                       mn
c

mmk  




2

,    


 
f

t
  

ɝɞɟ m  - ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ ɧɨɪɦаɥɢ ɤ ɜɨɥɧɨɜɨɦɭ ɮɪɨɧɬɭ,  - ɞɥɢɧа ɜɨɥɧɵ,  - ɟɟ 

ɮаɡɨɜаɹ ɫɤɨɪɨɫɬɶ ɜ ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɫɪɟɞɟ, с – ɫɤɨɪɨɫɬɶ ɜ ɜаɤɭɭɦɟ, n - 

ɩɨɤаɡаɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ.  

         Дɥɹ аɧɢɡɨɬɪɨɩɧɵɯ ɫɪɟɞ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɜɟɤɬɨɪаɦɢ 

HDE ,,  ɨɤаɡɵɜаɸɬɫɹ ɫɥɨɠɧɟɟ, ɱɟɦ ɜ ɢɡɨɬɪɨɩɧɨɣ. ɂɯ ɦɨɠɧɨ ɧаɣɬɢ, ɩɨɞɫɬаɜɢɜ 

ɜɵɪаɠɟɧɢɹ (2) ɜ ɭɪаɜɧɟɧɢɹ Ɇаɤɫɜɟɥɥа ɜ ɮɨɪɦɟ (1). ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ 

ɜɢɞɭ, ɱɬɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜаɧɢɟ ɜɵɪаɠɟɧɢɣ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢɜɨɞɢɬ ɤ ɭɦɧɨɠɟɧɢɸ 

ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɨɣ ɮɭɧɤɰɢɢ ɧа i , а ɞɢɮɮɟɪɟɧɰɢɪɨɜаɧɢɟ ɩɨ ɤɨɨɪɞɢɧаɬɟ – ɧа 

ki (2). ɉɨɷɬɨɦɭ, ɡаɦɟɧɹɹ ɨɩɟɪаɰɢɸ «rot» ɧа ɜɟɤɬɨɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ, а «div» - а 

ɫɤаɥɹɪɧɨɟ, ɩɨɥɭɱɢɦ: 

                       D
c

Hk  
,     H

c
Ek  

,                       (3) 

                               0Hk  ,   0Dk   .                                 (4) 

ɍɪаɜɧɟɧɢɹ (4) ɩɨɤаɡɵɜаɸɬ, ɱɬɨ ɜɟɤɬɨɪа D  ɢ H  ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ ɜɟɤɬɨɪɭ k . 

ɇɨ ɷɬɨɬ ɠɟ ɜɵɜɨɞ ɫɥɟɞɭɟɬ ɢɡ (3)– ɪɟɡɭɥɶɬаɬ ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ ɩɟɪɟɦɧɨɠаɟɦɵɦ ɜɟɤɬɨɪаɦ. ɉɨɷɬɨɦɭ ɜ ɞаɥɶɧɟɣɲɟɦ ɭɪаɜɧɟɧɢɹ 

(4) ɦɨɠɧɨ ɧɟ ɪаɫɫɦаɬɪɢɜаɬɶ. ɂɡ ɭɪаɜɧɟɧɢɣ (3) ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɤɬɨɪа D  ɢ H  

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ ɜɟɤɬɨɪɭ k , а ɡɧаɱɢɬ, ɨɧɢ ɥɟɠаɬ ɜ ɩɥɨɫɤɨɫɬɢ ɜɨɥɧɨɜɨɝɨ 

ɮɪɨɧɬа - ɤ ɷɬɨɦɭ ɫɜɨɞɢɬɫɹ ɩɨɩɟɪɟɱɧɨɫɬɶ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɵɯ ɜɨɥɧ ɜ 
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аɧɢɡɨɬɪɨɩɧɵɯ ɫɪɟɞаɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ ɭɪаɜɧɟɧɢɣ (3) ɬаɤɠɟ ɫɥɟɞɭɟɬ ɜɡаɢɦɧаɹ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɜɟɤɬɨɪɨɜ H  ɢ D , H  ɢ E . Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɜ аɧɢɡɨɬɪɨɩɧɨɣ 

ɫɪɟɞɟ ɫɨɯɪаɧɹɟɬɫɹ ɨɪɬɨɝɨɧаɥɶɧɨɫɬɶ ɜɟɤɬɨɪɨɜ H  ɢ E , а ɬаɤɠɟ ɜɟɤɬɨɪɨɜ H  ɢ D , 

ɧɨ ɧɟ ɫɨɯɪаɧɹɟɬɫɹ ɩаɪаɥɥɟɥɶɧɨɫɬɶ ɜɟɤɬɨɪɨɜ E  ɢ D , ɢɦɟɸɳаɹ ɦɟɫɬɨ ɜ 

ɢɡɨɬɪɨɩɧɵɯ ɫɪɟɞаɯ. Ɋаɡɞɟɥɢɜ ɨɛɟ ɱаɫɬɢ ɭɪаɜɧɟɧɢɣ (3) ɧа 
c

 , ɩɨɥɭɱɢɦ: 

                                            DHmn  ,   HEmn   . 

ɉɨɞɫɬаɜɢɜ ɜɬɨɪɨɟ ɭɪаɜɧɟɧɢɟ ɜ ɩɟɪɜɨɟ ɢ ɬɟɦ ɫаɦɵɦ ɢɫɤɥɸɱɢɜ ɢɡ ɪаɫɫɦɨɬɪɟɧɢɹ 

ɧаɩɪɹɠɟɧɧɨɫɬɶ ɦаɝɧɢɬɧɨɝɨ ɩɨɥɹ H , ɩɨɥɭɱɢɦ ɭɪаɜɧɟɧɢɟ ɞɥɹ ɫɜɹɡɢ E  ɢ D   ɜ 

аɧɢɡɨɬɪɨɩɧɨɣ ɫɪɟɞɟ: 

                                               DHmn  ,    DEmmn 2   . 

ɉɨɫɥɟɞɧɟɟ ɭɪаɜɧɟɧɢɟ ɩɨɫɥɟ ɷɥɟɦɟɧɬаɪɧɵɯ ɩɪɟɨɛɪаɡɨɜаɧɢɣ ɞɜɨɣɧɨɝɨ 

ɜɟɤɬɨɪɧɨɝɨ ɩɪjɢɡɜɟɞɟɧɢɹ ɩɨ ɩɪаɜɢɥɭ «bac-cab» ɞаɟɬ ɫɥɟɞɭɸɳɟɟ: 

   D
n

EmmE 
2

1 ,     ɬ.ɤ.        baсcabcba  . 

 Ʌɟɜаɹ ɱаɫɬɶ ɷɬɨɝɨ ɭɪаɜɧɟɧɢɹ ɟɫɬɶ ɫɨɫɬаɜɥɹɸɳаɹ ɜɟɤɬɨɪа E , ɥɟɠаɳаɹ ɜ 

ɩɥɨɫɤɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа. Ɉɧа ɩаɪаɥɥɟɥɶɧа ɜɟɤɬɨɪɭ D , а ɨɬɧɨɲɟɧɢɟ ɟɟ 

ɞɥɢɧɵ ɤ ɞɥɢɧɟ ɜɟɤɬɨɪа D  - ɟɫɬɶ ɤɜаɞɪаɬ ɨɬɧɨɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɨɥɧɵ ɜ ɷɬɨɣ 

ɫɪɟɞɟ ɤ ɫɤɨɪɨɫɬɢ ɫɜɟɬа ɜ ɜаɤɭɭɦɟ. ɋ ɩɨɦɨɳɶɸ 

ɦаɬɟɪɢаɥɶɧɨɝɨ ɭɪаɜɧɟɧɢɹ ɢɫɤɥɸɱɢɦ E  ɢɡ ɷɬɨɝɨ 

ɭɪаɜɧɟɧɢɹ: DE ̂ . Ɍɨɝɞа 

  D
n

Dmm 
2

1ˆˆ      ɢɥɢ 

  kkjkjiik D
n

Dmm 
2

1 .                        (5) 

ɗɬɨ ɭɪаɜɧɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬ ɜɟɥɢɱɢɧɭ ɮаɡɨɜɨɣ 

ɫɤɨɪɨɫɬɢ ɢ ɩɨɥɹɪɢɡаɰɢɸ ɪаɫɩɪɨɫɬɪаɧɹɸɳɟɣɫɹ 

ɱɟɪɟɡ ɤɪɢɫɬаɥɥ ɜ ɧаɩɪаɜɥɟɧɢɢ m  ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ. Дɥɹ ɟɝɨ 

ɢɫɫɥɟɞɨɜаɧɢɹ ɜɜɟɞɟɦ ɧɨɜɵɟ ɞɟɤаɪɬɨɜɵ ɤɨɨɪɞɢɧаɬɵ /
3

/
2

/
1

,, XXX : ɨɫɶ /
3

X ɧɨɜɨɣ 

 

E

E

D  

H  

k  

m  

Ɋɢɫ.1 
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ɫɢɫɬɟɦɵ  ɧаɩɪаɜɢɦ ɩɨ ɧɨɪɦаɥɢ ɤ ɜɨɥɧɟ meme /
3

/
3

, , а ɧа ɜɡаɢɦɧɨ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ ɨɫɢ  /
1

X  ɢ /
2

X  ɧɢɤаɤɢɯ ɨɝɪаɧɢɱɟɧɢɣ ɧɟ ɧаɤɥаɞɵɜаɟɦ ɤɪɨɦɟ 

ɭɫɥɨɜɢɹ ɢɯ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɩɥɨɫɤɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа. 

ɗɥɟɤɬɪɨɦаɝɧɢɬɧаɹ ɜɨɥɧа ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɹɜɥɹɟɬɫɹ ɩɨɩɟɪɟɱɧɨɣ. ɗɬɨ ɨɡɧаɱаɟɬ, 

ɱɬɨ ɜɟɤɬɨɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ ɜ ɜɨɥɧɟ ɜɫɟɝɞа ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ 

ɜɨɥɧɨɜɨɦɭ ɜɟɤɬɨɪɭ. Ɂɧаɱɢɬ, ɜ ɧɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ D3=0. ɉɨɷɬɨɦɭ ɞɥɹ 

ɞаɥɶɧɟɣɲɟɝɨ ɪаɫɫɦɨɬɪɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɭɪаɜɧɟɧɢɟ (5) ɩɟɪɟɩɢɫаɬɶ ɜ ɧɨɜɨɣ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ. Ȼɭɞɟɦ ɨɛɨɡɧаɱаɬɶ ɜɫɟ ɢɡɦɟɪɟɧɧɵɟ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɜɟɥɢɱɢɧɵ 

ɜɟɪɯɧɢɦ ɲɬɪɢɯɨɦ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɧɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ ɧɟɢɡɜɟɫɬɧɵɦɢ 

ɹɜɥɹɸɬɫɹ ɬɨɥɶɤɨ ɞɜɟ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪа ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ ( /
2

/
1
, DD ). 

Дɥɹ ɢɯ ɜɵɱɢɫɥɟɧɢɹ ɞɨɫɬаɬɨɱɧɨ ɬɨɥɶɤɨ ɞɜɭɯ ɭɪаɜɧɟɧɢɣ ɢɡ (5), ɜɨɡɶɦɟɦ ɩɟɪɜɨɟ ɢ 

ɜɬɨɪɨɟ ɭɪаɜɧɟɧɢɹ ɢɡ ɫɢɫɬɟɦɵ (5): 

                                                









/
2

2/
2

/
22

/
1

/
12

/
1

2/
2

/
12

/
1

/
11

DnDD

DnDD




,                                        (6) 

В ɫɢɫɬɟɦɟ (6) ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ /
ij

  

ɩɟɪɟɩɢɫаɧɵ ɜ ɧɨɜɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧаɬ /
3

/
2

/
1

,, XXX . Дɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜаɬɶ ɜɵɪаɠɟɧɢɟ: 

                                                    kljlikij
CC  /  ,                                                      (7) 

ɝɞɟ kl  - ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪа ɜ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ X1 X2 X3. В 

ɤаɱɟɫɬɜɟ ɷɬɨɣ ɫɢɫɬɟɦɵ ɜɵɫɬɭɩаɟɬ, ɤаɤ ɩɪаɜɢɥɨ, ɤɪɢɫɬаɥɥɨɮɢɡɢɱɟɫɤаɹ ɫɢɫɬɟɦа 

ɤɨɨɪɞɢɧаɬ. В ɧɟɣ ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ 

ɹɜɥɹɸɬɫɹ ɬаɛɥɢɱɧɵɦɢ ɜɟɥɢɱɢɧаɦɢ, ɬ.ɟ. ɢɡɜɟɫɬɧɵ. Даɥɟɟ, ɜ ɜɵɪаɠɟɧɢɢ (7)  

jlik CC ,  - ɤɨɦɩɨɧɟɧɬɵ ɦаɬɪɢɰɵ ɩɪɟɨɛɪаɡɨɜаɧɢɹ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ X1 X2 X3  ɜ 

ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧаɬ /
3

/
2

/
1

,, XXX  . Ɉɧɢ ɡаɞаɸɬɫɹ ɨɪɢɟɧɬаɰɢɟɣ ɜɟɤɬɨɪа ɜɨɥɧɨɜɨɣ 

ɧɨɪɦаɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɢɫɬаɥɥɨɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ. 

ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɜ ɜɵɪаɠɟɧɢɢ (7) ɩɪаɜаɹ ɱаɫɬɶ ɢɡɜɟɫɬɧа ɢ ɜɵɱɢɫɥɟɧɢɟ 
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ɤɨɦɩɨɧɟɧɬ ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ ɜ ɧɨɜɨɣ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧаɬ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ.  

ɋɢɫɬɟɦа (6) ɩɨɤаɡɵɜаɟɬ, ɱɬɨ 2n  - ɷɬɨ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧаɱɟɧɢɹ ɬɟɧɡɨɪа 

                                                  
/
22

/
12

/
12

/
11 


 , 

а /D  - ɟɝɨ ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ. ɉɨɷɬɨɦɭ ɞаɧɧɵɣ ɬɟɧɡɨɪ ɟɫɬɟɫɬɜɟɧɧɨ ɧаɡɜаɬɶ 

ɩɪɨɟɤɰɢɟɣ ɬɟɧɡɨɪɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ ̂  ɧа ɩɥɨɫɤɨɫɬɶ 

ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа. ɍ ɧɟɝɨ ɞɜа ɫɨɛɫɬɜɟɧɧɵɯ ɡɧаɱɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɢɡ 

ɤɜаɞɪаɬɧɨɝɨ ɭɪаɜɧɟɧɢɹ: 

                               0
2/

22
/
21̀

/
12

2/
11 





n

n




, 

ɨɬɤɭɞа ɧаɯɨɞɢɦ: 

                        



  2/

12

2/
22

/
11

/
22

/
112,1

2 2
2

1 n  .                   (8) 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ, ɪаɫɩɪɨɫɬɪаɧɹɸɳɟɣɫɹ ɱɟɪɟɡ 

ɤɪɢɫɬаɥɥ ɜ ɧаɩɪаɜɥɟɧɢɢ me /
3

, ɪаɜɧа        2211 , ncnc   . ɗɬɨ ɨɡɧаɱаɟɬ, 

ɱɬɨ ɜɦɟɫɬɨ ɜɨɲɟɞɲɟɣ ɜ ɤɪɢɫɬаɥɥ ɩɥɨɫɤɨɣ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ ɜ ɧɟɣ 

ɪаɫɩɪɨɫɬɪаɧɹɸɬɫɹ ɞɜɟ ɜɨɥɧɵ ɫ ɪаɡɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ. Даɥɟɟ, ɢɡɜɟɫɬɧɨ, ɱɬɨ 

ɤаɠɞɨɦɭ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧаɱɟɧɢɸ  2in  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɣ ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ 

     )2/(
2

)2/(
1

2/)1/(
2

)1/(
1

1/ ,,, DDDDDD . ɗɬɨ ɨɡɧаɱаɟɬ, ɱɬɨ ɞɜɟ ɜɨɥɧɵ ɜ ɤɪɢɫɬаɥɥɟ 

ɢɦɟɸɬ ɧɟ ɬɨɥɶɤɨ ɪаɡɧɵɟ ɮаɡɨɜɵɟ ɫɤɨɪɨɫɬɢ, ɧɨ ɪаɡɧɵɟ аɩɪаɜɥɟɧɢɹ ɜɟɤɬɨɪɨɜ 

ɩɨɥɹɪɢɡаɰɢɢ. ɇаɩɪаɜɥɟɧɢɟ ɜɟɤɬɨɪа )1/(D  ɜ ɜɨɥɧɟ, ɪаɫɩɪɨɫɬɪаɧɹɸɳɟɣɫɹ ɫɨ 

ɫɤɨɪɨɫɬɶɸ  1 , ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɞɜɭɯ ɫɥɟɞɭɸɳɢɯ ɭɪаɜɧɟɧɢɣ: 

                                    
0

1/
2

/
12

1/
1

2
1

/
11

   DDn                                   (9)   

                                    
01/

2
2

1
/
22

1/
1

/
12

   DnD   .                       
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ɇаɩɪаɜɥɟɧɢɟ ɜɟɤɬɨɪа  2/D  ɧаɯɨɞɢɬɫɹ аɧаɥɨɝɢɱɧɨ, ɧɨ ɨɧ ɨɛɹɡаɬɟɥɶɧɨ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ )1/(
D , ɬ.ɤ. ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɵ ɜɡаɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ. 

      ɂɬаɤ, ɜ аɧɢɡɨɬɪɨɩɧɵɯ ɤɪɢɫɬаɥɥаɯ ɢɦɟɟɬ ɦɟɫɬɨ ɞɜɭɥɭɱɟɩɪɟɥɨɦɥɟɧɢɟ ɫɜɟɬа: 

ɦɨɧɨɯɪɨɦаɬɢɱɟɫɤаɹ ɷɥɟɤɬɪɨɦаɝɧɢɬɧаɹ ɜɨɥɧа, ɜɨɲɟɞɲаɹ ɜ ɤɪɢɫɬаɥɥ, ɱɟɪɟɡ 

ɪаɫɫɬɨɹɧɢɟ ɩɨɪɹɞɤа ɧɟɫɤɨɥɶɤɨ ɞɥɢɧ ɜɨɥɧ ɩɪɟɜɪаɳаɟɬɫɹ ɜ ɞɜɟ ɥɢɧɟɣɧɨ-

ɩɨɥɹɪɢɡɨɜаɧɧɵɟ ɜɨɥɧɵ ɫ ɪаɡɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ ɮаɡɵ:  1  ɢ 

 2  ɢ ɜɡаɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɜɟɤɬɨɪаɦɢ D . Ɂаɦɟɬɢɦ, ɱɬɨ ɨɩɬɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜа ɤɪɢɫɬаɥɥɨɜ ɨɩɢɫɵɜаɸɬɫɹ ɬɟɧɡɨɪɨɦ ɜɬɨɪɨɝɨ ɪаɧɝа, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɬɪɢ 

ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɥа ɢ ɬɪɢ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪа. В ɪаɫɫɦɨɬɪɟɧɧɨɣ ɫɢɬɭаɰɢɢ ɢɯ 

ɨɤаɡаɥɨɫɶ ɬɨɥɶɤɨ ɞɜа, ɨɩɢɫɵɜаɸɳɢɟ ɩɨɜɟɞɟɧɢɟ ɞɜɭɯ ɜɨɥɧ. Ɂɧаɱɢɬ, ɜ ɨɛɳɟɦ 

ɫɥɭɱаɟ ɦɵ ɞɨɥɠɧɵ ɛɵɥɢ ɨɠɢɞаɬɶ ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɨɞɧɨɣ ɩɥɨɫɤɨɣ ɜɨɥɧɵ ɜ ɬɪɢ 

ɜɨɥɧɵ (ɬаɤ ɨɧɨ ɢ ɢɦɟɟɬ ɦɟɫɬɨ ɞɥɹ ɭɩɪɭɝɢɯ ɜɨɥɧ). ɍɦɟɧɶɲɟɧɢɟ ɱɢɫɥа ɜɨɥɧ ɜ 

ɞаɧɧɨɦ ɫɥɭɱаɟ ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɩɟɪɟɱɧɨɫɬɶɸ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɵɯ ɜɨɥɧ: ɢɦɟɧɧɨ ɩɨ 

ɷɬɨɣ ɩɪɢɱɢɧɟ ɬɟɧɡɨɪ ɜɬɨɪɨɝɨ ɪаɧɝа ɩɪɟɜɪаɬɢɥɫɹ ɜ ɟɝɨ ɩɪɨɟɤɰɢɸ ɧа ɩɥɨɫɤɨɫɬɶ 

ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа, ɱɬɨ  ɩɨɜɥɟɤɥɨ ɭɦɟɧɶɲɟɧɢɟ ɱɢɫɥа ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɢ 

ɫɨɛɫɬɜɟɧɧɵɯ ɡɧаɱɟɧɢɣ ɬɟɧɡɨɪа, ɨɩɢɫɵɜаɸɳɟɝɨ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜа ɤɪɢɫɬаɥɥа.  

 

       2.2. Ɉɩɬɢɱɟɫɤɚя ɢɧɞɢɤɚɬɪɢɫɚ 

 

        Вɵɱɢɫɥɟɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɩɪɟɞɵɞɭɳɟɦ ɩаɪаɝɪаɮɟ, ɢɥɥɸɫɬɪɢɪɭɸɬɫɹ 

ɩɪɨɫɬɵɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɨɫɬɪɨɟɧɢɟɦ ɧа ɯаɪаɤɬɪɢɫɬɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ. ɍɪаɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɯаɪаɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɧɡɨɪа ̂  ɜ ɡаɞаɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ 

ɢɦɟɟɬ ɜɢɞ:  

                                     1,1 



   kiik XXrr                     (10) 

ɢ ɜ ɨɛɳɟɦ ɫɥɭɱаɟ ɩɪɟɞɫɬаɜɥɹɟɬ ɫɨɛɨɣ ɷɥɥɢɩɫɨɢɞ ɨɛɳɟɝɨ ɜɢɞа ɫ ɰɟɧɬɪɨɦ ɜ 

ɧаɱаɥɟ ɤɨɨɪɞɢɧаɬ. ɗɬɭ ɩɨɜɟɪɯɧɨɫɬɶ ɧаɡɵɜаɸɬ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤɚɬɪɢɫɨɣ 

ɤɪɢɫɬаɥɥа. 
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ȿɫɥɢ ɨɫɢ X1 ɢ X2 ɧаɩɪаɜɢɬɶ ɩɨ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɤɬɨɪаɦ ɞɜɭɦɟɪɧɨɝɨ ɬɟɧɡɨɪа 

11 12

12 22

 
  , ɬɨ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɢɯ ɤɨɨɪɞɢɧаɬаɯ ɬɟɧɡɨɪ ɩɪɢɦɟɬ ɞɢаɝɨɧаɥɶɧɵɣ ɜɢɞ ɫ 

ɫɨɛɫɬɜɟɧɧɵɦɢ ɡɧаɱɟɧɢɹɦɢ  21n  ɢ  22n  ɧа ɞɢаɝɨɧаɥɢ. В ɷɬɨɦ ɫɥɭɱаɟ ɭɪаɜɧɟɧɢɟ 

ɨɩɬɢɱɟɫɤɨɣ  

     ɉɭɫɬɶ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧаɬ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦа, ɫɜɹɡаɧɧаɹ ɫ 

ɧаɩɪаɜɥɟɧɢɟɦ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪа 

ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ. В ɩɪɟɞɵɞɭɳɟɦ 

ɩаɪаɝɪаɮɟ ɨɧа ɨɬɦɟɱɟɧа ɲɬɪɢɯɨɦ ɜɜɟɪɯɭ. Дɥɹ 

ɭɩɪɨɳɟɧɢɹ ɡаɩɢɫɢ ɨɩɭɫɬɢɦ ɷɬɨɬ ɲɬɪɢɯ ɜ 

ɨɛɨɡɧаɱɟɧɢɹ, ɢɦɟɹ ɜɜɢɞɭ, ɱɬɨ 

ɯаɪаɤɬɟɪɢɫɬɢɱɟɫɤаɹ ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɧɨɜɨɣ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ. В ɷɬɨɣ ɫɢɫɬɟɦɟ ɤɨɦɩɨɧɟɧɬɵ 

ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ 

ɪаɫɫɱɢɬаɧɵ ɩɨ ɜɵɪаɠɟɧɢɸ (7)  ɢ ɢɡɜɟɫɬɧɵɦ ɬаɛɥɢɱɧɵɦ ɡɧаɱɟɧɢɹɦ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰаɟɦɨɫɬɢ ɤɪɢɫɬаɥɥа.  

Ɋаɫɫɦɨɬɪɢɦ ɫɟɱɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ ɩɥɨɫɤɨɫɬɶɸ ɜɨɥɧɨɜɨɝɨ 

ɮɪɨɧɬа. В ɫɟɱɟɧɢɢ ɩɨɥɭɱɢɦ ɷɥɥɢɩɫ, ɜɫɟ ɬɨɱɤɢ ɤɨɬɨɪɨɝɨ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 

ɭɪаɜɧɟɧɢɸ (9) ɢ ɭɪаɜɧɟɧɢɸ ɩɥɨɫɤɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ 

ɧаɱаɥɨ ɤɨɨɪɞɢɧаɬ: 03 Х . Дɥɹ ɷɬɨɝɨ ɜ (10) ɨɛɪаɬɢɦ ɜ ɧɭɥɶ ɬɪɟɬɶɸ ɤɨɨɪɞɢɧаɬɭ: 

                                  12 2
2222112

2
111

 ХХХХ  .                            (11) 

Вɫɩɨɦɧɢɦ, ɱɬɨ ɩɪɢ ɜɵɛɨɪɟ ɧɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ ɩɨɥɨɠɟɧɢɟ ɨɫɟɣ X1 ɢ X2 

ɨɝɪаɧɢɱɟɧɨ ɬɨɥɶɤɨ ɭɫɥɨɜɢɟɦ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɤ ɜɨɥɧɨɜɨɦɭ ɜɟɤɬɨɪɭ. 

ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɤɨɧɤɪɟɬɢɡɢɪɨɜаɬɶ ɩɨɥɨɠɟɧɢɟ ɷɬɢɯ ɨɫɟɣ ɜ ɩɥɨɫɤɨɫɬɢ X10X2, 

ɧаɩɪаɜɢɜ ɢɯ ɩɨ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɤɬɨɪаɦ ɞɜɭɦɟɪɧɨɝɨ ɬɟɧɡɨɪа 

2212

1211 


 . 

В ɧаɩɪаɜɥɟɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɬɟɧɡɨɪ, ɨɩɢɫɵɜаɸɳɢɣ ɤаɤɨɟ-ɥɢɛɨ 

ɮɢɡɢɱɟɫɤɨɟ ɫɜɨɣɫɬɜɨ (ɞɢɷɥɟɤɬɪɢɱɟɫɤаɹ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɶ) ɩɪɢɧɢɦаɟɬ 

)2(D
)2(D

 

  

  

X2 

  

X3  

Ɋɢɫ. 3 

X1 

  
  

)1(D  

  S  

  )2(n  

  )1(n  

  k  
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ɞɢаɝɨɧаɥɶɧɵɣ ɜɢɞ ɫɨ ɡɧаɱɟɧɢɹɦɢ ɧа ɞɢаɝɨɧаɥɢ, ɪаɜɧɵɦ ɫɨɛɫɬɜɟɧɧɵɦ. ɉɨɷɬɨɦɭ 

ɜ ɭɪаɜɧɟɧɢɢ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ (11) ɤɨɦɩɨɧɟɧɬа 
12

  ɨɛɪаɬɢɬɫɹ ɜ ɧɨɥɶ. 

ɉɨɷɬɨɦɭ  ɭɪаɜɧɟɧɢɟ ɫɟɱɟɧɢɹ ɯаɪаɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (11) ɩɪɢɦɟɬ ɜɢɞ: 

                                              1

2

2

2
2

1

1 









n

X

n

X
 . 

Ɉɬɫɸɞа ɹɫɧɨ, ɱɬɨ )1(n  ɢ )2(n  - ɷɬɨ ɞɥɢɧɵ ɝɥаɜɧɵɯ ɩɨɥɭɨɫɟɣ ɷɥɥɢɩɫа. ɉɨ ɷɬɢɦ 

ɩɨɥɭɨɫɹɦ ɧаɩɪаɜɥɟɧɵ ɜɟɤɬɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ )1(D  ɢ )2(D . 

      Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɱɬɨɛɵ ɜɵɹɫɧɢɬɶ ɫɤɨɪɨɫɬɢ ɢ ɩɨɥɹɪɢɡаɰɢɢ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɵɯ 

ɜɨɥɧ, ɪаɫɩɪɨɫɬɪаɧɹɸɳɢɯɫɹ ɜ ɤɪɢɫɬаɥɥɟ ɜ ɩɪɨɢɡɜɨɥɶɧɨɦ ɧаɩɪаɜɥɟɧɢɢ, 

ɞɨɫɬаɬɨɱɧɨ ɪаɫɫɦɨɬɪɟɬɶ ɰɟɧɬɪаɥɶɧɨɟ ɫɟɱɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ 

ɩɥɨɫɤɨɫɬɶɸ ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа, ɬ.ɟ. ɩɥɨɫɤɨɫɬɶɸ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɤ k . 

ɇаɩɪаɜɥɟɧɢɹ ɝɥаɜɧɵɯ ɩɨɥɭɨɫɟɣ ɷɬɨɝɨ ɫɟɱɟɧɢɹ ɫɨɜɩаɞɭɬ ɫ ɧаɩɪаɜɥɟɧɢɹɦɢ 

ɜɟɤɬɨɪɨɜ D , а ɞɥɢɧɵ ɩɨɥɭɨɫɟɣ ɛɭɞɭɬ ɪаɜɧɵ ɩɨɤаɡаɬɟɥɹɦ ɩɪɟɥɨɦɥɟɧɢɹ (ɫɦ. 

ɪɢɫ.2). Ɂɞɟɫɶ S - ɰɟɧɬɪаɥɶɧɨɟ ɫɟɱɟɧɢɟ, ɧɨɪɦаɥɶɧɨɟ ɤ ɧаɩɪаɜɥɟɧɢɸ 

ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ ɜɨɥɧɵ, m  - ɜɟɤɬɨɪ ɜɨɥɧɨɜɨɣ ɧɨɪɦаɥɢ. ɉɨɥɭɨɫɢ ɷɥɥɢɩɫа 

ɪаɜɧɵ )1(n  ɢ )2(n . əɫɧɨ, ɱɬɨ ɮɨɪɦа ɷɥɥɢɩɫа ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɢɦɦɟɬɪɢɟɣ ɬɟɧɡɨɪа ̂  ɢɥɢ, ɱɬɨ ɬɨ ɠɟ ɫаɦɨɟ, ɬɨɱɟɱɧɨɣ ɫɢɦɦɟɬɪɢɟɣ ɤɪɢɫɬаɥɥа. 

Ɋаɫɫɦɨɬɪɢɦ ɟɝɨ ɜɢɞ ɜ ɤɪɢɫɬаɥɥаɯ ɪаɡɥɢɱɧɨɣ ɫɢɦɦɟɬɪɢɢ. 

         I. В ɤɪɢɫɬаɥɥаɯ ɜɵɫɲɟɣ ɤаɬɟɝɨɪɢɢ ɨɩɬɢɱɟɫɤаɹ ɢɧɞɢɤаɬɪɢɫа - ɷɬɨ ɫɮɟɪа 

ɪаɞɢɭɫɨɦ 0)2()1( 1  nn , ɩɨɫɤɨɥɶɤɭ ɢɯ ɬɟɧɡɨɪ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ ɹɜɥɹɟɬɫɹ ɲаɪɨɜɵɦ ɫ ɷɥɟɦɟɧɬаɦɢ 0ii   ɢ ɩɨɬɨɦɭ ɭɪаɜɧɟɧɢɟ 

(10) ɩɪɢɦɟɬ ɜɢɞ:  

1)( 2
3

2
2

2
10

2
0  XXXX

i
 , 

ɱɬɨ ɩɪɟɞɫɬаɜɥɹɟɬ ɫɨɛɨɣ ɭɪаɜɧɟɧɢɟ ɫɮɟɪɵ ɭɤаɡаɧɧɨɝɨ ɜɵɲɟ ɪаɞɢɭɫа. Вɫɟ 

ɰɟɧɬɪаɥɶɧɵɟ ɫɟɱɟɧɢɹ ɬаɤɨɣ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ - ɤɪɭɝɨɜɵɟ, ɱɬɨ ɨɡɧаɱаɟɬ 

ɪаɜɟɧɫɬɜɨ ɩɨɤаɡаɬɟɥɟɣ ɩɪɟɥɨɦɥɟɧɢɹ ɜɨ ɜɫɟɯ ɧаɩɪаɜɥɟɧɢɹɯ ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, 

ɨɬɫɭɬɫɬɜɢɟ ɞɜɭɥɭɱɟɩɪɟɥɨɦɥɟɧɢɹ. Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɜ ɨɬɧɨɲɟɧɢɢ ɨɩɬɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɤɪɢɫɬаɥɥɵ ɜɵɫɲɟɣ ɤаɬɟɝɨɪɢɢ ɢɡɨɬɪɨɩɧɵ. 
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          II. ɍ ɤɪɢɫɬаɥɥɨɜ ɫɪɟɞɧɟɣ ɢ ɧɢɡɲɟɣ ɤаɬɟɝɨɪɢɢ ɩɪɨɯɨɞɹɳɢɣ ɜ ɥɸɛɨɦ 

ɧаɩɪаɜɥɟɧɢɢ ɦɨɧɨɯɪɨɦаɬɢɱɟɫɤɢɣ ɫɜɟɬ ɜ ɨɛɳɟɦ ɫɥɭɱаɟ ɪаɫɩаɞаɟɬɫɹ ɧа ɞɜɟ 

ɩɥɨɫɤɨ ɩɨɥɹɪɢɡɨɜаɧɧɵɟ ɜɨɥɧɵ. Ɉɞɧаɤɨ ɜ ɷɬɢɯ ɤɪɢɫɬаɥɥаɯ ɟɫɬɶ ɨɫɨɛɟɧɧɵɟ 

ɧаɩɪаɜɥɟɧɢɹ - ɨɩɬɢɱɟɫɤɢɟ ɨɫɢ (ɛɢɧɨɪɦɚɥɢ). ɗɬɢ ɤɪɢɫɬаɥɥɨɝɪаɮɢɱɟɫɤɢɟ 

ɧаɩɪаɜɥɟɧɢɹ ɯаɪаɤɬɟɪɢɡɭɸɬɫɹ ɬɟɦ, ɱɬɨ ɧɨɪɦаɥɶɧɵɟ ɤ ɧɢɦ ɫɟɱɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ 

ɢɧɞɢɤаɬɪɢɫɵ ɹɜɥɹɸɬɫɹ ɨɤɪɭɠɧɨɫɬɹɦɢ. ɉɪɢ ɥɸɛɨɦ ɜɵɛɨɪɟ ɨɫɟɣ X1 ɢ X2 ɜ 

ɩɥɨɫɤɨɫɬɢ ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɤ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ, ɩɪɨɟɤɰɢɹ 

ɬɟɧɡɨɪа ̂  ɧа ɷɬɭ ɩɥɨɫɤɨɫɬɶ ɢɦɟɟɬ ɜɢɞ: 

11

11

0

0




 

ɬаɤ ɱɬɨ ɨɛа ɤɨɪɧɹ ɭɪаɜɧɟɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧаɱɟɧɢɣ ɫɨɜɩаɞɭɬ: 

    11
2

2
2

1
  nn . В ɷɬɨɦ ɫɥɭɱаɟ ɥɸɛɨɣ ɜɟɤɬɨɪ, ɥɟɠаɳɢɣ ɜ ɩɥɨɫɤɨɫɬɢ ɜɨɥɧɨɜɨɝɨ 

ɮɪɨɧɬа, ɞɥɹ ɞаɧɧɨɝɨ ɬɟɧɡɨɪа ɹɜɥɹɟɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦ. ɉɨɷɬɨɦɭ ɜɞɨɥɶ ɨɩɬɢɱɟɫɤɨɣ 

ɨɫɢ ɦɨɠɟɬ ɪаɫɩɪɨɫɬɪаɧɹɬɶɫɹ ɫɜɟɬ ɥɸɛɨɣ ɩɨɥɹɪɢɡаɰɢɢ. 

ɍ ɤɪɢɫɬаɥɥɨɜ ɫɪɟɞɧɟɣ ɤаɬɟɝɨɪɢɢ ɨɩɬɢɱɟɫɤаɹ ɢɧɞɢɤаɬɪɢɫа ɩɪɟɞɫɬаɜɥɹɟɬ 

ɫɨɛɨɣ ɷɥɥɢɩɫɨɢɞ ɜɪаɳɟɧɢɹ: 

                           1
2

)2(

2
3

2
)1(

2
2

2
1 

n

X

n

XX . 

      Ɉɫɶ ɜɪаɳɟɧɢɹ ɷɥɥɢɩɫɨɢɞа ɫɨɜɩаɞаɟɬ ɫ ɝɥаɜɧɨɣ ɨɫɶɸ ɫɢɦɦɟɬɪɢɢ ɤɪɢɫɬаɥɥа ɢ 

ɹɜɥɹɟɬɫɹ ɟɝɨ ɟɞɢɧɫɬɜɟɧɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɶɸ (ɪɢɫ.3). Ʉɪɢɫɬаɥɥɵ ɫɪɟɞɧɟɣ 

ɤаɬɟɝɨɪɢɢ ɹɜɥɹɸɬɫɹ ɨɩɬɢɱɟɫɤɢ ɨɞɧɨɨɫɧɵɦɢ, ɬ.ɟ. ɭ ɧɢɯ ɢɦɟɟɬɫɹ ɨɞɧа ɨɩɬɢɱɟɫɤаɹ 

ɨɫɶ. Ɉɪɢɟɧɬаɰɢɹ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɜ ɧɢɯ ɡаɞаɧа ɩɨɥɨɠɟɧɢɟɦ ɝɥаɜɧɨɣ ɨɫɶ 

ɫɢɦɦɟɬɪɢɢ ɤɪɢɫɬаɥɥа, ɤɨɬɨɪаɹ ɜɫɟɝɞа ɧаɩɪаɜɥɟɧа ɩɨ 3X . ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 

ɜ ɤɪɢɫɬаɥɥаɯ ɫɪɟɞɧɟɣ ɤаɬɟɝɨɪɢɢ ɭɪаɜɧɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ ɦɨɠɧɨ 

ɡаɩɢɫаɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

1
2

2
3

2
0

2
2

2
1 

en

X

n

XX
, 

ɨɬɤɭɞа ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɨɩɬɢɱɟɫɤɢ ɨɞɧɨɨɫɧɵɯ ɤɪɢɫɬаɥɥаɯ ɨɞɢɧ ɩɨɤаɡаɬɟɥɶ 
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ɩɪɟɥɨɦɥɟɧɢɹ -   01n n  ɧɟ ɡаɜɢɫɢɬ ɨɬ ɧаɩɪаɜɥɟɧɢɹ ɜɟɤɬɨɪа ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɢɧɞɭɤɰɢɢ ɜ ɩɥɨɫɤɨɫɬɢ 210XX , а ɞɪɭɝɨɣ -  2 en n  ɭɱɢɬɵɜаɟɬ ɢɡɦɟɧɟɧɢɟ 

ɩɨɤаɡаɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ, ɟɫɥɢ ɜɟɤɬɨɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ ɜ ɜɨɥɧɟ ɛɭɞɟɬ 

ɫɨɞɟɪɠаɬɶ ɤɨɦɩɨɧɟɧɬɭ ɩɨ ɨɫɢ 3X - ɝɥаɜɧɨɣ ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɤɪɢɫɬаɥɥа. ɉɟɪɜɵɣ 

ɢɡ ɧɢɯ ɢ ɧаɡɵɜаɸɬ ɨɛɵɤɧɨɜɟɧɧɵɦ, а ɜɬɨɪɨɣ - ɧɟɨɛɵɤɧɨɜɟɧɧɵɦ. 

ɉɪɨɢɫɯɨɠɞɟɧɢɟ ɷɬɢɯ ɧаɡɜаɧɢɣ ɫɜɹɡаɧɨ ɫ «ɨɛɵɤɧɨɜɟɧɧɵɦ» ɩɨɜɟɞɟɧɢɟɦ 

ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ, ɜɟɤɬɨɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ ɤɨɬɨɪɨɣ ɥɟɠɢɬ ɜ 

ɩɥɨɫɤɨɫɬɢ 1 20X X  - ɮаɡɨɜаɹ ɫɤɨɪɨɫɬɶ ɷɬɨɣ ɜɨɥɧɵ ɧɟ ɡаɜɢɫɢɬ ɨɬ ɨɪɢɟɧɬаɰɢɢ 

ɜɟɤɬɨɪа D . ɍ «ɧɟɨɛɵɤɧɨɜɟɧɧɨɣ» ɜɨɥɧɵ ɮаɡɨɜаɹ ɫɤɨɪɨɫɬɶ ɡаɜɢɫɢɬ ɨɬ 

ɨɪɢɟɧɬаɰɢɢ ɟɟ ɜɟɤɬɨɪа ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ, ɱɬɨ ɧɟɨɛɵɱɧɨ ɞɥɹ ɩɨɜɟɞɟɧɢɹ 

ɜɨɥɧ ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ – ɢɡɨɬɪɨɩɧɵɯ ɫɪɟɞаɯ. В ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɧаɩɪаɜɥɟɧɢɹ 

ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ ɜɨɥɧɵ m  ɡɧаɱɟɧɢɟ ɩɨɤаɡаɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɢɡɦɟɧɹɟɬɫɹ ɨɬ n0  

ɞɨ  ne.  

     Вɟɥɢɱɢɧа ɞɜɭɥɭɱɟɩɪɟɥɨɦɥɟɧɢɹ ɤɪɢɫɬаɥɥа ɢɡɦɟɪɹɟɬɫɹ ɨɩɬɢɱɟɫɤɨɣ 

ɚɧɢɡɨɬɪɨɩɢɟɣ, ɪаɜɧɨɣ 0en n n   . ȿɫɥɢ n >0, ɬɨ ɨɞɧɨɨɫɧɵɟ ɤɪɢɫɬаɥɥɵ 

ɫɱɢɬаɸɬɫɹ ɨɩɬɢɱɟɫɤɢ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ (ɨɩɬɢɱɟɫɤаɹ ɢɧɞɢɤаɬɪɢɫа ɢɦɟɟɬ ɜɢɞ 

ɷɥɥɢɩɫɨɢɞа, ɜɵɬɹɧɭɬɨɝɨ ɜɞɨɥɶ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ - ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɧаɢɜɵɫɲɟɝɨ 

ɩɨɪɹɞɤа). ȿɫɥɢ ɠɟ n <0, ɬɨ ɮɨɪɦа ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ - ɫɩɥɸɫɧɭɬɵɣ 

ɷɥɥɢɩɫɨɢɞ, а ɤɪɢɫɬаɥɥɵ ɫɱɢɬаɸɬɫɹ ɨɩɬɢɱɟɫɤɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ. 

     III. ɍ ɤɪɢɫɬаɥɥɨɜ ɧɢɡɲɟɣ ɤаɬɟɝɨɪɢɢ ɨɩɬɢɱɟɫɤаɹ ɢɧɞɢɤаɬɪɢɫа - ɷɥɥɢɩɫɨɢɞ 

ɨɛɳɟɝɨ ɜɢɞа. В ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ, ɩɨɫɬɪɨɟɧɧɨɣ ɧа ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪаɯ 

ɬɟɧɡɨɪа ̂  ɢ ɟɟ ɭɪаɜɧɟɧɢɟ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ:            
22 2

31 2
2 2 2

(1) (2) (3)

1
XX X

n n n
    

ɝɞɟ n(i)   - ɝɥаɜɧɵɟ ɩɨɥɭɨɫɢ ɷɥɥɢɩɫɨɢɞа. ɗɬɢ ɢɧɞɢɤаɬɪɢɫɵ ɢɦɟɸɬ ɞɜа ɤɪɭɝɨɜɵɯ  

ɫɟɱɟɧɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɜɟ ɨɩɬɢɱɟɫɤɢɟ ɨɫɢ: 21, PP , ɬ.ɟ. ɷɬɢ ɤɪɢɫɬаɥɥɵ 

ɨɩɬɢɱɟɫɤɢ ɞɜɭɯɨɫɧɵ  (ɪɢɫ.4): S1 ɢ S2 - ɷɬɨ ɤɪɭɝɨɜɵɟ ɫɟɱɟɧɢɹ, а ɧɨɪɦаɥɢ ɤ ɧɢɦ -  
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21, PP . В ɤɪɢɫɬаɥɥаɯ ɷɬɨɣ ɤаɬɟɝɨɪɢɢ ɨɛа ɩɨɤаɡаɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ 

ɧɟɨɛɵɤɧɨɜɟɧ-      

ɧɵ, ɬ.ɟ. ɢɯ ɜɟɥɢɱɢɧɵ ɡаɜɢɫɹɬ ɨɬ ɧаɩɪаɜɥɟɧɢɹ ɜɟɤɬɨɪа ɩɨɥɹɪɢɡаɰɢɢ ɜ ɜɨɥɧɟ. ɗɬɢ 

ɤɪɢɫɬаɥɥɵ ɨɩɬɢɱɟɫɤɢ ɞɜɭɯɨɫɧɵ, ɥɢɧɢɹ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɭɝɨɜɵɯ ɫɟɱɟɧɢɣ - 

ɫɪɟɞɧɹɹ ɝɥаɜɧаɹ ɨɫɶ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ. Ɉɧа ɩɟɪɩɟɧɞɢɤɭɥɹɪɧа ɤ 

ɩɥɨɫɤɨɫɬɢ ɨɩɬɢɱɟɫɤɢɯ ɨɫɟɣ. ɋɢɦɦɟɬɪɢɹ ɢɯ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ - mmm. 

Даɥɟɟ: 

 ɜ ɪɨɦɛɢɱɟɫɤɢɯ ɤɪɢɫɬаɥɥаɯ ɝɥаɜɧɵɟ ɨɫɢ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ 

ɫɨɜɩаɞаɸɬ ɫ ɤɪɢɫɬаɥɥɨɝɪаɮɢɱɟɫɤɢɦɢ ɨɫɹɦɢ, ɬ.ɟ. ɫ ɨɫɹɦɢ ɫɢɦɦɟɬɪɢɢ 

ɩɨɪɹɞɤа 2 ɢɥɢ ɧɨɪɦаɥɹɦɢ ɤ ɩɥɨɫɤɨɫɬɹɦ ɫɢɦɦɟɬɪɢɢ; 

  

 ɜ ɦɨɧɨɤɥɢɧɧɵɯ ɤɪɢɫɬаɥɥаɯ ɨɞɧа ɢɡ ɨɫɟɣ ɢɧɞɢɤаɬɪɢɫɵ ɜɫɟɝɞа ɩɪɨɯɨɞɢɬ 

ɜɞɨɥɶ ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɩɨɪɹɞɤа 2 ɢɥɢ ɧɨɪɦаɥɹɦɢ ɤ m, ɬ.ɟ. ɫɨɜɩаɞаɟɬ ɫ ɨɫɶɸ 

X2, а ɧаɩɪаɜɥɟɧɢɟ ɞɜɭɯ ɞɪɭɝɢɯ ɨɫɟɣ ɧɟ ɡаɜɢɫɢɬ ɨɬ ɫɢɦɦɟɬɪɢɢ ɤɪɢɫɬаɥɥа; 

 ɜ ɬɪɢɤɥɢɧɧɵɯ ɤɪɢɫɬаɥɥаɯ ɜ ɨɛɳɟɦ ɫɥɭɱаɟ ɨɪɢɟɧɬаɰɢɹ ɢɧɞɢɤаɬɪɢɫɵ ɧɢɤаɤ 

ɧɟ ɫɜɹɡаɧа ɫ ɫɢɦɦɟɬɪɢɟɣ ɤɪɢɫɬаɥɥа ɢ ɟɟ ɩɪɢɯɨɞɢɬɫɹ ɨɩɪɟɞɟɥɹɬɶ ɞɥɹ 

ɤаɠɞɨɝɨ ɤɪɢɫɬаɥɥа ɷɬɨɣ ɫɢɧɝɨɧɢɢ ɨɬɞɟɥɶɧɨ. 

      Дɥɹ ɨɛɨɡɧаɱɟɧɢɹ ɝɥаɜɧɵɯ ɩɨɤаɡаɬɟɥɟɣ ɩɪɟɥɨɦɥɟɧɢɹ ɤɪɢɫɬаɥɥɨɜ ɧɢɡɲɟɣ 

ɤаɬɟɝɨɪɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɥɭɨɫɹɦ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ, ɢɫɩɨɥɶɡɭɸɬ 

ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧаɱɟɧɢɹ: Ng - ɧаɢɛɨɥɶɲɢɣ ɩɨɤаɡаɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ, Nm - 

S2 S1 

2P  1P  

Ɋɢɫ. 4 
 

  ne 

 

  

X2 
  

X3  

Ɋɢɫ.3 

X1 

    n0 
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ɫɪɟɞɧɢɣ ɩɨɤаɡаɬɟɥɶ ɢ Np - ɧаɢɦɟɧɶɲɢɣ. В ɬаɤɢɯ ɨɛɨɡɧаɱɟɧɢɹɯ ɞɥɹ ɨɞɧɨɨɫɧɵɯ 

ɤɪɢɫɬаɥɥɨɜ ɜɟɥɢɱɢɧа ɞɜɭɥɭɱɟɩɪɟɥɨɦɥɟɧɢɹ ɪаɜɧа pg NNN  , а ɞɥɹ 

ɞɜɭɯɨɫɧɨɝɨ - pg NNN  .  
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m
 

  

В
ɨɥ

ɧɨ
ɜɨ

ɣ 
ɮɪ

ɨɧ
ɬ 

Дɢаɮɪаɝɦа 

ɉɪɨɲɟɞɲɢɣ     
       ɥɭɱ 

Ɋɢɫ.5 

 

      2.3.  ɗɥɥɢɩɫɨɢɞ Ɏɪɟɧɟɥя 

 

      ɉɪɢ ɪаɫɩɪɨɫɬɪаɧɟɧɢɢ ɜ ɤɪɢɫɬаɥɥɟ ɩɥɨɫɤɨɣ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ 

ɩɟɪɟɧɨɫɢɬɫɹ ɧɟ ɬɨɥɶɤɨ ɮаɡа ɜɨɥɧɵ, ɧɨ, ɱɬɨ ɫаɦɨɟ ɜаɠɧɨɟ, ɟɟ ɷɧɟɪɝɢɹ. ȿɫɥɢ 

ɩɟɪɟɧɨɫ ɮаɡɵ ɜɨɥɧɵ ɩɪɟɞɵɞɭɳɟɦ ɩаɪаɝɪаɮɟ ɪаɫɫɦɨɬɪɟɧ, ɬɨ ɫ ɩɟɪɟɧɨɫɨɦ 

ɷɧɟɪɝɢɢ ɜɨɩɪɨɫ ɨɫɬаɟɬɫɹ ɨɬɤɪɵɬɵɦ: ɧɟ ɢɡɜɟɫɬɧа ɫɤɨɪɨɫɬɶ ɩɟɪɟɧɨɫа ɷɧɟɪɝɢɢ, ɟɟ 

ɧаɩɪаɜɥɟɧɢɟ ɜ ɤɪɢɫɬаɥɥɟ, а ɬаɤɠɟ ɜɥɢɹɧɢɟ ɬɨɱɟɱɧɨɣ ɫɢɦɦɟɬɪɢɢ ɤɪɢɫɬаɥɥа ɧа 

ɷɬɢ ɩаɪаɦɟɬɪɵ. Дɥɹ ɜɵɹɫɧɟɧɢɹ ɩɨɫɬаɜɥɟɧɧɵɯ ɜɨɩɪɨɫɨɜ ɨɛɪаɬɢɦɫɹ ɤ 

ɫɥɟɞɭɸɳɟɦɭ ɦɵɫɥɟɧɧɨɦɭ ɷɤɫɩɟɪɢɦɟɧɬɭ.  

Ʉаɤ ɢɡɜɟɫɬɧɨ ɢɡ ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɵɯ ɜɨɥɧ, ɩɟɪɟɧɨɫ ɷɧɟɪɝɢɢ ɜ ɧɟɣ 

ɨɩɢɫɵɜаɟɬɫɹ ɜɟɤɬɨɪɨɦ ɩɨɬɨɤа ɷɧɟɪɝɢɢ (ɜɟɤɬɨɪ ɍɦɨɜа-ɉɨɣɬɢɧɝа) 

ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ, ɤɨɬɨɪɵɣ ɪаɜɟɧ: 

                                       
4

c
S E H      . 

Ɂɞɟɫɶ с – ɫɤɨɪɨɫɬɶ ɫɜɟɬа ɜ ɜаɤɭɭɦɟ. ȿɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ ɷɬɨɝɨ ɧаɩɪаɜɥɟɧɢɹ 

SSs   ɧаɡɵɜаɟɬɫɹ ɥɭɱɟɜɵɦ ɜɟɤɬɨɪɨɦ. ɉɪɨɢɫɯɨɠɞɟɧɢɟ ɷɬɨɝɨ ɧаɡɜаɧɢɹ 

ɫɜɹɡаɧɨ ɫɨ ɫɥɟɞɭɸɳɢɦ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨɦ. ȿɫɥɢ ɧа ɩɭɬɢ ɩɥɨɫɤɨɣ 

ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ ɜ ɩɪɨɡɪаɱɧɨɦ 

ɤɪɢɫɬаɥɥɟ ɩɨɦɟɫɬɢɬɶ ɧɟɩɪɨɡɪаɱɧɭɸ 

ɞɢаɮɪаɝɦɭ, ɬɨ ɧаɩɪаɜɥɟɧɢɟ ɩɪɨɲɟɞɲɟɝɨ 

ɥɭɱа ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɢɦɟɧɧɨ 

ɜɟɤɬɨɪɨɦ s  (ɪɢɫ. 5). 

        В ɢɡɨɬɪɨɩɧɨɣ ɫɪɟɞɟ ɞɥɹ ɜɨɥɧɵ, 

ɢɞɭɳɟɣ ɨɬ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤа, 

ɜɨɥɧɨɜɨɣ ɮɪɨɧɬ ɢɦɟɟɬ ɜɢɞ ɫɮɟɪɵ. 

ɇаɩɪаɜɥɟɧɢɟ ɥɭɱа ɡɞɟɫɶ ɫɨɜɩаɞаɟɬ ɫ ɧɨɪɦаɥɶɸ ɤ  ɮɪɨɧɬɭ ɜɨɥɧɵ, ɬ.ɟ. ɨɧɨ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ, ɤаɫаɬɟɥɶɧɨɣ ɤ ɜɨɥɧɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. В 

ɢɡɨɬɪɨɩɧɨɣ ɫɪɟɞɟ ɮаɡɨɜаɹ ɢ ɝɪɭɩɩɨɜаɹ ɫɤɨɪɨɫɬɢ ɦɨɝɭɬ ɪаɡɥɢɱаɬɶɫɹ ɩɨ 

ɜɟɥɢɱɢɧɟ, ɧɨ ɜɫɟɝɞа ɫɨɜɩаɞаɸɬ ɩɨ ɧаɩɪаɜɥɟɧɢɸ. ɇаɩɨɦɧɢɦ, ɱɬɨ ɮаɡɨɜаɹ 
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ɫɤɨɪɨɫɬɶ - ɷɬɨ ɫɤɨɪɨɫɬɶ ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа (ɮаɡɵ), 

ɧаɩɪаɜɥɟɧɧаɹ ɩɨ ɧɨɪɦаɥɢ ɤ ɮɪɨɧɬɭ ɜɨɥɧɵ. Ƚɪɭɩɩɨɜаɹ ɫɤɨɪɨɫɬɶ (ɢɥɢ ɥɭɱɟɜаɹ 

ɫɤɨɪɨɫɬɶ) - ɷɬɨ ɫɤɨɪɨɫɬɶ ɥɭɱа, ɬ.ɟ. ɫɤɨɪɨɫɬɶ ɩɟɪɟɧɨɫа ɷɧɟɪɝɢɢ, ɩаɪаɥɥɟɥɶɧаɹ 

ɜɟɤɬɨɪɭ ɉɨɣɬɢɧɝа. Ɏаɡɨɜɭɸ ɫɤɨɪɨɫɬɶ ɨɛɨɡɧаɱɢɦ ɤаɤ  , а ɝɪɭɩɩɨɜɭɸ ɤаɤ U . В 

ɨɛɳɟɦ ɫɥɭɱаɟ ɜ аɧɢɡɨɬɪɨɩɧɨɣ ɫɪɟɞɟ ɜɟɤɬɨɪа   ɢ U  ɦɨɝɭɬ ɛɵɬɶ ɧɟ ɩаɪаɥɥɟɥɶɧɵ 

ɞɪɭɝ ɞɪɭɝɭ. В аɧɢɡɨɬɪɨɩɧɨɣ ɫɪɟɞɟ ɧаɩɪаɜɥɟɧɢɹ ɜɟɤɬɨɪɨɜ E  ɢ D  ɜ 

ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɟ ɧɟ ɫɨɜɩаɞаɸɬ. Ɍɨɝɞа ɪаɡɥɢɱɧɵ ɩɨ ɧаɩɪаɜɥɟɧɢɸ ɧа ɬɨɬ 

ɠɟ ɭɝɨɥ ɜɟɤɬɨɪа   ɢ U  ɢɥɢ, ɜ ɨɛɨɡɧаɱɟɧɢɹɯ ɟɞɢɧɢɱɧɵɯ ɜɟɤɬɨɪɨɜ, s  ɢ m . 

Дɟɣɫɬɜɢɬɟɥɶɧɨ, ɢɡ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɤɬɨɪа ɉɨɣɬɢɧɝа ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɤɬɨɪɵ E , H  ɢ 

S  (ɬаɤɠɟ ɤаɤ ɜɟɤɬɨɪɵ D , H , m ) ɫɨɫɬаɜɥɹɸɬ ɩɪаɜɭɸ ɬɪɨɣɤɭ ɜɟɤɬɨɪɨɜ. ɇɨ ɟɫɥɢ 

E  ɢ D  ɧɟ ɩаɪаɥɥɟɥɶɧɵ ɞɪɭɝ ɞɪɭɝɭ, ɬɨ ɥɭɱ s  ɢ ɧɨɪɦаɥɶ m  ɬаɤɠɟ ɧɟ 

ɩаɪаɥɥɟɥɶɧɵ (ɫɦ. ɪɢɫ. 5). ɂɡ ɷɬɢɯ ɪаɫɫɭɠɞɟɧɢɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɟɫɥɢ ɜ 

аɧɢɡɨɬɪɨɩɧɨɦ ɤɪɢɫɬаɥɥɟ ɪаɫɩɪɨɫɬɪаɧɹɟɬɫɹ ɫɜɟɬɨɜɨɣ ɥɭɱ, ɧаɩɪɢɦɟɪ, ɨɬ ɥаɡɟɪа, 

ɬɨ ɢɫɩɵɬаɜ ɞɜɭɥɭɱɟɩɪɟɥɨɦɥɟɧɢɟ (ɷɬɨɬ ɷɮɮɟɤɬ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɢ ɜ ɫɥɭɱаɟ 

ɩɥɨɫɤɨɣ ɜɨɥɧɵ, ɬ.ɤ. ɨɩɪɟɞɟɥɹɟɬɫɹ аɧɢɡɨɬɪɨɩɢɟɣ ɤɪɢɫɬаɥɥа), ɛɭɞɟɬ 

ɪаɫɩɪɨɫɬɪаɧɹɬɶɫɹ ɜ ɤɪɢɫɬаɥɥɟ ɩɨ ɧаɩɪаɜɥɟɧɢɹɦ, ɤɨɬɨɪɵɟ ɧɟ ɫɨɜɩаɞаɸɬ ɫ 

ɧаɩɪаɜɥɟɧɢɹɦɢ ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ ɩɪɟɨɛɪаɡɨɜаɧɧɨɣ (ɪаɫɳɟɩɥɟɧɧɨɣ ɧа ɞɜɟ) 

ɩɥɨɫɤɨɣ ɜɨɥɧɵ. Ɂɧаɱɢɬ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧаɩɪаɜɥɟɧɢɣ ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ 

ɩɪɟɨɛɪаɡɨɜаɧɧɵɯ ɫɜɟɬɨɜɵɯ ɥɭɱɟɣ ɢ ɜɟɤɬɨɪɨɜ ɩɨɥɹɪɢɡаɰɢɣ (ɜɟɤɬɨɪɨɜ E ) ɜ ɧɢɯ 

ɧɟɥɶɡɹ ɩɨɥɶɡɨɜаɬɶɫɹ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɨɣ. 

Дɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬаɜɥɟɧɧɵɯ ɜɨɩɪɨɫɨɜ ɨɬɦɟɬɢɦ, ɱɬɨ ɟɫɥɢ ɜ ɩɥɨɫɤɨɣ 

ɫɜɟɬɨɜɨɣ ɜɨɥɧɟ ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɢɝɪаɟɬ ɜɟɤɬɨɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ D , 

ɬɨ ɞɥɹ ɫɜɟɬɨɜɨɝɨ ɥɭɱа ɷɬа ɪɨɥɶ ɩɪɢɧаɞɥɟɠɢɬ ɜɟɤɬɨɪɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ E , 

ɫɜɹɡɶ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɭɫɬаɧаɜɥɢɜаɟɬ ɬɟɧɡɨɪ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰаɟɦɨɫɬɢ 
   1 . ɉɨɷɬɨɦɭ ɬɭ ɪɨɥɶ, ɤɨɬɨɪɭɸ ɞɥɹ ɫɜɟɬɨɜɵɯ ɜɨɥɧ ɢɝɪаɟɬ ɨɩɬɢɱɟɫɤаɹ 

ɢɧɞɢɤаɬɪɢɫа, ɞɥɹ ɫɜɟɬɨɜɵɯ ɥɭɱɟɣ ɜɵɩɨɥɧɹɟɬ ɷɥɥɢɩɫɨɢɞ Ɏɪɟɧɟɥя. Ɉɧ 

ɩɪɟɞɫɬаɜɥɹɟɬ ɫɨɛɨɣ  ɯаɪаɤɬɟɪɢɫɬɢɱɟɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɧɡɨɪа 
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ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰаɟɦɨɫɬɢ ɤɪɢɫɬаɥɥа ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪаɡɨɦ:  

1



   rr     ɢɥɢ   .1jiij XX  

Ʉаɤ ɢ ɨɩɬɢɱɟɫɤаɹ ɢɧɞɢɤаɬɪɢɫа, ɷɥɥɢɩɫɨɢɞ Ɏɪɟɧɟɥɹ ɜ ɨɛɳɟɦ ɫɥɭɱаɟ 

ɩɪɟɞɫɬаɜɥɹɟɬ ɫɨɛɨɣ ɷɥɥɢɩɫɨɢɞ ɨɛɳɟɝɨ ɜɢɞа. В ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɱɟɱɧɨɣ 

ɫɢɦɦɟɬɪɢɢ ɤɪɢɫɬаɥɥа ɨɧ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ. Ɋаɫɫɦɨɬɪɢɦ ɜɢɞ ɷɬɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɤɪɢɫɬаɥɥаɯ ɪаɡɥɢɱɧɵɯ ɤаɬɟɝɨɪɢɣ. 

      I. ɍ ɢɡɨɬɪɨɩɧɵɯ ɬɟɥ ɢ ɤɪɢɫɬаɥɥɨɜ ɜɵɫɲɟɣ ɤаɬɟɝɨɪɢɢ ɬɟɧɡɨɪ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰаɟɦɨɫɬɢ ɢɦɟɟɬ ɞɢаɝɨɧаɥɶɧɵɣ ɜɢɞ ɫ ɤɨɦɩɨɧɟɧɬаɦɢ 

0332211   . ɉɨɷɬɨɦɭ ɷɥɥɢɩɫɨɢɞ Ɏɪɟɧɟɥɹ ɭ ɷɬɢɯ ɤɪɢɫɬаɥɥɨɜ 

ɩɪɟɞɫɬаɜɥɹɟɬ ɫɨɛɨɣ ɫɮɟɪɭ ɪаɞɢɭɫа R = 01  . Дɥɹ ɧɟɝɨ ɫɟɱɟɧɢɟ ɥɸɛɨɣ 

ɩɥɨɫɤɨɫɬɶɸ ɞаɟɬ ɤɪɭɝɨɜɨɟ ɫɟɱɟɧɢɟ ɢ, ɡɧаɱɢɬ, ɪаɫɩɪɨɫɬɪаɧɹɹɫɶ ɜ ɥɸɛɨɦ 

ɧаɩɪаɜɥɟɧɢɢ, ɫɜɟɬɨɜɨɣ  ɥɭɱ ɧɟ ɪаɫɳɟɩɥɹɟɬɫɹ ɧа ɞɜа. 

      II. ɍ ɤɪɢɫɬаɥɥɨɜ ɫɪɟɞɧɟɣ ɤаɬɟɝɨɪɢɢ (ɨɞɧɨɨɫɧɵɯ ɤɪɢɫɬаɥɥɨɜ) ɷɥɥɢɩɫɨɢɞ 

Ɏɪɟɧɟɥɹ - ɷɬɨ ɷɥɥɢɩɫɨɢɞ ɜɪаɳɟɧɢɹ. В ɤɪɢɫɬаɥɥɨɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ 

ɟɝɨ ɭɪаɜɧɟɧɢɟ ɫɥɟɞɭɸɳɟɟ:       

                                                  12
3

22
2

2
1

2
0

 XnXXn e . 

ɗɥɥɢɩɫɨɢɞ ɜɪаɳɟɧɢɹ ɢɦɟɟɬ ɨɞɧɨ ɤɪɭɝɨɜɨɟ ɫɟɱɟɧɢɟ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɟ ɤ 

ɝɥаɜɧɨɣ ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɤɪɢɫɬаɥɥа - ɤ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ. Дɥɹ ɨɞɧɨɨɫɧɵɯ 

ɨɩɬɢɱɟɫɤɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ 

ɤɪɢɫɬаɥɥɨɜ ɷɥɥɢɩɫɨɢɞ Ɏɪɟɧɟɥɹ 

ɫɩɥɸɫɧɭɬɵɣ, а ɞɥɹ 

ɨɬɪɢɰаɬɟɥɶɧɵɯ - ɜɵɬɹɧɭɬɵɣ (ɫɦ. 

ɪɢɫ.6): 

      III. ɍ ɤɪɢɫɬаɥɥɨɜ ɧɢɡɲɟɣ 

ɤаɬɟɝɨɪɢɢ (ɞɜɭɯɨɫɧɵɯ 

Ɋɢɫ.6 

0 
X1 

X3  

(-)  
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0
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ɤɪɢɫɬаɥɥɨɜ) - ɷɬɨ ɷɥɥɢɩɫɨɢɞ ɨɛɳɟɝɨ ɜɢɞа, ɢɦɟɸɳɢɣ ɞɜа ɤɪɭɝɨɜɵɯ ɫɟɱɟɧɢɹ. В 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ, ɩɨɫɬɪɨɟɧɧɨɣ ɧа ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪаɯ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɬɟɧɡɨɪɨɜ, ɟɝɨ ɭɪаɜɧɟɧɢɟ     

2 2 2 2 2 2
1 1 2 2 3 3 1n X n X n X   . 

Ƚɥаɜɧɵɟ ɨɫɢ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɵ ɢ ɷɥɥɢɩɫɨɢɞа Ɏɪɟɧɟɥɹ ɞɥɹ ɫɜɟɬа ɨɞɧɨɣ ɢ 

ɬɨɣ ɠɟ ɱаɫɬɨɬɵ ɫɨɜɩаɞаɸɬ, ɩɨɬɨɦɭ ɱɬɨ ɭ ɜɡаɢɦɧɨ ɨɛɪаɬɧɵɯ ɬɟɧɡɨɪɨɜ 

ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɵ ɨɞɧɢ ɢ ɬɟ ɠɟ. 

 ɑɬɨɛɵ ɜɵɹɫɧɢɬɶ ɫɤɨɪɨɫɬɢ ɢ ɩɨɥɹɪɢɡаɰɢɢ ɥɭɱɟɣ, ɪаɫɩɪɨɫɬɪаɧɹɸɳɢɯɫɹ ɜ 

ɤɪɢɫɬаɥɥɟ ɜ ɧаɩɪаɜɥɟɧɢɢ ɜɟɤɬɨɪа s , ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɫɟɱɟɧɢɟ 

ɷɥɥɢɩɫɨɢɞа Ɏɪɟɧɟɥɹ ɞаɧɧɨɝɨ ɤɪɢɫɬаɥɥа ɩɥɨɫɤɨɫɬɶɸ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ 

ɜɟɤɬɨɪɭ  s  ɢ ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɷɥɥɢɩɫɨɢɞа. Ɍɨɝɞа ɩɨɥɭɱɢɜɲɢɣɫɹ ɜ 

ɫɟɱɟɧɢɢ ɷɥɥɢɩɫɨɢɞ ɛɭɞɟɬ ɯаɪаɤɬɟɪɢɡɨɜаɬɶ ɧаɩɪаɜɥɟɧɢɹ ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ 

ɩɪɟɥɨɦɥɟɧɧɵɯ ɥɭɱɟɣ ɢ ɜɟɥɢɱɢɧɵ ɢɯ ɫɤɨɪɨɫɬɟɣ. Дɥɢɧɵ ɝɥаɜɧɵɯ ɩɨɥɭɨɫɟɣ 

ɷɥɥɢɩɫа:  1q  ɢ  2q   ɩɪɨɩɨɪɰɢɨɧаɥɶɧɵ ɝɪɭɩɩɨɜɵɦ ɫɤɨɪɨɫɬɹɦ ɥɭɱɟɣ: 

    cqU  11  

    cqU  22 , 

а ɧаɩɪаɜɥɟɧɢɹ ɝɥаɜɧɵɯ ɩɨɥɭɨɫɟɣ ɫɨɜɩаɞаɸɬ ɫ ɧаɩɪаɜɥɟɧɢɹɦɢ ɩɨɥɹɪɢɡаɰɢɢ 

ɜɟɤɬɨɪɨɜ  1E  ɢ  2E . ȿɫɥɢ ɠɟ ɧаɩɪаɜɥɟɧɢɟ  ɜɟɤɬɨɪа s  ɨɤаɡɵɜаɟɬɫɹ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦ ɤ ɤɪɭɝɨɜɨɦɭ ɫɟɱɟɧɢɸ ɷɥɥɢɩɫɨɢɞа Ɏɪɟɧɟɥɹ, ɬɨ ɜ ɷɬɨɦ 

ɧаɩɪаɜɥɟɧɢɢ ɦɨɠɟɬ ɪаɫɩɪɨɫɬɪаɧɹɬɶɫɹ ɥɭɱ ɫɜɟɬа ɩɪɨɢɡɜɨɥɶɧɨɣ ɩɨɥɹɪɢɡаɰɢɢ ɫɨ 

ɫɤɨɪɨɫɬɶɸ U, ɨɩɪɟɞɟɥɹɟɦɨɣ ɪаɞɢɭɫɨɦ q ɷɬɨɝɨ ɤɪɭɝɨɜɨɝɨ ɫɟɱɟɧɢɹ: U = qc. ɍ 

ɢɡɨɬɪɨɩɧɵɯ ɬɟɥ ɢ ɤɭɛɢɱɟɫɤɢɯ ɤɪɢɫɬаɥɥɨɜ q = 1/n0. ɇаɩɪаɜɥɟɧɢɹ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ ɤ ɤɪɭɝɨɜɵɦ ɫɟɱɟɧɢɹɦ ɷɥɥɢɩɫɨɢɞа Ɏɪɟɧɟɥɹ, ɧаɡɵɜаɸɬɫɹ 

ɥɭɱɟɜɵɦɢ ɨɩɬɢɱɟɫɤɢɦɢ ɨɫяɦɢ (ɛɢɪɚɞɢɚɥяɦɢ). ɍ ɨɞɧɨɨɫɧɵɯ ɤɪɢɫɬаɥɥɨɜ 

ɛɢɪаɞɢаɥɢ ɫɨɜɩаɞаɸɬ ɫ ɛɢɧɨɪɦаɥɹɦɢ, а ɭ ɞɜɭɯɨɫɧɵɯ - ɧɟɬ, ɧɨ ɥɟɠаɬ ɜ 

ɩɥɨɫɤɨɫɬɢ ɨɩɬɢɱɟɫɤɢɯ ɨɫɟɣ.  

      ɉɪаɤɬɢɱɟɫɤɢ ɞɥɹ ɩɨɞɫɱɟɬа ɫɤɨɪɨɫɬɟɣ ɢ ɩɨɥɹɪɢɡаɰɢɣ ɥɭɱɟɣ ɭɞɨɛɧɨ 

ɩɨɥɶɡɨɜаɬɶɫɹ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧаɬ ɫ ɨɫɶɸ X3, ɧаɩɪаɜɥɟɧɧɨɣ ɜɞɨɥɶ ɥɭɱа, ɢ ɨɫɹɦɢ 
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X1, X2, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɤ ɥɭɱɭ. Вɵɱɢɫɥɢɜ ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪа 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰаɟɦɨɫɬɢ ̂  ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ, ɢɡ ɭɪаɜɧɟɧɢɹ:  

                                        
2

11 12

2
12 22

0
q

q

 
 




   

ɦɨɠɧɨ ɧаɣɬɢ  1q  ɢ  2q , а ɡаɬɟɦ ɩɨ ɮɨɪɦɭɥɟ U=qc ɨɩɪɟɞɟɥɢɬɶ ɝɪɭɩɩɨɜɵɟ 

ɫɤɨɪɨɫɬɢ -    21 ,UU . ɇаɩɪаɜɥɟɧɢɟ ɜɟɤɬɨɪа )1(
E  ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ:  

     
     




 
 

 0

0

1
2

2
122

1
112

1
212

1
1

2
111

EqE

EEq




, 

а ɜɟɤɬɨɪ  2E  ɛɭɞɟɬ ɟɦɭ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ.          
 

 

      3. ɊȺɋЧȿɌɇȺə  ЧȺɋɌɖ 

 

        3.1. Ɂɚɞɚɧɢɟ ɤ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ 

 

       3.1.1. ɋɨɫɬаɜɶɬɟ ɫɯɟɦɭ ɪаɫɱɟɬа ɮаɡɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɢ ɜɟɤɬɨɪɨɜ ɩɨɥɹɪɢɡаɰɢɢ 

ɩɥɨɫɤɨɣ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ, ɪаɫɩɪɨɫɬɪаɧɹɸɳɟɣɫɹ ɜ ɩɥɨɫɤɨɫɬɢ Х2ОХ3 

ɤɪɢɫɬаɥɥа ɫ ɫɢɦɦɟɬɪɢɟɣ 3m. Вɟɤɬɨɪ ɧɨɪɦаɥɢ ɤ ɜɨɥɧɨɜɨɦɭ ɮɪɨɧɬɭ ɫɨɫɬаɜɥɹɟɬ 

ɭɝɨɥ   ɫ ɨɫɶɸ ɫɢɦɟɬɪɢɢ 3 (ɨɫɶ Х3). 

       3.1.2. ɋɨɫɬаɜɶɬɟ ɩɪɨɝɪаɦɦɭ ɪаɫɱɟɬа ɡаɜɢɫɢɦɨɫɬɟɣ ɮаɡɨɜɵɯ ɫɤɨɪɨɫɬɟɣ 

ɨɛɵɤɧɨɜɟɧɧɨɣ ɢ ɧɟɨɛɵɤɧɨɜɟɧɧɨɣ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɵɯ ɜɨɥɧ ɜ ɤɪɢɫɬаɥɥɟ 

ɫɢɦɦɟɬɪɢɢ 3m  ɨɬ ɡɧаɱɟɧɢɹ ɭɝɥа. ɍɝɨɥ  ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0 ɞɨ  ɫ ɲаɝɨɦ 0.1 

ɪаɞɢаɧа. ɇаɥɢɱɢɟɦ ɩɶɟɡɨɷɮɮɟɤɬа ɜ ɤɪɢɫɬаɥɥɟ ɩɪɟɧɟɛɪɟɱɶ. ɇɟɨɛɯɨɞɢɦɵɟ 

ɱɢɫɥɟɧɧɵɟ ɡɧаɱɟɧɢɹ ɩаɪаɦɟɬɪɨɜ ɤɪɢɫɬаɥɥа ɧɢɨɛаɬа ɥɢɬɢɹ ɢ ɜɢɞ ɬɟɧɡɨɪа 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰаɟɦɨɫɬɢ ɜ ɤɪɢɫɬаɥɥɨɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ 

ɜɡɹɬɶ ɜ ɜɢɞɟ (ɜ Ɏ/ɦ): 

                                      .1057.2,1089.3 10
33

10
2211
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      3.1.3. ɉɨɫɬɪɨɢɬɶ ɡаɜɢɫɢɦɨɫɬɢ ɨɪɢɟɧɬаɰɢɢ ɜɟɤɬɨɪɨɜ ɩɨɥɹɪɢɡаɰɢɢ 

ɨɛɵɤɧɨɜɟɧɧɨɣ ɢ ɧɟɨɛɵɤɧɨɜɟɧɧɨɣ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɵɯ ɜɨɥɧ ɜ ɤɪɢɫɬаɥɥɟ ɫɢɦɦɟɬ- 

ɪɢɢ 3m ɨɬ ɡɧаɱɟɧɢɹ ɭɝɥа . Ɇɨɞɭɥɢ ɜɟɤɬɨɪɨɜ ɫɱɢɬаɬɶ ɪаɜɧɵɦɢ ɟɞɢɧɢɰɟ. 

      3.1.4. Ɉɛɴɹɫɧɢɬɶ ɯɨɞ ɡаɜɢɫɢɦɨɫɬɟɣ ɮаɡɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɢ ɨɪɢɟɧɬаɰɢɢ 

ɜɟɤɬɨɪɨɜ ɩɨɥɹɪɢɡаɰɢɢ,  ɢɫɩɨɥɶɡɭɹ ɩɪɟɞɫɬаɜɥɟɧɢɹ ɨ ɫɢɦɦɟɬɪɢɣɧɨɫɬɢ 

ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɤɪɢɫɬаɥɥаɯ, а ɬаɤɠɟ ɨɛ ɨɩɬɢɱɟɫɤɨɣ ɢɧɞɢɤаɬɪɢɫɟ 

ɤɪɢɫɬаɥɥа. 

      3.1.5. ɋɨɫɬаɜɶɬɟ ɨɬɱɟɬ ɨ ɩɪɨɞɟɥаɧɧɨɣ ɪаɛɨɬɟ. 

 

      3.2. ɋɯɟɦɚ ɪɚɫɱɟɬɚ ɮɚɡɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɢ ɜɟɤɬɨɪɨɜ ɩɨɥяɪɢɡɚɰɢɣ 

 

       3.2.1. ɂɫɩɨɥɶɡɭɹ ɦаɬɪɢɰɭ 

ɩɪɟɨɛɪаɡɨɜаɧɢɹ ɤɪɢɫɬаɥɥɨɮɢɡɢɱɟɫ-

ɤɢɯ ɤɨɨɪɞɢɧаɬ ɜ ɫɢɫɬɟɦɭ, ɫɜɹɡаɧɧɭɸ 

ɫ ɪаɫɩɪɨɫɬɪаɧɟɧɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ 

ɢɡɥɭɱɟɧɢɹ, ɡаɩɢɫаɬɶ ɬɟɧɡɨɪ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ 

ɜ ɧɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ.  ɇа ɪɢɫ. 

7 ɩɨɤаɡаɧɨ ɩɨɥɨɠɟɧɢɟ ɫɢɫɬɟɦɵ   

                                                                          ɤɨɨɪɞɢ ɧаɬ /
3

/
2

/
1

,, XXX , ɫɜɹɡаɧɧɨɣ ɫ 

                             Ɋɢɫ.7                              ɧаɩɪаɜɥɟɧɢɟɦ ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ ɨɩɬɢ-

ɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɢɫɬаɥɥɨɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
321

,, XXX . 

Ɇаɬɪɢɰа ɩɪɟɨɛɪаɡɨɜаɧɢɹ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ ɫɬɪɨɢɬɫɹ ɩɭɬɟɦ ɩɪɨɟɰɢɪɨɜаɧɢɹ 

ɧɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧаɬ ɧа ɫɬаɪɭɸ. В ɟɟ ɩɟɪɜɨɣ ɫɬɪɨɤɟ ɡаɩɢɫɵɜаɸɬɫɹ 

ɤɨɫɢɧɭɫɵ ɭɝɥɨɜ ɨɫɢ /
1

X  ɧа ɨɫɢ 
321

,, XXX , ɜɨ ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ – ɞɥɹ ɨɫɟɣ /
2

X  ɢ 

/
3

X  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. В ɷɬɨɦ ɫɥɭɱаɟ ɦаɬɪɢɰа ɩɪɟɨɛɪаɡɨɜаɧɢɹ  ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

X3 

X1, X1
/
  

X2 

X2
/ 

X3
/ 

m  
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cossin0

sincos0

001

/ 
ki

C . 

     3.2.2. Ɍɟɧɡɨɪ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ ɜ ɤɪɢɫɬаɥɥɨɮɢɡɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɧаɬ ɜ ɨɛɳɟɦ ɫɥɭɱаɟ ɧаɞɨ ɜɵɱɢɫɥɹɬɶ ɤаɤ ɦаɬɪɢɰɭ, ɨɛɪаɬɧɭɸ 

ɡаɞаɧɧɨɣ ɦаɬɪɢɰɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɨɧɢɰаɟɦɨɫɬɟɣ. Ɉɞɧаɤɨ, ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ 

ɢɫɯɨɞɧаɹ ɦаɬɪɢɰа ɞɢаɝɨɧаɥɶɧа, ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ ɧаɯɨɞɹɬ ɢɡ ɜɵɪаɠɟɧɢɹ: 

ij
ij 

 0 . 

      3.2.3. Дɥɹ ɩɟɪɟɜɨɞа ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ ɜ ɧɨɜɭɸ 

(ɫɜɹɡаɧɧɭɸ ɫ ɪаɫɩɪɨɫɬɪаɧɟɧɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ) ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧаɬ, 

ɢɫɩɨɥɶɡɭɸɬ ɜɵɪаɠɟɧɢɟ:   

jlklijik
CC  /  , 

ɝɞɟ  ɢɧɞɟɤɫɵ lkji ,,,    ɦɟɧɹɸɬɫɹ ɨɬ 1 ɞɨ 3. Ɍаɤ, ɞɥɹ ɫɥɭɱаɹ 1 ki  
'

11   ɛɭɞɟɬ 

ɪаɫɫɱɢɬɵɜаɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ  

33
2
3322

2
2211

2
11

/
11

 CCC  . 

 Ⱥɧаɥɨɝɢɱɧɨ ɜɵɱɢɫɥɹɸɬ ɨɫɬаɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ. Ɍаɤ ɤаɤ ɦɵ ɫɜɹɡаɥɢ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧаɬ ɫ ɧаɩɪаɜɥɟɧɢɟɦ 

ɪаɫɩɪɨɫɬɪаɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɛɭɞɟɦ ɢɦɟɬɶ ɞɟɥɨ ɫ ɩɪɨɟɤɰɢɟɣ 

ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ ɧа ɩɥɨɫɤɨɫɬɶ ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬа, ɬ.ɟ. 

ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪа ɩɨ ɨɫɢ /
3

X  ɭɱаɫɬɢɹ ɜ ɜɵɱɢɫɥɟɧɢɹɯ ɧɟ ɩɪɢɧɢɦаɸɬ, ɱɬɨ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɳаɟɬ ɡаɞаɱɭ. 

        3.2.4. Вɵɱɢɫɥɟɧɧɵɟ ɡɧаɱɟɧɢɹ ɤɨɦɩɨɧɟɧɬ ɬɟɧɡɨɪа ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɧɟɩɪɨɧɢɰаɟɦɨɫɬɢ ɩɨɞɫɬаɜɥɹɸɬ ɜ ɜɵɪаɠɟɧɢɟ (8) ɢ ɪаɫɫɱɢɬɵɜаɸɬ ɡɧаɱɟɧɢɹ 

ɩɨɤаɡаɬɟɥɟɣ ɩɪɟɥɨɦɥɟɧɢɹ ɞɥɹ ɨɛɵɤɧɨɜɟɧɧɨɣ ɢ ɧɟɨɛɵɤɧɨɜɟɧɧɨɣ ɜɨɥɧ ɞɥɹ 

ɪаɡɥɢɱɧɵɯ ɡɧаɱɟɧɢɣ ɭɝɥа ɜɯɨɠɞɟɧɢɹ ɷɥɟɤɬɪɨɦаɝɧɢɬɧɨɣ ɜɨɥɧɵ ɜ ɤɪɢɫɬаɥɥ, 

ɜɵɱɢɫɥɹɸɬ ɢɯ ɮаɡɨɜɵɟ ɫɤɨɪɨɫɬɢ ɢ ɫɬɪɨɹɬ ɝɪаɮɢɤɢ ɡаɜɢɫɢɦɨɫɬɢ ɷɬɢɯ ɫɤɨɪɨɫɬɟɣ.  
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      3.2.5. ɉɨɫɥɟɞɨɜаɬɟɥɶɧɨ ɩɨɞɫɬаɜɥɹɹ ɧаɣɞɟɧɧɵɟ ɱɢɫɥɟɧɧɵɟ ɡɧаɱɟɧɢɹ 

ɩɨɤаɡаɬɟɥɟɣ ɩɪɟɥɨɦɥɟɧɢɹ ɜ ɫɢɫɬɟɦɭ (9), ɧаɯɨɞɢɦ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɨɜ 

ɩɨɥɹɪɢɡаɰɢɢ ɨɛɨɢɯ ɜɨɥɧ. 
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  4. ɌɊȿȻɈȼȺɇɂə Ʉ ɋɈȾȿɊɀȺɇɂɘ ɂ ɈɎɈɊɆɅȿɇɂɘ ɈɌЧȿɌȺ 

 

1. Ɉɬɱɟɬ ɩɨ ɥаɛɨɪаɬɨɪɧɨɣ ɪаɛɨɬɟ ɜ ɨɛɹɡаɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠаɬɶ 

ɫɥɟɞɭɸɳɢɟ ɪаɡɞɟɥɵ:  

- ɰɟɥɶ ɥаɛɨɪаɬɨɪɧɨɣ ɪаɛɨɬɵ,  

- ɬɟɨɪɟɬɢɱɟɫɤаɹ ɱаɫɬɶ,  

- ɨɩɢɫаɧɢɟ ɪаɫɱɟɬɧɨɣ ɱаɫɬɢ ɥаɛɨɪаɬɨɪɧɨɣ ɪаɛɨɬɵ,  

- ɤɨɧɤɪɟɬɧɵɟ ɞаɧɧɵɟ ɧа ɜɵɩɨɥɧɟɧɢɟ ɥаɛɨɪаɬɨɪɧɨɣ ɪаɛɨɬɵ,  

- ɩɨɥɭɱɟɧɧɵɟ ɪаɫɱɟɬɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɜ ɜɢɞɟ ɝɪаɮɢɤɨɜ ɡаɜɢɫɢɦɨɫɬɟɣ ɮаɡɨ- 

   ɜɵɯ ɫɤɨɪɨɫɬɟɣ ɜɨɥɧ ɢ ɢɯ ɜɟɤɬɨɪɨɜ ɩɨɥɹɪɢɡаɰɢɣ,  

- ɨɛɴɹɫɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬаɬɨɜ ɧа ɨɫɧɨɜɟ ɫɢɦɦɟɬɪɢɢ ɤɪɢɫɬаɥɥа. 

 2. Ɉɬɱɟɬ ɞɨɥɠɟɧ ɛɵɬɶ ɧаɛɪаɧ ɜ ɪɟɞаɤɬɨɪɟ Word ɢ ɩɪɟɞɫɬаɜɥɟɧ ɜ ɫɤɪɟɩɥɟɧɧɨɦ 

ɜɢɞɟ. ɋɯɟɦɵ ɢ ɝɪаɮɢɤɢ ɜɵɩɨɥɧɟɧɵ ɜ ɝɪаɮɢɱɟɫɤɨɦ ɪɟɞаɤɬɨɪɟ ɢ ɜɫɬаɜɥɟɧɵ ɜ 

ɬɟɤɫɬ ɨɬɱɟɬа. Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɩаɪаɦɟɬɪɵ ɞɥɹ ɧаɛɨɪа ɬɟɤɫɬа: ɲɪɢɮɬ Arial – 

12, ɩɨɥɹ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ ɩɨ 2 ɫɦ, ɨɞɢɧɨɱɧɵɣ ɢɧɬɟɪɜаɥ ɦɟɠɞɭ ɫɬɪɨɤ. 

3. В ɫɥɭɱаɟ ɜɵɩɨɥɧɟɧɢɹ ɪаɛɨɬɵ ɧɟɫɤɨɥɶɤɢɦɢ ɫɬɭɞɟɧɬаɦɢ ɜ ɤɨɧɰɟ ɨɬɱɟɬа 

ɞɨɥɠɧɨ ɛɵɬɶ ɭɤаɡаɧɨ ɤɨɧɤɪɟɬɧɨɟ ɭɱаɫɬɢɟ ɤаɠɞɨɝɨ ɜ ɜɵɩɨɥɧɟɧɢɢ ɪаɛɨɬɵ. 

4. В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɣɬɢɧɝɨɜɨɣ ɫɢɫɬɟɦɨɣ ɤаɱɟɫɬɜɨ ɜɵɩɨɥɧɟɧɢɹ ɥаɛɨɪаɬɨɪɧɨɣ 

ɪаɛɨɬɵ ɢ ɨɮɨɪɦɥɟɧɢɹ ɨɬɱɟɬа ɨɰɟɧɢɜаɟɬɫɹ ɜ ɛаɥɥаɯ, ɤɨɬɨɪɵɟ ɫɭɦɦɢɪɭɸɬɫɹ ɫ 

ɛаɥɥаɦɢ ɩɨ ɤɨɧɬɪɨɥɶɧɵɦ ɪаɛɨɬаɦ. 

 

    5. ɅɂɌȿɊȺɌɍɊȺ 
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