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ȼ ɫɬɚɬɶɟ ɪɚɡɜиɜɚɟɬɫɹ ɦɟɬɨɞ ɩɟɪɟɦɟɲиɜɚɧиɹ, ɫɮɨɪɦɭɥиɪɨɜɚɧɧɵɣ ɩɪи ɭɱɚɫɬии ɚɜɬɨɪɚ 
ɪɚɧɟɟ. ȼɜɟɞɟɧɨ ɩɨɧɹɬиɟ ɭɪɨɜɧɟɣ ɩɟɪɟɦɟɲиɜɚɧиɹ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɯɨɠɞɟɧиɹ 
ɧɟиɡɜɟɫɬɧɵɯ ɧɚɩɟɪɟɞ ɰиɤɥɨɜ ɡɚɞɚɧɧɨɣ ɞɥиɧɵ ɩɭɬɟɦ ɥɨɤɚɥɶɧɨɣ ɫɬɚɛиɥиɡɚɰии ɷɬиɯ 
ɰиɤɥɨɜ. ɉɪиɜɟɞɟɧɵ ɩɪиɦɟɪɵ. 

Ключеɜые слоɜɚ: ɧɟɥиɧɟɣɧɵɟ ɞиɫɤɪɟɬɧɵɟ ɫиɫɬɟɦɵ, ɭɩɪɚɜɥɟɧиɟ ɯɚɨɫɨɦ 

Вɜеɞеɧие  

ȼɩɟɪɜɵɟ ɩɨɧɹɬиɟ ɭɩɪɚɜɥɟɧиɟ ɯɚɨɫɨɦ ɛɵɥɨ ɜɜɟɞɟɧɨ ɜ ɪɚɛɨɬɟ [1], ɝɞɟ ɬɚɤɠɟ ɛɵɥɚ 
ɫɮɨɪɦɭɥиɪɨɜɚɧɚ ɤɨɧɰɟɩɰиɹ ɫɬɚɛиɥиɡɚɰии ɧɟɭɫɬɨɣɱиɜɵɯ ɩɟɪиɨɞиɱɟɫɤиɯ ɨɪɛиɬ 
ɧɟɥиɧɟɣɧɵɯ ɫиɫɬɟɦ ɦɚɥɵɦи ɤɨɧɬɪɨɥиɪɭɸщиɦи ɜɨɡɞɟɣɫɬɜиɹɦи. ɉɨɡɞɧɟɟ ɛɵɥи 
ɩɪɟɞɥɨɠɟɧɵ ɞɪɭɝиɟ ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧиɹ, ɧɚиɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɦ иɡ ɤɨɬɨɪɵɯ ɨɤɚɡɚɥɫɹ 
ɦɟɬɨɞ ɉиɪɚɝɚɫɚ [2]. ɋɭɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ – ɜɜɟɞɟɧиɟ ɥиɧɟɣɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡи ɫ 
ɡɚɩɚɡɞɵɜɚɧиɟɦ, ɜɟɥиɱиɧɚ ɤɨɬɨɪɨɝɨ ɪɚɜɧɚ ɩɟɪиɨɞɭ. Ɇɟɬɨɞ ɉиɪɚɝɚɫɚ ɡɚɜɨɟɜɚɥ 
ɩɨɩɭɥɹɪɧɨɫɬɶ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, иɡ-ɡɚ ɫɜɨɟɣ ɤɨɧɫɬɪɭɤɬиɜɧɨɣ ɩɪɨɫɬɨɬɵ. ȼ ɞɚɥɶɧɟɣɲɟɦ 
ɷɬɨɬ ɦɟɬɨɞ ɪɚɡɜиɜɚɥɫɹ и ɨɛɨɛщɚɥɫɹ ɜɨ ɦɧɨɝиɯ ɪɚɛɨɬɚɯ, ɧɚɩɪиɦɟɪ ɜ [3-6]. ȼ [7, 8] ɞɥɹ 
ɫɬɚɛиɥиɡɚɰии ɩɟɪиɨɞиɱɟɫɤиɯ ɨɪɛиɬ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ иɫɩɨɥɶɡɨɜɚɧиɟ ɧɟɥиɧɟɣɧɨɣ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡи ɫ ɧɟɫɤɨɥɶɤиɦи ɡɚɩɚɡɞɵɜɚɧиɹɦи, ɜɟɥиɱиɧɵ ɤɨɬɨɪɵɯ ɩɪɨɩɨɪɰиɨɧɚɥɶɧɵ 
ɩɟɪиɨɞɭ. Ⱦɚɥɟɟ ɜ [9] ɫɮɨɪɦɭɥиɪɨɜɚɧ ɦɟɬɨɞ ɩɟɪɟɦɟɲиɜɚɧиɹ ɩɪɟɞɵɞɭщиɯ ɫɨɫɬɨɹɧиɣ 
ɫиɫɬɟɦɵ иɥи ɮɭɧɤɰиɣ ɷɬиɯ ɫɨɫɬɨɹɧиɣ. ɍɩɪɚɜɥɟɧиɟ ɩɨ ɩɪиɧɰиɩɭ ɧɟɥиɧɟɣɧɨɣ 
ɡɚɩɚɡɞɵɜɚɸщɟɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡи ɦɨɠɧɨ ɪɚɫɫɦɚɬɪиɜɚɬɶ ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɦɟɬɨɞɚ 
ɩɟɪɟɦɟɲиɜɚɧиɹ.  

Цɟɥɶ ɪɚɛɨɬɵ ɫɨɫɬɨиɬ ɜ ɪɚɡɜиɬии ɚɥɝɨɪиɬɦɨɜ, ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ [9], ɞɥɹ 
ɨɩɪɟɞɟɥɟɧиɹ ɧɟиɡɜɟɫɬɧɵɯ ɰиɤɥɨɜ ɩɭɬɟɦ иɯ ɥɨɤɚɥɶɧɨɣ ɫɬɚɛиɥиɡɚɰии.   

Ɂɚɞɚɱɚ: ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɚɥɝɨɪиɬɦɵ ɜɵɛɨɪɚ ɫɬɪɭɤɬɭɪɵ и ɩɚɪɚɦɟɬɪɨɜ ɫиɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧиɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧиɹ ɰиɤɥɨɜ ɡɚɞɚɧɧɨɣ ɞɥиɧɵ.  

ɉосɬɚɧоɜɤɚ ɡɚɞɚчи и ɩɪеɞɜɚɪиɬелɶɧые ɪеɡɭлɶɬɚɬы  

ɉɭɫɬɶ ɡɚɞɚɧɚ ɜɟɤɬɨɪɧɚɹ ɧɟɥиɧɟɣɧɚɹ ɞиɫɤɪɟɬɧɚɹ ɫиɫɬɟɦɚ ɜиɞɚ 
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Ɇɭɥɶɬиɩɥиɤɚɬɨɪɵ H ,,1   ɪɚɫɫɦɚɬɪиɜɚɟɦɵɯ ɧɟɭɫɬɨɣɱиɜɵɯ ɰиɤɥɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɤɚɤ 

ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧиɹ ɩɪɨиɡɜɟɞɟɧиɣ ɦɚɬɪиɰ əɤɨɛи  
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Коɷɮɮиɰиеɧɬы оɩɬиɦɚлɶɧоɝо ɩеɪеɦеɲиɜɚɧиɹ 

ɍɫɥɨɜиɟ ɭɫɬɨɣɱиɜɨɫɬи T - ɰиɤɥɚ ɫиɫɬɟɦɵ (2) ɫɨɫɬɨиɬ ɜ ɬɨɦ, ɱɬɨ ɜɫɟ ɤɨɪɧи 
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ɞɨɥɠɧɵ ɥɟɠɚɬɶ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɟɞиɧиɱɧɨɦ ɤɪɭɝɟ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɞɚɱɚ ɭɩɪɚɜɥɟɧиɹ 
ɯɚɨɫɨɦ ɜ ɫиɫɬɟɦɟ (1) ɩɭɬɟɦ ɩɟɪɟɦɟɲиɜɚɧиɹ ɡɧɚɱɟɧиɣ ɫɨɫɬɨɹɧиɹ ɫиɫɬɟɦɵ и ɮɭɧɤɰиɣ ɨɬ 
ɷɬиɯ ɡɧɚɱɟɧиɣ ɜ ɩɪɟɞɲɟɫɬɜɭɸщиɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧи ɮɨɪɦɭɥиɪɭɟɬɫɹ ɫɥɟɞɭɸщиɦ 
ɨɛɪɚɡɨɦ:  

 ɞɥɹ ɡɚɞɚɧɧɨɣ ɞɥиɧɵ ɰиɤɥɚ T  и ɡɚɞɚɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɥɨɤɚɥиɡɚɰии 
ɦɭɥɶɬиɩɥиɤɚɬɨɪɨɜ ɧɚɣɬи ɤɨɷɮɮиɰиɟɧɬɵ ɜɧɭɬɪɟɧɧɟɝɨ ɩɟɪɟɦɟɲиɜɚɧиɹ 

MjNiij ,,1,,,1,   , и ɜɧɟɲɧɟɝɨ ɩɟɪɟɦɟɲиɜɚɧиɹ Mjj ,,1,  , ɬɚɤ, ɱɬɨɛɵ 
ɰиɤɥ ɞɥиɧɵ T  ɛɵɥ ɛɵ ɥɨɤɚɥɶɧɨ ɚɫиɦɩɬɨɬиɱɟɫɤи ɭɫɬɨɣɱиɜɵɦ; ɩɪи ɷɬɨɦ ɜɟɥиɱиɧɚ 
иɫɩɨɥɶɡɭɟɦɨɣ ɩɪɟɞɵɫɬɨɪии ɞɨɥɠɧɚ ɛɵɬɶ ɦиɧиɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ. Ɂɚɦɟɬиɦ, ɱɬɨ 
ɪɟɲɟɧиɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱи ɡɚɜиɫиɬ ɨɬ ɨɛɥɚɫɬи ɥɨɤɚɥиɡɚɰии ɦɭɥɶɬиɩɥиɤɚɬɨɪɨɜ  
 H ,,1  . ɉɨɜɬɨɪиɦ ɚɥɝɨɪиɬɦ ɧɚɯɨɠɞɟɧиɹ ɦиɧиɦɚɥɶɧɨɝɨ N  и ɨɩɬиɦɚɥɶɧɵɯ 
ɤɨɷɮɮиɰиɟɧɬɨɜ  Naa ,,1  , ɫɮɨɪɦɭɥиɪɨɜɚɧɧɵɣ ɜ [9]; 
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 ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɩɬиɦɚɥɶɧɵɟ ɤɨɷɮɮиɰиɟɧɬɵ  
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ɉɪиɦеɪы ɩɪиɦеɧеɧиɹ ɦеɬоɞɚ ɩеɪеɦеɲиɜɚɧиɹ 

Ɋɚɫɫɦɨɬɪиɦ ɧɟɫɤɨɥɶɤɨ ɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ.  

ɉɭɫɬɶ NM   и ijij   , ɝɞɟ ij  – ɫиɦɜɨɥ Ʉɪɨɧɟɤɟɪɚ. Ɍɨɝɞɚ, иɡ (4) ɩɨɥɭɱɚɟɦ, ɱɬɨ 

jj a , Nj ,,1 . ɋиɫɬɟɦɚ (2) ɩɪиɦɟɬ ɜиɞ   
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TjTnjn xfax
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1 . ɋиɫɬɟɦɚ 

ɭɩɪɚɜɥɹɟɬɫɹ ɫ ɩɨɦɨщɶɸ ɜɧɟɲɧɟɝɨ ɩɟɪɟɦɟɲиɜɚɧиɹ [8]. 

ɉɭɫɬɶ 1M , ɬɨɝɞɚ 11  , и ii a1 , Ni ,,1  . ɋиɫɬɟɦɚ (2) ɩɪиɦɟɬ ɜиɞ 
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TiTnin xafx
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1
. ɋиɫɬɟɦɚ ɭɩɪɚɜɥɹɟɬɫɹ ɫ ɩɨɦɨщɶɸ ɜɧɭɬɪɟɧɧɟɝɨ        

ɩɟɪɟɦɟɲиɜɚɧиɹ [9]. 

ɉɭɫɬɶ 1 NM ; ii a1 , Ni ,,1  ; 11, ii , Ni ,,1  ; 0ij , ɩɪи 
1,1  ijj , Ni ,,1  , 1,,1  Nj  . Ɍɨɝɞɚ ɫиɫɬɟɦɚ (2) ɩɪиɦɟɬ ɜиɞ  
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11  . 

Ɉɩɪɟɞɟɥиɦ ɨɩɬиɦɚɥɶɧɵɟ ɡɧɚɱɟɧиɹ ɤɨɷɮɮиɰиɟɧɬɨɜ ɜɧɟɲɧɟɝɨ ɩɟɪɟɦɟɲиɜɚɧиɹ 
11 ,, N  . ɋиɫɬɟɦɚ (9) ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪиɦɟɬ ɜиɞ  
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Ɉɛщɟɟ ɪɟɲɟɧиɟ ɷɬɨɣ ɫиɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ, ɤɚɤ ɫɭɦɦɚ ɱɚɫɬɧɨɝɨ ɪɟɲɟɧиɹ 
ɧɟɨɞɧɨɪɨɞɧɨɣ ɫиɫɬɟɦɵ и ɨɛщɟɝɨ ɪɟɲɟɧиɹ ɨɞɧɨɪɨɞɧɨɣ 
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ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 1,,1,0  Njj  , ɩɨɥɭɱɚɟɦ 10  c . Ɉɤɨɧɱɚɬɟɥɶɧɨ ɫиɫɬɟɦɚ (2) 
ɩɪиɦɟɬ ɜиɞ  

 ,)1(
11
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TiTnin xfacxafcx  (5) 

ɝɞɟ 10  c . ɋиɫɬɟɦɚ ɭɩɪɚɜɥɹɟɬɫɹ ɫ ɩɨɦɨщɶɸ ɫɦɟɲɟɧɧɨɝɨ ɩɟɪɟɦɟɲиɜɚɧиɹ. ɉɪи 0c  

ɩɟɪɟɯɨɞиɦ ɤ ɜɧɟɲɧɟɦɭ ɩɟɪɟɦɟɲиɜɚɧиɸ, ɚ ɩɪи 1c  – ɤ ɜɧɭɬɪɟɧɧɟɦɭ. ɋиɫɬɟɦɵ ɜиɞɚ (5) 
ɜɨɡɧиɤɚɸɬ, ɧɚɩɪиɦɟɪ,  ɩɪи иɫɫɥɟɞɨɜɚɧии ɞиɮɮɭɡиɨɧɧɨɝɨ ɯɚɨɫɚ [11]. 

Кɪɚɬɧые ɰиɤлы 

ȼ ɷɬɨɦ ɪɚɡɞɟɥɟ ɪɟɱɶ ɩɨɣɞɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬи ɭɩɪɚɜɥɟɧиɹ ɯɚɨɫɨɦ ɩɭɬɟɦ 
ɫɬɚɛиɥиɡɚɰии Tl  - ɰиɤɥɨɜ ɫ ɩɨɦɨщɶɸ ɩɟɪɟɦɟɲиɜɚɧиɹ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɞиɧɚɦиɱɟɫɤɨɣ 
ɫиɫɬɟɦɨɣ (2), ,3,2l  . 
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Ʉɚɠɞɚɹ иɡ ɬɨɱɟɤ T -ɰиɤɥɚ ɹɜɥɹɟɬɫɹ ɧɟɩɨɞɜиɠɧɨɣ ɬɨɱɤɨɣ T - иɬɟɪɚɰии 
ɨɬɨɛɪɚɠɟɧиɹ f : )()(

1 n

T

n xfx  , ))(()( )1()(

n

T

n

T
xffxf

 , )()()0(

nn xfxf  . 

ȼɨɩɪɨɫ ɨɛ ɭɫɬɨɣɱиɜɨɫɬи ɰиɤɥɚ ɫɜɨɞиɬɫɹ ɤ ɜɨɩɪɨɫɭ ɨɛ ɭɫɬɨɣɱиɜɨɫɬи ɧɟɩɨɞɜиɠɧɵɯ 
ɬɨɱɟɤ ɨɬɨɛɪɚɠɟɧиɹ )(T

f , ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɸɬ ɰиɤɥ ɞɥиɧɵ T . Ɉɬɦɟɬиɦ, ɱɬɨ ɜɟɥиɱиɧɚ 
ɦɭɥɶɬиɩɥиɤɚɬɨɪɚ ɰиɤɥɚ ɧɟ ɡɚɜиɫиɬ ɨɬ ɜɵɛɨɪɚ ɧɟɩɨɞɜиɠɧɨɣ ɬɨɱɤи, ɜɯɨɞɹщɟɣ ɜ 
ɪɚɫɫɦɚɬɪиɜɚɟɦɵɣ ɰиɤɥ, и ɧɟɩɨɞɜиɠɧɵɟ ɬɨɱɤи ɨɬɨɛɪɚɠɟɧиɹ )(T

f  ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ 
ɧɟɩɨɞɜиɠɧɵɦи ɬɨɱɤɚɦи ɨɬɨɛɪɚɠɟɧиɹ )( 1T

f , ɟɫɥи TlT 1  ( l  - ɰɟɥɨɟ ɱиɫɥɨ).  
Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɭ ɫɬɚɛиɥиɡɚɰии 1T - ɰиɤɥɚ ɫиɫɬɟɦɵ (1) ɦɨɠɧɨ ɫɜɟɫɬи ɤ ɡɚɞɚɱɟ 

ɫɬɚɛиɥиɡɚɰии T - ɰиɤɥɚ ɫиɫɬɟɦɵ   .,2,1,,)(

1  nRxxfx
H

nn

l

n  

ɉɟɪɟɦɟɲиɜɚɧиɟ ɛɭɞɟɦ ɨɪɝɚɧиɡɨɜɵɜɚɬɶ ɫɥɟɞɭɸщиɦ ɨɛɪɚɡɨɦ: 

 ɩɟɪɟɦɟɲиɜɚɧиɟ ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ: 




N

i

TiTni x
1

 ; 

 ɩɟɪɟɦɟɲиɜɚɧиɟ ɜɬɨɪɨɝɨ ɭɪɨɜɧɹ:  
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TiTnijj xf
1 1

 ; 

 ɩɟɪɟɦɟɲиɜɚɧиɟ ɬɪɟɬɶɟɝɨ ɭɪɨɜɧɹ:   
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1 1 1
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TiTnjjijj xff  . 

ɉɟɪɟɦɟɲиɜɚɧиɟ ɛɨɥɟɟ ɜɵɫɨɤиɯ ɭɪɨɜɧɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝиɱɧɨ.  
Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɫиɫɬɟɦɚ ɭɩɪɚɜɥɟɧиɹ ɞɥɹ ɫɬɚɛиɥиɡɚɰии ɰиɤɥɚ ɞɥиɧɵ T2  

ɩɪɟɞɫɬɚɜиɦɚ ɫɥɟɞɭɸщиɦ ɨɛɪɚɡɨɦ 

,
1

1
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2

1221

1 1 1
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TiTnjjijjn xffx   (6) 

ȼ ɫиɫɬɟɦɟ (6) ɜɫɟ ɤɨɷɮɮиɰиɟɧɬɵ ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜиɹɦ ɧɨɪɦиɪɨɜɤи, ɬ.ɟ. 
ɞɨɥɠɧɵ ɨɩɪɟɞɟɥɹɬɶ ɜɵɩɭɤɥɵɟ ɤɨɦɛиɧɚɰии.  

Ʉɨɷɮɮиɰиɟɧɬɵ ɩɟɪɟɦɟɲиɜɚɧиɹ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪиɜɚɬɶ ɤɚɤ ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɨɜ. 
Ⱦɥɹ ɫɬɚɛиɥиɡɚɰии ɰиɤɥɨɜ ɞɥиɧɵ Tl ɫиɫɬɟɦɚ ɭɩɪɚɜɥɟɧиɹ ɞɨɥɠɧɚ ɫɨɫɬɨɹɬɶ иɡ 1l  

ɭɪɨɜɧɹ ɩɟɪɟɦɟɲиɜɚɧиɹ, ɜɧɟɲɧиɣ ɭɪɨɜɟɧɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɤɬɨɪɨɦ ɤɨɷɮɮиɰиɟɧɬɨɜ 
ɩɟɪɟɦɟɲиɜɚɧиɹ ɪɚɡɦɟɪɧɨɫɬи 1M , ɫɥɟɞɭɸщиɣ l  ɭɪɨɜɟɧɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɬɪиɰɟɣ 
ɤɨɷɮɮиɰиɟɧɬɨɜ ɩɟɪɟɦɟɲиɜɚɧиɹ ɪɚɡɦɟɪɧɨɫɬи 12 MM  , и ɬ.ɞ. ɤɚɠɞɵɣ ɭɪɨɜɟɧɶ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɧɡɨɪɨɦ ɤɨɷɮɮиɰиɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɩɨɪɹɞɤɚ. ȼɫɟ ɬɟɧɡɨɪɵ 
ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜиɹɦ ɫɜɟɪɬɤи, ɩɪи ɤɨɬɨɪɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɜɨɪɚɱиɜɚɧиɟ 
ɬɟɧɡɨɪɨɜ ɤɨɷɮɮиɰиɟɧɬɨɜ ɨɬ ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ ɩɟɪɟɦɟɲиɜɚɧиɹ ɞɨ 1l  ɭɪɨɜɧɹ ɞɨɥɠɧɨ 

ɞɚɜɚɬɶ ɜɟɤɬɨɪ ɨɩɬиɦɚɥɶɧɵɯ ɤɨɷɮɮиɰиɟɧɬɨɜ 
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əɫɧɨ, ɱɬɨ ɨɩɬиɦɚɥɶɧɵɟ ɤɨɷɮɮиɰиɟɧɬɵ ɩɟɪɟɦɟɲиɜɚɧиɹ ɧɟ ɜɫɟɝɞɚ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɟɞиɧɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ. ɇɚɩɪиɦɟɪ, ɨɞɧɨɣ иɡ ɜɨɡɦɨɠɧɵɯ ɫиɫɬɟɦ ɫɬɚɛиɥиɡɚɰии ɰиɤɥɚ 
ɞɥиɧɵ T2  ɦɨɠɟɬ ɫɥɭɠиɬɶ ɫиɫɬɟɦɚ 
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TjTnjn xaffcxfafcxffacx
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11 , ɝɞɟ 01 c , 

02 c . 03 c , 1321  ccc .   

Ɉɬɦɟɬиɦ ɜɚɠɧɵɟ ɨɬɥиɱиɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ ɫɬɚɬɶɟ ɦɟɬɨɞɚ ɫɬɚɛиɥиɡɚɰии ɨɬ 
ɛɨɥɶɲиɧɫɬɜɚ иɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ. ɍɩɪɚɜɥɟɧиɟ ɩɪиɦɟɧɹɟɬɫɹ ɜɨ ɜɫɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧи, ɚ 
ɧɟ ɬɨɥɶɤɨ ɜ ɨɤɪɟɫɬɧɨɫɬи ɠɟɥɚɟɦɨɝɨ ɰиɤɥɚ – ɫɚɦ ɰиɤɥ ɡɚɪɚɧɟɟ ɡɧɚɬɶ ɧɟɬ ɧɟɨɛɯɨɞиɦɨɫɬи! 
Ȼɨɥɟɟ ɬɨɝɨ, ɨɞɧɨ ɭɩɪɚɜɥɟɧиɟ ɩɨɡɜɨɥɹɟɬ ɫɬɚɛиɥиɡиɪɨɜɚɬɶ ɫɪɚɡɭ ȼɋȿ ɰиɤɥɵ ɡɚɞɚɧɧɨɣ 
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ɞɥиɧɵ ɫ  ɦɭɥɶɬиɩɥиɤɚɬɨɪɚɦи, ɥɟɠɚщиɦи ɜ ɥɟɜɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬи, ɜɟщɟɫɬɜɟɧɧɵɦи иɥи 
ɤɨɦɩɥɟɤɫɧɵɦи. Ⱦɥɹ ɫɬɚɛиɥиɡɚɰии ɤɨɧɤɪɟɬɧɨɝɨ ɰиɤɥɚ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɚɱɚɥɶɧɵɯ ɬɨɱɟɤ ɨɤɚɡɚɥɚɫɶ ɜ ɛɚɫɫɟɣɧɟ ɩɪиɬɹɠɟɧиɹ ɷɬɨɝɨ ɰиɤɥɚ. 
Ɋɚɡɧɵɟ ɧɚɱɚɥɶɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи ɛɭɞɭɬ ɩɨɪɨɠɞɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи ɪɟɲɟɧиɣ, 
ɫɯɨɞɹщиɟɫɹ ɤ ɪɚɡɧɵɦ ɰиɤɥɚɦ ɡɚɞɚɧɧɨɣ ɞɥиɧɵ.  

Ɉɞɧиɦ иɡ ɜɨɡɦɨɠɧɵɯ ɩɪиɦɟɧɟɧиɣ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ 
ɧɚɥиɱиɹ ɩɟɪиɨɞиɱɟɫɤиɯ ɨɪɛиɬ ɡɚɞɚɧɧɨɝɨ ɧɟɥиɧɟɣɧɨɝɨ ɨɬɨɛɪɚɠɟɧиɹ, ɧɟɭɫɬɨɣɱиɜɵɟ 
ɨɪɛиɬɵ ɦɨɠɧɨ ɨɛɧɚɪɭɠиɬɶ ɩɭɬɟɦ иɯ ɫɬɚɛиɥиɡɚɰии.  

Ɉɩɪеɞелеɧие ɰиɤлоɜ ɜ сисɬеɦе «ɜɧеɡɚɩɧоɝо ɯɚосɚ» 

Ɋɚɫɫɦɨɬɪиɦ ɨɬɨɛɪɚɠɟɧиɟ [10]   xxxf 
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1
)21( , 

ɩɨɪɨɠɞɚɸщɟɟ ɞиɧɚɦиɱɟɫɤɭɸ ɫиɫɬɟɦɭ «ɜɧɟɡɚɩɧɨɝɨ ɜɨɡɧиɤɧɨɜɟɧиɹ ɯɚɨɫɚ» (SOC).  

 ,1 nn xfx   (7) 

Ⱦɥɹ ɫиɫɬɟɦɵ (7) иɧɜɚɪиɚɧɬɧɵɦ ɹɜɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 
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2
1,0 ; ɩɨɥɨɠɟɧиɟɦ 

ɪɚɜɧɨɜɟɫиɹ – ɬɨɱɤɚ 1z .  

Ɉɩɪɟɞɟɥиɦ 9-ɰиɤɥ ɫиɫɬɟɦɵ SOC. ȼ ɫиɫɬɟɦɟ ɭɩɪɚɜɥɟɧиɹ  

,
1
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TjTnjn xafffx  (8) 

ɩɨɥɨɠиɦ 3T , 11N , 

   009.0,024.0,036.0,046.0,058.0,070.0,084.0,102.0,127.0,168.0,276.0,, 111 aa  . 

  

ɚ ɛ 

Ɋис. 1. Ⱦиɧɚɦиɤɚ ɪɟɲɟɧиɣ ɫиɫɬɟɦɵ (8) ɩɪи 3T , 11N ; ɚ – ɜ ɩɥɨɫɤɨɫɬи  nxn, ; ɛ – ɜ 
ɩɥɨɫɤɨɫɬи  nn xx ,1  

 

ȼ ɫиɫɬɟɦɟ ɭɩɪɚɜɥɟɧиɹ (8) ɧɚɛɥɸɞɚɟɬɫɹ ɥɨɤɚɥɶɧɨ ɭɫɬɨɣɱиɜɨɟ ɩɨɥɨɠɟɧиɟ 
ɪɚɜɧɨɜɟɫиɹ, ɤɨɬɨɪɨɟ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɟɧиɟɦ ɪɚɜɧɨɜɟɫиɹ иɫɯɨɞɧɨɣ ɫиɫɬɟɦɵ (6), и 
ɥɨɤɚɥɶɧɨ ɭɫɬɨɣɱиɜɵɣ 3-ɰиɤɥ  667.0,598.0,142.1 . ɗɬɨɬ 3-ɰиɤɥ ɨɩɪɟɞɟɥɹɟɬ 9-ɰиɤɥ ɞɥɹ 
ɫиɫɬɟɦɵ (8):  326.0,478.1,667.0,194.0,570.1,598.0,285.1,799.0,142.1 . 
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧиɹ 12-ɰиɤɥɚ ɫиɫɬɟɦɵ (7) ɩɪиɦɟɧиɦ ɫиɫɬɟɦɭ  

  ,
1

1 

















 




N

j

TjTnjn xfaffx  (9) 

ɩɪи 4T , 11N , 

    009.0,022.0,031.0,039.0,047.0,057.0,069.0,087.0,113.0,165.0,361.0,, 111 aa  . 
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Ɋис. 2. Ⱦиɧɚɦиɤɚ ɪɟɲɟɧиɣ ɫиɫɬɟɦɵ (9); ɚ – ɜ ɩɥɨɫɤɨɫɬи  nxn, ; ɛ – ɜ ɩɥɨɫɤɨɫɬи  nn xx ,1  

 

ȼ ɫиɫɬɟɦɟ (9) ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɞɜɚ ɥɨɤɚɥɶɧɨ ɭɫɬɨɣɱиɜɵɯ 4-ɰиɤɥɚ. Ɉɧи ɹɜɥɹɸɬɫɹ 
ɱɚɫɬɶɸ 12-ɰиɤɥɚ иɫɯɨɞɧɨɣ ɫиɫɬɟɦɵ (7): 

 978.0,016.1,297.0,497.1,649.0,248.1,824.0,124.1,912.0,062.1,956.0,031.1 . 

ȼɨɨɛщɟ ɝɨɜɨɪɹ, ɫ ɪɨɫɬɨɦ ɞɥиɧɵ ɰиɤɥɚ T , ɤɨɥиɱɟɫɬɜɨ ɬɚɤиɯ ɰиɤɥɨɜ 
ɭɜɟɥиɱиɜɚɟɬɫɹ. Ȼɚɫɫɟɣɧɵ ɩɪиɬɹɠɟɧиɹ ɧɟɤɨɬɨɪɵɯ ɰиɤɥɨɜ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɧɚɫɬɨɥɶɤɨ 
ɦɚɥɵɦи, ɱɬɨ ɩɪɚɤɬиɱɟɫɤи ɬɚɤиɟ ɰиɤɥɵ ɨɬɵɫɤɚɬɶ ɛɭɞɟɬ ɡɚɬɪɭɞɧиɬɟɥɶɧɨ.  ɉɭɫɬɶ, 
ɧɚɩɪиɦɟɪ, ɧɟɨɛɯɨɞиɦɨ ɨɬɵɫɤɚɬɶ ɰиɤɥɵ ɞɥиɧɵ 15. ȼɵɛɟɪɟɦ ɧɟɫɤɨɥɶɤɨ ɧɚɱɚɥɶɧɵɯ ɬɨɱɟɤ 
и ɪɚɫɫɦɨɬɪиɦ иɯ ɞиɧɚɦиɤɭ, ɩɪɨиɫɯɨɞɹщɭɸ ɜ ɫɨɨɬɜɟɬɫɬɜиɟ ɫ ɭɪɚɜɧɟɧиɟɦ   

   nn xfffx 1 . ȼɨɡɶɦɟɦ 400 иɬɟɪɚɰиɣ ɷɬɨɣ ɫиɫɬɟɦɵ, и ɧɚ 401 ɲɚɝɟ ɡɚɩɭɫɬиɦ 
ɩɪɨɰɟɫɫ ɩɟɪɟɦɟɲиɜɚɧиɹ. ɉɪи ɷɬɨɦ ɩɨɥɨɠиɦ 5T , 26N , и ɤɨɷɮɮиɰиɟɧɬɵ 
ɩɟɪɟɦɟɲиɜɚɧиɹ ɜɵɛɟɪɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜиɟ ɫ ɮɨɪɦɭɥɚɦи ɩɭɧɤɬɚ 2. ɇɚ ɪиɫ. 3 иɡɨɛɪɚɠɟɧɚ 
ɞиɧɚɦиɤɚ ɪɟɲɟɧиɣ ɫиɫɬɟɦɵ ɩɪи ɪɚɡɧɵɯ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧиɹɯ. ɉɪи ɧɟɤɨɬɨɪɵɯ 
ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧиɹɯ ɬɪɚɟɤɬɨɪии ɛɭɞɭɬ ɩɪиɬɹɝиɜɚɬɶɫɹ ɤ ɰиɤɥɚɦ ɞɥиɧɵ 5: ɩɪи 99.00 x  

ɩɨɥɭɱɚɟɦ ɰиɤɥ  440.0,198.1,929.0,025.1,989.0 ; ɩɪи 64.00 x  ɩɨɥɭɱɚɟɦ ɰиɤɥ 
 396.1,860.0,049.1,982.0,290.0 ; ɩɪи 5.00 x  и 74.00 x  ɩɨɥɭɱɚɟɦ ɰиɤɥ 
 665.0,119.1,958.0,640.0,127.1 ; ɩɪи 21.00 x   287.0,252.1,683.0,112.1,960.0 . ɗɬи 
ɱɟɬɵɪɟ 5-ɰиɤɥɨɜ ɩɨɪɨɠɞɚɸɬ ɱɟɬɵɪɟ ɪɚɡɥиɱɧɵɯ 15-ɰиɤɥɨɜ иɫɯɨɞɧɨɣ ɫиɫɬɟɦɵ (7). 

ɉɪиɜɟɞɟɦ иɯ: 

 291.0,501.1,440.0,397.1,719.0,198.1,859.0,100.1,929.0,052.1,963.0,025.1,280.0,509.1,989.0

 502.1,440.0,396.1,720.0,198.1,860.0,099.1,930.0,049.1,965.0,025.1,982.0,013.1,991.0,290.0

 330.0,474.1,665.0,237.1,832.0,119.1,916.0,059.1,958.0,281.0,509.1,640.0,254.1,820.0,127.1

 027.1,981.0,287.0,504.1,644.0,252.1,367.0,448.1,683.0,224.1,842.0,112.1,921.0,056.1,960.0
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Ɋис. 3. Ⱦиɧɚɦиɤɚ ɪɟɲɟɧиɣ ɫиɫɬɟɦɵ (8): ɚ – ɜ ɩɥɨɫɤɨɫɬи  nxn, ; ɛ – ɜ ɩɥɨɫɤɨɫɬи  nn xx ,1  

Выɜоɞы 

ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧиɹ ɧɚɩɟɪɟɞ ɧɟиɡɜɟɫɬɧɵɯ ɧɟɭɫɬɨɣɱиɜɵɯ 
ɰиɤɥɨɜ ɞиɫɤɪɟɬɧɵɯ ɫиɫɬɟɦ ɫ ɯɚɨɬиɱɟɫɤɨɣ ɞиɧɚɦиɤɨɣ. ɉɨɞɯɨɞ ɞɥɹ ɪɟɲɟɧиɹ ɡɚɞɚɱи 

ɨɫɧɨɜɚɧ ɧɚ ɥɨɤɚɥɶɧɨɣ ɫɬɚɛиɥиɡɚɰии ɰиɤɥɨɜ ɫ иɫɩɨɥɶɡɨɜɚɧиɟɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ 
ɫиɫɬɟɦɵ ɭɩɪɚɜɥɟɧиɹ, ɩɨɫɬɪɨɟɧɧɨɣ ɧɚ ɩɟɪɟɦɟɲиɜɚɧии ɤɨɨɪɞиɧɚɬ ɩɪɟɞɵɫɬɨɪии иɥи 
ɮɭɧɤɰиɣ ɷɬиɯ ɤɨɨɪɞиɧɚɬ, ɬɚɤ ɱɬɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɫиɫɬɟɦɚ ɦɨɠɟɬ иɦɟɬɶ ɧɟɫɤɨɥɶɤɨ 
ɭɪɨɜɧɟɣ ɩɟɪɟɦɟɲиɜɚɧиɹ. Ɉɬɦɟɬиɦ, ɨɞɧɚɤɨ, ɱɬɨ иɫɩɨɥɶɡɨɜɚɧиɟ ɪɚɡɥиɱɧɵɯ ɭɪɨɜɧɟɣ 
ɩɟɪɟɦɟɲиɜɚɧиɹ ɧɟ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲиɬɶ ɞɥиɧɭ ɩɪɟɞɵɫɬɨɪии, ɧɟɨɛɯɨɞиɦɭɸ ɞɥɹ 
ɫɬɚɛиɥиɡɚɰии ɰиɤɥɚ. ɇɨ, ɱɬɨ ɜɚɠɧɨ, ɦɨɠɟɬ ɭɜɟɥиɱиɜɚɬɶ ɫɤɨɪɨɫɬɶ ɫɯɨɞиɦɨɫɬи ɤ ɷɬɨɦɭ 
ɰиɤɥɭ. Ʉɪɨɦɟ ɬɨɝɨ, иɫɩɨɥɶɡɨɜɚɧиɟ ɜɧɭɬɪɟɧɧɟɝɨ ɩɟɪɟɦɟɲиɜɚɧиɹ (ɩɟɪɟɦɟɲиɜɚɧиɹ 
ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ) ɫɭщɟɫɬɜɟɧɧɨ ɫɨɤɪɚщɚɟɬ ɨɛɴɟɦ ɜɵɱиɫɥɟɧиɣ, ɬ.ɤ. ɨɬɩɚɞɚɟɬ 
ɧɟɨɛɯɨɞиɦɨɫɬɶ ɜɵɱиɫɥɹɬɶ ɡɧɚɱɟɧиɟ ɮɭɧɤɰии, ɤɨɬɨɪɚɹ ɡɚɞɚɟɬ ɞиɧɚɦиɱɟɫɤɭɸ ɫиɫɬɟɦɭ, 
ɛɨɥɶɲɟɟ ɱиɫɥɨ ɪɚɡ, ɱɟɦ ɜ ɫиɫɬɟɦɟ ɛɟɡ ɩɟɪɟɦɟɲиɜɚɧиɹ. Ɍɚɤɠɟ ɦɵ ɧɚɞɟɟɦɫɹ, ɱɬɨ 
иɫɩɨɥɶɡɨɜɚɧиɟ ɩɟɪɟɦɟɲиɜɚɧиɹ ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ ɨɛɥɟɝɱиɬ ɮиɡиɱɟɫɤɭɸ ɪɟɚɥиɡɚɰиɸ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧиɹ ɯɚɨɫɨɦ ɜ ɧɟɥиɧɟɣɧɵɯ ɞиɫɤɪɟɬɧɵɯ ɫиɫɬɟɦɚɯ.  
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І.Ɇ. ɋɤɪиɧɧиɤ 

Ɉɞɟɫɶɤиɣ ɧɚɰɿɨɧɚɥɶɧиɣ ɩɨɥɿɬɟɯɧɿɱɧиɣ ɭɧɿɜɟɪɫиɬɟɬ, 

ɩɪ. ɒɟɜɱɟɧɤɚ, 1, Ɉɞɟɫɚ, 65044, ɍɤɪɚʀɧɚ; e-mail: anton_dora@mail.ru 

ɍ ɫɬɚɬɬɿ ɪɨɡɜиɜɚєɬɶɫɹ ɦɟɬɨɞ ɩɟɪɟɦɿɲɭɜɚɧɧɹ, ɫɮɨɪɦɭɥɶɨɜɚɧиɣ ɡɚ ɭɱɚɫɬɸ ɚɜɬɨɪɚ 
ɪɚɧɿɲɟ. ȼɜɟɞɟɧɨ ɩɨɧɹɬɬɹ ɪɿɜɧɿɜ ɩɟɪɟɦɿɲɭɜɚɧɧɹ. ɉɨɤɚɡɚɧɚ ɦɨɠɥиɜɿɫɬɶ ɡɧɚɯɨɞɠɟɧɧɹ 
ɧɟɜɿɞɨɦиɯ ɧɚɩɟɪɟɞ ɰиɤɥɿɜ ɡɚɞɚɧɨʀ ɞɨɜɠиɧи ɲɥɹɯɨɦ ɥɨɤɚɥɶɧɨʀ ɫɬɚɛɿɥɿɡɚɰɿʀ ɰиɯ ɰиɤɥɿɜ. 
ɇɚɜɟɞɟɧɿ ɩɪиɤɥɚɞи. 
Ключоɜі слоɜɚ: ɧɟɥɿɧɿɣɧɿ ɞиɫɤɪɟɬɧɿ ɫиɫɬɟɦи, ɭɩɪɚɜɥɿɧɧɹ ɯɚɨɫɨɦ. 
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