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Ⱥɧɧɨɬɚɰɢɹ 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɮɨɬɨɧɧɨɣ ɫɟɬɢ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɧɚɥɢɱɢɟ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɤɥɸɱɚɹ ɢ 
ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɧɵɯ ɨɛɪɚɛɚɬɵɜɚɬɶ ɬɨɥɶɤɨ ɨɩɬɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ. 
ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɢ ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɞɨɩɭɫɬɢɦɨ ɬɨɥɶɤɨ ɜ ɢɫɬɨɱɧɢɤɟ ɢ ɩɪɢɟɦɧɢɤɟ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɜ 
ɫɨɡɞɚɧɢɢ ɩɨɥɧɨɫɬɶɸ ɨɩɬɢɱɟɫɤɢɯ ɫɟɬɟɣ ɨɫɬɚɟɬɫɹ ɫɨɡɞɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɩɬɢɱɟɫɤɢɯ 
ɤɨɦɦɭɬɚɬɨɪɨɜ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɥɨɠɟɧ ɩɨɞɯɨɞ, ɨɩɢɫɵɜɚɸɳɢɣ ɩɪɢɧɰɢɩ ɤɨɦɦɭɬɚɰɢɢ 

ɨɩɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɧɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɚɫɫɢɜɚ ɫɜɟɬɨɜɨɞɨɜ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɦɦɭɬɚɰɢɹ ɨɩɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ; ɦɚɫɫɢɜ ɫɜɟɬɨɜɨɞɨɜ; ɩɪɨɜɨɞɢɦɨɫɬɶ 
ɫɜɟɬɨɜɨɞɚ; ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɢ; ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. 
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Ⱥbstract 
To realize a photon network, functioning components and commutating systems capable of 

processing optical signals, are essential. The transformation of an optical signal into an electrical 

one as well as its reverse takes place in a signal source or its receiver. Up to the present, the main 

problem in constructing of all-optical networks is the lack of appropriate optical switchboards. 

The present work describes the way of optical flows commutation based on the changing of an 

optical fiber array conductivity. 

Keywords: optical flow commutation; optical fiber array; conductivity of an optical fiber; power 

distribution; amplitude-phase distribution.

ȼȼȿȾȿɇɂȿ 
ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɧɚ ɪɭɛɟɠɟ XX–XXI ɜɟɤɨɜ ɫɩɨɫɨɛɫɬɜɨɜɚɥ ɪɟɜɨɥɸɰɢɨɧɧɵɦ 

ɢɡɦɟɧɟɧɢɹɦ ɜ ɨɛɥɚɫɬɢ ɢɧɮɨɪɦɚɬɢɡɚɰɢɢ ɜɫɟɯ ɫɬɨɪɨɧ ɠɢɡɧɢ ɥɸɞɟɣ. ɑɟɥɨɜɟɱɟɫɬɜɨ ɩɪɢɲɥɨ ɤ 
ɨɫɨɡɧɚɧɢɸ ɬɨɝɨ, ɱɬɨ ɢɦɟɧɧɨ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɮɟɪɚ ɟɝɨ ɞɟɹɬɟɥɶɧɨɫɬɢ ɫɟɝɨɞɧɹ ɨɩɪɟɞɟɥɹɟɬ ɭɪɨɜɟɧɶ 
ɫɨɰɢɚɥɶɧɨ-ɩɨɥɢɬɢɱɟɫɤɨɝɨ, ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɢ ɤɭɥɶɬɭɪɧɨɝɨ ɪɚɡɜɢɬɢɹ ɨɛɳɟɫɬɜɚ. ȼ ɨɛɥɚɫɬɢ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ, ɜɨɟɧɧɨɝɨ ɢ ɮɢɧɚɧɫɨɜɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɹ ɫɬɚɥɚ ɬɚɤɢɦ ɠɟ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɪɟɫɭɪɫɨɦ, ɤɚɤ ɦɚɬɟɪɢɚɥɵ ɢ ɷɧɟɪɝɢɹ. Ɉɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ 
ɫɛɨɪɚ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ ɡɚɜɢɫɢɬ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɣ ɢ 
ɨɪɝɚɧɢɡɚɰɢɣ, ɤɨɪɩɨɪɚɰɢɣ ɢ ɰɟɥɵɯ ɝɨɫɭɞɚɪɫɬɜ.  
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ȼ Ɋɨɫɫɢɢ ɛɭɪɧɵɦɢ ɬɟɦɩɚɦɢ ɪɚɡɜɢɜɚɸɬɫɹ ɤɨɪɩɨɪɚɬɢɜɧɵɟ ɢ ɜɟɞɨɦɫɬɜɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ. ɉɨɫɬɨɹɧɧɨ ɩɨɜɵɲɚɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɜ ɧɢɯ.  

ɋɩɨɫɨɛɫɬɜɭɸɬ ɩɨɫɬɪɨɟɧɢɸ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ 
ɫɢɫɬɟɦ ɭɫɩɟɯɢ ɜ ɨɛɥɚɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɞɨɫɬɢɠɟɧɢɹ ɨɩɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɞɚɱɢ 
ɢɧɮɨɪɦɚɰɢɢ. ɋ ɤɚɠɞɵɦ ɧɨɜɵɦ ɩɨɤɨɥɟɧɢɟɦ ɤɨɦɩɶɸɬɟɪɨɜ ɫɨɜɟɪɲɟɧɫɬɜɭɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ 
ɨɛɪɚɛɨɬɤɟ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɢɧɮɨɪɦɚɰɢɢ. ɉɪɢɦɟɧɟɧɢɟ ɫɪɟɞɫɬɜ ɨɩɬɢɱɟɫɤɨɣ ɫɜɹɡɢ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɢ ɤɚɱɟɫɬɜɚ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɭɫɥɭɝ. 

ɈɋɇɈȼɇȺə ɑȺɋɌɖ 
Ɉɫɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɟɬɟɣ ɫɜɹɡɢ ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɤ ɬɟɯɧɨɥɨɝɢɢ 

ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɹ ɩɨ ɞɥɢɧɟ ɜɨɥɧɵ (Wave Division Multiplexing, WDM), ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɟ ɦɧɨɠɟɫɬɜɚ ɞɥɢɧ ɜɨɥɧ ɜ ɨɞɧɨɦ ɜɨɥɨɤɧɟ. ɋɢɫɬɟɦɵ WDM ɢ ɛɨɥɟɟ 
ɫɨɜɟɪɲɟɧɧɵɟ Dence WDM (DWDM) ɭɜɟɥɢɱɢɜɚɸɬ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɭɬɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɜɯɨɞɹɳɢɯ ɨɩɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɩɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɞɥɢɧɚɦ ɜɨɥɧ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɹ ɷɬɢɯ ɫɢɝɧɚɥɨɜ ɜ ɜɢɞɟ ɟɞɢɧɨɝɨ ɰɢɮɪɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɨɞɧɨɦ ɜɨɥɨɤɧɟ.  

ȼɧɟɞɪɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ DWDM ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɲɚɝɨɦ ɧɚ ɩɭɬɢ ɩɨɫɬɪɨɟɧɢɹ ɩɨɥɧɨɫɬɶɸ 
ɨɩɬɢɱɟɫɤɢɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɟɬɟɣ, ɩɨɥɭɱɢɜɲɢɯ ɧɚɡɜɚɧɢɟ ɮɨɬɨɧɧɵɯ ɫɟɬɟɣ. Ɏɨɬɨɧɧɚɹ ɫɟɬɶ ɹɜɥɹɟɬɫɹ 
ɫɟɬɶɸ ɫɜɹɡɢ, ɜ ɤɨɬɨɪɨɣ ɢɧɮɨɪɦɚɰɢɹ ɩɟɪɟɞɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɮɨɪɦɟ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ.  

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɮɨɬɨɧɧɨɣ ɫɟɬɢ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɧɚɥɢɱɢɟ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɤɥɸɱɚɹ ɢ 
ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɧɵɯ ɨɛɪɚɛɚɬɵɜɚɬɶ ɬɨɥɶɤɨ ɨɩɬɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɢ ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɨɩɭɫɬɢɦɨ ɬɨɥɶɤɨ ɜ ɢɫɬɨɱɧɢɤɟ ɢ 
ɩɪɢɟɦɧɢɤɟ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɜ ɫɨɡɞɚɧɢɢ ɩɨɥɧɨɫɬɶɸ ɨɩɬɢɱɟɫɤɢɯ ɫɟɬɟɣ 
ɨɫɬɚɟɬɫɹ ɫɨɡɞɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɩɬɢɱɟɫɤɢɯ ɤɨɦɦɭɬɚɬɨɪɨɜ.  

ɉɪɨɝɪɟɫɫɨɦ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɪɨɟɤɬ ɝɪɭɩɩɵ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɢɡ ɥɚɛɨɪɚɬɨɪɢɢ 
Laboratoire Kastler Brossel-LKB (ɉɚɪɢɠ, Ɏɪɚɧɰɢɹ), ɤɨɬɨɪɵɟ 23 ɫɟɧɬɹɛɪɹ 2016 ɝɨɞɚ ɨɩɭɛɥɢɤɨɜɚɥɢ 
ɪɚɛɨɬɭ [1], ɨɩɢɫɵɜɚɸɳɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ «ɚɬɨɦɧɨɝɨ ɡɟɪɤɚɥɚ» ɩɭɬɟɦ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 
ɯɨɥɨɞɧɵɯ ɚɬɨɦɨɜ ɰɟɡɢɹ ɜ ɨɩɬɨɜɨɥɨɤɧɟ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɭɱɟɧɵɟ ɞɨɛɢɥɢɫɶ 
ɨɬɪɚɠɟɧɢɹ 75% ɩɚɞɚɸɳɢɯ ɮɨɬɨɧɨɜ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ 2000 ɚɬɨɦɨɜ. ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɨɬɪɚɠɟɧɢɹ 
ȼɭɥɶɮɚ-Ȼɪɟɝɝɚ, ɚɬɨɦɵ ɛɵɥɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɫ ɩɨɦɨɳɶɸ 
ɨɞɧɨɦɟɪɧɵɯ ɛɨɡɨɧɧɵɯ ɜɨɥɧɨɜɨɞɨɜ [2].  

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɮɢɥɶɬɪɚɰɢɢ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɨ ɨɩɢɫɚɬɶ 
ɩɚɫɫɢɜɧɵɣ ɷɥɟɦɟɧɬ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɦɦɭɬɚɰɢɢ ɨɩɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɛɟɡ ɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɜɢɞ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɚ ɩɚɫɫɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɢɤɪɨ-ɨɩɬɨ-ɷɥɟɤɬɪɨ-ɦɟɯɚɧɢɱɟɫɤɚɹ 
ɫɢɫɬɟɦɚ (Micro-Opto-Mechanical Systems, MOEMS), ɜɵɩɨɥɧɹɸɳɚɹ ɫɥɨɠɧɵɟ ɨɩɟɪɚɰɢɢ ɫɨ ɫɜɟɬɨɜɵɦ 
ɥɭɱɨɦ: ɩɨɥɧɨɟ ɨɬɪɚɠɟɧɢɟ, ɞɢɮɪɚɤɰɢɹ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɨɪɢɟɧɬɚɰɢɹ. Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɜ 
ɞɚɧɧɨɦ ɷɥɟɦɟɧɬɟ ɫɥɭɠɢɬ ɡɟɪɤɚɥɨ (ɫɢɫɬɟɦɚ ɡɟɪɤɚɥ), ɜɵɩɨɥɧɹɸɳɟɟ ɨɬɪɚɠɟɧɢɟ ɥɭɱɚ ɢ ɟɝɨ 
ɩɟɪɟɧɚɩɪɚɜɥɟɧɢɟ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɫɜɨɟɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɋɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ 
ɧɟɫɤɨɥɶɤɢɯ ɡɟɪɤɚɥ ɩɪɢɜɨɞ ɤ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɟɫɩɟɱɢɬɶ ɜɵɜɨɞ ɨɩɬɢɱɟɫɤɨɝɨ ɥɭɱɚ ɧɚ ɪɚɡɥɢɱɧɵɟ 
ɜɵɯɨɞɵ, ɪɟɠɢɦ ɤɨɦɦɭɬɚɰɢɢ.  ȼɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɣ ɫɨɝɥɚɫɨɜɚɧɢɹ ɜɵɯɨɞɚ MOEMS ɢ ɬɨɪɰɚ 
ɩɪɢɟɦɧɨɝɨ ɫɜɟɬɨɨɜɨɞɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɢɥɶɬɪɚɰɢɸ [3]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɢɪɨɜɚɧɢɟ «ɚɬɨɦɧɵɯ 
ɡɟɪɤɚɥ» ɜ ɤɚɱɟɫɬɜɟ ɤɨɥɥɢɦɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ [4], ɭɩɪɚɜɥɟɧɢɟ ɢɯ ɮɨɪɦɨɣ ɢ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ 
ɚɬɨɦɚɦɢ, ɚ ɬɚɤ ɠɟ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɩɪɢɟɦɧɵɯ ɫɜɟɬɨɜɨɞɨɜ, ɩɨɡɜɨɥɢɬ ɪɟɚɥɢɡɨɜɚɬɶ ɷɥɟɦɟɧɬ, 
ɜɵɩɨɥɧɹɸɳɢɣ ɤɨɦɦɭɬɚɰɢɸ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ. ɉɪɢ ɷɬɨɦ ɜ ɤɚɱɟɫɬɜɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ 
ɜɵɫɬɭɩɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɥɭɱ, ɮɨɪɦɢɪɭɸɳɢɣ ɞɢɩɨɥɶɧɭɸ ɥɨɜɭɲɤɭ ɞɥɹ ɯɨɥɨɞɧɵɯ ɚɬɨɦɨɜ.  

ȼɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɨɛɪɚɛɨɬɤɢ ɨɩɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ, ɦɨɳɧɨɫɬɶ, ɩɨɫɬɭɩɚɸɳɚɹ ɜ 
ɧɚɝɪɭɡɤɭ ɨɩɬɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ N  ɫɜɟɬɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɨɣ ɦɨɳɧɨɫɬɟɣ ɨɬ 
ɤɚɠɞɨɝɨ ɢɡ ɫɜɟɬɨɜɨɞɨɜ ɫ ɭɱɟɬɨɦ ɟɝɨ ɜɟɫɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɥɢ ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ – ɤɨɷɮɮɢɰɢɟɧɬɚ 
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ɞɟɥɟɧɢɹ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɤɬɢɜɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 
ɨɛɪɚɛɨɬɤɢ, ɬ.ɟ. ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ ɫɚɦɨɣ ɨɛɥɭɱɚɸɳɟɣ ɪɟɲɟɬɤɢ, ɦɟɫɬɨɦ ɟɟ ɭɫɬɚɧɨɜɤɢ ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɤɨɦɩɥɟɤɫɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɨɡɛɭɠɞɟɧɢɹ ɫɜɟɬɨɜɨɞɨɜ – ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɵɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɜɹɡɢ ɦɟɠɞɭ ɫɜɟɬɨɜɨɞɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨ ɬɢɩɚɦ ɜɨɥɧ 
(ɦɨɞɚɦ), ɤɚɤ ɦɟɠɞɭ ɫɜɟɬɨɜɨɞɚɦɢ, ɬɚɤ ɢ ɜ ɨɞɢɧɨɱɧɨɦ ɫɜɟɬɨɜɨɞɟ.  

Ɉɱɟɜɢɞɧɨ [5], ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɫɭɦɦɚɬɨɪɚ ɝɪɭɩɩɵ ɷɥɟɦɟɧɬɨɜ (ɫɜɟɬɨɜɨɞɨɜ) 
ɨɩɬɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɡɚɞɟɣɫɬɜɨɜɚɧɧɨɣ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɬɨɤɚ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ 
ɢɦɟɟɬ ɜɢɞ:  
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  ,,mW  – ɜɟɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɟɬɨɜɨɞɚ ( n -ɝɨ ɤɚɧɚɥɚ);   ,,p  – ɤɨɷɮɮɢɰɢɟɧɬ 
ɨɬɪɚɠɟɧɢɹ p -ɝɨ ɫɜɟɬɨɜɨɞɚ (ɷɥɟɦɟɧɬɚ ɝɪɭɩɩɵ ɫɜɟɬɨɜɨɞɨɜ) ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ n -ɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɭɝɥɚɦɢ   ,  ɫɮɟɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ    ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɬɨɤɚ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, 
ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɨɜɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɩɪɢɜɟɞɟɧɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ ɫɜɟɬɨɜɨɞɚ 

),,( pmn  ɢɡɜɟɫɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ [6, 7]: 
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ɉɪɢɜɟɞɟɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɨɞɢɧɨɱɧɨɝɨ ɫɜɟɬɨɜɨɞɚ ),,( pmn  ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɚɦɩɥɢɬɭɞɵ 
ɩɚɞɚɸɳɟɣ h

pmnA  ɢ ɨɬɪɚɠɟɧɧɨɣ h

pmnB  ɨɬ ɟɝɨ ɪɚɫɤɪɵɜɚ ɜɨɥɧ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɬɨɤɚ [6, 
8]: 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɪɢɬɟɪɢɹ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɛɨɬɤɢ ɨɩɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɬɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ, ɨɩɪɟɞɟɥɹɸɳɟɟ 
ɩɪɢɜɟɞɟɧɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ ɫɜɟɬɨɜɨɞɚ ɨɩɬɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɡɚɢɦɧɨɣ 
ɫɜɹɡɢ ɦɟɠɞɭ ɟɟ ɷɥɟɦɟɧɬɚɦɢ ɢ ɬɢɩɚɦɢ ɜɨɥɧ ɜ ɤɚɠɞɨɦ ɢɡ ɷɥɟɦɟɧɬɨɜ ɢ ɦɟɠɞɭ ɧɢɦɢ.  

ɉɪɟɧɟɛɪɟɝɚɹ ɜɵɫɲɢɦɢ ɦɨɞɚɦɢ (ɬɢɩɚɦɢ ɜɨɥɧ) ɧɚ ɬɨɦ ɨɫɧɨɜɚɧɢɢ, ɱɬɨ ɜɤɥɚɞ ɜɵɫɲɢɯ ɬɢɩɨɜ 
ɜɨɥɧ ɜ ɩɪɨɜɨɞɢɦɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɫɜɟɬɨɜɨɞɚ ɧɟɡɧɚɱɢɬɟɥɟɧ ɢ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɵ ɧɟ ɛɨɥɟɟ 2% ɩɨ 
ɦɨɞɭɥɸ ɢ 1,6 % ɩɨ ɮɚɡɟ, ɤɚɤ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɫɜɟɬɨɜɨɞɚ, ɬɚɤ ɢ ɜɯɨɞɹɳɟɝɨ ɜ ɫɢɫɬɟɦɭ ɫɜɟɬɨɜɨɞɨɜ, 
ɩɨɥɭɱɢɦ: 
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Ⱦɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɫɜɟɬɨɜɨɞɚ ɫ ɧɨɦɟɪɨɦ p , ɜɯɨɞɹɳɟɝɨ ɜ ɨɩɬɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɢɡ N  

ɫɜɟɬɨɜɨɞɨɜ, ɫɨɨɬɧɨɲɟɧɢɟ (4) ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ: 
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ɉɪɢ ɢɞɟɧɬɢɱɧɨɫɬɢ ɢɫɩɨɥɧɟɧɢɹ ɨɩɬɢɱɟɫɤɢɯ ɫɜɟɬɨɜɨɞɨɜ ɢ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ – 
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Ɉɱɟɜɢɞɧɨ, 10'p  ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ ɫɭɦɦɚɪɧɵɦ ɩɨɥɟɦ, ɧɚɜɨɞɢɦɵɦ ɜ ɪɚɫɤɪɵɜɚɯ 
ɫɜɟɬɨɜɨɞɨɜ ɨɩɬɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. ɉɟɪɜɵɣ ɦɧɨɠɢɬɟɥɶ (6) ɡɚɜɢɫɢɬ ɨɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ 
ɫɜɟɬɨɜɨɞɚ ɢ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɧɚ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɞɥɢɧɟ ɜɨɥɧɵ; ɜɬɨɪɨɣ ɡɚɜɢɫɢɬ 
ɨɬ ɫɬɪɭɤɬɭɪɵ ɨɩɬɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɟɟ ɝɟɨɦɟɬɪɢɢ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɜɡɚɢɦɧɨɣ ɫɜɹɡɢ 
ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɞɥɹ ɭɱɢɬɵɜɚɟɦɨɝɨ ɬɢɩɚ ɜɨɥɧɵ; ɬɪɟɬɢɣ ɨɩɪɟɞɟɥɹɟɬ ɪɟɚɤɰɢɸ ɫɜɟɬɨɜɨɞɚ ɧɚ 
ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɦɩɥɢɬɭɞ ɢ ɮɚɡ ɩɚɞɚɸɳɟɣ ɢ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧ ɜ ɨɫɬɚɥɶɧɵɯ ɷɥɟɦɟɧɬɚɯ 
ɨɩɬɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ.  

ȼ ɫɨɨɬɧɨɲɟɧɢɢ (5) ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɨɦɧɨɠɢɬɟɥɟɦ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬ 
ɜɚɪɢɚɬɢɜɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɜ ɩɪɨɰɟɫɫɟ ɭɩɪɚɜɥɟɧɢɹ ɜɟɥɢɱɢɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɨɩɬɢɱɟɫɤɨɣ 
ɪɟɲɟɬɤɢ ɢɥɢ ɝɪɭɩɩɵ ɟɟ ɷɥɟɦɟɧɬɨɜ ɛɟɡ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ, 
ɹɜɥɹɟɬɫɹ ɬɪɟɬɢɣ – ɫɨɦɧɨɠɢɬɟɥɶ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɚɦɩɥɢɬɭɞ ɩɨɥɟɣ ɜ 
ɷɥɟɦɟɧɬɚɯ ɢ ɨɩɪɟɞɟɥɹɟɦɵɣ ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɜɨɡɛɭɠɞɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ 
ɪɟɲɟɬɤɢ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɡɚɢɦɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɫɜɟɬɨɜɨɞɚɦɢ. 

 
ɁȺɄɅɘɑȿɇɂȿ  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɚɬɶ ɩɪɢɧɰɢɩ ɤɨɦɦɭɬɚɰɢɢ ɧɚ ɨɫɧɨɜɟ 

ɢɡɦɟɧɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɢɟɦɧɵɯ ɫɜɟɬɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɦɵɣ ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɵɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɜɨɡɛɭɠɞɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. ɍɫɬɪɨɣɫɬɜɨ ɢɫɩɨɥɶɡɭɸɳɟɟ ɞɚɧɧɵɣ ɩɪɢɧɰɢɩ 
ɤɨɦɦɭɬɚɰɢɢ ɩɨɡɜɨɥɢɬ ɜɵɩɨɥɧɹɬɶ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ ɜ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ 
ɨɩɬɢɱɟɫɤɢɯ ɫɟɬɹɯ ɛɟɡ ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɢ ɨɛɪɚɬɧɨɟ. 
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