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ɇɚɞɟɠɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ, ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɢ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɟɬɟɣ ɢ ɫɢɫɬɟɦ: Ɇɚɬɟɪɢɚɥɵ ɜɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ / 
Ɉɦɫɤɢɣ ɝɨɫ. ɭɧ-ɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ. Ɉɦɫɤ, β019. 250 ɫ. 

 

ȼ ɨɤɬɹɛɪɟ β019 ɝɨɞɚ ɜ Ɉɦɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ ɩɪɨɲɥɚ ɜɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɇɚɞɟɠɧɨɫɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ, 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɢ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɫɟɬɟɣ ɢ ɫɢɫɬɟɦ». 

ȼ ɤɨɧɮɟɪɟɧɰɢɢ ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ ɨɛɭɱɚɸɳɢɟɫɹ ɢ ɫɨɬɪɭɞɧɢɤɢ ɈɦȽɍɉɋɚ ɢ 
ɞɪɭɝɢɯ ɜɭɡɨɜ Ɋɨɫɫɢɢ, Ɋɟɫɩɭɛɥɢɤɢ ɍɡɛɟɤɢɫɬɚɧ. 

ȼ ɫɛɨɪɧɢɤ ɜɨɲɥɢ ɫɬɚɬɶɢ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɫɦɨɬɪɟɧɵ ɧɚɞɟɠɧɨɫɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɢ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɫɟɬɟɣ ɢ 
ɫɢɫɬɟɦ, ɚ ɬɚɤ ɠɟ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɵɯ ɢ 
ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

Ɇɚɬɟɪɢɚɥɵ ɤɨɧɮɟɪɟɰɧɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɟɡɧɵ ɞɥɹ ɫɬɭɞɟɧɬɨɜ, 
ɦɚɝɢɫɬɪɚɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ, ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɧɚɭɱɧɵɯ ɫɨɬɪɭɞɧɢɤɨɜ ɢ 
ɫɩɟɰɢɚɥɢɫɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɨɛɥɚɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ, ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɢ 
ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɫɟɬɟɣ ɢ ɫɢɫɬɟɦ. 
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Аɧɧɨɬаɰиɹ. ɋɨɜɪɟɦɟɧɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɚɧɚɥɢɡɚ 
ɧɚɞɟɠɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɢ ɧɚ ɬɪɚɧɫɩɨɪɬɟ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɞɟɥɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟɨɛɫɥɭɠɢɜɚɟɦɵɯ ɫɪɟɞɫɬɜ 
ɫɜɹɡɢ ɜ ɪɟɝɢɨɧɚɥɶɧɨɦ ɰɟɧɬɪɟ ɫɜɹɡɢ, ɪɟɚɥɢɡɨɜɚɧɧɚɹ ɜ ɫɪɟɞɟ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
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ɞɚɥɶ ɨɰɟɧɤɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɝɨɬɨɜɧɨɫɬɢ ɫɪɟɞɫɬɜ ɫɜɹɡɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɜɨɤɭɩɧɨɫɬɢ 
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COMPUTER-BASED ANALYSIS OF RELIABILITY OF MEANTENANCE-

FREE TELECOMMUNICATION EQUIPMENT IN ANYLOGIC 7 

 

Abstract. Modern computer technologiesare used toanalyze reliabilitycharacteristics of 

systems in different sectors of industry, as well as in transportation field.In the work, a simulation 

model of maintenance-free telecommunication equipment operation in a regional communication 

centre that is developed in AnyLogic 7. The model is realized using the discrete-event approach and 

allows the assessment of the availability factor of telecommunication equipment as a function of 

input parameters. 
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ɇɚɞɟɠɧɨɫɬɶ ɫɨɜɪɟɦɟɧɧɵɯ ɫɟɬɟɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɷɥɟɤɬɪɨɫɜɹɡɢ (ɀȾɗ) 
ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɚɱɟɫɬɜɚ ɢ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɨɛɟɫɩɟɱɟɧɢɹ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ Д1Ж. ɍɪɨɜɟɧɶ ɧɚɞɟɠɧɨɫɬɢ ɫɪɟɞɫɬɜ ɀȾɗ 



6 
 

ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɠɟɫɬɜɚ ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɚɡɨɜ ɢ 
ɪɚɡɪɟɝɭɥɢɪɨɜɨɤ ɛɥɨɤɨɜ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɚɩɩɚɪɚɬɭɪɵ, ɧɚɥɢɱɢɟ ɡɚɩɚɫɧɵɯ ɱɚɫɬɟɣ, 
ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɟɣ (Ɂɂɉ), ɜɪɟɦɟɧɹ ɭɫɬɪɚɧɟɧɢɹ ɨɬɤɚɡɨɜ, 
ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɨɤ ɫɪɟɞɫɬɜ ɞɢɚɝɧɨɫɬɢɤɢ. 

Ɉɫɧɨɜɧɵɦ ɤɨɦɩɥɟɤɫɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɧɚɞёɠɧɨɫɬɢ ɚɩɩɚɪɚɬɭɪɵ ɀȾɗ 
ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɝɨɬɨɜɧɨɫɬɢ ɄȽ [1, 2]. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɫɟɝɨɞɧɹ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɢ ɨɰɟɧɤɢ 
ɧɚɞɟɠɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɢɦɢɬɚɰɢɨɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ДγЖ. Ɉɧɨ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɨɰɟɧɤɟ ɧɚɞёɠɧɨɫɬɢ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ Д4Ж ɨɩɪɟɞɟɥɟɧɢɢ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ Д5Ж, ɚɧɚɥɢɡɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɠ.ɞ. 
ɥɢɧɢɣ Д6Ж. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɫё ɛɨɥɶɲɭɸ ɢɡɜɟɫɬɧɨɫɬɶ ɫɪɟɞɢ ɭɱёɧɵɯ ɢ 
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɩɪɢɨɛɪɟɬɚɟɬ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɢɦɢɬɚɰɢɨɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ AЧвLШРТМ. Ⱦɚɧɧɚɹ ɫɪɟɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɚɧɚɥɢɡɚ 
ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɭɡɥɚ [7], 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɫɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ Д8Ж, ɚ ɬɚɤɠɟ ɞɥɹ 
ɨɰɟɧɤɢ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ ɀȾɗ Д9Ж. 

ɋ ɰɟɥɶɸ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɨɬɨɜɧɨɫɬɢ ɄȽ ɧɟɨɛɫɥɭɠɢɜɚɟɦɵɯ ɫɪɟɞɫɬɜ 
ɀȾɗ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɢɧɫɬɪɭɦɟɧɬɚ AЧвLШРТМ. 

ɂɫɯɨɞɹ ɢɡ ɩɨɫɬɚɜɥɟɧɧɨɣ ɜɵɲɟ ɰɟɥɢ, ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɧɚɛɨɪ ɜɯɨɞɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ: Lot – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ,  
Lr – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɡɪɟɝɭɥɢɪɨɜɨɤ; Lotr– ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ 
ɪɚɡɪɟɝɭɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ; Tp – ɜɪɟɦɹ ɨɛɧɚɪɭɠɟɧɢɹ ɥɨɠɧɨɝɨ ɨɬɤɚɡɚ;  
Tr – ɜɪɟɦɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɪɟɦɨɧɬɚ, QZIP – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɫɭɬɫɬɜɢɹ Ɂɂɉ, 
dopvr – ɜɪɟɦɹ ɨɠɢɞɚɧɢɹ ɩɨɫɬɭɩɥɟɧɢɹ Ɂɂɉ, ɚ1,– ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ 
ɜɫɬɪɨɟɧɧɵɯ ɫɪɟɞɫɬɜ ɞɢɚɝɧɨɫɬɢɤɢ ɩɟɪɜɨɝɨ ɪɨɞɚ, b1,– ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ 
ɜɫɬɪɨɟɧɧɵɯ ɫɪɟɞɫɬɜ ɞɢɚɝɧɨɫɬɢɤɢ ɜɬɨɪɨɝɨ ɪɨɞɚ, Er – ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɪɟɦɨɧɬɚ. 

ȼɵɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɞɟɥɢ ɫɥɭɠɚɬ: Kg (ɄȽ) – ɤɨɷɮɮɢɰɢɟɧɬ 
ɝɨɬɨɜɧɨɫɬɢ, TS0 – ɨɛɳɟɟ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɦ ɫɨɫɬɨɹɧɢɢ, TS1 – 

ɨɛɳɟɟ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɡɪɟɝɭɥɢɪɨɜɤɢ, TS2 – ɨɛɳɟɟ ɜɪɟɦɹ 
ɧɚɯɨɠɞɟɧɢɹ ɜ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ ɩɪɢɱɢɧɟ ɹɜɧɨɝɨ ɨɬɤɚɡɚ,  
TS3 – ɨɛɳɟɟ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ ɩɪɢɱɢɧɟ 
ɫɤɪɵɬɨɝɨ ɨɬɤɚɡɚ, TS4 – ɨɛɳɟɟ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɫɨɫɬɨɹɧɢɢ ɥɨɠɧɨɝɨ ɨɬɤɚɡɚ. 
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ɍɱɢɬɵɜɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɨɰɟɫɫ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟɨɛɫɥɭɠɢɜɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɀȾɗ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧ 
ɫɥɟɞɭɸɳɢɦ ɧɚɛɨɪɨɦ ɫɨɫɬɨɹɧɢɣ: 

S0 – ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɟ ɫɨɫɬɨɹɧɢɟ; 
S1 – ɫɨɫɬɨɹɧɢɟ ɪɚɡɪɟɝɭɥɢɪɨɜɤɢ; 
S2 – ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨ ɩɪɢɱɢɧɟ ɹɜɧɨɝɨ ɨɬɤɚɡɚ; 
S3 – ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨ ɩɪɢɱɢɧɟ ɫɤɪɵɬɨɝɨ ɨɬɤɚɡɚ 

S4– ɫɨɫɬɨɹɧɢɟ ɥɨɠɧɨɝɨ ɨɬɤɚɡɚ. 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɜɵɞɟɥɟɧɧɨɦɭ ɧɚɛɨɪɭ ɫɨɫɬɨɹɧɢɣ ɞɢɚɝɪɚɦɦɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. 

 
Ɋɢɫɭɧɨɤ 1 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɣ ɧɟɨɛɫɥɭɠɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ 

 

ȼɟɪɨɹɬɧɨɫɬɢ ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ ɫɨɫɬɨɹɧɢɹɦɢ ɞɚɧɧɨɣ ɞɢɚɝɪɚɦɦɵ 
ɨɩɢɫɵɜɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɚɬɪɢɰɵ ɩɟɪɟɯɨɞɧɵɯ ɜɟɪɨɹɬɧɨɫɬɟɣ (1). Ɂɞɟɫɶ ɫɬɪɨɤɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɚ ɫɬɨɥɛɟɰ – ɤɨɧɟɱɧɨɟ. ɋɨɜɨɤɭɩɧɨɫɬɶ 
ɜɟɪɨɹɬɧɨɫɬɟɣ ɜ ɤɚɠɞɨɣ ɫɬɪɨɤɟ ɨɛɪɚɡɭɟɬ ɩɨɥɧɸ ɝɪɭɩɩɭ ɫɨɛɵɬɢɣ. 

 

        
      

1 ot r ot r 1 ot 1 ot 1 ot r

1 otr 1 otr 1 otr 1 otr

r r

1 1 1 (1 ) 1 1 1

0 1 1 1 1

,1 0 0 0

0 0 0 0 0

1 0 0 0 0

      
   

 

a Q Q Q Q b Q b Q a Q Q

a Q b Q b Q a Q

P E E  (1) 

ɝɞɟ Q – ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ: 

 Ȝ1 e ,  t
Q  (2) 

ɝɞɟ t – ɧɚɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ. 
Ɋɚɫɱɟɬ ɫɥɭɱɚɣɧɨɝɨ ɜɪɟɦɟɧɢ, ɱɟɪɟɡ ɤɨɬɨɪɨɟ ɩɪɨɢɫɯɨɞɹɬ ɢɧɰɢɞɟɧɬɵ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ: 

 
ln(1 ξ)Ĳ

Ȝ


 , (3) 

ɝɞɟ ξ – ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɝɟɧɟɪɢɪɭɟɦɚɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɜɧɨɦɟɪɧɵɦ 
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ɡɚɤɨɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ Д0;1Ж. 
ɗɬɨ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟɦ ɩɪɨɰɟɫɫɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ 

ɧɨɪɦɚɥɶɧɨɦ ɷɬɚɩɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɫɹ ɩɨɫɬɨɹɧɫɬɜɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɚɡɨɜ ɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɧɚɪɚɛɨɬɤɢ 
ɧɚ ɨɬɤɚɡ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɩɨɥɧɹɟɬɫɹ 
ɩɭɬɟɦ ɦɧɨɝɨɤɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɝɨɧɨɜ ɦɨɞɟɥɢ ɢ ɫɛɨɪɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɞɚɧɧɵɯ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɢɯ ɨɛɪɚɛɨɬɤɨɣ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɨɞɟɥɶ ɹɜɥɹɟɬɫɹ 
ɝɢɛɤɨɣ ɜ ɧɚɫɬɪɨɣɤɟ ɢ ɩɨɡɜɨɥɹɟɬ ɜɜɨɞɢɬɶ ɩɪɨɢɡɜɨɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜɯɨɞɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ. 

ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɝɨɧɨɜ ɦɨɞɟɥɢ Фp ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɨ ɫ 
ɩɨɦɨɳɶɸ ɧɟɪɚɜɟɧɫɬɜɚ ɑɟɛɵɲɟɜɚ [10]. Ɂɚɞɚɜɚɹɫɶ ɭɫɥɨɜɢɟɦ, ɱɬɨ ɨɰɟɧɤɢ ɜɯɨɞɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɛɭɞɭɬ ɩɨɩɚɞɚɬɶ ɜ ɞɢɚɩɚɡɨɧ μ±ı/β0 ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0.95, ɨɧɨ ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɱɢɫɥɟɧɨ ɩɨ ɮɨɪɦɭɥɟ: 

 220 / (1- 0.95) 8000.  (4) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɝɨɬɨɜɧɨɫɬɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 0 1 4
Ƚ

0 1 2 3 4

Ʉ , 


   
TS TS TS

TS TS TS TS TS
 (5) 

ɝɞɟ  TS0 – ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɦ ɫɨɫɬɨɹɧɢɢ; 
TS1 – ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɡɪɟɝɭɥɢɪɨɜɤɢ; 
TS2 – ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ ɩɪɢɱɢɧɟ 

ɹɜɧɨɝɨ ɨɬɤɚɡɚ; 
TS3 – ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ ɩɪɢɱɢɧɟ 

ɫɤɪɵɬɨɝɨ ɨɬɤɚɡɚ; 
TS4 – ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɫɨɫɬɨɹɧɢɢ ɥɨɠɧɨɝɨ ɨɬɤɚɡɚ. 
Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɹɞ 

ɢɦɢɬɚɰɢɨɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɜ ɯɨɞɟ ɤɨɬɨɪɵɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɤ ɨɰɟɧɨɤ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɨɬɨɜɧɨɫɬɢ ɄȽ ɨɬ ɜɪɟɦɟɧɢ t (ɪɢɫ. γ) ɚ ɬɚɤɠɟ ɝɢɫɬɨɝɪɚɦɦɚ 
ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɢɡɨɲɟɞɲɢɯ ɢɧɰɢɞɟɧɬɨɜ (ɪɢɫ. 4) ɩɪɢ ɢɡɦɟɧɹɟɦɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɨɬɤɚɡɨɜ. 

ɂɧɬɟɪɮɟɣɫ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. β. 
Ɂɧɚɱɟɧɢɹ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 
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Ɋɢɫɭɧɨɤ 2 – ȼɢɞ ɨɤɧɚ «Main» 

 

Ɍɚɛɥɢɰɚ 1 

ȼɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɣ ɫɢɫɬɟɦɵ Lot, 10
-5

 ɱ-1 
5; 6; 7;8; 9 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɡɪɟɝɭɥɢɪɨɜɨɤ ɫɢɫɬɟɦɵ Lr, 10
-5

 ɱ-1
 0,5·Lot 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ ɪɚɡɪɟɝɭɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ Lotr, 10
-5

 ɱ-1
 0,β5·Lot 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɜɪɟɦɟɧɢ ɨɠɢɞɚɧɢɹ Ɂɂɉ ɩɪɢ: 
ɨɬɤɚɡɚɯ, dopvrI0 – dopvrIII0 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɹɯ, doptnI0, doptnII0, ɱ 

12 

6 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɬɫɭɬɫɬɜɢɹ Ɂɂɉ QZIP 0,05 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɜɪɟɦɟɧɢ ɩɪɨɜɟɪɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɥɨɠɧɵɣ ɨɬɤɚɡ 
Tp0, ɱ 

1 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɜɪɟɦɟɧɢ ɪɟɦɨɧɬɚ ɩɪɢ: 
ɨɬɤɚɡɟ ɩɟɪɜɨɣ ɤɚɬɟɝɨɪɢɢ, vrRI 

ɨɬɤɚɡɟ ɜɬɨɪɨɣ ɤɚɬɟɝɨɪɢɢ, vrRII 

ɨɬɤɚɡɟ ɬɪɟɬɶɟɣ ɤɚɬɟɝɨɪɢɢ, vrRIII 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɧɚɪɭɲɟɧɢɢ ɩɟɪɜɨɣ ɤɚɬɟɝɨɪɢɢ, vrRtnI 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɧɚɪɭɲɟɧɢɢ ɜɬɨɪɨɣ ɤɚɬɟɝɨɪɢɢ, vrRtnII, ɱ 

9 

9 

5 

2 

2 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɪɟɦɨɧɬɚ, Er 

0,05 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɩɟɪɜɨɝɨ ɪɨɞɚ ɜɫɬɪɨɟɧɧɵɯ ɫɪɟɞɫɬɜ ɞɢɚɝɧɨɫɬɢɤɢ, a1 0,005 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɜɬɨɪɨɝɨ ɪɨɞɚ ɜɫɬɪɨɟɧɧɵɯ ɫɪɟɞɫɬɜ ɞɢɚɝɧɨɫɬɢɤɢ, b1 0,001 

ɋ.ɤ.ɨ. ɜɪɟɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ sig 0,15 

Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɝɨɧɨɜ kp 8000 

ȼɪɟɦɹ ɨɞɧɨɝɨ ɩɪɨɝɨɧɚvrpr, ɥɟɬ 10 
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Ɋɢɫɭɧɨɤ 3 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɨɬɨɜɧɨɫɬɢ ɄȽ ɨɬ ɜɪɟɦɟɧɢ t ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɚɡɨɜ Lot 
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Ɋɢɫɭɧɨɤ 4 – Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɢɡɨɲɟɞɲɢɯ ɢɧɰɢɞɟɧɬɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ  

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɚɡɨɜ Lot 
 

ɋɟɦɟɣɫɬɜɨ ɤɪɢɜɵɯ ɨɰɟɧɨɤ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɨɬɨɜɧɨɫɬɢ ɫɬɪɟɦɢɬɫɹ ɤ 
ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ ɡɧɚɱɟɧɢɹɦ. Ɍɚɤ ɤɚɤ ɧɚɱɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɟ, ɬɚɤ ɢ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɟ, ɬɨ ɤɚɠɞɚɹ ɤɪɢɜɚɹ ɢɦɟɟɬ ɷɤɫɬɪɟɦɭɦ. 
Ʉɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɨɬɨɜɧɨɫɬɢ ɞɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 6·10-5, 7·10-5

, 

8·10-5
 ɢ 9·10-5

 ɱ-1
 ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 99,9γ, 99,87, 99,77, 99,68 % ɨɬ 

ɡɧɚɱɟɧɢɹ ɄȽ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɤɚɡɨɜ, ɪɚɜɧɨɣ 5·10-5
. 

Ⱥɧɚɥɢɡɢɪɭɹ ɝɢɫɬɨɝɪɚɦɦɭ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɢɡɨɲɟɞɲɢɯ ɢɧɰɢɞɟɧɬɨɜ, ɦɨɠɧɨ 
ɫɤɚɡɚɬɶ, ɱɬɨ ɧɚɢɛɨɥɶɲɭɸ ɞɨɥɸ ɫɨɫɬɚɜɥɹɸɬ ɹɜɧɵɟ ɨɬɤɚɡɵ, ɫɤɪɵɬɵɟ ɨɬɤɚɡɵ 
ɩɪɨɢɫɯɨɞɹɬ ɤɪɚɣɧɟ ɪɟɞɤɨ. Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɢɧɰɢɞɟɧɬɨɜ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɩɟɪɜɵɣ 
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ɝɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɩɩɚɪɚɬɭɪɵ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ 
ɩɪɨɰɟɞɭɪɵ ɩɪɢɪɚɛɨɬɤɢ. 

ȼ ɪɚɛɨɬɟ ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟɨɛɫɥɭɠɢɜɚɟɦɵɯ ɫɪɟɞɫɬɜ ɀȾɗ ɜ Ɋɐɋ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ ɫɪɟɞɟ 
AЧвLШРТМ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɫɤɪɟɬɧɨ-ɫɨɛɵɬɢɣɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ. 
Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɨɰɟɧɤɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɨɬɨɜɧɨɫɬɢ ɄȽ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɷɥɟɤɬɪɨɫɜɹɡɢ. 
Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɫɤɪɵɬɵɟ, ɹɜɧɵɟ ɢ ɥɨɠɧɵɟ ɨɬɤɚɡɵ, 

ɨɲɢɛɨɱɧɵɟ ɞɟɣɫɬɜɢɹ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɨɲɢɛɤɢ ɜɧɭɬɪɟɧɧɢɯ ɫɪɟɞɫɬɜ ɞɢɚɝɧɨɫɬɢɤɢ, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɚ ɬɚɤɠɟ ɜɟɪɨɹɬɧɨɫɬɶ 
ɨɬɫɭɬɫɬɜɢɹ ɢ ɜɪɟɦɹ ɨɠɢɞɚɧɢɹ ɤɨɦɩɥɟɤɬɨɜ Ɂɂɉ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɬɚ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɚ 
ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
ɧɚɬɭɪɧɵɦɢ ɢɫɩɵɬɚɧɢɹɦɢ. 
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ɍȾɄ 621.315.1 
 

Ⱦ. Ⱥ. Ɏɟɞɨɬɨɜ, ȼ. ȿ. Ɇɢɬɪɨɯɢɧ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɆȿɌɈȾɂɄȺ ɊȺɋɑȿɌȺ ɂɋɄȺɀȿɇɂə ɂɆɉɍɅɖɋȺ ɉɊɂ 
ɊȺɋɉɊɈɋɌɊȺɇȿɇɂɂ ɑȿɊȿɁ ȼɈɅɇɈȼɈȾ ɉɈȿɁȾɇɈɃ ɊȺȾɂɈɋȼəɁɂ 

 

Аɧɧɨɬаɰиɹ.  ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɞɢɫɩɟɪɫɢɢ ɜ ɜɨɥɧɨɜɨɞɟ ɩɨɟɡɞɧɨɣ ɪɚɞɢɨɫɜɹɡɢ ɩɪɢ 
ɩɟɪɟɞɚɱɟ ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɚ. ɉɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɮɚɡɨɜɨɣ ɫɤɨɪɨɫɬɢ ɨɬ ɱɚɫɬɨɬɵ. 
ɍɫɬɚɧɨɜɥɟɧɚ ɫɜɹɡɶ ɦɟɠɞɭ ɞɢɫɩɟɪɫɢɟɣ ɢ ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɜɨɥɧɨɜɨɞɭ, 
ɞɚɥɶɧɨɫɬɶɸ ɩɟɪɟɞɚɱɢ ɢ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɡɟɦɥɢ. 

 

Клɸɱевые ɫлɨва: ɞɢɫɩɟɪɫɢɹ, ɢɦɩɭɥɶɫɧɵɣ ɫɢɝɧɚɥ, ɜɨɥɧɨɜɨɞ ɩɨɟɡɞɧɨɣ ɪɚɞɢɨɫɜɹɡɢ, 
ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ. 

 

Dmitry A. Fedotov, Valery E. Mitrokhin 

Omsk State Transport University (OSTU), Omsk, the Russian Federation 

 

METHOD OF CALCULATION OF PULSE DISTORTION AT PROPAGATION 

THROUGH A WAVEGUIDE OF TRAIN RADIO COMMUNICATION 

 

Abstract. The effect of dispersion in the waveguide of train radio communication in the 

transmission of a digital signal is investigated. The dependence of phase velocity on frequency is 

shown. The connection between the dispersion and the speed of information transmission through 

the waveguide, the transmission distance and the resistivity of the earth is established. 
 

Keywords: dispersion, a pulse signal, the waveguide of the train radio, the speed of 

information transfer, Fourier transform. 

 

Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɹɯ ɢɫɩɨɥɶɡɭɸɬ ɥɢɧɢɢ ɫɜɹɡɢ. Ʉ 
ɬɚɤɢɦ ɥɢɧɢɹɦ ɨɬɧɨɫɹɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɜɨɥɧɨɜɨɞɵ ɩɨɟɡɞɧɨɣ ɪɚɞɢɨɫɜɹɡɢ. 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɜ ɜɨɥɧɨɜɨɞɚɯ ɩɨɟɡɞɧɨɣ 
ɪɚɞɢɨɫɜɹɡɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ ɦɨɝɭɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɬɨɥɶɤɨ ɧɚ ɱɚɫɬɨɬɚɯ 
ɜɵɲɟ ɤɪɢɬɢɱɟɫɤɨɣ ɱɚɫɬɨɬɵ, ɚ ɢɯ ɮɚɡɨɜɚɹ ɫɤɨɪɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨɬɵ ɢ 
ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɟɦɥɢ. 

ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɜ ɜɨɥɧɨɜɨɞɚɯ ɫɭɳɟɫɬɜɭɟɬ ɞɢɫɩɟɪɫɢɹ. Ⱦɢɫɩɟɪɫɢɹ 
ɨɤɚɡɵɜɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɟɪɟɞɚɜɚɟɦɵɟ ɩɨ ɜɨɥɧɨɜɨɞɭ ɫɢɝɧɚɥɵ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɧɚ ɩɟɪɟɞɚɱɭ ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɢɡ ɫɟɛɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ. 

ɉɭɫɬɶ ɧɚ ɜɯɨɞ ɜɨɥɧɨɜɨɞɚ ɞɥɢɧɨɣ ɏ ɩɨɞɚɟɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɢɦɩɭɥɶɫ 
ɞɥɢɬɟɥɶɧɨɫɬɶɸ Ĳ ɢ ɚɦɩɥɢɬɭɞɨɣ Ⱥ (ɪɢɫ. 1). 

https://www.teacode.com/online/udc/62/621.315.1.html


14 
 

ሻݐሺܧ = { � ˒˓и − �/ʹ ൑ ݐ ൑ �/ʹ,Ͳ ˒˓и ݐ < −�/ʹ и ݐ > �/ʹ.     (1) 

E(t)

t

A

τ 

τ/2

 
Ɋɢɫɭɧɨɤ 1 – ɉɨɞɚɜɚɟɦɵɣ ɧɚ ɜɯɨɞ ɜɨɥɧɨɜɨɞɚ ɢɦɩɭɥɶɫ 

 

Cɩɟɤɬɪ ɫɢɝɧɚɥɚ E0 (ω) ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɪɚɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ɏɭɪɶɟ: ܧ଴ሺ�ሻ = ଵଶ� ׬ ∞−∞.ݐሻ݁−௝�௧݀ݐሺܧ      (2) 
 

ɋɩɟɤɬɪ ɬɚɤɨɝɨ ɢɦɩɭɥɶɫɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. β. Ɉɫɧɨɜɧɚɹ ɷɧɟɪɝɢɹ ɬɚɤɨɝɨ 
ɫɩɟɤɬɪɚ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɜ ɛɥɢɠɚɣɲɢɯ ɤ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɨɫɰɢɥɥɹɰɢɹɯ. 
ɉɨɷɬɨɦɭ ɞɟɥɚɟɦ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɫɩɟɤɬɪ ɢɦɩɭɥɶɫɚ ɢɦɟɟɬ ɤɨɧɟɱɧɭɸ ɞɥɢɧɭ. 

E0(ω)

ωω0

 
Ɋɢɫɭɧɨɤ β – ɋɩɟɤɬɪ ɩɨɞɚɜɚɟɦɨɝɨ ɧɚ ɜɯɨɞ ɜɨɥɧɨɜɨɞɚ ɢɦɩɭɥɶɫɚ 

 

ɂɦɩɭɥɶɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɩɟɤɬɪɚ, 
ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɫɜɨɸ ɚɦɩɥɢɬɭɞɭ ɢ ɮɚɡɭ. ȿɫɥɢ ɛɵ ɜɫɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɪɚɫɩɪɨɫɬɪɚɧɹɥɢɫɶ ɫ ɨɞɢɧɚɤɨɜɨɣ ɮɚɡɨɜɨɣ ɫɤɨɪɨɫɬɶɸ, ɬɨ ɨɧɢ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɨɹɜɢɥɢɫɶ ɛɵ ɧɚ ɜɵɯɨɞɟ ɜɨɥɧɨɜɨɞɚ ɢ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɫɢɝɧɚɥ ɫɨɜɩɚɞɚɥ ɛɵ ɫ 
ɢɦɩɭɥɶɫɨɦ ɧɚ ɜɯɨɞɟ, ɫɦɟɳɟɧɧɵɦ ɧɚ ɜɪɟɦɹ ɡɚɩɚɡɞɵɜɚɧɢɹ. ɇɨ ɬɚɤ ɤɚɤ ɮɚɡɨɜɚɹ 
ɫɤɨɪɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨɬɵ ɢ ɜɨɥɧɵ ɦɨɝɭɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɧɟ ɧɚ ɜɫɟɯ ɱɚɫɬɨɬɚɯ, 
ɬɨ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɩɟɤɬɪɚ ɢɦɩɭɥɶɫɚ ɩɟɪɟɦɟɳɚɸɬɫɹ ɩɨ ɜɨɥɧɨɜɨɞɭ ɫ ɪɚɡɧɵɦɢ 
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ɫɤɨɪɨɫɬɹɦɢ ɢ ɩɪɢɯɨɞɹɬ ɧɚ ɜɵɯɨɞ ɜ ɪɚɡɧɨɟ ɜɪɟɦɹ, ɚ ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɨɬɵ ɢ ɜɨɜɫɟ ɧɟ 
ɞɨɣɞɭɬ ɞɨ ɜɵɯɨɞɚ, ɟɫɥɢ ɢɯ ɱɚɫɬɨɬɚ ɦɟɧɶɲɟ ɤɪɢɬɢɱɟɫɤɨɣ. ɋɩɟɤɬɪ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ 
ɜɨɥɧɨɜɨɞɚ ɢɡɦɟɧɢɬɫɹ, ɢ ɮɨɪɦɚ ɢɦɩɭɥɶɫɚ ɛɭɞɟɬ ɞɪɭɝɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ 
ɢɫɤɚɠɟɧɢɹ ɮɨɪɦɚ ɢɦɩɭɥɶɫɚ ɪɚɫɩɥɵɜɟɬɫɹ, ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɭɜɟɥɢɱɢɬɫɹ (ɪɢɫ. γ.). 

EȼЫɏ(t)

t

τȼЫɏ 

AȼЫɏ

 
Ɋɢɫɭɧɨɤ γ – ɂɦɩɭɥɶɫ ɧɚ ɜɵɯɨɞɟ ɜɨɥɧɨɜɨɞɚ 

 

ȼɟɥɢɱɢɧɚ ɭɲɢɪɟɧɢɹ ɢɦɩɭɥɶɫɚ ɧɚ ɜɵɯɨɞɟ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɜɯɨɞɧɨɝɨ ɢɦɩɭɥɶɫɚ (ɨɬ ɟɝɨ ɲɢɪɢɧɵ ɫɩɟɤɬɪɚ), ɨɬ ɟɝɨ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɨɬɵ ɢ ɨɬ 
ɩɚɪɚɦɟɬɪɨɜ ɜɨɥɧɨɜɨɞɚ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɚɪɚɦɟɬɪɵ ɜɨɥɧɨɜɨɞɚ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɪɚɡɦɟɪɚɦɢ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɚɬɟɪɢɚɥɚ ɢɡ ɤɨɬɨɪɨɝɨ ɨɧ ɢɡɝɨɬɨɜɥɟɧ ɢ ɭɞɟɥɶɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɟɦɥɢ Д1Ж.  

ɍɲɢɪɟɧɢɟ ɢɦɩɭɥɶɫɚ ɧɚ ɜɵɯɨɞɟ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɫɤɨɪɨɫɬɢ 
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɜɨɥɧɨɜɨɞɭ. Ɍɚɤ ɤɚɤ ɢɧɮɨɪɦɚɰɢɹ ɩɟɪɟɞɚɟɬɫɹ ɜ ɜɢɞɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɦɩɭɥɶɫɨɜ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɶɸ, ɬɨ ɫɤɨɪɨɫɬɶ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɢɦɩɭɥɶɫɨɜ ɩɟɪɟɞɚɜɚɟɦɵɯ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. Ⱦɥɹ 
ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ ɫɬɪɟɦɹɬɫɹ ɭɦɟɧɶɲɢɬɶ, ɧɨ 
ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɞɚɜɚɟɦɵɯ ɢɦɩɭɥɶɫɨɜ ɡɚɜɢɫɢɬ ɨɬ 
ɜɟɥɢɱɢɧɵ ɞɢɫɩɟɪɫɢɢ ɜ ɜɨɥɧɨɜɨɞɟ. ɑɟɦ ɛɨɥɶɲɟ ɞɢɫɩɟɪɫɢɹ, ɬɟɦ ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɶ 
ɩɟɪɟɞɚɱɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɥɢɧɢɢ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɜɚɬɶɫɹ 
ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɨɣ ɞɢɫɩɟɪɫɢɢ ɧɚ ɜɵɯɨɞɟ ДβЖ. 

ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɪɚɫɫɬɨɹɧɢɹ z ɜɞɨɥɶ ɜɨɥɧɨɜɨɞɚ ɤɚɠɞɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ ܧ଴ሺ�ሻ݁−௝ఉሺ�ሻ�. ɋɢɝɧɚɥ ɧɚ ɨɬɪɟɡɤɟ z ɜɨɥɧɨɜɨɞɚ 
ɩɨɥɭɱɚɟɦ ɱɟɪɟɡ ɢɧɬɟɝɪɚɥ Ɏɭɪɶɟ: 

ሻݐвыхሺܧ  = ׬ ∞−∞.�଴ሺ�ሻ݁௝ሺ�௧−ఉሺ�ሻ�ሻ݀ܧ                                  (3) 
 

ȼ ɫɥɭɱɚɟ ɩɪɨɯɨɠɞɟɧɢɹ ɪɚɞɢɨɢɦɩɭɥɶɫɚ (1) ɱɟɪɟɡ ɭɱɚɫɬɨɤ ɜɨɥɧɨɜɨɞɚ 
ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɫ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɨɣ ω0 ɢ ɨɝɢɛɚɸɳɟɣ A(t) ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ: 

ሻݐሺܧ  = �ሺݐሻ݁௝�బ௧ .                                                 (4) 
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Ɍɨɝɞɚ ɫɩɟɤɬɪ ɞɚɧɧɨɝɨ ɫɢɝɧɚɥɚ: 
଴ሺ�ሻܧ  = ଵଶ� ׬ �ሺݐሻ݁௝ሺ�బ−�ሻ௧݀ݐ = ݃ሺ�଴ − �ሻ,∞−∞                          (5) 

ɝɞɟ ݃ሺ�ሻ = ͳʹ� ∫ �ሺݐሻ݁−௝�௧݀ݐ.∞
−∞  

 

ɫɩɟɤɬɪ ɨɝɢɛɚɸɳɟɣ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 
Ɍɨɝɞɚ ɫɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ ɨɬɪɟɡɤɚ ɜɨɥɧɨɜɨɞɚ (γ) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

ሻݐвыхሺܧ  = ׬ ݃ሺ�଴ − �ሻ݁௝ሺ�௧−ఉሺ�ሻ�ሻ݀�,∞−∞                               (6) 
 

ɢɥɢ ɜ ɜɢɞɟ ɦɝɧɨɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ: 
ሻݐвыхሺܧ  = ׬ ݃ሺ�଴ − �ሻ cosሺ�ݐ − ሺ�ሻ�ሻߚ ݀�.∞−∞                         (7) 

 

ȿɫɥɢ ɫɩɟɤɬɪ ɨɝɪɚɧɢɱɟɧ ɜɟɥɢɱɢɧɨɣ 2Δω, ɬɨ ɛɟɫɤɨɧɟɱɧɵɟ ɩɪɟɞɟɥɵ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɡɚɦɟɧɹɸɬɫɹ ɤɨɧɟɱɧɵɦɢ ɨɬ ω0 – Δω ɞɨ ω0 + Δω. 

Ⱦɥɹ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɢɦɩɭɥɶɫɚ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ Ĳ, ɫ ɨɝɢɛɚɸɳɟɣ (ɪɢɫ. 1.): 
 �ሺݐሻ = { и˓˒ �ܧ − �/ʹ ൑ ݐ ൑ �/ʹ,Ͳ ˒˓и ݐ < −�/ʹ и ݐ > �/ʹ. 

 

ɋɩɟɤɬɪ (5) ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
 ݃ሺ�଴ − �ሻ = ଵଶ� ׬ ݐ௝ሺ�బ−�ሻ௧݀݁�ܧ = ���ଶ� ୱ୧nሺሺ�బ−�ሻ�/ଶሻሺ�బ−�ሻ�/ଶ .�/ଶ−�/ଶ               (8) 

 

ɋɩɟɤɬɪ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɢɦɩɭɥɶɫɚ, ɨɩɪɟɞɟɥɹɟɦɵɣ (8), ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 2. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ ɨɫɧɨɜɧɚɹ ɷɧɟɪɝɢɹ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɜ ɛɥɢɠɚɣɲɢɯ ɤ ω0 

ɨɫɰɢɥɥɹɰɢɹɯ. ɉɨɷɬɨɦɭ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɜɵɪɚɠɟɧɢɟ (6) ɫ ɭɱɟɬɨɦ (8), ɩɪɢɱɟɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ ɱɚɫɬɨɬɟ ɩɪɨɢɡɜɨɞɢɬɶ ɜ 
ɤɨɧɟɱɧɵɯ ɩɪɟɞɟɥɚɯ ДγЖ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɇɢɯɚɣɥɨɜ, Ɇ. ɂ. ȼɥɢɹɧɢɟ ɜɧɟɲɧɢɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɧɚ ɰɟɩɢ 
ɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ ɢ ɡɚɳɢɬɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ / Ɇ. ɂ. Ɇɢɯɚɣɥɨɜ. – Ɇ.: ɋɜɹɡɶɢɡɞɚɬ, 
1959. – 586 ɫ. 

2. Ȼɚɫɤɚɤɨɜ, ɋ. ɂ. Ɋɚɞɢɨɬɟɯɧɢɱɟɫɤɢɟ ɰɟɩɢ ɢ ɫɢɝɧɚɥɵ / ɋ. ɂ. Ȼɚɫɤɚɤɨɜ. – 

Ɇ.: ȼɵɫɲɚɹ ɲɤɨɥɚ, β000. – 46β ɫ. 
3. ȼɚɫɢɥɸɤ, Ɍ. ɋ. Ʉɨɦɩɶɸɬɟɪɧɚɹ ɥɚɛɨɪɚɬɨɪɧɚɹ ɪɚɛɨɬɚ «ɂɫɫɥɟɞɨɜɚɧɢɟ 

ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɹɜɥɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɩɟɪɟɞɚɱɟ ɫɢɝɧɚɥɨɜ ɩɨ ɩɪɹɦɨɭɝɨɥɶɧɨɦɭ 
ɜɨɥɧɨɜɨɞɭ» / Ɍ. ɋ. ȼɚɫɢɥɸɤ, ɘ. ɂ. Ƚɪɢɲɚɥɟɜɢɱ, Ⱥ. Ȼ. ɉɪɨɲɢɧ // Ɍɟɯɧɨɥɨɝɢɢ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɛɳɟɫɬɜɚ. – 2013. – № 11. 
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ANALYSIS OF ELECTRIFICATED RAILWAY TRANSPORT INTERFERENCE 

 

Abstract. The article considers the spectral composition of DC and AC contact network voltage, 

and also presents the results of measuring  electromagnetic interference at traction substations. 
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ɗɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɵɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɬɪɚɧɫɩɨɪɬ ɹɜɥɹɟɬɫɹ ɦɨɳɧɵɦ 
ɢɫɬɨɱɧɢɤɨɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɦɟɯ. Ɉɧ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɫɦɟɠɧɵɟ 
ɫɨɨɪɭɠɟɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɤɢ, ɫɜɹɡɢ, ɞɢɚɝɧɨɫɬɢɤɢ ɢ 
ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɢɬ ɲɢɪɨɤɨɟ ɜɧɟɞɪɟɧɢɟ ɰɢɮɪɨɜɵɯ 
ɭɫɬɪɨɣɫɬɜ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɞɧɢɦɚɟɬ 
ɩɪɨɛɥɟɦɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ.  

Ɍɹɝɨɜɚɹ ɫɟɬɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɫɦɟɠɧɵɟ ɥɢɧɢɢ ɬɨɥɶɤɨ 
ɡɚ ɫɱɟɬ ɩɭɥɶɫɚɰɢɣ, ɜɵɡɜɚɧɧɵɯ ɪɚɛɨɬɨɣ ɜɵɩɪɹɦɢɬɟɥɹ. ɇɚ ɪɢɫ. 1, ɚ ɩɪɟɞɫɬɚɜɥɟɧ 
ɫɩɟɤɬɪ ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɨɧɬɚɤɬɧɨɣ ɫɟɬɢ ɩɪɢ ɲɟɫɬɢɩɭɥɶɫɨɜɨɣ ɫɯɟɦɟ ɜɵɩɪɹɦɥɟɧɢɹ. 
ɋɨɝɥɚɫɧɨ ɬɟɨɪɟɦɟ Ɏɭɪɶɟ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɛɨɪɨɦ 
ɝɚɪɦɨɧɢɤ, ɭ ɤɨɬɨɪɨɝɨ ɨɫɧɨɜɧɚɹ ɱɚɫɬɨɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɟɪɢɨɞɨɦ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɚɩɪɹɠɟɧɢɟ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɢ ɝɚɪɦɨɧɢɤɢ ɫ 
ɱɚɫɬɨɬɚɦɢ, ɤɪɚɬɧɵɦɢ γ00 Ƚɰ. ɉɨɫɤɨɥɶɤɭ ɩɢɬɚɧɢɟ ɜɵɩɪɹɦɢɬɟɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬ 
ɫɟɬɢ ɫ ɱɚɫɬɨɬɨɣ 50 Ƚɰ, ɟɟ ɩɪɢɧɢɦɚɸɬ ɡɚ ɛɚɡɨɜɭɸ ɱɚɫɬɨɬɭ ɢ ɝɨɜɨɪɹɬ ɨ ɱɚɫɬɨɬɟ γ00 Ƚɰ 
ɤɚɤ ɨ ɲɟɫɬɨɣ ɝɚɪɦɨɧɢɤɟ. ȼ ɝɚɪɦɨɧɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɝɚɪɦɨɧɢɤɢ ɫ ɧɨɦɟɪɚɦɢ 6, 1β, 18 ɢ ɬ. ɞ. 

 
Ɋɢɫɭɧɨɤ 1 – ɋɩɟɤɬɪɚɥɶɧɵɣ ɫɨɫɬɚɜ ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɨɧɬɚɤɬɧɨɣ ɫɟɬɢ ɩɨɫɬɨɹɧɧɨɝɨ 

(ɚ) ɢ ɩɟɪɟɦɟɧɧɨɝɨ (ɛ) ɬɨɤɚ 

 

Ɍɹɝɨɜɚɹ ɫɟɬɶ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 1  25 ɤȼ ɨɤɚɡɵɜɚɟɬ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ 
ɧɚ ɥɢɧɢɢ, ɩɪɨɤɥɚɞɵɜɚɟɦɵɟ ɜɛɥɢɡɢ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ, ɩɨɫɤɨɥɶɤɭ ɹɜɥɹɟɬɫɹ 
ɩɨɥɧɨɫɬɶɸ ɧɟɫɢɦɦɟɬɪɢɱɧɨɣ ɰɟɩɶɸ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɨɤɚɦɢ ɜ ɫɨɬɧɢ ɚɦɩɟɪ. 
ɉɪɢ ɷɬɨɦ ɜ ɫɩɟɤɬɪɟ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɨɣ ɹɜɥɹɟɬɫɹ ɝɚɪɦɨɧɢɤɚ ɫ ɱɚɫɬɨɬɨɣ 50 Ƚɰ, 
ɚ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɧɟɱɟɬɧɵɟ ɝɚɪɦɨɧɢɤɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɡɚ ɫɱɟɬ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɧɭɫɨɢɞɵ ɬɹɝɨɜɵɦɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ (ɪɢɫ. 1, ɛ).   
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɩɨ ɡɚɦɟɧɟ ɧɚ ɬɹɝɨɜɨɦ  
ɩɨɞɜɢɠɧɨɦ ɫɨɫɬɚɜɟ ɤɨɥɥɟɤɬɨɪɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɧɚ ɚɫɢɧɯɪɨɧɧɵɣ ɩɪɢ 
ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɢ ɤɚɤ ɧɚ ɩɨɫɬɨɹɧɧɨɦ, ɬɚɤ ɢ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ. ɉɨɫɤɨɥɶɤɭ ɬɹɝɚ 
ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɬɨɤɚ, ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɚɫɢɧɯɪɨɧɧɵɦ 
ɞɜɢɝɚɬɟɥɟɦ, ɝɚɪɦɨɧɢɤɢ ɫɟɬɟɜɨɝɨ ɬɨɤɚ ɷɥɟɤɬɪɨɜɨɡɚ ɜɨɡɧɢɤɚɸɬ ɜ ɨɱɟɧɶ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ. ɉɪɨɛɥɟɦɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ ɫ ɞɪɭɝɢɦɢ ɰɟɩɹɦɢ ɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɩɪɟɞɴɹɜɥɟɧɢɹ ɠɟɫɬɤɢɯ 
ɬɪɟɛɨɜɚɧɢɣ ɤ ɭɪɨɜɧɸ ɩɨɦɟɯ, ɞɨɩɭɫɬɢɦɨɦɭ ɩɪɢ ɪɚɛɨɬɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ Д1Ж. 

ɋɩɟɤɬɪɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 1, ɩɪɢɜɟɞɟɧɵ ɞɥɹ ɪɟɠɢɦɚ ɯɨɥɨɫɬɨɝɨ 
ɯɨɞɚ ɜ ɤɨɧɬɚɤɬɧɨɣ ɫɟɬɢ. ɉɪɢ ɩɨɹɜɥɟɧɢɢ ɧɚɝɪɭɡɤɢ ɧɚɱɢɧɚɸɬ ɢɝɪɚɬɶ ɪɨɥɶ 
ɩɪɨɰɟɫɫɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɧɚɥɢɱɢɟɦ ɜ ɰɟɩɢ ɰɟɥɨɝɨ ɪɹɞɚ ɢɧɞɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɢɯ ɪɟɡɤɢɦ ɢɡɦɟɧɟɧɢɹɦ ɬɨɤɚ. ɏɚɪɚɤɬɟɪ ɧɚɝɪɭɡɤɢ ɨɤɚɡɵɜɚɟɬ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɩɟɤɬɪɚɥɶɧɵɣ ɫɨɫɬɚɜ ɧɚɩɪɹɠɟɧɢɹ, ɜ ɰɟɥɨɦ ɭɜɟɥɢɱɢɜɚɹ 
ɭɪɨɜɟɧɶ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɦɟɯ ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɬɹɝɨɜɵɯ ɩɨɞɫɬɚɧɰɢɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ДβЖ. 

ɇɚ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (Ɍɉ) ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ ɢɡɦɟɪɹɥɚɫɶ ɜ ɞɟɫɹɬɢ ɬɨɱɤɚɯ ɭ ɪɚɡɥɢɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɭ ɜɜɨɞɚ 
Ʌɗɉ, ɩɨɞ ɮɢɞɟɪɚɦɢ ɤɨɧɬɚɤɬɧɨɣ ɫɟɬɢ, ɜɛɥɢɡɢ ɰɟɩɢ ɨɬɫɨɫɚ, ɭ ɪɟɚɤɬɨɪɚ ɢ 
ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧ ɫɩɟɤɬɪ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɜɯɨɞɟ ɪɟɚɤɬɨɪɚ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ.  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɬɚɤɠɟ ɤɚɤ ɢ ɧɚ ɪɢɫ. 1, ɚ, ɩɪɟɨɛɥɚɞɚɸɬ ɝɚɪɦɨɧɢɤɢ ɧɚ 
ɱɚɫɬɨɬɚɯ, ɤɪɚɬɧɵɯ γ00 Ƚɰ, ɩɨɫɤɨɥɶɤɭ ɧɚ ɞɚɧɧɨɣ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɞɥɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɜ ɩɨɫɬɨɹɧɧɵɣ ɩɪɢɦɟɧɹɟɬɫɹ 
ɲɟɫɬɢɩɭɥɶɫɨɜɵɣ ɜɵɩɪɹɦɢɬɟɥɶ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɪɢɫ. 1, ɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ 
ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ. ɇɚɥɢɱɢɟ ɧɟɱɟɬɧɵɯ ɝɚɪɦɨɧɢɤ ɨɛɴɹɫɧɹɟɬɫɹ 
ɜɥɢɹɧɢɟɦ ɬɨɤɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɨ ɨɛɨɪɭɞɨɜɚɧɢɸ Ɍɉ ɨɬ Ʌɗɉ ɞɨ ɜɵɩɪɹɦɢɬɟɥɹ, 
ɧɟɱɟɬɧɵɯ – ɢɫɤɚɠɟɧɢɹɦɢ ɮɨɪɦɵ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ.   

ɇɚ ɪɢɫ. γ ɩɪɢɜɟɞɟɧɵ ɫɩɟɤɬɪɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 

ɋɩɟɤɬɪɚɥɶɧɵɣ ɫɨɫɬɚɜ ɩɨɦɟɯɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɬɨɱɤɢ ɢɡɦɟɪɟɧɢɹ. ɇɚɢɛɨɥɶɲɟɣ ɚɦɩɥɢɬɭɞɵ 
ɞɨɫɬɢɝɚɸɬ ɧɟɱɟɬɧɵɟ ɝɚɪɦɨɧɢɤɢ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɧɚɥɶɧɨɝɨ ɞɢɚɩɚɡɨɧɚ. Ɉɞɧɚɤɨ 
ɜɛɥɢɡɢ ɨɬɫɨɫɚ ɢ ɤɨɧɬɚɤɬɧɨɣ ɫɟɬɢ ɫɢɝɧɚɥ ɩɨɦɟɯɢ ɫɨɞɟɪɠɢɬ ɬɚɤɠɟ ɢ ɱɟɬɧɵɟ 
ɝɚɪɦɨɧɢɤɢ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɥɢɹɧɢɟɦ ɜɵɩɪɹɦɢɬɟɥɟɣ ɷɥɟɤɬɪɨɜɨɡɨɜ. 
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Ɋɢɫɭɧɨɤ 2 – ɋɩɟɤɬɪɚɥɶɧɵɣ ɫɨɫɬɚɜ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɜɯɨɞɟ 

ɪɟɚɤɬɨɪɚ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

 

 
Ɋɢɫɭɧɨɤ γ – ɋɩɟɤɬɪɚɥɶɧɵɣ ɫɨɫɬɚɜ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ ɬɹɝɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ  
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɦɟɯɢ ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢɦɟɸɬ ɫɥɨɠɧɵɣ ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɜɥɢɹɧɢɟɦ ɬɨɤɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ Ʌɗɉ, ɜɵɩɪɹɦɢɬɟɥɶɧɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɢ ɢ ɬ.ɞ. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɨɦɟɯɢ ɢɦɟɟɬ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɚɦɩɥɢɬɭɞɭ ɧɚ ɱɚɫɬɨɬɟ 50 Ƚɰ – ɞɥɹ ɷɥɟɤɬɪɨɬɹɝɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 
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ɢ γ00 Ƚɰ  – ɞɥɹ ɷɥɟɤɬɪɨɬɹɝɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ɩɪɢ ɲɟɫɬɢɩɭɥɶɫɨɜɨɣ ɫɯɟɦɟ 
ɜɵɩɪɹɦɥɟɧɢɹ). Ʉɪɨɦɟ ɬɨɝɨ, ɢɦɟɸɬɫɹ ɞɢɚɩɚɡɨɧɵ ɱɚɫɬɨɬ (ɧɚɩɪɢɦɟɪ, ɨɬ 100 ɞɨ 
150 Ƚɰ, ɨɬ 450 ɞɨ 500 Ƚɰ ɢ ɬ.ɞ.), ɝɞɟ ɩɨɦɟɯɢ ɢɦɟɸɬ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɱɬɨ 
ɞɟɥɚɟɬ ɷɬɢ ɞɢɚɩɚɡɨɧɵ ɧɚɢɛɨɥɟɟ ɩɨɦɟɯɨɡɚɳɢɳɟɧɧɵɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɜɧɟɞɪɟɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ 
ɬɪɚɧɫɩɨɪɬɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɫɬɚɧɨɜɤɢ, ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɭɸ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɷɬɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɵɦ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ȽɈɋɌ γγ4γ6.γ-1-2015 (IEC 62236-3-1:β008). ɋɨɜɦɟɫɬɢɦɨɫɬɶ 
ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ. ɋɢɫɬɟɦɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ɑɚɫɬɶ 3-1. ɀɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɩɨɞɜɢɠɧɨɣ 
ɫɨɫɬɚɜ. Ɍɪɟɛɨɜɚɧɢɹ ɢ ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ. – Ɇ.: ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, β016. – β6 ɫ. 

2. ɋɥɟɩɬɟɪɟɜɚ, ɇ. Ʉ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɩɨɦɟɯ ɧɚ ɬɹɝɨɜɵɯ ɩɨɞɫɬɚɧɰɢɹɯ / Ⱥ. Ɉ. ɋɵɪɟɰɤɚɹ, ɇ. Ʉ. ɋɥɟɩɬɟɪɟɜɚ, Ʉ. ɋ. Ɂɭɛ // 
ɂɡɜɟɫɬɢɹ Ɍɪɚɧɫɫɢɛɚ – 2013. – № 1 (1γ). – ɋ. 64 – 69. 
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Аɧɧɨɬаɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɛɟɫɩɢɥɨɬɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ 
ɚɩɩɚɪɚɬɨɜ ɧɚ ɭɹɡɜɢɦɨɫɬɶ ɤ ɜɧɟɲɧɢɦ ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɭɩɪɚɜɥɟɧɢɹ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɩɟɪɟɱɟɧɶ ɫɢɫɬɟɦ ɩɨɞɜɟɪɠɟɧɧɵɯ ɜɧɟɲɧɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, 
ɨɩɪɟɞɟɥɟɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɚɬɚɤ, ɜɵɞɟɥɟɧɵ ɫɢɥɶɧɵɟ ɢ ɫɥɚɛɵɟ ɫɬɨɪɨɧɵ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ.  

 

Клɸɱевые ɫлɨва: ɛɟɫɩɢɥɨɬɧɵɣ ɥɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ, ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, 
ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɟ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɟ, ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ, ɛɟɡɨɩɚɫɧɨɫɬɶ. 

 

Nikolay V. Zinoviev  
Omsk State Technical University (OmSTU), Omsk, Russian Federation 

 

ANALYSIS OF EXPOSURE TO TELECOMMUNICATION SYSTEMS OF 

UNMANNED AIRCRAFT VEHICLES 

 
Abstract. The article presents an analysis of the control system of unmanned aerial vehicles 

on vulnerability to external destabilizing effects of control.As a result of the study, a list of systems 

exposed to external influences was determined, the surface of attacks was determined, and the 

strengths and weaknesses of each of them were highlighted. 

 

Keywords: unmanned aerial vehicle, information security, electronic countermeasures, 

telecommunication system, security. 

 

ȼɜɟɞɟɧɢɟ  
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɛɟɫɩɢɥɨɬɧɵɟ ɥɟɬɚɬɟɥɶɧɵɟ ɚɩɩɚɪɚɬɵ (ȻɉɅȺ) 

ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɡɚɞɚɱ, ɬɚɤɢɯ ɤɚɤ ɪɚɡɜɟɞɤɚ, ɦɨɧɢɬɨɪɢɧɝ, 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ,  ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ, ɪɟɬɪɚɧɫɥɹɰɢɹ ɢ ɜɨɨɪɭɠɟɧɧɵɯ ɚɬɚɤ.  

ȼ β01β ɝɨɞɭ ɜɨɟɧɧɚɹ ɫɢɫɬɟɦɚ ɋɒȺ ɭɜɟɥɢɱɢɥɚ ɫɜɨɢ ɢɧɜɟɫɬɢɰɢɢ ɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨ ȻɉɅȺ ɫ β,γ ɦɥɪɞ. ɞɨɥɥ. ɜ β008 ɝ. ɞɨ  
4,β ɦɥɪɞ. ɞɨɥɥ. Д1Ж. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ Ɋɨɫɫɢɹ ɬɚɤɠɟ ɚɤɬɢɜɧɨ ɜɟɞɟɬ 
ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɥɟɤɫɨɜ ȻɉɅȺ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɨɩɵɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɚɛɨɬ ɜ ɞɚɧɧɨɣ 
ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ. 
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Ɍɚɤɢɟ ɩɪɨɢɫɲɟɫɬɜɢɹ ɤɚɤ ɡɚɯɜɚɬ RQ-170 SОЧЭТЧОХ ȼɨɨɪɭɠёɧɧɵɦɢ ɫɢɥɚɦɢ 
ɂɪɚɧɚ 4 ɞɟɤɚɛɪɹ β011 ДβЖ ɢɥɢ ɧɟɨɞɧɨɤɪɚɬɧɵɟ ɫɬɚɬɶɢ ɨ ɡɚɯɜɚɬɟ ɪɨɫɫɢɣɫɤɨɝɨ ȻɉɅȺ 
Ɉɪɥɚɧ-10 ɜ ɧɟɛɟ ɧɚɞ ɋɢɪɢɟɣ ɢ ɍɤɪɚɢɧɨɣ Дγ,4Ж, ɞɨɤɚɡɵɜɚɸɬ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɡɚɳɢɬɵ 
ȻɅȺ. ȼ ɫɜɹɡɢ ɫ ɩɨɜɫɟɦɟɫɬɧɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ȻɅȺ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɚɧɚɥɢɡɚ ɬɟɯɧɢɱɟɫɤɢɯ ɭɹɡɜɢɦɨɫɬɟɣ ɢ ɫɥɚɛɵɯ ɦɟɫɬ ȻɅȺ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ  
ȼ Ɋɨɫɫɢɢ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɤɚɤɢɯ ɥɢɛɨ ɬɪɟɛɨɜɚɧɢɣ ɢ 

ɫɬɚɧɞɚɪɬɨɜ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɯ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɞɥɹ 
ɫɢɧɬɟɡɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɢɫɬɟɦɭ ɫɬɚɧɞɚɪɬɨɜ 
ɇȺɌɈ. ɋɯɟɦɚ ȻɉɅȺ ɜ ɫɬɪɚɧɚɯ ɇȺɌɈ, ɨɩɪɟɞɟɥɟɧɚ ɜ STANAG 4586 ɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1 [5]. 

 
Ɋɢɫɭɧɨɤ 1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ȻɉɅȺ 

 

ɉɪɢɧɹɬɨ, ɱɬɨ ȻɉɅȺ ɞɨɥɠɟɧ ɫɨɫɬɨɹɬɶ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ: 
ɫɢɫɬɟɦɵ ɩɨɥɟɬɚ ȻɉɅȺ (air vehicle element), ɰɟɥɟɜɨɣ ɧɚɝɪɭɡɤɢ (payload element), 

ɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ (UAV air component) ɞɥɹ ɚɧɚɥɢɡɚ ɜɨɡɦɨɠɧɨɫɬɢ ɜɧɟɲɧɟɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɷɥɟɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɞɪɭɝɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɨɫɪɟɞɫɬɜɨɦ ɛɟɫɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ 
ɫɜɹɡɢ (ɪɚɞɢɨ, ɨɩɬɢɱɟɫɤɨɣ, ɚɤɭɫɬɢɱɟɫɤɨɣ). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ 
ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɰɟɥɟɜɚɹ ɧɚɝɪɭɡɤɚ. Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɫɢɫɬɟɦɭ 
ɭɩɪɚɜɥɟɧɢɹ, ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2. 
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Ɋɢɫɭɧɨɤ β – ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ 

 

STANAG 4586 Д5Ж ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ ɢ 
ɢɦɟɟɬ ɫɥɟɞɭɸɳɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɚɪɯɢɬɟɤɬɭɪɭ: 

– ɞɜɢɝɚɬɟɥɶ, ɫɪɟɞɫɬɜɚ ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɥɟɬɚ (air vehicle/AV); 

– ɤɨɧɬɪɨɥɥɟɪ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ (VSM); 

– ɹɞɪɨ (core USC); 

– ɫɢɫɬɟɦɚ ɡɚɩɭɫɤɚ ɢ ɜɨɡɪɚɳɟɧɢɹ (launch and recovery system); 

– ɫɨɝɥɚɫɭɸɳɢɣ ɛɥɨɤ ɰɟɥɟɜɨɣ ɧɚɝɪɭɡɤɢ (CCISM); 

– ɜɧɟɲɧɢɟ ɩɨɞɤɥɸɱɚɟɦɵɟ ɫɢɫɬɟɦɵ, ɦɨɝɭɬ ɛɵɬɶ ɰɟɥɟɜɨɣ ɧɚɝɪɭɡɤɨɣ (c4I 

system). 

Ʉɨɧɬɪɨɥɥɟɪ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬ ɫɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɬɨɤɨɥɨɜ ɢ 
ɫɢɧɯɪɨɧɢɡɚɰɢɸ ɦɟɠɞɭ ɞɜɢɝɚɬɟɥɟɦ (AV), ɹɞɪɨɦ (core USC), ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɹɟɬ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: 

– ɨɩɬɢɦɢɡɢɪɭɟɬ ɩɚɤɟɬɵ; 
– ɜɟɞɟɬ ɛɚɡɭ ɞɚɧɧɵɯ ɫɨɛɵɬɢɣ; 
– ɫɥɟɞɢɬ ɡɚ ɫɨɫɬɨɹɧɢɟɦ AV; 

– ɦɨɠɟɬ ɭɩɪɚɜɥɹɬɶ ɤɚɧɚɥɨɦ ɡɚɩɭɫɤɚ ɢ ɜɨɡɪɚɳɟɧɢɹ; 
– ɨɫɭɳɟɫɬɜɥɹɟɬ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɫ ɫɟɧɫɨɪɨɜ 

ɞɜɢɝɚɬɟɥɹ ɢ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
– ɩɟɪɟɞɚɟɬ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɥɟɬɚɬɟɥɶɧɨɝɨ 

ɚɩɩɚɪɚɬɚ, ɚ ɬɚɤɠɟ ɩɟɪɟɞɚɟɬ ɤɨɦɚɧɞɵ ɭɩɪɚɜɥɟɧɢɹ ɨɬ ɹɞɪɚ. 
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Ʉɨɧɬɪɨɥɟɪ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ AV ɤɚɤ ɩɪɚɜɢɥɨ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ 
ȻɅȺ ɢ ɹɜɥɹɟɬɫɹ ɧɟɨɛɹɡɚɬɟɥɶɧɵɦ ɩɪɢ ɭɫɥɨɜɢɢ ɱɬɨ ȻɅȺ ɜɵɩɨɥɧɟɧ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɩɪɨɬɨɤɨɥɚ, ɭɤɚɡɚɧɧɨɝɨ ɜ STAσAG 4586 Д5Ж. 

əɞɪɨ UCS ɞɨɥɠɧɨ ɩɪɟɞɨɫɬɚɜɥɹɬɶ ɢɧɬɟɪɮɟɣɫ ɨɩɟɪɚɬɨɪɭ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 
ɭɩɪɚɜɥɹɬɶ ɢ ɨɬɨɛɪɚɠɚɬɶ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ȻɅȺ ɢ ɰɟɥɟɜɨɣ 
ɧɚɝɪɭɡɤɢ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɝɨ ɭɪɨɜɧɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɤɨɧɤɪɟɬɧɨɣ ɫɢɫɬɟɦɟ 
ȻɅȺ, ɹɞɪɨ ɜɵɩɨɥɧɹɟɬ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ Д5Ж: 

– ɩɪɢɟɦ, ɨɛɪɚɛɨɬɤɚ ɢ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɨɬ ɤɨɧɬɪɨɥɥɟɪɚ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ AV, 

ɨɩɟɪɚɬɨɪɭ ɢ ɨɛɪɚɬɧɨ; 
– ɜɵɩɨɥɧɟɧɢɟ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ ɡɚɞɚɱ; 
– ɧɚɛɥɸɞɟɧɢɟ ɢ ɤɨɧɬɪɨɥɶ ɡɚ ɅȺ, ɰɟɥɟɜɨɣ ɧɚɝɪɭɡɤɨɣ; 
– ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɨɩɟɪɚɬɨɪɭ ɧɟɨɛɯɨɞɢɦɨɝɨ  ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɩɨɫɬɚɧɨɜɤɢ, 

ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ; 
– ɝɨɬɨɜɧɨɫɬɶ ɩɪɢɧɹɬɶ ɧɚ ɫɟɛɹ ɮɭɧɤɰɢɢ ɤɨɧɬɪɨɥɥɟɪɚ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ. 
ȼɧɟɲɧɢɟ ɩɨɞɤɥɸɱɚɟɦɵɟ ɫɢɫɬɟɦɵ М4I – ɷɬɨ ɢ ɟɫɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɰɟɥɟɜɚɹ 

ɧɚɝɪɭɡɤɚ, ɢɥɢ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤɢɟ-ɥɢɛɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ȻɅȺ. 

ɋɨɝɥɚɫɧɨ Д6Ж ɫɨɜɪɟɦɟɧɧɵɟ ȻɅȺ ɞɨɥɠɧɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɞɨɥɠɚɬɶ 
ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɢɹ ɞɚɠɟ ɜ ɫɥɭɱɚɟ ɩɨɬɟɪɢ ɫɜɹɡɢ ɫ ɧɚɡɟɦɧɵɦ ɰɟɧɬɪɨɦ, ɞɥɹ ɱɟɝɨ 
ɬɪɟɛɭɟɬɫɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ, ɫɩɨɫɨɛɧɚɹ ɩɪɟɞɨɫɬɚɜɥɹɬɶ ɞɥɹ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ ɫɜɟɞɟɧɢɹ ɨ ɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɩɨɥɨɠɟɧɢɢ. ɉɪɨɜɟɞɟɧɧɵɣ 
ɚɧɚɥɢɡ Д5Ж ɢ ɬɪɟɛɨɜɚɧɢɹ, ɜɵɫɬɚɜɥɹɟɦɵɟ ɜ Д6Ж, ɩɨɡɜɨɥɹɸɬ ɫɢɧɬɟɡɢɪɨɜɚɬɶ 
ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɫɯɟɦɭ ɨɪɝɚɧɢɡɚɰɢɢ ɫɜɹɡɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫ. 3. 

 
Ɋɢɫɭɧɨɤ γ – ɋɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɫɜɹɡɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ 
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Ⱥɧɚɥɢɡ ɭɝɪɨɡ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ 

ɉɪɨɜɟɞɹ ɚɧɚɥɢɡ ɫɯɟɦɵ ɨɪɝɚɧɢɡɚɰɢɢ ɫɜɹɡɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ, ɦɨɠɧɨ 
ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɥɢɱɢɹ ɬɪɟɯ ɜɟɤɬɨɪɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɢɫɬɟɦɭ: 

– ɰɟɧɬ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɟɬɨɦ ȻɉɅȺ; 
– ȻɉɅȺ; 
– ɪɚɞɢɨɤɚɧɚɥ ȻɉɅȺ. 
ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɰɟɧɬɪ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɟɬɨɦ ɦɨɠɧɨ ɜɟɫɬɢ ɫ ɞɜɭɯ ɫɬɨɪɨɧ. 
ɉɟɪɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫɨ ɫɬɨɪɨɧɵ ɜɧɟɲɧɢɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɩɭɬɟɦ 

ɨɛɯɨɞɚ ɡɚɳɢɬɵ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɞɟɣɫɬɜɢɣ ɜɪɟɞɨɧɨɫɧɨɝɨ ɜɥɢɹɧɢɹ (ɜɧɟɞɪɟɧɢɟ 
ɩɪɨɝɪɚɦɦɧɵɯ ɡɚɤɥɚɞɨɤ, ɩɟɪɟɧɚɩɪɚɜɥɟɧɢɟ ɬɪɚɮɢɤɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɨɞɦɟɧɨɣ 
ɩɚɤɟɬɨɜ ɢ ɤɨɦɚɧɞ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɯ ɜɨɡɞɟɣɫɬɜɢɣ). 

ȼɬɨɪɵɦ ɜɟɤɬɨɪɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɰɟɧɬɪ ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ, ɹɜɥɹɟɬɫɹ 
ɧɚɜɹɡɵɜɚɧɢɟ ɨɩɟɪɚɬɨɪɭ ɥɨɠɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɤɚɫɚɬɟɥɶɧɨ ɫɨɫɬɨɹɧɢɹ ȻɅȺ ɢ ɟɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɱɟɪɟɡ ɚɩɩɚɪɚɬɭɪɭ ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ ɤɨɦɚɧɞ ɢ 
ɨɬɩɪɚɜɤɢ ɬɟɥɟɦɟɬɪɢɢ ɢɥɢ ɩɪɢɟɦɚ ɞɚɧɧɵɯ ɨɬ ɰɟɥɟɜɨɣ ɧɚɝɪɭɡɤɢ, ɩɭɬɟɦ ɩɨɞɦɟɧɵ 
ɬɪɚɮɢɤɚ, ɩɪɢɯɨɞɹɳɟɝɨ ɧɚ ɜɯɨɞɧɨɣ ɬɪɚɤɬ ɩɪɢɟɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɰɟɧɬɪɚ ɭɩɪɚɜɥɟɧɢɹ: 
ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ ȻɅȺ (ɫɤɨɪɨɫɬɢ, ɭɝɥɚ ɚɬɚɤɢ, ɜɵɫɨɬɵ ɢ ɫɨɫɬɨɹɧɢɹ ɞɪɭɝɢɯ 
ɞɚɬɱɢɤɨɜ), ɩɟɪɟɞɚɱɚ ɥɨɠɧɵɯ ɞɚɧɧɵɯ ɫ ɰɟɥɶɸ ɩɪɨɜɨɤɚɰɢɢ ɨɩɟɪɚɬɨɪɚ ɧɚ ɞɟɣɫɬɜɢɹ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɚɬɚɤɭɸɳɟɦɭ, ɢ ɞɪɭɝɢɟ ɜɨɡɞɟɣɫɬɜɢɹ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ȻɅȺ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɫ ɬɪɟɯ ɧɚɩɪɚɜɥɟɧɢɣ: 
ɉɟɪɟɯɜɚɬ ɭɩɪɚɜɥɟɧɢɹ ɩɭɬɟɦ ɧɚɜɹɡɵɜɚɧɢɹ ɩɪɢɟɦɧɢɤɭ ɥɨɠɧɨɝɨ (ɡɚɜɵɲɟɧɧɨɝɨ) 

ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɧɚ ɜɯɨɞɟ ɩɪɢɟɦɧɨɝɨ ɬɪɚɤɬɚ, ɬɟɦ ɫɚɦɵɦ ɡɚɫɬɚɜɢɬɶ ɫɢɫɬɟɦɭ 
ɩɪɢɟɦɚ ɫɧɢɡɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɢɫɤɥɸɱɢɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɫɩɪɢɧɢɦɚɬɶ ɤɨɦɚɧɞɵ ɨɩɟɪɚɬɨɪɚ, ɱɬɨ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɯɜɚɬɢɬɶ 
ɭɩɪɚɜɥɟɧɢɟ. 

Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɦɟɬɨɞɢɤɢ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɥɧɵɣ ɡɚɯɜɚɬ 
ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ. 

ɇɟɞɨɫɬɚɬɤɢ: 
– ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɡɧɚɧɢɹ ɩɪɨɬɨɤɨɥɨɜ ɫɜɹɡɢ; 

– ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɩɟɪɚɬɨɪɚ ɧɚɥɢɱɢɟ ɋɄɁɂ ɜ ɤɚɧɚɥɟ ɫɜɟɞɟɬ ɤ 
ɦɢɧɢɦɭɦɭ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɯɜɚɬɚ ɭɩɪɚɜɥɟɧɢɹ; 

– ɧɟɤɨɬɨɪɵɟ ɫɢɫɬɟɦɵ ɫɜɹɡɢ ɦɨɝɭɬ ɛɵɬɶ ɧɟɜɨɫɩɪɢɢɦɱɢɜɵ ɤ ɞɚɧɧɨɦɭ ɜɢɞɭ 
ɚɬɚɤɢ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɰɟɥɟɜɭɸ ɧɚɝɪɭɡɤɭ  
Ⱦɚɧɧɵɣ ɜɢɞ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɡɦɨɠɟɧ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɨɬɤɚɡ ɢɥɢ 

ɧɟɩɪɚɜɢɥɶɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɰɟɥɟɜɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟɦɟɞɥɟɧɧɨɦɭ 
ɢɡɦɟɧɟɧɢɸ ɢɥɢ ɩɪɟɤɪɚɳɟɧɢɸ ɩɨɥɟɬɧɨɝɨ ɡɚɞɚɧɢɹ. ɗɮɮɟɤɬɢɜɧɵɦ ɦɨɠɟɬ ɫɬɚɬɶ 
ɜɨɡɞɟɣɫɬɜɢɟ ɱɟɪɟɡ ɪɚɞɢɨɤɚɧɚɥɵ ɧɚ ɰɟɥɟɜɭɸ ɧɚɝɪɭɡɤɭ. Ɉɫɨɛɟɧɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ 
ɜɨɡɞɟɣɫɬɜɢɹ ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɤɪɟɬɧɨɝɨ ɬɢɩɚ ɰɟɥɟɜɨɣ ɧɚɝɪɭɡɤɢ. 
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ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɫɢɫɬɟɦɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ȻɅȺ 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɫɢɫɬɟɦɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ȻɅȺ 
ɨɬɤɪɵɜɚɟɬ ɛɨɥɶɲɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɟɣɫɬɜɢɣ ɧɚ 
ɜɧɟɲɧɢɟ ɞɚɬɱɢɤɢ ȻɅȺ. 

Ⱦɚɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɜ ɦɨɦɟɧɬ ɭɩɪɚɜɥɟɧɢɹ ɫ ɩɨɦɨɳɶɸ 
ɚɜɬɨɩɢɥɨɬɚ ɢɥɢ ɚɤɬɢɜɧɨɝɨ ɪɚɞɢɨɩɨɞɚɜɥɟɧɢɹ ɤɚɧɚɥɨɜ ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ ɢ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɱɚɫɬɢɱɧɨɦɭ ɢɥɢ ɩɨɥɧɨɦɭ ɩɟɪɟɯɜɚɬɭ ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ, ɫɪɵɜɭ ɩɨɥɟɬɧɨɝɨ 
ɡɚɞɚɧɢɹ ɢɥɢ ɩɟɪɟɜɨɞɭ ɫɢɫɬɟɦɵ ɜ ɧɟɨɩɪɟɞɟɥɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟД7Ж. 

Ɍɚɤɠɟ ɜɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɢɫɬɟɦɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɢɡɧɚɱɚɥɶɧɨ ɩɨɞɨɛɧɵɟ ɫɢɫɬɟɦɵ 
ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɞɥɹ ɩɢɥɨɬɢɪɭɟɦɨɣ ɚɜɢɚɰɢɢ ɢ ɜ ɫɚɦɨɣ ɢɞɟɟ ɢɯ ɩɨɫɬɪɨɟɧɢɹ ɧɟ 
ɜɫɬɚɜɚɥ ɬɚɤ ɨɫɬɪɨ ɜɨɩɪɨɫ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɹ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɦɭ ɡɥɨɧɚɦɟɪɟɧɧɨɦɭ 
ɜɨɡɞɟɣɫɬɜɢɸ. ȼ ɫɜɹɡɢ ɫ ɢɡɥɨɠɟɧɧɵɦ, ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɹɜɥɟɧɢɹ ɭɹɡɜɢɦɨɫɬɢ ɝɨɪɚɡɞɨ 
ɜɵɲɟ, ɱɟɦ ɜ ɞɪɭɝɢɯ ɦɟɬɨɞɚɯ ɜɨɡɞɟɣɫɬɜɢɹ. 

ȼɵɜɨɞ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɫɯɟɦɵ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ȻɅȺ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ Д4Ж. ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ 
ɩɨɤɚɡɚɥ ɧɚɥɢɱɢɟ ɤɚɧɚɥɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ. 

Ȼɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ, ɰɟɥɶɸ ɤɨɬɨɪɵɯ 
ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɜɚɬ ɭɩɪɚɜɥɟɧɢɹ ɧɚɞ ȻɅȺ. 

ɂɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɫɯɟɦɵ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɯɟɦ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ 
ɤɨɧɤɪɟɬɧɭɸ ɪɟɚɥɢɡɚɰɢɸ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 
ɩɨɞɜɟɪɠɟɧɧɨɫɬɶ ɥɢɧɢɢ ɫɜɹɡɢ ɤ ɜɧɟɲɧɢɦ ɚɬɚɤɚɦ. 

ȼɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɜɨɡɞɟɣɫɬɜɢɣ ɹɜɥɹɟɬɫɹ ɜɡɚɢɦɨɜɥɢɹɧɢɟ 
ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦɵ ɞɪɭɝ ɧɚ ɞɪɭɝɚ. 

ɉɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɤɨɧɤɪɟɬɧɭɸ ɪɟɚɥɢɡɚɰɢɸ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɧɟɦɚɥɨɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɞɨɫɬɭɩɚ ɤ ɞɨɤɭɦɟɧɬɚɰɢɢ. 
Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɧɚɥɢɱɢɟ ɩɪɨɝɪɚɦɦɧɵɯ ɭɹɡɜɢɦɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɩɪɟɞɨɫɬɚɜɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɪɝɚɧɢɡɚɰɢɢ ɧɟɞɨɤɭɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɚɧɚɥɢɡɚ ɭɝɪɨɡ ɛɟɡɨɩɚɫɧɨɫɬɢ ȻɅȺ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɭɹɡɜɢɦɵɦ ɷɥɟɦɟɧɬɨɦ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ ɹɜɥɹɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɫɢɫɬɟɦɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɛɨɥɶɲɢɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɤɨɦɛɢɧɚɰɢɣ ɪɚɡɥɢɱɧɵɯ ɞɟɣɫɬɜɢɣ ɧɚ ɜɧɟɲɧɢɟ ɞɚɬɱɢɤɢ ȻɅȺ ɢ ɬɟɦ 
ɮɚɤɬɨɦ, ɱɬɨ ɢɡɧɚɱɚɥɶɧɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɧɟ ɜɫɬɚɜɚɥ ɬɚɤ ɨɫɬɪɨ 
ɜɨɩɪɨɫ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɹ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɦɭ ɡɥɨɧɚɦɟɪɟɧɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ. ɇɚ 
ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɞɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɧɚɩɪɚɜɢɬɶ ɧɚ ɨɰɟɧɤɭ ɭɹɡɜɢɦɨɫɬɢ ɫɢɫɬɟɦɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 

ɉɟɪɟɱɟɧɶ ɜɵɹɜɥɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 1. 
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ɉɟɪɟɱɟɧɶ ɜɵɹɜɥɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ 
ȼɟɤɬɨɪ 

ɜɨɡɞɟɣɫɬɜɢɹ 

Ⱦɨɫɬɨɢɧɫɬɜɚ ɇɟɞɨɫɬɚɬɤɢ 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɰɟɧɬɪ 
ɭɩɪɚɜɥɟɧɢɹ 
ȻɉɅȺ ɫɨ 
ɫɬɨɪɨɧɵ 
ɜɧɟɲɧɢɣ ɫɟɬɟɣ 

1. ɉɨɥɧɵɣ ɤɨɧɬɪɨɥɶ ɧɚɞ 
ȻɉɅȺ ɫ ɮɭɧɤɰɢɨɧɚɥɨɦ ɨɩɟɪɚɬɨɪɚ 

2. ȼɟɪɨɹɬɧɨɫɬɧɚɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɞɪɭɝɢɟ ɩɨɞɱɢɧɟɧɧɵɟ ɰɟɧɬɪɭ 
ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɟɬɨɦ ȻɉɅȺ 
ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ 

1. ɋɥɨɠɧɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɚɜɬɨɦɚɬɢɡɚɰɢɹ. 
2. ɇɟɨɛɯɨɞɢɦɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɧɚɧɢɣ 

ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɚ. 
3. ɇɟɨɛɯɨɞɢɦ ɞɨɫɬɭɩ ɤ ɜɧɟɲɧɢɦ ɫɟɬɹɦ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɢɦɟɸɳɢɦ ɫɨɟɞɢɧɟɧɢɟ ɫ 
ɫɟɬɹɦɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ȻɉɅȺ 

4. Ɋɟɡɭɥɶɬɚɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɟ ɨɩɪɟɞɟɥɟɧ, 
ɬ.ɤ. ɧɚ ɧɟɝɨ ɜɥɢɹɟɬ ɦɧɨɝɨ ɜɟɪɨɹɬɧɨɫɬɧɵɯ 
ɮɚɤɬɨɪɨɜ. 

ɇɚɜɹɡɵɜɚɧɢɟ 
ɨɩɟɪɚɬɨɪɭ ȻɅȺ 
ɥɨɠɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ 
ɱɟɪɟɡ 
ɚɩɩɚɪɚɬɭɪɭ 
ɩɪɢɟɦɚ-

ɩɟɪɟɞɚɱɢ 
ɤɨɦɚɧɞ ɢ 
ɨɬɩɪɚɜɤɢ 
ɬɟɥɟɦɟɬɪɢɢ 

1.ɋɪɚɜɧɢɬɟɥɶɧɨ ɧɟɫɥɨɠɧɚɹ 
ɪɟɚɥɢɡɚɰɢɹ. 

β.ȼɨɡɦɨɠɧɨɫɬɶ ɫɩɪɨɜɨɰɢɪɨɜɚɬɶ 
ɨɩɟɪɚɬɨɪɚ ɧɚ ɞɟɣɫɬɜɢɹ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɚɬɚɤɭɸɳɟɦɭ. 

γ.ɋɭɳɟɫɬɜɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ 
ɨɫɭɳɟɫɬɜɢɬɶ ɫɛɨɣ ɩɨɥɟɬɧɨɝɨ 
ɡɚɞɚɧɢɹ. 

1.ɇɟɨɛɯɨɞɢɦɨ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɹɦɨɣ 
ɪɚɞɢɨɜɢɞɢɦɨɫɬɢ ɚɧɬɟɧɧ ɚɩɩɚɪɚɬɭɪɵ ɩɪɢɟɦɚ-

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɰɟɧɬɪɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɟɬɨɜ. 
β.ɇɟɬ ɩɨɥɧɨɝɨ ɤɨɧɬɪɨɥɹ ɧɚɞ ȻɅȺ. 
γ.Ɋɟɚɥɢɡɚɰɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɟɝɨ ɩɨɫɥɟɞɫɬɜɢɹ 

ɫɢɥɶɧɨ ɡɚɜɢɫɹɬ ɨɬ ɨɩɵɬɚ ɨɩɟɪɚɬɨɪɚ. 
4.ɇɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɨɬɨɤɨɥɨɜ 

ɫɜɹɡɢ. 
5. ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɧɚɥɟ ɋɄɁɂ 

(ɢɦɢɬɨɜɫɬɚɜɤɚ ɢɥɢ ɲɢɮɪɨɜɚɧɢɟ), ɜɨɡɞɟɣɫɬɜɢɟ 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɩɪɢɟɦɧɨ-

ɩɟɪɟɞɚɸɳɢɣ 
ɬɪɚɤɬ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ 
ȻɅȺ 

ɉɨɥɧɵɣ ɤɨɧɬɪɨɥɶ ɧɚɞ ȻɉɅȺ ɫ 
ɮɭɧɤɰɢɨɧɚɥɨɦ ɨɩɟɪɚɬɨɪɚ. 

1.ɇɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɨɬɨɤɨɥɨɜ 
ɫɜɹɡɢ. 
β.ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɧɚɥɟ ɋɄɁɂ 
(ɢɦɢɬɨɜɫɬɚɜɤɚ ɢɥɢ ɲɢɮɪɨɜɚɧɢɟ), ɜɨɡɞɟɣɫɬɜɢɟ 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ. 
γ.ɇɟɤɨɬɨɪɵɟ ɫɢɫɬɟɦɵ ɫɜɹɡɢ ɦɨɝɭɬ ɛɵɬɶ 
ɧɟɜɨɫɩɪɢɢɦɱɢɜɵ ɤ ɞɚɧɧɨɦɭ ɜɢɞɭ ɚɬɚɤɢ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɰɟɥɟɜɭɸ 
ɧɚɝɪɭɡɤɭ 

1. Ɇɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɪɵɜɭ 
ɩɨɥɟɬɧɨɝɨ ɡɚɞɚɧɢɹ. 

1.ɇɟ ɦɨɠɟɬ ɢɥɢ ɨɱɟɧɶ ɪɟɞɤɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɡɚɯɜɚɬɭ ɭɩɪɚɜɥɟɧɢɹ ȻɅȺ. 

β.ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɧɚɥɟ ɋɄɁɂ 
(ɢɦɢɬɨɜɫɬɚɜɤɚ ɢɥɢ ɲɢɮɪɨɜɚɧɢɟ), ɜɨɡɞɟɣɫɬɜɢɟ 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɫɢɫɬɟɦɭ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧ
ɧɨɝɨ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚ
ɧɢɹ ȻɅȺ 

1.Ɇɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɱɚɫɬɢɱɧɨɦɭ 
ɢɥɢ ɩɨɥɧɨɦɭ ɡɚɯɜɚɬɭ ɭɩɪɚɜɥɟɧɢɹ. 
β.Ʌɟɝɤɚɹ ɪɟɚɥɢɡɚɰɢɹ. 
γ.ȼɨɡɞɟɣɫɬɜɢɟ ɩɥɨɯɨ ɞɟɬɟɤɬɢɪɭɟɬɫɹ 
ɫɨ ɫɬɨɪɨɧɵ ɨɩɟɪɚɬɨɪɚ. 
4.Ⱦɥɹ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɚ 
ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɡɚɳɢɳɟɧɧɵɯ 
ɢɡɞɟɥɢɣ. 

1.ɬɪɟɛɭɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɪɚɡɜɟɞɤɚ 
ɚɩɩɚɪɚɬɭɪɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 

β.ɇɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɪɚɡɥɢɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɪɚɞɢɨɤɚɧɚɥ 

1.ȼɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 
ɩɨɥɧɨɝɨ ɤɨɧɬɪɨɥɹ ɧɚɞ ȻɅȺ. 

β.ȼɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 
ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɞɟɣɫɬɜɢɟɦ ȻɅȺ ɛɟɡ 
ɜɟɞɨɦɚ ɨɩɟɪɚɬɨɪɚ. 

γ.Ʉɨɧɬɪɨɥɶ ɜɫɟɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɬɟɥɟɦɟɬɪɢɢ ȻɅȺ. 

1.ɋɥɨɠɧɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɚɜɬɨɦɚɬɢɡɚɰɢɹ; 
β.ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɧɚɥɟ ɋɄɁɂ 
(ɢɦɢɬɨɜɫɬɚɜɤɚ ɢɥɢ ɲɢɮɪɨɜɚɧɢɟ), ɜɨɡɞɟɣɫɬɜɢɟ 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ. 
γ.ɇɟɨɛɯɨɞɢɦɵ ɡɧɚɧɢɹ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɨɬɨɤɨɥɨɜ 
ɫɜɹɡɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɫɩɭɬɧɢɤɚ ɋɍȻɅȺ. 
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ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ ɷɤɪɚɧɚɦɢ ɧɚɡɵɜɚɸɬ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɨɫɥɚɛɥɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ, ɫɨɡɞɚɜɚɟɦɵɯ ɤɚɤɢɦɢ-ɥɢɛɨ ɢɫɬɨɱɧɢɤɚɦɢ ɜ 
ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɧɟ ɫɨɞɟɪɠɚɳɟɣ ɷɬɢɯ ɢɫɬɨɱɧɢɤɨɜ Д1Ж. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɷɤɪɚɧɵ ɞɟɥɚɸɬɫɹ ɢɡ ɦɟɬɚɥɥɚ: ɦɟɞɢ, 
ɚɥɸɦɢɧɢɹ, ɫɬɚɥɢ. ȿɫɥɢ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɧɟ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɫɩɟɰɢɚɥɶɧɨ 
ɞɥɹ ɷɤɪɚɧɢɪɨɜɚɧɢɹ, ɧɨ ɩɨɩɭɬɧɨ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɫɜɨɢɯ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɣ ɪɟɲɚɟɬ ɢ 
ɷɬɭ ɡɚɞɚɱɭ, ɬɨ ɝɨɜɨɪɹɬ, ɱɬɨ ɨɧɚ ɪɚɛɨɬɚɟɬ ɤɚɤ ɷɤɪɚɧ. 

Ƚɨɜɨɪɹ ɨɛ ɷɤɪɚɧɚɯ, ɱɚɫɬɨ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɢɯ ɡɚɳɢɬɧɭɸ ɮɭɧɤɰɢɸ, ɬ.ɟ. 
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ɫɩɨɫɨɛɧɨɫɬɶ ɷɤɪɚɧɚ ɫɧɢɠɚɬɶ ɜɥɢɹɧɢɟ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɨɛɴɟɤɬ 
ɫɜɹɡɢ, ɨɞɧɚɤɨ ɥɸɛɨɣ ɷɤɪɚɧ ɦɨɠɟɬ ɨɫɥɚɛɥɹɬɶ ɢ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ, ɟɫɥɢ ɪɟɱɶ ɢɞɟɬ ɨ 
ɛɟɫɩɪɨɜɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ ɫɜɹɡɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɨ ɫɟɦɟɣɫɬɜɟ ɬɟɯɧɨɥɨɝɢɣ IEEE 802.11, 

ɛɨɥɟɟ ɢɡɜɟɫɬɧɵɯ ɤɚɤ ɬɟɯɧɨɥɨɝɢɢ Wi-Fi. 

Ʌɸɛɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɷɤɪɚɧ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɫɢɫɬɟɦɚ ɫ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɨɫɬɨɹɧɧɵɦɢ, ɨɛɥɚɞɚɸɳɚɹ ɪɹɞɨɦ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ. Ʉɨɝɞɚ 
ɱɚɫɬɨɬɚ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɨɞɧɨɣ ɢɡ ɫɨɛɫɬɜɟɧɧɵɯ 
ɱɚɫɬɨɬ ɷɤɪɚɧɚ ɢ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɣ ɟɣ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɪɟɡɤɨ 
ɭɦɟɧɶɲɚɟɬɫɹ. ɉɨɷɬɨɦɭ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɫɢɬɭɚɰɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɟɡɨɧɚɧɫɧɵɯ ɹɜɥɟɧɢɣ ɷɤɪɚɧ ɧɟ ɬɨɥɶɤɨ ɧɟ ɨɫɥɚɛɢɬ, ɚ ɞɚɠɟ ɭɫɢɥɢɬ ɩɨɥɟ ɜ 
ɡɚɳɢɳɚɟɦɨɣ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

ɗɤɪɚɧ-ɤɨɪɨɛɤɚ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɧɚɫɬɪɨɟɧɧɵɦ ɩɨɥɵɦ ɪɟɡɨɧɚɬɨɪɨɦ. Ɉɬɜɟɪɫɬɢɹ 
ɢ ɳɟɥɢ ɜ ɷɤɪɚɧɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɳɟɥɟɜɵɦɢ ɚɧɬɟɧɧɚɦɢ. Ɉɛ ɷɬɨɦ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɧɢɬɶ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɢɝɧɚɥɨɜ 
ɜ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɷɤɪɚɧɵ. ɗɤɪɚɧɵ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵ, ɟɫɥɢ ɪɚɡɦɟɪɵ 
ɨɬɜɟɪɫɬɢɣ ɢ ɳɟɥɟɣ ɦɢɧɢɦɚɥɶɧɵ, ɫɬɟɧɤɢ ɷɤɪɚɧɚ ɡɚɡɟɦɥɟɧɵ ɢ ɢɦɟɸɬ ɞɨɫɬɚɬɨɱɧɭɸ 
ɬɨɥɳɢɧɭ. 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɷɤɪɚɧ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɨɣ, ɞɥɹ ɧɟɝɨ ɫɩɪɚɜɟɞɥɢɜ 
ɩɪɢɧɰɢɩ ɜɡɚɢɦɧɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɣ. Ⱦɚɧɧɨɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɤɪɚɧɚ-

ɤɨɪɨɛɤɢ ɫɨɯɪɚɧɹɟɬɫɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɪɚɫɩɨɥɨɠɟɧ ɥɢ ɜɧɭɬɪɢ 
ɧɟɝɨ ɢɫɬɨɱɧɢɤ ɩɨɥɹ ɢɥɢ ɡɚɳɢɳɚɟɦɚɹ ɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɫɢɝɧɚɥɨɜ ɜ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɹɯ ɩɟɪɢɨɞɢɱɟɫɤɢ 
ɩɪɨɢɫɯɨɞɢɬ ɢɦɟɧɧɨ ɩɨ ɩɪɢɱɢɧɟ ɫɥɭɱɚɣɧɨɝɨ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɛɥɚɫɬɟɣ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ. ɂ ɷɬɨ ɡɚɱɚɫɬɭɸ 
ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɤɚɧɚɥɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɩɟɪɟɞɚɱɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɬɪɚɮɢɤɚ. 

ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɤɚɮɟɞɪɵ «Ɍɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ, ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɟ 
ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ» Ɉɦɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ ɛɵɥɢ 
ɩɪɨɢɡɜɟɞɟɧɵ ɩɪɚɤɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɚɫɫɢɜɧɨɝɨ ɜɥɢɹɧɢɹ ɷɤɪɚɧɨɜ 
ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɫɢɝɧɚɥɨɜ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ IEEE 

80β.11, ɚ ɬɚɤɠɟ ɪɚɫɱёɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɤɪɚɧɢɪɨɜɚɧɢɹ. 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɷɤɪɚɧɢɪɨɜɚɧɢɹ. Ʉɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ: 

ɇ
Эɇ

S
ɇ

 , (1) 

ɝɞɟ Эɇ – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɧɭɬɪɢ ɷɤɪɚɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ 
ɧɚɥɢɱɢɢ ɷɤɪɚɧɚ, Ⱥ/ɦ; 
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 ɇ – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɧɭɬɪɢ ɷɤɪɚɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɛɟɡ 
ɷɤɪɚɧɚ, Ⱥ/ɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ: 

ȿ
Эȿ

S
ȿ

 , (2) 

ɝɞɟ Эȿ – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɧɭɬɪɢ ɷɤɪɚɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɩɪɢ ɧɚɥɢɱɢɢ ɷɤɪɚɧɚ, ȼ/ɦ; 
 ȿ – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɧɭɬɪɢ ɷɤɪɚɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɛɟɡ ɷɤɪɚɧɚ, ȼ/ɦ. 

Ɋɚɡɥɢɱɚɸɬ ɬɪɢ ɪɟɠɢɦɚ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɚɫɬɨɬɵ ɩɨɥɹ: 
- ɷɥɟɤɬɪɨɦɚɝɧɢɬɨɫɬɚɬɢɱɟɫɤɢɣ (ɱɚɫɬɨɬɵ ɞɨ ɤɢɥɨɝɟɪɰɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ); 
- ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ (ɱɚɫɬɨɬɵ ɤɢɥɨɝɟɪɰɨɜɨɝɨ ɢ ɦɟɝɚɝɟɪɰɨɜɨɝɨ ɞɢɚɩɚɡɨɧɨɜ); 
- ɜɨɥɧɨɜɨɣ (ɱɚɫɬɨɬɵ ɝɢɝɚɝɟɪɰɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ), ɜ ɷɬɨɦ ɪɟɠɢɦɟ ɞɥɢɧɚ ɜɨɥɧɵ 

ɫɨɢɡɦɟɪɢɦɚ ɫ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ ɷɤɪɚɧɚ, ɢ ɦɨɠɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɹɜɥɟɧɢɟ 
ɪɟɡɨɧɚɧɫɚ, ɫɜɹɡɚɧɧɨɟ ɫ ɪɟɡɤɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ ɷɤɪɚɧɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɬɟɯɧɨɥɨɝɢɣ IEEE 80β.11, ɢɫɩɨɥɶɡɭɸɳɢɯ ɱɚɫɬɨɬɵ β400 – β48γ,5 ɆȽɰ, ɚ 
ɬɚɤɠɟ 5150 – 5γ50 ɢ 5650 – 57β5 ɆȽɰ, ɢɦɟɟɬ ɫɦɵɫɥ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜɨɥɧɨɜɨɣ ɪɟɠɢɦ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
n ɨS S S  , (3) 

ɝɞɟ nS – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɩɨɝɥɨɳɟɧɢɹ; 
 oS – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɨɬɪɚɠɟɧɢɹ. 

ɋɨɝɥɚɫɧɨ ДβЖ, ɧɚ ɝɢɝɚɝɟɪɰɨɜɵɯ ɱɚɫɬɨɬɚɯ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɬɪɚɠɟɧɢɹ oS , ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫ 
ɝɟɧɟɪɚɰɢɟɣ ɜ ɬɨɧɤɨɦ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɬɨɤɨɜ ɬɨɣ ɠɟ ɱɚɫɬɨɬɵ, ɱɬɨ ɢ 
ɜɨɡɞɟɣɫɬɜɭɸɳɟɟ ɩɨɥɟ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɝɟɧɟɪɚɰɢɟɣ ɩɨɥɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ 
ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ. Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ nS  ɫɜɹɡɚɧɨ ɫɨ ɫɤɢɧ-

ɷɮɮɟɤɬɨɦ – ɩɪɨɬɟɤɚɧɢɟɦ ɬɨɤɨɜ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɵ ɜ ɬɨɧɤɨɦ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ 
ɫɥɨɟ ɩɪɨɜɨɞɧɢɤɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɩɨɝɥɨɳɟɧɢɹ: 

 
1

n
vt Э

S
ch K t




, (4) 

ɝɞɟ vtK – ɤɨɷɮɮɢɰɢɟɧɬ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ; 
 ɗt – ɬɨɥɳɢɧɚ ɷɤɪɚɧɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ: 

vt aK j  , (5) 
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ɝɞɟ  – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, Ɋɚɞɫ; 
 a – ɚɛɫɨɥɸɬɧɚɹ ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ, Ƚɧ/ɦ; 
  – ɭɞɟɥɶɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɷɤɪɚɧɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ, (Ɉɦɦ)-1

. 

ɍɞɟɥɶɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
1


 , (6) 

ɝɞɟ  – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ, Ɉɦɦ. 
Ⱥɛɫɨɥɸɬɧɚɹ ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ: 

0 2a    , (7) 

ɝɞɟ 
7

0 4 10    – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, Ƚɧ/ɦ; 
 2 – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ. 

ɍɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
2 f   , (8) 

ɝɞɟ f – ɱɚɫɬɨɬɚ ɩɟɪɟɞɚɬɱɢɤɚ, Ƚɰ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɨɬɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 Ⱦ Ɇ
ɗ

Ɇ Ⱦ

1

Z1
1

2 Z Z

o

vt

S
Z

th K t


 

      
 

, (9) 

ɝɞɟ ȾZ – ɜɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɢɷɥɟɤɬɪɢɤɚ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, Ɉɦ; 

 ɆZ – ɜɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɬɚɥɥɚ, Ɉɦ. 
ȼɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɢɷɥɟɤɬɪɢɤɚ: 

ɗ
Ⱦ

2

aj D
Z


 , (10) 

ɝɞɟ ɗD – ɞɢɚɦɟɬɪ ɷɤɪɚɧɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɦ. 
ȼɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɬɚɥɥɚ: 

2
Ɇ

j
Z




 . (11) 

Ɏɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɦɧɨɝɨɫɥɨɣɧɵɯ 
ɷɤɪɚɧɨɜ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɞɜɭɯɫɥɨɣɧɨɝɨ ɷɤɪɚɧɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ ДγЖ: 

1 2
12

1 21

S S
S

P P




 
, (12) 

ɝɞɟ 1S – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɩɟɪɜɨɝɨ ɫɥɨɹ ɷɤɪɚɧɚ; 
 2S – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɜɬɨɪɨɝɨ ɫɥɨɹ ɷɤɪɚɧɚ; 
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 1P – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɩɟɪɜɨɝɨ ɫɥɨɹ ɷɤɪɚɧɚ; 
 2P – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɜɬɨɪɨɝɨ ɫɥɨɹ ɷɤɪɚɧɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɞɥɹ ɬɪɟɯɫɥɨɣɧɵɯ ɷɤɪɚɧɨɜ S123, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ ДγЖ: 

    
1 2 3

123 2
1 2 2 3 1 3 21 1

S S S
S

P P P P P P S

 


       
, (13) 

ɝɞɟ 3S – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɬɪɟɬɶɟɝɨ ɫɥɨɹ ɷɤɪɚɧɚ; 
 3P – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɬɪɟɬɶɟɝɨ ɫɥɨɹ ɷɤɪɚɧɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɷɤɪɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

 

Ⱦ Ɇ
ɗ

Ɇ Ⱦ

Ⱦ Ɇ
ɗ

Ɇ Ⱦ

Z1

2 Z Z

Z1
1

2 Z Z

vt

vt

Z
th K t

P
Z

th K t

 
     
 
 

      
 

. (14) 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɢ ɨɬɪɚɠɟɧɢɹ 
ɨɞɧɨɫɥɨɣɧɵɯ ɷɤɪɚɧɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥ. 1. 

ɇɚ ɱɚɫɬɨɬɚɯ β,4 ɢ 5,15 ȽȽɰ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɤɪɚɧɢɪɨɜɚɧɢɹ 
ɩɨɝɥɨɳɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ ɫɬɪɟɦɹɬɫɹ ɤ ɧɭɥɸ, ɩɨɷɬɨɦɭ ɜ ɬɚɛɥ. β ɧɟ 
ɩɪɢɜɨɞɹɬɫɹ. 

Ɍɚɛɥɢɰɚ 1 

ɋɩɪɚɜɨɱɧɵɟ ɜɟɥɢɱɢɧɵ 

Ɇɟɬɚɥɥ 

ɋɩɪɚɜɨɱɧɵɟ ɜɟɥɢɱɢɧɵ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɦɚɝɧɢɬɧɚɹ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶ 

ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 
Ɉɦ ɦ 

Ɇɟɞɶ 0,999996 1,7  

Ⱥɥɸɦɢɧɢɣ 1,000022 2,8  

ɋɜɢɧɟɰ 0,999994 21  

ɋɬɚɥɶ 
(ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɚɹ) 

4000 12  

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɨɬɪɚɠɟɧɢɹ ɞɥɹ 
ɨɞɧɨɫɥɨɣɧɵɯ ɷɤɪɚɧɨɜ ɞɥɹ ɱɚɫɬɨɬ 2,4 ɢ 5,15 ȽȽɰ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

 

 


810
810
810

810
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Ɍɚɛɥɢɰɚ β 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɨɞɧɨɫɥɨɣɧɵɯ ɷɤɪɚɧɨɜ 

Ɇɟɬɚɥɥ 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɨɬɪɚɠɟɧɢɹ 

ɞɥɹ ɱɚɫɬɨɬɵ β,4 ȽȽɰ ɞɥɹ ɱɚɫɬɨɬɵ 5,15 ȽȽɰ 

Ɇɟɞɶ 0,0001488-j0,0001488 0,0001016-j0,0001016 

Ⱥɥɸɦɢɧɢɣ 0,0001910-j0,0001909 0,0001304-j0,0001304 

ɋɜɢɧɟɰ 0,0005231-j0,0005226 0,0003571-j0,0003568 

ɋɬɚɥɶ (ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɚɹ) 0,0000063-j0,0000063 0,0000043-j0,0000043 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɞɜɭɯ- ɢ ɬɪɟɯɫɥɨɣɧɨɝɨ ɷɤɪɚɧɨɜ ɞɥɹ ɱɚɫɬɨɬ β,4 ɢ 
5,15 ȽȽɰ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. γ ɢ 4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɍɚɛɥɢɰɚ γ 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɞɜɭɯ- ɢ ɬɪɟɯɫɥɨɣɧɨɝɨ ɷɤɪɚɧɨɜ ɧɚ ɱɚɫɬɨɬɟ β,4 ȽȽɰ 

Ɇɟɬɚɥɥɵ 

Ʉɨɷɮɮɢɰɢɟɧɬɵ 

Ɋɟɚɤɰɢɢ 
ɩɟɪɜɨɝɨ ɫɥɨɹ 
Ɋ1 

Ɋɟɚɤɰɢɢ 
ɜɬɨɪɨɝɨ ɫɥɨɹ 
Ɋ2 

Ɋɟɚɤɰɢɢ  
ɬɪɟɬɶɟɝɨ 
ɫɥɨɹ Ɋ3 

ɗɤɪɚɧɢɪɨɜɚɧɢɹ 
S 

Ⱦɜɭɯɫɥɨɣɧɵɣ 
ɷɤɪɚɧ ɢɡ ɦɟɞɢ ɢ 
ɚɥɸɦɢɧɢɹ 

0,99985+j0,00015 0,99981+j0,00019 - 
0,0000837-

j0,0000836 

Ɍɪɟɯɫɥɨɣɧɵɣ 
ɷɤɪɚɧ ɢɡ 
ɚɥɸɦɢɧɢɹ 

0,99981+j0,00019 0,99981+j0,00019 
0,99981+ 

j0,00019 

0,0000637-

j0,0000636 

 

Ɍɚɛɥɢɰɚ 4 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɞɜɭɯ- ɢ ɬɪɟɯɫɥɨɣɧɨɝɨ ɷɤɪɚɧɨɜ ɧɚ ɱɚɫɬɨɬɟ 5,15 ȽȽɰ 

Ɇɟɬɚɥɥɵ 

Ʉɨɷɮɮɢɰɢɟɧɬɵ 

Ɋɟɚɤɰɢɢ 
ɩɟɪɜɨɝɨ ɫɥɨɹ 
Ɋ1 

Ɋɟɚɤɰɢɢ 
ɜɬɨɪɨɝɨ ɫɥɨɹ 
Ɋ2 

Ɋɟɚɤɰɢɢ ɬɪɟɬɶ-

ɟɝɨ ɫɥɨɹ Ɋ3 

ɗɤɪɚɧɢɪɨɜɚɧɢ
ɹ S 

Ⱦɜɭɯɫɥɨɣɧɵɣ 
ɷɤɪɚɧ ɢɡ ɦɟɞɢ ɢ 
ɚɥɸɦɢɧɢɹ 

0,9999+j0,0001 0,99987+j0,00013 - 
0,0000571-

j0,0000571 

Ɍɪɟɯɫɥɨɣɧɵɣ 
ɷɤɪɚɧ ɢɡ 
ɚɥɸɦɢɧɢɹ 

0,99987+j0,00013 0,99987+j0,00013 0,99987+j0,00013 
0,0000435-

j0,0000435 
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ɉɪɚɤɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɫ ɬɨɱɤɨɣ ɞɨɫɬɭɩɚ 
TP-Link TL-АR841σD ɢ ɞɜɭɦɹ USB-ɚɞɚɩɬɟɪɚɦɢ D-Link DWA-1β5. Ⱦɚɧɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɬɚɧɞɚɪɬɵ IEEE 80β.11g/Ч ɢ ɪɚɫɫɱɢɬɚɧɨ ɧɚ ɪɚɛɨɬɭ 
ɜ ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬ β400 ɞɨ β48γ,5 ɆȽɰ. ɋɩɟɰɢɮɢɤɚɰɢɢ IEEE 80β.11 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɦɨɞɭɥɹɰɢɢ ɢ ɤɨɞɢɪɨɜɚɧɢɹ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 
ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɦɟɬɨɞ ɩɪɹɦɨɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ DSSS 
(Direct Sequence Spread Spectrum), ɞɜɨɢɱɧɨɟ ɩɚɤɟɬɧɨɟ ɫɜɟɪɬɨɱɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ 
PBCC (Packet Binary Convolutional Coding), ɤɨɞɢɪɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ ɤɨɞɨɜ ɋɋɄ (Complementary Code Keying), ɨɪɬɨɝɨɧɚɥɶɧɨɟ 
ɱɚɫɬɨɬɧɨɟ ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɟ τFDM (Orthogonal Frequency Division 

Multiplexing). 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɷɤɪɚɧɵ ɢɡ 
ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɦɚɬɟɪɢɚɥɨɜ, ɬɨɥɳɢɧɚ ɷɤɪɚɧɨɜ ɫɨɫɬɚɜɢɥɚ 1 ɦɦ, ɞɢɚɦɟɬɪ 
ɷɤɪɚɧɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ – 18 ɦɦ. 

ȼɫɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
WirelessMon. ɂɡɧɚɱɚɥɶɧɨ ɢɡɦɟɪɹɥɫɹ ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ ɧɚ ɨɬɤɪɵɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɛɟɡ ɩɪɟɩɹɬɫɬɜɢɣ, ɞɚɥɟɟ ɩɪɨɜɨɞɢɥɨɫɶ ɷɤɪɚɧɢɪɨɜɚɧɢɟ ɨɞɧɨɝɨ ɢɡ 
ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤɨɜ ɢ ɨɩɹɬɶ ɩɪɨɜɨɞɢɥɨɫɶ ɢɡɦɟɪɟɧɢɟ ɭɪɨɜɧɹ ɫɢɝɧɚɥɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɚɤɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 5. 

Ɍɚɛɥɢɰɚ 5 

Ɂɧɚɱɟɧɢɟ RSSI ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɷɤɪɚɧɨɜ ɧɚ ɪɚɡɧɵɯ ɫɤɨɪɨɫɬɹɯ ɫɨɟɞɢɧɟɧɢɹ 

ɋɤɨɪɨɫɬɶ 
ɩɟɪɟɞɚɱɢ, 

Ɇɛɢɬ/ɫ 

RSSI, ɞȻɦ 

Ȼɟɡ 
ɷɤɪɚɧɚ 

Ɇɟɞɧɵɣ 
ɷɤɪɚɧ 

Ⱥɥɸɦɢɧɢɟɜɵɣ 
ɷɤɪɚɧ 

ɋɜɢɧɰɨɜɵɣ 
ɷɤɪɚɧ 

ɋɬɚɥɶɧɨɣ 
ɷɤɪɚɧ 

Ɇɧɨɝɨɫɥɨɣɧɵɣ 
ɷɤɪɚɧ 

1 -45 -51 -49 -51 -51 -53 

2 -45 -49 -51 -51 -51 -53 

5,5 -45 -51 -51 -51 -51 -51 

6 -45 -53 -53 -53 -54 -54 

9 -45 -54 -56 -54 -56 -56 

11 -45 -53 -53 -53 -53 -55 

12 -45 -58 -59 -59 -58 -60 

18 -45 -59 -60 -60 -59 -62 

24 -45 -60 -61 -60 -61 -61 

36 -45 -61 -63 -63 -63 -63 

48 -45 -63 -65 -63 -63 -64 

54 -45 -66 -65 -65 -65 -66 

 



37 
 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɞɧɨɫɥɨɣɧɵɯ ɷɤɪɚɧɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ 
ɫɢɝɧɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɬɟɪɢɚɥɚ ɷɤɪɚɧɚ, ɜɫɟ ɦɟɬɚɥɥɵ 
ɩɨɤɚɡɚɥɢ ɩɪɢɦɟɪɧɨ ɨɞɧɢ ɢ ɬɟ ɠɟ ɪɟɡɭɥɶɬɚɬɵ. ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɧɚ 
ɱɚɫɬɨɬɚɯ ɪɚɛɨɬɵ IEEE 80β.11 ɷɤɪɚɧɵ ɬɨɥɳɢɧɨɣ 1 ɦɦ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɦɚɬɟɪɢɚɥɚ ɢɦɟɸɬ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɪɚɜɧɵɣ ɧɭɥɸ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɨɬɪɚɠɟɧɢɹ ɛɥɢɡɤɢɣ ɤ ɧɭɥɸ (ɩɨɪɹɞɤɚ 10-4), ɱɬɨ 
ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɟɦɚ ɢɧɮɨɪɦɚɰɢɢ ɷɤɪɚɧɢɪɨɜɚɧɧɵɦ 
ɩɪɢɟɦɧɢɤɨɦ. ɇɚ ɩɪɚɤɬɢɤɟ ɠɟ ɫɜɹɡɶ ɩɨɥɧɨɫɬɶɸ ɧɟ ɩɪɟɤɪɚɳɚɥɚɫɶ ɞɚɠɟ ɩɪɢ 
ɩɪɢɦɟɧɟɧɢɢ ɞɜɭɯ- ɢ ɬɪɟɯɫɥɨɣɧɵɯ ɷɤɪɚɧɨɜ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɬɜɟɪɫɬɢɣ ɜ ɷɤɪɚɧɢɪɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ (ɞɥɹ ɜɜɨɞɚ ɤɚɛɟɥɟɣ). 
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Abstract. This paper focuses on the analysis of mathematical tools and methodological 

approaches to simulation of network traffic in telecommunications networks. Simulation of network traffic 

is actual in modern high load networks and networks with dynamic resource relocation. Traffic in 

telecommunication network was taken modeling process as a set of time series. Current paper presents 

and justifies following approaches to prognosing: statistical ARIMA, ARFIMA, SARIMA and artificial 

neural networks. A possibility of use those models for short- and long-term forecast was described too. 

Authors suggest to use ARIMA and SARIMA models for short-term prognosing, ARFIMA model for long-

term prognosing. Artificial neural networks can be used in both forecast scenarios. 
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ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɪɚɮɢɤɚ ɜ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ. ɗɬɨ 
ɫɜɹɡɚɧɨ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɦɚɤɫɢɦɢɡɚɰɢɢ ɩɪɢɛɵɥɢ ɩɨɫɬɚɜɳɢɤɨɜ ɭɫɥɭɝ ɫɜɹɡɢ, 
ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɫɭɦɦɚɪɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ (ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɩɨɞ 
«ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ» ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɚɧɝɥɨɹɡɵɱɧɵɣ ɬɟɪɦɢɧ bandwidth) 

ɚɛɨɧɟɧɬɫɤɢɯ ɥɢɧɢɣ ɦɨɠɟɬ ɩɪɟɜɨɫɯɨɞɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 
ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɥɢɧɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɪɚɳɢɜɚɧɢɹ ɚɛɨɧɟɧɬɫɤɨɣ 
ɛɚɡɵ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɫɬɚɛɢɥɶɧɵɯ ɤɚɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɭɫɥɭɝ ɫɜɹɡɢ ɛɟɡ 
ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɥɢɧɢɣ ɧɟɨɛɯɨɞɢɦɨ 
ɨɩɟɪɢɪɨɜɚɬɶ ɢɧɫɬɪɭɦɟɧɬɚɦɢ, ɫɩɨɫɨɛɧɵɦɢ ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ 
ɡɚɝɪɭɡɤɢ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ. ȼɨ-ɜɬɨɪɵɯ, ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɨɛɫɥɭɠɢɜɚɧɢɹ (QoS, Quality of 

Service) ɬɪɟɛɭɟɬɫɹ ɬɚɤɠɟ ɪɚɫɩɨɥɚɝɚɬɶ ɫɜɟɞɟɧɢɹɦɢ ɨ ɯɚɪɚɤɬɟɪɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɪɚɮɢɤɚ ɨɬ ɜɪɟɦɟɧɢ, ɩɨɫɤɨɥɶɤɭ ɚ ɪɹɞɟ ɫɥɭɱɚɟɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɟɪɟɞɚɱɢ 
ɜɵɫɨɤɨɩɪɢɨɪɢɬɟɬɧɨɝɨ ɬɪɚɮɢɤɚ ɧɟɨɛɯɨɞɢɦɨ ɠɟɪɬɜɨɜɚɬɶ ɤɚɱɟɫɬɜɨɦ ɭɫɥɭɝ ɫɜɹɡɢ 
ɞɥɹ ɧɢɡɤɨɩɪɢɨɪɢɬɟɬɧɨɝɨД1γЖ. ɉɨɫɤɨɥɶɤɭ ɷɬɢ ɩɪɨɰɟɫɫɵ ɩɪɨɢɫɯɨɞɹɬ ɧɟ 
ɦɝɧɨɜɟɧɧɨ, ɬɨ ɧɚɥɢɱɢɟ ɞɚɠɟ ɤɪɚɬɤɨɫɪɨɱɧɨɝɨ ɩɪɨɝɧɨɡɚ ɩɨɡɜɨɥɹɟɬ ɜɨɜɪɟɦɹ 
ɨɬɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɢɬɭɚɰɢɢ ɢ ɩɟɪɟɤɥɸɱɢɬɶ ɪɟɠɢɦɵ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɍɪɟɬɶɢɦ ɮɚɤɬɨɪɨɦ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɦ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɪɚɮɢɤɚ ɜ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ, ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɢɫɤɚ ɚɧɨɦɚɥɢɣ 
ɫɟɬɟɜɨɝɨ ɬɪɚɮɢɤɚ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɝɭɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ 
ɪɟɚɥɢɡɚɰɢɢ ɭɝɪɨɡ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭ ɨɩɟɪɚɬɨɪɨɜ 
ɫɜɹɡɢ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɭɩɪɟɠɞɟɧɢɟ ɧɟɝɚɬɢɜɧɵɯ 
ɩɨɫɥɟɞɫɬɜɢɣ, ɜɵɡɜɚɧɧɵɯ ɚɬɚɤɚɦɢ ɧɚ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ ɤɥɢɟɧɬɨɜ ɢ ɫɚɦɨɝɨ 
ɨɩɟɪɚɬɨɪɚ. 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɜɵɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɨɝɧɨɡɨɜ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɹ ɩɟɪɢɨɞɚ ɭɩɪɟɠɞɟɧɢɹ: 

1. Ʉɪɚɬɤɨɫɪɨɱɧɵɣ ɩɪɨɝɧɨɡ (ɫɟɤɭɧɞɵ – ɞɟɫɹɬɤɢ ɦɢɧɭɬ). 
2. ɋɪɟɞɧɟɫɪɨɱɧɵɣ ɩɪɨɝɧɨɡ (ɞɟɫɹɬɤɢ ɦɢɧɭɬ – ɱɚɫɵ). 
3. Ⱦɨɥɝɨɫɪɨɱɧɵɣ ɩɪɨɝɧɨɡ (ɞɟɫɹɬɤɢ ɱɚɫɨɜ – ɝɨɞɵ). 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɦɢ ɡɚɞɚɱɚɦɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

ɬɪɚɮɢɤɚ, ɧɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦ ɹɜɥɹɟɬɫɹ ɤɪɚɬɤɨɫɪɨɱɧɵɣ ɩɪɨɝɧɨɡ, ɤɨɬɨɪɵɣ 
ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɞɨɫɬɚɬɨɱɧɭɸ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɫɬɪɨɟɧɧɨɣ ɦɨɞɟɥɢ ɢ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɨɩɟɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ 
ɫɟɬɶɸ. 
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Ɍɪɚɮɢɤ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ ɤɚɤ ɜɪɟɦɟɧɧɨɣ ɪɹɞ 

Ɍɪɚɮɢɤ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ ɜɨɡɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɜɪɟɦɟɧɧɨɣ ɪɹɞ Д1Ж – ɞɚɧɧɵɟ ɹɜɥɹɸɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɣ, 
ɜɵɩɨɥɧɟɧɧɵɯ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ – ɬɨ ɟɫɬɶ ɜ ɜɢɞɟ ɧɚɛɨɪɚ 
ɞɚɧɧɵɯ x(t), ɝɞɟ t – ɜɪɟɦɹ ɢɡɦɟɪɟɧɢɹ, x – ɢɡɦɟɪɹɟɦɚɹ ɜɟɥɢɱɢɧɚ ɨɛɴɟɦɚ ɬɪɚɮɢɤɚ 
(ɞɨɥɹ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɝɦɟɧɬɚ ɌɄɋ). Ɍɚɤɠɟ ɬɪɚɮɢɤ ɜ 
ɫɟɬɹɯ ɫɜɹɡɢ ɤɚɤ ɩɪɚɜɢɥɨ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɫɚɦɨɩɨɞɨɛɢɹ ДβЖ.  

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɨɧ ɞɨɥɠɟɧ 
ɨɛɥɚɞɚɬɶ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ДγЖ: 

1. ȼɪɟɦɟɧɧɨɣ ɪɹɞ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɡɞɟɥɟɧ ɧɚ ɨɞɧɨɪɨɞɧɵɟ ɩɪɨɦɟɠɭɬɤɢ, ɜ 
ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɩɨɞɱɢɧɹɟɬɫɹ ɟɞɢɧɨɦɭ ɡɚɤɨɧɭ. 

2. Ɂɧɚɱɟɧɢɹ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɭɱɟɬɨɦ ɜɫɟɯ 
ɡɧɚɱɢɦɵɯ ɩɪɢɡɧɚɤɨɜ. 

3. ȼɪɟɦɟɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ, ɧɚ ɤɨɬɨɪɵɟ ɞɟɥɢɬɫɹ ɪɹɞ, ɞɨɥɠɧɵ ɫɨɨɬɧɨɫɢɬɶɫɹ ɫ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɨɧ ɨɩɢɫɵɜɚɟɬ. 

4. ȼɪɟɦɟɧɧɨɣ ɪɹɞ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟɩɪɟɪɵɜɧɵɦ. 
ȼɵɩɨɥɧɟɧɢɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɭɫɥɨɜɢɣ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɚɥɢɡɨɜɚɬɶ 

ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɬɪɚɮɢɤ ɜ ɫɟɬɢ, ɢ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɝɧɨɡɚ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɦɟɬɨɞɵ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɟɦɟɣɫɬɜɨ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɦɨɞɟɥɟɣ ARMA (ARIMA, SARIMA, ARFIMA). 

 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ 

ARIMA (Autoregressive Integrated Moving Average, ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ 
ɦɨɞɟɥɶ ɚɜɬɨɪɟɝɪɟɫɫɢɢ – ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ) ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɨɞɧɨɦɟɪɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɨɛɨɛɳɟɧɢɟ ɦɨɞɟɥɢ ARMA (Autoregressive Moving AЯОЫКРО, ɦɨɞɟɥɶ 
ɚɜɬɨɪɟɝɪɟɫɫɢɢ – ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ) ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. 
Ⱦɥɹ ɟɟ ɩɪɢɦɟɧɟɧɢɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɜɪɟɦɟɧɧɨɣ ɪɹɞ ɞɨɥɠɟɧ ɛɵɬɶ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧ ɫɬɨɥɶɤɨ ɪɚɡ, ɱɬɨɛɵ ɟɝɨ ɦɨɠɧɨ ɛɵɥɨ ɩɪɢɧɢɦɚɬɶ 
ɫɬɚɰɢɨɧɚɪɧɵɦ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɞɟɥɢ ARMA, ɩɨɫɥɟ ɱɟɝɨ 
ɪɟɡɭɥɶɬɚɬ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɫɬɨɥɶɤɨ ɠɟ ɪɚɡ, ɫɤɨɥɶɤɨ ɨɧ ɛɵɥ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧ Д4Ж. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɨɞɟɥɶ ARIMA ɡɚɩɢɫɵɜɚɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (1) Д5Ж: 
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,݌ሺ �ܯ�ܴ� ݀,  ሻ,       (1)ݍ
 

ɝɞɟ  p – ɩɚɪɚɦɟɬɪɵ ɚɜɬɨɪɟɝɪɟɫɫɢɢ, 
d – ɩɨɪɹɞɨɤ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 

q – ɩɚɪɚɦɟɬɪɵ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨɸ 
 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɪɹɞɭ ɹɜɧɨ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɫɟɡɨɧɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ, ɬɨ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɝɧɨɡɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ SARIMA 

(SОКЬШЧКХ AЮЭШЫОРЫОЬЬТЯО IЧЭОРЫКЭОН MШЯТЧР AЯОЫКРО, ɫɟɡɨɧɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ 
ɦɨɞɟɥɶ ɚɜɬɨɪɟɝɪɟɫɫɢɢ – ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ), ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɤɨɪɪɟɤɬɧɨ 
ɭɱɢɬɵɜɚɬɶ ɞɚɧɧɵɟ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɫ ɤɨɦɩɨɧɟɧɬɨɦ ɫɟɡɨɧɧɨɫɬɢ (ɪɟɝɭɥɹɪɧɨ 
ɩɨɜɬɨɪɹɸɳɢɦɫɹ ɯɚɪɚɤɬɟɪɨɦ ɡɚɜɢɫɢɦɨɫɬɢ). Ⱦɥɹ ɷɬɨɝɨ ɤ ɩɚɪɚɦɟɬɪɚɦ ɦɨɞɟɥɢ 
ARIMA ɞɨɛɚɜɥɹɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɨɧɟɧɬɚ ɫɟɡɨɧɧɨɫɬɢ, 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɞɟɥɶ SARIMA ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ (β) Д6Ж: 

,݌ሺ �ܯ�ܴ�ܵ  ݀, ,ሻ ሺܲݍ ,ܦ ܳሻ݉ ,     (2) 
 

ɝɞɟ  p – ɩɚɪɚɦɟɬɪɵ ɚɜɬɨɪɟɝɪɟɫɫɢɢ, 
 d – ɩɨɪɹɞɨɤ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 

 q – ɩɚɪɚɦɟɬɪɵ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ 

 P – ɩɚɪɚɦɟɬɪɵ ɚɜɬɨɪɟɝɪɟɫɫɢɢ ɫɟɡɨɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

 D – ɩɨɪɹɞɨɤ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɫɟɡɨɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

 Q – ɩɚɪɚɦɟɬɪɵ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ ɫɟɡɨɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

m – ɱɢɫɥɨ ɫɟɡɨɧɨɜ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɜɪɟɦɟɧɧɨɦ ɩɪɨɦɟɠɭɬɤɟ. 
Ɍɚɤɠɟ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɪɚɮɢɤɚ ɜ ɫɟɬɹɯ ɦɨɠɟɬ 

ɩɪɢɦɟɧɹɬɶɫɹ ɦɨɞɟɥɶ ARFIMA (Autoregressive Fractionally Integrated Moving 

Average, ɱɚɫɬɢɱɧɨ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ ɚɜɬɨɪɟɝɪɟɫɫɢɢ – ɫɤɨɥɶɡɹɳɟɝɨ 
ɫɪɟɞɧɟɝɨ, ɜ ɧɟɤɨɬɨɪɵɯ ɢɫɬɨɱɧɢɤɚɯ FARIMA Д7Ж). Ɏɚɤɬɢɱɟɫɤɢ ɦɨɞɟɥɶ ARFIMA 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɥɚɫɫɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ARIMA, ɜ ɤɨɬɨɪɨɣ ɩɚɪɚɦɟɬɪ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ d ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɞɪɨɛɧɵɟ ɡɧɚɱɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ ɜ 
ɩɪɟɞɟɥɚɯ -0,5 < d < 0,5 Д8Ж. Ɇɨɞɟɥɶ ARFIMA ɧɚɲɥɚ ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɞɨɥɝɨɫɪɨɱɧɵɯ ɩɪɨɝɧɨɡɨɜ ɢ ɩɨɤɚɡɵɜɚɟɬ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɧɟɠɟɥɢ 
ARIMA Д9Ж. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɜ ɪɚɦɤɚɯ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɪɚɮɢɤɚ 
ɧɚ ɤɨɪɨɬɤɢɯ ɜɪɟɦɟɧɧɵɯ ɩɪɨɦɟɠɭɬɤɚɯ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ. 

 

ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɩɪɢ ɩɨɦɨɳɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 
ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

Ɉɬɞɟɥɶɧɨ ɫɬɨɹɬ ɦɟɬɨɞɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, ɨɩɢɪɚɸɳɢɟɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
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ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. ɋ ɢɯ ɩɨɦɨɳɶɸ ɭɫɩɟɲɧɨ ɪɟɲɚɟɬɫɹ ɰɟɥɵɣ ɪɹɞ 
ɡɚɞɚɱ, ɜ ɤɨɬɨɪɵɯ ɬɪɟɛɭɟɬɫɹ ɜɨɫɫɬɚɧɨɜɢɬɶ ɰɟɥɨɫɬɧɭɸ ɤɚɪɬɢɧɭ ɩɨ ɧɟɩɨɥɧɵɦ ɞɚɧɧɵɦ, 
ɱɬɨ ɬɚɤɠɟ ɧɚɯɨɞɢɬ ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ Д10Ж. 
ɂɫɤɭɫɫɬɜɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɹɜɥɹɸɬɫɹ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɡɚɜɢɫɢɦɨɫɬɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɟɥɢɧɟɣɧɵɯ. Ɉɫɧɨɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, 
ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɸɳɢɦ ɢɯ ɨɬ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ, ɹɜɥɹɟɬɫɹ ɢɯ 
ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɨɛɨɛɳɟɧɢɸ ɢ ɜɵɹɜɥɟɧɢɸ ɧɟɹɜɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɠɞɭ ɜɯɨɞɧɵɦ 
ɦɚɫɫɢɜɨɦ ɞɚɧɧɵɯ ɢ ɩɨɥɭɱɚɟɦɵɦ ɧɚ ɜɵɯɨɞɟ ɪɟɡɭɥɶɬɚɬɨɦ, ɱɬɨ ɩɪɢ ɩɪɚɜɢɥɶɧɨɦ 
ɩɪɢɦɟɧɟɧɢɢ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɪɚɛɨɬɵ 
ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɬɪɟɛɭɸɬɫɹ ɧɚɛɨɪɵ ɞɚɧɧɵɯ ɢ ɜɵɛɨɪ ɤɨɪɪɟɤɬɧɨɣ 
ɬɨɩɨɥɨɝɢɢ (ɫɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢ ɫɜɹɡɟɣ ɩɟɪɫɟɩɬɪɨɧɨɜ ɞɪɭɝ ɫ ɞɪɭɝɨɦ). Ⱦɥɹ 
ɤɨɪɪɟɤɬɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɟɫɬɢ ɟɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɨɛɭɱɟɧɢɟ ɧɚ ɞɚɧɧɵɯ, ɚɧɚɥɨɝɢɱɧɵɯ ɢɫɩɨɥɶɡɭɟɦɵɦ ɞɥɹ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɩɨɥɭɱɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɫɤɚɡɚɧɢɹ ɛɭɞɭɳɢɯ ɡɧɚɱɟɧɢɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɯ ɢ 
ɨɛɪɚɛɨɬɚɧɧɵɯ ɞɚɧɧɵɯ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ. 

ȼ ɩɪɚɤɬɢɤɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɩɪɨɝɧɨɡ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɞɢɧ ɨɬɫɱɟɬ ɜɪɟɦɟɧɢ 
ɜɩɟɪɟɞ ɩɭɬɟɦ ɚɧɚɥɢɡɚ Ĳ ɩɪɟɞɵɞɭɳɢɯ ɡɧɚɱɟɧɢɣ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɯɨɞɧɵɦ 
ɡɧɚɱɟɧɢɟɦ ɞɥɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɜɟɤɬɨɪ (γ): ݔሺݐሻ = ሺݔ௧−τ+ଵ, ,௧−τ+ଶݔ … ,  ௧ሻ,     (3)ݔ

 

ɝɞɟ  Ĳ – ɲɢɪɢɧɚ ɨɤɧɚ ɚɧɚɥɢɡɚ 

t – ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 
Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɧɚ ɜɵɯɨɞɟ ɧɟɣɪɨɫɟɬɢ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ݔ௧+ଵ. ɋɯɟɦɭ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ 
ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [11]. 

1. ɂɫɯɨɞɹ ɢɡ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɢ ɞɨɫɬɭɩɧɨɝɨ ɧɚ ɨɛɭɱɟɧɢɟ 
ɜɪɟɦɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɩɚɪɚɦɟɬɪ Ĳ – ɲɢɪɢɧɚ ɨɤɧɚ ɚɧɚɥɢɡɚ (ɫɤɨɥɶɤɨ ɩɪɟɞɵɞɭɳɢɯ 
ɡɧɚɱɟɧɢɣ ɛɭɞɟɬ ɨɛɪɚɛɨɬɚɧɨ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ). 

2. ȼɪɟɦɟɧɧɨɣ ɪɹɞ ɪɚɫɤɥɚɞɵɜɚɟɬɫɹ ɧɚ ɦɧɨɠɟɫɬɜɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɩɪɢɦɟɪɨɜ, 
ɧɚ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɨɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
(ɷɦɩɢɪɢɱɟɫɤɨɟ ɩɪɚɜɢɥɨ – ɦɚɫɫɢɜ ɞɚɧɧɵɯ ɞɥɹ ɨɛɭɱɟɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɧɚɦɧɨɝɨ 
ɛɨɥɶɲɟ, ɱɟɦ ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɤɨɧɟɱɧɵɣ ɪɟɡɭɥɶɬɚɬ). 

3. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ – ɱɢɫɥɨ ɜɯɨɞɨɜ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ Ĳ, ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɫɥɨɢ ɢ ɱɢɫɥɨ ɜɵɯɨɞɨɜ. 
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4. ɉɪɨɜɨɞɢɬɫɹ ɨɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɧɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ, 
ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɢɡ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɹ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɝɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɨɥɠɧɵ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶɫɹ. Ⱦɥɹ ɷɬɨɝɨ ɡɚɞɚɟɬɫɹ ɦɚɫɫɢɜ ɨɛɭɱɚɸɳɢɯ ɩɪɢɦɟɪɨɜ, ɝɞɟ ɞɥɹ i-ɝɨ 
ɩɪɢɦɟɪɚ ɧɚɛɨɪ ɡɧɚɱɟɧɢɣ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (4): 

{ ሺiݔሺi ሻݔ + ͳሻ…ݔሺ݅ + τ − ͳሻ       (4) 

ɝɞɟ  ݔሺ݅ + τ − ͳሻ = ௜ݔ , ,௜+ଵݔ … ,  .௜+τ−ଵݔ

Ɉɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɭɫɩɟɲɧɨɝɨ ɨɛɭɱɟɧɢɹ (ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɞɚɥɶɧɟɣɲɟɝɨ ɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ) ɹɜɥɹɟɬɫɹ 
ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɨɫɬɶ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɛɭɱɟɧɢɟ 
ɧɟɣɪɨɫɟɬɢ. Ɍɚɤɠɟ ɜ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ ɞɨɥɠɧɚ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɫɟɡɨɧɧɨɫɬɶ ɢ 
ɜɵɛɪɨɫɵ (ɟɫɥɢ ɨɞɢɧ ɢɥɢ ɨɛɚ ɷɬɢɯ ɮɚɤɬɨɪɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɢɫɫɥɟɞɭɟɦɨɦ 
ɜɪɟɦɟɧɧɨɦ ɪɹɞɭ ɢɡɧɚɱɚɥɶɧɨ) Д1βЖ.  

 

ȼɵɜɨɞɵ ɢ ɡɚɤɥɸɱɟɧɢɟ 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɪɚɮɢɤɚ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ ɭɫɩɟɲɧɨ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɬɚɤ ɢ ɢɫɤɭɫɫɬɜɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ 
ɫɟɬɢ. ɉɪɢ ɷɬɨɦ ɩɪɢɦɟɧɢɦɨɫɬɶ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɟɬɨɞɚ ɢɥɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɡɚɜɢɫɢɬ ɨɬ ɰɟɥɨɝɨ ɪɹɞɚ ɮɚɤɬɨɪɨɜ: 

Ɍɚɛɥɢɰɚ 1 

ɋɜɨɞɧɵɣ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɪɚɮɢɤɚ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ 

№ 
Ɇɟɬɨɞ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

Ʉɪɚɬɤɨɫɪɨɱɧɵɣ / 
Ⱦɨɥɝɨɫɪɨɱɧɵɣ 

ɉɪɢɦɟɱɚɧɢɟ 

1 ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ - 

ARIMA 

Ʉɪɚɬɤɨɫɪɨɱɧɵɣ  

2 ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ - 

SARIMA 

Ʉɪɚɬɤɨɫɪɨɱɧɵɣ ɂɫɩɨɥɶɡɭɟɬɫɹ ɜɦɟɫɬɨ ARIMA ɩɪɢ ɧɚɥɢɱɢɢ ɜɨ 
ɜɪɟɦɟɧɧɨɦ ɪɹɞɭ ɫɟɡɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

3 ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ - 

ARFIMA 

Ⱦɨɥɝɨɫɪɨɱɧɵɣ  

4 ɂɫɤɭɫɫɬɜɟɧɧɚɹ 
ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

Ʉɪɚɬɤɨɫɪɨɱɧɵɣ, 

ɞɨɥɝɨɫɪɨɱɧɵɣ 

ɇɚɢɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ 
ɧɚɥɢɱɢɢ ɜɨ ɜɪɟɦɟɧɧɨɦ ɪɹɞɭ ɫɟɡɨɧɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɪɟɞɧɟɫɪɨɱɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɟɬɟɜɨɝɨ ɬɪɚɮɢɤɚ ɜ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ ɞɨɩɭɫɤɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɸɛɨɝɨ ɢɡ 
ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ, ɨɞɧɚɤɨ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ 
(ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɝɨ ɢ ɛɵɫɬɪɨɝɨ) ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɟɦɨɣ ɨɬɞɟɥɶɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɜɵɯɨɞɢɬ ɡɚ ɪɚɦɤɢ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ. 
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ȼ ɫɜɹɡɢ ɫ ɜɡɪɵɜɧɵɦ ɪɨɫɬɨɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɩɨɹɜɥɟɧɢɟɦ 
ɩɪɨɰɟɫɫɨɪɧɵɯ ɫɢɫɬɟɦ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɟ ɜɵɩɨɥɧɟɧɢɟ 
ɡɚɞɚɱ ɨɛɭɱɟɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɩɟɪɫɩɟɤɬɢɜɚ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ (ɤɪɚɬɤɨɫɪɨɱɧɵɣ ɩɪɨɝɧɨɡ) 
ɬɪɚɮɢɤɚ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ ɫɬɚɧɨɜɢɬɫɹ ɪɟɚɥɶɧɨɣ. ɇɚ ɦɨɦɟɧɬ 
ɧɚɩɢɫɚɧɢɹ ɢ ɩɭɛɥɢɤɚɰɢɢ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɚɜɬɨɪɚɦ ɧɟɢɡɜɟɫɬɧɨ ɨ ɩɨɞɨɛɧɵɯ 
ɪɟɲɟɧɢɹɯ, ɧɨ ɜ ɞɨɥɝɨɫɪɨɱɧɨɣ ɩɟɪɫɩɟɤɬɢɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 
ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɛɭɞɟɬ ɜɫɟ ɛɨɥɟɟ ɪɚɫɲɢɪɹɬɶɫɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɟɬɟɜɨɝɨ ɬɪɚɮɢɤɚ. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɞɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɡɚɫɥɭɠɢɜɚɸɳɢɦ ɞɟɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɜ 
ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 
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Аɧɧɨɬаɰиɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɨ ɤɨɧɬɪɨɥɟ ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ 
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ɢɡɦɟɪɟɧɢɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɛɪɚɡɰɨɜ ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ ɤɚɛɟɥɟɣ ɊɄ-75-4-12, 

ɊɄ-75-4-21, ɚ ɬɚɤɠɟ ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɚ FR-4 ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ, ɚ ɬɚɤɠɟ 
ɩɪɢɜɨɞɹɬɫɹ ɡɧɚɱɟɧɢɹ ɜɵɱɢɫɥɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɨɥɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɤɚɛɟɥɟɣ ɢ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɩɨɞɥɨɠɤɟ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ. 
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WIDEBAND MONITORING AND MEASUREMENT OF TRANSMISSION 

MEDIA PARAMETERS IN TELECOMMUNICATION SYSTEMS 
 

Abstract. The article presents questions about the control of environmental parameters in 

telecommunication systems, which determine the capabilities and quality of information transfer along 

the guiding systems in a wide range of frequencies. A relevant, relevant question is that cable products 

often drive data transfer parameters at one or two frequencies, rather than over a wide range. 

The measurement of the dielectric constant of cable insulation at the design stage of 

telecommunication systems is provided. The results of measurements of the dielectric constant of samples 

of radio-frequency cables Rɋ-75-4-12, Rɋ-75-4-21, as well as FR-4 fiberglass in a wide frequency range, 

are also presented, and values calculated on the basis of the received wave impedance signals of cables 

and lines are also given transmission. based on the substrate of the printed circuit board. 

 

Keywords: control parameters, transmission medium, transmission line, dielectric, 

insulation parameters, wave resistance, permittivity, high frequency, frequency spectrum. 
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ɉɨɫɬɪɨɟɧɧɚɹ ɢ ɧɵɧɟ ɮɭɧɤɰɢɨɧɢɪɭɸɳɚɹ ɫɟɬɶ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ 
Ɋɨɫɫɢɢ ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɧɚ ɚɧɚɥɨɝɨɜɵɟ ɫɢɫɬɟɦɵ ɩɪɢɟɦɚ ɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ. ȼ 
ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝɚɯ ɊɎ ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɣ ɩɟɪɟɯɨɞ ɫ 
ɭɫɬɚɪɟɜɲɟɣ ɚɧɚɥɨɝɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ ɧɚ ɫɨɜɪɟɦɟɧɧɭɸ ɰɢɮɪɨɜɭɸ, ɬ. ɟ. ɩɪɨɢɫɯɨɞɢɬ 
ɰɢɮɪɨɜɢɡɚɰɢɹ ɫɟɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ  ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɤɚɧɚɥɨɜ ɢ ɫɪɟɞ ɩɟɪɟɞɚɱɢ 
ɪɟɡɤɨ ɪɚɫɲɢɪɹɟɬɫɹ, ɩɨɷɬɨɦɭ ɫɩɟɰɢɚɥɢɫɬɚɦ ɬɪɟɛɭɟɬɫɹ ɡɧɚɬɶ ɩɚɪɚɦɟɬɪɵ ɤɚɛɟɥɶɧɵɯ 
ɥɢɧɢɣ ɢ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ.  Ɉɫɧɨɜɧɵɦ 
ɩɚɪɚɦɟɬɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɢɡɢɱɟɫɤɭɸ ɞɚɥɶɧɨɫɬɶ ɩɪɢɟɦɚ ɢ ɩɟɪɟɞɚɱɢ 
ɢɧɮɨɪɦɚɰɢɢ, ɚ ɬɚɤɠɟ ɫɩɟɤɬɪ ɪɚɛɨɱɢɯ ɱɚɫɬɨɬ ɞɥɹ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɢ ɚɩɩɚɪɚɬɭɪɵ, 
ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ 
ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɟɣ ɢ ɩɨɞɥɨɠɟɤ ɩɟɱɚɬɧɵɯ ɩɥɚɬ. ɉɚɪɚɦɟɬɪɵ ɫɪɟɞɵ ɩɟɪɟɞɚɱɢ 
ɧɚɩɪɚɜɥɹɸɳɟɣ ɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɢɬ 
ɪɟɡɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɫɩɟɤɬɪɚ ɩɟɪɟɞɚɜɚɟɦɵɯ ɱɚɫɬɨɬ ɜ ɝɢɝɚɝɟɪɰɨɜɭɸ ɨɛɥɚɫɬɶ, ɚ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ȽɈɋɌɵ ɢ ɫɩɪɚɜɨɱɧɢɤɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɫɪɟɞɵ ɩɟɪɟɞɚɱɢ Д1 – γЖ ɧɟ 
ɩɪɢɜɨɞɹɬ ɞɚɧɧɵɟ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɧɚɩɪɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦ (ɩɪɨɜɨɞɢɦɨɫɬɶ ı, 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ε, ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ μ) ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɤɨɬɨɪɚɹ ɧɚɩɪɹɦɭɸ ɜɥɢɹɟɬ ɧɚ 
ɡɚɬɭɯɚɧɢɟ ɜ ɧɚɩɪɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦɚɯ (ɧɚɩɪɢɦɟɪ, ɩɟɱɚɬɧɵɟ ɩɥɚɬɵ ɢɥɢ ɤɨɚɤɫɢɚɥɶɧɵɟ 
ɤɚɛɟɥɢ), ɧɚ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧ ɜ ɫɪɟɞɟ (ɡɚɞɟɪɠɤɭ ɫɢɝɧɚɥɚ ɩɪɢ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɜ ɫɪɟɞɟ), ɧɚ ɢɦɩɟɞɚɧɫ ɫɯɟɦɵ, ɧɚ ёɦɤɨɫɬɶ ɫɥɨɟɜ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 
ɢɥɢ ɩɨɝɨɧɧɭɸ ёɦɤɨɫɬɶ ɤɚɛɟɥɹ ɢ ɧɚ ɪɹɞ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ȼɟɥɢɱɢɧɚ ε  ɡɚɜɢɫɢɬ, ɜɨ-ɩɟɪɜɵɯ, ɨɬ ɦɚɬɟɪɢɚɥɚ ɢ ɟɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɜɨ-

ɜɬɨɪɵɯ, ɨɬ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬ ɩɚɪɬɢɢ ɤ ɩɚɪɬɢɢ (ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ), ɜ-

ɬɪɟɬɶɢɯ, ɨɬ ɱɚɫɬɨɬɵ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɜ-ɱɟɬɜɟɪɬɵɯ, ɨɬ ɜɧɟɲɧɢɯ ɮɢɡɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɣ ɫɪɟɞɵ. ɉɨɷɬɨɦɭ ɚɜɬɨɪɚɦɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɜɟɥɢɱɢɧɵ ε ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɟɣ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɫ ɩɨɦɨɳɶɸ 
ɤɨɧɞɟɧɫɚɬɨɪɧɨɝɨ ɦɟɬɨɞɚ Д4Ж. ȼ ɤɚɱɟɫɬɜɟ ɨɛɪɚɡɰɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɡɹɬ 
ɨɬɪɟɡɨɤ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɤɚɛɟɥɹ, ɜɢɬɚɹ ɩɚɪɚ, ɞɜɭɯɫɬɨɪɨɧɧɢɣ ɮɨɥɶɝɢɪɨɜɚɧɧɵɣ 
ɬɟɤɫɬɨɥɢɬ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɤɥɸɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɦɟɬɚɥɥɨɤɟɪɚɦɢɤɢ.  

ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧɵ ε ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1. Ɋɚɛɨɬɚ 
ɭɫɬɚɧɨɜɤɢ ɨɫɧɨɜɚɧɚ ɧɚ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɦ ɤɨɧɞɟɧɫɚɬɨɪɧɨɦ ɦɟɬɨɞɟ Д4, 5Ж, ɬ.ɟ. 
ɧɚɛɥɸɞɟɧɢɢ ɢɡɦɟɧɟɧɢɹ ɦɟɠɞɭ ɟɦɤɨɫɬɶɸ ɤɨɧɞɟɧɫɚɬɨɪɚ ɞɨ ɩɨɦɟɳɟɧɢɹ ɦɟɠɞɭ ɧɢɦɢ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɢ ɩɨɫɥɟ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɞɟɧɫɚɬɨɪɚ ɫ ɜɨɡɞɭɲɧɵɦɢ ɨɛɤɥɚɞɤɚɦɢ 
ɜɵɫɬɭɩɚɟɬ ɪɟɡɢɫɬɨɪ R1 ɫ ɢɡɜɟɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. ȿɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɚ ɋ 
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ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɢɡɜɟɫɬɧɵɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɪɚɡɦɟɪɚɦ ɤɨɧɞɟɧɫɚɬɨɪɚ (ɩɥɨɫɤɨɝɨ, 
ɤɨɚɤɫɢɚɥɶɧɨɝɨ, ɫɢɦɦɟɬɪɢɱɧɨɝɨ) ɢ ɢɡɜɟɫɬɧɨɣ ɱɚɫɬɨɬɟ ɫɢɝɧɚɥɚ. Ɋɟɡɢɫɬɨɪ Rβ 
ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɜɯɨɞɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɭɫɬɚɧɨɜɤɢ (50 Ɉɦ). ɍɫɬɚɧɨɜɤɚ ɢɦɟɟɬ ɞɜɚ 
ɤɨɚɤɫɢɚɥɶɧɵɯ ɜɯɨɞɚ БP1 ɢ БPβ, ɩɟɪɟɤɥɸɱɚɟɦɵɟ ɱɟɪɟɡ ɬɭɦɛɥɟɪ SA. PV1 – 

ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɫɧɹɬɢɹ ɜɟɥɢɱɢɧɵ ɧɚɩɪɹɠɟɧɢɹ ɫ ɷɥɟɦɟɧɬɨɜ. 
Ɉɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɧɚ ɫɯɟɦɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɚɪɚɡɢɬɧɵɟ ɷɥɟɦɟɧɬɵ, 
ɨɛɪɚɡɨɜɚɧɧɵɟ ɞɨɪɨɠɤɚɦɢ ɫɚɦɨɣ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɭɫɬɚɧɨɜɤɢ. 

 
Ɋɢɫɭɧɨɤ 1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ε ɢɡɨɥɹɰɢɢ 

ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɤɚɛɟɥɟɣ ɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ 

 

Ʉɨɧɞɟɧɫɚɬɨɪɧɵɣ ɦɟɬɨɞ ɢ ɟɝɨ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɵ ɜ ɪɚɛɨɬɚɯ 
[4, 5Ж. ɇɚ ɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɨɜɨɞɢɥɢɫɶ ɢɡɦɟɪɟɧɢɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ 10 Ƚɰ – 115 ɆȽɰ ɮɨɥɶɝɢɪɨɜɚɧɧɨɝɨ 
ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɚ FR-4, ɚ ɬɚɤɠɟ ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ ɤɚɛɟɥɟɣ ɊɄ-75-4-1β ɫ 
ɩɨɥɢɷɬɢɥɟɧɨɜɨɣ ɢɡɨɥɹɰɢɟɣ ɢ ɊɄ-75-4-β1 ɫ ɬɟɮɥɨɧɨɜɨɣ ɢɡɨɥɹɰɢɟɣ, 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵɯ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1.  

ɇɚ ɪɢɫ. β ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ 
ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɤɚɛɟɥɹ ɊɄ-75-4-β1 ɫ ɬɟɮɥɨɧɨɜɨɣ ɢɡɨɥɹɰɢɟɣ ɨɬ ɱɚɫɬɨɬɵ ɜ 
ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɧɚ 
ɩɨɜɟɪɟɧɧɨɦ ɢ ɚɬɬɟɫɬɨɜɚɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɝɟɧɟɪɚɬɨɪɨɜ ɫɢɝɧɚɥɨɜ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ Ƚγ-112, R&S SMB100A. ȼ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɨɫɰɢɥɥɨɝɪɚɮɵ ȺɄɌȺɄɈɆ ADS-2221mV (ɊɄ-75-4-1β), ɚ ɬɚɤɠɟ 
Tektronix MSO-2024 (FR-4 ɢ ɊɄ-75-4-β1) ɫ ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ β00 ɆȽɰ. 
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Ɍɚɛɥɢɰɚ 1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɤɚɛɟɥɟɣ, ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɢ ɦɚɬɟɪɢɚɥɨɜ 

ɉɚɪɚɦɟɬɪ ɊɄ-75-4-12 ɊɄ-75-4-21 

Ⱦɢɚɦɟɬɪ ɠɢɥɵ, ɦɦ 0,78 0,85 

Ⱦɢɚɦɟɬɪ ɩɨ ɢɡɨɥɹɰɢɢ ɠɢɥɵ, ɦɦ 4,6 4,6 

Ⱦɢɚɦɟɬɪ ɨɩɥɟɬɤɢ, ɦɦ 0,12 0,12 

ȼɧɟɲɧɢɣ ɞɢɚɦɟɬɪ, ɦɦ 7 5,9 

Ɇɚɬɟɪɢɚɥ ɠɢɥɵ Ɇɟɞɶ ɉɨɫɟɪɟɛɪɟɧɧɚɹ ɦɟɞɶ 

Ɇɚɬɟɪɢɚɥ ɜɧɟɲɧɟɣ ɢɡɨɥɹɰɢɢ 
ɋɜɟɬɨɫɬɚɛɢɥɢɡɢɪɨɜɚɧ-

ɧɵɣ ɩɨɥɢɷɬɢɥɟɧ 

ɋɬɟɤɥɨɜɨɥɨɤɧɨ, ɩɪɨɩɢɬɚɧɧɨɟ 
ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɦ ɥɚɤɨɦ 

ȼɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɤɚɛɟɥɹ, Ɉɦ 

 

75±β 

 

75±γ 

ɉɨɝɨɧɧɚɹ ɟɦɤɨɫɬɶ, ɩɎ/ɦ 67 63 

Ⱦɢɷɥɟɤɬɪɢɤ ɜɨɤɪɭɝ ɠɢɥɵ ɉɨɥɢɷɬɢɥɟɧ Ɍɟɮɥɨɧ (Ɏ-4) 

ɋɩɪɚɜɨɱɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɢɡɨɥɹɰɢɢ, ɟɞ. 

 

1,9-2,4 

 

1,9-2,2 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɤɨɪɨɱɟɧɢɹ, ɟɞ. 1,52 1,41 

 

 
Ɋɢɫɭɧɨɤ β – Ɂɚɜɢɫɢɦɨɫɬɶ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ  

ɊɄ-75-4-β1 ɨɬ ɱɚɫɬɨɬɵ 

 

ȼɟɥɢɱɢɧɚ ε ɬɟɮɥɨɧɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1,9-β,β ɟɞ. ɢɡ-ɡɚ ɪɚɡɥɢɱɧɨɝɨ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɧɨ ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɢ ɫ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɥɢɧɟɣɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. 

ɂɫɯɨɞɹ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɪɚɫɫɱɢɬɚɟɦ ɜɟɥɢɱɢɧɭ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɤɨɪɨɱɟɧɢɹ, ɡɧɚɱɟɧɢɟ ɜɨɥɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɜɵɱɢɫɥɢɦ ɩɨɝɨɧɧɭɸ ɟɦɤɨɫɬɶ ɨɛɪɚɡɰɚ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ ɞɥɹ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ [6]. Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥ. β. ɋɩɪɚɜɨɱɧɵɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɛɟɥɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

Ⱦɚɥɟɟ ɛɵɥ ɢɡɦɟɪɟɧ ɨɛɪɚɡɟɰ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɤɚɛɟɥɹ ɊɄ-75-4-1β Д7Ж, ɝɪɚɮɢɤ 
ɡɚɜɢɫɢɦɨɫɬɢ ε ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. γ. ɐɢɮɪɚɦɢ ɨɛɨɡɧɚɱɟɧɵ ɧɨɦɢɧɚɥɵ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɪɟɡɢɫɬɨɪɨɜ ɭɫɬɚɧɨɜɤɢ, ɩɪɢɦɟɧɹɜɲɢɯɫɹ ɜ ɤɚɱɟɫɬɜɟ R1, ɩɨɞɨɛɪɚɧɧɵɟ 
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ɬɚɤ, ɱɬɨɛɵ ɧɚ ɫɚɦɨɣ ɧɢɡɤɨɣ ɱɚɫɬɨɬɟ ɦɨɠɧɨ ɛɵɥɨ ɱɟɬɤɨ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɩɚɞɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɟɦ, ɤɨɝɞɚ ɢɡɦɟɪɹɟɦɵɣ ɨɛɪɚɡɟɰ ɨɛɥɚɞɚɟɬ ɨɱɟɧɶ ɜɵɫɨɤɢɦ 
ɢɦɩɟɞɚɧɫɨɦ. ɐɢɮɪɚ 1 – ɪɟɡɢɫɬɨɪ 106 Ɉɦ, β – 105 Ɉɦ, γ – β70 Ɉɦ.  

ɉɨɥɢɷɬɢɥɟɧɨɜɚɹ ɢɡɨɥɹɰɢɹ, ɩɪɢɦɟɧɹɸɳɚɹɫɹ ɜ ɤɚɛɟɥɟ ɊɄ-75-4-1β ɢɦɟɟɬ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɧɚɯɨɞɹɳɭɸɫɹ ɜ ɩɪɟɞɟɥɚɯ β,1 – β,4 ɟɞ. ɇɚ ɨɫɧɨɜɟ 
ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɪɚɫɫɱɢɬɚɟɦ ɜɟɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɤɨɪɨɱɟɧɢɹ, ɡɧɚɱɟɧɢɟ 
ɜɨɥɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɵɱɢɫɥɢɦ ɩɨɝɨɧɧɭɸ ɟɦɤɨɫɬɶ ɨɛɪɚɡɰɚ 
Ɋɟɡɭɥɶɬɚɬɵ ɬɚɤɠɟ ɫɜɟɞɟɦ ɜ ɬɚɛɥ. 2.  

 
Ɋɢɭɧɨɤ γ – Ɂɚɜɢɫɢɦɨɫɬɶ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ 

ɊɄ-75-4-1β ɨɬ ɱɚɫɬɨɬɵ 
 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧɵ ε ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ β0-γ0 ɆȽɰ (ɪɢɫ. 3) 

ɩɪɟɜɵɲɚɟɬ 10%, ɱɬɨ, ɜɨɡɦɨɠɧɨ, ɫɜɹɡɚɧɨ ɫ ɩɪɢɦɟɧɹɜɲɢɦɫɹ ɞɥɹ ɢɡɦɟɪɟɧɢɣ 
ɨɫɰɢɥɥɨɝɪɚɮɨɦ ADS-βββ1ЦV, ɤɨɬɨɪɵɣ ɧɟ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɍɚɛɥɢɰɚ β 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɫɩɪɚɜɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɛɟɥɟɣ 

ɉɚɪɚɦɟɬɪ 
ɊɄ-75-4-12 ɊɄ-75-4-21 

ɗɤɫɩɟɪɢɦɟɧɬ ȽɈɋɌ ɗɤɫɩɟɪɢɦɟɧɬ ȽɈɋɌ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɤɨɪɨɱɟɧɢɹ, ɟɞ. 1,52 1,52 1,45 1,41 

ɉɨɝɨɧɧɚɹ ɟɦɤɨɫɬɶ, ɩɎ/ɦ 71 67 69 63 

ȼɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ 71,2 75±β 69,9 75±γ 

 

ɂɡ ɬɚɛɥ. β ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧɧɵɯ ɤɚɛɟɥɟɣ 
ɧɟɫɤɨɥɶɤɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɚɫɩɨɪɬɧɵɯ. Ɉɫɨɛɟɧɧɨ ɜɚɠɧɨ ɷɬɨ ɨɬɥɢɱɢɟ ɩɨ ɜɨɥɧɨɜɨɦɭ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɨɬ ɧɨɦɢɧɚɥɚ, ɤɨɬɨɪɨɟ ɩɪɢɜɟɞɟɬ ɤ ɧɟɩɨɥɧɨɦɭ ɫɨɝɥɚɫɨɜɚɧɢɸ  ɥɢɧɢɢ 
ɩɟɪɟɞɚɱɢ ɢ ɫɜɹɡɟɜɨɣ ɚɩɩɚɪɚɬɭɪɵ. 

ɇɚ ɪɢɫ. 4 ɩɨɤɚɠɟɦ ɡɚɜɢɫɢɦɨɫɬɶ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɤɪɭɝɥɨɝɨ 
ɨɛɪɚɡɰɚ ɞɜɭɯɫɬɨɪɨɧɧɟɝɨ ɮɨɥɶɝɢɪɨɜɚɧɧɨɝɨ ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɚ FR-4 ɨɬ ɱɚɫɬɨɬɵ. 
Ɋɢɫɭɧɨɤ 4 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ FR-4 ɫ ɱɚɫɬɨɬ ɜ 
ɞɟɫɹɬɤɢ ɝɟɪɰ ɞɨ ɫɬɚ ɤɢɥɨɝɟɪɰ ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ 5,β ɟɞ., ɚ ɫ ɞɚɥɶɧɟɣɲɢɦ 
ɩɨɜɵɲɟɧɢɟɦ ɱɚɫɬɨɬɵ ɧɚɱɢɧɚɟɬ ɫɧɢɠɚɬɶɫɹ, ɢ ɧɚ ɱɚɫɬɨɬɟ 100 ɆȽɰ ɫɨɫɬɚɜɥɹɟɬ 
ɭɠɟ 4,7 ɟɞ. Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɞɪɭɝɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ Д8Ж, ɧɚ ɱɚɫɬɨɬɚɯ ɜ ɫɨɬɧɢ 
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ɦɟɝɚɝɟɪɰ ɜɟɥɢɱɢɧɚ ε ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɚ ɩɪɨɞɨɥɠɚɟɬ ɫɧɢɠɚɬɶɫɹ ɬɚɤɢɦɢ ɠɟ 
ɬɟɦɩɚɦɢ, ɱɬɨ ɩɨɧɢɠɚɟɬ ɜɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ, ɨɫɧɨɜɚɧɧɵɯ 
ɧɚ ɩɨɞɥɨɠɤɚɯ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɧɚ 10 ɢ ɛɨɥɟɟ ɩɪɨɰɟɧɬɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɚɱɟɫɬɜɚ ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɚ. 

 
Ɋɢɫɭɧɨɤ 4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɚ 

FR-4 ɨɬ ɱɚɫɬɨɬɵ 

 

ȼ ɬɚɛɥ. γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɨɥɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɤɨɩɥɚɧɚɪɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɩɨɞɥɨɠɤɟ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ. 
Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɜɟɥɢɱɢɧɨɣ ɜɨɥɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɢ ɧɚ 
ɜɵɫɨɤɢɯ ɜ ɧɟɫɤɨɥɶɤɨ ɫɨɬɟɧ ɦɟɝɚɝɟɪɰ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 1γ%, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ 
ɦɧɨɝɨ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɫɨɝɥɚɫɨɜɚɧɢɟ ɫ ɚɩɩɚɪɚɬɭɪɨɣ. 

Ɍɚɛɥɢɰɚ γ 

Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɩɥɚɧɚɪɧɨɣ (ɩɨɥɨɫɤɨɜɨɣ) ɥɢɧɢɢ ɧɚ ɩɨɞɥɨɠɤɟ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɑɚɫɬɨɬɚ, ɆȽɰ 1 10 100 - 

ȼɟɥɢɱɢɧɚ ε, ɟɞ. 5,13 5,0 4,65 4,0 

ȼɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ Zɜ, Ɉɦ 55,8 56,6 58,7 63,3 

 

ȼ ɡɚɤɥɸɱɟɧɢɟ ɨɬɦɟɬɢɦ, ɱɬɨ ɛɟɡ ɡɧɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɡɨɥɹɰɢɢ ɧɚɩɪɚɜɥɹɸɳɢɯ 
ɫɢɫɬɟɦ ɜ ɲɢɪɨɤɨɦ ɫɩɟɤɬɪɟ ɱɚɫɬɨɬ ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɨɟ 
ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɫɴɟɦɚ ɢɧɮɨɪɦɚɰɢɢ ɫ ɤɚɛɟɥɟɣ ɱɟɪɟɡ ɱɚɫɬɢɱɧɵɟ 
ɟɦɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɰɟɧɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɡɚɬɭɯɚɧɢɟ ɫɢɝɧɚɥɚ ɜ ɤɚɛɟɥɹɯ ɫɜɹɡɢ. 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɚɜɬɨɪɚɦɢ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɡɨɥɹɰɢɢ ɮɢɞɟɪɨɜ 
ɨɬ ɱɚɫɬɨɬɵ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɢ ɞɥɹ ɢɡɭɱɟɧɢɹ ɢɯ ɫɜɨɣɫɬɜ ɨɬ ɢɡɦɟɧɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɮɚɤɬɨɪɨɜ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɩɪɢɟɦɨɩɟɪɟɞɚɸɳɟɣ ɚɩɩɚɪɚɬɭɪɵ ɜ ɢɡɦɟɧɹɸɳɢɯɫɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ.  

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɏɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ: ɋɩɪɚɜɨɱɧɢɤ / ɂ. ɋ. Ƚɪɢɝɨɪɶɟɜ, ȿ. Ɂ. Ɇɟɣɥɢɯɨɜ 

[ɢ ɞɪ.]. – Ɇ.: ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1991. – 1βγβ ɫ. 
2. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɚɦ. / ɉɨɞ ɪɟɞ. ɘ. ȼ. 

Ʉɨɪɢɰɤɨɝɨ, ȼ. ȼ. ɉɚɫɵɧɤɨɜɚ [ɢ ɞɪ.]. – Ɇ.: ɗɧɟɪɝɢɹ, 1974. – Ɍ. 1. – γ67 ɫ. 
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3. ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɫɩɪɚɜɨɱɧɢɤ / ɉɨɞ ɪɟɞ. ȼ. Ƚ. Ƚɟɪɚɫɢɦɨɜɚ, ɉ. Ƚ. 
Ƚɪɭɞɢɧɫɤɨɝɨ [ɢ ɞɪ.]. – Ɇ.: ɗɧɟɪɝɢɹ, 1980. – Ɍ. 1. – 520 ɫ. 

4. Ȼɪɚɧɞɬ Ⱥ. Ⱥ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɢɷɥɟɤɬɪɢɤɨɜ ɧɚ ɫɜɟɪɯɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ. – Ɇ.: 
Ɏɢɡɦɚɬɝɢɡ, 196γ. – 406ɫ. 
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ɐɂɎɊɈȼȺə ɀȿɅȿɁɇȺə ȾɈɊɈȽȺ: ɉȿɊȿɏɈȾ ɈɌ GSM-R Ʉ LTE-R 
 

Аɧɧɨɬаɰиɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɩɟɪɟɯɨɞɚ ɨɬ ɫɟɬɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ GSM-R ɧɚ ɬɟɯɧɨɥɨɝɢɸ LTE-R. Ɉɩɢɫɵɜɚɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ, 
ɚɪɯɢɬɟɤɬɭɪɚ, ɜɧɟɞɪɟɧɢɟ ɨɛɨɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɢɯ ɫɪɚɜɧɟɧɢɟ. Ɍɚɤɠɟ ɱɚɫɬɢɱɧɨ ɡɚɬɪɚɝɢɜɚɟɬɫɹ 
ɬɟɦɚ ɰɢɮɪɨɜɨɣ ɞɨɪɨɝɢ ɛɭɞɭɳɟɝɨ, ɝɞɟ ɜɨɡɦɨɠɧɚ ɢɧɬɟɝɪɚɰɢɹ ɜɫɟɯ ɞɨɫɬɭɩɧɵɯ ɧɚ ɞɚɧɧɵɣ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɬɟɯɧɨɥɨɝɢɣ. 

 

Клɸɱевые ɫлɨва: Ɋɚɞɢɨɫɜɹɡɶ, ɨɛɟɫɩɟɱɟɧɢɟ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ, ɫɢɝɧɚɥɢɡɚɰɢɹ, 
ɨɪɝɚɧɢɡɚɰɢɹ ɫɜɹɡɢ ɦɟɠɞɭ ɩɨɞɜɢɠɧɵɦɢ ɫɨɫɬɚɜɚɦɢ ɫ ɞɢɫɩɟɬɱɟɪɨɦ, ɫɜɹɡɶ ɩɪɢ 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ ɞɜɢɠɟɧɢɢ. 
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DIGITAL RAILWAY: THE TRANSITION FROM GSM-R TO LTE-R 

 

Abstract. This article describes the problem of transition from a network using GSM-R 

technology to LTE - R. It describes the capabilities, architecture, implementation of both 

technologies, their comparison. The topic of the digital road of the future, where integration of all 

currently available technologies is possible, is also partially touched upon. 

 

Keywords: Radio Communication, provision of train traffic, signaling, organization of 

communication between rolling stock with the dispatcher, communication in high-speed traffic. 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɧɟɞɪɹɟɬɫɹ ȿɜɪɨɩɟɣɫɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɞɜɢɠɟɧɢɟɦ (European Railway Traffic Management System, 

ERTMS), ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ:  
1) ȿɜɪɨɩɟɣɫɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɩɨɟɡɞɚ (European Train 

Control System, ETCS), ɫɬɚɧɞɚɪɬ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɩɨɟɡɞɨɜ ɜ ɤɚɛɢɧɟ; 
2) GSM-R – ɷɬɨ ɫɬɚɧɞɚɪɬ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ GSM ɞɥɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ 

ɩɟɪɟɜɨɡɨɤ. GSM-R ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɳɢɳɟɧɧɭɸ ɝɨɥɨɫɨɜɭɸ ɫɜɹɡɶ ɢ ɩɟɪɟɞɚɱɭ 
ɞɚɧɧɵɯ ɦɟɠɞɭ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦɢ ɫɥɭɠɛɚɦɢ ɢ ɩɨɟɡɞɚɦɢ Д1Ж. 

Ⱦɥɹ ɫɢɫɬɟɦɵ GSM-R ɜɵɞɟɥɟɧɚ ɩɨɥɨɫɚ ɲɢɪɢɧɨɣ 4 ɆȽɰ ɜ ɞɢɚɩɚɡɨɧɟ 876 – 880 

ɆȽɰ ɞɥɹ ɩɟɪɟɞɚɱɢ ɨɬ ɩɨɞɜɢɠɧɨɣ ɤ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɢ 9β1 – 9β5 ɆȽɰ ɞɥɹ ɩɟɪɟɞɚɱɢ 
ɨɬ ɛɚɡɨɜɨɣ ɤ ɩɨɞɜɢɠɧɨɣ ɫɬɚɧɰɢɢ. ȼ ɷɬɨɣ ɩɨɥɨɫɟ ɦɨɠɧɨ ɪɚɡɦɟɫɬɢɬɶ ɞɨ  
19 ɜɪɟɦɟɧɧɵɯ ɤɚɧɚɥɨɜ ɩɨɥɨɫɨɸ ɩɨ β00 ɤȽɰ ɫ ɱɚɫɬɨɬɧɨ-ɜɪɟɦɟɧɧɵɦ ɪɚɡɞɟɥɟɧɢɟɦ ДβЖ. 

GSM-R ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ȿɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧɚɯ ɜ ɬɚɤɢɯ ɤɚɤ: Ⱥɜɫɬɪɢɹ, 
Ȼɟɥɶɝɢɹ, ɑɟɯɢɹ, Ⱦɚɧɢɹ, Ɏɢɧɥɹɧɞɢɹ, ɒɜɟɰɢɹ, ɒɜɟɣɰɚɪɢɹ, Ƚɟɪɦɚɧɢɹ, Ɏɪɚɧɰɢɹ, 
ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ. Ⱥ ɬɚɤɠɟ ɢ ɜ Ⱥɮɪɢɤɟ, ɂɧɞɢɢ, Ʉɢɬɚɟ, ɋɚɭɞɨɜɫɤɨɣ Ⱥɪɚɜɢɢ, 
Ɍɭɪɰɢɢ ɢ ɜ Ⱥɜɫɬɪɚɥɢɢ ДγЖ (ɪɢɫ. 1). 

 
Ɋɢɫɭɧɨɤ 1 – ɋɬɪɚɧɵ, ɝɞɟ ɟɫɬɶ GSM-R 

 

Ɍɪɚɞɢɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɫɢɝɧɚɥɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬ ɦɟɬɨɞ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 
ɛɥɨɤɨɜ (Fixed Block Signaling). Ȼɥɨɤ ɨɩɪɟɞɟɥɹɟɬ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ 
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ɫɢɝɧɚɥɚɦɢ. Ȼɥɨɤɢ ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɫɨɭɞɚɪɟɧɢɟ ɩɨɟɡɞɨɜ: ɬɨɥɶɤɨ ɨɞɢɧ ɩɨɟɡɞ 
ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɛɥɨɤɟ (ɪɢɫ. β). 

 
Ɋɢɫɭɧɨɤ 2 – ȺɅɋ 

 

Ɍɟɯɧɨɥɨɝɢɹ ETCS ɦɨɠɟɬ ɜɧɟɞɪɹɬɶɫɹ ɩɨɫɬɟɩɟɧɧɨ ɜ ɬɪɢ ɷɬɚɩɚ: LОvОХ 1, LОvОХ 2 ɢ 
Level 3. ȼ ɫɢɫɬɟɦɟ ERTMS ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɨɟɡɞɚ ɜɵɞɟɥɹɸɬɫɹ ɬɪɢ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ:   

1) ɤɨɦɩɶɸɬɟɪ ɜ ɤɚɛɢɧɟ ɦɚɲɢɧɢɫɬɚ, ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫ ɬɟɪɦɢɧɚɥɨɦ GSM-R, 

ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɧɚ ɩɨɟɡɞɟ,  
β) ɬɟɝɢ (balises) ɢɥɢ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɩɭɬɟɜɵɟ ɩɪɢɟɦɨɨɬɜɟɬɱɢɤɢ, ɩɨ 

ɤɨɬɨɪɵɦ ɨɩɪɟɞɟɥɹɸɬɫɹ: ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ ɩɨɟɡɞɚ, ɚ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɭɬɢ ɜ ɞɚɧɧɨɦ ɦɟɫɬɟ: ɤɪɢɜɢɡɧɚ ɩɭɬɢ, ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ ɢ ɬ.ɞ.,  

γ) ɫɢɫɬɟɦɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɞɢɨɫɜɹɡɢ GSM-R ɦɟɠɞɭ ɩɨɟɡɞɨɦ ɢ ɰɟɧɬɪɨɦ 
ɭɩɪɚɜɥɟɧɢɹ. 

 
Ɋɢɫɭɧɨɤ 3 – Level 1 ETCS 

 

Level 1: ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɚ ɩɭɬɹɯ ɨɬɜɟɱɚɟɬ ɡɚ ɨɛɧɚɪɭɠɟɧɢɟ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ 
ɢ ɜɵɞɚɟɬ ɫɢɝɧɚɥɵ ɛɥɨɤɢɪɨɜɤɢ (interblocking). 

 
Ɋɢɫɭɧɨɤ 4 – Level 2 ETCS 
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Level 2: ɬɨ ɠɟ, ɱɬɨ ɢ ɧɚ Level 1, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɩɨɟɡɞɚ 
ɩɨɫɬɨɹɧɧɨ ɩɨɥɭɱɚɸɬ ɫɢɝɧɚɥɵ ɢɡ ɰɟɧɬɪɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɪɚɞɢɨɫɟɬɢ GSM-R. 

ɇɚɥɢɱɢɟ ɩɨɟɡɞɚ ɧɚ ɩɭɬɹɯ (ɫ ɭɱɟɬɨɦ ɞɥɢɧɵ ɫɨɫɬɚɜɚ ɩɨɟɡɞɚ) ɩɨ-ɩɪɟɠɧɟɦɭ 
ɨɩɪɟɞɟɥɹɟɬ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɚ ɩɭɬɹɯ (track circuits). 

 
Ɋɢɫɭɧɨɤ 5 – Level 3 ETCS 

 

LОЯОХ γ: ɛɨɪɬɨɜɨɣ ɤɨɦɩɶɸɬɟɪ ETCS ɩɨɥɭɱɚɟɬ ɫɢɝɧɚɥɵ ɨɬ ɬɟɝɨɜ (ЛКХТЬОЬ), ɚ 
ɞɜɢɠɟɧɢɟ ɩɨɟɡɞɚ ɨɩɪɟɞɟɥɹɸɬ ɤɨɦɚɧɞɵ ɢɡ ɰɟɧɬɪɚ ɭɩɪɚɜɥɟɧɢɹ. 

Ʉɚɤɢɟ ɩɨɹɜɢɥɢɫɶ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ GSM-R ɜ ETCS: 
- ɍɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚ 40% ɡɚ ɫɱɟɬ ɦɟɬɨɞɚ CBTC 

(CШЦЦЮЧТМКЭТШЧ BКЬОН TЫКТЧ CШЧЭЫШХ). Ɍɭɬ ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ MШЯТЧР ЛХШМФ 
ЬТРЧКХХТЧР (ɉɟɪɟɦɟɳɚɸɳɢɟɫɹ ɛɥɨɤɢ ɫɢɝɧɚɥɢɡɚɰɢɢ), ɬ.ɟ. ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɛɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɞɜɢɠɧɵɦɢ ɫɨɫɬɚɜɚɦɢ, ɤɨɬɨɪɵɟ ɞɜɢɠɭɬɫɹ 
ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ. 

- Ɉɬɤɚɡ ɨɬ ɚɧɚɥɨɝɨɜɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ. ɗɬɨ ɜɵɬɟɤɚɟɬ ɢɡ ɩɪɟɞɵɞɭɳɟɝɨ 
ɩɭɧɤɬɚ, ɬ.ɤ. ɤɚɤ ɜɫɟ ɪɚɫɱɟɬɵ ɩɪɨɢɫɯɨɞɹɬ ɜ ɞɢɫɩɟɬɱɟɪɫɤɨɦ ɰɟɧɬɪɟ. 

ȼɧɟɞɪɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ETCS ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ ɞɟɧɟɠɧɵɯ ɜɥɨɠɟɧɢɣ ɢ 
ɜɪɟɦɟɧɢ. ɇɚɩɪɢɦɟɪ, ɜ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ ɧɚɱɚɥɶɧɚɹ ɩɪɨɝɪɚɦɦɚ Digital Network 

Rail ɢɡɧɚɱɚɥɶɧɨ ɩɥɚɧɢɪɨɜɚɥɚɫɶ ɧɚ ɰɟɥɵɯ 50 ɥɟɬ. ɋɟɣɱɚɫ ɠɟ ɪɟɚɥɢɡɭɟɬɫɹ ɩɥɚɧ 
ɩɟɪɟɯɨɞɚ ɧɚ ɬɟɯɧɨɥɨɝɢɸ ETCS Level 2 ɜ ɬɟɱɟɧɢɟ β5 ɥɟɬ, ɢ ɨɛɫɭɠɞɚɸɬɫɹ ɩɥɚɧɵ 
ɭɫɤɨɪɟɧɢɹ – ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ETCS Level 3 ɜ ɬɟɱɟɧɢɟ 15 ɥɟɬ. 

 
Ɋɢɫɭɧɨɤ 6 – Communication Based Train Control 
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ȿɫɥɢ ɨɩɢɫɚɬɶ ɩɪɨɫɬɨɣ ɫɯɟɦɨɣ ɨɪɝɚɧɢɡɚɰɢɸ ɫɟɬɢ GSM-R, ɬɨɝɞɚ ɨɧɚ ɛɭɞɟɬ 
ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ.  

 
Ɋɢɫɭɧɨɤ 7 – ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ GSM-R 

 

ɇɚ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ 
ɧɚɞɟɠɧɨɫɬɢ ɫɜɹɡɢ ɩɪɢ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɞɜɢɠɟɧɢɹ (ɞɨ 500 ɤɦ/ɱ). ɉɨɷɬɨɦɭ 
ɪɚɞɢɨɜɵɲɤɢ BTS ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫ 50%-ɦ ɩɟɪɟɤɪɵɬɢɟɦ ɡɨɧ ɫɨɫɟɞɧɢɯ ɫɨɬ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɜɵɲɤɚɦɢ ɜɞɨɥɶ ɞɨɪɨɝɢ ɫɨɫɬɚɜɥɹɟɬ 
ɜɫɟɝɨ 7 – 15 ɤɦ. ȼɞɨɥɶ ɞɨɪɨɝɢ ɩɪɨɥɨɠɟɧɵ ɞɜɟ ɩɚɪɵ ɨɩɬɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ (ɬɨɠɟ 
ɞɥɹ ɧɚɞɟɠɧɨɫɬɢ) ɞɥɹ ɩɨɞɤɥɸɱɟɧɵ ɞɜɭɯ ɪɹɞɨɜ BTS. ɉɨ ɬɪɟɛɨɜɚɧɢɸ ɨɪɝɚɧɢɡɚɰɢɢ 
ɫɜɹɡɢ ɩɨɟɡɞɧɚɹ ɛɪɢɝɚɞɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɫɨɟɞɢɧɟɧɢɟ ɫ ɰɟɧɬɪɨɦ ɭɩɪɚɜɥɟɧɢɹ 
ɧɟɩɪɟɪɵɜɧɨ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɩɪɢ ɩɨɬɟɪɟ ɫɜɹɡɢ ɩɨɟɡɞ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. 

ȿɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɞɟɬɚɥɶɧɨ, ɬɨ ɫɯɟɦɚ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ Д4Ж 
(ɪɢɫ. 8): 

1. Ȼɚɡɨɜɚɹ ɩɪɢɟɦɨ-ɩɟɪɟɞɚɸɳɚɹ ɫɬɚɧɰɢɹ Ȼɉɋ (BTS) ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɞɢɨɫɜɹɡɶ ɜ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɡɨɧɟ. 

β. Ʉɨɧɬɪɨɥɥɟɪ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɄȻɋ (BSC) ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɢ ɭɩɪɚɜɥɟɧɢɹ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɤɚɧɚɥɨɜ, ɤɨɧɬɪɨɥɹ ɫɨɟɞɢɧɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɤɢ ɨɱɟɪɟɞɧɨɫɬɢ ɤɚɧɚɥɨɜ, 
ɦɨɞɭɥɹɰɢɢ ɢ ɞɟɦɨɞɭɥɹɰɢɢ ɫɢɝɧɚɥɨɜ. 

γ. ɐɟɧɬɪɚɥɶɧɵɣ ɤɨɦɦɭɬɚɬɨɪ ɩɨɞɜɢɠɧɨɣ ɫɜɹɡɢ ɐɄɉ (MSC) ɨɛɫɥɭɠɢɜɚɟɬ 
ɝɪɭɩɩɭ ɡɨɧ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɫɟ ɜɢɞɵ ɫɨɟɞɢɧɟɧɢɣ ɫ ɦɨɛɢɥɶɧɵɦɢ ɫɬɚɧɰɢɹɦɢ. ɐɄɉ 
ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɫɬɨɹɧɧɨɟ ɧɚɛɥɸɞɟɧɢɟ ɡɚ ɦɨɛɢɥɶɧɵɦɢ ɫɬɚɧɰɢɹɦɢ, ɢɫɩɨɥɶɡɭɹ: 

γ) Ɋɟɝɢɫɬɪ ɩɨɥɨɠɟɧɢɹ ɊɆɉ (HLR), ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɢɬɫɹ ɬɚ ɱɚɫɬɶ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɦɟɫɬɨɩɨɥɨɠɟɧɢɢ ɤɚɤɨɣ-ɥɢɛɨ ɦɨɛɢɥɶɧɨɣ ɫɬɚɧɰɢɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 
ɰɟɧɬɪɚɥɶɧɨɦɭ ɤɨɦɦɭɬɚɬɨɪɭ ɞɨɫɬɚɜɢɬɶ ɜɵɡɨɜ.  

4) Ɋɟɝɢɫɬɪ ɩɟɪɟɦɟɳɟɧɢɹ Ɋɉ (VLR) — ɜɬɨɪɨɟ ɨɫɧɨɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɤɨɧɬɪɨɥɶ ɡɚ ɩɟɪɟɞɜɢɠɟɧɢɟɦ ɦɨɛɢɥɶɧɵɯ ɫɬɚɧɰɢɣ ɢɡ ɡɨɧɵ ɜ ɡɨɧɭ.  

5) ɐɟɧɬɪ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɐȺ (AUC) ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɛɥɨɤɨɜ ɢ 
ɮɨɪɦɢɪɭɟɬ ɤɥɸɱɢ ɢ ɚɥɝɨɪɢɬɦɵ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ. ɋ ɟɝɨ ɩɨɦɨɳɶɸ ɩɪɨɜɟɪɹɸɬɫɹ 



57 
 

ɩɨɥɧɨɦɨɱɢɹ ɚɛɨɧɟɧɬɚ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɟɝɨ ɞɨɫɬɭɩ ɤ ɫɟɬɢ.  
6) Ɋɟɝɢɫɬɪ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɊɂɈ (EIR) ɫɨɞɟɪɠɢɬ 

ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɭɸ ɛɚɡɭ ɞɚɧɧɵɯ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɨɞɥɢɧɧɨɫɬɢ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ 
ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɨɝɨ ɧɨɦɟɪɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɛɢɥɶɧɨɣ ɫɬɚɧɰɢɢ. 

7) Ɋɟɝɢɫɬɪ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɟɬɢ Ɋɂɋ (IN) ɫɨɞɟɪɠɢɬ ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ ɜɫɟɯ 
ɫɟɬɟɣ, ɫ ɤɨɬɨɪɵɦɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɨɭɦɢɧɝ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ. 

8) ɐɟɧɬɪ ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɐɍɈ (ɈɆɋ) ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɩɪɚɜɥɟɧɢɟ 
ɷɥɟɦɟɧɬɚɦɢ ɫɟɬɢ ɢ ɤɚɱɟɫɬɜɨɦ ɟɟ ɪɚɛɨɬɵ.  

 
Ɋɢɫɭɧɨɤ 8 – Ⱥɪɯɢɬɟɤɬɭɪɚ GSM-R 

 

ɋȿɊȼɂɋɕ GSM-R  

Ɉɪɝɚɧɢɡɨɜɚɧɵ ɬɚɤɢɟ ɫɟɪɜɢɫɵ ɤɚɤ: 
1) Ʉɚɠɞɨɦɭ ɚɛɨɧɟɧɬɭ ɩɪɢɫɜɚɢɜɚɟɬɫɹ «ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ» ɧɨɦɟɪ; 
β) ɉɪɢɨɪɢɬɟɬ ɨɛɫɥɭɠɢɜɚɧɢɹ ɷɬɢɯ ɧɨɦɟɪɨɜ. 5 ɭɪɨɜɧɟɣ:  
 0- ɧɚɢɜɵɫɲɢɣ (ɚɜɚɪɢɣɧɵɟ ɜɵɡɨɜɵ); 
3) PtP Call (Point-to-Point Call) – ɨɛɵɱɧɵɣ ɜɵɡɨɜ, ɤɚɤ ɜ ɫɟɬɢ GSM; 
4) VGCS (Voice Group Call System) – ɝɪɭɩɩɨɜɨɣ ɜɵɡɨɜ (ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ 

ɝɨɜɨɪɢɬ ɬɨɥɶɤɨ ɨɞɢɧ ɢɡ ɝɪɭɩɩɵ); 
5) VBS (Voice Broadcast System) – ɪɟɠɢɦ ɜɟɳɚɧɢɹ: ɨɞɢɧ ɝɨɜɨɪɢɬ, ɜɫɟ 

ɨɫɬɚɥɶɧɵɟ ɫɥɭɲɚɸɬ; 
6) REC (Railways Emergency Call) – ɷɤɫɬɪɟɧɧɵɣ ɜɵɡɨɜ ɩɨ ɭɩɪɚɜɥɟɧɢɸ 

ɞɜɢɠɟɧɢɟɦ (ɬɢɩɚ VGCS) ɫ ɩɪɟɮɢɤɫɨɦ β99, ɨɛɥɚɞɚɟɬ ɜɵɫɲɢɦ ɩɪɢɨɪɢɬɟɬɨɦ (0); 
7) SEC (Shunting Emergency Call) – ɷɤɫɬɪɟɧɧɵɣ ɜɵɡɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɬɢɩɚ 

VGCS) ɫ ɩɪɟɮɢɤɫɨɦ 599, ɨɛɥɚɞɚɟɬ ɜɵɫɲɢɦ ɩɪɢɨɪɢɬɟɬɨɦ (0); 
8) ɚɞɪɟɫɚɰɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɜɵɡɵɜɚɸɳɟɝɨ ɚɛɨɧɟɧɬɚ 

(Location Dependent Addressing, LDA). 
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ɋɟɬɶ LTE ɧɚ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ  
LTE (Long-Term Evolution, ɱɚɫɬɨ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ 4G/LTE) – ɫɬɚɧɞɚɪɬ 

ɛɟɫɩɪɨɜɨɞɧɨɣ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɬɟɥɟɮɨɧɨɜ ɢ 
ɞɪɭɝɢɯ ɬɟɪɦɢɧɚɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɞɚɧɧɵɦɢ. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɫɟɬɟɜɵɯ ɬɟɯɧɨɥɨɝɢɹɯ 
GSM ɢ UMTS, ɧɨ ɪɚɛɨɬɚɟɬ ɩɨɥɧɨɫɬɶɸ ɜ ɨɛɥɚɫɬɢ ɩɚɤɟɬɧɨɣ ɤɨɦɦɭɬɚɰɢɢ, ɩɨɥɶɡɭɹɫɶ 
ɧɨɜɵɦɢ ɩɪɨɬɨɤɨɥɚɦɢ ɫɢɝɧɚɥɢɡɚɰɢɢ SIP ɢ LTE. ɇɚ LTE ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ 
ɫɤɨɪɨɫɬɶ ɞɨ γ Ƚɛɢɬ/ɫ. 

Ʉɚɤ ɜɵɝɥɹɞɢɬ ɚɪɯɢɬɟɤɬɭɪɚ LTE-R [5]: 

 
Ɋɢɫɭɧɨɤ 9 – Ⱥɪɯɢɬɟɤɬɭɪɚ LTE-R 

 

ɋɟɬɶ LTE ɩɨɫɬɪɨɟɧɚ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ ɧɨɜɵɯ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ eNB 

(Evolved NodeB ɢɥɢ eNodeB), eNB ɩɨɞɤɥɸɱɟɧɵ ɤ EPC. 

əɞɪɨ ɫɟɬɢ EPC (Evolved Packet Core) ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɫɨɞɟɪɠɢɬ 
ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɲɥɸɡ S-GW (Serving Gateway), ɲɥɸɡ ɞɥɹ ɜɵɯɨɞɚ ɧɚ ɩɚɤɟɬɧɵɟ 
ɫɟɬɢ P-GW (Packet Data Network Gateway), ɫɬɪɭɤɬɭɪɵ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɩɪɨɬɨɤɨɥɭ 
Mobility Management MME (Mobility Management Entity), ɫɜɹɡɚɧɧɨɣ ɫ S-GW ɢ 
eNodeB ɫɢɝɧɚɥɶɧɵɦɢ ɢɧɬɟɪɮɟɣɫɚɦɢ. 

eNodeB ɨɛɴɟɞɢɧɹɟɬ ɜ ɫɟɛɟ ɮɭɧɤɰɢɢ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɢ ɤɨɧɬɪɨɥɥɟɪɨɜ 
ɫɟɬɟɣ γ-ɝɨ ɩɨɤɨɥɟɧɢɹ: 

- ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɞɚɱɭ ɬɪɚɮɢɤɚ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ; 
- ɭɩɪɚɜɥɹɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɪɚɞɢɨɪɟɫɭɪɫɨɜ; 
- ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɢɧɯɪɨɧɢɡɚɰɢɸ ɩɟɪɟɞɚɱ ɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɭɪɨɜɟɧɶ ɩɨɦɟɯ ɜ ɫɨɬɟ; 
- ɩɨɞɞɟɪɠɢɜɚɟɬ ɭɫɥɭɝɢ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɜɟɳɚɧɢɹ. 
Ɏɭɧɤɰɢɢ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɲɥɸɡɚ S-GW: 

-  ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɩɟɪɟɞɚɜɚɟɦɵɯ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ; 
- ɭɫɬɚɧɨɜɤɚ ɤɚɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ (Quality of Service, QoS) 

ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɭɫɥɭɝ; 
- ɛɭɮɟɪɢɡɚɰɢɹ ɩɚɤɟɬɨɜ ɞɥɹ UE, ɩɪɟɛɵɜɚɸɳɢɯ ɜ ɫɨɫɬɨɹɧɢɢ Idle Mode; 

- ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɭɱɟɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɬɚɪɢɮɢɤɚɰɢɢ ɢ ɨɩɥɚɬɵ 
ɜɵɩɨɥɧɟɧɧɵɯ ɭɫɥɭɝ. 

Ɏɭɧɤɰɢɢ P-GW (Packet Data Network Gateway) 

http://1234g.ru/4g/lte/uslugi-v-setyakh-lte/kachestvennye-pokazateli-i-ikh-obespechenie-v-setyakh-lte
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ɒɥɸɡ ɞɥɹ ɜɵɯɨɞɚ ɧɚ ɩɚɤɟɬɧɵɟ ɫɟɬɢ P-GW ɨɪɝɚɧɢɡɭɟɬ ɬɨɱɤɭ ɞɨɫɬɭɩɚ ɤ 
ɜɧɟɲɧɢɦ IP-ɫɟɬɹɦ. ɋɥɟɞɫɬɜɟɧɧɨ P-GW ɹɜɥɹɟɬɫɹ ɹɤɨɪɧɵɦ ɲɥɸɡɨɦ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɚɮɢɤɚ. 

Policy and Charging Resource Function (PCRF) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɭɩɪɚɜɥɹɸɳɢɣ ɫɟɪɜɟɪ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 
ɪɟɫɭɪɫɚɦɢ ɫɟɬɢ, ɭɱɟɬ ɢ ɬɚɪɢɮɢɤɚɰɢɸ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɭɫɥɭɝ. Ʉɚɤ ɬɨɥɶɤɨ 
ɩɨɹɜɥɹɟɬɫɹ ɡɚɩɪɨɫ ɧɚ ɧɨɜɨɟ ɚɤɬɢɜɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɷɬɚ ɢɧɮɨɪɦɚɰɢɹ ɩɨɫɬɭɩɚɟɬ ɧɚ 
PCRF. Ɉɧ ɨɰɟɧɢɜɚɟɬ ɢɦɟɸɳɢɟɫɹ ɜ ɟɝɨ ɪɚɫɩɨɪɹɠɟɧɢɢ ɪɟɫɭɪɫɵ ɫɟɬɢ ɢ 
ɧɚɩɪɚɜɥɹɟɬ ɜ PCEF ɲɥɸɡɚ P-GW ɤɨɦɚɧɞɵ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɬɪɟɛɨɜɚɧɢɹ 
ɤ ɤɚɱɟɫɬɜɭ ɭɫɥɭɝ ɢ ɤ ɢɯ ɬɚɪɢɮɢɤɚɰɢɢ. 

Ʉɚɤɢɟ ɧɨɜɨɜɜɟɞɟɧɢɹ ɩɪɢɧɟɫɟɬ LTE-R? 

1) ɍɜɟɥɢɱɢɬɫɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɤɚɤ ɧɚ ɩɪɢɟɦ, ɬɚɤ ɢ ɧɚ ɩɟɪɟɞɚɱɭ; 

β) ɉɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ ɦɚɲɢɧɢɫɬɚ ɫɬɚɧɟɬ ɤɨɦɩɚɤɬɧɟɟ; 

γ) Ɉɛɨɪɭɞɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɫɬɨɢɬ ɧɚ ɩɟɪɟɝɨɧɟ ɢɧɬɟɝɪɢɪɭɟɬɫɹ ɜ ɨɞɧɨ; 

4) Ɋɚɫɲɢɪɟɧɢɟ ɩɨɥɨɫɵ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨɡɜɨɥɢɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɞɚɬɱɢɤɢ 
ɜ ɥɨɤɨɦɨɬɢɜɚɯ, ɜɚɝɨɧɚɯ; 

5) ɉɨɹɜɢɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɜɢɞɟɨɤɨɧɮɟɪɟɧɰɢɢ; 

6) Ɍɚɤ ɤɚɤ ɜɫɟ ɪɚɛɨɱɢɟ ɟɞɢɧɢɰɵ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ ɛɭɞɭɬ ɫɜɹɡɚɧɵ ɨɞɧɨɣ 
ɫɟɬɶɸ, ɛɭɞɭɬ ɩɪɢɯɨɞɢɬɶ ɨɩɨɜɟɳɟɧɢɹ ɨ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɟɡɞɚ; 

7) ɉɨɹɜɢɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɪɝɚɧɢɡɚɰɢɢ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɜɧɭɬɪɢ ɫɨɫɬɚɜɨɜ 

8) Ⱥ ɬɚɤɠɟ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɜɞɨɥɶ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɭɱɚɫɬɤɚ 

9) Ȼɭɞɭɬ ɞɨɫɬɭɩɧɵ ɬɚɤɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɭɫɥɭɝɚ ɞɥɹ ɩɚɫɫɚɠɢɪɨɜ ɤɚɤ 
ɢɧɬɟɪɧɟɬ. 

ȿɫɥɢ ɜɫё ɬɚɤ ɡɞɨɪɨɜɨ, ɩɨɱɟɦɭ ɷɬɭ ɫɢɫɬɟɦɭ ɧɟ ɜɜɨɞɹɬ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ? 
Ɉɫɧɨɜɧɚɹ ɩɪɢɱɢɧɚ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɛɨɥɶɲɢɯ ɢɧɜɟɫɬɢɰɢɣ ɢ ɩɨɞɫɬɪɨɣɤɚ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ. ɇɨ ɷɬɨ ɧɟ ɡɧɚɱɢɬ, ɱɬɨ ɧɢɤɬɨ ɧɟ ɯɨɱɟɬ ɷɬɭ ɫɢɫɬɟɦɭ ɜɜɨɞɢɬɶ.  

Ʌɟɬɨɦ β018 ɝɨɞɚ ɜ ɘɠɧɨɣ Ʉɨɪɟɟ ɜɜɟɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ LTE-R. ɂɫɩɵɬɚɧɢɹ 
ɩɪɨɲɥɢ ɭɫɩɟɲɧɨ ɢ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɫɪɚɜɧɢɬɟɥɶɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 
Ɋɢɫɭɧɨɤ 10 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ LTE-R ɢ GSM-R 
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Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɩɥɚɧ ɪɚɡɜɢɬɢɹ LTE-R ɞɨ β0β7 ɝɨɞɚ. 

 
Ɋɢɫɭɧɨɤ 11 – ɉɥɚɧ ɪɚɡɜɢɬɢɹ LTE-R ɜ ɘɠɧɨɣ Ʉɨɪɟɟ 

 

Ʉɚɤ ɨɛɟɫɩɟɱɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɫɜɹɡɢ ɧɚ ɛɭɞɭɳɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝɚɯ 

ɍɱɢɬɵɜɚɹ ɪɚɡɧɨɨɛɪɚɡɢɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɭɫɥɭɝ ɢ ɫɰɟɧɚɪɢɟɜ, 
ɚɪɯɢɬɟɤɬɭɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɟɬɢ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɞɨɥɠɧɚ ɛɵɬɶ 
ɧɟɨɞɧɨɪɨɞɧɨɣ (ɝɟɬɟɪɨɝɟɧɧɨɣ), ɜɤɥɸɱɚɹ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɫɟɬɟɣ ɞɨɫɬɭɩɚ, 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɪɚɡɥɢɱɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɱɚɫɬɨɬ ɢ ɪɚɡɦɟɳɟɧɧɵɯ ɜ ɧɟɫɤɨɥɶɤɢɯ 
ɩɨɥɨɫɚɯ ɱɚɫɬɨɬ, ɧɟɫɤɨɥɶɤɨ ɫɰɟɧɚɪɢɟɜ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨɤɪɵɬɢɹ 
ɦɨɛɢɥɶɧɨɣ ɫɟɬɢ. ɇɚ ɪɢɫ. 1β ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɧɚɡɟɦɧɨɣ 
ɫɟɬɢ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɞɥɹ ɛɭɞɭɳɢɯ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɢɫɬɟɦ. Ɍɚɤɚɹ ɫɟɬɶ ɛɭɞɟɬ 
ɜɤɥɸɱɚɬɶ: (1) ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɦɚɤɪɨ-ɹɱɟɣɤɢ, ɨɛɴɟɞɢɧɹɸɳɢɟ ɩɨɞɫɟɬɢ GSM-R, 

LTE-R ɢ 5G-R, (β) ɨɛɳɟɫɬɜɟɧɧɭɸ ɫɟɬɶ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɢ (γ) ɦɨɛɢɥɶɧɭɸ ɫɟɬɶ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ. Ʉɚɤ ɪɟɚɥɢɡɨɜɚɬɶ ɩɥɚɜɧɨɟ ɩɟɪɟɤɥɸɱɟɧɢɟ ɦɟɠɞɭ 
ɪɚɡɥɢɱɧɵɦɢ ɪɟɠɢɦɚɦɢ ɫɟɬɢ? ɗɬɨ ɹɜɥɹɟɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ. 

 
Ɋɢɫɭɧɨɤ 12 – Ɉɪɝɚɧɢɡɚɰɢɹ ɫɟɬɢ ɰɢɮɪɨɜɨɣ ɞɨɪɨɝɢ ɛɭɞɭɳɟɝɨ 
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ȼɵɞɟɥɟɧɧɵɟ ɫɟɬɢ ɨɯɜɚɬɵɜɚɸɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɥɢɧɢɢ, ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ 
ɜɨɤɡɚɥ, ɬɨɜɚɪɧɭɸ ɫɬɚɧɰɢɸ, ɫɨɪɬɢɪɨɜɨɱɧɵɟ ɭɡɥɵ ɢ ɞɪɭɝɢɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ 
ɨɛɴɟɤɬɵ ɞɥɹ ɰɟɥɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɟɡɞɨɜ. Ȼɭɞɭɳɢɟ ɫɟɬɢ ɛɭɞɭɬ ɪɚɛɨɬɚɬɶ ɩɪɢ ɨɱɟɧɶ 
ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ, ɜɜɨɞɹ ɜɵɫɨɤɢɟ ɞɨɩɥɟɪɨɜɫɤɢɟ ɫɞɜɢɝɢ ɢ ɱɚɫɬɵɟ ɩɟɪɟɤɥɸɱɟɧɢɹ. 
Ɍɟɦ ɫɚɦɵɦ, ɤɚɤ ɩɥɚɧɢɪɨɜɚɬɶ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɛɚɡɨɜɵɦɢ 
ɫɬɚɧɰɢɹɦɢ, ɹɜɥɹɟɬɫɹ ɟɳɟ ɨɞɧɨɣ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ.  ɋɨɫɟɞɧɢɟ ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ ɫɟɬɢ 
GSM-R (ɧɨɦɟɪ 4) ɨɬɫɬɨɹɬ ɜ γ – 4 ɤɦ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɱɬɨɛɵ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɯɨɪɨɲɟɟ 
ɩɨɤɪɵɬɢɟ ɹɱɟɣɤɢ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɬɚɧɞɚɪɬ GSM-R ɹɜɥɹɟɬɫɹ ɩɨɱɬɢ ɡɪɟɥɵɦ. Ɍɟɦ 
ɧɟ ɦɟɧɟɟ, ɦɨɞɟɥɢ ɤɚɧɚɥɚ ɞɥɹ GSM-R ɧɟ ɹɜɥɹɸɬɫɹ ɢɞɟɚɥɶɧɵɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɟɬɶ 
GSM-R ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ ɫɨɜɦɟɫɬɧɨ ɫ ɫɟɬɶɸ LTE-R (ɧɨɦɟɪ 5). ɇɚ ɩɪɢɦɟɪɟ ɨɩɵɬɚ 
Ʉɢɬɚɹ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɛɚɡɨɜɵɦɢ ɫɬɚɧɰɢɹɦɢ LTE-R ɦɨɠɟɬ ɛɵɬɶ 
7–8 ɤɦ ɧɚ ɱɚɫɬɨɬɟ 450 ɆȽɰ ɢ γ – 4 ɤɦ ɞɥɹ 800 ɆȽɰ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɨɟ 
ɜɪɟɦɹ ɞɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɤɚɧɚɥɚ ɢ ɯɨɪɨɲɟɟ ɤɚɱɟɫɬɜɨ ɩɨɤɪɵɬɢɹ ɤɪɚɟɜ ɹɱɟɣɤɢ.   

ɋɟɬɶ 5G-R (ɧɨɦɟɪ 6) ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɛɨɥɶɲɨɣ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɫɥɭɝ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. ɂɡ-ɡɚ ɲɢɪɨɤɨɣ ɩɨɥɨɫɵ 
ɜɵɫɨɤɢɯ ɱɚɫɬɨɬ ɢ ɫɧɢɠɟɧɢɹ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɫɟɬɶ 5G-R ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ 
ɨɫɧɚɳɟɧɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɥɢɧɢɢ, ɧɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɨɛɳɟɧɢɹ ɜ ɜɨɤɡɚɥɟ (ɧɨɦɟɪ 7) 
ɢ ɜɧɭɬɪɢ ɜɚɝɨɧɚ. Ɉɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ ɦɟɬɨɞɨɜ ɪɟɚɥɢɡɚɰɢɢ 5G ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ 
ɚɧɬɟɧɧ MIMO. Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ ɫɥɨɠɧɵɯ ɡɚɞɚɱ ɞɥɹ ɫɟɬɢ 5G-R ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɰɟɧɚɪɢɹɯ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ ɤɚɧɚɥɚ ɫ ɚɧɬɟɧɧɚɦɢ 
MIMO ɜ ɱɚɫɬɨɬɧɵɯ ɞɢɚɩɚɡɨɧɚɯ 6, β8, γ8, 60 ɢ γ00 ȽȽɰ. ɋɰɟɧɚɪɢɣ TβT (train-to-train, 

ɫɜɹɡɶ ɦɟɠɞɭ ɩɨɟɡɞɚɦɢ, ɧɨɦɟɪ 8) – ɷɬɨ ɫɥɨɠɧɟɣɲɚɹ ɡɚɞɚɱɚ. ɋɰɟɧɚɪɢɣ ɧɚɡɟɦɧɨɣ 
ɫɜɹɡɢ (ground-to-ground, ɧɨɦɟɪ 9) ɨɬɧɨɫɢɬɫɹ ɤ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɜɞɨɥɶ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɭɬɟɣ ɢ ɞɨɫɬɭɩɚ ɤ ɜɟɛ-ɤɚɦɟɪɚɦ.   

ɍɫɩɟɯ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫɟɬɟɣ GSM-R, LTE-R ɢ 5G- R (ɢɥɢ ɩɪɢɥɨɠɟɧɢɣ ɜ 
ɦɢɥɥɢɦɟɬɪɨɜɨɦ ɞɢɚɩɚɡɨɧɟ) ɡɚɜɢɫɢɬ ɨɬ ɡɧɚɧɢɣ ɩɨɫɬɪɨɟɧɢɹ ɤɚɧɚɥɚ ɢ ɡɧɚɧɢɣ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɟɣ.  

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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ȺɇȺɅɂɁ ɋɂɋɌȿɆ ɐɂɎɊɈȼɈɃ ɆȺɇɂɉɍɅəɐɂɂ ɂ 
ɉɈɆȿɏɈɍɋɌɈɃɑɂȼɈȽɈ ɄɈȾɂɊɈȼȺɇɂə ȾɅə ɉɈȿɁȾɇɈɃ 

ɊȺȾɂɈɋȼəɁɂ ȽȿɄɌɈɆȿɌɊɈȼɈȽɈ ȾɂȺɉȺɁɈɇȺ 

 

Аɧɧɨɬаɰиɹ. ɉɨɟɡɞɧɚɹ ɪɚɞɢɨɫɜɹɡɶ ɝɟɤɬɨɦɟɬɪɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ ɞɚɜɧɨ ɧɭɠɞɚɟɬɫɹ ɜ 
ɩɟɪɟɯɨɞɟ ɫ ɚɧɚɥɨɝɨɜɨɣ ɩɟɪɟɞɚɱɢ ɧɚ ɰɢɮɪɨɜɭɸ. Ɉɞɧɚɤɨ, ɧɟɫɬɚɧɞɚɪɬɧɚɹ ɩɨɥɨɫɚ ɱɚɫɬɨɬ – 

20 ɤȽɰ ɧɟ ɩɨɞɯɨɞɢɬ ɧɢ ɩɨɞ ɨɞɢɧ ɢɡ ɢɡɜɟɫɬɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ɪɚɞɢɨɫɜɹɡɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɜɫɬɚɟɬ ɜɨɩɪɨɫ ɨ ɜɵɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɣ ɰɢɮɪɨɜɨɣ ɦɚɧɢɩɭɥɹɰɢɢ ɢ ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɷɬɨɣ 
ɦɚɧɢɩɭɥɹɰɢɢ ɫɢɫɬɟɦɵ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ. Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɚɪɢɚɧɬɵ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɚɡɨɜɨɣ ɢ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɣ ɦɨɞɭɥɹɰɢɢ ɜ ɰɢɮɪɨɜɵɯ ɤɚɧɚɥɚɯ ɫɜɹɡɢ ɢ 
ɩɪɢɦɟɧɟɧɢɹ ɤɨɞɨɜ ɏɟɦɦɢɧɝɚ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ. 

 

Клɸɱевые ɫлɨва: ɤɨɞ ɏɟɦɦɢɧɝɚ, ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɧɝɧɥ/ɲɭɦ, ɩɨɟɡɞɧɚɹ ɪɚɞɢɨɫɜɹɡɶ, 
ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɟ ɤɨɞɢɪɨɜɚɧɢɟ, ɰɢɮɪɨɜɚɹ ɦɚɧɢɩɭɥɹɰɢɹ 
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MODERN INFORMATION TECHNOLOGIES FOR THE DEVELOPMENT OF 

PROGRAMS FOR PROCESSING RADIO-TECHNICAL SIGNALS ON THE 

EXAMPLE OF FFT 

Abstract. Hectometer train radio communications have long been in need of a switch from 

analogue to digital transmission. However, the non-standard frequency band of 20 kHz does not fit 

any of the known radio standards. In this regard, there is a question of choosing the optimal digital 

manipulation and the noise-resistant coding system used for this manipulation. Variants of using 

phase and multiposition modulation in digital communication channels and using Hamming codes 

to increase the signal-to-noise ratio are considered. 

 

Keywords: Hamming code, single-to-noise ratio, train radio, noise-resistant coding, digital keying. 

 

Ɉɫɨɛɟɧɧɨɫɬɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɫɩɟɰɢɮɢɱɧɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɰɢɮɪɨɜɵɯ ɫɬɚɧɞɚɪɬɨɜ ɪɚɞɢɨɫɜɹɡɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɝɨ 
ɪɚɞɢɨɤɚɧɚɥɚ ɦɟɠɞɭ ɩɟɪɫɨɧɚɥɨɦ, ɪɚɛɨɬɚɸɳɢɦ ɧɚ ɥɢɧɢɢ ɢ ɪɭɤɨɜɨɞɢɬɟɥɹɦɢ ɢɥɢ 
ɞɢɫɩɟɬɱɟɪɚɦɢ. Ʉ ɬɚɤɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɨɬɧɨɫɹɬɫɹ ɧɟɫɬɚɧɞɚɪɬɧɵ ɩɨɥɨɫɵ ɱɚɫɬɨɬ 
ɤɚɧɚɥɨɜ ɩɨɟɡɞɧɨɣ ɪɚɞɢɨɫɜɹɡɢ (ɉɊɋ). 

Ⱦɜɚ ɝɟɤɬɨɦɟɬɪɨɜɵɯ ɤɚɧɚɥɚ, β,1γ ɆȽɰ ɢ β,15 ɆȽɰ,  ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 
ɡɚɝɨɪɢɡɨɧɬɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɨɜ ɫɩɟɰɢɚɥɶɧɵɟ ɜɨɥɧɨɜɨɞɧɵɟ 
ɧɚɩɪɚɜɥɹɸɳɢɟ ɫɢɫɬɟɦɵ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɞɨɥɶ ɩɭɬɢ.  

Ⱥɩɩɚɪɚɬɭɪɚ ɢ ɤɚɧɚɥɵ ɝɟɤɬɨɦɟɬɪɨɜɨɣ ɉɊɋ ɹɜɥɹɸɬɫɹ ɚɧɚɥɨɝɨɜɵɦɢ. 
ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɤɚɱɟɫɬɜɨ ɪɚɞɢɨɫɜɹɡɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɭɫɥɨɜɢɢ ɩɪɟɜɵɲɟɧɢɹ 
ɭɪɨɜɧɹ ɫɢɝɧɚɥɚ ɧɚɞ ɭɪɨɜɧɟɦ ɩɨɦɟɯ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 1β ɞȻ. ɇɨ ɧɚ ɭɱɚɫɬɤɚɯ ɫ ɬɹɝɨɣ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɭɪɨɜɟɧɶ ɩɨɦɟɯ ɞɨɫɬɢɝɚɟɬ 60 ɞȻ/ɦɤȼ ɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɞɚɥɶɧɨɫɬɶ ɫɜɹɡɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɚɩɪɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦ. 
ɇɚ ɩɟɪɟɝɨɧɚɯ ɞɥɢɧɨɣ ɛɨɥɟɟ β0 ɤɦ ɩɨɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɚɧɚɜɥɢɜɚɬɶ 
ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɪɚɞɢɨɫɬɚɧɰɢɢ. Ⱥɧɚɥɨɝɨɜɵɣ ɤɚɧɚɥ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞёɠɧɵɣ 
ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɬɟɥɟɦɟɬɪɢɢ ɢ ɬɟɥɟɭɩɪɚɜɥɟɧɢɹ ɞɢɫɩɟɬɱɟɪɚ ɫ ɞɜɢɠɭɳɢɦɫɹ ɨɛɴɟɤɬɨɦ 
ɢɥɢ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɤɢ ɜ ɩɪɟɞɟɥɚɯ ɞɜɢɠɭɳɟɝɨɫɹ ɨɛɴɟɤɬɚ. Ɍɚɤɨɣ ɨɛɦɟɧ ɜ ɪɟɠɢɦɟ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɨɫɨɛɟɧɧɨ ɧɟɨɛɯɨɞɢɦ ɩɪɢ ɫɨɩɪɨɜɨɠɞɟɧɢɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɢ 
ɬɹɠɟɥɨɜɟɫɧɵɯ ɩɨɟɡɞɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ, ɜɫɬɚɸɳɚɹ ɩɟɪɟɞ ɉɊɋ: ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ 
ɰɢɮɪɨɜɵɟ ɤɚɧɚɥɵ ɪɚɞɢɨɫɜɹɡɢ ȽɆȼ ɫɬɚɧɨɜɢɬɫɹ ɧɟɫɬɚɧɞɚɪɬɧɚɹ ɱɚɫɬɨɬɚ ɤɚɧɚɥɚ – 

20 ɤȽɰ, ɤɨɬɨɪɭɸ ɧɟɥɶɡɹ ɭɜɟɥɢɱɢɬɶ, ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɩɪɢɜɟɞɟɬ ɤ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ 
ɫɜɹɡɢ ɜ ɞɪɭɝɢɯ ɤɚɧɚɥɚɯ, ɢ ɧɟɥɶɡɹ ɭɦɟɧɶɲɢɬɶ, ɩɨɬɨɦɭ ɱɬɨ ɬɨɝɞɚ ɭɯɭɞɲɢɬɫɹ 
ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ. 
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ɇɨɪɦɢɪɨɜɚɧɧɵɟ ɩɨɥɨɫɵ ɱɚɫɬɨɬ ɞɥɹ ɤɚɧɚɥɨɜ ɉɊɋ ɧɚ ɧɟɫɭɳɢɯ β,1γ ɆȽɰ ɢ 
2,15 ɆȽɰ ɫɨɫɬɚɜɥɹɸɬ ɩɨ β0 ɤȽɰ. ɉɪɢ ɷɬɨɦ ɜ ɬɚɤɨɣ ɩɨɥɨɫɟ ɩɟɪɟɞɚёɬɫɹ ɨɞɢɧ 
ɚɧɚɥɨɝɨɜɵɣ ɤɚɧɚɥ ɪɟɱɢ  ɫ  ɢɫɯɨɞɧɨɣ  ɇɑ ɩɨɥɨɫɨɣ γ100 Ƚɰ. ɋɨɜɪɟɦɟɧɧɵɟ 
ɦɟɬɨɞɵ ɫɠɚɬɢɹ ɰɢɮɪɨɜɨɣ ɪɟɱɢ (MELP–β400) ɩɨɡɜɨɥɹɸɬ ɩɟɪɟɞɚɜɚɬɶ ɪɟɱɶ 
ɯɨɪɨɲɟɝɨ ɤɚɱɟɫɬɜɚ ɫɨ ɫɤɨɪɨɫɬɶɸ β,4 ɤɛɢɬ/ɫɟɤ ɜ ɤɚɧɚɥɟ ɩɨɥɨɫɨɣ γ ɤȽɰ. 

ȿɫɥɢ ɫɱɢɬɚɬɶ ɫɭɦɦɚɪɧɵɣ ɰɢɮɪɨɜɨɣ ɩɨɬɨɤ (ɪɟɱɶ, ɞɚɧɧɵɟ, ɫɢɝɧɚɥɢɡɚɰɢɹ ) 
ɫɨɫɬɚɜɢɬ 4,0 ɤɛɢɬ/ɫɟɤ ɩɪɢ ɢɦɟɸɳɟɣɫɹ ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ  ɞɨ  
16 ɤɛɢɬ/ɫɟɤ ɜ ɩɨɥɨɫɟ β0 ɤȽɰ. ɂɦɟɸɳɢɣɫɹ ɪɟɡɟɪɜ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ 
ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɫɨɨɛɳɟɧɢɣ.   

ȼɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɬɚɤɨɝɨ ɜɢɞɚ ɦɨɞɭɥɹɰɢɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɟɣ 
ɦɟɬɨɞɚ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɛɵ ɞɨɩɨɥɧɹɥɢ ɞɪɭɝ ɞɪɭɝɚ ɢ 

ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɛɢɬɨɜɨɣ ɢɥɢ ɫɢɦɜɨɥɶɧɨɣ ɨɲɢɛɤɢ Ps = 10
-4

 ɩɨɡɜɨɥɹɥɢ 
ɜɵɞɟɥɹɬɶ ɫɢɝɧɚɥ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ «ɫɢɝɧɚɥ/ɲɭɦ» Es/Nɨ = 0 ɞȻ, ɢ ɞɚɠɟ ɦɟɧɶɲɟ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɰɟɧɤɚ ɦɟɬɨɞɨɜ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɝɨ 
ɤɨɞɢɪɨɜɚɧɢɹ ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɪɚɫɫɦɨɬɪɟɧɢɢ ɦɟɬɨɞɨɜ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɣ ɢ 
ɮɚɡɨɜɨɣ ɦɚɧɢɩɭɥɹɰɢɢ. 

Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ ɤɚɱɟɫɬɜ ɜ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ ɹɜɥɹɟɬɫɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɨɲɢɛɨɱɧɨɝɨ ɛɢɬɚ PB ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ Eb/N0. 

Ȼɟɡɪɚɡɦɟɪɧɨɟ ɨɬɧɨɲɟɧɢɟ Eb/N0 ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɤɚɱɟɫɬɜɟɧɧɵɦ 
ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦ ɫɜɹɡɢ. ɉɨɷɬɨɦɭ ɬɪɟɛɭɟɦɨɟ 
ɫɨɨɬɧɨɲɟɧɢɟ Eb/N0 ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɦɟɬɪɢɤɭ, ɩɨɡɜɨɥɹɸɳɭɸ 
ɫɪɚɜɧɢɜɚɬɶ ɤɚɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ; ɱɟɦ ɦɟɧɶɲɟ ɬɪɟɛɭɟɦɨɟ ɨɬɧɨɲɟɧɢɟ 
Eb/N0, ɬɟɦ ɷɮɮɟɤɬɢɜɧɟɟ ɩɪɨɰɟɫɫ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ 
ɨɲɢɛɤɢ. 

Ʉɚɤ ɩɪɢ ɤɨɝɟɪɟɧɬɧɨɣ, ɬɚɤ ɢ ɩɪɢ ɧɟɤɨɝɟɪɧɬɧɨɣ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɮɚɡɨɜɚɹ ɦɚɧɢɩɭɥɹɰɢɹ (phase shift keying – PSK), ɱɚɫɬɨɬɧɚɹ ɦɚɧɢɩɭɥɹɰɢɹ 
(frequency shift keying – FSK), ɚɦɩɥɢɬɭɞɧɚɹ ɦɚɧɢɩɭɥɹɰɢɹ (amplitude shift keying 

– ASK), ɦɚɧɢɩɭɥɹɰɢɹ ɛɟɡ ɪɚɡɪɵɜɚ ɮɚɡɵ (continuous phase modulation – CPM) ɢ 
ɫɦɟɲɚɧɧɵɟ ɤɨɦɛɢɧɚɰɢɢ ɷɬɢɯ ɦɨɞɭɥɹɰɢɣ. 

Ʉ ɩɪɢɦɟɪɭ, ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ MFSK-ɦɚɧɢɩɭɥɹɰɢɢ ɞɥɹ Ɇ = 8;16;γβ ɞɥɹ 
ɡɧɚɱɟɧɢɣ Eb/N0 ɪɚɜɧɵɯ: 5; 0; -5; -10; -15; -β0 ɞȻ. Ɋɚɫɱɟɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ  
ɬɚɛɥ. 1 [2]. 
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Ɍɚɛɥɢɰɚ 1 

ȼɟɪɨɹɬɧɨɫɬɶ ɫɢɦɜɨɥɶɧɨɣ ɨɲɢɛɤɢ ɞɥɹ ɦɨɞɭɥɹɰɢɢ MFSK 

Ɇ 0/
b

E N , ɞȻ ɯ ( )Q x  ( )
EɤP M  ȼɤP  ( )

EɧɤP M  ȼɧɤP  

4 

5 1,89 0,0294 0,0882 0,0588 0,1719 0,1146 

0 1,41 0,0793 0,2379 0,1586 0,3555 0,2370 

-5 1,06 0,1446 0,4338 0,2892 0,4885 0,3257 

-10 0,80 0,2169 0,6507 0,4338 0,5920 0,3947 

-15 0,60 0,2743 0,8229 0,5486 0,6600 0,4400 

-20 0,45 0,3264 0,9792 0,6528 0,6973 0,4648 

8 
5 2,31 0,0104 0,0728 0,0416 0,1371 0,0914 

0 1,73 0,0418 0,2926 0,1672 0,3408 0,2272 

8 

-5 1,30 0,0968 0,6776 0,3872 0,5371 0,3580 

-10 0,97 0,1660 1,1620 0,6640 0,6759 0,4506 

-15 0,73 0,2327 1,6289 0,9308 0,7612 0,5075 

-20 0,55 0,2912 2,0384 1,1648 0,8107 0,5404 

16 

5 2,67 0,0038 0,0570 0,0304 0,0146 0,0097 

0 2,00 0,0228 0,3420 0,1824 0,3275 0,2184 

-5 1,50 0,0668 1,0020 0,5344 0,5638 0,3759 

-10 1,12 0,1314 1,9710 1,0512 0,7278 0,4852 

-15 0,84 0,2005 3,0075 1,6040 0,8229 0,5486 

-20 0,63 0,2643 3,9645 2,1144 0,8748 0,5832 

32 

5 2,98 0,0014 0,0434 0,0224 0,0775 0,0517 

0 2,24 0,0125 0,3875 0,2000 0,3120 0,2080 

-5 1,68 0,0465 1,4415 0,7440 0,5821 0,3881 

-10 1,26 0,1038 3,2178 1,6608 0,7652 0,5101 

-15 0,94 0,1736 5,3816 2,7776 0,8641 0,5761 

-20 0,71 0,2389 7,4059 3,8224 0,9142 0,6095 
 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɞɥɹ  
Ɇ-ɚɪɧɨɣ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɫ ɤɨɝɟɪɟɧɬɧɵɦ ɢ ɧɟɤɨɝɟɪɟɧɬɧɵɦ 
ɞɟɬɟɤɬɢɪɨɜɚɧɢɟɦ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɩɨ ɞɚɧɧɵɦ ɪɚɫɱɟɬɚɦ, ɪɢɫ. 1 ɢ ɪɢɫ. 2 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

 
Ɋɢɫɭɧɨɤ 1 – ȼɟɪɨɹɬɧɨɫɬɶ ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɞɥɹ Ɇ-ɚɪɧɨɣ ɨɪɬɨɝɨɧɚɥɶɧɨɣ 

ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɫ ɤɨɝɟɪɟɧɬɧɵɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟɦ 
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Ɋɢɫɭɧɨɤ β – ȼɟɪɨɹɬɧɨɫɬɶ ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɞɥɹ Ɇ-ɚɪɧɨɣ ɨɪɬɨɝɨɧɚɥɶɧɨɣ 

ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɫ ɧɟɤɨɝɟɪɟɧɬɧɵɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟɦ 

 

ɉɨ ɬɚɛɥ. β ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨ 
ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɫɢɝɧɚɥɨɜ ɢ ɭɦɟɧɶɲɟɧɢɟ ɨɬɧɨɲɟɧɢɹ 
ɫɢɝɧɚɥ/ɲɭɦ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɟɪɨɹɬɧɨɫɬɶ 
ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɦɢɧɢɦɚɥɶɧɚ.  

Ɉɫɬɚɧɨɜɢɦɫɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɨɞɛɟɪɟɦ 
ɤ ɧɟɦɭ ɨɞɢɧ ɢɡ ɫɩɨɫɨɛɨɜ ɤɨɞɢɪɨɜɚɧɢɹ. 

Ȼɥɨɱɧɵɣ ɞɜɨɢɱɧɵɣ ɤɨɞ Ȼɑɏ (64.β4.16) ɢɦɟɟɬ ɫɤɨɪɨɫɬɶ ɤɨɞɚ 0,γ75 ɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ 10-4

 ɜ ɤɚɧɚɥɟ ɫ ȺȻȽɒ ɩɪɢ ɨɬɧɨɲɟɧɢɢ  Es/Nɨ 
= – 0,5 ɞȻ Д1Ж. ɋɭɳɟɫɬɜɭɸɬ ɢ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɝɨ 
ɤɨɞɢɪɨɜɚɧɢɹ ɫ ɛɨɥɶɲɢɦ ɜɵɢɝɪɵɲɟɦ ɩɨ ɨɬɧɨɲɟɧɢɸ Es/Nɨ ɜ ɤɚɧɚɥɟ. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɚɫɫɱɢɬɚɟɦ ɜɟɪɨɹɬɧɨɫɬɶ ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 
ɩɪɢɧɹɬɢɹ ɨɲɢɛɤɢ ɛɟɡ ɤɨɞɢɪɨɜɚɧɢɹ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɞɚ ɏɷɦɦɢɧɝɚ (γ1, β6) 
ɢ (7, 4), ɜɧɟɫɟɦ ɜ ɬɚɛɥ. 2 [3,4].  

Ɍɚɛɥɢɰɚ β 

Ɋɚɫɱɟɬ ɱɚɫɬɨɬɵ ɩɨɹɜɥɟɧɢɹ ɨɲɢɛɨɤ ɞɥɹ MFSK ɩɪɢ Ɇ = 4; 8; 16; γβ 

Ɇ (n,k) 

ȼɟɪɨɹɬɧɨɫɬɶ 
ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɜ 

ɤɚɧɚɥɟ ɛɟɡ 
ɤɨɞɢɪɨɜɚɧɢɹ 

ȼɟɪɨɹɬɧɨɫɬɶ 
ɩɪɢɧɹɬɢɹ 

ɨɲɢɛɤɢ ɛɟɡ 
ɤɨɞɢɪɨɜɚɧɢɹ 

ȼɟɪɨɹɬɧɨɫɬɶ 
ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ 

ɜ ɤɚɧɚɥɟ ɫ 
ɤɨɞɢɪɨɜɚɧɢɹ 

ȼɟɪɨɹɬɧɨɫɬɶ 
ɩɪɢɧɹɬɢɹ ɨɲɢɛɤɢ 

ɫ ɤɨɞɢɪɨɜɚɧɢɹ 

4 

(7, 4) 28,26  10
-4

 11,53  10
-3

 42,19  10
-3

 30,13  10
-3

 

(15, 11) 28,26  10
-4

 31,4  10
-3

 15,38  10
-3

 20,31  10
-3

 

(31, 26) 28,26  10
-4

 72,6  10
-3

 7,93  10
-3

 23,24  10
-3

 

8 

(7, 4) 29,7  10
-4

 11,87  10
-4

 18,09  10
-3

 62,75  10
-4

 

(15, 11) 29,7  10
-4

 32,6  10
-4

 36,35  10
-4

 13,23  10
-4

 

(31, 26) 29,7  10
-4

 76,89  10
-4

 13,47  10
-4

 8,11  10
-4

 

16 

(7, 4) 2,79  10
-5

 11,18  10
-5

 67,04  10
-4

 91,3  10
-5

 

(15, 11) 2,79  10
-5

 30,74  10
-5

 78,87  10
-5

 6,47  10
-5

 

(31, 26) 2,79  10
-5

 72,64  10
-5

 20,99  10
-5

 2,04  10
-5

 

32 

(7, 4) 2,54  10
-6

 1,015  10
-5

 24  10
-4

 11,9  10
-5

 

(15, 11) 2,54  10
-6

 2,79  10
-5

 16,51  10
-5

 2,85  10
-6

 

(31, 26) 2,54  10
-6

 6,59  10
-6

 3,15  10
-6

 4,62  10
-7
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ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɜ 
ɞɟɤɨɞɢɪɨɜɚɧɧɨɦ ɛɢɬɟ ɨɬ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɨɱɧɨɝɨ ɩɪɢɟɦɚ ɤɚɧɚɥɶɧɨɝɨ ɫɢɦɜɨɥɚ 
ɧɚ ɪɢɫ. 3.  

Ʉɨɞɢɪɨɜɚɧɢɟ ɩɨ ɏɷɦɦɢɧɝɭ ɜɟɫɶɦɚ ɧɟɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ. Ⱦɨɫɬɨɢɧɫɬɜɚ ɤɨɞɚ 
ɜ ɬɨɦ, ɱɬɨ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɬɪɟɛɭɟɬ ɧɟɛɨɥɶɲɢɯ ɪɟɫɭɪɫɨɜ ɢɦ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɚ ɚɩɩɚɪɚɬɧɨ. 

0,018

0,016

0,014

0,012

0,01

0,008

0,006

0,004

0,002

0

                       10
-2                            

10
-3                                

10
-4                             

10
-5

ɫ
ɆɊ

cp

Ʉɨɞ ɏɷɦɦɢɧɝɚ (31,26)

Ʉɨɞ ɏɷɦɦɢɧɝɚ (15,11)

Ʉɨɞ ɏɷɦɦɢɧɝɚ (7,4)

 
Ɋɢɫɭɧɨɤ γ – Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɨɬ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ 

ɜ ɤɚɧɚɥɶɧɨɦ ɫɢɦɜɨɥɟ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɛɥɨɱɧɵɯ ɤɨɞɨɜ 

 

ɇɟɞɨɫɬɚɬɤɨɦ ɤɨɞɚ ɏɷɦɦɢɧɝɚ ɹɜɥɹɟɬɫɹ ɧɟ ɤɪɚɬɧɨɫɬɶ ɪɚɡɦɟɪɚ ɢɫɯɨɞɧɨɝɨ 
ɛɥɨɤɚ ɤɨɞɚ ɢ ɛɥɨɤɚ ɫɬɟɩɟɧɢ ɞɜɨɣɤɢ. ɗɬɨ ɡɚɬɪɭɞɧɹɟɬ ɨɛɪɚɛɨɬɤɭ ɤɨɞɨɜ ɏɷɦɦɢɧɝɚ 
ɧɚ ɤɨɦɩɶɸɬɟɪɚɯ, ɨɩɟɪɢɪɭɸɳɢɯ ɛɥɨɤɚɦɢ ɛɢɬ ɤɪɚɬɧɵɦɢ ɫɬɟɩɟɧɢ ɞɜɨɣɤɢ. Ⱦɪɭɝɢɦ 
ɜɚɠɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɬɶ ɤɨɞ ɞɥɹ ɢɫɩɪɚɜɥɟɧɢɹ 
ɞɜɨɣɧɵɯ ɨɲɢɛɨɤ ɢɥɢ ɨɲɢɛɨɤ ɛɨɥɶɲɟɣ ɤɪɚɬɧɨɫɬɢ. 

ɉɨ ɪɚɫɱɟɬɚɦ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɟɣ ɜɫɟɝɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɞ ɏɷɦɦɢɧɝɚ (15, 11).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɞɵ ɏɷɦɦɢɧɝɚ ɧɚɪɹɞɭ ɫ ɧɟɤɨɝɟɪɟɧɬɧɨɣ ɮɚɡɨɜɨɣ 
ɦɚɧɢɩɭɥɹɰɢɟɣ (MFSK) ɫ ɦɚɥɵɦ ɱɢɫɥɨɦ ɫɢɝɧɚɥɨɜ ɞɚɟɬ ɬɪɟɛɭɟɦɨɟ ɨɬɧɨɲɟɧɢɟ 
ɫɢɝɧɚɥ/ɲɭɦ ɢ ɜɟɪɨɹɬɧɨɫɬɶ ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɩɪɢɟɦɥɟɦɭɸ ɞɥɹ ɩɟɪɟɞɚɱɢ 
ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɝɨ ɤɨɞɨɜɨɝɨ ɫɨɨɛɳɟɧɢɹ.  
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ɋɭɳɟɫɬɜɟɧɧɵɦ ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ ɮɚɤɬɨɪɨɦ, ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɤɨɬɨɪɨɝɨ 
ɦɨɝɭɬ ɩɪɨɢɡɨɣɬɢ ɫɛɨɢ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ, ɹɜɥɹɟɬɫɹ ɚɬɦɨɫɮɟɪɧɨɟ 
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ɷɥɟɤɬɪɢɱɟɫɬɜɨ. ɉɨɷɬɨɦɭ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ, ɩɨɞɜɟɪɠɟɧɧɨɣ ɜɥɢɹɧɢɸ ɢɦɩɭɥɶɫɧɨɝɨ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ɂɆɉ), ɫɨɡɞɚɜɚɟɦɨɝɨ ɪɚɡɪɹɞɨɦ ɦɨɥɧɢɢ. ɋɨɝɥɚɫɧɨ ȽɈɋɌɭ  
Ɋ 50649-94 Д4Ж, ɮɨɪɦɚ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɂɆɉ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɮɨɪɦɟ 
ɢɦɩɭɥɶɫɚ ɬɨɤɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ (Ɍɋ) ɧɚ 
ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ: ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 16 ɦɤɫ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɮɪɨɧɬɚ 6,4 ɦɤɫ. 

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɨɡɨɜɵɯ ɬɨɤɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɩɚɪɚɦɟɬɪɵ: 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɢɦɩɭɥɶɫɚ ɬɨɤɚ ɦɨɥɧɢɢ. 
ɋɬɟɩɟɧɶ ɤɪɭɬɢɡɧɵ ɮɪɨɧɬɚ ɝɪɨɡɨɜɨɝɨ ɬɨɤɚ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɮɪɨɧɬɚ ɢɦɩɭɥɶɫɚ ɬɨɤɚ. 
Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɨɥɧɨɝɨ ɢɦɩɭɥɶɫɚ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɚ ɬɨɤɚ ɦɨɥɧɢɢ – ɷɬɨ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 

ɩɪɨɯɨɠɞɟɧɢɹ ɨɛɪɚɬɧɵɦ ɪɚɡɪɹɞɨɦ ɞɢɫɬɚɧɰɢɢ ɦɟɠɞɭ ɡɟɦɥɟɣ ɝɪɨɡɨɜɵɦ ɨɛɥɚɤɨɦ 
(β0...100 ɦɤɫ). Ɏɪɨɧɬ ɢɦɩɭɥɶɫɚ ɬɨɤɚ ɦɨɥɧɢɢ ɩɪɢ ɷɬɨɦ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 
1,5 ɞɨ 10 ɦɤɫ. 

ɋɪɟɞɧɹɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɦɩɭɥɶɫɚ ɬɨɤɚ ɝɪɨɡɨɜɨɝɨ ɪɚɡɪɹɞɚ ɢɦɟɟɬ 
ɜɟɥɢɱɢɧɭ, ɪɚɜɧɭɸ 50 ɦɤɫ. Ⱦɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɨɣ ɜɟɥɢɱɢɧɨɣ 
ɢɦɩɭɥɶɫɚ ɬɨɤɚ ɦɨɥɧɢɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 
ɷɤɪɚɧɢɪɨɜɚɧɧɵɯ ɤɚɛɟɥɟɣ: ɨɧɢ ɞɨɥɠɧɵ ɜɵɞɟɪɠɢɜɚɬɶ ɩɪɹɦɵɟ ɭɞɚɪɵ ɦɨɥɧɢɢ ɢ 
ɫɨɯɪɚɧɹɬɶ ɰɟɥɨɫɬɧɨɫɬɶ ɢɡɨɥɹɰɢɢ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɩɪɨɱɧɨɫɬɢ ɢɡɨɥɹɰɢɢ 
ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɝɪɨɡɨɜɵɦɢ ɢɦɩɭɥɶɫɚɦɢ ɧɚɩɪɹɠɟɧɢɹ (ɢɫɩɵɬɚɧɢɹ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɵ ȽɈɋɌ 1516.β-97 ДγЖ) ɩɪɢɧɹɬ ɫɬɚɧɞɚɪɬɧɵɣ ɢɦɩɭɥɶɫ ɝɪɨɡɨɜɵɯ 
ɬɨɤɨɜ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɧɵɣ ɧɚ ɪɢɫ. 1 (ɞɥɹ ɭɞɨɛɫɬɜɚ ɩɪɨɜɟɞɟɧɢɹ 
ɪɚɫɱɟɬɨɜ ɮɚɤɬɢɱɟɫɤɢɣ ɮɪɨɧɬ ɩɪɢɜɟɞёɧ ɤ ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ ɤɨɫɨɭɝɨɥɶɧɨɦɭ). 

 
Ɋɢɫɭɧɨɤ 1 – Ɋɚɡɜɟɪɬɤɚ ɫɬɚɧɞɚɪɬɧɨɝɨ ɝɪɨɡɨɜɨɝɨ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

 

ɇɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɪɚɡɜёɪɬɤɢ ɢɦɩɭɥɶɫɧɨɝɨ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɪɨɜɧɟ 



70 
 

ɪɚɜɧɨɦ 0,γ UЦКб ɢ 0,9 UЦКб ɪɚɡɦɟɱɚɸɬɫɹ ɤɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ, ɫɨɟɞɢɧɹɟɦɵɟ 
ɩɪɹɦɨɣ ɥɢɧɢɟɣ. ɉɟɪɟɫɟɱɟɧɢɟ ɞɚɧɧɨɣ ɩɪɹɦɨɣ ɫ ɜɪɟɦɟɧɧɨɣ ɨɫɶɸ ɢ ɫ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɪɹɦɨɣ, ɤɚɫɚɸɳɟɣɫɹ Umax, ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɚ Ɍɮ. ɋɬɚɧɞɚɪɬɧɵɣ ɝɪɨɡɨɜɨɣ ɢɦɩɭɥɶɫ ɢɦɟɟɬ 
ɡɧɚɱɟɧɢɟ 1,β/50: ɝɞɟ Ɍɮ = 1,β ɦɤɫ, Ɍɢ = 50 ɦɤɫ (ɩɨɥɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɚ). 

ȿɳё ɨɞɧɚ ɜɚɠɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɪɨɡɨɜɨɝɨ ɢɦɩɭɥɶɫɚ – ɷɬɨ ɫɤɨɪɨɫɬɶ 
ɧɚɪɚɫɬɚɧɢɹ ɬɨɤɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɮɪɨɧɬɟ ɢɦɩɭɥɶɫɚ (ɤɪɭɬɢɡɧɚ ɮɪɨɧɬɚ, Ⱥ*ɦɤɫ). ȼ 
ɝɨɪɚɯ ɨɬɦɟɱɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɬɨɤɨɜ ɦɨɥɧɢɢ (ɩɨɱɬɢ ɜ ɞɜɚ 
ɪɚɡɚ) ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɞɥɹ ɪɚɜɧɢɧ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɝɨɪɵ 
ɛɥɢɠɟ ɞɨ ɨɛɥɚɤɨɜ, ɩɨɷɬɨɦɭ ɜ ɝɨɪɧɨɣ ɦɟɫɬɧɨɫɬɢ ɦɨɥɧɢɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɝɨɪɚɡɞɨ 
ɦɟɧɶɲɟɣ ɩɥɨɬɧɨɫɬɢ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɜ ɝɪɨɡɨɜɵɯ ɨɛɥɚɤɚɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɭɦɟɧɶɲɟɧɢɸ ɚɦɩɥɢɬɭɞɧɵɯ ɡɧɚɱɟɧɢɣ ɬɨɤɨɜ ɦɨɥɧɢɢ Д6Ж. 

ȼɨ ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɤɨɜ ɦɨɥɧɢɢ ɱɟɪɟɡ ɪɚɡɥɢɱɧɵɟ ɨɛɴɟɤɬɵ ɩɨɫɥɟɞɧɢɟ 
ɩɨɞɜɟɪɝɚɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɦ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɢ ɬɟɩɥɨɜɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ. 

Ɂɧɚɱɢɬɟɥɶɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɫɩɨɫɨɛɧɨ ɪɚɡɪɭɲɢɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɩɪɨɜɨɞɧɢɤɢ ɧɟɛɨɥɶɲɢɯ ɫɟɱɟɧɢɣ (ɧɚɩɪɢɦɟɪ, ɩɥɚɜɤɢɟ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ 
ɢɥɢ ɬɟɥɟɝɪɚɮɧɵɟ ɩɪɨɜɨɞɚ). Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɬɨɤɚ 
ɦɨɥɧɢɢ Iɦ (ɤȺ), ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɥɟɧɢɟ ɢɥɢ ɞɚɠɟ ɢɫɩɚɪɟɧɢɟ 
ɩɪɨɜɨɞɧɢɤɚ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɚɹ ɮɨɪɦɭɥɚ (1): �� = ݇  (1) �ݐܳ√

 

ɝɞɟ Ф – ɭɞɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɧɢɤɚ 
(ɦɟɞɶ γ00...γγ0, ɚɥɸɦɢɧɢɣ β00 ...βγ0, ɫɬɚɥɶ 115...440). 

Q – ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɦɦ2
; 

tm – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɚ ɬɨɤɚ ɦɨɥɧɢɢ, ɦɤɫ. 
ɉɪɨɯɨɞɹ ɫɤɜɨɡɶ ɭɡɤɢɟ ɳɟɥɢ ɢ ɧɟɛɨɥɶɲɢɟ ɨɬɜɟɪɫɬɢɹ, ɝɪɨɡɨɜɵɟ ɪɚɡɪɹɞɵ, 

ɩɪɨɢɡɜɨɞɹɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɚɡɪɭɲɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɬɨɤɢ ɦɨɥɧɢɢ ɥɟɝɤɨ 
ɞɟɮɨɪɦɢɪɭɸɬ ɬɪɭɛɱɚɬɵɟ ɪɚɡɪɹɞɧɢɤɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ Ʌɗɉ. Ⱦɚɠɟ 
ɤɥɚɫɫɢɱɟɫɤɢɟ ɞɢɷɥɟɤɬɪɢɤɢ (ɤɚɦɟɧɶ ɢ ɤɢɪɩɢɱ) ɩɨɞɜɟɪɝɚɸɬɫɹ ɪɚɡɪɭɲɢɬɟɥɶɧɨɦɭ 
ɜɨɡɞɟɣɫɬɜɢɸ ɦɨɳɧɵɯ ɪɚɡɪɹɞɨɜ. ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɫɢɥɵ ɭɞɚɪɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, 
ɤɨɬɨɪɵɟ ɢɦɟɸɬɫɹ ɭ ɨɫɬɚɜɲɢɯɫɹ ɡɚɪɹɞɨɜ, ɥɟɝɤɨ ɪɚɡɪɭɲɚɸɬ ɬɨɥɫɬɨɫɬɟɧɧɵɟ 
ɤɢɪɩɢɱɧɵɟ ɢ ɤɚɦɟɧɧɵɟ ɩɨɫɬɪɨɣɤɢ. 

ȼɨ ɜɪɟɦɹ ɫɬɚɞɢɢ ɝɥɚɜɧɨɝɨ ɪɚɡɪɹɞɚ ɦɨɥɧɢɢ ɪɹɞɨɦ ɫ ɦɟɫɬɨɦ ɟё ɭɞɚɪɚ ɜ 
ɩɪɨɜɨɞɧɢɤɚɯ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 
ɜɨɡɧɢɤɚɸɬ ɢɦɩɭɥɶɫɧɵɟ ɧɚɜɨɞɤɢ ɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɨɯɨɞɹ ɱɟɪɟɡ 
ɡɚɡɟɦɥɟɧɢɟ ɷɧɟɪɝɨɨɛɴɟɤɬɨɜ, ɫɨɡɞɚɸɬ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɢɦɩɭɥɶɫɧɵɟ ɩɨɦɟɯɢ ɢ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɨɫɬɢɝɚɸɳɟɟ 1 000 ɢ ɛɨɥɟɟ ɤȼ. Ƚɪɨɡɨɜɵɟ 
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ɪɚɡɪɹɞɵ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɟ ɬɨɥɶɤɨ ɦɟɠɞɭ ɝɪɨɡɨɜɵɦɢ ɨɛɥɚɤɚɦɢ ɢ ɡɟɦɥɟɣ, ɧɨ 
ɢ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɨɛɥɚɤɚɦɢ. ɉɨɞɨɛɧɵɟ ɦɨɥɧɢɢ ɫɨɜɟɪɲɟɧɧɨ ɛɟɡɨɩɚɫɧɵ ɞɥɹ 
ɩɟɪɫɨɧɚɥɚ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɧɟɪɝɨɨɛɴɟɤɬɨɜ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɝɪɨɡɨɜɵɟ ɪɚɡɪɹɞɵ, 
ɞɨɯɨɞɹɳɢɟ ɞɨ ɡɟɦɥɢ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɟɪɶёɡɧɭɸ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɥɸɞɟɣ ɢ 
ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ Д1Ж. 

Ɉɩɚɫɧɨɫɬɶ ɩɨɜɪɟɠɞɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɟɟ ɰɟɩɟɣ ɛɭɞɟɬ 
ɡɚɜɢɫɟɬɶ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ – ɩɚɪɚɦɟɬɪɵ ɦɨɥɧɢɟɜɨɝɨ 
ɢɦɩɭɥɶɫɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɱɟɦ ɜɵɲɟ ɬɨɤ ɦɨɥɧɢɢ, ɬɟɦ ɛɨɥɶɲɟ ɨɩɚɫɧɨɫɬɶ. 
Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɫɤɚɡɚɬɶ ɢ ɨ ɤɪɭɬɢɡɧɟ ɮɪɨɧɬɚ ɦɨɥɧɢɟɜɨɝɨ ɢɦɩɭɥɶɫɚ – ɱɟɦ 
ɨɧɚ ɜɵɲɟ, ɬɟɦ ɛɨɥɶɲɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ, ɜɨɡɧɢɤɚɸɳɢɟ ɦɟɠɞɭ 
ɪɚɡɥɢɱɧɵɦɢ ɬɨɱɤɚɦɢ ɨɛɴɟɤɬɚ (ɩɪɢ ɪɚɜɧɵɯ ɚɦɩɥɢɬɭɞɚɯ ɬɨɤɚ), ɢ ɬɟɦ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɲɟ ɨɩɚɫɧɨɫɬɶ. ДβЖ 

Ɍɪɟɛɨɜɚɧɢɹ ɢ ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ ɩɪɢɛɨɪɨɜ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ 
ɦɢɤɪɨɫɟɤɭɧɞɧɵɦ ɢɦɩɭɥɶɫɧɵɦ ɩɨɦɟɯɚɦ ɛɨɥɶɲɨɣ ɷɧɟɪɝɢɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ȽɈɋɌ 
Ɋ 51γ17.4.5-99 (ɆɗɄ 61000-4-5-95) Д5Ж. ɋɨɝɥɚɫɧɨ ɷɬɨɦɭ ȽɈɋɌɭ ɞɥɢɬɟɥɶɧɨɫɬɶ 
ɮɪɨɧɬɚ ɢɦɩɭɥɶɫɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɨɣ 1 ɦɤɫ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɚ (ɧɚ ɭɪɨɜɧɟ 
50% ɩɢɤɨɜɨɝɨ ɡɧɚɱɟɧɢɹ) – 50 ɦɤɫ, ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɢɦɩɭɥɶɫɚɦɢ – 1 ɦɢɧ, 
ɜɵɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ – 10 Ɉɦ (ɫɯɟɦɚ «ɩɪɨɜɨɞ-

ɡɚɡɟɦɥɟɧɢɟ») ɢɥɢ β Ɉɦ (ɫɯɟɦɚ «ɩɪɨɜɨɞ-ɩɪɨɜɨɞ»). 
ɇɚ ɪɢɫ. β ɢɡɨɛɪɚɠёɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɜɪɟɦɟɧɢ ɜ ɦɤɫ. 

 
Ɋɢɫɭɧɨɤ β – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɜɪɟɦɟɧɢ  
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Ɍɨɤ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ: 

ɩɪɢ ݎ > ʹ√௅� – ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ ɪɟɠɢɦ: ݅ሺݐሻ = − �ఉ∙௅ ∙ ݁−ఈ௧ ∙sinh ሺߚ ∙  ;ሻݐ

(2) 

ɩɪɢ ݎ < ʹ√௅� – ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɪɟɠɢɦ: i(t) = − ��௅ ݁−ఈ௧ sin�t; (3) 

ɩɪɢ ݎ = ʹ√௅� – ɤɪɢɬɢɱɟɫɤɢɣ ɪɟɠɢɦ: i(t) = − �௅ −  ఈ௧  (4)−݁ݐ

ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɬɨɤ ɬɚɤɨɣ ɮɨɪɦɵ ɪɚɫɱёɬɧɵɦ ɩɭɬёɦ ɛɵɥɢ ɧɚɣɞɟɧɵ ɡɧɚɱɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ R, C, L Д7Ж: 

Ⱦɥɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ: R=50 Ɉɦ; C=1,γγ ɧɎ; L=1,6 ɦɤȽɧ; ȿ=100 ȼ 
(ɪɢɫɭɧɨɤ γ). ݅ሺݐሻ = − �ఉ∙௅ ∙ ݁−ఈ௧ ∙ sinh ሺߚ ∙ =∝ ;ሻݐ ோଶ௅ ߚ ; = √∝ଶ− ଵ௅∙� . (5) 

 
Ɋɢɫɭɧɨɤ γ – Ƚɪɚɮɢɤ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɟɠɢɦ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɫɱёɬɧɵɦ ɩɭɬёɦ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ R, C, 

L ɩɨɡɜɨɥɹɬ ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɜɥɢɹɧɢɹ ɢɦɩɭɥɶɫɨɜ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɪɚɞɢɨɫɜɹɡɢ, ɚ ɬɚɤɠɟ ɛɚɡɢɪɭɹɫɶ ɧɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ, ɦɨɠɧɨ ɜɵɪɚɛɨɬɚɬɶ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɭɫɬɪɨɣɫɬɜɚɦ ɡɚɳɢɬɵ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ȼɚɥɸɤ, ɇ. ȼ. Ɇɨɳɧɵɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɢɦɩɭɥɶɫ: ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɷɥɟɤɬɪɨɧɧɵɟ ɫɪɟɞɫɬɜɚ ɢ ɦɟɬɨɞɵ ɡɚɳɢɬɵ / ɇ. ȼ. Ȼɚɥɸɤ, Ʌ. ɇ. Ʉɟɱɢɟɜ,  
ɉ. ȼ. ɋɬɟɩɚɧɨɜ. – Ɇ.: ɈɈɈ «Ƚɪɭɩɩɚ ɂȾɌ», β007 – 478 ɫ. 

2. Ɋɢɤɟɬɫ, Ʌ. ɍ. ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɢɦɩɭɥɶɫ ɢ ɦɟɬɨɞɵ ɡɚɳɢɬɵ /  

Ʌ. ɍ. Ɋɢɤɟɬɫ Ⱦɠ. ɗ. Ȼɪɢɞɠɟɫ, Ⱦɠ. Ɇɚɣɥɟɬɬɚ. – Ⱥɬɨɦɢɡɞɚɬ, 1979. – γβ8 ɫ. 
3. ȽɈɋɌ 1516.β-97 ɗɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɩɟɪɟɦɟɧɧɨɝɨ 

ɬɨɤɚ ɧɚ ɧɚɩɪɹɠɟɧɢɟ γ ɤȼ ɢ ɜɵɲɟ. Ɉɛɳɢɟ ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɱɧɨɫɬɢ ɢɡɨɥɹɰɢɢ. – Ɇ.:ɂɉɄ ɂɡɞɚɬɟɥɶɫɬɜɨ ɫɬɚɧɞɚɪɬɨɜ, β004. – γ5 ɫ. 

, ɧɫ
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4.  ȽɈɋɌ Ɋ 50649-94 ɋɨɜɦɟɫɬɢɦɨɫɬɶ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ. ɍɫɬɨɣɱɢɜɨɫɬɶ ɤ ɢɦɩɭɥɶɫɧɨɦɭ ɦɚɝɧɢɬɧɨɦɭ ɩɨɥɸ. Ɍɟɯɧɢɱɟɫɤɢɟ 
ɬɪɟɛɨɜɚɧɢɹ ɢ ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ. – Ɇ.: ɂɉɄ ɂɡɞɚɬɟɥɶɫɬɜɨ ɫɬɚɧɞɚɪɬɨɜ, β001. – β9 ɫ. 

5. ȽɈɋɌ Ɋ 51γ17.4.5-99 (ɆɗɄ 61000-4-5-95) ɋɨɜɦɟɫɬɢɦɨɫɬɶ ɬɟɯɧɢɱɟɫɤɢɯ 
ɫɪɟɞɫɬɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ. ɍɫɬɨɣɱɢɜɨɫɬɶ ɤ ɦɢɤɪɨɫɟɤɭɧɞɧɵɦ ɢɦɩɭɥɶɫɧɵɦ 
ɩɨɦɟɯɚɦ ɛɨɥɶɲɨɣ ɷɧɟɪɝɢɢ. Ɍɪɟɛɨɜɚɧɢɹ ɢ ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ. –  

Ɇ.: ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, β008. – γ5 ɫ. 
6. Ɇɚɬɜɟɟɜ, Ɇ. ɉɚɪɚɦɟɬɪɵ ɢɦɩɭɥɶɫɚ ɦɨɥɧɢɢ. Ɋɚɫɱёɬ ɞɥɹ ɡɚɳɢɬɵ 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɟё ɰɟɩɟɣ / Ɇ. Ɇɚɬɜɟɟɜ, Ɇ. Ʉɭɡɧɟɰɨɜ, ɂ. Ⱦɭɬɨɜ // 
ɇɨɜɨɫɬɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ. – 2011. – №4 (70). – ɋ. β – 6.  

7. Ɇɢɬɪɨɯɢɧ, ȼ. ȿ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɪɹɞɚ ɫɬɚɬɢɱɟɫɤɨɝɨ 
ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ /  

ȼ. ȿ. Ɇɢɬɪɨɯɢɧ, Ⱥ. ȼ. ɀɚɛɢɧɚ, Ɇ. ȼ. Ɇɢɬɪɨɯɢɧ // ɉɪɨɛɥɟɦɵ ɪɚɡɪɚɛɨɬɤɢ, 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ: 
Ɇɚɬɟɪɢɚɥɵ IV ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ, ɩɨɫɜɹɳёɧɧɨɣ 80-ɥɟɬɢɸ ɫɨ 
ɞɧɹ ɪɨɠɞɟɧɢɹ Ƚɥɚɜɧɨɝɨ ɤɨɧɫɬɪɭɤɬɨɪɚ ɉɈ «ɉɨɥёɬ» Ⱥ. ɋ. Ʉɥɢɧɵɲɤɨɜɚ. – Ɉɦɫɤ. 
ɈɦȽɌɍ, 2009. – ɋ.47 – 50. 
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Аɧɧɨɬаɰиɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɤɚɧɚɥɚ ɪɚɞɢɨɫɜɹɡɢ ɧɚ 
ɨɫɧɨɜɟ ɦɢɤɪɨɫɯɟɦɵ ɋɋ430F5137, ɪɚɫɫɦɨɬɪɟɧɵ ɟё ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɉɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ 
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ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ, ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ, ɚ ɬɚɤ ɠɟ 
ɪɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɭɜɟɥɢɱɟɧɢɹ ɪɚɞɢɭɫɚ ɞɟɣɫɬɜɢɹ ɬɪɚɧɫɢɜɟɪɚ. 

 

Клɸɱевые ɫлɨва: ɪɚɞɢɨɦɨɞɟɦ, ɪɚɞɢɨɫɜɹɡɶ, CC430, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ, ɬɟɥɟɦɟɬɪɢɹ. 
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RADIOMODEM IN THE DEVICE FOR MONITORING THE STATE OF 

TELECOMMUNICATION CHAINS 
 

Abstract. This article discusses the possibility of creating a radio channel based on the 

SS430F5137 chip, its main characteristics are considered. The basic algorithms used in the device to 

accelerate mathematical operations are described. The article provides a schematic diagram of the 

device, an algorithm of operation, as well as options for increasing the radius of the transceiver. 
 

Keywords: radio modem, radio communication, CC430, microcontrollers, telemetry. 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɟɬɫɹ ɬɚɤɚɹ ɚɤɬɭɚɥɶɧɚɹ ɩɪɨɛɥɟɦɚ, ɤɚɤ ɫɛɨɪ ɞɚɧɧɵɯ ɫ 
ɫɟɬɢ ɞɚɬɱɢɤɨɜ. ɉɨɫɤɨɥɶɤɭ ɪɟɱɶ ɢɞɟɬ ɨ ɦɨɧɢɬɨɪɢɧɝɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɬɟɪɪɢɬɨɪɢɢ, 
ɩɥɨɳɚɞɶ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɧɟɫɤɨɥɶɤɢɯ ɤɜɚɞɪɚɬɧɵɯ ɤɢɥɨɦɟɬɪɨɜ, ɞɥɹ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɛɨɪɚ ɞɚɧɧɵɯ ɜɵɝɨɞɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɬɱɢɤɢ, ɨɫɧɚɳɟɧɧɵɟ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɚɞɢɨɫɜɹɡɢ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɰɟɥɶ: ɪɚɡɪɚɛɨɬɚɬɶ 
ɦɨɞɟɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɤɚɧɚɥɚ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɭɫɬɪɨɣɫɬɜɟ 
ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɰɟɩɟɣ ɡɚɡɟɦɥɟɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɞɢɨɦɨɞɭɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɋɋ4γ0F5137, 

ɤɨɬɨɪɵɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɩɨɪɬɚɬɢɜɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɬɪɟɛɭɸɳɢɯ 
ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ. Ⱦɚɧɧɵɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɧɚ ɤɪɢɫɬɚɥɥɟ, ɝɞɟ ɨɛɴɟɞɢɧɟɧɵ ɬɪɚɧɫɢɜɟɪ ɋɋ1101 ɢ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ MSP430.  

Ⱦɚɧɧɵɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɢɦɟɟɬ ɬɚɤɢɟ ɦɨɞɭɥɢ, ɤɚɤ ɚɩɩɚɪɚɬɧɵɣ 
ɭɦɧɨɠɢɬɟɥɶ ɢ ɦɨɞɭɥɶ ɪɚɫɱɟɬɚ CRC16, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɭɫɤɨɪɟɧɢɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɜɨ ɜɪɟɦɹ ɤɨɞɢɪɨɜɚɧɢɹ, ɩɪɢ ɷɬɨɦ ɩɨɦɨɝɚɸɬ 
ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡɝɪɭɡɢɬɶ ɰɟɧɬɪɚɥɶɧɵɣ ɩɪɨɰɟɫɫɨɪ.   

Ɇɢɤɪɨɫɯɟɦɚ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1,8…γ,6ȼ; 
 ɉɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ ɛɟɡ ɭɱɟɬɚ ɬɪɚɧɫɢɜɟɪɚ ɜ ɚɤɬɢɜɧɨɦ ɪɟɠɢɦɟ 

ɫɨɫɬɚɜɥɹɟɬ 180ɦɤȺ/ɆȽɰ; 1,7 ɦɤȺ – ɜ ɞɟɠɭɪɧɨɦ ɪɟɠɢɦɟ ɢ 1 ɦɤȺ – ɜ ɫɩɹɳɟɦ; 
 Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ –45…+80 ºɋ. 
Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɞɢɨɦɨɞɭɥɹ ɧɚ ɨɫɧɨɜɟ ɋɋ1101: 
 ɉɨɥɨɫɵ ɱɚɫɬɨɬ: ɨɬ γ00 ɆȽɰ ɞɨ γ48 ɆȽɰ, ɨɬ γ89 ɆȽɰ ɞɨ 464 ɢ ɨɬ 779 ɞɨ 

928 ɆȽɰ; 
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 ɉɪɨɝɪɚɦɦɧɨ ɧɚɫɬɪɚɢɜɚɟɦɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɨɬ 0,8 ɤȻɨɞ ɞɨ 
500 ɤȻɨɞ; 

 ɉɪɨɝɪɚɦɦɧɨ ɧɚɫɬɪɚɢɜɚɟɦɚɹ ɜɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ ɞɨ 10 ɞȻɦ ɞɥɹ ɜɫɟɯ 
ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ ɱɚɫɬɨɬ; 

 ɉɨɞɞɟɪɠɢɜɚɟɬɫɹ β-FSK, 2-GFSK ɢ MSK, ɚ ɬɚɤ ɠɟ OOK, ASK; 

 Ƚɢɛɤɚɹ ɩɨɞɞɟɪɠɤɚ ɩɚɤɟɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ: ɜɫɬɪɨɟɧɧɚɹ 
ɩɨɞɞɟɪɠɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɧɯɪɨɫɥɨɜɚ, ɩɪɨɜɟɪɤɢ ɚɞɪɟɫɚ, ɩɟɪɟɦɟɧɧɨɣ ɞɥɢɧɵ 
ɩɚɤɟɬɚ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ CRC. 

 ȼɨɡɦɨɠɧɨɫɬɶ ɨɬɨɛɪɚɠɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɭɪɨɜɧɹ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ 
(RSSI) [1]. 

ɍɩɪɨɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɚɞɢɨɦɨɞɭɥɹ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1. 

 
Ɋɢɫɭɧɨɤ 1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɚɞɢɨɦɨɞɭɥɹ 

 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. β. ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɦ 
ɪɚɞɢɨɦɨɞɟɦɟ ɭɫɬɚɧɨɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

 ɑɚɫɬɨɬɚ ɧɟɫɭɳɟɣ: 914.999969 ɆȽɰ; 
 ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ: γ8.γ8γ484 ɤȻɨɞ; 
 ɉɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ ɮɢɥɶɬɪɚ: 101.56β500 ɤȽɰ; 
 Ɋɚɡɧɨɫ ɤɚɧɚɥɨɜ: 199.95117β ɤȽɰ; 
 ɑɚɫɬɨɬɚ ɤɜɚɪɰɟɜɨɝɨ ɪɟɡɨɧɚɬɨɪɚ: β6 ɆȽɰ; 
 Ɇɨɞɭɥɹɰɢɹ: GFSK; 

 Ɍɨɱɧɨɫɬɶ ɤɜɚɪɰɟɜɨɝɨ ɪɟɡɨɧɚɬɨɪɚ: 10 ppm; 

 Ɇɨɳɧɨɫɬɶ ɫɢɝɧɚɥɚ: 10 dBm; 

 Ⱦɟɜɢɚɰɢɹ: 19 kHz; 

 ɇɨɦɟɪ ɤɚɧɚɥɚ: 0; 
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 Ɋɟɠɢɦ: ɚɫɢɧɯɪɨɧɧɵɣ; 
 ɉɪɨɜɟɪɤɚ CRC: ɨɬɤɥɸɱɟɧɚ; 
 Ⱦɥɢɧɚ ɩɚɤɟɬɚ: β55 ɛɚɣɬ;  

 
Ɋɢɫɭɧɨɤ β – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɞɢɨɦɨɞɟɦɚ 

 

Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɦɨɞɟɦɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. γ. ȿɫɥɢ ɜ 
ɛɭɮɟɪɟ ɩɪɢɟɦɚ ɋɋ1101 ɩɨɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɪɵɜɚɧɢɟ ɢ ɷɬɢ 
ɞɚɧɧɵɟ ɨɬɩɪɚɜɥɹɸɬɫɹ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. 

 
Ɋɢɫɭɧɨɤ γ – Ⱥɥɝɨɪɢɬɦ ɩɪɨɝɪɚɦɦɵ ɪɚɞɢɨɦɨɞɟɦɚ 
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ɍɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ 

ȼ ɧɟɤɨɬɨɪɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɪɚɫɲɢɪɢɬɶ ɞɢɚɩɚɡɨɧ 
ɫɜɹɡɢ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɫɞɟɥɚɬɶ ɷɬɨ ɹɜɥɹɟɬɫɹ ɞɨɛɚɜɥɟɧɢɟ 
ɜɧɟɲɧɟɝɨ ɭɫɢɥɢɬɟɥɹ ɦɨɳɧɨɫɬɢ, ɥɢɛɨ ɜɧɟɲɧɟɣ ɚɧɬɟɧɧɵ ɫ ɜɵɫɨɤɢɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ. 

ɍɫɢɥɢɬɟɥɶ ɦɨɳɧɨɫɬɢ ɞɨɥɠɟɧ ɛɵɬɶ ɜɫɬɚɜɥɟɧ ɦɟɠɞɭ ɚɧɬɟɧɧɨɣ ɢ 
ɫɨɝɥɚɫɭɸɳɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ, ɢ ɞɥɹ ɨɬɤɥɸɱɟɧɢɹ ɭɫɢɥɢɬɟɥɹ ɜ ɪɟɠɢɦɟ RБ 
ɧɟɨɛɯɨɞɢɦɵ ɞɜɚ ɩɟɪɟɤɥɸɱɚɬɟɥɹ T / R (ɫɦ. Ɋɢɫɭɧɨɤ 4). ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɝɨ 
ɭɫɢɥɢɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɭɫɢɥɢɬɟɥɶ ɦɨɳɧɨɫɬɢ CC1190. ɋ ɩɨɦɨɳɶɸ 
ɞɚɧɧɨɣ ɦɢɤɪɨɫɯɟɦɵ ɫɢɝɧɚɥ ɦɨɠɟɬ ɛɵɬɶ ɭɫɢɥɟɧ ɞɨ β7 ɞȻɦ ДβЖ. 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɧɟɫɟɧɢɹ ɞɥɹ ɛɨɪɶɛɵ ɫ ɡɚɦɢɪɚɧɢɹɦɢ ɜ ɤɚɧɚɥɚɯ ɤ 
ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɜ ɫɢɫɬɟɦɚɯ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɫ ɦɧɨɠɟɫɬɜɨɦ ɜɯɨɞɨɜ ɢ ɦɧɨɠɟɫɬɜɨɦ 
ɜɵɯɨɞɨɜ (MIMO) ɜɵɝɨɞɧɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɢ ɭɦɟɧɶɲɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɛɢɬɨɜɵɯ ɨɲɢɛɨɤ Д6Ж. Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ MIMO 

ɜ ɦɨɛɢɥɶɧɵɯ ɫɟɬɹɯ ɱɚɫɬɨ ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɩɪɨɛɥɟɦɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ 
ɪɚɡɦɟɳɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɚɧɬɟɧɧ ɜ ɧɟɛɨɥɶɲɨɣ ɦɨɛɢɥɶɧɵɣ ɬɟɪɦɢɧɚɥ. Ɍɟɯɧɨɥɨɝɢɹ 
MIMO ɨɩɢɪɚɟɬɫɹ ɧɚ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɩɭɬɟɣ ɦɟɠɞɭ ɩɟɪɟɞɚɸɳɟɣ ɢ ɩɪɢɟɦɧɨɣ 
ɚɧɬɟɧɧɚɦɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɞɟɥɟɧɢɟ ɚɧɬɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ 
ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɨ ɞɥɢɧɟ ɜɨɥɧɵ - ɬɪɟɛɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɬɪɭɞɧɨ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɫ 
ɬɟɪɦɢɧɚɥɚɦɢ ɧɟɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ. ȼ ɩɨɩɵɬɤɟ ɩɪɟɨɞɨɥɟɬɶ ɷɬɨ ɨɝɪɚɧɢɱɟɧɢɟ, 
ɫɯɟɦɵ ɤɨɨɩɟɪɚɬɢɜɧɨɣ ɪɟɬɪɚɧɫɥɹɰɢɢ ɛɵɥɢ ɜɜɟɞɟɧɵ ɜ ɪɚɛɨɬɚɯ Д1Ж - Д4Ж. Ɉɫɧɨɜɧɚɹ 
ɢɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɨɤɪɭɝ ɬɟɪɦɢɧɚɥɚ ɦɨɝɭɬ ɛɵɬɶ ɞɪɭɝɢɟ ɨɞɧɨɚɧɬɟɧɧɵɟ 
ɬɟɪɦɢɧɚɥɵ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɧɟɫɟɧɢɹ ɩɭɬɟɦ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɢɪɬɭɚɥɶɧɨɣ (ɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ) ɦɧɨɝɨɚɧɬɟɧɧɨɣ ɫɢɫɬɟɦɵ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɭɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɜ ɩɪɢёɦɧɢɤɟ 



79 
 

ɞɥɹ ɫɯɟɦɵ ɪɟɬɪɚɧɫɥɹɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɠёɫɬɤɢɯ ɪɟɲɟɧɢɣ (DОМШНО-and-

FШЫаКЫН) ɜ ɪɟɬɪɚɧɫɥɹɬɨɪɟ ɢ ɨɬɤɥɸɱɟɧɢɟɦ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɡɨɲɥɨ 
ɨɲɢɛɨɱɧɨɟ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ (Selective Relaying).  

Ɋɚɫɫɦɨɬɪɢɦ ɛɟɫɩɪɨɜɨɞɧɭɸ ɫɟɬɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɭɡɥɨɜ R+2, ɤɨɬɨɪɵɟ 
ɪɚɡɦɟɳɟɧɵ ɩɪɨɢɡɜɨɥɶɧɵɦ ɨɛɪɚɡɨɦ. Ɉɞɢɧ ɢɡ ɭɡɥɨɜ ɹɜɥɹɟɬɫɹ ɩɟɪɟɞɚɬɱɢɤɨɦ 
(ɢɫɬɨɱɧɢɤɨɦ) ɢ ɨɞɢɧ ɩɪɢёɦɧɢɤɨɦ. Ɉɫɬɚɥɶɧɵɟ R ɭɡɥɨɜ ɹɜɥɹɸɬɫɹ 
ɪɟɬɪɚɧɫɥɹɬɨɪɚɦɢ. Ʉɚɠɞɵɣ ɭɡɟɥ ɢɦɟɟɬ ɨɞɧɭ ɚɧɬɟɧɧɭ, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ 
ɞɥɹ ɩɪɢёɦɚ, ɬɚɤ ɢ ɞɥɹ ɩɟɪɟɞɚɱɢ. Ɍɚɤ ɤɚɤ ɜɫɟ ɭɡɥɵ (ɞɚɬɱɢɤɢ) ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ 
ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɛɥɨɤɨɦ ɞɚɧɧɵɯ, ɬɨ ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɜɫɟ 
ɭɡɥɵ ɩɪɢɧɹɥɢ ɞɚɧɧɵɟ, ɤɨɝɞɚ ɫɚɦɵɣ ɭɞɚɥёɧɧɵɣ ɨɬ ɩɟɪɟɞɚɬɱɢɤɚ ɭɡɟɥ (ɧɟ 
ɢɦɟɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɧɢɦɚɬɶ ɨɬ ɧɟɝɨ ɧɚɩɪɹɦɭɸ ɫɢɝɧɚɥ) ɭɫɩɟɲɧɨ ɢɯ 
ɩɪɢɧɹɥ. Ɉɛɨɡɧɚɱɢɦ ɤɚɧɚɥ ɩɟɪɟɞɚɱɢ ɨɬ ɩɟɪɟɞɚɬɱɢɤɚ ɞɨ i-ɨɝɨ (Т=1,2… R) 

ɪɟɬɪɚɧɫɥɹɬɨɪɚ ɤɚɤ fi , ɚ ɤɚɧɚɥ ɨɬ i-ɨɝɨ ɪɟɬɪɚɧɫɥɹɬɨɪɚ ɞɨ ɩɪɢɟɦɧɢɤɚ ɤɚɤ gi. ɋɯɟɦɚ 
ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɪɚɛɨɬɵ ɫɟɬɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.1, ɢɡ ɤɨɬɨɪɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɟ ɫɬɚɞɢɢ. ɇɚ ɩɟɪɜɨɣ ɩɟɪɟɞɚɬɱɢɤ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɬɪɚɧɫɥɢɪɭɟɬ ɫɢɝɧɚɥ (ɜɟɤɬɨɪ) s ɞɥɹ R ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ ɜ ɬɟɱɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ 
ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ. ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɪɟɬɪɚɧɫɥɹɬɨɪɵ 
ɩɪɨɜɟɪɹɸɬ ɩɪɢɧɹɬɵɟ ɞɚɧɧɵɟ ɧɚ ɧɚɥɢɱɢɟ ɨɲɢɛɨɤ ɢ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɲɢɛɤɢ ɧɟ 
ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ, ɜ ɬɟɱɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɞɪɭɝɨɝɨ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ 
ɜɪɟɦɟɧɢ ɩɟɪɟɞɚɸɬ ɫɢɝɧɚɥ ɩɪɢёɦɧɢɤɭ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɪɢёɦɚ ɫɢɝɧɚɥɨɜ ɨɬ ɜɫɟɯ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ ɜ ɨɞɧɨɣ ɩɨɥɨɫɟ 
ɱɚɫɬɨɬ, ɧɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-

ɜɪɟɦɟɧɧɨɣ ɤɨɞ Д5Ж. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɟ ɨɬɫɭɬɫɬɜɭɟɬ ɤɚɧɚɥ ɩɟɪɟɞɚɱɢ 
ɦɟɠɞɭ ɩɪɢёɦɧɢɤɨɦ ɢ ɩɟɪɟɞɚɬɱɢɤɨɦ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɞɚɧɧɨɣ 
ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɪɚɛɨɬɟ Д6Ж. 

 
Ɋɢɭɧɨɤ 1 – Ɋɚɫɩɪɟɞɟɥёɧɧɚɹ ɛɟɫɩɪɨɜɨɞɧɚɹ ɫɟɬɶ ɫ ɪɟɬɪɚɧɫɥɹɬɨɪɚɦɢ 

 

Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɨɩɢɫɚɧɢɹ, ɪɚɫɫɦɨɬɪɢɦ ɛɟɫɩɪɨɜɨɞɧɭɸ ɫɢɫɬɟɦɭ ɫ ɱɟɬɵɪɶɦɹ 
ɪɟɬɪɚɧɫɥɹɬɨɪɚɦɢ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɫɨɡɜɟɡɞɢɹ ɦɨɞɭɥɹɰɢɢ ɢɫɩɨɥɶɡɭɟɦ BPSK. ɋɧɚɱɚɥɚ 
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ɪɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɪɟɬɪɚɧɫɥɹɬɨɪ ɛɟɡɨɲɢɛɨɱɧɨ ɨɛɧɚɪɭɠɢɜɚɟɬ ɤɚɠɞɵɣ 
ɧɟɩɪɚɜɢɥɶɧɨ ɞɟɦɨɞɭɥɢɪɨɜɚɧɧɵɣ (ɞɟɤɨɞɢɪɨɜɚɧɧɵɣ) ɛɢɬ. Ɍɨ ɟɫɬɶ ɩɟɪɟɞɚɱɚ 
ɞɚɧɧɵɯ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɨɞɧɨɦɭ ɛɢɬɭ, ɩɪɢɱɟɦ ɪɟɬɪɚɧɫɥɹɬɨɪɵ 
ɫɩɨɫɨɛɧɵ ɨɛɧɚɪɭɠɢɬɶ ɨɲɢɛɤɭ. ɗɬɨ ɢɞɟɚɥɶɧɵɣ ɫɥɭɱɚɣ. Ɏɨɪɦɭɥɚ ɞɥɹ ɛɢɬɨɜɨɣ 
ɨɲɢɛɤɢ ɜ ɩɪɢёɦɧɢɤɟ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɪɟɬɪɚɧɫɥɹɬɨɪ. 
Ɍɚɤɠɟ ɪɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɜɟɞɟɬɫɹ ɩɚɤɟɬɚɦɢ 
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ɇɚ ɪɢɫ. β ɢɡɨɛɪɚɠɟɧɵ ɤɪɢɜɵɟ ɜɟɪɨɹɬɧɨɫɬɢ ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɞɥɹ ɫɢɫɬɟɦɵ ɫ 
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ɩɚɤɟɬɧɨɣ ɩɟɪɟɞɚɱɟɣ ɞɚɧɧɵɯ ɢ ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɫɢɫɬɟɦɵ. ȼɢɞɧɨ, ɱɬɨ ɢɞɟɚɥɶɧɚɹ 
ɫɢɫɬɟɦɚ ɧɚ 10 ɞȻ ɩɪɟɜɨɫɯɨɞɢɬ ɫɢɫɬɟɦɭ ɫ ɩɚɤɟɬɧɨɣ ɩɟɪɟɞɚɱɟɣ ɞɚɧɧɵɯ (ɞɥɢɧɚ 
ɩɚɤɟɬɚ 1β0 ɛɢɬ). ɉɪɢ ɷɬɨɦ ɟɫɥɢ ɭɦɟɧɶɲɚɬɶ ɞɥɢɧɭ ɩɚɤɟɬɚ, ɬɨ ɜɟɪɨɹɬɧɨɫɬɶ 
ɨɲɢɛɤɢ ɛɭɞɟɬ ɫɬɪɟɦɢɬɶɫɹ ɤ ɡɧɚɱɟɧɢɸ ɢɞɟɚɥɶɧɨɣ ɫɢɫɬɟɦɵ. 

 
Ɋɢɫɭɧɨɤ 2 – ȼɟɪɨɹɬɧɨɫɬɶ ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɜ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɫ ɱɟɬɵɪɶɦɹ 

ɪɟɬɪɚɧɫɥɹɬɨɪɚɦɢ (Selective Relaying) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 
ɛɢɬɨɜɨɣ ɨɲɢɛɤɢ ɞɥɹ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɫ ɤɨɨɩɟɪɚɬɢɜɧɨɣ ɪɟɬɪɚɧɫɥɹɰɢɟɣ, 
ɪɚɛɨɬɚɸɳɟɣ ɩɨ ɫɯɟɦɟ Selective Relaying. 
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Аɧɧɨɬаɰиɹ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ  ɰɢɮɪɨɜɚɹ  ɪɚɞɢɨɫɜɹɡɶ  ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ 
ɞɢɧɚɦɢɱɧɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɨɛɥɚɫɬɟɣ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ, ɬɚɤ ɤɚɤ  ɩɨɡɜɨɥɹɟɬ  ɪɟɚɥɢɡɨɜɚɬɶ  
ɩɨɥɧɵɣ  ɫɩɟɤɬɪ  ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɭɫɥɭɝ: ɩɟɪɟɞɚɱɭ ɬɟɥɟɮɨɧɧɵɯ ɫɨɨɛɳɟɧɢɣ, ɨɛɦɟɧ ɞɚɧɧɵɦɢ, 
ɩɨɞɤɥɸɱɟɧɢɟ  ɤ  ɝɥɨɛɚɥɶɧɵɦ  ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ  ɫɟɬɹɦ,  ɩɨɥɭɱɟɧɢɟ  ɢ  ɩɟɪɟɞɚɱɭ  
ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɣ,  ɬɟɥɟɜɢɞɟɧɢɹ ɢ ɬ.ɞ. ɇɟ ɦɟɧɟɟ ɜɨɫɬɪɟɛɨɜɚɧ ɞɚɧɧɵɣ ɜɢɞ ɫɜɹɡɢ ɢ ɧɚ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ, ɤɨɬɨɪɨɦɭ ɩɪɢɫɭɳɢ ɦɨɛɢɥɶɧɨɫɬɶ ɢ ɛɨɥɶɲɢɟ ɫɤɨɪɨɫɬɢ 
ɩɟɪɟɞɜɢɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɵ ɛɟɡɨɩɚɫɧɵɟ ɢ ɛɵɫɬɪɨ ɤɨɦɦɭɬɢɪɭɟɦɵɟ ɤɚɧɚɥɵ ɫɜɹɡɢ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɟɪɟɞ ɫɜɹɡɢɫɬɚɦɢ ɜɫɟɝɨ ɦɢɪɚ ɫɬɨɢɬ ɜɨɩɪɨɫ ɨ ɜɵɛɨɪɟ ɧɚɢɛɨɥɟɟ ɭɞɚɱɧɨɝɨ ɢ 
ɩɨɞɯɨɞɹɳɟɝɨ ɜɢɞɚ ɫɜɹɡɢ. 
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PERSPECTIVES OF DEVELOPMENT OF DIGITAL WIRELESS 

COMMUNICATIONS NETWORKS ON RAILWAY TRANSPORT 
 

Abstract. Today digital radio communication is one of the most dynamically developing 

areas of telecommunications. It allows to implement a full range of information services: sending 

telephone messages, exchanging data, connecting to global information networks, receiving and 

transmitting videos, television, etc. This type of communication is also in demand in rail transport, 

which is characterized by mobility and high speeds of movement, as well as safe and quickly 

switched communication channels. In this regard, the signalmen of the whole world are faced with 

the question of choosing the most successful and suitable type of communication. 

 

Keywords:  Telecommunication network, wireless connection, GSM-R, LTE-R, ETCS. 

 

ȼ ɧɚɫɬɨɹɳɟɟ  ɜɪɟɦɹ  ɜɟɞɭɬɫɹ  ɪɚɛɨɬɵ  ɩɨ  ɫɨɡɞɚɧɢɸ ɨɫɧɨɜɵ ɞɥɹ ɧɨɜɨɣ 
ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ ɫɟɬɢ, ɤɨɬɨɪɚɹ 
ɡɚɦɟɧɢɬ GSM-R, ɧɚɱɢɧɚɹ ɫ β0β1 ɢɥɢ β0ββ ɝɨɞɚ. ɇɨ ɫɨɯɪɚɧɹɟɬɫɹ ɛɨɥɶɲɚɹ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɬɟɯɧɨɥɨɝɢɢ, ɤɨɬɨɪɭɸ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɚ 
ɧɨɜɚɹ ɫɟɬɶ, ɢ ɬɨɝɨ, ɝɨɬɨɜ ɥɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɫɟɤɬɨɪ ɤ ɡɚɦɟɧɟ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɫɟɬɟɣ 2G.  

ɋɟɬɢ GSM-R ɜ ȿɜɪɨɩɟ ɫɨɡɞɚɸɬɫɹ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ EIRENE (European 

Integrated Railway Radio Enhanced Network – ɟɜɪɨɩɟɣɫɤɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɚɹ ɫɟɬɶ ɪɚɞɢɨɫɜɹɡɢ), ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜ ɱɚɫɬɧɨɫɬɢ ɧɚɛɨɪ 
ɫɟɪɜɢɫɨɜ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɤɨɨɪɞɢɧɚɰɢɸ ɱɚɫɬɨɬ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ȿɜɪɨɩɵ ɲɢɪɨɤɨ ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ 
ȿɜɪɨɩɟɣɫɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɞɜɢɠɟɧɢɟɦ (European 

Railway Traffic Management System, ERTMS), ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ [1]: 

1) ȿɜɪɨɩɟɣɫɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɩɨɟɡɞɚ (European Train 

Control System, ETCS), ɫɬɚɧɞɚɪɬ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɩɨɟɡɞɨɜ ɜ ɤɚɛɢɧɟ; 
2) GSM-R, ɫɬɚɧɞɚɪɬ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ GSM ɞɥɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ 

ɩɟɪɟɜɨɡɨɤ. GSM-R ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɳɢɳɟɧɧɭɸ ɝɨɥɨɫɨɜɭɸ ɫɜɹɡɶ ɢ ɩɟɪɟɞɚɱɭ 
ɞɚɧɧɵɯ ɦɟɠɞɭ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦɢ ɫɥɭɠɛɚɦɢ, ɩɨɟɡɞɚɦɢ ɢ ɰɟɧɬɪɨɦ ɭɩɪɚɜɥɟɧɢɹ. 

ȼ ɫɢɫɬɟɦɟ ETCS (ɪɢɫ. 1) ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɨɟɡɞɚ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ 
ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ: 

1) ɤɨɦɩɶɸɬɟɪ ɜ ɤɚɛɢɧɟ ɦɚɲɢɧɢɫɬɚ - Eurocab, ɫɜɹɡɚɧɧɵɣ  ɫ ɬɟɪɦɢɧɚɥɨɦ 
GSM-R, ɤɨɬɨɪɵɣ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɩɨɟɡɞɟ; 

2) Eurobalises (ɩɭɬɟɜɵɟ ɩɪɢɟɦɨɨɬɜɟɬɱɢɤɢ), ɩɨ ɤɨɬɨɪɵɦ ɨɩɪɟɞɟɥɹɸɬɫɹ 
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ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ ɩɨɟɡɞɚ, ɚ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɭɬɢ ɜ ɞɚɧɧɨɦ 
ɦɟɫɬɟ: ɤɪɢɜɢɡɧɚ ɩɭɬɢ, ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ ɢ ɬ.ɞ.; 

3) Euroradio, ɫɢɫɬɟɦɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɞɢɨɫɜɹɡɢ ɦɟɠɞɭ ɩɨɟɡɞɨɦ ɢ 
ɰɟɧɬɪɨɦ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɫɟɬɢ GSM-R. 

 
Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɞɟɣɫɬɜɢɹ ETCS 

 

ȼ ɨɫɧɨɜɭ ɪɚɛɨɬɵ ETCS ɡɚɥɨɠɟɧɚ ɢɞɟɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ 
ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɩɨɦɨɳɶɸ ɫɨɱɟɬɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, 
ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɞɨɫɬɢɝɚɟɬɫɹ ɛɟɡɨɩɚɫɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɢɧɬɟɪɜɚɥɚ ɫɥɟɞɭɸɳɢɯ ɞɪɭɝ 
ɡɚ ɞɪɭɝɨɦ ɩɨɟɡɞɨɜ, ɚ ɡɧɚɱɢɬ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. Ⱦɟɣɫɬɜɢɟ 

ETCS ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɩɨɟɡɞɚ, ɜɵɱɢɫɥɟɧɢɢ 
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɨɫɬɚɜɚɦɢ, ɤɨɧɬɪɨɥɟ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɫɤɨɪɨɫɬɢ ɧɚ 
ɭɱɚɫɬɤɟ, ɪɚɫɱёɬɟ ɤɪɢɜɨɣ ɬɨɪɦɨɠɟɧɢɹ (ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɨɬ ɩɪɨɣɞɟɧɧɨɝɨ 
ɩɭɬɢ), ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɞɚɧɧɵɯ ɨ ɦɚɪɲɪɭɬɟ ɫ ɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɩɨɟɡɞɚ. ɉɪɢёɦ, ɨɛɪɚɛɨɬɤɚ ɢ ɩɟɪɟɞɚɱɚ ɜɫɟɣ ɧɟɨɛɯɨɞɢɦɨɣ ɢɧɮɨɪɦɚɰɢɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɨɦ ɧɚɩɨɥɶɧɵɯ ɢ ɛɨɪɬɨɜɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɫɢɫɬɟɦ ETCS 

ɩɨ ɤɚɧɚɥɚɦ GSM-R [2]. 

ɉɪɟɢɦɭɳɟɫɬɜɚ:    
ɚ) ɩɨɜɵɲɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɥɢɧɢɹɯ; 
ɛ) ɛɨɥɶɲɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɪɨɫɬ ɩɚɫɫɚɠɢɪɨɩɨɬɨɤɚ ɢ ɨɛɴɟɦɨɜ 

ɝɪɭɡɨɩɟɪɟɜɨɡɨɤ;   
ɜ) ERTMS ɫɨɤɪɚɳɚɟɬ ɢɧɬɟɪɜɚɥɵ ɩɨɩɭɬɧɨɝɨ ɫɥɟɞɨɜɚɧɢɹ ɩɨɟɡɞɨɜ, 

ɭɜɟɥɢɱɢɜɚɹ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɟɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɞɨ 40%; 

ɝ) ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ: ERTMS ɩɨɡɜɨɥɹɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɞɨ 500 ɤɦ\ɱ, ɱɬɨ ɞɟɥɚɟɬ ERTMS ɩɪɢɨɪɢɬɟɬɧɵɦ ɜɵɛɨɪɨɦ ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɦɚɝɢɫɬɪɚɥɟɣ ɜɨ ɦɧɨɝɢɯ ɫɬɪɚɧɚɯ;  

ɞ) ERTMS ɭɜɟɥɢɱɢɜɚɟɬ  ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɫɢɫɬɟɦ ɢ ɩɭɧɤɬɭɚɥɶɧɨɫɬɶ 
ɩɟɪɟɜɨɡɨɤ, ɱɬɨ ɤɪɚɣɧɟ ɜɚɠɧɨ, ɤɚɤ ɞɥɹ ɩɚɫɫɚɠɢɪɫɤɨɝɨ, ɬɚɤ ɢ ɝɪɭɡɨɜɨɝɨ ɞɜɢɠɟɧɢɹ; 
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ɟ) ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɫɧɢɠɚɸɬɫɹ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 
ɧɚɩɨɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɚɜɬɨɦɚɬɢɤɢ ɢ ɬɟɥɟɦɟɯɚɧɢɤɢ; 

ɠ) ɫɬɚɰɢɨɧɚɪɧɨɟ ɢ ɛɨɪɬɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɦɨɠɟɬ ɩɨɫɬɚɜɥɹɬɶɫɹ ɥɸɛɵɦ 
ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ, ɛɥɚɝɨɞɚɪɹ ɨɬɤɪɵɬɨɦɭ ɫɬɚɧɞɚɪɬɭ, ɱɬɨ ɞɚɟɬ ɫɜɨɛɨɞɧɵɣ ɞɨɫɬɭɩ ɞɥɹ 
ɩɨɫɬɚɜɳɢɤɨɜ; 

ɡ) ɪɨɫɬ ɤɨɧɤɭɪɟɧɰɢɢ ɧɚ ɪɵɧɤɟ ɩɨɫɬɚɜɳɢɤɨɜ;  
ɢ) ɩɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɚɫɫɚɠɢɪɨɜ, ɪɚɛɨɬɧɢɤɨɜ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɢ 

ɝɪɭɡɨɜɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. 
GSM-R ɹɜɥɹɟɬɫɹ ɡɚɤɪɵɬɨɣ ɫɟɬɶɸ. ȼ ɷɬɨɣ ɫɟɬɢ ɤɚɠɞɵɣ ɚɛɨɧɟɧɬ ɢɦɟɟɬ ɧɟ 

ɬɨɥɶɤɨ ɨɫɨɛɵɣ «ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ» ɧɨɦɟɪ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɮɭɧɤɰɢɢ, 
ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ ɞɚɧɧɵɦ ɚɛɨɧɟɧɬɨɦ ɜ ɩɪɨɰɟɫɫɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ 
(ɞɢɫɩɟɬɱɟɪ, ɦɚɲɢɧɢɫɬ, ɧɚɱɚɥɶɧɢɤ ɩɨɟɡɞɚ, ɨɛɯɨɞɱɢɤ, ɫɰɟɩɳɢɤ ɢ ɬ. ɩ.), ɧɨ ɢ 
ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɩɨɥɧɹɟɦɨɣ ɮɭɧɤɰɢɟɣ ɩɪɚɜɚ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɜɵɡɨɜɚ ɢ ɩɪɢɨɪɢɬɟɬ 
ɨɛɫɥɭɠɢɜɚɧɢɹ. ɇɚɩɪɢɦɟɪ, ɞɢɫɩɟɬɱɟɪ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɩɪɢɨɪɢɬɟɬ, ɱɟɦ 
ɨɫɬɚɥɶɧɵɟ ɚɛɨɧɟɧɬɵ. ɇɚɢɜɵɫɲɢɣ ɠɟ ɩɪɢɨɪɢɬɟɬ ɢɦɟɟɬ ɚɜɚɪɢɣɧɵɣ ɜɵɡɨɜ. ɉɪɢ 
ɩɨɹɜɥɟɧɢɢ ɬɚɤɨɝɨ ɜɵɡɨɜɚ ɨɬ ɨɞɧɨɝɨ ɢɡ ɚɛɨɧɟɧɬɨɜ ɧɚ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ ɩɭɬɢ 
ɫɢɫɬɟɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɡɪɵɜ ɫɨɟɞɢɧɟɧɢɹ, ɢɦɟɸɳɟɝɨ ɛɨɥɟɟ ɧɢɡɤɢɣ ɩɪɢɨɪɢɬɟɬ, ɢ 
ɨɩɨɜɟɳɟɧɢɟ ɨɛ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɟɬɢ, ɨɪɝɚɧɢɡɨɜɚɧɧɵɟ ɩɨ 
ɫɬɚɧɞɚɪɬɭ GSM-R, ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɹɸɬ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɨɫɨɛɵɟ ɩɨɬɪɟɛɧɨɫɬɢ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɡɚ ɫɱɟɬ 
ɩɪɢɦɟɧɟɧɢɹ ɝɪɭɩɩɨɜɵɯ ɢ ɰɢɪɤɭɥɹɪɧɵɯ  ɜɵɡɨɜɨɜ, ɚ ɬɚɤɠɟ ɦɟɯɚɧɢɡɦɚ 
ɩɪɢɨɪɢɬɟɬɨɜ. Ⱦɢɫɩɟɬɱɟɪ ɦɨɠɟɬ, ɧɚɩɪɢɦɟɪ, ɜɵɡɜɚɬɶ ɜɫɟ ɩɨɟɡɞɚ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ 
ɩɪɟɞɟɥɚɯ ɡɨɧɵ ɝɪɭɩɩɨɜɨɝɨ ɜɵɡɨɜɚ, ɫɨɫɬɚɜɥɟɧɧɨɣ ɢɡ ɡɨɧ ɞɟɣɫɬɜɢɹ ɧɟɫɤɨɥɶɤɢɯ 
ɛɚɡɨɜɵɯ ɪɚɞɢɨɫɬɚɧɰɢɣ.  

ȼ Ɋɨɫɫɢɢ ɫɢɫɬɟɦɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɬɟɣ GSM-R ɥɢɲɶ ɪɚɡɜɢɜɚɸɬɫɹ. 
Ʉɨɦɩɚɧɢɹ ɌɪɚɧɫɌɟɥɟɄɨɦ ɪɟɚɥɢɡɨɜɚɥɚ ɬɪɢ ɩɪɨɟɤɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ: 

1. ɧɚ ɭɱɚɫɬɤɟ ɠɟɥɟɡɧɨɣ  ɞɨɪɨɝɢ Ɍɭɚɩɫɟ-ɋɨɱɢ-Ⱥɞɥɟɪ-Ʉɪɚɫɧɚɹ ɉɨɥɹɧɚ 
ɨɛɳɟɣ ɞɥɢɧɨɣ 155 ɤɦ ɪɚɡɜɟɪɧɭɬɚ ɫɟɬɶ GSM-R  ɧɚ ɛɚɡɟ ɨɛɨɪɭɞɨɜɚɧɢɹ Huawei 

Technologies; 

2. ɬɟɯɧɨɥɨɝɢɹ GSM-R ɜɧɟɞɪɟɧɚ ɧɚ ɭɱɚɫɬɤɟ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ 
ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ ɞɥɹ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ «Ⱥɥɥɟɝɪɨ» ɧɚ ɬɪɚɫɫɟ ɨɬ ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝ-Ȼɭɫɥɨɜɫɤɚɹ ɞɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɝɪɚɧɢɰɵ ɫ Ɏɢɧɥɹɧɞɢɟɣ; 
3. ɜ β016 ɝ. ɧɚ Ɇɨɫɤɨɜɫɤɨɦ ɰɟɧɬɪɚɥɶɧɨɦ ɤɨɥɶɰɟ ɛɵɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ 

ɢ ɪɟɚɥɢɡɨɜɚɧɚ ɰɢɮɪɨɜɚɹ ɫɢɫɬɟɦɚ ɞɥɹ ɫɜɹɡɢ ɦɚɲɢɧɢɫɬɨɜ ɷɥɟɤɬɪɨɩɨɟɡɞɨɜ ɫ 
ɞɢɫɩɟɬɱɟɪɚɦɢ ɧɚ ɛɚɡɟ ɬɟɯɧɨɥɨɝɢɢ GSM-R. ȼ ɪɚɦɤɚɯ ɷɬɨɝɨ ɩɪɨɟɤɬɚ 
ɌɪɚɧɫɌɟɥɟɄɨɦ ɡɚɩɭɫɬɢɥ ββ ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ ɩɨ ɬɟɯɧɨɥɨɝɢɢ GSM-R. 
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ɇɨɜɚɹ ɰɢɮɪɨɜɚɹ ɫɟɬɶ ɪɚɞɢɨɫɜɹɡɢ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ 
ɫɞɟɥɚɬɶ ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ ɛɨɥɟɟ ɩɪɨɫɬɵɦ, ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɚɛɨɧɟɧɬɨɜ ɢ ɭɪɨɜɟɧɶ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɟɬɢ. ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɚɹ ɫɟɬɶ, ɞɟɣɫɬɜɭɸɳɚɹ ɜ 
ɩɪɟɞɟɥɚɯ ɫɢɫɬɟɦɵ GSM-R, ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɧɚɯɨɞɢɬ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɚɛɨɧɟɧɬɨɜ, 
ɜɵɩɨɥɧɹɸɳɢɯ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɬɪɟɛɭɟɦɭɸ ɮɭɧɤɰɢɸ, ɱɬɨ  ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɩɨɜɵɲɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. 

GSM-R ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɫɟɬɟɣ 
ɪɚɞɢɨɫɜɹɡɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɫɟɬɟɣ 
ɚɧɚɥɨɝɨɜɨɣ ɪɚɞɢɨɫɜɹɡɢ (ɨɩɟɪɚɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ, ɩɨɟɡɞɧɚɹ, ɦɚɧɟɜɪɨɜɚɹ ɢ ɬ. ɩ.), 
ɤɨɬɨɪɵɟ ɧɟɫɨɜɦɟɫɬɢɦɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. GSM-R ɨɛɴɟɞɢɧɹɟɬ ɪɚɡɧɵɟ ɫɥɭɠɛɵ ɢ ɞɟɥɚɟɬ 
ɧɟɷɮɮɟɤɬɢɜɧɨɣ ɫɥɨɠɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɩɪɢɫɭɳɭɸ ɚɧɚɥɨɝɨɜɵɦ ɫɟɬɹɦ.  

ɉɨɬɟɧɰɢɚɥ GSM-R ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɥɢɲɶ ɬɟɥɟɮɨɧɧɨɣ ɫɜɹɡɶɸ. 
ɂɡɭɱɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɛɟɫɩɪɨɜɨɞɧɨɣ ɩɟɪɟɞɚɱɢ ɤɨɦɚɧɞ ɧɚ  ɧɚɩɨɥɶɧɵɟ 
ɭɫɬɪɨɣɫɬɜɚ - ɫɬɪɟɥɤɢ, ɭɫɬɪɨɣɫɬɜɚ ɨɝɪɚɠɞɟɧɢɹ ɩɟɪɟɟɡɞɨɜ ɢ ɬ. ɩ.  ɂɧɮɨɪɦɚɰɢɹ ɨ 
ɤɨɨɪɞɢɧɚɬɚɯ ɢ  ɫɤɨɪɨɫɬɢ ɩɨɟɡɞɚ, ɚ ɬɚɤɠɟ ɨ ɫɨɫɬɨɹɧɢɢ ɬɨɪɦɨɡɨɜ ɢ ɩɪɨɱɢɯ 
ɜɚɠɧɵɯ ɫɢɫɬɟɦ ɛɭɞɟɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɩɨ ɧɚɩɨɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ ɜ ɰɟɧɬɪ 
ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɞɜɢɠɟɧɢɹ 
ɩɨɟɡɞɨɜ, ɚ ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɧɚ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɦɚɧɟɜɪɨɜɭɸ ɪɚɛɨɬɭ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɨɜɨɦɭ ɩɨɤɨɥɟɧɢɸ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɫɢɫɬɟɦɵ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ (Future Railway Mobile 

Communication System, FRMCS). Ⱦɚɧɚɹ ɫɟɬɶ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɤɚɤ ɤɨɦɛɢɧɚɰɢɹ 
ɞɜɭɯ ɫɟɬɟɣ LTE ɩɥɸɫ R. ɍɱɚɫɬɧɢɤɢ ɤɨɧɮɟɪɟɧɰɢɢ Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ ɫɨɸɡɚ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɢɤɨɜ UIC ɩɪɢɲɥɢ ɤ ɡɚɤɥɸɱɟɧɢɸ, ɱɬɨ ɫɥɟɞɭɟɬ ɩɪɢɞɟɪɠɢɜɚɬɶɫɹ 
ɫɬɚɧɞɚɪɬɚ GSM-R ɢ ɩɥɚɧɢɪɨɜɚɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɦɢɧɢɦɭɦ ɞɨ β0γ0 ɝɨɞɚ. 
ɉɟɪɟɯɨɞ ɧɚ ɫɟɬɢ ɩɚɤɟɬɧɨɣ ɤɨɦɦɭɬɚɰɢɢ LTE ɦɨɠɟɬ ɛɵɬɶ ɧɚɱɚɬ  ɧɟ ɪɚɧɟɟ β0βγ. Ʉ 
ɬɨɦɭ ɜɪɟɦɟɧɢ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɧɚ ɜɨɩɪɨɫɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɱɚɫɬɨɬ, ɬɚɤ ɤɚɤ ɷɬɨ ɩɨ-ɩɪɟɠɧɟɦɭ ɹɜɥɹɟɬɫɹ ɫɟɪɶɟɡɧɨɣ ɩɪɨɛɥɟɦɨɣ ɞɥɹ ɛɭɞɭɳɟɝɨ, 
ɜɟɞɶ ɪɟɫɭɪɫ ɪɚɞɢɨɱɚɫɬɨɬ ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɦ.  

ɋɟɬɶ LTE ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɫɤɨɪɨɫɬɶ ɡɚɝɪɭɡɤɢ ɞɨ γβ6,4 Ɇɛɢɬ/ɫ, 

ɫɤɨɪɨɫɬɶ ɨɬɞɚɱɢ ɞɨ 17β,8 Ɇɛɢɬ/ɫ, ɚ ɡɚɞɟɪɠɤɚ ɜ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ ɦɨɠɟɬ ɛɵɬɶ 
ɫɧɢɠɟɧɚ ɞɨ 5 ɦɢɥɥɢɫɟɤɭɧɞ ДγЖ.  

Ʉɨɦɩɚɧɢɢ ɭɠɟ ɩɪɟɞɥɚɝɚɸɬ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɟɬɟɣ LTE, ɫɨɜɦɟɫɬɢɦɨɟ ɫ GSM-

R ɞɥɹ ɫɨɜɟɪɲɟɧɢɹ ɛɨɥɟɟ ɩɥɚɜɧɨɝɨ ɩɟɪɟɯɨɞɚ ɤ ɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɇɚ 
ɧɢɠɟɫɥɟɞɭɸɳɟɦ ɪɢɫɭɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɚɬɟɝɢɹ Huawei Technologies, 

ɫɨɫɬɨɹɳɚɹ ɢɡ ɬɪɟɯ ɲɚɝɨɜД4Ж: 
1) Ɍɨɥɶɤɨ ɫɟɬɶ GSM-R; 
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2) Ɉɞɧɨɜɪɟɦɟɧɧɚɹ ɪɚɛɨɬɚ ɫɟɬɟɣ GSM-R ɢ LTE: GSM-R ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɧɚɞɟɠɧɭɸ (ɡɚɲɢɮɪɨɜɚɧɧɭɸ) ɫɜɹɡɶ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɨɟɡɞɚɦɢ, LTE ɩɟɪɟɞɚɟɬ 
ɧɟɡɚɳɢɳɟɧɧɵɟ ɞɚɧɧɵɟ; 

3) ɋɨɡɞɚɟɬɫɹ ɟɞɢɧɚɹ ɩɥɚɬɮɨɪɦɚ “LTE for railway”. 

 
Ɋɢɫɭɧɨɤ 2 – ɋɬɪɚɬɟɝɢɹ Huawei Technologies 

 

ȼ ɫɟɧɬɹɛɪɟ β015 ɝɨɞɚ ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ ɩɟɪɜɵɣ ɜ ɦɢɪɟ ɩɪɨɟɤɬ LɌȿ-R ɞɥɹ 
ɫɤɨɪɨɫɬɧɨɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ ɜ ɪɟɫɩɭɛɥɢɤɟ Ʉɨɪɟɹ ɧɚ ɥɢɧɢɢ ȼɨɧɱɠɭ-Ʉɚɧɧɵɧ Д5Ж.  

 

 
Ɋɢɫɭɧɨɤ 3 – Ɋɚɡɜɢɬɢɟ ɫɢɫɬɟɦɵ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ ɜ Ʉɨɪɟɟ 

 

Ⱦɚɧɧɵɣ ɩɪɨɟɤɬ ɛɵɥ ɭɫɩɟɲɧɨ ɪɟɚɥɢɡɨɜɚɧ, ɢ ɜ ɦɚɪɬɟ β018 ɝɨɞɚ 
ɩɪɨɟɤɬɢɪɭɟɦɵɣ ɭɱɚɫɬɨɤ ɛɵɥ ɨɬɤɪɵɬ. ɋɬɨɢɦɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ – ɨɤɨɥɨ γ6 ɦɥɧ. 
ɞɨɥɥɚɪɨɜ.  ɇɨɜɵɣ ɫɬɚɧɞɚɪɬ ɫɜɹɡɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɩɟɰɢɚɥɶɧɵɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ 
ɛɟɫɩɪɨɜɨɞɧɵɟ ɭɫɥɭɝɢ (ɩɟɪɟɞɚɱɭ ɝɨɥɨɫɚ, ɜɢɞɟɨ ɢ ɛɨɥɶɲɢɯ ɞɚɧɧɵɯ) ɦɟɠɞɭ 
ɩɨɟɡɞɚɦɢ ɢ   ɫɬɚɧɰɢɹɦɢ, ɭɩɪɨɳɚɟɬ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ 
ɩɨɟɡɞɨɜ, ɚ ɬɚɤɠɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɢɧɬɟɪɧɟɬ ɞɥɹ ɩɚɫɫɚɠɢɪɨɜ ɩɨ 
Wi-Fi. Ɉɫɧɨɜɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɫɬɭɩɢɥɢ Samsung 

Electronics, IPAGEON, ELUON, COVADA (ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɤɨɦɚɧɞɧɨɝɨ 
ɫɟɪɜɟɪɚ ɢ ɞɢɫɩɟɬɱɟɪɫɤɨɣ), Nokia (ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɨɫɬɭɩɚ) ɢ HOIMYUNGICT 

(ɛɨɪɬɨɜɨɣ ɛɥɨɤ). 
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ɉɨɫɥɟ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɛɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɨɜɨɣ ɫɟɬɢ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɧɢɠɟɫɥɟɞɭɸɳɟɦ 
ɪɢɫɭɧɤɟ. Ʉɚɤ ɜɢɞɧɨ, LTE-R ɨɬɤɪɵɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɩɟɪɟɞɚɱɢ  ɪɚɡɥɢɱɧɨɝɨ 
ɜɢɞɚ ɬɪɚɮɢɤɚ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ. Ʉ β0β7 ɝɨɞɭ ɩɥɚɧɢɪɭɟɬɫɹ ɡɚɜɟɪɲɢɬɶ 
ɜɧɟɞɪɟɧɢɟ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨ ɜɫɟɣ Ʉɨɪɟɟ. 

 
Ɋɢɫɭɧɨɤ 4 – ɋɪɚɜɧɟɧɢɟ GSM-R ɢ LTE 

 

Ⱦɚɥɶɧɟɣɲɟɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɫɜɹɡɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ 
ɜɧɟɞɪɟɧɢɟ 5G ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ ɩɨ ɚɧɚɥɨɝɢɢ ɫ LTE-R ɢ GSM-R, 

ɨɞɧɚɤɨ ɜɨɩɪɨɫ ɨ ɫɭɞɶɛɟ ɧɨɜɟɣɲɟɣ ɬɟɯɧɨɥɨɝɢɢ ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɵɦ. ȿɫɥɢ 
ɫɩɟɰɢɮɢɤɚɰɢɹ 5G  ɛɭɞɟɬ ɡɚɜɟɪɲɟɧɚ ɪɚɧɟɟ ɩɟɪɟɯɨɞɚ ɧɚ ɫɟɬɶ LTE ɩɥɸɫ R, ɬɨ 
ɩɪɟɟɦɧɢɤɨɦ GSM-R ɦɨɠɟɬ ɫɬɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ 5G.  

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɐɢɮɪɨɜɚɹ ɠɟɥɟɡɧɚɹ ɞɨɪɨɝɚ ɢ ɩɟɪɟɯɨɞ ɨɬ ɫɟɬɢ GSM-R ɤ LTE-R ɢ 

5G-R - ɫɨɫɬɨɢɬɫɹ ɥɢ ɨɧ? //  ɇɚɭɱɧɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ «Ʉɢɛɟɪɥɟɧɢɤɚ» 
Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://cyberleninka.ru/article/n/tsifrovaya-

zheleznaya-doroga-i-perehod-ot-seti-gsm-r-k-lte-r-i-5g-r-sostoitsya-li-on. 

2. ȿɜɪɨɩɟɣɫɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɩɨɟɡɞɨɜ // ȼɢɤɢɩɟɞɢɹ. 
Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://ru.wikipedia.org/?oldid=102126218. 

3. LTE ɢ АТFТ // ȼɢɤɢɤɨɧɫɩɟɤɬɵ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://neerc.ifmo.ru/wiki/index.php?title=LTE_%D0%B8_WiFi&oldid=56965. 

4. Tingting, Gao A high-speed railway mobile communication system based 

on LTE / Gao Tingting; Sun Bin //Electronics and Information Engineering (ICEIE) 

International Conference. – 2010. 

5. ɉɟɪɜɚɹ ɜ ɦɢɪɟ LTE-R ɞɥɹ ɫɤɨɪɨɫɬɧɨɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ (β50 ɤɦ/ɱ) ɜ 
Ɋɟɫɩɭɛɥɢɤɟ Ʉɨɪɟɹ // ITU Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://www.itu.int/dms_pub/itu-r/oth/0a/0E/R0A0E0000C40001PDFR.pdf. 

 



89 
 

ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 

 

Ⱦɟɦɭɯ ȿɤɚɬɟɪɢɧɚ ȼɢɬɚɥɶɟɜɧɚ 
Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ.γ5, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
ɋɬɭɞɟɧɬɤɚ ɝɪɭɩɩɵ β5ɛ, ɈɦȽɍɉɋ. 
Ɍɟɥ.: +7 (999) 470-14-17. 

E-mail: katuffka.com@list.ru 

 

ɉɥɚɬɤɨɜɫɤɢɣ Ɋɨɦɚɧ Ⱥɧɞɪɟɟɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ.γ5, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
ɋɬɭɞɟɧɬ ɝɪɭɩɩɵ β5ɛ, ɈɦȽɍɉɋ. 
Ɍɟɥ.: +7 (923) 038-41-25. 

E-mail: roma.platkovskiy@mail.ru 

 INFORMATION ABOUT THE AUTHORS 

 

Demukh Ekaterina Vitalievna 

Omsk State Transport University (OSTU). 

35, Marx st., Omsk, 644046, 

the Russian Federation. 

Student of group 25b, OSTU. 

Phone: +7 (999) 470-14-17. 

E-mail: katuffka.com@list.ru 

 

 

Platkovskiy Roman Andreevich 

Omsk State Transport University (OSTU). 

35, Marx st., Omsk, 644046,  

the Russian Federation. 

Student of group 25b, OSTU. 

Phone: +7 (923) 038-41-25. 

E-mail: roma.platkovskiy@mail.ru 

 

ɍȾɄ 6β1.γ 

 

Ⱥ. ɋ. ɏɚɪɢɬɨɧɨɜ, Ƚ. Ʌ. ɒɬɪɚɩɟɧɢɧ  
ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɍɪȽɍɉɋ), 

ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɉɊɈȽɊȺɆɆɇɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɂ ɈɉɌɂɆɂɁȺɐɂə 

ɊȺȾɂɈɌȿɏɇɂɑȿɋɄɂɏ ɋɂɋɌȿɆ 

 

Аɧɧɨɬаɰиɹ. ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ (ɉɈ) ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ. ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ, ɨɬɜɟɱɚɸɳɟɣ 
ɡɚɞɚɧɧɵɦ ɭɫɥɨɜɢɹɦ, ɚ ɢɦɟɧɧɨ – ɨɬɤɪɵɬɨɫɬɶ ɚɪɯɢɬɟɤɬɭɪɵ, ɜɨɡɦɨɠɧɨɫɬɶ ɦɨɞɢɮɢɤɚɰɢɢ, 
ɞɨɫɬɭɩɧɨɫɬɶ ɢ ɥɟɝɤɨɫɬɶ ɨɫɜɨɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ, ɧɟ ɢɦɟɸɳɢɦɢ ɫɩɟɰɢɚɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ. 
ɉɪɨɝɪɚɦɦɧɚɹ ɫɪɟɞɚ ɛɵɥɚ ɫɨɡɞɚɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɥɨɝɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ IDEF0, ɚ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɫɢɦɭɥɹɰɢɢ ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ – 

ɧɚ ɨɫɧɨɜɟ ɞɨɫɬɭɩɧɵɯ ɦɨɞɟɥɟɣ ɢ ɚɥɝɨɪɢɬɦɨɜ SPICE (Simulation Program with Integrated Circuit 

Emphasis) ɜɟɪɫɢɢ spТМО.net. Ɉɩɬɢɦɢɡɚɰɢɨɧɧɵɣ ɦɨɞɭɥɶ ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɥɚɧɟ ɭɩɪɨɳɟɧɢɹ ɢɫɯɨɞɧɨɣ ɫɯɟɦɵ ɢ 
ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɟɟ ɷɥɟɦɟɧɬɨɜ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ ɜɪɟɦɟɧɧɵɟ ɡɚɬɪɚɬɵ 
ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɤɨɧɟɱɧɭɸ ɫɬɨɢɦɨɫɬɶ ɩɪɨɟɤɬɚ.  
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ɨɩɬɢɦɢɡɚɰɢɹ. 

 

mailto:katuffka.com@list.ru
mailto:roma.platkovskiy@mail.ru
mailto:katuffka.com@list.ru
mailto:roma.platkovskiy@mail.ru


90 
 

Anton S. Kharitonov, Gennady L. Shtrapenin 
Ural State University of Railway Transport (USURT), Yekaterinburg, the Russian Federation  

 

SOFTWARE SIMULATION AND OPTIMIZATION 

OF RADIO ENGINEERING SYSTEMS 

 

Abstract. The aim of the work is to create an experimental version of software for simulation 

and optimization of radio engineering systems. Specific requirements are formulated for a software 

environment that meets specified conditions, namely, the openness of the architecture, the 

possibility of modification, accessibility and ease of development by users who do not have special 

training. The software environment was created using the IDEF0 functional design methodology, 

and the software for the simulation of electronic processes was based on the available models and 

SPICE (Simulation Program with Integrated Circuit Emphasis) algorithms spice.net version. The 

optimization module allows you to automatically optimize the simulating process in terms of 

simplifying the initial circuit and standardizing the parameters of its elements, which significantly 

reduces the time spent on design and the final cost of the project. 

 

Keywords: Radio engineering systems, software simulation, optimization. 

 

ɋ ɰɟɥɶɸ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɚ ɬɚɤ ɠɟ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ ɧɚ ɫɨɡɞɚɧɢɟ, 
ɤɚɥɢɛɪɨɜɤɭ, ɚɧɚɥɢɡ ɢ ɦɨɞɟɪɧɢɡɚɰɢɸ ɷɥɟɤɬɪɨɧɧɵɯ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ 
ɫɟɬɟɣ ɪɚɡɥɢɱɧɨɝɨ ɭɪɨɜɧɹ ɫɥɨɠɧɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ 
ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ Д1Ж. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɪɚɛɨɬɭ 
ɛɭɞɭɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɱɟɪɟɡ ɟɝɨ ɜɢɪɬɭɚɥɶɧɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɩɪɢ ɷɬɨɦ 
ɤɨɪɪɟɤɬɧɚɹ ɦɨɞɟɥɶ, ɫɨɡɞɚɧɧɚɹ ɫ ɞɨɫɬɚɬɨɱɧɵɦ ɭɪɨɜɧɟɦ ɬɨɱɧɨɫɬɢ, ɜɩɨɥɧɟ 
ɫɩɨɫɨɛɧɚ ɡɚɦɟɧɢɬɶ ɨɪɢɝɢɧɚɥɶɧɭɸ ɫɢɫɬɟɦɭ ɢɥɢ ɫɟɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ 
ɪɚɡɪɚɛɨɬɤɢ. 

Ɋɵɧɨɤ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ (ɉɈ) ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ 
ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜɟɫɶɦɚ ɨɛɲɢɪɟɧ. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡɜɟɫɬɧɨɝɨ ɉɈ 
ɪɚɡɪɚɛɨɬɚɧɨ ɧɚ ɨɫɧɨɜɟ ɨɛɳɟɞɨɫɬɭɩɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ SPICE 

(Simulation Program with IЧЭОРЫКЭОН CТЫМЮТЭ EЦЩСКЬТЬ). Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ 
ɨɬɤɪɵɬɨɫɬɶ ɢɫɯɨɞɧɨɝɨ ɤɨɞɚ SPICE, ɉɈ, ɫɨɡɞɚɧɧɨɟ ɧɚ ɟɝɨ ɨɫɧɨɜɟ, ɧɟ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɨɡɦɨɠɧɨɣ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɢ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɨɪɢɟɧɬɢɪɨɜɚɧɨ ɧɚ ɭɫɩɟɲɧɨɟ ɪɟɲɟɧɢɟ ɨɞɧɨɣ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɚɞɚɱ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɩɨɥɶɡɨɜɚɬɟɥɸ, ɧɟɫɦɨɬɪɹ ɧɚ ɨɛɢɥɢɟ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɢɦɭɥɹɬɨɪɚ SPICE, ɩɪɢɯɨɞɢɬɫɹ ɩɨɥɶɡɨɜɚɬɶɫɹ ɥɢɲɶ ɬɟɦɢ ɢɡ ɧɢɯ, 
ɤɨɬɨɪɵɟ ɜɵɛɪɚɥɢ ɢ ɩɪɟɞɨɫɬɚɜɢɥɢ ɪɚɡɪɚɛɨɬɱɢɤɢ ɤɨɧɤɪɟɬɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɩɚɤɟɬɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɤɨɪɪɟɤɬɧɨɣ ɫɢɦɭɥɹɰɢɢ ɪɚɛɨɬɵ ɫɥɨɠɧɵɯ 
ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ 
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ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞ, ɱɬɨ ɧɟ ɪɚɰɢɨɧɚɥɶɧɨ ɫ ɪɟɫɭɪɫɨɡɚɬɪɚɬɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɚ 
ɩɨɪɨɣ ɢ ɜɨɨɛɳɟ ɧɟɪɟɚɥɢɡɭɟɦɨ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɨɝɪɟɫɫɢɜɧɵɣ ɜɚɪɢɚɧɬ ɪɟɲɟɧɢɹ 
ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɩɪɨɛɥɟɦ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɡɞɚɧɢɢ ɫɨɛɫɬɜɟɧɧɨɝɨ 
ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. Ⱦɚɧɧɨɟ ɉɈ ɩɨɡɜɨɥɹɟɬ, ɜɨ-ɩɟɪɜɵɯ, 
ɪɟɚɥɢɡɨɜɚɬɶ ɪɟɲɟɧɢɟ ɜɫɟɯ ɬɪɟɛɭɟɦɵɯ ɡɚɞɚɱ ɫ ɩɪɢɟɦɥɟɦɨɣ ɬɨɱɧɨɫɬɶɸ, ɢ, ɜɨ-

ɜɬɨɪɵɯ, ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ ɤɨɞ ɢ ɫɨɡɞɚɜɚɬɶ ɦɚɤɪɨɤɨɦɚɧɞɵ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ 
ɩɪɨɰɟɫɫɚ ɫɢɦɭɥɹɰɢɢ ɢ ɷɤɨɧɨɦɢɢ ɜɪɟɦɟɧɢ. ɋɢɥɶɧɨɣ ɫɬɨɪɨɧɨɣ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɢ ɬɨ, ɱɬɨ ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɭɫɬɪɚɧɢɬɶ ɢ ɪɹɞ ɜɨɡɦɨɠɧɵɯ ɤɨɫɜɟɧɧɵɯ ɩɪɨɛɥɟɦ, ɧɚɩɪɢɦɟɪ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɯɚɪɚɤɬɟɪɨɦ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ, 
ɢɧɬɟɪɮɟɣɫɨɦ ɫɪɟɞɵ ɢɥɢ ɟɟ ɰɜɟɬɨɜɵɦ ɨɮɨɪɦɥɟɧɢɟɦ, ɢɦɟɸɳɢɦ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ 
ɯɚɪɚɤɬɟɪ ɢ ɢɝɪɚɸɳɢɦ ɜɚɠɧɭɸ ɪɨɥɶ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɟ ɫ ɫɢɦɭɥɹɬɨɪɨɦ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɵ ɭɩɨɦɹɧɭɬɵɟ ɜɵɲɟ 
ɩɨɩɭɥɹɪɧɵɟ ɢ ɨɛɳɟɞɨɫɬɭɩɧɵɟ SPICE ɚɥɝɨɪɢɬɦɵ ɫɢɦɭɥɹɰɢɢ ɩɪɨɰɟɫɫɨɜ, 
ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ. Ⱥɜɬɨɪɵ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɥɢ ɜɫɟ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɪɫɢɢ ɢ ɦɨɞɢɮɢɤɚɰɢɢ SPICE ɢ 
ɨɫɬɚɧɨɜɢɥɢɫɶ ɧɚ ɜɟɪɫɢɢ β017 ɝɨɞɚ Spice.Net ДβЖ. ɋɭɳɟɫɬɜɟɧɧɨɣ ɨɬɥɢɱɢɬɟɥɶɧɨɣ 
ɨɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɣ ɜɟɪɫɢɟɣ ɹɜɥɹɟɬɫɹ ɟɟ ɫɬɪɭɤɬɭɪɚ, ɫɨɡɞɚɧɧɚɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɜ ɪɨɫɫɢɣɫɤɨɣ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɨɛɴɟɤɬɧɨ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ C#. ȼɚɠɧɨ 
ɨɬɦɟɬɢɬɶ ɢ ɬɨ, ɱɬɨ Spice.Net ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɥɢɰɟɧɡɢɢ ɨɬɪɵɬɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ MIT, ɚ ɡɧɚɱɢɬ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɟɨɝɪɚɧɢɱɟɧɧɵɟ ɩɪɚɜɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɤɨɩɢɪɨɜɚɧɢɹ, ɢɡɦɟɧɟɧɢɹ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ, ɩɭɛɥɢɤɚɰɢɣ ɢ 
ɫɭɛɥɢɰɟɧɡɢɪɨɜɚɧɢɹ ɉɈ ɞɥɹ ɥɸɛɨɝɨ, ɡɚɩɨɥɭɱɢɜɲɟɝɨ ɟɝɨ, ɩɪɨɝɪɚɦɦɢɫɬɚ. 

ɋɨɡɞɚɜɚɟɦɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɭɸ 
ɫɬɪɭɤɬɭɪɭ ɢ ɨɪɝɚɧɢɡɚɰɢɸ, ɩɨɷɬɨɦɭ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɫɞɟɥɚɬɶ ɟɝɨ ɩɨɬɨɱɧɨɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɨɩɢɫɚɧɢɟ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ 
ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɦɨɞɟɥɶ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ, ɫɨɡɞɚɧɧɚɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɦɟɬɨɞɨɥɨɝɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ IDEF0. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ 
ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɵ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɢ 
ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɩɨɞɫɢɫɬɟɦ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜ ɧɟɫɤɨɥɶɤɢɯ ɭɪɨɜɧɹɯ 
ɩɪɢɛɥɢɠɟɧɢɹ. 

ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɫɚɦɨɟ ɨɛɳɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɫɪɟɞɵ ɩɨɞɨɛɧɨ «ɱɟɪɧɨɦɭ ɹɳɢɤɭ» (ɭɪɨɜɟɧɶ Ⱥ-0, ɩɨ ɫɬɪɭɤɬɭɪɟ IDEF0), 

ɢɦɟɸɳɟɦɭ ɜɯɨɞɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɜɵɯɨɞɧɨɣ ɪɟɡɭɥɶɬɚɬ, ɪɟɚɥɢɡɚɰɢɸ ɢ 
ɭɩɪɚɜɥɟɧɢɟ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 1. 
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Ɋɢɫɭɧɨɤ 1 – ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ ɜ IDEF0, ɭɪɨɜɟɧɶ Ⱥ-0 

 

ȼɯɨɞɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɹɜɥɹɸɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɞɚɧɧɵɟ: ɦɨɞɟɥɢ 
ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɢ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ, ɢɯ 
ɤɨɥɢɱɟɫɬɜɨ, ɩɚɪɚɦɟɬɪɵ, ɫɯɟɦɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɜɵɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ ɬɢɩɚ 
ɚɧɚɥɢɡɚ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɛɭɞɭɬ ɝɪɚɮɢɱɟɫɤɢɟ ɢ ɱɢɫɥɟɧɧɵɟ 
ɩɚɪɚɦɟɬɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɢ ɫɢɦɭɥɹɰɢɢ. ɋɨɝɥɚɫɧɨ ɩɨɫɬɚɜɥɟɧɧɨɣ 
ɡɚɞɚɱɟ ɤ ɫɢɫɬɟɦɟ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɝɥɚɜɧɵɟ ɢɡ 
ɤɨɬɨɪɵɯ: ɧɚɥɢɱɢɟ ɦɨɞɟɥɟɣ ɬɢɩɨɜɵɯ ɩɚɫɫɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ 
ɩɪɢɛɨɪɨɜ ɢ ɢɫɬɨɱɧɢɤɨɜ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ 
ɤɥɚɫɫɢɱɟɫɤɢɯ ɞɥɹ SPICE ɫɢɦɭɥɹɬɨɪɚ ɜɢɞɨɜ ɚɧɚɥɢɡɚ ɢ ɭɞɨɛɧɵɣ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ.  

ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧ ɧɚɢɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɣ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ 
ɭɪɨɜɟɧɶ Ⱥ0, ɩɪɟɞɩɨɥɚɝɚɸɳɢɣ ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ ɜ ɩɟɪɜɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ.  

ȼɫɟ ɜɯɨɞɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɞɚɧɧɵɟ ɨ ɫɯɟɦɟ ɢ ɟɟ ɷɥɟɦɟɧɬɚɯ ɜɜɨɞɹɬɫɹ ɜ 
ɫɢɫɬɟɦɭ ɱɟɪɟɡ ɩɨɞɫɢɫɬɟɦɭ «ɤɨɧɫɬɪɭɤɬɨɪ ɫɯɟɦ» A1. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɦɨɞɟɥɟɣ ɷɥɟɦɟɧɬɨɜ ɫ ɰɟɥɶɸ ɢɡɦɟɧɟɧɢɹ ɢɯ ɩɚɪɚɦɟɬɪɨɜ, 
ɜɵɡɵɜɚɟɬɫɹ ɩɨɞɫɢɫɬɟɦɚ «ɧɚɫɬɪɨɣɤɚ ɦɨɞɟɥɟɣ» A2, ɜ ɤɨɬɨɪɭɸ ɩɨɞɚɸɬɫɹ ɬɟɤɭɳɢɟ 
ɩɚɪɚɦɟɬɪɵ ɢɡ ɤɨɧɫɬɪɭɤɬɨɪɚ ɫɯɟɦ ɢ ɤɨɬɨɪɚɹ ɜɨɡɜɪɚɳɚɟɬ ɧɨɜɵɟ ɢɡɦɟɧɟɧɧɵɟ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜ ɤɨɧɫɬɪɭɤɬɨɪ ɫɯɟɦ. Ⱦɚɥɟɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɵɛɪɚɧɧɨɝɨ ɬɢɩɚ ɚɧɚɥɢɡɚ, ɚɤɬɢɜɢɪɭɟɬɫɹ ɨɞɧɚ ɢɡ ɩɨɞɫɢɫɬɟɦ: 

 ɚɧɚɥɢɡ ɜɪɟɦɟɧɧɵɯ ɞɢɚɝɪɚɦɦ A3; 

 AC ɚɧɚɥɢɡ A4; 

 DC ɚɧɚɥɢɡ A5. 
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Ʉɚɠɞɚɹ ɢɡ ɷɬɢɯ ɩɨɞɫɢɫɬɟɦ, ɩɨɥɭɱɚɟɬ ɨɛɪɚɛɨɬɚɧɧɵɟ ɤɨɧɫɬɪɭɤɬɨɪɨɦ ɫɯɟɦ 
ɞɚɧɧɵɟ, ɩɪɨɢɡɜɨɞɢɬ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɩɨ ɟɝɨ ɨɤɨɧɱɚɧɢɸ ɜɵɞɚɟɬ ɩɨɥɭɱɟɧɧɵɟ 
ɝɪɚɮɢɱɟɫɤɢɟ ɢɥɢ ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. Ɇɟɯɚɧɢɡɦɚɦɢ ɪɟɚɥɢɡɚɰɢɢ ɩɨɞɫɢɫɬɟɦ 
ɹɜɥɹɸɬɫɹ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɟ ɮɨɪɦɵ Windows, ɚ ɜ ɩɨɞɫɢɫɬɟɦɚɯ, 
ɜɵɩɨɥɧɹɸɳɢɯ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɚɥɝɨɪɢɬɦɵ ɢ ɦɨɞɟɥɢ SPICE.  

 
Ɋɢɫɭɧɨɤ 2 – ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ ɜ IDEF0, ɭɪɨɜɟɧɶ Ⱥ0 

 

ɇɚɛɨɪ ɮɭɧɤɰɢɣ, ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɩɪɨɞɭɤɬɟ, ɫɨɫɬɚɜɥɹɟɬɫɹ 
ɢɫɯɨɞɹ ɢɡ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɩɨɬɪɟɛɧɨɫɬɟɣ ɚɜɬɨɪɨɜ. ɋɪɟɞɚ ɫɩɨɫɨɛɧɚ ɨɩɟɪɢɪɨɜɚɬɶ 
ɫ ɛɚɡɨɜɵɦɢ, ɛɥɢɡɤɢɦɢ ɤ ɢɞɟɚɥɶɧɵɦ, ɦɨɞɟɥɹɦɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ: 
ɪɟɡɢɫɬɨɪ, ɤɨɧɞɟɧɫɚɬɨɪ, ɤɚɬɭɲɤɚ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɞɢɨɞ, ɢ 
ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɭɫɬɪɨɣɫɬɜɚ ɫ ɢɫɬɨɱɧɢɤɚɦɢ ɩɨɫɬɨɹɧɧɵɯ, ɩɟɪɟɦɟɧɧɵɯ ɢ 
ɢɦɩɭɥɶɫɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ДγЖ. 

ɉɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ, ɤɥɚɫɫɢɱɟɫɤɢɟ ɞɥɹ SPICE ɫɢɦɭɥɹɬɨɪɚ, ɨɩɟɪɚɰɢɢ: 
 ɩɨɫɬɪɨɟɧɢɟ ɜɪɟɦɟɧɧɵɯ ɞɢɚɝɪɚɦɦ ɧɚɩɪɹɠɟɧɢɣ ɜ ɭɡɥɚɯ ɫɯɟɦɵ; 
 ɚɧɚɥɢɡ ɩɨ ɩɟɪɟɦɟɧɧɨɦɭ ɬɨɤɭ; 

 ɚɧɚɥɢɡ ɩɨ ɩɨɫɬɨɹɧɧɨɦɭ ɬɨɤɭ ɢ ɩɨɫɬɪɨɟɧɢɟ ɩɟɪɟɞɚɬɨɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɫɬɪɨɣɫɬɜ ɫ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦɢ 

ɞɢɨɞɚɦɢ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɞɟɥɟɣ ɪɟɚɥɶɧɵɯ ɞɢɨɞɨɜ, 
ɉɈ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɛɢɛɥɢɨɬɟɤɭ ɫɬɚɧɞɚɪɬɧɵɯ ɦɨɞɟɥɟɣ ɪɹɞɚ ɞɢɨɞɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɪɟɚɥɢɡɨɜɚɧ «Ʉɨɧɫɬɪɭɤɬɨɪ ɦɨɞɟɥɟɣ», ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɶɡɨɜɚɬɟɥɸ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɫɨɡɞɚɜɚɬɶ ɦɨɞɟɥɢ ɞɢɨɞɨɜ ɢ ɞɨɛɚɜɥɹɬɶ ɢɯ ɜ ɛɢɛɥɢɨɬɟɤɭ ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɯɟɦɟ. Ɉɤɧɨ ɤɨɧɫɬɪɭɤɬɨɪɚ ɦɨɞɟɥɟɣ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɞɢɨɞɨɜ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. γ. 
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Ɋɢɫɭɧɨɤ 3 – ɂɧɬɟɪɮɟɣɫ ɤɨɧɫɬɪɭɤɬɨɪɚ ɦɨɞɟɥɟɣ 

 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɨɡɞɚɧɧɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɢɧɬɟɝɪɢɪɭɸɳɟɣ ɰɟɩɢ – 

RC ɮɢɥɶɬɪɚ ɧɢɠɧɢɯ ɱɚɫɬɨɬ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɪɨɩɭɫɤɚɟɬɫɹ ɢɦɩɭɥɶɫɧɵɣ ɫɢɝɧɚɥ.  

 
Ɋɢɫɭɧɨɤ 4 – Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɝɪɚɮɢɤɚ, ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɧɬɟɝɪɚɥɭ ɜɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 
ɤɨɪɪɟɤɬɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɛɨɬɵ RC ɰɟɩɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ 
ɩɨɬɪɟɛɧɨɫɬɶ ɧɟ ɩɪɨɫɬɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɷɥɟɤɬɪɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɧɨ ɢ 
ɩɪɨɜɟɫɬɢ ɨɩɬɢɦɢɡɚɰɢɸ ɟɝɨ ɫɯɟɦɵ ɢ ɫɬɚɧɞɚɪɬɢɡɚɰɢɸ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɧɨɣ 
ɛɚɡɵ ɫ ɰɟɥɶɸ ɢɫɤɥɸɱɟɧɢɹ ɢɡɛɵɬɨɱɧɨɫɬɟɣ ɢ ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɢɦɭɥɹɰɢɢ. Ⱦɥɹ 
ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ ɛɵɥɨ ɫɨɡɞɚɧɨ ɞɨɩɨɥɧɟɧɢɟ ɤ ɨɩɢɫɚɧɧɨɦɭ ɜɵɲɟ ɉɈ ɜ 
ɜɢɞɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ, ɢɧɬɟɪɮɟɣɫ ɤɨɬɨɪɨɝɨ ɫ ɩɪɢɦɟɪɨɦ 
ɞɚɧɧɵɯ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 5.  
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Ɋɢɫɭɧɨɤ 5 – Ɇɨɞɭɥɶ ɨɩɬɢɦɢɡɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ 

 

ɂɦɩɨɪɬɢɪɨɜɚɧɢɟ ɫɯɟɦɵ ɜ ɦɨɞɭɥɶ ɨɩɬɢɦɢɡɚɰɢɢ ɜɨɡɦɨɠɧɨ ɩɪɹɦɨ ɢɡ 
ɨɫɧɨɜɧɨɣ ɩɪɨɝɪɚɦɦɵ ɱɟɪɟɡ ɝɟɧɟɪɢɪɭɟɦɵɣ ɮɚɣɥ ɫ ɪɚɫɲɢɪɟɧɢɟɦ .prg. əɡɵɤ 
ɨɩɢɫɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɫɨɡɞɚɧ ɚɜɬɨɪɚɦɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɢ ɹɜɥɹɟɬɫɹ 
ɭɩɪɨɳɟɧɧɨɣ ɜɟɪɫɢɟɣ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɹɡɵɤɚ SPICE. 

Ɉɩɬɢɦɢɡɚɰɢɹ ɫɯɟɦɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: 
1. ɉɨɢɫɤ ɢ ɭɫɬɪɚɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ, ɧɟ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɫɯɟɦɟ ɢɥɢ 

ɡɚɦɤɧɭɬɵɯ ɧɚ ɫɚɦɢɯ ɫɟɛɹ. 
2. ɉɨɢɫɤ ɢ ɭɫɬɪɚɧɟɧɢɟ ɝɪɭɩɩ ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. 
3. ɉɨɢɫɤ ɢ ɭɫɬɪɚɧɟɧɢɟ ɝɪɭɩɩ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ.  
4. Ⱥɧɚɥɢɡ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɫɯɟɦɵ ɢ ɩɪɢɜɟɞɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɟɟ 

ɷɥɟɦɟɧɬɨɜ ɤ ɨɩɪɟɞɟɥɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɧɵɦ 
ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɦ ɪɹɞɚɦ ɢɡ ɩɨɩɨɥɧɹɟɦɨɣ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɛɢɛɥɢɨɬɟɤɢ. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ɨɬɥɢɱɚɟɬɫɹ ɥɟɝɤɨɫɬɶɸ ɨɛɪɚɳɟɧɢɹ ɢ 
ɨɛɥɚɞɚɟɬ ɚɛɫɨɥɸɬɧɨ ɨɬɤɪɵɬɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ. ɉɨɥɶɡɨɜɚɬɟɥɶ, ɜɥɚɞɟɸɳɢɣ ɧɚɜɵɤɚɦɢ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫɪɟɞɧɟɝɨ ɭɪɨɜɧɹ ɧɚ ɨɛɴɟɤɬɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ ɋ# ɛɟɡ 
ɨɫɨɛɨɝɨ ɬɪɭɞɚ ɫɦɨɠɟɬ ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ 
ɢɫɯɨɞɹ ɢɡ ɫɜɨɢɯ ɤɨɧɤɪɟɬɧɵɯ ɡɚɞɚɱ ɢ ɩɪɟɞɩɨɱɬɟɧɢɣ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɩɪɨɬɨɬɢɩ ɉɈ 
ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɝɪɚɦɦ ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɫɨɫɬɚɜɟ 
ɥɸɛɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɢɥɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɣ ɫɪɟɞɵ ɞɥɹ 
ɪɚɡɪɚɛɨɬɤɢ ɪɚɡɥɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ƚɨɥɨɜɤɨɜ, Ⱥ. Ⱥ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɫɪɟɞɫɬɜ. ɍɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ. ɋɬɚɧɞɚɪɬ ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢɹ / 
Ⱥ. Ⱥ. Ƚɨɥɨɜɤɨɜ, ɂ. ɘ. ɉɢɜɨɜɚɪɨɜ, ɂ. Ɋ. Ʉɭɡɧɟɰɨɜ. – ɋɉɛ.: ɉɢɬɟɪ, β015. – β08 ɫ. 
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2. Spicenet Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
СЭЭЩЬ://КЫМСТЯО.МШНОЩХОб.МШЦ (Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹ 11.09.β019). 

3. ɏɚɪɢɬɨɧɨɜ, Ⱥ. ɋ.  Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɨɬɪɚɫɥɢ ɧɚ ɛɚɡɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ SPICE / Ⱥ. ɋ. ɏɚɪɢɬɨɧɨɜ, Ƚ. Ʌ. ɒɬɪɚɩɟɧɢɧ // 
ɂɧɧɨɜɚɰɢɨɧɧɵɣ ɬɪɚɧɫɩɨɪɬ. – 2018. –  № γ. – ɋ. 45 – 48. 
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Аɧɧɨɬаɰиɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɨɰɟɧɤɢ ɢ ɭɫɬɪɚɧɟɧɢɹ ɡɨɧ 
ɪɚɞɢɨɬɟɧɢ ɩɨɟɡɞɧɨɣ ɪɚɞɢɨɫɜɹɡɢ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɥɢɧɢɹɯ ɜ ɫɥɨɠɧɵɯ ɭɫɥɨɜɢɹɯ ɪɟɥɶɟɮɚ. 
ɉɪɟɞɫɬɚɜɥɟɧ ɩɨɞɯɨɞ ɤ ɨɰɟɧɤɟ ɝɪɚɧɢɰ ɡɨɧ ɪɚɞɢɨɬɟɧɢ ɧɚ ɦɟɫɬɧɨɫɬɢ ɩɨ ɞɚɧɧɵɦ 
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ. Ɋɚɡɪɚɛɨɬɚɧɵ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɡɚɬɟɧɟɧɧɵɯ 
ɨɛɥɚɫɬɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɤɬɢɜɧɵɯ ɢ ɩɚɫɫɢɜɧɵɯ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ ɪɚɞɢɨɫɢɝɧɚɥɚ. Ⱥɜɬɨɪɵ 
ɩɨɥɚɝɚɸɬ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɢɦɟɧɢɦɵ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɧɨɜɵɯ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɥɢɧɢɣ ɩɨɟɡɞɧɨɣ ɪɚɞɢɨɫɜɹɡɢ ɞɢɚɩɚɡɨɧɨɜ Ɇȼ ɢ ȾɆȼ. 

 

Клɸɱевые ɫлɨва: ɩɨɟɡɞɧɚɹ ɪɚɞɢɨɫɜɹɡɶ, ɡɨɧɵ ɪɚɞɢɨɬɟɧɢ, ɪɟɬɪɚɧɫɥɹɬɨɪɵ. 
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ASSESSMENT AND ELIMINATION OF TRAIN RADIO SHADOW AREAS 

 

Abstract. The article deals with the problem of assessment and eliminating radio shadow 

areas of train radio communications on railway lines laid in difficult terrain conditions. An 

approach to assessing the boundaries of the radio shadow areas according to instrumental 

measurements is presented. Suggestions have been developed for eliminating shaded areas 

involving the use of active and passive radio signal repeaters. The authors believe that the results of 

the work are applicable for designing of new and modernization of existing train radio links of the 

VHF and UHF ranges. 

 

Keywords: train radio communications, radio shadow areas, radio repeaters. 

 

Ɉɞɧɨɣ ɢɡ ɧɟɨɬɴɟɦɥɟɦɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɚ ɹɜɥɹɟɬɫɹ ɪɚɞɢɨɫɜɹɡɶ. ȿɟ ɩɪɢɦɟɧɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɪɚɛɨɬɟ ɫ 
ɩɨɞɜɢɠɧɵɦ ɫɨɫɬɚɜɨɦ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɫɜɹɡɢ ɞɢɫɩɟɬɱɟɪɚ, ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɪɨɰɟɫɫɨɦ 
ɞɜɢɠɟɧɢɹ, ɫ ɦɚɲɢɧɢɫɬɚɦɢ ɩɨɟɡɞɨɜ. 

ȼ ɞɢɚɩɚɡɨɧɚɯ Ɇȼ ɢ ȾɆȼ ɨɛɟɫɩɟɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɞɢɨɫɜɹɡɢ ɫ 
ɩɟɪɟɦɟɳɚɸɳɢɦɫɹ ɥɨɤɨɦɨɬɢɜɨɦ ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ ɜɜɢɞɭ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɟɥɶɟɮɚ. 
ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɫɜɹɡɶ ɨɤɚɡɵɜɚɟɬɫɹ ɡɚɬɪɭɞɧɟɧɚ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɟɫɬɟɫɬɜɟɧɧɵɯ 
ɩɪɟɩɹɬɫɬɜɢɣ ɦɟɠɞɭ ɫɬɚɧɰɢɟɣ ɢ ɩɨɞɜɢɠɧɵɦ ɫɨɫɬɚɜɨɦ.  

ȼ ɧɚɫɬɨɹɳɟɦ ɞɨɤɥɚɞɟ ɩɪɢɜɟɞɟɧ ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɤ ɨɰɟɧɤɟ ɡɨɧ 
ɪɚɞɢɨɬɟɧɢ ɢ ɨɩɪɟɞɟɥɟɧɢɸ ɢɯ ɝɪɚɧɢɰ ɧɚ ɭɱɚɫɬɤɚɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɫɨ ɫɥɨɠɧɵɦ 
ɪɟɥɶɟɮɨɦ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛ ɭɫɬɪɚɧɟɧɢɹ ɬɚɤɢɯ ɡɨɧ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɡɨɧ ɪɚɞɢɨɬɟɧɢ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɚɝɨɧɚ-ɥɚɛɨɪɚɬɨɪɢɢ, 
ɩɪɨɜɨɞɢɦɵɟ ɧɚ ɭɱɚɫɬɤɚɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɧɚ ɪɟɝɭɥɹɪɧɨɣ ɨɫɧɨɜɟ, ɩɭɬɟɦ 
ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɢɯ ɫ ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɣ ɤɚɪɬɨɣ. 

ɋɯɨɠɭɸ ɫ ɩɨɟɡɞɧɨɣ ɪɚɞɢɨɫɜɹɡɶɸ ɨɪɝɚɧɢɡɚɰɢɸ ɢɦɟɸɬ ɪɚɞɢɨɪɟɥɟɣɧɵɟ ɥɢɧɢɢ 
ɫɜɹɡɢ. Ɉɞɧɚɤɨ ɢɡɜɟɫɬɧɵɟ ɦɟɬɨɞɵ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɥɨɩɪɢɝɨɞɧɵ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ 
ɢɯ ɩɪɢɦɟɧɟɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɮɢɥɶ ɨɞɧɨɝɨ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ, ɚ ɡɨɧɵ 
ɪɚɞɢɨɬɟɧɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɞɨɥɶ ɭɱɚɫɬɤɚ ɫɥɟɞɨɜɚɧɢɹ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɦɨɝɭɬ 
ɧɚɯɨɞɢɬɶɫɹ ɧɟ ɧɚ ɨɞɧɨɣ ɩɪɹɦɨɣ ɥɢɧɢɢ. 

ɉɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɪɟɥɶɟɮɚ. ȿɝɨ 
ɫɭɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɜɛɥɢɡɢ ɡɨɧɵ ɪɚɞɢɨɬɟɧɢ ɯɚɪɚɤɬɟɪɧɵɟ 
ɬɨɱɤɢ ɜɵɫɨɬ, ɫ ɤɨɬɨɪɵɯ ɜɟɫɶ ɡɚɬɟɧɟɧɧɵɣ ɭɱɚɫɬɨɤ ɩɟɪɟɤɪɵɜɚɟɬɫɹ ɥɢɧɢɹɦɢ ɩɪɹɦɨɣ 
ɪɚɞɢɨɜɢɞɢɦɨɫɬɢ.  
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ɇɚ ɭɱɚɫɬɤɚɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɟɠɟɤɜɚɪɬɚɥɶɧɨ ɩɪɨɜɨɞɹɬɫɹ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ 
ɢɡɦɟɪɟɧɢɹ ɭɪɨɜɧɹ ɩɪɢɧɢɦɚɟɦɨɝɨ ɪɚɞɢɨɫɢɝɧɚɥɚ ɩɨ ɯɨɞɭ ɫɥɟɞɨɜɚɧɢɹ ɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ. Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɢɡɦɟɪɟɧɢɣ ɩɨɦɨɝɚɸɬ ɨɩɪɟɞɟɥɢɬɶ ɭɱɚɫɬɤɢ ɩɭɬɢ, ɧɚ ɤɨɬɨɪɵɯ 
ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɣ ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ, ɩɟɪɟɞɚɜɚɟɦɨɝɨ 
ɪɚɞɢɨɩɟɪɟɞɚɬɱɢɤɚɦɢ ɛɥɢɠɚɣɲɢɯ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɬɚɧɰɢɣ. ɋɨɩɨɫɬɚɜɢɜ ɷɬɢ 
ɞɚɧɧɵɟ ɫ ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɣ ɤɚɪɬɨɣ ɜ ɪɚɦɤɚɯ ɩɪɨɝɪɚɦɦɧɨɣ ɫɢɫɬɟɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɟ ɝɪɚɧɢɰɵ ɡɨɧɵ 
ɪɚɞɢɨɬɟɧɢ ɢ ɢɯ ɜɡɚɢɦɨɫɜɹɡɶ ɫ ɨɤɪɭɠɚɸɳɢɦ ɪɟɥɶɟɮɨɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɟɞɥɚɝɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɭɪɨɜɧɹ 
ɪɚɞɢɨɫɢɝɧɚɥɚ, ɩɪɨɜɟɞɟɧɧɵɯ ɜɚɝɨɧɨɦ-ɥɚɛɨɪɚɬɨɪɢɟɣ ɧɚ ɭɱɚɫɬɤɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ 
ɥɢɧɢɢ «Ⱥɪɬɵɲɬɚ-β» – «Ⱥɥɚɦɛɚɣ». ɋɨɝɥɚɫɧɨ ɩɪɨɬɨɤɨɥɭ ɢɡɦɟɪɟɧɢɣ, ɨɬɪɟɡɨɤ ɩɭɬɢ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɨɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɫɬɚɧɰɢɢ «Ⱥɥɚɦɛɚɣ» ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ 8 ɞɨ 
19 ɤɦ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɨɧɭ ɪɚɞɢɨɬɟɧɢ, ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ ɜ ɤɨɬɨɪɨɣ ɧɢɠɟ 
ɞɨɩɭɫɬɢɦɨɝɨ.  

ɉɪɨɬɨɤɨɥ ɢɡɦɟɪɟɧɢɣ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɟ ɩɪɢɱɢɧɵ ɢ 
ɭɫɥɨɜɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɟɧɢ, ɩɨɫɤɨɥɶɤɭ ɧɟ ɨɬɪɚɠɚɟɬ ɯɚɪɚɤɬɟɪɚ ɦɟɫɬɧɨɫɬɢ. Ⱦɥɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɪɟɥɶɟɮɚ ɭɱɚɫɬɨɤ ɫ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɫɢɝɧɚɥɚ 
ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɧɟɫɬɢ ɧɚ ɬɨɩɨɝɪɚɮɢɱɟɫɤɭɸ ɤɚɪɬɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɡɚɢɦɧɨɝɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɥɢɧɢɢ ɩɭɬɢ ɢ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɪɟɥɶɟɮɚ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɜɚ ɦɚɫɲɬɚɛɚ ɤɚɪɬɵ. 
Ɇɟɥɤɢɣ ɦɚɫɲɬɚɛ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ. 1, ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɪɟɥɶɟɮɚ ɭɱɚɫɬɤɚ ɦɟɠɞɭ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɟɣ ɢ ɪɟɬɪɚɧɫɥɹɬɨɪɚɦɢ, ɚ ɤɪɭɩɧɵɣ (ɪɢɫ. β) – 

ɞɥɹ ɨɰɟɧɤɢ ɩɪɹɦɨɣ ɪɚɞɢɨɜɢɞɢɦɨɫɬɢ  ɦɟɠɞɭ ɪɟɬɪɚɧɫɥɹɬɨɪɨɦ ɢ ɧɚɢɛɨɥɟɟ 
ɨɬɞɚɥɟɧɧɵɦɢ ɨɬ ɧɟɝɨ ɬɨɱɤɚɦɢ ɡɚɬɟɧɟɧɧɨɝɨ ɭɱɚɫɬɤɚ. ɇɚ ɭɤɚɡɚɧɧɵɯ ɪɢɫɭɧɤɚɯ ɫɢɧɟɣ 
ɥɢɧɢɟɣ ɨɛɨɡɧɚɱɟɧ ɢɫɫɥɟɞɭɟɦɵɣ ɭɱɚɫɬɨɤ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ, ɚ ɤɪɚɫɧɨɣ – ɭɱɚɫɬɨɤ ɫ 
ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɭɪɨɜɧɟɦ ɪɚɞɢɨɫɢɝɧɚɥɚ. 

 
Ɋɢɫɭɧɨɤ 1 – Ɍɨɩɨɝɪɚɮɢɱɟɫɤɚɹ ɤɚɪɬɚ ɦɟɥɤɨɝɨ ɦɚɫɲɬɚɛɚ ɫ ɭɤɚɡɚɧɢɟɦ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɢ ɡɚɬɟɧɟɧɧɨɝɨ ɭɱɚɫɬɤɨɜ 
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Ɋɢɫɭɧɨɤ 2 – Ɍɨɩɨɝɪɚɮɢɱɟɫɤɚɹ ɤɚɪɬɚ ɤɪɭɩɧɨɝɨ ɦɚɫɲɬɚɛɚ ɫ ɭɤɚɡɚɧɢɟɦ 
ɡɚɬɟɧɟɧɧɨɝɨ ɭɱɚɫɬɤɚ 

 

ȼ ɤɚɱɟɫɬɜɟ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɟɪɟɤɪɵɬɢɹ ɡɨɧ ɪɚɞɢɨɬɟɧɢ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɚɤɬɢɜɧɵɯ ɢ ɩɚɫɫɢɜɧɵɯ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ. ɉɪɢ ɷɬɨɦ 
ɫɭɳɟɫɬɜɭɸɬ ɞɜɚ ɜɚɠɧɟɣɲɢɯ ɭɫɥɨɜɢɹ ɢɯ ɪɚɛɨɬɵ. Ⱦɥɹ ɚɤɬɢɜɧɵɯ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ 
ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɫɬɚɰɢɨɧɚɪɧɨɣ ɪɚɞɢɨɫɬɚɧɰɢɢ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɫɢɝɧɚɥɚ ɩɨ 
ɩɪɹɦɨɣ ɞɨɥɠɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɭɪɨɜɟɧɶ ɷɬɨɝɨ ɫɢɝɧɚɥɚ ɧɟ 
ɨɩɭɫɤɚɥɫɹ ɧɢɠɟ ɭɪɨɜɧɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢɟɦɧɢɤɚ ɪɟɬɪɚɧɫɥɹɬɨɪɚ.  

Ɇɟɬɨɞɢɱɟɫɤɢ ɞɥɹ ɚɤɬɢɜɧɵɯ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ ɫ ɚɧɬɟɧɧɨɣ, ɢɦɟɸɳɟɣ 
ɤɪɭɝɨɜɭɸ ɞɢɚɝɪɚɦɦɭ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ, ɜɵɛɢɪɚɟɬɫɹ ɥɸɛɚɹ ɯɚɪɚɤɬɟɪɧɚɹ ɬɨɱɤɚ 
ɪɟɥɶɟɮɚ ɜɛɥɢɡɢ ɡɨɧɵ ɪɚɞɢɨɬɟɧɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ 
ɫɢɝɧɚɥɚ ɧɚ ɜɯɨɞɟ ɪɟɬɪɚɧɫɥɹɬɨɪɚ ɢ ɩɪɹɦɭɸ ɜɢɞɢɦɨɫɬɶ ɨɬ ɚɧɬɟɧɧɵ ɪɟɬɪɚɧɫɥɹɬɨɪɚ 

ɞɨ ɥɸɛɨɣ ɬɨɱɤɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɥɢɧɢɢ ɜ ɡɨɧɟ ɪɚɞɢɨɬɟɧɢ.  
Ⱦɥɹ ɩɚɫɫɢɜɧɵɯ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɦɨɝɭɬ ɛɵɬɶ 

ɜɵɛɪɚɧɵ ɬɨɥɶɤɨ ɬɟ ɬɨɱɤɢ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɦɟɠɞɭ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɟɣ ɢ ɡɨɧɨɣ 
ɪɚɞɢɨɬɟɧɢ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɥɨɠɟɧɢɟ ɡɨɧɵ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɚɫɫɢɜɧɨɝɨ 

ɪɟɬɪɚɧɫɥɹɬɨɪɚ ɧɚ ɭɱɚɫɬɨɤ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɥɢɧɢɢ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɡɨɧɟ 
ɪɚɞɢɨɬɟɧɢ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɲɢɪɢɧɭ ɞɢɚɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ 
ɪɟɬɪɚɧɫɥɹɬɨɪɚ ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɡɨɧɵ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɡɚɬɟɧɟɧɧɨɣ ɨɛɥɚɫɬɢ. 

Ⱥɤɬɢɜɧɵɟ ɪɟɬɪɚɧɫɥɹɬɨɪɵ ɨɬɥɢɱɚɸɬɫɹ ɬɟɦ, ɱɬɨ ɫɨɞɟɪɠɚɬ ɤɨɦɩɥɟɤɫ 
ɩɪɢɟɦɨɩɟɪɟɞɚɸɳɟɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɬɪɟɛɭɸɬ ɧɚɥɢɱɢɹ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. ɇɚ 
ɩɚɫɫɢɜɧɵɯ ɪɟɬɪɚɧɫɥɹɬɨɪɚɯ ɨɬɫɭɬɫɬɜɭɟɬ ɤɚɤɚɹ-ɥɢɛɨ ɚɩɩɚɪɚɬɭɪɚ, ɚ ɩɪɢɟɦ ɢ ɩɟɪɟɞɚɱɚ 
ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɜɵɩɨɥɧɟɧɧɵɦɢ ɚɧɬɟɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ. 
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ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɩɚɫɫɢɜɧɵɟ ɪɟɬɪɚɧɫɥɹɬɨɪɵ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɧɟɡɚɜɢɫɢɦɨ ɨɬ 
ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ ɞɪɭɝɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɦɚɱɬɨɜɵɯ 
ɫɨɨɪɭɠɟɧɢɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɢɯ ɩɪɢɦɟɧɟɧɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɸɬɫɹ ɡɚɬɪɚɬɵ 
ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɢɫɬɟɦ ɫɜɹɡɢ Д1Ж. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɚɫɫɢɜɧɨɝɨ ɪɟɬɪɚɧɫɥɹɬɨɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ 
ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɭɸ ɬɚɤɢɦɢ 
ɪɟɬɪɚɧɫɥɹɬɨɪɚɦɢ, ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ ɧɢɠɟ ɦɟɬɨɞɢɤɟ ДβЖ. 

Ɇɨɳɧɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɩɪɢɟɦɧɨɣ ɚɧɬɟɧɧɵ ɪɟɬɪɚɧɫɥɹɬɨɪɚ P2, ȼɬ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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  (1) 

ɝɞɟ D1 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɩɟɪɟɞɚɸɳɟɣ ɚɧɬɟɧɧɵ ɫɬɚɰɢɨɧɚɪɧɨɣ 
ɪɚɞɢɨɫɬɚɧɰɢɢ; 
D2 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɩɪɢɟɦɧɨɣ ɚɧɬɟɧɧɵ ɪɟɬɪɚɧɫɥɹɬɨɪɚ; 
r1 – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɚɰɢɨɧɚɪɧɨɣ ɚɧɬɟɧɧɵ ɞɨ ɪɟɬɪɚɧɫɥɹɬɨɪɚ, ɦ. 
Ɂɚɬɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɳɧɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɩɟɪɟɞɚɸɳɟɣ ɚɧɬɟɧɧɵ 

ɪɟɬɪɚɧɫɥɹɬɨɪɚ P3, ȼɬ: 
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ɝɞɟ D3 – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɧɚ ɫɯɟɦɟ ɩɟɪɟɞɚɱɢ ɢ ɧɚ ɮɢɞɟɪɟ. 
ɉɟɪɟɫɱɟɬ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɣ ɪɟɬɪɚɧɫɥɹɬɨɪɨɦ, 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɜɟɤɬɨɪ ɉɨɣɧɬɢɧɝɚ ɉ3, ȼɬ/ɦ2
: 
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ɝɞɟ r2 – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɪɟɬɪɚɧɫɥɹɬɨɪɚ ɞɨ ɥɨɤɨɦɨɬɢɜɧɨɣ ɚɧɬɟɧɧɵ, ɦ. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. γ, ɱɟɦ ɞɚɥɶɲɟ ɨɬ ɫɬɚɰɢɨɧɚɪɧɨɣ ɪɚɞɢɨɫɬɚɧɰɢɢ 

ɧɚɯɨɞɢɬɫɹ ɩɚɫɫɢɜɧɵɣ ɪɟɬɪɚɧɫɥɹɬɨɪ, ɬɟɦ ɛɵɫɬɪɟɟ ɡɚɬɭɯɚɟɬ ɫɢɝɧɚɥ, 
ɩɟɪɟɞɚɜɚɟɦɵɣ ɢɦ, ɢ ɬɟɦ ɦɟɧɶɲɟ ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɪɟɬɪɚɧɫɥɹɬɨɪ ɫɩɨɫɨɛɟɧ 
ɩɨɞɞɟɪɠɢɜɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ ɷɬɨɝɨ ɫɢɝɧɚɥɚ. 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɦɨɠɧɨ ɩɨɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɩɚɫɫɢɜɧɨɝɨ ɪɟɬɪɚɧɫɥɹɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɢɪɚɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɢɦ ɢ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɟɣ ɛɵɥɨ ɧɚɢɦɟɧɶɲɢɦ. 

ɉɪɢɦɟɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 4. Ʉɪɚɫɧɨɣ ɥɢɧɢɟɣ 
ɨɛɨɡɧɚɱɟɧ ɡɚɬɟɧɟɧɧɵɣ ɭɱɚɫɬɨɤ. Ʉɪɚɫɧɵɟ ɡɧɚɱɤɢ ɨɬɨɛɪɚɠɚɸɬ ɦɟɫɬɨ ɪɚɡɦɟɳɟɧɢɹ 
ɚɤɬɢɜɧɵɯ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ, ɫɢɧɢɟ ɡɧɚɱɤɢ – ɩɚɫɫɢɜɧɵɯ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ. 
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Ɋɢɫɭɧɨɤ γ – Ƚɪɚɮɢɤɢ ɡɚɬɭɯɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ E ɩɚɫɫɢɜɧɵɯ 

ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1 ɤɦ, β ɤɦ ɢ 10 ɤɦ ɨɬ ɚɧɬɟɧɧɵ 
ɫɬɚɰɢɨɧɚɪɧɨɣ ɪɚɞɢɨɫɬɚɧɰɢɢ, ɩɪɢ ɱɚɫɬɨɬɟ ɫɢɝɧɚɥɚ ɪɚɜɧɨɣ 900 ɆȽɰ 

 

 
Ɋɢɫɭɧɨɤ 4 – ɉɪɢɦɟɪ ɪɚɡɦɟɳɟɧɢɹ ɪɟɬɪɚɧɫɥɹɬɨɪɨɜ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɦɟɪɚ, ɚɤɬɢɜɧɵɟ ɪɟɬɪɚɧɫɥɹɬɨɪɵ ɪɚɫɩɨɥɨɠɟɧɵ ɜɛɥɢɡɢ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɩɪɢɱɟɦ ɪɟɬɪɚɧɫɥɹɬɨɪ, ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɨɤɪɚɢɧɟ ɩɨɫɟɥɤɚ 
Ɇɭɧɞɵɛɚɲ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɧɚɢɜɵɫɲɭɸ ɬɨɱɤɭ 
ɝɨɪɵ Ʉɪɨɥɢɱɶɹ, ɚ ɪɚɡɦɟɳɟɧɧɵɣ ɜ ɩɨɫɟɥɤɟ Ɍɟɦɢɪɬɚɭ – ɧɚ ɦɚɱɬɟ, ɫɨɨɪɭɠɟɧɧɨɣ ɧɚ 



102 
 

ɡɞɚɧɢɢ. ɉɚɫɫɢɜɧɵɟ ɪɟɬɪɚɧɫɥɹɬɨɪɵ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɨɥɨɠɢɬɶ ɧɚ ɯɚɪɚɤɬɟɪɧɵɯ 
ɬɨɱɤɚɯ ɦɟɠɞɭ ɡɨɧɨɣ ɪɚɞɢɨɬɟɧɢ ɢ ɚɤɬɢɜɧɵɦɢ ɪɟɬɪɚɧɫɥɹɬɨɪɚɦɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 
ɨɤɨɥɨ ɞɜɭɯ ɤɢɥɨɦɟɬɪɨɜ ɨɬ ɩɨɫɥɟɞɧɢɯ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɡɚɬɟɧɟɧɧɨɝɨ 
ɭɱɚɫɬɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɜɹɡɶ ɯɨɬɹ ɛɵ ɫ ɨɞɧɨɣ ɢɡ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɬɚɧɰɢɣ, 
ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɚɯ. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɜɧɟɞɪɟɧɢɹ ɥɸɛɵɯ 
ɫɬɚɧɞɚɪɬɨɜ ɪɚɞɢɨɫɜɹɡɢ ɞɢɚɩɚɡɨɧɨɜ Ɇȼ ɢ ȾɆȼ ɧɚ ɭɱɚɫɬɤɚɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɫɨ 
ɫɥɨɠɧɵɦ ɪɟɥɶɟɮɨɦ ɢ ɡɨɧɚɦɢ ɪɚɞɢɨɬɟɧɢ ɛɨɥɶɲɨɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɵ 
ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɪɟɥɶɟɮɚ ɢ ɫɢɧɬɟɡɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɪɚɞɢɨɥɢɧɢɣ 
ɫ ɚɤɬɢɜɧɵɦɢ ɢ ɩɚɫɫɢɜɧɵɦɢ ɪɟɬɪɚɧɫɥɹɬɨɪɚɦɢ. 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɤɚɱɟɫɬɜɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ ɢ 
ɫɥɭɠɛ ɨɞɧɨɝɨ ɢɡ ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɦɨɠɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɜɵɛɨɪɚ ɢ 
ɩɪɢɦɟɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɞɢɨɫɜɹɡɢ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ 
ɪɚɞɢɨɬɟɧɢ ɧɚ ɭɱɚɫɬɤɚɯ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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Ɇ. ɉ. Ⱦɨɥɭɯɚɧɨɜ. – Ɇ.: ɋɜɹɡɶ, 197β. – γγ6ɫ. 
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ȼɚɥɟɧɤɨ Ⱥɥɟɤɫɟɣ ɋɟɪɝɟɟɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
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Abstract. This article is devoted to the problem of positioning mobile communication 

terminals in the absence of signals from GPS / GLONAS satellite systems. A method for using a 

satellite signal simulator for solving similar problems is proposed. 
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ɋɨɜɪɟɦɟɧɧɵɟ ɬɪɚɧɤɢɧɝɨɜɵɟ ɫɢɫɬɟɦɵ ɫɜɹɡɢ, ɬɨ ɟɫɬɶ ɫɢɫɬɟɦɵ ɫ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɪɚɞɢɨɤɚɧɚɥɨɜ ɦɟɠɞɭ ɚɛɨɧɟɧɬɚɦɢ, ɫɩɨɫɨɛɵ 
ɩɟɪɟɞɚɜɚɬɶ ɩɨ ɪɚɞɢɨɢɧɬɟɪɮɟɣɫɭ ɫɢɝɧɚɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɯ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɚɛɨɧɟɧɬɫɤɚɹ ɪɚɞɢɨɫɬɚɧɰɢɹ ɩɨɥɭɱɚɟɬ ɞɚɧɧɵɟ ɨ 
ɫɜɨɟɦ ɦɟɫɬɨɩɨɥɨɠɟɧɢɢ ɨɬ ɫɢɫɬɟɦ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ (ɫɩɭɬɧɢɤɢ 
GPS, ȽɅɈɇȺɋɋ) ɢ ɩɟɪɟɞɚɟɬ ɢɯ ɩɨ ɤɨɧɬɪɨɥɶɧɨɦɭ ɤɚɧɚɥɭ ɜ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ 
ɫɢɫɬɟɦɵ ɫɜɹɡɢ. ɇɚ ɬɚɤɨɦ ɩɪɢɧɰɢɩɟ ɩɨɫɬɪɨɟɧɚ ɩɟɪɟɞɚɱɚ ɤɨɨɪɞɢɧɚɬ ɜ 
ɬɪɚɧɤɢɧɝɨɜɵɯ ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ TETRA, DMR, APCO25. 
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ȼ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɬɪɚɧɤɢɧɝɨɜɵɟ ɫɢɫɬɟɦɵ ɫɜɹɡɢ ɹɜɥɹɸɬɫɹ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɦɨɛɢɥɶɧɨɣ ɪɚɞɢɨɫɜɹɡɶɸ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɭɫɬɪɨɣɫɬɜ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ, ɢɯ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ ɧɚ ɨɛɴɟɤɬɚɯ 
ɲɚɯɬɧɨɝɨ ɬɢɩɚ, ɝɞɟ ɩɪɢёɦ ɫɢɝɧɚɥɨɜ ɨɬ ɫɩɭɬɧɢɤɨɜ ɝɥɨɛɚɥɶɧɨɝɨ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɧɟɜɨɡɦɨɠɟɧ. 

Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɦɨɪɫɤɢɟ ɧɟɮɬɟɞɨɛɵɜɚɸɳɢɟ ɩɥɚɬɮɨɪɦɵ, ɤɨɬɨɪɵɟ 
ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɚɤɪɵɬɵɯ ɷɤɪɚɧɢɪɨɜɚɧɧɵɯ ɩɨɦɟɳɟɧɢɣ.  

Ɂɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɚɛɨɧɟɧɬɨɜ ɜɬɚɤɢɯ ɫɢɬɭɚɰɢɹɯ 
ɪɟɲɚɟɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɫɩɨɫɨɛɚɦɢ: 

ɍɫɬɚɧɨɜɤɚ ɪɟɩɢɬɟɪɚ ɫɩɭɬɧɢɤɨɜɨɝɨ ɫɢɝɧɚɥɚ. Ɉɬ ɩɪɢɧɢɦɚɸɳɟɣ ɚɧɬɟɧɧɵ 
ɫɩɭɬɧɢɤɨɜɨɝɨ ɫɢɝɧɚɥɚ ɫɩɭɫɤɚɟɬɫɹ ɮɢɞɟɪ ɜ ɩɨɦɟɳɟɧɢɟ, ɝɞɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɪɟɩɢɬɟɪ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 1. 

 
Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɪɟɩɢɬɟɪɚ ɫɩɭɬɧɢɤɨɜɨɝɨ ɫɢɝɧɚɥɚ 

 

Ƚɥɚɜɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɞɚɧɧɨɝɨ ɪɟɲɟɧɢɹ: ɧɟɨɛɯɨɞɢɦɚ ɭɫɬɚɧɨɜɤɚ ɪɟɩɢɬɟɪɚ ɢ 
ɚɧɬɟɧɧɵ ɤ ɧɟɦɭ ɜ ɤɚɠɞɨɟ ɩɨɦɟɳɟɧɢɟ. 

Ɇɟɬɤɢ iBeacon, ɧɚ ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɢ BlueTooth. ȼ ɩɨɦɟɳɟɧɢɹ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɢɡɥɭɱɚɬɟɥɢ ɫɢɝɧɚɥɚ BlueTooth, ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚɟɬ 
ɚɛɨɧɟɧɬɫɤɚɹ ɫɬɚɧɰɢɹ ɢ ɨɬɩɪɚɜɥɹɟɬ ɜ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ ɫɟɬɢ, ɝɞɟ ɢɞɟɬ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɚɛɨɧɟɧɬɚ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɞɚɧɧɨɟ ɪɟɲɟɧɢɟ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɬɪɢɚɧɝɭɥɹɰɢɢ ɨɬ 
ɧɟɫɤɨɥɶɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɫɢɝɧɚɥɚ BlueTooth, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. β, ɱɬɨ 
ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɚɛɨɧɟɧɬɚ. ɇɟɞɨɫɬɚɬɨɤ ɞɚɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ: ɧɟɨɛɯɨɞɢɦɚ ɞɨɪɚɛɨɬɤɚ ɚɛɨɧɟɧɬɫɤɨɣ ɪɚɞɢɨɫɬɚɧɰɢɢ, ɞɥɹ 
ɜɫɬɪɚɢɜɚɧɢɹ ɩɪɢɟɦɧɢɤɚ BlueTooth, ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɵ ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɜ 
ɚɥɝɨɪɢɬɦɵ ɪɚɛɨɬɵ ɚɛɨɧɟɧɬɫɤɨɝɨ ɢ ɛɚɡɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɫɜɹɡɢ.  
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Ɋɢɫɭɧɨɤ β – ɋɯɟɦɚ ɪɚɛɨɬɵ ɦɟɬɨɤ ТBОКМШЧ 

 

ɂɧɞɭɤɬɢɜɧɵɟ ɞɚɬɱɢɤɢ. ȼ ɩɟɪɟɯɨɞɚɯ ɦɟɠɞɭ ɩɨɦɟɳɟɧɢɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɢɧɞɭɤɬɢɜɧɵɟ ɪɚɦɤɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. γ, ɤɨɬɨɪɵɟ ɩɪɟɞɚɸɬ ɧɚ ɜɫɬɪɨɟɧɧɵɣ ɜ 
ɚɛɨɧɟɧɬɫɤɭɸ ɫɬɚɧɰɢɸ ɩɪɢёɦɧɢɤ ɞɚɧɧɵɟ ɨ ɫɦɟɧɟ ɩɨɦɟɳɟɧɢɹ. Ⱦɚɥɟɟ ɬɪɭɛɤɚ 
ɩɟɪɟɞɚɟɬ ɞɚɧɧɵɟ ɩɨ ɪɚɞɢɨɢɧɬɟɪɮɟɣɫɭ ɜ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɫɜɹɡɢ.  
ɇɟɞɨɫɬɚɬɤɢ ɞɚɧɧɨɝɨ ɪɟɲɟɧɢɹ ɫɯɨɠɢ ɫ ɧɟɞɨɫɬɚɬɤɚɦɢ ɪɟɲɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 
BlueTooth-ɬɟɯɧɨɥɨɝɢɢ. 

 
Ɋɢɫɭɧɨɤ γ – ɋɯɟɦɚ ɪɚɛɨɬɵ ɢɧɞɭɤɬɢɜɧɵɯ ɞɚɬɱɢɤɨɜ 

 

ɉɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ: 
 ɋɨɡɞɚɧɢɟ ɢɡɥɭɱɚɸɳɟɣ ɦɟɬɤɢ ɤɨɨɪɞɢɧɚɬ, ɧɚ ɨɫɧɨɜɟ SDR-ɦɨɞɭɥɹ, ɦɟɬɤɚ 

ɩɟɪɟɞɚёɬ ɡɚɪɚɧɟɟ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ  
 Ⱥɛɨɧɟɧɬɫɤɚɹ ɫɬɚɧɰɢɹ ɫ ɩɪɢёɦɧɢɤɨɦ ɞɥɹ ɫɢɝɧɚɥɨɜ 

ɝɟɨɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬ ɤɨɨɪɞɢɧɚɬɭ ɢ ɩɟɪɟɞɚёɬ ɜ ɫɢɫɬɟɦɭ ɫɜɹɡɢ 

 ɋɢɫɬɟɦɚ ɫɜɹɡɢ ɩɟɪɟɞɚёɬ ɤɨɨɪɞɢɧɚɬɭ ɧɚ ɫɟɪɜɟɪ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. 
 ɋɟɪɜɟɪ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɫɨɨɬɧɨɫɢɬ ɩɨɥɭɱɟɧɧɭɸ ɤɨɨɪɞɢɧɚɬɭ ɫ 

ɩɨɦɟɳɟɧɢɟɦ ɢɥɢ ɦɟɫɬɨɦ ɢ ɨɬɩɪɚɜɥɹɟɬ ɪɟɡɭɥɶɬɚɬ ɨɩɟɪɚɬɨɪɭ ȺɊɆ 
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ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ 
ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɪɟɲɟɧɢɹ.  

 
Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɦɢɬɚɬɨɪɚ ɫɢɝɧɚɥɚ  

ɫ ɬɪɚɧɤɢɧɝɨɜɨɣ ɫɢɫɬɟɦɨɣ ɫɜɹɡɢ 

 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢɦɢɬɚɬɨɪɚ ɤɨɨɪɞɢɧɚɬɵ ɩɟɪɟɞɚɟɬ ɧɚ ɢɡɥɭɱɚɸɳɢɣ 
ɦɨɞɭɥɶ ɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɞɚɥɟɟ ɜ ɜɢɞɟ ɪɚɞɢɨɫɢɝɧɚɥɚ ɢɯ 
ɩɪɢɧɢɦɚɟɬ ɩɪɢёɦɧɢɤ ɫɢɝɧɚɥɨɜ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɜɫɬɪɨɟɧɧɵɣ ɜ ɚɛɨɧɟɧɬɫɤɭɸ 
ɪɚɞɢɨɫɬɚɧɰɢɸ. Ɋɚɞɢɨɫɬɚɧɰɢɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɟɪɟɞɚɟɬ ɥɨɠɧɭɸ ɤɨɨɪɞɢɧɚɬɭ ɜ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɫɜɹɡɢ, ɝɞɟ ɨɧɚ ɢɧɬɟɪɩɪɟɬɢɪɭɟɬɫɹ ɧɚ ɩɭɥɶɬɟ ɨɬɨɛɪɚɠɟɧɢɹ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɚɛɨɧɟɧɬɨɜ ɜ ɜɢɞɟ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ ɢɥɢ ɦɟɫɬɚ ɜ ɲɚɯɬɧɨɦ 
ɨɛɴɟɤɬɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɨɟ ɪɟɲɟɧɢɟ ɧɟ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ 
ɨɫɧɚɳɟɧɢɟ ɚɛɨɧɟɧɬɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɩɪɢёɦɧɢɤɚɦɢ ɫɢɝɧɚɥɨɜ, 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɠɟ ɢɦɟɸɳɢɣɫɹ ɩɪɢёɦɧɢɤ ɫɢɝɧɚɥɨɜ ɝɥɨɛɚɥɶɧɨɝɨ 
ɝɟɨɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟ ɬɪɟɛɭɟɬɫɹ ɞɨɪɚɛɨɬɤɚ ɉɈ ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɡɚɥɨɠɟɧɧɵɟ ɜ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɜɨɡɧɢɤɚɟɬ ɪɹɞ ɡɚɞɚɱ: 
 SDR-ɦɨɞɭɥɢ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ, ɜ ɫɪɟɞɧɟɦ 5-50 ɬɵɫɹɱ ɪɭɛ. 

ȼɨɡɦɨɠɧɨɟ ɪɟɲɟɧɢɟ: ɜɜɢɞɭ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɬɪɟɛɭɟɦɨɝɨ ɞɢɚɩɚɡɨɧɚ 1,5 ȽȽɰ, 
ɪɚɡɪɚɛɨɬɤɚ ɫɨɛɫɬɜɟɧɧɨɝɨ ɢɡɥɭɱɚɸɳɟɝɨ ɦɨɞɭɥɹ. 

 Ɍɪɟɛɭɟɬɫɹ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɩɟɪɟɪɚɛɨɬɤɢ ɚɥɶɦɚɧɚɯɚ ɤɨɞɨɜ ɫɢɝɧɚɥɨɜ 
ɫɩɭɬɧɢɤɚ ɢ ɩɟɪɟɞɚɱɢ ɬɪɟɛɭɟɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɨɞɨɜ ɧɚ ɢɡɥɭɱɚɬɟɥɶ. 
ȼɨɡɦɨɠɧɨɟ ɪɟɲɟɧɢɟ: ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɤɪɵɬɨɝɨ ɉɈ ɢɦɢɬɚɰɢɢ ɫɢɝɧɚɥɨɜ ɢɥɢ 
ɪɚɡɪɚɛɨɬɤɚ ɫɨɛɫɬɜɟɧɧɨɝɨ ɉɈ. 

 ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɣ ɦɟɬɤɢ ɤ ɞɪɭɝɨɣ ɜɨɡɦɨɠɧɚ ɡɧɚɱɢɬɟɥɶɧɚɹ ɡɚɞɟɪɠɤɚ 
ɜ ɚɧɚɥɢɡɟ ɩɨɥɭɱɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɨɞɨɜ ɫɩɭɬɧɢɤɚ. ȼɨɡɦɨɠɧɨɟ ɪɟɲɟɧɢɟ: 
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ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɨɪɞɢɧɚɬ ɫ ɲɚɝɨɦ ɞɨ 100 ɦɟɬɪɨɜ, ɬɨɝɞɚ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 
ɷɦɭɥɹɰɢɹ ɨɛɵɱɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɨɛɴɟɤɬɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ. 

 ɉɪɢ ɩɨɹɜɥɟɧɢɢ Ⱥɋ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɜ ɡɨɧɚɯ ɫɦɟɠɧɵɯ ɫ ɧɟɣ, ɟɫɬɶ 
ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɢёɦɚ ɪɟɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬ. ȼɨɡɦɨɠɧɨɟ ɪɟɲɟɧɢɟ: ɧɚɥɨɠɟɧɢɟ 
ɨɝɪɚɧɢɱɟɧɢɣ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɤɨɨɪɞɢɧɚɬ ɫ ɩɨɦɨɳɶɸ ɉɈ ɧɚ ɫɟɪɜɟɪɟ ɨɛɪɚɛɨɬɤɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɫɩɨɫɨɛɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ 
ɚɛɨɧɟɧɬɨɜ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢ ɜ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦɵ ɧɚɜɢɝɚɰɢɢ ɞɥɹ ɩɚɫɫɚɠɢɪɨɜ 
ɦɟɬɪɨ. Ɍɚɤ ɤɚɤ ɜ ɤɚɠɞɨɦ ɫɨɜɪɟɦɟɧɧɨɦ ɦɨɛɢɥɶɧɨɦ ɬɟɥɟɮɨɧɟ ɟɫɬɶ ɩɪɢɟɦɧɢɤ 
ɫɢɝɧɚɥɨɜ ɝɟɨɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɩɚɫɫɚɠɢɪɵ ɦɨɝɭɬ ɫ ɩɨɦɨɳɶɸ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɩɪɢɥɨɠɟɧɢɹ ɩɨɥɭɱɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜɨɟɦ ɦɟɫɬɨɩɨɥɨɠɟɧɢɢ, 
ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɷɜɚɤɭɚɰɢɢ ɜ ɫɥɭɱɚɹɯ ɱɪɟɡɜɵɱɚɣɧɵɯ ɩɪɨɢɫɲɟɫɬɜɢɣ. 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɫɩɨɫɨɛɵ ɨɛɧɚɪɭɠɟɧɢɹ ɚɛɨɧɟɧɬɨɜ ɬɪɚɧɤɢɧɝɨɜɵɯ ɫɢɫɬɟɦ ɫɜɹɡɢ 
ɜ ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɢɹ ɫɢɝɧɚɥɨɜ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɬɪɟɛɭɸɬ ɜɧɟɫɟɧɢɹ 
ɢɡɦɟɧɟɧɢɣ ɜ ɚɛɨɧɟɧɬɫɤɨɟ ɢ ɛɚɡɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɱɬɨ ɜɥɟɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɡɚɬɪɚɬɵ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɢɦɢɬɚɬɨɪɚ ɫɢɝɧɚɥɚ ɫ ɥɨɠɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ, ɫɩɨɫɨɛɧɨ 
ɪɟɲɢɬɶ ɡɚɞɚɱɢ ɩɨ ɨɛɧɚɪɭɠɟɧɢɸ ɚɛɨɧɟɧɬɨɜ ɛɟɡ ɩɨɞɨɛɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ ɦɨɠɟɬ ɩɨɜɵɫɢɬɶ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɬɪɚɧɤɢɧɝɨɜɵɯ ɫɢɫɬɟɦ ɫɜɹɡɢ, ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ. 
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Аɧɧɨɬаɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɞɟɥɶ ɚɧɬɟɧɧɨɣ ɪɟɲɟɬɤɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ 
ɩɪɢɟɦɚ ɫɢɝɧɚɥɨɜ ɝɥɨɛɚɥɶɧɵɯ ɫɩɭɬɧɢɤɨɜɵɯ ɪɚɞɢɨɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. ȼ ɦɨɞɟɥɢ 
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ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɬɨɞɚɦɢ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɬɟɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɪɟɲɟɬɤɢ,  ɩɪɢɦɟɧɟɧɢɟ ɫɩɨɫɨɛɨɜ ɭɩɪɚɜɥɟɧɢɹ ɞɢɚɝɪɚɦɦɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɞɥɹ 
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ɩɪɨɝɪɚɦɦɧɨɣ ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɞɥɹ ɩɟɪɜɢɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɰɟɥɶɸ 
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MODEL OF RECEIVING GNSS ANTENNA ARRAY WITH DIGITAL 

BEAMFORMING 

 

Abstract. In this article a complex model of antenna array for global navigation satellite 

systems is presented. This model consists of several stages. First stage intended for creating 

GLONASS signals and interferences of different kind. Second stage performs electromagnetic 

calculations of antenna array elements. Third stage consists of several algorithms for digital 

beamforming which aim to maximize power of the navigation signals and suppress unwanted 

interferences. Last stage is a software-defined receiver where operations of acquisition and 

tracking are performed. Some results of calculations are also presented. 

 

Keywords: global satellite navigation systems, antenna array, beamforming, interference, 

MVDR, STAP. 

 

ɋɩɭɬɧɢɤɨɜɵɟ ɪɚɞɢɨɧɚɜɢɝɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ (ɋɊɇɋ) ɧɚɯɨɞɹɬ ɨɛɲɢɪɧɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ. Ɇɚɥɵɣ ɭɪɨɜɟɧɶ ɩɪɢɧɢɦɚɟɦɵɯ 
ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ ɞɟɥɚɟɬ ɢɯ ɭɹɡɜɢɦɵɦɢ ɤ ɪɚɞɢɨɩɨɦɟɯɚɦ ɜ ɪɚɛɨɱɟɣ 
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ɨɛɥɚɫɬɢ ɱɚɫɬɨɬ, ɱɬɨ ɜɟɞɟɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɦɟɯɨɡɚɳɢɳɟɧɧɵɟ 
ɩɪɢɟɦɧɢɤɢ ɫɩɭɬɧɢɤɨɜɨɣ ɧɚɜɢɝɚɰɢɢ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɨɜɵɫɢɬɶ ɠɢɜɭɱɟɫɬɶ 
ɩɪɢɟɦɧɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɦɨɠɧɨ ɩɪɢ ɩɨɦɨɳɢ ɚɧɬɟɧɧɵɯ ɪɟɲɟɬɨɤ 
(ȺɊ), ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɪɟɲɢɬɶ ɞɜɟ ɡɚɞɚɱɢ: ɭɜɟɥɢɱɢɬɶ ɭɪɨɜɟɧɶ ɩɨɥɟɡɧɵɯ 
ɫɢɝɧɚɥɨɜ ɢ ɨɫɥɚɛɢɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɜɨɡɦɨɠɧɵɯ ɪɚɞɢɨɩɨɦɟɯ, ɩɨɩɚɞɚɸɳɢɯ ɜ 
ɪɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ. ɉɟɪɜɚɹ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɭɱɟɣ 
ɞɢɚɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ (Ⱦɇ) ɜ ɫɬɨɪɨɧɭ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ.  
ȼɬɨɪɚɹ – ɫɨɡɞɚɧɢɟɦ ɩɪɨɜɚɥɨɜ (ɧɭɥɟɣ) Ⱦɇ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɦɟɯ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɨɞɟɥɶ ɚɧɬɟɧɧɨɣ ɪɟɲɟɬɤɢ ɞɥɹ ɩɪɢɟɦɚ 
ɫɢɝɧɚɥɨɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɋɊɇɋ ȽɅɈɇȺɋɋ. ȿɟ ɤɪɚɬɤɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1. 

Ɋɑ – 

ɨɛɪɚɛɨɬɤɚ 
ɫɢɝɧɚɥɨɜ

ɐɢɮɪɨɜɨɟ 
ɭɩɪɚɜɥɟɧɢɟ 
ɞɢɚɝɪɚɦɦɨɣ 

ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ

ɗɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
ɩɚɞɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ 
ɧɚ ɷɥɟɦɟɧɬɵ ɚɧɬɟɧɧɨɣ ɪɟɲɟɬɤɢ

ɉɨɢɫɤ ɢ 
ɨɬɫɥɟɠɢɜɚɧɢɟ 

ɧɚɜɢɝɚɰɢɨɧɧɵɯ 
ɫɢɝɧɚɥɨɜ

Ɉɰɟɧɤɚ 
ɫɨɨɬɧɨɲɟɧɢɹ 
ɫɢɝɧɚɥ / ɲɭɦ 

.

.

.

S1(θ1, �1) SL(θL, �L)
. . .

I1(θ1, �1)

IM(θM, �M)

.

.

.

 

Ɋɢɫɭɧɨɤ 1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɚɧɬɟɧɧɨɣ ɪɟɲɟɬɤɢ 

 

ɂɡɧɚɱɚɥɶɧɨ ɛɵɥɚ ɫɨɡɞɚɧɚ ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɩɨɥɨɬɧɚ ȺɊ, ɝɞɟ ɛɵɥɢ 
ɪɚɡɦɟɳɟɧɵ ɩɚɬɱ-ɚɧɬɟɧɧɵ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ 1590-1610 ɆȽɰ 
ɋɊɇɋ ȽɅɈɇȺɋɋ L1 (ɪɢɫ. βɚ). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɢɬɫɹ ɜɚɪɢɚɧɬ ɩɨɫɬɪɨɟɧɢɹ 
ɩɥɨɫɤɨɣ ȺɊ ɢɡ ɱɟɬɵɪɟɯ ɚɧɬɟɧɧ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɜɟɪɲɢɧɚɯ ɤɜɚɞɪɚɬɚ ɫ ɞɥɢɧɨɣ 
ɪɟɛɪɚ 94 ɦɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɨɜɢɧɟ ɞɥɢɧɵ ɜɨɥɧɵ ɧɚ ɱɚɫɬɨɬɟ 1600 ɆȽɰ. 
Ȼɵɥɨ ɜɵɩɨɥɧɟɧɨ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɬɪɟɯɦɟɪɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɷɥɟɤɬɪɨɞɢɧɚɦɢɤɢ Д1Ж. 
Ɉɩɪɟɞɟɥɹɥɢɫɶ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɩɨɪɬɚɯ ɚɧɬɟɧɧ ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ȺɊ ɩɥɨɫɤɢɯ ɜɨɥɧ ɩɪɚɜɨɣ ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɫ ɪɚɡɥɢɱɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɚɡɢɦɭɬɚ ɢ ɭɝɥɚ ɦɟɫɬɚ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ 1 ȼ/ɦ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ 
1500-1700 ɆȽɰ. ɉɪɢɦɟɪ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɚɜɟɞɟɧɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ ɫ ɧɚɩɪɚɜɥɟɧɢɹ θ = 40º,  � = 60º ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. βɛ. 

Ⱦɚɥɟɟ ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɜɪɟɦɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 
ɫɢɝɧɚɥɨɜ ȽɅɈɇȺɋɋ ɜ ɞɢɚɩɚɡɨɧɟ L1 ДβЖ. ɇɚɜɢɝɚɰɢɨɧɧɵɟ ɫɢɝɧɚɥɵ ɡɚɞɚɜɚɥɢɫɶ 
ɤɚɤ ɛɟɡɪɚɡɦɟɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫ ɟɞɢɧɢɱɧɨɣ ɚɦɩɥɢɬɭɞɨɣ. ɇɚɩɪɹɠɟɧɢɟ, 
ɫɨɡɞɚɜɚɟɦɨɟ ɧɚɜɢɝɚɰɢɨɧɧɵɦ ɫɢɝɧɚɥɨɦ ɜ ɩɨɪɬɭ ɚɧɬɟɧɧɵ, ɜɵɱɢɫɥɹɥɨɫɶ ɜ 
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ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɦɧɨɠɟɧɢɹ ɟɝɨ ɫɩɟɤɬɪɚ ɢ ɤɨɦɩɥɟɤɫɧɨɣ ɱɚɫɬɨɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɧɚɩɪɹɠɟɧɢɹ. ɋɭɦɦɚɪɧɵɣ ɫɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ k-ɝɨ ɚɧɬɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ, ȼ: 

 

   1 1

1 1

( ) ( ( )) ( , , ) ( ( )) ( , , ) ( )
L M

k l k l l m k m m

l m

x t F h F s t U f F h F i t U f n t    

 

        , (1) 

 

ɝɞɟ ( )
l

s t  – ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɫɢɝɧɚɥ l-ɝɨ ɫɩɭɬɧɢɤɚ; ( )
m

i t  – ɩɨɦɟɯɚ ɨɬ m-ɝɨ 
ɢɫɬɨɱɧɢɤɚ; ( , , )

k l l
U f  , ( , , )k m mU f   – ɱɚɫɬɨɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɹ ɜ 

ɩɨɪɬɭ k-ɝɨ ɚɧɬɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢ ɩɪɢɟɦɟ ɫɢɝɧɚɥɚ ɢ ɩɨɦɟɯɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ; F , 1F   – ɨɩɟɪɚɰɢɢ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ; L, M – ɨɛɳɟɟ ɱɢɫɥɨ ɫɩɭɬɧɢɤɨɜɵɯ ɫɢɝɧɚɥɨɜ ɢ ɩɨɦɟɯ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; n(t) – ɫɨɛɫɬɜɟɧɧɵɣ ɲɭɦ ɚɧɬɟɧɧɵ; h – ɦɚɫɲɬɚɛɢɪɭɸɳɢɣ 
ɦɧɨɠɢɬɟɥɶ, ɤɨɬɨɪɵɣ ɡɚɞɚɟɬ, ɱɬɨɛɵ ɩɪɢ ɩɚɞɟɧɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ, 
ɩɟɪɟɧɨɫɹɳɟɣ ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɫɢɝɧɚɥ, ɧɚ ɚɧɬɟɧɧɭ ɩɨɞ ɭɝɥɨɦ 5º ɤ ɝɨɪɢɡɨɧɬɭ ɜ ɟɟ 
ɩɨɪɬɭ ɜɵɞɟɥɹɥɚɫɶ ɦɨɳɧɨɫɬɶ -131 ɞȻɦ ДβЖ. 
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ɚ)      ɛ) 
Ɋɢɫɭɧɨɤ 2 – Ⱥɧɬɟɧɧɚɹ ɪɟɲɟɬɤɚ ɋɊɇɋ:  

ɚ – ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ;  
ɛ – ɦɨɞɭɥɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɨɪɬɚɯ ɚɧɬɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

 

Ɋɚɫɱɟɬ ɧɚɜɨɞɢɦɵɯ ɜ ɩɨɪɬɚɯ ɚɧɬɟɧɧ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɩɨɦɟɯ ɜɵɩɨɥɧɹɥɫɹ ɩɨ 
ɬɨɦɭ ɠɟ ɩɨɪɹɞɤɭ, ɱɬɨ ɢ ɞɥɹ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ. ȼ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɩɨɥɨɫɚ 
ɪɚɛɨɱɢɯ ɱɚɫɬɨɬ ɡɚɞɚɜɚɥɚɫɶ ɪɚɜɧɨɣ β0 ɆȽɰ (1590 – 1610 ɆȽɰ), ɱɬɨ ɜɵɪɚɠɚɟɬɫɹ ɜ 
ɦɨɳɧɨɫɬɢ ɲɭɦɚ, ɪɚɜɧɨɣ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ – 100 ɞȻɦ ДβЖ. ɉɪɢ ɷɬɨɦ ɦɨɳɧɨɫɬɢ 
ɩɪɢɧɢɦɚɟɦɵɯ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɪɚɞɢɨɫɢɝɧɚɥɨɜ ɛɵɥɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɢ 
ɫɨɫɬɚɜɥɹɥɢ ɨɤɨɥɨ – 130 ɞȻɦ.  

Ⱦɚɥɶɧɟɣɲɢɣ ɷɬɚɩ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɜɵɩɨɥɧɹɥ ɢɯ ɩɟɪɟɧɨɫ ɜ ɨɛɥɚɫɬɶ 
ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɱɚɫɬɨɬɵ (ɉɑ) 0 – β0 ɆȽɰ ɢ ɭɫɢɥɟɧɢɟ ɧɚ 90 – 100 ɞȻ, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɤɚɡɚɬɟɥɹɦ ɪɟɚɥɶɧɵɯ ɪɚɞɢɨɩɪɢɟɦɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɋɊɇɋ.  
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ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɦɨɞɟɥɢ ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɫɢɝɧɚɥɵ ɨɬ ɚɧɬɟɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ȺɊ ɩɨɞɜɟɪɝɚɸɬɫɹ ɨɛɪɚɛɨɬɤɟ, ɪɟɚɥɢɡɭɸɳɟɣ ɰɢɮɪɨɜɨɟ ɭɩɪɚɜɥɟɧɢɹ 
Ⱦɇ. Ȼɵɥɨ ɜɵɛɪɚɧɨ ɧɟɫɤɨɥɶɤɨ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɜɚɪɢɚɧɬɨɜ ɨɛɪɚɛɨɬɤɢ 
ɫɢɝɧɚɥɨɜ ɜ ȺɊ ɞɥɹ ɋɊɇɋ, ɱɬɨɛɵ ɡɚɬɟɦ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɫɬɢ 
ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɟɠɞɭ ɧɢɦɢ ɩɨ ɪɟɡɭɥɶɬɢɪɭɸɳɟɦɭ ɫɨɨɬɧɨɲɟɧɢɸ 
ɫɢɝɧɚɥ/ɲɭɦ (C/N0). 

ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ ɭɩɪɚɜɥɟɧɢɹ Ⱦɇ – ɜɜɟɞɟɧɢɟ ɥɢɧɟɣɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ 
(Linear Constrained Minimum Variance, LCMV), ɩɨɡɜɨɥɹɸɳɟɟ ɮɨɪɦɢɪɨɜɚɬɶ ɥɭɱ 
ɜ ɭɤɚɡɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɡɚɞɚɧɢɢ (N-1) ɧɟɡɚɜɢɫɢɦɵɯ 
ɧɭɥɟɣ, ɝɞɟ N – ɱɢɫɥɨ ɚɧɬɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ȺɊ ДγЖ. ȼɨ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɜɚɪɢɚɧɬɚɯ, ɤɪɨɦɟ ɚɧɬɟɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ, ɩɪɢɦɟɧɹɥɨɫɶ ɮɨɪɦɢɪɨɜɚɧɢɟ ɱɟɬɵɪɟɯ 
ɥɭɱɟɣ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɡɛɢɜɚɸɳɢɯ ɜɟɪɯɧɸɸ ɩɨɥɭɫɮɟɪɭ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɨɬɤɭɞɚ 
ɩɪɢɧɢɦɚɸɬɫɹ ɧɚɜɢɝɚɰɢɨɧɧɵɟ ɫɢɝɧɚɥɵ. 

ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɤɚɠɞɨɝɨ ɢɡ ɥɭɱɟɣ ȺɊ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
Hy w X ,      (2) 

ɝɞɟ 
1 2[ , , ... ]H

mw w w  w  – ɜɟɤɬɨɪ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɥɭɱɚ ɫ ɭɱɟɬɨɦ ɡɚɞɚɧɢɹ ɧɭɥɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɦɟɯɢ; 

1 2[ , , ... ]H

m   X x x x  – ɦɚɬɪɢɰɚ ɜɟɤɬɨɪɨɜ ɜɵɛɨɪɨɤ ɫɢɝɧɚɥɨɜ ɨɬ ɚɧɬɟɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ. 

ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɭɩɪɚɜɥɟɧɢɹ Ⱦɇ ɨɫɧɨɜɚɧ ɧɚ ɦɢɧɢɦɢɡɚɰɢɢ ɞɢɫɩɟɪɫɢɢ 
ɲɭɦɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɭɫɢɥɟɧɢɢ ɜ ɡɚɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ (Minimum Variance 

Distortionless Response, MVDR, ɦɟɬɨɞ Ʉɟɣɩɨɧɚ) Дγ, 4Ж. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɭɟɬ ɥɢɧɟɣɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɥɭɱɟɣ, ɧɨ ɩɪɢ ɷɬɨɦ 
ɩɪɨɢɡɜɨɞɢɬ ɨɰɟɧɤɭ ɫɢɝɧɚɥɶɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɤɨɜɚɪɢɚɰɢɨɧɧɨɣ 
ɦɚɬɪɢɰɵ ɫɢɝɧɚɥɨɜ ДγЖ: 

HxxR XX .      (3) 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ Ⱦɇ ȺɊ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɳɟɧɢɹ ɦɚɬɪɢɰɵ ɤɨɜɚɪɢɚɰɢɢ Д5Ж: 

1

1

( )

( ) ( )

s

H

s s



 xx

xx

R ν k
w

ν k R ν k
.     (4) 

Ɍɪɟɬɢɣ ɜɚɪɢɚɧɬ ɭɩɪɚɜɥɟɧɢɹ Ⱦɇ – ɚɧɬɟɧɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ (ȺɄ), ɜ ɤɨɬɨɪɨɦ 
ɨɞɧɚ ɢɡ ɚɧɬɟɧɧ ȺɊ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɨɩɨɪɧɚɹ, ɨɫɬɚɥɶɧɵɟ – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ, 
ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɩɨɞɚɜɥɟɧɢɹ (N-1) ɩɨɦɟɯ. ɋɢɝɧɚɥɵ ɨɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɚɧɬɟɧɧ 
ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɟɪɟɦɧɨɠɟɧɢɸ ɫ ɜɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɩɪɟɞɵɞɭɳɢɯ ɜɚɪɢɚɧɬɨɜ, ɝɞɟ ɤɚɠɞɵɣ ɥɭɱ ɮɨɪɦɢɪɭɟɬ ɫɜɨɣ ɫɨɛɫɬɜɟɧɧɵɣ 
ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ, ɞɥɹ ɚɧɬɟɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɨɞɢɧ, ɤɨɬɨɪɵɣ 



112 
 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɫɢɝɧɚɥɚ ɨɩɨɪɧɨɣ ɚɧɬɟɧɧɵ ɢ ɫɭɦɦɵ ɜɡɜɟɲɟɧɧɵɯ 
ɫɢɝɧɚɥɨɜ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɚɧɬɟɧɧ Д6Ж: 

1

H

a y x w X ,     (5) 

ɝɞɟ 1x  – ɫɢɝɧɚɥ ɩɟɪɜɨɣ (ɨɩɨɪɧɨɣ) ɚɧɬɟɧɧɵ; 
2 3[ , , ... ]H

a m   X x x x  – ɫɢɝɧɚɥɵ ɨɬ 
ɨɫɬɚɥɶɧɵɯ ɚɧɬɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

Ɉɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ȺɄ ɩɨ ɤɪɢɬɟɪɢɸ 
ɦɢɧɢɦɭɦɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹД6Ж: 

1

a ra

w R d ,      (6) 

ɝɞɟ 1

a

R  – ɨɛɪɚɬɧɚɹ ɦɚɬɪɢɰɚ ɤɨɜɚɪɢɚɰɢɢ ɫɢɝɧɚɥɨɜ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɚɧɬɟɧɧ;  

ra
d  – ɜɟɤɬɨɪ ɤɨɜɚɪɢɚɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɫ ɨɩɨɪɧɨɣ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ 
ɚɧɬɟɧɧɚɦɢ. 

ɑɟɬɜɟɪɬɵɣ ɜɚɪɢɚɧɬ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ȺɄ, ɧɨ ɜ ɤɚɧɚɥɚɯ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɚɧɬɟɧɧ 
ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɚɹ ɮɢɥɶɬɪɚɰɢɹ (Space-time Adaptive 

Processing, STAP), ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɧɨɝɨɨɬɜɨɞɧɵɯ ɮɢɥɶɬɪɨɜ Д5Ж. 
ɉɨɫɥɟɞɧɢɦ ɜɚɪɢɚɧɬɨɦ ɰɢɮɪɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ Ⱦɇ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 

ɦɧɨɝɨɫɢɝɧɚɥɶɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ (Multiple Signal Classification, MUSIC), 

ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɥɨɠɟɧɢɢ ɦɚɬɪɢɰɵ ɤɨɜɚɪɢɚɰɢɢ ɫɢɝɧɚɥɨɜ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 
ɜɟɤɬɨɪɚ ɢ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹД6Ж: 

HxxR EΛE ,     (7) 

ɝɞɟ  1 2 3, , , m   E e e e e – ɦɚɬɪɢɰɚ, ɫɨɫɬɚɜɥɟɧɧɚɹ ɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ 
ɦɚɬɪɢɰɵ xxR ; Λ  – ɦɚɬɪɢɰɚ, ɭ ɤɨɬɨɪɨɣ ɧɚ ɝɥɚɜɧɨɣ ɞɢɚɝɨɧɚɥɢ ɜ ɭɛɵɜɚɸɳɟɦ 
ɩɨɪɹɞɤɟ ɪɚɫɩɨɥɨɠɟɧɵ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰɵ xxR . 

ȼ ɫɥɭɱɚɟ ɩɪɢɟɦɚ ɪɚɞɢɨɩɨɦɟɯɢ ɧɚ ɨɫɧɨɜɟ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ 
ɤɨɜɚɪɢɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ ɦɨɠɧɨ ɜɫɟ ɫɢɝɧɚɥɶɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ 
ɧɚ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɩɨɦɟɯɢ ɩP  ɢ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɫɦɟɫɢ ɲɭɦɚ ɢ 
ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ 

cɲP  [6]. 

ɉɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɲɭɦɚ ɢ ɩɨɥɟɡɧɵɯ ɫɢɝɧɚɥɨɜ cɲP  ɹɜɥɹɟɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɦ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɭ ɩɨɦɟɯɢ ɩP , ɩɨɷɬɨɦɭ ɭɦɧɨɠɟɧɢɟ ɜɯɨɞɧɵɯ 
ɫɢɝɧɚɥɨɜ X  ɧɚ cɲP  ɩɨɡɜɨɥɹɟɬ ɭɫɬɪɚɧɢɬɶ ɩɪɢɫɭɬɫɬɜɢɟ ɩɨɦɟɯɢ ɜ ɜɵɯɨɞɧɨɦ 
ɫɢɝɧɚɥɟ. Ɋɟɡɭɥɶɬɢɪɭɸɳɢɟ ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɜ ɤɨɬɨɪɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɜɜɨɞɢɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɥɭɱɚ, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д6Ж: 

( )s cɲw ν k P ,     (8) 

ɝɞɟ ( )
s

ν k  – ɜɟɤɬɨɪ ɮɚɡ ɫɢɝɧɚɥɨɜ ɜ ɷɥɟɦɟɧɬɚɯ ȺɊ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɥɭɱɚ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɡɚɞɚɜɚɟɦɨɦ ɜɨɥɧɨɜɵɦ ɜɟɤɬɨɪɨɦ s

k . 
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ɇɚ ɪɢɫ. γ ɩɨɤɚɡɚɧɵ ɩɪɢɦɟɪɵ ɧɟɫɤɨɥɶɤɢɯ ɧɨɪɦɢɪɨɜɚɧɧɵɯ Ⱦɇ, ɩɨɥɭɱɚɟɦɵɯ 
ɩɨɫɥɟ ɪɚɫɱɟɬɚ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɰɢɮɪɨɜɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ Ⱦɇ. ɉɪɹɦɵɟ, ɩɟɪɟɫɟɤɚɸɳɢɟ Ⱦɇ ɩɨɞ ɪɚɡɧɵɦɢ ɭɝɥɚɦɢ – ɧɚɩɪɚɜɥɟɧɢɹ 
ɩɪɢɟɦɚ ɫɩɭɬɧɢɤɨɜɵɯ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɡɚɞɚɧɧɨɣ ɥɢɬɟɪɧɨɣ 
ɱɚɫɬɨɬɵ ȽɅɈɇȺɋɋ. ɉɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɨɛɨɡɧɚɱɟɧɨ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɢɟɦɚ 
ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɩɨɦɟɯɢ ɧɚ ɱɚɫɬɨɬɟ 1600 ɆȽɰ ɦɨɳɧɨɫɬɶɸ – 60 ɞȻɦ. 

 

ɚ)     ɛ) 

 

ɜ)     ɝ) 
Ɋɢɫɭɧɨɤ γ – ɉɪɢɦɟɪɵ ɩɨɫɬɪɨɟɧɢɹ Ⱦɇ ȺɊ:  

ɚ – ɦɟɬɨɞ ɫ ɥɢɧɟɣɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ, ɛ – ɚɧɬɟɧɧɵɣ ɤɨɦɩɟɧɫɚɬɨɪ, ɜ – ɦɟɬɨɞ ɦɢɧɢɦɭɦɚ 
ɞɢɫɩɟɪɫɢɢ ɲɭɦɚ, ɝ – ɦɟɬɨɞ ɦɧɨɝɨɫɢɝɧɚɥɶɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

 

ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɷɬɚɩɟ ɰɢɮɪɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ Ⱦɇ ȺɊ ɩɪɢ ɩɨɦɨɳɢ ɨɞɧɨɝɨ 
ɢɡ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɜɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɞɚɥɟɟ ɩɟɪɟɞɚɸɬɫɹ ɧɚ 
ɫɥɟɞɭɸɳɢɣ ɷɬɚɩ, ɝɞɟ ɪɟɚɥɢɡɭɟɬɫɹ ɩɟɪɜɢɱɧɚɹ ɨɛɪɚɛɨɬɤɚ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 
ɫɢɝɧɚɥɨɜ: ɩɨɢɫɤ ɩɨ ɮɚɡɟ ɞɚɥɶɧɨɦɟɪɧɨɝɨ ɤɨɞɚ ɢ ɞɨɩɥɟɪɨɜɫɤɨɦɭ ɫɦɟɳɟɧɢɸ ɩɨ 
ɱɚɫɬɨɬɟ; ɞɟɦɨɞɭɥɹɰɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɪɪɟɥɹɬɨɪɨɜ ɢ ɩɟɬɟɥɶ ɮɚɡɨɜɨɣ 
ɚɜɬɨɩɨɞɫɬɪɨɣɤɢ ɱɚɫɬɨɬɵ ɢ ɫɥɟɠɟɧɢɹ ɡɚ ɞɚɥɶɧɨɦɟɪɧɵɦ ɤɨɞɨɦ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɷɬɢɯ ɩɪɨɰɟɞɭɪ ɡɚ ɨɫɧɨɜɭ ɜɡɹɬɨ ɩɨɫɬɪɨɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 
ɩɪɢɟɦɧɢɤɚ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɪɚɧɟɟ ɨɰɢɮɪɨɜɚɧɧɵɯ 
ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ GPS [7].  
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ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɩɨɢɫɤɚ ɩɢɤɚ ɮɭɧɤɰɢɢ ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɤɨɦɛɢɧɚɰɢɣ ɩɨ ɫɞɜɢɝɭ ɞɚɥɶɧɨɦɟɪɧɨɝɨ ɤɨɞɚ ɢ ɞɨɩɥɟɪɨɜɫɤɨɦɭ 
ɫɦɟɳɟɧɢɸ. ɉɟɪɜɵɣ ɝɪɚɮɢɤ (ɪɢɫ. 4ɚ) ɩɨɤɚɡɵɜɚɟɬ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɩɢɤ, 
ɨɛɧɚɪɭɠɢɜɚɟɦɵɣ ɜ ɫɢɝɧɚɥɟ ɨɬ ɨɞɧɨɣ ɢɡ ɚɧɬɟɧɧ ɜ ɨɬɫɭɬɫɬɜɢɟ ɩɨɦɟɯɢ. ȼɬɨɪɨɣ 
ɝɪɚɮɢɤ (ɪɢɫ. 4ɛ) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɩɪɢɫɭɬɫɬɜɢɹ ɩɨɦɟɯɢ (ɝɚɪɦɨɧɢɱɟɫɤɚɹ, 
– 80 ɞȻɦ) ɩɪɚɜɢɥɶɧɨ ɨɛɧɚɪɭɠɢɬɶ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɩɢɤ ɧɟɜɨɡɦɨɠɧɨ. Ɍɪɟɬɢɣ 
ɝɪɚɮɢɤ (ɪɢɫ. 4ɜ) – ɪɟɡɭɥɶɬɚɬ ɨɛɪɚɛɨɬɤɢ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ȺɊ ɦɟɬɨɞɨɦ LCMV, 

ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ 
ɫɮɨɪɦɢɪɨɜɚɧ ɥɭɱ. Ɂɞɟɫɶ ɡɚɦɟɬɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɭɦɟɧɶɲɚɟɬ ɜɥɢɹɧɢɟ ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɧɨɝɨ ɲɭɦɚ ɢ ɦɚɤɫɢɦɢɡɢɪɭɟɬ 
ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɤɨɪɪɟɥɹɰɢɢ. 

     
ɚ)    ɛ)    ɜ) 

Ɋɢɫɭɧɨɤ 4 – ɉɨɢɫɤ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɩɢɤɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ:  
ɚ – ɫɢɝɧɚɥ ɛɟɡ ɩɨɦɟɯ; ɛ – ɫɢɝɧɚɥ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɩɨɦɟɯɢ; 

ɜ – ɫɢɝɧɚɥ, ɤɨɝɟɪɟɧɬɧɨ ɭɫɢɥɟɧɧɵɣ ɜ ȺɊ 

 

ɉɨɫɥɟɞɧɢɦ ɷɬɚɩɨɦ ɜ ɩɨɫɬɪɨɟɧɧɨɣ ɦɨɞɟɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɱɢɫɥɟɧɧɚɹ ɨɰɟɧɤɚ 
ɫɨɨɬɧɨɲɟɧɢɹ ɧɟɫɭɳɟɝɨ ɫɢɝɧɚɥɚ ɤ ɲɭɦɭ Д8Ж, ɞȻȽɰ: 
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,    (9) 

ɝɞɟ NBW – ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɲɭɦɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɮɢɥɶɬɪɨɦ ɉɑ; s
f   – ɱɚɫɬɨɬɚ 

ɞɢɫɤɪɟɬɢɡɚɰɢɢ;   – ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɧɬɟɪɜɚɥɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ; SNR – ɨɬɧɨɲɟɧɢɟ 
ɫɢɝɧɚɥ/ɲɭɦ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɜɵɪɚɠɟɧɢɟɦ, ɞȻ Д8Ж: 
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,     (10) 

ɝɞɟ IACC ɢ QACC – ɡɧɚɱɟɧɢɹ, ɧɚɤɨɩɥɟɧɧɵɟ ɜ ɚɤɤɭɦɭɥɹɬɨɪɚɯ ɜ ɫɢɧɮɚɡɧɨɣ ɢ 
ɤɜɚɞɪɚɬɭɪɧɨɣ ɜɟɬɜɹɯ ɤɨɪɪɟɥɹɬɨɪɚ ɜ ɤɨɧɰɟ ɢɧɬɟɪɜɚɥɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, 2

ACCI  ɢ 2

ACCQ  ɩɨɥɭɱɚɸɬɫɹ ɭɫɪɟɞɧɟɧɢɟɦ ɧɚ ɧɟɤɨɬɨɪɨɦ ɢɧɬɟɪɜɚɥɟ 
ɜɪɟɦɟɧɢ ɜɨɡɜɟɞɟɧɧɵɯ ɜ ɤɜɚɞɪɚɬ ɡɧɚɱɟɧɢɣ. ɉɪɢɜɟɞɟɧɧɵɟ ɞɚɥɟɟ ɪɟɡɭɥɶɬɚɬɵ 
ɩɨɥɭɱɟɧɵ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɡɧɚɱɟɧɢɹɯ: NBW = β0 ɆȽɰ, fs = 40 ɆȽɰ,  
  = 1 ɦɫ, ɢɧɬɟɪɜɚɥ ɭɫɪɟɞɧɟɧɢɹ – β00 ɡɧɚɱɟɧɢɣ. 
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ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. 5 ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ C/N0 ɫɢɝɧɚɥɚ 
ȽɅɈɇȺɋɋ ɫ ɥɢɬɟɪɧɨɣ ɱɚɫɬɨɬɨɣ -5 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ ɪɚɫɱɟɬɚ ɦɨɞɟɥɢ 
ȺɊ. ȼɨɡɞɟɣɫɬɜɢɟ ɩɨɦɟɯɢ ɡɚɞɚɜɚɥɨɫɶ ɫ ɧɚɩɪɚɜɥɟɧɢɹ  θ=70º  ɢ  �=β60º (ɪɢɫ. γ). 
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ɜ) 

Ɋɢɫɭɧɨɤ 5 – Ɂɚɜɢɫɢɦɨɫɬɢ ɫɨɨɬɧɨɲɟɧɢɹ C/N0 ɫɢɝɧɚɥɚ ȽɅɈɇȺɋɋ:  
ɚ – ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɨɦɟɯ; ɛ – ɩɪɢ ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɩɨɦɟɯɟ -100 ɞȻɦ;  

ɜ – ɩɪɢ ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɩɨɦɟɯɟ -60 ɞȻɦ 

 

ɉɨ ɪɢɫ. 5ɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɨɦɟɯɢ ɡɚɦɟɬɧɨ, ɤɚɤ 
ɡɚ ɫɱɟɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɭɱɚ ɜ ɫɬɨɪɨɧɭ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ ɦɟɬɨɞɵ 
LCMV, MVDR ɢ MUSIC ɞɚɸɬ ɩɪɢɪɨɫɬ ɫɨɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɧɚ 5-6 ɞȻ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɬɟɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ, ɦɧɨɝɨɨɬɜɨɞɧɵɯ 
ɮɢɥɶɬɪɨɜ (STAP) ɢɥɢ ɨɬɫɥɟɠɢɜɚɧɢɟɦ ɫɢɝɧɚɥɚ ɨɬ ɨɞɧɨɣ ɚɧɬɟɧɧɵ ɛɟɡ ɨɛɪɚɛɨɬɤɢ.  

ȼɜɟɞɟɧɢɟ ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɩɨɦɟɯɢ (ɪɢɫ. 5ɛ) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɨɨɬɧɨɲɟɧɢɟ C/N0 

ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɨɫɟɞɚɟɬ ɞɥɹ ɫɢɝɧɚɥɚ ɛɟɡ ɨɛɪɚɛɨɬɤɢ. ɉɪɢ ɩɪɟɜɵɲɟɧɢɢ ɩɨɦɟɯɢ ɧɚɞ 
ɲɭɦɨɦ ɧɚ 40 ɞȻ (ɪɢɫ. 5ɜ) ɫɬɚɧɨɜɢɬɫɹ ɡɚɦɟɬɧɨ, ɱɬɨ ɞɥɹ ɫɢɝɧɚɥɚ ɛɟɡ ɨɛɪɚɛɨɬɤɢ 
ɡɧɚɱɟɧɢɟ C/N0 ɦɟɧɶɲɟ, ɱɟɦ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɥɟɠɟɧɢɹ ɜ ɧɚɜɢɝɚɰɢɨɧɧɨɦ 
ɩɪɢɟɦɧɢɤɟ. Ɇɟɬɨɞ MVDR ɩɨɤɚɡɵɜɚɟɬ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɚɢɥɭɱɲɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
ɉɪɨɱɢɟ ɦɟɬɨɞɵ ɞɚɸɬ ɭɜɟɪɟɧɧɵɣ ɩɪɢɟɦ ɫɢɝɧɚɥɚ ɧɚ ɭɪɨɜɧɟ 40 ɞȻȽɰ.  

ɉɪɟɞɥɨɠɟɧɧɚɹ ɤɨɦɩɥɟɤɫɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɨɰɟɧɢɜɚɬɶ ɪɚɛɨɬɭ 
ȺɊ ɞɥɹ ɋɊɇɋ ɡɚ ɫɱɟɬ ɨɛɴɟɞɢɧɟɧɢɹ ɜ ɫɟɛɟ ɷɬɚɩɨɜ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
ɚɧɬɟɧɧ, ɨɛɪɚɛɨɬɤɢ ɪɚɞɢɨɫɢɝɧɚɥɨɜ, ɰɢɮɪɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ Ⱦɇ, ɚ ɬɚɤɠɟ ɩɪɨɰɟɞɭɪ 
ɩɟɪɜɢɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ, ɪɟɚɥɢɡɭɟɦɨɣ ɜ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 
ɩɪɢɟɦɧɢɤɚɯ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɢɥɢ ɚɧɚɥɢɡɟ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɨɛɪɚɡɰɨɜ ɩɨɦɟɯɨɡɚɳɢɳёɧɧɨɣ ɇȺɉ. 
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ɋɟɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (ɋɉȾ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɟɬɶ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ 
TCP/IP, ɨɛɴɟɞɢɧɟɧɧɵɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ɫ ɚɛɨɧɟɧɬɚɦɢ ɩɪɢ ɩɨɦɨɳɢ ɤɚɧɚɥɨɜ 
ɫɜɹɡɢ, ɝɚɪɚɧɬɢɪɭɸɳɢɣ ɤɨɦɦɭɬɚɰɢɸ ɤɚɧɚɥɨɜ, ɫɨɨɛɳɟɧɢɣ ɢɥɢ ɩɚɤɟɬɨɜ (ɪɢɫ. 1.). 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ ɜ ɦɚɝɢɫɬɪɚɥɶɧɨɦ ɫɟɝɦɟɧɬɟ ɋɉȾ ɈȺɈ 
«ɊɀȾ» ɩɪɢɦɟɧɹɸɬɫɹ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɮɢɪɦɵ CТЬМШ ɫɟɪɢɢ 75ɯɯ; CТЬМШ 751γ – 

ɰɟɧɬɪɚɥɶɧɵɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɋɉȾ Ɇɉɋ; CТЬМШ 7507 – ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɜ 
ɪɟɝɢɨɧɚɥɶɧɵɯ ɭɡɥɚɯ. 

https://www.gyrnal.ru/udk/ru/654.02/
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Ɋɢɫɭɧɨɤ 1 – ɋɬɪɭɤɬɭɪɚ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 

 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɬɪɚɧɫɩɨɪɬɧɨɣ ɩɨɞɫɢɫɬɟɦɵ ɢɦɟɟɬ ɪɟɡɟɪɜɧɵɣ ɛɥɨɤ ɩɢɬɚɧɢɹ 
ɢ ɩɨɞɞɟɪɠɤɭ ɬɟɯɧɨɥɨɝɢɢ MPLS/VPσ. ɉɟɪɢɮɟɪɢɣɧɵɣ ɭɡɟɥ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɞɤɥɸɱɟɧɢɹ ɨɬ β ɞɨ 4 ɤɚɧɚɥɨɜ ȿ1, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɨɥɟɟ 15000 ɩɚɤɟɬɨɜ ɜ 
ɫɟɤɭɧɞɭ ɢ ɩɨɞɞɟɪɠɤɭ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ (EЭСОЫЧОЭ, SОЫТКХ (ЬвЧМ/КЬвЧМ), 
бDSL) ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɨɤɨɧɟɱɧɵɯ ɭɡɥɨɜ [8]. 

Ɋɚɡɪɚɛɨɬɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɨɩɟɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɝɪɭɡɨɜɵɦɢ ɩɟɪɟɜɨɡɤɚɦɢ (ȺɋɈɍɉ) ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɞɚɠɢ 
ɛɢɥɟɬɨɜ ɢ ɭɱɟɬɚ ɦɟɫɬ ɜ ɩɨɟɡɞɚɯ, ɚ ɬɚɤɠɟ ɨɛɳɟɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɚɫɫɚɠɢɪɫɤɢɦɢ 
ɩɟɪɟɜɨɡɤɚɦɢ («ɗɤɫɩɪɟɫɫ») ɩɪɢɜɟɥɚ ɤ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. 

ɋɢɫɬɟɦɚ ȺɋɍɀɌ – ɷɬɨ ɤɨɦɩɥɟɤɫɧɚɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ 
ɭɩɪɚɜɥɟɧɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ, ɰɟɥɶɸ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ 
ɭɥɭɱɲɟɧɢɟ ɭɩɪɚɜɥɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɨɣ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, 
ɤɨɧɬɪɨɥɢɪɨɜɚɧɢɟ, ɜɟɞɟɧɢɟ ɭɱɟɬɚ, ɫɨɫɬɚɜɥɟɧɢɟ ɩɥɚɧɚ, ɭɩɪɚɜɥɟɧɢɟ ɞɟɹɬɟɥɶɧɨɫɬɶɸ 
ɩɪɟɞɩɪɢɹɬɢɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. Д6Ж 

ȺɋɈɍɉ – ɷɬɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɜɨɡɨɱɧɵɦ 
ɩɪɨɰɟɫɫɨɦ, ɤɨɬɨɪɚɹ ɮɨɪɦɢɪɭɟɬ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɜ ɧɚɫɬɨɹɳɟɦ ɪɟɠɢɦɟ ɜɪɟɦɟɧɢ 
ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɪɨɝɧɨɡɢɪɭɟɬ ɢ ɩɥɚɧɢɪɭɟɬ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɣ. 

ɋ ɰɟɥɶɸ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɜɨɞɚ ɩɨɟɡɞɨɜ ɧɚ ɫɬɚɧɰɢɢ, ɩɨɞɝɨɬɨɜɤɢ ɢɯ ɤ 
ɮɨɪɦɢɪɨɜɚɧɢɸ, ɪɚɫɮɨɪɦɢɪɨɜɚɧɢɸ ɢ ɨɬɩɪɚɜɥɟɧɢɸ ɩɨɟɡɞɨɜ, ɞɥɹ ɜɟɞɟɧɢɹ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɜɚɝɨɧɧɨɣ ɦɨɞɟɥɢ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-

ɫɩɪɚɜɨɱɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɟɪɫɨɧɚɥɚ ɫɬɚɧɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ 
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ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫɨɪɬɢɪɨɜɨɱɧɨɣ ɫɬɚɧɰɢɢ, (Ⱥɋɍɋɋ) 
ɝɪɭɡɨɜɨɣ ɫɬɚɧɰɢɢ (ȺɋɍȽɋ) ɢ ɤɨɧɬɟɣɧɟɪɧɨɝɨ ɩɭɧɤɬɚ (ȺɋɍɄɉ). 

ȺȾɐɍ – ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɞɢɫɩɟɬɱɟɪɫɤɢɣ ɰɟɧɬɪ ɭɩɪɚɜɥɟɧɢɹ – 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɨɩɟɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɜɨɡɨɱɧɵɦ 
ɩɪɨɰɟɫɫɨɦ ɧɚ ɫɟɬɢ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɜ ɰɟɥɨɦ (ɐɍɉ) ɢɥɢ ɧɚ ɨɬɞɟɥɶɧɨɦ ɟɟ 
ɩɨɥɢɝɨɧɟ (Ⱦɐɍɉ); ɨɫɧɚɳɟɧ ɤɨɥɥɟɤɬɢɜɧɵɦɢ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ 
ɨɬɨɛɪɚɠɟɧɢɹ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ Д7Ж. 

ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ (ȺɊɆ) ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ Ⱥɋɍ ɞɨɫɬɨɜɟɪɧɵɦɢ ɞɚɧɧɵɦɢ ɨ ɫɨɫɬɚɜɟ ɜɫɟɯ ɩɪɢɛɵɜɚɸɳɢɯ ɧɚ 
ɫɬɚɧɰɢɸ ɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɟɡɭɥɶɬɚɬɚɯ ɨɫɦɨɬɪɚ ɫɨɫɬɚɜɚ Д6Ж. 

ɋɉȾ ɝɪɭɡɨɜɵɦɢ ɩɟɪɟɜɨɡɤɚɦɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɛɦɟɧ ɫɨɨɛɳɟɧɢɹɦɢ ɦɟɠɞɭ 
ɚɛɨɧɟɧɬɚɦɢ. ɋɉȾ ɝɪɭɡɨɜɵɦɢ ɩɟɪɟɜɨɡɤɚɦɢ ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɬɪɟɯ 
ɭɪɨɜɧɟɣ: ɭɪɨɜɟɧɶ ɥɢɧɟɣɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɞɨɪɨɠɧɵɣ (ɪɟɝɢɨɧɚɥɶɧɵɣ) ɭɪɨɜɟɧɶ, 
ɫɟɬɟɜɨɣ (ɦɟɠɪɟɝɢɨɧɚɥɶɧɵɣ) [1]. 

ɋɉȾ ɥɢɧɟɣɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ (ɋɉȾ-Ʌɉ) ɫɥɭɠɢɬ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɫɛɨɪɚ, ɨɛɪɚɛɨɬɤɢ, ɩɟɪɟɞɚɱɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ 
ɩɨɬɪɟɛɢɬɟɥɹɦ ɨɩɟɪɚɬɢɜɧɵɯ ɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɜ ɪɟɚɥɶɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ. ɋɉȾ-Ʌɉ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɟɬɟɣ ɫ ɤɨɦɦɭɬɚɰɢɟɣ 
ɩɚɤɟɬɨɜ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɥɹ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜɵɞɟɥɟɧɧɵɯ ɬɟɥɟɮɨɧɧɵɯ 
ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɢ ɥɢɧɢɣ ɨɩɬɢɱɟɫɤɨɣ ɢ ɪɚɞɢɨɫɜɹɡɢ. 

ɋɉȾ ɞɨɪɨɠɧɨɝɨ ɭɪɨɜɧɹ ɝɚɪɚɧɬɢɪɭɸɬ ɜɡɚɢɦɨɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ 
ɚɛɨɧɟɧɬɚɦɢ ɢ ɫɢɫɬɟɦɚɦɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɪɟɲɚɸɳɢɦɢ ɡɚɞɚɱɢ ɭɩɪɚɜɥɟɧɢɹ 
ɩɟɪɟɜɨɡɤɚɦɢ ɢ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɜɨɡɤɚɦɢ ɬɪɟɛɭɟɬ 
ɧɟɩɪɟɪɵɜɧɨɝɨ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɢ ɮɨɪɦɢɪɭɸɳɟɣ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɩɨɬɨɤɢ, 
ɤɨɬɨɪɵɟ ɞɨɥɠɧɚ ɩɟɪɟɞɚɜɚɬɶ ɋɉȾ ɞɨɪɨɝɢ.  

ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɋɉȾ ɞɨɪɨɠɧɨɝɨ ɭɪɨɜɧɹ ɡɚɜɢɫɢɬ ɨɬ 
ɤɚɱɟɫɬɜɚ ɜɵɞɟɥɹɟɦɵɯ ɬɟɥɟɮɨɧɧɵɯ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɢ ɬɢɩɨɜ ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɦɨɞɟɦɨɜ. Ɍɟɥɟɮɨɧɧɵɟ ɤɚɧɚɥɵ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɨɪɝɚɧɢɡɭɸɬɫɹ ɢɡ ɩɟɪɜɢɱɧɨɣ 
ɫɟɬɢ ɫ ɚɧɚɥɨɝɨɜɵɦɢ ɢɥɢ ɰɢɮɪɨɜɵɦɢ ɫɢɫɬɟɦɚɦɢ ɩɟɪɟɞɚɱɢ.  

ɋɉȾ ɫɟɬɟɜɨɝɨ ɭɪɨɜɧɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɚɥɢɡɚɰɢɸ ɦɟɠɪɟɝɢɨɧɚɥɶɧɨɝɨ 
ɜɡɚɢɦɨɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ ɦɟɠɞɭ Ƚȼɐ Ɇɉɋ ɢ ɂȼɐ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɢ ɦɟɠɞɭ 
ɂȼɐ ɫɨɫɟɞɧɢɯ ɞɨɪɨɝ. ɋɟɬɶ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɫɧɨɜɟ ɜɵɞɟɥɟɧɧɵɯ ɬɟɥɟɮɨɧɧɵɯ 
ɤɚɧɚɥɨɜ ɫɜɹɡɢ.  

ȼ ɋɉȾ ɫɟɬɟɜɨɝɨ (ɦɟɠɪɟɝɢɨɧɚɥɶɧɨɝɨ) ɭɪɨɜɧɹ ɩɪɨɢɫɯɨɞɢɬ ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ 
ɦɟɠɞɭ ɂȼɐ ɫɨɫɟɞɧɢɯ ɞɨɪɨɝ. ɉɨ ɜɵɞɟɥɟɧɧɵɦ ɬɟɥɟɮɨɧɧɵɦ ɤɚɧɚɥɚɦ ɩɟɪɟɞɚɸɬɫɹ 
ɫɜɟɞɟɧɢɹ ɨ ɫɨɫɬɚɜɟ ɩɨɟɡɞɨɜ, ɩɟɪɟɯɨɞɹɳɢɯ ɫ ɨɞɧɨɝɨ ɩɭɬɢ ɧɚ ɞɪɭɝɨɣ. ȼɡɚɢɦɨɨɛɦɟɧ 
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ɞɚɧɧɵɦɢ ɦɟɠɞɭ Ƚȼɐ ɢ ɂȼɐ ɞɨɪɨɝ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɤɚɧɚɥɚɦ ɫɜɹɡɢ β ɜɢɞɨɜ: ɤɚɧɚɥɵ ɫ 
ɩɪɨɬɨɤɨɥɚɦɢ BSC (BSC-ɤɚɧɚɥɵ) ɢ IP (IP-ɤɚɧɚɥɵ).  

ɋɉȾ ɫɢɫɬɟɦɵ «ɗɤɫɩɪɟɫɫ-β» ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɡɚɢɦɨɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ 
ɬɟɪɦɢɧɚɥɚɦɢ ɩɭɧɤɬɨɜ ɩɪɨɞɚɠɢ ɛɢɥɟɬɨɜ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ 
ɫɢɫɬɟɦɵ «ɗɤɫɩɪɟɫɫ-β» ɜ ɫɢɫɬɟɦɟ «ɡɚɩɪɨɫ-ɨɬɜɟɬ».  

ɋɉȾ ɦɟɠɪɟɝɢɨɧɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɛɨɪɨɦ ɩɪɨɝɪɚɦɦ 
«σETАτRK», ɤɨɬɨɪɵɟ ɪɟɚɥɢɡɭɸɬ ɜ ɪɟɝɢɨɧɚɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɤɨɦɩɥɟɤɫɚɯ ɮɭɧɤɰɢɢ ɭɡɥɨɜ ɤɨɦɦɭɬɚɰɢɢ ɫɨɨɛɳɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɚɞɚɩɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɞɥɹ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɯ ɩɭɬɟɣ 
ɩɟɪɟɞɚɱɢ ɫɨɨɛɳɟɧɢɣ ɩɨ ɫɟɬɢ ɫ ɭɱɟɬɨɦ ɫɨɫɬɨɹɧɢɹ ɟɟ ɭɡɥɨɜ ɢ ɤɚɧɚɥɨɜ ɫɜɹɡɢ [2]. 

ɍɡɟɥ SIγ000 MSAσ ɝɚɪɚɧɬɢɪɭɟɬ ɪɟɚɥɢɡɚɰɢɸ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɭɫɥɭɝ, 
ɭɫɥɭɝ ɩɟɪɟɞɚɱɢ  ɞɚɧɧɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
SIγ000 MSAσ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɌɎɈɉ, ɬɚɤ ɢ ɫ 
IP-ɫɟɬɹɦɢ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɧɚ σGσ/IMS. SIγ000 ɨɫɧɨɜɚɧ ɩɨɥɧɨɫɬɶɸ ɧɚ ɛɚɡɟ 
IP, ɨɛɨɪɭɞɨɜɚɧ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦɢ ɢɧɬɟɪɮɟɣɫɚɦɢ ɢ ɩɪɨɬɨɤɨɥɚɦɢ TDM, 
ɮɭɧɤɰɢɹɦɢ ɲɥɸɡɚ ɧɚ ɫɬɨɪɨɧɟ ɫɟɬɢ (E1, IP), ɝɚɪɚɧɬɢɪɭɟɬ ɩɨɞɤɥɸɱɟɧɢɟ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɛɨɧɟɧɬɨɜ ɌɎɈɉ. ɍɡɟɥ ɞɨɫɬɭɩɚ ɫ ɚɛɨɧɟɧɬɫɤɢɦɢ ɚɧɚɥɨɝɨɜɵɦɢ 
(PτTS) ɩɨɪɬɚɦɢ ɢ ɫɟɬɟɜɵɦɢ ɩɨɪɬɚɦɢ IP ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɪɚɧɟɧɢɹ ɪɚɡɪɵɜɨɜ 
ɦɟɠɞɭ ɫɟɬɹɦɢ ɫ ɤɨɦɦɭɬɚɰɢɟɣ ɤɚɧɚɥɨɜ ɢ ɤɨɦɦɭɬɚɰɢɟɣ ɩɚɤɟɬɨɜ Д9Ж. 

Ʉɨɦɦɭɬɚɰɢɹ ɩɚɤɟɬɨɜ ɧɚɢɛɨɥɟɟ ɧɚɞёɠɧɵɣ ɫɩɨɫɨɛ ɨɪɝɚɧɢɡɚɰɢɢ ɫɜɹɡɢ ɜ 
ɭɫɥɨɜɢɹɯ ɩɟɪɟɦɟɧɧɨɝɨ ɬɪɚɮɢɤɚ. Ʉɚɠɞɚɹ ɫɬɚɧɰɢɹ ɩɟɪɟɞɚёɬ ɞɚɧɧɵɟ ɩɚɤɟɬɚɦɢ, 
ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ 
ɭɩɪɚɜɥɹɸɳɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɧɭɠɧɭɸ ɞɥɹ ɩɪɚɜɢɥɶɧɨɣ ɪɚɛɨɬɵ ɫɟɬɢ (ɪɢɫ. β.).  

 
Ɋɢɫɭɧɨɤ 2 – ɋɬɪɭɤɬɭɪɚ ɩɚɤɟɬɧɨɣ ɤɨɦɦɭɬɚɰɢɢ 

 

ɉɚɤɟɬɵ ɬɪɚɧɫɩɨɪɬɢɪɭɸɬɫɹ ɩɨ ɫɟɬɢ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɛɥɨɤɢ. Ʉɨɦɦɭɬɚɬɨɪɵ ɫɟɬɢ ɩɨɥɭɱɚɸɬ ɩɚɤɟɬɵ ɨɬ ɤɨɧɟɱɧɵɯ ɭɡɥɨɜ ɢ ɧɚ ɨɫɧɨɜɚɧɢɢ 
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ɚɞɪɟɫɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɟɪɟɞɚɸɬ ɢɯ ɞɪɭɝ ɞɪɭɝɭ, ɡɚɬɟɦ ɭɡɥɭ ɧɚɡɧɚɱɟɧɢɹ.  ȼ 
ɬɟɨɪɢɢ ɩɚɤɟɬɵ ɧɢɤɨɝɞɚ ɧɟ ɫɛɢɜɚɸɬɫɹ ɫ ɩɭɬɢ ɢ ɩɭɬɟɲɟɫɬɜɭɸɬ ɩɨ ɤɪɚɬɱɚɣɲɟɦɭ 
ɦɚɪɲɪɭɬɭ ɜ ɨɛɯɨɞ ɡɚɬɨɪɨɜ ɢ ɨɛɪɵɜɨɜ Д5Ж. 

ȼɢɪɬɭɚɥɶɧɵɟ ɤɚɧɚɥɵ ɫɨɡɞɚɸɬɫɹ ɞɥɹ ɩɟɪɟɞɚɱɢ ɩɨɬɨɤɨɜ ɩɚɤɟɬɨɜ ɱɟɪɟɡ ɫɟɬɶ. 
ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚɥɢɱɢɟ ɞɥɹ ɜɫɟɯ ɟɝɨ ɩɚɤɟɬɨɜ ɟɞɢɧɵɯ ɬɨɱɟɤ ɜɯɨɞɚ ɢ 
ɜɵɯɨɞɚ ɢɡ ɫɟɬɢ (ɪɢɫ. γ.). 

 
Ɋɢɫɭɧɨɤ 3 – ɋɟɬɶ ɜɢɪɬɭɚɥɶɧɵɯ ɤɚɧɚɥɨɜ 

 

ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɢɪɬɭɚɥɶɧɵɟ ɤɚɧɚɥɵ, ɩɭɬɶ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ 
ɞɜɭɦɹ ɤɨɧɟɱɧɵɦɢ ɬɨɱɤɚɦɢ ɭɫɬɚɧɨɜɥɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɢ ɜɫɟ ɩɚɤɟɬɵ ɞɥɹ ɞɚɧɧɨɝɨ 
ɜɢɪɬɭɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɫɥɟɞɭɸɬ ɫɨɝɥɚɫɧɨ ɬɨɦɭ ɠɟ ɦɚɪɲɪɭɬɭ. ɇɟɞɨɫɬɚɬɤɨɦ 
ɜɢɪɬɭɚɥɶɧɵɯ ɤɚɧɚɥɨɜ ɫɱɢɬɚɟɬɫɹ ɢɯ ɧɟɡɚɳɢɳɟɧɧɨɫɬɶ ɜ ɫɥɭɱɚɟ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ ɢɥɢ 
ɜɪɟɦɟɧɧɨɝɨ ɜɵɤɥɸɱɟɧɢɹ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ [5]. 

ȼ ɞɚɧɧɵɣ ɦɨɦɟɧɬ  ɭ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɨɬɪɚɫɥɢ ɟɫɬɶ ɩɨɩɵɬɤɢ ɜɧɟɞɪɟɧɢɹ  
ɫɬɚɧɞɚɪɬɚ GSM-R – ɠɟɥɟɡɧɨɞɨɪɨɠɧɚɹ ɝɥɨɛɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɩɨɞɜɢɠɧɨɣ ɫɜɹɡɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɩɟɪɟɞɚɱɭ ɩɚɤɟɬɧɵɯ ɞɚɧɧɵɯ GPRS. ȼɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦɵ GPRS ɞɚɫɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɟɪɚɬɨɪɚɦ ɨɤɚɡɵɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɫɥɭɝɢ ɚɛɨɧɟɧɬɚɦ ɩɨ 
ɩɨɞɤɥɸɱɟɧɢɸ ɤ ISP (ɩɨɫɬɚɜɳɢɤɚɦ ɭɫɥɭɝ ɂɧɬɟɪɧɟɬ) ɢ ɪɚɛɨɬɚɬɶ ɩɨ ɫɟɬɹɦ PDσ [4]. 

ɉɪɟɟɦɧɢɤɨɦ GSM-R ɦɨɠɟɬ ɫɬɚɬɶ ɫɟɬɶ 4G/LTE-R, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ 
ɫɟɬɟɜɵɯ ɬɟɯɧɨɥɨɝɢɹɯ GSM ɢ UMTS, ɧɨ ɪɚɛɨɬɚɟɬ ɩɨɥɧɨɫɬɶɸ ɜ ɨɛɥɚɫɬɢ ɩɚɤɟɬɧɨɣ 
ɤɨɦɦɭɬɚɰɢɢ, ɩɨɥɶɡɭɹɫɶ ɧɨɜɵɦɢ ɩɪɨɬɨɤɨɥɚɦɢ ɫɢɝɧɚɥɢɡɚɰɢɢ SIP ɢ LTE-R. Ɍɚɤ 
ɠɟ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɪɟɲɚɟɬɫɹ ɜɨɩɪɨɫ ɨ ɜɵɞɟɥɟɧɢɢ ɱɚɫɬɨɬ ɞɥɹ ɫɟɬɢ 5G, 
ɤɨɬɨɪɵɟ ɩɪɟɞɩɨɥɚɝɚɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɵɯ ɩɨɥɨɫ ɫɩɟɤɬɪɚ. ȼɨɡɧɢɤɧɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ. ɇɨ ɪɚɞɢɨɱɚɫɬɨɬɧɵɣ 
ɫɩɟɤɬɪ ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɦ ɪɟɫɭɪɫɨɦ, ɧɚ ɤɨɬɨɪɵɣ ɩɪɟɬɟɧɞɭɟɬ ɦɧɨɠɟɫɬɜɨ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ. ɀɟɥɟɡɧɵɦ ɞɨɪɨɝɚɦ ɩɨɬɪɟɛɭɟɬɫɹ ɪɚɡɞɟɥɢɬɶ ɫɩɟɤɬɪ ɪɚɞɢɨɱɚɫɬɨɬ ɫ 
ɞɪɭɝɢɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɢɡ-ɡɚ ɱɟɝɨ, ɜɨɡɧɢɤɧɭɬ ɩɪɨɛɥɟɦɵ ɧɚɞёɠɧɨɫɬɢ ɫɜɹɡɢ [3]. 
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ɛɟɫɩɪɨɜɨɞɧɵɦ ɫɟɧɫɨɪɧɵɦ ɫɟɬɹɦ ɭɞɟɥɹɟɬɫɹ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɧɚ 
ɫɬɪɟɦɢɬɟɥɶɧɨɦ ɪɨɫɬɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ 
ɬɟɯɧɨɥɨɝɢɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɧɫɨɪɧɵɯ ɫɟɬɟɣ ɞɨɜɨɥɶɧɨ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 
Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ, ɜɵɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɨɬɥɢɱɢɹ, ɩɪɟɢɦɭɳɟɫɬɜɚ, 
ɧɟɞɨɫɬɚɬɤɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɧɫɨɪɧɵɯ ɫɟɬɟɣ ZigBee ɢ LoRɚWAN. ɂɫɯɨɞɹ ɢɡ ɨɫɧɨɜɧɵɯ 
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Abstract. As you know, progress does not stand still. Currently, wireless sensor networks 

are given special attention, which is reflected in the rapid growth of relevant technologies. It should 

be noted that all technologies of wireless sensor networks are quite different from each other. The 

main directions of development are considered, the main differences, advantages, disadvantages of 

wireless sensor networks ZigBee and LoRɚWAN are highlighted. Based on the main characteristics 

of these networks, their main applications were identified. 
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ɂɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɧɫɨɪɧɵɯ ɫɟɬɟɣ ɛɟɪɟɬ ɫɜɨɟ ɧɚɱɚɥɨ ɜ 1950 – 

ɯ ɝɨɞɚɯ ɫ ɪɚɡɜɟɪɬɵɜɚɧɢɟɦ ɫɟɬɢ SτSUS (SШЮЧН SЮЫЯОТХХКЧМО SвЬЭОЦ) ɜ ɋɒȺ. 
ɂɡɧɚɱɚɥɶɧɨ ɷɬɢ ɫɟɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜɨɟɧɧɵɦɢ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɨɬɫɥɟɠɢɜɚɧɢɹ 
ɫɨɜɟɬɫɤɢɯ ɩɨɞɜɨɞɧɵɯ ɥɨɞɨɤ. ɇɨ ɥɸɛɨɣ ɩɪɨɝɪɟɫɫ ɧɟ ɫɬɨɢɬ ɧɚ ɦɟɫɬɟ, ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ 
ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɟɫɩɪɨɜɨɞɧɵɟ ɫɟɬɢ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ 
[1].  
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Ȼɟɫɩɪɨɜɨɞɧɚɹ ɫɟɧɫɨɪɧɚɹ ɫɟɬɶ – ɷɬɨ ɫɟɬɶ, ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ 
ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ ɢ ɢɫɩɨɥɶɡɭɸɳɚɹ ɞɚɬɱɢɤɢ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

ȿɫɬɶ ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɤɨɬɨɪɵɦɢ ɨɛɥɚɞɚɸɬ ɫɨɜɪɟɦɟɧɧɵɟ ɛɟɫɩɪɨɜɨɞɧɵɟ 
ɫɟɬɢ: 

ɚ) ɝɢɛɤɨɫɬɶɸ ɚɪɯɢɬɟɤɬɭɪɵ; 
ɛ) ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɡɜɟɪɬɵɜɚɧɢɹ; 
ɜ) ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɡɚɳɢɬɵ ɨɬ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɝɨ ɞɨɫɬɭɩɚ; 
ɝ) ɨɬɫɭɬɫɬɜɢɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɞɧɨɝɨ ɢɥɢ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ; 
ɞ) ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɜɹɡɢ; 
ɟ) ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɫɬɨɬɨɣ ɞɨɫɬɭɩɚ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ (ɩɪɢɛɨɪɨɜ, ɬɟɪɦɢɧɚɥɨɜ); 
ɠ) ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɧɚ ɨɫɧɨɜɟ ɞɨɫɬɢɠɟɧɢɹ ɲɢɪɨɤɨɝɨ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ 

ɫɨɝɥɚɲɟɧɢɹ ɩɨ ɨɛɳɢɦ ɩɪɢɧɰɢɩɚɦ ɭɩɪɚɜɥɟɧɢɹ ɞɨɫɬɭɩɚ ɤ ɪɟɫɭɪɫɚɦ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ 
ɜɡɚɢɦɨɫɜɹɡɢ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɟɣ, ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɪɦɢɧɚɥɨɜ ДβЖ. 

ɋ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢ ɫɜɹɡɚɧ ɫɬɪɟɦɢɬɟɥɶɧɵɦ ɪɨɫɬ ɬɟɦɩɨɜ 
ɪɚɡɜɢɬɢɹ Ȼɋɋ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ АТ-Fi, WiMax, Bluetooth, ZigBee, DECT 

ɩɪɢɜɥɟɤɚɸɬ ɧɨɜɵɦɢ ɩɨɞɯɨɞɚɦɢ ɤ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɪɨɟɤɬɨɜ ɩɨ ɪɚɡɜɢɬɢɸ 
ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ. 

ɂɫɯɨɞɹ ɢɡ ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɟɪɟɞɚɸɳɢɯ ɫɪɟɞ, ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ 
ɛɟɫɩɪɨɜɨɞɧɵɟ ɫɟɬɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ɚ) ɫɟɬɶ ɧɚ ɪɚɞɢɨɦɨɞɟɦɟ; 
ɛ) ɫɟɬɶ ɧɚ ɫɨɬɨɜɨɦ ɦɨɞɟɦɟ;  
ɜ) ɢɧɮɪɚɤɪɚɫɧɵɟ ɫɢɫɬɟɦɵ;  
ɝ) ɫɢɫɬɟɦɚ VSAT;  
ɞ) ɫɢɫɬɟɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɢɡɤɨɨɪɛɢɬɚɥɶɧɵɯ ɫɩɭɬɧɢɤɨɜ; 
ɟ) ɫɢɫɬɟɦɚ ɫ ɬɟɯɧɨɥɨɝɢɟɣ SST; 
ɠ) ɪɚɞɢɨɪɟɥɟɣɧɵɟ ɫɢɫɬɟɦɵ; 
ɡ) ɫɢɫɬɟɦɵ ɥɚɡɟɪɧɨɣ ɫɜɹɡɢ ДγЖ. 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɞɨɫɬɨɢɧɫɬɜɚ ɫɩɟɰɢɮɢɤɚɰɢɣ 

ZigBОО ɢ LoRɚWAN. 

ZigBee – ɫɩɟɰɢɮɢɤɚɰɢɹ ɫɟɬɟɜɵɯ ɩɪɨɬɨɤɨɥɨɜ ɭɪɨɜɧɹ ɩɪɢɥɨɠɟɧɢɣ APS ɢ 
ɫɟɬɟɜɨɝɨ ɭɪɨɜɧɹ σАK, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɫɟɪɜɢɫɵ ɧɢɠɧɢɯ ɭɪɨɜɧɟɣ – ɭɪɨɜɧɹ 
ɭɩɪɚɜɥɟɧɢɹ ɞɨɫɬɭɩɨɦ ɤ ɫɪɟɞɟ MAC ɢ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ PHВ, 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɬɚɧɞɚɪɬɨɦ IEEE 80β.15.4.  ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɚɦɨɨɪɝɚɧɢɡɭɸɳɭɸɫɹ ɫɟɬɶ ɦɧɨɠɟɫɬɜɚ ɞɚɬɱɢɤɨɜ (ɫɟɧɫɨɪɨɜ) ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɨɛɴɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɞɢɨɤɚɧɚɥɚ. 
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ɋɩɟɰɢɮɢɤɚɰɢɹ ГТРBОО ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ ɩɪɢɥɨɠɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɧɭɠɞɚɸɬɫɹ ɜ ɛɟɡɨɩɚɫɧɨɣ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɹɯ, 
ɦɚɥɨɦ ɪɚɞɢɭɫɟ ɞɟɣɫɬɜɢɹ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɫɟɬɟɜɵɯ 
ɭɫɬɪɨɣɫɬɜ ɨɬ ɚɜɬɨɧɨɦɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ (ɛɚɬɚɪɟɣ).  

Ɏɢɡɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɭɫɥɭɝɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɬɚɤɠɟ, ɤɚɤ ɢ 
ɢɧɬɟɪɮɟɣɫ ɨɪɝɚɧɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɮɢɡɢɱɟɫɤɢɦ ɫɥɨɟɦ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɚɡɭ ɞɚɧɧɵɯ 
ɢɧɮɨɪɦɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɟɪɫɨɧɚɥɶɧɨɣ ɫɟɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɢɡɢɱɟɫɤɢɣ 
ɭɪɨɜɟɧɶ ɭɩɪɚɜɥɹɟɬ ɬɪɚɧɫɢɜɟɪɧɨɣ ɪɚɞɢɨɫɬɚɧɰɢɟɣ ɢ ɜɵɩɨɥɧɹɟɬ ɜɵɛɨɪ ɤɚɧɚɥɨɜ ɢ 
ɷɧɟɪɝɢɢ ɢ ɫɢɝɧɚɥɶɧɵɟ ɮɭɧɤɰɢɢ ɭɩɪɚɜɥɟɧɢɹ. Ɉɧ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɨɞɧɨɣ ɢɡ ɬɪёɯ 
ɜɨɡɦɨɠɧɵɯ ɧɟɥɢɰɟɧɡɢɪɭɟɦɵɯ ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ ɩɨɥɨɫɚɯ: 

ɚ) 868.0 – 868.6 ɆȽɰ: ȿɜɪɨɩɚ, ɪɚɡɪɟɲɚɟɬɫɹ ɨɞɢɧ ɤɚɧɚɥ ɫɜɹɡɢ (β00γ, β006); 
ɛ) 90β – 9β8 ɆȽɰ: ɋɟɜɟɪɧɚɹ Ⱥɦɟɪɢɤɚ ɫɜɵɲɟ ɞɟɫɹɬɢ ɤɚɧɚɥɨɜ (β00γ), 

ɪɚɫɲɢɪɟɧɨ ɞɨ ɬɪɢɞɰɚɬɢ (β006); 
ɜ) β400 – 2483,5 ɆȽɰ: ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɜɫёɦ ɦɢɪɟ ɫɜɵɲɟ ɲɟɫɬɧɚɞɰɚɬɢ 

ɤɚɧɚɥɨɜ (β00γ, β006) Д4Ж.  
ɋɟɬɢ ГТРBОО ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɬɪɟɯ 

ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ: ɤɨɨɪɞɢɧɚɬɨɪɨɜ, ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ ɢ ɤɨɧɟɱɧɵɯ ɭɫɬɪɨɣɫɬɜ. 
Ɉɫɧɨɜɧɚɹ ɨɬɥɢɱɢɬɟɥɶɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɢ ГТРBОО ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 

ɱɬɨ ɨɧɚ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɧɟ ɬɨɥɶɤɨ ɩɪɨɫɬɵɟ 
ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ («ɬɨɱɤɚ-ɬɨɱɤɚ», «ɞɟɪɟɜɨ» ɢ «ɡɜɟɡɞɚ»), ɧɨ ɢ ɫɚɦɨɨɪɝɚɧɢɡɭɸɳɭɸɫɹ ɢ 
ɫɚɦɨɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɭɸɫɹ ɹɱɟɢɫɬɭɸ (ЦОЬС) ɬɨɩɨɥɨɝɢɸ ɫ ɪɟɬɪɚɧɫɥɹɰɢɟɣ ɢ 
ɦɚɪɲɪɭɬɢɡɚɰɢɟɣ ɫɨɨɛɳɟɧɢɣ (ɪɢɫ. 1.) 

 
Ɋɢɫɭɧɨɤ 1 – ɉɪɢɦɟɪ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ  



126 
 

Ɍɟɯɧɨɥɨɝɢɹ ZigBee ɢɦɟɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ. 
Ɉɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɧɫɨɪɧɵɯ ɫɟɬɹɯ, 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɠɢɥɶɹ, ɦɟɞɢɰɢɧɫɤɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɫɢɫɬɟɦɚɯ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɛɵɬɨɜɨɣ ɷɥɟɤɬɪɨɧɢɤɢ ɢ «ɩɟɪɢɮɟɪɢɢ» 

ɩɟɪɫɨɧɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ. 
ZigBee ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: 
ɚ) 16 ɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ ɜ ɞɢɚɩɚɡɨɧɟ β400 – β48γ,5 ɆȽɰ; 
ɛ) ɩɨɥɨɫɚ ɱɚɫɬɨɬ ɤɚɧɚɥɚ 5 ɆȽɰ; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ β50 ɤɛɢɬ/ɫ; 
ɝ) ɬɢɩ ɦɨɞɭɥɹɰɢɢ τ-QPSK; 

ɞ) ɧɨɦɢɧɚɥɶɧɚɹ ɜɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ 0 ɞȻɦ (1 ɦȼɬ), 
ɟ) ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ – 85 ɞȻɦ; 
ɠ) ɞɚɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɹ 10 – 100 ɦ; 
ɡ) ɪɚɡɦɟɪ ɫɬɟɤɚ 4– γβ ɤɛɚɣɬ; 
ɢ) ɫɪɨɤ ɫɥɭɠɛɵ ɛɚɬɚɪɟɢ 100 – 1000 ɞɧɟɣ; 
ɣ) ɱɢɫɥɨ ɭɡɥɨɜ ɫɟɬɢ 655γ6 (16-ɪɚɡɪɹɞɧɵɟ ɚɞɪɟɫɚ) Д5Ж. 
Ⱦɪɭɝɨɣ ɛɟɫɩɪɨɜɨɞɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ, ɹɜɥɹɟɬɫɹ 

LoRaWAN.  

Ɍɢɩɨɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɤɨɧɟɱɧɵɟ ɭɡɥɵ, ɛɚɡɨɜɭɸ 
ɫɬɚɧɰɢɸ (ɲɥɸɡ), ɫɟɬɟɜɨɣ ɫɟɪɜɟɪ ɢ ɫɟɪɜɟɪ ɩɪɢɥɨɠɟɧɢɣ. Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ ɹɜɥɹɟɬɫɹ 
ɫɜɨɟɝɨ ɪɨɞɚ ɩɪɨɡɪɚɱɧɵɦ ɦɨɫɬɨɦ ɞɥɹ ɨɛɦɟɧɚ ɡɚɲɢɮɪɨɜɚɧɧɵɦɢ ɫɨɨɛɳɟɧɢɹɦɢ ɦɟɠɞɭ 
ɨɤɨɧɟɱɧɵɦɢ ɭɡɥɚɦɢ, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬ ɮɭɧɤɰɢɸ ɢɡɦɟɪɟɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɢ 
ɰɟɧɬɪɚɥɶɧɵɦ ɫɟɪɜɟɪɨɦ. ɋɜɹɡɶ ɨɪɝɚɧɢɡɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
(Ethernet, Wi-FТ, 4G/LTE) ɩɨ ɩɪɨɬɨɤɨɥɭ TCP/IP. ɐɟɧɬɪɚɥɶɧɵɣ ɫɟɪɜɟɪ ɨɬɩɪɚɜɥɹɟɬ 
ɞɚɧɧɵɟ ɧɚ ɫɟɪɜɟɪ ɩɪɢɥɨɠɟɧɢɣ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɦɨɧɢɬɨɪɢɧɝ ɩɚɪɚɦɟɬɪɨɜ ɜɫɟɣ ɫɟɬɢ: 
ɫɤɨɪɨɫɬɶ, ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɬɱɢɤɚ, ɩɨɪɹɞɨɤ ɢ ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɫɜɹɡɢ.  

LoRɚWAN ɫɟɬɢ ɩɟɪɟɞɚɸɬ ɞɚɧɧɵɟ ɧɚ ɧɢɡɤɢɯ ɫɤɨɪɨɫɬɹɯ ɨɬ γ00 ɛɢɬ/ɫ ɞɨ 5 Ʉɛɢɬ/ɫ 
(ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɥɨɫɵ ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ – 1β5ɤȽɰ ɢ ɦɨɞɭɥɹɰɢɢ LШRК). 

ȼ ɬɟɯɧɨɥɨɝɢɢ LШRКАAσ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɢɧɟɣɧɚɹ ɱɚɫɬɨɬɧɚɹ ɦɨɞɭɥɹɰɢɹ. 
ɑɚɫɬɨɬɚ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɤɚɤ ɜ ɫɬɨɪɨɧɭ ɩɨɜɵɲɟɧɢɹ, ɬɚɤ ɢ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ. 
Ɍɪɚɞɢɰɢɨɧɧɵɟ ɡɧɚɱɟɧɢɹ ɲɢɪɢɧɵ ɤɚɧɚɥɚ – 1β5, β50, 500 ɤȽɰ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɨɞɟɦɵ 
LШRК ɩɨɞɞɟɪɠɢɜɚɸɬ ɢ ɛɨɥɟɟ ɭɡɤɢɟ ɩɨɥɨɫɵ, ɜɩɥɨɬɶ ɞɨ 7,8 ɤȽɰ.  

Ɍɟɯɧɨɥɨɝɢɹ LШRКАAσ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: 
ɚ) ɛɨɥɶɲɚɹ ɞɚɥɶɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɪɚɞɢɨɫɢɝɧɚɥɚ ɞɨɫɬɢɝɚɟɬ 10 – 15 ɤɦ; 
ɛ) ɦɢɧɢɦɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɧɚ ɩɟɪɟɞɚɱɭ ɧɟɛɨɥɶɲɨɝɨ ɩɚɤɟɬɚ ɞɚɧɧɵɯ 

ɨɩɪɟɞɟɥɹɟɬ ɧɢɡɤɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɭ ɤɨɧɟɱɧɵɯ ɭɫɬɪɨɣɫɬɜ;  
ɜ) ɜɵɫɨɤɚɹ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ ɫɟɬɢ ɧɚ ɛɨɥɶɲɢɯ ɬɟɪɪɢɬɨɪɢɹɯ; 
ɝ) ɧɟɬ ɧɭɠɞɵ ɜ ɩɨɥɭɱɟɧɢɢ ɱɚɫɬɨɬɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɢ ɩɥɚɬɵ ɡɚ ɪɚɞɢɨɱɚɫɬɨɬɧɵɣ 

ɫɩɟɤɬɪ, ɜɫɥɟɞɫɬɜɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɥɢɰɟɧɡɢɪɭɟɦɵɯ ɱɚɫɬɨɬ. 
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Ɍɚɤɠɟ ɤ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɵɫɨɤɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
ɩɪɢɟɦɧɢɤɚ ɪɚɞɢɨɫɢɝɧɚɥɚ (ɪɢɫ. 2.) 

 
Ɋɢɫɭɧɨɤ β – ɋɪɚɜɧɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢɟɦɧɢɤɚ ɪɚɞɢɨɫɢɝɧɚɥɚ 

 

ɇɟɞɨɫɬɚɬɤɢ ɬɟɯɧɨɥɨɝɢɢ LШRКАAσ: 
ɚ) ɧɢɡɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɢɡɤɨɣ ɱɚɫɬɨɬɵ ɪɚɞɢɨɤɚɧɚɥɚ. 
ɛ) ɡɚɞɟɪɠɤɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɨɬ ɞɚɬɱɢɤɚ ɞɨ ɤɨɧɟɱɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɦɨɠɟɬ 

ɞɨɫɬɢɝɚɬɶ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɫɟɤɭɧɞ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɫɟɤɭɧɞ.  
ɜ) ɧɟɬ ɟɞɢɧɨɝɨ ɫɬɚɧɞɚɪɬɚ. 
ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɢ LШRКАAσ (ɪɢɫ. γ.) 

 
Ɋɢɫɭɧɨɤ γ – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɢ LШRКАAσ  

 

Ⱦɚɧɧɵɟ ɜ LШRКАAσ ɫɟɬɢ ɦɨɝɭɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɜ ɨɛɟ ɫɬɨɪɨɧɵ, ɤɚɤ ɨɬ 
ɤɨɧɟɱɧɵɯ ɬɨɱɟɤ ɤ ɫɟɪɜɟɪɭ, ɬɚɤ ɢ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ɍɨɱɤɢ ɩɟɪɟɞɚɸɬ 
ɞɚɧɧɵɟ ɧɟ ɩɨɫɬɨɹɧɧɨ, ɚ ɜɤɥɸɱɚɸɬ ɩɟɪɟɞɚɱɭ ɥɢɲɶ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ (ɤɚɤ ɩɪɚɜɢɥɨ 
ɧɚ 1 – 5 ɫɟɤɭɧɞ), ɩɨ ɨɤɨɧɱɚɧɢɢ ɤɨɬɨɪɨɝɨ ɨɬɤɪɵɜɚɟɬɫɹ ɞɜɚ ɜɪɟɦɟɧɧɵɯ ɨɤɧɚ ɞɥɹ 
ɩɪɢɟɦɚ ɞɚɧɧɵɯ. Ɉɫɬɚɥɶɧɨɟ ɜɪɟɦɹ ɬɪɚɧɫɢɜɟɪɵ ɤɨɧɟɱɧɵɯ ɭɡɥɨɜ ɧɚɯɨɞɹɬɫɹ ɥɢɛɨ ɜ 



128 
 

ɧɟɚɤɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɥɢɛɨ ɜ ɫɨɫɬɨɹɧɢɢ ɩɪɢɟɦɚ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɥɚɫɫɨɦ 
ɭɫɬɪɨɣɫɬɜɚ. Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɭɫɬɪɨɣɫɬɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

Ɍɚɛɥɢɰɚ 1 

Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɭɫɬɪɨɣɫɬɜ 

Ʉɥɚɫɫ Ɉɫɨɛɟɧɧɨɫɬɢ 

A 

Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɤɨɧɟɱɧɵɯ ɭɡɥɨɜ ɨɬɥɢɱɚɟɬɫɹ ɫɜɨɟɣ 
ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ ɜ ɩɨɬɪɟɛɥɟɧɢɢ ɷɧɟɪɝɢɢ, a ɬɚɤɠɟ 

ɩɪɢɦɟɧɢɦɨɫɬɶɸ ɧa ɩɪɚɤɬɢɤɟ. 

B 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɯɚɪɚɤɬɟɪɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ 
ɜɪɟɦɟɧɧɚɹ ɡɚɞɟɪɠɤɚ ɜ ɨɛɦɟɧɟ ɞɚɧɧɵɦɢ ɢ ɛɨɥɟɟ ɲɢɪɨɤɨɟ 

ɜɪɟɦɟɧɧɨɟ ɨɤɧɨ ɩɪɢɟɦa. 

C 

ɗɬɨɬ ɤɥɚɫɫ ɭɫɬɪɨɣɫɬɜ ɩɨɬɪɟɛɥɹɟɬ ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɷɧɟɪɝɢɢ, ɱɟɦ ɤɥɚɫɫɵ Ⱥ ɢ ȼ, ɩɨɷɬɨɦɭ ɨɛɵɱɧɨ ɧɟ ɢɫɩɨɥɶɡɭɟɬ 

ɛɚɬɚɪɟɣɧɨɟ ɩɢɬɚɧɢɟ, ɧɨ ɩɨɥɭɱɚɟɬ ɞɚɧɧɵɟ ɨɬ ɫɟɪɜɟɪɚ. 
 

ɒɥɸɡɵ LШRК ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɚɞɢɚɥɶɧɵɯ 
ɡɜɟɡɞɨɨɛɪɚɡɧɵɯ ɫɟɬɟɜɵɯ ɚɪɯɢɬɟɤɬɭɪɚɯ ɛɨɥɶɲɨɝɨ ɪɚɞɢɭɫɚ ɞɟɣɫɬɜɢɹ ɜ ɫɢɫɬɟɦɟ 
LШRКАAσ. ɂɡ-ɡɚ ɫɜɨɣɫɬɜ ɬɟɯɧɨɥɨɝɢɢ LШRК ɷɬɢ ɲɥɸɡɵ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ 
ɦɧɨɝɨɤɚɧɚɥɶɧɵɟ ɦɭɥɶɬɢɦɨɞɟɦɧɵɟ ɬɪɚɧɫɢɜɟɪɵ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɜɵɩɨɥɧɹɬɶ 
ɞɟɦɨɞɭɥɹɰɢɸ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɢɯ ɤɚɧɚɥɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɢ ɞɚɠɟ ɨɞɧɨɜɪɟɦɟɧɧɭɸ 
ɞɟɦɨɞɭɥɹɰɢɢ ɦɧɨɠɟɫɬɜɚ ɫɢɝɧɚɥɨɜ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɤɚɧɚɥɟ.  

ɍɡɥɵ LШRКАAσ ɫɟɬɢ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɡɨɧɟ ɩɨɤɪɵɬɢɹ ɤɚɤ ɨɞɧɨɝɨ ɲɥɸɡɚ, 
ɬɚɤ ɢ ɧɟɫɤɨɥɶɤɢɯ. ɒɥɸɡɨɦ ɜ ɫɟɬɹɯ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɚɛɨɧɟɧɬɫɤɢɯ ɭɫɬɪɨɣɫɬɜ 
ɹɜɥɹɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɦɧɨɝɨɤɚɧɚɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɬɨɪɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɟɦɚ ɞɚɧɧɵɯ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɭɡɥɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ.  

ɐɟɧɬɪɚɥɶɧɵɣ ɫɟɪɜɟɪ LШRКАAσ ɫɟɬɢ ɪɟɲɚɟɬ ɜɨɩɪɨɫ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɬɨɱɤɚɦɢ, ɦɨɳɧɨɫɬɢ ɩɟɪɟɞɚɬɱɢɤɚ, ɚ ɬɚɤɠɟ 
ɜɵɛɨɪɟ ɤɚɧɚɥɚ ɩɟɪɟɞɚɱɢ, ɟɟ ɧɚɱɚɥɟ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɨ ɜɪɟɦɟɧɢ, ɤɨɧɬɪɨɥɢɪɭɟɬ 
ɡɚɪɹɞ ɛɚɬɚɪɟɣ ɤɨɧɟɱɧɵɯ ɭɡɥɨɜ.  

Ʉɚɠɞɵɣ LШRКАAσ ɩɚɤɟɬ ɞɚɧɧɵɯ, ɨɬɩɪɚɜɥɹɟɦɵɯ ɤɨɧɟɱɧɵɦ ɭɡɥɨɦ, ɜ ɫɜɨɟɦ 
ɫɨɫɬɚɜɟ ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɪɢɥɨɠɟɧɢɹ AЩЩEUI, ɤɨɬɨɪɵɣ ɩɪɢɧɚɞɥɟɠɢɬ 
ɩɪɢɥɨɠɟɧɢɸ ɧɚ ɫɟɪɜɟɪɟ ɫɟɪɜɢɫ-ɩɪɨɜɚɣɞɟɪɚ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɨɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɢ ɷɬɨɬ 
ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɰɟɧɬɪɚɥɶɧɵɦ ɫɟɪɜɟɪɨɦ LШRКАAσ ɫɟɬɢ ɞɥɹ 
ɞɚɥɶɧɟɣɲɟɣ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɩɚɤɟɬɚ ɢ ɟɝɨ ɨɛɪɚɛɨɬɤɢ ɩɪɢɥɨɠɟɧɢɟɦ ɧɚ ɫɟɪɜɟɪɟ (AЩЩ 
Server) ɫɟɪɜɢɫ-ɩɪɨɜɚɣɞɟɪɚ Д6Ж. 

Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɝɥɚɜɧɵɯ ɞɨɫɬɨɢɧɫɬɜ LШRКАAσ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɪɚɞɢɨɫɢɝɧɚɥɚ ɫɭɛɝɢɝɚɝɟɪɰɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɬɚɛɢɥɶɧɭɸ ɫɜɹɡɶ ɬɚɦ, ɝɞɟ 
ɞɪɭɝɢɟ ɛɟɫɩɪɨɜɨɞɧɵɟ ɫɟɧɫɨɪɧɵɟ ɫɟɬɢ ɨɤɚɡɵɜɚɸɬɫɹ ɛɟɫɫɢɥɶɧɵ.  

Ɇɨɞɟɦ LШRК ɧɚ ɫɨɜɦɟɳɟɧɧɨɦ GMSK ɤɚɧɚɥɟ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɚɜɥɟɧɢɹ 



129 
 

ɩɨɦɟɯ ɞɨ 19,5 ɞȻ (ɡɚ ɫɱɟɬ Ƚɚɭɫɫɨɜɨɣ ɮɢɥɶɬɪɚɰɢɢ), ɨɧ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɢ 
ɞɟɦɨɞɭɥɢɪɨɜɚɬɶ ɫɢɝɧɚɥɵ ɧɚ 19,5 ɞȻ ɧɢɠɟ ɭɪɨɜɧɹ ɩɨɦɟɯ ɢɥɢ ɲɭɦɨɜ. 

ɉɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɫɬɭɸ ɢ ɧɟɞɨɪɨɝɭɸ ɫɢɫɬɟɦɭ ɫ 
LШRК ɜ ɦɟɫɬɚɯ, ɜ ɤɨɬɨɪɵɯ ɢɦɟɟɬɫɹ ɬɹɠɟɥɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɨɛɫɬɚɧɨɜɤɚ, ɬɨ ɟɫɬɶ, ɤɚɤ ɜ 
ɥɸɛɨɦ ɤɪɭɩɧɨɦ ɝɨɪɨɞɟ ɢɥɢ ɜ ɝɢɛɪɢɞɧɵɯ ɫɟɬɹɯ ɫɜɹɡɢ. ȼ ɞɚɧɧɵɯ ɫɥɭɱɚɹɯ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ LШRК ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɞɢɚɩɚɡɨɧ ɩɨɤɪɵɬɢɹ ɫɟɬɢ ɫɜɹɡɢ. 

Ɍɚɤɠɟ ɤ ɜɚɠɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɥɟɞɭɸɳɟɟ: 
ɚ) ɦɨɞɟɦ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɨɩɪɚɲɢɜɚɟɬ ɞɚɬɱɢɤ;  
ɛ) ɢɫɩɨɥɶɡɭɟɬ ɛɟɫɩɪɨɜɨɞɧɭɸ ɫɜɹɡɶ ɤ ɨɞɧɨɣ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦ Ȼɋ; 
ɜ) ɞɚɧɧɵɟ ɨɬ ɞɚɬɱɢɤɚ ɩɟɪɟɞɚɸɬɫɹ ɡɚ ɤɨɪɨɬɤɢɣ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɵɣ 

ɡɚɞɚɟɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ; 
ɝ) ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɠɢɦɟ ɫɧɚ. 

ɇɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ ɛɟɫɩɪɨɜɨɞɧɵɟ ɫɟɧɫɨɪɧɵɟ ɫɟɬɢ ɚɤɬɢɜɧɨ 
ɜɧɟɞɪɹɸɬɫɹ ɢ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ.  ȼ ɤɨɦɩɚɧɢɢ ɈȺɈ «ɊɀȾ» ɩɪɨɜɨɞɢɥɢɫɶ 
ɢɫɩɵɬɚɧɢɹ ɪɚɞɢɨɬɟɯɧɨɥɨɝɢɢ LoRaWAN ɧɚ ɝɪɭɡɨɜɨɦ ɩɨɟɡɞɟ ɞɥɢɧɨɣ ɜ 91 ɜɚɝɨɧ. 
ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɩɵɬɚɧɢɹ ɹɜɥɹɥɨɫɶ ɨɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ 
ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɪɚɞɢɨɫɟɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɟɫɩɪɨɜɨɞɧɵɯ ɭɫɬɪɨɣɫɬɜ 
LoRaWAN ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. ɒɥɸɡ LШRКАAσ ɢ ɥɨɤɚɥɶɧɵɣ ɫɟɪɜɟɪ 
ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɩɪɢɰɟɩɥɟɧɧɨɦ ɤ ɥɨɤɨɦɨɬɢɜɭ ɜɚɝɨɧɟ ɬɹɝɨɜɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɥɚɛɨɪɚɬɨɪɢɢ (ɌɗɅ) ɢ ɩɨɞɤɥɸɱɟɧɵ ɤ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ ββ0ȼ. Ⱥɧɬɟɧɧɚ ɲɥɸɡɚ ɛɵɥɚ 
ɡɚɤɪɟɩɥɟɧɚ ɫɡɚɞɢ ɜɚɝɨɧɚ. Ⱦɥɹ ɢɫɩɵɬɚɧɢɣ ɬɚɤɠɟ ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ 19 ɤɨɧɟɱɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɧɚɫɬɪɨɟɧɧɵɯ ɧɚ ɨɬɩɪɚɜɤɭ 9 ɛɚɣɬɨɜɵɯ ɫɨɨɛɳɟɧɢɣ ɫ ɧɨɦɟɪɨɦ 
ɨɬɩɪɚɜɥɹɟɦɨɝɨ ɩɚɤɟɬɚ ɞɥɹ ɨɰɟɧɤɢ ɩɨɬɟɪɶ ɩɪɢ ɩɟɪɟɞɚɱɟ. 

Ɂɚɞɚɱɢ ɩɪɨɜɟɞɟɧɢɹ ɞɚɧɧɨɝɨ ɢɫɩɵɬɚɧɢɹ ɛɵɥɢ ɬɚɤɨɜɵ: ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ 
ɢɡɭɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɞɚɬɱɢɤɨɜ ɜ ɥɚɛɨɪɚɬɨɪɧɨɦ ɩɨɟɡɞɟ ɞɥɹ 
ɢɡɦɟɪɟɧɢɣ ɩɪɨɞɨɥɶɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɧɚ ɚɜɬɨɫɰɟɩɤɟ ɢ/ɢɥɢ ɧɚ 
ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɣ ɤɨɥɟɫɧɨɣ ɩɚɪɟ. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɟɠɢɦɟ ɩɨɧɢɠɟɧɧɨɣ 
ɧɚɝɪɭɡɤɢ ɢ ɜ ɪɟɠɢɦɟ ɩɨɜɵɲɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɪɚɞɢɨɫɟɬɶ ɩɪɢ ɭɫɬɚɧɨɜɤɟ 5 ɢ 10 
ɪɚɞɢɨɦɨɞɭɥɟɣ LШRКАAσ. 

ȼ ɫɜɹɡɢ ɫ ɬɚɤɨɣ ɩɨɫɬɚɧɨɜɤɨɣ ɡɚɞɚɱɢ ɞɚɬɱɢɤɢ ɫɬɚɜɢɥɢɫɶ ɜ ɧɚɢɛɨɥɟɟ 
ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɟ ɦɟɫɬɚ, ɚ ɢɦɟɧɧɨ ɜ ɪɚɣɨɧ ɤɨɥɟɫɧɵɯ ɩɚɪ ɩɨɞ ɜɚɝɨɧɨɦ. ɉɪɢ 
ɩɪɢɦɟɧɟɧɢɢ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɬɚɤɢɟ ɦɟɫɬɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɠɟɥɚɬɟɥɶɧɨ, 
ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ ɨɤɪɭɠɟɧɵ ɛɨɥɶɲɨɣ ɦɚɫɫɨɣ ɦɟɬɚɥɥɚ, ɤ ɬɨɦɭ ɠɟ 
ɚɧɬɟɧɧɚ ɧɚɯɨɞɢɬɫɹ ɧɢɡɤɨ, ɱɬɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɫɜɹɡɢ. ɇɨ ɞɥɹ 
ɢɫɩɵɬɚɧɢɣ ɬɚɤɢɟ ɭɫɥɨɜɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɩɟɰɢɚɥɶɧɨ, ɱɬɨɛɵ ɭɛɟɞɢɬɶɫɹ ɜ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɢ ɜ ɤɪɚɣɧɟ ɬɪɭɞɧɵɯ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɹɯ. ɇɚ (ɪɢɫ.4.) 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɫɬɚɧɨɜɤɚ ɪɚɞɢɨɦɨɞɭɥɹ LoRa ɧɚ ɪɚɦɟ ɜɚɝɨɧɚ. 

ȼɫɟ ɞɚɬɱɢɤɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɨɥɶɤɨ γ ɪɚɛɨɱɢɯ ɤɚɧɚɥɚ ɫ ɲɢɪɢɧɨɣ 1β5 ɤȽɰ ɢ 
ɩɪɨɜɟɪɹɥɨɫɶ ɱɢɫɥɨ ɩɨɬɟɪɹɧɧɵɯ ɩɚɤɟɬɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɣ. 
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Ɋɢɫɭɧɨɤ 4 – Ɋɚɞɢɨɦɨɞɭɥɶ LШRК ɧɚ ɪɚɦɟ ɜɚɝɨɧɚ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ: 
ɚ) ɫɬɚɛɢɥɶɧɚɹ ɫɜɹɡɶ ɢ ɭɫɬɨɣɱɢɜɵɣ ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ ɧɚ ɜɫɟɯ ɜɚɝɨɧɚɯ ɞɨ 

ɩɨɫɥɟɞɧɟɝɨ; 
ɛ) ɩɪɢ ɲɬɚɬɧɨɣ ɪɚɛɨɬɟ ɫɟɬɢ ɢ ɪɟɝɭɥɹɪɧɨɣ ɨɬɩɪɚɜɤɟ ɫɨɨɛɳɟɧɢɣ 1 ɪɚɡ ɤɚɠɞɵɟ 5 

ɫɟɤɭɧɞ ɭɪɨɜɟɧɶ ɩɨɬɟɪɶ ɫɨɨɛɳɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɨɬ β.5% ɧɚ ɛɥɢɠɚɣɲɢɯ ɤ ɪɚɞɢɨɲɥɸɡɭ 
ɞɚɬɱɢɤɚɯ ɞɨ 6% ɜ ɤɨɧɰɟ ɫɨɫɬɚɜɚ. Ɍɢɩɢɱɧɨɟ ɜɪɟɦɹ ɪɟɝɭɥɹɪɧɨɣ ɨɬɩɪɚɜɤɢ ɫɨɨɛɳɟɧɢɣ ɫ 
ɞɚɬɱɢɤɨɜ LШRКАAσ ɢɡɦɟɪɹɟɬɫɹ ɜ ɦɢɧɭɬɚɯ ɢɥɢ ɞɚɠɟ ɱɚɫɚɯ. Ɉɬɩɪɚɜɤɚ ɤɚɠɞɵɟ 5 
ɫɟɤɭɧɞ ɨɫɭɳɟɫɬɜɢɦɚ ɬɨɥɶɤɨ ɜ ɭɫɥɨɜɢɹɯ ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɪɚɛɨɬɚɸɳɢɯ ɞɚɬɱɢɤɨɜ ɫ ɨɞɧɢɦ ɲɥɸɡɨɦ (ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɬɪɟɛɭɟɬ ɪɚɫɱɟɬɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ). ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɬ 8 
ɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ ɧɚ ɲɥɸɡ ɢ ɛɨɥɶɲɟ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɟɦɤɨɫɬɶ ɫɟɬɢ; 

ɜ) ɩɪɢ ɩɨɩɵɬɤɟ ɜɵɠɚɬɶ ɦɚɤɫɢɦɭɦ ɩɨ ɨɛɴɟɦɭ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (ɱɚɫɬɨɬɚ 
ɨɬɩɪɚɜɤɢ ɫɨɨɛɳɟɧɢɣ ɩɪɢɦɟɪɧɨ 4 ɪɚɡɚ ɜ ɫɟɤɭɧɞɭ ɫ ɤɚɠɞɨɝɨ ɞɚɬɱɢɤɚ) ɭɪɨɜɟɧɶ ɩɨɬɟɪɶ 
ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬɫɹ ɢ ɫɨɫɬɚɜɥɹɟɬ ɨɬ γ0% ɧɚ ɛɥɢɠɚɣɲɢɯ ɤ ɪɚɞɢɨɲɥɸɡɭ 
ɞɚɬɱɢɤɚɯ ɞɨ 85% ɜ ɤɨɧɰɟ ɫɨɫɬɚɜɚ ɢɡ-ɡɚ ɤɨɥɥɢɡɢɣ ɩɚɤɟɬɨɜ ɜ ɜɨɡɞɭɯɟ. Ɍɟɯɧɨɥɨɝɢɹ ɧɟ 
ɩɨɞɯɨɞɢɬ ɞɥɹ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ; 

ɝ) ɜɟɪɨɹɬɧɨɫɬɶ ɭɫɩɟɲɧɨɣ ɩɟɪɟɞɚɱɢ ɩɚɤɟɬɚ ɡɚɜɢɫɢɬ ɨɬ ɧɚɝɪɭɡɤɢ ɧɚ ɫɟɬɶ (ɱɟɦ 
ɜɵɲɟ ɧɚɝɪɭɡɤɚ, ɬɟɦ ɧɢɠɟ ɜɟɪɨɹɬɧɨɫɬɶ); 

ɞ) ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɩɚɤɟɬɚ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɪɚɞɢɨɦɨɞɭɥɹ ɜ 
ɩɪɟɞɟɥɚɯ ɞɥɢɧɵ ɩɨɟɡɞɚ (ɱɟɦ ɛɨɥɶɲɟ ɪɚɫɫɬɨɹɧɢɟ, ɬɟɦ ɧɢɠɟ ɜɟɪɨɹɬɧɨɫɬɶ). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɵɯ ɨɩɵɬɨɜ ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 
ɚ) ɬɟɯɧɨɥɨɝɢɹ LШRКАAσ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

ɊɀȾ ɫ ɧɟɛɨɥɶɲɢɦ ɬɪɚɮɢɤɨɦ; 
ɛ) ɬɟɯɧɨɥɨɝɢɹ LШRКАAσ ɧɟɩɪɢɦɟɧɢɦɚ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, 

ɪɟɝɢɫɬɪɢɪɭɟɦɵɯ ɱɚɳɟ 1ɝɨ ɪɚɡɚ ɜ ɫɟɤɭɧɞɭ, ɬɚɤɢɟ ɤɚɤ ɩɪɨɞɨɥɶɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɧɚɝɪɭɡɤɢ ɧɚ ɚɜɬɨɫɰɟɩɤɟ ɢ/ɢɥɢ ɧɚ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɣ ɤɨɥɟɫɧɨɣ ɩɚɪɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɢɦ ɩɪɨɰɟɧɬɨɦ ɩɨɬɟɪɢ ɩɚɤɟɬɨɜ ɢ ɧɢɡɤɨɣ ɱɚɫɬɨɬɨɣ 
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ. 
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Ɇɟɬɨɞɵ ɢɡɜɥɟɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɫɢɝɧɚɥɨɜ, ɩɪɢɧɢɦɚɟɦɵɯ 
ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɨɝɪɚɧɢɱɟɧɵ ɢɦɟɸɳɢɦɢɫɹ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɪɟɫɭɪɫɚɦɢ. Ɋɚɡɜɢɬɢɟ ɫɪɟɞɫɬɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɧɟ 
ɩɪɢɜɨɞɢɬ ɤ ɪɟɲɟɧɢɸ ɷɬɨɣ ɩɪɨɛɥɟɦɵ – ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɵ ɫɨɜɪɟɦɟɧɧɵɯ 
ɩɪɨɰɟɫɫɨɪɨɜ ɧɟɦɟɞɥɟɧɧɨ ɡɚɞɟɣɫɬɜɭɟɬɫɹ ɜɵɯɨɞɨɦ ɧɨɜɵɯ ɫɬɚɧɞɚɪɬɨɜ ɪɚɞɢɨɫɜɹɡɢ ɫ 
ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɞɚɱɢ. 

ɍɜɟɥɢɱɟɧɢɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɫɥɨɠɧɟɧɢɹ ɚɪɯɢɬɟɤɬɭɪɵ ɷɬɢɯ ɭɫɬɪɨɣɫɬɜ. ɗɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɭɫɥɨɠɧɟɧɢɸ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɪɟɚɥɢɡɚɰɢɣ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ 
ɫɢɝɧɚɥɨɜ ɧɚ ɷɬɢɯ ɭɫɬɪɨɣɫɬɜɚɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɚɬɪɭɞɧɹɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɭɧɢɜɟɪɫɚɥɶɧɵɯ 
ɩɪɨɝɪɚɦɦ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɭɫɬɪɨɣɫɬɜɚɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɨɛɴɟɦɚɦɢ ɩɚɦɹɬɢ, ɤɷɲɚ, 
ɱɢɫɥɚ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɛɥɨɤɨɜ ɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɲɢɧ ɩɚɦɹɬɢ. 

ɋɨɜɪɟɦɟɧɧɵɣ ɩɨɞɯɨɞ ɜ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɝɪɚɦɦ ɢ ɚɩɩɚɪɚɬɧɵɯ ɪɟɚɥɢɡɚɰɢɣ 
ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɫɨɫɬɨɢɬ ɜ ɩɪɢɦɟɧɟɧɢɢ ɪɚɡɥɢɱɧɵɯ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɷɮɮɟɤɬɢɜɧɵɯ ɪɟɚɥɢɡɚɰɢɣ ɚɥɝɨɪɢɬɦɨɜ 
ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɚɩɩɚɪɚɬɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɜ ɫɨɡɞɚɧɢɢ ɫɚɦɨɧɚɫɬɪɚɢɜɚɟɦɵɯ 
ɩɪɨɝɪɚɦɦ, ɩɨɞɛɢɪɚɸɳɢɯ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɭɸ ɪɟɚɥɢɡɚɰɢɸ ɚɥɝɨɪɢɬɦɚ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢ ɡɚɩɭɫɤɟ ɧɚ ɤɨɧɤɪɟɬɧɨɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ. 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ 
ɩɨɥɭɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯ ɪɟɚɥɢɡɚɰɢɣ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɧɚ ɩɪɢɦɟɪɟ 
ɨɞɧɨɝɨ ɢɡ ɫɚɦɵɯ ɫɥɨɠɧɵɯ ɢ, ɜɦɟɫɬɟ ɫ ɬɟɦ, ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɚɥɝɨɪɢɬɦɨɜ – 

Ȼɵɫɬɪɨɝɨ ɉɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (ȻɉɎ). 
ɋɨɜɪɟɦɟɧɧɵɟ ɛɢɛɥɢɨɬɟɤɢ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ȻɉɎ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ 

ɝɪɭɩɩɵ. Ʉ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ ɪɟɲɟɧɢɹ ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɚɩɩɚɪɚɬɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɪɚɛɨɬɭ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɨɰɟɫɫɨɪɚɯ. ȼɬɨɪɚɹ 
ɝɪɭɩɩɚ – ɷɬɨ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɟ ɛɢɛɥɢɨɬɟɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɩɢɫɚɧɧɵɟ ɧɚ ɹɡɵɤɚɯ 
C/C++ ɢ ɫɨɞɟɪɠɚɳɢɟ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞ ɩɨɩɭɥɹɪɧɵɟ ɧɚɛɨɪɵ ɤɨɦɚɧɞ. 

ȼ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɫɪɟɞɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ ɦɨɠɧɨ 
ɜɵɞɟɥɢɬɶ ɛɢɛɥɢɨɬɟɤɢ ɨɬ IЧЭОХ ɢ σVТНТК. ɉɪɨɝɪɚɦɦɵ ɞɥɹ ɩɪɨɰɟɫɫɨɪɨɜ ɰɢɮɪɨɜɨɣ 
ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɹɜɥɹɸɬɫɹ ɭɡɤɨɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦɢ, ɩɨɷɬɨɦɭ ɧɟɬ ɫɦɵɫɥɚ 
ɩɪɢɜɨɞɢɬɶ ɢɯ ɜ ɧɚɲɟɦ ɨɛɡɨɪɟ. 

Ɏɢɪɦɚ Intel ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɞɜɟ ɛɢɛɥɢɨɬɟɤɢ: Intel Integrated Performance 

Primitives (Intel IPP) [1] ɢ Intel Math Kernel Library (Intel MKL) [2]. ɉɟɪɜɚɹ ɫɨɞɟɪɠɢɬ 
ɪɟɚɥɢɡɚɰɢɸ ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɚɥɝɨɪɢɬɦɨɜ, ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɩɨɞ ɤɨɧɤɪɟɬɧɵɣ 
ɩɪɨɰɟɫɫɨɪ. ȼɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɛɨɥɶɲɨɣ ɧɚɛɨɪ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, 
ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɩɨɞ ɧɚɛɨɪɵ ɤɨɦɚɧɞ. ȿɫɥɢ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɞɪɭɝɢɯ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɹɯ, ɬɨ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɛɵɫɬɪɭɸ 
ɪɟɚɥɢɡɚɰɢɸ ȻɉɎ ɜ IPP. 



134 
 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɣ ɧɚ ɝɪɚɮɢɱɟɫɤɢɯ ɤɚɪɬɚɯ (GPU – graphics processing unit) 

ɮɢɪɦɵ σVТНТК ɪɚɡɪɚɛɨɬɚɧɚ ɛɢɛɥɢɨɬɟɤɚ МЮFFT ДγЖ. Ⱦɪɭɝɢɟ ɪɟɚɥɢɡɚɰɢɢ FFT 
ɢɫɩɨɥɶɡɭɸɬ ɫɬɚɧɞɚɪɬ τЩОЧCL (ɩɥɚɬɮɨɪɦɚ ɞɥɹ ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦɦ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɧɚ GPU), ɧɨ, ɛɟɡ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞ GPU ɨɬ σVТНТК, ɨɧɢ ɧɟ ɢɦɟɸɬ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ МЮFFT ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ. 

ȼɵɛɨɪ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɯ ɛɢɛɥɢɨɬɟɤ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤ. Ⱦɚɥɟɟ 
ɪɚɫɫɦɨɬɪɢɦ ɬɟ ɢɡ ɧɢɯ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɨɞɜɢɧɭɬɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ ɢ 
ɧɚɢɛɨɥɶɲɢɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ. 

Ȼɢɛɥɢɨɬɟɤɚ FFTА (FКЬЭОЬЭ FШЮЫТОЫ TЫКЧЬПШЫЦ ТЧ ЭСО АОЬЭ – ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɧɚ ɡɚɩɚɞɟ) ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɜ Ɇɚɫɫɚɱɭɫɟɬɫɤɨɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ (MКЬЬКМСЮЬОЭЭЬ IЧЬЭТЭЮЭО ШП TОМСЧШХШРв, MIT) Ɇɚɬɬɟɨ 
Ɏɪɢɝɨ (MКЭЭОШ FЫТРШ) ɢ ɋɬɢɜɟɧɨɦ Ⱦɠɨɧɫɨɧɨɦ (SЭОЯОЧ JШСЧЬШЧ) ɢ ɛɵɥɚ ɨɩɢɫɚɧɚ ɢɦɢ 
ɜ ɪɹɞɟ ɪɚɛɨɬ Д4 – 6Ж. ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɪɟɬɶɹ ɜɟɪɫɢɹ ɛɢɛɥɢɨɬɟɤɢ, 
ɜɵɩɭɳɟɧɧɚɹ ɜ β00γ ɝɨɞɭ. 

Ⱥɜɬɨɪɵ ɜɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɨɬɥɢɱɚɸɳɢɟ FFTА ɨɬ 
ɞɪɭɝɢɯ ɛɢɛɥɢɨɬɟɤ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ȻɉɎ: 

– ɨɧɚ ɧɚɩɢɫɚɧɚ ɧɚ ɋ ɢ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɚɩɩɚɪɚɬɧɵɯ 
ɚɪɯɢɬɟɤɬɭɪɚɯ ɢ ɨɩɟɪɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ; 

– ɞɥɹ ɥɸɛɵɯ ɪɚɡɦɟɪɨɜ ȻɉɎ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ ɫ ɨɰɟɧɤɨɣ ɫɥɨɠɧɨɫɬɢ ܱሺܰlogଶܰሻ (ɬ. ɟ. ɪɟɚɥɢɡɨɜɚɧ, ɜ ɬɨɦ ɱɢɫɥɟ, ɢ ɚɥɝɨɪɢɬɦ ȻɉɎ ɞɥɹ ɩɪɨɫɬɵɯ ɱɢɫɟɥ); 
– ɪɟɚɥɢɡɨɜɚɧɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɢɡɜɨɥɶɧɵɯ ɪɚɡɦɟɪɧɨɫɬɟɣ; 
– ɩɨɞɞɟɪɠɢɜɚɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɞɥɹ ɜɟɳɟɫɬɜɟɧɧɵɯ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ, 

ɫɢɦɦɟɬɪɢɱɧɵɯ ɢɥɢ ɚɫɫɢɦɟɬɪɢɱɧɵɯ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ (ɬ. ɟ. ɞɢɫɤɪɟɬɧɨɟ ɤɨɫɢɧɭɫɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɞɢɫɤɪɟɬɧɨɟ ɫɢɧɭɫɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ). 

Ʉɥɸɱɟɜɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɜɧɭɬɪɟɧɧɟɣ ɪɟɚɥɢɡɚɰɢɢ FFTА ɟɟ ɚɜɬɨɪɵ ɜɵɞɟɥɹɸɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɩɥɚɧɢɪɨɜɳɢɤɚ (ЩХКЧЧОЫ) – ɮɭɧɤɰɢɢ, ɡɚɩɭɫɤɚɟɦɨɣ 
ɨɞɧɨɤɪɚɬɧɨ ɩɟɪɟɞ ɜɵɩɨɥɧɟɧɢɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ 
ɡɚɞɚɧɧɨɝɨ ɪɚɡɦɟɪɚ ɢ ɢɫɩɨɥɶɡɭɟɦɨɣ ɚɩɩɚɪɚɬɧɨɣ ɩɥɚɬɮɨɪɦɵ.  

ɂɞɟɹ ɮɭɧɤɰɢɣ, ɜɵɩɨɥɧɹɸɳɢɯ ɩɨɞɝɨɬɨɜɤɭ ɜɵɱɢɫɥɟɧɢɣ, ɧɟ ɛɵɥɚ ɨɪɢɝɢɧɚɥɶɧɚ 
ɜ ɦɨɦɟɧɬ ɩɨɹɜɥɟɧɢɹ FFTА, ɚ ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɛɢɛɥɢɨɬɟɤ, ɜɵɩɨɥɧɹɸɳɢɯ ȻɉɎ. Ɉɞɧɚɤɨ ɩɥɚɧɢɪɨɜɳɢɤ ɜ ɷɬɨɣ ɛɢɛɥɢɨɬɟɤɟ 
ɨɬɥɢɱɚɟɬɫɹ ɫɥɨɠɧɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɩɨɫɬɪɨɟɧɢɹ ɮɭɧɤɰɢɢ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 

Ɉɧ ɫɨɡɞɚɟɬ ɮɭɧɤɰɢɸ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ȻɉɎ ɪɟɲɚɸɳɭɸ «ɩɪɨɛɥɟɦɭ» 
(ЩЫШЛХОЦ). ɉɪɨɛɥɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɪɭɤɬɭɪɭ ɞɚɧɧɵɯ, ɜ ɤɨɬɨɪɨɣ ɯɪɚɧɢɬɫɹ 
ɢɧɮɨɪɦɚɰɢɹ ɨ ɪɚɡɦɟɪɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɚɡɦɟɳɟɧɢɢ ɞɚɧɧɵɯ. Ⱦɥɹ ɪɟɲɟɧɢɹ 
ɩɪɨɛɥɟɦɵ ɩɥɚɧɢɪɨɜɳɢɤ ɫ ɩɨɦɨɳɶɸ ɨɛɨɛɳɟɧɢɹ ɚɥɝɨɪɢɬɦɚ Ʉɭɥɢ-Ɍɶɸɤɢ ɪɚɡɛɢɜɚɟɬ 
ɟɟ ɧɚ ɩɪɨɛɥɟɦɵ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ. Ɋɚɡɛɢɟɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ 
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ɩɨɥɭɱɢɬɫɹ ɩɪɨɛɥɟɦɚ, ɞɥɹ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ ɡɚɪɚɧɟɟ ɩɪɢɝɨɬɨɜɥɟɧɧɨɟ ɪɟɲɟɧɢɟ. 
Ɋɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ FFTА ɜ ɜɢɞɟ МШНОХОЭ'ɨɜ 

(ɪɭɫɫɤɨɹɡɵɱɧɵɣ ɜɚɪɢɚɧɬ ɬɟɪɦɢɧɚ ɨɬɫɭɬɫɬɜɭɟɬ). CШНОХОЭ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɧɟɛɨɥɶɲɨɣ ɮɪɚɝɦɟɧɬ ɤɨɞɚ ɞɥɹ ɪɟɲɟɧɢɹ ɧɟɤɨɬɨɪɨɣ ɱɚɫɬɢ ɡɚɞɚɱɢ. Ⱦɥɹ ɧɚɩɢɫɚɧɢɹ 
МШНОХОЭ'ɨɜ FFTА ɫɨɞɟɪɠɢɬ ɫɩɟɰɢɚɥɶɧɵɣ МШНОХОЭ ɝɟɧɟɪɚɬɨɪ – ɩɪɨɝɪɚɦɦɚ, ɧɚɩɢɫɚɧɧɚɹ 
ɧɚ ɹɡɵɤɟ CКЦХ LТРСЭ.  

CШНОХОЭ ɝɟɧɟɪɚɬɨɪ ɧɚ ɜɯɨɞɟ ɩɨɥɭɱɚɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨɛɥɟɦɵ ɧɚ 
ɫɩɟɰɢɚɥɶɧɨɦ ɜɵɫɨɤɨɭɪɨɜɧɟɜɨɦ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɝɟɧɟɪɢɪɭɟɬ 
ɧɢɡɤɨɭɪɨɜɧɟɜɵɣ ɤɨɞ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɞɥɹ ɡɚɞɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ. CШНОХОЭ 
ɝɟɧɟɪɚɬɨɪ ɨɛɧɨɜɥɹɟɬɫɹ ɫ ɜɵɯɨɞɨɦ ɧɨɜɵɯ ɜɟɪɫɢɣ ɛɢɛɥɢɨɬɟɤɢ ɢ ɜ ɩɨɫɥɟɞɧɢɯ ɜɟɪɫɢɹɯ 
ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɤɨɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɧɚɛɨɪɨɜ 
SIMD ɢɧɫɬɪɭɤɰɢɣ Д7Ж. 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɩɨɞɯɨɞɚ ɫ ɝɟɧɟɪɢɪɨɜɚɧɢɟɦ ɤɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɢ ɧɟ 
ɫɬɨɥɶɤɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɷɤɨɧɨɦɢɢ ɜɪɟɦɟɧɢ ɧɚ ɟɝɨ ɪɭɱɧɨɟ ɧɚɩɢɫɚɧɢɟ, ɧɨ ɢ ɜ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɫ ɛɨɥɶɲɢɦ ɨɫɧɨɜɚɧɢɟɦ. Ɍɚɤ, ɜ ɨɩɢɫɚɧɢɢ 
ɝɟɧɟɪɚɬɨɪɚ ɞɥɹ ɩɟɪɜɨɣ ɜɟɪɫɢɢ ɛɢɛɥɢɨɬɟɤɢ ɩɪɢɜɨɞɢɬɫɹ ɩɪɢɦɟɪ МШНОХОЭ'ɚ ɞɥɹ ȻɉɎ ɩɨ 
ɨɫɧɨɜɚɧɢɸ 64, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ 9β8 ɫɥɨɠɟɧɢɣ, β48 ɭɦɧɨɠɟɧɢɣ ɢ  
156 ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ. Ɍɚɤɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɫɥɨɠɧɨ ɞɨɫɬɢɱɶ ɩɪɢ ɪɭɱɧɨɦ 
ɤɨɞɢɪɨɜɚɧɢɢ ɡɚ ɪɚɡɭɦɧɨɟ ɜɪɟɦɹ. 

ɉɨɥɶɡɨɜɚɬɟɥɹɦ ɛɢɛɥɢɨɬɟɤɢ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɭɱɚɬɶ ɹɡɵɤ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɩɪɨɛɥɟɦ. ȼ ɩɨɫɥɟɞɧɢɯ ɜɟɪɫɢɹɯ ɛɢɛɥɢɨɬɟɤɢ ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɟɟ 150 ɡɚɪɚɧɟɟ 
ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ МШНОХОЭ'ɚ, ɤɨɬɨɪɵɟ ɨɯɜɚɬɵɜɚɸɬ ɩɨɱɬɢ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɩɪɨɛɥɟɦɵ, 
ɜɨɡɧɢɤɚɸɳɢɟ ɭ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. 

ɉɨɦɢɦɨ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɞɚ ɞɥɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ 
FFTА, ɩɥɚɧɢɪɨɜɳɢɤ ɛɢɛɥɢɨɬɟɤɢ ɨɩɬɢɦɢɡɢɪɭɟɬ ɬɚɤɠɟ ɱɢɫɥɨ ɨɩɟɪɚɰɢɣ ɩɨ 
ɩɟɪɟɦɟɳɟɧɢɸ ɞɚɧɧɵɯ ɜ ɩɚɦɹɬɢ. Ɉɛɨɛɳɟɧɧɵɣ ɚɥɝɨɪɢɬɦ Ʉɭɥɢ-Ɍɶɸɤɢ ɬɪɟɛɭɟɬ 
ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɟ ɦɚɬɪɢɰɵ ɜɵɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɪɟɤɭɪɫɢɜɧɨɝɨ 
ɪɚɡɛɢɟɧɢɹ ɧɚ ȻɉɎ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ. Ɏɢɡɢɱɟɫɤɚɹ ɩɟɪɟɫɬɚɧɨɜɤɚ ɞɚɧɧɵɯ ɜ ɩɚɦɹɬɢ 
ɨɬɧɢɦɚɥɚ ɛɵ ɡɧɚɱɢɬɟɥɶɧɨɟ ɱɢɫɥɨ ɬɚɤɬɨɜ ɢ ɫɢɥɶɧɨ ɫɧɢɠɚɥɚ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ 
ɮɭɧɤɰɢɢ ȻɉɎ. 

Ⱦɥɹ ɪɚɛɨɬɵ ɫ «ɧɟɬɪɚɫɩɨɧɢɪɨɜɚɧɧɵɦɢ» ɞɚɧɧɵɦɢ МШНОХОЭ'ɵ ɜ FFTА 
ɝɟɧɟɪɢɪɭɸɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɛɨɬɵ ɫ ɞɚɧɧɵɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɩɚɦɹɬɢ ɫ 
ɧɟɤɨɬɨɪɵɦ ɲɚɝɨɦ (ЬЭЫТНО). ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɞɚɜɚɬɶ ɮɭɧɤɰɢɹɦ, ɜɵɩɨɥɧɹɸɳɢɦ 
«ȻɉɎ ɫɬɪɨɤ» ɫɬɨɥɛɟɰ ɞɚɧɧɵɯ, ɧɟ ɬɪɚɧɫɩɨɧɢɪɭɹ ɟɝɨ ɜ ɫɬɪɨɤɭ.  

Ⱦɪɭɝɢɦ ɚɫɩɟɤɬɨɦ ɪɚɛɨɬɵ ɫ ɩɚɦɹɬɶɸ ɜ FFTА ɹɜɥɹɟɬɫɹ ɭɱɟɬ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɪɚɡɦɟɳɟɧɢɹ ɞɚɧɧɵɯ, ɤɚɤ ɜ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ, ɬɚɤ ɢ ɜ ɤɷɲɟ. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ 
ɩɥɚɧɚ ɩɥɚɧɢɪɨɜɳɢɤ ɩɵɬɚɟɬɫɹ ɭɱɟɫɬɶ ɪɚɡɦɟɪ ɤɷɲɚ ɩɪɨɰɟɫɫɨɪɚ ɫ ɬɟɦ, ɱɬɨɛɵ 
ɨɬɞɟɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɦɨɝɥɢ ɰɟɥɢɤɨɦ ɜ ɧɟɦ ɪɚɡɦɟɳɚɬɶɫɹ ɢ ɬɟɦ ɫɚɦɵɦ 
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ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɱɢɫɥɨ ɩɟɪɟɫɵɥɨɤ ɞɚɧɧɵɯ ɦɟɠɞɭ ɤɷɲɟɦ ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɶɸ. 
Ȼɢɛɥɢɨɬɟɤɚ FFTА ɹɜɥɹɟɬɫɹ ɫɜɨɛɨɞɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɨɣ ɢ ɦɨɠɟɬ ɛɵɬɶ 

ɩɨɥɭɱɟɧɚ ɫ ɫɚɣɬɚ Д8Ж ɤɚɤ ɜ ɢɫɯɨɞɧɵɯ ɤɨɞɚɯ, ɬɚɤ ɢ ɜ ɫɤɨɦɩɢɥɢɪɨɜɚɧɧɨɦ ɜɢɞɟ. 
ɉɪɨɟɤɬ SPIRAL Д9Ж ɛɵɥ ɫɨɡɞɚɧ ɝɪɭɩɩɨɣ ɭɱɟɧɵɯ ɢɡ ɭɧɢɜɟɪɫɢɬɟɬɚ Ʉɚɪɧɟɝɢ-

Ɇɟɥɥɨɧ (CКЫЧОРТО MОХХШЧ UЧТЯОЫЬТЭв, CMU) ɢ ɒɜɟɣɰɚɪɫɤɨɣ ɜɵɫɲɟɣ ɬɟɯɧɢɱɟɫɤɨɣ 
ɲɤɨɥɵ ɐɸɪɢɯɚ (ETH ГüЫТМС). Ʉ ɧɟɦɭ ɩɪɢɫɨɟɞɢɧɢɥɢɫɶ ɭɱɟɧɵɟ ɢ ɫɬɭɞɟɧɬɵ ɞɪɭɝɢɯ 
ɭɧɢɜɟɪɫɢɬɟɬɨɜ, ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɫɩɢɫɨɤ ɭɱɚɫɬɧɢɤɨɜ ɧɚɫɱɢɬɵɜɚɟɬ ɧɟɫɤɨɥɶɤɨ 
ɞɟɫɹɬɤɨɜ ɢɦɟɧ. 

SPIRAL ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ ɝɟɧɟɪɚɰɢɢ ɩɪɨɝɪɚɦɦ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɨɧɚ 
ɩɨɞɞɟɪɠɢɜɚɟɬ ɝɟɧɟɪɚɰɢɸ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. ɋ 
ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɨɧɚ ɭɦɟɟɬ ɝɟɧɟɪɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦɵ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɪɚɡɦɟɪɚ 
ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɪɚɡɥɢɱɧɵɯ ɚɩɩɚɪɚɬɧɵɯ ɩɥɚɬɮɨɪɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɟɤɬɨɪɢɡɚɰɢɢ 
(ɢɫɩɨɥɶɡɨɜɚɧɢɟ SIMD ɢɧɫɬɪɭɤɰɢɣ) Д7Ж ɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ (ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɧɟɫɤɨɥɶɤɢɯ ɹɞɟɪ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ) Д10Ж. ɉɨɦɢɦɨ ɝɟɧɟɪɚɰɢɢ ɩɪɨɝɪɚɦɦ, 
ɫɢɫɬɟɦɚ ɭɦɟɟɬ ɝɟɧɟɪɢɪɨɜɚɬɶ ɢ ɨɩɢɫɚɧɢɟ ɚɩɩɚɪɚɬɧɵɯ ɪɟɚɥɢɡɚɰɢɣ ɚɥɝɨɪɢɬɦɨɜ ɧɚ 
ɹɡɵɤО VОЫТХШР. 

Ⱥɜɬɨɪɵ ɫɢɫɬɟɦɵ ɨɬɦɟɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɨɬɥɢɱɢɬɟɥɶɧɵɟ ɱɟɪɬɵ ɩɪɨɟɤɬɚ: 
– SPIRAL ɨɯɜɚɬɵɜɚɟɬ ɛɨɥɶɲɨɣ ɤɥɚɫɫ ɥɢɧɟɣɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɰɢɮɪɨɜɨɣ 

ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɜ ɤɨɬɨɪɵɣ ɜɯɨɞɢɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢ 
ɫɥɨɠɧɵɯ ɚɥɝɨɪɢɬɦɨɜ; 

– SPIRAL ɢɫɩɨɥɶɡɭɟɬ ɩɪɨɫɬɨɣ ɞɟɤɥɚɪɚɬɢɜɧɵɣ ɮɪɟɣɦɜɨɪɤ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɚɥɝɨɪɢɬɦɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɛɟɡ ɢɡɦɟɧɟɧɢɣ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɨ ɨɩɢɫɚɧɢɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɚɩɩɚɪɚɬɧɨɣ ɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɪɟɚɥɢɡɚɰɢɣ ɚɥɝɨɪɢɬɦɨɜ; 

– SPIRAL ɦɨɠɟɬ ɥɟɝɤɨ ɛɵɬɶ ɪɚɫɲɢɪɟɧ ɜ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɜɤɥɸɱɚɹ 
ɞɨɛɚɜɥɟɧɢɟ ɧɨɜɵɯ ɚɩɩɚɪɚɬɧɵɯ ɩɥɚɬɮɨɪɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɪɭɝɢɯ ɩɨɞɯɨɞɨɜ ɤ 
ɨɩɬɢɦɢɡɚɰɢɢ ɢɥɢ ɢɡɦɟɧɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɝɪɚɦɦ; 

– SPIRAL ɢɫɩɨɥɶɡɭɟɬ ɦɟɬɨɞɵ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɞɥɹ ɜɵɛɨɪɚ ɥɭɱɲɟɣ 
ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ; 

– ɩɪɨɟɤɬ SPIRAL ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɫɥɨɠɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɤɨɞ, 
ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɧɟ ɭɫɬɭɩɚɟɬ, ɚ ɢɧɨɝɞɚ ɢ ɩɪɟɜɨɫɯɨɞɢɬ ɤɨɞ, 
ɧɚɩɢɫɚɧɧɵɣ ɜɪɭɱɧɭɸ. 

ɋɬɪɭɤɬɭɪɚ ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɪɹɞɟ ɩɭɛɥɢɤɚɰɢɣ Д11 – 13]. 

ȿɝɨ ɜɧɭɬɪɟɧɧɹɹ ɚɪɯɢɬɟɤɬɭɪɚ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɭɪɨɜɧɟɣ: 
– ɚɥɝɨɪɢɬɦɨɜ; 
– ɪɟɚɥɢɡɚɰɢɢ; 
– ɨɰɟɧɤɢ. 
ɇɚ ɭɪɨɜɧɟ ɚɥɝɨɪɢɬɦɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
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SPL (ЬТРЧКХ ЩЫШМОЬЬТЧР ХКЧРЮКРО, ɹɡɵɤ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ) Д14Ж. Ɉɧ ɩɨɡɜɨɥɹɟɬ 
ɨɩɢɫɚɬɶ ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɧɚ ɛɥɢɡɤɨɦ ɤ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɮɨɪɦɭɥɚɦ 
ɹɡɵɤɟ. 

ɇɚ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɫɢɫɬɟɦɚ ɫ ɩɨɦɨɳɶɸ ɩɪɚɜɢɥ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɮɨɪɦɭɥ ɢ ɪɚɡɛɢɟɧɢɹ ɧɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɟɧɶɲɢɯ ɪɚɡɦɟɪɨɜ ɨɩɬɢɦɢɡɢɪɭɟɬ ɡɚɞɚɱɭ ɩɨ 
ɡɚɞɚɧɧɵɦ ɤɪɢɬɟɪɢɹɦ ɧɚ ɭɪɨɜɧɟ ɮɨɪɦɭɥ. Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ SPL ɮɨɪɦɭɥɚ 
ɩɨɫɬɭɩɚɟɬ ɧɚ ɭɪɨɜɟɧɶ ɪɟɚɥɢɡɚɰɢɢ. 

ɇɚ ɭɪɨɜɧɟ ɪɟɚɥɢɡɚɰɢɢ ɪɚɛɨɬɚɟɬ ɫɩɟɰɢɚɥɶɧɵɣ SPL ɤɨɦɩɢɥɹɬɨɪ. ɗɬɨɬ 
ɤɨɦɩɢɥɹɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɛɥɨɤɨɜ: ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ SPL ɮɨɪɦɭɥɵ ɜ ɩɪɨɝɪɚɦɦɧɵɣ 
ɤɨɞ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ.  

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɝɪɚɦɦɭ ɧɚ ɹɡɵɤɚɯ C ɢɥɢ FШЫЭЫКЧ. 
ɉɪɢ ɟɝɨ ɝɟɧɟɪɚɰɢɢ ɢɡ SPL ɮɨɪɦɭɥɵ ɫɪɚɡɭ ɜɵɩɨɥɧɹɸɬɫɹ ɧɟɤɨɬɨɪɵɟ 
ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɟ ɞɟɣɫɬɜɢɣ, ɧɚɩɪɢɦɟɪ, «ɪɚɫɤɪɭɱɢɜɚɧɢɟ» ɰɢɤɥɨɜ (ɡɚɦɟɧɚ ɰɢɤɥɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɤɨɦɚɧɞ ɞɥɹ ɷɤɨɧɨɦɢɢ ɧɚ ɞɟɣɫɬɜɢɹɯ ɫ ɢɧɞɟɤɫɧɵɦɢ 
ɩɟɪɟɦɟɧɧɵɦɢ).  

Ɉɩɬɢɦɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɜ SPIRAL ɪɚɛɨɬɚɟɬ ɚɧɚɥɨɝɢɱɧɨ 
ɨɩɬɢɦɢɡɚɰɢɢ, ɜɵɩɨɥɧɹɟɦɨɣ ɤɨɦɩɢɥɹɬɨɪɚɦɢ ɹɡɵɤɨɜ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ: ɜɵɞɟɥɟɧɢɟ 
ɨɛɳɢɯ ɩɨɞɜɵɪɚɠɟɧɢɣ, ɩɟɪɟɭɩɨɪɹɞɨɱɢɜɚɧɢɟ ɤɨɞɚ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɥɨɤɚɥɶɧɨɫɬɢ 
ɨɛɪɚɳɟɧɢɣ ɤ ɩɚɦɹɬɢ ɢ ɞɪ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɩɢɥɹɬɨɪɵ ɹɡɵɤɨɜ 
ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɧɟ ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɪɚɛɨɬɭ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɦ ɤɨɞɨɦ ɢ ɧɟ ɜɫɟɝɞɚ ɭɞɚɱɧɨ ɨɩɬɢɦɢɡɢɪɭɸɬ, ɧɚɩɪɢɦɟɪ, 
«ɪɚɫɤɪɭɱɟɧɧɵɟ» ɰɢɤɥɵ.  

ɇɚ ɭɪɨɜɧɟ ɨɰɟɧɤɢ ɩɪɨɢɫɯɨɞɢɬ ɤɨɦɩɢɥɹɰɢɹ ɧɟɫɤɨɥɶɤɢɯ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ ɢ ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɝɨ. Ɍɚɤɠɟ ɧɚ ɷɬɨɦ ɭɪɨɜɧɟ ɩɪɨɢɫɯɨɞɢɬ 
ɨɛɭɱɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɜɟɪɯɧɢɯ ɭɪɨɜɧɟɣ ɫɢɫɬɟɦɵ. ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɟɬ ɧɚɫɤɨɥɶɤɨ 
ɭɞɚɱɧɨ ɫɪɚɛɨɬɚɥɢ ɬɟ ɢɥɢ ɢɧɵɟ ɦɟɬɨɞɵ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢ ɭɪɨɜɧɹ 
ɪɟɚɥɢɡɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɦɟɬɨɞɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
(ɧɚ ɜɟɪɯɧɢɟ ɭɪɨɜɧɢ ɩɨɫɬɭɩɚɟɬ ɫɢɝɧɚɥ ɨ ɬɨɦ, ɜ ɤɚɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜɟɫɬɢ 
ɨɩɬɢɦɢɡɚɰɢɨɧɧɭɸ ɩɪɨɰɟɞɭɪɭ), ɬɚɤ ɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ (ɭɞɚɱɧɵɟ ɦɟɬɨɞɵ 
ɨɩɬɢɦɢɡɚɰɢɢ ɡɚɩɨɦɢɧɚɸɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɪɭɝɢɯ ɚɥɝɨɪɢɬɦɨɜ). 

ɇɚɢɛɨɥɟɟ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɬɥɢɱɢɟɦ SPIRAL ɨɬ FFTА ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ 
ɧɟɦ ɜɫɹ ɨɩɬɢɦɢɡɚɰɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɷɬɚɩɟ ɫɨɡɞɚɧɢɟ ɮɭɧɤɰɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ FFTА 
ɞɟɥɚɟɬ ɚɤɰɟɧɬ ɧɚ ɨɩɬɢɦɢɡɚɰɢɸ ɜɨ ɜɪɟɦɹ ɫɨɡɞɚɧɢɹ ɩɥɚɧɚ, ɬ.ɟ. ɧɚ ɤɨɦɩɶɸɬɟɪɟ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɜɵɱɢɫɥɟɧɢɣ. ɗɬɨ ɨɬɥɢɱɢɟ ɞɚɟɬ 
SPIRAL ɬɚɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɤɚɤ ɛɵɫɬɪɵɣ ɫɬɚɪɬ ɜɵɱɢɫɥɟɧɢɣ ɢ ɭɞɨɛɫɬɜɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ȻɉɎ ɫ ɩɨɦɨɳɶɸ SPIRAL ɞɨɫɬɚɬɨɱɧɨ ɜɵɡɜɚɬɶ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɛɢɛɥɢɨɬɟɱɧɭɸ ɮɭɧɤɰɢɸ. Ɋɟɚɥɢɡɚɰɢɢ ȻɉɎ ɧɚ ɹɡɵɤɟ ɋ ɜ 
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ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ (ɫ ɨɞɢɧɚɪɧɨɣ ɢɥɢ ɞɜɨɣɧɨɣ ɬɨɱɧɨɫɬɶɸ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ SIMD 
ɢɧɫɬɪɭɤɰɢɢ ɢɥɢ ɛɟɡ ɢ ɞɪ.) ɦɨɠɧɨ ɫɤɚɱɚɬɶ ɫ ɫɚɣɬɚ ɩɪɨɟɤɬɚ Д9Ж 

ɋɪɚɜɧɢɬɶ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɪɟɚɥɢɡɚɰɢɢ SPIRAL ɢ FFTА ɞɨɫɬɚɬɨɱɧɨ 
ɩɪɨɛɥɟɦɚɬɢɱɧɨ. ɇɚ ɫɚɣɬɚɯ ɨɛɨɢɯ ɩɪɨɟɤɬɨɜ ɩɪɢɜɨɞɹɬɫɹ ɜɵɢɝɪɵɲɧɵɟ ɞɥɹ ɚɜɬɨɪɨɜ 
ɫɚɣɬɚ ɝɪɚɮɢɤɢ, ɩɨɤɚɡɵɜɚɸɳɢɟ ɥɭɱɲɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢɯ ɛɢɛɥɢɨɬɟɤɢ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɟɟ ɫɬɚɪɨɣ ɜɟɪɫɢɟɣ ɤɨɧɤɭɪɟɧɬɨɜ. ɇɟɡɚɜɢɫɢɦɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ Д15,16Ж 
ɬɚɤɠɟ ɜɵɞɚɸɬ ɩɪɨɬɢɜɨɪɟɱɢɜɭɸ ɢɧɮɨɪɦɚɰɢɸ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫɨɜɪɟɦɟɧɧɵɯ ɪɟɚɥɢɡɚɰɢɣ ȻɉɎ ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɩɪɨɝɪɚɦɦ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɧɚ 
ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɪɚɯ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɟɧɟɪɚɬɨɪɵ ɩɪɨɝɪɚɦɦ, 
ɤɨɬɨɪɵɟ ɪɚɫɫɱɢɬɵɜɚɸɬ ɨɩɬɢɦɚɥɶɧɭɸ ɪɟɚɥɢɡɚɰɢɸ ɥɢɛɨ ɜɨ ɜɪɟɦɹ ɤɨɦɩɢɥɹɰɢɢ, ɥɢɛɨ 
ɞɢɧɚɦɢɱɟɫɤɢ, ɩɪɢ ɡɚɩɭɫɤɟ ɩɪɨɝɪɚɦɦɵ. 
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BLOCKCHAIN: SECURITY OF CONSENSUS ALGORYTHMS 

 

Abstract. This article analyzes the algorithm of the blockchain technology consensus, from 

the information security point of view. Such algorithmsas Proof-of-Work and Proof-of-State and 

existing attacks on them are considered. 
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Ȼɥɨɤɱɟɣɧ – ɷɬɨ ɜɵɫɬɪɨɟɧɧɚɹ ɩɨ ɨɩɪɟɞɟɥёɧɧɵɦ ɩɪɚɜɢɥɚɦ ɧɟɩɪɟɪɵɜɧɚɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɰɟɩɨɱɤɚ ɛɥɨɤɨɜ (ɫɜɹɡɧɵɣ ɫɩɢɫɨɤ), ɫɨɞɟɪɠɚɳɢɯ ɢɧɮɨɪɦɚɰɢɸ. 
Ɍɨ ɟɫɬɶ ɛɥɨɤɱɟɣɧ – ɷɬɨ ɫɩɨɫɨɛ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɢɥɢ ɰɢɮɪɨɜɨɣ ɪɟɟɫɬɪ 
ɬɪɚɧɡɚɤɰɢɣ, ɫɞɟɥɨɤ, ɤɨɧɬɪɚɤɬɨɜ (ɪɢɫ. 1). 

  
Ɋɢɫɭɧɨɤ 1 – ɍɩɪɨɳɟɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɰɟɩɢ ɛɥɨɤɱɟɣɧ 

 

Ȼɥɨɤɢ – ɫɜɹɡɚɧɧɵɟ ɷɥɟɦɟɧɬɵ ɰɟɩɢ, ɤɨɬɨɪɵɟ ɫɨɫɬɨɹɬ ɢɡ ɡɚɝɨɥɨɜɤɚ ɢ ɫɩɢɫɤɚ 
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ɬɪɚɧɡɚɤɰɢɣ. Ʉɚɠɞɵɣ ɩɨɫɥɟɞɭɸɳɢɣ ɛɥɨɤ ɫɜɹɡɚɧ ɫ ɩɪɟɞɵɞɭɳɢɦ ɩɪɢ ɩɨɦɨɳɢ 
ɯɷɲɚ ɟɝɨ ɡɚɝɨɥɨɜɤɚ. Ɂɚɝɨɥɨɜɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɪɭɤɬɭɪɭ, ɫɨɞɟɪɠɚɳɭɸ 
ɪɚɡɥɢɱɧɭɸ ɫɥɭɠɟɛɧɭɸ ɢɧɮɨɪɦɚɰɢɸ.  

ȼɬɨɪɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɛɥɨɤɚ - ɬɪɚɧɡɚɤɰɢɢ, ɜɤɥɸɱɟɧɧɵɟ ɜ ɷɬɨɬ ɛɥɨɤ. ȼ 
ɤɚɱɟɫɬɜɟ ɬɪɚɧɡɚɤɰɢɣ ɦɨɠɧɨ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɸɛɵɟ ɛɥɨɤɢ ɞɚɧɧɵɯ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɥɨɤɱɟɣɧ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɰɟɥɟɣ.  

Ɉɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɬɟɯɧɨɥɨɝɢɢ ɛɥɨɤɱɟɣɧ: 
1) Ⱦɟɰɟɧɬɪɚɥɢɡɚɰɢɹ – ɬɪɚɧɡɚɤɰɢɢ ɢ ɛɥɨɤɢ ɮɨɪɦɢɪɭɸɬɫɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭɡɥɚɦɢ ɫɟɬɢ, ɤ ɬɨɦɭ ɠɟ ɜɫɟ ɛɥɨɤɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɜɟɪɟɧɵ 
ɥɸɛɵɦ ɭɡɥɨɦ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɦɨɲɟɧɧɢɱɟɫɤɢɯ ɞɟɣɫɬɜɢɣ. ȼ 
ɛɥɨɤɱɟɣɧɟ ɧɟɬ ɟɞɢɧɨɝɨ ɰɟɧɬɪɚɥɶɧɨɝɨ ɭɡɥɚ, ɨɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɨɬɨɪɨɝɨ 
ɡɚɜɢɫɢɬ ɪɚɛɨɬɚ ɜɫɟɣ ɫɟɬɢ. Ʉɨɩɢɹ ɛɥɨɤɱɟɣɧɚ ɯɪɚɧɢɬɫɹ ɧɚ ɦɧɨɠɟɫɬɜɟ ɭɫɬɪɨɣɫɬɜ, 
ɩɨɷɬɨɦɭ ɜɦɟɲɚɬɟɥɶɫɬɜɨ ɜ ɨɞɢɧ ɢɡ ɭɡɥɨɜ ɧɟ ɩɪɢɧɟɫɟɬ ɪɟɡɭɥɶɬɚɬɚ. 

2) ɇɟɨɛɪɚɬɢɦɨɫɬɶ ɨɩɟɪɚɰɢɣ – ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɤɚɠɞɵɣ ɛɥɨɤ ɫɜɹɡɚɧ ɫ 
ɩɪɟɞɵɞɭɳɢɦ ɢɫɤɥɸɱɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɦɟɧɵ ɢɥɢ ɢɡɦɟɧɟɧɢɹ ɛɥɨɤɨɜ, ɬɚɤ 
ɤɚɤ ɥɸɛɵɟ ɜɧɟɫɟɧɧɵɟ ɩɪɚɜɤɢ ɬɭɬ ɠɟ ɛɭɞɭɬ ɨɬɪɚɠɚɬɶɫɹ ɧɚ ɯɷɲ-ɡɧɚɱɟɧɢɢ ɫɚɦɨɝɨ 
ɛɥɨɤɚ ɢ ɧɚ ɜɫɟɯ ɩɨɫɥɟɞɭɸɳɢɯ ɛɥɨɤɚɯ, ɡɚɩɢɫɚɧɧɵɯ ɩɨɫɥɟ ɧɟɝɨ. 

Ⱦɟɰɟɧɬɪɚɥɢɡɚɰɢɹ ɛɥɨɤɱɟɣɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɟɝɨ ɪɚɛɨɬɵ ɧɚ ɨɫɧɨɜɟ 
ɨɞɧɨɪɚɧɝɨɜɵɯ ɫɟɬɟɣ (ɪɢɫ. β). ɂɧɮɨɪɦɚɰɢɹ ɨ ɬɟɤɭɳɟɦ ɫɨɫɬɨɹɧɢɢ ɰɟɩɨɱɤɢ 
ɡɚɝɪɭɠɚɟɬɫɹ, ɫɢɧɯɪɨɧɢɡɢɪɭɟɬɫɹ ɢ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɦɧɨɝɢɦɢ ɤɨɦɩɶɸɬɟɪɚɦɢ ɜɨ 
ɜɫɟɦ ɦɢɪɟ. 

 
Ɋɢɫɭɧɨɤ 2 – ɋɪɚɜɧɟɧɢɟ ɫɟɪɜɟɪɧɨɣ ɬɨɩɨɥɨɝɢɢ ɫ ɨɞɧɨɪɚɧɝɨɜɨɣ 

 

ɗɬɢ ɤɨɦɩɶɸɬɟɪɵ ɧɚɡɵɜɚɸɬɫɹ «ɭɡɥɚɦɢ» ɢɥɢ «ɧɨɞɚɦɢ», ɢ ɨɧɢ ɪɚɛɨɬɚɸɬ 
ɫɨɜɦɟɫɬɧɨ ɜ ɨɞɧɨɪɚɧɝɨɜɨɣ ɫɟɬɢ. Ʉɚɠɞɵɣ ɪɚɡ, ɤɨɝɞɚ ɞɨɛɚɜɥɹɟɬɫɹ ɧɨɜɵɣ ɛɥɨɤ, ɜɫɟ 
ɭɡɥɵ ɨɛɧɨɜɥɹɸɬ ɫɜɨɸ ɰɟɩɨɱɤɭ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɞɧɨɪɚɧɝɨɜɨɣ ɫɟɬɢ ɢɦɟɟɬ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: 

- ɜɫɟɝɞɚ ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ ɫɨɫɬɨɹɧɢɟ ɛɥɨɤɱɟɣɧɚ, ɢɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɭ-

ɩɪɨɜɨɞɧɢɤ (blockchain explorer); 
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- ɧɟ ɧɚɞɨ ɩɨɥɚɝɚɬɶɫɹ ɬɨɥɶɤɨ ɧɚ ɨɞɧɭ ɫɬɨɪɨɧɭ, ɱɬɨɛɵ ɡɧɚɬɶ ɢɫɬɢɧɧɨɟ 
ɫɨɫɬɨɹɧɢɟ ɛɥɨɤɱɟɣɧɚ; 

- ɡɥɨɭɦɵɲɥɟɧɧɢɤɭ ɩɪɢɞɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɡɥɨɦɚɬɶ ɜɫɟ ɤɨɦɩɶɸɬɟɪɵ 
ɫɟɬɢ, ɚ ɧɟ ɨɞɢɧ ɫɟɪɜɟɪ. 

ȼ ɬɟɯɧɨɥɨɝɢɢ ɛɥɨɤɱɟɣɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɧɹɬɢɟ ɤɨɧɫɟɧɫɭɫɚ. Ʉɨɧɫɟɧɫɭɫ – 

ɷɬɨ ɩɪɨɰɟɫɫ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɝɪɭɩɩɨɣ, ɜ ɤɨɬɨɪɨɦ ɜɫɟ ɱɥɟɧɵ ɝɪɭɩɩɵ 
ɫɨɝɥɚɲɚɸɬɫɹ ɩɨɞɞɟɪɠɚɬɶ ɪɟɲɟɧɢɟ ɜ ɢɧɬɟɪɟɫɚɯ ɰɟɥɨɝɨ. Ƚɨɥɨɫɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ 
ɜ ɩɨɥɶɡɭ ɛɨɥɶɲɢɧɫɬɜɚ, ɧɟ ɭɱɢɬɵɜɚɹ ɢɧɬɟɪɟɫɵ ɦɟɧɶɲɢɧɫɬɜɚ, ɧɨ, ɫ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɷɬɨ ɝɚɪɚɧɬɢɪɭɟɬ ɞɨɫɬɢɠɟɧɢɟ ɫɨɝɥɚɲɟɧɢɹ, ɤɨɬɨɪɨɟ ɧɟɫɟɬ ɩɨɥɶɡɭ ɜɫɟɣ 
ɝɪɭɩɩɟ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɛɟɡ 
ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɨɫɪɟɞɧɢɤɚ ɫɟɬɢ ɞɨɫɬɢɱɶ ɫɨɝɥɚɫɢɹ ɧɚ ɞɨɛɚɜɥɟɧɢɟ ɧɨɜɵɯ ɞɚɧɧɵɯ ɜ 
ɰɟɩɨɱɤɭ, ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɵɯ ɩɪɚɜɢɥ.  

 Ɉɬ ɤɚɠɞɨɝɨ ɬɟɤɭɳɟɝɨ ɛɥɨɤɚ ɜ ɰɟɩɨɱɤɟ ɟɫɬɶ ɬɨɥɶɤɨ ɨɞɢɧ ɩɭɬɶ ɤ 
ɪɨɞɢɬɟɥɶɫɤɨɦɭ ɛɥɨɤɭ (genesis block). Ɉɞɧɚɤɨ ɟɫɥɢ ɩɪɨɫɥɟɠɢɜɚɬɶ ɨɬ 
ɪɨɞɢɬɟɥɶɫɤɨɝɨ ɛɥɨɤɚ ɢ ɞɚɥɟɟ ɬɨ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɪɚɡɞɜɨɟɧɢɹ ɰɟɩɢ (ɮɨɪɤɢ). 

Ȼɥɨɤɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɨɡɞɚёɬ ɦɧɨɠɟɫɬɜɨ «ɦɚɣɧɟɪɨɜ» – ɥɸɞɟɣ, 
ɡɚɧɢɦɚɸɳɢɯɫɹ ɞɨɛɵɱɟɣ ɤɪɢɩɬɨɜɚɥɸɬɵ. Ɋɟɝɭɥɹɪɧɨ ɜɨɡɧɢɤɚɸɬ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ 
ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɛɥɨɤ ɹɜɥɹɟɬɫɹ ɩɪɟɞɵɞɭɳɢɦ ɞɥɹ ɞɜɭɯ ɧɨɜɵɯ ɛɥɨɤɨɜ. 

Ʉɚɠɞɚɹ ɢɡ ɜɟɬɜɟɣ ɪɚɜɧɨɩɪɚɜɧɚ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɨɞɧɚ ɢɡ ɧɢɯ ɧɟ ɩɨɥɭɱɢɬ 
ɛɨɥɟɟ ɞɥɢɧɧɨɟ ɩɪɨɞɨɥɠɟɧɢɟ. Ɉɛɵɱɧɨ, ɩɪɢ ɪɚɜɟɧɫɬɜɟ ɞɥɢɧɵ ɩɪɟɞɩɨɱɬɟɧɢɟ 
ɨɬɞɚёɬɫɹ ɬɨɣ ɰɟɩɨɱɤɟ, ɤɨɧɟɱɧɵɣ ɛɥɨɤ ɤɨɬɨɪɨɣ ɩɨɹɜɢɥɫɹ ɪɚɧɶɲɟ. ɋɢɫɬɟɦɚ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɥɟɝɢɬɢɦɧɨɣ ɫɱɢɬɚɟɬ ɛɨɥɟɟ ɞɥɢɧɧɭɸ ɰɟɩɨɱɤɭ, ɧɟ ɨɛɪɚɳɚɹ 
ɜɧɢɦɚɧɢɟ ɧɚ ɜɪɟɦɹ ɫɨɡɞɚɧɢɹ ɩɨɫɥɟɞɧɟɝɨ ɛɥɨɤɚ. Ɍɪɚɧɡɚɤɰɢɢ, ɜɨɲɟɞɲɢɟ 
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜ ɦɟɧɟɟ ɞɥɢɧɧɭɸ ɜɟɬɤɭ (ɜ ɬɨɦ ɱɢɫɥɟ ɩɨ ɜɵɩɥɚɬɟ 
ɜɨɡɧɚɝɪɚɠɞɟɧɢɹ), ɬɟɪɹɸɬ ɫɬɚɬɭɫ ɩɨɞɬɜɟɪɠɞёɧɧɵɯ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɤɨɧɫɟɧɫɭɫɚ ɜ ɚɫɩɟɤɬɚɯ 
ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

1) Proof-of-Work 

ɂɡɧɚɱɚɥɶɧɨ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɤɨɧɫɟɧɫɭɫɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 
ɦɟɯɚɧɢɡɦ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ (Proof-of-АШЫФ ɢɥɢ PША), ɜ 
ɤɨɬɨɪɨɦ ɨɫɧɨɜɧɨɣ ɩɪɢɧɰɢɩ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɞɬɜɟɪɠɞɟɧɢɢ ɬɪɚɧɡɚɤɰɢɣ ɩɭɬɟɦ 
ɩɪɨɜɟɞɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ, ɩɪɢ ɷɬɨɦ ɪɟɡɭɥɶɬɚɬ 
ɷɬɨɣ ɪɚɛɨɬɵ ɞɨɥɠɟɧ ɛɵɬɶ ɥɟɝɤɨ ɢ ɛɵɫɬɪɨ ɩɪɨɜɟɪɹɟɦ. 

ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚɣɬɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ 
ɱɢɫɥɨ ЧШЧМО, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɭɫɥɨɜɢɹɦ «ɫɥɨɠɧɨɫɬɢ ɫɟɬɢ». ɑɢɫɥɨ ЧШЧМО 
ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɞɪɭɝɢɦ ɭɱɚɫɬɧɢɤɚɦ ɧɚ ɩɪɨɜɟɪɤɭ ɭɡɥɨɦ, ɤɨɬɨɪɵɣ ɟɝɨ ɜɵɱɢɫɥɢɥ. 
Ʉɨɪɪɟɤɬɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɚ ɩɪɨɜɟɪɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɜɫɟɝɨ ɨɞɧɨɣ ɨɩɟɪɚɰɢɢ 
ɯɷɲɢɪɨɜɚɧɢɹ.  
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ɉɟɪɜɵɣ ɭɡɟɥ, ɤɨɬɨɪɵɣ ɧɚɲɟɥ ɷɬɨ ɱɢɫɥɨ ɩɨɥɭɱɚɟɬ ɜɨɡɧɚɝɪɚɠɞɟɧɢɟ ɨɬ 
ɛɥɨɤɱɟɣɧ ɫɟɬɢ. ȼɫɟ ɭɡɥɵ ɫɨɪɟɜɧɭɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ (ɧɚɪɚɳɢɜɚɹ ɟɦɤɨɫɬɶ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ), ɱɬɨɛɵ ɨɤɚɡɚɬɶɫɹ ɬɟɦ ɫɚɦɵɦ, ɩɟɪɜɵɦ ɭɡɥɨɦ, 
ɩɨɥɭɱɚɸɳɢɦ ɜɨɡɧɚɝɪɚɠɞɟɧɢɟ (ɪɢɫ. γ). 

 
Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ ɚɥɝɨɪɢɬɦɚ Proof-of-Work 

 

Ɉɫɨɛɟɧɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ 
ɪɟɲɟɧɢɹ ɞɥɹ ɧɨɜɨɝɨ ɛɥɨɤɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɦɨɳɧɨɫɬɢ (ɯɷɲɪɟɣɬɭ) 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɦɚɣɧɢɧɝɟ. 

ɉɨɞ ɯɷɲɪɟɣɬɨɦ ɛɭɞɟɦ ɩɨɧɢɦɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɵɱɢɫɥɟɧɧɵɯ ɩɨ 
ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ ɯɷɲɟɣ ɜ ɫɟɤɭɧɞɭ. Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɛɥɨɤɱɟɣɧ-ɫɟɬɟɣ 
ɚɥɝɨɪɢɬɦɵ ɪɚɫɱɟɬɚ ɯɷɲɚ ɪɚɡɧɵɟ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɯɷɲɪɟɣɬ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɧɵɯ ɫɟɬɟɣ ɛɭɞɟɬ ɪɚɡɧɢɬɶɫɹ. 

ɍɹɡɜɢɦɨɫɬɢ ɚɥɝɨɪɢɬɦɚ:  
1) ɚɬɚɤɚ ɋɢɜɢɥɥɵ; 
2) ɜɨɡɦɨɠɧɨɫɬɶ ɚɬɚɤɢ 51% ɢ ɞɜɨɣɧɨɣ ɬɪɚɬɵ ɫɪɟɞɫɬɜ. 

Ⱥɬɚɤɚ ɋɢɜɢɥɥɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɦɨɦɟɧɬ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɫɟɬɢ 
ɩɨɥɶɡɨɜɚɬɟɥɶ ɧɟ ɡɧɚɟɬ IP-ɚɞɪɟɫɚ ɞɨɜɟɪɟɧɧɵɯ ɭɡɥɨɜ ɢ ɜɵɧɭɠɞɟɧ ɢɯ ɡɚɩɪɚɲɢɜɚɬɶ. 
Ɍɚɤ ɤɚɤ ɩɪɨɰɟɫɫ ɫɨɟɞɢɧɟɧɢɹ ɧɨɫɢɬ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ ɜɨɡɧɢɤɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ 
ɬɨɝɨ, ɱɬɨ ɬɚɤɨɣ ɡɚɩɪɨɫ ɦɨɠɟɬ ɩɨɩɚɫɬɶ ɧɚ ɭɡɟɥ ɡɥɨɭɦɵɲɥɟɧɧɢɤɚ, ɤɨɬɨɪɵɣ ɜ 
ɤɚɱɟɫɬɜɟ ɞɨɜɟɪɟɧɧɵɯ ɭɡɥɨɜ ɦɨɠɟɬ ɜɵɞɚɬɶ ɩɨɞɤɨɧɬɪɨɥɶɧɵɟ ɟɦɭ ɜɪɟɞɨɧɨɫɧɵɟ 
ɭɡɥɵ. ɉɨɷɬɨɦɭ ɡɥɨɭɦɵɲɥɟɧɧɢɤ ɫɬɪɟɦɢɬɫɹ ɧɚɩɨɥɧɢɬɶ ɫɟɬɶ ɬɚɤɢɦɢ ɭɡɥɚɦɢ, ɫ 
ɰɟɥɶɸ ɭɜɟɥɢɱɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ ɫ ɧɢɦɢ ɥɟɝɢɬɢɦɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
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ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɩɚɫɬɶ ɧɚ ɭɡɟɥ ɡɥɨɭɦɵɲɥɟɧɧɢɤɚ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɥɢɱɟɫɬɜɭ ɩɨɞɤɨɧɬɪɨɥɶɧɵɯ ɟɦɭ ɭɡɥɨɜ. ɂ ɜ ɫɥɭɱɚɟ ɭɫɩɟɯɚ 
ɩɨɥɶɡɨɜɚɬɟɥɶ ɮɚɤɬɢɱɟɫɤɢ ɩɨɥɭɱɚɟɬ ɢɫɤɚɠɟɧɧɵɟ ɧɟɞɨɫɬɨɜɟɪɧɵɟ ɞɚɧɧɵɟ.  

ɉɪɨɛɥɟɦɚ ɭɹɡɜɢɦɨɫɬɢ ɭɫɭɝɭɛɥɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ ɫɨɡɞɚɬɶ 
ɩɨɫɬɨɹɧɧɵɣ ɫɩɢɫɨɤ ɞɨɜɟɪɟɧɧɵɯ ɭɡɥɨɜ, ɬɚɤ ɤɚɤ ɷɬɨ ɛɭɞɟɬ ɩɪɨɬɢɜɨɪɟɱɢɬɶ 
ɩɪɢɧɰɢɩɭ ɞɟɰɟɧɬɪɚɥɢɡɚɰɢɢ. 

ɉɨɫɥɟɞɫɬɜɢɹ ɚɬɚɤɢ ɋɢɜɢɥɥɵ: 
‒ ɚɬɚɤɭɸɳɢɣ ɛɥɨɤɢɪɭɟɬ ɬɪɚɧɡɚɤɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɮɚɤɬɢɱɟɫɤɢ 

ɨɬɫɨɟɞɢɧɢɜ ɟɝɨ ɨɬ ɨɛɳɟɣ ɫɟɬɢ; 
‒ ɚɬɚɤɭɸɳɢɣ ɫɚɦ ɪɟɲɚɟɬ, ɤ ɤɚɤɨɦɭ ɛɥɨɤɭ ɩɨɞɫɨɟɞɢɧɢɬɶ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɢ 

ɱɚɳɟ ɜɫɟɝɨ ɷɬɨ ɨɬɞɟɥɶɧɨ ɫɨɡɞɚɧɧɵɟ ɢɦ ɛɥɨɤɢ, ɝɞɟ ɪɟɚɥɢɡɭɟɬɫɹ «ɞɜɨɣɧɚɹ ɬɪɚɬɚ»; 
‒ ɚɬɚɤɭɸɳɢɣ ɨɬɫɥɟɠɢɜɚɟɬ ɜɫɟ ɬɪɚɧɡɚɤɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɩɪɢɦɟɧɹɹ ɞɥɹ 

ɷɬɨɝɨ ɫɤɪɢɩɬɵ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ (ɉɈ). 
ȼ ɤɚɱɟɫɬɜɟ ɦɟɪ ɡɚɳɢɬɵ ɨɬ ɞɚɧɧɵɯ ɚɬɚɤ ɩɪɟɞɥɚɝɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɦɟɪɵ. 
ȼ ɫɢɥɭ ɨɬɫɭɬɫɬɜɢɹ ɞɨɜɟɪɟɧɧɨɝɨ ɰɟɧɬɪɚ, ɜ ɨɞɧɨɪɚɧɝɨɜɨɣ ɫɟɬɢ ɟɫɬɶ β ɫɩɨɫɨɛɚ 

ɩɪɢɡɧɚɬɶ ɧɨɜɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ: ɥɢɛɨ ɩɨɥɭɱɢɬɶ ɝɚɪɚɧɬɢɢ ɟɝɨ ɞɨɛɪɨɫɨɜɟɫɬɧɨɫɬɢ ɨɬ 
ɞɪɭɝɢɯ ɭɡɥɨɜ, ɥɢɛɨ ɩɪɨɜɟɪɢɬɶ ɟɝɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. 

ɉɪɨɜɟɪɤɭ ɩɨɥɶɡɨɜɚɬɟɥɹ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɩɭɬɟɦ ɜɜɨɞɚ ɧɟɤɨɬɨɪɨɣ ɡɚɞɚɱɢ, 
ɤɨɬɨɪɭɸ ɨɞɢɧ ɩɨɥɶɡɨɜɚɬɟɥɶ ɧɟ ɦɨɠɟɬ ɪɟɲɢɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. ɉɪɢ ɷɬɨɦ 
ɭɱɢɬɵɜɚɟɬɫɹ, ɱɬɨ ɪɟɫɭɪɫɵ ɭɡɥɨɜ ɨɝɪɚɧɢɱɟɧɵ. 

ȿɫɥɢ ɭɱɢɬɵɜɚɬɶ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɬɨ ɩɨɥɶɡɨɜɚɬɟɥɶ 
ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶ ɨɬ ɤɚɠɞɨɝɨ ɢɞɟɧɬɢɮɢɤɚɬɨɪɚ ɪɟɲɚɬɶ ɭɧɢɤɚɥɶɧɭɸ, 
ɜɵɱɢɫɥɢɬɟɥɶɧɨ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ ɡɚ ɨɝɪɚɧɢɱɟɧɧɵɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ. ɗɬɨ ɩɨɡɜɨɥɢɬ 
ɢɫɤɥɸɱɢɬɶ ɭɡɥɵ-ɩɭɫɬɵɲɤɢ, ɧɟ ɨɛɟɫɩɟɱɟɧɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɦɨɳɧɨɫɬɹɦɢ.  

ȿɳɟ ɨɞɧɢɦ ɪɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ ɫɬɚɬɶ ɜɜɟɞɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ɫɬɟɩɟɧɢ ɞɨɜɟɪɢɹ ɤ ɭɡɥɭ ɢ ɱɢɫɥɚ ɭɫɩɟɲɧɨ ɩɪɨɣɞɟɧɧɵɯ ɩɪɨɜɟɪɨɤ. ɑɚɹɧ Ȼɚɧɟɪɞɠɢ 
ɩɪɟɞɥɨɠɢɥ ɫɯɟɦɭ ɤɨɫɜɟɧɧɨɣ ɩɪɨɜɟɪɤɢ ɭɡɥɚ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ ɫɬɚɞɢɣ Д1Ж. ɇɚ 
ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɪɟɡɭɥɶɬɚɬ ɩɪɨɜɟɪɤɢ – ɫɬɟɩɟɧɶ ɞɨɜɟɪɢɹ ɩɪɨɜɟɪɹɟɦɨɦɭ ɭɡɥɭ – 

ɫɨɨɛɳɚɸɬ ɛɥɢɠɚɣɲɢɟ ɭɡɥɵ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɚɧɚɥɨɝɢɱɧɨɣ ɩɪɨɜɟɪɤɢ ɧɟɫɤɨɥɶɤɢɦɢ ɞɪɭɝɢɦɢ, ɫɥɭɱɚɣɧɨ ɜɵɛɪɚɧɧɵɦɢ ɭɞɚɥёɧɧɵɦɢ 
ɭɡɥɚɦɢ. ȼ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɨɛɧɚɪɭɠɢɬɶ ɭɡɥɵ-

ɩɫɟɜɞɨɧɢɦɵ, ɩɪɢɧɢɦɚɜɲɢɯ ɭɱɚɫɬɢɟ ɜ ɩɪɨɜɟɪɤɟ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ. 
Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɦɟɬɨɞɵ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɟ ɩɥɚɬɭ ɡɚ ɫɨɡɞɚɧɢɟ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪɚ. 
Ⱥɬɚɤɚ 51% ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɡɥɨɭɦɵɲɥɟɧɧɢɤ ɡɚɯɜɚɬɵɜɚɟɬ ɛɨɥɟɟ 

ɩɨɥɨɜɢɧɵ ɯɷɲɪɟɣɬɚ ɜɫɟɣ ɫɟɬɢ ɢ ɩɨɥɭɱɚɟɬ ɩɨɜɵɲɟɧɧɵɟ ɩɪɢɜɢɥɟɝɢɢ. Ɂɚ ɫɱɟɬ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɩɪɚɜɢɬɶ 
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ɫɪɟɞɫɬɜɚ ɧɚ ɨɞɢɧ ɚɞɪɟɫ, ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɨɬɩɪɚɜɢɬɶ ɬɟ ɠɟ ɞɟɧɶɝɢ ɧɚ ɞɪɭɝɨɣ ɚɞɪɟɫ 
ɪɚɡɞɜɨɟɧɧɨɣ ɤɨɩɢɢ ɛɥɨɤɱɟɣɧɚ (ɧɚɩɪɢɦɟɪ, ɨɛɪɚɬɧɨ ɧɚ ɫɜɨɣ ɤɨɲɟɥɟɤ). Ⱦɚɧɧɵɣ ɬɢɩ 
ɚɬɚɤɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ «ɞɜɨɣɧɭɸ ɬɪɚɬɭ» ɫɪɟɞɫɬɜ. ɉɨɫɥɟ ɩɭɛɥɢɤɚɰɢɢ ɫɤɪɵɬɨɣ 
ɜɟɬɤɢ ɛɥɨɤɱɟɣɧɚ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɞɥɢɧɧɨɣ ɱɟɦ ɩɭɛɥɢɱɧɚɹ, ɜɫɟ ɬɪɚɧɡɚɤɰɢɢ 
ɩɭɛɥɢɱɧɨɣ ɜɟɬɜɢ ɩɨɫɥɟ ɪɚɡɜɟɬɜɥɟɧɢɹ ɫɱɢɬɚɸɬɫɹ ɧɟɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ, ɚ ɜ ɬɨ ɠɟ 
ɜɪɟɦɹ ɨɞɧɢ ɢ ɬɟ ɠɟ ɫɪɟɞɫɬɜɚ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɠɟ ɞɜɚɠɞɵ. 

ɇɚɩɪɢɦɟɪ, ɜ ɛɢɬɤɨɢɧɟ ɚɬɚɤɚ 51% ɜɩɨɥɧɟ ɪɟɚɥɢɡɭɟɦɚ, ɬɚɤ ɤɚɤ ɛɨɥɶɲɚɹ ɱɚɫɬɶ 
ɯɷɲɪɟɣɬɚ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɜ ɪɭɤɚɯ Ʉɢɬɚɣɫɤɢɯ ɦɚɣɧɢɧɝ ɩɭɥɨɜ (ɛɨɥɟɟ 65%). 
Ɉɛɴɟɞɢɧɢɜɲɢɫɶ, ɨɧɢ ɦɨɝɭɬ ɨɫɭɳɟɫɬɜɢɬɶ ɞɚɧɧɭɸ ɚɬɚɤɭ. ɉɭɥ – ɷɬɨ ɨɛɴɟɞɢɧɟɧɢɟ 
ɦɨɳɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɪɚɡɭ ɦɧɨɝɢɯ ɦɚɣɧɟɪɨɜ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ 
ɧɚɯɨɠɞɟɧɢɹ ɛɥɨɤɚ. ɇɚɝɪɚɞɚ ɡɚ ɛɥɨɤ, ɞɨɛɵɬɵɣ ɩɭɥɨɦ, ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɫɪɟɞɢ ɜɫɟɯ 
ɭɱɚɫɬɧɢɤɨɜ. 

ɇɚ ɦɨɦɟɧɬ ɧɚɩɢɫɚɧɢɹ ɫɬɚɬɶɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɯɷɲɪɟɣɬɚ ɩɨ ɦɚɣɧɢɧɝ ɩɭɥɚɦ 
ɛɢɬɤɨɢɧɚ ɜɵɝɥɹɞɟɥɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ДβЖ (ɪɢɫ. 4). Ɉɝɪɨɦɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɢɡɨɜɚɧɚ, ɚ ɩɭɬɟɦ ɨɛɴɟɞɢɧɟɧɢɹ ɩɭɥɨɜ ɦɨɠɧɨ 
ɞɨɛɢɬɶɫɹ ɟɳɟ ɛɨɥɶɲɟɣ ɰɟɧɬɪɚɥɢɡɚɰɢɢ. 

 
Ɋɢɫɭɧɨɤ 4 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɯɷɲɪɟɣɬɚ ɛɢɬɤɨɢɧ ɩɭɥɨɜ 

 

Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɡɚɳɢɬɵ ɨɬ ɞɚɧɧɨɣ ɚɬɚɤɢ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ, 
ɩɪɟɞɥɨɠɟɧɧɚɹ HШЫТгОЧ, ɤɨɬɨɪɚɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɲɬɪɚɮɵ ɡɚ ɡɚɞɟɪɠɤɭ 
ɩɭɛɥɢɤɚɰɢɢ ɛɥɨɤɨɜ. ɂ ɬɚɤ ɤɚɤ ɦɚɣɧɟɪɵ-ɡɥɨɭɦɵɲɥɟɧɧɢɤɢ ɞɨɥɠɧɵ ɞɟɪɠɚɬɶ 
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ɩɟɪɟɞ ɚɬɚɤɨɣ ɛɥɨɤɢ ɫɜɨɟɣ ɫɤɪɵɬɨɣ ɰɟɩɨɱɤɢ ɜ ɫɟɤɪɟɬɟ - ɩɪɢ ɩɭɛɥɢɤɚɰɢɢ ɷɬɨɣ 
ɰɟɩɨɱɤɢ ɨɧɢ ɞɨɥɠɧɵ ɛɭɞɭɬ ɩɨɧɟɫɬɢ ɦɚɬɟɪɢɚɥɶɧɵɟ ɩɨɬɟɪɢ ДγЖ. 

2) Proof-of-Stake (PoS) 

ɋɭɬɶ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɜ ɬɨɦ, ɱɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɥɝɨɪɢɬɦɚ PoW ɡɞɟɫɶ 
ɢɫɤɥɸɱɟɧɨ ɱɪɟɡɦɟɪɧɨɟ ɪɚɫɯɨɞɨɜɚɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. ɉɨɞɬɜɟɪɠɞɟɧɢɟ 
ɛɥɨɤɨɜ ɡɞɟɫɶ ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ ɩɪɨɢɡɜɟɞɟɧɢɹ ɫɬɚɜɨɤ ɜ ɜɚɥɸɬɟ ɫɟɬɢ (ɬɨɤɟɧɚɯ) 
ɭɡɥɚɦɢ ɫɟɬɢ ɧɚ ɬɨɬ ɛɥɨɤ, ɤɨɬɨɪɵɣ ɨɧɢ ɫɱɢɬɚɸɬ ɜɟɪɧɵɦ. Ɋɚɡɦɟɪ ɢ ɜɟɪɨɹɬɧɨɫɬɶ 
ɩɨɥɭɱɟɧɢɹ ɜɨɡɧɚɝɪɚɠɞɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɬɨɤɟɧɨɜ, ɡɚɪɟɡɟɪɜɢɪɨɜɚɧɧɵɯ 
ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɬɪɚɧɡɚɤɰɢɣ ɜɵɛɪɚɧɧɨɝɨ ɛɥɨɤɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɢɫɤɥɸɱɚɟɬɫɹ 
ɧɟɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɢ ɩɨɬɪɟɛɥɟɧɢɟ 
ɪɟɫɭɪɫɨɜ (ɪɢɫ. 5). 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɚɥɝɨɪɢɬɦɚ: 
‒ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɤɥɚɫɫɢɱɟɫɤɨɣ «ɚɬɚɤɢ 51%» (ɞɥɹ ɩɨɥɧɨɰɟɧɧɨɣ ɚɬɚɤɢ ɧɚ 

ɫɟɬɶ ɩɨɬɪɟɛɭɸɬɫɹ ɨɝɪɨɦɧɵɟ ɨɛɴɟɦɵ ɚɤɬɢɜɨɜ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɢ ɞɟɥɚɟɬ ɟɟ 
ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨɣ); 

‒ ɨɬɫɭɬɫɬɜɢɟ ɱɪɟɡɦɟɪɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɪɟɫɭɪɫɨɜ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ PoW);  

‒ ɛɨɥɟɟ ɛɵɫɬɪɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɬɪɚɧɡɚɤɰɢɣ. 
ɍɹɡɜɢɦɨɫɬɢ ɚɥɝɨɪɢɬɦɚ: 
- ɩɪɨɛɥɟɦɚ Long Range Attack; 

- ɩɪɨɛɥɟɦɚ Nothing-at-Stake. 

 
Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɚɥɝɨɪɢɬɦɚ PoS 

 

ɉɪɨɛɥɟɦɚ Long Range Attack ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɯɚɧɢɡɦ, ɢɞɟɧɬɢɱɧɵɣ 
ɚɬɚɤɟ 51%. ɇɨ ɜɦɟɫɬɨ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɱɢɧɚɬɶ ɚɬɚɤɭ, ɧɚɩɪɢɦɟɪ, 6 ɛɥɨɤɨɜ ɧɚɡɚɞ, 
ɧɟɨɛɯɨɞɢɦɨ ɜɟɪɧɭɬɶɫɹ ɝɨɪɚɡɞɨ ɞɚɥɶɲɟ ɜ ɢɫɬɨɪɢɸ ɰɟɩɢ (ɧɚɩɪɢɦɟɪ, ɧɚ 60 000 
ɛɥɨɤɨɜ). ɗɬɨ ɩɪɨɛɥɟɦɚ ɞɥɹ PoS, ɩɨɫɤɨɥɶɤɭ ɧɟɬ ɞɨɤɚɡɚɬɟɥɶɫɬɜ ɪɚɛɨɬɵ (ɢɥɢ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɬɪɭɞɨɟɦɤɨɣ ɨɩɟɪɚɰɢɢ), ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɩɟɪɟɡɚɩɢɫɢ ɨɱɟɧɶ 
ɞɥɢɧɧɨɣ ɰɟɩɨɱɤɢ. 
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Ⱦɥɹ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɟ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɡɚɩɪɟɬ ɩɪɢɧɹɬɢɹ 
ɜɟɬɜɥɟɧɢɣ ɝɥɭɛɠɟ ɱɟɦ ɧɚ N ɛɥɨɤɨɜ ɨɬ ɩɨɫɥɟɞɧɟɝɨ, ɝɞɟ N – ɞɥɢɧɚ ɞɟɩɨɡɢɬɚ 
ɩɨɥɶɡɨɜɚɬɟɥɹ. Ɍɨ ɟɫɬɶ ɡɥɨɭɦɵɲɥɟɧɧɢɤɭ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɚɤɨɣ ɚɬɚɤɢ ɛɭɞɟɬ 
ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɨɱɟɧɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɤɬɢɜɨɜ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɛɭɞɟɬ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɤɚɠɞɵɦ ɧɨɜɵɦ ɥɟɝɢɬɢɦɧɵɦ ɛɥɨɤɨɦ. 

3) Nothing-at-Stake 

ɉɪɨɛɥɟɦɚ Nothing-at-Stake ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɟɪɠɚɬɟɥɹɦ ɜɚɥɸɬɵ ɜɵɝɨɞɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɜɟɬɨɤ 
ɛɥɨɤɱɟɣɧɚ, ɬɚɤ ɤɚɤ ɨɬ ɷɬɨɝɨ ɨɧɢ ɧɟ ɧɟɫɭɬ ɧɢɤɚɤɢɯ ɩɨɬɟɪɶ. ɉɨɥɭɱɚɟɬɫɹ ɡɚ ɫɱɟɬ 
ɷɬɨɝɨ ɡɚɬɪɭɞɧɹɟɬɫɹ ɞɨɫɬɢɠɟɧɢɟ ɤɨɧɫɟɧɫɭɫɚ (ɪɢɫ. 6). 

  
Ɋɢɫɭɧɨɤ 6 – Nothing-at-Stake 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɧɟɫɤɨɥɶɤɨ ɦɨɞɢɮɢɤɚɰɢɣ 
ɚɥɝɨɪɢɬɦɚ proof-of-stake, ɧɚɩɪɢɦɟɪ Casper FFG ɨɬ ɪɚɡɪɚɛɨɬɱɢɤɨɜ Ethereum [4]. 

ȼ Casper FFG Nothing-at-Stake ɩɪɟɫɟɤɚɟɬɫɹ ɩɭɬɟɦ ɧɚɤɚɡɚɧɢɹ ɧɟɤɨɪɪɟɤɬɧɨ 
ɞɟɣɫɬɜɭɸɳɢɯ ɭɡɥɨɜ. ɇɟɤɨɪɪɟɤɬɧɵɦ ɩɨɜɟɞɟɧɢɟɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ 
ɫɱɢɬɚɬɶɫɹ ɩɨɞɞɟɪɠɤɚ ɛɨɥɟɟ ɨɞɧɨɣ ɜɟɬɤɢ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɫɥɟɞɭɟɬ ɫɤɚɡɚɬɶ, ɱɬɨ ɜ ɫɨɨɛɳɟɫɬɜɟ ɛɥɨɤɱɟɣɧ ɟɳɟ ɧɟ ɩɪɢɲɥɢ 
ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ ɜɚɪɢɚɧɬɭ ɤɨɧɫɟɧɫɭɫɚ ɰɟɩɢ, ɬɚɤ ɤɚɤ ɭ ɤɚɠɞɨɝɨ ɢɡ ɩɨɞɯɨɞɨɜ ɟɫɬɶ 
ɫɜɨɢ ɩɥɸɫɵ ɢ ɦɢɧɭɫɵ. Ɉɞɧɚɤɨ ɫ ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɩɨɹɜɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɞɞɟɪɠɚɧɢɹ ɤɨɧɫɟɧɫɭɫɚ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɥɢɛɨ 
ɢɫɤɥɸɱɢɬɶ ɢɡɜɟɫɬɧɵɟ ɩɪɨɛɥɟɦɵ, ɥɢɛɨ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ ɜɟɪɨɹɬɧɨɫɬɶ ɚɬɚɤ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1.  Banerjee, Ch. Sybil node detection in peer-to-peer networks using indirect 

ЯКХТНКЭТШЧ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ // IEEE БЩХШЫО. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://ieeexplore.ieee.org/document/70γ0γ75, ɫɜɨɛɨɞɧɵɣ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 10.09.19). 
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2. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɩɟɪɟɛɨɪɚ ɯɷɲɟɣ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ // 
Blockchain. –  Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: СЭЭЩЬ://ааа.blockМСКТЧ.МШЦ/ЫЮ/ЩШШХЬ, ɫɜɨɛɨɞɧɵɣ 

(ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 08.09.19). 
3. ɇɨɜɵɣ ɩɪɨɟɤɬ ɨɛɟɳɚɟɬ ɩɪɨɝɪɚɦɦɭ ɡɚɳɢɬɵ ɨɬ ɤɢɛɟɪɚɬɚɤ 51% 

Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ // Ȼɥɨɤɱɟɣɧ ɢ ɤɪɢɩɬɨɜɚɥɸɬɵ ɜ Ɋɨɫɫɢɢ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://cryptorussia.ru/news/novyy-proekt-obeshchaet-programmu-zashchity-ot-

kiberatak51 (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 1γ.09.19). 
4. BЮЭОЫТЧ, V. CКЬЩОЫ ЭСО FЫТОЧНХв FТЧКХТЭв GКНРОЭ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ / 

Vitalik Buterin, Virgil Griffith. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: СЭЭЩЬ://КЫбТЯ.ШЫР/abs/1710.09437, 

ɫɜɨɛɨɞɧɵɣ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 10.09.19). 
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ȼȿɊɏɇȿȽɈ ɍɊɈȼɇə PВTHON 
 

Аɧɧɨɬаɰиɹ. Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɨɡɦɨɠɧɨɫɬɟɣ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ 
ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python. Ⱦɚɧɧɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɨɛɥɚɞɚɟɬ ɥɟɝɤɨɫɬɶɸ ɜ ɨɫɜɨɟɧɢɢ, ɧɚɥɢɱɢɟɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɛɢɛɥɢɨɬɟɤ, ɛɢɛɥɢɨɬɟɤ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɧɨ ɧɟɬ ɧɢ ɨɞɧɨɣ ɛɢɛɥɢɨɬɟɤɢ 
ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ. Ɉɫɧɨɜɧɨɣ ɪɟɡɭɥɶɬɚɬ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɬɨɦ ɱɬɨ ɜɩɟɪɜɵɟ ɛɵɥɚ 
ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python ɞɥɹ ɪɟɲɟɧɢɹ ɨɩɟɪɚɰɢɢ 
ɤɨɦɩɨɡɢɰɢɢ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ. 
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ALGORITHM FOR DECISION OPERATIONS COMPOSITION OF FUZZY 

SETS BASED ON PROGRAMMING LANGUAGE TOP LEVEL PYTHON 
 

Abstract. The work is devoted to the study of the possibilities of implementing fuzzy set 

algorithms in the Python programming language. This programming language has ease of 

development, the presence of a large number of mathematical libraries, libraries for implementing 

neural networks, but there is not a single library of fuzzy logic. The main result of this paper is that 

it was shown for the first time that we can use the Python programming language to solve the fuzzy 

set composition operation. 
 

Keywords: fuzzy sets, matrices, algorithm, composition, programming. 
 

1 ȼɜɟɞɟɧɢɟ 

ɉɨɫɬɨɹɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɥɨɠɧɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɢ ɢɯ ɭɧɢɤɚɥɶɧɨɫɬɶ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɹɜɧɨɝɨ ɩɪɨɫɥɟɠɢɜɚɧɢɹ ɩɪɢɱɢɧɧɨ-

ɫɥɟɞɫɬɜɟɧɧɵɯ ɫɜɹɡɟɣ, ɱɬɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɢɜɨɞɢɬ ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɤ ɭɫɥɨɜɢɹɦ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɩɪɢ ɜɵɛɨɪɟ ɢɥɢ ɩɨɫɬɪɨɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɡ-ɡɚ 
ɨɬɫɭɬɫɬɜɢɹ ɩɨɥɧɨɬɵ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. ɉɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɩɪɢɯɨɞɢɬɫɹ 
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ɨɛɪɚɳɚɬɶɫɹ ɤ ɢɧɬɭɢɰɢɢ, ɷɜɪɢɫɬɢɤɟ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɧɟɱɢɫɥɨɜɨɝɨ 
ɯɚɪɚɤɬɟɪɚ, ɧɚɩɪɢɦɟɪ, «ɨɱɟɧɶ ɫɢɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ», «ɦɚɥɨɟ ɡɧɚɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ», «ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ, ɱɟɦ», «ɩɪɢɦɟɪɧɨ ɱɢɫɥɨ v», «ɜɵɫɨɤɨɟ 
ɤɚɱɟɫɬɜɨ ɤɚɧɚɥɚ ɫɜɹɡɢ», «ɧɢɡɤɢɣ», ɢ ɬ.ɩ., ɢɦɟɸɳɭɸ ɧɟɱɟɬɤɢɣ ɫɦɵɫɥ  ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɢ ɜɟɪɨɹɬɧɨɫɬɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɫɬɚɧɨɜɢɬɫɹ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɬɪɭɞɧɨ ɩɨɫɬɪɨɢɬɶ ɚɞɟɤɜɚɬɧɭɸ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ 
ɨɫɧɨɜɟ ɬɟɨɪɢɣ ɬɪɚɞɢɰɢɨɧɧɨɣ ɦɚɬɟɦɚɬɢɤɢ, ɬ.ɤ. ɜ ɧɟɣ ɧɟɬ ɨɛɴɟɤɬɨɜ, ɫ ɩɨɦɨɳɶɸ 
ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɬɨɱɧɨ ɨɬɨɛɪɚɡɢɬɶ ɧɟɱɟɬɤɨɫɬɶ ɜɵɫɤɚɡɵɜɚɧɢɣ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɢɥɢ ɷɤɫɩɟɪɬɚ. 

β Ɇɨɞɟɥɶ ɧɟɱɟɬɤɨɣ ɤɨɦɩɨɡɢɰɢɢ. 
ɉɭɫɬɶ E – ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɦɧɨɠɟɫɬɜɨ, x – ɷɥɟɦɟɧɬ E. ɇɟɱɟɬɤɨɟ 

ɩɨɞɦɧɨɠɟɫɬɜɨ A ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ E ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɦɧɨɠɟɫɬɜɨ 
ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɩɚɪ A = д μA(ɯ)/ɯж, ɝɞɟ μA(ɯ) – ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ (ɢɥɢ ɩɪɨɫɬɨ ɮɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ), ɩɪɢɧɢɦɚɸɳɚɹ 
ɡɧɚɱɟɧɢɹ ɜ ɧɟɤɨɬɨɪɨɦ ɜɩɨɥɧɟ ɭɩɨɪɹɞɨɱɟɧɧɨɦ ɦɧɨɠɟɫɬɜɟ M (ɧɚɩɪɢɦɟɪ, M = 

Д0,1Ж). Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɭɤɚɡɵɜɚɟɬ ɫɬɟɩɟɧɶ (ɢɥɢ ɭɪɨɜɟɧɶ) 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɷɥɟɦɟɧɬɚ x ɩɨɞɦɧɨɠɟɫɬɜɭ A.[1] 

ȿɫɥɢ Q ɢ V - ɞɜɚ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɦɧɨɠɟɫɬɜɚ, ɬɨ ɩɪɨɢɡɜɟɞɟɧɢɟ Q  V ɟɫɬɶ 
ɫɟɦɟɣɫɬɜɨ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɩɚɪ (q,v), q ∈ Q, v ∈ V. Ȼɢɧɚɪɧɵɦ ɨɬɧɨɲɟɧɢɟɦ ɦɟɠɞɭ 
Q ɢ V ɧɚɡɵɜɚɟɬɫɹ ɧɟɱɟɬɤɨɟ ɩɨɞɦɧɨɠɟɫɬɜɨ ɩɪɹɦɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɜɢɞɚ: ܴ = ∫ µோሺݍ, ,ݍሻ ሺݒ  ሻሺ௤,�ሻ ∈ ொ��  (1)ݒ

ɝɞɟ Q  V - ɞɢɫɤɪɟɬɧɨɟ ɦɧɨɠɟɫɬɜ.  
ɋɢɦɜɨɥ ฀ ɢɫɩɨɥɶɡɨɜɚɧ  ɞɥɹ  ɨɛɨɡɧɚɱɟɧɢɹ  ɨɛɴɟɞɢɧɟɧɢɹ  ɷɥɟɦɟɧɬɨɜ µR(q,v) 

/ (q,v), ɡɞɟɫɶ µR: Q x V  Д0,1Ж, ɮɭɧɤɰɢɹ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ ɧɚɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɧɟɱɟɬɤɨɝɨ ɨɬɧɨɲɟɧɢɹ. ȿё ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɚɧɚɥɨɝɢɱɧɚ 
ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɧɟɱɟɬɤɨɝɨ ɦɧɨɠɟɫɬɜɚДγЖ. ɉɟɪɟɦɟɧɧɵɟ 
q, v ɧɚɡɵɜɚɸɬɫɹ ɛɚɡɨɜɵɦɢ, ɚ ɨɛɵɱɧɨɟ ɧɟɱɟɬɤɨɟ ɦɧɨɠɟɫɬɜɨ: 

S R = { (q,v) ∈ Q б V : µ (q,v) > 0 ж (2) 

ɧɚɡɵɜɚɟɬɫɹ ɧɨɫɢɬɟɥɟɦ ɧɟɱɟɬɤɨɝɨ ɨɬɧɨɲɟɧɢɹД4Ж. Ɂɚɞɚɬɶ ɛɢɧɚɪɧɨɟ R ɨɬɧɨɲɟɧɢɟ  
R ɧɚ Q x V ɨɡɧɚɱɚɟɬ ɭɤɚɡɚɬɶ ɩɚɪɵ ɷɥɟɦɟɧɬɨɜ  (q,v)  Q x V, ɨɩɪɟɞɟɥɟɧɧɨ 
ɨɬɧɨɫɹɳɢɯɫɹ ɤ R , ɬ.ɟ. ɬɚɤɢɟ q, Я, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɟɧɧɨ ɫɜɹɡɚɧɵ ɨɬɧɨɲɟɧɢɟɦ R; 

ɩɚɪɵ (q,v), ɨɩɪɟɞɟɥɟɧɧɨ ɧɟ ɫɜɹɡɚɧɧɵɟ ɨɬɧɨɲɟɧɢɟɦ ɢ, ɧɚɤɨɧɟɰ ɩɚɪɵ (q,v), 

ɢɦɟɸɳɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɝɪɚɞɚɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ  R. 

ɉɭɫɬɶ ɧɚ  Q  ɡɚɞɚɧɵ ɞɜɚ ɧɟɱɟɬɤɢɯ ɨɬɧɨɲɟɧɢɹ  R1 ɢ R2 . 

Ɉɛɴɟɞɢɧɟɧɢɟ ɞɜɭɯ  ɧɟɱɟɬɤɢɯ  ɨɬɧɨɲɟɧɢɣ   R1 ׫ R2   ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ: 
µ R1׫R2   (б,в) = ЦКб (µ R1 (б,в), µ R2 (x,y)), x,y ∈ Q. (3) 
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ɉɟɪɟɫɟɱɟɧɢɟ  ɞɜɭɯ ɧɟɱɟɬɤɢɯ ɨɬɧɨɲɟɧɢɣ   R1 ⋂ R2  ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ: 
µ R1⋂R2 (б,в) = ЦТn (µ R1 (б,в), µ R2 (x,y)) , x,y ∈ Q. (4) 

Ⱦɨɩɨɥɧɟɧɢɟ  ɧɟɱɟɬɤɨɝɨ ɨɬɧɨɲɟɧɢɹ  R  ɨɛɨɡɧɚɱɚɟɬɫɹ R ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ: µோ̅(x,y) = 1 - µR (x,y), x,y ∈ Q (5) 

Ɉɛɪɚɬɧɨɟ ɤ R ɨɬɧɨɲɟɧɢɟ ɨɛɨɡɧɚɱɚɟɬɫɹ R-1
 ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ: µோ−భ(x,y) = 1 - µ R (y,x) ,  x,y ∈ Q (6) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ  (R 
-1

) 
-1

  =  R. 

ɉɪɢ ɦɚɬɪɢɱɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɧɟɱɟɬɤɨɝɨ ɨɬɧɨɲɟɧɢɹ  R  ɨɛɪɚɬɧɨɟ 
ɨɬɧɨɲɟɧɢɟ R-1

 ɩɨɥɭɱɚɸɬ  ɢɡ  R  ɡɚɦɟɧɨɣ ɫɬɨɥɛɰɨɜ ɧɚ ɫɬɪɨɤɢД5Ж. 
ɇɟɱɟɬɤɨɟ ɨɬɧɨɲɟɧɢɟ R1 ɜɤɥɸɱɟɧɨ ɜ ɧɟɱɟɬɤɨɟ ɨɬɧɨɲɟɧɢɟ R2,  R1 ฀ R2, 

ɬɨɝɞɚ ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ: 
µ R1 (б,ɭ) < µ R2  (x,y) , x,y ∈ Q (7) 

ɇɟɱɟɬɤɢɟ ɨɬɧɨɲɟɧɢɹ R1 ɢ R2 ɫɨɜɩɚɞɚɸɬ, R1 = R2, ɬɨɝɞɚ ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, 
ɤɨɝɞɚ:  

µ R1 (б,в) = µ R2 (x,y), x,y ∈ Q (8) 

Ʉɨɦɩɨɡɢɰɢɹ  ɞɜɭɯ ɧɟɱɟɬɤɢɯ ɨɬɧɨɲɟɧɢɣ  R  ɢ  S  ɨɛɨɡɧɚɱɚɟɬɫɹ  R o S  ɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ: 

µ RoS (q,w) = Sup  min v ∈ V  ( µR (q,v), µS (v,w)) (9) 

ɝɞɟ  ɨ – ɡɧɚɤ ɤɨɦɩɨɡɢɰɢɢ. 
Ɍɚɤɚɹ ɤɨɦɩɨɡɢɰɢɹ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ  (max - min) - ɤɨɦɩɨɡɢɰɢɢ. ȼ ɫɥɭɱɚɟ 

ɡɚɞɚɧɢɹ  R ɢ S  ɜ  ɜɢɞɟ ɦɚɬɪɢɰɵ ɧɟɱɟɬɤɨɝɨ ɨɬɧɨɲɟɧɢɹ ɨɩɟɪɚɰɢɹ ɤɨɦɩɨɡɢɰɢɢ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɵɱɧɨɦɭ ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɚɬɪɢɰ, ɧɨ ɫ ɡɚɦɟɧɨɣ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ 
ɫɥɨɠɟɧɢɹ  +  ɧɚ ɨɩɟɪɚɰɢɸ  max   ɢ  ɩɪɨɢɡɜɟɞɟɧɢɹ - ɧɚ ɨɩɟɪɚɰɢɸ  min. ȿɫɥɢ  
R = S, ɬɨ ɤɨɦɩɨɡɢɰɢɹ   Ro R  ɨɛɨɡɧɚɱɚɟɬɫɹ ɱɟɪɟɡ  R2

 [2]. 

Ɇɨɞɟɥɶ ɚɥɝɨɪɢɬɦɚ ɤɨɦɩɨɡɢɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. 

 
Ɋɢɫɭɧɨɤ 1 – Ɇɨɞɟɥɶ ɚɥɝɨɪɢɬɦɚ ɤɨɦɩɨɡɢɰɢɢ 
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γ Ɋɟɚɥɢɡɚɰɢɹ ɨɩɟɪɚɰɢɢ ɤɨɦɩɨɡɢɰɢɹ ɧɚɞ ɧɟɱɟɬɤɢɦɢ ɦɧɨɠɟɫɬɜɚɦɢ ɧɚ ɹɡɵɤɟ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ. 

Ɂɚ ɞɨɥɝɢɟ ɝɨɞɵ ɧɟɱɟɬɤɢɟ ɦɧɨɠɟɫɬɜɚ ɩɪɢɨɛɪɟɥɢ ɞɨɫɬɚɬɨɱɧɨ ɨɛɲɢɪɧɭɸ 
ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɛɚɡɭ, ɧɨ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɤɚɤɢɟ-

ɥɢɛɨ ɪɟɚɥɢɡɚɰɢɢ ɨɫɧɨɜ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ ɜ ɜɢɞɟ ɛɢɛɥɢɨɬɟɤ ɞɥɹ ɹɡɵɤɨɜ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ⱦɚɧɧɵɣ ɚɫɩɟɤɬ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɩɪɚɤɬɢɱɟɫɤɨɦ 
ɩɪɢɦɟɧɟɧɢɢ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɧɚɭɤɢ. ɗɬɨ ɩɨɫɥɭɠɢɥɨ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɫɧɨɜɧɵɯ 
ɨɩɟɪɚɰɢɣ ɧɚɞ ɧɟɱɟɬɤɢɦɢ ɦɧɨɠɟɫɬɜɚɦɢ ɩɨ ɫɪɟɞɫɬɜɚɦ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ Python. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɨɩɟɪɚɰɢɸ ɤɨɦɩɨɡɢɰɢɢ (ɩɟɪɟɦɧɨɠɟɧɢɹ) ɞɜɭɯ 
ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ. Ʌɢɫɬɢɧɝ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. β. 

 
Ɋɢɫɭɧɨɤ 2 – Ɋɟɚɥɢɡɚɰɢɹ ɨɩɟɪɚɰɢɢ ɤɨɦɩɨɡɢɰɢɢ ɞɜɭɯ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ 

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɦɚɬɪɢɰɵ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ ɡɚɩɨɥɧɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɬɪɢɭɝɨɥɶɧɵɯ ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ (ɪɢɫ. γ). 
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Ɋɢɫɭɧɨɤ 3 – Ɏɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ 

 

ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɟ ɦɚɬɪɢɰɵ ɫɬɪɨɤɢ,  ɜ ɜɢɞɟ 
ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫ. 4). 

 
Ɋɢɫɭɧɨɤ 4 – Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɹ 

 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɞɚɧɧɵɣ ɝɪɚɮɢɤ ɦɵ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ. 

4. Ɂɚɤɥɸɱɟɧɢɟ 

Ɉɫɧɨɜɧɨɣ ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɛɵɥ 
ɪɚɫɲɢɪɟɧ ɢɧɠɟɧɟɪɧɵɣ ɚɩɩɚɪɚɬ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ, ɜ ɱɚɫɬɧɨɫɬɢ: 

ɚ) ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɦɨɞɟɥɶ ɚɥɝɨɪɢɬɦɚ ɤɨɦɩɨɡɢɰɢɢ; 
ɛ) ɦɨɞɟɥɶ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python; 

ɜ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ  Python ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɚɬɶ ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱ, ɝɢɛɤɨ ɪɚɫɩɨɪɹɠɚɬɶɫɹ ɪɟɫɭɪɫɚɦɢ, ɚ 
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ɝɥɚɜɧɨɟ ɝɨɬɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɬɢɩɚɯ 
ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ – ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɫɬɶ.  

ȼɫɟ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢɦɟɧɹɬɶ ɨɛɥɚɫɬɶ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɪɟɚɥɢɡɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ ɧɚ ɹɡɵɤɟ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɉɪɢɤɥɚɞɧɵɟ ɧɟɱɟɬɤɢɟ ɫɢɫɬɟɦɵ / Ɍɷɪɚɧɨ Ɍ. Дɢ ɞɪ.Ж // Ɇ.: Ɇɢɪ, 199γ. – 

368 ɫ. 
2. Ɋɵɛɢɧ, ȼ. ȼ. Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ ɢ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ: 

ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȼ. ȼ. Ɋɵɛɢɧ. – Ɇ.: ɆȺɂ, β007. – 96 ɫ. 

3. Ɂɚɣɱɟɧɤɨ, ɘ. ɉ. ɇɟɱɟɬɤɢɟ ɦɨɞɟɥɢ ɢ ɦɟɬɨɞɵ ɜ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ 
ɫɢɫɬɟɦɚɯ: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɜɵɫɲɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ /  
ɘ. ɉ. Ɂɚɣɱɟɧɤɨ. – Ʉɢɟɜ: ɋɥɨɜɨ, β008. – γ44 ɫ. 

4. Ȼɵɱɤɨɜ, ȿ. Ⱦ. ɉɪɢɥɨɠɟɧɢɟ ɬɟɨɪɢɢ ɧɟɱɟɬɤɢɯ (ПЮггв) ɦɧɨɠɟɫɬɜ ɜ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɫɢɫɬɟɦ ɫɜɹɡɢ / ȿ. Ⱦ. Ȼɵɱɤɨɜ, ȼ. ȼ. Ʌɟɧɞɢɤɪɟɣ, 
Ɋ. Ɂ. ɋɚɥɚɯɭɬɞɢɧɨɜ // ɉɪɢɥɨɠɟɧɢɟ ɤ ɠɭɪɧɚɥɭ «Ɉɦɫɤɢɣ ɧɚɭɱɧɵɣ ɜɟɫɬɢɤ». 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɦɚɬɟɪɢɚɥɵ. – Ɉɦɫɤ: ɂɡɞ-ɜɨ Ɉɦɫɤɢɣ ɝɨɫ. ɦɟɞ. ɚɤɚɞɟɦɢɢ, β000. – 188 ɫ. 

5. Ȼɨɪɢɫɨɜ, ȼ. ȼ. ɇɟɱɟɬɤɢɟ ɦɨɞɟɥɢ ɢ ɫɟɬɢ / ȼ. ȼ. Ȼɨɪɢɫɨɜ, ȼ. ȼ. Ʉɪɭɝɥɨɜ, 
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Аɧɧɨɬаɰиɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɫɤɚɠɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɚɪɯɢɬɟɤɬɭɪɵ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 
ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɷɮɮɟɤɬɢɜɧɨ ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ, ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ, 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɭɬɪɚɱɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɢɡɨɛɪɚɠɟɧɢɣ. Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ 
ɨɛɪɚɛɨɬɤɢ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɟɤɫɬɨɜɵɯ ɞɚɧɧɵɯ ɧɚ ɝɪɚɮɢɱɟɫɤɨɦ ɢɡɨɛɪɚɠɟɧɢɢ. 

 

Клɸɱевые ɫлɨва: ɢɫɤɭɫɫɬɜɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɢɧɬɟɪɩɨɥɹɰɢɹ, ɝɥɭɛɨɤɨɟ ɨɛɭɱɟɧɢɟ, 
ɢɫɤɚɠɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ. 

 

Elizaveta A. Stepanova, Ekaterina V. Rodina, Anton K. Shmakov 

Omsk State Transport University (OSTU), Omsk, the Russian Federation 

 

THE POSSIBILITY OF USING ARTIFICIAL NEURAL NETWORKS TO 

RESTORE SPECIALIZED DISTORTED GRAPHIC IMAGES 

 

Abstract. This article provides an overview of existing modern methods for recovering 

distorted graphic images. Types of neural network architectures effectively used for filtering, 

quality improvement, restoring lost image fragments are considered. The features of processing and 

restoration of text data on a graphic image are considered.  

 

Keywords: artificial neural network, interpolation, deep learning, distorted image, 

convolutional neural network. 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, 
ɜ ɱɚɫɬɧɨɫɬɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɩɨɫɬɨɹɧɧɨ ɩɨɩɨɥɧɹɟɬɫɹ ɧɨɜɵɦɢ 
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ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ȼɟɡɭɫɥɨɜɧɨ, ɷɬɨ ɨɞɢɧ ɢɡ ɩɟɪɟɞɨɜɵɯ ɢ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɧɟɬɪɢɜɢɚɥɶɧɵɯ, ɧɟ ɩɨɞɞɚɸɳɢɯɫɹ 
ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɚɦ ɚɧɚɥɢɡɚ ɡɚɞɚɱ. 

ɉɪɨɛɥɟɦɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɫɤɚɠɟɧɧɵɯ, ɡɚɲɭɦɥɟɧɧɵɯ ɝɪɚɮɢɱɟɫɤɢɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɚɤɬɭɚɥɶɧɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫɧɢɦɤɨɜ ɧɢɡɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɦɟɞɢɰɢɧɫɤɢɯ 
ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɩɪɢ ɪɚɛɨɬɟ ɫɨ ɫɬɚɪɵɦɢ ɚɪɯɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ ɢ 
ɮɨɬɨɝɪɚɮɢɹɦɢ, ɜ ɤɪɢɦɢɧɚɥɢɫɬɢɤɟ, ɢɫɤɭɫɫɬɜɨɜɟɞɟɧɢɢ ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ. 

Ɉɫɧɨɜɧɵɦɢ, ɢɫɩɨɥɶɡɭɸɳɢɦɢɫɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɟɬɨɞɚɦɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ, ɹɜɥɹɸɬɫɹ: 

1. Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ (upscaling) – ɩɪɨɰɟɫɫ ɩɨɜɵɲɟɧɢɹ ɪɚɡɪɟɲɟɧɢɹ ɢ 
ɤɚɱɟɫɬɜɚ ɰɢɮɪɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

β. Ɇɟɬɨɞ ɫɥɟɩɨɣ ɞɟɤɨɧɜɨɥɸɰɢɢ – ɦɟɬɨɞ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɛɟɡ 
ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɮɭɧɤɰɢɢ ɪɚɡɦɵɬɢɹ ɬɨɱɤɢ ɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, 
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ «ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɚɡɵɜɚɧɢɹ» Д1Ж. 

γ. ɉɪɢɦɟɧɟɧɢɟ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɬɚɤɢɯ ɤɚɤ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 
ɗɥɦɚɧɚ, ɫɟɬɶ Ⱦɠɨɪɞɚɧɚ, ɫɟɬɶ ɏɨɩɮɢɥɞɚ, ɰɟɩɶ Ɇɚɪɤɨɜɚ ɢ ɬ.ɩ. 

4. ɉɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɝɥɭɛɨɤɨɝɨ ɨɛɭɱɟɧɢɹ (deep learning). 

ɉɨɦɢɦɨ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ, ɫɭɳɟɫɬɜɭɟɬ ɲɢɪɨɤɢɣ ɧɚɛɨɪ ɫɨɩɭɬɫɬɜɭɸɳɢɯ 
ɢɧɫɬɪɭɦɟɧɬɨɜ: 

- ɮɢɥɶɬɪɚɰɢɹ ɲɭɦɚ ɧɚ ɝɪɚɮɢɱɟɫɤɨɦ ɢɡɨɛɪɚɠɟɧɢɢ (ɫɝɥɚɠɢɜɚɧɢɟ ɤɚɞɪɚ); 
- ɭɜɟɥɢɱɟɧɢɟ/ ɭɦɟɧɶɲɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ (ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ); 
- ɤɨɪɪɟɤɰɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢɫɤɚɠɟɧɢɣ; 
- ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɩɢɤɫɟɥɟɣ ɧɚ ɤɨɨɪɞɢɧɚɬɭ; 
- ɪɚɡɛɢɟɧɢɟ ɧɚ ɮɪɚɝɦɟɧɬɵ ɢ ɬ.ɞ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɨɧɥɚɣɧ-ɫɟɪɜɢɫɨɜ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɦɟɬɨɞɵ ɢ ɢɧɫɬɪɭɦɟɧɬɵ. ɋɪɚɜɧɢɬɟɥɶɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɟɤɨɬɨɪɵɯ ɢɡ ɧɢɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥ. 1. 

ɇɟɤɨɬɨɪɵɟ ɩɪɨɞɭɤɬɵ, ɬɚɤɢɟ ɤɚɤ Adobe Photoshop ɞɥɹ ɪɚɛɨɬɵ ɫ ɮɨɬɨ ɢ 
ɜɢɞɟɨ ɫɩɨɫɨɛɧɵ ɫɧɢɡɢɬɶ ɡɚɲɭɦɥɟɧɧɨɫɬɶ ɢ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɤɚɞɪɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɤɭɛɢɱɟɫɤɨɣ ɢɧɬɟɪɩɨɥɹɰɢɢ. Ɋɟɡɭɥɶɬɚɬɵ ɢɧɬɟɪɩɨɥɹɰɢɢ ɜ 
ɫɥɭɱɚɟ ɫ ɪɚɛɨɬɨɣ ɧɚɞ ɮɨɬɨ ɫ ɬɟɤɫɬɨɦ ɱɚɫɬɭɸ ɧɟ ɩɨɞɯɨɞɹɬ, ɬɚɤ ɤɚɤ 
«ɫɝɥɚɠɢɜɚɧɢɟ» ɱɟɬɤɢɯ ɝɪɚɧɢɰ ɦɨɠɟɬ ɬɨɥɶɤɨ ɫɧɢɡɢɬɶ ɱɢɬɚɟɦɨɫɬɶ ɢɧɮɨɪɦɚɰɢɢ ɫ 
ɢɫɯɨɞɧɨɝɨ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɛɨɥɶɲɢɧɫɬɜɨ ɩɨɞɨɛɧɵɯ ɫɟɪɜɢɫɨɜ ɢɫɩɨɥɶɡɭɸɬ 
ɩɪɨɫɬɵɟ ɦɟɬɨɞɵ, ɬɚɤɢɟ ɤɚɤ, ɮɢɥɶɬɪɚɰɢɹ ɢɥɢ ɢɧɬɟɪɩɨɥɹɰɢɹ, ɨɞɧɚɤɨ, ɞɥɹ ɛɨɥɟɟ 
ɫɥɨɠɧɵɯ ɡɚɞɚɱ, ɬɚɤɢɯ ɤɚɤ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɬɚɪɵɯ ɩɨɜɪɟɠɞɟɧɧɵɯ ɫɧɢɦɤɨɜ, 
ɩɪɢɦɟɧɹɸɬɫɹ ɢɫɤɭɫɫɬɜɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ (ɂɇɋ). 



157 
 

Ɍɚɛɥɢɰɚ 1 

ɋɪɚɜɧɟɧɢɟ ɨɧɥɚɣɧ-ɫɟɪɜɢɫɨɜ ɩɨ ɨɛɪɚɛɨɬɤɟ ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ 
ɋɟɪɜɢɫ Ɇɟɬɨɞ Ȼɚɡɚ Ɉɛɥɚɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

Adobe Photoshop Ȼɢɤɭɛɢɱɟɫɤɚɹ 
ɢɧɬɟɪɩɨɥɹɰɢɹ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ Ʌɸɛɢɬɟɥɶɫɤɢɟ ɫɧɢɦɤɢ 

LОЭ’Ь EЧСКЧМО ɋɜɟɪɬɨɱɧɚɹ 
ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

(CNN) 

Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ – ɮɨɬɨ 
ɩɪɢɪɨɞɵ, ɠɢɜɨɬɧɵɯ, ɡɞɚɧɢɣ 

Ɏɨɬɨɝɪɚɮɢɢ ɠɢɜɨɬɧɵɯ, 
ɩɪɢɪɨɞɵ, ɡɞɚɧɢɣ 

Improve Photo Ɏɢɥɶɬɪɵ Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɉɟɣɡɚɠɢ, 
ɦɭɥɶɬɮɢɥɶɦɵ 

Enhance Pho.to Ɏɢɥɶɬɪɵ Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɉɟɣɡɚɠɢ, 
ɦɭɥɶɬɮɢɥɶɦɵ 

PinkMirror Ɏɢɥɶɬɪɵ Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɉɨɪɬɪɟɬɵ ɥɸɞɟɣ 

Movavi Photo 

DeNoise 

Ɏɢɥɶɬɪɵ, CNN Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ – ɮɨɬɨ 
ɩɪɢɪɨɞɵ, ɠɢɜɨɬɧɵɯ, ɡɞɚɧɢɣ 

Ɏɨɬɨɝɪɚɮɢɢ ɠɢɜɨɬɧɵɯ, 
ɩɪɢɪɨɞɵ, ɡɞɚɧɢɣ 

IMGonline.com.ua  CNN Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ – ɮɨɬɨ 
ɩɪɢɪɨɞɵ, ɠɢɜɨɬɧɵɯ, ɡɞɚɧɢɣ 

Ɏɨɬɨɝɪɚɮɢɢ ɠɢɜɨɬɧɵɯ, 
ɩɪɢɪɨɞɵ, ɡɞɚɧɢɣ 

Webinpaint ɇɟɣɪɨɧɧɚɹ 
ɫɟɬɶ, ɮɢɥɶɬɪɵ 

ɋɨɜɦɟɳɟɧɢɟ ɪɹɞɨɦ ɫɬɨɹɳɢɯ 
ɩɢɤɫɟɥɟɣ, ɦɚɬ. ɚɩɩɚɪɚɬ 

Ɏɨɬɨɝɪɚɮɢɢ ɫ 
ɜɨɞɹɧɵɦɢ ɡɧɚɤɚɦɢ 

waifu2x.udp.jp CNN Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ – 

ɪɢɫɨɜɚɧɧɵɟ ɩɟɪɫɨɧɚɠɢ 
ɚɧɢɦɟ 

Ɏɨɬɨɝɪɚɮɢɢ ɠɚɧɪɚ 
ɚɧɢɦɟ 

9may.mail.ru CNN Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ – 

ɜɨɟɧɧɵɟ ɮɨɬɨɝɪɚɮɢɢ 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɡɪɟɧɢɟ 

 

ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ 
ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɝɢɛɤɨɫɬɢ. ɂɇɋ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɚɤɢɯ ɡɚɞɚɱɚɯ, ɤɚɤ: ɭɞɚɥɟɧɢɟ 
ɲɭɦɚ ɢ ɪɚɡɦɵɬɢɹ ɫ ɢɡɨɛɪɚɠɟɧɢɣ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɭɬɪɚɱɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, 
ɞɨɛɚɜɥɟɧɢɟ ɰɜɟɬɚ, ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɛɟɡ ɩɨɬɟɪɢ ɤɚɱɟɫɬɜɚ. 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɵɟ ɢɫɤɚɠɟɧɢɹ ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜɫɬɪɟɱɚɸɬɫɹ ɩɪɢ 
ɧɚɥɨɠɟɧɢɢ ɲɭɦɚ, ɪɚɡɦɵɬɢɢ ɫɧɢɦɤɚ, ɡɚɬɢɪɚɧɢɢ ɮɪɚɝɦɟɧɬɨɜ, ɭɦɟɧɶɲɟɧɢɢ 
ɤɚɱɟɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɹ (ɫɠɚɬɢɟ). Ɋɚɫɫɦɨɬɪɢɦ ɷɬɢ ɫɢɬɭɚɰɢɢ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ.  

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɧɚɥɨɠɟɧɧɵɦ ɧɚ ɧɟɝɨ ɲɭɦɨɦ ɞɨɫɬɢɝɚɟɬɫɹ 
ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɫɨɫɟɞɧɢɯ ɩɢɤɫɟɥɟɣ ДβЖ. Ⱦɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɩɪɨɝɪɚɦɦɚ ДγЖ ɧɚ ɨɫɧɨɜɟ ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɋɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 
(CNN – convolutional neural network) – ɷɬɨ ɫɩɟɰɢɚɥɶɧɵɣ ɜɢɞ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɫ ɫɟɬɨɱɧɨɣ ɬɨɩɨɥɨɝɢɟɣ. ɋɜɟɪɬɤɚ – ɨɫɨɛɵɣ ɜɢɞ ɥɢɧɟɣɧɨɣ 
ɨɩɟɪɚɰɢɢ. ɋɜɟɪɬɨɱɧɵɟ ɫɟɬɢ – ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɜ ɤɨɬɨɪɵɯ ɜɦɟɫɬɨ ɨɛɳɟɣ ɨɩɟɪɚɰɢɢ 
ɭɦɧɨɠɟɧɢɹ ɧɚ ɦɚɬɪɢɰɭ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɜ ɨɞɧɨɦ ɫɥɨɟ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɜɟɪɬɤɚ. Ⱦɥɹ 
ɢɥɥɸɫɬɪɚɰɢɢ ɪɚɛɨɬɵ CNN ɛɵɥɨ ɜɵɛɪɚɧɨ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɡɦɟɪɚ 1080ɯ540 ɩɢɤɫɟɥɟɣ 
ɮɨɪɦɚɬɚ png. ɇɚ ɪɢɫ. 1-γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ДγЖ ɩɪɢ 
ɧɚɥɨɠɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɲɭɦɨɜ. 
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ɚ)        ɛ)          ɜ) 

Ɋɢɫɭɧɨɤ 1 – ɚ) ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ; ɛ) ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɧɚɥɨɠɟɧɧɵɦ ɲɭɦɨɦ 
Ƚɚɭɫɫɚ; ɜ) ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 

 

   
             ɚ)         ɛ)             ɜ) 

Ɋɢɫɭɧɨɤ β – ɚ) ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ; ɛ) ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɧɚɥɨɠɟɧɧɵɦ ɲɭɦɨɦ Ƚɚɭɫɫɚ 
ɫ ɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ ɢ ɩɟɪɟɦɟɧɧɨɣ ɞɢɫɩɟɪɫɢɟɣ; ɜ) ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 

 

   
 ɚ)     ɛ)           ɜ) 

Ɋɢɫɭɧɨɤ 3 – ɚ) ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ; ɛ) ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɧɚɥɨɠɟɧɧɵɦ ɲɭɦɨɦ  
«ɫɨɥɶ ɢ ɩɟɪɟɰ»; ɜ) ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
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ɂɡ ɪɢɫ. 1 ɢ β ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɧɟɛɨɥɶɲɨɦ ɢɫɤɚɠɟɧɢɢ ɢɫɤɭɫɫɬɜɟɧɧɚɹ 
ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ ɩɨɬɟɪɢ ɤɚɱɟɫɬɜɚ, 
ɨɞɧɚɤɨ ɟɫɥɢ ɢɫɤɚɠɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨɟ (ɤɚɤ ɧɚ ɪɢɫ. γ), ɩɨɫɥɟ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɨɫɬɚɸɬɫɹ ɚɪɬɟɮɚɤɬɵ. ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ ɯɨɪɨɲɨ 
ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɡɚɞɚɱɟɣ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɲɭɦɚ. 

DCNN (deep convolutional neural networks – ɝɥɭɛɨɤɢɟ ɫɜɟɪɬɨɱɧɵɟ ɧɟɣɪɨɧɧɵɟ 
ɫɟɬɢ) ɤɚɪɞɢɧɚɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɞɪɭɝɢɯ ɫɟɬɟɣ. Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɢɧɨɝɞɚ ɞɥɹ ɚɭɞɢɨ ɢ ɞɪɭɝɢɯ ɜɢɞɨɜ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. 
Ɍɢɩɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɢɦɟɧɟɧɢɹ DCNN ɹɜɥɹɟɬɫɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ: 
ɟɫɥɢ ɧɚ ɜɯɨɞ ɩɨɞɚɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ ɤɨɲɤɢ, ɫɟɬɶ ɜɵɞɚɫɬ «ɤɨɲɤɚ», ɟɫɥɢ ɤɚɪɬɢɧɤɚ 
ɫɨɛɚɤɢ – «ɫɨɛɚɤɚ» Д4Ж. Ɍɚɤɢɟ ɫɟɬɢ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ «ɫɤɚɧɟɪ», ɧɟ 
ɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɜɫɟ ɞɚɧɧɵɟ ɡɚ ɨɞɢɧ ɪɚɡ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɢɦɟɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ 
β00ɯβ00 ɩɢɤɫɟɥɟɣ ɢ ɜɯɨɞɧɨɣ ɫɥɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫɨɫɬɨɢɬ 40000 ɧɟɣɪɨɧɨɜ, ɬɨ ɢɡ 
ɥɟɜɨɝɨ ɜɟɪɯɧɟɝɨ ɭɝɥɚ ɛɭɞɟɬ ɫɱɢɬɵɜɚɬɶɫɹ ɤɜɚɞɪɚɬ ɪɚɡɦɟɪɨɦ β0ɯβ0 ɩɢɤɫɟɥɟɣ, ɚ ɡɚɬɟɦ 
ɜɵɩɨɥɧɢɬɫɹ ɫɞɜɢɝ ɧɚ 1 ɩɢɤɫɟɥɶ ɜɩɪɚɜɨ ɢ ɞɚɧɧɵɟ ɫɧɨɜɚ ɫɱɢɬɚɸɬɫɹ, ɢ ɬ.ɞ. ɉɨɬɨɦ 
ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɫɜёɪɬɨɱɧɵɟ ɫɥɨɢ, ɝɞɟ ɤɚɠɞɵɣ ɭɡɟɥ ɫɨɟɞɢɧɟɧ ɬɨɥɶɤɨ 
ɫɨ ɫɜɨɢɦɢ ɛɥɢɠɚɣɲɢɦɢ ɫɨɫɟɞɹɦɢ. ɗɬɢ ɫɥɨɢ ɢɦɟɸɬ ɫɜɨɣɫɬɜɨ ɫɠɢɦɚɬɶɫɹ, ɩɪɢɱёɦ 
ɨɛɵɱɧɨ ɨɧɢ ɭɦɟɧɶɲɚɸɬɫɹ ɧɚ ɤɚɤɨɣ-ɧɢɛɭɞɶ ɢɡ ɞɟɥɢɬɟɥɟɣ ɤɨɥɢɱɟɫɬɜɚ ɜɯɨɞɧɵɯ 
ɞɚɧɧɵɯ (ɧɚɩɪɢɦɟɪ, β0 ɭɡɥɨɜ ɜ ɫɥɟɞɭɸɳɟɦ ɫɥɨɟ ɩɪɟɜɪɚɬɹɬɫɹ ɜ 10, ɜ ɫɥɟɞɭɸɳɟɦ – ɜ 
5), ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɟɩɟɧɢ ɞɜɨɣɤɢ. Ʉɪɨɦɟ ɫɜɟɪɬɨɱɧɵɯ ɫɥɨɟɜ ɟɫɬɶ ɬɚɤɠɟ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɟ ɫɥɨɢ ɨɛɴɟɞɢɧɟɧɢɹ (pooling layers). Ɉɛɴɟɞɢɧɟɧɢɟ – ɷɬɨ ɫɩɨɫɨɛ 
ɭɦɟɧɶɲɢɬɶ ɪɚɡɦɟɪɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɞɚɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɢɡ ɤɜɚɞɪɚɬɚ βɯβ 
ɜɵɛɢɪɚɟɬɫɹ ɢ ɩɟɪɟɞɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɤɪɚɫɧɵɣ ɩɢɤɫɟɥɶ. ɇɚ ɩɪɚɤɬɢɤɟ ɤ ɤɨɧɰɭ Cσσ 
ɩɪɢɤɪɟɩɥɹɸɬ ɫɟɬɶ ɩɪɹɦɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. 
Ɍɚɤɢɟ ɫɟɬɢ ɧɚɡɵɜɚɸɬɫɹ ɝɥɭɛɨɤɢɦɢ (DCNN). Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ DCNN ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫ. 4 ɚ). 

DCIGN (deep convolutional inverse graphics networks – ɝɥɭɛɨɤɢɟ 
ɫɜɟɪɬɨɱɧɵɟ ɨɛɪɚɬɧɵɟ ɝɥɭɛɢɧɧɵɟ ɫɟɬɢ) – ɷɬɨ ɜɚɪɢɚɰɢɨɧɧɵɟ ɚɜɬɨɷɧɤɨɞɟɪɵ ɫɨ 
ɫɜɟɪɬɨɱɧɵɦɢ ɢ ɪɚɡɜɟɪɬɵɜɚɸɳɢɦɢ ɫɟɬɹɦɢ ɜ ɤɚɱɟɫɬɜɟ ɤɨɞɢɪɭɸɳɟɣ ɢ 
ɞɟɤɨɞɢɪɭɸɳɟɣ ɱɚɫɬɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫɭɧɨɤ 4 ɛ) Д5Ж. Ɍɚɤɢɟ ɫɟɬɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɱɟɪɬɵ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɜɢɞɟ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɦɨɝɭɬ ɧɚɭɱɢɬɶɫɹ 
ɫɬɪɨɢɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɤɨɲɤɢ ɢ ɫɨɛɚɤɢ ɜɦɟɫɬɟ, ɜɡɝɥɹɧɭɜ ɥɢɲɶ ɧɚ ɤɚɪɬɢɧɤɢ 
ɬɨɥɶɤɨ ɫ ɤɨɲɤɚɦɢ ɢ ɬɨɥɶɤɨ ɫ ɫɨɛɚɤɚɦɢ. Ɋɚɡɪɚɛɨɬɱɢɤɢ ɬɚɤɠɟ 
ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ, ɱɬɨ DCIGN ɦɨɠɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɫɥɨɠɧɵɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɢɡɦɟɧɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ ɢɥɢ 
ɩɨɜɨɪɨɬ 3D ɨɛɴɟɤɬɨɜ. Ɍɚɤɢɟ ɫɟɬɢ ɨɛɵɱɧɨ ɨɛɭɱɚɸɬ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɨɲɢɛɤɢ. 
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             ɚ)        ɛ) 

 

Ɋɢɫɭɧɨɤ 4 – ɚ) ɚɪɯɢɬɟɤɬɭɪɚ DCσσ; ɛ) ɚɪɯɢɬɟɤɬɭɪɚ DCIGσ 
 

ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ ɬɚɤɠɟ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɛɥɨɤɨɜ 
ɭɬɪɚɱɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ Д6Ж. ɇɚ ɪɢɫ. 5 ɢ 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ, ɱɚɫɬɢ 
ɤɨɬɨɪɵɯ ɛɵɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Д7Ж ɧɚ ɨɫɧɨɜɟ 
ɝɟɧɟɪɚɬɢɜɧɨɣ ɫɨɫɬɹɡɚɬɟɥɶɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ (GAN).  

  
                 ɚ)           ɛ) 

Ɋɢɫɭɧɨɤ 5 – ɚ) ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ; ɛ) ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
 

  

               ɚ)     ɛ) 
Ɋɢɫɭɧɨɤ 6 – ɚ) ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ; ɛ) ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ  
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Ƚɟɧɟɪɚɬɢɜɧɵɟ ɧɟɣɪɨɫɟɬɟɜɵɟ ɦɨɞɟɥɢ ɫɨɡɞɚɸɬ ɧɟɤɢɟ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
ɧɚ ɨɫɧɨɜɟ ɜɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. Ɍɚɤɢɟ ɫɟɬɢ ɫɨɫɬɨɹɬ ɢɡ ɞɜɭɯ ɂɇɋ (ɱɚɳɟ ɜɫɟɝɨ 
ɫɟɬɢ ɩɪɹɦɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ – FFNN ɢ CNN), ɝɞɟ ɨɞɧɚ ɱɚɫɬɶ ɜɵɫɬɭɩɚɟɬ 
ɝɟɧɟɪɚɬɨɪɨɦ ɢ ɫɨɡɞɚɟɬ ɧɨɜɵɟ ɨɛɪɚɡɵ, ɚ ɞɪɭɝɚɹ – ɞɢɫɤɪɢɦɢɧɚɬɨɪɨɦ, 
ɨɬɥɢɱɚɸɳɢɦ ɩɨɞɥɢɧɧɵɟ ɨɛɪɚɡɵ ɨɬ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ. Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɞɢɫɤɪɢɦɢɧɚɬɨɪɨɦ ɢɫɬɨɱɧɢɤɚ ɞɚɧɧɵɯ ɫɥɭɠɢɬ ɭɫɥɨɜɢɟɦ ɞɥɹ ɨɰɟɧɤɢ ɨɲɢɛɨɤ 
ɝɟɧɟɪɚɬɨɪɚ. Ɍɨ ɟɫɬɶ ɩɪɨɢɫɯɨɞɢɬ ɫɜɨɟɝɨ ɪɨɞɚ ɫɨɫɬɹɡɚɧɢɟ ɞɜɭɯ ɫɟɬɟɣ: 
ɞɢɫɤɪɢɦɢɧɚɬɨɪ ɭɱɢɬɫɹ ɥɭɱɲɟ ɨɬɥɢɱɚɬɶ ɪɟɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨɬ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ, ɚ 
ɝɟɧɟɪɚɬɨɪ ɫɬɪɟɦɢɬɫɹ ɫɬɚɬɶ ɦɟɧɟɟ ɩɪɟɞɫɤɚɡɭɟɦɵɦ ɞɥɹ ɞɢɫɤɪɢɦɢɧɚɬɨɪɚ. 

Ɂɚɞɚɱɚ ɨɛɭɱɟɧɢɹ GAN ɧɟɬɪɢɜɢɚɥɶɧɚ – ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɬɨɥɶɤɨ ɨɛɭɱɢɬɶ ɞɜɟ 
ɫɟɬɢ, ɧɨ ɢ ɧɚɣɬɢ ɧɭɠɧɵɣ ɛɚɥɚɧɫ ɦɟɠɞɭ ɧɢɦɢ. ȿɫɥɢ ɨɞɧɚ ɢɡ ɱɚɫɬɟɣ (ɝɟɧɟɪɚɬɨɪ 
ɢɥɢ ɞɢɫɤɪɢɦɢɧɚɬɨɪ) ɫɬɚɧɟɬ ɛɨɥɟɟ ɨɛɭɱɟɧɧɨɣ, ɬɨ GAN ɧɢɤɨɝɞɚ ɧɟ ɫɨɣɞɟɬɫɹ Д8Ж. 

Ⱥɥɝɨɪɢɬɦɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɹɯ, ɦɟɧɹɸɬ 
ɢɡɨɛɪɚɠɟɧɢɟ ɰɟɥɢɤɨɦ, ɩɨɷɬɨɦɭ ɯɨɪɨɲɨ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɞɟɮɟɤɬɚɦɢ ɛɨɥɶɲɨɝɨ 
ɪɚɡɦɟɪɚ. ɋɯɟɦɚ ɝɟɧɟɪɚɬɢɜɧɨ-ɫɨɫɬɹɡɚɬɟɥɶɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫ. 7 ɚ). 

GAN ɧɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɭɬɪɚɱɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɚ «ɞɨɫɬɪɚɢɜɚɟɬ» 
ɧɟɞɨɫɬɚɸɳɢɟ ɷɥɟɦɟɧɬɵ ɢɫɯɨɞɹ ɢɡ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɟɣ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɧɟ ɫɦɨɠɟɬ ɜɨɫɫɬɚɧɨɜɢɬɶ 
ɭɬɪɚɱɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɚ ɫɞɟɥɚɟɬ ɬɨɥɶɤɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɦɨɠɟɬ 
ɧɚɯɨɞɢɬɶɫɹ ɧɚ ɭɬɪɚɱɟɧɧɵɯ ɛɥɨɤɚɯ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ 
ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɦɨɠɟɬ «ɞɨɪɢɫɨɜɚɬɶ» ɤɚɪɬɢɧɤɭ ɧɚɫɬɨɥɶɤɨ ɩɪɚɜɞɨɩɨɞɨɛɧɨ, ɱɬɨ 
ɷɬɨ ɧɟ ɛɭɞɟɬ ɡɚɦɟɬɧɨ ɱɟɥɨɜɟɱɟɫɤɨɦɭ ɝɥɚɡɭ. Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɮɨɬɨɪɟɚɥɢɫɬɢɱɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɭɬɪɚɱɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, 
ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɬ.ɞ. 

DBN (deep belief networks – ɝɥɭɛɨɤɢɟ ɫɟɬɢ ɞɨɜɟɪɢɹ) – ɫɟɬɢ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɤɨɦɩɨɡɢɰɢɸ ɧɟɫɤɨɥɶɤɢɯ ɨɝɪɚɧɢɱɟɧɧɵɯ ɦɚɲɢɧ 
Ȼɨɥɶɰɦɚɧɚ (RBM) ɢɥɢ ɜɚɪɢɚɰɢɨɧɧɵɯ ɚɜɬɨɷɧɤɨɞɟɪɨɜ (VAE) (ɪɢɫ. 7 ɛ).  

Ɍɚɤɢɟ ɫɟɬɢ ɩɨɤɚɡɚɥɢ ɫɟɛɹ ɷɮɮɟɤɬɢɜɧɨ ɨɛɭɱɚɟɦɵɦɢ ɨɞɧɚ ɡɚ ɞɪɭɝɨɣ, ɤɨɝɞɚ 
ɤɚɠɞɚɹ ɫɟɬɶ ɞɨɥɠɧɚ ɧɚɭɱɢɬɶɫɹ ɤɨɞɢɪɨɜɚɬɶ ɩɪɟɞɵɞɭɳɭɸ. ɗɬɨɬ ɦɟɬɨɞ ɬɚɤɠɟ 
ɧɚɡɵɜɚɸɬ «ɠɚɞɧɵɦ ɨɛɭɱɟɧɢɟɦ». Ɇɟɬɨɞ ɠɚɞɧɨɝɨ ɩɨɫɥɨɣɧɨɝɨ ɨɛɭɱɟɧɢɹ ɫɨɫɬɨɢɬ 
ɜ ɩɪɢɧɹɬɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɪɟɲɟɧɢɹ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ 
ɩɨɞɯɨɞɹɳɢɣ, ɧɨ, ɜɨɡɦɨɠɧɨ, ɧɟ ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ Д9Ж. DBN ɦɨɝɭɬ 
ɨɛɭɱɚɬɶɫɹ ɦɟɬɨɞɚɦɢ contrastive divergence ɢɥɢ ɨɛɪɚɬɧɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ 
ɨɲɢɛɤɢ ɢ ɭɱɚɬɫɹ ɩɪɟɞɫɬɚɜɥɹɬɶ ɞɚɧɧɵɟ ɜ ɜɢɞɟ ɜɟɪɨɹɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ, ɜ ɬɨɱɧɨɫɬɢ 
ɤɚɤ RBM ɢɥɢ VAE. Ɉɞɧɚɠɞɵ ɨɛɭɱɟɧɧɭɸ ɢ ɩɪɢɜɟɞɟɧɧɭɸ ɤ ɫɬɚɰɢɨɧɚɪɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ ɦɨɞɟɥɶ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɧɨɜɵɯ ɞɚɧɧɵɯ. 
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                   ɚ)                                         ɛ) 

 
Ɋɢɫɭɧɨɤ 7 – ɚ) ɚɪɯɢɬɟɤɬɭɪɚ GAσ; ɛ) ɚɪɯɢɬɟɤɬɭɪɚ DBN 

 

ȿɳɟ ɨɞɧɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ 
ɭɫɬɪɚɧɟɧɢɟ ɪɚɡɦɵɬɢɹ ɫ ɢɡɨɛɪɚɠɟɧɢɣ. ɇɚ ɪɢɫ. 8 ɢ 9 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ, 
ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɟ ɪɚɛɨɬɭ ɩɪɨɝɪɚɦɦɵ Д10Ж ɧɚ ɨɫɧɨɜɟ ɦɚɫɲɬɚɛɢɪɭɟɦɨɣ ɦɨɞɟɥɢ 
ɪɟɤɭɪɪɟɧɬɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ (RNN) ɫ ɧɚɩɪɚɜɥɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɦɟɠɞɭ 
ɷɥɟɦɟɧɬɚɦɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ ɫɨɯɪɚɧɟɧɢɹ ɜ ɩɚɦɹɬɢ ɩɪɟɞɵɞɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ. 

  
  ɚ)     ɛ) 

Ɋɢɫɭɧɨɤ 8 – ɚ) ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ; ɛ) ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 

 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɫ ɟɝɨ ɩɨɦɨɳɶɸ ɦɨɠɧɨ 
ɜɨɫɫɬɚɧɨɜɢɬɶ ɭɬɪɚɱɟɧɧɵɟ ɞɟɬɚɥɢ. Ɍɚɤ, ɧɚ ɪɢɫ. 9 ɜɢɞɧɨ, ɱɬɨ ɭɞɚɥɨɫɶ 
ɜɨɫɫɬɚɧɨɜɢɬɶ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɧɨɦɟɪ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ 
ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɛɭɞɭɬ ɞɚɜɚɬɶ ɪɚɡɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɨɞɢɧɚɤɨɜɵɯ 
ɡɚɞɚɱɚɯ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

  
ɚ)        ɛ) 

Ɋɢɫɭɧɨɤ 9 – ɚ) ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ; ɛ) ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
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ɂɡ ɜɫɟɝɨ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɞɥɹ ɡɚɞɚɱ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɢɫɤɚɠɟɧɧɨɝɨ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 
ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɩɨɞɯɨɞɹɬ ɫɥɟɞɭɸɳɢɟ ɚɪɯɢɬɟɤɬɭɪɵ ɂɇɋ: 

- ɫɬɪɭɤɬɭɪɵ GAN (generative adversarial network); 

- ɪɚɡɧɨɜɢɞɧɨɫɬɢ CN (convolutional network); 

- ɪɚɡɧɨɜɢɞɧɨɫɬɢ DN (deep network). 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɥɭɱɲɟɝɨ ɪɟɡɭɥɶɬɚɬɚ, ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɞɚɧɧɵɯ ɜ ɧɟɣɪɨɧɧɭɸ 
ɫɟɬɶ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɮɢɥɶɬɪɨɜɚɬɶ ɲɭɦɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɬɚɤɢɯ ɤɚɤ, ɛɢɤɭɛɢɱɟɫɤɚɹ 
ɢɧɬɟɪɩɨɥɹɰɢɹ, ɮɢɥɶɬɪ Ʌɚɧɰɨɲɚ ɢ ɞɪɭɝɢɯ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɜɵɛɨɪɟ ɚɪɯɢɬɟɤɬɭɪɵ ɂɇɋ, ɩɨɦɢɦɨ ɚɧɚɥɢɡɚ 
ɚɪɬɟɮɚɤɬɨɜ, ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɤɚɤɭɸ ɢɧɮɨɪɦɚɰɢɸ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɨɬɚɬɶ: 
ɩɟɣɡɚɠ, ɩɨɪɬɪɟɬ, ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ, ɬɟɤɫɬ, ɦɟɞɢɰɢɧɫɤɢɟ 
ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, ɤɚɤɚɹ ɰɜɟɬɨɜɚɹ ɝɚɦɦɚ ɭ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɬ.ɞ. 

Ɍɟɤɫɬɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ ɧɚ ɢɫɤɚɠɟɧɧɨɦ ɝɪɚɮɢɱɟɫɤɨɦ ɢɡɨɛɪɚɠɟɧɢɢ 
ɡɚɱɚɫɬɭɸ ɞɨɜɨɥɶɧɨ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɩɪɨɱɟɫɬɶ (ɪɢɫ. 10 ɚ). 

   
          ɚ)                                                    ɛ) 

Ɋɢɫɭɧɨɤ 10 – ɚ) ɢɫɤɚɠɟɧɧɨɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ; 
ɛ) ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɂɇɋ 

 

Ɇɟɬɨɞɢɤɚ ɨɛɪɚɛɨɬɤɢ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɬɟɤɫɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 
1. ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɫɤɚɠɟɧɧɨɝɨ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 

ɮɢɥɶɬɪɚɰɢɹ ɢ ɨɛɪɚɛɨɬɤɚ); 
β. ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɬɟɤɫɬɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ (ɥɨɤɚɥɢɡɚɰɢɹ ɬɟɤɫɬɨɜɨɣ ɨɛɥɚɫɬɢ); 
γ. ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɬɟɤɫɬɚ (ɪɚɛɨɬɚ ɫ ɨɛɥɚɫɬɶɸ ɥɨɤɚɥɢɡɚɰɢɢ); 
4. ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ. 
ɇɚ ɪɢɫ. 10 ɛ) ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɫɥɟ 

ɨɛɪɚɛɨɬɤɢ ɫɜɟɪɬɨɱɧɧɨɣ ɝɟɧɟɪɚɬɢɜɧɨ-ɫɨɫɬɹɡɚɬɟɥɶɧɚɹ ɫɟɬɶ (convolutional 

generative adversarial network, CGAN), ɨɛɭɱɟɧɧɨɣ ɧɚ ɫɥɭɱɚɣɧɵɯ ɜɵɛɨɪɤɚɯ Д11Ж. 
ɇɚ ɪɢɫɭɧɤɟ ɜɢɞɧɨ, ɱɬɨ ɫ ɩɨɦɨɳɶɸ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɭɞɚɥɨɫɶ ɜɨɫɫɬɚɧɨɜɢɬɶ 
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ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. ȼ ɧɟɤɨɬɨɪɵɯ ɦɟɫɬɚɯ ɪɚɡɦɵɬɢɟ ɫɨɯɪɚɧɢɥɨɫɶ, ɨɞɧɚɤɨ 
ɨɛɥɚɫɬɢ ɫ ɬɟɤɫɬɨɦ ɱɟɬɤɢɟ ɢ ɱɢɬɚɟɦɵɟ. Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɞɚɥɶɧɟɣɲɭɸ ɨɛɪɚɛɨɬɤɭ ɫ ɰɟɥɶɸ ɥɨɤɚɥɢɡɚɰɢɢ ɬɟɤɫɬɨɜɵɯ 
ɨɛɥɚɫɬɟɣ ɢ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 

ɍɱɢɬɵɜɚɹ ɜɫɟ ɜɵɲɟɫɤɚɡɚɧɧɨɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ 
ɧɚɥɢɱɢɢ ɪɚɡɧɨɪɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦ ɝɪɚɮɢɱɟɫɤɨɦ 
ɢɡɨɛɪɚɠɟɧɢɢ, ɧɚɩɪɢɦɟɪ, ɬɟɤɫɬɚ ɢ ɤɚɪɬɢɧɤɢ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɪɚɡɧɵɟ 
ɩɨɞɯɨɞɵ, ɬɚɤɢɟ, ɤɚɤ ɫɨɜɦɟɳɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ: ɨɬɞɟɥɶɧɨ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɬɟɤɫɬɚ, ɨɬɞɟɥɶɧɨ – ɞɥɹ ɤɚɪɬɢɧɨɤ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 
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ANALYSIS OF METHODS FOR DETERMINING THE LOCATION OF 

CABLE INSULATION DAMAGE 

 

Abstract. The article analyzes the existing methods for determining the location of cable insulation 

damage. From the above analysis of means for finding places of damage to cable insulation it follows that 

existing tools do not allow to accurately determine places of damage to cable insulation and it is 

concluded what methods are most promising for determining places of damage to cable insulation. 

 

Keywords: cable, insulation, damage, single-wire circuit, electromagnetic field. 

 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɦɟɬɨɞɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ 
ɩɨɜɪɟɠɞɟɧɢɹ ɤɚɛɟɥɹ, ɤɚɠɞɵɣ ɢɡ ɷɬɢɯ ɦɟɬɨɞɨɜ ɢɦɟɟɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ 
ɧɟɞɨɫɬɚɬɤɢ. ȼ ɧɚɭɱɧɵɯ ɪɚɛɨɬɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ, ɢ 
ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ ɢ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɩɨɢɫɤɚ ɦɟɫɬ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɢɪɭɸɳɢɯ 
ɩɨɤɪɵɬɢɣ ɜɫɟɯ ɜɢɞɨɜ ɤɚɛɟɥɟɣ. ɂɡɭɱɟɧɢɸ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɩɨɢɫɤɚ ɦɟɫɬ 
ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ ɦɧɨɝɢɯ ɚɜɬɨɪɨɜ ɧɚɩɪɢɦɟɪ: 
ɒɚɥɵɬɚ Ƚ.Ɇ., Ȼɚɯɦɭɬɫɤɨɝɨ ȼ.Ɏ. ɢ Ɂɭɟɧɤɨ Ƚ.ɂ., Ɇɚɧɧɚ Ⱥ.Ʉ., ɉɨɥɨɜɧɢɤɨɜɚ ȼ.Ⱥ., 
ɉɚɪɢɤɨɠɤɚ ɂ.Ⱥ. ɢ ɒɜɚɪɰɦɚɧɚ ȼ.Ɉ., Ⱦɟɦɟɧɬɶɟɜɚ ȼ.ɋ., Ⱥɣɡɟɧɮɟɥɶɞɚ Ⱥ.ɂ. ɢ ɞɪ. 

ɇɟ ɫɦɨɬɪɹ ɧɚ ɤɚɠɭɳɟɟɫɹ ɦɧɨɝɨɨɛɪɚɡɢɟ ɦɟɬɨɞɨɜ, ɜɫɟ ɨɧɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ 
ɧɚ ɞɢɫɬɚɧɰɢɨɧɧɵɟ ɢ ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɟ, ɤɨɬɨɪɵɟ ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ ɤɚɤ 
ɜɡɚɢɦɧɨ ɢɫɤɥɸɱɚɸɳɢɟ, ɚ ɤɚɤ ɜɡɚɢɦɧɨ ɞɨɩɨɥɧɹɸɳɢɟ ɞɪɭɝ ɞɪɭɝɚ. ɋɨɜɦɟɫɬɧɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɢ ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɨɜ ɩɨɡɜɨɥɹɟɬ 
ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨ ɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɨɬɟɪɹɦɢ ɧɚɯɨɞɢɬɶ ɦɟɫɬɚ ɩɨɜɪɟɠɞɟɧɢɹ 
ɤɚɛɟɥɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɞɜɭɯɫɬɚɞɢɣɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬ 
ɩɨɜɪɟɠɞɟɧɢɹ ɤɚɛɟɥɹ. ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɣɨɧ ɩɨɜɪɟɠɞɟɧɢɹ, ɚ ɧɚ 
ɜɬɨɪɨɣ - ɦɟɫɬɨ ɩɨɜɪɟɠɞɟɧɢɹ ɤɚɛɟɥɹ. Ⱦɢɫɬɚɧɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɩɨɡɜɨɥɹɸɬ 
ɨɩɪɟɞɟɥɹɬɶ ɪɚɣɨɧ ɩɨɜɪɟɠɞɟɧɢɣ ɫ ɬɨɱɧɨɫɬɶɸ 1 – β ɩɪɨɰɟɧɬɚ ɞɥɢɧɵ 
ɩɨɜɪɟɠɞɟɧɧɨɣ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ. Ɍɨɩɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɦɟɫɬɧɨɫɬɢ ɫ 
ɬɨɱɧɨɫɬɶɸ ɧɟ ɯɭɠɟ 1 – β ɦ. ɇɚ ɤɨɪɨɬɤɢɯ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɹɯ, ɜ ɩɪɟɞɟɥɚɯ 
ɧɟɫɤɨɥɶɤɢɯ ɤɢɥɨɦɟɬɪɨɜ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɧɨɫɬɚɞɢɣɧɵɣ ɩɨɢɫɤ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɬɨɥɶɤɨ ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ.  

ɉɨ ɩɪɢɧɰɢɩɭ ɞɟɣɫɬɜɢɹ ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ 
ɝɪɭɩɩɵ: 
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1) ɝɚɥɶɜɚɧɢɱɟɫɤɢɣ – ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɧɞɢɤɚɰɢɢ ɩɨɥɹ ɬɨɤɚ, ɫɬɟɤɚɸɳɟɝɨ ɜ 
ɡɟɦɥɸ ɱɟɪɟɡ ɞɟɮɟɤɬ ɜ ɢɡɨɥɢɪɭɸɳɟɦ ɩɨɤɪɵɬɢɢ ɤɚɛɟɥɹ; 

β) ɢɧɞɭɤɰɢɨɧɧɵɣ – ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɡɦɟɪɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɬɨɤɨɦ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɤɚɛɟɥɸ ɫ 
ɩɨɜɪɟɠɞɟɧɧɵɦ ɢɡɨɥɢɪɭɸɳɢɦ ɩɨɤɪɵɬɢɟɦ; 

γ) ɚɤɭɫɬɢɱɟɫɤɢɣ – ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɧɞɢɤɚɰɢɢ ɚɤɭɫɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɹɞɚ ɦɟɠɞɭ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɤɚɛɟɥɹ ɜ ɦɟɫɬɟ 
ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ, ɢɥɢ ɢɡɦɟɪɟɧɢɢ ɭɪɨɜɧɹ ɲɭɦɚ, ɜɵɡɜɚɧɧɨɝɨ ɭɬɟɱɤɨɣ ɝɚɡɚ 
(ɜɨɡɞɭɯɚ) ɜ ɦɟɫɬɟ ɩɨɜɪɟɠɞɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ ɤɚɛɟɥɹ ɜ ɤɚɛɟɥɹɯ 
ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɩɨɞ ɢɡɛɵɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ, ɢɥɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɣ 
ɠɢɞɤɨɫɬɢ ɞɥɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɢɡɛɵɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ Д1Ж. 

Ƚɚɥɶɜɚɧɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɡɦɟɪɟɧɢɢ ɝɪɚɞɢɟɧɬɚ ɩɨɬɟɧɰɢɚɥɚ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɢɫɩɵɬɚɬɟɥɶɧɵɦ 
ɬɨɤɨɦ, ɧɚɯɨɞɢɬ ɜɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ 
ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɫ ɩɟɪɟɯɨɞɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɨɪɹɞɤɚ ɫɨɬɟɧ ɤɢɥɨɨɦ ɢ 
ɧɢɠɟ. ɉɨɥɨɠɢɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɨɞɧɨ ɢɥɢ 
ɧɟɫɤɨɥɶɤɨ ɩɨɜɪɟɠɞɟɧɢɣ ɢɦɟɸɳɢɯɫɹ ɧɚ ɥɢɧɢɢ. 

ȼ Ɋɨɫɫɢɢ, ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɟɳɟ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɭɫɬɪɨɣɫɬɜɚ: ɂɆɉɂ-β, ɂɆɉɂ-γ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜ Ʉɢɟɜɫɤɨɦ ɮɢɥɢɚɥɟ ɐɇɂɂɋ, ɂɉ-

60, ɂɉɂ-76 - ɜ «ɋɨɸɡ-ɷɧɟɪɝɨɝɚɡɟ», ɍȾɂɉ 1 ɜɨ ȼɇɂɂȽɚɡɟ; Ⱥɇɉɂ - ɜɨ ȼɇɂɂ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. Ɉɧɢ ɨɬɥɢɱɚɸɬɫɹ ɜɵɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ЫОɧɟɪɚɬɨɪɨɜ, ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɩɨɢɫɤɚ ɞɟɮɟɤɬɚ ɩɭɥɶɫɢɪɭɸɳɢɣ ɬɨɤ. ɗɬɢ ɩɪɢɛɨɪɵ 
ɢɡɜɟɫɬɧɵ ɲɢɪɨɤɨɦɭ ɤɪɭɝɭ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɨɧɢ ɢɦɟɸɬ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬ ɩɨɜɪɟɠɞɟɧɢɹ ɢ ɞɨɫɬɚɬɨɱɧɭɸ ɧɚɞɟɠɧɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɦɟɸɬɫɹ 
ɫɨɜɪɟɦɟɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ, ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɨɜɪɟɦɟɧɧɚɹ ɷɥɟɦɟɧɬɧɚɹ ɛɚɡɚ ɫ 
ɱɚɫɬɢɱɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɫɢɝɧɚɥɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɰɢɮɪɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ɋɨɫɫɢɣɫɤɢɣ 
ɪɵɧɨɤ ɧɚɩɨɥɧɟɧ ɩɨɢɫɤɨɜɵɦɢ ɩɪɢɛɨɪɚɦɢ ɜ ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 
ɢɦɟɸɬɫɹ ɩɪɢɛɨɪɵ, ɪɟɚɥɢɡɭɸɳɢɟ ɝɚɥɶɜɚɧɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ 
ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɷɬɨɬ ɦɟɬɨɞ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 
ɞɨɫɬɢɝɚɬɶ 0,5 ɦ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢɦɟɧɟɧɢɟ ɫɜɟɪɯɧɢɡɤɢɯ ɱɚɫɬɨɬ ɢɥɢ ɠɟ 
ɩɭɥɶɫɢɪɭɸɳɟɝɨ, ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɟɞɥɚɝɚɟɦɵɟ 
ɩɪɢɛɨɪɵ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. 

ɉɨ ɢɫɤɚɠɟɧɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ 
ɫɨɨɪɭɠɟɧɢɸ ɬɨɤɨɦ, ɦɨɠɧɨ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɦɟɫɬɨ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ. ɗɬɨɬ 
ɦɟɬɨɞ ɨɛɥɚɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɟɪɟɞ ɩɪɟɞɵɞɭɳɢɦ, ɩɨɫɤɨɥɶɤɭ ɧɟɬ 



168 
 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɫɨɡɞɚɧɢɢ ɤɨɧɬɚɤɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ. ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɩɨ 
ɤɚɛɟɥɸ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜ ɦɟɫɬɟ ɞɟɮɟɤɬɚ ɩɪɨɢɫɯɨɞɢɬ 
ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɩɪɢɪɚɳɟɧɢɟ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɬɨɤɚ ɜ ɤɚɛɟɥɟ, ɤɨɬɨɪɨɟ ɜɵɡɵɜɚɟɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɪɢɪɚɳɟɧɢɟ ɤɨɦɩɨɧɟɧɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

ȼ ɰɟɥɨɦ ɦɟɬɨɞ ɡɚɫɥɭɠɢɜɚɟɬ ɜɧɢɦɚɧɢɹ, ɨɞɧɚɤɨ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɭɫɬɪɨɣɫɬɜɚ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɞɚɧɧɵɣ ɦɟɬɨɞ, ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɩɨɢɫɤɚ 
ɩɨɜɪɟɠɞɟɧɢɣ ɠɢɥɚ-ɠɢɥɚ ɢɥɢ ɠɢɥɚ-ɨɛɨɥɨɱɤɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 
ɧɭɠɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ⱥɤɭɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɩɨɢɫɤɚ 
ɫɤɜɨɡɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ ɧɚ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɹɯ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɩɨɞ 
ɢɡɛɵɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ. 

ɂɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫɪɟɞɫɬɜ ɩɨɢɫɤɚ ɦɟɫɬ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ 
ɩɨɞɡɟɦɧɵɯ ɤɚɛɟɥɟɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɪɟɞɫɬɜɚ ɧɟ ɩɨɡɜɨɥɹɸɬ ɫ 
ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɬɶ ɦɟɫɬɚ ɩɨɜɪɟɠɞɟɧɢɣ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ ɜ ɭɫɥɨɜɢɹɯ 
ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ɇɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɟɬɨɞɚɦɢ ɹɜɥɹɸɬɫɹ ɝɚɥɶɜɚɧɢɱɟɫɤɢɣ ɢ ɢɧɞɭɤɰɢɨɧɧɵɣ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɢɪɭɸɳɢɯ 
ɩɨɤɪɵɬɢɣ ɤɚɛɟɥɹ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɞɨɫɬɢɠɟɧɢɹɯ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ, 
ɷɥɟɤɬɪɨɞɢɧɚɦɢɤɢ, ɷɥɟɤɬɪɨɯɢɦɢɢ, ɬɟɨɪɢɢ ɞɥɢɧɧɵɯ ɥɢɧɢɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɨɜ ɢ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɨɛɨɥɨɱɤɟ ɢɥɢ ɬɨɤɨɜɟɞɭɳɟɣ ɠɢɥɟ 
ɤɚɛɟɥɹ, ɤɚɤ ɢ ɥɸɛɨɣ ɞɪɭɝɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɫɢɫɬɟɦɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɟ ɩɚɪɚɦɟɬɪɚɦɢ. 
Ʉɚɛɟɥɶ, ɢɦɟɸɳɢɣ ɩɨɥɢɦɟɪɧɵɣ ɲɥɚɧɝɨɜɵɣ ɩɨɤɪɨɜ, ɹɜɥɹɟɬɫɹ ɨɞɧɨɩɪɨɜɨɞɧɨɣ ɰɟɩɶɸ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɬɚ ɰɟɩɶ ɢɦɟɟɬ ɱɟɬɵɪɟ ɩɟɪɜɢɱɧɵɯ ɩɚɪɚɦɟɬɪɚ ɢ ɞɜɚ ɜɨɥɧɨɜɵɯ. ɉɨɞ 
ɫɥɨɜɨɦ ɤɚɛɟɥɶ ɩɨɧɢɦɚɟɬɫɹ ɢɥɢ ɚɥɸɦɢɧɢɟɜɚɹ ɨɛɨɥɨɱɤɚ, ɢɦɟɸɳɚɹ ɩɨɥɢɦɟɪɧɵɣ 
ɲɥɚɧɝɨɜɵɣ ɩɨɤɪɨɜ, ɢɥɢ ɬɨɤɨɜɟɞɭɳɚɹ ɠɢɥɚ ɤɚɛɟɥɹ ɛɟɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɨɜɨɜ.  

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɩɨɥɨɠɟɧɢɹ ɨ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɩɚɧɟɧɬ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɚɛɟɥɟɣ, ɢɡɥɨɠɟɧɵ ɜ ɪɚɛɨɬɚɯ ȿ.Ⱦ. Ɂɭɧɞɟ, Ɇ.ɉ. Ȼɚɞɟɪ, 
ɂ.ɂ. Ƚɨɪɞɧɟɜɚ, Ɇ.ɂ. Ɇɢɯɚɣɥɨɜɚ ɢ Ʌ.Ⱦ. Ɋɚɡɭɦɨɜɚ, ɂ.ȼ. ɋɬɪɢɠɟɜɫɤɨɝɨ,  
Ʉ.Ƚ. Ɇɚɪɤɜɚɪɞɚ, Ƚ.Ƚ. Ɇɚɪɤɜɚɪɞɚ, Ɇ.Ƚ. ɒɚɥɢɦɨɜɚ, ɋ.Ⱥ. ɓɟɥɤɭɧɨɜɚ, ɗ.ȼ. ȼɟɧɫɚ ɢ ɞɪ. 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨ ɤɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɱɟɪɟɡ 
ɜɟɤɬɨɪ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞ ɩɪɢɜɨɞɹɬɫɹ ɜ 
ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ Дβ, 3]. 

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɞɥɢɧɟ ɨɞɧɨɪɨɞɧɨɣ ɥɢɧɢ ɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɜɥɢɹɧɢɟ ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ 
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ɩɚɪɚɦɟɬɪɚɦɢ ɥɢɧɢɢ, ɚ ɬɚɤɠɟ ɜɟɥɢɱɢɧɨɣ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɧɚɝɪɭɡɨɤ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ 
ɥɢɧɢɢ, ɤɨɨɪɞɢɧɚɬɚɦɢ ɷɬɢɯ ɧɚɝɪɭɡɨɤ. ɗɬɨɦɭ ɜɨɩɪɨɫɭ ɩɨɫɜɹɳɟɧɨ ɞɨɫɬɚɬɨɱɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ ɤɚɤ ɨɬɟɱɟɫɬɜɟɧɧɵɯ, ɬɚɤ ɢ ɡɚɪɭɛɟɠɧɵɯ ɚɜɬɨɪɨɜ:  
ȼ.ɂ. Ʉɨɜɚɥɟɧɤɨɜɚ, ȿ.Ⱦ. Ɂɭɧɞɟ, ɉ.Ʉ. Ⱥɤɭɥɶɲɢɧɚ, ȼ.ɇ. Ʉɭɥɟɲɨɜɚ,  
Ɇ.ȼ. ɋɬɪɟɠɟɜɫɤɨɝɨ, ɂ.ɂ. Ƚɪɨɞɧɟɜɚ,  Ɇ.ɂ. Ɇɢɯɚɣɥɨɜɚ ɢ ɞɪ. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ 
ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɩɨɥɭɱɟɧɢɸ ɢ ɚɧɚɥɢɡɭ ɪɟɲɟɧɢɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ ɢɡɦɟɧɟɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ  ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɝɨɫɹ ɩɨ ɞɥɢɧɟ ɥɢɧɢɢ ɫɢɝɧɚɥɚ. 

ɉɨ ɢɡɜɟɫɬɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɝɨɫɹ ɩɨ ɤɚɛɟɥɸ ɫɢɝɧɚɥɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɨɩɪɟɞɟɥɢɬɶ ɤɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
ɤɚɛɟɥɹ ɫ ɩɨɜɪɟɠɞɟɧɧɵɦ ɢɡɨɥɢɪɭɸɳɢɦ ɩɨɤɪɵɬɢɟɦ. ɂɡɭɱɟɧɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ ɤɚɛɟɥɹ ɡɚɧɢɦɚɥɢɫɶ: ȼ.Ɋ. Ȼɭɪɫɢɚɧ, Ⱥ.ȼ. ȼɟɲɟɜ, Ⱥ.ɂ. Ɂɚɛɨɪɨɜɫɤɢɣ, Ƚ.Ⱥ. Ʌɚɜɪɨɜ 
ɢ Ⱥ.ɋ. Ʉɧɹɡɟɜ, Ʌ.Ƚ. ɉɨɡɞɧɹɤɨɜ Д4Ж, ɢ ɞɪ. 

Ʉɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɹɸɬ ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ 
ɢɫɬɨɱɧɢɤɚ. ɂɧɬɟɝɪɢɪɭɹ ɧɟɨɛɯɨɞɢɦɵɟ ɤɨɦɩɨɧɟɧɬɵ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɨ 
ɞɥɢɧɟ, ɨɩɪɟɞɟɥɹɸɬ ɩɨɥɟ ɤɚɛɟɥɹ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɨɥɭɱɚɸɬɫɹ ɫɥɨɠɧɵɟ 
ɨɫɰɢɥɥɢɪɭɸɳɢɟ ɩɨɞɵɧɬɟɝɪɚɥɶɧɵɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɧɟ ɜɵɪɚɠɚɸɬɫɹ ɱɟɪɟɡ 
ɷɥɟɦɟɧɬɚɪɧɵɟ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɣ ɜɜɨɞɹɬ ɢɥɢ ɞɨɩɭɳɟɧɢɹ, ɭɩɪɨɳɚɸɳɢɟ 
ɩɨɞɵɧɬɟɝɪɚɥɶɧɵɟ ɮɭɧɤɰɢɢ, ɢɥɢ ɢɫɩɨɥɶɡɭɸɬ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɤɚɛɟɥɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɡɟɦɥɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɟɤɬɨɪ – ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ, ɨɛɨɫɧɨɜɚɧɧɨ ɜɜɨɞɹ 
ɭɩɪɨɳɟɧɢɹ ɢ ɢɫɩɨɥɶɡɭɹ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 

Ɋɚɫɱɟɬɧɵɟ ɜɵɪɚɠɟɧɢɹ ɩɨɥɭɱɢɦ ɞɥɹ ɨɞɧɨɪɨɞɧɨɣ ɡɟɦɥɢ. ɍɱɟɬ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɝɟɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɟɦɥɢ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ 
ɢɡɜɟɫɬɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɩɟɪɟɯɨɞ ɨɬ ɧɟɨɞɧɨɪɨɞɧɨɣ 
ɝɟɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɡɟɦɥɢ ɤ ɨɞɧɨɪɨɞɧɨɣ ɫ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɭɞɟɥɶɧɵɦ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ρɷ. Ɇɟɬɨɞɵ ɩɪɢɜɟɞɟɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ɡɟɦɥɢ ɤ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɨɞɧɨɪɨɞɧɨɣ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ ɨɫɜɟɳɟɧɵ ɜ ɪɚɛɨɬɚɯ  
Ȼ.ɂ. Ʉɨɫɚɪɟɜɚ, Ɇ.Ƚ. ɒɚɥɢɦɨɜɚ, ɉɨɡɞɧɹɤɨɜɚ ɢ ɞɪ. 

ȼɨɩɪɨɫɵ ɡɚɳɢɬɵ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɨɬ ɤɨɪɪɨɡɢɢ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ 
ɬɨɤɨɜ ɢ ɩɨɬɟɧɰɢɚɥɨɜ ɜ ɫɢɫɬɟɦɟ «ɪɟɥɶɫ-ɡɟɦɥɹ-ɩɨɞɡɟɦɧɨɟ ɫɨɨɪɭɠɟɧɢɟ» ɩɨɫɜɹɳɟɧɵ 
ɪɚɛɨɬɵ ɂ.ȼ. ɋɬɪɢɠɟɜɫɤɨɝɨ Д5Ж, ɂ.ȼ. ɋɬɪɢɠɟɜɫɤɨɝɨ ɢ ȼ.ɂ. Ⱦɦɢɬɪɢɟɜɚ,  
Ⱥ.ȼ. Ʉɨɬɟɥɶɧɢɤɨɜ, ȼ.ȼ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ,  ɇ.ɉ. Ƚɥɚɡɨɜɚ, ɢ ɞɪ. 

ȼɵɜɨɞɵ: 
1. Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɦɟɫɬɚ ɢɡɦɟɪɟɧɢɹ (ɧɚɱɚɥɚ ɤɚɛɟɥɹ) ɞɨ 

ɦɟɫɬɚ ɩɨɜɪɟɠɞɟɧɢɹ ɧɚɡɵɜɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ. Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɦɟɬɨɞɵ 
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ɧɟ ɝɚɪɚɧɬɢɪɭɸɬ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɩɨɜɪɟɠɞɟɧɢɹ, ɧɨ ɭɤɚɡɵɜɚɸɬ 
ɡɨɧɭ, ɜ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ ɩɨɜɪɟɠɞɟɧɢɟ, ɢ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɷɬɨɣ 
ɡɨɧɟ ɚɛɫɨɥɸɬɧɵɟ ɦɟɬɨɞɵ, ɬ.ɟ. ɦɟɬɨɞɵ ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɦɟɫɬɨ ɩɨɜɪɟɠɞɟɧɢɹ. 

2. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ ɜ ɭɫɥɨɜɢɹɯ ɞɟɣɫɬɜɢɹ 
ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 
ɫɪɟɞɫɬɜɚɦɢ ɫɨɩɪɹɠɟɧɨ ɫ ɛɨɥɶɲɢɦɢ ɜɪɟɦɟɧɧɵɦɢ, ɬɪɭɞɨɜɵɦɢ ɢ ɦɚɬɟɪɢɚɥɶɧɵɦɢ 
ɡɚɬɪɚɬɚɦɢ. 
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Аɧɧɨɬаɰиɹ. Ɋɚɡɪɚɛɨɬɚɧ  ɦɟɬɨɞ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ, ɞɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɚɞɚɩɬɢɜɧɨ ɢɡɦɟɧɹɬɶ ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɫɫɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɫɬɪɭɤɬɭɪɵ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ. 
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THE CLASSIFICATION METHOD OF THE PARAMETERS OBJECT 

BASED ON SOFT COMPUTING  
 

Abstract. A method for classifying the parameters of objects using self-organization is 

Developed, which makes it possible to adaptively change the number of classes depending on the 

structure of the input data based on the theory of fuzzy sets.  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ (ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɵɯ 
ɰɟɥɟɣ) ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɢɧɮɨɪɦɚɰɢɹ ɨ ɤɥɚɫɫɟ ɢ 
ɬɢɩɟ ɨɛɴɟɤɬɚ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɩɪɢɨɪɢɬɟɬɧɵɟ ɰɟɥɢ ɢɡ ɦɧɨɠɟɫɬɜɚ ɞɪɭɝɢɯ. ɉɪɢ 
ɷɬɨɦ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɜɵɛɨɪ ɢɧɮɨɪɦɚɬɢɜɧɵɯ ɢ ɭɫɬɨɣɱɢɜɵɯ ɩɪɢɡɧɚɤɨɜ, 
ɚ ɬɚɤɠɟ ɚɥɝɨɪɢɬɦɨɜ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɨɛɴɟɤɬɨɜ ɤ ɬɨɦɭ ɢɥɢ 
ɢɧɨɦɭ ɤɥɚɫɫɭ (ɬɢɩɭ) ɰɟɥɟɣ Д1, βЖ. Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨɪɢɬɦɨɜ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɨɜ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ 
ДγЖ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɫɨɜ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ 
ɩɨɫɬɭɩɚɸɳɢɯ ɞɚɧɧɵɯ. 

ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɯɨɞɧɵɯ ɜɟɤɬɨɪɨɜ x
pX, ɤɚɠɞɵɣ ɢɡ 

ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧ N ɤɨɦɩɨɧɟɧɬɚɦɢ: x
p
 =(x1

p
, x2

p, …, xi
p, …, xN

p). Ⱦɚɧɧɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɛɢɬɶ ɧɚ ɤɥɚɫɫɵ, ɤɨɬɨɪɵɟ ɡɚɪɚɧɟɟ ɧɟ 
ɢɡɜɟɫɬɧɵ ɢ ɞɨɥɠɧɵ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɞɢɧɚɦɢɱɟɫɤɢ ɩɨ ɦɟɪɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜɯɨɞɧɵɯ 
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ɞɚɧɧɵɯ. Ʉɥɚɫɫɵ ɞɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɜɨɢɦɢ ɹɞɪɚɦɢ Д 4Ж, ɤɨɬɨɪɵɟ ɬɚɤɠɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɛɨɪɨɦ ɜɟɤɬɨɪɨɜ ɫ N ɤɨɦɩɨɧɟɧɬɚɦɢ: c

m
 = (c1

m
, c2

m, …, ci
m, …, 

cN
m). Ȼɥɢɡɨɫɬɶ ɜɟɤɬɨɪɚ ɢ ɤɥɚɫɫɚ, ɚ ɬɚɤɠɟ ɛɥɢɡɨɫɬɶ ɞɜɭɯ ɤɥɚɫɫɨɜ ɦɨɝɭɬ ɛɵɬɶ 

ɨɰɟɧɟɧɵ ɧɚ ɨɫɧɨɜɟ ɮɭɧɤɰɢɣ Д4Ж 

d(x
p
, c

m
)= 




N

1i

2m

i

p

i
)cx(  

ɢ 

 d(c
m
, c

k
)= 




N

1i

2k

i

m

i
)cc( , Ф≠Ц ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼɦɟɫɬɨ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɮɭɧɤɰɢɣ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɪɭɝɢɯ, 
ɧɚɩɪɢɦɟɪ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɪɚɛɨɬɚɯ Дγ, 5Ж.  

Ɇɨɞɟɥɶ ɤɥɚɫɫɢɮɢɰɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɛɭɞɟɦ ɡɚɞɚɜɚɬɶ ɜ ɜɢɞɟ ɧɟɱɟɬɤɨɣ 
ɛɚɡɵ ɡɧɚɧɢɣ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɪɚɜɢɥ ȿɋɅɂ-ɌɈ, 
ɫɜɹɡɵɜɚɸɳɢɯ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ. 
Ⱦɟɣɫɬɜɢɟ ɬɚɤɨɣ ɦɨɞɟɥɢ ɨɩɢɫɵɜɚɟɬɫɹ ɮɭɧɤɰɢɨɧɚɥɨɦ 

c
m
 = }, ,X

~
F{ p

M   

ɝɞɟ pX
~

 – ɧɟɱɟɬɤɨɟ ɦɧɨɠɟɫɬɜɨ, ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɜɟɤɬɨɪɵ бp
,  

M – ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɫɫɨɜ ɞɚɧɧɵɯ, ɬ. ɟ. Ц=1, β, …, M. 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɤɥɚɫɫɵ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɧɟ ɢɡɜɟɫɬɧɵ, ɢ ɢɯ ɤɨɥɢɱɟɫɬɜɨ 
ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɹɬɶ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɜɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 
Ʉɨɪɪɟɤɬɢɪɨɜɤɚ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɫɨɜ ɬɪɟɛɭɟɬɫɹ ɩɨɫɥɟ ɩɪɢɯɨɞɚ ɤɚɠɞɨɝɨ ɧɨɜɨɝɨ 
ɜɯɨɞɧɨɝɨ ɜɟɤɬɨɪɚ.  

ɉɪɟɠɞɟ ɜɫɟɝɨ, ɪɚɫɫɦɨɬɪɢɦ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɜɯɨɞɧɵɯ ɜɟɤɬɨɪɨɜ ɧɟ ɭɞɟɥɹɹ 
ɜɧɢɦɚɧɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɟ ɦɧɨɠɟɫɬɜɚ ɤɥɚɫɫɨɜ. Ʉɚɠɞɵɣ ɜɯɨɞɧɨɣ 
ɜɟɤɬɨɪ xp

 ɞɨɥɠɟɧ ɛɵɬɶ ɨɬɧɟɫɟɧ ɤ ɨɞɧɨɦɭ ɢɡ ɢɦɟɸɳɢɯɫɹ ɤɥɚɫɫɨɜ cm, Ц=1, β, …, M.  

Ⱦɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɯɨɞɧɨɝɨ ɜɟɤɬɨɪɚ ɤ ɨɞɧɨɦɭ ɢɡ 
ɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɤɥɚɫɫɨɜ c

m ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɟɱɟɬɤɢɟ ɦɧɨɠɟɫɬɜɚ, 
ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ x1

p
, x2

p, …, xi
p, …, xN

p. ɋɨɝɥɚɫɧɨ ДγЖ ɤɚɠɞɨɦɭ 
ɷɥɟɦɟɧɬɭ ɧɟɱɟɬɤɨɝɨ ɦɧɨɠɟɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 
ɢɡ ɞɢɚɩɚɡɨɧɚ Д0,1Ж. ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ 
ɩɨɥɭɱɢɥɢ ɫɬɭɩɟɧɱɚɬɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɢ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 
ɤɪɢɜɵɦɢ Ƚɚɭɫɫɚ. ɉɨɫɥɟɞɧɢɣ ɬɢɩ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɜɵɪɚɠɟɧɢɹ 

                                         ,
ı

cx
expA)x(μ

i

m

i

p

i

2

i

p

i

m



















 
                                    (1) 

ɝɞɟ Ai[0, 1], i, – ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, 
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ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɷɤɫɩɟɪɬɧɵɦ ɩɭɬɟɦ. ɋɬɟɩɟɧɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɟɤɬɨɪɚ x
p
 

ɤɥɚɫɫɭ c
m
 ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ )(xμ pm

=min[
mμ (x1

p
), 

mμ
(x2

p), …, mμ (xi
p), …, mμ (xN

p
)].  

ɂɬɨɝɨɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜɟɤɬɨɪɨɜ xp
 ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ 

ɧɨɦɟɪɚ m* ɤɥɚɫɫɚ c
m*

 ɤ ɤɨɬɨɪɨɦɭ ɷɬɨɬ ɜɟɤɬɨɪ ɩɪɢɧɚɞɥɟɠɢɬ. Ⱦɥɹ ɤɚɠɞɨɝɨ 
ɜɟɤɬɨɪɚ x

p
 ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ, ɱɬɨ )(xμ pm  )c(μ m  )m(μ . Ɋɟɲɟɧɢɟ ɨɛ ɨɬɧɟɫɟɧɢɢ 

ɜɟɤɬɨɪɚ xp
 ɤ ɬɨɦɭ ɢɥɢ ɢɧɨɦɭ ɤɥɚɫɫɭ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ ɧɚ ɨɫɧɨɜɟ ɜɵɪɚɠɟɧɢɹ 

)μ(Ц)(maxargm
m

*  .                                             (2) 

Ɉɪɝɚɧɢɡɚɰɢɹ (ɤɨɪɪɟɤɬɢɪɨɜɤɚ) ɤɥɚɫɫɨɜ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ c
m
 ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɩɨɫɬɭɩɚɸɳɢɯ ɧɚ ɜɯɨɞ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɨɜ x
p. Ȼɭɞɟɦ 

ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɫɫɨɜ M ɩɨɫɥɟ ɩɪɢɯɨɞɚ ɤɚɠɞɨɝɨ ɞɟɫɹɬɨɝɨ ɜɟɤɬɨɪɚ. 
Ⱦɥɹ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪɚ ci

m
 ɧɚ ɛɥɢɡɨɫɬɶ ɦɟɠɞɭ ɞɜɭɦɹ ɤɥɚɫɫɚɦɢ cm 

ɢ c
k, Ф≠Ц ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɡɧɚɱɟɧɢɣ d(c

m
, c

k) ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ 
ɜɡɜɟɲɟɧɧɨɟ ɫɭɦɦɢɪɨɜɚɧɢɟ. ȼɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɡɧɚɱɟɧɢɹ 
(i)Д0, 1Ж, ɤɨɬɨɪɵɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 
ɧɟɱɟɬɤɨɝɨ ɦɧɨɠɟɫɬɜɚ <ȼɅɂəɘɓɂȿ ɗɅȿɆȿɇɌɕ>. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɮɭɧɤɰɢɹ 
ɪɚɫɱɟɬɚ ɛɥɢɡɨɫɬɢ ɦɟɠɞɭ ɤɥɚɫɫɚɦɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

d(c
m
, c

k
)= 




N

1i

2k

i

m

i
)cc()i(μ , k≠m.                             (3) 

Ʉɚɤ ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɪɚɧɟɟ ɩɨɫɥɟ ɩɨɫɬɭɩɥɟɧɢɹ ɧɚ ɜɯɨɞ ɫɢɫɬɟɦɵ ɞɟɫɹɬɢ 
ɧɨɜɵɯ ɜɟɤɬɨɪɨɜ ɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɨɛ ɢɯ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤɥɚɫɫɚɦ c

m* 

ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɪɢɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɤɥɚɫɫɚ МM+1
= x

p. Ɋɟɲɟɧɢɟ ɨ 
ɫɨɡɞɚɧɢɢ ɧɨɜɨɝɨ ɤɥɚɫɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɟɫɥɢ 

d > dmax, 

ɝɞɟ d=d(x
j
, c

h
), dmax=max(d(c

h
, c

k
)), j - ɢɧɞɟɤɫ ɜɟɤɬɨɪɚ, ɢɦɟɸɳɟɝɨ ɦɢɧɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɤɥɚɫɫɭ, h - ɢɧɞɟɤɫ ɤɥɚɫɫɚ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɢɧɚɞɥɟɠɢɬ 
ɜɟɤɬɨɪ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ,  k=1, β, … M, k≠h. ȼ 
ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɧɨɜɵɣ ɤɥɚɫɫ ɧɟ ɫɨɡɞɚɟɬɫɹ.  

Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɤɥɚɫɬɟɪɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɟɨɛɯɨɞɢɦɨ 
ɮɨɪɦɚɥɢɡɨɜɚɬɶ ɧɚɯɨɠɞɟɧɢɟ ɢɯ ɝɪɚɧɢɰ. Ɉɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɤɥɚɫɫɨɜ ɜɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. ɇɚɢɛɨɥɶɲɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɝɪɚɧɢɰ ɜ ɜɢɞɟ ɨɤɪɭɠɧɨɫɬɢ (ɞɥɹ 
ɞɜɭɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ), ɰɟɧɬɪ ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɹɞɪɭ ɤɥɚɫɫɚ. ɂɧɵɦɢ 
ɫɥɨɜɚɦɢ ɞɥɹ ɤɥɚɫɫɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ "ɪɚɞɢɭɫɵ" ɢɥɢ "ɞɢɚɦɟɬɪɵ" Д4Ж, ɤɨɬɨɪɵɟ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɭɞɚɥɟɧɧɨɫɬɶ ɜɟɤɬɨɪɨɜ ɤɥɚɫɫɚ ɨɬ ɟɝɨ ɹɞɪɚ. Ɉɰɟɧɢɬɶ ɪɚɞɢɭɫ m-ɝɨ 
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ɤɥɚɫɫɚ ɦɨɠɧɨ ɧɚ ɨɫɧɨɜɟ ɜɵɪɚɠɟɧɢɹ 

R
m
=max( )cx(d mp  ), px  mc ,                                    (4) 

ɬ. ɟ. ɪɚɞɢɭɫ ɤɥɚɫɫɚ - ɷɬɨ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɹɞɪɨɦ ɤɥɚɫɫɚ ɢ ɦɚɤɫɢɦɚɥɶɧɨ 
ɭɞɚɥɟɧɧɵɦ ɨɬ ɹɞɪɚ ɜɟɤɬɨɪɨɦ, ɩɪɢɧɚɞɥɟɠɚɳɢɦ ɷɬɨɦɭ ɤɥɚɫɫɭ. 

Ɉɰɟɧɤɨɣ «ɪɚɞɢɭɫɚ» m-ɝɨ ɤɥɚɫɫɚ ɬɚɤɠɟ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɦɢɧɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɟɤɬɨɪɨɜ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤɥɚɫɫɭ: 

r
m
=min( )(xμ pm

), px  mc .                                      (5) 

ȼ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɴɟɞɢɧɟɧɢɹ 
ɧɟɫɤɨɥɶɤɢɯ ɤɥɚɫɫɨɜ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɧɚ ɜɯɨɞ ɫɢɫɬɟɦɵ ɩɨɫɬɭɩɢɥ ɜɟɤɬɨɪ x

p
, 

ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɨɞɢɧɚɤɨɜɵɟ ɫɬɟɩɟɧɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɤɥɚɫɫɚɦ cm
 ɢ ck

, k≠m, ɬ. 
ɟ. )c(μ)c(μ km  , ɩɪɢ ɷɬɨɦ )c(μ m

 ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ (ɧɚɩɪɢɦɟɪ, 

5,0)c(μ m  ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɤɥɚɫɫɵ c
m
 ɢ c

k 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɛɴɟɞɢɧɢɬɶ. Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɟ μ)c(μ)c(μ km  , k≠m 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɛɥɢɡɨɫɬɶ ɦɟɠɞɭ ɤɥɚɫɫɚɦɢ c
m
 ɢ c

k. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ (1) ɡɧɚɱɟɧɢɹ )c(μ m

 ɜɨɡɪɚɫɬɚɸɬ ɩɪɢ 
ɭɦɟɧɶɲɟɧɢɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ ɢ ɤɥɚɫɫɨɦ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɟɦ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɟ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ )c(μ)c(μ km  , k≠m, 

ɬɟɦ ɛɥɢɠɟ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɥɚɫɫɵ cm
 ɢ ck. Ʉɪɢɬɟɪɢɟɦ ɨɛɴɟɞɢɧɟɧɢɹ 

ɞɜɭɯ ɤɥɚɫɫɨɜ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɪɚɞɢɭɫ ɤɥɚɫɫɨɜ. Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɞɜɭɦɟɪɧɵɯ 
ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɤɨɝɞɚ ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɤɥɚɫɬɟɪɚɦ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɨɤɪɭɠɧɨɫɬɹɦɢ. ɉɭɫɬɶ ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɤɥɚɫɫɚ c1

 ɢ c2, ɢɦɟɸɳɢɯ 
ɨɞɢɧɚɤɨɜɵɣ ɪɚɞɢɭɫ R1

=R
2
=R ɢ ɢɯ ɨɛɥɚɫɬɢ ɩɟɪɟɤɪɵɜɚɸɬɫɹ (ɪɢɫ. 1).  

  
Ɋɢɫɭɧɨɤ 1    Ɋɢɫɭɧɨɤ 2 

 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɞɢɭɫɚ ɤɥɚɫɫɨɜ (ɜ ɫɥɭɱɚɟ ɧɟɢɡɦɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɹɞɟɪ) 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɥɨɳɚɞɶ ɩɟɪɟɤɪɵɬɢɹ ɨɛɥɚɫɬɟɣ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤɥɚɫɫɚɦ 
(ɡɚɲɬɪɢɯɨɜɚɧɧɵɣ ɭɱɚɫɬɨɤ ɧɚ ɪɢɫ. β). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ 
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ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɛɴɟɞɢɧɹɬɶ ɤɥɚɫɫɵ ɫ ɛɨɥɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ R. Ʉɚɤ ɛɵɥɨ ɭɤɚɡɚɧɨ 
ɪɚɧɟɟ, ɜɦɟɫɬɨ Rm

 ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɧɚɱɟɧɢɹ rm
.  

ɍɱɢɬɵɜɚɹ ɫɤɚɡɚɧɧɨɟ ɜɵɲɟ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɩɪɚɜɢɥɨ ɨɛɴɟɞɢɧɟɧɢɹ 
ɤɥɚɫɫɨɜ, ɢɫɩɨɥɶɡɭɸɳɟɟ ɡɧɚɱɟɧɢɹ ɢɯ ɪɚɞɢɭɫɨɜ. ȿɫɥɢ ɜɟɤɬɨɪ ɢɦɟɟɬ ɞɜɚ ɪɚɜɧɵɯ 
ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɟɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ )c(μ m

 ɢ )c(μ k
, 5,0)c(μ m  , k≠m (ɨɛɨɡɧɚɱɢɦ 

ɢɧɞɟɤɫɵ ɷɬɢɯ ɤɥɚɫɫɨɜ m' ɢ k') ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ:    
ȿɋɅɂ >min(r

m'
, r

k'
), k≠m, ɌɈ ɨɛɴɟɞɢɧɢɬɶ ɤɥɚɫɫɵ  

         c
m'

 := (|c1
m'

 - c1
k'
|/2, |c2

m'
 - c2

k'е/β, …, еci
m'

 - ci
k'е/β, …, еcN

m'
 - cN

k'
|/2), 

         M:=M-1, 

ȿɋɅɂ <min(r
m
, r

k
), k≠m, ɌɈ ɧɟ ɨɛɴɟɞɢɧɹɬɶ ɤɥɚɫɫɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɟɦ ɛɨɥɶɲɟ ɭɞɚɥɟɧɵ ɞɚɧɧɵɟ ɨɬ ɤɥɚɫɫɨɜ (ɱɟɦ ɦɟɧɶɲɟ 
ɡɧɚɱɟɧɢɹ ЫЦ, ЫФ) ɬɟɦ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɦɨɠɟɬ ɢɦɟɬɶ c)(μ  ɞɥɹ ɩɪɢɧɹɬɢɹ 
ɪɟɲɟɧɢɹ ɨɛ ɨɛɴɟɞɢɧɟɧɢɢ ɤɥɚɫɫɨɜ. 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɤɥɚɫɫɵ c
m ɢ c

k
 ɧɟɨɛɯɨɞɢɦɨ ɨɛɴɟɞɢɧɹɬɶ ɩɪɢ )(xμ pm ≠

)(xμ pk
, k≠m. ɇɚɩɪɢɦɟɪ, ɦɨɠɧɨ ɨɛɴɟɞɢɧɹɬɶ ɤɥɚɫɫɵ, ɢɦɟɸɳɢɟ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ 

)(xμ pm
 ɢ )(xμ pk

, k≠m. Ʉɚɤ ɢɡɜɟɫɬɧɨ ДγЖ, ɟɫɥɢ ɧɟɤɨɬɨɪɵɣ ɨɛɴɟɤɬ ɯ ɨɛɥɚɞɚɟɬ 
ɫɜɨɣɫɬɜɨɦ R (ɩɨɪɨɠɞɚɸɳɢɦ ɧɟɱɟɬɤɨɟ ɦɧɨɠɟɫɬɜɨ A ɥɢɲɶ ɜ ɱɚɫɬɧɨɣ ɦɟɪɟ, ɬ.ɟ. 
0<A(x)<1, ɬɨ ɨɧ ɩɪɢɧɚɞɥɟɠɢɬ ɫɪɚɡɭ ɞɜɭɦ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɤɥɚɫɫɚɦ: ɤɥɚɫɫɭ 
ɨɛɴɟɤɬɨɜ, "ɨɛɥɚɞɚɸɳɢɯ ɫɜɨɣɫɬɜɨɦ R", ɢ ɤɥɚɫɫɭ ɨɛɴɟɤɬɨɜ, "ɧɟ ɨɛɥɚɞɚɸɳɢɯ 
ɫɜɨɣɫɬɜɨɦ R". ɉɪɢ ɷɬɨɦ ɨɛɴɟɤɬ ɦɨɠɟɬ ɩɪɢɧɚɞɥɟɠɚɬɶ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɤɥɚɫɫɚɦ ɫ 
ɪɚɡɧɨɣ ɫɬɟɩɟɧɶɸ. Ɍɚɤɚɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɨɛɴɟɤɬɚ ɦɚɤɫɢɦɚɥɶɧɚ, 
ɤɨɝɞɚ ɫɬɟɩɟɧɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɨɛɴɟɤɬɚ ɨɛɨɢɦ ɤɥɚɫɫɚɦ ɪɚɜɧɵ, ɬ.ɟ. )x(μ

A
= )x(μ

A

=0,5, ɢ ɦɢɧɢɦɚɥɶɧɚ, ɤɨɝɞɚ ɨɛɴɟɤɬ ɩɪɢɧɚɞɥɟɠɢɬ ɬɨɥɶɤɨ ɨɞɧɨɦɭ ɤɥɚɫɫɭ, ɬ.ɟ. ɥɢɛɨ 
)x(μ

A
= 1 ɢ )x(μ

A
= 0, ɥɢɛɨ )x(μ

A
= 0 ɢ )x(μ

A
=1. ɉɨɷɬɨɦɭ ɛɭɞɟɦ ɩɪɨɜɟɪɹɬɶ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɴɟɞɢɧɟɧɢɹ ɬɨɥɶɤɨ ɬɟɯ ɤɥɚɫɫɨɜ c
m ɢ c

k, ɡɧɚɱɟɧɢɹ )(xμ pm
 ɢ )(xμ pk

, 

k≠m ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɚɸɬ 0,5. ɉɪɢ ɛɥɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ )(xμ pm
 ɢ )(xμ pk

, k≠m ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ, ɱɬɨ ɦɟɪɨɣ ɛɥɢɡɨɫɬɢ ɤɥɚɫɫɨɜ cm ɢ ck

 ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ =| )(xμ pm
- )(xμ pk

|. 

ɑɟɦ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ , ɬɟɦ ɛɥɢɠɟ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɥɚɫɫɵ. ɉɪɢ ɷɬɨɦ 
ɬɚɤɠɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɡɧɚɱɟɧɢɣ  )(xμ pm

 ɢ )(xμ pk
 ɤɥɚɫɫɵ ɬɚɤɠɟ 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɛɥɢɠɟ ɞɪɭɝ ɤ ɞɪɭɝɭ. Ʉɪɢɬɟɪɢɟɦ ɨɛɴɟɞɢɧɟɧɢɹ ɤɥɚɫɫɨɜ ɦɨɠɟɬ 
ɫɥɭɠɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: 

( min( )(xμ pm
, )(xμ pk

) – 0,5 ) > , k≠m.                                  (6) 

ȼ ɬɚɛɥ. 1 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɝɨ ɩɪɚɜɢɥɚ ɞɥɹ ɫɥɭɱɚɹ 
ɞɢɫɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɣ  ɢ min( )(xμ pm

, )(xμ pk
), k≠m. 
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Ɍɚɛɥɢɰɚ 1 

ɉɪɢɦɟɪ ɜɵɩɨɥɧɟɧɢɹ ɩɪɚɜɢɥɚ 

 

 
min( )(xμ pm

, )(xμ pk
) 

0,6 0,7 0,8 0,9 1,0 

0,1 ɇ Ⱦ Ⱦ Ⱦ – 

0,2 ɇ ɇ Ⱦ – – 

0,3 ɇ ɇ – – – 

0,4 ɇ – – – – 

 

ȼ ɞɚɧɧɨɣ ɬɚɛɥɢɰɟ ɛɭɤɜɚ Ⱦ ɝɨɜɨɪɢɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɴɟɞɢɧɟɧɢɹ 
ɤɥɚɫɫɨɜ, ɚ ɛɭɤɜɚ ɇ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɤɥɚɫɫɵ ɧɟ ɨɛɴɟɞɢɧɹɸɬɫɹ. 

Ȼɭɞɟɦ ɩɪɢɦɟɧɹɬɶ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɩɪɚɜɢɥɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ 
ɜɟɤɬɨɪɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɜɯɨɞ ɫɢɫɬɟɦɵ. Ʉɨɪɪɟɤɬɢɪɨɜɤɭ ɤɥɚɫɫɨɜ ɛɭɞɟɦ 
ɩɪɨɢɡɜɨɞɢɬɶ ɩɨɫɥɟ ɩɨɫɬɭɩɥɟɧɢɹ ɧɚ ɜɯɨɞ ɫɢɫɬɟɦɵ ɤɚɠɞɨɝɨ ɞɟɫɹɬɨɝɨ ɜɟɤɬɨɪɚ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɥɝɨɪɢɬɦ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɡɞɟɥɟɧ ɧɚ ɞɜɚ ɷɬɚɩɚ: ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɢ ɧɚɤɨɩɥɟɧɢɟ ɞɚɧɧɵɯ (I ɷɬɚɩ) ɢ 
ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɤɥɚɫɫɨɜ (II ɷɬɚɩ). 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ, ɪɟɚɥɢɡɭɸɳɢɯ ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɚɥɝɨɪɢɬɦ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɜɭɦɟɪɧɵɯ ɜɯɨɞɧɵɯ ɜɟɤɬɨɪɨɜ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. γ. ɇɚ ɪɢɫ. 3 

ɩɨɤɚɡɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ (ɡɚɩɢɫɢ) ɜɵɛɨɪɤɢ 
ɜɟɤɬɨɪɨɜ ɜ ɩɚɦɹɬɶ. ɇɚɪɹɞɭ ɫ ɡɚɩɢɫɶɸ ɞɚɧɧɚɹ ɫɯɟɦɚ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɟ ɨ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɟɤɬɨɪɚ ɤ ɨɞɧɨɦɭ ɢɡ M ɢɦɟɸɳɢɯɫɹ ɤɥɚɫɫɨɜ ɢ ɜɵɱɢɫɥɹɟɬ 
ɫɬɟɩɟɧɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɟɤɬɨɪɚ ɤ ɤɥɚɫɫɭ.  

  
Ɋɢɫɭɧɨɤ 3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ 
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ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧ ɜ 
ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɢ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɯ  ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ ɜ 
ɭɫɥɨɜɢɹɯ ɛɵɫɬɪɨ ɢɡɦɟɧɹɸɳɟɣɫɹ ɨɛɫɬɚɧɨɜɤɢ. 
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ɈȻɈɊɍȾɈȼȺɇɂə SOFTSWITCH 

 

Аɧɧɨɬаɰиɹ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɟɬɹɯ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɚ ɢɞɟɬ ɩɨɜɫɟɦɟɫɬɧɵɣ ɩɟɪɟɯɨɞ ɤ ɩɚɤɟɬɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɢ ɤɨɧɜɟɪɝɟɧɰɢɢ ɪɚɡɥɢɱɧɵɯ 
ɜɢɞɨɜ ɫɜɹɡɢ ɜ ɟɞɢɧɭɸ ɫɟɬɶ, ɱɬɨ ɩɨɪɨɠɞɚɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɨɛɥɟɦɵ ɜɵɛɨɪɚ ɚɩɩɚɪɚɬɭɪɵ ɧɟ 
ɬɨɥɶɤɨ ɞɥɹ ɪɨɫɫɢɣɫɤɢɯ ɨɩɟɪɚɬɨɪɨɜ, ɧɨ ɢ ɡɚɪɭɛɟɠɧɵɯ. ɐɟɥɶ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɤɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɨɞɟɣɫɬɜɢɹ ɩɪɢɧɹɬɢɸ ɪɟɲɟɧɢɹ ɜɵɛɨɪɚ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ 
ɚɩɩɚɪɚɬɭɪɵ SoПtSаТtМС, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɟɬɨɞɟ ɢɧɬɟɝɪɚɥɶɧɨɣ ɨɰɟɧɤɢ. 

 

Клɸɱевые ɫлɨва: ɩɚɤɟɬɧɚɹ ɤɨɦɦɭɬɚɰɢɹ, ɢɧɬɟɝɪɚɥɶɧɚɹ ɨɰɟɧɤɚ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɫɜɹɡɶ, SoПtSаТtМС. 
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INTEGRAL ASSESSMENT METHODOLOGY FOR SELECTING 

SOFTSWITCH EQUIPMENT 

 

Abstract. At the moment, technological networks of railway transport are making a 

universal transition to packet switching and convergence of various types of communications into a 

single network, which raises the urgency of the problem of choosing equipment not only for Russian 

operators, but also for foreign ones. The purpose of the work is the development of a mathematical 

model to facilitate decision-making in the selection of SoftSwitch equipment manufacturers based 

on the integrated assessment method. 

 

Keywords: packet switching, integrated assessment, technological communications, 

SoftSwitch. 

 

ȼ ɨɫɧɨɜɟ ɜɵɛɨɪɚ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɥɟɠɢɬ ɡɚɞɚɱɚ 
ɩɪɢɧɹɬɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. ɉɨɞ ɡɚɞɚɱɟɣ ɩɪɢɧɹɬɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ 
ɩɨɧɢɦɚɟɬɫɹ ɜɵɛɨɪ ɢɡ ɦɧɨɠɟɫɬɜɚ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ ɬɚɤɢɯ, ɤɨɬɨɪɵɟ ɹɜɥɹɥɢɫɶ 
ɛɵ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɦɵɫɥɟ ɥɭɱɲɢɦɢ ɢɥɢ ɨɩɬɢɦɚɥɶɧɵɦɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜɵɛɨɪ 
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ɪɟɲɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬ ɧɟɤɨɬɨɪɨɟ ɥɢɰɨ, ɩɪɢɧɢɦɚɸɳɟɟ ɪɟɲɟɧɢɟ (ɅɉɊ), 
ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɨɩɪɟɞɟɥёɧɧɵɯ ɤɪɢɬɟɪɢɹɯ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɢɬɭɚɰɢɢ ɜ ɪɨɥɢ 
ɅɉɊ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɤɚɤ ɨɬɞɟɥɶɧɵɣ ɱɟɥɨɜɟɤ (ɢɧɠɟɧɟɪ, ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, 
ɡɚɤɚɡɱɢɤ), ɬɚɤ ɢ ɰɟɥɵɣ ɤɨɥɥɟɤɬɢɜ (ɝɪɭɩɩɚ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɡɚɧɹɬɚɹ ɪɟɲɟɧɢɟɦ 
ɨɞɧɨɣ ɡɚɞɚɱɢ). Ʉɚɠɞɨɟ ɜɨɡɦɨɠɧɨɟ ɪɟɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɫɬɟɩɟɧɶɸ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɭ ɅɉɊ ɢɦɟɟɬɫɹ ɫɜɨɟ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɞɨɫɬɨɢɧɫɬɜɚɯ ɢ ɧɟɞɨɫɬɚɬɤɚɯ ɪɟɲɟɧɢɣ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɨɝɨ 
ɨɞɧɨ ɪɟɲɟɧɢɟ ɩɪɟɞɩɨɱɢɬɚɟɬɫɹ ɞɪɭɝɨɦɭ Д1Ж. 

ɉɟɪɟɞ ɬɟɦ ɤɚɤ ɩɪɢɫɬɭɩɢɬɶ ɤ ɫɪɚɜɧɢɬɟɥɶɧɨɦɭ ɚɧɚɥɢɡɭ, ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɟɫɬɢ ɜɵɛɨɪ ɨɰɟɧɨɱɧɵɯ ɤɪɢɬɟɪɢɟɜ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɢɯ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨ 
ɡɧɚɱɢɦɨɫɬɢ. ȼɵɛɨɪ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ 
ɪɟɲɟɧɢɹ ɢɡ ɦɧɨɠɟɫɬɜɚ ɞɨɩɭɫɬɢɦɵɯ ɫɜɹɡɚɧ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɟɣ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɅɉɊ ɨɛ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɪɟɲɟɧɢɹ. Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ ɩɨɥɭɱɢɥ 
ɨɬɪɚɠɟɧɢɟ ɜ ɞɜɭɯ ɩɨɞɯɨɞɚɯ: ɨɪɞɢɧɚɥɢɫɬɢɱɟɫɤɢɣ ɢ ɤɚɪɞɢɧɚɥɢɫɬɢɱɟɫɤɢɣ Д1Ж.  

Ɉɪɞɢɧɚɥɢɫɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɨɫɧɨɜɚɧ ɧɚ ɩɨɩɚɪɧɨɦ ɫɪɚɜɧɟɧɢɢ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɢ ɜɵɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɝɨ. Ɇɟɬɨɞ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ 
ɨɫɧɨɜɚɧ ɧɚ ɩɨɩɚɪɧɨɦ ɫɪɚɜɧɟɧɢɢ ɚɥɶɬɟɪɧɚɬɢɜ. Ⱦɥɹ ɤɚɠɞɨɣ ɩɚɪɵ ɚɥɶɬɟɪɧɚɬɢɜ 
ɷɤɫɩɟɪɬ ɭɤɚɡɵɜɚɟɬ, ɤɚɤɚɹ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ (ɥɭɱɲɟ, ɜɚɠɧɟɟ ɢ ɬ. 
ɞ.). ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɚɥɝɨɪɢɬɦɨɜ, ɪɟɚɥɢɡɭɸɳɢɯ ɦɟɬɨɞ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ: ɨɧɢ 
ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɢɫɩɨɥɶɡɭɟɦɵɯ ɷɤɫɩɟɪɬɧɵɯ ɨɰɟɧɨɤ (ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɢ ɤɨɥɥɟɤɬɢɜɧɵɟ ɨɰɟɧɤɢ), ɩɨ ɲɤɚɥɚɦ ɫɪɚɜɧɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜ ɢ ɬ. ɞ. ɉɪɢɦɟɪɨɦ 
ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɦɟɬɨɞ ɋɚɚɬɢ ДβЖ. 

Ʉɚɪɞɢɧɚɥɢɫɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɨɩɪɟɞɟɥɹɟɬ ɩɪɟɞɩɨɱɬɟɧɢɟ ɅɉɊ ɩɪɢ ɩɨɦɨɳɢ 
ɜɜɟɞɟɧɢɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɟɡɧɨɫɬɶ ɪɟɲɟɧɢɹ. 
ɉɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɦɨɠɟɬ ɛɵɬɶ ɡɚɞɚɧɚ ɮɨɪɦɚɥɢɡɨɜɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɜɵɛɨɪɚ 
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ (ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ) ɢɡ ɭɫɥɨɜɢɹ ɷɤɫɬɪɟɦɭɦɚ 
(ɦɢɧɢɦɭɦɚ ɢɥɢ ɦɚɤɫɢɦɭɦɚ) ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɧɚ ɦɧɨɠɟɫɬɜɟ ɞɨɩɭɫɬɢɦɵɯ 
ɪɟɲɟɧɢɣ Д1Ж. Ɉɞɧɚɤɨ ɢɡ-ɡɚ ɧɟɯɜɚɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɢ ɩɪɨɬɢɜɨɪɟɱɢɣ ɬɪɟɛɨɜɚɧɢɣ 
ɩɨɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɜɟɞɟɧɢɹ ɫɨɜɨɤɭɩɧɨɫɬɢ ɱɚɫɬɧɵɯ ɰɟɥɟɜɵɯ ɮɭɧɤɰɢɣ, 
ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɡɧɚɱɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɡɧɵɯ ɬɪɟɛɨɜɚɧɢɣ 
(ɤɪɢɬɟɪɢɟɜ). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɸɬ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ 
ɪɟɲɟɧɢɣ ɩɨ ɫɨɜɨɤɭɩɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɩɪɢɡɧɚɤɨɜ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɧɚɡɵɜɚɸɬɫɹ 
ɡɚɞɚɱɚɦɢ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. 

ȼ ɫɥɭɱɚɟ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɝɨ ɜɵɛɨɪɚ ɢ ɪɟɱɶ ɢɞɟɬ ɨ ɤɨɦɩɪɨɦɢɫɫɧɨɦ 
ɪɟɲɟɧɢɢ – ɪɟɲɟɧɢɢ, ɤɨɬɨɪɨɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɭɥɭɱɲɟɧɨ ɧɢ ɩɨ ɨɞɧɨɦɭ ɢɡ 
ɤɪɢɬɟɪɢɟɜ ɛɟɡ ɭɯɭɞɲɟɧɢɹ ɩɨ ɞɪɭɝɢɦ ɤɪɢɬɟɪɢɹɦ [3]. 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɢɤ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
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ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɝɨ ɜɵɛɨɪɚ, ɨɞɧɨɣ ɢɡ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɬɟɨɪɢɹ ɧɟɱɟɬɤɢɯ 
ɦɧɨɠɟɫɬɜ. ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɞɚɧɧɨɣ ɬɟɨɪɢɢ ɦɨɠɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦ ɜɵɫɬɭɩɚɟɬ ɦɧɨɠɟɫɬɜɨ 
ɤɪɢɬɟɪɢɟɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɨɛɨɪɭɞɨɜɚɧɢɟ SoftSwitch, ɢ ɦɧɨɠɟɫɬɜɨ 
ɞɨɩɭɫɬɢɦɵɯ ɜɚɪɢɚɧɬɨɜ ɩɨ ɡɚɞɚɧɧɵɦ ɤɪɢɬɟɪɢɹɦ. ȼ ɩɪɨɰɟɫɫɟ ɚɧɚɥɢɡɚ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɚɩɩɚɪɚɬɭɪɵ ɩɨ ɜɵɞɟɥɟɧɧɨɦɭ ɦɧɨɠɟɫɬɜɭ ɤɪɢɬɟɪɢɟɜ ɷɤɫɩɟɪɬɵ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɨɰɟɧɤɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɜɢɞɟ ɧɟɱɟɬɤɨɝɨ ɜɵɫɤɚɡɵɜɚɧɢɹ, 
ɨɩɢɫɵɜɚɸɳɟɝɨ ɥɢɲɶ ɩɪɢɦɟɪɧɭɸ ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɨɝɨ ɜɵɛɨɪɚ. 

ɉɪɢɧɹɬɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɜɵɛɨɪɚ ɚɩɩɚɪɚɬɭɪɵ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ 
ɩɪɢ ɩɨɦɨɳɢ ɧɟɱɟɬɤɨɝɨ ɢɧɬɟɝɪɚɥɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɦɚɤɫɢ-ɦɢɧɧɭɸ 
ɤɨɦɩɨɡɢɰɢɸ ɞɜɭɯ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ. ɉɟɪɜɨɟ ɦɧɨɠɟɫɬɜɨ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ 
ɚɩɨɫɬɟɪɢɨɪɧɭɸ ɨɰɟɧɤɭ ɤɚɤɨɝɨ ɥɢɛɨ ɜɵɛɨɪɚ, ɚ ɜɬɨɪɨɟ ɦɧɨɠɟɫɬɜɨ – ɚɩɪɢɨɪɧɭɸ 
ɨɰɟɧɤɭ ɨɬɞɟɥɶɧɵɯ ɩɪɢɡɧɚɤɨɜ ɧɚ ɦɧɨɠɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ. Ɋɟɡɭɥɶɬɚɬɨɦ ɧɟɱɟɬɤɨɝɨ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɟɱɟɬɤɚɹ ɦɟɪɚ ɚɩɨɫɬɟɪɢɨɪɧɨɝɨ ɦɧɨɠɟɫɬɜɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 
ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɚ ɤɚɤ «ɫɬɟɩɟɧɶ ɧɟɱɟɬɤɨɫɬɢ», «ɫɬɟɩɟɧɶ ɜɚɠɧɨɫɬɢ» ɢ ɬ.ɞ. Д4Ж. 

ȿɳɟ ɨɞɧɢɦ ɦɟɬɨɞɨɦ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɦɢɧɢɦɚɥɶɧɨɝɨ 
ɪɢɫɤɚ. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɛɢɟɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɚ ɨɛɥɚɫɬɢ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɫɪɟɞɧɢɣ ɪɢɫɤ ɛɵɥ ɦɢɧɢɦɚɥɟɧ. ɋ 
ɩɨɦɨɳɶɸ ɨɬɧɨɲɟɧɢɹ ɩɪɚɜɞɨɩɨɞɨɛɢɣ ɢ ɫɪɚɜɧɟɧɢɹ ɟɝɨ ɫ ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ 
ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɩɪɨɰɟɫɫ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɵɛɨɪɚ Д4Ж. 

ɉɨɞ ɡɚɞɚɱɟɣ ɜɵɛɨɪɚ ɩɨɧɢɦɚɟɬɫɹ ɫɢɬɭɚɰɢɹ ɪɚɧɠɢɪɨɜɚɧɢɹ ɜɚɪɢɚɧɬɨɜ ɩɨ 
ɢɬɨɝɨɜɨɣ ɨɰɟɧɤɟ ɤɚɱɟɫɬɜɚ ɢ, ɜ ɞɚɥɶɧɟɣɲɟɦ, ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɛɨɪɚ ɧɚɢɥɭɱɲɟɝɨ ɜ 
ɧɟɤɨɬɨɪɨɦ ɫɦɵɫɥɟ ɜɚɪɢɚɧɬɚ ɢɡ ɦɧɨɠɟɫɬɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ.  

ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɨɫɭɳɟɫɬɜɢɦ ɩɪɢɧɹɬɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɩɨ 
ɜɵɛɨɪɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɢɤɢ ɢɧɬɟɝɪɚɥɶɧɨɣ ɨɰɟɧɤɢ. ȼ ɨɫɧɨɜɟ 
ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɥɟɠɢɬ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɣ ɩɨɞɯɨɞ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɯɚɪɚɤɬɟɪɧɨ 
ɜɵɞɟɥɟɧɢɟ ɫɩɢɫɤɚ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɣ ɢ ɟɟ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɩɨɞɫɢɫɬɟɦɵ ɩɨ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɩɪɢɡɧɚɤɚɦ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ 
ɪɟɚɥɢɡɚɰɢɢ ɷɬɢɯ ɩɨɞɫɢɫɬɟɦ Д5Ж. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɫɥɟɞɭɸɳɢɯ ɨɰɟɧɨɱɧɵɯ ɤɪɢɬɟɪɢɹɯ: 
– ɫɬɨɢɦɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦɵ ɫɜɹɡɢ; 
– ɦɨɧɢɬɨɪɢɧɝ; 
– ɧɚɞёɠɧɨɫɬɶ ɫɢɫɬɟɦɵ; 
– ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɢ ɭɞɨɛɫɬɜɨ ɩɨɥɶɡɨɜɚɧɢɹ; 
– ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɟ ɭɫɥɭɝɢ. 
ɋɨɫɬɚɜɢɦ ɝɪɭɩɩɵ ɤɪɢɬɟɪɢɟɜ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ, ɨɩɢɪɚɹɫɶ ɧɚ ɨɫɧɨɜɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ ɢ ɡɚɞɚɱɢ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ.  
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Ⱦɥɹ ɨɰɟɧɤɢ ɤɪɢɬɟɪɢɟɜ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜɚɠɧɨɫɬɶ ɤɚɠɞɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɤɪɢɬɟɪɢɹ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɢɫɜɨɢɦ ɤɚɠɞɨɦɭ ɤɪɢɬɟɪɢɸ 
ɢ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɤɚɡɚɬɟɥɶ ɜɚɠɧɨɫɬɢ ɢ ɡɧɚɱɢɦɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬ 1 ɞɨ 10, 
ɝɞɟ 10 – ɤɪɢɬɟɪɢɣ ɧɚɢɛɨɥɶɲɟɣ ɜɚɠɧɨɫɬɢ ɢ ɡɧɚɱɢɦɨɫɬɢ. 

Ɉɛɪɚɬɢɦ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɜɵɛɨɪ ɫɪɚɜɧɢɜɚɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɦɨɠɟɬ 
ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɫɬɢɝɚɟɦɵɯ ɡɚɞɚɱ ɢ ɰɟɥɟɣ. Ȼɨɥɟɟ ɬɨɱɧɨɟ ɢ ɩɨɥɧɨɟ 
ɪɚɧɠɢɪɨɜɚɧɢɟ ɤɪɢɬɟɪɢɟɜ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɬɧɵɯ ɨɰɟɧɨɤ, 
ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɮɨɪɦɚɥɢɡɨɜɚɬɶ ɧɚ ɨɫɧɨɜɟ ɤɨɧɰɟɩɰɢɣ ɬɟɨɪɢɢ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ.  

Ɉɰɟɧɤɭ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɨɫɭɳɟɫɬɜɢɦ ɩɪɢ ɩɨɦɨɳɢ ɪɚɫɱёɬɚ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɟɞɢɧɢɱɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ.  Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɮɨɪɦɭɥɚɦɢ: 

– ɤɨɷɮɮɢɰɢɟɧɬ ɡɧɚɱɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɟɣ: 

                                       ɩɝ Т
Ɂɉ

ɩɝ

(N +1-N )
K = 100

N
 ,                                            (1) 

ɝɞɟ    ɩɝN – ɤɨɥɢɱɟɫɬɜɨ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 

iN  – ɜɚɠɧɨɫɬɶ i-ɝɨ ɩɨɤɚɡɚɬɟɥɹ. 

– ɜɡɜɟɲɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɧɚɱɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɹ: 
       Ɂȼ Ɂɉ ɁɇK =K K ,                 (2) 

ɝɞɟ     ɁɇK  – ɡɧɚɱɢɦɨɫɬɶ ɧɚɩɪɚɜɥɟɧɢɹ. 
– ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɟɞɢɧɢɱɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ: 

      Ɂȼ
max

Ɂȼ

K
K = 100

K



,            (3) 

Ɉɛɨɡɧɚɱɢɦ, ɱɬɨ ɞɥɹ ɩɪɢɦɟɪɚ ɜɵɛɪɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɁɇK : 

ɫɬɨɢɦɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦɵ ɫɜɹɡɢ – 5; ɦɨɧɢɬɨɪɢɧɝ – 9; ɧɚɞёɠɧɨɫɬɶ 
ɫɢɫɬɟɦɵ – 10; ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɢ ɭɞɨɛɫɬɜɨ ɩɨɥɶɡɨɜɚɧɢɹ – 7; 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɟ ɭɫɥɭɝɢ – 6.  

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɥɹ ɩɨɤɚɡɚɬɟɥɹ «ɋɬɨɢɦɨɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢɧɫɬ-

ɪɭɦɟɧɬɨɜ ɢ ɤɨɦɩɥɟɤɬɨɜ ɡɚɩɚɫɧɵɯ ɱɚɫɬɟɣ»: 

– ɤɨɷɮɮɢɰɢɟɧɬ ɡɧɚɱɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɟɣ: 

       Ɂɉ
(2 1 1)

K 100 100
2

 
    

– ɜɡɜɟɲɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɧɚɱɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɹ: 
ɁȼK 100 5 500    

– ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɟɞɢɧɢɱɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ: 

        max

500
K 100 6,41

8100
    

Ɋɚɫɱёɬ ɮɚɤɬɢɱɟɫɤɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɤɚɠɞɨɝɨ ɤɪɢɬɟɪɢɹ ɜɟɞɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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                                                  ɎТ ЦКбТ ТK =K α ,                                             (4) 

ɝɞɟ    iα  – ɜɟɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
ɂɬɨɝɨɜɚɹ ɨɰɟɧɤɚ ɤɪɢɬɟɪɢɹ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

                                                    
n

ɂ ɎТ Т
i=1

K = K α                                              (5) 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɥɹ ɩɨɤɚɡɚɬɟɥɹ «ɋɬɨɢɦɨɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɤɨɦɩɥɟɤɬɨɜ ɡɚɩɚɫɧɵɯ ɱɚɫɬɟɣ» ɨɛɨɪɭɞɨɜɚɧɢɹ ECSS-10, SI3000 

CS, ZXSS10 SS1, ɉɪɨɬɟɣ-ɆɄȾ: 
– ɮɚɤɬɢɱɟɫɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɤɪɢɬɟɪɢɹ: 

Ɏ1

Ɏβ

Ɏγ

Ɏ4

K =6,41 0 ECSS-10;

K =6,41 0 SI300CS;

K =6,41 0 ZXSS10SS1;

K =6,41

–
–
–
–0 ɉɪɨɬɟɣ-ɆɄȾ.







 

ɂɬɨɝɨɜɵɟ ɨɰɟɧɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɚɪɚɬɭɪɵ ɧɚ ɨɫɧɨɜɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɪɢɬɟɪɢɟɜ. 

Ɍɚɛɥɢɰɚ 1  
ɂɬɨɝɨɜɨɟ ɨɰɟɧɢɜɚɧɢɟ  ɚɩɩɚɪɚɬɭɪɵ 

Ɉɰɟɧɨɱɧɵɣ 
ɤɪɢɬɟɪɢɣ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɨɛɨɪɭɞɨɜɚɧɢɹ SoftSwitch 

ECSS-10 

(Eltex) 

SI3000 CS 

(IskraTEL) 

ɉɪɨɬɟɣ-ɆɄȾ 
(ɇɌɐ 

ɉɪɨɬɟɣ) 

ZXSS10 SS1 

(ZTE) 

ɂɬɨɝɨɜɵɣ 95,12 93,52 69,8 60,79 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɢɫɯɨɞɹ ɢɡ ɜɵɛɪɚɧɧɵɯ ɨɰɟɧɨɱɧɵɯ 
ɤɪɢɬɟɪɢɟɜ, ɧɚɢɥɭɱɲɢɦɢ ɢɡ ɭɫɬɪɨɣɫɬɜ SoftSwitch ɹɜɥɹɸɬɫɹ ECSS-10 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ Eltex ɢ SI3000 CS ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ IskraTEL.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ 
ɢɧɬɟɝɪɚɥɶɧɨɣ ɨɰɟɧɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɪɢɧɹɬɢɟ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɜɵɛɨɪɚ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɫ ɬɨɱɧɨɫɬɶɸ, 
ɨɩɪɟɞɟɥɹɟɦɨɣ ɷɤɫɩɟɪɬɧɵɦɢ ɨɰɟɧɤɚɦɢ ɢ ɩɪɟɞɩɨɱɬɟɧɢɹɦɢ ɅɉɊ. ɉɨɥɭɱɟɧɧɵɣ 
ɪɟɡɭɥɶɬɚɬ ɹɜɥɹɟɬɫɹ ɨɰɟɧɨɱɧɵɦ ɢ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɨɪɢɬɟɬɚ ɬɪɟɛɨɜɚɧɢɣ ɷɤɫɩɟɪɬɨɜ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɚɤɬɭɚɥɶɧɚ ɧɟ ɬɨɥɶɤɨ ɩɪɢ 
ɪɟɚɥɢɡɚɰɢɢ ɜɵɛɨɪɚ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ ɭɫɬɪɨɣɫɬɜ, ɧɨ ɢ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɯɧɢɱɟɫɤɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɈȺɈ «ɊɀȾ» ɜ ɰɟɥɨɦ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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ɤɚɰɢɨɧɧɵɯ ɫɟɬɹɯ ɫ ɭɱɟɬɨɦ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ. ɑ.1 Ɇɟɬɨɞɨɥɨɝɢɹ 
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ɍȾɄ 6β1.γ9 

 

Ɂ. ȿ. ɋɤɭɪɚɬɨɜ, ȿ. ȼ. Ⱦɟɦɭɯ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɉɊɂɆȿɇȿɇɂȿ ɆɇɈȽɈɋȿɊȾɐȿȼɂɇɇɕɏ ɈɉɌɂɑȿɋɄɂɏ ȼɈɅɈɄɈɇ 
ɋ ɐȿɅɖɘ ɍȼȿɅɂɑȿɇɂə ɉɊɈɉɍɋɄɇɈɃ ɋɉɈɋɈȻɇɈɋɌɂ ɌɊȺɄɌȺ 

ɉȿɊȿȾȺɑɂ 

 

Аɧɧɨɬаɰиɹ. Ɋɨɫɬ ɬɪɚɮɢɤɚ ɬɪɟɛɭɟɬ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɢ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ ɜ ɰɟɥɨɦ. ɇɚ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ 
ɩɨɫɬɨɹɧɧɨ ɫɨɨɛɳɚɟɬɫɹ ɨ ɪɟɤɨɪɞɚɯ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ ɧɚ ɨɫɧɨɜɟ 
ɨɞɧɨɝɨ Ɉȼ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɪɟɛɭɟɬ ɧɨɜɵɯ ɪɟɜɨɥɸɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ. Ɉɞɧɚ ɢɡ ɧɢɯ – ɬɟɯɧɨɥɨɝɢɹ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ Ɉȼ ɜɤɭɩɟ ɫ ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɟɦ 
ɧɚ ɨɫɧɨɜɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɨɩɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ. ɉɨɩɵɬɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ ɢɡɞɟɥɢɣ ɩɪɟɞɩɪɢɧɢɦɚɥɢɫɶ ɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɰɟɩɟɣ ɧɚɤɚɱɤɢ ɜɨɥɨɤɨɧɧɵɯ 
ɥɚɡɟɪɨɜ. Ɍɚɤɨɣ ɜɵɛɨɪ ɫɬɪɭɤɬɭɪɵ ɫɜɟɬɨɜɨɞɚ ɛɵɥ ɜɵɡɜɚɧ ɫɬɪɟɦɥɟɧɢɟɦ ɨɛɨɣɬɢ ɨɝɪɚɧɢɱɟɧɢɹ 
ɧɟɥɢɧɟɣɧɵɯ ɷɮɮɟɤɬɨɜ, ɩɪɨɹɜɥɹɸɳɢɯɫɹ ɩɪɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɨɩɬɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ. 

 

Клɸɱевые ɫлɨва: ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɨɟ ɜɨɥɨɤɧɨ, 
ɩɟɪɟɤɪɟɫɬɧɵɟ ɩɨɦɟɯɢ, ɡɚɬɭɯɚɧɢɟ, ɬɪɚɤɬ ɩɟɪɟɞɚɱɢ, ɥɢɧɢɹ ɡɚɞɟɪɠɤɢ 
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THE USE OF MULTICORE MULTIMODE OPTICAL FIBERS TO 

INCREASE OF BANDWIDTH OF THE TRANSMISSION PATH 

 

Abstract. The growth of traffic requires a corresponding increase in the bandwidth of 

optical fibers and transmission systems in general. At scientific conferences, records are constantly 

reported bandwidth transmission systems based on a single optical fiber. Further increases in 

throughput require revolutionary new technologies. One of them is the technology of multicore 

optical fiber coupled with multiplexing based on spatial separation of optical signals. Attempts to 

use multi-core products were made in the construction of pumping circuits of fiber lasers. This 

choice of fiber structure was caused by the desire to circumvent the limitations of nonlinear effects 

that occur at high values of optical power. 

 

Keywords: Bandwidth, multi-core fiber, crosstalk, attenuation, transmission path, delay line 

 

ȼ ɩɪɨɰɟɫɫɟ ɩɨɫɬɪɨɟɧɢɹ ɥɢɧɟɣɧɨɣ ɱɚɫɬɢ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɤɚɛɟɥɶɧɵɯ 
ɬɪɚɤɬɨɜ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚ ɩɟɪɟɞɚɱɭ ɫɢɝɧɚɥɨɜ ɫɨ ɫɤɨɪɨɫɬɹɦɢ 40 ɢ 100 Ƚɛɢɬ/ɫ, 
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ɮɨɤɭɫɧɨɣ ɨɛɥɚɫɬɶɸ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɐɈȾ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɫɯɟɦɚ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɟɪɟɞɚɱɢ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɬɪɚɤɬɚ ɹɜɥɹɟɬɫɹ ɨɛɪɚɳɟɧɢɟ ɤ 
ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɦ ɫɜɟɬɨɜɨɞɚɦ. 

Ɇɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɣ ɦɧɨɝɨɦɨɞɨɜɵɣ ɫɜɟɬɨɜɨɞ ɨɪɢɝɢɧɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ 
ɫɯɟɦɵ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɦɟɪɢɤɚɧɫɤɨɣ ɤɨɦɩɚɧɢɟɣ OFS (Optical Cable Solutions) ɢ 
ɜɩɟɪɜɵɟ ɩɪɟɞɫɬɚɜɥɟɧ ɲɢɪɨɤɨɣ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ ɜ β011 ɝ. ȿɝɨ ɨɫɧɨɜɧɵɦ ɨɬɥɢɱɢɟɦ 
ɨɬ ɜɨɥɨɤɨɧ ɫ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɫɟɦɢ ɫɟɪɞɰɟɜɢɧ ɦɟɧɶɲɟɝɨ 
ɞɢɚɦɟɬɪɚ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɟɞɢɧɨɟ ɰɟɥɨɟ ɡɚ ɫɱɟɬ ɧɚɥɢɱɢɹ ɨɛɳɟɣ ɨɛɨɥɨɱɤɢ. 
Ɇɚɤɫɢɦɢɡɚɰɢɹ ɩɚɪɚɦɟɬɪɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɨɥɨɤɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɛɨɪɨɦ ɫɯɟɦɵ 
ɪɚɡɦɟɳɟɧɢɹ ɫɟɪɞɰɟɜɢɧ «ɲɟɫɬɶ ɜɨɤɪɭɝ ɨɞɧɨɝɨ». Ɏɚɤɬɢɱɟɫɤɢ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɛɵɥ 
ɫɨɡɞɚɧ ɢɧɬɟɝɪɚɥɶɧɵɣ ɚɧɚɥɨɝ ɪɟɝɭɥɹɪɧɨɝɨ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɝɨ ɠɝɭɬɚ. Ⱦɥɹ 
ɨɛɨɡɧɚɱɟɧɢɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɢɡɞɟɥɢɹ ɟɝɨ ɫɨɡɞɚɬɟɥɹɦɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɛɛɪɟɜɢɚɬɭɪɚ 
MMF (ɨɬ ɚɧɝɥ. MuХtТМorО MuХtТЦoНО FТЛОrs), ɱɬɨ ɦɨɠɟɬ ɫɬɚɬɶ ɢɫɬɨɱɧɢɤɨɦ ɩɭɬɚɧɢɰɵ 
ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɜɨɫɩɪɢɧɢɦɚɟɬɫɹ ɤɚɤ ɫɨɤɪɚɳɟɧɢɟ ɨɬ ɡɚɦɟɬɧɨ ɛɨɥɟɟ ɩɪɢɜɵɱɧɨɝɨ 
ɲɢɪɨɤɨɦɭ ɤɪɭɝɭ ɫɩɟɰɢɚɥɢɫɬɨɜ Multi Mode Fiber. 

Ɋɟɲɟɧɢɟ ɧɚ ɨɫɧɨɜɟ ɧɟɫɤɨɥɶɤɢɯ ɫɟɪɞɰɟɜɢɧ, ɬɟɦ ɢɥɢ ɢɧɵɦ ɫɩɨɫɨɛɨɦ 
ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɜ ɨɛɳɟɣ ɨɛɨɥɨɱɤɟ, ɧɚ ɦɨɦɟɧɬ ɩɟɪɜɵɯ ɩɭɛɥɢɤɚɰɢɣ ɨ ɧɨɜɨɦ 
ɢɡɞɟɥɢɢ ɭɠɟ ɧɟ ɛɵɥɨ ɚɛɫɨɥɸɬɧɨɣ ɧɨɜɢɧɤɨɣ ɜ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɬɟɯɧɢɤɟ. 
Ɋɚɧɟɟ ɨɧɨ ɩɪɢɦɟɧɹɥɨɫɶ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɨɥɢɦɟɪɧɵɯ ɫɜɟɬɨɜɨɞɨɜ ɢ ɢɦɟɥɨ 
ɫɜɨɟɣ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɟ ɢɯ ɱɚɫɬɨɬɧɵɯ ɫɜɨɣɫɬɜ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɱɢɫɥɨɜɨɣ 
ɚɩɟɪɬɭɪɵ. ɇɟɢɡɛɟɠɧɨ ɜɵɡɜɚɧɧɨɟ ɷɬɢɦ ɭɜɟɥɢɱɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɩɨɬɟɪɶ, ɜ 
ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɩɚɞɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɜɨɞɚ ɢɡɥɭɱɟɧɢɹ, ɞɨɜɨɥɶɧɨ 

ɭɫɩɟɲɧɨ ɤɨɦɩɟɧɫɢɪɨɜɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɫɟɪɞɰɟɜɢɧ. ȼ ɫɥɭɱɚɟ 
ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɚɧɢɢ OFS ɨɛɪɚɳɟɧɢɟ ɤ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɛɵɥɨ 
ɜɵɡɜɚɧɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɬɪɟɦɥɟɧɢɟɦ ɤ ɭɥɭɱɲɟɧɢɸ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɞɟɥɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɫɬɢɝɧɭɬɨ ɭɥɭɱɲɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɡɧɚɱɢɦɨ ɩɨɜɵɲɚɸɳɢɯ ɤɨɦɩɥɟɤɫɧɭɸ ɩɨɬɪɟɛɢɬɟɥɶɫɤɭɸ ɰɟɧɧɨɫɬɶ 
ɪɟɲɟɧɢɹ ɜ ɰɟɥɨɦ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɨɡɞɚɬɟɥɹɦ ɫɜɟɬɨɜɨɞɚ MMF ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɭɥɭɱɲɟɧɢɹ 
ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɩɨɬɪɟɛɢɬɟɥɶɫɤɚɹ ɰɟɧɧɨɫɬɶ 
ɪɟɲɟɧɢɹ ɜ ɰɟɥɨɦ ɡɚɦɟɬɧɨ ɩɨɜɵɫɢɥɚɫɶ. Ɍɚɤ, ɧɚɪɚɳɢɜɚɧɢɟ ɨɛɳɟɣ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɚ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ 
ɮɢɡɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɬɞɟɥɶɧɵɯ ɫɭɛɤɚɧɚɥɨɜ, ɚ ɧɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ 
ɷɥɟɤɬɪɨɧɢɤɢ ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤɨɜ. Ɏɚɤɬɢɱɟɫɤɢ ɷɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 
ɨɛɪɚɳɟɧɢɹ ɤ ɩɪɢɧɰɢɩɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɹ, ɨɞɧɨɣ ɢɡ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɚɥɢɡɚɰɢɣ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɟɪɟɞɚɱɢ Д1Ж. 
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Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɢɧɰɢɩɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɹ ɧɚ 
ɨɞɢɧɨɱɧɵɣ ɤɜɚɪɰɟɜɵɣ ɫɜɟɬɨɜɨɞ ɢ ɟɝɨ ɪɟɚɥɢɡɚɰɢɹ ɜ ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨɣ 
ɢɧɬɟɝɪɚɥɶɧɨɣ ɮɨɪɦɟ ɫɬɚɥɢ ɜɨɡɦɨɠɧɵ ɛɥɚɝɨɞɚɪɹ ɬɟɯɧɨɥɨɝɢɢ Modified Chemical 

Vapor Deposition (MCVD). Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɦɩɚɧɢɟɣ OFS, ɨɧɚ ɚɤɬɢɜɧɨ 
ɩɪɢɦɟɧɹɟɬɫɹ ɷɬɢɦ ɢɡɜɟɫɬɧɵɦ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ 
ɟɳɟ ɫ ɤɨɧɰɚ ɦɢɧɭɜɲɟɝɨ ɜɟɤɚ – ɢɡɧɚɱɚɥɶɧɨ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɡɚɝɨɬɨɜɨɤ ɞɥɹ 
ɦɧɨɝɨɦɨɞɨɜɵɯ ɜɨɥɨɤɨɧ ɤɚɬɟɝɨɪɢɢ ɈɆ γ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɥɚɡɟɪɧɭɸ ɩɟɪɟɞɚɱɭ, 
ɚ ɫ ɫɟɪɟɞɢɧɵ ɩɟɪɜɨɝɨ ɞɟɫɹɬɢɥɟɬɢɹ ɧɨɜɨɝɨ ɫɬɨɥɟɬɢɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɟɳɟ ɛɨɥɟɟ 
ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɜɟɬɨɜɨɞɨɜ ɤɚɬɟɝɨɪɢɢ ɈɆ 4. 

Ⱦɢɚɦɟɬɪ ɤɚɠɞɨɣ ɨɬɞɟɥɶɧɨɣ ɫɜɟɬɨɜɟɞɭɳɟɣ ɫɟɪɞɰɟɜɢɧɵ ɤɜɚɪɰɟɜɨɝɨ MMF-

ɜɨɥɨɤɧɚ ɫɨɫɬɚɜɥɹɟɬ ɧɟɩɪɢɜɵɱɧɵɟ ɞɥɹ ɦɧɨɝɨɦɨɞɨɜɨɣ ɬɟɯɧɢɤɢ β6 ɦɤɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɩɟɪɢɮɟɪɢɣɧɵɯ ɫɟɪɞɰɟɜɢɧ ɪɚɜɧɨ γ9 ɦɤɦ. Ɍɚɤɢɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɪɟɡɭɥɶɬɚɬ ɫɥɨɠɧɨɝɨ ɤɨɦɩɪɨɦɢɫɫɚ ɦɟɠɞɭ 
ɨɛɟɫɩɟɱɟɧɢɟɦ ɦɚɥɵɯ ɩɨɬɟɪɶ ɜɜɨɞɚ, ɨɩɬɢɱɟɫɤɨɣ ɢɡɨɥɹɰɢɢ ɨɬɞɟɥɶɧɵɯ ɫɟɪɞɰɟɜɢɧ 
ɢ ɢɡɝɢɛɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨɥɨɤɧɚ, ɬɪɟɛɭɟɦɵɯ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɧɨɪɦɚɥɶɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɛɟɥɟɣ ɧɚ ɢɯ ɨɫɧɨɜɟ. 

ɉɨɤɚ ɜɨɥɨɤɧɨ MMF ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɥɢɲɶ ɤɚɤ ɨɩɵɬɧɵɣ ɩɪɨɞɭɤɬ. 
Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɞɨɫɬɭɩɧɵɟ ɨɛɪɚɡɰɵ ɷɬɢɯ ɢɡɞɟɥɢɣ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɬɚɛɢɥɶɧɵɟ ɢ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɩɨɬɟɪɢ. Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɥɸɛɨɣ ɢɡ ɫɟɪɞɰɟɜɢɧ 
ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 0,5 ɞȻ/ɤɦ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 1γ00 ɧɦ. Ɏɚɤɬɢɱɟɫɤɢ 
ɩɪɢɜɟɞɟɧɧɵɟ ɰɢɮɪɵ ɨɡɧɚɱɚɸɬ, ɱɬɨ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɝɨɬɨɜɚ ɝɚɪɚɧɬɢɪɨɜɚɬɶ 
ɩɨɬɟɪɢ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɬɢɩɢɱɧɵɦɢ ɞɥɹ ɫɨɜɪɟɦɟɧɧɨɣ ɦɧɨɝɨɦɨɞɨɜɨɣ ɬɟɯɧɢɤɢ 
ɬɪɚɞɢɰɢɨɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɑɬɨɛɵ ɫɨɯɪɚɧɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɬɟɩɟɧɶ ɩɪɟɟɦɫɬɜɟɧɧɨɫɬɢ, ɜɧɟɲɧɢɣ 
ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ (ɪɢɫ. 1), ɩɨ ɨɛɨɥɨɱɤɟ ɫɞɟɥɚɥɢ ɪɚɜɧɵɦ 1β5 ɦɤɦ – ɪɚɡɦɟɪ, 
ɫɬɚɜɲɢɣ ɭɠɟ ɤɥɚɫɫɢɱɟɫɤɢɦ ɞɥɹ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ. 

 
Ɋɢɫɭɧɨɤ 1 – ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɜɨɥɨɤɧɚ:  

ɫɥɟɜɚ – ɧɨɜɨɝɨ ɬɢɩɚ; ɫɩɪɚɜɚ – ɬɪɚɞɢɰɢɨɧɧɨɟ, 50-ɦɢɤɪɨɧɧɨɟ ɝɪɚɞɢɟɧɬɧɨɟ 

 

ɋɜɟɬɨɜɨɞ ɨɤɪɭɠɟɧ ɨɛɵɱɧɵɦ ɩɟɪɜɢɱɧɵɦ ɡɚɳɢɬɧɵɦ ɚɤɪɢɥɚɬɧɵɦ 
ɩɨɤɪɵɬɢɟɦ ɫ ɜɧɟɲɧɢɦ ɞɢɚɦɟɬɪɨɦ β50 ɦɤɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɨɫɬɢɝɧɭɬɨ 
ɮɚɤɬɢɱɟɫɤɢ ɪɟɜɨɥɸɰɢɨɧɧɨɟ ɭɥɭɱɲɟɧɢɟ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɤɚɛɟɥɶɧɨɝɨ ɫɟɪɞɟɱɧɢɤɚ (ɪɢɫ. β) ДβЖ. 
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Ɋɢɫɭɧɨɤ 2 – ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɜɨɥɨɤɨɧ ɞɥɹ ɩɚɪɚɥɥɟɥɶɧɨɣ 

ɩɟɪɟɞɚɱɢ ɜ ɩɟɪɜɢɱɧɨɦ ɡɚɳɢɬɧɨɦ ɩɨɤɪɵɬɢɢ: ɫɥɟɜɚ – 12-ɜɨɥɨɤɨɧɧɚɹ ɤɜɚɡɢɦɨɞɭɥɶɧɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ; ɜ ɰɟɧɬɪɟ – 12-ɜɨɥɨɤɨɧɧɚɹ ɥɟɧɬɨɱɧɚɹ ɫɛɨɪɤɚ; ɫɩɪɚɜɚ – ɨɞɢɧɨɱɧɨɟ ɜɨɥɨɤɧɨ ɫ 

ɧɟɫɤɨɥɶɤɢɦɢ ɫɟɪɞɰɟɜɢɧɚɦɢ 

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɨɝɨ ɫɜɟɬɨɜɨɞɚ ɫ 1β ɫɟɪɞɰɟɜɢɧɚɦɢ 
ɧɟɞɚɜɧɨ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɪɟɤɨɪɞ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɨɞɧɨɦɭ 
ɫɜɟɬɨɜɨɞɭ – 1 ɉɛɢɬ/ɫ, ɚ ɜ ɫɜɟɬɨɜɨɞɟ ɫ ββ ɫɟɪɞɰɟɜɢɧɚɦɢ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɫɤɨɪɨɫɬɶ 
β,15 ɉɛɢɬ/ɫ. Ɍɚɤɠɟ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɟ ɫɜɟɬɨɜɨɞɵ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ 
ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɥɨɤɚɥɶɧɵɯ ɫɟɬɹɯ ɞɨɫɬɭɩɚ ɢ ɞɥɹ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɜ ɰɟɧɬɪɚɯ 
ɯɪɚɧɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɢ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɚɯ. 

ɇɢɡɤɢɣ ɭɪɨɜɟɧɶ ɩɟɪɟɤɪɟɫɬɧɵɯ ɩɨɦɟɯ ɢ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɟɪɞɰɟɜɢɧ – ɷɬɨ 
ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɬɪɟɛɨɜɚɧɢɹ ɞɥɹ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɨɝɨ ɜɨɥɨɤɧɚ. ɑɬɨɛɵ 
ɩɪɟɨɞɨɥɟɬɶ ɞɚɧɧɨɟ ɩɪɨɬɢɜɨɪɟɱɢɟ, ɤɨɦɩɚɧɢɹ Fujikura ɩɪɟɞɥɨɠɢɥɚ 
ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɨɟ ɜɨɥɨɤɧɨ ɫ ɹɦɨɣ ɜ ɩɪɨɮɢɥɟ ɩɪɟɥɨɦɥɟɧɢɹ (ɪɢɫ. γ). ɗɬɨ 
ɫɧɢɠɚɟɬ ɢ ɜɡɚɢɦɨɜɥɢɹɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɟɣ ɜ ɷɬɢɯ ɫɟɪɞɰɟɜɢɧɚɯ. 

 
Ɋɢɫɭɧɨɤ 3 – ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɫɟɦɢɫɟɪɞɰɟɜɢɧɧɨɝɨ Ɉȼ ɫ ɹɦɨɣ ɜ ɩɪɨɮɢɥɟ 

ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ 

 

ɍɪɨɜɟɧɶ ɩɟɪɟɤɪɟɫɬɧɵɯ ɩɨɦɟɯ ɞɥɹ ɞɜɭɯ ɬɢɩɨɜ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ Ɉȼ ɤɚɤ 
ɮɭɧɤɰɢɹ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ (ɪɢɫ. 4). ɉɪɢ ɪɚɜɧɨɦ ɲɚɝɟ ɦɟɠɞɭ 
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ɫɟɪɞɰɟɜɢɧɚɦɢ ɩɟɪɟɤɪɟɫɬɧɵɟ ɩɨɦɟɯɢ ɩɪɢ ɧɚɥɢɱɢɢ ɹɦ ɜ ɩɪɨɮɢɥɟ ɧɚ β0 ɞȻ ɧɢɠɟ, 
ɱɟɦ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɢ 
ɪɚɜɧɨɦ ɭɪɨɜɧɟ ɩɟɪɟɤɪɟɫɬɧɵɯ ɩɨɦɟɯ ɫɟɪɞɰɟɜɢɧɵ ɫ ɹɦɚɦɢ ɜ ɩɪɨɮɢɥɟ ɦɨɠɧɨ 
ɪɚɫɩɨɥɚɝɚɬɶ ɤɨɦɩɚɤɬɧɟɟ ɧɚ 16%. ȼɞɨɛɚɜɨɤ ɤ ɫɧɢɠɟɧɧɵɦ ɩɟɪɟɤɪɟɫɬɧɵɦ 
ɩɨɦɟɯɚɦ, ɬɟɯɧɨɥɨɝɢɹ ɫ ɹɦɚɦɢ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɛɨɥɶɲɭɸ ɷɮɮɟɤɬɢɜɧɭɸ 
ɩɥɨɳɚɞɶ ɫɟɪɞɰɟɜɢɧɵ – 110 ɦɤɦ2

. 

 
Ɋɢɫɭɧɨɤ 4 – ɍɪɨɜɟɧɶ ɩɟɪɟɤɪɟɫɬɧɵɯ ɩɨɦɟɯ ɦɟɠɞɭ ɫɟɪɞɰɟɜɢɧɚɦɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɲɚɝɚ ɦɟɠɞɭ ɧɢɦɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 100 ɤɦ 
 

ɉɪɨɫɬɨɣ ɫɩɨɫɨɛ ɩɨɜɵɫɢɬɶ ɱɢɫɥɨ ɫɟɪɞɰɟɜɢɧ – ɪɚɫɩɨɥɨɠɢɬɶ ɢɯ ɜ ɧɟɫɤɨɥɶɤɨ 
ɫɥɨɟɜ. Ɍɚɤ, ɟɫɥɢ ɦɵ ɞɨɛɚɜɢɦ ɤ Ɉȼ ɫ ɫɟɦɶɸ ɫɟɪɞɰɟɜɢɧɚɦɢ ɫɥɟɞɭɸɳɢɣ ɫɥɨɣ ɩɨ 
ɩɪɢɧɰɢɩɭ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɪɟɲɟɬɤɢ, ɩɨɥɭɱɢɦ Ɉȼ ɫ 19 ɫɟɪɞɰɟɜɢɧɚɦɢ. ɉɪɢ ɷɬɨɦ 
ɲɚɝ ɫɟɪɞɰɟɜɢɧ ɞɨɥɠɟɧ ɨɫɬɚɜɚɬɶɫɹ ɬɚɤɢɦ ɠɟ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ 
ɩɟɪɟɤɪɟɫɬɧɵɯ ɩɨɦɟɯ. Ⱦɢɚɦɟɬɪ 19-ɫɟɪɞɰɟɜɢɧɧɨɝɨ Ɉȼ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ β40 ɦɤɦ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 160 ɦɤɦ ɞɥɹ 7-ɫɟɪɞɰɟɜɢɧɧɨɝɨ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɧɢɠɚɟɬɫɹ ɟɝɨ 
ɦɟɯɚɧɢɱɟɫɤɚɹ ɧɚɞɟɠɧɨɫɬɶ. Fujikura ɪɚɡɪɚɛɨɬɚɥɚ ɧɨɜɨɟ ɜɨɥɨɤɧɨ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɷɮɮɟɤɬɢɜɧɨɣ ɩɥɨɳɚɞɶɸ ɢ ɱɢɫɥɨɦ ɫɟɪɞɰɟɜɢɧ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɞɢɚɦɟɬɪ  
Ɉȼ – ɨɤɨɥɨ β00 ɦɤɦ. 

ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɟɪɜɨɝɨ ɜ ɦɢɪɟ ɞɟɫɹɬɢɫɟɪɞɰɟɜɢɧɧɨɝɨ ɜɨɥɨɤɧɚ 
(ɪɢɫ. 5). ɗɮɮɟɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ ɤɚɠɞɨɝɨ ɫɟɪɞɟɱɧɢɤɚ ɨɬ 116 ɞɨ 1β5 ɦɤɦ2

. 

ɉɟɪɟɤɪɟɫɬɧɵɟ ɩɨɦɟɯɢ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɧɚɪɭɠɧɵɦɢ ɜɨɥɨɤɧɚɦɢ ɨɤɨɥɨ – β6 ɞȻ, 
ɚ ɦɟɠɞɭ ɜɧɟɲɧɢɦɢ ɜɨɥɨɤɧɚɦɢ ɢ ɜɧɭɬɪɟɧɧɢɦ ɜɨɥɨɤɧɨɦ – 56 ɞȻ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ 
ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ ɫɜɹɡɢ ДγЖ. 

Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ ɜɨɥɨɤɨɧ ɹɜɥɹɸɬɫɹ 
ɥɢɧɢɢ ɡɚɞɟɪɠɤɢ. ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɞɥɢɬɟɥɶɧɵɯ ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ ɫɜɵɲɟ, 
ɧɚɩɪɢɦɟɪ, 100 ɦɤɫ, ɨɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɥɢɧɢɣ 
ɡɚɞɟɪɠɤɢ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɦɚɫɫɚ ɢ ɝɚɛɚɪɢɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɛɨɥɶɲɨɣ ɞɥɢɧɨɣ 
ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ. ɍɦɟɧɶɲɢɬɶ ɞɥɢɧɭ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɫɢɝɧɚɥɚ ɩɨ 
ɫɟɪɞɰɟɜɢɧɚɦ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ (ɆɋɈȼ). 
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Ɋɢɫɭɧɨɤ 5 – ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ 10-ɫɟɪɞɰɟɜɢɧɧɨɝɨ ɜɨɥɨɤɧɚ 

 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɢɧɢɢ ɡɚɞɟɪɠɤɢ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ 160 ɦ ɆɋɈȼ. 
Ʉ ɨɛɨɢɦ ɤɨɧɰɚɦ ɨɬɪɟɡɤɚ ɜɨɥɨɤɧɚ ɛɵɥɢ ɩɪɢɫɬɵɤɨɜɚɧɵ ɢ ɩɪɢɤɥɟɟɧɵ ɭɫɬɪɨɣɫɬɜɚ 
ɜɜɨɞɚ ɜɵɜɨɞɚ ɍȼȼ1 ɢ ɍȼȼβ. ȼ ɦɟɫɬɚɯ ɫɬɵɤɨɜɤɢ ɆɋɈȼ ɢ ɍȼȼ ɛɵɥɢ ɢɡɦɟɪɟɧɵ 
ɨɩɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ. Ɍɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɪɟɮɥɟɤɬɨɦɟɬɪɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɛɵɥɢ 
ɢɡɦɟɪɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ ɜ ɦɟɫɬɚɯ ɫɬɵɤɨɜɤɢ. 

Ɉɩɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɧɚ ɫɬɵɤɨɜɤɟ ɆɋɈȼ ɫ ɍȼȼ1 ɢ ɍȼȼβ ɧɚɯɨɞɢɥɢɫɶ ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ 0,γ ɞɨ 1,6 ɞȻ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ ɜ ɦɟɫɬɚɯ ɫɬɵɤɨɜɤɢ ɧɟ 
ɩɪɟɜɵɲɚɥɢ – 40 ɞȻ, ɱɬɨ ɩɪɢɟɦɥɟɦɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɢɧɢɢ 
ɡɚɞɟɪɠɤɢ. ɉɨɬɟɪɢ ɫɢɝɧɚɥɚ ɜ ɤɚɠɞɨɦ ɢɡ ɤɚɧɚɥɨɜ, ɜɤɥɸɱɚɹ ɨɩɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɧɚ 
ɫɬɵɤɨɜɤɚɯ ɢ ɜ ɫɟɪɞɰɟɜɢɧɚɯ ɆɋɈȼ, ɧɚɯɨɞɢɥɢɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 1,0 – β,β ɞȻ. ɋɭɦɦɚɪɧɚɹ 
ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɩɨ ɜɫɟɦ ɫɟɦɢ ɤɚɧɚɥɚɦ ɫɨɫɬɚɜɢɥɚ 11,4 ɞȻ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɡɚɞɟɪɠɤɢ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜɟɤɬɨɪɧɵɣ ɚɧɚɥɢɡɚɬɨɪ ɰɟɩɟɣ - ȼȺɐ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ 
ɢɡɥɭɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɥɚɡɟɪɧɵɣ ɢɡɥɭɱɚɬɟɥɶ (ɉɅɂ) ɧɚ 
ɞɥɢɧɟ ɜɨɥɧɵ 1550,9β ɧɦ, ɦɨɳɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɩɨɫɥɟ ɷɥɟɤɬɪɨɨɩɬɢɱɟɫɤɨɝɨ 
ɦɨɞɭɥɹɬɨɪɚ (ɗɈɆ) ɜ ɬɨɱɤɟ Ⱥ ɫɨɫɬɚɜɥɹɥɚ γ ɦȼɬ. Ȼɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ 
ɨɩɵɬɧɚɹ ɫɯɟɦɚ ɥɢɧɢɢ ɡɚɞɟɪɠɤɢ (ɪɢɫ. 6) [4]. 

 
Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚ ɥɢɧɢɢ ɡɚɞɟɪɠɤɢ ɧɚ ɆɋɈȼ 
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ɉɪɢɦɟɪɨɦ ɞɥɹ ɨɰɟɧɤɢ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɢ 
ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ ɜɨɥɨɤɨɧ ɦɨɠɟɬ ɩɨɫɥɭɠɢɬɶ ɫɥɟɞɭɸɳɢɣ ɷɤɫɩɟɪɢɦɟɧɬ, 
ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɧɚɡɚɞ. 

Ƚɪɭɩɩɚ ɤɨɦɩɚɧɢɣ ɢ ɢɧɫɬɢɬɭɬɨɜ əɩɨɧɢɢ, ɚ ɢɦɟɧɧɨ: NTT (Nippon Telegraph 

and Telephone), KDDI Research (ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɜ Ɏɭɞɡɢɦɢɧɨ, 
əɩɨɧɢɹ), Sumitomo Electric, Fujikura, Furukawa, NEC ɢ ɢɧɫɬɢɬɭɬ CIT (Chiba 

Institute of Technology) ɫɨɜɦɟɫɬɧɨ ɪɚɡɪɚɛɨɬɚɥɢ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɟ ɜɨɥɨɤɧɚ ɫ 
ɞɢɚɦɟɬɪɨɦ ɨɛɨɥɨɱɤɢ ɤɚɤ ɭ ɫɬɚɧɞɚɪɬɧɵɯ ɨɞɧɨɦɨɞɨɜɵɯ ɜɨɥɨɤɨɧ. 

Ⱦɚɧɧɵɣ ɤɨɧɫɨɪɰɢɭɦ ɤɨɦɩɚɧɢɣ ɨɩɪɟɞɟɥɢɥ ɪɭɤɨɜɨɞɹɳɢɟ ɩɪɢɧɰɢɩɵ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ ɜɨɥɨɤɨɧ ɫ ɨɛɵɱɧɵɦ ɞɢɚɦɟɬɪɨɦ ɨɛɨɥɨɱɤɢ 
1β5 ɦɤɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɫɬɚɧɞɚɪɬɨɦ, ɚ ɬɚɤɠɟ ɜɨɥɨɤɧɚ ɫ 
ɞɢɚɦɟɬɪɨɦ ɨɛɨɥɨɱɤɢ β50 ɦɤɦ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɵɯ ɜɨɥɨɤɨɧ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 
ɱɬɨ ɢɯ ɦɨɠɧɨ ɛɭɞɟɬ ɱɚɫɬɢɱɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 
ɨɩɬɨɜɨɥɨɤɨɧɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. 

Ȼɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɱɟɬɵɪɟɯ-ɩɹɬɢ ɫɟɪɞɰɟɜɢɧɧɵɟ Ɉȼ ɦɨɝɭɬ ɛɵɬɶ 
ɢɡɝɨɬɨɜɥɟɧɵ ɫ ɞɢɚɦɟɬɪɨɦ ɨɛɨɥɨɱɤɢ 1β5 ɦɤɦ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɨɝɨ ɠɟ ɤɚɱɟɫɬɜɚ 
ɩɟɪɟɞɚɱɢ, ɤɚɤ ɢ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɜɨɥɨɤɧɚɯ. ȼ ɢɬɨɝɟ ɧɚ ɨɫɧɨɜɟ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɯ 
ɜ NTT ɢ KDDI RОЬОКЫМС ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ ɜɨɥɨɤɧɚɯ ɢ ɞɚɥɟɟ ɢɡɝɨɬɨɜɥɟɧɧɵɯ 
ɧɟɫɤɨɥɶɤɢɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ (Fujikura, Sumitomo ɢ Furukawa), ɛɵɥɚ 
ɩɨɫɬɪɨɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɥɢɧɢɹ ɫɜɹɡɢ ɞɥɢɧɨɣ γ16 ɤɦ ɫ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ 118,5 Ɍɟɪɚɛɢɬ/ɫ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ ɨɩɬɢɱɟɫɤɢɯ 
ɭɫɢɥɢɬɟɥɟɣ. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɨɩɬɢɱɟɫɤɢɟ ɤɨɧɧɟɤɬɨɪɵ MU ɢ SC-ɬɢɩɨɜ 
ɩɪɨɢɡɜɨɞɫɬɜɚ CIT ɢ NTT. Ʉɨɧɫɬɪɭɤɰɢɹ ɨɩɬɢɱɟɫɤɢɯ ɪɚɡɴɟɦɨɜ ɫɞɟɥɚɧɚ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɯ ɦɨɠɧɨ ɛɵɥɨ ɜɪɚɳɚɬɶ ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɢ ɩɪɚɜɢɥɶɧɨɣ 
ɫɬɵɤɨɜɤɢ 4 ɫɟɪɞɰɟɜɢɧ. 

ɉɚɪɚɦɟɬɪɵ ɜɨɥɨɤɨɧ ɩɨɥɭɱɢɥɢɫɶ ɚɧɚɥɨɝɢɱɧɵɟ ɫɬɚɧɞɚɪɬɧɵɦ: ɪɚɛɨɱɢɣ 
ɞɢɚɩɚɡɨɧ 1β60 – 16β5 ɧɦ, ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɜ ɜɨɥɨɤɧɚɯ ɜ 
ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɥɨ 0,β1 ɞȻ/ɤɦ. Ʌɢɧɢɹ ɫɨɞɟɪɠɚɥɚ ɬɪɢ ɭɫɢɥɢɬɟɥɶɧɵɯ ɩɪɨɥɟɬɚ ɫ 
ɞɥɢɧɚɦɢ 104-107 ɤɦ, ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɟ ɜɨɥɨɤɧɚ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ 
ɪɚɡɥɢɱɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ, ɫɬɵɤɨɜɚɥɢɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɫɜɚɪɤɢ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ ɜɨɥɨɤɨɧ ɭɠɟ ɪɚɡɪɚɛɨɬɚɧɵ 
ɦɧɨɝɢɟ ɤɨɦɩɨɧɟɧɬɵ: ɤɨɧɧɟɤɬɨɪɵ, ɨɩɬɢɱɟɫɤɢɟ ɭɫɢɥɢɬɟɥɢ, ɨɩɬɢɱɟɫɤɢɟ ɛɥɨɤɢ ɞɥɹ 
ɪɚɡɞɟɥɟɧɢɹ/ɨɛɴɟɞɢɧɟɧɢɹ ɫɟɪɞɰɟɜɢɧ ɪɚɡɧɵɯ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ ɜɨɥɨɤɨɧ ɫ 
ɰɟɥɶɸ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɫɢɝɧɚɥɨɜ ɢɡ ɨɬɞɟɥɶɧɵɯ ɫɟɪɞɰɟɜɢɧ. 

Ʉɚɤ ɡɚɹɜɢɥɢ ɭɱɚɫɬɧɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɢɯ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɧɚɱɚɬɶ 
ɤɨɦɦɟɪɱɟɫɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɧɨɝɨɫɟɪɞɰɟɜɢɧɧɵɯ ɜɨɥɨɤɨɧ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ 
ɞɢɚɦɟɬɪɨɦ ɨɛɨɥɨɱɤɢ ɜ ɩɟɪɜɨɣ ɩɨɥɨɜɢɧɟ β0β0-ɯ Д5Ж. 
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ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɇɨɜɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɫɜɟɪɯɫɤɨɪɨɫɬɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɩɚɪɚɥɥɟɥɶɧɨɣ 
ɩɟɪɟɞɚɱɢ // ɈɈɈ «ɂɡɞɚɬɟɥɶɫɬɜɨ «Ɉɬɤɪɵɬɵɟ ɫɢɫɬɟɦɵ». Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:http:// www.osp.ru/lan/2012/06/13016376. 

2. ɉɟɪɟɞɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ: ɨɬ ɭɥɶɬɪɚɞɥɢɧɧɨɣ 
ɦɚɝɢɫɬɪɚɥɢ ɞɨ ɞɨɦɚɲɧɟɣ ɩɪɨɜɨɞɤɢ // Ɋɂɐ Ɍɟɯɧɨɫɮɟɪɚ. Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. 
– Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.lastmile.su/files/article_pdf/4/article_4192_844.pdf. 

3. ȼɨɥɨɤɧɚ ɛɭɞɭɳɢɯ ɩɟɬɚɛɢɬɧɵɯ ɫɟɬɟɣ // σAG. Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://nag.ru/articles/100004/volokna-buduschih-petabitnyih-setey.html. 

4. ɋɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɤɚɛɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɞɥɹ ɰɟɧɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ // 
ɉɨɪɬɚɥ ɫɬɭɞɟɧɱɟɫɤɢɯ ɢ ɧɚɭɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ τгХТЛ.МШЦ. Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – 
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ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ (ɂȻ) ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ 
ɩɨɞɡɚɞɚɱɚ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɞ ɧɚɡɜɚɧɢɟɦ ɧɚɞɟɠɧɨɫɬɶ ɬɟɯɧɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɂȻ ɜɤɥɸɱɚɟɬ ɦɧɨɠɟɫɬɜɨ ɩɪɨɛɥɟɦ, ɜɤɥɸɱɚɸɳɢɯ 
ɜ ɬɨɦ ɱɢɫɥɟ: 

- ɬɟɯɧɢɱɟɫɤɭɸ ɧɚɞɟɠɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ; 

- ɰɟɥɨɫɬɧɨɫɬɶ ɢ ɫɨɯɪɚɧɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɪɟɫɭɪɫɨɜ, ɜɤɥɸɱɚɹ 
ɫɨɡɧɚɬɟɥɶɧɨɟ ɢɥɢ ɫɥɭɱɚɣɧɨɟ ɢɯ ɩɨɜɪɟɠɞɟɧɢɟ (ɷɬɨ ɤɥɚɫɫɢɱɟɫɤɢ ɜɯɨɞɢɬ ɜ ɬɟɨɪɢɸ 
ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ); 

- ɜɚɪɢɚɧɬɵ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɭɬɟɱɟɤ ɢɧɮɨɪɦɚɰɢɢ, ɜɤɥɸɱɚɹ ɬɟɯɧɢɱɟɫɤɢɟ 
ɫɪɟɞɫɬɜɚ ɩɟɪɟɯɜɚɬɚ ɢ ɩɟɪɟɯɜɚɬ ɛɭɦɚɠɧɨɣ ɢɧɮɨɪɦɚɰɢɢ; 

- ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦ (ɧɚɪɭɲɟɧɢɹ 
ɤɚɧɚɥɨɜ ɫɜɹɡɢ, ɩɨɫɬɚɧɨɜɤɚ ɩɨɦɟɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɜɵɫɨɤɢɯ ɭɪɨɜɧɹɯ ɬɢɩɨɜ IP – 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɢ ɜɵɲɟ); 
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- ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɟ ɩɪɨɛɥɟɦɵ ɂȻ, ɨɪɝɚɧɢɡɚɰɢɸ ɝɟɧɟɪɚɰɢɢ, 
ɯɪɚɧɟɧɢɹ, ɨɛɪɚɛɨɬɤɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɟ ɡɚɞɚɱ ɢ ɩɪɨɛɥɟɦ ɂȻ, ɫ ɩɨɡɢɰɢɣ ɩɪɢɤɥɚɞɧɨɣ 
ɤɢɛɟɪɧɟɬɢɤɢ ɜɨɡɦɨɠɧɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɢɫɚɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɢɱɟɦ 
ɪɚɡɥɢɱɧɵɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɂȻ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɩɨɫɬɭɥɚɬɨɜ.  
1. Ⱥɛɫɨɥɸɬɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɧɟɜɨɡɦɨɠɧɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɬɚɤ ɤɚɤ ɡɚɞɚɱɚ 

ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɨɬɤɪɵɬɵɯ ДβЖ ɫ ɧɟɱɟɬɤɨ 
ɮɨɪɦɭɥɢɪɭɟɦɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ 
ɜɪɟɦɟɧɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɚɬɪɚɬɵ ɧɚ ɡɚɳɢɬɭ ɦɨɝɭɬ ɩɪɟɜɨɫɯɨɞɢɬɶ ɫɬɨɢɦɨɫɬɶ 
ɢɧɮɨɪɦɚɰɢɢ. 

β. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɢɬɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɥɟɞɭɟɬ ɨɪɢɟɧɬɢɪɨɜɚɬɶ ɟɟ ɧɚ 
ɨɫɨɛɟɧɧɨɫɬɢ ɨɯɪɚɧɹɟɦɨɝɨ ɨɛɴɟɤɬɚ (ɡɚɞɚɱɚ ɚɞɟɤɜɚɬɧɨɣ ɡɚɳɢɬɵ Д5Ж). ɗɬɨ 
ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ ɡɚɬɪɚɬɵ, ɫɧɢɡɢɬɶ ɪɢɫɤɢ ɢ ɫɞɟɥɚɬɶ ɡɚɳɢɬɭ ɚɞɚɩɬɢɜɧɨɣ 
(ɩɪɢɫɩɨɫɚɛɥɢɜɚɸɳɟɣɫɹ ɤ ɜɨɡɧɢɤɚɸɳɢɦ ɩɪɨɛɥɟɦɚɦ). 

γ. ɉɪɨɛɥɟɦɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ, ɩɪɢɱɟɦ 
ɡɚɜɢɫɢɦɨɫɬɶ ɹɜɥɹɟɬɫɹ ɧɟɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɪɚɞɢɰɢɨɧɧɨɝɨ 
ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɩɩɚɪɚɬɚ Д4Ж ɡɚɬɪɭɞɧɟɧɨ ɜɫɥɟɞɫɬɜɢɟ ɧɟɜɵɩɨɥɧɟɧɢɹ ɨɫɧɨɜɧɵɯ 
ɬɪɟɛɨɜɚɧɢɣ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɢ (ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɢ ɨɞɧɨɪɨɞɧɨɫɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɜɵɛɨɪɨɤ). ɑɚɫɬɢɱɧɨ ɡɚɞɚɱɚ ɦɨɠɟɬ ɪɟɲɚɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɢɢ ɧɟɱɟɬɤɢɯ 
ɦɧɨɠɟɫɬɜ Д5Ж, ɧɨ ɨɫɬɚɟɬɫɹ ɧɟɪɟɲɟɧɧɨɣ ɡɚɞɚɱɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ ɢ ɨɛɴɟɤɬɚ. 

ɋɮɨɪɦɭɥɢɪɭɟɦ ɬɟɩɟɪɶ ɨɛɳɭɸ ɡɚɞɚɱɭ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɰɟɧɢɜɚɧɢɹ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ (ɤɜɚɥɢɦɟɬɪɢɢ) ɢ ɤɪɢɬɟɪɢɟɜ, ɤɨɬɨɪɵɟ ɩɪɢ ɷɬɨɦ 
ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ. ɋɮɨɪɦɭɥɢɪɭɟɦ ɨɛɳɭɸ ɡɚɞɚɱɭ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɜɢɞɟ: 

W = ( Σ PI ) / (Σ ZJ ),     (1) 

ɝɞɟ W – ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ; Σ PI – ɨɛɳɚɹ 
ɫɬɨɢɦɨɫɬɶ ɢɧɮɨɪɦɚɰɢɢ ɡɚ ɭɱɢɬɵɜɚɟɦɵɣ ɩɟɪɢɨɞ; Σ ГJ – ɫɨɜɨɤɭɩɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 
ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɋɦɵɫɥ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɨɱɟɜɢɞɟɧ; ɬɚɤ ɠɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɠɟɥɚɬɟɥɶɧɨ ɫɧɢɠɚɬɶ ɡɚɬɪɚɬɵ, ɬ.ɟ. ɡɧɚɦɟɧɚɬɟɥɶ Д1Ж.  

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɩɨɥɢɬɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɰɟɧɢɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ  ɤɚɬɟɝɨɪɢɪɨɜɚɬɶ ɜɨɡɦɨɠɧɵɟ ɭɳɟɪɛɵ 
ɩɪɢ ɧɚɪɭɲɟɧɢɹɯ ɂȻ ɩɨ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɦɨɞɢɮɢɤɚɰɢɢ 
ɜɵɪɚɠɟɧɢɹ (1): 

W = ( Σ PI ) / (Σ α J ZJ ),     (2) 

ɝɞɟ αJ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɥɢɹɧɢɹ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɨɰɟɧɢɜɚɬɶɫɹ  ɧɚ ɨɫɧɨɜɟ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɥɢ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ.  
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ɋɸɞɚ ɜɯɨɞɢɬ ɩɨɧɹɬɢɟ ɤɚɬɟɝɨɪɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɨɰɟɧɤɨɣ. ȼ ɨɛɳɟɣ ɮɨɪɦɭɥɢɪɨɜɤɟ ɷɬɨ ɞɨɥɠɧɨ ɜɯɨɞɢɬɶ ɜ 
ɩɪɨɛɥɟɦɭ ɝɥɨɛɚɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ ɞɚɧɧɨɣ ɮɨɪɦɭɥɢɪɨɜɤɟ ɷɬɨ ɩɪɢɯɨɞɢɬ ɤ 
ɫɥɟɞɭɸɳɢɦ «ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ»: ɩɪɢ ɢɦɟɸɳɟɣɫɹ ɝɥɨɛɚɥɢɡɚɰɢɢ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɂɧɬɟɪɧɟɬ, ɦɢɪɨɜɚɹ ɫɢɫɬɟɦɚ 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɭɫɬɨɣɱɢɜɨɣ.  

Ɉɛɨɛɳɢɦ ɡɚɞɚɱɭ  ɤɜɚɥɢɦɟɬɪɢɢ ɜ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɟ. ȼɜɟɞɟɦ ɜ 
ɪɚɫɫɦɨɬɪɟɧɢɟ ɧɟɤɨɬɨɪɵɣ ɮɭɧɤɰɢɨɧɚɥ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ Ψ(А). 
Ɉɛɳɚɹ ɡɚɞɚɱɚ – ɦɚɤɫɢɦɢɡɚɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. Ɉɫɬɚɧɨɜɢɦɫɹ ɧɚ 
ɷɤɨɧɨɦɢɱɟɫɤɨɦ ɤɪɢɬɟɪɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɜɵɪɚɠɟɧɢɟɦ (β), ɜɨɡɦɨɠɧɵ ɞɜɚ ɬɢɩɚ ɪɟɲɟɧɢɣ.  

1. Ʉɚɱɟɫɬɜɨ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ ɡɚɞɚɧɨ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɧɨɪɦ. ɇɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɭɦ ɜɪɟɦɟɧɢ ɠɢɡɧɢ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɪɟɫɭɪɫɨɜ  ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɭɪɨɜɧɟ ɤɚɱɟɫɬɜɚ.  

β. ɉɪɢ ɡɚɞɚɧɧɵɯ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɹɯ ɤɚɱɟɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ 
ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɡɧɚɦɟɧɚɬɟɥɶ ɜɵɪɚɠɟɧɢɹ (β). ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɜɨɡɞɟɣɫɬɜɢɟ 
ɤɚɤ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɥɢɹɧɢɹ α, ɬɚɤ ɧɚ ɨɰɟɧɤɭ ɫɬɨɢɦɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ. 
Ɏɚɤɬɢɱɟɫɤɢ ɡɧɚɱɟɧɢɹ αJ ɢ ZJ ɡɚɜɢɫɹɬ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɩɨɷɬɨɦɭ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ 
ɫɬɚɧɨɜɢɬɫɹ ɦɧɨɝɨɦɟɪɧɨɣ. Ⱦɥɹ ɟɟ ɭɩɪɨɳɟɧɢɹ ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ ɡɧɚɦɟɧɚɬɟɥɶ. 
ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɵ ɫɥɟɞɭɸɳɢɟ ɜɚɪɢɚɧɬɵ. 

β.1. Ɂɧɚɱɟɧɢɹ αJ  ɮɢɤɫɢɪɨɜɚɧɵ. ɉɪɢ ɷɬɨɦ ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɚ 
ɫɜɨɞɢɬɫɹ ɤ ɦɢɧɢɦɢɡɚɰɢɢ ɡɚɬɪɚɬ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɮɚɤɬɨɪɨɜ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɧɚ 
ɨɛɳɢɣ ɪɟɡɭɥɶɬɚɬ, ɪɚɧɠɢɪɭɟɬɫɹ (ɭɩɨɪɹɞɨɱɢɜɚɟɬɫɹ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ 
ɡɧɚɱɢɦɨɫɬɢ), ɞɥɹ ɱɟɝɨ ɜɨɡɦɨɠɟɧ ɩɪɢɧɰɢɩ ɧɨɪɦɢɪɨɜɚɧɢɹ. ȼɵɛɟɪɟɦ 
ɫɨɫɬɚɜɥɹɸɳɭɸ ZJI, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɨɣ ɩɪɢɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ  
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨ ɩɪɢɧɰɢɩɭ ɡɧɚɱɢɦɨɫɬɢ: 

RS = ZS / ZJI       (3)  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɤ ɛɟɡɪɚɡɦɟɪɧɵɦ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ 
ɨɰɟɧɤɚɦ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɧɨ ɪɚɧɠɢɪɨɜɚɬɶ.  

β.β. ɂɡɜɟɫɬɧɵ ɡɧɚɱɟɧɢɹ ГJ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ 
ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɜɥɢɹɧɢɹ α. ɉɪɢ ɬɚɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ 
ɬɚɤɠɟ ɦɨɠɧɨ ɩɟɪɟɣɬɢ ɤ ɛɟɡɪɚɡɦɟɪɧɨɣ ɜɟɥɢɱɢɧɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ 
(γ). Ɍɚɤɠɟ ɦɨɠɧɨ ɪɚɧɠɢɪɨɜɚɬɶ ɱɢɫɥɨɜɨɣ ɪɹɞ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ. 

β.γ. ɉɪɢɦɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɥɢɹɧɢɹ α ɞɜɭɦɟɪɧɵɦɢ, ɤɨɝɞɚ ɫɭɳɟɫɬɜɭɟɬ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ГJ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ɉɪɢɜɟɞɹ ɩɨɤɚɡɚɬɟɥɢ ГJ ɤ 
ɛɟɡɪɚɡɦɟɪɧɨɣ ɮɨɪɦɟ, ɩɨɥɭɱɢɦ ɞɜɭɦɟɪɧɭɸ ɦɚɬɪɢɰɭ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ 
ɪɚɧɠɢɪɨɜɚɬɶ ɚɛɫɨɥɸɬɧɨ, ɩɨ ɫɬɪɨɤɚɦ ɢɥɢ ɫɬɨɥɛɰɚɦ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɜɨɡɦɨɠɧɚ 
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ɬɪɚɤɬɨɜɤɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɥɢɹɧɢɹ ɜ ɦɟɬɨɞɨɥɨɝɢɢ ɫɬɚɧɞɚɪɬɚ ɫɠɚɬɢɹ 
ɢɧɮɨɪɦɚɰɢɢ JPEG Д15Ж. 

ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɩɨɤɚɡɚɬɟɥɢ, ɪɚɧɠɢɪɭɸɬɫɹ ɜ 
ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɢ ɜɵɫɬɪɚɢɜɚɸɬɫɹ ɩɨ ɬɨɩɨɥɨɝɢɢ «ɡɦɟɣɤɚ», ɤɚɤ ɷɬɨ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫ. 1. ɉɨɫɥɟ ɩɪɢɜɟɞɟɧɢɹ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɩɟɪɚɰɢɹ 
ɨɤɪɭɝɥɟɧɢɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɨɣ ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ.  
ɉɪɢ ɷɬɨɦ ɧɟɡɧɚɱɢɦɵɟ ɩɨɤɚɡɚɬɟɥɢ ɨɬɛɪɚɫɵɜɚɸɬɫɹ. ȼɨɡɦɨɠɟɧ ɢ ɞɪɭɝɨɣ, 
ɚɞɚɩɬɢɜɧɵɣ ɜɚɪɢɚɧɬ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɤɪɭɝɥɟɧɢɹ ɧɚɯɨɞɹɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɟɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. Ʉɨɥɢɱɟɫɬɜɨ ɨɰɟɧɢɜɚɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ; ɬɨɝɞɚ ɦɚɬɪɢɰɚ ɩɨɤɚɡɚɬɟɥɟɣ ɦɨɠɟɬ ɢɦɟɬɶ ɞɪɭɝɭɸ 
ɪɚɡɦɟɪɧɨɫɬɶ, ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɤɜɚɞɪɚɬɧɭɸ. 

 
Ɋɢɫɭɧɨɤ 1 – Ɋɚɡɦɟɳɟɧɢɟ  ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ  «ɡɦɟɣɤɨɣ”. 

 

ɉɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜɨɡɦɨɠɟɧ 
ɜɵɛɨɪ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɚɧɚɥɢɡɚ ɂȻ, ɞɥɹ ɱɟɝɨ ɜɧɚɱɚɥɟ ɫɬɪɨɢɬɫɹ 
ɦɨɞɟɥɶ ɜɨɡɦɨɠɧɵɯ ɧɚɪɭɲɟɧɢɣ, ɩɨ ɤɨɬɨɪɨɣ ɢɳɭɬɫɹ ɚɞɟɤɜɚɬɧɵɟ 
ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɹ. Ƚɥɚɜɧɨɟ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ – ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɚɞɟɤɜɚɬɧɨɫɬɢ 
ɦɨɞɟɥɢ ɢ ɨɪɢɝɢɧɚɥɚ ДγЖ. ɉɪɢ ɷɬɨɦ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɤɚɡɭɚɥɶɧɨ-ɥɨɝɢɱɟɫɤɢɟ ɦɨɞɟɥɶ.  

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɢɱɢɧɧɨ-ɫɥɟɞɫɬɜɟɧɧɵɯ ɫɜɹɡɹɯ ɬɢɩɚ «ɟɫɥɢ – 

ɬɨ» ɢ ɨɬɨɛɪɚɠɚɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɧɚɪɭɲɢɬɟɥɹ 
(ɧɚɪɭɲɟɧɢɹ). Ɇɨɠɧɨ ɩɪɢɜɟɫɬɢ ɬɚɤɨɣ ɩɪɢɦɟɪ. ɇɚɪɭɲɢɬɟɥɸ ɞɥɹ ɫɨɜɟɪɲɟɧɢɹ 
ɨɞɧɨɝɨ ɢɡ ɜɚɪɢɚɧɬɨɜ ɧɚɪɭɲɟɧɢɣ (ɧɟɡɚɤɨɧɧɨɟ ɤɨɩɢɪɨɜɚɧɢɟ, ɢɡɦɟɧɟɧɢɟ, 
ɭɞɚɥɟɧɢɟ, ɩɨɪɱɚ, ɮɚɥɶɫɢɮɢɤɚɰɢɹ) ɠɟɥɚɬɟɥɶɧɨ ɩɨɥɭɱɢɬɶ ɮɢɡɢɱɟɫɤɢɣ ɞɨɫɬɭɩ ɤ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɪɟɫɭɪɫɚɦ, ɞɥɹ ɱɟɝɨ ɟɦɭ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ. ɇɚɩɪɢɦɟɪ, ɨɧ ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɞɨɥɠɟɧ 
ɩɪɢɧɢɤɧɭɬɶ ɧɚ ɨɯɪɚɧɹɟɦɭɸ ɬɟɪɪɢɬɨɪɢɸ, ɩɨɥɭɱɢɬɶ ɞɨɫɬɭɩ ɜ ɡɞɚɧɢɟ ɢ 
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ɩɨɦɟɳɟɧɢɟ, ɞɨɫɬɭɩ ɤ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ, ɜɜɟɫɬɢ ɪɟɤɜɢɡɢɬɵ ɩɨɥɶɡɨɜɚɬɟɥɹ, 
ɩɪɨɜɟɫɬɢ ɩɨɢɫɤ ɢɥɢ ɱɟɪɟɡ ɫɟɬɶ ɩɪɨɧɢɤɧɭɬɶ ɧɚ ɫɟɪɜɟɪ ɢɥɢ ɞɪɭɝɨɣ ɤɨɦɩɶɸɬɟɪ ɢɥɢ 
ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɭɞɚɥɟɧɧɵɦ ɞɨɫɬɭɩɨɦ. 

Ɉɱɟɜɢɞɧɨ, ɩɪɢ ɚɧɚɥɢɡɟ ɫɢɫɬɟɦ ɡɚɳɢɬɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɰɟɩɨɱɤɭ 
ɞɟɣɫɬɜɢɣ ɧɚɪɭɲɢɬɟɥɹ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ ɞɨɫɬɭɩɚ, ɩɪɨɜɨɞɹ ɚɧɚɥɢɡ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. ɉɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ ɬɚɤɨɣ ɞɢɚɝɪɚɦɦɵ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɹɬɶ ɫɥɟɞɭɸɳɢɟ ɟɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

1. Ʉɪɢɬɢɱɟɫɤɢɣ ɩɭɬɶ: ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɧɚɪɭɲɢɬɟɥɹ, 
ɢɦɟɸɳɚɹ ɧɚɢɦɟɧɶɲɭɸ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɥɢ ɧɚɢɦɟɧɶɲɭɸ ɡɚɬɪɚɬɧɨɫɬɶ. ɗɬɚ 
ɜɟɥɢɱɢɧɚ ɦɨɠɟɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɨɛɳɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɫɢɫɬɟɦɵ. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɭɥɭɱɲɚɹ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɡɚɳɢɬɵ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɤɪɢɬɢɱɟɫɤɨɦ 
ɩɭɬɢ, ɦɨɠɧɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɨɜɵɫɢɬɶ ɨɛɳɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ. 

 
Ɋɢɫɭɧɨɤ 2 – Ⱦɢɚɝɪɚɦɦɚ ɞɨɫɬɭɩɚ 

 

2. Ɋɚɡɪɟɡ ɝɪɚɮɚ – ɬɚɤɨɟ ɩɨɞɦɧɨɠɟɫɬɜɨ ɪɟɛɟɪ, ɭɞɚɥɟɧɢɟ ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ 
ɟɝɨ ɤ ɧɟɫɜɹɡɧɨɦɭ (ɬ.ɟ. ɤ ɜɵɯɨɞɧɨɣ ɬɨɱɤɟ ɝɪɚɮɚ ɩɨɩɚɫɬɶ ɧɟɥɶɡɹ ɧɢ ɩɨ ɨɞɧɨɦɭ ɢɡ 
ɦɚɪɲɪɭɬɨɜ). Ɋɚɡɪɟɡ ɝɪɚɮɚ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɫɦɵɫɥɚ ɧɟ ɢɦɟɟɬ, ɩɨɫɤɨɥɶɤɭ ɞɥɹ 
ɡɚɤɨɧɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɨɫɬɭɩ ɛɭɞɟɬ ɧɟɜɨɡɦɨɠɟɧ, ɧɨ ɞɥɹ ɚɧɚɥɢɡɚ ɫɢɫɬɟɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɧ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɩɨɥɟɡɧɵɦ. ɉɪɟɞɩɨɥɨɠɢɦ, ɧɚ ɝɪɚɮɟ ɜɨɡɦɨɠɧɨ 
ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ N ɪɚɡɥɢɱɧɵɯ ɪɚɡɪɟɡɨɜ. Ɇɨɠɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ 
ɤɨɥɢɱɟɫɬɜɨ ɜɯɨɠɞɟɧɢɣ ɪɟɛɟɪ ni ɜ ɫɨɜɨɤɭɩɧɨɫɬɶ ɪɚɡɪɟɡɨɜ ɢ ɜɵɱɢɫɥɢɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɱɚɫɬɨɬɵ ɬɚɤɢɯ ɜɯɨɠɞɟɧɢɣ I = ni/N. Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɱɚɫɬɨɬɵ 
ɪɚɧɠɢɪɭɸɬɫɹ ɜ ɩɨɪɹɞɤɟ ɢɯ ɭɛɵɜɚɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɞɥɹ ɩɟɪɜɵɯ ɷɥɟɦɟɧɬɨɜ ɪɹɞɚ 
ɩɪɢɧɢɦɚɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɪɵ ɩɨ ɩɨɜɵɲɟɧɢɸ ɢɯ ɡɚɳɢɬɵ. 
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ɇɚɞ ɞɢɚɝɪɚɦɦɚɦɢ ɞɨɫɬɭɩɚ ɜɨɡɦɨɠɧɵ ɬɟ ɠɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɱɬɨ ɢ ɧɚɞ 
ɨɛɵɱɧɵɦɢ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɝɪɚɮɚɦɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜɨɡɦɨɠɧɨ ɩɪɢɜɟɞɟɧɢɟ ɤ 
ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ ɝɪɚɮɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɡɚɦɟɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɞɭɝ ɨɞɧɨɣ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɭɝɨɣ. Ɍɚɤɚɹ ɩɪɨɰɟɞɭɪɚ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ 
ɫɨɜɨɤɭɩɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ, ɧɚɩɪɢɦɟɪ, ɫɭɦɦɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.  Ɉɧɚ ɯɨɪɨɲɨ 
ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɞɚɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ. 

Ⱦɥɹ ɧɟɝɨ ɞɢɚɝɪɚɦɦɚ ɞɨɫɬɭɩɚ ɢɦɟɟɬ ɜɢɞ, ɩɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫ. β. Ɂɞɟɫɶ 
ɜɟɪɲɢɧɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɫɨɛɵɬɢɹ: 0 – ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɧɚɪɭɲɢɬɟɥɹ; 1 – ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɜ ɨɯɪɚɧɹɟɦɭɸ ɡɨɧɭ; β – ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɜ ɡɚɥ 
ɉɄ; γ – ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɤ ɮɚɣɥ - ɫɟɪɜɟɪɭ; 4 – ɩɨɥɭɱɟɧɢɟ ɩɪɚɜ ɩɨɥɶɡɨɜɚɬɟɥɹ (ɬ.ɟ. 
ɪɟɝɢɫɬɪɚɰɢɹ ɜ ɫɟɬɢ ɢ ɜɜɟɞɟɧɢɟ ɩɚɪɨɥɹ); 5 – ɩɪɢɫɜɨɟɧɢɟ ɩɪɚɜ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚ; 6 
– ɨɫɧɨɜɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɧɚ ɫɟɪɜɟɪɟ; 7 – ɫɥɭɠɟɛɧɵɟ ɤɚɬɚɥɨɝɢ Ɏɋ; 41, … , 4N

 – 

ɫɨɛɫɬɜɟɧɧɵɟ ɮɚɣɥɵ ɉɄ. ɉɨɤɚɡɚɬɟɥɢ ZI ɨɡɧɚɱɚɸɬ ɜɟɫɚ ɞɟɣɫɬɜɢɣ ɫɨɝɥɚɫɧɨ 
ɜɵɪɚɠɟɧɢɹɦ (β) ɢɥɢ (γ). 

ɇɚ ɪɢɫ.β ɩɪɢɜɟɞɟɧ ɫɚɦɵɣ ɨɛɳɢɣ ɜɚɪɢɚɧɬ ɞɢɚɝɪɚɦɦɵ ɞɨɫɬɭɩɚ. Ɂɞɟɫɶ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɧɟ ɩɨɤɚɡɚɧɵ ɜɚɪɢɚɧɬɵ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɞɪɭɝɢɟ ɪɚɛɨɱɢɟ ɝɪɭɩɩɵ, ɧɟ 
ɪɚɫɩɢɫɚɧɵ ɫɩɨɫɨɛɵ ɇɋȾ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɟ ɤɨɦɩɶɸɬɟɪɵ, ɧɟ ɨɛɨɡɧɚɱɟɧɵ ɭɝɪɨɡɵ 
ɢɡɜɧɟ (ɱɟɪɟɡ ɫɢɫɬɟɦɵ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ). ɇɨ ɞɚɠɟ ɨɬɫɸɞɚ ɜɢɞɧɵ ɧɚɢɛɨɥɟɟ 
ɭɹɡɜɢɦɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɦɚɫɫɢɜɵ. ɗɬɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɢɧɮɨɪɦɚɰɢɹ, 
ɪɚɡɦɟɳɟɧɧɚɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɉɄ, ɩɨɫɤɨɥɶɤɭ ɞɨɫɬɭɩ ɤ ɧɟɣ ɜɤɥɸɱɚɟɬ 
ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɭɸ ɰɟɩɨɱɤɭ ɞɨɫɬɭɩɚ: 0 – 1 – 2 – 4

Ʉ
 (ɨɬɦɟɬɢɦ, ɱɬɨ ɷɬɢ ɞɚɧɧɵɟ 

ɞɨɫɬɭɩɧɵ ɢ ɚɞɦɢɧɢɫɬɪɚɬɨɪɭ ɢɡ ɬɨɱɤɢ 7 – ɩɨɤɚɡɚɧɚ ɬɨɥɶɤɨ ɨɞɧɚ ɞɭɝɚ ɫ ɜɟɫɨɦ z10). 

ɉɨɷɬɨɦɭ ɨɱɟɜɢɞɧɚ ɪɟɤɨɦɟɧɞɚɰɢɹ ɧɟ ɨɫɬɚɜɥɹɬɶ ɫɜɨɸ ɢɧɮɨɪɦɚɰɢɸ ɧɚ ɉɄ – 

ɥɭɱɲɟ ɫɨɯɪɚɧɹɬɶ ɟɟ ɧɚ ɫɟɪɜɟɪɟ. ȼɬɨɪɨɣ ɨɫɥɚɛɥɟɧɧɵɣ ɤɨɧɬɭɪ – ɰɟɩɨɱɤɚ 0 – 1 – 2 

– 4 – 6. ɇɚɢɛɨɥɟɟ ɫɥɚɛɨɟ ɡɜɟɧɨ – ɩɨɥɶɡɨɜɚɬɟɥɢ ɫ ɝɪɭɩɩɨɜɵɦɢ ɩɪɚɜɚɦɢ (ɭɱɚɫɬɨɤ 
2 – 4), ɩɨɫɤɨɥɶɤɭ ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ ɡɞɟɫɶ ɯɭɠɟ ɧɚɢɛɨɥɟɟ ɫɥɚɛɨɣ. Ɉɱɟɧɶ ɜɚɠɧɨ 
ɭɫɢɥɟɧɢɟ ɡɚɳɢɬɵ ɩɨ ɦɚɪɲɪɭɬɭ 0 – 1 – 3 – 5 – 7, ɩɨɫɤɨɥɶɤɭ ɩɨɫɥɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 
ɧɚɪɭɲɢɬɟɥɹ ɜ ɬɨɱɤɭ 7 ɟɦɭ ɞɨɫɬɭɩɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɹ ɢɧɮɨɪɦɚɰɢɹ. ɉɨɩɭɬɧɨ 
ɫɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɭɫɢɥɟɧɢɟ ɜɟɫɨɜ z6, z7 ɢ z8 ɧɟ ɜɫɟɝɞɚ ɠɟɥɚɬɟɥɶɧɨ, ɬɚɤ ɤɚɤ 
ɩɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɭɫɥɨɠɧɟɧɢɟ ɪɚɛɨɬɵ ɡɚɤɨɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɩɨɷɬɨɦɭ ɨɧɢ 
ɛɭɞɭɬ ɩɵɬɚɬɶɫɹ ɫɚɦɢ ɨɫɥɚɛɢɬɶ ɷɬɢ ɭɱɚɫɬɤɢ. 

ɇɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɦɨɠɧɨ ɪɟɲɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɣ ɤɥɚɫɫ ɡɚɞɚɱ ɂȻ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɜɨɡɦɨɠɧɵ ɩɨɢɫɤ ɤɪɢɬɢɱɟɫɤɢɯ ɦɚɪɲɪɭɬɨɜ ɢ ɭɡɥɨɜ ɢ ɪɚɡɪɚɛɨɬɤɚ 
ɷɮɮɟɤɬɢɜɧɵɯ ɫɬɪɚɬɟɝɢɣ ɞɥɹ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ.  

ɉɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɪɚɮɨɜ ɩɪɨɜɨɞɹɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɟɤɨɬɨɪɵɦɢ 
ɩɨɥɨɠɟɧɢɹɦɢ, ɩɪɢɧɢɦɚɟɦɵɦɢ ɜ ɤɚɱɟɫɬɜɟ ɫɥɟɞɭɸɳɢɯ ɚɤɫɢɨɦ. Ɉɛɨɡɧɚɱɢɦ 
ɩɪɚɜɢɥɚ ɮɨɪɦɚɥɢɡɚɰɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɪɚɮɚ. 

1. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɰɟɩɨɱɤɚ ɩɪɨɰɟɞɭɪ  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɭɦɦɢɪɨɜɚɧɢɸ 
ɩɨɤɚɡɚɬɟɥɟɣ ȕ. ɐɟɩɨɱɤɚ ɢɥɥɸɫɬɪɢɪɭɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ ɚɧɚɥɢɡɚ ɢ 
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ɜɨɡɦɨɠɧɵɟ ɪɢɫɤɢ ɢ ɪɚɫɯɨɞɵ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɩɪɨɰɟɞɭɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 
ɡɚɦɟɳɟɧɢɹ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

      ȕΣ = Σ ȕІ                                                        (4) 

β. ɉɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɞɭɝ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ 
ɜɚɪɢɚɧɬɚɦ, ɢɡ ɤɨɬɨɪɵɯ ɜɵɛɢɪɚɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɣ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ, 
ɬ.ɟ. ɫ ɧɚɢɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɟɦ: 

ȕS
IJ = min (ȕSL

IJ)                                                  (5)  

Ɂɞɟɫɶ ɱɥɟɧ ɜ ɫɤɨɛɤɚɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɥɶɬɟɪɧɚɬɢɜɭ ɢɡ ɧɟɫɤɨɥɶɤɢɯ 
ɜɚɪɢɚɧɬɨɜ. 

ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ  ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɞɭɛɥɢɪɨɜɚɧɢɟ ɨɩɟɪɚɰɢɣ ɧɚɪɭɲɟɧɢɹ ɂȻ. Ɍɨɝɞɚ ɨɛɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ȕS

IJ  ɩɪɢɦɟɬ ɜɢɞ: 
                                  ȕS

IJ = ȕS1
IJ  ȕS2

IJ / (ȕS1
IJ + ȕS2

IJ)                                          (6)   

ȼɵɪɚɠɟɧɢɹ (γ) ɢ (6) ɩɪɟɞɫɬɚɜɥɹɸɬ ɚɧɚɥɨɝɢɸ ɫ ɡɚɤɨɧɚɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɱɬɨ ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɂȻ.  

  ȼɜɟɞɟɦ ɨɩɪɟɞɟɥɟɧɢɟ ɫɬɟɩɟɧɢ ɜɟɪɲɢɧɵ: ɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ 
ɩɪɢɦɵɤɚɸɳɢɯ (ɨɬɯɨɞɹɳɢɯ) ɞɭɝ. Ȼɨɥɟɟ ɟɦɤɨɟ ɩɨɧɹɬɢɟ – ɜɟɫ  ɜɟɪɲɢɧɵ. Ɉɧ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɭɦɦɚ ɜɟɫɨɜ ɜɯɨɞɳɢɯ ɢ ɢɫɯɨɞɹɳɢɯ ɞɭɝ: 

                     PR
L 

= Σ ȕI
L 

 + Σ ȕI
L+1

                                               (7) 

ɝɞɟ ɩɟɪɜɚɹ ɫɭɦɦɚ - ɜɯɨɞɹɳɢɟ ɞɭɝɢ; ɜɬɨɪɚɹ - ɢɫɯɨɞɹɳɢɟ. 
ȼɬɨɪɨɟ ɨɩɪɟɞɟɥɟɧɢɟ – ɜɟɫ ɦɚɪɲɪɭɬɚ. Ɇɚɪɲɪɭɬɨɦ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ ɰɟɩɨɱɤɭ ɜɟɪɲɢɧ ɢ ɫɨɟɞɢɧɹɸɳɢɯ ɢɯ ɞɭɝ, ɧɚɱɢɧɚɸɳɭɸɫɹ ɧɚ 
ɩɟɪɜɨɣ ɩɨɡɢɰɢɢ ɢɟɪɚɪɯɢɱɟɫɤɨɝɨ ɝɪɚɮɚ ɢ ɨɤɚɧɱɢɜɚɸɳɭɸɫɹ ɧɚ ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ 
ɨɰɟɧɤɢ. Ɍɨɝɞɚ ɰɟɧɚ ɦɚɪɲɪɭɬɚ ɪɚɜɧɚ ɫɭɦɦɟ ɜɟɫɨɜ ɩɨ ɜɫɟɦɭ ɦɚɪɲɪɭɬɭ: 

SQ = Σ ȕW                                                        (8) 

ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɨɩɪɟɞɟɥɟɧɢɣ ɜɨɡɦɨɠɧɨ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ, 
ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɜ ɜɢɞɟ ɚɥɝɨɪɢɬɦɨɜ. 

Ɂɚɞɚɱɚ ɩɨɢɫɤɚ ɤɪɢɬɢɱɟɫɤɨɝɨ ɦɚɪɲɪɭɬɚ. Ɉɛɨɡɧɚɱɢɦ I – ɣ ɦɚɪɲɪɭɬ ɱɟɪɟɡ 
LI . Ⱦɥɹ ɥɸɛɨɝɨ ɤɨɧɟɱɧɨɝɨ ɝɪɚɮɚ ɤɨɥɢɱɟɫɬɜɨ ɦɚɪɲɪɭɬɨɜ ɬɚɤɠɟ ɤɨɧɟɱɧɨ. Ⱦɥɹ 
ɤɚɠɞɨɣ ɩɚɪɵ ɜɟɪɲɢɧ P,Q ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɜɟɫɚ ɦɚɪɲɪɭɬɨɜ SPQ , ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɞɜɭɦɟɪɧɨɣ ɦɚɬɪɢɰɟɣ P*Q, ɜ ɤɨɬɨɪɨɣ ɫɬɪɨɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɤɨɧɟɱɧɵɟ ɫɨɫɬɨɹɧɢɹ ɫɢɧɬɟɡɚ, ɚ ɫɬɨɥɛɰɵ – ɪɚɡɥɢɱɧɵɟ ɦɚɪɲɪɭɬɵ (ɟɫɥɢ ɜ ɬɚɤɨɣ 
ɦɚɬɪɢɰɟ ɦɚɪɲɪɭɬ ɧɟɜɨɡɦɨɠɟɧ, ɟɝɨ «ɡɚɛɢɜɚɸɬ» ɜɟɫɨɦ ∞ ). Ɂɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ 
ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɫɪɟɞɢ ɦɧɨɠɟɫɬɜɚ ɦɚɪɲɪɭɬɨɜ ɧɚɣɬɢ 
ɦɚɪɲɪɭɬ ɨɬ ɜɟɪɲɢɧɵ I ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ ɤ ɜɟɪɲɢɧɟ J ɧɢɠɧɟɝɨ ɭɪɨɜɧɹ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ ɰɟɧɭ. ȿɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɲɢɧ ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ 
ɪɚɜɧɨ V, ɚ ɤɨɥɢɱɟɫɬɜɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɯɨɞɨɜ – G, ɬɨ ɦɧɨɠɟɫɬɜɨ ɨɩɬɢɦɚɥɶɧɵɯ 
ɦɚɪɲɪɭɬɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɞɜɭɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ȿ ɪɚɡɦɟɪɨɦ V*G. 
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ɇɚɡɨɜɟɦ ɟɟ ɦɚɬɪɢɰɟɣ ɤɚɱɟɫɬɜɚ. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɫɢɧɬɟɡɚ ɩɪɨɪɚɧɠɢɪɭɟɦ ɤɨɧɟɱɧɵɟ ɢɫɯɨɞɵ (ɬ.ɟ. 
ɜɟɪɲɢɧɵ ɝɪɚɮɚ) ɩɨ ɫɬɟɩɟɧɢ ɡɧɚɱɢɦɨɫɬɢ (ɩɨ ɩɨɫɥɟɞɫɬɜɢɹɦ). ȼɵɞɟɥɢɦ ɢɫɯɨɞɵ, 
ɩɪɢɜɨɞɹɳɢɟ ɤ ɧɟɨɛɪɚɬɢɦɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ, ɜ ɨɬɞɟɥɶɧɭɸ ɝɪɭɩɩɭ. Ɍɨɝɞɚ 
ɫɨɜɨɤɭɩɧɨɫɬɶ ɢɫɯɨɞɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɪɲɪɭɬɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɷɬɢɦ 
ɢɫɯɨɞɚɦ, ɜɵɞɟɥɹɸɬɫɹ ɬɚɤɠɟ ɜ ɨɬɞɟɥɶɧɭɸ ɝɪɭɩɩɭ, ɧɚɡɵɜɚɟɦɭɸ ɤɪɢɬɢɱɟɫɤɨɣ.    

Ɉɛɳɚɹ ɡɚɞɚɱɚ ɫɢɧɬɟɡɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɦɟɬɧɨ ɭɩɪɨɳɚɟɬɫɹ, ɬɚɤ ɤɚɤ ɧɚ ɝɪɚɮɟ 
ɜɵɞɟɥɹɟɬɫɹ ɟɝɨ ɩɨɞɝɪɚɮ, ɧɨɫɹɳɢɣ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ.  

Ɂɚɞɚɱɚ ɩɨɢɫɤɚ ɭɡɥɨɜɨɣ ɜɟɪɲɢɧɵ. ɍɡɥɨɜɨɣ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɜɟɪɲɢɧɭ ɫ 
ɧɚɢɛɨɥɶɲɢɦ ɜɟɫɨɦ. ȼ ɩɪɢɧɰɢɩɟ, ɡɚɞɚɱɚ ɩɨɢɫɤɚ ɭɡɥɨɜɵɯ ɜɟɪɲɢɧ ɞɨɫɬɚɬɨɱɧɨ 
ɬɪɢɜɢɚɥɶɧɚ ɩɪɢ ɭɫɥɨɜɢɢ ɢɡɜɟɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ȕI . ȿɫɥɢ ɷɬɢ ɜɟɫɚ ɜɵɱɢɫɥɹɸɬɫɹ 
ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɜɟɪɨɹɬɧɨɫɬɹɦɢ, ɫɚɦɚ ɡɚɞɚɱɚ ɩɪɢɨɛɪɟɬɚɟɬ ɜɟɪɨɹɬɧɨɫɬɧɵɣ 
ɯɚɪɚɤɬɟɪ.   

ȼɨɡɦɨɠɧɚ ɮɨɪɦɚɥɢɡɚɰɢɹ ɚɧɚɥɢɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɡɧɚɱɢɦɨɫɬɢ  SI . Ɂɞɟɫɶ ɜɨɡɦɨɠɧɵ ɛɢɧɚɪɧɵɟ ɢɥɢ ɬɟɪɧɚɪɧɵɟ ɨɰɟɧɤɢ. ȼ ɩɟɪɜɨɦ 
ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɲɟɧɢɟ ɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɜɵɞɟɥɟɧɧɨɣ ɤɨɧɟɱɧɨɣ 
ɜɟɪɲɢɧɟ ɩɨ ɚɥɝɨɪɢɬɦɭ: 

ΔJ = { 1 ɩɪɢ ȕJ > SJ 

                                                 0 ɩɪɢ ȕJ < SJ                                              (9) 

ɉɪɢ ɬɟɪɧɚɪɧɨɦ ɚɥɝɨɪɢɬɦɟ ɩɪɚɜɢɥɨ ɪɟɲɟɧɢɹ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
ΔJ = д 1 ɩɪɢ ȕJ > SJ + V/2 

                                             0 ɩɪɢ ȕJ < SJ – V/2                                      (10) 

ɋɬɢɪɚɧɢɟ ɩɪɢ  SJ – V/β <  ȕJ  < SJ + V/2   

ɝɞɟ V – ɡɨɧɚ ɫɬɢɪɚɧɢɹ (ɜ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɚɯ ɨɧɚ ɧɚɡɵɜɚɟɬɫɹ ɡɨɧɨɣ 
ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ). Ɉɧɚ ɦɨɠɟɬ ɩɨɞɫɬɪɚɢɜɚɬɶɫɹ ɜ ɚɞɚɩɬɢɜɧɨɦ ɪɟɠɢɦɟ ɜ ɯɨɞɟ 
ɪɚɛɨɬɵ.  

ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɡɧɚɱɟɧɢɹ ȕJ ɜ ɡɨɧɭ ɫɬɢɪɚɧɢɹ ɜɨɡɦɨɠɧɵ ɧɟɫɤɨɥɶɤɨ 
ɜɚɪɢɚɧɬɨɜ: 

- ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɜɵɲɟɧɢɸ ɞɨɫɬɨɜɟɪɧɨɫɬɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ; 

- ɩɪɨɞɨɥɠɟɧɢɟ ɜɪɟɦɟɧɢ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɩɪɢ ɭɫɥɨɜɢɢ ɷɪɝɨɞɢɱɧɨɫɬɢ 
ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ); 

- ɩɪɢɱɢɫɥɟɧɢɟ ɡɨɧɵ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɤ ɨɞɧɨɦɭ ɢɡ ɛɢɧɚɪɧɵɯ ɪɟɲɟɧɢɣ. 
ɉɨɫɥɟɞɧɟɟ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɵɣ ɪɢɫɤ, ɬɚɤ ɤɚɤ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɡɚɞɚɱɚ  

ɧɨɫɢɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ ɯɚɪɚɤɬɟɪ (ɥɭɱɲɟ ɡɚɬɪɚɬɢɬɶ ɥɢɲɧɢɟ ɫɪɟɞɫɬɜɚ, ɱɟɦ 
ɩɨɬɟɪɹɬɶ ɢɧɮɨɪɦɚɰɢɸ). 

- ɷɤɫɩɟɪɬɧɵɟ ɨɰɟɧɤɢ (ɩɨ ɨɩɪɨɫɚɦ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ); 
- ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɩɨ ɪɟɚɥɶɧɵɦ ɫɨɛɵɬɢɹɦ; 
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- ɮɢɡɢɱɟɫɤɨɟ ɢɥɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 
Ʌɸɛɨɣ ɢɡ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɟɧ ɜɫɥɟɞɫɬɜɢɟ 

ɬɪɭɞɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɩɪɢɦɟɧɹɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɭɫɬɶ ɞɚɠɟ ɫ ɩɨɝɪɟɲɧɨɫɬɹɦɢ.  
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Abstract. This article is devoted to the consideration of the concept of Russian legislation 
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ȼɟɞɟɧɢɟ ɫɨɜɪɟɦɟɧɧɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɩɟɪɟɪɚɛɨɬɤɟ ɚɤɬɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɫɨɞɟɪɠɚɳɟɣ 
ɱɟɬɤɢɟ ɢ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɟɪɟɞɚɱɢ ɢɥɢ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɟ ɦɟɠɞɭ ɪɚɡɥɢɱɧɨɝɨ 
ɭɪɨɜɧɹ ɫɬɪɭɤɬɭɪɚɦɢ ɢ ɨɛɳɟɫɬɜɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɜ 
ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɜɟɫɶɦɚ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɢɧɮɨɪɦɚɬɢɡɚɰɢɢ, ɤɚɤ ɜ ɩɪɨɰɟɫɫɟ 
ɪɚɡɜɢɬɢɹ ɷɤɨɧɨɦɢɤɢ ɫɬɪɚɧ, ɬɚɤ ɢ ɨɛɳɟɫɬɜɚ ɜ ɰɟɥɨɦ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɨɬɜɟɱɚɸɬ ɡɚ 
ɭɪɨɜɟɧɶ ɪɚɡɜɢɬɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɝɨɫɭɞɚɪɫɬɜɚ, ɩɪɢ ɷɬɨɦ ɫɨɡɞɚɜɚɹ ɬɚɤɢɟ 
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ɭɫɥɨɜɢɹ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɨɫɬɭ ɷɤɨɧɨɦɢɤɢ ɫɬɪɚɧɵ ɢ ɜɤɥɸɱɚɸɬ ɟɟ ɜ ɦɢɪɨɜɵɟ 
ɢɧɬɟɝɪɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ. Ȼɨɥɶɲɨɣ ɨɛɴɟɦ ɬɚɤɨɝɨ ɪɨɞɚ ɩɪɨɰɟɫɫɨɜ ɡɚɫɬɚɜɥɹɟɬ 
ɨɛɴɟɞɢɧɹɬɶ ɭɫɢɥɢɹ ɫɬɪɚɧ ɜ ɟɞɢɧɨɟ ɰɟɥɨɟ ɜ ɰɟɥɹɯ ɪɚɡɜɢɬɢɹ ɦɢɪɨɜɵɯ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɟɣ Д1Ж. 

Ɋɨɫɫɢɣɫɤɢɟ ɤɨɦɩɚɧɢɢ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɐɟɧɬɪɵ ɚɤɬɢɜɧɨ ɩɪɢɧɢɦɚɸɬ 
ɭɱɚɫɬɢɟ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɦ ɜɨɩɪɨɫɟ ɨɛɥɚɫɬɢ ɪɚɡɜɢɬɢɹ ɦɢɪɨɜɵɯ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɊɎ ɫɭɳɟɫɬɜɟɧɧɵɦ ɜɨɩɪɨɫɨɦ 
ɹɜɥɹɟɬɫɹ ɬɟɦɚ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ ɤɨɧɰɟɩɰɢɹ ɪɨɫɫɢɣɫɤɨɝɨ 
ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɢ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜ ɫɮɟɪɟ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɚɤɬɭɚɥɶɧɨɫɬɢ ɡɚɤɨɧɨɞɚɬɟɥɶɧɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɪɚɫɫɦɨɬɪɟɧɚ ɧɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɪɚɡɜɢɬɢɹ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ ɜ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɹɯ ɞɨ β0β0 ɝɨɞɚ. 

ɉɪɚɜɢɬɟɥɶɫɬɜɨ ɊɎ ɭɞɟɥɹɟɬ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɜɨɩɪɨɫɭ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ 
ɭɫɥɭɝ ɜ ɨɛɥɚɫɬɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ 
ɡɚɤɨɧɨɞɚɬɟɥɶɧɚɹ ɢ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɚɹ ɛɚɡɚ ɩɨ ɫɨɡɞɚɧɢɸ ɛɥɚɝɨɩɪɢɹɬɧɵɯ 
ɭɫɥɨɜɢɣ ɩɪɢ ɨɤɚɡɚɧɢɢ ɭɫɥɭɝ ɫɜɹɡɢ ɜ ɊɎ, ɤɨɬɨɪɚɹ ɩɨɫɬɨɹɧɧɨ ɫɨɜɟɪɲɟɧɫɬɜɭɟɬɫɹ ɢ 
ɭɠɟɫɬɨɱɚɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɫɧɨɜɭ ɰɟɥɢ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɥɟɝ ɚɧɚɥɢɡ 
ɨɫɧɨɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɊɎ ɜ ɫɮɟɪɟ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝ ɫɜɹɡɢ ДβЖ. 

Ɉɫɧɨɜɧɵɦ ɢ ɫɚɦɵɦ ɜɚɠɧɵɦ ɞɨɤɭɦɟɧɬɨɦ ɡɚɤɨɧɨɞɚɬɟɥɶɧɨɣ ɛɚɡɵ ɩɨ 
ɩɪɟɞɨɫɬɚɜɥɟɧɢɸ ɭɫɥɭɝ ɫɜɹɡɢ ɜ ɊɎ ɹɜɥɹɟɬɫɹ Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ «Ɉ ɫɜɹɡɢ» – ɎɁ 
№ 1β6 ɨɬ 7 ɢɸɥɹ β00γ ɝɨɞɚ. Ⱦɚɧɧɵɣ ɎɁ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɜ ɰɟɥɹɯ ɡɚɳɢɬɵ 
ɢɧɬɟɪɟɫɨɜ ɥɸɞɟɣ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɭɫɥɭɝɢ ɫɜɹɡɢ; ɫɨɡɞɚɧɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɱɟɫɬɧɨɣ ɤɨɧɤɭɪɟɧɰɢɢ ɧɚ ɪɵɧɤɟ, ɨɫɧɨɜɧɨɣ ɰɟɥɶɸ ɤɨɬɨɪɨɝɨ 
ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɭɫɥɭɝ ɫɜɹɡɢ; ɫɨɡɞɚɧɢɹ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɮɚɤɬɨɪɨɜ ɞɥɹ 
ɪɚɡɜɢɬɢɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɫɜɹɡɢ ɜ ɊɎ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ ɨɛɴɟɞɢɧɟɧɢɹ ɫ 
ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ ɫɟɬɹɦɢ ɫɜɹɡɢ ДγЖ. 

Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ «Ɉ ɫɜɹɡɢ» ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɩɪɚɜɨɜɵɟ ɚɫɩɟɤɬɵ ɜ ɨɛɥɚɫɬɢ 
ɫɜɹɡɢ ɧɚ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɊɎ, ɬɚɤɠɟ ɞɨɤɭɦɟɧɬ ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɧɨɦɨɱɢɹ ɨɪɝɚɧɨɜ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɥɚɫɬɢ, ɪɚɛɨɬɚɸɳɟɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɨɛɥɚɫɬɢ ɫɜɹɡɢ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɎɁ № 1β6 ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɩɪɚɜɚ ɢ ɨɛɹɡɚɧɧɨɫɬɢ ɤ ɬɟɦ ɥɢɰɚɦ, ɤɨɬɨɪɵɟ 
ɭɱɭɜɫɬɜɭɸɬ ɜ ɞɟɹɬɟɥɶɧɨɫɬɢ ɫɜɹɡɢ ɢɥɢ ɩɪɨɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɭɫɥɭɝɢ ɫɜɹɡɢ 
(ɩɨɥɶɡɨɜɚɬɟɥɹɦ). 

ȼ ɢɸɧɟ β019 ɝɨɞɚ ɜ ɎɁ «Ɉ ɫɜɹɡɢ» ɛɵɥɢ ɜɜɟɞɟɧɵ ɢɡɦɟɧɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɭɠɟɫɬɨɱɢɥɢ ɤɨɧɬɪɨɥɶ ɧɚɞ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɶɸ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɫɭɞɚɪɫɬɜɚ. Ɍɚɤɨɝɨ 
ɪɨɞɚ ɩɨɩɪɚɜɤɢ, ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɡɚɩɪɟɬ ɩɪɨɞɚɠ ɦɨɛɢɥɶɧɵɯ ɫɢɦ-ɤɚɪɬ ɛɟɡ ɤɚɤɨɣ-

ɥɢɛɨ ɪɟɝɢɫɬɪɚɰɢɢ ɞɚɧɧɵɯ ɩɨɤɭɩɚɬɟɥɹ ɢ ɨɮɨɪɦɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɞɨɤɭɦɟɧɬɚ. Ȼɨɥɟɟ ɬɨɝɨ, ɫɨɝɥɚɫɧɨ ɧɨɜɵɦ ɢɡɦɟɧɟɧɢɹɦ, ɩɨɥɧɨɦɨɱɢɹ ɦɨɛɢɥɶɧɵɯ 
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ɨɩɟɪɚɬɨɪɨɜ ɢ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɵ ɩɨ ɧɚɞɡɨɪɭ ɜ ɫɮɟɪɟ ɫɜɹɡɢ, ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɢ ɦɚɫɫɨɜɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ (Ɋɨɫɤɨɦɧɚɞɡɨɪɚ) ɜ ɨɛɥɚɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɩɟɪɫɨɧɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɢɥɢɫɶ. 

Ɍɚɤɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɹɜɥɹɸɬɫɹ ɨɛɞɭɦɚɧɧɵɦɢ ɢ 
ɜɡɜɟɲɟɧɧɵɦɢ, ɬ.ɤ. ɩɪɚɜɢɬɟɥɶɫɬɜɨ ɊɎ ɞɚɜɧɨ ɩɨɞɧɢɦɚɥɨ ɜɨɩɪɨɫ ɨ ɤɨɧɬɪɨɥɟ ɧɚɞ 
ɫɢɬɭɚɰɢɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɦɨɛɢɥɶɧɵɯ ɫɢɦ-ɤɚɪɬ ɛɟɡ ɪɟɝɢɫɬɪɚɰɢɢ ɞɚɧɧɵɯ 
ɩɨɤɭɩɚɬɟɥɹ. 

ɂɫɯɨɞɹ ɢɡ ɩɨɥɨɠɟɧɢɣ ɮɟɞɟɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ «Ɉ ɫɜɹɡɢ» № 1β6 ɨɬ 7 ɢɸɥɹ 
β00γ ɝɨɞɚ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɩɪɢɧɹɬɵ ɜ ɞɟɣɫɬɜɢɟ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ 
ɩɨɞɡɚɤɨɧɧɵɯ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɯ ɚɤɬɨɜ ɢ ɩɨɫɬɚɧɨɜɥɟɧɢɣ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɜ 
ɨɛɥɚɫɬɢ ɫɜɹɡɢ. Ʉ ɫɚɦɵɦ ɡɧɚɱɢɦɵɦ ɢ ɜɚɠɧɵɦ ɞɨɤɭɦɟɧɬɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: 

1) ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ «Ɉ ɩɨɪɹɞɤɟ ɨɤɚɡɚɧɢɹ ɭɫɥɭɝ ɬɟɥɟɮɨɧɧɨɣ 
ɫɜɹɡɢ» № 1γ4β ɨɬ 9 ɞɟɤɚɛɪɹ β019 ɝɨɞɚ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɚɧɧɵɣ ɞɨɤɭɦɟɧɬ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɧɨɜɨɣ ɚɤɬɭɚɥɢɡɢɪɨɜɚɧɧɨɣ ɪɟɞɚɤɰɢɢ ɨɬ β7.05.β019. ȼ ɞɨɤɭɦɟɧɬɟ 
ɫɨɞɟɪɠɚɬɫɹ ɨɫɧɨɜɧɵɟ ɩɪɚɜɢɥɚ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɨɤɚɡɚɧɢɹ ɭɫɥɭɝ ɬɟɥɟɮɨɧɧɨɣ ɫɜɹɡɢ. 

β) ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ «Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ ɉɪɚɜɢɥ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɟɬɟɣ ɷɥɟɤɬɪɨɫɜɹɡɢ ɢ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ» № 161 ɨɬ β8 ɦɚɪɬɚ 
β005 ɝɨɞɚ. Ⱦɨɤɭɦɟɧɬ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɩɪɚɜɢɥɚ ɤ ɩɨɪɹɞɤɭ ɩɪɨɰɟɫɫɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 
ɫɟɬɟɣ ɷɥɟɤɬɪɨɫɜɹɡɢ ɢ ɢɯ ɨɛɳɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫ ɫɟɬɶɸ ɨɩɟɪɚɬɨɪɚ, ɤɨɬɨɪɵɣ 
ɡɚɧɢɦɚɟɬ ɜɚɠɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ ɫɟɬɢ ɫɜɹɡɢ ɨɛɳɟɞɨɫɬɭɩɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ. 

γ) ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ «Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ ɩɟɪɟɱɧɹ 
ɧɚɢɦɟɧɨɜɚɧɢɣ ɭɫɥɭɝ ɫɜɹɡɢ, ɜɧɨɫɢɦɵɯ ɜ ɥɢɰɟɧɡɢɢ, ɢ ɩɟɪɟɱɧɟɣ ɥɢɰɟɧɡɢɨɧɧɵɯ 
ɭɫɥɨɜɢɣ» № 87 ɨɬ 18 ɮɟɜɪɚɥɹ β005 ɝɨɞɚ. ɗɬɢɦ ɞɨɤɭɦɟɧɬɨɦ ɭɬɜɟɪɠɞɟɧ ɩɟɪɟɱɟɧɶ 
ɭɫɥɭɝ ɫɜɹɡɢ, ɤɨɬɨɪɵɟ ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ ɞɨɥɠɧɵ ɜɧɨɫɢɬɶɫɹ ɜ ɥɢɰɟɧɡɢɢ, 
ɩɨɡɜɨɥɹɸɳɢɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɟɹɬɟɥɶɧɨɫɬɶ ɜ ɫɮɟɪɟ ɨɤɚɡɚɧɢɹ ɭɫɥɭɝ ɫɜɹɡɢ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɜ ɞɚɧɧɨɦ ɩɨɫɬɚɧɨɜɥɟɧɢɢ ɭɫɬɚɧɨɜɥɟɧɵ ɩɟɪɟɱɧɢ ɥɢɰɟɧɡɢɪɨɜɚɧɧɵɯ ɭɫɥɨɜɢɣ, 
ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɩɨɥɧɟɧɢɹ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ 
ɫɮɟɪɟ ɨɤɚɡɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɟɪɟɱɧɟɦ ɭɫɥɭɝ ɫɜɹɡɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɯ 
ɞɨɤɭɦɟɧɬɨɜ ɜ ɨɛɥɚɫɬɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɨɛɥɚɫɬɢ ɫɜɹɡɢ, ɦɨɠɧɨ 
ɫɤɚɡɚɬɶ, ɱɬɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɊɎ ɢ ɢɧɵɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ 
ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɜɟɞɟɬɫɹ ɩɪɢɫɬɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɢ ɧɚɞɡɨɪ ɡɚ ɭɫɥɨɜɢɹɦɢ 
ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝ ɜ ɞɚɧɧɨɣ ɨɬɪɚɫɥɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɤɭɦɟɧɬɵ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ 
ɩɪɚɜɢɥɚ ɢ ɨɩɪɟɞɟɥɹɸɳɢɟ ɭɫɥɨɜɢɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝ ɫɜɹɡɢ, ɩɨɫɬɨɹɧɧɨ 
ɚɤɬɭɚɥɢɡɢɪɭɸɬɫɹ ɢ ɢɡɦɟɧɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɜ 
ɷɤɨɧɨɦɢɤɟ ɫɬɪɚɧɵ, ɩɨɬɪɟɛɧɨɫɬɹɦɢ ɩɨɬɪɟɛɢɬɟɥɹ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ ɧɨɪɦɚɦɢ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɪɚɡɪɚɛɨɬɚɧɚ ɧɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ ɜ 
ɫɮɟɪɟ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ, ɪɟɚɥɢɡɚɰɢɹ ɤɨɬɨɪɨɣ ɩɥɚɧɢɪɭɟɬɫɹ ɞɨ β0β0 ɝɨɞɚ Д4Ж. 
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Ɍɚɤ, ɢɡɭɱɢɜ ɩɨɞɪɨɛɧɨ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɨɫɧɨɜɧɵɟ ɚɫɩɟɤɬɵ ɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ, 
ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɨɦ ɟɟ ɪɟɚɥɢɡɚɰɢɢ ɞɨɥɠɧɵ ɫɬɚɬɶ ɚɛɫɨɥɸɬɧɨ ɧɨɜɵɟ 
ɞɨɤɭɦɟɧɬɵ ɩɨ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ ɫɮɟɪɟ. ɇɨɪɦɚɬɢɜɧɵɟ 
ɞɨɤɭɦɟɧɬɵ ɜ ɫɮɟɪɟ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ, ɤɨɬɨɪɵɟ ɩɥɚɧɢɪɭɟɬɫɹ ɨɩɭɛɥɢɤɨɜɚɬɶ 
ɫɨɝɥɚɫɧɨ ɩɪɨɝɪɚɦɦɟ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. 

Ɍɚɛɥɢɰɚ 1 

ɇɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ ɜ ɫɮɟɪɟ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ 

ȼɢɞ ɧɨɪɦɚɬɢɜɧɨɝɨ ɞɨɤɭɦɟɧɬɚ 
Ʉɨɥɢɱɟɫɬɜɨ 

ɞɨɤɭɦɟɧɬɨɜ (ɲɬɭɤ) 
ɋɬɚɧɞɚɪɬɵ ɧɚ ɬɟɪɦɢɧɵ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜ ɫɮɟɪɟ 

ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ 
14 

ɋɬɚɧɞɚɪɬɵ ɧɚ ɩɪɨɞɭɤɰɢɸ, ɨɬɧɨɫɹɳɭɸɫɹ ɤ ɫɮɟɪɟ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ 

27 

ɋɬɚɧɞɚɪɬɵ ɧɚ ɩɪɨɰɟɫɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɫɮɟɪɟ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ 

21 

ɋɬɚɧɞɚɪɬɵ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɟ 

ɨɛɳɟɬɟɯɧɢɱɟɫɤɢɟ 
107 

ɋɬɚɧɞɚɪɬɵ ɧɚ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ (ɢɫɩɵɬɚɧɢɣ, 
ɢɡɦɟɪɟɧɢɣ, ɚɧɚɥɢɡɚ) 11 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɬɚɛɥ. 1 ɜɢɞɧɨ, ɱɬɨ ɜɨɩɪɨɫ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɫɬɚɧɞɚɪɬɨɜ 
ɜ ɨɛɥɚɫɬɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɪɟɲɚɟɬɫɹ ɧɚ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ 
ɭɪɨɜɧɟ. ɋɨɝɥɚɫɧɨ ɩɪɨɝɪɚɦɦɟ ɩɨ ɪɟɲɟɧɢɸ ɜɨɩɪɨɫɨɜ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ ɜ ɨɛɥɚɫɬɢ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɩɨɪɹɞɤɚ ɜ ɫɭɦɦɟ ɛɨɥɟɟ 180 ɫɬɚɧɞɚɪɬɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ 
ɜɵɣɬɢ ɜ ɫɜɟɬ ɭɠɟ ɜ ɛɥɢɠɚɣɲɟɦ β0β0 ɝɨɞɭ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɩɪɨɝɪɚɦɦɟ ɩɪɢɜɨɞɢɬɫɹ ɤɨɦɩɥɟɤɫ ɦɟɪ, ɤɨɬɨɪɵɟ ɧɚɩɪɚɜɥɟɧɵ ɧɚ 
ɫɬɢɦɭɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɢ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ: ɩɪɢɜɥɟɱɟɧɢɟ ɤɨɦɩɚɧɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ 
ɫɬɚɧɞɚɪɬɨɜ, ɩɪɢɡɵɜ ɤ ɦɟɠɞɭɧɚɪɨɞɧɨɦɭ ɫɨɬɪɭɞɧɢɱɟɫɬɜɭ ɫ ɨɪɝɚɧɚɦɢ ɩɨ 
ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɞɞɟɪɠɤɢ 
ɨɪɝɚɧɢɡɚɰɢɣ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬ ɧɚɰɢɨɧɚɥɶɧɵɟ ɫɬɚɧɞɚɪɬɵ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. 

Ȼɟɡɭɫɥɨɜɧɨ, ɬɚɤɨɣ ɩɨɞɯɨɞ ɜɥɚɫɬɟɣ ɤ ɪɟɲɟɧɢɸ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ ɩɨɡɜɨɥɢɬ 
ɫɨɡɞɚɬɶ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝ, ɤɚɤ ɜ ɨɛɥɚɫɬɢ 
ɫɜɹɡɢ, ɬɚɤ ɢ ɜ ɫɮɟɪɟ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɜ ɰɟɥɨɦ. 

ɋɟɝɨɞɧɹɲɧɢɣ ɪɵɧɨɤ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɊɎ ɧɚɯɨɞɢɬɫɹ ɜ ɬɟɧɞɟɧɰɢɢ 
ɩɨɫɬɨɹɧɧɨɝɨ ɪɚɡɜɢɬɢɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɨɪɦɚɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ ɞɥɹ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɦɢɪɚ. Ɍɚɤɨɟ ɪɚɡɜɢɬɢɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɢ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɞɥɹ 
ɝɨɫɭɞɚɪɫɬɜɚ. ɂɡɦɟɧɟɧɢɹ ɜɧɭɬɪɢ ɨɛɥɚɫɬɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɞɨɥɠɧɵ ɫɜɨɟɜɪɟɦɟɧɧɨ 
ɢ ɬɨɱɧɨ ɞɨɥɠɧɵ ɨɬɨɛɪɚɠɚɬɶɫɹ ɜ ɡɚɤɨɧɨɞɚɬɟɥɶɧɨɣ ɢ ɧɨɪɦɚɬɢɜɧɨɣ ɛɚɡɟ ɫɬɪɚɧɵ Д5Ж. 
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ɂɫɯɨɞɹ ɢɡ ɚɧɚɥɢɡɚ ɞɨɤɭɦɟɧɬɚɰɢɢ ɊɎ ɢ ɩɪɨɝɪɚɦɦɵ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɟɣ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɧɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɉɪɚɜɢɬɟɥɶɫɬɜɨ ɫɬɪɚɧɵ ɭɞɟɥɹɟɬ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɞɚɧɧɨɦɭ 
ɫɟɤɬɨɪɭ ɷɤɨɧɨɦɢɤɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɢɞɟɬ ɨɛɧɨɜɥɟɧɢɟ ɫɬɚɪɨɣ ɧɨɪɦɚɬɢɜɧɨɣ ɛɚɡɵ, 
ɩɨɫɬɨɹɧɧɨ ɚɤɬɭɚɥɢɡɢɪɭɸɬɫɹ ɢ ɜɜɨɞɹɬɫɹ ɧɨɜɨɜɜɟɞɟɧɢɹ ɜ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɟ 
ɞɨɤɭɦɟɧɬɵ. 
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DISTRIBUTION OF EXTERNAL TRAFFIC REQUESTS ON VIRTUAL 

SERVERS ɒCLOUD-CENTER DATA 

 

Abstract. It is proposed that the external traffic arriving at the cloud controller be 

distributed on virtual servers of the corresponding cloud-center data segments using the directional 

random search method with coordinate-based training, which minimizes the total time spent by all 

users in the cloud data center. The proposed directional random search algorithm is launched after 

solving the problem of the initial distribution of requests along the shortest paths between the cloud 

controller and the corresponding segments of the data center. 
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1. ȼɜɟɞɟɧɢɟ. Ɋɟɫɭɪɫɵ ɨɛɥɚɱɧɨɝɨ ɰɟɧɬɪɚ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɫ 
ɪɚɫɩɪɟɞɟɥёɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɪɚɫɫɪɟɞɨɬɨɱɟɧɵ ɜ ɪɚɡɧɵɯ ɬɨɱɤɚɯ, ɢɦɟɸɬ ɪɚɡɧɵɟ 
ɦɨɳɧɨɫɬɢ ɢ ɧɚɝɪɭɠɟɧɵ ɧɟɪɚɜɧɨɦɟɪɧɨ, ɬɨ ɟɫɬɶ ɨɞɧɢ ɫɟɪɜɟɪɵ ɫɢɥɶɧɨ ɧɚɝɪɭɠɟɧɵ, 
ɚ ɞɪɭɝɢɟ ɧɟ ɞɨɝɪɭɠɟɧɵ. ȼ ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ 
ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɵɯ ɫɢɫɬɟɦ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɧɚ ɛɚɡɟ ɮɢɡɢɱɟɫɤɢɯ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦ ɫɨɡɞɚɸɬɫɹ ɜɢɪɬɭɚɥɶɧɵɟ ɫɟɪɜɟɪɚ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɩɚɪɚɥɥɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɧɟɫɤɨɥɶɤɨ ɡɚɞɚɱ ɧɚ ɨɞɧɨɦ ɮɢɡɢɱɟɫɤɨɦ ɫɟɪɜɟɪɟ. ɉɪɢ ɷɬɨɦ 
ɜɢɪɬɭɚɥɶɧɵɟ ɫɟɪɜɟɪɚ ɞɨɥɠɧɵ ɪɚɡɦɟɳɚɬɶɫɹ ɬɚɤ, ɱɬɨɛɵ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɟ 
ɨɛɫɥɭɠɢɬɶ ɡɚɩɪɨɫɵ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɛɨɥɟɟ «ɩɨɥɧɟɟ» ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ ɰɟɧɬɪɚ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. ȼ Д1Ж ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ, 
ɩɨɡɜɨɥɹɸɳɢɣ ɮɨɪɦɢɪɨɜɚɬɶ ɨɛɥɚɱɧɵɟ ɫɟɪɜɟɪɚ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɪɚɡɦɟɳɚɬɶ ɢɯ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɢɡɢɱɟɫɤɢɯ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦɚɯ cloud-ɞɚɬɚ ɰɟɧɬɪɚ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɧɚ 
ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɤɚɡɚɧɚ ɟɝɨ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 

Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɚɤɬɢɜɟɧ ɜ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ cloud-ɞɚɬɚ ɰɟɧɬɪ ɫɨɞɟɪɠɢɬ 
ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɧɢɦ 
ɫɟɪɜɟɪɨɜ. Ʉɨɝɞɚ cloud-ɞɚɬɚ ɰɟɧɬɪ ɫɨɫɬɨɢɬ ɢɡ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɧɢɦ ɫɟɪɜɟɪɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦ ɢ ɫɢɫɬɟɦ 
ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ, ɩɪɨɛɥɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɦɟɠɞɭ 
ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ cloud-ɞɚɬɚ ɰɟɧɬɪɚ ɫɬɚɧɨɜɢɬɫɹ ɚɤɬɭɚɥɶɧɨɣ 
ɡɚɞɚɱɟɣ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɩɪɟɞɟɥɹɬɶ ɜɧɟɲɧɢɣ ɬɪɚɮɢɤ ɦɟɠɞɭ 
ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɜɢɪɬɭɚɥɶɧɵɦɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɪɟɫɭɪɫɚɦɢ cloud-ɞɚɬɚ 
ɰɟɧɬɪɚ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɫɥɭɱɚɣɧɨɝɨ ɩɨɢɫɤɚ ɫ ɧɟɩɪɟɪɵɜɧɵɦ 
ɩɨɤɨɨɪɞɢɧɚɬɧɵɦ ɨɛɭɱɟɧɢɟɦ Д8Ж. 

β. Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɞɨɥɠɧɵ ɛɵɬɶ ɢɡɜɟɫɬɧɵ 
ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɟɧɬɪɚ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ: 

- ɬɨɩɨɥɨɝɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɥɚɱɧɨɝɨ ɰɟɧɬɪɚ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɜ 
ɤɨɬɨɪɨɣ ɡɚɞɚɧɵ ɤɨɨɪɞɢɧɚɬɵ ɪɚɡɦɟɳɟɧɢɹ Ɇ (ɦ = 1,β,…Ɇ) ɮɢɡɢɱɟɫɤɢɯ ɫɟɪɜɟɪɨɜ, 
ɨɛɴɟɞɢɧɟɧɧɵɯ  ɫ ɩɨɦɨɳɶɸ  ɤɨɦɦɭɬɚɬɨɪɚɦɢ ɢ ɞɪɭɝɢɦɢ ɫɟɬɟɜɵɦɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹɦɢ, ɚ ɬɚɤɠɟ ɤɚɧɚɥɚɦɢ ɫɜɹɡɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɩɨɞɫɟɬɢ;  

- ɩɚɪɚɦɟɬɪɵ ɤɚɠɞɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ ɫɟɪɜɟɪɚ (ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɩɪɨɰɟɫɫɨɪɚ, ɬɨ ɟɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɡɚɹɜɨɤ, ɨɛɴёɦ ɩɚɦɹɬɢ ɢ ɬ.ɞ.);  

- ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɟɬɢ µij; 

- ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɚɩɪɨɫɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɧɚ ɰɟɧɬɪ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɞɥɹ 
ɨɛɫɥɭɠɢɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɫɭɦɦɚɪɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ – Ȗ; 
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- ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɢɪɬɭɚɥɶɧɵɯ ɫɟɪɜɟɪɨɜ ɢ «ɬɨɱɤɚ» ɢɯ ɪɚɡɦɟɳɟɧɢɹ, ɬɨ 
ɟɫɬɶ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ Д1Ж ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɵ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɤɚɠɞɨɝɨ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɟɪɜɟɪɚ ɢ ɧɚ ɤɚɤɨɦ ɫɟɝɦɟɧɬɟ ɨɧɢ ɪɚɡɦɟɳɟɧɵ;  

- ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ (ɚɪɟɧɞɧɚɹ ɩɥɚɬɚ ɡɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɫɭɪɫɨɜ 
ɰɟɧɬɪɚ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɢ ɬ. ɞ.). 

Ɍɪɟɛɭɟɬɫɹ ɪɚɫɩɪɟɞɟɥɢɬɶ ɜɧɟɲɧɢɣ ɬɪɚɮɢɤ ɦɟɠɞɭ ɜɢɪɬɭɚɥɶɧɵɦɢ ɫɟɪɜɟɪɚɦɢ 
cloud-ɞɚɬɚ ɰɟɧɬɪɚ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 
ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɡɚɹɜɨɤ ɜɫɟɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɜ 
ɨɛɥɚɱɧɨɦ ɰɟɧɬɪɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ Ɍ, ɬɨ ɟɫɬɶ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɜɵɪɚɠɟɧɢɟ: 
                                                       Ɍ = Σ (tɩ + tɨ),                                                    (1) 

ɝɞɟ, tɩ – ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ ɡɚɹɜɤɢ ɜ ɫɟɬɟɜɵɯ 
ɨɛɨɪɭɞɨɜɚɧɢɹɯ cloud - ɞɚɬɚ ɰɟɧɬɪɚ; 

tɨ - ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɡɚɹɜɤɢ ɜ ɜɢɪɬɭɚɥɶɧɵɯ ɫɟɪɜɟɪɚɯ 
cloud-ɞɚɬɚ ɰɟɧɬɪɚ) ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɩɨɬɨɤɨɜ. 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɮɢɡɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɰɟɧɬɪɚ ɨɛɪɚɛɨɬɤɢ 
ɞɚɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɫɟɬɟɜɵɯ ɤɨɦɦɭɬɚɬɨɪɨɜ, ɬɨ ɟɫɬɶ ɧɟɫɤɨɥɶɤɨ ɤɨɦɩɶɸɬɟɪɨɜ ɩɨɞɤɥɸɱɢɜɲɢɫɶ ɜ ɨɞɢɧ 
ɤɨɦɦɭɬɚɬɨɪ ɨɪɝɚɧɢɡɭɸɬ ɫɟɝɦɟɧɬ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɪɟɫɭɪɫɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ 
ɩɨɞɤɥɸɱɟɧɢɹ cloud-ɞɚɬɚ ɰɟɧɬɪ ɛɭɞɟɬ ɫɨɫɬɨɹɬ ɢɡ S (s = 1, β,………S)  ɫɟɝɦɟɧɬɨɜ, 
ɢɦɟɸɳɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ. 
Ⱦɨɫɬɭɩ ɤ ɪɟɫɭɪɫɚɦ ɤɚɠɞɨɝɨ ɫɟɝɦɟɧɬɚ ɭɩɪɚɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɥɟɪɨɦ ɨɛɥɚɤɚ. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ i ɫɟɝɦɟɧɬɚ ɪɚɜɧɹɟɬɫɹ ɫɭɦɦɟ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶ-

ɧɨɫɬɟɣ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦ ݌௝௙, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɞɚɧɧɨɦɭ ɫɟɝɦɟɧɬɭ, ɬ.ɟ.: 

                                                Pi= ∑ ௝௙௦�௝=ଵ݌ ,                                                         (2) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɮɢɡɢɱɟɫɤɢɯ ɤɨɦɩɶɸɬɟɪɨɜ ɰɟɧɬɪɚ 
ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɛɭɞɟɬ ɪɚɜɧɚ: 
                                                 P= ∑ ሺௌ௜=ଵ ∑ ௝௙௦�௝=ଵ݌ ሻ                                                     (3) 

Ɍɚɤɠɟ ɨɬɦɟɬɢɦ, ɱɬɨ ɜ cloud  ɞɚɬɚ  ɰɟɧɬɪɟ ɜɢɪɬɭɚɥɶɧɵɟ ɫɟɪɜɟɪɚ ɢɦɟɸɬ 
ɪɚɡɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ Д1Ж:  

- ɨɛɥɚɱɧɵɟ ɫɟɪɜɟɪɚ, ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ; 
-  ɨɛɥɚɱɧɵɟ ɫɟɪɜɟɪɚ ɫɨ ɫɪɟɞɧɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ; 
- ɢ ɨɛɥɚɱɧɵɟ ɫɟɪɜɟɪɚ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ. 
ɉɪɟɞɥɚɝɚɟɦɵɣ ɚɥɝɨɪɢɬɦ ɫɥɭɱɚɣɧɨɝɨ ɩɨɢɫɤɚ ɪɟɚɥɢɡɭɟɬɫɹ ɩɨɫɥɟ 

ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɣ ɡɚɹɜɤɢ ɢ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɹɜɨɤ ɩɨ ɤɪɚɬɱɚɣɲɢɦ ɩɭɬɹɦ 
ɦɟɠɞɭ ɤɨɧɬɪɨɥɥɟɪɨɦ ɨɛɥɚɤɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɫɟɝɦɟɧɬɚɦɢ ɰɟɧɬɪɚ 
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ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ.   
Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɫɱɢɬɚɟɬɫɹ ɡɚɞɚɧɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨ ɡɧɚɱɟɧɢɣ 

ɩɚɪɚɦɟɬɪɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɧɚɩɪɚɜɥɟɧɢɹɦ, ɬɨ ɟɫɬɶ: 
                                               Gi (γi 

1
, γi 

2,…. γi 
M

)                                                        (4) 

ɝɞɟ, γi 
1
-ɡɧɚɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɧɚ ɜɯɨɞɟ ɩɟɪɜɨɝɨ ɫɟɝɦɟɧɬɚ ɜ 

i ɲɚɝɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɜ ɤɨɧɬɪɨɥɥɟɪɟ ɨɛɥɚɤɚ ɦɟɠɞɭ 
ɫɟɝɦɟɧɬɚɦɢ cloud-ɞɚɬɚ ɰɟɧɬɪɚ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɤɨɧɬɪɨɥɥɟɪɟ ɨɛɥɚɤɚ); 

Ɇ – ɤɨɥɢɱɟɫɬɜɨ ɫɟɝɦɟɧɬɨɜ ɜ cloud- ɞɚɬɚ ɰɟɧɬɪɟ. 
ȼ ɬɚɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɩɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ 

ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɬɚɤ: ɧɚɣɬɢ ɬɚɤɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ γi 
j
, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɚɬ 

ɦɢɧɢɦɭɦ ɜɵɪɚɠɟɧɢɹ (1). 
ɋɭɬɶ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɹɜɨɤ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɦɟɠɞɭ 

ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɜɢɪɬɭɚɥɶɧɵɦɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɪɟɫɭɪɫɚɦɢ cloud- ɞɚɬɚ ɰɟɧɬɪɚ 
ɫɜɨɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ. 

ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɩɬɢɦɢɡɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ (4) ɜɵɞɟɥɹɟɬɫɹ ɲɚɝ ɜ ɫɥɭɱɚɣɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ   X (ɏ – ɫɥɭɱɚɣɧɵɣ ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ, ɨɬɞɟɥɶɧɵɟ ɪɟɚɥɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ 
ɧɚɩɪɚɜɥɟɧɵ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ).  

ȿɫɥɢ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɜ ɧɨɜɨɦ ɫɨɫɬɨɹɧɢɢ ɦɟɧɶɲɟ ɩɪɟɞɵɞɭɳɟɝɨ, ɬɨ 

ɩɨɫɥɟɞɭɸɳɢɣ ɫɥɭɱɚɣɧɵɣ ɲɚɝ ɞɟɥɚɟɬɫɹ ɭɠɟ ɢɡ ɷɬɨɝɨ ɧɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɜ ɩɪɨɬɢɜɧɨɦ 
ɫɥɭɱɚɟ ɫɢɫɬɟɦɚ ɞɟɥɚɟɬ ɫɥɟɞɭɸɳɢɣ ɫɥɭɱɚɣɧɵɣ ɲɚɝ ɢɡ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɛɨɱɢɟ ɲɚɝɢ ɞɟɥɚɸɬɫɹ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ 
ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɢɫɤɚ ɜɵɛɪɚɧɨ ɜɟɪɧɨ. 

Ⱥɥɝɨɪɢɬɦ ɢɡɦɟɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɜɟɤɬɨɪɚ ߛ�ெ⃗⃗ ⃗⃗  ⃗ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜɢɞɟ 
ɪɟɤɭɪɪɟɧɬɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ  

                                     �௜௝+ଵ = �௜௝ + Δ�௜௝+ଵ,                                                (5) 

                                         Δ�௜௝+ଵ = ݀(�௝ , �௝),                                               (6) 

ɝɞɟ �௝ – ɨɱɟɪɟɞɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɫɥɭɱɚɣɧɨɝɨ ɜɟɤɬɨɪɚ; �௝ – ɞɥɢɧɚ ɪɚɛɨɱɟɝɨ ɲɚɝɚ, �௝ = ��௜; 
d – ɞɥɢɧɚ ɪɚɛɨɱɟɝɨ ɲɚɝɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ; �௜௝ – ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɦɩɨɧɟɧɬ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɬɪɚɮɢɤɚ G  ɡɚ  ݆ 

ɲɚɝɨɜ; 
k – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ.  

ɐɟɥɟɧɚɩɪɚɜɥɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɜɵɛɨɪ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɲɚɝɚ 
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(ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɟɤɬɨɪɚ Х⃗⃗ ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ: 
                                �௝ = ௝݀ + ௝ߚ) − (௝ߙ ∗ �ℎ௘௥                                      (7) 

ɝɞɟ ξ୨ - ɫɥɭɱɚɣɧɨɟ ɱɢɫɥɨ, ɪɚɜɧɨɦɟɪɧɨ ɨɩɪɟɞɟɥɟɧɧɨɟ ɧɚ ɨɬɪɟɡɤɟ: 
                                                                 Ƚ୨ ൑ ξ୨ ൑ Ⱦ୨                                              (8) η୦e୰-ɩɫɟɜɞɨɫɥɭɱɚɣɧɨɟ ɱɢɫɥɨ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɟ ɧɚ ɢɧɬɟɪɜɚɥɟ 

(0,1). 

ȼɟɥɢɱɢɧɵ  ߙ௝ ,  ,௝ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɛɨɪɚ ɫɥɭɱɚɣɧɨɝɨ ɲɚɝɚߚ
ɤɨɬɨɪɚɹ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɵɱɧɨ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ, ɬɨ ɟɫɬɶ: 
                                                                ௝ܲ =  (9)                                               (௝ݓ)݂

ɝɞɟ ݓ௝-ɩɚɪɚɦɟɬɪ ɩɚɦɹɬɢ, ɤɨɬɨɪɵɣ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 
ɪɟɤɭɪɪɟɧɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ: 

௝+ଵݓ                         = ௝ݓ − ,௜ሻߛሺΔ�௜ሻ௝Δܶ[Λሺ}݊݃݅ݏߜ  ௜ሻ]௝}                               (10)ߛሺܧ

ɝɞɟ ߜ > Ͳ- ɜɟɥɢɱɢɧɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ; ሺΔ�௜ሻ௝ - ɩɪɢɪɚɳɟɧɢɟ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɞɥɹ i - ɫɟɝɦɟɧɬɚ ɜ j – ɫɥɭɱɚɣɧɨɦ 
ɲɚɝɟ.  

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɩɨɫɥɟɞɧɟɝɨ ɜɵɪɚɠɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 
ɩɪɟɞɵɞɭɳɟɟ j-ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ݓ௝ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɩɪɢɪɚɳɟɧɢɟ   Δ�௜, ɫɞɟɥɚɧɧɨɟ ɜ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ, ɩɪɢɜɟɥɨ ɤ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ, ɬ.ɟ. 
ɤɨɝɞɚ   Δܶ[∗]௝ < Ͳ.  

ȼɟɪɨɹɬɧɨɫɬɶ ɜɵɛɨɪɚ ɫɥɭɱɚɣɧɨɝɨ ɲɚɝɚ ௝ܲ = ݂ሺݓ௝ሻ ɭɜɟɥɢɱɢɜɚɟɬ 
ɜɟɪɨɹɬɧɨɫɬɶ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɲɚɝɨɜ.  

ɍɜɟɥɢɱɟɧɢɟ ݓ௝  , ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɧɚɱɟɧɢɹ 
ɜɟɪɨɹɬɧɨɫɬɢ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɲɚɝɨɜ, ɬ.ɟ. ɫɨɡɞɚɟɬ ɧɚɢɥɭɱɲɢɟ ɭɫɥɨɜɢɹ ɞɥɹ 
ɭɦɟɧɶɲɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟɦ ɜɟɥɢɱɢɧ ߙ௝ɢ  ߚ௝   
ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɩɨ ɮɨɪɦɭɥɚɦ: 

௝ߙ                          = { −ͳ                        ˒˓и ௝ܲ < Ͳ.5,−ͳ + ( ௝ܲ − Ͳ.5) ∗ ʹ      ˒˓и ௝ܲ ൒ Ͳ.5,                                     (11) 

௝ߚ = { ͳ                        ˒˓и ௝ܲ ൒ Ͳ.5,ͳ + ( ௝ܲ − Ͳ.5) ∗ ʹ      ˒˓и ௝ܲ < Ͳ.5.                     
Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɭɱɚɣɧɨɝɨ ɩɨɢɫɤɚ 

ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɜ ɤɨɧɬɪɨɥɥɟɪɟ ɨɛɥɚɤɚ ɩɨ 
ɜɢɪɬɭɚɥɶɧɵɦ ɦɚɲɢɧɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɟɝɦɟɧɬɨɜ cloud ɞɚɬɚ ɰɟɧɬɪɚ.  

ɉɨɫɥɟ ɩɪɨɫɦɨɬɪɚ  ɜɫɟɯ   ɜɚɪɢɚɧɬɨɜ    ɜɵɱɢɫɥɹɸɬɫɹ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ ɜɟɫɨɜ 
ɪɟɛɟɪ (ɤɚɧɚɥɨɜ ɫɜɹɡɢ) ɢ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ ɫɟɝɦɟɧɬɨɜ ɜ ɦɟɬɪɢɤɟ 
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ɦɚɪɝɢɧɚɥɶɧɵɯ ɡɚɞɟɪɠɟɤ ݈௜ , ௝݈,  ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɫɧɨɜɚ ɡɚɩɭɫɤɚɟɬɫɹ 
ɩɨɞɩɪɨɝɪɚɦɦɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɩɨ ɫɟɝɦɟɧɬɚɦ cloud-ɞɚɬɚ  
ɰɟɧɬɪɚ ɢ ɬ.ɞ. 

Ⱥɥɝɨɪɢɬɦ ɡɚɜɟɪɲɚɟɬ ɪɚɛɨɬɭ, ɤɨɝɞɚ ɧɢ ɨɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɧɟ ɛɭɞɟɬ ɭɥɭɱɲɚɬɶ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ. ɇɚ ɨɫɧɨɜɟ 
ɚɥɝɨɪɢɬɦɚ ɛɵɥ ɩɪɨɜɟɞɟɧ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɣ ɜ 
ɭɫɥɨɜɢɹɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɧɚɝɪɭɡɤɢ (0.75> ρ>0.5) ɩɨɡɜɨɥɢɥ ɭɥɭɱɲɢɬɶ 
ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɧɚ γ.4÷4.7 ɩɪɨɰɟɧɬɨɜ. 

Ɂɚɤɥɸɱɟɧɢɟ.   Ɋɟɡɸɦɢɪɭɹ ɜɫɟ ɢɡɥɨɠɟɧɧɨɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɟ 
ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ, ɩɨɫɬɭɩɚɸɳɢɟ ɜ ɤɨɧɬɪɨɥɥɟɪ ɨɛɥɚɤɚ cloud-ɞɚɬɚ ɰɟɧɬɪɚ 

ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɪɢɦɟɧɟɧɢɟ ɫɬɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɯ ɩɨ 
ɜɢɪɬɭɚɥɶɧɵɦ ɦɚɲɢɧɚɦ ɡɚɱɚɫɬɭɸ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɠɟɥɚɟɦɵɦ ɪɟɡɭɥɶɬɚɬɚɦ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɨɞɯɨɞɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɧɟɲɧɟɝɨ ɬɪɚɮɢɤɚ ɩɨ 
ɜɢɪɬɭɚɥɶɧɵɦ ɫɟɪɜɟɪɚɦ, ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ 
ɡɚɝɪɭɠɟɧɧɨɫɬɢ, ɩɪɢɜɟɞɟɬ ɤ ɡɚɦɟɬɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɡɚɹɜɨɤ 
ɜ cloud-ɞɚɬɚ ɰɟɧɬɪɟ. 
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Аɧɧɨɬаɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ ɨɩɬɢɱɟɫɤɨɝɨ 
ɜɨɥɨɤɨɧɧɨɝɨ ɤɚɛɟɥɹ. ɉɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɩɨɬɟɪɹɦ ɫɢɝɧɚɥɚ ɜ 
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ɩɪɨɜɟɪɤɚ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ ɪɟɮɥɟɤɬɨɦɟɬɪɚ 
ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ. 
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ANALYSIS OF DIAGNOSTIC METHODS OF OPTICAL  

FIBER CABLE 
 

Abstract. The article analyzes the diagnostic methods of optical fiber cable. The main 

factors leading to signal loss in optical cables are presented. Test methods for fiber optic equipment 

and cables are listed. The procedure for checking optical fiber is described. The verification of a 

fiber-optic communication line using an optical time domain reflectometer is shown. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɫ ɤɚɠɞɵɦ ɞɧɟɦ ɜɫɟ ɛɨɥɶɲɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 
ɤɨɪɩɨɪɚɬɢɜɧɵɯ ɫɟɬɟɣ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɟɬɢ ɪɚɫɲɢɪɹɸɬɫɹ, ɜɨɡɪɚɫɬɚɟɬ ɱɢɫɥɨ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɷɬɢɯ ɫɟɬɟɣ. ȼɦɟɫɬɟ ɫ ɷɬɢɦ ɪɚɫɬɭɬ ɬɚɤɠɟ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɩɟɪɟɞɚɜɚɟɦɨɦɭ ɬɪɚɮɢɤɭ, ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɢ ɢ 
ɫɬɨɢɦɨɫɬɢ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 
ɤɨɪɩɨɪɚɬɢɜɧɨɣ ɫɟɬɢ.  

ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɢɤɢ ɞɢɚɝɧɨɫɬɢɤɢ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɨɧɧɨɝɨ ɤɚɛɟɥɹ, ɤɚɤ 
ɨɫɧɨɜɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɬɟɣ, ɩɪɟɞɨɫɬɚɜɥɹɸɬ 
ɨɛɲɢɪɧɵɣ ɫɩɟɤɬɪ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɨ ɥɨɤɚɥɢɡɚɰɢɢ ɢ ɢɫɩɪɚɜɥɟɧɢɸ ɩɨɜɪɟɠɞɟɧɢɣ, 
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ɜɵɡɜɚɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɮɚɤɬɨɪɚɦɢ. Ɉɞɧɚɤɨ ɧɟ ɜɫɟ ɦɟɬɨɞɵ ɢ ɫɩɨɫɨɛɵ ɧɚɯɨɠɞɟɧɢɹ 
ɩɨɜɪɟɠɞɟɧɢɣ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɤɚɛɟɥɟɣ ɷɮɮɟɤɬɢɜɧɵ ɢ ɩɪɨɫɬɵ ɜ ɢɫɩɨɥɧɟɧɢɢ ɩɪɢ 
ɪɚɛɨɬɟ ɫ ɤɚɛɟɥɟɦ, ɚ ɩɨɪɨɣ ɬɪɟɛɭɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɉɩɬɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ ɢɦɟɸɬ ɧɟɫɤɨɥɶɤɨ ɩɪɢɫɭɳɢɯ ɢɦ ɮɢɡɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɗɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɥɢɹɸɬ ɧɚ ɩɨɥɨɫɭ ɩɪɨɩɭɫɤɚɧɢɹ, ɡɚɬɭɯɚɧɢɟ ɢ 
ɤɚɱɟɫɬɜɨ ɫɢɝɧɚɥɚ ɩɪɢ ɩɟɪɟɞɚɱɟ ɧɚ ɪɚɫɫɬɨɹɧɢɟ. ȼ ɦɧɨɝɨɦɨɞɨɜɵɯ ɜɨɥɨɤɧɚɯ 
ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɤɚɱɟɫɬɜɨ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ, ɹɜɥɹɟɬɫɹ 
ɦɨɞɨɜɚɹ ɞɢɫɩɟɪɫɢɹ Д1Ж. 

ɉɨɫɥɟ ɭɫɬɚɧɨɜɤɢ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɬɳɚɬɟɥɶɧɨ ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ. ɉɪɢɟɦɨɱɧɵɟ ɩɪɨɜɟɪɤɢ ɩɨɤɚɡɵɜɚɸɬ, ɹɜɥɹɟɬɫɹ ɥɢ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɣ ɤɚɛɟɥɶ ɩɪɨɱɧɵɦ ɢ ɫɬɚɛɢɥɶɧɵɦ, ɛɵɥɢ ɥɢ ɤɚɤɢɟ-ɥɢɛɨ ɞɟɮɟɤɬɵ 
ɜɵɡɜɚɧɵ ɜɨ ɜɪɟɦɹ ɦɨɧɬɚɠɚ ɤɚɛɟɥɹ, ɩɪɚɜɢɥɶɧɵ ɥɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚ ɫɬɚɞɢɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɩɨɬɟɪɶ ɫɨɟɞɢɧɟɧɢɣ, ɫɨɟɞɢɧɢɬɟɥɟɣ, ɞɥɢɧɵ ɜɨɥɨɤɧɚ, ɚ 
ɬɚɤɠɟ ɪɚɛɨɬɚɟɬ ɥɢ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɫɢɫɬɟɦɚ ɫ ɧɚɞɥɟɠɚɳɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 
[2, 3]. 

ɉɪɢɦɟɧɹɸɬɫɹ ɞɜɚ ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɚ ɬɟɫɬɢɪɨɜɚɧɢɹ ɞɥɹ ɩɟɪɟɞɚɬɱɢɤɚ ɢ 
ɩɪɢɟɦɧɢɤɚ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ. ɉɟɪɜɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɵɬɚɧɢɢ 
ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ ɩɟɪɟɞɚɬɱɢɤɚ (ɪɢɫ. 1). ɉɟɪɟɞɚɬɱɢɤ ɫɨɟɞɢɧɟɧ ɫ ɤɨɪɨɬɤɨɣ ɞɥɢɧɨɣ 
ɨɩɨɪɧɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ ɞɥɢɧɨɣ ɨɤɨɥɨ β ɦ, ɨɩɬɨɜɨɥɨɤɧɨ, ɹɜɥɹɸɳɟɟɫɹ 
ɨɩɨɪɧɵɦ, ɞɨɥɠɧɨ ɛɵɬɶ ɬɨɝɨ ɠɟ ɬɢɩɚ ɢ ɪɚɡɦɟɪɚ, ɱɬɨ ɢ ɨɩɬɨɜɨɥɨɤɧɨ, ɫ ɤɨɬɨɪɵɦ 
ɩɟɪɟɞɚɬɱɢɤ ɞɨɥɠɟɧ ɩɪɨɞɨɥɠɚɬɶ ɪɚɛɨɬɚɬɶ ɢ ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɨ ɜ 
ɫɢɫɬɟɦɟ. ɂɡɦɟɪɢɬɟɥɶ ɦɨɳɧɨɫɬɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɞɪɭɝɨɦɭ ɤɨɧɰɭ ɨɩɬɨɜɨɥɨɤɧɚ ɢ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ. ɗɬɨ ɡɧɚɱɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɜ ɩɪɟɞɟɥɚɯ ± 5% ɨɬ ɜɵɯɨɞɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɩɨɫɬɚɜɳɢɤɨɦ ɩɟɪɟɞɚɬɱɢɤɚ. 

 
Ɋɢɫɭɧɨɤ 1 – Ɍɟɫɬɢɪɨɜɚɧɢɟ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ ɩɟɪɟɞɚɬɱɢɤɚ 

 

ȼɬɨɪɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɩɪɨɜɟɪɤɢ ɩɪɢɟɦɧɨɣ ɱɚɫɬɢ. ɗɬɨ 
ɞɟɥɚɟɬɫɹ ɩɭɬɟɦ ɩɨɞɤɥɸɱɟɧɢɹ ɩɟɪɟɞɚɬɱɢɤɚ ɢ ɩɪɢɟɦɧɢɤɚ ɤ ɷɬɚɥɨɧɧɨɦɭ 
ɨɩɬɨɜɨɥɨɤɧɭ ɫ ɡɚɞɚɧɧɵɦ ɡɚɬɭɯɚɧɢɟɦ, ɬɚɤ ɱɬɨ ɭɪɨɜɟɧɶ ɩɪɢɧɢɦɚɟɦɨɝɨ ɥɭɱɚ 
ɫɧɢɠɚɟɬɫɹ ɞɨ ɭɪɨɜɧɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢɟɦɧɢɤɚ. ɗɬɨ ɡɧɚɱɟɧɢɟ ɞɨɥɠɧɨ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɪɨɜɧɸ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɦɭ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɜ ɫɩɟɰɢɮɢɤɚɰɢɹɯ 
ɩɪɢɟɦɧɢɤɚ, ɡɚɬɟɦ ɤ ɩɟɪɟɞɚɬɱɢɤɭ ɢ ɩɪɢɟɦɧɢɤɭ ɩɨɞɤɥɸɱɚɟɬɫɹ ɬɟɫɬɟɪ ɨɲɢɛɨɤ, ɢ 
ɱɚɫɬɨɬɚ ɨɲɢɛɨɤ ɩɨ ɛɢɬɚɦ ɩɪɨɜɟɪɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ γ0 ɦɢɧɭɬ. ɗɬɨ ɩɨɞɬɜɟɪɞɢɬ, ɱɬɨ 

ɉɟɪɟɞɚɬɱɢɤ 

-10,0 

2 м 
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ɩɟɪɟɞɚɬɱɢɤ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɩɟɰɢɮɢɤɚɰɢɹɦ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɢ ɫɩɨɫɨɛɟɧ 
ɧɨɪɦɚɥɶɧɨ ɪɚɛɨɬɚɬɶ ɜ ɫɢɫɬɟɦɟ. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ ɧɚ ɪɢɫ. β. 

 
Ɋɢɫɭɧɨɤ 2 – Ɍɟɫɬɢɪɨɜɚɧɢɟ ɩɪɢɟɦɧɢɤɚ 

 

ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦ ɷɬɚɩɨɦ ɢɫɩɵɬɚɧɢɣ ɨɩɬɨɜɨɥɨɤɨɧɧɨɝɨ ɤɚɛɟɥɹ 
ɫɱɢɬɚɟɬɫɹ ɢɫɩɵɬɚɧɢɟ ɰɟɥɨɫɬɧɨɫɬɢ. ɂɫɩɵɬɚɧɢɟ ɰɟɥɨɫɬɧɨɫɬɢ ɩɪɨɫɬɨ ɩɪɨɜɟɪɹɟɬ, 
ɱɬɨ ɨɩɬɢɱɟɫɤɨɟ ɜɨɥɨɤɧɨ ɧɟ ɥɨɦɚɟɬɫɹ ɨɬ ɨɞɧɨɝɨ ɤɨɧɰɚ ɞɨ ɞɪɭɝɨɝɨ. Ɉɩɬɢɱɟɫɤɢɣ 
ɥɭɱ ɜɜɨɞɢɬɫɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɧɚ ɨɞɧɨɦ ɤɨɧɰɟ ɜɨɥɨɤɧɚ, ɢ ɟɝɨ ɩɨɹɜɥɟɧɢɟ 
ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɞɪɭɝɨɦ ɤɨɧɰɟ. ɗɬɨɬ ɦɟɬɨɞ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ 
ɧɢɤɚɤɨɣ ɞɪɭɝɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɤɪɨɦɟ ɨɬɫɭɬɫɬɜɢɹ ɪɚɡɪɵɜɨɜ ɜɨɥɨɤɧɚ ɩɨ ɜɫɟɣ ɟɝɨ 
ɞɥɢɧɟ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɜ ɯɨɞɟ ɢɫɩɵɬɚɧɢɹ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɦɨɳɧɚɹ ɜɫɩɵɲɤɚ ɨɬ 
ɝɨɪɟɥɤɢ ɧɚ ɨɞɧɨɦ ɤɨɧɰɟ ɨɩɬɨɜɨɥɨɤɧɚ ɢ ɧɚɛɥɸɞɚɥɨɫɶ ɩɨɹɜɥɟɧɢɟ ɥɭɱɚ ɧɚ ɞɪɭɝɨɦ 
ɤɨɧɰɟ. ɗɬɨɬ ɫɩɨɫɨɛ ɯɨɪɨɲɨ ɪɚɛɨɬɚɟɬ ɫ ɦɧɨɝɨɦɨɞɨɜɵɦɢ ɜɨɥɨɤɧɚɦɢ ɫ ɛɨɥɶɲɢɦ 
ɞɢɚɦɟɬɪɨɦ ɫɟɪɞɟɱɧɢɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ ɞɨ 500 ɦɟɬɪɨɜ, ɧɨ ɧɚ ɛɨɥɶɲɢɟ 
ɪɚɫɫɬɨɹɧɢɹ ɷɬɨ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɧɚɞɟɠɧɨ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɫɩɨɫɨɛɨɜ ɢɫɩɵɬɚɧɢɣ, 
ɩɪɨɜɨɞɢɦɵɯ ɜ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɥɢɧɢɢ, ɫɱɢɬɚɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɡɚɬɭɯɚɧɢɹ ɩɨ 
ɜɫɟɣ ɞɥɢɧɟ ɜɨɥɨɤɧɚ. ɗɬɨ ɡɧɚɱɟɧɢɟ ɡɚɬɭɯɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ 
ɛɨɥɶɲɢɧɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ ДβЖ. 

ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɢɡɦɟɪɟɧɢɟ ɜɧɨɫɢɦɵɯ ɩɨɬɟɪɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɢɫɬɨɱɧɢɤɚ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɢ ɢɡɦɟɪɢɬɟɥɹ ɦɨɳɧɨɫɬɢ. ȼ ɧɚɱɚɥɟ ɢɡɦɟɪɢɬɟɥɶ 
ɦɨɳɧɨɫɬɢ ɤɚɥɢɛɪɭɟɬɫɹ ɫ ɢɫɬɨɱɧɢɤɨɦ, ɫɨɟɞɢɧɹɹ ɨɛɚ ɩɪɢɛɨɪɚ ɫ ɤɨɪɨɬɤɢɦ 
ɨɬɪɟɡɤɨɦ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ ɞɥɢɧɨɣ ɨɤɨɥɨ β ɦ. ɂɫɬɨɱɧɢɤ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ 
ɭɪɨɜɟɧɶ ɩɟɪɟɞɚɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ -10 ɞȻɦ, ɡɚɬɟɦ ɩɨɤɚɡɚɧɢɹ ɫɱɟɬɱɢɤɚ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ -10 ɞȻɦ. ɇɟɨɛɯɨɞɢɦɨ 
ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɭɪɨɜɟɧɶ, ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ ɞɥɹ ɤɚɥɢɛɪɨɜɤɢ ɢɡɦɟɪɢɬɟɥɹ 
ɦɨɳɧɨɫɬɢ, ɪɚɫɩɨɥɨɠɟɧ ɜ ɩɪɟɞɟɥɚɯ ɟɝɨ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɢɚɩɚɡɨɧɚ. 

ɉɨɫɥɟ ɤɚɥɢɛɪɨɜɤɢ ɢɡɦɟɪɢɬɟɥɹ ɦɨɳɧɨɫɬɢ ɨɧ ɞɨɫɬɚɜɥɹɟɬɫɹ ɧɚ ɦɟɫɬɨ ɫ 
ɢɫɬɨɱɧɢɤɨɦ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɤɚɛɟɥɶɧɨɣ 
ɥɢɧɢɢ. ɉɨɥɭɱɟɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨɦ ɪɟɡɭɥɶɬɚɬ ɡɧɚɱɟɧɢɹ ɭɪɨɜɧɹ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɬɭɯɚɧɢɣ, ɜɧɨɫɢɦɵɯ ɜ ɫɟɱɟɧɢɟ ɬɟɫɬɢɪɭɟɦɨɝɨ 
ɤɚɛɟɥɹ. ɉɪɨɰɟɫɫ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. γ. 

ɉɟɪɟɞɚɬɱɢɤ 
ɬɟɫɬɟɪɚ ɨɲɢɛɨɤ 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢёɦɧɢɤɚ 
ɤɚɧɚɥɚ ɞɥɹ ɱɢɫɥɚ ɨɲɢɛɨɤ 10–9

 

 

ɉɟɪɟɞɚɬɱɢɤ ɉɪɢёɦɧɢɤ ɉɪɢёɦɧɢɤ 

те̭те̬̌ оши̍ок 
ɗɬɚɥɨɧɧɨɟ ɜɨɥɨɤɧɨ 
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Ɋɢɫɭɧɨɤ 3 – ɉɪɨɰɟɫɫ ɬɟɫɬɢɪɨɜɚɧɢɹ ɜɨɥɨɤɧɚ 

 

ȿɫɥɢ ɢɫɬɨɱɧɢɤ ɢ ɢɡɦɟɪɢɬɟɥɶ ɦɨɳɧɨɫɬɢ ɨɬɤɚɥɢɛɪɨɜɚɧɵ ɜ ɜɚɬɬɚɯ, ɮɨɪɦɭɥɚ 
ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɩɨɬɟɪɶ ɜ ɞɟɰɢɛɟɥɵ ɫɥɟɞɭɸɳɚɹ: 

Ɂɚɬɭɯɚɧɢɟ = – log (Ɋ0 /Ɋi)     (1) 

ɝɞɟ Ɋ0 – ɦɨɳɧɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɨɥɨɤɧɚ; Ɋi – ɦɨɳɧɨɫɬɶ ɧɚ ɜɯɨɞɟ ɜ ɜɨɥɨɤɧɨ. 
Ȼɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɢ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɩɪɨɜɟɪɤɢ 

ɫɨɫɬɨɹɧɢɹ ȼɈɅɋ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɟɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ 
ɪɟɮɥɟɤɬɨɦɟɬɪɚ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ (τTDR) Д4, 5Ж. Ɋɟɮɥɟɤɬɨɦɟɬɪ ɩɨɫɵɥɚɟɬ 
ɤɨɪɨɬɤɢɣ ɢɦɩɭɥɶɫ ɩɨ ɨɩɬɢɱɟɫɤɨɦɭ ɜɨɥɨɤɧɭ, ɢɡɦɟɪɹɟɬ ɢ ɪɟɝɢɫɬɪɢɪɭɟɬ 
ɨɩɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɨɬɪɚɠɟɧɧɭɸ ɨɩɬɨɜɨɥɨɤɧɨɦ. Ɉɬɪɚɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɡɜɚɧɨ ɫɨɟɞɢɧɢɬɟɥɟɦ, ɬɪɟɳɢɧɨɣ, ɩɪɢɦɟɫɹɦɢ ɢɥɢ ɜɨɥɨɤɧɢɫɬɨɣ ɫɬɪɭɠɤɨɣ. 
Ɉɩɪɟɞɟɥɢɜ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɜɨɡɜɪɚɬɚ ɨɬɪɚɠɟɧɧɨɝɨ ɥɭɱɚ ɤ ɢɫɬɨɱɧɢɤɭ, ɢ 
ɡɧɚɹ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɨɩɬɨɜɨɥɨɤɧɚ, ɜɵ ɦɨɠɟɬɟ ɪɚɫɫɱɢɬɚɬɶ ɪɚɫɫɬɨɹɧɢɟ ɞɨ 
ɦɟɫɬɚ ɨɬɪɚɠɟɧɢɹ. 

ɋɬɟɤɥɹɧɧɵɟ ɩɪɢɦɟɫɢ ɜɵɡɵɜɚɸɬ ɧɟɢɡɦɟɧɧɨɟ ɨɬɪɚɠɟɧɢɟ ɦɚɥɨɣ ɫɢɥɵ, ɤɨɝɞɚ 
ɨɩɬɢɱɟɫɤɢɣ ɥɭɱ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɨɩɬɨɜɨɥɨɤɧɨ. ɗɬɨ ɧɚɡɵɜɚɟɬɫɹ ɨɛɪɚɬɧɵɦ 
ɪɚɫɫɟɹɧɢɟɦ Д5Ж. Ɇɨɳɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɪɚɫɫɟɹɧɧɨɝɨ ɥɭɱɚ, ɩɨɥɭɱɚɟɦɨɝɨ 
ɢɫɬɨɱɧɢɤɨɦ, ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɢɦɩɭɥɶɫɚ ɨɬ 
ɢɫɬɨɱɧɢɤɚ. ȼ ɪɟɮɥɟɤɬɨɦɟɬɪɟ ɷɬɨ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɤɚɤ ɩɨɫɬɟɩɟɧɧɨɟ ɥɢɧɟɣɧɨɟ 
ɭɦɟɧɶɲɟɧɢɟ ɩɪɢɧɢɦɚɟɦɨɝɨ ɨɬɪɚɠɟɧɧɨɝɨ ɥɭɱɚ, ɚ ɧɚɤɥɨɧ ɷɬɨɝɨ ɥɢɧɟɣɧɨɝɨ 
ɭɦɟɧɶɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɬɭɯɚɧɢɟ ɜɨɥɨɤɧɚ (ɞȻ ɧɚ ɤɦ). ɇɚ ɝɪɚɮɢɤɟ  
(ɪɢɫ. 4) ɩɨɤɚɡɚɧɚ ɬɢɩɢɱɧɚɹ ɤɪɢɜɚɹ ɨɬɪɚɠɟɧɢɹ ɪɟɮɥɟɤɬɨɦɟɬɪɚ ɢ ɩɨɤɚɡɚɧɨ 
ɨɛɪɚɬɧɨɟ ɪɚɫɫɟɹɧɢɟ. 

Ɉɛɵɱɧɨ ɪɟɮɥɟɤɬɨɦɟɬɪ ɧɟ ɞɚɟɬ ɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɣ ɨ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɢ 
ɩɨɬɟɪɹɯ ɨɩɬɨɜɨɥɨɤɧɚ ɞɥɹ ɩɟɪɜɵɯ 15 ɦ ɤɚɛɟɥɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 
ɞɥɢɬɟɥɶɧɨɫɬɶ ɢ ɜɪɟɦɹ ɧɚɪɚɫɬɚɧɢɹ ɢɦɩɭɥɶɫɚ ɪɟɮɥɟɤɬɨɦɟɬɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 
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ɜɟɥɢɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɜɪɟɦɟɧɟɦ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ 
ɢɦɩɭɥɶɫɚ ɧɚ ɤɨɪɨɬɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɬɨɱɤɢ ɨɬɪɚɠɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɷɬɢɯ 15 ɦ ɢ 
ɨɛɪɚɬɧɨ. ɑɬɨɛɵ ɪɟɲɢɬɶ ɷɬɭ ɡɚɞɚɱɭ, ɦɟɠɞɭ ɪɟɮɥɟɤɬɨɦɟɬɪɨɦ ɢ ɩɪɨɜɟɪɹɟɦɨɣ 
ɥɢɧɢɟɣ ɫɜɹɡɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɤɚɛɟɥɶɧɚɹ ɤɚɬɭɲɤɚ. ɉɪɢ ɫɱɢɬɵɜɚɧɢɢ ɞɚɧɧɵɯ ɫ 
ɷɤɪɚɧɚ ɪɟɮɥɟɤɬɨɦɟɬɪɚ ɞɥɢɧɚ ɩɟɪɜɨɝɨ ɤɚɛɟɥɹ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɢ ɧɚɡɵɜɚɟɬɫɹ 
ɦɟɪɬɜɨɣ ɡɨɧɨɣ Д5Ж. 

ɇɚ ɪɢɫ. 4 ɨɫɶ В ɩɨɤɚɡɵɜɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɚɦɩɥɢɬɭɞɵ ɨɬɪɚɠɟɧɧɨɝɨ 
ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ, ɨɫɶ Б ɨɡɧɚɱɚɟɬ ɜɪɟɦɹ. Ɉɫɶ ɜɪɟɦɟɧɢ ɧɚɩɪɹɦɭɸ 
ɩɟɪɟɜɨɞɢɬɫɹ ɢ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ τTDR ɤɚɤ ɪɚɫɫɬɨɹɧɢɟ. 

 
Ɋɢɫɭɧɨɤ 4 – Ɂɚɩɢɫɶ τTDR 

 

ɇɚ ɪɢɫ. 4 ɨɬɦɟɱɟɧɧɚɹ ɬɨɱɤɚ (γ) ɩɨɤɚɡɵɜɚɟɬ ɫɨɟɞɢɧɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɠɢɥɵ 
ɨɩɬɨɜɨɥɨɤɧɚ ɯɨɪɨɲɨ ɩɨɞɯɨɞɹɬ ɞɥɹ ɢɡɥɭɱɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɥɭɱɚ ɨɬ ɢɫɬɨɱɧɢɤɚ. ȼ 
ɷɬɨɣ ɫɜɹɡɢ ɧɟɬ ɨɬɪɚɠɟɧɢɹ, ɟɫɬɶ ɬɨɥɶɤɨ ɩɨɬɟɪɹ. Ɍɢɩ ɩɚɞɟɧɢɹ ɜ ɬɨɱɤɟ (γ) ɧɚ 
ɤɪɢɜɨɣ ɡɚɬɭɯɚɧɢɹ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧ ɢɡɝɢɛɨɦ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ 
ɨɩɬɢɱɟɫɤɢɣ ɥɭɱ ɜɵɯɨɞɢɬ ɢɡ ɨɩɬɨɜɨɥɨɤɧɚ ɢ ɧɟ ɨɬɪɚɠɚɟɬɫɹ ɨɛɪɚɬɧɨ. ɇɟɤɨɬɨɪɵɟ 
ɜɢɞɵ ɞɟɮɟɤɬɨɜ ɨɩɬɨɜɨɥɨɤɧɚ ɬɚɤɠɟ ɞɚɸɬ ɬɨɬ ɠɟ ɪɟɡɭɥɶɬɚɬ. 

Ɉɬɦɟɱɟɧɧɚɹ ɧɚ ɪɢɫ. 4 ɬɨɱɤɚ (5) ɨɛɨɡɧɚɱɚɟɬ ɭɪɨɜɟɧɶ ɲɭɦɚ ɢɡɦɟɪɢɬɟɥɹ. ɗɬɨ 
ɦɢɧɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɩɪɢɧɢɦɚɟɦɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɥɭɱɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ 
ɩɪɢɧɢɦɚɬɶ ɩɪɢɛɨɪ. ɂɡɦɟɪɟɧɢɹ, ɫɞɟɥɚɧɧɵɟ ɜɛɥɢɡɢ ɷɬɨɝɨ ɭɪɨɜɧɹ, ɧɟ ɹɜɥɹɸɬɫɹ 
ɨɱɟɧɶ ɬɨɱɧɵɦɢ. 

OTDR-ɬɟɫɬɢɪɨɜɚɧɢɟ ɫɩɨɫɨɛɧɨ ɞɚɬɶ ɨɱɟɧɶ ɬɨɱɧɵɣ ɪɟɡɭɥɶɬɚɬ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɩɪɚɤɬɢɱɟɫɤɢ ɞɥɹ ɥɸɛɨɣ ɞɥɢɧɵ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ. ɉɟɪɟɞ 
ɜɵɩɨɥɧɟɧɢɟɦ ɬɟɫɬɨɜ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɦɟɠɞɭ ɪɟɮɥɟɤɬɨɦɟɬɪɨɦ ɢ ɥɢɧɢɟɣ ɫɜɹɡɢ 
ɜɫɟɝɞɚ ɛɵɥɚ ɜɫɬɚɜɥɟɧɚ ɤɚɛɟɥɶɧɚɹ ɤɚɬɭɲɤɚ ɦɟɪɬɜɨɣ ɡɨɧɵ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
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ɛɨɥɟɟ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɩɪɢɛɨɪɨɜ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɪɚɡɪɟɲɟɧɢɟ 1 ɦ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɞɟɮɟɤɬɚ ɢ 0,01 ɞȻ ɞɥɹ ɩɨɬɟɪɶ ɜ ɥɢɧɢɢ. ɇɟɤɨɬɨɪɵɟ 
ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɫ ɞɚɥɶɧɨɫɬɶɸ ɞɨ 400 ɤɦ ɢ ɜɵɲɟ. 

ɋɥɟɞɭɟɬ ɩɪɨɹɜɥɹɬɶ ɬɨɱɧɨɫɬɶ ɩɪɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ 
τTDR. ɇɚ ɫɬɵɤɟ ɪɚɡɥɢɱɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ ɦɨɠɟɬ 
ɩɪɟɞɫɬɚɜɥɹɬɶ ɢɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ, ɪɚɡɦɟɪɚ ɫɟɪɞɰɟɜɢɧɵ, 
ɦɨɞɚɥɶɧɨɫɬɢ ɢ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɨɩɬɨɜɨɥɨɤɧɚ. ɇɚɩɪɢɦɟɪ, ɩɨɫɥɟ ɩɨɞɤɥɸɱɟɧɢɹ 
ɢɥɢ ɪɚɡɴɟɦɚ ɪɟɮɥɟɤɬɨɦɟɬɪ ɦɨɠɟɬ ɨɬɨɛɪɚɠɚɬɶ ɝɪɚɮɢɤ, ɤɨɬɨɪɵɣ ɜɵɝɥɹɞɢɬ ɤɚɤ 
ɭɫɢɥɟɧɢɟ ɫɢɝɧɚɥɚ ɧɚ ɞɢɫɩɥɟɟ. ȼɨɡɦɨɠɧɨ, ɱɬɨ ɨɩɬɢɱɟɫɤɢɣ ɥɭɱ ɜɨɲɟɥ ɜ 
ɨɩɬɨɜɨɥɨɤɧɨ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɢɦɟɫɟɣ, ɢ ɩɪɨɢɡɨɲɥɨ ɭɜɟɥɢɱɟɧɢɟ 
ɭɪɨɜɧɹ ɨɛɪɚɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ. 

Ɍɟɫɬ τTDR ɞɨɥɠɟɧ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɞɥɹ ɤɚɠɞɨɝɨ ɨɩɬɨɜɨɥɨɤɨɧɧɨɝɨ ɤɚɛɟɥɹ, 
ɩɨɤɚ ɨɧ ɟɳɟ ɧɚɯɨɞɢɬɫɹ ɜ ɤɚɬɭɲɤɟ, ɩɟɪɟɞ ɭɫɬɚɧɨɜɤɨɣ, ɱɬɨɛɵ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ 
ɩɨɜɪɟɠɞɟɧɧɵɟ ɨɩɬɨɜɨɥɨɤɧɚ ɧɟ ɭɫɬɚɧɨɜɥɟɧɵ. Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɩɪɨɜɟɪɨɤ ɞɨɥɠɧɵ 
ɯɪɚɧɢɬɶɫɹ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɩɚɦɹɬɢ ɢɥɢ ɜ ɪɚɫɩɟɱɚɬɚɧɧɨɦ ɞɨɤɭɦɟɧɬɟ. 

ɉɨɫɥɟ ɭɫɬɚɧɨɜɤɢ ɤɚɛɟɥɹ ɬɟɫɬɵ ɪɟɮɥɟɤɬɨɦɟɬɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɬɨɪɢɬɶ ɞɥɹ 
ɤɚɠɞɨɝɨ ɨɩɬɨɜɨɥɨɤɧɚ, ɩɨɫɥɟ ɱɟɝɨ ɪɟɡɭɥɶɬɚɬɵ ɜɫɟɯ ɬɟɫɬɨɜ ɩɨɫɥɟ ɭɫɬɚɧɨɜɤɢ 
ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɬɟɫɬɨɜ ɩɟɪɟɞ ɭɫɬɚɧɨɜɤɨɣ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, 
ɛɵɥɢ ɥɢ ɜɨɥɨɤɧɚ ɩɨɜɪɟɠɞɟɧɵ ɢɥɢ ɧɟɩɪɚɜɢɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɵ. 

OTDR-ɪɟɮɥɟɤɬɨɦɟɬɪɵ ɫɩɨɫɨɛɧɵ ɢɡɦɟɪɹɬɶ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ 
ɡɚɬɭɯɚɧɢɹ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɣ 
ɪɟɮɥɟɤɬɨɦɟɬɪ, ɢ ɨɧ ɪɟɝɭɥɹɪɧɨ ɤɚɥɢɛɪɭɟɬɫɹ. 

ɂɫɩɵɬɚɧɢɟ ɞɨɥɠɧɨ ɩɪɨɜɨɞɢɬɶɫɹ ɜ ɨɛɨɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ɉɩɪɟɞɟɥɟɧɧɵɟ 
ɜɢɞɵ ɞɟɮɟɤɬɨɜ ɧɚɯɨɞɹɬ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɧɨ ɧɟ ɜ ɨɛɪɚɬɧɨɦ. ɉɪɢɦɟɪɨɦ 
ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɪɚɡɥɢɱɢɟ ɞɢɚɦɟɬɪɨɜ ɫɟɪɞɟɱɧɢɤɚ. 

ȼ ɡɚɤɥɸɱɟɧɢɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɨɩɬɨɜɨɥɨɤɨɧɧɵɟ ɤɚɛɟɥɢ 
ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɢɯ ɦɨɠɧɨ ɩɪɨɤɥɚɞɵɜɚɬɶ ɩɨ ɫɩɢɪɚɥɢ 
ɜɨɤɪɭɝ ɰɟɧɬɪɚ ɤɚɛɟɥɹ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɞɥɢɧɚ ɤɚɛɟɥɹ ɧɟ ɛɭɞɟɬ ɪɚɜɧɚ ɞɥɢɧɟ 
ɨɩɬɨɜɨɥɨɤɨɧ. ɗɬɚ ɪɚɡɧɢɰɚ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɪɭɞɧɹɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɞɨ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ. ɑɬɨɛɵ ɪɟɲɢɬɶ ɷɬɭ ɩɪɨɛɥɟɦɭ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɨɛɵɱɧɨ 
ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɡɧɚɱɟɧɢɟ ɨɬɧɨɲɟɧɢɹ ɞɥɢɧɵ ɨɩɬɨɜɨɥɨɤɧɚ ɤ ɞɥɢɧɟ ɤɚɛɟɥɹ. ɗɬɨ 
ɨɬɧɨɲɟɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɫɱɟɬɚ ɬɨɱɧɨɣ ɞɥɢɧɵ ɤɚɛɟɥɹ ɞɨ ɞɟɮɟɤɬɚ ɩɨ 
ɞɚɧɧɵɦ ɪɚɫɫɬɨɹɧɢɹ τTDR. Ɋɟɮɥɟɤɬɨɦɟɬɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɵ ɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɢ ɦɨɠɧɨ ɡɚɝɪɭɡɢɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɩɚɤɟɬɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ, ɱɬɨɛɵ ɡɚɝɪɭɡɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɩɪɨɜɟɫɬɢ ɞɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ. ɇɟɞɨɫɬɚɬɤɨɦ ɬɟɯɧɨɥɨɝɢɢ ɪɟɮɥɟɤɬɨɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ 
ɬɨ, ɱɬɨ ɨɧɚ ɨɱɟɧɶ ɞɨɪɨɝɚɹ, ɞɚɠɟ ɧɟɛɨɥɶɲɢɟ ɭɫɬɪɨɣɫɬɜɚ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ 
ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɦɨɝɭɬ ɛɵɬɶ ɞɨɪɨɝɢɦɢ. 
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ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ ɩɪɢ ɩɟɪɟɞɚɱɟ ɰɢɮɪɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɉɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɪɚɫɱɟɬɚ ɫɪɨɤɚ 
ɫɥɭɠɛɵ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ. 
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ENSURING RELIABILITY OF OPERATING CHARACTERISTICS OF 

FIBER OPTICAL LINES 
 

Abstract. The paper considers a method for assessing the reliability of fiber optic links during 

operation. The main factors affecting the reliability of optical cables are presented. Reliability indicators 

are listed. A calculation method for assessing reliability in the transmission of digital information is 

described. The analysis of calculating the life of an optical fiber is carried out. 

 

Keywords: optical cable, optical fiber, availability, failure rate, MTBF, digital information, 

cable-to-line construction. 

 

ɉɨɞ ɧɚɞɟɠɧɨɫɬɶɸ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɥɢɧɢɣ ɫɜɹɡɢ (ȼɈɅɋ) 
ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɫɜɨɣɫɬɜɨ ɨɛɴɟɤɬɚ ɜɵɩɨɥɧɹɬɶ ɭɤɚɡɚɧɧɵɟ ɮɭɧɤɰɢɢ, ɫɨɯɪɚɧɹɹ ɜɨ 
ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɭɤɚɡɚɧɧɵɯ 
ɩɪɟɞɟɥɚɯ ɢ ɩɨɞ ɧɚɞɟɠɧɨɫɬɶɸ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɜ ɫɨɫɬɚɜɟ ɨɩɬɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ 
ɩɨɧɢɦɚɟɬɫɹ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɟɪɟɞɚɱɭ ɫɢɝɧɚɥɨɜ ɫ ɡɚɞɚɧɧɵɦ ɭɪɨɜɧɟɦ ɩɨɬɟɪɶ. 

ɇɚɞɟɠɧɨɫɬɶ ȼɈɅɋ ɡɚɜɢɫɢɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ – ɩɪɨɟɤɬɧɵɯ, 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ. Ɏɚɤɬɨɪɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɫɜɹɡɚɧɵ ɫ ɪɚɡɪɚɛɨɬɤɨɣ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɢ 
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ɞɪɭɝɢɯ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɭɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɱɚɫɬɶɸ ȼɈɅɋ. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ ɜɥɢɹɸɬ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɩɪɢ 
ɟɝɨ ɭɫɬɚɧɨɜɤɟ, ɦɨɧɬɚɠɟ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ȼɈɅɋ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, ɤɨɬɨɪɚɹ 
ɜɤɥɸɱɚɟɬ ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ, ɪɚɫɱɟɬɚ, ɤɨɧɬɪɨɥɹ ɩɚɪɚɦɟɬɪɨɜ, 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɚɧɰɢɢ. 
ɇɚɞɟɠɧɨɫɬɶ ȼɈɅɋ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ ɨɩɬɢɱɟɫɤɢɯ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ 
ɫɬɪɭɤɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ Д1Ж. 

ȼɥɚɝɚ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ȼɈɅɋ, ɨɫɨɛɟɧɧɨ ɜ 
ɫɭɪɨɜɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ȼɨɡɞɟɣɫɬɜɢɟ ɜɥɚɝɢ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɫɥɭɱɚɹɯ ɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ, ɢ ɪɚɡɪɭɲɟɧɢɟ ɨɩɬɨɜɨɥɨɤɧɚ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫɨɦ, 
ɡɚɜɢɫɹɳɢɦ ɨɬ ɜɪɟɦɟɧɢ. 

Ⱥɬɦɨɫɮɟɪɧɚɹ ɜɥɚɝɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɨɣ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ 
ɩɪɢɱɢɧɨɣ ɩɪɨɹɜɥɟɧɢɹ ɦɢɤɪɨɞɟɮɟɤɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɬɨɜɨɥɨɤɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɫɟɥɟɤɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɧɚɩɪɹɠɟɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ. ȼɥɢɹɧɢɟ ɜɥɚɝɢ ɧɚ 
ɪɚɛɨɬɭ ɨɩɬɨɜɨɥɨɤɧɚ ɜ ɩɨɥɢɦɟɪɟ (ɷɩɨɤɫɢɚɤɪɢɥɚɬɟ) ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜ ДβЖ. 

ɇɚɝɪɟɜɚɧɢɟ ɨɩɬɨɜɨɥɨɤɧɚ ɞɨ 1000 °C ɜ ɬɟɱɟɧɢɟ ɲɟɫɬɢ ɱɚɫɨɜ ɞɥɹ ɫɭɲɤɢ 
ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ı ɧɚ 15 ... β0% ɢ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ  
ıɈȼ = 8,3 Ƚɉɚ. Ɉɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɧɚɤɨɩɥɟɧɢɹ ɜɨɞɵ ɜ ɩɨɥɢɦɟɪɧɨɦ ɩɨɤɪɵɬɢɢ ɡɚ 
ɧɟɫɤɨɥɶɤɨ ɱɚɫɨɜ ɩɪɢɜɨɞɢɬ ɩɪɨɱɧɨɫɬɶ ɨɩɬɨɜɨɥɨɤɧɚ ɤ ɢɫɯɨɞɧɨɦɭ ɡɧɚɱɟɧɢɸ, 
ɤɨɬɨɪɨɟ ɡɚɜɢɫɢɬ ɨɬ ɜɥɚɠɧɨɫɬɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȼ ɱɚɫɬɧɨɫɬɢ: ıɈȼ = 7,1 Ƚɉɚ 
ɩɪɢ ɜɥɚɠɧɨɫɬɢ γ4%; ıɈȼ = 6,0 Ƚɉɚ ɩɪɢ ɜɥɚɠɧɨɫɬɢ 50%. 

ɉɪɚɤɬɢɱɟɫɤɢɣ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɜ ɜɨɥɨɤɨɧɧɨ-

ɨɩɬɢɱɟɫɤɢɯ ɥɢɧɢɹɯ ɫɜɹɡɢ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɫɪɨɤ ɫɥɭɠɛɵ ɨɩɬɢɱɟɫɤɨɝɨ 
ɤɚɛɟɥɹ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɧɚɬɹɠɟɧɢɹ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ. Ɇɟɯɚɧɢɱɟɫɤɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɜɧɭɬɪɢ ɨɩɬɨɜɨɥɨɤɧɚ ɦɨɝɭɬ ɩɨɹɜɢɬɶɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɱɢɧɚɦ: 
ɞɟɮɟɤɬɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɩɬɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ, ɧɟɫɨɛɥɸɞɟɧɢɟ ɧɨɪɦ ɩɪɨɤɥɚɞɤɢ, 
ɫɭɬɨɱɧɵɟ ɢ ɫɟɡɨɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɫɟɞɚɧɢɟ ɝɪɭɧɬɚ ɩɨɞ ɪɚɡɥɢɱɧɵɦɢ 
ɢɧɠɟɧɟɪɧɵɦɢ ɫɨɨɪɭɠɟɧɢɹɦɢ, ɨɛɥɟɞɟɧɟɧɢɟ ɩɨɞɜɟɲɟɧɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ 
ɧɚ ɨɩɨɪɚɯ Дγ, 4Ж. 

ȼɨɡɞɟɣɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɨɩɬɢɱɟɫɤɢɣ ɤɚɛɟɥɶ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɧɚɬɹɠɟɧɢɹ ɨɩɬɨɜɨɥɨɤɧɚ. ɋɟɪɞɰɟɜɢɧɚ ɢɡ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ 
ɤɜɚɪɰɚ, ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ, ɤɪɟɩɟɠɚ, ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɝɪɭɧɬɚ, 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. ɉɨ ɷɬɨɣ 
ɩɪɢɱɢɧɟ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɢɡɦɟɧɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɨɩɬɨɜɨɥɨɤɧɚ 
ɜɨɡɧɢɤɚɸɬ ɡɚɦɟɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɵɦ 
ɪɚɫɲɢɪɟɧɢɟɦ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ. 
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ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ȼɈɅɋ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɢɯ ɫɨɫɬɨɹɧɢɟ. 
ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɫɜɹɡɢ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɦɨɧɢɬɨɪɢɧɝɚ ɫ ɨɛɴɟɤɬɨɦ 
ɤɨɧɬɪɨɥɹ: ɜɧɟɲɧɢɣ, ɜɫɬɪɨɟɧɧɵɣ ɢ ɫɦɟɲɚɧɧɵɣ. ȼɧɟɲɧɹɹ ɞɢɚɝɧɨɫɬɢɤɚ 
ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɩɪɨɜɟɪɹɟɦɨɦɭ ɨɛɴɟɤɬɭ ɬɨɥɶɤɨ ɩɪɢ ɩɪɨɜɟɪɤɟ ɟɝɨ ɫɨɫɬɨɹɧɢɹ. 
ɋɦɟɲɚɧɧɵɟ ɫɪɟɞɫɬɜɚ ɩɪɨɜɟɪɤɢ ɢ ɞɢɚɝɧɨɫɬɢɤɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɥɢɱɢɟɦ 
ɜɫɬɪɨɟɧɧɵɯ ɜ ɨɛɴɟɤɬ ɞɚɬɱɢɤɨɜ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɟɪɟɞɚɸɬ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɨɫɬɨɹɧɢɢ ɨɛɴɟɤɬɚ ɩɨ ɧɟɤɨɬɨɪɵɦ ɜɚɠɧɵɦ ɩɚɪɚɦɟɬɪɚɦ. 
ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɢ ɤɨɧɬɪɨɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɢɦɟɸɬ ɫɜɨɢ ɫɨɛɫɬɜɟɧɧɵɟ ɨɲɢɛɤɢ, ɧɚ 
ɧɢɯ ɬɚɤɠɟ ɜɥɢɹɸɬ ɧɟɤɨɬɨɪɵɟ ɮɚɤɬɨɪɵ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɨɬɤɚɡɚɦ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɂɞɟɫɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɞɟɣɫɬɜɢɹ ɨɩɟɪɚɬɨɪɚ, 
ɤɨɬɨɪɵɣ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɟɝɨ ɨɲɢɛɨɱɧɵɟ ɞɟɣɫɬɜɢɹ ɦɨɝɭɬ 
ɩɪɢɜɟɫɬɢ ɤ ɨɲɢɛɤɚɦ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ Д5Ж. 

ɉɨɤɚɡɚɬɟɥɢ ɧɚɞɟɠɧɨɫɬɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɪɚɫɱɟɬɧɵɟ, 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢ ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɧɵɟ.  

- Ɋɚɫɱɟɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɪɚɫɱɟɬɚ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 
ɦɨɞɟɥɟɣ ɢ ɞɨɩɭɳɟɧɢɣ;  

- ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨɥɭɱɚɸɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɰɟɥɟɜɨɝɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚ; 

- ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ‒ ɨɩɟɪɚɬɢɜɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɨ 
ɫɛɨɹɯ ɢ ɜɪɟɦɟɧɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

- ɗɤɫɬɪɚɩɨɥɢɪɨɜɚɧɧɵɟ ‒  ɩɭɬɟɦ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɧɚ ɞɪɭɝɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɢ 
ɞɪɭɝɢɟ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɛɨɥɶɲɟ ɩɨɞɯɨɞɹɬ ɞɥɹ 
ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɞɥɢɧ ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ, ɚ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢ ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɛɨɥɶɲɟ ɩɨɞɯɨɞɹɬ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɤɚɛɟɥɶɧɨ-ɥɢɧɟɣɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ (ɄɅɋ) ɢ ȼɈɅɋ. 

ɋɚɦɨɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫ-

ɬɢɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɝɨɬɨɜɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɨɞɧɨɡɧɚɱɧɨ 
ɫɜɹɡɚɧ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ (ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɧɟɝɨɬɨɜɧɨɫɬɢ). Ʉɨɷɮɮɢɰɢɟɧɬ ɝɨɬɨɜɧɨɫɬɢ KȽ – ɷɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɫɢɫɬɟɦɚ 
ɛɭɞɟɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɚ ɜ ɩɪɨɢɡɜɨɥɶɧɨ ɜɵɛɪɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ  

ɄȽ= ɌɈ/(ɌɈ+ tȼ)      (1) 

ɝɞɟ  tȼ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. TɈ– 

ɫɪɟɞɧɹɹ ɧɚɪɚɛɨɬɤɚ ɧɚ ɨɬɤɚɡ (MTBF), ɬ.ɟ. ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɦɟɠɞɭ ɨɬɤɚɡɚɦɢ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

TɈ=1/Λ           (2) 

ɝɞɟ Λ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ ɜɫɟɣ ɫɢɫɬɟɦɵ. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ (ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɝɨɬɨɜɧɨɫɬɢ) KP - ɷɬɨ 
ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɫɢɫɬɟɦɚ ɧɟ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɜ ɩɪɨɢɡɜɨɥɶɧɨ ɜɵɛɪɚɧɧɨɟ ɜɪɟɦɹ 

Ʉɉ = 1 ‒ ɄȽ      (3) 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɪɦɭɥɵ (1) ɫɜɹɡɚɧɨ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɚɫɱɟɬɚ 
ɜɤɥɸɱɟɧɧɵɯ ɜ ɧɟɟ ɩɚɪɚɦɟɬɪɨɜ: ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɨɬɤɚɡɚɦɢ ɢ ɫɪɟɞɧɟɝɨ 
ɜɪɟɦɟɧɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɫɨɫɬɨɹɧɢɹ. ɏɨɬɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɫɚɦ 
ɨɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɦɟɠɞɭ ɨɬɤɚɡɚɦɢ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɪɟɦɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɝɨɬɨɜɧɨɫɬɢ (ɄȽ) ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɫɟɬɢ ɫɜɹɡɢ ɜ ɰɟɥɨɦ 
ɪɚɡɥɢɱɟɧ, ɧɨ ɜɡɚɢɦɨɫɜɹɡɚɧ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɥɢ ɧɚɞɟɠɧɨɫɬɶ (ɤɨɷɮɮɢɰɢɟɧɬ 
ɝɨɬɨɜɧɨɫɬɢ) ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ ɧɢɡɤɚɹ, ɬɨ ɧɚɞɟɠɧɨɫɬɶ ɜɫɟɣ ɫɢɫɬɟɦɵ ɛɭɞɟɬ 
ɧɢɠɟ, ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɨɥɟɟ ɧɚɞɟɠɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ДβЖ. 

ɉɨɫɤɨɥɶɤɭ ɫɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ ɫɜɹɡɢ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɟɪɟɞɚɱɢ ɜ 
ɨɫɧɨɜɧɨɦ ɰɢɮɪɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɞɥɹ ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɪɢɬɟɪɢɟɦ, ɫɜɹɡɚɧɧɵɦ ɫɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɢɫɬɟɦɵ 
ɜɵɩɨɥɧɹɬɶ ɷɬɭ ɮɭɧɤɰɢɸ ɫ ɡɚɞɚɧɧɵɦ ɤɚɱɟɫɬɜɨɦ. ɍɧɢɜɟɪɫɚɥɶɧɵɦ ɦɟɬɨɞɨɦ 
ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɫɜɹɡɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ 
ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɨɲɢɛɨɤ (BER), ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 
Nɨɲ ɨɲɢɛɨɱɧɨ ɩɪɢɧɹɬɵɯ ɛɢɬɨɜ ɤ ɨɛɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ N ɩɟɪɟɞɚɧɧɵɯ ɛɢɬɨɜ: 

BER = Nɨɲ/N            (4)  

Ɇɟɠɞɭɧɚɪɨɞɧɵɦ ɤɨɦɢɬɟɬɨɦ ɩɨ ɷɥɟɤɬɪɨɫɜɹɡɢ ɪɟɤɨɦɟɧɞɨɜɚɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɤɪɢɬɟɪɢɢ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɫɜɹɡɢ.  

ɇɨɪɦɚ BER< 10
–10

.  

ɉɨɧɢɠɟɧɧɨɟ ɤɚɱɟɫɬɜɨ 10–10
<BER< 10

–6
.  

ɉɨɜɪɟɠɞɟɧɢɟ 10–6
< BER < 10

–3
.  

Ɉɬɤɚɡ BER > 10
–3

.  

Ʉɚɤ ɨɛɵɱɧɨ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɫɢɫɬɟɦɚ ɧɟ ɦɨɠɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɫ 
ɱɚɫɬɨɬɨɣ ɨɲɢɛɨɤ BER > 10

–3, ɷɬɨɬ ɤɪɢɬɟɪɢɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 
ɤɪɢɬɟɪɢɹ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɬɚɤɨɦ 
ɭɪɨɜɧɟ ɨɲɢɛɨɤ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɵɤɥɸɱɚɟɬ ɨɛɨɪɭɞɨɜɚɧɢɟ. Ɉɬɫɸɞɚ 
ɫɥɟɞɭɟɬ, ɱɬɨ ɷɬɢ ɤɪɢɬɟɪɢɢ ɧɨɫɹɬ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɞɥɹ ɤɚɠɞɨɣ 
ɤɨɧɤɪɟɬɧɨɣ ɫɢɫɬɟɦɵ ɞɨɥɠɧɵ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɹɦɢ ɟɟ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ Д4Ж.  

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚɞɟɠɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɱɚɫɬɨɬɚ ɨɬɤɚɡɨɜ ξ, 

ɤɨɬɨɪɚɹ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɫɪɟɞɧɟɦɭ ɱɢɫɥɭ ɨɬɤɚɡɨɜ ɜ ɱɚɫ, ɫɜɹɡɚɧɧɨɦɭ ɫɨ ɡɧɚɱɟɧɢɟɦ 
ɷɬɨɝɨ ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. ɉɪɢ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɟ (ɩɨɫɥɟ ɜɵɝɨɪɚɧɢɹ, ɧɨ ɞɨ 
ɮɢɡɢɱɟɫɤɨɝɨ ɢɡɧɨɫɚ) ɱɚɫɬɨɬɚ ɨɬɤɚɡɨɜ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
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ɫɥɭɱɚɟ TɈ = 1/ξ, ɢ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɨɛɴɟɤɬ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɛɟɡɨɬɤɚɡɧɨ ɜ 
ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ t, ɪɚɜɧɚ 

Q = ОбЩ(‒ξ · t)            (5)  

ɇɚɞɟɠɧɨɫɬɶ ɤɚɧɚɥɚ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɨɤɚɡɚɬɟɥɹɦ: ɫɪɟɞɧɟɟ 
ɜɪɟɦɹ ɧɚɪɚɛɨɬɤɢ ɧɚ ɨɬɤɚɡ, ɤɨɷɮɮɢɰɢɟɧɬ ɝɨɬɨɜɧɨɫɬɢ (ɜɪɟɦɹ ɩɪɨɫɬɨɹ). Ɋɚɫɱɟɬ 
ɜɟɞɟɬɫɹ ɨɬɞɟɥɶɧɨ ɞɥɹ ɅɄɋ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ȼɈɅɋ ɹɜɥɹɟɬɫɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɬɚɪɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɚɛɟɥɶɧɨɣ ɬɪɚɫɫɵ (ɨɩɬɨɜɨɥɨɤɧɚ ɢ ɦɭɮɬ), ɬɚɤ 
ɤɚɤ ɷɬɨ ɜɥɢɹɟɬ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɦɚɫɫɵ ɨɬɤɚɡɨɜ ɧɚ ɥɢɧɢɢ. Ⱦɪɭɝɢɟ ɮɚɤɬɨɪɵ ɛɭɞɭɬ ɜ 
ɨɫɧɨɜɧɨɦ ɜɥɢɹɬɶ ɧɚ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ȼɈɅɋ, ɚ ɬɚɤɠɟ ɧɚ ɞɨɥɝɨɜɟɱɧɨɫɬɶ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ. 

ɇɚ ɝɪɚɮɢɤɟ (ɪɢɫ. 1) ɫɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ ɨɩɬɨɜɨɥɨɤɧɚ, ɩɪɨɲɟɞɲɢɯ ɩɟɪɟɦɨɬɤɭ, ɨɬ 
ɨɬɧɨɲɟɧɢɹ ıɩɟɪ/ıɷɤɫ ɩɪɢ n=20, B=10

-3
 Ƚɉɚ ɫ ɢ ɭɫɢɥɢɹɯ ɩɪɢ ɩɟɪɟɦɨɬɤɟ Pɩɟɪ = 0,5 

(ɤɪɢɜɚɹ 1) ɢ 1,5 ɤɝ (ɤɪɢɜɚɹ β). Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɝɪɚɮɢɤɚ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

25-ɥɟɬɧɟɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ ɨɩɬɨɜɨɥɨɤɧɚ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɨɩɬɨɜɨɥɨɤɧɨ ɛɵɥɨ ɜ 6 – 7 ɪɚɡ ɦɟɧɶɲɟ ɧɚɩɪɹɠɟɧɢɹ ɩɟɪɟɦɨɬɤɢ. 

 

Ɋɢɫɭɧɨɤ 1 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɪɨɤɚ ɫɥɭɠɛɵ ɨɩɬɨɜɨɥɨɤɧɚ, ɩɪɨɲɟɞɲɢɯ 
ɩɟɪɟɦɨɬɤɭ, ɨɬ ɨɬɧɨɲɟɧɢɹ ıɩɟɪ/ıɷɤɫ ɩɪɢ ɤɨɪɪɨɡɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɡɪɭɲɟɧɢɹ 

 

Ⱦɨɩɭɫɤɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɨɩɬɨɜɨɥɨɤɧɚ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɜɟɪɨɹɬɧɨɫɬɶɸ, ɦɨɠɧɨ ɫɧɢɡɢɬɶ ɬɪɟɛɨɜɚɧɢɹ ɤ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɩɪɢ 
ɩɟɪɟɦɨɬɤɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɪɨɤ ɫɥɭɠɛɵ ɜɨɥɨɤɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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     
2

1 ln 1 / 1

nn

r
ɩɟɪ ɷɤɫ ɩɟɪP ɩɟɪT F N L  

              (7) 

ɝɞɟ τɩɟɪ ‒ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɨɜɨɥɨɤɧɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɩɪɢ ɩɟɪɟɦɨɬɤɟ; 
F‒ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɵɜɚ ɨɩɬɨɜɨɥɨɤɧɚ ɞɨ ɢɫɬɟɱɟɧɢɹ ɫɪɨɤɚ ɫɥɭɠɛɵ; NɩОЩ ‒ ɫɪɟɞɧɟɟ 
ɱɢɫɥɨ ɨɛɪɵɜɨɜ ɨɩɬɨɜɨɥɨɤɧɚ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɩɪɢ ɩɟɪɟɦɨɬɤɟ ɩɨɞ ɧɚɝɪɭɡɤɨɣ 
ıɩɟɪ; r‒ɫɬɟɩɟɧɶ ɧɚɤɥɨɧɚ ɮɭɧɤɰɢɢ ɤɭɦɭɥɹɬɢɜɧɨɣ ɨɩɚɫɧɨɫɬɢ ɨɛɪɵɜɚ ɩɪɢ 
ɡɧɚɱɟɧɢɹɯ ɧɚɝɪɭɡɤɢ, ɛɥɢɡɤɢɯ ɤ ıɩɟɪ; L ‒ ɞɥɢɧɚ ɨɩɬɨɜɨɥɨɤɧɚ. Ʉ ɩɪɢɦɟɪɭ, ɩɪɢ 
ıɩɟɪ=400 Ɇɩɚ, ıɷɤɫ=100 Ɇɩɚ, n=20, r=10, NɩОЩ = 0,5 1/ɤɦ, L=1 ɤɦ, F=10

-4
, τɩɟɪ =β ɫ, 

ɫɪɨɤ ɫɥɭɠɛɵ = β5 ɥɟɬ. 
ɂɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫ. 1 ɫɥɟɞɭɟɬ, ɱɬɨ ɡɚ β5 ɥɟɬ ɪɚɡɪɭɲɢɬɫɹ ɧɟ ɛɨɥɟɟ 1% 

ɨɩɬɨɜɨɥɨɤɨɧ ɞɥɢɧɨɣ  1 ɤɦ, ɟɫɥɢ ɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɩɪɢ 
ɩɟɪɟɦɨɬɤɟ, ɤ ɪɚɛɨɱɟɦɭ ɧɚɩɪɹɠɟɧɢɸ ɛɭɞɟɬ ɪɚɜɧɨ ɬɪɟɦ. ȿɫɥɢ ɷɬɨ ɨɬɧɨɲɟɧɢɟ 
ɪɚɜɧɨ ɱɟɬɵɪɟɦ, ɬɨ ɡɚ β5 ɥɟɬ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɨɛɪɵɜɚ ɧɟ ɛɨɥɟɟ 0,01% 
ɨɩɬɨɜɨɥɨɤɨɧ ɤɢɥɨɦɟɬɪɨɜɨɣ ɞɥɢɧɵ. 

ɉɨɞɜɨɞɹ ɢɬɨɝɢ ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ ȼɈɅɋ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɢ 
ɨɬɧɨɲɟɧɢɹ ıɩɟɪ/ıɷɤɫ ɛɵɥɢ ɭɱɬɟɧɵ ɞɥɹ ɜɟɪɨɹɬɧɨɫɬɢ ɨɛɪɵɜɚ ɬɨɥɶɤɨ ɨɞɧɨɝɨ 
ɤɢɥɨɦɟɬɪɚ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ. Ʉɚɤ ɨɠɢɞɚɟɬɫɹ, ɞɥɹ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ 
ɥɢɧɢɢ ɞɥɢɧɨɣ 100 ɤɦ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɵɜɚ ɨɩɬɨɜɨɥɨɤɧɚ ɢɡ-ɡɚ ɫɬɚɪɟɧɢɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɪɪɨɡɢɢ ɛɭɞɟɬ ɧɚɦɧɨɝɨ ɜɵɲɟ: 

FȼɈɅɋ=1 ‒ pL,      (8) 

ɝɞɟ ɪ ‒ ɜɟɪɨɹɬɧɨɫɬɶ ɰɟɥɨɫɬɧɨɫɬɢ 1 ɤɦ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ. 
ȼ ɡɚɤɥɸɱɟɧɢɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɥɸɛɨɣ ɪɚɫɫɱɢɬɚɧɧɨɣ 

ɧɚɞɟɠɧɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɧɚɞɟɠɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɜɤɥɸɱɟɧɧɵɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ. ɇɚɞɟɠɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɭɥɭɱɲɟɧɚ ɩɨ ɦɟɪɟ 
ɧɚɤɨɩɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɞɚɧɧɵɯ. Ȼɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ 
ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ 
ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɹɧɢɹ (RFTS), ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɜɫɬɪɨɟɧɧɵɟ ɛɚɡɵ ɞɚɧɧɵɯ, 
ɡɚɩɨɥɧɹɟɦɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɇɚɩɪɚɜɥɹɸɳɢɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɫɜɹɡɢ: ɍɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ. ȼ β-ɯ 
ɬɨɦɚɯ. Ɍɨɦ β – ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɫɬɨɪɨɢɬɟɥɶɫɬɜɨ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ / 
ɉɨɞ ɪɟɞ. Ⱥɧɞɪɟɟɜɚ. – 7-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. – Ɇ.: Ƚɨɪɹɱɚɹ ɥɢɧɢɹ – Ɍɟɥɟɤɨɦ, 
2010. – 4β4 ɫ.: ɢɥ. 
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2. ɋɭɥɬɚɧɨɜ, Ⱥ. ɏ. ȼɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɩɟɪɟɞɚɱɢ: ɜɨɩɪɨɫɵ 
ɨɰɟɧɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ / Ⱥ. ɏ. ɋɭɥɬɚɧɨɜ, Ɋ. Ƚ. ɍɫɦɚɧɨɜ, ɂ. Ⱥ. ɒɚɪɢɮɝɚɥɢɟɜ, 
ɂ. Ʌ. ȼɢɧɨɝɪɚɞɨɜɚ. – Ɇ.: Ɋɚɞɢɨ ɢ ɫɜɹɡɶ, β005. ‒ γ7γ ɫ. 
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TO DIAGNOSTICS OF THE TECHNICAL CONDITION OF ROLLING 

BEARINGS OF ASYNCHRONOUS TRACTION ELECTRIC MOTOR 

 

Abstract.  The method of spectral analysis of the envelope of vibration is considered, which 

is recommended to be used when solving problems of monitoring and functional diagnostics of 

mechanisms of rotor action, including asynchronous traction motors. The signal spectrum of the 

axle box bearing unit without a defect and with a defect of the outer race of the bearing from the 

side of the rolling bodies. 

 

Keywords: vibroacoustic diagnostics, asynchronous traction motor, rolling bearing, 

accelerometer, strain gauge amplifier, spectrum, defect. 

 

Ɋɚɡɜɢɬɚɹ ɬɪɚɧɫɩɨɪɬɧɚɹ ɫɢɫɬɟɦɚ ɢ ɟё ɝɥɚɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ – 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɬɪɚɧɫɩɨɪɬ ɹɜɥɹɸɬɫɹ ɠɢɡɧɟɧɧɨ ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥɹ 
ɍɡɛɟɤɢɫɬɚɧɚ ɜ ɫɜɹɡɢ ɫ ɛɨɥɶɲɨɣ ɩɥɨɬɧɨɫɬɶɸ ɧɚɫɟɥɟɧɢɹ, ɪɚɡɨɛɳёɧɧɨɫɬɶɸ 
ɰɟɧɬɪɨɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɚ ɬɚɤɠɟ ɭɞɚɥёɧɧɨɫɬɶɸ ɨɬ 
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ɦɢɪɨɜɵɯ ɪɵɧɤɨɜ. 
ɀɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɬɪɚɧɫɩɨɪɬ ɪɚɛɨɬɚɟɬ ɜ ɬɟɫɧɨɣ ɜɡɚɢɦɨɫɜɹɡɢ ɫ ɞɪɭɝɢɦɢ 

ɨɬɪɚɫɥɹɦɢ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ Ɋɟɫɩɭɛɥɢɤɢ ɍɡɛɟɤɢɫɬɚɧ, ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ 
ɡɚɞɚɱ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ ɩɨɬɪɟɛɧɨɫɬɟɣ ɷɤɨɧɨɦɢɤɢ ɜ 
ɨɛɟɫɩɟɱɟɧɢɢ ɫɜɨɟɜɪɟɦɟɧɧɵɦɢ ɝɪɭɡɨɜɵɦɢ ɢ ɩɚɫɫɚɠɢɪɫɤɢɦɢ ɩɟɪɟɜɨɡɤɚɦɢ ɫ 
ɭɱёɬɨɦ ɛɟɡɨɩɚɫɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɢ ɩɪɨɜɨɡɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ ɭɡɛɟɤɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɪɨɥɶ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɜɨɡɨɜ ɢ ɷɥɟɤɬɪɨɩɨɟɡɞɨɜ ɜ 
ɪɟɚɥɢɡɚɰɢɢ ɝɪɭɡɨɜɵɯ ɢ ɩɚɫɫɚɠɢɪɫɤɢɯ ɩɟɪɟɜɨɡɨɤ ɧɚ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝɚɯ ɍɡɛɟɤɢɫɬɚɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚ. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɨɫɭɳɟɫɬɜɥɹɬɶ ɢɞɟɚɥɶɧɵɣ 
ɤɨɧɬɪɨɥɶ ɧɚɞ ɬɟɯɧɢɱɟɫɤɢɦ ɫɨɫɬɨɹɧɢɟɦ ɢɯ ɭɡɥɨɜ, ɫɢɫɬɟɦ ɢ ɞɟɬɚɥɟɣ. 

ɋɤɚɡɚɧɧɨɟ ɤɚɫɚɟɬɫɹ ɚɫɢɧɯɪɨɧɧɵɯ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ 
ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ ɢ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɤɢɩɚɠɧɨɣ ɱɚɫɬɢ (ɤɨɥёɫɧɨ – ɦɨɬɨɪɧɵɣ ɛɥɨɤ) 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ ɷɥɟɤɬɪɨɩɨɟɡɞɚ ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɜɨɡɨɜ. 

Ⱥɫɢɧɯɪɨɧɧɵɟ ɬɹɝɨɜɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɧɚɞёɠɧɨɫɬɶɸ, 
ɩɪɨɫɬɨɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɜɵɫɨɤɨɣ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ, ɚɫɢɧɯɪɨɧɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɛɨɥɟɟ ɞɨɥɝɨɜɟɱɧɵ, ɞɟɲɟɜɥɟ ɢ ɬɪɟɛɭɸɬ 
ɦɟɧɶɲɟɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɮɚɤɬɢɱɟɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ 
ɚɫɢɧɯɪɨɧɧɨɝɨ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɨɡɜɨɥɢɬ ɨɪɝɚɧɢɡɨɜɚɬɶ ɟɝɨ 
ɩɪɚɜɢɥɶɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ 
ɪɟɦɨɧɬ, ɢ ɜɵɹɜɥɹɬɶ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɧɚ ɪɚɧɧɟɦ ɷɬɚɩɟ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ 
ɚɫɢɧɯɪɨɧɧɵɯ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɤɨɬɨɪɵɟ 
ɞɨ ɫɢɯ ɩɨɪ ɩɪɨɞɨɥɠɚɸɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶɫɹ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɢɯ ɚɤɬɭɚɥɶɧɨɫɬɶ 
ɢ ɩɪɚɤɬɢɱɟɫɤɭɸ ɡɧɚɱɢɦɨɫɬɶ. 

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɦɨɧɢɬɨɪɢɧɝɚ ɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɦɟɯɚɧɢɡɦɨɜ ɪɨɬɨɪɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫ ɩɨɦɨɳɶɸ 
ɨɞɧɨɝɨ ɢɡ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɨɜ ɜɢɛɪɚɰɢɨɧɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ - ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ ɨɝɢɛɚɸɳɟɣ ɜɢɛɪɚɰɢɢ ɢ ɩɪɨɜɟɞɟɧɢɟ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɷɬɨɦ. 

Ɇɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɩɨɞɲɢɩɧɢɤɨɜ ɤɚɱɟɧɢɹ ɪɚɛɨɬɚɸɳɟɣ ɦɚɲɢɧɵ, 
ɨɫɧɨɜɚɧɵ ɧɚ ɚɧɚɥɢɡɟ ɜɢɛɪɚɰɢɢ, ɫɨɡɞɚɜɚɟɦɨɣ ɫɢɥɚɦɢ ɬɪɟɧɢɹ ɜ ɩɨɞɲɢɩɧɢɤɚɯ. 

ɋɩɟɰɢɮɢɤɚ ɫɢɥ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ ɜɨ ɜɪɚɳɚɸɳɢɯɫɹ ɭɡɥɚɯ ɦɚɲɢɧ ɬɚɤɨɜɚ, ɱɬɨ 
ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɟɮɟɤɬɨɜ ɜ ɩɨɞɲɢɩɧɢɤɚɯ ɤɚɱɟɧɢɹ ɨɧɢ ɫɬɚɛɢɥɶɧɵ ɩɨ ɜɪɟɦɟɧɢ. 



229 
 

ɉɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɞɲɢɩɧɢɤɚ, ɟɝɨ ɦɨɧɬɚɠɚ ɜ 
ɩɨɫɚɞɨɱɧɨɦ ɦɟɫɬɟ, ɚ ɬɚɤɠɟ ɩɪɢ ɢɡɧɨɫɟ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ, ɫɢɥɵ ɬɪɟɧɢɹ ɜ ɷɬɨɦ 
ɩɨɞɲɢɩɧɢɤɟ ɩɟɪɟɫɬɚɸɬ ɛɵɬɶ ɫɬɚɛɢɥɶɧɵɦɢ ɢ ɡɚɜɢɫɹɬ ɨɬ ɭɝɥɚ ɩɨɜɨɪɨɬɚ 
ɜɪɚɳɚɸɳɟɝɨɫɹ ɤɨɥɶɰɚ ɢɥɢ ɫɟɩɚɪɚɬɨɪɚ. 

ɉɨɫɬɨɹɧɧɚɹ ɫɢɥɚ ɬɪɟɧɢɹ ɜɨɡɛɭɠɞɚɟɬ ɫɥɭɱɚɣɧɭɸ ɜɢɛɪɚɰɢɸ ɩɨɞɲɢɩɧɢɤɚ ɜ 
ɲɢɪɨɤɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ. Ɇɚɤɫɢɦɭɦ ɟё ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɨɛɵɱɧɨ 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɱɚɫɬɨɬɵ ɩɨɪɹɞɤɚ β – 10 ɤȽɰ. ɑɚɫɬɨɬɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɡɚɜɢɫɢɬ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɢ ɪɚɡɦɟɪɨɜ ɩɨɞɲɢɩɧɢɤɚ, 
ɤɚɱɟɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɹ ɢ ɫɦɚɡɤɢ. ɉɪɢ ɩɨɹɜɥɟɧɢɢ ɞɟɮɟɤɬɨɜ ɚ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɫɢɥɵ ɬɪɟɧɢɹ, ɜɨɡɛɭɠɞɚɟɦɚɹ ɫɥɭɱɚɣɧɚɹ ɜɢɛɪɚɰɢɹ 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ, ɬɨ ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɚ 
ɥɸɛɨɣ ɱɚɫɬɨɬɟ ɩɟɪɢɨɞɢɱɟɫɤɢ ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ. ɂɦɟɧɧɨ ɬɚɤɨɟ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɫɥɭɱɚɣɧɨɣ ɜɢɛɪɚɰɢɢ ɩɨɞɲɢɩɧɢɤɨɜɵɯ ɭɡɥɨɜ ɹɜɥɹɟɬɫɹ 
ɨɛɴɟɤɬɢɜɧɵɦ ɩɪɢɡɧɚɤɨɦ ɩɨɹɜɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɬɪɭɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ 
ɩɨɞɲɢɩɧɢɤɚɯ ɤɚɱɟɧɢɹ Д1Ж. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɢɛɪɚɰɢɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɨɝɢɛɚɸɳɟɣ ɷɬɨɣ ɜɢɛɪɚɰɢɢ. 
Ɉɛɨɡɧɚɱɟɧɧɚɹ ɜɢɛɪɚɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɦɩɥɢɬɭɞɧɭɸ ɦɨɞɭɥɹɰɢɸ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ ɜɢɛɪɚɰɢɢ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɧɚɩɪɢɦɟɪ, ɫ ɩɟɪɢɨɞɨɦ 
ɜɪɚɳɟɧɢɹ ɭɡɥɨɜ ɩɨɞɲɢɩɧɢɤɚ ɢ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɫɩɟɤɬɪɟ ɨɝɢɛɚɸɳɟɣ, 
ɤɪɨɦɟ ɫɥɭɱɚɣɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɩɨɹɜɥɹɸɬɫɹ ɟɳɟ ɢ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɫ ɱɚɫɬɨɬɨɣ 
ɜɪɚɳɟɧɢɹ ɷɬɢɯ ɭɡɥɨɜ. ɉɨ ɱɚɫɬɨɬɚɦ ɩɨɹɜɢɜɲɢɯɫɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɜɢɞɵ ɢɦɟɸɳɢɯɫɹ ɜ ɩɨɞɲɢɩɧɢɤɟ ɞɟɮɟɤɬɨɜ, ɚ ɩɨ ɩɪɟɜɵɲɟɧɢɸ ɚɦɩɥɢɬɭɞ ɷɬɢɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚɞ ɥɢɧɢɟɣ ɮɨɧɚ - ɝɥɭɛɢɧɚ ɤɚɠɞɨɝɨ ɢɡ ɨɛɧɚɪɭɠɟɧɧɵɯ ɞɟɮɟɤɬɨɜ. 

ɗɬɨɬ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɫɢɝɧɚɥɨɜ ɜɢɛɪɚɰɢɢ (ɦɟɬɨɞ ɨɝɢɛɚɸɳɟɣ) ɩɨɡɜɨɥɹɟɬ 
ɨɛɧɚɪɭɠɢɬɶ ɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɜɫɟ ɨɫɧɨɜɧɵɟ ɜɢɞɵ ɞɟɮɟɤɬɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ 
ɪɟɫɭɪɫ ɩɨɞɲɢɩɧɢɤɨɜɵɯ ɭɡɥɨɜ. Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɥɶɧɨ ɪɚɡɜɢɬɵɯ ɞɟɮɟɤɬɨɜ 
ɫɥɟɞɭɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɹɦɵɟ ɫɩɟɤɬɪɵ ɜɢɛɪɚɰɢɢ ДβЖ. 

ȼɨɡɦɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɩɪɢɦɟɧɟɧɢɹ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ: 
-  ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ; 
- ɞɥɹ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɚɝɪɟɝɚɬɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɪɟɦɨɧɬ ɢ ɧɚɩɪɚɜɥɹɟɦɵɯ 

ɩɨɫɥɟ ɪɟɦɨɧɬɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ. 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɧɚɦɢ ɤɨɦɩɥɟɤɫ ɞɥɹ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 

ɜɵɩɨɥɧɟɧ ɧɚ ɛɚɡɟ ɧɟɫɤɨɥɶɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1, ɝɞɟ ɨɛɨɡɧɚɱɟɧɨ: ɞɚɬɱɢɤ ɜɢɛɪɚɰɢɢ (ɚɤɫɟɥɟɪɨɦɟɬɪ), 
ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɣ ɭɫɢɥɢɬɟɥɶ, ɱɟɬɵɪɟɯɤɚɧɚɥɶɧɵɣ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫ ɤɨɦɩɶɸɬɟɪɨɦ ɩɨ ɢɧɬɟɪɮɟɣɫɭ USB.  
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Ɉɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɚ ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ 
ɜɢɛɪɚɰɢɢ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɤɚɯ ɧɚ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɨɛɴɟɤɬɚ - ɚɫɢɧɯɪɨɧɧɨɝɨ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

 

Ɋɢɫɭɧɨɤ 1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɢɛɪɚɰɢɨɧɧɨɣ 
ɚɤɭɫɬɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

 

ɇɢɠɟ ɩɪɢɜɨɞɢɦ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚɦɢ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɚɤɭɫɬɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 
ɚɫɢɧɯɪɨɧɧɨɝɨ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

Ɍɟɧɡɨɦɟɬɪɢɱɟɫɤɢɣ ɭɫɢɥɢɬɟɥɶ Мɟɪɢɢ DPM – 700ȼ ɨɛɥɚɞɚɸɬ ɮɭɧɤɰɢɹɦɢ 
ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɢ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɞɟɮɨɪɦɚɰɢɢ, ɮɭɧɤɰɢɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɟ ɧɟɫɭɳɢɣ ɱɚɫɬɨɬɵ, ɮɭɧɤɰɢɢ ɤɨɦɩɚɪɨɬɨɪɚ ɢ 
ɫɨɯɪɚɧɟɧɢɹ ɧɚɫɬɪɨɟɤ ɩɚɪɚɦɟɬɪɨɜ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɡɚɜɢɫɢɦɨɣ ɩɚɦɹɬɢ ДγЖ. 

Ʉɨɥɢɱɟɫɬɜɨ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɤɚɧɚɥɨɜ – 1. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɨɫɬɚ – ɨɬ 50 – 1000 Ɉɦ. 
ɇɚɩɪɹɠɟɧɢɟ ɦɨɫɬɚ – βȼ / 0,5 ȼ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ЫЦЬ, ɩɟɪɟɤɥɸɱɚɬɟɥɶ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ – ɜ ɩɪɟɞɟɥɚɯ ±β% (±1000 μɦ/ɦ). 
ȿɦɤɨɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ – β000 ɪF. 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ – 0,β ȼ ɢɥɢ ɛɨɥɶɲɟ. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɟɪɟɞɚɱɢ – 2-ɯ ɩɨɥɸɫɧɨɣ ɮɢɥɶɬɪ Ȼɚɬɬɟɜɨɪɬɚ. 
ɑɚɫɬɨɬɚ ɨɬɫɟɱɤɢ – 6 ɲɚɝɨɜ 10, γ0, 100,1 ɤȽɰ ɢ F (ПХКЭ). 
Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ – 46 ɞȻ ɢɥɢ ɜɵɲɟ. 
Ƚɚɛɚɪɢɬɧɚɹ ɦɚɫɫɚ – 49 б 1β8,5 б β6β,5 ɦɦ (ɛɟɡ ɜɵɫɬɭɩɨɜ), ɨɤɨɥɨ 1.4 ɤɝ. 
Ⱦɚɬɱɢɤɢ ɢɡɦɟɪɟɧɢɹ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ ɢ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ ɪɨɬɨɪɚ: 
Ⱥɤɫɟɥɟɪɨɦɟɬɪɵ ɬɢɩɚ ASH-A-100 ɫ ɩɪɟɞɭɫɢɥɢɬɟɥɹɦɢ ɢɥɢ ɢɦ ɚɧɚɥɨɝɢɱɧɵɟ. 
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Ⱦɚɬɱɢɤɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ȾɈ – 01; ɎȾ – 0β ɢɥɢ ɢɦ ɚɧɚɥɨɝɢɱɧɵɟ ɩɨ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ASH-A-100 [4]: 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ: 0.5Цȼ  ȼ (1000x10 – 6 ɞɟɮɨɪ) ±β0% 
(±β5% ɞɥɹ AS – 10B). 

ɇɟɥɢɧɟɣɧɨɫɬɶ: ±1%ɉɒ (ɩɨɥɧɨɣ ɲɤɚɥɵ). 
Ƚɢɫɬɟɪɟɡɢɫ: ±1%ɉɒ. 
ȼɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ: 1β0 Ɉɦ ±5%. 
ȼɵɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ: 1β0 Ɉɦ ±5%. 
Ɋɟɤɨɦɟɧɞɨɜɚɧɧɨɟ ɩɢɬɚɧɢɟ: 1 ... γȼ. 
Ȼɟɡɨɩɚɫɧɨɟ ɩɢɬɚɧɢɟ: 6ȼ. 
ɉɨɩɟɪɟɱɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ: ±β%. 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ: –10 °C ɞɨ +60 °C. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ: з0,64 (ɩɪɢ βγ °C). 
Ȼɟɡɨɩɚɫɧɚɹ ɩɟɪɟɝɪɭɡɤɚ ɫɨɫɬɚɜɥɹɟɬ: γ00 ɩɪɨɰɟɧɬɨɜ. 
Ʉɚɛɟɥɶ: 4-ɯ ɩɪɨɜɨɞɧɨɣ (0,08 ɦɦ2) ɜɢɧɢɥɨɜɵɣ, ɜ ɷɤɪɚɧɟ, ɞɥɢɧɚ 5 ɦ ɢ γ,β ɦ.  
Ɉɛɴɟɤɬɨɦ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɟ ɹɜɥɹɟɬɫɹ ɩɨɞɲɢɩɧɢɤ ɤɚɱɟɧɢɹ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ – ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɩɟɤɬɪɨɜ ɜɢɛɪɚɰɢɢ, 
ɫɨɡɞɚɜɚɟɦɵɟ ɫɢɥɚɦɢ ɬɪɟɧɢɹ ɜ ɩɨɞɲɢɩɧɢɤɚɯ. Ʉɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ – 

ɩɨɞɲɢɩɧɢɤɨɜɵɟ ɳɢɬɵ. ɉɢɬɚɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɚɜɬɨɧɨɦɧɨɝɨ ɢɧɜɟɪɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ.  

ɋ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɨɰɟɧɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɞɲɢɩɧɢɤɨɜ ɤɚɱɟɧɢɹ 
ɚɫɢɧɯɪɨɧɧɨɝɨ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ ɫɨɡɞɚɧɵ ɫɥɟɞɭɸɳɢɟ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ: ɞɟɮɟɤɬ ɧɚɪɭɠɧɨɝɨ ɤɨɥɶɰɚ ɩɨɞɲɢɩɧɢɤɚ (ɭɝɥɭɛɥɟɧɢɟ ɜ ɧɚɪɭɠɧɨɦ 
ɤɨɥɶɰɟ ɩɨɞɲɢɩɧɢɤɚ ɫɨ ɫɬɨɪɨɧɵ ɬɟɥ ɤɚɱɟɧɢɹ) ɢ ɞɟɮɟɤɬ ɬɟɥɚ ɤɚɱɟɧɢɹ 
ɩɨɞɲɢɩɧɢɤɚ. Ⱦɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ ɡɚɞɚɧɧɵɯ ɞɟɮɟɤɬɨɜ, ɨɛɧɚɪɭɠɟɧɢɟ ɢ 
ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɚ ɩɪɢ ɞɢɚɝɧɨɫɬɢɤɟ ɩɨɞɲɢɩɧɢɤɨɜ ɤɚɱɟɧɢɹ, 
ɜɵɹɜɥɹɥɢɫɶ ɩɨ ɨɞɧɨɤɪɚɬɧɵɦ ɢɡɦɟɪɟɧɢɹɦ ɫɩɟɤɬɪɚ ɨɝɢɛɚɸɳɟɣ ɜɢɛɪɚɰɢɢ Д5Ж. 

ȼɧɚɱɚɥɟ ɛɵɥ ɩɨɥɭɱɟɧ ɜɢɛɪɚɰɢɨɧɧɵɣ ɚɤɭɫɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɢɫɩɪɚɜɧɨɝɨ 
ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɣ ɝɪɚɮɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɫɩɟɤɬɪɚ ɱɚɫɬɨɬ ɜɢɛɪɚɰɢɣ, 
ɜɵɡɜɚɧɧɵɯ ɪɚɛɨɬɨɣ ɜɫɟɝɨ ɩɨɞɲɢɩɧɢɤɨɜɨɝɨ ɭɡɥɚ ɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. β. 

ȿɫɥɢ ɭɡɟɥ (ɩɨɞɲɢɩɧɢɤ) ɩɨɥɧɨɫɬɶɸ ɢɫɩɪɚɜɟɧ, ɩɪɚɜɢɥɶɧɨ ɫɨɛɪɚɧ ɢ 
ɫɛɚɥɚɧɫɢɪɨɜɚɧ (ɢɞɟɚɥɶɧɵɣ ɫɥɭɱɚɣ), ɬɨ ɜ ɫɩɟɤɬɪɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɚɤɭɫɬɢɱɟɫɤɨɝɨ 
ɫɢɝɧɚɥɚ ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶɫɹ ɬɨɥɶɤɨ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ, ɜɵɡɜɚɧɧɵɟ 
ɜɪɚɳɚɬɟɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ ɞɟɬɚɥɟɣ ɭɡɥɨɜ ɷɬɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɬɨ ɟɫɬɶ ɨɛɨɪɨɬɧɵɟ. 
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ɉɪɢ ɧɚɥɢɱɢɢ ɞɟɮɟɤɬɚ ɜ ɭɡɥɟ ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɜ ɫɩɟɤɬɪɟ 
ɤɨɥɟɛɚɧɢɣ ɩɨɹɜɹɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɤɨɬɨɪɵɟ 

Ȼɭɞɭɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɷɬɨɬ ɞɟɮɟɤɬ Д6Ж. 

 

Ɋɢɫɭɧɨɤ 2 – ɋɩɟɤɬɪ ɫɢɝɧɚɥɚ ɩɨɞɲɢɩɧɢɤɨɜɨɝɨ ɭɡɥɚ ɛɭɤɫɵ ɛɟɡ ɞɟɮɟɤɬɚ 

 

Ⱦɟɮɟɤɬ ɧɚɪɭɠɧɨɝɨ ɤɨɥɶɰɚ ɩɨɞɲɢɩɧɢɤɚ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɤɨɪɨɬɤɢɯ 
ɭɞɚɪɧɵɯ ɢɦɩɭɥɶɫɨɜ ɩɪɢ ɤɨɧɬɚɤɬɟ ɤɚɠɞɨɝɨ ɬɟɥɚ ɤɚɱɟɧɢɹ ɫ ɪɚɤɨɜɢɧɨɣ 
(ɬɪɟɳɢɧɨɣ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɹɜɥɹɟɬɫɹ ɪɹɞ ɝɚɪɦɨɧɢɤ ɫ ɩɨɜɬɨɪɹɸɳɢɦɢɫɹ 
ɱɚɫɬɨɬɚɦɢ ɜ ɫɩɟɤɬɪɟ ɨɝɢɛɚɸɳɟɣ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ ɜɢɛɪɚɰɢɢ, ɩɪɢɱёɦ ɱɢɫɥɨ ɷɬɢɯ 
ɝɚɪɦɨɧɢɤ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ, ɚ ɢɯ ɚɦɩɥɢɬɭɞɚ ɫɥɚɛɨ ɫɧɢɠɚɟɬɫɹ ɫ ɪɨɫɬɨɦ 

(ɫɦ. ɪɢɫ. γ). 

 
Ɋɢɫɭɧɨɤ 3 – ɋɩɟɤɬɪ ɨɝɢɛɚɸɳɟɣ ɜɢɛɪɚɰɢɢ ɩɪɢ ɞɟɮɟɤɬɟ ɧɚɪɭɠɧɨɝɨ ɤɨɥɶɰɚ 

ɩɨɞɲɢɩɧɢɤɚ ɫɨ ɫɬɨɪɨɧɵ ɬɟɥ ɤɚɱɟɧɢɹ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɦɟɬɨɞ ɜɢɛɪɚɰɢɨɧɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 
ɩɨɞɲɢɩɧɢɤɨɜɵɯ ɭɡɥɨɜ ɚɫɢɧɯɪɨɧɧɵɯ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɩɨɡɜɨɥɢɬ 
ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ ɢ ɩɪɨɝɧɨɡ ɮɚɤɬɢɱɟɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɭɡɥɨɜ, ɱɬɨ ɩɨɜɵɫɢɬ ɤɚɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢɯ ɢ ɫɨɤɪɚɳɟɧɢɟ 
ɨɛɳɟɝɨ ɩɪɨɫɬɨɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɷɥɟɤɬɪɨɩɨɟɡɞɨɜ ɢ ɫɨɜɪɟɦɟɧɧɵɯ 
ɷɥɟɤɬɪɨɜɨɡɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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Ʉ. Ⱥ. Ʉɭɤɭɣ. – Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ. 

 

ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 

 

Ⱥɛɥɹɥɢɦɨɜ Ɉɥɟɝ ɋɟɪɝɟɟɜɢɱ 

Ɍɚɲɤɟɧɬɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɧɠɟɧɟɪɨɜ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ (ɌɚɲɂɂɌ). 
ɭɥ. ɗɥɬɭɡɚɪ, ɞ. β5, ɝ. Ɍɚɲɤɟɧɬ, 100167, 
Ɋɟɫɩɭɛɥɢɤɚ ɍɡɛɟɤɢɫɬɚɧ. 
Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɫɬɚɪɲɢɣ 
ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɢ.ɨ. ɩɪɨɮɟɫɫɨɪɚ 
ɤɚɮɟɞɪɵ «Ʌɨɤɨɦɨɬɢɜɵ ɢ ɥɨɤɨɦɨɬɢɜɧɨɟ 
ɯɨɡɹɣɫɬɜɨ» ɌɚɲɂɂɌ. 
Ɍɟɥ. +99890-975-59-43. 

E-mail: o.ablyalimov@gmail.com 

 

 

 

 

INFORMATION ABOUT TNE AUTHORS 

 

Ablyalimov Oleg Sergeyevich 

Tashkent institute of railway transpɨrt 

enginɟering (TashIET). 

25, Eltuzar str., Tashkent, 100167, 

the Republik of Uzbekistan. 

Doctor of philosophy, chief scientific 

worker, acting professor of the chair 

«LШɫШЦШЭТЯОЬ КЧН ХШМШЦШЭТЯО ОМШЧШЦв», 
TashIET. 

Phone: +99890-975-59-43. 

E-mail: o.ablyalimov@gmail.com 

 

 

 

 

mailto:o.ablyalimov@gmail.com
mailto:o.ablyalimov@gmail.com


234 
 

Ⱥɡɢɦɨɜ ɋɨɛɢɪ Ɇɚɯɦɚɬɦɢɪɡɚ ўғɥɢ 

Ɍɚɲɤɟɧɬɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɧɠɟɧɟɪɨɜ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ (ɌɚɲɂɂɌ). 
 ɭɥ. Ʉɚɞɵɪɨɜɚ, ɞ. 10, ɝ. Ɍɚɲɤɟɧɬ, 100167, 
Ɋɟɫɩɭɛɥɢɤɚ ɍɡɛɟɤɢɫɬɚɧ.  
Ɇɚɝɢɫɬɪ, ɚɫɫɢɫɬɟɧɬ ɤɚɮɟɞɪɵ «Ʌɨɤɨɦɨɬɢɜɵ 
ɢ ɥɨɤɨɦɨɬɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ» ɌɚɲɂɂɌ. 

Ɍɟɥ. +99897-439-63-63. 

E-mail: azimovsss@mail.ru 

 

Ƚɚɣɪɚɬɨɜ Ȼɚɯɨɞɢɪ ɂɤɛɨɥɠɨɧ ўғɥɢ 

Ɍɚɲɤɟɧɬɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɧɠɟɧɟɪɨɜ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ (ɌɚɲɂɂɌ).  
ɭɥ. Ⱥɞɵɥɯɨɞɠɚɟɜɚ, ɞ. 1, ɝ. Ɍɚɲɤɟɧɬ, 100167, 
Ɋɟɫɩɭɛɥɢɤɚ ɍɡɛɟɤɢɫɬɚɧ. 
ɋɬɭɞɟɧɬ γ-ɝɨ ɤɭɪɫɚ ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɮɚɤɭɥɶɬɟɬɚ ɩɨ ɤɚɮɟɞɪɟ «Ʌɨɤɨɦɨɬɢɜɵ ɢ 
ɥɨɤɨɦɨɬɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ» ɌɚɲɂɂɌ.  
Ɍɟɥ. +99897-262-07-11. 

E-mail: bgayratoff@gmail.com 

Azimov Sobir Maxmatmirza ug'li 

Tashkent institute of railway transpɨrt 

enginɟering (TashIET). 

10, Kadyrova str, Tashkent, 100167, 

the Republik of Uzbekistan. 

MКЬЭОЫ, КЬЬТЬЭКЧЭ ШП ЭСО МСКТЫ «LШɫomotives and 

locomotive ОМШЧШЦв» TКЬСIET. 
Phone:  +99897-439-63-63. 

E-mail: azimovsss@mail.ru 

 

Gayratov Bahodir Ikboljon ug'li 

Tashkent institute of railway transpɨrt 

enginɟering (TashIET). 

1, Adilhodjaeva str.,Tashkent, 100167, 

the Republik of Uzbekistan. 

Student of 3 courses of the ȿlectromechanical 

НОЩКЫЭЦОЧЭ Лв ШП ЭСО МСКТЫ «LШɫomotives and 

locomotive economy» TashIET. 

Phone:  +99897-262-07-11. 

E-mail: bgayratoff@gmail.com 

 

ɍȾɄ 629.42:629.4.054, 625.28 

 

Ɉ. ɋ. Ⱥɛɥɹɥɢɦɨɜ, ɀ. Ⱦ. ɏɨɞɠɢɟɜ, Ȼ. ɂ. Ƚɚɣɪɚɬɨɜ 

Ɍɚɲɤɟɧɬɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɧɠɟɧɟɪɨɜ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ (ɌɚɲɂɂɌ), 
ɝ. Ɍɚɲɤɟɧɬ, Ɋɟɫɩɭɛɥɢɤɚ ɍɡɛɟɤɢɫɬɚɧ 

 

ȺɇȺɅɂɁ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɌɈɊɆɈɁɇɕɏ ɋɂɋɌȿɆ 

ɋɄɈɊɈɋɌɇɈȽɈ ɉɈȾȼɂɀɇɈȽɈ ɋɈɋɌȺȼȺ 

 

Аɧɧɨɬаɰиɹ. ɉɪɢɜɟɞɟɧɚ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ 
ɞɥɹ ɫɤɨɪɨɫɬɧɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɦɟɬɨɞɨɦ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɭɬёɦ ɪɟɲɟɧɢɹ 
ɬɨɪɦɨɡɧɨɣ ɡɚɞɚɱɢ ɩɪɢ ɷɤɫɬɪɟɧɧɨɦ ɬɨɪɦɨɠɟɧɢɢ, ɚɥɝɨɪɢɬɦ ɪɟɚɥɢɡɚɰɢɢ ɤɨɬɨɪɨɣ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱёɬɚ ɬɚɛɥɢɱɧɵɦ ɫɩɨɫɨɛɨɦ. ɉɨɥɭɱɟɧɚ ɞɢɧɚɦɢɤɚ ɞɥɢɧɵ 
ɬɨɪɦɨɡɧɨɝɨ ɩɭɬɢ ɫɤɨɪɨɫɬɧɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɧɨɣ ɜɟɥɢɱɢɧɵ 
ɬɨɪɦɨɡɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɟɡɞɚ ɫ ɭɱёɬɨɦ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚɱɚɥɚ ɬɨɪɦɨɠɟɧɢɹ. 
Ⱦɚёɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɫɨɜɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɫɤɨɜɨɝɨ ɢ 
ɦɚɝɧɢɬɨɪɟɥɶɫɨɜɨɝɨ ɬɨɪɦɨɡɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɭɫɥɨɜɢɣ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɫɤɨɪɨɫɬɧɵɯ ɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɩɨɟɡɞɨɜ ɜ ɩɭɬɢ ɫɥɟɞɨɜɚɧɢɹ. 
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ANALYSIS OF BRAKE SYSTEM EFFICIENCY  

SPEED MOBILE COMPOSITION 

 

Abstract. The estimation of the efficiency of using brake systems for high-speed rolling stock by 

numerical integration by solving the braking problem during emergency braking is presented, the 

implementation algorithm of which provides for tabular calculation. The dynamics of the braking distance 

of high-speed rolling stock is obtained depending on the different values of the braking coefficient of the 

train, taking into account the set braking start speed. The substantiation of the feasibility of joint use of the 

disk and magneto-rail brakes is provided to ensure and increase the conditions for guaranteed safety 

when moving high-speed and high-speed trains along the route. 

 

Keywords: research, result, braking, braking distances, speed, calculation, rolling - stock, 

disk brake, magnetic rail brake 

 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɟɣɫɬɜɭɸɳɢɯ ɢ ɜɧɨɜɶ ɫɬɪɨɹɳɢɯɫɹ 
ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧ ɧɟ ɬɨɥɶɤɨ ɫ ɩɨɜɫɟɦɟɫɬɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ 
ɨɛɴёɦɚ ɩɟɪɟɜɨɡɨɤ, ɫɨɤɪɚɳɟɧɢɟɦ ɜɪɟɦɟɧɢ ɞɨɫɬɚɜɤɢ ɝɪɭɡɨɜ ɢ ɩɚɫɫɚɠɢɪɨɜ, ɧɨ ɢ ɨɬ 
ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɬɹɝɨɜɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ. Ɉɛɟɫɩɟɱɟɧɢɟ ɩɨɫɥɟɞɧɟɣ 
ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱёɬ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɫɭɳɟɫɬɜɭɸɳɟɝɨ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɜɧɟɞɪɟɧɢɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɧɨɜɵɯ ɫɤɨɪɨɫɬɧɵɯ ɢ 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɩɨɟɡɞɨɜ. ɉɪɢ ɷɬɨɦ ɪɨɫɬ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ, ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɬɪɟɛɭɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ Д1,βЖ ɜɫɟɯ ɜɢɞɨɜ ɢ ɬɢɩɨɜ. 

Ⱦɜɢɠɟɧɢɟ ɫɤɨɪɨɫɬɧɵɯ ɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɩɨɟɡɞɨɜ ɧɟɨɛɯɨɞɢɦɨ 
ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɩɪɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɪɚɫɫɬɚɧɨɜɤɟ ɫɢɝɧɚɥɨɜ, ɤɨɬɨɪɵɟ 
"ɪɚɫɫɱɢɬɚɧɵ" ɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɭɸ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ. Ɋɟɲɟɧɢɟɦ ɷɬɨɣ 
ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɜɜɨɞ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɢɫɬɟɦ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɨɪɦɨɠɟɧɢɹ ɩɨɟɡɞɚ ɛɟɡ ɭɜɟɥɢɱɟɧɢɹ, ɪɟɚɥɢɡɭɟɦɨɝɨ ɜ ɩɪɨɰɟɫɫɟ 
ɬɨɪɦɨɠɟɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɰɟɩɥɟɧɢɹ ɤɨɥёɫ ɫ ɪɟɥɶɫɚɦɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɧɟɫɨɦɧɟɧɧɨ, ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɪɟɲɟɧɢɟ 
ɩɪɨɮɢɥɶɧɵɯ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɨɩɪɨɫɚɦɢ ɩɨɜɵɲɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ ɧɚ ɜɫɟɯ ɬɢɩɚɯ ɭɱɚɫɬɤɨɜ 
ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, ɤɨɬɨɪɵɟ ɭɫɩɟɲɧɨ ɪɟɲɚɸɬɫɹ ɜɜɨɞɨɦ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɞɢɫɤɨɜɵɯ, 
ɦɚɝɧɢɬɨɪɟɥɶɫɨɜɵɯ ɢ ɜɢɯɪɟɬɨɤɨɜɵɯ ɫɢɫɬɟɦ ɬɨɪɦɨɠɟɧɢɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɛɨɫɧɨɜɚɧɢɸ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɢɫɬɟɦ ɬɨɪɦɨɠɟɧɢɹ 
ɩɨɟɡɞɨɜ ɢ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɧɚ ɪɟɚɥɶɧɵɯ, 
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ɞɟɣɫɬɜɭɸɳɢɯ, ɟɞɢɧɢɰɚɯ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɤɨɪɨɫɬɧɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ 

ɹɜɥɹɸɬɫɹ ɫɜɨɟɜɪɟɦɟɧɧɵɦɢ ɢ ɚɤɬɭɚɥɶɧɵɦɢ ɡɚɞɚɱɚɦɢ ɞɥɹ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɫɬɪɚɧ 
ɛɥɢɠɧɟɝɨ ɢ ɞɚɥɶɧɟɝɨ ɡɚɪɭɛɟɠɶɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɭɡɛɟɤɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ. 

Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɪɟɲɟɧɢɹ ɬɨɪɦɨɡɧɨɣ ɡɚɞɚɱɢ ɞɥɹ ɟɞɢɧɢɰɵ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨ ɡɚɞɚɧɧɵɦ 
ɡɧɚɱɟɧɢɹɦ ɩɨɫɪɟɞɫɬɜɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɢɧɵ ɬɨɪɦɨɡɧɨɝɨ ɩɭɬɢ ɩɨɟɡɞɚ ɩɪɢ 
ɷɤɫɬɪɟɧɧɨɦ ɬɨɪɦɨɠɟɧɢɢ ДγЖ. 

Ɋɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɩɪɨɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
Д4,5Ж, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (ɚɥɝɨɪɢɬɦ) ɤɨɬɨɪɨɝɨ ɨɛɨɡɧɚɱɟɧɚ ɜ ɬɚɛɥ. 1 ɢ 
ɪɚɫɲɢɮɪɨɜɵɜɚɟɬɫɹ ɧɢɠɟ. 

ȼ 1-ɣ ɝɪɚɮɟ ɭɤɚɡɵɜɚɸɬ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ ΔЭ = γ ɫ, ɚ ɜ γ-ɣ ɝɪɚɮɟ – 

ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ ƩЭ, ɫ.  
ȼ 5-ɣ ɝɪɚɮɟ ɡɚɞɚёɬɫɹ ɪɚɫɱёɬɧɵɣ ɬɨɪɦɨɡɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɟɡɞɚ ϑɪɱ ɞɥɹ 

ɱɭɝɭɧɧɵɯ ɤɨɥɨɞɨɤ: 
ϑɪɱ = ƩɄɪɱ/(P+Q)·Р, ɤɇ/ɤɇ                                                (1) 

ɝɞɟ ƩɄɪɱ – ɫɭɦɦɚɪɧɨɟ ɪɚɫɱёɬɧɨɟ ɧɚɠɚɬɢɟ ɱɭɝɭɧɧɵɯ ɬɨɪɦɨɡɧɵɯ ɤɨɥɨɞɨɤ, ɤɇ; P – 

ɦɚɫɫɚ ɥɨɤɨɦɨɬɢɜɚ, ɬ; Q – ɦɚɫɫɚ ɫɨɫɬɚɜɚ, ɬ; Р – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2
. 

ȼ 6-ɣ ɝɪɚɮɟ ɭɤɚɡɵɜɚɟɬɫɹ ɪɚɫɱёɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɱɭɝɭɧɧɵɯ 
ɤɨɥɨɞɨɤ φФЩɱ ɨ ɤɨɥёɫɚ ɤɨɥёɫɧɨɣ ɩɚɪɵ ɟɞɢɧɢɰɵ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɤɨɬɨɪɵɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɤɨɣ ɮɨɪɦɭɥɟ: 

φФЩɱ = 0,β7·(V+100)/(5V+100),                                        (β) 
ɝɞɟ V – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɤɦ/ɱ. 

ȼ 7-ɣ ɝɪɚɮɟ ɭɤɚɡɵɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɬɨɪɦɨɡɧɚɹ ɫɢɥɚ ɩɨɟɡɞɚ ɞɥɹ ɱɭɝɭɧɧɵɯ 
ɤɨɥɨɞɨɤ Лɬɱ, ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

bɬɱ=1000·ϑɪɱ·φФЩɱ, ɇ/ɤɇ                                                   (γ) 
ȼ 8-ɣ ɝɪɚɮɟ ɡɚɞɚёɬɫɹ ɪɚɫɱёɬɧɵɣ ɬɨɪɦɨɡɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɟɡɞɚ ϑɪɤ ɞɥɹ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɤɨɥɨɞɨɤ: 
ϑɪɤ = ƩɄɪɤ/(P+Q)·Р, ɤɇ/ɤɇ                                            (4) 

ɝɞɟ ƩɄɪɱ – ɫɭɦɦɚɪɧɨɟ ɪɚɫɱёɬɧɨɟ ɧɚɠɚɬɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɪɦɨɡɧɵɯ ɤɨɥɨɞɨɤ, ɤɇ; 
ȼ 9-ɣ ɝɪɚɮɟ ɭɤɚɡɵɜɚɟɬɫɹ ɪɚɫɱёɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɤɨɥɨɞɨɤ φФЩɤ ɨ ɤɨɥёɫɚ ɤɨɥёɫɧɨɣ ɩɚɪɵ ɟɞɢɧɢɰɵ ɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

φФЩɱ = 0,γ6·(V+150)/(βV+150),                                              (5) 
ɝɞɟ V – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɤɦ/ɱ  

ȼ 10-ɣ ɝɪɚɮɟ ɭɤɚɡɵɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɬɨɪɦɨɡɧɚɹ ɫɢɥɚ ɩɨɟɡɞɚ ɞɥɹ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɤɨɥɨɞɨɤ Лɬɤ, ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

             bɬɤ = 1000·ϑɪɤ·φФЩɤ                                                    (6) 
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ȼ 1β-ɣ ɝɪɚɮɟ ɭɤɚɡɵɜɚɟɬɫɹ ɭɞɟɥɶɧɨɟ ɨɫɧɨɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɢɠɟɧɢɸ 
ɥɨɤɨɦɨɬɢɜɚ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ аɯ', ɨɩɪɟɞɟɥɹɸɳɟɟɫɹ ɬɚɤ: 

wɯ' = β,4 + 0,009·Vɫɪ + 0,000γ5·Vɫɪ
2
                                  (7) 

ɝɞɟ Vɫɪ – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɟɞɢɧɢɰɵ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɤɦ/ɱ. 
ȼ 1γ-ɣ ɝɪɚɮɟ ɭɤɚɡɵɜɚɟɬɫɹ ɭɞɟɥɶɧɨɟ ɨɫɧɨɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɢɠɟɧɢɸ 

ɜɚɝɨɧɚ а0", ɨɩɪɟɞɟɥɹɸɳɟɟɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
w0" = 0,997 + 0,0γ86·Vɫɪ + 0,0001618·Vɫɪ

2
                     (8) 

ɍɞɟɥɶɧɨɟ ɨɫɧɨɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɟɡɞɚ аШɯ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɭɱёɬɨɦ ɦɚɫɫɵ ɟɝɨ ɢ ɭɤɚɡɵɜɚɟɬɫɹ ɜ 14-ɣ ɝɪɚɮɟ: 

woɯ = ( wɯ'·P + w0"·Q)/(P+Q), ɇ/ɤɇ                                      (9) 
ȼ 15-ɣ ɝɪɚɮɟ ɡɚɞɚёɬɫɹ ɜɟɥɢɱɢɧɚ ɭɤɥɨɧɚ (ɫɩɭɫɤɚ), ‰; ɚ 16-ɹ ɝɪɚɮɚ – ɩɨɥɧɚɹ 

ɭɞɟɥɶɧɚɹ ɡɚɦɟɞɥɹɸɳɚɹ ɫɢɥɚ ɫ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɭɞɟɥɶɧɨɣ 
ɬɨɪɦɨɡɧɨɣ ɫɢɥɵ ɩɨɟɡɞɚ Лɬ, ɭɞɟɥɶɧɨɝɨ ɨɫɧɨɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ 
ɩɨɟɡɞɚ аɨб ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ɫ ɭɱёɬɨɦ ɭɞɟɥɶɧɨɣ ɫɢɥɵ ɨɬ ɜɟɥɢɱɢɧɵ ɭɤɥɨɧɚ Тc ɧɚ 
ɩɭɬɢ ɬɨɪɦɨɠɟɧɢɹ:   

        ɫ = Лɬ+ wɨб+ ic, ɇ/ɤɇ                                                   (10) 
ɇɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ ɫɤɨɪɨɫɬɢ ɡɚɞɚɸɬɫɹ ɜ 17-ɣ ɢ 18-ɣ ɝɪɚɮɚɯ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ 19-ɹ ɝɪɚɮɚ – ɟɫɬɶ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ΔV ɜ ɢɧɬɟɪɜɚɥɟ ΔЭ, 
ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

ΔV = Дξ·(Лɬ+ wx+ ic)·ΔЭЖ/γ600, ɤɦ/ɱ                                   (11) 
ɝɞɟ ξ – ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ (ɮɚɤɬɢɱɟɫɤɨɟ) ɭɫɤɨɪɟɧɢɟ, ɫ ɤɨɬɨɪɵɦ ɞɜɢɠɟɬɫɹ ɩɨɟɡɞ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɭɞɟɥɶɧɨɣ ɡɚɦɟɞɥɹɸɳɟɣ ɫɢɥɵ ɜ 1 ɇ/ɤɇ, ɤɦ/ɱ2

. 

ȼɟɥɢɱɢɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ (ɮɚɤɬɢɱɟɫɤɨɝɨ) ɭɫɤɨɪɟɧɢɟ ξ ɜɵɛɢɪɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɞɢɧɢɰɵ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɣ ɩɪɢɜɟɞɟɧɵ ɜ Дγ,6Ж. 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ Vɫɪ ɩɨ ɩɪɢɪɚɳɟɧɢɸ ɫɤɨɪɨɫɬɢ ΔV ɜ ɩɪɢɧɹɬɨɦ ɢɧɬɟɪɜɚɥɟ 
ɜɪɟɦɟɧɢ ΔЭ ɭɤɚɡɵɜɚɟɬɫɹ ɜ β0-ɣ ɝɪɚɮɟ. 

ȼ β1-ɣ ɝɪɚɮɟ ɭɤɚɡɵɜɚɟɬɫɹ ɩɪɢɪɚɳɟɧɢɟ ɬɨɪɦɨɡɧɨɝɨ ɩɭɬɢ ΔSt ɩɨɟɡɞɚ ɜ 
ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ΔЭ: 

ΔSt = (ΔЭ·Vɫɪ)/γ,6, ɦ                                                      (1β) 
Ɂɚɬɟɦ, ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɜɫɟɯ ɡɧɚɱɟɧɢɣ ΔSt ɧɚɯɨɞɢɬɫɹ ɩɨɥɧɵɣ ɬɨɪɦɨɡɧɨɣ 

ɩɭɬɶ St ɩɨɟɡɞɚ, ɤɨɬɨɪɵɣ ɭɤɚɡɵɜɚɟɬɫɹ ɜ ββ-ɣ ɝɪɚɮɟ. 
ɇɚ ɪɢɫ. 1 ɢɡɨɛɪɚɠɟɧɵ ɝɪɚɮɢɤɢ ɞɥɢɧɵ ɬɨɪɦɨɡɧɨɝɨ ɩɭɬɢ ɟɞɢɧɢɰɵ 

ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ Sɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɥɢɱɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɨɪɦɨɡɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɟɡɞɚ ϑ ɜ ɩɪɢɧɹɬɨɦ ɞɢɚɩɚɡɨɧɟ ɜɚɪɶɢɪɨɜɚɧɢɹ ɟɝɨ ɜɟɥɢɱɢɧɨɣ ɨɬ 
0,4 ɇ/ɤɇ ɞɨ 1,β ɇ/ɤɇ ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚɱɚɥɚ ɬɨɪɦɨɠɟɧɢɹ. 

ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɢ ɫɤɨɪɨɫɬɧɵɯ ɢ 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɩɨɟɡɞɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɥɨɞɨɱɧɨɝɨ ɢ ɞɢɫɤɨɜɨɝɨ ɬɨɪɦɨɡɚ 
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ɩɪɢ ɷɤɫɬɪɟɧɧɨɦ ɬɨɪɦɨɠɟɧɢɢ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɬɚɤ ɤɚɤ ɞɥɢɧɚ ɬɨɪɦɨɡɧɨɝɨ ɩɭɬɢ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɧɨɪɦɚɬɢɜ ɧɚ ɭɫɬɚɧɨɜɥɟɧɧɭɸ 
ɜɟɥɢɱɢɧɭ ɞɥɢɧɵ ɬɨɪɦɨɡɧɨɝɨ ɩɭɬɢ Д4Ж. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɚ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɩɨɡɜɨɥɢɥ ɧɚɦ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ 
ɬɟɡɢɫ – ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɤɨɪɨɫɬɧɵɯ ɢ 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɩɨɟɡɞɨɜ ɜ ɩɭɬɢ ɫɥɟɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɚɝɧɢɬɨɪɟɥɶɫɨɜɨɝɨ ɢ ɞɢɫɤɨɜɨɝɨ ɬɨɪɦɨɡɚ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ, ɫɨɜɦɟɫɬɧɨɦ, 
ɫɨɱɟɬɚɧɢɢ. 

 

 
Ɋɢɫɭɧɨɤ 1 – Ⱦɢɧɚɦɢɤɚ ɞɥɢɧɵ ɬɨɪɦɨɡɧɨɝɨ ɩɭɬɢ ɟɞɢɧɢɰɵ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɬɨɪɦɨɡɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɟɡɞɚ 

 

ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɫɤɚɡɚɧɧɨɦɭ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɫɤɨɪɨɫɬɧɵɯ ɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɩɨɟɡɞɚɯ ɧɟɫɤɨɥɶɤɢɯ ɫɢɫɬɟɦ ɬɨɪɦɨɠɟɧɢɹ, 
ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɫɜɨɸ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɜ ɨɩɪɟɞɟɥёɧɧɨɦ ɞɢɚɩɚɡɨɧɟ 
ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɫɤɨɪɨɫɬɧɨɣ ɷɥɟɤɬɪɨɩɨɟɡɞ «ɇɟɜɫɤɢɣ 
ɷɤɫɩɪɟɫɫ» Д7Ж ɨɛɨɪɭɞɨɜɚɧ ɧɟɫɤɨɥɶɤɢɦɢ ɫɢɫɬɟɦɚɦɢ ɬɨɪɦɨɠɟɧɢɹ, ɚ ɢɦɟɧɧɨ: 
ɤɨɥɟɫɧɨ – ɤɨɥɨɞɨɱɧɵɦ ɩɧɟɜɦɚɬɢɱɟɫɤɢɦ ɬɨɪɦɨɡɨɦ; ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɪɟɨɫɬɚɬɧɵɦ 
ɬɨɪɦɨɡɨɦ ɫ ɫɚɦɨɜɨɡɛɭɠɞɟɧɢɟɦ; ɷɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɟɫɤɢɦ ɤɨɥɟɫɧɨ - ɤɨɥɨɞɨɱɧɵɦ 
ɬɨɪɦɨɡɨɦ; ɞɢɫɤɨɜɵɦ ɬɨɪɦɨɡɨɦ; ɦɚɝɧɢɬɨɪɟɥɶɫɨɜɵɦ ɬɨɪɦɨɡɨɦ; ɪɭɱɧɵɦ 
ɬɨɪɦɨɡɨɦ ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɩɨɟɡɞɚ ɧɚ ɦɟɫɬɟ. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ 
ɬɨɪɦɨɡɚɦɢ ɜ ɤɚɛɢɧɟ ɦɚɲɢɧɢɫɬɚ ɤɨɧɬɪɨɥɥɟɪ ɦɚɲɢɧɢɫɬɚ ɢɦɟɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɟɳё ɱɟɬɵɪɟ ɬɨɪɦɨɡɧɵɯ ɩɨɥɨɠɟɧɢɹ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɵɦ ɨɪɝɚɧɢɡɨɜɵɜɚɟɬɫɹ 
ɛɟɡɨɩɚɫɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɫɢɫɬɟɦ ɬɨɪɦɨɠɟɧɢɹ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɟɡɞɚ. 
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ESTIMATION OF EFFICIENCY OF TRANSPORTATION WORK OF 

3TE10M DIESEL LOCOMOTIVES ON KATTAKURGAN - NAVOI 

SECTION OF UZBEK RAILWAY 
 

Abstract. Introduced the results of validation three - sectional of main (trains) freight of the 

3TE10M diesel locomotives of transportation working parameters on a hilly – mountainous of 

railway district by of different elevations of freight trains movement and of estimation of the 

traction qualities of the track profile of this district. Research of the results received by the help of 

methods and fashions of theory of locomotive tractions in the form of tabular dates and graphic arts 

dependences.  
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ɇɚ ɦɚɝɢɫɬɪɚɥɶɧɵɟ (ɩɨɟɡɞɧɵɟ) ɝɪɭɡɨɜɵɟ ɥɨɤɨɦɨɬɢɜɵ ɞɢɡɟɥɶɧɨɣ ɬɹɝɢ 
ɩɪɢɯɨɞɢɬɫɹ ɩɹɬɶɞɟɫɹɬ ɱɟɬɵɪɟ ɩɪɨɰɟɧɬɚ ɜɫɟɯ ɫɟɤɰɢɣ ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɩɚɪɤɚ ȺɈ 
«Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ» Д1Ж, ɢɯ ɤɨɬɨɪɵɯ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɟɦɶɞɟɫɹɬ 
ɩɪɨɰɟɧɬɨɜ ɫɟɤɰɢɣ ɫɨɫɬɚɜɥɹɸɬ ɬɟɩɥɨɜɨɡɵ ɫɟɪɢɢ Ɍɗ10Ɇ. 

ɐɟɥɶɸ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɢ ɩɚɪɚɦɟɬɪɨɜ 
ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɝɢɫɬɪɚɥɶɧɵɯ (ɩɨɟɡɞɧɵɯ) ɝɪɭɡɨɜɵɯ 
ɬɟɩɥɨɜɨɡɨɜ ɫɟɪɢɢ Ɍɗ10Ɇ ɧɚ ɨɞɧɨɦ ɢɡ ɭɱɚɫɬɤɨɜ ɭɡɛɟɤɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, ɚ 
ɬɚɤɠɟ ɨɰɟɧɤɚ ɬɹɝɨɜɨɝɨ ɤɚɱɟɫɬɜɚ ɢ ɬɪɭɞɧɨɫɬɢ ɩɪɨɮɢɥɹ ɩɭɬɢ ɷɬɨɝɨ ɭɱɚɫɬɤɚ. 

ȼ ɨɫɧɨɜɟ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɥɟɠɚɬ ɦɟɬɨɞɵ ɢ ɫɩɨɫɨɛɵ Д1,βЖ ɬɟɨɪɢɢ 
ɥɨɤɨɦɨɬɢɜɧɨɣ ɬɹɝɢ ɢ ɪɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɫ ɦɚɫɫɨɣ ɫɨɫɬɚɜɚ Q = β500 ɬ ɢ ɩɨɫɬɨɹɧɧɵɦ ɱɢɫɥɨɦ ɨɫɟɣ 
ɪɚɜɧɵɦ Ц = β00 ɨɫɟɣ ɧɚ ɫɩɪɹɦɥёɧɧɨɦ, ɡɚɞɚɧɧɨɦ, ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɩɪɨɮɢɥɟ 
ɩɭɬɢ, ɨɛɴɟɤɬ ɢ ɩɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɣ ДγЖ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɸɬ ɬɪёɯɫɟɤɰɢɨɧɧɵɟ ɦɚɝɢɫɬɪɚɥɶɧɵɟ 
(ɩɨɟɡɞɧɵɟ) ɝɪɭɡɨɜɵɟ ɬɟɩɥɨɜɨɡɵ γɌɗ10Ɇ ɢ ɫɩɪɹɦɥёɧɧɵɣ ɩɪɨɮɢɥɶ ɩɭɬɢ 
ɪɟɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ», 
ɢɦɟɸɳɢɣ ɱɟɬɵɪɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɝɨɧɚ: ɩɟɪɟɝɨɧɵ Ʉɚɬɬɚɤɭɪɝɚɧ – Ɋɚɡɴɟɡɞ 
№ β8, Ɋɚɡɴɟɡɞ № β8 – Ɂɢɪɚɛɭɥɚɤ, Ɂɢɪɚɛɭɥɚɤ – Ɂɢёɜɭɞɞɢɧ, ɢ Ɂɢёɜɭɞɞɢɧ – ɇɚɜɨɢ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ - ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɵɯ 
ɩɨɟɡɞɨɜ ɢ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɬɨɩɥɢɜɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɩɨɦɹɧɭɬɵɯ ɝɪɭɡɨɜɵɯ ɬɟɩɥɨɜɨɡɨɜ γɌɗ10Ɇ ɫ ɭɱёɬɨɦ 
ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɬɹɝɭ ɩɨɟɡɞɨɜ ɜ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɢ ɞɟɧɟɠɧɨɦ ɢɫɱɢɫɥɟɧɢɢ ɧɚ ɡɚɞɚɧɧɨɦ, ɪɟɚɥɶɧɨɦ, ɭɱɚɫɬɤɟ 
ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ ɢ ɬɟɯɧɨɥɨɝɢɢ 
(ɪɟɠɢɦɨɜ) ɜɟɞɟɧɢɹ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɧɚ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ ɭɱɚɫɬɤɟ 
Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɝɢɫɬɪɚɥɶɧɵɟ ɥɨɤɨɦɨɬɢɜɵ ɞɢɡɟɥɶɧɨɣ ɬɹɝɢ, 
– ɬɪёɯɫɟɤɰɢɨɧɧɵɟ ɦɚɝɢɫɬɪɚɥɶɧɵɟ (ɩɨɟɡɞɧɵɟ) ɝɪɭɡɨɜɵɟ ɬɟɩɥɨɜɨɡɵ ɫɟɪɢɢ 
γɌɗ10Ɇ, ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɤɨɬɨɪɵɯ ɨɩɢɫɚɧɚ ɜ Д4Ж. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɷɥɟɦɟɧɬɨɜ ɫɩɪɹɦɥёɧɧɨɝɨ ɩɪɨɮɢɥɹ ɩɭɬɢ ɢ ɨɝɪɚɧɢɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɧɚ 
ɩɟɪɟɝɨɧɚɯ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɭɱɚɫɬɤɚ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ɩɪɢɜɟɞɟɧɚ ɜ Д5Ж. 

Ʉɪɢɬɟɪɢɟɦ (ɩɨɤɚɡɚɬɟɥɟɦ) ɨɰɟɧɤɢ ɬɹɝɨɜɨɝɨ ɤɚɱɟɫɬɜɚ ɩɪɨɮɢɥɹ ɩɭɬɢ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɭɱɚɫɬɤɨɜ, ɬɨ ɟɫɬɶ ɬɪɭɞɧɨɫɬɢ ɟɝɨ, ɹɜɥɹɸɬɫɹ Д6,7Ж ɩɪɢɜɟɞёɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɨɛɳɟɝɨ ɢ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɬɹɝɭ 
ɩɨɟɡɞɨɜ. 
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Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɪɢɜɟɞёɧɧɵɟ ɢ 
ɭɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ 
ɥɨɤɨɦɨɬɢɜɨɜ ɞɢɡɟɥɶɧɨɣ ɬɹɝɢ: Э* – ɩɪɢɜɟɞёɧɧɨɟ ɜɪɟɦɹ ɯɨɞɚ ɩɨɟɡɞɚ ɜ ɪɟɠɢɦɟ 
ɬɹɝɢ, ɟ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ Мɬ - ɭɞɟɥɶɧɵɟ 
ɡɚɬɪɚɬɵ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɬɹɝɭ ɩɨɟɡɞɨɜ. 

ȼ ɬɚɛɥ. 1 ɢ ɬɚɛɥ. β ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɩɨ ɤɚɠɞɨɦɭ ɩɟɪɟɝɨɧɭ ɭɱɚɫɬɤɚ 
Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ» ɛɟɡ ɨɫɬɚɧɨɜɨɤ ɢ ɫ 
ɨɫɬɚɧɨɜɤɚɦɢ ɧɚ ɪɚɡɴɟɡɞɚɯ, ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ ɢ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ. 

Ɍɚɛɥɢɰɚ 1 

ȼɪɟɦɹ ɯɨɞɚ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɩɨ ɩɟɪɟɝɨɧɚɦ ɛɟɡ ɨɫɬɚɧɨɜɨɤ, ɚ ɩɨ ɪɚɡɴɟɡɞɚɦ, 
ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɬɚɧɰɢɹɦ ɢ ɪɚɡɞɟɥɶɧɵɦ ɩɭɧɤɬɚɦ ɧɚ ɡɚɦɟɞɥɟɧɢɟ - ɪɚɡɝɨɧ 

№ 

ɩ/ɩ 

ɉɪɨɦɟɠɭɬɨɱɧɵɟ 

ɋɬɚɧɰɢɢ 

Ɋɚɫɫɫɬɨɹɧɢɟ, 
ɤɦ 

ȼɪɟɦɹ ɯɨɞɚ, 
ɦɢɧ 

ȼɪɟɦɹ ɧɚ 
ɡɚɦɟɞɥɟɧɢɟ /  
ɪɚɡɝɨɧ, ɦɢɧ 

1 Ʉɚɬɬɚɤɭɪɝɚɧ - - 1,70/0,90 

2 Ɋɚɡɴɟɡɞ № β8 11,25 10,70 1,25/0,70 

3 Ɂɢɪɚɛɭɥɚɤ 16,85 14,80 1,90/1,40 

4 Ɂɢёɜɭɞɞɢɧ 27,15 19,50 1,90/2,00 

5 ɇɚɜɨɢ 23,50 16,90 1,60/- 

6 Ʉɚɬɬɚɤɭɪɝɚɧ - ɇɚɜɨɢ 78,75 61,90 1,67/1,25 

 

Ɍɚɛɥɢɰɚ β 

Ʉɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɩɨ ɩɟɪɟɝɨɧɚɦ ɭɱɚɫɬɤɚ 
Ʉɚɬɬɚɤɭɪɝɚɧ - ɇɚɜɨɢ, ɬɟɩɥɨɜɨɡɵ γɌɗ10Ɇ 

ɉɟɪɟɝɨɧɵ 

Ɍɟɯɧɢɱɟɫɤɚɹ 
ɫɤɨɪɨɫɬɶ 

ɞɜɢɠɟɧɢɹ Vɬ, 

ɤɦ/ɱ 

ȼɪɟɦɹ ɯɨɞɚ ɩɨɟɡɞɚ 

(ɛɟɡ ɨɫɬɚɧɨɜɨɤ / ɫ ɨɫɬɚɧɨɜɤɚɦɢ), ɦɢɧ 

ɩɨ ɩɟɪɟɝɨɧɭ 

ɜ ɪɟɠɢɦɟ 

ɬɹɝɢ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ 

ɬɨɪɦɨɠɟɧɢɹ 

Ʉɚɬɬɚɤɭɪɝɚɧ – Ɋɚɡɴɟɡɞ 
№ β8 

63,19/58,29 10,70/11,60 3,60/4,80 7,10/6,80 

Ɋɚɡɴɟɡɞ № β8 - 
Ɂɢɪɚɛɭɥɚɤ 

71,52/63,38 14,80/16,70 8,30/8,10 6,50/8,60 

Ɂɢɪɚɛɭɥɚɤ - Ɂɢёɜɭɞɞɢɧ 82,24/72,57 19,50/22,10 5,90/6,40 13,60/15,70 

Ɂɢёɜɭɞɞɢɧ - ɇɚɜɨɢ 84,12/74,44 16,90/19,10 5,25/7,50 11,65/11,60 

Ʉɚɬɬɚɤɭɪɝɚɧ - ɇɚɜɨɢ 76,90/68,49 61,90/69,50 23,05/26,8 38,85/42,70 

 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. 1 ɢ ɬɚɛɥ. β ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɞɜɢɠɟɧɢɟ ɝɪɭɡɨɜɵɯ 
ɩɨɟɡɞɨɜ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɭɱɚɫɬɤɟ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ, ɨɪɝɚɧɢɡɨɜɚɧɧɨɟ ɛɟɡ 
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ɨɫɬɚɧɨɜɨɤ ɧɚ ɪɚɡɴɟɡɞɚɯ, ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ ɢ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɞɜɢɠɟɧɢɸ ɫ ɨɫɬɚɧɨɜɤɚɦɢ ɧɚ ɧɢɯ, ɫɩɨɫɨɛɫɬɜɭɟɬ: 

- ɭɦɟɧɶɲɟɧɢɸ ɨɛɳɟɝɨ ɜɪɟɦɟɧɢ ɯɨɞɚ ɩɨɟɡɞɚ ɧɚ 7,6 ɦɢɧ ɢ ɭɜɟɥɢɱɟɧɢɸ 
ɬɟɯɧɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɧɚ 8,41 ɤɦ/ɱ ɩɪɢ ɫɪɟɞɧɟɦ ɪɚɫɱёɬɧɨɦ ɜɪɟɦɟɧɢ 
ɧɚ ɨɞɧɭ ɨɫɬɚɧɨɜɤɭ ɜ β,9β ɦɢɧɭɬɵ; 

- ɡɧɚɱɟɧɢɹɦ ɞɨɥɟɣ ɞɜɢɠɟɧɢɹ ɜ ɪɟɠɢɦɚɯ ɬɹɝɢ ɜ γ7,β4 ɩɪɨɰɟɧɬɚ, ɚ 

ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɬɨɪɦɨɠɟɧɢɹ ɜ 6β,76 ɩɪɨɰɟɧɬɚ; 
- ɭɦɟɧɶɲɟɧɢɸ ɞɨɥɢ ɞɜɢɠɟɧɢɹ ɧɚ ɪɟɠɢɦɚɯ ɬɹɝɢ ɢ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ 

ɞɜɢɠɟɧɢɹ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɬɨɪɦɨɠɟɧɢɹ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ, ɧɚ 1,γβ ɩɪɨɰɟɧɬɚ. 
Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɤɪɢɜɵɯ ɫɤɨɪɨɫɬɟɣ 

ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɩɨ ɤɚɠɞɨɦɭ ɩɟɪɟɝɨɧɭ ɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɭ 
Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ, ɜ ɰɟɥɨɦ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɞɜɢɠɟɧɢɹ ɫ 
ɪɚɜɧɨɦɟɪɧɨɣ ɫɤɨɪɨɫɬɶɸ. 

ȼ ɬɚɛɥ. γ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɨɛɳɟɝɨ (ɩɨɥɧɨɝɨ) ɢ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ 
ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɢ ɞɟɧɟɠɧɨɦ ɢɫɱɢɫɥɟɧɢɢ, 
ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɢɫɫɥɟɞɭɟɦɵɦɢ ɬɟɩɥɨɜɨɡɚɦɢ γɌɗ10Ɇ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɞɜɢɠɟɧɢɹ 
ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɫ ɦɚɫɫɨɣ Q = β500 ɬ ɢ ɩɨɫɬɨɹɧɧɵɦ ɱɢɫɥɨɦ ɨɫɟɣ m = β00 ɨɫɟɣ ɜ 
ɫɨɫɬɚɜɟ ɩɨ ɤɚɠɭɱɚɫɬɤɭ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ». 

Ɍɚɛɥɢɰɚ γ 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɡɨɜ γɌɗ10Ɇ 
ɧɚ ɯɨɥɦɢɫɬɨ – ɝɨɪɧɨɦ ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ 
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Ʉɚɬɬɚɤɭɪɝɚɧ – 

Ɋɚɡɴɟɡɞ № β8 
98,814 35,07 174,94 15,524 128,71 45,69 227,87 20,221 

Ɋɚɡɴɟɡɞ № β8 - 
Ɂɢɪɚɛɭɥɚɤ 

216,57 49,11 383,43 21,735 213,92 48,51 378,73 21,469 

Ɂɢɪɚɛɭɥɚɤ - 
Ɂɢёɜɭɞɞɢɧ 

164,18 24,57 290,67 10,874 179,18 26,81 317,23 11,868 

Ɂɢёɜɭɞɞɢɧ - ɇɚɜɨɢ 145,58 24,58 257,74 10,878 202,22 34,14 358,02 15,111 

Ʉɚɬɬɚɤɭɪɝɚɧ - 

ɇɚɜɨɢ 
625,15 31,52 1106,8 13,951 724,04 36,51 1281,9 16,158 
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Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɚ ɷɬɨɝɨ ɷɬɚɩɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɢɥ ɫɥɟɞɭɸɳɟɟ: 
- ɭɫɪɟɞɧёɧɧɨɟ ɪɚɫɱёɬɧɨɟ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɛɟɡ ɨɫɬɚɧɨɜɨɤ 

ɞɥɹ ɤɚɠɞɨɝɨ ɩɟɪɟɝɨɧɚ ɢ ɫɭɦɦɚɪɧɨɟ ɧɚ ɪɚɡɝɨɧ - ɡɚɦɟɞɥɟɧɢɟ ɩɨ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 
ɫɬɚɧɰɢɹɦ, ɪɚɡɴɟɡɞɚɦ ɢ ɪɚɡɞɟɥɶɧɵɦ ɩɭɧɤɬɚɦ ɫɨɫɬɚɜɥɹɟɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 15,47 ɢ β,9β ɦɢɧɭɬɵ; 

- ɭɫɪɟɞɧёɧɧɨɟ ɪɚɫɱёɬɧɨɟ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɨɝɨ ɩɨɟɡɞɚ ɞɥɹ ɤɚɠɞɨɝɨ 
ɩɟɪɟɝɨɧɚ ɫ ɨɫɬɚɧɨɜɤɚɦɢ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ, ɪɚɡɴɟɡɞɚɯ ɢ ɪɚɡɞɟɥɶɧɵɯ 
ɩɭɧɤɬɚɯ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 17,γ7 ɦɢɧɭɬɵ; 

- ɞɜɢɠɟɧɢɟ ɝɪɭɡɨɜɵɯ  ɩɨɟɡɞɨɜ ɛɟɡ ɨɫɬɚɧɨɜɨɤ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ, 
ɪɚɡɴɟɡɞɚɯ ɢ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦ ɞɜɢɠɟɧɢɟɦ ɫ 
ɨɫɬɚɧɨɜɤɚɦɢ ɧɚ ɩɨɫɥɟɞɧɢɯ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɚ ɧɚɬɭɪɧɨɝɨ 
ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 1γ,66 ɩɪɨɰɟɧɬɚ; 

- ɪɚɫɯɨɞ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɨɞɧɨɣ ɨɫɬɚɧɨɜɤɢ ɧɚ ɪɚɡɴɟɡɞɚɯ, 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ ɢ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ ɫɨɫɬɚɜɥɹɟɬ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ γβ,96 ɤɝ/ɨɫɬ, ɚ ɧɚ ɨɞɢɧ ɪɚɡɝɨɧ – ɡɚɦɟɞɥɟɧɢɟ ɨɧ ɪɚɜɟɧ γγ,65 ɤɝ; 
- ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɨɞɧɭ ɨɫɬɚɧɨɜɤɭ 

ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1,66 ɤɝ /104
 ɬ ɤɦ ɛɪɭɬɬɨ; 

- ɭɫɪɟɞɧёɧɧɚɹ ɜɟɥɢɱɢɧɚ ɨɛɳɟɝɨ (ɩɨɥɧɨɝɨ) ɢ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚɬɭɪɧɨɝɨ 
ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɤɚɠɞɨɝɨ ɩɟɪɟɝɨɧɚ ɭɱɚɫɬɤɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɨɫɬɚɜɥɹɟɬ 
156,β9 ɤɝ ɢ 7,88 ɤɝ/104 ɬ ɤɦ ɛɪɭɬɬɨ – ɞɜɢɠɟɧɢɟ ɛɟɡ ɨɫɬɚɧɨɜɨɤ ɢ 181,01 ɤɝ ɢ 9,1γ 
ɤɝ/104 ɬ ɤɦ ɛɪɭɬɬɨ – ɞɜɢɠɟɧɢɟ ɫ ɨɫɬɚɧɨɜɤɚɦɢ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ, 
ɪɚɡɴɟɡɞɚɯ ɢ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ; 

- ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɭɫɪɟɞɧёɧɧɨɣ ɜɟɥɢɱɢɧɵ ɨɛɳɟɝɨ (ɩɨɥɧɨɝɨ) ɢ ɭɞɟɥɶɧɨɝɨ 
ɪɚɫɯɨɞɨɜ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɞɜɭɯ (ɨɛɨɢɯ) ɜɢɞɨɜ ɞɜɢɠɟɧɢɹ ɧɚ 
ɤɚɠɞɨɦ ɩɟɪɟɝɨɧɟ ɭɱɚɫɬɤɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 168,65 ɤɝ 
ɢ 8,49 ɤɝ/104 ɬ ɤɦ ɛɪɭɬɬɨ; 

- ɭɫɪɟɞɧёɧɧɚɹ ɜɟɥɢɱɢɧɚ ɩɨɥɧɵɯ ɢ ɭɞɟɥɶɧɵɯ ɡɚɬɪɚɬ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɞɥɹ 
ɤɚɠɞɨɝɨ ɩɟɪɟɝɨɧɚ ɭɱɚɫɬɤɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɨɫɬɚɜɥɹɟɬ γβ0,47 ɬɵɫ. ɫўɦ ɢ 4,0γ9 
ɬɵɫ. ɫўɦ / ɤɦ – ɞɜɢɠɟɧɢɟ ɫ ɨɫɬɚɧɨɜɤɚɦɢ ɢ β76,700 ɬɵɫ. ɫўɦ ɢ γ,488 ɬɵɫ. ɫўɦ / ɤɦ 
– ɞɜɢɠɟɧɢɟ ɛɟɡ ɨɫɬɚɧɨɜɨɤ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ, ɪɚɡɴɟɡɞɚɯ ɢ ɪɚɡɞɟɥɶɧɵɯ 
ɩɭɧɤɬɚɯ; 

- ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɭɫɪɟɞɧёɧɧɨɣ ɜɟɥɢɱɢɧɵ ɩɨɥɧɵɯ ɢ ɭɞɟɥɶɧɵɯ ɡɚɬɪɚɬ 
ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɞɥɹ ɞɜɭɯ (ɨɛɨɢɯ) ɜɢɞɨɜ ɞɜɢɠɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɩɟɪɟɝɨɧɟ 
ɭɱɚɫɬɤɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ β98,585 ɬɵɫ. ɫўɦ ɢ γ,789 ɬɵɫ. ɫўɦ / ɤɦ. 

ɇɚ ɪɢɫ. 1 ɢ ɪɢɫ. β ɩɨɤɚɡɚɧ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɬɟɪɢɹ 
ɬɪɭɞɧɨɫɬɢ ɢ ɫɥɨɠɧɨɫɬɢ ɩɪɨɮɢɥɹ ɩɭɬɢ ɤɚɠɞɨɝɨ ɩɟɪɟɝɨɧɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ 
ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ» ɢ ɞɪɭɝɢɯ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɜɨɡɨɱɧɨɣ 
ɪɚɛɨɬɵ ɬɪёɯɫɟɤɰɢɨɧɧɵɯ ɦɚɝɢɫɬɪɚɥɶɧɵɯ (ɩɨɟɡɞɧɵɯ) ɝɪɭɡɨɜɵɯ ɬɟɩɥɨɜɨɡɨɜ ɫɟɪɢɢ 
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γɌɗ10Ɇ, ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɩɟɪɟɜɨɡɤɚɦ ɪɚɡɧɵɯ ɩɨ ɫɬɪɭɤɬɭɪɟ ɢ 
ɫɨɞɟɪɠɚɧɢɸ ɝɪɭɡɨɜ. 

ɉɨ ɨɫɢ ɨɪɞɢɧɚɬ ɨɛɨɡɧɚɱɟɧɨ: ɪɚɫɯɨɞ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɡɚ 
ɩɨɟɡɞɤɭ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢɜɟɞёɧɧɵɣ ɨɛɳɢɣ (ɩɨɥɧɵɣ) ȿ*, ɩɪɢɜɟɞёɧɧɵɣ 
ɭɞɟɥɶɧɵɣ ɟ* ɢ ɭɞɟɥɶɧɵɣ ɟ, ɩɪɢɜɟɞёɧɧɨɟ ɜɪɟɦɹ ɯɨɞɚ ɩɨɟɡɞɚ ɜ ɪɟɠɢɦɟ ɬɹɝɢ tɬ* ɢ 
ɭɞɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɫɬ. 

ɇɚ ɪɢɫ. 1 ɢ ɪɢɫ. β ɜɟɥɢɱɢɧɚ ɩɪɢɜɟɞёɧɧɨɝɨ ɜɪɟɦɟɧɢ ɯɨɞɚ ɩɨɟɡɞɚ ɜ ɪɟɠɢɦɟ 
ɬɹɝɢ tɬ* ɭɜɟɥɢɱɟɧɚ ɜ ɫɟɦɶɞɟɫɹɬ ɪɚɡ, ɚ ɧɚ ɪɢɫ. β ɜɟɥɢɱɢɧɚ ɩɪɢɜɟɞёɧɧɨɝɨ 
ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɟ* ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɭɜɟɥɢɱɟɧɚ ɜ ɞɟɫɹɬɶ ɪɚɡ. 

 
Ɋɢɫɭɧɨɤ 1 – Ƚɪɚɮɢɤɢ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɡɨɜ γɌɗ10Ɇ 

ɧɚ ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ, ɞɜɢɠɟɧɢɟ ɛɟɡ ɨɫɬɚɧɨɜɨɤ 

 

 
Ɋɢɫɭɧɨɤ β – Ƚɢɫɬɨɝɪɚɦɦɚ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɡɨɜ 

γɌɗ10Ɇ ɧɚ ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ, ɞɜɢɠɟɧɢɟ ɫ ɨɫɬɚɧɨɜɤɚɦɢ 
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ȼɟɥɢɱɢɧɚ ɩɪɢɜɟɞёɧɧɨɝɨ ɨɛɳɟɝɨ (ɩɨɥɧɨɝɨ) ȿ* ɢ ɭɞɟɥɶɧɨɝɨ ɟ* ɪɚɫɯɨɞɚ 
ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɬɨ ɟɫɬɶ (ȿ*, ɤɝ) ∕ (ɟ*, ɤɝ/104

 ɬ ɤɦ ɛɪɭɬɬɨ: ɤɦ), ɩɨ 
ɤɚɠɞɨɦɭ ɩɟɪɟɝɨɧɭ ɭɱɚɫɬɤɚ Ʉɚɬɬɚɤɭɪɝɚɧ - ɇɚɜɨɢ, ɫɨɫɬɚɜɥɹɟɬ: 

- ɧɚ ɩɟɪɟɝɨɧɟ Ɋɚɡɴɟɡɞ № β8 – Ɂɢɪɚɛɭɥɚɤ – 1β,85γ / γ,117 ɟɞɢɧɢɰ – 

ɞɜɢɠɟɧɢɟ ɛɟɡ ɨɫɬɚɧɨɜɨɤ ɢ 1β,695/ 4,060ɟɞɢɧɢɰ – ɞɜɢɠɟɧɢɟ  ɫ ɨɫɬɚɧɨɜɤɚɦɢ  ɧɚ 
ɪɚɡɴɟɡɞɚɯ, ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ ɢ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ; 

- ɩɨ ɩɟɪɟɝɨɧɭ Ʉɚɬɬɚɤɭɪɝɚɧ - Ɋɚɡɴɟɡɞ. № β8 – 8,78γ / β,914 ɢ 11,44 / 
β,879ɟɞɢɧɢɰ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɞɜɢɠɟɧɢɢ ɛɟɡ ɨɫɬɚɧɨɜɨɤ ɢ ɫ ɨɫɬɚɧɨɜɤɚɦɢ ɧɚ 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ, ɪɚɡɴɟɡɞɚɯ ɢ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ; 

- ɧɚ ɞɜɭɯ ɩɟɪɟɝɨɧɚɯ Ɂɢɪɚɛɭɥɚɤ - Ɂɢёɜɭɞɞɢɧ ɢ Ɂɢёɜɭɞɞɢɧ – ɇɚɜɨɢ 
ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɨɬ 6,599 / 0,987 ɞɨ 8,605 / 1,45γ ɟɞɢɧɢɰ – ɞɜɢɠɟɧɢɟ ɫ 
ɨɫɬɚɧɨɜɤɚɦɢ ɢ ɨɬ 6,047 / 0,905 ɞɨ 6,195 / 1,046 ɟɞɢɧɢɰ ɞɜɢɠɟɧɢɟ – ɞɜɢɠɟɧɢɟ ɛɟɡ 
ɨɫɬɚɧɨɜɨɤ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɚɧɰɢɹɯ, ɪɚɡɴɟɡɞɚɯ ɢ ɪɚɡɞɟɥɶɧɵɯ ɩɭɧɤɬɚɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɢɧɚɦɢɤɚ ɡɧɚɱɟɧɢɣ ɩɪɢɜɟɞёɧɧɨɝɨ ɨɛɳɟɝɨ (ɩɨɥɧɨɝɨ) ȿ* ɢ 
ɭɞɟɥɶɧɨɝɨ ɟ* ɪɚɫɯɨɞɚ ɧɚɬɭɪɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɡɨɜɵɯ 
ɬɟɩɥɨɜɨɡɨɜ γɌɗ10Ɇ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɬɪɭɞɧɵɦ ɹɜɥɹɟɬɫɹ ɩɟɪɟɝɨɧ 
Ɋɚɡɴɟɡɞ № β8 – Ɂɢɪɚɛɭɥɚɤ, ɩɟɪɟɝɨɧ Ʉɚɬɬɚɤɭɪɝɚɧ - Ɋɚɡɴɟɡɞ № β8 – ɫɪɟɞɧɢɣ ɩɨ 
ɬɪɭɞɧɨɫɬɢ, ɚ ɞɜɚ ɞɪɭɝɢɯ ɩɟɪɟɝɨɧɚ Ɂɢɪɚɛɭɥɚɤ – Ɂɢёɜɭɞɞɢɧ  ɢ Ɂɢёɜɭɞɞɢɧ – ɇɚɜɨɢ 
ɨɬɧɨɫɹɬɫɹ ɤ ɥёɝɤɢɦ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɨɤɚɡɚɬɟɥɟɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɜɨɡɨɱɧɨɣ ɪɚɛɨɬɵ ɬɪёɯɫɟɤɰɢɨɧɧɵɯ ɦɚɝɢɫɬɪɚɥɶɧɵɯ 
(ɩɨɟɡɞɧɵɯ) ɝɪɭɡɨɜɵɯ ɬɟɩɥɨɜɨɡɨɜ ɫɟɪɢɢ γɌɗ10Ɇ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨ 
ɪɚɛɨɬɚɦ Д5-7 ɢ ɞɪɭɝɢɟЖ ɩɨɤɚɡɚɥɨ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɫɯɨɞɢɦɨɫɬɶ. 

ɍɩɨɦɹɧɭɬɵɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɩɨɤɚɡɚɬɟɥɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɝɭɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɟɪɟɜɨɡɨɱɧɵɣ ɩɪɨɰɟɫɫ ɜ 
ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɪɝɚɧɢɡɚɰɢɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ ɧɚ 
ɢɫɫɥɟɞɭɟɦɨɦ ɭɱɚɫɬɤɟ Ʉɚɬɬɚɤɭɪɝɚɧ – ɇɚɜɨɢ ȺɈ «Ўɡɛɟɤɢɫɬɨɧ ɬɟɦɢɪ ɣўɥɥɚɪɢ». 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɢɫɬɚɦ ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɚɹ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧɚ ɫ ɜɨɩɪɨɫɚɦɢ ɧɨɪɦɢɪɨɜɚɧɢɹ ɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɫɯɨɞɚ ɢ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɧɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ 
ɬɹɝɭ ɩɨɟɡɞɨɜ, ɚ ɬɚɤɠɟ ɫ ɷɧɟɪɝɟɬɢɤɨɣ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɜɵɯ ɩɨɟɡɞɨɜ ɜ ɩɪɨɰɟɫɫɟ 
ɨɪɝɚɧɢɡɚɰɢɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ ɧɚ ɪɟɚɥɶɧɵɯ ɯɨɥɦɢɫɬɨ – 

ɝɨɪɧɵɯ ɭɱɚɫɬɤɚɯ ɭɡɛɟɤɫɤɢɯ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ. 
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