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Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɭɛɥɢɤɭɟɦɵɯ ɫɬɚɬɟɣ, ɩɨɫɜɹɳɟɧɧɵɯ ɢɧɬɟɝɪɢɪɨɜɚɧɢɸ ɜɨɥɨɤɨɧɧɵɯ 
ɛɪɷɝɝɨɜɫɤɢɯ ɪɟɲɟɬɨɤ ɜ ɫɬɪɭɤɬɭɪɭ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɢɫɫɥɟ-
ɞɨɜɚɬɟɥɶɫɤɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɤ ɞɚɧɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ. Ȼɥɚɝɨɞɚɪɹ ɜɨɥɨɤɨɧɧɨ-
ɨɩɬɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɬɚɥɨ ɜɨɡɦɨɠɧɨ ɫɥɟɞɢɬɶ ɡɚ ɜɧɭɬɪɟɧɧɢɦ ɫɨɫɬɨɹɧɢɟɦ ɤɨɦɩɨɡɢ-
ɰɢɨɧɧɨɣ ɞɟɬɚɥɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɠɢɜɚɬɶ ɪɟɫɭɪɫ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤ-
ɰɢɢ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɨɩɟɪɚɬɢɜɧɨ ɜɵɹɜɥɹɬɶ ɞɟɮɟɤɬɵ ɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɩɨɤɚɡɚ-
ɧɨ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɪɢɦɟɧɟɧɢɹ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ ɜ ɫɢɫɬɟɦɚɯ ɜɫɬɪɨɟɧɧɨɝɨ 
ɤɨɧɬɪɨɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Кɥɸɱɟɜыɟ ɫɥɨɜɚ: ɩɨɥɢɦɟɪɧɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɜɨɥɨɤɨɧɧɚɹ ɛɪɷɝɝɨɜɫɤɚɹ  
ɪɟɲɟɬɤɚ, ɪɚɫɫɥɨɟɧɢɟ, ɬɪɟɳɢɧɚ, ɜɫɬɪɨɟɧɧɵɣ ɤɨɧɬɪɨɥɶ. 

 
I.A. Ruzakov1 
 
STRAIN  STATE  MONITORING  OF  THE  STRUCTURAL  STATE 
FROM  POLYMER  MATRIX  COMPOSITE  MATERIAL 
BASED  ON  FIBER-OPTIC  SENSORS  (review) 
 

A large number of published articles devoted to the integration of fiber optic sensors into the 
structure of composite material demonstrates research and practical interest in this area. Fiber 
optic technology does possible to monitor the internal state of the plate from polymer matrix 
composite material. This allows to track the resource of individual structural elements in real-
time and quickly identify defects and cracks. 

This article provides an overview of modern methods for determining the impact damage of 
structural elements of aircraft made from polymer matrix composite material using fiber-optic 
Bragg gratings. The advantages of using fiber-optic sensors in the systems of embedded control 
of the plate from polymer matrix composites is shown. 

Keywords: polymer matrix composite material, fibre bragg grating, delamination, cracks, 
structural health monitoring. 
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State Unitary Enterprise «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ εКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢɡ ɩɨɥɢ-
ɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɉɄɆ) ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɢ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

Ɉɫɧɨɜɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɉɄɆ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢ-
ɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ (ɫɬɚɥɶ, ɚɥɸɦɢɧɢɟɜɵɟ ɢ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɢ ɬ. ɞ.) ɹɜɥɹɸɬɫɹ ɧɢɡɤɚɹ 
ɩɥɨɬɧɨɫɬɶ, ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ Д1–4Ж. ɋɥɟɞɭɟɬ 
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ɨɬɦɟɬɢɬɶ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢ ɉɄɆ: ɦɚɥɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɧɢɡɤɚɹ ɭɞɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɡɪɵɜɟ, ɜ ɩɪɨɰɟɫɫɟ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɨɝɭɬ 
ɧɚɤɚɩɥɢɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɹ, ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ ɪɚɡɛɪɨɫɨɦ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Д5–8]. 
ɉɪɢ ɦɢɧɢɦɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɭɫɥɨɜɢɣ ɉɄɆ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪ-
ɫɩɟɤɬɢɜɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɥɟɬɚɬɟɥɶ-
ɧɵɯ ɚɩɩɚɪɚɬɨɜ. 

ɉɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɨɥɟɬɨɜ, ɫɨɤɪɚɳɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ (ɡɚ-
ɬɪɚɬɵ ɧɚ ɩɥɚɧɨɜɵɟ ɢ ɜɧɟɩɥɚɧɨɜɵɟ ɨɫɦɨɬɪɵ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ  
ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ) ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɪɟɫɭɪɫɚ ɤɨɧɫɬɪɭɤɰɢɢ ɥɟɬɚ-
ɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɝɨɫɹ ɞɥɢɬɟɥɶɧɨ, ɩɨɡɜɨɥɹɸɬ ɫɧɢɡɢɬɶ ɪɢɫɤ ɩɪɢɱɢɧɟ-
ɧɢɹ ɜɪɟɞɚ ɥɸɞɹɦ ɢɥɢ ɧɚɧɟɫɟɧɢɹ ɭɳɟɪɛɚ ɢɦɭɳɟɫɬɜɭ ɞɨ ɩɪɢɟɦɥɟɦɨɝɨ ɭɪɨɜɧɹ (ɥɢɛɨ ɩɨɞ-
ɞɟɪɠɢɜɚɬɶ ɟɝɨ ɧɚ ɛɨɥɟɟ ɧɢɡɤɨɦ ɭɪɨɜɧɟ ɩɨɫɪɟɞɫɬɜɨɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɹɜɥɟɧɢɹ 
ɢɫɬɨɱɧɢɤɨɜ ɨɩɚɫɧɨɫɬɢ). 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɩɪɢɦɟɧɹɟɬɫɹ 
ɬɟɯɧɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ, ɬ. ɟ. ɩɪɨɜɟɪɤɚ ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ 
ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ȼɨɥɶɲɨɣ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ 
ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ – ɤɨɧɬɪɨɥɶ ɨɛɴɟɤɬɚ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɞɟɬɚɥɟɣ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɉɄɆ ɛɟɡ ɢɯ ɪɚɡɪɭɲɟɧɢɹ Д9–11Ж ɫ ɩɨɦɨɳɶɸ ɭɥɶɬɪɚɡɜɭ-
ɤɨɜɵɯ, ɬɟɩɥɨɜɵɯ, ɚɤɭɫɬɢɱɟɫɤɢɯ, ɨɩɬɨɜɨɥɨɤɨɧɧɵɯ ɢ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ. 

ɉɥɨɬɧɨɫɬɶ, ɩɨɪɢɫɬɨɫɬɶ, ɫɨɞɟɪɠɚɧɢɟ ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɨɧ ɜ ɉɄɆ ɢɦɟɸɬ ɨɩɪɟ-
ɞɟɥɹɸɳɭɸ ɪɨɥɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɝɨ ɭɪɨɜɧɹ ɭɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɩɪɢ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɫɬɚɬɢɱɟɫɤɨɦ ɢ ɞɥɢɬɟɥɶɧɵɯ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɠɟɧɢɹɯ 
Д12Ж. Ɉɬɤɥɨɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɉɄɆ, ɜɢɞ ɞɟɮɨɪɦɚɰɢɢ (ɪɚɫɬɹɠɟɧɢɟ/ɫɠɚɬɢɟ), ɯɚɪɚɤɬɟɪ 
ɧɚɝɪɭɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɨɞɧɨɨɫɧɨɟ, ɩɥɨɫɤɨɟ, ɨɛɴɟɦɧɨɟ), ɞɥɢɬɟɥɶɧɨɫɬɶ ɢ ɰɢɤɥɢɱɧɨɫɬɶ 
ɧɚɝɪɭɠɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɱɧɨɫɬɢ, ɭɩɪɭɝɨɫɬɢ 
ɢ ɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɉɄɆ. 

ɋɥɨɠɧɨɫɬɶ ɫɨɫɬɚɜɚ ɉɄɆ, ɦɧɨɝɨɨɛɪɚɡɢɟ ɮɨɪɦ ɚɪɦɢɪɭɸɳɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ, ɪɚɡ-
ɥɢɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɟɩɪɟɝɨɜ ɢ ɦɟɬɨɞɨɜ ɮɨɪɦɨɜɚɧɢɹ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɢ 
ɦɧɨɝɨɨɛɪɚɡɢɟ ɩɨɥɭɱɚɟɦɵɯ ɞɟɮɟɤɬɨɜ Д13, 14Ж. Ⱦɟɮɟɤɬɵ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɞɟɮɟɤɬɵ. Ʉ ɦɚɤɪɨɞɟɮɟɤɬɚɦ ɨɬɧɨɫɹɬ ɪɚɫɫɥɨɟɧɢɹ, ɧɟɩɪɨ-
ɤɥɟɢ, ɬɪɟɳɢɧɵ ɢ ɤɪɭɩɧɵɟ ɪɚɤɨɜɢɧɵ; ɤ ɞɟɮɟɤɬɚɦ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ – ɡɨɧɵ ɩɨɜɵɲɟɧɧɨɣ ɩɨ-
ɪɢɫɬɨɫɬɢ, ɧɢɡɤɭɸ ɫɬɟɩɟɧɶ ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ, ɩɨɞɦɹɬɢɹ ɢ ɞɪ. Ɋɚɫ-
ɫɥɨɟɧɢɹ ɧɟ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɹ ɧɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɶ ɉɄɆ, ɨɞɧɚɤɨ ɩɪɢ ɞɟ-
ɮɨɪɦɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɤɚɯ ɩɪɨɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɡɚɥɟɝɚɧɢɹ ɢ ɞɥɢɧɵ ɞɟɮɟɤɬɚ. Ɍɪɟɳɢɧɵ ɹɜɥɹɸɬɫɹ ɤɨɧɰɟɧɬɪɚɬɨɪɚɦɢ ɧɚɩɪɹ-
ɠɟɧɢɣ, ɧɚɪɭɲɚɸɬ ɰɟɥɨɫɬɧɨɫɬɶ ɤɨɦɩɨɡɢɬɚ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɫɫɥɨɟɧɢɸ ɦɚɬɟɪɢɚɥɚ. 
 

Ɉɫɧɨɜɧыɟ ɦɟɬɨɞы ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɜ ɉКМ 
ȼɧɭɬɪɟɧɧɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɉɄɆ ɦɨɝɭɬ ɛɵɬɶ ɜɵɡɜɚɧɵ ɪɚɡɪɭɲɟɧɢɟɦ ɜɨɥɨɤɧɚ, ɪɚɫ-

ɬɪɟɫɤɢɜɚɧɢɟɦ ɦɚɬɪɢɰɵ, ɞɟɡɨɧɢɪɨɜɚɧɢɟɦ (ɨɬɞɟɥɟɧɢɟ ɜɨɥɨɤɨɧ ɨɬ ɦɚɬɪɢɰɵ) ɢɥɢ ɨɬɫɥɚɢ-
ɜɚɧɢɟɦ (ɨɬɤɚɡ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɫɦɟɠɧɵɦɢ ɤɨɦɩɨɡɢɬɧɵɦɢ ɫɥɨɹɦɢ). Ɉɞɧɢɦ ɢɡ ɬɢɩɨɜ 
ɜɧɭɬɪɟɧɧɢɯ ɞɟɮɟɤɬɨɜ, ɡɚɫɥɭɠɢɜɚɸɳɢɯ ɩɪɢɫɬɚɥɶɧɨɝɨ ɜɧɢɦɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɨɬɫɥɨɟɧɢɟ. 
Ɉɬɫɥɨɟɧɢɟ ɩɪɢɫɭɬɫɬɜɭɟɬ, ɤɨɝɞɚ ɤɥɟɣ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɫɥɨɟɜ ɬɟɪɹɟɬ ɫɜɨɣɫɬɜɚ. ɗɬɨ ɨɛɵɱɧɨ 
ɩɪɨɢɫɯɨɞɢɬ ɜɨ ɜɪɟɦɹ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ/ɢɥɢ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɜɵ-
ɡɜɚɧɨ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɦɟɠɫɥɨɣɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɇɟɞɨɫɬɚɬɨɤ, ɤɨɬɨɪɵɣ ɜɨɡɧɢɤɚɟɬ  
ɢɡ-ɡɚ ɨɬɫɥɨɟɧɢɣ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɛɧɚɪɭɠɢɬɶ ɩɨɜɪɟɠɞɟɧɢɟ ɫ ɩɨɦɨɳɶɸ 
ɜɢɡɭɚɥɶɧɵɯ ɨɫɦɨɬɪɨɜ ɧɚ ɨɫɧɨɜɟ ɝɪɚɮɢɤɚ ɫɨɫɬɨɹɧɢɹ. 

ɇɢ ɨɞɢɧ ɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɧɟ ɢɦɟɟɬ ɚɛɫɨ-
ɥɸɬɧɨɣ ɬɨɱɧɨɫɬɢ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɦɟɬɨɞɵ ɨɫɧɨɜɚɧɵ ɧɚ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ 
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ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɪɚɞɢɨɝɪɚɮɢɢ, ɢɧɮɪɚɤɪɚɫɧɨɣ ɬɟɪɦɨɝɪɚɮɢɢ, ɦɟɬɨɞɚɯ ɧɚɩɪɚɜɥɟɧɧɨɣ  
ɜɨɥɧɵ ɢ ɜɨɥɨɤɨɧɧɨɣ ɨɩɬɢɤɟ. 

ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɦɟɬɨɞ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɩɪɨɫɬɪɚɧɟ-
ɧɢɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɡɜɭɤɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 20 ɤȽɰ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɆȽɰ ɜ ɉɄɆ. ɋ ɩɨ-
ɦɨɳɶɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɟɪɟɞɚɜɚɟɦɨɣ ɢɥɢ ɨɬɪɚɠɟɧɧɨɣ ɡɜɭɤɨɜɨɣ ɜɨɥɧɵ ɩɨɥɭɱɚɸɬ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ ɢ ɜɵɹɜɥɹɸɬ ɞɟɮɟɤɬɵ. ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɦɟɬɨɞ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ 
ɤɨɧɬɪɨɥɹ ɨɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɢ ɨɰɟɧɤɟ ɩɥɨɫɤɢɯ ɞɟɮɟɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ 
ɪɚɫɫɥɨɟɧɢɹ ɜ ɦɧɨɝɨɫɥɨɣɧɵɯ ɤɨɦɩɨɡɢɬɚɯ. Ɉɫɥɚɛɥɟɧɢɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɜɨɥɧ ɜ ɫɪɟɞɟ ɦɨ-
ɠɟɬ ɬɚɤɠɟ ɨɬɪɚɠɚɬɶ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɬɟɪɢɚɥɚ (ɩɨɪɢɫɬɨɫɬɶ, ɩɭɫɬɨɬɵ, 
ɩɥɨɬɧɨɫɬɶ), ɜɵɡɜɚɧɧɨɟ ɩɪɨɰɟɫɫɨɦ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɇɟɬɨɞ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɨɫɧɨɜɚɧ ɧɚ ɹɜɥɟɧɢɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɢɹ ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ (ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ) ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ ɧɚɩɪɹɠɟɧɧɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ. Ⱥɤɭɫɬɢɱɟɫɤɢɟ ɜɨɥɧɵ ɨɛɵɱɧɨ ɪɟɝɢɫɬɪɢɪɭɸɬ ɫ ɩɨɦɨɳɶɸ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ  
ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ. ɋɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ, ɝɟɧɟɪɢɪɭɟɦɵɯ 
ɧɚ ɪɚɡɧɵɯ ɱɚɫɬɨɬɚɯ, ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɢ ɜɵɹɜɢɬɶ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɪɚɫɫɥɨɟɧɢɣ. 

Ɇɟɬɨɞ ɢɦɩɭɥɶɫɧɨɝɨ ɷɯɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚ ɧɟɪɚɡɪɭ-
ɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ. Ɉɞɢɧ ɢ ɬɨɬ ɠɟ ɢɡɥɭɱɚɬɟɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ, 
ɬɚɤ ɢ ɩɪɢɟɦɧɢɤɚ. ɍɥɶɬɪɚɡɜɭɤɨɜɚɹ ɜɨɥɧɚ, ɨɬɪɚɠɟɧɧɚɹ ɨɬ ɞɟɮɟɤɬɚ, ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɢɡɥɭɱɚɬɟ-
ɥɟɦ. ɉɨ ɩɪɨɲɟɞɲɟɦɭ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɢɫɩɭɫɤɚɟɦɵɦ ɢɦɩɭɥɶɫɨɦ ɢ ɪɟɝɢɫɬɪɚɰɢɟɣ ɭɥɶɬɪɚɡɜɭ-
ɤɨɜɨɣ ɜɨɥɧɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɝɥɭɛɢɧɭ ɞɟɮɟɤɬɚ. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 
ɤɨɧɬɪɨɥɹ, ɬɚɤɢɟ ɤɚɤ C-ɫɤɚɧɢɪɨɜɚɧɢɟ (ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɨɬɨɛɪɚɠɚɟɬ ɩɨɥɟ ɫɤɚɧɢ-
ɪɨɜɚɧɢɹ, ɝɞɟ ɪɚɡɧɵɦɢ ɰɜɟɬɚɦɢ ɨɬɦɟɱɟɧɵ ɪɚɡɥɢɱɧɵɟ ɞɢɚɩɚɡɨɧɵ ɡɧɚɱɟɧɢɣ ɚɦɩɥɢɬɭɞɵ ɩɪɢ-
ɧɹɬɨɝɨ ɫɢɝɧɚɥɚ), ɷɮɮɟɤɬɢɜɧɵ, ɧɨ ɞɨɪɨɝɨɫɬɨɹɳɢ ɢ ɧɟ ɦɨɝɭɬ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨɫɬɨɹɧɧɨ. 

ɋɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɧɚ ɨɫɧɨɜɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɤɥɟɢɜɚɟɦɵɯ ɬɟɧɡɨɞɚɬɱɢɤɨɜ ɹɜ-
ɥɹɸɬɫɹ ɫɨɜɟɪɲɟɧɧɵɦɢ, ɧɨ ɬɪɟɛɭɸɬ ɩɨɞɜɨɞɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɢɬɚɧɢɹ ɤ ɬɨɱɤɟ ɢɡɦɟɪɟɧɢɹ 
ɢ ɩɪɢ ɩɟɪɟɩɚɞɚɯ ɬɟɦɩɟɪɚɬɭɪɵ ɫɧɢɠɚɸɬ ɫɜɨɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ. Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɦɟɬɨ-
ɞɨɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɬɨɜɨɥɨɤɨɧɧɵɯ ɞɚɬɱɢɤɨɜ ɞɟɮɨɪɦɚɰɢɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɬɟɧɡɨɞɚɬɱɢɤɨɜ, ɨɧɢ ɧɟ ɬɪɟɛɭɸɬ ɩɨɞɜɨɞɚ ɩɪɨɜɨɞɨɜ, ɩɨɦɟɯɨɡɚɳɢɳɟɧɵ  
ɢ ɢɫɤɪɨɛɟɡɨɩɚɫɧɵ. 

ɋɢɫɬɟɦɚ ɜɫɬɪɨɟɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚ ɨɫɧɨɜɟ ɨɩɬɨɜɨɥɨɤɨɧɧɵɯ ɞɚɬɱɢɤɨɜ ɩɨɡɜɨ-
ɥɹɟɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɧɚ ɨɞɧɨɦ ɜɨɥɨɤɧɟ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɞɚɬɱɢɤɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɬɚ-
ɤɢɯ ɞɚɬɱɢɤɨɜ ɩɪɢɦɟɧɹɸɬ ɨɩɬɢɱɟɫɤɨɟ ɜɨɥɨɤɧɨ ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɩɨ ɞɥɢɧɟ ɢɡɦɟɧɟɧɢɟɦ 
ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɫɜɟɬɨɧɟɫɭɳɟɣ ɫɟɪɞɰɟɜɢɧɵ (ɪɟɲɟɬɤɨɣ Ȼɪɷɝɝɚ) Д15Ж. ɉɟɪɢɨɞ ɫɬɪɭɤ-
ɬɭɪɵ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɢɧɚ ɜɨɥɧɵ ɨɬɪɚɠɟɧɧɨɝɨ ɫɜɟɬɚ ɢɡɦɟɧɹɸɬɫɹ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ 
ɫɠɚɬɢɢ ɢɥɢ ɪɚɫɬɹɠɟɧɢɢ ɜɨɥɨɤɧɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɫɱɟɬɚ ɫɦɟɳɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɣ ɞɥɢɧɵ 
ɜɨɥɧɵ ɜ ɞɟɮɨɪɦɚɰɢɸ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɦɟɳɟɧɢɟ ɞɥɢɧɵ ɜɨɥɧɵ ɜ 1,34 ɧɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɞɟɮɨɪɦɚɰɢɢ 0,11% ɩɪɢ ɧɚɝɪɭɡɤɟ 1500 ɤɝ ɜ ɡɨɧɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ. 

ɂɡɜɟɫɬɧɵ ɩɪɢɦɟɪɵ ɫɢɫɬɟɦ ɜɫɬɪɨɟɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚ ɨɫɧɨɜɟ ɜɨɥɨɤɨɧɧɵɯ 
ɛɪɷɝɝɨɜɫɤɢɯ ɪɟɲɟɬɨɤ (ȼȻɊ), ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɤɨɧɬɪɨɥɢɪɭɸɬ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɚɬɟɪɢɚɥɚ ɢ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɭ Д16–18]. 
 

ȼɨɥɨɤɨɧɧыɟ ɛɪɷɝɝɨɜɫɤɢɟ ɪɟɲɟɬɤɢ ɜ ɫɬɪɭɤɬɭɪɟ ɉКМ 
Ɍɟɦɟ ɜɧɟɞɪɟɧɢɹ ȼȻɊ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟ-

ɫɬɜɨ ɫɬɚɬɟɣ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ Д19Ж ɢɫɫɥɟɞɨɜɚɧɨ ɨɩɬɢɱɟɫɤɨɟ ɜɨɥɨɤɧɨ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ  
(з40 ɦɤɦ), ɩɨɤɪɵɬɨɟ ɩɨɥɢɢɦɢɞɧɨɣ ɨɛɨɥɨɱɤɨɣ (52 ɦɤɦ), ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɟ ɜ ɨɞɢɧ ɫɥɨɣ 
ɉɄɆ ɬɨɥɳɢɧɨɣ 125 ɦɤɦ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɬɚɤɢɟ ɨɩɬɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ ɨɛɥɚɞɚɸɬ ɦɟɯɚɧɢɱɟ-
ɫɤɢɦɢ ɢ ɨɩɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɚɧɚɥɨɝɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦ ɨɛɵɱɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨ-
ɤɨɧ (ɞɢɚɦɟɬɪ ɫɟɪɞɰɟɜɢɧɵ 50 ɦɤɦ ɢ ɞɢɚɦɟɬɪ ɨɛɨɥɨɱɤɢ 125 ɦɤɦ), ɢ ɧɟ ɜɵɡɵɜɚɸɬ ɤɚɤɨɝɨ-
ɥɢɛɨ ɫɧɢɠɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɤɨɦɩɨɡɢɬɨɜ, ɤɨɝɞɚ ɨɧɢ (ɨɩɬɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ) ɜɧɟɞɪɹɸɬɫɹ  
ɩɚɪɚɥɥɟɥɶɧɨ ɭɫɢɥɢɜɚɸɳɢɦ ɜɨɥɨɤɧɚɦ ɜ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɚɯ. 
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ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɟ ɜɨɥɨɤɧɨ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ ɧɟ ɭɜɟɥɢɱɢ-
ɜɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɥɨɟ ɉɄɆ ɢ ɫɨɯɪɚɧɹɟɬ ɢɫɯɨɞɧɭɸ ɠɟɫɬɤɨɫɬɶ  
ɢ ɬɨɥɳɢɧɭ ɉɄɆ. 

 

 
Ɋɢɫ. 1. Ɍɪɚɞɢɰɢɨɧɧɨɟ ɨɩɬɢɱɟɫɤɨɟ ɜɨɥɨɤɧɨ (ɚ) ɢ ɜɨɥɨɤɧɨ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ (ɛ), ɢɧɬɟɝɪɢɪɨɜɚɧ-

ɧɨɟ ɜ ɫɬɪɭɤɬɭɪɭ ɭɝɥɟɩɥɚɫɬɢɤɚ 
 

ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧ ɨɛɪɚɡɟɰ ɉɄɆ ɫɨ ɫɥɨɹɦɢ, ɭɥɨɠɟɧɧɵɦɢ ɩɨ ɫɯɟɦɟ Д45°/-45°/0°/90°Ж, 
ɫ ɜɫɬɪɨɟɧɧɵɦ ɞɚɬɱɢɤɨɦ ɧɚ ɨɫɧɨɜɟ ɜɨɥɨɤɨɧɧɨɣ ɛɪɷɝɝɨɜɫɤɨɣ ɪɟɲɟɬɤɢ ɬɨɥɳɢɧɨɣ 10 ɦɦ. 
ɉɨ ɫɦɟɳɟɧɢɸ ɰɟɧɬɪɚɥɶɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ ȼȻɊ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɞɟɮɨɪɦɚɰɢɸ ɜ ɨɩɪɟ-
ɞɟɥɟɧɧɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɥɨɹ ɉɄɆ, ɚ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɩɢɤɨɜ ɩɪɢ ɧɚɝɪɭɡɤɟ ɧɚ ɪɚɫ-
ɬɹɠɟɧɢɟ ɢ ɫɠɚɬɢɟ – ɞɟɮɨɪɦɚɰɢɸ ɫɜɹɡɚɧɧɵɯ ɢ ɪɚɫɫɥɨɟɧɧɵɯ ɫɥɨɟɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Д20Ж. 

 

 
Ɋɢɫ. 2. Ɉɛɪɚɡɟɰ ɢɡ ɉɄɆ c ɜɫɬɪɨɟɧɧɵɦ ɞɚɬɱɢɤɨɦ (ȼȻɊ) 

 
ɗɬɨɬ ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ ɩɪɢɦɟɧɟɧ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɫɫɥɨɟɧɢɣ ɜɨɤɪɭɝ ɫɨ-

ɫɪɟɞɨɬɨɱɟɧɧɵɯ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɨɛɥɚɫɬɟɣ (ɡɚɤɥɟɩɨɱɧɵɟ ɨɬɜɟɪɫɬɢɹ ɢ ɞɪ.). ɉɨɩɟɪɟɱɧɵɟ 
ɬɪɟɳɢɧɵ, ɪɚɫɫɥɨɟɧɢɹ ɢ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɦɚɬɪɢɰɵ ɦɚɬɟɪɢɚɥɚ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɜ ɫɥɨɢ-
ɫɬɵɯ ɨɛɪɚɡɰɚɯ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɩɨɦɨɳɶɸ ɨɛɪɚɬɧɨɝɨ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚ ɨɬɪɚɠɟɧɢɹ Д21, 22Ж. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɪɚɛɨɬɭ Д23Ж, ɩɨɫɜɹɳɟɧɧɭɸ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɟɲɟɬɨɤ ɫ ɥɢɧɟɣɧɨ 
ɢɡɦɟɧɹɸɳɢɦɫɹ ɩɟɪɢɨɞɨɦ (ɱɢɪɩɢɪɨɜɚɧɧɵɟ ȼȻɊ). Ȼɥɚɝɨɞɚɪɹ ɬɪɚɩɟɰɢɟɜɢɞɧɨɦɭ ɫɩɟɤɬɪɭ ɬɚ-
ɤɢɯ ɪɟɲɟɬɨɤ ɥɸɛɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɜ ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ, ɧɚɩɪɢɦɟɪ ɬɪɟɳɢɧɚ, ɜɵɞɟɥɹɟɬɫɹ 
ɧɚ ɫɩɟɤɬɪɟ. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɜ ɫɬɪɭɤɬɭɪɭ ɦɚɬɟɪɢɚɥɚ ɢɧɬɟɝɪɢɪɨɜɚɥɢ  
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ɱɢɪɩɢɪɨɜɚɧɧɭɸ ɛɪɷɝɝɨɜɫɤɭɸ ɪɟɲɟɬɤɭ ɞɥɢɧɨɣ 50 ɦɦ ɫ ɲɢɪɢɧɨɣ ɫɩɟɤɬɪɚ ɨɬɪɚɠɟɧɢɹ  
5 ɧɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɬɪɟɳɢɧ ɧɚ ɫɩɟɤɬɪɟ ȼȻɊ ɨɛɪɚɡɭɸɬɫɹ  
ɩɪɨɜɚɥɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɯ ɦɟɫɬɨɩɨɥɨɠɟɧɢɸ (ɪɢɫ. 3). 

 

 
Ɋɢɫ. 3. ɋɩɟɤɬɪ ɱɢɪɩɢɪɨɜɚɧɧɨɣ ȼȻɊ ɩɪɢ ɧɚɥɢɱɢɢ ɩɨɩɟɪɟɱɧɵɯ ɬɪɟɳɢɧ ɜ ɤɨɦɩɨɡɢɬɧɨɦ ɨɛɪɚɡɰɟ 

 
ȼ Ɋɨɫɫɢɢ ɛɨɥɶɲɨɣ ɨɩɵɬ ɜɧɟɞɪɟɧɢɹ ɨɩɬɨɜɨɥɨɤɨɧɧɵɯ ɞɚɬɱɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɛɪɷɝ-

ɝɨɜɫɤɢɯ ɪɟɲɟɬɨɤ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɢɦɟɟɬ ɎȽɍɉ «ȼɂȺɆ». ȼ ɫɜɨɢɯ ɪɚɛɨɬɚɯ 
ɚɜɬɨɪɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜɨɡɦɨɠɧɵɟ ɩɪɨɛɥɟɦɵ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɞɟɮɨɪɦɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɢɡ ɉɄɆ, ɚ ɬɚɤɠɟ ɜɨɩɪɨɫɵ ɜɥɢɹɧɢɹ ɢɧɬɟɝɪɚɰɢɢ ɨɩɬɨɜɨɥɨɤɧɚ ɧɚ ɫɜɨɣɫɬɜɚ ɉɄɆ. ɇɚ ɪɢɫ. 4 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɧɢɣ ɨɩɬɨɜɨɥɨɤɨɧɧɨɝɨ ɞɚɬɱɢɤɚ ɢ ɬɟɧɡɨɞɚɬɱɢɤɚ ɨɬ ɩɪɢ-
ɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɢ. 

 

 
Ɋɢɫ. 4. ɋɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɞɟɮɨɪɦɚɰɢɢ ȼȻɊ (○) ɢ ɬɟɧɡɨɞɚɬɱɢɤɚ (●) 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ, ɨɩɢɫɚɧɧɵɯ ɜ ɪɚɛɨɬɚɯ Д24, 25Ж, ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɨɩɬɨ-

ɜɨɥɨɤɨɧɧɵɟ ɞɚɬɱɢɤɢ ɩɨ ɬɨɱɧɨɫɬɢ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɬɨɱɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ  
ɫ ɩɨɦɨɳɶɸ ɬɟɧɡɨɞɚɬɱɢɤɨɜ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 
 

Мɟɬɨɞ ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɧɚ ɨɫɧɨɜɟ ȼȻɊ 
ȼ ɫɢɫɬɟɦɚɯ ɜɫɬɪɨɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɧɟɪɚɡɪɭɲɚɸ-

ɳɟɝɨ ɤɨɧɬɪɨɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɜɨɥɧ 
ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɜɨɥɧ: ɫɟɣɫɦɢɱɟɫɤɢɟ ɜɨɥɧɵ ɦɚɬɟɪɢɚɥɚ,  
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ɩɪɨɞɨɥɶɧɵɟ ɢ/ɢɥɢ ɩɨɩɟɪɟɱɧɵɟ, ɜɨɥɧɵ ɩɨɥɡɭɱɟɫɬɢ, ɜɨɥɧɚ ɋɬɨɭɧɥɢ, ɜɨɥɧɚ Ʌɨɜɚ, ɪɷɥɟɟɜ-
ɫɤɢɟ ɜɨɥɧɵ ɢ ɜɨɥɧɵ Ʌɷɦɛɚ. Ɉɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɹɜɥɹɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ  
ɢɫɫɥɟɞɭɟɦɨɝɨ ɷɥɟɦɟɧɬɚ. Ɋɟɝɢɫɬɪɚɰɢɸ ɜɨɥɧ Ʌɷɦɛɚ ɜ ɫɬɪɭɤɬɭɪɧɨɦ ɤɨɧɬɪɨɥɟ ɦɨɠɧɨ ɜɵ-
ɞɟɥɢɬɶ ɜ ɨɬɞɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɭɛɥɢɤɚɰɢɣ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 
ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɪɚɛɨɬɵ Д26–31Ж. ȼ ɪɚɛɨɬɚɯ Д32, 33Ж ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɉɄɆ ɫ ɩɨɦɨɳɶɸ ɜɨɥɧ Ʌɷɦɛɚ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ 
ɨɫɧɨɜɚɧ ɧɚ ɭɩɪɚɜɥɹɟɦɨɣ ɚɤɭɫɬɢɱɟɫɤɨɣ ɜɨɥɧɟ ɫ ɟɟ ɜɟɤɬɨɪɚɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ (ɜɨɥɧɚɦɢ 
Ʌɷɦɛɚ), ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ. ȼɨɥɧɵ Ʌɷɦɛɚ ɹɜɥɹɸɬɫɹ ɩɨɞɯɨɞɹ-
ɳɢɦɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɜɫɬɪɨɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɥɟɬɚ-
ɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢɡ ɉɄɆ, ɬɚɤ ɤɚɤ ɨɧɢ ɫɩɨɫɨɛɧɵ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɧɚ ɛɨɥɶɲɢɯ  
ɪɚɫɫɬɨɹɧɢɹɯ ɫ ɦɚɥɵɦ ɡɚɬɭɯɚɧɢɟɦ ɚɦɩɥɢɬɭɞɵ. 

ȼɨɥɧɚ Ʌɷɦɛɚ ɜɨɡɛɭɠɞɚɟɬɫɹ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɚɤɬɸɚɬɨɪɨɜ (ɩɶɟɡɨɷɥɟɤ-
ɬɪɢɱɟɫɤɢɯ ɩɥɚɫɬɢɧ). ɉɶɟɡɨɚɤɬɸɚɬɨɪɵ ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɤ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɛɥɢɠɧɟɝɨ ɩɨ-
ɥɹ (ɦɟɬɨɞ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɦɩɟɞɚɧɫɚ, ɬɨɥɳɢɧɧɵɣ ɦɟɬɨɞ), ɬɚɤ ɢ 
ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɞɚɥɶɧɟɣ ɡɨɧɵ (ɦɟɬɨɞ ɷɯɚ, ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɷɬɚɥɨ-
ɧɨɦ ɢ ɦɚɬɟɪɢɚɥɨɦ, ɦɟɬɨɞ ɮɚɡɢɪɨɜɚɧɧɨɣ ɪɟɲɟɬɤɢ). Ɇɟɫɬɨ ɩɨɹɜɥɟɧɢɹ ɬɪɟɳɢɧɵ ɨɛɵɱɧɨ 
ɧɚɯɨɞɹɬ ɫ ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɧɢɰɵ ɜɨ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɢɫɩɭɫɤɚɟɦɨɣ ɢ ɩɪɢɧɢɦɚɟ-
ɦɨɣ ɜɨɥɧɚɦɢ. 

ȼ ɪɚɛɨɬɟ Д34Ж ɢɫɫɥɟɞɨɜɚɧɚ ɫɬɪɢɧɝɟɪɧɚɹ ɩɚɧɟɥɶ ɢɡ ɫɥɨɢɫɬɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɢ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɞɟɮɟɤɬɨɜ (ɪɚɡɦɟɪɵ, ɬɢɩ, ɨɪɢɟɧɬɚɰɢɹ, ɪɚɫɫɬɨɹ-
ɧɢɟ ɞɨ ɚɤɬɸɚɬɨɪɨɜ) ɜɥɢɹɸɬ ɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɨɥɧ Ʌɷɦɛɚ. ȼ ɪɚɛɨɬɟ Д35Ж ɩɪɨɜɟɞɟɧɨ 
ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɨɪɢɟɧɬɚɰɢɢ ɬɪɟ-
ɳɢɧ ɧɚ ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɨɬɤɥɢɤ. Ɉɫɧɨɜɧɨɣ ɜɵɜɨɞ, ɫɞɟɥɚɧɧɵɣ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ, ɫɥɟɞɭɸ-
ɳɢɣ: ɜɨɥɧɵ ɨɬɪɚɠɟɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɬɪɟɳɢɧɚɦɢ, ɭɦɟɧɶɲɚɸɬ ɚɦɩɥɢɬɭɞɭ ɢɫɯɨɞɧɨɣ  
ɜɨɥɧɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɥɧɵ, ɝɟɧɟɪɢɪɭɟɦɵɟ ɩɚɪɚɥɥɟɥɶɧɨ ɪɨɫɬɭ ɬɪɟɳɢɧɵ, ɢɦɟɸɬ ɛɨ ɥɶɲɭɸ 
ɚɦɩɥɢɬɭɞɭ, ɱɟɦ ɩɨɩɟɪɟɱɧɵɟ, ɚ ɟɫɥɢ ɞɥɢɧɚ ɬɪɟɳɢɧɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɬɨ ɚɦɩɥɢɬɭɞɚ ɨɬɪɚ-
ɠɟɧɧɵɯ ɜɨɥɧ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɉɞɧɚɤɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɵɣ ɩɪɟɞɟɥ  
ɨɛɧɚɪɭɠɟɧɢɹ ɬɪɟɳɢɧɵ ɫɨɫɬɚɜɥɹɟɬ 10 ɦɦ. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɚɤɭ-
ɫɬɢɱɟɫɤɨɝɨ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɧɚ ɨɫɧɨɜɟ ȼȻɊ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɢɧɚ ɜɨɥɧɵ ȼȻɊ 
ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɞɟɮɨɪɦɚɰɢɢ ɪɟɲɟɬɤɢ. ȿɫɥɢ ɩɨɥɹ ɞɟɮɨɪɦɚɰɢɢ, ɩɪɢɥɨɠɟɧɧɵɟ ɤ 
ȼȻɊ, ɧɟɨɞɧɨɪɨɞɧɵ, ɬɨ ɪɟɡɭɥɶɬɚɬɨɦ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɤɚɤ ɫɦɟɳɟɧɢɟ ɪɟɡɨɧɚɧɫɧɨɣ ɞɥɢɧɵ 
ɜɨɥɧɵ ɪɟɲɟɬɤɢ, ɬɚɤ ɢ ɟɟ ɭɲɢɪɟɧɢɟ. 

ȼ ɪɚɛɨɬɟ Д36Ж ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ Ʌɷɦɛɚ ɧɚ ɩɨɤɚɡɚ-
ɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɟɪɞɰɟɜɢɧɵ ȼȻɊ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɨɥɧɚ Ʌɷɦɛɚ ɜɵɡɵɜɚɟɬ ɫɦɟɳɟɧɢɟ 
ɪɟɡɨɧɚɧɫɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ ɪɟɲɟɬɤɢ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ ɝɟɧɟɪɢɪɨɜɚɥɢ ɜɨɥɧɭ Ʌɷɦɛɚ ɧɚ  
ɱɚɫɬɨɬɟ 2,25 ɆȽɰ ɢ ɢɫɫɥɟɞɨɜɚɥɢ ɟɟ ɜɥɢɹɧɢɟ ɧɚ ɞɥɢɧɭ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ 
ɞɥɢɧɨɣ 1 ɢ 12 ɦɦ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɢ ɨɬɪɚ-
ɠɟɧɧɨɝɨ ɫɢɝɧɚɥɚ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ ȼȻɊ. ɋɨɨɬɧɨɲɟɧɢɟ ɞɥɢɧɵ ɜɨɥɧɵ Ʌɷɦɛɚ ɢ ɞɥɢɧɵ 
ɪɟɲɟɬɤɢ ɦɨɠɧɨ ɜɵɛɢɪɚɬɶ ɨɬ 1 ɞɨ 4 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɟɨɛɯɨɞɢɦɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
ɜɵɹɜɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ Д37Ж. 

ɇɚ ɪɢɫ. 5 ɩɨɤɚɡɚɧ ɨɛɪɚɡɟɰ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɧɚ ɭɫɬɚɥɨɫɬɶ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɫɢɫɬɟɦɨɣ 
ɜɫɬɪɨɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɧɚ ɨɫɧɨɜɟ ɛɪɷɝɝɨɜɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɩɶɟɡɨɤɟɪɚɦɢɱɟɫɤɢɯ ɚɤɬɸɚɬɨ-
ɪɨɜ. ȼɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɹ ɧɟɩɪɟɪɵɜɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɱɚɫɬɨɬɭ ɢɡɥɭɱɟɧɢɹ ɜɨɥɧɵ Ʌɷɦɛɚ 
ɢ ɪɟɡɨɧɚɧɫɧɭɸ ɞɥɢɧɭ ɜɨɥɧɵ ȼȻɊ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɦɟɬɨɞɚ ɨɩɪɨɫɚ ɛɪɷɝɝɨɜɫɤɢɯ ɪɟɲɟɬɨɤ ɜɵɛɪɚɧ ɦɟɬɨɞ ɨɩɪɨɫɚ 
ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɚɥɨɲɭɦɹɳɟɝɨ, ɭɡɤɨɝɨ ɩɟɪɟɫɬɪɚɢɜɚɟɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɞɢɨɞɚ ɢ ɮɨɬɨɞɟɬɟɤ-
ɬɨɪɚ. ɋɞɜɢɝ ɪɟɡɨɧɚɧɫɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɦɨɳɧɨɫɬɢ ɨɬɪɚɠɟɧɧɨɝɨ 
ɫɢɝɧɚɥɚ Д38Ж. ɇɚ ɪɢɫ. 6 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɩɪɨɫɚ. 



ǶȟȝȩȠаțȖя  ȚаȠеȞȖаșȜȐ 

 

 

94                                                                                           ȀǾȁДЫ  ВǶАǺ  №4 (мл) з01о     
 

 
Ɋɢɫ. 5. ɋɢɫɬɟɦɚ ɜɫɬɪɨɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɧɚ ɨɫɧɨɜɟ ȼȻɊ ɢ ɩɶɟɡɨɤɟɪɚɦɢɱɟɫɤɢɯ ɚɤɬɸɚɬɨɪɨɜ 

 
Ɋɢɫ. 6. ɋɯɟɦɚ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɩɪɨɫɚ (ɚ) ɢ ɩɪɢɧɰɢɩ ɨɩɪɨɫɚ ɞɚɬɱɢɤɨɜ (ɛ) 
 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɩɭɛɥɢɤɚɰɢɸ ɹɩɨɧɫɤɢɯ ɭɱɟɧɵɯ, ɡɚɧɢɦɚɸɳɢɯɫɹ ɪɚɡɪɚɛɨɬɤɨɣ 
ɫɢɫɬɟɦɵ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ȼȻɊ-ɞɚɬɱɢɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɶɟɡɨ-
ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɟɧɫɨɪɨɜ Д19Ж. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɨɞɵ S0 ɢ A0 ɜɨɥɧɵ Ʌɷɦɛɚ ɩɨɹɜɥɹɸɬɫɹ 
ɩɪɢ ɱɚɫɬɨɬɟ ɢɡɥɭɱɟɧɢɹ 300 ɤȽɰ, ɢɯ ɞɥɢɧɵ ɜɨɥɧ ɪɚɜɧɵ 22,4 ɢ 4,2 ɦɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɞɥɢɧɚ ɛɪɷɝɝɨɜɫɤɨɣ ɪɟ-
ɲɟɬɤɢ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ 1 ɦɦ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɚɢɛɨɥɶɲɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ. 

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɢ ɫɦɟɳɟɧɢɹ ɞɥɢɧɵ ɜɨɥɧɵ ȼȻɊ, ɜɵɡɜɚɧɧɨɝɨ ɪɚɫ-
ɫɥɨɟɧɢɟɦ, ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɯɟɦɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ. 7. Ⱦɥɢɧɭ ɪɚɫɫɥɨɟɧɢɹ ɦɟɠɞɭ ɩɶɟɡɨ-
ɚɤɬɸɚɬɨɪɨɦ ɢ ɩɶɟɡɨɫɟɧɫɨɪɨɦ ɜɚɪɶɢɪɨɜɚɥɢ ɨɬ 0 ɞɨ 30 ɦɦ (ɫ ɲɚɝɨɦ 10 ɦɦ). ɇɚ ɪɢɫ. 8 ɩɨɤɚɡɚ-
ɧɵ ɮɨɪɦɵ ɫɢɝɧɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɞɚɬɱɢɤɨɦ ȼȻɊ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɟ ɪɚɫɫɥɨɟɧɢɹ. 
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Ɋɢɫ. 7. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɶɟɡɨɚɤɬɸɚɬɨɪɚ, ɩɶɟɡɨɫɟɧɫɨɪɚ ɢ ȼȻɊ-ɞɚɬɱɢɤɚ ɧɚ ɨɛɪɚɡɰɟ ɢɡ ɉɄɆ 

 

 
Ɋɢɫ. 8. ɂɡɦɟɧɟɧɢɟ ɩɪɢɧɹɬɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɞɥɢɧɟ ɪɚɫɫɥɨɟɧɢɹ 0 (ɚ), 10 (ɛ), 20 (ɜ) ɢ 30 ɦɦ (ɝ) 

 

 
Ɋɢɫ. 9. ɂɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɞɟɬɟɤɬɢɪɭɟɦɨɣ ɜɨɥɧɵ Ʌɷɦɛɚ ɩɨ ɦɟɪɟ ɪɚɡɪɚɫɬɚɧɢɹ ɬɪɟɳɢɧɵ 
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ɇɚ ɪɢɫ. 9 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ. ȼɨɥɧɵ Ʌɷɦɛɚ, ɩɪɨɲɟɞɲɢɟ ɱɟɪɟɡ 
ɨɛɥɚɫɬɶ ɪɚɫɫɥɨɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ȼȻɊ-ɞɚɬɱɢɤɨɦ. ɉɪɢ ɩɪɢɫɭɬ-
ɫɬɜɢɢ ɪɚɫɫɥɚɢɜɚɧɢɹ ɜ ɨɛɪɚɡɰɟ ɜ ɩɪɢɧɹɬɨɦ ɫɢɝɧɚɥɟ ɜɵɞɟɥɹɸɬ ɧɨɜɭɸ ɚɤɭɫɬɢɱɟɫɤɭɸ ɜɨɥ-
ɧɭ. Ⱦɥɢɧɚ ɪɚɫɫɥɚɢɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɚ ɧɚ ɨɫɧɨɜɟ ɨɬɧɨɲɟɧɢɹ ɚɦɩɥɢɬɭɞ ɧɨɜɨɣ  
ɦɨɞɵ ɢ ɦɨɞɵ A0 ɢ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɧɨɜɨɣ ɦɨɞɵ, ɪɟɝɢɫɬɪɢɪɭɟɦɨɣ ȼȻɊ-ɞɚɬɱɢɤɨɦ. 

Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ Д39Ж ɩɪɟɞɫɬɚɜɢɥɢ ɩɪɨɬɨɬɢɩ ɜɫɬɪɨɟɧɧɨɣ ɫɢɫɬɟɦɵ ɫɬɪɭɤɬɭɪɧɨɝɨ 
ɦɨɧɢɬɨɪɢɧɝɚ ɧɚ ɨɫɧɨɜɟ ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɫ ɩɨɦɨɳɶɸ ɮɚɡɨɫɦɟ-
ɳɟɧɧɨɝɨ ȼȻɊ-ɞɚɬɱɢɤɚ. ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɬɪɟɯɬɨɱɟɱɧɵɣ 
ɢɡɝɢɛ, ɩɨɥɭɱɢɥɢ, ɱɬɨ ɱɭɜɫɬɜɢɬɟɥɶɧɚɹ ɜɫɬɪɨɟɧɧɚɹ ɫɢɫɬɟɦɚ ɦɨɧɢɬɨɪɢɧɝɚ ɦɨɠɟɬ ɨɛɧɚɪɭ-
ɠɢɜɚɬɶ ɧɢɡɤɨɚɦɩɥɢɬɭɞɧɵɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɫɢɝɧɚɥɵ ɜɨɥɧɵ Ʌɷɦɛɚ ɨɬ ɩɨɩɟɪɟɱɧɵɯ 
ɬɪɟɳɢɧ. ɉɪɢ ɬɨɱɧɨɦ ɢɡɦɟɪɟɧɢɢ ɜɪɟɦɟɧɢ ɪɟɝɢɫɬɪɚɰɢɢ ɜɨɥɧɵ Ʌɷɦɛɚ ɧɚ ɤɚɠɞɨɦ ɞɚɬɱɢɤɟ, 
ɨɩɪɟɞɟɥɢɥɢ ɩɨɥɨɠɟɧɢɟ ɩɨɩɟɪɟɱɧɵɯ ɬɪɟɳɢɧ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 4ޒ%. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɤɚɡɚɧ 
ɜɵɫɨɤɢɣ ɩɨɬɟɧɰɢɚɥ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɜɫɬɪɨɟɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɮɚɡɨɫɦɟɳɟɧɧɨɝɨ 
ȼȻɊ-ɞɚɬɱɢɤɚ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɬɪɟɳɢɧ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɩɪɨɰɟɫɫ ɜɥɚɝɨɩɟɪɟɧɨɫɚ ɜ ɉɄɆ ɫ ɢɧɬɟɝɪɢɪɨ-
ɜɚɧɧɵɦɢ ɫɟɧɫɨɪɚɦɢ. ȼ ɪɚɛɨɬɟ Д40Ж ɨɬɦɟɱɟɧɨ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɢɡ ɉɄɆ ɩɪɢ 
ɧɚɬɭɪɧɨɦ ɷɤɫɩɨɧɢɪɨɜɚɧɢɢ, ɦɨɞɟɥɢɪɭɸɳɟɦ ɪɟɚɥɶɧɵɣ ɰɢɤɥ ɩɨɥɟɬɚ, ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɵɲɟ-
ɧɢɹ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ ɨɛɪɚɡɰɨɜ ɜ ɬɟɱɟɧɢɟ 12 ɦɟɫ. ɉɪɨɰɟɫɫ ɩɟɪɟɦɟɳɟɧɢɹ ɜɥɚɝɢ ɜ ɨɛɪɚɡ-
ɰɚɯ ɫ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦɢ ȼȻɊ ɢ ɟɟ ɜɥɢɹɧɢɹ ɧɚ ɚɦɩɥɢɬɭɞɭ ɜɨɥɧɵ Ʌɷɦɛɚ ɬɪɟɛɭɟɬ  
ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 
Ɂɚɤɥɸɱɟɧɢɟ 

ȼɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɟ ɞɚɬɱɢɤɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ 
ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɜɫɬɪɨɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɉɄɆ. 
Ⱦɥɹ ɨɰɟɧɤɢ ɞɟɮɨɪɦɚɰɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ȼȻɊ, ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɟ ɜ ɫɥɨɣ ɦɚ-
ɬɟɪɢɚɥɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɞɚɪɧɵɯ ɧɚɝɪɭɡɨɤ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɢɫɬɟɦɭ 
ɜɫɬɪɨɟɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɧɚ ɨɫɧɨɜɟ ɩɪɢɤɥɟɢɜɚɟɦɵɯ ɜɨɥɨɤɨɧɧɵɯ ɪɟɲɟɬɨɤ ɢ ɩɶɟɡɨɤɟɪɚ-
ɦɢɱɟɫɤɢɯ ɚɤɬɸɚɬɨɪɨɜ, ɝɟɧɟɪɢɪɭɸɳɢɯ ɩɪɨɞɨɥɶɧɵɟ ɚɤɭɫɬɢɱɟɫɤɢɟ ɜɨɥɧɵ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɱɚɫɬɨɬɵ. ɉɟɪɫɩɟɤɬɢɜɧɨɣ ɪɚɡɪɚɛɨɬɤɨɣ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɨɛɧɚɪɭɠɟɧɢɟ ɩɨɜɪɟɠɞɟɧɢɣ  
ɢ ɪɚɫɫɥɨɟɧɢɣ ɉɄɆ ɫ ɩɨɦɨɳɶɸ ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ Ʌɷɦɛɚ ɢ ȼȻɊ. 
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