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Ɋɚɫɫɦɨɬɪɟɧɵ ɮɢɡɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɚɤɭɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ: ɢɦɩɟ-
ɞɚɧɫɧɨɝɨ, ɜɟɥɨɫɢɦɟɬɪɢɱɟɫɤɨɝɨ, ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɚɤɭɫɬɢɤɨ-ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɝɨ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɬɢ 
ɦɟɬɨɞɵ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɪɢ ɤɨɧɬɪɨɥɟ ɢɡɞɟɥɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɡɚɬɭ-
ɯɚɧɢɹ ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ, ɚ ɬɚɤɠɟ ɢɡ ɝɢɝɪɨɫɤɨɩɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɦɟɬɨɞɨɜ ɢ ɪɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɤɨɧɬɚɤɬɧɨɣ ɝɢɛɤɨɫɬɢ ɫɭɯɨɝɨ ɬɨɱɟɱɧɨɝɨ ɤɨɧɬɚɤɬɚ ɢ 
ɮɪɢɤɰɢɨɧɧɵɯ ɲɭɦɨɜ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɠɞɨɝɨ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɟɬɨɞɨɜ. ɉɪɟɞ-
ɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɭɬɨɱɧɟɧɵ ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɬɨɥɳɢɧɵ ɢ ɱɭɜɫɬɜɢ-
ɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɨɜ ɩɪɢ ɤɨɧɬɪɨɥɟ ɢɡɞɟɥɢɣ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ. 

Ʉɥɸчɟɜыɟ ɫɥɨɜа: ɚɤɭɫɬɢɱɟɫɤɢɟ ɧɢɡɤɨɱɚɫɬɨɬɧɵɟ ɦɟɬɨɞɵ, ɢɦɩɟɞɚɧɫɧɵɣ ɦɟɬɨɞ, ɜɟɥɨɫɢɦɟɬɪɢɱɟɫɤɢɣ 
ɦɟɬɨɞ, ɦɟɬɨɞ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɚɤɭɫɬɢɤɨ-ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɪɨɥɹ,  
ɫɭɯɨɣ ɬɨɱɟɱɧɵɣ ɤɨɧɬɚɤɬ, ɮɪɢɤɰɢɨɧɧɵɟ ɲɭɦɵ. 

 
V.V. Murashov1 

 

RESEARCH  AND  IMPROVEMENT  OF ACOUSTIC 

LOW-FREQUENCY  CONTROL  METHODS OF  PRODUCTS 

FROM  LAYERED  PLASTICS  AND  MULTILAYERED  GLUED 

OF  CONSTRUCTIONS 

 

Physical opportunities and features of low-frequency acoustic methods are considered: mechanical impedance 
analysis, velocimetric, free vibration and acoustic-topographic. It is shown that these methods have advantages at 
control of the products executed from materials with high level of attenuation of elastic oscillations, and also from 
hydroscopic materials. Results of research of equivalent circuits of methods are given and influence of contact  
flexibility of the dry point contact and frictional noise on utilization properties of each of considered methods is 
considered. Results of pilot studies are provided and controlled thickness and sensitivity of methods are specified at 
control of products from CFRP. 

Keywords: acoustic low-frequency methods, mechanical impedance analysis method, velocimetric method, free 
vibration method, acoustic-topographic method, testing sensitivity, dry point contact, frictional noise. 
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ȼɜɟɞɟɧɢɟ 

ɒɢɪɨɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚ-
ɬɟɪɢɚɥɨɜ Д1, 2Ж ɜ ɫɚɦɵɯ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ 
ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɜɟɫɨɜɵɟ ɩɨɤɚɡɚɬɟ-
ɥɢ ɢ ɬɪɟɛɭɟɬ ɨɛɟɫɩɟɱɟɧɢɹ ɢɯ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɢ 
ɧɚɞɟɠɧɨɫɬɢ. Ɇɟɠɞɭ ɬɟɦ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɚ ɬɚɤɠɟ 
ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɪɚɡɥɢɱ-
ɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɧɢɯ ɜɨɡɦɨɠɧɨ ɩɨɹɜ-
ɥɟɧɢɟ ɞɟɮɟɤɬɨɜ Д3–5Ж, ɧɚɪɭɲɚɸɳɢɯ ɡɚɞɚɧɧɨɟ ɡɧɚɱɟ-
ɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
(ɪɚɫɫɥɨɟɧɢɹ, ɬɪɟɳɢɧɵ, ɪɚɤɨɜɢɧɵ, ɩɨɪɵ ɢ ɞɪɭɝɢɟ 
ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɫɩɥɨɲɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ). 

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɧɚɪɭɲɟɧɢɣ ɫɩɥɨɲɧɨɫɬɢ  
ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ 

ɦɟɬɨɞɵ ɞɟɮɟɤɬɨɫɤɨɩɢɢ Д6–8Ж. ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ 
ɦɟɬɨɞɚɦɢ ɤɨɧɬɪɨɥɹ ɞɟɬɚɥɟɣ ɢɡ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɸɬɫɹ ɝɨɥɨɝɪɚɮɢɱɟɫɤɢɟ, ɪɚɞɢɨɜɨɥ-
ɧɨɜɵɟ, ɬɟɩɥɨɜɵɟ ɦɟɬɨɞɵ, ɨɞɧɚɤɨ ɷɬɢ ɦɟɬɨɞɵ ɩɨɤɚ 
ɟɳɟ ɧɟ ɧɚɲɥɢ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɪɨɦɵɲ-
ɥɟɧɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ  
ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɵɟ ɩɪɢɛɨɪɵ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɬɚɤɢɯ ɦɟɬɨɞɨɜ. 

ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɦɢ ɢ ɚɩɩɚɪɚɬɭɪ-
ɧɨ ɨɛɟɫɩɟɱɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɞɟɮɟɤɬɨɫɤɨɩɢɢ ɧɟɦɟ-
ɬɚɥɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɹɜɥɹɸɬɫɹ ɚɤɭɫɬɢɱɟɫɤɢɟ ɧɢɡɤɨ-
ɱɚɫɬɨɬɧɵɟ ɦɟɬɨɞɵ Д9–11Ж. Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨ-
ɛɥɟɦɚ ɜɵɛɨɪɚ ɦɟɬɨɞɨɜ ɞɟɮɟɤɬɨɫɤɨɩɢɢ ɤɨɧɤɪɟɬɧɵɯ 
ɢɡɞɟɥɢɣ ɜɜɢɞɭ ɪɚɡɥɢɱɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ  
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ɜɨɡɦɨɠɧɨɫɬɟɣ ɬɚɤɢɯ ɦɟɬɨɞɨɜ. Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ, 
ɪɟɲɚɟɦɨɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɪɚɡɥɢɱɧɵɯ ɞɟɬɚɥɟɣ ɢɡ ɫɥɨɢɫɬɵɯ 
ɩɥɚɫɬɢɤɨɜ ɢ ɦɧɨɝɨɫɥɨɣɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚ-
ɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 2.3. 
«Ɇɟɬɨɞɵ ɧɟɪɚɡɪɭɲɚɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɤɨɧ-
ɬɪɨɥɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ  
ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») [1]. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ƚɥɚɜɧɵɦ ɨɬɥɢɱɢɟɦ ɢɡɞɟɥɢɣ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ 
ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɉɄɆ), 
ɹɜɥɹɟɬɫɹ ɢɯ ɦɧɨɝɨɫɥɨɣɧɨɫɬɶ. ɂɧɨɝɞɚ ɬɚɤɢɟ ɢɡɞɟ-
ɥɢɹ ɞɟɥɚɸɬ ɩɨɥɧɨɫɬɶɸ ɢɡ ɩɥɚɫɬɢɤɨɜ, ɧɨ ɱɚɳɟ  
ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɥɨɢ ɤɨɦɛɢɧɢɪɭɸɬɫɹ ɫ ɦɟɬɚɥɥɢ-
ɱɟɫɤɢɦɢ ɢɥɢ ɫ ɞɪɭɝɢɦɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɫɥɨɹ-
ɦɢ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɱɚɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɣ ɫɨɟɞɢɧɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɥɟɟɜ,  
ɝɟɪɦɟɬɢɤɨɜ ɢ ɢɧɵɯ ɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ Д12Ж. 

Ɋɚɫɫɥɨɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɢ ɧɟɩɪɨɤɥɟɢ ɦɟɠɞɭ ɪɚɡ-
ɥɢɱɧɵɦɢ ɱɚɫɬɹɦɢ ɤɨɧɫɬɪɭɤɰɢɣ ɹɜɥɹɸɬɫɹ ɬɢɩɢɱ-
ɧɵɦɢ ɞɟɮɟɤɬɚɦɢ ɢɡɞɟɥɢɣ ɢɡ ɉɄɆ ɢ ɦɧɨɝɨɫɥɨɣ-
ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɬɚɤɢɯ ɞɟɮɟɤɬɨɜ 
ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɪɚɡɥɢɱɧɵɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɟ 
ɦɟɬɨɞɵ – ɧɚɩɪɢɦɟɪ, ɷɯɨ-ɦɟɬɨɞ, ɬɟɧɟɜɨɣ ɢ ɞɪ. Д13, 
14Ж. Ɉɞɧɚɤɨ ɷɬɢ ɦɟɬɨɞɵ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɥɢɲɶ 
ɬɨɝɞɚ, ɤɨɝɞɚ ɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɢɡɞɟɥɢɟ ɦɨɠɧɨ ɫɦɚ-
ɱɢɜɚɬɶ ɤɨɧɬɚɤɬɧɵɦɢ ɠɢɞɤɨɫɬɹɦɢ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ 
ɦɟɬɨɞɨɜ ɞɟɮɟɤɬɨɫɤɨɩɢɢ ɨɝɪɚɧɢɱɢɜɚɟɬ ɬɨ, ɱɬɨ 
ɛɨɥɶɲɢɧɫɬɜɨ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɛɥɚɞɚɸɬ 
ɛɨɥɶɲɢɦ ɡɚɬɭɯɚɧɢɟɦ ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ. ȼ ɷɬɢɯ 
ɫɥɭɱɚɹɯ ɷɮɮɟɤɬɢɜɧɨ ɩɪɢɦɟɧɟɧɢɟ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ 
ɚɤɭɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɧɟ ɬɪɟɛɭɸɳɢɯ ɩɨɝɪɭɠɟɧɢɹ 
ɜ ɠɢɞɤɨɫɬɶ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɢɡɞɟɥɢɣ ɢɥɢ ɢɯ ɫɦɚ-
ɱɢɜɚɧɢɹ. ɗɬɢ ɦɟɬɨɞɵ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ 
ɦɟɬɨɞɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɤɨɧɬɪɨɥɹ ɦɟɬɚɥɥɢɱɟ-
ɫɤɢɯ ɞɟɬɚɥɟɣ Д15–18Ж. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ 
ɚɤɭɫɬɢɱɟɫɤɢɯ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ 

Д19–21Ж, ɨɛɴɟɞɢɧɟɧɧɵɟ ɨɞɧɢɦ ɨɛɳɢɦ ɩɪɢɡɧɚɤɨɦ: 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɢɦɟɸɬ ɫɭɯɨɣ ɬɨɱɟɱɧɵɣ ɤɨɧɬɚɤɬ ɫ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɨɛɴɟɤɬɨɦ Д22Ж. 

ɋɭɯɨɣ ɬɨɱɟɱɧɵɣ ɤɨɧɬɚɤɬ ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶ-
ɧɨɣ ɝɢɛɤɨɫɬɶɸ ɋɤ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɭɩɪɭɝɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɧɨɣ ɡɨɧɵ ɩɪɢ ɤɨɥɟɛɚɧɢɹɯ. 
Ʉɨɧɬɚɤɬɧɭɸ ɡɨɧɭ ɧɚ ɡɜɭɤɨɜɵɯ ɢ ɧɢɡɤɢɯ ɭɥɶɬɪɚ-
ɡɜɭɤɨɜɵɯ ɱɚɫɬɨɬɚɯ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ  
ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɟ ɭɩɪɭɝɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ: 
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ Xɤ ɭɦɟɧɶɲɚɟɬ ɱɭɜɫɬɜɢɬɟɥɶ-

ɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɤ ɢɡɦɟɧɟɧɢɸ ɢɦɩɟɞɚɧɫɚ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɨɝɪɚɧɢɱɢɜɚɟɬ 
ɜɟɪɯɧɢɣ ɩɪɟɞɟɥ ɱɚɫɬɨɬ ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ. 

ɍɩɪɭɝɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ Zɤ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ 
ɤɨɧɬɚɤɬɧɨɣ ɝɢɛɤɨɫɬɶɸ Д23Ж, ɫ ɢɦɩɟɞɚɧɫɨɦ Zɧ  
ɨɛɴɟɤɬɚ ɤɨɧɬɪɨɥɹ ɫɨɟɞɢɧɟɧɨ ɰɟɩɨɱɤɨɣ, ɱɬɨ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɩɚɪɚɥɥɟɥɶɧɨɦɭ ɫɨɟɞɢɧɟɧɢɸ ɷɥɟɦɟɧɬɨɜ 
Zɤ ɢ Zɧ ɧɚ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɟ. 

ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɫɯɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ  
ɪɢɫ. 1, ɩɨɫɬɪɨɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɢɫɬɟɦɨɣ ɷɥɟɤ-
ɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɚɧɚɥɨɝɢɣ ɞɥɹ ɢɡɥɭɱɚɸɳɟɝɨ ɢ 
ɩɪɢɟɦɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ Д24–26Ж, ɧɚɝɪɭɠɟɧ-
ɧɵɯ ɧɚ ɨɛɴɟɤɬ ɤɨɧɬɪɨɥɹ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (ɪɢɫ. 1, ɚ) ɩɪɢ ɢɡɥɭɱɟɧɢɢ 
ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɝɟɧɟɪɚɬɨ-
ɪɨɦ ɫɢɥɵ     ɫ ɜɧɭɬɪɟɧɧɢɦ ɢɦɩɟɞɚɧɫɨɦ Zɢ. Ⱥɦɩɥɢ-
ɬɭɞɚ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜ ɡɨɧɟ ɜɨɡɛɭɠɞɟɧɢɹ 
ɢɡɞɟɥɢɹ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɦɨɳɧɨɫɬɶ ɜɜɨɞɢɦɵɯ 
ɤɨɥɟɛɚɧɢɣ, ɡɚɜɢɫɢɬ ɨɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Zɤ 
ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ еZɤе. 

ɉɪɢɟɦɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (ɪɢɫ. 1, ɛ) ɩɪɟɞ-
ɫɬɚɜɥɟɧ ɦɟɯɚɧɢɱɟɫɤɢɦ ɢɦɩɟɞɚɧɫɨɦ Zɩ, ɚ ɤɨɧ-
ɬɪɨɥɢɪɭɟɦɨɟ ɢɡɞɟɥɢɟ – ɝɟɧɟɪɚɬɨɪɨɦ ɫɢɥɵ    ɫ 
ɜɧɭɬɪɟɧɧɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ Zɧ. ɇɚ ɜɵɯɨɞɟ 
ɩɪɢɟɦɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɭɩɪɭɝɢɣ ɢɦɩɟɞɚɧɫ 
Zɤ ɭɦɟɧɶɲɚɟɬ ɚɦɩɥɢɬɭɞɭ ɫɤɨɪɨɫɬɢ        ɨɩɪɟɞɟ-
ɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɟ. 

Ɋɢɫ. 1. ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɫɯɟɦɵ ɢɡɥɭɱɚɸɳɟɝɨ (ɚ) ɢ ɩɪɢɟɦɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ (ɛ) 
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ɇɚ ɪɢɫ. 2 ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɫɥɟɞɭ-
ɟɦɵɟ ɦɟɬɨɞɵ ɢ ɢɯ ɜɚɪɢɚɧɬɵ, ɚ ɧɚ ɪɢɫ. 3 – ɷɤɜɢɜɚ-
ɥɟɧɬɧɵɟ ɫɯɟɦɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɪɚɡɥɢɱɧɵɯ ɞɟ-
ɮɟɤɬɨɫɤɨɩɨɜ. 

ɇɚ ɪɢɫ. 3, ɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɢɦɩɟɞɚɧɫɧɨɦɭ ɦɟɬɨɞɭ, ɪɟɚɥɢɡɭ-
ɟɦɨɦɭ ɫ ɫɨɜɦɟɳɟɧɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ Д27Ж. 
Ɂɞɟɫɶ Ɇ – ɡɜɭɤɨɩɪɨɜɨɞ, ɧɚ ɤɨɧɰɚɯ ɤɨɬɨɪɨɝɨ ɪɚɡɦɟ-
ɳɟɧɵ ɢɡɥɭɱɚɸɳɢɣ ɢ ɩɪɢɟɦɧɵɣ ɩɶɟɡɨɷɥɟɦɟɧɬɵ. 
ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɫɨɜɦɟ-
ɳɟɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜɢɞɧɨ, ɱɬɨ ɭɩɪɭɝɨɟ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ ɡɨɧɵ ɤɨɧɬɚɤɬɚ Zɤ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɤɨɧɬɚɤɬɧɨɣ ɝɢɛɤɨɫɬɶɸ, ɲɭɧɬɢɪɭɟɬ ɢɦɩɟɞɚɧɫ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɢɡɞɟɥɢɹ Zɧ ɤɚɤ ɩɪɢ ɢɡɥɭɱɟɧɢɢ 
ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ, ɬɚɤ ɢ ɩɪɢ ɢɯ ɩɪɢɟɦɟ, ɬ. ɟ. ɨɤɚ-
ɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɚɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɉɪɢ еZɧе>>еZɤе ɢɡɦɟɧɟɧɢɟ 
Zɧ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬ ɨɛɳɟɣ ɚɤɭɫɬɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɉɨɷɬɨɦɭ ɢɦɩɟɞɚɧɫɧɵɦ 
ɦɟɬɨɞɨɦ, ɪɟɚɥɢɡɭɟɦɵɦ ɫ ɫɨɜɦɟɳɟɧɧɵɦ ɩɪɟɨɛɪɚ-
ɡɨɜɚɬɟɥɟɦ, ɜɵɹɜɥɹɸɬɫɹ ɞɟɮɟɤɬɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ 
ɧɚ ɝɥɭɛɢɧɟ ɧɟ ɛɨɥɟɟ ɫɟɪɟɞɢɧɵ ɫɬɟɧɤɢ ɢɡɞɟɥɢɹ. 

ɂɡ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɪɚɡɞɟɥɶɧɨ-
ɫɨɜɦɟɳɟɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (ɪɢɫ. 3, ɛ) ɜɢɞɧɨ, 
ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɤɨɧɬɚɤɬɧɨɣ 
ɝɢɛɤɨɫɬɶɸ, ɧɟ ɢɝɪɚɟɬ ɫɬɨɥɶ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɨɥɢ, 
ɬɚɤ ɤɚɤ ɞɚɠɟ ɩɪɢ еZɧɢе>>еZɤɢе ɢɡɦɟɧɟɧɢɟ Zɧɢ ɛɭɞɟɬ 
ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɢɡɦɟɧɟɧɢɟɦ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɤɨɪɨ-
ɫɬɢ       ɚ ɡɧɚɱɢɬ, ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɣ ɜɟɥɢɱɢɧ       ɢ 
        ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɝɥɭɛɢɧɚ ɡɚɥɟɝɚɧɢɹ 
ɜɵɹɜɥɹɟɦɨɝɨ ɞɟɮɟɤɬɚ ɜ ɩɥɚɫɬɢɤɚɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɞɨ 20–25 ɦɦ. 

ȿɫɥɢ ɧɚɞ ɞɟɮɟɤɬɨɦ ɪɚɫɩɨɥɨɠɟɧ ɬɨɥɶɤɨ ɩɪɢɟɦ-
ɧɵɣ ɜɢɛɪɚɬɨɪ, ɬɨ ɜ ɡɨɧɟ ɢɡɥɭɱɟɧɢɹ ɭɜɟɥɢɱɟɧɢɹ 
ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ       ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɬɚɤ ɤɚɤ 
ɢɦɩɟɞɚɧɫ Zɧɢ ɧɟ ɦɟɧɹɟɬɫɹ. Ȼɨɥɟɟ ɬɨɝɨ, ɜɫɥɟɞɫɬɜɢɟ 
ɨɬɪɚɠɟɧɢɹ ɱɚɫɬɢ ɷɧɟɪɝɢɢ ɧɚ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɦɟɠ-
ɞɭ ɜɢɛɪɚɬɨɪɚɦɢ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɞɨɛɪɨɤɚɱɟɫɬɜɟɧ-
ɧɨɣ ɢ ɞɟɮɟɤɬɧɨɣ ɡɨɧ ɚɦɩɥɢɬɭɞɚ ɜɨɥɧɵ ɜ ɡɨɧɟ ɞɟ-
ɮɟɤɬɚ ɭɦɟɧɶɲɚɟɬɫɹ. ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɜ ɞɟɮɟɤɬ-
ɧɨɣ ɡɨɧɟ ɬɨɥɶɤɨ ɢɡɥɭɱɚɸɳɟɝɨ ɜɢɛɪɚɬɨɪɚ ɤɨɥɟɛɚ-
ɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ        ɪɚɫɬɟɬ, ɧɨ ɢɡ-ɡɚ ɡɧɚɱɢɬɟɥɶ-
ɧɨɝɨ ɨɬɪɚɠɟɧɢɹ ɨɬ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɞɟɮɟɤɬɧɨɣ ɢ 
ɞɨɛɪɨɤɚɱɟɫɬɜɟɧɧɨɣ ɡɨɧ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɜ 
ɦɟɫɬɟ ɧɚɯɨɠɞɟɧɢɹ ɩɪɢɟɦɧɨɝɨ ɜɢɛɪɚɬɨɪɚ ɩɪɚɤɬɢ-
ɱɟɫɤɢ ɧɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ  
ɪɚɡɞɟɥɟɧɢɢ ɢɡɥɭɱɚɬɟɥɹ ɢ ɩɪɢɟɦɧɢɤɚ ɫɧɢɠɚɟɬɫɹ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ ɤ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧ-
ɧɵɦ ɞɟɮɟɤɬɚɦ. 

Ⱦɥɹ ɜɟɥɨɫɢɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɛɚɡɚ ɩɪɟɨɛɪɚ-
ɡɨɜɚɬɟɥɹ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɪɹɞɤɚ ɞɥɢɧɵ ɜɨɥɧɵ ɜ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɦ ɨɛɴɟɤɬɟ ɢ ɫɨɫɬɚɜɥɹɬɶ 25 ɦɦ 
(ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɉɎ ɩɪɢɛɨɪɚ ȺȾ-10ɍ). ɗɬɨ ɫɜɹ-
ɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɤɨɧɬɪɨɥɟ ɮɚɡɨɜɵɦ ɫɩɨɫɨɛɨɦ 
ɜɟɥɨɫɢɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɜɵɡɵɜɚɟɦɨɟ ɞɟɮɟɤ-
ɬɨɦ ɢɡɦɟɧɟɧɢɟ ɮɚɡɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɛɚɡɟ ɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɹ. ȿɫɥɢ ɛɚɡɚ ɛɭɞɟɬ ɦɚɥɟɧɶɤɨɣ, ɬɨ ɢɡ-
ɦɟɧɟɧɢɟ ɮɚɡɵ ɛɭɞɟɬ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɭɜɟɪɟɧ-
ɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɞɟɮɟɤɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɭɜ-
ɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɚɡɨɜɨɝɨ ɫɩɨɫɨɛɚ ɜɟɥɨɫɢɦɟɬɪɢɱɟ-
ɫɤɨɝɨ ɦɟɬɨɞɚ ɧɢɠɟ, ɱɟɦ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ  
ɢɦɩɟɞɚɧɫɧɨɝɨ ɦɟɬɨɞɚ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɜɪɟɦɟɧɧɨ́ɝɨ ɫɩɨɫɨɛɚ ɜɟɥɨɫɢɦɟɬ-
ɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ Д28Ж ɹɜɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

Ɋɢɫ. 2. ɍɫɥɨɜɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɟɬɨɞɨɜ ɢ ɢɯ ɜɚɪɢɚɧɬɨɜ:  
ɚ – ɢɦɩɟɞɚɧɫɧɵɣ ɦɟɬɨɞ; ɛ – ɜɟɥɨɫɢɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ; ɜ – ɦɟɬɨɞ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ; ɝ – ɚɤɭɫɬɢɤɨ-

ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ 

Ɋɢɫ. 3. ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɫɯɟɦɵ ɫɨɜɦɟɳɟɧɧɨɝɨ (ɚ) ɢ ɪɚɡɞɟɥɶɧɨ-ɫɨɜɦɟɳɟɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ (ɛ) 

,ɧɢV ɤɩV

.ɩV

ɧɢV

ɧɢV
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ɨɛɟɫɩɟɱɟɧɢɹ ɞɜɭɯɫɬɨɪɨɧɧɟɝɨ ɞɨɫɬɭɩɚ ɤ ɨɛɴɟɤɬɭ 
ɤɨɧɬɪɨɥɹ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɫɨɨɫɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɨɛɪɚɡɨ-
ɜɚɬɟɥɟɣ ɫ ɪɚɡɧɵɯ ɫɬɨɪɨɧ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɢɡɞɟ-
ɥɢɹ ɩɨ ɧɨɪɦɚɥɢ ɤ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ɇɟɬɨɞ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ Д29, 30Ж ɩɨɡɜɨɥɹ-
ɟɬ ɜɵɹɜɥɹɬɶ ɧɚɪɭɲɟɧɢɹ ɫɩɥɨɲɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɧɚ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɝɥɭɛɢɧɟ (ɞɨ 20–40 ɦɦ), ɚ ɬɚɤɠɟ ɨɬ-
ɥɢɱɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶɸ ɤɨɧɬɪɨɥɹ ɨɛɴɟɤɬɨɜ ɢɡ 
ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɢɦ ɡɚɬɭɯɚɧɢɟɦ ɭɩɪɭɝɢɯ ɤɨɥɟ-
ɛɚɧɢɣ ɢ ɦɚɥɵɦ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ (ɧɚɩɪɢɦɟɪ, 
ɪɟɡɢɧɵ, ɩɟɧɨɩɥɚɫɬɵ ɢ ɞɪ.). ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɞɜɭɦɹ 
ɮɚɤɬɨɪɚɦɢ: ɩɪɢ ɤɨɧɬɪɨɥɟ ɜ ɨɛɴɟɤɬɟ ɤɨɧɬɪɨɥɹ ɜɨɡ-
ɛɭɠɞɚɸɬɫɹ ɦɨɳɧɵɟ ɤɨɥɟɛɚɧɢɹ ɢ ɨɬɞɟɥɟɧɧɚɹ ɞɟ-
ɮɟɤɬɨɦ ɜ ɜɢɞɟ ɪɚɫɫɥɨɟɧɢɹ ɢɥɢ ɧɟɩɪɨɤɥɟɹ ɱɚɫɬɶ 
ɢɡɞɟɥɢɹ ɤɨɥɟɛɥɟɬɫɹ ɧɚ ɫɨɛɫɬɜɟɧɧɨɣ ɪɟɡɨɧɚɧɫɧɨɣ 
ɱɚɫɬɨɬɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɚɤɨɣ ɞɟɮɟɤɬ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɧɟɥɶɡɹ ɫɜɟɫɬɢ ɧɢ ɤ ɨɞɧɨɦɭ ɢɡ ɬɪɟɯ ɬɢɩɨ-
ɜɵɯ ɫɥɭɱɚɟɜ – ɡɚɠɚɬɚɹ, ɨɩɟɪɬɚɹ ɢ ɫɜɨɛɨɞɧɚɹ ɧɚ 
ɤɪɚɹɯ ɩɥɚɫɬɢɧɚ. Ɍɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɧɟɝɥɭɛɨɤɨ ɪɚɫɩɨ-
ɥɨɠɟɧɧɵɯ ɤɪɭɩɧɵɯ ɞɟɮɟɤɬɨɜ ɩɪɢɛɥɢɠɟɧɧɨ  
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɯ ɤɚɤ ɩɥɚɫɬɢɧɵ, ɡɚɠɚɬɵɟ 
ɩɨ ɤɨɧɬɭɪɭ. 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɨɬɚ ɡɚɠɚɬɨɣ ɩɨ ɤɨɧɬɭɪɭ ɩɥɚɫɬɢ-
ɧɵ ɞɢɚɦɟɬɪɨɦ D ɢ ɬɨɥɳɢɧɨɣ h ɨɩɪɟɞɟɥɹɟɬɫɹ  
ɜɵɪɚɠɟɧɢɟɦ Д31–33Ж 

 
                                                      (2) 

 
ɝɞɟ E, ȝ ɢ ρ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ 
ɢ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɥɚɫɬɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ⱦɥɹ ɪɟɚɥɶɧɵɯ ɞɟɮɟɤɬɨɜ ɮɨɪɦɭɥɚ (2) ɢɦɟɟɬ 

ɨɝɪɚɧɢɱɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɚɧɚɥɢɡɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ ɦɟɬɨɞɚ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɨɞɧɚɤɨ, ɤɚɤ 
ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ, ɩɪɢ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɡɚ-
ɤɪɟɩɥɟɧɢɹ ɝɪɚɧɢɰ ɞɟɮɟɤɬɧɨɝɨ ɭɱɚɫɬɤɚ ɜɟɥɢɱɢɧɚ f0 
c ɪɨɫɬɨɦ h ɢ E ɢ ɭɦɟɧɶɲɟɧɢɟɦ D ɢ ρ ɭɜɟɥɢɱɢɜɚɟɬ-
ɫɹ, ɯɨɬɹ ɢ ɩɨ ɞɪɭɝɨɦɭ ɡɚɤɨɧɭ. ȼɜɢɞɭ ɬɪɭɞɧɨɫɬɟɣ 
ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɛɟɡɞɟɮɟɤɬɧɵɯ ɢ ɞɟɮɟɤɬɧɵɯ ɡɨɧ ɢɡɞɟɥɢɣ ɨɫɧɨɜɧɵɦ 
ɫɩɨɫɨɛɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɨɞɚ 
ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬ. 

Ɇɟɬɨɞ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ Д34Ж ɪɟɚɥɢɡɭɟɬ-
ɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢɥɢ 
ɦɢɤɪɨɮɨɧɧɵɯ ɩɪɢɟɦɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. 
ɇɟɞɨɫɬɚɬɤɚɦɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫ ɩɶɟɡɨɷɥɟɤ-
ɬɪɢɱɟɫɤɢɦɢ ɩɪɢɟɦɧɢɤɚɦɢ ɹɜɥɹɸɬɫɹ ɜɥɢɹɧɢɟ ɧɚ 
ɪɟɡɭɥɶɬɚɬɵ ɤɨɧɬɪɨɥɹ ɮɪɢɤɰɢɨɧɧɵɯ ɲɭɦɨɜ,  
ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟ-
ɥɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤ-
ɰɢɢ, ɚ ɬɚɤɠɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢɯ ɚɦɩɥɢɬɭɞɧɨ-
ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

ɍɩɪɭɝɢɟ ɤɨɥɟɛɚɧɢɹ ɢɡɞɟɥɢɹ ɜ ɡɨɧɟ ɤɨɧɬɪɨɥɹ ɜ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɫ ɦɢɤɪɨɮɨɧɧɵɦ ɩɪɢɟɦɧɢɤɨɦ 
ɩɟɪɟɞɚɸɬɫɹ ɤ ɦɢɤɪɨɮɨɧɭ ɩɨ ɜɨɡɞɭɯɭ. Ⱦɥɹ ɭɦɟɧɶ-
ɲɟɧɢɹ ɩɨɬɟɪɶ ɦɢɤɪɨɮɨɧɵ ɪɚɫɩɨɥɚɝɚɸɬ ɜɛɥɢɡɢ ɡɨɧ 
ɜɨɡɛɭɠɞɟɧɢɹ ɢɡɞɟɥɢɹ. Ɉɫɧɨɜɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚ-
ɦɢ ɦɢɤɪɨɮɨɧɧɨɝɨ ɩɪɢɟɦɧɢɤɚ ɹɜɥɹɸɬɫɹ ɟɝɨ ɛɟɫ-
ɤɨɧɬɚɤɬɧɨɫɬɶ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɨɡɦɨɠɧɨɫɬɶ 

ɤɨɧɬɪɨɥɹ ɢɡɞɟɥɢɣ ɫ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, 
ɧɟɞɨɫɬɚɬɤɨɦ – ɜɨɡɦɨɠɧɨɟ ɜɥɢɹɧɢɟ ɲɭɦɨɜ ɜ ɪɚɣ-
ɨɧɟ ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɬɪɨɥɹ. 

Ⱥɤɭɫɬɢɤɨ-ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ Д35Ж ɩɪɢɦɟ-
ɧɹɟɬɫɹ ɱɚɳɟ ɜɫɟɝɨ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɜ ɦɧɨ-
ɝɨɫɥɨɣɧɵɯ ɩɚɹɧɵɯ, ɫɜɚɪɧɵɯ ɢɥɢ ɤɥɟɟɧɵɯ ɫɨɬɨɜɵɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ, ɩɪɢɱɟɦ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭ-
ɱɚɸɬɫɹ ɩɪɢ ɜɵɹɜɥɟɧɢɢ ɞɟɮɟɤɬɨɜ ɩɚɹɧɵɯ ɢ ɫɜɚɪ-
ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɚɤɭ-
ɫɬɢɤɨ-ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɪɨɥɹ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɟɝɨ 
ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɩɨɦɨɳɶɸ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨ-
ɪɨɲɤɚ (ɧɚɩɪɢɦɟɪ, ɥɢɤɨɩɨɞɢɹ). 

ɉɪɢ ɤɨɧɬɪɨɥɟ ɫɜɚɪɧɵɯ ɢ ɩɚɹɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɫ ɧɟɛɨɥɶɲɨɣ ɬɨɥɳɢɧɨɣ ɜɟɪɯɧɟɝɨ ɥɢɫɬɚ (ɞɨ 1 ɦɦ) 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɚɤɭɫɬɢɤɨ-ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɝɨ 
ɦɟɬɨɞɚ ɜ 2–3 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
ɩɪɢ ɤɨɧɬɪɨɥɟ ɞɪɭɝɢɦɢ ɚɤɭɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ, 
ɨɞɧɚɤɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɥɳɢɧɵ ɜɟɪɯɧɟɝɨ ɥɢɫɬɚ 
ɨɧɚ ɪɟɡɤɨ ɩɚɞɚɟɬ. 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɚɤɭɫɬɢɤɨ-ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɝɨ 
ɦɟɬɨɞɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɧɚɢɦɟɧɶɲɢɣ ɞɢɚɦɟɬɪ 
ɜɵɹɜɥɹɟɦɨɝɨ ɞɟɮɟɤɬɚ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 
ɮɨɪɦɭɥɟ 

 
                                                (3) 

 
ɝɞɟ S – ɩɥɨɳɚɞɶ ɞɟɮɟɤɬɚ; h – ɝɥɭɛɢɧɚ ɡɚɥɟɝɚɧɢɹ ɞɟɮɟɤɬɚ. 

 
ȼɨɡɛɭɠɞɟɧɢɟ ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ ɜ ɨɛɴɟɤɬɟ 

ɤɨɧɬɪɨɥɹ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɤɚɤ ɫ ɩɨɦɨɳɶɸ ɦɚɝ-
ɧɢɬɨɫɬɪɢɤɰɢɨɧɧɨɝɨ ɢɡɥɭɱɚɬɟɥɹ, ɬɚɤ ɢ ɫ ɩɨɦɨɳɶɸ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɜɢɛɪɚɬɨɪɚ. 

ɋɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟ-
ɞɭɟɦɵɯ ɦɟɬɨɞɨɜ. Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɭ ɤɨɬɨ-
ɪɵɯ ɢɦɟɟɬɫɹ ɫ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɬɨ-
ɱɟɱɧɵɣ ɫɭɯɨɣ ɤɨɧɬɚɤɬ, ɯɚɪɚɤɬɟɪɟɧ ɨɫɨɛɵɣ ɜɢɞ 
ɩɨɦɟɯ – ɮɪɢɤɰɢɨɧɧɵɟ ɲɭɦɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜ-
ɥɹɸɬ ɫɨɛɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɷɥɟɤ-
ɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɩɶɟɡɨ-
ɷɥɟɦɟɧɬɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɜɨɡɧɢɤɚɸɳɭɸ ɩɪɢ 
ɭɞɚɪɟ ɧɚɤɨɧɟɱɧɢɤɚ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚ-
ɡɨɜɚɬɟɥɹ ɫ ɜɵɫɬɭɩɚɸɳɢɦɢ ɧɟɪɨɜɧɨɫɬɹɦɢ ɲɟɪɨɯɨ-
ɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 
ɉɪɢ ɧɚɥɨɠɟɧɢɢ ɷɬɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚ ɨɫɧɨɜɧɨɣ 
ɫɢɝɧɚɥ ɨɧɚ ɢɝɪɚɟɬ ɪɨɥɶ ɩɨɦɟɯɢ, ɡɚɬɪɭɞɧɹɸɳɟɣ 
ɤɨɧɬɪɨɥɶ. 

ɋɩɟɤɬɪ ɮɪɢɤɰɢɨɧɧɵɯ ɲɭɦɨɜ ɨɛɵɱɧɨ ɜɟɫɶɦɚ 
ɲɢɪɨɤɢɣ, ɨɞɧɚɤɨ ɛɨ́ɥɶɲɚɹ ɟɝɨ ɱɚɫɬɶ ɧɚɯɨɞɢɬɫɹ ɜ 
ɨɛɥɚɫɬɢ ɡɜɭɤɨɜɵɯ ɱɚɫɬɨɬ. ɉɨɷɬɨɦɭ ɢɦɩɟɞɚɧɫɧɵɣ 
ɦɟɬɨɞ, ɪɟɚɥɢɡɭɟɦɵɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɦɟɳɟɧɧɨ-
ɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɭɪɨɜɧɹ 
ɮɪɢɤɰɢɨɧɧɵɯ ɲɭɦɨɜ. 

ɉɪɢ ɤɨɧɬɪɨɥɟ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɛɨɥɶɲɨɣ ɲɟɪɨɯɨ-
ɜɚɬɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɪɟɚɥɢɡɭɟɦɵɟ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ  
ɪɚɡɞɟɥɶɧɨ-ɫɨɜɦɟɳɟɧɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɢɦɩɟ-
ɞɚɧɫɧɵɣ ɢɥɢ ɜɟɥɨɫɢɦɟɬɪɢɱɟɫɤɢɣ ɮɚɡɨɜɵɣ  
ɦɟɬɨɞɵ, ɩɨɬɨɦɭ ɱɬɨ ɧɚ ɮɚɡɭ ɜɵɲɟɭɩɨɦɹɧɭɬɵɟ 
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ɮɚɤɬɨɪɵ ɧɟ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ. 
ɉɪɢ ɤɨɧɬɪɨɥɟ ɦɟɬɨɞɨɦ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ 
ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɶ ɫ ɦɢɤɪɨɮɨɧɧɵɦ ɩɪɢɟɦɧɢɤɨɦ. 

 
Ɋɟɡɭɥɶɬɚɬɵ 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ  
ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɹɜɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɪɚɡɥɢɱɧɵɦɢ 
ɧɢɡɤɨɱɚɫɬɨɬɧɵɦɢ ɚɤɭɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɢɡ 
ɫɥɨɢɫɬɵɯ ɩɥɚɫɬɢɤɨɜ ɢɡɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ ɫ ɢɫ-
ɤɭɫɫɬɜɟɧɧɵɦɢ ɞɟɮɟɤɬɚɦɢ, ɢɦɢɬɢɪɭɸɳɢɦɢ ɪɚɫ-
ɫɥɨɟɧɢɹ. Ɉɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɩɥɢɬɵ ɢɡ 
ɭɝɥɟɩɥɚɫɬɢɤɚ ȼɄɍ-17Ʉɗ0,1 ɪɚɡɦɟɪɨɦ 220×220 ɦɦ 
ɢ ɬɨɥɳɢɧɨɣ 8 ɦɦ. 

Ⱦɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ ɜ ɜɢɞɟ ɧɟɩɪɨɤɥɟɟɜ ɢ 
ɪɚɫɫɥɨɟɧɢɣ ɜ ɨɛɪɚɡɰɵ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɡɚɥɨɠɟ-
ɧɵ ɜɵɪɟɡɚɧɧɵɟ ɢɡ ɮɨɥɶɝɢ ɬɨɧɤɢɟ ɜɤɥɚɞɵɲɢ ɢɡ 
ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ. ȼɤɥɚɞɵɲɢ, ɢɦɟɸɳɢɟ ɮɨɪɦɭ 
ɬɪɟɭɝɨɥɶɧɢɤɚ, ɡɚɤɥɚɞɵɜɚɥɢ ɜ ɫɟɪɟɞɢɧɭ ɬɨɥɳɢɧɵ 
ɩɥɢɬɵ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɤɥɚɞɵɲɢ ɦɨɠɧɨ ɛɵɥɨ 
ɥɟɝɤɨ ɭɞɚɥɢɬɶ, ɢɯ ɡɚɤɥɚɞɵɜɚɥɢ ɬɚɤ, ɱɬɨɛɵ ɱɚɫɬɶ 
ɜɤɥɚɞɵɲɚ ɜɵɫɬɭɩɚɥɚ ɡɚ ɤɪɨɦɤɭ ɨɛɪɚɡɰɚ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ ɢɯ ɭɞɚɥɟɧɢɹ ɧɚ ɜɤɥɚɞɵɲɢ 
ɧɚɧɨɫɢɥɢ ɚɧɬɢɚɞɝɟɡɢɨɧɧɵɣ ɫɨɫɬɚɜ. 

Ɉɛɪɚɡɰɵ ɢɫɫɥɟɞɨɜɚɥɢ ɢɦɩɟɞɚɧɫɧɵɦ ɦɟɬɨɞɨɦ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɦɟɳɟɧɧɨɝɨ (ɩɪɢɛɨɪ ȺȾ-42ɂ 
Д36Ж) ɢ ɪɚɡɞɟɥɶɧɨ-ɫɨɜɦɟɳɟɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟ-
ɥɟɣ (ɩɪɢɛɨɪɵ ȺȾ-10ɍ Д37Ж ɢ ȺȾ-64Ɇ Д38, 39Ж). Ɋɟ-
ɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4, ɚ. 
ȼɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɨɛɥɚɞɚ-
ɟɬ ɞɟɮɟɤɬɨɫɤɨɩ ȺȾ-42ɂ. ɇɚɢɦɟɧɶɲɚɹ ɩɪɨɬɹɠɟɧ-
ɧɨɫɬɶ ɞɟɮɟɤɬɚ, ɜɵɹɜɥɹɟɦɚɹ ɷɬɢɦ ɞɟɮɟɤɬɨɫɤɨɩɨɦ, 
ɫɨɫɬɚɜɥɹɟɬ 15 ɦɦ. Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɧɚ ɪɢɫ. 4, ɚ ɩɨɡɜɨ-
ɥɹɟɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɛɨɪɨɜ  
ȺȾ-10ɍ ɢ ȺȾ-64Ɇ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɚ, ɧɚɢɦɟɧɶ-
ɲɢɣ ɪɚɡɦɟɪ ɜɵɹɜɥɹɟɦɨɝɨ ɞɟɮɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 20 ɦɦ. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɫɩɟɰɢɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɨɛ-
ɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɨɧɢ ɫɬɚɥɢ ɛɨɥɟɟ ɠɟɫɬɤɢɦɢ 

ɢ ɩɪɢ ɷɬɨɦ ɛɨɥɟɟ ɩɨɪɢɫɬɵɦɢ Д40Ж. ɂɫɫɥɟɞɨɜɚɧɢɟ 
ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢɛɨɪɵ 
ɫ ɪɚɡɞɟɥɶɧɨ-ɫɨɜɦɟɳɟɧɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ 
ɩɪɢ ɤɨɧɬɪɨɥɟ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨ-
ɫɬɶɸ Д41Ж. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɩɨ-
ɫɥɟ ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4, ɛ. 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɧɚ ɪɢɫ. 4, ɛ ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɸ-
ɱɢɬɶ, ɱɬɨ ɩɪɢɛɨɪɵ ȺȾ-10ɍ ɢ ȺȾ-64Ɇ ɡɧɚɱɢɬɟɥɶ-
ɧɨ ɥɭɱɲɟ, ɱɟɦ ɞɟɮɟɤɬɨɫɤɨɩ ȺȾ-42ɂ ɜɵɹɜɥɹɸɬ 
ɞɟɮɟɤɬɵ, ɡɚɥɨɠɟɧɧɵɟ ɜ ɨɛɪɚɡɰɚɯ. Ɇɢɧɢɦɚɥɶɧɵɣ 
ɪɚɡɦɟɪ ɞɟɮɟɤɬɚ, ɜɵɹɜɥɹɟɦɨɝɨ ɩɪɢɛɨɪɨɦ ȺȾ-10ɍ, 
ɫɨɫɬɚɜɥɹɟɬ 20 ɦɦ, ɚ ɩɪɢɛɨɪɨɦ ȺȾ-64Ɇ ɪɚɜɟɧ  
17 ɦɦ. Ⱦɟɮɟɤɬɨɫɤɨɩ ȺȾ-42ɂ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɨɬ ɨɫɧɨɜɚɧɢɹ ɬɪɟɭɝɨɥɶɧɨɝɨ ɞɟ-
ɮɟɤɬɚ ɤ ɟɝɨ ɜɟɪɲɢɧɟ ɧɚɱɢɧɚɟɬ ɜɵɹɜɥɹɬɶ ɞɟɮɟɤɬ 
ɬɨɥɶɤɨ ɜ ɬɨɦ ɦɟɫɬɟ, ɝɞɟ ɟɝɨ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɫɨɫɬɚɜ-
ɥɹɟɬ 40 ɦɦ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬ ɩɥɨɳɚɞɶ 
ɜɵɹɜɥɹɟɦɨɝɨ ɞɟɮɟɤɬɚ. 

Ʉɪɨɦɟ ɨɩɢɫɚɧɧɵɯ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɪɚɡɰɨɜ, ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨ ɢɡɝɨɬɨɜɢɥɢ ɟɳɟ ɨɞɢɧ ɨɛɪɚɡɟɰ ɢɡ ɭɝ-
ɥɟɩɥɚɫɬɢɤɚ ȼɄɍ-17Ʉɗ0,1 ɪɚɡɦɟɪɨɦ 220×220 ɦɦ ɢ 
ɬɨɥɳɢɧɨɣ 25 ɦɦ. ɇɚ ɝɥɭɛɢɧɟ 20 ɦɦ ɨɬ ɨɞɧɨɣ ɢɡ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɪɚɡɰɚ ɜ ɷɬɨɦ ɨɛɪɚɡɰɟ ɡɚɥɨɠɢɥɢ ɞɟ-
ɮɟɤɬ ɜ ɜɢɞɟ ɪɚɫɫɥɨɟɧɢɹ. Ⱦɚɧɧɵɣ ɨɛɪɚɡɟɰ ɢɫɫɥɟɞɨɜɚ-
ɥɢ ɜɫɟɦɢ ɪɚɧɟɟ ɩɟɪɟɱɢɫɥɟɧɧɵɦɢ ɫɩɟɰɢɚɥɶɧɵɦɢ ɚɤɭ-
ɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ, ɤɪɨɦɟ ɚɤɭɫɬɢɤɨ-ɬɨɩɨɝɪɚɮɢ-
ɱɟɫɤɨɝɨ ɦɟɬɨɞɚ. Ⱦɟɮɟɤɬ ɜɵɹɜɢɥɢ ɬɨɥɶɤɨ ɨɞɧɢɦ ɦɟ-
ɬɨɞɨɦ – ɫɩɟɤɬɪɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɦɟɬɨɞɚ ɫɜɨɛɨɞɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɫ ɩɨɦɨɳɶɸ ɞɟɮɟɤɬɨɫɤɨɩɚ ȺȾ-64Ɇ ɫ  
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɫɧɚɛɠɟɧɧɨɝɨ 
ɦɢɤɪɨɮɨɧɧɵɦ ɩɪɢɟɦɧɢɤɨɦ. 

 
Ɉɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɥɚ-
ɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɩɟɰɢɚɥɶɧɵɯ ɧɢɡ-
ɤɨɱɚɫɬɨɬɧɵɯ ɚɤɭɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɵ 
ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɫɯɟɦɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɫɢɫɬɟɦɨɣ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɚɧɚɥɨɝɢɣ, 

Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɛɨɪɚɦɢ ȺȾ-42ɂ (–––), ȺȾ-64Ɇ (---) ɢ ȺȾ-10ɍ (– – –) 
ɨɛɪɚɡɰɨɜ ɢɡ ɧɟɨɛɪɚɛɨɬɚɧɧɨɝɨ (ɚ) ɢ ɨɛɪɚɛɨɬɚɧɧɨɝɨ (ɛ) ɭɝɥɟɩɥɚɫɬɢɤɚ ȼɄɍ-17Ʉɗ0,1 
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ɞɥɹ ɢɡɥɭɱɚɸɳɟɝɨ ɢ ɩɪɢɟɦɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɟɬɨɞɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɦɩɥɢ-
ɬɭɞɚ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɢɡɞɟɥɢɹ ɜ ɡɨɧɟ ɜɨɡ-
ɛɭɠɞɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɜɜɨɞɢɦɭɸ ɦɨɳɧɨɫɬɶ 
ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ, ɡɚɜɢɫɢɬ ɨɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Zɤ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɤɨɧɬɚɤɬɧɨɣ ɝɢɛɤɨɫɬɶɸ, ɢ ɭɦɟɧɶɲɚ-
ɟɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɦɨɞɭɥɹ еZɤе. ɍɩɪɭɝɢɣ ɢɦɩɟɞɚɧɫ 
Zɤ ɭɦɟɧɶɲɚɟɬ ɚɦɩɥɢɬɭɞɭ ɫɤɨɪɨɫɬɢ       ɨɩɪɟɞɟɥɹɸ-
ɳɭɸ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɩɪɢɟɦɧɨɝɨ ɩɪɟɨɛɪɚ-
ɡɨɜɚɬɟɥɹ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɝɢɛ-
ɤɨɫɬɢ ɫɭɯɨɝɨ ɬɨɱɟɱɧɨɝɨ ɤɨɧɬɚɤɬɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ 
ɭɩɪɭɝɢɣ ɢɦɩɟɞɚɧɫ Zɤ ɭɦɟɧɶɲɚɟɬ ɱɭɜɫɬɜɢɬɟɥɶ-
ɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɤ ɢɡɦɟɧɟɧɢɸ ɢɦɩɟɞɚɧɫɚ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɧɚ ɨɛɪɚɡɰɚɯ ɩɨɡɜɨɥɢɥɢ ɭɬɨɱɧɢɬɶ ɬɨɥɳɢɧɵ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɢɡɞɟɥɢɣ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɫɩɟ-
ɰɢɚɥɶɧɵɯ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɚɤɭɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. 
Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɡɚɤɥɸɱɟɧɢɹ. 

1. ɂɦɩɟɞɚɧɫɧɵɣ ɦɟɬɨɞ, ɪɟɚɥɢɡɭɟɦɵɣ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɫɨɜɦɟɳɟɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɨɛɥɚɞɚ-
ɟɬ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɛɥɢɡɤɨɪɚɫɩɨɥɨ-

ɠɟɧɧɵɦ ɞɟɮɟɤɬɚɦ, ɧɨ ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 
ɬɨɥɶɤɨ ɨɛɴɟɤɬɵ ɦɚɥɨɣ ɬɨɥɳɢɧɵ. ɂɦɩɟɞɚɧɫɧɵɣ 
ɦɟɬɨɞ, ɪɟɚɥɢɡɭɟɦɵɣ ɫ ɪɚɡɞɟɥɶɧɨ-ɫɨɜɦɟɳɟɧɧɵɦ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ, ɨɛɥɚɞɚɟɬ ɦɟɧɶɲɟɣ ɱɭɜɫɬɜɢ-
ɬɟɥɶɧɨɫɬɶɸ ɤ ɛɥɢɡɤɨɪɚɫɩɨɥɨɠɟɧɧɵɦ ɞɟɮɟɤɬɚɦ, ɧɨ 
ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɨɛɴɟɤɬɵ ɜɞɜɨɟ ɛɨɥɶ-
ɲɟɣ ɬɨɥɳɢɧɵ, ɱɟɦ ɩɪɢ ɤɨɧɬɪɨɥɟ ɢɦɩɟɞɚɧɫɧɵɦ 
ɦɟɬɨɞɨɦ, ɪɟɚɥɢɡɭɟɦɵɦ ɫ ɪɚɡɞɟɥɶɧɨ-ɫɨɜɦɟɳɟɧɧɵɦ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ. 

2. Ɏɚɡɨɜɵɣ ɜɚɪɢɚɧɬ ɜɟɥɨɫɢɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ 
ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɪɢ ɤɨɧɬɪɨɥɟ ɨɛɴɟɤɬɨɜ ɢɡ ɧɟ-
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɲɟɪɨɯɨɜɚɬɵɦɢ ɩɨɜɟɪɯ-
ɧɨɫɬɹɦɢ. ȼɪɟɦɟɧɧɨ́ɣ ɜɚɪɢɚɧɬ ɜɟɥɨɫɢɦɟɬɪɢɱɟɫɤɨɝɨ 
ɦɟɬɨɞɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
(ɦɟɪɬɜɵɯ) ɡɨɧ ɩɨ ɬɨɥɳɢɧɟ ɨɛɴɟɤɬɚ ɤɨɧɬɪɨɥɹ. 

3. Ɇɟɬɨɞ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢɦɟɟɬ ɩɪɟɢɦɭ-
ɳɟɫɬɜɨ ɩɪɢ ɤɨɧɬɪɨɥɟ ɢɡɞɟɥɢɣ ɫ ɦɚɥɵɦ ɢɦɩɟɞɚɧ-
ɫɨɦ ɢ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɡɚɬɭɯɚɧɢɹ ɭɩɪɭɝɢɯ  
ɤɨɥɟɛɚɧɢɣ. 

4. Ⱥɤɭɫɬɢɤɨ-ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɛɥɚɞɚɟɬ 
ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɨɫɨɛɟɧɧɨ ɩɪɢ 
ɤɨɧɬɪɨɥɟ ɩɚɹɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɦɚɥɨɣ ɬɨɥɳɢɧɨɣ 
ɜɟɪɯɧɟɝɨ ɥɢɫɬɚ. 
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