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ɉɪɟɞɫɬɚɜɥɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɛɪɨɧɢ. Ɋɚɡɪɚɛɨɬɚɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɩɪɢɧɰɢɩ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɛɪɨɧɢ ɫ ɤɟɪɚɦɢɱɟɫɤɢɦ ɥɢɰɟɜɵɦ ɫɥɨɟɦ. Ɉɩɪɟɞɟɥɟɧɵ ɡɧɚɱɢɬɟɥɶɧɵɟ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɧɨɝɨɫɥɨɣɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɜɵɫɨɤɨɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɢɬɟɣ ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɤɨɦɩɨɡɢɬɚɦɢ ɧɚ ɨɫɧɨɜɟ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɦɟɧɹɟɦɵɯ ɬɤɚɧɟɣ. ɋɨɡɞɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɩɪɨɧɢɤɚɧɢɹ ɠɟɫɬɤɢɯ ɫɟɪɞɟɱɧɢɤɨɜ ɛɪɨɧɟɛɨɣɧɵɯ ɩɭɥɶ ɜ ɩɨɥɢɦɟɪɤɟɪɚɦɢɱɟɫɤɭɸ ɛɪɨɧɸ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɭ ɛɪɨɧɢ ɛɟɡ ɩɪɨɜɟɞɟɧɢɹ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɨɝɧɟɫɬɪɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ. 

Ʉɥɸчɟɜыɟ ɫɥɨɜа: ɩɨɥɢɦɟɪɤɟɪɚɦɢɱɟɫɤɚɹ ɛɪɨɧɹ, ɜɵɫɨɤɨɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɢɬɢ, ɩɨɥɢɭɪɟɬɚɧɨɜɨɟ ɪɟɚɤɬɨ-
ɩɥɚɫɬɢɱɧɨɟ ɫɜɹɡɭɸɳɟɟ. 
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COMPLEX  SCIENTIFIC-TECHNOLOGICAL  APPROACH 

TO DEVELOPING  LIGHT  POLYMERCERAMIC  ARMOR 
 

This paper presents researches on development of the combined armor. The technological principle of produ-

cing the combined armor with a ceramic facing layer has been developed. Considerable advantages of using multi-
layered materials based on high-oriented yarns in compared with composites on the basis of traditionally used 
fabrics have been determined. The developed mathematical model of depositing hard cores of armor-piercing bul-
lets into the polymerceramic armor gives a possibility to forecast a composition and a structure of the armor  
without conducting high-cost firing tests. 

Keywords: polymerceramic armor, high-oriented yarns, polyurethane thermosetting-plastic binder. 
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ɉɨɹɜɥɟɧɢɟ ɧɨɜɵɯ ɬɢɩɨɜ ɷɮɮɟɤɬɢɜɧɵɯ ɛɪɨɧɟɛɨɣ-
ɧɵɯ ɛɨɟɩɪɢɩɚɫɨɜ ɜɵɞɜɢɧɭɥɨ ɩɟɪɟɞ ɪɚɡɪɚɛɨɬɱɢɤɚɦɢ 
ɥɟɝɤɨɛɪɨɧɢɪɨɜɚɧɧɨɣ ɢ ɧɟɛɪɨɧɢɪɨɜɚɧɧɨɣ ɬɟɯɧɢɤɢ ɚɤ-
ɬɭɚɥɶɧɭɸ ɡɚɞɚɱɭ – ɩɨɜɵɲɟɧɢɟ ɟɟ ɡɚɳɢɳɟɧɧɨɫɬɢ, ɚ 
ɬɚɤɠɟ ɡɚɳɢɳɟɧɧɨɫɬɢ ɥɸɞɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɧɟɣ. Ȼɪɨ-
ɧɟɜɚɹ ɡɚɳɢɬɚ ɤɚɤ ɜ ɜɨɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɬɚɤ ɢ ɜ ɝɪɚɠɞɚɧ-
ɫɤɨɣ ɨɬɪɚɫɥɢ ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɥɭɱɟɧɢɹ ɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɢɦɢ ɡɚɳɢɬɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɢ ɛɨɥɟɟ ɧɢɡɤɨɣ, ɱɟɦ ɭ ɬɪɚɞɢɰɢɨɧɧɨ ɢɫ-
ɩɨɥɶɡɭɟɦɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɛɪɨɧɢ, ɩɥɨɬɧɨɫɬɶɸ [1, 2]. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɩɭɬɟɦ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɨ-
ɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɢ ɫɧɢɠɟɧɢɹ ɦɚɫɫɵ ɛɪɨɧɟɜɨɣ 
ɡɚɳɢɬɵ, ɧɚɪɹɞɭ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɫɬɚɥɚ 
ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɛɪɨɧɢ ɫ ɤɟɪɚɦɢɱɟɫɤɢɦ 
ɥɢɰɟɜɵɦ ɫɥɨɟɦ ɢ ɩɨɞɥɨɠɤɨɣ ɢɡ ɤɨɦɩɨɡɢɬɚ ɢɥɢ ɦɟ-
ɬɚɥɥɚ, ɨɛɥɚɞɚɸɳɟɣ ɩɨɜɵɲɟɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɞɟɣ-
ɫɬɜɢɸ ɛɪɨɧɟɛɨɣɧɵɯ ɩɭɥɶ. Ɍɚɤɚɹ ɫɬɪɭɤɬɭɪɚ ɛɪɨɧɢ 
ɩɨɡɜɨɥɹɟɬ ɜ 2–3 ɪɚɡɚ ɫɧɢɡɢɬɶ ɦɚɫɫɭ ɢɡɞɟɥɢɹ ɢɡ ɧɟɟ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɫɫɨɣ ɢɡɞɟɥɢɹ ɢɡ ɪɚɜɧɨɫɬɨɣɤɨɣ 
ɫɬɚɥɶɧɨɣ ɛɪɨɧɢ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɢ [3, 4]. 

ɂɫɯɨɞɹ ɢɡ ɚɧɚɥɢɡɚ ɦɢɪɨɜɵɯ ɬɟɧɞɟɧɰɢɣ ɜ ɨɛ-
ɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɣ ɤɨɦɛɢɧɢɪɨ-
ɜɚɧɧɨɣ ɛɪɨɧɢ ɧɚ ɨɫɧɨɜɟ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢ-
ɚɥɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɧɨɜɭɸ ɨɛɥɟɝɱɟɧɧɭɸ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɭɸ ɛɪɨɧɸ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɤɟɪɚɦɢ-

ɱɟɫɤɨɣ ɨɫɧɨɜɵ, ɚɪɚɦɢɞɧɨɣ ɩɨɞɥɨɠɤɢ ɫ ɡɚɞɚɧɧɨɣ 
ɨɪɢɟɧɬɚɰɢɟɣ ɚɪɦɢɪɭɸɳɢɯ ɧɢɬɟɣ ɢ ɩɨɥɢɦɟɪɧɨɣ 
ɦɚɬɪɢɰɵ ɫ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɬɜɟɪɠɞɟɧɢɹ. 

ɋɬɪɨɟɧɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɛɪɨɧɢ ɢ ɩɪɢɧɰɢɩ 
ɟɟ ɪɚɛɨɬɵ ɩɨ ɪɚɡɪɭɲɟɧɢɸ ɩɭɥɶ ɫɬɪɟɥɤɨɜɨɝɨ ɨɪɭ-
ɠɢɹ ɫ ɬɟɪɦɨɭɩɪɨɱɧɟɧɧɵɦ ɫɟɪɞɟɱɧɢɤɨɦ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɧɚ ɪɢɫ. 1. ȼɢɞɧɨ, ɱɬɨ ɤɟɪɚɦɢɤɚ ɹɜɥɹɟɬɫɹ 
ɠɟɪɬɜɟɧɧɵɦ ɫɥɨɟɦ, ɤɨɬɨɪɵɣ, ɪɚɡɪɭɲɚɹɫɶ ɫɚɦ, 
ɪɚɡɪɭɲɚɟɬ ɬɟɪɦɨɭɩɪɨɱɧɟɧɧɵɣ ɫɟɪɞɟɱɧɢɤ, ɚ ɩɨɞ-
ɥɨɠɤɚ ɭɥɚɜɥɢɜɚɟɬ ɮɪɚɝɦɟɧɬɵ ɪɚɡɪɭɲɟɧɧɨɣ ɤɟɪɚ-
ɦɢɤɢ ɢ ɩɨɪɚɠɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ [5, 6].  

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɨɜɨɣ ɤɟɪɚɦɢɤɢ ɛɵɥ ɨɩɪɟɞɟ-
ɥɟɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ ɢɡɝɨɬɨɜɥɟɧɢɹ – ɪɟɚɤ-
ɰɢɨɧɧɨɟ ɫɩɟɤɚɧɢɟ. Ɍɚɤɨɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢ-
ɤɢ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɦ ɜ ɫɟ-
ɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɦɟɸɳɢɣ 
ɦɢɧɢɦɚɥɶɧɭɸ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ [7]. ɉɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɪɭɤɨɜɨɞɫɬɜɨɜɚɥɢɫɶ ɨɩɵɬɨɦ ɢ 
ɬɟɯɧɨɥɨɝɢɟɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɨɣ 
ɛɪɨɧɟɩɥɢɬɤɢ ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ, ɤɨɬɨɪɚɹ 
ɜɤɥɸɱɚɥɚ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ Д8Ж: 

– ɮɨɪɦɢɪɨɜɚɧɢɟ ɲɢɯɬɵ ɢɡ ɡɟɪɟɧ ɤɚɪɛɢɞɨɜ ɤɪɟɦɧɢɹ 
ɢ ɛɨɪɚ, ɫɦɟɫɢ ɛɚɤɟɥɢɬɨɜɨɝɨ ɥɚɤɚ ɫ ɢɡɨɩɪɨɩɢɥɨɜɵɦ 
ɫɩɢɪɬɨɦ; ɜɵɛɪɚɧɵ ɩɪɨɩɨɪɰɢɢ ɩɨ ɤɪɭɩɧɨɣ, ɫɪɟɞɧɟɣ ɢ 
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ɦɟɥɤɨɣ ɮɪɚɤɰɢɹɦ ɩɨɪɨɲɤɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɢɥɢ 
ɩɨɥɭɱɢɬɶ ɡɚɝɨɬɨɜɤɭ ɫ ɩɥɨɬɧɨɫɬɶɸ 1,7 ɝ/ɫɦ3 ɩɪɢ 
ɫɨɞɟɪɠɚɧɢɢ ɫɜɹɡɭɸɳɟɝɨ 12% ɨɬ ɢɯ ɦɚɫɫɵ; 

– ɩɪɟɫɫɨɜɚɧɢɟ ɡɚɝɨɬɨɜɨɤ ɩɨɞ ɞɚɜɥɟɧɢɟɦ  
55–70 Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 18–25°ɋ ɫ ɜɵɞɟɪɠ-
ɤɨɣ 1–2 ɦɢɧ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɩɪɢ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ (ɩɥɨɬɧɨɫɬɶ ɡɚɝɨɬɨɜɤɢ – ɧɟ ɦɟɧɟɟ 
1,7 ɝ/ɫɦ3); 

– ɡɚɝɪɭɡɤɚ ɡɚɝɨɬɨɜɨɤ ɜ ɩɟɱɶ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɢɡɛɵɬɤɟ 
ɤɭɫɤɨɜɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɪɟɦɧɢɹ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ; 

– ɪɟɚɤɰɢɨɧɧɨɟ ɫɩɟɤɚɧɢɟ. 
ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɪɚɛɨ-

ɬɚɧɧɨɣ ɤɟɪɚɦɢɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɨɛɳɟɧɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɵɯ ɛɪɨɧɟɜɵɯ 
ɤɟɪɚɦɢɤ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ Д8Ж. ɉɚɪɚɦɟɬɪɵ 

ɦɚɬɟɪɢɚɥɚ ɨɩɪɟɞɟɥɹɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɵɦɢ 
ɦɟɬɨɞɢɤɚɦɢ ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɫɬɚɧɞɚɪɬɚɦɢ. 

ȼɢɞɧɨ, ɱɬɨ ɧɨɜɚɹ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɤɟɪɚɦɢɤɚ ɩɨ 
ɨɫɧɨɜɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɧɟ ɭɫɬɭɩɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɤɚɪɛɢɞɚ 
ɤɪɟɦɧɢɹ, ɚ ɩɨ ɧɟɤɨɬɨɪɵɦ – ɞɚɠɟ ɩɪɟɜɨɫɯɨɞɢɬ ɢɯ [9]. 

Ⱦɥɹ ɪɚɧɠɢɪɨɜɚɧɢɹ ɚɪɦɢɪɭɸɳɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ 
ɩɨ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɷɧɟɪɝɨɩɨɝɥɨɳɟɧɢɸ ɮɪɚɝɦɟɧɬɨɜ 
ɪɚɡɪɭɲɟɧɧɨɣ ɤɟɪɚɦɢɤɢ ɪɚɡɪɚɛɨɬɚɧ ɨɪɢɝɢɧɚɥɶɧɵɣ 
ɦɟɬɨɞ ɩɪɨɞɚɜɥɢɜɚɧɢɹ ɤɨɦɩɨɡɢɬɧɨɣ ɩɨɞɥɨɠɤɢ  
ɲɚɪɨɦ*. Ⱦɢɚɦɟɬɪ ɲɚɪɚ ɜɵɛɢɪɚɥɢ ɢɡ ɭɫɥɨɜɢɹ: 
do>dɲ+hɩɥ, ɝɞɟ do – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɨɛɨɣɦɵ, ɜ 
ɤɨɬɨɪɨɣ ɤɪɟɩɢɬɫɹ ɤɨɦɩɨɡɢɬɧɚɹ ɩɨɞɥɨɠɤɚ; dɲ – ɞɢɚ-
ɦɟɬɪ ɲɚɪɚ; hɩɥ – ɬɨɥɳɢɧɚ ɤɨɦɩɨɡɢɬɧɨɣ ɩɨɞɥɨɠɤɢ. 
ɇɚɝɪɭɠɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 10 ɦɦ/ɦɢɧ [10]. 

Ɋɢɫ. 1. ɋɬɪɨɟɧɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɛɪɨɧɢ ɢ ɩɪɢɧɰɢɩ ɟɟ ɪɚɛɨɬɵ 

* ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫɨɜɦɟɫɬɧɨ ɫ Ⱥ.Ȼ. ɋɢɧɚɧɢ (Ɏɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦ. Ⱥ.Ɏ. ɂɨɮɮɟ). 

ɇɟɩɪɨɛɢɬɢɟ ɛɪɨɧɟɷɥɟɦɟɧɬɚ ɫ ɷɤɪɚɧɨɦ  
ɢɡ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɥɢɬɤɢ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ 

ɩɭɥɢ ɬɢɩɚ Ȼ-32, ɜɵɩɭɳɟɧɧɨɣ ɢɡ ɜɢɧɬɨɜɤɢ ɋȼȾ 

Ɏɪɚɝɦɟɧɬ ɫɟɪɞɟɱɧɢɤɚ ɩɭɥɢ Ȼ-32  
ɩɨɫɥɟ ɟɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  

ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɪɟɝɪɚɞɨɣ 
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Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢɣ ɢ ɢɯ ɫɬɨɢɦɨɫɬɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɜɟɞɟɧɢɟɦ ɩɨɥɧɨɦɚɫɲɬɚɛɧɵɯ ɨɝ-
ɧɟɫɬɪɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ 
ɩɨɥɢɦɟɪɤɟɪɚɦɢɱɟɫɤɨɣ ɛɪɨɧɢ. ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɤɨɦɩɨɡɢɬɧɵɯ ɨɛɪɚɡɰɨɜ, ɫɝɪɭɩɩɢɪɨɜɚɧɧɵɯ ɩɨ ɡɧɚ-
ɱɟɧɢɹɦ ɢɯ ɬɨɥɳɢɧɵ. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨ ɷɧɟɪɝɨɩɨ-
ɝɥɨɳɟɧɢɸ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɨɛɪɚɡɰɵ 4, 5 ɢ 8, 
ɜ ɤɨɬɨɪɵɯ ɜ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɟ ɚɪɚɦɢɞɧɵɟ ɢ ɩɨ-

ɥɢɷɬɢɥɟɧɨɜɵɟ ɫɬɪɭɤɬɭɪɵ, ɚ ɬɚɤɠɟ ɢɯ ɤɨɦɛɢɧɚɰɢɢ ɫ 
ɭɤɥɚɞɤɨɣ ɫɥɨɟɜ ɩɨɞ ɭɝɥɚɦɢ Д0°/90°Ж [11]. ȼ ɷɬɢɯ ɨɛ-
ɪɚɡɰɚɯ ɨɬɫɭɬɫɬɜɭɸɬ ɢɫɤɪɢɜɥɟɧɢɹ ɧɢɬɟɣ ɜ ɦɟɫɬɚɯ 
ɩɟɪɟɩɥɟɬɟɧɢɹ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɬɤɚɧɹɯ, ɭ ɤɨɬɨɪɵɯ ɜ 
ɷɬɢɯ ɡɨɧɚɯ ɢɧɢɰɢɢɪɭɟɬɫɹ ɪɚɡɪɭɲɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɢ 
ɩɨɩɟɪɟɱɧɨɦ ɧɚɝɪɭɠɟɧɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɢɫɯɨɞ-
ɧɚɹ ɩɪɨɱɧɨɫɬɶ ɧɢɬɟɣ ɫɧɢɠɚɟɬɫɹ ɞɨ 20% [12]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɫɬɪɭɤɬɭɪɵ ɨɞɧɨɧɚ-
ɩɪɚɜɥɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɜɟɞɟɧɵ ɧɚ ɦɨɞɟɥɶɧɵɯ 
ɨɛɪɚɡɰɚɯ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɜɡɹɬ ɡɚɪɭɛɟɠɧɵɣ 
ɦɚɬɟɪɢɚɥ LFT ɧɚ ɨɫɧɨɜɟ ɚɪɚɦɢɞɧɵɯ ɧɢɬɟɣ Ɍɜɚɪɨɧ ɫ 
ɥɢɧɟɣɧɨɣ ɩɥɨɬɧɨɫɬɶɸ 93 ɬɟɤɫ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹ-
ɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɜɵɫɨɤɨɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɤɨɪɞɧɵɯ 

Ɍɚɛɥɢɰɚ 1 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɪɨɧɟɜɵɯ ɤɟɪɚɦɢɤ 

Ɇɚɬɟɪɢɚɥ 
ɉɥɨɬɧɨɫɬɶ, 

ɝ/ɫɦ3 
Ɍɜɟɪɞɨɫɬɶ, 

Ƚɉɚ 

ɉɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɢɡɝɢɛɟ, 

Ɇɉɚ 

ȼɹɡɤɨɫɬɶ 
ɪɚɡɪɭɲɟɧɢɹ, 

 
ɦɆɉɚ

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ, 

Ƚɉɚ 

Ʉɪɢɬɟɪɢɣ  
ɋɬɢɝɥɢɰɚ, 

(Ƚɉɚ2·ɦ3)/ɤɝ 

Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ 
(Al2O3) 

3,9 12÷16 250÷350 2,5÷3,4 200÷300 0,6÷1,2 

Ɋɟɚɤɰɢɨɧɧɨɫɩɟɱɟɧɧɵɣ 
ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ (SiC) 3,1 18÷20 260÷320 2,2÷3,5 360÷380 2,1÷2,5 

Ʉɚɪɛɢɞ ɛɨɪɚ (ȼ4ɋ) 2,5 28÷34 320÷400 3,3 360÷400 4,0÷5,4 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɚɪɛɢɞ-
ɧɚɹ ɤɟɪɚɦɢɤɚ 

2,7 25÷28 280÷380 2,0÷2,5 380÷400 3,5÷4,1 

Ɋɢɫ. 2. Ⱦɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢɫɩɵɬɚɧɧɵɯ ɤɨɦɩɨɡɢɬɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɵɯ (1–3, 6, 7, 9–11)  
ɢ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ (4, 5, 8) ɦɚɬɟɪɢɚɥɨɜ 
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ɬɤɚɧɟɣ ɫɨ ɫɥɚɛɵɦ ɩɨɥɢɷɮɢɪɧɵɦ ɭɬɤɨɦ, ɫɨɟɞɢɧɟɧ-
ɧɵɯ ɜ ɞɜɭɯɫɥɨɣɧɨɟ ɩɨɥɨɬɧɨ c ɭɤɥɚɞɤɨɣ Д0°/90°Ж 
ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɣ ɩɥɟɧɤɨɣ. 

Ȼɪɨɧɟɜɵɟ ɩɚɤɟɬɵ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ 
ɫɬɪɭɤɬɭɪ ɫɨɛɢɪɚɥɢ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɧɢɬɟɣ ɩɨɞ 
ɭɝɥɚɦɢ 0°, ˃45° ɢ 90°. ɉɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɨɪɢɟɧɬɚ-
ɰɢɢ ɧɢɬɟɣ ɜ ɫɨɫɟɞɧɢɯ ɫɥɨɹɯ ɜɚɪɶɢɪɨɜɚɥɢ ɫɬɟɩɟɧɶ 
ɚɧɢɡɨɬɪɨɩɢɢ ɛɪɨɧɟɩɚɤɟɬɚ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɣ Д˃45°Ж 
ɞɨ ɦɢɧɢɦɚɥɶɧɨɣ Д0°/90°Ж. ɂɫɩɵɬɚɧɢɹ ɧɚ ɩɪɨɬɢɜɨ-
ɨɫɤɨɥɨɱɧɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɩɭɬɟɦ ɨɛɫɬɪɟɥɚ 
ɢɦɢɬɚɬɨɪɚɦɢ ɨɫɤɨɥɤɚ – ɫɬɚɥɶɧɵɦɢ ɲɚɪɢɤɚɦɢ ɞɢɚ-
ɦɟɬɪɨɦ 6,35 ɦɦ ɢ ɦɚɫɫɨɣ 1,05 ɝ. ȼ ɛɪɨɧɟɩɚɤɟɬ ɩɪɨ-
ɢɡɜɨɞɢɥɢ 20 ɜɵɫɬɪɟɥɨɜ. ɋɤɨɪɨɫɬɶ 50%-ɧɨɝɨ ɧɟɩɪɨ-
ɛɢɬɢɹ (V50% ɧɩɪɛ) ɨɩɪɟɞɟɥɹɥɢ ɩɨ ȽɈɋɌ Ɋ 50744. ȼ 
ɬɚɛɥ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɚɪɢɚɧɬɵ ɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɶ-
ɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɢɯ ɩɪɨɬɢɜɨɨɫɤɨɥɨɱɧɚɹ ɫɬɨɣɤɨɫɬɶ. 

ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɬɢɜɨ-
ɨɫɤɨɥɨɱɧɨɣ ɫɬɨɣɤɨɫɬɢ ɛɪɨɧɟɩɚɤɟɬɚ ɨɬ ɫɬɟɩɟɧɢ 
ɚɧɢɡɨɬɪɨɩɢɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɟɝɨ ɫɥɨɟɜ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɯ ɩɨɞ ɭɝɥɨɦ 45° ɞɪɭɝ ɤ ɞɪɭɝɭ. ȼɢɞɧɨ, ɱɬɨ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɚɧɢɡɨɬɪɨɩɢɢ ɛɪɨɧɟɩɚɤɟɬɚ 
ɟɝɨ ɩɪɨɬɢɜɨɨɫɤɨɥɨɱɧɚɹ ɫɬɨɣɤɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɧɚ 
з14%. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ «ɩɫɟɜɞɨɭɜɟɥɢɱɟɧɢɟɦ» 
ɤɚɥɢɛɪɚ ɢɦɢɬɚɬɨɪɚ ɨɫɤɨɥɤɚ ɡɚ ɫɱɟɬ ɧɢɬɟɣ, ɫɥɟɞɭɸ-
ɳɢɯ ɡɚ ɧɢɦ ɱɟɪɟɡ ɬɨɥɳɢɧɭ ɨɛɪɚɡɰɚ ɜɫɥɟɞɫɬɜɢɟ ɟɝɨ 
ɪɟɝɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ. ɋɧɢɠɟɧɢɟ ɥɢɧɟɣɧɨɣ ɩɥɨɬɧɨ-
ɫɬɢ ɧɢɬɟɣ ɜ ɬɚɤɨɦ ɛɪɨɧɟɦɚɬɟɪɢɚɥɟ ɦɨɠɟɬ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɟɝɨ ɛɪɨɧɟɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ. 

ɋ ɭɱɟɬɨɦ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɟɞɟɧɚ ɨɩ-
ɬɢɦɢɡɚɰɢɹ ɫɬɪɭɤɬɭɪɵ ɦɧɨɝɨɫɥɨɣɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ ɧɢɬɟɣ ɫ ɬɨɱɤɢ ɡɪɟ-
ɧɢɹ ɩɪɨɬɢɜɨɨɫɤɨɥɨɱɧɨɣ ɫɬɨɣɤɨɫɬɢ. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3. 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ V50% ɧɩɪɛ ɛɪɨɧɟɩɚɤɟɬɚ ɢɡ 19 ɫɥɨɟɜ ɦɚɬɟ-
ɪɢɚɥɚ LFT (ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ 4 ɤɝ/ɦ2) ɨɬ ɫɨɞɟɪɠɚɧɢɹ 
ɜ ɩɚɤɟɬɟ ɫɥɨɟɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɞ ɭɝɥɨɦ 45° (ɩɨɤɚɡɚɧɚ 
ɫɬɪɭɤɬɭɪɚ ɫɥɨɟɜ ɛɪɨɧɟɩɚɤɟɬɨɜ ɨɛɪɚɡɰɨɜ 1, 4 ɢ 5 – ɫɦ. ɬɚɛɥ. 2) 

Ɍɚɛɥɢɰɚ 2 

ɋɬɪɭɤɬɭɪɚ ɦɨɞɟɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ  
(ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ ɢɫɩɵɬɵɜɚɟɦɵɯ ɩɚɤɟɬɨɜ 4 ɤɝ/ɦ2) ɢ ɢɯ ɩɪɨɬɢɜɨɨɫɤɨɥɨɱɧɚɹ ɫɬɨɣɤɨɫɬɶ* 

ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ 

ɨɛɪɚɡɰɚ 

ɋɬɪɭɤɬɭɪɚ ɦɨɞɟɥɶɧɵɯ 

ɨɛɪɚɡɰɨɜ 

ɋɬɟɩɟɧɶ ɚɧɢɡɨɬɪɨɩɢɢ 

ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɫɥɨɟɜ 45°, % 

V50% ɧɩɪɛ, 
ɦ/ɫ 

1 

2 

3 

4 

5 

[0°/˃45°/90°]n 

[0°/˃45°/90°/˃45°]n 

[0°/+45°/90°/0°/-45°/90°]n 

[0°/+45°/90°/-45°]n 

[0°/90°]n 

50 

67 

83 

100 

0 

478 

482 

493 

508 

444 

* Ⱦɥɹ ɛɪɨɧɟɩɚɤɟɬɚ ɫ ɬɨɣ ɠɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɨɣ ɬɤɚɧɢ ɚɪɬ. 5363/11, 
V50% ɧɩɪɛ=450 ɦ/ɫ. 

Ɍɚɛɥɢɰɚ 3 

ɉɪɨɬɢɜɨɨɫɤɨɥɨɱɧɵɟ ɫɜɨɣɫɬɜɚ ɦɧɨɝɨɫɥɨɣɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɧɚ ɨɫɧɨɜɟ ɜɵɫɨɤɨɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɢɬɟɣ ɢ ɬɤɚɧɵɯ ɛɪɨɧɟɦɚɬɟɪɢɚɥɨɜ 

ɋɬɪɭɤɬɭɪɚ 
ɛɪɨɧɟɦɚɬɟɪɢɚɥɨɜ 

Ɉɪɢɟɧɬɚɰɢɹ ɧɢɬɟɣ 
ɜ ɫɥɨɹɯ ɛɪɨɧɟɩɚɤɟɬɚ 

ɢ ɫɩɨɫɨɛ ɢɯ ɫɨɟɞɢɧɟɧɢɹ 

ɉɨɜɟɪɯɧɨɫɬɧɚɹ  
ɩɥɨɬɧɨɫɬɶ 

ɬɟɤɫɬɢɥɶɧɨɣ  
ɫɬɪɭɤɬɭɪɵ, ɤɝ/ɦ2 

ɉɪɨɬɢɜɨɨɫɤɨɥɨɱɧɚɹ ɫɬɨɣɤɨɫɬɶ  
V50% ɧɩɪɛ, ɦ/ɫ 

ɦɹɝɤɨɝɨ 
ɛɪɨɧɟɩɚɤɟɬɚ 

ɤɨɦɩɨɡɢɬɚ ɫ ɫɨɞɟɪɠɚ-
ɧɢɟɦ ɫɜɹɡɭɸɳɟɝɨ 40% 

Ɍɤɚɧɵɟ 

 

[0°/90°]n, 
ɩɟɪɟɩɥɟɬɟɧɢɟ 

4,0 
(ɚɪɚɦɢɞɧɚɹ ɬɤɚɧɶ) 480 370 

6,5 
(ɫɬɟɤɥɨɬɤɚɧɶ) 375 265 

Ⱦɜɭɯɨɫɧɵɟ (LFT) 

 

Д0°/90°Жn, 
ɩɨɥɢɷɮɢɪɧɵɣ ɭɬɨɤ; ɞɜɭɯɫɥɨɣɧɨɟ 
ɩɨɥɨɬɧɨ, ɫɨɟɞɢɧɟɧɧɨɟ ɩɨɥɢɷɬɢɥɟ-

ɧɨɜɨɣ ɩɥɟɧɤɨɣ 

4,0 508 416 

Ɇɧɨɝɨɫɥɨɣɧɵɟ 
(ɱɟɬɵɪɟɯɫɥɨɣɧɵɟ) 

 

[0°/+45°/90°/-45°]n,  
ɩɪɨɲɢɜɧɵɟ ɧɢɬɢ 

4,0 528 453 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɧɨɝɨɫɥɨɣɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɜɵɫɨɤɨɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ 
ɧɢɬɟɣ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɦɟɧɹɟɦɵɦɢ ɬɤɚɧɹɦɢ – 
ɤɚɤ ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɣ ɢɡɝɢɛ, ɬɚɤ 
ɢ ɩɨ ɡɚɳɢɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. 

ɗɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɚɪɦɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ 
ɫɨɫɬɚɜɟ ɤɨɦɩɨɡɢɬɧɨɣ ɩɨɞɥɨɠɤɢ ɜɵɩɨɥɧɹɟɬɫɹ ɛɥɚɝɨ-
ɞɚɪɹ ɨɩɬɢɦɚɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ – ɫɜɹɡɭɸɳɟɝɨ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɮɨɪɦɭ, ɤɨɧɫɬɪɭɤɰɢɨɧɧɭɸ ɠɟɫɬɤɨɫɬɶ ɢɡɞɟɥɢɹ ɢ  
ɜɦɟɫɬɟ ɫ ɬɟɦ ɩɨɡɜɨɥɹɬɶ ɟɦɭ ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ ɛɟɡ 
ɪɚɡɪɭɲɟɧɢɹ [13]. Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ  
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɪɢɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɚɧɚɥɨɝɢɱɧɵɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɤɨɦɩɨɡɢɬɚ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɟɫɩɟɱɢɬɶ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɭɸ ɠɟɫɬɤɨɫɬɶ ɛɪɨɧɟɷɥɟɦɟɧɬɚ ɢ ɟɝɨ ɜɵ-
ɫɨɤɢɟ ɡɚɳɢɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɤɚɡɚɥ ɩɪɟɢɦɭɳɟ-
ɫɬɜɨ ɩɨɥɢɭɪɟɬɚɧɨɜɨɝɨ ɪɟɚɤɬɨɩɥɚɫɬɢɱɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ. 

Ɋɚɡɪɚɛɨɬɤɭ ɜɵɫɨɤɨɷɥɚɫɬɢɱɧɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ 
ɫɜɹɡɭɸɳɟɝɨ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɟɬɚɧɨ-
ɜɨɝɨ ɷɥɚɫɬɨɦɟɪɚ ɋɄɍ-ɉɎɅ. Ⱦɥɹ ɟɝɨ ɨɬɜɟɪɠɞɟɧɢɹ 
ɩɪɢɦɟɧɹɥɢ 3,3′-ɞɢɯɥɨɪ-4,4′-ɞɢɚɦɢɧɨɞɢɮɟɧɢɥɦɟɬɚɧ 
(Ⱦɢɚɦɟɬ ɏ) [14]. ȼɥɢɹɧɢɟ ɤɨɥɢɱɟɫɬɜɚ Ⱦɢɚɦɟɬɚ ɏ 
ɧɚ ɫɜɨɣɫɬɜɚ ɫɜɹɡɭɸɳɟɝɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥ. 4. 

Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɩɨɞɥɨɠɤɢ ɛɟɡ ɫɧɢ-
ɠɟɧɢɹ ɟɟ ɭɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ, ɨɛɟɫɩɟɱɢ-
ɜɚɸɳɢɯ ɷɮɮɟɤɬɢɜɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɷɧɟɪɝɢɢ ɪɚɡɪɭ-
ɲɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɩɭɥɢ ɢ ɤɟɪɚɦɢɤɢ, ɩɪɨɜɟɞɟɧɚ 
ɨɩɬɢɦɢɡɚɰɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɫɜɹɡɭɸɳɟɦ ɦɨɞɢɮɢɤɚ-

ɬɨɪɚ (ɷɩɨɤɫɢɞɧɨ-ɞɢɚɧɨɜɚɹ ɫɦɨɥɚ ɗȾ-20, ɨɬɜɟɪɞɢ-
ɬɟɥɟɦ ɞɥɹ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ Ⱦɢɚɦɟɬ ɏ). ɗɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɦɨɞɢɮɢɤɚɬɨɪɚ: 10 ɦɚɫ. ɱ. 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɫɥɨɣ-
ɧɨɣ ɩɪɨɱɧɨɫɬɢ ɨɪɝɚɧɨɤɨɦɩɨɡɢɬɚ ɞɥɹ ɭɪɟɬɚɧɨɜɨɝɨ 
ɷɥɚɫɬɨɦɟɪɚ ɫ ɪɚɡɥɢɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ Ⱦɢɚɦɟɬɚ ɏ ɨɬ 
ɫɨɞɟɪɠɚɧɢɹ ɦɨɞɢɮɢɤɚɬɨɪɚ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɫɜɹɡɭɸɳɟɟ ɪɚɡɛɚɜɥɹɥɢ ɨɪɝɚɧɢɱɟ-
ɫɤɢɦ ɩɨɥɹɪɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ – ɚɰɟɬɨɧɨɦ. 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɚɰɟɬɨɧɚ ɜɵɛɪɚɧɚ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɦ ɩɭɬɟɦ ɢ ɫɨɫɬɚɜɥɹɟɬ ɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨ-
ɥɢɱɟɫɬɜɨ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ 
Ⱦɢɚɦɟɬɚ ɏ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɭɠɧɨɣ ɜɹɡɤɨɫɬɢ ɫɜɹɡɭ-
ɸɳɟɝɨ. ȼɵɛɨɪ ɚɰɟɬɨɧɚ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɨɧ ɜɵɩɭɫɤɚɟɬɫɹ ɜ ɩɪɨɦɵɲ-
ɥɟɧɧɵɯ ɨɛɴɟɦɚɯ, ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɥɟɬɭɱɟɫɬɶɸ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨ-
ɫɬɶɸ ɢɫɩɚɪɹɟɬɫɹ ɢɡ ɩɪɨɩɢɬɚɧɧɨɣ ɫɜɹɡɭɸɳɢɦ ɡɚ-
ɝɨɬɨɜɤɢ ɤ ɦɨɦɟɧɬɭ ɫɦɵɤɚɧɢɹ ɩɭɚɧɫɨɧɚ ɫ ɦɚɬɪɢ-
ɰɟɣ. ɉɪɨɰɟɫɫ ɧɚɧɟɫɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɫɨɫɬɚɜɥɹɟɬ 
ɧɟ ɛɨɥɟɟ 45 ɦɢɧ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30°ɋ. 

ȼɵɛɨɪ ɪɟɠɢɦɚ ɨɬɜɟɪɠɞɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬ-
ɪɢɰɵ ɩɪɨɜɟɞɟɧ ɫ ɩɨɦɨɳɶɸ ɢɧɮɪɚɤɪɚɫɧɨɣ Ɏɭɪɶɟ-
ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɫɨɫɬɚɜɢɥ 72 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɨɜɟɞɟɧɵ ɬɚɤɠɟ ɢɡɦɟɪɟɧɢɹ ɪɚɫɯɨ-
ɞɨɜɚɧɢɹ ɢɡɨɰɢɚɧɚɬɧɵɯ ɝɪɭɩɩ. 

ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɬɢɜɨ-
ɨɫɤɨɥɨɱɧɨɣ ɫɬɨɣɤɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ 
ɩɪɢ ɪɚɡɧɨɦ ɞɚɜɥɟɧɢɢ ɩɪɟɫɫɨɜɚɧɢɹ, ɨɬ ɫɨɞɟɪɠɚɧɢɹ 

Ɍɚɛɥɢɰɚ 4 

ȼɥɢɹɧɢɟ ɤɨɥɢɱɟɫɬɜɚ Ⱦɢɚɦɟɬɚ ɏ ɧɚ ɫɜɨɣɫɬɜɚ ɷɥɚɫɬɨɦɟɪɚ ɋɄɍ-ɉɎɅ 

ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɋɄɍ-ɉɎɅ:Ⱦɢɚɦɟɬ ɏ 

100:19 100:14 100:10 

ɇɚɩɪɹɠɟɧɢɟ ɩɪɢ ɭɞɥɢɧɟɧɢɢ 100%, Ɇɉɚ 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɡɪɵɜɟ, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, % 

2,4 

3,9 

300 

3,0 

4,5 

220 

3,8 

4,7 

170 

Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɫɥɨɣɧɨɣ ɩɪɨɱɧɨɫɬɢ ɤɨɦɩɨɡɢ-
ɬɚ (ɬɤɚɧɶ – ɩɨɥɨɬɧɨ) ɞɥɹ ɭɪɟɬɚɧɨɜɨɝɨ ɷɥɚɫɬɨɦɟɪɚ ɫ ɪɚɡ-
ɥɢɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ Ⱦɢɚɦɟɬɚ ɏ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɦɨɞɢɮɢ-
ɤɚɬɨɪɚ (ɫɦ. ɬɚɛɥ. 4), ɦɚɫ. ɱ.: 19 (1), 14 (2) ɢ 10 (3) 

Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɬɢɜɨɨɫɤɨɥɨɱɧɨɣ ɫɬɨɣɤɨ-
ɫɬɢ ɨɪɝɚɧɨɤɨɦɩɨɡɢɬɚ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɢ 
ɞɚɜɥɟɧɢɹ ɩɪɟɫɫɨɜɚɧɢɹ 
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ɫɜɹɡɭɸɳɟɝɨ ɜ ɤɨɦɩɨɡɢɬɟ. ȼ ɤɚɱɟɫɬɜɟ ɢɦɢɬɚɬɨɪɚ 
ɨɫɤɨɥɤɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɬɚɥɶɧɨɣ ɲɚɪɢɤ ɦɚɫɫɨɣ 1,05 ɝ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɤɚɱɟɫɬɜɚ ɩɨɥɢɦɟɪɤɟɪɚɦɢɱɟɫɤɨɣ ɛɪɨɧɢ ɫɨɞɟɪɠɚ-
ɧɢɟ ɩɨɥɢɦɟɪɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɜ ɤɨɦɩɨɡɢɬɧɨɣ  
ɩɨɞɥɨɠɤɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚ ɭɪɨɜɧɟ 40%, ɪɟɠɢɦ 
ɨɬɜɟɪɠɞɟɧɢɹ ɤɨɦɩɨɡɢɬɚ ɫɥɟɞɭɸɳɢɣ: ɜɵɞɟɪɠɤɚ 
ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ 15 ɞɨ 30°ɋ ɜ 
ɬɟɱɟɧɢɟ 72 ɱ. Ɉɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ 
ɩɪɟɫɫɨɜɚɧɢɹ ɩɪɢ ɫɨɡɞɚɧɢɢ ɤɨɧɬɚɤɬɧɨɝɨ ɞɚɜɥɟɧɢɹ 
0,35 Ɇɉɚ. 

ȼ ɬɚɛɥ. 5 ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɨɡɢɬɨɜ, ɢɡɝɨ-
ɬɨɜɥɟɧɧɵɯ ɩɨ ɚɧɚɥɨɝɢɱɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɨɫɧɨɜɟ 
ɪɚɡɥɢɱɧɵɯ ɫɜɹɡɭɸɳɢɯ. 

ȼɢɞɧɨ, ɱɬɨ ɩɨ ɨɫɧɨɜɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, 
ɜɥɢɹɸɳɢɦ ɧɚ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɛɢɧɢɪɨɜɚɧ-
ɧɨɣ ɛɪɨɧɢ, ɤɨɦɩɨɡɢɬ ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɫɜɹɡɭɸɳɟɝɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɤɨɦɩɨɡɢɬ 
ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ: ɩɨ ɩɪɨɬɢɜɨ-
ɨɫɤɨɥɨɱɧɨɣ ɫɬɨɣɤɨɫɬɢ – ɧɚ 20%, ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ 
ɪɚɫɫɥɚɢɜɚɧɢɟ – ɜ 4 ɪɚɡɚ. 

ɂɫɯɨɞɹ ɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ  
ɛɪɨɧɢ (ɫɬɪɭɤɬɭɪɚ, ɝɚɛɚɪɢɬɵ, ɮɨɪɦɚ) ɨɩɪɟɞɟɥɟɧ 
ɫɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ – ɩɪɟɫɫɨɜɚɧɢɟ ɛɟɡ ɬɟɪɦɨɨɛ-
ɪɚɛɨɬɤɢ. ɗɬɨɬ ɫɩɨɫɨɛ ɧɟ ɬɪɟɛɭɟɬ ɫɥɨɠɧɨɣ ɢ ɞɨɪɨ-
ɝɨɫɬɨɹɳɟɣ ɨɫɧɚɫɬɤɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɫɬ,  
ɞɨɫɬɭɩɟɧ, ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɢ ɨɬɪɚɛɨɬɚɧ. 

ȼɥɢɹɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɟɪɚɦɢ-
ɱɟɫɤɨɣ ɩɥɢɬɤɢ ɧɚ ɚɞɝɟɡɢɸ ɫ ɤɨɦɩɨɡɢɬɨɦ ɩɪɟɞ-
ɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 6. ȼɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɤɥɚɫɫɚ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɩɥɢɬɤɢ ɩɪɨɱɧɨɫɬɶ ɫɤɥɟɢɜɚɧɢɹ ɩɥɚɜɧɨ ɜɨɡɪɚɫɬɚɟɬ ɢ 
ɩɪɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 3-ɦɭ ɤɥɚɫ-
ɫɭ, ɫɬɚɧɨɜɢɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɨɣ ɢ ɧɟ ɡɚɜɢ-
ɫɹɳɟɣ ɨɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. ɉɨɷɬɨɦɭ ɨɩɬɢɦɚɥɶɧɚɹ 
ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ (Rz) ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɩɥɢɬɤɢ ɥɟɠɢɬ ɦɟɠɞɭ 3-ɦ ɢ 4-ɦ ɤɥɚɫɫɚɦɢ, ɩɪɢ 
ɷɬɨɦ ɜɵɫɨɬɚ ɧɟɪɨɜɧɨɫɬɟɣ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 
ɨɬ 80–40 ɞɨ 40–20 ɦɤɦ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ɋɢɫ. 6. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɱɧɨɫɬɢ 

ɫɤɥɟɢɜɚɧɢɹ ɤɨɦɩɨɡɢɬɚ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɥɢɬɤɨɣ ɨɬ ɩɚɪɚ-
ɦɟɬɪɚ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɟɪɚɦɢɤɢ  

 
ɂɫɫɥɟɞɨɜɚɧɵ ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɰɟɥɟɫɨɨɛɪɚɡ-

ɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɥɢɦɟɪɤɟɪɚ-
ɦɢɱɟɫɤɨɣ ɛɪɨɧɢ ɜ ɫɥɭɱɚɟ ɟɟ ɩɨɪɚɠɟɧɢɹ ɢɡ ɪɭɱɧɨ-
ɝɨ ɫɬɪɟɥɤɨɜɨɝɨ ɨɪɭɠɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥ. 6. Ʉɪɢɬɟɪɢɢ ɩɪɢɝɨɞɧɨɫɬɢ ɛɪɨɧɢ ɞɥɹ ɜɨɫ-
ɫɬɚɧɨɜɥɟɧɢɹ ɩɨɞɬɜɟɪɠɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. 

Ⱦɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭ-
ɪɵ ɛɪɨɧɢ ɩɪɨɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɟ ɩɪɨɧɢɤɚɧɢɹ ɠɟɫɬɤɢɯ ɫɟɪɞɟɱɧɢɤɨɜ ɛɪɨɧɟɛɨɣ-
ɧɵɯ ɩɭɥɶ ɜ ɩɨɥɢɦɟɪɤɟɪɚɦɢɱɟɫɤɭɸ ɛɪɨɧɸ Д15Ж. 
Ɇɨɞɟɥɶ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɬɨɦ, ɱɬɨ 
ɜɪɟɦɹ ɞɪɨɛɥɟɧɢɹ ɤɟɪɚɦɢɤɢ, ɬ. ɟ. ɜɪɟɦɹ ɟɟ ɩɟɪɟɯɨ-
ɞɚ ɢɡ ɦɨɧɨɥɢɬɧɨɝɨ ɜ ɪɚɡɞɪɨɛɥɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜ 
ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɫ ɩɨɪɚɠɚɸɳɢɦ ɷɥɟɦɟɧɬɨɦ, ɦɚɥɨ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɳɢɦ ɜɪɟɦɟɧɟɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɩɨɪɚɠɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫ ɛɪɨɧɟɜɵɦ ɩɚɤɟɬɨɦ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɨɰɟɫɫ ɩɪɨɧɢɤɚɧɢɹ 
ɠɟɫɬɤɨɝɨ ɫɟɪɞɟɱɧɢɤɚ ɛɪɨɧɟɛɨɣɧɨɣ ɩɭɥɢ ɜ ɩɨɥɢ-
ɦɟɪɤɟɪɚɦɢɱɟɫɤɭɸ ɛɪɨɧɸ ɦɨɠɟɬ ɛɵɬɶ ɭɫɥɨɜɧɨ 
ɪɚɡɞɟɥɟɧ ɧɚ ɬɪɢ ɫɬɚɞɢɢ (ɪɢɫ. 7): 

– ɫɬɚɞɢɹ Ⱥ: ɜɫɟ ɜɨɥɧɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ ɤɟɪɚɦɢɱɟ-
ɫɤɨɦ ɫɥɨɟ ɢ ɜ ɫɟɪɞɟɱɧɢɤɟ ɩɭɥɢ ɡɚɜɟɪɲɟɧɵ; 

Ɍɚɛɥɢɰɚ 5 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɝɨ 

ɢ ɜɧɨɜɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɜɹɡɭɸɳɢɯ (ɬɤɚɧɶ – ɫɚɪɠɚ) 

ɋɜɨɣɫɬɜɚ* 
Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɜɹɡɭɸɳɟɝɨ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 397 452 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ƚɉɚ 3 12 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, Ɇɉɚ 79 385 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, Ƚɉɚ 13 27 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ, Ɇɉɚ 149 502 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɫɥɚɢɜɚɧɢɢ ɞɜɭɯ ɫɥɨɟɜ 

ɤɨɦɩɨɡɢɬɚ, ɤɇ/ɦ 
1,6 0,4 

ɉɪɨɬɢɜɨɨɫɤɨɥɨɱɧɚɹ ɫɬɨɣɤɨɫɬɶ V50% ɧɩɪɛ, ɦ/ɫ (ɩɪɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɚɪɚɦɢɞɧɨɣ ɬɤɚɧɢ 4 ɤɝ/ɦ2) 472 391 

* Ɂɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɨɞɢɤ ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɫɬɚɧɞɚɪɬɨɜ. 
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Ɍɚɛɥɢɰɚ 6 

Ʉɪɢɬɟɪɢɢ ɩɪɢɝɨɞɧɨɫɬɢ ɩɨɥɢɦɟɪɤɟɪɚɦɢɱɟɫɤɨɣ ɛɪɨɧɢ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɩɪɢ ɩɨɪɚɠɟɧɢɢ ɩɭɥɹɦɢ ɤɚɥɢɛɪɚ 7,62 ɦɦ 

ȼɢɞ ɢ ɯɚɪɚɤɬɟɪ ɞɟɮɟɤɬɚ Ɂɚɤɥɸɱɟɧɢɟ ɨ ɩɪɢɝɨɞɧɨɫɬɢ 

ȼɢɡɭɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɢɡɞɟɥɢɹ 

ɋɤɜɨɡɧɨɟ ɩɪɨɛɢɬɢɟ ɍɬɢɥɢɡɚɰɢɹ 

Ɍɪɢ ɢ ɦɟɧɟɟ ɩɭɥɟɜɵɯ ɩɨɩɚɞɚɧɢɣ ɛɟɡ ɩɪɨɛɢɬɢɹ ɜ ɩɥɨɳɚɞɶ 
ɧɟ ɦɟɧɟɟ 0,5 ɦ2 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɑɟɬɵɪɟ ɢ ɛɨɥɟɟ ɩɭɥɟɜɵɯ ɩɨɩɚɞɚɧɢɣ ɛɟɡ ɩɪɨɛɢɬɢɹ ɜ ɩɥɨɳɚɞɶ ɦɟɧɟɟ 0,5 ɦ2 ɍɬɢɥɢɡɚɰɢɹ 

ɉɨɞɥɨɠɤɚ ɛɟɡ ɩɨɜɪɟɠɞɟɧɢɣ ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɉɨɜɪɟɠɞɟɧɢɟ (ɪɚɫɤɪɵɬɢɟ) ɩɨɞɥɨɠɤɢ ɍɬɢɥɢɡɚɰɢɹ 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɛɥɢɠɚɣɲɢɯ ɩɨɩɚɞɚɧɢɣ ɛɨɥɟɟ 200 ɦɦ ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɛɥɢɠɚɣɲɢɯ ɩɨɩɚɞɚɧɢɣ ɦɟɧɟɟ 200 ɦɦ ɍɬɢɥɢɡɚɰɢɹ 

Ɋɟɧɬɝɟɧɨɜɫɤɢɣ ɤɨɧɬɪɨɥɶ ɩɨɪɚɠɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɢɡɞɟɥɢɹ 

Ʉɨɥɢɱɟɫɬɜɨ ɪɚɡɪɭɲɟɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɥɢɬɨɤ ɜ ɡɨɧɟ  
ɩɨɪɚɠɟɧɢɹ 3 ɲɬ. ɢ ɦɟɧɟɟ 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ 

Ʉɨɥɢɱɟɫɬɜɨ ɪɚɡɪɭɲɟɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɥɢɬɨɤ ɜ ɡɨɧɟ 
ɩɨɪɚɠɟɧɢɹ ɛɨɥɟɟ 3 ɲɬ. ɍɬɢɥɢɡɚɰɢɹ 

ȼɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɤɨɦɩɨɡɢɬɧɨɣ ɩɨɞɥɨɠɤɢ ɩɨɫɥɟ ɜɫɤɪɵɬɢɹ ɩɪɨɬɢɜɨɨɫɤɨɥɨɱɧɵɯ ɫɥɨɟɜ 
ɢ ɢɡɜɥɟɱɟɧɢɹ ɩɨɜɪɟɠɞɟɧɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɥɢɬɤɢ 

ɐɟɥɨɫɬɧɨɫɬɶ ɩɨɞɥɨɠɤɢ ɧɟ ɧɚɪɭɲɟɧɚ ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɇɚɪɭɲɟɧɢɟ ɰɟɥɨɫɬɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɍɬɢɥɢɡɚɰɢɹ 

Ɋɢɫ. 7. ɋɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɪɨɧɟɛɨɣɧɨɣ ɩɭɥɢ ɫ ɩɨɥɢɦɟɪɤɟɪɚɦɢɱɟɫɤɨɣ ɛɪɨɧɟɜɨɣ ɫɬɪɭɤɬɭɪɨɣ: 
1 – ɫɟɪɞɟɱɧɢɤ; 2 – ɦɹɝɤɢɟ ɷɥɟɦɟɧɬɵ ɩɭɥɢ; 3 – ɤɟɪɚɦɢɱɟɫɤɚɹ ɛɪɨɧɟɜɚɹ ɩɚɧɟɥɶ; 4 – ɤɨɦɩɨɡɢɬɧɚɹ ɬɵɥɶɧɚɹ  

ɩɚɧɟɥɶ; 5 – ɤɨɧɢɱɟɫɤɚɹ ɬɪɟɳɢɧɚ (ɝɪɚɧɢɰɚ ɤɨɧɭɫɚ Ƚɟɪɰɚ); 6 – ɪɚɡɪɭɲɟɧɧɚɹ ɤɟɪɚɦɢɤɚ, ɨɬɞɟɥɢɜɲɚɹɫɹ ɨɬ ɛɪɨɧɟɜɨɣ 
ɩɚɧɟɥɢ; 7 – ɦɟɥɤɨɞɢɫɩɟɪɫɧɚɹ ɪɚɡɞɪɨɛɥɟɧɧɚɹ ɤɟɪɚɦɢɤɚ; 8 – ɭɫɥɨɜɧɚɹ ɝɪɚɧɢɰɚ. ɋɩɪɚɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɧɢɦɤɢ,  
ɫɞɟɥɚɧɧɵɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɤɨɪɨɫɬɧɨɣ ɜɢɞɟɨɤɚɦɟɪɨɣ ɫ ɱɚɫɬɨɬɨɣ ɤɚɞɪɨɜ 167 ɦɤɫ 
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– ɫɬɚɞɢɹ ȼ: ɤɨɧɢɱɟɫɤɚɹ ɬɪɟɳɢɧɚ, ɨɬɞɟɥɹɸɳɚɹ 
ɩɨɜɪɟɠɞɟɧɧɭɸ ɤɟɪɚɦɢɤɭ ɨɬ ɛɪɨɧɟɜɨɝɨ ɫɥɨɹ, ɚ 
ɬɚɤɠɟ ɡɨɧɵ ɞɪɨɛɥɟɧɢɹ ɤɟɪɚɦɢɤɢ ɫɮɨɪɦɢɪɨɜɚɥɢɫɶ; 

– ɫɬɚɞɢɹ ɋ: ɧɚɱɚɥɶɧɨɣ ɝɥɭɛɢɧɨɣ ɩɪɨɧɢɤɚɧɢɹ 
ɫɟɪɞɟɱɧɢɤɚ ɜ ɛɪɨɧɟɜɨɣ ɩɚɤɟɬ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

ɉɪɢ ɩɪɨɧɢɤɚɧɢɢ ɫɟɪɞɟɱɧɢɤɚ ɜ ɛɪɨɧɟɩɚɧɟɥɶ 
ɭɱɚɫɬɜɭɸɬ ɬɪɢ ɷɥɟɦɟɧɬɚ: ɬɵɥɶɧɚɹ ɩɚɧɟɥɶ 
(ɩɪɨɝɢɛ), ɫɟɪɞɟɱɧɢɤ ɢ ɪɚɡɪɭɲɟɧɧɚɹ ɤɟɪɚɦɢɤɚ. 
Ɋɚɫɫɦɨɬɪɢɦ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ. 

ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɬɵɥɶɧɨɣ ɩɚɧɟɥɢ: 
 
 
 

ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ:  
ɝɞɟ α=1/γ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɩɪɢɧɹɬɨɣ ɮɨɪɦɵ ɩɪɨɝɢɛɚ 
ɬɵɥɶɧɨɣ ɩɚɧɟɥɢ; mb – ɦɚɫɫɚ ɬɵɥɶɧɨɣ ɩɚɧɟɥɢ, ɜɨɜɥɟɱɟɧ-
ɧɚɹ ɜ ɞɜɢɠɟɧɢɟ; wb0 – ɩɪɨɝɢɛ ɬɵɥɶɧɨɣ ɩɚɧɟɥɢ;  
Fbr – ɪɟɚɤɬɢɜɧɚɹ ɫɢɥɚ, ɬɨɪɦɨɡɹɳɚɹ ɞɜɢɠɟɧɢɟ ɢ ɜɨɡɧɢɤɚ-
ɸɳɚɹ ɩɪɢ ɟɟ ɨɬɫɥɨɟɧɢɢ ɨɬ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɛɪɨɧɟɜɨɝɨ 
ɫɥɨɹ; Fbİ – cɢɥɚ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɵɥɶɧɨɣ ɩɚɧɟ-
ɥɢ; Ɋ – ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɪɚɡɞɪɨɛɥɟɧɧɨɣ ɤɟɪɚɦɢɤɢ ɧɚ 
ɬɵɥɶɧɭɸ ɩɚɧɟɥɶ. 

 
ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɫɟɪɞɟɱɧɢɤɚ: 
 
 
 

ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: w(0)=0,  
ɝɞɟ m – ɦɚɫɫɚ ɫɟɪɞɟɱɧɢɤɚ; ν0 – ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɫɟɪ-
ɞɟɱɧɢɤɚ; F – ɫɭɦɦɚɪɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɫɟɪɞɟɱ-
ɧɢɤ; w – ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɫɟɪɞɟɱɧɢɤɚ. 

 
ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɨɬɞɟɥɢɜɲɟɣɫɹ ɢ ɜɨɜɥɟ-

ɱɟɧɧɨɣ ɜ ɞɜɢɠɟɧɢɟ ɤɟɪɚɦɢɤɢ: 
 
 
 

ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: wɫ(0)=0,  
 

ɝɞɟ mc – ɦɚɫɫɚ ɨɬɞɟɥɢɜɲɟɣɫɹ ɨɬ ɛɪɨɧɟɜɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɩɚɧɟɥɢ ɢ ɜɨɜɥɟɱɟɧɧɨɣ ɜ ɞɜɢɠɟɧɢɟ ɤɟɪɚɦɢɤɢ; m0 – ɦɚɫɫɚ 
ɦɹɝɤɢɯ ɷɥɟɦɟɧɬɨɜ ɩɭɥɢ; wc – ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟ-
ɧɢɟ ɨɬɞɟɥɢɜɲɟɣɫɹ ɤɟɪɚɦɢɤɢ; Fc – ɫɭɦɦɚɪɧɚɹ ɫɢɥɚ, ɞɟɣ-
ɫɬɜɭɸɳɚɹ ɧɚ ɨɬɞɟɥɢɜɲɭɸɫɹ ɤɟɪɚɦɢɤɭ. 

 
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨ ɩɪɨɧɢɤɚɧɢɢ ɫɟɪɞɟɱɧɢɤɚ ɜ 

ɩɨɥɢɦɟɪɤɟɪɚɦɢɱɟɫɤɭɸ ɛɪɨɧɸ ɫɜɟɥɨɫɶ ɤ ɫɢɫɬɟɦɟ 
ɬɪɟɯ ɨɛɵɤɧɨɜɟɧɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-
ɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ (ɡɚɞɚɱɚ 
Ʉɨɲɢ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɟɦɟɳɟɧɢɣ ɫɟɪɞɟɱɧɢɤɚ, 
ɪɚɡɞɪɨɛɥɟɧɧɨɣ ɤɟɪɚɦɢɤɢ ɢ ɬɵɥɶɧɨɣ ɩɚɧɟɥɢ. Ɋɟ-
ɲɟɧɢɟ ɬɚɤɨɣ ɡɚɞɚɱɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɗɣ-
ɥɟɪɚ ɢɥɢ Ɋɭɧɝɟ–Ʉɭɬɬɵ. 

Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ ɩɨɪɚɠɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫ ɩɨɥɢɦɟɪɤɟ-
ɪɚɦɢɱɟɫɤɨɣ ɛɪɨɧɟɣ ɞɨɤɚɡɚɧɚ ɫɪɚɜɧɟɧɢɟɦ ɪɟɡɭɥɶ-
ɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 
ɗɬɨ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚ-
ɧɢɟ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɛɪɨɧɢ ɛɟɡ ɩɪɨɜɟɞɟɧɢɹ 
ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɨɝɧɟɫɬɪɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ. ɇɚ 
ɪɢɫ. 8–10 ɩɪɢɜɟɞɟɧɵ ɪɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨ-
ɝɢɛɚ, ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ, ɪɚɞɢɭɫɚ ɨɬɫɥɨɟɧɢɹ ɢ 
ɞɟɮɨɪɦɚɰɢɢ ɪɚɫɬɹɠɟɧɢɹ ɬɵɥɶɧɨɣ (ɤɨɦɩɨɡɢɬɧɨɣ) 
ɩɚɧɟɥɢ ɨɬ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ ɩɭɥɢ, ɤɨɬɨɪɵɟ 
ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɟɡɭɥɶɬɚ-
ɬɚɦ ɫɤɨɪɨɫɬɧɨɣ ɜɢɞɟɨɫɴɟɦɤɢ ɢ ɢɡɜɟɫɬɧɵɦ ɪɟɡɭɥɶ-
ɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɇɚ ɪɢɫ. 11 ɩɪɢɜɟɞɟɧɵ ɪɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ        ɨɬ ɬɨɥɳɢɧɵ ɤɟɪɚ-
ɦɢɱɟɫɤɨɣ ɩɚɧɟɥɢ ɞɥɹ ɩɨɥɢɦɟɪɤɟɪɚɦɢɱɟɫɤɢɯ ɛɪɨ-
ɧɟɜɵɯ ɩɚɤɟɬɨɜ, ɫɬɨɣɤɢɯ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɩɭɥɢ ɉɋ-43 
ɫ ɬɟɪɦɨɭɩɪɨɱɧɟɧɧɵɦ ɫɟɪɞɟɱɧɢɤɨɦ ɢ ɫ ɧɚɱɚɥɶɧɨɣ 
ɫɤɨɪɨɫɬɶɸ 750 ɦ/ɫ. Ⱦɥɹ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɬɢ-
ɩɨɜ ɤɟɪɚɦɢɤɢ (ɬɚɛɥ. 1) ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ 
ɛɪɨɧɟɜɨɝɨ ɩɚɤɟɬɚ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɢ ɬɨɥ-
ɳɢɧɵ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɚɧɟɥɢ ɩɪɢɧɢɦɚɟɬ ɦɢɧɢ-
ɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɬ. ɟ. ɢɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢ-
ɚɧɬɨɜ ɩɚɤɟɬɨɜ ɫ ɡɚɞɚɧɧɨɣ ɩɭɥɟɫɬɨɣɤɨɫɬɶɸ ɦɨɠɟɬ 
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Ɋɢɫ. 8. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɝɢɛɚ (wb0) ɬɵɥɶɧɨɣ ɩɚɧɟɥɢ ɨɬ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ: 
1 – ɮɪɨɧɬɚɥɶɧɵɣ ɫɥɨɣ (ɨɪɝɚɧɨɩɥɚɫɬɢɤ); 2 – ɤɟɪɚɦɢɱɟɫɤɢɣ ɷɤɪɚɧ; 3 – ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜɚɹ ɩɨɞɥɨɠɤɚ – ɬɵɥɶɧɚɹ 

ɩɚɧɟɥɶ; 4 – ɡɚɩɪɟɝɪɚɞɧɵɣ ɜɵɫɬɭɩ; 5 – ɡɨɧɚ ɩɨɪɚɠɟɧɢɹ. Ɍɨɱɤɚɦɢ ɧɚ ɝɪɚɮɢɤɟ ɨɛɨɡɧɚɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɤɨɪɨɫɬɧɨɣ 
ɜɢɞɟɨɫɴɟɦɤɢ 
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ɛɵɬɶ ɜɵɛɪɚɧɚ ɤɨɧɫɬɪɭɤɰɢɹ, ɨɛɥɚɞɚɸɳɚɹ ɦɢɧɢ-
ɦɚɥɶɧɵɦɢ ɜɟɫɨɜɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ ɡɚɜɢɫɢɦɨɫɬɢ        ɫɥɚɛɨ ɢɡɦɟɧɹɸɬɫɹ ɜ 
ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ ɦɢɧɢɦɭɦɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɵ-
ɛɢɪɚɬɶ ɬɨɥɳɢɧɭ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɚɧɟɥɢ ɢɫɯɨɞɹ ɢɡ 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɢ ɢɦɟɸɳɢɯɫɹ ɜɨɡ-
ɦɨɠɧɨɫɬɟɣ, ɧɟ ɨɤɚɡɵɜɚɹ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ 
ɧɚ ɜɟɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɪɨɧɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɭɱɟɬɨɦ ɤɪɢɬɟɪɢɟɜ ɷɮɮɟɤ-
ɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɧɨɝɨɫɥɨɣɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɫ ɡɚɞɚɧɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ 
ɧɢɬɟɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɧɢɤɚɧɢɹ 
ɠɟɫɬɤɢɯ ɫɟɪɞɟɱɧɢɤɨɜ ɜ ɛɪɨɧɸ, ɪɟɲɟɧɚ ɤɨɦɩɥɟɤɫ-
ɧɚɹ ɡɚɞɚɱɚ ɩɨ ɫɨɡɞɚɧɢɸ ɧɨɜɨɣ ɨɛɥɟɝɱɟɧɧɨɣ ɤɨɦ-
ɛɢɧɢɪɨɜɚɧɧɨɣ ɛɪɨɧɢ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɦɟɪɤɟɪɚɦɢ-
ɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ɋɢɫ. 9. Ɋɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ vb (ɚ) ɢ ɪɚɞɢɭɫɚ ɨɬɫɥɨɟɧɢɹ rb (ɛ) ɬɵɥɶɧɨɣ ɩɚɧɟɥɢ ɤɟɪɚ-
ɦɢɤɢ ɨɬ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ 

Ɋɢɫ. 10. Ɋɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 
ɪɚɫɬɹɠɟɧɢɹ İb ɬɵɥɶɧɨɣ ɩɚɧɟɥɢ ɨɬ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɝɥɨɜ ɪɚɫɤɪɵɬɢɹ ɤɨɧɭɫɚ ɨɬɞɟ-
ɥɢɜɲɟɣɫɹ ɤɟɪɚɦɢɤɢ αh, ɝɪɚɞɭɫ: 155 (1), 130 (2)  
ɢ 110 (3) 

Ɋɢɫ. 11. Ɋɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɛɪɨɧɟɜɵɯ ɩɚɤɟɬɨɜ ɨɬ ɬɨɥɳɢɧɵ ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɮɪɨɧɬɚɥɶɧɨɣ ɩɚɧɟɥɢ ɩɪɢ ɜɟɪɨɹɬɧɨɫɬɢ ɧɟɩɪɨɛɢɬɢɹ 
Ɋ=0,95 (ɩɨɪɚɠɚɸɳɢɣ ɷɥɟɦɟɧɬ – ɩɭɥɹ ɉɋ-43 ɫ ɬɟɪɦɨɭɩɪɨɱ-
ɧɟɧɧɵɦ ɫɟɪɞɟɱɧɢɤɨɦ ɢ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ 750 ɦ/ɫ): 

1 – ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ; 2 – ɪɟɚɤɰɢɨɧɧɨɫɩɟɱɟɧɧɵɣ 
ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ; 3 – ɤɨɦɩɨɡɢɰɢɨɧɧɚɹ ɤɟɪɚɦɢɤɚ ɧɚ ɨɫɧɨ-
ɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɢ ɤɚɪɛɢɞɚ ɛɨɪɚ; 4 – ɤɚɪɛɢɞ ɛɨɪɚ 
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