
КȜȚȝȜȕȖȤȖȜțțȩе  ȚаȠеȞȖаșȩ 

 

 

ȀǾȁДЫ  ВǶАМ  №к (мм)  2019                                                                                                                         41 

 

ɍȾɄ 666.7 
 
Ⱥ.ɋ. Ȼɟɫɩɚɥɨɜ1, ɇ.ɂ. ɇɟɮɟɞɨɜ2, ɂ.ɋ. Ⱦɟɟɜ1, ȿ.ȼ. Ʉɭɪɲɟɜ1, 
ɋ.Ʌ. Ʌɨɧɫɤɢɣ1, ȼ.Ɇ. Ȼɭɡɧɢɤ3 

 
ɈɋɈȻȿɇɇɈɋɌɂ  ȽɂȾɊɈɎɈȻɂɁȺɐɂɂ  ȼɕɋɈɄɈɉɈɊɂɋɌɕɏ 
ɄȿɊȺɆɂɑȿɋɄɂɏ  ɆȺɌȿɊɂȺɅɈȼ  ɋ  ɉɈɆɈɓɖɘ  ɎɌɈɊɈɅɂȽɈɆȿɊɈȼ 
 
DOI: 10.18577/2307-6046-2019-0-5-41-51 

 
ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫɜɨɣɫɬɜɚ ɝɢɞɪɨɮɨɛɢɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɜɵɫɨɤɨɩɨɪɢɫɬɨɝɨ ɤɟɪɚ-

ɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ (ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ ɤɜɚɪɰɟɜɵɟ) ɧɚ ɨɫɧɨɜɟ 
ɤɜɚɪɰɟɜɵɯ ɜɨɥɨɤɨɧ ɢ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɫɩɨɫɨɛɚ ɧɚɧɟɫɟɧɢɹ ɝɢɞɪɨɮɨɛɧɵɯ ɩɨɤɪɵ-
ɬɢɣ ɧɚ ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɢ ɩɪɨɮɢɥɨɦɟɬɪɢɸ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɩɨɤɚɡɚɧɚ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɧɚɧɟɫɟɧɢɹ ɝɢɞɪɨɮɨɛɧɨɝɨ 
ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɮɬɨɪɨɥɢɝɨɦɟɪɨɜ ɦɚɪɤɢ ɉɉɍ-90. Ⱦɨɤɚɡɚɧɚ ɜɵɫɨ-
ɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɩɚɪɚɮɢɧɨɜ ɞɥɹ ɡɚɳɢɬɵ ɜɵɫɨɤɨɩɨɪɢ-
ɫɬɵɯ ɫɢɫɬɟɦ ɨɬ ɝɭɛɢɬɟɥɶɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɩɥɨɡɚɳɢɬɧɵɣ ɦɚɬɟɪɢɚɥ, ɮɬɨɪɩɚɪɚɮɢɧ, ɝɢɞɪɨɮɨɛɧɨɫɬɶ, ɤɪɚɟɜɨɣ 
ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ, ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɟ, ɚɪɤɬɢɱɟɫɤɢɣ ɤɥɢɦɚɬ. 
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FEATURES  OF  HYDROPHOBIZATION  OF  HIGH-POROUS 
CERAMIC  MATERIALS  USING  FLUOROLIGOMERS 

 
The properties of hydrophobized samples of high-porous ceramic material of the type TZMK 

based on quartz fibers are analyzed, and the influence of the method of applying hydrophobic 
coatings on the contact angle and their surface profilometry is evaluated. Structural features 
have been studied and the uniformity of hydrophobic coating application based on low molecu-
lar weight fluoroligomer brand PPU-90 has been shown. Proved high efficiency of fluorinated 
paraffins to protect high-porous systems from the damaging effects of high humidity. 

Keywords: heat-proof material, fluoroparaffin, hydrophobicity, contact angle, moisture  
absorption, arctic climate. 
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ȼɜɟɞɟɧɢɟ 

Ɋɚɡɜɢɬɢɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɢ ɩɪɢɤɥɚɞɧɨɣ ɧɚɭɤ, ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɬ-
ɪɚɫɥɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ, ɫɜɹɡɚɧɨ ɫ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟɦ. ȼɚɠɧɭɸ 
ɱɚɫɬɶ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɡɚɧɢɦɚɟɬ ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɢ ɪɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɨɜ ɢɯ ɡɚɳɢɬɵ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɧɟɝɚɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ – ɧɚɩɪɢɦɟɪ, ɨɬ ɜɥɚɝɢ ɢ ɜɨɞɵ. Ɂɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɪɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɝɢɞɪɨɮɨɛɧɵɯ ɢ ɚɧɬɢɨɛɥɟɞɟɧɢɬɟɥɶɧɵɯ ɩɨɤɪɵɬɢɣ, 
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ɡɚɧɢɦɚɥɢ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɞɥɹ ɞɚɧɧɵɯ  
ɰɟɥɟɣ ɛɨɥɶɲɟ ɜɧɢɦɚɧɢɹ ɫɬɚɥɨ ɭɞɟɥɹɬɶɫɹ ɮɬɨɪɩɨɥɢɦɟɪɚɦ Д1–6Ж, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɨɬɞɟɥɶɧɵɣ ɤɥɚɫɬɟɪ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɪɨɦɵɲ-
ɥɟɧɧɨɫɬɢ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɟɤɬɨɪɧɵɯ, ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ, ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɵɯ ɢ  
ɛɢɨɫɨɜɦɟɫɬɢɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɂɦɟɟɬɫɹ ɨɩɵɬ ɩɨɥɭɱɟɧɢɹ ɩɨɤɪɵɬɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɪɚɡ-
ɥɢɱɧɨɣ ɩɪɢɪɨɞɵ – ɤɚɤ ɦɟɬɚɥɥɢɱɟɫɤɨɣ, ɬɚɤ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɨɣ, ɢɯ ɞɨɛɚɜɥɹɸɬ ɜ ɥɚɤɨɤɪɚ-
ɫɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɜɨɣɫɬɜɚɦɢ ɢɡɞɟɥɢɣ. ɇɟ-
ɞɨɫɬɚɬɤɚɦɢ ɛɨɥɶɲɢɧɫɬɜɚ ɮɬɨɪɩɨɥɢɦɟɪɨɜ ɹɜɥɹɸɬɫɹ ɢɯ ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɩɪɨɦɵɲɥɟɧ-
ɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɢ ɜɹɡɤɨɫɬɢ 
ɪɚɫɩɥɚɜɨɜ, ɩɥɨɯɚɹ ɚɞɝɟɡɢɹ ɤ ɬɜɟɪɞɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɹɞɭ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɪɨɛɥɟɦ ɩɪɢ ɫɨɡɞɚɧɢɢ ɢɡ ɧɢɯ ɩɨɤɪɵɬɢɣ. ɉɨɷɬɨɦɭ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɩɪɢ-
ɜɥɟɤɚɸɬ ɮɬɨɪɨɥɢɝɨɦɟɪɵ ɫ ɞɥɢɧɨɣ ɰɟɩɢ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɡɜɟɧɶɟɜ, ɤ ɧɢɦ, ɧɚɩɪɢɦɟɪ, 
ɨɬɧɨɫɹɬɫɹ ɮɬɨɪɩɚɪɚɮɢɧɵ ɢ ɬɟɥɨɦɟɪɧɵɟ ɪɚɫɬɜɨɪɵ ɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧɚ (ɌɎɗ). ɗɬɢ ɦɚɬɟ-
ɪɢɚɥɵ ɩɥɚɫɬɢɱɧɵ, ɥɟɝɤɨ ɧɚɧɨɫɹɬɫɹ ɧɚ ɬɜɟɪɞɵɟ ɲɟɪɨɯɨɜɚɬɵɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɢɯ ɜɨɡɦɨɠɧɨ 
ɧɚɧɨɫɢɬɶ ɠɢɞɤɨɮɚɡɧɵɦ ɫɩɨɫɨɛɨɦ ɱɟɪɟɡ ɪɚɫɬɜɨɪɵ ɢ ɪɚɫɩɥɚɜɵ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɫ ɧɢɡɤɨɣ  
ɜɹɡɤɨɫɬɶɸ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

Ɋɚɧɟɟ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɦɨɞɢɮɢɤɚɰɢɢ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ,  
ɜ ɱɚɫɬɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɮɬɨɪɨɩɥɚɫɬɨɜɨɝɨ ɥɚɤɚ, ɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɞɥɨɠɤɢ, ɧɚ ɤɨɬɨɪɭɸ ɧɚɧɨɫɢɥɢ ɞɚɧɧɵɣ ɝɢɞɪɨɮɨɛɧɵɣ ɥɚɤ Д7Ж. ɉɨɜɵɲɟɧɢɟ ɝɢɞɪɨɮɨɛ-
ɧɨɫɬɢ ɫɢɫɬɟɦɵ ɩɪɨɢɫɯɨɞɢɥɨ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɝɢɞɪɨɮɨɛɧɨɝɨ ɜɟɳɟɫɬɜɚ 
(ɬɟɥɨɦɟɪɨɜ ɌɎɗ) ɢ ɢɡɦɟɧɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɜɟɞɟɧɢɟɦ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ 
ɩɨɪɨɲɤɨɜ. Ⱦɚɧɧɚɹ ɝɢɞɪɨɮɨɛɧɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɢɥɚ ɩɨɜɵɫɢɬɶ ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ Ⱦ16-ȺɌ ɤɚɩɥɟɣ ɜɨɞɵ ɫ 92,5 ɞɨ 
100,4 ɝɪɚɞɭɫɚ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɧɚɧɟɫɟɧɢɸ ɮɬɨɪɢɪɨ-
ɜɚɧɧɵɯ ɩɚɪɚɮɢɧɨɜ ɦɚɪɤɢ ɉɉɍ-90 ɧɚ ɩɨɞɥɨɠɤɭ ɩɨɪɢɫɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɬɢɩɚ ɌɁɆɄ (ɬɟɩɥɨɡɚɳɢɬɧɵɣ ɦɚɬɟɪɢɚɥ ɤɜɚɪɰɟɜɵɣ) ɫ ɰɟɥɶɸ ɩɪɢɞɚɧɢɹ ɜɵɫɨɤɨɝɢɞɪɨɮɨɛ-
ɧɵɯ ɫɜɨɣɫɬɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 14.3. 
«Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ» («ɋɬɪɚɬɟ-
ɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ  
ɞɨ 2030 ɝɨɞɚ») [1]. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɏɬɨɪɩɚɪɚɮɢɧɵ – ɷɬɨ ɮɬɨɪɭɝɥɟɪɨɞɵ, ɩɨɥɭɱɟɧɧɵɟ ɡɚɦɟɳɟɧɢɟɦ ɜɨɞɨɪɨɞɚ ɧɚ ɮɬɨɪ 
ɜ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɩɚɪɚɮɢɧɚɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɮɬɨɪɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɬɪɢɮɬɨ-
ɪɢɞɚ ɤɨɛɚɥɶɬɚ, ɱɬɨ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɪɟɚɤɰɢɟɣ 

CnH2n+2+(4n+4)CoF3→CnF2n+2+(2n+2)HF+(4n+4)CoF2. 
 
Ɋɟɚɤɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 350°ɋ. ȼ ɩɟɪɜɨɣ ɱɚɫɬɢ ɩɪɨɰɟɫɫɚ CoF2 ɩɟ-

ɪɟɯɨɞɢɬ ɜ CoF3, ɩɪɢɫɨɟɞɢɧɹɹ ɮɬɨɪ, ɚ ɧɚ ɜɬɨɪɨɣ – CoF3 ɮɬɨɪɢɪɭɟɬ ɭɝɥɟɜɨɪɨɞɨɪɨɞɵ. Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɰɢɤɥɟ ɡɚɦɟɳɚɸɬɫɹ ɜɫɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɧɚ ɮɬɨɪ. ɑɟɪɟɞɨɜɚ-
ɧɢɟ ɷɬɢɯ ɫɬɚɞɢɣ ɞɟɥɚɟɬ ɩɪɨɰɟɫɫ, ɩɨ ɫɭɳɟɫɬɜɭ, ɧɟɩɪɟɪɵɜɧɵɦ. Ɍɨɱɧɨ ɬɚɤ ɠɟ ɤɚɤ ɢ ɮɬɨɪɢɞ 
ɤɨɛɚɥɶɬɚ ɜɟɞɭɬ ɫɟɛɹ ɢ ɞɪɭɝɢɟ ɫɨɥɢ, ɜ ɱɚɫɬɧɨɫɬɢ – CeF4, AgF2, MnF3. 

ɉɨ ɩɪɢɱɢɧɟ ɫɜɨɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɬɨɪɩɚɪɚɮɢɧɵ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵ ɩɪɢ ɫɨɡɞɚ-
ɧɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɩɨɤɪɵɬɢɣ, ɩɨɥɭɱɚɟɦɵɯ ɩɪɨɫɬɵɦ ɜɬɢɪɚɧɢɟɦ, – ɧɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ 
ɨɫɧɨɜɵ ɞɥɹ ɥɵɠɧɵɯ ɦɚɡɟɣ. Ɏɬɨɪɩɚɪɚɮɢɧɵ ɨɬɧɨɫɹɬɫɹ ɤ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɦ ɮɬɨɪɭɝɥɟ-
ɪɨɞɧɵɦ ɫɢɫɬɟɦɚɦ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ –  
ɜ ɱɚɫɬɧɨɫɬɢ, ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ (ɋɄ-ɋɈ2) Д8Ж, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɮɬɨɪɭɝɥɟɪɨɞɧɵɟ 
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ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ ɨɬ 10 ɧɦ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɬɪɨɟɧɢɟ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɢ ɢɯ ɫɜɨɣɫɬɜɚ ɧɟ-
ɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɵ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɥɢɲɶ ɩɪɨɜɟɞɟɧɢɟ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ɏɬɨɪɩɚɪɚɮɢɧɵ, ɩɪɨɦɵɲɥɟɧɧɨ ɜɵɩɭɫɤɚɟɦɵɟ ɜ ȺɈ «Ƚɚɥɨɩɨɥɢɦɟɪ», ɤɨɧɬɪɨɥɢɪɭ-
ɸɬ ɩɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ, ɢɦɟɧɧɨ ɷɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɩɪɟɞɟɥɹɟɬ 
ɧɭɦɟɪɚɰɢɸ ɦɚɪɤɢ ɬɨɜɚɪɧɵɯ ɩɪɨɞɭɤɬɨɜ – ɉɉɍ-90, ɉɉɍ-110, ɉɉɍ-180, ɮɨɬɨɝɪɚɮɢɢ  
ɤɨɬɨɪɵɯ ɜ ɩɨɥɹɪɢɡɨɜɚɧɧɨɦ ɫɜɟɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 

 

 
Ɋɢɫ. 1. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɮɬɨɪɩɚɪɚɮɢɧɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ 

(ɩɨɥɹɪɢɡɨɜɚɧɧɵɣ ɫɜɟɬ) 
 
ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ ɹɞɟɪɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɪɟɡɨɧɚɧɫɚ ɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɚ ɫɬɟɩɟɧɶ ɮɬɨ-

ɪɢɪɨɜɚɧɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɥɚ 99,8%. Ⱦɥɢɧɚ ɰɟɩɟɣ ɞɚɧɧɵɯ ɮɬɨɪɭɝɥɟɪɨɞɨɜ 
ɡɚɜɢɫɢɬ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɦɨɠɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ, ɚ ɧɚ ɨɫ-
ɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɹɞɟɪɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɪɟɡɨɧɚɧɫɚ ɜɨɡɦɨɠɧɨ ɨɰɟɧɢɬɶ ɞɥɢɧɭ ɮɬɨɪɭɝɥɟ-
ɪɨɞɧɨɣ ɰɟɩɢ ɦɚɤɪɨɦɨɥɟɤɭɥɵ ɨɛɪɚɡɰɨɜ. Ɍɚɤ, ɞɥɹ ɮɬɨɪɩɚɪɚɮɢɧɚ ɦɚɪɤɢ ɉɉɍ-120 ɞɥɢɧɚ 
ɫɨɫɬɚɜɢɥɚ 12 ɡɜɟɧɶɟɜ, ɚ ɞɥɹ ɉɉɍ-180: 23 ɡɜɟɧɚ Д9Ж. Ɉɞɧɚɤɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ ɩɪɨɜɨɞɢɥɢ 
ɧɚ ɮɬɨɪɩɚɪɚɮɢɧɚɯ ɦɚɪɨɤ ɉɉɍ-90 ɢ ɉɉɍ-110. 

ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɧɟɟ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ɪɢɫ. 2) ɢ 
ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɮɬɨɪɭɝɥɟɪɨɞɨɜ, ɩɪɨɜɨɞɢɦɵɯ ɧɚ ɫɢɧɯɪɨɧɧɨɦ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɟ 
STA449F1 ɢ ɤɜɚɞɪɭɩɨɥɶɧɨɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ QMS 403D, ɩɨ ɬɟɪɦɢɱɟɫɤɢɦ ɤɪɢɜɵɦ 
ɜɢɞɧɨ, ɱɬɨ ɡɚɦɟɬɧɚɹ ɩɨɬɟɪɹ ɦɚɫɫɵ ɩɚɪɚɮɢɧɨɜ ɦɚɪɨɤ ɉɉɍ-90, ɉɉɍ-110 ɢ ɉɉɍ-180 ɧɚɱɢ-
ɧɚɟɬɫɹ ɩɨɫɥɟ ɩɥɚɜɥɟɧɢɹ, ɢ ɨɧɢ ɮɚɤɬɢɱɟɫɤɢ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɩɟɪɟɯɨɞɹɬ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 190, 230 ɢ 340°ɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨ ɜɨɡɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨ-
ɥɢ ɬɟɪɦɢɱɟɫɤɢ ɛɨɥɟɟ ɫɬɨɣɤɢɯ ɮɬɨɪɩɨɥɢɦɟɪɨɜ ɜ ɪɹɞɭ ɉɉɍ-90→ɉɉɍ-110→ɉɉɍ-180. ɉɨ 
ɜɢɞɭ ɤɪɢɜɵɯ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ ɨɛ ɨɞɧɨɫɬɚɞɢɣɧɨɦ ɪɚɡɥɨɠɟɧɢɢ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɬɟɦɩɟɪɚɬɭɪ, ɧɟɫɦɨɬɪɹ ɧɚ ɮɪɚɤɰɢɨɧɧɨɫɬɶ ɨɛɪɚɡɰɨɜ (ɧɚɥɢɱɢɟ ɨɥɢɝɨɦɟɪɧɨɝɨ 
ɢ ɩɨɥɢɦɟɪɧɨɝɨ ɤɨɦɩɨɧɟɧɬɨɜ). ɉɨ-ɜɢɞɢɦɨɦɭ, ɩɨɥɢɦɟɪɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɟɡɧɚɱɢɬɟɥɶɧɚ 
ɢ ɧɟ ɨɤɚɡɵɜɚɟɬ ɨɱɟɜɢɞɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɰɟɫɫ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ Д10Ж. 

 

 
Ɋɢɫ. 2. ɌȽȺ-ɤɪɢɜɵɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɦɚɪɨɤ ɉɉɍ-90, ɉɉɍ-110 ɢ ɉɉɍ-180  

ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɚɬɦɨɫɮɟɪɟ ɚɡɨɬɚ 
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ɇɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɟ ɢɫɯɨɞɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɩɚɪɚɮɢɧɚ ɉ-2 (ɪɢɫ. 3) ɧɚɛɥɸ-
ɞɚɥɫɹ ɧɚɛɨɪ ɭɡɤɢɯ (ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ) ɪɟɮɥɟɤɫɨɜ. Ɍɚɤɨɣ ɜɢɞ ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɟɬ ɨ ɫɥɨɢɫɬɨɦ ɫɬɪɨɟɧɢɢ ɩɚɪɚɮɢɧɨɜ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɢɡ ɤɨɪɨɬɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ 
ɰɟɩɟɣ. ɍ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɩɚɪɚɮɢɧɨɜ ɩɨɦɢɦɨ ɩɢɤɨɜ ɩɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ ɭɝɥɨɜ, ɯɚɪɚɤ-
ɬɟɪɧɵɯ ɞɥɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɚɧɚɥɨɝɨɜ, ɩɨɹɜɥɹɸɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ Д11Ж. 

 

 
Ɋɢɫ. 3. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɢɫɯɨɞɧɨɝɨ ɭɝɥɟɪɨɞɧɨɝɨ ɩɚɪɚɮɢɧɚ ɉ-2 

 
Ⱦɢɮɪɚɤɬɨɦɟɬɪɢɹ ɨɛɪɚɡɰɨɜ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɦɚɪɨɤ ɉɉɍ-90, ɉɉɍ-110 ɢ ɉɉɍ-180 

ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɭɫɬɚɧɨɜɤɟ ȾɊɈɇ-3Ɇ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɞɢɚɩɚɡɨɧɟ ɛɪɷɝɝɨɜ-
ɫɤɢɯ ɭɝɥɨɜ 2θ=2–80 ɝɪɚɞɭɫɨɜ ɫ ɲɚɝɨɦ 0,05 ɩɪɢ ɷɤɫɩɨɡɢɰɢɢ ɜ ɬɟɱɟɧɢɟ 2 ɫ. 

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɧɵɯ ɜɨɥɨɤɨɧ 
[12–22Ж, ɜɵɩɨɥɧɹɸɳɢɟ ɪɨɥɶ ɬɟɩɥɨɡɚɳɢɬɵ, ɬɟɩɥɨ- ɢ ɡɜɭɤɨɢɡɨɥɹɰɢɢ, ɜɜɢɞɭ ɯɢɦɢɱɟɫɤɨɝɨ 
ɫɨɫɬɚɜɚ (ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɨɜ ɤɪɟɦɧɢɹ, ɚɥɸɦɢɧɢɹ ɢ ɞɪ. ɤɪɚɣɧɟ ɝɢɞɪɨɮɢɥɶɧɚ) ɢ ɜɵɫɨ-
ɤɨɣ ɩɨɪɢɫɬɨɫɬɢ (ɞɨ 95%) ɚɤɬɢɜɧɨ ɫɨɪɛɢɪɭɸɬ ɜɨɞɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɢɜɟɥɢɪɨɜɚɧɢɸ ɢɯ 
ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡɪɭɲɟɧɢɸ ɦɚɬɟɪɢɚɥɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɦɨ-
ɞɢɮɢɤɚɰɢɢ ɩɨɪɢɫɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ ɧɚ ɨɫɧɨɜɟ ɤɜɚɪɰɟɜɵɯ ɜɨɥɨ-
ɤɨɧ (99,9% SiO2) ɮɬɨɪɩɚɪɚɮɢɧɨɦ ɦɚɪɤɢ ɉɉɍ-90, ɪɚɫɬɜɨɪɟɧɧɵɦ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ 
ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ, ɞɨɤɚɡɚɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɝɢɞɪɨɮɨɛɧɨɝɨ  
ɩɨɤɪɵɬɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɟɝɨ ɧɚɧɟɫɟɧɢɹ, ɤɨɝɞɚ ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɞɨɫɬɢɝɚɥ  
155 ɝɪɚɞɭɫɨɜ Д8Ж. Ƚɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɝɚɛɚ-
ɪɢɬɨɜ ɦɨɞɢɮɢɰɢɪɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɨɛɴɟɦɨɦ ɚɜɬɨɤɥɚɜɚ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɜɟɫɶ  
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ. 

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɧɚɧɟɫɟɧɧɵɯ ɝɢɞɪɨɮɨɛɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɩɪɨɮɢɥɨɦɟɬɪɢɸ  
ɢ ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɢɫɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɦɨ-
ɞɢɮɢɤɚɰɢɢ ɩɨɞɝɨɬɨɜɢɥɢ ɨɛɪɚɡɰɵ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ ɪɚɡɦɟɪɨɦ 20×20×10 ɦɦ. 

ɉɪɨɮɢɥɨɦɟɬɪɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ 3D-ɩɪɨɮɢɥɨɦɟɬɪ-
ɤɨɧɮɨɤɚɥɶɧɨɦ ɦɢɤɪɨɫɤɨɩɟ PХЮNОШб, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɥɢɧɟɣɧɵɯ 
ɪɚɡɦɟɪɨɜ ɩɪɢ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 0,25%. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡ-
ɰɨɜ ɩɨɪɢɫɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ ɩɪɨɜɨɞɢɥɢ ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ 
ɨɩɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɚɬɨɪɟ ɈɋȺ 15 PrШ ɮɢɪɦɵ DᴎЭᴎPСвsТМs. ɂɡɭɱɚɥɢ ɞɜɟ ɫɬɨɪɨɧɵ ɦɚɫɫɢɜ-
ɧɨɝɨ ɨɛɪɚɡɰɚ ɜ ɩɹɬɢ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɤɚɠɞɨɣ ɢɡ ɫɬɨɪɨɧ ɢ ɩɨ ɧɢɦ ɜɵɱɢɫɥɹɥɢ ɫɪɟɞɧɟɟ 
ɡɧɚɱɟɧɢɟ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤɚɩɥɢ ɜɨɞɵ ɫɪɟɞɧɢɣ ɭɝɨɥ 
ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɬɪɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ ɫɩɭɫɬɹ 20, 40 ɢ 60 ɫ ɩɨɫɥɟ ɧɚɧɟ-
ɫɟɧɢɹ ɤɚɩɥɢ. 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɵɫɨɤɨɩɨɪɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧ-
ɧɵɣ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ 
TESCAN VEGA 3 XMU. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɇɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ ɨɛɪɚɡɰɨɜ ɉɉɍ-90 ɢ ɉɉɍ-110 ɧɚɛɥɸɞɚɟɬɫɹ ɫɥɚɛɵɣ, ɧɨ ɞɨɫɬɚ-
ɬɨɱɧɨ ɭɡɤɢɣ ɩɢɤ ɩɪɢ ɡɧɚɱɟɧɢɢ ɭɝɥɚ 18 ɝɪɚɞɭɫɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɢɤ ɭ ɨɛɪɚɡɰɚ ɉɉɍ-180 
ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨ ɥɶɲɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɞɜɚ ɲɢɪɨɤɢɯ ɝɚɥɨ ɜ ɨɛɥɚɫɬɢ ɭɝɥɨɜ 
30–50 ɢ 70–80 ɝɪɚɞɭɫɨɜ, ɧɚɛɥɸɞɚɟɦɵɟ ɭ ɜɫɟɯ ɨɛɪɚɡɰɨɜ (ɪɢɫ. 4). 

 

 
Ɋɢɫ. 4. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɉɉɍ-90 (ɚ), ɉɉɍ-110 (ɛ) ɢ ɉɉɍ-180 (ɜ) 
 
ɗɬɢ ɪɟɮɥɟɤɫɵ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɨɥɢɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧɚ, ɨɞɧɚɤɨ ɫ 

ɞɪɭɝɢɦ ɨɬɧɨɲɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɚɧɧɵɯ ɪɟɮɥɟɤɫɨɜ Д23Ж. ɉɨɹɜɥɟɧɢɟ ɞɢɮɮɭɡɧɵɯ ɪɟ-
ɮɥɟɤɫɨɜ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫ ɧɚɥɢɱɢɟɦ ɱɚɫɬɢɱɧɨ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɵɯ ɦɟɡɨɮɚɡɧɵɯ ɫɬɪɭɤɬɭɪ 
Д24Ж, ɱɬɨ ɤɚɫɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɮɬɨɪɩɨɥɢɦɟɪɨɜ, ɬɨ ɟɟ ɞɨɥɹ ɜ ɨɛɪɚɡɰɚɯ ɉɉɍ-90 
ɢ ɉɉɍ-110 ɦɚɥɚ ɜ ɨɬɥɢɱɢɟ ɨɬ ɨɛɪɚɡɰɚ ɉɉɍ-180. ɉɨɷɬɨɦɭ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɝɢɞɪɨ-
ɮɨɛɢɡɚɰɢɢ ɜɵɛɪɚɧɵ ɮɬɨɪɨɥɢɝɨɦɟɪɵ ɫ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɬɨɪɩɨɥɢɦɟɪɧɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɨɥɟɟ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ ɩɨɞɥɨɠɤɢ ɢɡ ɧɟɚɧɨɞɢɪɨɜɚɧɧɨɝɨ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɫɩɥɚɜɚ ɦɚɪɤɢ Ⱦ16-ȺɌ ɪɚɫɬɜɨɪɚɦɢ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɦɚɪɨɤ ɉɉɍ-90 ɢ ɉɉɍ-110 ɜɨ ɮɬɨɪɨɪɝɚ-
ɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɢ ɪɚɫɩɥɚɜɨɦ ɮɬɨɪɩɚɪɚɮɢɧɚ ɦɚɪɤɢ ɉɉɍ-180 ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɚɧ-
ɧɵɟ ɝɢɞɪɨɮɨɛɧɵɟ ɩɨɤɪɵɬɢɹ ɩɨɡɜɨɥɹɸɬ ɩɨɜɵɫɢɬɶ ɝɢɞɪɨɮɨɛɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠ-
ɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɷɮɮɟɤɬɢɜɧɟɟ ɮɬɨɪɨɩɥɚɫɬɨɜɨɝɨ ɥɚɤɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɬɟɥɨɦɟɪɚɦɢ 
ɌɎɗ. ɉɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɝɢɞɪɨɮɨɛɧɵɯ ɫɨɫɬɚɜɨɜ ɞɥɹ ɦɨɞɢɮɢɤɚɰɢɢ ɨɛɪɚɡɰɨɜ ɦɚɬɟɪɢɚɥɚ 
ɬɢɩɚ ɌɁɆɄ ɜɵɛɪɚɧɵ: ɪɚɫɬɜɨɪ ɮɬɨɪɩɚɪɚɮɢɧɚ ɦɚɪɤɢ ɉɉɍ-90, ɬɟɥɨɦɟɪɵ ɌɎɗ ɢ ɝɢɞɪɨ-
ɮɨɛɧɚɹ ɫɢɫɬɟɦɚ ɧɚ ɨɫɧɨɜɟ ɮɬɨɪɩɨɥɢɦɟɪɧɨɝɨ ɥɚɤɚ ɢ ɬɟɥɨɦɟɪɨɜ ɌɎɗ. Ɋɟɡɭɥɶɬɚɬɵ  
ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɡɧɚɱɟɧɢɹ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɨɛɪɚɡɰɨɜ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. 
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Ɍɚɛɥɢɰɚ 1 
Ʉɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ 
Ƚɢɞɪɨɮɨɛɧɨɟ ɩɨɤɪɵɬɢɟ Ʉɪɚɟɜɨɣ ɭɝɨɥ  

ɫɦɚɱɢɜɚɧɢɹ, ɝɪɚɞɭɫ* 
Ɏɨɬɨɝɪɚɮɢɢ ɤɚɩɥɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ  

ɨɛɪɚɡɰɚ 

Ɋɚɫɬɜɨɪ ɮɬɨɪɢɪɨɜɚɧɧɨɝɨ 
ɩɚɪɚɮɢɧɚ ɦɚɪɤɢ ɉɉɍ-90 

108–138 
128 

 

Ɍɟɥɨɦɟɪɧɵɣ ɪɚɫɬɜɨɪ 
ɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧɚ 

0–148 
132 

 

Ɏɬɨɪɩɨɥɢɦɟɪɧɵɣ ɥɚɤ+ 
+ɬɟɥɨɦɟɪɧɵɣ ɪɚɫɬɜɨɪ ɬɟɬ-

ɪɚɮɬɨɪɷɬɢɥɟɧɚ 

126–147 
135 

 
* ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɵɟ ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɢɟ. 
 

ȼɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɨɤɚɡɚɥɚɫɶ ɝɢɞɪɨɮɨɛɧɚɹ ɫɢɫɬɟɦɚ ɧɚ ɨɫɧɨɜɟ 
ɮɬɨɪɩɨɥɢɦɟɪɧɨɝɨ ɥɚɤɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɬɟɥɨɦɟɪɚɦɢ ɌɎɗ. ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ 
ɫɩɥɨɲɧɨɫɬɶɸ ɩɨɤɪɵɬɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɢɫɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ, ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɢɡ 3D-ɩɪɨɮɢɥɨɝɪɚɦɦɵ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ. 5, ɜ). ɇɟɞɨɫɬɚɬ-
ɤɨɦ ɬɚɤɨɝɨ ɩɨɤɪɵɬɢɹ ɹɜɥɹɟɬɫɹ ɦɚɥɨɟ ɡɧɚɱɟɧɢɟ ɝɥɭɛɢɧɵ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɝɢɞɪɨɮɨɛɧɨɝɨ 
ɫɨɫɬɚɜɚ ɜɜɢɞɭ ɟɝɨ ɜɵɫɨɤɨɣ ɜɹɡɤɨɫɬɢ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɢɬ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɩɨɪɢɫɬɵɣ ɦɚɬɟ-
ɪɢɚɥ ɜɨ ɜɫɟɦ ɟɝɨ ɨɛɴɟɦɟ. Ɂɧɚɱɢɬɟɥɶɧɵɣ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɩɨɞɥɨɠɤɢ ɩɪɢ ɩɨɦɨɳɢ ɪɚɫɬɜɨɪɨɜ ɮɬɨɪɩɚɪɚɮɢɧɚ ɉɉɍ-90 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɢ ɧɟɫɩɥɨɲɧɨɫɬɢ (ɪɢɫ. 5, ɚ) ɩɨɤɪɵɬɢɹ ɜɨɥɨɤɨɧ ɩɨ-
ɪɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɥɨɦɟɪɨɜ ɌɎɗ ɞɥɹ ɩɪɢɞɚɧɢɹ ɜɵɫɨɤɨɝɢɞɪɨɮɨɛɧɵɯ 
ɫɜɨɣɫɬɜ ɩɨɪɢɫɬɨɦɭ ɤɟɪɚɦɢɱɟɫɤɨɦɭ ɦɚɬɟɪɢɚɥɭ ɧɟ ɩɪɢɜɟɥɨ ɤ ɠɟɥɚɟɦɨɦɭ ɷɮɮɟɤɬɭ, ɱɬɨ 
ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ «ɨɫɬɪɨɜɧɵɦ» ɬɢɩɨɦ ɝɢɞɪɨɮɨɛɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ  
ɦɚɬɟɪɢɚɥɚ, ɤɚɤ ɷɬɨ ɜɢɞɧɨ ɢɡ 3D-ɩɪɨɮɢɥɨɝɪɚɦɦɵ (ɪɢɫ. 5, ɛ). 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ ɩɨɪɢɫɬɨɝɨ ɤɟɪɚɦɢ-
ɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɫɩɨɫɨɛ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɪɚɫɩɥɚɜɧɵɦ 
ɦɟɬɨɞɨɦ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ ɪɚɡɦɟɪɨɦ 20×20×10 ɦɦ ɧɚɧɨɫɢ-
ɥɢ ɮɬɨɪɩɚɪɚɮɢɧ ɦɚɪɤɢ ɉɉɍ-90 ɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɨɫɭ-
ɳɟɫɬɜɥɹɥɢ ɧɚɩɥɚɜɥɟɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɧɵɯ ɜɨɥɨɤɨɧ ɮɬɨɪɨɥɢɝɨɦɟɪɨɜ, ɩɪɢ ɷɬɨɦ 
ɩɟɪɟɲɟɞɲɢɟ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ ɛɨɥɟɟ ɥɟɝɤɨɩɥɚɜɤɢɟ ɮɪɚɤɰɢɢ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɩɪɨɧɢɤɚɥɢ ɜ 
ɨɛɴɟɦ ɦɚɬɟɪɢɚɥɚ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢ ɨɫɬɵɜɚɧɢɢ ɤɨɧɞɟɧɫɢɪɨɜɚɥɢɫɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ  
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ɨɤɫɢɞɧɵɯ ɜɨɥɨɤɨɧ ɜ ɨɛɴɟɦɟ ɩɨɪɢɫɬɨɣ ɩɨɞɥɨɠɤɢ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɨɥɭɱɟɧɧɵɟ  
ɞɚɧɧɵɟ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɷɥɟɦɟɧɬɚɦ ɦɟɬɨɞɨɦ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɪɟɧɬɝɟɧɨ-
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɬɨɪɰɚ ɩɨɞɥɨɠɤɢ (ɪɢɫ. 6). 

 

 
Ɋɢɫ. 5. ɉɪɨɮɢɥɨɦɟɬɪɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ ɪɚɫɬɜɨɪɚɦɢ 

ɉɉɍ-90 (ɚ) ɢ ɌɎɗ (ɛ), ɚ ɬɚɤɠɟ ɫɢɫɬɟɦɨɣ ɥɚɤɚ Ɏɉ-5182Ɇ ɢ ɬɟɥɨɦɟɪɚ ɌɎɗ (ɜ) 

 
Ɋɢɫ. 6. Ʉɚɪɬɚ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ ɬɨɪɰɚ ɨɛɪɚɡɰɚ ɬɢɩɚ ɌɁɆɄ М ɮɬɨɪɩɚɪɚ-

ɮɢɧɨɜɵɦ ɩɨɤɪɵɬɢɟɦ: 
ɚ – ɢɫɫɥɟɞɭɟɦɚɹ ɨɛɥɚɫɬɶ; ɛ – ɦɧɨɝɨɫɥɨɣɧɚɹ ɤɚɪɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨ ɰɜɟɬɭ:  

Si (ɤɪɚɫɧɵɣ ɰɜɟɬ) ɢ F (ɠɟɥɬɵɣ ɰɜɟɬ); ɜ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ Si; ɝ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ F 
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ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɛ-
ɪɚɡɰɨɜ, ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɨɞɥɨɠɤɢ ɜɵɫɨɤɚ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɮɬɨɪɩɚɪɚɮɢɧɨɜ, ɚ ɝɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɪɚɫɩɥɚɜɚ ɧɟɜɟɥɢɤɚ ɢ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɟɬ  
з2 ɦɦ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɬɨɪɨɥɢɝɨɦɟɪɨɜ ɜ ɨɛɴɟ-
ɦɟ ɩɨɪɢɫɬɨɣ ɩɨɞɥɨɠɤɢ, ɩɪɢɱɟɦ ɪɚɫɩɪɟɞɟɥɟɧɵ ɮɬɨɪɩɚɪɚɮɢɧɵ ɪɚɜɧɨɦɟɪɧɨ ɩɨ ɜɫɟɦɭ 
ɨɛɴɟɦɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɧɟ ɬɨɥɶ-
ɤɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɧɨ ɢ ɜɫɟɝɨ ɟɝɨ ɨɛɴɟɦɚ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɝɢɞɪɨɮɨɛɢɡɢɪɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɨɦ 
ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɩɨɪɢɫɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɚɬɟɪɢ-
ɚɥ ɧɚɯɨɞɢɬɫɹ ɜ ɜɵɫɨɤɨɝɢɞɪɨɮɨɛɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɤɨɝɞɚ ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɜɨɞɨɣ 
ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɫɬɢɝɚɥ ɡɧɚɱɟɧɢɣ 145 ɝɪɚɞɭɫɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɞɥɨɠɤɢ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɮɢɥɨɦɟɬɪɢɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɝɢɞɪɨɮɨɛɧɨɟ ɩɨɤɪɵɬɢɟ ɧɨɫɢɬ 
ɫɩɥɨɲɧɨɣ ɯɚɪɚɤɬɟɪ – ɛɟɡ ɪɚɡɪɵɜɨɜ ɢ ɬɪɟɳɢɧ (ɪɢɫ. 7), ɚ ɮɨɬɨɝɪɚɮɢɢ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧ-
ɧɵɟ ɫ ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ (ɪɢɫ. 8), ɩɨɤɚɡɵɜɚɸɬ ɫɩɥɨɲ-
ɧɨɫɬɶ ɩɨɤɪɵɬɢɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɜɨɥɨɤɧɚ ɩɨɪɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

 

 
 
Ɋɢɫ. 7. ɉɪɨɮɢɥɨɦɟɬɪɢɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɨɦ ɮɬɨɪɩɚɪɚɮɢɧɚ ɉɉɍ-90 ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɪɚɡɰɚ ɬɢɩɚ ɌɁɆɄ 

 

 
 

Ɋɢɫ. 8. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɬɢɩɚ ɌɁɆɄ М ɮɬɨɪɩɚɪɚɮɢɧɨɜɵɦ ɩɨɤɪɵɬɢɟɦ 

 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɦɚɥɨɜɚɠɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢ-

ɚɥɨɜ ɹɜɥɹɟɬɫɹ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɟ – ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɫɨɪɛɢɪɨɜɚɬɶ ɜɥɚɝɭ ɢɡ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɷɤɫɢɤɚɬɨɪɟ ɧɚɞ ɡɟɪɤɚɥɨɦ ɜɨɞɵ ɩɪɢ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ 98% ɢ ɬɟɦɩɟɪɚɬɭɪɟ 22˃3°ɋ ɜ ɬɟɱɟɧɢɟ 24 ɱ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. 



КȜȚȝȜȕȖȤȖȜțțȩе  ȚаȠеȞȖаșȩ 

 

 

ȀǾȁДЫ  ВǶАМ  №к (мм)  2019                                                                                                                         49 

 

Ɍɚɛɥɢɰɚ 2 
ȼɥɚɝɨɩɨɝɥɨɳɟɧɢɟ ɩɪɢ φ=98% ɜ ɬɟɱɟɧɢɟ 24 ɱ ɢɫɯɨɞɧɨɝɨ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ  

ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ 
Ɍɢɩ ɨɛɪɚɡɰɚ ȼɥɚɝɨɩɨɝɥɨɳɟɧɢɟ, 

% 
ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ  

ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɹ, % 
ɌɁɆɄ 1,9 1,7 

1,7 
1,4 

ɌɁɆɄ+ɉɉɍ-90 0,5 0,7 
0,8 
0,8 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ ɝɢɞɪɨɮɨɛɢɡɚ-

ɰɢɢ ɨɛɪɚɡɰɨɜ ɦɚɬɟɪɢɚɥɚ ɬɢɩɚ ɌɁɆɄ ɮɬɨɪɩɚɪɚɮɢɧɨɦ ɦɚɪɤɢ ɉɉɍ-90 ɭɞɚɥɨɫɶ ɫɧɢɡɢɬɶ 
ɡɧɚɱɟɧɢɟ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɹ ɜ 2,4 ɪɚɡɚ. 

Ⱦɚɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɨɩɪɨɛɨɜɚɥɢ ɢ ɧɚ ɥɢɫɬɟ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ Ⱦ16-ȺɌ. 
Ʉɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɜɨɞɨɣ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɝɢɞɪɨɮɨɛɧɵɦ ɩɨɤɪɵɬɢɟɦ ɧɚ ɨɫɧɨɜɟ 
ɪɚɫɩɥɚɜɚ ɉɉɍ-180 ɫɨɫɬɚɜɢɥ 124,2 ɝɪɚɞɭɫɨɜ, ɚ ɩɪɨɜɟɞɟɧɧɵɟ ɧɚ ɫɬɟɧɞɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 
ɨɛɥɟɞɟɧɟɧɢɹ ɢɫɩɵɬɚɧɢɹ Д25–26Ж ɩɨɤɚɡɚɥɢ, ɱɬɨ ɚɞɝɟɡɢɹ ɥɶɞɚ ɤ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ  
ɪɚɫɩɥɚɜɨɦ ɮɬɨɪɩɚɪɚɮɢɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɥɚ ɡɧɚɱɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɜ 2 ɪɚɡɚ ɦɟɧɶɲɟɟ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɩɨɤɪɵɬɨɣ ɮɬɨɪɨɩɥɚɫɬɨɜɵɦ ɥɚɤɨɦ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɩɪɨɫɬɨɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ  
ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɮɬɨɪɩɚɪɚ-
ɮɢɧɨɜ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɤɨɧɞɟɧɫɚɰɢɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɮɬɨɪɨɥɢɝɨɦɟɪɨɜ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɨɤɫɢɞɧɵɯ ɜɨɥɨɤɨɧ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɩɨɥɭɱɟɧɢɟ ɤɪɚɟɜɨɝɨ ɭɝɥɚ 
ɫɦɚɱɢɜɚɧɢɹ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɨɣ ɞɨ 145 ɝɪɚɞɭɫɨɜ, ɩɨɡɜɨɥɹɸɳɢɣ ɫɧɢɡɢɬɶ ɛɨɥɟɟ ɱɟɦ  
ɜ 2 ɪɚɡɚ ɡɧɚɱɟɧɢɟ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɹ, ɱɬɨ ɪɚɫɲɢɪɹɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ 
ɬɢɩɚ ɦɚɬɟɪɢɚɥɨɜ, ɜɤɥɸɱɚɹ ɡɨɧɭ ɚɪɤɬɢɱɟɫɤɨɝɨ ɢ ɫɭɛɚɪɤɬɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ, ɯɚɪɚɤɬɟɪɢɡɭ-
ɸɳɟɝɨɫɹ ɩɨɜɵɲɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɜɥɚɠɧɨɫɬɢ. 

Ɍɟɯɧɨɥɨɝɢɹ ɧɚɩɥɚɜɥɟɧɢɹ ɮɬɨɪɩɚɪɚɮɢɧɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɚɧɬɢɨɛɥɟɞɟɧɢ-
ɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɩɨɞɥɨɠɤɚɯ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ,  
ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɟ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɞɨ 124,4 ɝɪɚɞɭɫɚ, ɬ. ɟ. ɩɪɢɞɚɬɶ ɢɦ ɜɵɫɨɤɨ-
ɝɢɞɪɨɮɨɛɧɨɟ ɫɨɫɬɨɹɧɢɟ. 

 
Ȼɥɚɝɨɞɚɪɧɨɫɬɢ 

Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɫɨɬɪɭɞɧɢɤɚɦ ɎȽɍɉ «ȼɂȺɆ» ɋ.Ƚ. Ʉɨɥɵɲɟɜɭ, 
ɋ.ɋ. Ʌɟɲɤɨ, ɂ.Ⱥ. ȼɨɥɤɨɜɭ ɡɚ ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɱɚɫɬɢɱɧɨ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧ-

ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬ №16-29-05334). 
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