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ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ ɩɟɪɟɞ ɝɚɡɨɬɟɪɦɢɱɟɫɤɢɦ ɧɚɩɵɥɟɧɢɟɦ ɢɝɪɚɟɬ 
ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚɩɵɥɹɟɦɵɯ ɱɚɫɬɢɰ ɢ ɩɨɞɥɨɠɤɢ. Ɉɫ-
ɧɨɜɧɚɹ ɡɚɞɚɱɚ ɩɨɞɝɨɬɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɫɬɨɢɬ ɜ ɩɨɜɵɲɟɧɢɢ ɚɤɬɢɜɧɨɫɬɢ ɚɬɨɦɨɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɫɥɨɹ ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ ɢɯ ɤɨɧɬɚɤɬɚ ɫ ɚɬɨɦɚɦɢ ɧɚɩɵɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɨɬɟɤɚɧɢɹ ɜ ɤɨɧɬɚɤɬɟ ɩɪɨɰɟɫ-
ɫɨɜ ɷɥɟɤɬɪɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ [1]. Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ ɩɨɞɥɨɠɤɢ ɹɜɥɹɟɬɫɹ 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ, ɤɨɬɨɪɚɹ ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ, ɜɵɯɨɞɹɳɢɯ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ɨɫɧɨɜɵ. Ⱦɟɮɟɤɬɵ ɭɜɟɥɢɱɢɜɚɸɬ ɤɨɥɢɱɟɫɬɜɨ ɨɱɚɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ ɦɟɠɞɭ ɧɚɩɵɥɹɟɦɵɦɢ 

ɱɚɫɬɢɰɚɦɢ ɢ ɩɨɞɥɨɠɤɨɣ, ɬɟɦ ɫɚɦɵɦ ɭɫɢɥɢɜɚɹ ɨɛɪɚɡɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ. 
ɗɧɟɪɝɢɹ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɜɵɫɜɨɛɨɠɞɚɬɶɫɹ ɩɪɢ ɜɵɯɨɞɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɧɵɯ ɬɢɩɨɜ ɞɟɮɟɤɬɨɜ, ɫɩɨɫɨɛ-

ɫɬɜɭɟɬ ɨɛɴɟɦɧɨɣ ɞɢɮɮɭɡɢɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɩɨɞɥɨɠɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɜɟɪɯɧɨɫɬɧɚɹ 
ɨɛɪɚɛɨɬɤɚ ɩɨɞɥɨɠɤɢ ɫɨɡɞɚɟɬ: ɫɥɨɠɧɭɸ ɬɨɩɨɝɪɚɮɢɸ ɩɨɜɟɪɯɧɨɫɬɢ, ɛɥɚɝɨɩɪɢɹɬɧɭɸ ɞɥɹ ɤɨɧɬɚɤɬɚ ɧɚɩɵ-

ɥɹɟɦɵɯ ɱɚɫɬɢɰ ɢ ɩɨɞɥɨɠɤɢ;  ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɫɠɚɬɢɹ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ, ɤɨɦɩɟɧɫɢɪɭɸ-

ɳɢɟ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɪɚɫɬɹɠɟɧɢɹ ɜ ɩɨɤɪɵɬɢɢ;  ɝɪɚɞɢɟɧɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 
ɬɜɟɪɞɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɨɫɧɨɜɵ ɞɥɹ ɧɢɜɟɥɢɪɨɜɚɧɢɹ ɫɤɚɱɤɚ ɫɜɨɣɫɬɜ ɧɚ ɝɪɚɧɢɰɟ ɬɜɟɪɞɨɟ ɩɨ-
ɤɪɵɬɢɟ – ɦɹɝɤɚɹ ɞɟɬɚɥɶ. 

ɂɦɟɟɬɫɹ ɨɩɵɬ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɵ ɬɚɤɢɯ ɦɟɬɨɞɨɜ ɩɨɜɟɪɯɧɨɫɬ-
ɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɤɚɤ ɞɪɨɛɟɫɬɪɭɣɧɚɹ ɨɛɪɚɛɨɬɤɚ, ɚɥɦɚɡɧɨɟ ɜɵɝɥɚɠɢɜɚɧɢɟ, ɧɚɤɚɬɵɜɚɧɢɟ 
ɪɟɝɭɥɹɪɧɵɯ ɦɢɤɪɨɪɟɥɶɟɮɨɜ. ɗɬɢ ɦɟɬɨɞɵ ɩɨɞɝɨɬɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ 

ɩɥɚɡɦɟɧɧɨɦ, ɝɚɡɨɩɥɚɦɟɧɧɨɦ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ ɢ ɞɟɬɨɧɚɰɢɨɧɧɨɦ ɧɚɩɵɥɟɧɢɢ [2]. 

ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɨɞɝɨɬɨɜɤɢ ɩɨɞɥɨɠɤɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɮɢɧɢɲɧɨɣ ɨɛɪɚɛɨɬ-
ɤɨɣ (ɍɎɈ), ɨɬɧɨɫɹɳɢɣɫɹ ɤ ɦɟɬɨɞɚɦ ɢɧɬɟɧɫɢɜɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ [3–5]. Ɉɫɨ-
ɛɟɧɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɢɧɞɟɧɬɨɪ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɧɨɪɦɚɥɶɧɨ ɤɨɥɟɛɥɸɳɢɣɫɹ ɫ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɱɚɫɬɨɬɨɣ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɫɬɚɬɢɱɟɫɤɢɯ ɫɢɥ ɩɪɢɠɢɦɚɟɬɫɹ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ ɢ ɜɧɟɞɪɹɟɬɫɹ ɜ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚ ɝɥɭɛɢɧɭ, ɡɚɞɚɜɚɟ-
ɦɭɸ ɚɦɩɥɢɬɭɞɨɣ ɤɨɥɟɛɚɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ. ɉɪɢ ɜɪɚɳɟɧɢɢ ɞɟɬɚɥɢ ɢ ɞɜɢɠɟɧɢɢ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɫɨɜɟɪ-
ɲɚɸɳɟɝɨ ɩɪɨɞɨɥɶɧɭɸ ɩɨɞɚɱɭ ɢɧɫɬɪɭɦɟɧɬɚ, ɨɛɪɚɡɭɟɬɫɹ ɫɥɨɠɧɚɹ ɬɨɩɨɝɪɚɮɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ. 

Ɉɧɚ ɫɨɡɞɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɨɥɧ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɟɬɚɥɥɚ, ɜɵɬɟɫɧɟɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɳɟɧɢɹ ɢɧɞɟɧ-

ɬɨɪɚ ɢ ɟɝɨ ɭɞɚɪɨɜ ɨ ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɱɚɫɬɨɬɨɣ. ȼɵɫɨɤɚɹ ɱɚɫɬɨɬɚ ɭɞɚɪɨɜ ɢɧɫɬɪɭɦɟɧɬɚ ɫ 
ɧɚɥɨɠɟɧɢɟɦ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢɜɨɞɢɬ ɤ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶ-
ɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɩɪɢ ɨɛɵɱɧɵɯ ɦɟɬɨɞɚɯ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɬɶ ɨɛɥɚɫɬɶ ɤɨɧɬɚɤɬɚ ɧɚɩɵɥɟɧɧɨɝɨ ɝɚɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɫ 
ɩɨɞɥɨɠɤɨɣ ɩɨɫɥɟ ɧɚɩɵɥɟɧɢɹ ɩɨɤɪɵɬɢɹ ɢ ɟɝɨ ɨɬɪɵɜɚ ɨɬ ɩɨɞɥɨɠɤɢ. Ɍɪɟɛɨɜɚɥɨɫɶ ɨɰɟɧɢɬɶ ɜɤɥɚɞ ɜ 
ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɫɜɹɡɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɮɢɧɢɲɧɨɣ ɨɛɪɚɛɨɬɤɢ.  

 Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɚɞɝɟɡɢɨɧɧɨɣ ɫɜɹɡɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɨɤɪɵɬɢɟ – ɩɨɞɥɨɠɤɚ ɢ 

ɜɥɢɹɧɢɹ ɧɚ ɞɚɧɧɭɸ ɫɜɹɡɶ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɵ ɩɟɪɟɞ ɧɚɩɵɥɟɧɢɟɦ, ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɨɛ-

ɪɚɡɰɵ ɢɡ ɨɬɨɠɠɟɧɧɨɣ ɫɬɚɥɢ 45, ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɬɨɪɵɯ ɩɨɥɢɪɨɜɚɥɚɫɶ ɢɥɢ ɨɛɪɚɛɚɬɵɜɚɥɚɫɶ ɍɎɈ 

(ɪɢɫ.1). ɉɨɥɢɪɨɜɤɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ  ɚɛɪɚɡɢɜɧɨɣ ɩɚɫɬɨɣ ɧɚ ɮɟɬɪɨɜɨɦ ɤɪɭɝɟ. ɍɥɶɬɪɚɡɜɭɤɨɜɚɹ ɨɛɪɚɛɨɬ-
ɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɭɫɬɪɨɣɫɬɜɨɦ ɞɥɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɮɢɧɢɲɧɨɣ ɨɛɪɚɛɨɬɤɢ ɍɁȽɄ-02 [5]. 

ɉɥɚɡɦɟɧɧɨɟ ɧɚɩɵɥɟɧɢɟ ɩɨɪɨɲɤɨɜɨɝɨ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɧɚ ɫɟɪɢɣɧɨɣ 

ɭɫɬɚɧɨɜɤɟ ɍɉɍ-3Ⱦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɪɝɨɧ-ɚɡɨɬɧɨɣ ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɢ [6]. 
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ɇɚɩɵɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɨɫɥɨɣɧɨ, ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ ɞɨ 300 ɦɤɦ. Ⱦɥɹ 
ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɨɤɪɵɬɢɟ – ɨɫɧɨɜɚ ɩɪɨɜɨɞɢɥɢ ɨɩɬɢɱɟɫɤɭɸ ɦɟɬɚɥ-
ɥɨɝɪɚɮɢɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɤɪɵɬɢɹ ɩɨɫɥɟ ɯɢɦɢɱɟɫɤɨɝɨ ɬɪɚɜɥɟɧɢɹ ɧɚ ɦɢɤɪɨɫɤɨɩɟ Carl Zeiss 

Axio Observer. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɵ ɩɨɫɥɟ ɨɬɪɵɜɚ ɧɚ ɝɪɚɧɢɰɟ ɤɨɧɬɚɤɬɚ ɧɚɜɨɞɢɥɚɫɶ 
ɬɪɟɳɢɧɚ ɢ ɩɨɤɪɵɬɢɟ ɨɬɪɵɜɚɥɢ. ɉɨɥɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛ-

ɪɚɡɰɨɜ ɢ ɫɨɫɬɨɹɧɢɢ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɥɟ ɨɬɪɵɜɚ ɩɨɤɪɵɬɢɹ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɩɪɨɮɢɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ MICRO MEASURE 3D station, ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɰɟɧɢɬɶ ɫɨɫɬɨɹɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɬɪɟɯɦɟɪɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɢ ɩɪɨɢɡɜɟɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɢɧɬɟɪɟɫɭɸɳɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɩɨɫɥɟ ɨɬɪɵɜɚ ɩɨɤɪɵɬɢɹ ɭɠɟ ɢɫɩɨɥɶɡɨ-
ɜɚɥɫɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɚɞɝɟɡɢɢ ɩɨɤɪɵɬɢɣ, ɧɚɧɟɫɟɧɧɵɯ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦ ɝɚɡɨɩɥɚɦɟɧɧɵɦ ɢ ɞɟɬɨɧɚɰɢ-

ɨɧɧɵɦ ɧɚɩɵɥɟɧɢɟɦ [7, 8]. Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɢɡɦɟɪɹɥɚɫɶ ɧɚ ɩɪɢɛɨɪɟ ɉɆɌ-3 ɫ ɧɚɝɪɭɡɤɨɣ ɧɚ ɢɧɞɟɧɬɨɪ 100 ɝ. 
ɋɬɟɩɟɧɶ ɧɚɤɥɟɩɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɰɟɧɢɜɚɥɢ ɩɨ ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɩɪɢɪɚɳɟɧɢɸ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɇ/ɇ. Ɂɚ 
ɢɫɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɛɵɥɨ ɜɡɹɬɨ ɡɧɚɱɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ ɩɨɫɥɟ ɩɨɥɢɪɨɜɤɢ.  

ɉɨɫɥɟ ɩɨɥɢɪɨɜɤɢ ɨɫɧɨɜɚ ɢɦɟɟɬ ɝɥɚɞɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ RZ = 0,09 ɦɤɦ (ɪɢɫ. 
1ɚ). ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɢɞɧɵ ɬɨɧɤɢɟ ɪɢɫɤɢ ɨɬ ɚɛɪɚɡɢɜɧɵɯ ɱɚɫɬɢɰ, ɝɥɭɛɢɧɚ ɤɨɬɨɪɵɯ ɧɟ ɩɪɟɜɵɲɚɟɬ ɫɨ-
ɬɵɯ ɞɨɥɟɣ ɦɢɤɪɨɦɟɬɪɚ. Ɍɚɤ ɤɚɤ ɫɬɟɩɟɧɶ ɧɚɤɥɟɩɚ ɧɚ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɵ ɩɪɢɧɢɦɚɟɬ ɡɚ ɧɨɥɶ, ɬɨ ɩɥɚ-
ɫɬɢɱɟɫɤɭɸ ɞɟɮɨɪɦɚɰɢɸ ɨɫɧɨɜɵ ɫɱɢɬɚɟɦ ɦɢɧɢɦɚɥɶɧɨɣ.  

 
 

ɉɪɢ ɍɎɈ ɦɢɤɪɨɪɟɥɶɟɮ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɟɬ ɞɪɭɝɭɸ ɬɨɩɨɝɪɚɮɢɸ. Ɉɧ ɡɚɞɚɟɬɫɹ ɦɢɤɪɨɧɟɪɨɜɧɨ-
ɫɬɹɦɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ ɜɵɝɥɚɠɢɜɚɸɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɨɛɪɚɡɰɚ. ɇɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɮɨɪɦɢɪɭɟɬɫɹ ɦɢɤɪɨɪɟɥɶɟɮ ɤɚɤ ɫɥɟɞ ɨɬ ɟɞɢɧɢɱɧɵɯ ɭɞɚɪɨɜ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɪɚɜ-
ɧɨɦɟɪɧɵɦ ɧɚɬɟɤɚɧɢɟɦ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɟɬɚɥɥɚ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. ɉɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ 
ɢɧɫɬɪɭɦɟɧɬɚ ɮɨɪɦɢɪɭɟɬɫɹ ɜɢɡɭɚɥɶɧɨ ɪɚɡɥɢɱɢɦɚɹ ɫɬɪɨɱɧɨɫɬɶ, ɡɚɞɚɸɳɚɹ ɩɚɪɚɦɟɬɪɵ ɩɨɩɟɪɟɱɧɨɣ ɲɟ-
ɪɨɯɨɜɚɬɨɫɬɢ (ɪɢɫ. 2ɛ). ɇɚ ɩɪɨɮɢɥɨɝɪɚɦɦɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜɢɞɟɧ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɦɢɤɪɨɩɪɨɮɢɥɶ ɱɟɪɟ-
ɞɭɸɳɢɯɫɹ ɜɵɫɬɭɩɨɜ ɢ ɜɩɚɞɢɧɚ, ɡɚɞɚɧɧɵɣ ɩɨɞɚɱɟɣ ɢɧɫɬɪɭɦɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɜɵɫɨɬɚ ɧɟɪɨɜɧɨɫɬɟɣ ɩɨɩɟ-
ɪɟɱɧɨɝɨ ɩɪɨɮɢɥɹ ɧɟɜɟɥɢɤɚ ɢ ɫɨɢɡɦɟɪɢɦɚ ɩɨ ɜɟɥɢɱɢɧɟ ɫ ɜɵɫɨɬɨɣ ɧɟɪɨɜɧɨɫɬɟɣ ɨɬ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟ-
ɧɢɹ ɦɟɬɚɥɥɚ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ȼ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɬɚɤɠɟ ɮɨɪɦɢɪɭɸɬɫɹ ɜɵɫɬɭɩɵ ɢ ɜɩɚɞɢ-

ɧɵ, ɧɨ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟ ɧɟ ɫɢɫɬɟɦɚɬɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɬɭɩɨɜ ɢ ɜɩɚɞɢɧ ɫɨɫɟɞɧɢɯ ɫɬɪɨɱɟɤ. ȼ ɤɨ-
ɧɟɱɧɨɦ ɪɟɡɭɥɶɬɚɬɟ, ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɪɦɢɪɭɟɬɫɹ ɢɡ ɨɬɞɟɥɶɧɵɯ, ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɮɪɚɝɦɟɧɬɨɜ 
ɫɭɛɦɢɤɪɨɪɟɥɶɟɮɚ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɣ ɚɧɢɡɨɬɪɨɩɢɢ. ɒɚɝ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 

ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 100 ɦɤɦ, ɜ ɩɪɨɞɨɥɶɧɨɦ 5–10 ɦɤɦ. ȼɵɫɨɬɚ ɜɵɫɬɭɩɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɦɟɧɹɟɬɫɹ ɨɬ 0,5 

Ɋɢɫ. 2. ɂɡɨɛɪɚɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ ɩɨɫɥɟ ɩɨɥɢɪɨɜɚɧɢɹ (ɚ) ɢ ɍɎɈ (ɛ) 

 500 ɦɤɦ 

ɚ ɛ

 500 ɦɤɦ 

Ɋɢɫ. 1. Ɏɨɬɨɝɪɚɮɢɢ ɨɛɪɚɡɰɨɜ  ɩɨɫɥɟ  ɩɨɥɢɪɨɜɚɧɢɹ  ɢ ɍɎɈ 

ɉɨɥɢɪɨɜɤɚ ɍɎɈ 

2 ɫɦ 



 

 

 

 

 

V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
«ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɤɨɧɨɦɢɤɚ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ» 

 

 271

ɞɨ 0,8 ɦɤɦ. ȼɵɫɬɭɩɵ ɩɥɚɜɧɨ ɩɟɪɟɯɨɞɹɬ ɜɨ ɜɩɚɞɢɧɵ ɭɫɬɭɩɚɦɢ ɛɟɡ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɫɬɪɵɯ ɤɪɨɦɨɤ. Ɏɨɪ-
ɦɢɪɭɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɬɟɪɪɚɫɧɚɹ ɬɨɩɨɝɪɚɮɢɹ ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɚɤɨɣ ɦɢɤɪɨɪɟɥɶɟɮ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɤɨɧɰɟɧɬɪɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɹ ɩɨɜɵɲɟ-
ɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɫɬɚɥɨɫɬɧɨɣ ɩɪɨɱɧɨɫɬɢ. ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɩɨ RZ  0,72 ɦɤɦ.  

Ʉɚɤ ɨɩɢɫɵɜɚɥɨɫɶ ɜ ɩɪɟɞɵɞɭɳɢɯ ɪɚɛɨɬɚɯ [3–5], ɦɧɨɝɨɤɪɚɬɧɚɹ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɧɟ ɬɨɥɶɤɨ ɝɟɨɦɟɬɪɢɢ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɧɨ ɢ ɟɝɨ ɫɬɪɭɤɬɭɪɵ. ȼ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɫɥɨɟ ɫɬɚɥɢ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɥɶɱɟɧɢɟ 
ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɟɮɟɤɬɧɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ [3]. ɉɨɞɨɛɧɨɟ ɫɬɪɨɟɧɢɟ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɞɟɮɟɤɬɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ, ɜɵɯɨ-
ɞɹɳɢɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɞɥɨɠɤɢ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ ɫɬɟɩɟɧɶ ɧɚɤɥɟɩɚ ɫɨɫɬɚɜɥɹɟɬ 0,38.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɟ.  ɉɪɢ ɫɨɭɞɚɪɟɧɢɢ ɞɟɮɨɪɦɢɪɭɸɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɫɧɨɜɵ 

ɧɚ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɭɸɬɫɹ ɭɝɥɭɛɥɟɧɢɹ. ɉɨɜɟɪɯɧɨɫɬɶ ɨɫɧɨɜɵ ɩɪɢ ɷɬɨɦ ɪɚɫɬɹɝɢɜɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ, 
ɩɪɢɦɟɪɧɨ ɪɚɜɧɭɸ ɞɢɚɦɟɬɪɭ ɭɝɥɭɛɥɟɧɢɹ, ɢ ɜɨɡɧɢɤɚɟɬ ɫɠɢɦɚɸɳɚɹ ɫɢɥɚ, ɫɬɪɟɦɹɳɚɹɫɹ ɫɨɯɪɚɧɢɬɶ ɩɟɪ-
ɜɨɧɚɱɚɥɶɧɭɸ ɮɨɪɦɭ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɫɨɡɞɚɸɬɫɹ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ. Ⱦɥɹ ɍɎɈ ɬɚɤɠɟ ɯɚ-
ɪɚɤɬɟɪɧɚ ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɜɵɯɨɞ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɫɬɪɭɤɬɭɪ-
ɧɵɯ ɞɟɮɟɤɬɨɜ – ɞɢɫɥɨɤɚɰɢɣ ɢ ɝɪɚɧɢɰ ɡɟɪɟɧ.  

 

ɉɪɢ ɨɬɪɵɜɟ ɩɨɤɪɵɬɢɹ ɨɬ ɩɨɥɢɪɨɜɚɧɧɨɣ ɨɫɧɨɜɵ ɩɨɜɟɪɯɧɨɫɬɶ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: ɩɪɢɤɪɟɩ-

ɥɟɧɧɵɟ ɤ ɩɨɞɥɨɠɤɟ ɢ ɨɬɞɟɥɟɧɧɵɟ ɨɬ ɩɨɤɪɵɬɢɹ ɱɚɫɬɢɰɵ ɱɟɪɟɞɭɸɬɫɹ ɫ ɡɨɧɚɦɢ ɜɬɨɪɢɱɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 
(ɪɢɫ. 3ɚ). ɑɚɫɬɢɰɵ ɢɦɟɸɬ ɛɥɢɡɤɭɸ ɤ ɨɤɪɭɝɥɨɣ ɮɨɪɦɭ ɫ ɪɚɡɦɟɪɨɦ ɜ ɞɢɚɦɟɬɪ ɨɤɨɥɨ 100 ɦɤɦ ɢ ɜɵɫɨɬɨɣ 

ɨɤɨɥɨ 10 ɦɤɦ. Ɍɚɤɭɸ ɮɨɪɦɭ ɢɦɟɸɬ ɫɩɥɷɬɵ – ɱɚɫɬɢɰɵ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, ɭɞɚɪɢɜɲɢɟɫɹ ɢ ɪɚɫɬɟɤɲɢɟɫɹ 
ɩɨ ɩɨɞɥɨɠɤɟ [6]. Ʉɪɨɦɟ ɰɟɥɵɯ ɱɚɫɬɢɰ, ɭɞɟɪɠɚɧɧɵɯ ɧɚ ɩɨɞɥɨɠɤɟ, ɬɨɩɨɝɪɚɮɢɱɟɫɤɢ ɧɚɛɥɸɞɚɸɬɫɹ ɭɱɚɫɬɤɢ 

ɧɚɩɵɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɟɧɶɲɟɣ ɩɥɨɳɚɞɢ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɨɥɶɤɨ ɨɱɚɝɢ ɫɯɜɚɬɵɜɚɧɢɹ ɦɟɠɞɭ 
ɱɚɫɬɢɰɟɣ ɢ ɩɨɞɥɨɠɤɨɣ, ɢɦɟɸɳɢɟ ɩɪɨɱɧɭɸ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɫɜɹɡɶ. Ɉɫɧɨɜɧɨɣ ɨɛɴɟɦ ɦɚɬɟɪɢɚɥɚ ɱɚɫɬɢɰɵ ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɨɬɞɟɥɢɥɫɹ ɜɦɟɫɬɟ ɫ ɩɨɤɪɵɬɢɟɦ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ, ɨɛɳɚɹ ɩɥɨɳɚɞɶ 
ɨɱɚɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ ɢ ɩɪɢɜɚɪɟɧɧɵɯ ɱɚɫɬɢɰ ɧɚ ɩɨɥɢɪɨɜɚɧɧɨɣ ɩɨɞɥɨɠɤɟ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 30%. 

ɉɨɤɪɵɬɢɟ, ɧɚɩɵɥɟɧɧɨɟ ɧɚ ɩɨɞɥɨɠɤɭ ɫ ɍɎɈ, ɩɪɢ ɨɬɪɵɜɟ ɨɬɞɟɥɢɥɨɫɶ ɩɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɥɢɲɶ 
ɱɚɫɬɢɱɧɨ (ɪɢɫ. 3ɛ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɛɨɥɶɲɟɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɥɚ ɚɞɝɟɡɢɨɧɧɨɣ ɫɜɹ-
ɡɢ ɩɪɟɜɵɫɢɥɚ ɫɢɥɭ ɤɨɝɟɡɢɢ. ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɮɨɬɨɝɪɚɮɢɢ (ɪɢɫ.3ɛ) ɢɡɨɛɪɚɠɟɧɚ ɨɛɥɚɫɬɶ ɨɬɪɵɜɚ ɩɨɤɪɵ-

ɬɢɹ ɩɨ ɝɪɚɧɢɰɟ ɩɨɤɪɵɬɢɟ – ɨɫɧɨɜɚ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɱɚ-
ɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ. Ɋɚɡɦɟɪ ɨɬɞɟɥɶɧɨɝɨ ɨɱɚɝɚ ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɡɦɟɪɨɦ ɨɱɚɝɚ ɫɯɜɚɬɵɜɚɧɢɹ ɧɚ ɩɨɥɢɪɨɜɚɧɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɨɫɬɚɜɥɹɟɬ ɜ ɲɢɪɢɧɭ 15–20 ɦɤɦ, ɜ ɜɵɫɨɬɭ ɨɤɨɥɨ 2–5 ɦɤɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɱɚɝɚɦɢ 

ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɜɵɫɬɭɩɚɦɢ ɩɨɜɟɪɯɧɨɫɬɢ 50–100 ɦɤɦ. ȼ ɧɟɤɨɬɨɪɵɯ ɦɟɫɬɚɯ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɫɨɯɪɚɧɹɸɬɫɹ ɧɟɛɨɥɶɲɢɟ ɭɱɚɫɬɤɢ ɩɨɤɪɵɬɢɹ, ɧɟ ɨɬɞɟɥɢɜɲɢɟɫɹ ɨɬ ɩɨɞɥɨɠɤɢ ɢ ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ 
ɚɝɥɨɦɟɪɚɬɵ ɧɚɩɵɥɟɧɧɵɯ ɱɚɫɬɢɰ, ɭɞɟɪɠɢɜɚɟɦɵɯ ɤɨɦɩɥɟɤɫɨɦ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɨɱɚɝɨɜ ɫɯɜɚɬɵ-

ɜɚɧɢɹ. Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɨɱɚɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ ɢ ɧɟ ɨɬɞɟɥɢɜɲɢɯɫɹ ɚɝɥɨɦɟɪɚɬɨɜ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 40%. 

Ɉɞɧɚɤɨ, ɜ ɞɚɧɧɨɣ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɟ ɧɟ ɭɱɢɬɵɜɚɥɚɫɶ ɩɥɨɳɚɞɶ ɩɨɞɥɨɠɢ, ɧɚ ɤɨɬɨɪɨɣ ɩɪɨɢɡɨɲɥɨ 

ɤɨɝɟɡɢɨɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɩɨɤɪɵɬɢɹ.  
Ⱦɥɹ ɨɰɟɧɤɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɚɬɟɪɢɚɥɚ ɧɚ ɝɪɚɧɢɰɟ ɩɨɤɪɵɬɢɟ – ɨɫɧɨɜɚ ɛɵɥɢ ɩɪɨ-

ɜɟɞɟɧɵ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɲɥɢɮɨɜ ɧɚɩɵɥɟɧɧɵɯ ɧɚ ɨɫɧɨɜɭ ɩɨɤɪɵɬɢɣ. 

ɋɪɚɡɭ ɨɬɦɟɬɢɦ, ɱɬɨ ɨɩɬɢɱɟɫɤɚɹ ɦɟɬɚɥɥɨɝɪɚɮɢɹ ɫɨɫɬɨɹɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɩɨɤɪɵɬɢɟ – ɨɫɧɨɜɚ ɡɚ-

Ɋɢɫ. 3. ɂɡɨɛɪɚɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ ɩɨɫɥɟ ɨɬɪɵɜɚ ɧɚɩɵɥɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɨɬ ɩɨɥɢɪɨɜɚɧɧɨɣ (ɚ)  
ɢ ɨɛɪɚɛɨɬɚɧɧɨɣ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ (ɛ) ɨɫɧɨɜɵ 

ɛ

 500 ɦɤɦ 

ɚ 

 500 ɦɤɦ 



 

 

 

 

 

 

ɋɟɤɰɢɹ 2: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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ɬɪɭɞɧɢɬɟɥɶɧɚ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟɦ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɫɤɚɱɤɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɦɚɬɟɪɢɚɥɨɜ. ɉɨɷɬɨɦɭ, ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɨɩɢɫɚɧɢɹ ɩɪɨɢɫɯɨɞɹɳɢɯ ɧɚ ɝɪɚɧɢɰɟ ɩɪɨɰɟɫɫɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɤɚɤ ɧɟɬɪɚɜɥɟɧɵɟ, ɬɚɤ ɢ ɬɪɚɜɥɟɧɵɟ ɲɥɢɮɵ.  

Ⱦɥɹ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɩɨɤɪɵɬɢɟ – ɩɨɥɢɪɨɜɚɧɧɚɹ ɩɨɞɥɨɠɤɚ, ɪɚɫɫɦɨɬɪɟɧɵ ɩɨ-
ɩɟɪɟɱɧɵɟ ɲɥɢɮɚ ɫ ɩɨɤɪɵɬɢɟɦ ɛɟɡ ɯɢɦɢɱɟɫɤɨɝɨ ɬɪɚɜɥɟɧɢɹ (ɪɢɫ. 4). ɉɨɫɥɟ ɬɪɚɜɥɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡ-
ɞɟɥɚ ɫɮɨɪɦɢɪɨɜɚɥɨɫɶ ɤɨɧɬɪɚɫɬɧɨɟ ɭɝɥɭɛɥɟɧɢɟ, ɡɚɬɪɭɞɧɹɸɳɟɟ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ.   

 

 
Ɋɢɫ. 4. Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɩɨɤɪɵɬɢɟ – ɩɨɥɢɪɨɜɚɧɧɚɹ ɨɫɧɨɜɚ 

 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4ɚ, ɦɟɠɞɭ ɨɫɧɨɜɨɣ ɢ ɩɨɤɪɵɬɢɟɦ ɜɢɞɧɚ ɱɟɬɤɚɹ ɥɢɧɟɣɧɚɹ ɝɪɚɧɢɰɚ. 
ɑɚɫɬɶ ɩɪɢɥɟɝɚɸɳɟɝɨ ɤ ɩɨɞɥɨɠɤɟ ɦɚɬɟɪɢɚɥɚ ɢɦɟɟɬ ɫ ɨɫɧɨɜɨɣ ɩɪɨɱɧɭɸ ɫɜɹɡɶ, ɨɛɪɚɡɨɜɚɧɧɭɸ ɜ ɩɪɨɰɟɫ-
ɫɟ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɉɪɨɱɧɭɸ ɫɜɹɡɶ ɫ ɨɫɧɨɜɨɣ ɢɦɟɸɬ, ɤɚɤ ɰɟɥɵɟ ɧɚɩɵɥɟɧɧɵɟ ɱɚɫɬɢɰɵ, 

ɱɬɨ ɢɥɥɸɫɬɪɢɪɭɟɬ ɪɢɫ.4ɛ, ɬɚɤ ɢ ɮɪɚɝɦɟɧɬɵ ɱɚɫɬɢɰ.  Ȼɨɥɶɲɭɸ ɱɚɫɬɶ ɝɪɚɧɢɰɵ ɨɛɪɚɡɭɸɬ ɬɪɟɳɢɧɵ, 

ɫɮɨɪɦɢɪɨɜɚɜɲɢɟɫɹ ɥɢɛɨ ɜ ɩɪɨɰɟɫɫɟ ɧɚɧɟɫɟɧɢɹ ɢ ɨɯɥɚɠɞɟɧɢɹ ɩɨɤɪɵɬɢɹ, ɥɢɛɨ ɜ ɩɪɨɰɟɫɫɟ ɩɪɢɝɨɬɨɜɥɟ-
ɧɢɹ ɲɥɢɮɚ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɪɨɫɬ ɬɪɟɳɢɧ ɫɜɹɡɚɧ ɫ ɛɨɥɶɲɢɦɢ ɨɫɬɚɬɨɱɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ, ɢɦɟɸɳɢ-

ɦɢɫɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɢ ɜ ɫɚɦɨɦ ɩɨɤɪɵɬɢɢ.   

ɉɪɢɱɢɧɨɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɧɚɩɵɥɹɟɦɵɯ ɱɚɫɬɢɰ ɢ ɨɫɧɨɜɵ, ɭɫɚɞɤɚ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɚɫɬɢɰ, ɠɟɫɬ-
ɤɨɫɬɶ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɟ – ɨɫɧɨɜɚ ɢ ɞɪ. Ɉɛɵɱɧɨ, ɩɪɢ ɨɫɚɠɞɟɧɢɢ ɠɢɞɤɢɯ ɱɚɫɬɢɰ, ɤɚɤ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ, 
ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɜ ɩɪɨɰɟɫɫɟ ɭɫɚɞɤɢ ɤɪɢɫɬɚɥɥɢɡɭɸɳɟɝɨɫɹ ɦɚɬɟɪɢɚɥɚ ɨɛɪɚɡɭɸɬɫɹ ɦɢɤɪɨɩɨɪɵ. ɉɨɞ 

ɞɟɣɫɬɜɢɟɦ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɪɚɫɬɹɠɟɧɢɹ ɦɢɤɪɨɩɨɪɵ ɬɪɚɧɫɮɨɪɦɢɪɭɸɬɫɹ ɜ ɦɢɤɪɨɬɪɟɳɢɧɵ, 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɟɫɹ ɥɢɛɨ ɩɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ, ɥɢɛɨ ɜɝɥɭɛɶ ɩɨɤɪɵɬɢɹ. ȼ ɫɥɭɱɚɟ ɧɚɩɵɥɟɧɢɹ ɦɚɬɟɪɢɚ-
ɥɚ ɧɚ ɩɨɥɢɪɨɜɚɧɧɭɸ ɨɫɧɨɜɭ, ɦɢɤɪɨɬɪɟɳɢɧɵ ɪɚɫɩɪɨɫɬɪɚɧɢɥɢɫɶ ɩɨ ɝɪɚɧɢɰɟ ɩɨɤɪɵɬɢɟ – ɨɫɧɨɜɚ (ɪɢɫ. 
3ɚ). ɗɬɨɝɨ ɧɟ ɩɪɨɢɡɨɲɥɨ ɥɢɲɶ ɧɚ ɭɱɚɫɬɤɚɯ ɝɪɚɧɢɰɵ, ɝɞɟ ɧɚɩɵɥɟɧɧɵɟ ɱɚɫɬɢɰɵ ɢ ɩɨɞɥɨɠɤɚ ɨɛɪɚɡɨɜɚɥɢ 

ɩɪɨɱɧɭɸ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɫɜɹɡɶ, ɬɨ ɟɫɬɶ  ɜ ɨɱɚɝɚɯ ɫɯɜɚɬɵɜɚɧɢɹ. ɉɨɷɬɨɦɭ, ɩɪɢ ɨɬɪɵɜɟ ɩɨɤɪɵɬɢɹ ɨɬ ɨɫ-
ɧɨɜɵ ɧɚ ɷɬɢɯ ɭɱɚɫɬɤɚɯ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɲɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɥɢɛɨ ɩɨ ɨɛɴɟɦɭ ɦɚɬɟɪɢɚɥɚ 
ɱɚɫɬɢɰɵ, ɥɢɛɨ ɩɨ ɝɪɚɧɢɰɟ ɦɟɠɞɭ ɜɵɲɟɥɟɠɚɳɢɦɢ ɧɚɩɵɥɟɧɧɵɦɢ ɱɚɫɬɢɰɚɦɢ (ɪɢɫ. 4ɛ).  Ʉɚɪɬɢɧɭ ɬɚɤɨɝɨ 
ɨɬɪɵɜɚ ɦɵ ɢ ɧɚɛɥɸɞɚɟɦ ɧɚ ɪɢɫ. 3ɚ. 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɬɪɨɟɧɢɟ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɩɨɤɪɵɬɢɟ – ɩɨɞ-

ɥɨɠɤɚ ɫ ɍɎɈ. ɉɨɩɟɪɟɱɧɵɣ ɲɥɢɮ ɛɵɥ ɩɪɢɝɨɬɨɜɥɟɧ ɩɨɫɥɟ ɨɬɪɵɜɚ ɩɨɤɪɵɬɢɹ ɢɡ ɭɱɚɫɬɤɚ ɨɛɪɚɡɰɚ, ɝɞɟ 
ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɡɨɲɥɨ ɩɨ ɦɚɬɟɪɢɚɥɭ ɩɨɤɪɵɬɢɹ. Ɍɚɤ ɤɚɤ ɧɚ ɧɟɬɪɚɜɥɟɧɨɦ ɲɥɢɮɟ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɧɟ 
ɜɵɹɜɥɹɥɚɫɶ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɯɢɦɢɱɟɫɤɨɟ ɬɪɚɜɥɟɧɢɟ ɫɬɚɥɶɧɨɣ ɩɨɞɥɨɠɤɢ 4% ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ 

ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ.  

 

 
Ɋɢɫ. 5. Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɩɨɤɪɵɬɢɟ –  

ɨɛɪɚɛɨɬɚɧɧɚɹ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɨɫɧɨɜɚ 
 

ɉɨɫɥɟ ɯɢɦɢɱɟɫɤɨɝɨ ɬɪɚɜɥɟɧɢɹ ɨɫɧɨɜɵ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɩɨɜɬɨɪɹɟɬ ɪɟɥɶɟɮ 

ɩɨɞɥɨɠɤɢ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɨɣ. ɇɚ ɝɪɚɧɢɰɟ ɧɚɛɥɸɞɚɸɬɫɹ ɤɚɤ ɭɱɚɫɬɤɢ, 

ɢɦɟɸɳɢɟ ɩɪɨɱɧɭɸ ɫɜɹɡɶ ɦɟɠɞɭ ɧɚɩɵɥɟɧɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɢ ɨɫɧɨɜɨɣ, ɬɚɤ ɢ ɩɨɪɵ. Ɉɞɧɚɤɨ, ɪɚɡɪɭɲɟɧɢɟ 
ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɨɬɪɵɜɟ ɩɨɤɪɵɬɢɹ ɩɪɨɢɡɨɲɥɨ ɧɟ ɡɚ ɫɱɟɬ ɪɚɡɪɚɫɬɚɧɢɹ ɝɪɚɧɢɱɧɵɯ ɩɨɪ ɜ ɦɢɤɪɨɬɪɟɳɢɧɵ ɫ 

ɨɫɧɨɜɚ 

ɧɟ ɨɬɫɥɨɢɜɲɚɹɫɹ 
ɱɚɫɬɶ ɩɨɤɪɵɬɢɹ 

 40 ɦɤɦ 
ɩɨɪɵ ɧɚ ɝɪɚɧɢɰɟ 

  150 ɦɤɦ 

ɚ 

ɬɪɟɳɢɧɚ ɧɚ ɝɪɚɧɢɰɟ   50 ɦɤɦ 

ɛ

ɪɚɡɦɟɪ ɨɱɚɝɚ 
ɫɯɜɚɬɵɜɚɧɢɹ 

ɩɪɢɜɚɪɟɧɧɚɹ ɱɚɫɬɢɰɚ  
ɩɨɤɪɵɬɢɟ 

ɨɫɧɨɜɚ 
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ɞɚɥɶɧɟɣɲɢɦ ɪɚɡɪɭɲɟɧɢɟɦ ɩɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ. Ɋɚɡɪɭɲɟɧɢɟ ɩɪɨɢɡɨɲɥɨ ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ ɝɪɚɧɢɰɵ ɪɚɡ-
ɞɟɥɚ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɫɨɯɪɚɧɢɥɫɹ ɬɨɧɤɢɣ ɫɥɨɣ ɧɚɩɵɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɨɢɡ-
ɦɟɪɢɦɵɣ ɫ ɜɵɫɨɬɨɣ  ɞɜɭɯ- ɬɪɟɯ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ.  

Ɂɨɧɵ ɩɪɨɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɢ ɨɫɧɨɜɵ ɫ ɍɎɈ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ 
ɝɪɚɧɢɰɵ, ɱɬɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɨ ɫ ɢɧɬɟɧɫɢɮɢɤɚɰɢɟɣ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚɩɵɥɹɟɦɵɯ 
ɱɚɫɬɢɰ ɢ ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠɤɢ ɡɚ ɫɱɟɬ ɜɵɯɨɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɞɥɨɠɤɢ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɟɮɟɤ-
ɬɨɜ. ɇɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɱɚɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɜɟɪɲɢɧ ɲɟɪɨɯɨɜɚɬɨ-
ɫɬɢ ɧɚ ɨɛɪɚɛɨɬɚɧɧɨɣ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɵ. ȼɵɫɬɭɩɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 

ɩɪɢ ɨɫɚɠɞɟɧɢɢ ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɱɚɫɬɢɰ ɧɚɝɪɟɜɚɸɬɫɹ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɢ ɮɚɤɬɢɱɟɫɤɢ ɫɜɚɪɢɜɚɸɬɫɹ ɫ 
ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɦɢɫɹ ɱɚɫɬɢɰɚɦɢ, ɮɨɪɦɢɪɭɹ ɨɱɚɝɢ ɫɯɜɚɬɵɜɚɧɢɹ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɮɨɬɨɝɪɚɮɢɹ ɩɨɞ-

ɥɨɠɤɢ ɜ ɨɛɥɚɫɬɢ ɨɬɪɵɜɚ ɩɨɤɪɵɬɢɹ ɩɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ (ɪɢɫ. 3ɛ).  Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɩɨɪɹɞɨɤ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɱɚɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɩɨɥɨɠɟɧɢɸ ɜɵɫɬɭɩɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ.  

ɇɚ ɜɨɡɪɚɫɬɚɧɢɟ ɚɞɝɟɡɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɜ ɫɥɭɱɚɟ ɩɨɞɝɨɬɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɍɎɈ, ɧɚɪɹɞɭ ɫ ɭɜɟɥɢ-

ɱɟɧɢɟɦ ɩɥɨɳɚɞɢ ɨɱɚɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ ɜɥɢɹɟɬ ɢ ɧɚɥɢɱɢɟ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɞɥɨɠɤɢ. ɉɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨɟ ɫɨɡɞɚɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɷɮɮɟɤɬɢɜɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ 

ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨɤɪɵɬɢɹ. ɗɬɢɦ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɬɨ, ɱɬɨ ɧɚ ɛɨɥɶɲɟɣ ɩɥɨɳɚɞɢ ɨɛ-
ɪɚɡɰɚ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɩɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɨɤɪɵɬɢɟ – ɨɫɧɨɜɚ, ɚ ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ.  

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɭɥɶɬɪɚɡɜɭɤɨɜɚɹ ɮɢ-

ɧɢɲɧɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɬɶ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɥɚɡɦɟɧɧɨɟ ɩɨ-
ɤɪɵɬɢɟ-ɨɫɧɨɜɚ ɚɞɝɟɡɢɨɧɧɭɸ ɫɜɹɡɶ ɢ ɞɨɫɬɢɝɚɬɶ ɭɪɨɜɧɹ ɩɪɨɱɧɨɫɬɢ ɫɰɟɩɥɟɧɢɹ, ɞɨɫɬɚɬɨɱɧɭɸ ɞɥɹ ɪɟɲɟ-
ɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. 
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Titanium-based cathodes, which nowadays are used for obtaining coatings made with vacuum-arc 

and magnetron methods, have a complex elemental composition. According to recent studies, complication 

of the cathode  composition is necessary because multicomponent nitride coatings based on titanium with 


