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ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ʉɨɦɢɬɟɬɚ ɧɚɭɤɢ ɆɈɇ ɊɄ ɧɚ 
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Ɋɚɧɟɟ ɧɚɦɢ [1,2] ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧɬɪɨɥɹ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɚɬɟɪɢɚɥɨɜ ɩɭɬɟɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɪɢ ɤɪɢɫɬɚɥɥɢ-

ɡɚɰɢɢ. Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɥɟɣ (ɦɨɧɨ- ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɵ ɚɡɢɞɨɜ ɫɟɪɟɛɪɚ, ɫɜɢɧɰɚ ɢ 

ɬɚɥɥɢɹ, ɝɚɥɨɝɟɧɢɞɵ (ɯɥɨɪɢɞɵ, ɛɪɨɦɢɞɵ) ɫɟɪɟɛɪɚ, ɧɚɬɪɢɹ, ɤɚɥɢɹ) ɜ ɫɥɚɛɨɦ ɩɨɫɬɨɹɧɧɨɦ ɛɟɫɤɨɧɬɚɤɬɧɨɦ 

ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ, ɤɚɤ ɩɨɤɚɡɚɥɢ ɪɟɡɭɥɶɬɚɬɵ ɧɚɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ [2-4], ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɯɢɦɢ-

ɱɟɫɤɢ ɱɢɫɬɵɟ ɦɨɧɨɞɢɫɩɟɪɫɧɵɟ ɤɪɢɫɬɚɥɥɵ, ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɪɚɡɦɟɪɚɦɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ 
ɷɮɮɟɤɬɢɜɧɨ ɭɩɪɚɜɥɹɬɶ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɧɚɩɪɹɠɟɧɧɨɫɬɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ (ɨɬ 10-4 ȼ/ɦ ɞɨ 102 

ȼ/ɦ). Ɉɛɪɚɛɨɬɤɚ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɭɤɚɡɚɧɧɨɦ ɜɵɲɟ ɞɢɚɩɚɡɨɧɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɟɣ ɩɨ-
ɡɜɨɥɢɥɚ ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ ɢɯ ɯɪɚɧɟɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɞɨ 6 ɦɟɫɹɰɟɜ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɤɨ-
ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ, ɜ ɪɚɦɤɚɯ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ, ɩɪɟɞɥɨɠɢɬɶ ɬɟɯɧɨɥɨɝɢɸ 

ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ.  
ɇɚɢɛɨɥɟɟ ɛɥɢɡɤɢɦ ɤ ɩɪɟɞɥɚɝɚɟɦɨɦɭ ɫɩɨɫɨɛɭ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɹɜ-

ɥɹɟɬɫɹ ɫɩɨɫɨɛ, ɨɩɢɫɚɧɧɵɣ ɜ ɪɚɛɨɬɚɯ [1,2]. Ɍɟɯɧɢɱɟɫɤɢɦ ɪɟɡɭɥɶɬɚɬɨɦ ɩɪɟɞɥɚɝɚɟɦɨɣ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨ-
ɬɟ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹɟɬɫɹ ɪɚɫɲɢɪɟɧɢɟ ɟɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ ɞɨɫɬɨɜɟɪ-
ɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɪɨɜɟɞɟɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɨɛɪɚɡɰɚɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɹɠɺɧɧɨɫɬɹɯ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɧɨ ɨɞɢɧɚɤɨɜɵɯ 
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ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɤɨɧ-

ɬɪɨɥɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɜ ɫɥɚɛɨɦ ɛɟɫɤɨɧɬɚɤɬɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɩɪɟɞ-

ɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ: 1. ɢɫɬɨɱɧɢɤ 
ɩɢɬɚɧɢɹ; 2. ɩɟɪɟɤɥɸɱɚɬɟɥɶ ɩɪɟɞɟɥɨɜ ɪɟɝɭɥɢɪɨɜɤɢ ɧɚɩɪɹɠɟɧɢɹ; 3. ɛɥɨɤ ɞɟɥɢɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ; 4. ɷɥɟɤ-

ɬɪɨɞɵ; 5. ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɹɱɟɣɤɚ; 6. ɡɚɡɟɦɥɺɧɧɵɣ ɷɤɪɚɧɢɪɭɸɳɢɣ ɤɨɪɩɭɫ 
 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɹɱɟɣɤɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɥɢɹɧɢɸ ɫɥɚɛɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɫɨɞɟɪɠɢɬ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɰɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɥɢɛɨ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ (ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɛɸɤɫ, ɱɚɫɬɢɱɧɨ ɡɚɩɨɥɧɟɧɧɵɣ ɪɚɫɬɜɨɪɨɦ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɨɥɢ), ɥɢɛɨ ɩɨɞɥɨɠɤɭ ɢɡ ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɧɨɝɨ ɧɟɦɚɝɧɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɫɬɟɤɥɨ), 
ɧɚ ɤɨɬɨɪɭɸ ɩɨɦɟɳɚɥɢ ɨɛɪɚɡɟɰ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ n ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɹɱɟɟɤ ɩɨɞɤɥɸɱɚɥɢ ɤ ɞɟɥɢɬɟɥɸ ɤ ɪɚɡɥɢɱɧɵɦ ɫɬɭɩɟɧɹɦ ɧɚɩɪɹɠɟɧɢɹ 
(ɧɚ ɫɯɟɦɟ n=4). ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɹɱɟɣɤɢ ɩɨɦɟɳɚɥɢ ɦɟɠɞɭ ɞɜɭɦɹ ɷɥɟɤɬɪɨɞɚɦɢ ɪɚɡɦɟɪɨɦ 70×50×20 

ɦɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɚɦɢ ɡɚɞɚɟɬɫɹ ɧɟ ɛɨɥɟɟ 50 ɦɦ, ɚ ɦɟɠɞɭ ɫɬɟɧɤɚɦɢ ɛɸɤɫɚ (ɥɢɛɨ ɩɨɞɥɨɠ-

ɤɢ) ɢ ɷɥɟɤɬɪɨɞɨɦ ɧɟ ɛɨɥɟɟ 50 ɦɤɦ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɥɟɦɟɧɬ ɧɚ 1,5 ȼ, ɱɬɨ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɫɥɚɛɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɢɫɤɥɸɱɚɟɬ ɧɚɜɟɞɟɧɢɟ ɩɨɦɟɯ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ n ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɞɥɹ 
ɞɟɥɢɬɟɥɹ (ɛɚɬɚɪɟɹ n ɷɥɟɦɟɧɬɨɜ n1,5 ȼ), ɫɨɟɞɢɧɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɪɚɫɲɢɪɢɬɶ ɢɫɩɨɥɶ-
ɡɭɟɦɵɣ ɢɧɬɟɪɜɚɥ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 1, ɩɪɟɞɥɚɝɚɟɦɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɜɚɪɶɢɪɨɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɷɥɟɤɬɪɢ-

ɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɹɱɟɣɤɟ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 100 ɞɨ 10-6 ȼ (ɨɬ 100 ȼ ɞɨ 10-3 ȼ ɩɪɢ ɜɤɥɸ-

ɱɟɧɢɢ ɱɟɪɟɡ ɫɨɩɪɨɬɢɜɥɟɧɢɟ R5=1,1 ɆɈɦ, ɢ ɨɬ 10-3 ȼ ɞɨ 10-6 ȼ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɱɟɪɟɡ R6=1,1 ȽɈɦ). 

Ȼɥɨɤ ɞɟɥɢɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɞɤɥɸɱɟɧɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ R1=2,2 

ɤɈɦ, R2=20 ɤɈɦ, R3=200 ɤɈɦ, R4=2 Ɇɨɦ ɫ ɜɵɜɨɞɚɦɢ ɨɬ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ.  

Ʉɪɢɫɬɚɥɥɢɡɚɰɢɸ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɥɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɩɪɨɜɨɞɢɥɢ ɞɨ ɩɨɥɧɨɝɨ ɢɫɩɚɪɟ-
ɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ 0,407 ɝ/ɫɭɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 23±2 ºɋ). Ɂɚ ɩɪɨɰɟɫɫɨɦ ɨɛɪɚɡɨ-
ɜɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ ɧɚɛɥɸɞɚɥɢ ɜ ɦɢɤɪɨɫɤɨɩ «Ȼɢɨɥɚɦ» (ɨɤɭɥɹɪ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ×120), ɩɪɨɜɨɞɢɥɢ ɮɨɬɨ- 
ɢ ɜɢɞɟɨɫɴɟɦɤɭ. Ɉɛɪɚɡɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɟɞɥɚɝɚɟɦɵɦ ɫɩɨɫɨɛɨɦ, ɨɩɬɢɱɟɫɤɢ ɩɪɨɡɪɚɱɧɵ, ɧɟ ɢɦɟɸɬ ɜɢ-
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ɞɢɦɵɯ ɜ ɨɩɬɢɱɟɫɤɢɣ ɦɢɤɪɨɫɤɨɩ ɨɛɴɟɦɧɵɯ ɞɟɮɟɤɬɨɜ, ɨɛɥɚɞɚɸɬ ɫɨɜɟɪɲɟɧɧɨɣ ɨɝɪɚɧɤɨɣ. Ⱦɢɫɩɟɪɫɢɨɧ-

ɧɵɣ ɚɧɚɥɢɡ ɜɵɪɚɳɟɧɧɵɯ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɚɥ ɫɬɪɟɦɥɟɧɢɟ ɤ ɨɞɧɨɬɢɩɧɨɫɬɢ ɢ ɨɞɧɨ-
ɪɨɞɧɨɫɬɢ ɫɬɪɭɤɬɭɪɧɵɯ ɮɨɪɦ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɧɟɛɨɥɶɲɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɩɨ ɪɚɡɦɟɪɚɦ 

(11÷37 %, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɢɬɫɹ ɤɪɢɫɬɚɥɥɢ-

ɡɚɰɢɹ). ȼɵɪɚɳɟɧɧɵɟ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɤɪɢɫɬɚɥɥɵ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɥɟɣ (ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɭɤɚɡɚɧɧɵɟ ɜɵɲɟ ɫɨɟɞɢɧɟɧɢɹ) ɫɨɞɟɪɠɚɬ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ (ɧɚɩɪɢɦɟɪ: ɫɨɞɟɪɠɚɧɢɟ 
ɩɪɢɦɟɫɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ Zn2+, Cu2+, Fe3+, Al3+, Pb2+ ɜ ɧɢɬɟɜɢɞɧɵɯ ɤɪɢɫɬɚɥɥɚɯ ɚɡɢɞɚ 
ɫɟɪɟɛɪɚ, ɜɵɪɚɳɟɧɧɵɯ ɜ ɫɥɚɛɨɦ ɛɟɫɤɨɧɬɚɤɬɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ 10-2 ȼ/ɦ, ɨɰɟ-
ɧɟɧɧɨɟ ɷɦɢɫɫɢɨɧɧɵɦ ɫɩɟɤɬɪɚɥɶɧɵɦ ɢ ɪɟɧɬɝɟɧɨɮɥɸɨɪɟɫɰɟɧɬɧɵɦ (ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚ-
ɧɨɜɤɟ JEOL JSM-6390 LA) ɦɟɬɨɞɚɦɢ ɚɧɚɥɢɡɚ, ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 2·10-5 ɦɨɥɶɧɵɯ ɩɪɨɰɟɧɬɚ ɩɪɨɬɢɜ 
5·10-5 ɦɨɥɶɧɵɯ ɩɪɨɰɟɧɬɚ ɭ ɜɵɪɚɳɟɧɧɵɯ ɨɛɵɱɧɵɦ ɫɩɨɫɨɛɨɦ; ɩɥɨɬɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ ɜ ɤɪɢɫɬɚɥɥɚɯ, 
ɜɵɪɚɳɟɧɧɵɯ ɜ ɫɥɚɛɨɦ ɛɟɫɤɨɧɬɚɤɬɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ 10-4 ȼ/ɦ, ɨɩɪɟɞɟɥɹɟɦɚɹ 
ɦɟɬɨɞɨɦ ɹɦɨɤ ɬɪɚɜɥɟɧɢɹ [5] ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 1102 ɫɦ-2 ɩɪɨɬɢɜ (5÷6)102 ɫɦ-2 ɭ ɜɵɪɚɳɟɧɧɵɯ 
ɨɛɵɱɧɵɦ ɫɩɨɫɨɛɨɦ). ɍɤɚɡɚɧɧɵɟ ɜɵɲɟ ɫɜɨɣɫɬɜɚ ɫɨɯɪɚɧɹɸɬɫɹ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɱɢɫɬɨɬɵ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɟɚɝɟɧɬɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɫɬɢɬɶ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɤɪɢɫɬɚɥɥɨɜ. ɉɨ-
ɥɭɱɟɧɧɵɟ ɩɪɟɞɥɚɝɚɟɦɵɦ ɫɩɨɫɨɛɨɦ ɤɪɢɫɬɚɥɥɵ ɧɟ ɩɪɨɹɜɥɹɸɬ ɩɪɢɡɧɚɤɨɜ ɫɬɚɪɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ 6 

ɦɟɫɹɰɟɜ ɩɨɫɥɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ. ɍɤɚɡɚɧɧɵɟ ɜɵɲɟ ɫɜɨɣɫɬɜɚ ɩɨɤɚɡɚɥɢ ɩɪɟɞɩɨɱ-
ɬɢɬɟɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɤɚɤ ɜɵɪɚɳɟɧɧɵɯ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ, ɬɚɤ ɢ ɩɪɨɲɟɞɲɢɯ ɨɛɪɚɛɨɬɤɭ ɜ 
ɧɟɦ ɨɛɪɚɡɰɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɪɟɛɭɸɳɢɯ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɢɡɦɟ-
ɪɟɧɢɣ, ɚ ɬɚɤɠɟ ɜ ɢɡɞɟɥɢɹɯ, ɬɪɟɛɭɸɳɢɯ ɩɨɜɵɲɟɧɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ.  

ɉɪɟɞɥɚɝɚɟɦɚɹ ɜ ɪɚɛɨɬɟ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ 
ɩɨɡɜɨɥɢɥɚ ɧɟ ɬɨɥɶɤɨ ɩɨɥɭɱɚɬɶ ɨɛɪɚɡɰɵ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɪɚɛɨɱɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (ɦɨɧɨɞɢɫɩɟɪɫ-
ɧɨɫɬɶ, ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ, ɭɜɟɥɢɱɟɧɧɵɣ ɫɪɨɤ ɯɪɚɧɟɧɢɹ, ɪɟɝɭɥɢɪɭɟɦɵɣ ɜɚɪɶɢɪɨɜɚɧɢ-

ɟɦ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɡɦɟɪ ɢ ɬ.ɞ.), ɧɨ ɢ, ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɞɨɫ-
ɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɨɜɨɞɢɬɶ ɩɚɪɚɥɥɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɜ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɹɠɟɧɧɨɫɬɹɯ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. 
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Ɋɚɡɜɢɬɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɫɥɨɣɧɨɝɨ ɫɢɧɬɟɡɚ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ 
ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ɉɪɢ ɢɡɝɨ-
ɬɨɜɥɟɧɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɨɛɴɟɦɧɨɝɨ ɢɡɞɟɥɢɹ ɧɚ ɨɫɧɨɜɟ 3D-CAD ɦɨɞɟɥɢ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɥɨɟɜ ɧɚ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ [1, 6]. ɂɡɦɟɧɟɧɢɟ ɪɟɠɢɦɨɜ ɫɩɟɤɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 


