
 
 
 
 
 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ 
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2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɨɜɟɪɧɨ ɪɚɫɫɱɢɬɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɱɥɟɧɨɜ 
ɦɨɞɟɥɢ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɫɤɨɪɨɫɬɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɪɚɡɭɩɪɨɱɧɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ, ɩɨ-
ɫɤɨɥɶɤɭ ɢɫɫɥɟɞɭɟɦɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɠɢɦɵ ɪɟɡɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɦɟɧɹɬɶ ɫɪɟɞɧɢɟ ɷɮɮɟɤɬɢɜɧɵɟ 
ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ (effective strainrate) ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ (ɨɬ 2102 ɞɨ 1,4104), ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ɚɞɟɤɜɚɬɧɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɋɪɟɞɧɹɹ ɷɮɮɟɤɬɢɜɧɚɹ ɞɟ-
ɮɨɪɦɚɰɢɹ (effective strain) ɩɪɢ ɷɬɨɦ ɦɟɧɹɟɬɫɹ ɜ ɭɡɤɨɦ ɞɢɚɩɚɡɨɧɟ (ɨɬ 1,75 ɞɨ 1,92), ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɱɥɟɧɚ ɦɨɞɟɥɢ, ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ ɞɟɮɨɪɦɚɰɢɨɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ, ɬɪɟɛɭɟɦɨɣ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ. 

3. ɉɨɥɭɱɟɧɚ ɦɨɞɟɥɶ ɨɩɪɟɞɟɥɹɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɜ ɮɨɪɦɟ ɡɚɤɨɧɚ Ⱦɠɨɧɫɨɧɚ-Ʉɭɤɚ ɞɥɹ ɬɟɪɦɨ-
ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 10ɏ11ɇ23Ɍ3ɆɊ-ȼȾ ɞɥɹ ɭɫɥɨɜɢɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɚɧɢɟɦ (ɮɪɟɡɟɪɨɜɚɧɢɟ) ɫɨ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ ɬɨɱɧɨɫɬɢ 78%. 
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ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ 
ɪɚɡɧɨɨɛɪɚɡɢɟ ɬɟɯɧɨɥɨɝɢɣ ɛɵɫɬɪɨɝɨ ɩɪɨɬɨɬɢɩɢɪɨɜɚ-
ɧɢɹ. Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨ-
ɰɟɫɫɵ ɢ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɬɨɬɢɩɨɜ: ɫɬɟ-
ɪɟɨɥɢɬɨɝɪɚɮɢɹ – ɩɨɫɥɨɣɧɨɟ ɨɬɜɟɪɠɞɟɧɢɟ ɠɢɞɤɨɝɨ 
ɦɨɧɨɦɟɪɚ ɥɭɱɨɦ ɍɎ-ɥɚɡɟɪɚ ɩɨɫɪɟɞɫɬɜɨɦ ɫɜɟɬɨɜɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ; LOM-ɬɟɯɧɨɥɨɝɢɹ ɢɫɩɨɥɶɡɭɟɬ ɥɢɫɬɨɜɵɟ 
ɦɚɬɟɪɢɚɥɵ, ɜɵɪɟɡɚɧɧɵɟ ɥɭɱɨɦ ɥɚɡɟɪɚ; FDM-
ɬɟɯɧɨɥɨɝɢɹ – ɩɨɫɥɨɣɧɚɹ ɭɤɥɚɞɤɚ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɩɨ-
ɥɢɦɟɪɧɨɣ ɧɢɬɢ; ɫɟɥɟɤɬɢɜɧɨɟ (ɢɡɛɢɪɚɬɟɥɶɧɨɟ) ɥɚɡɟɪ-
ɧɨɟ ɫɩɟɤɚɧɢɟ - ɋɅɋ. ɋɨɝɥɚɫɧɨ ɷɬɨɦɭ ɩɪɨɰɟɫɫɭ ɩɪɨ-
ɬɨɬɢɩɵ ɫɨɡɞɚɸɬɫɹ ɢɡ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɚ 
ɫɱɟɬ ɷɮɮɟɤɬɚ ɫɩɟɤɚɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ [1,2,10]. 

Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɞɥɹ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɟɥɟɤɬɢɜɧɨɝɨ 

 
Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɨɰɟɫɫɚ 
ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɟɤɚɧɢɹ 
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ɥɚɡɟɪɧɨɝɨ ɫɩɟɤɚɧɢɹ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɚɥ, ɱɬɨ ɋɅɋ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɦ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɩɨɫɥɨɣɧɨɝɨ ɫɢɧɬɟɡɚ, ɬ.ɤ. ɢɦɟɟɬɫɹ ɨɛɲɢɪɧɵɣ ɜɵɛɨɪ ɦɨɞɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɦɟɬɚɥɥɨɜ, 
ɬɚɤ ɢ ɧɟɦɟɬɚɥɥɨɜ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɢɡɞɟɥɢɣ. 

Ɍ.ɤ. ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɩɟɤɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɡɚɜɢɫɢɬ ɧɚɩɪɹɦɭɸ ɨɬ ɬɨɥɳɢɧɵ ɫɩɟɤɚɟɦɨɝɨ ɫɥɨɹ (ɪɢ-
ɫɭɧɨɤ 2), ɬɨ ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɭ ɜɥɢɹɧɢɟ ɪɟɠɢɦɚ ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɟɝɨ ɪɚɡɦɟɪɵ. 

Ʌɚɡɟɪɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɩɟɤɚɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɜɨɡɞɟɣɫɬɜɢɟɦ ɢɧɬɟɧɫɢɜɧɨɝɨ ɩɨɬɨɤɚ ɥɚɡɟɪɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɧɚ ɥɨɤɚɥɶɧɵɣ ɭɱɚɫɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɨɲɤɚ, ɩɨɝɥɨɳɟɧɢɟɦ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɢɩɨ-
ɜɟɪɯɧɨɫɬɧɵɦ ɫɥɨɟɦ ɦɚɬɟɪɢɚɥɚ ɢ, ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, ɩɨɱɬɢ ɦɝɧɨɜɟɧɧɵɦ ɪɚɡɨɝɪɟɜɨɦ ɷɬɢɯ ɭɱɚɫɬɤɨɜ ɞɨ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ [3,4,5,6,8]. ɉɨɫɥɟ ɩɪɟɤɪɚɳɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɛɵɫɬɪɨɟ ɨɯɥɚɠɞɟɧɢɟ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨ ɜɧɭɬɪɟɧɧɢɟ ɨɛɴɟɦɵ ɦɚɬɟɪɢɚɥɚ, ɚ 
ɬɚɤɠɟ ɡɚ ɫɱɟɬ ɬɟɩɥɨɨɬɞɚɱɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɬɟɨɪɢɢ ɫɩɟɤɚɧɢɹ ɩɨɪɨɲɤɨɜɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɥɚɡɟɪɧɵɦ ɢɡɥɭɱɟɧɢɟɦ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɫ ɧɟɤɨɬɨɪɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɢɡɜɟɫɬɧɵɟ ɞɚɧɧɵɟ ɩɨ 
ɥɚɡɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɡɚɤɚɥɤɟ ɢ ɥɚɡɟɪɧɨɣ ɫɜɚɪɤɟ ɬɨɧɤɢɯ ɥɢɫɬɨɜ, ɬɚɤ ɤɚɤ ɷɬɢ ɩɪɨɰɟɫɫɵ ɩɨɱɬɢ ɢɞɟɧ-
ɬɢɱɧɵ [5,6,7]. Ⱦɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɮɨɪɦɭɥɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɪɚɛɨɬɚɯ ɚɤɚɞɟ-
ɦɢɤɚ Ⱥɇ ɋɋɋɊ Ɋɵɤɚɥɢɧɚ ɇ. ɇ., ɞɥɹ ɢɦɩɭɥɶɫɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ 
ɩɪɢ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɟ [6]. 

ɉɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɢɦɩɭɥɶɫɨɦ ɢɡɥɭɱɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ. ȼ ɦɚɬɟɪɢɚɥɟ ɜɨɡɧɢ-
ɤɚɟɬ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ, ɢɦɟɸɳɟɟ ɨɫɟɜɭɸ ɫɢɦɦɟɬɪɢɸ (ɪɢɫɭɧɨɤ 3). ȼ ɫɥɭɱɚɟ ɤɨɪɨɬɤɢɯ ɢɦɩɭɥɶɫɨɜ 
ɨɫɧɨɜɧɨɣ ɩɨɬɨɤ ɬɟɩɥɨɬɵ ɜ ɦɚɬɟɪɢɚɥɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɧɨɪɦɚɥɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɞɚɱɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɞɧɨɦɟɪɧɭɸ ɩɨ ɨɫɢ Oz (ɩɨ 

ɝɥɭɛɢɧɟ) [5,6,7]. Ɉɞɧɨɦɟɪɧɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɜ ɩɨɥɭɛɟɫɤɨɧɟɱɧɨɦ ɬɟɥɟ ɨɞɧɨɪɨɞɧɵɦ 
ɥɭɱɨɦ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɪɚɞɢɭɫɨɦ rɩ, ɩɪɢ t > Ĳɢ ɢɦɟɟɬ ɜɢɞ:  
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ɝɞɟ t – ɜɪɟɦɹ, ɨɬɫɱɢɬɵɜɚɟɦɨɟ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɞɟɣɫɬɜɢɹ ɢɦɩɭɥɶɫɚ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ;  
z – ɪɚɫɫɬɨɹɧɢɟ, ɨɬɫɱɢɬɵɜɚɟɦɨɟ ɩɨ ɨɫɢ Oz (ɪɢɫɭɧɨɤ 3); 
iɎ – ɮɭɧɤɰɢɹ ɢɧɬɟɝɪɚɥɚ ɜɟɪɨɹɬɧɨɫɬɢ [9]; 
a=ȜT/(cȖ) – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ; 
cȖ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɴɟɦɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ. 

ɉɪɢ ɟɟ ɭɩɪɨɳɟɧɢɢ ɩr at [5,7] ɩɨɥɭɱɚɟɬɫɹ ɮɨɪɦɭɥɚ ɞɥɹ ɩɪɢɛɥɢɠɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɝɥɭɛɢɧɵ 

ɬɟɪɦɢɱɟɫɤɨɝɨ ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ: 

( , ) 2ɩ

Ɍ

q at
T z t z

 
 

  
 

 , ɝɞɟ z – ɝɥɭɛɢɧɚ ɩɪɨɝɪɟɜɚ ɞɨ Ɍ(z,t) 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɭɫɥɨɜɢɟ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɫɩɟɱɟɧɧɨɝɨ ɫɥɨɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɨɧɨɣ, ɝɞɟ 
ɛɵɥɚ ɞɨɫɬɢɝɧɭɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɫɩɟɤɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 



 
 
 
 
 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ 
«Ɇɚɬɟɦɚɬɢɤɚ ɜ ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ» 
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ɇɚ ɪɢɫɭɧɤɚɯ 4-6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɫɩɟɤɚɟɦɨɝɨ ɫɥɨɹ ɦɟɞɧɨɝɨ ɩɨ-
ɪɨɲɤɚ ɉɆɋ-1 [11] ɨɬ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɂɡ ɧɢɯ ɜɢɞɧɨ, ɱɬɨ ɧɚɢ-
ɛɨɥɶɲɟɣ ɜɟɥɢɱɢɧɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɥɳɢɧɵ ɫɩɟɤɚɟɦɨɝɨ ɫɥɨɹ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɢɡɦɟɧɟɧɢɟɦ ɜɟɥɢɱɢɧɵ 
ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɜ ɢɦɩɭɥɶɫɟ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ (ɪɢɫɭɧɨɤ 6). Ɍɚɤɠɟ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ, ɤɚɤ ɩɪɢ-
ɧɹɬɨ ɜ ɥɚɡɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ [4,5], ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɢ ɦɢɧɢɦɚɥɶɧɭɸ ɬɨɥ-
ɳɢɧɭ ɫɩɟɤɚɟɦɨɝɨ ɫɥɨɹ. 

 

 
Ɋɢɫ.  4 .Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɫɩɟɤɚɟɦɨ-

ɝɨ ɫɥɨɹ ɨɬ ɪɚɞɢɭɫɚ ɥɚɡɟɪɧɨɝɨ ɩɹɬɧɚ 
(1=2ɦɫ, 2=2,5ɦɫ, 3=4ɦɫ, 4=5ɦɫ) 

Ɋɢɫ. 5. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɫɩɟɤɚɟɦɨɝɨ 
ɫɥɨɹ ɨɬ ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɦɩɭɥɶɫɚ 

(r1=0,15ɦɦ, r2=0,3ɦɦ, r3=0,45ɦɦ, r4=0,5ɦɦ, 
r5=0,65ɦɦ) 

  

 
Ɋɢɫ. 6. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɫɩɟɤɚɟɦɨɝɨ ɫɥɨɹ ɨɬ ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɜ ɢɦɩɭɥɶɫɟ 

(r1=0,15ɦɦ, r2=0,3ɦɦ, r3=0,45ɦɦ, r4=0,5ɦɦ, r5=0,65ɦɦ) 
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Ɍɚɤ ɤɚɤ ɩɨɪɨɲɤɨɜɵɣ ɦɚɬɟɪɢɚɥ ɧɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɪɨɞɧɵɦ ɬɟɥɨɦ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɟɝɨ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɩɭɬɟɦ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, ɩɨɷɬɨɦɭ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɢɦɟɧɟɧɚ 
ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ [12]. 

Ⱦɥɹ ɛɟɥɟɟ ɬɨɱɧɨɝɨ ɪɚɫɱɟɬɚ ɪɚɡɦɟɪɨɜ ɫɩɟɤɚɟɦɨɝɨ ɫɥɨɹ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ-
ɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥ ɩɪɢɦɟɧɟɧ ɢɦɩɭɥɶɫɧɵɣ ɦɟɬɨɞ 
[13]. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɥɚɡɟɪɧɭɸ ɭɫɬɚɧɨɜɤɭ, ɦɢɥɥɢɜɨɥɶɬɦɟɬɪ, ɬɟɪɦɨɩɚ-
ɪɭ (ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɶ) ɢ ɰɢɮɪɨɜɭɸ ɜɢɞɟɨɤɚɦɟɪɭ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɬɨɱɤɟ, ɢ ɪɚɫɫɱɢɬɚɧɵ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɢ ɩɨɪɨɲɤɨɜ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɨɜ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɜɢɥɚɫɶ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɜɥɢɹɧɢɹ ɢɦɩɭɥɶɫɧɨɝɨ ɥɚɡɟɪ-
ɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɟ ɩɨɪɨɲɤɨɜɵɟ ɦɚɬɟɪɢɚɥɵ, ɚ ɬɚɤɠɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɬɨɥɳɢɧɵ ɢ ɲɢɪɢɧɵ ɫɩɟɤɚɟɦɨɝɨ ɫɥɨɹ ɩɨɪɨɲɤɚ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɩɟɱɟɧɧɵɟ ɨɩɵɬɧɵɟ ɨɛɪɚɡɰɵ ɢ ɩɪɨɜɟɞɟɧɵ ɢɯ ɨɰɟɧɤɚ ɢ ɢɡɦɟɪɟɧɢɟ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɤɚɱɟɫɬɜɟ ɫɩɟɤɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨ-
ɪɨɲɤɢ: ɦɟɞɧɵɣ ɩɨɪɨɲɨɤ, ɩɨɪɨɲɨɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɫɬɚɥɢ, ɩɨɥɢɦɟɪɧɵɣ ɩɨɪɨɲɨɤ ɢ ɢɯ ɫɦɟɫɢ (ɪɢɫɭɧɨɤ 7). 

 

 
Ɋɢɫ. 7. Ɏɨɬɨɝɪɚɮɢɢ ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜ (150) 

ɚ) ɦɟɞɧɵɣ ɩɨɪɨɲɨɤ ɉɆɋ-1; ɛ) ɩɨɪɨɲɨɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɫɬɚɥɢ; ɜ) ɬɨɧɟɪ ɨɬ ɥɚɡɟɪɧɨɝɨ ɩɪɢɧ-
ɬɟɪɚ 

 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɡɦɟɧɹɥɚɫɶ ɱɚɫɬɨɬɚ ɫɥɟɞɨɜɚɧɢɹ ɢɦɩɭɥɶɫɨɜ ɢ ɦɨɳɧɨɫɬɶ ɥɚɡɟɪ-
ɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɮɢɤɫɢɪɨɜɚɥɚɫɶ ɷɧɟɪɝɢɹ ɢɡɥɭɱɟɧɢɹ. Ⱦɢɚɦɟɬɪ ɥɚɡɟɪɧɨɝɨ ɩɹɬɧɚ ɢ ɫɤɨɪɨɫɬɶ ɟɝɨ 
ɩɟɪɟɦɟɳɟɧɢɹ ɨɫɬɚɜɚɥɢɫɶ ɩɨɫɬɨɹɧɧɵɦɢ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɞɨ ɦɨɦɟɧɬɚ ɩɨɹɜɥɟɧɢɹ ɹɜɧɵɯ 
ɞɟɮɟɤɬɨɜ ɫɩɟɱɟɧɧɨɝɨ ɫɥɨɹ, ɬɚɤɢɯ ɤɚɤ ɭɫɚɞɤɚ ɢ ɪɚɤɨɜɢɧɵ (ɪɢɫɭɧɨɤ 8). 

 

Ɋɢɫ. 8. Ⱦɟɮɟɤɬɵ ɫɩɟɱɟɧɧɨɝɨ ɫɥɨɹ ɩɨɪɨɲɤɚ 
 

ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɰɨɜ, ɭ ɤɨɬɨɪɵɯ ɢɡɦɟɪɹ-
ɥɚɫɶ ɝɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɫɩɟɱɟɧɧɨɝɨ ɫɥɨɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɲɢɪɢɧɵ ɢ ɝɥɭɛɢɧɵ ɫɩɟɱɟɧɧɨɝɨ ɫɥɨɹ ɩɨɪɨɲɤɚ ɨɬ ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 
(Ɋɢɫɭɧɨɤ 9). 



 
 
 
 
 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ 
«Ɇɚɬɟɦɚɬɢɤɚ ɜ ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ» 
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Ɋɢɫ. 9 

 
Ƚɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɷɦɩɢɪɢ-

ɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɢ ɲɢɪɢɧɵ ɫɩɟɤɚɟɦɨɝɨ ɫɥɨɹ ɨɬ ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟ-
ɧɢɹ [14,15]: 

- ɞɥɹ ɝɥɭɛɢɧɵ ɫɩɟɱɟɧɧɨɝɨ ɫɥɨɹ  zX

zZ C E  ;    

- ɞɥɹ ɲɢɪɢɧɵ ɫɩɟɱɟɧɧɨɝɨ ɫɥɨɹ yX

yY C E  ;    

ɝɞɟ: Cy, ɋz, Xy, Xz – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ: 
 

ɑɚɫɬɨɬɚ ɫɥɟɞɨɜɚɧɢɹ ɢɦɩɭɥɶɫɨɜ Ʉɨɷɮɮɢɰɢɟɧɬɵ 
1 Ƚɰ 2 Ƚɰ 5 Ƚɰ 

Cy 4×10-4 3×10-6 9×10-5 
ɋz 10-4 2×10-8 8×10-5 
Xy 1,3324 1,1526 0,9605 
Xz 1,4342 1,4923 0,9063 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 

ɬɨɥɳɢɧɵ ɫɩɟɤɚɟɦɨɝɨ ɫɥɨɹ ɜ ɡɧɚɱɢɬɟɥɶɧɵɯ ɩɪɟɞɟɥɚɯ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ 
ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ ɜ «ɱɢɫɬɨɦ» ɜɢɞɟ 
ɛɟɡ ɡɚɳɢɬɧɨɣ ɫɪɟɞɵ ɨɝɪɚɧɢɱɟɧɨ, ɬ.ɤ. ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɢɧɬɟɧɫɢɜɧɨɟ ɨɤɢɫɥɟɧɢɟ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɤɨɷɮɮɢ-
ɰɢɟɧɬɚ ɨɬɪɚɠɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɦɨɞɟɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɭɦɟɧɶɲɟɧɢɹ ɨɤɢɫɥɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ 
ɫɩɟɱɟɧɧɨɝɨ ɩɪɨɬɨɬɢɩɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɩɨɥɢɦɟɪɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ. Ɍɚɤɠɟ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɢɦɩɭɥɶɫɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɩɨɫɥɨɣɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɢɡɞɟɥɢɣ 
ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢɡ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɞɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɛɨɪɭ ɪɚɰɢɨɧɚɥɶɧɵɯ ɪɟɠɢɦɨɜ 
ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 
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ɋ.ɇ. ȿɜɫɬɚɮɶɟɜ, ɫɬɭɞɟɧɬ ɝɪ. 17ȼ30, ɋ.ȼ. ɋɨɤɨɥɨɜɚ, ɞɨɰɟɧɬ  

ɘɪɝɢɧɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ (ɮɢɥɢɚɥ) ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 
 Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

652055, Ʉɟɦɟɪɨɜɫɤɚɹ ɨɛɥ., ɝ. ɘɪɝɚ, ɭɥ. Ʌɟɧɢɧɝɪɚɞɫɤɚɹ, 26 
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Ɋɨɞɨɧɚɱɚɥɶɧɢɤɨɦ ɬɟɨɪɢɢ  ɝɪɚɮɨɜ  ɩɪɢɧɹɬɨ  ɫɱɢɬɚɬɶ  ɦɚɬɟɦɚɬɢɤɚ  Ʌɟɨɧɚɪɞɚ ɗɣɥɟɪɚ (1707-
1783).  

ɉɟɪɜɚɹ ɪɚɛɨɬɚ ɨ ɝɪɚɮɚɯ ɩɪɢɧɚɞɥɟɠɚɥɚ Ʌ.ɗɣɥɟɪɭ  ɢ  ɩɨɹɜɢɥɚɫɶ  ɜ  1736 ɝɨɞɭ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɧɚɞ 
ɝɪɚɮɚɦɢ ɪɚɛɨɬɚɥɢ Ʉɟɧɢɝ (1774 -1833), Ƚɚɦɢɥɶɬɨɧ  (1805-1865), ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɦɚɬɟɦɚɬɢɤɨɜ – Ʉ. 
Ȼɟɪɠ, Ɉ. Ɉɪɟ, Ⱥ. Ɂɵɤɨɜ. 

Ƚɪɚɮɨɦ  ɧɚɡɵɜɚɟɬɫɹ  ɫɨɜɨɤɭɩɧɨɫɬɶ  ɤɨɧɟɱɧɨɝɨ  ɱɢɫɥɚ ɬɨɱɟɤ, ɧɚɡɵ-
ɜɚɟɦɵɯ ɜɟɪɲɢɧɚɦɢ ɝɪɚɮɚ, ɢ ɩɨɩɚɪɧɨ ɫɨɟɞɢɧɹɸɳɢɯ ɧɟɤɨɬɨɪɵɟ  ɢɡ  ɷɬɢɯ 
ɜɟɪɲɢɧ ɥɢɧɢɣ, ɧɚɡɵɜɚɟɦɵɯ ɪɟɛɪɚɦɢ ɢɥɢ ɞɭɝɚɦɢ ɝɪɚɮɚ. 

Ɏɢɡɢɱɟɫɤɨɣ ɜɢɡɭɚɥɢɡɚɰɢɟɣ ɝɪɚɮɨɜ ɹɜɥɹɟɬɫɹ ɧɚɩɪɢɦɟɪ ɫɟɬɶ ɚɜɬɨɦɨ-
ɛɢɥɶɧɵɯ ɞɨɪɨɝ. 

ȼɟɪɲɢɧɵ ɨɛɨɡɧɚɱɚɟɦ ɧɨɦɟɪɚɦɢ. Ɋɟɛɪɚ ɩɨɤɚɡɵɜɚɸɬ ɥɸɛɵɦɢ ɥɢɧɢɹɦɢ. 
ɑɚɳɟ ɜɫɟɝɨ ɜɟɪɲɢɧɵ ɨɛɨɡɧɚɱɚɸɬ  ɥɚɬɢɧɫɤɢɦɢ  ɛɭɤɜɚɦɢ. ɂɧɨɝɞɚ ɝɪɚɮ 

ɜ ɰɟɥɨɦ ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɨɞɧɨɣ ɡɚɝɥɚɜɧɨɣ ɛɭɤɜɨɣ. 
ȼɟɪɲɢɧɵ ɝɪɚɮɚ,  ɤɨɬɨɪɵɟ  ɧɟ  ɩɪɢɧɚɞɥɟɠɚɬ  ɧɢ  ɨɞɧɨɦɭ ɪɟɛɪɭ, ɧɚɡɵɜɚɸɬɫɹ ɢɡɨɥɢɪɨɜɚɧɧɵɦɢ. 
Ƚɪɚɮ,  ɫɨɫɬɨɹɳɢɣ  ɬɨɥɶɤɨ  ɢɡ  ɢɡɨɥɢɪɨɜɚɧɧɵɯ  ɜɟɪɲɢɧ, ɧɚɡɵɜɚɟɬɫɹ ɧɭɥɶ-ɝɪɚɮɨɦ. 
Ƚɪɚɮ,  ɜ  ɤɨɬɨɪɨɦ  ɤɚɠɞɚɹ  ɩɚɪɚ  ɜɟɪɲɢɧ  ɫɨɟɞɢɧɟɧɚ ɪɟɛɪɨɦ, ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɧɵɦ. 
ɋɬɟɩɟɧɶɸ ɜɟɪɲɢɧɵ  ɧɚɡɵɜɚɟɬɫɹ  ɱɢɫɥɨ  ɪɟɛɟɪ,  ɤɨɬɨɪɵɦ ɩɪɢɧɚɞɥɟɠɢɬ ɜɟɪɲɢɧɚ. 
ɐɟɩɶ – ɷɬɨ ɦɚɪɲɪɭɬ ɛɟɡ ɩɨɜɬɨɪɟɧɢɣ ɪɺɛɟɪ 
ɐɢɤɥ – ɷɬɨ ɡɚɦɤɧɭɬɚɹ ɰɟɩɶ. 
Ⱦɜɟ ɜɟɪɲɢɧɵ  A  ɢ  B  ɜ  ɝɪɚɮɟ  ɧɚɡɵɜɚɸɬɫɹ  ɫɜɹɡɧɵɦɢ (ɧɟɫɜɹɡɧɵɦɢ), ɟɫɥɢ ɜ ɧɟɦ ɫɭɳɟɫɬɜɭɟɬ (ɧɟ 

ɫɭɳɟɫɬɜɭɟɬ) ɩɭɬɶ, ɜɟɞɭɳɢɣ ɢɡ A ɜ B. Ƚɪɚɮ  ɧɚɡɵɜɚɟɬɫɹ  ɫɜɹɡɧɵɦ,  ɟɫɥɢ  ɤɚɠɞɵɟ  ɞɜɟ  ɟɝɨ ɜɟɪɲɢɧɵ ɫɜɹɡ-
ɧɵ; ɟɫɥɢ ɠɟ  ɜ  ɝɪɚɮɟ  ɧɚɣɞɟɬɫɹ  ɯɨɬɹ  ɛɵ  ɨɞɧɚ  ɩɚɪɚ  ɧɟɫɜɹɡɧɵɯ ɜɟɪɲɢɧ, ɬɨ ɝɪɚɮ ɧɚɡɵɜɚɟɬɫɹ ɧɟɫɜɹɡɧɵɦ. 

Ⱦɟɪɟɜɨ – ɷɬɨ ɝɪɚɮ ɛɟɡ ɰɢɤɥɨɜ.  
ɇɟɫɜɹɡɧɵɣ ɝɪɚɮ, ɫɨɫɬɨɹɳɢɣ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɢɡ ɞɟɪɟɜɶɟɜ, ɧɚɡɵɜɚɟɬɫɹ ɥɟɫɨɦ.  
ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɫɩɨɫɨɛɨɜ ɡɚɞɚɧɢɹ ɝɪɚɮɨɜ. Ɂɞɟɫɶ ɦɵ ɩɟɪɟɱɢɫɥɢɦ ɧɟɤɨɬɨɪɵɟ, ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬ-

ɧɵɟ ɫɩɨɫɨɛɵ: 
 Ɇɚɬɪɢɰɚ ɢɧɰɢɞɟɧɬɧɨɫɬɢ. 
 Ɇɚɬɪɢɰɚ ɫɦɟɠɧɨɫɬɢ. 


