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IMPROVEMENT OF EXPLOSIVE MIXTURES FLAMMABILITY 
PARAMETERS CONVERSION METHOD IN INTRINSICALLY

SAFE ELECTRICAL CIRCUITS 
. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɭɬɨɱɧɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ ɩɚɪɚɦɟɬ-

ɪɨɜ ɤɨɧɬɪɨɥɶɧɨɣ ɜɡɪɵɜɨɨɩɚɫɧɨɣ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɝɪɭɩɩɵ II ɩɨ ɢɡɜɟɫɬɧɵɦ ɚɧɚɥɨɝɢɱɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɝɪɭɩɩɵ I. 
Ɍɚɤɠɟ, ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɡɪɵɜɨɨɩɚɫɧɚɹ ɫɦɟɫɶ, ɞɥɹ ɤɨɬɨɪɨɣ ɧɟ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɩɵɬɚɧɢɹ ɜɨ ɜɡɪɵɜɧɨɣ ɤɚɦɟ-
ɪɟ, ɚ ɢɡɜɟɫɬɧɚ ɬɨɥɶɤɨ ɦɢɧɢɦɚɥɶɧɚɹ ɜɨɫɩɥɚɦɟɧɹɸɳɚɹ ɷɧɟɪɝɢɹ, ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚ ɩɟɪɟɫɱɟɬɚ ɨɩɚɫɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨ
ɢɡɜɟɫɬɧɨɣ ɷɧɟɪɝɨɨɬɞɚɱɟ ɜ ɪɚɡɪɹɞ.

. ɋɭɳɟɫɬɜɭɸɳɚɹ ɦɟɬɨɞɢɤɚ ɩɟɪɟɫɱɟɬɚ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɬɪɨɥɶɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ
ɢɦɟɟɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɨɝɪɟɲɧɨɫɬɹɦ ɪɚɫɱɟɬɚ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɡɧɚɱɟɧɢɣ.
ɉɨɥɭɱɟɧɚ ɧɨɜɚɹ ɪɚɫɱɟɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɭɤɚɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɞɪɭɝɭɸ ɫɦɟɫɶ ɢ ɩɪɨɜɟɞɟɧɚ
ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɷɧɟɪɝɢɹɦɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ.

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɫɱɟɬɚ ɨɬɪɚɠɟɧɨ ɜɥɢɹɧɢɟ ɤɪɚɬɧɨɫɬɢ ɫɧɢɠɟɧɢɹ ɦɢɧɢɦɚɥɶɧɵɯ ɷɧɟɪɝɢɣ ɜɨɫɩɥɚɦɟ-
ɧɟɧɢɹ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɥɢɱɧɵɦ ɜɥɢɹɧɢɟɦ ɷɥɟɤɬɪɨɞɨɜ ɢɫɤɪɨɨɛɪɚɡɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɧɚ ɷɧɟɪ-
ɝɨɜɵɞɟɥɟɧɢɟ ɜ ɪɚɡɪɹɞ, ɚ ɬɚɤɠɟ ɜɧɟɫɟɧɚ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɞɥɢɬɟɥɶɧɨɫɬɢ ɪɚɡɪɹɞɚ.

. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ ɷɧɟɪɝɢɣ ɫɪɚɜɧɢɜɚɥɢcɶ ɫ ɢɡɜɟɫɬɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵ-
ɦɢ ɞɚɧɧɵɦɢ ȽɈɋɌ Ɋ51330.10-99 ɢ ɦɟɬɨɞɢɤɨɣ ȼ.ɉ. Ⱦɢɞɟɧɤɨ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ
ɭɦɟɧɶɲɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɧɚ 22 % ɞɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ IIA ɢ ɧɚ 35 % ɞɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ IIB. 

. ɉɨɥɭɱɢɥ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɦɟɬɨɞ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɩɟɪɟɫɱɟɬɚ ɷɧɟɪɝɢɢ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ
ɪɚɡɪɹɞɚ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɨɩɚɫɧɨɫɬɶ ɢɫɤɪɟɧɢɹ ɜɨ ɜɡɪɵɜɨɨɩɚɫɧɨɣ ɫɪɟɞɟ ɩɨɞɝɪɭɩɩ IIA, IIB, IIC ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨ-
ɪɨɫɬɹɯ ɤɨɦɦɭɬɚɰɢɢ ɢɫɤɪɨɨɛɪɚɡɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɩɨɜɵɲɟɧɧɨɣ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɧɵɦɢ
ɦɟɬɨɞɚɦɢ, ɬɨɱɧɨɫɬɶɸ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɡɧɚɱɟɧɢɣ. ȼɩɟɪɜɵɟ ɨɛɨɫɧɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɫɱɟɬɚ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ
ɩɚɪɚɦɟɬɪɨɜ ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɫɦɟɫɟɣ ɜ ɭɫɥɨɜɢɹɯ ɧɟɩɨɥɧɵɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ – ɩɨ ɦɢɧɢɦɚɥɶɧɨɣ ɜɨɫɩɥɚɦɟɧɹɸɳɟɣ
ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɫɤɪɵ.

ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɪɚɫɲɢɪɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɱɟɬɧɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɢɫɤɪɨɛɟɡɨ-
ɩɚɫɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɥɚɛɨɬɨɱɧɵɯ ɰɟɩɟɣ ɜɡɪɵɜɨɡɚɳɢɳɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɨɤɚɡɚɧɵ ɩɪɢɦɟɪɵ ɟɝɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɛɨɥɟɟ ɚɝɪɟɫɫɢɜɧɵɯ, ɱɟɦ 8,3 ɩɪɨɰɟɧɬɧɚɹ ɦɟɬɚɧɨ-ɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ.

: , , , -
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. 5 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ
ɞɚɧɧɵɟ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ [1], ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚ-
ɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɨɫɩɥɚɦɟ-
ɧɟɧɢɹ ɦɟɬɚɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ (Ɇȼɋ) ɨɬ ɢɫɤɪɨɜɨɝɨ
ɪɚɡɪɹɞɚ [2] ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɞɥɹ ɛɨɥɶɲɢɧ-
ɫɬɜɚ ɫɤɨɪɨɫɬɟɣ ɪɚɡɦɵɤɚɧɢɹ ɰɟɩɢ v ɡɚɜɢɫɢɦɨɫɬɢ ɦɢ-
ɧɢɦɚɥɶɧɨɣ ɜɨɫɩɥɚɦɟɧɹɸɳɟɣ ɷɧɟɪɝɢɢ ɨɬ ɞɥɢɬɟɥɶɧɨ-
ɫɬɢ ɪɚɡɪɹɞɚ W (T, v) ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ
ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬɫɹ ɥɢɧɟɣ-
ɧɵɦɢ ɭɱɚɫɬɤɚɦɢ (ɪɢɫ. 1): 1 – ɭɛɵɜɚɸɳɢɣ, ɩɪɢɦɟɧɹ-
ɟɬɫɹ ɞɥɹ ɦɚɥɵɯ ɜɪɟɦɟɧ ɪɚɡɪɹɞɚ c T < 40 ɦɫ (ɧɚ ɪɢɫ. 1 
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ɧɟ ɩɨɤɚɡɚɧ); 2 – ɨɛɥɚɫɬɶ ɩɨɫɬɨɹɧɧɨɣ ɷɧɟɪɝɢɢ; 3 – ɜɨɡ-
ɪɚɫɬɚɸɳɢɣ, ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ

kbTW = , (1) 

ɝɞɟ T – ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɚɡɪɹɞɚ, ɦɫ; W – ɷɧɟɪɝɢɹ ɜɨɫ-
ɩɥɚɦɟɧɟɧɢɹ, ɦȾɠ; b, k – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɨɩɪɟɞɟɥɹɟ-
ɦɵɟ ɞɥɹ ɤɚɠɞɨɣ ɜɡɪɵɜɨɨɩɚɫɧɨɣ ɫɦɟɫɢ ɢ ɫɤɨɪɨɫɬɢ v
(ɩɪɢɜɟɞɟɧɵ ɜ [1]).

ɋɨɝɥɚɫɧɨ ȽɈɋɌ 12.1.011-78, ɜɡɪɵɜɨɨɩɚɫɧɵɟ ɫɦɟ-
ɫɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɝɪɭɩɩɵ (ɤɚɬɟɝɨɪɢɢ) ɜɡɪɵɜɨ-
ɨɩɚɫɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɛɟɡɨɩɚɫɧɨɝɨ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɚɡɨɪɚ ɢ ɡɧɚɱɟ-
ɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɦɢɧɢɦɚɥɶɧɵɦ ɬɨɤɨɦ ɜɨɫ-
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ɩɥɚɦɟɧɟɧɢɹ ɢɫɩɵɬɭɟɦɨɝɨ ɝɚɡɚ ɢɥɢ ɩɚɪɚ ɢ ɦɢɧɢɦɚɥɶ-
ɧɵɦ ɬɨɤɨɦ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɟɬɚɧɚ. Ⱦɥɹ ɤɥɚɫɫɢɮɢɤɚ-
ɰɢɢ ɛɨɥɶɲɢɧɫɬɜɚ ɝɚɡɨɜ ɢ ɩɚɪɨɜ ɞɨɫɬɚɬɨɱɧɨ ɩɪɢɦɟɧɟ-
ɧɢɹ ɨɞɧɨɝɨ ɢɡ ɭɤɚɡɚɧɧɵɯ ɤɪɢɬɟɪɢɟɜ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɡɪɵɜɨɨɩɚɫɧɵɟ ɫɦɟɫɢ ɩɨɞɪɚɡɞɟ-
ɥɹɸɬɫɹ ɧɚ ɝɪɭɩɩɵ: I – ɦɟɬɚɧ ɧɚ ɩɨɞɡɟɦɧɵɯ ɝɨɪɧɵɯ
ɜɵɪɚɛɨɬɤɚɯ; II – ɝɚɡɵ ɢ ɩɚɪɵ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɦɟɬɚɧɚ.
ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɡɪɵɜɨɨɩɚɫɧɵɟ ɫɦɟɫɢ ɝɪɭɩɩɵ II ɞɟ-
ɥɹɬɫɹ ɧɚ ɩɨɞɝɪɭɩɩɵ ɜɡɪɵɜɚɟɦɨɫɬɢ, ɤ ɤɨɬɨɪɵɦ ɨɧɢ
ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ ɭɫɥɨɜɧɨ ɩɨ ɫɯɨɞɫɬɜɭ ɯɢɦɢɱɟ-
ɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. ɉɪɢɧɹɬɵ ɞɥɹ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɯ ɫɦɟ-
ɫɟɣ ɫɥɟɞɭɸɳɢɟ ɩɨɞɝɪɭɩɩɵ: IIA (ɩɪɨɩɚɧɨ-ɜɨɡɞɭɲɧɚɹ),
IIB (ɷɬɢɥɟɧɨ-ɜɨɡɞɭɲɧɚɹ), IIC (ɜɨɞɨɪɨɞɨ-ɜɨɡɞɭɲɧɚɹ). 

Ɋɚɫɩɨɥɚɝɚɹ ɦɢɧɢɦɚɥɶɧɵɦɢ ɜɨɫɩɥɚɦɟɧɹɸɳɢɦɢ
ɷɧɟɪɝɢɹɦɢ 8,3 % ɦɟɬɚɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ (ɝɪɭɩɩɚ I), 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɩɪɟɞɟɥɹɸɳɢɯ ɮɚɤɬɨɪɨɜ (ɞɥɢɬɟɥɶ-
ɧɨɫɬɶ ɪɚɡɪɹɞɚ, ɫɤɨɪɨɫɬɶ ɪɚɡɦɵɤɚɧɢɹ, ɮɨɪɦɚ, ɪɚɡɦɟɪ ɢ
ɦɚɬɟɪɢɚɥ ɷɥɟɤɬɪɨɞɨɜ), ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɚɧɚɥɨ-
ɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɛɨɥɟɟ ɚɝɪɟɫɫɢɜɧɵɯ ɤɨɧ-
ɬɪɨɥɶɧɵɯ ɫɦɟɫɟɣ ɩɨɞɝɪɭɩɩ IIA, IIB, IIC, ɫɨɝɥɚɫɧɨ [3]. 
ɗɬɚ ɡɚɞɚɱɚ ɭɫɥɨɜɧɨ ɨɬɧɨɫɢɬɫɹ ɤ 1-ɦɭ ɬɢɩɭ.

Ɍɚɤɠɟ, ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɡɪɵɜɨɨɩɚɫɧɚɹ ɫɦɟɫɶ,
ɞɥɹ ɤɨɬɨɪɨɣ ɧɟ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɩɵɬɚɧɢɹ ɜɨ ɜɡɪɵɜɧɨɣ
ɤɚɦɟɪɟ, ɚ ɢɡɜɟɫɬɧɚ ɬɨɥɶɤɨ ɦɢɧɢɦɚɥɶɧɚɹ ɜɨɫɩɥɚɦɟ-
ɧɹɸɳɚɹ ɷɧɟɪɝɢɹ (Ɇȼɗ) [4], ɚɤɬɭɚɥɶɧɚ ɡɚɞɚɱɚ ɩɟɪɟɫɱɟ-
ɬɚ ɨɩɚɫɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɢɡɜɟɫɬɧɨɣ ɷɧɟɪɝɨɨɬɞɚɱɟ ɜ
ɪɚɡɪɹɞ. Ɍɚɤɚɹ ɡɚɞɚɱɚ ɭɫɥɨɜɧɨ ɨɬɧɨɫɢɬɫɹ ɤɨ 2-ɦɭ ɬɢɩɭ.

.
ȼ.ɉ. Ⱦɢɞɟɧɤɨ ɢɫɩɨɥɶɡɨɜɚɥ ɫɥɟɞɭɸɳɭɸ ɦɟɬɨɞɢɤɭ [5] (ɜ
ɞɚɥɶɧɟɣɲɟɦ – ɦɟɬɨɞɢɤɚ 1) ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧ-
ɬɨɜ b ɢ k ɜ ɭɪɚɜɧɟɧɢɹɯ ɜɢɞɚ (1). Ȼɵɥɢ ɜɡɹɬɵ ɡɧɚɱɟɧɢɹ
ɦɢɧɢɦɚɥɶɧɵɯ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ ɬɨɤɨɜ ɨɦɢɱɟɫɤɨɣ ɰɟɩɢ
ɧɚɩɪɹɠɟɧɢɟɦ 24 ȼ ɩɨ ȽɈɋɌ [1] (ɜɵɛɨɪ ɧɚɩɪɹɠɟɧɢɹ
ɨɛɭɫɥɨɜɥɟɧ ɟɝɨ ɛɨɥɶɲɨɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶɸ ɢ ɞɨɫ-
ɬɚɬɨɱɧɨ ɬɨɱɧɵɦɢ ɞɚɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɨɩɪɟɞɟ-
ɥɟɧɢɸ ɦɢɧɢɦɚɥɶɧɵɯ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ ɬɨɤɨɜ). Ɂɚɬɟɦ
ɧɚɯɨɞɢɥɢɫɶ ɪɚɫɱɟɬɧɚɹ ɷɧɟɪɝɢɹ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɚɡɪɹɞɚ
ɩɪɢ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɤɨɦɦɭɬɚɰɢɢ v = 
0,046 ɦ/ɫ ɞɥɹ ɭɤɚɡɚɧɧɵɯ ɩɨɞɝɪɭɩɩ ɜɡɪɵɜɨɨɩɚɫɧɵɯ
ɫɦɟɫɟɣ. ɉɚɪɵ ɡɧɚɱɟɧɢɣ W ɢ T ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɛɥɚɫɬɹɦ
ɩɨɫɬɨɹɧɧɨɣ ɷɧɟɪɝɢɢ (ɭɱɚɫɬɨɤ 2, ɧɚ ɪɢɫ. 1). 

ɂɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ W (T, v) ɞɥɹ ɩɨɞɝɪɭɩɩ IIA, IIB, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ȽɈɋɌ, ɫɥɟɞɭɟɬ, ɱɬɨ ɨɧɢ ɢɦɟɸɬ ɬɨɬ
ɠɟ ɮɢɡɢɱɟɫɤɢɣ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬ ɜɪɟɦɟ-
ɧɢ ɪɚɡɪɹɞɚ (ɭɪɚɜɧɟɧɢɟ (1) ɢ ɪɢɫ. 1). 

ɉɟɪɟɯɨɞ ɤ ɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɨɬɥɢɱɧɨɣ ɨɬ 8,3 % ɦɟɬɚɧɨ-
ɜɨɡɞɭɲɧɨɣ ɜ [5], ɨɫɭɳɟɫɬɜɥɹɥɫɹ, ɢɫɯɨɞɹ ɢɡ ɨɬɧɨɲɟɧɢɹ

k

k1

Tb

T11b
W
W1

⋅

⋅
= , (2) 

ɝɞɟ b ɢ k ɨɬɧɨɫɹɬɫɹ ɤ ɦɟɬɚɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢ ɩɪɢ-
ɜɟɞɟɧɵ ɜ ȽɈɋɌ [1], ɚ b1 ɢ k1 ɧɟɢɡɜɟɫɬɧɵ; W1 ɢ W –
ɦɢɧɢɦɚɥɶɧɵɟ ɜɨɫɩɥɚɦɟɧɹɸɳɢɟ ɷɧɟɪɝɢɢ ɜ ɧɚɤɥɨɧɧɨɣ
ɱɚɫɬɢ ɝɪɚɮɢɤɚ ɞɥɹ ɫɦɟɫɟɣ ɝɪɭɩɩ II ɢ I, ɦȾɠ; T1 ɢ T – 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɪɚɡɪɹɞɚ ɞɥɹ ɫɦɟɫɟɣ ɝɪɭɩɩ II ɢ I, ɦɫ.

Ɉɛɨɡɧɚɱɢɜ *W  = W1/W, *T  = T1/T, ɧɚɯɨɞɹɬ

k*

*

)(T

W
bb =1 .

. 1.  W, 
-

 T, 
 v, /

Ʉɨɷɮɮɢɰɢɟɧɬ k ɨɩɪɟɞɟɥɹɟɬ ɧɚɤɥɨɧ ɡɚɜɢɫɢɦɨɫɬɢ (1) 
ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ. Ȼɵɥɨ ɩɪɢɧɹɬɨ, ɱɬɨ k
ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɫɤɨɪɨɫɬɢ ɪɚɡɦɵɤɚɧɢɹ ɰɟɩɢ ɢ ɷɬɚ ɡɚ-
ɜɢɫɢɦɨɫɬɶ ɨɞɢɧɚɤɨɜɚ ɞɥɹ ɜɫɟɯ ɝɪɭɩɩ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ.

ɍɤɚɡɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɟɪɟɫɱɟɬɚ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ
ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɬɪɨɥɶɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ ɢɦɟɟɬ ɪɹɞ
ɧɟɞɨɫɬɚɬɤɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɨ-
ɝɪɟɲɧɨɫɬɹɦ ɪɚɫɱɟɬɚ (ɬɚɛɥ. 2–4), ɨɫɨɛɟɧɧɨ ɫɢɥɶɧɨ
ɩɪɨɹɜɥɹɸɳɢɦɫɹ ɜ ɤɨɧɰɟ ɧɚɤɥɨɧɧɨɝɨ ɭɱɚɫɬɤɚ 3 ɢ ɩɪɢ
ɩɟɪɟɯɨɞɟ ɤ ɫɦɟɫɹɦ ɫ ɚɝɪɟɫɫɢɜɧɨɫɬɶɸ, ɡɧɚɱɢɬɟɥɶɧɨ
ɩɪɟɜɨɫɯɨɞɹɳɟɣ ɫɦɟɫɶ ɝɪɭɩɩɵ I. 

ɉɪɢɱɢɧɵ ɩɨɝɪɟɲɧɨɫɬɟɣ [5], ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɫɥɟ-
ɞɭɸɳɢɟ:

– ɨɬɧɨɲɟɧɢɟ ɷɧɟɪɝɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ
ɪɚɫɱɟɬɚ ɨɦɢɱɟɫɤɨɣ ɰɟɩɢ, ɧɟ ɨɬɪɚɠɚɸɬ ɤɪɚɬɧɨɫɬɶ ɫɧɢ-
ɠɟɧɢɹ ɦɢɧɢɦɚɥɶɧɵɯ ɷɧɟɪɝɢɣ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɝɚɡɨɜɵɯ
ɫɦɟɫɟɣ, ɬɚɤ ɤɚɤ ɪɚɡɥɢɱɧɨ ɜɥɢɹɧɢɟ ɷɥɟɤɬɪɨɞɚ ɢɫɤɪɨɨɛ-
ɪɚɡɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɧɚ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ ɜ ɪɚɡɪɹɞ;

– ɩɪɢ ɪɚɫɱɟɬɟ ɜɨɫɩɥɚɦɟɧɹɸɳɟɣ ɷɧɟɪɝɢɢ ɝɚɡɨɜɨɣ
ɫɦɟɫɢ, ɨɬɥɢɱɧɨɣ ɨɬ 8,3 % ɦɟɬɚɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ,
ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɫɟɧɢɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɨ ɨɬɧɨɲɟɧɢɸ
ɤ ɞɥɢɬɟɥɶɧɨɫɬɢ ɪɚɡɪɹɞɚ *T – ɫɦ. ɮɨɪɦɭɥɭ (6). 

. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ, ɩɨɡɜɨɥɹɸɳɭɸ
ɭɬɨɱɧɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ
ɩɚɪɚɦɟɬɪɨɜ ɜɡɪɵɜɨɨɩɚɫɧɨɣ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɝɪɭɩɩɵ II ɩɨ
ɢɡɜɟɫɬɧɵɦ ɚɧɚɥɨɝɢɱɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɝɪɭɩɩɵ I. 

. Ⱦɥɹ ɭɜɟɥɢɱɟ-
ɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɫɱɟɬɚ ɩɪɢɧɢɦɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɦɟɬɨ-
ɞɢɤɚ (ɜ ɞɚɥɶɧɟɣɲɟɦ – ɦɟɬɨɞɢɤɚ 2). ɂɫɯɨɞɧɵɦɢ ɞɚɧ-
ɧɵɦɢ ɫɥɭɠɢɬ ɢɧɮɨɪɦɚɰɢɹ, ɨɬɧɨɫɹɳɚɹɫɹ ɤ ɫɦɟɫɢ
ɝɪɭɩɩɵ I (ɫɤɨɪɨɫɬɢ ɤɨɦɦɭɬɚɰɢɢ v, ɤɨɷɮɮɢɰɢɟɧɬɵ k ɢ
b, ɜɪɟɦɹ ɩɟɪɟɝɢɛɚ ɩT ɝɪɚɮɢɤɚ ɪɢɫ. 1). 
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ɂɫɯɨɞɹ ɢɡ ɩɨɫɥɟɞɧɟɝɨ ɜɵɪɚɠɟɧɢɹ ɢ (2) 

k1

k
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⋅
= ; (3) 

( )k1
k1 TT
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bTW1 *

ɩ
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⋅⋅⋅= . (4) 

ɂɡ (4) ɧɚɣɞɟɦ k1

( )
( )*

ɩ)(
)(

TTlnT1ln
WlnbTlnk1

k

⋅−
−= ; (5) 

k1* )T(T1bW ɩ⋅⋅= , (6) 

ɝɞɟ minIIW ɢ minIW  – ɦɢɧɢɦɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɢɫɤɪɵ ɞɥɹ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɦɟɫɟɣ ɝɪɭɩɩ I ɢ
II (ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ [4]); *T  – ɨɬɧɨɲɟɧɢɟ ɞɥɢɬɟɥɶ-
ɧɨɫɬɢ ɪɚɡɪɹɞɚ ɤ ɬɚɤɨɜɨɣ ɞɥɹ ɤɨɧɬɪɨɥɶɧɨɣ ɫɦɟɫɢ
ɝɪɭɩɩɵ I; ɩT  – ɜɪɟɦɹ ɩɟɪɟɝɢɛɚ ɧɚɤɥɨɧɧɨɣ ɱɚɫɬɢ ɝɪɚ-

ɮɢɤɚ ɜɨɫɩɥɚɦɟɧɹɸɳɟɣ ɷɧɟɪɝɢɢ (ɪɢɫ. 1), ɦɫ; W  – 
ɜɨɫɩɥɚɦɟɧɹɸɳɚɹ ɷɧɟɪɝɢɹ ɪɚɡɪɹɞɚ ɞɥɹ ɫɦɟɫɟɣ ɝɪɭɩɩɵ
II ɧɚ ɧɚɤɥɨɧɧɨɦ ɭɱɚɫɬɤɟ 3.  

Ɂɧɚɱɟɧɢɹ ɦɢɧɢɦɚɥɶɧɵɯ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ ɬɨɤɨɜ
ɞɥɹ ɨɦɢɱɟɫɤɢɯ ɰɟɩɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ȽɈɋɌ [1], ɚ ɞɥɢ-
ɬɟɥɶɧɨɫɬɢ ɪɚɡɪɹɞɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɝɥɚɫɧɨ [2] ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɟɥɢ ɪɚɡɪɹɞɚ ɪɚɡɦɵɤɚɧɢɹ ɩɪɢ ɫɤɨ-
ɪɨɫɬɢ ɤɨɦɦɭɬɚɰɢɢ v = 0,046 ɦ/ɫ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ
ɩɪɢɜɨɞɹɬɫɹ ɜ ɬɚɛɥ. 1. 

ɇɨɜɚɹ ɦɟɬɨɞɢɤɚ ɩɟɪɟɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɨɜɨɣ ɫɦɟ-
ɫɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɬɟɩɟɧɶ ɫɧɢɠɟɧɢɹ ɞɥɢ-
ɬɟɥɶɧɨɫɬɢ ɪɚɡɪɹɞɚ *T ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɢɧɢɦɚɥɶɧɨɣ
ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɫɤɪɵ ɞɥɹ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɦɟ-
ɫɟɣ  (ɪɢɫ. 2). Ɍɚɤ, ɜɨɫɩɥɚɦɟɧɹɸɳɚɹ ɷɧɟɪɝɢɹ ɭɦɟɧɶɲɚ-
ɟɬɫɹ ɜ 14,7 ɪɚɡɚ, ɚ ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɚɡɪɹɞɚ ɜ 2,03 ɪɚɡɚ ɫ ɩɨ-
ɜɵɲɟɧɢɟɦ ɚɝɪɟɫɫɢɜɧɨɫɬɢ ɫɦɟɫɢ ɞɥɹ ɝɪɭɩɩɵ IIC.  

Ɂɚɜɢɫɢɦɨɫɬɶ ( *T ) ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɜɵɪɚɠɟ-
ɧɢɹɦɢ ɜɢɞɚ

( *T ) = 1,068· ( *T )3,35

ɢɥɢ
( *T ) = 0,174· 449,0

*156,2 −⋅Te .

ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ b1
ɢ k1 ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ (6) ɫɜɟɞɟɧɵ ɜ
ɬɚɛɥ. 2–5. ȼ ɧɢɯ ɚɧɚɥɢɡɢɪɨɜɚɥɚɫɶ ɷɧɟɪɝɢɢ ɜ ɧɚɱɚɥɟ ɢ
ɜ ɤɨɧɰɟ ɧɚɤɥɨɧɧɨɝɨ ɭɱɚɫɬɤɚ 3 (Wɧ ɢ Wɤ). 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ ɷɧɟɪɝɢɣ
ɫɪɚɜɧɢɜɚɥɢcɶ ɫ ɢɡɜɟɫɬɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ
ɞɚɧɧɵɦɢ ȽɈɋɌ [1] ɢ ɦɟɬɨɞɢɤɨɣ ȼ.ɉ.Ⱦɢɞɟɧɤɨ [5]. ɍɫ-
ɬɚɧɨɜɢɥɢ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ
ɭɦɟɧɶɲɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɧɚ 22 % ɞɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ
IIA ɢ ɧɚ 35 % ɞɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ IIB (ɪɢɫ. 3).  

 1 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɜɨɫɩɥɚɦɟɧɹɸɳɟɣ
ɷɧɟɪɝɢɢ ɢ ɜɪɟɦɟɧɢ ɪɚɡɪɹɞɚ ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɫɦɟɫɟɣ,

ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ [2] 

 2 

ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɷɧɟɪɝɢɣ ɪɚɡ-
ɪɹɞɚ ɞɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ IIA 

I IIA IIB IIC 
Ɇɢɧɢɦɚɥɶɧɵɣ ɜɨɫ-
ɩɥɚɦɟɧɹɸɳɢɣ ɬɨɤ
ɨɦɢɱɟɫɤɨɣ ɰɟɩɢ, ɦȺ

1120 896 650 261 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɪɚɡ-
ɪɹɞɚ, T, ɦɫ

3,731 3,410 2,966 1,835 

Ɉɬɧɨɲɟɧɢɟ ɦɢɧɢ-
ɦɚɥɶɧɵɯ ɷɧɟɪɝɢɣ
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɫ-
ɤɪɵ ɞɥɹ ɜɨɫɩɥɚɦɟ-
ɧɟɧɢɹ ɫɦɟɫɟɣ

minI

minIIȕ
W

W
=

1 0,929 0,428 0,067
8

Ɉɬɧɨɲɟɧɢɟ ɞɥɢ-
ɬɟɥɶɧɨɫɬɟɣ ɪɚɡɪɹ-

ɞɨɜ, *
T

1 0,914 0,795 0,491 

Ɇɢɧɢɦɚɥɶɧɚɹ ɷɧɟɪ-
ɝɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ
ɢɫɤɪɵ ɞɥɹ ɜɨɫɩɥɚ-
ɦɟɧɟɧɢɹ ɫɦɟɫɟɣ,

min,W ɦȾɠ

0,28 0,26 0,12 0,019 

v,
/ [1]

-
-

 1 
[5]

-
-

 2 

0,046 
Ʉɨɷɮɮɢɰɢɟɧɬ b1 1,425 0,920 1,253 
Ʉɨɷɮɮɢɰɢɟɧɬ k1 1,033 1,235 1,192 
ɗɧɟɪɝɢɹ ɪɚɡɪɹɞɚ ɜ
ɧɚɱɚɥɟ ɧɚɤɥɨɧɧɨ-
ɝɨ ɭɱɚɫɬɤɚ 3 (ɪɢɫ.
1), Wɧ, ɦȾɠ 7,4 6,955 7,67 
ɗɧɟɪɝɢɹ ɪɚɡɪɹɞɚ ɜ
ɤɨɧɰɟ ɧɚɤɥɨɧɧɨɝɨ
ɭɱɚɫɬɤɚ 3 (ɪɢɫ. 1), 
Wɤ, ɦȾɠ 9 8,712 9,532 

 [1], % 
6 3,6 

3,2 5,9 

6,5 
b1 1,304 1,052 1,348 
k1 0,552 0,531 0,531 

Wɧ, ɦȾɠ 0,31 0,256 0,313 
Wɤ, ɦȾɠ 0,4 0,341 0,417

 [1], %
17,4 9,6
14,7 4,2
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 3 

Ɋɚɫɱɟɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢ ɷɧɟɪɝɢɢ ɪɚɡɪɹɞɚ ɞɥɹ ɫɦɟ-
ɫɢ ɝɪɭɩɩɵ IIB 

v, /  2 
0,046 b1 0,683 

k1 1,192 
Wɧ, ɦȾɠ 4,18 
Wɤ, ɦȾɠ 5,195 

6,5 b1 0,67 
k1 0,531 

Wɧ, ɦȾɠ 0,145 
Wɤ, ɦȾɠ 0,193

 4 

ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɷɧɟɪɝɢɣ ɪɚɡ-
ɪɹɞɚ ɞɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ IIB 

 5 

Ɋɚɫɱɟɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ IIɋ

. 2.

*T
 I 

. Ⱦɚɧɵ ɫɤɨɪɨɫɬɢ ɤɨɦɦɭɬɚɰɢɢ ɩɨ ȽɈɋɌ
v = 0,046; 0,11; 0,3; 0,9; 1,8; 4; 6,5 ɦ/ɫ ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ
k = 1,235; 1,11; 1,097; 0,835; 0,661; 0,662; 0,531 ɢ b =
1,146; 1,919; 2,363; 2,528; 2,056; 1,757; 1,384 ɞɥɹ ɫɦɟɫɢ
ɝɪɭɩɩɵ I.  

ȼɨɫɩɥɚɦɟɧɹɸɳɚɹ ɷɧɟɪɝɢɹ ɧɚ ɩɥɨɫɤɨɦ ɭɱɚɫɬɤɟ ɡɚɜɢ-
ɫɢɦɨɫɬɢ kbTW = : W = 8,26; 3,89; 1,94; 1,06; 0,74; 0,42; 
0,35 ɦȾɠ ɞɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ I. ȼɪɟɦɹ ɩɟɪɟɝɢɛɚ ɞɥɹ ɫɦɟ-
ɫɢ ɝɪɭɩɩɵ I ɩT  = 5; 2; 0,85; 0,33; 0,22; 0,1; 0,075 ɦɫ.

ȼɪɟɦɹ ɪɚɡɪɹɞɚ T ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɵɦ ɦɟɬɨɞɨɦ
ɞɥɹ ɨɦɢɱɟɫɤɨɣ ɰɟɩɢ ɫ v=0,046 ɦ/ɫ ɩɨ ɬɚɛɥ.1. 

Ɍɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɜɨɫɩɥɚɦɟɧɹɸɳɭɸ ɷɧɟɪɝɢɸ ɞɥɹ
ɫɦɟɫɢ ɝɪɭɩɩɵ IIA ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɜɪɟɦɟɧɢ ɪɚɡɪɹɞɚ T.

. 3. -

 II : ) -
 3 

 ( . 1); )

.
1. ɇɚɯɨɞɢɦ ɤɨɷɮɮɢɰɢɟɧɬ  = 0,26/0,28 =0,929.  
2. ɋɨɝɥɚɫɧɨ ɬɚɛɥ.1 ɜɵɩɢɫɵɜɚɟɦ ɜɪɟɦɹ ɪɚɡɪɹɞɚ ɞɥɹ

ɦɟɬɚɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ (ɝɪɭɩɩɚ I) T = 3,731 ɦɫ ɢ
ɫɦɟɫɢ ɝɪɭɩɩɵ IIȺ T1 = 3,410 ɦɫ. ɇɚɯɨɞɢɦ

9140
7313
4103 ,
,
,

T1
T*

pT === . ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ T1 ɧɟɢɡ-

ɜɟɫɬɧɨ, *
pT ɨɩɪɟɞɟɥɹɟɦ, ɢɫɯɨɞɹ ɢɡ ɡɚɜɢɫɢɦɨɫɬɢ ɪɢɫ. 2 

ɩɪɢ ɢɡɜɟɫɬɧɨɦ .
3. ɇɚɯɨɞɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ k1 ɢ b1 ɩɨ ɮɨɪɦɭɥɚɦ

(3) ɢ (5) 

253119214103

2351731314619290
..).(

.).(..
1k(T1)

kb(T)
1b =

⋅
=

⋅
= ;

1921
914054103

268235173131461
*

ɩ

.
).ln().ln(

).ln()...ln(

)pTln(Tln(T1)

ln(W))kTln(b
1k =

⋅−

−⋅
=

⋅−

−⋅
= .

4. ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ. Ⱦɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ IIA ɜ
ȽɈɋɌ ɞɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜɪɟɦɟɧɢ
ɪɚɡɪɹɞɚ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɧɚɤɥɨɧɧɨɝɨ ɭɱɚɫɬɤɚ 3: T1ɧ
= 5 ɦɫ, T1ɤ = 6 ɦɫ. Ɋɚɫɫɱɢɬɚɟɦ ɜɨɫɩɥɚɦɟɧɹɸɳɢɟ
ɷɧɟɪɝɢɢ ɩɨ (6) ɢ ɫɪɚɜɧɢɦ ɫ ɞɚɧɧɵɦɢ ȽɈɋɌ [1], ɦȾɠ

v,
/

 1 
[5] 

 2 

4
b1 1,681 1,358 0,901 
k1 0,648 0,662 0,636 

Wɧ, ɦȾɠ 0.133 0,174 0,143 
Wɤ, ɦȾɠ 0,24 0,348 0,28 

 [1], %

28,9 5,9 
45 16,7 

v, /  2
0,046 b1 0,191 

k1 1,199 
6,5 b1 0,67 

k1 0,531 

)

)
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67,7192,15914,0253,1ɧɧ =⋅⋅=⋅⋅= )(1k)T1*(T1bW ,
ɩɨ ȽɈɋɌ – 7,4; 

532,9192,16914,0253,1ɤɤ =⋅⋅=⋅⋅= )(1k)T1*(T1bW ,
ɩɨ ȽɈɋɌ – 9. 

. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɢɤ
ɩɟɪɟɫɱɟɬɚ ɜɨɫɩɥɚɦɟɧɹɸɳɢɯ ɷɧɟɪɝɢɣ ɨɬ ɜɪɟɦɟɧɢ ɪɚɡ-
ɪɹɞɚ ɢ ɫɤɨɪɨɫɬɢ ɤɨɦɦɭɬɚɰɢɢ ɞɥɹ ɫɦɟɫɟɣ ɝɪɭɩɩɵ ȱȱ
ɜɵɹɜɥɟɧɵ ɢɯ ɜɨɡɦɨɠɧɵɟ ɨɲɢɛɤɢ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɡɚ-
ɜɵɲɟɧɢɸ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɡɧɚɱɟɧɢɣ.

ɉɨɥɭɱɟɧɵ ɧɨɜɵɟ ɪɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɩɟ-
ɪɟɫɱɟɬɚ ɭɤɚɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɞɪɭɝɭɸ ɫɦɟɫɶ
ɝɪɭɩɩɵ ȱȱ ɩɨ ɢɡɜɟɫɬɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɦɟɬɚɧɨ-
ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ (ɝɪɭɩɩɚ ȱ) ɢ ɩɪɨɜɟɞɟɧɚ ɫɪɚɜɧɢɬɟɥɶ-
ɧɚɹ ɨɰɟɧɤɚ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɷɧɟɪɝɢɹɦɢ ɜɨɫ-
ɩɥɚɦɟɧɟɧɢɹ ɩɨ ȽɈɋɌ Ɋ51330.10-99 (IEC60079-11). 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ
ɭɦɟɧɶɲɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɣ
ɜɨɫɩɥɚɦɟɧɹɸɳɟɣ ɷɧɟɪɝɢɢ ɧɚ 22 % ɞɥɹ ɫɦɟɫɢ IIA ɢ ɧɚ
35 % ɞɥɹ ɫɦɟɫɢ ɝɪɭɩɩɵ IIB. 
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ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɩɟɪɟɪɚɯɭɧɤɭ ɡɚɩɚɥɸɸɱɢɯ ɩɚɪɚɦɟɬɪɿɜ
ɤɨɧɬɪɨɥɶɧɨʀ ɜɢɛɭɯɨɧɟɛɟɡɩɟɱɧɨʀ ɝɚɡɨɜɨʀ ɫɭɦɿɲɿ ɝɪɭɩɢ
II ɩɨ ɜɿɞɨɦɢɦ ɚɧɚɥɨɝɿɱɧɢɦ ɩɚɪɚɦɟɬɪɚɦ ɝɪɭɩɢ I. Ɍɚ-
ɤɨɠ, ɹɤɳɨ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɜɢɛɭɯɨɧɟɛɟɡɩɟɱɧɚ ɫɭɦɿɲ,
ɞɥɹ ɹɤɨʀ ɧɟ ɩɪɨɜɨɞɢɥɢɫɹ ɜɢɩɪɨɛɭɜɚɧɧɹ ɭ ɜɢɛɭɯɨɜɿɣ
ɤɚɦɟɪɿ, ɚ ɜɿɞɨɦɚ ɬɿɥɶɤɢ ɦɿɧɿɦɚɥɶɧɚ ɡɚɩɚɥɸɸɱɚ ɟɧɟɪ-
ɝɿɹ, ɫɬɚɜɢɬɶɫɹ ɡɚɜɞɚɧɧɹ ɩɟɪɟɪɚɯɭɧɤɭ ɧɟɛɟɡɩɟɱɧɢɯ ɩɚ-
ɪɚɦɟɬɪɿɜ ɡɚ ɜɿɞɨɦɨɸ ɟɧɟɪɝɨɜɿɞɞɚɱɟɸ ɜ ɪɨɡɪɹɞ.

. ȱɫɧɭɸɱɚ ɦɟɬɨɞɢɤɚ ɩɟɪɟɪɚɯɭɧɤɭ ɡɚɩɚ-
ɥɸɸɱɢɯ ɩɚɪɚɦɟɬɪɿɜ ɤɨɧɬɪɨɥɶɧɢɯ ɝɚɡɨɜɢɯ ɫɭɦɿɲɟɣ ɦɚɽ
ɪɹɞ ɧɟɞɨɥɿɤɿɜ, ɹɤɿ ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɡɧɚɱɧɢɯ ɩɨɯɢɛɨɤ ɪɨɡ-
ɪɚɯɭɧɤɭ ɩɪɨɝɧɨɡɨɜɚɧɢɯ ɡɧɚɱɟɧɶ. Ɉɬɪɢɦɚɧɨ ɧɨɜɭ ɪɨɡ-
ɪɚɯɭɧɤɨɜɭ ɡɚɥɟɠɧɿɫɬɶ ɞɥɹ ɩɟɪɟɪɚɯɭɜɚɧɧɹ ɡɚɡɧɚɱɟɧɢɯ
ɩɚɪɚɦɟɬɪɿɜ ɧɚ ɿɧɲɭ ɫɭɦɿɲ ɿ ɩɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɥɶɧɭ
ɨɰɿɧɤɭ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɟɧɟɪɝɿɹɦɢ ɡɚɣɦɚɧɧɹ.

Ⱦɥɹ ɡɛɿɥɶɲɟɧɧɹ ɬɨɱɧɨɫɬɿ ɪɨɡɪɚɯɭɧɤɭ ɜɿɞɨɛɪɚɠɟɧɨ
ɜɩɥɢɜ ɤɪɚɬɧɨɫɬɿ ɡɧɢɠɟɧɧɹ ɦɿɧɿɦɚɥɶɧɢɯ ɟɧɟɪɝɿɣ ɡɚ-
ɣɦɚɧɧɹ ɝɚɡɨɜɢɯ ɫɭɦɿɲɟɣ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɪɿɡɧɨɝɨ ɜɩɥɢ-
ɜɭ ɟɥɟɤɬɪɨɞɿɜ ɿɫɤɪɨɭɬɜɨɪɸɸɱɨɝɨ ɦɟɯɚɧɿɡɦɭ ɧɚ ɟɧɟɪ-
ɝɨɜɢɞɿɥɟɧɧɹ ɜ ɪɨɡɪɹɞ, ɚ ɬɚɤɨɠ ɜɧɟɫɟɧɨ ɤɨɪɟɤɬɭɜɚɧɧɹ
ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɬɪɢɜɚɥɨɫɬɿ ɪɨɡɪɹɞɭ.

. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɡɚɩɚɥɸɸɱɢɯ
ɟɧɟɪɝɿɣ ɩɨɪɿɜɧɸɜɚɥɢɫɹ ɡ ɜɿɞɨɦɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɢɦɢ ɞɚɧɢɦɢ ȽɈɋɌ Ɋ51330.10-99 ɿ ɦɟɬɨɞɢɤɨɸ Ⱦɿ-
ɞɟɧɤɨ ȼ.ɉ. ȼɫɬɚɧɨɜɢɥɢ, ɳɨ ɪɨɡɪɨɛɥɟɧɢɣ ɦɟɬɨɞ ɞɨ-
ɡɜɨɥɹɽ ɡɦɟɧɲɢɬɢ ɩɨɯɢɛɤɭ ɧɚ 22% ɞɥɹ ɫɭɦɿɲɿ IIA ɿ ɧɚ
35% ɞɥɹ ɫɭɦɿɲɿ ɝɪɭɩɢ IIB. 

. Ɉɬɪɢɦɚɜ ɩɨɞɚɥɶɲɢɣ ɪɨɡɜɢɬɨɤ
ɦɟɬɨɞ ɚɧɚɥɿɬɢɱɧɨɝɨ ɩɟɪɟɪɚɯɭɧɤɭ ɟɧɟɪɝɿʀ ɿ ɬɪɢɜɚɥɨɫɬɿ
ɪɨɡɪɹɞɭ, ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɧɟɛɟɡɩɟɤɭ ɿɫɤɪɿɧɧɹ ɭ ɜɢɛɭ-
ɯɨɧɟɛɟɡɩɟɱɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ ɩɿɞɝɪɭɩ IIA, IIB, IIC ɩɪɢ
ɪɿɡɧɢɯ ɲɜɢɞɤɨɫɬɹɯ ɤɨɦɭɬɚɰɿʀ ɿɫɤɪɨɭɬɜɨɪɸɸɱɨɝɨ ɦɟ-
ɯɚɧɿɡɦɭ, ɳɨ ɜɿɞɪɿɡɧɹɽɬɶɫɹ ɩɿɞɜɢɳɟɧɨɸ, ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ
ɜɿɞɨɦɢɦɢ ɦɟɬɨɞɚɦɢ, ɬɨɱɧɿɫɬɸ ɩɪɨɝɧɨɡɨɜɚɧɢɯ ɡɧɚ-
ɱɟɧɶ. ɍɩɟɪɲɟ ɨɛʉɪɭɧɬɨɜɚɧɨ ɦɨɠɥɢɜɿɫɬɶ ɩɟɪɟɪɚɯɭɧɤɭ
ɡɚɩɚɥɸɸɱɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɢɛɭɯɨɧɟɛɟɡɩɟɱɧɢɯ ɫɭɦɿɲɟɣ
ɜ ɭɦɨɜɚɯ ɧɟɩɨɜɧɢɯ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ – ɡɚ ɦɿɧɿɦɚɥɶɧɨɸ
ɡɚɩɚɥɸɸɱɨɸ ɟɧɟɪɝɿɽɸ ɟɥɟɤɬɪɢɱɧɨʀ ɿɫɤɪɢ.

ɩɨɥɹɝɚɽ ɭ ɬɨɦɭ, ɳɨ ɪɨɡ-
ɲɢɪɟɧɨ ɦɨɠɥɢɜɨɫɬɿ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɦɟɬɨɞɭ ɨɰɿɧɤɢ
ɿɫɤɪɨɛɟɡɩɟɱɧɨɫɬɿ ɟɥɟɤɬɪɢɱɧɢɯ ɫɥɚɛɤɨɫɬɪɭɦɨɜɢɯ ɥɚɧ-
ɰɸɝɿɜ ɜɢɛɭɯɨɡɚɯɢɳɟɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɩɨɤɚɡɚɧɨ
ɩɪɢɤɥɚɞɢ ɣɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɡɚɩɚɥɸ-
ɸɱɢɯ ɩɚɪɚɦɟɬɪɿɜ ɛɿɥɶɲ ɚɝɪɟɫɢɜɧɢɯ, ɧɿɠ 8,3 ɜɿɞɫɨɬɤɨ-
ɜɚ ɦɟɬɚɧɨ-ɩɨɜɿɬɪɹɧɚ ɫɭɦɿɲ.

: , -
, , , -

Purpose. To develop a procedure allowing clarification 
of the dependence between the parameters of flammable 
explosive gas mixture of group II and the same parameters 
of explosive gas mixture of group I. Also for the case when 
the explosive mixture for which no tests were carried out in 
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the explosion chamber and for which only the minimum in-
flame energy is known should be considered, the task of 
converting hazardous parameters of the known energy effi-
ciency in the discharge was set. 

Methodology. The existing method of conversion of 
parameters of control flammable gas mixtures has sev-
eral disadvantages, which lead to significant errors in 
calculating of probable values. A new dependence for 
conversion of the parameters for the other mixture has 
been designed and the comparative evaluation of the 
experimental energies of ignition has been carried out. 
To increase the accuracy of the calculation the influ-
ence of the multiplicity of reduction of the minimum 
ignition energy value of a gas mixture on energy release 
into a discharge taking into account different electrode 
spark mechanisms and discharge duration has been fig-
ured out. 

Findings. Results of calculation of flammable energy 
have been compared with experimental data listed in nor-
mative document GOST R51330.10-99 and those received 
by V.P. Didenko methodology. It has been found out that 

the presented method reduces the error by 22% for IIA 
group mixtures of and by 35% for IIB group mixtures. 

Originality. The analytical method of converting values 
of the energy and the duration of the discharge determining 
risk of sparking in explosive environments of subgroups 
IIA, IIB, IIC at various switching speeds of sparking me-
chanism has been further developed. In comparison with al-
ready known methods it shows more accurate probable da-
ta. For the first time the possibility of converting the 
parameters of flammable explosive mixtures in condition of 
luck of input information has been proved. 

Practical value. Potentialities of the method of assess-
ment of low-voltage electrical chains use in explosion-proof 
equipment have been broadened and examples of its appli-
cation for obtaining of flammable options more aggressive 
than 8.3% methane-air mixture are shown. 

Keywords: flammable energy, explosive mixture, in-
trinsically safe, discharge time, switching speed 
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POSITION OF CHARACTERISTIC POINTS OF THE DYNAMIC SEMI TROUGH  
DURING UNDERMINING IN THE CONDITIONS OF FALL OF WATER TABLE  

. ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɫɞɜɢɠɟɧɢɹ ɧɚɞ ɞɜɢɠɭɳɢɦɫɹ ɨɱɢɫɬɧɵɦ ɡɚɛɨɟɦ ɧɚ
ɇɢɤɨɩɨɥɶɫɤɨɦ ɦɚɪɝɚɧɰɟɜɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ.

. ȼɵɩɨɥɧɟɧɢɟ ɱɚɫɬɨɬɧɵɯ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɧɚɛɥɸɞɚɬɟɥɶɧɵɯ ɫɬɚɧɰɢɹɯ ɧɚ ɭɱɚɫɬɤɟ
ɝɥɚɜɧɨɝɨ ɫɟɱɟɧɢɹ ɦɭɥɶɞɵ ɫɞɜɢɠɟɧɢɹ, ɤɨɬɨɪɵɣ ɞɨ ɩɨɞɪɚɛɨɬɤɢ ɛɵɥ ɜɩɟɪɟɞɢ ɨɱɢɫɬɧɨɝɨ ɡɚɛɨɹ, ɚ ɩɨɫɥɟ ɩɨɞɪɚɛɨɬɤɢ
ɨɤɚɡɚɥɫɹ ɜ ɩɥɨɫɤɨɦ ɞɧɟ ɦɭɥɶɞɵ. Ⱥɧɚɥɢɡ ɩɨɥɨɠɟɧɢɹ ɬɨɱɟɤ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚ-
ɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɜɢɠɭɳɟɝɨɫɹ ɡɚɛɨɹ ɜ ɝɥɚɜɧɵɯ ɫɟɱɟɧɢɹɯ ɦɭɥɶɞɵ ɫɞɜɢɠɟɧɢɹ.

. ɇɚɬɭɪɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɦɢ ɧɚɛɥɸɞɟɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɪɟɜɵɲɟɧɢɟ ɜɟɥɢɱɢɧ ɦɚɤ-
ɫɢɦɚɥɶɧɵɯ ɨɫɟɞɚɧɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɵɧɢɦɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɦɚɪɝɚɧɰɟɜɨɪɭɞɧɨɝɨ ɩɥɚɫɬɚ ɢɡ-ɡɚ
ɜɥɢɹɧɢɹ ɜɨɞɨɩɨɧɢɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ.ɉɪɟɞɥɨɠɟɧɵ ɮɨɪɦɭɥɵ ɞɥɹ ɩɪɨɝɧɨ-
ɡɢɪɨɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭ-
ɦɭɥɶɞɵ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɫɱɟɬɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɞɜɢɠɭɳɟɦɫɹ ɡɚɛɨɟ.

. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɨɠɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭɦɭɥɶɞɵ, ɜɨɡɧɢɤɚɸɳɟɣ
ɧɚ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɩɨɞɪɚɛɨɬɤɚɯ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɨɞɨɩɨɧɢɠɟɧɢɹ.

. ɍɫɬɚɧɨɜɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɬɨɱɟɤ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭɦɭɥɶɞɵ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ
ɡɧɚɱɟɧɢɹɦɢ ɜɟɥɢɱɢɧ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɜɵɛɢɪɚɬɶ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɟ
ɦɟɪɵ ɨɯɪɚɧɵ ɩɨɞɪɚɛɚɬɵɜɚɟɦɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ.

: , ,
,

Ɂɚɳɢɬɚ6 ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɨɬ ɜɪɟɞɧɨɝɨ ɜɥɢɹ-
ɧɢɹ ɩɨɞɡɟɦɧɵɯ ɪɚɡɪɚɛɨɬɨɤ ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ,
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ɬ.ɤ. ɜ ɨɫɬɚɜɥɟɧɧɵɯ ɰɟɥɢɤɚɯ ɩɨɞ ɡɚɫɬɪɨɟɧɧɵɦɢ ɬɟɪɪɢ-
ɬɨɪɢɹɦɢ ɬɟɪɹɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɡɚɩɚɫɵ ɩɨɥɟɡɧɵɯ
ɢɫɤɨɩɚɟɦɵɯ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɨɞ ɦɧɨɝɢɦɢ ɨɛɴɟɤɬɚɦɢ,
ɬɚɤɢɦɢ ɤɚɤ ɪɚɡɥɢɱɧɵɟ ɡɞɚɧɢɹ, ɫɨɨɪɭɠɟɧɢɹ, ɠɟɥɟɡɧɵɟ
ɞɨɪɨɝɢ ɢ ɜɵɫɨɬɧɵɟ ɨɛɴɟɤɬɵ, ɦɨɠɧɨ ɢɡɜɥɟɤɚɬɶ ɩɨɥɟɡ-




