
ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2 75

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

and transport velocity ranges of any transport means in-
cluding mine diesel locomotives. 

Practical value is in using laws of formation and 
transfer of power paths within transmission components 
to substantiate the type of transmission required for ne-
cessary moving force and stepless cruise control of diesel 
locomotives within the given range when diesel engine 
has constant frequency of crankshaft rotation for mini-
mum discharges and fuel consumption. Distribution of 
paths limits restricts both structure and kinematic scheme 

of double-split stepless transmission. It should give only 
parallel power paths from the engine to driving wheels of 
traction and transport machine for any nonreversible va-
riator.  

Keywords: diesel locomotive, double-split transmis-
sion, analysis, power path, circulating modes
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STATICS AND DYNAMICS OF TWO-MOTOR TUMBLING MILLS DRIVES 
. ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɚɝɪɭɡɨɤ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɫɢɧɯɪɨɧɧɵɯ ɩɪɢɜɨɞɚɯ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ, ɚ ɬɚɤɠɟ

ɜɥɢɹɧɢɹ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɥɢɧɢɣ ɩɟɪɟɞɚɱ ɞɜɢɝɚɬɟɥɟɣ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɢ ɜɟɥɢɱɢɧɭ ɟɝɨ
ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ.

. Ɋɚɫɫɦɨɬɪɟɧɚ ɫɬɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ
ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɩɟɪɟɞɚɱ, ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ, ɜ ɨɫɧɨɜɧɨɦ,
ɧɚɤɨɩɥɟɧɧɨɣ ɨɲɢɛɤɨɣ ɲɚɝɚ ɨɬɤɪɵɬɨɝɨ ɡɭɛɱɚɬɨɝɨ ɡɚɰɟɩɥɟɧɢɹ ɢ ɪɚɞɢɚɥɶɧɵɦ ɛɢɟɧɢɟɦ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ. ɇɟɪɚɜ-
ɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɧɚ-
ɝɪɭɡɤɚ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɥɢɧɢɟɣ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɛɨɥɶɲɟ ɧɨɦɢɧɚɥɶɧɨɣ, ɩɪɢ ɤɨɬɨɪɨɣ ɞɜɢɝɚɬɟɥɢ ɡɚ-
ɝɪɭɠɟɧɵ ɪɚɜɧɨɦɟɪɧɨ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚ ɡɚɝɪɭɠɟɧɧɨɫɬɶ ɩɪɢɜɨɞɚ ɜɜɟɞɟɧ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ, ɩɨɤɚɡɵɜɚɸɳɢɣ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɣ ɥɢ-
ɧɢɢ ɩɟɪɟɞɚɱ ɛɨɥɶɲɟ ɧɨɦɢɧɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ. ɉɨɫɤɨɥɶɤɭ ɱɚɫɬɨɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɨɩɪɟɞɟɥɟɧɵ
ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ, ɬɨ ɟɞɢɧɫɬɜɟɧɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɜɥɢɹɬɶ ɧɚ ɜɟɥɢɱɢɧɭ ɞɢɧɚɦɢɱɟɫɤɨɣ
ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ, ɹɜɥɹɟɬɫɹ ɠɟɫɬɤɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ.

. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɜɨɡɦɭɳɟɧɢɹ, ɤɨɝɞɚ ɤɢɧɟɦɚɬɢ-
ɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ, ɪɟɡɨɧɚɧɫ ɦɨɠɟɬ ɧɚɫɬɭɩɢɬɶ ɩɪɢ ɦɚɥɨɣ ɠɟɫɬ-
ɤɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ ɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɤɪɭɬɢɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ
ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɛɭɞɟɬ ɩɪɟɧɟɛɪɟɠɢɬɟɥɶɧɨ ɦɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɸ ɜɟɥɢɱɢɧɨɸ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ
ɠɟɫɬɤɨɫɬɢ ɩɟɪɟɞɚɱ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɢ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ. ɉɪɢ
ɱɚɫɬɨɬɟ ɜɨɡɦɭɳɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɩɪɢɜɨɞɧɨɣ ɲɟɫɬɟɪɧɢ, ɪɟɡɨɧɚɧɫ ɩɪɨɢɡɨɣɞɟɬ, ɟɫɥɢ ɠɟɫɬ-
ɤɨɫɬɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ ɛɭɞɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɣ ɢ ɭɜɟɥɢɱɟɧɢɟ ɤɪɭɬɢɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɦɨɠɟɬ
ɩɪɢɜɟɫɬɢ ɤ ɧɟɞɨɩɭɫɬɢɦɵɦ ɧɚɝɪɭɡɤɚɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɝɪɚɧɢɱɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɢ ɛɨɥɟɟ
ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɜ ɩɪɢɜɨɞɟ, ɜɵɡɜɚɧɧɵɯ ɫɬɚɬɢɱɟɫɤɢɦɢ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ ɭɝɥɚ-
ɦɢ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ, ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɫɧɢɠɟɧɢɟɦ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ.

. ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɠɟɫɬɤɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ ɧɚ ɫɬɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ
ɧɚɝɪɭɡɤɢ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɦ ɩɪɢɜɨɞɟ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ.

. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɝɪɚɧɢɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ ɫɬɚɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɫɢɧɯɪɨɧɧɵɯ ɩɪɢɜɨɞɚɯ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ ɡɚ ɫɱɟɬ ɩɨɧɢɠɟɧɢɹ
ɠɟɫɬɤɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ.
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Ɉɞɧɢɦ3 ɢɡ ɩɭɬɟɣ ɫɧɢɠɟɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɟɪɟ-
ɪɚɛɨɬɤɢ ɪɭɞ ɹɜɥɹɟɬɫɹ ɭɤɪɭɩɧɟɧɢɟ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨ-
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ɫɬɢ ɪɚɡɦɨɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ [1]. ɉɪɢ ɫɨɡɞɚɧɢɢ
ɤɪɭɩɧɵɯ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɪɭɞɧɨ-
ɫɬɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢ-
ɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ.
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. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟ-
ɫɬɜɭɟɬ ɬɪɢ ɨɫɧɨɜɧɵɯ ɬɢɩɚ ɩɪɢɜɨɞɨɜ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶ-
ɧɢɰ: ɛɨɤɨɜɨɣ, ɰɟɧɬɪɚɥɶɧɵɣ ɫ ɪɟɞɭɤɬɨɪɨɦ ɢ ɧɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɵɣ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɗɬɢ ɬɢɩɵ ɩɪɢɜɨɞɨɜ ɜ
ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɜɚ-
ɪɢɚɧɬɚɯ. ȼ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɩɪɢɜɨɞ ɫɨɜɪɟɦɟɧɧɵɯ ɤɪɭɩ-
ɧɵɯ ɦɟɥɶɧɢɰ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ ɩɨɥɨɜɢɧɵ ɫɬɨɢɦɨɫɬɢ
ɜɫɟɝɨ ɤɨɦɩɥɟɤɬɚ ɦɟɥɶɧɢɰɵ ɢ ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɣ
ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɢ, ɜɵɛɨɪɭ ɬɢɩɚ ɩɪɢɜɨɞɚ ɩɪɢ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɢ ɭɞɟɥɹɟɬɫɹ ɛɨɥɶɲɟ ɜɧɢɦɚɧɢɟ.

Ⱥɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɩɪɢɜɨɞɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ
ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɪɢɜɨ-
ɞɵ, ɨɫɧɚɳɟɧɧɵɟ ɡɭɛɱɚɬɵɦɢ ɩɟɪɟɞɚɱɚɦɢ. ɗɬɢɦ ɨɛɴ-
ɹɫɧɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɦɨɳɧɨɫɬɹɯ ɞɨ 10000 ɤȼɬ ɦɟɥɶ-
ɧɢɰɵ, ɫɨɞɟɪɠɚɳɢɟ ɬɚɤɢɟ ɩɪɢɜɨɞɵ, ɞɨɦɢɧɢɪɭɸɬ ɜ
ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɢ ɜɟɞɭɬɫɹ ɪɨɛɨɬɵ, ɧɚɩɪɚɜɥɟɧɧɵɟ
ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɬɤɪɵɬɨɣ ɡɭɛɱɚ-
ɬɨɣ ɩɟɪɟɞɚɱɢ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ-
ɯɨɞɹɬɫɹ ɩɪɢɜɨɞɵ ɫ ɨɞɧɨɣ ɜɟɞɭɳɟɣ ɜɚɥ-ɲɟɫɬɟɪɧɟɣ
ɦɨɳɧɨɫɬɶɸ 7090 ɤȼɬ, ɢ ɭɠɟ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɛɨɤɨɜɨɣ
ɨɞɧɨɞɜɢɝɚɬɟɥɶɧɵɣ ɩɪɢɜɨɞ ɦɨɳɧɨɫɬɶɸ 8209 ɤȼɬ [1].

ȼ ɫɜɹɡɢ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɦɨɳɧɨɫɬɢ, ɤɚɤ
ɩɪɚɜɢɥɨ, ɫɜɵɲɟ 4500–5000 ɤȼɬ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢ-
ɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ, ɩɨ-
ɡɜɨɥɹɸɳɢɯ ɩɟɪɟɞɚɜɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɦɨɳɧɨɫɬɶ ɤ ɛɚ-
ɪɚɛɚɧɭ ɞɜɭɦɹ ɫɢɥɨɜɵɦɢ ɩɨɬɨɤɚɦɢ.

Ɉɞɧɨɣ ɢɡ ɩɪɨɛɥɟɦ ɫɨɡɞɚɧɢɹ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢ-
ɜɨɞɨɜ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟ-
ɥɹ. ɉɪɨɛɥɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶ-
ɧɵɯ ɩɪɢɜɨɞɚɯ ɭɫɭɝɭɛɥɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦ-
ɥɟɦɵɦɢ ɹɜɥɹɸɬɫɹ ɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ, ɫɤɨɪɨɫɬɶ
ɜɪɚɳɟɧɢɹ ɤɨɬɨɪɵɯ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɧɚɝɪɭɡɤɢ.

. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹ-
ɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɝɪɭɡɨɤ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɫɢɧ-
ɯɪɨɧɧɵɯ ɩɪɢɜɨɞɚɯ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ, ɚ ɬɚɤɠɟ
ɜɥɢɹɧɢɹ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɥɢɧɢɣ ɩɟɪɟɞɚɱ ɞɜɢɝɚ-
ɬɟɥɟɣ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɢ ɜɟɥɢ-
ɱɢɧɭ ɟɝɨ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ.

. ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚ-
ɝɪɭɡɤɢ ɜɵɡɜɚɧɚ ɬɟɦ, ɱɬɨ ɦɟɠɞɭ ɪɨɬɨɪɚɦɢ ɤɚɠɞɨɝɨ
ɞɜɢɝɚɬɟɥɹ ɜɫɟɝɞɚ ɛɭɞɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɭɝɨɥ ɪɚɫɫɨɝɥɚ-
ɫɨɜɚɧɢɹ ϕΔ . ɉɨɞ ɭɝɥɨɦ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ

ϕΔ ɛɭɞɟɦ ɢɦɟɬɶ ɜ ɜɢɞɭ ɭɝɨɥ, ɧɚ ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢ-
ɦɨ ɩɨɜɟɪɧɭɬɶ ɪɨɬɨɪ ɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ
ɞɪɭɝɨɝɨ, ɱɬɨɛɵ ɧɚɝɪɭɡɤɚ ɪɚɫɩɪɟɞɟɥɢɥɚɫɶ ɪɚɜɧɨɦɟɪɧɨ
ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ.

ɍɩɪɭɝɚɹ ɫɢɫɬɟɦɚ ɩɪɢɜɨɞɚ ɫ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚ-
ɬɟɥɹɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɠɟɫɬɤɨɫɬɶɸ ɦɟɯɚɧɢɱɟɫɤɢɯ
ɩɟɪɟɞɚɱ, ɬɚɤ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɠɟɫɬɤɨɫɬɶɸ ɞɜɢɝɚ-
ɬɟɥɟɣ. Ɂɚɦɟɧɹɹ ɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɦɟɯɚɧɢɱɟɫɤɢɦ
ɚɧɚɥɨɝɨɦ, ɩɪɟɞɨɫɬɚɜɢɦ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɫɯɟɦɭ ɩɪɢɜɨ-
ɞɚ ɫ ɞɜɭɦɹ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɧɚ ɪɢɫ. 1, ɝɞɟ
 – ɩɪɢɜɟɞɟɧɧɵɟ ɠɟɫɬɤɨɫɬɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟ-
ɪɟɞɚɱ ɞɜɢɝɚɬɟɥɹ; – ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɜɨɫɩɪɢɧɢ-
ɦɚɟɦɵɣ ɞɜɭɦɹ ɞɜɢɝɚɬɟɥɹɦɢ.

. 1. -

ȼ ɫɥɭɱɚɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ,
ɤɚɠɞɵɣ ɞɜɢɝɚɬɟɥɶ ɛɭɞɟɬ ɧɚɝɪɭɠɟɧ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧ-

ɬɨɦ
2

M C= . ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɟɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɪɨ-

ɬɨɪɨɜ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɡɚɝɪɭɡɤɢ
ɞɜɢɝɚɬɟɥɟɣ Δ

ɋɬɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ
Δ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ ɢɥɢ ɦɟɞɥɟɧɧɨ
ɢɡɦɟɧɹɸɳɟɣɫɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ.

ɉɪɢ ɧɚɥɢɱɢɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ
ɪɨɬɨɪɨɜ ɤɪɭɬɹɳɢɟ ɦɨɦɟɧɬɵ ɜ ɥɢɧɢɹɯ ɩɟɪɟɞɚɱ ɤɚɠɞɨ-
ɝɨ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ

;
221M

Δ
+=

 (1) 

,
222M

Δ
−=

ɝɞɟ 1 , 2  – ɫɬɚɬɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɪɭɬɹɳɢɯ
ɦɨɦɟɧɬɨɜ ɥɢɧɢɢ ɩɟɪɟɞɚɱ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɞɜɢɝɚɬɟɥɹ.

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɭɞɨɛɧɨ
ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɦ k , ɤɨɬɨɪɵɣ ɩɨɤɚɡɵ-
ɜɚɟɬ ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɧɚɝɪɭɡɤɚ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɥɢɧɢ-
ɟɣ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɛɨɥɶɲɟ ɧɨɦɢɧɚɥɶɧɨɣ,
ɩɪɢ ɤɨɬɨɪɨɣ ɞɜɢɝɚɬɟɥɢ ɡɚɝɪɭɠɟɧɵ ɪɚɜɧɨɦɟɪɧɨ

.
5,0 M

k m=  (2) 

ɍɱɢɬɵɜɚɹ (1), ɩɨɥɭɱɢɦ

.1k
Δ

+=  (3) 

ɂɡ (3) ɫɥɟɞɭɟɬ , ɱɬɨ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɧɚɝɪɭɡɤɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɠɺ-
ɫɬɤɨɫɬɢ ɩɟɪɟɞɚɱ ɞɜɢɝɚɬɟɥɟɣ.

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɞɜɭɯɞɜɢɝɚɬɟɥɶ-
ɧɵɣ ɩɪɢɜɨɞ, ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ ɤɨɬɨɪɨɝɨ
N=4000 . Ʉ ɛɚɪɚɛɚɧɭ ɩɪɢɥɨɠɟɧ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɪɚɜɧɚ

105,509 3⋅= .
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ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ
ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɨɬ ɠɺɫɬɤɨ-
ɫɬɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ ɞɜɢɝɚɬɟɥɹ.

. 2. -
 (K) 

 (c): 1,2 – .105 2−⋅=Δ
.10 2−=Δ

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨ-
ɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɧɚɤɨɩɥɟɧɧɨɣ ɨɲɢɛ-
ɤɨɣ ɲɚɝɚ ɨɬɤɪɵɬɨɝɨ ɡɭɛɱɚɬɨɝɨ ɡɚɰɟɩɥɟɧɢɹ ɢ ɪɚɞɢɚɥɶ-
ɧɵɦ ɛɢɟɧɢɟɦ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ

( )
=

+=
1i

iii tpsin αΔΔ ,  (4) 

ɝɞɟ Δ i, i , αi – ɚɦɩɥɢɬɭɞɚ, ɱɚɫɬɨɬɚ, ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ ɤɢ-
ɧɟɦɚɬɢɱɟɫɤɨɝɨ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.

ɇɚɢɛɨɥɶɲɭɸ ɚɦɩɥɢɬɭɞɭ ɢɦɟɸɬ ɧɢɡɤɨɱɚɫɬɨɬɧɵɟ
ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɤɨɥɟɛɚɧɢɣ, ɱɬɨ ɩɨɡɜɨ-
ɥɹɟɬ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɯɟɦɭ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɝɨ ɩɪɢɜɨ-
ɞɚ ɩɪɟɞɫɬɚɜɢɬɶ ɨɞɧɨɦɚɫɫɨɜɨɣ ɫɢɫɬɟɦɨɣ (ɪɢɫ. 1), ɝɞɟ
I – ɩɪɢɜɟɞɟɧɧɵɟ ɤ ɛɚɪɚɛɚɧɭ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɜɪɚ-
ɳɚɸɳɢɯɫɹ ɦɚɫɫ ɩɪɢɜɨɞɚ;  – ɩɪɢɜɟɞɟɧɧɚɹ ɠɟɫɬɤɨɫɬɶ
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ;

tsinpi ΔΔ = – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ.
Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ

ɞɜɢɠɟɧɢɹ ɢɦɟɟɬ ɜɢɞ

[ ] ,0ptsin-cI =+Δ++ ϕϕϕμϕ c  (6) 

ɝɞɟ μ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɢɥɵ ɜɹɡɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ;
ϕ – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɛɚɪɚɛɚɧɚ.

ɉɪɢɜɟɞɟɦ ɭɪɚɜɧɟɧɢɟ (3) ɤ ɫɬɚɧɞɚɪɬɧɨɦɭ ɜɢɞɭ

pt,sinkb2 2

I
cΔ=++ ϕϕϕ  (7) 

ɝɞɟ
I

b2 μ= ;
I
c2k 2 = .

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɪɭ-
ɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɜ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱɚɯ
ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɞɜɢɝɚɬɟɥɹ ɪɚɜɧɵ

[ ]ptsin-c1 Δϕ= ; ϕc2 = ,  (8) 

ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (7), ɫ ɭɱɺɬɨɦ (8), ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ

( )
( )

;

ptsin-ptsin
2

1

5,0

2
2

22
1

Δ−⋅

+−

Δ

=

cβ

λ
π

ψλ  (9)

( )
( )β

λ
π

ψλ

-ptsin

2
1

5,0

2
2

22

2

+−

Δ= , (10) 

ɝɞɟ ψ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɷɧɟɪɝɢɢ ɤɨɥɟɛɚɧɢɣ

kI
2

⋅
= πμψ ;

k
P=λ ; 21

2tg
λ

λ
π

ψ

β
−

= .

ɉɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɵɪɚɠɟɧɢɣ (9) 
ɢ (10) ɩɨɥɭɱɢɦ

( ) ( )γβ -ɪtsinos145,0 2
1 ⋅−+Δ= ; (11)

( )βΔ −= ptsinA0,5 i2 , (12) 

ɝɞɟ

( )
;

2
1

1

2
2

22 λ
π

ψλ ⋅+−

=

.
2cos

sin
−

=
β

βγ
A

A
tg

Ɉɩɪɟɞɟɥɹɹ ɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɪɚɠɟ-
ɧɢɟɦ

i

2,1
1,2 5,0

v
Δ

= , (13) 

ɝɞɟ M 2,1  – ɚɦɩɥɢɬɭɞɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ.

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɣ (11) ɢ (12), ɚɦɩɥɢɬɭɞɧɨ-
ɱɚɫɬɨɬɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɩɪɟɞɫɬɚɜɢɦ ɧɚ ɪɢɫ. 3 

ɉɨɫɤɨɥɶɤɭ ɱɚɫɬɨɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ
(ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚ-
ɧɢɹ) ɨɩɪɟɞɟɥɟɧɵ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ, ɬɨ
ɟɞɢɧɫɬɜɟɧɧɵɣ ɩɚɪɚɦɟɬɪ (ɩɪɢ ɡɚɞɚɧɧɵɯ ɜɟɥɢɱɢɧɚɯ
Δɤ), ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɜɥɢɹɬɶ ɧɚ ɜɟɥɢɱɢɧɭ ɞɢɧɚɦɢɱɟ-
ɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ, ɹɜɥɹɟɬɫɹ ɠɟ-
ɫɬɤɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ.

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɝɨ ɩɪɢɜɨ-
ɞɚ ɩɪɢɜɟɞɟɧɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ 231090I ⋅⋅= .
ɑɚɫɬɨɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɩɪɢɦɟɦ ɪɚɜ-
ɧɵɦɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ ɢ ɩɪɢɜɨɞɧɨɣ
ɲɟɫɬɟɪɧɢ ɪ1=1,5 ɫ-1 ɢ ɪ2=15 ɫ-1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɷɧɟɪɝɢɢ ɤɨɥɟɛɚɧɢɣ –ψ=0,8, ɚ
ɜɟɥɢɱɢɧɵ ɭɝɥɨɜ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ – 10 2

1
−=Δ ɢ

105,0 2
2

−⋅=Δ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɗɬɢ ɩɨɝɪɟɲɧɨ-
ɫɬɢ, ɩɪɢɜɟɞɟɧɧɵɟ ɤ ɞɢɚɦɟɬɪɭ ɩɪɢɜɨɞɧɨɣ ɲɟɫɬɟɪɧɢ
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ɞɢɚɦɟɬɪɨɦ 700 ɦɦ, ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɥɢɧɟɣɧɵɦ
ɜɟɥɢɱɢɧɚɦ ΔSɤ1=3,5 ɦɦ ɢ ΔSɤ2=1,7 ɦɦ.

ɚ)

ɛ)

. 3. -
: ,  – -

Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ
ɧɚ ɡɚɝɪɭɠɟɧɧɨɫɬɶ ɩɪɢɜɨɞɚ ɜɜɟɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢ-
ɧɚɦɢɱɧɨɫɬɢ, ɩɨɤɚɡɵɜɚɸɳɢɣ ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɦɚɤɫɢ-
ɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɣ ɥɢɧɢɢ ɩɟ-
ɪɟɞɚɱ ɛɨɥɶɲɟ ɧɨɦɢɧɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ, ɪɚɜɧɨɣ 0,5Ɇɫ.

Ɍɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ, ɫ ɭɱɟɬɨɦ (13), 
ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ

ɋɆ
ɤɿvc1 Δ+= . (14) 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɨɥɟɛɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ
ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɜ ɥɢɧɢɹɯ ɩɟɪɟɞɚɱ
ɞɜɢɝɚɬɟɥɟɣ, ɚ ɧɚ ɪɢɫ. 5 – ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ
ɞɢɧɚɦɢɱɧɨɫɬɢ ɨɬ ɠɟɫɬɤɨɫɬɢ ɩɟɪɟɞɚɱ.

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ
ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɜɨɡɦɭɳɟɧɢɹ, ɤɨɝɞɚ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ
ɜɨɡɦɭɳɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɡɭɛɱɚ-
ɬɨɝɨ ɜɟɧɰɚ ( =1,5 -1), ɪɟɡɨɧɚɧɫ ɦɨɠɟɬ ɧɚɫɬɭɩɢɬɶ ɩɪɢ
ɦɚɥɨɣ ɠɟɫɬɤɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ (ɜ ɞɚɧɧɨɦ
ɫɥɭɱɚɟ ɩɪɢ ≈105 ) – ɢ ɧɟɫɦɨɬɪɹ ɧɚ ɜɨɫɶɦɢɤɪɚɬɧɨɟ
ɭɜɟɥɢɱɟɧɢɟ ɤɪɭɬɢɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ (ɪɢɫ. 3 ɢ 4, ), 
ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɛɭ-
ɞɟɬ ɩɪɟɧɟɛɪɟɠɢɬɟɥɶɧɨ ɦɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɧɨ-
ɦɢɧɚɥɶɧɨɸ ɜɟɥɢɱɢɧɨɸ (ɪɢɫ. 4, ).

ȼ ɞɨɪɟɡɨɧɚɧɫɧɵɯ ɪɟɠɢɦɚɯ (λ>1) ɫ ɩɨɧɢɠɟɧɢɟɦ
ɠɟɫɬɤɨɫɬɢ ɩɟɪɟɞɚɱ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɤɪɭ-
ɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɛɭɞɟɬ ɬɟɦ ɛɨɥɟɟ ɧɟɫɭɳɟɫɬɜɟɧɧɨɣ.
ɉɪɢ ɷɬɨɦ ɤɨɥɟɛɚɧɢɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɛɭɞɭɬ ɩɪɨ-
ɢɫɯɨɞɢɬɶ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɜ ɩɟɪɟɞɚɱɚɯ ɨɞɧɨɝɨ

(ɩɟɪɜɨɝɨ) ɞɜɢɝɚɬɟɥɹ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɠɟɫɬɤɨɫɬɢ ɩɟɪɟ-
ɞɚɱ (λ<1), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɢ ɞɢ-
ɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ. ɇɚ-
ɩɪɢɦɟɪ, ɩɪɢ ɫ=107 ɇɦ ((λ=0,1) ɨɧɚ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ
10% ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ
(Ʉ =1,1). (ɪɢɫ. 4, ; 5, )

ɚ)

ɛ)

ɜ)

. 4. -
 ( ):  (1) 

(2) 210−=Δ ; a,b – -
 ( 1=λ ) =105 =107 -

;  – λ =0,1 =107

ɉɪɢ ɱɚɫɬɨɬɟ ɜɨɡɦɭɳɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɱɚɫ-
ɬɨɬɟ ɜɪɚɳɟɧɢɹ ɩɪɢɜɨɞɧɨɣ ɲɟɫɬɟɪɧɢ ( =1,5 -1), ɪɟɡɨ-
ɧɚɧɫ ɩɪɨɢɡɨɣɞɟɬ, ɟɫɥɢ ɠɟɫɬɤɨɫɬɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɩɟɪɟɞɚɱ ɛɭɞɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɣ (ɜ ɞɚɧɧɨɦ
ɫɥɭɱɚɟ ≈107 ) ɢ ɜɨɫɶɦɢɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɪɭ-
ɬɢɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɞɨɩɭɫɬɢ-
ɦɵɦ ɧɚɝɪɭɡɤɚɦ (ɪɢɫ. 4, ɢ 5, ).  

.
1. ȼ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɫɢɧɯɪɨɧɧɵɯ ɩɪɢɜɨɞɚɯ ɛɚɪɚ-

ɛɚɧɧɵɯ ɦɟɥɶɧɢɰ ɛɟɡ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɥɢ-
ɧɢɹɦɢ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜɫɟɝɞɚ ɛɭɞɟɬ ɫɭɳɟɫɬ-
ɜɨɜɚɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ.
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2. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɬɤɪɵɬɨɣ ɡɭɛɱɚɬɨɣ
ɩɟɪɟɞɚɱɢ, ɪɚɞɢɚɥɶɧɨɝɨ ɛɢɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ ɜ
ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɚɯ ɩɨɹɜɥɹɟɬɫɹ ɤɢɧɟɦɚɬɢɱɟ-
ɫɤɨɟ ɜɨɡɦɭɳɟɧɢɟ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɤɨɬɨɪɵɟ
ɜɨɡɛɭɠɞɚɸɬ ɜ ɥɢɧɢɹɯ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ
ɩɪɨɬɢɜɨɮɚɡɧɵɟ ɤɨɥɟɛɚɧɢɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ. ȼ ɪɟ-
ɡɨɧɚɧɫɧɨɦ ɪɟɠɢɦɟ ɤɨɥɟɛɚɧɢɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ
ɫɨɜɩɚɞɚɸɬ ɩɨ ɮɚɡɟ.

3. Ɉɝɪɚɧɢɱɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɢ ɛɨɥɟɟ
ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɜ
ɩɪɢɜɨɞɟ, ɜɵɡɜɚɧɧɵɯ ɫɬɚɬɢɱɟɫɤɢɦɢ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢ-
ɦɢ ɭɝɥɚɦɢ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ, ɦɨɠɧɨ ɨɛɟɫɩɟ-
ɱɢɬɶ ɫɧɢɠɟɧɢɟɦ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɷɥɟɤɬɪɨɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ.

ɚ)

ɛ)

. 5. 
(K ) -

 ( ): ,  – -
=1,5 -1 =15 -1 ; 1, 2, 

3 – -
, , Δ =10-2; 0.5⋅10-2;

0,1⋅10-2 .
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ɭɡɝɨɞɠɟɧɨɫɬɿ, ɳɨ ɩɪɢɜɨɞɢɬɶ ɞɨ ɧɟɪɿɜɧɨɦɿɪɧɨɝɨ ɪɨɡɩɨ-
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ɩɨɞɿɥɭ ɧɚɜɚɧɬɚɠɟɧɧɹ ɯɚɪɚɤɬɟɪɢɡɭɽɬɶɫɹ ɤɨɟɮɿɰɿɽɧɬɨɦ,
ɳɨ ɩɨɤɚɡɭɽ, ɭ ɫɤɿɥɶɤɢ ɪɚɡɿɜ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɹɤɟ ɨɬɪɢɦɭɽ
ɥɿɧɿɹ ɩɟɪɟɞɚɱ ɤɨɠɧɨɝɨ ɞɜɢɝɭɧɚ, ɛɿɥɶɲɟ ɧɨɦɿɧɚɥɶɧɨɝɨ,
ɩɪɢ ɹɤɨɦɭ ɞɜɢɝɭɧɢ ɡɚɜɚɧɬɚɠɟɧɿ ɪɿɜɧɨɦɿɪɧɨ. Ⱦɥɹ ɨɰɿɧɤɢ
ɜɩɥɢɜɭ ɞɢɧɚɦɿɱɧɨʀ ɫɤɥɚɞɨɜɨʀ ɧɚ ɡɚɜɚɧɬɚɠɟɧɿɫɬɶ ɩɪɢɜɨɞɚ
ɜɜɟɞɟɧɢɣ ɤɨɟɮɿɰɿɽɧɬ ɞɢɧɚɦɿɱɧɨɫɬɿ, ɳɨ ɩɨɤɚɡɭɽ, ɭ ɫɤɿɥɶ-
ɤɢ ɪɚɡɿɜ ɦɚɤɫɢɦɚɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜ ɧɚɣɛɿɥɶɲ ɧɚɜɚɧ-
ɬɚɠɟɧɿɣ ɥɿɧɿʀ ɩɟɪɟɞɚɱ ɛɿɥɶɲɟ ɧɨɦɿɧɚɥɶɧɨʀ ɜɟɥɢɱɢɧɢ.
Ɉɫɤɿɥɶɤɢ ɱɚɫɬɨɬɢ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɡɛɭɪɟɧɧɹ ɜɢɡɧɚɱɟɧɿ ɱɚ-
ɫɬɨɬɨɸ ɨɛɟɪɬɚɧɧɹ ɛɚɪɚɛɚɧɚ, ɽɞɢɧɢɦ ɩɚɪɚɦɟɬɪɨɦ, ɹɤɢɦ
ɦɨɠɧɚ ɜɩɥɢɜɚɬɢ ɧɚ ɜɟɥɢɱɢɧɭ ɞɢɧɚɦɿɱɧɨʀ ɫɤɥɚɞɨɜɨʀ ɤɪɭ-
ɬɧɨɝɨ ɦɨɦɟɧɬɭ, ɽ ɠɨɪɫɬɤɿɫɬɶ ɦɟɯɚɧɿɱɧɨʀ ɩɟɪɟɞɚɱɿ.

. Ⱥɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɞɚɧɢɯ ɩɨɤɚɡɭɽ, ɳɨ
ɩɪɢ ɧɢɡɶɤɢɯ ɱɚɫɬɨɬɚɯ ɡɛɭɪɟɧɧɹ, ɤɨɥɢ ɤɿɧɟɦɚɬɢɱɧɿ
ɡɛɭɪɟɧɧɹ ɜɿɞɛɭɜɚɸɬɶɫɹ ɡ ɱɚɫɬɨɬɨɸ ɨɛɟɪɬɚɧɧɹ ɡɭɛɱɚɫ-
ɬɨɝɨ ɜɿɧɰɹ, ɪɟɡɨɧɚɧɫ ɦɨɠɟ ɧɚɫɬɭɩɢɬɢ ɩɪɢ ɦɚɥɿɣ ɠɨɪ-
ɫɬɤɨɫɬɿ ɦɟɯɚɧɿɱɧɨʀ ɩɟɪɟɞɚɱɿ ɣ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɡɛɿɥɶ-
ɲɟɧɧɹ ɤɪɭɬɢɥɶɧɢɯ ɞɟɮɨɪɦɚɰɿɣ, ɞɢɧɚɦɿɱɧɚ ɫɤɥɚɞɨɜɚ
ɤɪɭɬɧɨɝɨ ɦɨɦɟɧɬɭ ɛɭɞɟ ɡɧɟɜɚɠɥɢɜɨ ɦɚɥɚ ɜ ɩɨɪɿɜɧɹɧ-
ɧɿ ɡ ɣɨɝɨ ɧɨɦɿɧɚɥɶɧɨɸ ɜɟɥɢɱɢɧɨɸ. Ɂɿ ɡɛɿɥɶɲɟɧɧɹɦ
ɠɨɪɫɬɤɨɫɬɿ ɩɟɪɟɞɚɱ ɜɿɞɩɨɜɿɞɧɨ ɛɭɞɟ ɡɛɿɥɶɲɭɜɚɬɢɫɹ ɣ
ɞɢɧɚɦɿɱɧɚ ɫɤɥɚɞɨɜɚ ɤɪɭɬɧɨɝɨ ɦɨɦɟɧɬɭ.

ɉɪɢ ɱɚɫɬɨɬɿ ɡɛɭɪɟɧɶ, ɳɨ ɜɿɞɩɨɜɿɞɚɽ ɱɚɫɬɨɬɿ ɨɛɟɪ-
ɬɚɧɧɹ ɩɪɢɜɿɞɧɨʀ ɲɟɫɬɿɪɧɿ, ɪɟɡɨɧɚɧɫ ɜɿɞɛɭɞɟɬɶɫɹ, ɹɤɳɨ
ɠɨɪɫɬɤɿɫɬɶ ɟɥɟɤɬɪɨɦɟɯɚɧɿɱɧɢɯ ɩɟɪɟɞɚɱ ɛɭɞɟ ɜɿɞɧɨɫɧɨ
ɜɟɥɢɤɨɸ, ɣ ɡɛɿɥɶɲɟɧɧɹ ɤɪɭɬɢɥɶɧɢɯ ɞɟɮɨɪɦɚɰɿɣ ɦɨɠɟ
ɩɪɢɡɜɟɫɬɢ ɞɨ ɧɟɩɪɢɩɭɫɬɢɦɢɯ ɧɚɜɚɧɬɚɠɟɧɶ.

ɍ ɪɟɡɭɥɶɬɚɬɿ ɩɨɤɚɡɚɧɨ, ɳɨ ɨɛɦɟɠɟɧɧɹ ɞɢɧɚɦɿɱɧɨ-
ɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɣ ɛɿɥɶɲ ɪɿɜɧɨɦɿɪɧɢɣ ɪɨɡɩɨɞɿɥ ɫɬɚ-
ɬɢɱɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜ ɩɪɢɜɨɞɿ, ɹɤɿ ɜɢɤɥɢɤɚɧɿ ɫɬɚ-
ɬɢɱɧɢɦɢ ɬɚ ɤɿɧɟɦɚɬɢɱɧɢɦɢ ɤɭɬɚɦɢ ɧɟɭɡɝɨɞɠɟɧɨɫɬɿ
ɪɨɬɨɪɿɜ, ɦɨɠɧɚ ɡɚɛɟɡɩɟɱɢɬɢ ɡɧɢɠɟɧɧɹɦ ɤɪɭɬɢɥɶɧɨʀ
ɠɨɪɫɬɤɨɫɬɿ ɟɥɟɤɬɪɨɦɟɯɚɧɿɱɧɢɯ ɩɟɪɟɞɚɱ.

. ȼɫɬɚɧɨɜɥɟɧɨ ɜɩɥɢɜ ɠɨɪɫɬɤɨɫɬɿ
ɦɟɯɚɧɿɱɧɢɯ ɩɟɪɟɞɚɱ ɧɚ ɫɬɚɬɢɱɧɿ ɬɚ ɞɢɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɭ ɞɜɨɞɜɢɝɭɧɨɜɨɦɭ ɩɪɢɜɨɞɿ ɛɚɪɚɛɚɧɧɢɯ ɦɥɢɧɿɜ.

. ɉɨɤɚɡɚɧɨ ɦɨɠɥɢɜɿɫɬɶ
ɨɛɦɟɠɟɧɧɹ ɞɢɧɚɦɿɱɧɨɝɨ ɣ ɪɿɜɧɨɦɿɪɧɨ ɪɨɡɩɨɞɿɥɟɧɨɝɨ
ɫɬɚɬɢɱɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɭ ɞɜɨɞɜɢɝɭɧɨɜɢɯ ɫɢɧɯɪɨɧ-
ɧɢɯ ɩɪɢɜɨɞɚɯ ɛɚɪɚɛɚɧɧɢɯ ɦɥɢɧɿɜ ɡɚ ɪɚɯɭɧɨɤ ɡɧɢɠɟɧ-
ɧɹ ɠɨɪɫɬɤɨɫɬɿ ɦɟɯɚɧɿɱɧɢɯ ɩɟɪɟɞɚɱ.

: ,
, , ,

Purpose. To investigate loads in two-motor syn-
chronous drives of tumbling mills and determine the 
transmission lines twist rigidity influence on twist mo-
ment distribution and its dynamic component. 

Methodology. Static component of displacement angle 
causing nonuniform distribution of loads between transmis-
sion lines, and kinematical component, which determined as 
cumulative error of the open toothing step and the radial beat 
of ring gear, was considered. The irregularity of load distribu-
tion is characterized by coefficient, which shows at how 
many times load of transmission line of each drive is greater 
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than nominal load, which characterized by uniform loading of 
drives. The coefficient of dynamics, which shows at how 
many times maximal load in transmission line is bigger than 
nominal, is introduced for appreciating of the influence of dy-
namical component of load to the load of drive. Since the fre-
quency of cinematic disturbance is determined by frequency 
of tumbling mill rotation, the mechanical transmission rigidity 
is the single factor, which has an influence on the value of dy-
namic component of twist moment. 

Findings. The analysis of data indicates that when the 
frequency of disturbance is small and cinematic disturbance 
has the same frequency as the frequency of ring gear, the re-
sonance is able to occur when the rigidity of mechanical 
transmission is small and dynamic component of twist mo-
ment is able to be insignificantly low in comparison with the 
nominal value. When transmission rigidity is rising, the dy-
namic component of twist moment is rising too. 

When the frequency of disturbance is according to 
frequency of gear wheel and the rigidity of transmission 

is relatively big, the resonance is able to occur and twist 
strain is able to result in annoying load. 

It is shown that the limitation of dynamic load and uni-
form distribution of static load at drive induced by static 
and cinematic displacement angles of rotors can be pro-
vided by transmission drive twist rigidity reduction. 

Originality. The influence of mechanical transmis-
sion on static and dynamic load in two-motor drive of 
tumbling mill is discovered. 

Practical value. The feasibility of limitation of dy-
namic load and irregularity of static load distribution in the 
two-motor synchronous drives of tumbling mills due to the 
mechanical transmission rigidity lowering is established. 

Keywords: synchronous motor, oscillator, mathe-
matical model, torsion rigidity
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ABOUT ACTIVATION POTENTIAL OF LOESS LANDSLIDE MASSIF 
. Ɋɚɫɫɦɨɬɪɟɧɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ, ɝɞɟ ɷɧɟɪɝɢɹ ɫɜɹɡɟɣ ɥɟɫɫɨɜɨɝɨ ɝɪɭɧɬɚ ɧɟ-

ɞɨɫɬɚɬɨɱɧɚ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɤɥɨɧɚ ɢ ɨɰɟɧɢɜɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɨɜɦɟɳɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɨɜ.
. Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɤɥɸɱɚɥɚ ɩɪɨɜɟɞɟɧɢɟ ɫɟɪɢɢ ɫɬɚɛɢɥɨɦɟɬɪɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɥɟɫɫɨɜɵɯ

ɩɨɪɨɞ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɝɪɭɠɟɧɢɹ. ɇɚ ɨɫɧɨɜɟ ɢɫɩɵɬɚɧɢɣ ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɞɟ-
ɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɥɟɫɫɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɮɢɡɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɣ, ɜ ɤɨ-
ɬɨɪɵɯ ɨɧɢ ɧɚɯɨɞɹɬɫɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɟɠɢɦ ɧɚɝɪɭɠɟɧɢɹ ɜɥɢɹɟɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɢ ɥɟɫɫɚ ɜ
ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɩɨɪɹɞɤɚ.

. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɭɱɢɬɵɜɚɟɬ ɫɨɱɟɬɚɧɢɟ ɟɫɬɟɫɬɜɟɧɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɝɟɨɞɢɧɚɦɢɱɟ-
ɫɤɢɯ ɮɚɤɬɨɪɨɜ ɜ ɜɢɞɟ ɤɨɦɩɥɟɤɫɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭ-
ɱɟɧɨ ɩɨɥɟ ɮɢɡɢɱɟɫɤɢɯ ɝɪɚɞɢɟɧɬɨɜ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɨɛɨɫɧɨɜɚɧɨ ɧɨɜɨɟ ɩɨɧɹɬɢɟ – ɩɨɬɟɧɰɢɚɥ ɚɤɬɢɜɚɰɢɢ ɫɤɥɨɧɚ.
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɢɧɚɦɢɤɚ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɥɟɫɫɨɜɵɯ ɫɤɥɨɧɨɜ ɮɨɪɦɢɪɭɟɬɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɟɫɬɟɫɬ-
ɜɟɧɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɝɟɧɟɡɢɫɚ ɨɬɥɨɠɟɧɢɣ ɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɟɫɫɨɜɵɯ ɝɪɭɧɬɨɜ ɭɱɢɬɵɜɚɟɬ ɷɬɨ ɫɨɱɟɬɚɧɢɟ ɜ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ
ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɭɪɚɜɧɟɧɢɹɦɢ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ ɢ ɩɨɥɹ ɝɪɚɜɢɬɚɰɢɢ, ɝɞɟ ɜɜɟɞɟɧɚ ɝɟɧɟɬɢɱɟɫɤɚɹ ɢ ɬɟɯ-
ɧɨɝɟɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ.   

. ɋɮɨɪɦɭɥɢɪɨɜɚɧɨ ɩɨɧɹɬɢɟ ɩɨɬɟɧɰɢɚɥɚ ɚɤɬɢɜɚɰɢɢ ɨɩɨɥɡɧɟɜɨɝɨ ɥɟɫɫɨɜɨɝɨ ɦɚɫɫɢɜɚ, ɧɟɨɛ-
ɯɨɞɢɦɨɟ ɞɥɹ ɚɞɟɤɜɚɬɧɨɝɨ ɨɬɪɚɠɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɥɟɫɫɨɜɵɯ ɩɨɪɨɞɚɯ.

. ɉɪɟɞɥɨɠɟɧɧɨɟ ɩɨɧɹɬɢɟ ɩɨɬɟɧɰɢɚɥɚ ɚɤɬɢɜɚɰɢɢ ɥɟɫɫɨɜɨɝɨ ɦɚɫɫɢɜɚ ɢ ɟɝɨ ɤɨɥɢɱɟɫɬɜɟɧ-
ɧɵɟ ɞɢɚɩɚɡɨɧɵ ɫɨɡɞɚɸɬ ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɩɪɨɝɧɨɡɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɚɡ ɨɩɨɥɡɧɟɜɵɯ ɩɪɨɰɟɫɫɨɜ. Ɋɚɡɪɚɛɨɬɤɢ
ɚɩɪɨɛɢɪɨɜɚɧɵ ɧɚ ɤɨɧɤɪɟɬɧɨɦ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɨɦ ɨɛɴɟɤɬɟ – ɫɤɥɨɧ ɛɚɥɤɢ Ɍɨɧɧɟɥɶɧɨɣ ɜ ɝ.Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɟ.
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. 4 Ȼɨɥɶɲɢɧɫɬɜɨ ɨɫɥɨɠɧɟ-
ɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɢɧɠɟɧɟɪɧɨɦ ɨɫɜɨɟɧɢɢ ɝɪɭɧɬɨ-
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ɜɵɯ ɦɚɫɫɢɜɨɜ ɫɪɟɞɧɟɝɨ ɉɪɢɞɧɟɩɪɨɜɶɹ, ɫɜɹɡɚɧɨ ɫɨ ɫɩɟ-
ɰɢɮɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɥɟɫɫɨɜɵɯ ɩɨɪɨɞ. Ɉɫɧɨɜɧɵɦɢ
ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ – ɩɪɨɫɚɞɨɱɧɨɫɬɶ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɤɪɢ-
ɬɢɱɟɫɤɨɣ ɜɥɚɠɧɨɫɬɢ, ɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɚɧɢɡɨɬɪɨɩɢɹ,




