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RESEARCH OF SHOCK INTERACTION OF A DIGGING OUT

EXECUTIVE DEVICE OF A BEET PULLER WITH A ROOT CROP

BODY AT VIBRATIONAL EXCAVATION OF A SUGAR BEET

V. Bulgakov, I. Holovach, G. Kaletnik, I. Kravchenko

Summary

The mathematical model of shock interaction of a vibrational

digging out executive device with a skew field of the root crop fixed in

soil is developed, at vibrational excavation of a sugar beet. On the basis

of the received equations describing specified process, are defined

kinematic and design data of a digging out executive device from

conditions of an undamageability of root crops.



ɉɪɚɰɿ�ɌȾȺɌɍ ȼɢɩ.12, Ɍ.1.23

ɍȾɄ 665.1 – 665.3

  

Ɍɤɚɱɟɧɤɨ�Ⱥ�ȼ., ɤ�ɬ�ɧ.,

Ⱦɢɞɭɪ�ȼ�ȼ., ɤ�ɬ�ɧ.,

Ⱦɢɞɭɪ�ȼ�Ⱥ., ɞ�ɬ�ɧ.,

Ɍɤɚɱɟɧɤɨ�ȼ�Ⱥ., ɤ�ɬ�ɧ.

Ɍɟɥ. (0619) 44-02-74

 – -

. 

-

. -

.

 – , , -
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. Ɇɧɨɝɨɱɚɧɧɚɹ�ɩɚɪɨɜɚɹ�ɠɚɪɨɜɧɹ�ɩɪɟɞɧɚɡɧɚ-

ɱɟɧɚ�ɞɥɹ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ�ɦɟɡɝɢ�ɢɡ�ɦɹɬɤɢ�ɫɟɦɹɧ�ɤɥɟɳɟɜɢɧɵ�ɦɟɬɨɞɨɦ�ɜɥɚ-

ɝɨɬɟɩɥɨɜɨɣ�ɨɛɪɚɛɨɬɤɢ. Ⱦɥɹ�ɷɬɨɝɨ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ�ɩɪɨɜɨɞɢɬɫɹ�ɢɧɚɤɬɢɜɚ-

ɰɢɹ�ɮɟɪɦɟɧɬɧɨɣ�ɫɢɫɬɟɦɵ�ɦɹɬɤɢ  ɩɭɬɺɦ�ɭɜɥɚɠɧɟɧɢɹ�ɢ�ɧɚɝɪɟɜɚ�ɜ�ɬɟɱɟɧɢɟ
30 – 40 ɫ  ɧɚɫɵɳɟɧɧɵɦ�ɨɫɬɪɵɦ�ɩɚɪɨɦ�ɞɨ�ɜɥɚɠɧɨɫɬɢ 9,0 – 10,0% ɢ�ɬɟɦ-

ɩɟɪɚɬɭɪɵ 85 – 90°ɋ. ɍɜɥɚɠɧɟɧɢɟ�ɦɹɬɤɢ�ɜ�ɩɟɪɜɨɦ�ɱɚɧɟ�ɩɪɨɢɡɜɨɞɢɬɫɹ�ɪɚ-

ɫɩɵɥɟɧɢɟɦ�ɜɨɞɵ�ɩɪɢ�ɩɨɦɨɳɢ�ɫɬɪɭɢ�ɩɚɪɚ, ɩɪɨɧɢɡɵɜɚɸɳɟɣ�ɦɚɬɟɪɢɚɥ�ɩɪɢ
ɩɨɫɬɭɩɥɟɧɢɢ�ɜ�ɱɚɧ�ȼɵɛɨɪ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɪɟɠɢɦɚ�ɠɚɪɟɧɢɹ, ɨɫɭɳɟɫɬɜɥɹɟ-
ɦɨɝɨ�ɜ�ɱɚɧɧɵɯ�ɠɚɪɨɜɧɹɯ, ɫɜɨɞɢɬɫɹ�ɤ�ɪɚɡɥɢɱɧɵɦ�ɢɡɦɟɧɟɧɢɹɦ�ɜɥɚɠɧɨɫɬɢ
ɦɹɬɤɢ�ɩɪɢ�ɪɚɡɥɢɱɧɵɯ� ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɪɢ�ɪɚɡɧɨɦ� ɬɟɦɩɟ�ɢɡɦɟɧɟɧɢɹ� ɬɟɦ-

ɩɟɪɚɬɭɪɵ�ɜ�ɬɟɱɟɧɢɟ�ɪɚɡɧɵɯ�ɩɪɨɦɟɠɭɬɤɨɜ�ɜɪɟɦɟɧɢ. Ɋɚɫɫɦɨɬɪɢɦ�ɬɨɥɫɬɵɣ
ɩɥɨɬɧɵɣ�ɫɥɨɣ�ɦɹɬɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ�ɧɚ�ɨɛɨɝɪɟɜɚɟɦɨɦ�ɝɥɭɯɢɦ�ɩɚɪɨɦ
ɞɧɢɳɟ. ȼɨɞɹɧɨɣ�ɩɚɪ (ɨɛɵɱɧɨ�ɧɚɫɵɳɟɧɧɵɣ�ɢɥɢ�ɫɥɟɝɤɚ�ɩɟɪɟɝɪɟɬɵɣ) ɞɚ-

ɜɥɟɧɢɟɦ�ɞɨ 0,5 – 0,7 Ɇɉɚ�ɩɨɞɚɺɬɫɹ�ɜ�ɩɚɪɨɜɭɸ�ɪɭɛɚɲɤɭ�ɞɧɢɳɚ�ɨɧ�ɤɨɧ-

ɞɟɧɫɢɪɭɟɬɫɹ�ɢ�ɨɬɞɚɺɬ�ɬɟɩɥɨ�ɩɨɜɟɪɯɧɨɫɬɢ�ɧɚɝɪɟɜɚ, ɚ�ɱɟɪɟɡ�ɧɟɺ�ɦɹɬɤɟ.

© ɤ�ɬ�ɧ. Ɍɤɚɱɟɧɤɨ�Ⱥ�ȼ., ɤ�ɬ�ɧ. Ⱦɢɞɭɪ�ȼ�ȼ., ɞ�ɬ�ɧ., ɩɪɨɮ. Ⱦɢɞɭɪ�ȼ�Ⱥ., ɞ�ɬ�ɧ., ɩɪɨɮ.

Ɍɤɚɱɟɧɤɨ�ȼ�Ⱥ.
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Ɉɬ�ɧɚɝɪɟɬɨɝɨ�ɞɧɢɳɚ�ɬɟɩɥɨ�ɩɟɪɟɞɚɺɬɫɹ�ɧɢɠɧɟɦɭ�ɫɥɨɸ�ɩɟɪɟɦɟɳɚ-

ɟɦɨɣ�ɦɟɡɝɢ.  ɉɪɢ�ɷɬɨɦ�ɫɥɨɣ�ɦɹɬɤɢ�ɢɥɢ�ɦɟɡɝɢ�ɛɭɞɟɦ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɤɚɤ
ɤɚɩɢɥɥɹɪɧɨ�ɩɨɪɢɫɬɨɟ� ɬɟɥɨ. Ⱦɚɥɟɟ� ɬɟɩɥɨ�ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ� ɡɚ� ɫɱɺɬ� ɬɟɩ-

ɥɨɩɪɨɜɨɞɧɨɫɬɢ�ɜ�ɫɚɦɨɦ�ɫɥɨɟ�ɦɚɬɟɪɢɚɥɚ. Ʉɪɨɦɟ�ɬɨɝɨ, ɧɢɠɧɢɟ�ɫɥɨɢ�ɦɚ-

ɬɟɪɢɚɥɚ�ɧɚɝɪɟɜɚɸɬɫɹ�ɛɵɫɬɪɟɟ, ɩɪɨɢɫɯɨɞɢɬ�ɢɫɩɚɪɟɧɢɟ, ɢ�ɨɛɪɚɡɨɜɚɜɲɢɣ-

ɫɹ�ɩɚɪ, ɩɪɨɧɢɡɵɜɚɹ�ɫɥɨɣ�ɤɚɩɢɥɥɹɪɧɨ�ɩɨɪɢɫɬɨɝɨ�ɦɚɬɟɪɢɚɥɚ, ɨɬɞɚɺɬ�ɫɜɨɺ
ɬɟɩɥɨ� ɜɵɲɟɥɟɠɚɳɢɦ� ɫɥɨɹɦ. ȼ� ɜɟɪɯɧɟɦ� ɱɚɧɟ, ɝɞɟ� ɡɚɤɪɵɬɚ� ɡɚɫɥɨɧɤɚ� ɜ
ɜɵɬɹɠɧɭɸ�ɬɪɭɛɭ�ɠɚɪɨɜɧɢ,  ɩɪɨɢɫɯɨɞɢɬ�ɩɪɨɰɟɫɫ�ɩɪɨɩɚɪɢɜɚɧɢɹ�ɦɹɬɤɢ.

ȼ� ɩɨɫɥɟɞɭɸɳɢɯ� ɱɚɧɚɯ�ɩɪɨɰɟɫɫ� ɩɪɨɩɚɪɢɜɚɧɢɹ� ɫɨɱɟɬɚɟɬɫɹ� ɫ� ɩɪɨɰɟɫɫɨɦ
ɫɭɲɤɢ�ɦɚɬɟɪɢɚɥɚ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ� ɷɬɨɝɨ� ɩɪɨɰɟɫɫɚ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ
ɫɥɨɠɧɭɸ�ɬɟɩɥɨɮɢɡɢɱɟɫɤɭɸ�ɡɚɞɚɱɭ, ɪɟɲɟɧɢɟ�ɤɨɬɨɪɨɣ�ɩɨɡɜɨɥɢɬ�ɨɩɬɢɦɢ-

ɡɢɪɨɜɚɬɶ�ɷɧɟɪɝɨɺɦɤɢɟ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ�ɪɟɠɢɦɵ�ɢ�ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ�ɩɚ-

ɪɚɦɟɬɪɵ�ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ�ɞɥɹ�ɷɬɢɯ�ɰɟɥɟɣ.

.�Ɋɚɫɱɺɬ� ɜɥɚɝɨɬɟɩɥɨɜɨɣ�ɨɛɪɚɛɨɬ-

ɤɢ� ɜ� ɩɚɪɨɜɵɯ� ɠɚɪɨɜɧɹɯ� ɨɛɵɱɧɨ� ɫɜɨɞɢɬɫɹ� ɤ� ɬɪɺɦ� ɨɫɧɨɜɧɵɦ� ɱɚɫɬɹɦ:

ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ, ɦɟɯɚɧɢɱɟɫɤɨɦɭ� ɢ� ɬɟɩɥɨɜɨɦɭ. ɉɪɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɨɦ
ɪɚɫɱɺɬɟ�ɨɩɪɟɞɟɥɹɸɬ�ɪɚɡɦɟɪɵ�ɱɚɧɚ. Ⱦɥɹ�ɷɬɨɝɨ�ɪɚɫɫɱɢɬɵɜɚɸɬ�ɜɪɟɦɹ�ɠɚ-

ɪɟɧɢɹ�ɩɨ�ɨɞɧɨɣ�ɢɡ�ɷɦɩɢɪɢɱɟɫɤɢɯ�ɡɚɜɢɫɢɦɨɫɬɟɣ. Ɂɚɬɟɦ�ɡɚɞɚɸɬɫɹ�ɩɪɨɢ-

ɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ�ɠɚɪɨɜɧɢ�ɢ�ɱɢɫɥɨɦ�ɱɚɧɨɜ.

Ɋɚɡɞɟɥɢɜ�ɤɨɥɢɱɟɫɬɜɨ�ɦɟɡɝɢ, ɩɪɨɲɟɞɲɟɣ�ɱɟɪɟɡ�ɠɚɪɨɜɧɸ�ɡɚ�ɜɪɟɦɹ
ɫɭɲɤɢ� ɧɚ� ɱɢɫɥɨ� ɱɚɧɨɜ, ɧɚɯɨɞɹɬ� ɤɨɥɢɱɟɫɬɜɨ�ɦɹɬɤɢ� ɜ� ɱɚɧɟ. Ɂɚɞɚɜɲɢɫɶ
ɞɢɚɦɟɬɪɨɦ�ɱɚɧɚ, ɨɩɪɟɞɟɥɹɸɬ�ɜɵɫɨɬɭ�ɫɥɨɹ�ɦɟɡɝɢ�ɜ�ɱɚɧɟ�ɢɥɢ�ɠɟ�ɡɚɞɚɜ-

ɲɢɫɶ�ɜɵɫɨɬɨɣ�ɫɥɨɹ�ɦɟɡɝɢ, ɨɩɪɟɞɟɥɹɸɬ�ɞɢɚɦɟɬɪ�ɱɚɧɚ.

ɉɨɫɥɟ�ɨɩɪɟɞɟɥɟɧɢɹ�ɪɚɡɦɟɪɨɜ�ɱɚɧɨɜ�ɩɪɢɫɬɭɩɚɸɬ�ɤ�ɢɯ�ɦɟɯɚɧɢɱɟɫ-
ɤɨɦɭ�ɪɚɫɱɺɬɭ�ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɭɫɥɨɜɢɹɦɢ, ɜ�ɤɨɬɨɪɵɯ�ɪɚɛɨɬɚɟɬ�ɨɛɟɱɚɣ-

ɤɚ�ɢɥɢ�ɞɧɢɳɟ, ɩɨ�ɢɡɜɟɫɬɧɵɦ�ɬɟɨɪɢɹɦ�ɩɪɨɱɧɨɫɬɢ. ɇɟɨɛɯɨɞɢɦɚɹ�ɦɨɳ-

ɧɨɫɬɶ�ɞɥɹ�ɩɪɢɜɨɞɚ�ɦɟɲɚɥɤɢ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɩɨ�ɨɞɧɨɦɭ�ɢɡ�ɷɦɩɢɪɢɱɟɫɤɢɯ
ɭɪɚɜɧɟɧɢɣ.

ɉɨɫɥɟ�ɷɬɨɝɨ�ɩɪɨɜɨɞɹɬ�ɬɟɩɥɨɜɨɣ�ɪɚɫɱɺɬ�ɤɚɠɞɨɝɨ�ɱɚɧɚ.  ɐɟɥɶ�ɬɟɩ-

ɥɨɜɨɝɨ�ɪɚɫɱɺɬɚ – ɨɩɪɟɞɟɥɢɬɶ�ɤɨɥɢɱɟɫɬɜɨ�ɩɚɪɚ, ɩɨɬɪɟɛɧɨɝɨ�ɧɚ�ɠɚɪɟɧɢɟ,

ɢ� ɧɟɨɛɯɨɞɢɦɭɸ� ɩɨɜɟɪɯɧɨɫɬɶ� ɧɚɝɪɟɜɚ. ɉɨɬɪɟɛɧɨɟ� ɤɨɥɢɱɟɫɬɜɨ� ɩɚɪɚ
ɨɩɪɟɞɟɥɹɟɬɫɹ� ɢɡ� ɭɪɚɜɧɟɧɢɣ�ɦɚɬɟɪɢɚɥɶɧɨɝɨ� ɢ� ɬɟɩɥɨɜɨɝɨ� ɛɚɥɚɧɫɨɜ. ɉɨ
ɬɟɩɥɨɜɨɣ�ɧɚɝɪɭɡɤɟ�ɜ�ɤɚɠɞɨɦ�ɱɚɧɟ�ɨɩɪɟɞɟɥɹɸɬ�ɢɡ�ɭɪɚɜɧɟɧɢɹ�Ɏɭɪɶɟ�ɩɨ-

ɬɪɟɛɧɭɸ�ɩɨɜɟɪɯɧɨɫɬɶ�ɧɚɝɪɟɜɚ.

. ɐɟɥɶɸ� ɞɚɧɧɨɣ� ɪɚɛɨɬɵ� ɹɜɥɹɟɬɫɹ
ɪɚɡɪɚɛɨɬɤɚ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ�ɦɨɞɟɥɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ�ɨɛɨɫɧɨɜɚɧɢɟ�ɬɟ-

ɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɪɟɠɢɦɨɜ�ɢ�ɨɫɧɨɜɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ�ɦɧɨɝɨɱɚɧɧɨɣ�ɠɚɪɨɜ-

ɧɢ�ɞɥɹ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ�ɨɛɪɚɛɨɬɤɢ�ɦɟɡɝɢ�ɫɟɦɹɧ�ɦɚɫɥɢɱɧɵɯ�ɤɭɥɶɬɭɪ.

.�ɉɨ�ɨɫɭɳɟɫɬɜɥɟɧɢɸ�ɨɛɨɝɪɟɜɚ�ɱɚɧɨɜ  ɝɥɭɯɢɦ�ɩɚ-

ɪɨɦ�ɠɚɪɨɜɧɢ�ɦɨɠɧɨ� ɪɚɡɞɟɥɢɬɶ� ɧɚ� ɬɪɢ� ɝɪɭɩɩɵ: ɠɚɪɨɜɧɢ� ɫ� ɨɛɨɝɪɟɜɨɦ
ɬɨɥɶɤɨ�ɞɧɢɳ; ɠɚɪɨɜɧɢ�ɫ�ɨɛɨɝɪɟɜɨɦ�ɞɧɢɳ�ɢ�ɜɧɭɬɪɟɧɧɟɝɨ�ɩɚɪɨɜɨɝɨ�ɤɨ-

ɥɶɰɚ� ɜ� ɜɟɪɯɧɟɦ� ɱɚɧɟ; ɠɚɪɨɜɧɢ� ɫ� ɨɛɨɝɪɟɜɨɦ� ɞɧɢɳ� ɢ� ɛɨɤɨɜɵɯ� ɫɬɟɧɨɤ.
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ɋɯɟɦɵ�ɧɚɢɛɨɥɟɟ�ɭɩɨɬɪɟɛɢɬɟɥɶɧɵɯ�ɤɨɧɫɬɪɭɤɰɢɣ�ɱɚɧɧɵɯ�ɠɚɪɨɜɟɧ�ɞɚɧɵ
ɧɚ�ɪɢɫ.1.

ȼ�ɦɧɨɝɨɱɚɧɧɵɯ�ɠɚɪɨɜɧɹɯ� ɜ�ɤɚɠɞɨɦ�ɢɡ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ�ɪɚɫɩɨ-

ɥɨɠɟɧɧɵɯ�ɱɚɧɨɜ�ɦɨɠɟɬ�ɛɵɬɶ�ɨɫɭɳɟɫɬɜɥɟɧɚ�ɨɛɪɚɛɨɬɤɚ�ɪɚɡɥɢɱɧɨɣ�ɢɧ-

ɬɟɧɫɢɜɧɨɫɬɢ. Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɩɪɢ�ɧɟɩɪɟɪɵɜɧɨɦ�ɠɚɪɟɧɢɢ�ɧɟɨɛɯɨɞɢɦɨɟ
ɢɡɦɟɧɟɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɢ� ɜɥɚɠɧɨɫɬɢ� ɦɚɬɟɪɢɚɥɚ� ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɩɨ
ɦɟɪɟ�ɩɪɨɯɨɠɞɟɧɢɹ�ɦɚɬɟɪɢɚɥɚ�ɱɟɪɟɡ�ɱɚɧɵ,

Ɋɢɫ. 1. Ɍɢɩɵ�ɱɚɧɧɵɯ�ɠɚɪɨɜɟɧ (ɭɩɪɨɳɺɧɧɵɟ�ɫɯɟɦɵ):

I – ɫ� ɨɛɨɝɪɟɜɨɦ� ɞɧɢɳ – ɲɟɫɬɢɱɚɧɧɚɹ� ɠɚɪɨɜɧɹ  ɮɨɪɩɪɟɫɫɨɜ
Ɏɉ�ɢ�Ɇɉ;  II  – ɫ�ɨɛɨɝɪɟɜɨɦ�ɞɧɢɳ�ɢ�ɜɧɭɬɪɟɧɧɟɝɨ�ɤɨɥɶɰɚ�ɜ�ɜɟɪɯɧɟɦ
ɱɚɧɟ – ɬɪɺɯɱɚɧɧɚɹ�ɠɚɪɨɜɧɹ�ɷɤɫɩɟɥɥɟɪɨɜ�ȿɉ;  III – ɫ�ɨɛɨɝɪɟɜɨɦ�ɞɧɢɳ
ɢ�ɛɨɤɨɜɵɯ�ɫɬɟɧɨɤ – ɩɹɬɢɱɚɧɧɚɹ�ɠɚɪɨɜɧɹ.

Ⱦɥɹ� ɨɩɢɫɚɧɢɹ� ɜɧɭɬɪɟɧɧɟɝɨ� ɜɥɚɝɨɬɟɩɥɨɜɨɝɨ� ɨɛɦɟɧɚ� ɜ� ɩɚɪɨɜɨɣ
ɠɚɪɨɜɧɟ�ɩɪɢ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ� ɨɛɪɚɛɨɬɤɟ�ɦɟɡɝɢ�ɫɟɦɹɧ�ɦɚɫɥɢɱɧɵɯ�ɤɭɥɶ-

ɬɭɪ�ɢɫɩɨɥɶɡɭɟɦ�ɫɢɫɬɟɦɭ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�ɩɟɪɟɧɨɫɚ�ɷɧɟ-
ɪɝɢɢ  ɢ�ɦɚɫɫɵ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ�ɧɚ�ɨɫɧɨɜɚɧɢɢ� ɬɟɪɦɨɞɢɧɚɦɢɤɢ�ɧɟɨɛɪɚ-

ɬɢɦɵɯ�ɩɪɨɰɟɫɫɨɜ�Ⱥ�ȼ. Ʌɵɤɨɜɵɦ [1]

* ,

.

2

2

2

2

T(X,Fo) T(X,Fo) T(X,Fo) (X,Fo)
Ko

Fo X X Fo

(X,Fo) (X,Fo) (X,Fo)
(1 Pn) Lu

Fo X X

(1)

Ȼɟɡɪɚɡɦɟɪɧɵɟ�ɝɪɚɧɢɱɧɵɟ�ɭɫɥɨɜɢɹ�ɬɪɟɬɶɟɝɨ�ɪɨɞɚ�ɩɪɢɦɟɧɢɬɟɥɶɧɨ
ɤ�ɫɢɫɬɟɦɟ�ɭɪɚɜɧɟɧɢɣ�ɬɟɩɥɨ- ɢ�ɦɚɫɫɨɩɟɪɟɧɨɫɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɝɨɫɹ�ɮɚ-

ɡɨɜɵɦɢ�ɩɪɟɜɪɚɳɟɧɢɹɦɢ, ɢɦɟɸɬ�ɜɢɞ:
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( )
X

q m

m

T(1,Fo)
Bi 1 T(1,Fo) 1 KoLuKi 0

(1,Fo) T(1,Fo)
Pn Ki 0

X X

+ =

+ =

(2)

ɉɨɫɬɨɹɧɧɵɟ�ɧɚɱɚɥɶɧɵɟ�ɭɫɥɨɜɢɹ

T(X,0) (X,0) 0.= =
0

c 0

t t
T ;

t t
=

p

ȼ�ɜɵɪɚɠɟɧɢɹɯ  (1) – (2) ɩɪɢɧɹɬɵ�ɫɥɟɞɭɸɳɢɟ�ɨɛɨɡɧɚɱɟɧɢɹ:

Ƚ – ɩɨɫɬɨɹɧɧɵɟ�ɮɨɪɦɵ: ɞɥɹ�ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ�ɩɥɨɫɤɨɫɬɢ�Ƚ = 0,

ɞɥɹ�ɧɟɨɝɪɚɧɢɱɟɧɧɨɝɨ�ɰɢɥɢɧɞɪɚ�Ƚ=1 ɞɥɹ�ɲɚɪɚ�Ƚ =2;

W1, V1 – ɫɢɦɩɥɟɤɫɵ�ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ�ɧɚɱɚɥɶɧɨɝɨ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ
ɩɨɬɟɧɰɢɚɥɨɜ�ɬɟɩɥɨ- ɢ�ɦɚɫɫɨɩɟɪɟɧɨɫɚ.

ɂɧɞɟɤɫ�ɩ – ɩɨɜɟɪɯɧɨɫɬɶ.

ɏ – ɛɟɡɪɚɡɦɟɪɧɚɹ�ɤɨɨɪɞɢɧɚɬɚ, ɏ =ı/R;

ı - ɬɟɤɭɳɚɹ�ɤɨɨɪɞɢɧɚɬɚ;

R – ɯɚɪɚɤɬɟɪɧɵɣ�ɪɚɡɦɟɪ, ɪɚɜɧɵɣ�ɞɥɹ�ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ�ɩɥɚɫɬɢɧɵ
ɩɨɥɨɜɢɧɟ�ɟɺ�ɬɨɥɳɢɧɵ, ɚ�ɞɥɹ�ɲɚɪɚ – ɪɚɞɢɭɫɭ).

Ʉɪɢɬɟɪɢɢ�ɩɨɞɨɛɢɹ�ɬɟɩɥɨ- ɢ�ɦɚɫɫɨɩɟɪɟɧɨɫɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ�ɜ�ɪɚɫ-

ɫɦɚɬɪɢɜɚɟɦɨɣ� ɫɢɫɬɟɦɟ� ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ� ɭɪɚɜɧɟɧɢɣ� ɢ� ɝɪɚɧɢɱɧɵɯ
ɭɫɥɨɜɢɹɯ�ɬɪɟɬɶɟɝɨ�ɪɨɞɚ:

Foq – ɬɟɩɥɨɨɛɦɟɧɧɵɣ�ɤɪɢɬɟɪɢɣ�Ɏɭɪɶɟ, q

q 2

a t
Fo

d
;

Fom – ɦɚɫɫɨɨɛɦɟɧɧɵɣ�ɤɪɢɬɟɪɢɣ�Ɏɭɪɶɟ, m
m 2

a t
Fo

d
;

Ko – ɤɪɢɬɟɪɢɣ�Ʉɨɫɫɨɜɢɱɚ, Ko =
rDu

cqDt
;

Ko* - ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ�ɤɪɢɬɟɪɢɣ�Ʉɨɫɫɨɜɢɱɚ Ko =฀Ko;

Lu – ɤɪɢɬɟɪɢɣ�Ʌɵɤɨɜɚ, m

q

a
Lu

a
;

Pn – ɤɪɢɬɟɪɢɣ�ɉɨɫɧɨɜɚ, ɭɱɢɬɵɜɚɸɳɢɣ�ɩɟɪɟɧɨɫ�ɜɥɚɝɢ�ɦɚɫɫɨɩɪɨ-

ɜɨɞɧɨɫɬɶɸ;

Biq – ɬɟɩɥɨɨɛɦɟɧɧɵɣ�ɤɪɢɬɟɪɢɣ�Ȼɢɨ,
q

q
q

d
Bi ;

Kim – ɦɚɫɫɨɨɛɦɟɧɧɵɣ�ɤɪɢɬɟɪɢɣ�Ʉɢɪɩɢɱɺɜɚ,

 Kim =
( )

m

J d
, ɝɞɟ J(ı) – ɩɨɬɨɤ�ɦɚɫɫɵ.
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ȼ�ɧɚɲɟɦ�ɫɥɭɱɚɟ�ɝɪɚɧɢɱɧɵɟ�ɭɫɥɨɜɢɹ�ɫɜɹɡɵɜɚɸɬ�ɡɧɚɱɟɧɢɹ�ɩɨɬɟɧ-

ɰɢɚɥɨɜ�ɩɟɪɟɧɨɫɚ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ�ɬɟɥɚ�ɫ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ�ɩɨɬɟɧɰɢɚ-

ɥɚɦɢ� ɫɪɟɞɵ� ɱɟɪɟɡ� ɡɚɞɚɧɧɵɟ� ɡɧɚɱɟɧɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ɬɟɩɥɨɨɛɦɟɧɚ� ɢ
ɦɚɫɫɨɨɛɦɟɧɚ�ɢɥɢ, ɱɬɨ�ɬɨɠɟ�ɫɚɦɨɟ, ɱɟɪɟɡ�ɡɚɤɨɧɵ�ɤɨɧɜɟɤɬɢɜɧɨɝɨ�ɬɟɩɥɨ-

ɨɛɦɟɧɚ�ɢ�ɦɚɫɫɨɨɛɦɟɧɚ�ɧɚ�ɩɨɜɟɪɯɧɨɫɬɢ.  ȼ�ɤɚɱɟɫɬɜɟ�ɡɚɤɨɧɚ�ɤɨɧɜɟɤɬɢɜ-

ɧɨɝɨ� ɬɟɩɥɨɨɛɦɟɧɚ� ɩɪɢɧɢɦɚɟɬɫɹ� ɡɚɤɨɧ� ɇɶɸɬɨɧɚ, ɚ� ɜ� ɤɚɱɟɫɬɜɟ� ɡɚɤɨɧɚ
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ�ɦɚɫɫɨɨɛɦɟɧɚ – ɡɚɤɨɧ�Ⱦɚɥɶɬɨɧɚ.

Ʉɨɷɮɮɢɰɢɟɧɬɵ�ɬɟɩɥɨɨɛɦɟɧɚ ( qa )  ɢ�ɦɚɫɫɨɨɛɦɟɧɚ ( ma )   ɜ�ɨɛɳɟɦ
ɫɥɭɱɚɟ�ɡɚɜɢɫɹɬ�ɨɬ�ɪɟɠɢɦɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ�ɢ�ɫɨɫɬɨɹɧɢɹ�ɩɨɜɟɪɯɧɨɫɬɢ�ɦɚ-

ɬɟɪɢɚɥɚ. Ⱦɥɹ�ɭɩɪɨɳɟɧɢɹ�ɪɟɲɟɧɢɣ�Ⱥ�ȼ. Ʌɵɤɨɜ�ɩɪɢɧɹɥ�ɤɨɷɮɮɢɰɢɟɧɬɵ
qa �ɢ ma , ɪɚɜɧɨ�ɤɚɤ�ɬɟɦɩɟɪɚɬɭɪɭ�ɫɪɟɞɵ ct , ɩɨɫɬɨɹɧɧɵɦɢ�ɢ�ɨɞɢɧɚɤɨɜɵ-

ɦɢ�ɞɥɹ�ɜɫɟɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɬɟɥɚ.

ɍɫɥɨɜɢɹ� ɩɪɨɩɚɪɤɢ� ɢ� ɫɭɲɤɢ� ɜ� ɱɚɧɚɯ� ɠɚɪɨɜɟɧ� ɧɟɫɤɨɥɶɤɨ� ɢɧɵɟ.

ɋɥɨɣ�ɦɚɬɟɪɢɚɥɚ�ɩɪɨɧɢɡɵɜɚɟɬɫɹ�ɩɚɪɨɦ, ɩɨɥɭɱɚɟɦɨɦ�ɩɪɢ�ɢɫɩɚɪɟɧɢɢ�ɜɨ-

ɞɵ� ɫ� ɫɚɦɨɣ� ɦɟɡɝɢ. ɉɨɷɬɨɦɭ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ� ɦɨɞɟɥɢ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ
Ⱥ. ȼ. Ʌɵɤɨɜɵɦ, ɞɨɥɠɧɵ�ɛɵɬɶ�ɞɨɪɚɛɨɬɚɧɵ�ɞɥɹ�ɷɬɢɯ�ɭɫɥɨɜɢɣ.

Ⱥɧɚɥɢɡ� ɢ� ɩɪɚɤɬɢɤɚ� ɪɟɲɟɧɢɹ� ɫɢɫɬɟɦɵ� ɭɪɚɜɧɟɧɢɣ� ɫ� ɱɚɫɬɧɵɦɢ
ɩɪɨɢɡɜɨɞɧɵɦɢ�ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ�ɩɪɢɦɟɧɟɧɢɟ�ɤɥɚɫɫɢɱɟɫɤɢɯ�ɦɟɬɨɞɨɜ�ɧɟ
ɩɨɡɜɨɥɹɟɬ� ɷɮɮɟɤɬɢɜɧɨ� ɪɟɲɢɬɶ� ɷɬɢ� ɭɪɚɜɧɟɧɢɹ� ɢ� ɬɟɦ� ɫɚɦɵɦ� ɞɨɜɟɫɬɢ
ɪɟɲɟɧɢɟ�ɡɚɞɚɱɢ�ɞɨ�ɤɨɧɰɚ.

ɉɪɢ� ɩɪɢɦɟɧɟɧɢɢ� ɦɟɬɨɞɨɜ� ɢɧɬɟɝɪɚɥɶɧɵɯ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ� ɷɬɢ
ɬɪɭɞɧɨɫɬɢ�ɩɪɟɨɞɨɥɟɜɚɸɬɫɹ. Ɋɟɲɟɧɢɟ�ɦɨɞɟɥɢ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ�ɨɛɪɚɛɨɬɤɢ
ɦɹɬɤɢ�ɜ�ɦɧɨɝɨɱɚɧɧɨɣ�ɩɚɪɨɜɨɣ�ɠɚɪɨɜɧɟ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɤɥɚɫɫɢɱɟɫ-

ɤɨɝɨ�ɬɟɥɚ�ɩɪɚɜɢɥɶɧɨɣ�ɮɨɪɦɵ�ɜ�ɜɢɞɟ�ɰɢɥɢɧɞɪɚ�ɢ�ɝɪɚɧɢɱɧɵɦɢ�ɭɫɥɨɜɢɹ-

ɦɢ� ɬɪɟɬɶɟɝɨ� ɪɨɞɚ� ɩɨɥɭɱɟɧɨ� ɦɟɬɨɞɨɦ� ɢɧɬɟɝɪɚɥɶɧɨɝɨ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ
Ʌɚɩɥɚɫɚ [2,3].

Ⱦɥɹ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɛɟɡɪɚɡɦɟɪɧɵɯ�ɩɨɬɟɧɰɢɚɥɨɜ� ɬɟɩɥɨ- ɢ�ɦɚɫɫɨ-

ɩɟɪɟɧɨɫɚ�ɩɨɥɭɱɟɧɵ�ɫɥɟɞɭɸɳɢɟ�ɪɟɲɟɧɢɹ:
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ɚ m ɢɡ�ɪɟɲɟɧɢɹ�ɭɪɚɜɧɟɧɢɣ (14)

1 1

1 2

0;

0.

m

m

J v

J
(14)

ɍɫɪɟɞɧɺɧɧɵɟ�ɩɨ�ɤɨɨɪɞɢɧɚɬɟ�ɛɟɡɪɚɡɦɟɪɧɵɟ�ɜɵɪɚɠɟɧɢɹ�ɩɨɬɟɧɰɢ-

ɚɥɨɜ�ɢɦɟɸɬ�ɫɥɟɞɭɸɳɢɟ�ɜɢɞɵ:
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(17)

ɋɢɫɬɟɦɚ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�ɞɨɥɠɧɚ�ɡɚɦɵɤɚɬɶɫɹ�ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ�ɡɚɜɢɫɢɦɨɫɬɹɦɢ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɫɜɨɣɫɬɜ (ɬɟɩɥɨɮɢ-

ɡɢɱɟɫɤɢɟ� ɢ� ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ) ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɣ
ɦɚɫɫɵ�ɢ�ɡɚɜɢɫɢɦɨɫɬɹɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ�ɨɫɧɨɜɧɵɟ�ɩɚɪɚɦɟɬɪɵ�ɚɝɟɧɬɚ
ɫɭɲɤɢ.

Ɇɚɬɟɦɚɬɢɱɟɫɤɭɸ�ɦɨɞɟɥɶ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ�ɨɛɪɚɛɨɬɤɢ�ɦɹɬɤɢ�ɜ�ɬɨɥ-

ɫɬɨɦ�ɧɟɩɨɞɜɢɠɧɨɦ�ɫɥɨɟ�ɩɚɪɨɜɨɣ�ɠɚɪɨɜɧɢ�ɫɥɟɞɭɟɬ�ɩɪɢɧɹɬɶ�ɤɚɤ�ɫɭɦɦɭ
ɬɨɧɤɢɯ�ɷɥɟɦɟɧɬɚɪɧɵɯ�ɫɥɨɺɜ. Ɍɨɥɫɬɵɣ�ɧɟɩɨɞɜɢɠɧɵɣ�ɫɥɨɣ�ɭɫɥɨɜɧɨ�ɪɚɡ-
ɛɢɜɚɟɦ� ɧɚ� ɷɥɟɦɟɧɬɚɪɧɵɟ� ɫɥɨɢ, ɚ� ɜɪɟɦɹ� ɜɥɚɝɨɬɟɩɥɨɜɨɣ� ɨɛɪɚɛɨɬɤɢ� ɧɚ
ɦɚɥɵɟ�ɩɪɨɦɟɠɭɬɤɢ�ɜɪɟɦɟɧɢ. Ⱦɥɹ�ɤɚɠɞɨɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɫɥɨɹ�ɜ�ɦɚɥɨɦ
ɩɪɨɦɟɠɭɬɤɟ�ɜɪɟɦɟɧɢ�ɜ�ɩɪɟɞɟɥɚɯ�ɞɚɧɧɨɝɨ�ɢɧɬɟɪɜɚɥɚ�ɩɨɬɟɧɰɢɚɥɨɜ�ɩɪɢ-

ɧɢɦɚɸɬɫɹ�ɩɨɫɬɨɹɧɧɵɟ  ɤɨɷɮɮɢɰɢɟɧɬɵ�ɬɟɩɥɨ- ɢ�ɦɚɫɫɨɩɟɪɟɧɨɫɚ�ɢ�ɬɟɪ-

ɦɨɞɢɧɚɦɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ⱥ�ɫ�ɩɟɪɟɯɨɞɨɦ�ɢɡ�ɫɥɨɹ�ɜ�ɫɥɨɣ�ɢ�ɢɡ-
ɦɟɧɟɧɢɟɦ� ɜɪɟɦɟɧɢ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɬɟɩɥɨ- ɦɚɫɫɨɩɟɪɟɧɨɫɚ� ɢ� ɬɟɪɦɨɞɢ-

ɧɚɦɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɦɟɧɹɸɬɫɹ�ɞɢɫɤɪɟɬɧɨ.
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ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ� ɢ� ɬɟɦɩɟɪɚɬɭɪɭ� ɚɝɟɧɬɚ� ɫɭɲɤɢ� ɫɥɟɞɭɟɬ� ɨɩɪɟɞɟ-

ɥɹɬɶ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɢɡ�ɦɚɬɟɪɢɚɥɶɧɨɝɨ�ɢ�ɬɟɩɥɨɜɨɝɨ�ɛɚɥɚɧɫɚ.

Ɇɚɬɟɪɢɚɥɶɧɵɣ�ɛɚɥɚɧɫ�ɩɨ�ɢɫɩɚɪɹɟɦɨɣ�ɜɥɚɝɟ�ɦɨɠɧɨ�ɩɪɟɞɫɬɚɜɢɬɶ
ɜɵɪɚɠɟɧɢɟɦ

L(x x ) m (u u ), (18)

ɝɞɟ L  -  ɪɚɫɯɨɞ� ɫɭɯɨɝɨ� ɫɭɲɢɥɶɧɨɝɨ� ɚɝɟɧɬɚ,  ɤɝ,  ɡɚ� ɜɪɟɦɹ� ıt,  ɫ;
ɤ ɧx ,x � ɫɪɟɞɧɟɟ� ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ� ɬɟɩɥɨɧɨɫɢɬɟɥɹ� ɡɚ� ɜɪɟɦɹ� ıt ɧɚ

           ɜɵɯɨɞɟ� ɢɡ� ɿ�ɝɨ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɫɥɨɹ� ɢ� ɧɚ� ɜɯɨɞɟ� ɜ (ɿ+1)�ɣ
           ɷɥɟɦɟɧɬɚɪɧɵɣ�ɫɥɨɣ, ɤɝ�ɤɝ;

Tm  – ɦɚɫɫɚ�ɫɭɯɨɝɨ�ɜɟɳɟɫɬɜɚ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɫɥɨɹ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ
ɦɟɡɝɢ;

ɧ ɤu ,u �ɫɪɟɞɧɢɟ�ɩɨ�ɨɛɴɺɦɭ�ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ�ɦɟɡɝɢ�ɧɚ�ɤɝ�ɫɭɯɨɝɨ
ɜɟɳɟɫɬɜɚ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɜ�ɧɚɱɚɥɟ�ɢ�ɤɨɧɰɟ j-ɝɨ�ɩɪɨɦɟɠɭɬɤɚ�ɜɪɟɦɟɧɢ,

ɤɝ�ɤɝ.
ɋɪɟɞɧɢɟ�ɩɨ�ɨɛɴɺɦɭ�ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ�ɦɟɡɝɢ�ɨɩɪɟɞɟɥɹɟɦ�ɢɡ�ɭɪɚɜ-

ɧɟɧɢɹ (16).

ɋɪɟɞɧɢɟ�ɧɚɱɚɥɶɧɵɟ�ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ�ɦɟɡɝɢ ɧu �ɨɩɪɟɞɟɥɹɸɬɫɹ�ɢɡ
ɜɧɭɬɪɟɧɧɟɝɨ�ɬɟɩɥɨ- ɢ�ɦɚɫɫɨɩɟɪɟɧɨɫɚ�ɿ�ɝɨ�ɫɥɨɹ�ɦɟɡɝɢ (j-1)-ɝɨ�ɩɪɨɦɟɠɭ-

ɬɤɚ�ɜɪɟɦɟɧɢ. ɋɪɟɞɧɢɟ�ɤɨɧɟɱɧɵɟ�ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ�ɦɟɡɝɢ ɤu �ɨɩɪɟɞɟɥɹ-

ɸɬɫɹ�ɢɡ�ɜɧɭɬɪɟɧɧɟɝɨ�ɬɟɩɥɨ- ɢ�ɦɚɫɫɨɩɟɪɟɧɨɫɚ� ɿ�ɝɨ�ɫɥɨɹ�ɦɟɡɝɢ j-ɝɨ�ɩɪɨ-

ɦɟɠɭɬɤɚ�ɜɪɟɦɟɧɢ. ɋɪɟɞɧɟɟ�ɧɚɱɚɥɶɧɨɟ�ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ�ɬɟɩɥɨɧɨɫɢɬɟɥɹ
ɧx � ɨɩɪɟɞɟɥɹɟɬɫɹ�ɢɡ�ɦɚɬɟɪɢɚɥɶɧɨɝɨ�ɛɚɥɚɧɫɚ (i-1)-ɝɨ� ɫɥɨɹ (j-1)-ɝɨ�ɩɪɨ-

ɦɟɠɭɬɤɚ�ɜɪɟɦɟɧɢ.

ɂɡ�ɦɚɬɟɪɢɚɥɶɧɨɝɨ� ɛɚɥɚɧɫɨɜɨɝɨ� ɭɪɚɜɧɟɧɢɹ (18) ɨɩɪɟɞɟɥɹɟɦ� ɜɥɚ-

ɝɨɫɨɞɟɪɠɚɧɢɟ�ɬɟɩɥɨɧɨɫɢɬɟɥɹ�ɧɚ�ɜɵɯɨɞɟ�ɿ�ɝɨ�ɢ�ɧɚ�ɜɯɨɞɟ (ɿ+1)-ɝɨ�ɫɥɨɺɜ

m (u u )+ Lx
x .

L
(19)

ɋɨɝɥɚɫɧɨ� ɡɚɤɨɧɭ� ɫɨɯɪɚɧɟɧɢɹ� ɷɧɟɪɝɢɢ� ɩɪɢɯɨɞ� ɬɟɩɥɚ� ɜ� ɫɭɲɢɥɤɭ
ɞɨɥɠɟɧ�ɛɵɬɶ�ɪɚɜɟɧ�ɟɝɨ�ɪɚɫɯɨɞɭ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɩɥɨɜɨɣ�ɛɚɥɚɧɫ�ɜɥɚ-

ɝɨɬɟɩɥɨɜɨɣ  ɨɛɪɚɛɨɬɤɢ i-ɝɨ�ɫɥɨɹ�ɜ�ɩɟɪɢɨɞ�ɩɚɞɚɸɳɟɣ�ɫɤɨɪɨɫɬɢ�ɫɭɲɤɢ
ɛɭɞɟɬ�ɢɦɟɬɶ�ɜɢɞ:

ɫɝɧ ɩɧ ɬɧ ɜɧ ɫɝɤ ɩɤ ɬɤ ɜɤ ɢ ɩɬ ,Q Q Q Q Q Q Q Q Q Q (20)

ɝɞɟ ɫɝɧ ɫɝɤ,Q Q �ɬɟɩɥɨ�ɢɫɯɨɞɧɨɝɨ�ɢ�ɨɬɪɚɛɨɬɚɧɧɨɝɨ�ɫɭɯɨɝɨ�ɚɝɟɧɬɚ
ɫɭɲɤɢ;

ɩɧ ɩɤ,Q Q  – ɬɟɩɥɨ�ɢɫɯɨɞɧɨɣ�ɢ�ɨɬɪɚɛɨɬɚɧɧɨɣ�ɩɚɪɨɜɨɣ�ɮɚɡɵ�ɚɝɟɧɬɚ�ɫɭɲɤɢ;

ɬɧ ɬɤ,Q Q  – ɧɚɱɚɥɶɧɨɟ�ɢ�ɤɨɧɟɱɧɨɟ�ɬɟɩɥɨ�ɬɜɺɪɞɨɣ�ɮɚɡɵ�ɦɟɡɝɢ;

ɜɧ ɜɤ,Q Q  – ɧɚɱɚɥɶɧɨɟ�ɢ�ɤɨɧɟɱɧɨɟ�ɬɟɩɥɨ�ɠɢɞɤɨɣ�ɮɚɡɵ�ɦɟɡɝɢ;
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ɢQ  – ɬɟɩɥɨ, ɡɚɬɪɚɱɟɧɧɨɟ�ɧɚ�ɢɫɩɚɪɟɧɢɟ�ɜɥɚɝɢ�ɦɟɡɝɢ;

ɩɬQ  - ɩɨɬɟɪɢ�ɬɟɩɥɚ, Ⱦɠ.

ɂɧɞɟɤɫɵ�ɨɛɨɡɧɚɱɚɸɬ�ɫɥɟɞɭɸɳɟɟ: ɫɝ, ɩ, ɬ, ɜ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɫɭ-

ɯɨɣ�ɝɚɡ, ɩɚɪɨɜɚɹ�ɮɚɡɚ�ɝɚɡɚ, ɬɜɺɪɞɚɹ�ɮɚɡɚ�ɦɚɬɟɪɢɚɥɚ, ɠɢɞɤɚɹ�ɮɚɡɚ�ɦɚɬɟ-
ɪɢɚɥɚ; ɢ, ɩɬ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɢɫɩɚɪɟɧɢɟ� ɜɥɚɝɢ, ɩɨɬɟɪɢ� ɬɟɩɥɚ; ɧ, ɤ –

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɧɚɱɚɥɶɧɨɟ, ɤɨɧɟɱɧɨɟ�ɫɨɫɬɨɹɧɢɹ�ɦɟɡɝɢ.

ɉɨɫɥɟ� ɩɨɞɫɬɚɧɨɜɤɢ� ɡɧɚɱɟɧɢɣ� ɫɨɫɬɚɜɥɹɸɳɢɯ� ɪɚɫɯɨɞɚ� ɢ� ɩɨɫɬɭɩ-

ɥɟɧɢɹ� ɬɟɩɥɚ� ɜ� ɭɪɚɜɧɟɧɢɟ (20), ɭɪɚɜɧɟɧɢɟ� ɬɟɩɥɨɜɨɝɨ� ɛɚɥɚɧɫɚ� ɩɪɢɦɟɬ
ɜɢɞ:

ɫɝ ɝɧ � ɩ ɝɧ ɧ ɬ ɬ ɬɧ ɜ ɧ ɬ ɬ ɫɝ ɝɤ

0 ɩ ɝɤ ɤ ɬ ɬ ɬɤ ɜ ɤ ɬ ɬɤ ɬ ɧ ɤ � ɩ ɬ

Lc t + (r + c t )x L c m t + c u m t = Lc t

+(r c t )x L + c m t + c u m t + m ɛ(u u )(r c t ) ,Q
(21)

ɝɞɟ cɝ, cɩ,  cɬ, cɜ – ɭɞɟɥɶɧɚɹ�ɬɟɩɥɨɺɦɤɨɫɬɶ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɫɭɯɨ-

ɝɨ�ɜɨɡɞɭɯɚ, ɩɚɪɚ, ɫɭɯɨɝɨ�ɜɟɳɟɫɬɜɚ, ɜɨɞɵ, Ⱦɠ�ɤɝÂɝɪɚɞ;
tɝɧ,  tɝɤ,  tɬɧ,  tɬɤ – ɬɟɦɩɟɪɚɬɭɪɚ� ɜɨɡɞɭɯɚ (ɚɝɟɧɬɚ� ɫɭɲɤɢ) ɜ� ɧɚɱɚɥɟ� ɢ

ɤɨɧɰɟ�ɩɪɨɯɨɞɚ�ɱɟɪɟɡ�ɷɥɟɦɟɧɬɚɪɧɵɣ�ɫɥɨɣ, ɬɟɦɩɟɪɚɬɭɪɚ�ɫɭɯɨɝɨ�ɜɟɳɟɫɬ-

ɜɚ� ɦɟɡɝɢ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɫɥɨɹ� ɜ� ɧɚɱɚɥɟ� ɢ� ɜ� ɤɨɧɰɟ� ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ
ɩɪɨɦɟɠɭɬɤɚ�ɜɪɟɦɟɧɢ, °ɋ;

ro – ɭɞɟɥɶɧɚɹ�ɬɟɩɥɨɬɚ�ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ�ɩɪɢ 0° C ɢ�ɧɨɪɦɚɥɶɧɨɦ
ɚɬɦɨɫɮɟɪɧɨɦ�ɞɚɜɥɟɧɢɢ, ro=2493 ɤȾɠ�ɤɝ;

cɩ –  ɫɪɟɞɧɹɹ� ɭɞɟɥɶɧɚɹ� ɬɟɩɥɨɺɦɤɨɫɬɶ� ɜɨɞɹɧɨɝɨ� ɩɚɪɚ cɩ = 1,97

ɤȾɠ/(ɤɝÂɝɪɚɞ).

ɉɪɢ� ɚɧɚɥɢɡɟ� ɬɟɩɥɨɜɨɝɨ� ɛɚɥɚɧɫɚ� ɩɪɨɰɟɫɫɚ� ɜɥɚɝɨɬɟɩɥɨɜɨɣ� ɨɛɪɚ-

ɛɨɬɤɢ�ɦɟɡɝɢ�ɜ� ɷɥɟɦɟɧɬɚɪɧɨɦ� ɫɥɨɟ�ɪɚɫɫɦɨɬɪɢɦ�ɫɥɟɞɭɸɳɢɟ  ɩɟɪɢɨɞɵ
ɩɪɨɰɟɫɫɚ: ɧɚɝɪɟɜ� ɨɬ� ɧɚɱɚɥɶɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ�ɦɚɬɟɪɢɚɥɚ� ɞɨ� ɡɚɞɚɧɧɨɣ
ɬɟɦɩɟɪɚɬɭɪɵ; ɫɭɲɤɭ� ɫ� ɩɚɞɚɸɳɟɣ� ɫɤɨɪɨɫɬɶɸ, ɤɨɝɞɚ� ɬɟɦɩɟɪɚɬɭɪɚ� ɦɚ-

ɬɟɪɢɚɥɚ�ɩɨɜɵɲɚɟɬɫɹ, ɩɪɢɛɥɢɠɚɹɫɶ�ɤ�ɬɟɦɩɟɪɚɬɭɪɟ�ɚɝɟɧɬɚ�ɫɭɲɤɢ.

Ⱦɥɹ�ɭɩɪɨɳɟɧɢɹ�ɪɚɫɱɺɬɚ�ɩɪɢɧɢɦɚɟɦ, ɱɬɨ�ɜ�ɩɟɪɢɨɞ�ɧɚɝɪɟɜɚ�ɜɥɚ-

ɠɧɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɢɫɩɚɪɟɧɢɹ� ɜɥɚɝɢ� ɧɟ� ɩɪɨɢɫɯɨɞɢɬ. ɉɨɷɬɨɦɭ� ɜɥɚɠ-

ɧɨɫɬɶ� ɜɨɡɞɭɯɚ� ɞɨɥɠɧɚ� ɨɫɬɚɜɚɬɶɫɹ� ɩɨɫɬɨɹɧɧɨɣ, ɟɫɥɢ� ɬɟɦɩɟɪɚɬɭɪɚ� ɟɝɨ
ɧɟ� ɨɩɭɫɤɚɟɬɫɹ�ɧɢɠɟ� ɬɟɦɩɟɪɚɬɭɪɵ�ɦɨɤɪɨɝɨ� ɬɟɪɦɨɦɟɬɪɚ. ȼ�ɫɥɭɱɚɟ� ɩɚ-

ɞɟɧɢɹ�ɬɟɦɩɟɪɚɬɭɪɵ�ɚɝɟɧɬɚ� ɫɭɲɤɢ�ɧɢɠɟ�ɬɟɦɩɟɪɚɬɭɪɵ�ɦɨɤɪɨɝɨ�ɬɟɪɦɨ-

ɦɟɬɪɚ, ɩɪɨɢɫɯɨɞɢɬ�ɤɨɧɞɟɧɫɚɰɢɹ�ɜɥɚɝɢ.

ɉɨɫɥɟ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ�ɭɪɚɜɧɟɧɢɹ (21), ɧɚɯɨ-

ɞɢɦ�ɡɧɚɱɟɧɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ�ɬɟɩɥɨɧɨɫɢɬɟɥɹ�ɧɚ�ɜɵɯɨɞɟ�ɢɡ�ɷɥɟɦɟɧɬɚɪɧɨ-

ɝɨ� ɫɥɨɹ� ɿ� ɜ�ɦɨɦɟɧɬ�ɜɪɟɦɟɧɢ j  ɢ�ɧɚ�ɜɯɨɞɟ�ɜ� ɷɥɟɦɟɧɬɚɪɧɵɣ�ɫɥɨɣ� ɿ+1  ɜ
ɦɨɦɟɧɬ� ɜɪɟɦɟɧɢ j+1 ɜ� ɩɟɪɢɨɞ� ɩɚɞɚɸɳɟɣ� ɫɤɨɪɨɫɬɢ� ɫɭɲɤɢ, ɬ. ɟ. ɩɪɢ
ɫɭɲɤɟ�ɜ�ɨɛɥɚɫɬɢ�ɝɢɝɪɨɫɤɨɩɢɱɟɫɤɨɣ�ɜɥɚɠɧɨɫɬɢ
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ɫɝ ɝɧ � ɩ ɝɧ ɧ ɬ ɬɧ ɬ ɜ ɧ
ɝɤ

ɫɝ ɩ ɤ

ɬ ɬɤ ɬ ɜ ɤ ɬ ɧ ɝ � ɩ ɬɤ � ɤ ɩɬ

ɫɝ ɩ ɤ

c t L + (r + c t )x L + m t (c + c u )
t =

(c + c x )L

m t (c + c u ) + m (u - u )(r + c t ) + r x L + Q
.

(c + c x )L

(22)

ȼ�ɩɟɪɢɨɞ�ɧɚɝɪɟɜɚ�ɜɥɚɠɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɨɬ�ɧɚɱɚɥɶɧɨɣ�ɬɟɦɩɟɪɚɬɭ-

ɪɵ�ɞɨ�ɡɚɞɚɧɧɨɣ�ɬɟɦɩɟɪɚɬɭɪɵ Qɧ =0.  Ɍɨɝɞɚ�ɬɟɦɩɟɪɚɬɭɪɚ�ɚɝɟɧɬɚ�ɫɭɲɤɢ
ɧɚ�ɜɵɯɨɞɟ�ɢɡ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɫɥɨɹ�ɛɭɞɟɬ�ɪɚɜɧɚ

ɫɝ ɝɧ � ɩ ɝɧ ɧ ɬ ɬɧ ɬ ɜ ɧ
ɝɤ

ɫɝ ɩ ɤ

ɬ ɬɤ ɬ ɜ ɤ � ɤ ɩɬ

ɫɝ ɩ ɤ

c t L + (r + c t )x L + m t (c + c u )
t =

(c + c x )L

m t (c + c u ) + r x L + Q
.

(c + c x )L

(23)

) )
Ɋɢɫ. 2. Ⱦɢɫɤɪɟɬɧɚɹ�ɦɨɞɟɥɶ�ɩɪɨɰɟɫɫɚ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ  ɨɛɪɚɛɨɬɤɢ

ɦɟɡɝɢ�ɜ�ɬɨɥɫɬɨɦ�ɫɥɨɟ  ɦɧɨɝɨɱɚɧɧɨɣ�ɠɚɪɨɜɧɢ: ɚ) – ɪɚɡɛɢɜɤɚ�ɬɨɥɫɬɨɝɨ
ɫɥɨɹ�ɦɟɡɝɢ�ɜ�ɱɚɧɟ�ɠɚɪɨɜɧɢ�ɧɚ�ɬɨɧɤɢɟ�ɷɥɟɦɟɧɬɚɪɧɵɟ�ɫɥɨɢ�ɜ�ɦɨɦɟɧɬ
ɜɪɟɦɟɧɢ j;  ɛ)  – ɫɯɟɦɚ�ɬɟɩɥɨ- ɢ�ɜɥɚɝɨɨɛɦɟɧɚ�ɩɪɨɰɟɫɫɚ.

Ⱦɥɹ�ɚɧɚɥɢɡɚ�ɩɪɨɰɟɫɫɨɜ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ�ɨɛɪɚɛɨɬɤɢ�ɦɟɡɝɢ�ɫɟɦɹɧ
ɦɚɫɥɢɱɧɵɯ� ɤɭɥɶɬɭɪ  ɜ� ɬɨɥɫɬɨɦ�ɫɥɨɟ�ɦɧɨɝɨɱɚɧɧɨɣ�ɩɚɪɨɜɨɣ�ɠɚɪɨɜɧɟ
ɪɚɡɪɚɛɨɬɚɧɚ�ɞɢɫɤɪɟɬɧɚɹ� ɦɨɞɟɥɶ, ɫɯɟɦɚ�ɤɨɬɨɪɨɣ�ɩɪɢɜɟɞɟɧɚ� ɧɚ�ɪɢɫ.2

[4].  Ɍɨɥɫɬɵɣ�ɫɥɨɣ l  ɩɪɟɞɫɬɚɜɥɟɧ�ɤɚɤ� ɫɭɦɦɚ�ɢɡ n  ɬɨɧɤɢɯ� ɷɥɟɦɟɧɬɚɪ-

k kL(x ,t )

L(x ,t )

k(i 1),j (i 2),j k(i 1),j (i 2),jL(x x ; t t )

(i 1),j ki,j (i 1),j ki,jL(x x ; t t )

i,j k(i 1),j i ,j k(i 1),jL(x x ; t t )

(i 1),j k(i 2),j (i 1),j k(i 2),jL(x x ; t t )

(i 1),j (i 1),jT ,

i,j i,jT ;

(i 1),j (i 1),jT ;

(i 1),j (i 1),jT T( ); ( )

i,j i,jT T( ); ( )

j ; j 1...k

(i 1),j (i 1),jT T( ); ( )

j ; j 1...k

j ; j 1...k

l=
n
·

l
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ɧɵɯ� ɫɥɨɺɜ�ǻl. ȼɪɟɦɹ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ� ɨɛɪɚɛɨɬɤɢ  ɪɚɡɛɢɜɚɟɬɫɹ�ɧɚ�ɦɚ-

ɥɵɟ� ɩɪɨɦɟɠɭɬɤɢ� ɜɪɟɦɟɧɢ. ɑɟɪɟɡ� ɫɥɨɣ� ɫɧɢɡɭ� ɜɜɟɪɯ� ɩɪɨɯɨɞɢɬ� ɫɭ-

ɲɢɥɶɧɵɣ�ɚɝɟɧɬ�ɫ�ɪɚɫɯɨɞɨɦ L(xɧ, tɧ) ɤɝ�ɡɚ�ɜɪɟɦɹ t,�ɫ�ɧɚɱɚɥɶɧɵɦ�ɜɥɚ-

ɝɨɫɨɞɟɪɠɚɧɢɟɦ xɧ� ɢ� ɧɚɱɚɥɶɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɨɣ tɧ. ɋɭɲɢɥɶɧɵɣ� ɚɝɟɧɬ
ɨɬɞɚɺɬ�ɦɟɡɝɟ�ɬɟɩɥɨ�ɢ�ɡɚɛɢɪɚɟɬ�ɜɥɚɝɭ.

ɉɪɢ� ɜɵɯɨɞɟ� ɢɡ� ɬɨɥɫɬɨɝɨ� ɫɥɨɹ� ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ� ɫɭɲɢɥɶɧɨɝɨ
ɚɝɟɧɬɚ�ɩɨɜɵɲɚɟɬɫɹ�ɞɨ xɤ, ɚ�ɬɟɦɩɟɪɚɬɭɪɚ�ɩɨɧɢɠɚɟɬɫɹ�ɞɨ tɤ. ɉɪɢ�ɫɭɲ-

ɤɟ� ɿ�ɝɨ� ɫɥɨɹ� ɜ j-ɨɦ� ɩɪɨɦɟɠɭɬɤɟ� ɜɪɟɦɟɧɢ�ɛɟɡɪɚɡɦɟɪɧɵɟ�ɩɨɬɟɧɰɢɚɥɵ
ɬɟɩɥɨ� ɢ� ɜɥɚɝɨɩɟɪɟɧɨɫɚ ijT T= ij = � ɦɟɡɝɢ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɩɨ
ɮɨɪɦɭɥɚɦ (15) ɢ (16). Ⱥɝɟɧɬ� ɫɭɲɤɢ L ɩɪɢ� ɜɯɨɞɟ� ɜ� ɷɥɟɦɟɧɬɚɪɧɵɣ
ɫɥɨɣ� ɿ� ɜɨ�ɜɪɟɦɹ j ɢɦɟɟɬ�ɧɚɱɚɥɶɧɨɟ�ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ, ɪɚɜɧɨɟ�ɤɨɧɟɱ-

ɧɨɦɭ�ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɸ (ɿ-1) ɫɥɨɹ�ɜɨ�ɜɪɟɦɹ (j-1) ɢ�ɧɚɱɚɥɶɧɭɸ�ɬɟɦɩɟ-

ɪɚɬɭɪɭ, ɪɚɜɧɭɸ�ɤɨɧɟɱɧɨɣ�ɬɟɦɩɟɪɚɬɭɪɟ (ɿ-1) ɫɥɨɹ�ɜɨ�ɜɪɟɦɹ (j-1).

ɉɪɢ�ɩɪɨɯɨɠɞɟɧɢɢ�ɚɝɟɧɬɚ�ɫɭɲɤɢ�ɫɤɜɨɡɶ�ɷɥɟɦɟɧɬɚɪɧɵɟ�ɫɥɨɢ�ɬɟɦ-

ɩɟɪɚɬɭɪɚ�ɟɝɨ�ɩɨɧɢɠɚɟɬɫɹ, ɚ�ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ�ɩɨɜɵɲɚɟɬɫɹ.

ɉɪɢ�ɞɨɫɬɢɠɟɧɢɢ�ɧɚɫɵɳɟɧɧɨɝɨ�ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ�ɢ�ɞɚɥɶɧɟɣɲɟɝɨ
ɩɨɧɢɠɟɧɢɹ�ɬɟɦɩɟɪɚɬɭɪɵ�ɞɨ� ɬɨɱɤɢ�ɪɨɫɵ�ɜɥɚɝɚ�ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ. Ʉɨɥɢ-

ɱɟɫɬɜɨ�ɤɨɧɞɟɧɫɢɪɭɟɦɨɣ�ɜɥɚɝɢ�ɜ�ɷɥɟɦɟɧɬɚɪɧɨɦ�ɫɥɨɟ� ɿ�ɜ�ɦɨɦɟɧɬ�ɜɪɟɦɟ-

ɧɢ j ɪɚɜɧɨ

i, j max,i , jgk L (x x ) .

24)

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ�ɢ�ɬɟɦɩɟɪɚɬɭɪɭ�ɚɝɟɧɬɚ�ɫɭɲɤɢ�ɜ�ɤɚɠɞɨɦ�ɷɥɟɦɟɧ-

ɬɚɪɧɨɦ�ɫɥɨɟ�ɨɩɪɟɞɟɥɹɟɦ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɢɡ�ɭɪɚɜɧɟɧɢɣ�ɦɚɬɟɪɢɚɥɶɧɨɝɨ
ɢ�ɬɟɩɥɨɜɨɝɨ�ɛɚɥɚɧɫɚ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɫɥɨɹ. ɑɢɫɥɟɧɧɨɟ�ɪɟɲɟɧɢɟ�ɭɪɚɜɧɟ-
ɧɢɣ (15) ɢ (16), ɩɨɡɜɨɥɢɬ�ɩɨɫɬɪɨɢɬɶ�ɞɢɚɝɪɚɦɦɵ�ɡɚɜɢɫɢɦɨɫɬɢ�ɜɥɚɠɧɨɫ-

ɬɢ�ɢ�ɬɟɦɩɟɪɚɬɭɪɵ�ɦɟɡɝɢ�ɫɟɦɹɧ�ɤɥɟɳɟɜɢɧɵ�ɜ�ɬɨɥɫɬɨɦ�ɫɥɨɟ�ɱɚɧɚ�ɦɧɨɝɨ-

ɱɚɧɧɨɣ�ɠɚɪɨɜɧɢ�ɨɬ�ɜɪɟɦɟɧɢ�ɫɭɲɤɢ�ɢ�ɝɥɭɛɢɧɵ�ɫɥɨɹ.

:

1. ȼɩɟɪɜɵɟ�ɩɨɥɭɱɟɧɚ�ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ�ɦɨɞɟɥɶ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ�ɨɛ-

ɪɚɛɨɬɤɢ� ɦɟɡɝɢ� ɜ� ɦɧɨɝɨɱɚɧɧɵɯ� ɩɚɪɨɜɵɯ� ɠɚɪɨɜɧɹɯ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɫɢɫɬɟɦɵ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ�ɭɪɚɜɧɟɧɢɣ�ɩɟɪɟɧɨɫɚ�ɦɚɫɫɵ�ɢ�ɷɧɟɪɝɢɢ.

2. Ⱦɥɹ�ɱɢɫɥɟɧɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɪɚɡɪɚɛɨɬɚɧɚ�ɞɢɫɤɪɟɬɧɚɹ�ɦɨɞɟɥɶ
ɩɪɨɰɟɫɫɚ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ�ɨɛɪɚɛɨɬɤɢ�ɜ�ɬɨɥɫɬɨɦ�ɫɥɨɟ, ɫɨɫɬɨɹɳɟɦ�ɢɡ�ɷɥɟ-

ɦɟɧɬɚɪɧɵɯ�ɫɥɨɺɜ, ɜ�ɤɚɠɞɨɦ�ɢɡ�ɤɨɬɨɪɵɯ�ɤɨɷɮɮɢɰɢɟɧɬɵ�ɜɥɚɝɨ- ɢ�ɬɟɩɥɨ-

ɩɟɪɟɧɨɫɚ, ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɪɢɧɢɦɚɸɬɫɹ�ɩɨɫɬɨɹɧ-

ɧɵɦɢ, ɧɨ�ɢɡɦɟɧɹɟɦɵɦɢ�ɩɪɢ�ɩɟɪɟɯɨɞɟ�ɢɡ�ɫɥɨɹ�ɜ�ɫɥɨɣ.

3. Ⱦɥɹ�ɱɢɫɥɟɧɧɨɝɨ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɪɨɰɟɫɫɨɜ�ɜɥɚɝɨɬɟɩɥɨɜɨɣ�ɨɛɪɚ-

ɛɨɬɤɢ�ɦɟɡɝɢ�ɧɚ�ɨɫɧɨɜɟ�ɩɨɥɭɱɟɧɧɨɣ�ɦɨɞɟɥɢ�ɧɟɨɛɯɨɞɢɦɨ�ɷɤɫɩɟɪɢɦɟɧɬɚ-

ɥɶɧɨ�ɨɩɪɟɞɟɥɢɬɶ�ɨɫɧɨɜɧɵɟ�ɬɟɩɥɨɨɛɦɟɧɧɵɟ�ɢ�ɜɥɚɝɨɨɛɦɟɧɧɵɟ�ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɢ�ɢɡɭɱɚɟɦɨɣ�ɦɟɡɝɢ.
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MATHEMATICAL MODEL MOISTURE THERMAL OF

PROCESSING SUSPENSION OF SEEDS OF OLIVE CULTURES

IN TUB THE STEAM BRAZIER

A. Tkachenko, V. Didur, V. Didur, V. Tkachenko

Summary

Work is devoted mathematical modeling moisture thermal

process suspension in tub steam braziers. The mathematical model

with use of system of the differential equa-tions of carrying over of

weight and energy is received. The discrete model of process is

developed for numerical researches moisture thermal process in a

thick layer.
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THEORETICAL RESEARCHES OF CO-OPERATION OF

ELECTRIC PAUL WITH DIELECTRIC SUSPENSION IN

SYSTEMS OF MULTIELECTRODES

I. Nazarenko

Summary

The results of theoretical determination of structural parameters

of the systems of electrodes of electro-separators of dielectric

suspension are presented.
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THERMODYNAMIC STANDARDS

A. Lomeiko, V. Kulinchenko

Summary

Influence of temperatures on operating efficiency of heat engines

is examined, Lorenz and Carnot cycles are analyzed as exemplary

thermodynamic cycles maintaining constant temperature conditions.
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RESEARCHES OF TYPES OF WEAR OF DETAILS OF FUEL APPARA-

TUS ARE IN ENVIRONMENT OF BIOHYDROCARBON LIQUIDS

D. Zhuravel, V. Yudovinskiy, V. olomoec.

Summary

Work is devoted research of types of wear of details of fuel

apparatus in the environment of biohydrocarbon liquids.
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GROUND IMPULSE CONTROL OF QUALITY ENGINE OIL

R. Kushlyk ,  R. Kushlyk

Summary

In this research study impulsive control method of motor oil

quality indicators, calculated relative error in measuring the velocity

and absorption coefficient of ultrasound in the motor oils with such

pollutants as coolant and fuel fractions.
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METHODS LASER DOPPLER INTERFEROMETRIA OF SPEED

AND DIAMETER MEASURING OF PARTICLES OF

ADMIXTURES IN FLOW WATERS OF INDUSTRIAL

ENTERPRISES

M. Morozov, S. Movchan

Summary

The methods of sensitivess laser change, increase of accurate and

automation of parameters measuring of admixtures particles in water

solutions with the laser Doppler interferometria are considered.
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METHODS OF REDUCTION OF INCRUSTATING

L. Bezmennicova, S. Kvitka

Summary

In this article the comparative estimation of methods of

treatment of water is conducted with the purpose of reduction of

incrustating.
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UNIVERSAL RELAY OF THE CHECKING THE

THREE-PHASE VOLTAGE TO NETWORK OF THE FEEDING

I. Popova , D. Nesterchuk

Summary

In work is brought structured circuitry universal relay checking

the three-phase voltage to network of the feeding.
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 ( . 1)  ( . 1).

. 1. -

.

 1 – , 
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-

, %

1 2 3 4
, , L, b,

1 2 3

1 1 -1 -1 -1 2,5 30 300 16 4,97 5,18 5,12 5,09

2 -1 1 -1 -1 1,5 50 300 16 3,93 4,05 3,95 3,98

3 -1 -1 1 -1 1,5 30 500 16 4,78 4,71 4,54 4,68

4 1 1 1 -1 2,5 50 500 16 5,62 5,44 5,71 5,59
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.1

5 1 -1 -1 1 2,5 30 300 32 8,31 8,55 8,45 8,44

6 -1 1 -1 1 1,5 50 300 32 6,62 6,55 6,37 6,51

7 -1 -1 1 1 1,5 30 500 32 7,22 7,35 7,19 7,25

8 1 1 1 1 2,5 50 500 32 8,83 9,04 8,91 8,93

9 0 0 0 0 2,0 40 400 24 3,47 3,79 3,62 3,63

10 0 1 -1 1 2,0 50 300 32 7,03 7,20 7,09 7,11

11 -1 0 -1 -1 1,5 40 300 16 3,78 3,62 3,75 3,72

12 1 0 1 1 2,5 40 500 32 7,66 7,41 7,71 7,59

13 -1 1 -1 0 1,5 50 300 24 4,34 4,41 4,42 4,39

14 -1 0 1 1 1,5 40 500 32 5,81 5,71 5,84 5,79

15 0 1 1 -1 2,0 50 500 16 4,13 4,25 4,16 4,18

16 1 -1 1 0 2,5 30 500 24 5,94 5,92 5,81 5,89

17 1 -1 0 1 2,5 30 400 32 8,03 7,99 8,10 8,04

18 0 -1 1 -1 2,0 30 500 16 4,55 4,42 4,33 4,43

 (Ha-Ko4) [4, 5], -
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2
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4342324131
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 (G  = 0,147  <  G  = 0,296)

.

, , b24 b34, .

2 4 3 4, -

t  b24 = 0,138 t  b34 = 0,207 t  = 2,11. 

,  (2) 

.x845,0x381,0x009,1x436,0

xx114,0xx192,0xx169,0xx388,0

x475,1x087,0x232,0x583,0641,3y

2
4

2
3

2
2

2
1

32413121

4321

(3)

-

 (F  = 0,444 < F  = 2,49), -

 (3)  95 % -

.

-

.

 = 2,83 % :

1 = – 0,634  = 1,68 ;

2 = 0,224   = 42,24 ;

3 = 0,221 L = 422 ;

4 = – 0,800 b = 17,6 .

-

. 

. 2.
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EXPERIMENTAL GROUND OF PARAMETERS DEVICE

HARVESTER OF SORGHUM BY THRESHING ON THE ROOT

N. Shabanov, F. Ovcharenko

Summary

The parameters of device harvester of sorghum by threshing on

the root providing the least general corn losses are got.
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TO THE FEATURE IN DEVELOPMENT OF THE QUARTZS

GENERATORS GUIDED ON FREQUENCY

A. Orel, I. Voronovskiy, . Orel

Summary

It is necessary to apply the developed method upon settlement

parameters of generator (power of dispersion on quartz, launch power,

elements of chains) with frequency within the limits of 2 % from

frequency of generator.
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DETERMINATION OF EFFECTIVE WORKING AREA

MAGNETIC PURIFIERS  FOR CLEANING TECHNICAL LIQUIDS

V. Prosvirnin , V. Gulevsky

Summary

Work the questions of contamination and cleaning of technical

liquids in technological processes of renewal of details at repair of 

transport technique is devoted.
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TECHNOLOGY REQUIREMENTS TO PROCESS OF

MANUFACTURE OF A TINNED FORAGE FROM A BEER

PELLET (THE PROLONGED PERIOD OF STORAGE)

. Troi ka, P. Luts

Summary

The article presented the technological requirements for

manufacturing process of a tinned forage with  beer pellet of the

prolonged period of storage.
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SUBSTANTIATION OF SUGAR-BEET HARVESTER OPTIMUM

PARAMETERS BY POWER CONSUMPTION CRITERION

I. Holovach, M. Berezovyy,V. Pruchliak, V. Soltusuk, J. Andreev

Summary

The analytical researches of substantiation and choice of optimal

parameters of units, which include a tractor and trailing sugar-beet

harvester, is given. The research basis is determined by mathematical

model, which describes conditions of effective unitizing, enables to

define working speed and unit productivity. The accounts, carried out

on PC, have allowed to define optimal parameters of specified units by

productivity criterion.
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NUMERICAL MODELING ON A COMPUTER OF MOVEMENT

OF A TOP-GAZERING MACHINE

M. Berezovyy, O. Litvinov, V. Pruchliak, J. Andreev

Summary

By results of numerical modeling on a computer of movement of

a three-row top-gazering machine frontally hung on a wheel tractor, its

optimum constructive and kinematic parameters are determined.
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ASSESSMENT OF ABILITY FIRES OCCURRENCE DURING

GROWTH TRANSITION RESISTANCE CONECTS COMPOUNDS

ELECTRICAL MACHINERYS

A. Vygovskiy, E. Babenko

Summary

Work is devoted possibility of occurrence fires electrical

machinery in operation.
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ANALYSIS OF DYNAMICS OF THE SPACE-TIME TRAFFIC

SETTINGS COMPONENT OF THE MIXED FODDER

V. Diordiev, I. Furman

Summary

This article shows a method of calculation and analysis of the set-

tings  of  the  dynamics  of  motion  of  the  components  as  loose  feed  me-

dium.
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OPTIMIZATION OF TECHNICAL AND TECHNOLOGICAL

PARAMETERS OF THE VACUUM SISTEM  MILKING

MACHINES

E. Aliev

Summary

Experimental dependence of the influence of technical and

technological parameters of the vacuum system to speed the milking

plant yield. The optimum technical and technological parameters of

the vacuum system of the milking plant. Calculated cost of electricity

consumed milking installation for milking time.
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THE ANALYSIS AND IMPROVEMENT OF MOBILE MEANS

FOR PREPARATION AND DISTRIBUTION FODDER MIXES

TO A HORNED CATTLE

S. Doruda, L. Voronin

Summary

In the article presented the analysis of modern mobile means for

preparation and distribution of forage mixtures a cattle and the new

construction of mobile cattle-feeder-mixer of stream type is offered,

comparative descriptions of some oversea cattle-feeders-mixers and

cattle-feeder-mixer of the offered construction are resulted.
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STUDY QUALITATIVE INDICATORS OF SPRAY MOUNTED

SPRAYER OF  GERBITSID

E. Osman v

Summary

The results of field studies gerbitsid mounted sprayer.

Established quality indicators of their work.
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ANALYSIS ELECTROPHYSICAL METHODS OF DISINFECTION

DRAINAGES OF CATTLE-BREEDING COMPLEXES

V. Chumak

Summary

It was considered methods of disinfection drainages of cattle-

breeding complexes with using different physical agents. Get through

analysis of effectiveness using these methods in agriculture.
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USE OF THE BALL ESTIMATION FOR DEFINITION OF

ECONOMIC EFFICIENCY OF RESULTS OF SCIENTIFIC WORK

. Bondar

Summary

In article the way of an estimation of economic efficiency of

results of scientific work is considered.
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TECHNOLOGICAL SCHEME IMPROVEMENT FOR CASTOR-

OIL PLANT  HARVESTING BY COMBING  MACHINE

. Dmitriev

Summary

The paper is devoted to rational method defining for castor-oil

plant harvesting and its transporting in piles by analyzing existing

methods and substantiating on this basis technological operations

scheme for experimental module for castor-oil plant  harvesting by

means  of combing.
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RESEARCH OF THE EXPENDITURE RESOURCE OF

ISOLATION IN THE INDUCTION MOTOR

A. Ostrovsky

Summary

The method research of the expenditure resource of isolation is

offered in the induction motor in the function of load on a billow and

ambient temperature.
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MARGIN SAFETY COEFFICIENT DETERMINATION AT

CLIC LOADING

O. Chernysh

Summary

Margin safety coefficient determination method is resulted at

clic loading using maximum tensions diagram in the frame

asymmetry coefficient R  – cle maximal tension max  = R .
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DEFINITION OF LOSSES OF SUGAR-BEARING WEIGHT AND

THE RESTS OF A TOPS OF VEGETABLE OF A SUGAR BEET AT

ITS CUT WITHOUT COPYING

. Borys

Summary

The mathematical model of process of without copying the head

of root crops is developed. Certainly losses of sugar-bearing mass and

tailings of tops by an experimental and theoretical way. In the interval

of workings heights of cut 20...60 mm deviation of theoretical

calculations from experimental does not exceed 1 %. Keywords: root

crop, head of root crop, tops, mathematical model, cut without copying

the head of root crops.
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TECHNICAL DIAGNOSING OF A HYDRAULIC DRIVE OF

COMBINES

V. Yaremenko

Summary

It is proved importance of diagnosing of hydraulic drives for

increase of technical readiness of combines and reductions of expenses

for technical service. The methodical approach and results of

researches on creation of system of diagnosing of a hydraulic drive of

steering management of combines is resulted.
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ESTIMATION OF REOLOGICAL PROPERTIES OF CASTOR

SEEDS  FOR DETERMINATION METHOD OF BRINGING DOWN

V. Didur , K.Zubkova

Summary

Work is devoted the estimation of reological properties of castor

seeds with the purpose of subsequent research of process of bringing

down of episperm at its deep processing.
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AFTER-HARVESTING TIME AND PRESEEDING PROCESSING

SEEDS OF SUNFLOWER OF THE HIGHER REPRODUCTIONS

. Tkachenko

Summary

The work is devoted experimental working off of technological

processes to thin clearing, pneumoseparation and dust removal to a

surface of seeds of sunflower before proetched and incrustation of

seeds. Results of drying of seeds of sunflower of the higher

reproductions in a container dryer and advantages of container

technology are yielded.
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STUDY OF DEFORMATION  OF THE MOISTURE-STUFF

AT NEGATIVE TEMPERATURES

A. Kesariiskiy, Yu. Postol

Summary

The results of investigation of creep water-containing samples at

subzero temperatures. It is shown that at similar strength

characteristics of the material and identical test conditions, the nature

of the formation of the deformation field can have significant

differences that may affect the efficiency of design.
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TECHNIQUE OF IMITATING MODELLING OF MANAGERIAL

PROCESS OF THE WHEEL MACHIN

V. Didur, A. Bondar.

Summary

Issue  of “combined human and machine” system modeling was

considered, steering models were given, technique of imitating

experiment conducting was proposed and evaluation criteria of model

control with different types and constants of steering were defined in

article. Previous results of studying of mobile machines controllability

in straight-line motion regime were given.
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ANALYSIS OF EXISTENT METHODS AND MEAN OF

MECHANIZATION FOR PRE-CLEANING  OF GRAIN OF

PALMCRIST

E. Gerey

Summary

Work is devoted determination of rational method of cleaning of

the collected grain of palmcrist, by the analysis of existent methods of

cleaning of seminal material.
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