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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɪɚɛɨɬɟ ɫɪɟɞɫɬɜɚɦɢ ɢɧɜɨɥɸɬɢɜɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ 
ɩɨɥɭɱɟɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɚɹ ɥɢɧɟɣɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ɫ 
ɞɜɭɦɹ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɬɹɝɨɜɵɦɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ, ɤɨɬɨɪɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚ ɧɟɥɢɧɟɣɧɨɣ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɟɦɨɣ ɫɢɫɬɟɦɨɣ ɧɟɥɢɧɟɣɧɵɯ ɨɛɵɤɧɨɜɟɧɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 24-ɝɨ ɩɨɪɹɞɤɚ ɫ ɱɟɬɵɪɶɦɹ ɭɩɪɚɜɥɟɧɢɹɦɢ. ɋ ɩɨɦɨɳɶɸ 
ɩɪɢɧɰɢɩɚ ɦɚɤɫɢɦɭɦɚ ɪɟɲɟɧɵ ɞɜɟ ɡɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɹɝɨɜɵɦ ɩɪɢɜɨɞɨɦ: 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢ ɦɢɧɢɦɢɡɚɰɢɢ ɜɡɜɟɲɟɧɧɨɣ ɥɢɧɟɣɧɨɣ ɤɨɦɛɢɧɚɰɢɢ 
ɜɪɟɦɟɧɢ ɢ ɪɚɫɯɨɞɵ ɤɜɚɞɪɚɬɚ ɭɩɪɚɜɥɟɧɢɹ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɨɥɭɱɢɬɶ ɞɥɹ 
ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ ɡɚɤɨɧɵ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ 
ɦɢɧɢɦɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɜɪɟɦɹ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɩɟɪɟɝɨɧɚ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɨɥɭɱɚɬɶ 
ɡɚɤɨɧɵ ɭɩɪɚɜɥɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɝɪɚɮɢɤ ɞɜɢɠɟɧɢɹ ɢ ɦɢɧɢɦɢɡɚɰɢɸ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɧɨ-
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɭɩɪɚɜɥɟɧɢɹ; ɥɢɧɟɣɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ; 
ɞɜɢɠɟɧɢɟ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ; ɩɪɢɧɰɢɩ ɦɚɤɫɢɦɭɦɚ; ɨɩɬɢɦɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ. 

UDC 681.5 

Dmitrienko V.D.

Zakovorotniy A.Yu.

GEOMETRIC CONTROL THEORY IN THE PROBLEM OF OPTIMIZATION 

OF ENERGY CONSUMPTION OF TRACTION ROLLING STOCK 

NКЭТШЧКХ TОМСЧТМКХ UЧТЯОrsТЭв «KСКrФШЯ PШХвЭОМСЧТМ IЧsЭТЭЮЭО» 
21 Frunze St., Kharkov, 308015, Ukraine. 

ȺЛЬЭЫКМЭ 
In the course of the study, by means of involutive distributions of geometric control theory, the 

authors produced a workable linear mathematical model of the motion of a diesel train with two 

equivalent electric traction drives, which is equivalent to a non-linear mathematical model, 

described by a system of nonlinear ordinary differential equations of the 24-th order with four 

controls. With the help of the maximum principle there were resolved two tasks of optimal 

control of the traction drive: maximum performance and minimization of the weighted linear 

combination of time and cost control of a square. This allowed, on the one hand, to receive 

control laws for each section of railway track, that specify the minimum time necessary to 

overcome the haul, on the other hand, to receive the control laws ensuring the timetable and 

minimizing the consumption of fuel and energy resources.  

Keywords: geometric control theory; linear mathematical model; diesel train movement; 

maximum principle; optimal control. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ ɢ ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɢ ɍɤɪɚɢɧɵ 

ɜ ɨɛɥɚɫɬɢ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɢɞɨɜ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɹɜɥɹɟɬɫɹ 
ɩɪɢɜɥɟɱɟɧɢɟ ɤ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɭ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 
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ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɭɦɟɧɶɲɟɧɢɹ 
ɢɦɩɨɪɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɍɤɪɚɢɧɫɤɢɯ ɠɟɥɟɡɧɵɯ 
ɞɨɪɨɝ ɨɬ ɡɚɪɭɛɟɠɧɵɯ ɩɨɫɬɚɜɨɤ ɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ Д1, 2Ж. ɉɪɢ ɷɬɨɦ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɟɧɨ, 
ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɜɧɟɞɪɟɧɢɸ ɫɨɜɪɟɦɟɧɧɵɯ 
ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɚ ɫ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɪɚɰɢɨɧɚɥɶɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 
ɢɦɟɸɳɢɯɫɹ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ Д3Ж. ɉɨɫɥɟɞɧɟɟ 
ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɭɠɟ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɩɨɞɜɢɠɧɵɦ ɫɨɫɬɚɜɨɦ ɫ ɰɟɥɶɸ 
ɦɢɧɢɦɢɡɚɰɢɢ ɡɚɬɪɚɬ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɩɪɢ 
ɫɨɛɥɸɞɟɧɢɢ ɝɪɚɮɢɤɨɜ ɞɜɢɠɟɧɢɹ. Ⱦɥɹ ɍɤɪɚɢɧɵ 
ɷɬɨɬ ɜɨɩɪɨɫ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ, ɩɨɫɤɨɥɶɤɭ 
ɪɚɫɯɨɞ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɧɚ ɩɟɪɟɜɨɡɤɭ ɝɪɭɡɨɜ ɢ 
ɩɚɫɫɚɠɢɪɨɜ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɜɵɲɟ, ɱɟɦ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ ɦɢɪɚ. 

ɋɟɝɨɞɧɹ ɜɨɩɪɨɫɚɦɢ ɫɨɡɞɚɧɢɹ ɢ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɢɫɬɟɦ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɬɹɝɨɜɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɡɚɧɢɦɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 
ɫɩɟɰɢɚɥɢɫɬɨɜ ɤɚɤ ɜ ɍɤɪɚɢɧɟ, ɬɚɤ ɢ ɜ ɫɬɪɚɧɚɯ 
ɛɥɢɠɧɟɝɨ ɢ ɞɚɥɶɧɟɝɨ ɡɚɪɭɛɟɠɶɹ. ɉɪɢ ɷɬɨɦ ɪɚɛɨɬɵ 
ɷɬɢɯ ɭɱɟɧɵɯ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ 
ɢ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɦɟɬɨɞɨɜ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɜɚɪɢɚɰɢɨɧɧɨɝɨ 
ɢɫɱɢɫɥɟɧɢɹ, ɩɪɢɧɰɢɩɚ ɦɚɤɫɢɦɭɦɚ ɉɨɧɬɪɹɝɢɧɚ, 
ɮɭɧɤɰɢɣ Ʌɹɩɭɧɨɜɚ, ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 
ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ Ʉɪɚɫɨɜɫɤɨɝɨ ɢ Ʌɟɬɨɜɚ-Ʉɚɥɦɚɧɚ, 
ɬɟɪɦɢɧɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɫɢɧɬɟɡɚ ɪɨɛɚɫɬɧɵɯ 
ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɬ.ɞ. Д4 – 10Ж. ɇɨ, ɧɟɫɦɨɬɪɹ ɧɚ 
ɷɬɨ, ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ ɩɪɨɛɥɟɦɚ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɬɹɝɨɜɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɧɟ ɪɟɲɟɧɚ ɢ ɩɨ ɫɟɣ ɞɟɧɶ, 
ɩɨɫɤɨɥɶɤɭ ɧɟ ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɫɢɧɬɟɡɚ 
ɨɩɬɢɦɚɥɶɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɨɛɴɟɤɬɨɜ М 
ɧɟɫɤɨɥɶɤɢɦɢ ɭɩɪɚɜɥɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ 
ɨɩɢɫɵɜɚɸɬɫɹ ɧɟɥɢɧɟɣɧɵɦɢ ɫɢɫɬɟɦɚɦɢ 
ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɟɥɨ ɤ 
ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ ɥɢɧɟɚɪɢɡɚɰɢɢ ɢɫɯɨɞɧɵɯ 
ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɢ ɩɨɫɥɟɞɭɸɳɟɦɭ 
ɩɪɢɦɟɧɟɧɢɸ ɯɨɪɨɲɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɨɪɢɢ 
ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ Д11Ж. Ɉɞɧɚɤɨ 
ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɚɹ ɥɢɧɟɚɪɢɡɚɰɢɹ ɩɨ 
Ɍɟɣɥɨɪɭ, ɩɨɡɜɨɥɹɸɳɚɹ ɥɢɧɟɚɪɢɡɨɜɚɬɶ ɫɢɫɬɟɦɭ ɜ 
ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɜɵɛɪɚɧɧɨɣ 
ɪɚɛɨɱɟɣ ɬɨɱɤɢ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɩɪɢɦɟɧɢɦɚ ɞɥɹ 
ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ, ɨɩɢɫɵɜɚɟɦɵɯ ɧɟɥɢɧɟɣɧɵɦɢ 
ɫɢɫɬɟɦɚɦɢ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ. ɇɨ ɧɚɭɱɧɚɹ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ 
ɥɢɧɟɣɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
ɞɥɹ ɥɢɧɟɣɧɵɯ ɨɛɴɟɤɬɨɜ ɥɸɛɨɝɨ ɩɨɪɹɞɤɚ, ɩɪɢɜɟɥɚ 
ɤ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɨɝɨ ɦɟɬɨɞɚ – ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɥɢɧɟɚɪɢɡɚɰɢɢ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ 
ɩɨɞɯɨɞɟ ɤ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ, ɬɟɨɪɢɢ ɝɪɭɩɩ, 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɚɥɝɟɛɪɵ Ʌɢ ɢ ɬ.ɞ. 
ɍɫɩɟɯɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɥɢɧɟɚɪɢɡɚɰɢɢ ɥɟɝɥɢ ɜ 
ɨɫɧɨɜɭ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɧɚɭɱɧɨɝɨ ɬɟɱɟɧɢɹ – 

ɟɞɢɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ 
[12-14Ж, ɤɨɬɨɪɚɹ ɫ ɩɨɦɨɳɶɸ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ «ɜɯɨɞ-ɜɵɯɨɞ» ɢɥɢ «ɜɯɨɞ-

ɫɨɫɬɨɹɧɢɟ» ɩɨɡɜɨɥɹɟɬ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ 
ɧɟɥɢɧɟɣɧɵɟ ɫɢɫɬɟɦɵ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ ɫ 
ɧɟɫɤɨɥɶɤɢɦɢ ɭɩɪɚɜɥɟɧɢɹɦɢ ɜ ɷɤɜɢɜɚɥɟɧɬɧɵɟ 
ɥɢɧɟɣɧɵɟ ɫɢɫɬɟɦɵ. ɗɬɨ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ 
ɛɥɚɝɨɞɚɪɹ ɞɟɤɨɦɩɨɡɢɰɢɢ ɢɫɯɨɞɧɨɣ ɧɟɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɧɟɤɨɬɨɪɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ, ɧɚ ɪɹɞ ɧɟɡɚɜɢɫɢɦɵɯ 
ɥɢɧɟɣɧɵɯ ɩɨɞɫɢɫɬɟɦ ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ ɜ 
ɤɚɧɨɧɢɱɟɫɤɨɣ ɮɨɪɦɟ Ȼɪɭɧɨɜɫɤɨɝɨ, ɤɨɬɨɪɵɟ 
ɩɪɢɧɚɞɥɟɠɚɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɨɞɩɪɨɫɬɪɚɧɫɬ-

ɜɚɦ ɢɫɯɨɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ. ɉɪɢ ɷɬɨɦ 
ɤɚɠɞɚɹ ɥɢɧɟɣɧɚɹ ɩɨɞɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɫɨɞɟɪɠɢɬ 
ɬɨɥɶɤɨ ɨɞɧɨ ɭɩɪɚɜɥɟɧɢɟ Д12Ж. 

ɉɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɥɢɧɟɣɧɨɝɨ ɷɤɜɢɜɚɥɟɧɬɚ 
ɞɥɹ ɢɫɯɨɞɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɜɢɞɚ 

n
m

k

kk
RMu

dt

d
 



xxGxF
x

   ,)()(
1

,       (1) 

ɝɞɟ ) ..., , ,(
21 n

xxxx – ɜɟɤɬɨɪ ɮɚɡɨɜɵɯ ɤɨɨɪɞɢɧɚɬ
ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɝɥɚɞɤɨɦ 
ɦɧɨɝɨɨɛɪɚɡɢɢ Ɇ ɪɚɡɦɟɪɧɨɫɬɢ n; )(,)( xx

k
G  F – 

ɝɥɚɞɤɢɟ ɜɟɤɬɨɪɧɵɟ ɩɨɥɹ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɢ Ɇ, 

ɤɨɬɨɪɵɟ ɜ ɥɨɤɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ ɢɦɟɸɬ 

ɜɢɞ 
 
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n

j j

j

1

)()(
x

xxF ɢ 
 


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n

j j

kjk
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)()(
x
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)(x
j

 , nj
kj

1,  ),( x – ɝɥɚɞɤɢɟ ɮɭɧɤɰɢɢ
ɜɟɤɬɨɪɧɨɝɨ ɚɪɝɭɦɟɧɬɚ x, ɨɩɪɟɞɟɥɟɧɧɵɟ ɜ
ɥɨɤɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɢ 
Ɇ; mku

k
,1 ,  – ɭɩɪɚɜɥɟɧɢɹ, ɦɨɠɟɬ ɛɵɬɶ

ɫɮɨɪɦɭɥɢɪɨɜɚɧ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɚɦ: ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɣɬɢ ɬɚɤɭɸ ɝɥɚɞɤɭɸ ɡɚɦɟɧɭ ɤɨɨɪɞɢɧɚɬ 

n
R zxzz   ,)( ɢ ɭɩɪɚɜɥɟɧɢɣ )(= xuv , v , 

,)  ...,  ,  ,(
21 m

vvvv ( )  ...,  ,  ,(
21 m

uuuu ), ɱɬɨ
ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (1) ɩɪɢɜɨɞɢɬɫɹ ɜ ɧɨɜɨɣ
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɤ ɧɟɤɨɬɨɪɨɣ ɟɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 
ɭɩɪɚɜɥɹɟɦɨɣ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɟ  

.   ,  ,  , nmRR
dt

d mn  vzBvAz
z

      (2) 

Ɂɞɟɫɶ ɦɚɬɪɢɰɵ Ⱥ ɢ ȼ ɢɦɟɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɪɚɡɦɟɪɵ nn  ɢ mn  ɢ ɹɜɥɹɸɬɫɹ ɛɥɨɱɧɨ-



ʓˏˋ˕˓ˋˈːˍˑ ʑ.ʓ., ʖ˃ˍˑ˅ˑ˓ˑ˕ː˞ˌ ʏ.Ю. ʒˈˑˏˈ˕˓ˋ˚ˈ˔ˍ˃ˢ ˕ˈˑ˓ˋˢ ˖˒˓˃˅ˎˈːˋˢ ˅ ˊ˃ˇ˃˚˃˘ 
ˑ˒˕ˋˏˋˊ˃˙ˋˋ ˠːˈ˓ˆˑˊ˃˕˓˃˕ ˕ˢˆˑ˅ˑˆˑ ˒ˑˇ˅ˋˉːˑˆˑ ˔ˑ˔˕˃˅˃ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  

ʗː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.ͷ, №4, 2016. 
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ɞɢɚɝɨɧɚɥɶɧɵɦɢ ɦɚɬɪɢɰɚɦɢ 
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AAA  ..., ,blockdiag[
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] ..., , ..., ,blockdiag[
1 mp
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B ,   mp ,1 , 

ɝɞɟ p
q , mp ,1  – ɢɧɞɟɤɫɵ ɭɩɪɚɜɥɹɟɦɨɫɬɢ 

ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ (2), 



m

p

p
nq

1

. ɉɪɢ 

m=1, ɬ.ɟ. ɩɪɢ ɫɤɚɥɹɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ, ɫɢɫɬɟɦɚ 
ɭɪɚɜɧɟɧɢɣ (2) ɫɜɨɞɢɬɫɹ ɤ ɤɚɧɨɧɢɱɟɫɤɨɣ ɮɨɪɦɟ: 

,  ; ...  ;  ; 1
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dt
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n

n   (3) 

ɩɨɥɭɱɢɜɲɟɣ ɧɚɡɜɚɧɢɟ ɮɨɪɦɵ Ȼɪɭɧɨɜɫɤɨɝɨ. ȼ 
ɫɥɭɱɚɟ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɨ n

R

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɩɪɹɦɨɣ ɫɭɦɦɵ 

ɩɨɞɩɪɨɫɬɪɚɧɫɬɜ ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ: p
m

p

n
RR

1
 . 

ɉɪɢ ɷɬɨɦ, ɤɚɠɞɨɟ ɢɡ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜ p
R  ɹɜɥɹɟɬɫɹ 

ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨɦ ɫɨɫɬɨɹɧɢɣ ɞɥɹ ɪ-ɣ ɩɨɞɫɢɫɬɟɦɵ 
ɞɟɤɨɦɩɨɡɢɪɨɜɚɧɧɨɣ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ n

R . Ɋɚɡɦɟɪɧɨɫɬɢ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜ, ɚ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɡɦɟɪɧɨɫɬɢ ɥɢɧɟɣɧɵɯ 
ɩɨɞɫɢɫɬɟɦ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ (2) ɨɞɧɨɡɧɚɱɧɨ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɧɞɟɤɫɚɦɢ ɭɩɪɚɜɥɹɟɦɨɫɬɢ p

q , 

mp ,1 ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ (2). Ʉɚɠɞɚɹ ɥɢɧɟɣɧɚɹ 
ɩɨɞɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɢɦɟɟɬ ɨɞɧɨ ɭɩɪɚɜɥɟɧɢɟ ɢ 
ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ (3), ɝɞɟ ɱɢɫɥɨ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɨ ɢɧɞɟɤɫɭ 
ɭɩɪɚɜɥɹɟɦɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɪɟɲɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ 
ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ m ɧɟɡɚɜɢɫɢɦɵɯ 
ɥɢɧɟɣɧɵɯ ɩɨɞɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ, ɹɜɥɹɸɳɢɯɫɹ
ɪɟɡɭɥɶɬɚɬɨɦ ɞɟɤɨɦɩɨɡɢɰɢɢ ɢɫɯɨɞɧɨɣ ɧɟɥɢɧɟɣɧɨɣ
ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɜ ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɢ n

R
V

ɩɪɨɫɬɪɚɧɫɬɜɚ ,n
R  ɧɟ ɦɨɠɟɬ ɜ ɫɚɦɨɦ ɨɛɳɟɦ 

ɫɥɭɱɚɟ ɫɨɜɩɚɞɚɬɶ ɫ ɪɟɲɟɧɢɟɦ ɧɟɥɢɧɟɣɧɨɣ 
ɫɢɫɬɟɦɵ (1) ɜ ɷɬɨɣ ɠɟ ɨɛɥɚɫɬɢ n

R
V . Ⱦɥɹ ɩɟɪɟɯɨɞɚ 

ɨɬ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (1) ɤ 
ɤɚɧɨɧɢɱɟɫɤɨɣ ɮɨɪɦɟ Ȼɪɭɧɨɜɫɤɨɝɨ ɧɟɨɛɯɨɞɢɦɨ, ɫ 
ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɨɩɪɟɞɟɥɢɬɶ ɢɧɞɟɤɫɵ 
ɭɩɪɚɜɥɹɟɦɨɫɬɢ p

q ( mp ,1 ), ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ,
ɜɵɩɨɥɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɥɨɜɢɹ – ɭɫɥɨɜɢɹ 
ɢɧɜɨɥɸɬɢɜɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ),0( mnjM

j 
Д12Ж, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɧɵ ɫ ɫɨɜɦɟɫɬɧɵɦ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɜɟɤɬɨɪɧɵɯ ɩɨɥɟɣ ɧɚ 
ɦɧɨɝɨɨɛɪɚɡɢɢ Ɇ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɫ ɢɫɯɨɞɧɨɣ ɧɟɥɢɧɟɣɧɨɣ 
ɫɢɫɬɟɦɨɣ (1) ɫɜɹɡɚɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
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ɜɟɤɬɨɪɨɜ ɜ ɬɨɱɤɟ x (ɦɢɧɢɦɚɥɶɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, 
ɩɨɪɨɠɞɟɧɧɨɟ ɷɬɢɦ ɧɚɛɨɪɨɦ ɜɟɤɬɨɪɨɜ) ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ )}()({span 
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 – ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɫɦɟɳɟɧɧɨɟ ɧɚ ɩɨɥɟ F

ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
0
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ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ȼ ɫɥɭɱɚɟ ɧɟɢɧɜɨɥɸɬɢɜɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ
),0( mnjM

j  ɬɨɱɧɚɹ ɥɢɧɟɚɪɢɡɚɰɢɹ ɜɨɡɦɨɠɧɚ 
ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ 
ɩɨɥɭɱɟɧɢɹ ɢɧɜɨɥɸɬɢɜɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɭɠɟ ɧɚ
ɪɚɫɲɢɪɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ Д12Ж. 
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Ɍɟɨɪɟɬɢɱɟɫɤɢ ɬɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ 
ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɤ ɥɢɧɟɣɧɨɦɭ ɜɢɞɭ ɲɢɪɨɤɢɣ ɤɥɚɫɫ 
ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢɱɟɦ 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɢɯ ɪɚɡɦɟɪɧɨɫɬɢ, ɨɞɧɚɤɨ ɟɝɨ 
ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɹɜɥɹɟɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ 
ɫɥɨɠɧɵɦ ɢ ɬɪɭɞɨɟɦɤɢɦ, ɬɚɤ ɤɚɤ ɬɪɟɛɭɟɬ 
ɜɵɩɨɥɧɟɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ: ɜɵɱɢɫɥɟɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɢ 
ɫɤɨɛɨɤ Ʌɢ, ɚ ɬɚɤɠɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɮɭɧɤɰɢɣ 
ɜɞɨɥɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɟɤɬɨɪɧɵɯ ɩɨɥɟɣ ɧɚ 
ɧɟɤɨɬɨɪɨɦ ɦɧɨɝɨɨɛɪɚɡɢɢ ɢ ɬ.ɞ., ɤɨɬɨɪɵɟ ɧɟ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɵ ɧɢ ɜ ɨɞɧɨɦ ɢɡ ɢɡɜɟɫɬɧɵɯ 
ɩɚɤɟɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɪɚɛɨɬɚɯ 
[15–17Ж ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɮɭɧɤɰɢɢ ɞɥɹ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɩɚɤɟɬɚ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ MКЭХКЛ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɫɥɨɠɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ 
ɧɟɥɢɧɟɣɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɨɛɴɟɤɬɨɜ, 
ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɫɬɪɚɧɢɥɨ ɪɚɡɪɵɜ ɦɟɠɞɭ 
ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɲɟɧɢɟɦ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɡɚɞɚɱ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, ɩɨɹɜɢɥɚɫɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 
ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

ɧɟɥɢɧɟɣɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ ɫ 
ɧɟɫɤɨɥɶɤɢɦɢ ɭɩɪɚɜɥɟɧɢɹɦɢ. Ɉɞɧɚɤɨ ɨɩɪɟɞɟɥɟɧɢɟ 
ɨɩɬɢɦɚɥɶɧɵɯ ɡɚɤɨɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɜ ɤɚɠɞɨɣ ɢɡ 
ɩɨɞɫɢɫɬɟɦ ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ ɨɩɬɢɦɚɥɶɧɨɫɬɶ 
ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɨɦ ɜ ɰɟɥɨɦ, ɩɨɷɬɨɦɭ 
ɧɟɨɛɯɨɞɢɦ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 
ɨɩɬɢɦɢɡɚɰɢɢ ɢ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, 
ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɐɟɥɶ ɪɚɛɨɬɵ. Ɉɩɬɢɦɢɡɚɰɢɹ ɡɚɤɨɧɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ɫ ɬɹɝɨɜɵɦ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɧɚ ɨɫɧɨɜɟ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɥɢɧɟɚɪɢɡɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ 
ɭɩɪɚɜɥɟɧɢɹ ɫɪɟɞɫɬɜɚɦɢ ɢɧɜɨɥɸɬɢɜɧɵɯ 
ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 
ɭɩɪɚɜɥɟɧɢɹ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɞɢɡɟɥɶ-

ɩɨɟɡɞɚ ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɬɪɟɯ ɜɚɝɨɧɨɜ [15], 

ɭɱɢɬɵɜɚɸɳɚɹ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɨɫɧɨɜɧɵɟ ɜɢɞɵ 
ɤɨɥɟɛɚɧɢɣ ɜɚɝɨɧɨɜ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɢɦɢ, ɚ 
ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɚɪɚɥɥɟɥɶɧɭɸ ɪɚɛɨɬɭ 
ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɬɹɝɨɜɵɯ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 
ɞɜɭɯ ɨɛɦɨɬɨɪɟɧɧɵɯ ɜɚɝɨɧɨɜ, ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɥɟɞɭɸɳɟɣ ɫɢɫɬɟɦɨɣ ɧɟɥɢɧɟɣɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɱɟɬɵɪɶɦɹ 
ɭɩɪɚɜɥɟɧɢɹɦɢ: 
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ɝɞɟ 
1

y – ɪɚɫɫɬɨɹɧɢɟ, ɩɪɨɯɨɞɢɦɨɟ ɞɢɡɟɥɶ-ɩɨɟɡɞɨɦ 
ɢ ɨɬɫɱɢɬɵɜɚɟɦɨɟ ɨɬ ɧɚɱɚɥɚ ɩɟɪɟɝɨɧɚ; t – ɜɪɟɦɹ; 

20220119223222111
,,...,,,,, aaaaaaa – ɩɨɫɬɨɹɧɧɵɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɭɱɢɬɵɜɚɸɬ ɩɚɪɚɦɟɬɪɵ 
ɞɜɭɯ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɪɢɜɨɞɨɜ ɨɛɦɨɬɨɪɟɧɧɵɯ 

ɜɚɝɨɧɨɜ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ; 15132
,, ɭɭɭ  – 

ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɨɝɨ, 
ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɜɚɝɨɧɨɜ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ; 

143
, ɭɭ – ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɦɟɠɞɭ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɵɦ ɢ ɜɬɨɪɵɦ, ɢ ɜɬɨɪɵɦ ɢ 
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ɬɪɟɬɶɢɦ ɜɚɝɨɧɚɦɢ ɩɨɟɡɞɚ; 
175

, ɭɭ ɢ 
2311

, ɭɭ – 

ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɢ α ɢ β ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɣ ɫɬɚɬɨɪɨɜ 
ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɨɛɦɨɬɨɪɟɧɧɵɯ ɜɚɝɨɧɨɜ; 

186
, ɭɭ

ɢ 
2412

, ɭɭ – ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɢ α ɢ β ɧɚɩɪɹɠɟɧɢɣ
ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɨɜ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɨɛɦɨɬɨɪɟɧɧɵɯ 
ɜɚɝɨɧɨɜ; 

164
, ɭɭ ɢ 

2210
, ɭɭ – ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɢ α ɢ β 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɣ ɪɨɬɨɪɨɜ ɷɤɜɢɜɚɥɟɧɬɧɵɯ 
ɞɜɢɝɚɬɟɥɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ 
ɨɛɦɨɬɨɪɟɧɧɵɯ ɜɚɝɨɧɨɜ; 

9
ɭ  ɢ 

21
ɭ – ɭɝɥɨɜɵɟ

ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɨɜ ɞɜɢɝɚɬɟɥɟɣ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɨɛɦɨɬɨɪɟɧɧɵɯ 
ɜɚɝɨɧɨɜ; 7y – ɜɟɥɢɱɢɧɚ ɛɨɤɨɜɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 

ɜɬɨɪɨɝɨ ɜɚɝɨɧɚ; 208 , ɭɭ – ɩɪɨɦɟɠɭɬɨɱɧɵɟ

ɩɟɪɟɦɟɧɧɵɟ; 19y – ɭɝɨɥ ɜɢɥɹɧɢɹ ɜɬɨɪɨɝɨ ɜɚɝɨɧɚ.
ɋ ɩɨɦɨɳɶɸ ɢɧɜɨɥɸɬɢɜɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ «ɜɯɨɞ – ɫɨɫɬɨɹɧɢɟ» ɢɫɯɨɞɧɚɹ 
ɧɟɥɢɧɟɣɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ 
ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɤ 

ɫɥɟɞɭɸɳɟɣ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɟ ɜ ɤɚɧɨɧɢɱɟɫɤɨɣ 
ɮɨɪɦɟ Ȼɪɭɧɨɜɫɤɨɝɨ: 

,  ;  ;  ; 18;  12,  ,6 ,23 ,1  ,
4

24

3

18

2

12

1

6

1
v

dt

dz
v

dt

dz
v

dt

dz
v

dt

dz
iiz

dt

dz
i

i   (4) 

ɝɞɟ 
j

v ( 4 ,1j ) – ɭɩɪɚɜɥɟɧɢɹ.
Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɭɧɤɰɢɢ )...,,,()(
2421

yyyTT
jj

y  (

4 ,1j ), ɩɪɟɨɛɪɚɡɭɸɳɢɟ ɩɟɪɟɦɟɧɧɵɟ ɢɫɯɨɞɧɨɣ 
ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɜ 
ɩɟɪɟɦɟɧɧɵɟ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɜ ɮɨɪɦɟ 
Ȼɪɭɧɨɜɫɤɨɝɨ: );(

11
yTz   ;)(

27
yTz  );(

313
yTz 

).(
419

yTz  Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɢɯ ɮɭɧɤɰɢɣ 
ɨɩɢɫɚɧɚ ɜ ɪɚɛɨɬɚɯ Д12, 15 – 17Ж. ɂɡ ɷɬɢɯ ɮɭɧɤɰɢɣ 
ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɟɪɟɦɟɧɧɵɯ: 

5432
,,,  z z zz  ɢɡ ɮɭɧɤɰɢɢ )(

1
yT ; 

,  ,,
111098

zzzz  ɢɡ ɮɭɧɤɰɢɢ )(
2

yT ; 
17161514

,,, zzzz

ɢɡ ɮɭɧɤɰɢɢ )(
3

yT ; 
23222120

,,, zzzz ɢɡ ɮɭɧɤɰɢɢ 
)(

4
yT . Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɮɭɧɤɰɢɢ, 

ɫɜɹɡɵɜɚɸɳɢɟ ɩɟɪɟɦɟɧɧɵɟ ɜ ɥɢɧɟɣɧɨɣ ɢ 
ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɹɯ. 

Ⱦɥɹ ɩɟɪɜɨɣ ɩɨɞɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɜ ɮɨɪɦɟ 
Ȼɪɭɧɨɜɫɤɨɝɨ ɩɨɥɭɱɟɧɨ 

;
11

yz  ;
211

1

2
ya

dt

dz
z  );(

51022411213232411

2

3
yyayyayaaa

dt

dz
z 

;)()(

)()()(

551452610221111101101021242111

94119210915221191054244111211123113322311

3

4

yayayyaayayayyaa

yyyayayaayyyayayaayayaaa
dt

dz
z





.)(

)())(

())(()

)(()(

)())((

510224112132324312311

31111411211332231191121591225512245222421102622941192

1091119522105222114121112110110211021221910542441119422

119222109122105122114221551452611510824118185983

2

984

5422111021119102159222542214412142110111101101021211

4

5

yyayyayaaaaa

yayaaaaayyayaayaayaayaayayyya

yaayyayaayaayaayaayayyyayaayya

yaayaayaayaayayayayyayyaayaya

yyayyaayyayaayaayaayaayayaya
dt

dz
z









Ⱦɥɹ ɜɬɨɪɨɣ ɩɨɞɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɜ ɮɨɪɦɟ 
Ȼɪɭɧɨɜɫɤɨɝɨ ɩɨɥɭɱɟɧɨ 

;
77

yz  ;
8

7

8
y

dt

dz
z  ;/)(

1371373191372871

8

9
yyyayyaya

dt

dz
z 

;/)( 2

137137371837111181471112191372718711138

2

137320

2

13728

2

71

9

10
yyyaayyaayyaayyaayaayyayyaya

dt

dz
z 



ʓˏˋ˕˓ˋˈːˍˑ ʑ.ʓ., ʖ˃ˍˑ˅ˑ˓ˑ˕ː˞ˌ ʏ.Ю. ʒˈˑˏˈ˕˓ˋ˚ˈ˔ˍ˃ˢ ˕ˈˑ˓ˋˢ ˖˒˓˃˅ˎˈːˋˢ ˅ ˊ˃ˇ˃˚˃˘ 
ˑ˒˕ˋˏˋˊ˃˙ˋˋ ˠːˈ˓ˆˑˊ˃˕˓˃˕ ˕ˢˆˑ˅ˑˆˑ ˒ˑˇ˅ˋˉːˑˆˑ ˔ˑ˔˕˃˅˃ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  

ʗː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.ͷ, №4, 2016. 

9 

ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

.))/(())/(()/()/(

))/2222)((())/

()(()/(

2

132311332871111

2

131512213121871112138737113207271

3

137137383111814112191372871811331111411211371

3

13371111

1471112

2

71

2

137371113713731913728711371317219131732017172

10

11

yy + ayayaayy + ayayaayyaa+yyaa

+yyyayya + yya + yyayayay + ay + aaa+ yyaa

+ya+aayaaayy+ ayy + ayayyy+ ayyayaa
dt

dz
z

 







Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɥɭɱɟɧɵ ɮɭɧɤɰɢɢ, 
ɫɜɹɡɵɜɚɸɳɢɟ ɩɟɪɟɦɟɧɧɵɟ ɜ ɥɢɧɟɣɧɨɣ ɢ 
ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɹɯ ɞɥɹ ɬɪɟɬɟɣ ɢ ɱɟɬɜɟɪɬɨɣ 

ɩɨɞɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɜ ɤɚɧɨɧɢɱɟɫɤɨɣ ɮɨɪɦɟ 
Ȼɪɭɧɨɜɫɤɨɝɨ ɩɨɥɭɱɟɧɨ:

;
1313

yz  ;
311114112113

13

14
y + ay + aa

dt

dz
z  ;

23111113321111512211213121112

14

15
ya + aya + aya + ayaa

dt

dz
z 

;)(

 )( ))((

51022411213232431111

221713223161311413313412211231111411211332111121112

15

16

yy + ayy + ay + aaaa

yyayy + ay + aaaay + ay + aaa+ aaa
dt

dz
z





………………………………………………… 

;
1919

yz  ;
20

19

20
y

dt

dz
z  ;/)(

13713172191317320171

20

21
yyyayyaya

dt

dz
z 

;/)

(

2

13713172171320171111

20141711121913173171201711138

2

1317220

2

1317320

2

171

21

22

yyyaayyaa

yyaayyaayaayyayyaya
dt

dz
z





…………………………………………………

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɧɚɹ ɧɟɥɢɧɟɣɧɚɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ 
24-ɝɨ ɩɨɪɹɞɤɚ ɛɵɥɚ ɪɚɡɛɢɬɚ ɧɚ ɱɟɬɵɪɟ 
ɧɟɡɚɜɢɫɢɦɵɯ ɥɢɧɟɣɧɵɯ ɩɨɞɫɢɫɬɟɦ ɲɟɫɬɨɝɨ 
ɩɨɪɹɞɤɚ ɜ ɤɚɧɨɧɢɱɟɫɤɨɣ ɮɨɪɦɟ Ȼɪɭɧɨɜɫɤɨɝɨ, 
ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɨɞɧɨ 
ɭɩɪɚɜɥɟɧɢɟ. 

Ʌɢɧɟɣɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ 
ɭɩɪɚɜɥɟɧɢɹ ɜ ɮɨɪɦɟ Ȼɪɭɧɨɜɫɤɨɝɨ ɫɨɫɬɨɢɬ ɢɡ 
ɱɟɬɵɪɟɯ ɨɞɢɧɚɤɨɜɵɯ ɩɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ 
ɩɨɞɫɢɫɬɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, 
ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɚɫɢɧɯɪɨɧɧɵɟ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɞɜɭɯ ɨɛɦɨɬɨɪɟɧɧɵɯ ɜɚɝɨɧɨɜ 
ɞɢɡɟɥɶ-ɩɨɟɡɞɚ. ɉɨɫɤɨɥɶɤɭ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɜ 
ɨɛɦɨɬɨɪɟɧɧɵɯ ɜɚɝɨɧɚɯ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɞɢɧɚɤɨɜɵɟ, ɬɨ ɛɭɞɟɦ 
ɨɩɪɟɞɟɥɹɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɭɩɪɚɜɥɟɧɢɹ ɬɨɥɶɤɨ ɞɥɹ 
ɨɞɧɨɝɨ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ ɩɪɢɜɨɞɚ, 
ɭɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɵɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ 
ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɢ ɱɚɫɬɨɬɵ ɩɢɬɚɸɳɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. Ɍɚɤ ɤɚɤ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɬɹɝɨɜɵɦ 
ɩɪɢɜɨɞɨɦ ɱɚɫɬɨ ɜɵɞɟɪɠɢɜɚɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɚɦɩɥɢɬɭɞɨɣ ɢ ɱɚɫɬɨɬɨɣ 
ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɨɬɧɨɲɟɧɢɟ 
ɚɦɩɥɢɬɭɞɵ ɤ ɱɚɫɬɨɬɟ ɪɚɜɧɨ ɤɨɧɫɬɚɧɬɟ), ɬɨ ɦɨɠɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɢɫɤ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɢɡ 
ɭɩɪɚɜɥɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɚɦɩɥɢɬɭɞɵ ɩɢɬɚɸɳɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɨɜɚɧɢɣ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɞɜɢɠɟɧɢɸ ɫɨɫɬɚɜɚ, ɦɨɠɧɨ 

ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɞɜɟ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱɢ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɹɝɨɜɵɦ ɩɪɢɜɨɞɨɦ: 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢ ɦɢɧɢɦɢɡɚɰɢɢ 
ɜɡɜɟɲɟɧɧɨɣ ɥɢɧɟɣɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɜɪɟɦɟɧɢ ɢ 
ɪɚɫɯɨɞɚ ɤɜɚɞɪɚɬɚ ɭɩɪɚɜɥɟɧɢɹ. 

Ɋɟɲɢɦ ɜɧɚɱɚɥɟ ɫ ɩɨɦɨɳɶɸ ɩɪɢɧɰɢɩɚ 
ɦɚɤɫɢɦɭɦɚ ɉɨɧɬɪɹɝɢɧɚ ɡɚɞɚɱɭ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ. ɉɨɫɤɨɥɶɤɭ ɥɢɧɟɣɧɚɹ ɦɨɞɟɥɶ 

ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɜ ɮɨɪɦɟ Ȼɪɭɧɨɜɫɤɨɝɨ (4) 
ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ ɨɞɢɧɚɤɨɜɵɯ ɩɨ ɜɧɟɲɧɟɦɭ 
ɜɢɞɭ ɩɨɞɫɢɫɬɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, 
ɬɨ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɩɪɟɞɟɥɟɧɢɟ ɭɩɪɚɜɥɟɧɢɹ 

1v , ɦɢɧɢɦɢɡɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥ 


1

0

 ,

t

t

dtJ (5) 

ɝɞɟ 
0

t  ɢ 
1

t  – ɧɚɱɚɥɨ ɢ ɤɨɧɟɰ ɢɧɬɟɪɜɚɥɚ 
ɭɩɪɚɜɥɟɧɢɹ, ɬɨɥɶɤɨ ɞɥɹ ɨɞɧɨɣ ɢɡ ɩɨɞɫɢɫɬɟɦ – 

ɩɟɪɜɨɣ: 

.   ; 5 1,  ,
1

6

1
v

dt

dz
kz

dt

dz
k

k           (6) 

ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɭɩɪɚɜɥɟɧɢɟ 
1

v , 

ɦɢɧɢɦɢɡɢɪɭɸɳɟɟ ɮɭɧɤɰɢɨɧɚɥ (5) ɩɪɢ ɩɟɪɟɜɨɞɟ 
ɨɛɴɟɤɬɚ (6) ɢɡ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

6 ,1  ,0)(
0

 itz
i

ɜ ɤɨɧɟɱɧɨɟ ɫɨɫɬɨɹɧɢɟ 
Ltz  )(

11
, 5 ,2  ,0)(

1
 jtz

j
. ɉɪɢ ɷɬɨɦ ɧɚ 

ɭɩɪɚɜɥɟɧɢɟ 
1

v ɧɚɥɨɠɟɧɵ ɨɝɪɚɧɢɱɟɧɢɹ: 
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max11min1
vvv  ; 0

min1
v , 0

max1
v . (7) Ɂɚɩɢɲɟɦ ɮɭɧɤɰɢɸ Ƚɚɦɢɥɶɬɨɧɚ:

;6 0,  ,)  ),(  ),((
001665544332211

 izvzzzzzvttzH
ii

(8)

),  ),(  ),((max)  ),(  ),((
11

1

vttzHvttzH
ii

Gv
ii




ɝɞɟ 1
0
z  – ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɮɚɡɨɜɚɹ

ɩɟɪɟɦɟɧɧɚɹ, ɭɱɢɬɵɜɚɸɳɚɹ ɧɚɥɢɱɢɟ ɮɭɧɤɰɢɨɧɚɥɚ 

(5); )60,(  i
i

 – ɫɨɩɪɹɠɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ; G –
ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɭɩɪɚɜɥɟɧɢɣ, ɡɚɞɚɜɚɟɦɚɹ 
ɧɟɪɚɜɟɧɫɬɜɚɦɢ (7). 

ȼ ɫɢɥɭ ɥɢɧɟɣɧɨɫɬɢ ɝɚɦɢɥɶɬɨɧɢɚɧɚ (8) ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɭɩɪɚɜɥɟɧɢɸ 1v ɩɨɥɭɱɚɟɦ, ɱɬɨ ɨɧ 
ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ 
ɭɫɥɨɜɢɢ, ɱɬɨ ɭɩɪɚɜɥɟɧɢɟ 1v ɩɨ ɫɜɨɟɦɭ ɡɧɚɤɭ
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɫɨɩɪɹɠɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 6 :









.0  ɩɪɢ,

,0  ɩɪɢ,

66min1

66max1

1
v

v
v   (9) 

ɋɨɩɪɹɠɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ )60,(  i
i

ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ 

,6 0,  ,)(  ,
11








it
z

H

dt

d
ii

i

i         (10) 

ɝɞɟ )6 0, (   )(
1

 it
i

– ɡɧɚɱɟɧɢɹ ɫɨɩɪɹɠɟɧɧɵɯ
ɩɟɪɟɦɟɧɧɵɯ ɜ ɤɨɧɟɱɧɵɣ ɦɨɦɟɧɬ ɢɧɬɟɪɜɚɥɚ 
ɭɩɪɚɜɥɟɧɢɹ. 

ȼɵɩɨɥɧɹɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɩɪɚɜɵɯ 
ɱɚɫɬɟɣ ɭɪɚɜɧɟɧɢɣ (10), ɫ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ (8), 
ɩɨɥɭɱɢɦ:

.  ;  ;  ; ;  ;0  ;0
5

6

4

5

3

4

2

3

1

210 




















dt

d

dt

d

dt

d

dt

d

dt

d

dt

d

dt

d
   (11) 

ɂɧɬɟɝɪɢɪɭɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ 
(11), ɧɚɣɞɟɦ ɫɨɩɪɹɠɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ:

,
2624120

  ;
2624

;
26

  ;
2

  ;  ;  ;

65

24334251

654

233241

5

43

2231

432

21

32121100

ctct
c

t
c

t
c

t
c

ctct
c

t
c

t
c

ctct
c

t
c

ctct
c

ctccc




    (12)

ɝɞɟ )60,( kc
k

 – ɤɨɧɫɬɚɧɬɵ.

Ɍɚɤ ɤɚɤ ɤɨɧɫɬɚɧɬɵ )60,( ic
i

 ɧɟɢɡɜɟɫɬɧɵ, ɬɨ 
ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɧɰɢɩɚ ɦɚɤɫɢɦɭɦɚ ɉɨɧɬɪɹɝɢɧɚ 
ɩɪɢɜɨɞɢɬ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɤ ɤɚɱɟɫɬɜɟɧɧɨɦɭ 

ɨɩɢɫɚɧɢɸ ɢɡɦɟɧɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ. ɉɨɫɤɨɥɶɤɭ 
ɮɭɧɤɰɢɹ )(

6
t  ɦɨɠɟɬ ɦɟɧɹɬɶ ɡɧɚɤ ɧɟ ɛɨɥɟɟ ɩɹɬɢ

ɪɚɡ, ɬɨ ɢ ɭɩɪɚɜɥɟɧɢɟ 
1v ɦɨɠɟɬ ɢɦɟɬɶ ɧɟ ɛɨɥɟɟ

ɩɹɬɢ ɢɡɦɟɧɟɧɢɣ ɡɧɚɤɚ ɭɩɪɚɜɥɟɧɢɹ, ɬ.ɟ. ɧɟ ɛɨɥɟɟ 
ɲɟɫɬɢ ɢɧɬɟɪɜɚɥɨɜ ɩɨɫɬɨɹɧɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ. 
Ɉɞɧɚɤɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɪɟɲɟɧɢɟ 
ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɳɚɟɬɫɹ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɪɨɜɧɨɦ 
ɭɱɚɫɬɤɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ ɩɟɪɟɜɨɡɤɚ 
ɩɚɫɫɚɠɢɪɨɜ ɞɢɡɟɥɶ-ɩɨɟɡɞɨɦ ɧɚɱɢɧɚɟɬɫɹ ɫ ɪɚɡɝɨɧɚ, 
ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ, ɞɜɢɠɟɧɢɹ ɫ 
ɷɬɨɣ ɫɤɨɪɨɫɬɶɸ, ɚ ɡɚɬɟɦ – ɬɨɪɦɨɠɟɧɢɟ ɢ 
ɨɫɬɚɧɨɜɤɚ, ɬɨ ɟɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ ɬɨɥɶɤɨ ɞɜɚ 
ɢɧɬɟɪɜɚɥɚ ɩɨɫɬɨɹɧɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ. ȼɪɟɦɹ 
ɩɟɪɟɤɥɸɱɟɧɢɹ ɫ ɨɞɧɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɧɚ ɞɪɭɝɨɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ ɫ ɩɨɦɨɳɶɸ 

ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ. ɉɟɪɟɦɟɧɧɵɣ ɩɪɨɮɢɥɶ 
ɩɭɬɢ ɧɚ ɪɚɜɧɢɧɧɨɣ ɦɟɫɬɧɨɫɬɢ ɧɟ ɜɧɨɫɢɬ 
ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɡɚɤɨɧ ɭɩɪɚɜɥɟɧɢɹ, 
ɨɞɧɚɤɨ ɜɪɟɦɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɫ ɨɞɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɧɚ ɞɪɭɝɨɟ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɢ ɦɨɠɟɬ ɧɟ ɛɵɬɶ 
ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ 
ɞɜɢɠɟɧɢɹ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ 
ɜɡɜɟɲɟɧɧɨɣ ɥɢɧɟɣɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɜɪɟɦɟɧɢ 
ɞɜɢɠɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɤɜɚɞɪɚɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɨɛɴɟɤɬ 
ɭɩɪɚɜɥɟɧɢɹ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ (6), 
ɚ ɭɩɪɚɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɦɢɧɢɦɭɦɚ 
ɮɭɧɤɰɢɨɧɚɥɚ: 

 
1

0

2

1
 ,)(1

t

v
dtvkJ (13) 

ɝɞɟ 
v

k – ɩɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ.
Ɉɫɧɨɜɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɩɪɢɧɰɢɩɚ ɦɚɤɫɢɦɭɦɚ 

ɉɨɧɬɪɹɝɢɧɚ ɢɦɟɸɬ ɜɢɞ: 

;6 0,  ,)(1) ),( ),((
0

2

11665544332211
 ivkvzzzzzvttzH

vii
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;6 0, )),  ),(  ),(((max)  ),(  ),((
1

v
1

1




ivttzHvttzH
ii

G
ii

;6 2,  ,)( ;)(  ;6 1,  ,0)(  ,
11110





 iztzLtzitz
H

dt

dz
iii

i

i

6 0,  ,)( ,
11





 it
z

H

dt

d
ii

i

i 


, (14)

ɝɞɟ G – ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɭɩɪɚɜɥɟɧɢɣ, 
ɡɚɞɚɜɚɟɦɚɹ ɧɟɪɚɜɟɧɫɬɜɚɦɢ (7); )(

0
tz

i
, )(

1
tz

i
 – 

ɡɧɚɱɟɧɢɹ ɮɚɡɨɜɵɯ ɩɟɪɟɦɟɧɧɵɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 
ɧɚɱɚɥɶɧɵɣ ɢ ɤɨɧɟɱɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

0
t , 

1
t , 

6 1,i ; )(
1
t

i
 – ɡɧɚɱɟɧɢɹ ɫɨɩɪɹɠɟɧɧɵɯ 

ɩɟɪɟɦɟɧɧɵɯ ɜ ɤɨɧɟɱɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
1

t , 

6 0,i . 

ɋɨɩɪɹɠɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ 6 0,),(  it
i

, ɤɚɤ 
ɢ ɜ ɡɚɞɚɱɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ, 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹɦɢ (11). 

ȿɫɥɢ ɭɩɪɚɜɥɟɧɢɟ 
1

v ɜ ɪɟɠɢɦɟ ɬɹɝɢ ɧɚɯɨɞɢɬɫɹ 
ɜɧɭɬɪɢ ɞɨɩɭɫɬɢɦɨɣ ɨɛɥɚɫɬɢ ɭɩɪɚɜɥɟɧɢɣ G, ɬɨɝɞɚ 
ɫɩɪɚɜɟɞɥɢɜɵ ɫɨɨɬɧɨɲɟɧɢɹ 
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ɉɨ ɨɫɧɨɜɧɨɣ ɬɟɨɪɟɦɟ ɩɪɢɧɰɢɩɚ ɦɚɤɫɢɦɭɦɚ 
[18] ɜɟɤɬɨɪ ɫɨɩɪɹɠɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 

 
410

 ..., , ,   ɨɩɪɟɞɟɥɟɧ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 
ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ 
ɦɧɨɠɢɬɟɥɹ ɢ 0const)(

0
 t (ɫɢɬɭɚɰɢɹ 

ɚɧɨɪɦɚɥɶɧɵɯ ɜɚɪɢɚɰɢɨɧɧɵɯ ɡɚɞɚɱ, ɤɨɝɞɚ 
0)(

0
 t , ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ, ɩɨɫɤɨɥɶɤɭ 

ɪɟɲɚɟɦɚɹ ɡɚɞɚɱɚ ɤ ɷɬɨɦɭ ɤɥɚɫɫɭ ɧɟ ɨɬɧɨɫɢɬɫɹ), 
ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɩɪɢɧɹɬɶ: 1

0
 . 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɟ ɜ ɢɧɬɟɪɜɚɥɟ 
ɜɪɟɦɟɧɢ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɨɦ ɬɹɝɢ ɜɵɩɨɥɧɹɟɬɫɹ 
ɪɚɜɟɧɫɬɜɨ 

0const)  ),(  ),((max
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vttzHH
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Gu
.     (15)

ɂɦɟɹ ɞɜɚ ɢɧɬɟɝɪɚɥɚ ɇ ɢ   ɭɪɚɜɧɟɧɢɣ 
ɞɜɢɠɟɧɢɹ, ɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɫɤɨɛɨɤ ɉɭɚɫɫɨɧɚ 
ɩɨɥɭɱɢɬɶ ɬɪɟɬɢɣ ɢɧɬɟɝɪɚɥ ɞɜɢɠɟɧɢɹ [19]: 
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ɝɞɟ ɉ][ H  – ɫɤɨɛɤɢ ɉɭɚɫɫɨɧɚ ɢɧɬɟɝɪɚɥɨɜ ɇ ɢ 
ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ. 

ɂɡ ɜɵɪɚɠɟɧɢɣ (12) ɢ (17) ɫɥɟɞɭɟɬ, ɱɬɨ 
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ɂɫɤɥɸɱɚɹ 6 ɢɡ ɜɵɪɚɠɟɧɢɣ (18), ɩɨɥɭɱɢɦ

.1
1 v

kv 

ɉɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ 
v

k ɭɩɪɚɜɥɟɧɢɟ 
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v ɜ 
ɪɟɠɢɦɟ ɬɹɝɢ ɦɨɠɟɬ ɩɪɟɜɨɫɯɨɞɢɬɶ 

max1
v , ɬ.ɟ. 

ɜɵɯɨɞɢɬɶ ɡɚ ɩɪɟɞɟɥɵ ɞɨɩɭɫɬɢɦɨɣ ɨɛɥɚɫɬɢ 
ɭɩɪɚɜɥɟɧɢɣ, ɩɨɷɬɨɦɭ ɨɧɨ ɞɨɥɠɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ 
ɫɨɨɬɧɨɲɟɧɢɟɦ: 
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Ɉɩɪɟɞɟɥɢɦ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 

minv
k , ɤɨɬɨɪɨɟ ɢɦɟɟɬ 

ɫɦɵɫɥ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɮɭɧɤɰɢɨɧɚɥɟ (13): 
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max1
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v
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɨɥɶɤɨ ɩɪɢ 
minvv

kk   ɪɟɲɟɧɢɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ. 

ɂɫɯɨɞɹ ɢɡ ɢɡɥɨɠɟɧɧɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ 
ɨ ɬɨɦ, ɱɬɨ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ ɢɥɢ 
ɬɨɩɥɢɜɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɫɨɫɬɚɜɚ ɫ 
ɪɚɡɥɢɱɧɨɣ ɡɚɝɪɭɡɤɨɣ ɢɡ ɧɚɱɚɥɶɧɨɝɨ ɜ ɤɨɧɟɱɧɵɣ 
ɩɭɧɤɬ ɧɚɡɧɚɱɟɧɢɹ ɡɚ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ, 

ɦɚɲɢɧɢɫɬɭ ɧɟɨɛɯɨɞɢɦɨ ɜɟɫɬɢ ɞɢɡɟɥɶ-ɩɨɟɡɞ ɫ 
ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɩɪɢ ɤɨɬɨɪɨɣ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚɞɚɧɧɵɣ ɪɚɫɩɢɫɚɧɢɟɦ ɝɪɚɮɢɤ 
ɞɜɢɠɟɧɢɹ ɩɨ ɩɟɪɟɝɨɧɭ. 

Ɉɞɧɚɤɨ ɡɧɚɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɭɩɪɚɜɥɟɧɢɣ ɞɥɹ 
ɤɚɠɞɨɣ ɝɨɥɨɜɤɢ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɫɟɦ ɫɨɫɬɚɜɨɦ, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɢ ɩɪɚɤɬɢɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ʉɚɤ 
ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ ɞɜɢɠɟɧɢɹ ɞɢɡɟɥɶ-ɩɨɟɡɞɨɜ 
ȾɗɅ-02 ɧɚ ɦɚɪɲɪɭɬɚɯ ɩɪɢɝɨɪɨɞɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 
Ɉɞɟɫɫɤɨɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ ɩɪɢ ɩɟɪɟɜɨɡɤɟ 
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ɩɚɫɫɚɠɢɪɨɜ ɧɚ ɪɚɜɧɢɧɧɨɣ ɦɟɫɬɧɨɫɬɢ (ɤɨɝɞɚ 
ɩɟɪɟɦɟɧɧɵɣ ɩɪɨɮɢɥɶ ɩɭɬɢ ɧɟ ɜɧɨɫɢɬ 
ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɡɚɤɨɧ ɭɩɪɚɜɥɟɧɢɹ), 
ɪɚɫɯɨɞ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɩɪɢ ɜɟɞɟɧɢɢ ɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɝɨɥɨɜɨɤ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ, 
ɪɚɛɨɬɚɸɳɢɯ ɫɢɧɯɪɨɧɧɨ ɧɚ ɨɞɢɧɚɤɨɜɵɯ ɩɨɡɢɰɢɹɯ 
ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ, ɜɵɲɟ, ɱɟɦ ɩɪɢ ɜɟɞɟɧɢɢ 
ɫɨɫɬɚɜɚ ɧɚ ɨɞɧɨɣ ɝɨɥɨɜɤɟ ɩɨɟɡɞɚ ɫ ɩɨɥɧɨɫɬɶɸ 
ɜɵɤɥɸɱɟɧɧɨɣ ɜɬɨɪɨɣ ɝɨɥɨɜɤɨɣ (ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ 
ɝɨɞɚ), ɢɥɢ ɫ ɱɚɫɬɢɱɧɨ ɜɤɥɸɱɟɧɧɨɣ ɜɬɨɪɨɣ 
ɝɨɥɨɜɤɨɣ (ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ), ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɚ 
ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ ɞɥɹ ɜɧɭɬɪɟɧɧɢɯ ɧɭɠɞ ɩɨɟɡɞɚ ɢ 
ɨɛɨɝɪɟɜɚ ɜɚɝɨɧɨɜ. ɉɪɢ ɷɬɨɦ ɦɟɧɶɲɢɣ ɪɚɫɯɨɞ 
ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɞɚɠɟ ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, 
ɱɬɨ ɦɚɲɢɧɢɫɬɭ ɩɪɢɯɨɞɢɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɛɨɥɟɟ 
ɢɧɬɟɧɫɢɜɧɵɣ ɪɚɡɝɨɧ ɫɨɫɬɚɜɚ ɧɚ ɨɞɧɨɣ ɝɨɥɨɜɤɟ ɫ 
ɩɨɦɨɳɶɸ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɹɝɨɜɵɯ ɩɨɡɢɰɢɣ 
ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ ɞɨ ɛɨɥɶɲɟɣ ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɢɧɬɟɧɫɢɜɧɨɟ 
ɬɨɪɦɨɠɟɧɢɟ ɞɥɹ ɜɵɞɟɪɠɢɜɚɧɢɹ ɜɪɟɦɟɧɢ, 
ɫɜɹɡɚɧɧɨɝɨ ɫ ɪɚɫɩɢɫɚɧɢɟɦ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ ɩɨ 
ɞɚɧɧɨɦɭ ɦɚɪɲɪɭɬɭ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ ɞɜɢɠɟɧɢɹ ɞɢɡɟɥɶ-

ɩɨɟɡɞɚ ɦɟɠɞɭ ɞɜɭɦɹ ɫɬɚɧɰɢɹɦɢ ɦɚɪɲɪɭɬɚ ɧɚ 
ɪɚɜɧɨɦ ɭɱɚɫɬɤɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ ɞɥɢɧɧɨɣ 
L = 3 ɤɦ ɡɚ ɜɪɟɦɹ t = 5 ɦɢɧ ɫ ɭɱɟɬɨɦ ɞɟɣɫɬɜɭɸɳɢɯ 
ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɫɤɨɪɨɫɬɶ (V ≤ 50 ɤɦ/ɱ) ɢ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɭɫɤɨɪɟɧɢɹ a ɩɪɢ ɜɟɞɟɧɢɢ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɫɜɹɡɚɧɧɵɯ ɫ ɤɨɦɮɨɪɬɨɦ 
ɩɨɟɡɞɤɢ ɩɚɫɫɚɠɢɪɨɜ ɜ ɪɟɠɢɦɚɯ ɪɚɡɝɨɧɚ ɢ 
ɬɨɪɦɨɠɟɧɢɹ )ɫɦ17.0ɫɦ701( 22  a. . 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɜɨ 
ɜɪɟɦɟɧɢ ɩɨɡɢɰɢɣ ɬɹɝɨɜɨɝɨ (NɄɆ) ɢ ɬɨɪɦɨɡɧɨɝɨ 
(NɌɄɆ) ɤɨɧɬɪɨɥɥɟɪɨɜ ɦɚɲɢɧɢɫɬɚ, ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɩɟɪɜɨɝɨ, ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɜɚɝɨɧɨɜ 
ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ( 15313221

,, ɭVɭVɭV  ), 

ɭɫɤɨɪɟɧɢɹ ɩɟɪɜɨɝɨ ɜɚɝɨɧɚ ɩɨɟɡɞɚ (a), ɩɪɨɣɞɟɧɧɨɝɨ 
ɩɭɬɢ ( 1ɭS  ), ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɦɟɠɞɭ ɩɟɪɜɵɦ 
ɢ ɜɬɨɪɵɦ ( 312

ɭF  ), ɢ ɜɬɨɪɵɦ ɢ ɬɪɟɬɶɢɦ ɜɚɝɨɧɚɦɢ
ɩɨɟɡɞɚ ( 1423

ɭF  ), ɚ ɬɚɤɠɟ ɪɚɫɯɨɞɨɜ ɷɧɟɪɝɢɢ (ȿ) 

ɩɨɬɪɟɛɥɟɧɧɨɣ ɞɢɡɟɥɶ-ɩɨɟɡɞɨɦ ɩɪɢ ɞɜɢɠɟɧɢɢ 

ɦɟɠɞɭ ɞɜɭɦɹ ɫɬɚɧɰɢɹɦɢ. ɉɪɢ ɷɬɨɦ ɧɚ ɪɢɫ. 1, ɚ, ɜ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɩɪɨɰɟɫɫɨɜ ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɩɪɨɰɟɫɫɟ 
ɞɜɢɠɟɧɢɹ ɞɜɭɯ ɦɨɬɨɪɧɵɯ ɜɚɝɨɧɨɜ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ, 
ɪɚɛɨɬɚɸɳɢɯ ɫɢɧɯɪɨɧɧɨ ɧɚ 1-3 ɩɨɡɢɰɢɹɯ ɬɹɝɨɜɨɝɨ 
ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ ɜ ɪɟɠɢɦɟ ɪɚɡɝɨɧɚ ɩɨɟɡɞɚ 
(ɫ 0 ɩɨ 80 ɫɟɤ) ɢ ɧɚ 2 ɩɨɡɢɰɢɢ ɜ ɪɟɠɢɦɟ 
ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 
(V = 50 ɤɦ/ɱ) ɞɜɢɠɟɧɢɹ (ɫ 81 ɩɨ 245 ɫɟɤ), ɚ ɧɚ 
ɪɢɫ. 1, ɛ, ɝ – ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɞɧɨɝɨ ɦɨɬɨɪɧɨɝɨ 
ɜɚɝɨɧɚ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ɪɚɛɨɬɚɸɳɟɣ ɧɚ 1-6 

ɩɨɡɢɰɢɹɯ ɬɹɝɨɜɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ ɜ 
ɪɟɠɢɦɟ ɪɚɡɝɨɧɚ ɩɨɟɡɞɚ (ɫ 0 ɩɨ 145 ɫɟɤ) ɢ ɧɚ 4 
ɩɨɡɢɰɢɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ (V = 50 ɤɦ/ɱ) ɞɜɢɠɟɧɢɹ (ɫ 
146 ɩɨ 245 ɫɟɤ). 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 1 ɪɚɫɯɨɞ 
ɷɧɟɪɝɢɢ E ɩɪɢ ɜɟɞɟɧɢɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɫ 
ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɛɦɨɬɨɪɟɧɧɵɯ ɜɚɝɨɧɨɜ ɞɢɡɟɥɶ-

ɩɨɟɡɞɚ, ɪɚɛɨɬɚɸɳɢɯ ɫɢɧɯɪɨɧɧɨ ɧɚ ɨɞɢɧɚɤɨɜɵɯ 
ɩɨɡɢɰɢɹɯ ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ ɜɵɲɟ, ɱɟɦ ɩɪɢ 
ɜɟɞɟɧɢɢ ɫɨɫɬɚɜɚ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɝɨ 
ɨɛɦɨɬɨɪɟɧɧɨɝɨ ɜɚɝɨɧɚ ɩɨɟɡɞɚ ɫ ɩɨɥɧɨɫɬɶɸ 
ɜɵɤɥɸɱɟɧɧɵɦ ɜɬɨɪɵɦ ɨɛɦɨɬɨɪɟɧɧɵɦ ɜɚɝɨɧɨɦ. 
ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɧɚ ɧɢɠɧɢɯ ɩɨɡɢɰɢɹɯ 
ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ ɤ.ɩ.ɞ. ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɬɨɩɥɢɜɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɦɟɧɶɲɟ ɱɟɦ 
ɧɚ ɜɵɫɲɢɯ ɩɨɡɢɰɢɹɯ ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ. 
Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɫɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ 
ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɞɜɭɦɹ ɬɹɝɨɜɵɦɢ ɝɟɧɟɪɚɬɨɪɚɦɢ 
ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ȾɗɅ-02 ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɬɨɪɨɣ 
ɩɨɡɢɰɢɢ ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ ɩɪɢ 
ɩɨɞɞɟɪɠɚɧɢɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɚ V1 = 50 

ɤɦ/ɱ (ɪɢɫ. 1, ɚ, ɫ 81 ɩɨ 245 ɫɟɤ), ɩɪɢ ɭɫɥɨɜɢɢ 
ɫɢɧɯɪɨɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɭɯ ɨɛɦɨɬɨɪɟɧɧɵɯ 
ɜɚɝɨɧɨɜ, ɜɵɲɟ, ɱɟɦ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ 
ɜɵɪɚɛɚɬɵɜɚɟɬ ɬɹɝɨɜɵɣ ɝɟɧɟɪɚɬɨɪ ɩɟɪɜɨɝɨ 
ɨɛɦɨɬɨɪɟɧɧɨɝɨ ɜɚɝɨɧɚ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɱɟɬɜɟɪɬɨɣ ɩɨɡɢɰɢɢ ɤɨɧɬɪɨɥɥɟɪɚ 
ɦɚɲɢɧɢɫɬɚ (ɪɢɫ. 1, ɛ, ɫ 146 ɩɨ 245 ɫɟɤ) ɩɪɢ 
ɩɨɞɞɟɪɠɚɧɢɢ ɬɨɣ ɠɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ (ɬɚɛɥ. 1). 
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Ɋɢɫ. 1. Ƚɪɚɮɢɤɢ ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɞɜɢɠɟɧɢɢ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ɧɚ ɪɚɜɧɨɦ ɭɱɚɫɬɤɟ ɩɭɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ:  

ɚ, ɜ – ɞɜɭɯ ɬɹɝɨɜɵɯ ɝɨɥɨɜɨɤ (ɫɢɧɯɪɨɧɧɨ); ɛ, ɝ – ɨɞɧɨɣ ɬɹɝɨɜɨɣ ɝɨɥɨɜɤɢ 

Fig. 1. Graphs of a diesel train moving on the level track with the use of: ɚ, ɜ – 2 traction drives (in synchronism); 

ɛ, ɝ – one traction drive 

Ɍɚɛɥɢɰɚ 1 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ (Чɞ) ɢ ɬɹɝɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ (Pɝ) ɩɨ ɩɨɡɢɰɢɹɦ ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ (ɄɆ) 
Table 1 

Rotation rate (nɞ) and traction generator (Pɝ) by reference to the main controller (KM) 

ɉɨɡɢɰɢɹ ɄɆ 0 1 2 3 4 5 6 7 8 

nɞ, ɦɢɧ-1
800 800 1000 1200 1400 1600 1800 2000 2100 

Pɝ, ɤȼɬ 83 83 128 190 246 333 386 432 472 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɚ ɦɨɞɢɮɢɤɚɰɢɹ 
ɦɟɬɨɞɚ ɨɩɬɢɦɢɡɚɰɢɢ ɷɧɟɪɝɨɡɚɬɪɚɬ ɬɹɝɨɜɨɝɨ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɫɜɹɡɚɧɧɚɹ ɫ ɜɜɟɞɟɧɢɟɦ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɷɬɚɩɚ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɵɯ 
ɭɩɪɚɜɥɟɧɢɣ, ɬ.ɟ. ɨɩɬɢɦɢɡɚɰɢɸ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɨɞɢɬɶ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɢɫɤ ɨɩɬɢɦɚɥɶɧɵɯ ɭɩɪɚɜɥɟɧɢɣ ɧɚ 
ɭɪɨɜɧɟ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɨɛɦɨɬɨɪɟɧɧɵɯ 

ɜɚɝɨɧɨɜ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ, ɚ ɞɪɭɝɨɣ, ɨɩɬɢɦɢɡɚɰɢɸ ɧɚ 
ɭɪɨɜɧɟ ɞɜɢɠɟɧɢɹ ɜɫɟɝɨ ɫɨɫɬɚɜɚ ɩɨ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɩɟɪɟɝɨɧɚɦ. 

Ɂɚɤɥɸɱɟɧɢɟ 

ɋɪɟɞɫɬɜɚɦɢ ɢɧɜɨɥɸɬɢɜɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɭɱɟɧɚ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɚɹ ɥɢɧɟɣɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 
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ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɞɢɡɟɥɶ-ɩɨɟɡɞɚ ɫ ɞɜɭɦɹ 
ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɬɹɝɨɜɵɦɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ, 
ɤɨɬɨɪɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚ ɧɟɥɢɧɟɣɧɨɣ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɟɦɨɣ ɫɢɫɬɟɦɨɣ 
ɧɟɥɢɧɟɣɧɵɯ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ 24-ɝɨ ɩɨɪɹɞɤɚ ɫ ɱɟɬɵɪɶɦɹ 
ɭɩɪɚɜɥɟɧɢɹɦɢ. ɑɢɫɥɨ ɭɪɚɜɧɟɧɢɣ ɜ ɷɬɨɣ ɦɨɞɟɥɢ, 
ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ, ɜ ɩɹɬɶ ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɜ 
ɢɡɜɟɫɬɧɵɯ ɩɪɢɦɟɪɚɯ, ɝɞɟ ɩɪɢɦɟɧɹɟɬɫɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɭɩɪɚɜɥɟɧɢɹ. ɋ ɩɨɦɨɳɶɸ 
ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɢ ɩɪɢɧɰɢɩɚ ɦɚɤɫɢɦɭɦɚ 
ɉɨɧɬɪɹɝɢɧɚ ɪɟɲɟɧɵ ɞɜɟ ɡɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɞɢɡɟɥɶ-ɩɨɟɡɞɨɦ. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
1. Ʉɨɦɩɥɟɤɫɧɚ ɩɪɨɝɪɚɦɚ ɨɧɨɜɥɟɧɧɹ ɡɚɥɿɡɧɢɱɧɨɝɨ

ɪɭɯɨɦɨɝɨ ɫɤɥɚɞɭ ɍɤɪɚʀɧɢ ɧɚ 2008–2020 ɪɨɤɢ / 
Ɇɿɧɿɫɬɟɪɫɬɜɨ ɬɪɚɧɫɩɨɪɬɭ ɬɚ ɡɜ’ɹɡɤɭ ɍɤɪɚʀɧɢ, Ⱦɟɪɠɚɜɧɚ 
Ⱥɞɦɿɧɿɫɬɪɚɰɿɹ ɡɚɥɿɡɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ ɍɤɪɚʀɧɢ. Ʉɢʀɜ, 
2009. 299 ɫ. 

2. Ɋɨɡɩɨɪɹɞɠɟɧɧɹ «Ɍɪɚɧɫɩɨɪɬɧɚ ɫɬɪɚɬɟɝɿɹ 
ɍɤɪɚʀɧɢ ɧɚ ɩɟɪɿɨɞ ɞɨ 2020 ɪ.», ɫɯɜɚɥɟɧɚ ɩɨɫɬɚɧɨɜɨɸ 
Ʉɚɛɿɧɟɬɭ Ɇɿɧɿɫɬɪɿɜ ɍɤɪɚʀɧɢ ɜɿɞ 20 ɠɨɜɬɧɹ 2010 ɪ. 
№ 2174. URL: http://zakon3.rada.gov.ua/ 

laws/show/2174-2010-ɪ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 18.03.2016). 
3. ɉɪɨɟɤɬ «ɋɬɪɚɬɟɝɿɱɧɢɣ ɩɥɚɧ ɪɨɡɜɢɬɤɭ 

ɡɚɥɿɡɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ ɧɚ ɩɟɪɿɨɞ ɞɨ 2020 ɪ.» URL: 

http://mtu.gov.ua/projects/view.php?P=23 (ɞɚɬɚ 
ɨɛɪɚɳɟɧɢɹ: 13.10.2016). 

4. Ɇɟɬɨɞɵ ɤɥɚɫɫɢɱɟɫɤɨɣ ɢ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪɢɢ
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ: ɍɱɟɛɧɢɤ ɜ 5-ɢ ɬɨɦɚɯ. 
Ɍ. 5: Ɇɟɬɨɞɵ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ / Дɩɨɞ 
ɪɟɞ. Ʉ.Ⱥ. ɉɭɩɤɨɜɚ, ɇ.Ⱦ. ȿɝɭɩɨɜɚЖ. Ɇ.: ɂɡɞ-ɜɨ ɆȽɌɍ 
ɢɦ. ɇ.ɗ. Ȼɚɭɦɚɧɚ, 2004. 784 ɫ.  

5. ɋɤɚɥɨɡɭɛ ȼ.ȼ. Ɉɩɬɢɦɢɡɚɰɢɹ ɪɟɠɢɦɨɜ ɜɟɞɟɧɢɹ
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