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ǜǱǳȊǸǱ 
ɇɚ ɝɪɭɡɨɜɵɯ ɷɥɟɤɬɪɨɜɨɡɚɯ ɨɞɧɨɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɧɚɩɪɹɠɟɧɢɟɦ 25 ɤȼ 50 Ƚɰ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɦɟɧɹɟɬɫɹ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɬɪɟɯɮɚɡɧɵɯ ɚɫɢɧɯɪɨɧɧɵɯ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɲɢɧ ɫ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟɦ ɨɬ ɜɬɨɪɢɱɧɨɣ 
ɨɛɦɨɬɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɬɹɝɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɷɥɟɤɬɪɨɜɨɡɚ. Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɞɧɨɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɢɫɥɚ ɮɚɡ ɫ ɫɢɦɦɟɬɪɢɪɭɸɳɢɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ 
ɫɜɹɡɶɸ ɱɚɫɬɨɬɵ ɢ ɱɢɫɥɚ ɮɚɡ ɫ 50 Ƚɰ ɧɚ 16 2/3 Ƚɰ. ɉɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɢ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɮɨɪɦɟ ɤɪɢɜɨɣ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɦɩɥɢɬɭɞɧɭɸ ɢ ɭɝɥɨɜɭɸ 
ɫɢɦɦɟɬɪɢɸ ɬɪɟɯɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɲɢɧ. 
ɂɡ-ɡɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɜɹɡɢ ɬɹɝɨɜɵɯ ɨɛɦɨɬɨɤ ɫ ɨɛɦɨɬɤɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɬɨɤɨɩɪɢɟɦɧɢɤɟ ɷɥɟɤɬɪɨɜɨɡɚ ɢ ɧɟɥɢɧɟɣɧɵɯ ɢɫɤɚɠɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɢ-
ɫɬɟɦɚ ɧɚɩɪɹɠɟɧɢɣ ɬɨɤɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɨɛɦɨɬɤɚɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɮɨɪɦɢɪɭɟɬ ɬɨɪɦɨɡɧɨɣ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɩɟɪɟɯɨɞɹɬ ɧɚ ɧɟɭɫɬɨɣɱɢɜɭɸ ɜɟɬɜɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɤɚɡɵɜɚɸɬɫɹ 
ɜ ɪɟɠɢɦɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. ȼ ɫɬɚɬɶɟ ɦɟɬɨɞɨɦ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
FFT-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɩɪɟɞ-
ɥɨɠɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɮɭɧɤɰɢ-
ɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɜɚɪɢɚɬɨɪɚ ɢ ɚɜ-
ɬɨɧɨɦɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ ɢɧɜɟɪɬɨɪɚ ɞɥɹ ɩɥɚɜɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɟɣ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɲɢɧ. 
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 Abstract 
Single-phase alternating current electric freight locomotives with a voltage of 25 kV and 50 Hz currently use an electrome-

chanical system of three-phase asynchronous auxiliary buses with power supply from the secondary own needs winding of the 

electric locomotive's traction transformer. To convert a single-phase voltage, a phase number converter with symmetrical 

capacitors and a converter with direct frequency and phase coupling from 50 Hz to 162/3 Hz are used. At the rated voltage and 

the sinusoidal shape of the voltage curve in the transformer's own needs winding, the equipment does not  ensure the ampli-

tude and angular symmetry of the three-phase voltage on the stator windings of asynchronous electric motors of auxiliary 

machines. Due to the electromagnetic coupling of the traction windings with the transformer's own needs winding, when the 
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voltage on the electric current collector is deflected and the voltage in the winding of its own needs is nonlinear, the volt age 

system and the reverse current in the windings of electric motors form a braking electromagnetic moment and the electric 

motors switch to an unstable branch of the mechanical characteristic turning to the short circuit mode. In the article, the pro-

posed technical solutions for improving the operation of an electromechanical system are evaluated by means of the met hod 

of simulation modeling using the spectral FFT transformation and the developed theory of electromagnetic and energy pro-

cesses. The improvement of the functional properties of the system is ensured through the use of an electric semiconductor 

variator and an autonomous three-phase inverter to smoothly change the voltage frequency on the stator windings of electric 

motors and the performance of auxiliary machines. 
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converter, electrical resistance, frequency, auxiliary machines, power controller, electric motor 
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ǎǮǱǰǱǹǴǱ 
ɀɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɬɪɚɧɫɩɨɪɬ ɜɵɩɨɥɧɹɟɬ 

ɫɟɪɶɟɡɧɵɟ ɫɬɪɚɬɟɝɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɝɨɫɭɞɚɪɫɬɜɚ, 
ɤɚɫɚɸɳɢɟɫɹ ɩɨɬɪɟɛɧɨɫɬɟɣ ɧɚɫɟɥɟɧɢɹ ɫɬɪɚɧɵ, 
ɬɨɜɚɪɧɨɝɨ ɪɵɧɤɚ, ɩɟɪɟɜɨɡɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ. ȼ 
ɤɨɧɬɟɤɫɬɟ ɦɚɫɲɬɚɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɨɬɪɚɫɥɢ 
ɜɚɠɧɟɣɲɟɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɢɧɧɨɜɚɰɢɨɧɧɨɟ ɪɚɡ-
ɜɢɬɢɟ ɨɞɧɨɝɨ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɷɬɨɝɨ ɪɹɞɚ – ɷɧɟɪ-
ɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɫɮɟɪɟ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɹɝɨɜɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨ-
ɫɬɚɜɚ [1]. Ƚɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɫɬɪɚɬɟɝɢɹ «ɉɪɨɝɧɨɡ 
ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝ.» ɨɩɪɟɞɟɥɹɟɬ 
ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɨɛɥɚɫɬɢ ɪɚɡɜɢɬɢɹ 
ɧɚɭɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɪɟɚɥɢɡɚ-
ɰɢɸ ɤɨɧɤɭɪɟɧɬɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ Ɋɨɫɫɢɢ [2]. 

ɍɬɜɟɪɠɞɟɧɧɵɟ ɫɬɪɚɬɟɝɢɱɟɫɤɢɟ ɢɧɢɰɢɚɬɢɜɵ ɪɟ-
ɚɥɢɡɭɸɬ ɢɧɧɨɜɚɰɢɨɧɧɵɣ ɩɭɬɶ ɪɚɡɜɢɬɢɹ ɧɚ ɨɫ-
ɧɨɜɟ ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɫ ɧɚɢɛɨɥɶɲɢɦ ɦɭɥɶ-
ɬɢɩɥɢɤɚɬɢɜɧɵɦ ɷɮɮɟɤɬɨɦ. ɗɬɨɬ ɷɮɮɟɤɬ ɞɨɥɠɟɧ 
ɨɛɟɫɩɟɱɢɬɶ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɪɚɛɨɬ, ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ ɨɬɪɚɫɥɢ ɢ 
ɥɨɤɨɦɨɬɢɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɰɟɥɨɦ. Ɂɚ ɫɱɟɬ ɧɟ-
ɩɪɟɪɵɜɧɨɝɨ ɧɚɪɚɳɢɜɚɧɢɹ ɬɹɠɟɥɨɜɟɫɧɨɝɨ ɢ ɫɤɨ-
ɪɨɫɬɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɨ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɦɚɝɢ-
ɫɬɪɚɥɹɦ, ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɞɜɨɟɧɧɵɯ ɢ ɞɥɢɧɧɨɫɨ-
ɫɬɚɜɧɵɯ ɩɨɟɡɞɨɜ, ɚ ɬɚɤɠɟ ɩɪɢɦɟɧɟɧɢɹ ɫɨɜɪɟ-
ɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɩɭɫɤɚ ɬɪɚɧɫɩɨɪɬɧɨ-

ɥɨɝɢɫɬɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚ-
ɰɢɢ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɪɨɜɨɡɧɭɸ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɞɨ 180 ɦɥɧ ɬ ɜ ɝɨɞ [3, 4]. ȼ ɭɫɥɨɜɢɹɯ ɜɵ-

ɫɨɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɧɚ ɥɢɧɢɢ ɫ ɫɨ-
ɤɪɚɳɟɧɢɟɦ ɢɧɬɟɪɜɚɥɨɜ ɦɟɠɞɭ ɩɨɟɡɞɚɦɢ ɞɨ 5–
10 ɦɢɧ [5] ɤ ɨɛɨɪɭɞɨɜɚɧɢɸ ɥɨɤɨɦɨɬɢɜɚ ɩɪɟɞɴ-
ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ 
ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ɭɡɥɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ «ɝɨ-
ɪɹɱɟɝɨ» ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɩɨ ɫɨɜɟɪɲɟɧ-
ɫɬɜɨɜɚɧɢɸ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ. ȼ ɧɚɫɬɨ-
ɹɳɟɟ ɜɪɟɦɹ ɝɪɭɡɨɜɵɟ ɷɥɟɤɬɪɨɜɨɡɵ ɨɞɧɨɮɚɡɧɨɝɨ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɧɚɩɪɹɠɟɧɢɟɦ 25 ɤȼ 50 Ƚɰ [6] 

ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɫɢɫɬɟɦɨɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɱɢɫɥɚ ɮɚɡ (ɋɉɑɎ) ɫ ɫɢɦɦɟɬɪɢɪɭɸɳɢɦɢ ɤɨɧ-
ɞɟɧɫɚɬɨɪɚɦɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɢɫɥɚ ɮɚɡ 
(ɉɑɎ) ɢ ɱɚɫɬɨɬɵ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɫɜɹɡɶɸ 
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/3 Ƚɰ. Ʉ ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɨɣ ɨɛɦɨɬɤɟ ɫɨɛ-

ɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɞɫɨɟɞɢɧɟɧɵ ɞɜɟ ɩɚɪɵ ɜɫɬɪɟɱ-
ɧɨ ɜɤɥɸɱɟɧɧɵɯ ɬɢɪɢɫɬɨɪɨɜ ɉɑɎ [7]. Ⱦɚɠɟ ɩɪɢ 
ɧɨɦɢɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɢ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ 
ɮɨɪɦɟ ɤɪɢɜɨɣ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɧɭɠɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɦɩɥɢɬɭɞɧɭɸ ɢ ɭɝɥɨɜɭɸ ɫɢɦɦɟɬ-
ɪɢɸ ɬɪɟɯɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɛɦɨɬɤɚɯ ɫɬɚ-
ɬɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɚɫɢɧɯɪɨɧɧɵɯ ɜɫɩɨɦɨ-
ɝɚɬɟɥɶɧɵɯ ɦɚɲɢɧ (ȺȼɆ) [8, 9]. Ɍɹɝɨɜɵɟ ɨɛɦɨɬ-
ɤɢ ɢ ɨɛɦɨɬɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɪɚɡɦɟɳɟɧɵ ɧɚ 
ɦɚɝɧɢɬɨɩɪɨɜɨɞɟ ɬɹɝɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɷɥɟɤɬɪɨɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨ 
ɫɜɹɡɚɧɵ. ȼɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨ-
ɩɪɢɜɨɞɚ ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɬɨɤɨ-
ɩɪɢɟɦɧɢɤɟ ɷɥɟɤɬɪɨɜɨɡɚ ɤɪɢɜɚɹ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢɫɤɚɠɚɟɬɫɹ ɢ ɨɬ-
ɤɥɨɧɹɟɬɫɹ ɞɟɣɫɬɜɭɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɨɬ ɧɨɦɢ-
ɧɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ. ɇɚ ɜɵɯɨɞɧɵɯ ɤɥɟɦɦɚɯ ɪɚ-
ɧɟɟ ɭɤɚɡɚɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɮɨɪɦɢɪɭɟɬɫɹ 
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ɧɟɫɢɧɭɫɨɢɞɚɥɶɧɚɹ ɬɪɟɯɮɚɡɧɚɹ ɧɟɫɢɦɦɟɬɪɢɱɧɚɹ 
ɫɢɫɬɟɦɚ ɧɚɩɪɹɠɟɧɢɣ, ɬɨɤɨɜ. ȼ ɬɪɟɯɮɚɡɧɵɯ ɨɛ-
ɦɨɬɤɚɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɫɬɟ-
ɦɵ ɧɚɩɪɹɠɟɧɢɹ ɬɨɤɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɢ ɫɨɡɞɚɟɬɫɹ ɬɨɪɦɨɡɧɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ 
ɦɨɦɟɧɬ ɢ ɜɨɡɪɚɫɬɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɭɯɨɞɚ ɦɚɲɢ-
ɧɵ ɜ ɪɚɛɨɬɭ ɧɚ ɧɟɭɫɬɨɣɱɢɜɭɸ ɜɟɬɜɶ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ȼ ɪɟɠɢɦɟ ɤɨɪɨɬɤɨɝɨ ɡɚ-
ɦɵɤɚɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜɵɩɥɚɜɥɹɸɬɫɹ ɨɛ-
ɦɨɬɤɢ ɪɨɬɨɪɚ, ɫɬɚɬɨɪɚ ɢ ɢɧɬɟɧɫɢɜɧɨ ɫɨɤɪɚɳɚɟɬ-
ɫɹ ɪɟɫɭɪɫ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɢɡɨɥɹɰɢɢ 
ɬɨɤɨɜɟɞɭɳɢɯ ɩɪɨɜɨɞɧɢɤɨɜ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟ-
ɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟ-

ɦɵ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɲɢɧ ɷɥɟɤɬɪɨɜɨɡɚ, ɪɚɡ-
ɪɚɛɨɬɤɚ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ 
ɟɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɞɚɥɶɧɟɣɲɟɝɨ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɪɚɛɨɬ. 
 
ǛǺǽǾǬǹǺǮǶǬ ǳǬǰǬȃǴ ǴǽǽǷǱǰǺǮǬǹǴȋ 

Ɋɚɡɪɚɛɨɬɤɭ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɞɥɹ 
ɭɥɭɱɲɟɧɢɹ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟ-
ɦɵ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɲɢɧ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵ-
ɩɨɥɧɹɬɶ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɥɨɠɟɧɧɨɣ ɬɟɨɪɢɢ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
[10, 11], ɚ ɬɚɤɠɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɫɨɜɟɪɲɟɧ-
ɫɬɜɨɜɚɧɢɹ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɞɝɨɬɨɜ-

25ɤȼ, 50Ƚɰ 
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Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɲɢɧ 

ɫ ɫɢɫɬɟɦɨɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɢɫɥɚ ɮɚɡ ɫɟɤɰɢɢ ɷɥɟɤɬɪɨɜɨɡɚ 

Fig. 1. Schematic diagram of the electromechanical system of auxiliary machines with the system 

for converting the number of phases of an electric locomotive section 
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ɤɢ ɢɧɠɟɧɟɪɨɜ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɩɟɰɢɚɥɶɧɨ-
ɫɬɟɣ [12] ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨ-
ɜɟɪɟɧɧɨɝɨ ɧɚ ɩɪɚɤɬɢɤɟ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɪɢɫ. 1) [6]. 

ɇɨɦɢɧɚɥɶɧɨɟ ɞɟɣɫɬɜɭɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ 
ɧɚ ɜɵɜɨɞɚɯ ɚ4, ɯ4 ɨɛɦɨɬɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɨɞɧɨɮɚɡɧɨɝɨ ɬɹɝɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ T5 405 

ȼ. ɑɟɪɟɡ ɤɨɧɬɚɤɬɵ ɞɜɭɯɩɨɥɸɫɧɵɯ ɦɚɝɧɢɬɧɵɯ 
ɩɭɫɤɚɬɟɥɟɣ ɄɆ11–ɄɆ15 ɧɚɩɪɹɠɟɧɢɟ ɫ ɜɵɜɨɞɨɜ 
ɚ4–ɯ4 ɢ ɫɦɟɳɟɧɧɨɟ ɩɨ ɮɚɡɟ ɫɢɦɦɟɬɪɢɪɭɸɳɢɦɢ 
ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ ɋ101–ɋ106 ɧɚɩɪɹɠɟɧɢɟ ɦɨɠɟɬ 
ɛɵɬɶ ɩɨɞɚɧɨ ɧɚ ɬɪɟɯɮɚɡɧɵɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 
ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɦɨɬɨɪ-

ɜɟɧɬɢɥɹɬɨɪɨɜ Ɇ11, Ɇ12, Ɇ13 ɢ ɦɨɬɨɪ-

ɤɨɦɩɪɟɫɫɨɪɚ Ɇ14 ɬɢɩɚ ɇȼȺ-55, ɦɨɬɨɪ-ɧɚɫɨɫɚ 
Ɇ15 ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɞɟɣɫɬɜɭɸɳɢɦ ɥɢɧɟɣɧɵɦ 
ɧɚɩɪɹɠɟɧɢɟɦ 380 ȼ 50 Ƚɰ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɪɚ-
ɳɚɸɳɟɝɨɫɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɫɟɪɞɟɱɧɢɤɟ 
ɫɬɚɬɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. Ɋɭɤɨɜɨɞɫɬɜɨɦ ɩɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ [6] ɩɪɟɞɭɫɦɨɬɪɟɧ ɩɪɹɦɨɣ ɩɭɫɤ 
ɦɨɬɨɪ-ɜɟɧɬɢɥɹɬɨɪɨɜ Ɇ11, Ɇ12, ɦɨɬɨɪ-ɧɚɫɨɫɚ 
Ɇ15 ɢ ɩɭɫɤ ɦɨɬɨɪ-ɤɨɦɩɪɟɫɫɨɪɚ Ɇ14 ɩɨɞɚɱɟɣ 
ɨɞɧɨɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 405 ȼ 50 Ƚɰ. ȼɟɥɢ-
ɱɢɧɚ ɩɭɫɤɨɜɵɯ ɬɨɤɨɜ ɞɨɫɬɢɝɚɟɬ 5–7 ɤɪɚɬɧɨɝɨ 
ɩɪɟɜɵɲɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɞɟɣɫɬɜɭɸɳɟɝɨ 
ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɬɨɤɚ, ɚ ɜɟɥɢɱɢɧɚ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. ɉɨ ɦɟɪɟ ɪɚɡɝɨɧɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɟɣ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɜɨɞɚɯ ɚ4–ɯ4 ɭɜɟɥɢɱɢɜɚɟɬ-
ɫɹ ɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɮɚɡɧɨɝɨ 
ɜɵɩɪɹɦɢɬɟɥɹ U27, ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɪɟɥɟ ɤɨɧ-
ɬɪɨɥɹ ɧɚɩɪɹɠɟɧɢɹ KV4, ɧɚɫɬɪɨɟɧɧɨɟ ɧɚ ɧɚɩɪɹ-
ɠɟɧɢɟ ɜɤɥɸɱɟɧɢɹ 300 ȼ + 50 ȼ, ɞɥɹ ɨɬɤɥɸɱɟ-
ɧɢɹ ɫɢɦɦɟɬɪɢɪɭɸɳɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ KM1–
KM3. ȼɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨ-
ɞɚ ɢ ɜɵɩɪɹɦɢɬɟɥɶɧɨ-ɢɧɜɟɪɬɨɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨ-
ɜɚɬɟɥɹ (ȼɂɉ) ɷɥɟɤɬɪɨɜɨɡɚ ɧɟɥɢɧɟɣɧɵɟ ɢɫɤɚ-
ɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɹɝɨɜɵɯ ɨɛɦɨɬɤɚɯ ɩɟɪɟ-
ɞɚɸɬɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɭɬɟɦ ɜ ɨɛɦɨɬɤɭ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢ ɫɧɢ-
ɠɟɧɢɢ ɜɟɥɢɱɢɧɵ ɧɟɥɢɧɟɣɧɵɯ ɢɫɤɚɠɟɧɢɣ ɨɞ-
ɧɨɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɧɟɫɢɦ-
ɦɟɬɪɢɱɧɨɟ ɬɪɟɯɮɚɡɧɨɟ ɫ ɧɟɥɢɧɟɣɧɵɦɢ ɢɫɤɚ-
ɠɟɧɢɹɦɢ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ 
ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɩɨɷɬɨɦɭ ɦɚ-
ɲɢɧɵ ɪɚɛɨɬɚɸɬ ɧɟɭɫɬɨɣɱɢɜɨ [13], ɬɚɤ ɤɚɤ ɡɚ-
ɱɚɫɬɭɸ ɜɪɚɳɚɸɳɢɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨ-
ɦɟɧɬ ɹɜɥɹɟɬɫɹ ɩɭɥɶɫɢɪɭɸɳɢɦ ɢ ɦɨɠɟɬ ɫɧɢ-
ɠɚɬɶɫɹ ɞɨ ɜɟɥɢɱɢɧɵ ɦɟɧɶɲɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɦɨ-
ɦɟɧɬɚ. ɐɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɥɚɜɧɨɝɨ ɪɟɝɭɥɢɪɨ-
ɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɨɬɨɪ-

ɜɟɧɬɢɥɹɬɨɪɨɜ ɷɥɟɤɬɪɨɜɨɡɚ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɫɬɪɚɧɟɧɢɹ ɢɧɟɹ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɢɡɨɥɹɰɢɢ ɨɛɦɨɬɨɤ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚ-
ɬɟɥɟɣ ɜ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶ-
ɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɨɡɞɭɯɚ ɢ ɩɨɜɵɲɟɧɢɟɦ ɞɢ-
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɢɡɨɥɹɰɢɢ, ɷɧɟɪɝɨ-
ɫɛɟɪɟɠɟɧɢɟɦ [14–16] ɢ ɨɛɟɫɩɟɱɟɧɢɟɦ ɪɚɛɨɬɵ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɧɚ ɭɫɬɨɣɱɢɜɨɣ ɜɟɬɜɢ ɦɟɯɚ-
ɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [17]. 

 
ǜǬǳǼǬǭǺǾǶǬ ǾǱȁǹǴȃǱǽǶǴȁ ǼǱȄǱǹǴǵ 
ǻǺ ǽǺǮǱǼȄǱǹǽǾǮǺǮǬǹǴȊ ȀǿǹǶȂǴǺǹǬǷȈǹȇȁ 
ǽǮǺǵǽǾǮ ȉǷǱǶǾǼǺǸǱȁǬǹǴȃǱǽǶǺǵ ǽǴǽǾǱǸȇ 
ǮǽǻǺǸǺǯǬǾǱǷȈǹȇȁ ǸǬȄǴǹ ȉǷǱǶǾǼǺǮǺǳǬ 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɟɣ ɨɛɪɚ-
ɡɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɞɝɨɬɨɜɤɢ ɢɧɠɟɧɟɪɨɜ 
ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ [18] ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢ-
ɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɲɢɧ ɰɟɥɟ-
ɫɨɨɛɪɚɡɧɨ ɩɨɜɵɲɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɜ ɤɨɧɬɭɪɟ ɨɞ-
ɧɨɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɢ ɜ ɩɪɨɦɟɠɭɬɨɱ-
ɧɨɦ ɤɨɧɬɭɪɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɞɥɹ ɫɧɢɠɟɧɢɹ 
ɩɨɬɟɪɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɞɥɹ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɞɜɭɯɩɨɥɹɪɧɨɣ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭ-
ɥɹɰɢɢ (ɒɂɆ) ɬɪɟɯɮɚɡɧɨɝɨ ɫɢɦɦɟɬɪɢɱɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɚɜɬɨɧɨɦɧɨɝɨ ɢɧɜɟɪɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ (Ⱥɂɇ) [19]. ȼ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ ɬɹɝɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɝɪɭɡɨɜɨɝɨ ɷɥɟɤ-
ɬɪɨɜɨɡɚ ɨɞɧɨɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɞɟɣ-
ɫɬɜɭɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ UCH = 405 ȼ. ɋɪɟɞɧɟɟ 
ɡɧɚɱɟɧɢɟ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ud ɨɞɧɨ-
ɮɚɡɧɨɝɨ ɦɨɫɬɨɜɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ [19], ɫɨɛɪɚɧɧɨ-
ɝɨ ɧɚ ɞɢɨɞɚɯ: 
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ɇɨɦɢɧɚɥɶɧɨɟ ɬɪɟɯɮɚɡɧɨɟ ɥɢɧɟɣɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɬɪɟɯɮɚɡɧɨɝɨ 
ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɬɢɩɚ ɇȼȺ-55 UɅ 

= 380 ȼ 50 Ƚɰ. Ɍɪɟɯɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɮɨɪɦɢ-
ɪɭɟɬɫɹ IGBT-ɬɪɚɧɡɢɫɬɨɪɚɦɢ Ⱥɂɇ ɢ ɜɵɩɨɥɧɹɟɬɫɹ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ, ɜɟɥɢɱɢɧɵ ɬɪɟɯɮɚɡɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɦɨɬɨɪ-ɜɟɧɬɢɥɹɬɨɪɨɜ ɷɥɟɤ-
ɬɪɨɜɨɡɚ. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ 
ɥɢɧɟɣɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ UɅ ɜ ɬɪɟɯɮɚɡɧɨɣ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ȺȼɆ ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɨɧɬɭɪɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ Ud 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
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ȼ ɤɨɧɬɭɪɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ȺȼɆ ɧɟɨɛɯɨ-
ɞɢɦɨ ɩɨɜɵɲɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫ Ud = 364,5 ȼ ɞɨ 
Ud = 513,4 ȼ, ɚ ɬɚɤɠɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɨ-
ɠɟɧɧɨɣ ɬɟɨɪɢɟɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɷɧɟɪɝɟɬɢ-
ɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ [18] ɦɨɠɧɨ ɫɧɢɠɚɬɶ ɜɟɥɢɱɢɧɭ 
ɬɨɤɚ ɜ ɤɨɧɬɭɪɚɯ ɫɢɫɬɟɦɵ ɞɥɹ ɫɨɤɪɚɳɟɧɢɹ ɩɨɬɟɪɶ 
ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ. ȼ ɤɨɧɬɭɪɟ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫɢɥɨɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ 
ɢɡɜɟɫɬɧɵɯ ɚɤɬɢɜɧɵɯ ɤɨɪɪɟɤɬɨɪɨɜ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɦɨɳɧɨɫɬɢ (ɄɄɆ) ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ [20–
22] ɞɪɨɫɫɟɥɢ, ɢɦɩɭɥɶɫɧɵɟ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɵ, 
ɫɢɥɨɜɨɣ ɬɪɚɧɡɢɫɬɨɪɧɵɣ (ɬɢɪɢɫɬɨɪɧɵɣ) ɤɥɸɱ 
(ɋɌɄ) ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɫɭɦɦɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ Ʉɂ ɢ 
ɩɨɜɵɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɄɆ. ȼ ɢɡ-
ɜɟɫɬɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɹɯ ɩɨɜɵɲɟɧɢɟ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɧɢ-
ɠɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹ-
ɸɳɢɯ ɬɨɤɚ ɢ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɩɨɬɟɪɶ ɚɤɬɢɜ-
ɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɫɨɫɬɚɜɟ ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɢ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɟɞɥɨɠɟɧɨ 
ɭɜɟɥɢɱɢɬɶ ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɩɪɨɦɟɠɭ-
ɬɨɱɧɨɦ ɟɦɤɨɫɬɧɨɦ ɧɚɤɨɩɢɬɟɥɟ ɷɧɟɪɝɢɢ ɢ ɧɚ ɜɯɨɞɟ 
Ⱥɂɇ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɮɚɡɧɨɝɨ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚ-
ɬɨɪɚ ɧɚ ɜɯɨɞɟ ɨɞɧɨɮɚɡɧɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ (ɪɢɫ. 2) 

ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɜɵɫɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨ-
ɫɬɢ ɫɢɫɬɟɦɵ. Ɍɚɤ ɤɚɤ ɧɚɩɪɹɠɟɧɢɟ ɜ ɤɨɧɬɭɪɟ ɩɨ-
ɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɵɫɢɬɶ ɧɚ ɜɟɥɢɱɢ-
ɧɭ ∆U = 513,4 – 364,5 = 148,9 ȼ, ɬɨ ɧɚ ɜɵɯɨɞɟ ɚɜ-
ɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɞɟɣɫɬɜɭɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ 
ɪɚɜɧɨ: 148,9/0,9 = 165 ȼ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹ-
ɠɟɧɢɹ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪ 
405/165 B ɦɨɳɧɨɫɬɶɸ SȺɌ = 30 ɤȼȺ. Ⱦɟɣɫɬɜɭɸ-
ɳɟɟ ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɯɨɞɟ ɨɞɧɨɮɚɡɧɨ-
ɝɨ ɦɨɫɬɨɜɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ: 405 + 165 = 570 ȼ. 

ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ Ɇ11, Ɇ12 ɦɨɬɨɪ-

ɜɟɧɬɢɥɹɬɨɪɨɜ ɇȼȺ-55 ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ 
ɜɚɥɭ 55 ɤȼɬ, ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 380 ȼ, ɱɚ-

ɫɬɨɬɚ 50 Ƚɰ, ɥɢɧɟɣɧɵɣ ɬɨɤ 113 Ⱥ, ɱɚɫɬɨɬɚ ɜɪɚ-
ɳɟɧɢɹ ɜɚɥɚ 1 440 ɨɛ/ɦɢɧ, ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨ-
ɫɬɢ 0,82, ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 
(ɄɉȾ) 90,2 %. ɋɨɟɞɢɧɟɧɢɟ ɮɚɡ ɨɛɦɨɬɤɢ – Y, 

ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ ɩɨ ȽɈɋɌ 17494-87 – IɊ21. 
Ʉɥɚɫɫ ɢɡɨɥɹɰɢɢ ɩɨ ȽɈɋɌ 8865-93 – F. Ɋɟɠɢɦ 
ɪɚɛɨɬɵ ɩɨ ȽɈɋɌ 183-74-S1, ɦɚɫɫɚ 380 ɤɝ [23]. 

ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɜɚ-
ɪɢɚɬɨɪ ɫɨɞɟɪɠɢɬ ɨɞɧɨɮɚɡɧɵɣ ɦɨɫɬɨɜɨɣ ɜɵɩɪɹ-
ɦɢɬɟɥɶ, ɫɨɛɪɚɧɧɵɣ ɧɚ ɞɢɨɞɚɯ, ɤ ɲɢɧɚɦ ɜɵ-
ɩɪɹɦɥɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɱɟɪɟɡ ɥɢɧɟɣɧɭɸ ɢɧ-
ɞɭɤɬɢɜɧɨɫɬɶ L ɩɪɢɫɨɟɞɢɧɟɧ ɩɪɨɦɟɠɭɬɨɱɧɵɣ 
ɟɦɤɨɫɬɧɵɣ ɧɚɤɨɩɢɬɟɥɶ ɋ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪ-
ɝɢɢ [11]. Ɉɬɛɨɪ ɷɧɟɪɝɢɢ ɨɬ ɧɚɤɨɩɢɬɟɥɹ ɢ ɜɵ-
ɩɪɹɦɢɬɟɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɪɟɯɮɚɡɧɵɦ Ⱥɂɇ. Ʉ 
ɜɵɯɨɞɧɵɦ ɤɥɟɦɦɚɦ Ⱥɂɇ ɱɟɪɟɡ ɤɨɧɬɚɤɬɵ ɬɪɟɯ-
ɮɚɡɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɭɫɤɚɬɟɥɟɣ ɄɆ7, 

ɄɆ8, ɄɆ9 ɩɪɢɫɨɟɞɢɧɟɧɵ ɬɪɟɯɮɚɡɧɵɟ ɨɛɦɨɬɤɢ 
ɫɬɚɬɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ Ɇ11, Ɇ12 ɦɨɬɨɪ-

ɜɟɧɬɢɥɹɬɨɪɨɜ ɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ Ɇ15 ɦɨɬɨɪ-

ɧɚɫɨɫɚ. Ⱥɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɜɚɪɢɚɬɨɪ ɩɪɢɫɨɟɞɢɧɟɧɵ 
ɱɟɪɟɡ ɷɥɟɤɬɪɨɧɧɵɟ ɤɥɸɱɢ ɤ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɧɭɠɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ TV ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
UC ɧɚ ɜɯɨɞɟ ɬɪɟɯɮɚɡɧɨɝɨ Ⱥɂɇ ɧɚ ɜɫɟɦ ɢɧɬɟɪ-
ɜɚɥɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 
ȼɟɧɬɢɥɹɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɜɨɡɚ ɩɪɢɦɟɧɹ-
ɟɬɫɹ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɫɢɥɨɜɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨ-
ɜɚɧɢɹ ɢ ɫɨɡɞɚɧɢɹ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 40–
60 ɉɚ ɜɨɡɞɭɯɚ ɜ ɤɭɡɨɜɟ ɷɥɟɤɬɪɨɜɨɡɚ ɫ ɰɟɥɶɸ ɡɚ-
ɳɢɬɵ ɨɬ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɩɵɥɢ ɢ ɫɧɟɝɚ ɜɨ ɜɪɟɦɹ 
ɞɜɢɠɟɧɢɹ. ȼɟɧɬɢɥɹɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɨɫɧɚɳɟɧɚ 
ɰɟɧɬɪɨɛɟɠɧɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɐ9-37,6-7,6 [6]. 

ɉɪɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɜɟɧɬɢ-
ɥɹɬɨɪɚ 1 440 ɨɛ/ɦɢɧ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ 
ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɪɚɜɟɧ Ɇɋ = 206,9 ɇ ∙ ɦ. 
Ɍɹɝɨɜɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɈɇȾɐɗ-4350-25 ɫ ɧɨ-
ɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 
4 350 ɤȼȺ, ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 25 ɤȼ 
ɢɦɟɟɬ ɞɜɭɯɫɟɤɰɢɨɧɧɭɸ ɨɛɦɨɬɤɭ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ ɦɨɳɧɨɫɬɶɸ 201 ɤȼȺ ɢ ɧɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ 405 ȼ. 

 
ǚȂǱǹǶǬ ȉǷǱǶǾǼǺǸǬǯǹǴǾǹȇȁ Ǵ ȉǹǱǼǯǱǾǴȃǱǽǶǴȁ 
ǻǼǺȂǱǽǽǺǮ Ǯ ȉǷǱǶǾǼǺǸǱȁǬǹǴȃǱǽǶǺǵ ǽǴǽǾǱǸǱ 
ǬǽǴǹȁǼǺǹǹȇȁ ǮǽǻǺǸǺǯǬǾǱǷȈǹȇȁ ǸǬȄǴǹ 

ɉɚɪɚɦɟɬɪɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɜɟɞɟɧɵ ɜ ɢɦɢ-
ɬɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ (ɪɢɫ. 3), ɪɚɡɪɚɛɨ-
ɬɚɧɧɭɸ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɵ Matlab ɜ 
ɫɪɟɞɟ Simulink. 
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ȼ ɦɨɞɟɥɢ ɭɱɬɟɧɨ ɚɤɬɢɜɧɨ-ɢɧɞɭɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɧɨɣ ɫɟɬɢ 2 ɢ ɪɚɛɨɬɚ ɬɹ-
ɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ ɩɨɞɫɢɫɬɟɦɟ VIP1, ɤɨ-
ɬɨɪɚɹ ɩɪɢɫɨɟɞɢɧɟɧɚ ɤ ɬɹɝɨɜɨɣ ɨɛɦɨɬɤɟ 2 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Trans 1. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ 
ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ (ɪɢɫ. 4) ɜɨ ɜɬɨɪɢɱɧɨɣ ɨɛ-
ɦɨɬɤɟ 3 ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɢɬɶ ɫɩɟɤɬɪɚɥɶɧɨɟ FFT-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ powerqui ɢ 
ɨɫɰɢɥɥɨɫɤɨɩɚ. 

ȼ ɤɨɧɬɭɪɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɪɢɦɟɧɹɟɬɫɹ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢɣ ɤɨɧɞɟɧɫɚɬɨɪ ɋ3 ɷɤɜɢɜɚɥɟɧɬ-
ɧɨɣ ɟɦɤɨɫɬɶɸ 11 000 ɦɤɎ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɤɨ-
ɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɨɛɦɨɬɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɞɢɨɞɚɦɢ ɜɵɩɪɹɦɢɬɟɥɹ ɜ ɦɨɦɟɧɬɵ ɫɦɟɧɵ ɮɚɡɵ 
ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ⱦɥɹ ɪɚɛɨɬɵ ɚɫɢɧ-
ɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦ ɷɧɟɪɝɨɨɛɦɟɧ 
ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ, ɤɨɬɨɪɵɣ ɪɟɚɥɢɡɭɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɟɦɤɨɫɬɧɨɝɨ ɧɚɤɨɩɢɬɟɥɹ ɷɧɟɪɝɢɢ ɋ3. 
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Ɋɢɫ. 2. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɲɢɧ 

ɫ ɫɢɫɬɟɦɨɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɢɫɥɚ ɮɚɡ, ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦ ɜɚɪɢɚɬɨɪɨɦ ɫɟɤɰɢɢ ɷɥɟɤɬɪɨɜɨɡɚ 

Fig. 2. Schematic diagram of the electromechanical system of auxiliary machines with the system for converting 

the number of phases, autotransformer and electric semiconductor variator of the electric locomotive section 
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ɇɟɥɢɧɟɣɧɵɟ ɢɫɤɚɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɨɛɦɨɬɤɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɵɡɜɚɧɵ ɪɚɛɨɬɨɣ 
ȼɂɉ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɷɥɟɤɬɪɨɜɨɡɚ, ɬɚɤ 
ɤɚɤ ɜɬɨɪɢɱɧɚɹ ɬɹɝɨɜɚɹ ɨɛɦɨɬɤɚ ɜɨ ɜɪɟɦɹ ɤɨɦ-
ɦɭɬɚɰɢɢ ɬɨɤɚ ɜ ɬɢɪɢɫɬɨɪɚɯ ɩɥɟɱ ȼɂɉ ɡɚɦɵɤɚ-
ɟɬɫɹ (ɪɢɫ. 5).  

ɋ ɩɨɦɨɳɶɸ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ɏɭɪɶɟ (FFT) ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɩɟɤɬɪɚɥɶ-
ɧɨɝɨ ɚɧɚɥɢɡɚ (ɪɢɫ. 6). ȼɵɩɨɥɧɟɧɵ ɢ ɫɜɟɞɟɧɵ ɜ 
ɬɚɛɥ. 1 ɪɚɫɱɟɬɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɜ ɤɨɧ-
ɬɭɪɟ ɨɞɧɨɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɷɥɟɤɬɪɨɦɟ-
ɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 

 

 

 
Ɋɢɫ. 4. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɧɚɩɪɹɠɟɧɢɹ U1, ɬɨɤɚ I1 ɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ ɬɹɝɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɷɥɟɤɬɪɨɜɨɡɚ 

ɢ ɧɚɩɪɹɠɟɧɢɹ U2, ɬɨɤɚ I2 ɜ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

Fig. 4. Oscillograms of voltage U1 of the current I1 in the primary winding of the traction transformer of an electric 

locomotive and voltage U2 of the current I2 in the auxiliary winding 

 

 
Ɋɢɫ. 5. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɧɚɩɪɹɠɟɧɢɹ U2, ɫɭɦɦɚɪɧɨɝɨ ɬɨɤɚ I1 ɜɨ ɜɬɨɪɢɱɧɵɯ ɬɹɝɨɜɵɯ ɨɛɦɨɬɤɚɯ 

ɬɹɝɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɪɟɯɫɟɤɰɢɨɧɧɨɝɨ ɷɥɟɤɬɪɨɜɨɡɚ 

Fig. 5. Oscillograms of voltage U2, total current I1 in secondary traction windings 

of traction transformers of a three-section electric locomotive 
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Ɋɢɫ. 6. Ɋɟɡɭɥɶɬɚɬɵ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɜ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

Fig. 6. Results of spectral analysis of voltage and current in the auxiliary winding 

 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɧɚ ɜɯɨɞɟ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

Table 1. Results of calculation of electrical quantities at the input of an electromechanical system 

Ƚɚɪɦɨɧɢɤɚ 

Harmonic 
1 3 5 7 9 11 13 15 17 19 ∑ 

Uk, ȼ 394,3 52,84 36,79 20,94 12,54 12,46 11,67 8,79 7,14 7,41 400,86 

Ik, Ⱥ 210,7 53,31 22,81 8,17 2,11 4,55 5,2 4,19 2,59 1,2 218,86 

φk, ɷɥ. ɝɪɚɞ 11,3 194,5 156,1 97,4 –61,8 167,9 105,5 46,2 –22,6 286,4 φ∑ = 11,19 

Pk, ɤȼɬ 81,468 –2,727 –0,77 –0,022 0,012 –0,055 –0,016 0,025 0,017 0,002 77,91 

Qk, ɤȼAp 16,28 –0,705 –0,34 –0,17 –0,023 –0,012 0,058 0,027 –0,007 –0,008 15,41 

 

ɋɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ THD ɧɚɩɪɹɠɟɧɢɹ KU = 19,04 %, 

ɬɨɤɚ KI = 28,13 % ɜ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɬɹɝɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɨɪɢɟɣ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
[12, 18] ɩɨɥɧɚɹ (ɤɚɠɭɳɚɹɫɹ) ɦɨɳɧɨɫɬɶ ɧɚ ɜɯɨɞɟ 
ɜɵɩɪɹɦɢɬɟɥɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ: 
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ɝɞɟ U = 400,86 B, I = 218,86 A – ɞɟɣɫɬɜɭɸɳɢɟ 
ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɧɚ ɜɯɨɞɟ ɷɥɟɤɬɪɨ-
ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ȺȼɆ. 

Ⱥɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɜɯɨɞɟ ɫɢɫɬɟɦɵ 
ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɮɨɪɦɭɥɟ: 



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00 cos
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kKCkC IUIUP  , 

ɝɞɟ UC0 – ɩɨɫɬɨɹɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɩɪɹɠɟ-
ɧɢɹ ɧɚ ɜɯɨɞɟ ɫɢɫɬɟɦɵ ɜɨ ɜɪɟɦɹ ɩɪɨɜɨɞɹɳɟɝɨ 
ɫɨɫɬɨɹɧɢɹ ɋɉɉ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ; I0 – ɩɨɫɬɨɹɧ-
ɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɧɚ ɜɯɨɞɟ ɫɢɫɬɟɦɵ; UCk, 



ORIGINAL PAPER 
 

 

Modern technologies. System analysis. Modeling 2025. No. 2 (86). pp. 61–73 

ISSN 1813-9108 69

Ik – ɞɟɣɫɬɜɭɸɳɢɟ ɧɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ k-ɨɣ ɝɚɪ-
ɦɨɧɢɤɢ; φk – ɭɝɨɥ ɫɞɜɢɝɚ ɩɨ ɮɚɡɟ ɬɨɤɚ k-ɨɣ ɝɚɪ-
ɦɨɧɢɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɞɧɨɢɦɟɧɧɨɣ k-ɨɣ ɝɚɪ-
ɦɨɧɢɤɢ ɧɚɩɪɹɠɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɞɚɧɵ ɜ 
ɬɚɛɥ. 1 ɢ ɫɭɦɦɚɪɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɜɧɚ P 

=77,91 ɤȼɬ. 
Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɜɯɨɞɟ ɫɢɫɬɟɦɵ 

ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɮɨɪɦɭɥɟ: 
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ɋɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɭɱɢɬɵ-
ɜɚɟɦɵɯ ɝɚɪɦɨɧɢɤ ɧɚ ɜɯɨɞɟ ɫɢɫɬɟɦɵ Q = 15,41 

ɤȼȺɪ. 
ɂɡ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɧɚ ɜɯɨɞɟ ɷɥɟɤɬɪɨ-

ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ: 
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ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
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ɋ ɩɨɦɨɳɶɸ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ∆S 

ɨɰɟɧɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɥɭɱɲɟɧɢɹ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɨɣ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɫɢɫɬɟɦɵ ȺȼɆ ɷɥɟɤɬɪɨɜɨɡɚ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɧɚɩɪɹɠɟɧɢɹ UP = 170,34 B ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɪɚɛɨɬɵ ɢ ɷɧɟɪɝɨɨɛɦɟɧɚ ɜ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɟ ȺȼɆ ɷɥɟɤɬɪɨɜɨɡɚ: 

nɜ = 1 454 ɨɛ/ɦɢɧ; Ɇɋ = 209,8 ɇ ‧ ɦ, 
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ɂɡ ɨɫɰɢɥɥɨɝɪɚɦɦ ɬɪɟɯɮɚɡɧɵɯ ɬɨɤɨɜ ɜ 
ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ is (ɪɢɫ. 7) 
ɫɥɟɞɭɟɬ, ɱɬɨ ɫɢɫɬɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɞɧɨɮɚɡ-
ɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ UCH ɜ ɬɪɟɯɮɚɡ-
ɧɨɟ ɩɟɪɟɦɟɧɧɨɟ ɞɜɭɯɩɨɥɹɪɧɨɟ ɢɦɩɭɥɶɫɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɫ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɨɣ 5 ɤȽɰ ɨɛɟɫɩɟ-
ɱɢɜɚɟɬ ɚɦɩɥɢɬɭɞɧɭɸ ɢ ɭɝɥɨɜɭɸ ɫɢɦɦɟɬɪɢɸ 
ɬɪɟɯɮɚɡɧɵɯ ɬɨɤɨɜ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ. 

ɉɟɪɟɦɟɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɪɢɜɨɣ ɦɝɧɨ-
ɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɨɤɨɜ ɫ ɱɚɫɬɨɬɨɣ 5 ɤȽɰ ɨɝɪɚɧɢ-

 
Ɋɢɫ. 7. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɪɟɯɮɚɡɧɵɯ ɬɨɤɨɜ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ is 

ɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɚɥɚ n ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

Fig. 7. Oscillograms of three-phase currents in the stator windings is and the shaft 

rotation frequency n of an asynchronous electric motor 
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ɱɢɜɚɸɬɫɹ ɢɧɞɭɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɨɛɦɨɬɨɤ 
ɫɬɚɬɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɪɚ-
ɛɨɬɚɟɬ ɧɚ ɭɫɬɨɣɱɢɜɨɣ ɜɟɬɜɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɜ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ, ɜ ɪɟɠɢɦɟ ɩɭɫ-
ɤɚ, ɬɪɨɝɚɧɢɹ ɢ ɪɚɡɝɨɧɚ ɡɚ ɫɱɟɬ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜ-
ɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɦɨɬɨɪ-ɜɟɧɬɢɥɹɬɨɪɚ 
ɷɥɟɤɬɪɨɜɨɡɚ. ɉɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɄɉȾ η, ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɄɆ ɢ ɫɭɦɦɚɪɧɨɝɨ ɤɨɷɮ-
ɮɢɰɢɟɧɬɚ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɄI ɜ 
ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɬ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ Ɋ ɜ ɨɛɦɨɬɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ɪɢɫ. 8). 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɜɵɩɨɥɧɹɟɬɫɹ ɩɥɚɜɧɨɟ 
ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɜɭɯ ɦɨɬɨɪ-

ɜɟɧɬɢɥɹɬɨɪɨɜ ɢ ɦɨɬɨɪ-ɧɚɫɨɫɚ. Ɉɬ ɨɛɦɨɬɤɢ ɫɨɛ-
ɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɨɬɪɟɛɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɚɤ-
ɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 66 ɤȼɬ, ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɱɚɫɬɨɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɧɚɩɪɹ-
ɠɟɧɢɹ 50 Ƚɰ, ɞɟɣɫɬɜɭɸɳɟɟ ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟ-
ɧɢɟ 380 ȼ, η = 87 %, ɄɆ = 0,85, ɄI = 34 %. ɋ ɩɨ-
ɧɢɠɟɧɢɟɦ ɱɚɫɬɨɬɵ ɬɪɟɯɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɨ 
25 Ƚɰ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɨɬ ɨɛɦɨɬɤɢ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɧɭɠɞ ɩɨɬɪɟɛɥɹɟɬɫɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 13 
ɤȼɬ, ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
ɫɧɢɠɚɟɬɫɹ ɄɉȾ ɞɨ 81 %, ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɤɨɷɮ-
ɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɞɨ 0,88, ɄI = 45 %. ȼ ɞɚɥɶ-
ɧɟɣɲɟɟ ɫɧɢɠɟɧɢɟ ɱɚɫɬɨɬɵ ɬɪɟɯɮɚɡɧɨɝɨ ɧɚɩɪɹ-
ɠɟɧɢɹ ɞɨ 9 Ƚɰ ɜɦɟɲɢɜɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɟ 
ɭɦɟɧɶɲɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɟɣ, ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɪɟɠɢɦɭ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ɬɚɤ ɤɚɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɜɟɧɬɢɥɹɬɨɪɨɜ ɢ ɧɚɫɨɫɚ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɩɟɪɜɨɣ 

ɫɬɟɩɟɧɢ, ɚ ɧɚɩɨɪ ɜ ɤɜɚɞɪɚɬɟ ɨɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟ-
ɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɩɨɷɬɨɦɭ ɩɪɢ ɱɚɫɬɨɬɟ 5 Ƚɰ 
η ≈ 0, ɄɆ = 0,9, ɄI = 48 %. 

 
ǓǬǶǷȊȃǱǹǴǱ 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɫɢ-
ɫɬɟɦɚ ȺȼɆ ɷɥɟɤɬɪɨɜɨɡɚ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɫɬɨɣɱɢɜɭɸ ɪɚɛɨɬɭ ɷɥɟɤɬɪɨɩɪɢ-
ɜɨɞɚ, ɪɚɫɲɢɪɹɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɫɢ-
ɫɬɟɦɵ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɩɨɥɨɠɢ-
ɬɟɥɶɧɵɦɢ ɤɚɱɟɫɬɜɚɦɢ: 

1. ɋɧɢɠɚɸɬɫɹ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɢ ɩɨɜɵɲɚɸɬɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɫɢɫɬɟɦɵ, ɄɉȾ ɧɟ ɧɢɠɟ 81 %, ɤɨɷɮɮɢɰɢɟɧɬ 
ɦɨɳɧɨɫɬɢ – 0,85 ɧɚ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɞɢɚɩɚɡɨɧɚ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɦɚɲɢɧ ɡɚ ɫɱɟɬ ɢɡɦɟ-
ɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɤɨɧɬɭ-
ɪɚɯ ɫɢɫɬɟɦɵ ɢ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ ɨɛɦɨɬɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

2. ɉɨɜɵɲɚɟɬɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɨɜɦɟ-
ɫɬɢɦɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɫɢɫɬɟɦɨɣ ɷɥɟɤɬɪɨ-
ɫɧɚɛɠɟɧɢɹ, ɫɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɚɪɦɨɧɢɱɟ-
ɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɧɟ ɛɨɥɟɟ 48 % ɡɚ ɫɱɟɬ 
ɩɪɢɦɟɧɟɧɢɹ ɟɦɤɨɫɬɧɨɝɨ ɢ ɢɧɞɭɤɬɢɜɧɵɯ ɧɚɤɨɩɢ-
ɬɟɥɟɣ ɷɧɟɪɝɢɢ. ɉɪɢ ɪɚɛɨɬɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤ ɨɛɦɨɬɤɚɦ ɫɬɚɬɨɪɚ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɫɢɦɦɟɬɪɢɱɧɨɟ 
ɬɪɟɯɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɚ ɩɨ ɨɛɦɨɬɤɚɦ ɫɬɚɬɨɪɚ 
ɩɪɨɬɟɤɚɟɬ ɬɨɤ, ɛɥɢɡɤɢɣ ɤ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɮɨɪɦɟ. 

3. ɉɨɜɵɲɚɸɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡ-
ɦɨɠɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɶ ɫɢɫɬɟɦɵ ɩɨɫɪɟɞɫɬɜɨɦ 
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Ɋɢɫ. 8. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɄɆ, ɄɉȾ η, ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 

ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɄI ɨɬ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ Ɋ ɧɚ ɜɯɨɞɟ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

Fig. 8. Dependence of the power factor ɄɆ, efficiency η, harmonic current coefficient ɄI 

on the active power P at the input of the electromechanical system 
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ɩɪɢɦɟɧɟɧɢɹ ɩɥɚɜɧɨɝɨ ɢ ɫɬɭɩɟɧɱɚɬɨɝɨ ɭɩɪɚɜɥɟ-
ɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɦɚɲɢɧ ɡɚ ɫɱɟɬ ɪɚɛɨ-
ɬɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɧɚ ɭɫɬɨɣɱɢɜɨɣ ɜɟɬɜɢ ɦɟ-
ɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɪɨɯɨɠɞɟɧɢɹ 
ɧɟɣɬɪɚɥɶɧɨɣ ɜɫɬɚɜɤɢ ɜ ɤɨɧɬɚɤɬɧɨɣ ɫɟɬɢ ɛɟɡ ɨɬ-
ɤɥɸɱɟɧɢɹ, ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɦɚɲɢɧ ɢ ɫɚ-
ɦɨɫɬɨɹɬɟɥɶɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɩɨɞɜɢɠɧɨɝɨ 
ɫɨɫɬɚɜɚ ɫ ɥɢɧɢɢ ɩɪɢ ɨɬɤɚɡɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɜɨɡɚ. 

4. ɋɧɢɠɚɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɢ ɩɨɜɵɲɚɟɬɫɹ ɧɚɞɟɠɧɨɫɬɶ ɫɢɫɬɟɦɵ ɩɪɢ 
ɫɨɱɟɬɚɧɢɢ ɩɥɚɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɶɸ ɦɚɲɢɧ ɫɨ ɫɬɭɩɟɧɱɚɬɵɦ ɩɟɪɟɯɨɞɨɦ 
ɧɚ ɫɢɫɬɟɦɭ ɫ ɫɢɦɦɟɬɪɢɪɭɸɳɢɦɢ ɤɨɧɞɟɧɫɚɬɨ-
ɪɚɦɢ ɜ ɫɥɭɱɚɟ ɨɬɤɚɡɚ ɨɞɧɨɣ ɢɡ ɫɢɫɬɟɦ ɡɚ ɫɱɟɬ 
ɜɨɡɦɨɠɧɨɫɬɢ «ɝɨɪɹɱɟɝɨ» ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ. 
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