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A METHOD FOR STRENGTH CALCULATION OF A 
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Abstract. The absence of a method for strength 
МКХМЮХКЭТШЧ ШП К sСКПЭ ШП аОХХs’ sТЧФОr, МШЧsТНОrТЧР ТЭs 
structural features, significantly complicates the con-
strЮМЭШr’s аШrФ ТЧ НОЭОrmining essential cross-sections 
of a shaft, providing its reliable, no-failure operation 
during the whole  life cycle. The article provides the 
scheme of loading a rolling working element in a well, 
the scheme of a load transferring from rollers to the 
sСКПЭ’s МШrО ЮsТЧР ШПП-center bushing. The authors of 
the article have also determined the influence of these 
bushings on load distribution along the core. 
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cross force, bending and torsion moment. 
 

References 
 

1. Svirshchevskiy V. K. Prokhodka skvazhin v 
grunte sposobom raskatki. - Novosibirsk: Nauka, 
1982. - 121 p. 

2. Lis V., Ponomarenko Y.Y. Germetizatsiya 
raskatyvayushchikh prokhodchikov skvazhin // Vestnik 
SibADI, vyp. 6 (40), 2014. - p. 33-39. 

3. Burdukovskiy A.I., Goykhman Y.A. Raskaty-
vayushchiye i spiralevidnyye snaryady // Stroitel'nyye i 
dorozhЧввО ЦКsСТЧв. 1990. №8. Щ. 5-8. 

4. Bobylev L.M., Bobylev A.L. Mashiny dlya prok-
hodki skvazhin v grunte // Stroitel'nyye i dorozhnyye 
mashiЧв. 199γ. №γ. Щ. 16-18. 

5. Paronyan G.G. Osobennosti proyektirovaniya 
gruntoprokhodnykh mashin s samozavinchivayush-
chimsya rabochim organom // Stroitel'nyye i dorozh-
ЧввО ЦКsСТЧв. 1996. №10. Щ. β4-27. 

6. Lis V., Kolesnikov B.V. Rabochiy organ dlya 
raskatki skvazhin // Vestnik SibADI, vyp. 2, 2005. - p. 
192-197. 

7. Gulia N. V., Klokov V. G., Yurkov S. A. Detali 
mashin .. - 2 izd. . - SPb, M., Krasnodar: Lan', 2010. - 
416 p. 

8. Darkov A.V., Shpiro G.S. Soprotivleniye mate-
rialov. Uchebnik dlya vtuzdv - Izd. 4-ye. - M .: Vys-
shaya shkola, 1975. - 654 p. 

 

Ʌɢɫ ȼɢɤɬɨɪ (Ƚɟɪɦɚɧɢɹ, Mittelbiberach) – ɤɚɧɞɢ-
ɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ (88441, Mittelbiberach, Ger-
many, e-mail ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ (88441, 
Mittelbiberach, Germany, e-mail: vidalis@kabelbw. de). 

 
ɉɨɧɨɦɚɪɟɧɤɨ ɘɪɢɣ ȿɜɝɟɧɶɟɜɢɱ (Ɋɨɫɫɢɹ, 

Ɉɦɫɤ) – ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ, 
ɡɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɂɧɠɟɧɟɪɧɚɹ ɝɟɨɥɨɝɢɹ, ɨɫ- 
ɧɨɜɚɧɢɹ ɢ ɮɭɧɞɚɦɟɧɬɵ ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ». 
(644080, ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ, 5). 

 
Lis Victor (Germany, Mittlebiberach) - candidate 

of technical sciences (88441, Mittlebiberach, Gemany, 
e-mail: vidalis@kabelbw. de). 

 
Ponomarenko Yuriy Evgenievich (Russin Federa-

tion, Omsk) - doctor of technical sciences, professor, 
HОКН oП ЭСО НОpКrЭmОnЭ “EnРТnООrТnР РОoХoРв, ПoЮn-
НКЭТons КnН ЛКsОs” oП TСО Siberian State Automobile 
and Highway Academy (SIBADI) (644080, Omsk, Mira 
ave, 5). 

 

ɍȾɄ 621.313.33:621.333:621.314.26 

 

ɆȿɌɈȾɂɄȺ ɈɉɊȿȾȿɅȿɇɂə ɆɈɓɇɈɋɌɂ ɂ ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂ-
ɊɈȼȺɇɂȿ ɎɂɁɂɑȿɋɄɂɏ ɉɊɈɐȿɋɋɈȼ ɉɊɂ ɂɋɉɕɌȺɇɂɂ ȺɋɂɇɏɊɈɇɇɕɏ 

ɌəȽɈȼɕɏ ȾȼɂȽȺɌȿɅȿɃ ɆȿɌɈȾɈɆ ȼɁȺɂɆɇɈɃ ɇȺȽɊɍɁɄɂ 

 
ȼ.ȼ. ɏɚɪɥɚɦɨɜ, Ⱦ.ɂ. ɉɨɩɨɜ, Ⱥ.ȼ. Ʌɢɬɜɢɧɨɜ 

ɎȽȻɈɍ ȼɈ «Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ» 
 

Аɧɧɨɬɚɰиɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɩɪɢ 
ɢɫɩɵɬɚɧɢɢ ɚɫɢɧɯɪɨɧɧɵɯ ɬɹɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɭɬɨɱɧɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɦɟɬɨɞɨɦ ɜɡɚɢɦɧɨɣ ɧɚɝɪɭɡɤɢ ɡɚ ɫɱɟɬ ɭɱɟɬɚ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ 
ɧɟɭɩɪɚɜɥɹɟɦɵɯ ɜɵɩɪɹɦɢɬɟɥɹɯ ɢ ɭɩɪɚɜɥɹɟɦɵɯ ɢɧɜɟɪɬɨɪɚɯ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɩɪɟɨɛ-
ɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ. Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɟɞɥɨɠɟɧɨ ɜɨɫɩɨɥɶ-
ɡɨɜɚɬɶɫɹ ɦɟɬɨɞɢɤɨɣ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɬɟɪɶ ɜ ɷɥɟɦɟɧɬɚɯ ɱɚɫɬɨɬɧɵɯ ɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɫɨɫɬɚɜɟ ɫɯɟɦɵ ɜɡɚɢɦɧɨɣ ɧɚɝɪɭɡɤɢ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚ-
ɬɟɥɟɣ, ɨɬ ɜɟɥɢɱɢɧɵ ɩɨɬɪɟɛɥɹɟɦɨɣ ɢ ɝɟɧɟɪɢɪɭɟɦɨɣ ɦɨɳɧɨɫɬɢ ɢɫɩɵɬɭɟɦɨɣ ɢ           
ɧɚɝɪɭɡɨɱɧɨɣ ɦɚɲɢɧɨɣ.
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Кɥɸɱеɜые ɫɥɨɜɚ: ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ, ɢɫɩɵɬɚ-
ɧɢɹ, ɦɟɬɨɞ ɜɡɚɢɦɧɨɣ ɧɚɝɪɭɡɤɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ. 
 
ȼɜɟɞɟɧɢɟ 
ɒɢɪɨɤɨɟ ɜɧɟɞɪɟɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɬɹɝɨɜɨɝɨ 

ɩɪɢɜɨɞɚ ɧɚ ɫɟɬɢ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɬɪɟɛɭɟɬ ɭɜɟ-
ɥɢɱɟɧɢɹ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɟɝɨ ɪɟɦɨɧɬɚ ɢ ɩɨɫɥɟ-
ɪɟɦɨɧɬɧɵɯ (ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ) ɢɫɩɵɬɚɧɢɣ. ɉɪɢ 
ɷɬɨɦ ɜɜɨɞɹɳɢɟɫɹ ɜ ɫɬɪɨɣ ɧɨɜɵɟ ɦɨɳɧɨɫɬɢ 
ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɫɥɟɞɧɢɦ ɞɨɫɬɢɠɟ-
ɧɢɹɦ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ ɜ ɨɛɥɚɫɬɢ ɷɧɟɪɝɨɫɛɟɪɟ-
ɠɟɧɢɹ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɬɟɯɧɨɥɨɝɢɣ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɯ ɢɫɩɵ-
ɬɚɧɢɣ ɚɫɢɧɯɪɨɧɧɵɯ ɬɹɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɰɟɥɨɝɨ ɪɹɞɚ ɪɚɡɥɢɱɧɵɯ 
ɜɢɞɨɜ ɢɫɩɵɬɚɧɢɣ Д1, 2, 3, 4]. ɇɚɢɛɨɥɟɟ ɷɧɟɪɝɨ-
ɡɚɬɪɚɬɧɵɦ ɜɢɞɨɦ ɹɜɥɹɟɬɫɹ ɢɫɩɵɬɚɧɢɟ ɧɚ ɧɚ-
ɝɪɟɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɨɜɟɞɟɧɨ ɩɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɧɨɦɢɧɚɥɶɧɨɦ 
ɪɟɠɢɦɟ ДβЖ. ɇɨɦɢɧɚɥɶɧɵɦ ɪɟɠɢɦɨɦ ɞɥɹ ɬɹɝɨ-
ɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɷɥɟɤɬɪɨɜɨɡɨɜ, ɩɢɬɚɸɳɢɯɫɹ ɨɬ 
ɚɜɬɨɧɨɦɧɨɝɨ ɢɫɬɨɱɧɢɤɚ (ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫ-
ɬɨɬɵ), ɫɱɢɬɚɟɬɫɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɢɥɢ ɱɚɫɨ-
ɜɨɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ДγЖ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɬɟɝɨ-
ɪɢɢ ɢɫɩɵɬɚɧɢɣ. ɉɪɢ ɷɬɨɦ ɢɫɩɵɬɚɧɢɹ ɫɥɟɞɭɟɬ 
ɩɪɨɜɨɞɢɬɶ ɩɪɢ ɩɢɬɚɧɢɢ ɬɟɦ ɪɨɞɨɦ ɬɨɤɚ, ɞɥɹ 
ɤɨɬɨɪɨɝɨ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɚɲɢ-
ɧɚ. ɋɯɟɦɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɢɫɩɵɬɚɧɢɣ, 
ɞɨɥɠɧɵ ɢɦɟɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɞɥɹ 
ɤɨɬɨɪɨɝɨ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɚɧɧɵɣ ɬɢɩ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɣ ɦɚɲɢɧɵ [3]. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɧɚɝɪɭɡɤɢ ɢɫɩɵɬɭɟɦɨɦɭ ɞɜɢɝɚɬɟɥɸ ɧɚɝɪɭɡɨɱɧɨɣ 
ɦɚɲɢɧɵ, ɪɚɛɨɬɚɸɳɟɣ ɜ ɪɟɠɢɦɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɬɨɪɦɨɠɟɧɢɹ ɢɥɢ ɬɨɪɦɨɠɟɧɢɹ ɩɪɨɬɢɜɨɜɤɥɸɱɟ-
ɧɢɟɦ, ɚɛɫɨɥɸɬɧɨ ɧɟ ɨɩɪɚɜɞɚɧɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɪɚɫɯɨɞɚ ɬɪɟɛɭɟɦɨɣ ɧɚ ɢɫɩɵɬɚɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪ-
ɝɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɫ ɰɟɥɶɸ 
ɷɤɨɧɨɦɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɭɸɬ ɫɯɟɦɵ, 
ɩɨɡɜɨɥɹɸɳɢɟ ɜɨɡɜɪɚɳɚɬɶ ɱɚɫɬɶ ɦɨɳɧɨɫɬɢ ɧɚ-
ɝɪɭɡɤɢ ɨɛɪɚɬɧɨ ɜ ɫɟɬɶ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ 
ɫɯɟɦ, ɩɨɡɜɨɥɹɸɳɢɯ ɨɫɭɳɟɫɬɜɢɬɶ ɦɟɬɨɞ ɜɡɚɢɦ-
ɧɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɤɨ-
ɝɞɚ ɧɚ ɞɜɟ ɚɫɢɧɯɪɨɧɧɵɟ ɦɚɲɢɧɵ ɩɨɞɚɟɬɫɹ ɧɚ-
ɩɪɹɠɟɧɢɟ ɫ ɪɚɡɥɢɱɧɨɣ ɱɚɫɬɨɬɨɣ, ɩɪɢ ɷɬɨɦ ɨɞɧɚ 
ɦɚɲɢɧɚ ɧɚɝɪɭɠɚɟɬɫɹ ɤɚɤ ɞɜɢɝɚɬɟɥɶ, ɚ ɞɪɭɝɚɹ – 
ɨɬɞɚɟɬ ɷɥɟɤɬɪɨɷɧɟɝɪɢɸ ɜ ɫɟɬɶ, ɪɚɛɨɬɚɹ ɤɚɤ ɝɟ-
ɧɟɪɚɬɨɪ [5,6,7]. ɉɪɢ ɷɬɨɦ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨ-
ɷɧɟɪɝɢɢ ɢɡ ɫɟɬɢ ɢɫɩɵɬɚɬɟɥɶɧɵɦ ɫɬɟɧɞɨɦ ɜ ɰɟ-
ɥɨɦ ɪɚɜɧɨ ɫɭɦɦɚɪɧɵɦ ɩɨɬɟɪɹɦ, ɤɨɬɨɪɵɟ ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬ-
ɜɢɹ ɦɚɲɢɧ ɢ ɩɢɬɚɸɳɢɯ ɢɯ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛɪɚ-
ɡɨɜɚɬɟɥɟɣ. 

 
 

Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɬɟɪɶ 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɯɟɦ, ɢɫɩɨɥɶɡɭɸɳɢɯ 

ɜɡɚɢɦɧɭɸ ɧɚɝɪɭɡɤɭ, ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɚɹ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɢɜɲɚɹ ɨɩɢɫɚɬɶ ɪɚɛɨɬɭ ɞɜɭɯ 
ɚɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ, ɭ ɤɨɬɨɪɵɯ ɜɚɥɵ ɦɟɯɚɧɢ-
ɱɟɫɤɢ ɫɨɟɞɢɧɟɧɵ ɢ ɜɪɚɳɚɸɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɨɞ-
ɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ. Ⱦɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɢɡ 1γ 
ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪ-
ɜɨɣ ɫɬɟɩɟɧɢ [8Ж. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɚɥɨ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ 
ɫɯɨɞɢɦɨɫɬɶ ɞɥɹ ɢɧɬɟɪɟɫɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɦɟɯɚ-
ɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɨɬ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ 
ɞɨ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ɉɞɧɚɤɨ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɩɨɡɜɨ-
ɥɹɟɬ ɫ ɪɹɞɨɦ ɞɨɩɭɳɟɧɢɣ ɦɨɞɟɥɢɪɨɜɚɬɶ ɬɨɥɶɤɨ 
ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚ-
ɲɢɧɚɯ. ɉɪɢ ɷɬɨɦ ɭɱɚɫɬɢɟ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟ-
ɦɟ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɭɱɢɬɵɜɚɟɬɫɹ 
ɥɢɲɶ ɜ ɜɢɞɟ ɢɞɟɚɥɶɧɵɯ (ɬ.ɟ. ɧɟ ɢɦɟɸɳɢɯ ɩɨ-
ɬɟɪɶ) ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɞɜɢɠɭɳɟɣ ɫɢɥɵ ɡɚ-
ɞɚɧɧɨɣ ɮɨɪɦɵ. 

Ⱦɥɹ ɭɱɟɬɚ ɩɨɬɟɪɶ ɜ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɹɯ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸ-
ɳɟɣ ɦɟɬɨɞɢɤɨɣ, ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɧɚ ɩɪɢɦɟɪɟ 
ɨɞɧɨɣ ɢɡ ɫɯɟɦ Д5]. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɢɫɩɵɬɚɧɢɣ 
ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɦɟɬɨɞɨɦ ɢɯ ɜɡɚɢɦɧɨɣ 
ɧɚɝɪɭɡɤɢ ɢ ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ɫɯɟɦɟ ɢɡɦɟɪɢɬɟɥɶ-
ɧɵɟ ɩɪɢɛɨɪɵ. ɇɚ ɪɢɫɭɧɤɟ 1 ɨɛɨɡɧɚɱɟɧɵ ɫɥɟ-
ɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: ȺɆ1, ȺɆβ – ɢɫɩɵɬɭɟɦɵɟ 
ɚɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ; 1, β – ɩɪɟɨɛɪɚɡɨɜɚɬɟ-
ɥɢ ɱɚɫɬɨɬɵ; 1.1, 1.β – ɧɟɭɩɪɚɜɥɹɟɦɵɟ ɜɵɩɪɹɦɢ-
ɬɟɥɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛɪɚɡɨ-
ɜɚɬɟɥɟɣ; 1.β, β.β – ɡɜɟɧɶɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟ-
ɥɟɣ; 1.γ, β.γ – ɭɩɪɚɜɥɹɟɦɵɟ ɢɧɜɟɪɬɨɪɵ ɩɟɪɜɨɝɨ 
ɢ ɜɬɨɪɨɝɨ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ; 5, 6 – 
ɤɨɧɬɚɤɬɨɪɵ; 7, 8, 9 – ɜɚɬɬɦɟɬɪɵ; 10 – ɚɦɩɟɪ-
ɦɟɬɪ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 11 – ɜɨɥɶɬɦɟɬɪ ɩɨɫɬɨ-
ɹɧɧɨɝɨ ɬɨɤɚ; 4 – ɨɛɳɚɹ ɲɢɧɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 
3 – ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɜɹɡɶ ɜɚɥɨɜ ɞɜɢɝɚɬɟɥɟɣ ȺɆ1 
ɢ ȺɆβ, ɜɪɚɳɚɸɳɢɯɫɹ ɫ ɨɞɢɧɚɤɨɜɨɣ ɭɝɥɨɜɨɣ 
ɱɚɫɬɨɬɨɣ. 

ɋɯɟɦɚ ɫɨɞɟɪɠɢɬ ɬɪɢ ɨɛɳɟɩɪɨɦɵɲɥɟɧɧɵɯ 
ɷɥɟɤɬɪɨɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 
ɦɨɳɧɨɫɬɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ 50 Ƚɰ, 
ɩɨɞɚɜɚɟɦɨɝɨ ɧɚ ɜɯɨɞɵ ɨɛɨɢɯ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛ-
ɪɚɡɨɜɚɬɟɥɟɣ ɢ ɨɞɧɨɝɨ ɢɡ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟ-
ɥɟɣ; ɢɡ ɨɛɳɟɩɪɨɦɵɲɥɟɧɧɵɯ ɷɥɟɤɬɪɨɢɡɦɟɪɢ-
ɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɦɨɳɧɨɫɬɢ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɩɨ ɨɛɳɟɣ 
ɲɢɧɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; ɞɜɭɯ ɤɨɧɬɚɤɬɨɪɨɜ, ɩɨ-
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ɡɜɨɥɹɸɳɢɯ ɨɬɤɥɸɱɢɬɶ ɜɵɩɪɹɦɢɬɟɥɶ ɨɞɧɨɝɨ ɢɡ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɩɨ-
ɬɪɟɛɥɹɟɦɨɣ ɚɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɩɪɢ 

ɢɫɩɵɬɚɧɢɢ ɢɯ ɦɟɬɨɞɨɦ ɜɡɚɢɦɧɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɯɟɦɵ (ɫɦ. ɪɢɫɭɧɨɤ 1) ɩɪɨɜɨ-
ɞɢɬɫɹ ɜ ɬɪɢ ɷɬɚɩɚ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɫɨɛɢɪɚɟɬɫɹ 
ɫɯɟɦɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ β. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɚɫɢɧɯɪɨɧɧɵɯ ɬɹɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɦɟɬɨɞɨɦ ɢɯ ɜɡɚɢɦɧɨɣ ɧɚɝɪɭɡɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-
ɟɦ ɨɞɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɢ ɤɨɦɩɥɟɤɬɨɦ ɷɥɟɤɬɪɨɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ (ɜɬɨɪɨɣ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 

ɷɬɚɩ). 
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Ɋɢɫ. β. ɋɯɟɦɚ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɦɟɬɨɞɨɦ ɢɯ ɜɡɚɢɦɧɨɣ ɧɚɝɪɭɡɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɞɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɢ ɤɨɦɩɥɟɤɬɨɦ ɷɥɟɤɬɪɨɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ (ɩɟɪɜɵɣ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɷɬɚɩ). 
 
ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɜɨɞɹɬ ɞɟɣɫɬɜɢɹ ɜ ɫɥɟ-

ɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 
- ɩɨɞɚɟɬɫɹ ɩɢɬɚɧɢɟ ɢɡ ɫɟɬɢ ɧɚ ɜɵɩɪɹɦɢɬɟɥɶ 

ɩɟɪɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 1.1: ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɡɚɩɭɫɤ ɨɛɟɢɯ ɦɚɲɢɧ ȺɆ1, ȺɆβ ɧɚ ɯɨɥɨɫɬɨɦ 
ɯɨɞɭ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɧɚɩɪɹɠɟɧɢɹ, 
ɩɢɬɚɸɳɟɝɨ ɞɜɢɝɚɬɟɥɢ; 

- ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɱɚɫɬɨɬɟ ɧɚɩɪɹɠɟɧɢɹ, ɩɢ-
ɬɚɸɳɟɝɨ ȺɆβ, ɭɦɟɧɶɲɚɟɬɫɹ ɱɚɫɬɨɬɚ ɧɚɩɪɹɠɟ-
ɧɢɹ, ɩɢɬɚɸɳɟɝɨ ȺɆ1, ɡɚ ɫɱɟɬ ɱɟɝɨ ȺɆ1 ɧɚɝɪɭ-
ɠɚɟɬɫɹ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ, ɚ ȺɆβ – ɜ ɪɟɠɢɦɟ 
ɞɜɢɝɚɬɟɥɹ; ɩɪɨɜɨɞɹɬɫɹ ɢɡɦɟɪɟɧɢɹ ɦɨɳɧɨɫɬɢ, 
ɩɟɪɟɞɚɜɚɟɦɨɣ ɱɟɪɟɡ ɲɢɧɭ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 4, 

ɢ ɦɨɳɧɨɫɬɢ, ɩɨɞɚɜɚɟɦɨɣ ɧɚ ɞɜɢɝɚɬɟɥɶ ȺɆβ ɨɬ 
ɭɩɪɚɜɥɹɟɦɨɝɨ ɢɧɜɟɪɬɨɪɚ β.γ, ɩɨ ɪɚɡɧɨɫɬɢ ɤɨɬɨ-
ɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɪɶ ɜ 
ɭɩɪɚɜɥɹɟɦɨɦ ɢɧɜɟɪɬɨɪɟ β.γ ɨɬ ɦɨɳɧɨɫɬɢ, ɩɨ-
ɬɪɟɛɥɹɟɦɨɣ ɞɜɢɝɚɬɟɥɟɦ ȺɆβ:  

 
          ΔPɢɧɜ (PȺɆβɞ) = Pɲɩɬ (PȺɆβɞ) – PȺɆβɞ;      (1) 

 
- ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɱɚɫɬɨɬɟ ɧɚɩɪɹɠɟɧɢɹ, ɩɢ-

ɬɚɸɳɟɝɨ ȺɆβ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɱɚɫɬɨɬɚ ɧɚɩɪɹ-
ɠɟɧɢɹ, ɩɢɬɚɸɳɟɝɨ ȺɆ1, ɡɚ ɫɱɟɬ ɱɟɝɨ ȺɆβ ɧɚ-
ɝɪɭɠɚɟɬɫɹ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ, ɚ ȺɆ1 – ɜ ɪɟ-
ɠɢɦɟ ɞɜɢɝɚɬɟɥɹ; ɩɪɨɜɨɞɹɬɫɹ ɢɡɦɟɪɟɧɢɹ ɦɨɳ-
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ɧɨɫɬɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɱɟɪɟɡ ɲɢɧɭ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ 4, ɢ ɦɨɳɧɨɫɬɢ, ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɝɟɧɟɪɚ-
ɬɨɪɨɦ ȺɆβ, ɩɨ ɪɚɡɧɨɫɬɢ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɪɶ ɜ ɭɩɪɚɜɥɹɟɦɨɦ ɢɧɜɟɪɬɨɪɟ 
β.γ ɨɬ ɦɨɳɧɨɫɬɢ, ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɝɟɧɟɪɚɬɨ-
ɪɨɦ ȺɆβ, ɢ ɩɟɪɟɞɚɜɚɟɦɨɣ ɨɬ ɧɟɝɨ ɜ ɡɜɟɧɨ ɩɨ-
ɫɬɨɹɧɧɨɝɨ ɬɨɤɚ: 

 
     ΔPɢɧɜ (PȺɆβɝ) = PȺɆβɝ – Pɲɩɬ (PȺɆβɝ);          (2) 
 
- ɨɩɪɟɞɟɥɹɟɦ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɳɧɨɫɬɢ, ɩɨɞ-

ɜɨɞɢɦɨɣ ɤ ɢɧɜɟɪɬɨɪɭ β.γ ɜɬɨɪɨɝɨ ɱɚɫɬɨɬɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ β, ɨɬ ɦɨɳɧɨɫɬɢ, ɩɨɬɪɟɛɥɹɟ-
ɦɨɣ ɞɜɢɝɚɬɟɥɟɦ ȺɆβ: 

 
   Pɢɧɜ (PȺɆβɞ) = ΔPɢɧɜ(PȺɆβɞ) + PȺɆβɞ;           (3) 
 
- ɨɩɪɟɞɟɥɹɟɦ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɳɧɨɫɬɢ, ɩɨɞ-

ɜɨɞɢɦɨɣ ɤ ɢɧɜɟɪɬɨɪɭ β.γ ɜɬɨɪɨɝɨ ɱɚɫɬɨɬɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ β, ɨɬ ɦɨɳɧɨɫɬɢ, ɜɵɪɚɛɚɬɵ-
ɜɚɟɦɨɣ ɝɟɧɟɪɚɬɨɪɨɦ ȺɆβ: 

 
      Pɢɧɜ (PȺɆβɝ) = PȺɆβɝ – ΔPɢɧɜ(PȺɆβɝ).           (4) 
 
 ɂɫɩɨɥɶɡɭɹ ɡɚɜɢɫɢɦɨɫɬɢ (3) ɢ (4) ɩɨɥɭ-

ɱɚɟɦ: 
 
                ΔPɢɧɜ.ɞ= f (Pɢɧɜ (PȺɆβɞ));           (5) 
 
                 ΔPɢɧɜ.ɝ = f (Pɢɧɜ (PȺɆβɝ)).           (6) 
 
ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨɬɟɪɢ ɜ 

ɧɟɭɩɪɚɜɥɹɟɦɨɦ ɜɵɩɪɹɦɢɬɟɥɟ. 
ɂɡɦɟɪɟɧɢɹ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɪɨɜɨɞɹɬɫɹ ɩɨ 

ɫɯɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1, ɨɬɥɢɱɢɟ ɤɨ-
ɬɨɪɨɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ 
ɨɬ ɫɟɬɢ ɜ ɡɜɟɧɶɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɟɪɟɞɚɟɬɫɹ 
ɩɨ ɨɛɨɢɦ ɧɟɭɩɪɚɜɥɹɟɦɵɦ ɜɵɩɪɹɦɢɬɟɥɹɦ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɹɬɫɹ ɩɪɢ ɬɟɯ ɠɟ 
ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɚɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ, ɱɬɨ ɢ ɧɚ 
ɩɟɪɜɨɦ ɷɬɚɩɟ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɪɟɧɢɣ ɩɨɥɭɱɚɸɬ ɫɥɟ-
ɞɭɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢ: 

- ɦɨɳɧɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɜɵɩɪɹɦɢɬɟɥɹ β.1 
ɜɬɨɪɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ β ɨɬ ɦɨɳ-
ɧɨɫɬɢ, ɩɨɬɪɟɛɥɹɟɦɨɣ ɞɜɢɝɚɬɟɥɟɦ ȺɆβ: 

 
  Pɜɵɩɪ(PȺɆβɞ) = Pɢɧɜ(PȺɆβɞ) – Pɲɩɬ(PȺɆβɞ),      (7) 
 

ɝɞɟ Pɢɧɜ(PȺɆβɞ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ (3); 
- ɦɨɳɧɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɜɵɩɪɹɦɢɬɟɥɹ 4.1 

ɜɬɨɪɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 4 ɨɬ ɦɨɳ-
ɧɨɫɬɢ, ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɝɟɧɟɪɚɬɨɪɨɦ β: 

 

Pɜɵɩɪ(PȺɆβɝ) = Pɲɩɬ(PȺɆβɝ) – Pɢɧɜ(PȺɆβɝ),     (8) 
 

ɝɞɟ Pɢɧɜ(PȺɆβɝ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ (4); 
- ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ ɜɵɩɪɹɦɢɬɟɥɟ β.1 ɜɬɨ-

ɪɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ β ɨɬ ɦɨɳɧɨ-
ɫɬɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɢɦ ɜ ɡɜɟɧɨ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
ɩɪɢ ɪɚɛɨɬɟ ɦɚɲɢɧɵ ȺɆβ ɤɚɤ ɜ ɞɜɢɝɚɬɟɥɶɧɨɦ, 
ɬɚɤ ɢ ɜ ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ: 

 
ΔPɜɵɩɪ (Pɜɵɩɪ(PȺɆβɞ)) = Pɫ (PȺɆβɞ) – Pɜɵɩɪ(PȺɆβɞ), (9) 

 
ΔPɜɵɩɪ (Pɜɵɩɪ(PȺɆβɝ)) = Pɫ (PȺɆβɝ) – Pɜɵɩɪ(PȺɆβɝ), (10) 

 
ɝɞɟ Pɫ – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɜɬɨɪɵɦ ɱɚɫ-
ɬɨɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ 4 ɢɡ ɫɟɬɢ. 

ȼɬɨɪɨɣ ɷɬɚɩ ɡɚɜɟɪɲɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟɦ 
ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ ɧɟɭɩɪɚɜɥɹɟ-
ɦɨɦ ɜɵɩɪɹɦɢɬɟɥɟ β.1 ɨɬ ɩɨɞɜɨɞɢɦɨɣ ɤ ɧɟɦɭ 
ɦɨɳɧɨɫɬɢ ɢɡ ɫɟɬɢ: 

 
              ΔPɜɵɩɪ. ɞ = f (Pɫ (PȺɆβɞ)),         (11) 
 
               ΔPɜɵɩɪ. ɝ = f (Pɫ (PȺɆβɝ)),         (12) 
 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɹɦɢ (4.9) ɢ (4.10). 
ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɞɟɣɫɬɜɢɹ ɜ ɫɨɨɬ-

ɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɚɦɢ (1) – (12), ɤɚɤ ɞɥɹ ɩɟɪɜɨ-
ɝɨ, ɬɚɤ ɢ ɞɥɹ ɜɬɨɪɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɹ. 

ɋɨɫɬɚɜɥɹɸɳɢɟ Pɫ, PȺɆβɞ, PȺɆβɝ, Ɋɲɩɬ ɩɨɥɭɱɟ-
ɧɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ. ɉɟɪɜɵɟ ɞɜɚ 
ɷɬɚɩɚ ɩɪɨɜɨɞɹɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɡ. ɐɟɥɶ ɩɟɪ-
ɜɵɯ ɞɜɭɯ ɷɬɚɩɨɜ – ɩɨɥɭɱɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ (1) 
– (12) ɞɥɹ ɢɯ ɞɚɥɶɧɟɣɲɟɝɨ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ. 

Ɍɪɟɬɢɣ ɷɬɚɩ ɩɪɨɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ. ɂɡɦɟɪɢɬɟɥɶ ɦɨɳɧɨɫɬɢ 9 ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ 
ɧɟ ɬɪɟɛɭɟɬɫɹ. ɉɪɢ ɧɟɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ 
ɪɟɠɢɦɟ ɢɡɦɟɪɹɸɬɫɹ ɜɟɥɢɱɢɧɵ Pɫ1, Pɫβ, Ɋɲɩɬ, 
ɩɨɫɥɟ ɱɟɝɨ ɜɵɪɚɠɚɸɬɫɹ ɢ ɧɚɯɨɞɹɬɫɹ ɫɥɟɞɭɸ-
ɳɢɟ ɜɟɥɢɱɢɧɵ: 

- ΔPɜɵɩɪ1, ΔPɜɵɩɪβ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ (11), (12); 
- Pɜɵɩɪ1, Pɜɵɩɪβ  ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ (9) ɢ (10); 
- Pɢɧɜ1, Pɢɧɜβ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ (7) ɢ (8); 
- ΔPɢɧɜ1, ΔPɢɧɜβ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ (5), (6); 
- PȺɆɞ ɢ PȺɆɝ  ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ (3) ɢ (4). 
Ɂɧɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ ɜɵ-

ɩɪɹɦɢɬɟɥɹɯ ɢ ɢɧɜɟɪɬɨɪɚɯ ɨɬ ɦɨɳɧɨɫɬɢ ɩɨɞɤɥɸ-
ɱɟɧɧɵɯ ɤ ɧɢɦ ɚɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ (γ), (4), (7), 
(8), ɦɨɠɧɨ ɪɚɫɲɢɪɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, 
ɩɨɥɭɱɟɧɧɭɸ ɪɚɧɟɟ ɞɥɹ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ [8]. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɢ-
ɧɢɦɚɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ ɢɡ ɫɟɦɧɚɞɰɚɬɢ ɜɵɪɚ-
ɠɟɧɢɣ. 
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ΔPɢɧɜ.ɞ= f(PȺɆβɞ); 
ΔPɢɧɜ.ɝ = f(PȺɆβɝ); 
ΔPɜɵɩɪ. ɞ = f(PȺɆβɞ); 
ΔPɜɵɩɪ. ɝ = f(PȺɆβɝ). 
 

Ɂɚɤɥɸɱɟɧɢɟ  
ɉɪɚɤɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 

ɦɟɬɨɞɢɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɡɚɤɥɸɱɚ-
ɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɧɚ-
ɩɪɹɠɟɧɢɹ ɢɫɩɵɬɵɜɚɟɦɵɯ ɞɜɢɝɚɬɟɥɟɣ ɪɚɜɧɨɣ 50 
Ƚɰ ɬɪɟɛɭɸɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ, ɪɚɫɫɱɢ-
ɬɚɧɧɵɟ ɧɚ ɷɬɭ ɠɟ ɱɚɫɬɨɬɭ ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɫɯɟɦɭ ɢ ɭɦɟɧɶɲɚɟɬ ɫɬɨɢ-
ɦɨɫɬɶ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɨɣ ɦɟɬɨ-
ɞɢɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɞɨɩɨɥɧɢɬɶ ɪɚɡ-
ɪɚɛɨɬɚɧɧɭɸ ɪɚɧɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ [8], 

ɢ ɭɱɟɫɬɶ ɩɨɬɟɪɢ ɜ ɷɥɟɦɟɧɬɚɯ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛ-
ɪɚɡɨɜɚɬɟɥɟɣ. 

ɍɬɨɱɧɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨ-
ɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɬɶ ɦɨɳɧɨɫɬɶ, ɩɨ-
ɬɪɟɛɥɹɟɦɭɸ ɫɬɟɧɞɨɦ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɚɫɢɧ-
ɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɦɟɬɨɞɨɦ ɜɡɚɢɦɧɨɣ ɧɚɝɪɭɡ-
ɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɢɫɩɵɬɭɟɦɵɯ ɞɜɢɝɚ-
ɬɟɥɟɣ ɢ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɚ ɷɬɚɩɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɫɬɟɧɞɚ ɫɨɝɥɚ-
ɫɨɜɚɬɶ ɟɝɨ 



ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ 

 
 

 
ȼɟɫɬɧɢɤ ɋɢɛȺȾɂ, ɜɵɩɭɫɤ 5 (51), 2016                                                                              47 

ɩɚɪɚɦɟɬɪɵ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɢɬɚɸɳɟɣ ɰɟɯɨɜɨɣ 
ɫɟɬɢ. 
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METHOD OF DETERMINING POWER AND MA-

THEMATICAL MODELING OF PHYSICAL 
PROCESSES IN TESTING TRACTION INDUCTION 

MOTORS BY MUTUAL LOADS 
 

V. V. Kharlamov, D. I. Popov, A. V. Litvinov 
 

Abstract. In this article suggested the method of 
determining power when testing traction induction 
motors and the mathematical model of tests updated 
by taking into account the power losses in uncon-
trolled rectifiers and controlled inverters included in 
the frequency converters. To refine the mathematical 
model proposed to use the method of determining the 
dependency of the losses in the elements of frequen-
cy converters, located in the structure of the scheme 
of mutual loads of induction motors, the magnitude of 
the consumed and generated power of test and load 
machine. 

 

Keywords: induction motor, frequency converter, 
the test method of mutual loading, mathematical  
model. 
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