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AЛЬtЫКМt. CompЮЭОr КТНОН НОsТРn Тs ЭСО proМОss 
Лв аСТМС КХХ or pКrЭ oП ЭСО НОsТРn soХЮЭТons oЛЭКТnОН 
ЮsТnР МompЮЭОr ЭОМСnoХoРв. OnО oП ЭСО mКТn moНОХ oП 
МompЮЭОr КТНОН НОsТРn proЛХОms Тs Эo МКХМЮХКЭО or 
ЮnТЯКrТКЭО КnКХвsТs. TСТs pКpОr НОsМrТЛОs Сoа ЭСО 
КЮЭСors НОЯОХopОН ЭСО soПЭаКrО pКМФКРО "TСО 
CКХМЮХКЭТon oП prОssЮrО ХossОs Тn ЭСО СвНrКЮХТМ ХТnОs oП 
ЭСО СвНrКЮХТМ НrТЯО oП ЯoХЮmОЭrТМ" Тn ЭСО proРrКmmТnР 
ОnЯТronmОnЭ VТsЮКХ BКsТМ. On ЭСО ЛКsТs oП ЭСО 
ТmpХОmОnЭОН КppХТМКЭТon ТmproЯОs К nЮmЛОr oП аorФs 
on МКХМЮХКЭТon КnН НОsТРn oП К ЯoХЮmОЭrТМ СвНrКЮХТМ 
КМЭЮКЭor, КnН ЭСО МompЮЭКЭТonКХ ОбpОrТmОnЭ ЛКsОН on 
rОКХ ЭОМСnТМКХ НКЭК.  

 

KОваШЫНЬ: ЯoХЮmОЭrТМ СвНrКЮХТМ КМЭЮКЭor, 
КЮЭomКЭОН МКХМЮХКЭТon, МompЮЭОr КТНОН НОsТРn, 
proРrКmmТnР ОnЯТronmОnЭ VТsЮКХ BКsТМ. 
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Аɧɧɨɬɚɰиɹ. ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɩɪɨɰɟɫɫɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɭɩɥɨɬɧɹɟɦɨɣ ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɵ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɨɪɢɝɢɧɚɥɶɧɵɣ ɩɨɞɯɨɞ 
ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɍɩɥɨɬɧɹɟɦɚɹ ɫɪɟɞɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɜɢɞɟ 
ɭɩɪɭɝɨɜɹɡɤɨɩɥɚɫɬɢɱɧɨɝɨ ɬɟɥɚ, ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɜɧɟɲɧɟɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɨɣ. ȼ 
ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɨɜ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɚɤɨɣ ɫɪɟɞɵ, 
ɜɵɛɪɚɧɵ ɷɥɟɦɟɧɬɵ: Ƚɭɤɚ, ɇɶɸɬɨɧɚ ɢ ɋɟɧ-ȼɟɧɚɧɚ. Ɇɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɟ ɫɨɫɬɨɹɧɢɟ ɫɪɟɞɵ ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨ ɜɫɟɣ 
ɬɨɥɳɢɧɟ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ. Ɋɟɚɥɢɡɚɰɢɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɨɞɟɥɶɧɨɝɨ ɩɨɞɯɨɞɚ 
ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ, ɜɵɛɪɚɬɶ 
ɪɚɰɢɨɧɚɥɶɧɵɟ ɪɟɠɢɦɵ ɩɪɨɬɟɤɚɧɢɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɩɚɪɚɦɟɬɪɵ ɭɩɥɨɬɧɢɬɟɥɹ. 
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ȼɜɟɞɟɧɢɟ 
Ɉɩɢɫɚɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɫɪɟɞ ɨɩɢɫɵɜɚɟɦɵɯ ɭɩɪɭɝɨ ɜɹɡɤɨ ɩɥɚɫɬɢɱɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ 
ɡɚɞɚɱɟɣ. ɂɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɢ 
ɞɟɮɨɪɦɚɰɢɣ ɜ ɫɪɟɞɟ, ɜɫɥɟɞɫɬɜɢɟ ɩɪɢɥɨɠɟɧɢɹ 
ɤ ɧɟɣ ɜɧɟɲɧɢɯ ɫɢɥ, ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɟё 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ɋɪɟɞɭ, ɜ ɩɪɨɰɟɫɫɟ ɟё ɭɩɥɨɬɧɟɧɢɹ, ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɭɩɪɭɝɨ 
ɜɹɡɤɨ ɩɥɚɫɬɢɱɧɨɝɨ ɫɬɨɥɛɚ Д1, 2, 3]. 

,/)sin( SFtF ɫɬovplel      (1) 

ɝɞɟ σОХ – ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ 
ɭɩɪɭɝɢɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ, ɉɚ (ɪɟɨɥɨɝɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ Ƚɭɤɚ); σpХ – ɧɚɩɪɹɠɟɧɢɹ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɩɥɚɫɬɢɱɟɫɤɢɦɢ 
ɞɟɮɨɪɦɚɰɢɹɦɢ, ɉɚ (ɪɟɨɥɨɝɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɋɟɧ-ȼɟɧɚɧɚ); σЯ – ɧɚɩɪɹɠɟɧɢɹ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɜɹɡɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ, ɉɚ (ɪɟɨɥɨɝɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɇɶɸɬɨɧɚ); F0 – ɚɦɩɥɢɬɭɞɚ ɜɧɟɲɧɟɣ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɵ, ɇ; Fɫɬ = ɆР– ɫɢɥɚ 
ɬɹɠɟɫɬɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɇ; ω – ɱɚɫɬɨɬɚ 
ɤɨɥɟɛɚɧɢɣ, ɫ-1; S – ɩɥɨɳɚɞɶ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ, 
ɦ2.  

,
0h
xEyel


                           (2) 

ɝɞɟ ȿɭ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɫɪɟɞɵ, ɉɚ; С0 – 
ɧɚɱɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɫɪɟɞɵ, ɦ; Δɯ – ɜɟɥɢɱɢɧɚ 
ɫɦɟɳɟɧɢɹ ɫɪɟɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɤɨɨɪɞɢɧɚɬ ɫɦɟɳɟɧɢɹ ɫɪɟɞɵ 
ɦɨɠɧɨ ɜɵɛɢɪɚɬɶ ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɦɚɫɫɵ ɫɪɟɞɵ, ɨɞɧɚɤɨ ɜ 
ɧɚɲɟɦ ɫɥɭɱɚɟ, ɛɨɥɟɟ ɭɞɨɛɧɨɣ ɹɜɥɹɟɬɫɹ 
ɜɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɫɪɟɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ Δɯ=ɯ–ɯ0, ɝɞɟ 
ɯ0 – ɤɨɨɪɞɢɧɚɬɚ ɧɟɫɦɟɳёɧɧɨɣ 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɦɚɫɫɵ. 

,)(
0h
x

ɬpl


                   (3) 

ɝɞɟ Θ – ɮɭɧɤɰɢɹ ɏɟɜɢɫɚɣɞɚ, 
2/)1signx()x(  ; σ – ɧɚɩɪɹɠɟɧɢɹ, 

ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɟ ɨɬ ɜɧɟɲɧɢɯ 
ɫɢɥ, ɉɚ; σɬ – ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ 
ɫɪɟɞɵ, ɉɚ. 

,
dx

xd
v


                        (4) 

ɝɞɟ η – ɜɹɡɤɨɫɬɶ ɫɪɟɞɵ, ɇɫ/ɦ2. 

Ɋɟɨɥɨɝɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ 
ɭɩɪɭɝɨ ɜɹɡɤɨɣ ɩɥɚɫɬɢɱɧɨɣ ɫɪɟɞɵ (1) 
ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 

./)sin()(
00

SFtF
dx

xd
h

x
h

xE cɬoɬy 









  (5) 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɧɚ ɞɚɧɧɭɸ ɫɪɟɞɭ 
ɞɨɥɠɧɚ ɞɟɣɫɬɜɨɜɚɬɶ ɜɧɟɲɧɹɹ ɫɢɥɚ, ɤɨɬɨɪɚɹ 
ɩɪɢɜɨɞɢɬ ɤ ɫɨɡɞɚɧɢɸ ɧɚɩɪɹɠёɧɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɞɚɥɟɟ ɇȾɋ) 
ɫɪɟɞɵ ɢ ɧɚɤɨɩɥɟɧɢɸ ɜ ɧɟɣ ɧɟɨɛɪɚɬɢɦɵɯ 
ɞɟɮɨɪɦɚɰɢɣ. Ɂɚɞɚɱɚ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 
ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɬɪɟɛɭɟɬ ɩɪɢɧɹɬɢɹ 
ɨɩɪɟɞɟɥёɧɧɵɯ ɞɨɩɭɳɟɧɢɣ, ɤɨɬɨɪɵɟ ɛɟɡ 
ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɬɨɝɨɜɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɫɪɟɞɵ Д1].  

1. ɋɪɟɞɚ – ɷɬɨ ɷɥɟɦɟɧɬɚɪɧɵɣ ɫɬɨɥɛ 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɜ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɟ 
ɦɚɫɫɵ, ɧɚ ɤɨɬɨɪɭɸ ɧɚɥɨɠɟɧɵ ɭɩɪɭɝɢɟ ɢ 
ɜɹɡɤɢɟ ɫɜɹɡɢ. ɉɪɨɰɟɫɫ ɜɢɛɪɨɭɩɥɨɬɧɟɧɢɹ 
ɫɜɨɞɢɬɫɹ ɤ ɨɞɧɨɦɟɪɧɵɦ ɤɨɥɟɛɚɧɢɹɦ ɞɚɧɧɨɣ 
ɬɨɱɤɢ, ɩɪɢ ɷɬɨɦ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɝɨ 
ɨɪɝɚɧɚ, ɞɚɥɟɟ ɊɈ, ɢɡɜɟɫɬɟɧ. ɉɨɤɚɡɚɬɟɥɢ 
ɜɹɡɤɨɫɬɢ ɢ ɠёɫɬɤɨɫɬɢ ɫɪɟɞɵ ɩɨɫɬɨɹɧɧɵ ɜ 
ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɰɢɤɥɚ ɞɜɢɠɟɧɢɹ ɊɈ. 
ɉɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɊɈ ɜɵɛɢɪɚɸɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɧɢɠɟɧɢɹ ɜɹɡɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ ɫɪɟɞɵ.  

2. ɉɨɦɢɦɨ ɫɢɥ ɜɹɡɤɨɝɨ ɢ ɭɩɪɭɝɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɫɪɟɞɭ ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ 
ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ. ɉɪɨɰɟɫɫ ɜɢɛɪɨɭɩɥɨɬɧɟɧɢɹ 
ɞɨɥɠɟɧ ɫɜɨɞɢɬɶɫɹ ɤ ɫɨɡɞɚɧɢɸ ɧɚɩɪɚɜɥɟɧɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ. 
ɉɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɊɈ ɞɨɥɠɧɵ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ 
ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɬɨɱɤɢ 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɦɚɫɫɵ. 

3. Ɋɚɛɨɱɢɣ ɨɪɝɚɧ – ɩɥɨɫɤɨɫɬɶ, 
ɫɨɜɟɪɲɚɸɳɚɹ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ, 
ɞɨɩɭɫɤɚɸɳɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜ ɜɢɞɟ ɪɹɞɚ 
Ɏɭɪɶɟ. Ⱦɜɢɠɟɧɢɟ ɫɪɟɞɵ ɨɩɢɫɵɜɚɟɬɫɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ, 
ɩɨɥɭɱɟɧɧɵɦɢ ɢɡ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ. 

4. Ɉɩɢɫɚɧɢɟ ɞɜɢɠɟɧɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ 
ɫɢɫɬɟɦɵ «ɪɚɛɨɱɢɣ ɨɪɝɚɧ - ɞɟɮɨɪɦɢɪɭɟɦɚɹ 
ɫɪɟɞɚ» ɫɬɪɨɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɮɨɪɦɚɥɢɡɦɚ 
Ʌɚɝɪɚɧɠɚ, ɞɢɫɫɢɩɚɬɢɜɧɚɹ ɮɭɧɤɰɢɹ ɨɫɧɨɜɚɧɢɹ 
ɧɚ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧɚ ɭɩɥɨɬɧɹɟɦɚɹ ɫɪɟɞɚ, 
ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ. 

5. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɢ 
ɧɚɩɪɹɠɟɧɢɣ ɜɧɭɬɪɢ ɫɪɟɞɵ ɭɱɢɬɵɜɚɟɬɫɹ ɟё 
ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ 
ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ ɫ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ 
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ɦɚɫɫɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ ɭɩɪɭɝɨ 
ɜɹɡɤɨ ɩɥɚɫɬɢɱɧɵɦɢ ɫɜɹɡɹɦɢ ɥɢɧɟɣɧɨɝɨ ɢ 
ɧɟɥɢɧɟɣɧɨɝɨ ɯɚɪɚɤɬɟɪɚ. ɉɪɨɰɟɫɫ 
ɜɢɛɪɨɭɩɥɨɬɧɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɭɦɟɧɶɲɟɧɢɢ 
ɜɢɛɪɚɰɢɨɧɧɨɣ ɜɹɡɤɨɫɬɢ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ ɢ 
ɫɨɡɞɚɧɢɢ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɰɟɧɬɪɚ 
ɦɚɫɫ ɫɢɫɬɟɦɵ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ. 

Ɉɩɢɫɚɧɢɟ ɡɚɞɚчɢ 
ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɞɨɩɭɳɟɧɢɣ, ɪɚɫɫɦɨɬɪɢɦ 

ɷɥɟɦɟɧɬɚɪɧɵɣ ɫɬɨɥɛ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ, 
ɨɩɪɟɞɟɥёɧɧɨɝɨ ɨɛɴёɦɚ ɢ ɦɚɫɫɵ, ɧɚ ɤɨɬɨɪɵɣ 
ɞɟɣɫɬɜɭɟɬ ɜɧɟɲɧɹɹ ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɫɢɥɚ 
F0sТn(ωЭ) (ɪɢɫ. 1.). Ⱦɟɣɫɬɜɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ ɫ 
ɱɚɫɬɨɬɨɣ ω ɧɚ ɞɟɮɨɪɦɢɪɭɟɦɭɸ ɫɪɟɞɭ 
ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 
ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɦɚɫɫɵ ɫɪɟɞɵ Д2, 3, 4]: 

,sin22 ɫɬo FtFxcxbxV          (6) 

ɝɞɟ ∆б – ɞɟɮɨɪɦɚɰɢɹ ɫɪɟɞɵ, ɦ; m=ρV – 
ɩɪɢɜɟɞɟɧɧɚɹ ɦɚɫɫɚ ɫɪɟɞɵ, ɤɝ; ρ – ɩɥɨɬɧɨɫɬɶ 
ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ, ɤɝ/ɦ3; V – ɨɛɴёɦ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɬɨɥɛɚ ɫɪɟɞɵ, ɦ3; Fɫɬ=MР – 
ɫɢɥɚ ɬɹɠɟɫɬɢ ɊɈ, ɇ; ɫ2– ɠёɫɬɤɨɫɬɶ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɬɨɥɛɚ ɫɪɟɞɵ, ɇ/ɦ; Л2– 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɨɛɴёɦɚ, ɇɫ/ɦ. 

,
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                          (7) 

ɝɞɟ η – ɜɹɡɤɨɫɬɶ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ, 
ɇɫ/ɦ2; С0–ɬɨɥɳɢɧɚ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ ɫɪɟɞɵ, 
ɦ; S –ɩɥɨɳɚɞɶ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ, ɦ2. 

,
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ɝɞɟ ȿ – ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ ɫɪɟɞɵ, ɉɚ;  
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Ɋɢɫ.1. ɋɯɟɦɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ 
ɭɩɪɭɝɨ ɜɹɡɤɨ ɩɥɚɫɬɢɱɧɨɝɨ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɬɨɥɛɚ  

ɫɪɟɞɵ ɜɧɟɲɧɟɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɨɣ 

ɉɨɫɤɨɥɶɤɭ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ ɫɪɟɞɵ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɥɚɫɬɢɱɟɫɤɨɣ ɢ ɭɩɪɭɝɨɣ 
ɞɟɮɨɪɦɚɰɢɹɦɢ Д2,5], ɬɨ ɠёɫɬɤɨɫɬɶ ɫɬɨɥɛɚ 
ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɵ ɬɚɤɠɟ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɭɩɪɭɝɨɣ ɢ ɩɥɚɫɬɢɱɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ. 

,
0

2 h
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c y
el                              (9) 

ɝɞɟ ȿɭ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɝɪɭɧɬɨɜɨɣ 
ɫɪɟɞɵ, Ɇɉɚ. 

,
0

2 h
SEc ɩ

pl                          (10) 

ɝɞɟ ȿɩ – ɦɨɞɭɥɶ ɩɥɚɫɬɢɱɧɨɫɬɢ ɝɪɭɧɬɨɜɨɣ 
ɫɪɟɞɵ, Ɇɉɚ. 

ɉɪɟɨɛɪɚɡɭɟɦ ɭɪɚɜɧɟɧɢɟ (6) ɫ ɰɟɥɶɸ 
ɢɡɭɱɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɞɟɮɨɪɦɢɪɭɟɦɨɣ 
ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɵ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ 
ɧɚɝɪɭɠɟɧɢɢ ɜɧɟɲɧɟɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɨɣ: 
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (6) 
ɢɦɟɟɬ ɨɛɳɟɢɡɜɟɫɬɧɵɣ ɜɢɞ:  
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   (12) 

Ɂɞɟɫɶ ɞɟɮɨɪɦɚɰɢɹ ɫɢɫɬɟɦɵ ɧɚ ɤɚɠɞɨɦ 
ɰɢɤɥɟ, ɜ ɫɢɥɭ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɠɟɫɬɤɨɫɬɶɸ 
ɢ ɜɹɡɤɨɫɬɶɸ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ 
ɨɬ ɜɟɥɢɱɢɧɵ ɜɧɟɲɧɟɣ ɫɢɥɵ ɢ ɱɚɫɬɨɬɵ ɟё 
ɩɪɢɥɨɠɟɧɢɹ, ɩɨɷɬɨɦɭ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɪɟɲɟɧɢɟ ɬɨɥɶɤɨ ɞɥɹ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ. 

ɉɨɫɬɨɹɧɧɚɹ ɫɢɥɚ «ɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɢɝɪɭɡɚ» 
Fɫɬ, ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɨɫɬɨɹɧɧɨɝɨ 
ɫɦɟɳɟɧɢɹ (ɢɡɦɟɧɟɧɢɸ ɬɨɱɤɢ ɨɬɫɱɟɬɚ), ɢ ɟɟ 
ɜɥɢɹɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɭɱɬɟɧɨ ɜɵɛɨɪɨɦ 
ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (3) ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɥɨɠɧɨɫɬɢ ɜ ɫɥɭɱɚɟ ɧɟɢɡɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

),(, 2
022 kcb 

, ɧɨ ɩɪɢ ɦɟɧɹɸɳɢɯɫɹ ɩɚɪɚɦɟɬɪɚɯ 

ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. ɉɨɷɬɨɦɭ 
ɪɟɲɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɛɥɢɠɟɧɢɟɦ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɞɨɫɬɚɬɨɱɧɭɸ ɬɨɱɧɨɫɬɶ 
ɪɚɫɱёɬɨɜ, ɫ ɭɱёɬɨɦ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɣ Д4, 
6]. Ɉɰɟɧɤɚ ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɫɢɥɚɦɢ ɩɥɚɫɬɢɱɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ:  

ɉɪɢ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɹ, ɤɨɝɞɚ 
ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ )()()( iɩɪiiɬ ttt   , 
ɜɵɧɭɠɞɚɸɳɚɹ ɫɢɥɚ ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɩɪɨɬɢɜ 
ɭɩɪɭɝɢɯ, ɬɚɤ ɢ ɩɥɚɫɬɢɱɧɵɯ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɫɪɟɞɵ, ɬɚɤ ɱɬɨ 
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                   (13) 

ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɞɭɥɟɦ ɞɟɮɨɪɦɚɰɢɢ (8), 
ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɩɥɚɫɬɢɱɟɫɤɢɦɢ ɢ 
ɭɩɪɭɝɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ, 
ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɹ (9, 10), 

.
22

22
2

plel

plel

cc
cc

c



                   (14) 

ɇɚ ɜɫɟɦ ɨɫɬɚɥɶɧɨɦ ɩɟɪɢɨɞɟ ɞɟɣɫɬɜɭɟɬ 
ɬɨɥɶɤɨ ɭɩɪɭɝɚɹ ɫɢɥɚ, ɬɚɤ ɱɬɨ 

.22
02 m

c el                       (15) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɨɫɬɚɬɨɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɧɚ 
ɨɞɧɨɦ ɩɟɪɢɨɞɟ ɛɭɞɟɬ ɪɚɜɧɚ ɞɨɥɟ ɧɟɭɩɪɭɝɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɜ ɚɦɩɥɢɬɭɞɟ ɤɨɥɟɛɚɧɢɣ ɫ ɭɱɟɬɨɦ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɫɢɥɵ: 
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                  (16) 

ɉɨɫɤɨɥɶɤɭ ɪɟɚɥɶɧɵɟ ɩɪɨɰɟɫɫɵ 
ɩɪɨɢɫɯɨɞɹɬ ɜ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɟ 
ɧɟɥɢɧɟɣɧɨ, ɬɨ ɢɡɭɱɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɇȾɋ 
ɫɪɟɞɵ ɧɚ ɩɪɢɦɟɪɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɞɧɨɝɨ 
ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɫɬɨɥɛɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨɣ ɤɚɪɬɢɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɩɨ ɜɫɟɣ ɬɨɥɳɢɧɟ 
ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ. ɉɨɷɬɨɦɭ ɫɥɨɣ ɫɪɟɞɵ 
ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɜɢɞɟ 
ɧɟɫɤɨɥɶɤɢɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɨɟɞɢɧёɧɧɵɯ 
ɫɬɨɥɛɨɜ Д7,8,9,10,11] (ɪɢɫ. 2), ɤɨɬɨɪɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɨɫɩɪɢɧɢɦɚɸɬ ɧɚɝɪɭɡɤɭ ɨɬ 
ɜɧɟɲɧɟɣ ɫɢɥɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɭɹ 
ɜɵɲɟɩɪɟɞɥɨɠɟɧɧɵɣ ɦɨɞɟɥɶɧɵɣ ɩɨɞɯɨɞ, 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɚɧɚɥɨɝɢɱɧɨɟ ɪɟɲɟɧɢɟ 
ɞɥɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɦɚɫɫ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜ 
ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɨɰɟɧɢɬɶ ɧɟɥɢɧɟɣɧɨɫɬɶ 
ɫɢɫɬɟɦɵ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧёɧɧɵɯ ɫɬɨɥɛɨɜ 
ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɬɪёɯ.  
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            (17)

 

ɝɞɟ ∆бТ – ɞɟɮɨɪɦɚɰɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɫɬɟɪɠɧɹ ɫɪɟɞɵ, ɦ; mТ=ρТVТ – 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɦɚɫɫɚ 
ɫɬɟɪɠɧɹ, ɤɝ; ρТ – ɩɥɨɬɧɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɫɬɟɪɠɧɹ, ɤɝ/ɦ3; VТ – ɨɛɴёɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɫɬɟɪɠɧɹ, 
ɦ3; С0-ɬɨɥɳɢɧɚ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ ɫɪɟɞɵ, ɦ; 
S-ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ, ɦ2; ȿ – ɦɨɞɭɥɶ 
ɞɟɮɨɪɦɚɰɢɢ ɫɪɟɞɵ, ɉɚ; Л2 – ɤɨɷɮɮɢɰɢɟɧɬ 
ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɬɨɥɛɚ 
ɫɪɟɞɵ, ɇɫ/ɦ; ɫ2 – ɠёɫɬɤɨɫɬɶ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ 
ɫɬɨɥɛɚ ɫɪɟɞɵ, ɇ/ɦ; η – ɜɹɡɤɨɫɬɶ 
ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ, ɇɫ/ɦ2; Fɞ(Э) – ɜɧɟɲɧɹɹ 
ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɫɢɥɚ, ɇ. 

 
 

Ɋɢɫ. 2. Ⱦɟɮɨɪɦɢɪɨɜɚɧɢɟ ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɵ 
ɜɧɟɲɧɟɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɨɣ  

ɜ ɜɢɞɟ ɧɟɫɤɨɥɶɤɢɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɨɥɛɨɜ 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɵɦ ɦɨɞɟɥɶɧɵɦ 
ɩɨɞɯɨɞɨɦ ɢ ɩɪɢɧɹɬɵɦɢ ɞɨɩɭɳɟɧɢɹɦɢ, 
ɰɢɤɥɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɢɜɨɞɢɬ ɤ ɧɚɤɨɩɥɟɧɢɸ 
ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ: ɭɩɥɨɬɧɟɧɢɸ 
ɫɪɟɞɵ, ɬɚɤ ɱɬɨ ɫɭɦɦɚɪɧɚɹ ɞɟɮɨɪɦɚɰɢɹ 
ɫɨɫɬɚɜɢɬ 





n
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1

.                       (18) 

ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ ɨɬ 
ɞɟɮɨɪɦɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɤɚɠɞɨɦ ɩɟɪɢɨɞɟ, 
ɤɨɝɞɚ ɜɹɡɤɨɫɬɶ ɢ ɠɟɫɬɤɨɫɬɶ ɩɟɪɟɫɱɢɬɵɜɚɸɬɫɹ 
ɞɥɹ ɧɨɜɵɯ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬɵ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ 
ɫɬɨɥɛɚ ɢ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɣ ɩɥɨɳɚɞɢ (ɫ ɭɱɟɬɨɦ 
ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ).  

ɋɭɦɦɚɪɧɚɹ ɪɚɛɨɬɚ ɧɚ ɭɩɥɨɬɧɟɧɢɟ 
ɫɱɢɬɚɟɬɫɹ ɡɚɤɨɧɱɟɧɧɨɣ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ 
ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (ɡɚɞɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɩɥɨɬɧɟɧɢɹ). 
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            (19) 

ɝɞɟ ρ0 – ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ 
ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ, ɤɝ/ɦ3; ρɤɨɧɟɱ – 
ɤɨɧɟɱɧɚɹ (ɧɨɪɦɚɬɢɜɧɚɹ) ɩɥɨɬɧɨɫɬɶ ɫɪɟɞɵ, 
ɤɝ/ɦ3. 

ɂɫɯɨɞɹ ɢɡ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɜɟɥɢɱɢɧɵ 
ɩɨɥɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (18) ɢ ɭɱɢɬɵɜɚɹ 
ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ 
ɫɪɟɞɵ (19), ɨɩɪɟɞɟɥɢɦ ɧɟɨɛɯɨɞɢɦɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ n 
ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. 

Чɢɫɥɨ ɰɢɤɥɨɜ n, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɷɬɨɝɨ, ɫ 
ɭɱёɬɨɦ ɪɚɛɨɬ ɏɚɪɯɭɬɵ ɇ. ə., Ʉɚɥɭɠɫɤɨɝɨ ə. Ⱥ., 
ɉɟɪɦɹɤɨɜɚ ȼ. Ȼ. ɢ ɞɪ., Д5,12,13,14] ɨɩɪɟɞɟɥɹɟɬ 
ɜɪɟɦɹ ɪɚɛɨɬɵ  

 /2 nt  .                     (20) 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɤɨɪɨɫɬɶ ɭɩɥɨɬɧɢɬɟɥɹ, 

ɫ ɭɱёɬɨɦ ɜɪɟɦɟɧɢ ɢ ɱɚɫɬɨɬɵ ɩɪɢɥɨɠɟɧɢɹ 
ɜɧɟɲɧɟɣ ɫɢɥɵ, ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ 
ɩɥɨɬɧɨɫɬɢ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ 
ɨɩɪɟɞɟɥɢɬɫɹ, ɤɚɤ 

t
d

 ,                           (21) 

ɝɞɟ Н – ɩɪɨɞɨɥɶɧɵɣ ɩɚɪɚɦɟɬɪ ɩɹɬɧɚ 
ɤɨɧɬɚɤɬɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɫɨ ɫɪɟɞɨɣ, ɦ. 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ Н ɦɨɠɟɬ ɛɵɬɶ 
ɧɚɣɞɟɧ, ɤɚɤ  

LSd / ,                         (22)  
ɝɞɟ L – ɲɢɪɢɧɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 

ɭɩɥɨɬɧɢɬɟɥɹ, ɦ. 

ɇɚɩɪɹɠɟɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɰɢɤɥɚ, 
ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɝɪɭɧɬɨɜɨɣ 
ɫɪɟɞɟ, ɨɩɪɟɞɟɥɹɬɫɹ: 
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 .                      (23) 

Ɂɚɤɥючɟɧɢɟ 
ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɨɞɟɥɶɧɵɣ ɩɨɞɯɨɞ ɞɚёɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɫɬɢ ɩɨɥɧɨɦɚɫɲɬɚɛɧɵɟ 
ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɭɩɪɭɝɨ ɜɹɡɤɨ 
ɩɥɚɫɬɢɱɧɵɯ ɫɪɟɞ ɪɚɡɥɢɱɧɵɦɢ ɫɢɥɨɜɵɦɢ 
ɪɚɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ ɭɩɥɨɬɧɢɬɟɥɟɣ. Ⱥɧɚɥɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɭɩɥɨɬɧɢɬɟɥɹ, 
ɜɟɥɢɱɢɧɭ ɜɧɟɲɧɟɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɵ ɢ 
ɱɚɫɬɨɬɭ ɟё ɩɪɢɥɨɠɟɧɢɹ, ɫ ɭɱёɬɨɦ ɫɜɨɣɫɬɜ 
ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ. Ɋɚɛɨɬɵ ɩɪɨɜɨɞɹɬɫɹ ɜ 
ɪɚɦɤɚɯ ɩɪɨɟɤɬɧɨɣ ɱɚɫɬɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɡɚɞɚɧɢɹ ɧɚ ɧɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. 
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MATHEMATICAL MODEL OF DENAMIC 
DEFORMATION OF COMPACTED ELASTIC 

VISCOUS PLASTIC MEDIUM 
 

S.V. SКЯОХТОЯ, V.V. MТФСООЯ, A.S. BОХoНОН  
 

AЛЬtЫКМt. TСО КrЭТМХО Тs НОЯoЭОН Эo rОsОКrМС oП 
НвnКmТМ НОПormКЭТon oП soТХ sОКХТnР proМОss 
ОnЯТronmОnЭ. An orТРТnКХ КpproКМС Эo ЭСО moНОХТnР oП 
ЭСО proМОss. SОКХТnР mОНТЮm Тs rОРКrНОН Кs 
ОХКsЭТМЯТsМoОХКsЭТМ ЛoНв, К НОПormКЛХО ОбЭОrnКХ 
pОrТoНТМ ПorМО. As ЭСО ОХОmОnЭs МСКrКМЭОrТгТnР ЭСО 
rСОoХoРТМКХ propОrЭТОs oП sЮМС К mОНТЮm, sОХОМЭОН 
ОХОmОnЭs ЛОПorО ТЭ: GooФО, NОаЭon КnН SКТnЭ-VОnКnЭ. 
TСО moНОХ КХХoаs Юs Эo ТnЯОsЭТРКЭО ЭСО sЭrОss-sЭrКТn 
sЭКЭО oП ЭСО ОnЯТronmОnЭ Тn ЭСО proМОss oП НОПormКЭТon 
oП ЭСО ОnЭТrО ЭСТМФnОss oП Юp-ХoЭnвКОmoРo ХКвОr. 
ImpХОmОnЭКЭТon oП ЭСО proposОН moНОХТnР КpproКМС 
КХХoаs ЭСО rosО-SТЭ sОКХ ЭСО ОnОrРв ОППТМТОnМв oП ЭСО 
proМОss, sОХОМЭ ЭСО moНОs oП rКЭТonКХ ПХoа oП ЭСО 
proМОss КnН ЭСО pКrКmОЭОrs oП ЭСО МompКМЭor. 

 
KОваШЫНЬ: НОПormКЭТon, sОКХТnР, mОНТЮm, 

rОsОКrМС, proМОss. 
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ɋɚɜɟɥɶɟɜ ɋɟɪɝɟɣ ȼɚɥɟɪɶɟɜɢɱ (Ɋɨɫɫɢɹ, ɝ. 

Ɉɦɫɤ) – ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ. 
ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ «ɗɤɫɩɥɭɚɬɚɰɢɹ ɢ ɫɟɪɜɢɫ 
ɬɪɚɧɫɩɨɪɬɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɲɢɧ ɢ 
ɤɨɦɩɥɟɤɫɨɜ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ» (ɗɋɆɂК), ɎȽȻɈɍ 
ȼɈ «ɋɢɛȺȾɂ» (644080, ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ, 5, О-maТХ: 
savОХТОvИsОrРvaХ@maТХ.rЮ).
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Ɇɢɯɟɟɜ ȼɢɬɚɥɢɣ ȼɢɤɬɨɪɨɜɢɱ (Ɋɨɫɫɢɹ, ɝ. 
Ɉɦɫɤ) – ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, 
ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ «Кɨɦɩɥɟɤɫɧɚɹ ɡɚɳɢɬɚ 
ɢɧɮɨɪɦɚɰɢɢ» (КɁɂ) ɎȽȻɈɍ ȼɉɈ ɈɦȽɌɍ (644050, 
ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ,11, ɟ-maТХ: vvm125@maТХ.rЮ). 

 
Ȼɟɥɨɞɟɞ Ⱥɥɟɤɫɚɧɞɪ ɋɟɪɝɟɟɜɢɱ (Ɋɨɫɫɢɹ, ɝ. 

Ɉɦɫɤ) – ɦɚɝɢɫɬɪɚɧɬ ɤɚɮɟɞɪɵ ɗɤɫɩɥɭɚɬɚɰɢɹ ɢ 
ɫɟɪɜɢɫ ɬɪɚɧɫɩɨɪɬɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɲɢɧ ɢ 
ɤɨɦɩɥɟɤɫɨɜ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ (ɗɋɆɂК) ɎȽȻɈɍ 
ȼɈ «ɋɢɛȺȾɂ» (644080, ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ, 5, О-maТХ: 
sasСabОХoНОН123@РmaТХ.Мom). 

 
SavОХ'Оv SОrРОв VaХОrвОvТМС (RЮssТan 

FОНОraЭТon, OmsФ) – НoМЭor oП ЭОМСnТМaХ sМТОnМОs, ЭСО 
assoМТaЭО proПОssor. proПОssor oП "OpОraЭТon anН 
SОrvТМО oП TransporЭ TОМСnoХoРТМaХ MaМСТnОs anН 
CompХОбОs Тn ConsЭrЮМЭТon" НОparЭmОnЭ (ESMIK), oП 

TСО SТbОrТan SЭaЭО AЮЭomobТХО anН HТРСаaв aМaНОmв 
(SТbADI) (644080, OmsФ, MТra AvО., 5, О-maТХ: 
savОХТОvИsОrРvaХ@maТХ.rЮ). 

 
MТСООv VТЭaХвТ VТФЭorovТМС (RЮssТan FОНОraЭТon, 

OmsФ) – МanНТНaЭО oП pСвsТМaХ anН maЭСОmaЭТМaХ 
sМТОnМОs, ЭСО assoМТaЭО proПОssor "CompХОб 
InПormaЭТon SОМЮrТЭв" (CIS) OmsФ sЭaЭО ЭОМСnТМaХ 
ЮnТvОrsТЭв (644050, OmsФ, MТra AvО., 11, О-maТХ: 
vvm125@maТХ.rЮ). 

 
BОХoНОН AХОбanНОr SОrРОвОvТМС RЮssТan 

FОНОraЭТon, OmsФ) – ЮnНОrРraНЮaЭО oП ЭСО OpОraЭТon 
НОparЭmОnЭ anН sОrvТМО oП ЭransporЭ ЭОМСnoХoРТМaХ 
maМСТnОs anН МompХОбОs Тn МonsЭrЮМЭТon (ESMIK) oП 
TСО SТbОrТan SЭaЭО AЮЭomobТХО anН HТРСаaв aМaНОmв 
(SТbADI) (644080, OmsФ, MТra AvО., 5, О-maТХ: 
sasСabОХoНОН123@РmaТХ.Мom). 
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ȿ.ȼ. ɋɟɥɟɡɧɟɜɚ, Ɍ.Ⱥ. ɘɪɢɧɚ 
ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ», Ɉɦɫɤ, Ɋɨɫɫɢɹ. 

 

Аɧɧɨɬɚɰиɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɢɞɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ 
ɩɪɚɤɬɢɤɟ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɪɚɫɤɪɵɜɚɟɬɫɹ ɩɨɧɹɬɢɟ ɤɪɢɬɟɪɢɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɪɢɬɟɪɢɹɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɟ ɞɨɫɬɢɱɶ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɜɢɞɵ ɡɚɞɚɱ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ 
ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. ɉɪɢɜɟɞɟɧ ɮɪɚɝɦɟɧɬ ɚɥɝɨɪɢɬɦɚ  ɢ 
ɪɟɡɭɥɶɬɚɬ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ.    

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɨɩɬɢɦɢɡɚɰɢɹ, ɫɢɫɬɟɦɚ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ. 

 
ȼɜɟɞɟɧɢɟ 
Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ 
ɢɦɟɸɬ ɩɪɚɜɢɥɶɧɚɹ ɨɰɟɧɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɮɚɤɬɨɪɨɜ ɢ ɜɵɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɪɢɬɟɪɢɟɜ. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɷɬɨ ɬɪɟɛɭɟɬ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɪɚɡ-
ɪɚɛɨɬɤɢ ɬɚɤɢɯ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɣ ɢ ɜɵɛɨɪɚ 
ɩɚɪɚɦɟɬɪɨɜ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ, 
ɤɨɬɨɪɵɟ ɨɬɜɟɱɚɸɬ ɩɨ ɬɨɱɧɨɫɬɢ ɢ 
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɪɢɦɟɧɹɟɦɵɦ ɦɟɬɨɞɚɦ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɚɧɚɥɢɡɭ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 

ȼɢɞы ɬɟɯɧɨɥɨɝɢчɟɫɤɢɯ ɫɢɫɬɟɦ 
ɋɢɫɬɟɦɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɤɥɚɫɫɚ: 

ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ, ɯɨɬɹ ɜ 
ɩɪɚɤɬɢɤɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɫɫɥɟɞɭɟɦɵɟ ɫɢɫɬɟɦɵ 
ɱɚɫɬɨ ɧɟ ɞɟɥɹɬɫɹ ɫɬɨɥɶ ɱɟɬɤɨ Д1]. 

Ʉ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦ ɨɬɧɨɫɹɬ ɫɢɫɬɟɦɵ, ɜ 
ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ 
ɬɨɱɧɨ ɩɪɟɞɜɢɞɢɦɵɦ ɨɛɪɚɡɨɦ. ɉɪɢ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 
ɧɟ ɜɨɡɧɢɤɚɟɬ ɧɢɤɚɤɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ. 
ɂɡɦɟɧɟɧɢɟ ɨɞɧɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɧɚ 
ɧɟɤɨɬɨɪɭɸ ɜɟɥɢɱɢɧɭ ɜɫɟɝɞɚ ɜɵɡɵɜɚɟɬ 
ɢɡɦɟɧɟɧɢɟ ɞɪɭɝɨɝɨ ɢɥɢ ɞɪɭɝɢɯ ɧɚ ɫɬɪɨɝɨ 
ɨɩɪɟɞɟɥɟɧɧɭɸ ɜɟɥɢɱɢɧɭ. ȿɫɥɢ ɜɟɥɢɱɢɧɚ 
ɤɚɤɨɝɨ-ɬɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɏТ 
ɢɡɦɟɧɢɬɫɹ ɧɚ ɏ, ɬɨ ɫɜɨɣɫɬɜɨ ВТ ɜɫɟɝɞɚ 
ɢɡɦɟɧɢɬɫɹ ɧɚ ɍ.  

Ⱦɥɹ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ (ɜɟɪɨɹɬɧɨɫɬɧɨɣ) 
ɫɢɫɬɟɦɵ ɧɟɥɶɡɹ ɫɞɟɥɚɬɶ ɬɨɱɧɨɝɨ ɞɟɬɚɥɶɧɨɝɨ 
ɩɪɟɞɫɤɚɡɚɧɢɹ. Ɍɚɤɭɸ ɫɢɫɬɟɦɭ ɦɨɠɧɨ 
ɬɳɚɬɟɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɢ ɭɫɬɚɧɨɜɢɬɶ ɫ 
ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɶɸ ɜɟɪɨɹɬɧɨɫɬɢ, ɤɚɤ ɨɧɚ 
ɛɭɞɟɬ ɫɟɛɹ ɜɟɫɬɢ ɜ ɥɸɛɵɯ ɡɚɞɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ. Ɉɞɧɚɤɨ ɫɢɫɬɟɦɚ ɜɫɟ-ɬɚɤɢ ɨɫɬɚɟɬɫɹ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɢ ɥɸɛɨɟ ɩɪɟɞɫɤɚɡɚɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɟ ɩɨɜɟɞɟɧɢɹ ɧɢɤɨɝɞɚ ɧɟ ɦɨɠɟɬ 
ɜɵɣɬɢ ɢɡ ɥɨɝɢɱɟɫɤɢɯ ɪɚɦɨɤ ɜɟɪɨɹɬɧɨɫɬɧɵɯ 


