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AЛЬЭЫКМЭ. TСО КrЭТМХО НаОХХs ЮЩШЧ ЭСО МШЧМОЩЭЮКХ 
НОsТРЧ ШП КЧЭТКvКХКЧМСО ЩrШЭОМЭТШЧ ШП rШКНs ТЧ 
СТРСХКЧНs. TСО НОvОХШЩОН ЭОМСЧШХШРТОs КХХШа ЭШ 
ШЩЭТmТгО ЩrШЭОМЭТШЧ КРКТЧsЭ КvКХКЧМСОs КЧН КvШТН 
ЮЧУЮsЭТПТОН ХШssОs. IЧНОЭОrmТЧКЭО-sЭШМСКsЭТМ КЧКХвsТs Тs 
ЮsОН. RОХТОП, mОЭОШrШХШРТМКХ КЧН sОТsmТМ ПКМЭШrs КrО 
ЭКФОЧ ТЧЭШ КММШЮЧЭ. АОКЭСОr НКЭКЛКsОs КrО аШrФОН 
ШЮЭ ПШr ОКМС КvКХКЧМСО sТЭО ШЧ ОКМС НКЭК. BОsТНОs, ЭСО 
rОХТОvОs’ НКЭКЛКsО Тs НОvОХШЩОН ПШr гШЧОs ШП ШrТРТЧ КЧН 
ЭrКЧsТЭ. AММШrНТЧР ЭШ ЭСОm, ПШr КХХ вОКrs ЭСОrО Тs 
МКХМЮХКЭОН К НОРrОО ШП sТЭЮКЭТШЧ’s ЛОХШЧРТЧР ЭШ 
НТППОrОЧЭ ХОvОХs ШП КvКХКЧМСО’s НКЧРОr. TСО КvКХКЧМСО 
ЩrОssЮrО ШЧ ЭСО rШКН Тs МКХМЮХКЭОН. EбКmЩХО ШП 
КЧКХвsТs Тs РТvОЧ. 

 
KОваoЫНЬ: rШКН, КvКХКЧМСО, ЩrШЭОМЭТШЧ, 

ОКrЭСqЮКФО, sЧШа, ШЩЭТmТгКЭТШЧ. 
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Аɧɧɨɬɚɰиɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɢɜɨɞɢɬɫя ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɥɨɠɧɨɣ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɛɭɥɶɞɨɡɟɪɚ ɫ ɩɨɥɭɠɟɫɬɤɨɣ ɩɨɞɜɟɫɤɨɣ ɪɚɦɵ. Ⱥɜɬɨɪɨɦ 
ɩɪɟɞɥɨɠɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ, ɫɨɫɬɨяɳɚя ɢɡ ɭɪɚɜɧɟɧɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɫɜяɡɟɣ ɷɥɟɦɟɧɬɨɜ ɦɚɲɢɧɵ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɟɦɟɳɟɧɢя ɪɚɦɵ 
ɦɚɲɢɧɵ ɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɩɪɢ ɜɧɟɲɧɢɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɜɨɡɞɟɣɫɬɜɢяɯ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɭɞɟɥяɟɬɫя ɡɚɜɢɫɢɦɨɫɬяɦ ɦɟɠɞɭ ɦɧɨɠɟɫɬɜɨɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɲɢɧɵ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɞɢɧɚɦɢɤɚ, ɦɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ, ɛɭɥɶɞɨɡɟɪ, ɩɨɥɭɠɟɫɬɤɚя 
ɩɨɞɜɟɫɤɚ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɤɢɧɟɦɚɬɢɱɟɫɤɚя ɫɜяɡɶ. 

 

ȼɜɟɞɟɧɢɟ 
ɋɨɜɪɟɦɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɜ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɨɥɠɧɨ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɢ ɞɚɠɟ ɨɩɟɪɟɠɚɬɶ 
ɡɚɪɭɛɟɠɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. 
Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ 

ɨɛɪɚɡɰɨɜ ɬɟɯɧɢɤɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɟɫɶ ɧɚɭɱɧɵɣ 
ɩɨɬɟɧɰɢɚɥ ɜɵɫɲɢɯ ɲɤɨɥ. ɋɨɜɪɟɦɟɧɧɨɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɞɨɪɨɠɧɵɯ 
ɦɚɲɢɧ ɞɨɥɠɧɨ ɨɩɢɪɚɬɶɫɹ ɤɚɤ ɧɚ ɤɥɚɫɫɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɬɚɤ ɢ ɧɚ 
ɩɟɪɟɞɨɜɵɟ ɦɟɬɨɞɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
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ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɫɥɨɠɧɵɯ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɬɚɤɢɯ ɤɚɤ 
ɛɭɥɶɞɨɡɟɪɧɵɣ ɚɝɪɟɝɚɬ. Ɍɨɥɶɤɨ ɬɚɤ ɦɨɠɧɨ 
ɩɨɜɵɫɢɬɶ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɬɟɯɧɢɤɢ. 
ɉɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ 
ɧɟ ɜɵɡɵɜɚɟɬ ɫɨɦɧɟɧɢɹ. 

Ɇɚɬɟɦɚɬɢчɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɛɭɥɶɞɨɡɟɪɚ 
ɫ ɩɨɥɭɠɟɫɬɤɨɣ ɩɨɞɜɟɫɤɨɣ ɪɚɦɵ 

ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɨɩɢɫɚɧɢɢ 
ɛɭɥɶɞɨɡɟɪɚ ɛɥɚɝɨɞɚɪɹ ɞɨɩɭɳɟɧɢɹɦ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ 
ɩɚɪɚɦɟɬɪɨɜ, ɨɤɚɡɵɜɚɸɳɢɯ ɩɪɢɧɰɢɩɢɚɥɶɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɢɡɦɟɧɟɧɢɟ ɞɢɧɚɦɢɤɢ ɛɚɡɨɜɨɣ 
ɦɚɲɢɧɵ ɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ Д1]. Ȼɭɥɶɞɨɡɟɪ 
ɩɪɟɞɫɬɚɜɥɟɧ ɭɩɪɨɳɟɧɧɨ ɜ ɜɢɞɟ 
ɦɧɨɝɨɡɜɟɧɧɢɤɚ (ɪɢɫ. 1), ɫɨɞɟɪɠɚɳɟɝɨ ɪɚɛɨɱɢɣ 
ɨɪɝɚɧ (ɨɬɜɚɥ), ɧɚɜɟɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, 
ɯɨɞɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɨɞɜɟɫɤɭ ɯɨɞɨɜɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɦɭ ɦɚɲɢɧɵ Д2, 3 ,4, 5]. 

ɏɨɞɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɛɭɥɶɞɨɡɟɪɚ, ɤɚɤ 
ɞɥɹ ɩɪɚɜɨɣ, ɬɚɤ ɢ ɞɥɹ ɥɟɜɨɣ ɤɨɥɟɢ ɞɜɢɠɟɬɫɹ 
ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɤɪɨɦɤɨɣ 
ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ Д1]: 

)()( 1LɊɈɇ tГtГ  ;                    (1) 

ȻȺL VL11  ,                          (2) 

ɝɞɟ Гɇ – ɜɟɪɬɢɤɚɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ ɧɟ 
ɫɝɥɚɠɟɧɧɨɣ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ 
ɤɨɥɟɟ ɞɜɢɠɟɧɢɹ; τL1 – ɜɪɟɦɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɡɚɩɚɡɞɵɜɚɧɢɹ ɨɬ ɤɪɨɦɤɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɞɨ 
ɩɟɪɟɞɧɢɯ ɨɩɨɪɧɵɯ ɤɚɬɤɨɜ, VȻȺ – ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɦɚɲɢɧɵ. 

ɋɝɥɚɠɢɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɝɭɫɟɧɢɱɧɨɝɨ 
ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɛɨɱɢɦ 
ɨɪɝɚɧɨɦ, ɤɚɤ ɞɥɹ ɩɪɚɜɨɣ, ɬɚɤ ɢ ɞɥɹ ɥɟɜɨɣ 
ɤɨɥɟɢ ɞɜɢɠɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɭɫɪɟɞɧɟɧɢɢ 
ɤɨɨɪɞɢɧɚɬ ɧɟɪɨɜɧɨɫɬɟɣ ɧɚ ɩɥɨɳɚɞɤɟ 
ɤɨɧɬɚɤɬɚ, ɪɚɜɧɨɣ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ 
ɩɟɪɟɞɧɢɦ ɢ ɡɚɞɧɢɦ ɤɚɬɤɨɦ ɬɟɥɟɠɤɢ L ɢ 
ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Д1]: 


 Lt

t
ɇɋ НttГ

L
tГ

0

0

)(1)( ;                   (3) 

ȻȺL VL ,                          (4) 

ɝɞɟ Гɋ – ɜɟɪɬɢɤɚɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ 
ɫɝɥɚɠɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɨɛɪɚɛɨɬɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɨɩɨɪɧɵɟ ɤɚɬɤɢ; τL – ɜɪɟɦɹ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɩɚɡɞɵɜɚɧɢɹ ɨɬ ɩɟɪɟɞɧɢɯ ɞɨ 
ɡɚɞɧɢɯ ɨɩɨɪɧɵɯ ɤɚɬɤɨɜ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ 
ɨɩɨɪɧɵɯ ɤɚɬɤɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɤɨɨɪɞɢɧɚɬɵ ɫɝɥɚɠɟɧɧɨɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
Гɋ(t) ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ Ʉɭɡɢɧɚ Д6]. 
Ȼɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɩɨɪɧɵɟ ɤɚɬɤɢ ɜ 

ɤɚɱɟɫɬɜɟ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɨɣ ɛɚɥɤɢ, ɢɦɟɸɳɟɣ 
ɫɥɟɞɭɸɳɢɟ ɤɨɨɪɞɢɧɚɬɵ ГA – ɜɟɪɬɢɤɚɥɶɧɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ ɩɟɪɟɞɧɟɝɨ ɨɩɨɪɧɨɝɨ ɤɚɬɤɚ, Гȼ – 
ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɡɚɞɧɟɝɨ ɨɩɨɪɧɨɝɨ 
ɤɚɬɤɚ (ɪɢɫ. 2). 

Ɋɚɫɫɦɨɬɪɟɜ ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɛɚɥɤɢ 
Ⱥȼ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɤɨɨɪɞɢɧɚɬɵ Б0 
ɬɨɱɤɢ Ⱥ, ɋɨɫɬɚɜɢɦ ɫɢɫɬɟɦɭ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ 
ɨɩɟɪɚɬɨɪɧɨɣ ɮɨɪɦɟ, ɨɩɢɫɵɜɚɸɳɭɸ 
ɩɟɪɟɦɟɳɟɧɢɟ ɤɚɬɤɨɜ ɬɟɥɟɠɤɢ ɩɪɢ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɟ ɫɝɥɚɠɟɧɧɵɯ 
ɜɨɡɞɟɣɫɬɜɢɣ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Гɋ(t) 
≥ 0 ɢ ɩɪɢ Гɋ(t) < 0 Д1]: 
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ɝɞɟ Ф1, Ф2, Ф3, Ф4 – ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɩɟɪɟɞɚɱɢ; τK – ɜɪɟɦɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɡɚɩɚɡɞɵɜɚɧɢɹ ɨɬ ɩɟɪɟɞɧɟɝɨ ɨɩɨɪɧɨɝɨ ɤɚɬɤɚ ɞɨ 
ɬɨɱɤɢ ɨɩɪɨɤɢɞɵɜɚɧɢɹ; τL – ɜɪɟɦɹ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɩɚɡɞɵɜɚɧɢɹ ɨɬ ɩɟɪɟɞɧɟɝɨ ɞɨ 
ɡɚɞɧɟɝɨ ɨɩɨɪɧɨɝɨ ɤɚɬɤɚ, p – ɨɩɟɪɚɬɨɪ 
Ʌɚɩɥɚɫɚ. 

ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɨɩɢɫɚɧɢɢ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɥɭɠɟɫɬɤɨɣ ɩɨɞɜɟɫɤɢ 
ɪɚɦɵ ɦɚɲɢɧɵ ɩɪɢɦɟɧɹɟɬɫɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 
(ɪɢɫ. 3). ɉɨɞɜɟɫɤɚ ɛɭɥɶɞɨɡɟɪɚ ɜ ɜɢɞɟ ɭɩɪɭɝɨ-
ɜɹɡɤɨɝɨ ɷɥɟɦɟɧɬɚ ɫ ɩɪɢɜɟɞɟɧɧɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɠɟɫɬɤɨɫɬɢ ɫɩɩ ɢ ɜɹɡɤɨɝɨ 
ɬɪɟɧɢɹ Лɩɩ (ɷɥɟɦɟɧɬ Ʉɟɥɶɜɢɧɚ-Ɏɨɯɬɚ) 
ɜɨɫɩɪɢɧɢɦɚɟɬ ɫɢɥɭ ɪɟɚɤɰɢɢ ɝɪɭɧɬɚ ɧɚ 
ɪɚɛɨɱɢɣ ɨɪɝɚɧ, ɜɵɡɵɜɚɹ ɟɝɨ ɡɚɝɥɭɛɥɟɧɢɟ ɢɥɢ 
ɜɵɝɥɭɛɥɟɧɢɟ ɢ ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɦɵ ɱɟɪɟɡ 
ɧɚɜɟɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

Ⱦɥɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɬɨɱɤɢ 
ɩɨɞɜɟɫɤɢ, ɤɚɤ ɞɥɹ ɩɪɚɜɨɣ, ɬɚɤ ɢ ɞɥɹ ɥɟɜɨɣ 
ɫɬɨɪɨɧɵ ɪɚɦɵ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɪɢɧɰɢɩɨɦ 
Ⱦɚɥɚɦɛɟɪɚ ɞɥɹ ɨɞɧɨɦɚɫɫɨɜɨɣ ɤɨɥɟɛɚɬɟɥɶɧɨɣ 
ɫɢɫɬɟɦɵ Д1, 7]: 

ГЛɩɩɫɩɩɊ FFFF  ,                     (8) 

ɝɞɟ FɊ – ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɷɥɟɦɟɧɬ 
ɩɨɞɜɟɫɤɢ ɫɨ ɫɬɨɪɨɧɵ ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɦɚɫɫɵ 
ȻȺ; Fɫɩɩ – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɩɪɭɝɨɝɨ 
ɷɥɟɦɟɧɬɚ ɩɨɞɜɟɫɤɢ; FЛɩɩ – ɫɢɥɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɹɡɤɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨɞɜɟɫɤɢ; FГ 
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– ɫɢɥɚ, ɩɪɢɤɥɚɞɵɜɚɟɦɚɹ ɤ ɪɚɦɟ ɱɟɪɟɡ 
ɧɚɜɟɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɬ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɪɟɚɤɰɢɢ ɝɪɭɧɬɚ ɧɚ 
ɪɚɛɨɱɢɣ ɨɪɝɚɧ FГɪɨ. 

ɋɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɷɥɟɦɟɧɬ ɩɨɞɜɟɫɤɢ 
ɫɨ ɫɬɨɪɨɧɵ ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɪɚɦɵ, 
ɜɵɱɢɫɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɵ ɪɚɦɵ MɊ ɦɟɠɞɭ ɥɟɜɨɣ 
ɢ ɩɪɚɜɨɣ ɫɬɨɪɨɧɨɣ ɦɚɲɢɧɵ Д1]: 
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 .               (9) 

ɋɢɥɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ 
ɭɩɪɭɝɨ-ɜɹɡɤɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨɞɜɟɫɤɢ ΔГ, ɤɚɤ ɞɥɹ 
ɩɪɚɜɨɣ, ɬɚɤ ɢ ɞɥɹ ɥɟɜɨɣ ɫɬɨɪɨɧɵ ɪɚɦɵ 
ɦɚɲɢɧɵ: 

Zɩɩɫɩɩ ɫF  ;                       (10) 

dt
dbF Z

ɩɩbɩɩ


 ,                    (11) 

ɉȺZ ZZ  .                       (12) 

ɋɢɥɚ, ɩɪɢɤɥɚɞɵɜɚɟɦɚɹ ɤ ɩɪɚɜɨɣ ɢ ɥɟɜɨɣ 
ɫɬɨɪɨɧɟ ɪɚɦɵ ɦɚɲɢɧɵ ɱɟɪɟɡ ɧɚɜɟɫɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɬ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, 
ɜɵɱɢɫɥɹɟɬɫɹ ɱɟɪɟɡ ɩɥɟɱɢ ɫɢɥ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɡɚɞɧɟɝɨ ɨɩɨɪɧɨɝɨ ɤɚɬɤɚ Д1]: 
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F Zɪɪ
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)( 1  .                  (13) 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜɵɪɚɠɟɧɢɣ (9 – 13) ɜ 
ɭɪɚɜɧɟɧɢɟ (8) ɢ ɜɵɩɨɥɧɟɧɢɹ ɧɟɤɨɬɨɪɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ: 
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. (14) 

ȼ ɨɩɟɪɚɬɨɪɧɨɦ ɜɢɞɟ ɭɪɚɜɧɟɧɢɟ (14) 
ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ: 
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22
1 )1(1 ,(15) 

ɝɞɟ Ɍ1ɩ ɢ Ɍ2ɩ – ɩɨɫɬɨɹɧɧɵɟ ɜɪɟɦɟɧɢ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ; Ф1ɩ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɟɪɟɞɚɱɢ. 

ɉɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɤɨɥɟɛɚɧɢɹ 
ɪɚɦɵ ɛɭɥɶɞɨɡɟɪɚ ɨɤɚɡɵɜɚɸɬ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɨɥɨɠɟɧɢɟ 
ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɬɚɤ ɤɚɤ ɨɧ ɠɟɫɬɤɨ ɫɜɹɡɚɧ ɫ 
ɪɚɦɨɣ ɧɚɜɟɫɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. 
ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 
ɛɭɥɶɞɨɡɟɪɚ (ɪɢɫ. 1) ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ 
ɧɭɠɧɵɟ ɭɪɚɜɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɜɹɡɟɣ Д1]: 

2/)( ɊɈЛɊɈɉPO ZZZ  ;               (16) 

 2/)(arctg LГГ ɊɈɅɊɈɉPO  ;          (17) 

РгШɌɉȻȺȻȺɄɊɈɉ KSLlФLГГ   tg
2

tg)( 2
1

; (18) 

РгШɌɅȻȺȻȺɄɊɈɅ KSLlФLГГ   tg
2

tg)( 2
1

. (19) 

ɊɈȻРг llK /cos   ,                    (20) 

  2/arctg LГГ ȼɅȼɉȻȺ  ;            (21) 

 LГГlГlГГ BɉKɉKȻȺɉK /)(tg   ;  (22) 

 LГГ BɉȻȺ /)(arctg  ,             (23) 

  2/ɉɅɉɉɉ ГГГ  ;                (24) 

  2/BɅBɉB ГГГ  ,                (25) 

ɝɞɟ αȻȺ – ɭɝɨɥ ɩɪɨɞɨɥɶɧɨɝɨ ɧɚɤɥɨɧɚ ɪɚɦɵ 
ɦɚɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ Б0, βȻȺ – ɭɝɨɥ 
ɩɨɩɟɪɟɱɧɨɝɨ ɧɚɤɥɨɧɚ ɪɚɦɵ ɦɚɲɢɧɵ, SШɌɉ ɢ 
SШɌɅ – ɩɟɪɟɦɟɳɟɧɢɟ ɲɬɨɤɚ ɩɪɚɜɨɝɨ ɢ ɥɟɜɨɝɨ 
ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, L – 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɟɪɟɞɧɢɯ ɞɨ ɡɚɞɧɢɯ ɨɩɨɪɧɵɯ 
ɤɚɬɤɨɜ (ɨɩɨɪɧɚɹ ɛɚɡɚ ɦɚɲɢɧɵ), L1 – 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɤɪɨɦɤɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɞɨ 
ɩɟɪɟɞɧɢɯ ɨɩɨɪɧɵɯ ɤɚɬɤɨɜ; L2 – ɲɢɪɢɧɚ ɛɚɡɵ 
ɦɚɲɢɧɵ, lK – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɟɪɟɞɧɢɯ 
ɨɩɨɪɧɵɯ ɤɚɬɤɨɜ ɞɨ ɰɟɧɬɪɚ ɦɚɫɫ ɦɚɲɢɧɵ, Гɉɉ 
ɢ ГɉɅ – ɤɨɨɪɞɢɧɚɬɚ ɩɟɪɟɞɧɟɝɨ ɩɪɚɜɨɝɨ ɢ 
ɩɟɪɟɞɧɟɝɨ ɥɟɜɨɝɨ ɤɪɚɹ ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɪɚɦɵ, 
Гȼɉ ɢ ГȼɅ – ɤɨɨɪɞɢɧɚɬɚ ɡɚɞɧɟɝɨ ɩɪɚɜɨɝɨ ɢ 
ɡɚɞɧɟɝɨ ɥɟɜɨɝɨ ɨɩɨɪɧɨɝɨ ɤɚɬɤɚ, KРг – 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɧɚɜɟɫɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬ ɜɵɞɜɢɠɟɧɢɹ ɲɬɨɤɚ 
ɝɢɞɪɨɰɢɥɢɧɞɪɚ, θ – ɭɝɨɥ ɧɚɤɥɨɧɚ 
ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɤ ɨɫɢ Г0, lȻ. – ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɲɚɪɨɜɨɣ ɨɩɨɪɵ ɛɪɭɫɚ ɞɨ 
ɤɪɨɦɤɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, lɊɈ. – ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɲɚɪɨɜɨɣ ɨɩɨɪɵ ɛɪɭɫɚ ɞɨ ɬɨɱɤɢ 
ɤɪɟɩɥɟɧɢɹ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɤ ɧɚɜɟɫɧɨɦɭ 
ɨɛɨɪɭɞɨɜɚɧɢɸ. 

ȼɵɪɚɠɟɧɢɹ (15) ɢ (21-23) ɩɨɡɜɨɥɹɸɬ 
ɫɨɫɬɚɜɢɬɶ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɭɝɥɨɜɵɯ 
ɩɟɪɟɦɟɳɟɧɢɣ ɪɚɦɵ ɛɭɥɶɞɨɡɟɪɚ ɩɪɢ ɜɧɟɲɧɢɯ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ 
(ɪɢɫ. 4) Д8]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɪɟɯɬɨɱɟɱɧɨɣ 
ɩɨɞɜɟɫɤɢ ɪɚɦɵ ɛɭɥɶɞɨɡɟɪɚ ɦɨɠɟɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɤɚɤ ɞɥɹ ɩɨɥɭɠɟɫɬɤɢɯ, ɬɚɤ ɢ ɞɥɹ 
ɠɟɫɬɤɢɯ ɯɨɞɨɜɵɯ ɫɢɫɬɟɦ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɬɪɚɤɬɨɪɨɜ. 

Ɉɛɳɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɛɭɥɶɞɨɡɟɪɚ ɫ ɩɨɥɭɠɟɫɬɤɨɣ ɩɨɞɜɟɫɤɨɣ ɪɚɦɵ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɛɥɨɤ-ɫɯɟɦɵ 
(ɪɢɫ. 5) Д8]. Ɇɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɭɱɢɬɵɜɚɬɶ 
ɦɧɨɠɟɫɬɜɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɦɚɲɢɧɵ ɩɪɢ ɢɡɭɱɟɧɢɢ ɟё ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɢ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɛɨɱɢɦ 
ɨɪɝɚɧɨɦ. 
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Ɋɢɫ. 1. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɛɭɥɶɞɨɡɟɪɚ 

 

 
Ɋɢɫ. 2. Ɋɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɩɟɪɟɦɟɳɟɧɢɟ ɨɩɨɪɧɵɯ ɤɚɬɤɨɜ: 

ɚ) ɩɪɢ ɧɚɟɡɞɟ ɧɚ ɫɬɭɩɟɧɱɚɬɭɸ ɧɟɪɨɜɧɨɫɬɶ; ɛ) ɩɪɢ ɫɴɟɡɞɟ ɫɨ ɫɬɭɩɟɧɱɚɬɨɣ ɧɟɪɨɜɧɨɫɬɢ 
 

 
Ɋɢɫ. 3. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɥɭɠɟɫɬɤɨɣ ɩɨɞɜɟɫɤɢ ɪɚɦɵ ɛɭɥɶɞɨɡɟɪɚ 
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Ɋɢɫ. 4. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɟɪɟɦɟɳɟɧɢɣ ɪɚɦɵ ɛɭɥɶɞɨɡɟɪɚ 

 
Ɋɢɫ. 5. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɛɭɥɶɞɨɡɟɪɚ ɫ ɩɨɥɭɠɟɫɬɤɨɣ ɩɨɞɜɟɫɤɨɣ 

 

Ɂɚɤɥючɟɧɢɟ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɫɯɟɦɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɛɭɥɶɞɨɡɟɪɚ ɫ ɩɨɥɭɠɟɫɬɤɨɣ ɩɨɞɜɟɫɤɨɣ ɪɚɦɵ 
ɦɨɝɭɬ ɛɵɬɶ ɫ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɚɧɚɥɢɡɚ ɢ 
ɫɢɧɬɟɡɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɲɢɧɵ 
ɧɚ ɫɬɚɞɢɢ ɟё ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 
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A DВNAMIC MODEL OF A BULLDOZER  
АITH A SEMI-RIGID SUSPENSION 

 
I. V. LКгЮЭК, E. F. LКгЮЭК 

 
AЛЬЭЫКМЭ. TСТs КrЭТМХО ЩrШvТНОs К mКЭСОmКЭТМКХ 

НОsМrТЩЭТШЧ ШП К МШmЩХОб НвЧКmТМ sвsЭОm ШП К ЛЮХХНШгОr 
аТЭС К sОmТ-rТРТН ПrКmО’s sЮsЩОЧsТШЧ. TСО КЮЭСШrs СКvО 
ЩrШЩШsОН К mКЭСОmКЭТМКХ mШНОХ ЭСКЭ МШЧsТsЭs ШП 
РОШmОЭrТМ  rОХКЭТШЧs’ ОqЮКЭТШЧs ШП ЭСО mКМСТЧО ОХОmОЧЭs 
КЧН НТППОrОЧЭТКХ ОqЮКЭТШЧs ШП mШvТЧР  mКМСТЧО ПrКmО КЧН 
ШЩОrКЭТЧР НОvТМО ЮЧНОr ОбЭОrЧКХ ФТЧОmКЭТМ КЧН НвЧКmТМ 
ТmЩКМЭs. TСО МШЧsТНОrКЛХО КЭЭОЧЭТШЧ ТЧ ЭСО ЩrОsОЧЭОН 
mКЭСОmКЭТМКХ mШНОХ Тs ЩКТН ЭШ ЭСО НОЩОЧНОЧМТОs 
ЛОЭаООЧ vКrТОЭТОs ШП mКМСТЧО’s sЭrЮМЭЮrКХ ЩКrКmОЭОrs. 

 
KОваoЫНЬ: НвЧКmТМs, mКЭСОmКЭТМКХ mШНОХ, 

ЛЮХХНШгОr, sОmТ-rТРТН sЮsЩОЧsТШЧ, НТППОrОЧЭТКХ ОqЮКЭТШЧ, 
ФТЧОmКЭТМ МШЧЧОМЭТШЧ. 
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ȼ. Ⱥ. Ɇɢɯɟɟɜ 
Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ «ɈɦȽɍɉɋ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 

 

Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢя ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢя ɞɥя ɮɨɪɦɢɪɨɜɚɧɢя ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɡɨɜ ɢ ɨɰɟɧɤɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɞɢɡɟɥɶɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥя 
ɡɚɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɨɛɪɚɳɟɧɢя ɢ ɨɠɢɞɚɟɦɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ ɭɱɟɬɨɦ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɬяɝɨɜɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɥɨɤɨɦɨɬɢɜɨɜ. ɉɪɢɜɨɞяɬɫя ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢя ɪɚɫɩɪɟɞɟɥɟɧɢя ɜɪɟɦɟɧɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɬɟɩɥɨɜɨɡɚ ɩɨ ɩɨɡɢɰɢяɦ 
ɤɨɧɬɪɨɥɥɟɪɚ ɦɚɲɢɧɢɫɬɚ ɢ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɞɥя ɩɪɢɧяɬɨɝɨ 
ɭɱɚɫɬɤɚ ɨɛɪɚɳɟɧɢя ɢ ɨɠɢɞɚɟɦɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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