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ɊȺɁɊȺȻɈɌɄȺ ɉɊɈȽɊȺɆɆɇɈȽɈ ɈȻȿɋɉȿɑȿɇɂə  
ȾɅə ɂɋɋɅȿȾɈȼȺɇɂə ɍɉɊȺȼɅəȿɆɈȽɈ ɉɊɈȾɈɅɖɇɈȽɈ  
Ⱦȼɂɀȿɇɂə ȼɈɁȾɍɒɇɈȽɈ ɋɍȾɇȺ ɇȺ ɗɌȺɉȿ ɉɈɋȺȾɄɂ  

ȼ ɋɊȿȾȿ MATHCAD 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɨɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɭɩɪɚɜɥɟɧɢɹ ɜɨɡɞɭɲɧɵɦ ɫɭɞɧɨɦ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɟɬɨɞɢɤɚ ɢ ɚɥɝɨɪɢɬɦ ɜɵɩɨɥɧɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɢɧɚɦɢɤɢ ɭɩɪɚɜɥɹ-

ɟɦɨɝɨ ɩɪɨɞɨɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɧɚ ɷɬɚɩɟ ɩɨɫɚɞɤɢ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ (ȼɋ) ɜ ɩɪɨ-

ɝɪɚɦɦɧɨɣ ɫɪɟɞɟ MathCad. ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɚɤɨ-

ɧɚɯ ɭɩɪɚɜɥɟɧɢɹ (Ɂɍ) ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɡɚɯɨɞɟ ɧɚ ɩɨ-

ɫɚɞɤɭ ɩɭɬɟɦ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɭɩɪɚɜɥɹɟɦɨɝɨ ɩɪɨɞɨɥɶɧɨɝɨ 

ɞɜɢɠɟɧɢɹ ȼɋ. 

Ʉɥɸчɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɩɨɫɚɞɤɢ, ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, 

ɫɢɫɬɟɦɚ ɞɢɪɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, MathCad, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɜɨɡɞɭɲ-

ɧɨɟ ɫɭɞɧɨ, ɷɬɚɩ ɩɨɫɚɞɤɢ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 
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MATHCAD SOFTWARE DEVELOPMENT FOR RESEARCH OF CON-

TROLLED LONGITUDINAL MOTION OF AN AIRCRAFT ON LANDING  

The article describes the main aircraft control techniques and presents a technology 

and an algorithm of exploring the controlled longitudinal dynamics on aircraft landing in 

the MathCad environment. The research is carried out under the action of different 

control laws of the automatic control system on approach by means of computational 

modeling of the aircraft controlled longitudinal dynamics.  
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ȼȼȿȾȿɇɂȿ 

ɋɚɦɵɦ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɷɬɚɩɨɦ ɩɨɥɟɬɚ ɹɜɥɹɟɬɫɹ ɡɚɯɨɞ ɧɚ ɩɨɫɚɞɤɭ ɢ ɩɨɫɚɞɤɚ. 

К ɬɨɦɭ ɠɟ, ɟɫɥɢ ɷɬɢ ɷɬɚɩɵ ɩɪɨɬɟɤɚɸɬ ɜ ɫɥɨɠɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, 

ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɜɪɟɦɟɧɢ ɧɚ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɢɡɦɟɧɟ-

ɧɢɟ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɩɨɥɟɬɚ, ɩɨɬɟɪɹ ɤɨɨɪɞɢɧɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ ɧɟɪɟɞɤɨ 

ɩɪɢɜɨɞɢɬ ɤ ɥɟɬɧɵɦ ɩɪɨɢɫɲɟɫɬɜɢɹɦ [Ȼɚɪɫɭɤɨɜ, 2008, ɫ. 55]. 

 

1 ɗɌȺɉɕ ɉɈɋȺȾɄɂ ȼɈɁȾɍɒɇɕɏ ɋɍȾɈȼ 

Ɂɚɯɨɞ ɧɚ ɩɨɫɚɞɤɭ ɧɚɱɢɧɚɟɬɫɹ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɞɩɨɫɚɞɨɱɧɨɝɨ ɦɚɧɟɜɪɚ 

ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɜɵɯɨɞɨɦ ɜ ɬɨɱɤɭ ɧɚɱɚɥɚ ɱɟɬɜɟɪɬɨ-

ɝɨ ɪɚɡɜɨɪɨɬɚ. ȼ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɚɱɚɥɨ ɪɟɠɢɦɚ ɡɚɯɨɞɚ ɧɚ ɩɨɫɚɞɤɭ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɦɟɧɬɨɦ ɩɟɪɟɫɟɱɟɧɢɹ ɝɥɢɫɫɚɞɵ. 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɷɬɨɝɨ ɷɬɚɩɚ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɟɫɤɨɥɶɤɨ ɭɱɚɫɬɤɨɜ. ȼ ɝɨ-

ɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ: ɜɵɯɨɞ ɧɚ ɤɭɪɫɨɜɭɸ ɥɢɧɢɸ, ɫɥɟɞɨɜɚɧɢɟ ɩɨ ɤɭɪɫɨɜɨɣ 

ɥɢɧɢɢ, ɭɫɬɪɚɧɟɧɢɟ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɦɟɠɞɭ ɤɭɪɫɨɦ ɫɚɦɨɥɟɬɚ ɢ ɤɭɪɫɨɦ ɜɡɥɟɬɧɨ-

ɩɨɫɚɞɨɱɧɨɣ ɩɨɥɨɫɵ (ȼɉɉ) ɩɪɢ ɩɪɢɡɟɦɥɟɧɢɢ, ɩɨɫɥɟ ɩɨɫɚɞɨɱɧɵɣ ɩɪɨɛɟɝ. ȼ ɜɟɪ-

ɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ: ɜɵɯɨɞ ɧɚ ɝɥɢɫɫɚɞɭ, ɫɥɟɞɨɜɚɧɢɟ ɩɨ ɝɥɢɫɫɚɞɟ, ɜɵɪɚɜɧɢɜɚ-

ɧɢɟ, ɩɪɢɡɟɦɥɟɧɢɟ ɢ ɨɩɭɫɤɚɧɢɟ ɧɨɫɚ. 

ȼ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɢ ɜɵɯɨɞɟ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ ɧɚ ɤɭɪɫɨɜɭɸ 

ɥɢɧɢɸ ɢɦ ɭɩɪɚɜɥɹɸɬ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɨɦ ɤɪɟɧɟ ɫɨɜɦɟ-



 

 

ɫɬɢɬɶ ɜɟɤɬɨɪ ɩɭɬɟɜɨɣ ɫɤɨɪɨɫɬɢ ɫ ɤɭɪɫɨɜɨɣ ɥɢɧɢɟɣ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɝɥɢɫɫɚɞɵ 

[Ɏɟɞɨɪɨɜ, 1994, ɫ. 100].  

2 ɈɋɇɈȼɇɕȿ ɋɉɈɋɈȻɕ ɍɉɊȺȼɅȿɇɂə ɌɊȺȿɄɌɈɊɇɕɆ  
ȾȼɂɀȿɇɂȿɆ ɋȺɆɈɅȿɌȺ ɉɊɂ ɁȺɏɈȾȿ ɇȺ ɉɈɋȺȾɄɍ 

2.1 ɋɢɫɬɟɦɚ ɞɢɪɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ  
ɋɬɚɛɢɥɢɡɚɰɢɹ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɩɨɥɟɬɚ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ ɩɨ ɩɢɥɨɬɚɠɧɨ-

ɧɚɜɢɝɚɰɢɨɧɧɨɦɭ ɩɪɢɛɨɪɭ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɥɹ ɥɟɬɱɢɤɚ ɜ ɭɫɥɨɜɢɹɯ ɞɟɮɢɰɢɬɚ ɜɪɟ-

ɦɟɧɢ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɩɟɪɚɰɢɣ 

ɤɨɧɬɪɨɥɹ ɩɨɥɟɬɚ, ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ ɡɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɟɪɟɦɟɳɟɧɢɣ 

ɪɵɱɚɝɚ ɭɩɪɚɜɥɟɧɢɹ ɨɬ ɥɟɬɱɢɤɚ ɬɪɟɛɭɟɬɫɹ ɨɩɟɪɚɬɢɜɧɨɟ ɦɵɲɥɟɧɢɟ, ɱɬɨ ɜ ɭɫɥɨɜɢ-

ɹɯ ɞɟɮɢɰɢɬɚ ɢɧɮɨɪɦɚɰɢɢ ɢ ɩɪɢ ɩɥɨɯɢɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɫɥɨɠɧɨ 

ɜɵɩɨɥɧɢɦɨ. ɉɨɷɬɨɦɭ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɥɟɬɚ ɩɨ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɧɟɨɛɯɨ-

ɞɢɦɨ ɫɧɢɡɢɬɶ ɭɪɨɜɟɧɶ ɥɨɝɢɱɟɫɤɨɣ ɫɥɨɠɧɨɫɬɢ ɡɚɞɚɱ, ɪɟɲɚɟɦɵɯ ɜ ɩɪɨɰɟɫɫɟ ɩɢɥɨ-

ɬɢɪɨɜɚɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɫɬɟɦ ɞɢɪɟɤɬɨɪ-

ɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȾɍ) [ɋɤɪɵɩɧɢɤ, 2014, ɫ. 150]. 

ɋɢɫɬɟɦɚ ɞɢɪɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɟɚɥɢɡɭɟɬ: 

– ɫɛɨɪ ɬɪɟɛɭɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɞɚɬɱɢɤɨɜ ɩɟɪɜɢɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ; 

– ɨɩɟɪɚɰɢɸ ɨɛɪɚɛɨɬɤɢ ɧɚɞ ɞɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ; 

– ɜɵɞɚɱɭ ɜɬɨɪɢɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɤɨɦɚɧɞɧɵɣ ɩɪɢɛɨɪ. 

ȼɬɨɪɢɱɧɚɹ ɢɧɮɨɪɦɚɰɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɹɜɥɹɟɬɫɹ ɜɢɡɭɚɥɶɧɨɣ ɢ ɨɬɨɛɪɚɠɚɟɬɫɹ 

ɩɨɫɪɟɞɫɬɜɨɦ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɚɧɞɧɵɯ ɫɬɪɟɥɨɤ, ɧɚ 

ɤɨɬɨɪɵɟ ɩɨɞɚɸɬɫɹ ɫɢɝɧɚɥɵ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɪɚɡɧɨɫɬɢ ɬɟɤɭɳɟɝɨ ɢ ɡɚɞɚɧɧɨɝɨ 

ɭɝɥɚ ɤɪɟɧɚ ɢ ɭɝɥɚ ɬɚɧɝɚɠɚ. ȼ ɷɬɨɦ ɫɩɨɫɨɛɟ ɩɢɥɨɬ ɞɨɥɠɟɧ ɩɭɬɟɦ ɨɬɤɥɨɧɟɧɢɹ ɷɥɟ-

ɪɨɧɨɜ ɢ ɪɭɥɹ ɜɵɫɨɬɵ ɭɞɟɪɠɢɜɚɬɶ ɤɨɦɚɧɞɧɵɟ ɫɬɪɟɥɤɢ ɜ ɫɪɟɞɧɟɦ ɩɨɥɨɠɟɧɢɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢ ɪɚɛɨɬɟ ɫ ɞɢɪɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɨɣ ɦɵɫɥɢɬɟɥɶɧɚɹ ɞɟɹɬɟɥɶ-

ɧɨɫɬɶ ɩɢɥɨɬɚ ɫɜɨɞɢɬɫɹ ɤ ɞɟɞɭɤɬɢɜɧɵɦ ɪɟɲɟɧɢɹɦ [Ɇɢɯɚɥɟɜ, 1974, ɫ. 140]. 

2.2 ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢчɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ  
Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɬɪɚɟɤɬɨɪɧɵɦ ɞɜɢɠɟɧɢɟɦ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɧɟɜɦɟɲɚɬɟɥɶɫɬɜɨ ɩɢɥɨɬɚ ɜ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟ-

ɧɢɹ. ɉɪɢ ɷɬɨɦ ɚɜɬɨɦɚɬɢɤɚ ɮɨɪɦɢɪɭɟɬ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ ɧɚ ɪɭɥɟɜɵɟ ɩɨ-



 

 

ɜɟɪɯɧɨɫɬɢ, ɚ ɩɢɥɨɬ ɢɫɤɥɸɱɚɟɬɫɹ ɢɡ ɤɨɧɬɭɪɚ ɭɩɪɚɜɥɟɧɢɹ. ȿɝɨ ɮɭɧɤɰɢɹ ɩɨɫɬɪɨɟɧɚ 

ɜ ɡɚɞɚɧɢɢ ɩɪɨɝɪɚɦɦɵ ɬɪɚɟɤɬɨɪɢɢ ɡɚɯɨɞɚ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ ɧɚ ɩɨɫɚɞɤɭ, ɤɨɧɬɪɨ-

ɥɢɪɭɹ ɜɵɩɨɥɧɟɧɢɟ ɚɜɬɨɦɚɬɢɤɢ ɷɬɨɣ ɩɪɨɝɪɚɦɦɵ. К ɬɨɦɭ ɠɟ, ɟɫɥɢ ɩɨɡɜɨɥɹɸɬ ɦɟ-

ɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ, ɨɧ ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɢɡɭɚɥɶɧɭɸ ɩɪɢɜɹɡɤɭ ɤ ɧɚɡɟɦɧɵɦ 

ɨɪɢɟɧɬɢɪɚɦ ɢ ɦɨɠɟɬ ɨɩɟɪɚɬɢɜɧɨ ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɨɛ ɨɬɤɥɸɱɟɧɢɢ ɪɟɠɢɦɚ ɚɜ-

ɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɞɪɭɝɨɣ ɭɪɨɜɟɧɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ [ȼɨ-

ɪɨɛɶɟɜ, 1995, ɫ. 375]. 

Ɉɛɳɟɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ 

ɨɬɤɥɨɧɟɧɢɟ ɪɭɥɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɦɟɠɞɭ ɬɟ-

ɤɭɳɢɦɢ ɢ ɡɚɞɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɬɪɚɟɤɬɨɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɨɠɟɧɢɹ ɢ ɞɜɢ-

ɠɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ [Кɭɡɧɟɰɨɜ, 2004, ɫ. 111].  

2.3 Ɋɭчɧɨɣ ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ 

ɋɭɳɟɫɬɜɭɸɬ ɡɧɚɱɢɦɵɟ ɨɬɥɢɱɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚ ɭɩɪɚɜɥɟɧɢɹ ɬɪɚ-

ɟɤɬɨɪɧɵɦ ɞɜɢɠɟɧɢɟɦ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ ɩɪɢ ɡɚɯɨɞɟ ɧɚ ɩɨɫɚɞɤɭ ɨɬ ɞɪɭɝɢɯ ɨɫ-

ɧɨɜɧɵɯ ɫɩɨɫɨɛɨɜ.  

ɉɪɢ ɪɭɱɧɨɦ ɢɥɢ ɲɬɭɪɜɚɥɶɧɨɦ ɫɩɨɫɨɛɟ ɩɢɥɨɬ ɩɨ ɧɚɡɟɦɧɵɦ ɨɪɢɟɧɬɢɪɚɦ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɭɥɭɱɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɭɩɪɚɜɥɹɟ-

ɦɨɫɬɢ (ɞɟɦɩɮɟɪ, ɚɜɬɨɦɚɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɚɜɬɨɦɚɬ ɭɩɪɚɜɥɹɟɦɨɫɬɢ) ɜɵɜɨɞɢɬ ɥɟ-

ɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ ɧɚ ɬɪɟɛɭɟɦɭɸ ɬɪɚɟɤɬɨɪɢɸ ɞɥɹ ɡɚɜɟɪɲɟɧɢɹ ɡɚɯɨɞɚ ɧɚ ɩɨɫɚɞ-

ɤɭ.  

ɉɪɢ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟɠɢɦɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɞɨɜɚɧɢɟ ɞɢɪɟɤɬɨɪɧɨɝɨ ɢ ɚɜ-

ɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɬɪɚɟɤɬɨɪɢɢ ɩɨɥɟɬɚ, ɤɨɝɞɚ ɩɢ-

ɥɨɬ ɩɪɟɤɪɚɳɚɟɬ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ. Ɍɨ ɟɫɬɶ ɧɚɱɚɥɨ ɨɞɧɨɝɨ ɪɟ-

ɠɢɦɚ ɫɨɜɦɟɳɟɧɨ ɢ ɫɨɝɥɚɫɨɜɚɧɨ ɫ ɤɨɧɰɨɦ ɩɪɟɞɵɞɭɳɟɝɨ ɪɟɠɢɦɚ [Кɪɚɫɨɜɫɤɢɣ, 

1985, ɫ. 178].  

3 ɊȺɁɊȺȻɈɌɄȺ ɉɊɈȽɊȺɆɆɇɈȽɈ ɈȻȿɋɉȿɑȿɇɂə  
ȼ ɋɊȿȾȿ MATHCAD 

ȼ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ ɫɬɭɞɟɧɬɵ ɜ ɭɱɟɛɧɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ ɢɫɫɥɟɞɭɸɬ ɤɨɧɬɭ-

ɪɵ ɭɩɪɚɜɥɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ ɩɭɬɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢ-

ɧɚɦɢɤɢ ɭɩɪɚɜɥɹɟɦɨɝɨ ɞɜɢɠɟɧɢɹ. 



 

 

Ɍɟɦɚɬɢɤɚ ɪɚɛɨɬɵ ɩɨɫɜɹɳɟɧɚ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɤɨɧɬɭɪɚ 

ɩɪɨɞɨɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɵɦ ɫɭɞɧɨɦ ɧɚ ɷɬɚɩɟ ɩɨɫɚɞɤɢ. Ⱦɢɧɚɦɢɤɚ ȼɋ 

ɢɫɫɥɟɞɭɟɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɧɚ ɩɟɪɫɨɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ ɩɭɬɟɦ ɦɨɞɟɥɢɪɨɜɚ-

ɧɢɹ ɭɩɪɚɜɥɹɟɦɨɝɨ ɩɪɨɞɨɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɚɦɨɥɟɬɚ ɜ ɫɪɟɞɟ MathCad.Ⱦɥɹ ɢɫ-

ɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɩɪɨɰɟɫɫɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɚɦɨɥɟɬɚ ɧɚ 

ɷɬɚɩɟ ɡɚɯɨɞɚ ɧɚ ɩɨɫɚɞɤɭ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɚɹ ɦɨɞɟɥɶ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ «ɫɚɦɨɥɟɬ ‒ САУகˆ» ɩɪɢ ɧɚɥɢɱɢɢ ɜɧɟɲɧɢɯ ɜɨɡ-

ɦɭɳɟɧɢɣ (3.1) [ȼɚɫɢɥɶɟɜ, 2007, ɫ. 15]. 

             
{   
  
   ሺpଶ + amzωz ሻϑ + amzα α + amzV V + amzஔ˅ Ɂ˅ = amzMzM୸ + amzα̇ pαВ−pϑ + a୷ϑϑ + a୷αα + a୷VV + a୷ஔ˅Ɂ˅ = αВpV + a୶VV + a୶αα + a୶ϑϑ =  0pH − a୷Hሺϑ − αሻ = 0pD + V = 0ɂˆD − ∆H = 0Ɂ˅ − kωzω୸ − kϑϑ + kகˆɂˆ + kகˆ̇pɂˆ̇ = 0

             (3.1) 

 

Кɨɧɬɭɪ «ɫɚɦɨɥɟɬ ‒ САУகˆ» ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɨɣ ɡɚɤɨɧɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨ-

ɬɨɪɵɣ, ɜ ɨɛɳɟɦ ɜɢɞɟ ɡɚɩɢɫɵɜɚɟɬɫɹ ɤɚɤ  ɁС˅АУεˆ − kωzω୸ − kϑϑ +W˅ычiሺpሻ · ɂˆ = 0, i = 1, 2, 3. 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ W˅ычiሺpሻ, i = 1, 2, 3 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɚɤɨɧɚɯ ɭɩɪɚɜɥɟ-

ɧɢɹ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ W˅ычଵሺpሻ  =  kϑகˆ, W˅ычଶሺpሻ =  kϑகˆ + pkϑ𝜀ˆ̇, W˅ычଷሺpሻ = kϑகˆ + pkϑ𝜀ˆ̇ + kϑεˆp . 

ȼ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ MathCad ɢɫɫɥɟɞɭɟɬɫɹ ɩɨɥɭɱɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 

ɦɨɞɟɥɶ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ «ɫɚɦɨɥɟɬ ‒ САУகˆ» ɩɪɢ ɧɚɥɢɱɢɢ ɜɧɟɲɧɢɯ ɜɨɡɦɭɳɟ-

ɧɢɣ. ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɹɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɡɚɤɨɧɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɡɧɚ-

ɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɞɚɱɢ ɜɵɛɪɚɧɧɨɣ ɫɬɪɭɤɬɭɪɟ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɜɵɛɪɚɧ-

ɧɨɝɨ ɡɚɤɨɧɚ ɭɩɪɚɜɥɟɧɢɹ ɦɟɬɨɞɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɩɟɪɟɯɨɞɧɨɝɨ 



 

 

ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɞɚɱɢ [ȼɚɫɢ-

ɥɶɟɜ, 2015, ɫ. 24]. 

ɉɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɡɚɤɨɧɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɞɚɱɢ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɟɬɪɨɜɵɯ ɢ ɦɨɦɟɧɬɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɭɩɪɚɜɥɹɟɦɨɝɨ ɩɪɨɞɨɥɶɧɨɝɨ 

ɞɜɢɠɟɧɢɹ ɫɚɦɨɥɟɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɣ ɤɨɧɬɭɪ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ 

«ɫɚɦɨɥɟɬ ‒ САУகˆ». ɉɪɢ ɷɬɨɦ ɜɫɥɟɞɫɬɜɢɟ ɜɚɪɶɢɪɨɜɚɧɢɹ ɞɟɣɫɬɜɭɸɳɢɯ ɜɨɡɦɭ-

ɳɟɧɢɣ ɧɚ ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɭɪ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɩɟɪɟɯɨɞ-

ɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɤɥɨɧɟɧɢɟ ɫɚɦɨɥɟɬɚ ɂˆ ɨɬ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ 

ɝɥɢɫɫɚɞɵ [Кɪɚɫɨɜɫɤɢɣ, 1973, ɫ. 220].  

ɋɬɪɭɤɬɭɪɚ ɮɪɚɝɦɟɧɬɚ ɭɩɪɚɜɥɹɸɳɟɣ ɱɚɫɬɢ ɪɚɛɨɱɟɣ ɩɪɨɝɪɚɦɦɵ ɢɫɫɥɟɞɨɜɚ-

ɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 3.1. 

 

 

Ɋɢɫ. 3.1. ɋɬɪɭɤɬɭɪɚ ɭɩɪɚɜɥɹɸɳɟɣ ɱɚɫɬɢ ɪɚɛɨɱɟɣ ɩɪɨɝɪɚɦɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɞɨɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɚɦɨɥɟɬɚ ɧɚ ɷɬɚɩɟ ɩɨɫɚɞɤɢ 

ɁȺɄɅɘɑȿɇɂȿ 

ɉɨɥɭɱɟɧɧɚɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɚɤɨɧɚ ɭɩɪɚɜɥɟɧɢɹ САУகˆ, ɫɩɨɫɨɛ-

ɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɬɟɦɩɚ ɦɵɲɥɟɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭ ɨɛɭɱɚɸɳɢɯɫɹ ɭɦɟɧɢɣ 



 

 

ɪɚɛɨɬɚɬɶ ɫ ɛɨɥɶɲɢɦɢ ɨɛɴɟɦɚɦɢ ɢɧɮɨɪɦɚɰɢɢ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɜ ɜɢ-

ɞɟ ɝɪɚɮɢɤɨɜ ɨɛɥɟɝɱɚɟɬ ɫɬɭɞɟɧɬɚɦ ɜɨɫɩɪɢɹɬɢɟ ɞɢɧɚɦɢɤɢ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ 

ɫɭɞɧɚ, ɱɟɦ ɩɨɦɨɝɚɟɬ ɛɵɫɬɪɟɟ ɭɫɜɨɢɬɶ ɡɚɞɚɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɫɜɹɡɵɜɚɹ ɜ ɟɞɢɧɨ ɬɟɨ-

ɪɟɬɢɱɟɫɤɭɸ ɢɧɮɨɪɦɚɰɢɸ ɢ ɩɪɚɤɬɢɤɭ, ɮɨɪɦɢɪɭɹ ɧɚɜɵɤɢ ɜɢɡɭɚɥɶɧɨɣ ɤɭɥɶɬɭɪɵ. 

Кɪɨɦɟ ɬɨɝɨ, ɪɚɛɨɬɚ ɫɬɭɞɟɧɬɨɜ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɉɈ ɭɜɟɥɢɱɢɬ ɩɨɡɧɚɧɢɹ ɢ ɧɚɜɵɤɢ 

ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ MathCad. 
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