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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɨɫɬɪɨɟɧɢɟ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɤɭɪɫɨɦ ɫɚɦɨɥɟɬɚ ɜ ɫɪɟɞɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ SimInTech» ɫɨɞɟɪɠɢɬ 49 

ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 31 ɢɥɥɸɫɬɪɚɰɢɣ, 18 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ. 

ɍɉɊȺȼɅəȿɆɈɋɌɖ, ɅȿɌȺɌȿɅɖɇɕɃ ȺɉɉȺɊȺɌ, SIMINTECH 

Ɋɚɡɜɢɬɢɟ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɩɪɟɞɴɹɜɥɹɟɬ ɜɨɡɪɚɫɬɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ 

ɤ ɩɪɨɰɟɫɫɭ ɭɩɪɚɜɥɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦɭ ɜɵɫɨɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ 

ɪɟɝɭɥɹɪɧɨɫɬɶ ɩɨɥɟɬɨɜ. 

ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ: ɩɨɫɬɪɨɟɧɢɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɤɭɪɫɨɦ 

ɫɚɦɨɥɟɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɪɟɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1 Ɋɟɚɥɢɡɨɜɚɬɶ 3d ɦɨɞɟɥɶ ɜɢɡɭɚɥɢɡɚɰɢɸ ɫɚɦɨɥёɬɚ ɜ ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ; 

2 ɉɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ ɫɚɦɨɥёɬɚ; 

3 ɉɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɭɝɥɨɦ ɬɚɧɝɚɠɚ ɫɚɦɨɥɟɬɚ; 

4 ɉɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɤɪɟɧɚ ɫɚɦɨɥɟɬɚ. 

5 ɉɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɨɥɨɠɟɧɢɹ 

ɫɚɦɨɥɟɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɩɪɨɜɟɞɟɧɚ ɨɩɬɢɦɢɡɚɰɢɹ ɩɚɪɚɦɟɬɪɨɦ, ɩɨɫɬɪɨɟɧɚ ɫɢɫɬɟɦɚ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɫɤɨɪɨɫɬɶɸ ɫɚɦɨɥɟɬɚ, ɭɝɥɨɦ ɬɚɧɝɚɠɚ ɢ ɤɪɟɧɚ, ɚ ɬɚɤɠɟ ɪɟɚɥɢɡɨɜɚɧɚ 3d ɦɨɞɟɥɶ 

ɫɚɦɨɥɟɬɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɫɮɨɪɦɢɪɨɜɚɧɚ ɜɵɩɭɫɤɧɚɹ 

ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ. 
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ȼȼȿȾȿɇɂȿ 

 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɡɚɱɚɫɬɭɸ ɧɟ ɹɜɥɹɸɬɫɹ 

ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ, ɚ ɩɨɩɵɬɤɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɢɯ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ 

ɮɨɪɦɵ ɩɪɢɜɨɞɹɬ ɤ ɭɯɭɞɲɟɧɢɸ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɨɪɦ [1]. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ 

ɩɨɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɭɩɪɚɜɥɹɟɦɨɫɬɢ 

ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɫɪɟɞɫɬɜɚɦɢ ɚɜɬɨɦɚɬɢɤɢ ɛɟɡ ɭɯɭɞɲɟɧɢɹ ɢɯ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɢ ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɷɬɨ ɫɚɦɵɟ ɜɚɠɧɵɟ ɫɜɨɣɫɬɜɚɦɢ ɫɚɦɨɥɟɬɚ, 

ɨɩɪɟɞɟɥɹɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɨɥɟɬɚ [2]. 

ȼɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɧɟɝɨ ɜɨɡɞɟɣɫɬɜɭɸɬ 

ɜɨɡɦɭɳɚɸɳɢɟ ɫɢɥɵ ɢ ɦɨɦɟɧɬɵ [3,4], ɜɵɡɵɜɚɸɳɢɟ ɩɟɪɟɝɪɭɡɤɢ, ɬɟɩɥɨɜɵɟ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɬ. ɞ. ɉɨɫɤɨɥɶɤɭ ɩɪɨɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɨɝɪɚɧɢɱɟɧɚ, ɬɨ 

ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɥɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ ɜɨɡɦɭɳɟɧɢɹ ɬɚɤɠɟ ɞɨɥɠɧɵ ɛɵɬɶ 

ɨɝɪɚɧɢɱɟɧɵ. Ʉɨɧɟɱɧɨ ɞɨɛɢɬɶɫɹ ɷɬɨɣ ɰɟɥɢ ɦɨɠɧɨ, ɟɫɥɢ ɫɢɫɬɟɦɚ ɛɭɞɟɬ 

ɩɪɨɬɢɜɨɞɟɣɫɬɜɨɜɚɬɶ ɜɨɡɦɭɳɟɧɢɹɦ, ɧɟ ɞɨɩɭɫɤɚɹ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɪɟɡɤɢɯ 

ɩɟɪɟɦɟɳɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɤɭɪɫɨɦ 

ɢ ɫɤɨɪɨɫɬɶɸ ɫɚɦɨɥёɬɚ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɨɦ, ɱɬɨ ɫɢɫɬɟɦɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɭɝɥɚ ɤɪɟɧɚ ɫɚɦɨɥɟɬɚ ɧɟɨɛɯɨɞɢɦɚɹ 

ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢ ɢɧɞɢɤɚɰɢɢ ɷɤɢɩɚɠɭ ɫɚɦɨɥɟɬɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɥɨɠɟɧɢɸ 

ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɧɚɡɵɜɚɟɦɚɹ 

ɚɜɢɚɝɨɪɢɡɨɧɬɨɦ ɧɟɨɛɯɨɞɢɦɚ ɥёɬɱɢɤɭ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɨɥɨɠɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɩɪɢ ɜɵɜɨɞɟ ɫɚɦɨɥёɬɚ ɢɡ ɫɥɨɠɧɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɮɢɝɭɪ 

ɩɢɥɨɬɚɠɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɨɥёɬɨɜ ɩɨ ɦɚɪɲɪɭɬɭ ɞɧёɦ ɢ ɧɨɱɶɸ. 

ɉɨɷɬɨɦɭ, ɫɩɨɫɨɛ ɢɧɞɢɤɚɰɢɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɧɚ ɚɜɢɚɝɨɪɢɡɨɧɬɟ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɩɪɢ ɜɵɜɨɞɟ ɫɚɦɨɥёɬɚ ɢɡ ɫɥɨɠɧɨɝɨ 

ɩɨɥɨɠɟɧɢɹ ɜ ɨɛɥɚɤɚɯ ɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɢɥɨɬɚɠɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ 

ɞɨɫɬɚɬɨɱɧɨ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ. 
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ɐɟɥɶ ɪɚɛɨɬɵ: ɩɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɤɭɪɫɨɦ ɫɚɦɨɥɟɬɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɪɟɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɂɚɞɚɱɢ: 

1. ɉɪɨɜɟɫɬɢ ɨɛɡɨɪ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ; 

2. ɉɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ ɫɚɦɨɥёɬɚ; 

3. ɉɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɭɝɥɨɦ ɬɚɧɝɚɠɚ ɫɚɦɨɥɟɬɚ; 

4. ɉɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɤɪɟɧɚ ɫɚɦɨɥɟɬɚ; 

5. ɉɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɨɥɨɠɟɧɢɹ 

ɫɚɦɨɥɟɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ; 

6. Ɋɟɚɥɢɡɨɜɚɬɶ 3d ɦɨɞɟɥɶ ɜɢɡɭɚɥɢɡɚɰɢɸ ɫɚɦɨɥёɬɚ ɜ ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ. 
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1  Ɉɛɡɨɪ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

 

1.1 Ɉɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

 

ȼ ɧɚɲɢ ɞɧɢ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢɦɟɧɹɸɬɫɹ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɫɨɜɪɟɦɟɧɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ 

ɚɩɩɚɪɚɬɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɢɥɨɬɚɠɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɨɛɥɚɫɬɢ ɢɯ ɩɪɢɦɟɧɟɧɢɹ.  

Ʌɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɫɚɦɨɥɟɬ — ɨɛɴɟɤɬ, ɚ ɚɜɬɨɩɢɥɨɬ — 

ɪɟɝɭɥɹɬɨɪ. Ɋɟɝɭɥɢɪɭɟɦɚɹ ɜɟɥɢɱɢɧɚ ɜ ɩɪɨɰɟɫɫɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɠɟɬ 

ɢɡɦɟɧɹɬɶɫɹ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɡɚɤɨɧɭ (ɪɟɠɢɦ ɭɩɪɚɜɥɟɧɢɹ) ɢɥɢ ɠɟ 

ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɩɨɫɬɨɹɧɧɨɣ (ɪɟɠɢɦ ɫɬɚɛɢɥɢɡɚɰɢɢ). Ɋɟɝɭɥɹɬɨɪ ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɢɡɦɟɪɟɧɢɟ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɡɚɞɚɧɧɵɦɢ ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ. ɂ ɩɨɫɥɟ, ɜ ɫɨɨɬɧɨɲɟɧɢɢ ɨɬ ɡɧɚɤɚ ɢ ɜɟɥɢɱɢɧɵ 

ɢɦɟɸɳɟɣɫɹ ɪɚɡɧɢɰɵ, ɨɤɚɡɵɜɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɛɴɟɤɬ, ɜ ɢɬɨɝɟ ɤɨɬɨɪɨɝɨ 

ɢɡɦɟɪɹɟɦɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɫɬɚɧɨɜɢɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɡɚɞɚɧɧɨɦɭ. 

ɍɩɪɚɜɥɹɟɦɨɫɬɶ ɫɚɦɨɥɟɬɚ — ɷɬɨ ɟɝɨ ɫɜɨɣɫɬɜɨ ɨɬɜɟɱɚɬɶ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɥɢɧɟɣɧɵɦɢ ɢ ɭɝɥɨɜɵɦɢ ɩɟɪɟɦɟɳɟɧɢɹɦɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɚ 

ɤɨɦɚɧɞɵ ɭɩɪɚɜɥɟɧɢɹ. ɉɨɞ ɨɬɥɢɱɧɨɣ ɭɩɪɚɜɥɹɟɦɨɫɬɶɸ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɪɟɚɤɰɢɹ 

ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɩɟɪɟɦɟɳɟɧɢɹ ɪɵɱɚɝɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɫ ɩɪɢɥɨɠɟɧɢɟɦ 

ɧɟɛɨɥɶɲɢɯ ɭɫɢɥɢɣ, ɛɟɡ ɨɫɨɛɨ ɫɢɥɶɧɨɝɨ ɡɚɩɚɡɞɵɜɚɧɢɹ ɢ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ[5]. 

ɍɩɪɚɜɥɹɟɦɨɫɬɶ ɫɚɦɨɥɟɬɚ ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɫ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɟɝɨ 

ɜɨɡɦɭɳɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ. Ʌɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ ɫ ɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɟɛɭɟɬ ɧɟ ɫɥɨɠɧɵɯ ɞɜɢɠɟɧɢɣ ɪɵɱɚɝɚɦɢ ɭɩɪɚɜɥɟɧɢɹ. ɉɨɷɬɨɦɭ 

ɱɚɫɬɨ, ɯɚɪɚɤɬɟɪɢɡɭɹ ɥɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ, ɢɫɩɨɥɶɡɭɸɬ ɬɟɪɦɢɧɵ 

ɦɚɧɟɜɪɟɧɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɭɩɪɚɜɥɹɟɦɨɫɬɢ, ɧɟ ɨɬɞɟɥɹɹ ɷɬɢ ɩɨɧɹɬɢɹ ɞɪɭɝ 

ɨɬ ɞɪɭɝɚ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞɵ 

ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ȼ ɪɟɠɢɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɚɦɨɥɟɬɨɦ ɫɭɛɴɟɤɬɚɦɢ 
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ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɚ ɩɢɥɨɬɚɠɧɨ-ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ ɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɚɸɬ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ 

ɫɪɚɜɧɟɧɢɢ ɩɨɥɨɠɟɧɢɣ ɫɚɦɨɥɟɬɚ ɨɫɧɨɜɚɧ ɩɪɢɧɰɢɩ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ [6]. ɂ ɟɫɥɢ ɩɨɹɜɥɹɟɬɫɹ ɧɟɫɬɵɤɨɜɤɚ, ɬɨ ɫɢɫɬɟɦɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɨɡɞɚɟɬ ɜɨɡɞɟɣɫɬɜɭɸɳɢɣ ɫɢɝɧɚɥ ɧɚ ɪɵɱɚɝɢ 

ɭɩɪɚɜɥɟɧɢɹ. 

Ɉɬɤɥɨɧɟɧɢɹ ɫɚɦɨɥɟɬɚ ɨɬ ɡɚɞɚɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜɨɫɩɪɢɧɢɦɚɸɬ 

ɭɫɬɪɨɣɫɬɜɚ ɢɡɦɟɪɟɧɢɹ ɢ ɹɜɥɹɸɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɚɜɬɨɩɢɥɨɬɚ.  

ȼ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ ɚɜɬɨɩɢɥɨɬɚɯ ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɟ ɩɪɢɛɨɪɵ, ɤɨɬɨɪɵɟ ɪɟɚɝɢɪɭɸɬ ɧɚ ɭɝɥɨɜɵɟ 

ɨɬɤɥɨɧɟɧɢɹ ɫɚɦɨɥɟɬɚ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ.  

ɉɨɦɢɦɨ ɩɪɢɛɨɪɨɜ ɜ ɚɜɬɨɩɢɥɨɬɚɯ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɟ ɢ ɢɧɬɟɝɪɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɥɢɧɟɣɧɵɯ 

ɨɬɤɥɨɧɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɜɵɫɨɬɵ, ɩɪɢɦɟɧɹɟɬɫɹ ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ. 

ɋɭɦɦɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɫɥɭɠɢɬ ɞɥɹ ɚɥɝɟɛɪɚɢɱɟɫɤɨɝɨ ɫɥɨɠɟɧɢɹ 

ɫɢɝɧɚɥɨɜ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɨɬ ɭɫɬɪɨɣɫɬɜ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɢɡɦɟɪɢɬɟɥɶɧɵɯ 

ɭɫɬɪɨɣɫɬɜ ɢ ɞɚɬɱɢɤɚ ɪɟɠɢɦɚ ɩɨɥɟɬɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɫɭɦɦɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɬɨɩɢɥɨɬɚɯ 

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɟ ɢ ɦɨɫɬɨɜɵɟ ɫɯɟɦɵ, ɚ ɬɚɤɠɟ 

ɦɚɝɧɢɬɧɵɟ ɭɫɢɥɢɬɟɥɢ, ɤɨɬɨɪɵɟ, ɩɨɦɢɦɨ ɫɭɦɦɢɪɨɜɚɧɢɹ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ, 

ɭɫɢɥɢɜɚɸɬ ɢɯ. 

ɍɫɢɥɢɬɟɥɶ ɫɥɭɠɢɬ ɞɥɹ ɭɫɢɥɟɧɢɹ ɫɢɝɧɚɥɨɜ ɞɨ ɜɟɥɢɱɢɧɵ, ɫɩɨɫɨɛɧɨɣ 

ɭɩɪɚɜɥɹɬɶ ɪɭɥɟɜɨɣ ɦɚɲɢɧɨɣ [7]. 

Ɋɭɥɟɜɚɹ ɦɚɲɢɧɚ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦ ɨɪɝɚɧɨɦ ɚɜɬɨɩɢɥɨɬɚ ɢ 

ɫɥɭɠɢɬ ɞɥɹ ɩɪɢɜɨɞɚ ɪɭɥɹ ɫɚɦɨɥɟɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɡɚɞɚɧɧɵɦ ɡɚɤɨɧɨɦ 

ɭɩɪɚɜɥɟɧɢɹ. 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɬɨɩɢɥɨɬɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɢ 

ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɭɥɟɜɵɟ ɦɚɲɢɧɵ. 
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Ⱦɚɬɱɢɤ ɪɟɠɢɦɚ ɩɨɥɟɬɚ ɢ ɭɫɬɪɨɣɫɬɜɨ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɚɜɬɨɩɢɥɨɬɨɜ, ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ, 

ɩɪɟɨɛɪɚɡɭɸɳɢɯ ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ ɪɭɥɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɢ ɭɝɨɥ 

ɩɨɜɨɪɨɬɚ ɪɭɤɨɹɬɤɢ ɭɩɪɚɜɥɟɧɢɹ. 

ɒɢɪɨɤɚɹ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ ɫɚɦɨɥёɬɨɦ ɧɟ ɢɫɤɥɸɱɚɟɬ 

ɥёɬɱɢɤɚ ɢɡ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɨɫɬɚɜɥɹɟɬ ɡɚ ɧɢɦ ɮɭɧɤɰɢɢ ɜɤɥɸɱɟɧɢɹ 

ɜɵɤɥɸɱɟɧɢɹ, ɧɚɫɬɪɨɣɤɢ ɚɜɬɨɩɢɥɨɬɚ, ɚ ɬɚɤɠɟ ɤɨɧɬɪɨɥɶ ɩɪɨɰɟɫɫɚ 

ɩɢɥɨɬɢɪɨɜɚɧɢɹ ɫɚɦɨɥёɬɚ. ɉɨɷɬɨɦɭ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɱɢɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɪɚɰɢɨɧɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɢ ɫɨɱɟɬɚɧɢɢ ɜ ɪɚɦɤɚɯ ɟɞɢɧɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ, ɮɭɧɤɰɢɣ ɩɢɥɨɬɚ ɢ ɋȺɍ [8]. 

 

1.2 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 

 
Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɬɢɩɢɱɧɵɦ ɩɪɢɦɟɪɨɦ, ɤɨɝɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɛɪɚɬɧɵɟ ɫɜɹɡɢ 

ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɩɟɪɟɦɟɧɧɵɦ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɨɥɨɠɟɧɢɟɦ ɫɚɦɨɥɟɬɚ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɥɨɠɟɧɢɟɦ ɫɚɦɨɥɟɬɚ ɦɟɧɹɟɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɷɥɟɪɨɧɨɜ, ɪɭɥɟɣ ɜɵɫɨɬɵ ɢ ɪɭɥɹ ɧɚɩɪɚɜɥɟɧɢɹ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 1. 

 
 

Ɋɢɫɭɧɨɤ 1 - ɋɚɦɨɥɟɬ ɢ ɟɝɨ ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ 
 

ɉɢɥɨɬ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɧɭɠɧɭɸ ɬɪɚɟɤɬɨɪɢɸ ɩɨɥɟɬɚ, ɦɚɧɢɩɭɥɢɪɭɹ 

ɨɪɝɚɧɚɦɢ ɭɩɪɚɜɥɟɧɢɹ. 

ɇɚ ɪɢɫɭɧɤɟ ɜɢɞɢɦ, ɱɬɨ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬ ɭɝɨɥ 

ɤɪɟɧɚ ϕ ɩɭɬɟɦ ɨɬɤɥɨɧɟɧɢɹ ɷɥɟɪɨɧɨɜ. Ⱥ ɛɥɚɝɨɞɚɪɹ ɞɚɜɥɟɧɢɸ ɜɨɡɞɭɯɚ ɧɚ 
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ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɵɥɶɟɜ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɡɚ 

ɫɱɟɬ ɨɬɤɥɨɧɟɧɢɹ ɷɥɟɪɨɧɨɜ ɧɚ ɭɝɨɥ θ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɨɢɫɯɨɞɢɬ 

ɜɪɚɳɟɧɢɟ ɫɚɦɨɥɟɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ. ɗɥɟɪɨɧɵ ɨɬɤɥɨɧɹɸɬɫɹ 

ɫ ɩɨɦɨɳɶɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ ɨɩɢɫɵɜɚɸɬɫɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ 1/s. 

Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɭɝɥɚ ɤɪɟɧɚ ɫɚɦɨɥɟɬɚ ɜɨ 

ɜɪɟɦɹ ɩɨɥɟɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɜɢɚɝɨɪɢɡɨɧɬ — ɛɨɪɬɨɜɨɣ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɣ 

ɩɪɢɛɨɪ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɩɟɪɟɱɧɨɝɨ ɢ ɩɪɨɞɨɥɶɧɨɝɨ 

ɭɝɥɨɜ ɧɚɤɥɨɧɚ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ (ɬɚɧɝɚɠɚ ɢ ɤɪɟɧɚ), ɬɨ ɟɫɬɶ ɭɝɥɨɜ 

ɨɪɢɟɧɬɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɬɢɧɧɨɣ ɜɟɪɬɢɤɚɥɢ. Ʌɟɬɱɢɤɢ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢɛɨɪ 

ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɟɦ ɥɟɬɚɬɟɥɶɧɵɦ ɚɩɩɚɪɚɬɨɦ ɜ ɜɨɡɞɭɲɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ. [9] 

ȼɟɥɢɱɢɧɵ ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɫɢɥ ɢ ɦɨɦɟɧɬɨɜ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɫɚɦɨɥɟɬ, 

ɪɟɝɭɥɢɪɭɸɬɫɹ ɡɚ ɫɱɟɬ ɨɬɤɥɨɧɟɧɢɣ ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ – ɷɥɟɪɨɧɨɜ ɢ ɪɭɥɹ 

ɧɚɩɪɚɜɥɟɧɢɹ ɬɟɦ ɫɚɦɵɦ, ɢɡɦɟɧɹɹ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɫɚɦɨɥɟɬɚ ɜ ɠɟɥɚɟɦɭɸ 

ɫɬɨɪɨɧɭ. 

ɋɨɡɞɚɧɧɨɟ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢɥɢ ɩɢɥɨɬɨɦ 

ɪɚɜɧɨɜɟɫɢɟ, ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɧɚɪɭɲɟɧɨ ɜɨɡɞɟɣɫɬɜɢɟɦ ɤɚɤɨɝɨ-ɥɢɛɨ 

ɜɨɡɦɭɳɚɸɳɟɝɨ ɮɚɤɬɨɪɚ, ɧɚɩɪɢɦɟɪ, ɬɭɪɛɭɥɟɧɬɧɨɫɬɶɸ ɚɬɦɨɫɮɟɪɵ ɢɥɢ 

ɩɨɪɵɜɚɦɢ ɜɟɬɪɚ. ɉɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ.  

 

1.3 ɋɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɥɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ 

 

ɋɭɳɟɫɬɜɟɧɧɨɟ ɭɩɪɨɳɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɭɩɪɚɜɥɹɟɦɨɝɨ ɞɜɢɠɟɧɢɹ 

ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɞɨɫɬɢɝɚɟɬɫɹ, ɤɨɝɞɚ ɭɞɚɟɬɫɹ ɪɚɡɞɟɥɢɬɶ ɟɟ ɧɚ ɬɪɢ ɝɪɭɩɩɵ 

ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɞɜɢɠɟɧɢɟ ɚɩɩɚɪɚɬɚ ɜ ɬɪɟɯ ɜɡɚɢɦɧɨ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɥɨɫɤɨɫɬɹɯ. ȼɨɡɦɨɠɧɨɫɬɶ ɬɚɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ 

ɧɚɥɢɱɢɟɦ ɫɢɦɦɟɬɪɢɢ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɫɜɹɡɚɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. 

Ɉɛɳɟɟ ɞɜɢɠɟɧɢɟ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɩɪɨɞɨɥɶɧɨɝɨ 
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ɛɨɤɨɜɨɝɨ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɣ, ɩɪɢɱɟɦ ɦɟɠɞɭ ɷɬɢɦɢ ɞɜɢɠɟɧɢɹɦɢ ɢɦɟɟɬ 

ɦɟɫɬɨ ɜɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ. ɉɪɨɞɨɥɶɧɨɟ ɢ ɜɟɪɬɢɤɚɥɶɧɨɟ ɞɜɢɠɟɧɢɹ ɦɨɝɭɬ 

ɫɭɳɟɫɬɜɨɜɚɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɤɚɤ ɞɜɢɠɟɧɢɹ ɜ ɨɩɪɟɞɟɥёɧɧɨɣ ɩɥɨɫɤɨɫɬɢ. ȼ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɛɨɤɨɜɨɟ ɞɜɢɠɟɧɢɟ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɥɢɲɶ ɫɨɜɦɟɫɬɧɨ ɫ ɧɢɦɢ [10]. 

ɋɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɩɨ ɬɪɟɦ ɨɫɹɦ ɜ ɫɜɹɡɚɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 

ɨɛɨɡɧɚɱɟɧɵ ɤɚɤ T, P, Q (ɪɢɫɭɧɨɤ 2). Ɂɟɦɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɨɛɨɡɧɚɱɟɧɚ ɤɚɤ 

ОзUVW, ɫ ɧɚɱɚɥɨɦ ɜ ɬɨɱɤɟ ɫɬɚɪɬɚ ɫɚɦɨɥёɬɚ Оз. 

 
 

Ɋɢɫɭɧɨɤ 2 – ɋɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɥɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ 
 

ɇɚ ɫɚɦɨɥɟɬ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ ɬɹɠɟɫɬɢ G, ɤɨɬɨɪɭɸ ɜɨɡɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ 

ɮɨɪɦɭɥɟ: 

ܩ  = 𝑚 ∙ 𝑔, (1) 

ɝɞɟ     g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɪɚɜɧɨɟ 9,81 ɦ/ɫ2; 

m – ɦɚɫɫɚ ɫɚɦɨɥёɬɚ. 

ȼ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ OXZY ɜɞɨɥɶ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɚɩɩɚɪɚɬɚ OX 

ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ: 

 Т = ܨ̞ яги ∙ cos 𝜃 − ܩ − ܨ̝ ˑ˒, (2) 

ɝɞɟ     θ – ɭɝɨɥ ɚɬɚɤɢ; ̞ܨ яги – ɫɢɥɚ ɬɹɝɢ ɞɜɢɝɚɬɟɥɹ; 

Fсɨɩ – ɫɢɥɚ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɚ. 



11 
 

 

ɇɚ ɫɚɦɨɥɟɬ ɜɨɡɞɟɣɫɬɜɭɟɬ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɤɨɬɨɪɵɣ 

ɜɨɡɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ: 

 𝑞 = 𝑉ଶ ∙ 𝜌ʹ , (3) 

ɝɞɟ     ρ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ; 

V – ɫɤɨɪɨɫɬɶ ɫɚɦɨɥёɬɚ. 

ȼɞɨɥɶ ɨɫɢ OZ ɧɚ ɫɚɦɨɥёɬ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ P: 

 ܲ = 𝑉𝑝 ∙ sin 𝜓 − 𝑘𝑝 ∙ 𝑞𝑝 (4) 

ɝɞɟ    Vp – ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨ ɨɫɢ P 

kp – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 

qp – ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ, ɞɟɣɫɬɜɭɸɳɢɣ ɩɨ ɨɫɢ P. 

ɉɨɞɴɟɦɧɚɹ ɫɢɥɚ ɤɪɵɥɚ Q ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɧɚɛɟɝɚɸɳɟɝɨ ɩɨɬɨɤɚ 

ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ: 

 ܳ = 𝑐𝑄 ∙ 𝑆௪ ∙ 𝑞 (5) 

ɝɞɟ    сQ - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɴɟɦɧɨɣ ɫɢɥɵ; 

Sw - ɩɥɨɳɚɞɶ ɤɪɵɥɚ ɫɚɦɨɥёɬɚ. 
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2  ɉɨɫɬɪɨɟɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɤɭɪɫɨɦ ɫɚɦɨɥɟɬɚ 

 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɭɝɨɥ ɤɪɟɧɚ ɢɡɦɟɪɹɟɬɫɹ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɦ ɞɚɬɱɢɤɨɦ (k1 

= 1) ɢ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɡɚɞɚɧɧɵɦ ɡɧɚɱɟɧɢɟɦ φɁ. Ɋɚɡɧɨɫɬɶ ɦɟɠɞɭ φɁ ɢ φ 

ɭɫɢɥɢɜɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɭɫɢɥɢɬɟɥɹ ɢ ɩɨɞɚɟɬɫɹ ɧɚ ɜɯɨɞ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɦɟɯɚɧɢɡɦɚ, ɤɨɬɨɪɵɣ ɭɩɪɚɜɥɹɟɬ ɨɬɤɥɨɧɟɧɢɟɦ ɷɥɟɪɨɧɨɜ. ȼ ɤɚɱɟɫɬɜɟ 

ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɡɜɟɧɚ ɩɨ ɫɤɨɪɨɫɬɢ (dφ/dt) ɢɫɩɨɥɶɡɨɜɚɧ ɬɚɤɠɟ 

ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɣ ɞɚɬɱɢɤ. 

ɋɯɟɦɚ ɫɢɫɬɟɦɵ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 3 ɢ 4. 

 
 

Ɋɢɫɭɧɨɤ 3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɋȺɊ ɭɝɥɚ ɫɚɦɨɥɟɬɚ 

 

ɇɟɨɛɯɨɞɢɦɨ, ɢɫɩɨɥɶɡɭɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɭɸ ɨɩɬɢɦɢɡɚɰɢɸ ɜ ɫɪɟɞɟ 
SimInTech, ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ky ɢ k2, ɩɪɢ ɤɨɬɨɪɵɯ ɩɟɪɟɯɨɞɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ φɁ(t) = 1(t) ɢɦɟɥɚ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɟ ɛɨɥɟɟ 10%, ɚ 
ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɞɥɹ «ɬɪɭɛɤɢ» 2%) – ɧɟ ɛɨɥɟɟ 9 ɫ. 
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Ɋɢɫɭɧɨɤ 4 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɋȺɊ ɫɤɨɪɨɫɬɢ ɫɚɦɨɥɟɬɚ 

 

Ɍɪɟɛɭɟɬɫɹ ɦɟɬɨɞɨɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ Simintech 
ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɪɟɝɭɥɹɬɨɪ, ɪɟɚɥɢɡɭɸɳɢɣ ɉɂȾ-ɡɚɤɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ 
ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ ɬɚɤ ɱɬɨɛɵ ɪɟɚɤɰɢɹ ɫɢɫɬɟɦɵ ɧɚ ɫɬɭɩɟɧɱɚɬɵɣ ɜɯɨɞɧɨɣ 
ɫɢɝɧɚɥ ɯ(1) = 1(0 ɢɦɟɥɚ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɟ ɛɨɥɟɟ 5% ɢ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
(ɩɪɢ «ɬɪɭɛɤɟ» 2%) ɦɟɧɟɟ 5 ɫ. 

 

2.1 Ɉɩɢɫɚɧɢɟ ɦɟɬɨɞɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

 

Ʉɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɩɪɚɜɢɥɶɧɨ ɜɵɛɪɚɧɵ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ, 

ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɷɬɢɯ ɫɢɫɬɟɦ. ɉɪɨɛɥɟɦɟ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɧɚɫɬɪɨɟɤ 

ɪɟɝɭɥɹɬɨɪɨɜ ɭɫɭɝɭɛɥɹɟɬɫɹ ɟɳɟ ɢ ɬɟɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɚɪɚɦɟɬɪɵ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢɡɦɟɧɹɸɬɫɹ, ɢ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɷɬɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɧɚɫɬɪɚɢɜɚɟɦɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɝɭɥɹɬɨɪɨɜ ɬɪɟɛɭɟɬɫɹ ɢɯ ɩɟɪɟɧɚɫɬɪɨɣɤɚ. Ɋɟɲɟɧɢɟɦ ɩɪɨɛɥɟɦɵ 

ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɝɭɥɹɬɨɪɨɜ ɫ ɨɩɬɢɦɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɨɣ ɢɯ 

ɩɚɪɚɦɟɬɪɨɜ. Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɨɛɴɟɤɬɚ 

ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɪɟɞɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ SimInTech. ȼ 

ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɟ ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ: 

ɭɩɪɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɶɸ ɩɨɥɟɬɚ ɢ ɭɩɪɚɜɥɟɧɢɟ ɤɪɟɧɨɦ ɢ ɬɚɧɝɚɠɨɦ ɫɚɦɨɥɟɬɚ. 
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2.2 ɋɪɟɞɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

Ɉɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɝɥɚɜɧɵɯ ɫɬɚɞɢɣ ɜ ɠɢɡɧɟɧɧɨɦ ɰɢɤɥɟ ɢɡɞɟɥɢɹ ɷɬɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɢɫɬɟɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ 

ɭɫɬɪɨɣɫɬɜ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɢɡɞɟɥɢɣ ɢ ɭɜɟɥɢɱɢɬɶ 

ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɜ ɤɚɱɟɫɬɜɟ 

ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ, ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɪɟɞɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ SimInTech ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɨɛɥɚɞɚɟɬ ɧɟɨɛɯɨɞɢɦɵɦɢ 

ɷɥɟɦɟɧɬɚɦɢ ɢ ɦɨɞɭɥɹɦɢ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɹ ɩɪɨɟɤɬɚ. 

 Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɚ ɜɵɛɪɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɵ 

ɪɚɡɪɚɛɨɬɤɢ ɬɟɤɭɳɟɝɨ ɩɪɨɟɤɬɚ. 

SimInTech ɨɫɭɳɟɫɬɜɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 

ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɢ ɦɨɞɟɥɢɪɭɟɬ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɡɚ 

ɫɱɟɬ ɩɪɨɜɟɪɤɢ ɩɪɢɧɢɦɚɟɦɵɯ ɪɟɲɟɧɢɣ ɧɚ ɥɸɛɨɣ ɫɬɚɞɢɢ ɩɪɨɟɤɬɚ [11]. 

Ⱦɥɹ ɞɟɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 

ɹɞɟɪɧɵɯ ɢ ɬɟɩɥɨɜɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɚɯ, ɜ ɫɢɫɬɟɦɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ, ɜ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɚɯ ɢ ɪɨɛɨɬɚɯ, ɢ ɜ ɥɸɛɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, 

ɨɩɢɫɚɧɢɟ ɞɢɧɚɦɢɤɢ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ -

ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɢ ɪɟɚɥɢɡɨɜɚɧɨ ɦɟɬɨɞɚɦɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ SimInTech ɢɫɩɨɥɶɡɭɟɬɫɹ ɹɡɵɤ ɋɢ, 

ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɨɠɧɵɟ ɨɩɟɪɚɰɢɢ. ȼ ɹɡɵɤɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜɫɟ ɨɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɹɡɵɤɨɜ 

ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɚ ɬɚɤɠɟ ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɨɟ ɧɚɛɨɪ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɩɨɫɬɨɹɧɧɨ ɪɚɫɲɢɪɹɟɬɫɹ [12]. 
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ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɜ SimInTech ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ 

ɦɨɞɟɥɢ ɧɚ ɛɚɡɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɤɨɞɨɜ ɢ ɜɧɟɞɪɹɬɶ ɢɯ ɜ 

ɤɨɦɩɥɟɤɫɧɵɟ ɦɨɞɟɥɢ, ɞɥɹ ɷɬɨɝɨ ɢ ɫɨɡɞɚɧɵ ɦɨɞɭɥɢ ɪɚɫɲɢɪɟɧɢɹ. 

ɉɨɦɢɦɨ ɜɫɟɝɨ ɩɪɨɱɟɝɨ, SimInTech ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɫɨɡɞɚɜɚɬɶ 

ɦɨɞɟɥɢ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɢɫɩɨɥɶɡɭɹ ɫɬɪɭɤɬɭɪɧɵɟ ɛɥɨɤ-ɫɯɟɦɵ. Ⱥ ɞɥɹ 

ɫɜɹɡɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɩɪɨɟɤɬɚɦɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɚɡɚ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ, 

ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɩɪɨɟɤɬɨɜ ɜ ɟɞɢɧɵɣ ɩɚɤɟɬ [13]. 

 

2.3 Ɉɩɬɢɦɢɡɚɰɢɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɫɤɨɪɨɫɬɢ ɫɚɦɨɥɟɬɚ 

 

ȼ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ SimInTech ɛɵɥɚ ɫɨɛɪɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 5.  

 

 
Ɋɢɫɭɧɨɤ 5 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ 

 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫɚɦɨɥɟɬɚ ɜ ɜɨɡɞɭɯɟ ɩɪɢ 

ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɤɨɪɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɩɨɞɞɟɪɠɢɜɚɬɶ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɜ 

ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɚ ɧɭɥɟɜɚɹ ɫɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɤɨɪɨɫɬɢ.   ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɫɢɫɬɟɦɟ ɞɥɹ ɤɨɪɪɟɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧ 

ɉɂȾ-ɪɟɝɭɥɹɬɨɪ (ɪɢɫɭɧɨɤ 6), ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɬɨɪɨɝɨ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 

ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ.[14] 
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Ɋɢɫɭɧɨɤ 6 – ɋɭɛɦɨɞɟɥɶ ɉɂȾ ɪɟɝɭɥɹɬɨɪɚ 

 

ɂɫɩɨɥɶɡɭɹ ɧɟɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ, ɤɪɢɜɚɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 
Ɋɢɫɭɧɨɤ 7 – Ʉɪɢɜɚɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 

ɉɨ ɞɚɧɧɨɣ ɤɪɢɜɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɫɢɫɬɟɦɚ 

ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɣ. ȼɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ:  𝑡˓ег =6,3 ɫ, 

ɝɞɟ 𝑡˓ег – ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɜ ɩɹɬɢɩɪɨɰɟɧɬɧɨɣ ɡɨɧɟ. 
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𝜎 = |𝑌𝑚𝑎𝑥1−𝑌 ˔˕𝑌 ˔˕ | = ʹ7% , 

ɝɞɟ     𝜎-ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, 𝑌𝑚𝑎௫ଵ-ɩɟɪɜɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ,  𝑌 ˔˕ – ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɫɢɫɬɟɦɵ. 

Ⱦɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɜɫɟ ɪɟɝɭɥɢɪɭɟɦɵɟ 

ɩɚɪɚɦɟɬɪɵ ɜ ɫɩɢɫɨɤ ɫɢɝɧɚɥɨɜ ɩɪɨɟɤɬɚ (ɪɢɫɭɧɨɤ 8) 

 

 
Ɋɢɫɭɧɨɤ 8 – ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ 

 

ȼ ɪɨɥɢ ɨɩɬɢɦɢɡɚɬɨɪɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɛɥɨɤ ɨɩɬɢɦɢɡɚɰɢɢ SimInTech, 

ɫɮɨɪɦɢɪɨɜɚɧɵ ɤɪɢɬɟɪɢɢ ɨɩɬɢɦɢɡɚɰɢɢ: ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ. Ɂɚɞɚɧ ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ 

ɤɪɢɬɟɪɢɟɜ ɜ ɬɚɛɥɢɰɟ 1 ɢ ɜɵɛɪɚɧ ɦɟɬɨɞ ɨɩɬɢɦɢɡɚɰɢɢ (ɪɢɫɭɧɨɤ 9). 

 

 

 



18 
 

Ɍɚɛɥɢɰɚ 1- Ⱦɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɤɪɢɬɟɪɢɟɜ 

Ʉɪɢɬɟɪɢɣ Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 𝑡˓ег 0 ɫ. 6 ɫ. 𝜎 0% 5% 𝑌 ˔˕ 0,995 1,005 

 

 

 
Ɋɢɫɭɧɨɤ 9 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ ɨɩɬɢɦɢɡɚɰɢɢ 

 

ɋɮɨɪɦɢɪɨɜɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɡɚɞɚɧɧɵɦ 

ɤɪɢɬɟɪɢɹɦ (ɪɢɫɭɧɨɤ 10). ɂɫɩɨɥɶɡɨɜɚɧ ɢɡɦɟɪɢɬɟɥɶ ɜɪɟɦɟɧɢ ɩɟɪɟɯɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ, ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɜɵɱɢɫɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɚɛɫɨɥɸɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɢɫɬɟɦɵ, ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ 

ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɬɭɩɟɧɶɤɢ ɢ ɤɥɸɱɚ. 
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Ɋɢɫɭɧɨɤ 10 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɡɚɞɚɧɧɵɦ ɤɪɢɬɟɪɢɹɦ 

ɉɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ 

(ɪɢɫɭɧɨɤ 11) 

 

 

Ɋɢɫɭɧɨɤ 11 – Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ 

 

ɉɨ ɧɨɜɨɣ ɤɪɢɜɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɪɢɫɭɧɤɟ 12 ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 𝑡˓ег =5.8 ɫ 
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ɝɞɟ     𝑡˓ег – ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɜ ɩɹɬɢɩɪɨɰɟɧɬɧɨɣ ɡɨɧɟ. 

 

𝜎 = |𝑌𝑚𝑎௫ଵ − 𝑌 ˔˕𝑌 ˔˕ | = Ͳ% 

𝑌 ˔˕ = ͳ 

ɝɞɟ    𝜎-ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, 𝑌𝑚𝑎௫ଵ-ɩɟɪɜɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ,  𝑌 ˔˕ – ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɫɢɫɬɟɦɵ. 

 

 
Ɋɢɫɭɧɨɤ 12 – Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ ɤɪɢɜɚɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 

ɋɪɚɜɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɞɨ ɢ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 

ɬɚɛɥɢɰɟ 2. 
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Ɍɚɛɥɢɰɚ 2- ɋɪɚɜɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 

Ʉɪɢɬɟɪɢɣ Ɂɧɚɱɟɧɢɟ ɞɨ ɨɩɬɢɦɢɡɚɰɢɢ Ɂɧɚɱɟɧɢɟ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ 𝑡˓ег 6,3 ɫ 6 ɫ 𝜎 27% 0% 𝑌 ˔˕ 1 1 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɩɬɢɦɢɡɚɰɢɢ ɭɞɚɥɨɫɶ ɢɫɤɥɸɱɢɬɶ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢɡ 

ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɢɬɶ ɟɟ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

2.4 Ɉɩɬɢɦɢɡɚɰɢɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɣ ɤɪɟɧɚ ɢ ɬɚɧɝɚɠɚ ɫɚɦɨɥɟɬɚ 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɪɟɧɚ ɫɨɛɪɚɧɚ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɤɨɦɩɥɟɤɫɟ SimInTech ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13.  

 

 
Ɋɢɫɭɧɨɤ 13– ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɪɟɧɚ 

 

ȼ ɞɚɧɧɨɣ ɫɯɟɦɟ ɞɥɹ ɪɟɝɭɥɹɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɛɭɞɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɟɝɭɥɹɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɫɢɥɢɬɟɥɹ ɢ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ. 

Ʉɪɢɜɚɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 14. 
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Ɋɢɫɭɧɨɤ 14 – Ʉɪɢɜɚɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 

ɉɨ ɞɚɧɧɨɣ ɤɪɢɜɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɫɢɫɬɟɦɚ 

ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɣ. ȼɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ:  𝑡˓ег =5 ɫ, 

ɝɞɟ       𝑡˓ег – ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɜ ɩɹɬɢɩɪɨɰɟɧɬɧɨɣ ɡɨɧɟ. 

 

𝜎 = |𝑌𝑚𝑎𝑥1−𝑌 ˔˕𝑌 ˔˕ | = ͵Ͳ% , 

𝑌 ˔˕ = Ͳ,5, 

ɝɞɟ      𝜎-ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, 𝑌𝑚𝑎௫ଵ-ɩɟɪɜɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ,  𝑌 ˔˕ – ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɫɢɫɬɟɦɵ. 

ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ ɪɟɝɭɥɹɰɢɢ ɫɤɨɪɨɫɬɢ ɞɨɛɚɜɥɟɧɵ 

ɤɨɷɮɮɢɰɢɟɧɬɵ, ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ(ɪɢɫɭɧɨɤ15) 
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Ɋɢɫɭɧɨɤ 15 – Ʉɪɢɜɚɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 

Cɮɨɪɦɢɪɨɜɚɧɵ ɤɪɢɬɟɪɢɢ ɨɩɬɢɦɢɡɚɰɢɢ: ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ. Ɂɚɞɚɧ ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ 

ɤɪɢɬɟɪɢɟɜ ɜ ɬɚɛɥɢɰɟ 3 ɢ ɜɵɛɪɚɧ ɦɟɬɨɞ ɨɩɬɢɦɢɡɚɰɢɢ (ɪɢɫɭɧɨɤ 16). 

Ɍɚɛɥɢɰɚ 3- Ⱦɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɤɪɢɬɟɪɢɟɜ 

Ʉɪɢɬɟɪɢɣ Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 𝑡˓ег 0 ɫ 6 ɫ 𝜎 0% 10% 𝑌 ˔˕ 0,9 1,1 

 



24 
 

 

 
Ɋɢɫɭɧɨɤ 16 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ ɨɩɬɢɦɢɡɚɰɢɢ 

 

ɋɮɨɪɦɢɪɨɜɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɡɚɞɚɧɧɵɦ 

ɤɪɢɬɟɪɢɹɦ (ɪɢɫɭɧɨɤ 17). ɂɫɩɨɥɶɡɨɜɚɧ ɢɡɦɟɪɢɬɟɥɶ ɜɪɟɦɟɧɢ ɩɟɪɟɯɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ, ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɜɵɱɢɫɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɚɛɫɨɥɸɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɢɫɬɟɦɵ, ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ 

ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɬɭɩɟɧɶɤɢ ɢ ɤɥɸɱɚ. 

 

 
Ɋɢɫɭɧɨɤ 17– ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ 
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ɉɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ 

(ɪɢɫɭɧɨɤ 18) 

 
 

Ɋɢɫɭɧɨɤ 18 – Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ 

 

ɉɨ ɧɨɜɨɣ ɤɪɢɜɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɪɢɫɭɧɤɟ 19 ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 𝑡˓ег =4 ɫ 

ɝɞɟ 𝑡˓ег – ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɜ ɩɹɬɢɩɪɨɰɟɧɬɧɨɣ ɡɨɧɟ. 

 

𝜎 = |𝑌𝑚𝑎௫ଵ − 𝑌 ˔˕𝑌 ˔˕ | = 5% 

𝑌 ˔˕ = ͳ 

ɝɞɟ    𝜎-ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, 𝑌𝑚𝑎௫ଵ-ɩɟɪɜɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ, 𝑌 ˔˕ – ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɫɢɫɬɟɦɵ. 
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Ɋɢɫɭɧɨɤ 19 – Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ ɤɪɢɜɚɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ  

 

ɋɪɚɜɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɞɨ ɢ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 

ɬɚɛɥɢɰɟ 4. 

Ɍɚɛɥɢɰɚ 4 – ɋɪɚɜɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 

Ʉɪɢɬɟɪɢɣ Ɂɧɚɱɟɧɢɟ ɞɨ ɨɩɬɢɦɢɡɚɰɢɢ Ɂɧɚɱɟɧɢɟ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ 𝑡˓ег 5 ɫ 4 ɫ 𝜎 30% 5% 𝑌 ˔˕ 0,5 1 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɩɬɢɦɢɡɚɰɢɢ ɭɞɚɥɨɫɶ ɭɦɟɧɶɲɢɬɶ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚ 

25%, ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ 1 ɫɟɤɭɧɞɭ ɢ ɢɡɛɚɜɢɬɶɫɹ ɨɬ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɨɲɢɛɤɢ.  
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3 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɪɨɟɤɬɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 

3.1 ɋɨɡɞɚɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ ɩɪɨɟɤɬɚ 

 

ȼ SimInTech ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɤɥɸɱɚɬɶ ɜɧɟɲɧɸɸ ɛɚɡɭ ɞɚɧɧɵɯ. Ɉɧɚ 

ɩɨɞɤɥɸɱɚɟɬɫɹ ɜ ɜɢɞɟ ɦɨɞɭɥɹ ɪɚɫɲɢɪɟɧɢɹ, ɤɚɤ ɞɢɧɚɦɢɱɟɫɤɢ ɩɨɞɤɥɸɱɚɟɦɚɹ 

ɛɢɛɥɢɨɬɟɤɚ (dll).  

Ȼɚɡɚ ɫɢɝɧɚɥɨɜ ɩɪɨɟɤɬɚ – ɷɬɨ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɚɹ ɮɚɣɥɨɜɚɹ ɛɚɡɚ ɞɚɧɧɵɯ, 

ɫɨɞɟɪɠɚɳɚɹ ɜ ɫɟɛɟ ɤɨɧɫɬɚɧɬɵ ɢ ɩɟɪɟɦɟɧɧɵɟ (ɫɢɝɧɚɥɵ), ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɨɞɧɨɦ 

ɢɥɢ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɟɤɬɚɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɚɛɨɬɵ ɩɪɨɟɤɬɚ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɚ ɫɜɹɡɶ ɦɟɠɞɭ 

ɫɯɟɦɚɦɢ ɨɛɳɟɝɨ ɜɢɞɚ, ɞɥɹ ɷɬɨɝɨ ɢ ɛɵɥɚ ɫɨɡɞɚɧɚ ɛɚɡɚ ɞɚɧɧɵɯ (ɪɢɫɭɧɨɤ 20). 

 Ȼɚɡɚ ɞɚɧɧɵɯ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɞɧɭ ɤɚɬɟɝɨɪɢɸ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɬɪɟɯ ɝɪɭɩɩ 

ɫɢɝɧɚɥɨɜ: ɜɯɨɞɧɵɟ, ɜɵɯɨɞɧɵɟ ɢ ɫɢɝɧɚɥɵ ɞɥɹ ɫɢɦɭɥɹɰɢɢ ɩɪɨɰɟɫɫɚ. ȼɯɨɞɧɵɟ 

ɫɢɝɧɚɥɵ ɫɨɫɬɨɹɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɡɧɚɱɟɧɢɣ: ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ 

ɫɤɨɪɨɫɬɶɸ ɫɚɦɨɥɟɬɚ, ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɢ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ. Ⱥɧɚɥɨɝɢɱɧɨ ɜɯɨɞɧɵɦ ɫɢɝɧɚɥɚɦ ɫɮɨɪɦɢɪɨɜɚɧɵ 

ɜɵɯɨɞɧɵɟ: ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɶɸ, ɭɝɨɥ ɜɟɪɬɢɤɚɥɶɧɵɣ, ɭɝɨɥ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ. ȼ 

ɫɢɝɧɚɥɵ ɞɥɹ ɫɢɦɭɥɹɰɢɢ ɩɪɨɰɟɫɫɚ ɜɯɨɞɹɬ: ɩɨɥɨɠɟɧɢɟ ɫɚɦɨɥɟɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

(X, Y, Z), ɜɟɪɬɢɤɚɥɶɧɵɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɧɚɤɥɨɧ ɫɚɦɨɥɟɬɚ. 
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Ɋɢɫɭɧɨɤ 20 – Ȼɚɡɚ ɞɚɧɧɵɯ ɩɪɨɟɤɬɚ 

 

3.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɯɟɦ ɨɛɳɟɝɨ ɜɢɞɚ 

 

ɉɪɢ ɫɨɡɞɚɧɢɢ ɩɪɨɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɫɚɦɨɥɟɬɚ ɛɵɥɢ ɞɨɛɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɦɨɞɭɥɢ: ɦɨɞɭɥɶ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ, ɦɨɞɭɥɶ ɭɩɪɚɜɥɟɧɢɹ ɧɚɤɥɨɧɨɦ, ɦɨɞɭɥɶ 

ɭɩɪɚɜɥɟɧɢɹ ɤɪɟɧɨɦ. 

Ⱦɥɹ ɦɨɞɭɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɢ (ɪɢɭɧɨɤ 21) ɜɡɹɬɚ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ 

ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɫɚɦɨɥɟɬɚ. Ʉɨɧɫɬɚɧɬɟ 

ɩɪɢɫɜɨɟɧɨ ɡɧɚɱɟɧɢɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɫɤɨɪɨɫɬɢ, ɡɚɩɢɫɶ ɡɧɚɱɟɧɢɹ 

ɫɤɨɪɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟ ɪɚɫɱɟɬɚ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ. 

 

 



29 
 

Ɋɢɫɭɧɨɤ 21 – Ɇɨɞɭɥɶ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɢ 

Ⱦɥɹ ɦɨɞɭɥɹ ɭɩɪɚɜɥɟɧɢɹ ɤɪɟɧɨɦ ɜɡɹɬɚ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ 

ɮɭɧɤɰɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɪɟɧɚ ɫɚɦɨɥɟɬɚ (ɪɢɫɭɧɨɤ 22). Ʉɨɧɫɬɚɧɬɟ ɩɪɢɫɜɨɟɧɨ 

ɡɧɚɱɟɧɢɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɤɪɟɧɚ, ɡɚɩɢɫɶ ɡɧɚɱɟɧɢɹ ɤɪɟɧɚ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɫɥɟ ɪɚɫɱɟɬɚ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ. 

 

 
Ɋɢɫɭɧɨɤ 22 – Ɇɨɞɭɥɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɪɟɧɚ ɫɚɦɨɥɟɬɚ 

 

Ɇɨɞɭɥɶ ɭɩɪɚɜɥɟɧɢɹ ɬɚɧɝɚɠɨɦ ɛɵɥ ɨɩɢɫɚɧ ɬɚɤɨɣ ɠɟ ɩɟɪɟɞɚɬɨɱɧɨɣ 

ɮɭɧɤɰɢɟɣ. ɉɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɫɟɯ ɦɨɞɭɥɟɣ ɞɥɹ ɨɛɴɟɞɢɧɟɧɢɹ ɢɯ ɜ ɨɛɳɢɣ 

ɩɪɨɟɤɬ ɛɵɥ ɫɨɡɞɚɧ ɩɚɤɟɬ ɦɨɞɭɥɟɣ (ɪɢɫɭɧɨɤ 23). 

 

 
Ɋɢɫɭɧɨɤ 23 – ɉɚɤɟɬ ɩɪɨɟɤɬɚ 

 

3.3 ɋɨɡɞɚɧɢɟ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ ɨɩɟɪɚɬɨɪɚ 
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Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɨɣ ɛɵɥ ɫɨɡɞɚɧ ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ 

ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɜɚɬɶ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨ ɜɫɟɦ ɦɨɞɭɥɹɦ ɫɢɫɬɟɦɵ ɢ ɩɪɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɚɛɢɥɢɡɚɰɢɸ ɟɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɢ 

ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɫɬɚɛɢɥɢɡɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɧɚɠɚɬɢɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɧɨɩɤɢ ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɢɝɧɚɥɨɦ ɢɧɞɢɤɚɬɨɪɚ (ɪɢɫɭɧɨɤ 

24).  

 

 
Ɋɢɫɭɧɨɤ 24 – ɉɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ ɨɩɟɪɚɬɨɪɚ 

 

ɋɜɹɡɶ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɪɨɟɤɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɫɤɪɢɩɬ ɩɭɥɶɬɚ, 

ɜ ɤɨɬɨɪɨɦ ɨɬɫɥɟɠɢɜɚɸɬɫɹ ɜɫɟ ɦɚɧɢɩɭɥɹɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ ɩɟɪɟɞɚɸɬɫɹ ɜ ɛɚɡɭ 

ɞɚɧɧɵɯ, ɚ ɢɡ ɧɟɟ ɧɚ ɦɨɞɭɥɢ (ɪɢɫɭɧɨɤ 25). 
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Ɋɢɫɭɧɨɤ 25 – ɋɤɪɢɩɬ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ 

 

ɋɬɚɛɢɥɢɡɚɰɢɹ ɫɤɪɢɩɬɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɪɨɜɟɪɹɟɬɫɹ, 

ɧɚɠɚɬɚ ɥɢ ɤɧɨɩɤɚ, ɩɨɫɥɟ ɜɵɱɢɫɥɹɟɬɫɹ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɤɭɳɟɝɨ ɭɝɥɚ 

ɧɚɤɥɨɧɚ ɢ ɭɦɧɨɠɚɟɬɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɨɰɟɧɬ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɨɜɟɪɤɚ ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɱɢɫɥɨ, ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɡɚɞɚɟɬɫɹ 

ɨɬɪɢɰɚɬɟɥɶɧɨɟ, ɜɨ ɜɬɨɪɨɦ- ɩɨɥɨɠɢɬɟɥɶɧɨɟ. ɍɩɪɚɜɥɟɧɢɟ ɫɬɪɟɥɨɱɧɵɦ ɩɪɢɛɨɪɨɦ 

ɨɬɤɥɸɱɚɟɬɫɹ, ɚ ɨɬɨɛɪɚɠɟɧɢɟ ɟɝɨ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɤɭɳɟɦɭ 

ɜɨɡɞɟɣɫɬɜɢɸ. ȼɟɪɬɢɤɚɥɶɧɚɹ ɫɬɚɛɢɥɢɡɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɡɚɞɚɸɳɟɝɨ 
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ɜɨɡɞɟɣɫɬɜɢɹ 2,5% ɨɬ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɧɚɤɥɨɧɚ, ɚ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ - 5% 

ɨɬ ɬɟɤɭɳɟɝɨ ɭɝɥɚ ɤɪɟɧɚ. 

 

3.4 Ɋɚɡɪɚɛɨɬɤɚ 3D ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ  

 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɜ ɩɚɤɟɬ ɩɪɨɟɤɬɚ ɛɵɥ ɞɨɛɚɜɥɟɧ ɧɨɜɵɣ ɦɨɞɭɥɶ-

ɞɢɧɚɦɢɱɟɫɤɚɹ ɨɬɪɢɫɨɜɤɚ (ɪɢɫɭɧɨɤ 26). 

 

 
Ɋɢɫɭɧɨɤ 26 – Ɇɨɞɭɥɶ ɞɢɧɚɦɢɱɟɫɤɨɣ ɨɬɪɢɫɨɜɤɢ 

 

Ⱦɚɧɧɵɣ ɦɨɞɭɥɶ ɩɨɡɜɨɥɹɟɬ ɧɚɤɚɩɥɢɜɚɬɶ ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɵ ɢ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɟɝɨ ɜ ɤɨɨɪɞɢɧɚɬɵ 3D ɩɪɨɫɬɪɚɧɫɬɜɚ, 

ɚ ɬɚɤɠɟ ɧɚɤɥɨɧɹɬɶ ɟɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɢ ɜɟɪɬɢɤɚɥɶɧɨ, ɱɬɨ ɢ ɬɪɟɛɭɟɬɫɹ ɜ 

ɞɟɦɨɧɫɬɪɚɰɢɢ ɷɬɨɝɨ ɩɪɨɟɤɬɚ. ȼ ɪɨɥɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜɵɫɬɭɩɚɟɬ ɦɨɞɭɥɶ 3D 

ɜɢɡɭɚɥɢɡɚɰɢɢ SimInTech.  



33 
 

 Ⱦɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɦɨɞɭɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɫɤɪɢɩɬ ɦɨɞɭɥɹ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɨɬɪɢɫɨɜɤɢ (ɪɢɫɭɧɨɤ 27). 

 

 
Ɋɢɫɭɧɨɤ 27 – ɋɤɪɢɩɬ ɦɨɞɭɥɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɨɬɪɢɫɨɜɤɢ 

 

ɋɤɪɢɩɬ ɫɨɡɞɚɟɬ ɨɤɧɨ 3D ɜɢɡɭɚɥɢɡɚɰɢɢ, ɩɪɨɢɫɯɨɞɢɬ ɨɬɤɥɸɱɟɧɢɟ ɫɟɬɤɢ, ɢ 

ɦɟɧɹɟɬɫɹ ɪɚɡɦɟɪ ɨɤɧɚ, ɭɤɚɡɵɜɚɟɬɫɹ ɰɜɟɬ ɡɚɞɧɟɝɨ ɮɨɧɚ ɢ ɩɪɨɢɫɯɨɞɢɬ ɨɛɧɭɥɟɧɢɟ 

ɜɫɟɯ ɩɟɪɟɦɟɧɧɵɯ. ȼ ɞɚɧɧɨɟ ɨɤɧɨ ɡɚɝɪɭɠɚɟɬɫɹ ɦɨɞɟɥɶ ɮɨɪɦɚɬɚ *.obj, 

ɩɟɪɟɦɟɧɧɵɟ ɛɚɡɵ ɞɚɧɧɵɯ ɩɪɢɜɹɡɵɜɚɸɬɫɹ ɤ ɤɨɨɪɞɢɧɚɬɚɦ ɦɨɞɟɥɢ ɢ ɧɚɤɥɨɧɭ 

ɫɚɦɨɥɟɬɚ. Ⱦɥɹ ɨɛɴɟɞɢɧɟɧɢɹ ɦɨɞɭɥɹ ɫ ɩɪɨɟɤɬɨɦ ɡɧɚɱɟɧɢɹ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ 

ɝɪɭɩɩɵ ɫɢɦɭɥɹɰɢɢ ɩɪɢɜɹɡɵɜɚɸɬɫɹ ɤ ɡɧɚɱɟɧɢɹɦ ɦɨɞɭɥɹ (ɪɢɫɭɧɨɤ 28). 
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Ɋɢɫɭɧɨɤ 28 – Ȼɚɡɚ ɞɚɧɧɵɯ ɩɪɨɟɤɬɚ 

 

ɉɨɫɥɟ ɩɪɢɜɹɡɤɢ ɡɧɚɱɟɧɢɣ, ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɡɚɩɭɫɤɚ ɢ ɪɚɛɨɬɵ ɦɨɞɭɥɟɣ 

ɜɢɡɭɚɥɢɡɚɰɢɹ ɛɵɥɚ ɞɨɛɚɜɥɟɧ ɜ ɩɚɤɟɬ ɦɨɞɭɥɟɣ ɩɪɨɟɤɬɚ (ɪɢɫɭɧɨɤ 29). 

 

 
Ɋɢɫɭɧɨɤ 29 – ȼɧɟɲɧɢɣ ɜɢɞ ɩɚɤɟɬɚ ɩɪɨɟɤɬɨɜ SimInTech 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɞɢɧɚɦɢɱɟɫɤɚɹ 3D ɜɢɡɭɚɥɢɡɚɰɢɹ, ɜ ɤɨɬɨɪɨɣ 

ɦɨɞɟɥɶ ɫɚɦɨɥɟɬɚ ɨɬɨɛɪɚɠɚɟɬ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɢɫɬɟɦɭ ɦɨɞɭɥɟɣ ɩɪɨɟɤɬɚ 

(ɪɢɫɭɧɨɤ 30). 

 

 
Ɋɢɫɭɧɨɤ 30 – 3D ɜɢɡɭɚɥɢɡɚɰɢɹ ɩɪɨɟɤɬɚ 

 

3.5 Ɂɚɩɭɫɤ ɩɪɨɟɤɬɚ  

 

Ⱦɥɹ ɡɚɩɭɫɤɚ ɫɢɫɬɟɦɵ, ɛɵɥ ɡɚɩɭɳɟɧ ɩɚɤɟɬ ɩɪɨɟɤɬɚ. ɋ ɩɨɦɨɳɶɸ 

ɜɨɥɶɬɦɟɬɪɚ «Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚɤɥɨɧɚ» ɩɟɪɟɞɜɢɝɚɹ ɫɬɪɟɥɤɭ ɜɨɥɶɬɦɟɬɪɚ ɜɥɟɜɨ - 

ɫɚɦɨɥɟɬ ɛɭɞɟɬ ɧɚɤɥɨɧɹɬɶɫɹ ɜɧɢɡ, ɩɪɢ ɩɟɪɟɞɜɢɠɟɧɢɢ ɜɩɪɚɜɨ – ɫɚɦɨɥɟɬ ɛɭɞɟɬ 

ɧɚɤɥɨɧɹɬɶɫɹ ɜɜɟɪɯ. ɑɬɨɛɵ ɢɡɦɟɧɹɬɶ ɫɤɨɪɨɫɬɶ ɩɨɥɟɬɚ ɫɚɦɨɥɟɬɚ ɜ ɩɪɨɟɤɰɢɢ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɞɜɢɝɚɬɶ ɫɬɪɟɥɤɭ ɜɩɪɚɜɨ ɢɥɢ ɜɥɟɜɨ ɧɚ ɜɨɥɶɬɦɟɬɪɟ ɫ ɩɨɞɩɢɫɶɸ 

«ɍɩɪɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɶɸ». ɉɪɢ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɢ ɫɚɦɨɥɟɬɭ ɛɭɞɟɬ ɬɹɠɟɥɟɟ 
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ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶɫɹ. ȼɨɥɶɬɦɟɬɪ ɫ ɩɨɞɩɢɫɶɸ «ɍɩɪɚɜɥɟɧɢɟ ɤɪɟɧɨɦ» ɨɬɜɟɱɚɟɬ ɡɚ 

ɩɨɜɨɪɨɬɵ ɫɚɦɨɥɟɬɚ ɜɩɪɚɜɨ ɢ ɜɥɟɜɨ. ȿɫɥɢ ɩɨɜɟɪɧɭɬɶ ɫɬɪɟɥɤɭ ɜɨɥɶɬɦɟɬɪɚ ɜɥɟɜɨ 

– ɫɚɦɨɥɟɬ ɛɭɞɟɬ ɞɟɥɚɬɶ ɨɛɨɪɨɬ ɜɨɤɪɭɝ ɨɫɢ ɜ ɥɟɜɭɸ ɫɬɨɪɨɧɭ, ɩɪɢ ɩɨɜɨɪɨɬɟ 

ɜɩɪɚɜɨ - ɫɚɦɨɥɟɬ ɛɭɞɟɬ ɞɟɥɚɬɶ ɨɛɨɪɨɬ ɜɨɤɪɭɝ ɨɫɢ ɜ ɩɪɚɜɭɸ ɫɬɨɪɨɧɭ. 

ɉɪɢ ɧɚɠɚɬɢɢ ɧɚ ɤɧɨɩɤɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɚɦɨɥɟɬ 

ɜɵɪɚɜɧɢɜɚɟɬɫɹ ɪɨɜɧɨ ɩɨ ɝɨɪɢɡɨɧɬɭ, ɚ ɩɪɢ ɧɚɠɚɬɢɢ ɧɚ ɤɧɨɩɤɭ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɫɬɚɛɢɥɢɡɚɰɢɢ – ɞɟɪɠɢɬ ɩɨɥɨɠɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɨ ɡɟɦɥɟ. ɉɪɨɟɤɬ ɪɚɛɨɬɚɟɬ ɢ ɩɪɢ 

ɧɚɠɚɬɢɢ ɨɛɨɢɯ ɤɧɨɩɨɤ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɚɦɨɥɟɬ ɩɨɥɧɨɫɬɶɸ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɢ 

ɜɟɪɬɢɤɚɥɶɧɨ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨ.   

 
 

Ɋɢɫɭɧɨɤ 31 – Ɋɚɛɨɬɚ ɫɢɫɬɟɦɵ 
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ɁȺɄɅɘЧȿɇɂȿ 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɵ ɛɵɥ ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɪɚɡɜɢɬɢɹ 

ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ. ɉɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɨ ɭɫɬɪɨɣɫɬɜɨ ɫɚɦɨɥɟɬɚ, ɚ ɬɚɤɠɟ 

ɞɢɩɥɨɦɧɚɹ ɪɚɛɨɬɚ ɫɨɞɟɪɠɢɬ ɨɛɳɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ 

ɫɚɦɨɥɟɬɨɦ. 

ȼɵɛɪɚɧɚ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ ɬɟɤɭɳɟɝɨ ɩɪɨɟɤɬɚ. Ɉɩɢɫɚɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɬɚɤɢɯ ɫɪɟɞɫɬɜ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ ɤɚɤ ɛɚɡɚ ɞɚɧɧɵɯ ɢ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

Ȼɵɥɚ ɩɨɫɬɪɨɟɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ, ɭɝɥɨɦ ɬɚɧɝɚɠɚ ɢ ɤɪɟɧɚ 

ɫɚɦɨɥɟɬɚ, ɚ ɬɚɤɠɟ ɩɨɫɬɪɨɟɧɚ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɩɨɥɨɠɟɧɢɹ ɫɚɦɨɥɟɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ ɜɢɞɟ ɫɯɟɦɵ ɜ ɩɪɨɝɪɚɦɦɟ SimInTech. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫɚɦɨɥɟɬɚ ɬɪɟɛɭɟɬɫɹ 

ɩɨɞɞɟɪɠɢɜɚɬɶ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ 

ɫɢɫɬɟɦɟ ɞɥɹ ɤɨɪɪɟɤɰɢɢ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɵ ɟɝɨ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɧɚɢɥɭɱɲɟɣ ɪɚɛɨɬɵ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɤɭɪɫɨɦ 

ɫɚɦɨɥɟɬɚ, ɩɨɞɤɥɸɱɟɧ ɜɢɡɭɚɥɶɧɵɣ 3D ɦɨɞɭɥɶ ɢ ɫɨɡɞɚɧɚ ɨɛɳɚɹ ɛɚɡɚ ɞɚɧɧɵɯ ɞɥɹ 

ɩɟɪɟɞɚɱɢ ɩɚɪɚɦɟɬɪɨɜ ɦɟɠɞɭ ɩɪɨɟɤɬɚɦɢ.  
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Ɇɨɫɤɜɚ: ȼɵɫɲɚɹ ɲɤɨɥɚ, 1995. – 488 c. 

14 Ʉɟɣɧ, ȼ.Ɇ. Ɉ ɦɟɬɨɞɚɯ ɪɚɫɱɟɬɚ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɚɜɢɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ/ ȼ.Ɇ. Ʉɟɣɧ. – ɋɚɧɤɬ- 

ɉɟɬɟɪɛɭɪɝ – Ɍɪɭɞɵ ȼȺɍ ȽȺ, 1969. –  80 ɫ. 

15 ɋɩɪɚɜɨɱɧɚɹ ɫɢɫɬɟɦɚ SimInTech  [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: https://help.simintech.ru/#o_simintech/o_simintech.html 

16 ɐɵɩɤɢɧ, ə.Ɂ.  Ⱥɞɚɩɬɚɰɢɹ ɢ ɨɛɭɱɟɧɢɟ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ: 

ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ə.Ɂ. ɐɵɩɤɢɧ. – Ɇɨɫɤɜɚ – ɇɚɭɤɚ,  1968. – 399 ɫ.   

17 Ɇɢɯɚɥɟɜ, ɂ.Ⱥ., Ɉɤɨɟɦɨɜ , Ȼ.ɇ. ɋɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɫɚɦɨɥɟɬɚɦɢ: ɭɱɟɛɧɢɤ / ɂ.Ⱥ. Ɇɢɯɚɥɟɜ, Ȼ.ɇ. Ɉɤɨɟɦɨɜ. –  Ɇɨɫɤɜɚ:  

Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1974. – 232 ɫ. 

18 ɋɌɈ 4.2 07 2014. ɋɢɫɬɟɦɚ ɦɟɧɟɞɠɦɟɧɬɚ ɤɚɱɟɫɬɜɚ. Ɉɛɳɢɟ 
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ɞɟɹɬɟɥɶɧɨɫɬɢ. – ȼɡɚɦɟɧ ɋɌɈ 4.2 07 2012 ; ɞɚɬɚ ɜɜɟɞ. 09.01.2014. – Ʉɪɚɫɧɨɹɪɫɤ, 

2014. – 60 ɫ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

ɋɤɪɢɩɬ ɩɪɨɟɤɬɚ 3D ɜɢɡɭɚɥɢɡɚɰɢɢ 

initialization 

//ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɫɨɡɞɚɧɢɟ ɨɤɧɚ ɜɢɡɭɚɥɢɡɚɰɢɢ   

 viewerwindow_1 = Viewer3DCreate; 

 viewerwindow_2 = Viewer3DCreate; 

// ɩɪɨɰɟɞɭɪɚ ɡɚɞɚɧɢɹ ɜɢɞɢɦɨɫɬɢ ɫɟɬɤɢ (ɩɥɨɫɤɨɫɬɶ Y=0) 

 Viewer3DSetGridVisibility(viewerwindow_1, False); 

// ɩɪɨɰɟɞɭɪɚ ɡɚɞɚɧɢɹ ɜɢɞɢɦɨɫɬɢ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ   

 Viewer3DSetAxesVisibility(viewerwindow_2, False); 

// ɩɪɨɰɟɞɭɪɚ ɡɚɞɚɧɢɹ ɜɢɞɢɦɨɫɬɢ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ 

 Viewer3DSetGridVisibility(viewerwindow_2, False); 

// ɩɪɨɰɟɞɭɪɚ ɭɫɬɚɧɨɜɤɢ ɪɚɡɦɟɪɨɜ ɨɤɧɚ   

 Viewer3DSetWindowSize(viewerwindow_1, 750, 600); 

// ɩɪɨɰɟɞɭɪɚ ɭɫɬɚɧɨɜɤɢ ɩɨɥɨɠɟɧɢɹ ɨɤɧɚ 

 Viewer3DSetWindowPosition(viewerwindow_1, 600, 130); 

// ɩɪɨɰɟɞɭɪɚ ɭɫɬɚɧɨɜɤɢ ɪɚɡɦɟɪɨɜ ɨɤɧɚ  

 Viewer3DSetWindowSize(viewerwindow_2, 1400, 600); 

// ɩɪɨɰɟɞɭɪɚ ɭɫɬɚɧɨɜɤɢ ɩɨɥɨɠɟɧɢɹ ɨɤɧɚ 

 Viewer3DSetWindowPosition(viewerwindow_2, 600, 730); 

// ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɮɨɧ ɞɥɹ ɨɤɧɚ 3D ɜɢɡɭɚɥɢɡɚɰɢɢ 

 Viewer3DSetBackGround(viewerwindow_1, "", getbgracolor(177, 

222, 11, 1)); 
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ɉɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɟ A 

// ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɮɨɧ ɞɥɹ ɨɤɧɚ 3D ɜɢɡɭɚɥɢɡɚɰɢɢ 

 Viewer3DSetBackGround(viewerwindow_2, "", getbgracolor(177, 

222, 11, 1)); 

// ɩɨɜɨɪɨɬ ɏ  

 Sim_Pitch = 0; 

// ɩɨɜɨɪɨɬ Z 

 Sim_Roll  = 0; 

// ɩɨɜɨɪɨɬ Y 

  Sim_Turn=180; 

  Sim_X = 0; 

 Sim_Y = 0; 

 Sim_Z = 0;  

  if(sim_button=0)then 

begin 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɫɨɡɞɚɧɢɟ ɨɛɴɟɤɬɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɮɚɣɥɟ ɫ 

ɚɞɪɟɫɨɦ 

 object_1 = Viewer3DPlotFromFile(viewerwindow_1, 

"obj\samolet.obj", 0, 0, 0, [0, 0, 0]); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɫɨɡɞɚɧɢɟ ɨɛɴɟɤɬɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɮɚɣɥɟ ɫ 

ɚɞɪɟɫɨɦ 

 object_2 = Viewer3DPlotFromFile(viewerwindow_2, 

"obj\samolet.obj", 0, 0, 0, [0, 0, 0]); 

end 
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ɉɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɟ A 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ 3D-ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɫɨɝɥɚɫɧɨ 

ɡɚɞɚɧɧɨɦɭ ɦɚɫɲɬɚɛɭ ɩɨ ɨɫɹɦ ɜ ɩɪɨɰɟɧɬɚɯ 

 Viewer3DSetScale(viewerwindow_1, object_1, 2, 2, 2); 

 //ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɰɜɟɬ ɞɥɹ 3D-ɨɛɴɟɤɬɚ  ɜ ɨɤɧɟ 

 Viewer3DSetColor(viewerwindow_1, object_1,getbgracolor(97, 102, 

143, 1)); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɡɚɞɚɧɢɟ ɧɨɜɵɯ ɤɨɨɪɞɢɧɚɬ  ɞɥɹ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ 

 Viewer3DSetPosition(viewerwindow_1, object_1, Sim_X, Sim_Y, -

Sim_Z); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ X ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ  

 Viewer3DSetPitch(viewerwindow_1, object_1, Sim_Pitch); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ Z ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ  

 Viewer3DSetRoll(viewerwindow_1, object_1, Sim_Roll); 

//ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ Y ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ 

 Viewer3DSetTurn(viewerwindow_1, object_1, Sim_Turn); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ 3D-ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɫɨɝɥɚɫɧɨ 

ɡɚɞɚɧɧɨɦɭ ɦɚɫɲɬɚɛɭ ɩɨ ɨɫɹɦ ɜ ɩɪɨɰɟɧɬɚɯ 

 Viewer3DSetScale(viewerwindow_2, object_2, 2, 2, 2); 

//ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɰɜɟɬ ɞɥɹ 3D-ɨɛɴɟɤɬɚ  ɜ ɨɤɧɟ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɟ A 

Viewer3DSetColor(viewerwindow_2, object_2, getbgracolor(97, 102, 143, 

1)); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɡɚɞɚɧɢɟ ɧɨɜɵɯ ɤɨɨɪɞɢɧɚɬ ɞɥɹ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ 

 Viewer3DSetPosition(viewerwindow_2, object_2, Sim_X, Sim_Y, -

Sim_Z); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ X ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ 

 Viewer3DSetPitch(viewerwindow_2, object_2, Sim_Pitch); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ Z ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ 

 Viewer3DSetRoll(viewerwindow_2, object_2, Sim_Roll); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ Y ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ 

 Viewer3DSetTurn(viewerwindow_2, object_2, Sim_Turn); 

// ɩɪɨɰɟɞɭɪɚ ɡɚɞɚɟɬ ɤɨɨɪɞɢɧɚɬɵ ɛɚɡɨɜɨɣ ɬɨɱɤɢ ɞɥɹ ɤɚɦɟɪɵ  

 Viewer3DSetCameraPosition(viewerwindow_1, 50, 20, -50); 

// ɩɪɨɰɟɞɭɪɚ ɡɚɞɚɧɢɹ 3D-ɩɪɢɦɢɬɢɜɚ ɜ ɤɚɱɟɫɬɜɟ ɰɟɥɢ ɤɚɦɟɪɵ  

 Viewer3DSetCameraTarget(viewerwindow_1, object_1);  

// ɩɪɨɰɟɞɭɪɚ ɡɚɞɚɟɬ ɤɨɨɪɞɢɧɚɬɵ ɛɚɡɨɜɨɣ ɬɨɱɤɢ ɞɥɹ ɤɚɦɟɪɵ  

 Viewer3DSetCameraPosition(viewerwindow_1, Sim_X, Sim_Y, -

Sim_Z); 

  for (i = 0, 100) begin 

 



44 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɟ A 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɫɨɡɞɚɧɢɟ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫ ɪɚɡɦɟɪɚɦɢ 

wid×len×hei ɜ ɬɨɱɤɟ (X,Y,Z) 

 object_id = Viewer3DPlotParallelepiped(viewerwindow_1, 1000, 1, 8, 

0, -100, -i*8); 

  if i mod 2 = 0 then 

//ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɰɜɟɬ ɞɥɹ 3D-ɨɛɴɟɤɬɚ  ɜ ɨɤɧɟ 

   Viewer3DSetColor(viewerwindow_1, object_id, 

getbgracolor(48, 186, 30,1)) 

  else 

//ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɰɜɟɬ ɞɥɹ 3D-ɨɛɴɟɤɬɚ  ɜ ɨɤɧɟ 

   Viewer3DSetColor(viewerwindow_1, object_id, 

getbgracolor(20, 112, 8,1)); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɫɨɡɞɚɧɢɟ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫ ɪɚɡɦɟɪɚɦɢ 

wid×len×hei ɜ ɬɨɱɤɟ (X,Y,Z) 

   object_id = 

Viewer3DPlotParallelepiped(viewerwindow_1, 1000, 1, 8, 0, -100, i*8); 

  if i mod 2 = 0 then 

//ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɰɜɟɬ ɞɥɹ 3D-ɨɛɴɟɤɬɚ  ɜ ɨɤɧɟ 

  Viewer3DSetColor(viewerwindow_1, object_id, 

getbgracolor(48, 186, 30,1)) 

  else 

//ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɰɜɟɬ ɞɥɹ 3D-ɨɛɴɟɤɬɚ  ɜ ɨɤɧɟ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɟ A 

  Viewer3DSetColor(viewerwindow_1, object_id, 

getbgracolor(20, 112, 8,1)); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɫɨɡɞɚɧɢɟ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫ ɪɚɡɦɟɪɚɦɢ 

wid×len×hei ɜ ɬɨɱɤɟ (X,Y,Z)     

  object_id = Viewer3DPlotParallelepiped(viewerwindow_2, 

1000, 1, 8, 0, -100, -i*10); 

  if i mod 2 = 0 then 

//ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɰɜɟɬ ɞɥɹ 3D-ɨɛɴɟɤɬɚ  ɜ ɨɤɧɟ 

   Viewer3DSetColor(viewerwindow_2, object_id, 

getbgracolor(48, 186, 30,1)) 

  else 

//ɮɭɧɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɰɜɟɬ ɞɥɹ 3D-ɨɛɴɟɤɬɚ  ɜ ɨɤɧɟ 

   Viewer3DSetColor(viewerwindow_2, object_id, 

getbgracolor(20, 112, 8,1)); 

 end; 

 end; 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɡɚɞɚɧɢɟ ɧɨɜɵɯ ɤɨɨɪɞɢɧɚɬ  ɞɥɹ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ 

Viewer3DSetPosition(viewerwindow_1, object_1, Sim_X, Sim_Y, -Sim_Z); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɡɚɞɚɧɢɟ ɧɨɜɵɯ ɤɨɨɪɞɢɧɚɬ  ɞɥɹ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ   

Viewer3DSetPosition(viewerwindow_2, object_2, Sim_X, Sim_Y, -Sim_Z); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ X ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ  

Viewer3DSetPitch(viewerwindow_1, object_1, Sim_Pitch); 
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ɉɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɟ A 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ Z ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ 

 

Viewer3DSetRoll(viewerwindow_1, object_1, Sim_Roll); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ Y ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ 

Viewer3DSetTurn(viewerwindow_1, object_1, Sim_Turn); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ X ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ  

Viewer3DSetPitch(viewerwindow_2, object_2, Sim_Pitch); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ z ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ  

Viewer3DSetRoll(viewerwindow_2, object_2, Sim_Roll); 

// ɮɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɩɨɜɨɪɨɬ ɨɛɴɟɤɬɚ ɜ ɨɤɧɟ ɜɨɤɪɭɝ ɟɝɨ ɨɫɢ y ɧɚ 

ɡɚɞɚɧɧɵɣ ɭɝɨɥ  

Viewer3DSetTurn(viewerwindow_2, object_2, Sim_Turn); 

//// ɩɪɨɰɟɞɭɪɚ ɡɚɞɚɟɬ ɤɨɨɪɞɢɧɚɬɵ ɛɚɡɨɜɨɣ ɬɨɱɤɢ ɞɥɹ ɤɚɦɟɪɵ  

Viewer3DSetCameraPosition(viewerwindow_1,Sim_X ,Sim_Y+20,-

Sim_Z+50 ) 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 

ɋɤɪɢɩɬ ɩɪɨɟɤɬɚ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ 

initialization 

Voltmeter.Value=1; 

Voltmeter1.Value=0; 

Voltmeter2.Value=0; 

Button.Down=false; 

Button.Value=0; 

Button1.Down=false; 

Button1.Value=0; 

end 

Input_V=roundstep(Voltmeter.Value,1); 

if (Button2.Down=true) then 

begin 

Sim_Button=1; 

end 

else 

begin 

Sim_Button=0; 

end 

if (Button.Value=1) then 

begin 

Voltmeter1.DirectMode=false; 
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ɉɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɟ Ȼ 

FillCircle.Color=getbgracolor(0,255,0,1); 

b=abs(sim_Roll)*0.05; 

if(sim_Roll>0)  then 

begin 

Input_Hor=-b; 

end 

if(sim_Roll<0) then 

begin 

Input_Hor=b; 

end 

Voltmeter1.Value=Input_Hor; 

end 

else 

begin 

Voltmeter1.DirectMode=true; 

FillCircle.Color=getbgracolor(0,0,255,1); 

Input_Hor=Voltmeter1.Value; 

end 

 

if (Button1.Value=1) then 

begin 
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ɉɪɨɞɨɥɠɟɧɢɟ ɉɪɢɥɨɠɟɧɢɟ Ȼ 

FillCircle1.Color=getbgracolor(0,255,0,1); 

Voltmeter2.DirectMode=false; 

b=abs(sim_Pitch)*0.025; 

if(sim_Pitch>0)  then 

begin 

Input_Vert=-b; 

end 

if(sim_Pitch<0) then 

begin 

Input_Vert=b; 

end 

Voltmeter2.Value=Input_Vert; 

end 

else 

begin 

Voltmeter2.DirectMode=true; 

FillCircle1.Color=getbgracolor(0,0,255,1); 

Input_Vert=Voltmeter2.Value; 

end 



 


