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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɲɩɢɧɞɟɥɟɣ ɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ 

ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ ɰɟɧɬɪɚ «Shtarragg»» ɫɨɞɟɪɠɢɬ 50 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 16 ɪɢɫɭɧɤɨɜ, 5 ɬɚɛɥɢɰ, 19 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ, 3 ɥɢɫɬɚ 

ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɍɋɌɊɈɃɋɌȼɈ ɑɂɋɅɈȼɈȽɈ ɉɊɈȽɊȺɆɆɇɈȽɈ ɍɉɊȺȼɅȿɇɂə, 

ɉɊȿɈȻɊȺɁɈȼȺɌȿɅɖ ɑȺɋɌɈɌɕ, ɉɊɈȽɊȺɆɆȺ ɅɈȽɂɄɂ, ɈɉɌɂɆȺɅɖɇȺə 

ɋɂɋɌȿɆȺ ɍɉɊȺȼɅȿɇɂə, ɒɉɂɇȾȿɅɖ 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɰɟɧɬɪ 

«Shtarragg» 

ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦɵ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɲɩɢɧɞɟɥɟɣ ɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɨɣ ɫɬɚɧɤɚ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɨɣ ɫɢɫɬɟɦɵ ɑɉɍ ɢ 

ɬɟɯɧɢɱɟɫɤɢɯ ɧɨɜɲɟɫɬɜ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɲɩɢɧɞɟɥɟɣ.   

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ: ɝɪɚɮɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ 

ɫɢɫɬɟɦɟ MATLAB ɩɪɢ ɩɨɦɨɳɢ ɩɚɤɟɬɚ Simulink, ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɵ ɥɨɝɢɤɢ 

ɢ ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɫɬɚɧɤɚ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ – ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɫɢɫɬɟɦɚ ɰɢɮɪɨɜɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɍɑɉɍ ɩɨɡɜɨɥɢɥɚ ɭɜɟɥɢɱɢɬɶ ɤɨɥ–ɜɨ 

ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɫɩɨɫɨɛɫɬɜɨɜɚɥɚ ɫɧɢɠɟɧɢɸ ɛɪɚɤɚ, ɞɨɛɚɜɢɥɚ 

ɜɨɡɦɨɠɧɨɫɬɶ ɛɵɫɬɪɨɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ.  

ɉɨɫɥɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɢ ɨɬɥɚɞɤɢ ɩɪɨɝɪɚɦɦɵ ɫɢɫɬɟɦɚ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɲɩɢɧɞɟɥɟɣ ɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɨɣ 

ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ ɫɬɚɧɤɚ «Shtarragg» ɜɧɟɞɪɟɧɚ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ 

«Ⱥɛɚɤɚɧ–ɉɥɚɫɬ». 

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ – ɪɚɛɨɬɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɥɨɠɟɧɚ ɤɚɤ ɪɟɤɨɦɟɧɞɚɰɢɹ 

ɤ ɦɨɞɟɪɧɢɡɚɰɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ. 
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ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

– ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

ɲɩɢɧɞɟɥɟɣ ɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɨɣ ɫɬɚɧɤɚ. 
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ABSTRACT 
 

The final qualification work on the topic "Development of a system for optimal 

control of electric drives of spindles and electrical automation of the metalworking 

center" Shtarragg "" contains 46 pages of a text document, 16 figures, 3 tables, 22 

used sources, 3 sheets of graphic material. 

NUMERIC PROGRAM CONTROL DEVICE, FREQUENCY INVERTER, 

LOGIC PROGRAM, OPTIMAL CONTROL SYSTEM, SPINDLE 

The object of the study is the Shtarragg metalworking center 

The purpose of the work is to develop a system for optimal control of electric 

drives of spindles and electroautomatics of the machine. 

Scientific novelty – the use of a modern CNC system and technical innovations 

in the development of a control system for electric drives of spindles. 

In the course of the research, the following were carried out: graphic modeling in the 

MATLAB system using the Simulink package, the development of a logic program 

and the selection of equipment for the machine. 

The practical significance of the work – the manufactured digital control 

system using the CNC system allowed to increase the number of manufactured 

products, helped to reduce scrap, added the ability to quickly manufacture parts of 

complex shapes. 

After testing and debugging the program, the system of optimal control of 

electric drives of spindles and electric automatics of the Shtarragg metal–working 

machine was implemented at the Abakan–Plast enterprise. 

Scope – the work can be offered as a recommendation for the modernization of 

technical equipment at enterprises. 

In the process of performing the work, the following results were obtained: 

– developed a system for optimal control of electric drives of spindles and electric 

automatics of the machine. 
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ȼȼȿȾȿɇɂȿ 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɧɚɭɱɧɨ–ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɧɟ ɫɬɨɢɬ ɧɚ ɦɟɫɬɟ, 

ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɦɨɞɟɪɧɢɡɚɰɢɹ ɫɬɚɧɤɨɜ ɢ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɧɢɯ ɹɜɥɹɟɬɫɹ ɩɪɢɨɪɢɬɟɬɧɵɦɢ ɡɚɞɚɱɚɦɢ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.  

ɉɪɢɦɟɧɟɧɢɟ ɫɬɚɧɤɨɜ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɑɉɍ) 

ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ 

ɩɪɨɢɡɜɨɞɫɬɜɨ, ɚ ɬɚɤɠɟ ɤɚɱɟɫɬɜɨ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. Ȼɥɚɝɨɞɚɪɹ ɜɧɟɞɪɟɧɢɸ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɫɬɚɥɚ ɜɨɡɦɨɠɧɨɣ ɜɵɫɨɤɨɬɨɱɧɚɹ ɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɚɹ 

ɨɛɪɚɛɨɬɤɚ ɫɥɨɠɧɵɯ ɞɟɬɚɥɟɣ, ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɦɟɥɤɨ ɢ ɫɪɟɞɧɟɫɟɪɢɣɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ɉɫɧɚɳɟɧɢɟ ɫɬɚɧɤɨɜ ɭɫɬɪɨɣɫɬɜɚɦɢ ɑɉɍ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ, ɚɜɬɨɦɚɬɢɡɢɪɭɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɭɥɭɱɲɢɬ 

ɤɚɱɟɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɢɬ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ 

ɞɟɬɚɥɟɣ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ ɦɨɞɟɪɧɢɡɚɰɢɹ 

ɜɟɪɬɢɤɚɥɶɧɨ–ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ «Shtarragg» ɩɨɞ ɫɨɜɪɟɦɟɧɧɭɸ 

ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɰɢɮɪɨɜɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɲɩɢɧɞɟɥɟɣ ɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɨɣ ɞɜɭɯ–

ɲɩɢɧɞɟɥɶɧɨɝɨ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɤɨɩɢɪɨɜɚɥɶɧɨ–ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ «Shtarragg» 

ɲɜɟɣɰɚɪɫɤɨɣ ɮɢɪɦɵ «Shtarragg AG» 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɢɡɝɨɬɨɜɥɟɧɚ ɫɢɫɬɟɦɚ ɰɢɮɪɨɜɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɲɩɢɧɞɟɥɟɣ ɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ ɜɟɪɬɢɤɚɥɶɧɨ–

ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ «Shtarragg» ɩɭɬɟɦ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɨɜɨɝɨ ɲɤɚɮɚ ɭɩɪɚɜɥɟɧɢɹ, 

ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ ɫɬɚɧɤɚ ɞɥɹ ɍɑɉɍ NC–210 ɤɨɦɩɚɧɢɢ 

«Ȼɚɥɬ–ɋɢɫɬɟɦ». 
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1 Ɉɛɳɢɟ ɫɜɟɞɟɧɶя ɨ ɫɬɚɧɤɚɯ ɫ Чɉɍ 

ɑɢɫɥɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ – ɨɛɥɚɫɬɶ ɬɟɯɧɢɤɢ, ɫɜɹɡɚɧɧɚɹ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɰɢɮɪɨɜɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ 

Ⱥɛɛɪɟɜɢɚɬɭɪɚ ɑɉɍ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜɭɦ ɚɧɝɥɨɹɡɵɱɧɵɦ ɫɥɨɜɚɦ – NC ɢ 

CNC: 

ɋɢɫɬɟɦɵ ɬɢɩɚ NC (Numerical control), ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɠɟɫɬɤɨ ɡɚɞɚɧɧɵɯ ɫɯɟɦ ɭɩɪɚɜɥɟɧɢɹ ɨɛɪɚɛɨɬɤɨɣ. ɉɪɨɝɪɚɦɦɚ ɡɚɞɚɜɚɥɚɫɶ ɫ 

ɩɨɦɨɳɶɸ ɲɬɟɤɟɪɨɜ ɢɥɢ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ, ɯɪɚɧɢɥɢɫɶ ɩɪɨɝɪɚɦɦɵ ɧɚ ɜɧɟɲɧɢɯ 

ɧɨɫɢɬɟɥɹɯ. ɂɧɮɨɪɦɚɰɢɹ ɩɨ ɭɩɪɚɜɥɹɸɳɢɦ ɩɪɨɰɟɫɫɚɦ ɧɟ ɡɚɩɢɫɵɜɚɥɚɫɶ ɜ 

ɭɫɬɪɨɣɫɬɜɚ ɨɩɟɪɚɬɢɜɧɨɝɨ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ. 

ɋɢɫɬɟɦɵ ɬɢɩɚ CNC (Computer numerical control), ɨɫɧɨɜɚɧɵ ɧɚ ɫɢɫɬɟɦɟ 

ɭɩɪɚɜɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɢɥɢ ɤɨɦɩɶɸɬɟɪ. ɇɟ ɞɨɩɭɫɤɚɸɬ 

ɢɡɦɟɧɟɧɢɟ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ 

Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɫɬɚɧɤɨɜ ɫ ɑɉɍ – ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɟɥɢɱɢɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ, ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, 

ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɢɬ ɜɪɟɦɹ 

ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɮɨɪɦɚɦɢ ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɋɬɚɧɤɢ ɫ ɑɉɍ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɚɛɨɬ, ɨɩɪɚɜɞɚɧɧɵɯ 

ɬɟɯɧɢɱɟɫɤɢɦ ɧɚɡɧɚɱɟɧɢɟɦ ɫɬɚɧɤɚ, ɪɚɡɦɟɪɚɦɢ ɮɪɟɡ ɫɜɟɪɥ, ɪɟɡɰɨɜ. 

Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɡɚɝɨɬɨɜɨɤ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ – 

ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɰɢɤɥ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ (ɫɨɜɨɤɭɩɧɨɫɬɶ ɞɜɢɠɟɧɢɣ ɪɚɛɨɱɢɯ 

ɨɪɝɚɧɨɜ ɫɬɚɧɤɚ, ɤɨɬɨɪɵɟ ɩɨɜɬɨɪɹɸɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɢ ɤɚɠɞɨɣ ɡɚɝɨɬɨɜɤɢ). 

ɋɬɚɧɤɢ ɫ ɑɉɍ ɨɬɧɨɫɹɬɫɹ ɤ ɩɨɥɭɚɜɬɨɦɚɬɚɦ, ɬɚɤ ɤɚɤ ɜɫɟ ɞɜɢɠɟɧɢɹ ɰɢɤɥɚ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɵ, ɚ ɡɚɝɪɭɡɤɚ ɨɛɵɱɧɨ ɪɭɱɧɚɹ.  

ɉɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɧɚɡɧɚɱɟɧɢɸ ɫɢɫɬɟɦɵ ɑɉɍ ɞɟɥɹɬɫɹ ɧɚ ɩɨɡɢɰɢɨɧɧɵɟ, 

ɤɨɧɬɭɪɧɵɟ, ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ. 

ɉɨɡɢɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɑɉɍ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɨɬɨɱɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 
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ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɪɝɚɧɚ ɫɬɚɧɤɚ ɜ ɡɚɞɚɧɧɭɸ ɩɪɨɝɪɚɦɦɨɣ ɩɨɡɢɰɢɸ ɡɚ 

ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ. ɋɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɜɟɪɥɢɥɶɧɵɯ, 

ɤɨɨɪɞɢɧɚɬɧɨ-ɫɜɟɪɥɢɥɶɧɵɯ, ɤɨɨɪɞɢɧɚɬɧɨ-ɪɚɫɬɨɱɧɵɯ ɫɬɚɧɤɨɜ. 

 Ʉɨɧɬɭɪɧɵɟ ɫɢɫɬɟɦɵ ɑɉɍ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɟ ɬɨɥɶɤɨ ɩɟɪɟɦɟɳɟɧɢɟ ɩɨ 

ɤɚɠɞɨɣ ɤɨɨɪɞɢɧɚɬɟ, ɧɨ ɢ ɡɚɤɨɧ ɩɟɪɟɦɟɳɟɧɢɹ (ɩɟɪɟɦɟɳɟɧɢɹ ɩɨ ɨɫɹɦ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. ɋɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɨɤɚɪɧɵɯ, ɮɪɟɡɟɪɧɵɯ ɢ ɪɚɫɬɨɱɧɵɯ ɫɬɚɧɤɨɜ ɫɬɚɧɤɨɜ. 

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɑɉɍ ɫɨɱɟɬɚɸɬ ɜ ɫɟɛɟ ɫɜɨɣɫɬɜɚ ɩɨɡɢɰɢɨɧɧɵɯ 

ɢ ɤɨɧɬɭɪɧɵɯ ɭɫɬɪɨɣɫɬɜ. ɉɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɧɨɝɨɰɟɥɟɜɵɯ ɫɬɚɧɤɨɜ 

ɢɥɢ ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɰɟɧɬɪɨɜ. 
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2 ɇɚɡɧɚɱɟɧɢɟ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɤɨɩɢɪɨɜɚɥɶɧɨɝɨ–

ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ «Shtarragg» 

ɍɧɢɜɟɪɫɚɥɶɧɵɣ ɤɨɩɢɪɨɜɚɥɶɧɨ–ɮɪɟɡɟɪɧɵɣ ɞɜɭɯɲɩɢɧɞɟɥɶɧɵɣ ɫɬɚɧɨɤ 

«Shtarragg» ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɯ 

ɨɩɟɪɚɰɢɣ ɩɨ ɦɹɝɤɢɦ ɢ ɬɜɟɪɞɵɦ ɫɩɥɚɜɚɦ ɦɟɬɚɥɥɨɜ ɢ ɩɨɥɢɦɟɪɨɜ ɦɟɬɨɞɨɦ 

ɮɪɟɡɟɪɨɜɚɧɢɹ ɩɚɪɵ ɡɚɝɨɬɨɜɨɤ ɩɨ ɢɦɟɸɳɟɦɭɫɹ ɤɨɩɢɪɭ, ɥɢɛɨ ɩɨ ɡɚɞɚɧɧɨɣ ɜ ɑɉɍ 

ɩɪɨɝɪɚɦɦɟ, ɥɢɛɨ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ. 

Ʉɨɩɢɪɨɜɚɥɶɧɨ–ɮɪɟɡɟɪɧɵɟ ɫɬɚɧɤɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɨɤ 

ɫ ɫɥɨɠɧɨɣ ɮɨɪɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ɏɪɟɡɟɪɧɵɟ ɫɬɚɧɤɢ ɨɛɪɚɛɚɬɵɜɚɸɬ ɞɟɬɚɥɢ ɮɪɟɡɨɣ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ 

ɩɟɪɟɦɟɳɟɧɢɢ ɡɚɝɨɬɨɜɤɢ. ɉɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ 

ɮɪɟɡɵ ɤɨɬɨɪɚɹ ɤɪɟɩɢɬɫɹ ɧɚ ɲɩɢɧɞɟɥɶ. 

ȼ ɞɜɭɯɲɩɢɧɞɟɥɶɧɵɯ ɫɬɚɧɤɚɯ ɨɛɪɚɛɨɬɤɚ ɞɟɬɚɥɢ ɜɟɞɟɬɫɹ ɤɚɤ ɜ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ, ɬɚɤ ɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ⱦɨɫɬɢɝɚɟɬɫɹ ɷɬɨ ɡɚ ɫɱɟɬ 

ɩɪɢɦɟɧɟɧɢɹ ɜɬɨɪɨɝɨ ɦɨɬɨɪɚ (ɲɩɢɧɞɟɥɹ). ɉɪɢɱɟɦ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɝɨɥɨɜɤɚ 

ɫɬɚɧɤɨɜ ɢɦɟɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɩɟɪɟɦɟɳɚɬɶɫɹ ɥɢɲɶ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ. 

Ʉɨɧɫɨɥɶɧɵɣ ɫɬɨɥ, ɜɟɪɬɢɤɚɥɶɧɵɟ ɢ ɩɪɨɞɨɥɶɧɵɟ ɫɚɥɚɡɤɢ ɜɵɩɨɥɧɹɸɬ ɧɚ 

ɫɬɨɣɤɟ ɩɪɨɞɨɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ. ɋɚɥɚɡɤɢ ɨɛɨɪɭɞɨɜɚɧɵ ɧɚɩɪɚɜɥɹɸɳɢɦɢ ɞɥɹ 

ɩɨɩɟɪɟɱɧɨɝɨ ɞɜɢɠɟɧɢɹ ɨɛɨɢɯ ɯɨɛɨɬɨɜ, ɤ ɤɨɬɨɪɵɦ ɩɪɢɜɢɧɱɟɧɵ ɤɨɪɨɛɤɢ 

ɫɤɨɪɨɫɬɟɣ (ɤɚɪɬɟɪɵ) ɲɩɢɧɞɟɥɟɣ. ɇɚ ɩɪɚɜɨɦ ɤɚɪɬɟɪɟ ɫɦɨɧɬɢɪɨɜɚɧ ɪɵɱɚɝ 

ɤɨɩɢɪɧɨɝɨ ɳɭɩɚ ɫ ɭɫɬɚɧɨɜɨɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɞɥɹ ɤɨɩɢɪɧɨɣ ɝɨɥɨɜɤɢ. 

ɇɚɩɪɚɜɥɹɸɳɢɟ ɩɥɚɧɤɢ ɞɥɹ ɤɨɧɫɨɥɶɧɨɝɨ ɫɬɨɥɚ ɜɵɩɨɥɧɟɧɵ ɢɡ ɫɬɚɥɢ. 

Ɋɚɛɨɱɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɨɥɚ ɢɦɟɸɬ ɫɤɨɥɶɡɹɳɢɟ ɩɨɤɪɵɬɢɹ ɢ ɨɫɧɚɳɟɧɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɢɦɩɭɥɶɫɧɨɣ ɫɦɚɡɤɨɣ. ɉɪɨɞɨɥɶɧɵɟ ɧɚɩɪɚɜɥɹɸɳɢɟ ɩɥɚɧɤɢ 

ɫɨɟɞɢɧɟɧɵ ɫɨ ɫɬɚɧɢɧɨɣ ɦɟɬɨɞɨɦ ɥɢɬɶɹ. Ʉɨɦɩɟɧɫɚɰɢɹ ɧɚɝɪɭɡɤɢ ɧɚ ɨɩɨɪɧɵɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɚɥɚɡɨɤ ɜɵɩɨɥɧɹɟɬɫɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢ, ɩɪɢɱɟɦ ɭɞɟɪɠɚɧɢɟ 

ɤɨɧɬɪɨɩɨɪɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɥɨɞɨɤ ɧɚ ɪɨɥɢɤɚɯ, ɞɜɢɝɚɸɳɢɯɫɹ ɧɚ 

ɡɚɤɚɥɟɧɧɵɯ ɫɬɚɥɶɧɵɯ ɲɢɧɚɯ. Ɉɫɬɚɥɶɧɵɟ ɧɚɩɪɚɜɥɹɸɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɚɥɚɡɨɤ 

ɢɦɟɸɬ ɩɨɤɪɵɬɢɹ ɫɤɨɥɶɠɟɧɢɹ ɢ ɢɦɩɭɥɶɫɧɭɸ ɫɦɚɡɤɭ. Ɍɚɤɚɹ ɠɟ ɫɢɫɬɟɦɚ 

http://www.stank-in.ru/catalog/alu/Pantograf/2units/
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ɢɫɩɨɥɶɡɭɟɬɫɹ ɢ ɞɥɹ ɧɚɩɪɚɜɥɹɸɳɟɣ ɭ ɯɨɛɨɬɨɜ. 

ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɲɤɚɮ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɢ ɷɥɟɤɬɪɨɧɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɝɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɤɨɦɦɭɬɢɪɭɸɳɢɟ ɮɭɧɤɰɢɢ. ɉɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ 

ɪɚɡɦɟɳɚɟɬɫɹ ɧɚ ɤɨɧɫɨɥɶɧɨɦ ɫɬɨɥɟ. 
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3 Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢя ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

ɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɨɣ ɫɬɚɧɤɚ 

 3.1 Ɉɩɬɢɦɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢя 

 

Ɉɩɬɢɦɚɥɶɧɚɹ ɫɢɫɬɟɦɚ – ɷɬɨ ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, 

ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɥɭɱɲɟɟ (ɨɩɬɢɦɚɥɶɧɨɟ) ɫ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɭɩɪɚɜɥɹɟɦɨɝɨ ɨɛɴɟɤɬɚ. ȿɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɜɧɟɲɧɢɟ 

ɜɨɡɦɭɳɚɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ ɧɟɩɪɟɞɜɢɞɟɧɧɵɦ ɨɛɪɚɡɨɦ, ɧɨ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɩɪɢ ɨɩɪɟɞɟɥёɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɹɯ. ɇɚɢɥɭɱɲɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɪɢɬɟɪɢɟɦ ɨɩɬɢɦɚɥɶɧɨɝɨ, ɤɨɬɨɪɵɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɥɢɱɢɧɭ, ɨɩɪɟɞɟɥɹɸɳɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɡɚɜɢɫɹɳɭɸ ɨɬ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɢɥɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɤɨɨɪɞɢɧɚɬ ɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ. 

Ɉɩɬɢɦɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ – ɷɬɨ ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɪɚɡɞɟɥɨɜ ɬɟɯɧɢɱɟɫɤɨɣ 

ɤɢɛɟɪɧɟɬɢɤɢ. Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɤɨɬɨɪɵɟ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɩɪɹɦɵɯ ɦɟɬɨɞɨɜ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɢɫɱɢɫɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞ ɦɧɨɠɢɬɟɥɟɣ 

Ʌɚɝɪɚɧɠɚ, ɢ ɤɨɫɜɟɧɧɵɯ – ɩɪɢɧɰɢɩ ɦɚɤɫɢɦɭɦɚ Ʌ.ɋ. ɉɨɧɬɪɹɝɢɧɚ, ɦɟɬɨɞ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Ɋ. Ȼɟɥɥɦɚɧɚ ɢ ɧɚ ɦɨɞɢɮɢɤɚɰɢɢ ɷɬɢɯ 

ɤɨɫɜɟɧɧɵɯ ɦɟɬɨɞɨɜ [1]. 

ɋɢɥɨɜɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɱɚɫɬɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɬɪɨɹɬ ɩɨ 

ɨɞɧɨɣ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɢɫɬɟɦ: ɝɟɧɟɪɚɬɨɪ–ɞɜɢɝɚɬɟɥɶ (Ƚ–Ⱦ), ɬɢɪɢɫɬɨɪɧɵɣ  

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ–ɞɜɢɝɚɬɟɥɶ (Ɍɉ–Ⱦ), ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ–ɞɜɢɝɚɬɟɥɶ (ɉɑ–

Ⱦ). ɉɪɟɧɟɛɪɟɝɚɹ ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ ɬɢɪɢɫɬɨɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɞɜɟ 

ɩɨɫɥɟɞɧɢɟ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɟ ɫɢɫɬɟɦɵ (ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɨɩɭɳɟɧɢɹɯ) 

ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɨɞɢɧɚɤɨɜɨ. 

 

 

https://www.booksite.ru/fulltext/1/001/008/086/888.htm
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3.1.1 Ʉɪɢɬɟɪɢɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢя 

 

ȿɫɥɢ ɮɭɧɤɰɢɹ F(                                ɬɨ ɤɪɢɬɟɪɢɣ 

ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɜ ɜɢɞɟ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ  

                       . 

 

ɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ. Ɉɧ ɨɡɧɚɱɚɟɬ, ɱɬɨ 

ɫɢɫɬɟɦɚ ɩɟɪɟɜɨɞɢɬɫɹ ɢɡ ɧɚɱɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ     ɜ ɤɨɧɟɱɧɨɟ ɩɨɥɨɠɟɧɢɟ    ɡɚ 

ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɜɪɟɦɹ. 

ɇɚ ɛɚɡɟ ɷɬɨɝɨ ɤɪɢɬɟɪɢɹ ɩɨɫɬɪɨɟɧɵ ɦɧɨɝɢɟ ɫɢɫɬɟɦɵ: ɨɩɬɢɦɚɥɶɧɵɟ ɩɨ 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɩɪɢɜɨɞɵ ɩɪɨɤɚɬɧɵɯ ɫɬɚɧɨɜ, ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɫɬɚɧɤɨɜ, 

ɦɟɯɚɧɢɡɦɨɜ ɩɟɪɟɞɜɢɠɟɧɢɹ. Ⱦɚɧɧɚɹ ɬɟɨɪɢɹ ɲɢɪɨɤɨ ɨɫɜɟɳɚɟɬɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ, ɢ 

ɪɟɡɭɥɶɬɚɬɵ ɟɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɤ ɞɪɭɝɢɦ ɤɪɢɬɟɪɢɹɦ. 

ɇɟɞɨɫɬɚɬɨɤ ɷɬɨɝɨ ɤɪɢɬɟɪɢɹ: ɫɢɫɬɟɦɚ, ɨɩɬɢɦɚɥɶɧɚɹ ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ, 

ɛɭɞɟɬ ɞɚɜɚɬɶ ɨɬɥɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɬɨɥɶɤɨ ɩɪɢ ɭɩɪɚɜɥɹɸɳɟɦ ɜɨɡɞɟɣɫɬɜɢɢ. 

 

3.1.2 Ʉɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

 

Ɉɛɨɡɧɚɱɢɦ ɡɚ x ɨɬɤɥɨɧɟɧɢɟ ɜɵɯɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɨɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ 

ɡɧɚɱɟɧɢɹ. Ⱥɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɫɬɪɨɟɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 

ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ    ɛɵɥɚ ɦɢɧɢɦɚɥɶɧɨɣ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɟɛɚɧɢɣ 

ɧɟɨɛɯɨɞɢɦɨ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɢ ɤɜɚɞɪɚɬɢɱɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɪɨɢɡɜɨɞɧɨɣ 

ɜɵɯɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ. 

Ʉɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

                   . 
 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ: ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɬɚɤɢɦ, ɱɬɨɛɵ 



 

13 
 

ɡɚɩɪɟɳɚɥɢɫɶ ɧɟ ɬɨɥɶɤɨ ɤɜɚɞɪɚɬɢɱɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɜɵɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ, ɧɨ ɢ ɟɟ 

ɩɪɨɢɡɜɨɞɧɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɛɭɞɟɬ ɧɚɢɦɟɧɟɟ ɜɨɡɦɨɠɧɨ 

ɤɨɥɟɛɚɬɟɥɶɧɵɦ. ɉɪɢ ɦɢɧɢɦɢɡɚɰɢɢ ɷɬɨɝɨ ɤɪɢɬɟɪɢɹ ɪɚɛɨɬɚɸɬ ɫɢɫɬɟɦɵ 

ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɤɪɢɬɟɪɢɹ ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɬɨɥɶɤɨ 

ɩɪɢ ɭɩɪɚɜɥɹɸɳɟɦ ɜɨɡɞɟɣɫɬɜɢɢ (ɩɭɫɤɨɬɨɪɦɨɡɧɵɟ ɪɟɠɢɦɵ ɢ ɪɟɠɢɦ ɪɟɜɟɪɫɚ). 

 

3.1.3 Ʉɪɢɬɟɪɢɣ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢя ɪɟɝɭɥяɬɨɪɚ 

 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 

                          . 
 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ: ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɫɬɪɨɟɧ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɜɚɥɫɹ ɦɢɧɢɦɭɦ ɤɜɚɞɪɚɬɢɱɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɜɫɟɯ ɤɨ– 

ɨɪɞɢɧɚɬ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɪɚɫɯɨɞɟ ɷɧɟɪɝɢɢ ɭɩɪɚɜɥɟɧɢɹ. 

ɗɬɨɬ ɤɪɢɬɟɪɢɣ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɝɞɟ 

ɧɟɨɛɯɨɞɢɦɨ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ ɨɬɤɥɨɧɟɧɢɟ ɜɫɟɯ ɤɨɨɪɞɢɧɚɬ: ɩɪɢɬɹɠɟɧɢɟ 

Ɂɟɦɥɢ, ɩɪɢɬɹɠɟɧɢɟ ɫɨ ɫɬɨɪɨɧɵ ɞɪɭɝɢɯ ɩɥɚɧɟɬ ɢ ɬ. ɞ. ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɪɚɫ– 

ɯɨɞɟ ɬɨɩɥɢɜɚ. 

Ⱦɥɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɷɬɨɬ ɤɪɢɬɟɪɢɣ ɧɟ ɫɨɜɫɟɦ ɩɨɞɯɨɞɢɬ, ɬɚɤ 

ɤɚɤ ɩɪɢ ɭɩɪɚɜɥɹɸɳɟɦ ɜɨɡɞɟɣɫɬɜɢɢ (ɩɭɫɤ, ɪɟɜɟɪɫ, ɬɨɪɦɨɠɟɧɢɟ) ɧɟɨɛɯɨɞɢɦɨ, 

ɱɬɨɛɵ ɦɢɧɢɦɚɥɶɧɵɦ ɛɵɥɨ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɤɨɪɨɫɬɢ, ɩɪɢɱɟɦ 

ɬɪɟɛɨɜɚɧɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɬɨɤɚ ɧɟ ɬɨɥɶɤɨ ɧɟ ɧɭɠɧɨ, 

ɧɨ ɢ ɜɪɟɞɧɨ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɭɩɪɚɜɥɹɸɳɟɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɟɨɛɯɨɞɢɦ ɬɚɤɨɣ 

ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɦɢɧɢɦɢɡɢɪɨɜɚɥ ɛɵ ɮɭɧɤɰɢɨɧɚɥ 

                    . 
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ɉɪɢ ɜɨɡɦɭɳɚɸɳɟɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɟɨɛɯɨɞɢɦ ɬɚɤɨɣ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ, 

ɤɨɬɨɪɵɣ ɦɢɧɢɦɢɡɢɪɨɜɚɥ ɛɵ ɮɭɧɤɰɢɨɧɚɥ 

                    . 
 

ɉɪɢ ɜɨɡɦɭɳɚɸɳɟɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ 

ɛɵɥ ɬɚɤɢɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɜɚɞɪɚɬɢɱɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɭɫɢɥɢɹ ɦɢɧɢɦɚɥɶɧɵ, ɩɪɢɱɟɦ 

ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡɪɚɡɥɢɱɧɨ, ɤɚɤ ɛɭɞɟɬ ɜɟɫɬɢ ɫɟɛɹ ɫɤɨɪɨɫɬɶ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ, 

ɧɚɩɪɢɦɟɪ, ɞɥɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɝɞɟ ɪɟɠɢɦɵ ɫɬɨɩɨɪɟɧɢɹ ɹɜɥɹɸɬɫɹ 

ɪɚɛɨɱɢɦɢ. ɀɟɥɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɩɟɪɟɤɥɸɱɟɧɢɟ ɫ ɚɥɝɨɪɢɬɦɚ, ɩɨɫɬɪɨɟɧɧɨɝɨ ɩɨ ɤɪɢɬɟɪɢɸ   , ɧɚ ɚɥɝɨɪɢɬɦ, 

ɩɨɫɬɪɨɟɧɧɵɣ ɩɨ ɤɪɢɬɟɪɢɸ    .   

ɐɟɧɧɨɫɬɶ ɤɪɢɬɟɪɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɬɨɪɨɜ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɜ ɜɢɞɟ ɥɢɧɟɣɧɨɣ 

ɮɭɧɤɰɢɢ ɨɬ ɤɨɨɪɞɢɧɚɬ ɫɢɫɬɟɦɵ. Ⱥɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. ɋɢɫɬɟɦɚ 

ɭɩɪɚɜɥɟɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɣ ɜ ɫɦɵɫɥɟ ɜɵɛɪɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ 

ɨɩɬɢɦɚɥɶɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɨɩɬɢɦɚɥɶɧɚɹ ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɫɢɫɬɟɦɚ. 

 

3.2 Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥя ɫɬɚɧɤɚ 

 

Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɩɨɞɛɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ 

ɪɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ. ɉɪɢ ɡɚɜɵɲɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ 

ɭɯɭɞɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɬɟɪɶ ɜ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ. ɉɪɢ ɡɚɧɢɠɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɧɚɝɪɭɡɤɢ 

ɧɚ ɞɜɢɝɚɬɟɥɶ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɛɵɫɬɪɵɣ ɢɡɧɨɫ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɨɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ ɫɜɨɞɢɬɫɹ ɤ 

ɨɛɟɫɩɟɱɟɧɢɸ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɬɚɧɤɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ 

ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬɚɯ. 
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ɉɪɢ ɪɚɫɱɟɬɟ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɫɤɨɪɨɫɬɢ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɦɟɯɚɧɢɱɟɫɤɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɦɟɯɚɧɢɡɦɚ.  

Ⱦɥɹ ɦɟɯɚɧɢɡɦɚ ɝɥɚɜɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɯɡɨɧɧɨɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ: ɫ ɩɨɫɬɨɹɧɧɵɦ ɦɨɦɟɧɬɨɦ ɢ ɩɨɫɬɨɹɧɧɨɣ ɦɨɳɧɨɫɬɶɸ, 

ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  

           , 

 

ɝɞɟ       – ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 

ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɩɨɜɬɨɪɧɨ–ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ 

ɧɚɝɪɭɡɤɟ; ωɧ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫ ɩɨɫɬɨɹɧɧɵɦ 

ɦɨɦɟɧɬɨɦ (ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɩɨɬɨɤɟ).  

Ⱦɥɹ ɩɪɢɜɨɞɚ ɩɨɞɚɱ ɦɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɢɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɦɨɦɟɧɬɚ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ. ɉɪɢ ɛɨɥɶɲɨɦ ɞɢɚɩɚɡɨɧɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɫ 

ɧɟɡɚɜɢɫɢɦɨɣ ɜɟɧɬɢɥɹɰɢɟɣ ɢɥɢ ɡɚɤɪɵɬɨɝɨ ɬɢɩɚ. ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫ ɫɚɦɨɜɟɧɬɢɥɹɰɢɟɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɭɯɭɞɲɟɧɢɟ ɟɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɦɚɥɵɯ ɫɤɨɪɨɫɬɹɯ.  

Ⱦɥɹ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɪɟɠɢɦɟ S6 

(ɟɫɥɢ ɰɢɤɥ ɧɟ ɩɪɟɜɵɲɚɟɬ 10 ɦɢɧ) ɪɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ.  

Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɞɥɹ ɤɚɠɞɨɣ ɨɩɟɪɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ:  

         , 

 

ɝɞɟ    , η – ɦɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ ɢ ɤɩɞ ɫɬɚɧɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ʉɩɞ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɢɫɯɨɞɹ ɢɡ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ, 

ɩɪɢɧɢɦɚɹ ɡɚ ɨɫɧɨɜɭ ɜɵɪɚɠɟɧɢɟ: 
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              , 
 

ɝɞɟ Ɋɧz – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ; α ɢ β – ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɫɬɨɹɧɧɵɯ ɢ 

ɩɟɪɟɦɟɧɧɵɯ ɩɨɬɟɪɶ.  

ɋ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ  

          , 

              , 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɬɚɧɤɚ  

            , 

Ⱦɥɹ ɫɥɭɱɚɹ Ʉ=1  

         , 

Ɋɚɡɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɩɞ ɩɪɢ ɥɸɛɨɣ ɧɚɝɪɭɡɤɟ ɞɚɟɬ  

         , 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɪɢɧɢɦɚɟɬɫɹ    =0,6      , 
            , 
Ⱦɥɹ ɩɪɢɜɨɞɨɜ ɝɥɚɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɬɨɤɚɪɧɵɯ, ɮɪɟɡɟɪɧɵɯ, ɫɜɟɪɥɢɥɶɧɵɯ 

ɫɬɚɧɤɨɜ ɤɩɞ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɟ ɫɨɫɬɚɜɥɹɟɬ 0,7...0,8, ɞɥɹ ɲɥɢɮɨɜɚɥɶɧɵɯ 

ɫɬɚɧɤɨɜ 0,8...0,9. Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɢ ɯɨɥɨɫɬɨɦ ɯɨɞɟ ɫɬɚɧɤɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  
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        , 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɩɟɪɚɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɩɟɪɟɯɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ:  

       , 

 

ɝɞɟ l – ɞɥɢɧɚ ɩɟɪɟɯɨɞɚ, ɦɦ; S – ɩɨɞɚɱɚ, ɦɦ/ɨɛ; n – ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ, 

ɨɛ/ɦɢɧ.  

ȼɪɟɦɹ ɧɚ ɭɫɬɚɧɨɜɤɭ ɢ ɫɧɹɬɢɟ ɞɟɬɚɥɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1–3 ɦɢɧ. ɉɨ 

ɪɚɫɱɟɬɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɥɹ ɤɚɠɞɨɣ ɨɩɟɪɚɰɢɢ ɫɬɪɨɢɬɫɹ ɧɚɝɪɭɡɨɱɧɚɹ 

ɞɢɚɝɪɚɦɦɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɦɨɳɧɨɫɬɶ.  

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɫɤɨɪɨɫɬɢ ɩɪɢ ɜɵɛɨɪɟ 

ɞɜɢɝɚɬɟɥɹ ɩɨ ɦɨɳɧɨɫɬɢ ɛɟɪɟɬɫɹ ɧɚɢɛɨɥɟɟ ɬɹɠɟɥɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ, ɤɚɤ ɩɨ 

ɧɚɝɪɭɡɤɟ, ɬɚɤ ɢ ɩɨ ɱɚɫɬɨɬɟ ɜɤɥɸɱɟɧɢɣ ɜ ɱɚɫ.  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɜɵɛɨɪ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɞɹɬ ɩɨ 

ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ ɦɨɦɟɧɬɭ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɧɚ ɞɢɧɚɦɢɤɭ ɜ 

ɩɪɟɞɟɥɚɯ Kɞ=1,1–1,5 ɢ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɤɥɸɱɟɧɢɹ.  

                                                   , 
 

ɝɞɟ βi – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɯɭɞɲɟɧɢɟ ɨɯɥɚɠɞɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

ɧɚ i–ɦ ɢɧɬɟɪɜɚɥɟ ɩɪɢ ɫɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɧɢɠɟ ɧɨɦɢɧɚɥɶɧɨɣ;  

                 , 

 

βɨ– ɤɨɷɮɮɢɰɢɟɧɬ ɭɯɭɞɲɟɧɢɹ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɦ ɹɤɨɪɟ; ɉȼɊ, ɉȼɫɬ 

– ɪɚɫɱɟɬɧɨɟ ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɤɥɸɱɟɧɢɹ.  

Ɇɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɮɨɪɦɭɥɵ  
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          . 

 

Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɧɚ ɩɟɪɟɝɪɭɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɧɚ ɧɚɝɪɟɜ 

ɫ ɭɱɟɬɨɦ ɪɟɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ ɞɜɢɝɚɬɟɥɹ, ɡɚɝɨɬɨɜɤɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɱɚɫɬɟɣ ɫɬɚɧɤɚ. 

3.2.1 Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ ɲɩɢɧɞɟɥɟɣ ɫɬɚɧɤɚ 

Ɇɨɳɧɨɫɬɶ ɢ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɫɬɚɧɤɨɜ 

ɡɚɜɢɫɹɬ ɨɬ ɫɤɨɪɨɫɬɢ ɢ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ. ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɜɢɞɚ ɨɛɪɚɛɨɬɤɢ, ɦɚɬɟɪɢɚɥɚ ɪɟɡɰɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ [20]: 

                      ,                                                                                         (3.1) 

 

ɝɞɟ Cv – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɜɨɣɫɬɜɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɢ ɮɪɟɡɵ. 

d – ɞɢɚɦɟɬɪ ɮɪɟɡɵ, ɦɦ; T – ɫɬɨɣɤɨɫɬɶ ɮɪɟɡɵ (ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ 

ɞɨ ɡɚɬɭɩɥɟɧɢɹ), ɦɢɧ; t – ɝɥɭɛɢɧɚ ɮɪɟɡɟɪɨɜɚɧɢɹ, ɦɦ; S – ɩɨɞɚɱɚ, ɦɦ ɧɚ ɡɭɛ; ȼ – 

ɲɢɪɢɧɚ ɮɪɟɡɟɪɨɜɚɧɢɹ, ɦɦ; Z – ɱɢɫɥɨ ɡɭɛɶɟɜ ɮɪɟɡɵ; 

m, x, y, k, n –  ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɜɢɞ ɨɛɪɚɛɨɬɤɢ. 

ȼɵɛɢɪɚɸɬɫɹ ɢɡ ɫɩɪɚɜɨɱɧɢɤɨɜ ɩɨ ɪɟɠɢɦɚɦ ɪɟɡɚɧɢɹ. 

 

ɍɫɢɥɢɟ ɪɟɡɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

[20]: 

                     ,                                                                       (3.2) 

 

ɝɞɟ CF – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɜɨɣɫɬɜɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɢ ɮɪɟɡɵ; y,ɯ – ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɜɢɞ 
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ɨɛɪɚɛɨɬɤɢ. 

 ɉɨ ɡɧɚɱɟɧɢɹɦ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɢ ɭɫɢɥɢɹ ɪɟɡɚɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɦɨɳɧɨɫɬɶ 

ɪɟɡɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ [20]: 

                ,                                                                                                   (3.3) 

 

Ɇɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɮɪɟɡɟɪɧɵɯ ɫɬɚɧɤɨɜ ɡɚɜɢɫɢɬ ɨɬ ɦɨɳɧɨɫɬɢ ɪɟɡɚɧɢɹ ɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  [20]: 

          ,                                                                                                            

(3.4) 

 

ɝɞɟ ɫɬ – ɄɉȾ ɫɬɚɧɤɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ  ɫɬ=0,75…0,8. 

ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ [20]: 

                   ,                                                                                            (3.5) 

 

ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɦɨɳɧɨɫɬɢ ɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, 

ɜɵɛɢɪɚɟɬɫɹ ɞɜɢɝɚɬɟɥɶ ɫɬɚɧɞɚɪɬɧɨɣ ɦɨɳɧɨɫɬɢ [20]: 

 

Ɋɫɬ. ɞɜ  Ɋɪɚɫɱ. ɞɜ,                                                                                               (3.6) 

 

n2.ɫɬ. ɞɜ  n2.ɪɚɫɱ. ɞɜ,                                                                                            (3.7) 

 

ɋɨɝɥɚɫɧɨ ɮɨɪɦɭɥɚɦ (3.1–3.7) ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ 

ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ: 
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                                            (ɦ/ɦɢɧ), 

                                      (ɇ), 

                              (ɤȼɬ), 

                   (ɤȼɬ), 

                              (ɨɛ/ɦɢɧ). 

                                          (ɦ/ɦɢɧ), 

                                      (ɇ), 

                               (ɤȼɬ), 

                  (ɤȼɬ), 

                           (ɨɛ/ɦɢɧ). 

 

Ⱦɥɹ ɩɪɢɜɨɞɚ ɞɜɢɝɚɬɟɥɹ ɲɩɢɧɞɟɥɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɛɢɪɚɸɬ 

ɨɞɧɨɫɤɨɪɨɫɬɧɵɟ ɚɫɢɧɯɪɨɧɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɩɨ ɤɚɬɚɥɨɝɭ ɜɵɛɢɪɚɥɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ 

ɲɩɢɧɞɟɥɹ, ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɵɯ    ɧɟ ɦɟɧɟɟ ɪɚɫɱɟɬɧɨɣ    . 

ȼɵɛɢɪɚɟɦ ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ȺɂɊ132M8 ɫɨ ɫɥɟɞɭɸɳɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
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Ɍɚɛɥɢɰɚ 3.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

ȺɂɊ132Ɇ8 

Ɇɨɳɧɨɫɬɶ, ɤȼɬ 5,5 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, 

ɨɛ/ɦɢɧ 

700 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 

220/380ȼ, Ⱥ 

23,9 / 13,9 

ɇɨɦɢɧɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, 

ɇ*ɦ 

75,0 

ɄɉȾ, % 84,0 

Cos φ 0,72 

Iɩɭɫɤ/Iɧɨɦ 6 

Ɇɩɭɫɤ/Ɇɧɨɦ 1,8 

Ɇɦɚɤɫ/Ɇɧɨɦ 2,2 

Ɇɦɢɧ/Ɇɧɨɦ 1,4 

Ɇɚɫɫɚ,ɤɝ 62,2 

 

ȼɵɛɢɪɚɟɦ ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ȺɂɊ100L6 ɫɨ ɫɥɟɞɭɸɳɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 

Ɍɚɛɥɢɰɚ 3.2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

ȺɂɊ100L6 

Ɇɨɳɧɨɫɬɶ, ɤȼɬ 2,2 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, 

ɨɛ/ɦɢɧ 

940 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 

220/380ȼ, Ⱥ 

10,1 / 5,9 
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ɇɨɦɢɧɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, 

ɇ*ɦ 

22,4 

ɄɉȾ,% 77,7 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.2 

Cos φ 0,74 

Iɩɭɫɤ/Iɧɨɦ 6 

Ɇɩɭɫɤ/Ɇɧɨɦ 1,9 

Ɇɦɚɤɫ/Ɇɧɨɦ 2,2 

Ɇɦɢɧ/Ɇɧɨɦ 1,6 

Ɇɚɫɫɚ,ɤɝ 27,0 

 

3.3 ȼɵɛɨɪ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥя ɱɚɫɬɨɬɵ 

 
ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ – ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɢɡɦɟɧɹɟɬ ɱɚɫɬɨɬɭ 

ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ, ɩɪɢ ɷɬɨɦ ɱɚɫɬɨɬɚ 

ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ. Ɉɫɧɨɜɨɣ ɜɫɟɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɱɚɫɬɨɬɵ ɹɜɥɹɸɬɫɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɷɥɟɦɟɧɬɵ (ɬɪɚɧɡɢɫɬɨɪɵ, ɞɢɨɞɵ ɢ 

ɬɢɪɢɫɬɨɪɵ) 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɛɨɪ 

ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɨɜɵɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ 

ɩɪɟɞɭɩɪɟɠɞɟɧɢɢ ɩɟɪɟɝɪɭɡɨɤ. 

ȼɵɛɨɪ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɧɟɫɤɨɥɶɤɢɦ 

ɩɚɪɚɦɟɬɪɚɦ: 

ɉɨ ɦɨɳɧɨɫɬɢ – ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɵɛɨɪɚ. ɑɚɫɬɨɬɧɵɣ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢɥɢ ɟɝɨ 

ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɚɛɨɱɟɝɨ ɬɨɤɚ. ȼɵɛɨɪ ɉɑ ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨ ɜɟɥɢɱɢɧɟ 

ɬɨɤɚ, ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɞɜɢɝɚɬɟɥɟɦ ɨɬ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɫ ɭɱɟɬɨɦ 

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ [9]. Ɉɛɵɱɧɨ 

ɩɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɭɱɢɬɵɜɚɟɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɟё ɜɪɟɦɟɧɟɦ 
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ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɝɪɭɡɤɢ. ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɡɚɳɢɬɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɭɤɚɡɵɜɚɟɬɫɹ ɜ 

ɩɪɨɰɟɧɬɚɯ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

ɉɨ ɩɢɬɚɸɳɟɦɭ ɧɚɩɪɹɠɟɧɢɸ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɡɚɩɢɬɵɜɚɟɬɫɹ ɨɬ 

ɬɪɟɯɮɚɡɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɣ ɷɥɟɤɬɪɨɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ 380 ȼ. Ɍɚɤɠɟ 

ɜɫɬɪɟɱɚɸɬɫɹ ɩɪɢɜɨɞɵ, ɚɞɚɩɬɢɪɨɜɚɧɧɵɟ ɞɥɹ ɪɚɛɨɬɵ ɨɬ ɨɞɧɨɮɚɡɧɨɣ ɫɟɬɢ 220/240 

ȼ. 

Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɨɤɚɡɚɬɟɥɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɧɟ ɨɩɭɫɤɚɸɬɫɹ ɧɢɠɟ 10% ɨɬ ɧɨɦɢɧɚɥɚ, ɩɨɞɛɨɪ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɫɨɛɥɸɞɟɧɢɹ ɤɚɤɢɯ–ɥɢɛɨ 

ɫɩɟɰɢɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. Ɉɞɧɚɤɨ ɜ ɫɢɬɭɚɰɢɢ, ɬɪɟɛɭɸɳɟɣ ɞɚɥɶɧɟɣɲɟɝɨ ɫɧɢɠɟɧɢɹ 

ɫɤɨɪɨɫɬɢ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɧɨɦɢɧɚɥɶɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɧɚ ɜɚɥɭ, ɜɚɠɧɨ 

ɭɛɟɞɢɬɶɫɹ ɜ ɬɨɦ, ɱɬɨ ɉɑ ɫɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɪɚɛɨɬɭ ɧɚ ɱɚɫɬɨɬɚɯ, ɩɪɢɛɥɢɠɟɧɧɵɯ 

ɤ ɧɭɥɸ. 

Ɋɟɠɢɦ ɬɨɪɦɨɠɟɧɢɹ. ɂɧɟɪɰɢɨɧɧɨɟ ɬɨɪɦɨɠɟɧɢɟ ɩɨ ɫɜɨɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɫɯɨɠɟ ɫ ɨɬɤɥɸɱɟɧɢɟɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɨɬ ɩɢɬɚɸɳɟɣ ɫɟɬɢ. Ɉɛɚ ɩɪɨɰɟɫɫɚ ɦɨɝɭɬ 

ɡɚɧɹɬɶ ɧɟɦɚɥɨ ɜɪɟɦɟɧɢ, ɧɨ, ɩɪɚɜɢɥɶɧɨ ɩɨɞɨɛɪɚɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɢ 

ɨɩɰɢɢ ɤ ɧɟɦɭ, ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɨɫɬɚɧɨɜ ɢɥɢ ɬɨɪɦɨɠɟɧɢɟ ɞɜɢɝɚɬɟɥɹ ɫ 

ɩɟɪɟɯɨɞɨɦ ɧɚ ɛɨɥɟɟ ɧɢɡɤɭɸ ɫɤɨɪɨɫɬɶ ɡɚ ɤɨɪɨɬɤɢɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ. 

ɋɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ. ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ 

ɦɟɬɨɞɚ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɟɦ ɫɤɚɥɹɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ.  

Ɇɟɬɨɞ ɫɤɚɥɹɪɧɨ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ. 

ɉɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɩɪɚɜɢɥɨ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɣ ɜ ɧɚɫɨɫɧɵɯ ɢ 

ɜɟɧɬɢɥɹɬɨɪɧɵɯ ɚɝɪɟɝɚɬɚɯ, ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɬɟɯɧɢɤɟ, ɚ ɬɚɤɠɟ ɦɟɯɚɧɢɡɦɨɜ, ɝɞɟ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ ɩɨɫɪɟɞɫɬɜɨɦ ɞɚɬɱɢɤɚ 

ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɪɢ ɬɚɤɨɦ ɦɟɬɨɞɟ 

ɞɨɫɬɢɝɚɟɬ 1:10. 

ɉɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɡɚɤɥɚɞɵɜɚɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

ɞɜɢɝɚɬɟɥɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɪɚɫɫɱɢɬɚɬɶ ɦɨɦɟɧɬ ɢ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚɥɚ. 
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ɂɡ ɩɨɥɭɱɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɞɜɢɝɚɬɟɥɟɣ ɩɨɞɛɢɪɚɟɦ 2 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ: 

1,5/2,2ɤȼɬ 3ɯ400ȼ VECTOR–100 EKF PROxima 

4/5,5ɤȼɬ 3ɯ400ȼ VECTOR–100 EKF PROxima 

 

 

Ɋɢɫɭɧɨɤ 3.1 – ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɧɵɣ 1,5/2,2 ɤȼɬ 
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Ɋɢɫɭɧɨɤ 3.2 – ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɧɵɣ 4/5,5ɤȼɬ 

 

 

Ɉɛɳɟɩɪɨɦɵɲɥɟɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ VECTOR EKF PROxima 

ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɢɫɬɟɦɚɯ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɜɟɧɬɢɥɹɰɢɢ, ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ 

ɫɢɫɬɟɦɚɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɤɨɧɜɟɣɟɪɨɜ, ɥɢɮɬɨɜ ɢ ɬ.ɞ. Ɉɛɟɫɩɟɱɢɜɚɸɬ: 

• ɩɥɚɜɧɵɣ ɩɭɫɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ; 

• ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ; 

• ɡɚɳɢɬɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɨɬ ɩɟɪɟɝɪɭɡɨɤ; 

• ɭɦɟɧɶɲɟɧɢɟ ɩɭɫɤɨɜɵɯ ɬɨɤɨɜ; 
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4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɱɚɫɬɨɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ–-

ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɜ ɫɪɟɞɟ Matlab 

ɑɬɨɛɵ ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɪɚɛɨɬɚɥ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɤɩɞ, ɧɟɨɛɯɨɞɢɦɨ 

ɱɬɨɛɵ ɩɪɢ ɜɫɟɯ ɡɧɚɱɟɧɢɹɯ ɱɚɫɬɨɬɵ ɢ ɧɚɝɪɭɡɤɢ ɜɵɩɨɥɧɹɥɨɫɶ ɭɫɥɨɜɢɟ: 

               . 
 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

ɫɨɡɞɚɞɢɦ ɩɪɨɝɪɚɦɦɧɨ–ɨɪɢɟɧɬɢɪɨɜɚɧɧɭɸ ɦɨɞɟɥɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ–

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɫɪɟɞɟ Matlab [6],[8] ɢ ɢɫɫɥɟɞɭɟɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ. 

 

 Ɇɨɞɟɥɶ ɉɑ–ȺȾ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1 

 

 

 

Ɋɢɫɭɧɨɤ 4.1 – Ɇɨɞɟɥɶ ɉɑ–ȺȾ  
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Ɋɢɫɭɧɨɤ 4.2 – ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɧɚɝɪɭɡɤɟ 

 

 

Ɋɢɫɭɧɨɤ 4.3 – Ɍɨɤ ɧɚ ɧɚɝɪɭɡɤɟ 

 

 

Ɋɢɫɭɧɨɤ 4.4 – ɂɦɩɭɥɶɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
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Ɋɢɫɭɧɨɤ 4.5 – Ɍɨɤɢ ɮɚɡ a, b, c ɧɚ ɫɬɚɬɨɪɟ 

 

 

 

Ɋɢɫɭɧɨɤ 4.6 – ɋɤɨɪɨɫɬɶ ɪɨɬɨɪɚ 
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Ɋɢɫɭɧɨɤ 4.7 – ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ 
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5 ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɍЧɉɍ 

 

5.1 ɋɬɪɭɤɬɭɪɧɚя ɫɯɟɦɚ ɍЧɉɍ NC–210 

 

ɑɉɍ NC–210 ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɜ ɤɨɬɨɪɨɦ ɨɛɴɟɞɢɧɟɧɵ ɜ ɟɞɢɧɨɟ ɰɟɥɨɟ ɛɥɨɤ 

ɭɩɪɚɜɥɟɧɢɹ, ɩɭɥɶɬ ɨɩɟɪɚɬɨɪɚ, ɫɬɚɧɨɱɧɵɣ ɩɭɥɶɬ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ [8]. 

ɍɑɉɍ ɹɜɥɹɟɬɫɹ ɩɪɨɝɪɚɦɦɧɨ ɭɩɪɚɜɥɹɟɦɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɢɦɟɟɬ 

ɚɩɩɚɪɚɬɧɭɸ ɢ ɩɪɨɝɪɚɦɦɧɭɸ ɱɚɫɬɢ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɍɑɉɍ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 9.1.  

Ȼɍ ɭɩɪɚɜɥɹɟɬ ɪɚɛɨɬɨɣ ɍɑɉɍ ɢ ɜɧɟɲɧɟɝɨ ɩɨɞɤɥɸɱɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ȼɍ ɜɤɥɸɱɚɟɬ ɦɨɞɭɥɢ CPU ECDA, I/O ɢ ɦɨɞɭɥɶ ɲɢɧɵ ɍɑɉɍ NC210–4. əɞɪɨɦ 

Ȼɍ ɹɜɥɹɟɬɫɹ ɩɥɚɬɚ CPU. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɥɚɬ CPU ɢ ECDA ɜ ɦɨɞɭɥɟ CPU 

ECDA ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɢɝɧɚɥɵ ɜɧɟɲɧɟɣ ɥɨɤɚɥɶɧɨɣ ɲɢɧɵ ɩɪɨɰɟɫɫɨɪɚ ISA BUS 

16. ɋɢɝɧɚɥɵ ɢɧɬɟɪɮɟɣɫɚ ɍɑɉɍ ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɩɥɚɬɟ ECDA NC210–25, ɝɞɟ 

ɪɚɫɩɨɥɨɠɟɧ ɤɨɧɬɪɨɥɥɟɪ ɩɟɪɢɮɟɪɢɢ, ɤɨɬɨɪɵɣ ɭɩɪɚɜɥɹɟɬ ɜɫɟɦɢ ɤɚɧɚɥɚɦɢ ɫɜɹɡɢ ɫ 

ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ. 

Ɇɨɞɭɥɶ ɲɢɧɵ NC210–4 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ 

ɢɧɬɟɪɮɟɣɫɚ ɍɑɉɍ. Ɇɨɞɭɥɶ ɲɢɧɵ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢ ɨɛɴɟɞɢɧɹɟɬ 

ɩɟɪɢɮɟɪɢɣɧɵɟ ɦɨɞɭɥɢ CPU ECDA ɢ I/O, ɱɟɪɟɡ ɤɚɧɚɥɵ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɫɜɹɡɶ Ȼɍ ɫ ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɦɨɞɭɥɶ ɲɢɧɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɜɹɡɶ Ȼɍ ɫ 

ɉɈ ɢ Ȼɉ. 

ɑɟɪɟɡ ɤɚɧɚɥɵ ɩɥɚɬɵ ECDA ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɩɟɪɢɮɟɪɢɣɧɵɦ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ: 

– ɫɥɟɞɹɳɢɦɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɩɨɞɚɱ ɢ ɝɥɚɜɧɨɝɨ ɞɜɢɠɟɧɢɹ (ɭɩɪɚɜɥɟɧɢɟ 

ɩɨ ɜɯɨɞɭ ɚɧɚɥɨɝɨɜɵɦ ɧɚɩɪɹɠɟɧɢɟɦ +10ȼ) ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ; 

– ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɢɩɚ ɜ 

ɤɚɱɟɫɬɜɟ ȾɈɋ (ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɩɥɸɫ 5ȼ, ɬɢɩ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ – 

ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɢɦɩɭɥɶɫɵ); 

– ɷɥɟɤɬɪɨɧɧɵɦ ɲɬɭɪɜɚɥɨɦ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɢɩɚ (ɧɚɩɪɹɠɟɧɢɟ 
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ɩɢɬɚɧɢɹ ɩɥɸɫ 5ȼ, ɬɢɩ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ – ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɢɦɩɭɥɶɫɵ); 

– ɞɚɬɱɢɤɨɦ ɤɚɫɚɧɢɹ. 

ɉɨ ɤɚɧɚɥɚɦ ɜɯɨɞɚ/ɜɵɯɨɞɚ ɦɨɞɭɥɶ I/O ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɜɭɧɚɩɪɚɜɥɟɧɧɭɸ 

ɫɜɹɡɶ ɦɟɠɞɭ ɍɑɉɍ ɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟɦ ɭɩɪɚɜɥɹɟɦɨɝɨ ɨɛɴɟɤɬɚ. Ɉɛɦɟɧ 

ɢɧɮɨɪɦɚɰɢɟɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɉɪɈ. ɍɩɪɚɜɥɟɧɢɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɰɟɫɫɨɪɨɦ CPU 

ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫɵ ɜɧɟɲɧɢɯ ɭɫɬɪɨɣɫɬɜ: RS–232, FDD, USB, VGA, LAN, 

KEYBOARD&MOYSE. 

Ȼɉ ɨɛɟɫɩɟɱɢɜɚɟɬ ɍɑɉɍ ɧɟɨɛɯɨɞɢɦɵɦ ɧɚɛɨɪɨɦ ɩɢɬɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ. 

ɇɚɩɪɹɠɟɧɢɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɩɨɫɬɭɩɚɟɬ ɜ ɦɨɞɭɥɶ ɲɢɧɵ ɍɑɉɍ, ɚ ɡɚɬɟɦ 

ɱɟɪɟɡ ɪɚɡɴёɦɵ ɩɨɞɚёɬɫɹ ɧɚ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ ɍɑɉɍ. 

ɋɜɹɡɶ ɍɑɉɍ ɫ ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɜɧɟɲɧɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ 

ɜɜɨɞɚ/ɜɵɜɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɜɧɟɲɧɢɟ ɪɚɡɴёɦɵ.  
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Ɋɢɫɭɧɨɤ 5.1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɍɑɉɍ NC–210 

5.2 Ʉɨɧɫɬɪɭɤɰɢя ɍЧɉɍ 

 

Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɍɑɉɍ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɧɨɛɥɨɤ ɜɫɬɪɚɢɜɚɟɦɨɝɨ 

ɢɫɩɨɥɧɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɫɨɟɞɢɧɟɧɵ ɜɦɟɫɬɟ Ȼɍ, ɉɈ ɢ Ȼɉ. Ɉɫɧɨɜɧɵɟ ɝɚɛɚɪɢɬɧɵɟ ɢ 

ɭɫɬɚɧɨɜɨɱɧɵɟ ɪɚɡɦɟɪɵ ɍɑɉɍ (ɤɨɪɩɭɫ Ⱥ) ɭɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.3. ȼɢɞ ɡɚɞɧɟɣ 

ɩɚɧɟɥɢ ɍɑɉɍ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 5.5. Ʉɨɪɩɭɫ ɦɨɧɨɛɥɨɤɚ ɫɨɫɬɨɢɬ ɢɡ 

ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɢ ɤɨɠɭɯɚ. Ɇɨɧɨɛɥɨɤ ɢɦɟɟɬ ɤɨɪɩɭɫ ɬɢɩɚ Ⱥ. Ʉɨɪɩɭɫ Ⱥ ɢɦɟɟɬ 

ɩɥɚɫɬɦɚɫɫɨɜɭɸ ɧɚɤɥɚɞɤɭ ɧɚ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɍɑɉɍ [2]. 

ȼ ɤɨɪɩɭɫɟ Ⱥ ɫ ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧɵ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɱɟɬɵɪɟ 

ɜɢɧɬɚ (ɩɨ 2 ɜɢɧɬɚ ɫɜɟɪɯɭ ɢ ɫɧɢɡɭ) ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɦɨɧɨɛɥɨɤɚ ɜ ɲɤɚɮ ɢɥɢ ɜ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 5.2 – ɋɬɨɣɤɚ NC–210 

 

Ɉɫɧɨɜɭ ɦɨɧɨɛɥɨɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɪɚɦɚ ɫ ɞɜɭɦɹ ɨɬɫɟɤɚɦɢ. ȼ 

ɨɞɢɧ ɨɬɫɟɤ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ Ȼɉ, ɜ ɞɪɭɝɨɣ – Ȼɍ. Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɫɬɟɧɤɢ ɪɚɦɵ 

ɜɵɩɨɥɧɹɸɬ ɮɭɧɤɰɢɸ ɡɚɳɢɬɧɨɝɨ ɷɤɪɚɧɚ. ɗɥɟɦɟɧɬɵ ɉɈ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ 

ɥɢɰɟɜɭɸ ɩɚɧɟɥɶ ɍɑɉɍ, ɤɨɬɨɪɚɹ ɤɪɟɩɢɬɫɹ ɤ ɪɚɦɟ ɜɢɧɬɚɦɢ. 

Ɇɨɞɭɥɶ ɲɢɧɵ ɍɑɉɍ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɩɟɪɟɝɨɪɨɞɤɭ 

ɦɟɠɞɭ ɨɬɫɟɤɚɦɢ Ȼɍ ɢ Ȼɉ. Ɇɨɞɭɥɢ CPU ECDA ɢ I/O ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ 

ɡɚɤɨɧɱɟɧɧɵɦɢ, ɢɦɟɸɬ ɥɢɰɟɜɵɟ ɩɚɧɟɥɢ ɫ ɪɚɡɴёɦɚɦɢ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɛɟɥɟɣ 

ɨɬ ɭɩɪɚɜɥɹɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɇɨɞɭɥɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɨɬɫɟɤ Ȼɍ ɫ ɥɟɜɨɣ 

ɫɬɨɪɨɧɵ ɍɑɉɍ ɩɨ ɧɚɩɪɚɜɥɹɸɳɢɦ ɞɨ ɫɬɵɤɨɜɤɢ ɫ ɪɚɡɴёɦɚɦɢ ɦɨɞɭɥɹ ɲɢɧɵ, 

ɡɚɬɟɦ ɤɪɟɩɹɬɫɹ ɤ ɪɚɦɟ ɜɢɧɬɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɥɢɰɟɜɵɯ ɩɚɧɟɥɹɯ ɦɨɞɭɥɟɣ. 

Ʌɢɰɟɜɵɟ ɩɚɧɟɥɢ ɦɨɞɭɥɟɣ ɨɛɪɚɡɭɸɬ ɩɚɧɟɥɶ ɪɚɡɴёɦɨɜ ɍɑɉɍ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 5.3. 

ɗɥɟɦɟɧɬɵ ɉɈ ɧɚ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɍɑɉɍ ɪɚɡɞɟɥɟɧɵ ɩɥɚɫɬɦɚɫɫɨɜɨɣ 

ɧɚɤɥɚɞɤɨɣ ɧɚ 4 ɫɟɤɰɢɢ: 

– ɫɟɤɰɢɹ ɞɢɫɩɥɟɹ; 

– ɫɟɤɰɢɹ ɚɥɮɚɜɢɬɧɨ–ɰɢɮɪɨɜɨɣ ɤɥɚɜɢɚɬɭɪɵ (ȺɐɄ); 

– ɫɟɤɰɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɤɥɚɜɢɚɬɭɪɵ (ɎɄ); 

– ɫɟɤɰɢɹ ɫɬɚɧɨɱɧɨɣ ɤɨɧɫɨɥɢ (ɋɄ), ɧɚ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧɵ ɷɥɟɦɟɧɬɵ 

ɢɧɞɢɤɚɰɢɢ, ɩɟɪɟɤɥɸɱɚɬɟɥɢ, ɫɟɬɟɜɨɣ ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɚɜɚɪɢɣɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ. 

ɋɴёɦɧɵɣ ɤɨɠɭɯ ɡɚɤɪɵɜɚɟɬ ɜɫɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɤɪɨɦɟ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ. 

Ʉɪɟɩɥɟɧɢɟ ɤɨɠɭɯɚ ɤ ɪɚɦɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɢɧɬɚɦɢ. ȼɧɭɬɪɢ ɤɨɠɭɯɚ ɧɚ ɭɪɨɜɧɟ Ȼɍ 

ɭɫɬɚɧɨɜɥɟɧ ɜɟɧɬɢɥɹɬɨɪ. ɇɚ ɛɨɤɨɜɵɯ ɫɬɟɧɤɚɯ ɤɨɠɭɯɚ ɢɦɟɸɬɫɹ ɩɪɨɪɟɡɢ ɞɥɹ 

ɜɨɡɞɭɯɚ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɵ ɤɨɠɭɯɚ, ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬ ɡɚɞɧɸɸ 

ɩɚɧɟɥɶ ɍɑɉɍ, ɭɫɬɚɧɨɜɥɟɧ ɜɢɧɬ ɡɚɡɟɦɥɟɧɢɹ. Ʉɨɠɭɯ ɢɦɟɟɬ ɩɪɨɪɟɡɵ ɞɥɹ ɞɨɫɬɭɩɚ 

ɤ ɪɚɡɴёɦɚɦ, ɤɨɬɨɪɵɟ ɜɵɜɟɞɟɧɵ ɧɚ ɡɚɞɧɸɸ ɩɚɧɟɥɶ ɍɑɉɍ. 
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Ɋɢɫɭɧɨɤ 5.3 – Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɍɑɉɍ NC–210, ɩɪɨɮɢɥɶɧɚɹ ɩɪɨɟɤɰɢɹ 

 

 

Ɋɢɫɭɧɨɤ 5.4 – Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɍɑɉɍ NC–210, ɮɪɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ 
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Ɋɢɫɭɧɨɤ 5.5 – Ɂɚɞɧɹɹ ɩɚɧɟɥɶ ɍɑɉɍ NC–210 

 

 

 

Ɋɢɫɭɧɨɤ 5.6 – ɉɚɧɟɥɶ ɪɚɡɴɟɦɨɜ ɍɑɉɍ NC–210 
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 5.3 ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɍЧɉɍ 

 

ɍɩɪɚɜɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɍɉ, ɤɨɬɨɪɚɹ 

ɫɨɫɬɚɜɥɹɟɬɫɹ ɩɪɨɝɪɚɦɦɢɫɬɨɦ–ɬɟɯɧɨɥɨɝɨɦ. ɉɪɚɜɢɥɚ ɢ ɦɟɬɨɞɵ ɫɨɫɬɚɜɥɟɧɢɹ ɍɉ 

ɢɡɥɨɠɟɧɵ ɥɢɛɨ ɜ ɞɨɤɭɦɟɧɬɟ «Ɋɭɤɨɜɨɞɫɬɜɨ ɩɪɨɝɪɚɦɦɢɫɬɚ TC» ɞɥɹ ɬɨɤɚɪɧɨɝɨ 

ɜɚɪɢɚɧɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɥɢɛɨ ɜ ɞɨɤɭɦɟɧɬɟ «Ɋɭɤɨɜɨɞɫɬɜɨ ɩɪɨɝɪɚɦɦɢɫɬɚ MC» 

ɞɥɹ ɮɪɟɡɟɪɧɨɝɨ ɜɚɪɢɚɧɬɚ. ȼɚɪɢɚɧɬ ɞɨɤɭɦɟɧɬɚ «Ɋɭɤɨɜɨɞɫɬɜɨ ɩɪɨɝɪɚɦɦɢɫɬɚ» 

ɩɨɞɥɟɠɢɬ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɩɪɢ ɨɮɨɪɦɥɟɧɢɢ ɡɚɤɚɡɚ. 

ɇɚɫɬɪɨɣɤɚ ɍɑɉɍ ɧɚ ɤɨɧɤɪɟɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ ɫɢɫɬɟɦɵ. ɏɚɪɚɤɬɟɪɢɡɚɰɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɡɞɚɧɢɢ ɢ 

ɡɚɩɢɫɢ ɮɚɣɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɩɚɪɚɦɟɬɪɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɩɚɪɚɬɧɵɯ ɢ 

ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɭɥɟɣ, ɤɨɬɨɪɵɟ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɸɬ ɤɨɧɮɢɝɭɪɚɰɢɸ ɍɑɉɍ 

ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ. ɗɬɢ ɮɚɣɥɵ ɫɨɞɟɪɠɚɬ ɢɧɮɨɪɦɚɰɢɸ, ɧɟɨɛɯɨɞɢɦɭɸ 

ɞɥɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɉɪɈ, ɭɩɪɚɜɥɹɸɳɟɝɨ ɪɚɛɨɬɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋɨɡɞɚɧɢɟ 

ɮɚɣɥɨɜ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ ɩɪɢɜɟɞɟɧɨ ɜ ɞɨɤɭɦɟɧɬɟ «Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ 

ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ» [4]. 

Ɂɚɜɟɪɲɚɸɳɢɦ ɷɬɚɩɨɦ ɩɨɞɝɨɬɨɜɤɢ ɍɑɉɍ ɤ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɉɅ, 

ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɝɪɚɦɦɭ ɭɩɪɚɜɥɟɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ 

ɦɟɯɚɧɢɡɦɚɦɢ ɤɨɧɤɪɟɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ[5]. 

ɋɨɫɬɚɜɥɟɧɢɟ ɉɅ ɬɪɟɛɭɟɬ ɡɧɚɧɢɹ ɛɚɡɨɜɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ PLC 

ɢ ɟɝɨ ɹɡɵɤɚ. əɡɵɤ PLC ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɛɚɡɨɜɨɝɨ ɉɪɈ ɍɑɉɍ. Ȼɚɡɨɜɵɣ 

ɢɧɬɟɪɮɟɣɫ PLC ɹɜɥɹɟɬɫɹ ɩɪɨɝɪɚɦɦɧɵɦ ɢɧɬɟɪɮɟɣɫɨɦ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɬɨɤɨɥɚ ɫɜɹɡɢ ɛɚɡɨɜɨɝɨ ɉɪɈ ɍɑɉɍ ɫ ɉɅ, ɩɪɢɱёɦ ɉɅ ɹɜɥɹɟɬɫɹ 

ɩɟɪɫɨɧɚɥɶɧɨɣ ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 

ɇɚɡɧɚɱɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ PLC: 

– ɢɧɢɰɢɚɥɢɡɚɰɢɹ ɫɢɝɧɚɥɨɜ ɜɤɥɸɱɟɧɢɹ/ɜɵɤɥɸɱɟɧɢɹ ɭɩɪɚɜɥɹɟɦɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ; 

– ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɬɨɤɨɥɨɜ ɨɛɦɟɧɚ: 

ȻȺɁɈȼɈȿ ɉɪɈ ⇔ ɉɅ ⇔ ɍɉɊȺȼɅəȿɆɈȿ ɈȻɈɊɍȾɈȼȺɇɂȿ 

– ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɤɨɥɚ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɜɵɩɨɥɧɟɧɢɟ 
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ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɍɑɉɍ; 

– ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɩɪɚɜɥɹɟɦɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ; 

– ɜɵɩɨɥɧɟɧɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɮɭɧɤɰɢɣ. ɉɅ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɹɡɵɤɚ PLC. Ɉɩɢɫɚɧɢɟ ɢɧɬɟɪɮɟɣɫɚ PLC, ɟɝɨ ɹɡɵɤɚ, ɦɟɬɨɞɵ 

ɫɨɫɬɚɜɥɟɧɢɹ, ɨɬɥɚɞɤɢ, ɤɨɦɩɢɥɢɪɨɜɚɧɢɹ ɢ ɚɤɬɢɜɢɡɚɰɢɢ ɉɅ ɩɪɢɜɟɞɟɧɵ ɜ 

ɞɨɤɭɦɟɧɬɟ «ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɢɧɬɟɪɮɟɣɫɚ PLC». 

ɋɨɡɞɚɧɢɟ ɉɅ ɧɟ ɜɯɨɞɢɬ ɜ ɨɛɹɡɚɧɧɨɫɬɶ ɪɚɡɪɚɛɨɬɱɢɤɚ ɍɑɉɍ. 

ɉɨɥɶɡɨɜɚɬɟɥɸ ɍɑɉɍ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ 

ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɉɅ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɧɵɦ ɞɨɤɭɦɟɧɬɨɦ. 

ɉɪɈ ɍɑɉɍ ɢɦɟɟɬ ɜɚɪɢɚɧɬɵ ɢɫɩɨɥɧɟɧɢɹ. Ʉɨɞɢɪɨɜɚɧɢɟ ɜɟɪɫɢɢ ɉɪɈ ɞɥɹ 

ɍɑɉɍ ɩɪɢɜɟɞɟɧɨ ɜ ɞɨɤɭɦɟɧɬɟ «Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ». ȼɟɪɫɢɹ ɉɪɈ 

ɩɨɞɥɟɠɢɬ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɩɪɢ ɨɮɨɪɦɥɟɧɢɢ ɡɚɤɚɡɚ. 

Ȼɚɡɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɍɑɉɍ ɞɨ ɜɟɪɫɢɢ 3.60Ɋ ɢɦɟɟɬ 16 

ɪɚɡɪɹɞɧɭɸ ɫɢɫɬɟɦɭ, ɫɨɜɦɟɫɬɢɦɭɸ ɫ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ MS DOS. 

ɉɪɢ ɭɫɬɚɧɨɜɤɟ ɛɚɡɨɜɨɝɨ ɉɪɈ ɜ ɍɑɉɍ ɩɪɨɢɡɜɨɞɢɬɫɹ ɟɝɨ ɩɪɨɝɪɚɦɦɧɚɹ 

ɪɟɝɢɫɬɪɚɰɢɹ. ɇɚɞёɠɧɚɹ ɫɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ ɚɩɩɚɪɚɬɧɵɯ ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ 

ɍɑɉɍ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɫ ɜɟɪɫɢɟɣ ɉɪɈ, ɫɨɝɥɚɫɨɜɚɧɧɨɣ ɩɨɬɪɟɛɢɬɟɥɟɦ ɩɪɢ 

ɡɚɤɚɡɟ ɢ ɩɨɫɬɚɜɥɹɟɦɨɣ ɫ ɍɑɉɍ. 

 

5.4 ɉɪɨɝɪɚɦɦɚ ɥɨɝɢɤɢ ɫɬɚɧɤɚ 

 

ɉɪɨɝɪɚɦɦɚ ɥɨɝɢɤɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ 

ɦɟɯɚɧɢɡɦɚɦɢ ɫɬɚɧɤɚ ɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɧɚ ɹɡɵɤɟ PLC. Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɜɹɡɶ 

ɦɟɠɞɭ ɉɪɈ ɍɑɉɍ ɢ ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ [3]. 

ɉɅ ɦɨɠɟɬ ɛɵɬɶ ɜɜɟɞɟɧɚ ɜ ɍɑɉɍ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɤɥɚɜɢɚɬɭɪɵ, ɥɢɛɨ 

ɡɚɝɪɭɠɟɧɚ ɫ ɢɦɟɸɳɟɝɨɫɹ ɭ ɩɨɥɶɡɨɜɚɬɟɥɹ ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧ ɮɪɚɝɦɟɧɬ ɉɅ ɫɬɚɧɤɚ ɞɥɹ ɫɦɟɧɵ ɞɢɚɩɚɡɨɧɚ ɲɩɢɧɞɟɥɹ, 

ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ ɢ ɨɫɬɚɧɨɜɤɢ ɲɩɢɧɞɟɥɹ «Starag»: 
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;ɒɩɢɧɞɟɥɶ 

;GAMMA1 

U11K16=U10K0+I0K2 

;M03 

U40K0=[W03K0=3]*I04K18+U40K0*/U40K1*/U40K3*/U40K5*/I00K1 

;M04 

U40K1=[W03K0=4]*I04K18+U40K1*/U40K0*/U40K3*/U40K5*/I00K1 

;M03+M04 

U40K2=U40K0+U40K1 

;M05 

U40K3=[W03K0=5]*I04K18+U40K3*/U40K2 

;M0+M1+M2 

U40K5=([W03K0=0]+[W03K0=1]+[W03K0=2])*I04K18+U40K5*/U40K2 

;PUSK S 

U04A00=U40K2*/U40K3+U11K1+U11K2(ɫɬɚɪɬ ɩɪɢɜɨɞɚ S) 

U04A11=U04A00(ɜɤɥɸɱɟɧɢɟ ɤɥɚɩɚɧɚ ɩɨɞɠɢɦɚ) 

U11K3=U40K0*/U11K0*/U40K10*/U145K0(ɡɚɩɪɨɫ ɧɚ ɜɪɚɳɟɧɢɟ 

ɲɩɢɧɞɟɥɹ ɩɨ ɱɚɫ. ɫɬɪɟɥɤɟ) 

U11K4=U40K1*/U11K0*/U40K10*/U145K0(ɡɚɩɪɨɫ ɧɚ ɜɪɚɳɟɧɢɟ 

ɲɩɢɧɞɟɥɹ ɩɪɨɬɢɜ ɱɚɫ ɫɬɪ.) 

;FOMAA,FOMAO 

;U11K1=U40K0*U40K10+(U145K0+U145K3)(ɩɪɢɧɭɞɢɬ ɜɪɚɳɟɧɢɟ ɲɩ ɩɨ 

ɱɚɫ ɫɬɪɟɥɤɟ) 

;U11K2=U40K1*U40K10+(U145K0+U145K3)(ɩɪɢɧɭɞɢɬ ɜɪɚɳɟɧɢɟ ɲɩ 

ɩɪɨɬɢɜ ɱɚɫ ɫɬɪɟɥɤɢ) 

U11K5=U11K1+U11K2(ɫɢɝɧɚɥ FORID) 

DOF:U11K1+U11K2 

W11K1=1(0,1ȼ – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɲɩɢɧɞɟɥɟ) 

ENDF 

;STOP S 
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DOF:U40K3+U40K5 

W11K0=0(ɧɟɬ ɫɢɝɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɲɩɢɧɞɟɥɟɦ) 

ENDF 

; 

 

;ɒɩɢɧɞɟɥɶ 

;GAMMA1 

U11K16=U10K0+I0K2 

;M03 

U40K0=[W03K0=3]*I04K18+U40K0*/U40K1*/U40K3*/U40K5*/I00K1 

;M04 

U40K1=[W03K0=4]*I04K18+U40K1*/U40K0*/U40K3*/U40K5*/I00K1 

;M03+M04 

U40K2=U40K0+U40K1 

;M05 

U40K3=[W03K0=5]*I04K18+U40K3*/U40K2 

;M0+M1+M2 

U40K5=([W03K0=0]+[W03K0=1]+[W03K0=2])*I04K18+U40K5*/U40K2 

;PUSK S 

 

U04A00=(U40K0*/U40K3+U11K1+U11K2)*I00A29(ɩɪɚɜɵɣ ɲɩɢɧɞɟɥɶ–

ɩɪɚɜɨɟ ɜɪɚɳɟɧɢɟ) 

U04A13=(U40K1*/U40K3+U11K1+U11K2)*I00A29(ɩɪɚɜɵɣ ɲɩɢɧɞɟɥɶ–

ɥɟɜɨɟ ɜɪɚɳɟɧɢɟ) 

U04A01=(U40K0*/U40K3+U11K1+U11K2)*/I00A29*I00A25 ɫ 

ɛɥɨɤɢɪɨɜɤɨɣ ɩɨ ɞɚɬɱɢɤɭ ɨɯɥ 

U04A14=(U40K1*/U40K3+U11K1+U11K2)*/I00A29*I00A25 ɫ 

ɛɥɨɤɢɪɨɜɤɨɣ ɩɨ ɞɚɬɱɢɤɭ ɨɯɥ 

U04A17=U04A00+U04A13 ɫɢɝɧɚɥ ɜɤɥɸɱɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɫɦɚɡɤɢ ɩɪɚɜɨɝɨ 

ɲɩɢɧɞɟɥɹ 
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U04A18=/(U04A00+U04A13)ɤɨɧɬɚɤɬ ɛɥɨɤɢɪɨɜɤɢ ɪɚɡɠɢɦɚ ɩɪɚɜɨɝɨ 

ɲɩɢɧɞɟɥɹ 

U04A19=/(U04A01+U04A14)ɤɨɧɬɚɤɬ ɛɥɨɤɢɪɨɜɤɢ ɪɚɡɠɢɦɚ ɥɟɜɨɝɨ 

ɲɩɢɧɞɟɥɹ 

 

U04A11=U04A01+U04A14 ɜɤɥɸɱɟɧɢɟ ɤɥɚɩɚɧɚ ɩɨɞɠɢɦɚ 

U11K3=U40K0*/U11K0*/U40K10*/U145K0+U40K1*/U11K0*/U40K10*/U

145K0 

;FOMAA,FOMAO 

;U11K1=U40K0*U40K10+(U145K0+U145K3) 

;U11K2=U40K1*U40K10+(U145K0+U145K3) 

U11K5=U11K1+U11K2 

DOF:U11K1+U11K2 

W11K1=1 

ENDF 

;STOP S 

DOF:U40K3+U40K5 

W11K0=0 

ENDF 

; 

 

5.5 ȼɯɨɞɧɵɟ ɢ ɜɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɫɬɚɧɤɚ 

 

Ʌɨɝɢɱɟɫɤɢɟ ɚɞɪɟɫɚ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɫɬɚɧɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7. 
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Ɍɚɛɥɢɰɚ 5.1– Ɋɚɫɩɢɫɚɧɢɟ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɫɬɚɧɤɚ 

ɋɢɝɧɚɥ ɇɨɦɟɪ ɩɪɨɜɨɞɚ ɇɨɦɟɪ ɜɯɨɞɚ Ʌɨɝɢɱɟɫɤɢɣ ɚɞɪɟɫ 

Ʉɨɧɬɪɨɥɶ 

ɫɟɪɜɨɩɪɢɜɨɞɚ ɏ 

140 1 I0A0 

Ʉɨɧɬɪɨɥɶ 

ɫɟɪɜɨɩɪɢɜɨɞɚ ɍ 

142 2 I0A1 

Ʉɨɧɬɪɨɥɶ 

ɫɟɪɜɨɩɪɢɜɨɞɚ Z 

144 3 I0A2 

Ʉɨɧɬɪɨɥɶ ɱɚɫɬɨɬɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 2 

ɩɪɚɜɵɣ 

147,149 4 I0A3 

Ʉɨɧɬɪɨɥɶ ɱɚɫɬɨɬɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 1 

ɥɟɜɵɣ 

148 5 I0A4 

Ɍɟɪɦɨɤɨɧɬɚɤɬ ɩɪɢɜɨɞɚ 

«ɏ» 

152 6 I0A5 

Ɍɟɪɦɨɤɨɧɬɚɤɬ ɩɪɢɜɨɞɚ 

«Y» 

153 7 I0A6 

Ɍɟɪɦɨɤɨɧɬɚɤɬ ɩɪɢɜɨɞɚ 

«Z» 

154 8 I0A7 

ɋɢɝɧɚɥ ɜɤɥɸɱɟɧɢɹ 

ɤɥɚɩɚɧɚ ɪɚɡɠɢɦɚ 

ɲɩɢɧɞɟɥɹ 2 ɢ ɤɥɚɩɚɧɚ 

ɩɪɨɞɭɜɤɢ 

143 9 I0A8 

Ʉɨɧɬɪɨɥɶ +24 ȼ 183 10 I0A9 

Ʉɨɧɬɪɨɥɶ ɧɨɦɟɪɚ 

ɜɤɥɸɱɟɧɢɹ ɲɩɢɧɞɟɥɹ 

184 11 I0A10 

Ɉɝɪɚɧɢɱɟɧɢɟ «+ɏ» 155 12 I0A11 

Ɉɝɪɚɧɢɱɟɧɢɟ «–ɏ» 156 13 I0A12 

ɇɭɥɶ–ɦɟɬɤɚ «ɏ» 157 14 I0A13 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 5.1 

Ɉɝɪɚɧɢɱɟɧɢɟ «+ɍ1» 158 15 I0A14 

Ɉɝɪɚɧɢɱɟɧɢɟ «–ɍ1» 159 16 I0A15 

ɇɨɥɶ–ɦɟɬɤɚ «ɍ1» 160 17 I0A16 

Ɉɝɪɚɧɢɱɟɧɢɟ «+ɍ2» 159 18 I0A17 

Ɉɝɪɚɧɢɱɟɧɢɟ «–ɍ2» 158 19 I0A18 

ɇɨɥɶ–ɦɟɬɤɚ «ɍ2» 160 20 I0A19 

Ɉɝɪɚɧɢɱɟɧɢɟ «+Z» 161 21 I0A20 

Ɉɝɪɚɧɢɱɟɧɢɟ «–Z» 162 22 I0A21 

ɇɨɥɶ–ɦɟɬɤɚ «Z» 163 23 I0A22 

Ⱦɚɬɱɢɤ ɞɚɜɥɟɧɢɹ 

ɜɨɡɞɭɯɚ 

165 24 I0A23 

Ⱦɚɬɱɢɤ ɞɚɜɥɟɧɢɹ ɜ 

ɦɚɫɥɨɫɬɚɧɰɢɢ 

166 25 I0A24 

Ⱦɚɬɱɢɤ ɮɢɥɶɬɪɚ ɦɚɫɥɚ 167 26 I0A25 

Ⱦɚɬɱɢɤ ɨɯɥɚɞɢɬɟɥɹ 164 27 I0A26 

 

Ɋɚɫɩɢɫɚɧɢɟ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɜɵɧɨɫɧɨɝɨ ɫɬɚɧɨɱɧɨɝɨ ɩɭɥɶɬɚ NC 110–78B 

 ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 5.2. 

 

Ɍɚɛɥɢɰɚ 5.2 – Ɋɚɫɩɢɫɚɧɢɟ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɫɬɚɧɨɱɧɨɝɨ ɩɭɥɶɬɚ NC 110–

78B 

ɗɅȿɆȿɇɌ 

ɉɍɅɖɌȺ 
ɋɂȽɇȺɅ ɇɈɆȿɊ ȼɏɈȾȺ 

ɅɈȽɂɑȿɋɄɂɃ 

ȺȾɊȿɋ 

Ʉɧɨɩɤɢ Ɍ1, Ɍ2 En 1 I1A0 

Ʉɧɨɩɤɚ Ʉ1 KEY1 2 I1A1 

Ʉɧɨɩɤɚ Ʉ2 KEY2 3 I1A2 

Ʉɧɨɩɤɚ Ʉ3 KEY3 4 I1A3 

«ɏ» XAXIS 5 I1A4 

«Y» YAXIS 6 I1A5 

«Z» ZAXIS 7 I1A6 

«4» 4AXIS 8 I1A7 

«5» 5AXIS 9 I1A8 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 5.2 

«0» X0 10 I1A9 

«1» X1 11 I1A10 

«10» X10 12 I1A11 

«100» X100 13 I1A12 

«1000» X1000 14 I1A13 

NC NC 15 I1A14 

NO NO 16 I1A15 

 

Ɋɚɫɩɢɫɚɧɢɟ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɫɬɚɧɤɚ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 5.3. 

 

Ɍɚɛɥɢɰɚ 5.3 – Ɋɚɫɩɢɫɚɧɢɟ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɫɬɚɧɤɚ 

ɋɂȽɇȺɅ ɇɈɆȿɊ ɉɊɈȼɈȾȺ 
ɇɈɆȿɊ 

ȼɕɏɈȾȺ 
ɅɈȽɂɑȿɋɄɂɃ 

ȺȾɊȿɋ 
1 2 3 4 

ȼɤɥɸɱɟɧɢɟ ɩɪɢɜɨɞɚ 
ɲɩɢɧɞɟɥɹ S ɨɛɳɟɟ 

24 1 U4A0 

ɋɦɚɡɤɚ ɪɟɞɭɤɬɨɪɚ 
ɲɩɢɧɞɟɥɹ 1 ɥɟɜɵɣ 

30 2 U4A1 

Ɇɚɫɥɨɫɬɚɧɰɢɹ (305) 
ɨɛɳɚɹ 

31 3 U4A2 

ɇɚɫɨɫ ɝɢɞɪɚɜɥɢɤɢ 32 4 U4A3 
Ɉɫɜɟɳɟɧɢɟ ɫɬɨɥɚ 

ɨɛɳɟɟ 
33 5 U4A4 

ȼɤɥɸɱɟɧɢɟ 
ɤɨɧɬɚɤɬɨɪɨɜ ɩɪɢɜɨɞɨɜ 

ɩɨɞɚɱ 
52 6 U4A5 

Ʉɥɚɩɚɧ ɜɤɥɸɱɟɧɢɹ 
ɢɦɩɭɥɶɫɧɨɣ ɫɦɚɡɤɢ 

53 7 U4A6 

Ʉɥɚɩɚɧ ɩɪɨɞɭɜɤɢ 
ɲɩɢɧɞɟɥɹ 2 

55 8 U4A7 

Ʉɥɚɩɚɧ ɡɚɠɢɦɚ 

ɲɩɢɧɞɟɥɹ 2 
56 9 U4A8 

Ɋɚɡɪɟɲɟɧɢɟ ɪɚɛɨɬɵ 

ɩɪɢɜɨɞɚ «ɏ» 
 10 U4A9 

Ɋɚɡɪɟɲɟɧɢɟ ɪɚɛɨɬɵ 

ɩɪɢɜɨɞɚ «ɍ» 
 11 U4A10 

Ɋɚɡɪɟɲɟɧɢɟ ɪɚɛɨɬɵ 

ɩɪɢɜɨɞɚ «Z» 
 12 U4A11 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 5.3 

Ɋɚɡɪɟɲɟɧɢɟ ɪɚɛɨɬɵ 

ɩɪɢɜɨɞɚ «S» 
 13 U4A23 

ɋɬɚɪɬ ɩɪɢɜɨɞɚ «ɏ»  14 U4A12 

ɋɬɚɪɬ ɩɪɢɜɨɞɚ «ɍ»  15 U4A13 

ɋɬɚɪɬ ɩɪɢɜɨɞɚ «Z»  16 U4A14 

ɋɬɚɪɬ ɩɪɢɜɨɞɚ «S»  17 U4A15 

 

5.6 ȼɜɨɞ ɩɪɨɝɪɚɦɦɵ ɜ ɩɚɦяɬɶ ɢ ɟɟ ɤɨɦɩɢɥяɰɢя 

 

Ɏɚɣɥ–ɢɫɬɨɱɧɢɤ ɉɅ ɩɪɢ ɜɜɨɞɟ ɜɨɫɩɪɢɧɢɦɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɤɚɤ ɨɛɳɢɣ ɮɚɣɥ. 

ɉɨɷɬɨɦɭ ɟɝɨ ɜɜɨɞ ɜ ɩɚɦɹɬɶ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɨɩɟɪɚɬɨɪɨɦ ɫ ɡɚɞɚɧɢɟɦ 

ɞɢɪɟɤɬɢɜɵ ɫ ɤɥɚɜɢɚɬɭɪɵ: 

EDI, ɢɦɹ ɉɅ /ɆɊɯ. 

ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɮɚɣɥ ɭɠɟ ɫɭɳɟɫɬɜɭɟɬ ɜ ɞɪɭɝɨɦ ɥɨɝɢɱɟɫɤɨɦ ɧɨɫɢɬɟɥɟ ɆɊɯ, ɜɜɨɞ 

ɟɝɨ ɜ ɩɚɦɹɬɶ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɩɨɫɪɟɞɫɬɜɨɦ ɞɢɪɟɤɬɢɜɵ: 

COP, ɂɦɹ ɉɅ1/ɆɊɯ, ɂɦɹ ɉɅ2/ɆPɭ, 

ɝɞɟ: 

- ɂɦɹ ɉɅ1 – ɧɚɢɦɟɧɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɢɫɬɨɱɧɢɤɚ ɉɅ; 

- ɆɊɯ – ɥɨɝɢɱɟɫɤɢɣ ɧɨɫɢɬɟɥɶ, ɧɚ ɤɨɬɨɪɨɦ ɨɧ ɧɚɯɨɞɢɬɫɹ; 

- ɂɦɹ ɉɅ2 – ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɨɜɨɝɨ ɢɫɬɨɱɧɢɤɚ ɉɅ; 

- ɆɊɭ – ɥɨɝɢɱɟɫɤɢɣ ɧɨɫɢɬɟɥɶ, ɧɚ ɤɨɬɨɪɨɦ ɨɧ ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ. 

ɂɫɬɨɱɧɢɤ ɉɅ ɦɨɠɧɨ ɧɚɛɢɪɚɬɶ ɜ ɥɸɛɨɦ ɬɟɤɫɬɨɜɨɦ ɪɟɞɚɤɬɨɪɟ ɢ ɫɨɯɪɚɧɹɬɶ 

ɤɚɤ ɮɚɣɥ MSDOS ɜ ɬɟɤɫɬɨɜɨɦ ɮɨɪɦɚɬɟ. ɂɦɹ ɞɨɥɠɧɨ ɫɨɫɬɨɹɬɶ ɢɡ 6 ɫɢɦɜɨɥɨɜ 

(ɩɟɪɜɨɣ ɞɨɥɠɧɚ ɛɵɬɶ ɛɭɤɜɚ) ɛɟɡ ɪɚɫɲɢɪɟɧɢɹ 

Ɏɚɣɥ–ɢɫɬɨɱɧɢɤ ɉɅ, ɡɚɝɪɭɠɟɧɧɵɣ ɧɚ ɥɨɝɢɱɟɫɤɢɣ ɧɨɫɢɬɟɥɶ ɩɪɟɞɵɞɭɳɟɣ 

ɨɩɟɪɚɰɢɟɣ, ɱɬɨɛɵ ɫɬɚɬɶ ɚɤɬɢɜɧɵɦ, ɞɨɥɠɟɧ ɛɵɬɶ ɩɟɪɟɜɟɞёɧ ɜ ɨɛɴɟɤɬɧɭɸ 

ɩɪɨɝɪɚɦɦɭ ɩɨɫɪɟɞɫɬɜɨɦ ɞɢɪɟɤɬɢɜɵ ɤɨɦɩɢɥɹɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɡɜɚɬɶ 

ɩɪɨɝɪɚɦɦɭ PLC. Ⱦɢɪɟɤɬɢɜɚ, ɫɥɟɞɭɸɳɚɹ: 

RUN, PLC 
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ɗɬɨ ɠɟ ɜɨɡɦɨɠɧɨ ɫɞɟɥɚɬɶ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɨɩɰɢɸ ɦɟɧɸ ɪɟɠɢɦɚ 

«ɄɈɆȺɇȾȺ» ɩɨ ɤɥɚɜɢɲɟ «F3»: 

1 ȾɂɋɉɅ |2 ɆɈȾɂɎ |3 PLC |4 ɄɈɉɂə 

ɉɨɫɥɟ ɜɜɨɞɚ ɷɬɨɣ ɞɢɪɟɤɬɢɜɵ ɧɚ ɞɢɫɩɥɟɟ ɩɨɹɜɢɬɫɹ «ɋɪɟɞɚ», ɟɫɥɢ ɟɳё ɧɟ ɢɦɟɟɬɫɹ 

ɤɨɧɮɢɝɭɪɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ «ɋɪɟɞɵ», ɢɥɢ Ɇȿɇɘ 1, ɩɟɪɜɨɟ ɢɡ ɫɩɢɫɤɚ ɦɟɧɸ. Ⱦɥɹ 

ɭɞɨɛɫɬɜɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɤɚɠɞɨɟ Ɇȿɇɘ ɜ ɷɬɨɦ ɞɨɤɭɦɟɧɬɟ ɢɦɟɟɬ ɩɨɪɹɞɤɨɜɵɣ 

ɧɨɦɟɪ: Ɇȿɇɘ 1 – Ɇȿɇɘ 5. 

ɉɪɢɦɟɪ 

Ɇȿɇɘ 1 

1 Ʉɨɦɩɢɥɹɰɢɹ |2 Ȼɵɫɬɪɚɹ ɤɨɦɩɢɥɹɰɢɹ |3 Ɉɬɥɚɞɱɢɤ |4 ɋɪɟɞɚ |5 ȼɵɯɨɞ  

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɛɪɚɬɶ ɨɞɧɭ ɢɡ ɜɵɲɟ ɭɤɚɡɚɧɧɵɯ ɜɨɡɦɨɠɧɵɯ ɨɩɟɪɚɰɢɣ 

Ɇȿɇɘ 1, ɧɟɨɛɯɨɞɢɦɨ ɧɚɱɚɬɶ ɨɞɧɭ ɢɡ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɥɚɜɢɲ «F1»–«F5»: 

• «F1» – ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɦɩɢɥɹɰɢɹ ɢɫɬɨɱɧɢɤɚ ɉɅ ɫ ɜɨɡɦɨɠɧɵɦɢ 

ɨɩɰɢɹɦɢ (ɩɨ ɭɦɨɥɱɚɧɢɸ, ɨɬɥɚɞɤɚ ɢ ɬ.ɞ.), ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɡɚɩɪɨɲɟɧɵ ɜ ɯɨɞɟ 

ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ; 

• «F2» – ɜɵɩɨɥɧɹɟɬɫɹ ɤɨɦɩɢɥɹɰɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ, 

ɡɚɩɢɫɚɧɧɵɦɢ ɜ «ɋɪɟɞɟ»; 

• «F3» – ɜɵɡɵɜɚɟɬ ɦɟɧɸ ɨɬɥɚɞɤɢ; 

• «F4» – ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɯɨɞ ɜ «ɋɪɟɞɭ» PLC ɞɥɹ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ 

ɩɚɪɚɦɟɬɪɨɜ ɛɵɫɬɪɨɣ ɤɨɦɩɢɥɹɰɢɢ ɮɚɣɥɨɜ–ɢɫɬɨɱɧɢɤɨɜ ɉɅ; 

• «F5» – ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɨɡɜɪɚɬ ɜ ɪɟɠɢɦ «ɄɈɆȺɇȾȺ». 
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Ɋɢɫɭɧɨɤ 5.7 – ɋɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦ ɥɨɝɢɤɢ ɢ ɩɪɨɝɪɚɦɦ ɭɩɪɚɜɥɟɧɢɹ 
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ɁȺɄɅɘЧȿɇɂȿ 

 
ɑɢɫɥɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɨɤɚɡɚɥɨ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɫɬɚɧɤɨɫɬɪɨɟɧɢɟ. ȼɟɪɲɢɧɨɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɬɚɧɤɨɫɬɪɨɟɧɢɹ ɹɜɥɹɸɬɫɹ 
ɮɪɟɡɟɪɧɵɟ ɨɛɪɚɛɚɬɵɜɚɸɳɢɟ ɰɟɧɬɪɵ ɫ ɑɉɍ. ɗɬɢ ɭɫɬɪɨɣɫɬɜɚ 
ɭɧɢɜɟɪɫɚɥɶɧɵ, ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɬɶ ɜɟɫɶ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɞɟɬɚɥɟɣ ɨɬ ɧɚɱɚɥɚ ɞɨ ɤɨɧɰɚ, ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɢ ɡɚ ɦɢɧɢɦɚɥɶɧɨɟ 
ɜɪɟɦɹ. ɋɬɚɧɤɢ ɫ ɑɉɍ ɩɨɡɜɨɥɹɸɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ 
ɫɜɟɫɬɢ ɱɟɥɨɜɟɱɟɫɤɢɣ ɮɚɤɬɨɪ ɤ ɦɢɧɢɦɭɦɭ. 

ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɚ ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɦɨɞɟɥɶ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ–ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɩɨɞɨɛɪɚɧɵ 
ɱɚɫɬɨɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ, ɪɚɡɪɚɛɨɬɚɧɚ 
ɩɪɨɝɪɚɦɦɚ ɥɨɝɢɤɢ ɫɬɚɧɤɚ. 

ɉɨ ɢɬɨɝɚɦ ɜɵɩɨɥɧɟɧɢɹ ȼɄɊ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɲɩɢɧɞɟɥɟɣ ɢ 
ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɨɣ ɞɜɭɯɲɩɢɧɞɟɥɶɧɨɝɨ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ–ɮɪɟɡɟɪɧɨɝɨ 
ɫɬɚɧɤɚ «Shtarragg». ȼ ɯɨɞɟ ɪɚɡɪɚɛɨɬɤɢ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɍɑɉɍ NC–210 
ɤɨɦɩɚɧɢɢ «Ȼɚɥɬ–ɋɢɫɬɟɦ». 

Ɇɨɞɟɪɧɢɡɚɰɢɹ ɫɬɚɧɤɚ ɩɨɡɜɨɥɢɥɚ ɫɧɢɡɢɬɶ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ 
ɫɬɚɧɤɚ, ɭɜɟɥɢɱɢɥɚ ɤɨɥɢɱɟɫɬɜɨ ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, 
ɫɩɨɫɨɛɫɬɜɨɜɚɥɚ ɫɧɢɠɟɧɢɸ ɛɪɚɤɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. ȼ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 
ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɫɬɚɧɨɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ «Ⱥɛɚɤɚɧ–
ɉɥɚɫɬ». 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈЧɇɂɄɈȼ 

1. Ʉɨɱɟɬɤɨɜ ȼ. ɉ., Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / 

ȼ. ɉ. Ʉɨɱɟɬɤɨɜ. – 3–ɟ ɢɡɞ., ɢɫɩɪ. – ɋɚɹɧɨɝɨɪɫɤ: ɋɒɎ ɋɎɍ, 2009. – 274 ɫ. 

2. Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ NC–210 [Ɍɟɤɫɬ]: ɋɩɪɚɜɨɱɧɵɟ 

ɦɚɬɟɪɢɚɥɵ: [ɪɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ]/ Ȼɚɥɬ–ɋɢɫɬɟɦ – ɋɉȻ, 2009. – 117ɫ. 

3. Ɋɭɤɨɜɨɞɫɬɜɨ ɩɪɨɝɪɚɦɦɢɫɬɚ Ɇɋ NC–110, NC–310,  NC–200,  NC–201,  

NC–201Ɇ,  NC–202,  NC–210,  NC–220,  NC–230,   [Ɍɟɤɫɬ]: ɋɩɪɚɜɨɱɧɵɟ 

ɦɚɬɟɪɢɚɥɵ: [ɪɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ]/ Ȼɚɥɬ–ɋɢɫɬɟɦ – ɋɉȻ, 2008. – 177ɫ. 

4. ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɢɧɬɟɪɮɟɣɫɚ PLC NC–110, NC–310,  NC–200,  

NC–201,  NC–201Ɇ,  NC–202,  NC–210,  NC–220,  NC–230 [Ɍɟɤɫɬ]: ɋɩɪɚɜɨɱɧɵɟ 

ɦɚɬɟɪɢɚɥɵ: [ɪɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ]/ Ȼɚɥɬ–ɋɢɫɬɟɦ – ɋɉȻ, 2008. – 206ɫ. 

5. Ɉɫɧɨɜɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɫɬɚɧɤɨɜ ɫ ɑɉɍ: ɭɱɟɛ. ɩɨɫɨɛɢɟ ɞɥɹ 

ɚɤɚɞɟɦɢɱɟɫɤɨɝɨ ɛɚɤɚɥɚɜɪɢɚɬɚ / ɂ. ȿ. Ʉɨɥɨɲɤɢɧɚ, ȼ. Ⱥ. ɋɟɥɟɡɧɟɜ. — Ɇ.: 

ɂɡɞɚɬɟɥɶɫɬɜɨ ɘɪɚɣɬ, 2019. — 260 ɫ. — (ɋɟɪɢɹ: Ȼɚɤɚɥɚɜɪ. Ⱥɤɚɞɟɦɢɱɟɫɤɢɣ 

ɤɭɪɫ). 

6. Ƚɟɪɦɚɧ – Ƚɚɥɤɢɧ ɋ.Ƚ. Matlab & Simulink. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɦɟɯɚɬɪɨɧɧɵɯ ɫɢɫɬɟɦ ɧɚ ɉɄ: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ. – ɋɉɛ.: ɄɈɊɈɇȺ–ɜɟɤ., 2008. – 

368 ɫ. 

7. Ʌɨɜɵɝɢɧ, Ⱥ.Ⱥ. ɋɨɜɪɟɦɟɧɧɵɣ ɫɬɚɧɨɤ ɫ ɑɉɍ ɢ CAD/CAMɫɢɫɬɟɦɚ / 

Ⱥ.Ⱥ. Ʌɨɜɵɝɢɧ, Ⱥ.ȼ. ȼɚɫɢɥɶɟɜ, ɋ.ɘ. Ʉɪɢɜɰɨɜ. –Ɇ.: «ɗɥɶɮ ɂɉɊ», 2006. –286 ɫ. (ɜ 

ɥɨɝɢɤɭ) 

8. Ƚɟɪɦɚɧ – Ƚɚɥɤɢɧ ɋ.Ƚ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ɜ MATLAB6.0: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ. – ɋɉɛ.: ɄɈɊɈɇȺ 

ɩɪɢɧɬ., 2001. – 320 ɫ. 

9. ɍɫɨɥɶɰɟɜ Ⱥ.Ⱥ. ɑɚɫɬɨɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɚɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ: 

ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ. ɋɉɛ: ɋɉɛȽɍ ɂɌɆɈ, 2006, – 94 ɫ 

10. Ƚɪɢɝɨɪɶɟɜ ɋ.ɇ., Ɇɚɪɬɢɧɨɜ Ƚ.Ɇ. Ʉɨɧɰɟɩɰɢɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɡɨɜɨɣ 

ɫɢɫɬɟɦɵ ɱɢɫɥɨɜɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɟɯɚɬɪɨɧɧɵɦɢ ɨɛɴɟɤɬɚɦɢ // 



 

49 
 

ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟ. 2011. №2. ɋ. 

21–27. 

11.  Ⱥɬɚɧɫ, Ɇ., Ɏɚɥɛ, ɉ. Ɉɩɬɢɦɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ / ɉɟɪ. ɫ ɚɧɝɥ. – Ɇ.: 

Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1968. – 764 ɫ. 

12. Ɇɚɪɬɢɧɨɜ Ƚ. Ɇ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɤɨɦɩɶɸɬɟɪɧɵɯ 

ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ // ȼɟɫɬɧɢɤ ɆȽɌɍ 

"ɋɬɚɧɤɢɧ". 2010. No1. C. 74–79. 

13. ɇɢɤɢɬɟɧɤɨ Ƚ.ȼ. ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ: 

ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ. –2–ɟ ɢɡɞ., ɢ ɞɨɩ. –ɋɉɛ.: ɂɡɞɚɬɟɥɶɫɬɜɨ «Ʌɚɧɶ», 2013. –224 ɫ.: 

ɢɥ. 

14. Ʉɥɸɱɟɜ ȼ.ɂ. Ɍɟɨɪɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ: ɍɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ. – Ɇ.: 

ɗɧɟɪɝɨɢɡɞɚɬ, 1998. 

15. ɋɨɫɨɧɤɢɧ ȼ.Ʌ., Ɇɚɪɬɢɧɨɜ Ƚ.Ɇ. ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɱɢɫɥɨɜɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ: ɍɱɟɛ. ɩɨɫɨɛɢɟ. – Ɇ. Ʌɨɝɨɫ, 2008. – 344 ɫ. 

16. Anderson D. Gary Variable Frequency Drives: Installation & 

Troubleshooting (Practical Guides for the Industrial Technician), TAB Books, 1994 

17. Hess E. The CNC Cookbook: An Introduction to the Creation and 

Operation of Computer Controlled Mills, Router Tables, Lathes, and More, 1/23/09. 

18. Smid P. CNC Programming Handbook / Library of Congress Cataloging–

in–Publication Data, 2008. 

19. Smid P. CNC Control Setup for Milling and Turning / Library of 

Congress Cataloging–in–Publication Data / Industrial Press, Inc, NY, USA, 2010. 

20. Ⱦɚɧɢɥɨɜɚ ȿ.ȼ., Ɉɪɝɚɧɢɡɚɰɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɪɟɦɨɧɬɚ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȿ.ȼ. 

Ⱦɚɧɢɥɨɜɚ. – ɍɪɚɥ: ɍɪɚɥɶɫɤɢɣ ɩɪɨɦɵɲɥɟɧɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɬɟɯɧɢɤɭɦ, 2016. – 

69 c.  

21. ɗɥɟɤɬɪɨɩɪɢɜɨɞ:ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ. / ɫɨɫɬ. ɋ. ȼ. ɉɟɬɭɯɨɜ, Ɇ.ȼ. 

Ʉɪɢɲɶɹɧɢɫ. –Ⱥɪɯɚɧɝɟɥɶɫɤ: ɋ(Ⱥ)Ɏɍ, 2015. –303ɫ. 

 

 

http://ncsystems.ru/ru/education/CNC_books/book2/
http://ncsystems.ru/ru/education/CNC_books/book2/


 

50 
 

 

 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɦɧɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ 
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