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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

 
Ʉɚɮɟɞɪɚ «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 

 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______ Ⱥ.ɇ. ɋɨɱɧɟɜ 
 ɩɨɞɩɢɫɶ     
«_____» ____________ 2019 ɝ. 

 
 
 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦ ɩɪɢɜɨɞɨɜ ɢ ɑɉɍ 
 
 

15.04.06 Ɇɟɯɚɬɪɨɧɢɤɚ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɚ 
 

15.04.06.01 Ɍɟɯɧɨɥɨɝɢɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɪɨɛɨɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 
 

 
 

 
 

 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ          _________      _____________   Ƚ.Ȼ. Ɇɚɫɚɥɶɫɤɢɣ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ           ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ 

 
ȼɵɩɭɫɤɧɢɤ              _________                                        ȿ.ȼ. Ɋɭɫɚɥɟɟɜ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
 

Ɋɟɰɟɧɡɟɧɬ                _________      _____________           Ⱥ.Ⱥ. Ƚɨɥɭɛ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ           ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ 

 
 

Ʉɪɚɫɧɨɹɪɫɤ 2019 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɫɢɫɬɟɦ ɩɪɢɜɨɞɨɜ ɢ ɑɉɍ» 
 
 
 
 
 
Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ 
ɪɚɡɞɟɥɚɦ: 
 
 
 
Ɇɨɞɟɥɶ ɛɟɝɚ ɫ ɬɪɟɧɚɠёɪɨɦ ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ 
 
         _____ ______ ȼ.ɂ. Ƚɪɭɡɟɧɤɢɧ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ɇɨɪɦɨɤɨɧɬɪɨɥёɪ     _________     ȼ.ɇ. Ʉɭɥɢɤɨɜɚ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

 
Ʉɚɮɟɞɪɚ «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 

 
 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______   Ⱥ.ɇ. ɋɨɱɧɟɜ 
ɩɨɞɩɢɫɶ 

 « _____»   _______   2019 ɝ. 
 
 
 
 
 
 
 
 

ɁȺȾȺɇɂȿ 
 

ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 
 

ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 
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ɋɬɭɞɟɧɬɭ Ɋɭɫɚɥɟɟɜɭ ȿɜɝɟɧɢɸ ȼɥɚɞɢɦɢɪɨɜɢɱɭ 

Ƚɪɭɩɩɚ Ɏɗ17-10Ɇ ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɝɨɬɨɜɤɢ 15.04.06 «Ɇɟɯɚɬɪɨɧɢɤɚ ɢ 

ɪɨɛɨɬɨɬɟɯɧɢɤɚ» ɦɚɝɢɫɬɟɪɫɤɚɹ ɩɪɨɝɪɚɦɦɚ 15.04.06.01 «Ɍɟɯɧɨɥɨɝɢɢ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɪɨɛɨɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ». 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ɋɚɡɪɚɛɨɬɤɚ ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦ ɩɪɢɜɨɞɨɜ ɢ ɑɉɍ» 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ 15948/C ɨɬ 3.11.2017  

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ƚ.Ȼ. Ɇɚɫɚɥɶɫɤɢɣ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ., ɤɚɮ. 

ɊɢɌɄ  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ:  

Ɉɩɢɫɚɧɢɟ ɩɪɢɧɰɢɩɚ ɞɟɣɫɬɜɢɹ ɬɪɟɧɚɠёɪɚ ɢ ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: 

Ƚɥɚɜɚ 1. Ⱥɧɚɥɢɡ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ 

Ƚɥɚɜɚ 2. Ɍɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ 

Ƚɥɚɜɚ 3. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɨɞɟɥɢ ɫɟɪɜɨɩɪɢɜɨɞɚ 

Ƚɥɚɜɚ 4. Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ 

Ƚɥɚɜɚ 5. ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 

Ƚɥɚɜɚ 6. Ɍɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ 

Ƚɥɚɜɚ 7. Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 

 
 
 
 
 
 
 
 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                            _______________ Ɇɚɫɚɥɶɫɤɢɣ Ƚ. Ȼ. 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ        _______________  Ɋɭɫɚɥɟɟɜ ȿ.ȼ. 

 « ___ » __________ 2019 ɝ. 
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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦ ɩɪɢɜɨɞɨɜ ɢ ɑɉɍ» ɫɨɞɟɪɠɢɬ 72 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 14 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɋȿɊȼɈɋɂɋɌȿɆȺ, ɋȿɊȼɈɉɊɂȼɈȾ, ɆɂɄɊɈɄɈɇɌɊɈɅɅȿɊ, 

ɉɊɈȽɊȺɆɆɂɊɈȼȺɇɂȿ ɆɂɄɊɈɄɈɇɌɊɈɅɅȿɊɈȼ, STM32, 

ɋȿɊȼɈɋɂɋɌȿɆȺ YASKAWA SERVOPACK SGDM-04ADA-R, AC SERVO 

MOTOR SGMAH-04AAA21, ɍɉɊȺȼɅȿɇɂȿ ɋȿɊȼɈɋɂɋɌȿɆɈɃ,  

ɋɂɋɌȿɆɕ ɑɉɍ, ɗɇɄɈȾȿɊ, ȽɊȺɎɂɑȿɋɄɂɃ ɂɇɌȿɊɎȿɃɋ ɇȺ STM32F7. 

ɐɟɥɶ ɩɪɨɟɤɬɚ: 

– ɪɚɡɪɚɛɨɬɤɚ ɩɢɥɨɬɧɨɝɨ ɩɪɨɟɤɬɚ ɬɪɟɧɚɠɟɪɚ ɫɩɪɢɧɬɟɪɫɤɨɝɨ ɛɟɝɚ ɧɚ 

ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦ ɑɉɍ. 

Ɂɚɞɚɱɢ: 

– ɨɩɢɫɚɧɢɟ ɩɪɨɛɥɟɦɵ ɫɩɪɢɧɬɟɪɫɤɢɯ ɬɪɟɧɢɪɨɜɨɤ; 

– ɪɚɫɫɦɨɬɪɟɧɢɟ ɫɢɫɬɟɦɵ ɱɟɥɨɜɟɤ + ɬɪɟɧɚɠɟɪ; 

– ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɛɟɝɨɜɨɝɨ ɬɪɟɧɚɠɟɪɚ; 

– ɩɨɞɛɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ; 

– ɧɚɫɬɪɨɣɤɚ ɫɟɪɜɨɫɢɫɬɟɦɵ; 

– ɧɚɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɵ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ; 

– ɫɨɫɬɚɜɥɟɧɢɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 

ɩɨɥɶɡɨɜɚɬɟɥɟɦ; 

– ɨɪɝɚɧɢɡɚɰɢɹ ɫɜɹɡɢ ɦɟɠɞɭ ɫɟɪɜɨɫɢɫɬɟɦɨɣ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ; 

 – ɬɟɫɬɢɪɨɜɚɧɢɟ ɬɪɟɧɚɠɟɪɚ. 
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ȼȼȿȾȿɇɂȿ 

ɂɫɬɨɪɢɹ ɫɩɨɪɬɚ – ɷɬɨ ɬɵɫɹɱɟɥɟɬɢɹ ɫɨɫɬɹɡɚɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɜɫɟɝɞɚ 

ɜɵɞɟɥɹɥɫɹ ɛɟɝ ɢ ɜ ɛɟɝɟ ɛɵɫɬɪɟɣɲɢɣ ɱɟɥɨɜɟɤ. ɂɧɬɟɪɟɫ ɤ ɫɩɪɢɧɬɟɪɫɤɨɦɭ ɛɟɝɭ, 

ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɫɚɦɨɝɨ ɛɵɫɬɪɨɝɨ ɛɟɝɭɧɚ ɩɥɚɧɟɬɵ ɛɵɥ, ɟɫɬɶ ɢ ɛɭɞɟɬ ɨɝɪɨɦɟɧ. 

ɗɬɚ – ɨɞɧɚ ɢɡ ɝɥɚɜɧɵɯ, ɜɚɠɧɵɯ ɢ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɜɵɠɢɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɱɟɥɨɜɟɤɚ ɜ ɩɪɨɲɥɨɦ ɬɪɚɞɢɰɢɨɧɧɨ ɢɧɬɟɪɟɫɭɟɬ ɩɨɱɬɢ ɜɫɟɯ ɢ ɫɟɝɨɞɧɹ. 

Ɇɟɬɨɞɢɤɢ ɪɚɡɜɢɬɢɹ ɛɵɫɬɪɨɝɨ ɛɟɝɚ ɜɨɫɬɪɟɛɨɜɚɧɵ ɜɨ ɦɧɨɝɢɯ ɜɢɞɚɯ 

ɫɩɨɪɬɚ, ɬɚɤɢɯ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɮɭɬɛɨɥ, ɛɚɫɤɟɬɛɨɥ, ɝɚɧɞɛɨɥ, ɪɟɝɛɢ. Ɇɢɪɨɜɨɣ 

ɪɟɤɨɪɞ ɜ ɛɟɝɟ ɧɚ 100 ɦɟɬɪɨɜ, ɤɨɬɨɪɵɣ ɭɫɬɚɧɨɜɢɥ ɜ 2012 ɝɨɞɭ ɍɫɟɣɧ Ȼɨɥɬ – 

9,58 ɫɟɤɭɧɞ – ɥɭɱɲɟɟ ɞɨɫɬɢɠɟɧɢɟ ɫɨɜɪɟɦɟɧɧɨɣ ɰɢɜɢɥɢɡɚɰɢɢ, ɢ ɨɧɨ ɹɜɥɹɟɬɫɹ 

ɬɨɣ ɰɟɥɶɸ, ɤ ɤɨɬɨɪɨɣ ɫɬɪɟɦɹɬɫɹ ɜɫɟ, ɡɚɧɢɦɚɸɳɢɟɫɹ ɫɩɪɢɧɬɨɦ.  

ȼɫɟ, ɤɬɨ ɡɚɧɢɦɚɟɬɫɹ ɫɩɪɢɧɬɨɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɍɫɟɣɧ Ȼɨɥɬ, ɫɬɚɥɤɢɜɚɥɢɫɶ 

ɧɚ ɜɟɪɲɢɧɟ ɫɜɨɢɯ ɞɨɫɬɢɠɟɧɢɣ, ɫ ɹɜɥɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɸɬ «ɫɤɨɪɨɫɬɧɨɣ 

ɛɚɪɶɟɪ». ɗɬɨ ɹɜɥɟɧɢɟ ɧɚɫɬɭɩɚɟɬ ɜ ɪɚɡɧɨɦ ɜɨɡɪɚɫɬɟ, ɩɪɢɦɟɪɧɨ ɱɟɪɟɡ 6-8 ɥɟɬ 

ɫɩɟɰɢɚɥɶɧɵɯ ɬɪɟɧɢɪɨɜɨɤ ɜ ɫɩɪɢɧɬɟɪɫɤɨɦ ɛɟɝɟ ɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɛɟɝɚ ɭ ɫɩɨɪɬɫɦɟɧɚ ɩɟɪɟɫɬɚёɬ ɩɨɜɵɲɚɬɶɫɹ [3]. ȼɨɩɪɨɫ 

ɩɪɟɨɞɨɥɟɧɢɹ ɫɤɨɪɨɫɬɧɨɝɨ ɛɚɪɶɟɪɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɚɤɬɭɚɥɶɧɵɯ ɜ 

ɬɟɨɪɢɢ ɢ ɦɟɬɨɞɢɤɟ ɪɚɡɜɢɬɢɹ ɛɟɝɨɜɵɯ ɤɚɱɟɫɬɜ.   

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɱɢɧɚɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɢɟ ɩɪɢёɦɵ ɤɚɤ ɛɟɝ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɪɵɜɚ (ɛɟɝ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɢ ɦɝɧɨɜɟɧɧɵɦ 

ɫɛɪɨɫɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ), ɛɟɝ ɜ ɨɛɥɟɝɱɟɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɫɤɨɪɨɫɬɧɚɹ ɬɹɝɚ 

ɜɩɟɪёɞ), ɛɟɝ ɩɨ ɧɚɤɥɨɧɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɜ ɝɨɪɭ ɢ ɫ ɝɨɪɵ). ɉɨɩɵɬɤɢ ɫɧɢɡɢɬɶ ɜɟɫ 

ɛɟɝɭɧɚ ɜ ɬɪɟɧɢɪɨɜɨɱɧɵɯ ɡɚɛɟɝɚɯ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɤɨɪɨɫɬɧɭɸ ɬɹɝɭ ɜɩɟɪёɞ, ɛɟɝ 

ɩɨɞ ɭɤɥɨɧ (ɦɟɧɟɟ 2 ɝɪɚɞɭɫɨɜ ɭɤɥɨɧ ɧɟ ɭɜɟɥɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɛɟɝɚ, ɭɤɥɨɧ 

ɛɨɥɟɟ 3 ɝɪɚɞɭɫɨɜ ɧɚɪɭɲɚɟɬ ɫɬɪɭɤɬɭɪɭ ɛɟɝɨɜɨɝɨ ɲɚɝɚ). ɉɪɢ ɷɬɨɦ ɛɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ, [4] ɱɬɨ ɩɪɟɜɵɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɛɟɝɚ ɧɚ ɜɟɥɢɱɢɧɭ 1 ɦ/ɫ ɢ ɛɨɥɟɟ 

ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɛɟɝɨɜɨɝɨ ɲɚɝɚ: ɜɪɟɦɹ ɨɩɨɪɵ, ɞɥɢɧɚ ɲɚɝɚ, 

ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɢ ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɢɥɵ ɪɟɚɤɰɢɢ ɨɩɨɪɵ, ɜɪɟɦɹ 

ɨɬɬɚɥɤɢɜɚɧɢɹ, ɭɝɥɵ ɫɝɢɛɚ ɜ ɫɭɫɬɚɜɚɯ ɧɨɝ. ȼɫɟ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɹɜɥɹɸɬɫɹ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɤɚɠɞɨɝɨ ɫɩɪɢɧɬɟɪɚ ɜɵɫɨɤɨɣ ɤɜɚɥɢɮɢɤɚɰɢɢ. ɋɬɪɭɤɬɭɪɚ 

ɛɟɝɨɜɨɝɨ ɲɚɝɚ – ɷɬɨ ɭɧɢɤɚɥɶɧɵɣ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɤɚɠɞɨɦɭ ɨɬɞɟɥɶɧɨɦɭ ɱɟɥɨɜɟɤɭ.  

 ɉɨ ɮɚɤɬɭ – ɩɪɚɤɬɢɱɟɫɤɢɦ ɪɟɡɭɥɶɬɚɬɚɦ – ɦɨɠɧɨ ɭɜɟɪɟɧɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ 

ɜɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɢёɦɵ ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɛɟɝɚ ɫɬɚɧɨɜɹɬɫɹ 

ɧɟɷɮɮɟɤɬɢɜɧɵ ɧɚ ɭɪɨɜɧɟ ɦɟɠɞɭ I ɪɚɡɪɹɞɨɦ ɢ ɧɨɪɦɨɣ ɤɚɧɞɢɞɚɬɚ ɜ ɦɚɫɬɟɪɚ 

ɫɩɨɪɬɚ (ɨɬ 11,4 ɞɨ 10,8 ɫɟɤ ɧɚ 100 ɦ.). 

50 ɥɟɬ ɧɚɡɚɞ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɢёɦ ɛɟɝɚ ɫ ɬɹɝɨɣ ɜɩɟɪёɞ [3]. ɉɨɫɥɟ 

ɢɫɫɥɟɞɨɜɚɧɢɣ Ɋɚɬɨɜɚ ɂ.ɉ. ɩɨɹɜɢɥɨɫɶ ɩɨɧɢɦɚɧɢɟ ɬɨɝɨ, ɱɬɨ ɧɟ ɞɚɜɚɥɨ ɷɬɨɦɭ 

ɩɪɢёɦɭ ɷɮɮɟɤɬɢɜɧɨ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɩɨɜɵɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɛɟɝɚ ɫɩɪɢɧɬɟɪɚ. 

ɇɚɪɭɲɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɛɟɝɨɜɨɝɨ ɲɚɝɚ ɧɟ ɞɚɜɚɥɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɧɚ 

ɰɟɥɶ ɬɪɟɧɢɪɨɜɤɢ – ɫɤɨɪɨɫɬɶ ɛɟɝɚ. ɋɥɨɠɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɥɤɢɯ ɢ 

ɤɪɭɩɧɵɯ ɝɪɭɩɩ ɦɵɲɰ ɩɪɢ ɪɚɛɨɬɟ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɩɪɟɞɟɥɶɧɨɣ 

ɱɚɫɬɨɬɨɣ ɞɜɢɠɟɧɢɹ ɧɟ ɞɚɸɬ ɬɪɟɧɢɪɨɜɨɱɧɨɝɨ ɷɮɮɟɤɬɚ ɫɨɝɥɚɫɨɜɚɧɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɫɟɯ ɦɵɲɟɱɧɵɯ ɫɬɪɭɤɬɭɪ. ɋɨɯɪɚɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɛɟɝɨɜɨɝɨ 

ɲɚɝɚ – ɷɬɨ ɨɛɹɡɚɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ ɨɪɝɚɧɢɡɚɰɢɢ ɬɪɟɧɢɪɨɜɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ 

ɫɩɪɢɧɬɟɪɫɤɨɦ ɛɟɝɟ, ɟɫɥɢ ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚ ɩɨɜɵɫɢɬɶ ɫɤɨɪɨɫɬɶ ɛɟɝɚ ɢɥɢ 

ɩɨɥɭɱɢɬɶ ɷɮɮɟɤɬ ɩɨɜɬɨɪɧɨɝɨ ɛɟɝɚ ɧɚ ɩɪɟɞɟɥɶɧɵɯ ɫɤɨɪɨɫɬɹɯ.  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɇ.ɂ. Ʌɚɜɪɢɧɟɧɤɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 

ɛɟɝɚ ɧɚ 1 ɦ/ɫ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɬɹɝɨɜɨɝɨ ɭɫɢɥɢɹ ɜ 3-4 % ɨɬ ɦɚɫɫɵ ɬɟɥɚ 

ɛɟɝɭɧɚ ɢ ɱɬɨ ɩɪɢ ɷɬɨɦ ɧɚɪɭɲɚɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɛɟɝɨɜɨɝɨ ɲɚɝɚ. ɍɜɟɥɢɱɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɛɟɝɚ ɧɚ 0,5 ɦ/ɫ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɬɹɝɨɜɵɦ ɭɫɢɥɢɟɦ ɞɨ 2 % ɨɬ 

ɦɚɫɫɵ ɬɟɥɚ ɛɟɝɭɧɚ ɢ ɩɪɢ ɷɬɨɦ ɫɬɪɭɤɬɭɪɚ ɛɟɝɨɜɨɝɨ ɲɚɝɚ ɧɟ ɧɚɪɭɲɚɟɬɫɹ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ ɦɨɞɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɪɢɧɬɟɪɫɤɨɝɨ 

ɛɟɝɚ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɫɪɟɞɵ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ 

ɫɬɪɭɤɬɭɪɵ ɛɟɝɨɜɨɝɨ ɲɚɝɚ ɞɚёɬ ɭɜɟɪɟɧɧɨɫɬɶ ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɩɟɪɟɧɨɫ 

ɞɜɢɝɚɬɟɥɶɧɨɝɨ ɧɚɜɵɤɚ, ɫɨɡɞɚɧɧɨɝɨ ɫɩɨɪɬɫɦɟɧɨɦ ɩɪɢ ɩɨɦɨɳɢ ɬɹɝɨɜɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɢ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ ɜ ɫɩɨɪɬɢɜɧɨɣ ɩɪɚɤɬɢɤɟ. 

ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɬɹɝɨɜɵɯ ɭɫɬɪɨɣɫɬɜ ɫ ɭɩɪɚɜɥɹɟɦɨɣ ɫɢɥɨɣ ɬɹɝɢ 

(ɦɨɦɟɧɬɨɦ ɫɢɥɵ) ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɢɫɩɨɥɶɡɨɜɚɥɢ, ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, 
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ɱɬɨ ɢɦɟɧɧɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɢɬ ɩɪɟɨɞɨɥɟɜɚɬɶ ɫɤɨɪɨɫɬɧɨɣ ɛɚɪɶɟɪ ɢ 

ɩɨɥɭɱɚɬɶ ɫɬɚɛɢɥɶɧɵɣ ɷɮɮɟɤɬ ɭɥɭɱɲɟɧɢɹ ɫɤɨɪɨɫɬɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɛɟɝɭɧɚ. 

ɇɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨ ɨɛɥɟɝɱɟɧɧɵɯ ɭɫɥɨɜɢɣ 

ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɜ ɫɩɪɢɧɬɟɪɫɤɨɦ ɛɟɝɟ ɭɤɚɡɵɜɚɥ ɢ ȼ.ɇ. ɉɥɚɬɨɧɨɜ [2]. 

Ɉɧ ɩɢɫɚɥ ɨ ɬɨɦ, ɱɬɨ ɫɨɪɟɜɧɨɜɚɧɢɟ – ɥɭɱɲɟɟ ɫɪɟɞɫɬɜɨ ɤɨɦɩɥɟɤɫɧɨɝɨ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɤɨɪɨɫɬɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ. ɇɨ ɫɨɡɞɚɜɚɬɶ 

ɫɨɪɟɜɧɨɜɚɬɟɥɶɧɭɸ ɫɢɬɭɚɰɢɸ ɜ ɬɪɟɧɢɪɨɜɨɱɧɨɣ ɩɪɚɤɬɢɤɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ 

ɧɟɜɨɡɦɨɠɧɨ, ɚ ɨɛɥɟɝɱɟɧɧɵɟ ɭɫɥɨɜɢɹ ɛɟɝɚ ɩɨɡɜɨɥɹɸɬ ɦɨɞɟɥɢɪɨɜɚɬɶ 

ɫɨɪɟɜɧɨɜɚɬɟɥɶɧɵɟ ɢ ɞɚɠɟ ɛɨɥɶɲɢɟ ɫɤɨɪɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɪɹɞɨɜɨɣ 

ɬɪɟɧɢɪɨɜɨɱɧɨɣ ɩɪɚɤɬɢɤɟ.  

Ɉɩɢɪɚɹɫɶ ɧɚ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ, ɱɬɨ 

ɬɪɟɧɢɪɨɜɤɢ ɜ ɨɛɥɟɝɱɟɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɬɹɝɚ ɜɩɟɪёɞ), ɛɭɞɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɩɨɹɜɥɟɧɢɸ ɧɨɜɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɭ ɫɩɪɢɧɬɟɪɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɦ ɪɟɠɢɦɚɦ 

ɬɪɟɧɢɪɨɜɤɢ, ɤɨɬɨɪɵɟ ɟɦɭ ɛɭɞɭɬ ɫɨɡɞɚɧɵ.  

ɂɦɟɧɧɨ ɷɬɨ ɹɜɥɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɩɨɫɥɟɞɧɢɟ 15-20 ɥɟɬ: ɞɨɦɢɧɢɪɭɸɬ ɜ 

ɫɩɪɢɧɬɟ ɥɸɞɢ, ɠɢɜɭɳɢɟ ɜ ɬɟɩɥɟ (ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɧɨɝɨ ɦɟɞɥɟɧɧɨ ɛɟɝɚɬɶ) 

ɢ ɜ ɬɪɟɧɢɪɨɜɤɟ ɢɫɩɨɥɶɡɭɸɳɢɟ ɛɟɝ ɫɪɟɞɧɟɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. 

ɇɟɬ ɛɟɝɨɜɵɯ ɞɜɢɠɟɧɢɣ ɦɟɞɥɟɧɧɨɝɨ ɬɟɦɩɚ ɜ ɛɨɥɶɲɨɦ ɩɪɨɰɟɧɬɧɨɦ 

ɫɨɨɬɧɨɲɟɧɢɢ ɤ ɨɛɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ ɛɟɝɨɜɵɯ ɞɜɢɠɟɧɢɣ. 

 ɉɪɚɤɬɢɤɚ ɪɚɛɨɬɵ ɜ ɷɬɨɣ ɫɮɟɪɟ (ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɛɟɝɚ ɫɩɨɪɬɫɦɟɧɚ) 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɹɝɚ ɜɩɟɪёɞ, ɛɟɡ ɤɨɧɬɪɨɥɹ ɫɢɥɵ ɬɹɝɢ, ɧɟ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɝɪɟɫɫɢɪɨɜɚɬɶ ɜ ɫɩɪɢɧɬɟ ɧɚ ɭɪɨɜɧɟ 10,8-10,9 ɫɟɤɭɧɞ, [3] ɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɧɢɤɚɤɨɝɨ ɢɧɬɟɪɟɫɚ ɞɥɹ ɭɪɨɜɧɹ ɛɵɫɬɪɟɣɲɢɯ ɥɸɞɟɣ ɩɥɚɧɟɬɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɡɞɚɧɢɟ ɦɨɞɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɤɭɫɫɬɜɟɧɧɨɣ 

ɫɪɟɞɵ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɬɪɟɧɢɪɨɜɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɨɥɠɧɨ ɛɵɬɶ ɱёɬɤɨ 

ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɨ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɢ ɩɪɢ ɬɹɝɟ ɜɩɟɪёɞ 

ɨɝɪɚɧɢɱɢɜɚɬɶɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɛɟɝɚ, ɤɨɬɨɪɚɹ ɜ ɤɚɠɞɨɣ 

ɤɨɧɤɪɟɬɧɨɣ ɩɪɨɛɟɠɤɟ ɨɛɥɚɞɚɟɬ ɫɩɨɪɬɫɦɟɧ, ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 0,5 ɦ/ɫɟɤ ɢɥɢ 

ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɷɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɢɥɨɣ ɬɹɝɢ ɧɟ ɛɨɥɟɟ 2 % ɨɬ ɦɚɫɫɵ ɬɟɥɚ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɬɚɤɠɟ ɧɟɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ ɛɟɝɨɜɵɟ ɬɪɟɧɚɠёɪɵ. ɇɟɫɦɨɬɪɹ 

ɧɚ ɜɟɥɢɤɨɟ ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɫɩɨɪɬɢɜɧɵɯ ɬɪɟɧɚɠɟɪɨɜ, ɛɟɝɨɜɵɟ 

ɩɪɨɞɨɥɠɚɸɬ ɨɫɬɚɜɚɬɶɫɹ, ɩɨɠɚɥɭɣ, ɫɚɦɵɦɢ ɩɨɩɭɥɹɪɧɵɦɢ ɬɪɟɧɚɠɟɪɚɦɢ ɜ ɞɟɥɟ 

ɩɨɞɞɟɪɠɚɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɮɨɪɦɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ 

ɜɢɞɨɜ ɛɟɝɨɜɵɯ ɬɪɟɧɚɠёɪɨɜ. ɋɚɦɵɣ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɣ – ɛɟɝɨɜɚɹ ɞɨɪɨɠɤɚ. 

ȼ ɨɫɧɨɜɭ ɪɚɛɨɬɵ ɥɸɛɨɣ ɛɟɝɨɜɨɣ ɞɨɪɨɠɤɢ ɡɚɥɨɠɟɧ ɬɨɬ ɠɟ ɩɪɢɧɰɢɩ 

ɜɪɚɳɟɧɢɹ ɩɨ ɤɪɭɝɭ, ɱɬɨ ɢ ɜ ɬɪɚɧɫɩɨɪɬɟɪɧɨɣ ɥɟɧɬɟ. ɗɬɚ ɥɟɧɬɚ ɫɩɨɫɨɛɧɚ 

ɜɵɞɟɪɠɢɜɚɬɶ ɛɨɥɶɲɢɟ ɧɚɝɪɭɡɤɢ, ɞɥɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɭɞɨɛɫɬɜɚ ɛɟɝɭɧɚ 

ɜɦɨɧɬɢɪɨɜɚɧɚ ɜ ɭɫɬɨɣɱɢɜɭɸ ɩɥɚɬɮɨɪɦɭ, ɫɧɚɛɠɟɧɚ ɩɨɪɭɱɧɹɦɢ, ɞɚɬɱɢɤɚɦɢ, 

ɤɨɦɩɶɸɬɟɪɨɦ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɛɟɝɨɜɵɯ ɞɨɪɨɠɟɤ. 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ. ɗɬɨɬ ɬɢɩ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɮɢɬɧɟɫ ɰɟɧɬɪɚɯ ɢ ɞɨɦɚɯ. ɋɭɬɶ ɪɚɛɨɬɵ 

ɞɚɧɧɨɝɨ ɬɪɟɧɚɠɟɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɤɥɸɱɟɧɢɢ ɷɥɟɤɬɪɨɦɨɬɨɪɚ, ɤɨɬɨɪɵɣ ɢ 

ɞɜɢɝɚɟɬ ɞɨɪɨɠɤɭ. ɉɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɜɵɛɢɪɚɬɶ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɥɨɬɧɚ, 

ɚ ɬɚɤɠɟ ɫɬɟɩɟɧɶ ɧɚɤɥɨɧɚ ɩɨɥɨɬɧɚ.  

Ɇɟɯɚɧɢɱɟɫɤɢɟ. Ȼɚɡɨɜɵɦ ɨɬɥɢɱɢɟɦ ɞɚɧɧɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ ɩɪɢɜɟɞɟɧɢɟ 

ɩɨɥɨɬɧɚ ɜ ɞɜɢɠɟɧɢɟ ɭɫɢɥɢɟɦ ɫɚɦɨɝɨ ɱɟɥɨɜɟɤɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɶɡɨɜɚɬɟɥɶ 

ɫɚɦ ɪɚɡɝɨɧɹɟɬ ɩɨɥɨɬɧɨ ɢ ɱɟɦ ɚɤɬɢɜɧɟɟ ɞɜɢɝɚɟɬɫɹ, ɬɟɦ ɚɤɬɢɜɧɟɟ ɞɜɢɝɚɟɬɫɹ 

ɩɨɥɨɬɧɨ. ɉɨɫɥɟ ɨɫɬɚɧɨɜɤɢ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢ ɩɨɥɨɬɧɨ. ɇɚ 

ɦɟɯɚɧɢɤɟ ɩɨɥɨɬɧɨ ɱɚɫɬɨ ɞɜɢɝɚɟɬɫɹ ɪɵɜɤɚɦɢ, ɚ ɨɬɫɭɬɫɬɜɢɟ ɚɦɨɪɬɢɡɚɰɢɢ ɞɚɟɬ 

ɩɨɜɵɲɟɧɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɫɭɫɬɚɜɵ. 

Ɇɚɝɧɢɬɧɵɟ. ɉɨ ɫɭɬɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɵɣ 

ɷɤɜɢɜɚɥɟɧɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɛɟɝɨɜɨɣ ɞɨɪɨɠɤɢ, ɧɨ ɬɭɬ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ 

ɫɢɫɬɟɦɚ ɦɚɝɧɢɬɨɜ, ɤɨɬɨɪɵɟ ɤɨɧɬɪɨɥɢɪɭɸɬ ɞɜɢɠɟɧɢɟ ɢ ɬɨɪɦɨɠɟɧɢɟ ɩɨɥɨɬɧɚ. 

ɉɨɥɨɠɢɬɟɥɶɧɵɦ ɨɬɥɢɱɢɟɦ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɥɚɜɧɵɣ ɯɨɞ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ 

ɛɟɝɚɬɶ ɬɭɬ ɭɞɨɛɧɟɟ. ɗɬɢ ɞɨɪɨɠɤɢ ɬɨɠɟ ɧɟ ɬɪɟɛɭɸɬ ɩɨɞɤɥɸɱɟɧɢɹ ɤ 

ɷɥɟɤɬɪɨɫɟɬɢ. 

ɉɚɪɚɲɸɬ ɞɥɹ ɛɟɝɚ. Ȼɟɝ ɫ ɩɚɪɚɲɸɬɨɦ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɬɪɟɧɢɪɨɜɤɟ 

ɫɩɪɢɧɬɟɪɨɜ ɢ ɢɧɨɝɞɚ ɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɛɟɝɭɧɵ ɧɚ ɫɪɟɞɧɢɟ ɞɢɫɬɚɧɰɢɢ. ɉɪɢɧɰɢɩ 

ɟɝɨ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɡɞɚɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚ ɫɱɟɬ 
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ɧɚɩɨɥɧɟɧɢɹ ɩɨɥɨɫɬɟɣ ɫɧɚɪɹɞɚ ɜɨɡɞɭɯɨɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɟɠɚɬɶ ɫɬɚɧɨɜɢɬɫɹ 

ɝɨɪɚɡɞɨ ɬɪɭɞɧɟɟ, ɚ ɧɚɝɪɭɡɤɚ ɧɚ ɦɵɲɰɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ. 

Ɍɪɟɧɚɠёɪ, ɨ ɤɨɬɨɪɨɦ ɝɨɜɨɪɢɬɫɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɫɨɡɞɚёɬ ɭɫɢɥɢɟ, 

ɬɹɧɭɳɟɟ ɱɟɥɨɜɟɤɚ ɜɩɟɪёɞ ɫ ɩɨɫɬɨɹɧɧɵɦ ɩɨɞɞɟɪɠɚɧɢɟɦ ɬɨɱɧɨ ɡɚɞɚɧɧɨɣ ɫɢɥɵ 

ɬɹɝɢ. ɑɟɥɨɜɟɤ ɛɟɠɢɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɭɫɢɥɢɹ ɩɵɬɚɹɫɶ ɩɪɨɱɭɜɫɬɜɨɜɚɬɶ 

ɭɫɤɨɪɟɧɢɟ, ɱɬɨɛɵ ɩɨɬɨɦ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɟɝɨ ɛɟɡ ɬɪɟɧɚɠёɪɚ. Ⱦɥɹ ɫɜɹɡɢ ɦɟɠɞɭ 

ɱɟɥɨɜɟɤɨɦ ɢ ɬɹɧɭɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɪёɜɤɚ ɢɡ ɦɚɬɟɪɢɚɥɚ, 

ɤɨɬɨɪɨɣ ɦɟɧɟɟ ɩɨɞɜɟɪɠɟɧ ɪɚɫɬɹɠɟɧɢɸ. 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɞɚɧɧɵɦ ɬɪɟɧɚɠёɪɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɟɪɜɨɫɢɫɬɟɦɚ ɫ 

ɑɉɍ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɨɞɞɟɪɠɚɧɢɹ 

ɩɨɫɬɨɹɧɧɨɝɨ ɦɨɦɟɧɬɚ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ. 

ɍɩɪɚɜɥɟɧɢɟ ɫɟɪɜɨɫɢɫɬɟɦɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ 

ɢɧɬɟɪɮɟɣɫ, ɨɬɨɛɪɚɠɚɸɳɢɣɫɹ ɧɚ LCD-ɞɢɫɩɥɟɟ ɫ Touch-ɩɚɧɟɥɶɸ, ɤɨɬɨɪɵɣ 

ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɜɚɬɶ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɩɨɥɭɱɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɬɟɤɭɳɟɦ ɫɨɫɬɨɹɧɢɢ ɨɛɴɟɤɬɚ, ɫɨɛɢɪɚɬɶ ɫɬɚɬɢɫɬɢɤɭ ɨ ɪɟɡɭɥɶɬɚɬɚɯ ɬɪɟɧɢɪɨɜɨɤ. 

 LCD-ɞɢɫɩɥɟɣ ɫ Touch-ɩɚɧɟɥɶɸ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɭ, 

ɤɨɬɨɪɵɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɝɟɧɟɪɢɪɭɟɬ ɫɢɝɧɚɥɵ ɡɚɞɚɧɢɹ ɞɥɹ ɫɟɪɜɨɫɢɫɬɟɦɵ, ɚ 

ɬɚɤɠɟ ɫɱɢɬɵɜɚɟɬ ɫɢɝɧɚɥɵ ɟё ɫɨɫɬɨɹɧɢɹ.  
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1 Ⱥɧɚɥɢɡ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ 

1.1 Ɇɨɞɟɥɶ ɛɟɝɚ ɫ ɬɪɟɧɚɠёɪɨɦ ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ 

Ɇɟɬɨɞɢɤɚ ɪɚɡɜɢɬɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɛɟɝɚ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪɢɢ 

ɢ ɦɟɬɨɞɢɤɟ ɮɢɡɢɱɟɫɤɨɝɨ ɜɨɫɩɢɬɚɧɢɹ ɡɚɧɢɦɚɟɬ ɜɟɞɭɳɟɟ ɦɟɫɬɨ. ȼɨɡɦɨɠɧɨɫɬɢ 

ɦɧɨɝɢɯ ɥɟɝɤɨɚɬɥɟɬɢɱɟɫɤɢɯ ɞɢɫɰɢɩɥɢɧ ɢ ɦɧɨɝɢɯ ɧɟ ɥɟɝɤɨɚɬɥɟɬɢɱɟɫɤɢɯ ɜɢɞɨɜ 

ɫɩɨɪɬɚ ɫɜɹɡɚɧɵ ɭɪɨɜɧɟɦ ɫɜɨɢɯ ɞɨɫɬɢɠɟɧɢɣ ɜ ɫɤɨɪɨɫɬɢ ɛɟɝɚ. ȿɫɥɢ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɱɟɥɨɜɟɤɚ ɜ ɤɨɧɬɟɤɫɬɟ ɬɪɟɧɢɪɨɜɤɢ, ɬɨ ɫɥɟɞɭɟɬ ɜɵɞɟɥɢɬɶ 

ɮɚɤɬɨɪɵ ɢɦɟɸɳɢɟ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɛɟɝɚ. ɉɪɟɞɫɬɚɜɢɦ ɫɩɪɢɧɬɟɪɚ ɜ ɜɢɞɟ 

ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ (ɪɢɫɭɧɨɤ 1.1). 

 

Ɋɢɫɭɧɨɤ 1.1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɩɪɢɧɬɟɪɚ. 

 

 Ɋɚɫɩɢɲɟɦ ɩɨɞɪɨɛɧɟɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɨɤɚɡɵɜɚɟɦɵɟ ɧɚ ɛɟɝɭɧɚ. 
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ɍɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ U: 

 u1 – ɦɨɦɟɧɬ ɬɹɝɢ ɬɪɟɧɚɠёɪɚ, ɇ ⋅ ɦ; 

u2(t) – ɱɚɫɬɨɬɚ ɲɚɝɨɜ ɜɨ ɜɪɟɦɹ ɛɟɝɚ (ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɜ ɜɪɟɦɟɧɢ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ ɞɢɫɬɚɧɰɢɢ) , ɲɚɝɨɜ/ɦɢɧ; 

u3(t) – ɞɥɢɧɚ ɲɚɝɚ ɛɟɝɭɧɚ (ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ ɧɨɝ ɢ ɜɪɟɦɟɧɢ), ɦ; 

u4(t) – ɮɨɪɦɢɪɭɸɳɚɹ ɫɪɟɞɚ (ɦɟɬɨɞɢɤɚ ɬɪɟɧɢɪɨɜɤɢ, ɧɚɫɬɚɜɧɢɤɢ, ɭɫɥɨɜɢɹ 

ɬɪɟɧɢɪɨɜɤɢ ɢ ɬ.ɩ.), ɧɟɢɡɦɟɪɹɟɦɚɹ ɜɟɥɢɱɢɧɚ. 

 Ʉɨɧɬɪɨɥɢɪɭɟɦɵɟ ɭɩɪɚɜɥɹɟɦɵɟ ɜɨɡɦɭɳɟɧɢɹ Z:  

 z1(t) – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, °C; 

 z2(t) – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɦ/c; 

 z3(t) – ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ, %; 

 z4(t) – ɤɚɱɟɫɬɜɨ ɞɨɪɨɠɤɢ, ɛɚɥɥ; 

 ɇɟɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɜɨɡɦɭɳɟɧɢɹ W(t) ɨɛɭɫɥɨɜɥɟɧɵ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɦ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

 ɋɨɫɬɨɹɧɢɟ ɫɩɪɢɧɬɟɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦɢ ɢ 

ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ X. 

 x1(t) – ɚɪɬɟɪɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ. ɪɬ. ɫɬ.; 

 x2(t) – ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɥɚ, °C; 

x3(t) – ɭɪɨɜɟɧɶ ɝɥɸɤɨɡɵ ɜ ɤɪɨɜɢ, ɦɦɨɥɶ/ɥ; 

x4(t) – ɷɦɨɰɢɨɧɚɥɶɧɵɣ ɧɚɫɬɪɨɣ, ɧɟɢɡɦɟɪɹɟɦɵɣ ɩɨɤɚɡɚɬɟɥɶ; 

x5(t) – ɦɨɬɢɜɚɰɢɹ ɧɚ ɪɟɡɭɥɶɬɚɬ, ɧɟɢɡɦɟɪɹɟɦɵɣ ɩɨɤɚɡɚɬɟɥɶ; 

ȼɵɯɨɞɧɨɣ ɩɨɤɚɡɚɬɟɥɶ Y: 

y1(t) – ɫɤɨɪɨɫɬɶ ɛɟɝɚ ɜɨ ɜɪɟɦɟɧɢ ɜ i-ɨɦ ɡɚɛɟɝɟ, ɦ/c; 

y2 = Δy1(t) – ɭɫɤɨɪɟɧɢɟ ɜ i-ɨɦ ɡɚɛɟɝɟ, ɦ/c2; 

y3 = y̅1(t) – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜ i-ɨɦ ɡɚɛɟɝɟ, ɦ/c; 

y4 = y̅2 – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨ n ɡɚɛɟɝɚɦ, ɦ/c; 

Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɦɨɞɟɥɶɸ ɜɢɞɚ: ݕ = 𝐹ሺܷ, ܼ, ܹሻ, (1.1) 
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ɝɞɟ F (U, Z, W) – ɮɭɧɤɰɢɹ ɞɥɹ ɭɩɪɨɳёɧɧɨɣ ɦɨɞɟɥɢ ɨɰɟɧɤɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɫɩɪɢɧɬɟɪɚ ɨɬ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ F (U, Z, W) – ɨɩɟɪɚɬɨɪ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫɩɪɢɧɬɟɪɚ ɨɬ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 

ɜɨɡɞɟɣɫɬɜɢɣ. ȿɫɥɢ u3 ɛɭɞɟɬ ɦɟɧɹɬɶɫɹ ɞɥɹ ɪɚɡɧɵɯ ɫɩɪɢɧɬɟɪɨɜ ɢɥɢ ɨɞɧɨɝɨ, ɬɨ 

(1.1) ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ: ݑ|ݕଷ = 𝐹ሺܷ, ܼ, ܹሻ. (1.2) 

ȼ ɤɚɱɟɫɬɜɟ ɭɩɪɨɳёɧɧɵɯ ɫɬɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ 

ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɢɧɟɣɧɭɸ ɦɨɞɟɥɶ 

ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: ݕଷሺܷ, ܺ, ܼ, ଷሻݑ = ܽ଴ + ܽଵݑଵ + ܽଶݑଶ + ܽଷݔଵ + ܽସݔଶ +         +ܽଷݔଷ + ܽସݔଶ + ܽଷݔଷ + ܽସݖଵ + ܽହݖଶ + ܽ଺ݖଷ + ܽଵݖସ + ܸ,    (1.3) 

ɝɞɟ ɩɟɪɟɦɟɧɧɵɟ ui, zi, xi – ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 

ɜɨɡɞɟɣɫɬɜɢɣ ɜ i-ɨɦ ɡɚɛɟɝɟ, i = 1…N, V – ɚɞɞɢɬɢɜɧɚɹ ɩɨɦɟɯɚ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ 

ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. 

Ɇɨɞɟɥɶ (1.3) ɩɨɡɜɨɥɹɟɬ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ N ɡɚɛɟɝɨɜ (ɬɪɟɧɢɪɨɜɨɤ) ɜɵɹɜɢɬɶ 

ɡɧɚɱɢɦɨɫɬɶ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɫɬɟɩɟɧɶ ɢɯ ɜɥɢɹɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɦɟɬɨɞɨɦ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. ȼ 

ɤɚɱɟɫɬɜɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɥɢɧɟɣɧɭɸ ɞɢɫɤɪɟɬɧɭɸ 

ɦɨɞɟɥɶ ɜɢɞɚ: 

ሺ݇ݔ} + ͳሻ = ܣ ∙ ሺ݇ሻݔ + ଵሺ݇ሻݕଵሺ݇ሻݑܤ = ሺ݇ሻݔ ܥ + ܸሺ݇ሻ ,   (1.4) 

ɝɞɟ x(k) – ɜɟɤɬɨɪ ɡɧɚɱɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ; 

A, B, C – ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ; 

k – ɞɢɫɤɪɟɬɧɨɟ ɜɪɟɦɹ. 
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1.2 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɬɪɟɧɚɠёɪɭ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɩɪɢɜɟɞёɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɨɟ 

ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɣ 

ɬɪɟɧɢɪɨɜɤɢ (ɜɫɟɣ ɛɟɝɨɜɨɣ ɞɢɫɬɚɧɰɢɢ) ɮɨɪɦɢɪɨɜɚɬɶ ɬɪɟɧɢɪɨɜɨɱɧɭɸ ɫɪɟɞɭ 

ɩɨɫɬɨɹɧɧɨ ɩɨɞɞɟɪɠɢɜɚɹ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɡɚɞɚɧɧɨɣ 

ɜɟɥɢɱɢɧɵ.  

Ⱦɚɧɧɵɟ ɭɫɥɨɜɢɹ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɦɨɝɭɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɵ ɫɢɫɬɟɦɨɣ, 

ɨɫɧɨɜɧɵɦɢ ɭɡɥɚɦɢ ɤɨɬɨɪɨɣ ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ ɫ ɫɟɪɜɨɫɢɬɟɦɨɣ 

ɞɥɹ ɟɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ɋɚɦɵɦ ɨɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɫɟɪɜɨɫɢɫɬɟɦɚ, 

ɢɦɟɸɳɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɞɚɧɢɹ ɢ ɧɟɡɚɜɢɫɢɦɨɣ ɩɨɞɞɟɪɠɤɢ ɤɪɭɬɹɳɟɝɨ 

ɦɨɦɟɧɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɨɞɞɟɪɠɚɧɢɟɦ 

ɦɨɦɟɧɬɚ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜɧɭɬɪɟɧɧɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɫɚɦɨɣ ɫɟɪɜɨɫɢɫɬɟɦɵ 

ɢ ɧɟ ɡɚɜɢɫɟɬɶ ɨɬ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜ. 

Ɍɚɤɠɟ, ɧɟɨɛɯɨɞɢɦɨ ɱɬɨɛɵ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɧɚɛɥɸɞɚɟɦɨɣ ɜɟɥɢɱɢɧɵ – 

ɫɤɨɪɨɫɬɢ ɛɟɝɚ ɫɩɨɪɬɫɦɟɧɚ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ ɛɵɥ ɨɛɨɪɭɞɨɜɚɧ 

ɷɧɤɨɞɟɪɨɦ, ɂɦɟɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɤɭɳɟɣ ɫɤɨɪɨɫɬɢ ɛɟɝɭɧɚ ɦɨɠɧɨ 

ɜɵɱɢɫɥɹɬɶ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɧɚ ɜɫɟɣ ɞɢɫɬɚɧɰɢɢ, ɫɨɫɬɚɜɥɹɬɶ ɫɬɚɬɢɫɬɢɤɭ 

ɬɪɟɧɢɪɨɜɨɤ ɛɟɝɭɧɚ, ɧɚɛɥɸɞɚɬɶ ɡɚ ɩɪɨɝɪɟɫɫɨɦ, ɩɥɚɧɢɪɨɜɚɬɶ ɧɚɝɪɭɡɤɢ. 

Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɭɟɦɨɣ ɫɢɥɵ ɬɹɝɢ: ɨɬ 0,5 ɞɨ 3 ɤɝ. 

Ⱦɢɚɩɚɡɨɧ ɩɨɞɞɟɪɠɢɜɚɟɦɨɣ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ: ɞɨ 45 ɤɦ/ɱ. 

ɍɫɬɪɨɣɫɬɜɨ ɞɨɥɠɧɨ ɛɵɬɶ ɩɟɪɟɧɨɫɧɵɦ. 

ɍɫɬɪɨɣɫɬɜɨ ɞɨɥɠɧɨ ɢɦɟɬɶ ɢɧɬɟɪɮɟɣɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. 

ɇɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɭɫɬɪɨɣɫɬɜɨ ɜɵɞɚɜɚɥɨ ɪɟɡɭɥɶɬɚɬ ɬɪɟɧɢɪɨɜɤɢ 

(ɫɤɨɪɨɫɬɶ). 

ɀɟɥɚɬɟɥɶɧɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ 

ɭɫɬɪɨɣɫɬɜɚ ɢ ɟɝɨ ɦɨɞɟɪɧɢɡɚɰɢɢ. 
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1.3 Ɋɚɫɱɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɟɧɚɠёɪɚ 

Ɋɚɫɫɱɢɬɚɟɦ ɪɚɡɦɟɪ ɜɚɥɚ. ȼɵɜɟɞɟɦ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɞɢɭɫɚ ɜɚɥɚ ɨɬ 

ɨɛɨɪɨɬɨɜ ɞɜɢɝɚɬɟɥɹ (1.5). ܸ = ݐ݈ ; (1.5) 

ܸ = ʹ𝜋𝑅݂ = ʹ𝜋݊͸Ͳ ∙ 𝑅; (1.6) 

𝑅 = ܸ ∙ ͸Ͳʹ𝜋݊ , (1.7) 

ɝɞɟ l – ɪɚɫɫɬɨɹɧɢɟ, ɦ; 

      t – ɜɪɟɦɹ, ɫ; 

      n – ɨɛɨɪɨɬɵ ɞɜɢɝɚɬɟɥɹ, ɨɛ/ɦɢɧ; 

      R – ɪɚɞɢɭɫ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ, ɦ; 

      V – ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 

      f – ɱɚɫɬɨɬɚ, Ƚɰ. 

 

 ȼɵɱɢɫɥɢɦ ɪɚɞɢɭɫ ɜɚɥɚ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ 

ɧɟɨɛɯɨɞɢɦɨɣ ɫɤɨɪɨɫɬɢ (45 ɤɦ/ɱ = 12,5 ɦ/ɫ) ɧɚ ɧɨɦɢɧɚɥɶɧɵɯ (3000 ɨɛ/ɦɢɧ) ɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ (5000 ɨɛ/ɦɢɧ) ɨɛɨɪɨɬɚɯ. 

𝑅ː = ܸ ∙ ͸Ͳʹ𝜋݊ = ͳʹ,ͷ ∙ ͸Ͳʹ𝜋 ∙ ͵ͲͲͲ = Ͳ,Ͳ͵ͻͺ ˏ = ͵,ͻͺ ˔ˏ ≈ ͶͲ ˔ˏ;           (1.8) 

 𝑅ˏ = ܸ ∙ ͸Ͳʹ𝜋݊ = ͳʹ,ͷ ∙ ͸Ͳʹ𝜋 ∙ ͷͲͲͲ = Ͳ,Ͳʹ͵ͺ ˏ = ʹ,͵ͺ ˔ˏ ≈ ʹ,Ͷ ˔ˏ.               (1.9) 

 

 Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɪɚɫɫɱɢɬɚɧɧɵɯ 

ɡɧɚɱɟɧɢɣ. 
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Ɋɚɫɫɱɢɬɚɟɦ ɧɟɨɛɯɨɞɢɦɵɣ ɦɨɦɟɧɬ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɪɚɡɜɢɜɚɬɶ ɞɜɢɝɚɬɟɥɶ 

ɞɥɹ ɫɨɡɞɚɧɢɹ ɭɫɢɥɢɹ ɞɨ 3% ɨɬ ɦɚɫɫɵ ɬɟɥɚ. ȼɵɜɟɞɟɦ ɮɨɪɦɭɥɭ ɞɥɹ ɪɚɫɱёɬɚ 

ɦɨɦɟɧɬɚ. 𝑀 = 𝐹 ∙ 𝑅; (1.10) 

𝐹 = ݉ ∙ ݃; (1.11) 𝑀 = ݉ ∙ ݃ ∙ 𝑅, (1.12) 

ɝɞɟ M – ɦɨɦɟɧɬ ɫɢɥɵ, ɇ ∙ ɦ; 

      Ʉ – ɜɪɟɦɹ, ɫ; 

      R – ɪɚɞɢɭɫ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ, ɦ; 

      g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ: 9,8 ɦ/ɫ; 

      𝐹 – ɫɢɥɚ ɬɹɝɢ, ɇ. 

ɉɪɨɜɟɞёɦ ɪɚɫɱёɬ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢ ɫɪɟɞɧɟɣ ɦɚɫɫɵ. ȼɨɡɶɦёɦ 

ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɚɫɫɵ 80 ɤɝ, ɚ ɫɪɟɞɧɟɣ 60 ɤɝ. Ɇɚɫɫɭ ɩɪɢɧɢɦɚɟɦ 

ɪɚɜɧɨɣ 3% ɨɬ ɜɟɫɚ. Ɋɚɞɢɭɫ ɜɚɥɚ ɩɪɢɦɟɦ ɪɚɜɧɵɦ ɪɚɫɫɱɢɬɚɧɧɨɦɭ ɞɥɹ 

ɧɨɦɢɧɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ. R = 4 ɫɦ = 0,04 ɦ. 

𝑀ː = ͳ,ͺ ∙ ݃ ∙ Ͳ,ͲͶ = ͳ,ͳ͹ Н ∙ ˏ; (1.13) 𝑀ˏ = ʹ,Ͷ ∙ ݃ ∙ Ͳ,ͲͶ = ʹ,͵ͷ Н ∙ ˏ; (1.14) 

 Ⱦɜɢɝɚɬɟɥɶ ɫɥɟɞɭɟɬ ɩɨɞɛɢɪɚɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɪɚɫɫɱɢɬɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ. 
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1.4 ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɩɢɫɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɫɟɪɜɨɫɢɫɬɟɦɚ, ɜɤɥɸɱɚɸɳɚɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ, ɱɚɫɬɨɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, 

ɷɧɤɨɞɟɪ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɫ ɝɪɚɮɢɱɟɫɤɢɦ LCD-ɞɢɫɩɥɟɟɦ ɫ Touch-ɩɚɧɟɥɶɸ. 

Ɍɚɤɠɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɞɥɹ 

ɫɨɝɥɚɫɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɫɢɫɬɟɦɵ. ɋɬɪɭɤɬɭɪɚ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɡɨɛɪɚɠɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 1.2. 

 

ɉɄ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ

ɋɟɪɜɨɫɢɫɬɟɦɚ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ

ɷɧɤɨɞɟɪ

ɥɨɤɚɥɶɧɵɣ 
ɦɨɧɢɬɨɪ

ɫɩɪɢɧɬɟɪ

 

Ɋɢɫɭɧɨɤ 1.2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ  

ɋɢɫɬɟɦɚ ɛɟɝɨɜɨɝɨ ɬɪɟɧɚɠёɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɫɬɚɧɨɜɤɭ, ɤɨɬɨɪɚɹ 

ɫɨɟɞɢɧɟɧɚ ɫ ɱɟɥɨɜɟɤɨɦ ɫɩɟɰɢɚɥɶɧɵɦ ɬɪɨɫɨɦ. ɉɪɢ ɛɟɝɟ ɬɪɨɫ, ɩɪɢɫɨɟɞɢɧёɧɧɵɣ 

ɤ ɱɟɥɨɜɟɤɭ, ɫɨɡɞɚёɬ ɭɫɢɥɢɟ (ɩɨɞɞɟɪɠɤɚ ɩɨɫɬɨɹɧɧɨɝɨ ɦɨɦɟɧɬɚ), ɤɨɬɨɪɨɟ ɬɹɧɟɬ 

ɱɟɥɨɜɟɤɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɭɫɬɚɧɨɜɤɢ. ȼ ɷɬɨ ɜɪɟɦɹ ɱɟɥɨɜɟɤ ɛɟɠɢɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 

ɭɫɢɥɢɹ (ɜ ɫɬɨɪɨɧɭ ɭɫɬɚɧɨɜɤɢ).  
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Ɍɪɟɧɚɠёɪ ɦɨɠɟɬ ɫɨɡɞɚɜɚɬɶ ɤɚɤ ɭɫɢɥɢɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɛɟɝɚ (ɱɟɥɨɜɟɤ 

ɛɟɠɢɬ ɜ ɫɬɨɪɨɧɭ ɭɫɬɚɧɨɜɤɢ), ɬɚɤ ɢ ɭɫɢɥɢɟ, ɧɚɩɪɚɜɥɟɧɧɨɟ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ 

ɫɬɨɪɨɧɭ (ɱɟɥɨɜɟɤ ɛɟɠɢɬ ɜ ɫɬɨɪɨɧɭ ɨɬ ɭɫɬɚɧɨɜɤɢ), ɫɨɡɞɚɜɚɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ 

ɛɟɝɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢ ɬɨɣ ɠɟ ɫɤɨɪɨɫɬɢ ɩɪɢɤɥɚɞɵɜɚɬɶ ɛɨɥɶɲɟ ɫɢɥ.  

Ⱦɪɭɝɨɣ ɤɨɧɟɰ ɬɪɨɫɚ, ɩɪɢɫɨɟɞɢɧёɧɧɨɝɨ ɤ ɱɟɥɨɜɟɤɭ, ɤɪɟɩɢɬɫɹ ɧɚ ɜɚɥ 

ɫɟɪɜɨɩɪɢɜɨɞɚ. ɋɟɪɜɨɩɪɢɜɨɞ ɢ ɷɧɤɨɞɟɪ ɧɚ ɧёɦ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ ɦɨɞɭɥɸ 

ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɨɦ, ɧɚɫɬɪɨɟɧɧɨɦɭ ɧɚ ɩɨɞɞɟɪɠɚɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ 

ɦɨɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɫɨɡɞɚёɬ ɩɨɫɬɨɹɧɧɵɣ ɦɨɦɟɧɬ. ɍɫɬɚɧɨɜɤɚ ɦɨɦɟɧɬɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɚɧɚɥɨɝɨɜɵɣ ɜɯɨɞ ɦɨɞɭɥɹ ɭɩɪɚɜɥɟɧɢɹ. Ɂɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɚ, 

ɩɨɞɚɜɚɟɦɨɣ ɧɚ ɚɧɚɥɨɝɨɜɵɣ ɜɯɨɞ ɛɭɞɟɬ ɡɚɞɚɜɚɬɶɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ. 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɛɭɞɟɬ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɞɢɫɩɥɟɟɦ, ɧɚ ɤɨɬɨɪɨɦ 

ɢɦɟɟɬɫɹ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɢ 

ɜɵɜɨɞɚ ɢɧɮɨɪɦɚɰɢɢ ɨ ɟё ɪɚɛɨɬɟ. 

 Ⱦɥɹ ɜɵɜɨɞɚ ɢɧɮɨɪɦɚɰɢɢ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɢɫɩɥɟɣ, ɤɨɬɨɪɵɣ 

ɫɨɟɞɢɧёɧ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ. Ɍɚɤɨɣ ɜɚɪɢɚɧɬ ɩɨɡɜɨɥɹɟɬ 

ɨɬɫɥɟɠɢɜɚɬɶ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɢ ɭɩɪɚɜɥɹɬɶ ɟɸ ɥɨɤɚɥɶɧɨ, ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɫɨɟɞɢɧɟɧɢɹ ɫ ɉɄ. Ⱦɢɫɩɥɟɣ ɨɛɨɪɭɞɨɜɚɧ ɬɚɱɫɤɪɢɧɨɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ 

ɧɚɛɥɸɞɚɬɶ ɡɚ ɫɢɫɬɟɦɨɣ, ɧɨ ɢ ɭɩɪɚɜɥɹɬɶ ɟɸ ɧɚ ɦɟɫɬɟ. 

ɉɥɚɬɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɨɛɥɚɞɚɟɬ ɲɢɪɨɤɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɢ 

ɩɨɡɜɨɥɹɟɬ ɫɨɟɞɢɧɹɬɶɫɹ ɫ ɉɄ ɱɟɪɟɡ USB. ɗɬɭ ɢ ɞɪɭɝɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɚɡɜɢɬɢɢ ɩɪɨɟɤɬɚ, ɧɚɩɪɢɦɟɪ ɜ ɪɟɚɥɢɡɚɰɢɢ 

ɫɨɟɞɢɧɟɧɢɹ ɫ ɉɄ ɞɥɹ ɯɪɚɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɧɚɤɨɩɥɟɧɢɹ ɢɯ ɢ ɫɨɫɬɚɜɥɟɧɢɹ 

ɫɬɚɬɢɫɬɢɤɢ ɬɪɟɧɢɪɨɜɨɤ, ɫɪɚɜɧɟɧɢɹ ɫɬɚɬɢɫɬɢɤɢ ɫ ɩɪɨɲɥɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɥɢ 

ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɪɭɝɢɯ ɬɪɟɧɢɪɭɸɳɢɯɫɹ. 

1.1  ȼɧɟɲɧɢɣ ɜɢɞ ɬɪɟɧɚɠёɪɚ 

Ɏɢɡɢɱɟɫɤɢ ɬɪɟɧɚɠёɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɬɹɧɭɬɵɣ ɦɟɬɚɥɥɢɱɟɫɤɢɦ 

ɥɢɫɬɨɦ ɤɚɪɤɚɫ ɩɢɪɚɦɢɞɚɥɶɧɨɣ ɮɨɪɦɵ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧɵ 

ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɟ ɟɝɨ ɪɚɛɨɬɭ. ɇɚ ɬɪɟɧɚɠёɪɟ ɢɦɟɟɬɫɹ 

ɞɢɫɩɥɟɣ ɫ touch-ɩɚɧɟɥɶɸ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. Ɍɪɨɫ, ɢɞɭɳɢɣ 
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ɨɬ ɛɟɝɭɧɚ, ɩɪɨɦɚɬɵɜɚɟɬɫɹ ɱɟɪɟɡ ɩɨɞɲɢɩɧɢɤ ɧɚɜɟɪɯɭ ɩɢɪɚɦɢɞɵ ɢ ɤɪɟɩɢɬɫɹ ɧɚ 

ɜɚɥ ɞɜɢɝɚɬɟɥɹ. ɋɯɟɦɚ ɬɪɟɧɚɠёɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.3, ɮɨɬɨ ɬɪɟɧɚɠёɪɚ 

ɧɚ ɪɢɫɭɧɤɟ 1.4. 

 

Ɋɢɫɭɧɨɤ 1.3 – ɋɯɟɦɚ ɛɟɝɨɜɨɝɨ ɬɪɟɧɚɠёɪɚ 

 

Ɋɢɫɭɧɨɤ 1.4 – ȼɧɟɲɧɢɣ ɜɢɞ ɛɟɝɨɜɨɝɨ ɬɪɟɧɚɠёɪɚ 
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2 Ɍɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ 

2.1 ɋɟɪɜɨɞɜɢɝɚɬɟɥɶ 

ȼ ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ OMRON Sigma-II 

SGMAH-04AAA21, ɨɛɨɪɭɞɨɜɚɧɧɵɣ ɢɧɤɪɟɦɟɧɬɚɥɶɧɵɦ ɷɧɤɨɞɟɪɨɦ, ɤɨɬɨɪɵɣ 

ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɫɟɪɜɨɫɢɫɬɟɦɟ. 

 

Ɋɢɫɭɧɨɤ 2.1 – Ɉɛɳɢɣ ɜɢɞ ɞɜɢɝɚɬɟɥɹ SGMAH 

Sigma II – ɷɬɨ ɫɟɪɢɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɣ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹɦɢ. 

Ⱦɚɧɧɵɟ ɞɜɢɝɚɬɟɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɚɫɩɨɡɧɚɸɬɫɹ ɫɨɜɦɟɫɬɢɦɵɦ 

ɫɟɪɜɨɩɪɢɜɨɞɨɦ. Ⱦɜɢɝɚɬɟɥɢ ɨɛɨɪɭɞɨɜɚɧɵ ɷɧɤɨɞɟɪɨɦ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ, 

ɢɦɟɸɬ ɤɨɦɩɚɤɬɧɭɸ ɢ ɩɪɨɱɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ. ɉɨɞɤɥɸɱɟɧɢɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɤ 

ɫɟɪɜɨɩɪɢɜɨɞɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɪɟɞɫɬɜɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

Ɇɟɯɚɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɦɟɧɬ-ɫɤɨɪɨɫɬɶ) ɞɜɢɝɚɬɟɥɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.3. Ɋɚɡɦɟɪɵ ɞɜɢɝɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 

2.4 – 2.6. 

 Ɇɨɞɟɥɶ ɤɚɛɟɥɹ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ: 

R88A-CAWA003S-DE. 

 Ɇɨɞɟɥɶ ɤɚɛɟɥɹ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɷɧɤɨɞɟɪɚ: R88A-CRWB003N-E. 
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Ɋɢɫɭɧɨɤ 2.2 – ɋɪɟɞɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɨɞɤɥɸɱɟɧɢɹ ɞɜɢɝɚɬɟɥɹ SGMAH 

 ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

• ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ: 400 ȼɬ; 

• ɧɨɦɢɧɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 1,27 ɇ ⋅ ɦ; 

• ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɣ ɩɢɤɨɜɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 3,82 ɇ ⋅ ɦ; 

• ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ (ɫɪ. ɤɜ. ɡɧ.): 2,8 Ⱥ; 

• ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ(ɫɪ. ɤɜ. ɡɧ.): 8,5 Ⱥ; 

• ɧɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ: 3000 ɦɢɧ-1; 

• ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ: 5000 ɦɢɧ-1; 

• ɦɨɦɟɧɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ (ɷɮɮɟɤɬɢɜɧɨɫɬɶ) (ɫɪ. ɤɜ. ɡɧ.): 0,498 ɇ ⋅ ɦ / Ⱥ; 

• ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ (JM): 0,173 ɤɝ ⋅ ɦ2  ⋅ 10-4; 

• ɞɨɩɭɫɬɢɦɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɧɚɝɪɭɡɤɢ (JL), ɤɪɚɬɟɧ ɡɧɚɱɟɧɢɸ JM: 20; 

• ɧɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ (ɨɬɧɨɲɟɧɢɟ ɤɜɚɞɪɚɬɚ 

ɦɨɦɟɧɬɚ ɤ ɦɨɦɟɧɬɭ ɢɧɟɪɰɢɢ): 93,7 ɤȼɬ/c; 

• ɧɨɦɢɧɚɥɶɧɨɟ ɭɝɥɨɜɨɟ ɭɫɤɨɪɟɧɢɟ: 73600 ɪɚɞ/ɫ2; 

• ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɷɧɤɨɞɟɪ: ɫɬɚɧɞɚɪɬɧɵɣ – ɢɧɤɪɟɦɟɧɬɧɵɣ ɷɧɤɨɞɟɪ (13 

ɪɚɡɪɹɞɨɜ; 2048 ɢɦɩ/ɨɛ); 

• ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɬɨɩɨɪɧɨɝɨ ɬɨɪɦɨɡɚ J: 0,058 ɤɝ ⋅ ɦ2  ⋅ 10-4. 
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Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

• ɪɟɠɢɦ ɪɚɛɨɬɵ: ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ; 

• ɤɥɚɫɫ ɢɡɨɥɹɰɢɢ: ɤɥɚɫɫ ȼ; 

• ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ: ɨɬ 0 ɞɨ +40 °C; 

• ɜɥɚɠɧɨɫɬɶ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ: ɨɬ 20 ɞɨ 80% (ɛɟɡ ɤɨɧɞɟɧɫɚɰɢɢ); 

• ɤɥɚɫɫ ɜɢɛɪɚɰɢɢ: ɧɟ ɛɨɥɟɟ 15 ɦɤɦ; 

• ɬɢɩ ɤɨɪɩɭɫɚ: ɩɨɥɧɨɫɬɶɸ ɡɚɤɪɵɬɵɣ ɤɨɪɩɭɫ, ɟɫɬɟɫɬɜɟɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ, 

IP 55 (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɨɬɜɟɪɫɬɢɹ ɞɥɹ ɜɵɯɨɞɚ ɜɚɥɚ); 

• ɜɢɛɪɨɭɫɬɨɣɱɢɜɨɫɬɶ: ɜɢɛɪɚɰɢɨɧɧɨɟ ɭɫɤɨɪɟɧɢɟ 49 ɦ/c2; 

• ɦɨɧɬɚɠ: ɮɥɚɧɰɟɜɵɣ ɦɨɧɬɚɠ. 

 

Ɋɢɫɭɧɨɤ 2.3 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɝɚɬɟɥɹ SGMAH. Ⱥ – 

ɧɨɦɢɧɚɥɶɧɚɹ, ȼ – ɦɚɤɫɢɦɚɥɶɧɚɹ. 

 

Ɋɢɫɭɧɨɤ 2.4 – Ɋɚɡɦɟɪɵ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ SGMAH 
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Ɋɢɫɭɧɨɤ 2.5 – Ɋɚɡɦɟɪɵ ɞɜɢɝɚɬɟɥɹ SGMAH 

 

 

Ɋɢɫɭɧɨɤ 2.6 – Ɋɚɡɦɟɪɵ ɞɜɢɝɚɬɟɥɹ SGMAH 
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2.2 ɋɟɪɜɨɫɢɫɬɟɦɚ 

Ⱦɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɞɜɢɝɚɬɟɥɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɟɪɜɨɩɪɢɜɨɞ 

YASKAWA SERVOPACK SGDM-04ADA-R.  

Ⱦɚɧɧɨɟ ɫɟɦɟɣɫɬɜɨ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ, ɩɨɥɨɠɟɧɢɟɦ ɢ ɦɨɦɟɧɬɨɦ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɣ. 

Ɋɟɚɥɢɡɨɜɚɧɧɵɟ ɧɚ ɛɚɡɟ 32-ɪɚɡɪɹɞɧɨɝɨ RISC-ɩɪɨɰɟɫɫɨɪɚ ɫɟɪɜɨɩɪɢɜɨɞɵ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢ ɫɧɚɛɠɟɧɵ ɮɭɧɤɰɢɟɣ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɨɞɫɬɪɨɣɤɢ. ɗɬɚ ɮɭɧɤɰɢɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɧɟɩɪɟɪɵɜɧɨ 

ɚɞɚɩɬɢɪɭɟɬ ɩɚɪɚɦɟɬɪɵ ɭɩɪɚɜɥɟɧɢɹ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦ ɧɚɝɪɭɡɤɢ. 

ȼɵɛɪɚɧɧɵɣ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ ɫɨɜɦɟɫɬɢɦ ɫ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɢ ɪɚɫɩɨɡɧɚёɬɫɹ ɢɦ. 

 

Ɋɢɫɭɧɨɤ 2.7 – Ɉɛɳɢɣ ɜɢɞ ɫɟɪɜɨɫɢɫɬɟɦɵ SGDM. 
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 Ʉɚɤ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚ ɪɢɫɭɧɤɟ 2.7 – ɜɫɟ ɷɥɟɦɟɧɬɵ ɭɩɪɚɜɥɟɧɢɟ 

ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɧɚɯɨɞɹɬɫɹ ɧɚ ɟɝɨ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ (ɪɢɫɭɧɨɤ 2.8). ɋɢɝɧɚɥ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɢ ɫɢɝɧɚɥɵ ɷɧɤɨɞɟɪɚ ɛɭɞɭɬ 

ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ/ɫɱɢɬɵɜɚɬɶɫɹ ɱɟɪɟɡ ɪɚɡɴёɦ CN1. 

 

Ɋɢɫɭɧɨɤ 2.8 – Ɉɩɢɫɚɧɢɟ ɩɟɪɟɞɧɟɣ ɩɚɧɟɥɢ ɫɟɪɜɨɫɢɫɬɟɦɵ SGDM 
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 ɇɚ ɪɢɫɭɧɤɟ 2.8. ɩɪɟɞɫɬɚɜɥɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɩɟɪɟɞɧɟɣ ɩɚɧɟɥɢ 

ɫɟɪɜɨɩɪɢɜɨɞɚ ɢ ɨɩɢɫɚɧɵ ɧɚɡɧɚɱɟɧɢɹ ɟё ɷɥɟɦɟɧɬɨɜ. ȼ ɬɚɛɥɢɰɟ 2.1 ɩɪɢɜɟɞɟɧɨ 

ɨɩɢɫɚɧɢɟ ɤɨɧɬɚɤɬɨɜ ɤɥɟɦɦɧɨɝɨ ɛɥɨɤɚ ɩɟɪɟɞɧɟɣ ɩɚɧɟɥɢ. ȼ ɬɚɛɥɢɰɟ 2.2 

ɨɩɢɫɚɧɨ ɧɚɡɧɚɱɟɧɢɟ ɤɨɧɬɚɤɬɨɜ ɪɚɡɴёɦɚ CN1. ȼ ɬɚɛɥɢɰɟ 2.3 ɞɚɧɨ ɨɩɢɫɚɧɢɟ 

ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ ɪɚɡɴёɦɚ CN1, ɜ ɬɚɛɥɢɰɟ 2.4 – ɨɩɢɫɚɧɢɟ ɫɢɝɧɚɥɨɜ 

ɫɨɫɬɨɹɧɢɹ. 

Ɍɚɛɥɢɰɚ 2.1 – Ʉɨɧɬɚɤɬɵ ɤɥɟɦɦɧɨɝɨ ɛɥɨɤɚ 

 

ȼ ɬɚɛɥɢɰɟ 2.2 ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ ɜɫɟɯ ɤɨɧɬɚɤɬɨɜ ɭɫɬɪɨɣɫɬɜɚ, 

ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɟɪɜɨɩɪɢɜɨɞɨɦ. ȼ ɬɚɛɥɢɰɟ 2.3 ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɢɯ 

ɮɭɧɤɰɢɣ. 
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Ɍɚɛɥɢɰɚ 2.2 – ɇɚɡɧɚɱɟɧɢɟ ɤɨɧɬɚɤɬɨɜ 
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Ɍɚɛɥɢɰɚ 2.3 – ȼɯɨɞɵ ɭɩɪɚɜɥɟɧɢɹ CN1 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.3 – ȼɯɨɞɵ ɭɩɪɚɜɥɟɧɢɹ CN1 

 

Ɍɚɛɥɢɰɚ 2.4 – ȼɵɜɨɞɵ ɫɨɫɬɨɹɧɢɹ CN1 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.4 – ȼɵɜɨɞɵ ɫɨɫɬɨɹɧɢɹ CN1 

 

 ɇɚ ɪɢɫɭɧɤɟ 2.9 ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɤɨɧɬɚɤɬɚɦ 

ɫɟɪɜɨɫɢɫɬɟɦɵ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ, ɩɨɦɢɦɨ ɩɨɞɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ ɢ 

ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɤɥɸɱɢɬɶɫɹ ɤ ɤɨɧɬɚɤɬɚɦ ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ 

(9,10) ɢ ɤ ɤɨɧɬɚɤɬɚɦ ɧɚ ɤɨɬɨɪɵɟ ɜɵɜɨɞɹɬɫɹ ɫɢɝɧɚɥɵ ɫ ɷɧɤɨɞɟɪɚ (19, 20, 33-36). 

ɋɯɟɦɚ ɫɢɝɧɚɥɨɜ ɫɟɪɜɨɫɢɫɬɟɦɵ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɩɪɨɟɤɬɟ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 2.10. 
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Ɋɢɫɭɧɨɤ 2.9 – ɋɯɟɦɚ ɫɢɝɧɚɥɨɜ ɫɟɪɜɨɫɢɫɬɟɦɵ 
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Ɋɢɫɭɧɨɤ 2.10 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɢɝɧɚɥɨɜ 

ɫɟɪɜɨɫɢɫɬɟɦɵ SGDM 

 

Ɋɢɫɭɧɨɤ 2.11 – Ɋɚɡɦɟɪɵ ɫɟɪɜɨɫɢɫɬɟɦɵ SGDM 
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2.2.1 ɍɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ 

ɋɟɪɜɨɩɪɢɜɨɞ ɜɵɩɨɥɧɹɟɬ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ 

ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɢɫɩɨɥɶɡɭɹ ɚɧɚɥɨɝɨɜɵɣ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɚɧɞɵ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ. Ɂɚɞɚɧɢɟ ɦɨɦɟɧɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞɚɱɟɣ ɧɚ 

ɚɧɚɥɨɝɨɜɵɣ ɜɯɨɞ ɧɚɩɪɹɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɠɟɥɚɟɦɨɦɭ ɤɪɭɬɹɳɟɦɭ 

ɦɨɦɟɧɬɭ. ɂɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɹɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɤɨɦɚɧɞɨɣ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɢ ɦɨɦɟɧɬɨɦ ɜɪɚɳɟɧɢɹ ɩɭɬёɦ ɡɚɞɚɧɢɹ ɦɚɫɲɬɚɛɚ ɞɥɹ 

ɤɨɦɚɧɞɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ (ɪɢɫɭɧɨɤ 2.12). 

 

Ɋɢɫɭɧɨɤ 2.12 – ɋɯɟɦɚ ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ 

ɜɧɟɲɧɢɦ ɭɩɪɚɜɥɹɸɳɢɦ ɫɢɝɧɚɥɨɦ 

Ⱦɥɹ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɢɬɶ ɭɫɬɚɧɨɜɤɭ 

ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ: 

Pn000 – ɜɵɛɨɪ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ ɚɧɚɥɨɝɨɜɨɝɨ ɡɚɞɚɧɢɹ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɡɧɚɱɟɧɢɟ ɜɬɨɪɨɝɨ ɪɚɡɪɹɞɚ ɞɚɧɧɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ɛɵɥɨ ɪɚɜɧɨ 2 (Pn000.2 = 2 ɢɥɢ Pn000 = n.฀฀2). 

Pn400 – ɦɚɫɲɬɚɛ ɞɥɹ ɤɨɦɚɧɞɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ. Ɂɚɞɚёɬ 

ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɪɚɛɨɬɵ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɦɨɦɟɧɬɟ ɜɪɚɳɟɧɢɹ ɧɚ ɜɯɨɞɟ 

ɤɨɦɚɧɞɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ (ɪɢɫɭɧɨɤ 2.13). 
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Ɋɢɫɭɧɨɤ 2.13 – Ƚɪɚɮɢɤ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧɬɨɦ ɢ 

ɧɚɩɪɹɠɟɧɢɟɦ ɟɝɨ ɡɚɞɚɧɢɹ 

Ɍɚɤɠɟ ɢɦɟɸɬɫɹ ɫɜɹɡɚɧɧɵɟ ɮɭɧɤɰɢɢ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɭɩɪɚɜɥɟɧɢɸ 

ɫɤɨɪɨɫɬɶɸ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɜɪɚɳɟɧɢɹ. 

ȼ ɪɟɠɢɦɟ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɟɝɨ ɫɤɨɪɨɫɬɶ ɧɟ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɝɞɚ ɡɚɞɚёɬɫɹ ɢɡɛɵɬɨɱɧɵɣ ɞɥɹ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɨɧ ɛɭɞɟɬ ɩɪɟɨɛɥɚɞɚɬɶ ɧɚɞ ɫɢɥɨɣ 

ɧɚɝɪɭɡɤɢ ɢ ɫɤɨɪɨɫɬɶ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬёɬ. Ⱦɥɹ ɢɡɛɟɠɚɧɢɹ 

ɷɬɨɝɨ ɜ ɫɟɪɜɨɩɪɢɜɨɞɟ ɢɦɟɟɬɫɹ ɮɭɧɤɰɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɨ ɜɪɟɦɹ 

ɭɩɪɚɜɥɟɧɢɹ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧɬɨɦ (ɪɢɫɭɧɨɤ 2.14). ɉɚɪɚɦɟɬɪ – Pn407. ɂɦ 

ɡɚɞɚёɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, ɢɡɦɟɪɹɟɦɚɹ ɜ ɦɢɧ-1. 

 

Ɋɢɫɭɧɨɤ 2.14 – Ɉɝɪɚɧɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɩɨ 

ɦɨɦɟɧɬɭ 
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2.3 Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 

Ⱦɥɹ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɫɢɫɬɟɦɨɣ ɢ ɨɛɪɚɛɨɬɤɢ 

ɫɢɝɧɚɥɨɜ ɟё ɫɨɫɬɨɹɧɢɹ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 

STM32F746NGH6.  

Ⱦɚɧɧɵɟ ɤɨɧɬɪɨɥɥɟɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɨɳɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɫɥɨɠɧɨɝɨ ɩɪɨɟɤɬɚ. Ƚɥɚɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ STM32 — ɷɬɨ ɛɨɝɚɬɵɣ 

ɧɚɛɨɪ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɣ ɰɟɧɟ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɢɡ 

ɞɨɫɬɭɩɧɵɯ ɤɨɧɬɪɨɥɥɟɪɨɜ ɹɜɥɹɟɬɫɹ ɫɟɪɢɹ F7 ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɚɤɬɨɜɨɣ 

ɱɚɫɬɨɬɨɣ 200 ɆȽɰ. Ʉɨɥɢɱɟɫɬɜɨ ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ ɢɧɬɟɪɮɟɣɫɨɜ ɧɚɦɧɨɝɨ 

ɩɪɟɜɵɲɚɟɬ ɥɸɛɭɸ Atmega ɡɚ ɬɚɤɭɸ ɠɟ ɰɟɧɭ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɞɚɧɧɵɟ 

ɤɨɧɬɪɨɥɥɟɪɵ ɜɫɟ ɛɨɥɶɲɟ ɧɚɯɨɞɹɬ ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ. Ȼɥɚɝɨɞɚɪɹ 

ɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɩɟɪɢɮɟɪɢɢ ɢ ɢɧɬɟɪɟɫɨɜ, ɥɸɛɨɣ ɩɪɨɟɤɬ ɦɨɠɧɨ ɥɟɝɤɨ 

ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ, ɪɚɫɲɢɪɢɬɶ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɩɪɨɛɥɟɦ. 

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɭɩɪɨɫɬɢɬɶ ɩɪɨɰɟɫɫ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɩɪɨɟɤɬɚ ɧɚ ɛɚɡɟ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɤɚɤ ɩɨ ɭɪɨɜɧɸ ɫɥɨɠɧɨɫɬɢ, ɬɚɤ ɢ ɩɨ ɡɚɬɪɚɱɟɧɧɨɦɭ ɜɪɟɦɟɧɢ, 

ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɥɚɞɨɱɧɵɯ ɩɥɚɬ, ɩɨɷɬɨɦɭ ɤɨɧɬɪɨɥɥɟɪ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɜɟɪɫɢɢ ɫ ɨɬɥɚɞɨɱɧɨɣ ɩɥɚɬɨɣ STM32F746G-DISCOVERY (ɪɢɫɭɧɨɤ 2.15, 

2.16) ɜ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ ɛɨɥɶɲɨɣ ɧɚɛɨɪ ɩɟɪɢɮɟɪɢɢ. Ƚɥɚɜɧɨɣ ɟё ɨɫɨɛɟɧɧɨɫɬɶɸ 

ɹɜɥɹɟɬɫɹ LCD ɞɢɫɩɥɟɣ c Touch-ɩɚɧɟɥɶɸ. 

Ɍɚɤɠɟ ɧɚ ɩɥɚɬɟ ɩɪɢɫɭɬɫɬɜɭɸɬ Arduino Uno V3 ɪɚɡɴɟɦɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɥɟɝɤɨ ɩɨɞɤɥɸɱɢɬɶ ɩɥɚɬɵ ɪɚɫɲɢɪɟɧɢɹ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɲɢɥɞɵ) ɢɥɢ ɞɨɱɟɪɧɢɟ 

ɩɥɚɬɵ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɥɨɠɟɧɢɣ ɪɚɡɪɚɛɨɬɱɢɤɚ ɨɬ ɩɥɚɬɮɨɪɦɵ Arduino. 

ɂɧɬɟɝɪɢɪɨɜɚɧɧɵɣ ɜ ɩɥɚɬɭ ST-LINK/V2–1 ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɫɬɪɨɟɧɧɵɣ ɜ ɫɯɟɦɭ 

ɨɬɥɚɞɱɢɤ ɢ ɩɪɨɝɪɚɦɦɚɬɨɪ ɞɥɹ STM32. 

Ⱦɚɧɧɚɹ ɩɥɚɬɚ ɩɨɫɬɚɜɥɹɟɬɫɹ ɫ ɛɢɛɥɢɨɬɟɤɚɦɢ HAL ɢ ɧɚɛɨɪɨɦ ɩɚɤɟɬɨɜ ɉɈ 

ɞɥɹ ɩɪɢɦɟɪɚ. Ɉɧɚ ɩɨɞɞɟɪɠɢɜɚɟɬ ɧɟɫɤɨɥɶɤɨ ɫɪɟɞ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ: Keil 

MDK-ARM, IAR EWARM,  GCC-based IDEs, ARM mbed Enabled online. 
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Ɋɢɫɭɧɨɤ 2.15 – ȼɟɪɯɧɹɹ ɫɬɨɪɨɧɚ ɩɥɚɬɵ STM32F746G-DISCOVERY 

 

Ɋɢɫɭɧɨɤ 2.16 – ɇɢɠɧɹɹ ɫɬɨɪɨɧɚ ɩɥɚɬɵ STM32F746G-DISCOVERY 

  Ɉɫɨɛɟɧɧɨɫɬɢ ɩɥɚɬɵ STM32F746G-DISCOVERY: 

• ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ STM32F746NGH6, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ 1 ɆȻ Flash 

ɩɚɦɹɬɢ ɢ 340 ɄȻ RAM ɩɚɦɹɬɢ; 

• ɜɫɬɪɨɟɧɧɵɣ ST-LINK/V2-1; 

• ɩɨɞɞɟɪɠɤɚ mbed.org; 

• USB ɩɨɪɬ ɦɨɠɟɬ ɛɵɬɶ ɧɚɫɬɪɨɟɧ ɤɚɤ ɜɢɪɬɭɚɥɶɧɵɣ COM-ɩɨɪɬ, 

ɭɫɬɪɨɣɫɬɜɨ ɯɪɚɧɟɧɢɹ ɢ ɨɬɥɚɞɨɱɧɵɣ ɩɨɪɬ; 
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• 4,3” TFT-LCD ɞɢɫɩɥɟɣ, ɪɚɡɪɟɲɟɧɢɟ 480x272, ɟɦɤɨɫɬɧɚɹ ɫɟɧɫɨɪɧɚɹ 

ɩɚɧɟɥɶ; 

• ɪɚɡɴɟɦ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɦɟɪɵ; 

• SAI ɚɭɞɢɨ ɤɨɞɟɤ; 

• 3,5 ɦɦ ɪɚɡɴɟɦ Line In ɢ Line Out; 

• ɫɬɟɪɟɨɜɵɯɨɞ ɧɚ ɧɚɭɲɧɢɤɢ; 

• ɞɜɚ MEMS ɦɢɤɪɨɮɨɧɚ; 

• SPDIF RCA ɜɯɨɞ; 

• ɞɜɟ ɤɧɨɩɤɢ; 

• 128 Ɇɛɢɬ Quad-SPI Flash ɩɚɦɹɬɶ; 

• 128 Ɇɛɢɬ SDRAM (ɞɨɫɬɭɩɧɨ 64 Ɇɛɢɬ); 

• ɫɥɨɬ ɞɥɹ MicroSD ɤɚɪɬɵ; 

• ɪɚɡɴɟɦ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɞɨɱɟɪɧɟɣ ɩɥɚɬɵ RF-EEPROM; 

• USB OTG HS ɫ ɪɚɡɴɟɦɨɦ Micro-AB; 

• USB OTG FS ɫ ɪɚɡɴɟɦɨɦ Micro-AB; 

• ɪɚɡɴɟɦ Ethernet, ɫɨɜɦɟɫɬɢɦɵɣ ɫ IEEE-802.3-2002; 

• ɩɹɬɶ ɫɩɨɫɨɛɨɜ ɩɢɬɚɧɢɹ ɩɥɚɬɵ:  

o ɱɟɪɟɡ ɜɫɬɪɨɟɧɧɵɣ ST-LINK/ V2-1; 

o ɱɟɪɟɡ USB FS ɪɚɡɴɟɦ; 

o ɱɟɪɟɡ USB HS ɪɚɡɴɟɦ; 

o ɩɢɬɚɧɢɟ ɱɟɪɟɡ ɚɭɞɢɨɪɚɡɴɟɦ; 

o ɩɨɞɤɥɸɱɟɧɢɟ ɜɧɟɲɟɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɤ ɪɚɡɴɟɦɭ 5V; 

• ɜɨɡɦɨɠɧɨɫɬɶ ɩɢɬɚɬɶ ɜɧɟɲɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚɩɪɹɠɟɧɢɟɦ 3,3 ȼ ɢ 5 ȼ; 

• ɪɚɡɴɟɦ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɲɢɥɞɨɜ Arduino UNO V3; 

• ɤɨɦɩɥɟɤɫɧɨɟ ɛɟɫɩɥɚɬɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫ ɧɚɛɨɪɨɦ 

ɩɪɢɦɟɪɨɜ, ɹɜɥɹɸɳɟɟɫɹ ɱɚɫɬɶɸ STM32Cube; 

• ɩɨɞɞɟɪɠɤɚ ɨɫɧɨɜɧɵɯ ɫɪɟɞ ɪɚɡɪɚɛɨɬɤɢ. 
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ɇɚ ɪɢɫɭɧɤɟ 2.17 ɢɡɨɛɪɚɠɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ, ɤɨɬɨɪɚɹ ɢɥɥɸɫɬɪɢɪɭɟɬ 

ɫɨɟɞɢɧɟɧɢɟ ɦɟɠɞɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ɢ ɩɨɞɤɥɸɱɟɧɧɨɣ ɤ ɧɟɦɭ ɩɟɪɢɮɟɪɢɟɣ 

ɨɬɥɚɞɨɱɧɨɣ ɩɥɚɬɵ. 

ɇɚ ɪɢɫɭɧɤɟ 2.18 ɢɡɨɛɪɚɠɟɧɚ ɩɟɪɢɮɟɪɢɹ ɆɄ STM32F746NGH6, 

ɢɫɩɨɥɶɡɭɸɳɟɝɨɫɹ ɜ ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɨɬɥɚɞɨɱɧɨɣ ɩɥɚɬɟ ɞɥɹ 

ɛɵɫɬɪɨɝɨ ɫɬɚɪɬɚ STM32F746G-DISCOVERY. 

 

Ɋɢɫɭɧɨɤ 2.17 – Ȼɥɨɤ-ɫɯɟɦɚ ɩɟɪɢɮɟɪɢɢ STM32F746G-DISCOVERY 
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Ɋɢɫɭɧɨɤ 2.18 – Ɋɚɫɲɢɪɟɧɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɫ ɩɟɪɢɮɟɪɢɟɣ 

STM32F746G-DISCOVERY 
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Ɋɢɫɭɧɨɤ 2.19 – ɇɚɡɧɚɱɟɧɢɹ ɩɢɧɨɜ ɨɬɥɚɞɨɱɧɨɣ ɩɥɚɬɵ 
STM32F746G-DISCOVERY 

2.4 ɉɪɨɦɟɠɭɬɨɱɧɵɟ ɡɜɟɧɶɹ ɫɢɫɬɟɦɵ 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɥɧɨɰɟɧɧɨ ɫɨɟɞɢɧɢɬɶ ɫɢɝɧɚɥɵ ɫɟɪɜɨɩɪɢɜɨɞɚ ɢ 

ɤɨɧɬɪɨɥɥɟɪɚ ɧɟɨɛɯɨɞɢɦɵ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɡɜɟɧɶɹ ɞɥɹ ɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ.  

2.4.2 Ɉɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ 

ɇɚɩɪɹɠɟɧɢɟ ɞɥɹ ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ, ɩɨɞɚɜɚɟɦɨɟ ɧɚ ɫɟɪɜɨɩɪɢɜɨɞ 

ɧɚɯɨɞɢɬɫɹ ɜ ɝɪɚɧɢɰɚɯ ɨɬ 0 ɞɨ 10 ȼ, ɚ ɢɫɩɨɥɶɡɭɟɦɵɣ ɤɨɧɬɪɨɥɥɟɪ ɫɩɨɫɨɛɟɧ 

ɜɵɞɚɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɨɬ 0 ɞɨ 3,3 ȼ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɞɥɹ ɩɨɥɧɨɰɟɧɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɧɚ ɜɫёɦ ɞɨɫɬɭɩɧɨɦ ɩɪɨɦɟɠɭɬɤɟ) ɧɟɨɛɯɨɞɢɦɨ 

ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ ɫɢɝɧɚɥ ɤɨɧɬɪɨɥɥɟɪɚ ɞɨ 10 ȼ. Ⱦɥɹ ɷɬɨɝɨ, ɫ ɩɨɦɨɳɶɸ ɐȺɉ 
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ɤɨɧɬɪɨɥɥɟɪɚ ɛɭɞɟɦ ɝɟɧɟɪɢɪɨɜɚɬɶ ɫɢɝɧɚɥ ɨɬ 0 ɞɨ 2 ȼ, ɚ ɡɚɬɟɦ ɭɜɟɥɢɱɢɜɚɬɶ ɟɝɨ 

ɜ 5 ɪɚɡ ɫ ɩɨɦɨɳɶɸ ɫɯɟɦɵ ɧɚ ɨɩɟɪɚɰɢɨɧɧɨɦ ɭɫɢɥɢɬɟɥɟ (ɪɢɫɭɧɨɤ 2.21). 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɯɟɦɵ ɧɚ ɪɢɫɭɧɤɟ 2.21 ɢɫɩɨɥɶɡɭɟɦ ɨɩɟɪɚɰɢɨɧɧɵɣ 

ɭɫɢɥɢɬɟɥɶ rail-to-rail LM124 (ɪɢɫɭɧɨɤ 2.20). ȿɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɹɦ. 

 

Ɋɢɫɭɧɨɤ 2.20 – Ɋɚɫɩɢɧɨɜɤɚ ɦɢɤɪɨɫɯɟɦɵ LM124 

 Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ LM124: 

• ɤɚɧɚɥɨɜ: 4 ɲɬ.; 

• VOS (ɬɢɩ.): 5 ɦȼ; 

• IBIAS (ɬɢɩ.): 150 ɧȺ; 

• ɩɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ (ɬɢɩ.): 1 ɆȽɰ; 

• slew rate (ɬɢɩ.): 0,4 ȼ/ɦɤɫ; 

• CMRR: 80 ɞȻ; 

• gain: 110 ɞȻ; 

• shutdown: ɧɟɬ; 

• VCC: ɨɬ 3 ɞɨ 30 ȼ; 

• ICC ɧɚ ɤɚɧɚɥ (ɦɚɤɫ.): 3 ɦȺ; 

• TA: ɨɬ -55 ɞɨ 125 °C; 

• ɤɨɪɩɭɫ: PDIP 14. 
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Vɡɚɞ – ɧɚɩɪɹɠɟɧɢɟ ɫ ɐȺɉ ɤɨɧɬɪɨɥɥɟɪɚ. Vɜɵɯ – ɧɚɩɪɹɠɟɧɢɟ ɩɨɞɚɜɚɟɦɨɟ ɧɚ ɫɟɪɜɨɫɢɫɬɟɦɭ, 

24V – ɧɚɩɪɹɠɟɧɢɟ ɫ Ȼɉ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɫɬɟɧɞɟ (ɦɨɠɟɬ ɛɵɬɶ ɜ ɞɢɚɩɚɡɨɧɟ 10-30 ȼ) 

Ɋɢɫɭɧɨɤ 2.21 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ LM124 ɤ 

ɤɨɧɬɪɨɥɥɟɪɭ ɢ ɫɟɪɜɨɫɢɫɬɟɦɟ  

 

2.4.3 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ 

ɂɦɟɸɳɢɣɫɹ ɜɵɯɨɞ ɫɢɝɧɚɥɨɜ ɷɧɤɨɞɟɪɚ ɢɦɟɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɫɢɝɧɚɥɵ ("/Ⱥ","/ȼ","/Z") - ɢɧɜɟɪɬɢɪɨɜɚɧɧɵɟ ɫɢɝɧɚɥɵ Ⱥ, ȼ 

ɢ Z (ɪɢɫɭɧɨɤ 2.22). Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɚɠɞɨɣ ɩɚɪɵ ɫɢɝɧɚɥɨɜ ɜ ɨɞɢɧ 

ɩɨɧɚɞɨɛɢɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɦɢɤɪɨɫɯɟɦɚ – ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 

ɤɜɚɞɪɚɬɭɪɧɵɯ ɫɢɝɧɚɥɨɜ ɢɧɬɟɪɮɟɣɫɚ RS-422. Ɉɧɚ ɫɦɨɠɟɬ ɫɪɚɜɧɢɜɚɬɶ ɞɚɧɧɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɚɧɚɥɨɜ ("Ⱥ" ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɢɧɜɟɪɬɢɪɨɜɚɧɧɨɦɭ 

"/Ⱥ"), ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɨɲɢɛɨɤ ɩɟɪɟɞɚɱɢ ɢ ɩɨɦɟɯ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɣ 

ɦɢɤɪɨɫɯɟɦɵ ɢɫɩɨɥɶɡɭɟɦ SN75175. Ɉɩɢɫɚɧɢɟ ɤɨɧɬɚɤɬɨɜ ɦɢɤɪɨɫɯɟɦɵ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.23, ɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɢɡɨɛɪɚɠɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 2.24. ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɤɨɧɬɪɨɥɥɟɪɭ ɢ ɫɟɪɜɨɩɪɢɜɨɞɭ ɩɨɤɚɡɚɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 2.25. 
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Ɋɢɫɭɧɨɤ 2.22 – Ɍɢɩɢɱɧɚɹ ɞɢɚɝɪɚɦɦɚ ɢɦɩɭɥɶɫɨɜ ɷɧɤɨɞɟɪɚ.  

 

 

Ɋɢɫɭɧɨɤ 2.23 – Ɋɚɫɩɢɧɨɜɤɚ ɦɢɤɪɨɫɯɟɦɵ SN75175 
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Ɋɢɫɭɧɨɤ 2.24 – Ⱦɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɦɢɤɪɨɫɯɟɦɵ SN75175 

 

 
Ɉɛɨɡɧɚɱɟɧɢɹ ɫ ɢɧɞɟɤɫɨɦ «ɜɵɯ» - ɫɢɝɧɚɥɵ ɜɯɨɞɹɳɢɟ ɜ ɤɨɧɬɪɨɥɥɟɪ, ɛɟɡ ɧɟɝɨ – ɜɵɯɨɞɹɳɢɟ 

ɢɡ ɫɟɪɜɨɫɢɫɬɟɦɵ. 5V – ɧɚɩɪɹɠɟɧɢɟ ɫ ɢɦɩɭɥɶɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ 

ɫɬɟɧɞɟ. 

Ɋɢɫɭɧɨɤ 2.25 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫɢɝɧɚɥɨɜ SN75175 

ɤ ɤɨɧɬɪɨɥɥɟɪɭ ɢ ɫɟɪɜɨɫɢɫɬɟɦɟ.  
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2.4.4 ɂɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɂɫɬɨɱɧɢɤɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɛɥɨɤ ɩɢɬɚɧɢɹ Siemens 

PS 307 2 A (ɪɢɫɭɧɨɤ 2.26). 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

• ɜɵɯɨɞɧɨɣ ɬɨɤ 2 A; 

• ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 24 ȼ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 

• ɡɚɳɢɬɚ ɨɬ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɨɛɪɵɜɚ ɰɟɩɢ; 

• ɩɨɞɤɥɸɱɟɧɢɟ ɤ ɨɞɧɨɮɚɡɧɨɣ ɫɢɫɬɟɦɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ (ɜɯɨɞɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ 120/230 ȼ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, 50/60 Ƚɰ); 

• ɧɚɞɟɠɧɚɹ ɝɚɥɶɜɚɧɢɱɟɫɤɚɹ ɪɚɡɜɹɡɤɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ EN 60 950; 

• ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɤɚɤ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɧɚɝɪɭɡɤɢ. 

 

Ɋɢɫɭɧɨɤ 2.26 – ȼɧɟɲɧɢɣ ɜɢɞ Siemens PS 307 
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2.4.5 ɉɨɧɢɠɚɸɳɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ  

Ⱦɥɹ ɩɢɬɚɧɢɹ ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɦɢɤɪɨɫɯɟɦ, ɚ ɬɚɤɠɟ ɤɨɧɬɪɨɥɥɟɪɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɱɢɩɚ 

LM2596 (ɪɢɫɭɧɨɤ 2.27). Ɉɧ ɩɪɟɨɛɪɚɡɭɟɬ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ 

24 ȼ ɜ 5 ȼ. 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

• ɜɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 3-38 ȼ; 

• ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 1.5-35 ȼ (ɧɚɫɬɪɚɢɜɚɟɬɫɹ); 

• ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ: 2 Ⱥ; 

• ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ: 20 ȼɬ; 

• ɄɉȾ: ɞɨ 96%; 

• ɪɚɡɦɟɪ: 60 ɯ 25 ɯ 15 ɦɦ; 

• ɜɨɥɶɬɦɟɬɪ ɧɚ ɤɪɚɫɧɵɯ ɫɟɦɢɫɟɝɦɟɧɬɧɵɯ LED ɢɧɞɢɤɚɬɨɪɚɯ. 

• ɜɨɥɶɬɦɟɬɪ ɢɡɦɟɪɹɟɬ ɤɚɤ ɜɯɨɞɧɨɟ, ɬɚɤ ɢ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

(ɩɟɪɟɤɥɸɱɟɧɢɟ ɤɧɨɩɤɨɣ). 

• ɜɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɜɵɯɨɞɧɨɟ ɦɢɧɢɦɭɦ ɧɚ 3 ȼ. 

 

Ɋɢɫɭɧɨɤ 2.27 – ȼɧɟɲɧɢɣ ɜɢɞ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
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2.5 ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɭɡɥɨɜ ɫɢɫɬɟɦɵ 

ɋɭɦɦɢɪɭɹ ɩɪɟɞɨɫɬɚɜɥɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɭɫɬɪɨɣɫɬɜɚɯ, ɫɨɫɬɚɜɢɦ 

ɫɯɟɦɭ ɢɯ ɩɨɞɤɥɸɱɟɧɢɹ ɞɪɭɝ ɤ ɞɪɭɝɭ (ɪɢɫɭɧɨɤ 2.28).  

Ʉ ɫɟɪɜɨɫɢɫɬɟɦɟ ɩɨɞɤɥɸɱɚɟɬɫɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ ɢ ɷɧɤɨɞɟɪ ɢɦɟɸɳɢɣɫɹ ɧɚ 

ɧёɦ.  Ɍɚɤɠɟ ɩɨɞɤɥɸɱɚɟɬɫɹ ɢɫɬɨɱɧɢɤ ɩɟɪɟɦɟɧɧɨɝɨ ɢ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɫɢɝɧɚɥɵ ɪɚɡɴёɦɚ CN1 ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ ɩɥɚɬɟ ɫɨɝɥɚɫɨɜɚɧɢɹ 

ɫɢɝɧɚɥɨɜ. ɉɥɚɬɚ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɤɨɧɬɪɨɥɥɟɪɭ STM32. 

Ʉɨɧɬɪɨɥɥɟɪ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɞɢɫɩɥɟɸ ɫ touch-ɩɚɧɟɥɶɸ. 

ȼɫɟ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ. 

 

Ɋɢɫɭɧɨɤ 2.28 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɛɟɝɨɜɨɝɨ ɬɪɟɧɚɠёɪɚ 
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3 Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɫɟɪɜɨɩɪɢɜɨɞɚ ɜ MATLAB 

Ɇɨɞɟɥɶ ɫɟɪɜɨɩɪɢɜɨɞɚ ɜ ɫɪɟɞɟ MATLAB Simulink (ɪɢɫɭɧɨɤ 3.1) 

ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɩɨɞɞɟɪɠɚɧɢɟ ɡɚɞɚɧɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɜ ɫɢɧɯɪɨɧɧɨɣ 

ɦɚɲɢɧɟ. 

ȼ ɦɨɞɟɥɢ ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɝɪɭɡɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɞɟɚɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɦɨɦɟɧɬɚ. ɋɢɫɬɟɦɚ 

ɤɨɧɬɪɨɥɹ ɨɫɧɨɜɚɧɚ ɧɚ ɉɂ-ɪɟɝɭɥɹɬɨɪɟ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɨɦɟɧɬ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɡɚɞɚɧɢɸ.  

ȼ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɡɚɞɚёɬɫɹ ɫɬɭɩɟɧɶ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ. ɋɢɫɬɟɦɚ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɧɚɛɥɸɞɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɇɚ ɝɪɚɮɢɤɟ ɪɟɡɭɥɶɬɚɬɨɜ (ɪɢɫɭɧɤɢ 3.2, 3.3) ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ 

ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ. Ȼɵɥ ɩɪɨɜɟɞɟɧ ɷɤɫɩɟɪɢɦɟɧɬ ɧɚ ɦɨɞɟɥɢ ɫɟɪɜɨɩɪɢɜɨɞɚ 

ɧɚɫɬɪɨɟɧɧɨɝɨ ɧɚ ɩɨɞɞɟɪɠɚɧɢɟ ɦɨɦɟɧɬɚ. ɉɨɥɭɱɟɧɵ ɨɰɟɧɟɧɧɵɟ ɢ ɢɡɦɟɪɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɚɞɚɧɢɸ. 

 

 
Ɋɢɫɭɧɨɤ 3.1 – ɋɯɟɦɚ ɦɨɞɟɥɢ ɫɟɪɜɨɩɪɢɜɨɞɚ ɜ Simulink. 
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Ɋɢɫɭɧɨɤ 3.2 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɦɨɦɟɧɬɚ ɜɨ ɜɪɟɦɟɧɢ. 

 

 

Ɋɢɫɭɧɨɤ 3.3 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɬɨɤɨɜ ɜɨ ɜɪɟɦɟɧɢ. 
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4 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ 

Ⱦɥɹ ɤɨɧɬɪɨɥɥɟɪɚ STM32 ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɨɛɪɚɛɨɬɤɢ ɢ ɝɟɧɟɪɚɰɢɢ 

ɫɢɝɧɚɥɨɜ ɫɨɫɬɨɹɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɨɣ ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɩɪɨɝɪɚɦɦɚ ɧɚ 

ɹɡɵɤɟ ɋ ɜ ɫɪɟɞɟ Keil uVision5. 

4.1 Ȼɢɛɥɢɨɬɟɤɚ HAL 

ɉɪɢ ɧɚɩɢɫɚɧɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɤɨɧɬɪɨɥɥɟɪɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 

ɛɢɛɥɢɨɬɟɤɚ HAL. 

Ⱦɪɚɣɜɟɪɵ ɭɪɨɜɧɹ HAL ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɬ ɭɧɢɜɟɪɫɚɥɶɧɵɯ, 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ, ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɫɬɵɯ ɢɧɬɟɪɮɟɣɫɨɜ API, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɆɄ ɫ ɜɟɪɯɧɢɦ ɫɥɨɟɦ ɉɈ (ɨɫɧɨɜɧɨɣ 

ɩɪɨɝɪɚɦɦɨɣ, ɛɢɛɥɢɨɬɟɤɚɦɢ ɢ ɫɬɟɤɚɦɢ). Ⱦɪɚɣɜɟɪɵ ɦɨɝɭɬ ɢɦɟɬɶ ɤɚɤ ɨɛɳɢɣ, 

ɬɚɤ ɢ ɪɚɫɲɢɪɟɧɧɵɣ API. Ɉɛɳɢɟ API, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɛɳɢɟ, ɞɥɹ ɜɫɟɯ 

ɫɟɪɢɣ STM32, ɮɭɧɤɰɢɢ. Ɋɚɫɲɢɪɟɧɧɵɟ API, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɫɩɟɰɢɮɢɱɟɫɤɢɟ 

ɢɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɞɚɧɧɨɝɨ ɫɟɦɟɣɫɬɜɚ ɢɥɢ ɟɝɨ ɱɚɫɬɢ. 

HAL ɪɚɡɪɚɛɨɬɚɧ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɨɣ ɚɪɯɢɬɟɤɬɭɪɵ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɵɟ ɮɭɧɤɰɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɜɟɪɯɧɢɦ 

ɫɥɨɟɦ ɩɪɢɥɨɠɟɧɢɹ, ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɭɪɨɜɧɹ HAL. ɉɪɢ 

ɬɚɤɨɣ ɚɪɯɢɬɟɤɬɭɪɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɩɪɢɥɨɠɟɧɢɹ ɧɟ 

"ɩɪɢɜɹɡɚɧ" ɤ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɭ (ɆɄ),ɬ.ɤ ɨɛɪɚɳɚɟɬɫɹ ɤ ɪɟɫɭɪɫɚɦ ɆɄ ɬɨɥɶɤɨ 

ɱɟɪɟɡ ɛɢɛɥɢɨɬɟɤɭ ɞɪɚɣɜɟɪɨɜ HAL. Ɍɚɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ 

ɩɪɢɥɨɠɟɧɢɹ ɭɥɭɱɲɚɟɬ ɩɨɜɬɨɪɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɞɚ, ɢ ɝɚɪɚɧɬɢɪɭɟɬ ɟɝɨ 

ɥɟɝɤɭɸ ɩɟɪɟɧɨɫɢɦɨɫɬɶ ɧɚ ɞɪɭɝɢɟ ɭɫɬɪɨɣɫɬɜɚ STM32. 

Ⱦɪɚɣɜɟɪɵ HAL ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɩɨɥɧɵɣ ɧɚɛɨɪ ɝɨɬɨɜɵɯ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

API, ɤɨɬɨɪɵɟ ɭɩɪɨɳɚɸɬ ɪɟɚɥɢɡɚɰɢɸ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɩɪɢɥɨɠɟɧɢɹ. ȼ 

ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ - ɜɫɬɪɨɟɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɤɨɦɦɭɧɢɤɚɰɢɢ (ɫɜɹɡɢ) ɫɨɞɟɪɠɚɬ 

ɢɧɬɟɪɮɟɣɫɵ API ɞɥɹ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɢ ɧɚɫɬɪɨɣɤɢ ɭɫɬɪɨɣɫɬɜɚ, ɭɩɪɚɜɥɟɧɢɹ 

ɩɟɪɟɞɚɱɟɣ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɨɩɪɨɫɚ, ɜ ɩɪɟɪɵɜɚɧɢɹɯ ɢɥɢ ɱɟɪɟɡ DMA, ɚ ɬɚɤ ɠɟ 

ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɨɲɢɛɤɚɦɢ ɫɜɹɡɢ.  
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Ⱦɪɚɣɜɟɪɵ HAL ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ, ɚ ɧɟ 

ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɧɚ ɜɧɭɬɪɟɧɧɢɟ ɩɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. ɇɚɩɪɢɦɟɪ, API 

ɬɚɣɦɟɪɚ ɞɟɥɢɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɤɚɬɟɝɨɪɢɣ, ɩɨ ɮɭɧɤɰɢɹɦ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɦ 

ɜɧɭɬɪɟɧɧɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɬɚɣɦɟɪɚ: ɛɚɡɨɜɵɣ ɬɚɣɦɟɪ (basic timer), ɡɚɯɜɚɬɚ 

(capture), ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɢ (PWM), ɢ ɬ.ɞ. 

ɂɫɯɨɞɧɵɣ ɤɨɞ ɛɢɛɥɢɨɬɟɤɢ ɞɪɚɣɜɟɪɨɜ ɪɚɡɪɚɛɨɬɚɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 

Strict ANSI-C, ɱɬɨ ɞɟɥɚɟɬ ɤɨɞ ɧɟɡɚɜɢɫɢɦɵɦ ɨɬ ɢɧɫɬɪɭɦɟɧɬɨɜ ɪɚɡɪɚɛɨɬɤɢ.  

Ⱦɪɚɣɜɟɪɵ ɫɥɨɹ HAL ɪɟɚɥɢɡɭɸɬ ɨɛɧɚɪɭɠɟɧɢɟ ɨɲɢɛɨɤ ɜɨ ɜɪɟɦɹ 

ɜɵɩɨɥɧɟɧɢɹ (run-time failure detection). HAL ɩɪɨɜɟɪɹɟɬ ɜɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ 

ɜɫɟɯ ɮɭɧɤɰɢɣ. Ɍɚɤɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɩɪɨɜɟɪɤɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ 

ɧɚɞɟɠɧɨɫɬɢ ɜɫɬɪɨɟɧɧɨɝɨ ɉɈ. Ɉɛɧɚɪɭɠɟɧɢɟ ɨɲɢɛɨɤ ɜɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɨɝɪɚɦɦɵ, ɬɚɤɠɟ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɫɤɨɪɟɧɢɸ ɪɚɡɪɚɛɨɬɤɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ 

ɩɪɢɥɨɠɟɧɢɣ ɢ ɩɪɨɰɟɫɫɚ ɨɬɥɚɞɤɢ. 

Ⱦɪɚɣɜɟɪɵ HAL ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɟɞɨɫɬɚɜɢɬɶ 

ɪɚɡɪɚɛɨɬɱɢɤɭ ɦɚɤɫɢɦɚɥɶɧɨ ɲɢɪɨɤɢɣ ɧɚɛɨɪ ɮɭɧɤɰɢɣ, ɜ ɢɧɬɟɪɮɟɣɫɚɯ API, ɢ 

ɭɩɪɨɫɬɢɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜɟɪɯɧɢɯ ɫɥɨɟɜ ɩɪɢɥɨɠɟɧɢɣ ɫ ɆɄ.  

Ʉɚɠɞɵɣ ɞɪɚɣɜɟɪ ɫɨɫɬɨɢɬ ɢɡ ɧɚɛɨɪɚ ɮɭɧɤɰɢɣ, ɨɯɜɚɬɵɜɚɸɳɢɯ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɧɤɪɟɬɧɨɝɨ ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɚɠɞɨɝɨ ɞɪɚɣɜɟɪɚ ɩɪɢɦɟɧɟɧɚ ɨɛɳɚɹ ɫɬɪɭɤɬɭɪɚ API-

ɢɧɬɟɪɮɟɣɫɨɜ, ɤɨɬɨɪɚɹ ɫɬɚɧɞɚɪɬɢɡɢɪɭɟɬ ɫɬɪɭɤɬɭɪɭ ɞɪɚɣɜɟɪɚ, ɟɝɨ ɮɭɧɤɰɢɢ ɢ 

ɢɦɟɧɚ ɩɚɪɚɦɟɬɪɨɜ.  

Ⱦɪɚɣɜɟɪɵ HAL ɫɨɫɬɨɹɬ ɢɡ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɞɪɚɣɜɟɪɨɜ, ɤɚɠɞɵɣ ɦɨɞɭɥɶ 

ɨɫɭɳɟɫɬɜɥɹɟɬ ɫɜɹɡɶ ɫ ɨɬɞɟɥɶɧɵɦ ɩɟɪɢɮɟɪɢɣɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, 

ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɦɨɞɭɥɶ ɫɜɹɡɚɧ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɪɟɠɢɦɨɦ (ɮɭɧɤɰɢɟɣ) 

ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ.  

 Ȼɢɛɥɢɨɬɟɤɚ HAL ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɪɚɡɪɚɛɨɬɤɟ 

ɭɫɬɪɨɣɫɬɜ ɧɚ ɛɚɡɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ STM32.  
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4.2 Ɉɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ ɫɨɫɬɨɹɧɢɹ 

ɍ ɷɧɤɨɞɟɪɚ ɟɫɬɶ ɞɜɚ ɤɚɧɚɥɚ: Ⱥ ɢ B. ɉɪɢ ɜɪɚɳɟɧɢɢ ɞɜɢɝɚɬɟɥɹ ɷɧɤɨɞɟɪ ɧɚ 

ɷɬɢɯ ɜɵɜɨɞɚɯ ɝɟɧɟɪɢɪɭɟɬ 2 ɫɢɝɧɚɥɚ, ɫɦɟɳɟɧɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɩɨ 

ɮɚɡɟ ɧɚ 90 ɝɪɚɞɭɫɨɜ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ 

ɫɢɝɧɚɥ Ⱥ ɥɢɛɨ ɨɩɟɪɟɠɚɟɬ ɫɢɝɧɚɥ ȼ ɧɚ 90 ɝɪɚɞɭɫɨɜ, ɥɢɛɨ ɡɚɩɚɡɞɵɜɚɟɬ 

(ɪɢɫɭɧɨɤ 4.1). Ɍɚɤɠɟ ɷɧɤɨɞɟɪ ɢɦɟɟɬ ɤɚɧɚɥ Z, ɤɨɬɨɪɵɣ ɜɵɞɚɟɬ ɨɞɢɧ ɢɦɩɭɥɶɫ 

ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɩɨɥɧɨɝɨ ɨɛɨɪɨɬɚ. 

 

Ɋɢɫɭɧɨɤ 4.1 – ɋɢɝɧɚɥɵ ɷɧɤɨɞɟɪɚ ɩɪɢ ɜɪɚɳɟɧɢɢ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ 

ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɫɱɢɬɵɜɚɬɶ ɩɪɨɝɪɚɦɦɧɨ. Ɉɞɧɚɤɨ STM32 ɨɛɥɚɞɚɟɬ 

ɫɩɟɰɢɚɥɶɧɵɦ ɢɧɬɟɪɮɟɣɫɨɦ, ɤɨɬɨɪɵɣ ɢ ɨɛɪɚɛɚɬɵɜɚɟɬ ɞɚɧɧɵɟ ɫ ɷɧɤɨɞɟɪɚ ɢ 

ɢɡɦɟɧɹɟɬ ɧɚ ɢɯ ɨɫɧɨɜɟ ɡɧɚɱɟɧɢɟ ɫɱɟɬɧɨɝɨ ɪɟɝɢɫɬɪɚ ɜ ɦɟɧɶɲɭɸ ɢɥɢ ɛɨɥɶɲɭɸ 

ɫɬɨɪɨɧɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɹ. ɂɧɬɟɪɮɟɣɫ ɪɟɚɥɢɡɭɟɬɫɹ 

ɱɟɪɟɡ 2 ɤɚɧɚɥɚ ɨɞɧɨɝɨ ɢɡ ɩɪɨɞɜɢɧɭɬɵɯ ɬɚɣɦɟɪɨɜ (advanced timers). 



 

Пе
рв

. п
ри

ме
н. 

Сп
ра

в. 
№

 
По

дп
ис

ь 
и 

да
та

 
Ин

в. 
№

 д
уб

л. 
Вз

ам
. и

нв
. №

 
По

дп
ис

ь 
и 

да
та

 
Ин

в. 
№

 п
од

л. 

 
 

 
 

 

Изм. Лист № докум. Подпись Дата 

Лист 

55 
МР – 15.03.06 ПЗ 

 

ɋɢɝɧɚɥɵ ɫ ɜɯɨɞɨɜ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɰɢɮɪɨɜɨɣ ɮɢɥɶɬɪ, ɡɚɬɟɦ ɩɨɫɬɭɩɚɸɬ ɜ 

ɞɟɬɟɤɬɨɪ ɮɪɨɧɬɨɜ. ȼɯɨɞɧɨɣ ɰɢɮɪɨɜɨɣ ɮɢɥɶɬɪ ɧɭɠɟɧ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɞɪɟɛɟɡɝɚ 

ɤɨɧɬɚɤɬɨɜ ɢ, ɩɨ ɫɭɬɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ, ɞɟɤɪɟɦɟɧɬɢɪɭɸɳɢɣ ɫɱёɬɱɢɤ, 

ɮɢɡɢɱɟɫɤɢ ɞɪɟɛɟɡɝ, ɤɨɧɟɱɧɨ, ɧɟ ɩɪɨɩɚɞɚɟɬ, ɧɨ ɡɚ ɫɱёɬ ɩɪɢɦɟɧɟɧɢɹ 

ɫɩɟɰɢɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫɢɫɬɟɦɚ ɟɝɨ ɧɟ «ɱɭɜɫɬɜɭɟɬ». Ⱦɟɬɟɤɬɨɪ ɮɪɨɧɬɨɜ, ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ ɜɨɡɪɚɫɬɚɸɳɢɣ ɢɥɢ ɫɩɚɞɚɸɳɢɣ ɫɢɝɧɚɥ, ɭɫɬɚɧɚɜɥɢɜɚɟɬ 1 

ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɜɵɜɨɞɟ, TI1F_Rising – ɜɨɡɪɚɫɬɚɸɳɢɣ ɢ TI1F_Falling – 

ɫɩɚɞɚɸɳɢɣ. Ⱦɚɥɟɟ, ɫɢɝɧɚɥɵ ɩɨɩɚɞɚɸɬ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɨ 

ɤɚɤɨɦɭ ɮɪɨɧɬɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɯɜɚɬ, ɚ ɡɚɬɟɦ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪ ɜɵɛɨɪɚ ɜɯɨɞɚ 

(ɪɢɫɭɧɨɤ 4.2). 

 

Ɋɢɫɭɧɨɤ 4.2 – Ɉɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ ɫ ɷɧɤɨɞɟɪɚ 

ɇɢɠɟ ɢɡɨɛɪɚɠɟɧɚ ɤɚɪɬɢɧɤɚ, ɨɬɪɚɠɚɸɳɚɹ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɰɢɮɪɨɜɨɝɨ 

ɮɢɥɶɬɪɚ (ɪɢɫɭɧɨɤ 4.3), ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɧɚɦ ɢɡɜɟɫɬɧɨ ɱɬɨ ɫɢɝɧɚɥ 

ɧɟɫɬɚɛɢɥɟɧ ɜ ɬɟɱɟɧɢɟ 5 ɜɵɛɨɪɨɤ, ɬɨɝɞɚ ɩɨɫɥɟ ɩɟɪɟɯɨɞɚ ɜ ɧɨɜɨɟ ɫɨɫɬɨɹɧɢɟ, ɜ 

ɬɟɱɟɧɢɟ 8 ɜɵɛɨɪɨɤ (ɜɨɡɶɦёɦ ɫ ɡɚɩɚɫɨɦ), ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɧɟ ɞɨɥɠɟɧ 

ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɜɯɨɞɚ. ȿɫɥɢ ɱɟɪɟɡ 8 ɜɵɛɨɪɨɤ ɫɨɫɬɨɹɧɢɟ 

ɫɢɝɧɚɥɚ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ, ɨɧ ɩɟɪɟɞɚёɬɫɹ ɧɚ ɜɵɯɨɞ TI1F.  
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Ɋɢɫɭɧɨɤ 4.3 – Ɋɚɛɨɬɚ ɚɥɝɨɪɢɬɦɚ ɰɢɮɪɨɜɨɝɨ ɮɢɥɶɬɪɚ 

ȼ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɪɟɝɢɫɬɪɟ ɛɢɬɵ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɪɨɧɬɭ ɤɚɤɨɝɨ ɢɡ 

ɜɯɨɞɨɜ ɛɭɞɟɬ ɜɟɫɬɢɫɶ ɩɨɞɫɱёɬ, ɚ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɡɧɚɱɟɧɢɟ ɫɱёɬɱɢɤɚ ɛɭɞɟɬ ɢɥɢ 

ɭɦɟɧɶɲɚɬɶɫɹ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɨɹɧɢɹ ɞɪɭɝɨɝɨ ɜɯɨɞɚ, ɷɬɨ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚ 

ɤɚɪɬɢɧɤɟ ɧɢɠɟ (ɪɢɫɭɧɨɤ 4.4). 

 

Ɋɢɫɭɧɨɤ 4.4 – Ɋɚɛɨɬɚ ɫɱёɬɱɢɤɚ ɢɦɩɭɥɶɫɨɜ ɷɧɤɨɞɟɪɚ 
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4.3 Ƚɟɧɟɪɚɰɢɹ ɫɢɝɧɚɥɨɜ ɭɩɪɚɜɥɟɧɢɹ 

ɍɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɝɟɧɟɪɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɐȺɉ ɜ ɜɢɞɟ 

ɧɚɩɪɹɠɟɧɢɹ ɨɬ 0 ɞɨ 2 ȼ. 

Ɇɨɞɭɥɶ ɐȺɉ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 12-ɬɢ ɪɚɡɪɹɞɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ɰɢɮɪɨɜɵɯ ɞɚɧɧɵɯ ɜ ɧɚɩɪɹɠɟɧɢɟ. ɐȺɉ ɦɨɠɟɬ ɛɵɬɶ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɧ ɜ 8-ɦɢ 

ɢɥɢ 12-ɬɢ ɛɢɬɧɵɣ ɪɟɠɢɦ, ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 

ɤɨɧɬɪɨɥɥɟɪɨɦ DMA. ȼ 12-ɬɢ ɛɢɬɧɨɦ ɪɟɠɢɦɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɜɵɪɚɜɧɢɜɚɬɶɫɹ ɩɨ 

ɩɪɚɜɨɦɭ ɢɥɢ ɩɨ ɥɟɜɨɦɭ ɤɪɚɸ. ɐȺɉ ɫɨɞɟɪɠɢɬ ɞɜɚ ɤɚɧɚɥɚ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ 

ɫɨɞɟɪɠɢɬ ɧɟɡɚɜɢɫɢɦɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ. ȼ ɞɜɭɯɤɚɧɚɥɶɧɨɦ ɪɟɠɢɦɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɧɟɡɚɜɢɫɢɦɨ ɢɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɤɨɝɞɚ ɨɛɚ 

ɤɚɧɚɥɚ ɝɪɭɩɩɢɪɭɸɬɫɹ ɞɥɹ ɫɢɧɯɪɨɧɧɨɝɨ ɡɚɩɭɫɤɚ. ȼɵɜɨɞ ɨɩɨɪɧɨɝɨ ɫɢɝɧɚɥɚ 

VREF+ ɞɨɫɬɭɩɟɧ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɪɚɡɪɟɲɟɧɢɹ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɐȺɉ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.5. 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɐȺɉ: 

• ɞɜɚ ɰɢɮɪɨɚɧɚɥɨɝɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɤɚɠɞɵɣ ɢɦɟɟɬ ɫɜɨɣ ɜɵɯɨɞ; 

• 8-ɦɢ ɢ 12-ɬɢ ɛɢɬɧɵɣ ɪɟɠɢɦ; 

• ɜɵɪɚɜɧɢɜɚɧɢɟ ɞɚɧɧɵɯ ɩɨ ɥɟɜɨɦɭ ɢɥɢ ɩɪɚɜɨɦɭ ɤɪɚɸ ɜ 12-ɬɢ ɪɚɡɪɹɞɧɵɣ 

ɪɟɠɢɦ; 

• ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɨɛɧɨɜɥɟɧɢɹ; 

• ɝɟɧɟɪɢɪɨɜɚɧɢɟ ɲɭɦɚ; 

• ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɬɪɟɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ; 

• ɧɟɡɚɜɢɫɢɦɨɟ ɢɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɤɚɧɚɥɚɯ; 

• ɢɫɩɨɥɶɡɨɜɚɧɢɟ DMA ɞɥɹ ɨɛɨɢɯ ɤɚɧɚɥɨɜ; 

• ɜɧɟɲɧɢɣ ɡɚɩɭɫɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ; 

• ɜɯɨɞ ɨɩɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 4.5 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɐȺɉ 

4.4 Ȼɢɛɥɢɨɬɟɤɚ emWin 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɛɟɫɩɥɚɬɧɚɹ 

ɝɪɚɮɢɱɟɫɤɚɹ ɛɢɛɥɢɨɬɟɤɚ emWin. 

Ȼɢɛɥɢɨɬɟɤɚ emWin, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɦɩɚɧɢɟɣ SEGGER, ɩɪɟɞɨɫɬɚɜɥɹɟɬ 

ɧɚɞɟɠɧɵɣ, ɷɮɮɟɤɬɢɜɧɵɣ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɥɹ ɥɸɛɵɯ 

ɩɪɢɥɨɠɟɧɢɣ ɫ ɝɪɚɮɢɱɟɫɤɢɦ ɀɄ-ɞɢɫɩɥɟɟɦ. ɋ ɩɨɦɨɳɶɸ emWin ɦɨɠɧɨ 

ɜɵɩɨɥɧɢɬɶ ɛɚɡɨɜɵɣ ɞɢɡɚɣɧ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ – ɞɥɹ ɷɬɨɝɨ 

ɧɟɨɛɯɨɞɢɦɨ ɚɜɬɨɧɨɦɧɨɟ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɟ ɫɪɟɞɫɬɜɨ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ 

ɪɚɡɞɟɥɢɬɶ ɩɪɨɰɟɫɫɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɧɬɟɪɮɟɣɫɚ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ ɪɚɡɪɚɛɨɬɤɢ 

ɦɢɤɪɨɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɬɟɦ ɫɚɦɵɦ ɭɫɤɨɪɢɬɶ ɫɨɡɞɚɧɢɟ 

ɩɪɢɥɨɠɟɧɢɣ ɞɥɹ ɀɄ-ɞɢɫɩɥɟɟɜ ɜ ɩɨɬɪɟɛɢɬɟɥɶɫɤɨɣ ɷɥɟɤɬɪɨɧɢɤɟ, ɛɵɬɨɜɨɣ 

ɬɟɯɧɢɤɟ, ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɛɨɪɚɯ ɢ ɩɪɨɦɵɲɥɟɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. Ȼɢɛɥɢɨɬɟɤɚ 

emWin ɫɨɜɦɟɫɬɢɦɚ ɫ ɨɞɧɨɡɚɞɚɱɧɵɦɢ, ɢ ɦɧɨɝɨɡɚɞɚɱɧɵɦɢ ɫɪɟɞɚɦɢ ɢ ɩɨɞɯɨɞɢɬ 

ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɦɢ Cortex-M0, Cortex-M3, Cortex-M4, 

ARM7™ ɢ ARM9™. 
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4.5 ɂɧɬɟɪɮɟɣɫ LTDC 

Ⱦɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɜ ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɧɢɬɨɪ. 

ɑɬɨɛɵ ɩɨɞɤɥɸɱɢɬɶ ɟɝɨ ɤ ɤɨɧɬɪɨɥɥɟɪɭ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ LTDC (ɪɢɫɭɧɨɤ 

4.6). 

Ⱦɚɧɧɵɣ ɦɨɞɭɥɶ ɩɟɪɢɮɟɪɢɢ ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɹɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɥɟɪɨɦ, 

ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɫɬɨɢɬ ɧɚ ɫɬɨɪɨɧɟ ɞɢɫɩɥɟɹ, ɧɚɩɪɢɦɟɪ, SSD1963 ɢ ɟɦɭ 

ɩɨɞɨɛɧɵɟ. ȿɫɥɢ ɩɨɫɦɨɬɪɢɦ ɧɚ ɫɬɪɭɤɬɭɪɭ LTDC, ɬɨ ɭɜɢɞɢɦ, ɱɬɨ ɮɢɡɢɱɟɫɤɢ 

ɷɬɨ ɩɚɪɚɥɥɟɥɶɧɚɹ ɲɢɧɚ ɧɚ 24 ɛɢɬɚ + ɚɩɩɚɪɚɬɧɵɣ ɭɫɤɨɪɢɬɟɥɶ ɝɪɚɮɢɤɢ + 

ɦɚɫɫɢɜ ɞɚɧɧɵɯ ɜ ɈɁɍ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɩɨ ɮɚɤɬɭ ɛɭɮɟɪɨɦ ɞɢɫɩɥɟɹ (frame 

buffer). 

ɇɚ ɜɵɯɨɞɟ ɦɵ ɢɦɟɟɦ ɨɛɵɱɧɭɸ ɩɚɪɚɥɥɟɥɶɧɭɸ ɲɢɧɭ, ɤɨɬɨɪɚɹ ɜ ɫɟɛɟ 

ɫɨɞɟɪɠɢɬ 24 ɛɢɬɚ ɰɜɟɬɚ (ɩɨ 8 ɛɢɬ ɧɚ ɰɜɟɬ ɦɨɞɟɥɢ RGB), ɥɢɧɢɢ 

ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɥɢɧɢɹ ɜɤɥɸɱɟɧɢɹ/ɨɬɤɥɸɱɟɧɢɹ ɞɢɫɩɥɟɹ ɢ pixel clock. 

ɉɨɫɥɟɞɧɢɣ ɩɨ ɮɚɤɬɭ ɹɜɥɹɟɬɫɹ ɫɢɝɧɚɥɨɦ ɬɚɤɬɢɪɨɜɚɧɢɹ ɩɨ ɤɨɬɨɪɨɦɭ 

ɡɚɝɪɭɠɚɸɬɫɹ ɩɢɤɫɟɥɢ ɜ ɞɢɫɩɥɟɣ, ɬɨ ɟɫɬɶ ɟɫɥɢ ɱɚɫɬɨɬɚ ɭ ɧɚɫ 9.5 ɆȽɰ, ɬɨ ɡɚ 1 

ɫɟɤɭɧɞɭ ɦɵ ɦɨɠɟɦ ɡɚɝɪɭɠɚɬɶ 9.5 ɦɥɧ. ɩɢɤɫɟɥɟɣ. ȼ ɬɟɨɪɢɢ, ɧɚ ɩɪɚɤɬɢɤɟ 

ɰɢɮɪɵ ɧɟɫɤɨɥɶɤɨ ɫɤɪɨɦɧɟɟ ɢɡ-ɡɚ ɬɚɣɦɢɧɝɨɜ ɢ ɩɪɨɱɟɝɨ. 

Ɋɢɫɭɧɨɤ 4.6 – ɋɯɟɦɚ ɦɨɞɭɥɹ LTDC 
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4.6 Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ 

ɉɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɭɫɢɥɢɟɦ, 

ɫɨɡɞɚɜɚɟɦɵɦ ɬɪɟɧɚɠёɪɨɦ, ɢ ɧɚɛɥɸɞɚɬɶ ɫɤɨɪɨɫɬɶ, ɤɨɬɨɪɭɸ ɪɚɡɜɢɜɚɟɬ ɛɟɝɭɧ ɜ 

ɩɪɨɰɟɫɫɟ ɬɪɟɧɢɪɨɜɤɢ. 

ɉɨɥɡɭɧɨɤ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɷɤɪɚɧɚ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɡɧɚɱɟɧɢɟ 

ɫɢɥɵ ɬɹɝɢ. ɉɟɪɟɦɟɳɟɧɢɟ ɩɨɥɡɭɧɤɚ ɜɜɟɪɯ ɭɜɟɥɢɱɢɜɚɟɬ ɫɢɥɭ ɬɹɝɢ, 

ɩɟɪɟɦɟɳɟɧɢɟ ɜɧɢɡ – ɭɦɟɧɶɲɚɟɬ. Ⱦɚɧɧɵɣ ɷɥɟɦɟɧɬ ɢɧɬɟɪɮɟɣɫɚ ɧɟ ɡɚɩɭɫɤɚɟɬ 

ɬɪɟɧɚɠёɪ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɤɚɤ 

ɞɨ ɧɚɱɚɥɚ ɬɪɟɧɢɪɨɜɤɢ, ɬɚɤ ɢ ɜɨ ɜɪɟɦɹ ɟё. 

ȼ ɧɢɠɧɟɣ ɩɪɚɜɨɣ ɱɚɫɬɢ ɷɤɪɚɧɚ, ɫɥɟɜɚ ɨɬ ɩɨɥɡɭɧɤɚ ɧɚɯɨɞɢɬɫɹ ɬɟɤɫɬɨɜɨɟ 

ɩɨɥɟ ɜ ɤɨɬɨɪɨɦ ɨɬɨɛɪɚɠɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɹɝɢ, ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɩɨɥɡɭɧɤɨɦ. 

ɋɩɪɚɜɚ ɨɬ ɡɧɚɱɟɧɢɹ ɭɤɚɡɚɧɵ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ. 

ɇɚɢɛɨɥɶɲɢɦ ɷɥɟɦɟɧɬɨɦ ɢɧɬɟɪɮɟɣɫɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɩɨ ɰɟɧɬɪɭ ɷɤɪɚɧɚ 

ɹɜɥɹɟɬɫɹ ɝɪɚɮɢɤ ɫɤɨɪɨɫɬɢ ɩɨ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɚɹ ɪɟɝɢɫɬɪɢɪɨɜɚɥɚɫɶ ɜ ɩɪɨɰɟɫɫɟ 

ɬɪɟɧɢɪɨɜɤɢ. ɉɪɢ ɤɚɠɞɨɦ ɧɨɜɨɦ ɫɬɚɪɬɟ ɬɪɟɧɢɪɨɜɤɢ ɫɬɚɪɵɟ ɡɧɚɱɟɧɢɹ ɧɚ 

ɞɚɧɧɨɦ ɝɪɚɮɢɤɟ ɨɱɢɳɚɸɬɫɹ ɢ ɫɬɪɨɹɬɫɹ ɧɨɜɵɟ. 

ɉɨ ɧɚɠɚɬɢɸ ɤɧɨɩɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɩɨɫɟɪɟɞɢɧɟ ɷɤɪɚɧɚ ɜɧɢɡɭ, ɧɚ ɜɚɥɭ 

ɞɜɢɝɚɬɟɥɹ ɩɪɨɢɫɯɨɞɢɬ ɭɫɬɚɧɨɜɤɚ ɜɵɛɪɚɧɧɨɣ ɫɢɥɵ ɢ ɧɚɱɢɧɚɟɬɫɹ ɪɟɝɢɫɬɪɚɰɢɹ 

ɫɤɨɪɨɫɬɢ, ɤɨɬɨɪɚɹ ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ ɝɪɚɮɢɤɟ ɩɨ ɰɟɧɬɪɭ ɷɤɪɚɧɚ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɤɬɪɚɬɢɬɶ ɪɟɝɢɫɬɪɚɰɢɸ ɫɤɨɪɨɫɬɢ ɧɭɠɧɨ ɧɚɠɚɬɶ 

ɤɧɨɩɤɭ ɟɳё ɪɚɡ.  

ɋɥɟɜɚ ɜɧɢɡɭ ɨɬɨɛɪɚɠɚɟɬɫɹ ɬɟɤɭɳɚɹ ɫɤɨɪɨɫɬɶ ɫɩɨɪɬɫɦɟɧɚ. ɋɩɪɚɜɚ ɨɬ ɧɟё 

ɭɤɚɡɚɧɵ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ. 

Ɉɛɳɢɣ ɜɢɞ ɢɧɬɟɪɮɟɣɫɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.7. 
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Ɋɢɫɭɧɨɤ 4.7 – ɉɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ 

5  ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱёɬ 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɱɢɫɥɢɬɶ ɟɝɨ ɫɟɛɟɫɬɨɢɦɨɫɬɶ, ɪɚɫɫɱɢɬɚɬɶ ɰɟɧɭ, ɧɚɰɟɧɤɭ ɢ ɜɵɹɜɢɬɶ ɱɢɫɬɭɸ 

ɩɪɢɛɵɥɶ. ɋɟɛɟɫɬɨɢɦɨɫɬɶ — ɷɬɨ ɫɭɦɦɚɪɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ 

ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɞɭɤɰɢɢ.  

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

• ɨɫɧɨɜɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɨɤɭɩɧɵɟ ɢɡɞɟɥɢɹ (Ɇ); 

• ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɰɟɥɢ (Эɥ.); 

• ɨɩɥɚɬɭ ɬɪɭɞɚ (Z); 

• ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ (ɋɨɰ.); 

• ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ (Ⱥ.);  

• ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ (ɉɪ.).  
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5.1 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɫɬɨɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ 

ɋɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɫɦɟɬɧɨɝɨ 

ɤɚɥɶɤɭɥɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɨɦ ɧɚ ɩɪɹɦɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɡɚɬɪɚɬ ɩɨ ɨɬɞɟɥɶɧɵɦ 

ɫɬɚɬɶɹɦ. 𝑀 = ∑ Nmi ∙ Zmi ∙ К˕з௡୧=ଵ + ∑ Nnj ∙ Znj ∙ К˕з,௠୨=ଵ         (5.1) 

ɝɞɟ: 

Ɇ - ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɨɤɭɩɧɵɯ ɢɡɞɟɥɢɣ;  

n - ɱɢɫɥɨ ɩɨɡɢɰɢɣ ɩɪɢɦɟɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ; 

m - ɧɨɦɟɧɤɥɚɬɭɪɚ ɩɪɢɦɟɧɹɟɦɵɯ ɩɨɤɭɩɧɵɯ ɢɡɞɟɥɢɣ; 

Nmi - ɪɚɫɯɨɞ ɦɚɬɟɪɢɚɥɨɜ (ɭɩ., ɲɬ.); 

Zmi - ɰɟɧɚ ɦɚɬɟɪɢɚɥɚ (ɪɭɛ./ɭɩ., ɪɭɛ.); 

Nnj - ɤɨɥɢɱɟɫɬɜɨ ɩɨɤɭɩɧɵɯ ɢɡɞɟɥɢɣ (ɲɬ.); 

Znj - ɰɟɧɚ ɩɨɤɭɩɧɵɯ ɢɡɞɟɥɢɣ (ɪɭɛ.); 

Кɬɡ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɩɨɪɬɧɨ-ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ; 

Кɬɡ = (1,03…1,05).  

 

Ɍɚɛɥɢɰɚ 5.1 - Ɂɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢ ɩɨɤɭɩɧɵɟ ɢɡɞɟɥɢɹ 

№ 
ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɨɜ, 
ɩɨɤɭɩ-ɧɵɯ ɢɡɞɟɥɢɣ ɢ 
ɩ/ɮɚɛɪɢɤɚɬɨɜ 

Кɨɥɢ-

ɱɟɫɬɜɨ, 
ɲɬ. 

Цɟɧɚ ɟɞ., 
ɪɭɛ. 

ɋɭɦɦɚ, ɪɭɛ. ɂɬɨɝɨ ɦɚɬɟɪ. 
ɡɚɬɪɚɬ, ɪɭɛ. 

1. ɋɨɩɭɬɫɬɜɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ  

1.1 ɋɨɟɞɢɧɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ   1000,00 1000,00 

1.2 Ɋɚɞɢɨɞɟɬɚɥɢ   500,00 500,00 

1.3 ɂɧɫɬɪɭɦɟɧɬɵ   1000,00 1000,00 

 ɂɬɨɝɨ   2500,00 

2. ɉɨɤɭɩɧɵɟ ɢɡɞɟɥɢɹ  

2.1 ɋɟɪɜɨɫɢɫɬɟɦɚ Yaskawa 

Sigma II 

1 15000,00 15000,00 15000,00 

2.2 ɉɥɚɬɚ STM32F746G-

discovery 

1 6000,00 6000,00 6000,00 

2.3 ɉɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ 1 40000,00 40000,00 40000,00 

 ɂɬɨɝɨ  21000,00 

ȼɫɟɝɨ ɡɚɬɪɚɬ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢ ɩɨɤɭɩɧɵɟ ɢɡɞɟɥɢɹ 63500,00 
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5.2 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɰɟɥɢ 

Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɰɟɥɟɣ (Эɥ.) 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Эɥ. = К ⋅ Ɍ ⋅ Ц, ɝɞɟ             (5.2) 

К - ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɤɨɦɩɶɸɬɟɪɨɦ ɜ ɱɚɫ, ɤȼɬ;  

Ɍ - ɫɪɨɤɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɵ, ɱɚɫ; 

Ц - ɫɬɨɢɦɨɫɬɶ ɤȼɬ/ɱɚɫ, ɪɭɛ. 

Ɍɚɛɥɢɰɚ 5.2 - Ɂɚɬɪɚɬɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɰɟɥɢ 

ɉɨɬɪɟɛɥɟɧɢɟ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɤɨɦɩɶɸɬɟɪɨɦ, ɤȼɬ/ɱɚɫ 

ɋɬɨɢɦɨɫɬɶ 1 
ɤȼɬ, ɪɭɛ. 

ɋɪɨɤɢ 
ɪɚɡɪɚɛɨɬɤɢ 
ɩɪɨɝɪɚɦɦ, 
ɱɚɫ. 

ɋɪɨɤɢ 
ɪɚɡɪɚɛɨɬɤɢ 
ɩɪɨɝɪɚɦɦɵ, 
ɞɧ. 

ɂɬɨɝɨ ɡɚɬɪɚɬɵ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, 
ɪɭɛ. 

0,5 2,55 500 9 637,50 

5.3  Ɋɚɫɱɟɬ ɨɩɥɚɬɵ ɬɪɭɞɚ 

ȼ ɫɨɫɬɚɜ ɨɫɧɨɜɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɜɤɥɸɱɚɟɬɫɹ ɩɪɟɦɢɹ, 

ɜɵɩɥɚɱɢɜɚɟɦɚɹ ɟɠɟɦɟɫɹɱɧɨ ɢɡ ɮɨɧɞɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɜ ɪɚɡɦɟɪɟ 20 –30 % 

ɨɬ ɬɚɪɢɮɚ ɢɥɢ ɨɤɥɚɞɚ. Ɋɚɫɱɟɬ ɨɫɧɨɜɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥ. 

ɋɪɟɞɧɟɞɧɟɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ;         (5.3) 

Ɋɚɫɱɟɬɵ ɡɚɬɪɚɬ ɧɚ ɨɫɧɨɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

ɉɪɢ ɪɚɫɱɟɬɟ ɭɱɢɬɵɜɚɥɨɫɶ, ɱɬɨ ɜ ɝɨɞɭ 302 ɪɚɛɨɱɢɯ ɞɧɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ 

ɦɟɫɹɰɟ 25 ɪɚɛɨɱɢɯ ɞɧɟɣ. Ɋɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ KɊK=1,69. 

Ɍɚɛɥɢɰɚ 5.3 -  Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɨɫɧɨɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ 
 

Ɉɤɥɚɞ, ɪɭɛ. 
ɋɪɟɞɧɟɞɧɟɜɧɚɹ 

ɫɬɚɜɤɚ,ɪɭɛ./ 

ɞɟɧɶ 

Ɂɚɬɪɚɬɵ 

ɜɪɟɦɟɧɢ, 

ɞɧɢ 

Ʉɨɷɮɮɢ 

ɰɢɟɧɬ 

Ɏɨɧɞ ɡ/ɩɥɚɬɵ, ɪɭɛ. 

16751,29 993,25 50 1,69 83929,62 
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5.4 Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ 

ȼ 2019 ɝ. ɫɬɚɜɤɢ ɫɬɪɚɯɨɜɵɯ ɜɡɧɨɫɨɜ ɫɨɫɬɚɜɥɹɸɬ 30% ɨɬ ɪɚɡɦɟɪɚ 

ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ.  

ɋɨɰ. = Z ⋅30%, ɝɞɟ            (5.4) 

ɋɨɰ. - ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ, 

Z - ɪɚɡɦɟɪ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ. 

ɋɨɰ. = 33571,85 ⋅ 0,30 = 25178,88           (5.5) 

5.5  Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 

ɉɪɢ ɥɢɧɟɣɧɨɦ ɫɩɨɫɨɛɟ ɝɨɞɨɜɚɹ ɫɭɦɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɨɛɴɟɤɬɚ ɨɫɧɨɜɧɵɯ 

ɫɪɟɞɫɬɜ ɢ ɧɨɪɦɵ ɚɦɨɪɬɢɡɚɰɢɢ, ɢɫɱɢɫɥɟɧɧɨɣ ɢɫɯɨɞɹ ɢɡ ɫɪɨɤɚ ɩɨɥɟɡɧɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɝɨ ɨɛɴɟɤɬɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 20 %. Ƚɨɞɨɜɵɟ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Caɦ = (Cɤɨɦɩ ⋅ 20) / 100, ɝɞɟ           (5.6) 

ɋɚɦ - ɫɭɦɦɚ ɝɨɞɨɜɵɯ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ (ɥɢɧɟɣɧɵɣ ɫɩɨɫɨɛ); 

ɋ ɤɨɦɩ - ɫɬɨɢɦɨɫɬɶ ЭȼɆ.  

Caɦ = (40 000 ⋅ 20) / 100 = 8 000 (ɪɭɛ.)         (5.7) 

ɂɫɯɨɞɹ ɢɡ ɫɭɦɦɵ ɝɨɞɨɜɵɯ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɭɱɢɬɵɜɚɹ 

ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɝɨɞɭ (240 ɞɧɟɣ), ɜɵɱɢɫɥɹɟɬɫɹ ɫɭɦɦɚ 

ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɡɚ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɡɪɚɛɨɬɤɢ (ɞɧɢ ɢɥɢ 

ɦɟɫɹɰɵ).  Ɂɚɬɪɚɬɚ ɧɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ: 660 ɪɭɛ. 

Ɍɚɛɥɢɰɚ 5.4 - Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 

ɋɬɨɢɦɨɫɬɶ 
ɤɨɦɩɶɸɬɟɪɚ, 
ɪɭɛ. 

ɋɭɦɦɚ ɝɨɞɨɜɨɣ 
ɚɦɨɪɬɢɡɚɰɢɢ, 
ɪɭɛ. 

ɋɭɦɦɚ 
ɟɠɟɞɧɟɜɧɨɣ 
ɚɦɨɪɬɢɡɚɰɢɢ (240 
ɪɚɛ. ɞɧɟɣ) 

ɂɬɨɝɨ 
ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, ɪɭɛ. 

40 000 8000 33,33 1666,50 
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5.6 ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 

К ɩɪɨɱɢɦ ɪɚɫɯɨɞɚɦ (ɉɪ.) ɨɬɧɨɫɹɬɫɹ ɤɨɦɦɟɪɱɟɫɤɢɟ ɪɚɫɯɨɞɵ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɡɚɬɪɚɬɵ ɧɚ ɪɟɤɥɚɦɭ, ɪɚɡɦɟɳɟɧɢɟ ɢ ɩɪɨɞɜɢɠɟɧɢɟ ɫɚɣɬɚ ɢ ɩɪ.  

Ⱦɚɧɧɵɣ ɉɉ ɪɚɡɪɚɛɚɬɵɜɚɥɫɹ ɩɨɞ ɤɨɧɤɪɟɬɧɨɝɨ ɡɚɤɚɡɱɢɤɚ, ɩɨɷɬɨɦɭ 

ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɪɚɫɯɨɞɨɜ ɧɟɬ. 

Ɉɛɳɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɝɪɚɦɦɵ. 

ȼɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ɋȿȻ = Ɇ + Эɥ + Z + ɋɨɰ + Caɦ, ɝɞɟ         (5.8) 

Ɇ - ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɨɤɭɩɧɵɯ ɢɡɞɟɥɢɣ; 

Эɥ - ɡɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; 

Z - ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɩɪɨɝɪɚɦɦɢɫɬɚ; 

ɋɨɰ - ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ; 

Caɦ - ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 

5.7 Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 

ɋɭɦɦɢɪɭɹ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɟɤɬɚ ɩɨɫɱɢɬɚɟɦ 

ɨɛɳɭɸ ɫɬɨɢɦɨɫɬɶ. 

Ɍɚɛɥɢɰɚ 5.5 - Кɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɟɤɬɚ 

№ 
ɩ/ɩ 

ɋɬɚɬɶɢ ɡɚɬɪɚɬ ȼɟɥɢɱɢɧɚ ɡɚɬɪɚɬ, ɪɭɛ. 

1. Ɇɚɬɟɪɢɚɥɵ, ɩɨɤɭɩɧɵɟ ɢɡɞɟɥɢɹ  63500,00 

2. Эɥɟɤɬɪɨɷɧɟɪɝɢɹ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɰɟɥɢ 

637,50 

3. Ɉɩɥɚɬɚ ɬɪɭɞɚ 83929,62 

4. Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ 25178,88 

5. Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ  1666,50 

 ɂɬɨɝɨ  174912,50 
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6 Ɍɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ 

Ʉ ɡɚɧɹɬɢɹɦ ɧɚ ɬɪɟɧɚɠɟɪɚɯ ɞɨɩɭɫɤɚɸɬɫɹ ɪɚɛɨɬɧɢɤɢ (ɫɩɨɪɬɫɦɟɧɵ, 

ɭɱɚɳɢɟɫɹ) ɩɪɨɲɟɞɲɢɟ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɧɟ ɢɦɟɸɳɢɟ 

ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɬɢɜɨɩɨɤɚɡɚɧɢɣ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɟɧɚɠɟɪɚ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ ɩɪɚɜɢɥɚ 

ɬɟɯɧɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɪɟɠɢɦɵ ɬɪɟɧɢɪɨɜɨɤ.  Ɍɪɟɧɚɠɟɪ 

ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɬɨɥɶɤɨ ɜ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɞɥɹ ɧɟɝɨ ɰɟɥɹɯ. 

Ɂɚɧɹɬɢɹ ɧɚ ɬɪɟɧɚɠɟɪɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɜ ɫɩɨɪɬɢɜɧɨɣ ɨɞɟɠɞɟ ɢ 

ɫɩɨɪɬɢɜɧɨɣ ɨɛɭɜɢ ɫ ɧɟɫɤɨɥɶɡɤɨɣ ɩɨɞɨɲɜɨɣ. Ɂɚɩɪɟɳɚɟɬɫɹ ɡɚɧɢɦɚɬɶɫɹ ɧɚ 

ɬɪɟɧɚɠɟɪɟ ɛɨɫɢɤɨɦ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɟɧɚɠёɪɚ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɬɪɟɛɨɜɚɧɢɹ 

ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ. 

Ɍɪɟɧɚɠёɪ ɞɨɥɠɟɧ ɛɵɬɶ ɡɚɡɟɦɥёɧ ɢ ɡɚɤɪɟɩɥёɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 

ɢɡɛɟɠɚɬɶ ɟɝɨ ɩɨɞɜɢɠɧɨɫɬɢ. 

ɋɥɟɞɭɟɬ ɧɟ ɞɨɩɭɫɤɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ ɜɥɚɝɢ ɧɚ ɬɪɟɧɚɠёɪ. 

Ɉɛɹɡɚɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɦɟɥɚɫɶ 

ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɧɟɦɟɞɥɟɧɧɨɣ ɨɫɬɚɧɨɜɤɢ ɧɚɠɚɬɢɟɦ ɧɚ ɚɜɚɪɢɣɧɭɸ ɤɧɨɩɤɭ 

(ɪɹɞɨɦ ɫ ɧɟɣ ɜɫɟɝɞɚ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ ɱɟɥɨɜɟɤ). 

ȼɨ ɜɪɟɦɹ ɡɚɧɹɬɢɹ ɧɚ ɬɪɟɧɚɠɟɪɟ ɧɟɨɛɯɨɞɢɦɨ: 

- ɛɵɬɶ ɜɧɢɦɚɬɟɥɶɧɵɦ, ɧɟ ɨɬɜɥɟɤɚɬɶɫɹ ɩɨɫɬɨɪɨɧɧɢɦɢ ɞɟɥɚɦɢ, 

ɪɚɡɝɨɜɨɪɚɦɢ; 

- ɡɚɧɢɦɚɬɶɫɹ ɫɬɪɨɝɨ ɩɨ ɭɬɜɟɪɠɞɟɧɧɨɣ ɩɪɨɝɪɚɦɦɟ ɛɟɡ ɩɪɟɜɵɲɟɧɢɹ 

ɞɨɩɭɫɬɢɦɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɨɪɝɚɧɢɡɦ; 

- ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɠɧɟɧɢɣ ɫɨɛɥɸɞɚɬɶ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɬɪɟɛɨɜɚɧɢɹ 

ɥɢɱɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɤɪɭɠɚɸɳɢɯ. 

- ɧɟ ɞɨɩɭɫɤɚɬɶ ɩɨɩɚɞɚɧɢɹ ɪɭɤ, ɧɨɝ ɜ ɞɜɢɠɭɳɢɟɫɹ ɭɡɥɵ ɬɪɟɧɚɠɟɪɚ, ɚ 

ɬɚɤɠɟ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ ɜɧɭɬɪɶ ɬɪɟɧɚɠɟɪɚ.  

ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɬɪɟɧɚɠɟɪɚ (ɩɟɪɟɛɨɢ ɜ ɪɚɛɨɬɟ, 

ɢɫɤɪɟɧɢɟ, ɩɨɹɜɥɟɧɢɟ ɩɨɫɬɨɪɨɧɧɢɯ ɡɜɭɤɨɜ ɢ ɡɚɩɚɯɨɜ) ɩɪɟɤɪɚɬɢɬɶ ɬɪɟɧɢɪɨɜɤɭ, 
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ɨɬɤɥɸɱɢɬɶ ɬɪɟɧɚɠɟɪ ɢ ɫɨɨɛɳɢɬɶ ɨɛ ɷɬɨɦ ɫɜɨɟɦɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɢɥɢ 

ɜɵɲɟɫɬɨɹɳɟɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ, ɩɪɟɞɫɬɚɜɢɬɟɥɹɦ ɬɟɯɧɢɱɟɫɤɢɯ ɫɥɭɠɛ ɞɥɹ 

ɩɪɢɧɹɬɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɪ.  

Ɍɪɟɧɢɪɨɜɤɭ ɧɚ ɬɪɟɧɚɠɟɪɟ ɦɨɠɧɨ ɩɪɨɞɨɥɠɚɬɶ ɬɨɥɶɤɨ ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢɥɢ ɟɝɨ ɡɚɦɟɧɵ. ɇɟɨɛɯɨɞɢɦɨ ɡɚɤɪɵɬɶ ɞɨɫɬɭɩ ɤ ɧɟɢɫɩɪɚɜɧɨɦɭ 

ɬɪɟɧɚɠɟɪɭ ɞɪɭɝɢɯ ɡɚɧɢɦɚɸɳɢɯɫɹ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɟɧɚɠɟɪɚ ɡɚɩɪɟɳɚɟɬɫɹ: 

-ɡɚɧɢɦɚɬɶɫɹ ɛɟɡ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɫɩɨɪɬɢɜɧɨɣ ɮɨɪɦɵ ɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ 

ɡɚɳɢɬɧɵɯ ɫɪɟɞɫɬɜ; 

- ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɬɪɟɧɚɠɟɪ ɧɚ ɧɟɪɨɜɧɨɣ ɢɥɢ ɦɹɝɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ; 

- ɢɡɦɟɧɹɬɶ ɭɝɨɥ ɧɚɤɥɨɧɚ ɢɥɢ ɜɵɫɨɬɭ ɬɪɟɧɚɠɟɪɚ ɩɭɬɟɦ ɩɨɞɤɥɚɞɵɜɚɧɢɹ 

ɩɨɞ ɧɟɝɨ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ; 

- ɞɨɩɭɫɤɚɬɶ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɟɧɚɠɟɪɚ ɩɨɫɬɨɪɨɧɧɢɯ ɥɢɰ ɢ ɥɢɰ, ɧɟ 

ɨɛɥɚɞɚɸɳɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɭɪɨɜɧɟɦ ɫɩɨɪɬɢɜɧɨɣ ɩɨɞɝɨɬɨɜɤɢ; 

- ɨɫɬɚɜɥɹɬɶ   ɛɟɡ   ɩɪɢɫɦɨɬɪɚ   ɪɚɛɨɬɚɸɳɢɣ   ɬɪɟɧɚɠɟɪ   ɢ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ; 

- ɩɨɥɶɡɨɜɚɬɶɫɹ ɧɟɢɫɩɪɚɜɧɵɦ ɢ/ɢɥɢ ɩɥɨɯɨ ɡɚɤɪɟɩɥɟɧɧɵɦ ɬɪɟɧɚɠɟɪɨɦ ɢ 

ɧɟɢɫɩɪɚɜɧɵɦ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟɦ; 

- ɩɨɥɶɡɨɜɚɬɶɫɹ ɬɪɟɧɚɠёɪɨɦ ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɹ; 

- ɫɚɦɨɜɨɥɶɧɨ ɜɧɨɫɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɢɡɦɟɧɹɬɶ ɪɟɠɢɦɵ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɟɧɚɠɟɪɚ; 

- ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɪɟɧɚɠɟɪɵ ɧɟ ɩɨ ɧɚɡɧɚɱɟɧɢɸ; 

- ɜɤɥɸɱɚɬɶ ɢ ɜɵɤɥɸɱɚɬɶ ɬɪɟɧɚɠёɪ ɜɥɚɠɧɵɦɢ ɪɭɤɚɦɢ; 

- ɩɨɥɶɡɨɜɚɬɶɫɹ ɬɪɟɧɚɠёɪɨɦ ɜ ɞɨɠɞɥɢɜɭɸ ɩɨɝɨɞɭ. 

- ɩɨɥɶɡɨɜɚɬɶɫɹ ɬɪɟɧɚɠёɪɨɦ ɛɟɡ ɤɨɧɬɪɨɥɹ ɬɪɟɧɟɪɚ. 

7 Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 

 ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɟɧɚɠёɪɚ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɣ 

ɩɨɪɹɞɨɤ ɞɟɣɫɬɜɢɣ. 
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1. Ⱦɥɹ ɩɪɢɜɟɞɟɧɢɹ ɬɪɟɧɚɠёɪɚ ɜ ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɤɪɟɩɢɬɶ 

ɬɪɟɧɚɠёɪ ɧɚ ɧɟɩɨɞɜɢɠɧɨɦ ɨɫɧɨɜɚɧɢɢ. Ⱦɥɹ ɡɚɤɪɟɩɥɟɧɢɹ ɬɪɟɧɚɠёɪɚ ɭ 

ɨɫɧɨɜɚɧɢɹ «ɩɢɪɚɦɢɞɵ» ɢɦɟɸɬɫɹ 4 ɨɬɜɟɪɫɬɢɹ. Ⱦɚɥɶɧɟɣɲɢɟ ɞɟɣɫɬɜɢɹ 

ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ, ɭɛɟɞɢɜɲɢɫɶ, ɱɬɨ ɬɪɟɧɚɠёɪ ɧɚɞёɠɧɨ ɡɚɤɪɟɩɥёɧ. 

2. ɉɨɞɚɬɶ ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ ɧɚ ɬɪɟɧɚɠёɪ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɫɨɟɞɢɧɢɬɶ ɤɚɛɟɥɶ ɩɢɬɚɧɢɹ ɤ ɢɫɬɨɱɧɢɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɭɛɟɞɢɬɶɫɹ 

ɜ ɬɨɦ, ɱɬɨ ɚɜɬɨɦɚɬ ɡɚɳɢɬɵ ɜɡɜɟɞёɧ ɢ ɤɧɨɩɤɚ ɚɜɚɪɢɣɧɨɣ ɨɫɬɚɧɨɜɤɢ ɧɟ 

ɧɚɠɚɬɚ. 

3. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɬɪɟɧɚɠёɪ ɡɚɤɪɟɩɥёɧ ɢ ɧɚ ɧɟɝɨ ɩɨɞɚɧɨ ɩɢɬɚɧɢɟ ɧɚ ɬɚɛɥɨ 

ɫɟɪɜɨɩɪɢɜɨɞɚ ɞɨɥɠɧɨ ɜɵɫɜɟɬɢɬɶɫɹ ɫɨɫɬɨɹɧɢɟ «RUN». ɇɚ ɰɢɮɟɪɛɥɚɬɟ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ ɞɨɥɠɧɨ ɨɬɨɛɪɚɠɚɬɶɫɹ ɱɢɫɥɨ ɛɥɢɡɤɨɟ ɤ 

«5.00». Ɍɚɤɠɟ ɞɨɥɠɟɧ ɜɤɥɸɱɢɬɶɫɹ ɞɢɫɩɥɟɣ ɤɨɧɬɪɨɥɥɟɪɚ, ɧɚ ɤɨɬɨɪɨɦ 

ɧɚɯɨɞɢɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ. 

4. ȿɫɥɢ ɫɨɫɬɨɹɧɢɟ ɬɪɟɧɚɠёɪɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɢɫɚɧɧɨɦɭ ɜ 3 ɩɭɧɤɬɟ – 

ɦɨɠɧɨ ɩɪɢɫɬɭɩɚɬɶ ɤ ɬɪɟɧɢɪɨɜɤɟ. Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɡɧɚɱɟɧɢɹ ɫɢɥɵ ɬɹɝɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɥɡɭɧɨɤ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɞɢɫɩɥɟɹ (ɪɢɫɭɧɨɤ 7.1, 1). 

ɉɟɪɟɦɟɳɚɹ ɟɝɨ ɜɜɟɪɯ ɢ ɜɧɢɡ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɠɟɥɚɟɦɨɟ 

ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɹɝɢ. Ɂɧɚɱɟɧɢɟ ɫɢɥɵ ɬɹɝɢ ɨɬɨɛɪɚɠɚɟɬɫɹ ɱɢɫɥɨɦ ɫɥɟɜɚ 

ɜɧɢɡɭ ɷɤɪɚɧɚ (ɪɢɫɭɧɨɤ 7.1, 5). 

5. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɹɝɢ ɭɫɬɚɧɨɜɥɟɧɨ ɦɨɠɧɨ ɩɪɢɫɬɭɩɚɬɶ ɤ 

ɡɚɛɟɝɭ. Ⱦɥɹ ɩɨɞɚɱɢ ɤɨɦɚɧɞɵ ɧɚ ɩɨɞɞɟɪɠɚɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɫɢɥɵ ɬɹɝɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ, ɤɨɬɨɪɚɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ 

ɧɢɠɧɟɣ ɱɚɫɬɢ ɩɨɫɟɪɟɞɢɧɟ ɞɢɫɩɥɟɹ (ɪɢɫɭɧɨɤ 7.1, 2). ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ 

ɤɧɨɩɤɚ ɧɚɠɚɬɚ ɧɚɱɢɧɚɟɬɫɹ ɪɟɝɢɫɬɪɚɰɢɹ ɫɤɨɪɨɫɬɢ ɛɟɝɭɧɚ. Ɍɟɤɭɳɚɹ 

ɫɤɨɪɨɫɬɶ ɛɭɞɟɬ ɨɬɨɛɪɚɠɚɬɶɫɹ ɜ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɨɬ ɪɟɤɨɪɞɚ 

ɫɤɨɪɨɫɬɢ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɷɤɪɚɧɚ (ɪɢɫɭɧɨɤ 7.1, 3). Ɂɧɚɱɟɧɢɟ ɬɟɤɭɳɟɣ 

ɫɤɨɪɨɫɬɢ ɨɬɨɛɪɚɠɚɟɬɫɹ ɜ ɥɟɜɨɣ ɧɢɠɧɟɣ ɱɚɫɬɢ ɷɤɪɚɧɚ (ɪɢɫɭɧɨɤ 7.1, 4).  

ɂɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ ɛɭɞɟɬ ɨɬɨɛɪɚɠɚɬɶɫɹ ɧɚ ɝɪɚɮɢɤɟ 

ɩɨɫɟɪɟɞɢɧɟ ɷɤɪɚɧɚ (ɪɢɫɭɧɨɤ 7.1, 6) ɪɚɡ – ɩɨɤɚɡɚɧɢɹ ɩɪɟɞɵɞɭɳɟɣ 

ɬɪɟɧɢɪɨɜɤɢ ɫɛɪɨɫɹɬɫɹ ɢ ɧɚɱɧёɬɫɹ ɪɟɝɢɫɬɪɚɰɢɹ ɧɨɜɵɯ ɩɨɤɚɡɚɧɢɣ. 
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6. ɉɨ ɡɚɜɟɪɲɟɧɢɢ ɪɚɛɨɬɵ ɫ ɬɪɟɧɚɠёɪɨɦ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɥɸɱɢɬɶ ɩɢɬɚɧɢɟ. 

 
1 – ɡɚɞɚɧɢɟ ɫɢɥɵ ɬɹɝɢ, 2 – ɧɚɱɚɥɨ ɬɪɟɧɢɪɨɜɤɢ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɞɚɧɧɵɯ (ɢ ɡɚɬɟɦ 

ɨɫɬɚɧɨɜɤɚ), 3 – ɫɤɨɪɨɫɬɶ ɜ % ɨɬ ɪɟɤɨɪɞɚ, 4 – ɬɟɤɭɳɚɹ ɫɤɨɪɨɫɬɶ, 5 – ɬɟɤɭɳɚɹ ɫɢɥɚ ɬɹɝɢ, 6 

– ɝɪɚɮɢɤ ɫɤɨɪɨɫɬɢ. 

Ɋɢɫɭɧɨɤ 7.1 – ɂɧɬɟɪɮɟɣɫ ɩɨɥɶɡɨɜɚɬɟɥɹ 
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɩɪɨɰɟɫɫɟ ɧɚɩɢɫɚɧɢɹ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɞɨɫɬɢɝɧɭɬɵ ɩɨɫɬɚɜɥɟɧɧɵɟ 

ɰɟɥɢ ɢ ɪɟɲɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɚɞɚɱɢ. Ȼɵɥ ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ ɨɛɴɟɤɬɚ 

«ɫɩɨɪɬɫɦɟɧ + ɬɪɟɧɚɠёɪ», ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɟɧɚ ɦɨɞɟɥɶ ɛɟɝɚ. 

Ɉɩɪɟɞɟɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɢɡ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɴɟɤɬɚ ɢ ɫɮɨɪɦɢɪɨɜɚɧɨ ɬɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ. ȼ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɢɦ ɩɨɞɨɛɪɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɮɭɧɤɰɢɹɦɢ. Ⱥɩɩɚɪɚɬɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɨɛɴɟɞɢɧɟɧɨ ɜ ɟɞɢɧɭɸ 

ɫɢɫɬɟɦɭ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɧɚɫɬɪɨɟɧɨ. ȼɵɛɪɚɧɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ 

ɫɪɟɞɫɬɜɚ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɧɢɦɢ ɪɟɚɥɢɡɨɜɚɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɨɩɢɫɚɧɢɟɦ. Ⱦɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɧɚɩɢɫɚɧɚ ɩɪɨɝɪɚɦɦɚ ɧɚ ɹɡɵɤɟ C ɞɥɹ 

ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɢ ɪɟɚɥɢɡɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ. ɉɪɨɜɟɞёɧ 

ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱёɬ. ɋɨɫɬɚɜɥɟɧɵ ɩɪɚɜɢɥɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɂɬɨɝɨɦ ɪɚɛɨɬɵ 

ɹɜɥɹɟɬɫɹ ɫɨɛɪɚɧɧɵɣ ɩɢɥɨɬɧɵɣ ɷɤɡɟɦɩɥɹɪ ɬɪɟɧɚɠёɪɚ ɫɩɪɢɧɬɟɪɫɤɨɝɨ ɛɟɝɚ. 
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