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ɤɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɫɨɜɦɟɳɟɧɢɟ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɧɚɝɪɟɜɚ ɢ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɨɛ-
ɜɨɞɧɟɧɧɨɣ ɧɟɮɬɢ ɜ ɨɞɧɨɦ ɚɩɩɚɪɚɬɟ ɧɚɪɹɞɭ ɫ ɨɩɪɟ-
ɞɟɥɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɢɦɟɸɬ ɪɹɞ ɧɟɞɨɫɬɚɬ-
ɤɨɜ. Ɍɚɤɢɟ ɚɩɩɚɪɚɬɵ ɨɛɥɚɞɚɸɬ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟ-
ɛɨɥɶɲɨɣ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶɸν ɫɨɜɦɟɳɟɧɧɵɟ ɚɩɩɚɪɚɬɵ ɪɚɛɨɬɚɸɬ ɩɨ ɬɚ-
ɤɨɣ ɠɟɫɬɤɨɣ ɫɯɟɦɟ, ɤɨɝɞɚ ɥɸɛɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɨɫɥɨɠɧɟɧɢɹ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɛɥɨɤɚ 
ɧɚɝɪɟɜɚ ɢɥɢ ɨɬɫɬɨɹ ɜɥɟɤɭɬ ɡɚ ɫɨɛɨɣ ɨɫɬɚɧɨɜɤɭ ɢ 
ɨɬɤɥɸɱɟɧɢɟ ɚɩɩɚɪɚɬɚ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ 
ɞɥɹ ɟɝɨ ɨɫɦɨɬɪɚ ɢ ɪɟɦɨɧɬɚ. 

 
Ɇɨɞɟɪɧɢɡɚɰɢɹ ɍɉɋȼ 
Ɉɩɢɪɚɹɫɶ ɧɚ ɫɤɚɡɚɧɧɨɟ ɜɵɲɟ, ɦɨɠɧɨ ɨɛɨɫɧɨ-

ɜɚɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɧɟɮɬɢ 
ɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɞɟɥɶɧɵɯ 
ɛɥɨɤɨɜ ɧɚɝɪɟɜɚ ɢ ɨɬɫɬɨɹ. Ɉɞɧɚɤɨ, ɩɨɦɢɦɨ ɩɨɜɵ-
ɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɩɨɬɟ-
ɪɹɬɶ ɤɚɱɟɫɬɜɚ ɟɝɨ ɪɟɡɭɥɶɬɚɬɚ. ȼ ɫɜɹɡɢ ɫ ɱɟɦ ɛɵɥɨ 
ɜɵɞɜɢɧɭɬɨ ɫɥɟɞɭɸɳɟɟ ɪɚɰɢɨɧɚɥɢɡɚɬɨɪɫɤɨɟ ɪɟɲɟ-
ɧɢɟ. 

Ɍɪɟɯɮɚɡɧɵɟ ɫɟɩɚɪɚɬɨɪɵ «ɏɢɬɟɪ-Ɍɪɢɬɟɪ» ɧɟɨɛ-
ɯɨɞɢɦɨ ɜɤɥɸɱɢɬɶ ɩɚɪɚɥɥɟɥɶɧɨ, ɱɬɨ ɩɨɡɜɨɥɢɬ, ɜɨ-
ɩɟɪɜɵɯ, ɩɨɜɵɫɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɩɚ-
ɪɚɬɨɪɨɜ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɍɉɋȼ, ɚ, ɜɨ-ɜɬɨɪɵɯ, ɧɚɞɟɠɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɛɟɡ-
ɜɨɠɢɜɚɧɢɹ ɧɟɮɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɢɬɶ ɨɬɫɬɨɣɧɢɤ, ɤɨɬɨɪɵɣ ɩɨɡ-
ɜɨɥɢɬ ɫɨɯɪɚɧɢɬɶ ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ ɧɚ ɜɵɯɨɞɟ. 

Ɋɟɤɨɦɟɧɞɭɟɦɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. 

ɋɯɟɦɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɭɩ-
ɥɟɧɢɹ ɩɪɨɞɭɤɰɢɢ ɫɤɜɚɠɢɧ ɜ ɨɬɫɬɨɣɧɢɤ ɩɨ ɛɚɣɩɚɫ-
ɧɨɣ ɥɢɧɢɢ, ɦɢɧɭɹ ɚɩɩɚɪɚɬ «ɏɢɬɟɪ-Ɍɪɢɬɟɪ», ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɪɚɛɨɬɚɬɶ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ ɫɛɪɨɫɭ 
ɜɨɞɵ ɩɪɢ ɨɬɤɥɸɱɟɧɧɵɯ ɚɩɩɚɪɚɬɚɯ «ɏɢɬɟɪ-
Ɍɪɢɬɟɪ» ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɢ 
ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟ-

ɧɟɧɚ ɢ ɧɚ ɞɪɭɝɢɯ ɚɧɚɥɨɝɢɱɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ 
ɧɟɮɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɚɤɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɪɟɞɜɚɪɢ-
ɬɟɥɶɧɨɝɨ ɫɛɪɨɫɚ ɜɨɞɵ ɩɨɡɜɨɥɢɬ ɧɟ ɬɨɥɶɤɨ ɩɨɜɵ-
ɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɧɨ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɬɚɤɚɹ ɫɯɟɦɚ ɩɨɡɜɨɥɢɬ ɫɨ-
ɯɪɚɧɢɬɶ ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ ɧɚ ɜɵɯɨɞɟ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. Ȼɨɥɶɲɚɹ ɷɧɰɢɤɥɨɩɟɞɢɹ ɧɟɮɬɢ ɢ ɝɚɡɚ Дɗɥɟɤ-

ɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
http://www.ngpedia.ru/ТН4κλ0λβЩβ.СЭЦХ, ɫɜɨɛɨɞɧɵɣ. 

β. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɪɟɝɥɚɦɟɧɬ ɐɉɋ Ⱥɥɟɯɢɧ-
ɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɇȽȾɍ «ɇɢɠɧɟɫɨɪɬɵɦɫɤ-
ɧɟɮɬɶ». – ɋɭɪɝɭɬ, β00κ. 

γ. ɍɫɬɚɧɨɜɤɢ ɩɨɞɝɨɬɨɜɤɢ ɧɟɮɬɢ ɬɢɩɚ «ɏɢɬɟɪ-
Ɍɪɢɬɟɪ» Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
http://www.neftemash.org/russian/produce/upn.htm, 
ɫɜɨɛɨɞɧɵɣ. 
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ɋɨɥɨɜɶɟɜ ɉ.Ⱥ., Ʉɨɱɟɬɵɝɨɜ ɂ.ɋ. 
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Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
634050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ-ɬ Ʌɟɧɢɧɚ,γ0 

E-mail: z1reael.work@gmail.com 
 

ȼɜɟɞɟɧɢɟ 
ɋɬɟɧɞ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɞɥɹ ɨɬɪɚɛɨɬɤɢ ɧɚɜɵɤɨɜ 

ɫɢɧɬɟɡɚ ɢ ɧɚɫɬɪɨɣɤɢ ɰɢɮɪɨɜɵɯ ɪɟɝɭɥɹɬɨɪɨɜ. ɇɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɪɟɝɭɥɹɬɨɪɵ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦ-
ɥɟɦɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜ-
ɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɛɵ-
ɬɭ, ɜ ɧɚɭɱɧɨɣ ɫɮɟɪɟ. ȼɨɩɪɨɫ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɨɫɢɬ 
ɩɟɪɜɢɱɧɵɣ ɯɚɪɚɤɬɟɪ ɜ ɢɧɠɟɧɟɪɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, 
ɩɨɷɬɨɦɭ ɞɥɹ ɧɚɱɢɧɚɸɳɢɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɪɚɤɬɢɱɟ-
ɫɤɢɟ ɡɚɧɹɬɢɹ ɩɨ ɨɫɧɨɜɚɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ 
ɛɨɥɟɟ ɱɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɵ. ɂɦɟɧɧɨ ɢɡ ɜɵɲɟɭɤɚ-
ɡɚɧɧɵɯ ɫɨɨɛɪɚɠɟɧɢɣ ɜɟɞɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɞɚɧɧɨɣ 
ɭɫɬɚɧɨɜɤɢ. 

 
Ɋɚɡɪɚɛɨɬɤɚ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɫɬɟɧɞɚ 
ɇɚɝɪɟɜɚɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫɨɫɬɨɢɬ ɧɟɩɨɫɪɟɞ-

ɫɬɜɟɧɧɨ ɢɡ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɫɯɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɧɚɝɪɟɜɚɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ, ɟɦɤɨɫɬɢ, 
ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɧɚ ɤɨɬɨɪɨɦ ɩɥɚɧɢɪɭɟɬɫɹ ɪɟɚ-
ɥɢɡɚɰɢɹ ɰɢɮɪɨɜɵɯ ɪɟɝɭɥɹɬɨɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɚɥ-
ɝɨɪɢɬɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɭɫɬɚ-
ɧɨɜɤɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɵɬɨɜɨɣ ɧɚɝɪɟɜɚɬɟɥɶ ɦɨɳɧɨ-
ɫɬɶɸ 0,5 ɤȼɬ. 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚɝɪɟɜɚɬɟɥɟɦ 
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ɍɩɪɚɜɥɟɧɢɟ ɧɚɝɪɟɜɚɬɟɥɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ-
ɫɪɟɞɫɬɜɨɦ ɫɯɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧ-
ɤɟ 1 [1]. 

Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɤɨɦɦɭɬɚɰɢɢ 
ɫɢɥɨɜɨɣ ɰɟɩɢ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ. Ɏɨɪɦɢ-
ɪɨɜɚɧɢɟ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɥɹ ɤɨɦɦɭɬɚ-
ɰɢɢ ɫɢɥɨɜɨɣ ɰɟɩɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɦɢɫɬɨɪ BT137-
600 ɢ ɫɢɦɢɫɬɨɪɧɵɣ ɨɩɬɨɞɪɚɣɜɟɪ MOC3041 [2], 
ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɚɥɶɜɚɧɢɱɟɫɤɭɸ ɪɚɡɜɹɡɤɭ 
ɫɢɥɨɜɨɣ ɢ ɥɨɝɢɱɟɫɤɨɣ ɰɟɩɟɣ ɭɫɬɚɧɨɜɤɢ. Ɉɫɧɨɜɧɨɣ 
ɧɟɞɨɫɬɚɬɨɤ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɟɦɟɣɫɬɜɚ ɬɢɪɢɫɬɨɪɧɵɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɷɥɟɦɟɧɬɨɜ – ɧɟɩɨɥɧɚɹ ɭɩɪɚɜ-
ɥɹɟɦɨɫɬɶ ДγЖ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɲɟɜɢɡɧɨɣ ɜɫɟɣ ɫɯɟɦɵ ɜ ɰɟɥɨɦ. 
ɋɢɧɬɟɡ ɩɥɚɬɵ ɧɚ MOSFET ɢɥɢ IGBT-
ɬɪɚɧɡɢɫɬɨɪɚɯ, ɬɚɤɠɟ ɫɩɨɫɨɛɧɵɯ ɤɨɦɦɭɬɢɪɨɜɚɬɶ 
ɫɢɥɨɜɭɸ ɫɟɬɶ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ (ββ0 ȼ, 
50 Ƚɰ) ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɪɚɫɯɨɞɵ, ɬ. ɤ. ɨɛɟ 
ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɤ ɫɨɠɚɥɟɧɢɸ, 
ɨɱɟɧɶ ɞɨɪɨɝɨɫɬɨɹɳɢɟ. 

ɉɪɢ ɪɚɛɨɬɟ ɫ ɩɟɪɟɦɟɧɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ, ɩɪɨ-
ɛɥɟɦɚ ɧɟɩɨɥɧɨɣ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɫɢɦɢɫɬɨɪɨɜ ɪɚɡ-
ɪɟɲɚɟɬɫɹ ɫɚɦɚ ɫɨɛɨɣ – ɪɚɡɦɵɤɚɧɢɟ ɫɢɥɨɜɨɣ ɰɟɩɢ 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɤɚɠɞɨɣ ɫɦɟɧɟ ɩɨɥɹɪɧɨɫɬɢ ɢɫɬɨɱ-
ɧɢɤɚ – ɧɚ ɤɚɠɞɨɦ ɩɨɥɭɩɟɪɢɨɞɟ. 

ȼɨɡɦɨɠɧɵ ɞɜɚ ɫɩɨɫɨɛɚ ɭɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨ-
ɫɬɶɸ, ɪɚɫɫɟɢɜɚɟɦɨɣ ɧɚ ɧɚɝɪɭɡɤɟ – ɮɚɡɨɢɦɩɭɥɶɫɧɨɟ 
ɭɩɪɚɜɥɟɧɢ ɢ ɦɟɬɨɞ ɩɪɨɩɭɫɤɚɧɢɹ ɩɨɥɭɩɟɪɢɨɞɨɜ [4]. 

ɉɨɫɤɨɥɶɤɭ ɡɚɤɪɵɬɢɟ ɫɢɦɢɫɬɨɪɚ ɩɪɨɢɫɯɨɞɢɬ 
ɬɨɥɶɤɨ ɩɪɢ ɫɦɟɧɟ ɩɨɥɹɪɧɨɫɬɢ ɤɚɬɨɞ-ɚɧɨɞ, ɲɢɪɨɬ-
ɧɨ-ɢɦɩɭɥɶɫɧɭɸ ɦɨɞɭɥɹɰɢɸ ɛɟɡ ɭɫɬɪɨɣɫɬɜɚ ɫɢɧ-
ɯɪɨɧɢɡɚɰɢɢ ɜ ɰɟɥɹɯ ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɧɨ ɪɟɚɥɢɡɨ-
ɜɚɬɶ ɥɢɲɶ ɧɚ ɱɚɫɬɨɬɟ ɦɟɧɶɲɟ 100 Ƚɰ – ɜ ɷɬɨɦ ɢ 
ɫɨɫɬɨɢɬ ɫɭɬɶ ɦɟɬɨɞɚ ɩɪɨɩɭɫɤɚɧɢɹ ɩɨɥɭɩɟɪɢɨɞɨɜ ɢ 
ɜ ɷɬɨɦ ɟɝɨ ɝɥɚɜɧɵɣ ɧɟɞɨɫɬɚɬɨɤ – ɞɥɹ ɨɛɴɟɤɬɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɫ ɦɚɥɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ ɧɚɛɥɸɞɚɸɬ-
ɫɹ ɤɨɥɟɛɚɧɢɹ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɜɟɥɢɱɢɧɵ. Ɉɞɧɚɤɨ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɧɟɪɰɢɨɧɧɨɝɨ ɨɛɴɟɤɬɚ ɭɩɪɚɜ-
ɥɟɧɢɹ (ɟɦɤɨɫɬɶ ɫ ɜɨɞɨɣ) ɷɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɢɫɤɥɸɱɚ-
ɟɬɫɹ.  

ɉɪɢ ɠɟɥɚɧɢɢ, ɞɚɧɧɭɸ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɪɟɲɢɬɶ 
ɫ ɩɨɦɨɳɶɸ ɪɟɚɥɢɡɚɰɢɢ ɛɨɥɟɟ ɫɥɨɠɧɨɝɨ ɮɚɡɨɢɦ-
ɩɭɥɶɫɧɨɝɨ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ. ɋɭɬɶ ɦɟɬɨɞɚ ɝɪɚ-
ɮɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 

 
Ɋɢɫ. β. ɉɪɢɧɰɢɩ ɮɚɡɨɢɦɩɭɥɶɫɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɭɩɪɚɜɥɟ-

ɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ ɩɪɢ ɩɨ-
ɞɚɱɟ ɢɦɩɭɥɶɫɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ 

ɫɢɦɢɫɬɨɪɚ, ɨɧ ɨɬɤɪɵɜɚɟɬɫɹ ɧɚ ɨɞɢɧ ɩɨɥɭɩɟɪɢɨɞ 
ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ, ɧɚ ɫɥɟɞɭɸɳɟɦ ɩɨ-
ɥɭɩɟɪɢɨɞɟ ɟɝɨ ɧɭɠɧɨ ɩɨɞɚɜɚɬɶ ɩɨɜɬɨɪɧɨ. ɂɧɬɟɪ-
ɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɧɚɱɚɥɨɦ ɩɨɥɭɩɟɪɢɨɞɚ ɢ ɜɪɟ-
ɦɟɧɟɦ ɩɨɞɚɱɢ ɨɬɤɪɵɜɚɸɳɟɝɨ ɢɦɩɭɥɶɫɚ ɡɚɞɚɟɬ 
ɚɦɩɥɢɬɭɞɭ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɢ ɧɚɩɪɹ-
ɠɟɧɢɹ ɧɚ ɧɚɝɪɭɡɤɟ - ɬɨɤ ɧɚ ɧɚɝɪɭɡɤɟ ɩɪɨɩɨɪɰɢɨɧɚ-
ɥɟɧ ɢɧɬɟɝɪɚɥɭ ɨɬ ɩɨɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ. 

Ɂɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ, ɜ ɤɨɬɨ-
ɪɵɣ ɩɢɬɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɦɟɧɹɟɬ ɩɨɥɹɪɧɨɫɬɶ, 
ɪɟɲɟɧɚ ɜ ɤɨɪɩɭɫɟ ɨɩɬɨɞɪɚɣɜɟɪɚ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ Zero Cross ɰɟɩɢ. ɇɚ ɪɢɫɭɧɤɟ γ ɩɪɢɜɟ-
ɞɟɧɚ ɨɫɰɢɥɥɨɝɪɚɦɦɚ, ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɪɚɛɨɬɭ 
ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɡɞɟɫɶ ɜɟɪɯɧɢɣ ɫɢɝɧɚɥ – ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɣ Zero Cross, ɚ ɧɢɠɧɢɣ – ɭɩɪɚɜɥɹɸɳɢɟ 
ɜɯɨɞɧɵɟ ɢɦɩɭɥɶɫɵ. Ɋɢɫɭɧɨɤ 4 ɨɬɪɚɠɚɟɬ ɨɫɰɢɥɥɨ-
ɝɪɚɦɦɭ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɰɟɩɢ, ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɭɸ ɞɚɧɧɨɦɭ ɜɪɟɦɟɧɢ ɨɬɫɟɱɤɢ. 

 
Ɋɢɫ. γ. Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ ɢ 

Zero Cross 

 
Ɋɢɫ. 4. Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɜɵɯɨɞɧɨɝɨ ɫɢɝɚɥɚ 

 

 
Ɋɢɫ. 5. Ɉɛɳɢɣ ɜɢɞ ɨɬɥɚɞɨɱɧɨɣ ɩɥɚɬɵ PinBoard 2 

 
ɂɡ ɪɢɫɭɧɤɚ 1 ɜɢɞɧɨ, ɱɬɨ ɤ ɫɯɟɦɟ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɠɧɨ ɛɟɡ ɩɪɨɛɥɟɦ ɩɨɞɤɥɸɱɢɬɶ ɛɨɥɶɲɢɧɫɬɜɨ ɫɨ-
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ɜɪɟɦɟɧɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɬɥɚɞɨɱɧɚɹ ɩɥɚɬɚ PinBoard 2 Д5Ж ɧɚ 
ɨɫɧɨɜɟ ɜɨɫɶɦɢɪɚɡɪɹɞɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ 
ATMega 16, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 5. 

Ⱦɚɧɧɚɹ ɩɥɚɬɚ ɧɚɯɨɞɢɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɢ 
ɢɦɟɟɬ ɲɢɪɨɤɢɣ ɮɭɧɤɰɢɨɧɚɥ. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɯ ɰɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɥɚɞɨɱɧɨɣ ɩɥɚɬɵ ɰɟɥɟ-
ɫɨɨɛɪɚɡɧɨ, ɬ. ɤ. ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɫɷɤɨɧɨɦɢɬɶ ɜɪɟɦɹ ɢ 
ɫɪɟɞɫɬɜɚ ɧɚ ɩɨɞɛɨɪ ɢ ɧɚɫɬɪɨɣɤɭ ɫɬɨɪɨɧɧɢɯ ɢɫɬɨɱ-
ɧɢɤɨɜ ɩɢɬɚɧɢɹ, ɩɨɢɫɤ ɩɪɨɝɪɚɦɦɚɬɨɪɚ, ɩɚɣɤɭ 
ɤɥɟɦɦɧɵɯ ɛɥɨɤɨɜ.  ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɞɚɧɧɨɣ ɩɥɚ-
ɬɵ ɹɜɥɹɸɬɫɹμ 

1. ɉɨɥɧɚɹ ɫɜɨɛɨɞɚ ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɨɧɬɪɨɥɥɟɪɚ. 
2. ȼɫɬɪɨɟɧɧɵɣ ɩɪɨɝɪɚɦɦɚɬɨɪ. 
3. ɍɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɩɥɚɬɵ – ɛɨɥɶ-

ɲɢɧɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɩɥɚɬɵ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɧɟɡɚɜɢɫɢɦɨ. 

4. ɇɚɥɢɱɢɟ ɫɪɟɞɫɬɜ ɜɜɨɞɚ ɢ ɢɧɞɢɤɚɰɢɢ – ɤɧɨɩ-
ɤɢ, ɫɜɟɬɨɞɢɨɞɵ, ɷɧɤɨɞɟɪ, δCD ɫɢɦɜɨɥɶɧɵɟ ɢɧɞɢ-
ɤɚɬɨɪɵ, ɚ ɬɚɤɠɟ ɨɛɹɡɚɬɟɥɶɧɵɣ ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɫɜɹ-
ɡɢ ɫ ɤɨɦɩɶɸɬɟɪɨɦ. 

5. ɇɚɥɢɱɢɟ ɧɚ ɩɥɚɬɟ ɩɪɨɫɬɟɣɲɢɯ ɚɧɚɥɨɝɨɜɵɯ 
ɰɟɩɟɣ – ɮɢɥɶɬɪɨɜ, ɐȺɉ, ɨɞɢɧɨɱɧɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ, 
ɩɟɪɟɦɟɧɧɵɯ ɪɟɡɢɫɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɧɟɛɨɥɶɲɚɹ ɦɚ-
ɤɟɬɧɚɹ ɩɚɧɟɥɶ. 

6. ȼɨɡɦɨɠɧɨɫɬɶ ɝɢɛɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɢɬɚɧɢɟɦ 
ɡɚɞɚɧɢɟɦ ɪɚɡɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɢɫɬɨɱɧɢɤɨɜ 
ɩɢɬɚɧɢɹ. 

Ʉɚɫɚɬɟɥɶɧɨ ɫɚɦɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ, ATMega 16 
ɛɵɥ ɜɵɛɪɚɧ ɢɡ-ɡɚ ɩɪɨɫɬɨɬɵ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɫɬɢ ɢ 
ɞɨɫɬɭɩɧɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɞɚɧ-
ɧɨɣ ɦɨɞɟɥɢ, ɟɝɨ ɞɟɲɟɜɢɡɧɵ ɢ ɧɚɥɢɱɢɹ ɲɢɪɨɤɨɝɨ 
ɧɚɛɨɪɚ ɩɟɪɢɮɟɪɢɢ, ɚ ɬɚɤɠɟ ɢɦɟɸɳɟɝɨɫɹ ɫ ɧɢɦ 
ɨɩɵɬɚ ɪɚɛɨɬɵ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜ ɭɫɬɚɧɨɜɤɟ ɢɫɩɨɥɶ-
ɡɭɟɬɫɹ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɞ-

ɧɵɣ ɫ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɦ ɜɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ 
(4…β0 ɦȺ) ɌɋɆɍ β05, ɪɚɛɨɬɚɸɳɢɣ ɜ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ –50˚…+150˚ɋ. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɇɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɩɪɨɞɨɥɠɚɟɬɫɹ ɨɬɥɚɞɤɚ ɢ 

ɬɟɫɬɢɪɨɜɚɧɢɟ ɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɢ. ȼ ɩɪɨɰɟɫɫɟ ɟɟ 
ɫɛɨɪɤɢ, ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɧɸɚɧɫɵ ɢ 
ɫɥɨɠɧɨɫɬɢ, ɧɟ ɨɩɢɫɚɧɧɵɟ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ. Ɍɟɦ ɧɟ 
ɦɟɧɟɟ, ɜ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɡɚɤɨɧ-
ɱɢɬɶ ɟɟ ɪɟɚɥɢɡɚɰɢɸ ɢ ɩɪɢɫɬɭɩɢɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧ-
ɧɨ ɤ ɩɪɨɝɪɚɦɦɧɨɣ ɱɚɫɬɢ, ɪɚɞɢ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜ-
ɥɹɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɫɬɟɧɞɚ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. ɗɥɟɤɬɪɨɧɢɤɚ ɞɥɹ ɜɫɟɯ. ɍɩɪɚɜɥɟɧɢɟ ɦɨɳ-

ɧɨɣ ɧɚɝɪɭɡɤɨɣ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ Дɗɥɟɤɬɪɨɧɧɵɣ 
ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ 
http://easyelectronics.ru/upravlenie-moshhnoj-
nagruzkoj-peremennogo-ЭШФК.СЭЦХ, ɫɜɨɛɨɞɧɵɣ. 

2. ετC γ041 DКЭКЬСООЭ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-
ɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ 
СЭЭЩμ//ааа.ПЮЭЮЫХОМ.МШЦ/δED/ετCγ041.ЬСЭЦХ, ɫɜɨ-
ɛɨɞɧɵɣ. 

3. Ɏɨɦɢɱɟɜ ɘ.Ɇ., ɋɟɪɝɟɟɜ ȼ.Ɇ. – ɗɥɟɤɬɪɨ-
ɧɢɤɚ. ɗɥɟɦɟɧɬɧɚɹ ɛɚɡɚ, ɚɧɚɥɨɝɨɜɵɟ ɢ ɰɢɮɪɨɜɵɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚμ ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ – 
Ɍɨɦɫɤ, Ɍɉɍ, β011. 

4. ɍɩɪɚɜɥɟɧɢɟ ɫɟɬɟɜɵɦ ɩɢɬɚɧɢɟɦ ɫ ɩɨɦɨ-
ɳɶɸ PIC10Fβ04 ɢ ɫɢɦɢɫɬɨɪɚ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-
ɫɭɪɫЖ – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ СЭЭЩμ//ааа.ЦТМЫШМСТЩ. 
МШЦ.ЫЮ/SЮЩЩШЫЭ/НТЦЦ.СЭЦХ, ɫɜɨɛɨɞɧɵɣ. 

5. ɗɥɟɤɬɪɨɧɢɤɚ ɞɥɹ ɜɫɟɯ. PТЧBШКЫН Дɗɥɟɤ-
ɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ 
http://shop.easyelectronics.ru/index.php?categoryID=
10β, ɫɜɨɛɨɞɧɵɣ. 
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6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ-ɬ Ʌɟɧɢɧɚ,γ0 
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ȼɜɟɞɟɧɢɟ 
ɋɢɫɬɟɦɚ Arduino ɹɜɥɹɟɬɫɹ ɩɥɚɬɮɨɪɦɨɣ, ɪɚɡɪɚ-

ɛɨɬɚɧɧɨɣ ɧɚ ɛɚɡɟ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 
ɨɧɚ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɣ ɢ ɭɞɨɛɧɨɣ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 
ɂɧɮɨɪɦɚɰɢɹ ɨɛ ɭɫɬɪɨɣɫɬɜɟ ɩɥɚɬɵ ɧɚɯɨɞɢɬɫɹ ɜ 
ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ, ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɨ-
ɛɨɞɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɯ ɛɢɛɥɢɨɬɟɤ, ɚ ɬɚɤɠɟ ɢɯ 
ɫɨɡɞɚɧɢɟ. Ƚɥɚɜɧɨɟ ɨɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɣ ɩɥɚɬ-
ɮɨɪɦɵ ɹɜɥɹɟɬɫɹ ɟɟ ɧɢɡɤɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɦɢ ɬɚɤɨɝɨ 
ɬɢɩɚ (ɩɪɢɦɟɪ, ɜɟɪɫɢɹ ATmegaγβκ ɡɚ $10), ɱɬɨ ɞɟ-
ɥɚɟɬ ɟɟ ɞɨɫɬɭɩɧɨɣ ɞɥɹ ɪɟɲɟɧɢɹ ɛɵɬɨɜɵɯ ɡɚɞɚɱ 
ɪɹɞɨɜɵɦɢ ɝɪɚɠɞɚɧɚɦɢ [2]. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚ-
ɛɨɬɤɚ ɤɨɧɬɪɨɥɥɟɪɚ ɧɚ ɨɫɧɨɜɟ ɩɥɚɬɮɨɪɦɵ AЫНЮТЧШ. 
Ⱦɚɧɧɚɹ ɩɥɚɬɮɨɪɦɚ ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɞɨ-

ɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬ-
ɪɨɜ, ɬɚɤɢɯ ɤɚɤμ ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɨɫɜɟɳɟɧ-
ɧɨɫɬɶ, ɭɪɨɜɟɧɶ ɲɭɦɚ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ 
ɩɪ. ɉɥɚɬɮɨɪɦɚ Arduino ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɮɭɧɤɰɢɨ-
ɧɚɥɶɧɨɣ, ɱɬɨ ɞɟɥɚɟɬ ɞɨɥɝɨɜɪɟɦɟɧɧɵɦ ɟɟ ɩɨɥɧɨɟ 
ɢɡɭɱɟɧɢɟ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨ-
ɰɟɫɫ ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟɧɢɢ ɭɪɨɜɧɟɦ ɨɫɜɟɳɟɧɧɨ-
ɫɬɢ. 

Ɉɫɜɟɳɟɧɧɨɫɬɶ – ɮɢɡɢɱɟɫɤɚɹ ɫɜɟɬɨɜɚɹ ɜɟɥɢɱɢ-
ɧɚ, ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɚɞɚɸ-
ɳɟɝɨ ɧɚ ɦɚɥɵɣ ɭɱɚɫɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ, ɤ ɟɝɨ ɩɥɨɳɚ-
ɞɢ. ȿɞɢɧɢɰɟɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɜ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 
ɫɢɫɬɟɦɟ ɟɞɢɧɢɰ ɹɜɥɹɟɬɫɹ ɥɸɤɫ. Ⱦɚɬɱɢɤɢ ɭɪɨɜɧɹ 
ɨɫɜɟɳɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ 
ɢɧɞɭɫɬɪɢɢ, ɧɚɩɪɢɦɟɪ – ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɨɫɜɟɳɟ-
ɧɢɢ ɭɥɢɰ, ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɬɨɜɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɞɥɹ 
ɫɛɟɪɟɠɟɧɢɹ ɡɚɪɹɞɚ ɛɚɬɚɪɟɢ ɢ ɬ.ɞ. 


