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ɡɚɯɢɫɧɢɯ ɩɨɤɪɢɬɬɿɜ. ɍ ɬɨɣ ɠɟ ɱɚɫ ɫɩɨɫɨɛɢ ɡɚɯɢɫɬɭ ɿ ɜɿɞɧɨɜɥɟɧɧɹ ɞɟɬɚɥɟɣ ɦɟɬɚɥɭɪɝɿɣɧɨɝɨ 
ɭɫɬɚɬɤɭɜɚɧɧɹ ɿ ɧɟɫɭɱɢɯ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿʀ ɛɭɧɤɟɪɚ, ɛɪɨɧɿ ɆɇɅɁ ɿ ɚɪɦɚɬɭɪɢ ɜɿɞ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɩɥɢɜɭ ɤɨɪɨɡɿɣɧɨɝɨ ɡɧɨɫɭ ɪɨɡɝɥɹɧɭɬɿ ɧɟɞɨɫɬɚɬɧɶɨ. 

Кɥюɱɨɜɿ ɫɥɨɜɚ: ɨɛɥɚɞɧɚɧɧɹ, ɡɧɨɫ, ɫɩɨɫɨɛɢ ɜɿɞɧɨɜɥɟɧɧɹ. 
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ANALYSIS OF EXISTING WAY TO PROTECT AGAINST CORROSION 
DAMAGE STEEL CONTINUOUS CASTING MACHINE 

 
One of the problems of continuous casting machine is corrosive damage of metal 

framework. Due to this one metal framework of continuous casting machine is needed to apply 
various protective coatings. Meanwhile ways of protecting and restoring the details of 
metallurgical equipment and bearing metal framework of the hopper, continuous casting machine 
armor and armature against complex impact of corrosive wear are considered insufficient. 
Comparative analysis of the characteristics of the materials and methods of protecting metal 
frameworks of metallurgical equipment. Determination of methods of corrosion wear and their 
classification, as well as existing methods of protecting metal frameworks . 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɂɁɇɈɋɈɋɌɈɃɄɈɋɌɂ ɍɉɊɈɑɇȿɇɇɕɏ ɋɅɈȿȼ 
ȽɊȺȾɂȿɇɌɇɈȽɈ ɋɌɊɈȿɇɂə ɇȺ ɋɌȺɅɖɇɕɏ ɂɁȾȿɅɂəɏ 

 
ɂɫɫɥɟɞɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɝɟɨɦɟɬɪɢɢ ɭɩɪɨɱɧɟɧɧɵɯ ɩɥɚɡɦɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɧɚɝɪɟɜɚ ɡɨɧ 

ɧɚ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɫɬɚɥɶɧɵɯ ɢɡɞɟɥɢɣ. ɍɫɬɚɧɨɜɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɝɥɚ ɧɚɤɥɨɧɚ 
ɢ ɲɚɝɚ ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɩɥɚɡɦɟɧɧɚɹ ɡɚɤɚɥɤɚ, ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, ɚɛɪɚɡɢɜɧɵɣ ɢɡɧɨɫ, 
ɝɪɚɞɢɟɧɬɧɵɟ ɩɨɤɪɵɬɢɹ. 

 
Ɉɞɧɨɣ иɡ ɧɚиɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨиɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧиɟ 

ɫɪɨɤɚ ɫɥɭɠɛɵ ɞɟɬɚɥɟɣ. Ɉɫɧɨɜɧɨɣ ɩɪиɱиɧɨɣ иɯ ɜɵɯɨɞɚ иɡ ɫɬɪɨɹ ɹɜɥɹɟɬɫɹ ɩɪɟɠɞɟɜɪɟɦɟɧɧɵɣ 
иɡɧɨɫ ɤɨɧɬɚɤɬиɪɭɸɳиɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɤɨɧɬɚɤɬиɪɭɸɳиɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɥиɹɸɬ ɬɚɤиɟ ɫɜɨɣɫɬɜɚ ɤɚɤ  ɬɜɟɪɞɨɫɬɶ, ɲɟɪɨɯɨɜɚɬɨɫɬɶ, ɫɩɨɫɨɛɧɨɫɬɶ ɦɟɬɚɥɥɚ 
ɫɨɯɪɚɧɹɬɶ ɝɟɨɦɟɬɪиɱɟɫɤиɟ ɪɚɡɦɟɪɵ ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɤɚ, ɬ.ɟ. иɡɧɨɫɨɫɬɨɣɤɨɫɬɶ. Ɉɫɨɛɟɧɧɨ 
ɜɚɠɧɨ ɪɟɲɟɧиɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɞɥɹ ɬɹɠɟɥɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɦɟɬɚɥɥɭɪɝии и 
ɦɚɲиɧɨɫɬɪɨɟɧиɹ.  

Ɉɞɧиɦ иɡ ɧɚиɛɨɥɟɟ ɩɟɪɫɩɟɤɬиɜɧɵɯ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧиɹ иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɞɟɬɚɥɟɣ 
ɦɚɲиɧ ɹɜɥɹɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɭɩɪɨɱɧɟɧиɟ ɫ иɫɩɨɥɶɡɨɜɚɧиɟɦ ɜɵɫɨɤɨɤɨɧɰɟɧɬɪиɪɨɜɚɧɧɵɯ 
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иɫɬɨɱɧиɤɨɜ ɧɚɝɪɟɜɚ, иɡ ɤɨɬɨɪɵɯ ɧɚиɛɨɥɟɟ  ɞɨɫɬɭɩɧɵɦи, ɷɤɨɧɨɦиɱɧɵɦи и ɭɧиɜɟɪɫɚɥɶɧɵɦи 
ɹɜɥɹɸɬɫɹ ɩɥɚɡɦɟɧɧɵɟ иɫɬɨɱɧиɤи. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɜɧɟɞɪɟɧиɟ ɬɟɯɧɨɥɨɝиɣ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɭɩɪɨɱɧɟɧиɹ ɞɥɹ ɦɧɨɝиɯ ɬиɩɨɜ 
ɬɹɠɟɥɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ (ɧɚɩɪиɦɟɪ, ɧɚɩɪɚɜɥɹɸɳиɟ ɫɬɚɧɤɨɜ, ɤɪɚɧɨɜɵɟ ɤɨɥɟɫɚ, ɲɬɚɦɩɵ и 
ɬ.ɩ.) ɫɞɟɪɠиɜɚɟɬɫɹ ɨɩɚɫɧɨɫɬɶɸ ɨɯɪɭɩɱиɜɚɧиɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɡɚɤɚɥɟɧɧɨɝɨ ɫɥɨɹ. ȼ ɷɬɨɣ 
ɫɜɹɡи, ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ иɧɬɟɧɫиɜɧɨ ɪɚɡɜиɜɚɸɬɫɹ ɧɨɜɟɣɲиɟ ɬɟɯɧɨɥɨɝии ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɭɩɪɨɱɧɟɧиɹ ɦɚɬɟɪиɚɥɨɜ, ɩɨɡɜɨɥɹɸɳиɟ ɞɨɫɬиɝɚɬɶ ɡɧɚɱиɬɟɥɶɧɨɝɨ ɩɨɜɵɲɟɧиɹ иɡɧɨɫɨɫɬɨɣɤɨɫɬи 
ɛɟɡ ɫɧиɠɟɧиɹ ɬɪɟɳиɧɨɫɬɨɣɤɨɫɬи (ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ – и ɫ ɭɜɟɥиɱɟɧиɟɦ). ɗɬɨɝɨ ɦɨɠɧɨ ɞɨɛиɬɶɫɹ 
ɡɚ ɫɱɟɬ иɫɩɨɥɶɡɨɜɚɧиɹ ɩɪиɧɰиɩɚ ɤɨɦɩɨɡиɰиɨɧɧɨɫɬи ɪɚɛɨɱɟɝɨ ɫɥɨɹ: ɥиɛɨ ɡɚ ɫɱɟɬ ɧɚɧɟɫɟɧиɹ 
ɫɥɨиɫɬɵɯ ɩɨɤɪɵɬиɣ (ɧɚɩɥɚɜɤɨɣ, ɧɚɩɵɥɟɧиɟɦ, ɨɫɚɠɞɟɧиɟɦ, ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɥɟɝиɪɨɜɚɧиɟɦ) Д1, 
2Ж, ɥиɛɨ ɡɚ ɫɱɟɬ ɧɚɧɟɫɟɧиɹ ɫɬɪɭɤɬɭɪɧɨ-ɧɟɨɞɧɨɪɨɞɧɨɝɨ (ɝɪɚɞиɟɧɬɧɨɝɨ иɥи ɞиɫɤɪɟɬɧɨɝɨ) 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ  Д3-6Ж. ȼ ɨɛɨиɯ ɫɥɭɱɚɹɯ ɫɨɡɞɚɟɬɫɹ ɱɟɪɟɞɨɜɚɧиɟ ɬɜɟɪɞɵɯ и ɩɥɚɫɬиɱɧɵɯ 
ɭɱɚɫɬɤɨɜ иɥи ɫɥɨɟɜ. ɉɟɪɜɨɟ ɧɚɩɪɚɜɥɟɧиɟ ɩɟɪɫɩɟɤɬиɜɧɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɩɨɜɟɪɯɧɨɫɬɧɨɟ 
ɭɩɪɨɱɧɟɧиɟ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɫɥɟ иɯ ɜɨɫɫɬɚɧɨɜɥɟɧиɹ ɧɚɩɥɚɜɤɨɣ иɥи ɧɚɩɵɥɟɧиɟɦ. ȼɬɨɪɨɟ 
ɧɚɩɪɚɜɥɟɧиɟ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɭɧиɜɟɪɫɚɥɶɧɵɦ, ɬ.ɤ. ɦɨɠɟɬ ɛɵɬɶ ɩɪиɦɟɧɟɧɨ ɤɚɤ ɞɥɹ 
ɜɨɫɫɬɚɧɚɜɥиɜɚɟɦɵɯ ɞɟɬɚɥɟɣ, ɬɚɤ и ɞɥɹ ɧɟиɡɧɨɲɟɧɧɵɯ Д7Ж. 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ – иɫɫɥɟɞɨɜɚɧиɟ ɜɥиɹɧиɹ ɝɟɨɦɟɬɪии ɝɪɚɞиɟɧɬɧɵɯ 
ɭɩɪɨɱɧɟɧɧɵɯ ɩɨɤɪɵɬиɣ ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɪиɦɟɧɟɧиɟɦ ɩɥɚɡɦɟɧɧɨɝɨ иɫɬɨɱɧиɤɚ ɧɚɝɪɟɜɚ ɧɚ 
иɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɫɬɚɥɟɣ 90ɏɎ и 45.  

Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɍɩɪɨɱɧɟɧиɟ ɩɪɨɜɨɞиɥɨɫɶ ɩɪи ɧɚɝɪɟɜɟ ɩɥɚɡɦɨɬɪɨɧɨɦ 
ɤɨɫɜɟɧɧɨɝɨ ɞɟɣɫɬɜиɹ ɉɉɍ-1, ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɜ ɉɪиɚɡɨɜɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɬɟɯɧиɱɟɫɤɨɦ 
ɭɧиɜɟɪɫиɬɟɬɟ. ȼ ɤɚɱɟɫɬɜɟ иɫɬɨɱɧиɤɚ ɬɨɤɚ иɫɩɨɥɶɡɨɜɚɥи иɫɬɨɱɧиɤ ɬɨɤɚ ɞɥɹ ɩɥɚɡɦɟɧɧɨɣ 
ɫɜɚɪɤи-ɪɟɡɤи ɍɉɋ-804. ȼ ɤɚɱɟɫɬɜɟ ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɟɝɨ ɝɚɡɚ иɫɩɨɥɶɡɨɜɚɥи ɚɪɝɨɧ. 

Ⱦɥɹ ɩɨɥɭɱɟɧиɹ ɦɚɤɫиɦɚɥɶɧɨɣ ɬɜɟɪɞɨɫɬи ɡɚɤɚɥɤи и ɩɪи ɷɬɨɦ ɧɟ ɞɨɩɭɳɟɧиɹ ɨɩɥɚɜɥɟɧиɹ 
ɩɨɜɟɪɯɧɨɫɬи ɪɟɠиɦɵ ɨɛɪɚɛɨɬɤи ɫɨɫɬɚɜиɥи: ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧиɹ ɩɥɚɡɦɨɬɪɨɧɚ 50 ɫɦ/ɦиɧ, 
ɬɨɤ ɞɭɝи 350Ⱥ, ɪɚɫɯɨɞ ɝɚɡɚ – 11ɥ/ɦиɧ. ɉɪи ɬɚɤиɯ ɪɟɠиɦɚɯ ɲиɪиɧɚ ɭɩɪɨɱɧɟɧɧɨɣ ɡɨɧɵ 
ɩɨɥɭɱɟɧɧɨɣ ɡɚ ɨɞиɧ ɩɪɨɯɨɞ ɫɨɫɬɚɜɥɹɟɬ 10ɦɦ, ɝɥɭɛиɧɚ – ɞɨ 4ɦɦ. 

 ȼɵɛɨɪ ɬɟɯɧɨɥɨɝии ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤи ɩɪи ɧɚɧɟɫɟɧии ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɥɨɹ 
ɞиɫɤɪɟɬɧɨɝɨ ɫɬɪɨɟɧиɹ ɡɚɜиɫиɬ ɨɬ ɮɨɪɦɵ ɭɩɪɨɱɧɹɟɦɨɣ ɞɟɬɚɥи. Ⱦиɫɤɪɟɬɧɨɟ ɫɬɪɨɟɧиɟ ɪɚɛɨɱɟɣ 
ɩɨɜɟɪɯɧɨɫɬи ɞɟɬɚɥи ɩɪи ɭɩɪɨɱɧɟɧии ɞɟɬɚɥɟɣ ɤɚɤ ɩɥɨɫɤɨɣ, ɬɚɤ и ɰиɥиɧɞɪиɱɟɫɤɨɣ ɮɨɪɦɵ, 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɫ ɧɚɧɟɫɟɧиɟɦ ɡɚɤɚɥɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɫ ɲɚɝɨɦ ɩɪɟɜɵɲɚɸɳиɦ ɲиɪиɧɭ 
ɡɨɧɵ ɭɩɪɨɱɧɟɧиɹ (ɪиɫ.1), ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɱɟɪɟɞɨɜɚɧиɟ ɬɜɟɪɞɵɯ и ɦɹɝɤиɯ ɭɱɚɫɬɤɨɜ, 
ɩɟɪɟɤɪɟɫɬɧɨɣ ɧɚɫɟɱɤи, ɤɨɝɞɚ ɥɨɤɚɥɶɧɵɟ ɦɹɝɤиɟ ɭɱɚɫɬɤи иɦɟɸɬ ɨɝɪɚɧиɱɟɧɧɭɸ ɤɨɧɮиɝɭɪɚɰиɸ 
ɤɜɚɞɪɚɬɚ (ɩɪи ɩɟɪɩɟɧɞиɤɭɥɹɪɧɨɦ ɩɟɪɟɤɪɟɫɬɧɨɦ ɞɜиɠɟɧии ɩɥɚɡɦɨɬɪɨɧɚ) иɥи ɪɨɦɛɚ (ɩɪи 
ɧɟɩɟɪɩɟɧɞиɤɭɥɹɪɧɨɦ ɩɟɪɟɤɪɟɫɬɧɨɦ ɞɜиɠɟɧии). Ⱦɥɹ ɩɨɥɭɱɟɧиɹ ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɥɨɹ 
ɞиɫɤɪɟɬɧɨɝɨ ɫɬɪɨɟɧиɹ ɧɚ ɞɟɬɚɥɹɯ ɤɪɭɝɥɨɣ и ɩɥɨɫɤɨɣ ɮɨɪɦɵ ɭɩɪɨɱɧɟɧɧɵɟ ɡɨɧɵ ɦɨɝɭɬ 
ɧɚɧɨɫиɬɶɫɹ ɩɨɞ ɪɚɡɧɵɦи ɭɝɥɚɦи ɤ ɧɚɩɪɚɜɥɟɧиɸ иɡɧɚɲиɜɚɧиɹ, ɩɟɪɟɤɪɟɫɬɧɵɦи ɡɨɧɚɦи, ɚ 
ɬɚɤɠɟ ɜ ɜиɞɟ ɟɞиɧиɱɧɵɯ ɡɨɧ ɪɚɡɧɨɣ ɮɨɪɦɵ. 

 

 
 

Ɋɢɫ. 1 – ɋɩɨɫɨɛɵ ɧɚɧɟɫɟɧиɹ ɭɩɪɨɱɧɟɧɧɵɯ ɫɥɨɟɜ ɝɪɚɞиɟɧɬɧɨɝɨ ɫɬɪɨɟɧиɹ ɫ 
иɫɩɨɥɶɡɨɜɚɧиɟɦ ɩɥɚɡɦɟɧɧɨɝɨ иɫɬɨɱɧиɤɚ ɧɚɝɪɟɜɚ (V – ɧɚɩɪɚɜɥɟɧиɟ иɡɧɚɲиɜɚɧиɹ) 
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ɉɪи ɧɚɧɟɫɟɧии ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ ɩɨɞ ɭɝɥɨɦ ɤ ɧɚɩɪɚɜɥɟɧиɸ иɡɧɚɲиɜɚɧиɹ, иɡɦɟɧɹɟɬɫɹ 
ɮɚɤɬиɱɟɫɤиɣ ɩɭɬɶ ɤɨɧɬɚɤɬɚ ɫɨɩɪɹɠɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ и ɱɚɫɬиɰ иɡɧɨɫɚ ɩɨ ɭɩɪɨɱɧɟɧɧɵɦ (b’) 
и ɧɟɭɩɪɨɱɧɟɧɧɵɦ (f’) ɭɱɚɫɬɤɚɦ (ɪиɫ.2). Ɍɚɤ ɩɪи ɩɟɪɩɟɧɞиɤɭɥɹɪɧɨɦ ɤ ɧɚɩɪɚɜɥɟɧиɸ 
иɡɧɚɲиɜɚɧиɹ ɪɚɫɩɨɥɨɠɟɧии ɡɨɧ ɷɬɨ ɡɧɚɱɟɧиɟ ɪɚɜɧɨ ɲиɪиɧɟ ɡɨɧɵ, ɚ ɫ ɭɜɟɥиɱɟɧиɟɦ ɭɝɥɚ 
ɛɭɞɟɬ ɭɜɟɥиɱиɜɚɬɶɫɹ. ɉɪи ɩɚɪɚɥɥɟɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧии иɡɧɚɲиɜɚɧиɹ и ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ 
ɡɧɚɱɟɧиɹ b’ и f’ ɪɚɜɧɵ ɞɥиɧɟ ɞɨɪɨɠɟɤ ɥиɛɨ ɧɟɩɪɟɪɵɜɧɵ (ɛɟɫɤɨɧɟɱɧɵ) ɜ ɫɥɭɱɚɟ 
ɰиɥиɧɞɪиɱɟɫɤиɯ ɞɟɬɚɥɟɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪи ɭɜɟɥиɱɟɧии ɭɝɥɚ ω ɛɨɥɟɟ 0º ɡɧɚɱɟɧиɹ b’ и f’ 
ɛɭɞɭɬ ɭɜɟɥиɱиɜɚɬɶɫɹ, ɚ ɭɜɟɥиɱɟɧиɟ ɭɱɚɫɬɤɚ ɤɨɧɬɚɤɬɚ ɫ ɭɩɪɨɱɧɟɧɧɨɣ ɡɨɧɨɣ ɜ ɫɨɱɟɬɚɧии ɫ 
ɡɨɧɚɦи ɧɟɭɩɪɨɱɧɟɧɧɵɦи ɞɨɥɠɧɨ ɞɚɬɶ ɩɨɥɨɠиɬɟɥɶɧɵɣ ɷɮɮɟɤɬ. ɉɪи ɪɚɫɩɨɥɨɠɟɧии 
ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ ɩɚɪɚɥɥɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧиɸ иɡɧɚɲиɜɚɧиɹ (ω=0º)  ɛɭɞɟɬ ɫɧиɠɚɬɶɫɹ 
ɷɮɮɟɤɬиɜɧɨɫɬɶ ɞиɫɤɪɟɬɧɨɣ ɨɛɪɚɛɨɬɤи. 

Ɉɩɬиɦɚɥɶɧɵɟ ɡɧɚɱɟɧиɹ ɪɚɫɩɨɥɨɠɟɧиɹ ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ ɨɬɧɨɫиɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧиɹ 
иɡɧɚɲиɜɚɧиɹ ɧɚɯɨɞɹɬɫɹ ɷɤɫɩɟɪиɦɟɧɬɚɥɶɧɨ ɞɥɹ ɪɚɡɥиɱɧɵɯ ɫɩɥɚɜɨɜ и ɭɫɥɨɜиɣ ɪɚɛɨɬɵ ɞɟɬɚɥɟɣ. 

 

 
Ɋɢɫ. 2 – Ƚɟɨɦɟɬɪиɹ ɭɩɪɨɱɧɟɧɧɵɯ ɫɥɨɟɜ ɝɪɚɞиɟɧɬɧɨɝɨ ɫɬɪɨɟɧиɹ 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧиɹ ɨɩɬиɦɚɥɶɧɨɣ ɝɟɨɦɟɬɪии ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ ɩɪɨɜɨɞиɥиɫɶ иɫɩɵɬɚɧиɹ 

ɧɚ иɡɧɚɲиɜɚɧиɟ ɨɛɪɚɡɰɨɜ ɫ ɪɚɡɥиɱɧɵɦ ɪɚɫɩɨɥɨɠɟɧиɟɦ ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ. 
ɂɫɩɵɬɚɧиɹ ɩɪɨɜɨɞиɥи ɧɚ ɨɛɪɚɡɰɚɯ ɪɚɡɦɟɪɚɦи 40ɯ50ɯ15 ɦɦ иɡ ɫɬɚɥɟɣ 90ɏɎ и 45. ɇɚ 

ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚ ɨɛɪɚɡɰɚɯ ɧɚɧɨɫиɥиɫɶ ɭɩɪɨɱɧɟɧɧɵɟ ɡɨɧɵ ɫ ɪɚɡɧɵɦ ɲɚɝɨɦ. Ɂɚɬɟɦ 
ɭɩɪɨɱɧɟɧɧɵɟ ɡɨɧɵ ɧɚɧɨɫиɥиɫɶ ɩɨɞ ɪɚɡɧɵɦи ɭɝɥɚɦи ɩɨ ɨɬɧɨɲɟɧиɸ ɤ ɧɚɩɪɚɜɥɟɧиɸ 
иɡɧɚɲиɜɚɧиɹ. 

ɉɟɪɜɚɹ ɝɪɭɩɩɚ ɨɛɪɚɡɰɨɜ ɩɨɞɜɟɪɝɚɥɚɫɶ ɩɥɚɡɦɟɧɧɨɦɭ ɭɩɪɨɱɧɟɧиɸ ɜ иɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧии. ɇɚ ɨɛɪɚɡɰɵ ɧɚɧɨɫиɥиɫɶ ɭɩɪɨɱɧɟɧɧɵɟ ɡɨɧɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɨɬɧɨɫиɬɟɥɶɧɨ 
ɧɚɩɪɚɜɥɟɧиɹ иɡɧɚɲиɜɚɧиɹ ɩɨɞ ɭɝɥɚɦи 0º, 45º, 90º. ȼ ɤɚɠɞɨɣ ɝɪɭɩɩɟ ɨɛɪɚɡɰɨɜ ɫ ɪɚɡɧɵɦ 
ɧɚɩɪɚɜɥɟɧиɟɦ ɨɛɪɚɛɨɬɤи ɷɬи ɡɨɧɵ ɧɚɤɥɚɞɵɜɚɥиɫɶ ɧɚ ɪɚɡɥиɱɧɨɦ ɪɚɫɫɬɨɹɧии (0, 3, 5, 7, 9 ɦɦ).  

ȼɬɨɪɚɹ ɝɪɭɩɩɚ ɨɛɪɚɡɰɨɜ ɩɨɞɜɟɪɝɚɥɚɫɶ ɩɥɚɡɦɟɧɧɨɦɭ ɭɩɪɨɱɧɟɧиɸ ɩɨɫɥɟ ɨɛɴɟɦɧɨɣ 
ɡɚɤɚɥɤи (ɨɯɥɚɠɞɟɧиɟ ɜ ɜɨɞɟ) ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ ɞɥɹ ɞɚɧɧɨɣ ɦɚɪɤи ɫɬɚɥи ɪɟɠиɦɚɦ. ɗɤɫɩɟɪиɦɟɧɬ 
ɩɪɨɜɨɞиɥɫɹ ɧɚ ɬɟɯ ɠɟ ɪɟɠиɦɚɯ и ɫ ɬɨɣ ɠɟ ɝɟɨɦɟɬɪиɟɣ, ɱɬɨ и ɞɥɹ ɧɟɭɩɪɨɱɧɟɧɧɵɯ 
ɩɪɟɞɜɚɪиɬɟɥɶɧɨ. 

ɂɫɩɵɬɚɧиɹ ɧɚ иɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɩɪɨɜɨɞиɥиɫɶ ɧɚ ɫɩɟɰиɚɥɶɧɨɦ ɫɬɟɧɞɟ ɞɥɹ иɫɩɵɬɚɧиɣ ɩɨ 
ɦɟɬɨɞɭ иɡɧɚɲиɜɚɧиɹ ɫ ɚɛɪɚɡиɜɧɨɣ ɩɪɨɫɥɨɣɤɨɣ (ɪиɫ. 3). ɉɪи ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɤ ɜɪɚɳɚɸɳɟɦɭɫɹ 
ɛɚɪɚɛɚɧɭ 2 ɩɨɞ ɡɚɞɚɧɧɨɣ ɧɚɝɪɭɡɤɨɣ P2 , ɨɩɪɟɞɟɥɹɟɦɨɣ ɜɟɫɨɦ ɝɪɭɡɚ Ɋ1 , ɩɪиɠиɦɚɟɬɫɹ ɫɜɨɟɣ 
ɩɥɨɫɤɨɣ ɫɬɨɪɨɧɨɣ ɨɛɪɚɡɟɰ 1. Ɇɟɠɞɭ ɛɚɪɚɛɚɧɨɦ и ɨɛɪɚɡɰɨɦ иɡ ɛɭɧɤɟɪɚ ɡɚɫɵɩɚɟɬɫɹ ɚɛɪɚɡиɜ 
(ɤɜɚɪɰɟɜɵɣ иɥи ɦɨɪɫɤɨɣ ɩɟɫɨɤ, ɤɨɪɭɧɞ). Ⱥɛɪɚɡиɜɧɵɟ ɱɚɫɬиɰɵ ɩɪɨɬиɪɚɸɬɫɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬи 
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ɨɛɪɚɡɰɚ, ɨɛɟɫɩɟɱиɜɚɹ ɟɝɨ иɡɧɚɲиɜɚɧиɟ, и, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɬɟɪɸ ɜ ɜɟɫɟ. Кɨɷɮɮиɰиɟɧɬ 
иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

                                                
э

i
i m

m
k




 , (1) 

ɝɞɟ Δmi – ɩɨɬɟɪɹ ɦɚɫɫɵ ɨɛɪɚɡɰɚ, 
Δmэ – ɩɨɬɟɪɹ ɦɚɫɫɵ ɷɬɚɥɨɧɚ (ɜ ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɚ ɩɪиɧиɦɚɟɬɫɹ ɧɟɭɩɪɨɱɧɟɧɧɵɣ ɨɛɪɚɡɟɰ 

ɜ иɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧии). 
 
Ɉɛɪɚɡɰɵ ɜɡɜɟɲиɜɚɥиɫɶ ɞɨ и ɩɨɫɥɟ иɫɩɵɬɚɧиɣ ɧɚ ɷɥɟɤɬɪɨɧɧɵɯ ɜɟɫɚɯ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 

0,01ɝ  
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɪи ɧɚɧɟɫɟɧии ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ ɩɚɪɚɥɥɟɥɶɧɨ 

ɧɚɩɪɚɜɥɟɧиɸ иɡɧɚɲиɜɚɧиɹ (ω=0º) ɦɚɤɫиɦɚɥɶɧɚɹ иɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪи ɲиɪиɧɟ 
ɧɟɭɩɪɨɱɧɟɧɧɵɯ ɭɱɚɫɬɤɨɜ 5-6ɦɦ (ɪиɫ. 4). Ʌиɧиɹ, ɨɬɪɚɠɚɸɳɚɹ ɡɚɜиɫиɦɨɫɬɶ иɡɧɨɫɨɫɬɨɣɤɨɫɬи 
ɨɬ ɡɚɡɨɪɚ ɦɟɠɞɭ ɭɩɪɨɱɧɟɧɧɵɦи ɡɨɧɚɦи ɛɥиɡɤɚ ɤ ɩɚɪɚɛɨɥɟ,  ɧɨ ɩɪи ɷɬɨɦ ɧɟɫɤɨɥɶɤɨ иɡɥɨɦɚɧɚ. 
ɉɪи ɪɚɡɥиɱɧɨɣ иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɫɬɚɥɟɣ 90ɏɎ и 45 ɤɪиɜɵɟ ɩɨɞɨɛɧɵ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ иɫɩɵɬɚɧиɣ ɞɚɧɧɵɯ. ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɥиɧиɣ, ɜɨɡɦɨɠɧɨ, 
ɜɵɡɜɚɧɚ ɨɫɨɛɟɧɧɨɫɬɹɦи ɦɟɬɨɞɚ иɫɩɵɬɚɧиɣ: ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɨɛɪɚɡɰɚ и ɤɨɧɬɪ-ɬɟɥɚ ɞɜиɠɟɧиɟ 
ɚɛɪɚɡиɜɚ ɫɥɨɠɧɨ ɬɨɱɧɨ ɫɩɪɨɝɧɨɡиɪɨɜɚɬɶ.   

 

 
Ɋɢɫ. 3 – ɋɯɟɦɚ иɫɩɵɬɚɧиɣ ɧɚ ɚɛɪɚɡиɜɧɭɸ иɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɩɨ ɦɟɬɨɞɭ 

 
ɉɨɞɨɛɧɚɹ ɠɟ ɤɨɧɮиɝɭɪɚɰиɹ ɤɪиɜɵɯ ɧɚ ɝɪɚɮиɤɟ ɨɬɪɚɠɚɸɳɟɦ ɡɚɜиɫиɦɨɫɬɶ 

иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɨɬ ɜɟɥиɱиɧɵ ɡɚɡɨɪɨɜ ɦɟɠɞɭ ɭɩɪɨɱɧɟɧɧɵɦи ɡɨɧɚɦи ɩɪи ɭɝɥɚɯ ɧɚɤɥɨɧɚ 
ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ ɤ ɧɚɩɪɚɜɥɟɧиɸ иɡɧɚɲиɜɚɧиɹ ω=45º и ω=90º (ɪиɫ. 5, 6). 

 

 
Ɋɢɫ. 4 – Ƚɪɚɮиɤ ɡɚɜиɫиɦɨɫɬи иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɫɬɚɥи 90ɏɎ и ɫɬɚɥи 45 ɨɬ ɜɟɥиɱиɧɵ 

ɡɚɡɨɪɚ ɦɟɠɞɭ ɭɩɪɨɱɧɟɧɧɵɦи ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɞɨɪɨɠɤɚɦи, ɩɪи ɭɝɥɟ ɧɚɧɟɫɟɧиɹ 
ɞɨɪɨɠɟɤ ɨɬɧɨɫиɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧиɹ иɡɧɚɲиɜɚɧиɹ 0º 
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Ɋɢɫ. 5 – Ƚɪɚɮиɤ ɡɚɜиɫиɦɨɫɬи иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɫɬɚɥи 90ɏɎ и ɫɬɚɥи 45 ɨɬ ɜɟɥиɱиɧɵ 

ɡɚɡɨɪɚ ɦɟɠɞɭ ɭɩɪɨɱɧɟɧɧɵɦи ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɞɨɪɨɠɤɚɦи, ɩɪи ɭɝɥɟ ɧɚɧɟɫɟɧиɹ 
ɞɨɪɨɠɟɤ ɨɬɧɨɫиɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧиɹ иɡɧɚɲиɜɚɧиɹ 45º 

 
ɋɪɚɜɧɟɧиɟ ɞɚɧɧɵɯ иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɩɪи ɪɚɜɧɨɣ ɲиɪиɧɟ ɡɚɡɨɪɚ ɦɟɠɞɭ ɭɩɪɨɱɧɟɧɧɵɦи 

ɡɨɧɚɦи ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɚɤɫиɦɚɥɶɧɚɹ иɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬиɝɧɭɬɚ ɩɪи ɭɝɥɟ 
ɧɚɤɥɨɧɚ ɡɨɧ ɤ ɧɚɩɪɚɜɥɟɧиɸ  

Ɉɛɪɚɡɰɵ, ɤɨɬɨɪɵɟ ɩɨɞɜɟɪɝɚɥиɫɶ ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨɫɥɟ ɨɛɴɟɦɧɨɣ, ɩɨɤɚɡɚɥи 
ɡɧɚɱиɬɟɥɶɧɨɟ ɭɜɟɥиɱɟɧиɟ иɡɧɨɫɨɫɬɨɣɤɨɫɬи. ɉɨɞɨɛɧɨ ɨɛɪɚɡɰɚɦ, ɤɨɬɨɪɵɟ ɧɟ ɛɵɥи 
ɩɪɟɞɜɚɪиɬɟɥɶɧɨ ɭɩɪɨɱɧɟɧɵ, ɫɨɯɪɚɧɹɟɬɫɹ ɬɟɧɞɟɧɰиɹ ɤ ɩɨɜɵɲɟɧиɸ иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɩɪи 
ɧɚɥиɱии ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɚɡɨɪɨɜ ɦɟɠɞɭ ɡɨɧɚɦи ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɭɩɪɨɱɧɟɧиɹ (ɪиɫ. 7). 
ɋɬɪɭɤɬɭɪɚ ɦɚɬɟɪиɚɥɚ ɩɨɫɥɟ ɨɛɴɟɦɧɨɣ ɡɚɤɚɥɤи ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɪɬɟɧɫиɬ ɫ ɧɟɛɨɥɶɲɨɣ 
ɱɚɫɬɶɸ ɨɫɬɚɬɨɱɧɨɝɨ ɚɭɫɬɟɧиɬɚ. ɉɨɫɥɟ ɩɥɚɡɦɟɧɧɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɭɩɪɨɱɧɟɧиɹ ɫ ɧɚɧɟɫɟɧиɟɦ 
ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ ɫ ɡɚɡɨɪɨɦ ɱɚɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɩɨɥɭɱɚɟɬ ɩɨɜɬɨɪɧɭɸ 
ɡɚɤɚɥɤɭ.иɡɧɚɲиɜɚɧиɹ ɩɨɞ ɭɝɥɨɦ ω=45°. 

ȼ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɟ ɨɛɪɚɡɭɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɨɬɩɭɫɤɚ ɫ ɦɟɧɶɲɟɣ ɬɜɟɪɞɨɫɬɶɸ и ɛɨɥɶɲɟɣ 
ɩɥɚɫɬиɱɧɨɫɬɶɸ. Ɍɚɤиɟ ɭɱɚɫɬɤи ɛɭɞɭɬ ɫɥɭɠиɬɶ ɜ ɤɚɱɟɫɬɜɟ ɦɹɝɤɨɣ ɞɟɦɩɮиɪɭɸɳɟɣ ɩɪɨɫɥɨɣɤи 
ɦɟɠɞɭ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ и ɡɨɧɚɦи ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɡɚɤɚɥɤи. ɂɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɞɟɬɚɥи 
ɩɨɜɵɲɚɟɬɫɹ ɤɚɤ ɩɨ ɫɪɚɜɧɟɧиɸ ɫ ɨɛɴɟɦɧɨɣ, ɬɚɤ и ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɡɚɤɚɥɤɨɣ. Ɍɚɤиɟ 
ɩɨɜɟɪɯɧɨɫɬи ɩɨɥɭɱɚɸɬ ɤɚɤ ɩɨɜɵɲɟɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɤ иɡɧɚɲиɜɚɧиɸ, ɬɚɤ и ɛɨɥɟɟ ɜɵɫɨɤɭɸ 
ɤɨɧɬɚɤɬɧɭɸ ɩɪɨɱɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɫɬɨɣɤɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧиɸ и ɪɚɫɩɪɨɫɬɪɚɧɟɧиɸ ɬɪɟɳиɧ. 

 

 
Ɋɢɫ. 6 – Ƚɪɚɮиɤ ɡɚɜиɫиɦɨɫɬи иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɫɬɚɥи 90ɏɎ и ɫɬɚɥи 45 ɨɬ ɜɟɥиɱиɧɵ 

ɡɚɡɨɪɚ ɦɟɠɞɭ ɭɩɪɨɱɧɟɧɧɵɦи ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɞɨɪɨɠɤɚɦи, ɩɪи ɭɝɥɟ ɧɚɧɟɫɟɧиɹ 
ɞɨɪɨɠɟɤ ɨɬɧɨɫиɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧиɹ иɡɧɚɲиɜɚɧиɹ 90º 
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Ɇɚɲɢɧɨɛɭɞɭɜɚɧɧɹ ɿ ɡɜɚɪɸɜɚɥɶɧɟ ɜɢɪɨɛɧɢɰɬɜɨ 
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Ɋɢɫ. 7 – Ƚɪɚɮиɤ ɡɚɜиɫиɦɨɫɬи иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɫɬɚɥи 90ɏɎ и ɫɬɚɥи 45 ɨɬ ɜɟɥиɱиɧɵ 

ɡɚɡɨɪɚ ɦɟɠɞɭ ɭɩɪɨɱɧɟɧɧɵɦи ɩɥɚɡɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɞɨɪɨɠɤɚɦи (ɩɪɟɞɜɚɪиɬɟɥɶɧɚɹ 
ɨɛɪɚɛɨɬɤɚ – ɨɛɴɟɦɧɚɹ ɡɚɤɚɥɤɚ), ɩɪи ɭɝɥɟ ɧɚɧɟɫɟɧиɹ ɞɨɪɨɠɟɤ ɨɬɧɨɫиɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧиɹ 

иɡɧɚɲиɜɚɧиɹ 45º 
 

Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɨɩɬиɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɥɚɡɦɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 

ɨɛɪɚɛɨɬɤи (ɡɚɡɨɪ ɦɟɠɞɭ ɭɩɪɨɱɧɟɧɧɵɦи ɡɨɧɚɦи и ɭɝɨɥ ɧɚɧɟɫɟɧиɹ ɭɩɪɨɱɧɟɧɧɨɣ ɡɨɧɵ), ɛɵɥɚ 
ɩɪɨиɡɜɟɞɟɧɚ ɨɛɪɚɛɨɬɤɚ ɨɛɪɚɡɰɨɜ ɫ ɧɚɧɟɫɟɧиɟɦ ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ ɩɪи ɩɟɪɩɟɧɞиɤɭɥɹɪɧɨɦ 
ɩɟɪɟɤɪɟɫɬɧɨɦ ɞɜиɠɟɧии ɩɥɚɡɦɨɬɪɨɧɚ. Ɉɛɪɚɛɨɬɤɚ ɩɪɨиɡɜɨɞиɥɚɫɶ ɫ ɲɚɝɨɦ 6ɦɦ ɩɪи ɲиɪиɧɟ 
ɭɩɪɨɱɧɟɧɧɨɣ ɡɨɧɵ 10ɦɦ и ɩɨɞ ɭɝɥɨɦ 45º ɤ ɧɚɩɪɚɜɥɟɧиɸ иɡɧɚɲиɜɚɧиɹ. ɂɫɩɵɬɚɧиɹ ɧɚ 
иɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɩɨɤɚɡɚɥи, ɱɬɨ ɤɨɷɮɮиɰиɟɧɬ иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɫɨɫɬɚɜиɥ ɨɤɨɥɨ 4.9, ɱɬɨ 
ɡɧɚɱиɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧиɹ ɩɨɥɭɱɟɧɧɵɟ ɩɪи ɞɪɭɝиɯ ɫɩɨɫɨɛɚɯ ɨɛɪɚɛɨɬɤи.  

ɋɬɨиɬ ɡɚɦɟɬиɬɶ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɫ ɧɚɧɟɫɟɧиɟɦ ɭɩɪɨɱɧɟɧɧɵɯ ɡɨɧ ɩɪи ɩɟɪɩɟɧɞиɤɭɥɹɪɧɨɦ 
ɩɟɪɟɤɪɟɫɬɧɨɦ ɞɜиɠɟɧии ɩɥɚɡɦɨɬɪɨɧɚ ɬɪɟɛɭɟɬ ɛɨɥɶɲиɯ ɡɚɬɪɚɬ ɜɪɟɦɟɧи и ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ. 
ɋɥɟɞɭɟɬ ɩɨɞɛиɪɚɬɶ ɪɟɠиɦɵ и ɝɟɨɦɟɬɪиɸ ɧɚɧɟɫɟɧиɹ ɡɨɧ ɩɪи ɬɚɤɨɦ ɦɟɬɨɞɟ иɧɞиɜиɞɭɚɥɶɧɨ и 
ɩɪиɦɟɧɹɬɶ ɩɪи ɩɨɜɵɲɟɧɧɵɯ ɬɪɟɛɨɜɚɧиɹɯ ɤ ɞɟɬɚɥи. 

ɍɜɟɥиɱɟɧиɟ иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɨɛɪɚɡɰɨɜ ɫ ɡɚɡɨɪɨɦ ɦɟɠɞɭ ɭɩɪɨɱɧɟɧɧɵɦи ɞɨɪɨɠɤɚɦи 
ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɩɨɡиɬиɜɧɵɦ ɷɮɮɟɤɬɨɦ ɱɟɪɟɞɨɜɚɧиɹ ɬɜɟɪɞɵɯ и ɦɹɝɤиɯ ɭɱɚɫɬɤɨɜ. ɉɨɫɥɟ 
ɷɬɚɩɚ ɩɪиɪɚɛɨɬɤи, ɤɨɝɞɚ ɦɹɝɤиɟ ɭɱɚɫɬɤи ɛɵɫɬɪɨ иɫɬиɪɚɸɬɫɹ, ɨɧи ɭɠɟ ɧɟ ɩɨɞɜɟɪɠɟɧɵ 
ɫиɥɨɜɨɦɭ ɤɨɧɬɚɤɬɭ ɫ ɚɛɪɚɡиɜɨɦ и ɤɨɧɬɪ-ɬɟɥɨɦ. ɑɚɫɬɶ ɚɛɪɚɡиɜɚ ɦɨɠɟɬ ɫɜɨɛɨɞɧɨ ɩɪɨɯɨɞиɬɶ ɜ 
ɷɬиɯ ɭɱɚɫɬɤɚɯ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, иɡɛɟɝɚɹ ɤɨɧɬɚɤɬɚ ɫ ɨɩɨɪɧɵɦи ɭɱɚɫɬɤɚɦи, ɨɛɥɚɞɚɸɳиɦи 
ɦɚɤɫиɦɚɥɶɧɨɣ ɬɜɟɪɞɨɫɬɶɸ. ȼ ɫɥɭɱɚɟ ɪɚɛɨɬɵ ɞɟɬɚɥи ɜ ɭɫɥɨɜиɹɯ ɫɦɚɡɤи, ɞɚɧɧɵɟ ɦɹɝɤиɟ 
ɭɱɚɫɬɤи ɦɨɝɭɬ ɫɥɭɠиɬɶ ɜ ɤɚɱɟɫɬɜɟ ɦɚɫɥɹɧɵɯ ɤɚɪɦɚɧɨɜ и, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨ ɧиɦ ɛɭɞɟɬ 
ɭɯɨɞиɬɶ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɚɛɪɚɡиɜɚ. 

ȿɳɟ ɨɞɧиɦ ɩɨɥɨɠиɬɟɥɶɧɵɦ ɮɚɤɬɨɪɨɦ, ɨɛɟɫɩɟɱиɜɚɸɳиɦ ɭɜɟɥиɱɟɧиɟ иɡɧɨɫɨɫɬɨɣɤɨɫɬи 
ɭɩɪɨɱɧɟɧɧɵɯ ɩɨ ɞɚɧɧɨɦɭ ɦɟɬɨɞɭ ɨɛɪɚɡɰɨɜ, ɹɜɥɹɟɬɫɹ ɭɦɟɧɶɲɟɧиɟ ɬɟɪɦиɱɟɫɤɨɝɨ ɜɥиɹɧиɹ ɧɚ 
ɭɠɟ иɦɟɸɳɭɸɫɹ ɞɨɪɨɠɤɭ ɩɪи ɧɚɥɨɠɟɧии ɫɥɟɞɭɸɳɟɣ. Ɍɚɤ ɩɪи ɭɩɪɨɱɧɟɧии ɛɟɡ ɡɚɡɨɪɚ иɦɟɟɬ 
ɦɟɫɬɨ ɜɨɡɧиɤɧɨɜɟɧиɟ ɭɱɚɫɬɤɨɜ ɨɬɩɭɫɤɚ ɧɚ ɝɪɚɧиɰɟ ɦɟɠɞɭ ɡɨɧɚɦи, и ɞɚɠɟ ɫɧиɠɟɧиɟ 
ɬɜɟɪɞɨɫɬи ɧɚ ɜɫɟɣ ɨɛɪɚɛɨɬɚɧɧɨɣ ɡɨɧɟ. 

 
ȼɕȼɈȾɕ 

 
Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɜɵɩɨɥɧɟɧɧɵɟ иɫɫɥɟɞɨɜɚɧиɹ ɩɨɡɜɨɥɹɸɬ ɫɮɨɪɦиɪɨɜɚɬɶ ɬɟɯɧɨɥɨɝиɟɫɤиɟ 

ɨɫɧɨɜɵ ɧɚɧɟɫɟɧиɹ ɭɩɪɨɱɧɟɧɧɵɯ ɫɥɨɟɜ ɝɪɚɞиɟɧɬɧɨɝɨ ɫɬɪɨɟɧиɹ ɫ ɜɵɫɨɤɨɣ ɚɛɪɚɡиɜɧɨɣ 
иɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ. Ɉɩɪɟɞɟɥɟɧ ɨɩɬиɦɚɥɶɧɵɣ ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧиɟɦ иɡɧɚɲиɜɚɧиɹ и 
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Ɇɚɲɢɧɨɛɭɞɭɜɚɧɧɹ ɿ ɡɜɚɪɸɜɚɥɶɧɟ ɜɢɪɨɛɧɢɰɬɜɨ 
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ɭɩɪɨɱɧɟɧɧɵɦи ɡɨɧɚɦи, ɚ ɬɚɤɠɟ ɲɚɝ ɦɟɠɞɭ ɡɨɧɚɦи. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝиɹ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɬиɦиɡиɪɨɜɚɧɚ ɜ ɡɚɜиɫиɦɨɫɬи ɨɬ ɭɩɪɨɱɧɹɟɦɨɝɨ ɦɚɬɟɪиɚɥɚ и ɭɫɥɨɜиɣ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰии. 

ɍɩɪɨɱɧɟɧɧɵɟ ɩɨ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝии ɞɟɬɚɥи, ɜ ɩɪɨɰɟɫɫɟ ɩɪиɪɚɛɨɬɤи ɨɛɪɚɡɭɸɬ 
ɦиɤɪɨɪɟɥɶɟɮ ɛɥɚɝɨɩɪиɹɬɫɬɜɭɸɳиɣ ɩɨɜɵɲɟɧɧɨɣ иɡɧɨɫɨɫɬɨɣɤɨɫɬи ɡɚ ɫɱɟɬ ɮɨɪɦиɪɨɜɚɧиɹ ɜ 
ɩɪɨɰɟɫɫɟ ɩɪиɪɚɛɨɬɤи ɦɚɫɥɹɧɵɯ ɤɚɪɦɚɧɨɜ. 

 
ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

 
1. Ʌɟɳиɧɫɤиɣ Ʌ.К. ɋɥɨиɫɬɵɟ ɧɚɩɥɚɜɥɟɧɧɵɟ и ɭɩɪɨɱɧɟɧɧɵɟ ɤɨɦɩɨɡиɰии / Ʌ.К. 

Ʌɟɳиɧɫɤиɣ, ɋ.ɋ. ɋɚɦɨɬɭɝиɧ. – Ɇɚɪиɭɩɨɥɶ: ɇɨɜɵɣ ɦиɪ. – 2005. -392ɫ. 
2. Ʌɭɱɤɚ Ɇ.ȼ. ɂɡɧɨɫɨɫɬɨɣɤиɟ ɞиɮɮɭɡиɨɧɧɨ-ɥɟɝиɪɨɜɚɧɧɵɟ ɩɨɤɪɵɬиɹ / Ɇ.ȼ. Ʌɭɱɤɚ, 

Ɇ.ȼ. Киɧɞɪɚɱɭɤ, ɉ.ɂ. Ɇɟɥɶɧиɤ. – К.: Ɍɟɯɧиɤɚ. – 1993. – 143ɫ. 
3. Ʌɹɲɟɧɤɨ Ȼ.Ⱥ. ɍɩɪɨɱɧɹɸɳиɟ ɩɨɤɪɵɬиɹ ɞиɫɤɪɟɬɧɨɣ ɫɬɪɭɤɬɭɪɵ/ Ȼ.Ⱥ. Ʌɹɲɟɧɤɨ, 

Ⱥ.ə. Ɇɨɜɲɨɜиɱ, Ⱥ.ɂ. Ⱦɨɥɦɚɬɨɜ // Ɍɟɯɧɨɥɨɝиɱɟɫɤиɟ ɫиɫɬɟɦɵ. -2001.- №4.- ɋ. 17-25. 
4. Ⱥɧɬɨɧɸɤ ȼ.ɋ. ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɩɨɤɪɵɬиɣ ɫ ɞиɫɤɪɟɬɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɪи 

ɭɩɪɨɱɧɟɧии ɩɨɜɟɪɯɧɨɫɬи ɪɟɠɭɳɟɝɨ ɿɧɫɬɪɭɦɟɧɬɚ / ȼ.ɋ. Ⱥɧɬɨɧɸɤ, Ȼ.Ⱥ. Ʌɹɲɟɧɤɨ, ȿ.Ȼ. ɋɨɪɨɤɚ 
// ɍɩɪɨɱɧɹɸɳиɟ ɬɟɯɧɨɥɨɝи и ɩɨɤɪɵɬиɹ. -2005. - №3. – ɋ 49-50. 

5. Ɇиɥɟɜɫɤиɣ ɋ.ȼ. Кɨɧɬɚɤɬɧɚɹ ɞиɫɤɪɟɬɧɚɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤ / ɋ.ȼ. Ɇиɥɟɜɫɤиɣ // 
ɂɧɠɟɧɟɪиɹ ɩɨɜɟɪɯɧɨɫɬи и ɪɟɧɨɜɚɰиɹ иɡɞɟɥиɣ. – Ɇɚɬɟɪиɚɥɵ 6-ɣ ɦɟɠɞɭɧɚɪ. ɧɚɭɱɧɨ- ɬɟɯɧ. 
ɤɨɧɮ. – əɥɬɚ, Киɟɜ. – 2006. – ɋ.164 – 166. 

6. ɉɨɞɝɚɣɫɤиɣ Ɇ.ɋ. Ɍɟɪɦиɱɟɫɤɨɟ ɚɪɦиɪɨɜɚɧиɟ ɩɪɨɤɚɬɚ / Ɇ.ɋ. ɉɨɞɝɚɣɫɤиɣ // 
Ɇɟɬɚɥɥɨɜɟɞɟɧиɟ и ɬɟɪɦиɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɨɜ.- 1992. - №10. –ɋ.20-23. 

7. Ɍɟɯɧɨɥɨɝиɱɟɫɤиɟ ɨɫɧɨɜɵ ɧɚɧɟɫɟɧиɹ ɭɩɪɨɱɧɹɸɳиɯ ɩɨɤɪɵɬиɣ ɞиɫɤɪɟɬɧɨɝɨ ɫɬɪɨɟɧиɹ 
ɧɚ иɡɞɟɥиɹ иɡ ɱɭɝɭɧɚ/ ɋ.ɋ. ɋɚɦɨɬɭɝиɧ, Ȼ.Ⱥ Ʌɹɲɟɧɤɨ., ɘ.ɋ. ɋɚɦɨɬɭɝиɧɚ, ȼ.Ⱥ. Ƚɚɝɚɪиɧ // 
ɇɚɭɱɧɵɟ ɩɪɨɛɥɟɦɵ ɫɨɜɪɟɦɟɧɧɨɣ ɦɟɬɚɥɥɭɪɝии: ɫɛɨɪɧиɤ ɧɚɭɱɧɵɯ ɬɪɭɞɨɜ, ɩɨɫɜɹɳɟɧɧɵɯ 100-
ɥɟɬиɸ ɫɨ ɞɧɹ ɪɨɠɞ. ɩɪɨɮ. К.ɇ. ɋɨɤɨɥɨɜɚ. – Ɇɚɪиɭɩɨɥɶ, 2007.– ɋ. 161-172. 

 
ɋɚɦɨɬɭɝɿɧ ɋ.ɋ., Ƚɚɝɚɪɿɧ ȼ.Ⱥ., Ɇɚɡɭɪ ȼ.Ⱥ. 

 
ȾɈɋɅȱȾɀȿɇɇə ɁɇɈɋɈɋɌȱɃɄɈɋɌȱ ɁɆȱɐɇȿɇɂɏ ɒȺɊȱȼ ȽɊȺȾȱЄɇɌɇɈȲ 

ȻɍȾɈȼɂ ɇȺ ɋɌȺɅȿȼɂɏ ȼɂɊɈȻȺɏ 
 

Ⱦɨɫɥɿɞɠɭɜɚɜɫɹ ɜɩɥɢɜ ɝɟɨɦɟɬɪɿʀ ɡɦɿɰɧɟɧɢɯ ɩɥɚɡɦɨɜɢɦ ɞɠɟɪɟɥɨɦ ɧɚɝɪɿɜɚɧɧɹ ɡɨɧ ɧɚ 
ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɫɬɚɥɟɜɢɯ ɜɢɪɨɛɿɜ. ȼɫɬɚɧɨɜɥɟɧɨ ɨɩɬɢɦɚɥɶɧɿ ɩɚɪɚɦɟɬɪɢ ɤɭɬɚ ɧɚɯɢɥɭ ɿ ɤɪɨɤɭ 
ɡɦɿɰɧɟɧɢɯ ɡɨɧ. 
 Кɥюɱɨɜɿ ɫɥɨɜɚ: ɩɥɚɡɦɨɜɢɣ ɝɚɪɬ, ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ, ɚɛɪɚɡɢɜɧɢɣ ɡɧɨɫ, ɝɪɚɞɿєɧɬɧɿ 
ɩɨɤɪɢɬɬɹ 
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STUDY WEAR RESISTANCE OF HARDENED LAYERS ɈF GRADIENT 
STRUCTURE ON STEEL PRODUCTS 

 
The effect of the geometry of hardening plasma source heating zones on the wear resistance 

of steel products are investigated . The optimal parameters of the angle of pitch and hardened zones 
are identified. 
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