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Ƚɍɚɜəɔɖ ɞɜɟɐɚɎ XII ȱɎɜɌɓɔɕɝɖɚɏɚ ɝɔɘɛɚɓɔɟɘɌ 

ɛɚ ɛɜɚɍɗɑɘɌɘ ɛɜɚɣəɚɝɞɔ ɔ ɜɑɝɟɜɝɌ  

Ɏ ɟɝɗɚɎɔɫɡ ɖɗɔɘɌɞɔɣɑɝɖɔ əɔɓɖɔɡ ɞɑɘɛɑɜɌɞɟɜ,  

ɛɚɝɎɫɥɑəəɚɏɚ 55-ɗɑɞɔɪ ȴəɝɞɔɞɟɞɌ ɠɔɓɔɖɚ-ɞɑɡəɔɣɑɝɖɔɡ ɛɜɚɍɗɑɘ ȽɑɎɑɜɌ  

ɔɘ. Ȯ.Ȼ. ȷɌɜɔɚəɚɎɌ ȽȺ ȼȬȹ ɔ 120-ɗɑɞɔɪ ȹ.Ȯ. Ƀɑɜɝɖɚɏɚ  

(10ð14 əɚɫɍɜɫ 2025 ɏ., ɏ. ɋɖɟɞɝɖ) 

 

ȶɔɜɚɎ 

2025 

É ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè, 2025 

É ȴəɝɞɔɞɟɞ ɠɔɓɔɖɚ-ɞɑɡəɔɣɑɝɖɔɡ ɛɜɚɍɗɑɘ ȽɑɎɑɜɌ ɔɘ. Ȯ.Ȼ. ȷɌɜɔɚəɚɎɌ ȽȺ ȼȬȹ, 2025 

É ȶɚɗɗɑɖɞɔɎ ɌɎɞɚɜɚɎ, 2025 
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ȭȭȶ 30.3 
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ȼɑɐɌɖɢɔɚəəɌɫ ɖɚɗɗɑɏɔɫ: 

ȷɑɍɑɐɑɎ ȸ.Ȼ., ɌɖɌɐɑɘɔɖ ȼȬȹ; ȷɟɖɔə ȱ.Ƚ., ɖ. ɞ. ə. (ɚɞɎ. ɜɑɐɌɖɞɚɜ);  

ȻɜɚɞɚɐɨɫɖɚəɚɎɌ ȹ.Ȭ., ɖ.ɠ.-ɘ.ə.; ȽɞɜɟɣɖɚɎ ȹ.ɀ., ɖ. ɞ. ə.; ȳɌɡɌɜɚɎɌ ȸ.ȴ., ɖ. ɞ. ə.; ȽɔɎɢɑɎɌ Ȭ.Ȯ. 

 

 

 

 

ȱ22 EURASTRENCOLD-2025 [ɉɗɑɖɞɜɚəəɧɕ ɜɑɝɟɜɝ]: ɝɍɚɜəɔɖ ɞɜɟɐɚɎ XII ȱɎɜɌɓɔɕɝɖɚɏɚ ɝɔɘɛɚɓɔɟɘɌ 

ɛɚ ɛɜɚɍɗɑɘɌɘ ɛɜɚɣəɚɝɞɔ ɔ ɜɑɝɟɜɝɌ Ɏ ɟɝɗɚɎɔɫɡ ɖɗɔɘɌɞɔɣɑɝɖɔ əɔɓɖɔɡ ɞɑɘɛɑɜɌɞɟɜ, 

ɛɚɝɎɫɥɑəəɧɕ 55-ɗɑɞɔɪ ȴəɝɞɔɞɟɞɌ ɠɔɓɔɖɚ-ɞɑɡəɔɣɑɝɖɔɡ ɛɜɚɍɗɑɘ ȽɑɎɑɜɌ ɔɘ. 

Ȯ.Ȼ. ȷɌɜɔɚəɚɎɌ ȽȺ ȼȬȹ ɔ 120-ɗɑɞɔɪ ȹ.Ȯ. Ƀɑɜɝɖɚɏɚ (10ð14 əɚɫɍɜɫ 2025 ɏ., ɏ. ɋɖɟɞɝɖ). ð 

ɉɗɑɖɞɜɚə. ɞɑɖɝɞ. ɐɌə. (24,1 ȸɍ). ð ȶɔɜɚɎ: ȴɓɐ-Ɏɚ ȸɂȴȾȺ, 2025. ð 1 ɩɗɑɖɞɜɚə. ɚɛɞ. ɐɔɝɖ (CD-R). ð 

Ƚɔɝɞɑɘ. ɞɜɑɍɚɎɌəɔɫ: PC, Intel 1  ȯȯɢ, 512 ȸɍ RAM, 24,1 ȸɍ ɝɎɚɍɚɐ. ɐɔɝɖ. ɛɜɚɝɞɜɌəɝɞɎɌ; 

CD-ɛɜɔɎɚɐ; ȺȽ Windows XP ɔ Ɏɧɤɑ, ȻȺ ɐɗɫ ɣɞɑəɔɫ pdf-ɠɌɕɗɚɎ. ð ȳɌɏɗ. ɝ ɩɖɜɌəɌ. 

 

 

ISBN 978-5-908117-15-9 

ȹɌɟɣəɚɑ ɩɗɑɖɞɜɚəəɚɑ ɔɓɐɌəɔɑ 

 

 

Ȯ ɝɍɚɜəɔɖɑ ɞɜɟɐɚɎ XII ȱɎɜɌɓɔɕɝɖɚɏɚ ɝɔɘɛɚɓɔɟɘɌ ɐɌə ɖɜɌɞɖɔɕ ɚɍɓɚɜ ɤɔɜɚɖɚɏɚ ɝɛɑɖɞɜɌ 

ɝɚɎɜɑɘɑəəɧɡ əɌɟɣəɚ-ɞɑɡəɔɣɑɝɖɔɡ ɜɌɍɚɞ, ɝɎɫɓɌəəɧɡ ɝ ɜɑɤɑəɔɑɘ ɌɖɞɟɌɗɨəɧɡ ɛɜɚɍɗɑɘ 

ɘɌɤɔəɚɝɞɜɚɑəɔɫ, ɘɑɡɌəɔɖɔ, ɘɌɞɑɜɔɌɗɚɎɑɐɑəɔɫ ɔ ɩəɑɜɏɑɞɔɖɔ. Ȯ əɑɘ ɜɌɝɝɘɚɞɜɑəɧ 

ɠɟəɐɌɘɑəɞɌɗɨəɧɑ ɔ ɛɜɔɖɗɌɐəɧɑ Ɍɝɛɑɖɞɧ ɠɔɓɔɖɔ ɛɜɚɣəɚɝɞɔ ɔ ɘɑɡɌəɔɖɔ ɜɌɓɜɟɤɑəɔɫ ɛɜɔ əɔɓɖɔɡ 

ɞɑɘɛɑɜɌɞɟɜɌɡ, Ɏɚɛɜɚɝɧ əɌɐɑɒəɚɝɞɔ ɔ ɜɑɝɟɜɝɌ ɖɚəɝɞɜɟɖɢɔɕ ɔ ɝɗɚɒəɧɡ ɞɑɡəɔɣɑɝɖɔɡ ɝɔɝɞɑɘ, 

ɩɖɝɛɗɟɌɞɔɜɟɪɥɔɡɝɫ Ɏ ɟɝɗɚɎɔɫɡ ɖɗɔɘɌɞɔɣɑɝɖɔ əɔɓɖɔɡ ɞɑɘɛɑɜɌɞɟɜ, əɚɎɧɑ ɜɑɓɟɗɨɞɌɞɧ Ɏ ɚɍɗɌɝɞɔ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɖɗɔɘɌɞɔɣɑɝɖɚɕ ɝɞɚɕɖɚɝɞɔ ɛɚɗɔɘɑɜəɧɡ ɖɚɘɛɚɓɔɢɔɚəəɧɡ ɘɌɞɑɜɔɌɗɚɎ, ɛɜɚɍɗɑɘɧ 

ɝɚɓɐɌəɔɫ əɚɎɧɡ ɡɗɌɐɚɝɞɚɕɖɔɡ ɘɌɞɑɜɔɌɗɚɎ ɔ ɞɑɡəɚɗɚɏɔɕ, ɩəɑɜɏɑɞɔɖɔ, ɞɜɌəɝɛɚɜɞɌ ɔ 

əɑɠɞɑɏɌɓɚɎɚɏɚ ɖɚɘɛɗɑɖɝɌ əɌ ȽɑɎɑɜɑ ɔ Ɏ ȼɚɝɝɔɕɝɖɚɕ Ȭɜɖɞɔɖɑ ɖɌɖ ɚɝəɚɎɧ ɚɍɑɝɛɑɣɑəɔɫ 

ɍɑɓɚɛɌɝəɚɝɞɔ ɔ ɟɝɖɚɜɑəəɚɏɚ, ɚɛɑɜɑɒɌɪɥɑɏɚ ɜɌɓɎɔɞɔɫ ɛɜɚɘɧɤɗɑəəɚɏɚ ɛɚɞɑəɢɔɌɗɌ  

ȽɑɎɑɜɚ-ȮɚɝɞɚɖɌ ȼɀ ɔ ȼȽ(ɋ). 

 

 

ȼɑɐɌɖɢɔɚəəɌɫ ɖɚɗɗɑɏɔɫ ɛɜɑɐɟɛɜɑɒɐɌɑɞ, ɣɞɚ ɓɌ ɝɚɐɑɜɒɌəɔɑ 

ɛɜɑɐɝɞɌɎɗɑəəɚɕ ɔəɠɚɜɘɌɢɔɔ ɚɞɎɑɞɝɞɎɑəəɚɝɞɨ əɑɝɟɞ ɌɎɞɚɜɧ ɐɚɖɗɌɐɚɎ. 

ȸɌɞɑɜɔɌɗɧ ɛɟɍɗɔɖɟɪɞɝɫ Ɏ ɌɎɞɚɜɝɖɚɕ ɜɑɐɌɖɢɔɔ. 
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É ȴəɝɞɔɞɟɞ ɠɔɓɔɖɚ-ɞɑɡəɔɣɑɝɖɔɡ ɛɜɚɍɗɑɘ ȽɑɎɑɜɌ ɔɘ. Ȯ.Ȼ. ȷɌɜɔɚəɚɎɌ ȽȺ ȼȬȹ, 2025 

É ȶɚɗɗɑɖɞɔɎ ɌɎɞɚɜɚɎ, 2025  
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ȽɚɐɑɜɒɌəɔɑ 
 

ȻɗɑəɌɜəɧɑ ɐɚɖɗɌɐɧ 
 

ȬɖɚɎɑɢɖɔɕ Ȯ.ȯ., ȬɠɌəɌɝɨɑɎ Ȭ.Ȯ., ȷɌɎɜɑəɣɟɖ Ȯ.Ȭ. 

ȸȱȾȺȰɇ ȳȺȹȴȼȺȮȬȹȴɋ ȺȻȬȽȹɇɁ ȻȼȴȼȺȰȹɇɁ ȴ ȾȱɁȹȺȯȱȹȹɇɁ ȻȼȺɂȱȽȽȺȮ   

ȹȬ ȾȱȼȼȴȾȺȼȴɋɁ ȹȱɀȾȱȯȬȳȺȮȺȯȺ ȶȺȸȻȷȱȶȽȬ ȬȼȶȾȴɃȱȽȶȺȵ ȳȺȹɇ ............................... 13 
ȶɧɣɖɔə Ȭ.ȶ. , ȷɑɍɑɐɑɎ ȸ.Ȼ. , ȽɞɌɜɢɑɎ Ⱥ.Ȯ. , ȯɌɎɜɔɗɨɑɎɌ Ȭ.Ȭ.  

ȶȷȴȸȬȾȴɃȱȽȶȬɋ ȽȾȺȵȶȺȽȾɈ ȴ ȰȺȷȯȺȮȱɃȹȺȽȾɈ ȭȬȳȬȷɈȾȺȻȷȬȽȾȴȶȺȮ   

Ȯ ȿȽȷȺȮȴɋɁ ɉȶȽȾȼȱȸȬȷɈȹȺ ɁȺȷȺȰȹȺȯȺ ȶȷȴȸȬȾȬ:  ȸȹȺȯȺȿȼȺȮȹȱȮɇȵ ȻȺȰɁȺȰ  

(ȸȴȶȼȺ-ȸȱȳȺ-ȸȬȶȼȺ) .......................................................................................................................... 28 
ɋɗɧɏɔə Ƚ.Ȭ., ȯɚɗɔɖɚɎ ȹ.ȴ., ȱɜɘɌɖɚɎ ȭ.Ƚ., ȽɗɑɛɢɚɎ Ⱥ.ȴ., ɄɎɑɢɚɎ Ⱥ.Ȯ.  

ȭȿȼȺȺȻȿȽȶȹɇȱ ȽȮȬȴ Ȱȷɋ ɀȿȹȰȬȸȱȹȾȺȮ ȹȱɀȾȱȯȬȳȺȮɇɁ ȸȱȽȾȺȼȺȲȰȱȹȴȵ   

Ȯ ȳȺȹȱ ȸȸȯ, ȻȼȺȭȷȱȸɇ ȴ ȼȱɄȱȹȴɋ ................................................................................................ 33 
 

Ƚɑɖɢɔɫ 1. ȽɎɌɜɖɌ, ɜɚɐɝɞɎɑəəɧɑ ɛɜɚɢɑɝɝɧ ɔ ɞɑɡəɚɗɚɏɔɔ ɛɚɎɧɤɑəɔɫ 

ɛɜɚɣəɚɝɞɔ ɔ əɌɐɑɒəɚɝɞɔ ɖɚəɝɞɜɟɖɢɔɕ, ɟɓɗɚɎ ɔ ɐɑɞɌɗɑɕ ɘɌɤɔə.  

ȬɖɞɟɌɗɨəɧɑ Ɏɚɛɜɚɝɧ ɝɚɎɜɑɘɑəəɚɕ ɘɑɞɌɗɗɟɜɏɔɔ. Ⱥɝɚɍɑəəɚɝɞɔ ɛɜɔɘɑəɑəɔɫ 

əɚɜɘ ɔ ɘɑɞɚɐɚɎ ɖɚəɞɜɚɗɫ ɖɌɣɑɝɞɎɌ ɝɎɌɜəɧɡ ɝɚɑɐɔəɑəɔɕ ɔ ɘɌɞɑɜɔɌɗɚɎ 

 
ȯɚɗɔɖɚɎ ȹ.ȴ., ȽɑɘɬəɚɎ Ƚ.Ȯ., ȽɗɑɛɢɚɎ ȯ.ȹ., ȽɌɜɌɑɎ Ɋ.ȹ., ȾɔɡɚəɚɎ ȼ.Ȼ., ȶɟɓəɑɢɚɎ Ƚ.Ȯ.  

ȻȼȺȭȷȱȸȬ ȬȭȼȬȳȴȮȹȺȯȺ ȴȳȹȺȽȬ ȰȱȾȬȷȱȵ ȯȺȼȹȺȰȺȭɇȮȬɊɅȱȵ ȾȱɁȹȴȶȴ   

Ȯ ȬȼȶȾȴȶȱ ȴ ȸȱȾȺȰɇ ȱȞ ȼȱɄȱȹȴɋ ...................................................................................................... 38 
ȲɟɒɏɔəɌ Ⱦ.Ȭ., Ƚɖɟɞɔə Ȯ.Ƚ.  

Ȯȷȴɋȹȴȱ ȾȱɁȹȺȷȺȯȴɃȱȽȶȴɁ ȻȬȼȬȸȱȾȼȺȮ ȽȮȬȼȶȴ ȹȬ ȽȾȼȿȶȾȿȼȿ ȴ ȽȮȺȵȽȾȮȬ ȳȾȮ 

ȽȮȬȼȹɇɁ ȽȺȱȰȴȹȱȹȴȵ ȴȳ ȸȬȼȾȱȹȽȴȾȹɇɁ ɁȼȺȸȴȽȾɇɁ ȽȾȬȷȱȵ ...................................... 42 
ȶɟɜɏɌə ȶ.Ȭ., ȶɗɚɛɚɞɚɎ Ȭ.Ȭ., ȶɗɔɘɑəɚɎ Ȯ.Ȭ., ȽɞɜɑɗɖɚɎɌ ȴ.ȷ.  

ȴȽȽȷȱȰȺȮȬȹȴȱ ȸȱȾȬȷȷȿȼȯȴɃȱȽȶȴɁ ȰȱɀȱȶȾȺȮ ȮɇɋȮȷɋȱȸɇɁ  Ȯ ȺȽȹȺȮȹȺȸ 

ȸȱȾȬȷȷȱ Ⱦȼȿȭ ȸȬȯȴȽȾȼȬȷɈȹɇɁ ȯȬȳȺȻȼȺȮȺȰȺȮ ...................................................................... 47 
ȸɌɖɝɔɘɚɎɌ ȱ.ȸ., ȽɗɑɛɢɚɎ ȯ.ȹ., ȽɗɑɛɢɚɎ Ⱥ.ȴ., ȹɚɑɎ ȴ.ȴ., ȽɚɗɐɌɞɚɎ ȶ.Ȯ., ȾɌɜɌɝɚɎ Ȼ.Ȼ.  

ȮȺȽȽȾȬȹȺȮȷȱȹȴȱ ȼȬȭȺɃȱȵ ȻȺȮȱȼɁȹȺȽȾȴ ȹȺȲȬ ȽȼȱȰȹȱȯȺ ȺȾȮȬȷȬ  

ȬȮȾȺȯȼȱȵȰȱȼȬ ........................................................................................................................................... 54 
ȸɔɡɌɕɗɚɎ Ȭ.Ɋ., ȽɔɐɚɜɚɎ ȸ.ȸ.  

ȴȽȽȷȱȰȺȮȬȹȴȱ Ȯȷȴɋȹȴɋ ȿȷɈȾȼȬȳȮȿȶȺȮȺȵ ȿȰȬȼȹȺȵ ȺȭȼȬȭȺȾȶȴ   

ȹȬ ȺȽȾȬȾȺɃȹɇȱ ȹȬȻȼɋȲȱȹȴɋ Ȯ ȽȮȬȼȹɇɁ ȽȺȱȰȴȹȱȹȴɋɁ ȴȳ ȽȾȬȷȴ 10ɁȽȹȰ ............... 60 
ȸɚɝɖɎɔɞɔəɌ ȷ.Ȯ. , ȽɗɑɛɢɚɎ ȯ.ȹ. , ȬɘɘɚɝɚɎ ȯ.Ƚ.  

Ȯȷȴɋȹȴȱ ȽȾȼȿȶȾȿȼȹȺȯȺ ȽȺȽȾȺɋȹȴɋ ȸȱȾȬȷȷȬ ȳȾȮ ȶȺȷɈɂȱȮɇɁ ȽȮȬȼȹɇɁ ɄȮȺȮ 

ȾȼȿȭȹȺȵ ȽȾȬȷȴ ȹȬ ȰȱɀȺȼȸȬɂȴȺȹȹɇȱ ȻȼȺɂȱȽȽɇ ȴ ȼȬȳȼȿɄȱȹȴȱ   

Ȼȼȴ ɉȶȻȷȿȬȾȬɂȴȴ ȻȺȰȳȱȸȹɇɁ ȯȬȳȺȻȼȺȮȺȰȺȮ .................................................................... 65 
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METHODS OF ZONE DEVISION OF HAZARDOUS NATURAL AND TECNOGENIC 

PROCESSES ON TERRITORY IN THE OIL AND GAS COMPLEX OF THE ARCTIC ZONE  

 

Akovetsky V.G., Afanasyev A.V., Lavrenchuk V.A. 

Gubkin Russian State University of Oil and Gas (NIU), Moscow 

 

Abstract. Long-term oil and gas project implementation periods in the Arctic zone create risks of natural 

and technogenic emergencies. These are caused by changes in the Earth's climate system, as well as equipment 

wear and tear and reduced corrosion resistance. This paper focuses on developing methods for assessing 

geoecological risks caused by the long-term operation of oil and gas facilities in the Arctic zone. Particular 

attention is given to localization to de-vision of geodynamically active disturbance zones. Remote methods for 

their of zone devision and certification are considered. 

Keywords: risks, geoecological monitoring, Earth remote sensing, climate change, geodynamic pro-

cesses, oil and gas fields, geoinformation environment. 

 

ɿʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʏʉ) ʧʨʠ-

ʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚ, ʚ ʥʘʯʘʣʝ XXI ʩʪʦʣʝ-

ʪʠʷ ʚʳʰʣʠ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝʥʳʭ ʤʥʦʛʠʭ ʩʪʨʘʥ. ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʭ 

ʨʝʰʝʥʠʶ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ ʙʳʣʠ ʦʪʨʘʞʝʥʳ ʚ ʉʝʥʜʘʡʩʢʦʡ ʨʘʤʦʯʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦ 

ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʙʝʜʩʪʚʠʡ ʥʘ 2015ï2030 ʛʛ. [1]. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʨʝʰʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘʰʣʘ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ 

ʚ ʋʢʘʟʘʭ ʇʨʝʟʠʜʝʥʪʘ çʆ ʉʪʨʘʪʝʛʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝ-

ʨʠʦʜ ʜʦ 2025 ʛ.è ʦʪ 19.04.2017 ʛ. ˉ 176 [2] ʠ çʆ ʉʪʨʘʪʝʛʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 02.07.2021 ʛ. ˉ 400 [3]. 

ɺ ʵʪʠʭ ʜʦʢʫʤʝʥʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʛʨʦʟ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʤʝ-

ʯʝʥʘ ʘʢʪʠʚʠʟʘʮʠʷ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʢʣʠʤʘʪʦʟʘʚʠʩʠ-

ʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ (ʂʊɸɿ) ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʈʌ). ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʦʥʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʅɻʂ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʘ-

ʨʠʘʮʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ɿʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʦʡ ʩʨʝʜʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (ʛʦʨʥʳʝ ʧʦ-

ʨʦʜʳ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʛʘʟʳ, ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ ï ʩʝʡʩʤʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ, 
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ʟʚʘʥʥʳʭ ʧʨʠʨʦʜʥʳʤʠ ʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ɽʝ ʛʨʘʥʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʣʠʪʦʩʬʝʨʳ ʠ ʯʘʩʪʴ ʪʨʦʧʦʩʬʝʨʳ, ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʚʦ ʚʨʝʤʷ çʞʠʟʥʝʥ-

ʥʦʛʦ ʮʠʢʣʘè ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʦʝʢʪʦʚ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʫʩʣʦʚʠʷʤʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʆʧʘʩʥʳʝ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚʳʟʚʘʥʳ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠ-

ʤʘʪʘ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʜʨʘ, ʩʪʘʨʝʥʠʝʤ ʠ ʠʟʥʦʩʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʠʣʝʥʠʝʤ 

ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʆʉ). ʂʦʥʪʨʦʣʴ ʠʭ ʩʦʩʪʦʷʥʠʷ ʪʨʝ-

ʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʨʦʝʢʪʦʚ ʅɻʂ. 

ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʦʜʦʚ ʟʦʥʠʨʦʚʘʥʠʷ ʪʝʨ-

ʨʠʪʦʨʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʘʜʘʮʠʶ ʫʯʘʩʪʢʦʚ ʧʨʦʷʚʣʝʥʠʷ ʨʠʩʢʦʚ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʏʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʟʦʥ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʘʣʴ-

ʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʨʘʪʴ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʘʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥ-

ʮʠʦʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʛʨʘʜʘʮʠʷʤʠ ʥʘʪʫʨʥʳʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʚʘʨʠʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʟʦʥʠʨʦʚʘʥʠʷ ʦʧʘʩʥʦʩʪʝʡ, ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʫʯʝʪʦʤ: 
ʫʨʦʚʥʷ ʦʭʚʘʪʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ; 

ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʦʝʢʪʘ; 

ʚʠʜʦʚ ʠʩʪʦʯʥʠʢʦʚ ʠ ʫʨʦʚʥʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʨʠʩʢ-ʬʘʢʪʦʨʦʚ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʧʨʦʷʚʣʝʥʠʝ 

ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ); 

ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʝʛʦ çʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘè (ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʣʠʢʚʠʜʘʮʠʷ); 

ʟʥʘʯʝʥʠʡ ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ ʥʘ ʟʦʥʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ; 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʡ 

ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʟʦʥʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ɿʜʝʩʴ ʧʦʜ ʦʧʘʩʥʦʩʪʴʶ ʠʣʠ ʨʠʩʢ-ʬʘʢʪʦʨʦʤ ʧʦʥʠʤʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʧʦʪʝʨʴ 

(ʚʨʝʜʘ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʥʘʥʝʩʝʥ ʣʶʜʷʤ, ʠʤʫʱʝʩʪʚʫ ʠʣʠ ʆʉ, ʘ ʪʘʢʞʝ ʣʶʙʦʝ ʥʝʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʝ ʩʦʙʳʪʠʝ ʠʣʠ ʫʩʣʦʚʠʝ, ʩʧʦʩʦʙʥʦʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʩʦʙʳ-

ʪʠʷʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠʚʝʩʪʠ ʢ ʠʥʮʠʜʝʥʪʫ, ʘʚʘʨʠʡʥʦʡ ʠʣʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʡ (ʏʉ). ʇʨʠ 

ʵʪʦʤ ʚʳʜʝʣʷʶʪʩʷ ʫʨʦʚʥʠ ʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʪʫʘʮʠʠ, ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʤʦʞʥʳʤ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʘʥʘʣʠʟʘ ʦʧʘʩ-

ʥʦʩʪʝʡ ʠ ʦʮʝʥʢʠ ʨʠʩʢʘ ʘʚʘʨʠʡ ʥʘ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ (ʆʇʆ) [4, 5]. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʫʜʝʣʝʥʦ ʧʦʜʭʦʜʘʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʦʮʝʥʢʫ ʬʦʨʤʘʣʴʥʳʭ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʩʚʷʟʴ çʯʘʩʪʦʪʘ ʩʦʙʳʪʠʡ-ʪʷʞʝʩʪʴ ʧʦʩʣʝʜʩʪʚʠʡè 

(ʪʘʙʣʠʮʘ 1). 
 

ʊʘʙʣʠʮʘ 1. ʄʘʪʨʠʮʘ ʢʨʠʪʠʯʥʦʩʪʠ çʯʘʩʪʦʪʘ ï ʪʷʞʝʩʪʴ ʧʦʩʣʝʜʩʪʚʠʡè 

ʏʘʩʪʦʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʦʙʳʪʠʷ 

 ʊʷʞʝʩʪʴ ʧʦʩʣʝʜʩʪʚʠʡ 

 ʂʘʪʘʩʪʨʦ-

ʬʠʯʝʩʢʦʝ 

ʂʨʠʪʠ-

ʯʝʩʢʦʝ 

ʅʝʢʨʠʪʠ-

ʯʝʩʢʦʝ  

ʉʦʙʳʪʠʝ ʩ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘ-

ʣʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ 

ʏʘʩʪʦʝ  >1 ɸ A A ʉ 

ɺʝʨʦʷʪʥʦʝ  10-1-10-2 ɸ ɸ ɺ ʉ 

ɺʦʟʤʦʞʥʦʝ 10-2-10-4 ɸ ɺ ɺ ʉ 

ʈʝʜʢʦʝ 10-4-10-6 ɸ ɺ ɺ ɼ 

ʇʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʝʨʦʷʪʥʦʝ 

<10-6 ɺ ʉ ʉ ɼ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~15~ 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʪʘʙʣʠʮʝ ʟʦʥʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ ʧʦ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʯʝʪʳʨʝ ʫʨʦʚʥʷ: 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ (I) ï ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʢʦʣʴʢʠʤ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʘʤ ʜʣʷ ʧʝʨ-

ʩʦʥʘʣʘ, ʧʦʣʥʦʡ ʧʦʪʝʨʠ ʦʙʲʝʢʪʘ; ʥʝʚʦʩʧʦʣʥʠʤʦʤʫ ʫʱʝʨʙʫ ʆʉ; 

ʢʨʠʪʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ (II) ï ʫʛʨʦʞʘʝʪ ʞʠʟʥʠ ʣʶʜʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʱʝʨʙʫ 

ʠʤʫʱʝʩʪʚʫ ʠ ʆʉ; 

ʥʝʢʨʠʪʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ (III) ï ʥʝ ʫʛʨʦʞʘʝʪ ʞʠʟʥʠ ʣʶʜʝʡ, ʚʦʟʤʦʞʥʳ ʦʪʜʝʣʴʥʳʝ ʩʣʫʯʘʠ 

ʪʨʘʚʤʠʨʦʚʘʥʠʷ ʣʶʜʝʡ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʱʝʨʙʫ ʠʤʫʱʝʩʪʚʫ ʠʣʠ ʆʉ; 

ʩʦʙʳʪʠʝ ʩ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ (IV) ï ʩʦʙʳʪʠʝ, ʥʝ ʦʪʥʦʩʷʱʝʝʩʷ ʧʦ 

ʩʚʦʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʥʠ ʢ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʪʨʝʭ ʢʘʪʝʛʦʨʠʡ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʬʦʨʤʘ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʛʨʘʜʘʮʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʫʨʦʚʥʷʤ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʩʣʝʜʥʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʢʘʯʝʩʪ-ʚʝʥʥʦʤ 

ʫʨʦʚʥʝ. ʀʩʭʦʜʷ ʠʟ ʧʨʘʢʪʠʢʠ ʘʥʘʣʠʟʘ ʨʠʩʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʦʚʥʝʡ ʚʦʟʜʝʡʩʪʚʠʡ ʚʤʝʩʪʦ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʪʦʯʥʦʩʪʴ ʦʮʝʥʦʢ, ʪʘʢ ʢʘʢ ʚʳʜʝʣʝʥʠʝ 4 ʨʦʚ-

ʥʝʡ ʧʦʟʚʦʣʷʝʪ ʦʭʚʘʪʠʪʴ ʚʝʩʴ ʜʠʘʧʘʟʦʥ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʨʷʜʢʘ ʟʥʘʯʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʚʝʣʠʯʠʥ. ɺ ʨʷʜʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʜʣʷ ʫʧʨʦʱʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 3-ʭ ʠʥʪʝʨʚʘʣʴʥʘʷ ʰʢʘʣʘ (ʧʨʠʥʮʠʧ çʩʚʝʪʦ-

ʬʦʨʘè) ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ 6-ʪʠ ʛʨʘʜʘʮʠʦʥʥʳʝ ʰʢʘʣʳ. ɺʳʙʦʨ ʯʠʩʣʘ ʫʨʦʚʥʝʡ ʟʦʥʠʨʦʚʘʥʠʷ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ ʦʙʲʝʢʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʝʭ-

ʥʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʟʘʜʘʯʘʭ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘ ʦʙʲʝʢʪʘʭ ʅɻʂ ʩʚʷʟʘʥʦ 

ʩ ʟʘʜʘʯʘʤʠ ʛʝʦʜʠʥʘʤʠʢʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʛʝʦʜʠʥʘʤʠʢʘ ʠʟʫʯʘʝʪ ʧʨʦʷʚʣʝʥʠʝ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʛʣʫʙʠʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʪʷʞʝʥʠʷ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚ ʬʦʨʤʝ ʧʘ-

ʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʚʘʨʠʘʮʠʡ ʚʦ ʚʨʝʤʝʥʠ ʠʭ ʛʝʦʬʠʟʠʯʝ-

ʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɻʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʵʥʜʦʛʝʥʥʳʝ ʠ ʵʢʟʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦ ʩʚʦʠʤ ʨʘʟʨʫʰʝʥʠʷʤ ʠ ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ ʟʘʥʠ-

ʤʘʶʪ ʦʜʥʦ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʤʝʩʪ ʩʨʝʜʠ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʤʝʪʝʦʨʦ-

ʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ɺ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʣʝʞʠʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʚ ʨʘʟʚʠʪʠʷ ʛʝʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʠ ʵʥʝʨʛʝʪʠ-ʯʝʩʢʠʝ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʠʥʜʠʢʘ-

ʪʦʨʦʚ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ ʟʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʩʝʡʩʤʠʯʝʩʢʦʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ. ʀʭ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʬʠ-

ʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʪʨʝʙʫʝʪ ʫʥʠʬʠʢʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʟʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜ-

ʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ ʚ ʟʘʜʘʯʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʛʝʦʵʢʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɼʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʰʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʦʜʠʢʠ ʟʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʜʘʯʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ; 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʤʦʜʝʣʴ ʟʦʥʠʨʦʚʘʥʠʷ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʚʘʣʴʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ; 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ɼɿɿ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘ-

ʜʘʯʘʭ ʟʦʥʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

4. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʡ ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʦʚ ʟʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘ ʦʙʲʝʢʪʘʭ ʅɻʂ. 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~16~ 

ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʳ. ʈʝʘʣʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʟʦʥʠʨʦʚʘʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʚʳ-

ʜʝʣʷʝʪʩʷ ʧʷʪʴ ʫʨʦʚʥʝʡ ʦʭʚʘʪʘ: ʧʣʘʥʝʪʘʨʥʳʡ (ʛʣʦʙʘʣʴʥʳʡ), ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ (ʬʝʜʝʨʘʣʴʥʳʡ, ʦʪ-

ʨʘʩʣʝʚʦʡ), ʨʝʛʠʦʥʘʣʴʥʳʡ (ʨʝʩʧʫʙʣʠʢʘ, ʦʙʣʘʩʪʴ, ʰʪʘʪ), ʣʦʢʘʣʴʥʳʡ (ʨʘʡʦʥ, ʧʨʝʜʧʨʠʷʪʠʝ, ʧʦʣʠ-

ʛʦʥ), ʜʝʪʘʣʴʥʳʡ (ʦʙʲʝʢʪʦʚʳʡ) (ʨʠʩ. 1). ʊʘʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ ʟʦʥʠʨʦʚʘ-

ʥʠʝ (ʜʝʣʝʥʠʝ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʠʩʪʝʤʘʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʠ ʦʪʨʘʩʣʝʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʪʘʢ ʢʘʢ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʪ-

ʨʘʩʣʝʚʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚ. ʇʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʟʦʥʠʨʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʟʦʥʠʨʦʚʘ-

ʥʠʷ ʣʠʪʦʩʬʝʨʳ ʠ ʪʨʦʧʦʩʬʝʨʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʥʘʯʠʥʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝ-

ʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʦʧʘʩʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʦʜʘ ʠʥ-

ʪʝʨʚʘʣʴʥʳʭ (ʨʘʟʥʦʩʪʥʳʭ) ʰʢʘʣ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʟʤʝʨʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʠ 

ʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʜʘʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʮʝʥʢʘʭ ʫʨʦʚʥʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʠʥʪʝʨʝ-

ʩʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʩ ʧʦʟʠʮʠʡ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʆʥ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʜʠ-

ʩʪʘʥʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʠ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʦʧʦʨʪʘʣʘʭ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʟʦʥʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʦʙʲʝʢʪʦʚ ʅɻʂ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~17~ 

ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ (æ R4, æ R3, æ R2,æ R1) ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʷʤ ʚʦʟʜʝʡʩʪʚʠʷ ʨʠʩʢ-

ʬʘʢʪʦʨʘ ʥʘ ʦʙʲʝʢʪʳ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ʄʦʱʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ j-ʛʦ ʨʠʩʢ-ʬʘʢʪʦʨʘ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʦʮʝʥʢʠ ʦʧʨʝʜʝʣʷʝʪ ʜʦʣʶ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ 

ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ j -ʛʦ ʨʠʩʢ-ʬʘʢʪʦʨʘ. 

ʀʭ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʨʦʷʪʥʦʩʪʝʡ: 

ʈj (N,ɸ) = ʈj (æRi)= Si(æRi) /S (æR), 
ʛʜʝ ʈj (æRi) ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ j-ʛʦ ʨʠʩʢ-ʬʘʢʪʦʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʣʦʱʘʜʴʶ S, ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ i-ʛʦ ʫʨʦʚʥʷ æRi ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʧʣʦʱʘʜʠ Si. (i= 1-4) 

ɿʜʝʩʴ 

Si = İ Ɇ Xi (Yi+1-Yi-1), 

i=1 

ʛʜʝ Xi , Yi+1,Yi-1 ï ʚʳʯʠʩʣʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ, ʧʣʦʱʘʜʴʶ 

Si . 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʆʉ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʩʣʫʯʘʝ ʨʝʘ-

ʣʠʟʘʮʠʠ j -ʛʦ ʨʠʩʢ ï ʬʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʩʪʦʠʤʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʠʭ ʦʩʥʦʚʝ ʣʝʞʠʪ 

ʮʝʣʝʚʘʷ ʟʘʜʘʯʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʮʝʥʢʦʡ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʨʝʰʝʥʠʷ ʮʝʣʝʚʦʡ ʟʘʜʘʯʠ ʣʝʞʠʪ ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶ-

ʜʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ 

ȹRi (t) = Ri (tc)- Ri (to), 
ʛʜʝ Ri (tc) = (Xi (tc),Yi (tc),Hi (tc),Ui (tc))- ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ i-ʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ (tc); 

Ri (to)= (Xi (to),Yi (to),Hi (to),Ui (to))- ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ i-ʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (to); 

ȹ Ri (ȹ t)= (ȹ Xi (ȹ t ), ȹ Yi (ȹ t ), ȹ Hi (ȹ t ), ȹ Ui (ȹ t)) ï ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

i- ʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ȹ t ). 

ɿʜʝʩʴ 

ȹ Xi (ȹ t)= Xi (tc)- Xi (to), 

ȹ Yi (ȹ t)= Yi (tc)- Yi (to), 

ȹ H i (ȹ t)= Hi (tc)- H i (to) , 

ȹ Ui (ȹ t) X,Y,Z = Ui (tc ) X,Y,Z ï Ui (to) X,Y,Z , 
ʛʜʝ Xi (tc),Yi (tc), Hi  (tc),Ui (tc ) ïʟʥʘʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʫʨʦʚʥʷ, ʦʪʦʙʨʘʞʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ i- ʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (tc); 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~18~ 

Xi (to), Yi (to),Hi (to),Ui (to) ï ʟʥʘʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʫʨʦʚʥʷ, ʦʪʦʙʨʘʞʘʝ-

ʤʦʛʦ ʩʠʛʥʘʣʘ i- ʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (tc); 

ȹ Xi (ȹ t ), ȹ Yi (ȹ t ), ȹ Hi (ȹ t ), ȹ Ui (ȹ t) ï ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ i- ʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ȹ t ); 

ȹ Ui (ȹ t) X,Y,Z ï ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ i-ʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ (X,Y,Z) ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ȹ t). 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ Ui (t) ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, 

ʚʣʘʞʥʦʩʪʠ, ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʨʦʚʥʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʰʫʤʘ, ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʩʧʝʢʪʨʘʣʴ-

ʥʦʡ ʷʨʢʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʥʠ-

ʬʠʢʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ (ʉʂ): ɼɿɿ, 

ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ, ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ. ʉ ʧʦʟʠʮʠʡ ʬʦʨ-

ʤʘʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʥʘ ʩʚʦʜʠʪʩʷ ʢ ʠʟʤʝʨʝʥʠʶ ʫʨʦʚʥʷ (ʤʦʱʥʦ-

ʩʪʠ) ʩʠʛʥʘʣʘ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʤʝʪʨʠʯʝʩʢʦʡ ʉʂ: 

Uj (B, L, H) Ÿ Uj (X,Y,Z) Ÿ uj (x,y,z) Ÿ uj(x,y) Ÿ uj (S x,y), 

ʛʜʝ Uj (B,L,H) ï ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ j-ʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʉʂ (B ï h ʠʨʦʪʘ, 

L- ʜʦʣʛʦʪʘ, H- ʚʳʩʦʪʘ); 

Uj (X, Y,Z) ï ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ j-ʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʛʝʦʮʝʥʪʨʠ-

ʯʝʩʢʦʡ ʉʂ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (X ï ʘʙʩʮʠʩʩʘ, Y ï ʦʨʜʠʥʘʪʘ, Z ï ʘʧʧʣʠʢʘʪʘ); 

uj (x,y,z) ï ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ j -ʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ 

ʉʂ ʤʦʜʝʣʠ (x ï ʘʙʩʮʠʩʩʘ, y ʦʨʜʠʥʘʪʘ, z ï ʘʧʧʣʠʢʘʪʘ); 

uj(x,y) ï ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ j-ʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʜʚʫʭʤʝʨʥʦʡ ʉʂ 

ʤʦʜʝʣʠ (x -ʘʙʩʮʠʩʩʘ, y ï ʦʨʜʠʥʘʪʘ); 

uj (S x,y) ï ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ j-ʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʬʠʛʫʨʳ ʧʣʦʱʘʜʴʶ S x,y. 

ɺʘʞʥʦʝ ʤʝʩʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʚʘʣʴʥʳʭ ʰʢʘʣ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʰʢʘʣ ʠ ʤʝʪʨʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʦʜʝʣʴʥʳ-ʤʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ɼɿɿ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ [6]. 

ɺʝʣʠʯʠʥʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʪʝʢʫʱʠʭ ʩʦʩʪʦʷʥʠʡ ʠʟʦʙʨʘʞʝʥʠʡ W, ʚ ʦʙʱʝʤ ʩʣʫ-

ʯʘʝ, ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 

W = NĬ log2 ʄ, 
ʛʜʝ N ï ʯʠʩʣʦ ʥʘʙʣʶʜʘʝʤʳʭ ɻ ʣʝʤʝʥʪʦʚ ʚ ʠʟʦʙʨʘʞʝʥʠʠ; ʄ ï ʯʠʩʣʦ ʫʨʦʚʥʝʡ ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʠʟʦʙ-

ʨʘʞʝʥʠʠ 

ʉ ʫʯʝʪʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʝʣʝʡ ʦʪʦʙʨʘʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚʝʣʠʯʠʥʫ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʝʤʢʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ W(S) ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 

W(S) = Næɚ ĬW ɚ (K), 
ʛʜʝ W ɚ (K) ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ. 

ɿʜʝʩʴ 

W ɚ (K) =N ɚ (ʂ) Ĭ log2 ʄ ɚ(ʂ), 
ʛʜʝ N ɚ(ʂ) ï ʯʠʩʣʦ ʥʘʙʣʶʜʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʂ-ʛʦ ʢʘʥʘʣʘ; 

ʄ ɚ(ʂ) ï ʯʠʩʣʦ ʫʨʦʚʥʝʡ ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʂ-ʛʦ ʢʘʥʘʣʘ. 

ɿʜʝʩʴ 

N ɚ(ʂ)= (S ʄ /DʍʄDʋʄ) = (S x,y /DxʠDyʠ), 

ʛʜʝ S ʄ ï ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ, ʦʭʚʘʪʳʚʘʝʤʦʝ ʢʘʜʨʦʤ ʠʟʦʙʨʘʞʝʥʠʷ; Dʍʄ, Dʋʄ ï ʨʘʟʤʝʨʳ ʵʣʝ-

ʤʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʷ (ʧʠʢʩʝʣʷ)ʥʘ ʤʝʩʪʥʦʩʪʠ; S x,y ʧʣʦʱʘʜʴ ʫʩʣʦʚʥʦʛʦ ʢʘʜʨʘ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘ-

ʞʝʥʠʷ; Dxʠ, D yʠ ï h ʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʧʨʠʝʤʥʠʢʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ). 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʘʤ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟʣʠʯʘʶʪ ʩʧʝʢʪʨʘʣʴʥʦʝ R(SP), ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ R(PR) ʠ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʝ R(RM) ʚʠʜʳ ʨʘʟʨʝʰʝʥʠʡ. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʟʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʰʠʨʦʢʦʡ, ʢʘʢ ʦʜʥʘ ʟʦʥʘ ʯʝʨʥʦ-ʙʝʣʦʛʦ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʩʥʠʤʢʘ (0,38ï0,77 ʤʢʤ), ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʡ ʢʘʢ ʢʨʘʩʥʘʷ ʟʦʥʘ ʩʥʠʤʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʢʘʤʝʨʦʡ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~19~ 

Landsat TM (0,63ï0,69 ʤʢʤ). ʏʝʤ ʰʠʨʝ ʟʦʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʪʝʤ ʥʠʞʝ ʩʧʝʢʪʨʘʣʴ-

ʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʋ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʤʝʨ ʯʠʩʣʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥ Næɚ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 

256ï312. 

ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ R(SP) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʢʘʥʘʣʦʚ (ʟʦʥ) ʩʲʝʤʢʠ Næɚ ʠ ʟʘʚʠʩʠʪ 

ʦʪ ʪʠʧʘ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʝʣʝʥʠʠ ʟʦʥ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʤʝʨʘʭ, ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʭʦʜʠʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

R(SP)=Næɚ = (ɚmax ï ɚmin) /æɚ, 
ʛʜʝ ɚmax , ɚmin ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʚʦʣʥ, ʧʨʠʥʠʤʘʝʤʦʝ ʩʲʝʤʦʯʥʦʡ ʩʠ-

ʩʪʝʤʦʡ; æɚ ï ʜʠʘʧʘʟʦʥ ʦʜʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʦʥʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʧʨʠʝʤʥʠʢʦʤ ʩʲʝʤʦʯʥʦʡ ʢʘ-

ʤʝʨʳ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʠʣʠ ʣʠʥʝʡʥʦʡ ʚʝʣʠ-

ʯʠʥʦʡ, ʧʦʢʨʳʚʘʝʤʦʡ ʧʠʢʩʝʣʦʤ (ʵʣʝʤʝʥʪʦʤ ʠʟʦʙʨʘʞʝʥʠʷ) ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʦʮʝʥʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʦʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ nʛʨ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʤʢʘ R, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ ʣʠʥʠʡ ʥʘ 1 ʤʤ. ʐʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʣʞʝʥ ʚʳʙʠ-

ʨʘʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʟʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʧʝʨʘʪʦʨʘ ʥʝ ʚʦʩʧʨʠʥʠʤʘʣʘ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʰʠʨʠʥʳ ʣʠʥʠʡ ʙʝʣʘʷ ʠ ʧʨʘʚʘʷ 

ʧʦʣʦʩʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳ ʠ ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʥʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʦʣʞʥʦ ʩʦʙʣʶʜʘʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

Dx,ʫ = 1/2Rx,y= 1/2n ʛʨ. 
ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʜʝʪʝʢʪʦʨʦʚ ʢ ʨʘʟʣʠ-

ʯʠʷʤ ʚ ʟʥʘʯʝʥʠʷʭ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩʠʛʥʘʣʘ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʙʦʨʦʤ ʯʝʪʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʫʨʦʚʥʝʡ ʢʚʘʥʪʦʚʘʥʠʷ ʙʠʪʦ-

ʚʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʂʦʣʠʯʝʩʪʚʦ ʙʠʪ ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʮʠʬ-

ʨʦʚʦʡ ʟʘʧʠʩʠ ʢʘʞʜʦʡ ʟʦʥʳ ʩʥʠʤʢʘ (ʚ ʬʘʡʣʝ ʜʘʥʥʳʭ). ʆʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʜʘʪʯʠʢʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ çʩʳʨʳʭè ʟʥʘʯʝʥʠʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ. ʇʨʠ 8-ʙʠʪʦʚʦʤ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʷʨʢʦʩʪʠ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0 ʜʦ 255, ʘ ʧʨʠ 7-ʙʠʪʦʚʦʤ ï ʦʪ 0 ʜʦ 127. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʫʨʦʚʥʝʡ ʢʚʘʥʪʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ Mu ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ 

R(RM) = Mu = (Umax-Umin)/ DUs s, 
ʛʜʝ Umax, Umin ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʝʤʥʠʢʘ ʩʲʝ-

ʤʦʯʥʦʡ ʢʘʤʝʨʳ; DUss ï ʰʘʛ ʢʚʘʥʪʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʨʦʚʥʶ ʰʫʤʘ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʝʤʥʠʢʘ (ʧʨʠʙʦʨʘ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʠ) ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʩʚʷʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ɼɿɿ ʩ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʨʦʚʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʳ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʢʪʘ. ɿʜʝʩʴ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʳʭ ʛʝʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʣʠʪʦʩʬʝʨʝ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʵʥʜʦʛʝʥʥʳʤʠ ʠ ʵʢʟʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠ-

ʢʘʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʤʦʜʝʣʠ ʩʝʡʩʤʠʯʝʩʢʠʭ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʝʪʝʡ ʥʘʙʣʶʜʝʥʠʷ. ʀʭ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘ ʫʨʦʚʥʷʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʨʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʧʦʨʦʜ (ʄʄʇ), ʚʳʟʚʘʥʥʳʭ ʚʘʨʠʘʮʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʝʤʳ ɿʝʤʣʠ (ʂʉɿ). 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʚʥʫʪʨʠʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʯʘʛʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʢʨʦʤʝ ʩʦʪʨʷʩʝʥʠʡ ʆʉ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, ʚʳʟʳʚʘʶʪ ʩʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ 

ʚʜʦʣʴ ʨʘʟʣʦʤʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘʨʫ-
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~20~ 

ʰʝʥʠʷ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥ, ʚʥʫʪ-

ʨʠʧʨʦʤʳʩʣʦʚʳʭ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ (ʪʘʙʣʠʮʘ 2) . ɼʣʷ ʠʭ ʦʧʠʩʘʥʠʷ ʚ ʨʘʙʦʪʝ ʧʨʝʜ-

ʣʦʞʝʥʘ ʬʦʨʤʫʣʘ ʚʠʜʘ [7]: 

log Aʄ= 0,6M-3,8, 

ʛʜʝ Aʄ ï ʩʨʝʜʥʠʝ ʠ ʠʥʪʝʨʚʘʣʴʥʳʝ (ʚ ʩʢʦʙʢʘʭ) ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜʳ ʩʤʝʱʝʥʠʷ ʙʦʨʪʦʚ ʨʘʟʣʦʤʦʚ 

ʚʜʦʣʴ ʣʠʥʝʘʤʝʥʪʦʚ ʨʘʥʛʘ ʰʠʨʠʥʦʡ W ʚ ʪʝʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ȹt, ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʦʯʘʛʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʛʥʠʪʫʜʳ ʄ. 

 

ʊʘʙʣʠʮʘ 2. ʉʚʷʟʴ ʤʘʛʥʠʪʫʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʫʨʦʚʥʝʤ ʜʝʬʦʨʤʘʮʠʡ ʙʦʨʪʦʚ ʨʘʟʣʦʤʦʚ 

(ʣʠʥʝʘʤʝʥʪʦʚ) 

ʄ Aʄ (ʤ) W,( ʢʤ) ȹt, ( ʩʝʢ) 
8.5 (8.3ï8.7) 20 (15ï30) 40 90ï180 
8.0 (7.8ï8.2) 10 (7ï13) 20 40ï80 
7.5 (7.3ï7.7) 5.0 (4ï6.5) 10 20ï40 

7.0 (6.8ï7.2) 2.5 (2.0ï3.0) 5 10ï20 

6.5 (6.3ï6.7) 1.3 (1ï1.6) 3 6ï10 

6.0 (5.8ï6.2) 0.6 (0.5-0.9) 2 3ï5 
 

ʅʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʤʘʛʥʠʪʫʜʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʄ) ʠ ʚʝʣʠʯʠʥʦʡ ʧʦʜʚʠʞʝʢ (Dʍ) ʟʝʤ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʙʦʪʝ [8] ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘ-

ʣʠʟʘ ʙʦʣʝʝ 300 ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʪʘʙʣʠʮʘ 3). 

 

ʊʘʙʣʠʮʘ 3. ʉʚʷʟʴ ʤʘʛʥʠʪʫʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʧʦʜʚʠʞʝʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  

ʄ 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 

ʄʘʢʩʠʤʘʣʴʥʦʝ Dʍ (ʤ) 0.05 0.1 0.3 0.7 2.0 4.0 7.0 10ï12 12ï15 

ʉʨʝʜʥʠʝ Dʍ (ʤ) 0.01 0.02 0.04 0.10 0.24 0.57 1.36 3.23 7.67 

ɺʝʨʦʷʪʥʦʝ Dʍ (ʤ) 0.005 0.005 0.01 0.025 0.06 0.15 0.35 0.8ï1.0 2.5 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʘʢʪʠʚʥʳʭ ʟʦʥ ʥʘʨʫʰʝʥʠʡ (ɻɸɿʅ), ʠʤʝʶʪ ʤʝʩʪʦ ʥʘʨʫʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʚʳʟʚʘʥʥʳʝ 

ʪʝʭʥʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʧʨʦʩʘʜʢʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠʟʤʝʥʝʥʠʝʤ ʧʣʘʩʪʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʟʘʢʘʯʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʣʘʩʪ, ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʣʘʩʪʘ ʚ 

ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʀʥʜʠʢʘʪʦʨʦʤ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʣʦʤʦʚ, ʪʨʝʱʠʥ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝ-

ʱʝʥʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʜʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʀʤʝʥʥʦ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦ-

ʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʚʟʘʠʤʦʩʚʷʟʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʝʬʪʠ ʠ ʛʘʟʘ ʩ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʜʚʠʞʢʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʠʥʠ-

ʮʠʠʨʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʚʷʟʴ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʝʤ, ʟʘʢʘʯʢʠ ʚʦʜʳ ʠ ʧʦʷʚʣʝʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʧʦ ʚʳʙʦʨʢʝ ʙʦʣʝʝ 200 ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ, ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʝ [9]. ʉʝʡʩʤʠʯʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ, ʚ ʩʨʝʜʥʝʤ, ʯʝʨʝʟ 10ï20 ʣʝʪ ʧʦ-

ʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʙʳʯʥʦ ʥʘ 20ï

30 ʣʝʪ ʧʦʟʞʝ. 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~21~ 

ʊʘʙʣʠʮʘ 3. ʆʧʘʩʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʝʬʪʠ ʠ ʛʘʟʘ 
ʈʘʡʦʥ ɻɿ, ʤ ʊʠʧ ɻʀ (ʛʦʜ) ȹh, ʤ Vʪʝʭ, ʩʤ/ʛʦʜ ʄɿ ʅɿ 

ɻʘʟʣʠ, 

ʋʟʙʝʢʠʩʪʘʥ 

1350 ɼʅ, ɼɻ 1964ï1968, 

1968ï1974 

 

ï2,31 

ï0,10 

ï1,92 

6,8 

7,3 

14 

ʀʥʛʣʚʫʜ, ʉʐɸ 3050 ɼʅ, ɼɻ 1926ï1962 ï2,32  5,5 36 

Willmington (ʉʐɸ) 760ï1830 ɼʅ, ɿɺ 1928ï1966 ï8,8 ï71 3,3 21 

ʉʪʘʨʦʛʨʦʟʥʝʥʩʢʦʝ, ʈʌ  4000 ɼʅ, ɿɺ ʥ/ʜ ʥ/ʜ ʥ/ʜ 4,8 8 

ʈʦʤʘʰʢʠʥʩʢʦʝ, ʈʌ 1600ï1800 ɼʅ, ɿɺ 1962ï2008  ï0,7 3ï4 39 

ʉʪʘʚʨʦʧʦʣʴʩʢʦʝ, ʈʌ 800-1000 ɼɻ 1956ï1962 ï1,5 ï3,7   

ʋʨʝʥʛʦʡʩʢʦʝ, ʈʌ  1030-4000 ɼʅ, ɼɻ 1974ï1995 0,34 ï1,5   

ʃʘʢ, ʌʨʘʥʮʠʷ 600-3000 ɼʅ, ɼɻ 1957ï1989 ï0,06  4,4 12 

Lagunilas (ɺʝʥʝʩʫʵʣʘ) 300ï1200 ɼʅ, ɿɺ 1928ï2012 ï6,4 -20 5,2 70 

East Texas, ʉʐɸ 1113 ɼʅ, ɿɺ ʥ/ʜ ʥ/ʜ ʥ/ʜ 4,3 28 

ɹʫʨʫʥʥʦʝ, ʊʫʨʢʤʝʥʠʷ 1190ï4460 ɼʅ, ɿɺ ʥ/ʜ ʥ/ʜ ʥ/ʜ 6,0 13 

ʂʫʤ-ɼʘʛ, ʊʫʨʢʤʝʥʠʷ 485ï1520 ɼʅ, ɿɺ ʥ/ʜ ʥ/ʜ ʥ/ʜ 5,7 34 

ʕʢʦʬʠʩʢ, ʅʦʨʚʝʛʠʷ 2900 ɼʅ, ɿɺ 1984, 1999 ï10 ï50 3,4 11 
ʇʨʠʤʝʯʘʥʠʝ: ɻɿ- ʛʣʫʙʠʥʘ ʟʘʣʝʞʠ; ɼʅ ï ʜʦʙʳʯʘ ʥʝʬʪʠ; ɿɺ-ʟʘʢʘʯʢʘ ʚʦʜʳ; ɼɻ-ʜʦʙʳʯʘ ʛʘʟʘ; ɻʀ ï ʛʦʜʳ ʠʟʤʝʨʝʥʠʡ; 

ȹh ï ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʪʳ ʨʝʧʝʨʘ (ʧʨʦʩʘʜʢʘ); Vʪʝʭ ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ (ʩʤ/ʛʦʜ); ʄɿ ï ʤʘʛʥʠʪʫʜʘ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ; ʅɿ ï ʥʘʯʘʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʛʦʜʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ). 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʪʨʦʣʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʧʦʣʠʛʦʥʦʚ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʝʦʬʠʟʠʯʝʩʢʠʝ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʥʘʙʣʶʜʝʥʠʡ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥ-

ʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ɻɸɿʅ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʆʜʥʘʢʦ ʟʜʝʩʴ 

ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʥʘʙʣʶʜʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩ-

ʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʳ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʛʝʦʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʙʦʪʝ 

ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʝʨʝʭʦʜ ʦʪ ʦʮʝʥʢʠ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʙʣʶʜʘ-

ʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʢ ʠʭ ʤʦʜʝʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ 

ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʦʝʢʪʘ. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠ-

ʩʪʝʤ ʥʘʙʣʶʜʝʥʠʡ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʛʝʦʧʦʨʪʘʣʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ 
ɼʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʛʜʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʛʨʘʶʪ ʝʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʝʣʠʯʠʥʫ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ ï r, 

ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʘ ï ʅ, ʦʙʲʝʤʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ï ʂ, 

ʠʟʤʝʥʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ï ȹʈ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ï ȹh. 
ɿʥʘʥʠʝ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʚʘʨʠʘ-

ʮʠʷʤʠ ʚʳʩʦʪ ʪʦʯʝʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʝʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʥʫʪʨʠ ʧʣʘʩʪʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʚʷʟʠ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ȹh ʩ ʚʘʨʠʘʮʠʝʡ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚ ʨʘʙʦʪʝ [10] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ ʚʠʜʘ 

ЎὬ
φȟςυὶ 

Ὄ  ὑ
 Ўὖȟ 

ʘ ʜʣʷ ʦʮʝʥʢʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʝʙʠʪʘ ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘʞʠʥʝ ʬʦʨʤʫʣʘ 

Ўὖ
Ўὸ Ὣ 

Ὓ
Ўὗȟ 

ʛʜʝ ȹ ʈ ï ʠʟʤʝʥʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ȹt ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, S ï 

ʜʠʘʤʝʪʨ ʰʪʫʮʝʨʘ, g ï ʩʠʣʘ ʪʷʞʝʩʪʠ, ȹ Q ï ʠʟʤʝʥʝʥʠʝ ʜʝʙʠʪʘ ʞʠʜʢʦʩʪʠ. 



EURASTRENCOLD-2025  

ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~22~ 

ɼʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʶʪ ʚʟʘʠʤʦʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʦ-

ʩʪʦʷʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʜʘʥʥʘʷ 

ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʥʠʚʝʣʠʨʥʳʭ ʩʝ-

ʪʝʡ ʠ ʩʝʪʝʡ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ (ʇɼɹʉ) ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ (ɻʃʆʅɸʉʉ). ʆʛʨʘʥʠʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʫʩʣʦʚʣʝʥʳ ʙʦʣʴʰʠʤ ʦʙʲ-

ʝʤʦʤ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʯʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. ʀʭ ʫʜʘʣʦʩʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʤʝʪʦʜ ʨʘʜʠʦ-

ʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ ʚʳʩʦʪ ʪʦʯʝʢ 

ʤʝʩʪʥʦʩʪʠ, ʧʦʣʫʯʘʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʪʨʘʞʝʥʥʳʭ ʨʘʜʠʦ-

ʚʦʣʥ ʦʪ ʫʛʦʣʢʦʚʳʭ ʦʪʨʘʞʘʪʝʣʝʡ, ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ ʧʨʠ 

ʨʘʟʥʳʭ ʧʨʦʣʝʪʘʭ ʩʧʫʪʥʠʢʘ. ʆʛʨʘʥʠʯʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʚʷʟʘʥʳ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ 

ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ʫʛʦʣʢʦʚʳʭ ʦʪʨʘʞʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʢʨʳʪʠʝ ɻɸɿʅ. 

ʋʩʧʝʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʥʠ-

ʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʝʜʠʥʦʤ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦ-

ʚʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦ-

ʩʚʷʟʴ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʚ ʚʠʜʝ ʛʠ-

ʛʘʥʪʩʢʠʭ ʩʠʤʤʝʪʨʠʯʥʦ-ʧʦʣʠʛʦʥʘʣʴʥʳʝ ʨʝʰʝʪʯʘʪʳʭ ʣʠʥʝʘʤʝʥʪʥʳʭ ʩʠʩʪʝʤ ʟʦʥ ʥʘʨʫʰʝʥʠʡ, 

ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. ʆʥʠ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʧʦ-

ʠʩʢʦʚʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʭʦʜʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ [10]. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʚʳʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʩʪʥʦ-

ʩʪʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ. ʆʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʨʝʟʢʦʛʦ ʧʝʨʝʧʘʜʘ ʛʨʘʜʠʝʥʪʘ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʘ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʚ ʟʘʜʘ-

ʯʘʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʥʦʤʘʣʠʡ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʘʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʟʦʥʘʤ ʨʘʟʣʦʤʦʚ ʠ ʷʚʣʷʶʪʩʷ 

ʠʭ ʧʦʠʩʢʦʚʳʤ ʠʥʜʠʢʘʪʦʨʦʤ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʣʦʢʘʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ɻɸɿʅ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʇʂ çʃʠʥʝʘʤʝʥʪè ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.  
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ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʟʦʥʠʨʦʚʘʥʠʷ ʛʨʘʥʠʮ ɻɸɿʅ ʚ ʇʂ çʃʠʥʝʘʤʝʥʪè 

 

ʃʦʢʘʣʠʟʘʮʠʷ ɻɸɿʅ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çʃʠʥʝʘʤʝʥʪè ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʥʦʨʤʘʣʠʟʘʮʠʶ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙ-

ʨʘʞʝʥʠʷ; ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʯʝʨʥʦ-ʙʝʣʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ; ʚʳʜʝ-

ʣʝʥʠʝ ʢʦʥʪʫʨʦʚ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ; ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨ ʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʣʦʢʘʣʠʟʘ-

ʮʠʶ ʛʨʘʥʠʮ ɻɸɿʅ (ʨʠʩ. 4). 
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ʘ)    ʙ)     ʚ) 

 
ʛ)   ʜ)    ʝ) 

 

ʈʠʩ. 4. ʇʨʦʮʝʜʫʨʳ ʟʦʥʠʨʦʚʘʥʠʷ ɻɸɿʅ ʚ ʇʂ çʃʠʥʝʘʤʝʥʪè ʥʘ ʧʨʠʤʝʨʝ ʋʅɻʂʄ: 

ʘ) ʀʩʭʦʜʥʳʡ ʩʥʠʤʦʢ, ʙ) ʅʦʨʤʘʣʠʟʘʮʠʷ ʩʠʛʥʘʣʦʚ, ʚ) ʉʛʣʘʞʠʚʘʥʠʝ ʰʫʤʘ,  

ʛ) ɺʳʜʝʣʝʥʠʝ ʢʦʥʪʫʨʦʚ, ʜ) ʇʦʩʪʨʦʝʥʠʝ ʣʠʥʝʘʤʝʥʪʦʚ, ʝ) ɿʦʥʠʨʦʚʘʥʠʝ ɻɸɿʅ 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɸʧʨʦʙʘʮʠʷ ʤʝʪʦʜʦʚ ʟʦʥʠʨʦʚʘʥʠʷ ɻɸɿʅ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ 

ʧʨʠʤʝʨʝ ʋʨʝʥʛʦʡʩʢʦʛʦ ʅɻʂʄ . ʀʭ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʩʘʜʦʢ ʛʦʨʥʳʭ ʧʦʨʦʜ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘ ʠʭ ʪʝʨʨʠʪʦʨʠʠ. 

ʋʨʝʥʛʦʡʩʢʦʝ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ, ʚ ʮʝʥʪʨʝ ʅʘʜʳʤ-

ʇʫʨ-ʊʘʟʦʚʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʦʙʣʘʩʪʠ. ʆʥʦ ʚʚʝʜʝʥʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1978 ʛʦʜʫ. 

ɺ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʦʣʴʰʦʛʦ ʋʨʝʥʛʦʷ ʚʳʜʝʣʝʥʦ ʪʨʠ ʵʪʘʞʘ ʛʘʟʦʥʦʩʥʦʩʪʠ. ɺʝʨʭʥʠʡ 

ʵʪʘʞ ï ʩʝʥʦʤʘʥʩʢʠʝ ʛʘʟʦʚʳʝ ʟʘʣʝʞʠ, ʟʘʣʝʛʘʶʪ ʥʘ ʛʣʫʙʠʥʝ 1030ï1280 ʤ. ʉʨʝʜʥʠʡ ʵʪʘʞ ʛʘʟʦʥʦʩ-

ʥʦʩʪʠ ï ʥʠʞʥʝʤʝʣʦʚʳʝ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʝ ʟʘʣʝʞʠ, ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: 

ʋʨʝʥʛʦʡʩʢʦʝ, ɽʥ-ʗʭʠʥʩʢʦʝ, ʉʝʚʝʨʦ-ʋʨʝʥʛʦʡʩʢʦʝ ʠ ʇʝʩʮʦʚʦʝ. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʘʣʘʥʞʠʥʩʢʠʤ 

ʟʘʣʝʞʘʤ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 17 ʛʘʟʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 1700 ʜʦ 3340 ʤ. ʅʠʞ-

ʥʠʡ ʵʪʘʞ ʛʘʟʦʥʦʩʥʦʩʪʠ ï ʘʯʠʤʦʚʩʢʠʝ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʝ ʟʘʣʝʞʠ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʛʣʫ-

ʙʠʥʝ 3550ï4000 ʤ. 

ɼʣʷ ʫʩʣʦʚʠʡ ʋʅɻʂʄ ʚ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʫʢʨʫʧʥʝʥʥʳʝ ʵʣʝ-

ʤʝʥʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ. ɿʜʝʩʴ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʦʜʝʨʞʠʪ ʩʣʦʡ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʧʦʨʦʜ ʤʦʱʥʦʩʪʴʶ ï200 ʤ; ʜʘʣʝʝ ʨʘʩʧʦʣʦʞʝʥ ʩʣʦʡ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʤʦʱʥʦʩʪʴʶ 150ï200 ʤ; 

ʟʘʪʝʤ ʩʣʦʡ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʱʥʦʩʪʴʶ 300ï200 ʤ ʠ ʩʣʦʡ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʤʦʱʥʦʩʪʴʶ  

ï550 ʤ; ʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʟʘʣʝʛʘʝʪ ʪʦʣʱʘ ʚ ʚʠʜʝ ʯʝʨʝʜʦʚʘʥʠʷ ʧʝʩʢʦʚ, ʛʣʠʥ, ʘʨʛʠʣʣʠʪʦʚ, ʘʣʝʚ-

ʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ ʤʦʱʥʦʩʪʴʶ 200 ʤ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʝʥʦʤʘʥʩʢʠʭ, ʚʘʣʘʥʞʠʥʩʢʠʤ ʠ ʘʯʠʤʦʚʩʢʠʭ ʟʘʣʝʞʝʡ ʥʘʯʘʣʘ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴʩʷ ʩ 1978, 1985 ʠ 2008 ʛ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʙʳʯʘ ʛʘʟʘ ʠʟ ʩʝʥʦʤʘʥʩʢʦʡ ʟʘʣʝʞʠ ʩʦʧʨʦʚʦʞ-

ʜʘʣʦʩʴ ʧʘʜʝʥʠʝʤ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʝʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʦ ʫʨʦʚʥʷ 10ï15 ʄʇʘ. ʕʪʦ ʧʨʠ-

ʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʚʦʨʦʥʢʠ, ʚʢʣʶʯʠʚʰʝʡ ʦʪʜʝʣʴʥʳʝ ʜʝʧʨʝʩʩʠʠ ʋʨʝʥʛʦʡʩʢʦʡ, 

ɽʥ-ʗʭʠʥʩʢʦ-ʇʝʩʮʦʚʦʡ ʠ ʉʝʚʝʨʦ-ʋʨʝʥʛʦʡʩʢʦʡ ʛʘʟʦʚʳʭ ʟʘʣʝʞʝʡ. ɽʸ ʨʘʟʤʝʨʳ ʩʦʩʪʘʚʠʣʠ: 

ʜʣʠʥʘ ï 230 ʢʤ, ʰʠʨʠʥʘ ï 64ï68 ʢʤ. 

ɺ ʭʦʜʝ ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʣʦʢʘ-

ʣʠʟʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ɻɸɿʅ ʥʘ ʦʩʥʦʚʝ: 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʝʧʝʨʦʚ (ʨʠʩ. 4); 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʘʙʦʪʢʠ ʟʘʣʝʞʠ ʋʅɻʂʄ (ʨʠʩ. 6. (1ï2) ï (1ï4)) ; 

ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ (ʇɼɹʉ) (ʨʠʩ. 6. (2ï1) -(2ï4) ;(3-1) -(3ï2): 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ (ʈʃʀ) ʩʧʫʪʥʠʢʦʚ Sentinel-1(ʨʠʩ.6. (3ï3)); 
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ʣʠʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ɻɸɿʅ ʥʘ ʇʂ çʃʠʥʝʘʤʝʥʪè (ʨʠʩ. 6. (3ï4)). 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʦʣʣʝʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ, ʢʦʪʦʨʳʡ ʙʳʣ ʩʦʟʜʘʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʠ ʚ 1974ï1976 ʛʛ. ʆʥ ʩʦʩʪʦʷʣ ʠʟ ʥʠʚʝʣʠʨʥʦʡ ʩʝʪʠ II ʢʣʘʩʩʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 900 ʢʤ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ 11 ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʬʠʣʝʡ, ʜʣʠʥʦʡ 55 ʢʤ ʠ ʦʜʥʦʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʩʚʦʜʦʚʫʶ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʩʝʛʦ ʥʘ ʧʦʣʠʛʦʥʝ ʠʩʧʦʣʴʟʦʚʘʥʦ 10 ʪʠʧʦʚ 

ʮʝʥʪʨʦʚ, ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʦ ʤʝʨʠʜʠʘʥʫ ʩʦʩʪʘʚʠʣʠ 1,6 ʢʤ. ɺ ʧʦʧʝʨʝʯʥʠʢʘʭ 

ʟʘʢʣʘʜʢʘ ʨʝʧʝʨʦʚ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʧʘʨʥʦ ʯʝʨʝʟ 1,7ï9,1 ʢʤ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʦʨʥʳʭ ʠ ʨʘʙʦ-

ʯʠʭ ʨʝʧʝʨʦʚ ʥʘ ʦʙʲʝʢʪʝ ʩʦʩʪʘʚʠʣʦ 568 ʝʜʠʥʠʮ. ʉ 1975 ʧʦ 2003 ʛ. ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʳʣʦ ʚʳ-

ʧʦʣʥʝʥʦ 4 ʩʝʨʠʠ ʥʘʙʣʶʜʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʩʜʚʠʛʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʠ ʟʘ 20 ʣʝʪ. ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʠʤʝʨʝ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʩʯʝʪʥʳʭ 

ʤʦʜʝʣʝʡ ʩʚʷʟʠ ʠʟʤʝʥʝʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ (ʨʠʩ. 5.) [11]. 

ȹh=Ĭ (mĬɓʧʦʨ +(1-m) Ĭ ɓʪʚ) Ĭ ȹP, 

ʛʜʝ ɓʧʦʨ, ɓʪʚ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʞʠʤʘʝʤʦʩʪʠ ʧʦʨ ʠ ʪʚʝʨʜʦʡ ʬʘʟʳ, m ï ʧʣʦʪʥʦʩʪʴ, r ï ɻ ʬʬʝʢʪʠʚʥʘʷ 

ʪʦʣʱʠʥʘ ʧʣʘʩʪʘ (ʤʦʱʥʦʩʪʴ); ȹ ʈ ï ʠʟʤʝʥʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. 

 
 

ʈʠʩ. 5. ɺʝʨʠʬʠʢʘʮʠʷ ʧʨʦʩʘʜʦʢ ʨʝʣʴʝʬʘ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ ʋʅɻʂʄ 
 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʫʯʘʩʪʢʦʚ ɻɸɿʅ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ ʩ 

2004 ʧʦ 2023 ʛʛ. (ʨʠʩ. 6) [12]. 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʫʯʘʩʪʢʦʚ ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʛʦʨʥʳʭ ʧʦ-

ʨʦʜ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʜʝʣʠ: ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʥʦʤʘʥʩʢʠʭ, ʚʘʣʘʥʞʠʥ-

ʩʢʠʭ ʠ ʘʯʠʤʦʚʩʢʠʭ ʟʘʣʝʞʝʡ (ʨʠʩ. 6. (1ï1)), ʦʪʙʦʨʘ ʛʘʟʘ (ʨʠʩ. 6 (1ï2)), ʜʦʙʳʯʠ ʛʘʟʘ (ʨʠʩ. 5. (1ï

3)), ʚʘʨʠʘʮʠʡ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 6. (1ï4)). 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʠʘʮʠʡ ʨʝʣʴʝʬʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʝʣʠ , ʧʦ-

ʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʆʥʠ ʚʢʣʶʯʘʣʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʳʤʠ (V ȹX, V ȹY) ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʩʤʝʱʝʥʠʷʤʠ ʪʦʯʝʢ ʥʘ ʇɼɹʉ ʛʣʦ-

ʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ (ɻʅʉʉ), ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʦʮʝʥʢʝ ʜʠʥʘʤʠʢʠ 

ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʥʥʳʭ ʩʪʘʥʮʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠ ʥʘ ʣʠʮʝʥʟʠʦʥʥʳʭ 

ʫʯʘʩʪʢʘʭ (ʃʋ) ʧʨʝʜʩʪʘʚʣʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʨʠʩ. 6: (2.1) ï (2ï2). ʉʢʦʨʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ ʇɼɹʉ ʥʘ ʨʠʩ. 6: (2ï3) ï (2ï4). 

ʈʝʟʫʣʴʪʘʪʳ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʫʯʘʩʪʢʦʚ ɻɸɿʅ ʥʘ ʦʙʲʝʢʪʘʭ ʛʝʦʜʠʥʘʤʠ-

ʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʋʅɻʂʄ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. (3.1) ï (3ï4). ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʴ 

ʣʦʢʘʣʠʟʘʮʠʠ ɻɸɿʅ ʥʘ ʦʩʥʦʚʝ: 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʢʦʨʦʩʪʝʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʇɼɹʉ ï ʨʠʩ. 6. (3ï1). 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʜʚʠʛʘ ʪʦʯʝʢ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ȹh(ʤʤ) ʠ ʩʢʦʨʦ-

ʩʪʝʡ ʠʭ ʩʜʚʠʛʘ Vȹh (ʤʤ/ʛʦʜ) ʥʘ ʦʙʲʝʢʪʘʭ ʋʅɻʂʄ ï ʨʠʩ. 6. (3ï2); 

ʜʘʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ Vȹh (ʤʤ/ʛʦʜ) ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥ-

ʪʝʨʬʝʨʦʤʝʪʨʠʠ ʠ ʇɼɹʉ ɻʅʉʉ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6. (3ï3); 

ʣʠʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ï ʨʠʩ. 6. (3ï4). 
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1ï1. ɿʘʣʝʞʠ 1ï2. ʆʪʙʦʨ ʛʘʟʘ 1ï3. ɼʦʙʳʯʘ ʛʘʟʘ 1ï4. ɼʘʚʣʝʥʠʝ 

 
   

2-1. ʇʫʥʢʪʳ ʇɼɹʉ ʥʘ 

ʋʅɻʂʄ 

2ï2. ʇʫʥʢʪʳ ʇɼɹʉ ʥʘ 

ʣʠʮʝʥʟʠʦʥʥʳʭ ʫʯʘʩʪʢʘʭ 

2ï3. ʉʢʦʨʦʩʪʴ ʩʜʚʠʛʘ: 

V ȹX, V ȹY 

2ï4. ʉʢʦʨʦʩʪʴ ʩʜʚʠʛʘ 

ʚʳʩʦʪ ʥʘ ʇɼɹʉ: Vȹh 

    

3ï1. ʉʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 

Vȹh ʥʘ ʋʅɻʂʄ 

3ï2. ʉʜʚʠʛ ʠ ʩʢʦʨʦʩʪʴ 

ʩʜʚʠʛʘ Vȹh ʥʘ ʇɼɹʉ 

3ï3. ʉʢʦʨʦʩʪʴ ʩʜʚʠʛʘ 

Vȹh ʥʘ ʇɼɹʉ ʠ ʈʃʀ 

3.4. ʇʣʦʪʥʦʩʪʴ 

ʣʠʥʝʘʤʝʥʪʦʚ (ɻɸɿʅ) 

 

ʈʠʩ. 6. ʄʝʪʦʜʳ ʟʦʥʠʨʦʚʘʥʠʷ ɻɸɿʅ ʥʘ ʋʨʝʥʛʦʡʩʢʦʤ ʅɻʂʄ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʥʠʮ ɻɸɿʅ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘ ʋʨʝʥʛʦʡʩʢʦʤ ʅɻʂʄ, ʧʦʢʘʟʘʣ ʠʭ ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʶ. ɼʘʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʜʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʣʠʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʟʘʜʘʯʘʭ 

ʟʦʥʠʨʦʚʘʥʠʷ ɻɸɿʅ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ɺʳʚʦʜʳ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʨʦʣʷ ʜʝʬʦʨʤʘʮʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠʷ ʋʨʝʥʛʦʡʩʢʦʛʦ ʅɻʂʄ ʧʦʢʘʟʘʣʠ ʩʚʷʟʴ ʫʨʦʚʥʝʡ ʧʨʦʩʝʜʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʠ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʜʘʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ɼɿɿ ʥʘ ʦʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʩʝʪʠ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠ-

ʛʦʥʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʟʦʥʠʨʦʚʘʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʥʘ ʦʩʥʦʚʝ 

ʣʠʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ɻɸɿʅ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 
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ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪʘʭ ʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟ-

ʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʤʳʰ-

ʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʟʦʥʠʨʦʚʘʥʠʷ ɻɸɿʅ ʜʦʣʞʥʦ ʙʳʪʴ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʦ ʥʘ ʫʯʝʪ ʧʨʦʮʝʩʩʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʚʠʞʝʢ ʩ ʫʯʝʪʦʤ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢ-

ʬʘʢʪʦʨʦʚ ʟʦʥ ʄʇʇ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʝʛʦ ʧʨʠʟʝʤʥʦʛʦ 

ʩʣʦʷ, ʚʳʟʚʘʥʥʦʛʦ ʵʤʠʩʩʠʝʡ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 
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Abstract. A review of long-term studies on the durability of basalt fiber-reinforced polymer composites 

operated in cold climate conditions is presented. The necessity of an integrated analysis at the micro-, meso-, 

and macro-scale levels is substantiated. The key degradation mechanisms of the epoxy matrix within the com-

posite structure are identified, including moisture and thermal diffusion processes, UV-induced degradation, 

biological impact, and the development of internal stresses under thermal cycling, which lead to changes in 

fiberïmatrix interfacial adhesion and defect accumulation. The advantages of basalt composites over glass 

fiber-reinforced composites in terms of property retention during prolonged service are demonstrated. 

Keywords: basalt fiber-reinforced polymers, durability, climatic aging, thermal cycling, epoxy matrix, 

interfacial adhesion 

 

ɹʘʟʘʣʴʪʦʧʣʘʩʪʠʢʠ (ɹʇ) ʚ ʚʠʜʝ ʣʘʤʠʥʘʪʦʚ ʠʣʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʘʨʤʘʪʫʨʳ ʧʦʣʫʯʠʣʠ ʤʠʨʦʚʦʝ 

ʧʨʠʟʥʘʥʠʝ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ, ʚʢʣʶʯʘʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʫʶ, ʩʫʜʦʩʪʨʦʝʥʠʝ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ ʠ ʵʥʝʨʛʝʪʠʢʫ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʚʳ-

ʜʘʶʱʠʤʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʤʘʣʦʤʫ ʚʝʩʫ, ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʚʝʜʝʥʠʷʤʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʚ ʦʙʟʦʨʘʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʥʘʧʨʠʤʝʨ, ʚ [1ï4]. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [1] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʝʨʦʜʥʳʤʠ, ʩʪʝʢʣʷʥʥʳʤʠ ʠʣʠ ʜʨʫʛʠʤʠ ʤʠʥʝ-

ʨʘʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʙʘʟʘʣʴʪʦʚʳʝ ʚʦʣʦʢʥʘ ʚ ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ 

ʧʨʦʮʝʩʩʝ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. ɹʘʟʘʣʴʪʦʚʳʝ ʚʦʣʦʢʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʭʠʤʠ-

ʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʘʜʛʝʟʠʶ ʢ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʨʠʮʘʤ ʠ ʪʝʤ 

ʩʘʤʳʤ ʫʣʫʯʰʠʪʴ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʘʨʤʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʦʙʟʦʨʝ [2] ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ɹʇ ʜʣʷ ʠʟʜʝʣʠʡ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. 

ɸʥʘʣʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ɹʇ ʥʘʜ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘʤʠ (ʉʇ) ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [3]. 

ɿʜʝʩʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɹʇ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʘʨ-

ʤʠʨʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʥʘʧʨʠʤʝʨ, ʙʝʪʦʥʘ ʠʣʠ ʢʘʤʝʥʥʦʡ ʢʣʘʜʢʠ) ʩ ʧʦʤʦʱʴʶ ɹʇ-



EURASTRENCOLD-2025  

ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~29~ 

ʩʪʝʨʞʥʝʡ, ʩʝʪʦʢ ʠʣʠ ʣʠʩʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʨʘʟʨʘʙʦʪʦʢ ʥʦʚʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ 

ɹʇ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʙʦʪʝ [4] ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʝʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʠʟʦʣʷʮʠ-

ʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ʠ ʚʳʷʚʣʝʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ɹʇ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʫʛʣʝʧʣʘʩʪʠʢʦʤ (ʋʇ). ɹʣʘʛʦʜʘʨʷ ʫʢʘʟʘʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ, ʜʦʙʘʚʣʝʥʠʝ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʠ ʢʦʤ-

ʧʦʟʠʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʭ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ. 

ɸʚʪʦʨʳ ʦʙʟʦʨʘ [5] ʦʙʩʫʜʠʣʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇ ʜʣʷ ʟʘʱʠʪʳ ʠ ʫʩʠʣʝʥʠʷ ʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ. ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʫʢʨʝʧʣʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʜʦ 60 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʙʝʟ ʫʩʠʣʝ-

ʥʠʷ. ʉʨʦʢ ʩʣʫʞʙʳ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘʨʤʠʨʦʚʘʥʥʳʭ ɹʇ, ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʜʦ 50 ʣʝʪ ʚ ʩʫʨʦʚʳʭ 

ʫʩʣʦʚʠʷʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʳʯʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʝʜʣʦ-

ʞʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇ, ʪʘʢʠʝ ʢʘʢ ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʝ ʤʦ-

ʩʪʳ, ʬʝʨʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʩʚʘʠ. 

ʇʦ ʜʘʥʥʳʤ [6] ʙʘʟʘʣʴʪʦʚʦʣʦʢʥʠʩʪʳʝ ʪʨʘʚʝʨʩʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʣʠʥʠʷʭ ʵʣʝʢ-

ʪʨʦʧʝʨʝʜʘʯ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʪʘʡʬʫʥʘʤ ʠ ʩʣʦʞʥʳʤ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ. ɺ [7] ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ, ʙʘʟʘʣʴʪʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʨʘʩʰʠʨʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ɹʇ ʚ ʭʦʣʦʜʥʦʤ ʢʣʠʤʘʪʝ ʚ ʪʘʢʠʭ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʥʳʭ ʦʙʲʝʢʪʘʭ, ʢʘʢ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, ʧʣʘʪʬʦʨʤʳ, ʤʦʩʪʳ, ʜʦʨʦʛʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ ʜʨ. ʅʠʟʢʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʟʜʘʶʪ ʧʨʦʙʣʝʤʳ 

ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʵʪʠʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [8]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʧʦʩʦʙʥʦʩʪʴ ɹʇ 

ʢ ʩʦʭʨʘʥʝʥʠʶ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ [9] ʠ ʚʳʩʦʢʠʭ ʩʝʟʦʥʥʳʭ ʧʝʨʝʧʘ-

ʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ [10] ʜʘʝʪ ʠʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʣʠʤʝʨʥʳʤʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʇʂʄ). 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʰʠʨʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʢʘʟʘʣʘʩʴ ʧʨʠʯʠʥʦʡ 

ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʢʦʤʧʦʟʠʪʦʚ ʚ ʀʌʊʇʉ ʗʅʎ ʉʆ ʈɸʅ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ʙʳʣʠ ʥʘʯʘʪʳ ʙʦʣʝʝ 15 ʣʝʪ ʥʘʟʘʜ ʩ ʦʙʦʩʥʦʚʘʥʠʷ ʩʧʦʩʦʙʘ ʘʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ ʙʘʟʘʣʴʪʦʚʦʡ 

ʬʠʙʨʦʡ [11], ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʵʧʦʢʩʠʜʥʳʭ ʤʘʪʨʠʮ [12], ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʦ-

ʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ [13, 14], ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʙʘʟʘʣʴʪʘ ʗʢʫʪʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ [15], ʠʟʤʝʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɹʇ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠ-

ʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʗʢʫʪʩʢʘ [16]. 

ʀʩʢʣʶʯʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʛʝʪʝ-

ʨʦʛʝʥʥʳʭ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʦʪʨʝʙʦʚʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʨʝʭ ʤʘʩʰʪʘʙʥʳʭ 

ʫʨʦʚʥʷʭ. ʉʫʱʥʦʩʪʴ ʵʪʦʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩ-

ʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ [17, 18], ʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ-

ʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ [19]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʇʂʄ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 1 [19]. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[19] 

 

ʏʪʦʙʳ ʚʩʝʩʪʦʨʦʥʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ɹʇ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, pH, ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʧʨʦʪʝʢʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ, ʜʦʦʪʚʝʨʞʜʝʥʠʷ, ʨʝʣʘʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~30~ 

ʥʘʧʨʷʞʝʥʠʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 1. ʆʜʥʘʢʦ ʥʘʰʠ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʯʝʪʘ ʩʫʪʦʯʥʳʭ ʠ ʩʝʟʦʥʥʳʭ ʪʝʨʤʦʮʠʢʣʦʚ [20], ʋʌ-ʦʙʣʫʯʝʥʠʷ ʉʦʣʥʮʘ [21, 22], ʭʠʤʠ-

ʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ [9], ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ ʠ ʙʘʢʪʝʨʠʡ [23], ʯʪʦʙʳ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʷʭ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʝʩʪʨʫʢʮʠʶ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [24] ʠ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ [25] ʩʪʝʨʞʥʝʡ ʠ ʧʣʘʩʪʠʥ, ʧʣʘʩʪʠʬʠʢʘʮʠʶ ʵʧʦʢʩʠʜʥʳʭ ʤʘʪʨʠʮ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʦʡ 

[9, 10, 24, 25], ʦʩʣʘʙʣʝʥʠʝ ʘʜʛʝʟʠʠ ʥʘ ʛʨʘʥʠʮʝ ʚʦʣʦʢʥʦ-ʩʚʷʟʫʶʱʝʝ [9], ʫʩʘʜʢʫ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ [9, 

10], ʥʘʢʦʧʣʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ [26], ʠ ʧʝʨʝʨʘʩʪʘʥʠʝ ʠʭ ʚ ʤʘʢ-

ʨʦʨʘʟʨʫʰʝʥʠʷ [27, 28]. 

ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʣʶʙʦʡ ʠʟ ʪʨʝʭ ʤʘʩʰʪʘʙʦʚ. ʆʜʠʥ 

ʠʟ ʚʘʨʠʘʥʪʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʝʟʦʤʘʩʰʪʘʙʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ. ʅʘ ʵʪʦʤ ʤʘʩʰʪʘʙʝ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʧʨʘʚʠʣʘ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 

ʜʨʫʛʠʭ ʤʘʩʰʪʘʙʦʚ. ɿʜʝʩʴ ʧʦʜʭʦʜ çʩʚʝʨʭʫ ʚʥʠʟè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʥʘʣʠʟ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ ʬʦʨʤʳ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ çʩʥʠʟʫ ʚʚʝʨʭè ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʤʠʢʨʦ- ʠ ʤʝʟʦʤʘʩʰʪʘʙʝ, ʯʪʦʙʳ 

ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʜʨʫʛʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ 

ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [17ï19]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 1 ɹʇ ʤʦʞʝʪ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʢʦʧʠʠ, ʠʥʬʨʘ-

ʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʨ. [9]. ʉ ʠʭ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʠʢʨʦʫʨʦʚʝʥʴ ʵʧʦʢʩʠʜʥʳʭ ʤʘʪʨʠʮ: ʤʦʣʝʢʫʣʷʨʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʠ 

ʩʝʛʤʝʥʪʘʣʴʥʦʛʦ ʪʠʧʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʩʪʝʧʝʥʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʰʠʚʘ-

ʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʠʢʨʦʬʘʟʦʚʦʝ ʨʘʩʩʣʦʝʥʠʝ, ʨʝʛʫʣʷʨʥʦʩʪʴ ʚ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʙʦʢʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʥʠʮʳ ʧʝʨʝʭʦʜʘ ʠʟ ʩʪʝʢʣʦ-

ʦʙʨʘʟʥʦʛʦ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘ-

ʥʠʷ [9, 10, 20, 24, 29]. ʉʦʩʪʦʷʥʠʝ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝ-

ʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʠʣʘʪʦʤʝʪʨʠʠ [9]. ɼʣʷ ʵʪʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʙʳʣʘ ʧʦʚʳʰʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝ-

ʪʦʜʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [30], ʧʨʦʬʠʣʦʤʝʪʨʠʠ [31], ʛʨʘʚʠ-

ʤʝʪʨʠʠ [32]. 

ʆʙʰʠʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʠʢʨʦ- ʢ ʤʝʟʦʫʨʦʚʥʶ ʤʳ ʧʦʣʫʯʘʝʤ ʤʝʪʦʜʘʤʠ ʪʝʨʤʦ-

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʠʪʦʛʝ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ, ʫʜʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ɹʇ: ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʚ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʩʪʝʨʞʥʷʭ [32], ʛʨʘʜʠʝʥʪ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʪʦʣʱʠʥʝ ʧʣʘʩʪʠʥ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʵʢʧʦ-

ʥʠʨʦʚʘʥʠʷ [24,25], ʧʝʨʝʨʘʩʪʘʥʠʝ ʤʠʨʦʪʨʝʱʠʥ ʚ ʤʘʢʨʦʪʨʝʱʠʥʳ [26], ʨʘʟʣʠʯʠʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʜʠʬ-

ʬʫʟʠʠ ʚʣʘʛʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʩʪʝʨʞʥʷ ʠʣʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [31], ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʫʜʘʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʠʟ ʦʙʲʝʤʘ ʇʂʄ ʦʪ ʨʘʟʤʝʨʦʚ ʪʝʩʪʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ [33]. 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ɹʇ ʥʘ ʪʨʝʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [23]. ɺ 

ʥʝʡ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʵʧʦʢʩʠʜʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ ʜʠʘʤʝʪ-

ʨʦʤ 6, 8, 10 ʤʤ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʗʢʫʪʩʢʘ ʠ ʊʠʢʩʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʦʟʠʮʠʠ 

ʩʦʩʪʘʚʠʣʘ 54 ʤʝʩʷʮʘ. ʉʪʝʨʞʥʠ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ ʠʩʧʳʪʳʚʘʣʠʩʴ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝ ʟʘʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʦʨʦʤ ʥʝʡʪʨʘʣʴʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʤʠʢʨʦʦʨ-

ʛʘʥʠʟʤʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ: ʘʢʪʠʥʦʙʘʢʪʝʨʠʡ ʨʦʜʘ Streptomyces, ʩʧʦʨʦʦʙʨʘ-

ʟʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus, ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʳ ʨʦʜʦʚ Aspergillus ʠ Penicillium. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ 

12, 24 ʠ 54 ʤʝʩʷʮʝʚ ʵʢʩʧʦʟʠʮʠʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ 

ʩʪʝʨʞʥʝʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 5ï14 % ʠʟ-ʟʘ ʜʦʦʪʚʝʨʞʜʝʥʠʷ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʳ. ɺ ʙʠʦʟʘʨʘʞʝʥʥʳʭ 

ʩʪʝʨʞʥʷʭ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 11 %. ʂʣʝʪʢʠ ʙʘʢʪʝʨʠʡ ʠ ʤʠʮʝʣʠʡ ʧʣʝʩʥʝʚʳʭ ʛʨʠ-

ʙʦʚ, ʧʨʦʥʠʢʰʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʘʨʤʘʪʫʨʳ, ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠ-

ʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʪʠʶ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʫʭʫʜʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʦʡ ʘʨʤʘʪʫʨʳ, ʥʦ ʪʘʢʞʝ ʚʳʟʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬ-

ʬʫʟʠʠ ʚʣʘʛʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʝʨʞʥʝʡ. 

ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʥʝʜʘʚʥʦ ʟʘʚʝʨʰʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [33], ʚ ʢʦʪʦʨʦʡ ʚʳʷʚ-

ʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ɹʇ ʥʘʜ ʉʇ. ʇʣʘʩʪʠʥʳ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ ʵʢʩʧʦʥʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 3 ʣʝʪ ʥʘ ʦʪʢʨʳ-

ʪʦʤ ʩʪʝʥʜʝ ʚ ʫʩʣʦʚʠʷʭ ʗʢʫʪʩʢʘ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ɹʇ ʠ ʉʇ ʧʨʦʠʩʭʦʜʠʪ ʜʝʩʪʨʫʢʮʠʷ 

ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʳ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩ-

ʪʷʞʝʥʠʠ, ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʚ ʦʙʲʝʤʝ ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʧʣʘ-

ʩʪʠʥ, ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʠʟʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡ-

ʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʉʨʘʚʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʷʚʣʷʝʪʩʷ 
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ʜʝʡʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʫʩʠʣʠʚʘʶʱʝʝʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʪʝʢʣʷʥʥʳʭ, ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ʠ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪ-

ʨʠʮʳ. 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʚʦʟʨʘʩʪʘʥʠʝ ʧʦʪʝʨʴ ʤʘʩʩʳ ʚ 

ʇʂʄ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʭ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʙʦʙʱʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

 

  
a) ʙ) 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ 405 ʩʫʪʦʢ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʥʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ɹʇ ʠ ʉʇ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ:  

ʘ) ï ʩʪʘʨʝʥʠʝ ʥʘ ʦʪʢʨʳʪʦʤ ʩʪʝʥʜʝ, ʙ) ï ʩʪʘʨʝʥʠʝ ʚ ʘʥʛʘʨʝ 

 
ʇʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʥʘ ʦʪʢʨʳʪʦʤ ʩʪʝʥʜʝ ʦʙʨʘʟʮʳ ʦʙʦʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʝʨʷʣʠ ʤʘʩʩʫ. ɼʣʷ ʦʙʨʘʟʮʦʚ 

ʨʘʟʤʝʨʘʤʠ 10ʭ10 ʤʤ ʧʦʪʝʨʠ ʤʘʩʩʳ ʙʳʣʠ ʥʘʠʙʦʣʴʰʠʤʠ ʠ ʩʦʩʪʘʚʠʣʠ 2,3 % ʚ ʉʇ ʠ 1, 3 % ʚ ɹʇ. ʇʨʠ 
ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʦʚ ʜʦ 20ʭ20 ʤʤ ʧʦʪʝʨʠ ʤʘʩʩʳ ʫʤʝʥʴʰʠʣʠʩʴ ʜʦ 0,9 % ʠ 0,5 %, ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ. ʆʙʨʘʟʮʳ ʨʘʟʤʝʨʘʤʠ 40ʭ40 ʤʤ ʪʝʨʷʣʠ ʤʘʩʩʫ ʥʘ ʫʨʦʚʥʝ 0,3% ʠ 0,1 %. (ʨʠʩ. 2a). 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʚ 
ʘʥʛʘʨʝ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʧʦʪʝʨʶ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʘʥʛʘʨʝ ʥʝ ʜʝʡʩʪʚʫʝʪ ʋʌ ʦʙʣʫ-
ʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʋʌ ʦʙʣʫʯʝʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 30-50 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 2ʙ). ʅʦ ʵʪʠ ʧʦʪʝʨʠ ʜʦʩʪʘʪʦʯʥʦ ʩʫʱʝʩʪʚʝʥʥʳ, ʯʪʦʙʳ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʭ ʧʨʠ-
ʯʠʥʦʡ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʩʪʘʨʝʥʠʷ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʤʠʢʨʦ-, ʤʝʟʦ- ʠ 
ʤʘʢʨʦʫʨʦʚʥʝʡ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 
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Abstract. The development of the oil and gas industry is solely related to the development of new north-

ern territories of the Russian Federation. The development of deposits in permafrost conditions dramatically 

increases the cost of construction, primarily foundation work. One of the ways to reduce the cost of construc-

tion is to abandon the post-welding heat treatment of welded joints of straight seam welded microwave pipes. 

The paper presents the results of studies of mechanical properties, corrosion resistance, crack resistance, and 

fatigue tests confirming the possibility of eliminating excessive heat treatment. 
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ʆʩʥʦʚʥʦʝ ʨʘʟʚʠʪʠʝ ʥʝʬʪʝ- ʠ ʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦ- ʧʦʩʣʝ-

ʚʦʝʥʥʳʡ ʧʝʨʠʦʜ ʩ ʩʝʨʝʜʠʥʳ 30-ʭ ʜʦ ʢʦʥʮʘ 50-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʥʘʯʘʣʦʩʴ ʦʩʚʦʝʥʠʝ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ï ʚ ʇʨʠʚʦʣʞʴʝ, ʚ ʨʘʡʦʥʝ 

ʋʭʪʳ, ʇʝʯʦʨʩʢʦʤ ʠ ʉʪʘʚʨʦʧʦʣʴʩʢʦʤ ʨʝʛʠʦʥʘʭ. ʀʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʜʝ-

ʣʘʣʦ ʥʘʰʫ ʩʪʨʘʥʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʧʦʩʪʘʚʦʢ ʨʝʩʫʨʩʦʚ, ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ 

ʥʦʚʦʡ ʦʪʨʘʩʣʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʥʘʮʝʣʝʥʥʦʡ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʦʱʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʜʦ-

ʙʳʯʠ, ʧʝʨʝʢʘʯʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. ʅʘʯʠʥʘʷ ʩ 80-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʜʦʙʳʯʠ ʵʥʝʨʛʦʨʝ-

ʩʫʨʩʦʚ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʘʣ ʩʤʝʱʘʪʴʩʷ ʚ ʩʝʚʝʨʥʳʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ ʨʝʛʠʦʥʳ ʩʪʨʘʥʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʦʩʚʦʝʥʠʷ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ ʨʝʩʫʨʩʳ, ʦʜʥʘʢʦ ʠʭ ʧʦʩʪʝʧʝʥʥʦʝ 

ʠʩʯʝʨʧʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʦʚʘʣʦ ʠʟʤʝʥʠʪʴ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʨʘʟʚʝʜʘʥʥʳʭ ʦʙʲʝʤʦʚ. ʋʞʝ ʚ 

ʥʘʯʘʣʝ ʍʍI ʚʝʢʘ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʚʣʝʯʝʥʠʷ ʚ ʜʦʙʳʯʫ ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʠʪʠʢʠ ʜʦʙʳʯʠ ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʜʭʦʜʘ ʢ ʧʨʦʮʝʩʩʫ ʩʙʦʨʢʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʨʦʜʫʢʪʘ. ʅʘ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʩʙʦʨʘ, ʢʦʛʜʘ ʜʦʙʳʚʘʝʤʳʡ ʬʣʶʠʜ ʠʟ ʢʫʩʪʦʚ ʩʢʚʘʞʠʥ ʧʦʜʘʝʪʩʷ ʥʘ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʪʘʤ, ʜʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʧʨʦʭʦʜʠʪ ʧʨʦʤʳʩʣʦʚʫʶ ʦʯʠʩʪʢʫ ʠ ʦʙʨʘʙʦʪʢʫ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʜʫʢʪʘ. ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʯʠʱʝʥʥʳʡ ʧʨʦʜʫʢʪ 

ʩ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʩʪʫʧʘʝʪ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʛʘʟʦ- ʠʣʠ ʥʝʬʪʝʧʨʦʚʦʜ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʝʨʝ-

ʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~34~ 

ɺ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʩʙʦʨʢʠ 

ʬʣʶʠʜʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘ ʤʝʩʪʝ ʜʦʙʳʯʠ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ. ɿʘʪʝʤ ʬʣʶʠʜ ʧʦʩʪʫʧʘʝʪ ʚ 

ʩʙʦʨʥʳʡ ʢʦʣʣʝʢʪʦʨ ʠ ʯʝʨʝʟ ʥʝʛʦ, ʧʦʜʘʝʪʩʷ ʥʘ ʩʙʦʨʥʳʡ ʧʫʥʢʪ ʜʣʷ ʝʛʦ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʠ ʦʙʨʘ-

ʙʦʪʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʙʦʪʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʦʜʘʝʪʩʷ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʠʣʠ ʯʝʨʝʟ ʩʝʧʘʨʘʮʠ-

ʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʤʳʩʣʦʚʳʝ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ ʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦʜʘʝʪʩʷ ʜʣʷ ʧʦʩʣʝ-

ʜʫʶʱʝʛʦ ʩʙʦʨʘ ʚ ʨʝʟʝʨʚʫʘʨʥʳʝ ʧʘʨʢʠ, ʘ ʟʘʪʝʤ ʚ ʥʝʬʪʝʧʨʦʚʦʜ ʥʘʟʝʤʥʦʡ ʠʣʠ ʧʦʜʟʝʤʥʦʡ ʧʨʦʢʣʘʜʢʠ. ɺʘ-

ʨʠʘʥʪ ʧʨʦʢʣʘʜʢʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʣʦʛʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ ʜʦʙʳʯʠ [1]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʪʘʣʠ ʦʙʣʘʩʪʠ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʝ ʚ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ 90% ʜʦʙʳʯʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 

ʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʥʝʬʪʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʜʦʙʳʚʘʶʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʤʘʣʦ-ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʢʨʫʛʘ [2]. ʇʦʜʦʙʥʦʝ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʦʚ ʜʦʙʳʯʠ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ ʚ ʩʣʘʙʦ ʦʩʚʦʝʥʥʳʝ 

ʩʝʚʝʨʥʳʝ ʦʢʨʘʠʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʦʙʫʩʪʨʦʡʩʪʚʝ ʥʦʚʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʧʣʦʱʘʜʦʢ. ʇʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ [3] ʢ ʪʘʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʪʥʦʩʷʪʩʷ: 

1. ʋʜʘʣʝʥʥʦʩʪʴ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʨʝʛʠʦʥʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʩʣʦʞʥʦʩʪʠ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʪʦʠʤʦʩʪʠ ʜʦʩʪʘʚʢʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʯʝʡ ʩʠʣʳ; 

2. ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʛʝʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʩʫʨʦʚʦʤ ʢʣʠʤʘʪʝ, 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʝʢ ʠ ʦʟʝʨ, ʚʳʩʦʢʦʡ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʭʦʜʠʤʦʩʪʴ ʪʝʭʥʠʢʠ ʠ ʚʝ-

ʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ; 

3. ʉʣʦʞʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʝʨʨʠʪʦʨʠʠ ʦʩʚʦʝʥʠʷ ʠ ʦʙʫʩʪʨʦʡʩʪʚʘ ʩʝʚʝʨʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ ʦʙʫʩʪʨʦʡʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʉʦʛʣʘʩʥʦ ɺʉʅ 39.1.06-84 ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʫʩʪʨʦʡʩʪʚʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʟʤʝʱʘʝʤʦʝ 

ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ ʜʦʙʳʯʠ ʠ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪʨʝʙʫʶʱʝʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

ʬʫʥʜʘʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʕʪʦ ʢʘʨʢʘʩʥʳʝ ʟʜʘʥʠʷ ʠ ʟʜʘʥʠʷ ʩ ʥʝʩʫʱʠʤʠ ʩʪʝʥʘʤʠ; 

ʙʣʦʯʥʦ-ʢʦʤʧʣʝʢʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ; ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʮʝʭʘ, ʧʨʝʩʩʳ ʠ ʜʨʫʛʠʝ ʘʛʨʝʛʘʪʳ; ʥʘʜʟʝʤʥʳʝ, ʟʘʛʣʫʙ-

ʣʸʥʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʠ ʩʦʦʨʫʞʝʥʠʷ; ʦʪʢʨʳʪʳʝ ʧʣʦʱʘʜʢʠ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʥʠʭ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʝʤʢʦʩʪʷʤʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʪ. ʧ. [4]. ʂʨʦʤʝ ʦʩʥʦʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʧʣʦʱʘʜʢʘʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ï ʩʢʣʘʜʩʢʠʝ ʧʦ-

ʤʝʱʝʥʠʷ, ʛʘʨʘʞʠ, ʧʦʞʘʨʥʳʝ ʜʝʧʦ, ʚʘʭʪʦʚʳʝ ʞʠʣʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʙʲʝʢʪʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʵʪʠ ʩʦʦʨʫʞʝʥʠʷ ʠ ʦʙʲʝʢʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʚʘʡʥʳʝ 

ʬʫʥʜʘʤʝʥʪʥʳʝ ʦʩʥʦʚʘʥʠʷ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʉʇ 25.13330.2020 [5], ʧʨʠ-

ʯʝʤ ʢʘʞʜʘʷ ʚʪʦʨʘʷ ʩʚʘʷ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ, ï ʙʫʨʦʦʧʫʩʢʥʘʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʪʘʢʠʭ, ʩʚʘʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʝʞʝʛʦʜʥʦ ʥʝʬʪʝ- ʠʣʠ ʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʢʦʤʧʘʥʠʝʡ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝ-

ʩʷʪʢʦʚ ʪʳʩʷʯ ʰʪʫʢ, ʩʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʘʚʦʢ ʩʚʘʡ ʚ ʩʝʚʝʨʥʳʝ ʨʝʛʠʦʥʳ ʩʪʨʘʥʳ ʧʨʝʚʳʰʘʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ, ʘ ʤʘʩʩʘ ʧʦʩʪʘʚʢʠ ï ʪʳʩʷʯʠ ʪʦʥʥ [6]. 

ʇʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ ʊʕʂ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠ-

ʤʫʶ ʧʨʦʯʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ ʠ ʦʙʣʘʜʘʶʪ ʥʘʜʝʞʥʦʩʪʴʶ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ. ʆʜ-

ʥʘʢʦ ʩʚʘʡʥʦʝ ʦʩʥʦʚʘʥʠʝ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ ï ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʤʝʪʘʣʣʘ (ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʡ ʧʦ ʛʨʫʥʪʫ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʤʘʪʝʨʠ-

ʘʣʫ), ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʠ ʥʠʟʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥ-

ʜʘʤʝʥʪʘ ʚ ʮʝʣʦʤ; ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʩʚʘʠ ʦʪ ʛʨʫʥʪʦʚʦʡ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫ-

ʘʣʴʥʦ ʜʣʷ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ [3]. 

ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʄʄɻ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʠ ʚ ʦʜʥʦʤ 

ʠʟ ʩʣʫʯʘʝʚ ʘʚʘʨʠʡʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʡ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʟʨʫ-

ʰʝʥʠʷ ʤʝʪʘʣʣʘ ʩʚʘʡʥʳʭ ʦʧʦʨ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʭʣʘʜʦʩʪʦʡʢʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʩʚʘʠ, ʩ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʝʤ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʷʤʦʰʦʚʥʦʡ ʩʚʘʨʥʦʡ ʪʨʫʙʳ ʢʘʢʠʭ-ʣʠʙʦ ʜʝʬʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʭʨʫʧʢʠʭ 

ʪʨʝʱʠʥ, ʧʦʪʝʨʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʣʠ ʥʘʨʫʰʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʪʨʫʙʳ. ɽʜʠʥʩʪʚʝʥʥʳʤ 

ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ, ʷʚʣʷʣʘʩʴ ʧʨʦʙʣʝʤʘ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝ-

ʥʠʡ, ʯʪʦ ʩʣʝʜʫʝʪ ʩʚʷʟʳʚʘʪʴ ʩ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʚʘʠ ʠ ʨʘʟʚʠʪʠʝ ʭʨʫʧʢʠʭ 

ʪʨʝʱʠʥ ʟʘʤʝʜʣʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʧʦʪʝʨʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʩʚʘʡʥʦʛʦ ʧʦʣʷ ʠ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʥʘʛʨʫʟʦʢ ʥʘ ʩʚʘʶ ʩʦ ʩʞʠʤʘʶʱʠʭ ʥʘ ʠʟʛʠʙʘʶʱʠʝ. 

ʆʙʳʯʥʦ ʩʪʘʣʴʥʳʝ ʩʚʘʠ, ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʧʨʠ ʦʙʫʩʪʨʦʡʩʪʚʝ ʧʣʦʱʘʜʦʢ ʜʦʙʳʯʠ ʠ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʝʢʪʠʨʫʶʪ ʠʟ ʩʪʘʣʴʥʳʭ ʧʨʷʤʦʰʦʚʥʳʭ 

ʪʨʫʙ ʠʟʛʦʪʦʚʣʝʥʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʪʦʢʘʤʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ï ʉɺʏ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~35~ 

ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʉʇ16.13330.2017 [8] ʚʩʝ ʪʨʫʙʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʯʘ-

ʩʪʦʪʥʦʡ ʩʚʘʨʢʠ (ʉɺʏ) ʠ ʠʜʫʱʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʚʘʡ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ [9,10], ʦʙʲ-

ʝʤʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʥʝ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ ʜʝʬʝʢʪʳ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʉɺʏ ʤʝʪʦʜʦʤ, ʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʟʘ ʩʯʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʩʚʘʨʢʝ ʫʩʠʣʝʥʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ. 

ʆʙʦʩʥʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʚʘʡ ʧʦʩʣʝ ʩʚʘʨʢʠ ʜʘʚʣʝʥʠʝʤ ʩ ʥʘʛʨʝʚʦʤ ʟʦʥʳ 

ʩʪʳʢʘ ʪʦʢʘʤʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʝʞʜʫ ʤʝʪʘʣʣʦʤ ʩʚʘʨ-

ʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [6-11] ʪʘʢʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʘ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʠ 

ʨʘʟʫ ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʘʚʘʨʠʡʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ ʦʢʘʟʳʚʘʣʦʩʴ ʩʚʷʟʘʥʥʳʤ ʩ ʢʘʢʠʤʠ-ʣʠʙʦ 

ʩʚʦʡʩʪʚʘʤʠ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʉʇ 25.13330.2020, ʜʝʢʣʘʨʠʨʫʷ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʪʨʫʙ, ʥʝ ʧʨʦʧʠʩʳʚʘʝʪ ʨʝʞʠʤ ʵʪʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʥʝ ʜʘʝʪ ʩʩʳ-

ʣʦʢ ʥʘ ʜʨʫʛʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ, ʛʜʝ ʵʪʠ ʨʝʞʠʤʳ ʤʦʛʫʪ ʙʳʪʴ ʫʢʘʟʘʥʳ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ, ʫʩʪʘʣʦʩʪʥʳʝ ʠ ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʷʤʦʰʦʚʥʳʭ ʩʚʘʨʥʳʭ, 

ʤʝʪʦʜʦʤ ʉɺʏ, ʪʨʫʙ ʠʟ ʩʪʘʣʠ 09ɻ2ʉ (ɻʆʉʊ 20295-85), ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʫʨʦʦʧʫʩʢʥʳʭ 

ʩʚʘʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʠʛʦʥʝ ʗʅʎ ʉʆ ʈɸʅ. ʉʨʦʢ ʧʦʣʠʛʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʦ-

ʩʪʘʚʠʣ ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ ʛʦʜʘ, ʘ ʚʳʙʦʨ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʦʙʦʩʥʦʚʘʥ ʪʝʤ, ʯʪʦ ʛʝʦ-ʢʣʠʤʘʪʠ-

ʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʣʠʛʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʦʩʥʦʚ-

ʥʦʛʦ ʜʦʙʳʚʘʶʱʝʛʦ ʨʝʛʠʦʥʘ ï ʗʅɸʆ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʫʙʳ ʩ ʦʙʲʝʤʥʦʡ 

ʠ ʣʦʢʘʣʴʥʦʡ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ ʙʝʟ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʙʫʨʦʦʧʫʩʢʥʳʭ ʩʚʘʡ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʭ ʠʟ ʧʨʷʤʦʰʦʚʥʳʭ ʪʨʫʙ, ʧʨʦʚʝʜʝʥʘ ʧʫʪʝʤ ʠʩʧʳʪʘʥʠʡ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʤʝʪʘʣʣʘ ʩʚʘʨʥʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Instron 8850 ʠ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʥʘ 

ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ Instron ʤʦʜ. 600MPX (ɻʆʉʊ 1497-84, ɻʆʉʊ 6996-66, ɻʆʉʊ 9454-78). ʄʝʪʘʣʣʦʛʨʘ-
ʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʰʣʠʬʘʭ ʚʳʧʦʣʥʝʥ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ çReichert-Jung MeF3Aè 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʷʭ ʚ 50ï500 ʨʘʟ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ ʥʘ ʧʨʠʙʦʨʝ çReichert-

Jung Micro-Duromat 4000Eè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʮʝʜʫʨʦʡ ɻʆʉʊ 9450-76. ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʤʝ-

ʪʘʣʣʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʠʩʧʳʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 9.908-85. ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʘʣʦʩʪʴ 

ʚʳʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 25.502-79. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ ʤʝʪʘʣʣʘ ʩʚʘʨ-

ʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʚʘʡ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʋɼ2ɺ-46ʇ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 55724-2013. ʄʘʛʥʠʪʦʧʦʨʦʰʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ 565123-2015. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʩʚʘʡ ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʫʘʣʴʥʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠ 

ʤʘʛʥʠʪʦʧʦʨʦʰʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʪʨʫʙ ʦʪʩʫʪʩʪʚʫʶʪ ʥʝʜʦʧʫʩʪʠʤʳʝ 

ʜʝʬʝʢʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙ ʧʦʜʪʚʝʨʜʠʣ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 20295ï85. ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʩʚʘʠ ʙʳʣʠ 

ʧʦʛʨʫʞʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʜʝʢʘʙʨʝ 2022 ʛ ʠ ʠʟʚʣʝʯʝʥʳ ʚ 

2025 ʛ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʩʚʘʡ ʩʦʩʪʘʚʣʷʣʘ ʤʠʥʫʩ 30 ï ʤʠʥʫʩ 35 0ʉ. 

ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʩʚʘʡ ʚ 2025 ʛ. ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʦʚʪʦʨʥʳʡ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʩʚʘʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʜʝʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʜʣʠʪʝʣʴʥʳʤ 

ʧʨʝʙʳʚʘʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʠʛʦʥʘ ʠʣʠ ʨʘʟʚʠʪʠʷ ʨʘʥʝʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʳʭ ʰʚʦʚ. 

ʀʟʚʣʝʯʝʥʥʳʝ ʩʚʘʠ (ʪʨʫʙʥʳʝ ʵʣʝʤʝʥʪʳ ʩʚʘʡ) ʙʳʣʠ ʨʘʟʨʝʟʘʥʳ ʥʘ ʦʙʨʘʟʮʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘ-

ʥʠʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʪʨʫʙ (ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ 

ʥʘʣʠʯʠʷ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ) ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ: ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ  

450ï470 ʄʇʘ, ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 560ï610 ʄʇʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 25ï30%. ɺ ʭʦʜʝ ʠʩ-

ʧʳʪʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙ ʧʦ ɻʆʉʊ 6996-66 ï ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʩ-

ʧʳʪʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʨʘʟʨʫʰʝʥʳ ʧʦ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʣʫ ï ʪʦ ʝʩʪʴ ʧʨʦʯʥʦʩʪʴ ʩʚʘʨʥʳʭ ʰʚʦʚ ʧʨʝʚʳ-

ʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʪʨʫʙ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ ʪʨʫʙ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʠʜʘʤʠ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ ʙʝʟ ʥʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʢʘʢ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ, ʪʘʢ ʠ ʧʦʩʣʝ ʧʦʣʠʛʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʩʧʳ-

ʪʘʥʠʷʤ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʉʇ 16.13330.2016 ʨʘʟ-

ʨʝʰʘʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʚʘʡ, ʧʨʦʜʦʣʴʥʳʝ ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʦʪʦʨʳʭ, ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 60 0ʉ ʦʙʣʘʜʘʶʪ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 34 ɼʞ/ʩʤ2. ɼʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 



EURASTRENCOLD-2025  

ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~36~ 

ʠʩʧʳʪʘʥʠʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʪʨʫʙʳ ʩ ʦʙʲʝʤʥʦʡ (1) ʠ ʣʦʢʘʣʴʥʦʡ (2) ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʦʡ ʠ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (3) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙ 

ʊʨʫʙʘ KCV ɼʞ/ʩʤ2 , ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0ʉ 

20 0 ï20 ï40 ï60 

1 64 55 51 29 14 

2 53 51 47 25 12 

3 52 49 46 26 14 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʥʠ ʦʜʥʘ ʠʟ ʪʨʝʭ ʪʨʫʙ ʩ ʨʘʟʣʠʯʥʳʤ ʚʠʜʦʤ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʉʇ 16.13330.2016. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

(ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ) ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʪʨʫʙ ʙʝʟ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʩʣʝ ʦʙʲʝʤʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ ʨʝʞʠʤʘʤ, ʧʨʠʥʷʪʳʤ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʘʭ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦ-

ʚʠʷʭ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ: ʥʘʛʨʝʚʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 930 ʦʉ ï ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʥʦʨʤʘʣʠʟʘʮʠʷ ʩʪʘʣʠ 09ɻ2ʉ, 680 ʦʉ ʠ 450 ʦʉ ï ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʩʦʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʦʪʧʫʩʢʘ, 

ʚʳʜʝʨʞʢʠ ʧʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 60 ʦʉ ʪʨʝʙʦʚʘʥʠʝ 

ʉʇ16.13330.2016 ʚʳʧʦʣʥʷʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʤʝʪʘʣʣʝ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

(930 ʦʉ 2 ʯʘʩʘ ʚʳʜʝʨʞʢʠ ʦʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ) ï ʪʦ ʝʩʪʴ ʥʠ ʦʜʠʥ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʨʫʙʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʩʚʘʡ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʝ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 16.13330.2016. 

ɸʥʘʣʠʟ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʚʘʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʨ-

ʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʠʩʣʳʭ ï 1ï5 ʤʘʩʩ. % ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʩ 

ʜʦʚʝʜʝʥʠʝʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦ pH = 3; ʠ ʱʝʣʦʯʥʳʭ ï 2ï5 ʤʘʩʩ. % ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,1 ʤʘʩʩ. % ʜʦʚʝʜʝʥʠʝʤ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʜʦ pH = 11 ʩʨʝʜʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

0,3 ʤʤ/ʛʦʜ ʚ ʢʠʩʣʳʭ ʠ ʦʢʦʣʦ 0,1 ʤʤ/ʛʦʜ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. ʀʤʠʪʘʮʠʷ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʘʡ (ʧʦ-

ʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʨʝʜ) ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ. 

ɺʣʠʷʥʠʷ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʟʦʥ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʪʨʫʙ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

ɸʥʘʣʠʟ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙ ʧʨʦʚʝʜʝʥ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 25.502-79 ʥʘ 

ʙʘʟʝ 2 000 000 ʮʠʢʣʦʚ, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 353 ʄʇʘ (60 % ůʚ ʩʪʘʣʠ 09ɻ2ʉ). ɺʩʝ ʦʙʨʘʟʮʳ ʰʚʦʚ ʙʝʟ ʚʠʜʠʤʳʭ 

ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʉɺʏ ʩʚʘʨʢʠ, ʚʳʜʝʨʞʘʣʠ ʠʩʧʳʪʘʥʠʷ ʙʝʟ ʨʘʟ-

ʨʫʰʝʥʠʷ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʫʩʪʘʣʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʩʚʘʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ. ʆʩʥʦʚʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʚʳʷʚʣʝʥʥʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʠ-

ʣʠʩʴ ï ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʠ ʨʘʩʩʝʷʥʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʙʣʠʩʪʝʨʳ, ʪʨʝʱʠʥʳ ʠ ʦʢʩʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʟʦʥʝ 

çʙʝʣʦʡ ʣʠʥʠʠè. 

ʆʮʝʥʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ (CTOD) ï ŭʩ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ɻʆʉʊ 25.506-85 ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠʭ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝ-

ʣʘʭ ï 0,35ï0,40 ʤʤ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʟʦʥ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʨʫʙʳ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝ ʦʙʲʝʤʥʦʡ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʧʦʩʣʝ ʧʦʣʠʛʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʪʨʝ-

ʱʠʥʦʩʪʦʡʢʦʩʪʴ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʷʤʦʰʦʚʥʳʭ ʪʨʫʙ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʉɺʏ ʠ ʠʩʧʦʣʴʟʦʚʘʥ-

ʥʳʭ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʫʨʦʦʧʫʩʢʥʳʭ ʩʚʘʡ ʜʣʷ ʬʫʥʜʘʤʝʥʪʦʚ ʚ ʟʦʥʝ ɸʨʢʪʠʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘ-

ʪʦʨʥʳʭ ʠ ʧʦʣʠʛʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ: 

ï ʧʦʩʣʝʩʚʘʨʦʯʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʠʤʳʝ ʚ ʫʩʣʦʚʠʷʭ ʪʨʫʙʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʞʠʤʳ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʳ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʩʚʘʨʢʠ ʪʦʢʘʤʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ; 

ï ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝʩʚʘʨʦʯʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʥʝ ʦʢʘ-

ʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʚʘʡ ʠʟ ʩʪʘʣʠ 09ɻ2ʉ ʢʘʢ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʩʪʘʚʢʠ, ʪʘʢ ʠ ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʚʳʜʝʨʞʢʠ ʚ ʛʨʫʥʪʘʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 
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ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ FSEG-2024-0009 ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʜʝʛʨʘʜʘ-
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ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ). 
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ʅʆʈʄ ʀ ʄɽʊʆɼʆɺ ʂʆʅʊʈʆʃʗ ʂɸʏɽʉʊɺɸ ʉɺɸʈʅʓʍ 

ʉʆɽɼʀʅɽʅʀʁ ʀ ʄɸʊɽʈʀɸʃʆɺ 
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ɸʥʥʦʪʘʮʠʷ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʗʢʫʪʠʠ (ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʙ-

ʨʘʮʠʠ, ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ) ʚʳʟʳʚʘʶʪ ʫʩʢʦʨʝʥʥʳʡ ʠʟʥʦʩ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʧʨʠʤʝʨʝ 

ʙʫʣʴʜʦʟʝʨʦʚ ʚʳʷʚʠʣʦ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʝ ʫʟʣʳ: ʢʦʨʦʥʢʠ/ʩʪʦʡʢʠ ʨʳʭʣʠʪʝʣʷ ʠ ʛʫʩʝʥʠʯʥʳʡ ʜʚʠʞʠʪʝʣʴ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ ʢʦʨʦʥʦʢ ʦʪ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʢʘʟʘʣ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʠ ʦʪ ʪʚʸʨʜʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ 

ʢʦʚʘʥʳʝ ʢʦʨʦʥʢʠ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʪʨʝʙʦʚʘʥʠʡ ʢ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ 

ɸʨʢʪʠʢʠ ʠ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʣʘʚʢʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ çɸʣʤʘʟʘʤ ɸʥʘʙʘʨʘè ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘ-

ʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʢʦʨʦʥʦʢ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʥʦʩ, ʢʦʨʦʥʢʘ ʨʳʭʣʠʪʝʣʷ, ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʠʤ-

ʧʫʣʴʩʥʦ-ʜʫʛʦʚʘʷ ʥʘʧʣʘʚʢʘ 
 

ABRASIVE WEAR OF MINING EQUIPMENT COMPONENTS IN THE ARCTIC  
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Abstract. The climate and mining conditions of Yakutia (temperature fluctuations, vibrations, shock 
loads) cause accelerated wear of quarry equipment. A study on bulldozers identified the most vulnerable com-
ponents: ripper tips/shanks and the crawler system. Laboratory analysis of tips from various manufacturers 
revealed a direct correlation between wear resistance and both hardness and low-temperature impact tough-
ness. Forged tips demonstrated the best results. Practical solutions include developing special material re-
quirements for the Arctic and implementing hardfacing technology. This has allowed Almazy Anabara to sig-
nificantly reduce annual tip consumption and improve operational efficiency. 
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ɺʚʝʜʝʥʠʝ. ʀʥʪʝʥʩʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ɸʨʢʪʠʢʠ ʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʦ ʧʨʦʙʣʝʤʫ ʥʠʟʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʝʭʥʠʢʠ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ [1], ʯʪʦ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝ-
ʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʝʩʫʨʩ ʤʘʰʠʥ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 2ï3 ʨʘʟʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʧʘʜʘʝʪ ʚ 1,5ï2 ʨʘʟʘ, ʘ 
ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʚʦʟʨʘʩʪʘʶʪ ʚ 5ï8 ʨʘʟ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʪʢʘʟʘ ʪʝʭʥʠʢʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ 
ʜʦʩʪʠʛʘʶʪ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ: 0,5 ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, 0,55ï0,6 ʜʣʷ ʪʨʘʢʪʦʨʦʚ ʠ 0,8 ʜʣʷ ʵʢʩʢʘʚʘʪʦʨʦʚ. 

ʇʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʦʩʩʳʧʷʭ ʗʢʫʪʠʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʫʣʴ-
ʜʦʟʝʨʥʦ-ʵʢʩʢʘʚʘʪʦʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʥʦʛʦʣʝʪʥʷʷ ʤʝʨʟʣʦʪʘ ʧʨʠʚʦʜʷʪ ʢ ʠʭ ʫʩʢʦ-
ʨʝʥʥʦʤʫ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʥʘʛʨʫʟʦʢ, ʧʨʦʩʪʦʝʚ ʠ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ [2]. ɽʞʝ-
ʛʦʜʥʳʝ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ ʠʩʯʠʩʣʷʶʪʩʷ ʪʳʩʷʯʘʤʠ ʪʦʥʥ [3]. 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~39~ 

ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʨʘʟʨʫʰʝʥʠʷ ʜʝʪʘʣʝʡ (ʟʫʙʴʝʚ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʥʦʞʝʡ ʙʫʣʴʜʦʟʝʨʦʚ) ʷʚʣʷʝʪʩʷ ʘʙʨʘ-
ʟʠʚʥʳʡ ʠʟʥʦʩ [4ï6]. ʆʜʥʘʢʦ ʚʣʠʷʥʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʪʘʣʝʡ ʠʟʫʯʝʥʦ ʥʝʦʜʥʦ-
ʟʥʘʯʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ [7] ʢʦʥʩʪʘʪʠʨʫʶʪ ʫʭʫʜʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʥʘ ʭʦʣʦʜʝ, 
ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ [8] ʦʪʤʝʯʝʥ ʝʝ ʨʦʩʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 293 ʜʦ 240 ʂ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ. ʕʪʦ 
ʧʨʦʪʠʚʦʨʝʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʚʣʠʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʭʝʤʳ ʘʙʨʘʟʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʭʘ-
ʨʘʢʪʝʨʘ ʥʘʛʨʫʟʢʠ [8]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʥʦʩ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 
ʬʘʢʪʦʨʦʚ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʥʘ ʧʨʠʤʝʨʝ ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʜʝʪʘʣʠ ʢʘʨʴʝʨʥʳʭ 
ʙʫʣʴʜʦʟʝʨʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʚ ɸʨʢʪʠʢʝ, ʠ ʥʘʡʪʠ ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʫʪʠ ʨʝʰʝʥʠʷ ʵʪʦʡ 
ʧʨʦʙʣʝʤʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʥʘʠʙʦʣʝʝ ʠʟʥʘʰʠʚʘʝʤʳʭ ʜʝʪʘʣʷʭ ʢʘʨʴʝʨʥʳʭ 
ʙʫʣʴʜʦʟʝʨʦʚ Komatsu ʠ çʏɽʊʈɸè, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ɸʨʢʪʠʢʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʠʤʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ (ʩʚʳʰʝ 65% ʧʘʨʢʘ ï Komatsu), ʘʢʮʝʥʪ ʥʘ ʦʪʝʯʝʩʪʚʝʥ-
ʥʳʝ ʘʥʘʣʦʛʠ (çʏɽʊʈɸè, çɼʉʊ-ʋʨʘʣè, ʠ ʜʨ.) ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ: 

¶ ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʥʘ ʪʚʝʨʜʦʤʝʨʝ AFFRI 206RTD (ʦʩʥʦʚʥʦʡ) ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʊʕʄʇ 2 
(ʜʣʷ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʡ). 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Foundry-master UVR. 

¶ ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʤʘʰʠʥʘ Zwick Roell Z600) ʠ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ 
ʧʨʠ ï50 ÁC (ʢʦʧʝʨ Amsler RKP 450). 

¶ ʆʮʝʥʢʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʠʤʠʪʠʨʫʶʱʝʡ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʝ ʚʦʟ-
ʜʝʡʩʪʚʠʝ. ʀʟʥʦʩ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʦʪʝʨʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 30-ʤʠʥʫʪʥʳʭ ʮʠʢʣʦʚ ʠʩʧʳʪʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʠʟʥʘʰʠʚʘʝʤʦʡ ʜʝʪʘʣʴʶ ʛʫʩʝʥʠʯʥʦʛʦ ʙʫʣʴʜʦʟʝʨʘ ʷʚʣʷʝʪʩʷ 
ʢʦʨʦʥʢʘ ʨʳʭʣʠʪʝʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ ï60 ÁC) ʚʦʟʤʦʞʥʳ ʭʨʫʧʢʠʝ 
ʨʘʟʨʫʰʝʥʠʷ ʨʘʙʦʯʝʡ ʯʘʩʪʠ. ʂʦʨʦʥʢʠ ʠʟʥʘʰʠʚʘʶʪʩʷ ʜʦ ʧʦʪʝʨʠ ʨʘʙʦʯʝʡ ʛʨʘʥʠ, ʪʝʨʷʷ ʜʦ 1/3 ʠʩʭʦʜʥʦʡ 
ʤʘʩʩʳ (16ï18 ʢʛ). ʇʝʨʝʤʝʱʝʥʠʝ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ ʧʨʝʚʳʰʘʝʪ 100 ʤʤ. ɺʦʩʩʪʘʥʦʚ-
ʣʝʥʠʝ ʢʦʨʦʥʦʢ ʜʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʩʠʣʴʥʳʡ ʨʘʟʙʨʦʩ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʦʨʦʥʦʢ ʦʪ ʨʘʟʥʳʭ 
ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʙʫʜʠʣʠ ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè ʧʨʦʚʝʩʪʠ ʩʝʨʠʶ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ 
ʧʦ ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʢʦʨʦʥʢʠ ʜʣʷ ʙʫʣʴʜʦʟʝʨʘ Komatsu D375 
ʠʟ ʀʪʘʣʠʠ, ʂʅʈ, ɸʚʩʪʨʘʣʠʠ, ʈʦʩʩʠʠ ʠ ʜʨ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʠʤʝʥʷʶʪ 
ʩʨʝʜʥʝʣʝʛʠʨʦʚʘʥʥʳʝ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ, ʙʣʠʟʢʠʝ ʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʤʘʨʢʘʤ 35ʍɻʉɸ, 30ʍɻʉɸ 
ʠ 30ʍɻʊ (ɻʆʉʊ 4543-71) [9]. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, %: 0,23ï0,30 ʉ; 0,31ï1,70 Si;  
0,64ï1,20 Mn ʠ 1,08ï1,67 Cr. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠʤʧʦʨʪʥʳʭ ʢʦʨʦʥʦʢ ʩʦʩʪʘʚʣʷʝʪ 1417ï1700 ʄʇʘ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ï  
1340ï1515 ʄʇʘ. ʅʘʠʣʫʯʰʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ (ŭ=10%) ʚʳʷʚʣʝʥʦ ʫ ʢʦʨʦʥʦʢ ˉ 1 ʠ 3. ʋ ʦʩʪʘʣʴ-
ʥʳʭ ʦʙʨʘʟʮʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʠʞʝ ʠʟ-ʟʘ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʧʦʨ (ʪʘʙʣʠʮʘ 1). ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ (KCU) ʧʨʠ 
ï50 ÁC ʢʦʨʦʥʦʢ ˉ 1, 3 ʠ 6 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʅʘʠʙʦʣʴʰʘʷ ʪʚʝʨʜʦʩʪʴ ï 47 HRC ï 
ʫ ʢʦʨʦʥʢʠ ˉ 1, ʥʘʠʤʝʥʴʰʘʷ (30ï32 HRC) ï ʫ ˉ 4 ʠ 6. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʨʦʥʢʠ  
ˉ 1, 2, 3 ʠ 5 ʠʤʝʶʪ ʩʦʧʦʩʪʘʚʠʤʫʶ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ˉ 4 ʠ 6. 
 

ʊʘʙʣʠʮʘ 1. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ ʢʦʨʦʥʦʢ 

 ̄ ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ, 

ůʚ, ʄʇʘ 

ʇʨʝʜʝʣ ʪʝ-

ʢʫʯʝʩʪʠ 

ůʪ, ʄʇʘ 

ʆʪʥʦʩʠ-

ʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ 

ŭ, % 

ʋʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ, 

KCU, 

ɼʞ/ʩʤĮ 

ʊʚʝʨ-

ʜʦʩʪʴ, 

ʅRC 

1. ITALRICAMBI (ʀʪʘʣʠʷ) 1700 1515 10,56 63 47 

2. ESTI S.R.L. (ʀʪʘʣʠʷ) 1417 1340 1,52 16 40 

3. 
Ningbo Lingfeng (ʂʅʈ, 

ʢʦʚʘʥʥʘʷ) 
1606 1475 10,14 65 46 

4. 
Ningbo Turbo Int.Trading 

Co. (ʂʅʈ) 
1472 1440 0,43 28 32 

5. Bradken (ɸʚʩʪʨʘʣʠʷ) 1540 1427 0,69 24 42 

6. ɿʃɸʊʄɸʐ (ʈʦʩʩʠʷ) 992 926 5,42 32 30 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~40~ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʷʤʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʪʚʝʨʜʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦ-

ʩʪʴʶ. ʅʘʠʙʦʣʴʰʠʡ ʤʘʩʩʦʚʳʡ ʠʟʥʦʩ ʟʘʬʠʢʩʠʨʦʚʘʥ ʫ ʢʦʨʦʥʦʢ ˉ 4 ʠ 6, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʘʤʦʡ ʥʠʟʢʦʡ 

ʪʚʝʨʜʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʩʪʘʣʴ ʢʦʨʦʥʢʠ ˉ 6 ʧʦʢʘʟʘʣʘ ʠ ʥʘʠʭʫʜʰʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʠ 

ʚʩʝʭ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʪʘʙʣ. 1). 

ʇʦʤʠʤʦ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʚʝʣʘ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʢʦʨʦʥʦʢ ʩ ʫʯʘʩʪʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʂʘʞʜʳʡ ʠʟʛʦʪʦʚʠʪʝʣʴ ʧʨʝʜʦʩʪʘʚʠʣ ʦʪ 9 ʜʦ 18 ʢʦʨʦʥʦʢ. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʦʧʫʩʢʘʣʘʩʴ ʜʦ ï47ÁC. 

ɺʦ-ʧʝʨʚʳʭ, ʚʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ ʩ ʢʨʝʧʣʝʥʠʝʤ: ʧʣʦʪʥʘʷ ʧʦʩʘʜʢʘ ʢʦʨʦʥʦʢ ʥʘ ʘʜʘʧʪʝʨ ʚʳʟʳʚʘʣʘ 

ʠʟʛʠʙ ʬʠʢʩʠʨʫʶʱʝʛʦ ʧʘʣʴʮʘ ʠ ʟʘʪʨʫʜʥʷʣʘ ʟʘʤʝʥʫ. ʇʨʠʯʠʥʦʡ ʧʦʩʣʫʞʠʣ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʟʘʟʦʨ ʚ ʦʪʚʝʨ-

ʩʪʠʠ ʢʦʨʦʥʢʠ. ɼʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʦʪʚʝʨʩʪʠʷ ʧʨʠʰʣʦʩʴ ʨʘʩʪʘʯʠʚʘʪʴ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʧʦ-

ʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʚʳʧʫʩʢʘʪʴ ʢʦʨʦʥʢʠ ʩ ʠʟʤʝʥʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. ɺʦ-ʚʪʦʨʳʭ, ʠʟʥʦʩ ʢʦʨʦʥʦʢ ʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʩʷ. ʈʘʟʥʠʮʘ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ ʨʳʭʣʝʥʠʷ ʜʦʩʪʠʛʘʣʘ 4 ʨʘʟ, 

ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ, ʘ ʧʨʝʜʧʨʠʷʪʠʝ ï ʢ ʚʳʙʦʨʫ ʥʘʠʙʦʣʝʝ ʠʟʥʦʩʦ-

ʩʪʦʡʢʠʭ ʚʘʨʠʘʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʢʦʨʦʥʢʠ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. ɺ-ʪʨʝʪʴʠʭ, ʢʦʨʦʥʢʘ ESTI S.R.L. (ʀʪʘʣʠʷ), ʠʤʝʶʱʘʷ 

ʥʘʠʤʝʥʴʰʫʶ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʨʘʟʨʫʰʠʣʘʩʴ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ɸʨʢʪʠʢʝ 

ʭʣʘʜʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʜʘʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʭʦʨʦʰʦ ʢʦʨʨʝ-

ʣʠʨʦʚʘʣʠ: ʢʦʨʦʥʢʠ ʩ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʢʘʟʘʣʠ ʣʫʯʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʇʦ ʠʪʦʛʘʤ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʨʦʥʢʘʤ ʜʣʷ ʘʨʢʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʚʢʣʶʯʘʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʚʝʨʜʦʩʪʠ, ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʨʠʷʪʠʶ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʳʭʣʝʥʠʷ ʠ ʩʦʢʨʘʪʠʪʴ ʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʢʦʨʦʥʦʢ 

ʩ 26 ʪʳʩ. ʜʦ 14ï16 ʪʳʩ. ʰʪʫʢ, ʧʦʣʫʯʠʚ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ɸʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʧʦʜʚʝʨʞʝʥʘ ʠ ʩʪʦʡʢʘ ʨʳʭʣʠʪʝʣʷ. ʈʝʩʫʨʩ ʩʪʦʝʢ ʨʘʟʣʠʯʘʝʪʩʷ: Komatsu D375 ï 

ʜʦ 7000 ʤʦʪʦʯʘʩʦʚ, ITALRICAMBI ï 6300-6400, ʪʦʛʜʘ ʢʘʢ ʆʆʆ çʇʨʦʬʝʩʩʠʦʥʘʣè ï ʣʠʰʴ 900ï1500 ʯʘ-

ʩʦʚ. ʅʠʟʢʠʡ ʨʝʩʫʨʩ ʧʦʩʣʝʜʥʠʭ ʯʘʩʪʦ ʩʚʷʟʘʥ ʩ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦ-

ʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʚʘʨʢʠ [10], ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʤʘʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʜʣʷ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʩʪʦʝʢ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʙʫʣʴʜʦʟʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʩʦʧʨʷʞʝʥʘ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʠʟʥʦʩʦʤ ʜʝ-

ʪʘʣʝʡ ʛʫʩʝʥʠʯʥʦʛʦ ʜʚʠʞʠʪʝʣʷ: ʪʨʘʢʦʚ, ʟʚʝʥʴʝʚ, ʧʘʣʴʮʝʚ ʠ ʚʪʫʣʦʢ. ʅʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤ ʫʟʣʦʤ ʷʚʣʷʝʪʩʷ 

ʧʘʨʘ ʪʨʝʥʠʷ çʚʪʫʣʢʘ-ʧʘʣʝʮè, ʥʘ ʢʦʪʦʨʫʶ ʚʦʟʜʝʡʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʤʸʨʟʣʳʤʠ ʧʦʨʦʜʘʤʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʱʠʡ ʨʝʩʫʨʩ ʪʝʭʥʠʢʠ. 

ʉʪʘʪʠʩʪʠʢʘ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʨʠʛʠʥʘʣʴʥʳʝ ʚʪʫʣʢʠ ʛʫʩʝʥʠʮʳ 

ʙʫʣʴʜʦʟʝʨʘ Komatsu D375 ʚ ʩʨʝʜʥʝʤ ʨʘʙʦʪʘʶʪ 3000ï4000 ʤʦʪʦʯʘʩʦʚ. ʇʦʩʣʝ ʚʳʧʨʝʩʩʦʚʢʠ ʠ ʧʦʚʦʨʦʪʘ 

ʥʘ 90Á ʠʭ ʨʝʩʫʨʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1500ï2000 ʤʦʪʦʯʘʩʦʚ, ʜʦʩʪʠʛʘʷ ʚ ʩʫʤʤʝ ʦʢʦʣʦ 5000 ʯʘʩʦʚ. ɸʥʘʣʦ-

ʛʠʯʥʫʶ ʥʘʨʘʙʦʪʢʫ ʠʤʝʶʪ ʜʝʪʘʣʠ BERCO, ʪʦʛʜʘ ʢʘʢ ʚʪʫʣʢʠ ʙʫʣʴʜʦʟʝʨʘ ʏɽʊʈɸ ʩʣʫʞʘʪ ʚ ʩʨʝʜʥʝʤ 

2300 ʤʦʪʦʯʘʩʦʚ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʚʦʨʦʪʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʘʣʴʮʳ ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʩʝʯʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʟʘʟʦʨʦʚ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʪʠʭ ʜʝʪʘʣʝʡ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ ʩ ʪʚʝʨʜʦʩʪʴʶ 55ï60 HRC. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʘʷ 

ʥʘʧʣʘʚʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ, ʥʘʥʝʩʝʥʥʳʭ ʵʣʝʢʪʨʦʜʘʤʠ ʋʆʅʀ 13/55 ʠ ʊ590, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʬʦʨʤʠʨʫʝʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʫʶ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʨʝʞʠʤʘʤʠ [9, 11ï13]. ʈʘʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʥʘʧʣʘʚʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʥʴʰʝʝ ʚʳ-

ʛʦʨʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʚʳʰʘʷ ʪʚʝʨʜʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʘʶʪʩʷ ʥʘʧʣʘʚʣʝʥʥʳʝ ʩʣʦʠ ʠʟ ʥʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʛʦʨʥʦʡ ʪʝʭʥʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʘʥʠʷ. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʨʝʛʫʣʠʨʫʝʤʦʝ ʪʝʧʣʦʚʣʦʞʝʥʠʝ ʠʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ ʩʧʦʩʦʙʥʦ ʫʣʫʯ-

ʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʡ ʜʣʷ ʧʘʣʴʮʝʚ ʩʦʧʨʷʞʝʥʠʷ ʠ ʜʝʪʘʣʝʡ ʛʫʩʝʥʠʯʥʦʛʦ 

ʜʚʠʞʠʪʝʣʷ ʙʫʣʴʜʦʟʝʨʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʢʘʨʴʝʨʥʳʭ ʙʫʣʴʜʦʟʝʨʦʚ ʚ ɸʨʢʪʠʢʝ ʚʳʟʳʚʘʝʪ ʫʩʢʦʨʝʥʥʳʡ ʘʙʨʘʟʠʚ-

ʥʳʡ ʠʟʥʦʩ ʠ ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʜʝʪʘʣʝʡ (ʢʦʨʦʥʦʢ, ʩʪʦʝʢ ʨʳʭʣʠʪʝʣʝʡ, ʵʣʝʤʝʥʪʦʚ ʛʫʩʝʥʠʯʥʦʛʦ ʜʚʠʞʠ-

ʪʝʣʷ), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʧʳʪʘʥʠʷ ʢʦʨʦʥʦʢ ʚʳʷʚʠʣʠ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʪ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʢʦʚʘʥʳʝ ʢʦʨʦʥʢʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʪʚʸʨʜʦʩʪʠ (45ï47 HRC), ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ (>60 ɼʞ/ʩʤĮ ʧʨʠ ï50 ÁC), ʧʨʦʯʥʦʩʪʠ (ůʪ 1475ï1515 ʄʇʘ,  
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ůʚ 1606ï1700 ʄʇʘ) ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ (~10%), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʣʷʤ ʪʠʧʘ 30ʍɻʊ ʠ 35ʍɻʉɸ. ʈʘʟʨʘʙʦ-

ʪʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʨʦʥʢʘʤ ʧʦʟʚʦʣʠʣʠ ʩʦʢʨʘʪʠʪʴ ʠʭ ʛʦʜʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʩ 26 ʜʦ  

14ï16 ʪʳʩʷʯ ʰʪʫʢ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ (ʩʪʦʝʢ, ʧʘʣʴʮʝʚ ʠ ʚʪʫʣʦʢ) ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʠʤʧʫʣʴʩʥʦ-

ʜʫʛʦʚʘʷ ʥʘʧʣʘʚʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʦʜʥʦʨʦʜʥʫʶ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʚʸʨʜʦʩʪʴʶ 

ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ: ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʠ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʟʦʥʳ ʪʝʨ-

ʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 9 ʠ 12 % ʭʨʦʤʠʩʪʳʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʩʪʘʣʝʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʦʛʨʝʚʘ ʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʚʘʨʢʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʠ ʩʚʦʡʩʪʚ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʘʤʝʪʨʳ ʩʚʘʨʢʠ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ɿʊɺ, ʪʚʝʨʜʦʩʪʴ ɿʊɺ, ʭʨʦʤʠʩʪʳʝ ʤʘʨ-

ʪʝʥʩʠʪʥʳʝ ʩʪʘʣʠ, ʨʘʟʫʧʨʦʯʥʝʥʠʝ, ʜʝʣʴʪʘ-ʬʝʨʨʠʪ 
 

INFLUENCE OF WELDING TECHNOLOGY PARAMETERS ON THE STRUCTURE  

AND PROPERTIES OF WELDED JOINTS MADE OF MARTENSITIC CHROME STEELS 
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Abstract. The purpose of the work is to assess the effect of welding process parameters: preheating 

temperature and welding current strength on the structure and properties of the heat-affected zone of welded 

joints of 9 and 12 % chromium martensitic steels. Based on the research results, conclusions are drawn about 

the limitation of the preheating temperature and the inadvisability of reducing the welding current, and rec-

ommendations are given on the above-mentioned welding parameters, which have a direct impact on the for-

mation of the optimal heat-affected zone structure and the properties of the welded joint. 

Keywords: welding parameters, microstructure of the HAZ, hardness of the HAZ, chromium martensitic 

steels, softening, delta ferrite 
 

ʇʨʦʙʣʝʤʘʪʠʢʘ. ʍʨʦʤʠʩʪʳʝ ʩʪʘʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʛʨʘʥʠʯʝʥʥʦ ʩʚʘʨʠʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ ʤʘʨʪʝʥ-

ʩʠʪʥʦʛʦ ʢʣʘʩʩʘ, ʩʚʘʨʢʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʧʦ ʩʣʝʜʫʶ-

ʱʠʤ ʧʨʠʯʠʥʘʤ: 

ï ʆʙʨʘʟʦʚʘʥʠʝ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ ʠ ʢ ʨʦʩʪ ʬʝʨʨʠʪʥʦʛʦ ʟʝʨʥʘ ʚ ʟʦʥʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊɺ) 

ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʨʥʝʚʳʭ ʧʨʦʭʦʜʦʚ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʘʨʦʯʥʦʛʦ ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʩʪʘʪʦʯʥʳʭ ʩʚʘʨʦʯ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʘʣʦʛʦ ʦʙʲʝʤʘ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ. 

ï ɺʳʩʦʢʦʭʨʦʤʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʩʢʣʦʥʥʳ ʢ ʨʘʟʫʧʨʦʯʥʝʥʠʶ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ ʩʚʘʨʢʠ ʚ ʟʦʥʝ ʤʝʞʢʨʠʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʤʷʛʢʦʡ ʧʨʦ-

ʩʣʦʡʢʠ ʚ ɿʊɺ, ʚ ʢʦʪʦʨʦʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʤʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʪʨʝʱʠʥʘʤ 

IV ʪʠʧʘ ʠ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 

ï ʉʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʤʘʨʪʝʥʩʠʪʥʳʭ ʭʨʦʤʠʩʪʳʭ ʩʪʘʣʝʡ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʆʪʣʠʯʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʠ-

ʤʦʨʬʥʳʭ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʥʳʝ ʜʦʧʫʩʢʘʝʤʳʝ ʜʠʘʧʘʟʦʥʳ ʪʝʤʧʝʨʘʪʫʨ ʧʦʩʣʝʩʚʘ-

ʨʦʯʥʦʛʦ ʦʪʧʫʩʢʘ ʜʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʢʨʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡ-

ʩʪʚʘ ʨʘʟʥʦʨʦʜʥʦʛʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʜʦʧʫʩʪʠʤʳʭ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʘʢ ʚ ɿʊɺ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ. 

ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʚʘʨʢʠ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʚ ɿʊɺ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ, ʪʘʢʠʭ ʢʘʢ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʧʦʜʦʛʨʝʚʘ ʠ ʩʠʣʘ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ɿʊɺ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʭʨʦ-

ʤʠʩʪʳʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʩʪʘʣʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʟʘʜʘʥʥʳʝ ʩʣʫʞʝʙʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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EURASTRENCOLD-2025  

ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~43~ 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʨʦʜʥʳʝ ʩʚʘʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ ʩ 9 % ʠ 12 % Cr, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʢʦʣʴʮʝʚʳʭ ʟʘʛʦʪʦʚʦʢ ʜʠʘʤʝʪʨʦʤ 230, 325 ʠ 436 ʤʤ 

ʪʦʣʱʠʥʦʡ ʦʪ 30 ʜʦ 40 ʤʤ. ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʘʩʩ. % 

 C Si Mn P S Cr Ni Cu Mo V Nb Al  N Ti 

9 % Cr 

(1) 

0,089 0,29 0,56 0,011 0,003 8,84 0,21 0,13 0,88 0,21 0,14 - - 0,001 

9 % Cr 

(2) 

0,099 0,29 0,48 0,022 0,002 9,35 0,32 0,1 0,86 0,19 0,15 - - - 

12 % Cr 0,100 0,22 0,65 0,014 0,003 12,20 0,94 0,08 0,97 0,21 0,07 0,029 0,053 0,002 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʭʨʦʤʠʩʪʳʭ ʤʘʨʪʝʥʩʠʪ-

ʥʳʭ ʩʪʘʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤ ʪʨʠʥʦʢʫʣʷʨʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JX-200E. ɸʥʘʣʠʟʫ ʧʦʜʚʝʨʛʘ-

ʣʠʩʴ ʦʙʨʘʟʮʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ ʧʦʢʨʳʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʝ 

ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʦʛʨʝʚʘ ʚ ʠʩʭʦʜʥʦʤ ʧʦʩʣʝ ʩʚʘʨʢʠ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʨʤʳ Struers, ʟʘ-

ʪʝʤ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʤʫ ʪʨʘʚʣʝʥʠʶ ʚ 10 % ʨʘʩ-

ʪʚʦʨʝ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʩʠʣʝ ʪʦʢʘ 6 ɸ ʠ ʥʘʧʨʷʞʝʥʠʠ 8 ɺ. 

ʍʠʤʠʯʝʩʢʠʡ ʧʦʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

Vega II  Tescan ʚ ʨʝʞʠʤʝ ʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Vega TC. 

ʊʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦ 

ɺʠʢʢʝʨʩʫ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ EmcoTest DuraScan-20, ʧʨʠ ʥʘʛʨʫʟʢʝ ʚ 3 ʢʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ ʦʩ-

ʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʧʦʜʦʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʚʝ-

ʣʠʯʠʥʝ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʦʛʨʝʚʘ ʥʘ ɿʊɺ ʤʘʨʪʝʥʩʠʪʥʳʭ ʩʪʘʣʝʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠ ʦʜʠʥʘ-

ʢʦʚʦʤ ʟʥʘʯʝʥʠʠ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʦʛʨʝʚʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚ-

ʣʷʣʦ 220 Áʉ ʠ 300 Áʉ (ʨʠʩ. 1 ʠ 2). 

 

 
ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ɿʊɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʦʛʨʝʚʘ 220 Áʉ: 

ʘ) ï ʩʪʘʣʴ ʩ 9 % Cr (1); ʙ) ï ʩʪʘʣʴ ʩ 9 % Cr (2); ʚ) ï ʩʪʘʣʴ ʩ 12 % Cr 
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ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ɿʊɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʦʛʨʝʚʘ 300 Áʉ: 

ʘ) ï ʩʪʘʣʴ ʩ 9 % Cr (1); ʙ) ï ʩʪʘʣʴ ʩ 9 % Cr (2); ʚ) ï ʩʪʘʣʴ ʩ 12 % Cr 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʦʛʨʝʚʘ  

300 Áʉ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ɿʊɺ ʧʨʠ ʩʚʘʨʢʝ ʤʘʨʪʝʥʩʠʪʥʳʭ ʩʪʘʣʝʡ, ʦʩʦʙʝʥʥʦ 

ʜʣʷ ʙʦʣʴʰʠʭ ʪʦʣʱʠʥ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʩʪʨʫʢʪʫʨʥʦ ʩʚʦʙʦʜʥʦʛʦ ʢʨʫʧʥʦʟʝʨʥʠ-

ʩʪʦʛʦ ʜʝʣʴʪʘ-ʬʝʨʨʠʪʘ, ʯʪʦ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [2]. 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ-

ʜʦʛʨʝʚʘ ʦʪ 220 Áʉ ʜʦ 160 Áʉ ʥʘ ʪʚʝʨʜʦʩʪʴ ʚ ɿʊɺ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʪʝʥʩʠʪʥʦʡ 9% ʭʨʦʤʠʩʪʦʡ 

ʩʪʘʣʠ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ (90 ɸ) ʠ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ (110 ɸ). 

ɿʘʤʝʨʳ ʪʚʝʨʜʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʰʘʛʦʤ 0,5ï1 ʤʤ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚʜʦʣʴ ʧʨʷʤʦʡ ʦʪ ʣʠʥʠʠ 

ʩʧʣʘʚʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ɿʊɺ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ ɿʊɺ ʩʪʘʣʠ ʩ 9 % Cr: 

ǒ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʦʛʨʝʚʘ 160 Áʉ; Ǐ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʦʛʨʝʚʘ 220 Áʉ 
 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ. ʇʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦʜʦʛʨʝʚʘ 160 Áʉ ʚ ɿʊɺ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʥʘ 10ï15 %, ʢʘʢ ʧʨʠ ʩʠʣʝ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 

90 ɸ, ʪʘʢ ʠ ʧʨʠ 110 ɸ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʤʝʪʘʣʣʘ ɿʊɺ ʧʨʠ ʩʚʘʨʢʝ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʢʘʣʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʢʦʣʦʰʦʚʥʦʤ ʫʯʘʩʪʢʝ ɿʊɺ ʠ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ɿʊɺ ʤʘʨʪʝʥʩʠʪʥʳʭ ʭʨʦʤʠʩʪʳʭ ʩʪʘʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʤʘʢ-
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ʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʩ ʮʝʣʴʶ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʙʣʘ-

ʛʦʧʨʠʷʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʜʝʣʴʪʘ-ʬʝʨʨʠʪʘ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ. ʅʠʞʥʠʡ ʧʨʝʜʝʣ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʜʦʣʞʝʥ ʙʳʪʴ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ʩ ʮʝʣʴʶ ʠʟʙʝʞʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʢʘʣʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʚʝʨʜʦʩʪʴʶ. 

ɺʣʠʷʥʠʝ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʥʘ ɿʊɺ ʤʘʨʪʝʥʩʠʪʥʳʭ ʩʪʘʣʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʦʙʨʘʟʮʘʭ ʠʟ 9 % Cr ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ ʩ ʥʘʧʣʘʚʢʦʡ, ʚʳʧʦʣʥʝʥʥʦʡ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ ʧʦʢʨʳʪʳʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʧʨʠ ʩʠʣʝ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 90 ʠ 110 ɸ ʚ ʠʩʭʦʜʥʦʤ ʧʦʩʣʝ ʩʚʘʨʢʠ ʩʦʩʪʦʷʥʠʠ 

(ʨʠʩ. 4ï5). 

 

 
ʈʠʩ. 4. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ɿʊɺ ʧʨʠ ʩʠʣʝ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 90 ɸ: 

ʘ) ï ʛʨʘʥʠʮʘ ʩʧʣʘʚʣʝʥʠʷ; ʙ) ï ʫʯʘʩʪʦʢ ʧʝʨʝʛʨʝʚʘ; ʚ) ï ʤʝʞʢʨʠʪʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ 

 

 
 

ʈʠʩ. 5. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ɿʊɺ ʧʨʠ ʩʠʣʝ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 110 ɸ: 

ʘ) ï ʛʨʘʥʠʮʘ ʩʧʣʘʚʣʝʥʠʷ; ʙ) ï ʫʯʘʩʪʦʢ ʧʝʨʝʛʨʝʚʘ; ʚ) ï ʤʝʞʢʨʠʪʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘ-

ʤʝʪʨʘʭ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ɿʊɺ 9 % Cr 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ. 

ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ɿʊɺ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʟʘʤʝʨʳ ʪʚʝʨʜʦʩʪʠ ʩ ʰʘʛʦʤ 0,5ï1 ʤʤ 

ʥʘ ʦʙʨʘʟʮʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 90, 110 ʠ 130 ɸ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ɻʨʘʬʠʢ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ ɿʊɺ ʩʪʘʣʠ ʩ 9 % Cr 
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ɸʥʘʣʠʟ ʪʚʝʨʜʦʩʪʠ ʚ ʟʦʥʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʠʣʳ ʩʚʘʨʦʯ-

ʥʦʛʦ ʪʦʢʘ ʥʝ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʤʦʤʫ ʩʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʚ ɿʊɺ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʥʠʞʝʥʥʦʡ 

ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʜʦʧʫʩʪʠʤʳʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʥʝʩʧʣʘʚʣʝʥʠʡ. 

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʞʠ-

ʤʦʚ ʩʚʘʨʢʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʩ ʥʘʧʣʘʚʢʦʡ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦʢʨʳʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʩʠʣʝ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 

90, 110 ʠ 130 ɸ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʤʠʛʨʘʮʠʶ ʭʨʦʤʘ ʠ ʜʨʫʛʠʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʥʘʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ʚ ʦʢʦʣʦʰʦʚʥʫʶ ʟʦʥʫ. ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʭʠ-

ʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʫʯʘʩʪʢʦʚ. 

 

 
 

ʈʠʩ. 7. ɼʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ Mo, Cr ʠ Fe ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʸʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 7 ʧʦʜʪʚʝʨʜʠʣ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʩʠʣʳ 

ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʨʝʞʠʤʘʭ ʩʚʘʨʢʠ 110 ʠ 130 ɸ ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʦ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʩ 9 % ʭʨʦʤʠʩʪʦʡ ʩʪʘʣʴʶ [3]. 

ɿʘʢʣʶʯʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʧʦʜʦʛʨʝʚʘ ʦʪ 180 Áʉ ʜʦ 220 Áʉ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʘʨʪʝʥʩʠʪʥʳʭ ʩʪʘʣʝʡ ʩ 9 ʠ 12 % Cr, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ɿʊɺ, ʢʦ-

ʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʨʘʟʥʦʨʦʜʥʦʛʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʋʤʝʥʴʰʝʥʠʝ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʚʣʦʞʝʥʠʷ ʚ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ʥʝ ʧʨʠ-

ʚʝʣʦ ʢ ʟʥʘʯʠʤʦʤʫ ʧʦʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʠ ʥʝ ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʟʘʢʘʣʢʠ ʚ 

ɿʊɺ ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʪʘʢʞʝ ʥʝ ʚʳ-

ʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʧʨʠ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʤʘʨʪʝʥʩʠʪʥʳʭ ʩʪʘ-

ʣʝʡ ʩʦʩʪʘʚʠʣʠ 100ï120 ɸ ʜʣʷ ʧʦʢʨʳʪʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʨʪʠʥʳ ʩʠʛʥʘ-

ʣʦʚ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʢʦʥʪʨʦʣʝ ʦʙʨʘʟʮʦʚ ʩʪʘʣʴʥʳʭ ʪʨʫʙ 10ɻ2ʌɹʖ, ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ: ʦʪ 

ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʤʝʪʘʣʣʘ; ʦʪ ʦʙʨʘʟʮʘ ʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ; ʦʪ 

ʦʙʨʘʟʮʘ ʩ ʨʘʩʩʣʦʝʥʠʝʤ. ʊʘʢʞʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠ-

ʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʪʦʯʝʯʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʩʪʨʦʯʢʫ. ʇʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʢʦʥʪʨʦʣʝ, ʩʪʨʦʯʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʨʙʠʪʦʦʙʨʘʟʥʦʛʦ 

ʧʝʨʣʠʪʘ ʠʤʝʝʪ ʠʤʝʶʪ ʧʦʭʦʞʠʡ ʩʠʛʥʘʣ, ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ. ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʠ, ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʝʮ ʧʦʨʚʘʣʩʷ ʧʦ 

ʥʘʤʝʯʝʥʥʦʡ ʪʦʯʢʝ (ʧʦ ʜʝʬʝʢʪʫ), ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʜʘʥʥʳʝ, ʢʘʢ ʠ ʫ ʚʩʝʭ ʦʙ-

ʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʦʨʤʘʪʠʚʥʳʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʩʣʦʝʥʠʝ, ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ, ʩʦʨʙʠʪʦʦʙʨʘʟʥʳʡ ʧʝʨʣʠʪ, ʨʘʩʪʷʞʝʥʠʝ ʤʝʪʘʣʣʘ. 
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Abstract. The conducted studies allowed us to identify three characteristic signal patterns during ultra-

sonic testing of samples from used A710 Grade A steel pipes: from defect-free metal; from a sample with metal 

contamination by non-metallic inclusions; and from a sample with delamination. Furthermore, during the 

study of samples contaminated with non-metallic inclusions, a clustering of point-like non-metallic inclusions 

into linear chains was observed in some cases. During ultrasonic testing, the chain-like distribution of sorbite-

like pearlite produces a similar signal to that of metal contamination by non-metallic inclusions. During tensile 

testing of the samples, only in one case did a sample rupture at the intended point (at the defect). However, 

the strength data obtained for this sample, as for all others, met the standard requirements. 

Keywords: delamination, metal contamination by non-metallic inclusions, ultrasonic testing, sorbite-

like pearlite, tensile testing. 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʨʫʙʦʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʙʰʠʨʥʳʝ ʩʝʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʘʢ ʟʘ ʨʫʙʝʞʦʤ, ʪʘʢ ʠ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʧʦʜ-

ʜʝʨʞʠʚʘʶʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ ʛʦʩʫʜʘʨʩʪʚ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʨʫʙ ʥʘ ʟʘʚʦʜʘʭ, ʚ ʤʝʪʘʣʣʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʝʬʝʢʪʳ: ʨʘʩʩʣʦʝʥʠʷ, ʟʘʢʘʪʳ, 

ʧʣʝʥʳ, ʧʦʨʠʩʪʦʩʪʴ, ʣʠʢʚʘʮʠʦʥʥʳʝ ʟʦʥʳ, ʛʘʟʦʚʳʝ ʧʫʟʳʨʠ, ʟʘʛʨʷʟʥʸʥʥʦʩʪʴ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠ-

ʷʤʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʘ [1ï3]. 

ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʠʝ ʜʝʬʝʢʪʳ ʢʘʢ ʨʘʩʩʣʦʝʥʠʷ ʤʝʪʘʣʣʘ 

[4ï8]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʜʚʘ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʡ: ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʠ ʚʦʜʦʨʦʜʥʳʝ [9ï14]. ʀʟ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʠʥʘ çʨʘʩʩʣʦʝʥʠʝè ʤʦʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʚʦ-

ʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ ʨʘʩʩʣʦʝʥʠʡ [15]. ʅʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʦʯʝʥʴ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʢʘʢ ʥʘ ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ, ʪʘʢ ʠ ʥʘ ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʤ ʧʦ ʚʣʠʷʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʤʝʨʘʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʢʣʶʯʝʥʠʡ ʠ ʠʭ ʤʦʨʬʦʣʦʛʠʠ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~48~ 

ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ [16ï23]. ʅʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʨʘ-

ʙʦʪʝ ʤʝʪʘʣʣʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʤʦʛʫʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʚʳʢʨʘʰʠʚʘʥʠʝʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʫʩʪʦʪʳ. ʇʨʠ 

ʵʪʦʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘʨʦʞʜʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʤʝʩʪʘʭ ʚʳʪʨʘʚʣʠʚʘʥʠʷ ʥʝʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʚʢʣʶʯʝʥʠʡ [2]. 

ʊʘʢʞʝ ʚ ʟʦʥʘʭ ʨʘʩʩʣʦʝʥʠʷ ʥʝʨʝʜʢʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʨʘʩʢʘʪʘʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʪʨʫʙʥʳʭ ʢʨʝʤʥʝʤʘʨʛʘʥʮʦʚʠʩʪʳʭ ʩʪʘʣʝʡ. ʕʪʠ ʫʯʘʩʪʢʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʭʠʤʠʯʝʩʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, 

ʟʘʛʨʷʟʥʝʥʳ ʧʨʠʤʝʩʷʤʠ (ʦʢʩʠʜʳ, ʥʠʪʨʠʜʳ, ʩʫʣʴʬʠʜʳ, ʩʠʣʠʮʠʜʳ), ʪʦ ʝʩʪʴ ʷʚʣʷʶʪʩʷ ʣʠʢʚʘʮʠʦʥʥʳʤʠ ʟʦ-

ʥʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʪʨʫʙʳ 

[24, 25]. 

ʇʦʤʠʤʦ ʠʟʚʝʩʪʥʳʭ ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʣʦʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠ-

ʷʤʠ, ʣʠʢʚʘʮʠʦʥʥʳʤʠ ʟʦʥʘʤʠ ʤʝʪʘʣʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʢʘʪʘ, ʘ ʪʘʢʞʝ ʩ ʝʛʦ ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʝʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʘ ï ʚʳʜʝʣʝʥʠʝ ʢʘʨʙʠʜʥʦʡ ʩʝʪʢʠ ʧʦ ʛʨʘʥʠʮʘʤ ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʦʡ ʤʘʪʨʠʮʳ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʨʘʩʩʣʦʝʥʠʡ [26]. 

ʂʘʢ ʚʠʜʥʦ, ʨʘʩʩʣʦʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʯʠʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʪʘʪʠʩʪʠ-

ʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʫʢʘʟʘʥʥʳʭ ʜʝʬʝʢʪʦʚ. 

ɺʥʫʪʨʠʪʨʫʙʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ (ɺʊɼ) ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʨʘʩʩʣʦʝʥʠʷ ʥʘ ʛʘʟʦʧʨʦʚʦʜʘʭ, ʟʘ ʠʩʢʣʶʯʝ-

ʥʠʝʤ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʦʥʠ ʚʳʭʦʜʷʪ ʥʘ ʥʘʨʫʞʥʫʶ ʠʣʠ ʞʝ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʳ [27, 28]. 

ʆʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʘʩ-

ʩʣʦʝʥʠʡ ʥʘʢʣʘʜʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦ-

ʜʘʤʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʅʂ). ʊʘʢ, ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥ-

ʪʨʦʣʴ, ʤʘʛʥʠʪʥʳʝ ʞʝ ʤʝʪʦʜʳ ʧʨʦʠʛʨʳʚʘʶʪ ʚ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ [29, 30]. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [31ï33], ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʦʣʱʠʥʦʤʝʨʦʚ ʧʦʟʚʦʣʷʶʪ 

ʪʦʯʥʦ ʠʟʤʝʨʷʪʴ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʦʪʨʘʞʘʶʱʠʭʩʷ ʦʪ ʛʨʘʥʠʮ ʚʢʣʶʯʝʥʠʡ. ʕʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʚʢʣʶʯʝʥʠʡ, ʥʦ ʠ ʦʮʝʥʠʪʴ ʠʭ ʨʘʟʤʝʨʳ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦ-

ʣʷʝʪ ʦʮʝʥʠʪʴ ʧʣʦʪʥʦʩʪʴ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ʇʣʦʪʥʳʝ ʚʢʣʶʯʝʥʠʷ ʙʫʜʫʪ ʚʳʟʳʚʘʪʴ ʙʦʣʴʰʝʝ 

ʟʘʪʫʭʘʥʠʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʢʣʶʯʝʥʠʡ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʫʙʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʪʦʣʱʠʥʦʤʝʪʨʠʠ ʤʝʪʘʣʣʘ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʥʝʩʧʣʦʰʥʦʩʪʷʤʠ ʟʘʚʠʩʷʪ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʇʕʇ), ʦʪ ʜʣʠʥʳ ʋɿ ʚʦʣʥʳ ʠ ʦʪ ʨʘʟʤʝʨʦʚ ʚʥʫʪʨʝʥʥʠʭ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ. ɸʚʪʦʨʘʤʠ [34] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʕʇ ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ 

5,0 ʄɻʮ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʙʦʣʴʰʝ ʪʦʯʝʢ ʢʦʥʪʨʦʣʷ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʥʝʩʧʣʦʰʥʦʩʪʷʤʠ, ʯʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʪʯʠʢʘ ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ 2,5 ʄɻʮ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʤʦʛʘʝʪ ʚ ʧʨʠʥʷʪʠʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʦ ʨʝ-

ʤʦʥʪʝ ʠʣʠ ʟʘʤʝʥʝ ʪʨʫʙ. ʇʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʫʙ-

ʥʳʭ ʩʪʘʣʝʡ ʠ ʠʭ ʘʥʘʣʠʟ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʦʨʠʪʝʪʥʳʤ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʦʧʘʩʥʦʩʪʠ ʜʝʬʝʢʪʦʚ (ʨʘʩʩʣʦʝʥʠʝ, ʥʝʤʝʪʘʣ-

ʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʣʠʢʚʘʮʠʦʥʥʳʝ ʧʦʣʦʩʳ): ʚʦ-ʧʝʨʚʳʭ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʛʘʟʦʧʨʦʚʦʜʘ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʜʦʩʪʠʛʥʫʪʴ ʵʪʦʛʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʪʨʫʜʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʚʥʫʪʨʝʥʥʠʭ 

ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ ʚ ʪʨʫʙʥʦʡ ʩʪʘʣʠ 10ɻ2ʌɹʖ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʙʨʘʟʮʘʭ, ʦʪʦ-

ʙʨʘʥʥʳʭ ʠʟ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʪʨʫʙ, ʙʳʚʰʠʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ (~ 40 ʣʝʪ), ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ 

Å1420ʭ16,5 ʤʤ. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʘ ʪʨʫʙ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʧʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʝ ɼʌʉ-100ʅ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʪʨʫʙʳ ʚʳʧʦʣ-

ʥʝʥʳ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 10ɻ2ʌɹʖ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊ 19281-2014. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʫʙ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʘʩʩ. % 

C Si Mn Ni Cr Cu Mo Al  S P 

0,09 0,3 1,66 0,26 0,027 0,025 0,14 0,02 0,005 0,02 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~49~ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʪʦʣʱʠʥʦʤʝʨ ʋɼʊ-40 ʬʠʨʤʳ 

Kropus ʩ ʧʨʷʤʳʤ ʨʘʟʜʝʣʴʥʦ ï ʩʦʚʤʝʱʝʥʥʳʤ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ 

5ʄɻʮ. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʣʩʷ ʵʭʦ-ʤʝʪʦʜʦʤ ʚ ʨʝʞʠʤʝ ɸ-ʩʢʘʥʘ. 

ɼʣʷ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʦʪʨʝʟʥʦʡ ʩʪʘʥʦʢ ʇʦʣʠʣʘʙ ʈ100ɸ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

ʐʣʠʬʦʚʢʫ ʠ ʧʦʣʠʨʦʚʢʫ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʨʫʯʥʦʤ ʰʣʠʬʦʚʘʣʴʥʦ-ʧʦʣʠʨʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ 

ʇʦʣʠʣʘʙ ʇ22ʃʙ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ ʨʘʟʣʠʯʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ ʠ ʬʠʥʠʰʥʦʡ ʧʦʣʠʨʦʚ-

ʢʦʡ ʥʘ ʪʢʘʥʥʳʭ ʢʨʫʛʘʭ ʩ ʘʣʤʘʟʥʦʡ ʩʫʩʧʝʥʟʠʝʡ. 

ʊʨʘʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ 4%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩ-

ʣʦʪʳ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ. 

ɸʥʘʣʠʟ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚʳʧʦʣʥʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Carl Zeiss 

AxioVert. 

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ TESCAN VEGA 3 SBU, ʦʩʥʘʱʝʥʥʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

OXFORD X-Max 50. ʋʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʉʕʄ ʩʲʝʤʢʠ ʩʦʩʪʘʚʣʷʣʦ 20 ʢɺ ʧʨʠ ʩʠʣʝ ʟʦʥ-

ʜʠʨʫʶʱʝʛʦ ʪʦʢʘ 12 ʥɸ. 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʈɻʄ-600-ɸ-2. ʆʙʨʘʟʮʳ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʧʦ ɻʆʉʊ 1497-2023 ʪʠʧ II, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʧʣʦʩʢʠʡ ʙʝʟ ʛʦʣʦʚʦʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ 1ʘ, 1ʙ, 1ʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ (ʋɿ), ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʜʝʬʝʢʪʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʋɿ, ʚʳʜʝʣʠʣʠ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʨʪʠʥʳ ʩʠʛʥʘʣʦʚ. ɼʣʷ ʧʦ-

ʥʠʤʘʥʠʷ ʢʘʢʦʡ ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 1ʛ, 1ʜ, 1ʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʣʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʦ ʪʨʘʚʣʝʥʠʷ. 

 

 
  

ʘ) ʛ) 

 
  

ʙ) ʜ) 

 
  

ʚ) ʝ) 

 

ʈʠʩ. 1. ʂʘʨʪʠʥʳ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʤʠ ʜʦ ʪʨʘʚʣʝʥʠʷ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~50~ 

ʅʘ ʨʠʩʫʥʢʝ 1ʛ ʥʝʪ ʥʠʢʘʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʤʝʪʘʣʣ. ʅʘ ʨʠʩʫʥʢʝ 

1ʜ ʚʠʜʥʳ ʪʦʯʝʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʪʘʢʘʷ ʢʘʨʪʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ ʥʝ-

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʅʘ ʨʠʩʫʥʢʝ 1ʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ, ʚʦʟʜʫʰʥʘʷ ʧʦ-

ʣʦʩʪʴ ï ʨʘʩʩʣʦʝʥʠʝ (ʨʠʩʫʥʦʢ 1ʝ). 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʩ ʜʘʥʥʳʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʩʣʝʜʫ-

ʶʱʫʶ ʢʦʨʨʝʣʷʮʠʶ: 

¶ ʥʘ ʵʢʨʘʥʝ ʪʦʣʱʠʥʦʤʝʨʘ ʦʪ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʤʝʪʘʣʣʘ ʚʠʜʥʦ ʜʦʥʥʳʡ ʩʠʛʥʘʣ, ʬʘʢʪʠʯʝʩʢʘʷ ʪʦʣ-
ʱʠʥʘ ʪʨʫʙʳ (ʨʠʩʫʥʦʢ 1ʘ, 1ʛ); 

¶ ʦʪ ʦʙʨʘʟʮʘ ʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʥʘ ʵʢʨʘʥʝ ʪʦʣʱʠʥʦ-

ʤʝʨʘ ʚʠʜʥʦ ʢʘʨʪʠʥʫ ʯʘʩʪʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʣʫʯʘ ʦʪ ʜʝʬʝʢʪʘ ʠ ʦʪ ʜʥʘ (ʨʠʩʫʥʦʢ 1ʙ, 1ʜ); 

¶ ʦʪ ʦʙʨʘʟʮʘ ʩ ʨʘʩʩʣʦʝʥʠʝʤ ʚʠʜʥʦ ʧʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʜʝʬʝʢʪʘ (ʨʠ-
ʩʫʥʦʢ 1ʚ, 1ʝ). 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʘʨʪʠʥʘ ʯʘʩʪʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʣʫʯʘ ʦʪ ʜʝʬʝʢʪʘ ʠ ʦʪ ʜʥʘ ʦʙʨʘʟʮʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. 

ʊʘʢʞʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠ-

ʷʤʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʪʦʯʝʯʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʪʨʦʯʢʫ 

(ʨʠʩʫʥʦʢ 2). 

 

  
ʘ ʙ 

ʈʠʩ. 2. ʆʙʲʝʜʠʥʝʥʠʝ ʪʦʯʝʯʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʪʨʦʯʢʫ 

 

ʇʨʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʨʘʟʮʦʚ ʪʨʫʙ ʩ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʚʳʷʚ-

ʣʝʥʦ ʝʱʝ ʦʜʥʦ ʭʘʨʘʢʪʝʨʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʳ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʦʝ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ 

ʢʦʥʪʨʦʣʝ ʜʘʸʪ ʧʦʭʦʞʠʡ ʩʠʛʥʘʣ ʥʘ ʜʝʬʝʢʪ ï ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. 

ʊʘʢ ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ 10ɻ2ʌɹʖ ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʘʷ, ʪʦ ʪʝʤʥʘʷ ʧʦʣʦʩʘ ʥʘ ʩʥʠʤʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʦʨʙʠʪʦʦʙʨʘʟʥʳʡ ʧʝʨʣʠʪ, ʠʤʝʶʱʠʡ ʩʪʨʦʯʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʨʠʩʫʥʦʢ 3ʘ, 3ʙ), ʢʦʪʦʨʦʝ ʠ ʜʘʝʪ 

ʯʘʩʪʠʯʥʦʝ ʦʪʨʘʞʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʧʨʠ ʢʦʥʪʨʦʣʝ. 

 

  
ʘ) ͋ύ 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ 

 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʢʘʢʠʝ ʠʤʝʥʥʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʉʕʄ ʦʙʨʘʟʮʦʚ ʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʯʪʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ (ʆ ï 4,22%, Si ï 0,42%) (ʨʠʩʫʥʦʢ 4). 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~51~ 

 
 

ʈʠʩ. 4. ʀʩʩʣʝʜʦʚʘʥʠʠ ʉʕʄ ʦʙʨʘʟʮʦʚ ʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʨʫʙʳ ʩ ʥʘʡʜʝʥʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʛʘʟʦʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʆʙʱʝʩʪʚʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ ʚʣʠʷʶʪ ʣʠ ʜʘʥʥʳʝ ʜʝʬʝʢʪʳ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ 

ʪʨʫʙ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʩ ʜʝʬʝʢʪʘʤʠ: ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ 

ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠ ʩʪʨʦʯʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʨʙʠʪʦʦʙʨʘʟʥʦʛʦ ʧʝʨʣʠʪʘ (ʨʠ-

ʩʫʥʦʢ 5ʘ).  

  
ʘ ʙ 

ʈʠʩ. 5. ʆʙʨʘʟʮʳ ʜʦ ʠʩʧʳʪʘʥʠʡ ʘ), ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʙ) 

 

ɼʝʬʝʢʪʳ, ʥʘʡʜʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʚʳʜʝʣʠʣʠ ʤʘʨʢʝʨʦʤ, ʯʪʦʙʳ ʫʩʪʘ-

ʥʦʚʠʪʴ ʙʫʜʫʪ ʣʠ ʦʥʠ ʷʚʣʷʪʴʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 5ʙ, ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʝʮ ʧʦʨʚʘʣʩʷ ʧʦ ʥʘʤʝʯʝʥʥʦʡ ʪʦʯʢʝ (ʧʦ ʜʝ-

ʬʝʢʪʫ), ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʜʘʥʥʳʝ, ʢʘʢ ʠ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʦʨ-

ʤʘʪʠʚʥʳʤ (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʄʇʘ ʉʦʦʪʚʝʪʩʪʚʠʝ ɻʆʉʊ 31447-2012 

1 606°5  ʉʦʦʪʚʝʪʩʪʚʫʝʪ 

2 605°5  ʉʦʦʪʚʝʪʩʪʚʫʝʪ 

3 609°5  ʉʦʦʪʚʝʪʩʪʚʫʝʪ 

4 606°5  ʉʦʦʪʚʝʪʩʪʚʫʝʪ 

5 612°5  ʉʦʦʪʚʝʪʩʪʚʫʝʪ 

6 603°5  ʉʦʦʪʚʝʪʩʪʚʫʝʪ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~52~ 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʨʪʠʥʳ ʩʠʛʥʘ-

ʣʦʚ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʢʦʥʪʨʦʣʝ ʦʙʨʘʟʮʦʚ ʩʪʘʣʴʥʳʭ ʪʨʫʙ 10ɻ2ʌɹʖ, ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ: ʦʪ ʙʝʟ-

ʜʝʬʝʢʪʥʦʛʦ ʤʝʪʘʣʣʘ ï ʜʦʥʥʳʡ ʩʠʛʥʘʣ, ʬʘʢʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʪʨʫʙʳ; ʦʪ ʦʙʨʘʟʮʘ ʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʤʝ-

ʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ï ʢʘʨʪʠʥʘ ʯʘʩʪʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʣʫʯʘ ʦʪ ʜʝʬʝʢʪʘ ʠ ʦʪ ʜʥʘ; ʦʪ 

ʦʙʨʘʟʮʘ ʩ ʨʘʩʩʣʦʝʥʠʝʤ ï ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ, ʧʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ʣʫʯʘ ʦʪ ʜʝʬʝʢʪʘ. ʂʘʨʪʠʥʘ ʯʘʩʪʠʯʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʣʫʯʘ ʦʪ ʜʝʬʝʢʪʘ ʠ ʦʪ ʜʥʘ ʦʙʨʘʟʮʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣ-

ʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. 

ʊʘʢʞʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠ-

ʷʤʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʪʦʯʝʯʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʪʨʦʯʢʫ. 

ʇʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʢʦʥʪʨʦʣʝ, ʩʪʨʦʯʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʨʙʠʪʦʦʙʨʘʟʥʦʛʦ ʧʝʨʣʠʪʘ ʠʤʝʝʪ 

ʠʤʝʶʪ ʧʦʭʦʞʠʡ ʩʠʛʥʘʣ, ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʉʕʄ ʦʙʨʘʟʮʦʚ ʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʥʝ-

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ (ʆ ï 4,22%, Si ï 0,42%). 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʠ, ʩ ʟʘʨʘʥʝʝ ʦʪʤʝʯʝʥʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʜʝʬʝʢʪʘʤʠ (ʟʘ-

ʛʨʷʟʥʝʥʥʦʩʪʴ ʤʝʪʘʣʣʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠ ʩʪʨʦʯʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʨʙʠʪʦʦʙʨʘʟʥʦʛʦ 

ʧʝʨʣʠʪʘ), ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʝʮ ʧʦʨʚʘʣʩʷ ʧʦ ʥʘʤʝʯʝʥʥʦʡ ʪʦʯʢʝ (ʧʦ ʜʝʬʝʢʪʫ), ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʜʘʥʥʳʝ, ʢʘʢ ʠ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʦʨʤʘʪʠʚʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʤʝʪʘʣʣʘ ʪʘʢʠʭ ʢʘʢ, ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʤʝʪʘʣʣʘ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠ ʩʪʨʦʯʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʨʙʠʪʦʦʙʨʘʟʥʦʛʦ ʧʝʨʣʠʪʘ, ʨʝʜʢʦ ʷʚʣʷ-

ʶʪʩʷ ʛʣʘʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʦʪʢʘʟʦʚ. ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʩ ʫʯʘʩʪʠʝʤ ʜʘʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʦʯʘʛʦʚʳʭ 

ʟʦʥʘʭ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʝʱʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʨʫʛʠʝ ʜʝʬʝʢʪʳ, ʥʘʧʨʠ-

ʤʝʨ, ʢʦʨʨʦʟʠʷ, ʪʨʝʱʠʥʳ, ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʠʯʠʝ ʪʘʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʝʬʝʢʪʦʚ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʩʪʘʣʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʠʟʥʦʰʝʥʥʳʭ ʥʦʞʝʡ ʩʨʝʜ-

ʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʦʚ ʪʷʞʝʣʦʡ ʛʨʫʧʧʳ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʗʢʫʪʠʠ. ʈʘʩʢʨʳʪʳ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ, ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ʀʩʩʣʝʜʦʚʘʥʳ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʥʦʞʝʡ ʘʚʪʦʛʨʝʡʜʝʨʦʚ 

ʜʚʫʭ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʪʷ-

ʞʝʣʦʡ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʠʛʦʣʴʯʘʪʦʡ ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʚʝʜʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ, ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ, ʤʝʨʟʣʳʡ ʛʨʫʥʪ, ʥʘʧʣʘʚʢʘ, 
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Abstract. This paper examines the structure and properties of worn mid-motor blades on heavy-duty 

motor graders operating in Yakutia. The wear characteristics of mid-motor blades at low temperatures are 

revealed, and operational data are analyzed. The chemical composition, structure, and properties of motor 

grader blades from two different manufacturers were analyzed. The results showed that the working parts of 

heavy road construction equipment are characterized by the presence of a finely dispersed, needle-like struc-

tural component, which undergoes appropriate heat treatment. 
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ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ (ʗʢʫʪʠʷ), ʢʘʢ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʩʫʙʲʝʢʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʩʝʨʴʝʟʥʳʤʠ ʚʳʟʦʚʘʤʠ: ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʢʣʠʤʘʪ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʢʨʫʛʣʦʛʦʜʠʯʥʳʭ ʜʦʨʦʛ 

ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ɹʦʣʝʝ 15 000 ʢʠʣʦʤʝʪʨʦʚ ʟʠʤʥʠʢʦʚ ʝʞʝʛʦʜʥʦ ʧʨʦʢʣʘʜʳʚʘʶʪʩʷ ʧʦ ʟʘ-

ʤʝʨʟʰʠʤ ʨʝʢʘʤ ʠ ʩʥʝʞʥʳʤ ʧʨʦʩʪʦʨʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʚʷʟʴ ʦʪʜʘʣʸʥʥʳʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʩ ʢʨʫʧ-

ʥʳʤʠ ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ: ʗʢʫʪʩʢʦʤ, ʅʠʞʥʠʤ ɹʝʩʪʷʭʦʤ, ʄʠʨʥʳʤ, ʃʝʥʩʢʦʤ, ʅʝʨʶʥʛʨʠ ʠ ʊʠʢʩʠ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʩʦʜʝʨʞʘʥʠʝ ʟʠʤʥʠʢʦʚ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʦʩʦʙʝʥʥʦ ʘʚʪʦʛʨʝʡʜʝʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʦʣʦʪʥʘ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʦʨʦʞ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ʘʨʢʪʠ-

ʯʝʩʢʦʡ ʟʦʥʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʘʙʨʘʟʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ ʠ ʧʝʩʯʘʥʦ-ʣʝʜʷʥʳʭ ʯʘʩʪʠʮ, ʘ 

ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʈʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦ-

ʛʨʝʡʜʝʨʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʫʩʢʦʨʝʥʥʦʤʫ ʘʙʨʘʟʠʚʥʦ-ʫʜʘʨʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ, ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʦʩʪʫ 

ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʇʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʝʸ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʠ ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʝʡ ʩ ʦʩʦ-

ʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ [1, 2] (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʧʦʩʦʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ 

 
ɺ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʟʘʤʝʥʘ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʩʦʧʨʷʞʝʥʘ ʩ ʚʳʩʦʢʠʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘ-

ʪʘʤʠ ʠ ʩʣʦʞʥʦʩʪʷʤʠ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʩʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʘʚʪʦʛʨʝʡʜʝʨʘ ʤʝʪʦʜʘʤʠ ʥʘʧʣʘʚʢʠ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠ 
ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʝ ʨʝʰʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦ-
ʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚ-
ʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʣʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʧʦʟʚʦʣʷʶʱʠʭ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʠ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʝʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: ʫʭʦʜ ʩ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʠʤʧʦʨʪʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʜʝʪʘ-
ʣʝʡ ʜʣʷ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʫʚʝʣʠʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦ-
ʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʦʞʝʡ ʘʚʪʦʛʨʝʡʜʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦ-
ʩʪʫʧʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʪʝʭʥʠʢʠ, 
ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, ʦʩʦʙʝʥʥʦ ʚ ʩʫʨʦʚʳʭ ʩʝ-
ʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʦʯʥʝʥʠʷ ʨʘʙʦʯʠʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʠʭ ʠʟʥʦʩʦ-
ʩʪʦʡʢʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 
ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ, ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 
ʨʘʩʭʦʜʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʚ ʩʝʚʝʨʥʳʭ ʠ ʘʨʢʪʠʯʝʩʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ 
ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʘ ʠ ɸʨʢʪʠʢʠ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʥʘʧʣʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 
ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʥʘʧʣʘʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʕʪʘʧʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: 
1. ɸʥʘʣʠʟ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʘ ʠʟʥʦʩʘ ʥʦʞʝʡ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ. 
2. ʀʟʫʯʠʪʴ ʠ ʦʮʝʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 
3. ʆʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʥʘʧʣʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʞʠʤʳ ʥʘʧʣʘʚʢʠ. 
4. ʀʩʩʣʝʜʦʚʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʩʣʦʸʚ. 
5. ʆʮʝʥʠʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʥʦʚʥʦʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʘʚʪʦʛʨʝʡʜʝʨʦʚ ï ʩʨʝʜʥʠʡ ʦʪ-

ʚʘʣ ʩ ʨʝʞʫʱʠʤʠ ʥʦʞʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʧʝʨʝʜʥʠʤʠ ʠ ʟʘʜʥʠʤʠ ʢʦʣʝʩʘʤʠ ʧʨʠ ʫʜʣʠʥʝʥʥʦʡ ʙʘʟʝ 
(ʨʠʩ. 2). ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʠʟʥʦʰʝʥʥʳʭ ʥʦʞʝʡ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ 
ʘʚʪʦʛʨʝʡʜʝʨʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʪʷʞʝʣʳʭ ʤʘʰʠʥ. 

 

  

ʘ) ʙ) 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʘʚʪʦʛʨʝʡʜʝʨ: Volvo G930 ʘ), UMG ɼɿ-98ɺ ʙ) 



EURASTRENCOLD-2025  

ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~56~ 

ʀʩʩʣʝʜʫʝʤʳʝ ʜʝʪʘʣʠ: 

1. ʀʟʥʦʰʝʥʥʳʡ ʥʦʞ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʪʨʝʭʦʩʥʦʛʦ ʘʚʪʦʛʨʝʡʜʝʨʘ VOLVO G930 (ʚʝʩ ï 15,6 ʪ., ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ ï ʂʅʈ). ʅʦʞ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʝʛʤʝʥʪʦʚ ʨʘʟʤʝʨʘʤʠ 1825ʭ170ʭ154ʭ18 ʤʤ ʠ 1825ʭ152ʭ82ʭ18 

ʤʤ (ʨʠʩ. 3, ʘ, ʨʠʩ. 4). 

2. ʅʦʞ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ UMG ɼɿ-98ɺ (ʚʝʩ ï 19,7 ʪ., ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʈʦʩʩʠʷ). ʈʘʟʤʝʨ 

ʥʦʞʘ 1260ʭ160ʭ20 ʤʤ (ʨʠʩ. 3, ʙ). 

 

  
ʘ) 

  
ʙ) 

ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʬʨʘʛʤʝʥʪʦʚ ʥʦʞʝʡ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ: VOLVO G930 ʘ); UMG ɼɿ-98ɺ ʙ) 

 
ʈʠʩ. 4. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʧʨʦʬʠʣʴ ʠʟʥʦʩʘ ʠʟʥʦʰʝʥʥʳʭ ʥʦʞʝʡ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ 

VOLVO G930 
 

ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ ʥʦʞʝʡ ʘʚʪʦʛʨʝʡʜʝʨʘ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʢʦ-

ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ çCXR-980è ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 18895-97. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʝ-

ʪʘʣʣʘ ʥʦʞʝʡ ʘʚʪʦʛʨʝʡʜʝʨʘ ʚʳʧʦʣʥʝʥʦ ʥʘ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ  

çNIM-8è ʧʨʠ ʫʚʝʣʠʯʝʥʠʷʭ 200 ʠ 1000 ʢʨʘʪ. ʐʣʠʬʳ ʜʣʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʛʦʪʘʚʣʠ-

ʚʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ ʚʳʷʚʣʝʥʘ ʪʨʘʚʣʝ-

ʥʠʝʤ 4%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ. ɿʘʤʝʨ ʪʚʝʨʜʦʩʪʠ ʧʨʦʚʝʜʝʥ ʧʦ ʤʝʪʦʜʘʤ 

ɹʨʠʥʝʣʣʷ ʠ ʈʦʢʚʝʣʣʘ ʥʘ ʧʨʠʙʦʨʝ çAffri 206 RTDè. ʊʚʝʨʜʦʩʪʴ ʠʟʤʝʨʝʥʘ ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʧʦ HRC ʠ ʚ ʰʝ-

ʩʪʠ ï ʧʦ HB. ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ɺʠʢʢʝʨʩʘ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ çLM 700è 

ʧʨʠ ʥʘʛʨʫʟʢʝ 10 ʛʩ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 20 ʩʝʢ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ 

(ʗʢʫʪʠʷ) ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʢʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʟʠʤʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʫʨʦʚʳʭ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ: 

ï ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 7ï8 ʤʝʩʷʮʝʚ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʧʦʥʠʞʘʪʴʩʷ ʜʦ ï55 ÁC; 

ï ʧʨʦʤʝʨʟʘʥʠʝ ʛʨʫʥʪʘ ʜʦʩʪʠʛʘʝʪ ʛʣʫʙʠʥʳ 2,5ï3,0 ʤ. 

ï ʦʩʥʦʚʥʦʡ ʪʠʧ ʧʦʢʨʳʪʠʷ ʟʠʤʥʠʭ ʘʚʪʦʜʦʨʦʛ ï ʫʧʣʦʪʥʸʥʥʳʡ ʩʥʝʞʥʦ-ʣʝʜʦʚʳʡ ʠʣʠ ʤʝʨʟʣʳʡ ʛʨʫʥʪ; 

ï ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʳʝ ʥʘʛʨʫʟʢʠ. 



EURASTRENCOLD-2025  

ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~57~ 

ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʢʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʟʠʤʥʠʢʦʚ ʘʚʪʦʛʨʝʡʜʝʨ ʨʘʙʦʪʘʝʪ ʩ ʚʳʩʦʢʦʡ ʩʠʣʦʡ ʨʝʟʘʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʥʘ ʨʝʞʫʱʫʶ ʢʨʦʤʢʫ ʥʦʞʘ ʦʪʚʘʣʘ ʜʝʡʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʜʘʨʥʳʝ ʠ ʘʙʨʘʟʠʚʥʳʝ ʥʘʛʨʫʟʢʠ. 

ʀʟʥʦʩ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʫʯʘʩʪʢʘʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʘʤʝʥʠʩʪʳʭ ʧʦʨʦʜ ʠ ʧʨʦʤʦʨʦʞʝʥʥʦʛʦ ʧʝʩ-

ʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʛʨʫʥʪʘ. ʇʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʛʨʫʥʪʘ ʩʨʝʜʥʠʤ ʦʪʚʘʣʦʤ ʘʚʪʦʛʨʝʡʜʝʨʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʦʟʥʠʢʘʝʪ ʢʦʥʪʘʢʪ ʠ ʚʜʘʚʣʠʚʘʥʠʝ ʢʣʠʥʘ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʛʨʫʥʪ. 

ɼʘʣʝʝ, ʧʨʠ ʥʘʨʘʩʪʘʥʠʠ ʫʩʠʣʠʷ ʨʝʟʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʢʦʣ ʢʨʫʧʥʦʛʦ ʢʫʩʢʘ ʛʨʫʥʪʘ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʨʘʥʝʝ 

ʪʷʞʝʣʦ ʥʘʛʨʫʞʝʥʥʳʡ ʢʣʠʥ ʨʝʟʢʦ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʦʪ ʥʘʛʨʫʟʢʠ, ʥʦ ʪʫʪ ʞʝ ʫʜʘʨʷʝʪʩʷ ʦ ʩʣʝʜʫʶʱʠʡ ʤʘʩʩʠʚ 

ʛʨʫʥʪʘ. ʇʨʦʮʝʩʩ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʠʢʦʚ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʧʝʨʠʦʜʘʤʠ ʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. 

ʅʦʞʠ ʘʚʪʦʛʨʝʡʜʝʨʦʚ ʠʟʥʘʰʠʚʘʶʪʩʷ ʧʦ ʨʝʞʫʱʝʡ ʢʨʦʤʢʝ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʙʨʘʟʠʚʥʦʩʪʠ ʧʝʨʝ-

ʨʘʙʘʪʳʚʘʝʤʳʭ ʛʨʫʥʪʦʚ, ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʠʦʜ ʦʪ 5 ʜʦ 10 ʩʫʪʦʢ [3]. ʅʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟ-

ʥʘʰʠʚʘʥʠʷ ʥʦʞʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʘ (ʪʚʸʨʜʦʩʪʴ, 

ʚʣʘʞʥʦʩʪʴ, ʩʪʝʧʝʥʴ ʧʨʦʤʝʨʟʘʥʠʷ); ʩʢʦʨʦʩʪʴ ʠ ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʝʣʠʯʠʥʫ ʢʦʥʪʘʢʪʥʳʭ 

ʫʩʠʣʠʡ ʥʘ ʢʨʦʤʢʝ; ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʣʠʷʶʱʠʡ ʥʘ ʭʨʫʧʢʦʩʪʴ ʤʝʪʘʣʣʘ; ʢʘʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʦʞʘ ʠ ʩʦʩʪʦʷʥʠʝ ʝʛʦ ʫʧʨʦʯʥʸʥʥʦʛʦ ʩʣʦʷ; ʩʦʩʪʦʷʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʥʘʚʝʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʚʪʦʛʨʝʡʜʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ. ʅʦʞʠ ʦʪʚʘʣʘ ʦʪ-

ʥʦʩʷʪ ʢ ʢʘʪʝʛʦʨʠʠ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʝʜʥʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʗʢʫʪʠʠ ʩʦʩʪʘʚʣʷʝʪ 

ʦʪ 500 ʜʦ 1000 ʤʦʪʦʯʘʩʦʚ [4]. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʦʛʨʦʤʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʣʳ ʨʝʟʘʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʠʟʥʦʰʝʥʥʳʤʠ ʥʦʞʘʤʠ. ʇʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʚ ʛʨʫʥʪʝ, ʢʨʦʤʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʜʚʠʞʝʥʠʷ ʩʚʦʝʡ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ, ʠʟʥʦʰʝʥʥʳʡ ʥʦʞ ʧʨʝʦʜʦʣʝʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʦ-

ʱʘʜʢʠ ʠʟʥʦʩʘ, ʠʤʝʶʱʝʡ ʥʝʙʦʣʴʰʦʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʫʛʦʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʨʝʟʘʥʠʷ. 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʥʦʩ ʥʦʞʝʡ ʥʝ ʨʘʚʥʦʤʝʨʝʥ. ʀʤʝʝʪ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʠʟʥʦʩ ʧʦ ʚʩʝʡ ʜʣʠʥʝ, 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʭʘʨʘʢʪʝʨ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʨʝʜʥʝʤ ʦʪʚʘʣʝ ʘʚʪʦʛʨʝʡʜʝʨʘ ʧʦʜ ʫʛʣʦʤ ʜʣʷ ʚʳʨʘʚʥʠʚʘ-

ʥʠʷ ʛʨʫʥʪʦʚʳʭ ʠ ʣʝʜʦʚʳʭ ʘʚʪʦʜʦʨʦʛ (ʨʠʩ. 2). ɺʙʣʠʟʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʦʞ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩʚʦʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʴʶ ʩ ʯʘʩʪʠʮʘʤʠ ʛʨʫʥʪʘ, ʢʦʪʦʨʳʝ ʝʱʸ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ. ʆʥʠ ʜʝʡʩʪʚʫʶʪ ʥʘ ʥʦʞ 

ʢʘʢ ʨʝʟʮʳ, ʠʥʪʝʥʩʠʚʥʦ ʠʟʥʘʰʠʚʘʷ ʝʛʦ ʢʨʦʤʢʫ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʛʨʫʥʪʝ, ʯʘʩʪʠʮʳ ʛʨʫʥʪʘ ʩʪʘʥʦʚʷʪʩʷ ʧʦʜʚʠʞʥʳʤʠ, ʪʝʨʷʷ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʀʭ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʮʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʧʝʨʝʢʘʪʳʚʘʥʠʝ, ʯʪʦ ʫʤʝʥʴ-

ʰʘʝʪ ʘʙʨʘʟʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʣʦʩʢʦʩʪʴ ʨʝʟʮʘ, ʦʜʥʘʢʦ ʜʘʚʣʝʥʠʝ ʥʘ ʛʨʫʥʪ ʚʦʟʨʘʩʪʘʝʪ [4]. 

ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚ 

[5] ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʄʝʪʘʣʣ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ VOLVO G930 ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ɻʆʉʊ 1050-2013 ʢ ʩʪʘʣʷʤ ʤʘʨʦʢ 20ɻ ʠ 

25ɻ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʝʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ. ʄʝʪʘʣʣ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪ-

ʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ UMG ɼɿ-98ɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʣʷʤ ʤʘʨʦʢ 50, 55 ʧʦ ɻʆʉʊ 1050-2013. 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʤʘʨʛʘʥʮʦʚʠʩʪʳʝ ʩʪʘʣʠ 20ɻ, 25ɻ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦ-

ʩʪʴʶ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ, ʧʣʘ-

ʩʪʠʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʄʘʨʛʘʥʝʮ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ ʙʝʟ ʟʥʘ-

ʯʠʪʝʣʴʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ ʬʦʩʬʦʨʘ ʜʝʣʘʝʪ ʩʪʘʣʴ ʤʝʥʝʝ ʭʨʫʧʢʦʡ 

ʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ, ʥʠʢʝʣʷ ʠ ʤʝʜʠ ʫʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʩʪʘʣʴ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʣʝʛʠʨʦʚʘʥʠʶ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʳʯʥʳʭ ʫʛʣʝ-

ʨʦʜʠʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ. 
ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʥʦʞʝʡ ʘʚʪʦʛʨʝʡʜʝʨʘ, ʤʘʩ. % 

ʉ Si Mn Cr Ni P S Cu 

ʌʨʘʛʤʝʥʪ ʥʦʞʘ ʘʚʪʦʛʨʝʡʜʝʨʘ VOLVO G930 

0,24 0.26 1.15 0.17 0.02 0.012 0.007 0.03 

20ɻ (ɻʆʉʊ 1050-2013) 

0,17-0,24 0,17-0,37 0,70-1,00 Ò0,30 Ò0,30 Ò0,03 Ò0,035 Ò0,30 

25ɻ (ɻʆʉʊ 1050-2013) 

0,22-0,30 0,17-0,37 0,70-1,00 Ò0,30 Ò0,30 Ò0,03 Ò0,035 Ò0,30 

ʌʨʘʛʤʝʥʪ ʥʦʞʘ ʘʚʪʦʛʨʝʡʜʝʨʘ UMG ɼɿ-98ɺ 

0,52 0.21 0.68 0.03 0.02 0.014 0.015 0.02 

50 (ɻʆʉʊ 1050-2013) 

0,47-0,55 0,17-0,37 0,50-0,80 Ò0,25 Ò0,30 Ò0,03 Ò0,035 Ò0,30 

55 (ɻʆʉʊ 1050-2013) 

0,52-0,60 0,17-0,37 0,50-0,80 Ò0,25 Ò0,30 Ò0,03 Ò0,035 Ò0,30 



EURASTRENCOLD-2025  

ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~58~ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ 50 (55) ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ 
ʠ ʭʦʨʦʰʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴʶ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʦʞʘ 
ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ VOLVO G930 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʠʛʦʣʴʯʘʪʳʭ ʩʪʨʫʢʪʫʨ ʤʘʨʪʝʥʩʠ-
ʪʦʧʦʧʦʜʦʙʥʦʛʦ ʙʝʡʥʠʪʘ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʪʧʫʱʝʥʥʦʛʦ ʨʝʝʯʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ. 
ʊʸʤʥʳʝ ʫʯʘʩʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʨʪʝʥʩʠʪʥʳʤ ʠʛʣʘʤ, ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʧʨʠ ʙʳʩʪʨʦʤ ʦʭʣʘʞʜʝʥʠʠ ʠʟ 
ʘʫʩʪʝʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʩʚʝʪʣʳʝ ʧʨʦʩʣʦʡʢʠ ʤʝʞʜʫ ʥʠʤʠ ï ʦʩʪʘʪʦʯʥʦʤʫ ʘʫʩʪʝʥʠʪʫ ʠ ʫʯʘʩʪʢʘʤ ʥʠʟʢʦ-
ʦʪʧʫʱʝʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ. ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ ï 47 HRC (491 HB) (ʪʘʙʣ. 2). 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ UMG ɼɿ-98ɺ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʦʡ ʦʪ-
ʧʫʱʝʥʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ, ʬʝʨʨʠʪʦ-ʮʝʤʝʥʪʠʪʥʦʡ ʩʤʝʩʴʶ ʠ ʤʝʣʢʠʤʠ ʢʘʨʙʠʜʘʤʠ. ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ ʩʦ-
ʩʪʘʚʣʷʝʪ 47 HRC (496 HB) (ʪʘʙʣ. 2). 

 

  
 

ʈʠʩ. 5. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ VOLVO G930, ʭ200 ʘ); ʭ1000 ʙ) 

 

  
 

ʈʠʩ. 6. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ UMG ɼɿ-98ɺ, ʭ200 ʘ); ʭ1000 ʙ) 
 

ʊʘʙʣʠʮʘ 2. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʆʙʨʘʟʝʮ HRC HB 

ʥʦʞ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ VOLVO G930 47 491 

ʥʦʞ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ UMG ɼɿ-98ɺ 47 496  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦ-
ʪʚʝʨʜʦʩʪʠ (ʪʘʙʣ. 3). ʂʘʞʜʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠʟʤʝʨʷʣʠ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʨʘʟ. 

 

ʊʘʙʣʠʮʘ 3. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 
ʆʙʨʘʟʝʮ ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ 
ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ 

HV 0,01/20 
ʄʇʘ ʉʨʝʜʥʷʷ ʤʠʢʨʦ-

ʪʚʝʨʜʦʩʪʴ HV 0,01/20 
ʉʨʝʜʥʷʷ ʤʠʢʨʦ-
ʪʚʝʨʜʦʩʪ, ʄʇʘ 

ʥʦʞ ʩʨʝʜʥʝʛʦ 
ʦʪʚʘʣʘ ʘʚʪʦ-
ʛʨʝʡʜʝʨʘ 

VOLVO G930 

ʉʚʝʪʣʘʷ  373,0; 
297,1; 
365,7 

3658; 
2913; 
3586 

345 3386 

ʊʝʤʥʘʷ  383,8; 
367,8; 
292,6 

3764; 
3607; 
2869 

348 3413 

ʥʦʞ ʩʨʝʜʥʝʛʦ 
ʦʪʚʘʣʘ ʘʚʪʦ-
ʛʨʝʡʜʝʨʘ 
UMG ɼɿ-98ɺ 

ʉʚʝʪʣʘʷ  354,7; 
373,0; 
375,1 

3478; 
3658; 
3678 

368 3605 

ʊʝʤʥʘʷ 347,9; 
277,8; 
278,4 

3412; 
2724; 
2730 

301 2955 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3, ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʩʩʣʝʜʫʝʤʳʭ 
ʩʪʘʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʚʝʨʜʦʩʪʠ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʩʪʘʣʠ ʥʘ ʠʛʦʣʴʯʘʪʫʶ ʠ ʤʝʣʢʦʜʠʩʧʝʨʥʫʶ 
ʬʝʨʨʠʪʦ-ʢʘʨʙʠʜʥʫʶ ʩʪʨʫʢʪʫʨʳ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʥʦʞʝʡ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝ-
ʨʦʚ VOLVO G930 ʠ UMG ɼɿ-98ɺ. ʆʧʨʝʜʝʣʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʨʦʩʩʠʡʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʤʘʪʝʨʠʘʣʘ ʠʟʥʦʰʝʥʥʦʛʦ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ VOLVO G930 
ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʩʪʘʣʠ ʤʘʨʦʢ 20ɻ ʠ 25ɻ ʧʦ ɻʆʉʊ 1050-2013 ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 
ʤʘʨʛʘʥʮʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʠ. ʈʦʩʩʠʡʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ UMG ɼɿ-
98ɺ ʷʚʣʷʶʪʩʷ ʩʪʘʣʠ ʤʘʨʦʢ 50 ʠ 55 ʧʦ ɻʆʉʊ 1050-2013. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʫʢʘʟʳʚʘʝʪ ʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠʩʩʣʝʜʫ-
ʝʤʳʭ ʩʪʘʣʝʡ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ VOLVO G930 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʛʦʣʴ-
ʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʜʚʝ ʦʩʥʦʚʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ï ʦʪʧʫʱʝʥʥʳʡ ʨʝʝʯʥʳʡ 
ʤʘʨʪʝʥʩʠʪ ʠ ʠʛʦʣʴʯʘʪʳʡ ʙʝʡʥʠʪ ʧʨʠ ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʠ 47 HRC (491 HB) ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ HV 
2870é3765 ʄʇʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʦʞʘ ʩʨʝʜʥʝʛʦ ʦʪʚʘʣʘ ʘʚʪʦʛʨʝʡʜʝʨʘ UMG ɼɿ-98ɺ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʦʪʧʫʱʝʥʥʳʤ ʤʘʨʪʝʥʩʠʪʦʤ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʝʨʨʠʪʥʦ-ʢʘʨʙʠʜʥʦʡ ʩʤʝʩʴʶ ʧʨʠ ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʠ 47 
HRC (496 HB) ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ HV 2730é3680 ʄʇʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ, ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, 
ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʧʣʘʚʢʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʝʦʤʝʪʨʠʠ 
ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ 
ʨʝʩʫʨʩʘ. 

ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʞʝʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʪʝʨʨʠ-
ʪʦʨʠʠ ʗʢʫʪʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʥʦʞʝʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʘʚʪʦʛʨʝʡʜʝʨʦʚ, ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʡ ʣʦʛʠʩʪʠʢʦʡ 
ʜʦʩʪʘʚʢʠ ʜʦ ʥʘʰʝʛʦ ʨʝʛʠʦʥʘ ʠ ʜʦʨʦʛʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʵʪʠʭ ʜʝʪʘʣʝʡ. 
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ʋɼʂ 621.791.794 

DOI 10.24412/cl-37460-2025-1-60-64 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ ʋɼɸʈʅʆʁ ʆɹʈɸɹʆʊʂʀ  

ʅɸ ʆʉʊɸʊʆʏʅʓɽ ʅɸʇʈʗɾɽʅʀʗ ɺ ʉɺɸʈʅʓʍ ʉʆɽɼʀʅɽʅʀʗʍ ʀɿ ʉʊɸʃʀ 10ʍʉʅɼ* 

 

ʄʠʭʘʡʣʦʚ ɸ.ʖ.1,2, ʉʠʜʦʨʦʚ ʄ.ʄ.1 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʠʤ. ɺ.ʇ. ʃʘʨʠʦʥʦʚʘ ʉʆ ʈɸʅ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʜʨʘʟ-

ʜʝʣʝʥʠʝ ʌʀʎ çʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʉʆ ʈɸʅè 
2ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ 

E-mail: bilugurec@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʤʠ ʩʚʘʨʦʯ-

ʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ (ʆʉʅ) ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʟ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 10ʍʉʅɼ. ʕʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʋʋʆ) ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʆʉʅ ʧʦʩʣʝ 

ʩʚʘʨʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʩʚʘʨʢʠ ʚ ʟʦʥʝ ʰʚʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʥʠʟʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʘʨʢʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʋʋʆ ʵʬʬʝʢʪʠʚʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝ-

ʥʠʷ ʚ ʩʞʠʤʘʶʱʠʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʩʣʝʩʚʘʨʦʯʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ, 

ʦʩʪʘʪʦʯʥʳʝ ʩʚʘʨʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʫʜʘʨʥʘʷ ʦʙʨʘʙʦʪʢʘ 
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Abstract. The study is devoted to the urgent problem of residual welding stress management in welded 

joints made of low-alloy steel 10XSD. The effect of ultrasonic shock treatment (UO) on the redistribution of 

HP after welding at room and subzero temperatures has been experimentally studied. It is established that 

after welding, significant tensile stresses are formed in the seam area, the level of which increases during low-

temperature welding. It is shown that UO effectively transforms tensile stresses into compressive stresses, 

which contributes to an increase in the fatigue life of joints. 
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ʆʩʪʘʪʦʯʥʳʝ ʩʚʘʨʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ (ʆʉʅ), ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘ-

ʞʜʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1, 2]. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʘʣʦʩʪʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʚʘʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ [3, 4]. 

ʇʦʩʢʦʣʴʢʫ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʆʉʅ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʣʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʫʜʘ-

ʝʪʩʷ ʥʝ ʚʩʝʛʜʘ, ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʤʝʪʦʜʳ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ 

ʨʘʟʨʘʙʦʪʘʥ ʮʝʣʳʡ ʨʷʜ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʪʝʨʤʠʯʝʩʢʫʶ, ʚʟʨʳʚʥʫʶ, ʚʠʙʨʘʮʠʦʥʥʫʶ ʠ ʜʨʦʙʝʩ-

ʪʨʫʡʥʫʶ ʦʙʨʘʙʦʪʢʫ [5-8]. ʉʨʝʜʠ ʥʠʭ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʡ ʫʜʘʨʥʳʡ ʤʝʪʦʜ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʘ ʠ ɸʨʢʪʠʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʋʋʆ) ʜʣʷ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʭʣʘʜʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʯʘʩʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʚʘʨʢʝ ʥʘ ʭʦʣʦʜʝ. 

ʎʝʣʴ ʨʘʙʦʪ ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʩʚʘʨʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʟ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 

10ʍʉʅɼ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~61~ 

ɼʣʷ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ çʅɽʆʅ-315è (ʦʙʨʘʪʥʘʷ ʧʦʣʷʨʥʦʩʪʴ, ʥʠʞ-

ʥʝʝ ʧʦʣʦʞʝʥʠʝ) ʠ ʩʪʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʠʟ ʩʪʘʣʠ 10ʍʉʅɼ-3 ʨʘʟʤʝʨʦʤ 14Ĭ170Ĭ350 ʤʤ (ʨʠʩ. 1). ʈʘʙʦʯʘʷ 

ʜʣʠʥʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 345 ʤʤ. ʇʦʜʛʦʪʦʚʢʫ ʢʨʦʤʦʢ ʚʳʧʦʣʥʷʣʠ ʧʦ ɻʆʉʊ 5264-80 (ʪʠʧ 

ʉ17: V-ʦʙʨʘʟʥʘʷ ʨʘʟʜʝʣʢʘ ʙʝʟ ʧʦʜʢʣʘʜʢʠ). ʇʨʠʤʝʥʷʣʠʩʴ ʵʣʝʢʪʨʦʜʳ çWN 62Uè (ʩʪʘʨʘʷ ʤʘʨʢʠʨʦʚʢʘ 

çʋʆʅʀ-13/ʤʦʨʦʟè), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʳʝ ʧʨʠ 380 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝ-
ʬʦʨʤʘʮʠʡ ʧʣʘʩʪʠʥʳ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʢʦʥʜʫʢʪʦʨʝ. 

ʉʚʘʨʢʫ ʚʳʧʦʣʥʷʣʠ ʚ 5 ʧʨʦʭʦʜʦʚ ʙʝʟ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ɺ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʚʳʧʦʣʥʷʣʠ ʦʩʪʘʥʦʚʢʠ ʜʣʷ ʟʘ-

ʯʠʩʪʢʠ ʰʚʘ ʦʪ ʰʣʘʢʘ, ʙʨʳʟʛ ʤʝʪʘʣʣʘ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʋʋʆ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʫʝ-

ʤʳʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʛʝʥʝʨʘʪʦʨ ʋɿɻʊ-0.5/27 ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʘʩʪʢʫ ʪʠʧʘ çʐʤʝʣʴè ʚ ʚʠʜʝ ʫʜʘʨ-

ʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤ ʢʘʙʝʣʝʤ ʠ ʰʣʘʥʛʘʤʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ʆʙʨʘ-

ʙʦʪʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦ ʩʪʦʨʦʥʳ ʣʠʮʝʚʦʛʦ ʩʣʦʷ ʰʚʘ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ï ʉʨʘʟʫ ʧʦʩʣʝ ʩʚʘʨʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʣʘ 160-230 ʦʉ); 

ï ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʯʝʨʝʟ ʩʫʪʢʠ. 

ʐʠʨʠʥʘ ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʣʘ 40 ʤʤ. ʀʥʩʪʨʫʤʝʥʪ ʧʝʨʝʤʝʱʘʣʠ ʚʨʫʯʥʫʶ ʧʦ ʪʨʸʤ ʟʦʥʘʤ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊɺ). ʈʝʞʠʤʳ ʋʋʆ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʋʋʆ 

 
ʏʘʩʪʦʪʘ ʢʦʣʝʙʘ-

ʥʠʡ, ʢɻʮ 

ɸʤʧʣʠʪʫʜʘ ʪʦʨʮʘ 

ʚʦʣʥʦʚʦʜʘ, ʤʢʤ 
ʄʦʱʥʦʩʪʴ, ɺʪ 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝ-

ʱʝʥʠʷ, ʤ/ʤʠʥ 

1 ʟʦʥʘ 26 20 340 0,5 

2 ʟʦʥʘ 26 20 420 0,5 

3 ʟʦʥʘ 26 20 500 0,5 

 

 
ʈʠʩ. 1. ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʣʘʩʪʠʥʝ 

 

ʆʉʅ ʜʦ ʠ ʧʦʩʣʝ ʋʋʆ ʦʧʨʝʜʝʣʷʣʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʦʨʪʘʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʠ-

ʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʟʤʝʨʝʥʠʠ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. 

ʀʟʤʝʨʷʣʠ ʧʦʧʝʨʝʯʥʳʝ (ůy) ʠ ʧʨʦʜʦʣʴʥʳʝ (ůx) ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 1). ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʨʠ-

ʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ [9ï10]. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʆʅ) 

ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʚʘʨʢʦʡ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʟ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ 

ʩʪʘʣʠ 10ʍʉʅɼ ʧʦʩʣʝ ʩʚʘʨʢʠ, ʬʦʨʤʠʨʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʧʝʨʝʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 60 ʄʇʘ, ʧʨʦʜʦʣʴʥʳʝ ï 148 ʄʇʘ. ʉʫ-

ʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʆʉʅ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʚʘʨʢʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ: 

ʧʦʧʝʨʝʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʨʘʩʪʘʣʠ ʜʦ 160 ʄʇʘ, ʘ ʧʨʦʜʦʣʴʥʳʝ ï ʜʦ 197 ʄʇʘ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳ-

ʨʘʞʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʆʉʅ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʩʚʘʨʢʠ (ʨʠʩ. 2). 

 



EURASTRENCOLD-2025  

ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~62~ 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʆʉʅ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʣʘʩʪʠʥ ʠʟ ʩʪʘʣʠ 10ʍʉʅɼ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʚʘʨʢʦʡ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ +20 Áʉ ʘ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ -35 Áʉ  

ʙ): 1. ʇʦʧʝʨʝʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, 2. ʇʨʦʜʦʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

 

ʇʨʠʤʝʥʝʥʠʝ ʋʋʆ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆʉʅ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʷʭ. ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʞʠʤʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʞʠʤʘʶʱʠʝ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠ ʤʦʱʥʦʩʪʠ 500 ɺʪ, ʢʦʛʜʘ 

ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʞʠʤʘʶʱʠʭ ʆʅ: ůy = ï 290 ʄʇʘ, ůx = ï235 ʄʇʘ. ʅʘ 

ʨʠʩ. 3ï4 ʚʠʜʥʦ, ʢʘʢ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʥʷʶʪʩʷ ʩʞʠʤʘʶʱʠʤʠ. 

 

 
ʈʠʩ. 3. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʆʉʅ ʚ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʣʘʩʪʠʥʳ ʠʟ ʩʪʘʣʠ 10ʍʉʅɼ, ʚʳʧʦʣʥʝʥʥʦʡ 

ʩʚʘʨʢʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʋʋʆ: ʘ) ɺ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ;  

ʙ) ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ. 

 

 
ʈʠʩ. 4. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʆʉʅ ʚ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʣʘʩʪʠʥʳ ʠʟ ʩʪʘʣʠ 10ʍʉʅɼ,  

ʚʳʧʦʣʥʝʥʥʦʡ ʩʚʘʨʢʦʡ ʧʨʠ ʥʠʟʢʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (-35 ʦʉ) ʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʋʋʆ:  

ʘ) ɺ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ; ʙ) ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ. 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʩʚʘʨʢʠ (çʚ ʛʦʨʷʯʝʤ ʩʦʩʪʦ-

ʷʥʠʠè) ʠ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ï ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ ʚ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʫʧʨʦʯʥʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʞʠʤʘʶʱʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʋʋʆ, ʧʨʦʚʝʜʝʥʥʦʡ ʥʘ ʧʦʣʥʦʩʪʴʶ ʦʩʪʳʚʰʝʤ ʤʝʪʘʣʣʝ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ï ʧʨʦʜʦʣʴʥʳʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ï283é ï337 ʄʇʘ, ʘ ʧʦʧʝʨʝʯʥʳʝ ï ï 306é  

ï333 ʄʇʘ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ï ʧʨʦʜʦʣʴʥʳʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ï257é ï302 ʄʇʘ, ʘ ʧʦʧʝʨʝʯʥʳʝ ï ï 277é  

ï308 ʄʇʘ ʧʨʠ ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 15ï20 % ʚrh ʝ, ʯʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ çʚ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠè. 

ɺ ʮʝʣʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʋʋʆ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʘʙʠʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʩʚʘʨʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʣʘ 160ï230 ÁC), ʪʘʢ ʠ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʩʦ-

ʝʜʠʥʝʥʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʤʦʥʪʘʞʥʳʝ ʠ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʣʠ ʟʘʢʦʥʦʤʝʨʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [10ï13], 

ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʙʳʣ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʚ ʦʙʣʘʩʪʠ ʧʦʩʣʝʩʚʘʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ, ʨʘʟʨʘʙʦʪʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʨʝʞʠʤʳ. 

ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʜʣʷ ʥʘʰʝʛʦ ʢʦʣʣʝʢʪʠʚʘ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʀʥʩʪʠʪʫʪʘ [14]. ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʵʪʠʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʤ ʧʨʠʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥʠ ʚʝʜʫʪʩʷ ʚ ʛʦʜ 55-ʣʝʪʥʝʛʦ ʶʙʠʣʝʷ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʠʤ. ɺ.ʇ. ʃʘʨʠʦʥʦʚʘ ʉʆ ʈɸʅ, ʧʨʦʜʦʣʞʘʷ ʠ ʨʘʟʚʠʚʘʷ ʣʫʯʰʠʝ ʥʘʫʯʥʳʝ ʪʨʘʜʠʮʠʠ ʠʥʩʪʠ-

ʪʫʪʘ, ʟʘʣʦʞʝʥʥʳʝ ʧʨʝʜʳʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʟ ʥʠʟʢʦʣʝʛʠʨʦ-

ʚʘʥʥʳʭ ʩʪʘʣʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʋʋʆ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʨʘʩʪʷʛʠ-

ʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʥʦ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʩʦʟʜʘʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤ ʩʣʦʝ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʫʩʪʘʣʦʩʪʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʠ ʩʧʦʩʦʙʘ ʧʨʠ-

ʤʝʥʝʥʠʷ ʋʋʆ: ʦʙʨʘʙʦʪʢʘ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʙʠʣʴ-

ʥʦʛʦ ʧʦʣʷ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʤ̫ʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ ï250... ï330 ʄʇʘ. 

ʇʨʦʚʝʜʸʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʠʥʩʪʠ-
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INFLUENCE OF THE STRUCTURAL STATE OF THE METAL OF RING WELDING SEAMS  

OF PIPELINE STEEL ON DEFORMATION PROCESSES AND FRACTURED DEGRADATION 

DURING OPERATION OF UNDERGROUND GAS PIPELINES  
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Abstract. In this work, the influence of the structural state of the ZTV metal of 09G2S pipe steel after 

welding and heat treatment on the deformation processes during the delayed destruction of an above-ground 

pipeline under the influence of seasonal soil deformations in the permafrost zone was studied. The influence 

of the restructuring of the ZTV metal structure from post-welding heat treatment on the strength and ductility 

characteristics was examined. The deformation and fracture processes during three-point bending were rec-

orded using acoustic emission. 

Keywords: welding, heat treatment, strength, plasticity, acoustic emission, delayed failure. 

 

ɺʚʝʜʝʥʠʝ. ɹʦʣɹh ʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʚʘʨʠʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʦʜʚʦʜʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʯʝʨʝʟ ʨ. ʃʝʥʘ çʇʘʚʣʦʚʩʢ-ʍʘʪʘʩʩʳè. ʄʥʦʛʦʣʝʪ-

ʥʠʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʜʟʝʤʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʤʝʶʪʩʷ ʫʯʘʩʪʢʠ, ʛʜʝ ʧʦʜʟʝʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ 

ʧʨʦʣʦʞʝʥʥʳʡ ʚ ʚʝʯʥʦʤʝʨʟʣʦʤ ʛʨʫʥʪʝ ʜʚʘʞʜʳ ʚ ʛʦʜ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʨʘʟʥʳʤ ʦʙʨʘʟʦʤ. ʅʘʠʙʦʣʴʰʠʝ ʜʝ-

ʬʦʨʤʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʩʢʣʦʥʝ ʚʦʟʣʝ ʫʨʝʟʘ ʚʦʜʳ, ʛʜʝ ʪʨʫʙʘ ʧʨʦʣʦʞʝʥʘ ʥʘ ʛʨʘʥʠʮʝ 

ʚʝʯʥʦʤʝʨʟʣʳʭ ʧʦʨʦʜ ʩ ʪʘʣʠʢʦʚʦʡ ʟʦʥʦʡ ʜʥʘ ʊʘʙʘʛʠʥʩʢʦʡ ʧʨʦʪʦʢʠ [1, 2]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʝʤʦʥʪʥʘʷ 

ʩʚʘʨʢʘ ʪʨʫʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ. ʄʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʚʦ-

ʜʦʨʘʞʠʚʘʥʠʝ ʤʝʪʘʣʣʘ ʪʨʫʙ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤ 

ʫʯʘʩʪʢʦʤ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣ ʟʦʥʳ ʧʝʨʝʛʨʝʚʘ, ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʟʦʥʘ ʢʨʫʧʥʦʛʦ 

ʟʝʨʥʘ, ʚ ʢʦʪʦʨʦʤ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʭʦʣʦʜʥʳʝ ʪʨʝʱʠʥʳ [3]. ʇʦʵʪʦʤʫ ʥʫʞʥʘ ʪʝʭ-

ʥʦʣʦʛʠʷ, ʨʝʛʫʣʠʨʫʶʱʘʷ ʨʘʟʤʝʨ ʟʝʨʥʘ ʘʫʩʪʝʥʠʪʘ, ʪʘʢ ʠ ʩʪʨʦʝʥʠʝ ʛʨʘʥʠʮ ʠʩʭʦʜʥʦʛʦ ʘʫʩʪʝʥʠʪʘ. ʇʨʠ 

ʩʚʘʨʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ ʙʦʣʴʰʝ 6 ʤʤ, ʘ ʪʘʢʞʝ ʚ ʧʦʚʦʨʦʪʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʦ  

ʈɼ 153-34.1-003-01 ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʩʣʝʩʚʘʨʦʯʥʳʡ ʦʪʧʫʩʢ. 

ɸʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʥʘ ʛʘʟʦʧʨʦʚʦʜʝ çʄʘʩʪʘʭ-ɹʝʨʛʝ-ʗʢʫʪʩʢè ʧʦ-

ʢʘʟʘʣ, ʯʪʦ ʙʦʣʝʝ 30% ʦʪʢʘʟʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʚʘʨʥʳʝ ʢʦʣʴʮʝʚʳʝ ʰʚʳ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʢʚʦʟʥʦʡ ʪʨʝ-

ʱʠʥʳ ï ʩʚʠʱʘ. ʀʟʫʯʝʥʠʝ ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʠʱʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʦʯʘʛʘʤʠ ʨʘʟʨʫʰʝʥʠʡ 

ʩʣʫʞʘʪ ʜʝʬʝʢʪʳ ʩʚʘʨʢʠ ʢʦʨʥʝʚʦʛʦ ʰʚʘ (ʥʝʧʨʦʚʘʨʳ, ʧʦʨʳ, ʰʣʘʢʠ ʠ ʪ. ʜ.) [4]. 

ɸʢʪʫʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʩʣʝʩʚʘʨʦʯʥʦʛʦ ʦʪʧʫʩʢʘ ʜʣʷ ʨʝʤʦʥʪʥʦʡ 

ʩʚʘʨʢʠ ʢʦʣʴʮʝʚʳʭ ʰʚʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʠʩʧʳʪʳʚʘʶʱʝʛʦ ʩʝʟʦʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ ɿʊɺ ʪʨʫʙʥʦʡ 

ʩʪʘʣʠ 09ɻ2ʉ ʧʦʩʣʝ ʩʚʘʨʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʠʟʛʠʙʝ, 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʩ ʬʠʢʩʘʮʠʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ. 

mailto:Horo48@yandex.ru
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʚʳʙʨʘʥʘ ʪʨʫʙʥʘʷ 

ʩʪʘʣʴ 09ɻ2ʉ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʧʳʪʫʝʤʦʡ ʩʪʘʣʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ, % 

C Si Mn Cr Ni P S Cu V 

ˉ 1 0,10 0,25 1,72 0,03 0,03 0,01 0,01 0,05 0,06 

09ɻ2ʉ 

ɻʆʉʊ 19281-

2014 

Ò0,12 0,17-

0,37 

1,40-

1,80 

Ò0,30 Ò0,30 Ò0,03 Ò0,04 Ò0,30 Ò0,12 

 

ʆʜʥʦʩʣʦʡʥʘʷ ʩʚʘʨʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʧʣʘʩʪʠʥʘʭ 200Ĭ150 ʤʤ ʪʦʣʱʠʥʦʡ 10 ʤʤ. ʇʦʩʣʝ ʩʚʘʨʢʠ ʦʙ-

ʨʘʟʮʳ ʦʭʣʘʞʜʘʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ. ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʚʳʨʝʟʘʥʳ ʦʙʨʘʟʮʳ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʩʚʘʨʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ. 

ʈʘʟʤʝʨʳ ʠ ʩʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊʫ 25.506-85ʉ.3 1985 (ʨʠʩ. 1). 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʙʨʘʟʮʘ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʦ ɻʆʉʊ 25.506-85ʉ.3. 1985. 

ʊʠʧ 4. ʉʢʦʨʦʩʪʴ ʥʘʛʨʫʞʝʥʠʷ 15 ʤʤ/ʤʠʥ 

 

ɿʘʢʨʫʛʣʝʥʥʳʡ ʥʘʜʨʝʟ ʧʦ ʟʦʥʝ ɿʊɺ ʠʤʠʪʠʨʫʝʪ ʢʦʨʨʦʟʠʦʥʥʳʡ ʜʝʬʝʢʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 

ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʪʨʫʙʳ. 

ʇʨʦʚʝʜʝʥʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ Nabertherm ʧʦ  

ʈɼ 153-34.1-003-01 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 590ʉ̄ c ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ 21 ʉ̄. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʩʚʘʨʢʠ ʠ ʦʙʨʘʟʮʳ, ʠʤʠʪʠʨʦʚʘʚʰʠʝ ʧʦʩʣʝʩʚʘʨʦʯʥʳʡ ʦʪʧʫʩʢ, ʠʩʧʳ-

ʪʳʚʘʣʠʩʴ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ çZwick Z600Eè. ɹʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʨʝʛʠ-

ʩʪʨʘʮʠʷ ʩʠʛʥʘʣʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʧʨʠ ʧʦʤʦʱʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ çʕʢʩʧʝʨʪ-2014è, ʩ 

ʟʘʧʠʩʴʶ ʢʘʢ ʘʤʧʣʠʪʫʜʥʳʭ, ʪʘʢ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ɸʕ ï 1 ʰʪ.; ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʯʘʩʪʦʪ ʜʘʪʯʠʢʘ ɸʕ ï 100ï300 ʢɻʮ; ʫʨʦ-

ʚʝʥʴ ʜʠʩʢʨʠʤʠʥʘʮʠʠ (ʧʦʨʦʛ)  50, ʜɹ. ʆʙʲʝʢʪ: ʩʚʘʨʥʦʡ ʰʦʚ ʥʘ ʧʣʘʩʪʠʥʝ ʨʘʟʤʝʨʘʤʠ 250Ĭ20Ĭ7 ʤʤ; ʧʘ-

ʨʘʤʝʪʨʳ ʠ ʫʩʣʦʚʠʷ ʥʘʛʨʫʟʢʠ: 15 ʤʤ/ʤʠʥ, ʢʦʨʥʝʤ ʥʘʨʫʞʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʚʘʨʢʠ ʤʝʪʘʣʣ ɿʊɺ ʩʪʘʣʠ 09ɻ2ʉ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʬʝʨʨʠʪ-ʧʝʨʣʠʪʥʦʡ ʦʙʣʘʩʪʠ. 

ɼʝʬʝʢʪ ʚ ʟʦʥʝ ɿʊɺ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ ʪʠʧʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʝʱʠʥʳ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʩʪʘʜʠʷ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʪʨʝʱʠʥʳ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ. ɿʘʚʝʨʰʘʶʱʘʷ ʩʪʘʜʠʷ  ʜʦʣʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳ-

ʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2, 3 ʠ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʩʪʘʣʠ 

09ɻ2ʉ 

ʅʦʤʝʨʘ 

ʦʙʨʘʟʮʦʚ* 

ʊʦʣʱʠʥʘ 

ʦʙʨ. 

ʐʠʨʠʥʘ 

ʦʙʨ. 

ɺʳʩʦʪʘ 

ʦʙʨ. 
Fmax ʇʨʦʛʠʙ max 

Nr mm mm mm N mm 

1 7,73 19,62 17,98 8145,05 20,80 

2 7,73 19,62 18,11 8533,88 20,51 

3 7,73 19,62 17,93 8674,63 19,59 

4 7,09 20,32 19,77 8240,55 21,54 

5 7,21 19,25 19,24 7779,42 22,24 

6 7,21 20,00 19,59 8371,55 23,23 

*1, 2, 3 ï ʦʙʨʘʟʮʳ, ʠʩʧʳʪʘʥʥʳʝ ʧʦʩʣʝ ʩʚʘʨʢʠ; 4, 5, 6  ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʩʚʘʨʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

 

ʊʘʙʣʠʮʘ 3. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʠʟʛʠʙʝ ɿʊɺ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʨʫʙʥʦʡ ʩʪʘʣʠ 09ɻ2ʉ 

ʅʦʤʝʨʘ ʦʙʨʘʟ-

ʮʦʚ 
1 2 3 

ʉʨʝʜʥʠʝ 

ʟʥʘʯʝ-

ʥʠʷ 

4 5 6 

ʉʨʝʜ-

ʥʠʝ 

ʟʥʘʯʝ-

ʥʠʷ 

„̒ ʄʇʘ 11,12 11,56 11,87 11,54 11,15 10,64 11,24 11,01 

ɢ̒̇ ˜ ́ 24,86 89,41 85,0 66,42 44,74 42,58 44,47 43,93 

 

 
ʘ) ʙ) 

 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʳ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ: ʘ) ï ʧʦʩʣʝ ʩʚʘʨʢʠ; 

ʙ) ï ʧʦʩʣʝ ʩʚʘʨʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

 

ʇʨʝʜʝʣ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ  Ic ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʚʘʨʢʠ ʟʘ ʩʯʝʪ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ ʟʦʥʳ 

ʧʝʨʝʛʨʝʚʘ ʚʳʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ ʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ. ʅʦʤʠʥʘʣʴʥʳʝ ʨʘʟʨʫʰʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ „ʟ ʜʣʷ 

ʦʙʦʠʭ ʪʠʧʦʚ ʦʙʨʘʟʮʦʚ ʙʣʠʟʢʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ (ʪʘʙʣ. 2). 

ɿʘ ʢʨʠʪʝʨʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠʥʠʤʘʣʠ ʧʘʜʝʥʠʝ ʨʘʙʦʪʳ ʚʷʟ-

ʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʠʩʧʳʪʘʥʠʡ (ʨʠʩ. 2). 

ʌʨʘʢʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʠ 

ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ ɿʊɺ. ʄʝʪʘʣʣ ʟʦʥʳ ʧʝʨʝʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʚʘʨʢʠ 

ʨʘʟʨʫʰʘʝʪʩʷ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʳʤʠ ʩʢʦʣʘʤʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘ ʬʘʩʝʪʦʢ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʦ 

ʨʦʪʘʮʠʦʥʥʦʤ ʩʢʦʣʴʞʝʥʠʠ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ. ʇʦ ʛʨʘʥʠʮʘʤ ʬʘʩʝʪʦʢ ʧʦʷʚʣʷʶʪʩʷ 

ʤʠʢʨʦʪʨʝʱʠʥʳ (ʨʠʩ. 3, ʘ). ɺʷʟʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʦ ʟʦʥʝ ʯʘʩʪʠʯʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʀʟ-

ʣʦʤ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʦʜʝʨʞʠʪ ʬʘʩʝʪʢʠ ʢʚʘʟʠʩʢʦʣʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʩʢʦʣʦʚ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚʢʣʶʯʝʥʠʷ ʢʘʨʙʠʜʦʚ (ʨʠʩ. 3, ʙ). ʇʦʷʚʣʝʥʠʝ ʢʚʘʟʠʩʢʦʣʦʚ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʚʳʟʚʘʥʦ ʤʠʢʨʦʥʘʧʨʷʞʝ-

ʥʠʷʤʠ ʢʨʫʧʥʳʭ ʢʘʨʙʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʄʠʢʨʦʪʨʝʱʠʥʳ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʦʪ ʟʦʥʳ ʧʝʨʝʛʨʝʚʘ ʠ ʢʚʘ-

ʟʠʩʢʦʣʳ ʚ ʚʷʟʢʦʤ ʠʟʣʦʤʝ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʤʫ ʧʨʦʜʚʠʞʝʥʠʶ ʪʨʝʱʠʥʳ ʜʦ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ. 
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ʘ)      ʙ) 

 

ʈʠʩ. 3. ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʩʚʘʨʢʠ: ʘ) ï ʠʟʣʦʤ ʧʦ ʟʦʥʝ ʧʝʨʝʛʨʝʚʘ; 

ʙ) ï ʚʷʟʢʠʡ ʠʟʣʦʤ ʚ ʟʦʥʝ ʯʘʩʪʠʯʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

 

ɺ ʟʦʥʝ ʧʝʨʝʛʨʝʚʘ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʳʝ ʬʘʩʝʪʢʠ. 

ʀʟʣʦʤ ʧʦ ʟʦʥʝ ʧʝʨʝʛʨʝʚʘ ʩʦʩʪʦʠʪ ʠʟ ʫʜʣʠʥʝʥʥʳʭ ʩʜʚʠʛʦʚʳʭ ʧʣʦʩʢʠʭ ʷʤʦʢ ʠ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʝʣʢʠʭ 

ʧʣʦʩʢʠʭ ʷʤʦʢ. ʅʘ ʜʥʝ ʷʤʦʢ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ ʢʘʨʙʠʜʳ (ʨʠʩ. 4, ʘ). ɺ ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʛʜʝ ʨʘʥʝʝ 

ʥʘʙʣʶʜʘʣʠʩʴ ʟʦʥʳ ʯʘʩʪʠʯʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʩʪʘʨʝʥʠʷ, ʚʷʟʢʠʡ ʠʟʣʦʤ ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʯʘʰʝʯʢʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚʦʢʨʫʛ ʤʝʣʢʠʭ ʢʘʨʙʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʨʠʩ. 4, ʙ). ʆʪʤʝʯʘʝʪʩʷ ʥʝʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʣʫʙʦʢʠʭ ʷʤʦʢ-ʢʦʥʫʩʦʚ. ʈʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʦʥ ʚʳʪʷʞʢʠ ʩ 

ʤʝʣʢʠʤʠ ʯʘʰʝʯʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʛʠʙʘ ʚʳʰʝ 40 ʤʤ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʚʳʩʦʢʠʝ ʛʨʝʙʥʠ, 

ʨʘʟʜʝʣʝʥʥʳʝ ʚʪʦʨʠʯʥʳʤʠ ʪʨʝʱʠʥʘʤʠ. ɺʦʟʣʝ ʜʦʣʦʤʘ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝʤ ʤʝʣʢʠʭ ʧʦʨ ʚ 

ʢʨʫʧʥʳʝ ʧʣʦʩʢʠʝ ʯʘʰʢʠ. 

 

 
ʘ)     ʙ) 

ʈʠʩ. 4. ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʚʘʨʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ: 

ʘ) ï ʠʟʣʦʤ ʧʦ ʟʦʥʝ ʧʝʨʝʛʨʝʚʘ; ʙ) ï ʚʷʟʢʠʡ ʠʟʣʦʤ ʧʦ ʟʦʥʝ ʯʘʩʪʠʯʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʪʧʫʩʢʘ ʧʨʠ 500ʉ̄ ʚ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʷʭ 

ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʧʦʣʠʛʦʥʠʟʘʮʠʠ, ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʩʪʘʣʣʠʟʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʘʜʘ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʘʨʙʠʜʥʳʭ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʘʭ 

ʠ ʩʫʙʛʨʘʥʠʮʘʭ. ʇʦʩʣʝ ʦʪʧʫʩʢʘ ʧʨʠ 500ʉ̄ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʨʙʠʪʘ [4]. ɺ ʨʘʙʦʪʝ [5] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʨʙʠʪʘ ʦʪʧʫʩʢʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʧʨʠʟʥʘʢʦʚ ʢʚʘʟʠʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʠ 

ʩʣʠʷʥʠʝ ʤʠʢʨʦʧʦʨ ʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʤʦʢ-ʢʦʥʫʩʦʚ. 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʚʘʨʢʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʠʢʠ ʧʦʷʚʠʣʠʩʴ ʚ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʚʝʪʚʠ ʜʠʘʛʨʘʤʤʳ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʬʠʢʩʘʮʠʷ ʧʦʷʚʣʝʥʠʷ ʟʝʨʥʦʛʨʘʥʠʯʥʳʭ ʤʠʢʨʦʪʨʝʱʠʥ 

ʚ ʤʝʪʘʣʣʝ ʟʦʥʳ ʧʝʨʝʛʨʝʚʘ. ʉʣʝʜʫʶʱʠʝ ʧʠʢʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʥʠʩʧʘʜʘʶʱʝʡ ʚʝʪʚʠ ʜʠʘʛʨʘʤʤʳ, ʧʦʢʘʟʳ-

ʚʘʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʝ ʛʨʝʙʥʝʡ ʦʪʨʳʚʘ ʩ ʟʘʣʦʞʝʥʠʝʤ ʢʨʫʧʥʳʭ ʚʪʦʨʠʯʥʳʭ ʪʨʝʱʠʥ (ʨʠʩ. 5, ʘ). 
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ʘ)      ʙ) 

 

ʈʠʩ. 5. ɻʨʘʬʠʢʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʚʘʨʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ: 

ʘ) ï ʧʦʩʣʝ ʩʚʘʨʢʠ; ʙ) ï ʧʦʩʣʝ ʩʚʘʨʢʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

 

ʂʘʢ ʚʠʜʥʦ, ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʧʘʨʘʤʝʪʨʦʚ ɸʕ ʠ ʜʠʘʛʨʘʤʤʳ ʠʩʧʳʪʘʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʠʟʛʠʙʘ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ, ʜʠʘʛʨʘʤʤʳ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ɸʕ-ʩʠʛʥʘʣʦʚ, ʯʝʤ ʫ ʥʝ ʪʝʨ-

ʤʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʴʰʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʦʙʨʘʟʮʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦ ʧʦʚʳʰʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʠʤʠʪʠʨʫʶʱʠʝ ʩʝʟʦʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 

ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʘʣʣ ʟʦʥʳ ʧʝʨʝʛʨʝʚʘ ʩʢʣʦʥʝʥ ʢ ʭʨʫʧʢʠʤ ʨʘʟʨʫʰʝʥʠʷʤ, ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʤʠʢʨʦʪʨʝʱʠʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ɿʊɺ ʚ ʧʣʘʩʪʠʯʥʦʡ ʟʦʥʝ ʦʙʨʘʟʫʝʪ ʠʟʣʦʤʳ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʚʘʟʠʩʢʦʣʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʙʳʩʪʨʦʤʫ ʨʘʟʚʠʪʠʶ ʨʘʟʨʫʰʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʦ ʈɼ 153-34.1-003-01 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʨʙʠʪʘ ʧʦʚʳʰʘʝʪ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʩʥʠʞʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ɿʊɺ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʝʙʥʝʡ ʦʪʨʳʚʘ, ʯʪʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʚʳʰʘʝʪ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʃʊʄʆ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ. 

ɸʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʦʞʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʪʨʫʙʥʳʭ 

ʩʪʘʣʝʡ ʧʨʠ ʜʚʫʭʜʫʛʦʚʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʝ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ. ʀʟʫʯʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, 

ʧʦʧʝʨʝʯʥʦʝ ʠ ʧʨʦʜʦʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ. ʇʨʦʚʝʜʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʠ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʋʩʪʘʥʦʚʣʝʥʳ ʧʨʠʯʠʥʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʩʪʝʧʝʥʴ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʚ ʟʦʥʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʩʥʠʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 
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Abstract.. The paper studies welded joints of high-strength pipe steels in twin-arc automatic welding in 

a shielding gas. The microstructure, transverse and longitudinal macro- and microhardness distribution in 

various zones of welded joints are studied. Mechanical tests for static tension and impact toughness at low 

temperatures are carried out. The causes of heterogeneity and the degree of softening in the heat-affected zone 

are established. The principles of reducing microstructural and mechanical heterogeneity are formulated. 

Keywords: arc welding, gas pipelines, high-strength pipe steel, weldability, microstructure, microhard-

ness, impact toughness. 

 

ɺʚʝʜʝʥʠʝ. ʊʨʫʙʥʳʝ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʩʪʘʣʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʨʦʷʚʣʷʶʪ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʮʠʢʣʫ ʩʚʘʨʢʠ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʩ 

ʮʝʣʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʭʣʘʜʦ-

ʩʪʦʡʢʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʧʦʩʦʙʳ ʩʚʘʨʢʠ ʪʨʫʙ ʦʪʣʠʯʘʶʪʩʷ ʧʦʛʦʥʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʩʢʦʨʦʩʪʴʶ 

ʦʭʣʘʞʜʝʥʠʷ W8/5, ʦʉ/ʩ: ʨʫʯʥʘʷ ʩʚʘʨʢʘ ʧʦʢʨʳʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ï 10ï50; ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ ï  

20ï80; ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʚʘʨʢʘ ʧʦʜ ʬʣʶʩʦʤ ï 1ï12; ʣʘʟʝʨʥʘʷ ʩʚʘʨʢʘ ï 150ï250 [1, 2]. 

ʇʨʠ ʩʚʘʨʢʝ ʪʨʫʙ ʠʟ ʩʪʘʣʠ ʂ60 ʜʠʘʤʝʪʨʦʤ 1420 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 25,8 ʤʤ, ʩʦʩʪʘʚʘ, %: 0,06C; 1,55Mn; 

0,18Si; 0,18Ni; 0,22Mo; 0,017Nb; 0,17Cu ʩ ʵʢʚʠʚʘʣʝʥʪʦʤ ʫʛʣʝʨʦʜʘ 0,39% ʩ ʧʨʦʚʦʣʦʢʦʡ Boehler Ti 60-FD 

ʜʠʘʤʝʪʨʦʤ 1,2 ʤʤ ʚ ʩʤʝʩʠ 82%Ar+18%ʉʆ2 ʧʨʠ ʧʦʛʦʥʥʦʡ ʵʥʝʨʛʠʠ 0,8 ʢɼʞ/ʤʤ ʚʳʷʚʠʣʠ ʘʥʠʟʦʪʨʦʧʠʶ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ɿʊɺ [3]. ʇʨʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ W8/5=25ï50 ʦʉ/ʩ ʜʦʩʪʠʛʣʠ ʚʳʩʦʢʦʡ ʫʜʘʨʥʦʡ ʚʷʟ-

ʢʦʩʪʠ ʠ ʩʥʠʟʠʣʠ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʚ ɿʊɺ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʤʝʥʝʝ 10% ʤʘʨʪʝʥʩʠʪʘ, 15ï20% ʧʝʨʣʠʪʘ, 45% 

ʢʚʘʟʠʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʬʝʨʨʠʪʘ ʠ ʙʦʣʝʝ 25ï30% ʛʨʘʥʫʣʷʨʥʦʛʦ ʙʝʡʥʠʪʘ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʚʘʨʢʠ ʧʦʜ ʬʣʶʩʦʤ ʪʨʫʙ ʠʟ ʩʪʘʣʠ ʂ60 ʤʘʨʢʠ 06ɻ2ɹʄ 

ʠ 07ɻ2ɹʌ ʪʦʣʱʠʥʦʡ 25,8 ʠ 33,4 ʤʤ ʩ ʉIIW=0,39ï0,42% ʧʨʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ W8/5=2ï5 ʦʉ/ʩ ʫʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ KCVï30 ʚ ɿʊɺ ʩʥʠʟʠʣʘʩʴ ʜʦ 9ï22 ɼʞ/ʩʤ2 ʠ 6ï35 ɼʞ/ʩʤ2 ʠʟ-ʟʘ ʨʦʩʪʘ ʧʝʨʚʠʯʥʦʛʦ ʘʫʩʪʝʥʠʪʥʦʛʦ 

ʟʝʨʥʘ ʜʦ 100ï150 ʤʤ, ʫʚʝʣʠʯʝʥʠʷ ʜʦ 60ï85% ʛʨʫʙʦʛʦ ʬʝʨʨʠʪʘ ʠ 30ï40% ʧʝʨʣʠʪʘ [4]. ɺ ʩʪʘʣʷʭ 

06ɻ2ʅʄɼɹ, 07ɻ2ʅɼʌɹ, 05ʍɻ2ʅɼɹ, 07ʍɻ2ɹ ʠ 04ʍʅɼɹ ʪʦʣʱʠʥʦʡ 29,8 ʤʤ ʧʨʠ W8/5 ʤʝʥʝʝ 3ï4 ÁC/ʩ 

ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ KCVï20 ʩʥʠʞʘʣʘʩʴ ʠʟ-ʟʘ ʨʦʩʪʘ ʘʫʩʪʝʥʠʪʥʦʛʦ ʟʝʨʥʘ ʜʦ 160ï200 ʤʢʤ, ʩʪʦʣʙʯʘʪʳʭ ʢʨʠ-

ʩʪʘʣʣʠʪʦʚ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʬʝʨʨʠʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 80ï140 ʤʢʤ, ʥʘʣʠʯʠʷ ʦʢʩʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʨʘʟʤʝʨʦʤ 

ʜʦ 3ï5 ʤʢʤ [5]. 

ʇʦʚʳʰʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʜʦʩʪʠʛʣʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʧʦʛʦʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʦʙʲʝʤʘ ʨʝʝʯʥʦʛʦ ʙʝʡʥʠʪʘ, ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ ʛʨʘʥʫʣʷʨʥʦʛʦ ʙʝʡ-
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~71~ 

ʥʠʪʘ, ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʠ ɺʠʜʤʘʥʰʝʪʪʦʚʘ ʬʝʨʨʠʪʘ. ʆʧʪʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ W8/5 ʜʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʚʷʟʢʦʡ ʙʝʡʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʠʣʠ: ʧʨʠ ʩʚʘʨʢʝ ʩʪʘʣʝʡ ʂ60 ï ʦʪ 3ï5 ʜʦ 50ï100 ʦʉ/ʩ; 

ʂ65 ï ʦʪ 1 ʜʦ 20ï80 ʦʉ/ʩ; ʂ80 ï ʦʪ 1 ʜʦ 15ï20 ʦʉ/ʩ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʘʨʠʚʘʝʤʦʩʪʴ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ ʦʩʣʦʞʥʷʝʪʩʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʮʠʢʣʫ ʩʚʘʨʢʠ, ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʩʥʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʯʪʦ ʷʚʣʷ-

ʝʪʩʷ ʩʝʨʴʸʟʥʦʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ, ʩʥʠʞʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʘʛʠʩʪʨʘʣʴ-

ʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʢʦʣʴʮʝʚʳʭ 

ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʜʚʫʭʜʫʛʦʚʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʝ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠʟ ʚʳʩʦʢʦ-

ʧʨʦʯʥʳʭ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʧʦʣʥʷʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʚʘʨʢʫ 

ʢʦʤʧʣʝʢʩʦʤ Dragoweld 700 ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʝʧʦʚʦʨʦʪʥʳʭ ʩʪʳʢʦʚ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ 1420 ʤʤ ʩ ʪʦʣʱʠʥʦʡ 

ʩʪʝʥʢʠ 21,6 ʤʤ ʠʟ ʪʨʫʙʥʦʡ ʙʝʡʥʠʪʥʦʡ ʩʪʘʣʠ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ ʂ60 ʧʨʠ ʵʢʚʠʚʘʣʝʥʪʝ ʫʛʣʝʨʦʜʘ 

CEIIW=0,34, ʘ ʪʘʢʞʝ ʪʨʫʙ ʂ60, ʂ65 ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 32 ʠ 23 ʤʤ. ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ ʨʘʟʜʝʣʢʠ ʩʠʣʘ ʪʦʢʘ 

ʩʦʩʪʘʚʣʷʣʘ 160ï230 ɸ, ʥʘʧʨʷʞʝʥʠʝ ʜʫʛʠ 21ï24 ɺ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʧʨʦʚʦʣʦʢʠ 8ï11,5 ʤ/ʤʠʥ, ʩʢʦʨʦʩʪʴ 

ʩʚʘʨʢʠ 5,3ï8,3 ʤʤ/ʩ. ɼʣʷ ʢʦʨʥʝʚʦʛʦ ʧʨʦʭʦʜʘ ʚ ʘʨʛʦʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʚʦʣʦʢʫ TS-6 ʜʠʘʤʝʪʨʦʤ 0,9 ʤʤ 

ʧʦ AWS A5.18-ER70S-G, ʜʣʷ ʛʦʨʷʯʝʛʦ ʧʨʦʭʦʜʘ, ʟʘʧʦʣʥʷʶʱʠʭ ʠ ʦʙʣʠʮʦʚʦʯʥʳʭ ʩʣʦʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʦʚʦʣʦʢʫ ʂ600 ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʧʦ AWS A5.18-ER70S-G ʚ ʩʤʝʩʠ ʛʘʟʦʚ 80% Ar+20%CO2. 

ʇʨʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ZDM-100, ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ 

Instron 600MPX, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 6996-66, ɻʆʉʊ 9454-78, ʉʊʆ ɻʘʟʧʨʦʤ 15-1.1-002-2023 ʥʘ ʦʙʨʘʟʮʘʭ 

ʐʘʨʧʠ ʪʠʧ IX ʩ ʥʘʜʨʝʟʦʤ ʧʦ ʰʚʫ ʠ ʣʠʥʠʠ ʩʧʣʘʚʣʝʥʠʷ (ʃʉ) ʚʥʠʟʫ ʠ ʩʚʝʨʭʫ ʰʚʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʤʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. ʊʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʠ ʪʚʝʨʜʦʤʝʨʦʤ 8187.5 LKV (Indentec hardness testing machines 

limited, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʩʦʛʣʘʩʥʦ ɻʆʉʊ 2999-75 ʚʥʠʟʫ ʠ ʩʚʝʨʭʫ ʰʚʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʤʤ ʦʪ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʪʨʫʙʳ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʚ 3% ʨʘʩʪʚʦʨʝ HNO3 ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝ-

ʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çReichert-Jung MeF3Aè ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ çThixometè. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʠʟʤʝʨʷʣʠ ʩ ʰʘʛʦʤ 50 ʤʢʤ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʪʘʚʢʠ çMicro-Duromat 4000Eè c ʥʘʛʨʫʟʢʦʡ 180 ʛc (HV0,18). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʦʝʥʠʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʪʨʫʙʥʦʡ ʩʪʘʣʠ ʂ60 ʚʢʣʶʯʘʝʪ 5 ʦʩʥʦʚʥʳʭ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʦʩʪʘʚʫ ʤʠʢ-

ʨʦʩʪʨʫʢʪʫʨʳ: ʩʚʘʨʥʦʡ ʰʦʚ (ʥʘʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ), ʛʨʘʥʠʮʫ ʰʚʘ (ʣʠʥʠʶ ʩʧʣʘʚʣʝʥʠʷ), ʫʯʘʩʪʦʢ ʧʝʨʝ-

ʛʨʝʚʘ ʢʨʫʧʥʦʛʦ ʟʝʨʥʘ, ʫʯʘʩʪʦʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʤʝʣʢʦʛʦ ʟʝʨʥʘ, ʫʯʘʩʪʦʢ ʥʝʧʦʣʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ (ʦʪ-

ʧʫʩʢʘ), ʨʠʩ. 1. 
 

 
 

ʈʠʩ. 1. ʇʘʥʦʨʘʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʰʚʘ ʠ ɿʊɺ ʧʦ ʮʝʥʪʨʫ ʰʚʘ 
 

ʆʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ʠʤʝʣ ʪʦʥʢʦʜʠʩʧʝʨʩʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠʟ ʩʤʝʩʠ ʨʝʝʯʥʦʛʦ ʙʝʡʥʠʪʘ, ʧʦʣʠʛʦ-

ʥʘʣʴʥʦʛʦ ʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʬʝʨʨʠʪʘ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʜʠʩʧʝʨʩʥʳʤʠ ʢʘʨʙʠʜʘʤʠ. ʄʠʢ-

ʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʝ ʚ ʮʝʥʪʨʝ ʰʚʘ ʩʦʩʪʦʷʣʘ ʠʟ ʢʨʠʩʪʘʣʣʠʪʦʚ ʜʣʠʥʦʡ ʜʦ 500ï800 ʤʢʤ ʩ 

ʟʝʨʥʦʛʨʘʥʠʯʥʳʤ ʠ ʠʛʦʣʴʯʘʪʳʤ ʬʝʨʨʠʪʦʤ, ʠʤʝʣʠʩʴ ʦʢʩʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʠ ʧʦʨʠʩʪʦʩʪʴ, ʨʠʩ. 2. 

 

  
ʘ)      ʙ) 

 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʘ) ʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʙ) 

ʅʘʠʙʦʣʝʝ ʛʨʫʙʘʷ ʩʪʨʫʢʪʫʨʘ ʠʤʝʣʘʩʴ ʥʘ ʛʨʘʥʠʮʝ ʰʚʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʦʙʣʘʜʘʣʠ ʫʢʨʫʧʥʸʥʥʳʝ 

ʫʯʘʩʪʢʠ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʠ ɺʠʜʤʘʥʰʝʪʪʦʚʘ ʬʝʨʨʠʪʘ, ʥʘ ʛʨʘʥʠʮʝ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʢʣʶʯʝʥʠʷ ʢʘʨ-

ʙʠʜʦʚ. ʋʯʘʩʪʦʢ ʧʝʨʝʛʨʝʚʘ ɿʊɺ ʦʪʣʠʯʘʣʩʷ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʛʨʘʥʫʣʷʨʥʦʛʦ ʙʝʡʥʠʪʘ ʠ ʧʦʣʠʛʦ-

ʥʘʣʴʥʦʛʦ ʬʝʨʨʠʪʘ ʩ ʥʘʣʠʯʠʝʤ ʛʨʘʥʠʯʥʳʭ ʠ ʚʥʫʪʨʠʟʝʨʝʥʥʳʭ ʢʨʫʧʥʳʭ ʢʘʨʙʠʜʦʚ, ʨʠʩ. 3. 
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ʘ)      ʙ) 

 

ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʨʘʥʠʮʳ ʰʚʘ ʘ) ʠ ʫʯʘʩʪʢʘ ʧʝʨʝʛʨʝʚʘ ɿʊɺ ʙ) 

 

ʋʯʘʩʪʦʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʦʩʪʦʷʣ ʠʟ ʩʤʝʩʠ ʨʘʚʥʦʦʩʥʦʛʦ ʛʨʘʥʫʣʷʨʥʦʛʦ ʙʝʡʥʠʪʘ ʠ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ 

ʬʝʨʨʠʪʘ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦ ʦʙʲʝʤʫ ʢʘʨʙʠʜʥʦʡ ʬʘʟʦʡ. ʅʘ ʫʯʘʩʪʢʝ ʥʝʧʦʣʥʦʡ ʥʦʨʤʘʣʠʟʘ-

ʮʠʠ ʠʤʝʣʘʩʴ ʛʨʫʙʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʢʨʫʧʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʬʝʨʨʠʪʘ ʩ ʢʫʧʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ʛʨʘʥʠʯʥʳʭ ʢʘʨʙʠʜʦʚ, ʨʠʩ. 4. 

 

  
ʘ)       ʙ) 

ʈʠʩ. 4. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫʯʘʩʪʢʘ ʥʦʨʤʘʣʠʟʘʮʠʠ ʘ) ʠ ʫʯʘʩʪʢʘ ʥʝʧʦʣʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ɿʊɺ ʙ) 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʪʨʫʙ ʜʦ 32 ʤʤ ʪʚʝʨʜʦʩʪʴ ʰʚʘ ʠ ʦʪʢʣʦʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʚ ɿʊɺ ʫʚʝʣʠʯʠ-

ʣʠʩʴ. ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʰʘʛʘ ʦʪʧʝʯʘʪʢʘ ʤʘʢʨʦʪʚʝʨʜʦʩʪʴ ʥʝ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʘʥʠʟʦʪʨʦʧʠʶ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ɿʊɺ, ʥʦ ʧʦʢʘʟʘʣʘ ʨʦʩʪ ʦʪʢʣʦʥʝʥʠʡ ʤʘʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʩʦ ʰʚʦʤ, ʨʠʩ. 5. 

 
ʘ)    ʙ)     ʚ) 

ʈʠʩ. 5. ʄʘʢʨʦʪʚʝʨʜʦʩʪʴ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ: ʘ) ï ʪʨʫʙʘ ʂ60 1420Ĭ21,6 ʤʤ; ʙ) ï ʪʨʫʙʘ ʂ60  

1420Ĭ32 ʤʤ; ʚ) ï ʪʨʫʙʘ ʂ65 1420Ĭ23 ʤʤ. ʐɺ ï ʰʦʚ ʚʚʝʨʭʫ; ʐʅ ï ʰʦʚ ʚʥʠʟʫ; ɿʊɺɺ ï  

ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʚʚʝʨʭʫ; ɿʊɺʅ ï ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʚʥʠʟʫ 

 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʝʧʝʥʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʳʧʦʣʥʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦ-

ʩʪʠ ʚ ʧʷʪʠ ʣʠʥʠʷʭ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʰʘʛʦʤ 50 ʤʢʤ. 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʤʤ ʦʪ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʰʠʨʠʥʘ ʰʚʘ ʩʦʩʪʘʚʣʷʣʘ 6,5 ʤʤ, ʰʠʨʠʥʘ ɿʊɺ ï 

1,45ï1,6 ʤʤ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚ ɿʊɺ ʩʥʠʞʘʣʘʩʴ ʚ 1,06ï1,15 ʨʘʟʘ ʜʦ 217ï230 HV ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʠʢ-

ʨʦʪʚʝʨʜʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 244ï249 HV. ʇʦ ʩʝʨʝʜʠʥʝ ʧʨʦʢʘʪʘ ʰʠʨʠʥʘ ʰʚʘ ʩʦʩʪʘʚʣʷʣʘ 6,75 ʤʤ, 

ʰʠʨʠʥʘ ɿʊɺ ï 1,75ï1,85 ʤʤ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚ ɿʊɺ ʩʥʠʞʘʣʘʩʴ ʚ 1,15ï1,22 ʨʘʟʘ ʜʦ 215ï228 HV ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 259ï262 HV. ɺ ʛʦʨʷʯʝʤ ʧʨʦʭʦʜʝ ʰʠʨʠʥʘ ʰʚʘ ʩʦ-

ʩʪʘʚʣʷʣʘ 6,5 ʤʤ, ʰʠʨʠʥʘ ɿʊɺ ï 1,8ï1,95 ʤʤ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚ ɿʊɺ ʩʥʠʞʘʣʘʩʴ ʚ 1,15ï1,17 ʨʘʟʘ ʜʦ 

218 HV ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 250ï256 HV, ʨʠʩ. 6. 

 



EURASTRENCOLD-2025  

ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~73~ 

 
ʘ)        ʙ) 

 

ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ: ʧʦʧʝʨʝʢ ʛʦʨʷʯʝʛʦ ʧʨʦʭʦʜʘ ʘ),  

ʚʜʦʣʴ ʰʚʘ ʙ) 

 

ʉʪʝʧʝʥʴ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʚ ɿʊɺ ʧʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʝʨʭʥʝʛʦ ʜʦ 

ʢʦʨʥʝʚʦʛʦ ʧʨʦʭʦʜʘ ʦʪ 1,06 ʜʦ 1,26 ʨʘʟʘ, ʰʠʨʠʥʘ ɿʊɺ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʦʪ 1,45 ʜʦ 2,3 ʤʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʰʚʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʝʨʭʥʝʛʦ ʜʦ ʢʦʨʥʝʚʦʛʦ ʧʨʦʭʦʜʘ: 

248Ÿ261Ÿ283 HV, ʚ ʦʙʣʠʮʦʚʦʯʥʦʤ ʧʨʦʭʦʜʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʜʦʩʪʠʛʘʣʘ 281 HV. 

ʉʨʝʜʥʝʝ ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʝʥʘʜʮʘʪʠ ʧʦʧʝʨʝʯʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʩʚʘʨʢʝ ʪʨʫʙ ʂ60 

1420Ĭ21,6 ʤʤ; ʂ60 1420Ĭ32 ʤʤ; ʂ65 1420Ĭ23 ʤʤ ʩʦʩʪʘʚʠʣʦ 623Ñ9 ʄʇʘ; 635Ñ9 ʄʇʘ; 700Ñ5 ʄʇʘ. ʉʪʘ-

ʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʝ Exel ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʦʪʢʣʦʥʝʥʠʡ  

KCVï40 ʚ ʦʙʨʘʟʮʘʭ ʩ ʥʘʜʨʝʟʦʤ ʧʦ ʣʠʥʠʠ ʩʧʣʘʚʣʝʥʠʷ (ʃʉ), ʘ ʪʘʢʞʝ ʧʦ ʰʚʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʤʠʢ-

ʨʦʩʪʨʫʢʪʫʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʠʩ. 7. 

 

 
ʘ)      ʙ)     ʚ) 

 

ʈʠʩ. 7. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ: ʘ) ï ʪʨʫʙʘ ʂ60 1420Ĭ21,6 ʤʤ; ʙ) ï ʪʨʫʙʘ ʂ60 

1420Ĭ32 ʤʤ; ʚ) ï ʪʨʫʙʘ ʂ65 1420Ĭ23 ʤʤ. ʐɺ ï ʰʦʚ ʚʚʝʨʭʫ; ʐʅ ï ʰʦʚ ʚʥʠʟʫ; ʃʉɺ ï ʣʠʥʠʷ ʩʧʣʘʚʣʝʥʠʷ 

ʚʚʝʨʭʫ; ʃʉʅ ï ʣʠʥʠʷ ʩʧʣʘʚʣʝʥʠʷ ʚʥʠʟʫ 

 

ɺʳʚʦʜʳ. ʉʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ ʂ60 ʠ ʂ65 ʧʨʠ ʜʚʫʭʜʫʛʦʚʦʡ ʩʚʘʨʢʝ ʦʪʣʠʯʘʶʪʩʷ 

ʚʳʨʘʞʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʪʚʝʨʜʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʠ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʘʨʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʩʚʘʨʢʠ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʦʪʢʣʦʥʝʥʠʷ ʤʘʢʨʦ-, ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚʦʟʨʘʩʪʘʶʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʝʨʭʥʝʛʦ 

ʢ ʢʦʨʥʝʚʦʤʫ ʧʨʦʭʦʜʫ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʚʦʤ ʦʪʢʣʦʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʰʚʘ ʧʨʠ ʩʚʘʨʢʝ 

ʪʨʫʙ ʪʦʣʱʠʥʦʡ 21,6 ʤʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 2ï6,7 ʨʘʟʘ, ʧʨʠ ʩʚʘʨʢʝ ʪʨʫʙ ʪʦʣʱʠʥʦʡ 32 ʤʤ ʚ 2,5ï4,8 ʨʘʟʘ. 

ʉʪʝʧʝʥʴ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ɿʊɺ ʧʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʝʨʭʥʝʛʦ ʢ ʢʦʨʥʝʚʦʤʫ 

ʧʨʦʭʦʜʫ ʚ 1,06ï1,26 ʨʘʟʘ. 
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ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ ʦʪʢʣʦʥʝʥʠʡ ʤʘʢʨʦ-, ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʩʚʘʨʥʦʤ 

ʰʚʝ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʨʫʙʦʡ ʩʪʦʣʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʦʢʩʠʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʉʥʠʞʝʥʠʝ ʤʠʢʨʦʪʚʝʨ-

ʜʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʰʚʘ, ʫʯʘʩʪʢʝ ʧʝʨʝʛʨʝʚʘ ʠ ʥʝʧʦʣʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ, ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʠ ɺʠʜʤʘʥʰʪʝʪʪʦʚʘ ʬʝʨʨʠʪʘ ʠ ʢʨʫʧʥʳʭ ʟʝʨʥʦ-

ʛʨʘʥʠʯʥʳʭ ʢʘʨʙʠʜʦʚ. 

ɺʦʟʤʦʞʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʧʨʦʙʣʝʤʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʷʚʣʷ-

ʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʥʘ ʘʫʩʪʝʥʠʪʘ, ʤʦʜʠʬʠʢʘʮʠʷ, ʜʝʟʦʨʠʝʥʪʘʮʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʟ ʩʪʦʣʙ-

ʯʘʪʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ W8/5, ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʜʠʩʧʝʨʩʥʳʭ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʜʣʷ ʟʘʨʦʞʜʝʥʠʷ ʠʛʦʣʴʯʘʪʦʛʦ ʬʝʨʨʠʪʘ, ʨʦʩʪ ʦʙʲʝʤʘ ʜʠʩʧʝʨʩʥʦʛʦ ʨʝʝʯʥʦʛʦ 

ʙʝʡʥʠʪʘ, ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ, ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʠ ɺʠʜʤʘʥʰʪʝʪʪʦʚʘ ʬʝʨʨʠʪʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʋɼʂ 621.79.01 

DOI 10.24412/cl-37460-2025-1-75-78 

 

ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈʓ ʀ ʉɺʆʁʉʊɺ ʉɺɸʈʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʀɿ ʉʊɸʃʀ 10ʍʉʅɼ  
ʇʈʀ ʉɺɸʈʂɽ ɺ ʋʉʃʆɺʀʗʍ ʆʊʈʀʎɸʊɽʃʔʅʓʍ ʊɽʄʇɽʈɸʊʋʈ 

 
ʉʘʥʥʠʢʦʚ ʀ.ʀ.1, ɻʦʣʠʢʦʚ ʅ.ʀ.1, ʉʝʤʸʥʦʚ ʉ.ɺ.1, ʀʚʘʥʦʚ ʄ.ɸ.2 

1 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʠʤ. ɺ.ʇ. ʃʘʨʠʦʥʦʚʘ ʉʆ ʈɸʅ 
2 ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

E-mail: i.i.sannikov@mail.ru 
 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʧʨʦʭʦʜʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʇʨʦʚʝ-
ʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʥʦʛʦʧʨʦʭʦʜʥʘʷ ʩʚʘʨʢʘ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʤʦʩʪʦʚʦʡ ʩʪʘʣʠ 10ʍʉʅɼ 3 ʢʘʪʝ-
ʛʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ WN 62U ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʚʘʨʢʠ. ʈʝʟʫʣʴʪʘʪʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʠ 
10ʍʉʅɼ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʪʝʨʤʠʯʝʩʢʠʡ ʮʠʢʣ ʩʚʘʨʢʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʠʢʨʦ-
ʩʪʨʫʢʪʫʨʘ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ. 
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Abstract. The article presents the results of a study on multi-pass welded joints made at subzero and 

ambient air temperatures. Experimental multi-pass welding of low-alloy bridge steel 10HSND (Grade 3) was 
performed using WN 62U electrodes with registration of the welding thermal cycles. The research results 
confirm the possibility of producing high-quality welded joints in 10HSND steel under subzero temperature 
conditions without significant degradation of its performance characteristics. 

Keywords: welded joint, welding thermal cycle, mechanical properties, microstructure, impact tough-
ness. 

 
ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʦʩʪʦʩʪʨʦʠʪʝʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɿʘ ʧʦʩʣʝʜʥʠʡ ʰʝʩʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʙʳʣʦ ʩʜʘʥʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 55 ʥʦʚʳʭ ʤʦʩʪʦʚʳʭ 
ʧʝʨʝʭʦʜʦʚ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ, ʧʨʠʤʝʥʷʝʪʩʷ ʥʠʟʢʦʣʝʛʠʨʦ-
ʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ ʤʘʨʢʠ 10ʍʉʅɼ 3 ʢʘʪʝʛʦʨʠʠ. ʂ ʵʪʦʡ ʤʘʨʢʝ ʩʪʘʣʠ ʚʳʜʚʠʛʘʶʪʩʷ ʩʪʨʦʛʠʝ 
ʪʨʝʙʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ, ʫʣʫʯʰʝʥʥʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʨʝ-
ʛʣʘʤʝʥʪʠʨʦʚʘʥʥʫʶ ʤʘʩʩʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ï70 ʜʦ 
+450 Áʉ [1, 2]. 

ʇʦʩʢʦʣʴʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʦʩʪʦʚ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʤʦʥʪʘʞʥʦʡ ʩʚʘʨʢʠ, ʧʦʚʳʰʝʥʥʳʝ ʧʦʪʨʝʙʠ-
ʪʝʣʴʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʝʡ (ʧʦ ʫʨʦʚʥʶ ʧʨʦʯʥʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ) ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ 
ʠ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʆʜʥʘʢʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʩʚʘʨʠʚʘʝʤʦʤ ʤʝʪʘʣʣʝ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 
(ɿʊɺ) ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʩʚʘʨʢʠ 
(ʊʎʉ) ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʘ ʟʝʨʥʘ, ʪʘʢ ʠ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʢʘʣʦʯʥʳʭ ʩʪʨʫʢʪʫʨ [3]. ɽʱʝ ʙʦʣʝʝ 
ʠʥʪʝʨʝʩʥʦ ʚʣʠʷʥʠʷ ʊʎʉ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [4]. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ʛʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʝ-
ʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝ-
ʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʨʘʙʦʪʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 
ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʠ 10ʍʉʅɼ 3 ʢʘʪʝʛʦʨʠʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ (ï35 Áʉ) ʠ ʢʦʤʥʘʪ-
ʥʳʭ (+20 Áʉ) ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 
ʤʥʦʛʦʧʨʦʭʦʜʥʘʷ ʩʚʘʨʢʘ ʣʠʩʪʦʚʦʡ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 10ʍʉʅɼ 3 ʢʘʪʝʛʦʨʠʠ ʧʨʠ ʦʪʨʠʮʘ-
ʪʝʣʴʥʦʡ (-35 ) ʠ ʢʦʤʥʘʪʥʦʡ (+20 ) ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~76~ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥʘʭ ʩ ʨʘʟʤʝʨʘʤʠ 340Ĭ350 ʤʤ 
ʠ ʪʦʣʱʠʥʦʡ 14 ʤʤ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 10ʍʉʅɼ 3 ʢʘʪʝʛʦʨʠʠ. ʆʜʥʦʩʪʦʨʦʥʥʷʷ ʩʪʳʢʦʚʘʷ ʤʥʦʛʦʧʨʦʭʦʜʥʘʷ 
ʩʚʘʨʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʨʫʯʥʳʤ ʜʫʛʦʚʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʚ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ ʧʨʠ ʦʪʨʠʮʘ-
ʪʝʣʴʥʦʡ (-35 ) ʠ ʢʦʤʥʘʪʥʦʡ (+20 ) ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦ-
ʛʨʝʚʘ. ɼʣʷ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʢʪʨʦʜʳ ʩ ʦʩʥʦʚʥʳʤ ʧʦʢʨʳʪʠʝʤ WN 62U (ʋʆʅʀ 13/ʄʆʈʆɿ) 
ɻʨʫʧʧʘ ʢʦʤʧʘʥʠʡ çɺʕʃɼʅʆɺɸè ʜʠʘʤʝʪʨʘʤʠ 2,5 ʤʤ ʠ 4,0 ʤʤ. ɼʘʥʥʳʡ ʵʣʝʢʪʨʦʜ ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ 
ʩʚʘʨʢʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ [5]. ʉʚʘʨʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ 5 ʧʨʦʭʦʜʦʚ ʩ ʟʘʧʠʩʴʶ ʧʘʨʘ-
ʤʝʪʨʦʚ ʨʝʞʠʤʘ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘʪʦʨʘ AWR 224. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ 
ʩʚʘʨʢʠ ʦʙʨʘʟʮʦʚ. 

 
ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ ʦʙʨʘʟʮʦʚ 

ˉ ʦʙʨʘʟʮʘ ʠ 
ʪʝʤʧʝʨʘʪʫʨʘ 
ʩʚʘʨʢʠ 
(ʊ, ʦʉ) 

ʇʨʦʭʦʜʳ ʩʚʘʨʢʠ 
 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 
ʉʢʦʨʦʩʪʴ 
ʩʚʘʨʢʠ Vʩʚ, 
ʤ/ʯ 

ʇʦʛʦʥʥʘʷ 
ʵʥʝʨʛʠʷ Q, 
ʢɼʞ/ʤ 

ʉʠʣʘ ʪʦʢʘ 
I, ɸ 

ʅʘʧʨʷʞʝʥʠʝ 
U, ɺ 

1 
(ῐ35) 

1-ʢʦʨʥʝʚʦʡ 95 27,1 6,79 1027 

2 -ʟʘʧʦʣʥʷʶʱʠʡ 162 24,4 9,00 1185 

3 ʠ 4 ï ʟʘʧʦʣʥʷ-
ʶʱʠʝ 

163 23,9 13,21 794 

5-ʦʙʣʠʮʦʚʦʯʥʳʡ 162 23,54 5,26 1959 

2 
(+20) 

1-ʢʦʨʥʝʚʦʡ 96 23,5 5,75 1063 

2 -ʟʘʧʦʣʥʷʶʱʠʡ 164 24,2 7,76 1381 

3 ʠ 4 ï ʟʘʧʦʣʥʷ-
ʶʱʠʝ 

164 25,6 16,67 680 

5-ʦʙʣʠʮʦʚʦʯʥʳʡ 164 25,0 6,37 1734 
 

ʈʝʛʠʩʪʨʘʮʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʚʘʨʢʠ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʳʤʠ 
ʠ ʧʣʘʪʠʥʘ-ʨʦʜʠʝʚʳʤʠ ʪʝʨʤʦʧʘʨʘʤʠ ʬʠʨʤʳ çʆɺɽʅè ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ ʤʠʢʨʦ-
ʢʦʥʪʨʦʣʣʝʨʘ Arduino Nano 3.0. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 4 ʪʝʨʤʦʧʘ-
ʨʘʤʠ ʜʣʷ ʢʘʞʜʦʡ ʩʚʘʨʦʯʥʦʡ ʧʨʦʙʳ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩ ʥʠʞʥʝʡ ʩʪʦʨʦʥʳ ʚ ʢʦʨʥʝʚʦʤ ʰʚʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 
70 ʤʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʟʦʥ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ɺʠʢʢʝʨʩʫ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʤʝʨʘ 
AFFRI 206RTD ʧʦ ɻʆʉʊ 2999-75 ʧʨʠ ʥʘʛʨʫʟʢʝ 588 ʅ (60 ʢʛʩ). ʀʟʤʝʨʝʥʠʝ ʜʠʘʛʦʥʘʣʝʡ ʦʪʧʝʯʘʪʢʦʚ ʧʨʦ-
ʠʟʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çʅʀʄè. ʊʚʝʨʜʦʩʪʴ ʠʟʤʝʨʝʥʘ ʚ ʧʦʧʝʨʝʯʥʦʤ 
ʰʣʠʬʝ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʮʦʚ ˉ 1 ʠ 2 ʧʦ ʪʨʝʤ ʣʠʥʠʷʤ, ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚ-
ʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ ʟʦʥ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
 

ʉʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʠʩʧʳʪʘ-
ʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʤʦʜʝʣʠ Z600 ʬʠʨʤʳ Zwick/Roell. ʋʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʤʝʪʘʣʣʘ ʰʚʘ (ʄʐ) ʠ ɿʊɺ ʦʧʨʝ-
ʜʝʣʷʣʠ ʥʘ ʦʙʨʘʟʮʘʭ ʐʘʨʧʠ ʩ V-ʦʙʨʘʟʥʳʤ ʥʘʜʨʝʟʦʤ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ Amsler RKP 450 ʧʨʠ ʪʝʤʧʝ-
ʨʘʪʫʨʝ ʠʩʧʳʪʘʥʠʡ ʤʠʥʫʩ 40Áʉ. 

ʉʪʨʫʢʪʫʨʳ ʫʯʘʩʪʢʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʘʣʠ ʥʘ ʰʣʠʬʘʭ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʚ 4%-ʥʦʤ ʨʘʩʪʚʦʨʝ 
ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çʅʀʄè. ʄʠʢʨʦʩʪʨʫʢ-
ʪʫʨʫ ʄʐ ʠ ʫʯʘʩʪʢʘ ʧʝʨʝʛʨʝʚʘ ɿʊɺ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʮʝʥʠʚʘʣʠ ʥʘ ʫʨʦʚʥʝ ʢʦʨʥʝʚʦʛʦ, ʟʘʧʦʣʥʷʶ-
ʱʝʛʦ ʠ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʩʣʦʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʉʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʣʦʞʝʥʠʡ ʧʨʠ ʩʚʘʨʢʝ ʧʣʘʩʪʠʥ ʧʦʢʘ-
ʟʳʚʘʝʪ (ʪʘʙʣʠʮʘ 1), ʯʪʦ ʧʦʛʦʥʥʘʷ ʵʥʝʨʛʠʷ ʢʦʨʥʝʚʳʭ ʧʨʦʭʦʜʦʚ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ, ʦʪʣʠ-
ʯʠʷ ʤʝʞʜʫ ʥʠʤʠ ʚ ʧʨʝʜʝʣʘʭ 2é6%. ɹʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʧʦʛʦʥʥʳʭ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʧʨʦʭʦʜʘʤʠ ʧʦ-
ʣʫʯʝʥʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʧʦʣʥʷʶʱʠʭ ʠ ʦʙʣʠʮʦʚʦʯʥʳʭ ʩʣʦʝʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʧʦʛʦʥʥʳʭ ʵʥʝʨʛʠʡ 
ʟʘʧʦʣʥʷʶʱʠʭ ʧʨʦʭʦʜʦʚ ʜʦʩʪʠʛʘʝʪ 21%, ʘ ʦʙʣʠʮʦʚʦʯʥʳʭ ʜʦ 11,5%. ʅʦ ʚ ʮʝʣʦʤ ʩʫʤʤʘʨʥʦʝ ʪʝʧʣʦʚʣʦʞʝʥʠʝ 
ʧʨʠ ʩʚʘʨʢʝ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʘʝʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ 2é5%. 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~77~ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʪʝʨʤʦʧʘʨ ʧʦʩʪʨʦʝʥʳ ʪʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʩʚʘʨʢʠ ʦʙ-
ʨʘʟʮʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ï35  ʠ +20 . ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 
ʧʦʣʫʯʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʧʦʛʦʥʥʦʡ ʵʥʝʨʛʠʠ 
ʩʚʘʨʢʠ ʠ ʫʜʘʣʝʥʥʦʩʪʠ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʩʣʦʷ ʦʪ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ (ʊʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʊʎʉ ʦʙʨʘʟʮʦʚ 

ˉ ʦʙ-
ʨʘʟʮʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʩʚʘʨʢʠ (ʊ, ʦʉ) 

ˉ ʪʝʨʤʠʯʝʩʢʦʛʦ 
ʮʠʢʣʘ 

W8/5 (ÁC/c) W6/5 (ÁC/c) t8/5 (c) 

1 ῐ35 

1 36,7 24,9 8,4 

2 17,9 13,5 16,7 

3 - 11,1 - 

4 - - - 

5 5,9 4,3 43,7 

2 +20 

1 24,6 18,4 12,4 

2 12 8,7 25,3 

3 - - - 

4 - - - 

5 - 4,9 - 
 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦ ʟʦʥʘʤ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 95% 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʊʚʝʨʜʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ (ʆʄ) ʩʦʩʪʘʚʠʣʘ 220 HV, ʄʐ ï 230 HV. 
ʅʘʠʙʦʣʝʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʫ ʦʙʝʠʭ ʦʙʨʘʟʮʦʚ ʚʳʷʚʣʝʥʦ ʚ ʟʦʥʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ˉ 1 ï 
196 HV; ˉ 2 ï 192 HV. ʊʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʩʚʘʨʢʝ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʚ ɿʊɺ 
ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʩʪʠʥ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ. 
 

ʊʘʙʣʠʮʘ 3. ʊʚʝʨʜʦʩʪʴ ʟʦʥ ʦʙʨʘʟʮʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ˉ ʦʙʨʘʟʮʘ 
ʊʝʤʧʝʨʘʪʫʨʘ 
ʩʚʘʨʢʠ,  

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, HV60 

ʄʐ ɿʊɺ ʆʄ 

1 -35 231 196 221 

2 +20 229 192 220 
 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ. 
 

ʊʘʙʣʠʮʘ 4. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ 

ʄʘʪʝʨʠʘʣ 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦ-
ʩʪʠ ůʚ, (ʄʇʘ) 

ʇʨʝʜʝʣ ʪʝʢʫ-
ʯʝʩʪʠ 
ůʪ, (ʄʇʘ) 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 
ʫʜʣʠʥʝʥʠʝ 
ŭ, (%) 

ʆʙʨʘʟʝʮ 1 (-35 ) 642 468 17,7 

ʆʙʨʘʟʝʮ 2 (+20 ) 664 479 17,9 

10ʍʉʅɼ, ʪʦʣʱʠʥʘ ʧʨʦʢʘʪʘ 4ï50 ʤʤ, ʜʣʷ 
ʚʩʝʭ ʢʘʪʝʛʦʨʠʡ ʧʦʩʪʘʚʢʠ  
(ɻʆʉʊ 6713-2021) 

530ï685 
ʅʝ ʤʝʥʝʝ 

390 
ʅʝ ʤʝʥʝʝ 19 

 

ɺ ʪʘʙʣʠʮʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʤʝʪʘʣʣʘ ʰʚʘ ʠ ɿʊɺ ʩʚʘʨʥʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ. 

 

ʊʘʙʣʠʮʘ 5. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʟʦʥ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʮʦʚ  

ˉ ʦʙʨʘʟʮʘ ʊʝʤʧʝʨʘʪʫʨʘ ʠʩ-
ʧʳʪʘʥʠʷ, ʦʉ 

ɿʦʥʘ ʩʚʘʨʥʦʛʦ ʩʦ-
ʝʜʠʥʝʥʠʷ 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʫʜʘʨʥʦʡ 
ʚʷʟʢʦʩʪʠ, ɼʞ/ʩʤ2 

1 (ï35 ) -40 ɿʊɺ 72 

ʄʐ 78 

2 (+20 ) ɿʊɺ 77 

ʄʐ 80 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ 

ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʩʚʘʨʢʠ ʣʠʩʪʦʚʦʡ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 
ʤʘʨʢʠ 10ʍʉʅɼ 3 ʢʘʪʝʛʦʨʠʠ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ (ï35 ) ʠ ʢʦʤʥʘʪʥʦʡ (+20 ) ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶ-
ʱʝʛʦ ʚʦʟʜʫʭʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ 
ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʤʝʨʥʦ ʩʭʦʞʠʭ ʩʪʨʫʢʪʫʨʘʭ ʰʚʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠ-
ʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʉʪʨʫʢʪʫʨʘ ʫʯʘʩʪʢʦʚ ʧʝʨʝʛʨʝʚʘ 
ɿʊɺ ʥʘ ʫʨʦʚʥʝ ʟʘʧʦʣʥʷʶʱʝʛʦ ʠ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʧʨʦʭʦʜʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʝʥʳʭ ʧʨʠ ʨʘʟ-
ʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʩʭʦʞʠ, ʚ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚʠʥʜʤʘʥʜʰʪʝʪʪʦʚʳ ʩʪʨʫʢʪʫʨʳ. ʅʝʢʦʪʦ-
ʨʘʷ ʨʘʟʥʠʮʘ ʩʪʨʫʢʪʫʨ ʦʙʥʘʨʫʞʝʥʘ ʚ ʫʯʘʩʪʢʘʭ ʧʝʨʝʛʨʝʚʘ ɿʊɺ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʢʦʨʥʝʚʦʛʦ 
ʰʚʘ (ʈʠʩ. 2). ɼʘʥʥʳʝ ʫʯʘʩʪʢʠ ʧʨʠ ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʩʚʘʨʢʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 
ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʚʘʨʢʠ. ʋʯʘʩʪʢʠ ʧʝʨʝʛʨʝʚʘ ɿʊɺ ʚʙʣʠʟʠ ʢʦʨʥʝʚʦʛʦ ʰʚʘ ʨʘʟʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʩʪʨʫʢ-
ʪʫʨʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʩʚʘʨʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘ-
ʥʠʝʤ ʧʝʨʣʠʪʥʳʭ ʬʘʟ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʩʚʘʨʢʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤ-
ʧʝʨʘʪʫʨ ʥʝ ʧʦʟʚʦʣʠʣʘ ʨʦʩʪʫ ʙʦʣʝʝ ʤʷʛʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʬʝʨʨʠʪʘ ʠ ʧʝʨʣʠʪʘ).  

 

  
ʘ ʙ 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʫʯʘʩʪʢʘ ʧʝʨʝʛʨʝʚʘ ɿʊɺ ʥʘ ʫʨʦʚʥʝ ʢʦʨʥʝʚʦʛʦ ʰʚʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯ-
ʥʳʭ ʫʩʣʦʚʠʷʭ ʩʚʘʨʢʠ: 

ʘ ï ʧʨʠ ï35 ; ʙ ï ʧʨʠ +20  
 
ɺʳʚʦʜʳ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʩʚʘʨʢʝ ʩʪʘʣʠ 10ʍʉʅɼ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘ-

ʪʫʨ (ï35 Áʉ) ʚ ʥʘʯʘʣʴʥʳʭ ʧʨʦʭʦʜʘʭ ʚ 1,3ï1,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (+20 Áʉ). ʆʜ-
ʥʘʢʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʭʦʜʘʭ ʨʘʟʥʠʮʘ ʥʠʚʝʣʠʨʫʝʪʩʷ ʠʟ-ʟʘ ʥʘʢʦʧʣʝʥʥʦʛʦ ʪʝʧʣʘ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ) ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʝʥ-
ʥʳʭ ʧʨʠ ï35 Áʉ ʠ +20 Áʉ, ʥʝ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥ-
ʥʦʡ ʩʚʘʨʢʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʰʚʘ ʠ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ 
ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʩʚʘʨʢʦʡ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʭʦʞʫʶ 
ʩʪʨʫʢʪʫʨʫ. ʅʝʢʦʪʦʨʘʷ ʨʘʟʥʠʮʘ ʩʪʨʫʢʪʫʨ ʦʙʥʘʨʫʞʝʥʘ ʚ ʫʯʘʩʪʢʘʭ ʧʝʨʝʛʨʝʚʘ ɿʊɺ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 
ʫʨʦʚʥʝ ʢʦʨʥʝʚʦʛʦ ʰʚʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʩʚʘʨʢʠ ʩʪʘʣʠ 
10ʍʉʅɼ ʧʨʠ ï35 Áʉ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʨʝʛʠʦʥʘʭ ʩ ʩʫʨʦʚʳʤ ʢʣʠʤʘʪʦʤ, ʪʘʢʠʭ 
ʢʘʢ ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ (ʗʢʫʪʠʷ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-29-20214, 
https://rscf.ru/project/24-29-20214/. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʘʫʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥ-
ʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʌʀʎ ʗʅʎ ʉʆ ʈɸʅ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʤʘʪʝʨʠʘʣ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 
ʥʘ ʧʦʠʩʢ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʥʳʭ ʠ ʨʝʤʦʥʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ-
ʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʉʝʚʝʨʘ. ʈʘʟʚʠ-
ʚʘʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʦʤ-
ʧʣʝʢʩʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʘʪʴʠ, ʷʚʣʷʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʨʝ-
ʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʫʧʨʘʚ-
ʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʛʦ ʟʘ ʩʯʝʪ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʩʠʩʪʝ-
ʤʦʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ï ʜʫʛʘ ï ʩʚʘʨʦʯʥʘʷ ʚʘʥʥʘ ï ʠʟʜʝʣʠʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟ-
ʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʠ ʥʘʧʣʘʚʦʯʥʳʭ 
ʵʣʝʢʪʨʦʜʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʩʪʘʪʴʝ ʢʦʥʮʝʧʮʠʷ, ʥʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝʭ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ 
ʉʝʚʝʨʘ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʦʜʠʥ ʠʟ ʥʝʤʥʦʛʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ 
ʧʦʜʭʦʜʘ ʢ ʜʦʩʪʠʞʝʥʠʶ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʮʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʚʘʨʢʘ, ʥʘʧʣʘʚʢʘ, ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ, ʧʣʘʚʣʝʥʠʝ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʩʪʨʫʢʪʫʨʘ, 
ʩʚʦʡʩʪʚʘ, ʥʠʟʢʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʜʘʧʪʠʚʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 
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Abstract. The material presented in this article is part of research aimed at finding ways to improve the 

efficiency of assembly and repair technologies for critical structures operating in the low climatic tempera-
tures of the North. The developed direction is presented as a discussion of research results obtained through 
the comprehensive application of advanced methods for controlling their strength and operational character-
istics. An important component of the proposed article is the fundamentally new results obtained by leveraging 
the capabilities of adaptive pulse control methods for heat and mass transfer characteristics. This is achieved 
through full control over the system çpower source ï arc ï weld pool ï workpieceè under various disturbing 
influences. The article also presents research results on a new generation of domestically produced welding 
and surfacing electrodes. The concept presented in the article does not cover all the numerous examples aimed 
at ensuring the operational reliability of northern structures, but it illustrates one of the few effective options 
for a comprehensive approach to achieving the set goals. 

Keywords: Welding, surfacing, heat and mass transfer, melting, crystallization, structure, properties, 
low climatic temperatures, adaptive pulse technologies. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʩʚʦʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʝʛʠʦʥʘʭ ʉʠ-
ʙʠʨʠ, ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ɸʨʢʪʠʢʠ ʚʦʟʥʠʢʘʝʪ ʥʘʩʪʦʷʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦ-
ʣʦʛʠʡ ʩʚʘʨʢʠ ʠ ʥʘʧʣʘʚʢʠ, ʢʘʢ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ 
ʨʝʤʦʥʪʝ ʢʨʫʧʥʦ-ʛʘʙʘʨʠʪʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠ-
ʩʪʝʤʳ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ: ʥʝʬʪʝ- 
ʠ ʛʘʟʦʧʨʦʚʦʜʳ, ʨʝʟʝʨʚʫʘʨʳ, ʩʫʜʦʚʘʷ, ʘʚʪʦʤʦʙʠʣʴʥʘʷ, ʩʪʨʦʠʪʝʣʴʥʦ-ʜʦʨʦʞʥʘʷ ʠ ʢʘʨʴʝʨʥʘʷ ʪʝʭʥʠʢʘ, ʦʙʦ-
ʨʫʜʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʢʠ, ʩʚʷʟʠ, ʞʝʣʝʟʥʦ-ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ɸʨʢʪʠʢʠ, ʥʘʢʣʘʜʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʚʘʨʢʠ ʠ ʥʘʧʣʘʚʢʠ, ʢʘʢ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʥʪʘʞʘ ʠ ʨʝʤʦʥʪʘ ʤʝʪʘʣʣʠʯʝ-
ʩʢʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠʤʝʶʱʠʭ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʦʩʥʦʚ-
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ʥʦʤ ʩʚʷʟʘʥʳ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʩʚʘʨʦʯʥʳʭ ʠ ʥʘʧʣʘʚʦʯ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʠ ʩʦʭʨʘʥʷʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ, 
ʚ ʫʩʣʦʚʠʷʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʠʩʪʝʤʫ: ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ï ʜʫʛʘ ï ʩʚʘʨʦʯ-
ʥʘʷ ʚʘʥʥʘʷ ï ʠʟʜʝʣʠʝ, ʧʨʠ ʙʳʩʪʨʦʠʟʤʝʥʷʶʱʠʭʩʷ ʢʦʣʝʙʘʥʠʡ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶ-
ʱʝʛʦ ʚʦʟʜʫʭʘ ʠ ʠʟʤʝʥʝʥʠʷʭ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʦʯʥʦ-ʤʦʥʪʘʞʥʳʭ ʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

ʎʝʣʴ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʀʟʳʩʢʘʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ 
ʨʝʩʫʨʩʘ, ʞʠʚʫʯʝʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦ ʩʚʘʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 
ʠ ʥʘʧʣʘʚʣʝʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʠ ʥʘʧʣʘ-
ʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙ-
ʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ 
ʤʝʪʦʜʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦ-
ʥʘʭ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʚʘʨʥʳʝ ʰʚʳ ʠ ʥʘʧʣʘʚʣʝʥʥʳʝ ʧʦʢʨʳʪʠʷ), ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴ-
ʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʢʘʢ ʥʘ ʵʪʘʧʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʥʪʘʞʘ ʠʣʠ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦ ʠ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ, ʚʳ-
ʧʦʣʥʷʝʤʳʭ ʧʨʠ ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʪʨʝʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ: 
ï ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʠ ʥʘʧʣʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʥʘʥʦ ʨʘʟʤʝʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʦʢʘʟʳʚʘʶ-
ʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ ʜʫʛʠ ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ 
ʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ï ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦ-
ʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʣʘʚʣʝʥʠʝ, ʧʝʨʝʥʦʩ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʤʝʪʘʣʣʘ ʰʚʘ ʠʟ 
ʨʘʩʧʣʘʚʘ, ʦʢʘʟʳʚʘʶʱʠʭ ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢ-
ʮʠʡ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ï ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʦʙʣʘʜʘʶʱʠʭ 
ʚʳʩʦʢʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʨʝʘʣʠʟʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩ ʫʯʝʪʦʤ 
ʙʳʩʪʨʦʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ, ʪʝʤʧ ʩʚʘʨʦʯʥʦ-
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ), ʚʣʠʷʶʱʠʭ ʥʘ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʠ ʤʝʥʷʶʱʠʭ ʫʩʣʦʚʠʷ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʘ ʰʚʘ ʠʟ ʨʘʩʧʣʘʚʘ. 

ï ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʦʥ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜ-
ʥʦʨʦʜʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʠʣʠʷ ʩʞʘʪʠʷ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʠʟʳʩʢʘʥʠʝ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʥʳʭ ʠ ʨʝʤʦʥʪ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʢʣʠ-
ʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʉʝʚʝʨʘ, ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʨʝ-
ʰʝʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ, ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʵʥʝʨʛʝ-
ʪʠʢʠ, ʭʠʤʠʯʝʩʢʦʡ, ʜʦʙʳʚʘʶʱʝʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʝʛʠʦʥʘʭ 
ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ. 

ʈʝʰʝʥʠʝ ʧʝʨʚʦʡ ʟʘʜʘʯʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʠ ʥʘʧʣʘʚʦʯ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘʰʠʤʠ ʧʘʨʪʥʝʨʘʤʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʆʆʆ çʕʣʝʢʪʨʦʜʥʳʡ 
ʟʘʚʦʜ ɺʕʃɼʅʆɺɸè, ʛ. ʂʨʘʩʥʦʜʘʨ. ʇʨʝʜʧʨʠʷʪʠʝ ʥʘʯʘʣʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʢʨʳʪʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʢʦʪʦʨʳʝ 
ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʯʠʪʳʚʘʶʪ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʉʝʚʝʨʥʳʭ ʠ ɸʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ 
ʈʦʩʩʠʠ ʠ ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʘʨʦʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʟʘʜʘʥ-
ʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ, ʧʦʢʨʳʪʳʝ ʵʣʝʢʪʨʦʜʳ WN-52U (ʕ50ɸ) ʠ WN-62U (ʕ60) 
ʜʣʷ ʩʚʘʨʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʜʳ WN ʅ-6/60 ʜʣʷ ʚʦʩ-
ʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ʫʧʨʦʯʥʷʶʱʝʡ ʥʘʧʣʘʚʢʠ ʚʷʟʢʦ-ʪʚʝʨʜʳʭ, ʫʜʘʨʥʦ-ʚʷʟʢʠʭ ʠ ʩʪʦʡʢʠʭ ʢ ʠʩʪʠʨʘʥʠʶ ʩʣʦʝʚ 
ʥʘ ʥʝʣʝʛʠʨʦʚʘʥʥʳʝ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʈʝʰʝʥʠʝ ʚʪʦʨʦʡ ʟʘʜʘʯʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝʩʫʨ-
ʩʦʚ, ʪʘʢʠʭ ʢʘʢ, ʪʝʧʣʦʚʠʟʠʦʥʥʘʷ ʠ ʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʩʲʝʤʢʘ, ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦ-
ʮʝʩʩʦʚ ʪʝʧʣʦ-ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 
ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʠ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ, ʛʨʘʬʠʢʦʚ, ʚʠʜʝʦ- ʪʝʧʣʦʚʠ-
ʟʠʦʥʥʳʭ ʬʠʣʴʤʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ. 

ʈʝʰʝʥʠʝ ʪʨʝʪʴʝʡ ʟʘʜʘʯʠ ʩʚʷʟʘʥʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʠʪʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ 
ʘʣʛʦʨʠʪʤʦʚ ʠʤʧʫʣʴʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
ʩʚʘʨʢʠ ʠ ʥʘʧʣʘʚʢʠ. 

ʈʝʰʝʥʠʝ ʯʝʪʚʝʨʪʦʡ ʟʘʜʘʯʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʟʦʥʳ 
ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚ ʥʝʡ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʠʣʠʷ ʩʞʘʪʠʷ. ʇʨʠ ʵʪʦʤ ʩʦʚʤʝʩʪʥʦʝ 
ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʣʘʛʘʝʤʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʚʩʝʤʫ 
ʩʝʯʝʥʠʶ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚ-
ʣʷʶʱʠʭ. 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~81~ 

ɿʘʢʣʶʯʝʥʠʝ. ɺʳʧʦʣʥʷʝʤʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝ-
ʥʠʝ ʤʝʪʦʜʦʚ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʝʧʣʦʚʣʦʞʝʥʠʷ, ʜʦʩʪʠʛʘʝʤʳʭ ʟʘ ʩʯʝʪ ʠʤʧʫʣʴʩʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʊʘʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠ-
ʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʥʘʧʣʘʚʢʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ 
ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʧʦʢʨʳʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʧʦʢʨʳʪʠʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ, ʥʝ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠ-
ʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʪʷʞʝʥʥʳʭ ʜʝʥʜʨʠʪʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʚʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ ʥʘ 
ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʨʳʪʠʡ, ʧʦʣʫ-
ʯʝʥʥʳʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ, ʢʘʢ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʧʦʢʨʳʪʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʪʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʨʦʰʢʦʚʳʭ 
ʧʨʦʚʦʣʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʷʝʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ 
ʩʚʦʡʩʪʚ ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʦʜʠ-
ʬʠʮʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʚʘʨʴʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʛʦ 
ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʚʘʨʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 
ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʉʝʚʝʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʉʆ ʈɸʅ, ʰʠʬʨ ʧʨʦʝʢʪʘ  
FWRS-2024-0034, ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ˉʅʀʆʂʊʈ 124032600078-1 
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ɸʥʥʦʪʘʮʠʷ. ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʘʢʪʫ-

ʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʠʣʠʚʘʶʪ ʪʝʧʣʦʚʦʡ ʦʪʚʦʜ ʧʨʠ ʩʚʘʨʢʝ, ʧʦʚʳʰʘʷ 

ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʠ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʢʘʣʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ 

ʭʨʫʧʢʠʤ ʨʘʟʨʫʰʝʥʠʷʤ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʧʘʨ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʝʛʦ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʩʚʘʨʢʝ ʘʚʪʦʧʦʜʦʛʨʝʚ ʤʝʪʘʣʣʘ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʦʩʣʝʜʫʶ-

ʱʠʭ ʩʣʦʝʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʧʨʦʭʦʜʥʘʷ ʩʚʘʨʢʘ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʨʤʠʯʝʩʢʠʡ ʮʠʢʣ, 

ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ. 

 

METHOD FOR MEASURING  WELDING THERMAL CYCL ES USING THERMOELECT RIC 

THERMOMETERS*  

 

Saraev Y.N., Dmitriev P.S. 

V.P. Larionov Institute of Physical and Technical Problems of the North SB RAS, Yakutsk 

 

Abstract. Ensuring the reliability of welded structures in Arctic conditions is a critical issue, as ex-

tremely low temperatures intensify heat dissipation during welding. This increases the cooling rate and the 

risk of forming quenched structures, which reduces resistance to brittle fracture. The article describes a meth-

odology for measuring thermal cycles using thermocouples at sub-zero temperatures and presents the data in 

the form of a graph. It is shown that in multi-pass welding, the self-heating of the metal reduces the cooling 

rate of subsequent layers. 

Keywords: multi-pass welding, sub-zero temperatures, thermal cycle, cooling rate, low-alloy steel. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ (ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʨʝʟʝʨʚʫʘʨʦʚ, 

ʤʦʩʪʦʚ) ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʦʩʪʘʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ɺ ʩʝʚʝʨʥʳʭ ʠ 

ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ï10 ÁC, ʩʚʘʨʦʯʥʳʝ ʨʘʙʦʪʳ ʯʘ-

ʩʪʦ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [1, 2]. ʊʝʨʤʠʯʝʩʢʠʡ ʮʠʢʣ ʩʚʘʨʢʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʘ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʘ. ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʢʣʘ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʠ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʚ ʢʨʠʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ (800ï500 ÁC ʠ 600ï500 ÁC), ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, 

ʪʚʝʨʜʦʩʪʴ ʠ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ [3]. ɿʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊɺ), ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʫʯʘʩʪʦʢ ʧʝʨʝʛʨʝʚʘ, ʦʪʣʠʯʘʝʪʩʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʦʥʠʞʝʥʥʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ [4]. 

ʎʝʣʴ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʚʘʨʢʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʤʥʦʛʦʧʨʦʭʦʜ-

ʥʦʡ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʝ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʝʜʣʘ-

ʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʠʥʭʨʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦ-

ʧʘʨ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʪʝʧʣʦ-

ʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʚʘʨʢʝ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʚʘʨʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 10ʍʉʅɼ. ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ: ʧʣʘʩʪʠʥʘ 340Ĭ350 ʤʤ ʪʦʣʱʠʥʦʡ 14 ʤʤ. 

ɺʳʙʨʘʥʥʳʝ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʜʦʣʞʥʳ ʧʦʟʚʦʣʠʪʴ ʬʠʢʩʠʨʦʚʘʪʴ ʨʘʟʥʠʮʫ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ 

ʩʚʘʨʢʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʥʘʪʥʳʤʠ 

(+20 Áʉ) [5]. ʉʚʘʨʢʫ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʵʣʝʢʪʨʦʜʘʤʠ ʤʘʨʢʠ ʋʆʅʀ 13/ʄʦʨʦʟ, ʠʤʝʶʱʠʤʠ ʙʣʠʟʢʠʝ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʴʶ. ʇʝʨʝʜ ʩʚʘʨʢʦʡ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʦʢʘʣʢʫ ʵʣʝʢʪʨʦʜʦʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 380Áʉ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ. ʆʜʥʦʩʪʦʨʦʥʥʷʷ ʨʫʯʥʘʷ ʜʫʛʦʚʘʷ ʩʚʘʨʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚʩʪʳʢ 

mailto:dmitriev.avtodorpetr@mail.ru
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~83~ 

ʵʣʝʢʪʨʦʜʘʤʠ ʜʠʘʤʝʪʨʘʤʠ 2,5 ʠ 4,0 ʤʤ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʪʦʢʝ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ: +20, ῐ15 ʠ ῐ35 Áʉ. ʉʚʘʨʢʘ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ 5 ʧʨʦʭʦʜʦʚ (ʨʠʩ. 1), ʩ ʦʩʪʳ-

ʚʘʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ~150 Áʉ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʫʢʣʘʜʢʠ ʩʣʦʝʚ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢ-

ʣʦʚ ʩʚʘʨʢʠ. ɹʣʦʢ-ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʩʛʣʘʞʠʚʘʶʱʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ; 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino Nano 3.0; ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ADS1115; ʨʝʟʠʩʪʦʨ; ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʪʝʨʤʦʧʘʨʳ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʥʘ ʧʣʘʩʪʠʥʘʭ ʧʨʠ ʩʚʘʨʢʝ ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦ ʥʠʟʢʠʭ ʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ʪʝʨʤʦʧʘʨʳ) ʢʦʤʧʘʥʠʠ 

çʆɺɽʅè ʤʘʨʢʠ ɼʊʇʂ031-1,2/0,5/1 ʠ ɼʊʇS021.1O-0,5/0,20, ʩ ʦʪʢʨʳʪʳʤ ʢʦʥʪʘʢʪʦʤ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥ-

ʥʳʭ ʪʝʨʤʦʧʘʨ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʚʳʩʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʳʝ ʜʦ 

+1372 , ʧʣʘʪʠʥʦʨʦʜʠʝʚʦ-ʧʣʘʪʠʥʦʚʳʝ ʜʦ +1768 ) [6]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʢʘʞʜʫʶ 

ʪʝʨʤʦʧʘʨʫ ʠ ʩʦʙʨʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʪʝʩʪʠʨʦʚʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ Nabertherm Model 

L9/11/S27 ʜʦ 800 . ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʨʝʤʝʥʠ ʚʳʚʦʜʠʣʠʩʴ ʥʘ ʵʢʨʘʥ ʠ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʪʝʢʩʪʦʚʦʤ 

ʬʘʡʣʝ. ɺ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ 4 ʪʝʨʤʦʧʘʨʳ ʩ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ ʧʦʜ ʢʦʨʥʝʚʳʤ 

ʰʚʦʤ. ʉʧʘʠ ʪʝʨʤʦʧʘʨ ʟʘʯʝʢʘʥʠʚʘʣʠʩʴ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʘʤʠ 2 ʠ 3 ʤʤ. 

 

 
ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʚʘʨʢʠ 

 

 
ʈʠʩ. 3. ʊʝʨʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʩ ʪʝʨʤʦʧʘʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʦʙʨʘʟʮʝ. 

ʉʚʘʨʢʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï35 Áʉ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~84~ 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʨʤʠʯʝʩʢʠʡ ʮʠʢʣ ʧʦʩʣʝ ʩʚʘʨʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟ-

ʜʫʭʘ ῐ35 Áʉ. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 600ï500 Áʉ 

(W6/5) ʠ 800ï500 Áʉ (W8/5), ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ  

800ï500 Áʉ (t8/5) ʠ 300ï200 Áʉ (t3/2). ɼʘʥʥʳʝ ʩ ʪʝʨʤʦʧʘʨ ʩ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʟʘʛʨʫʞʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʫ 

Microsoft Excel. ɼʣʷ ʧʦʩʪʨʦʡʢʠ ʛʨʘʬʠʢʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʚʘ ʩʪʦʣʙʮʘ: ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʠ ʚʨʝ-

ʤʝʥʠ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ. ʉ ʮʝʣʴʶ ʣʫʯʰʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʝ ʩ Excel ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ 

ʚ ʧʨʦʛʨʘʤʤʫ Origin. ʉʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʠ ʠʭ ʚʨʝʤʷ ʙʳʣʠ ʧʦʜʩʯʠʪʘʥʳ ʩ ʜʘʥʥʳʭ ʪʝʨʤʦʧʘʨ ʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 1 ʠ ʥʘ ʨʠʩ. 3. 

 
ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʚʘʨʢʠ ʦʙʨʘʟʮʦʚ 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʚʘʨʢʠ 

(ʊ, ʦʉ) 

ˉ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ W6/5 

(ÁC/c) 

W8/5 

(ÁC/c) 

t8/5 (c) t3/2 (c) 

 

 

-35 

1 24,9 36,7 8,4 18,5 

2 13,5 17,9 16,7 70,1 

3 11,1 - - 68,1 

4 - - - 72,6 

5 4,3 5,9 43,7 138,5 

 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝ-

ʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʜʣʷ ʫʩʣʦʚʠʡ ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʩʚʘʨʢʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʣʠʩʪʦ-

ʚʦʡ ʩʪʘʣʠ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʩʚʘʨʢʝ ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʦʭʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʥʠʞʝ-

ʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʘʚʪʦʧʦʜʦʛʨʝʚʘ. ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ï35 Áʉ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʚʪʦʨʦʛʦ ʧʨʦʭʦʜʘ ʜʦ 50% ʚʳʰʝ, ʯʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʚʘʨʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠ ʩʚʘʨʢʝ ʢʦʨʥʝʚʦʛʦ ʰʚʘ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʜʦ ï35 ÁC) ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 300ï200 ÁC ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 2 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (+20 ÁC). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʉʆ ʈɸʅ, ʰʠʬʨ ʧʨʦʝʢʪʘ FWRS-

2024-0034, ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ˉʅʀʆʂʊʈ 124032600078-1 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ɻʘʚʨʠʣʦʚʘ ʄ.ʂ. ʂʣʠʤʘʪʳ ʭʦʣʦʜʥʳʭ ʨʝʛʠʦʥʦʚ ʟʝʤʣʠ. ʗʢʫʪʩʢ: ʀʟʜ-ʚʦ ʉʆ ʈɸʅ, 1998. 206 ʩ. 

2. ɻʦʣʠʢʦʚ ʅ.ʀ., ʉʠʜʦʨʦʚ ʄ.ʄ., ʉʘʨʘʝʚ ʖ.ʅ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʚʘʨʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʘʪʝʨʠ-

ʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ // 

ɺʦʧʨʦʩʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ï 2024. ï ˉ4(120). ï ʉ. 113-123. ï DOI 10.22349/1994-6716-2024-120-4-113-

123. 

3. ʆʣʴʰʘʥʩʢʘʷ ʊ.ɺ., ʌʝʜʦʩʝʝʚʘ ɽ.ʄ. ɺʳʙʦʨ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʜʣʷ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠ-
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INFLUENCE OF THE ENERGY CHARACTERISTICS OF THE SURFACING PROCESS  

ON THE PROPERTIES OF THE FORMED COATINGS  

Semenov S.V., Golikov I.I. 

Siberian Branch of the Russian Academy of Sciences 

 

Abstract. The study is devoted to solving the problems of abrasive wear of mining equipment parts 

operating in harsh Arctic conditions. The effectiveness of surfacing with direct current and modulated current 

was compared. It was found that the use of pulsed-arc technology reduces the burn-off of alloying elements in 

the melt. This ensures better transfer of the electrode's chemical composition to the surfacing layer and tar-

geted adjustment of its properties. The results showed that the influence of the technology on the coating 

hardness varies depending on the composition of the surfacing material, confirming its potential for managing 

the quality of restoration of critical components. 

Keywords: surfacing, wear, mining equipment, pulsed welding, chemical composition, hardness. 

 

ʅʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ, ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭ-

ʥʠʢʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʙʦʯʠʝ ʫʟʣʳ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʚʳ-

ʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʣʝʛʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʝʨʟʣʳʤʠ ʛʨʫʥʪʘʤʠ ʧʨʠ ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʚʝʨʭʥʦʩʪʴ 

ʜʝʪʘʣʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʪʝʭʥʠʢʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʠʣʴʥʦʤʫ ʠʟʥʦʩʫ, ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʝʛʦ ʨʘʟʨʫʰʝʥʠʶ [1]. 

ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʠʢʠ ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʫʪʸʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʣʠ ʫʧʨʦʯʥʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ʥʘʧʣʘʚʢʠ ʧʦʢʨʳʪʠʡ ʩ ʚʚʝʜʝʥʠʝʤ ʧʨʠʩʘ-

ʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʘʱʠʪʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ. ʅʘʠʙʦʣʴʰʠʡ ʨʝʟʫʣʴʪʘʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠʟʥʦʰʝʥʥʳʭ ʠʣʠ ʫʧʨʦʯʥʝʥʠʠ ʙʳʩʪʨʦʠʟʥʘ-

ʰʠʚʘʶʱʠʭʩʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʚʳʰʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʭʣʘʜʦʩʪʦʡʢʦʩʪʴ [2]. ʕʣʝʢʪʨʦʜʫʛʦʚʘʷ ʥʘʧʣʘʚʢʘ ʟʘʥʠʤʘʝʪ ʧʨʦʯʥʳʝ ʧʦʟʠʮʠʠ ʚ ʨʝ-

ʥʦʚʘʮʠʠ ʜʝʪʘʣʝʡ ʪʝʭʥʠʢʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʦ-

ʜʫʛʦʚʘʷ ʥʘʧʣʘʚʢʘ, ʨʝʘʣʠʟʫʝʤʘʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʠʤʝʶʱʠʤ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʳʡ 

ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʛʥʦʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʥʘʧʣʘʚʢʠ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ (ʩʪʘʙʠʣʴʥʦʩʪʠ) 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [3]. ʆʜʥʘʢʦ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʦʚʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʣʘʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʟʥʘʰʠʚʘʥʠʝ, ʚʣʠʷʥʠʝ ʥʘ ʠʟʥʘʰʠʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʠ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘʧʣʘʚʢʠ. 
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ʥʳʭ ʦʙ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʚʘʨʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʠʩʪʨʘʪʦʨʘ  

AWR 224-ʄɼ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘʧʣʘʚʦʯʥʦʛʦ ʩʣʦʷ ʩ ʧʦʤʦʱʴʶ ʵʤʠʩʩʠʦʥʥʦʛʦ ʦʧʪʠ-

ʯʝʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ çFoundry-Master, ʠʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦ ʰʢʘʣʝ ɺʠʢʢʝʨʩ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʚʝʨʜʦʤʝʨʝ AFFRI 206RTD, ʧʨʠ ʥʘʛʨʫʟʢʝ 150 ʢʛʩ. 

ʇʨʦʚʝʜʝʥʘ ʨʫʯʥʘʷ ʜʫʛʦʚʘʷ ʥʘʧʣʘʚʢʘ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʥʘ ʧʦʩʪʦʷʥʥʦʤ (ʅʇ) ʠ ʤʦʜʫʣʠʨʦʚʘʥʥʦʤ 

ʪʦʢʘʭ (ʅʄ). ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʣʘʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʣʝʢʪʨʦʜʳ ʤʘʨʦʢ çWN 6/60è ʠ 

çʆɿʅ-400ʄè. 

ʕʣʝʢʪʨʦʜʳ WN 6/60 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʫʧʨʦʯʥʷʶʱʝʡ ʥʘʧʣʘʚʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʷʟʢʦ-ʪʚʝʨ-

ʜʳʭ, ʫʜʘʨʥʦ-ʚʷʟʢʠʭ ʠ ʩʪʦʡʢʠʭ ʢ ʠʩʪʠʨʘʥʠʶ ʩʣʦʝʚ ʥʘ ʥʝʣʝʛʠʨʦʚʘʥʥʳʝ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʤʝ-

ʨʝʥʥʳʤʠ ʫʜʘʨʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ɼʣʷ ʥʘʧʣʘʚʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ: ʟʫʙʴʝʚ, ʘʜʘʧ-

ʪʝʨʦʚ, ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʢʦʚʰʝʡ ʵʢʩʢʘʚʘʪʦʨʦʚ ʠ ʙʫʣʴʜʦʟʝʨʦʚ ʠ ʪ. ʜ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʥʘʧʣʘʚ-

ʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʩʢʦʣʦʚ ʧʨʠ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʥʘʧʣʘʚʢʝ ʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʕʣʝʢʪʨʦʜʳ ʆɿʅ-400ʄ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʥʘʧʣʘʚʢʠ ʜʝʪʘʣʝʡ ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥ-

ʥʳʭ ʩʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʝʚ ʦʙʨʘʟʮʦʚ, ʚʳ-

ʧʦʣʥʝʥʥʳʝ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘʧʣʘʚʢʠ: ʅʇ WN6/60 ʩ ʅʄ WN6/60; ʅʇ ʆɿʅ-400ʄ ʩ ʅʄ ʆɿʅ-

400ʄ, ʪʘʢʞʝ ʜʦʙʘʚʣʝʥ ʪʠʧʠʯʥʳʡ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʜʦʚ ʆɿʅ-400ʄ. 

 

ʊʘʙʣʠʮʘ 1. ʅʘʧʣʘʚʦʯʥʳʡ ʩʣʦʡ ʵʣʝʢʪʨʦʜʦʚ WN 6/60 

ʄʘʪʝʨʠʘʣ C Si Mn Cr Ni V Mo 

ʅʇ WN6/60 0,25 0,79 0,52 6,92 0,10 0,65 0,78 

ʅʄ WN6/60 0,29 0,80 0,53 7,2 0,10 0,69 0,73 

 

ɼʣʷ ʵʣʝʢʪʨʦʜʦʚ WN 6/60 ʥʘʧʣʘʚʢʘ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ (ʅʇ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ 

(ʅʄ) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ 13,79%, ʭʨʦʤʘ ʥʘ 3,89% ʠ ʚʘʥʘʜʠʷ ʥʘ 5,80%, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 6,85%. 

 

ʊʘʙʣʠʮʘ 2. ʅʘʧʣʘʚʦʯʥʳʡ ʩʣʦʡ ʵʣʝʢʪʨʦʜʦʚ ʆɿʅ-400ʄ 

ʄʘʪʝʨʠʘʣ C Si Mn Cr Ni Cu 

ʅʇ ʆɿʅ-400ʄ 0,10 1,72 3,26 0,10 0,12 0,18 

ʅʄ ʆɿʅ-400ʄ 0,12 1,9 3,6 0,10 0,12 0,17 

ʊʠʧʠʯʥʳʡ ʩʦʩʪʘʚ (ʧʨʦʠʟʚ.) 0,13 1,7 3,5 - - - 
 

ɼʣʷ ʵʣʝʢʪʨʦʜʦʚ ʆɿʅ-400ʄ ʥʘʧʣʘʚʢʘ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ (ʅʇ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ 

(ʅʄ) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ 16,7%, ʢʨʝʤʥʠʷ ʥʘ 9,5%, ʤʘʨʛʘʥʮʘ ʥʘ 9,4%. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʸʨʜʦʩʪʠ: 

ʀʟʤʝʨʝʥʠʝ ʪʚʸʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ (ʅʄ) ʧʦ-

ʨʘʟʥʦʤʫ ʚʣʠʷʝʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʵʣʝʢʪʨʦʜʘ. ʅʘʧʣʘʚʢʘ ʵʣʝʢ-

ʪʨʦʜʘʤʠ WN 6/60 ʚ ʨʝʞʠʤʝ ʅʄʊ ʦʙʝʩʧʝʯʠʣʘ ʧʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʡ ʪʚʸʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 11% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʞʠʤʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʅʇ). ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʩʪʴ, ʵʪʦ ʧʦʚʳ-

ʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʩʚʦʡʩʪʚʘ 

ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʆɿʅ-400ʄ ʪʚʸʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ, ʥʘʧʣʘʚʣʝʥ-

ʥʦʛʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ ʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ. 

ʅʘʧʣʘʚʢʘ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ ʪʦʢʦʤ ʩʥʠʞʘʝʪ ʚʳʛʦʨʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʫʛʣʝʨʦʜʘ, ʭʨʦʤʘ, 

ʚʘʥʘʜʠʷ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʪʚʸʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʣʦʞʝʥʠʝʤ, ʥʦ ʠ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʢʦʨʨʝʢʮʠʠ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɺʳʚʦʜʳ. ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝ-

ʥʠʷ ʥʘʧʣʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʜʣʷ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʝʜʩʪʘʚ-

ʣʝʥʥʦʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʣʝʜʠʪ ʟʘ ʢʠʥʝʪʠʢʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟ-

ʚʠʪʠʷ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʨʘʟʨʫʰʝʥʠʠ, 

ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʙʘʟʝ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʧʨʝʜʣʦʞʝʥʳ, ʥʦʚʳʝ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʧʨʠ ʦʮʝʥʢʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʭʦʣʦʜʥʳʝ ʪʨʝʱʠʥʳ, ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ 
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Abstract. This paper demonstrates the feasibility and necessity of using the acoustic emission method 

for assessing the process strength of welded joints. The presented improvement of the methods allows real-

time monitoring of the kinetics of the occurrence and development of cold cracks in welded joints of high-

strength steels during delayed fracture, which undoubtedly improves the level of assessment of the technolog-

ical strength of welded joints. Using the acoustic emission method, new criteria-based approaches to assessing 

the process strength of welded joints are proposed, based on appropriate processing of acoustic emission data. 

Keywords: technological strength, cold cracks, acoustic emission 

 

ʀʥʞʝʥʝʨʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʩʢʣʦʥʥʦʩʪʠ ʢ ʟʘʤʝʜʣʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʫʩʣʦʚʠʡ ʣʠʥʝʡʥʦʡ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ, ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʢʘʢ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝ-

ʱʠʥʳ, ʪʘʢ ʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥʳ [1, 2], ʩ ʫʯʝʪʦʤ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʩʣʝ ʩʚʘʨʢʠ ʚ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʣʠʰʴ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦ-

ʨʦʚ ʥʘ ʩʢʣʦʥʥʦʩʪʴ ʢ ʟʘʤʝʜʣʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ (ɿʈ) ʠʣʠ ʠʤʠʪʠʨʫʶʪ ʪʦʣʴʢʦ ʩʚʘʨʦʯʥʳʡ ʪʝʨʤʦʜʝʬʦʨʤʘ-

ʮʠʦʥʥʳʡ ʮʠʢʣ. ʇʦʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʢʠ-

ʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ 

ʦʙʣʘʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʟʘʜʘʯʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʘʜʸʞʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʰʘʶʪʩʷ ʧʫʪʸʤ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʚʘʨʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʝʥʠʷ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʦʡ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʢ ʚʳʙʦʨʫ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʪʨʝ-

ʙʫʶʪ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʨʝ-

ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ɸʕ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʝʥʠʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʜʝʬʝʢʪʦʚ, ʥʦ ʠ ʧʨʦʠʟʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲ-

ʝʢʪʘ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ɸʕ ʧʨʠ ʦʮʝʥʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʊʇʉʉ) ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʘʮʠʠ ʠ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~89~ 

ʨʘʟʨʫʰʝʥʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʘʨʘ-

ʤʝʪʨʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ. 

ʆʩʥʦʚʥʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦ ʦʮʝʥʢʝ ʩʢʣʦʥʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʷʚʣʷʶʪʩʷ ɻʆʉʊ 26388-84, ɻʆʉʊ ʈ 56143-2014,  

ɻʆʉʊ ʈ ʀʉʆ 17642-2-2012, ʚ ʢʦʪʦʨʳʭ ʚʦʰʣʠ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʫʛʣʝʨʦʜʠʩʪʳʭ 

ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʚ ʟʦʥʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʠ ʤʝʪʘʣʣʘ ʰʚʘ ʦʙʨʘʟʦʚʘʥʠʶ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ. ɺ 

ʦʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʩʪʘʥʜʘʨʪʝ ʤʘʰʠʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ, ʧʨʠʥʷʪʳ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʩʪʘʣʝʡ ʦʙʨʘʟʦʚʘʥʠʶ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 

ʄɺʊʋ ʠʤ. ʅ. ʕ. ɹʘʫʤʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʳ ɺʄʕʀ-ʄɺʊʋ ʠ ʊʝʢʢʝʥ, ʃʠʭʘʡ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ 

ʀʤʧʣʘʥʪ (ʤʝʪʦʜ ʦʙʨʘʟʮʦʚ-ʚʩʪʘʚʦʢ), ʧʨʝʜʣʦʞʝʥʥʘʷ ɸ. ɻʨʘʥʞʦʥʦʤ [3, 4, 5, 6]. 

ʇʫʪʝʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʚ ʀʊʇʌ ʉʆ 

ʈɸʅ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʩʚʘʨʢʠ ʜʣʷ ʚʳʩʦʢʦʧʨʦʯ-

ʥʳʭ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʪʨʘʞʝʥʥʳʭ ʥʘ ʙʣʦʢ-ʩʭʝʤʝ (ʨʠʩ. 1), ʛʜʝ ʦʪ-

ʨʘʞʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʊʇʉʉ. 

 

 
 

ʈʠʩ. 1. ɹʣʦʢ ʩʭʝʤʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ 
 

ɸʥʘʣʠʟ ʦʩʥʦʚ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘ-

ʣʝʡ, ʠ ʦʪʨʘʞʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʨʘʩʢʨʳʪʴ ʩʫʪʴ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪ ʠ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʪʴ ʙʣʦʢ ʩʭʝʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʝʥʳ ʥʘ ʙʣʦʢ-ʩʭʝʤʝ 

ʨʠʩʫʥʢʘ 2. 
 

 
 

ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʦʮʝʥʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʨʘʟʨʫʰʝʥʠʠ 
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ȴɓɐɌɞɑɗɨɝɞɎɚ ȬȹȺ ȰȻȺ çȸɑɒɜɑɏɔɚəɌɗɨəɧɕ ɢɑəɞɜ ɔəəɚɎɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ɚɍɜɌɓɚɎɌəɔɔè ~90~ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ, ʦʮʝʥʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷ-
ʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʨʘʙʦʪ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʥʦʛʦʣʝʪʥʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʪʨʝʙʫʝʪ 
ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦ-
ʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ ʦʪʜʝʣʘ 
çʉʚʘʨʢʠè [7], ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʣʦʥʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ ʢ ʟʘʤʝʜʣʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʤʝʪʦʜʘ çʀʤʧʣʘʥʪè ʧʦ ɻʆʉʊ 26388-84, 
ɻʆʉʊ ʈ 56143-2014 [3,4] (ʨʠʩ. 3), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ. 

 

 
 

ʈʠʩ. 3. ʋʩʪʘʥʦʚʢʘ ɿʈ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ çʀʤʧʣʘʥʪè ʧʦʩʣʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 
 

 
 

ʈʠʩ. 4. ʈʝʛʠʩʪʨʘʮʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɸʕ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʝ çʊʝʢʢʝʥè 
 

ʊʘʢʞʝ ʤʝʪʦʜ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʚʠʪʠʶ 
ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʘʭ ʪʠʧʘ ʊʵʢʢʝʥ ʧʦ ɻʆʉʊ 26388-84,  
ɻʆʉʊ ʈ ʀʉʆ 17642-2-2012 [3, 5] (ʨʠʩ. 4), ʢʦʪʦʨʘʷ ʪʦʞʝ ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʟʘ ʢʠʥʝʪʠʢʦʡ ʨʘʟʚʠʪʠʷ ʠʣʠ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ, ʚʠʜʘ ʪʠʧʘ 
ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʇʨʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ɿʈ ʤʝʪʦʜʦʤ çʀʤʧʣʘʥʪè ʠ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʡ ʧʨʦʙʳ çʊʝʢʢʝʥè ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʧʨʦʮʝʩʩʝ ʨʘʟʨʫʰʝʥʠʷ ʙʳʣʠ ʧʨʠʤʝ-
ʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ: 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































