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ȼɅɂəɇɂȿ ɌɊȿɇɂə ȼ ɒȺɊɇɂɊȺɏ ɇȺ ȼȿɅɂɑɂɇɍ  
ɄɊɂɌɂɑȿɋɄɈɃ ɋɂɅɕ ɋɌȿɊɀɇȿɃ 

ȻɈȽɈɆȺɁ ȼ. ɇ.1*, ɤ. ɮ.-ɦ. ɧ., 
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, ɤ. ɬ. ɧ., ɞɨɰ., 
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1* Ʉɚɮɟɞɪɚ ɜɨɟɧɧɨɣ ɩɨɞɝɨɬɨɜɤɢ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢɦɟɧɢ 
ɚɤɚɞɟɦɢɤɚ ȼ. Ʌɚɡɚɪɹɧɚ, ɭɥ. Ʌɚɡɚɪɹɧɚ, 2, 49010, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɬɟɥ. +38 (056) 793-19-09,  
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2*Ʉɚɮɟɞɪɚ ɩɪɢɤɥɚɞɧɨɣ ɦɟɯɚɧɢɤɢ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢɦɟɧɢ 
ɚɤɚɞɟɦɢɤɚ ȼ. Ʌɚɡɚɪɹɧɚ, ɭɥ. Ʌɚɡɚɪɹɧɚ, 2, 49010, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɬɟɥ. +38 (056) 373-15-18,  

e-mail: bondarenko-l-m2015@yandex.ua,ORCID0000-0002-2212-3058 
3*Ʉɚɮɟɞɪɚ ɜɨɟɧɧɨɣ ɩɨɞɝɨɬɨɜɤɢ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢɦɟɧɢ 
ɚɤɚɞɟɦɢɤɚ ȼ. Ʌɚɡɚɪɹɧɚ, ɭɥ. Ʌɚɡɚɪɹɧɚ, 2, 49010, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɬɟɥ. +38 (056) 793-19-09,  

e-mail: shcheka1961@mail.ru,ORCIDID: 0000-0002-4608-3898 
4* Ʉɚɮɟɞɪɚ ɩɪɢɤɥɚɞɧɨɣ ɦɟɯɚɧɢɤɢ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢɦɟɧɢ 
ɚɤɚɞɟɦɢɤɚ ȼ. Ʌɚɡɚɪɹɧɚ, ɭɥ. Ʌɚɡɚɪɹɧɚ, 2, 49010, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɬɟɥ. +38 (093) 532-36-19,  

e-mail: leo.sam@mail.ru, ORCIDID:0000-0001-7164-6309 

Ⱥɧɧɨɬɚɰɢɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ȼɟɥɢɱɢɧɚ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɫɬɟɪɠɧɹ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɦɟɬɨɞɢɤɟ 
ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɢɞɟɚɥɶɧɨɝɨ ɲɚɪɧɢɪɚ ɜ ɦɟɫɬɟ ɡɚɤɪɟɩɥɟɧɢɹ ɫɬɟɪɠɧɹ. ȼ ɪɟɚɥɶɧɵɯ 
ɲɚɪɧɢɪɚɯ ɫɭɳɟɫɬɜɭɟɬ ɤɚɤ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɱɟɧɢɸ ɲɚɪɧɢɪɚ ɩɪɢ ɩɨɜɨɪɨɬɟ ɤɨɧɰɨɜ ɫɬɟɪɠɧɹ, ɬɚɤ ɢ ɢɯ 
ɩɟɪɟɦɟɳɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɜɥɢɹɧɢɹ ɷɬɢɯ ɧɟɫɨɜɟɪɲɟɧɫɬɜ 
ɲɚɪɧɢɪɚ ɧɚ ɜɟɥɢɱɢɧɭ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ. ȼ ɫɭɳɟɫɬɜɭɸɳɢɯ ɧɚɭɱɧɵɯ ɬɪɭɞɚɯ, ɩɨɫɜɹɳɟɧɧɵɯ ɩɨɯɨɠɢɦ ɩɪɨɛɥɟɦɚɦ, 
ɧɟ ɭɱɢɬɵɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɬɪɟɧɢɹ ɜ ɲɚɪɧɢɪɚɯ ɤɪɟɩɥɟɧɢɹ ɫɬɟɪɠɧɹ ɧɚ ɜɟɥɢɱɢɧɭ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ. ɉɪɢ 
ɨɩɪɟɞɟɥɟɧɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɟɪɠɧɟɣ ɫ ɭɱɟɬɨɦ ɧɟɢɞɟɚɥɶɧɨɫɬɢ ɲɚɪɧɢɪɨɜ ɬɪɟɧɢɟ ɜ ɧɢɯ ɦɨɠɧɨ ɭɱɟɫɬɶ 
ɷɤɫɰɟɧɬɪɢɱɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ ɧɚɝɪɭɡɤɢ ɢɥɢ ɩɪɢɥɨɠɟɧɢɟɦ ɦɨɦɟɧɬɚ. Ɉɞɧɚɤɨ ɩɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɞɨɫɬɚɬɨɱɧɨ 
ɫɥɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɩɪɢɥɨɠɟɧɧɵɯ ɫɢɥɵ ɢɥɢ ɦɨɦɟɧɬɚ. Цɟɥɶ ɫɬɚɬɶɢ - ɭɫɬɚɧɨɜɢɬɶ ɜɥɢɹɧɢɟ ɬɪɟɧɢɹ ɜ 
ɲɚɪɧɢɪɟ ɤɪɟɩɥɟɧɢɹ ɫɬɟɪɠɧɹ ɧɚ ɜɟɥɢɱɢɧɭ ɟɝɨ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɜ ɫɦɵɫɥɟ ɗɣɥɟɪɚ, ɚ ɬɚɤɠɟ ɩɨɫɬɪɨɢɬɶ 
ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɫɬɟɪɠɧɹ ɫ ɭɱɟɬɨɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ 
ɲɚɪɧɢɪɨɜ. ȼɵɜɨɞ. Ⱦɥɹ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɫɬɟɪɠɧɹ ɫ ɲɚɪɧɢɪɧɵɦ ɤɪɟɩɥɟɧɢɟɦ ɧɚ 
ɤɨɧɰɚɯ ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ, ɤɨɬɨɪɵɟ ɭɱɢɬɵɜɚɸɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɥɨɜ ɲɚɪɧɢɪɚ. 
ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɛɨɥɟɟ ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɞɥɹ ɫɬɟɪɠɧɟɣ. 
ɉɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɚ ɰɟɥɶɧɨɝɨ ɫɬɟɪɠɧɹ ɢ ɫɬɟɪɠɧɹ ɫ ɜɵɪɟɡɤɨɣ ɜ ɫɟɪɟɞɢɧɟ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɦɟɬɨɞɢɤɟ, ɹɜɥɹɸɬɫɹ ɡɚɜɵɲɟɧɧɵɦɢ. 
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ȼɉɅɂȼ ɌȿɊɌə ȼ ɒȺɊɇȱɊȺɏ ɇȺ ȼȿɅɂɑɂɇɍ  
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1* Ʉɚɮɟɞɪɚ ɜɿɣɫɶɤɨɜɨʀ ɩɿɞɝɨɬɨɜɤɢ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɡɚɥɿɡɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ ɿɦɟɧɿ ɚɤɚɞɟɦɿɤɚ  
ȼ. Ʌɚɡɚɪɹɧɚ, ɜɭɥ. Ʌɚɡɚɪɹɧɚ, 2, 49010, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, ɍɤɪɚʀɧɚ, ɬɟɥ. +38 (056) 793-19-09, e-mail: wbogomas@i.ua,  
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2* Ʉɚɮɟɞɪɚ ɩɪɢɤɥɚɞɧɨʀ ɦɟɯɚɧɿɤɢ, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɡɚɥɿɡɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ ɿɦɟɧɿ ɚɤɚɞɟɦɿɤɚ  
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ȼ. Ʌɚɡɚɪɹɧɚ, ɜɭɥ. Ʌɚɡɚɪɹɧɚ, 2, 49010, Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ, ɍɤɪɚʀɧɚ, ɬɟɥ. +38 (056) 793-19-09, e-mail: shcheka1961@mail.ru, 

ORCIDID: 0000-0002-4608-3898 
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Ⱥɧɨɬɚɰіɹ. ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ȼɟɥɢɱɢɧɚ ɤɪɢɬɢɱɧɨʀ ɫɢɥɢ ɫɬɪɢɠɧɹ ɡɚ ɬɪɚɞɢɰɿɣɧɨɸ ɦɟɬɨɞɢɤɨɸ 

ɪɨɡɪɚɯɭɧɤɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɜ ɩɪɢɩɭɳɟɧɧɿ ɿɞɟɚɥɶɧɨɝɨ ɲɚɪɧɿɪɚ ɜ ɦɿɫɰɿ ɡɚɤɪɿɩɥɟɧɧɹ ɫɬɪɢɠɧɹ. ɍ ɪɟɚɥɶɧɢɯ ɲɚɪɧɿɪɚɯ 
ɿɫɧɭє ɹɤ ɨɩɿɪ ɤɨɱɟɧɧɸ ɲɚɪɧɿɪɚ ɩɪɢ ɩɨɜɨɪɨɬɿ ɤɿɧɰɿɜ ɫɬɪɢɠɧɹ, ɬɚɤ ɿ ʀɯ ɩɟɪɟɦɿɳɟɧɧɹ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɿɫɧɭє 
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ɧɟɨɛɯɿɞɧɿɫɬɶ ɜɢɡɧɚɱɟɧɧɹ ɯɚɪɚɤɬɟɪɭ ɜɩɥɢɜɭ ɰɿєʀ ɧɟɞɨɫɤɨɧɚɥɨɫɬɿ ɲɚɪɧɿɪɚ ɧɚ ɜɟɥɢɱɢɧɭ ɤɪɢɬɢɱɧɨʀ ɫɢɥɢ.  
ȼ ɿɫɧɭɸɱɢɯ ɧɚɭɤɨɜɢɯ ɩɪɚɰɹɯ, ɩɪɢɫɜɹɱɟɧɢɯ ɫɯɨɠɢɦ ɩɪɨɛɥɟɦɚɦ, ɧɟ ɜɪɚɯɨɜɭɜɚɜɫɹ ɜɩɥɢɜ ɬɟɪɬɹ ɜ ɲɚɪɧɿɪɚɯ 
ɤɪɿɩɥɟɧɧɹ ɫɬɪɢɠɧɹ ɧɚ ɜɟɥɢɱɢɧɭ ɤɪɢɬɢɱɧɨʀ ɫɢɥɢ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɫɬɿɣɤɨɫɬɿ ɫɬɪɢɠɧɿɜ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 
ɧɟɿɞɟɚɥɶɧɨɫɬɿ ɲɚɪɧɿɪɿɜ ɬɟɪɬɹ ɜ ɧɢɯ ɦɨɠɧɚ ɜɪɚɯɭɜɚɬɢ ɟɤɫɰɟɧɬɪɢɱɧɢɦ ɩɪɢɤɥɚɞɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɚɛɨ 
ɩɪɢɤɥɚɞɟɧɧɹɦ ɦɨɦɟɧɬɭ. ɉɪɨɬɟ ɡɚ ɬɚɤɨɝɨ ɩɿɞɯɨɞɭ ɞɨɫɢɬɶ ɫɤɥɚɞɧɨ ɜɢɡɧɚɱɢɬɢ ɜɟɥɢɱɢɧɭ ɩɪɢɤɥɚɞɟɧɢɯ ɫɢɥɢ ɚɛɨ 
ɦɨɦɟɧɬɭ. Ɇɟɬɚ ɫɬɚɬɬі - ɜɫɬɚɧɨɜɢɬɢ ɜɩɥɢɜ ɬɟɪɬɹ ɜ ɲɚɪɧɿɪɿ ɤɪɿɩɥɟɧɧɹ ɫɬɪɢɠɧɹ ɧɚ ɜɟɥɢɱɢɧɭ ɣɨɝɨ ɤɪɢɬɢɱɧɨʀ 
ɫɢɥɢ ɜ ɫɟɧɫɿ ȿɣɥɟɪɚ, ɚ ɬɚɤɨɠ ɩɨɛɭɞɭɜɚɬɢ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɪɢɬɢɱɧɨʀ ɫɢɥɢ ɫɬɪɢɠɧɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 
ɦɟɯɚɧɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɿɚɥɿɜ ɲɚɪɧɿɪɿɜ. ȼɢɫɧɨɜɨɤ. Ⱦɥɹ ɡɚɞɚɱɿ ɜɢɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧɢ ɤɪɢɬɢɱɧɨʀ ɫɢɥɢ 
ɫɬɪɢɠɧɹ ɡ ɲɚɪɧɿɪɧɢɦ ɤɪɿɩɥɟɧɧɹɦ ɧɚ ɤɿɧɰɹɯ ɨɞɟɪɠɚɧɨ ɡɚɥɟɠɧɨɫɬɿ, ɹɤɿ ɜɪɚɯɨɜɭɸɬɶ ɦɟɯɚɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɦɚɬɟɪɿɥɿɜ ɲɚɪɧɿɪɚ. Ɉɞɟɪɠɚɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɨɡɜɨɥɹɸɬɶ ɨɛɱɢɫɥɢɬɢ ɬɨɱɧɿɲɟ ɡɧɚɱɟɧɧɹ ɤɪɢɬɢɱɧɨʀ ɫɢɥɢ ɞɥɹ ɫɬɪɢɠɧɿɜ. 
ɇɚɜɟɞɟɧɨ ɩɪɢɤɥɚɞɢ ɪɨɡɪɚɯɭɧɤɭ ɰɿɥɶɧɨɝɨ ɫɬɪɢɠɧɹ ɿ ɫɬɪɢɠɧɹ ɡ ɜɢɪɿɡɤɨɸ ɭ ɫɟɪɟɞɢɧɿ, ɹɤɿ ɩɨɤɚɡɭɸɬɶ, ɳɨ ɡɧɚɱɟɧɧɹ 
ɤɪɢɬɢɱɧɨʀ ɫɢɥɢ, ɨɛɱɢɫɥɟɧɿ ɡɚ ɬɪɚɞɢɰɿɣɧɨɸ ɦɟɬɨɞɢɤɨɸ ɡɚɜɢɳɟɧɿ. 

Ʉɥɸɱɨɜі ɫɥɨɜɚ:  ɬɟɪɬɹ, ɫɬɪɢɠɟɧɶ, ɲɚɪɧɿɪ, ɤɪɢɬɢɱɧɚ ɫɢɥɚ, ɤɨɧɬɚɤɬ 
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Abstract.Formulation of the problem. The size of critical force of bar on the traditional method of calculation is 

determined in supposition of ideal hinge in the place of fixing of bar. There are both a hinge resistance at the turn of bar 

ends and their moving in the real hinges. Thus, there is the necessity of influencing character determination of these 

hinge imperfections on the size of critical force. In the existent scientific labours is devoted the alike problems, 

influencing of friction in the hinges of bar fastening on the size of critical force was not taken into account. At 

determination of bars stability with no ideality of hinges friction in them it is possible to take into account by the 

eccentric appendix of loading or appendix of moment. However at such approach it is difficult enough to define the size 

of attached force or moment. Purpose. To set influencing of friction in the hinge of bar fastening on of his critical force 

size in sense of Euler, and also build dependences for determination of bar critical force taking into account mechanical 

descriptions of hinges materials. Conclusion. For the task of determination the size of bar critical force with the joint 

fastening on ends are got the dependences which take into account mechanical descriptions of material hinge. The 

received dependences allow to define more exact meaning of critical force for bars. The examples of calculation of 

whole bar and bar with undercuting in the middle are resulted that values of critical force, certain on a traditional 

method are overpriced. 

Keywords: friction, bar, hinge, critical force, contact  

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ȼɟɥɢɱɢɧɚ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɫɬɟɪɠɧɹ («ɥɨɦɚɸɳɟɣ 

ɫɢɥɵ», ɩɨ ɜɵɪɚɠɟɧɢɸ ɩɪɨɮɟɫɫɨɪɚ Ⱥ. 
Ɏɟɩɩɥɹ [11]) ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɦɟɬɨɞɢɤɟ 
ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ 
ɢɞɟɚɥɶɧɨɝɨ ɲɚɪɧɢɪɚ ɜ ɦɟɫɬɟ ɡɚɤɪɟɩɥɟɧɢɹ 
ɫɬɟɪɠɧɹ. ȼ ɪɟɚɥɶɧɵɯ ɲɚɪɧɢɪɚɯ ɫɭɳɟɫɬɜɭɟɬ 
ɤɚɤ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɱɟɧɢɸ ɲɚɪɧɢɪɚ ɩɪɢ 
ɩɨɜɨɪɨɬɟ ɤɨɧɰɨɜ ɫɬɟɪɠɧɹ, ɬɚɤ ɢ ɢɯ 

ɩɟɪɟɦɟɳɟɧɢɟ. ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɩɨɜɨɪɨɬɟ 
ɤɨɧɰɨɜ ɫɬɟɪɠɧɹ ɜɨɡɧɢɤɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɤɚɱɟɧɢɸ ɲɚɪɧɢɪɚ ɢ ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɟɝɨ 
ɩɟɪɟɦɟɳɟɧɢɟ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɜɥɢɹɧɢɹ ɷɬɢɯ 
ɧɟɫɨɜɟɪɲɟɧɫɬɜ ɲɚɪɧɢɪɚ ɧɚ ɜɟɥɢɱɢɧɭ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ. ȼ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɧɚɭɱɧɵɯ ɬɪɭɞɚɯ [2; 3; 5; 7; 8-10; 12; 13; 14], 

ɩɨɫɜɹɳɟɧɧɵɯ ɩɨɯɨɠɢɦ ɩɪɨɛɥɟɦɚɦ, ɧɟ 
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ɭɱɢɬɵɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɬɪɟɧɢɹ ɜ ɲɚɪɧɢɪɚɯ 
ɤɪɟɩɥɟɧɢɹ ɫɬɟɪɠɧɹ ɧɚ ɜɟɥɢɱɢɧɭ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɫɬɟɪɠɧɟɣ ɫ ɭɱɟɬɨɦ ɧɟɢɞɟɚɥɶɧɨɫɬɢ ɲɚɪɧɢɪɨɜ 
ɬɪɟɧɢɟ ɜ ɧɢɯ ɦɨɠɧɨ ɭɱɟɫɬɶ ɷɤɫɰɟɧɬɪɢɱɧɵɦ 

ɩɪɢɥɨɠɟɧɢɟɦ ɧɚɝɪɭɡɤɢ ɢɥɢ ɩɪɢɥɨɠɟɧɢɟɦ 

ɦɨɦɟɧɬɚ. Ɉɞɧɚɤɨ ɩɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ 
ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ 
ɩɪɢɥɨɠɟɧɧɵɯ ɫɢɥɵ ɢɥɢ ɦɨɦɟɧɬɚ. 

ɐɟɥɶ ɫɬɚɬɶɢ - ɭɫɬɚɧɨɜɢɬɶ ɜɥɢɹɧɢɟ 
ɬɪɟɧɢɹ ɜ ɲɚɪɧɢɪɟ ɤɪɟɩɥɟɧɢɹ ɫɬɟɪɠɧɹ ɧɚ 
ɜɟɥɢɱɢɧɭ ɟɝɨ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɜ ɫɦɵɫɥɟ 
ɗɣɥɟɪɚ, ɚ ɬɚɤɠɟ ɩɪɟɞɥɨɠɢɬɶ ɫɩɨɫɨɛɵ 
ɩɪɢɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɫɥɨɠɧɵɯ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɤ ɛɨɥɟɟ ɩɪɨɫɬɵɦ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɟɚɥɢɡɚɰɢɢ ɪɚɫɱɟɬɨɜ ɫɬɟɪɠɧɟɣ 

ɫ ɭɱɟɬɨɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɚɬɟɪɢɚɥɨɜ ɲɚɪɧɢɪɨɜ. 

 
Ɋɢɫ. 1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫɬɟɪɠɧɟɣ:  

ɚ – ɤɥɚɫɫɢɱɟɫɤɚɹ; ɛ – ɫ ɭɱɟɬɨɦ ɪɟɚɥɶɧɨɝɨ 
ɲɚɪɧɢɪɚ 

Ɇɚɬɟɪɢɚɥ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɋɚɫɫɦɨɬɪɢɦ 
ɞɜɟ ɢɡɜɟɫɬɧɵɟ ɡɚɞɚɱɢ ɩɪɨɮ. Ⱥ. Ɏɟɩɩɥɹ Д11], 

ɩɨɫɜɹɳɟɧɧɵɟ ɩɪɨɞɨɥɶɧɨɦɭ ɢɡɝɢɛɭ 
ɫɬɟɪɠɧɟɣ. 

ɉɟɪɜɚɹ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: 
ɫɬɟɪɠɟɧɶ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɢɧɨɣ  
l = 1,5 ɦ ɫɨ ɫɬɨɪɨɧɚɦɢ 30 ɢ 50 ɦɦ, ɢɦɟɸɳɢɣ 
ɫɜɨɛɨɞɧɵɟ ɜɪɚɳɚɸɳɢɟɫɹ ɤɨɧɰɵ, ɫɠɢɦɚɟɬɫɹ 
ɫɢɥɚɦɢ Ɋ, ɩɪɢɥɨɠɟɧɧɵɦɢ ɜ ɬɨɱɤɚɯ Ⱥ ɢ ȼ 

(ɪɢɫ. 1 ɚ). Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɬɨɱɤɚɯ ɋ ɢ D 

ɞɟɣɫɬɜɭɟɬ ɟɳɟ ɧɚɝɪɭɡɤɚ Q, ɡɚɫɬɚɜɥɹɸɳɚɹ 
ɫɪɟɞɧɸɸ ɱɚɫɬɶ ɪɚɛɨɬɚɬɶ ɧɚ ɫɠɚɬɢɟ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ («ɥɨɦɚɸɳɟɝɨ ɝɪɭɡɚ») Ɋ 

ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ Q=0,5Ɋ ɢ ȿ = 2·105Ɇɉɚ. 
ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ Ⱥ. Ɏɟɩɩɥɹ [11] ɭɠɟ 

ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɬɟɨɪɢɹ ɤɨɧɬɚɤɬɧɵɯ 
ɞɟɮɨɪɦɚɰɢɣ, ɩɨɥɭɱɟɧɧɚɹ Ƚɟɪɰɟɦ, ɨɞɧɚɤɨ ɨɧ 
ɜ ɫɜɨɢɯ ɪɚɛɨɬɚɯ ɩɪɢɧɹɥ ɢɞɟɚɥɶɧɵɣ ɲɚɪɧɢɪ, 
ɩɪɟɧɟɛɪɟɝɚɹ ɤɚɤ ɢɡɦɟɧɟɧɢɟɦ ɝɟɨɦɟɬɪɢɢ 
ɲɚɪɧɢɪɚ, ɬɚɤ ɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɜ ɦɟɫɬɟ 
ɤɨɧɬɚɤɬɚ. Ⱦɥɹ ɭɱɟɬɚ ɢɯ ɜɥɢɹɧɢɹ 
ɪɚɫɫɦɨɬɪɢɦ ɲɚɪɧɢɪ ɫɨ ɫɯɟɦɨɣ ɤɚɫɚɧɢɹ, 
ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1 ɛ (ɫɯɟɦɚ ɰɢɥɢɧɞɪ-

ɩɥɨɫɤɨɫɬɶ). 
Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɭɩɪɭɝɨɣ 

ɥɢɧɢɢ ɫɬɟɪɠɧɹ ɞɥɹ ɜɟɬɜɢ I ɫ ɭɱɟɬɨɦ ɟɝɨ 
ɪɟɚɥɶɧɨɫɬɢ ɢɦɟɟɬ ɜɢɞ: 

,  (1) 

ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ 
(ɪɢɫ. 1 ɛ). 

ȿɫɥɢ ɦɚɬɟɪɢɚɥɵ ɫɬɟɪɠɧɹ ɢ ɩɥɨɫɤɨɫɬɢ 
ɨɞɢɧɚɤɨɜɵɟ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɪɚɜɟɧ 0,3, ɬɨ ɫɜɹɡɶ ɦɟɠɞɭ 
ɪɚɞɢɭɫɨɦ R ɡɚɤɪɭɝɥɟɧɢɹ ɫɬɟɪɠɧɹ ɢ ɫɢɥɨɣ Ɋ 

ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ [4]: 

. (2)
 ȼɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ 

ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɤɚɤ ɱɚɫɬɶ ɫɬɚɬɢɱɟɫɤɨɣ 
ɩɨɥɭɲɢɪɢɧɵ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ b: 

. (3) 

ɉɪɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɥɢɧɟɣɧɨɦ ɤɨɧɬɚɤɬɟ 
ɢ ɜɟɥɢɱɢɧɟ R ≤ 50 ɦɦ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ 
ɤɚɱɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [1; 6; 15]: 

.  (4) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɭɥɚ (1) ɩɪɢɧɢɦɚɟɬ 
ɜɢɞ: 

.

 

(5) 

Ɋɟɲɟɧɢɟ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɡɚɩɢɲɟɦ ɜ 
ɜɢɞɟ: 

  (6) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɪɟɲɟɧɢɢ Ɏɟɩɩɥɹ ɜɬɨɪɨɣ 
ɢ ɬɪɟɬɢɣ ɱɥɟɧɵ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (6) 

ɨɬɫɭɬɫɬɜɭɸɬ. 
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ɉɨɫɬɨɹɧɧɵɟ Ⱥ ɢ D ɧɚɣɞɟɦ ɢɡ ɜɵɪɚɠɟɧɢɹ 
(6) ɩɪɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ  

 ɢ , ɭɤɚɡɵɜɚɸɳɢɟ ɧɚ 
ɩɟɪɟɦɟɳɟɧɢɟ ɜɫɟɝɨ ɫɬɟɪɠɧɹ ɡɚ ɫɱɟɬ ɤɚɱɟɧɢɹ. 

ɉɨɞɱɢɧɢɜ ɭɪɚɜɧɟɧɢɟ (6) ɭɤɚɡɚɧɧɵɦ 
ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ, ɩɨɥɭɱɢɦ 

, (7) 

ɝɞɟ . 
ɉɪɨɝɢɛ ɫɬɟɪɠɧɹ ɜ ɬɨɱɤɟ ɋ 

 (8) 

Ⱦɥɹ ɜɟɬɜɢ II ɩɪɢɦɟɦ ɡɚ ɨɫɶ ɯ ɥɢɧɢɸ I, ɚ 
ɡɚ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɭ ɋ. ɇɚ ɷɬɨɦ 
ɭɱɚɫɬɤɟ ɭɪɚɜɧɟɧɢɟ ɭɩɪɭɝɨɣ ɥɢɧɢɢ ɧɚɯɨɞɢɬɫɹ 
ɚɧɚɥɨɝɢɱɧɨ [1] ɢ ɟɝɨ ɪɟɲɟɧɢɟ ɢɦɟɟɬ ɜɢɞ: 

(9) 

ɝɞɟ . 

Ɉɞɧɚɤɨ, ɜ ɷɬɨɣ ɡɚɞɚɱɟ ɧɟɨɛɯɨɞɢɦɨ 
ɫɨɛɥɸɫɬɢ ɟɳɟ ɨɞɧɨ ɭɫɥɨɜɢɟ, ɚ ɢɦɟɧɧɨ ɬɨ, 

ɱɬɨ ɨɛɟ ɜɟɬɜɢ ɞɨɥɠɧɵ ɢɦɟɬɶ ɜ ɬɨɱɤɚɯ ɋ ɢ D 

ɨɛɳɢɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɭɩɪɭɝɨɣ 
ɥɢɧɢɢ, ɬ.ɟ. 

. (10) 

ɉɨɞɫɬɚɜɥɹɹ ɜ (10) ɩɟɪɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 
ɨɬ ɜɵɪɚɠɟɧɢɣ ɞɥɹ  ɢ , ɩɨɫɥɟ ɧɟɤɨɬɨɪɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɪɢɯɨɞɢɦ ɤ ɭɪɚɜɧɟɧɢɸ: 

(11) 

ɤɨɬɨɪɨɟ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ (ɩɨ 
ɫɬɪɭɤɬɭɪɟ) ɨɬ ɭɪɚɜɧɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ 
Ɏɟɩɩɥɟɦ. Ɉɬɦɟɬɢɦ, ɱɬɨ, ɩɨɥɨɠɢɜ Q = 0, ɚ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ α = β, Ɏɟɩɩɥɟɦ ɞɥɹ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɩɨɥɭɱɢɥ ɮɨɪɦɭɥɭ ɗɣɥɟɪɚ 

Ɋȿ = π2ȿI/l
2. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɤɪɢɬɢɱɟɫɤɚɹ 

ɫɢɥɚ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ: 

, (12) 

ɱɬɨ ɧɚ 4,5 % ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɹ, 
ɩɨɥɭɱɟɧɧɨɝɨ ɗɣɥɟɪɨɦ Ɋȿ = π2ȿI/l

2
. 

ɉɟɪɟɣɞɹ ɤ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɟ, ɩɨɥɭɱɢɦ, 

ɱɬɨ ɩɪɢ Q = 0,5P ɢ  ɢ ɭɪɚɜɧɟɧɢɟ ɞɥɹ 
α ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

.  (13) 

ȼɵɱɢɫɥɟɧɢɟ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɩɪɢɛɥɢɠɟɧɢɣ ɞɚɟɬ, ɱɬɨ cd = 4,9 ɦ ɢɥɢ  

 
 (14) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɢɥɵ 
Q ɩɨɫɬɨɹɧɧɚɹ α ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 4,9 : 3 = 1,6 

ɪɚɡɚ. 

ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ, ɩɪɢɜɟɞɟɧɧɵɟ 
ɜ ɧɚɱɚɥɟ, ɩɨɥɭɱɢɦ, ɱɬɨ ɡɧɚɱɟɧɢɟ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɩɨ ɗɣɥɟɪɭ ɫɨɫɬɚɜɢɬ 

Ɋȿ = 150 ɤɇ, ɚ Ɋ*ȿ = 140 ɤɇ ɢ . 

ȿɫɥɢ ɜ ɪɟɲɟɧɢɢ Ɏɟɩɩɥɹ ɜɟɥɢɱɢɧɚ ɊȿQ 

ɩɪɟɜɵɲɚɟɬ Ɋȿ ɧɚ 3 %, ɬɨ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɷɬɚ 
ɪɚɡɧɢɰɚ ɫɨɫɬɚɜɥɹɟɬ 1,6 ɪɚɡɚ. 

 
Ɋɢɫ. 2. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫɬɟɪɠɧɹ ɫ ɨɫɥɚɛɥɟɧɢɟɦ 

Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɟɳɟ ɨɞɧɭ ɡɚɞɚɱɭ, 
ɪɟɲɟɧɧɭɸ Ⱥ. Ɏɟɩɩɥɟɦ ɜ [11] ɫ ɭɱɟɬɨɦ 
ɭɫɥɨɜɢɣ, ɩɪɢɧɹɬɵɯ ɜ ɩɟɪɜɨɣ ɡɚɞɚɱɟ. ȿɫɥɢ 
ɫɟɪɟɞɢɧɭ ɫɬɟɪɠɧɹ ɨɫɥɚɛɢɬɶ ɜɵɪɟɡɤɨɣ, 
ɫɞɟɥɚɧɧɨɣ ɧɚ ɧɟɛɨɥɶɲɨɣ ɞɥɢɧɟ l c ɦɨɦɟɧɬɨɦ 
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ɟɝɨ ɢɧɟɪɰɢɢ, ɫɨɫɬɚɜɥɹɸɳɢɦ 1/4…1/5 ɨɬ 
ɨɫɧɨɜɧɨɝɨ ɫɟɱɟɧɢɹ, ɬɨ ɷɬɨ ɨɫɥɚɛɥɟɧɢɟ 
ɨɤɚɡɵɜɚɟɬ ɬɚɤɨɟ ɠɟ ɞɟɣɫɬɜɢɟ, ɤɚɤ ɟɫɥɢ ɛɵ 
ɫɟɱɟɧɢɟ ɫɬɟɪɠɧɹ ɨɫɬɚɜɚɥɨɫɶ ɛɟɡ ɨɫɥɚɛɥɟɧɢɹ 
ɧɚ ɞɥɢɧɟ l” = (l – l’)l’/l”. ɗɬɨ ɹɜɥɟɧɢɟ ɚɜɬɨɪ 
ɨɛɴɹɫɧɹɟɬ ɬɟɦ, ɱɬɨ ɱɚɫɬɢ ɫɬɟɪɠɧɹ, 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɥɟɝɚɸɳɢɟ ɤ ɫɪɟɞɧɟɦɭ 
ɭɱɚɫɬɤɭ, ɧɟ ɦɨɝɭɬ ɫɪɚɡɭ ɪɚɛɨɬɚɬɶ ɩɨɥɧɵɦ 
ɫɟɱɟɧɢɟɦ, ɚ ɤɪɚɹ, ɝɪɚɧɢɱɚɳɢɟ ɫ ɜɵɪɟɡɤɨɣ 
ɜɧɚɱɚɥɟ, ɨɫɬɚɸɬɫɹ ɧɟɧɚɩɪɹɠɟɧɧɵɦɢ. Ʉ 
ɬɚɤɨɦɭ ɜɵɜɨɞɭ Ɏɟɩɩɥɶ ɩɪɢɲɟɥ ɩɨɫɥɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɑɚɫɬɢɱɧɨ ɩɨɞɞɟɪɠɢɜɚɹ ɷɬɭ ɦɵɫɥɶ, ɦɵ 
ɜɫɟ ɠɟ ɫɱɢɬɚɟɦ, ɱɬɨ ɝɥɚɜɧɨɣ ɩɪɢɱɢɧɨɣ ɷɬɨɝɨ 
ɹɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɨɦɟɧɬ, 
ɩɨɹɜɥɹɸɳɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɚɱɟɧɢɹ 
ɲɚɪɧɢɪɚ, ɧɚɩɪɢɦɟɪ, ɩɨ ɩɥɨɫɤɨɫɬɢ. 

ɋɨɫɬɚɜɢɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 
ɢɡɨɝɧɭɬɨɣ ɨɫɢ ɞɥɹ ɤɚɠɞɨɣ ɱɚɫɬɢ ɫɬɟɪɠɧɹ. 
Ȼɭɞɟɦ ɫɱɢɬɚɬɶ ɤɨɨɪɞɢɧɚɬɭ ɯ1 ɨɬ ɤɨɧɰɚ ȼ 

ɫɬɟɪɠɧɹ, ɚ ɞɥɹ ɯ2 – ɨɬ ɬɨɱɤɢ ɫɨɩɪɹɠɟɧɢɹ 
ɧɢɠɧɢɯ ɭɱɚɫɬɤɨɜ 

 (15) 

ȼɜɟɞɹ ɨɛɨɡɧɚɱɟɧɢɹ 

ɢ (16) 

ɡɚɩɢɲɟɦ ɢɧɬɟɝɪɚɥɵ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ 

(17) 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɨ ɤɨɧɰɚɦ ɢ ɜ ɬɨɱɤɟ 
ɫɨɩɪɹɠɟɧɢɹ ɭɱɚɫɬɤɨɜ: 

; (0); 

 ; (18) 

ɂɡ ɷɬɢɯ ɭɫɥɨɜɢɣ ɧɚɯɨɞɢɦ: 

, 

,(19) 

 
ɂɫɩɨɥɶɡɭɹ ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɢɦ: 

.  (20) 

ȿɫɥɢ ɩɪɚɜɚɹ ɱɚɫɬɶ ɪɚɜɧɚ ɧɭɥɸ, ɬɨ 
ɜɵɪɚɠɟɧɢɟ ɫɥɟɜɚ ɬɨɠɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɜɧɨ 
ɧɭɥɸ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɞɟɚɥɶɧɨɦɭ 
ɲɚɪɧɢɪɭ. 

ɉɨɥɨɠɢɜ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ l2 = 0, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ЬТЧα1l1 = 0, ɩɨɥɭɱɢɦ ɮɨɪɦɭɥɭ 
ɗɣɥɟɪɚ. 

ɉɨɥɨɠɢɜ ɜ (20) Ⱥ = l, ɩɨɥɭɱɢɦ: 

  (21) 

Ɋɚɫɱɟɬɵ, ɩɪɨɜɟɞɟɧɧɵɟ ɩɨ ɞɚɧɧɵɦ 
ɩɟɪɜɨɣ ɡɚɞɚɱɢ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜɟɥɢɱɢɧɚ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ, ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ 
(21) ɢ ɜ ɫɥɭɱɚɟ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɲɚɪɧɢɪɚ, 
ɧɚɩɪɢɦɟɪ, ɩɪɢ l2 = 2 ɦ ɫɨɫɬɚɜɥɹɟɬ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 76 ɢ 97 (ɩɪɢ ), 

ɬ. ɟ. ɨɬɥɢɱɚɸɬɫɹ ɩɨɱɬɢ ɧɚ 30 %. 

 
Ɋɢɫ. 3. Ʉɥɚɫɫɢɱɟɫɤɚɹ (ɚ) ɢ ɪɟɚɥɶɧɚɹ (ɛ) ɫɯɟɦɵ 

ɪɚɫɱɟɬɚ ɩɨɫɥɟɤɪɢɬɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɫɬɟɪɠɧɹ 

Ʉɨɧɟɱɧɨ, ɧɚɦ ɧɟ ɢɡɜɟɫɬɧɨ, ɤɚɤɨɟ 
ɨɩɢɪɚɧɢɟ ɤɨɧɰɨɜ ɫɬɟɪɠɧɹ ɛɵɥɨ ɜ ɨɩɵɬɚɯ 
Ɏɟɩɩɥɹ, ɧɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢɱɢɧɚ 
ɪɚɫɯɨɠɞɟɧɢɹ ɜɟɥɢɱɢɧ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɟ ɭɱɢɬɵɜɚɥɢɫɶ ɦɨɦɟɧɬɵ, 

ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɲɚɪɧɢɪɚɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɩɪɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ Ɏɟɩɩɥɹ ɨ ɧɟɩɨɥɧɨɣ 
ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɤɪɚɟɜ ɛɨɥɶɲɨɝɨ ɫɟɱɟɧɢɹ 

ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɚɜɬɨɪɨɦ 
ɡɚɜɵɲɟɧɨ. 

Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦ, 
ɤɨɬɨɪɵɟ ɜɟɞɭɬ ɫɟɛɹ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɢɧɚɱɟ, ɱɟɦ ɩɪɢ 
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ɤɥɚɫɫɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɫɥɟɞɭɸɳɚɹ ɡɚɞɚɱɚ (ɪɢɫ. 3 ɚ) [15]. 

Ⱥɛɫɨɥɸɬɧɨ ɠɟɫɬɤɢɣ ɫɬɟɪɠɟɧɶ ɞɥɢɧɨɣ l 

ɲɚɪɧɢɪɧɨ (ɢɞɟɚɥɶɧɵɣ ɲɚɪɧɢɪ, ɜ ɤɨɬɨɪɨɦ 
ɨɬɫɭɬɫɬɜɭɸɬ ɬɪɟɧɢɟ ɢ ɩɟɪɟɦɟɳɟɧɢɟ) 
ɡɚɤɪɟɩɥɟɧ ɧɚ ɧɢɠɧɟɦ ɤɨɧɰɟ, ɚ ɩɪɭɠɢɧɚ 
ɭɞɟɪɠɢɜɚɟɬ ɫɬɟɪɠɟɧɶ ɜ ɪɚɜɧɨɜɟɫɢɢ. ɉɪɢ 
ɨɬɤɥɨɧɟɧɢɢ ɫɬɟɪɠɧɹ ɨɬ ɜɟɪɬɢɤɚɥɢ ɧɚ ɭɝɨɥ α 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɣ ɦɨɦɟɧɬ Ɇ = ɫα. ȿɫɥɢ ɤ 
ɤɨɧɰɭ ɫɬɟɪɠɧɹ ɩɪɢɥɨɠɟɧɚ ɜɟɪɬɢɤɚɥɶɧɚɹ 
ɫɢɥɚ Ɋ, ɬɨ ɨɬɤɥɨɧɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɨɡɦɨɠɧɨ, 
ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 

. 

Ʉɚɤ ɨɬɦɟɱɚɟɬɫɹ ɜ [15], ɷɬɨɬ ɩɪɢɦɟɪ 
ɨɬɧɨɫɢɬɫɹ ɤ ɤɨɧɫɬɪɭɤɰɢɹɦ, ɧɨɫɹɳɢɦ 
«ɦɨɞɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ», ɢ ɫɥɭɠɢɬ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɪɟɚɥɶɧɵɯ 
ɭɩɪɭɝɢɯ ɫɢɫɬɟɦ, ɩɨɫɤɨɥɶɤɭ ɩɨɡɜɨɥɹɟɬ 
ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɩɪɨɫɬɨɦ ɩɪɢɦɟɪɟ 
ɫɥɨɠɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɉɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3 ɚ 

ɤɥɚɫɫɢɱɟɫɤɢɣ ɲɚɪɧɢɪ ɨɬɧɨɫɢɬɫɹ ɤ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ ɩɚɪɚɦ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ 
(ɭɧɢɱɬɨɠɚɟɬ ɬɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ 
ɞɜɢɠɟɧɢɹ), ɫ ɱɟɦ ɬɪɭɞɧɨ ɫɨɝɥɚɫɢɬɶɫɹ, ɢɛɨ 
ɷɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɚɛɫɨɥɸɬɧɨɟ ɪɚɜɟɧɫɬɜɨ 
ɞɢɚɦɟɬɪɨɜ ɲɚɪɧɢɪɨɜ ɫɬɟɪɠɧɹ ɢ ɨɫɧɨɜɚɧɢɹ. 

ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɪɚɞɢɭɫɟ 
ɲɚɪɧɢɪɚ ɫɬɟɪɠɧɹ R1, ɚ ɨɫɧɨɜɚɧɢɹ R2, ɩɪɢ 
ɩɨɜɨɪɨɬɟ ɫɬɟɪɠɧɹ ɧɚ ɧɟɛɨɥɶɲɨɣ ɭɝɨɥ α  
(sinα≈α; cosα≈1) ɩɪɨɢɡɨɣɞɟɬ ɫɦɟɳɟɧɢɟ 
ɲɚɪɧɢɪɚ ɫɬɟɪɠɧɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ αR1 (ɪɢɫ. 3 ɛ). 

ɉɪɢ ɨɬɤɥɨɧɟɧɢɢ ɫɬɟɪɠɧɹ ɨɬ ɜɟɪɬɢɤɚɥɢ 
ɧɚ ɭɤɚɡɚɧɧɵɣ ɭɝɨɥ α ɩɨɹɜɢɬɫɹ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɣ ɦɨɦɟɧɬ: 

  (22) (22) 

ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ. 
ȿɫɥɢ ɤ ɤɨɧɰɭ ɫɬɟɪɠɧɹ ɩɪɢɥɨɠɟɧɚ 

ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɢɥɚ Ɋ, ɬɨ ɨɬɤɥɨɧɟɧɧɨɟ 
ɫɨɫɬɨɹɧɢɟ ɜɨɡɦɨɠɧɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ: 

, (23) 

ɢɥɢ ɩɪɢɛɥɢɠɟɧɧɨ: 

.  (23a) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɤɥɨɧɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 
(ɪɢɫ. 3 ɛ) ɜɨɡɦɨɠɧɨ ɩɪɢ ɭɝɥɟ α: 

. (24) 

Ɉ ɤɚɤɢɯ-ɥɢɛɨ ɤɨɧɤɪɟɬɧɵɯ ɜɟɥɢɱɢɧɚɯ 
ɭɝɥɚ α ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟ ɦɟɧɟɟ 
ɤɨɧɤɪɟɬɧɨɣ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ 
ɤɚɱɟɧɢɹ. 

ɉɪɢɦɟɦ ɫɧɚɱɚɥɚ, ɱɬɨ ɫɯɟɦɚ ɤɚɫɚɧɢɹ ɜ 
ɲɚɪɧɢɪɟ ɰɢɥɢɧɞɪ-ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɜɩɚɞɢɧɚ 
ɫ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɨɫɹɦɢ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ 
ɫɨɤɪɚɳɟɧɢɹ ɮɨɪɦɭɥ ɛɭɞɟɦ ɩɨɥɚɝɚɬɶ, ɱɬɨ 
ɦɨɞɭɥɢ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɲɚɪɧɢɪɚ 
ɨɞɢɧɚɤɨɜɵɟ, ɚ ɢɯ ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ 
ɪɚɜɟɧ 0,3. ɉɪɢ ɢɡɜɟɫɬɧɵɯ ɞɥɢɧɟ ȼ ɲɚɪɧɢɪɚ ɢ 
ɫɢɥɟ Ɋ, ɪɚɞɢɭɫ ɲɚɪɧɢɪɚ ɫɬɟɪɠɧɹ ɞɨɥɠɟɧ 
ɛɵɬɶ [4]: 

,             (25) 

ɝɞɟ - ɞɨɩɭɫɬɢɦɨɟ ɞɚɜɥɟɧɢɟ ɧɚ 
ɩɥɨɳɚɞɤɟ ɤɨɧɬɚɤɬɚ ɩɨ ɥɢɧɢɢ. 

ɉɨɥɭɲɢɪɢɧɚ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ: 

.                 (26) 

ȿɫɥɢ R1 ɢ R2 ɫɜɹɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɶɸ 

, (27) 

ɬɨ 

,(28) 

ɢ 

(28ɚ) 
ɇɚɣɞɟɦ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɬɟɪɢɚɥɚ ɲɚɪɧɢɪɚ 
(ɞɨɩɭɫɤɚɟɦɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɟɝɨ ɫɪɟɞɧɟɦ 
ɡɧɚɱɟɧɢɢ ɨɬ ɩɪɢɜɨɞɢɦɵɯ ɜ [4] ɡɧɚɱɟɧɢɣ). 
ɉɪɢɦɟɦ, ɱɬɨ Ɋ = 50 ɤɇ, l = 2ɦ; 

ȿ = 2,1 10
5
 Ɇɉɚ, ɚ  ɢɡɦɟɧɹɟɬɫɹ ɨɬ  

900 Ɇɉɚ (ɫɬɚɥɶ 30) ɞɨ 1 500 Ɇɉɚ (ɫɬɚɥɶ 

55 



ȼɿɫɧɢɤ ɉɪɢɞɧɿɩɪɨɜɫɶɤɨʀ ɞɟɪɠɚɜɧɨʀ ɚɤɚɞɟɦɿʀ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ, 2016, № 4 (217)  ISSN 2312-2676 

15ɏɎ); ɲɢɪɢɧɭ ɲɚɪɧɢɪɚ ȼ ɩɪɢɦɟɦ  
ȼ = 10 ɦɦ. 

Ɂɚɜɢɫɢɦɨɫɬɶ R1 (ɩɪɢ Δ=0,2 ɦɦ) ɨɬ  

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4; ɡɞɟɫɶ ɩɨɤɚɡɚɧɵ 
ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ 
ɢ ɭɝɥɚ ɧɚɤɥɨɧɚ ɫɬɟɪɠɧɹ ɩɪɢ ɪɚɜɧɨɜɟɫɧɨɦ 
ɩɨɥɨɠɟɧɢɢ. 

 
Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ  ɨɬ 

ɞɨɩɭɫɤɚɟɦɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɥɨɳɚɞɤɟ ɤɨɧɬɚɤɬɚ: 
1 – ɪɚɞɢɭɫ ɲɚɪɧɢɪɚ;  

2 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ;  
3 – ɭɝɨɥ ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɬɟɪɠɧɹ 

(ɰɢɮɪɵ ɫɨ ɲɬɪɢɯɚɦɢ – ɥɢɧɟɣɧɵɣ ɤɨɧɬɚɤɬ, ɛɟɡ 
ɲɬɪɢɯɨɜ – ɬɨɱɟɱɧɵɣ ɤɨɧɬɚɤɬ) 

 

ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɩɨɥɨɠɟɧɢɟ ɫɬɟɪɠɧɹ, 
ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 3 ɛ, ɜɨɡɦɨɠɧɨ ɜ ɬɨɦ 
ɫɥɭɱɚɟ, ɤɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ 
ɫɤɨɥɶɠɟɧɢɹ f ɜ ɦɟɫɬɟ ɤɨɧɬɚɤɬɚ ɛɭɞɟɬ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɹ 

, (29) 

ɩɪɢ ɫɬɚɥɢ 30 , ɚ ɩɪɢ ɫɬɚɥɢ 
. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɢɡ ɮɨɪɦɭɥ (24), (25) ɢ 
(29) ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɜɟɥɢɱɢɧɚ ɬɚɤɨɣ 
ɫɢɥɵ Ɋ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɡɨɣɞɟɬ 
ɦɝɧɨɜɟɧɧɵɣ ɫɪɵɜ ɤɨɧɬɚɤɬɚ ɜ ɲɚɪɧɢɪɟ 

. (30) 

C ɭɱɟɬɨɦ, ɱɬɨ R1=R2, ɚ f>>R1 ɢ Δ 
ɹɜɥɹɟɬɫɹ ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ 

. (30a) 

Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɲɚɪɧɢɪ ɜ ɜɢɞɟ ɫɯɟɦɵ 
ɤɚɫɚɧɢɹ ɲɚɪ – ɫɮɟɪɢɱɟɫɤɨɟ ɭɝɥɭɛɥɟɧɢɟ.  
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɞɢɭɫ ɲɚɪɧɢɪɚ ɫɬɟɪɠɧɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 

(31) 

Ⱦɚɥɶɧɟɣɲɢɟ ɪɚɫɱɟɬɵ ɨɫɬɚɸɬɫɹ 
ɚɧɚɥɨɝɢɱɧɵɦɢ ɩɪɟɞɵɞɭɳɢɦ, ɨɞɧɚɤɨ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɚ  ɩɪɢ 
ɬɨɱɟɱɧɨɦ ɤɨɧɬɚɤɬɟ ɜ 1,3…1,4 ɪɚɡɚ ɛɨɥɶɲɟ, 
ɱɟɦ ɩɪɢ ɥɢɧɟɣɧɨɦ. 

ɉɪɢɧɹɜ ɡɧɚɱɟɧɢɟ ɞɨɩɭɫɤɚɟɦɵɯ ɞɚɜɥɟɧɢɣ 
ɜ 1,34 ɪɚɡɚ ɛɨɥɶɲɢɦɢ, ɱɟɦ ɜ ɩɪɟɞɵɞɭɳɟɦ 
ɩɪɢɦɟɪɟ, ɩɨɥɭɱɢɦ ɡɧɚɱɟɧɢɹ R1, k ɢ α. ɂɯ 
ɜɟɥɢɱɢɧɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  ɩɨɤɚɡɚɧɵ ɧɚ 
ɬɨɦ ɠɟ ɪɢɫɭɧɤɟ 4. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ ɩɪɢ 
ɬɨɱɟɱɧɨɦ ɤɨɧɬɚɤɬɟ ɨɩɪɟɞɟɥɹɥɫɹ ɢɡ 
ɡɚɜɢɫɢɦɨɫɬɢ [1]: 

, (32) 

ɚ ɩɨɥɭɲɢɪɢɧɚ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ 

. (33) 

Ɍɨɱɧɨ ɬɚɤ ɠɟ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɩɪɢ 
ɞɪɭɝɢɯ ɫɯɟɦɚɯ ɤɚɱɟɧɢɹ. 

ɋɢɥɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɝɧɨɜɟɧɧɨɦɭ 

ɫɪɵɜɭ ɤɨɧɬɚɤɬɚ ɜ ɲɚɪɧɢɪɟ: 

,              (34) 

ɢɥɢ ɩɪɢɛɥɢɠɟɧɧɨ 

. (34a) 

Ɋɚɫɫɦɨɬɪɢɦ ɟɳɟ ɨɞɧɭ ɚɧɚɥɨɝɢɱɧɭɸ 
ɡɚɞɚɱɭ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɜ [4] ɫ ɬɨɣ ɠɟ 
ɰɟɥɶɸ – ɭɩɪɨɳɟɧɢɹ ɩɟɪɟɯɨɞɚ ɤ ɪɟɚɥɶɧɵɦ 
ɭɩɪɭɝɢɦ ɫɢɫɬɟɦɚɦ ɬɢɩɚ ɨɛɨɥɨɱɟɤ ɫ ɰɟɥɶɸ 
ɱɢɫɥɟɧɧɨɝɨ ɢɯ ɪɚɫɱɟɬɚ ɧɚ ɗȼɆ. 

Ɍɨɱɧɨ ɬɚɤ ɠɟ ɜɟɞɭɳɢɣ ɫɟɛɹ ɜ ɲɚɪɧɢɪɟ 
ɫɬɟɪɠɟɧɶ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɢɫɯɨɞɧɨɟ 
ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɫɢɥɨɣ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ R (ɪɢɫ. 5 ɚ), ɤɨɬɨɪɚɹ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦɭ 
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ɩɟɪɟɦɟɳɟɧɢɸ u ɤɨɧɰɚ ɫɬɟɪɠɧɹ: R = cu. 

ɉɨɫɤɨɥɶɤɭ u = lsinα≈ Хα, ɭɪɚɜɧɟɧɢɟ 
ɪɚɜɧɨɜɟɫɢɹ ɡɚɩɢɫɚɧɨ ɜ ɜɢɞɟ: 

. 

ɉɪɟɞɩɨɥɨɠɢɦ ɬɟɩɟɪɶ, ɱɬɨ ɫɬɟɪɠɟɧɶ ɢɡ 
ɩɨɥɨɠɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɭɝɥɨɦ α0  

(ɪɢɫ. 5 ɚ) ɩɪɢ ɩɨɦɨɳɢ ɫɢɥɵ R ɫɬɪɟɦɢɬɫɹ 
ɜɨɡɜɪɚɬɢɬɶɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɪɢ 
ɪɟɚɥɶɧɨɦ ɲɚɪɧɢɪɟ. 

 
Ɋɢɫ. 5. ɋɯɟɦɚ ɫɬɟɪɠɧɹ, ɜɨɡɜɪɚɳɚɟɦɨɝɨ ɜ 

ɢɫɯɨɞɧɨɟ ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɫɢɥɨɣ ɧɚ ɤɨɧɰɟ (ɚ) 
ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɜɨɡɜɪɚɳɚɸɳɟɣ ɫɢɥɵ ɨɬ ɭɝɥɚ 

ɨɬɤɥɨɧɟɧɢɹ ɫɬɟɪɠɧɹ (ɛ) (1’- ɥɢɧɟɣɧɵɣ ɤɨɧɬɚɤɬ;  
1 – ɬɨɱɟɱɧɵɣ ɤɨɧɬɚɤɬ). 

ɍɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɞɚɧɧɨɝɨ 
ɫɥɭɱɚɹ: 

,       (35) 

ɨɬɤɭɞɚ ɩɪɢɛɥɢɠɟɧɧɨ 

  
 (36) 

Ɂɚɜɢɫɢɦɨɫɬɶ R ɨɬ α0 ɩɪɢ ɞɚɧɧɵɯ 
ɩɪɟɞɵɞɭɳɟɣ ɡɚɞɚɱɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 5 ɛ. 

ȼɵɜɨɞɵ. Ⱦɥɹ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɟɥɢɱɢɧɵ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɫɬɟɪɠɧɹ ɫ 
ɲɚɪɧɢɪɧɵɦ ɤɪɟɩɥɟɧɢɟɦ ɧɚ ɤɨɧɰɚɯ 
ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ, ɤɨɬɨɪɵɟ ɭɱɢɬɵɜɚɸɬ 
ɬɪɟɧɢɟ ɜ ɲɚɪɧɢɪɚɯ. ɉɨɥɭɱɟɧɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɛɨɥɟɟ 
ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɞɥɹ 
ɫɬɟɪɠɧɟɣ. Ɋɚɫɫɦɨɬɪɟɧ ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɫɬɟɪɠɧɹ, ɤɨɬɨɪɵɣ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɟɟ ɜɟɥɢɱɢɧɚ ɩɪɢɦɟɪɧɨ ɧɚ 
5 % ɦɟɧɶɲɟ ɬɨɣ, ɤɨɬɨɪɚɹ ɩɨɥɭɱɚɟɬɫɹ ɩɨ 
ɬɪɚɞɢɰɢɨɧɧɨɣ ɦɟɬɨɞɢɤɟ ɗɣɥɟɪɚ. 
Ⱥɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɩɨɥɭɱɟɧɵ ɞɥɹ ɫɬɟɪɠɧɟɣ, 
ɨɫɥɚɛɥɟɧɧɵɯ ɜɵɪɟɡɤɨɣ ɜ ɫɟɪɟɞɢɧɟ. 
ɉɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɢɯ ɩɪɢɦɟɧɟɧɢɹ, ɤɨɬɨɪɵɣ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ, 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɦɟɬɨɞɢɤɟ Ɏɟɩɩɥɹ, ɹɜɧɨ 
ɡɚɜɵɲɟɧɵ. 

Ⱦɥɹ ɡɚɞɚɱ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɟɪɠɧɟɣ ɫ 
ɧɢɠɧɟɣ ɲɚɪɧɢɪɧɨɣ ɨɩɨɪɨɣ ɩɪɢ ɫɯɟɦɚɯ 
ɤɨɧɬɚɤɬɚ “ɲɚɪ-ɫɮɟɪɢɱɟɫɤɨɟ ɭɝɥɭɛɥɟɧɢɟ” ɢ 
“ɲɚɪ-ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɜɩɚɞɢɧɚ” ɩɨɫɬɪɨɟɧɵ 
ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ, ɪɚɞɢɭɫɚ ɲɚɪɧɢɪɚ ɫɬɟɪɠɧɹ ɢ 
ɭɝɥɚ ɧɚɤɥɨɧɚ ɫɬɟɪɠɧɹ ɩɪɢ ɪɚɜɧɨɜɟɫɧɨɦ 
ɩɨɥɨɠɟɧɢɢ ɨɬ ɞɨɩɭɫɬɢɦɨɝɨ ɤɨɧɬɚɤɬɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɨɫɧɨɜɚɧɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɪɚɡɦɟɪɨɜ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɚɬɟɪɢɚɥɨɜ ɲɚɪɧɢɪɚ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɨɛ 
ɭɩɪɨɳɟɧɧɨɦ ɩɨɜɟɞɟɧɢɢ ɫɥɨɠɧɵɯ ɭɩɪɭɝɢɯ 
ɫɢɫɬɟɦ ɧɚ ɩɪɢɦɟɪɟ ɫɬɟɪɠɧɟɣ. 
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