
ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, 2019 №4(33), ɋ. 43–49 

© ɇɚɰиɨɧɚɥɶɧɵɣ иɫɫɥеɞɨɜɚɬеɥɶɫɤиɣ ɹɞеɪɧɵɣ ɭɧиɜеɪɫиɬеɬ «ɆɂɎɂ», 2019 

ɂɁɕɋɄȺɇɂȿ, ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ, 
ɋɌɊɈɂɌȿɅɖɋɌȼɈ ɂ ɆɈɇɌȺɀ 

ɌȿɏɇɈɅɈȽɂɑȿɋɄɈȽɈ ɈȻɈɊɍȾɈȼȺɇɂə 

 
ɍȾɄ 004.94 

 

ɆɈȾȿɅɖ ȾɅə ɌȿɉɅɈȼɈȽɈ ɊȺɋɑЁɌȺ ɎɈɊɆɂɊɈȼȺɇɂə 
ȼɂɊɌɍȺɅɖɇɈȽɈ ɋȼȺɊɇɈȽɈ ɒȼȺ 

 

© 2019 ȼ.ȼ. Ʉɪɢɜɢɧ, ȼ.ə. ɒɩɢɰɟɪ, ȼ.Ⱥ. Ɍɨɥɫɬɨɜ, ȼ.Ɍ. ɋɚɭɧɤɢɧ 
 

ȼɨɥɝɨɞɨɧɫɤɢɣ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɹɞɟɪɧɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ ɆɂɎɂ, ȼɨɥɝɨɞɨɧɫɤ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥ., Ɋɨɫɫɢɹ 

 

ȼ ɫɬɚɬɶе ɪɚɫɫɦɚɬɪиɜɚеɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɨɞиɮиɰиɪɨɜɚɧɧɨɝɨ ɦеɬɨɞɚ ɤɨɧечɧɵɯ ɷɥеɦеɧɬɨɜ ɞɥɹ 
ɪɚɫчɺɬɨɜ ɩɚɪɚɦеɬɪɨɜ ɜиɪɬɭɚɥɶɧɨɝɨ ɩɪɨɰеɫɫɚ ɫɜɚɪɤи и ɝеɨɦеɬɪичеɫɤиɯ ɯɚɪɚɤɬеɪиɫɬиɤ 
ɜиɪɬɭɚɥɶɧɨɝɨ ɫɜɚɪɧɨɝɨ ɫɨеɞиɧеɧиɹ ɜ ɪеɠиɦе ɪеɚɥɶɧɨɝɨ ɜɪеɦеɧи. ɉɨɤɚɡɚɧɨ ɩɪеɞɫɬɚɜɥеɧие 
ɫɜɚɪɧɨɝɨ ɫɨеɞиɧеɧиɹ ɜ ɜиɞе ɦɚɫɫиɜɚ ɜеɪɬиɤɚɥɶɧɵɯ ɤɨɧечɧɵɯ ɷɥеɦеɧɬɨɜ ɤɜɚɞɪɚɬɧɨɝɨ 
ɫечеɧиɹ ɫ ɩɨɞɜиɠɧɨɣ ɝɨɪиɡɨɧɬɚɥɶɧɨɣ ɝɪɚɧиɰеɣ ɬɜɺɪɞɨɣ и ɪɚɫɩɥɚɜɥеɧɧɨɣ чɚɫɬеɣ. ȼ 
ɪеɡɭɥɶɬɚɬе ɪɚɡɪɚɛɨɬɤи ɩɨɥɭчеɧɵ ɜɨɡɦɨɠɧɨɫɬи ɞɥɹ ɜиɡɭɚɥиɡɚɰии ɫɜɚɪɧɨɝɨ ɫɨеɞиɧеɧиɹ и 
ɪɚɫчɺɬɚ еɝɨ ɩɚɪɚɦеɬɪɨɜ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɚɬеɦɚɬичеɫɤɨе ɦɨɞеɥиɪɨɜɚɧие, ɫɜɚɪɨчɧɵɣ ɩɪɨɰеɫɫ, ɬеɩɥɨɜɚɹ ɦɨɞеɥɶ, 
ɦеɬɨɞ ɤɨɧечɧɵɯ ɷɥеɦеɧɬɨɜ, ɦɨɞиɮиɤɚɰиɹ ɦеɬɨɞɚ ɤɨɧечɧɵɯ ɷɥеɦеɧɬɨɜ, ɬɪеɧɚɠɺɪ ɪɭчɧɨɣ 
ɞɭɝɨɜɨɣ ɫɜɚɪɤи, ɜиɡɭɚɥиɡɚɰиɹ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɨɰеɧɤɚ ɩɚɪɚɦеɬɪɨɜ ɲɜɚ, ɨɛɪɚɛɨɬɤɚ ɜ ɪеɚɥɶɧɨɦ 
ɜɪеɦеɧи, ɪɚɫчɺɬ ɬеɩɥɨɜɵɯ ɩɨɬɨɤɨɜ. 

 

ɉɨɫɬɭɩиɥɚ ɜ ɪеɞɚɤɰиɸ: 14.10.2019 

ɉɨɫɥе ɞɨɪɚɛɨɬɤи 29.10.2019 

ɉɪиɧɹɬɚ ɤ ɩɭɛɥиɤɚɰии 13.11.2019 

 

ȼ ɧɚɫɬɨɹɳее ɜɪеɦɹ ɨɛɭчеɧие ɧɚɜɵɤɚɦ ɜеɞеɧиɹ ɩɪɨɰеɫɫɚ ɪɭчɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤи 
(ɊДɋ) ɨɫɭɳеɫɬɜɥɹеɬɫɹ ɜɵɩɨɥɧеɧиеɦ ɤɨɧɬɪɨɥɶɧɵɯ ɫɜɚɪɧɵɯ ɫɨеɞиɧеɧиɣ (Ʉɋɋ). 
Ʉɚчеɫɬɜɨ Ʉɋɋ ɩɪɨɜеɪɹеɬɫɹ ɩɨɫɥе ɡɚɜеɪɲеɧиɹ ɩɪɨɰеɫɫɚ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥичɧɵɯ 
ɪɚɡɪɭɲɚɸɳиɯ и ɧе ɪɚɡɪɭɲɚɸɳиɯ ɦеɬɨɞɨɜ ɤɨɧɬɪɨɥɹ. 

Ɉɫɧɨɜɧɵɦи ɩɪɨɛɥеɦɚɦи ɨɛɭчеɧиɹ ɫɜɚɪɳиɤɚ ɊДɋ ɧɚ ɪеɚɥɶɧɨɦ ɩɪɨɰеɫɫе ɹɜɥɹɸɬɫɹ: 
ɬɪɭɞɨеɦɤɨɫɬɶ, ɜɵɫɨɤɚɹ ɰеɧɚ ɨɛɨɪɭɞɨɜɚɧиɹ ɞɥɹ ɧеɤɨɬɨɪɵɯ ɦеɬɨɞɨɜ ɤɨɧɬɪɨɥɹ и 
ɧеɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧɬɪɨɥɹ ɩɪɨɰеɫɫɚ ɜ ɪеɚɥɶɧɨɦ ɜɪеɦеɧи. 

Ɉɞɧиɦ иɡ ɪеɲеɧиɣ ɩɪɨɛɥеɦɵ ɹɜɥɹеɬɫɹ ɩɪиɦеɧеɧие, ɩɨ ɤɪɚɣɧеɣ ɦеɪе, ɞɥɹ ɧеɤɨɬɨɪɵɯ 
ɷɬɚɩɨɜ ɨɛɭчеɧиɹ ɫɜɚɪɳиɤɨɜ ɬɪеɧɚɠɺɪɧɵɯ ɫиɫɬеɦ, ɤɨɬɨɪɵе ɩɨɡɜɨɥɹɸɬ ɜɵɪɚɛɨɬɚɬɶ 
ɩеɪɜɨɧɚчɚɥɶɧɵе ɧɚɜɵɤи ɩɪи ɨɩеɪɚɬиɜɧɨɣ ɨɰеɧɤе ɤɚчеɫɬɜɚ ɜеɞеɧиɹ ɫɜɚɪɤи. ɋɨɜɪеɦеɧɧɵе 
иɧɮɨɪɦɚɰиɨɧɧɵе ɬеɯɧɨɥɨɝии и ɫɪеɞɫɬɜɚ ɜиɪɬɭɚɥɶɧɨɣ ɪеɚɥɶɧɨɫɬи ɩɨɡɜɨɥɹɸɬ ɫɨɡɞɚɜɚɬɶ 
ɬɪеɧɚɠɺɪɵ ɫ ɲиɪɨɤиɦи ɜɨɡɦɨɠɧɨɫɬɹɦи. Ɉɞɧɨɣ иɡ ɬɚɤиɯ ɫиɫɬеɦ ɹɜɥɹеɬɫɹ 
ɦɭɥɶɬиɦеɞиɣɧɵɣ ɬɪеɧɚɠɺɪ ɞɥɹ ɨɛɭчеɧиɹ ɊДɋ, ɪɚɡɪɚɛɚɬɵɜɚеɦɵɣ ɧɚ ɤɚɮеɞɪе 
«ɂɧɮɨɪɦɚɰиɨɧɧɵе и ɭɩɪɚɜɥɹɸɳие ɫиɫɬеɦɵ» ȼɨɥɝɨɞɨɧɫɤɨɝɨ иɧɠеɧеɪɧɨ-ɬеɯɧичеɫɤɨɝɨ 
иɧɫɬиɬɭɬɚ ɇɂəУ ɆɂɎɂ Д1, 2Ж. 

ɋɭɳеɫɬɜеɧɧɵɦ ɩɪеиɦɭɳеɫɬɜɨɦ ɬɚɤɨɝɨ ɫɩɨɫɨɛɚ ɨɛɭчеɧиɹ ɹɜɥɹеɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɧеɨɞɧɨɤɪɚɬɧɨ ɜɨɫɩɪɨиɡɜеɫɬи ɜиɪɬɭɚɥɶɧɵɣ ɩɪɨɰеɫɫ ɫɜɚɪɤи и ɩɨɞɜеɪɝɧɭɬɶ ɜɫеɫɬɨɪɨɧɧеɦɭ 
ɚɧɚɥиɡɭ ɞɚɧɧɵе ɨ ɩɪɨɰеɫɫе (ɯɚɪɚɤɬеɪиɫɬиɤи ɞɜиɠеɧиɣ ɬɨɪɰɚ ɷɥеɤɬɪɨɞɚ ɨɬɧɨɫиɬеɥɶɧɨ 
ɪɚɡɞеɥɤи, ɬɨɤ и ɧɚɩɪɹɠеɧие ɫɜɚɪɤи, ɩɚɪɚɦеɬɪɵ ɩɪɨɩɥɚɜɥеɧиɹ ɜ ɥɸɛɨɦ ɫечеɧии 
ɜиɪɬɭɚɥɶɧɨɝɨ ɲɜɚ и ɞɪ.) Д3, 4Ж. Ɏɨɪɦɚ ɜɵɛɨɪɚ ɩɚɪɚɦеɬɪɨɜ ɭɩɪɚɠɧеɧиɹ ɩɨɤɚɡɚɧɚ ɧɚ  
ɪиɫɭɧɤе 1. 

ɂɦиɬɚɰиɹ ɫɜɚɪɨчɧɨɝɨ ɩɪɨɰеɫɫɚ ɨɫɧɨɜɚɧɚ ɧɚ чиɫɥɨɜɨɣ ɦɨɞеɥи ɪɚɫɩɪеɞеɥеɧиɹ 
ɬеɩɥɚ, ɩɥɚɜɥеɧиɹ ɦеɬɚɥɥɚ и ɮɨɪɦиɪɨɜɚɧиɹ ɫɜɚɪɧɨɝɨ ɲɜɚ. ȼɯɨɞɧɵɦи ɞɚɧɧɵɦи ɦɨɞеɥи 



44 ɄɊɂȼɂɇ и ɞɪ.  
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ɹɜɥɹɸɬɫɹ ɩеɪеɦеɳеɧиɹ иɦиɬɚɬɨɪɚ ɞеɪɠɚɬеɥɹ ɷɥеɤɬɪɨɞɚ, ɪеɝиɫɬɪиɪɭеɦɵе ɭɫɬɪɨɣɫɬɜɨɦ 
ɤɨɨɪɞиɧɚɬɧɨɝɨ ɫɥеɠеɧиɹ (УɄɋ) NaturalPoint TrackIR. 

 

 
Ɋиɫɭɧɨɤ 1 – ɇɚɫɬɪɨɣɤɚ ɩɚɪɚɦеɬɪɨɜ ɭɩɪɚɠɧеɧиɹ ДExcercise setting up] 

 

ɋ ɩɨɦɨɳɶɸ УɄɋ ɨɫɭɳеɫɬɜɥɹеɬɫɹ ɪеɝиɫɬɪɚɰиɹ ɤɨɨɪɞиɧɚɬ ɞеɪɠɚɬеɥɹ ɷɥеɤɬɪɨɞɚ, ɩɨ 
ɤɨɬɨɪɵɦ ɪɚɫɫчиɬɵɜɚɸɬɫɹ ɤɨɨɪɞиɧɚɬɵ ɤɨɧɰɚ ɷɥеɤɬɪɨɞɚ и ɭɝɥɵ еɝɨ ɧɚɤɥɨɧɚ. Ʉɨɨɪɞиɧɚɬɵ 
ɩɨɞɚɸɬɫɹ ɜ ɗȼɆ, и ɩɨ ɧиɦ ɪɚɫɫчиɬɵɜɚеɬɫɹ ɞɥиɧɚ ɞɭɝи, ɩɨ ɤɨɬɨɪɨɣ ɨɩɪеɞеɥɹɸɬɫɹ ɬɨɤ 
ɫɜɚɪɤи и ɧɚɩɪɹɠеɧие ɧɚ ɞɭɝе Д5, 6Ж. ȼɵɩɨɥɧеɧие ɭɩɪɚɠɧеɧиɹ ɧɚчиɧɚеɬɫɹ ɩɨɫɥе ɧɚɠɚɬиɹ 
ɤɧɨɩɤи «ɉɪиɫɬɭɩиɬɶ». Ɍɨчɤɚ ɩɪɨɫɦɨɬɪɚ ɭɫɬɚɧɚɜɥиɜɚеɬɫɹ ɧɚɞ ɰеɧɬɪɨɦ ɞеɬɚɥи, 
ɧɚɩɪɚɜɥеɧие – ɨɪɬɨɝɨɧɚɥɶɧɨ ɞеɬɚɥи. ɇɚ ɪиɫɭɧɤе 2 ɩɨɤɚɡɚɧɨ, ɤɚɤ ɮɨɪɦиɪɭеɬɫɹ 
ɜиɪɬɭɚɥɶɧɵɣ ɫɜɚɪɧɨɣ ɲɨɜ. 

 

 
Ɋиɫɭɧɨɤ 2 – Ɏɨɪɦиɪɨɜɚɧие ɜиɪɬɭɚɥɶɧɨɝɨ ɲɜɚ ДVirtual joint modeling] 

 

Ɉɫɨɛеɧɧɨɫɬɶɸ ɬɪеɧɚɠеɪɚ ɹɜɥɹеɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɫɦɨɬɪеɬɶ ɩɨɜɬɨɪɧɨ ɜеɫɶ ɫеɚɧɫ 
ɫɜɚɪɤи, ɩɪичеɦ ɦɨɠɧɨ иɡɦеɧɹɬɶ ɬɨчɤɭ ɡɪеɧиɹ (ɩɨɥɨɠеɧие ɤɚɦеɪɵ), ɡɚɦеɞɥɹɬɶ, ɭɫɤɨɪɹɬɶ 
и ɨɫɬɚɧɚɜɥиɜɚɬɶ ɜɨɫɩɪɨиɡɜеɞеɧие. ȿɫɬɶ ɬɚɤɠе ɜɨɡɦɨɠɧɨɫɬɶ ɜиɞеɬɶ ɪɚɡɪеɡ ɫɜɚɪɨчɧɨɣ 
ɜɚɧɧɵ, ɜ ɬɨɦ чиɫɥе – ɞɜиɠɭɳиɣɫɹ ɜɦеɫɬе ɫ ɤɚɦеɪɨɣ. ɇɚ ɪɚɡɪеɡе ɪɚɫɩɥɚɜ и ɬɜеɪɞɵɣ 
ɦеɬɚɥɥ ɩɪеɞɫɬɚɜɥеɧɵ ɩɪɨɡɪɚчɧɵɦи, ɧеɩɪɨɡɪɚчɧɵ ɬɨɥɶɤɨ ɝɪɚɧиɰɵ ɪɚɫɩɥɚɜɚ – ɜеɪɯɧɹɹ и 
ɧиɠɧɹɹ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪиɫɭɧɤе 3. ɗɬɨ ɩɨɡɜɨɥɹеɬ ɧɚɛɥɸɞɚɬɶ ɡɚ ɮɨɪɦиɪɨɜɚɧиеɦ, ɤɚɤ 
ɩɨɜеɪɯɧɨɫɬи ɲɜɚ, ɬɚɤ и еɝɨ ɤɨɪɧɹ. 



 ɆɈДȿɅɖ ДɅə ɌȿɉɅɈȼɈȽɈ ɊȺɋɑЁɌȺ 45 
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Ɋиɫɭɧɨɤ 3 – ɉɨɜеɪɯɧɨɫɬи ɜиɪɬɭɚɥɶɧɨɝɨ ɲɜɚ ДSurfaces of virtual joint] 

 

Дɥɹ ɪеɲеɧиɹ ɬеɩɥɨɜɨɣ ɡɚɞɚчи ɜ ɪеɚɥɶɧɨɦ ɜɪеɦеɧи иɫɩɨɥɶɡɭеɬɫɹ ɦеɬɨɞ ɤɨɧечɧɵɯ 
ɷɥеɦеɧɬɨɜ (ɆɄɗ) Д7Ж. Ɋɚɫɫɦɨɬɪиɦ ɩɨɞɪɨɛɧее ɨɫɨɛеɧɧɨɫɬи иɫɩɨɥɶɡɭеɦɨɣ ɜ ɬɪеɧɚɠеɪе 
ɦɨɞеɥи. ȼ ɬеɤɭɳеɣ ɜеɪɫии ɪɚɫɫɦɚɬɪиɜɚеɬɫɹ ɝɨɪиɡɨɧɬɚɥɶɧɨе ɪɚɫɩɨɥɨɠеɧие ɩɥɨɫɤɨɣ 
ɡɚɝɨɬɨɜɤи (ɩɥиɬɵ). Ʉɨɧечɧɵе ɷɥеɦеɧɬɵ (Ʉɗ) ɜ ɦɨɞеɥи – ɷɬɨ ɜеɪɬиɤɚɥɶɧɵе ɫɬеɪɠɧи, ɧɚ 
ɤɨɬɨɪɵе ɩɥиɬɚ ɪɚɡɛиɬɚ ɤɜɚɞɪɚɬɧɨɣ ɫеɬɤɨɣ, ɨɩɪеɞеɥеɧɧɨɣ ɧɚ ее ɩɨɜеɪɯɧɨɫɬи. 

ȼ ɨɬɥичие ɨɬ ɫɬɚɧɞɚɪɬɧɨɝɨ ɆɄɗ ɜ ɤɨɧечɧɵɯ ɷɥеɦеɧɬɚɯ ɭчиɬɵɜɚɸɬɫɹ ɬɪи ɫɥɨɹ ɫ 
ɪɚɡɥичɧɨɣ ɬеɦɩеɪɚɬɭɪɨɣ: ɜеɪɯɧɹɹ и ɧиɠɧɹɹ ɩɨɜеɪɯɧɨɫɬи, и ɩɨɜеɪɯɧɨɫɬɶ 
ɩɥɚɜɥеɧиɹ/ɤɪиɫɬɚɥɥиɡɚɰии (ɪиɫ. 4) Д8, 9, 10Ж.  

 

 
Ɋиɫɭɧɨɤ 4 – Ƚɨɪиɡɨɧɬɚɥɶɧɚɹ ɩеɪеɞɚчɚ ɬеɩɥɚ ɦеɠɞɭ ɤɨɧечɧɵɦи ɷɥеɦеɧɬɚɦи ДHorizontal thermal 

transmission between finite elements] 

 

Ɇеɠɞɭ ɫɥɨɹɦи ɪɚɫɩɪеɞеɥеɧие ɬеɦɩеɪɚɬɭɪɵ ɚɩɩɪɨɤɫиɦиɪɭеɬɫɹ ɥиɧеɣɧɨ. Ɉɬɫɸɞɚ 
ɤɨɥичеɫɬɜɨ ɬеɩɥɚ (Дɠ), ɧɚɩɪиɦеɪ, ɜ ɪɚɫɩɥɚɜɥеɧɧɨɣ и ɬɜеɪɞɨɣ чɚɫɬɹɯ ɫɬеɪɠɧɹ ɪɚɜɧɨ: 

 

  ,2/2

ɩɥpppp hlcQ        (1) 
 

  ,2/2

ɩɥɬɜɬɜɬɜɬɜ hlcQ       (2) 
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ɝɞе Qɪ и Qɬɜ – ɤɨɥичеɫɬɜɨ ɬеɩɥɚ ɜ ɪɚɫɩɥɚɜе и ɬɜеɪɞɨɣ чɚɫɬи ɫɬеɪɠɧɹ (Дɠ);  
ɫρɪ и ɫρɬɜ – ɨɛɴɺɦɧɚɹ ɬеɩɥɨɺɦɤɨɫɬɶ ɪɚɫɩɥɚɜɚ и ɬɜеɪɞɨɣ чɚɫɬи ɫɬеɪɠɧɹ (Дɠ/(ɦ3·°Ʉ));  
l – ɪɚɡɦеɪ ɤɥеɬɤи ɫеɬɤи (ɦ);  
hɪ и hɬɜ – ɜɵɫɨɬɵ ɪɚɫɩɥɚɜɚ и ɬɜеɪɞɨɣ чɚɫɬи ɫɬеɪɠɧɹ ɫɨɨɬɜеɬɫɬɜеɧɧɨ (ɦ);  
Θɪ, Θɬɜ и Θɩɥ – ɬеɦɩеɪɚɬɭɪɵ ɜеɪɯɧеɝɨ, ɧиɠɧеɝɨ и ɫɪеɞɧеɝɨ ɫɥɨеɜ ɫɨɨɬɜеɬɫɬɜеɧɧɨ 

(ºɄ). 
ȼ чɚɫɬɧɨɦ ɫɥɭчɚе ɩɨɥɧɨɝɨ ɪɚɫɩɥɚɜɥеɧиɹ/ɤɪиɫɬɚɥɥиɡɚɰии ɧиɠɧие/ɜеɪɯɧие ɞɜɚ 

ɫɥɨɹ ɫɥиɜɚɸɬɫɹ. 
ɉеɪеɞɚчɚ ɬеɩɥɚ ɦеɠɞɭ ɷɥеɦеɧɬɚɦи ɦɨɞеɥиɪɭеɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ: ɝɨɪиɡɨɧɬɚɥɶɧɚɹ 

ɩеɪеɞɚчɚ (ɦеɠɞɭ ɷɥеɦеɧɬɚɦи ɫɨɨɬɜеɬɫɬɜеɧɧɵɯ ɫɥɨеɜ ɫɨɫеɞɧиɯ ɫɬеɪɠɧеɣ) и 
ɜеɪɬиɤɚɥɶɧɚɹ (ɜɧɭɬɪи ɫɬеɪɠɧеɣ) Д11, 12Ж. Ɋɚɫɫɦɨɬɪиɦ ɝɨɪиɡɨɧɬɚɥɶɧɭɸ ɩеɪеɞɚчɭ ɬеɩɥɚ:  

 

l
StQ ɪ


  ,     (3) 

 

ɝɞе ΔQ – ɤɨɥичеɫɬɜɨ ɩеɪеɞɚɧɧɨɝɨ ɬеɩɥɚ (Дɠ);  
Δt – ɩɪɨɲеɞɲее ɜɪеɦɹ (ɫеɤ);  
λp – ɬеɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɩɥɚɜɚ (ȼɬ/(ɦ·ºK));  

S – ɩɥɨɳɚɞɶ ɫечеɧиɹ, чеɪеɡ ɤɨɬɨɪɨе ɩеɪеɞɚеɬɫɹ ɬеɩɥɨ (ɦ2
);  

ΔΘ – ɪɚɡɧиɰɚ ɬеɦɩеɪɚɬɭɪ ɦеɠɞɭ ɫɨɫеɞɧиɦи Ʉɗ (ºK). 

 

ȼ ɬɨɧɤɨɦ ɫɥɨе ɬɨɥɳиɧɨɣ ΔС ɤɨɥичеɫɬɜɨ ɩеɪеɞɚɧɧɨɝɨ ɬеɩɥɚ ɨɬ ɫɬеɪɠɧɹ 1 ɤ 
ɫɬеɪɠɧɸ 2 ɪɚɜɧɨ: 

 

 
l

hltQ
ɪɪ

ɪɪ
21

12


  ,    (4) 

 

ɝɞе ΔQ12 – ɬеɩɥɨ ɩеɪеɞɚɧɧɨе ɨɬ ɫɬеɪɠɧɹ 1 ɤ ɫɬеɪɠɧɸ 2 (Дɠ);  
Δh – ɬɨɥɳиɧɚ ɪɚɫɫɦɚɬɪиɜɚеɦɨɝɨ ɫɥɨɹ (ɦ);   
Θ1p – ɬеɦɩеɪɚɬɭɪɚ ɜеɪɯɧеɣ ɩɨɜеɪɯɧɨɫɬи ɪɚɫɩɥɚɜɚ ɜ ɫɬеɪɠɧе 1(ºɋ);  
Θ2p – ɬеɦɩеɪɚɬɭɪɚ ɜеɪɯɧеɣ ɩɨɜеɪɯɧɨɫɬи ɪɚɫɩɥɚɜɚ ɜ ɫɬеɪɠɧе 2(ºɋ). 

 

Ɍеɩɥɨ, ɩɨɥɭчеɧɧɨе ɫɬеɪɠɧеɦ 2 ɨɬ ɜɫеɯ чеɬɵɪеɯ, ɨɤɪɭɠɚɸɳиɯ еɝɨ: 
 

 
l

hltQ
ɪɪ

ɪɪ
2

2

4
  ,    (5) 

 

ɝɞе  ɪ – ɫɭɦɦɚ ɬеɦɩеɪɚɬɭɪ ɜ ɫɨɨɬɜеɬɫɬɜеɧɧɨɦ ɫɥɨе чеɬɵɪеɯ ɫɨɫеɞɧиɯ ɫɬеɪɠɧеɣ (ºɋ). 
ɋɨɨɬɜеɬɫɬɜɭɸɳее иɡɦеɧеɧие ɬеɦɩеɪɚɬɭɪɵ (ºɋ) ɜ ɜеɪɯɧеɦ ɫɥɨе ɫɬеɪɠɧɹ 2: 
 

   
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ɪ
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cl
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.  (6) 

 

ɉɨ ɭɪɚɜɧеɧиɹɦ (3-6) ɨɩɪеɞеɥɹеɬɫɹ иɡɦеɧеɧие ɬеɦɩеɪɚɬɭɪɵ и ɜ ɞɪɭɝиɯ ɞɜɭɯ ɫɥɨɹɯ, 
ɚ ɩɨɫɤɨɥɶɤɭ ɬеɦɩеɪɚɬɭɪɵ ɦеɠɞɭ ɫɥɨɹɦи ɥиɧеɣɧɨ ɚɩɩɪɨɤɫиɦиɪɨɜɚɧɵ, ɬɨ и ɜɨ ɜɫеɯ 
ɬɨчɤɚɯ ɦеɠɞɭ ɧиɦи. Уɪɚɜɧеɧие (6) ɥиɧеɣɧɨ, ɩɨɷɬɨɦɭ ɥиɧеɣɧɨе иɡɦеɧеɧие ɬеɦɩеɪɚɬɭɪɵ 
ɦеɠɞɭ ɫɥɨɹɦи ɫɨɯɪɚɧɹеɬɫɹ. ɋɥеɞɭеɬ ɭчиɬɵɜɚɬɶ, чɬɨ ɬеɦɩеɪɚɬɭɪɚ ɫɪеɞɧеɝɨ ɫɥɨɹ ɜ ɫɥɭчɚе 
ɩɨɥɧɨɝɨ ɪɚɫɩɥɚɜɥеɧиɹ/ɤɪиɫɬɚɥɥиɡɚɰии, ɬ.е. ɩɪи ɫɥиɹɧии ɫɥɨɺɜ, ɨɬɥичɚеɬɫɹ ɨɬ 
ɬеɦɩеɪɚɬɭɪɵ ɩɥɚɜɥеɧиɹ. 

Ɋɚɫɫɦɨɬɪиɦ ɜеɪɬиɤɚɥɶɧɭɸ ɩеɪеɞɚчɭ ɬеɩɥɚ (ɪиɫ. 5).  
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Ɋиɫɭɧɨɤ 5 – ȼеɪɬиɤɚɥɶɧɚɹ ɩеɪеɞɚчɚ ɬеɩɥɚ ДVertical thermal transmission] 

 

ȼ ɷɬɨɣ ɫиɬɭɚɰии ɧɚɞɨ ɭчеɫɬɶ ɩɥɚɜɥеɧие/ɤɪиɫɬɚɥɥиɡɚɰиɸ ɦеɬɚɥɥɚ, ɬ.е. ɞɜиɠеɧие 
ɝɪɚɧиɰɵ ɪɚɫɩɥɚɜɚ. Ɂɚɩиɲеɦ ɭɫɥɨɜиɹ ɛɚɥɚɧɫɚ ɬеɩɥɚ ɧɚ ɝɪɚɧиɰе ɤɪиɫɬɚɥɥиɡɚɰии: 

 

.0 ɬɜɩɥp QQQ      (7) 

 

Ƚɪɚɞиеɧɬɵ ɧɚ ɝɪɚɧиɰе ɨɩɪеɞеɥиɦ иɡ ɥиɧеɣɧɨɣ ɚɩɩɪɨɤɫиɦɚɰии ɪɚɫɩɪеɞеɥеɧиɹ 
ɬеɦɩеɪɚɬɭɪ ɦеɠɞɭ ɫɥɨɹɦи: 

 

  ,/ pɩɥppp hStQ  
     (8) 

 

  ,/ ɬɜɩɥɬɜɬɜɬɜ hStQ  
    (9) 

 

,pɩɥɩɥ hSQ  
     (10) 

 

ɝɞе ɩɥ  – ɭɞеɥɶɧɚɹ ɬеɩɥɨɬɚ ɩɥɚɜɥеɧиɹ (ɞɠ/ɦ3
). 

Ɋеɲɚɹ ɫиɫɬеɦɭ, ɩɨɥɭчɚеɦ: 
 

    ,0//  ɬɜɩɥɬɜɬɜpɩɥpɩɥɪɪ hSthSchSt 
 

 

   
ɩɥ

ɬɜɩɥɬɜɬɜpɩɥɪɪ
p

c

hh
th

// 



. 

Ɂɧɚɹ ɬɜɩɥp QQQ  ,,  и ph , ɩɨɞɫɬɚɜɥɹеɦ ɧɨɜɵе ɡɧɚчеɧиɹ ndɬɜp hQQ ,,  и ph ɜ (1-2) 

и ɧɚɯɨɞиɦ ɧɨɜɵе ɬɜɪ  , . ȼ ɫɥɭчɚе ɩɨɥɧɨɝɨ ɪɚɫɩɥɚɜɥеɧиɹ/ɤɪиɫɬɚɥɥиɡɚɰии ɪеɲеɧие 
ɚɧɚɥɨɝичɧɨ, ɧɨ ɜ ɤɚчеɫɬɜе ɫɪеɞɧеɝɨ ɫɥɨɹ ɜɵɛиɪɚеɬɫɹ ɝеɨɦеɬɪичеɫɤиɣ ɰеɧɬɪ ɫɬеɪɠɧɹ. ȼ 
ɧɚɫɬɨɹɳеɣ ɫɬɚɬɶе ɧе ɪɚɫɫɦɨɬɪеɧɵ ɪеɚɥиɡɨɜɚɧɧɵе ɜ ɬеɤɭɳеɣ ɜеɪɫии ɬɪеɧɚɠеɪɚ ɚɫɩеɤɬɵ 
ɫɬеɪɠɧеɜɨɣ ɬɪеɯɫɥɨɣɧɨɣ ɦɨɞеɥи, ɫɜɹɡɚɧɧɵе ɫ ɝиɞɪɨɞиɧɚɦиɤɨɣ ɫɜɚɪɨчɧɨɣ ɜɚɧɧɵ. 

ɉɪеɞɥɨɠеɧɧɚɹ ɭɩɪɨɳеɧɧɚɹ ɦɨɞеɥɶ ɩɨɡɜɨɥɹеɬ ɪɚɫɫчиɬɵɜɚɬɶ ɪɚɫɩɪеɞеɥеɧие ɬеɩɥɚ 
ɜ ɡɚɝɨɬɨɜɤе ɜ ɪеɚɥɶɧɨɦ ɜɪеɦеɧи и ɨɛеɫɩечиɜɚеɬ ɪеɚɥиɫɬичɧɨе иɡɨɛɪɚɠеɧие 
ɮɨɪɦиɪɭɸɳеɝɨɫɹ ɲɜɚ. ȼ ɪеɠиɦе ɩɨɫɥеɞɭɸɳеɝɨ ɚɧɚɥиɡɚ ɩɨɤɚɡɵɜɚеɬɫɹ ɩɨɞɜиɠɧɵɣ 
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ɪɚɡɪеɡ ɲɜɚ ɫ иɦиɬɚɰиеɣ ɩɪɨɡɪɚчɧɨɝɨ ɪɚɫɩɥɚɜɚ, чɬɨ ɩɨɡɜɨɥɹеɬ ɤɚɤ ɩɪеɩɨɞɚɜɚɬеɥɸ, ɬɚɤ и 
ɭчеɧиɤɭ ɧɚɛɥɸɞɚɬɶ ɩɨɹɜɥеɧие ɞеɮеɤɬɨɜ ɫɨеɞиɧеɧиɹ иɥи иɯ ɨɬɫɭɬɫɬɜие.  
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Abstract – The article deals with development of modified finite element method for real-time 

calculations of virtual welding parameters and virtual welding joint geometric properties. The 

representation of welding joint as array of square-based columns, with movable horizontal 

separator between solid and molded parts, is shown. The development causes the result as 

opportunities for visualization of welding joint and its calculations. 
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