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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɥɹ ɪɚɫɱɺɬɨɜ ɩɚɪɚɦɟɬɪɨɜ ɜɢɪɬɭɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ. ɉɨɤɚɡɚɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɤɚɠɞɨɣ ɦɨɞɟɥɢ ɤɨɦɩɥɟɤɫɚ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦ 
ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ – ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɨɞɞɟɪɠɤɢ ɪɚɡɪɚɛɨɬɤɢ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɧɺɦ ɪɚɡɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɵ 
ɩɪɨɝɪɚɦɦɵ, ɜɵɩɨɥɧɹɸɳɢɟ ɜɢɡɭɚɥɢɡɚɰɢɸ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɞɪɭɝɢɟ ɡɚɞɚɱɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɫɜɚɪɨɱɧɵɣ ɩɪɨɰɟɫɫ, ɬɟɩɥɨɜɚɹ ɦɨɞɟɥɶ, 
ɦɟɬɨɞ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɢɧɠɟɧɟɪɢɹ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ, ɬɪɟɧɚɠɺɪ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ 
ɫɜɚɪɤɢ, ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɣ ɹɡɵɤ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɞɢɚɝɪɚɦɦɚ ɩɪɟɰɟɞɟɧɬɨɜ, ɞɢɚɝɪɚɦɦɚ 
ɤɥɚɫɫɨɜ, ɞɢɚɝɪɚɦɦɚ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɜɢɡɭɚɥɢɡɚɰɢɹ. 

 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ β6.0β.β018 

 

ɂɧɮɨɪɦɚɰɢɨɧɧɨ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ (ɂɂɋ) ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɜɤɥɸɱɚɟɬ ɚɩɩɚɪɚɬɧɵɟ ɢ ɩɪɨɝɪɚɦɦɧɵɟ ɦɨɞɭɥɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɦɨɞɟɥɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ Д1, βЖ, ɞɨɥɠɧɵ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɦɟɬɨɞɨɜ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (ɈɈɉ). ɉɪɢ ɷɬɨɦ ɪɚɛɨɬɚ ɫ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ ɦɨɞɭɥɟɣ. Ⱦɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɂɂɋ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɹɡɵɤ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɫɪɟɞɭ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦ ɫ ɩɨɞɞɟɪɠɤɨɣ ɩɨɞɤɥɸɱɚɟɦɵɯ 
ɦɨɞɭɥɟɣ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɚ ɞɥɹ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɬɪɟɧɚɠɺɪɨɜ 
ɊȾɋ. 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɪɟɚɥɢɡɚɰɢɢ ɦɨɞɟɥɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ ɧɚ ɩɪɢɦɟɪɟ 
ɩɥɨɫɤɢɯ ɞɟɬɚɥɟɣ ɧɚ ɨɫɧɨɜɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɆɆɄɗ) 
Д1Ж. Ɇɨɞɟɥɶ ɧɚ ɨɫɧɨɜɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (Ʉɗ) ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɨɛɳɢɣ ɨɛɴɺɦ ɩɥɢɬɵ ɜ ɜɢɞɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɬɟɪɠɧɟɜɵɯ ɷɥɟɦɟɧɬɨɜ ɦɚɥɵɯ ɨɛɴɺɦɨɜ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 1.  

ȼ ɪɚɫɱɺɬɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: Qɪ ɢ Qɬɜ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɜ 
ɪɚɫɩɥɚɜɟ ɢ ɬɜɟɪɞɨɣ ɱɚɫɬɢ ɫɬɟɪɠɧɹ (Ⱦɠ); ɫρɪ ɢ ɫρɬɜ – ɨɛɴɺɦɧɚɹ ɬɟɩɥɨɺɦɤɨɫɬɶ ɪɚɫɩɥɚɜɚ ɢ 
ɬɜɟɪɞɨɣ ɱɚɫɬɢ ɫɬɟɪɠɧɹ (Ⱦɠ/(ɦ3·°Ʉ)); l – ɪɚɡɦɟɪ ɤɥɟɬɤɢ ɫɟɬɤɢ (ɦ); hɪ ɢ hɬɜ – ɜɵɫɨɬɵ 
ɪɚɫɩɥɚɜɚ ɢ ɬɜɟɪɞɨɣ ɱɚɫɬɢ ɫɬɟɪɠɧɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɦ); Θɪ, Θɬɜ ɢ Θɩɥ – ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɟɪɯɧɟɝɨ, ɧɢɠɧɟɝɨ ɢ ɫɪɟɞɧɟɝɨ ɫɥɨɟɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ºɄ). 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɨ ɜɫɟɯ Ʉɗ ɡɚɞɚɸɬɫɹ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: 
ɬɟɦɩɟɪɚɬɭɪɚ, ɪɚɜɧɚɹ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɟɣ 
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ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ. ɉɪɢ ɬɟɩɥɨɜɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɞɭɝɢ ɯɨɬɹ ɛɵ ɧɚ ɨɞɢɧ Ʉɗ ɜ ɧɺɦ 
ɢɡɦɟɧɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɦɟɧɹɟɬɫɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ. Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɧɵ ɜɥɢɹɧɢɹ ɞɭɝɢ ɧɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ ɨ ɟɺ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɩɨɥɨɠɟɧɢɢ 
ɢ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ. ɂɯ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɦɨɞɟɥɶ ɪɚɫɱɺɬɚ ɨɫɧɨɜɧɵɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ДβЖ. ɇɚ ɨɬɞɟɥɶɧɨɦ ɲɚɝɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɚɠɞɵɣ 
ɷɥɟɦɟɧɬ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɨɥɧɨɫɬɶɸ ɬɜɺɪɞɨɦ, ɱɚɫɬɢɱɧɨ ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɢ ɩɨɥɧɨɫɬɶɸ 
ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ.  

 
 

Ɋɢɫ. 1. – Ⱦɟɥɟɧɢɟ ɧɚ ɫɬɟɪɠɧɟɜɵɟ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ДDТЯТЬТШЧ Лв ЫШН ОЧН ОХОЦОЧЭЬЖ 
 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɢ ɬɜɟɪɞɨɣ ɱɚɫɬɹɯ ɫɬɟɪɠɧɹ ɪɚɜɧɨ: 
 

  2/2
ɩɥpppp hlcQ   ;     (1) 

  2/2
ɩɥɬɜɬɜɬɜɬɜ hlcQ   .    (2) 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ ɫɬɟɪɠɧɟɣ ɜɨɡɧɢɤɚɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɦɟɠɞɭ ɧɢɦɢ. ɗɬɨɬ 
ɷɬɚɩ ɜ ɦɨɞɟɥɢ ɧɚɡɜɚɧ ɷɬɚɩɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɟɪɟɞɚɱɢ. ɉɪɢ ɷɬɨɦ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 
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ɝɞɟ ΔQ12 – ɬɟɩɥɨ ɩɟɪɟɞɚɧɧɨɟ ɨɬ ɫɬɟɪɠɧɹ 1 ɤ ɫɬɟɪɠɧɸ β (Ⱦɠ); 
 Δt – ɜɪɟɦɟɧɧɨɣ ɲɚɝ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɫɟɤ); 
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70  ɄɊɂȼɂɇ ɢ ɞɪ. 
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 λp – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɩɥɚɜɚ (ȼɬ/(ɦ·ºK)); 

 Δh – ɬɨɥɳɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɥɨɹ (ɦ); 
 Θ1p – ɬɟɦɩɟɪɚɬɭɪɚ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɜ ɫɬɟɪɠɧɟ 1 (ºɋ); 
 Θ2p – ɬɟɦɩɟɪɚɬɭɪɚ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɜ ɫɬɟɪɠɧɟ β (ºɋ). 

 

Ɍɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ ɧɢɠɧɢɦɢ ɱɚɫɬɹɦɢ ɫɬɟɪɠɧɟɣ ɨɩɢɫɵɜɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɨɪɦɭɥɚɯ ɢɡɦɟɧɹɸɬɫɹ ɬɨɥɶɤɨ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

ɋɬɟɩɟɧɶ ɪɚɫɩɥɚɜɥɟɧɢɹ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɟɪɟɦɟɳɟɧɢɟɦ ɩɨ ɜɟɪɬɢɤɚɥɢ ɝɪɚɧɢɰɵ 
ɪɚɡɞɟɥɚ ɮɚɡ – ɫɪɟɞɧɟɝɨ ɫɥɨɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Θɩɥ. ɉɟɪɟɦɟɳɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ 
ɜɬɨɪɨɦ ɷɬɚɩɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɬɟɩɥɨɩɟɪɟɞɚɱɢ: 
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ɝɞɟ ɫɩɥ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ (ɞɠ/ɦ3
). 

 

ɋɬɚɬɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
ɞɢɚɝɪɚɦɦɵ ɤɥɚɫɫɨɜ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ UML. Ɇɟɠɞɭ ɤɥɚɫɫɚɦɢ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɡɢɰɢɢ, ɤɨɬɨɪɨɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɦɟɫɬɟ ɫ ɨɛɴɟɤɬɨɦ-

ɰɟɥɵɦ ɭɧɢɱɬɨɠɚɸɬɫɹ ɟɝɨ ɨɛɴɟɤɬɵ-ɤɨɦɩɨɧɟɧɬɵ ДγЖ. ɗɬɨ ɨɛɨɫɧɨɜɚɧɧɨ ɬɟɦ, ɱɬɨ ɩɪɢ 
ɭɞɚɥɟɧɢɢ ɢɡ ɩɚɦɹɬɢ ɗȼɆ ɨɛɴɟɤɬɚ ɤɥɚɫɫɚ «ɉɥɢɬɚ» ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɭɞɚɥɹɸɬɫɹ ɜɫɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɟɝɨ Ʉɗ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɧɚ ɞɢɚɝɪɚɦɦɟ ɤɥɚɫɫɨɜ ɢɡɨɛɪɚɠɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɢ 
ɦɟɬɨɞɵ ɤɥɚɫɫɨɜ Д4Ж. ɋɜɨɣɫɬɜɚɦɢ ɩɥɢɬɵ ɜ ɰɟɥɨɦ ɹɜɥɹɸɬɫɹ ɪɚɡɦɟɪɵ ɢ ɮɢɡɢɱɟɫɤɢɟ 
ɜɟɥɢɱɢɧɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɮɨɪɦɭɥɚɯ (14). Ʉɥɚɫɫɭ «ɉɥɢɬɚ», ɩɨɦɢɦɨ ɪɟɚɥɢɡɭɟɦɨɝɨ 
ɫɪɟɞɫɬɜɚɦɢ ɫɪɟɞɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɦɟɬɨɞɚ-ɤɨɧɫɬɪɭɤɬɨɪɚ, ɬɪɟɛɭɸɬɫɹ ɦɟɬɨɞɵ 
«ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɦɨɞɟɥɶ» ɢ «ɜɵɩɨɥɧɢɬɶ ɲɚɝ ɦɨɞɟɥɢɪɨɜɚɧɢɹ». 

ɇɚ ɪɢɫɭɧɤɟ β ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɤɥɚɫɫɨɜ UML, ɨɬɪɚɠɚɸɳɚɹ ɨɩɢɫɚɧɧɵɟ 
ɫɜɨɣɫɬɜɚ ɢ ɦɟɬɨɞɵ ɤɥɚɫɫɨɜ ɢ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɧɢɦɢ.  

 

 
 

Ɋɢɫ. 2. – Ⱦɢɚɝɪɚɦɦɚ ɤɥɚɫɫɨɜ ɞɥɹ ɦɨɞɟɥɢ ɩɥɢɬɵ [Class diagram for the plate model] 
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Ⱦɚɧɧɵɣ ɜɢɞ ɞɢɚɝɪɚɦɦ ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɵɜɚɬɶ ɬɨɥɶɤɨ ɫɬɚɬɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ 
ɦɨɞɟɥɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ ɨɪɝɚɧɢɡɚɰɢɹ ɯɪɚɧɟɧɢɹ ɨɛɴɟɤɬɨɜ ɜ ɩɚɦɹɬɢ 
ɗȼɆ. ɉɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɜ UML ɱɚɳɟ ɜɫɟɝɨ ɨɩɢɫɵɜɚɟɬɫɹ ɞɢɚɝɪɚɦɦɚɦɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ ɞɟɹɬɟɥɶɧɨɫɬɟɣ Д5Ж. ɉɪɢ ɷɬɨɦ ɞɢɚɝɪɚɦɦɵ 
ɞɟɹɬɟɥɶɧɨɫɬɟɣ ɢɦɟɸɬ ɦɧɨɝɨ ɨɛɳɟɝɨ ɫ ɛɥɨɤ-ɫɯɟɦɚɦɢ ɚɥɝɨɪɢɬɦɨɜ, ɧɨ ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ 
ɲɢɪɨɤɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɜɢɡɭɚɥɢɡɚɰɢɢ. ɂɫɩɨɥɶɡɭɟɦ ɷɬɢ ɞɢɚɝɪɚɦɦɵ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɦɟɬɨɞɨɜ. Ɇɟɬɨɞ «ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɦɨɞɟɥɶ» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢɧɟɣɧɨɦɭ ɚɥɝɨɪɢɬɦɭ ɢɡ 
ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɫɬɵɯ ɞɟɣɫɬɜɢɣ: ɫɨɡɞɚɺɬɫɹ ɫɟɬɤɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (Ʉɗ) ɡɚɞɚɧɧɵɯ 
ɪɚɡɦɟɪɨɜ ɢ ɜ ɤɚɠɞɨɦ ɢɡ ɧɢɯ ɡɚɞɚɺɬɫɹ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɮɚɡ, ɫɨɜɩɚɞɚɸɳɟɟ ɫ ɜɟɪɯɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ. Ɍɚɤɨɟ ɩɨɥɨɠɟɧɢɟ ɨɡɧɚɱɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɱɚɫɬɢ. Ɍɚɤɠɟ 
ɜɵɱɢɫɥɹɟɬɫɹ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɨ ɮɨɪɦɭɥɟ (β) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɫɟɯ ɫɥɨɺɜ ɪɚɜɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ β0˚ C ɢ ɜɵɫɨɬɚɯ hɪ = 0 ɢ hɬɜ = h, h – ɜɵɫɨɬɚ ɩɥɢɬɵ (ɦ). 

Ɇɟɬɨɞ «ɜɵɩɨɥɧɢɬɶ ɲɚɝ ɦɨɞɟɥɢɪɨɜɚɧɢɹ» ɜɵɩɨɥɧɹɟɬ ɜɫɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɪɚɫɱɺɬɵ, 
ɡɚɥɨɠɟɧɧɵɟ ɜ ɦɨɞɟɥɶ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɫɥɨɠɧɟɟ, ɬɚɤ ɤɚɤ ɦɨɞɟɥɶ ɪɚɛɨɬɚɟɬ ɰɢɤɥɢɱɟɫɤɢ, ɧɚ 
ɤɚɠɞɨɦ ɲɚɝɟ ɜɵɩɨɥɧɹɹ ɪɚɫɱɺɬ ɩɨ ɮɨɪɦɭɥɚɦ (14). Ʉɪɨɦɟ ɨɛɦɟɧɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɟɣ, ɜ 
ɦɨɞɟɥɢ ɬɚɤɠɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɟɪɟɧɨɫ ɪɚɫɩɥɚɜɚ ɦɟɠɞɭ Ʉɗ. Ⱦɢɚɝɪɚɦɦɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚ 
ɨɬɞɟɥɶɧɨɦ ɲɚɝɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ γ. 

 

 
 

Ɋɢɫ. 3. – Ⱦɢɚɝɪɚɦɦɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

[Diagram of activity at each simulation step] 
 

ɇɚ ɞɚɧɧɨɣ ɞɢɚɝɪɚɦɦɟ ɭɤɪɭɩɧɺɧɧɨ ɨɬɪɚɠɟɧɵ ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ ɪɚɫɱɺɬɨɜ ɩɨ ɦɨɞɟɥɢ. 
ɉɪɢ ɷɬɨɦ ɫɩɥɨɲɧɵɦɢ ɫɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ ɩɟɪɟɯɨɞɵ ɨɬ ɨɞɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɤ ɞɪɭɝɨɣ, ɚ 
ɩɭɧɤɬɢɪɧɵɦɢ – ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɛɴɟɤɬɚɦɢ ɜ ɩɚɦɹɬɢ ɗȼɆ. ɉɟɪɜɵɟ ɧɚɡɵɜɚɸɬɫɹ 
ɩɨɬɨɤɚɦɢ ɭɩɪɚɜɥɟɧɢɹ, ɜɬɨɪɵɟ – ɩɨɬɨɤɚɦɢ ɨɛɴɟɤɬɨɜ Дγ, 6Ж. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɩɨɦɹɧɭɬɶ ɦɨɞɟɥɶ ɤɚɩɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɩɪɢ ɫɜɚɪɤɟ 
ɩɥɚɜɥɟɧɢɟɦ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɩɟɪɟɧɨɫɚ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
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ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɨɞɟɥɢ 
ɤɚɩɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɩɪɢ ɫɜɚɪɤɟ ɩɥɚɜɥɟɧɢɟɦ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɨɬɞɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
Д7Ж. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɢɧɚ ɦɟɠɤɚɩɟɥɶɧɵɯ ɩɪɨɦɟɠɭɬɤɨɜ (ɩɪɢ ɤɚɩɟɥɶɧɨɦ ɩɟɪɟɧɨɫɟ) ɜ 
ɩɪɨɰɟɫɫɟ ɊȾɋ ɤɚɤ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 
ɹɜɥɹɸɳɟɦɭɫɹ ɫɦɟɫɶɸ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ Ɋɷɥɟɹ. ɗɬɨ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɦɨɦɟɧɬɵ ɨɬɪɵɜɚ ɤɚɩɟɥɶ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɫɮɨɪɦɢɪɨɜɚɬɶ ɩɨɬɨɤ ɤɨɦɚɧɞ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɢɦɢɬɚɰɢɢ ɩɥɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɚ. 
Ⱦɢɚɝɪɚɦɦɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 
 

 
 

Ɋɢɫ. 4. – Ⱦɢɚɝɪɚɦɦɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɚɩɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ 

[Activity diagram for drip transfer modeling] 
 

ɉɪɢɦɟɪ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɜɚɪɧɨɝɨ ɲɜɚ ɫɪɟɞɫɬɜɚɦɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɝɪɚɮɢɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 5 Д8, 9Ж. ɉɪɨɝɪɚɦɦɚ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɹɡɵɤɟ ɋ Д10Ж. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ UML ɜ ɩɪɨɰɟɫɫɟ 
ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɬɪɟɧɚɠɺɪɚ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ 
ɫɜɚɪɤɢ ɩɨɡɜɨɥɢɥɨ ɪɟɲɢɬɶ ɪɹɞ ɡɚɞɚɱ. ȼɨ-ɩɟɪɜɵɯ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɨɣ ɧɨɬɚɰɢɢ ɨɛɥɟɝɱɚɟɬ 
ɨɛɫɭɠɞɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɨɬɞɟɥɶɧɵɦɢ ɢɧɠɟɧɟɪɚɦɢ-ɩɪɨɝɪɚɦɦɢɫɬɚɦɢ. ȼɨ-

ɜɬɨɪɵɯ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɪɚɧɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɜɚɪɨɱɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɟɪɟɜɟɞɟɧɵ ɜ ɡɧɚɤɨɜɵɟ ɦɨɞɟɥɢ, ɨɬɪɚɠɚɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɯ ɩɪɨɝɪɚɦɦɧɨɣ 
ɪɟɚɥɢɡɚɰɢɢ. ȼ-ɬɪɟɬɶɢɯ, ɩɨɥɭɱɟɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɢ ɭɬɨɱɧɹɬɶ ɦɟɬɨɞɨɦ 
ɞɟɤɨɦɩɨɡɢɰɢɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɦɨɞɢɮɢɤɚɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
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Abstract – The article deals with computer program development to realize the complex of 

mathematical models for real-time calculations of virtual welding parameters and virtual welding 

joint geometric properties. The representation of each model of complex as unified modeling 

language diagram, this modern support tool for computer program development, is shown. The 

development based on it causes the result as programs for visualization of welding joint and other 

purposes. 
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