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ɉɊɈȽɇɈɁɍȼȺɇɇə ɑȺɋɌɈɌɂ ȼȱȾɆɈȼ ɄɈɅɈɇ ɇȺɋɈɋɇɂɏ ɒɌȺɇȽ ɁȺ 
ȾɈɉɈɆɈȽɈɘ ȺɇɋȺɆȻɅȱȼ ȾȿɊȿȼ Ɋȱɒȿɇɖ  

ȿɤɫɩɥɭɚɬɚɰɿɹ ɫɜɟɪɞɥɨɜɢɧɧɢɯ ɲɬɚɧɝɨɜɢɯ ɧɚɫɨɫɧɢɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɜɢɞɨɛɭɜɚɧɧɹ ɧɚɮɬɢ 
ɭɫɤɥɚɞɧɟɧɚ ɜɿɞɦɨɜɚɦɢ ɲɬɚɧɝɨɜɨʀ ɤɨɥɨɧɢ, ɹɤɿ ɜɢɦɚɝɚɸɬɶ ɩɪɨɜɟɞɟɧɧɹ ɡɚɬɪɚɬɧɢɯ ɥɨɜɢɥɶɧɢɯ 
ɿ ɫɩɭɫɤɨ-ɩɿɞɿɣɦɚɥɶɧɢɯ ɪɟɦɨɧɬɧɢɯ ɪɨɛɿɬ. ɋɭɱɚɫɧɿ ɫɬɚɬɢɫɬɢɱɧɿ ɦɟɬɨɞɢ ɨɛɪɨɛɤɢ ɞɚɧɢɯ ɩɪɨ 
ɜɿɞɦɨɜɢ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɱɚɫɬɨɬɢ ɜɿɞɦɨɜ ɤɨɥɨɧɢ ɡɚ ɪɿɡɧɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɫɜɟɪɞɥɨɜɢɧɢ. Ɇɟɬɨɸ ɩɪɚɰɿ є ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɦɟɬɨɞɿɜ ɚɧɫɚɦɛɥɿɜ ɞɟɪɟɜ ɪɿɲɟɧɶ (ɜɢɩɚɞɤɨɜɨɝɨ ɥɿɫɭ ɬɚ ɝɪɚɞɿєɧɬɧɨɝɨ ɛɭɫɬɿɧɝɚ ɞɟɪɟɜ ɪɟɝɪɟɫɿʀ) 
ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɱɚɫɬɨɬɢ ɜɿɞɦɨɜ ɤɨɥɨɧ ɧɚɫɨɫɧɢɯ ɲɬɚɧɝ. ɐɿ ɩɨɩɭɥɹɪɧɿ ɦɟɬɨɞɢ ɨɫɧɨɜɚɧɿ 
ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɿ ɦɧɨɠɢɧɢ ɞɟɪɟɜ ɪɿɲɟɧɶ ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɛɿɥɶɲ ɬɨɱɧɨʀ ɦɨɞɟɥɿ. ȼɨɧɢ 
ɞɨɫɬɚɬɧɶɨ ɭɧɿɜɟɪɫɚɥɶɧɿ, ɧɟ ɩɨɬɪɟɛɭɸɬɶ ɩɨɩɟɪɟɞɧɶɨɝɨ ɦɚɫɲɬɚɛɭɜɚɧɧɹ ɞɚɧɢɯ ɿ ɜɨɥɨɞɿɸɬɶ 
ɜɢɫɨɤɨɸ ɩɪɚɜɢɥɶɧɿɫɬɸ [1]. Ɇɨɞɟɥɿ ɪɨɡɪɨɛɥɹɥɢ ɧɚ ɨɫɧɨɜɿ ɫɬɚɬɢɫɬɢɱɧɢɯ ɞɚɧɢɯ ɩɪɨ ɜɿɞɦɨɜɢ 
ɤɨɥɨɧ ɜ ɇȽȼɍ ―Ⱦɨɥɢɧɚɧɚɮɬɨɝɚɡ‖ [2]. Ɇɨɞɟɥɿ ɜɪɚɯɨɜɭɸɬɶ ɧɚɫɬɭɩɧɿ ɩɚɪɚɦɟɬɪɢ 
ɫɜɟɪɞɥɨɜɢɧɢ: ɞɿɚɦɟɬɪ ɧɚɫɨɫɚ Pump, ɩɪɢɜɟɞɟɧɟ ɧɚɩɪɭɠɟɧɧɹ ɜ ɜɟɪɯɧɿɣ ɱɚɫɬɢɧɿ ɤɨɥɨɧɢ 

Stress, ɝɚɡɨɜɢɣ ɮɚɤɬɨɪ Gas, ɜɿɞɫɭɬɧɿɫɬɶ ɚɛɨ ɧɚɹɜɧɿɫɬɶ ɜɢɤɪɢɜɥɟɧɨɫɬɿ ɫɜɟɪɞɥɨɜɢɧɢ Curv, 

ɜɿɞɫɨɬɨɤ ɜɨɞɢ ɜ ɩɪɨɞɭɤɰɿʀ Water, ɞɨɜɠɢɧɚ ɤɨɥɨɧɢ H, ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɫɜɟɪɞɥɨɜɢɧɢ Product, 

ɜɿɞɫɭɬɧɿɫɬɶ ɚɛɨ ɧɚɹɜɧɿɫɬɶ ɩɚɪɚɮɿɧɨɭɬɜɨɪɟɧɶ Paraffin, ɞɨɜɠɢɧɚ ɫɟɤɰɿɣ ɲɬɚɧɝ ɪɿɡɧɨɝɨ 
ɞɿɚɦɟɬɪɚ (H19, H22, H25), ɦɿɫɹɰɶ ɜɿɞɦɨɜɢ Month, ɤɿɥɶɤɿɫɬɶ ɜɿɞɦɨɜ ɡɚ ɬɪɢ ɪɨɤɢ Kv. Ʉɿɥɶɤɿɫɬɶ 
ɞɚɧɢɯ 563, ɜɿɞɦɨɜɢ ɲɬɨɤɚ ɧɟ ɜɪɚɯɨɜɭɜɚɥɢ. Ⱦɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɛɿɛɥɿɨɬɟɤɭ 
Python ɞɥɹ ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ scikit-learn (ɜɟɪɫɿɹ 0.19.1) [3]. 

ɋɩɨɱɚɬɤɭ ɜɢɤɨɧɭɜɚɥɢ ɜɢɩɚɞɤɨɜɟ ɩɟɪɟɦɿɲɭɜɚɧɧɹ ɞɚɧɢɯ ɬɚ ʀɯ ɩɨɞɿɥ ɧɚ ɞɜɿ ɱɚɫɬɢɧɢ - ɞɥɹ 
ɩɨɲɭɤɭ ɦɨɞɟɥɿ (80%) ɿ ʀʀ ɩɟɪɟɜɿɪɤɢ (20%). Ⱦɥɹ ɨɰɿɧɤɢ ɹɤɨɫɬɿ ɪɟɝɪɟɫɿɣɧɢɯ ɦɨɞɟɥɟɣ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɤɨɟɮɿɰɿєɧɬ ɞɟɬɟɪɦɿɧɚɰɿʀ R

2. ɇɚɣɤɪɚɳɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ  ɦɨɞɟɥɟɣ 

ɲɭɤɚɥɢ ɜ ɩɟɜɧɢɯ ɿɧɬɟɪɜɚɥɚɯ (ɞɥɹ RandomForestRegressor n_estimators=[50, 150], 

max_depth=[3, 5], ɞɥɹ GradientBoostingRegressor n_estimators=[50, 150], 

learning_rate=[0,01, 0,6], max_depth=[3, 5]) ɡɚ ɞɨɩɨɦɨɝɨɸ ɮɭɧɤɰɿʀ ɞɥɹ ɫɬɨɯɚɫɬɢɱɧɨʀ 
ɨɩɬɢɦɿɡɚɰɿʀ ɧɚ ɨɫɧɨɜɿ ɝɟɧɟɬɢɱɧɢɯ ɚɥɝɨɪɢɬɦɿɜ differential_evolution ɡ ɩɚɤɟɬɭ SciPy (ɜɟɪɫɿɹ 
1.0.0) [4]. ɐɹ ɮɭɧɤɰɿɹ ɲɭɤɚɥɚ ɦɚɤɫɢɦɭɦ ɪɟɡɭɥɶɬɚɬɭ (ɫɟɪɟɞɧɶɨɝɨ ɡɧɚɱɟɧɧɹ R

2
) 7-ɛɥɨɤɨɜɨʀ 

ɩɟɪɟɯɪɟɫɧɨʀ ɩɟɪɟɜɿɪɤɢ ɦɨɞɟɥɿ. Ɋɟɡɭɥɶɬɚɬɢ ɩɨɲɭɤɭ ɞɥɹ RandomForestRegressor: 
n_estimators=133, max_depth=5. ɉɟɪɟɯɪɟɫɧɚ ɩɟɪɟɜɿɪɤɚ ɦɨɞɟɥɿ ɧɚ ɬɟɫɬɨɜɢɯ 20% ɞɚɧɢɯ 
ɩɨɤɚɡɚɥɚ ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɩɪɚɜɢɥɶɧɨɫɬɿ R

2=0,74. Ɋɟɡɭɥɶɬɚɬɢ ɩɨɲɭɤɭ ɞɥɹ 
GradientBoostingRegressor: n_estimators=120, learning_rate=0,15, max_depth=4. ɋɟɪɟɞɧє 
ɡɧɚɱɟɧɧɹ ɩɪɚɜɢɥɶɧɨɫɬɿ R

2=0,89. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɮɭɧɤɰɿʀ feature_importances_ ɦɨɞɟɥɿ 
GradientBoostingRegressor ɨɛɱɢɫɥɢɥɢ ɜɚɠɥɢɜɿɫɬɶ ɨɡɧɚɤ: Product - 0,19, Gas - 0,14, H - 0,12, 

H25 - 0,12, H19 - 0,10, H22 - 0,09, Water - 0,09, Stress - 0,08, Month - 0,03, Pump - 0,02, 

Paraffin - 0,02, Curv - 0,01. Ɂ ɪɢɫ. 1 ɩɨɦɿɬɧɨ, ɳɨ ɦɨɞɟɥɶ ɩɪɨɝɧɨɡɭє ɞɟɳɨ ɡɚɜɢɳɟɧɿ ɡɧɚɱɟɧɧɹ 
ɱɚɫɬɨɬɢ ɜɿɞɦɨɜ ɞɥɹ Kv<4, ɿ ɞɟɳɨ ɡɚɧɢɠɟɧɿ ɞɥɹ Kv>4. 

Ɋɨɡɝɥɹɧɭɬɚ ɬɚɤɨɠ ɡɚɞɚɱɚ ɛɿɧɚɪɧɨʀ ɤɥɚɫɢɮɿɤɚɰɿʀ. ɋɜɟɪɞɥɨɜɢɧɢ ɡ Kv<=4 ɜɿɞɧɟɫɟɧɨ ɞɨ 
ɤɥɚɫɭ ɧɢɡɶɤɨɚɜɚɪɿɣɧɢɯ ɫɜɟɪɞɥɨɜɢɧ (Kvcat=0), ɚ ɫɜɟɪɞɥɨɜɢɧɢ ɡ Kv>4 - ɞɨ ɜɢɫɨɤɨɚɜɚɪɿɣɧɢɯ 
(Kvcat=1). Ɍɚɤɢɦ ɱɢɧɨɦ ɨɬɪɢɦɚɧɨ ɩɪɢɛɥɢɡɧɨ ɡɛɚɥɚɧɫɨɜɚɧɿ ɤɥɚɫɢ ɡɚ ɤɿɥɶɤɿɫɬɸ ɜɿɞɦɨɜ. 
Ɂɧɚɣɞɟɧɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɧɚɣɤɪɚɳɨʀ ɦɨɞɟɥɿ RandomForestClassifier (n_estimators=121, 

max_depth=5) ɬɚ ɦɨɞɟɥɿ GradientBoostingClassifier (n_estimators=120, learning_rate=0,38, 

max_depth=5). 

ȼ ɬɚɛɥɢɰɿ 1 ɧɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɩɟɪɟɯɪɟɫɧɨʀ ɩɟɪɟɜɿɪɤɢ ɦɨɞɟɥɟɣ ɧɚ ɬɟɫɬɨɜɢɯ ɞɚɧɢɯ. 
ɀɢɪɧɢɦ ɜɢɞɿɥɟɧɿ ɦɚɬɪɢɰɿ ɩɨɦɢɥɨɤ ɪɨɡɦɿɪɨɦ 2x2. ȼ ɦɚɬɪɢɰɿ ɩɨɦɢɥɨɤ ɥɿɬɟɪɚ N ɨɡɧɚɱɚє 
ɤɥɚɫ Kvcat=0, ɥɿɬɟɪɚ P - ɤɥɚɫ Kvcat=1. Ʌɿɬɟɪɚ T ɨɡɧɚɱɚє, ɳɨ ɩɪɨɝɧɨɡ ɜɿɞɩɨɜɿɞɚє ɞɿɣɫɧɨɫɬɿ, ɚ 
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F - ɧɟ ɜɿɞɩɨɜɿɞɚє. ȼ ɹɤɨɫɬɿ ɩɨɤɚɡɧɢɤɚ ɹɤɨɫɬɿ ɦɨɞɟɥɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɩɪɚɜɢɥɶɧɿɫɬɶ 
)/()( FPFNTPTNTPTN  , ɬɨɱɧɿɫɬɶ )/( FPTPTP  , ɩɨɜɧɨɬɭ )/( FNTPTP  , F1-ɦɿɪɭ 

(ɫɟɪɟɞɧє ɝɚɪɦɨɧɿɱɧɟ ɬɨɱɧɨɫɬɿ ɿ ɩɨɜɧɨɬɢ) [1]. əɤɳɨ ɧɟɨɛɯɿɞɧɨ ɡɧɢɡɢɬɢ ɤɿɥɶɤɿɫɬɶ ɩɪɢɤɥɚɞɿɜ 
FN (ɫɜɟɪɞɥɨɜɢɧ, ɹɤɿ ɩɨɦɢɥɤɨɜɨ ɜɿɞɧɟɫɟɧɿ ɞɨ ɧɢɡɶɤɨɚɜɚɪɿɣɧɢɯ), ɬɨ ɜ ɹɤɨɫɬɿ ɩɨɤɚɡɧɢɤɚ 
ɹɤɨɫɬɿ ɦɨɞɟɥɿ ɫɥɿɞ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɨɜɧɨɬɭ. ɒɥɹɯɨɦ ɩɟɪɟɯɪɟɫɧɨʀ ɩɟɪɟɜɿɪɤɢ ɨɛɱɢɫɥɟɧɚ 
ɫɟɪɟɞɧɹ ɬɨɱɧɿɫɬɶ ɤɥɚɫɢɮɿɤɚɬɨɪɚ (ɩɥɨɳɚ ɩɿɞ ɤɪɢɜɨɸ ɬɨɱɧɨɫɬɿ-ɩɨɜɧɨɬɢ) 

RandomForestClassifier (0,94) ɬɚ GradientBoostingClassifier (0,99). ȼɚɠɥɢɜɿɫɬɶ ɨɡɧɚɤ ɞɥɹ 
GradientBoostingClassifier: Product - 0,09, H - 0,08, Gas - 0,07, Stress - 0,07, H25 - 0,06, H22 - 

0,06, Water - 0,05, H19 - 0,04, Pump - 0,01, Month - 0,01, Curv - 0,01, Paraffin - 0,01. 

 
Ɋɢɫ. 1  Ɋɟɚɥɶɧɿ Kv ɿ ɩɪɨɝɧɨɡɨɜɚɧɿ Kv' ɡɧɚɱɟɧɧɹ ɱɚɫɬɨɬɢ ɜɿɞɦɨɜ ɞɥɹ ɦɨɞɟɥɿ 

GradientBoostingRegressor: □ - ɦɟɞɿɚɧɚ; ɩɪɹɦɨɤɭɬɧɢɤ - 25%-75%; ɜɿɞɪɿɡɨɤ - 1%-99% 

Ɍɚɛɥɢɰɹ 1  ɋɟɪɟɞɧɿ ɡɧɚɱɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɩɟɪɟɯɪɟɫɧɨʀ ɩɟɪɟɜɿɪɤɢ ɦɨɞɟɥɟɣ 
RandomForestClassifier ɿ GradientBoostingClassifier ɧɚ ɬɟɫɬɨɜɢɯ ɞɚɧɢɯ 

  Ʉɥɚɫɢɮɿɤɨɜɚɧɨ ɹɤ     

Ɇɨɞɟɥɶ  0 1 Ɍɨɱɧɿɫɬɶ ɉɨɜɧɨɬɚ F1-ɦɿɪɚ ȼɫɶɨɝɨ 

RandomForest Ɏɚɤɬɢɱɧɨ 0 TN=51 FP=10 0,89 0,84 0,86 61 

Ɏɚɤɬɢɱɧɨ 1 FN=6 TP=46 0,82 0,88 0,85 52 

GradientBoosting Ɏɚɤɬɢɱɧɨ 0 TN=56 FP=4 0,95 0,93 0,94 60 

Ɏɚɤɬɢɱɧɨ 1 FN=3 TP=50 0,93 0,94 0,93 53 

ɉɨɦɿɬɧɨ, ɳɨ ɦɨɞɟɥɿ GradientBoosting ɜɨɥɨɞɿɸɬɶ ɞɟɳɨ ɜɢɳɨɸ ɩɪɚɜɢɥɶɧɿɫɬɸ (0,89 ɞɥɹ 
ɪɟɝɪɟɫɿʀ ɿ 0,94 ɞɥɹ ɤɥɚɫɢɮɿɤɚɰɿʀ) ɿ ʀɯ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɨɡɜɨɥɢɬɶ ɟɮɟɤɬɢɜɧɨ ɿɞɟɧɬɢɮɿɤɭɜɚɬɢ 
ɜɢɫɨɤɨɚɜɚɪɿɣɧɿ ɫɜɟɪɞɥɨɜɢɧɢ ɳɟ ɧɚ ɟɬɚɩɿ ɩɪɨɟɤɬɭɜɚɧɧɹ. 

ɋɩɢɫɨɤ ɩɨɫɢɥɚɧɶ 

1. Ɇɸɥɥɟɪ, Ⱥ. ȼɜɟɞɟɧɢɟ ɜ ɦɚɲɢɧɧɨɟ ɨɛɭɱɟɧɢɟ ɫ ɩɨɦɨɳɶɸ Python. Ɋɭɤɨɜɨɞɫɬɜɨ ɞɥɹ 
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ɆȿɌɈȾɂ ɌȺ ɌȿɏɇɈɅɈȽȱə ȱɇɌȿȽɊȺɐȱȲ ȼɂɊɈȻɇɂɑɂɏ ȾȺɇɂɏ  

ɋɭɱɚɫɧɟ ɩɪɨɦɢɫɥɨɜɟ ɜɢɪɨɛɧɢɰɬɜɨ ɭɫɩɿɲɧɨ ɜɢɤɨɪɢɫɬɨɜɭє ɿɧɬɟɝɪɨɜɚɧɿ ɿɧɮɨɪɦɚɰɿɣɧɿ 
ɫɢɫɬɟɦɢ ɜɢɪɨɛɧɢɱɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ: CAD/CAM/CAE, PDM, ERP ɬɚ ɿɧɲɿ. Ⱥɥɟ ʀɯ ɩɨɜɧɨɰɿɧɧɚ 
ɿɧɮɨɪɦɚɰɿɣɧɚ ɿɧɬɟɝɪɚɰɿɹ ɞɨ ɞɚɧɨɝɨ ɱɚɫɭ ɡɚɥɢɲɚєɬɶɫɹ ɹɤ ɧɚɭɤɨɜɨɸ, ɬɚɤ ɿ ɩɪɢɤɥɚɞɧɨɸ 
ɩɪɨɛɥɟɦɨɸ [1, 2]. 

ɉɪɨɜɿɞɧɿ ȱɌ-ɤɨɦɩɚɧɿʀ ɜɢɪɿɲɭɸɬɶ ɩɪɨɛɥɟɦɭ ɿɧɬɟɝɪɚɰɿʀ ɡɚɫɨɛɚɦɢ ɫɜɨєʀ PDM-ɫɢɫɬɟɦɢ, ɹɤɚ 
ɫɬɜɨɪɸє ɿɧɬɟɝɪɨɜɚɧɟ ɿɧɮɨɪɦɚɰɿɣɧɟ ɫɟɪɟɞɨɜɢɳɟ ɪɟɚɥɿɡɚɰɿʀ ɮɭɧɤɰɿɣ ɩɪɨɟɤɬɭɜɚɧɧɹ, 
ɭɩɪɚɜɥɿɧɧɹ, ɩɥɚɧɭɜɚɧɧɹ ɬɚ ɿɧɲɟ. Ⱥɥɟ ɤɨɧɤɪɟɬɧɟ ɩɿɞɩɪɢєɦɫɬɜɨ, ɹɤ ɩɪɚɜɢɥɨ, ɨɞɧɨɱɚɫɧɨ 
ɟɤɫɩɥɭɚɬɭє ɪɿɡɧɿ ɡɚ ɫɜɨʀɦ ɮɭɧɤɰɿɨɧɚɥɶɧɢɦ ɩɪɢɡɧɚɱɟɧɧɹɦ ɩɪɨɝɪɚɦɧɿ ɩɪɨɞɭɤɬɢ. Ɍɚɤɟ 
ɪɿɡɧɨɦɚɧɿɬɬɹ ɡɭɦɨɜɥɟɧɨ ɜɟɥɢɤɨɸ ɤɿɥɶɤɿɫɬɸ ɨɛ‘єɤɬɢɜɧɢɯ ɩɪɢɱɢɧ: ɨɛ‘єɞɧɚɧɧɹɦ ɤɨɦɩɚɧɿɣ, 
ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɪɿɡɧɿ ɿɧɮɨɪɦɚɰɿɣɧɿ ɫɢɫɬɟɦɢ, ɡɧɚɱɧɨɸ ɜɚɪɬɿɫɬɸ ɫɭɱɚɫɧɢɯ ɜɢɪɨɛɿɜ, 
ɪɿɡɧɨɸ ɜɚɪɬɿɫɬɸ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ, ɬɨɳɨ. 

ɉɪɨɛɥɟɦɧɿ ɩɢɬɚɧɧɹ ɿɧɬɟɝɪɚɰɿʀ ɿ ɧɟɭɡɝɨɞɠɟɧɨɫɬɿ ɞɚɧɢɯ ɭ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦɚɯ 
ɜɢɪɨɛɧɢɱɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɜɢɧɢɤɚɸɬɶ ɬɚɤɨɠ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɜɥɚɫɧɢɯ ɩɪɨɝɪɚɦɧɢɯ 
ɪɨɡɪɨɛɨɤ ɫɩɟɰɿɚɥɿɫɬɿɜ ɩɿɞɩɪɢєɦɫɬɜ. ȼɢɤɨɪɢɫɬɚɧɧɹ API-ɿɧɬɟɪɮɟɣɫɿɜ ɿ ɭɧɿɜɟɪɫɚɥɶɧɢɯ 
ɮɨɪɦɚɬɿɜ ɞɚɧɢɯ ɧɟ ɡɚɜɠɞɢ ɪɟɚɥɿɡɭɸɬɶ ɧɚɞɿɣɧɭ ɿɧɬɟɝɪɚɰɿɸ ɞɚɧɢɯ. Ɍɨɛɬɨ ɧɟɨɛɯɿɞɧɿ ɧɨɜɿ 
ɧɚɭɤɨɜɿ ɣ ɩɪɨɟɤɬɧɿ ɪɿɲɟɧɧɹ ɡ ɿɧɬɟɝɪɚɰɿʀ ɞɚɧɢɯ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ ɜɢɪɨɛɧɢɱɨɝɨ 
ɩɪɢɡɧɚɱɟɧɧɹ. 

Ɍɚɤɿ ɪɨɡɪɨɛɧɢɤɢ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ ɜɢɪɨɛɧɢɱɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ, ɹɤ, ɧɚɩɪɢɤɥɚɞ, 
Dassault Systemes (Ɏɪɚɧɰɿɹ) ɬɚ Siemens PLM Software (ɇɿɦɟɱɱɢɧɚ) ɬɨɳɨ, ɹɤ ɩɪɚɜɢɥɨ, 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɞɟɤɿɥɶɤɚ ɪɿɡɧɢɯ ɦɟɬɨɞɿɜ ɩɪɢ ɿɧɬɟɝɪɚɰɿʀ ɞɚɧɢɯ ɫɜɨʀɯ ɫɢɫɬɟɦ. Ⱦɥɹ ɞɿɸɱɢɯ 
ɩɪɨɦɢɫɥɨɜɢɯ ɩɿɞɩɪɢєɦɫɬɜ (ɨɫɨɛɥɢɜɨ ɞɢɫɤɪɟɬɧɨɝɨ ɬɢɩɭ – ɦɚɲɢɧɨɛɭɞɿɜɧɢɯ, ɚɜɿɚɰɿɣɧɢɯ 
ɬɨɳɨ) ɧɟɨɛɯɿɞɧɿ ɧɨɜɿ ɪɿɲɟɧɧɹ, ɹɤɿ ɛɚɡɭɜɚɬɢɦɭɬɶɫɹ ɧɚ ɫɩɿɥɶɧɨɦɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɛɿɥɶɲɨɫɬɿ 
ɦɟɬɨɞɿɜ ɿɧɬɟɝɪɚɰɿʀ, ɳɨ ɧɟ ɫɭɩɟɪɟɱɢɬɶ ɛɚɡɨɜɢɦ ɜɢɦɨɝɚɦ ɨɪɝɚɧɿɡɚɰɿʀ ɜɡɚєɦɨɞɿʀ ɬɚ 
ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɿɫɧɭɸɱɢɯ (ɜɩɪɨɜɚɞɠɟɧɢɯ) ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ ɜɢɪɨɛɧɢɱɨɝɨ 
ɩɪɢɡɧɚɱɟɧɧɹ [3]. 

Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɬɚɤɨʀ ɫɢɫɬɟɦɧɨʀ ɿɧɬɟɝɪɚɰɿʀ ɫɬɜɨɪɸɸɬɶɫɹ ɩɪɨɝɪɚɦɧɿ ɡɚɫɨɛɢ ɫɢɫɬɟɦɢ 
ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɩɿɞɬɪɢɦɤɢ (ɋȱɉ) ɿɧɬɟɝɪɚɰɿʀ ɨɬɪɢɦɚɧɢɯ ɩɪɨɟɤɬɧɢɯ ɬɚ ɜɢɪɨɛɧɢɱɢɯ ɪɿɲɟɧɶ, ɹɤɿ 
ɞɨɡɜɨɥɹɸɬɶ ɡɞɿɣɫɧɸɜɚɬɢ ɨɛɦɿɧ ɞɚɧɢɦɢ ɡ ɦɨɠɥɢɜɿɫɬɸ ɤɨɧɬɪɨɥɸ ɬɚ ɤɨɪɟɤɰɿʀ ɬɪɚɧɫɥɶɨɜɚɧɢɯ 
ɞɚɧɢɯ ɧɚ ɨɫɧɨɜɿ ɜɢɯɿɞɧɢɯ ɫɬɪɭɤɬɭɪɧɢɯ ɨɩɢɫɿɜ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɨɯɢɛɤɢ ɩɨɛɭɞɨɜɢ ɬɚ 
ɜɿɞɨɛɪɚɠɟɧɧɹ ɞɚɧɢɯ, ɳɨ ɩɟɪɟɞɚɸɬɶɫɹ ɬɚ ɩɿɞɬɪɢɦɭɸɬɶ ɿɧɬɟɝɪɚɰɿɸ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ 
ɬɟɯɧɿɱɧɨʀ ɩɿɞɝɨɬɨɜɤɢ  ɿ ɜɢɝɨɬɨɜɥɟɧɧɹ ɜɢɪɨɛɿɜ. 

Ⱥɜɬɨɪɚɦɢ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɧɨɜɢɣ ɫɩɨɫɿɛ ɿɧɬɟɝɪɚɰɿʀ ɞɚɧɢɯ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ 
ɜɢɪɨɛɧɢɱɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɬɚ ɞɚɧɢɯ, ɹɤɿ ɝɟɧɟɪɭɸɬɶ ɩɿɞɫɢɫɬɟɦɢ ɪɟɚɥɿɡɚɰɿʀ ɪɨɡɪɨɛɥɟɧɢɯ 
ɦɟɬɨɞɿɜ ɩɪɢɣɧɹɬɬɹ ɨɩɬɢɦɚɥɶɧɢɯ ɩɪɨɟɤɬɧɢɯ ɬɚ ɜɢɪɨɛɧɢɱɢɯ ɪɿɲɟɧɶ, ɪɟɚɥɿɡɨɜɚɧɢɯ ɧɚ ɛɚɡɿ 
ɭɧɿɜɟɪɫɚɥɶɧɨʀ PDɆ-ɫɢɫɬɟɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɿɠɦɨɞɭɥɶɧɢɯ ɩɪɨɝɪɚɦɧɢɯ ɿɧɬɟɪɮɟɣɫɿɜ. 
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