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ʀʄʀʊɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ: 

ʉʆʉʊʆʗʅʀɽ ʆɹʃɸʉʊʀ ʅɸ 2015 ɻʆɼ, ʊɽʅɼɽʅʎʀʀ ʀ ʇʈʆɻʅʆɿ 

Ȭəɐɜɑɕ ȭɚɜɥɑɎ 

ȶɚɘɛɌəɔɫ AnyLogic  

anylogic .ru  

 

ȸɧ ɚɏɜɌəɔɣɔɘ əɌɤ ɚɍɓɚɜ ɛɜɔɘɑəɑəɔɑɘ ɔɘɔɞɌɢɔɚəəɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ (ȴȸ) Ɏ 

ɚɍɗɌɝɞɔ ɍɔɓəɑɝɌ ɔ əɑɖɚɞɚɜɧɘɔ əɌɟɣəɧɘɔ ɛɜɔɘɑəɑəɔɫɘɔ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ 

ɔəɝɞɜɟɘɑəɞɚɎ ɚɍɥɑɏɚ əɌɓəɌɣɑəɔɫ. ȻɜɚɔɓɎɚɐɝɞɎɚ, ɗɚɏɔɝɞɔɖɌ, ɢɑɛɚɣɖɔ ɛɚɝɞɌɎɚɖ, 

ɝɠɑɜɌ ɟɝɗɟɏ, ɛɚɞɜɑɍɔɞɑɗɨɝɖɔɕ ɜɧəɚɖ, ɟɛɜɌɎɗɑəɔɑ ɌɖɞɔɎɌɘɔ ɔ ɛɜɚɑɖɞɌɘɔ, HR, 

ɝɚɢɔɌɗɨəɌɫ ɐɔəɌɘɔɖɌ, ɓɐɜɌɎɚɚɡɜɌəɑəɔɑ ð ɩɞɚ əɌɤɌ ɞɑɘɌ. Ȭ ɔəɒɑəɑɜəɧɑ ɔ 

əɌɟɣəɧɑ ɛɜɔɘɑəɑəɔɫ ȴȸ, ɞɜɑɍɟɪɥɔɑ ɝɛɑɢɔɌɗɨəɧɡ ɘɑɞɚɐɚɎ ɔ ɔəɝɞɜɟɘɑəɞɚɎ, 

əɌɛɜɔɘɑɜ, ɘɚɐɑɗɔɜɚɎɌəɔɑ Ɏ ɌɩɜɚɐɔəɌɘɔɖɑ, ɡɔɘɔɔ, ɘɑɞɑɚɜɚɗɚɏɔɔ, ɘɑɡɌəɔɖɑ ɔ 

ɞɚɘɟ ɛɚɐɚɍəɧɑ ɘɧ ɚɝɞɌɎɗɫɑɘ ɓɌ ɖɌɐɜɚɘ. Ȼɚɛɟɞəɚ ɓɌɘɑɞɔɘ, ɣɞɚ ɛɜɔɗɚɒɑəɔɫ ȴȸ 

ɐɗɫ ɘɌɝɝɚɎɚɏɚ ɣɌɝɞəɚɏɚ ɛɚɞɜɑɍɔɞɑɗɫ (ɑɝɗɔ əɑ ɍɜɌɞɨ Ɏ ɜɌɝɣɬɞ ɔɏɜɚɎɧɑ ɐɎɔɒɖɔ) 

ɌɎɞɚɜɟ əɑɔɓɎɑɝɞəɧ. 

Ȯ ɝɞɌɞɨɑ ɑɝɞɨ ɠɌɖɞɧ, Ɍ ɞɌɖɒɑ ɑɝɞɨ ɛɜɑɐɛɚɗɚɒɑəɔɫ ɔ ɐɚɏɌɐɖɔ. Ȼɜɚɏəɚɓ ɜɌɓɎɔɞɔɫ 

ɚɍɗɌɝɞɔ ð əɑ ɚɐəɚɓəɌɣəɚ ɛɚɓɔɞɔɎəɧɕ. 

ʀʄ ï ʤʘʣʝʥʴʢʠʡ ʤʠʨ 

Ɂɚɞɔɘ ɘɧ ɩɞɚɏɚ ɔɗɔ əɑɞ, əɚ ɘɧ ɐɚɗɒəɧ ɛɜɔɓəɌɞɨ, ɣɞɚ əɌ ɝɑɏɚɐəɫɤəɔɕ ɐɑəɨ ɘɔɜ 

ȴȸ ð ɘɌɗɑəɨɖɔɕ ɘɔɜ. ȸɌɗɑəɨɖɔɕ, ɛɜɑɒɐɑ Ɏɝɑɏɚ, ɛɚ ɖɚɗɔɣɑɝɞɎɟ ɗɪɐɑɕ, ɖɚɞɚɜɧɑ 

ɩɞɔɘ ɓɌəɔɘɌɪɞɝɫ. ȸɌɗɑəɨɖɔɕ (ɍɚɗɑɑ ɞɚɏɚ, ɖɌɖ ɘɧ ɟɎɔɐɔɘ, ɝɚɖɜɌɥɌɪɥɔɕɝɫ) ɛɚ 

ɖɚɗɔɣɑɝɞɎɟ ɔəɝɞɜɟɘɑəɞɚɎ ɐɗɫ ɝɚɓɐɌəɔɫ ɘɚɐɑɗɑɕ. ȸɌɗɑəɨɖɔɕ ɛɚ ɜɚɗɔ Ɏ 

ɑɒɑɐəɑɎəɚɘ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɫ ɍɔɓəɑɝɌ. ȴȸ-ɖɚɘɛɚəɑəɞɧ əɑɣɌɝɞɚ ɫɎɗɫɪɞɝɫ 

ɖɜɔɞɔɣɑɝɖɔɘɔ (mission -critical) ɣɌɝɞɫɘɔ IT-ɔəɠɜɌɝɞɜɟɖɞɟɜɧ ɖɚɘɛɌəɔɔ, ɚəɔ əɑ 

Ɏɖɗɪɣɑəɧ Ɏ ERP, CRM, WMS ɔ ɔɘ ɛɚɐɚɍəɧɑ ɒɔɓəɑəəɚ ɎɌɒəɧɑ ɝɔɝɞɑɘɧ 

ɚɛɑɜɌɞɔɎəɚɏɚ ɟɜɚɎəɫ. Ȼɜɚ ȴȸ ɏɚɎɚɜɫɞ nice to have, not must have  (ɡɚɜɚɤɚ, əɚ 

əɑɚɍɫɓɌɞɑɗɨəɚ). ȴȸ ɔəɚɏɐɌ ɔɝɛɚɗɨɓɟɑɞɝɫ əɌ ɛɚɝɞɚɫəəɚɕ ɚɝəɚɎɑ ɐɗɫ ɛɜɔəɫɞɔɫ 

ɚɛɑɜɌɞɔɎəɧɡ ɜɑɤɑəɔɕ, əɚ əɑ ɫɎɗɫɑɞɝɫ ɝɞɌəɐɌɜɞɚɘ, ɚɍɧɣəɚ ɝɟɥɑɝɞɎɟɪɞ 

ɟɛɜɚɥɬəəɧɑ ɌəɌɗɔɞɔɣɑɝɖɔɑ ɌɗɨɞɑɜəɌɞɔɎɧ. ɄɞɌɞəɚɑ ɜɌɝɛɔɝɌəɔɑ ɖɚɘɛɌəɔɕ, 

Ɏɚɓɨɘɬɘ ɝɜɑɐəɔɡ ɔ ɖɜɟɛəɧɡ, ɛɜɑɐɛɚɗɌɏɌɑɞ IT-ɐɔɜɑɖɞɚɜɌ, ɝɛɑɢɔɌɗɔɝɞɚɎ ɛɚ ERP, 

CRM, Ɏɚɓɘɚɒəɚ, ɜɌɓəɚɚɍɜɌɓəɧɡ OR-ɌəɌɗɔɞɔɖɚɎ. ȽɛɑɢɔɌɗɔɝɞɚɎ ɛɚ ȴȸ ɛɚ 

ɟɘɚɗɣɌəɔɪ ɞɌɘ əɑɞ. 

ȾɑɖɟɥɌɫ ɜɚɗɨ ȴȸ ð ɛɚɘɚɥɨ ɛɜɔ ɛɗɌəɔɜɚɎɌəɔɔ ɔɓɘɑəɑəɔɕ, ɚɛɞɔɘɔɓɌɢɔɫ, 

ɝɜɌɎəɑəɔɑ ɌɗɨɞɑɜəɌɞɔɎ, ɛɜɚɑɖɞɔɜɚɎɌəɔɑ əɚɎɚɏɚ, ɞɚ ɑɝɞɨ ɝɞɜɌɞɑɏɔɣɑɝɖɔɕ ɔ 

ɞɌɖɞɔɣɑɝɖɔɕ ɟɜɚɎɑəɨ. ȳɐɑɝɨ ȴȸ ɐɑɕɝɞɎɔɞɑɗɨəɚ ɘɚɒɑɞ ɛɚɘɚɣɨ ɓəɌɣɔɞɑɗɨəɚ 

ɛɚɎɧɝɔɞɨ ɩɠɠɑɖɞɔɎəɚɝɞɨ, ɝɩɖɚəɚɘɔɞɨ ɝɟɥɑɝɞɎɑəəɧɑ ɐɑəɨɏɔ ɔɗɔ ɐɌɒɑ 

ɛɜɑɐɟɛɜɑɐɔɞɨ ɖɌɞɌɝɞɜɚɠɔɣɑɝɖɔɑ ɛɚɝɗɑɐɝɞɎɔɫ ɚɤɔɍɚɣəɧɡ ɜɑɤɑəɔɕ. ȹɚ: ɚɞɝɪɐɌ 

ɛɜɚɑɖɞəɌɫ, ɞɚ ɑɝɞɨ ɩɛɔɓɚɐɔɣɑɝɖɌɫ, əɑɛɚɝɞɚɫəəɌɫ ɛɜɌɖɞɔɖɌ ɑɏɚ ɛɜɔɘɑəɑəɔɫ. 

ȺɞɝɪɐɌ ɔ ɑɐɔəɝɞɎɑəəɚ ɘɌɝɝɚɎɧɕ ɞɔɛ ɛɚɗɨɓɚɎɌɞɑɗɫ ɔəɝɞɜɟɘɑəɞɚɎ ȴȸ ð ɩɞɚ 

ɖɚəɝɟɗɨɞɌəɞ. Ⱦɚ ɑɝɞɨ ɣɑɗɚɎɑɖ, ɚɍɗɌɐɌɪɥɔɕ ɜɑɐɖɔɘɔ ɩɖɝɛɑɜɞəɧɘɔ ɓəɌəɔɫɘɔ Ɏ 

əɑɖɚɕ ɞɑɡəɚɗɚɏɔɔ, ɖɚɞɚɜɧɑ Ɏɜɑɘɫ ɚɞ Ɏɜɑɘɑəɔ ɞɜɑɍɟɪɞɝɫ ɜɌɓɗɔɣəɧɘ ɍɔɓəɑɝ-

ɖɗɔɑəɞɌɘ. ɄɞɌɞəɧɑ ɜɌɓɜɌɍɚɞɣɔɖɔ ɘɚɐɑɗɑɕ Ɏ ɍɚɗɨɤɔɡ ɖɚɘɛɌəɔɫɡ ɞɔɛɌ GE ɔɗɔ 

Ford ð ɞɑ ɒɑ ɖɚəɝɟɗɨɞɌəɞɧ, ɞɚɗɨɖɚ Ɏəɟɞɜɑəəɔɑ. 
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Ƚɖɚɗɨɖɚ ɒɑ Ɏ ɘɔɜɑ ɗɪɐɑɕ, ɛɜɚɠɑɝɝɔɚəɌɗɨəɚ ɝɞɜɚɫɥɔɡ ȴȸ? ȺɠɔɢɔɌɗɨəɧɡ 

ɔɝɝɗɑɐɚɎɌəɔɕ əɌ ɩɞɟ ɞɑɘɟ əɑɞ, ɛɚɩɞɚɘɟ Ɏ əɌɤɑɘ ɜɌɝɛɚɜɫɒɑəɔɔ ɞɚɗɨɖɚ 

əɑɛɜɫɘɧɑ ɘɑɞɚɐɧ ɚɢɑəɖɔ, əɌɛɜɔɘɑɜ, ɞɌɖɔɑ: 

¶ ȼɌɓɘɑɜ ɛɜɚɠɑɝɝɔɚəɌɗɨəɧɡ ɏɜɟɛɛ Ɏ LinkedIn  

¶ ȶɚɗɔɣɑɝɞɎɚ ɟɣɌɝɞəɔɖɚɎ ɖɚəɠɑɜɑəɢɔɕ ɛɚ ȴȸ 

¶ ȶɚɗɔɣɑɝɞɎɚ ɌɖɞɔɎəɧɡ ɗɔɢɑəɓɔɕ əɌ ɔəɝɞɜɟɘɑəɞɧ ȴȸ 

ȻɜɚɝɞɌɫ ɝɟɘɘɌ ɟɣɌɝɞəɔɖɚɎ ɏɜɟɛɛ LinkedIn  ɛɚ ɘɚɐɑɗɔɜɚɎɌəɔɪ Ɏ ɜɌɓɗɔɣəɧɡ 

ɔəɝɞɜɟɘɑəɞɌɡ ȴȸ (ɝɘ. ȼɔɝ. 1) ɐɌɬɞ əɌɘ 9,000 ɣɑɗɚɎɑɖ. Ȼɜɔ ɩɞɚɘ əɌɐɚ ɛɚəɔɘɌɞɨ, 

ɣɞɚ ɘəɚɏɔɑ ɜɌɓɜɌɍɚɞɣɔɖɔ ɛɚɗɨɓɟɪɞɝɫ ɔɗɔ, ɡɚɞɫ ɍɧ, ɔəɞɑɜɑɝɟɪɞɝɫ, ɐɎɟɘɫ ɔ ɍɚɗɑɑ 

ɔəɝɞɜɟɘɑəɞɌɘɔ. Ȼɗɪɝ, Ɏ ɏɜɟɛɛɑ ɑɝɞɨ ɝɞɟɐɑəɞɧ ɔ ɌɝɛɔɜɌəɞɧ, əɌɘ ɝɑɕɣɌɝ 

əɑɔəɞɑɜɑɝəɧɑ. ȶɚɗɔɣɑɝɞɎɚ ɟɛɚɘɔəɌəɔɕ ɎɗɌɐɑəɔɑɘ ɜɌɓɗɔɣəɧɘɔ ɔəɝɞɜɟɘɑəɞɌɘɔ 

ȴȸ ɞɌɖɚɎɚ: Arena  ð 133,000  (ɩɞɚ, Ɏɔɐɔɘɚ, ɝɞɚɛɜɚɢɑəɞəɚɑ ɛɜɚəɔɖəɚɎɑəɔɑ Arena  

Ɏ ɟəɔɎɑɜɝɔɞɑɞɧ), Ɏɝɑ ɚɝɞɌɗɨəɧɑ Ɏ ɝɟɘɘɑ ð 14,000.  

 

ȼɔɝ. 1. ȼɌɓɘɑɜ ɏɜɟɛɛ LinkedIn  ɛɚ ɔəɝɞɜɟɘɑəɞɌɘ ȴȸ 

Ƀɞɚ ɖɌɝɌɑɞɝɫ ɖɚəɠɑɜɑəɢɔɕ, ɞɚ ɚɝəɚɎəɌɫ ɘɑɒɐɟəɌɜɚɐəɌɫ ɖɚəɠɑɜɑəɢɔɫ 

ɜɌɓɜɌɍɚɞɣɔɖɚɎ ɘɚɐɑɗɑɕ ɝ ɠɚɖɟɝɚɘ əɌ ɐɔɝɖɜɑɞəɚ-ɝɚɍɧɞɔɕəɚɑ ɔ, ɛɚɝɗɑɐəɔɑ 

əɑɝɖɚɗɨɖɚ ɗɑɞ, ɑɥɬ ɔ əɌ Ɍɏɑəɞəɚɑ ɘɚɐɑɗɔɜɚɎɌəɔɑ ð Winter  Simulation  Conference  

(WSC) [1] ð ɟɒɑ ɘəɚɏɚ ɗɑɞ ɝɚɍɔɜɌɑɞ əɑ ɍɚɗɑɑ 500-700 ɣɑɗɚɎɑɖ (ȼɔɝ. 2) ɔ əɑ ɜɌɝɞɬɞ. 

International  System  Dynamics  Conference  [2] ɐɑɜɒɔɞɝɫ əɌ ɟɜɚɎəɑ 250 

ɟɣɌɝɞəɔɖɚɎ ɔ ɛɚɝɑɥɌɑɘɚɝɞɨ ɑɬ ɛɚɝɞɑɛɑəəɚ ɛɌɐɌɑɞ. Ƀɞɚ ɔ əɑɟɐɔɎɔɞɑɗɨəɚ, ɑɝɗɔ 

ɛɜɔəɫɞɨ Ɏɚ ɎəɔɘɌəɔɑ ɓɌɖɜɧɞɧɕ, ɛɚɣɞɔ ɝɑɖɞɌəɞɝɖɔɕ ɡɌɜɌɖɞɑɜ ɝɚɚɍɥɑɝɞɎɌ. Ȯ 

ȱɎɜɚɛɑ əɑɞ ɢɑəɞɜɌɗɨəɚɕ ɖɚəɠɑɜɑəɢɔɔ ɔɗɔ ɎɧɝɞɌɎɖɔ ɛɚ əɌɤɑɘɟ əɌɛɜɌɎɗɑəɔɪ. 

ȹɌɔɍɚɗɑɑ ɓɌɘɑɞəɚɑ ɝɚɍɧɞɔɑ ð ɖɚəɠɑɜɑəɢɔɫ ASIM  [4] ð əɑɘɑɢɖɚɫɓɧɣəɚɏɚ 

ɝɚɚɍɥɑɝɞɎɌ ȴȸ. Ȯ 2015 ɏɚɐɟ ɚəɌ ɝɚɍɜɌɗɌ ɚɖɚɗɚ 300 ɣɑɗɚɎɑɖ. ȱɎɜɚɛɑɕɝɖɔɕ 

ɖɚəɏɜɑɝɝ EUROSIM  [3] Ɏɚɚɍɥɑ ɟɛɌɗ Ɏ 2013 ɏ. ɐɚ 109. 
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ȼɔɝ. 2. ȻɚɝɑɥɌɑɘɚɝɞɨ WSC, ISDC , EUROSIM  [4,5,6 ] 

Ȱɗɫ ɝɜɌɎəɑəɔɫ, ɚɐəɌ ɞɚɗɨɖɚ ɖɚəɠɑɜɑəɢɔɫ INFORMS  Annual  Meeting  [5] , 

ɛɚɝɎɫɥɬəəɌɫ, Ɏ ɚɝəɚɎəɚɘ, əɑɔɘɔɞɌɢɔɚəəɧɘ ɌəɌɗɔɞɔɣɑɝɖɔɘ ɘɑɞɚɐɌɘ, ɞɌɖɔɘ 

ɖɌɖ ɘɌɞɑɘɌɞɔɣɑɝɖɚɑ ɘɚɐɑɗɔɜɚɎɌəɔɑ, ɝɞɌɞɔɝɞɔɣɑɝɖɔɕ ɌəɌɗɔɓ, ɗɔəɑɕəɚɑ 

ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɑ (LP), ɘɌɞɑɘɌɞɔɣɑɝɖɌɫ ɚɛɞɔɘɔɓɌɢɔɫ, ɝɚɍɔɜɌɑɞ ɑɒɑɏɚɐəɚ 

4,000 -5,000 ɞɧɝɫɣ ɣɑɗɚɎɑɖ. ȼɌɝɛɜɚɝɞɜɌəɬəəɚɝɞɨ ȴȸ ɚɞəɚɝɔɞɑɗɨəɚ ɐɜɟɏɔɡ 

ɘɑɞɚɐɚɎ ɘɚɐɑɗɔɜɚɎɌəɔɫ ɔ ɌəɌɗɔɓɌ ɐɚɗɒəɌ Ɏɧɏɗɫɐɑɞɨ ɛɜɔɘɑɜəɚ ɞɌɖ, ɖɌɖ 

ɛɚɖɌɓɌəɚ əɌ ȼɔɝ. 3. ȱɝɞɑɝɞɎɑəəɚ, ɩɞɚ ɖɌɣɑɝɞɎɑəəɌɫ ɚɢɑəɖɌ.  

 

ȼɔɝ. 3. ȽɜɌɎəɔɞɑɗɨəɌɫ ɜɌɝɛɜɚɝɞɜɌəɬəəɚɝɞɨ ɘɑɞɚɐɚɎ ɘɚɐɑɗɔɜɚɎɌəɔɫ ɔ ɌəɌɗɔɓɌ 

ȭɧɗ ɟɛɚɘɫəɟɞ ɑɥɬ ɚɐɔə əɑɛɜɫɘɚɕ ɘɑɞɚɐ ɚɢɑəɖɔ ɜɌɓɘɑɜɌ əɌɤɑɏɚ 

ɛɜɚɠɑɝɝɔɚəɌɗɨəɚɏɚ ɝɚɚɍɥɑɝɞɎɌ ð ɖɚɗɔɣɑɝɞɎɚ ɌɖɞɔɎəɧɡ ɛɚɗɨɓɚɎɌɞɑɗɑɕ 

ɔəɝɞɜɟɘɑəɞɚɎ ȴȸ. ɉɞɌ ɔəɠɚɜɘɌɢɔɫ, ɖɚəɑɣəɚ ɒɑ, ɓɌɖɜɧɞɌ, ɞɌɖ ɣɞɚ ɔɞɚɏɚɎɌɫ 

ɢɔɠɜɌ əɔɒɑ ð ɜɑɓɟɗɨɞɌɞ ɝɚɛɚɝɞɌɎɗɑəɔɫ ɐɌəəɧɡ LinkedIn , ɖɚəɠɑɜɑəɢɔɕ, òɐɚɗɑɕ 

ɜɧəɖɌó (ɚ əɔɡ əɔɒɑ), ɔəɝɌɕɐɑɜɝɖɚɕ ɔəɠɚɜɘɌɢɔɔ ɌɎɞɚɜɌ ɔ ɣɌɝɞəɧɡ ɜɌɓɏɚɎɚɜɚɎ ɝ 

ɐɜɟɏɔɘɔ ɎɑəɐɚɜɌɘɔ. 

ȴɞɌɖ, ɝɟɐɫ ɛɚ Ɏɝɑɘɟ, ɢɔɠɜɌ Ɏ 15,000 ɣɑɗɚɎɑɖ ɍɟɐɑɞ əɑɛɗɚɡɚɕ ɚɢɑəɖɚɕ ɐɗɫ 

ɣɔɝɗɌ ɛɜɚɠɑɝɝɔɚəɌɗɨəɧɡ ɜɌɓɜɌɍɚɞɣɔɖɚɎ ɘɚɐɑɗɑɕ Ɏ ɘɔɜɑ əɌ ɝɑɏɚɐəɫɤəɔɕ ɐɑəɨ. 

ȱɝɞɑɝɞɎɑəəɚ, ɘɧ əɑ ɟɣɔɞɧɎɌɑɘ ɓɐɑɝɨ ɝɞɟɐɑəɞɚɎ, ɝɞɜɚɫɥɔɡ ɘɚɐɑɗɔ Ɏ ɜɌɘɖɌɡ 

ɝɎɚɔɡ ɟɣɑɍəɧɡ ɛɜɚɏɜɌɘɘ. 15,000 ð ɩɞɚ ɚɣɑəɨ ɘɌɗɚ. Ȼɚɣɑɘɟ əɌɝ ɞɌɖ ɘɌɗɚ ð 

ɟɎɔɐɔɘ ɛɚɓɒɑ. 
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ʈʳʥʦʢ ʠʥʩʪʨʫʤʝʥʪʦʚ ʀʄ ʠ ʨʳʥʦʢ ʢʦʥʩʘʣʪʠʥʛʘ 

Ƚɖɚɗɨɖɚ ɐɑəɑɏ Ɏ ɏɚɐ ɞɜɌɞɫɞ ɖɚɘɛɌəɔɔ ɔ ɏɚɝɟɣɜɑɒɐɑəɔɫ əɌ ɗɔɢɑəɓɔɔ ɔ 

ɛɚɐɐɑɜɒɖɟ ɔəɝɞɜɟɘɑəɞɚɎ ȴȸ ɔ ɖɌɖ ɩɞɔ ɐɑəɨɏɔ ɜɌɝɛɜɑɐɑɗɫɪɞɝɫ ɘɑɒɐɟ 

ɎɑəɐɚɜɌɘɔ? ȬəɌɗɔɞɔɖɔ ɞɔɛɌ Gartner  ɚɍɡɚɐɫɞ əɌɤɟ ɚɍɗɌɝɞɨ ɝɞɚɜɚəɚɕ ɎɎɔɐɟ 

ɛɚɣɞɔ əɔɣɞɚɒəɚɏɚ, ɛɚ ɔɡ ɘɑɜɖɌɘ, ɜɌɓɘɑɜɌ ɜɧəɖɌ. Ȯɝɑ ɛɜɚɔɓɎɚɐɔɞɑɗɔ 

ɔəɝɞɜɟɘɑəɞɚɘ ȴȸ (Ɏɑəɐɚɜɧ, vendors ) ð əɑɍɚɗɨɤɔɑ ɣɌɝɞəɧɑ ɖɚɘɛɌəɔɔ, ɛɚɩɞɚɘɟ 

ɐɌəəɧɑ ɚɍ ɔɡ Ɏɧɜɟɣɖɑ ɓɌɖɜɧɞɧ. (ȴɝɖɗɪɣɑəɔɫɘɔ ɫɎɗɫɪɞɝɫ Rockwell  Automation , 

Siemens  ɔ Applied  Materials , ɎɗɌɐɑɪɥɔɑ, ɝɚɚɞɎɑɞɝɞɎɑəəɚ Arena , Plant  Simulation  

ɔ AutoMod , əɚ ɐɚɡɚɐɧ ɚɞ ɛɜɚɐɌɒɔ ɩɞɔɡ ɛɜɚɐɟɖɞɚɎ, ɖɚəɑɣəɚ ɒɑ, ɓɌəɔɘɌɪɞ ɞɌɘ 

ɘɌɜɏɔəɌɗɨəɧɑ ɐɚɗɔ.) ȭɚɗɑɑ ɞɚɏɚ, ɣɌɝɞɚ ɖɚɘɛɌəɔɔ-Ɏɑəɐɚɜɧ ɛɌɜɌɗɗɑɗɨəɚ 

ɓɌəɔɘɌɪɞɝɫ ɔ ɖɚəɝɌɗɞɔəɏɚɘ, ɞɌɖ ɣɞɚ Ɏɧɐɑɗɔɞɨ ɣɔɝɞɟɪ Ɏɧɜɟɣɖɟ ɚɞ ɛɜɚɐɌɒɔ 

ɗɔɢɑəɓɔɕ ɍɑɓ ɔəɝɌɕɐɑɜɝɖɚɕ ɔəɠɚɜɘɌɢɔɔ əɑɎɚɓɘɚɒəɚ.  

Ȯ ɞɑɣɑəɔɑ ɛɚɝɗɑɐəɑɏɚ ɏɚɐɌ ɌɎɞɚɜ ɚɍɝɟɒɐɌɗ ɜɌɓɘɑɜ ɜɧəɖɌ ɝ ɎɑəɐɚɜɌɘɔ ɐɜɟɏɔɡ 

ɛɜɚɐɟɖɞɚɎ. ȸəɑəɔɫ ɜɌɝɡɚɐɫɞɝɫ, əɚ Ɏ ɗɪɍɚɘ ɝɗɟɣɌɑ ɛɚɗɟɣɌɑɞɝɫ ɎɑɝɨɘɌ ɝɖɜɚɘəɌɫ 

ɢɔɠɜɌ Ɏ ɜɌɕɚəɑ 30 -50 ɘɗə ɐɚɗɗɌɜɚɎ. 

Ȱɗɫ ɚɢɑəɖɔ ɐɚɗɑɕ ɜɧəɖɌ (market  shares ) Ɏ əɌɤɑɘ ɜɌɝɛɚɜɫɒɑəɔɔ ɞɌɖɒɑ 

ɖɚɝɎɑəəɧɑ ɘɑɞɚɐɧ. Ȼɚɘɔɘɚ ɟɒɑ ɛɜɔɎɑɐɬəəɧɡ ɢɔɠɜ ɛɚ ɜɌɓɘɑɜɟ ɏɜɟɛɛ Ɏ 

LinkedIn , ɘɧ ɘɚɒɑɘ ɛɚɝɣɔɞɌɞɨ, ɝɖɚɗɨɖɚ ɜɑɌɗɨəɧɡ ɛɜɚɑɖɞɚɎ (case studies ), 

Ɏɧɛɚɗəɑəəɧɡ əɌ ɜɌɓɗɔɣəɧɡ ɔəɝɞɜɟɘɑəɞɌɡ, ɚɛɟɍɗɔɖɚɎɌəɚ Ɏ ɘɌɞɑɜɔɌɗɌɡ ɞɚɕ ɒɑ 

WSC. ȰɌəəɧɑ (ȼɔɝ. 4) ɚɖɌɓɧɎɌɪɞɝɫ ɐɚɎɚɗɨəɚ ɍɗɔɓɖɔɘɔ ɖ LinkedIn , ɞɌɖ ɣɞɚ ɩɞɔ 

ɚɢɑəɖɔ, ɖɌɖ ɘɔəɔɘɟɘ, ɔɘɑɪɞ əɑɖɚɞɚɜɧɕ ɝɘɧɝɗ. ȿɒɑ ɛɚ ɐɌəəɧɘ ɓɌ ɐɎɌ 

ɛɚɝɗɑɐəɔɡ ɏɚɐɌ Ɏɔɐəɚ, ɣɞɚ ɐɚɗɫ Arena  ɝɞɜɑɘɔɞɑɗɨəɚ ɝɚɖɜɌɥɌɑɞɝɫ. Arena  

ɟɘɔɜɌɑɞ ð ɏɚɎɚɜɔɞɨ ɚɍ ɩɞɚɘ ɝɞɌɗɚ ɟɒɑ ɚɍɥɔɘ ɘɑɝɞɚɘ, ɚɍɝɟɒɐɌɑɞɝɫ ɞɚɗɨɖɚ, ɖɟɐɌ 

ɘɔɏɜɔɜɟɪɞ ɑɬ ɛɚɗɨɓɚɎɌɞɑɗɔ. 

 

ȼɔɝ. 4. ȶɚɗɔɣɑɝɞɎɚ ɛɟɍɗɔɖɌɢɔɕ WSC (ɜɑɌɗɨəɧɑ ɛɜɚɑɖɞɧ) ɛɚ ɛɜɔɘɑəɫɎɤɔɘɝɫ 

ɔəɝɞɜɟɘɑəɞɌɘ 
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ȰɔəɌɘɔɖɟ ɐɚɗɑɕ ɜɧəɖɌ ɘɚɒəɚ ɛɜɚɝɗɑɐɔɞɨ ɛɚ ɌɖɞɔɎəɚɝɞɔ ɎɑəɐɚɜɚɎ əɌ ɞɚɘ ɒɑ 

WinterSim  ɓɌ ɛɚɝɗɑɐəɔɑ 15 ɗɑɞ (ȼɔɝ. 5). ȭɑɓɎɚɓɎɜɌɞəɚ ɟɘɑɜɗɔ Quest , MicroSaint , 

SimProc ess ɔ GPSS, Ɍ ɞɌɖɒɑ əɑɏɜɌɠɔɣɑɝɖɔɑ ɛɜɚɐɟɖɞɧ CSIM , Silk / SML ɔ SLX. 

ȸɑɐɗɑəəɚ, əɚ Ɏɑɜəɚ ɛɜɑɖɜɌɥɌɪɞ ɝɎɚɬ ɝɟɥɑɝɞɎɚɎɌəɔɑ ExtendSim , ProModel  ɔ 

Witness . Ȼɜɚ Arena  ɘɧ ɟɒɑ ɝɖɌɓɌɗɔ. ȶɚɏɐɌ-ɞɚ ɘɚɥəɧɕ Enterprise  Dynamics  

ɛɜɑɎɜɌɞɔɗɝɫ Ɏ ɜɑɏɔɚəɌɗɨəɚɏɚ ɑɎɜɚɛɑɕɝɖɚɏɚ ɔɏɜɚɖɌ. ȹɑɛɚəɫɞəɚ, ɎɧɒɔɎɑɞ ɗɔ 

Auto Mod. Ƚɟɐɫ ɛɚ Ɏɝɑɘɟ, ɜɧəɚɖ Ɏ ɝɖɚɜɚɘ Ɏɜɑɘɑəɔ ɛɚɐɑɗɔɞɝɫ ɘɑɒɐɟ 

ɝɗɑɐɟɪɥɔɘɔ ɛɜɚɐɟɖɞɌɘɔ (Ɏ ɌɗɠɌɎɔɞəɚɘ ɛɚɜɫɐɖɑ): 

¶ AnyLogic  

¶ FlexSim  

¶ Simio  

¶ Simul 8 

Ⱥɞɐɑɗɨəɚ əɟɒəɚ ɝɖɌɓɌɞɨ ɛɜɚ Plant  Simulation  ð ɛɜɚɐɟɖɞ ɏɗɟɍɚɖɚ ɛɜɚəɔɖ Ɏ 

əɑɘɑɢɖɔɕ ɌɎɞɚɛɜɚɘ ɔ ɛɚɐɐɑɜɒɌə ɞɌɘ ɖɌɖ ɝɞɌəɐɌɜɞ. ȺɞɞɟɐɌ ɚə əɔɖɟɐɌ əɑ 

ɐɑəɑɞɝɫ, Ɍ ɩɖɝɛɌəɝɔɫ ɓɌ ɛɜɑɐɑɗɧ ɩɞɚɏɚ ɜɧəɖɌ Plant  Simulation , ɛɚɡɚɒɑ, əɑ ɚɣɑəɨ 

ɔəɞɑɜɑɝəɌ. 

ȱɥɬ ɚɐɔə ɗɪɍɚɛɧɞəɧɕ ɠɌɖɞ: ɖɚɘɛɌəɔɔ MathWorks  ɔ SAS ɚɐəɚɎɜɑɘɑəəɚ 

ɛɧɞɌɪɞɝɫ ɝɚɓɐɌɞɨ ɔəɝɞɜɟɘɑəɞɧ ɐɗɫ ɍɔɓəɑɝ-ɘɚɐɑɗɔɜɚɎɌəɔɫ əɌ ɝɎɚɔɡ 

ɌəɌɗɔɞɔɣɑɝɖɔɡ ɛɗɌɞɠɚɜɘɌɡ. ɉɞɔ ɛɚɛɧɞɖɔ əɑɌɏɜɑɝɝɔɎəɧ ɔ ɛɚɖɌ 

ɚɏɜɌəɔɣɔɎɌɪɞɝɫ ɐɑɘɚəɝɞɜɌɢɔɑɕ ɛɜɔɘɔɞɔɎəɧɡ ȰȽ ɛɜɚɐɟɖɞɚɎ. ȸɧ ɞɌɖɒɑ 

əɌɍɗɪɐɌɑɘ, ɣɞɚ ɍɑɝɛɗɌɞəɧɑ open -source  ɔəɝɞɜɟɘɑəɞɧ Ɍɏɑəɞəɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ 

RePast ɔ NetLogo  ɛɜɚɣəɚ Ɏɚɤɗɔ Ɏ ɚɍɚɕɘɟ ð ɩɞɚ ɏɚɎɚɜɔɞ, Ɏ ɞɚɘ ɣɔɝɗɑ, ɚ ɜɚɝɞɑ 

ɛɚɛɟɗɫɜəɚɝɞɔ ɘɑɞɚɐɌ. ȸɧ əɑ ɟɛɚɘɫəɟɗɔ ɓɐɑɝɨ ɚɍɗɌɝɞɨ ȽȰ. ȾɌɘ, ɖɌɖ ɔ 20 ɗɑɞ 

əɌɓɌɐ, Ɏɝɬ ɞɑ ɒɑ ɗɪɐɔ ɛɚɖɟɛɌɪɞ Ɏɝɬ ɞɑ ɒɑ ɞɜɔ ɛɜɚɐɟɖɞɌ VenSim , PowerSim , 

iThink / STELLA , ɚɍɦɬɘ ɛɜɚɐɌɒ əɑɎɑɗɔɖ. 

 

ȼɔɝ. 5. ȬɖɞɔɎəɚɝɞɨ ɎɑəɐɚɜɚɎ əɌ WSC ɓɌ ɛɚɝɗɑɐəɔɑ 15 ɗɑɞ 

ȴ Ɏɝɬ ɒɑ, Ɏ ɚɍɗɌɝɞɔ ȴȸ ɚɍɚɜɌɣɔɎɌɑɞɝɫ ɓəɌɣɔɞɑɗɨəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɐɑəɑɏ, əɚ Ɏɝɑ 

əɌɡɚɐɫɞɝɫ ɚəɔ Ɏ ɖɚəɝɌɗɞɔəɏɑ. Ȼɜɔɘɑɜ: ɚɐɔə ɛɜɚɑɖɞ ɝ ɛɜɔɘɑəɑəɔɑɘ ȴȸ ɐɗɫ 

ɖɜɟɛəɚɏɚ ɘɑɞɌɗɗɟɜɏɔɣɑɝɖɚɏɚ ɖɚɘɍɔəɌɞɌ Ɏ əɌɝɞɚɫɥɔɕ ɘɚɘɑəɞ Ɏɧɛɚɗəɫɑɞɝɫ ɓɌ 2 

ɘɗə ɐɚɗɗɌɜɚɎ. Ȭ ɩɞɚ ɓɌɛɜɚɝɞɚ ɘɚɒɑɞ ɍɧɞɨ, ɝɖɌɒɑɘ, ɞɜɑɞɨ ɏɚɐɚɎɚɕ Ɏɧɜɟɣɖɔ 

ɎɑəɐɚɜɌ ɖɌɖɚɏɚ-əɔɍɟɐɨ ɛɜɚɐɟɖɞɌ. Ȼɜɚɑɖɞ ɐɗɫ ɠɌɜɘɌɢɑɎɞɔɣɑɝɖɚɕ ɖɚɘɛɌəɔɔ 
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ɐɗɔɞɑɗɨəɚɝɞɨɪ Ɏ ɛɚɗɏɚɐɌ, ɖɚɞɚɜɧɕ Ɏɧɛɚɗəɫɑɞ ɚɐɔə ɝɛɑɢɔɌɗɔɝɞ ɛɚ ȴȸ, ɝɞɚɔɞ 

350,000 ɐɚɗɗɌɜɚɎ. ȺɢɑəɔɎɌɞɨ ɚɍɦɬɘ ɜɧəɖɌ ɖɚəɝɌɗɞɔəɏɌ ɝ ɩɗɑɘɑəɞɌɘɔ ȴȸ ɘɧ 

ɝɑɕɣɌɝ əɑ ɍɟɐɑɘ, əɚ ɛɚəɫɞəɚ, ɣɞɚ ɚə Ɏ ɝɚɞəɔ ɜɌɓ ɍɚɗɨɤɑ, ɣɑɘ ɜɧəɚɖ ɝɌɘɔɡ 

ɔəɝɞɜɟɘɑəɞɚɎ ȴȸ, ɝɘ. ȼɔɝ. 6. Ȯɝɪ ɩɞɟ òɐɚɍɌɎɗɑəəɟɪ ɝɞɚɔɘɚɝɞɨó ɝɚɓɐɌɪɞ 

ɖɚəɝɟɗɨɞɌəɞɧ, ɔ ɞɜɑɍɚɎɌəɔɫ ɖ əɔɘ, ɖɌɖ ɘɧ ɟɎɔɐɔɘ ɐɌɗɑɑ, ɛɜɑɐɦɫɎɗɫɪɞɝɫ ɚɣɑəɨ 

ɝɑɜɨɬɓəɧɑ. 

 

ȼɔɝ. 6. ȰɑəɑɒəɌɫ òɎɚɜɚəɖɌó Ɏ ȴȸ 

ʏʪʦ ʜʦʣʞʝʥ ʟʥʘʪʴ ʠ ʫʤʝʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣ ʀʄ? 

ȰɌɎɌɕɞɑ ɛɚɐɟɘɌɑɘ, ɖɌɖɔɘɔ ɓəɌəɔɫɘɔ ɔ ɟɘɑəɔɫɘɔ ɐɚɗɒɑə ɚɍɗɌɐɌɞɨ 

ɛɜɚɠɑɝɝɔɚəɌɗɨəɧɕ ɜɌɓɜɌɍɚɞɣɔɖ ȴȸ, ɝɛɚɝɚɍəɧɕ ɛɜɔɘɑəɫɞɨ ɜɌɝɝɘɚɞɜɑəəɧɑ 

əɌɘɔ ɔəɝɞɜɟɘɑəɞɧ ɚɍɥɑɏɚ əɌɓəɌɣɑəɔɫ ɐɗɫ ɍɚɗɑɑ ɔɗɔ ɘɑəɑɑ ɤɔɜɚɖɚɏɚ ɝɛɑɖɞɜɌ 

ɓɌɐɌɣ. (òȾɑɚɜɑɞɔɖɔó, ɜɌɝɝɟɒɐɌɪɥɔɑ əɌ ɖɚəɠɑɜɑəɢɔɫɡ ɚ ɣɬɘ-ɞɚ ɞɔɛɌ 

òɛɚɗɔɘɚɜɠɔɓɘɌ ɘɟɗɨɞɔɘɚɐɑɗɨəɧɡ ɖɚəɏɗɚɘɑɜɌɞɚɎó, əɌɝ əɑ Ɏɚɗəɟɪɞ. Ⱥəɔ 

ɓɌəɔɘɌɪɞɝɫ ɞɑɘ, ɣɞɚ əɔɖɚɘɟ əɑ əɟɒəɚ ɔ, ɝɖɚɜɑɑ Ɏɝɑɏɚ, əɑɔəɞɑɜɑɝəɚ ɔɘ ɝɌɘɔɘ.) 

ʉʧʦʩʦʙʥʦʩʪʴ ʨʘʟʛʦʚʘʨʠʚʘʪʴ ʠ ʫʯʠʪʴʩʷ 

Ȼɚɝɖɚɗɨɖɟ ȴȸ ɝɚɓɐɌɪɞɝɫ, Ɏ ɚɝəɚɎəɚɘ, ɖɚəɝɟɗɨɞɌəɞɌɘɔ, ɜɌɓɜɌɍɚɞɣɔɖ ɘɚɐɑɗɔ 

ɣɌɝɞɚ əɑ ɫɎɗɫɑɞɝɫ ɩɖɝɛɑɜɞɚɘ Ɏ ɛɜɑɐɘɑɞəɚɕ ɚɍɗɌɝɞɔ. Ȼɚɩɞɚɘɟ ɚə ɐɚɗɒɑə ɟɘɑɞɨ 

ɜɌɓɏɚɎɌɜɔɎɌɞɨ ɝ ɓɌɖɌɓɣɔɖɚɘ, òɔɓɎɗɑɖɌɞɨó ɔɓ əɑɏɚ ɛɚɝɞɌəɚɎɖɟ ɓɌɐɌɣɔ, ɍɧɝɞɜɚ 

ɜɌɓɍɔɜɌɞɨɝɫ Ɏ ɞɚɘ, ɖɌɖ ɜɌɍɚɞɌɑɞ ɜɌəɑɑ əɑɓəɌɖɚɘɧɕ ɍɔɓəɑɝ (əɌ Ɏɜɑɘɫ ɛɜɚɑɖɞɌ, Ɏ 

ɔɐɑɌɗɑ, əɟɒəɚ ɐɟɘɌɞɨ ɚ əɬɘ, ɖɌɖ ɚ ɝɎɚɬɘ). Ȯɚɓɘɚɒəɚ, ɛɚəɌɐɚɍɔɞɝɫ ɝɌɘɚɘɟ 

əɌɕɞɔ əɟɒəɚɏɚ ɣɑɗɚɎɑɖɌ ɔɗɔ əɟɒəɧɑ ɐɌəəɧɑ əɌ ɝɞɚɜɚəɑ ɓɌɖɌɓɣɔɖɌ. ȳɐɑɝɨ 

əɑɚɍɡɚɐɔɘɧ əɌɎɧɖɔ ɚɍɥɑəɔɫ ɔ ɚɛɜɑɐɑɗɬəəɌɫ ɏɔɍɖɚɝɞɨ ɟɘɌ, ɝɛɚɝɚɍəɚɝɞɨ ɍɧɝɞɜɚ 

ɟɣɔɞɨɝɫ.  

ɿʥʘʥʠʝ ʩʤʝʞʥʳʭ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ȿ ɎɌɝ əɑɞ ɢɑɗɔ ɛɚɝɞɜɚɔɞɨ ȴȸ, ɟ ɎɌɝ ɑɝɞɨ ɢɑɗɨ ɜɑɤɔɞɨ ɛɜɚɍɗɑɘɟ. Ȼɚɩɞɚɘɟ əɌ 

əɌɣɌɗɨəɧɡ ɩɞɌɛɌɡ ɛɜɚɑɖɞɌ əɟɒəɚ ɓɌɐɌɎɌɞɨɝɫ Ɏɚɛɜɚɝɚɘ: ɐɑɕɝɞɎɔɞɑɗɨəɚ ɗɔ ɩɞɚ 

ɓɌɐɌɣɌ ɐɗɫ ȴȸ, ɔɗɔ ɗɟɣɤɑ ɔɝɛɚɗɨɓɚɎɌɞɨ ɐɜɟɏɚɕ ɛɚɐɡɚɐ? ȬəɌɗɔɓ ɓɌɐɌɣɔ ɘɚɒɑɞ 

ɛɚɖɌɓɌɞɨ, ɣɞɚ ɜɑɤɑəɔɑ ɗɟɣɤɑ ɔɝɖɌɞɨ, əɌɛɜɔɘɑɜ, ɗɔəɑɕəɧɘ 

ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɑɘ, ɚɛɞɔɘɔɓɌɢɔɑɕ Ɏ ɖɚɘɍɔəɌɢɔɔ ɝ ɩɎɜɔɝɞɔɖɌɘɔ, ɔɗɔ ɛɜɚɝɞɚ 

əɌɛɔɝɌɎ ɛɜɚɝɞɟɪ ɛɜɚɏɜɌɘɘɟ ɔɗɔ ɛɌɜɟ ɝɖɜɔɛɞɚɎ əɌ VB Ɏ Excel . 

Ȱɜɟɏɔɑ ɛɚɐɡɚɐɧ ɘɚɏɟɞ ɍɧɞɨ əɑ ɌɗɨɞɑɜəɌɞɔɎɚɕ ȴȸ, Ɍ ɐɚɛɚɗəɫɞɨ ɑɏɚ. LP, 

əɌɛɜɔɘɑɜ, ɘɚɒɑɞ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɐɗɫ ɛɚɗɟɣɑəɔɫ ɛɑɜɎɚɏɚ ɛɜɔɍɗɔɒɑəɔɫ ɛɑɜɑɐ 
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ɔɘɔɞɌɢɔɑɕ, ɩɎɜɔɝɞɔɖɔ ɔ ɗɚɖɌɗɨəɌɫ ɚɛɞɔɘɔɓɌɢɔɫ ɘɚɏɟɞ ɍɧɞɨ ɣɌɝɞɨɪ ɌɗɏɚɜɔɞɘɚɎ 

ɛɜɔəɫɞɔɫ ɜɑɤɑəɔɕ Ɏ ɛɜɚɢɑɝɝɑ Ɏɧɛɚɗəɑəɔɫ ɘɚɐɑɗɔ.  

ȱɝɞɑɝɞɎɑəəɚ, əɟɒəɚ ɓəɌɞɨ ɛɜɑɔɘɟɥɑɝɞɎɌ, əɑɐɚɝɞɌɞɖɔ, ɚɏɜɌəɔɣɑəɔɫ 

ɛɜɔɘɑəɔɘɚɝɞɔ, Ɏɧɣɔɝɗɔɞɑɗɨəɟɪ ɝɗɚɒəɚɝɞɨ ɜɌɓəɧɡ ɛɚɐɡɚɐɚɎ ɔ ɟɘɑɞɨ ɝɚɛɜɫɏɌɞɨ 

ɔɡ ɝ ȴȸ. ȴəɝɞɜɟɘɑəɞɧ ɝ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɕ ɠɟəɖɢɔɚəɌɗɨəɚɝɞɨɪ ɡɚɜɚɤɚ 

ɛɜɑɐɝɞɌɎɗɑəɧ əɌ INFORMS  Annual  Meeting  [8], ɝɘ. ȼɔɝ. 7. 

 

ȼɔɝ. 7. ȹɑɖɚɞɚɜɧɑ Ɏɑəɐɚɜɧ əɑɔɘɔɞɌɢɔɚəəɧɡ ɛɜɚɐɟɖɞɚɎ 

ʀʩʢʫʩʩʪʚʦ ʫʧʨʦʱʘʪʴ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʚʳʙʠʨʘʪʴ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Ȯɧɍɚɜ ɟɜɚɎəɫ ɌɍɝɞɜɌɖɢɔɔ ɔ ɘɑɞɚɐɌ ɘɚɐɑɗɔɜɚɎɌəɔɫ ð ɢɑəɞɜɌɗɨəɧɕ Ɏɚɛɜɚɝ Ɏ 

ɛɚɝɞɜɚɑəɔɔ ɘɚɐɑɗɔ. ȶɌɖɔɑ ɐɚɛɟɥɑəɔɫ ɘɧ ɎɛɜɌɎɑ ɝɐɑɗɌɞɨ? ȯɐɑ ɏɜɌəɔɢɧ ɘɚɑɕ 

ɘɚɐɑɗɔ, ɞɚ ɑɝɞɨ ɣɞɚ ɘɧ ɝɣɔɞɌɑɘ ɓɌɐɌəəɧɘ ɔ Ɏəɑɤəɔɘ, Ɍ ɣɞɚ ð ɘɚɐɑɗɔɜɟɑɘ? 

ȶɌɖɚɎ ɚɛɞɔɘɌɗɨəɧɕ ɟɜɚɎɑəɨ ɐɑɞɌɗɔɓɌɢɔɔ ð ɛɚ ɝɞɜɟɖɞɟɜɑ? ɛɚ ɝɚɍɧɞɔɫɘ ɔ 

Ɏɜɑɘɑəɔ? ȹɌ ɖɌɖɟɪ ɘɚɐɑɗɨəɟɪ ɖɚəɝɞɜɟɖɢɔɪ ɘəɑ ɗɟɣɤɑ ɚɞɚɍɜɌɓɔɞɨ ɜɑɌɗɨəɧɕ 

ɚɍɦɑɖɞ ð ɓɌɫɎɖɌ Ɏ ɛɜɚɢɑɝɝɑ? Ɍɏɑəɞ? ɑɐɔəɔɢɌ Ɏ əɑɛɜɑɜɧɎəɚɘ ɛɚɞɚɖɑ? ȺɞɎɑɞɧ əɌ 

Ɏɝɑ ɩɞɔ Ɏɚɛɜɚɝɧ əɑ ɠɚɜɘɌɗɔɓɟɑɘɧ. ɉɞɚ ɚɍɗɌɝɞɨ ɔɝɖɟɝɝɞɎɌ, ɚɛɧɞɌ ɔ 

ɔəɞɟɔɢɔɔ, Ɍ əɑ əɌɟɖɔ ɔ ɞɑɡəɚɗɚɏɔɔ. ȽɚɚɞɎɑɞɝɞɎɑəəɚ, ɟ ɝɚɓɐɌɞɑɗɫ ɘɚɐɑɗɔ, 

ɛɚɘɔɘɚ ɓəɌəɔɫ ɜɌɓɗɔɣəɧɡ ɘɑɞɚɐɚɎ ɔ ɫɓɧɖɚɎ ɘɚɐɑɗɔɜɚɎɌəɔɫ, ɐɚɗɒɑə ɍɧɞɨ 

əɑɖɔɕ ɐɌɜ, ɣɟɞɨɬ. ɉɞɚɞ ɐɌɜ ɍɚɗɑɑ ɜɑɐɖɔɕ, ɣɑɘ ɟ ɛɜɚɐɎɔəɟɞɚɏɚ ɛɜɚɏɜɌɘɘɔɝɞɌ, 

ɟɘɑɪɥɑɏɚ ɡɚɜɚɤɚ ɝɞɜɟɖɞɟɜɔɜɚɎɌɞɨ ɓɌɐɌɣɟ: ɜɌɓɜɌɍɚɞɣɔɖ ȴȸ ɔɘɑɑɞ ɐɑɗɚ ɝ ɑɥɬ ɝ 

ɚɐəɚɕ ɜɌɓɘɑɜəɚɝɞɨɪ ð Ɏɜɑɘɑəɑɘ. 
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ȼɔɝ. 8. Ȯɧɍɚɜ ɘɑɞɚɐɌ ɔ ɟɜɚɎəɫ ɌɍɝɞɜɌɖɢɔɔ 

ʄʠʥʠʤʘʣʠʟʤ ʠ ʛʦʪʦʚʥʦʩʪʴ ʚʳʙʨʘʩʳʚʘʪʴ ʯʘʩʪʠ ʩʚʦʝʡ ʨʘʙʦʪʳ 

ȲɑɗɌəɔɑ ɚɞɜɌɓɔɞɨ Ɏ ɘɚɐɑɗɔ ɖɌɖ ɘɚɒəɚ ɍɚɗɨɤɑ ɐɑɞɌɗɑɕ ɜɑɌɗɨəɚɏɚ ɘɔɜɌ ð 

ɞɔɛɔɣəɌɫ ɚɤɔɍɖɌ əɌɣɔəɌɪɥɔɡ ɜɌɓɜɌɍɚɞɣɔɖɚɎ ȴȸ. Ƚɞɜɑɘɔɞɨɝɫ əɟɒəɚ ɜɚɎəɚ ɖ 

ɛɜɚɞɔɎɚɛɚɗɚɒəɚɘɟ ð ɖ ɘɔəɔɘɌɗɨəɚ Ɏɚɓɘɚɒəɚɕ ɘɚɐɑɗɔ, ɜɑɤɌɪɥɑɕ 

ɛɚɝɞɌɎɗɑəəɟɪ ɓɌɐɌɣɟ. Ƚɗɑɐɟɕɞɑ ɛɜɔəɢɔɛɟ ɍɜɔɞɎɧ ȺɖɖɌɘɌ: ɑɝɗɔ Ɏɧ ɛɚɖɌ ɣɞɚ 

ɘɚɒɑɞɑ ɚɍɚɕɞɔɝɨ ɍɑɓ ɖɌɖɚɕ-ɗɔɍɚ ɐɑɞɌɗɔ, ɑɬ əɑ ɐɚɗɒəɚ ɍɧɞɨ Ɏ ɘɚɐɑɗɔ. 

 

ȼɔɝ. 9. òȿɛɜɚɥɌɕó ð ɡɚɜɚɤɑɑ əɌɛɚɘɔəɌəɔɑ ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ɘɚɐɑɗɔ. ȳɌɎɔɝɔɘɚɝɞɨ 

ɐɚɎɑɜɔɫ ɖ ɘɚɐɑɗɔ ɚɞ ɑɬ ɝɗɚɒəɚɝɞɔ [9,10]  

ȺɝəɚɎəɚɕ ɛɜɔəɢɔɛ ɛɜɚɢɑɝɝɌ ɜɌɓɜɌɍɚɞɖɔ ȴȸ ð ɔɞɑɜɌɞɔɎəɚɝɞɨ. ȱɝɗɔ Ɏɧ 

ɛɚɣɟɎɝɞɎɚɎɌɗɔ, ɣɞɚ ɜɌəɑɑ ɝɚɓɐɌəəɌɫ ɣɌɝɞɨ ɛɑɜɑɝɞɌɗɌ ɎɛɔɝɧɎɌɞɨɝɫ Ɏ ɚɍɥɟɪ 

Ɍɜɡɔɞɑɖɞɟɜɟ ð ɎɧɍɜɌɝɧɎɌɕɞɑ ɑɬ ɝ ɜɌɐɚɝɞɨɪ ɔ ɍɑɓ ɝɚɒɌɗɑəɔɫ, ɓɌɘɑəɫɕɞɑ əɚɎɚɕ, 

ɛɑɜɑɜɌɍɚɞɌəəɚɕ ɝ ɟɣɬɞɚɘ əɚɎɚɏɚ ɛɚəɔɘɌəɔɫ ɓɌɐɌɣɔ. ȾɌɖɔɑ ɔɞɑɜɌɢɔɔ əɑ 

ɓɌɘɑɐɗɫɪɞ, Ɍ ɟɝɖɚɜɫɪɞ ɜɌɓɜɌɍɚɞɖɟ. 
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ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʩʪʘʪʠʩʪʠʢʘ 

ȼɑɌɗɨəɧɕ ɘɔɜ ɛɚɗɚə əɑɚɛɜɑɐɑɗɬəəɚɝɞɑɕ ɔ əɟɒəɚ ɟɘɑɞɨ ɚɞɜɌɒɌɞɨ ɩɞɚ Ɏ ȴȸ, ɞɚ 

ɑɝɞɨ ɝɞɜɚɔɞɨ ɝɞɚɡɌɝɞɔɣɑɝɖɔɑ ɘɚɐɑɗɔ (ɛɚɣɞɔ Ɏɝɑ ɐɔɝɖɜɑɞəɚ-ɝɚɍɧɞɔɕəɧɑ (ȰȽ) ɔ 

Ɍɏɑəɞəɧɑ ɘɚɐɑɗɔ (Ȭȸ) ɝɞɚɡɌɝɞɔɣɑɝɖɔɑ, ɝɔɝɞɑɘəɚ-ɐɔəɌɘɔɣɑɝɖɔɑ (ȽȰ) ɘɚɐɑɗɔ 

ɚɍɧɣəɚ ɐɑɞɑɜɘɔəɔɜɚɎɌəəɧɑ). Ȼɚɩɞɚɘɟ əɑɚɍɡɚɐɔɘɧ ɍɌɓɚɎɧɑ ɓəɌəɔɫ ɞɑɚɜɔɔ 

Ɏɑɜɚɫɞəɚɝɞɔ ɔ ɝɞɌɞɔɝɞɔɖɔ, ɓəɌəɔɑ ɚɝəɚɎəɧɡ ɜɌɝɛɜɑɐɑɗɑəɔɕ, ɟɘɑəɔɑ 

ɛɚɗɨɓɚɎɌɞɨɝɫ ɔəɝɞɜɟɘɑəɞɌɘɔ ɛɚɐɍɚɜɌ ɌəɌɗɔɞɔɣɑɝɖɔɡ ɜɌɝɛɜɑɐɑɗɑəɔɕ ɛɚ ɜɫɐɌɘ 

òɔɝɞɚɜɔɣɑɝɖɔɡó ɐɌəəɧɡ (distribution  fitting ). ȱɝɞɑɝɞɎɑəəɚ, əɑɚɍɡɚɐɔɘɚ ɛɚəɔɘɌɞɨ, 

ɣɞɚ Ɏ ɘɚɐɑɗɔ ɝɗɟɣɌɕəɧɑ ɣɔɝɗɌ ð ɛɝɑɎɐɚɝɗɟɣɌɕəɧɑ, Ɏɧɡɚɐɫɥɔɑ ɛɚɞɚɖɚɘ ɔɓ 

ɏɑəɑɜɌɞɚɜɌ ɝɗɟɣɌɕəɧɡ ɣɔɝɑɗ (random  number  generator , RNG). ɉɞɚ ɐɌɬɞ 

ɛɜɑɔɘɟɥɑɝɞɎɚ Ɏ Ɏɔɐɑ ɎɚɝɛɜɚɔɓɎɚɐɔɘɚɝɞɔ ɩɖɝɛɑɜɔɘɑəɞɚɎ, əɚ ɝɚɓɐɌɬɞ ɛɜɚɍɗɑɘɧ 

ɖɚɜɜɑɗɫɢɔɔ, ɞɌɖ ɣɞɚ əɟɒəɚ ɐɟɘɌɞɨ ɚ ɞɚɘ, ɝɖɚɗɨɖɚ ɔ ɖɌɖɔɡ RNG ɔɝɛɚɗɨɓɚɎɌɞɨ. 

ȴəɞɑɜɛɜɑɞɌɢɔɫ ɜɑɓɟɗɨɞɌɞɚɎ Ɏɧɛɚɗəɑəɔɫ ɝɞɚɡɌɝɞɔɣɑɝɖɚɕ ɘɚɐɑɗɔ ð ɚɞɐɑɗɨəɌɫ 

ɞɑɘɌ. ȼɌɓɜɌɍɚɞɣɔɖ ɘɚɐɑɗɔ ɐɚɗɒɑə ɓəɌɞɨ, ɝɖɚɗɨɖɚ ɛɜɚɏɚəɚɎ (ɜɑɛɗɔɖɌɢɔɕ, 

replications ) əɑɚɍɡɚɐɔɘɚ ɝɐɑɗɌɞɨ, ɖɌɖ ɛɜɚɎɚɐɔɞɨ ɚɛɞɔɘɔɓɌɢɔɪ Ɏ ɟɝɗɚɎɔɫɡ 

əɑɚɛɜɑɐɑɗɬəəɚɝɞɔ (optimization  under  uncertain ty ).  

 

ȼɔɝ. 9. ȺɝəɚɎəɧɑ ɜɌɝɛɜɑɐɑɗɑəɔɫ, ɛɚɐɍɚɜ ɜɌɝɛɜɑɐɑɗɑəɔɕ, ɎɔɓɟɌɗɔɓɌɢɔɫ 

ɜɑɓɟɗɨɞɌɞɚɎ ɝɞɚɡɌɝɞɔɣɑɝɖɚɕ ɘɚɐɑɗɔ 

ɼʠʩʢʨʝʪʥʦʝ ʠ ʥʝʧʨʝʨʳʚʥʦʝ, ʣʠʥʝʡʥʦʝ ʠ ʥʝʣʠʥʝʡʥʦʝ 

Ȯ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɓɌɐɌɣɔ, ɜɌɓɜɌɍɚɞɣɔɖ ȴȸ ɘɚɒɑɞ ɔɘɑɞɨ ɐɑɗɚ ɖɌɖ ɝ 

ɐɔɝɖɜɑɞəɧɘɔ ɝɟɥəɚɝɞɫɘɔ, ɞɌɖ ɔ ɝ əɑɛɜɑɜɧɎəɧɘɔ. ȳɑɜəɚ, əɑɠɞɨ, ɎɚɐɌ, ɐɑəɨɏɔ, 

ɒɔɐɖɔɑ ɔəɏɜɑɐɔɑəɞɧ Ɏ ɛɜɚɔɓɎɚɐɝɞɎɑ ð ɚɣɑɎɔɐəɧɑ ɛɜɔɘɑɜɧ ɛɚɝɗɑɐəɔɡ. Ȭ 

ɔəɚɏɐɌ ɔ ɫɎəɚ ɐɔɝɖɜɑɞəɧɑ ɚɍɦɑɖɞɧ (ɞɜɌəɓɌɖɢɔɔ, ɓɌɖɌɓɧ, ɖɗɔɑəɞɧ, ɞɚɎɌɜɧ, 

ɐɑɞɌɗɔ) ɔɘɑɑɞ ɝɘɧɝɗ ɛɜɑɐɝɞɌɎɔɞɨ Ɏ Ɏɔɐɑ əɑɛɜɑɜɧɎəɚɕ ɘɌɞɑɜɔɔ (ɝɔɝɞɑɘəɌɫ 

ɐɔəɌɘɔɖɌ ɛɚɝɞɟɛɌɑɞ ɞɌɖ ɝɚ Ɏɝɑɘ Ɏɚɚɍɥɑ). Ȼɚɩɞɚɘɟ ɝɚɓɐɌɞɑɗɨ ȴȸ ɐɚɗɒɑə ɓəɌɞɨ, 

ɖɌɖ ɘɚɐɑɗɔɜɚɎɌɞɨ ɐɔəɌɘɔɖɟ əɑɛɜɑɜɧɎəɧɡ ɝɜɑɐ. ȱɝɗɔ ɛɚɞɚɖɔ ɖɟɝɚɣəɚ-

ɛɚɝɞɚɫəəɧɑ (ɝɚɚɞɎɑɞɝɞɎɑəəɚ, əɌɖɚɛɔɞɑɗɔ ɖɟɝɚɣəɚ-ɗɔəɑɕəɧɑ), ɞɚ ɘɚɒəɚ 

ɔɝɛɚɗɨɓɚɎɌɞɨ ɍɔɍɗɔɚɞɑɖɔ ɞɔɛɌ discrete  rate  [11], ɚɝəɚɎɌəəɧɑ əɌ ɗɔəɑɕəɚɘ 

ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɔ (LP solvers ). Ȭ ɑɝɗɔ ɐɔəɌɘɔɖɌ ɍɚɗɑɑ ɝɗɚɒəɌɫ, ɑɝɞɨ ɚɍɜɌɞəɧɑ 

ɝɎɫɓɔ, ɞɚ ɛɚɞɜɑɍɟɑɞɝɫ ɣɔɝɗɑəəɧɕ ɜɑɤɌɞɑɗɨ ɐɔɠɠɑɜɑəɢɔɌɗɨəɧɡ ɟɜɌɎəɑəɔɕ 

(numeric  solver ) ɔ, ɚɛɔɝɌəɔɑ ɓɌɐɌɣɔ Ɏ Ɏɔɐɑ, əɌɛɜɔɘɑɜ, ȽȰ ɐɔɌɏɜɌɘɘɧ. ȶɜɚɘɑ 

ɞɚɏɚ, əɟɒəɚ ɟɘɑɞɨ ɝɚɛɜɫɏɌɞɨ ɐɔɝɖɜɑɞəɧɑ ɔ əɑɛɜɑɜɧɎəɧɑ ɣɌɝɞɔ ɘɚɐɑɗɔ. 
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ȼɔɝ. 9. ȸɚɐɑɗɔɜɚɎɌəɔɑ əɑɛɜɑɜɧɎəɧɡ ɝɟɥəɚɝɞɑɕ. ȰɔɌɏɜɌɘɘɌ discrete  rate  

ɍɗɚɖɚɎ. ȽȰ ɐɔɌɏɜɌɘɘɌ 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ʘʣʛʦʨʠʪʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ) 

ȭɧɎɌɑɞ, ɖɚəɑɣəɚ, ɣɞɚ ȴȸ ɝɞɜɚɔɞɝɫ ɔɝɖɗɪɣɔɞɑɗɨəɚ ɘɧɤɨɪ Ɏ ɏɜɌɠɔɣɑɝɖɚɘ 

ɜɑɐɌɖɞɚɜɑ ɛɟɞɬɘ ɛɑɜɑɞɌɝɖɔɎɌəɔɫ ɍɗɚɖɚɎ, ɜɔɝɚɎɌəɔɫ, ɔ ɎɧɍɚɜɌ ɚɛɢɔɕ ɔɓ 

ɝɛɔɝɖɌ. ȹɚ ɩɞɚ, ɓɌ ɔɝɖɗɪɣɑəɔɑɘ ȽȰ, ɜɑɐɖɚ. Ȭɍɝɚɗɪɞəɚɑ ɍɚɗɨɤɔəɝɞɎɚ 

əɑɔɏɜɟɤɑɣəɧɡ ɘɚɐɑɗɑɕ ɝɚɐɑɜɒɔɞ ɖɚɐ ɐɗɫ ɚɛɔɝɌəɔɫ ɝɞɜɟɖɞɟɜ ɐɌəəɧɡ ɔ 

ɌɗɏɚɜɔɞɘɚɎ òəɑɐɔəɌɘɔɣɑɝɖɚɕó ɗɚɏɔɖɔ, əɌɛɜɔɘɑɜ, əɑɝɞɌəɐɌɜɞəɧɡ ɛɚɗɔɞɔɖ 

ɟɛɜɌɎɗɑəɔɫ ɓɌɛɌɝɌɘɔ, ɛɜɔəɫɞɔɫ ɜɑɤɑəɔɕ ɛɚɞɜɑɍɔɞɑɗɑɘ əɌ ɚɝəɚɎɑ ɗɚɫɗɨəɚɝɞɔ, 

ɢɑəɧ ɔ ɜɑɖɗɌɘɧ, ɟɛɜɌɎɗɑəɔɫ ɝɗɚɒəɧɘɔ ɜɑɝɟɜɝɌɘɔ ɞɔɛɌ ɛɌɜɧ ɖɚəɠɗɔɖɞɟɪɥɔɡ 

ɛɜɚɗɬɞəɧɡ ɖɜɌəɚɎ, Ɍ ɞɌɖɒɑ ɐɗɫ ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ ɝ Ɏəɑɤəɔɘɔ ɐɌəəɧɘɔ. ɉɞɚɞ 

ɖɚɐ ɐɚɛɚɗəɫɑɞ ɐɔɌɏɜɌɘɘɧ ɛɜɚɢɑɝɝɚɎ, ɛɚɞɚɖɚɎ ɔ ɝɚɝɞɚɫəɔɕ. Ȼɚɩɞɚɘɟ 

ɜɌɓɜɌɍɚɞɣɔɖ ɘɚɐɑɗɑɕ ð ɑɥɬ ɔ ɛɜɚɏɜɌɘɘɔɝɞ, ɟɘɑɪɥɔɕ ɖɚəɝɞɜɟɔɜɚɎɌɞɨ 

ɝɞɜɟɖɞɟɜɧ ɐɌəəɧɡ ɔ ɛɔɝɌɞɨ ɐɗɫ əɔɡ ɩɠɠɑɖɞɔɎəɧɑ Ɍɗɏɚɜɔɞɘɧ. Ȯɝɑ 

ɛɜɚɠɑɝɝɔɚəɌɗɨəɧɑ ɔəɝɞɜɟɘɑəɞɧ ȴȸ ɛɜɑɐɚɝɞɌɎɗɫɪɞ ɞɚɞ ɔɗɔ ɔəɚɕ ɝɖɜɔɛɞ ɔɗɔ 

ɫɓɧɖ ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɫ ɔ Ɏɚɓɘɚɒəɚɝɞɨ òɎɛɔɝɌɞɨɝɫó Ɏ ɏɜɌɠɔɣɑɝɖɔɑ 

ɖɚəɝɞɜɟɖɢɔɔ. 

 

ȼɔɝ. 10. ɀɜɌɏɘɑəɞɧ ɛɜɚɏɜɌɘɘəɚɏɚ ɖɚɐɌ, ɐɚɛɚɗəɫɪɥɔɑ ɏɜɌɠɔɣɑɝɖɔɑ 

ɖɚəɝɞɜɟɖɢɔɔ 
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ʉʧʝʮʠʬʠʢʘ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Ȭɏɑəɞəɚɑ ɘɚɐɑɗɔɜɚɎɌəɔɑ (Ȭȸ) ɝɚɓɐɌɬɞ ɐɚɛɚɗəɔɞɑɗɨəɧɑ ɞɜɑɍɚɎɌəɔɫ ɖ 

ɜɌɓɜɌɍɚɞɣɔɖɟ ȴȸ. Ȯɚ-ɛɑɜɎɧɡ, ɩɞɚ ɟɘɑəɔɑ ɐɟɘɌɞɨ Ɏ ɞɑɜɘɔəɌɡ ɚɍɦɑɖɞɚɎ, 

ɎɓɌɔɘɚɐɑɕɝɞɎɟɪɥɔɡ ɍɑɓ ɑɐɔəɚɏɚ ɢɑəɞɜɌ ɟɛɜɌɎɗɑəɔɫ. ȳɐɑɝɨ ɛɜɔɏɚɐɫɞɝɫ ɍɌɓɚɎɧɑ 

ɓəɌəɔɫ ɔɓ ɞɑɚɜɔɔ ɜɌɝɛɜɑɐɑɗɬəəɧɡ ɔ ɛɌɜɌɗɗɑɗɨəɧɡ ɝɔɝɞɑɘ, Ɏ ɣɌɝɞəɚɝɞɔ, 

ɛɜɚɞɚɖɚɗɚɎ ɝɎɫɓɔ (ɝɔəɡɜɚəəɚɝɞɨ ɔ Ɍɝɔəɡɜɚəəɚɝɞɨ, ɐɑɐɗɚɖɔ, 

əɑɐɑɞɑɜɘɔəɔɜɚɎɌəəɚɑ ɛɚɎɑɐɑəɔɑ). Ȼɚɗɑɓəɧɘ ɍɧɎɌɑɞ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɐɔɌɏɜɌɘɘ 

ɚɍɘɑəɌ ɝɚɚɍɥɑəɔɫɘɔ (message sequence  diagrams ). ȰɔɌɏɜɌɘɘɧ ɝɚɝɞɚɫəɔɕ 

(statecharts ) ɤɔɜɚɖɚ ɔɝɛɚɗɨɓɟɪɞɝɫ ɐɗɫ ɓɌɐɌəɔɫ ɔəɐɔɎɔɐɟɌɗɨəɚɏɚ ɛɚɎɑɐɑəɔɫ 

ɌɏɑəɞɚɎ. Ȯ ɚɛɜɑɐɑɗɬəəɚɘ ɖɗɌɝɝɑ Ȭȸ əɑɚɍɡɚɐɔɘɚ ɓəɌəɔɑ ɝɚɢɔɌɗɨəɧɡ ɝɑɞɑɕ (social  

networks ). Ȯ Ȭȸ ɣɌɝɞɚ ɛɚɘɚɏɌɑɞ ɚɍɦɑɖɞəɚ-ɚɜɔɑəɞɔɜɚɎɌəəɚɑ ɘɧɤɗɑəɔɑ: ɞɔɛɧ 

ɌɏɑəɞɚɎ ɚɜɏɌəɔɓɟɪɞɝɫ Ɏ ɔɑɜɌɜɡɔɪ ɖɗɌɝɝɚɎ ɝ əɌɝɗɑɐɚɎɌəɔɑɘ. ȹɌɖɚəɑɢ, Ɏ Ȭȸ 

ɛɜɔɡɚɐɔɞɝɫ ɛɜɚɏɜɌɘɘɔɜɚɎɌɞɨ Ɏ ɝɜɑɐəɑɘ ɍɚɗɨɤɑ, ɣɑɘ Ɏ ȰȽ ɔɗɔ ȽȰ. 

 

ȼɔɝ. 11. Ƚɑɞɨ ɌɏɑəɞɚɎ, ɝɞɑɕɞɣɌɜɞ, ɐɔɌɏɜɌɘɘɌ ɚɍɘɑəɌ ɝɚɚɍɥɑəɔɫɘɔ, Ɏɧɍɚɜ ɣɞɚ 

ɍɟɐɑɞ Ɍɏɑəɞɚɘ 

ȹɚ Ɏɝɬ ɜɌɎəɚ, ɔ Ɏ Ȭȸ ɢɑəɞɜɌɗɨəɧɘ ɚɝɞɌɬɞɝɫ ɟɘɑəɔɑ ɚɞɚɍɜɌɓɔɞɨ ɜɑɌɗɨəɧɕ ɘɔɜ 

əɌ ɘɔɜ ɘɚɐɑɗɑɕ. ȹɌɛɜɔɘɑɜ, ɣɞɚ ɍɟɐɑɞ Ɍɏɑəɞɚɘ? ȴəɚɏɐɌ ɩɞɚ ɝɚɎɝɑɘ əɑɚɣɑɎɔɐəɚ. 

ȹɌɛɜɔɘɑɜ, Ɏ ɘɚɐɑɗɔ ɌɎɞɚɘɚɍɔɗɨəɚɏɚ ɜɧəɖɌ ȽɑɎɑɜəɚɕ Ȭɘɑɜɔɖɔ, ɝɐɑɗɌəəɚɕ ɛɚ 

ɝɗɑɐɌɘ ɜɌɍɚɞɧ [12], Ɍɏɑəɞɚɘ, ɛɚɝɗɑ əɑɝɖɚɗɨɖɔɡ ɔɞɑɜɌɢɔɕ, ɍɧɗ ɎɧɍɜɌə əɑ 

ɔəɐɔɎɔɐɟɌɗɨəɧɕ ɛɚɞɜɑɍɔɞɑɗɨ, Ɍ ɝɑɘɨɫ (household , ɐɚɘɚɡɚɓɫɕɝɞɎɚ), ɝɚɎɘɑɝɞəɚ 

ɎɗɌɐɑɪɥɌɫ əɑɝɖɚɗɨɖɔɘɔ ɌɎɞɚɘɚɍɔɗɫɘɔ ɔ ɝɚɎɘɑɝɞəɚ ɛɜɔəɔɘɌɪɥɌɫ ɜɑɤɑəɔɫ ɚɍ 

ɔɡ ɛɚɖɟɛɖɑ ɔ ɛɜɚɐɌɒɑ. 

ɻʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ, ʜʠʟʘʡʥ ʠʥʪʝʨʬʝʡʩʘ ʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ȴȸ ɔɘɑɑɞ ɑɝɞɑɝɞɎɑəəɚɑ ɛɜɑɔɘɟɥɑɝɞɎɚ ɛɑɜɑɐ ɐɜɟɏɔɘɔ ɌəɌɗɔɞɔɣɑɝɖɔɘɔ 

ɞɑɡəɚɗɚɏɔɫɘɔ Ɏ Ɏɔɐɑ Ɏɚɓɘɚɒəɚɝɞɔ ɛɚɖɌɓɌɞɨ ɜɌɓɎɔɞɔɑ ɝɚɍɧɞɔɕ Ɏɚ Ɏɜɑɘɑəɔ ɔ 

ɐɌɒɑ ɝɘɑɤɔɎɌɞɨɝɫ Ɏ əɔɡ. ȹɌɐɚ ɟɘɑɗɚ ɩɞɔɘ ɛɚɗɨɓɚɎɌɞɨɝɫ. ȴəɞɑɜɌɖɞɔɎəɌɫ 2D ɔ 

3D ɌəɔɘɌɢɔɫ ɐɌɎəɚ ɝɞɌɗɌ ɝɞɌəɐɌɜɞəɧɘ ɞɜɑɍɚɎɌəɔɑɘ ɖ ɘɚɐɑɗɔ, Ɍ ɑɬ 

ɛɜɔɎɗɑɖɌɞɑɗɨəɚɝɞɨ ɔ ɟɍɑɐɔɞɑɗɨəɚɝɞɨ ɘɚɒɑɞ ɍɧɞɨ ɜɑɤɌɪɥɔɘ ɠɌɖɞɚɜɚɘ ɛɜɔ 

ɝɐɌɣɑ ɛɜɚɑɖɞɌ. Ɂɚɜɚɤɔɕ ɜɌɓɜɌɍɚɞɣɔɖ ȴȸ ɐɚɗɒɑə, Ɏ ɔɐɑɌɗɑ, ɔɘɑɞɨ 

ɡɟɐɚɒɑɝɞɎɑəəɧɕ Ɏɖɟɝ, ɚɍɗɌɐɌɞɨ əɌɎɧɖɌɘɔ ɏɜɌɠɔɣɑɝɖɚɏɚ ɐɔɓɌɕəɌ, ɐɔɓɌɕəɌ 

ɔəɞɑɜɠɑɕɝɌ ɛɚɗɨɓɚɎɌɞɑɗɫ ɔ 3D ɘɚɐɑɗɔɜɚɎɌəɔɫ.  
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ȼɔɝ. 12. Ȼɜɔɘɑɜɧ 2D ɔ 3D ɌəɔɘɌɢɔɔ ɔ ɔəɞɑɜɠɑɕɝɌ ɛɚɗɨɓɚɎɌɞɑɗɫ 

ʇʨʦʛʥʦʟ ï ʯʪʦ ʙʫʜʝʪ ʩ ʦʙʣʘʩʪʴʶ ʀʄ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ? 

ʅʝ ʦʯʝʥʴ ʭʦʨʦʰʘʷ ʥʦʚʦʩʪʴ 

ȴȸ ð ɩɞɚ ɝɗɚɒəɚ. Ȼɑɜɑɣɑəɨ ɖɌɣɑɝɞɎ, əɑɚɍɡɚɐɔɘɧɡ ɛɜɚɠɑɝɝɔɚəɌɗɟ ȴȸ ɘɧ 

ɘɚɒɑɘ ɜɑɓɪɘɔɜɚɎɌɞɨ ɞɌɖ: Ɏ ɍɗɔɒɌɕɤɔɑ ɏɚɐɧ əɌɝ ɍɟɐɑɞ əɑ ɍɚɗɨɤɑ, Ɍ ɘɑəɨɤɑ. 

ȾɌɖɚɎ ɍɟɐɑɞ ɜɑɓɟɗɨɞɌɞ ɞɑɖɟɥɑɕ ɞɑəɐɑəɢɔɔ ɖ ɟɛɜɚɥɑəɔɪ Ɏɝɑɏɚ ɔ Ɏɝɫ ɔ 

əɌɎɫɓɧɎɌɑɘɚɕ ɒɔɓəɨɪ əɑɎɚɓɘɚɒəɚɝɞɔ ɐɗɔɞɑɗɨəɚ ɖɚəɢɑəɞɜɔɜɚɎɌɞɨɝɫ ɔ 

ɟɏɗɟɍɗɫɞɨɝɫ (ɍɑɓɚɢɑəɚɣəɌɫ ɖɚəɝɞɌɞɌɢɔɫ, ɌɎɞɚɜ əɑ ɝɣɔɞɌɑɞ, ɣɞɚ ɩɞɚ ɛɗɚɡɚ). 

Ȯɛɜɚɣɑɘ, ɝɛɜɚɝ əɌ ɎɧɝɚɖɚɖɗɌɝɝəɧɡ ɜɌɓɜɌɍɚɞɣɔɖɚɎ ɘɚɐɑɗɑɕ Ɏɝɬ ɜɌɎəɚ əɔɖɟɐɌ 

əɑ ɐɑəɑɞɝɫ ɔ, ɖɚəɑɣəɚ ɒɑ, əɑ ɐɌɝɞ əɌɤɑɘɟ ɝɚɚɍɥɑɝɞɎɟ ɟɒɌɞɨɝɫ ɐɚ əɟɗɫ :) 

ȼɧəɚɖ ɐɗɫ ɔəɝɞɜɟɘɑəɞɚɎ ȴȸ ɚɍɥɑɏɚ əɌɓəɌɣɑəɔɫ əɑ ɍɟɐɑɞ ɜɌɝɞɔ. ȭɚɗɑɑ ɞɚɏɚ, ɖɌɖ 

ɘɧ ɟɒɑ ɛɚɖɌɓɌɗɔ, Ɏ ɍɗɔɒɌɕɤɑɑ Ɏɜɑɘɫ əɑɖɚɞɚɜɧɑ ɔɓ əɔɡ ɚɖɚəɣɌɞɑɗɨəɚ 

ɛɜɑɖɜɌɞɫɞ ɝɎɚɬ ɝɟɥɑɝɞɎɚɎɌəɔɑ, Ɍ ɔɡ ɐɚɗɔ ɛɑɜɑɜɌɝɛɜɑɐɑɗɫɞɝɫ ɘɑɒɐɟ ɣɑɞɧɜɨɘɫ-

ɛɫɞɨɪ ɒɔɎɧɘɔ, ɛɜɚɐɚɗɒɌɪɥɔɘɔ ɜɌɓɜɌɍɚɞɖɟ ɔɏɜɚɖɌɘɔ. ȻɚɖɌɓɌɞɑɗɨəɚ, ɣɞɚ əɌ 

Winter  Simulation  Conference  2015 ɎɧɝɞɌɎɚɣəɧɑ ɝɞɑəɐɧ ɔɓ ɜɌɝɝɘɚɞɜɑəəɧɡ əɌɘɔ 

ɖɚɘɛɌəɔɕ ɔɘɑɪɞ ɞɚɗɨɖɚ Ɏɑəɐɚɜɧ AnyLogic , Arena , FlexSim , ExtendSim , Simio  ɔ 

Simul 8 (ɐɌəəɧɑ əɌ 26 əɚɫɍɜɫ [16]). 15 ɗɑɞ əɌɓɌɐ ɞɌɖɔɡ ɍɧɗɚ Ɏ ɐɎɌ-ɞɜɔ ɜɌɓɌ 

ɍɚɗɨɤɑ. 

ʍʦʨʦʰʘʷ ʥʦʚʦʩʪʴ 

Ȯɘɑɝɞɑ ɝ ɩɞɔɘ, ɛɜɌɖɞɔɣɑɝɖɚɑ ɛɜɔɘɑəɑəɔɑ ȴȸ ɜɌɝɞɬɞ ɝɑɕɣɌɝ, ɔ ɜɚɝɞ 

ɛɜɚɐɚɗɒɔɞɝɫ. ɀɌɖɞɚɜɧ ɜɚɝɞɌ ɞɌɖɚɎɧ: 

¶ ȶɌɖ əɔ ɝɞɜɌəəɚ, əɚ Ɏ ɝɘɧɝɗɑ ɚɝɎɑɐɚɘɗɬəəɚɝɞɔ (awareness) ɚ 

Ɏɚɓɘɚɒəɚɝɞɫɡ ȴȸ ɜɧəɚɖ ɑɥɬ ɐɌɗɑɖ ɚɞ əɌɝɧɥɑəɔɫ ð ɐɚ ɝɔɡ ɛɚɜ ɑɝɞɨ 

ɘəɚɏɚ ɖɜɟɛəɧɡ ɖɚɘɛɌəɔɕ, ɏɐɑ ȴȸ Ɏɚɚɍɥɑ əɑ ɔɝɛɚɗɨɓɟɑɞɝɫ. 

¶ ȼɚɝɞ ɝɗɚɒəɚɝɞɔ ɍɔɓəɑɝɌ ɔ ɓɌɛɜɚɝɚɎ əɌ ɑɏɚ ɚɛɞɔɘɔɓɌɢɔɪ 

¶ ȼɚɝɞ ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɔ ɖɚɘɛɨɪɞɑɜɚɎ, ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɜɚɝɞ 

Ɏɚɓɘɚɒəɚɝɞɑɕ ȴȸ 

¶ ȹɚɎɧɑ ɚɍɗɌɝɞɔ ɛɜɔɘɑəɑəɔɫ, ɛɜɔəɑɝɬəəɧɑ Ɍɏɑəɞəɧɘ ɘɚɐɑɗɔɜɚɎɌəɔɑɘ 

¶ (ɜɑɐɖɚ) ȹɚɜɘɧ ɔ ɓɌɖɚəɧ. Ⱥɞɐɑɗɨəɚ ɓɌɘɑɞɔɘ, ɣɞɚ ɌɎɞɚɜ ɛɜɚɞɔɎ ɛɜɔəɫɞɔɫ Ɏ 

ȼɚɝɝɔɔ ɗɪɍɧɡ əɚɜɘ, ɚɍɫɓɧɎɌɪɥɔɡ ɛɜɚɎɚɐɔɞɨ ɔɘɔɞɌɢɔɚəəɟɪ ɩɖɝɛɑɜɞɔɓɟ 
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ɛɜɚɑɖɞɚɎ ð ɘɧ ɗɑɏɖɚ ɘɚɒɑɘ ɝɑɍɑ ɛɜɑɐɝɞɌɎɔɞɨ, ɖɌɖɔɑ ɍɟɐɟɞ ɐɑɗɌɞɨɝɫ 

ɘɚɐɑɗɔ ɔ ɛɚ ɖɌɖɚɕ ɝɡɑɘɑ. 

ȳɌɘɑɞɔɘ ɛɚɛɟɞəɚ, ɣɞɚ Big  Data  ɝɑɕɣɌɝ ɘɌɗɚ ɝɞɔɘɟɗɔɜɟɪɞ ɔəɞɑɜɑɝ ɖ ȴȸ, ɩɞɚ 

ɍɟɐɑɞ ɛɚɓɒɑ. ȻɚɖɌ ɣɞɚ Big Data ɔɝɛɚɗɨɓɟɑɞɝɫ Ɏ ɚɝəɚɎəɚɘ ɐɗɫ ɌəɌɗɔɓɌ 

ɛɜɚɔɝɡɚɐɫɥɑɏɚ, əɚ əɑ ɐɗɫ ɛɜɑɐɝɖɌɓɌəɔɫ ɔ ɚɛɞɔɘɔɓɌɢɔɔ [15].  

 

ȼɔɝ. 13. ȺɞɎɑɞ əɌ Ɏɚɛɜɚɝ òȯɐɑ Ɏ ɩɞɚɘ ɝɛɑɖɞɜɑ ɎɌɤɌ ɖɚɘɛɌəɔɫ ɔɝɛɚɗɨɓɟɑɞ 

Ɏɚɓɘɚɒəɚɝɞɔ Big  Data ?ó [15]  

ȼɚɝɞ ɝɛɜɚɝɌ əɌ ȴȸ ɍɟɐɑɞ ɟɐɚɎɗɑɞɎɚɜɬə Ɏ ɚɝəɚɎəɚɘ ɓɌ ɝɣɬɞ ɝɛɑɢɔɌɗɔɓɔɜɚɎɌəəɧɡ 

(ɛɚɝɞɜɚɑəəɧɡ ɛɚɐ ɖɚəɖɜɑɞəɟɪ ɛɜɑɐɘɑɞəɟɪ ɚɍɗɌɝɞɨ, vertical ) ɔəɝɞɜɟɘɑəɞɚɎ ɔ 

ɍɔɍɗɔɚɞɑɖ ɍɚɗɑɑ Ɏɧɝɚɖɚɏɚ ɟɜɚɎəɫ, ɛɜɑɐɚɝɞɌɎɗɫɪɥɔɡ ɟɛɜɚɥɬəəɧɕ ɔəɞɑɜɠɑɕɝ ɔ 

ɝəɔɒɌɪɥɔɡ ɞɜɑɍɚɎɌəɔɫ ɖ ɛɚɗɨɓɚɎɌɞɑɗɪ. ȸɧ ɟɒɑ Ɏɔɐɔɘ ɟɝɛɑɤəɧɑ ɛɜɚɐɟɖɞɧ Ɏ 

ɚɍɗɌɝɞɔ ɘɚɐɑɗɔɜɚɎɌəɔɫ ɛɑɤɑɡɚɐəɧɡ ɛɚɞɚɖɚɎ, ɐɚɜɚɒəɚɏɚ ɐɎɔɒɑəɔɫ, 

ɌɎɞɚɘɚɍɔɗɑɝɞɜɚɑəɔɫ, ɛɜɚɞɚɖɚɗɚɎ ɔ ɝɑɞɑɕ ɝɎɫɓɔ. ȹɌ ɝɑɏɚɐəɫɤəɔɕ ɘɚɘɑəɞ ɚɐəɌ 

ɔɓ òɏɚɜɫɣɔɡ ɞɑɘó ð ɢɑɛɚɣɖɔ ɛɚɝɞɌɎɚɖ (supply  chains ), ɘɧ əɌ ɛɚɜɚɏɑ ɛɚɫɎɗɑəɔɫ 

ɘɚɥəɧɡ ɚɛɞɔɘɔɓɌɢɔɚəəɧɡ ɛɜɚɐɟɖɞɚɎ, ɚɝəɚɎɌəəɧɡ əɌ ȴȸ (ɞɌɖɚɎ, Ɏ ɣɌɝɞəɚɝɞɔ, 

anyLogistix  [18], ɜɌɓɜɌɍɌɞɧɎɌɑɘɧɕ əɌɤɑɕ ɖɚɘɛɌəɔɑɕ). ȹɑɝɚɘəɑəəɚ, Ɏ ɝɖɚɜɚɘ 

Ɏɜɑɘɑəɔ ɛɚɫɎɫɞɝɫ ɔ ɛɜɚɐɟɖɞɧ Ɏ ɚɍɗɌɝɞɔ HR, ɛɚɞɜɑɍɔɞɑɗɨɝɖɔɡ ɜɧəɖɚɎ, 

ɟɛɜɌɎɗɑəɔɫ ɛɌɜɖɌɘɔ, ɝɑɞɑɕ ɞɜɟɍɚɛɜɚɎɚɐɚɎ, ɟɝɗɟɏ ɓɐɜɌɎɚɚɡɜɌəɑəɔɫ ɔ ɞ.ɛ., 

ɔɝɛɚɗɨɓɟɪɥɔɑ ȴȸ. 

 

ȼɔɝ. 13. ȼɌɓɎɔɞɔɑ ɔəɝɞɜɟɘɑəɞɚɎ ȴȸ Ɏ ɝɞɚɜɚəɟ verticals  ɔ ɛɜɔɘɑɜəɧɕ 

ɝɜɌɎəɔɞɑɗɨəɧɕ ɜɌɓɘɑɜ ɜɧəɖɚɎ 
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ȶɜɚɘɑ ɞɚɏɚ, ȴȸ-ɖɚɘɛɚəɑəɞɧ ɍɟɐɟɞ Ɏɝɬ ɍɚɗɨɤɑ ɎɝɞɜɌɔɎɌɞɨɝɫ Ɏ 

ɝɛɑɢɔɌɗɔɓɔɜɚɎɌəəɧɑ ɌəɌɗɔɞɔɣɑɝɖɔɑ ɛɗɌɞɠɚɜɘɧ ɐɗɫ ɛɚɐɐɑɜɒɖɔ ɛɜɔəɫɞɔɫ 

ɜɑɤɑəɔɕ, ɞɌɖɔɑ, əɌɛɜɔɘɑɜ, ɖɌɖ GE Brilliant  Factory  [13 ], Ɏ ɜɌɘɖɌɡ ɔəɔɢɔɌɞɔɎɧ 

Industrial  Internet  [14 ]. ȹɚ ɩɞɔ ɖɚɘɛɚəɑəɞɧ ɍɟɐɟɞ ɡɚɜɚɤɚ ɟɛɜɫɞɌəɧ ɓɌ 

ɛɜɚɍɗɑɘəɚ-ɚɜɔɑəɞɔɜɚɎɌəəɧɘ ɔəɞɑɜɠɑɕɝɚɘ, ɞɌɖ ɣɞɚ ɖɚəɑɣəɧɕ ɛɚɗɨɓɚɎɌɞɑɗɨ 

ɐɌɒɑ əɑ ɍɟɐɑɞ ɓəɌɞɨ, ɣɞɚ ɓɌ ɣɔɝɗɌɘɔ, ɏɜɌɠɔɖɌɘɔ ɔ ɜɑɖɚɘɑəɐɌɢɔɫɘɔ ɝɞɚɔɞ əɌɤɌ 

ɝ ɎɌɘɔ ɖɟɡəɫ ɝɚɍɧɞɔɕ, ɐɔɠɠɑɜɑəɢɔɌɗɨəɧɡ ɟɜɌɎəɑəɔɕ, ɌɏɑəɞɚɎ, ɝɞɑɕɞɣɌɜɞɚɎ, 

ɛɜɚɢɑɝɝɚɎ ɔ ɓɌɫɎɚɖ. 

 

ȼɔɝ. 14. ȴȸ ð ɣɌɝɞɨ ɖɚəɢɑɛɢɔɔ Industrial Internet [14]  

ʏʪʦ ʥʘʩ ʞʜʸʪ ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

Ȯ ɚɍɗɌɝɞɔ ɘɑɞɚɐɚɎ ɔ ɫɓɧɖɚɎ ȴȸ ɝɔɞɟɌɢɔɫ ɝɗɑɐɟɪɥɌɫ. ȽȰ ɛɜɌɖɞɔɣɑɝɖɔ əɑ 

ɔɓɘɑəɔɗɌɝɨ ɓɌ ɛɚɝɗɑɐəɔɑ 50 ɗɑɞ, ɞɌɘ ɛɜɚɔɝɡɚɐɔɞ ɠɔɖɝɌɢɔɫ status  quo  Ɏ Ɏɔɐɑ 

ɛɚɛɧɞɖɔ ɝɚɓɐɌɞɨ ɟəɔɎɑɜɝɌɗɨəɧɕ ɫɓɧɖ ɚɍɘɑəɌ ȽȰ-ɘɚɐɑɗɫɘɔ (ɛɜɚɑɖɞ XMILE  [17]). 

Ȯ ȰȽ ɘɚɐɑɗɔɜɚɎɌəɔɔ ɞɌɖɒɑ əɑ ɛɜɚɔɝɡɚɐɔɞ əɔɣɑɏɚ ɛɜɔəɢɔɛɔɌɗɨəɚ əɚɎɚɏɚ, ɔɐɬɞ 

ɝɚɓɐɌəɔɑ ɍɚɗɑɑ ɟɐɚɍəɧɡ ɍɗɚɖɚɎ ɚɛɔɝɌəɔɫ ɛɜɚɢɑɝɝɚɎ, ɝɌɘɌ ɒɑ ɖɚəɢɑɛɢɔɫ əɑ 

ɛɚɘɑəɫɗɌɝɨ ɝ 1960-ɡ ɏɚɐɚɎ. ȱɐɔəɝɞɎɑəəɧɘ ɛɜɚɜɧɎɚɘ ɓɌ XXI  Ɏɑɖ ɝɞɌɗɚ 

ɛɚɫɎɗɑəɔɑ ɔ əɌɣɌɗɚ ɛɜɌɖɞɔɣɑɝɖɚɏɚ ɔɝɛɚɗɨɓɚɎɌəɔɫ Ȭȸ, Ɍ ɞɌɖɒɑ ɖɚɘɍɔəɔɜɚɎɌəɔɑ 

ɘɑɞɚɐɚɎ ɝ ɢɑɗɨɪ ɛɚɗɟɣɔɞɨ ɍɚɗɑɑ ɑɝɞɑɝɞɎɑəəɚɑ ɚɞɚɍɜɌɒɑəɔɑ ɓɌɐɌɣɔ. ȶɜɚɘɑ ɞɚɏɚ, 

ɖɚəɑɣəɚ ɒɑ, ɛɜɚɔɝɡɚɐɔɞ ɔəɞɑɏɜɌɢɔɫ ȴȸ ɝ əɚɎɧɘɔ ɞɑɡəɚɗɚɏɔɫɘɔ, əɌɛɜɔɘɑɜ, ɝ 

GIS-ɝɑɜɎɔɝɌɘɔ. 

 

ȼɔɝ. 15. Ȼɜɚɏɜɑɝɝ Ɏ ɚɍɗɌɝɞɔ ɘɑɞɚɐɚɎ ȴȸ 


