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ȻȼȱȰȯȺȮȺȼ 

 

ȴɓɜɌɐɌ ɚɎɑ ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ ɘɚɞɔɎɔɝɌəɌ ɳɑ əɌɟɣəɚɔɝɞɜɌɒɔɎɌɣɖɔɘ ɔ 
ɛɜɌɖɞɔɣəɔɘ ɜɌɓɗɚɓɔɘɌ. ȻɜɎɔ ɜɌɓɗɚɏ ɛɜɚɔɝɞɑɖɌɚ ɳɑ ɔɓ ɝɌɓəɌɵɌ ɐɌ ɝɟ ɖɎɌəɞɔɞɌɞɔɎəɔ 
ɘɚɐɑɗɝɖɔ ɛɜɔɝɞɟɛɔ ɝɗɌɍɚ, ɐɚ ɏɜɌəɔɢɑ əɑɎɔɐɴɔɎɚɝɞɔ əɌ ɏɗɚɍɌɗəɚɘ əɔɎɚɟ, 
ɛɜɔɘɑɵɑəɔ ɟ ɛɚɐɜɤɢɔ ɚɐɗɟɣɔɎɌɵɟ ɛɜɔɗɔɖɚɘ ɛɗɌəɔɜɌɵɌ ɔ ɐɑɠɔəɔɝɌɵɌ ɓɌɗɔɡɌ 
ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ ɖɌɖɚ əɌ ɜɟɐəɔɢɔɘɌ ɞɌɖɚ ɔ ɟ ɛɚɝɞɚɳɑɵɔɘɌ ɛɜɔɛɜɑɘɑ 
ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ. Ȱɜɟɏɔ ɜɌɓɗɚɏ ɛɜɚɔɝɞɑɖɌɚ ɳɑ ɔɓ ɛɜɎɚɏ, ɛɔɞɌɵɑɘ ɖɌɖɎɔ ɍɔ ɍɔɗɔ 
ɛɜɌɖɞɔɣəɔ ɑɠɑɖɞɔ ɛɜɔɘɑəɑ ɐɔəɌɘɔɣɖɔɡ ɘɚɐɑɗɌ ɓɌɗɔɡɌ ɟ ɖɚəɖɜɑɞəɔɘ ɠɗɚɞɌɢɔɳɝɖɔɘ 
ɟɝɗɚɎɔɘɌ.  

ȻɜɑɝɟɐəɌ ɔ ɎɑɚɘɌ ɍɔɞəɌ, ɚɡɜɌɍɜɟɳɟɶɌ ɚɖɚɗəɚɝɞ ɛɚɐɝɞɔɢɌɳəɚ ɳɑ ɟɞɔɢɌɗɌ ɐɌ 
ɟɛɔɤɑɘ ɐɚɖɞɚɜɝɖɑ ɝɞɟɐɔɳɑ ɔ ɟɭɑɘ ɟ ɚɍɗɌɝɞ ɔɝɞɜɌɒɔɎɌɵɌ ɏɐɑ ɝɑ ɛɜɑɛɗɔɶɟ, ɐɚɛɟɵɟɳɟ ɔ 
ɛɚɎɑɓɟɳɟ ɛɜɔɘɑɵɑəɌ ɘɌɞɑɘɌɞɔɖɌ ɔ ɜɟɐɌɜɝɞɎɚ ɔ ɝɌ ɖɚɳɚɘ ɟ ɐɟɏɚɏɚɐɔɤɵɚɳ ɔəɒɑɵɑɜɝɖɚɳ 
ɔ ɔɝɞɜɌɒɔɎɌɣɖɚɳ ɖɌɜɔɳɑɜɔ əɔɝɌɘ ɍɔɚ ɟ ɛɚɞɛɟəɚɝɞɔ ăɠɌɘɔɗɔɳɌɜɌəò.  

ȬɖɌɐɑɘɔɖ ɛɜɚɠ. ɐɜ ȽɗɚɍɚɐɌə Ȯɟɳɔɶ, ɞɌɐɌ ɛɚɘɚɶəɔɖ ɐɔɜɑɖɞɚɜɌ ɓɌ əɌɟɖɟ 
ȼɟɐɌɜɝɖɚɏ ɔəɝɞɔɞɟɞɌ ȭɑɚɏɜɌɐ, ɣɚɎɑɖ ɛɚɝɎɑɶɑə ɜɟɐɌɜɝɖɚɳ əɌɟɢɔ, əɌɟɣəɔɖ ɏɗɚɍɌɗəɚɏ 
ɟɏɗɑɐɌ ɟ ɚɍɗɌɝɞɔ ɛɜɔɘɑəɑ ɚɛɑɜɌɢɔɚəɔɡ ɔɝɞɜɌɒɔɎɌɵɌ ɟ ɜɟɐɌɜɝɞɎɟ ɔ ɏɑɚɗɚɏɔɳɔ, ɝɞɌɚ ɳɑ 
ɟɓ ɘɑəɑ, ɟɗɔɚ ɘɔ əɑɚɛɡɚɐəɟ ɝɔɏɟɜəɚɝɞ, ɘɚɞɔɎɔɝɌɚ ɔ ɚɡɜɌɍɜɔɚ ɐɌ ɟɛɔɤɑɘ ɐɚɖɞɚɜɝɖɑ 
ɝɞɟɐɔɳɑ əɌ Ⱦɑɡəɔɣɖɚɘ ɠɌɖɟɗɞɑɞɟ ɟ ȭɚɜɟ. Ȼɚɞɚɘ ɖɚəɞɔəɟɔɜɌəɚ ɛɜɌɞɔɚ ɞɚɖ ɝɞɟɐɔɳɌ, 
ɝɎɑɝɜɐəɚ ɛɚɘɚɏɌɚ ɛɜɔ ɚɍɗɔɖɚɎɌɵɟ ɔɐɑɳɑ ɔ ɞɑɘɟ ɔɝɞɜɌɒɔɎɌɵɌ ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ, 
Ɍ ɓɌɞɔɘ ɔ ɐɌ ɛɜɑɎɌɓɔɭɑɘ ɛɚɣɑɞəɑ əɑɐɚɘɔɢɑ, əɑɛɚɓəɌəɔɢɑ, ɛɚɞɚɘ ɐɌ ɛɜɑɐɗɚɒɔ ɜɟɐəɔɖ 
ɔ ɝɎɚɳɔɘ Ɍɟɞɚɜɔɞɑɞɚɘ ɚɘɚɏɟɶɔ ɛɜɔɝɞɟɛ ɛɚɝɗɚɎəɔɘ ɛɚɐɌɢɔɘɌ ɜɟɐəɔɖɌ ɓəɌɣɌɳəɔɘ ɓɌ 
ɞɑɝɞ-ɑɖɝɛɑɜɔɘɑəɞɌɗəɌ ɔɝɞɜɌɒɔɎɌɵɌ. ȹɑɝɑɍɔɣəɚ ɔ ɌɖɞɔɎəɚ ɝɟɐɑɗɚɎɌɚ ɟ ɝɎɔɘ ɠɌɓɌɘɌ 
əɌɝɞɌɳɌɵɌ ɐɔɝɑɜɞɌɢɔɳɑ. ȽɌɐɌ ɖɌɐɌ ɳɑ ɝɎɑ ɚɎɚ ɔɓɌ ɘɑəɑ, ɓɌɡɎɌɗəɚɝɞ ɍɔɡ ɛɜɑɚɍɜɌɓɔɚ ɟ 
əɑɤɞɚ ɐɟɏɚɜɚɣəɔɳɑ, ɟ ɛɚɤɞɚɎɌɵɑ ɔ ɝɑɶɌɵɑ. ȻɜɔɎɔɗɑɏɔɳɌ ɘɔ ɳɑ ɛɚɓəɌɎɌɞɔ, ɟɣɔɞɔ, 
ɝɌɜɌɭɔɎɌɞɔ ɔ ɔɘɌɞɔ ȮɌɝ ɖɌɚ ɛɚɐɜɤɖɟ.  

ȳɌ ɜɑɌɗɔɓɌɢɔɳɟ ɔɝɞɜɌɒɔɎɌɵɌ ɟ ɚɖɎɔɜɟ ɐɔɝɑɜɞɌɢɔɳɑ, ɛɚɞɜɑɍɌə ɳɑ ɍɔɚ ɜɟɐəɔɖ ɝɌ 
ɐɚɍɜɚ Ɏɚɭɑəɚɘ ɛɚɝɗɚɎəɚɘ ɑɎɔɐɑəɢɔɳɚɘ ɚ ɛɚɞɜɚɤɵɔ ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ. ȿ 
ɝɌɐɌɤɵɔɘ ɚɖɚɗəɚɝɞɔɘɌ ɖɌɐɌ ɝɟ ɜɟɐəɔɢɔ ɟɏɗɌɎəɚɘ ɟ ɛɜɔɎɌɞəɚɘ ɎɗɌɝəɔɤɞɎɟ, əɔɳɑ 
ɛɜɑɟɎɑɗɔɣɌəɚ ɐɌ ɳɑ ɞɚ ɏɚɞɚɎɚ əɑɘɚɏɟɶɌ ɘɔɝɔɳɌ. ȹɌ ɔəɔɢɔɳɌɞɔɎɟ ɔ ɛɚɐɜɤɖɟ ɛɜɚɠ. 
ȮɟɳɔɶɌ, ɟ ɝɟɝɜɑɞ ɳɑ ɔɓɌɤɌɚ ȼɟɐəɔɖ ɔ ɠɗɚɞɌɢɔɳɌ ăȼɟɐəɔɖò ɐɚɚ, ɝɞɌɎɴɌɳɟɶɔ əɌ ɟɎɔɐ, ɍɑɓ 
ɟɝɗɚɎɴɌɎɌɵɌ, ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɟɜɑɐəɚ Ɏɚɭɑəɑ ɛɚɝɗɚɎəɑ ɛɚɐɌɞɖɑ ɚ ɛɚɞɜɚɤɵɔ 
ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ ɟ ɠɗɚɞɌɢɔɳɔ. Ȯɑɗɔɖɟ ɓɌɡɎɌɗəɚɝɞ əɌ ɜɌɓɟɘɑɎɌɵɟ ɔ ɛɚɐɜɤɢɔ  
ɐɟɏɟɳɑɘ ɏɑəɑɜɌɗəɚɘ ɐɔɜɑɖɞɚɜɟ Ȭɢɔ ȴɗɔɶɟ, ɐɔɛɗ. ɔəɒ. ɏɑɚɗɚɏɔɳɑ ɖɌɚ ɔ ȰɟɤɌəɟ 
ɂɜəɚɍɜəɔɶɟ, ɐɔɛɗ. ɔəɒ. ɜɟɐɌɜɝɞɎɌ, ȽɌɤɔ ȥɌəɔɶɟ ɐɔɛɗ. ɔəɒ. ɜɟɐɌɜɝɞɎɌ ɔ ȸɌɜɖɟ 
ȸɗɌɐɑəɚɎɔɶɟ ɐɔɛɗ. ɔəɒ. ɜɟɐɌɜɝɞɎɌ.   

ȻɚɐɜɤɖɌ ɞɚɖɚɘ ɔɝɞɜɌɒɔɎɌɵɌ, ɝɌɎɑɞɔ ɔ ɛɜɑɐɗɚɓɔ, ɐɚɍɜɚəɌɘɑɜɌə ɔ ɖɚɗɑɏɔɳɌɗɌə 
ɚɐəɚɝ, ɍɔɚ ɘɔ ɳɑ ɎɑɚɘɌ ɓəɌɣɌɳɌə ɔ ɟ Ɏɑɗɔɖɚɳ ɘɑɜɔ ɐɚɛɜɔəɑɚ ɖɎɌɗɔɞɑɞɟ ɔɓɜɌɐɑ ɚɎɑ 
ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ, əɌ ɣɑɘɟ ɝɑ ɛɚɝɑɍəɚ ɓɌɡɎɌɴɟɳɑɘ ɘɑəɞɚɜɔɘɌ ɛɜɚɠ. ɐɜ ȸɔɗɌəɟ 
Ⱦɜɟɘɔɶɟ ɝɌ Ⱦɑɡəɔɣɖɚɏ ɀɌɖɟɗɞɑɞɌ ɟ ȭɚɜɟ ɔ ɛɜɚɠ. ɐɜ ȸɌɜɔɳɔ ȶɟɓɘɌəɚɎɔɶ ɝɌ ɀɌɖɟɗɞɑɞɌ 
ɚɜɏɌəɔɓɌɢɔɚəɔɡ əɌɟɖɌ ɟ ȭɑɚɏɜɌɐɟ.  

ɃɗɌəɚɎɔɘɌ ȶɚɘɔɝɔɳɑ ɛɜɚɠ. ɐɜ ȳɚɜɌəɟ ɄɞɔɜɍɌəɚɎɔɶɟ, ɝɌ Ⱦɑɡəɔɣɖɚɏ ɀɌɖɟɗɞɑɞɌ 
ɟ ȭɚɜɟ, ɐɚɢ. ɐɜ ȭɔɝɑɜɌ Ȭəɐɜɔɶ ȯɟɤɌɎɌɢ, ɝɌ ɀɌɖɟɗɞɑɞɌ ɚɜɏɌəɔɓɌɢɔɚəɔɡ əɌɟɖɌ ɟ 
ȭɑɚɏɜɌɐɟ, ɔ əɌɟɣ. ɝɌɜ. ɐɜ ȮɗɌɐɔɘɔɜɟ ȥɚɎɌəɚɎɔɶɟ, ɔɓ ȴəɝɞɔɞɟɞɌ ɓɌ ɞɑɡəɚɗɚɏɔɳɟ 



əɟɖɗɑɌɜəɔɡ ɔ ɐɜɟɏɔɡ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɟ ȭɑɚɏɜɌɐɟ, ɐɟɏɟɳɑɘ ɓɌɡɎɌɗəɚɝɞ əɌ 
ɛɜɚɠɑɝɔɚəɌɗəɚɝɞɔ, ɖɚɜɔɝəɔɘ ɝɟɏɑɝɞɔɳɌɘɌ, ɖɚəɝɞɜɟɖɞɔɎəɔɘ ɖɚɘɑəɞɌɜɔɘɌ, ɛɚɐɜɤɢɔ, 
ɔəɞɑɜɑɝɚɎɌɵɟ ɔ ɛɜɌɶɑɵɟ ɞɚɖɚɘ ɔɝɞɜɌɒɔɎɌɵɌ.  

ȶɚɗɑɏɔəɔɢɌɘɌ ɔ ɖɚɗɑɏɌɘɌ, ȼɟɐɌɜɝɖɚɏ ɔəɝɞɔɞɟɞɟ ȭɑɚɏɜɌɐ, ɔ ɐɔɜɑɖɞɚɜɟ ɐɜ 
ȸɔɗɔəɖɟ ȼɌɐɚɝɌɎɴɑɎɔɶɟ,  ɓɌɡɎɌɴɟɳɑɘ əɌ ɜɌɓɟɘɑɎɌɵɟ, ɛɚɐɜɤɢɔ ɔ ɎɑɜɚɎɌɵɟ.  

ȳɌɡɎɌɗəɚɝɞ ɐɟɏɟɳɑɘ  ɐɜ Ȳɑɴɖɟ ȻɜɌɤɞɌɗɟ ɔ ɐɜ ȥɌɝɘɔəɔ ȹɑɤɖɚɎɔɶ əɌ ɘɚɜɌɗəɚɳ, 
ɝɌɎɑɞɚɐɌɎəɚɳ ɔ ɞɑɡəɔɣɖɚɳ ɛɚɐɜɤɢɔ. 

ȽɎɚɳɚɳ ɛɚɜɚɐɔɢɔ, ɐɟɏɟɳɑɘ əɑɔɓɘɑɜəɟ ɓɌɡɎɌɗəɚɝɞ əɌ ɛɚɐɝɞɜɑɖɟ, ɝɞɜɛɴɑɵɟ ɔ 
ɜɌɓɟɘɑɎɌɵɟ ɓɍɚɏ ɞɚɏɌ ɤɞɚ ɝɟ ɍɔɗɔ ɟɝɖɜɌɶɑəɔ ɓɌ Ɏɜɑɘɑ ɖɚɳɑ ɝɌɘ ɛɚɝɎɑɞɔɚ ɔɓɜɌɐɔ ɚɎɑ 
ɐɔɝɑɜɞɌɢɔɳɑ. 

 

 

 

ȭɑɚɏɜɌɐ, Ɍɛɜɔɗ 2025.   
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ȽȾȺɁȬȽȾȴɃȶȴ ȸȺȰȱȷ ȿȻȼȬȮȦȬȧȬ ȳȬȷȴɁȬȸȬ 
ȶȬȺ ȺȽȹȺȮȬ ȻȷȬȹȴȼȬȧȬ ȹȬȭȬȮȶȱ ȻȼȺɂȱȽȹȴɁ 
ȸȬȾȱȼȴȥȬȷȬ ȿ ȻȼȴȻȼȱȸȴ ȸȴȹȱȼȬȷȹȴɁ ȽȴȼȺȮȴȹȬ 

 

ȴɓɎɚɐ 

 

ȿɛɜɌɎɴɌɵɑ ɔ ɠɔəɌəɝɔɳɝɖɌ ɝɞɌɍɔɗəɚɝɞ ɛɜɑɐɟɓɑɶɌ ɟ ɝɌɎɜɑɘɑəɚɘ ɔ ɎɑɚɘɌ 
ɐɔəɌɘɔɣəɚɘ ɛɚɝɗɚɎəɚɘ ɚɖɜɟɒɑɵɟ əɑɔɓɚɝɞɌɎəɌ ɳɑ ɔ ɞɑɤɖɚ ɚɝɞɎɌɜɔɎa ɟɖɚɗɔɖɚ əɑ 
ɛɚɝɑɐɟɳɑ ɓɌɗɔɡɑ. ȹɑɘɚɏɟɶɑ ɳɑ əɌɶɔ ɴɟɐɝɖɟ ɌɖɞɔɎəɚɝɞ ɖɚɳɌ əɑɘɌ ɛɚɞɜɑɍɟ ɓɌ ɝɞɎɌɜɌɵɑɘ 
ɔ ɖɚɜɔɤɶɑɵɑɘ ɓɌɗɔɡɌ. ȻɚɳɌɘ ɓɌɗɔɡɌ ɚɍɟɡɎɌɞɌ Ɏɑɗɔɖɔ ɍɜɚɳ ɠɚɜɘɟɗɌɢɔɳɌ. ɃɑɝɞɌ 
ɐɑɠɔəɔɢɔɳɌ ɳɑ ɝɗɔɣəɌ ɚəɚɳ ɖɚɳɚɘ ɝɑ ɟɝɖɗɌɐɔɤɞɑəɔ ɘɌɞɑɜɔɳɌɗɔ, ɟɛɚɞɜɑɍɴɑəɔ ɟ ɝɎɜɡɟ 
ɚɝɔɏɟɜɌɵɌ əɚɜɘɌɗəɑ ɛɜɚɔɓɎɚɐɵɑ ɔ ɓɌɐɚɎɚɴɑɵɌ ɛɚɞɜɑɍɌ ɖɟɛɌɢɌ əɌɓɔɎɌ ɓɌɗɔɡɌɘɌ, ɐɚɖ 
ɳɑ əɌɳɖɜɌɶɌ ɐɑɠɔəɔɢɔɳɌ ɚəɌ ɖɚɳɌ ɖɌɒɑ ɐɌ ɝɟ ɓɌɗɔɡɑ əɑɌɖɞɔɎəɔ ɜɑɝɟɜɝɔ ɖɚɳɔ ɛɚɝɑɐɟɳɟ 
ɑɖɚəɚɘɝɖɟ Ɏɜɑɐəɚɝɞ.  

ȼɌɓəɚɎɜɝəɔ ɜɌɓɗɚɓɔ ɓɌ ɐɜɒɌɵɑ ɓɌɗɔɡɌ ɎɌɜɔɜɌɳɟ ɛɜɑɘɌ ɝɛɑɢɔɠɔɣəɚɝɞɔɘɌ 
ɐɑɗɌɞəɚɝɞɔ ɔ ɘɚɏɟ ɝɑ ɚɏɗɑɐɌɞɔ ɟ ɖɚəɞɔəɟɔɜɌəɚɳ ɛɜɚɔɓɎɚɐɵɔ, ɍɜɓɔəɔ ɔ ɛɚɟɓɐɌəɚɝɞɔ 
əɌɍɌɎɖɑ, əɑɝɞɌɍɔɗəɚɳ ɛɚɞɜɌɒɵɔ ɔɞɐ. ȿ ɓɌɗɔɡɑ ɝɎɜɝɞɌɎɌɘɚ Ɏɑɗɔɖɔ ɍɜɚɳ ɜɌɓəɚɎɜɝəɔɡ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɔ ɜɚɍɌ, ɛɚɣɑɎ ɚɐ  ɝɔɜɚɎɔəɌ, ɛɚɗɟɛɜɚɔɓɎɚɐɌ, ɜɑɛɜɚɐɟɖɢɔɚəɔɡ, 
ɛɚɞɜɚɤəɔɡ, ɓɌɤɞɔɞəɔɡ ɔ ɚɞɛɌɐəɔɡ ɘɌɞɑɜɔɳɌɗɌ, ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ, ɘɌɤɔəɌ, 
ɞɜɌəɝɛɚɜɞəɔɡ ɝɜɑɐɝɞɌɎɌ, ɌɗɌɞɌ ɔ ɐɜɟɏɑ ɚɛɜɑɘɑ, ɓɌɞɔɘ ɑəɑɜɏɑəɌɞɌ, ɏɚɜɔɎɌ, ɏɚɞɚɎɔɡ 
ɛɜɚɔɓɎɚɐɌ ɛɜɑɖɚ ɒɔɎɚɞəɔɡ əɌɘɔɜəɔɢɌ, ɗɑɖɚɎɌ ɐɚ ɘɟəɔɢɔɳɑ ɔ ɚɜɟɒɳɌ. ȳɌɗɔɡɑ ɝɑ  
ɖɗɌɝɔɠɔɖɟɳɟ əɌ ɜɌɓɗɔɣɔɞɑ əɌɣɔəɑ ɛɜɑɘɌ ɞɔɛɟ ɖɜɑɞɌɵɌ ɘɌɞɑɜɔɳɌɗɌ, ɠɌɓɔ ɛɜɚɢɑɝɌ 
ɛɜɚɔɓɎɚɐɵɑ, Ɏɜɝɞɔ ɜɚɍɑ, ɝɛɑɢɔɠɔɣəɚɝɞɔ ɔ əɔɎɚɟ əɌɘɑəɑ. ȸɚɒɑɘɚ ɔɡ ɛɚɐɑɗɔɞɔ əɌ 
ɓɌɗɔɡɑ ɝɔɜɚɎɔəɌ ɔ ɘɌɞɑɜɔɳɌɗɌ, ɓɌɞɔɘ ɐɑɗɚɎɌ, ɜɑɛɜɚɘɌɞɑɜɔɳɌɗɌ, ɖɚɘɛɚəɑəɞɔ ɔ əɌ ɖɜɌɳɟ 
ɛɚɗɟɛɜɚɔɓɎɚɐɌ ɚɐəɚɝəɚ ɏɚɞɚɎɔɡ ɛɜɚɔɓɎɚɐɌ. ȿ ɟɖɟɛəɔɘ ɞɜɚɤɖɚɎɔɘɌ ɛɜɚɔɓɎɚɐɵɑ, 
ɟɐɑɚ ɞɜɚɤɖɚɎɌ ɓɌɗɔɡɌ ɚɍɟɡɎɌɞɌ ɍɔɞɌə ɐɑɚ. ȿɖɟɛəɔ ɞɜɚɤɖɚɎɔ ɓɌɗɔɡɌ ɏɜɟɍɚ ɏɗɑɐɌəɚ 
ɘɚɏɟ ɍɔɞɔ ɛɚɐɑɴɑəɔ əɌ ɞɜɚɤɖɚɎɑ əɌɍɌɎɖɑ, ɐɜɒɌɵɌ ɔ əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ, ɘɌɐɌ ɘəɚɏɔ 
Ɍɟɞɚɜɔ ɟ ɝɎɚɳɔɘ ɛɟɍɗɔɖɌɢɔɳɌɘɌ ɛɚɘɔɵɟ ɖɌɚ ɣɑɞɎɜɞɟ ɔ ɚɝɞɌɗɑ ɞɜɚɤɖɚɎɑ. 

ȰɑɗɚɞɎɚɜəɚ ɔ ɑɖɚəɚɘɔɣəɚ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɟ Ɏɑɗɔɖɚɳ ɘɑɜɔ ɳɑ ɎɔɐɴɔɎɚ ɖɜɚɓ 
ɌɐɑɖɎɌɞəɚ ɛɜɌɶɑɵɑ ɔ ɖɚəɞɜɚɗɟ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ. ȿɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ, 
ɜɑɗɌɞɔɎəɚ ɝɖɚɜɚ, əɑɜɑɞɖɚ ɳɑ ɍɔɗɌ ɛɚɐɢɑɵɑəɌ ɛɚɝɗɚɎəɌ ɌɖɞɔɎəɚɝɞ, ɍɑɓ ɚɍɓɔɜɌ ɤɞɚ 
ɎɌɒəɚɝɞ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ, ɐɔɜɑɖɞəɚ ɛɚɞɔɣɑ ɚɐ Ɏɜɑɐəɚɝɞɔ ɜɌɝɛɚɗɚɒɔɎɔɡ ɓɌɗɔɡɌ 
ɛɜɑɐɟɓɑɶɌ.  Ⱥɍɑɓɍɑɐɔɞɔ ɛɜɑɢɔɓəɟ ɖɚɗɔɣɔəɟ ɚɐɜɑɭɑəɚɏ ɛɜɚɔɓɎɚɐɌ ɝɌ ɛɜɌɎɚɎɜɑɘɑəɔɘ 
əɌɜɟɣɔɎɌɵɑɘ ɳɑ ɚɝəɚɎəɌ ɝɎɜɡɌ ɟɛɜɌɎɴɌɵɌ ɔ ɖɚəɞɜɚɗɑ ɓɌɗɔɡɌ. ȳɌ ɚɎɌɖɌɎ ɓɌɡɞɑɎ 
əɑɚɛɡɚɐəɚ ɳɑ ɚɐɏɚɎɚɜɔɞɔ əɌ ɞɜɔ ɎɑɚɘɌ ɍɔɞəɌ ɛɔɞɌɵɌ:ɖɚɳɑ, ɖɌɐɌ ɔ ɖɚɗɔɖɚ. ȶɚɳɑ 
ɝɔɜɚɎɔəɑ, ɛɜɚɢɑɝəɑ ɘɌɞɑɜɔɳɌɗɑ ɔɗɔ ɛɜɚɔɓɎɚɐɑ ɞɜɑɍɌ əɌɜɟɣɔɞɔ? ȶɌɐɌ ɳɑ ɛɚɞɜɑɍəɚ 
ɔɓɎɜɤɔɞɔ ɛɚɜɟɹɍɔəɟ? ȶɚɗɔɖɚ, ɚɐəɚɝəɚ ɖɚɳɟ ɖɚɗɔɣɔəɟ ɳɑ ɛɚɞɜɑɍəɚ ɛɚɜɟɣɔɞɔ? 
ȹɌɳɞɑɒɑ ɳɑ ɐɚɍɔɞɔ ɚɐɏɚɎɚɜ əɌ ɞɜɑɶɑ ɛɔɞɌɵɑ. ȳɌ ɚɐɜɑɭɔɎɌɵɑ ɚɛɞɔɘɌɗəɑ ɖɚɗɔɣɔəɑ 
ɚɐəɚɝəɚ Ɏɑɗɔɣɔəɑ ɛɚɜɟɹɍɔəɑ ɟɓ əɌɳəɔɒɑ ɞɜɚɤɖɚɎɑ ɟɛɚɞɜɑɍɴɌɎɌɳɟ ɝɑ ɘəɚɏɚɍɜɚɳəɔ 
ɘɌɞɑɘɌɞɔɣɖɔ ɘɚɐɑɗɔ. ȹɌɳɛɚɓəɌɞɔɳɔ ɔ əɌɳɝɞɌɜɔɳɔ ɳɑ ɘɚɐɑɗ ȱɖɚəɚɘɔɣəɑ ɖɚɗɔɣɔəɑ 
əɌɜɟɣɔɎɌɵɌ ɓɌɗɔɡɌ (EOQ; Economic Order Quantity), ɓɌɞɔɘ ɝɗɑɐɑ ȻɗɌəɔɜɌɵɑ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɛɚɞɜɑɍɌ (MRP; Material requirements planning), ȻɗɌəɔɜɌɵɑ 
ɛɜɚɔɓɎɚɐəɔɡ ɜɑɝɟɜɝɌ (MRP II; Manufacturing Resource Planning), ȻɗɌəɔɜɌɵɑ ɛɚɞɜɑɍɌ 
ɐɔɝɞɜɔɍɟɢɔɳɑ (DRP; Distribution Requirements Planning), ȻɗɌəɔɜɌɵɑ ɜɑɝɟɜɝɌ 
ɛɜɑɐɟɓɑɶɌ (ERP; Enterprise Resource Planning), ȿəɌɛɜɑɭɑəɚ ɛɗɌəɔɜɌɵɑ ɔ 
ɜɌɝɛɚɜɑɭɔɎɌɵɑ (APS; Advanced Planning and Scheduling). Ȼɜɚɞɚɖɚɘ ɎɜɑɘɑəɌ ɘɚɐɑɗɔ 



ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɝɟ ɜɌɓɎɔɳɌəɔ ɔ ɟəɌɛɜɑɭɔɎɌəɔ ɞɑ ɔɘ ɝɑ ɍɜɚɳ ɛɚɎɑɶɌɎɌɚ, ɛɌ ɳɑ ɞɑɤɖɚ 
ɠɚɜɘɔɜɌɞɔ ɵɔɡɚɎɟ ɳɑɐɔəɝɞɎɑəɟ ɖɗɌɝɔɠɔɖɌɢɔɳɟ. ȯɜɟɍɚ ɏɗɑɐɌəɚ, ɛɜɚɢɑɝ ɟɛɜɌɎɴɌɵɌ 
ɓɌɗɔɡɌɘɌ ɛɜɑɛɚɓəɌɳɑ ɛɜɔɘɑəɟ ɞɜɌɐɔɢɔɚəɌɗəɔɡ ɔ ɝɌɎɜɑɘɑəɔɡ ɘɚɐɑɗɌ ɟɛɜɌɎɴɌɵɌ. 

ȸɌɞɑɘɌɞɔɣɖɑ ɘɚɐɑɗɑ ɓɌ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɘɚɏɟɶɑ ɳɑ ɝɎɜɝɞɌɞɔ ɟ 
ɐɑɞɑɜɘɔəɔɝɞɔɣɖɑ ɔ ɝɞɚɡɌɝɞɔɣɖɑ (ɛɜɚɍɌɍɔɗɔɝɞɔɣɖɑ). ȽɞɚɡɌɝɞɔɣəɚɝɞ ɳɑ ɖɚəɢɑɛɞ ɖɚɳɔ 
ɔɘɌ ɜɌɓɟɭɑə ɚɛɝɑɏ ɛɜɔɘɑəɌ ɟ Ɏɑɗɔɖɚɘ ɍɜɚɳɟ, Ɍɖɚ əɑ ɔ ɝɎɔɘ əɌɟɖɌɘɌ. ȻɜɟɒɌ ɍɚɴɑ 
ɜɌɓɟɘɑɎɌɵɑ ɔ ɐɌɳɑ ɘɚɏɟɶəɚɝɞ ɚɍɳɌɤɵɑɵɌ əɑɛɜɑɐɎɔɐɴɔɎɚɝɞɔ ɔ ɝɗɟɣɌɳəɚɝɞɔ ɛɜɔɝɟɞəɔɡ 
ɟ Ɏɑɗɔɖɚɘ ɍɜɚɳɟ ɛɜɔɜɚɐəɔɡ ɔ ɐɜɟɤɞɎɑəɔɡ ɛɚɳɌɎɌ ɔ ɛɜɚɢɑɝɌ ɟ əɌɤɑɘ ɝɎɑɞɟ. ȳɌ ɵɔɡ ɝɑ 
əɌɳɣɑɤɶɑ Ɏɑɓɟɳɑ ɞɑɜɘɔə ɛɚɝɑɐɚɎɌɵɌ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɚɏ ɖɌɜɌɖɞɑɜɌ ɝɌ ɛɜɚɟɣɌɎɌɵɑɘ 
ɖɜɚɓ ɝɞɌəɐɌɜɐəɑ əɌɟɣəɑ ɘɑɞɚɐɑ. Ȼɚɝɞɚɳɑ ɛɚɳɌɎɑ ɖɚɳɑ əɔɳɑ ɘɚɏɟɶɑ ɛɚɝɘɌɞɜɌɞɔ ɖɜɚɓ ɚɎɟ 
ɛɑɜɝɛɑɖɞɔɎɟ, ɓɍɚɏ ɞɚɏɌ ɤɞɚ əɑ ɛɚɝɞɚɳɔ ɘɚɏɟɶəɚɝɞ əɑɐɎɚɝɘɔɝɗɑəɚɏ ɟɞɎɜɭɔɎɌɵɌ 
ɘɑɭɟɝɚɍəɔɡ ɎɑɓɌ ɔ ɚɐəɚɝɌ ɟəɟɞɌɜ ɵɔɡ. ȾɌɖɚ ɐɌ ɝɑ ɞɑ ɛɚɳɌɎɑ əɌɓɔɎɌɳɟ ɝɗɟɣɌɳəɔɘ ɔɗɔ 
ɝɞɚɡɌɝɞɔɣɖɔɘ. 

Ⱥɐɜɑɭɑəɔ ɍɜɚɳ ɖɴɟɣəɔɡ ɑɗɑɘɑəɌɞɌ ɚɐɗɔɖɟɳɑ ɝɞɚɡɌɝɞɔɣɖɑ ɘɚɐɑɗɑ ɔ ɝɎɌɖɔ ɔɏɜɌ 
ɎɑɚɘɌ ɎɌɒəɟ ɟɗɚɏɟ ɟ ɵɔɡɚɎɚɳ ɖɚəɝɞɜɟɖɢɔɳɔ ɔ ɌəɌɗɔɓɔ. Ⱦɚ ɝɟ ɝɗɟɣɌɳəɑ ɛɜɚɘɑəɴɔɎɑ, 
ɐɔɝɞɜɔɍɟɢɔɳɑ ɎɑɜɚɎɌɞəɚɶɑ ɔ Ɏɜɑɘɑəɝɖɔ ɔɗɔ ɛɜɚɝɞɚɜəɔ ɛɌɜɌɘɑɞɜɔ. Ⱥɐɜɑɭɑəɔ 
ɟɚɍɔɣɌɳɑəɔ ɞɔɛɚɎɔ ɟɖɴɟɣɟɳɟ ȸɌɜɖɚɎɴɑɎɑ ɗɌəɢɑ ɔ ɛɜɚɢɑɝɑ, ȻɚɔɝɚəɚɎɑ, ȯɌɟɝɚɎɑ ɔ 
ȷɑɎɔɳɑɎɑ ɛɜɚɢɑɝɑ, ȭɜɌɟəɚɎɚ ɖɜɑɞɌɵɑ, ȸɚəɞɑ ȶɌɜɗɚ ɘɑɞɚɐ ɔɞɐ. ȹɌɍɜɚɳɌəɔ ɝɟ ɝɌɘɚ 
ɚɐɜɑɭɑəɔ ɛɜɔɘɑɜɔ ɚɐ əɑɍɜɚɳeəɚ ɤɔɜɚɖɚɏ ɝɛɑɖɞɜɌ ɘəɚɏɔɡ ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ ɔ 
ɛɜɚɢɑɝɌ ɖɚɳɔ ɝɑ ɖɚɜɔɝɞɑ ɛɜɔɗɔɖɚɘ ɘɚɐɑɗɚɎɌɵɌ ɔ ɌəɌɗɔɓɑ ɟ ɜɌɓɗɔɣɔɞɔɘ 
ɐɔɝɢɔɛɗɔəɌɘɌ. ȽɎɌɖɔ ɖɚɜɔɤɶɑəɔ ɘɚɐɑɗ ɔ ɛɜɚɢɑɝ ɍɔɜɌ ɝɑ əɌ ɚɝəɚɎɟ ɝɛɑɢɔɠɔɣəɔɡ 
ɖɌɜɌɖɞɑɜɔɝɞɔɖɌ ɝɔɝɞɑɘɌ ɔɗɔ ɛɚɐɌɞɌɖɌ ɖɚɳɔ ɝɑ ɌəɌɗɔɓɔɜɌɳɟ, ɖɌɚ ɔ ɢɔɴɑɎɌ ɞɔɡ ɌəɌɗɔɓɌ. 
ȿɖɜɌɞɖɚ, ɝɞɚɡɌɝɞɔɣɖɔ ɝɔɝɞɑɘɔ ɔɏɜɌɳɟ ɎɔɞɌɗəɟ ɟɗɚɏɟ ɟ ɜɑɤɌɎɌɵɟ ɔəɡɑɜɑəɞəɔɡ 
əɑɔɓɎɑɝəɚɝɞɔ ɟ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗɌ, əɟɐɑɶɔ ɐɚəɚɝɔɚɢɔɘɌ ɚɐɗɟɖɌ ɌɗɌɞɑ 
ɓɌ ɛɚɍɚɴɤɌɵɑ ɑɠɔɖɌɝəɚɝɞɔ, ɝɘɌɵɑɵɑ ɞɜɚɤɖɚɎɌ ɔ ɛɚɍɚɴɤɌɵɑ ɟɖɟɛəɑ ɚɞɛɚɜəɚɝɞɔ 
ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ. 

Ȼɚɜɑɐ ɚɝɞɌɗɔɡ ɏɜɌəɌ ɔəɐɟɝɞɜɔɳɑ ɔ ɜɟɐɌɜɝɞɎo ɳɑ ɐɚɝɞɔɏɗɚ ɝɞɌɐɔɳɟɘ ɟ ɖɚɘɑ ɳɑ 
ɛɚɞɜɑɍəɚ ɛɜɔɡɎɌɞɔɞɔ ɘɚɐɑɗɑ ɚɛɞɔɘɔɓɌɢɔɳɑ ɟ ɝɎɔɘ ɠɌɓɌɘɌ ɔ ɌɖɞɔɎəɚɝɞɔɘɌ. 
ȿɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɛɜɑɐɝɞɌɎɴɌ ɝɎɑ ɣɑɤɶɑ ɳɑɐɌə ɚɐ ɜɑɤɌɎɌəɔɳɔɡ ɛɜɚɍɗɑɘɌ ɛɜɔ 
ɛɜɌɖɞɔɣəɚɳ ɛɜɔɘɑəɔ. ȿ ɛɜɔɛɜɑɘɔ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɎɑɚɘɌ ɍɔɞɌə ɢɔɴ, 
ɛɚɝɘɌɞɜɌəɚ ɖɜɚɓ ɛɑɜɝɛɑɖɞɔɎɟ ɗɚɏɔɝɞɔɖɑ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ ɳɑ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ. Ⱦɚ ɛɚɐɜɌɓɟɘɑɎɌ ɚɝɞɎɌɜɔɎɌɵɑ ɌɐɑɖɎɌɞəɚɏ, ɚɛɞɔɘɌɗəɚɏ ɚɐəɚɝɌ 
ɖɚɗɔɣɔəɑ ɛɜɚɔɓɎɑɐɑəɚɏ ɖɚəɢɑəɞɜɌɞɌ əɌ ɓɌɗɔɡɌɘɌ ɔ ɚɛɝɑɏɌ ɛɚɞɜɌɒɵɑ ɚɐəɚɝəɚ ɓɌɡɞɑɎɌ 
ɓɌ ɔɝɛɚɜɟɖɟ, ɖɌɚ ɔ ɛɚɞɜɑɍəɚɏ ɚɐɏɚɎɌɜɌɳɟɶɑɏ ɚɐəɚɝɌ əɌɍɌɎɴɑəɑ ɖɚɗɔɣɔəɑ ɚɝəɚɎəɔɡ 
ɝɔɜɚɎɔəɌ, ɛɜɚɔɓɎɚɐəɔɡ ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ (ɚɍɗɚɏɌ, ɖɟɏɗɔ, ɜɑɌɏɑəɌɝɌ, ɑəɑɜɏɔɳɑ, 
ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ ɔɞɐ) ɔ ɓɌɡɞɑɎɌəɑ ɖɚɗɔɣɔəɑ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ. ɀɚɜɘɔɜɌɵɑɘ 
ɓɌɗɔɡɌ ɘɚɏɟɶɑ ɳɑ ɚɝɔɏɟɜɌɞɔ ɐɌ ɝɑ ɛɜɚɔɓɎɚɐəɔ ɛɜɚɢɑɝ ɚɐɎɔɳɌ əɑɚɘɑɞɌəɚ. Ȯɑɶɚɘ 
ɖɚɗɔɣɔəɚɘ ɓɌɗɔɡɌ ɝɘɌɵɟɳɑ ɝɑ ɘɚɏɟɶəɚɝɞ ɓɌɝɞɚɳɌ ɔɗɔ ɚɍɟɝɞɌɎɑ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ. 
ȻɚɝɘɌɞɜɌəɚ ɝɌ ɐɜɟɏɑ ɝɞɜɌəɑ, Ɏɑɶɑ ɖɚɗɔɣɔəɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ əɌ ɓɌɗɔɡɌɘɌ ɚɐ 
ɛɚɞɜɑɍəɑ, əɑɛɚɞɜɑɍəɚ ɟɎɑɶɌɎɌ ɞɜɚɤɖɚɎɑ ɔ əɌ ɞɌɳ əɌɣɔə ɟɘɌɵɟɳɑ ɛɚɓɔɞɔɎəɑ ɑɖɚəɚɘɝɖɑ 
ɑɠɑɖɞɑ ɛɚɝɗɚɎɌɵɌ. ȶɚɐ ɛɗɌəɔɜɌɵɌ ɔ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ, 
ɖɌɖɚ ɟ ɍɔɗɚ ɖɚɘ Ɍɝɛɑɖɞɟ ɛɚɝɗɚɎɌɵɌ, ɞɌɖɚ ɔ ɟ ɛɜɚɔɓɎɚɐəɚɘ, ɏɐɑ ɛɜɔɛɌɐɌɳɟ ɔ ɛɜɚɢɑɝɔ 
ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɠɟəɐɌɘɑəɞɌɗəɌ ɐɔɗɑɘɌ ɳɑ ɛɔɞɌɵɑ: ɖɚɳɌ ɖɚɗɔɣɔəɌ 
ɓɌɗɔɡɌ ɚɍɑɓɍɑɭɟɳɑ əɑɚɘɑɞɌəɟ ɛɜɚɔɓɎɚɐɵɟ ɟɓ ɟɝɗɚɎ ɘɔəɔɘɌɗəɚɏ ɚɐəɚɝəɚ əɌɳəɔɒɑɏ 
ɛɚɞɜɑɍəɚɏ ɟɗɌɏɌɵɌ ɠɔəɌəɝɔɳɝɖɔɡ ɝɜɑɐɝɞɌɎɌ. 

Ⱦɜɑəɐ ɤɔɜɚɘ ɛɗɌəɑɞɑ ɳɑ ɝɘɌɵɑɵɑ ɓɌɗɔɡɌ ɔ ɛɚɎɑɶɌɵɑ ɑɠɔɖɌɝəɚɝɞɔ ɟɛɜɌɎɴɌɵɌ 
ɓɌɗɔɡɌɘɌ. 



ȱɖɝɛɑɜɔɘɑəɞɌɗəɔ ɐɑɚ ɐɔɝɑɜɞɌɢɔɳɑ ɓɌɝəɚɎɌə ɔ ɔɓɜɌɭɑə ɳɑ ɖɜɚɓ ɞɜɔ ɛɜɔɘɌɜəɌ 
ɖɚɜɌɖɌ. ȻɜɎɚ ɳɑ ɔɓɎɜɤɑəɚ ɛɜɔɖɟɛɴɌɵɑ ɔ ɌəɌɗɔɓɌ ɛɚɐɌɞɌɖɌ, ɜɑɗɑɎɌəɞəɔɡ ɓɌ ɚɎɟ 
ɝɞɟɐɔɳɟ ɝɗɟɣɌɳɌ, ɖɌɚ ɔ ɔəɔɢɔɳɌɗəɌ ɛɜɔɛɜɑɘɌ ɔ ɛɜɔɗɌɏɚɭɌɎɌɵɑ ɛɚɐɌɞɌɖɌ ɓɌ ɛɜɌɎɔɗəɚ 
ɖɜɑɔɜɌɵɑ əɌɜɑɐəɔɡ ɖɚɜɌɖɌ. Ȱɜɟɏɔɘ ɖɚɜɌɖɚɘ, ɘɌɞɑɘɌɞɔɣɖɚ ɝɞɌɞɔɝɞɔɣɖɚɘ ɚɍɜɌɐɚɘ 
ɛɚɐɌɞɌɖɌ ɎɜɤɑəɌ ɳɑ ɌəɌɗɔɓɌ, ɛɜɚɢɑəɌ ɔ ɜɌəɏɔɜɌɵɑ ɟɞɔɢɌɳəɔɡ ɠɌɖɞɚɜɌ, əɌ ɚɝəɚɎɟ 
ɛɜɚɘɑəɑ ɚɍɔɘɌ ɘɑɝɑɣəɑ ɛɜɚɔɓɎɚɐɵɑ ɔ ɛɜɑɜɌɐɑ ɜɟɐɑ, ɖɌɚ ɔ ɛɜɚɘɑəɌ ɟ ɟɛɚɞɜɑɍɔ 
ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɟ ɠɗɚɞɌɢɔɳɔ. ȽɌɏɗɑɐɌəɌ ɳɑ ɓɌɖɚəɔɞɚɝɞ ɘɑɝɑɣəɑ ɟɛɚɞɜɑɍɑ 
ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ, ɔɓɜɌɣɟəɌɞɔ ɝɟ ɔ ɠɚɜɘɔɜɌəɔ ɛɌɜɌɘɑɞɜɔ ɎɑɓɌəɔ ɓɌ ɚɍɔɘ 
ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ, ɎɑɜɚɎɌɞəɚɶɑ ɔ ɔəɞɑɜɎɌɗɌ ɛɚɞɜɚɤɵɑ. Ⱦɜɑɶɔɘ ɖɚɜɌɖɚɘ ɝɟ 
ɐɑɠɔəɔɝɌəɑ Ɏɜɑɐəɚɝɞɔ ɚɛɞɔɘɔɓɌɢɔɳɑ ɟɛɚɞɜɑɍɑ ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɟ ɠɗɚɞɌɢɔɳɔ 
ɞɚɖɚɘ ɟɖɟɛəɚ ɛɚɝɘɌɞɜɌəɚɏ ɛɑɜɔɚɐɌ ɔ ɖɎɌɜɞɌɗəɚ. ȿɞɎɜɭɟɳɑ ɝɑ ɚɛɞɔɘɌɗɌə ɔəɞɑɜɎɌɗ 
ɘɑɝɑɣəɔɡ ɓɌɗɔɡɌ ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɔ əɌ ɖɜɌɳɟ, ɟ ɚɖɎɔɜɟ ɚɎɚɏ ɖɚɜɌɖɌ, əɌ ɚɝəɚɎɟ 
ɛɜɔɘɑəɑ ɛɜɔɖɌɓɌəɚɏ ɜɑɤɑɵɌ ɎɜɤɑəɌ ɳɑ ɑɖɚəɚɘɝɖɌ ɎɌɗɔɐɌɢɔɳɌ. 

ȹɌ ɚɝəɚɎɟ ɐɚɍɔɳɑəɔɡ ɜɑɓɟɗɞɌɞɌ ɐɚɤɗɚ ɝɑ ɐɚ ɓɌɖɴɟɣɖɌ ɐɌ ɝɟ ɔɝɞɜɌɒɔɎɌɵɌ ɟ 
ɚɖɎɔɜɟ ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ ɜɑɌɗɔɓɚɎɌəɌ əɌ ɌəɌɗɔɞɔɣɖɚ-ɞɑɚɜɔɳɝɖɚɘ, ɛɜɔɘɑɵɑəɚɘ 
əɔɎɚɟ ɔ ɛɗɌəɝɖɔ ɟ ɛɚɞɟəɚɝɞɔ ɚɝɞɎɌɜɑəɌ. ȻɚɐɌɢɔ ɐɑɝɑɞɚɏɚɐɔɤɵɑɏ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ 
ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ ɟ ɠɗɚɞɌɢɔɳɔ ăȼɟɐəɔɖò, ɛɜɟɒɔɗɔ ɝɟ ɛɚɟɓɐɌəɟ ɚɝəɚɎɟ ɔ 
ɚɘɚɏɟɶɔɗɔ ɞɑɝɞ-ɑɖɝɛɑɜɔɘɑəɞɌɗəɌ ɔɝɞɜɌɒɔɎɌɵɌ ɓɌ ɚɢɑəɟ ɎɌɗɔɐəɚɝɞɔ ɖɚɜɔɤɶɑɵɌ 
ɐɔəɌɘɔɣɖɚɏ ɝɞɚɡɌɝɞɔɣɖɚɏ ɘɚɐɑɗɔɜɌɵɌ ɚɛɞɔɘɔɓɌɢɔɳɑ ɓɌɗɔɡɌ ɛɜɚɢɑɝəɔɡ ɛɚɞɜɚɤəɔɡ 
ɘɌɞɑɜɔɳɌɗɌ. 

ȽɌɏɗɑɐɌɎɌɵɑɘ ɟɜɌɭɑəɚɏ ɔ ɌəɌɗɔɓɚɘ ɝɌ ɌɝɛɑɖɞɌ ɐɚɛɜɔəɚɝɌ ɟ ɚɎɚɳ əɌɟɣəɚɳ 
ɚɍɗɌɝɞɔ əɌ ɞɑɘɟ ɞɑɚɜɔɳɑ ɔ ɛɜɔɘɑəɑ ɐɔəɌɘɔɣɖɚɏ ɝɞɚɡɌɝɞɔɣɖɚɏ ɘɚɐɑɗɔɜɌɵɌ, ɛɚɝɑɍəɚ ɟ 
ɘɔəɑɜɌɗəɚ-ɝɔɜɚɎɔəɝɖɚɘ ɖɚɘɛɗɑɖɝɟ, ɛɜɚɔɝɞɔɣɑ ɐɌ ɳɑ ɛɜɚɍɗɑɘ əɑɔɝɞɜɌɒɑə ɤɞɚ əɔɳɑ 
ɛɜɔɘɑɜɑəɚ  ɵɑɏɚɎɚɘ ɓəɌɣɌɳɟ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɔ ɜɟɐɌɝɞɎɚ ɟɚɛɤɞɑ.  

ȴɝɡɚɐɔ ɞɑɝɞ-ɑɖɝɛɑɜɔɘɑəɌɞɌ ɛɚɞɎɜɐɔɗɔ ɝɟ ɗɚɏɔɖɟ ɛɜɑɞɛɚɝɞɌɎɖɑ ɔ ɚɛɜɌɎɐɌɗɔ 
ɚɣɑɖɔɎɌɵɌ ɝ ɖɚɳɔɘɌ ɝɟ ɓɌɛɚɣɑɞɌ ɚɎɌ ɔɝɞɜɌɒɔɎɌɵɌ, ɚɐəɚɝəɚ  ɐɔəɌɘɔɣɖɚ ɝɞɚɡɌɞɝɔɣɖɚ 
ɘɚɐɑɗɚɎɌɵɑ ɳɑ ɎɑɜɔɠɔɖɚɎɌəɚ ɖɌɚ ɑɠɔɖɌɝɌə ɌɗɌɞ ɛɗɌəɔɜɌɵɌ ɔ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ 
ɛɜɚɢɑɝəɔɡ ɛɚɞɜɚɤəɔɡ ɘɌɞɑɜɔɳɌɗɌ ɖɌɖɚ ɟ ɠɗɚɞɌɢɔɳɌɘɌ ɔ ɛɚɝɞɜɚɳɑɵɔɘɌ ɛɜɔɛɜɑɘɑ 
ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɞɌɖɚ ɔ ɟ ɜɟɐɌɜɝɞɎɟ ɔ ɔəɐɟɝɞɜɔɳɔ ɟ əɌɳɤɔɜɑɘ ɝɘɔɝɗɟ. 

ȿɛɚɜɑɐəɌ ɌəɌɗɔɓɌ ɛɜɚɝɑɣəɔɡ ɔ ɚɛɞɔɘɌɗəɔɡ ɖɌɚ ɔ ɘɌɖɝɔɘɌɗəɔɡ ɔ ɚɛɞɔɘɌɗəɔɡ 
ɓɌɗɔɡɌ, ɛɚɖɌɓɌɗɌ ɳɑ ɐɌ ɝɑ ɚɛɞɔɘɔɓɌɢɔɳɚɘ ɓɌɗɔɡɌɘɌ ɘɚɏɟ ɛɚɝɞɔɶɔ ɟɤɞɑɐɑ əɌ ɘɑɝɑɣəɚɘ, 
ɖɎɌɜɞɌɗəɚɘ ɔ ɐɑɝɑɞɚɏɚɐɔɤɵɑɘ ɛɑɜɔɚɐɟ ɛɚɞɜɚɤɵɑ ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ ɟ 
ɠɗɚɞɌɢɔɳɔ. 

ȿ ɘɚɐɑɗɝɖɚɘ ɛɜɔɝɞɟɛɟ ɟɚɣɴɔɎɌ ɳɑ ɛɌɜɌɗɑɗɔɓɌɢɔɳɌ ɛɜɚɘɑəɌ ɛɜɚɝɑɣəɔɡ, 
ɘɌɖɝɔɘɌɗəɔɡ ɔ ɚɛɞɔɘɌɗəɔɡ ɓɌɗɔɡɌ, ɤɞɚ ɛɚɞɎɜɭɟɳɑ ɐɌ ɚɛɤɞɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗ ɐɚɍɜɚ 
ɖɌɗɔɍɜɌɢɔɚəɚ ɚɝɗɔɖɌɎɌ ɛɜɚɘɑəɑ ɔ ɐɔəɌɘɔɖɟ ɜɑɌɗəɚɏ ɛɜɚɢɑɝɌ ɛɚɞɜɚɤɵɑ ɘɌɞɑɜɔɳɌɗɌ,  
ɛɚɞɎɜɭɟɳɟɶɔ ɞɌɖɚ ɎɌɗɔɐəɚɝɞ ɛɜɌɖɞɔɣəɑ ɛɜɔɘɑəɴɔɎɚɝɞɔ ɘɚɐɑɗɌ. 
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STOCHASTIC INVENTORY MANAGEMENT MODEL  
AS A BASIS FOR FOR PROCUREMENT PLANNING OF PROCESS 

MATERIALS IN THE MINERAL PROCESSING 

 

Abstract 

 

The management and financial stability of a company in a modern and very dynamic 
business environment is indispensable and difficult to achieve if it does not have 
inventories. It is impossible to find a human activity that does not need to create and use 
inventories. The term stock includes a large number of formulations. A common definition 
is similar to the one in which stored materials, used for the purpose of ensuring normal 
production and meeting the needs of customers, are called inventories, while the shortest 
definition is the one that says that inventories are inactive resources that possess economic 
value. 

Various reasons for holding inventories vary according to the specifics of the activity 
and can be reflected in continuous production, speed and reliability of procurement, 
unstable demand, etc. We classify a large number of various material assets and goods as 
inventories, starting from raw materials, semi-finished products, reproduction, 
consumables, protective and waste materials, spare parts, machines, means of transport, 
tools and other equipment, then energy, fuel, finished products through foodstuffs, 
medicines to ammunition and weapons. Inventories are classified in different ways 
according to the type of material movement, the stage of the production process, the type of 
goods, the specificity and the level of purpose. We can divide them into inventories of raw 
materials and materials, then parts, intermediate materials, components and finally semi-
finished or finished products. In the total production costs, the share of inventory costs 
includes a significant part. The total inventory costs can be roughly divided into the costs of 
acquisition, holding and shortage of inventory, although many authors in their 
publicationsmention other costs as a fourth. 

Effective and economical inventory management is largely visible through adequate 
monitoring and control of inventory holding costs. Inventory management, relatively 
recently, has often been an underestimated business activity, despite the fact that the 
importance of inventory management directly stems from the value of a company's 
available inventory. Ensuring the precise quantity of a specific product with timely ordering 
is the primary purpose of inventory management and control. This requirement requires 
answering three very important questions: which, when, and how much. What raw 
materials, process materials, or products should be ordered? When it is necessary to place 
an order ? How much, or what quantity, is needed to order? The third question is the most 
difficult to answer. For determine the optimal quantity or order size at the lowest cost are 
used numerous mathematical models. The most famous and oldest model is Economic 
Order Quantity (EOK), then afters goes Material requirements planning (MRP), 
Manufacturing Resource Planning (MRP II), Distribution Requirements Planning (DRP), 
Enterprise Resource Planning (ERP), Advanced Planning and Scheduling (APS). Over time, 
inventory management models have been developed and improved, and their number has 
increased, making it difficult to form a single classification. Rough watched, the inventory 



management process recognizes the application of traditional and modern management 
models. 

Mathematical models for inventory management can be classified into deterministic 
and stochastic (probabilistic). Stochasticity is a concept that has a ruggedness range of 
applications in many, if not all, sciences. Provides better understanding end gives possibility 
of explanation the unpredictability and randomness present in a large number of natural 
and social phenomena and processes in our world. They are most often associated with the 
term of having a deterministic character, with study through standard scientific methods. 
There are appearance that cannot be observed through this perspective, because there is no 
possibility of unambiguously determining the interconnections and relationships within 
them. So these appearance are called random or stochastic. 

A certain number of key elements characterize stochastic models, and each plays a 
very important role in their construction and analysis. These are random variables, 
probability distributions, and temporal or spatial parameters. Certain common types 
include Markov chains and processes, Poisson, Gaussian, and L®vy processes, Brownian 
motion, Monte Carlo method, etc. Only certain examples from the countlessly wide range 
of many stochastic models and processes used in modeling and analysis in various 
disciplines are listed. Each model and process used is chosen based on the specific 
characteristics of the system or data being analyzed as well as the goals of those analyses. 
In short, stochastic systems play a vital role in resolving the inherent uncertainties in 
material inventory management, offering decision makers the tools to improve efficiency, 
reduce cost and improving the overall resilience of the production process. 

In addition to other industries and mining has reached a stage where it is necessary 
to adopt optimization models in all phases and activities. Inventory management represents 
increasingly one of the most solvable problems in practical application. In the mineral 
processing, a very important goal, viewed from the perspective of production process 
logistics, is the management of inventories of material resources. This involves achieving an 
adequate, optimal ratio of the quantity of produced concentrate in stock and the scope of 
demand or delivery requests, as well as the necessary appropriate ratio of the purchased 
quantity of basic raw materials, production process materials (linings, balls, reagents, 
energy, spare parts, etc.) and the required quantity of the production process. By forming 
up inventory, it is possible to ensure that the production process runs undisturbed. A larger 
amount of inventory reduces the possibility of downtime or suspension of the production 
process. On the other hand, having more material resources in inventory than necessary 
unnecessarily increases costs and thus reduces the positive economic effects of business. 
When planning and managing inventories of material resources, both in any aspect of 
business and in production, where belong mineral processing, fundamental dilemma is the 
question: which amount of inventory ensures uninterrupted production on proviso to the 
minimum or lowest required investment of financial resources. 

The trend across the planets is to reduce inventory and increase the efficiency of 
inventory management. 

The experimental part of the dissertation was based and developed through three 
primary steps. First, data collection and analysis were performed, relevant to this case study, 
as well as initial preparation and adjustment of the data for properly create the next steps. 
The second steps, using mathematical and statistical data processing the analysis was 
performed , assessment and ranking of influential factors, based on changes in the volume 



of monthly ore production and processing, as well as a change in the use of consumables in 
flotation. Has been observed legality of monthly using of consumables was examined, 
parameters related to the volume of monthly consumption, probability and consumption 
interval were calculated and formed. The third step defined the values for optimization use 
of consumables in flotation during the total observed period and quarterly. Determines is 
optimal interval for monthly supplies consumables , and finally, within this step, based on 
the application of the presented solution economic validation was performed. 

Based on the results obtained, arrived a conclusion that the research within the 
framework of a doctoral dissertation was implemented at the analytical-theoretical, applied 
level and  planned was fully implemented . Data ten years of monitoring the consumption 
of process materials in the "Rudnik" flotation plant provided a reliable basis and enabled 
test-experimental research to assess the validity of using dynamic stochastic modeling 
optimizations the inventory of process consumables. 

By reviewing the done and analyzing it from the aspect of contributions in this 
scientific field on the topic of theory and application of dynamic stochastic modeling, 
especially in the mineral and raw materials complex, it follows the problem is unexplored, 
which is not commensurate with its importance for the preparation of mineral raw materials 
and mining in general. 

The results of the test experiments confirmed the logic of the assumption and justified 
the expectations with whom were begans this research, that is dynamic stochastic modeling 
has been verified as an effective tool for inventory planning and management consumable 
process materials in flotation and mineral processing plants, so it too in mining and industry 
in the broadest sense. 

Comparative analysis of average and optimal as well as maximum and optimal 
stocks, showed that inventory optimization can achieve savings on monthly, quarterly and 
ten-year period of consumption of process materials in flotation. 

In the model approach, parallelization of changes in average, maximum and optimal 
stocks is noticeable, which confirms that the general stochastic model well calibrates reflects 
changes and dynamics of the real process of material consumption, confirming the validity 
of the practical applicability of the model. 

 
Keywords: mining, mineral processing, flotation, stochastic optimization, inventory, 
inventory management, consumable process material 
 

Scientific field: Mining engineering 

Narrower scientific field: Mineral and recycling technologies, operations research 
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ȿȮȺȰ 

 

1.1. Ȼɜɑɐɘɑɞ ɔɝɞɜɌɒɔɎɌɵɌ 

ȥɑɐɌə ɚɐ ɎɌɒəɔɳɔɡ ɓɌɐɌɞɌɖɌ ɛɜɚɔɓɎɚɐəɑ ɗɚɏɔɝɞɔɖɑ ɟ ɛɜɔɛɜɑɘɔ ɘɔəɑɜɌɗəɔɡ 
ɝɔɜɚɎɔəɌ ɳɑ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ. ȿ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ ɣɔɳɑ ɝɟ ɞɑɒɔɤɞɑ ɞɑɡəɚɗɚɤɖɔ ɛɚɝɞɟɛɢɔ ɎɑɓɌəɔ ɓɌ ɛɜɔɛɜɑɘɟ 
ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɠɚɖɟɝəɔ ɛɜɚɢɑɝəɔ ɓɌɐɌɞɌɖ ɳɑ ɚɝɞɎɌɜɔɎɌɵɑ ɔ ɛɚɝɞɔɓɌɵɑ 
ɚɛɞɔɘɌɗəɚɏ ɚɐəɚɝɌ ɔɓɘɑɭɟ ɖɚəɢɑəɞɜɌɞɌ (ɏɜɌəɟɗɌɞɌ əɛɜ. ɟ ɝɑɛɑɜɌɢɔɳɌɘɌ ɔɞɐ.) əɌ 
ɓɌɗɔɡɌɘɌ ɔ əɔɎɚɌ ɓɌɡɞɑɎɌəɑ ɔɝɛɚɜɟɖɑ, ɖɌɚ ɔ ɚɛɞɔɘɌɗəɚɏ ɚɐəɚɝɌ ɔɓɘɑɭɟ ɛɚɞɜɚɤɵɑ ɔ 
ɝəɌɍɐɑɎɌɵɌ ɛɜɚɢɑɝəɔɘ ɘɌɞɑɜɔɳɌɗɔɘɌ (ɚɍɗɚɏɌɘɌ, ɖɟɏɗɌɘɌ, ɜɑɌɏɑəɝɔɘɌ, ɖɜɑɣɚɘ ɔɞɐ.), 
ɑəɑɜɏɔɳɚɘ, ɜɑɓɑɜɎəɔɘ ɐɑɗɚɎɔɘɌ ɔɞɐ. ȻɚɝɞɚɳɌɵɑɘ ɓɌɗɔɡɌ ɚɍɑɓɍɑɭɟɳɑ ɝɑ əɑɚɘɑɞɌəɚ 
ɚɐɎɔɳɌɵɑ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ, ɟɖɚɗɔɖɚ ɝɟ ɓɌɗɔɡɑ Ɏɑɶɑ, ɎɑɶɌ ɳɑ ɎɑɜɚɎɌɞəɚɶɌ ɐɌ əɑɶɑ 
ɐɚɶɔ ɐɚ ɓɌɝɞɚɳɌ ɟ ɛɜɚɔɓɎɚɐəɚɘ ɛɜɚɢɑɝɟ. ȸɑɭɟɞɔɘ ɐɜɒɌɵɑ Ɏɑɶɔɡ ɖɚɗɔɣɔəɌ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ əɌ ɓɌɗɔɡɌɘɌ, ɛɚɎɑɶɌɎɌ ɞɜɚɤɖɚɎɑ ɔ ɐɑɛɜɔɘɔɜɌ ɠɔəɌəɝɔɳɝɖɑ 
ɜɑɓɟɗɞɌɞɑ ɛɚɝɗɚɎɌɵɌ. ȰɌɖɗɑ, ɛɗɌəɔɜɌɵɑ ɔ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ 
ɟ ɠɗɚɞɌɢɔɳɌɘɌ ɔ ɐɜɟɏɔɘ ɛɚɝɞɜɚɳɑɵɔɘɌ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɟ ɚɝəɚɎɔ ɝɑ 
ɝɎɚɐɔ əɌ ɛɔɞɌɵɑ ɖɚɳɑ ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ ɚɍɑɓɍɑɭɟɳɟ əɑɚɘɑɞɌəɟ ɛɜɚɔɓɎɚɐɵɟ ɟɓ ɟɝɗɚɎ ɐɌ 
ɝɑ ɚɝɞɎɌɜɑ əɌɳəɔɒɔ ɞɜɚɤɖɚɎɔ. 

ȻɜɑɘɌ ȸ. Ɂɟɐɑɳɟ, ăɐɚəɚɤɑɵɑ ɚɐɗɟɖɌ ɔ ɟɛɜɌɎɴɌɵɑ ɌɖɞɔɎəɚɝɞɔɘɌ, ɛɜɚɢɑɝɔɘɌ, 
ɞɚɖɚɎɔɘɌ, ɐɚɏɌɭɌɵɔɘɌ ɔ ɝɗ., ɝɎɌɖɚɐəɑɎəɚ ɔ ɝɞɌɗəɚ ɳɑ ɛɜɔɝɟɞəɚ ɟ ɛɜɑɐɟɓɑɶɔɘɌ, ɟ 
əɌɟɣəɔɘ, ɐɜɟɤɞɎɑəɔɘ ɔ ɐɜɟɏɔɘ ɔəɝɞɔɞɟɢɔɳɌɘɌ, ɳɌɎəɚɳ ɟɛɜɌɎɔ, ɖɚɗɑɖɞɔɎɔɘɌ, 
ɓɌɳɑɐəɔɢɌɘɌ, ɟ ɒɔɎɚɞɟ ɝɎɌɖɚɏ ɚɐ əɌɝ. ȳɌ ɐɚəɚɤɑɵɑ ɐɚɍɜɔɡ ɚɐɗɟɖɌ əɔɝɟ ɐɚɎɚɴəɑ ɝɌɘɚ 
ɛɚɟɓɐɌəɑ ɛɚɐɗɚɏɑ, Ɏɑɶ ɔ ɚɐɏɚɎɌɜɌɳɟɶɌ əɌɟɣəɚ ɓɌɝəɚɎɌəɌ ɘɑɞɚɐɚɗɚɤɖɌ ɛɚɐɜɤɖɌ. 
Ȱɚəɚɤɑɵɑ ɚɐɗɟɖɌ ɟ ɢɔɴɟ ɌɐɑɖɎɌɞəɔɡ ɟɛɜɌɎɴɌɣɖɔɡ ɐɑɗɚɎɌɵɌ, ɘɚɒɑ ɍɔɞɔ ɍɌɓɔɜɌəɚ əɌ 
ɖɎɌɗɔɞɌɞɔɎəɔɘ ɔɗɔ ɖɎɌəɞɔɞɌɞɔɎəɔɘ ɛɜɔəɢɔɛɔɘɌ. ȶɎɌɗɔɞɌɞɔɎəɔ əɌɣɔə ɚɝɗɌɵɌ ɝɑ əɌ 
ɣɚɎɑɖɌ (ɑɖɝɛɑɜɞɌ), əɌ ɵɑɏɚɎɚ ɘɔɤɴɑɵɑ, ɓəɌɵɑ, Ɏɑɤɞɔəɟ, ɔɝɖɟɝɞɎɚ, ɘɟɐɜɚɝɞ, 
ɔəɞɑɗɔɏɑəɢɔɳɟ, ɔəɞɟɔɢɔɳɟ, ɔ ɍɑɓ ɚɍɓɔɜɌ əɌ ɛɜɔɘɑɵɑəɟ ɘɑɞɚɐɚɗɚɏɔɳɟ, ɖɚɐ ɐɚəɚɤɑɵɌ 
ɚɐɗɟɖɌ ɚɎɌɖɎɔɘ ɛɜɔɝɞɟɛɚɘ əɑɘɚɏɟɶɑ ɳɑ ɟɖɗɚəɔɞɔ ɟɛɗɔɎ ɝɟɍɳɑɖɞɔɎəɚɝɞɔ, ɔɗɔ ɞɓɎ. 
ăɝɟɍɳɑɖɞɔɎəɑ ɚɍɳɑɖɞɔɎəɚɝɞɔó [1] [2]. ȶɎɌəɞɔɞɌɞɔɎəɚ ɚɐɗɟɣɔɎɌɵɑ ɖɚɳɑ ɛɚɣɔɎɌ əɌ 
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ɘɌɞɑɘɌɞɔɣɖɚ-ɘɚɐɑɗɝɖɔɘ ɛɜɔɝɞɟɛɔɘɌ, ɟɖɴɟɣɟɳɑ ɘɑɞɜɔɖɟ ɣɔəɔɗɌɢɌ ɖɌɚ ɤɞɚ ɝɟ ɜɔɓɔɖ, 
ɛɜɑɐɎɔɭɌɵɑ ɔ ɛɚɜɑɭɑɵɑ ɔɝɡɚɐɌ ɌɗɞɑɜəɌɞɔɎəɔɡ ɚɐɗɟɖɌ. ȿ ɚɍɌ ɝɗɟɣɌɳɌ ɢɔɴ ɳɑ ɛɚɘɚɶɔ 
ɐɚəɚɝɔɚɢɟ ɚɐɗɟɖɑ ɐɌ ɐɚəɑɝɑ əɌɳɍɚɴɟ ɟɛɜɌɎɴɌɣɖɟ ɚɐɗɟɖɟò [1]. 

Ȼɚɜɑɐ əɌɎɑɐɑəɚɏ ȸ. Ɂɟɐɑɳ ɞɌɖɚɭɑ ɔɝɞɔɣɑ: ăɐɚəɚɤɑɵɑ ɚɐɗɟɖɌ ɔ ɟɛɜɌɎɴɌɵɑ 
ɛɜɚɳɑɖɞɔɘɌ ɔ ɌɖɞɔɎəɚɝɞɔɘɌ ɟ ɜɟɐɌɜɝɞɎɟ ɟ ɛɜɔəɢɔɛɟ ɝɟ ɝɗɚɒɑəɔ, ɎɔɤɑɓəɌɣəɔ 
ɔəɒɑɵɑɜɝɖɔ ɓɌɐɌɢɔ, ɣɑɝɞɚ Ɏɔɝɚɖɑ ɚɝɑɞɴɔɎɚɝɞɔ ɔ əɔɝɖɚɏ ɛɜɌɏɌ ɞɚɗɑɜɌəɢɔɳɑ ɝɌ ɌɝɛɑɖɞɌ 
ɜɔɓɔɖɌ. ȴɓɍɚɜ ɳɑɐəɚɏ ɔɓɘɑɭɟ Ɏɔɤɑ ɘɚɏɟɶɔɡ ɜɑɤɑɵɌ, ɛɜɑɐɝɞɌɎɴɌ ɐɑɚ ɓɌɐɌɞɖɌ 
ɚɐɗɟɣɔɎɌɵɌ ɔ ɟɛɜɌɎɴɌɵɌ, ɖɚɳɔ ɝɑ ɚɐəɚɝɔ əɌ ăɛɜɑɛɚɓəɌɎɌɵɑó ɳɑɐəɑ ɔɓ ɖɚəɏɗɚɘɑɜɌɞɌ 
ɌɗɞɑɜəɌɞɔɎɌ, ɖɚɳɌ ɶɑ ɟ ɛɚɝɞɚɳɑɶɔɘ ɔɗɔ ɓɌɐɌɞɔɘ ɟɝɗɚɎɔɘɌ (ɚɏɜɌəɔɣɑɵɔɘɌ) ɐɌɞɔ 
əɌɳɍɚɴɑ ɑɠɑɖɞɑ. ȿ ɚɎɚɘ ɛɚɝɞɟɛɖɟ əɑɚɛɡɚɐəɚ ɳɑ ɐɑɠɔəɔɝɌɞɔ ɢɔɴ ɔɗɔ ɢɔɴɑɎɑ 
ɜɑɤɌɎɌɵɌ ɓɌɐɌɞɖɌ, ɖɜɔɞɑɜɔɳɟɘɑ ɖɚɳɔɘɌ ɝɑ ɘɑɜɔ ɐɚɝɞɔɓɌɵɑ ɢɔɴɌ/ɢɔɴɑɎɌ ɔ ɔɓɘɑɭɟ 
ɜɌɝɛɚɗɚɒɔɎɔɡ ɌɗɞɑɜəɌɞɔɎɌ ɔɓɍɚɜ ɚəɚɏ ɜɑɤɑɵɌ ɖɚɳɑ əɌɳɍɚɴɑ ɐɚɝɞɔɒɑ ɛɚɝɞɌɎɴɑəɔ 
ɢɔɴ/ɢɔɴɑɎɑò [1]. 

ȿ ɘɚɘ ɝɌɏɗɑɐɌɎɌɵɟ ɛɜɚɍɗɑɘɌ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɟ ɛɚɝɞɜɚɳɑɵɔɘɌ ɓɌ 
ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɖɴɟɣəɚ ɛɔɞɌɵɑ ɳɑ ɖɌɖɚ ɚɛɞɔɘɔɓɔɜɌɞɔ ɓɌɗɔɡɑ, ɔ 
ɓɌɐɚɎɚɴɔɞɔ ɐɎɌ ɘɑɭɟɝɚɍəɚ ɝɟɛɜɚɞɝɞɌɎɴɑəɌ ɟɝɗɚɎɌ. ȥɑɐɌə ɳɑ ɛɚɞɜɑɍɌ ɛɚɝɞɚɳɌɵɌ ɓɌɗɔɡɌ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ, ɐɌ ɍɔ ɝɑ ɛɜɚɔɓɎɚɐɵɌ ɝɔɏɟɜəɚ ɚɐɎɔɳɌɗɌ, Ɍ ɐɜɟɏɔ 
(ɝɟɛɜɚɞɝɞɌɎɴɑə) ɑɖɚəɚɘɝɖɌ ɗɚɏɔɖɌ ɛɚ ɖɚɳɚɳ ɝɟ ɓɌɗɔɡɑ ɞɜɑɞɔɜɌəɑ ɖɌɚ ɞɜɚɤɖɚɎəɌ 
ɖɌɞɑɏɚɜɔɳɌ ɖɚɳɌ əɌ ɑɖɚəɚɘɔɖɟ ɛɜɚɔɓɎɚɐɵɑ ɟɞɔɣɑ əɑɏɌɞɔɎəɚ.  

ȰɌɖɗɑ, ɛɜɚɔɝɞɑɖɗɚ ɛɔɞɌɵɑ ɳɑ ɖɌɖɚ ɘɔəɔɘɔɓɔɜɌɞɔ ɓɌɗɔɡɑ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ 
Ɍ ɟɳɑɐəɚ ɔ əɑɟɏɜɚɓɔɞɔ ɑɠɔɖɌɝəɚɝɞ ɔ ɝɔɏɟɜəɚɝɞ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ ɛɚɝɞɜɚɳɑɵɌ ɓɌ 
ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ? ȺɎɚ ɛɔɞɌɵɑ ɳɑ ɛɜɚɟɓɜɚɖɚɎɌɗɚ əɌɝɞɌɳɌɵɑ ɔɐɑɳɑ ɚ 
ɞɑɘɔ ɔɝɞɜɌɒɔɎɌɵɌ ɚɎɑ ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ. 

1.2. ȬəɌɗɔɓɌ ɚɝɞɎɌɜɑəɚɏ ɟ ɔɝɞɜɌɒɔɎɌɵɔɘɌ əɌ ɛɜɑɐɘɑɞəɚɘ ɛɚɴɟ 

Ȼɜɑɏɗɑɐ ɔ ɌəɌɗɔɓɌ ɝɞɜɟɣəɑ ɗɔɞɑɜɌɞɟɜɑ ɎɑɓɌəɑ ɓɌ ɞɑɓɟ ɟɞɑɘɑɴɑəɌ ɳɑ əɌ 
ɘɑɞɚɐɚɗɚɏɔɳɔ ɍɌɓɔɜɌəɚɳ ɟ ɝɗɑɐɑɶɔɘ ɠɌɓɌɘɌ. ȻɜɎɌ ɛɜɑɐɝɞɌɎɴɌ əɌɣɔə ɔ ɖɚəɢɑɛɞ 
ɛɜɑɞɜɌɏɑ, ɜɑɝɟɜɝɑ ɝɌ ɔəɠɚɜɘɌɢɔɳɌɘɌ, ɔɓɎɚɜɑ ɔəɠɚɜɘɌɢɔɳɌ, ɐɚɖ ɐɜɟɏɟ ɣɔəɔ ɛɜɚɢɑɝ 
ɝɑɗɑɖɢɔɳɑ ɛɟɍɗɔɖɌɢɔɳɌ (ɝɞɟɐɔɳɌ, ɣɗɌəɌɖɌ) ɔ ɖɜɔɞɑɜɔɳɟɘɔ ɓɌ ɵɔɡɚɎɚ ɛɜɔɡɎɌɞɌɵɑ ɔɗɔ 
ɚɐɍɌɢɔɎɌɵɑ. 

ȴɓɎɚɜɔ ɔəɠɚɜɘɌɢɔɳɌ: 

ȻɚɗɌɓəɌ ɚɝəɚɎɌ ɳɑ ɛɜɑɞɜɌɏɌ ɍɌɓɑ ɐɚɖɞɚɜɝɖɔɡ ɐɔɝɑɜɞɌɢɔɳɌ əɌ ɟəɔɎɑɜɓɔɞɑɞɔɘɌ ɟ 
Ƚɜɍɔɳɔ (ȹɌȼȰȿȽ).  

ȿɖɚɗɔɖɚ ɝɑ ɔɝɞɌ ɍɌɓɌ  ɖɚəɝɟɗɞɟɳɑ, əɌ ɚɝəɚɎɟ ɛɜɑɞɜɌɒɔɎɌɵɌ ɛɚ ɖɴɟɣəɔɘ ɜɑɣɔɘɌ: 
ɝɞɚɡɌɝɞɔɖɌ, ɓɌɗɔɡɑ, ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗ, ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝɔ, ɝɞɚɡɌɝɞɔɣəɚɝɞ, 
ɖɚəɞɜɚɗɌ ɓɌɗɔɡɌ ɔ ɝɗɔɣəɚ ɟɚɣɑə ɳɑ Ɏɑɗɔɖɔ ɍɜɚɳ ɐɚɖɞɚɜɌɞɌ ɖɚɳɔ ɛɜɑɞɑɒəɚ ɟ ɞɑɖɝɞɟ 
ɝɌɐɜɒɑ (ɚɍɜɌɭɟɳɟ ɔɗɔ ɝɑ ɛɚɘɔɵɟ) əɑɖɑ ɚɐ əɌɍɜɚɳɌəɔɡ ɖɴɟɣəɔɡ ɜɑɣɔ, ɐɚɘɔəɔɜɌ 
ɝɞɚɡɌɝɞɔɖɌ, Ɍɗɔ ɏɚɞɚɎɚ ɐɌ ɔɡ əɑɘɌ ɔɓ ɚɍɗɌɝɞɔ ɜɟɐɌɜɝɞɎɌ, ɤɞɚ ɔɗɟɝɞɜɟɳɑ ɔ ɞɌɍɑɗɌ 1.1. 
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ȾɌɍɑɗɌ 1.1. Ȼɜɑɏɗɑɐ ɍɜɚɳɌ ɐɚɖɞɚɜɌɞɌ ȿəɔɎɑɜɓɔɞɑɞɌ ɟ ȭɑɚɏɜɌɐɟ əɌ ɚɝəɚɎɟ 
ɖɴɟɣəɔɡ ɜɑɣɔ 

ȶɴɟɣəɑ ɜɑɣɔ ȭȿ ȼȯɀ (ɜɟɐɌɜɝɞɎɚ) 
Ⱦɑɡəɔɣɖɔ 

ɠɌɖɟɗɞɑɞ ɟ ȭɚɜɟ 

ɝɞɚɡɌɝɞɔɣɖɌ 36 3(2) 0 

ȳɌɗɔɡɑ/zalihe* 67/75* 0/ 1* (0 ɜɟɐɌɜɝɞɎɚ) 0/1 * (0 ɜɟɐɌɜɝɞɎɚ)  

ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ 1534 24 (8 ɜɟɐɌɜɝɞɎɚ) 8 (2 ɜɟɐɌɜɝɞɎɚ) 

ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝɔ/ 
stohastiľki procesi* 

1009 31(6 ɜɟɐɌɜɝɞɎɚ)/ 24 13 (1 ɜɟɐɌɜɝɞɎɚ) 

stohastiľnost* 12 3 (3 ɜɟɐɌɜɝɞɎɚ) 0 

ȭȿ - ȿəɔɎɑɜɓɔɞɑɞ ɟ ȭɑɚɏɜɌɐɟ; ȼȯɀ ð ȼɟɐɌɜɝɖɚ ɏɑɚɗɚɤɖɔ ɠɌɖɟɗɞɑɞ; * ɗɌɞɔəɔɣəɌ 
ɛɜɑɞɜɌɏɌ 

ȶɌɚ ɔɓɎɚɜɔ ɔəɠɚɜɘɌɢɔɳɌ ɔ ɚɝəɚɎɌ ɓɌ ɌəɌɗɔɓɟ ɛɟɍɗɔɖɌɢɔɳɌ, ɜɌɐɚɎɌ, ɣɗɌəɌɖɌ 

ɖɵɔɏɌ ɖɚɜɔɤɶɑəɑ ɝɟ ɜɑɠɑɜɑəɞəɑ əɌɟɣəɑ ɍɌɓɑ ɛɚɐɌɞɌɖɌ IEEE Xplore, Science Direct, 

Elsevier, Springer, Taylor and Francis, Scopus, JSTOR, Kobson, Web of Science, Google 

Scholar, ȹɌȼȰȿȽ, UviDok. Ⱥɛɤɞɔɘ ɛɜɑɞɜɌɏɌɘɌ əɌɎɑɐɑəɔɡ ɍɌɓɌ, ɔɓɎɜɤɑəɚ ɳɑ 

ɔɝɞɜɌɒɔɎɌɵɑ ɎɑɓɌəɚ ɓɌ ɓɌɗɔɡɑ, ɝɞɚɡɌɝɞɔɖɟ, ɝɞɚɡɌɝɞɔɣɖɑ ɘɚɐɑɗɑ ɓɌɗɔɡɌ ɔɞɐ. ȳɌɞɔɘ ɳɑ 

ɎɜɤɑəɌ ɐɔɜɑɖɞəɔɳɌ ɛɜɑɞɜɌɏɌ ɟɝɘɑɜɑəɌ ɛɚɘɚɶɟ ɖɴɟɣəɔɡ ɜɑɣɔ: ɞɑɚɜɔɳɌ ɓɌɗɔɡɌ, ɘɚɐɑɗɔ 

ɓɌɗɔɡɌ, ɓɌɗɔɡɑ ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɟ ɜɟɐɌɜɝɞɎɟ, ɛɚɝɞɜɚɳɑɵɌ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ 

ɝɔɜɚɎɔəɌ ɔ ɝɗɔɣəɚ, ɖɚɳɑ ɝɟ ɐɌɗɔ ɝɗɑɐɑɶɔ ɚɜɳɑəɞɌɢɔɚəɔ ɛɜɑɏɗɑɐ əɌ əɌɜɑɐəɚɳ ɝɗɔɢɔ 1.1.  

 

ȽɗɔɖɌ 1.1. ȻɜɔɖɌɓ ɓɌɝɞɟɛɴɑəɚɝɞɔ ɖɴɟɣəɔɡ ɜɑɣɔ ɟ ɚɐɜɑɭɑəɔɘ ɚɍɗɌɝɞɔɘɌ  

ȳɌɝɞɟɛɴɑəɚɝɞ ɟ ɚɍɗɌɝɞɔ ɜɟɐɌɜɝɞɎɌ ɳɑ ɝɗɑɐɑɶɌ:  

¶ 2 ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ, ɳɑɐəɌ ɚɐɍɜɌɵɑəɌ əɌ ȼɟɐɌɜɝɖɚ-ɏɑɚɗɚɤɖɚɘ ɠɌɖɟɗɞɑɞɟ ɟ 

Ʉɞɔɛɟ 1993. ɏɚɐ., Ɍ ɐɜɟɏɌ əɌ ȼɟɐɌɜɝɖɚ-ɏɑɚɗɚɤɖɚɘ ɠɌɖɟɗɞɑɞɟ ɟ ȭɑɚɏɜɌɐɟ 2010. 

ɏɚɐ [3] [5], 

¶ 12 ɛɟɍɗɔɖɚɎɌəɔɡ ɜɌɐɚɎɌ, 

¶ 1 ɚɐɑɴɌɖ ɟ ɘɚəɚɏɜɌɠɔɳɔ. 

ɐɚɖ ɳɑ ɟ ɛɜɔɛɜɑɘɔ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ: 

¶ 2 ɛɟɍɗɔɖɚɎɌəɌ ɜɌɐɌ, 
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¶ 1 ɚɐɑɴɌɖ ɟ ɘɚəɚɏɜɌɠɔɳɔ. 

1.3. ȹɌɟɣəɔ ɢɔɴɑɎɔ ɔɝɞɜɌɒɔɎɌɵɌ 

ȻɗɌəɔɜɌɵɑ ɔ ɟɛɜɌɎɌɵɑ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ ɟ ɛɜɔɛɜɑɘɔ 
ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɓɌɝəɚɎɌəɚ əɌ ɛɜɔɘɑəɔ ɘɚɐɑɗɌ ɓɌɗɔɡɌ ɐɔəɌɘɔɣɖɚɏ 
ɛɜɚɏɜɌɘɔɜɌɵɌ, ɟ ɐɚɘɌɶɚɳ ɔ ɝɎɑɞɝɖɚɳ ɝɞɜɟɣəɚɳ ɗɔɞɑɜɌɞɟɜɔ əɔɳɑ əɔ ɍɗɔɓɟ ɔɝɞɜɌɒɔɎɌəɚ 
ɛɜɔɘɑɜɑəɚ ɓəɌɣɌɳɟ ɛɜɚɍɗɑɘɌ. ȺɎɌ ɣɔɵɑəɔɢɌ əɑ ɠɚɜɘɌɞɔɜɌ ɛɜɚɝɞɚɜ ɔɝɞɜɌɒɔɎɌɵɌ 
əɌɛɜɚɞɔɎ, ɚəɌ ɟɛɟɶɟɳɑ əɌ ɓɌɖɴɟɣɌɖ ɚ ɤɔɜɚɖɔɘ ɘɚɏɟɶəɚɝɞɔɘɌ ɔɝɞɜɌɒɔɎɌɵɌ ɔ əɌ 
Ɏɑɗɔɖɔ ɌɠɔɜɘɌɞɔɎɌə ɛɚɞɑəɢɔɳɌɗ ɞɑɘɑ. 

ȹɌ ɚɎɚɘ əɔɎɚɟ ɝɛɚɓəɌɳɑ, ɢɔɴɑɎɔ ɔɝɞɜɌɒɔɎɌɵɌ ɟ ɚɖɎɔɜɟ ɚɎɑ ɐɚɖɞɚɜɝɖɑ 
ɐɔɝɑɜɞɌɢɔɳɑ ɝɟ: ɝɌɏɗɑɐɌɎɌɵɑ ɛɜɚɍɗɑɘɌ, ɔɝɞɜɌɒɔɎɌɵɑ ɔ ɌəɌɗɔɓɌ əɌɟɣəɔɡ ɔ ɝɞɜɟɣəɔɡ 
ɜɑɓɟɗɞɌɞɌ ɔ ɝɌɏɗɑɐɌɎɌɵɑ əɌɟɣəɔɡ ɞɜɑəɐɚɎɌ əɌ ɚɎɚɘ ɛɚɴɟ, ɐɑɠɔəɔɝɌɵɑ ɝɚɛɝɞɎɑəɚɏ 
ɖɜɔɞɔɣɖɚɏ ɛɚɏɗɑɐɌ ɔ ɛɜɔɝɞɟɛɌ ɓɌ ɜɑɤɌɎɌɵɑ ɛɜɚɍɗɑɘɌ ɚɛɞɔɘɌɗəɚɏ ɟɛɜɌɎɴɌɵɌ 
ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ ɟ ɛɚɝɞɜɚɳɑɵɔɘɌ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ. 

ȯɑəɑɜɌɗɔɓɚɎɌəɚ, ɛɗɌəɔɜɌəɌ ɔɝɞɜɌɒɔɎɌɵɌ ɟ ɚɖɎɔɜɟ ɐɔɝɑɜɞɌɢɔɳɑ ɚɐɎɔɳɌɗɌ ɝɟ ɝɑ 
ɟ ɐɎɌ ɛɜɌɎɢɌ ɖɚɳɔ ɚɍɟɡɎɌɞɌɳɟ ɞɑɚɜɔɳɝɖɌ ɝɌɏɗɑɐɌɎɵɌ ɔ ɛɜɌɖɞɔɣəɟ ɝɞɜɌəɟ, ɚɐəɚɝəɚ 
ɛɜɔɘɑəɟ ɜɑɓɟɗɞɌɞɌ ɟ ɛɜɌɖɝɔ. 

1.4. ȺɝəɚɎəɑ ɛɚɗɌɓəɑ ɛɚɝɞɌɎɖɑ ɟ ɔɝɞɜɌɒɔɎɌɵɔɘɌ 

ȶɜɚɚɓ ɌəɏɌɒɚɎɌɵɑ ɔ ɍɌɎɴɌɵɑ ɌɝɛɑɖɞɔɘɌ ɎɑɓɌəɔɘ ɓɌ ɛɜɚɢɑɝɑ ɛɜɔɛɜɑɘɑ 
ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɛɜɔ ɜɑɌɗɔɓɌɢɔɳɔ ɣɑɝɞɚ ɐɚɗɌɓɔ ɐɚ ɝɟɚɣɌɎɌɵɌ ɝɌ ɛɜɚɍɗɑɘɚɘ 
ɖɚəɢɑɛɢɔɳɝɖɚɏ ɔ ɚɛɑɜɌɞɔɎəɚɏ ɛɜɚɳɑɖɞəɚɏ ɚɐɗɟɣɔɎɌɵɌ. ȽɌɏɗɑɐɌɎɌɵɑ ɚɎɚɏ ɛɜɚɍɗɑɘɌ 
ɛɚɖɌɓɟɳɑ ɵɑɏɚɎɟ ɜɌɓəɚɜɚɐəɚɝɞ ɖɚɳɌ ɓɌɡɞɑɎɌ ɐɔɠɑɜɑəɞəɚɝɞ ɟ ɔɓɍɚɜɟ ɛɜɔɝɞɟɛɌ ɟ 
ɚɐɗɟɣɔɎɌɵɟ. ȳɌɛɌɒɌɵɑ ɐɌ ɳɑ ɛɜɚɍɗɑɘ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ ɟ 
ɛɚɝɞɜɚɳɑɵɔɘɌ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɓɌəɑɘɌɜɑə ɟ ɚɐəɚɝɟ əɌ ɝɌɎɜɑɘɑəɑ 
əɌɟɣəɑ, ɝɞɜɟɣəɑ ɔ ɞɑɡəɔɣɖɚ-ɞɑɡəɚɗɚɤɖɑ ɘɚɏɟɶəɚɝɞɔ, ɛɚɍɟɐɔɗɚ ɳɑ ɔɐɑɳɟ ɚ ɔɓɍɚɜɟ ɚɎɑ 
ɞɑɘɑ ɓɌ ɔɓɜɌɐɟ ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ. ȽɌɏɗɑɐɌɎɌɵɑ ɛɜɚɍɗɑɘɌ, ɟ ɚɎɚɘ ɘɚɘɑəɞɟ, 
ɐɚɛɟɤɞɌɳɟ ɝɗɑɐɑɶɟ ɌɜɏɟɘɑəɞɌɢɔɳɟ ɚɝəɚɎəɔɡ ɛɚɗɌɓɔɤɞɌ ɔɝɞɜɌɒɔɎɌɵɌ: 

¶ ȹɑɐɚɎɚɴəɌ ɝɌɏɗɑɐɌəɚɝɞ ɔ ɔɝɞɜɌɒɑəɚɝɞ ɛɜɑɐɘɑɞəɚɏ ɛɜɚɍɗɑɘɌ, ɝɌ ɌɝɛɑɖɞɌ 

ɝɛɑɢɔɠɔɣəɚɝɞɔ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ; 

¶ ȹɑ ɛɚɝɞɚɳɔ ɛɜɑɛɚɜɟɣɑəɔ ɛɜɔɝɞɟɛ ɚɛɞɔɘɌɗəɚɏ ɟɛɜɌɎɴɌɵɌ ɘɌɞɑɜɔɳɌɗəɔɘ 

ɜɑɝɟɜɝɔɘɌ ɟ ɛɚɝɞɜɚɳɑɵɔɘɌ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ; 

¶ ȻɚɞɑəɢɔɳɌɗɔ ɘɑɞɚɐɌ ɚɛɑɜɌɢɔɚəɔɡ ɔɝɞɜɌɒɔɎɌɵɌ, ɛɜɑ ɝɎɑɏɌ ɞɑɚɜɔɳɑ ɓɌɗɔɡɌ ɖɌɚ 

ɓɌɝɑɍəɚɏ ɛɜɔɝɞɟɛɌ ɐɔəɌɘɔɣɖɚɏ ɛɜɚɏɜɌɘɔɜɌɵɌ, ɛɜɟɒɌɳɟ ɘɚɏɟɶəɚɝɞ 

ɌɐɌɛɞɔɎəɔɡ ɘɚɐɔɠɔɖɌɢɔɳɌ, ɤɞɚ ɘɚɒɑ ɐɚɎɑɝɞɔ ɐɚ ɛɜɌɖɞɔɣəɚ ɛɜɔɘɑəɴɔɎɔɡ 

ɔɝɡɚɐəɔɡ ɜɑɓɟɗɞɌɞɌ ɚɎɔɡ ɔɝɞɜɌɒɔɎɌɵɌ. 
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1.5. ȻɜɚɏɜɌɘ ɔɝɞɜɌɒɔɎɌɵɌ 

ȼɑɌɗɔɓɌɢɔɳɌ ɔɝɞɜɌɒɔɎɌɵɌ əɌ ɐɔɝɑɜɞɌɢɔɳɔ ɚɛɑɜɌɢɔɚəɌɗɔɓɚɎɌɶɑ ɝɑ ɖɜɚɓ 

ɖɚəɖɜɑɞəɑ ɖɚɜɌɖɑ əɌ ɚɝəɚɎɟ ɝɗɑɐɑɶɑɏ ɖɚəɢɑɛɞɌ: 

1. ȬəɌɗɔɓɌ, ɝɌɏɗɑɐɌɎɌɵɑ ɔ ɐɑɠɔəɔɝɌɵɑ ɛɜɚɍɗɑɘɌ ɔɝɞɜɌɒɔɎɌɵɌ; 

2. ȬəɌɗɔɓɌ ɔ ɚɢɑəɌ ɚɝɞɎɌɜɑəɚɏ əɌ ɛɜɑɐɘɑɞəɚɘ ɛɚɴɟ; 

3. ȾɑɚɜɔɳɝɖɌ ɌəɌɗɔɓɌ ɛɚɏɚɐəɚɝɞɔ ɘɌɞɑɘɌɞɔɣɖɚ ð ɘɚɐɑɗɝɖɔɡ ɘɑɞɚɐɌ ɞɑɚɜɔɳɑ ɓɌɗɔɡɌ; 

4. ȴɓɍɚɜ ɜɑɌɗəɚɏ ɝɔɝɞɑɘɌ (ɛɚɝɞɜɚɳɑɵɌ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ) ɓɌ ɞɑɝɞ-

ɑɖɝɛɑɜɔɘɑəɞɌɗəɌ ɔɝɞɜɌɒɔɎɌɵɌ ɔ ɛɜɚɎɑɜɑ;  

5. ȻɚɝɞɌɎɴɌɵɑ ɑɖɝɛɑɜɔɘɑəɞɌɗəɚɏ ɘɚɐɑɗɌ əɌ ɚɝəɚɎɟ ɜɑɌɗəɔɡ ɟɝɗɚɎɌ ɔ ɔɓɎɚɭɑɵɑ 

ɞɑɝɞ ɑɖɝɛɑɜɔɘɑəɞɌ; 

6. ȬəɌɗɔɓɌ ɑɖɝɛɑɜɔɘɑəɞɌɗəɔɡ ɜɑɓɟɗɞɌɞɌ; 

7. ȳɌɖɴɟɣɌɖ ɔ ɛɜɑɐɗɚɏ ɐɌɴɔɡ ɔɝɞɜɌɒɔɎɌɵɌ. 

Ⱥɣɑɖɟɳɑ ɝɑ ɐɌ ɶɑ ɚɍɔɘ ɔ ɖɎɌɗɔɞɑɞ ɜɑɌɗɔɓɚɎɌəɔɡ ɔɝɞɜɌɒɔɎɌɵɌ əɌ ɐɔɝɑɜɞɌɢɔɳɔ, 
ɐɚɛɜɔəɑɞɔ ɔ ɚɘɚɏɟɶɔɞɔ ɛɚɟɓɐɌəɟ ɌəɌɗɔɓɟ ɔ ɚɍɳɑɖɞɔɎəɟ ɚɢɑəɟ ɛɜɔɘɑəɴɔɎɚɝɞɔ 
ɞɑɚɜɔɳɑ ɓɌɗɔɡɌ ɟ ɛɗɌəɔɜɌɵɟ ɔ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ ɟ 
ɛɜɚɢɑɝɔɘɌ ɔ ɛɚɝɞɜɚɳɑɵɔɘɌ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ. 

1.6. ȸɑɞɚɐɚɗɚɏɔɳɌ ɔɝɞɜɌɒɔɎɌɵɌ 

ȽɌɏɗɌɝəɚ ɗɚɏɔɢɔ ɔɝɞɜɌɒɔɎɌɵɌ, ɘɑɞɚɐɚɗɚɏɔɳɌ ɜɌɐɌ ɛɜɔɗɌɏɚɭɑəɌ ɳɑ ɓɌɡɞɑɎɔɘɌ 
ɞɑɘɑ ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ, ɘɌɞɑɜɔɳɌɗəɔɘ ɘɚɏɟɶəɚɝɞɔɘɌ, ɛɜɚɏɜɌɘɟ ɔ ɢɔɴɑɎɔɘɌ. ȹɌ 
ɞɜɑəɟɞəɚɘ əɔɎɚɟ ɝɌɏɗɑɐɔɎɚɝɞɔ, ɘɑɞɚɐɚɗɚɏɔɳɌ ɔɝɞɜɌɒɔɎɌɵɌ ɎɔɤɑɠɌɓəɚ ɳɑ ɚɍɟɡɎɌɞɔɗɌ:  

ω ɛɜɔɖɟɛɴɌɵɑ ɔ ɌəɌɗɔɓɟ ɛɚɐɌɞɌɖɌ ɖɌɖɚ ɗɔɞɑɜɌɞɟɜəɔɡ, ɔəɞɑɜəɑɞ ɞɌɖɚ ɔ 
ɐɜɟɏɔɡ ɔɓɎɚɜɌ ɔəɠɚɜɘɌɢɔɳɌ, ɟɓ ɖɜɔɞɔɣɖɚ ɝɌɏɗɑɐɌɎɌɵɑ ɚɝɞɎɌɜɑəɚɏ; 

ω ɐɑɐɟɖɢɔɳɚɘ ɓɌɖɴɟɣɌɖɌ ɔɓ ɛɜɑɞɡɚɐəɑ ɠɌɓɑ ɔɓɌɍɜɌə ɳɑ ɚɍɳɑɖɌɞ (ɛɜɚɔɓɎɚɐəɔ 
ɝɔɝɞɑɘ ȻȸȽ), ɘɚɐɑɗɝɖɔ ɛɜɔɝɞɟɛ ɔ ɐɑɠɔəɔɝɌə ɳɑ ɞɑɝɞ ɑɖɝɛɑɜɔɘɑəɞɌɗəɔ 
ɛɗɌə; 

ω əɌɖɚə ɞɚɏɌ ɳɑ ɝɗɑɐɔɗɚ ɔɓɎɚɭɑɵɑ ɑɖɝɛɑɜɔɘɑəɞɌɗəɔɡ ɞɑɝɞɚɎɌ ɝ ɢɔɴɑɘ 
ɛɜɌɖɞɔɣəɔɡ ɛɜɚɎɑɜɌ ɔ ɚɢɑəɌ, Ɍ ɛɚɞɚɘ, əɌ ɚɝəɚɎɟ ɝɌɓəɌɵɌ ɔɓ ɛɜɑɞɡɚɐəɔɡ 
ɔɝɞɜɌɒɔɎɌɵɌ, ɏɑəɑɜɌɗɔɓɌɢɔɳɌ ɚɢɑəɑ ɝɌ ɛɜɑɐɗɚɏɚɘ ɐɌɴɔɡ ɔɝɞɜɌɒɔɎɌɵɌ. 

1.7. ȺɣɑɖɔɎɌəɔ ɜɑɓɟɗɞɌɞɔ 

ȹɌ ɚɝəɚɎɟ ɔɓɗɚɒɑəɚɏ ɟ ɛɜɑɞɡɚɐəɔɘ ɐɑɗɚɎɔɘɌ ɚɎɚɏ ɞɑɖɝɞɌ, ɘɚɒɑ ɝɑ ɔɓɎɑɝɞɔ 
ɓɌɖɴɟɣɌɖ ɐɌ ɳɑ ɞɑɘɌ ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ ɟ əɌɟɣəɚɘ ɔ ɝɞɜɟɣəɚɘ ɝɘɔɝɗɟ ɌɖɞɟɑɗəɌ ɔ 
ɓəɌɣɌɳəɌ ɓɌ ɟɛɜɌɎɴɌɵɑ ɛɚɝɗɚɎɌɵɑɘ ɛɚɝɞɜɚɳɑɵɌ ɓɌ ȻȸȽ, ɔ əɑ ɝɌɘɚ ɛɚɝɞɜɚɳɑɵɌ ɓɌ ȻȸȽ 
Ɏɑɶ ɓɌ ɜɟɐɌɜɝɞɎɚ ɔ ɔəɐɟɝɞɜɔɳɟ ɟ ɤɔɜɑɘ ɝɘɔɝɗɟ.  

ȼɑɓɟɗɞɌɞɔ ɔɝɞɜɌɒɔɎɌɵɌ ɝɟ ɐɎɚɳəɚɏ ɖɌɜɌɖɞɑɜɌ - ɞɑɚɜɔɳɝɖɚɏ ɔ ɛɜɌɖɞɔɣəɚɏ. ȴɝɡɚɐ 
ɞɑɚɜɔɳɝɖɔɡ ɔɝɞɜɌɒɔɎɌɵɌ ɳɑ ɌəɌɗɔɓɌ ɔ ɚɢɑəɌ ɘɚɏɟɶɔɡ ɘɌɞɑɘɌɞɔɣɖɚ ɘɚɐɑɗɝɖɔɡ 
ɛɜɔɝɞɟɛɌ ɓɌɝəɚɎɌəɔɡ əɌ ɞɑɚɜɔɳɔ ɓɌɗɔɡɌ, Ɍ ɛɜɌɖɞɔɣəɔ ɔɝɡɚɐ ɞɜɑɍɌɗɚ ɍɔ ɐɌ Ɏɚɐɔ ɖɌ 
ɚɛɞɔɘɔɓɌɢɔɚəɚɘ ɘɚɐɑɗɟ ɓɌ ɛɚɐɜɤɖɟ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ ɟ 
ɖɚəɖɜɑɞəɔɘ ɟɝɗɚɎɔɘɌ ɜɌɐɌ ɛɚɝɞɜɚɳɑɵɌ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ.  
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 ȾȱȺȼȴȥȽȶȴ ȻȺȯȷȱȰ ȹȬ ȻȼȺȭȷȱȸ 

2.1. ȳȬȷȴɁȱ   

ȿ ɴɟɐɝɖɚɳ ɔɝɞɚɜɔɳɔ ɚɐɟɎɑɖ ɳɑ ɍɔɚ ɛɜɔɝɟɞɌə ɠɑəɚɘɑə ɓɌɗɔɡɌ. ȺɝɞɎɌɜɔɎɌɵɑ, 
ɝɖɗɌɐɔɤɞɑɵɑ ɔ ɣɟɎɌɵɑ ɐɚɍɌɜɌ ɓɌ əɑɛɚɝɜɑɐəɟ ɛɚɞɜɚɤɵɟ ɝɞɌəɚɎəɔɤɞɎɌ ɔɗɔ ɝɔɜɚɎɔəɌ 
ɛɚɞɜɑɍəɔɡ ɓɌ ɛɜɚɔɓɎɚɐɵɟ, ɛɜɑɛɗɌɎɔɗɚ ɳɑ ɔ ɚɖɟɛɔɜɌɗɚ ɢɔɎɔɗɔɓɌɢɔɳɟ ɚɐ ɘɚɘɑəɞɌ ɖɌɐɌ 
ɳɑ ɛɚɝɞɌɗɚ ɑɎɔɐɑəɞəɚ ɐɌ ɳɑ ɣɚɎɑɖ ɝɛɚɝɚɍɌə ɛɜɚɔɓɎɑɝɞɔ Ɏɑɶɟ ɖɚɗɔɣɔəɟ ɚɐ ɚəɑ ɝɞɜɚɏɚ 
əɟɒəɑ ɛɚɳɑɐɔəɢɟ [3]. 

Ƚɖɚɜɚ əɌ ɝɎɌɖɚɘ ɖɚɜɌɖɟ ɘɚɒɑɘɚ ɝɑ ɝɟɚɣɔɞɔ ɝɌ ɓɌɗɔɡɌɘɌ. ȹɑɘɚɏɟɶɑ ɳɑ əɌɶɔ 
ɴɟɐɝɖɟ ɌɖɞɔɎəɚɝɞ ɖɚɳɌ əɑɘɌ ɛɚɞɜɑɍɟ ɓɌ ɝɞɎɌɜɌɵɑɘ ɔ ɖɚɜɔɤɶɑɵɑɘ ɓɌɗɔɡɌ. ȳɌɗɔɡɑ ɝɌ 
ɖɚɳɔɘɌ ɝɑ ɖɚəɝɞɌəɞəɚ ɝɟɚɣɌɎɌɘɚ, ɟɏɗɌɎəɚɘ ɝɑ ɘɚɏɟ ɏɜɟɛɔɝɌɞɔ ɟ ɞɜɒɔɤəɑ ɔ 
ɛɜɚɔɓɎɚɐəɑ. ȳɌɐɚɎɚɴɌɎɌɵɑ ɛɚɞɜɌɒɵɑ ɖɟɛɌɢɌ ɛɜɑɟɓɔɘɌɳɟ əɌ ɝɑɍɑ ɞɜɒɔɤəɑ ɓɌɗɔɡɑ, ɐɚɖ 
ɛɜɚɔɓɎɚɐəɑ ɚɍɑɓɍɑɭɟɳɟ əɑɚɘɑɞɌəɟ ɛɜɚɔɓɎɚɐɵɟ, ɞɌɖɚ ɐɌ ɝɟ ɞɚ ɟɏɗɌɎəɚɘ ɓɌɗɔɡɑ 
ɝɔɜɚɎɔəɌ, ɜɑɛɜɚɘɌɞɑɜɔɳɌɗɌ, ɐɑɗɚɎɌ ɔɗɔ ɝɖɗɚɛɚɎɌ [6].  

ȽɎɌɖɔ ɛɚɳɑɐɔəɌɢ ɔɗɔ ɛɜɑɐɟɓɑɶɑ ɛɚɝɗɚɎəɚɘ ɌəɏɌɒɚɎɌəɚɤɶɟ ɖɚɳɌ ɔɝɡɚɐɟɳɑ 
ɝɞɎɌɜɌɵɑ ɚɐɜɑɭɑəɚɏ ɛɜɚɔɓɎɚɐɌ ɔɗɔ ɟɝɗɟɏɌ, ɏɗɑɐɌɳɟɶɔ ɖɜɚɓ ɔɝɞɚɜɔɳɟ, ɟɓɜɚɖɟɳɑ ɛɚɞɜɑɍɟ 
ɔ ɞɜɚɤɑɵɑ ɚɐɏɚɎɌɜɌɳɟɶɔɡ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɔ ɟɝɗɟɏɌ [7]. ȻɚɝɗɚɎɌɵɑ ɛɜɑɐɟɓɑɶɌ 
ɟ ɝɌɎɜɑɘɑəɚɘ ɔ ɎɑɚɘɌ ɐɔəɌɘɔɣəɚɘ ɛɚɝɗɚɎəɚɘ ɚɖɜɟɒɑɵɟ əɑɓɌɘɔɝɗɔɎɚ ɳɑ ɟɖɚɗɔɖɚ əɑ 
ɛɚɝɑɐɟɳɟ ɓɌɗɔɡɑ. ȽɎɔ ɛɚɖɟɤɌɳɔ ɜɌɓɎɔɳɌɵɌ ɛɚɝɗɚɎəɚɏ ɝɔɝɞɑɘɌ əɑɓɌɎɔɝəɚɏ ɚɐ ɓɌɗɔɡɌ, 
ɘɚɒɑ ɝɑ ɜɑɶɔ ɐɌ ɝɟ ɍɔɗɔ ɍɑɓɟɝɛɑɤəɔ [8]. 

ȿɖɚɗɔɖɚ ɍɔ ɍɔɗɑ ɟəɌɛɜɑɐ ɞɌɣəɚ ɛɚɓəɌɞɑ əɑɚɛɡɚɐəɑ ɝɗɑɐɑɶɑ ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ 
ɎɑɓɌəɑ ɓɌ ɛɜɑɐɘɑɞ ɜɌɐɌ, ɖɚɗɔɣɔəɟ ɔ ɞɜɑəɟɞɌɖ ɟɗɌɝɖɌ ɟ ɛɜɚɔɓɎɚɐəɔ ɛɜɚɢɑɝ ɔ Ɍɖɚ ɍɔ 
ɟəɌɛɜɑɐ ɍɔɗɌ ɞɌɣəɚ ɛɚɓəɌɞɌ ɐɟɒɔəɌ ɎɜɑɘɑəɌ əɌɍɌɎɖɑ, ɖɚəɞɔəɟɔɞɑɞ ɛɜɚɢɑɝɌ 
ɛɜɚɔɓɎɚɐɵɑ ɍɔ ɘɚɏɌɚ ɐɌ ɝɑ ɚɍɑɓɍɑɐɔ ɚɐɏɚɎɌɜɌɳɟɶɚɘ ɚɜɏɌəɔɓɌɢɔɳɚɘ ɛɚɝɞɟɛɖɌ əɌɍɌɎɖɑ, 
ɍɑɓ ɓɌɗɔɡɌ.  

ȿɓ Ɏɑɗɔɖɔ ɍɜɚɳ ɜɌɓɗɚɏɌ ɖɌɖɚ ɑɖɚəɚɘɝɖɚɏ ɞɌɖɚ ɔ ɞɑɡəɚɗɚɤɖɚɏ ɓəɌɣɌɳɌ, əɔɳɑ 
ɘɚɏɟɶɑ ɚɝɞɎɌɜɔɞɔ ɛɚɞɛɟəɟ ɖɚɚɜɐɔəɌɢɔɳɟ ɖɜɑɞɌɵɌ ɟ Ɏɜɑɘɑəɟ ɔ ɛɜɚɝɞɚɜɟ əɔɞɔ ɟ 
ɛɜɚɔɓɎɚɐɵɔ ɔ ɛɚɞɜɚɤɵɔ. ȳɍɚɏ ɞɚɏɌ ɓɌ ɝɔɏɟɜɌə ɖɚəɞɔəɟɔɞɑɞ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ 
əɑɚɛɡɚɐəɑ ɝɟ ɚɐɜɑɭɑəɑ, Ɏɑɶɑ ɔɗɔ ɘɌɵɑ ɓɌɗɔɡɑ. ȴɓɘɑɭɟ ɚɝɞɌɗɚɏ ɓɌɗɔɡɌ ɔɘɌ ɟɗɚɏɟ 
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ɝɘɌɵɑɵɌ ɔɗɔ əɑɟɞɜɌɗɔɝɌɵɌ Ɏɜɑɘɑəɝɖɔɡ ɔ ɛɜɚɝɞɚɜəɔɡ ɜɌɓɗɔɖɌ ɟ ɛɜɚɢɑɝɟ ɛɜɚɔɓɎɚɐɵɑ 
ɚɐəɚɝəɚ ɛɚɞɜɚɤɵɑ. ȮɌɒəɚɝɞ ɔɝɞɜɌɒɔɎɌɵɌ ɔ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɘɚɒɑ ɝɑ 
ɛɚɞɖɜɑɛɔɞɔ ɣɔɵɑəɔɢɚɘ ɐɌ ɳɑ ɐɌəɌɝ ɛɜɑɖɚ 30% ɟɖɟɛəɔɡ ɝɜɑɐɝɞɌɎɌ ɝɎɑɞɝɖɑ ɛɜɔɎɜɑɐɑ ɟ 
ɓɌɗɔɡɌɘɌ [6] [9]. 

ȽɌ ɓɌɗɔɡɌɘɌ ɝɑ ɝɟɚɣɌɎɌ ɟɏɗɌɎəɚɘ ɝɎɌɖɚ ɛɜɑɐɟɓɑɶɑ ɟ ɚɖɎɔɜɟ ɝɎɚɏ ɛɚɝɗɚɎɌɵɌ. 
ȿɖɚɗɔɖɚ ɝɑ ɝɔɜɚɎɔəɌ, ɟɗɌɓəɔ ɘɌɞɑɜɔɳɌɗ ɚɐəɚɝəɚ ɛɚɗɟɛɜɚɔɓɎɚɐɔ ɔɗɔ ɛɜɚɢɑɝəɔ 
ɘɌɞɑɜɔɳɌɗɔ  əɑ ɖɚɜɔɝɞɑ ɟ ɛɜɚɢɑɝɟ ɛɜɚɔɓɎɚɐɵɑ ɔ əɑ ɐɔɝɞɜɔɍɟɔɜɌɳɟ ɝɑ ɚɐɘɌɡ ɐɚɗɌɓɔ ɐɚ 
ɛɚɳɌɎɑ ɓɌɗɔɡɌ. ȳɌɗɔɡɑ ɚɘɚɏɟɶɌɎɌɳɟ ɖɚəɝɞɌəɞəɚ ɛɚɝɗɚɎɌɵɑ ɚɐəɚɝəɚ əɑɛɜɑɖɔɐɌə 
ɛɜɚɔɓɎɚɐəɔ ɛɜɚɢɑɝ Ɍɗɔ ɔ ɟ ɔɝɞɚ Ɏɜɑɘɑ ɝɌ ɐɜɟɏɑ ɝɞɜɌəɑ ɚɐɏɚɎɚɜəɑ ɝɟ ɓɌ ɛɚɎɑɶɌəɑ 
ɞɜɚɤɖɚɎɑ ɛɜɑɐɟɓɑɶɌ. ȻɜɚɔɓɎɚɐəɌ ɔ ɞɜɏɚɎɔəɝɖɌ ɛɜɑɐɟɓɑɶɌ, ɟɖɚɗɔɖɚ ɛɚɝɘɌɞɜɌɘɚ ɖɜɚɓ 
ɑɖɚəɚɘɝɖɟ ɛɑɜɝɛɑɖɞɔɎɟ, əɑɜɑɞɖɚ Ɏɑɗɔɖɔ ɟɐɑɚ əɚɎɣɌəɔɡ ɝɜɑɐɝɞɌɎɌ ɟɗɌɒɟ ɟ ɓɌɗɔɡɑ. 
ȻɜɚɔɓɎɚɐəɌ ɔ ɞɜɏɚɎɔəɝɖɌ ɛɜɑɐɟɓɑɶɌ, ɛɚɝɑɐɚɎɌɵɑɘ ɓɌɗɔɡɌ ɤɞɔɞɑ ɝɑ ɚɐ ɔɓəɌɐɌəɔɡ 
ɛɜɚɘɑəɌ ɔ ɛɚɜɑɘɑɶɌɳɌ əɌ ɞɜɒɔɤɞɟ, Ɍɗɔ ɝɌ ɐɜɟɏɑ ɝɞɜɌəɑ ɛɚɝɞɚɳɌɵɑ ɓɌɗɔɡɌ ɛɚɎɌɣɔ ɝɌ 
ɝɚɍɚɘ əɑɛɜɑɖɔɐəɑ ɞɜɚɤɖɚɎɑ. ȳəɌɣɔ ɛɜɑɐɟɓɑɶɑ ɏɑəɑɜɔɤɑ ɞɜɚɤɖɚɎɑ ɟɖɚɗɔɖɚ ɔɘɌ 
ɜɑɛɜɚ ɘɌɞɑɜɔɳɌɗ ɔɗɔ ɜɚɍɟ əɌ ɓɌɗɔɡɌɘɌ, Ɍɗɔ ɝɌ ɐɜɟɏɑ ɝɞɜɌəɑ ɔ Ɍɖɚ əɑɘɌ ɐɚɎɚɴəɟ 
ɖɚɗɔɣɔəɟ ɖɌɖɚ ɜɚɍɑ əɌ ɗɌɏɑɜɟ ɞɌɖɚ ɔ ɜɑɛɜɚ ɘɌɞɑɜɔɳɌɗɌ ɟ ɘɌɏɌɢɔəɟ [8]. 

Ȯɑɗɔɖɔ ɍɜɚɳ ɠɚɜɘɟɗɌɢɔɳɌ ɚɍɟɡɎɌɞɌ ɛɚɳɌɘ ɓɌɗɔɡɌ. ȺɎɌɳ ɛɚɳɌɘ ɚɍɔɣəɚ 
ɛɚɐɜɌɓɟɘɑɎɌ ɖɚəɖɜɑɞəɟ Ɏɜɝɞɟ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɔɗɔ ɛɚɗɟɛɜɚɔɓɎɚɐɌ ɖɚɳɌ ɝɑ ɟ 
ɔɓɎɑɝəɚɘ ɛɑɜɔɚɐɟ ɎɜɑɘɑəɌ əɌɗɌɓɔ ɟ ɝɖɗɌɐɔɤɞɟ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɑɐɟɓɑɶɌ ɟ ɢɔɴɟ 
ɖɌɝəɔɳɑ ɟɛɚɞɜɑɍɑ. ȸɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ ɣɟɎɌəɌ ɖɌɚ ɓɌɗɔɡɑ ɘɚɏɟ ɛɜɑɐɝɞɌɎɴɌɞɔ 
ɜɌɓɗɔɣɔɞ ɝɛɑɖɞɌɜ ɝɔɜɚɎɔəɌ, ɛɚɗɟɛɜɚɔɓɎɚɐɌ, ɜɑɛɜɚɐɟɖɢɔɚəɚɏ ɘɌɞɑɜɔɳɌɗɌ, ɜɑɓɑɜɎəɔɡ 
ɐɑɗɚɎɌ, ɘɌɤɔəɌ, ɌɗɌɞɌ ɔ ɐɜɟɏɑ ɚɛɜɑɘɑ, ɓɌɞɔɘ ɑəɑɜɏɑəɌɞɌ, ɏɚɞɚɎɔɡ ɛɜɚɔɓɎɚɐɌ, ɔ 
ɚɝɞɌɗɔɡ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ [8]. 

ȽɎɌ ɌɖɟɘɟɗɔɜɌəɌ ɑəɑɜɏɔɳɌ, ɘɌɞɑɜɔɳɌɗɔ ɔ ɔəɠɚɜɘɌɢɔɳɑ əɑɖɚɜɔɤɶɑəɑ ɔɗɔ ɎɌə 
ɟɛɚɞɜɑɍɑ ɟ ɚɐɑɜɭɑəɚɘ ɛɑɜɔɚɐɟ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ, ɝɌ ɝɎɜɡɚɘ ɔɝɖɚɜɔɤɶɑɵɌ ɟ 
ɛɚɞɜɑɍəɚɘ ɘɚɘɑəɞɟ ɣɔəɑ ɓɌɗɔɡɑ. Ⱥəɑ ɣɔəɑ ɟɝɖɗɌɐɔɤɞɑəɔ ɘɌɞɑɜɔɳɌɗɔ ɣɔɳɔ ɳɑ ɢɔɴ 
ɑɠɔɖɌɝəɔɳɑ ɔ ɗɌɖɤɑ ɖɚɜɔɤɶɑɵɑ ɟ ɛɜɚɔɓɎɚɐəɚɘ ɛɜɚɢɑɝɟ ɔɗɔ ɟ ɞɜɏɚɎɔəɔ əɌɘɔɜɔɞɔ 
ɛɚɞɜɌɒɵɟ ɖɗɔɳɑəɌɞɌ ɚɐəɚɝəɚ ɖɚəɓɟɘɑəɌɞɌ. ȥɌɎɴɌ ɝɑ ɎɑɗɔɖɌ ɜɌɓəɚɎɜɝəɚɝɞ ɜɚɍɌ 
ɚɐəɚɝəɚ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ əɌ ɓɌɗɔɡɌɘɌ ɖɚɳɔ ɘɚɏɟ ɍɔɞɔ:  

Å ɜɑɛɜɚɘɌɞɑɜɔɳɌɗɔ ɛɚɞɜɑɍəɔ ɓɌ ɛɜɚɢɑɝɑ ɛɜɚɔɓɎɚɐɵɑ, 

Å ɛɚɗɟɛɜɚɔɓɎɚɐɔ əɑɚɛɡɚɐəɔ ɛɜɔ ɔɓɜɌɐɔ ɏɚɞɚɎɔɡ ɛɜɚɔɓɎɚɐɌ,  

Å ɏɚɞɚɎɔ ɛɜɚɔɓɎɚɐɔ ɌɐɑɖɎɌɞəɚ ɗɌɏɑɜɚɎɌəɔ,  

Å əɑɚɛɡɚɐəɔ ɌɗɌɞɔ ɛɜɔ ɛɜɚɔɓɎɚɐəɔɘ ɛɜɚɢɑɝɔɘɌ,  

Å ɜɑɓɑɜɎəɔ ɐɑɗɚɎɔ ɖɚɳɔ ɝɑ ɖɚɜɔɝɞɑ ɓɌ ɚɐɜɒɌɎɌɵɑ ɝɔɝɞɑɘɌ ɛɜɚɔɓɎɚɐəɚɏ 
ɛɜɚɢɑɝɌ,  

Å ɛɚɞɜɚɤəɔ ɘɌɞɑɜɔɳɌɗɔ ɟɛɚɞɜɑɍɴɑə ɟ ɔɗɔ ɓɌ ɚɐɜɒɌɎɌɵɑ ɛɜɚɔɓɎɚɐəɚɏ 
ɛɜɚɢɑɝɌ,  

Å ɚɞɛɌɐəɔ ɘɌɞɑɜɔɳɌɗ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ ɔ ɝɖɗɌɐɔɤɞɑɵɌ. 

ȽɎɑ ɜɑɓɑɜɎɑ ɛɚɞɜɑɍəɑ ɛɜɑɐɟɓɑɶɔɘɌ ɔɗɔ ɖɚɘɛɌəɔɳɌɘɌ, ɓɍɚɏ ɛɜɑɎɌɓɔɗɌɒɑɵɌ 
ɑɎɑəɞɟɌɗəɔɡ ɛɚɜɑɘɑɶɌɳɌ ɟ ɛɚɝɗɚɎɌɵɟ, ɔɗɔ ɜɑɌɖɢɔɳɑ əɌ ɐɔɝɍɌɗɌəɝ ɛɜɚɔɓɎɚɐɵɑ ɔ 
ɛɚɞɜɚɤɵɑ ɝɘɌɞɜɌɳɟ ɝɑ ɓɌɗɔɡɌɘɌ [9] [10]. 
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ȳɌɗɔɡɑ ɝɟ ɝɚɛɝɞɎɑəɔ ɘɌɞɑɜɔɳɌɗ ɟɛɚɞɜɑɍɴɌɎɌə ɟ ɛɚɝɗɚɎɌɵɟ, ɚɐəɚɝəɚ ɛɜɑɐɎɔɭɑə 
ɟ ɟəɟɞɜɌɤɵɚɳ ɛɚɞɜɚɤɵɔ ɔɗɔ ɛɜɚɐɌɳɔ, ɖɚɳɔ ɚɍɟɡɎɌɞɌ ɝɔɜɚɎɔəɑ, ɛɚɗɟɛɜɚɔɓɎɚɐɑ, 
ɘɌɞɑɜɔɳɌɗ ɟ ɚɍɜɌɐɔ ɔ ɏɚɞɚɎɑ ɛɜɚɔɓɎɚɐɑ. ȼɑɗɌɞɔɎəɚ ɣɑɝɞɚ ɝɑ əɌɔɗɌɓɔ əɌ ɝɗɔɣəɟ 
ɐɑɠɔəɔɢɔɳɟ ɖɚɳɚɘ ɝɑ ɟɝɖɗɌɐɔɤɞɑəɔ ɘɌɞɑɜɔɳɌɗɔ, ɟɛɚɞɜɑɍɴɑəɔ ɟ ɝɎɜɡɟ ɚɝɔɏɟɜɌɵɌ 
əɚɜɘɌɗəɑ ɛɜɚɔɓɎɚɐɵɑ ɔ ɓɌɐɚɎɚɴɑɵɌ ɛɚɞɜɑɍɌ ɖɟɛɌɢɌ ɚɍɟɡɎɌɞɌɳɟ ɛɚɐ əɌɓɔɎɚɘ ɓɌɗɔɡɑ 
[11]. 

Ⱥɐ ɝɞɜɌəɑ ȥ. ȸɚəɖɌ (ȥ. Monks) ɓɌɗɔɡɑ ɝɟ ɐɑɠɔəɔɝɌəɑ ɖɌɚ əɑɌɖɞɔɎəɔ ɜɑɝɟɜɝɔ ɖɚɳɔ 
ɛɚɝɑɐɟɳɟ ɑɖɚəɚɘɝɖɟ Ɏɜɑɐəɚɝɞ [12] [13]. Ȼɚɐ ɛɚɳɘɚɘ ɓɌɗɔɡɌ ɛɚɐɜɌɓɟɘɑɎɌɘɚ ɜɌɓəɚɎɜɝəɌ 
ɛɚɞɜɑɍəɌ ɘɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ, ɎɌə ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ ɔɗɔ ɛɜɚɘɑɞɌ, ɝɌ ɝɎɜɡɚɘ 
ɔɝɖɚɜɔɤɶɑɵɌ ɟ ɐɌɞɚɘ ɞɜɑəɟɞɖɟ [10]. 

ȳɌɗɔɡɑ ɖɌɚ ɖɚɗɔɣɔəɟ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɓɌ ɖɚɜɔɤɶɑɵɑ, ɚɍɑɓɍɑɭɔɎɌɵɑ 
ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ ɚɐəɚɝəɚ ɔɝɛɟɵɌɎɌɵɌ ɞɜɌɒɵɑ ɖɟɛɌɢɌ, ɐɑɠɔəɔɤɑ ȼ. Ʉɜɚɐɑɜ (R. 
Schroeder) ɟ ɖɵɔɓɔ ăOperations management: Contemporary Concepts and casesò [14]. 
ȳɌɗɔɡɑ ɛɜɑɐɟɓɑɶɌ ɘɚɏɟ ɟɖɴɟɣɔɞɔ ɝɔɜɚɎɔəe, əɑɐɚɎɜɤɑəe ɛɜɚɔɓɎɚɐe (ɛɚɗɟɛɜɚɔɓɎɚɐe) 
ɔ ɏɚɞɚɎe ɛɜɚɔɓɎɚɐe [15] [16]. ȿɝɎɚɳɚɳ ɖɵɔɓɔ ăBusiness Logistics & Supply Chain 
managementò, ȼ. ȭɌɗɟ (R. Ballou), ɓɌɗɔɡɑ ɐɑɠɔəɔɤɑ ɖɌɚ ɓɍɔɜ ɝɔɜɚɎɔəɌ, ɖɚɘɛɚəɑəɌɞɌ, 
əɑɐɚɎɜɤɑəɔɡ ɛɜɚɔɓɎɚɐɌ ɔ ɏɚɞɚɎɔɡ ɛɜɚɔɓɎɚɐɌ, ɖɚɳɑ ɝɑ ɝɟɝɜɑɶɟ əɌ Ɏɔɤɑ ɘɑɝɞɌ ɟəɟɞɌɜ 
ɗɚɏɔɝɞɔɖɑ ɔ ɛɜɚɔɓɎɚɐɵɑ [17]. ȿ ɤɔɜɑɘ ɝɘɔɝɗɟ, ɛɚɐ ɓɌɗɔɡɌɘɌ ɘɚɏɟ ɝɑ ɛɚɐɜɌɓɟɘɑɎɌɞɔ  ɔ 
ɝɎɑ ɘɌɤɔəɑ, ɜɑɓɑɜɎəɔ ɐɑɗɚɎɔ, ɔəɝɞɜɟɘɑəɞɔ, ɚɛɝɗɟɒɟɳɟɶɔ ɛɑɜɝɚəɌɗ (ɜɌɐəɌ ɝəɌɏɌ), 
ɞɜɌəɝɛɚɜɞəɌ ɝɜɑɐɝɞɎɌ, ɑəɑɜɏɑəɞɔ,  ɗɑɖɚɎɔ, ɒɔɎɚɞəɑ əɌɘɔɜəɔɢɑ, ɘɟəɔɢɔɳɌ, ɚɜɟɒɳɑ, ɔ 
ɐɜ. 

2.2. ȮȼȽȾȱ ȳȬȷȴɁȬ 

ȿɖɚɗɔɖɚ ɛɚɝɘɌɞɜɌɘɚ ɔɓ ɛɑɜɝɛɑɖɞɔɎɑ ɛɜɚɔɓɎɚɭɌɣɌ, ɐɔɝɞɜɔɍɟɞɑɜɌ, ɐɚɍɌɎɴɌɣɌ ɔ 
ɛɜɚɐɌɎɌɢɌ, əɌ ɜɌɓɗɔɣɔɞɔɘ əɔɎɚɔɘɌ ɑɏɓɔɝɞɔɜɌɳɟ ɔ ɜɌɓɗɔɣɔɞɑ Ɏɜɝɞɑ ɓɌɗɔɡɌ: ɓɌɗɔɡɑ 
ɝɔɜɚɎɔəɌ ɔ ɘɌɞɑɜɔɳɌɗɌ, ɓɌɗɔɡɑ ɛɚɗɟɛɜɚɔɓɎɚɐɌ, ɓɌɗɔɡɑ ɐɑɗɚɎɌ, ɓɌɗɔɡɑ ɏɚɞɚɎɔɡ 
ɛɜɚɔɓɎɚɐɌ, ɓɌɗɔɡɑ ɞɜɏɚɎɌɣɖɑ ɜɚɍɑ ɔɞɐ. ȽɎɌɖɌ ɛɚɐɑɗɌ ɐɑɠɔəɔɤɑ ɝɎɚɳɝɞɎɌ ɛɚɳɘɌ ɛɜɑɘɌ 
ɠɟəɖɢɔɳɔ [16] [18]. 

ȱɗɑɘɑəɞɌɜəɌ ɟɗɚɏɑ ɓɌɗɔɡɌ, ɛɜɑɘɌ ɘɔɤɴɑɵɟ Ƚ. Ȭəɞɔɶ ɖɚɳɑ ɳɑ ɔɓəɑɚ ɟ ɝɎɚɳɚɳ 
ɐɔɝɑɜɞɌɢɔɳɔ [19], ɳɑ ɐɌ: 

¶ ȺɍɟɡɎɌɞɔ ɛɜɚɘɑəɑ ɔ əɑɔɓɎɑɝəɚɝɞɔ ɛɜɔ ɛɚɞɜɌɒɵɔ ɛɜɚɔɓɎɚɐɌ; 

¶ ȺɝɔɏɟɜɌ ɝɞɌɍɔɗəɚɝɞ ɢɔɖɗɟɝɌ əɌɍɌɎɖɔ; 

¶ Ȭɘɚɜɞɔɓɟɳɑ ɛɜɚɍɗɑɘɑ ɎɑɓɌəɑ ɓɌ ɐɚɝɞɌɎɟ əɌɍɌɎɖɑ (ɖɌɤɵɑɵɑ ɝəɌɍɐɑɎɌɵɌ). 

¶ ȺɝɔɏɟɜɌ ɖɚəɝɞɌəɞəɚɝɞ ɛɜɚɔɓɎɚɐɵɑ, ɞɳ. ɛɜɔɗɌɏɚɐɴɔɎɚɝɞ ɵɑəɔɘ ɛɗɌəɚɎɔɘɌ; 

¶ ȻɜɑɎɑəɔɜɌ ɛɜɚɔɓɎɚɐəɔ ɝɔɝɞɑɘ ɚɐ əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ; 

¶ ȳɌɤɞɔɞɔ ɛɜɚɔɓɎɚɐəɔɡ ɝɔɝɞɑɘɌ ɚɐ ɝɖɚɖɌ ɢɑəɌ əɌ ɞɜɒɔɤɞɟ ɘɌɞɑɜɔɳɌɗəɔɡ 
ɜɑɝɟɜɝɌ (ɖɟɛɚɎɔəɌ Ɏɑɶɑ ɖɚɗɔɣɔəɑ ɛɚ ɛɚɎɚɴəɔɳɚɳ - əɔɒɚɳ ɢɑəɔ); 

¶ Ƚɞɑɖəɑ ɔɓɎɑɝəɑ ɍɑəɑɠɔɞɑ ɛɜɔ əɌɍɌɎɢɔ, ɚɐɜɑɭɑəɔɡ ɖɚɗɔɣɔəɌ ɛɚɞɜɑɍəɚɏ 
ɘɌɞɑɜɔɳɌɗɌ; 

¶ ȿɘɌɵɔ ɌɖɞɔɎəɚɝɞɔ ɎɑɓɌəɑ ɓɌ ɗɚɏɔɝɞɔɖɟ ɝəɌɍɐɑɎɌɵɌ (ɚɜɏɌəɔɓɌɢɔɳɌ, əɌɜɟɣɔɎɌɵɑ, 
ɐɚɝɞɌɎɌ, ɛɜɔɳɑɘ, ɝɖɗɌɐɔɤɞɑɵɑ); 
  
ȥ. ȭɌɜɗɚ (J. Barlow) ɟ ɝɎɚɳɚɳ ɖɵɔɓɔ [20] ɞɌɖɚɭɑ ɖɌɚ ɚɝəɚɎəɑ Ɏɜɝɞɑ ɓɌɗɔɡɌ əɌɎɚɐɔ: 

ɓɌɗɔɡɑ ɝɔɜɚɎɔəɌ, ɓɌɗɔɡɑ əɑɐɚɎɜɤɑəɔɡ ɛɜɚɔɓɎɚɐɌ, ɓɌɗɔɡɑ ɏɚɞɚɎɔɡ ɛɜɚɔɓɎɚɐɌ ɔ ɓɌɗɔɡɑ 
ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ - ɛɚɞɜɚɤəɔɡ ɘɌɞɑɜɔɳɌɗɌ ɔ ɓɌɗɔɡɑ ɟ ɞɜɌəɓɔɞɟ (ɟ ɞɜɌəɝɛɚɜɞɟ ɚɐ 
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ɝɖɗɌɐɔɤɞɌ ɐɚ ɖɟɛɌɢɌ). ȻɜɑɘɌ Ȯ. Ɂɚɛɟ ɔ ȸ. Ƚɛɑɳɜɘɑəɟ (W. Hopp; M. Spearman) [21], əɌ 
ɚɝəɚɎɟ ɝɟɤɞɔəɑ ɞɜɌɒɵɑ, ɓɌɝɞɟɛɴɑəɌ ɝɟ ɞɜɔ ɚɝəɚɎəɌ ɞɔɛɌ ɓɌɗɔɡɌ: ɓɌɗɔɡɑ əɑɓɌɎɔɝəɑ 
ɞɜɌɒɵɑ (ɓɌɗɔɡɑ ɛɜɚɔɓɎɚɐɌ ɓɌ ɛɜɚɐɌɳɟ ɖɜɌɳɵɑɘ ɖɟɛɢɟ); ɓɌɞɔɘ ɓɌɗɔɡɑ ɓɌɎɔɝəɑ ɞɜɌɒɵɑ 
(ɓɌɗɔɡɑ ɟɝɗɚɎɴɑəɑ ɞɜɌɒɵɚɘ ɐɜɟɏɔɡ ɓɌɗɔɡɌ - ɓɌɗɔɡɑ ɛɜɚɔɓɎɚɐəɔɡ ɛɜɚɢɑɝɌ); ɔ əɌ ɖɜɌɳɟ 
ɓɌɗɔɡɑ ɚɝɞɌɗɚɏ ɘɌɞɑɜɔɳɌɗɌ (ɖɌəɢɑɗɌɜɔɳɝɖɔ ɛɌɛɔɜ, ɝɜɑɐɝɞɎɌ ɓɌ ɣɔɤɶɑɵɑ ɔ ɝɗɔɣəɚ, 
ɘɌɞɑɜɔɳɌɗ ɖɚɳɔ əɑ ɟɣɑɝɞɎɟɳɑ ɐɔɜɑɖɞəɚ ɟ ɛɜɚɔɓɎɚɐɵɔ ɌɜɞɔɖɌɗɌ əɑɓɌɎɔɝəɑ ɞɜɌɒɵɑ) [15]. 

ȰɜɒɌɵɟ ɓɌɗɔɡɌ, ɛɜɑɐɟɓɑɶɌ (ɜɌɐəɑ ɚɜɏɌəɔɓɌɢɔɳɑ) ɛɜɔɍɑɏɌɎɌɳɟ ɓɍɚɏ ɓɌɤɞɔɞɑ 
ɛɚɝɗɚɎəɚɏ ɛɜɚɢɑɝɌ ɚɐ ɜɌɓəɚɗɔɖɔɡ ɖɌɖɚ ɟəɟɞɜɌɤɵɔɡ ɞɌɖɚ ɔ ɝɛɚɴɌɤɵɔɡ ɠɌɖɞɚɜɌ, 
ɓɌɞɔɘ ɓɍɚɏ ɤɛɑɖɟɗɌɞɔɎəɔɡ ɜɌɐɵɔ (ɛɜɚɘɑəɌ ɛɚəɟɐɑ ɔ ɛɚɞɜɌɒɵɑ), ɚɘɚɏɟɶɌɎɌɵɌ 
ɑɖɚəɚɘɔɣəɑ əɌɍɌɎɖɑ ɔ ɛɜɚɔɓɎɚɐɵɑ ɔ ɝɗɔɣəɚ. ȥɑɐəɌ ɚɐ ɘəɚɏɚɍɜɚɳəɔɡ ɘɚɏɟɶɔɡ 
ɖɗɌɝɔɠɔɖɌɢɔɳɌ ɓɌɗɔɡɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɔ ɜɚɍɑ ɟ ɝɖɗɌɐɔɤɞɟ ɘɚɒɑ ɝɑ ɔɓɎɜɤɔɞɔ 
əɌ ɚɝəɚɎɟ ɛɚɐɑɗɑ ɖɜɚɓ ɛɜɚɢɑɝ ɛɜɚɔɓɎɚɐɵɑ ɔ Ɏɜɝɞɑ ɜɚɍɑ ɖɚɳɌ ɝɑ ɝɖɗɌɐɔɤɞɔ. ȳɌɗɔɡɑ ɝɑ 
ɘɚɏɟ ɛɚɐɑɗɔɞɔ əɌ ɓɌɗɔɡɑ ɝɔɜɚɎɔəɌ ɔ ɘɌɞɑɜɔɳɌɗɌ, ɓɌɞɔɘ ɐɑɗɚɎɌ, ɜɑɛɜɚɘɌɞɑɜɔɳɌɗɌ ɔ əɌ 
ɖɜɌɳɟ ɛɚɗɟɛɜɚɔɓɎɚɐɌ ɚɐəɚɝəɚ ɏɚɞɚɎɔɡ ɛɜɚɔɓɎɚɐɌ. ȹɌ ɝɗɔɢɔ 2.1., ɛɜɔɖɌɓɌəɑ ɝɟ 
ɜɌɓɗɔɣɔɞɑ Ɏɜɝɞɑ ɓɌɗɔɡɌ ɟ ɓɌɎɔɝəɚɝɞɔ ɚɐ ɠɌɓɑ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ. ȻɜɔɖɌɓ ɟɖɌɓɟɳɑ əɌ 
ɘɌɞɑɜɔɳɌɗɑ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ ɖɜɚɓ ɓɌɗɔɡɑ ɝɔɜɚɎɔəɌ ɖɚɳɑ ɝɟ əɌ ɟɗɌɓɟ ɟ ɛɜɚɔɓɎɚɐəɔ 
ɛɜɚɢɑɝ, ɓɌɗɔɡɑ ɟ ɝɌɘɚɘ ɛɜɚɢɑɝɟ ɔ ɓɌɗɔɡɑ ɏɚɞɚɎɑ ɜɚɍɑ ɞɜɌəɝɠɚɜɘɔɝɌəɑ ɖɜɚɓ ɛɜɚɢɑɝ 
ɛɜɚɔɓɎɚɐɵɑ ɟ ɛɚɗɟɛɜɚɔɓɎɚɐ ɔɗɔ ɛɜɚɔɓɎɚɐ [14].  

 

 

ȽɗɔɖɌ 2.1. ȼɌɓɎɜɝɞɌɎɌɵɑ ɓɌɗɔɡɌ ɖɜɚɓ ɠɌɓɑ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ 

 

ȹɌ ɍɌɓɔ ɞɔɛɌ ɖɜɑɞɌɵɌ ɘɌɞɑɜɔɳɌɗɌ, ȯ. ȽɌɗɎɑəɐɔ (G. Salvendy) ɳɑ ɟ ɝɎɚɳɚɳ ɖɵɔɓɔ 
ɛɚɐɑɗɔɚ əɌ ɓɌɗɔɡɑ [22]:  

¶ ɝɔɜɚɎɔəɌ ð əɌɍɌɎɴɌɳɟ ɝɑ ɝɌ ɢɔɴɑɘ ɛɜɚɔɓɎɚɐɵɑ ɐɑɗɚɎɌ, ɖɚɘɛɚəɑəɞɔ ɔ 
ɛɚɐɖɚɘɛɚəɑəɞɔ ɛɜɚɔɓɎɚɐɌ, ɖɚɳɑ ɝɑ ɐɌɴɑ ɖɚɜɔɝɞɑ ɓɌ ɏɚɞɚɎɑ ɛɜɚɔɓɎɚɐɑ; 

¶ ɏɚɞɚɎɔɡ ɝɌɝɞɌɎəɔɡ ɐɑɗɚɎɌ ðɐɑɗɚɎɔ ɖɚɳɔ ɛɚɳɑɐɔəɌɣəɚ ɣɔəɑ ɠɔəɌɗəɔ 
ɛɜɚɔɓɎɚɐ ɟɓ ɐɚɜɌɐɟ, ɚɍɟɡɎɌɞɔɎɤɔ ɔ ɝɔɜɚɎɔəɑ ɓɌ ɛɜɚɔɓɎɚɐɵɟ; 

¶ ɖɚɘɛɚəɑəɞɔ ð əɌɍɌɎɴɌɳɟ ɝɑ ɖɌɚ ɏɚɞɚɎɑ ɖɚɘɛɚəɑəɞɑ ɍɑɓ ɐɚɐɌɞəɑ ɚɍɜɌɐɑ ɔ ɣɔəɑ 
ɛɜɚɔɓɎɚɐ ɞɚɖɚɘ ɘɚəɞɌɒɑ ɟ ɛɜɚɔɓɎɚɐɵɔ;  

¶ ɛɚɐɝɖɗɚɛɚɎɌ ɔ ɝɖɗɚɛɚɎɌ ðɛɚɗɟɛɜɚɔɓɎɚɐ əɌɝɞɌɚ ɚɐ ɝɌɝɞɌɎəɔɡ ɐɑɗɚɎɌ ɔ 
ɖɚɘɛɚəɑəɞɔ ɟ ɛɜɚɔɓɎɚɐɵɔ. ȻɜɑɐɟɓɑɶɌ ɚɎɑ ɓɌɗɔɡɑ ɛɜɚɔɓɎɚɐɑ ɔ ɝɖɗɌɐɔɤɞɑ 
ɖɌɖɚ ɍɔ ɛɜɚɔɓɎɚɐəɔ ɛɜɚɢɑɝ ɛɚɝɞɌɚ ɠɗɑɖɝɔɍɔɗəɔɳɔ ɓɌ ɤɞɚ ɖɜɌɶɟ ɜɑɌɖɢɔɳɟ 
əɌ ɓɌɡɞɑɎɑ ɛɚɞɜɌɒɵɑ; 

¶ əɑɐɚɎɜɤɑəɑ ɛɜɚɔɓɎɚɐɵɑ ðəɌɝɞɌɳɟ əɌ ɞɜɌəɝɛɚɜɞəɔɘ ɛɟɞɑɎɔɘɌ ɔɓɘɑɭɟ 
ɛɜɚɔɓɎɚɐəɔɡ ɛɜɚɢɑɝɌ; 

¶ ɏɚɞɚɎɔɡ ɛɜɚɔɓɎɚɐɌ ðɖɚəɌɣəɔ ɛɜɚɔɓɎɚɐ, ɝɛɜɑɘaə ɓɌ ɔɝɛɚɜɟɖɟ.  
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ȺɝəɚɎəɑ Ɏɜɝɞɑ ɓɌɗɔɡɌ, ɛɜɑɘɌ Ȭ. ȸɔɞɜɚɎɔɶɟ, əɌɳɣɑɤɶɑ ɝɑ ɔɝɖɌɓɟɳɟ ɖɜɚɓ 
ɖɚɜɔɤɶɑɵɑ ɛɚɐɑɗɑ əɌ [23]:  

¶ ȽɔɜɚɎɔəɑ ɖɚɳɑ ɛɜɑɐɝɞɌɎɴɌɳɟ ɓɌɗɔɡɑ ɘɌɞɑɜɔɳɌɗɌ ɔ ɝɌɝɞɚɳɑ ɝɑ ɚɐ ɓɌɗɔɡɌ ɖɚɳɑ 
ɶɑ ɍɔɞɔ ɔɝɖɚɜɔɤɶɑəɑ ɟ ɛɜɚɢɑɝɟ ɛɜɚɔɓɎɚɐɵɑ ɓɌ ɔɓɜɌɐɟ ɏɚɞɚɎɔɡ 
ɛɜɚɔɓɎɚɐɌ; 

¶ ȹɑɐɚɎɜɤɑəɑ ɛɜɚɔɓɎɚɐɑ ɖɚɳɑ ɛɜɑɐɝɞɌɎɴɌɳɟ ɓɌɗɔɡɑ ɘɌɞɑɜɔɳɌɗɌ ɟ ɛɜɚɢɑɝɟ 
ɛɜɚɔɓɎɚɐɵɑ, ɏɐɑ ɛɜɚɢɑɝ ɛɜɚɔɓɎɚɐɵɑ əɔɳɑ ɓɌɎɜɤɑə; 

¶ ȯɚɞɚɎɑ ɛɜɚɔɓɎɚɐɑ ɖɚɳɔ ɚɍɟɡɎɌɞɌɳɟ ɓɌɗɔɡɑ ɏɚɞɚɎɔɡ ɛɜɚɔɓɎɚɐɌ ɖɚɳɔ əɔɝɟ 
ɛɜɚɐɌɞɔ;  

 
ȳɌɎɔɝəɚ ɚɐ ɝɛɑɢɔɠɔɣəɑ əɌɘɑəɑ ɚɐəɚɝəɚ ɗɚɖɌɢɔɳɑ ɟ ɐɔɝɞɜɔɍɞɔɎəɚ-

ɛɜɚɔɓɎɚɐəɚɘ ɛɜɚɢɑɝɟ, ȯ. ȽɌɗɎɑəɐɔ [22]  əɌɏɗɌɤɌɎɌ ɐɑ ɝɑ ɓɌɗɔɡɑ ɘɚɏɟ ɖɗɌɝɔɠɔɖɚɎɌɞɔ 
əɌ ɜɌɓɗɔɣɔɞɑ əɌɣɔəɑ ɞɑ ɐɌɳɑ ɔ ɝɗɑɐɑɶɑ ɛɚɐɑɗɑ. ȳɌɗɔɡɑ ɐɑɗɔ əɌ ɐɔɝɞɜɔɍɟɞɔɎəɑ ɔ 
ɛɜɚɔɓɎɚɐəɑ. ȰɔɝɞɜɔɍɟɞɔɎəɑ ɝɟ ɚəɑ ɝɌ ɏɚɞɚɎɔɘ ɛɜɚɔɓɎɚɐɔɘɌ, ɝɛɜɑɘəɔɘ ɓɌ ɖɚɜɔɝəɔɖɌ 
ɚɐəɚɝəɚ ɖɟɛɢɌ, ɐɚɖ ɝɟ ɛɜɚɔɓɎɚɐəɑ ɓɌɗɔɡɑ ɚəɑ ɟ ɖɚɳɑ ɝɑ ɝɎɜɝɞɌɎɌɳɟ ɘɌɞɑɜɔɳɌɗɔ ɚɐ 
ɝɔɜɚɎɔəɌ ɐɚ ɛɚɐɝɖɗɚɛɚɎɌ ɔ ɝɖɗɚɛɚɎɌ. ȹɌɜɑɐəɌ ɖɗɌɝɔɠɔɖɌɢɔɳɌ ɓɌɗɔɡɑ ɐɑɗɔ əɌ 
ɚɜɏɌəɔɓɌɢɔɚəɑ ɔ ɞɜɌəɓɔɞəɑ. ȾɜɌəɓɔɞəɑ ɖɗɌɝɔɠɔɖɟɳɑ ɖɌɚ ɓɌɗɔɡɑ ɟ ăɖɜɑɞɌɵɟò ɚɐəɚɝəɚ 
ăɢɑɎɚɎɚɐɔɘɌò. ȻɜɎɟ ɏɜɟɛɟ ɛɜɑɐɝɞɌɎɴɌɳɟ ɝɔɜɚɎɔəɑ ɚɐəɚɝəɚ ɏɚɞɚɎɔ ɛɜɚɔɓɎɚɐɔ, ɛɜɔ 
ɞɜɌəɝɛɚɜɞɟ ɟəɟɞɌɜ ɔɗɔ ɎɌə ɖɚɘɛɌəɔɳɑ, ɏɐɑ ɝɑ ɞɜɌəɝɛɚɜɞ ɚɐɎɔɳɌ ɑɞɌɛəɚ, 
ɐɔɝɖɚəɞɔəɟɔɜɌəɚ, ɐɚɖ ɓɌɗɔɡɑ ɟ ăɢɑɎɚɎɚɐɔɘɌò ɚɘɚɏɟɶɌɎɌɳɟ ɵɔɡɚɎɚ ɖɚəɞɔəɟɌɗəɚ 
ɖɜɑɞɌɵɑ ɚɐəɚɝəɚ ɝəɌɍɐɑɎɌɵɑ ɐɚ ɖɚɜɔɝəɔɖɌ (əɛɜ. əɌɠɞɚɎɚɐ). ȺɜɏɌəɔɓɌɢɔɚəɑ ɓɌɗɔɡɑ 
Ƚ. Ȭəɞɔɶ [19] ɝɎɜɝɞɌɎɌ ɟ ɞɜɔ ɖɌɞɑɏɚɜɔɳɑ: ɢɔɖɗɔɣəɑ, ɝɔɏɟɜəɚɝəɑ ɔ ɌəɞɔɢɔɛɔɜɌəɑ. 
ɂɔɖɗɔɣəɑ ɔɘɌɳɟ ɞɑəɐɑəɢɔɳɟ ɖɚəɝɞɌəɞəɚɏ ɚɍəɌɎɴɌɵɌ ɟ ɚɐɜɑɭɑəɔɘ ɔəɞɑɜɎɌɗɔɘɌ ɔɗɔ 
ɝɑ ɛɜɚɔɓɎɚɐɑ ɟ ɝɑɜɔɳɌɘɌ Ɏɑɶɔɘ ɚɐ Ɍɖɞɟɑɗəɑ ɛɚɞɜɑɍɑ. ȿɚɍɔɣɌɳɑə ɔɘ ɳɑ əɌɓɔɎ ɔ ɝɑɜɔɳɝɖɑ 
ɓɌɗɔɡɑ. Ƚɔɏɟɜəɚɝəɑ (ɜɑɓɑɜɎəɑ), ɚɍɑɓɍɑɭɟɳɟ ɔɓəɑəɌɐəɟ, əɑɛɜɑɐɎɔɭɑəɟ Ɏɑɶɟ ɛɚɞɜɌɒɵɟ, 
(ɖɎɌɜ ɟ ɐɑɗɟ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ, əɑɜɑɌɗɔɓɚɎɌəɑ ɔɝɛɚɜɟɖɑ ɔ ɔɞɐ.). ȬəɞɔɢɔɛɔɜɌəɑ 
ɚɐəɚɝəɚ ɝɑɓɚəɝɖɑ, əɌɝɞɌɳɟ ɌəɞɔɢɔɛɔɜɌɵɑɘ ɛɚɞɜɑɍɌ ɟ ɛɜɑɐɝɞɚɳɑɶɔɘ ɛɑɜɔɚɐɔɘɌ 
ɛɚɝɗɚɎɌɵɌ. 

Ȼɚɐ ɝɔɜɚɎɔəɌɘɌ ɝɑ ɛɚɐɜɌɓɟɘɑɎɌɳɟ ɘɌɞɑɜɔɳɌɗɔ ɖɚɳɔ ɝɑ ɖɚɜɔɝɞɑ ɓɌ ɛɜɚɢɑɝ 
ɛɜɚɔɓɎɚɐɵɑ. ȸɚɏɟ ɍɔɞɔ ɜɚɍɌ, ɖɚɘɛɚəɑəɞɑ ɖɚɳɑ ɛɜɑɐɟɓɑɶɑ ɖɟɛɟɳɑ ɔɗɔ ɔɡ ɝɌɘɚ 
ɛɜɚɔɓɎɚɐɔ (ɜɟɐəɔɢɔ). Ⱦɚ ɝɟ ɓəɌɣɔ ɓɌɗɔɡɑ ɖɚɳɑ ɳɚɤ əɔɝɟ ɖɚɜɔɤɶɑəɑ ɟ ɛɜɚɔɓɎɚɐɵɔ. 
ȽɔɜɚɎɔəɑ ɟɏɗɌɎəɚɘ ɝɛɌɐɌɳɟ ɛɚɐ ɔɘɚɎɔəɟ ɟɖɚɗɔɖɚ ɝɑ ɏɗɑɐɌ ɝɌ ɝɞɌəɚɎɔɤɞɌ 
ɜɌɣɟəɚɎɚɐɝɞɎɌ. ȰɚɐɌɞəɚɘ ɛɚɐɑɗɚɘ, ɝɔɜɚɎɔəɑ ɘɚɏɟ ɍɔɞɔ ɐɔɜɑɖɞəɑ ɔ ɔəɐɔɜɑɖɞəɑ: 

ω ɛɚɐ ɐɔɜɑɖɞəɔɘ ɝɔɜɚɎɔəɌɘɌ ɛɚɐɜɌɓɟɘɑɎɌɘɚ ɝɎɑ ɚəɑ ɘɌɞɑɜɔɳɌɗɑ ɖɚɳɔ ɣɔəɑ 
ɏɚɞɚɎ ɛɜɚɔɓɎɚɐ.  

ω ɛɚɐ ɔəɐɔɜɑɖɞəɔɘ ɝɔɜɚɎɔəɌɘɌ ɝɘɌɞɜɌɳɟ ɝɑ ɘɌɞɑɜɔɳɌɗɔ ɖɚɳɔ ɝɑ ɞɜɚɤɑ ɞɚɖɚɘ 
ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ, Ɍɗɔ əɔɝɟ ɐɑɚ ɖɚəɌɣəɚɏ ɛɜɚɔɓɎɚɐɌ. 

Ȼɚɐ ɛɚɗɟɛɜɚɔɓɎɚɐɔɘɌ ɝɑ ɛɚɐɜɌɓɟɘɑɎɌɳɟ ɘɌɞɑɜɔɳɌɗɔ ɖɚɳɑ ɛɜɑɐɟɓɑɶɑ ɛɜɚɔɓɎɚɐɔ 
ɔɗɔ ɖɚɜɔɝɞɔ ɓɌ ɔɓɜɌɐɟ ɏɚɞɚɎɚɏ ɛɜɚɔɓɎɚɐɌ. ȽɘɌɞɜɌɳɟ ɝɑ ɘɑɭɟɠɌɓəɚɘ ɝɔɜɚɎɔəɚɘ ɖɚɳɟ ɳɑ 
ɛɚɞɜɑɍəɚ ɐɚɎɜɤɔɞɔ. ȼɌɐɔ ɝɑ ɚ ɘɌɞɑɜɔɳɌɘɌ ɖɚɳɔ əɔɝɟ ɖɚɘɛɗɑɞəɚ ɐɚɎɜɤɑəɔ ɚɐəɚɝəɚ 
ɖɚɳɔ ɝɟ ɐɑɗɔɘɔɣəɚ ɚɍɜɌɭɑəɔ. 

Ȼɚɐ ɏɚɞɚɎɔɘ ɛɜɚɔɓɎɚɐɔɘɌ ɝɑ ɛɚɐɜɌɓɟɘɑɎɌɳɟ Ɍɜɞɔɖɗɔ ɔɗɔ ɘɌɞɑɜɔɳɌɗɔ ɖɚɳɔ 
ɣɑɖɌɳɟ ɐɌ ɍɟɐɟ ɔɝɛɚɜɟɣɑəɔ, ɝɖɗɌɐɔɤɞɑəɔ ɔɗɔ ɛɜɚɐɌɞɔ. ȹɑɛɚɝɜɑɐəɚ ɖɟɛɴɑəɔ ɚɐ 
ɛɜɚɔɓɎɚɭɌɣɌ ɔɗɔ ɐɚɍɌɎɴɌɣɌ ɔɗɔ ɝɟ ɛɜɚɔɓɎɑɐɑəɔ əɌ ɚɝəɚɎɟ ɝɔɜɚɎɔəɌ ɔ ɝɛɜɑɘəɔ ɓɌ 
ɛɜɚɐɌɳɟ. 
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ȳɌɗɔɡɌɘɌ ɟ ɛɜɚɢɑɝɟ ɛɜɚɔɓɎɚɐɵɑ ɝɘɌɞɜɌɳɟ ɝɑ ɔ ɓɌɗɔɡɑ ɓɌ ɚɐɜɒɌɎɌɵɑ ɔ ɛɚɛɜɌɎɖɑ 
ɖɚɳɑ ɝɑ ɝɌɝɞɚɳɑ ɚɐ ɝɜɑɐɝɞɌɎɌ ɖɚɳɌ ɝɑ ɖɚɜɔɝɞɑ ɓɌ əɑɚɘɑɞɌəɚ ɠɟəɖɢɔɚəɔɝɌɵɑ ɛɜɚɔɓɎɚɐəɚɏ 
ɛɜɚɢɑɝɌ. (ɟəɔɠɚɜɘɑ ɓɌɛɚɝɗɑəɔɖɌ, ɔəɐɟɝɞɜɔɳɝɖɌ ɚɛɜɑɘɌ, ɝɜɑɐɝɞɎɌ ɓɌ ɣɔɤɶɑɵɑ ɔɗɔ 
ɜɌɐ, ɁȾȳ ɚɛɜɑɘɌ ɔ ɝɎɔ ɘɌɞɑɜɔɳɌɗɔ ɖɚɳɔ ɝɑ ɖɚɜɔɝɞɑ ɓɌ ɛɚɛɜɌɎɖɟ ɔɗɔ ɚɐɜɒɌɎɌɵɑ 
ɛɜɚɔɓɎɚɐəɑ ɚɛɜɑɘɑ). ȺɎɑ ɓɌɗɔɡɑ, ɖɌɚ ɖɌɞɑɏɚɜɔɳɌ ɣɑɝɞɚ ɝɟ ɓɌəɑɘɌɜɑəɑ ɛɜɔ ɖɚəɞɜɚɗɔ 
ɓɌɗɔɡɌ. Ȼɜɑɖɔɐ ɛɜɚɔɓɎɚɐɵɑ ɛɜɚɟɓɜɚɖɚɎɌə əɑɔɝɛɜɌɎəɔɘ ɟɜɑɭɌɳɑɘ ɔɗɔ əɑɖɔɘ ɵɑɏɚɎɔɘ 
ɐɑɗɚɘ,  ɘɚɒɑ ɝɖɟɛɚ ɖɚɤɞɌɞɔ ɛɜɑɐɟɓɑɶɑ.  

ȹɌ ɚɝəɚɎɟ ɛɗɌəɔɜɌɵɌ (əɚɜɘɌɞɔɎɌ) ɔ ɛɚɞɜɑɍɑ ɓɌ ɖɚəɞɔəɟɔɜɌəɔɘ ɛɜɚɢɑɝɚɘ 
ɛɜɚɔɓɎɚɐɵɑ ɔɗɔ ɛɜɚɐɌɳɑ, ɓɌɗɔɡɑ ɳɑ ɘɚɏɟɶɑ ɐɑɗɔɞɔ əɌ [18]: 

¶ ɘɔəɔɘɌɗəɑ 

¶ ɘɌɖɝɔɘɌɗəɑ 

¶ ɚɛɞɔɘɌɗəɑ 

¶ ɛɜɚɝɑɣəɑ 

¶ ɝɔɏɟɜəɚɝəɑ 

¶ ɤɛɑɖɟɗɌɞɔɎəɑ 

¶ ɝɑɓɚəɝɖɑ 

¶ əɑɖɟɜɑəɞəɑ. 
 

Ȼɚɐ ɘɔəɔɘɌɗəɔɘ əɔɎɚɚɘ ɓɌɗɔɡɌ ɛɚɐɜɌɓɟɘɑɎɌ ɝɑ ɏɜɌəɔɣəɌ Ɏɜɑɐəɚɝɞ ɖɚɳɌ 
ɛɜɑɐɝɞɌɎɴɌ əɔɎɚ ɔɝɛɚɐ ɖɚɏɌ ɝɞɎɌɜəɑ ɓɌɗɔɡɑ əɑ ɝɘɑɳɟ ɐɌ ɝɑ ɝɛɟɝɞɑ. Ⱦɚ ɳɑ ɘɔəɔɘɌɗəɌ 
ɖɚɗɔɣɔəɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɔɗɔ ɜɚɍɑ ɖɚɳɌ ɘɚɜɌ ɟɎɑɖ ɛɚɝɞɚɳɌɞɔ ɟ ɓɌɗɔɡɌɘɌ 
ɚɐəɚɝəɚ ɖɚɳɌ ɝɑ ɝɞɌɗəɚ  ɛɚɝɑɐɟɳɑ. ȺɎɌɖɚ ɠɚɜɘɔɜɌə əɔɎɚ ɓɌɗɔɡɌ ɝɗɟɒɔ ɖɌɚ ɝɔɏɟɜəɚɝəɌ 
ɖɚɗɔɣɔəɌ, ɞɌɖɚ ɐɌ ɝɑ ɘɔəɔɘɌɗɌə əɔɎɚ ɓɌɗɔɡɌ ɛɚɘɔɵɑ ɔ ɛɚɐ əɌɓɔɎɚɘ ɝɔɏɟɜəɚɝəɑ 
ɓɌɗɔɡɑ. ȿɖɚɗɔɖɚ ɖɚɗɔɣɔəɌ ɝɞɎɌɜəɔɡ ɓɌɗɔɡɌ ɛɌɐəɑ ɔɝɛɚɐ ɘɔəɔɘɌɗəɚɏ əɔɎɚɌ, 
ɚɛɜɌɎɐɌəɚ ɳɑ ɜɌɣɟəɌɞɔ ɝɌ ɚɛɌɝəɚɤɶɟ ɚɐ ɛɜɑɖɔɐɌ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ. Ȼɜɔɚɜɔɞɑɞəɔ 
ɓɌɐɌɞɌɖ ɟɞɎɜɭɔɎɌɵɌ ɘɔəɔɘɌɗəɚɏ əɔɎɚɌ ɓɌɗɔɡɌ, ɚɐəɚɝəɚ ɘɔəɔɘɌɗəɚɏ əɔɎɚɌ 
ɘɌɞɑɜɔɳɌɗɌ, ɳɑ ɚɍɑɓɍɑɐɔɞɔ ɛɜɔɝɞɟɛɌɣəɚɝɞ ɛɚɞɜɑɍəɑ ɖɚɗɔɣɔəɑ ɝɎɌɖɚɏ ɘɌɞɑɜɔɳɌɗəɚɏ 
ɝɜɑɐɝɞɎɌ ɔɗɔ ɌɜɞɔɖɗɌ ɟ ɍɔɗɚ ɖɚɘ ɘɚɘɑəɞɟ. ȻɜɔɘɌɜəɔ ɠɌɖɞɚɜɔ ɛɜɔ ɚɐɜɑɭɔɎɌɵɟ 
ɘɔəɔɘɌɗəɔɡ ɓɌɗɔɡɌ ɝɟ: 

ω ȿɝɗɚɎɔ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ  
ω ȻɜɚɝɑɣəɌ ɟɣɑɝɞɌɗɚɝɞ ɛɚɞɜɚɤɵɑ ɘɌɞɑɜɔɳɌɗɌ 
ω Ȯɜɑɘɑ əɑɚɛɡɚɐəɚ ɓɌ əɌɍɌɎɖɟ əɚɎɔɡ ɓɌɗɔɡɌ 
ω Ⱥɍɔɘ ɚɐəɚɝəɚ ɖɚɗɔɣɔəɌ ɓɌɗɔɡɌ ɖɚɳɟ ɳɑ ɛɚɞɜɑɍəɚ əɌɍɌɎɔɞɔ 
ω ȶɚɗɔɖɌ ɳɑ əɌɍɌɎɖɌ ɘɔəɔɘɌɗəɑ ɖɚɗɔɣɔəɑ ɛɚ əɌɳɛɚɎɚɴəɚɳ ɢɑəɔ. 

 

Ȼɚɐ ɘɌɖɝɔɘɌɗəɔɘ əɔɎɚɚɘ ɓɌɗɔɡɌ ɛɚɐɜɌɓɟɘɑɎɌ ɝɑ əɔɎɚ ɔɓəɌɐ ɖɚɏɌ ɛɜɚɔɓɎɚɐəɚ 
ɔɗɔ ɞɜɏɚɎɌɣɖɚ ɛɜɑɐɟɓɑɶɑ əɔɳɑ ɟ ɘɚɏɟɶəɚɝɞɔ ɔɗɔ əɑ ɒɑɗɔ ɐɌ ɐɜɒɔ ɓɌɗɔɡɑ ɟ 
ɝɖɗɌɐɔɤɞɔɘɌ. ȸɚɒɑ ɝɑ ɚɖɌɜɌɖɞɑɜɔɝɌɞɔ ɖɌɚ ɘɌɖɝɔɘɌɗəɔ ɖɌɛɌɢɔɞɑɞ ɖɚɳɔ ɛɚɝɑɐɟɳɑ 
ɛɜɚɔɓɎɚɐəɚ ɔɗɔ ɞɜɏɚɎɌɣɖɚ ɛɜɑɐɟɓɑɶɑ ɓɌ ɝɖɗɌɐɔɤɞɑɵɑ ɓɌɗɔɡɌ (ɜɚɍɑ, ɝɔɜɚɎɔəɌ, 
ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ) ɟ ɝɚɛɝɞɎɑəɔɘ ɔɗɔ ɔɓəɌɳɘɴɑəɔɘ  ɚɍɳɑɖɞɔɘɌ. ȿɓɜɚɣəɔɢɔ 
ɚɎɌɖɎɚɏ ɝɞɌɵɌ ɘɚɏɟ ɍɔɞɔ: 

¶ ȷɔɘɔɞɔɜɌəɌ ɛɚɞɜɌɒɵɌ ɓɌ ɝɔɜɚɎɔəɚɘ ɔɗɔ ɜɚɍɚɘ (ɟ ɛɜɚɔɓɎɚɐɵɔ ɔɗɔ 
ɛɜɚɐɌɳɔ) 

¶ ȶɌɛɌɢɔɞɑɞɔ ɓɌ ɝɗɌɐɔɤɞɑɵɑ ɛɜɚɔɓɎɚɐəɚɏ ɔɗɔ ɞɜɏɚɎɌɣɖɚɏ ɛɜɑɐɟɓɑɶɌ 
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¶ ȱɖɚəɚɘɝɖɔ Ɍɝɛɑɖɞ ɚɐəɚɝəɚ ɝɜɑɐɝɞɎɌ ɠɔəɌəɝɔɜɌɵɌ ɛɜɚɔɓɎɚɐəɚɏ ɔɗɔ 
ɞɜɏɚɎɌɣɖɚɏ ɛɜɑɐɟɓɑɶɌ. 
 

ȸɌɖɝɔɘɌɗəɔ əɔɎɚ ɓɌɗɔɡɌ ɝɑ ɟɏɗɌɎəɚɘ ɐɚɝɞɔɒɑ ɟ ɛɑɜɔɚɐɟ ɐɚɗɌɝɖɌ əɌɜɟɣɑəɔɡ 
ɝɔɜɚɎɔəɌ ɔɗɔ ɜɚɍɌ ɓɌ ɚɍəɌɎɴɌɵɑ ɓɌɗɔɡɌ. 

ȴəɞɑəɓɔɞɑɞ ɔ ɝɞɑɛɑə ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɟɓɌɳɌɘəɔ ɳɑ ɚɐəɚɝ ɠɔəɔɡ ɗɔəɔɳɌ 
ɞɜɑəɟɞɖɌ ɐɚɛɟɵɌɎɌɵɌ ɔ ɞɜɚɤɖɚɎɌ ɐɚɛɜɑɘɑ ɓɌɗɔɡɌ, ɓɌɞɔɘ ɟɛɜɌɎɴɌɵɌ ɔɘɚɎɔəɚɘ, 
ɛɜɑɐɎɔɭɌɵɌ ɛɚɞɜɑɍəɑ ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ, ɛɜɚɢɑəɑ ɓɌɗɔɡɌ ɔ ɵɔɡɚɎɔɡ ɚɣɑɖɔɎɌəɔɡ ɢɑəɌ, 
ɐɚɝɞɟɛəɚɏ ɝɖɗɌɐɔɤəɚɏ ɛɜɚɝɞɚɜɌ, ɟɛɜɌɎɴɌɵɌ ɖɎɌɗɔɞɑɞɚɘ, ɛɚɛɟəɚɘ ɖɌɚ ɔ ɛɜɑɐɎɔɭɌɵɌ 
ɛɚɞɜɌɒɵɑ, ɝɎɑ ɐɚ əɑɔɝɛɜɌɎəɚɝɔ ɔ ɛɚɎɜɌɞɌ ɜɚɍɑ. ȿɝɖɗɌɭɔɎɌɵɑ ɚɎɔɡ ɖɚɘɛɑɞɔɞɔɎəɔɡ 
ɓɌɡɞɑɎɌ ɝɞɎɌɜɌ ɟɝɗɚɎɑ ɓɌ ɐɚɎɚɭɑɵɑ ɓɌɗɔɡɌ ɐɚ ɚɛɞɔɘɌɗəɚɏ əɔɎɚɌ, ɤɞɚ ɳɑ ɖɚəɞɔəɟɔɜɌəɔ 
ɛɜɚɢɑɝ ɓɍɚɏ ɔɓɘɑəɌ ɟ ɛɚɝɗɚɎəɔɘ ɛɚɞɜɑɍɌɘɌ ɔ ɜɑɌɏɚɎɌɵɔɘɌ əɌ ɟɞɔɢɌɳɑ ɤɔɜɑɏ 
ɚɖɜɟɒɑɵɌ [24]. 

Ȼɚɐ ɚɛɞɔɘɌɗəɔɘ əɔɎɚɚɘ ɓɌɗɔɡɌ ɛɚɐɜɌɓɟɘɑɎɌ ɝɑ əɌɳɛɚɎɚɴəɔɳɌ ɖɚɗɔɣɔəɌ ɓɌɗɔɡɌ 
ɖɚɳɑ ɍɔ ɛɜɑɐɟɓɑɶɑ ɞɜɑɍɌɗɚ ɐɌ ɔɘɌ əɌ ɜɌɝɛɚɗɌɏɌɵɟ. ȳɌɐɚɎɚɴɌɎɌ ɝɞɎɌɜəɟ ɛɚɞɜɌɒɵɟ əɌ 
ɞɌɳ əɌɣɔə ɤɞɚ ɖɚəɝɞɌəɞəɚ ɛɚɝɑɐɟɳɑ ɐɚɎɚɴəɟ ɖɚɗɔɣɔəɟ ɓɌɗɔɡɌ ɓɌ ɓɌɐɚɎɚɴɌɎɌɵɑ 
ɛɚɞɜɌɒɵɑ. Ȼɚɜɑɐ əɌɎɑɐɑəɚɏ ɚɎɌɳ əɔɎɚ ɓɌɗɔɡɌ ɍɔ ɞɜɑɍɌɚ ɐɌ ɚɍɑɓɍɑɐɔ ɝɘɌɵɑɵɑ 
ɞɜɚɤɖɚɎɌ ɓɌɗɔɡɌ ɔ ɤɞɚ Ɏɑɶɟ ɑɖɚəɚɘɝɖɟ ɐɚɍɔɞ. ȺɎɌ ɖɚɗɔɔɣɔəɌ ɔɗɔ əɔɎɚ ɎɌɜɔɜɌɳɟ 
ɟəɟɞɌɜ ɔəɞɑɜɎɌɗɌ ɔɓɘɑɭɟ ɞɌɣɖɑ ɛɚəɚɎəɚɏ əɌɜɟɣɔɎɌɵɌ (ɘɔəɔɘɌɗəɚɏ əɔɎɚɌ ɓɌɗɔɡɌ) 
ɖɚɳɌ ɐɑɠɔəɤɑ ɏɜɌəɔɢɟ ɖɌɐɌ ɳɑ ɛɚɞɜɑɍəɚ əɌɍɌɎɔɞɔ ɳɚɤ ɓɌɗɔɡɌ ɔ ɘɌɖɝɔɘɌɗəɚɏ əɔɎɚɌ 
ɓɌɗɔɡɌ (ɓɌɗɔɡɑ ɖɚɳɑ ɳɑ ɘɚɏɟɶɑ ɣɟɎɌɞɔ ɟ ɚɍɳɑɖɞɟ ɟɓɔɘɌɳɟɶɔ ɟ ɚɍɓɔɜ ɵɑɏɚɎɑ ɏɌɍɌɜɔɞɑ ɔ 
ɝɔɝɞɑɘ ɝɖɗɌɐɔɤɞɑɵɌ). ȺɎɑ ɓɌɗɔɡɑ əɑ ɛɚɝɑɐɟɳɟ ɟəɔɎɑɜɓɌɗɌə əɔɎɚ, ɜɌɓɗɔɖɟɳɟ ɝɑ ɚɐ 
ɛɜɑɐɟɓɑɶɌ (ɛɜɚɔɓɎɚɐəɚɏ ɔɗɔ ɞɜɏɚɎɌɣɖɚɏ) ɐɚ ɛɜɑɐɟɓɑɶɌ, ɘɌɐɌ ɔɛɌɖ ɳɑ ɘɚɏɟɶɑ ɔɓɐɎɚɳɔɞɔ 
ɛɑɞ ɖɴɟɣəɔɡ ɠɌɖɞɚɜɌ ɖɚɳɔ ɐɑɠɔəɔɤɟ ɚɛɞɔɘɌɗɌə əɔɎɚ: 

 

¶ ɛɜɎɔ ɳɑ ɛɚɞɜɌɒɵɌ ðɌəɌɗɔɓɔɌɜɵɑ ɞɜɑəɐɚɎɌ ɞɚɖɚɘ ɏɚɐɔəɌ ɔ ɝɑɓɚəɝɖɌ 
ɛɚɞɜɌɒɔɎɌɵɌ, ɖɌɚ ɔ ɛɜɚɏəɚɓɌ ɛɚɞɜɌɒɔɎɌɵɌ ɓɌ ɝɎɌɖɔ Ɍɜɞɔɖɗ ɔɞɐ. 

¶  ɐɜɟɏɔ ɳɑ ɛɜɚɘɑɞ ɓɌɗɔɡɌ ð ɛɚɞɜɑɍəɚ ɳɑ ɟɝɞɌəɚɎɔɞɔ ɛɜɚɘɑɞ ɝɎɌɖɚɏ ɌɜɞɔɖɗɌ ɓɌ 
ɛɜɌɎɔɗəɚ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ  

¶ ɞɜɑɶɔ ɳɑ ɎɜɝɞɌ ɛɜɚɔɓɎɚɐɌ - ɛɜɔ ɛɜɚɢɑəɔ ɚɛɞɔɘɌɗəɔɡ əɔɎɚɌ ɓɌɗɔɡɌ 
ɍɌɓɔɜɌəɔɡ əɌ ɛɚɝɞɚɳɑɶɔɘ ɝɔɝɞɑɘɔɘɌ ɝɖɗɌɐɔɤɞɌ, ɚɝəɚɎɟ ɣɔəɑ 
ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ  ɝɎɌɖɑ ɛɚɳɑɐɔəɌɣəɑ ɖɚɘɛɚəɑəɞɑ ɓɌɗɔɡɌ ɔɗɔ ɛɜɚɔɓɎɚɐɌ.  

¶ ɣɑɞɎɜɞɔ ɝɟ ɘɌɖɝɔɘɌɗəɑ, ɘɔəɔɘɌɗəɑ ɔ ɝɔɏɟɜəɚɝəɑ ɓɌɗɔɡɑ - ɘɌɖɝɔɘɌɗəɔ 
əɔɎɚ ɓɌɗɔɡɌ ɐɑɠɔəɔɤɟ ɘɑɞɚɐɚɗɚɏɔɳɌ, ɏɌɍɌɜɔɞɔ (ɛɜɚɝɞɚɜ), ɝɔɝɞɑɘ 
ɝɖɗɌɐɔɤɞɑɵɌ ɔ ɚɛɜɑɘɌ ɖɚɳɚɘ ɝɑ ɟɛɜɌɎɴɌ, ɐɚɖ ɛɚɞɜɌɒɔɎɌɵɑ ɔ ɖɌɛɌɢɔɞɑɞ 
ɟɛɜɌɎɴɌɵɌ ɝɎɌɖɚɘ ɛɚɜɟɹɍɔəɚɘ ɠɚɜɘɔɜɌ ɘɔəɔɘɌɗəɔ əɔɎɚ, Ɍ ɞɔɛ ɔ ɠɚɜɘɌ 
ɛɚɝɗɚɎɌɵɌ ɐɔɖɞɔɜɌɳɟ ɝɔɏɟɜəɚɝəɑ ɓɌɗɔɡɑ. 

¶ ɛɑɞɔ ɳɑ Ɏɜɑɘɑ ɔɝɛɚɜɟɖɑ ð ɚɐ ɓəɌɣɌɳəɚɏ ɔəɞɑɜɑɝɌ ɳɑ ɞɌɣəɚ ɐɑɠɔəɔɝɌɵɑ 
ɎɜɑɘɑəɌ ɚɐ ɞɜɑəɟɞɖɌ ɝɞɎɌɜɌɵɌ əɌɗɚɏɌ ɓɌ ɛɚɜɟɹɍɔəɟ ɐɚɛɟəɑ ɓɌɗɔɡɌ ɐɚ 
ɞɜɑəɟɞɖɌ ɵɔɡɚɎɑ ɔɝɛɚɜɟɖɑ.  

ȿ ɐɌəɌɤɵɑɘ ɞɜɑəɟɞɖɟ ɏɐɑ ɝɟ ɑɠɔɖɌɝəɚɝɞ ɔ ɜɑɐɟɖɚɎɌɵɑ ɞɜɚɤɖɚɎɌ ɝɖɗɌɐɔɤɞɑɵɌ 
ɝɎɑ ɜɑɗɑɎɌəɞəɔɳɔ, ɝɞɌɎɴɌɵɑ ɛɚ ɝɞɜɌəɔ ɓɌɗɔɡɑ ɝɌ ɚɛɞɔɘɌɗəɔɘ əɔɎɚɚɘ ɘɚɒɑ 
ɔɘɛɗɔɢɔɜɌɞɔ ɚɓɍɔɴəɑ əɑɏɌɞɔɎəɑ ɑɠɑɖɞɑ ɔ ɛɜɚɍɗɑɘɑ ɝɎɌɖɚɘ ɛɜɚɔɓɎɚɐəɚɘ ɔɗɔ 
ɞɜɏɚɎɌɣɖɚɘ ɛɜɑɐɟɓɑɶɟ. ȸɚɒɑ ɝɑ ɚɐɜɌɓɔɞɔ əɌ əɑɑɠɔɖɌɝəɚɝɞ ɛɜɚɢɑɝɌ ɝɖɗɌɐɔɤɞɑɵɌ, 
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ɑɖɚəɚɘɝɖɔ Ɏɔɝɚɖ ɔɓəɚɝ ɎɔɤɖɌ ɓɌɗɔɡɌ Ɍɗɔ ɛɚɎɜɡ ɝɎɑɏɌ, ɐɑɏɜɌɐɌɢɔɳɟ ɝɖɗɌɐɔɤəɔɡ 
ɓɌɗɔɡɌ, ɛɚɝɑɍəɚ ɚɝɑɞɴɔɎɑ ɔ ɖɎɌɜɴɔɎɑ ɜɚɍɑ. 

Ȼɚɐ ɛɜɚɝɑɣəɔɘ əɔɎɚɚɘ ɓɌɗɔɡɌ ɛɚɐɜɌɓɟɘɑɎɌ ɝɑ ɛɜɑɐɔɖɢɔɳɌ  ɛɜɚɝɑɣəɑ ɖɚɗɔɣɔəɑ 
ɓɌɗɔɡɌ ɖɚɳɑ ɛɜɚɔɓɎɚɐəɚ ɔɗɔ ɞɜɏɚɎɌɣɖɚ ɛɜɑɐɟɓɑɶɑ ɔɘɌ ɟ ɚɐɜɑɭɑəɚɘ Ɏɜɑɘɑəɝɖɚɘ 
ɛɑɜɔɚɐɟ. ȹɌ ɖɜɌɳɟ ɝɎɌɖɚɏ ɘɑɝɑɢɌ ɝɞɌɵɑ ɓɌɗɔɡɌ ɘɚɒɑ ɐɜɌɝɞɔɣəɚ ɚɝɢɔɗɚɎɌɞɔ əɌ ɛɜɔɘɑɜ 
ɟ ɝɖɗɌɐɟ ɝɌ ɘɚɘɑəɞɚɘ ɛɜɔɘɌɵɌ Ɏɑɶɔɡ ɔɝɛɚɜɟɖɌ ɓɌɗɔɡɌ ɔɗɔ ɛɚɜɌɝɞɚɘ ɞɜɌɒɵɑ, ɚɐəɚɝəɚ 
ɟɖɚɗɔɖɚ ɳɑ ɎɜɡɟəɌɢ ɝɑɓɚəɑ ɖɚɳɔ ɘɚɒɑ ɐɚɎɑɝɞɔ ɐɚ ɔɝɖɚɜɔɤɶɑɵɌ Ɏɑɶɔɡ ɖɚɗɔɣɔəɌ ɓɌɗɔɡɌ. 
ȻɜɚɜɌɣɟəɚɘ əɔɎɚɌ ɛɜɚɝɑɣəɔɡ ɓɌɗɔɡɌ ɝɑ ɟɝɖɗɌɭɟɳɟ ɔ ɔɓɳɑɐəɌɣɌɎɌɳɟ ɔɓəɑəɌɐəɔ ɝɖɚɖɚɎɔ 
ɔ ɐɑɠɔəɔɤɟ ɝɞɌɍɔɗəɔɳɔ ɟɎɔɐ ɟ ɝɞɌɵɑ ɓɌɗɔɡɌ. ȺɎɑ ɓɌɗɔɡɑ ɜɌɣɟəɌɳɟ ɝɑ ɓɌ ɐɎɌ ɔ Ɏɔɤɑ 
ɚɍɜɌɣɟəɝɖɔɡ ɛɑɜɔɚɐɌ Ɍ ɓɌɞɔɘ ɝɑ ɐɌɳɑ ɛɜɚɝɑɖ. 

Ȼɚɐ ɝɔɏɟɜəɚɝəɔɘ əɔɎɚɚɘ ɓɌɗɔɡɌ ɛɚɐɜɌɓɟɘɑɎɌɳɟ ɝɑ ɓɌɗɔɡɑ ɖɚɳɑ ɶɑ ɚɐ 
əɑɚɣɑɖɔɎɌəɔɡ, əɑɛɗɌəɔɜɌəɔɡ ɔ əɑɛɜɑɐɎɔɐɔɎɔɡ ɛɚɎɑɶɌɵɌ ɛɚɞɜɌɒɵɑ ɓɌɤɞɔɞɔɞɔ 
ɛɜɚɔɓɎɚɐəɚ ɔɗɔ ɞɜɏɚɎɌɣɖɚ ɛɜɑɐɟɓɑɶɑ. ȮɌɒɌə ɟɝɗɚɎ,  ɓɌ ɚɝɞɎɌɜɔɎɌɵɑ ɐɚɍɔɞɖɌ ɐɜɒɌɵɑɘ 
ɚɎɔɡ ɓɌɗɔɡɌ, ɳɑ ɓəɌɞɔ ɖɚɳɟ ɖɚɗɔɣɔəɟ ɓɌɗɔɡɌ ɞɜɑɍɌ ɐɜɒɌɞɔ ɓɍɚɏ ɞɚɏɌ ɤɞɚ ɛɜɑɎɑɗɔɖɌ 
ɖɚɗɔɣɔəɌ ɔɓɌɓɔɎɌ Ɏɔɤɑ ɞɜɚɤɖɚɎɑ, ɐɚɖ ɛɜɑɘɌɗɑ ɘɚɏɟ ɐɚɎɑɝɞɔ ɐɚ ɓɌɝɞɚɳɌ ɔɗɔ ɛɜɑɖɔɐɌ 
ɛɜɚɔɓɎɚɐɵɑ ɚɐəɚɝəɚ ɏɟɍɔɞɖɌ ɟ ɛɜɚɐɌɳɔ.  

Ȼɚɐ ɤɛɑɖɟɗɌɞɔɎəɔɘ əɔɎɚɚɘ ɓɌɗɔɡɌ ɝɘɌɞɜɌɳɟ ɝɑ ɓɌɗɔɡɑ ɖɚɳɑ ɛɜɚɔɓɎɚɐəɌ  ɔɗɔ 
ɞɜɏɚɎɌɣɖɌ ɛɜɑɐɟɓɑɶɌ ɖɟɛɟɳɟ ɟ ɛɜɑɐɔɖɢɔɳɔ ɚɣɑɖɔɎɌəɑ ɛɚɞɜɌɒɵɑ. ȹɑ əɌɍɌɎɴɌɳɟ ɝɑ ɓɍɚɏ 
əɑɝɞɌɤɔɢɑ, əɑɏɚ ɓɍɚɏ ɞɜɑəɟɞəɚ əɔɒɑ ɢɑəɑ ɟ ɚɣɑɖɟɔɎɌɵɟ ɜɌɝɞɌ ɢɑəɑ. ȬɞɜɌɖɞɔɎəɌ ɳɑ 
ɓɍɚɏ ɘɚɏɟɶɑ Ɏɔɝɚɖɑ ɓɌɜɌɐɑ. 

Ȼɚɐ ɝɑɓɚəɝɖɔɘ əɔɎɚɚɘ ɓɌɗɔɡɌ ɛɚɐɜɌɓɟɘɑɎɌ ɝɑ ɛɚɝɞɚɳɌɵɑ əɔɝɖɑ ɔɗɔ Ɏɔɝɚɖɑ 
ɛɚɞɜɌɒɵɑ ɟ ɞɚɖɟ ɚɐɜɑɭɑəɚɏ ɛɑɜɔɚɐɌ ɏɚɐɔəɑ ɔ ɣɑɝɞɚ ɝɑ ɛɚɐɟɐɌɜɌɳɟ ɝ ɜɌɓɗɔɣɔɞɔɘ 
ɏɚɐɔɤɵɔɘ ɐɚɍɔɘɌ. ȸɚɏɟ ɜɑɓɟɗɞɔɜɌɞɔ ɛɜɑɖɚɘɑɜəɔɘ əɌɜɟɣɔɎɌɵɑɘ, Ɍ ɟɖɚɗɔɖɚ 
ɛɚɞɜɌɒɵɌ ɛɌɐəɑ ɛɜɑ ɚɣɑɖɔɎɌəɚɏ ɎɜɑɘɑəɌ, ɘɚɏɟ ɔɓɌɓɎɌɞɔ ɎɔɤɌɖ ɓɌɗɔɡɌ. ȳɌɞɚ ɛɚɜɑɐ 
ɘɚɏɟɶɑ ɔɓɎɜɝəɑ ɛɚɎɑɶɌəɑ ɛɜɚɐɌɳɑ, ɘɚɏɟ ɛɜɑɐɝɞɌɎɴɌɞɔ ɔɓɌɓɚɎ ɓɌ ɛɜɚɢɑɝ ɛɜɚɔɓɎɚɐɵɑ ɔ 
ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ. 

Ȼɚɐ əɑɖɟɜɑəɞəɔɘ əɔɎɚɚɘ ɓɌɗɔɡɌ ɝɑ ɝɘɌɞɜɌ ɝɎɌɖɌ əɑɛɜɚɐɌɞɌ ɔɗɔ 
əɑɔɝɖɚɜɔɤɶɑəɌ ɓɌɗɔɡɌ əɌɖɚə ɛɜɑɐɎɔɭɑəɚɏ ɛɑɜɔɚɐɌ. ȹɌɓɔɎɌɳɟ ɝɑ ɳɚɤ ɔ ɎɔɤɌɖ ɓɌɗɔɡɌ 
ɚɐəɚɝəɚ ăɘɜɞɎɔɘ ɓɌɗɔɡɌɘɌò. ȽɞɌəɐɌɜɐəɔ ɟɓɜɚɢɔ əɌɝɞɌəɖɌ ɝɟ ɛɚɏɜɑɤəɌ ɚɣɑɖɔɎɌɵɌ 
ɟɞɜɚɤɖɌ ɔɗɔ ɛɜɚɐɌɳɑ, əɑɞɌɣəɚ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ, ɎɑɗɔɖɌ ɖɚɗɔɣɔəɌ ɎɜɌɶɑəɔɡ ɔɗɔ 
ɚɞɖɌɓɌəɔɡ ɛɚɜɟɹɍɔəɌ ɔɗɔ əɑɛɗɌəɔɜɌəɚ ɔ əɑɛɜɑɐɎɔɭɑəɚ ɝɘɌɵɑɵɑ ɛɚɞɜɌɒɵɑ. ȧɔɡɚɎɚ 
ɛɚɝɞɚɳɌɵɑ ɚɓəɌɣɌɎɌ ɏɟɍɔɞɌɖ ɛɜɔɡɚɐɌ, ɚɏɜɌəɔɣɑɵɑ əɚɎɣɌəɔɡ ɞɚɖɚɎɌ ɔ ɛɚɎɑɶɌəɑ 
ɜɑɒɔɳɝɖɑ ɔ ɝɖɗɌɐɔɤəɑ ɞɜɚɤɖɚɎɑ [9] [10]. ȹɌ ɚɝəɚɎɟ əɌɎɚɐɌ ɔɓ ɖɵɔɏɑ Ȱ. ȼɑɏɚɐɔɶɌ [10], 
Ȼɳɑɜ ȷɟɍɌ (Pierre Lebas) ɖɌɒɑ: òȹɑɖɟɜɑəɞəɑ ɓɌɗɔɡɑ ɝɟ ɜɑɓɟɗɞɌɞ: ɛɚɏɜɑɤəɑ ɛɜɚɢɑəɑ, 
əɑɛɜɚɘɔɤɴɑəɚɏ ɌɖɞɌ, ɏɜɑɤɖɑ, əɑɖɚɘɛɑɞɑəɢɔɳɑ ɔɞɐ. ɀɔɜɘɌ ɖɚɳɌ ɜɌɝɛɚɗɌɒɑ ɟɝɛɌɎɌəɔɘ 
ɓɌɗɔɡɌɘɌ ɝɖɟɛɚ ɛɗɌɶɌ ɵɔɡɚɎ ɝɌə. Ⱥəɑ ɓɌɟɓɔɘɌɳɟ ɐɜɌɏɚɢɑə ɛɜɚɝɞɚɜ, ɣɑɝɞɚ ɔɡ 
ɛɜɑɘɑɤɞɌɳɟ ɟɖɚɗɔɖɚ əɔɝɟ ɝɌɝɎɔɘ ɓɌɍɚɜɌɎɴɑəɑ. Ⱥəɑ ɌəɏɌɒɟɳɟ ɝɜɑɐɝɞɎɌ, ɓɌɡɞɑɎɌɳɟ 
ɖɚəɞɜɚɗɟ, ɔəɎɑəɞɌɜɔɝɌɵɑ ɔ ɐɜɟɏɚ. ȿ ɛɚɛɔɝɟ ɝɑ ɳɌɎɴɌɳɟ ɖɌɚ ɌɖɞɔɎɌ ɠɔɜɘɑ ɝɌ 
Ɏɜɑɐəɚɤɶɟ ɖɚɳɌ ɛɚ ɛɜɌɎɔɗɟ ɔɝɖɜɔɎɴɟɳɑ ɝɗɔɖɟ ɝɞɎɌɜəɚɏ ɝɞɌɵɌ. ȹɌɳɓɌɐ, Ɍɖɚ ɐɟɒɑ ɞɜɌɳɑ 
ɵɔɡɚɎ ɝɌə ɚəɑ ɝɌɘɑ ɝɑɍɑ ɛɜɚɒɐɔɜɟ, ɳɑɜ ɵɔɡɚɎɟ Ɏɜɑɐəɚɝɞ Ɍɛɝɚɜɍɟɳɟ ɞɜɚɤɖɚɎɔ ɖɚɳɑ 
ɔɓɌɓɔɎɌɳɟ [10].ó 

ȹɌ əɌɜɑɐəɔɘ ɝɗɔɖɌɘɌ ɓɍɚɏ ɍɚɴɑ ɛɜɑɏɗɑɐəɚɝɞɔ ɐɌɞ ɳɑ ɛɜɔɖɌɓ ɛɜɑɞɡɚɐəɔɡ 
əɌɎɚɐɌ. ȹɌ ɝɗɔɢɔ 2.2. ɛɜɑɐɝɞɌɎɴɑəɑ ɝɟ ɛɚɘɑəɟɞɑ Ɏɜɝɞɑ ɓɌɗɔɡɌ, ɐɚɖ ɳɑ əɌ ɝɗɔɢɔ 2.3. 
ɏɜɌɠɔɣɖɔ ɟ ɛɜɚɢɑəɞɔɘɌ ɐɑɠɔəɔɝɌə ɟɐɑɚ  əɌɓəɌɣɑəɔɡ ɓɌɗɔɡɌ. 
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 ȽɗɔɖɌ 2.2. Ȯɜɝɞɑ ɓɌɗɔɡɌ  ȽɗɔɖɌ 2.3. ȻɜɚɢɑəɞɟɌɗəɚ ɟɣɑɤɶɑ ɓɌɗɔɡɌ 

ȴɓɎɚɜ (Ȱ. ȼɑɏɚɐɔɶ; ȷɚɏɔɝɞɔɖɌ [10]) ɔɓɜɌɐɔɚ ɔ ɛɜɔɗɌɏɚɐɔɚ Ɍɟɞɚɜ 

2.3. ȻȺȾȼȱȭȱ ȳȬ ȳȬȷȴɁȬȸȬ ȻȺȾȼȺɄȹȴɁ ȸȬȾȱȼȴȥȬȷȬ 

ȼɌɓɗɚɓɔ ɓɌ ɐɜɒɌɵɑ ɓɌɗɔɡɌ ɝɟ ɜɌɓəɚɎɜɝəɔ ɔ ɎɌɜɔɜɌɳɟ ɛɜɑɘɌ ɝɛɑɢɔɠɔɣəɚɝɞɔɘɌ 
ɐɑɗɌɞəɚɝɞɔ: 

¶ ȮɌɜɔɳɌɢɔɳɑ ɟ ɛɚɞɜɌɒɵɔ - ɛɗɌə ɛɜɚɔɓɎɚɐɵɑ ɳɑ ɛɜɚɘɑəɴɔɎ ɔ ɟ ɝɖɗɌɐɟ ɝɌ ɞɚɘ 
ɣɔɵɑəɔɢɚɘ, ɛɚɞɜɌɒɵɌ ɓɌ əɌɍɌɎɖɚɘ ɝɔɜɚɎɔəɌ ɎɌɜɔɜɌ ɎɑɓɌəɚ ɓɌ ɛɜɚɔɓɎɚɐəɔ 
ɛɜɚɢɑɝ ɔ ɛɗɌə. 

ω ȼɌɓɗɔɖɑ ɟ ɢɑəɔ ð ɟɖɚɗɔɖɚ ɟ əɑɖɚɘ ɛɜɑɐɛɚɝɞɌɎɴɑəɚɘ ɛɑɜɔɚɐɟ, ɓɍɚɏ ɛɜɚɘɑəɌ ɟ 
ɛɚəɟɐɔ ɔ ɛɚɞɜɌɒɵɔ əɌ ɞɜɒɔɤɞɟ ɘɚɒɑ ɐɚɶɔ ɐɚ ɚɣɑɖɔɎɌəɚɏ ɛɚɎɑɶɌɵɌ ɢɑəɌ 
ɛɜɚɔɓɎɚɐəɌ ɛɜɑɐɟɓɑɶɌ ɚɍɔɣəɚ ɖɟɛɟɳɟ ɝɔɜɚɎɔəɑ ɟəɌɛɜɑɐ ɔ ɐɜɒɑ ɓɌɗɔɡɑ ɖɌɚ 
ɓɌɤɞɔɞɟ ɚɐ ɛɚɎɑɶɌɵɌ ɞɜɚɤɖɚɎɌ. ȾɌɖɚɭɑ ɝɑ ɛɜɑɐɟɓɑɶɌ ɚɐɗɟɣɟɳɟ ɓɌ ɖɟɛɚɎɔəɟ 
Ɏɑɶɔɡ ɖɚɗɔɣɔəɌ  ɝɔɜɚɎɔəɌ ɚɐ ɛɚɞɜɑɍəɔɡ ɔ ɵɔɡɚɎɚ ɐɜɒɌɵɑ ɟ ɓɌɗɔɡɌɘɌ ɖɌɖɚ ɍɔ 
ɚɝɞɎɌɜɔɗɑ ɖɚɗɔɣɔəɝɖɑ ɛɚɛɟɝɞɑ. 

ω ȱɖɚəɚɘɔɳɌ ɜɌɓɘɑɜɑ ð əɌɍɌɎɖɚɘ ɔ ɖɟɛɚɎɔəɚɘ ɝɔɜɚɎɔəɌ ɟ Ɏɑɶɔɘ ɖɚɗɔɣɔəɌɘɌ ɔ 
ɐɜɒɌɵɑ ɓɌɗɔɡɌ ɘɚɒɑ ɍɔɞɔ ɳɑɠɞɔəɔɳɌ ɚɛɢɔɳɌ ɓɌ ɛɜɑɐɟɓɑɶɑ əɑɏɚ ɣɑɝɞɌ ɖɟɛɚɎɔəɌ ɟ 
ɘɌɗɔɘ ɖɚɗɔɣɔəɌɘɌ. Ⱦɚ ɳɑ Ɏɔɤɑ əɑɏɚ ɐɚɎɚɴɌə ɜɌɓɗɚɏ ɓɌ ɖɟɛɚɎɔəɟ əɌ Ɏɑɗɔɖɚ ɔ 
ɐɜɒɌɵɑ ɓɌɗɔɡɌ ɟ ɝɖɗɌɐɔɤɞɔɘɌ. 

ω ȳɌɐɚɎɚɴɌɎɌɵɑ ɝɑɓɚəɝɖɑ ɚɐəɚɝəɚ ɢɔɖɗɔɣəɑ ɛɚɞɜɌɒɵɑ ð ɞɜɒɔɤəɌ ɛɚəɟɐɌ ɔ 
ɛɚɞɜɌɒɵɌ ɝɟ ɟ Ɏɑɗɔɖɚɘ ɍɜɚɳɟ ɝɗɟɣɌɳɑɎɌ ɝɑɓɚəɝɖɔ ɓɌɎɔɝəɌ ɣɔɵɑəɔɢɌ. ȳɌɎɔɝɔ ɚɐ 
ɜɌɓɗɔɣɔɞɔɡ ɠɌɖɞɚɜɌ ɖɌɚ ɤɞɚ ɝɟ ɏɚɐɔɤɵɑ ɐɚɍɌ, Ɏɜɑɘɑəɝɖɑ ɛɜɔɗɔɖɑ ɔɞɐ, ɞɌɖɚ ɐɌ 
ɝɑ ɟɛɚɞɜɑɍɌ ɛɚɐɌɞɌɖɌ ɔɓ ɛɜɑɞɡɚɐəɔɡ ɝɑɓɚəɌ ɖɚɜɔɝɞɔ ɓɌ ɛɜɑɐɎɔɭɌɵɑ ɛɚɜɌɝɞɌ ɔɗɔ 
ɝɘɌɵɑɵɌ ɛɚɞɜɌɒɵɑ. ȿ ɝɖɗɌɐɟ ɝɌ ɛɚɐɌɢɔɘɌ, ɓɌɗɔɡɑ ɝɑ ɘɚɏɟ ɟɎɑɶɌɞɔ ɖɌɖɚ ɍɔ ɍɔɗɚ 
ɘɚɏɟɶɑ ɟ ɐɌɞɚɘ ɘɚɘɑəɞɟ ɛɚɎɑɶɌɞɔ ɛɜɚɔɓɎɚɐɵɟ. 

ω ȽɘɌɵɑɵɑ ɞɜɚɤɖɚɎɌ ɔ ɎɜɑɘɑəɌ ɛɜɑɎɚɓɌ ð ȿ ɝɗɟɣɌɳɟ ɖɌɐɌ ɝɑ ɝɔɜɚɎɔəɑ əɌɍɌɎɴɌɳɟ 
ɚɐ ɟɐɌɴɑəɚɏ ɐɚɍɌɎɴɌɣɌ ɔɗɔ ɔɓ ɟɎɚɓɌ, ɘɚɒɑ ɝɑ ɟɤɞɑɐɑɞɔ əɌ ɞɜɚɤɖɚɎɔɘɌ ɛɜɑɎɚɓɌ 
ɖɟɛɚɎɔəɚɘ ɟ ɍɟɗɖ-ɟ. ȾɌɖɚɭɑ ɟɖɚɗɔɖɚ ɝɑ ɜɌɐɔ ɚ ɞɜɌəɓɔɞəɚɘ Ɏɜɑɘɑəɟ, ɓɌ ɛɟə 
ɖɚəɞɑɳəɑɜ ɔɗɔ ɖɌɘɔɚə ɖɜɌɶɑ ɳɑ əɑɏɚ ɟ ɝɗɟɣɌɳɟ ɐɑɗɔɘɔɣəɑ ɛɚɤɔɴɖɑ. 
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¶ ȰɜɒɌɵɑ ɓɌɗɔɡɌ ɟ ɝɟɝɑɐəɔɘ ɚɐəɚɝəɚ ɗɚɖɌɢɔɳɝɖɔ ɍɗɔɒɔɘ ɝɖɗɌɐɔɤɞɔɘɌ 
ɚɍɑɓɍɑɭɟɳɑ ɝɑ ɛɜɌɎɚɎɜɑɘɑəɚ ɔɓɐɌɎɌɵɑ (ɐɔɝɞɜɔɍɟɢɔɳɌ) ɛɚɞɜɑɍəɑ ɖɚɗɔɣɔəɑ 
ɛɜɚɔɓɎɚɐɌ. 

ω ȿɖɚɗɔɖɚ əɑ ɛɚɝɞɚɳɑ ɐɚɎɚɴəɚ Ɏɑɗɔɖɑ ɖɚɗɔɣɔəɑ ɛɜɚɔɓɎɚɐɌ ɖɚɳɑ ɍɔ ɓɌɐɚɎɚɴɔɗɑ 
ɛɚɞɜɌɒɵɟ, ɤɞɚ ɔɓɌɓɔɎɌ ɐɑɝɞɌɍɔɗɔɓɌɢɔɳɟ ɗɌəɢɌ ɝəɌɍɐɑɎɌɵɌ, ɍɑɓɍɑɐəɔɳɑ ɳɑ 
ɐɜɒɌɞɔ ɓɌɗɔɡɑ ɔ əɌ ɞɌɳ əɌɣɔə ɛɜɑɐɟɛɜɑɐɔɞɔ ɛɚɞɑəɢɔɳɌɗəɔ ɛɜɚɍɗɑɘ.  

ȿ ɐɚɖɞɚɜɝɖɚɳ ɐɔɝɑɜɞɌɢɔɳɔ ȸ. ȽɞɚɳɌəɚɎɔɶ [8] əɌɎɚɐɔ ɝɗɑɐɑɶɑ ɜɌɓɗɚɏɑ ɖɚɳɔ ɟɞɔɣɟ 
əɌ ɛɚɝɗɚɎɌɵɑ ɔ əɑɚɛɡɚɐəɚɝɞ ɛɚɝɞɚɳɌɵɌ ɓɌɗɔɡɌ ɛɜɑɐɟɓɑɶɌ. ȺɏɗɑɐɌɳɟ ɝɑ ɟ ɝɗɑɐɑɶɑɘ [25]:  

¶ ɟ ɖɚəɞɔəɟɔɜɌəɚɳ ɛɜɚɔɓɎɚɐɵɔ: ɐɌ ɍɔ ɝɑ əɑɚɘɑɞɌəɚ ɔ ɍɑɓ ɛɜɑɖɔɐɌ ɚɐɎɔɳɌɚ ɛɜɚɢɑɝ 
ɛɜɚɔɓɎɚɐɵɑ əɑɚɛɡɚɐəɚ ɳɑ ɛɚɝɑɐɚɎɌɵɑ ɝɔɜɚɎɔəɌ ɔɗɔ ɖɚɘɛɚəɑəɌɞɌ. ȸɌɵɌɖ 
ɘɌɖɌɜ ɳɑɐəɑ ɖɚɘɛɚəɑəɞɑ ɜɑɓɟɗɞɔɜɌ əɑɘɚɏɟɶəɚɤɶɟ ɠɔəɔɤɔɜɌɵɌ ɛɜɚɔɓɎɚɐəɚɏ 
ɛɜɚɢɑɝɌ Ɍ ɝɌɘɔɘ ɞɔɘ ɔ ɔɓɗɌɓəɚɏ ɛɜɚɔɓɎɚɐɌ, 

¶ ɟ ɍɜɓɔəɔ əɌɍɌɎɖɑ: ɍɜɓɔəɌ əɌɍɌɎɖɑ ɳɑ Ɏɜɑɘɑ ɖɚɳɑ ɛɜɚɞɑɖəɑ ɟ ɛɑɜɔɚɐɟ ɔɓɘɑɭɟ 
ɞɜɑəɟɞɖɌ  ɛɚɜɟɣɔɎɌɵɌ ɐɚ ɘɚɘɑəɞɌ ɛɜɔɘɌɵɌ əɌɜɟɣɑəɔɡ ɓɌɗɔɡɌ. Ȭɖɚ ɓɍɚɏ 
ɚɍɳɑɖɞɔɎəɔɡ ɔɗɔ əɑɖɔɡ ɐɜɟɏɔɡ ɜɌɓɗɚɏɌ ɐɚɍɌɎɴɌɣ əɔɳɑ ɟ ɘɚɏɟɶəɚɝɞɔ ɐɌ 
ɔɝɛɚɜɟɣɔ əɌɜɟɣɑəɑ ɓɌɗɔɡɑ, ɛɜɚɔɓɎɚɐəɚ ɛɜɑɐɟɓɑɶɑ ɔɗɔ ɛɚɝɗɚɎəɔ ɝɔɝɞɑɘ 
ɛɚɞɜɑɍəɚ ɳɑ ɐɌ ɛɚɝɑɐɟɳɑ ɚɐɏɚɎɌɜɌɳɟɶɟ ɖɚɗɔɣɔəɟ ɓɌɗɔɡɌ əɌ ɝɖɗɌɐɔɤɞɟ. ȿɖɚɗɔɖɚ 
ɳɑ Ɏɜɑɘɑ ɔɝɛɚɜɟɖɑ ɐɟɒɑ, əɑɚɛɡɚɐəɌ ɳɑ ɎɑɶɌ ɖɚɗɔɣɔəɌ ɓɌɗɔɡɌ ɓɌ ɝɖɗɌɐɔɤɞɑɵɑ. 
ȶɚəɝɑɖɎɑəɢɑ ɝɟ ɔɐɑəɞɔɣəɑ ɟɖɚɗɔɖɚ ɳɑ əɌɍɌɎɖɌ əɑɛɚɟɓɐɌəɌ ɔɗɔ ɐɚɝɞɌɎɴɌɣ 
ɛɚɝɑɐɟɳɑ əɑɐɚɝɞɌɞɖɑ ɔ ɘɌɵɖɌɎɚɝɞɔ, 

¶ ɟ ɓɌɐɚɎɚɴɑɵɟ ɛɚɞɜɌɒɵɑ: ɟɖɚɗɔɖɚ ɛɚɝɗɚɎəɔ ɝɔɝɞɑɘ ɔɗɔ ɛɜɑɐɟɓɑɶɑ ɒɑɗɔ ɐɌ 
ɓɌɐɚɎɚɴɔ ɛɚɞɜɌɒɵɟ, ɛɚɞɜɑɍəɚ ɳɑ ɐɌ əɌ ɜɌɝɛɚɗɌɏɌɵɟ ɔɘɌ ɟ ɝɎɌɖɚɘ ɘɚɘɑəɞɟ 
ɐɚɝɞɟɛəɑ ɛɜɚɔɓɎɚɐɑ ɖɚɳɑ ɛɚɞɜɌɒɟɳɑ ɛɜɚɔɓɎɚɐəɔ ɛɜɚɢɑɝ, əɌɜɟɣɔɚɢɔ ɔɗɔ 
ɛɚɞɜɚɤɌɣɔ, 

¶ ɟ ɜɌɝɞɟ ɞɜɌɒɵɑ: ɛɚɝɑɐɚɎɌɵɑ ɓɌɗɔɡɌ ɟɛɚɞɜɑɍɴɌɎɌ ɝɑ ɓɌ ɚɍɑɓɍɑɭɔɎɌɵɑ əɑɚɘɑɞɌəɑ 
ɔɝɛɚɜɟɖɑ ɟɖɚɗɔɖɚ ɳɑ ɞɜɒɔɤəɌ ɛɚɞɜɌɒɵɌ əɑɝɞɌɍɔɗəɌ. ȻɚɝɗɚɎəɔɘ ɝɔɝɞɑɘɔɘɌ ɔ 
ɛɜɑɐɟɓɑɶɔɘɌ ɛɚɝɞɚɳɌɵɑ ɓɌɗɔɡɌ ɚɘɚɏɟɶɌɎɌ ɓɌɐɚɎɚɴɌɎɌɵɑ ɛɜɚɘɑəɌ, ɛɜɑ ɝɎɑɏɌ 
ɛɚɎɑɶɌɵɑ ɛɚɞɜɌɒɵɑ, ɖɜɚɓ ɟɳɑɐəɌɣɑəɟ ɛɜɚɔɓɎɚɐɵɟ ɍɑɓ ɓɌɚɝɞɌɞɖɌ ɟ ɔɝɛɚɜɟɢɔ. 
ȼɔɓɔɖ ɟ ɚɎɚɘ ɝɗɟɣɌɳɟ ɳɑ ɐɌ ɟɖɚɗɔɖɚ əɌɝɞɟɛɔ ɝɘɌɵɑəɌ ɛɚɞɜɌɒɵɌ ɛɜɑɐɟɓɑɶɑ ɚɝɞɌɳɑ 
ɝɌ ɓəɌɣɌɳəɔɘ ɖɚɗɔɣɔəɌ ɓɌɗɔɡɌ. 

ȽɎɚɳɔɘ ɛɚɝɗɚɎəɔɘ ɐɑɗɚɎɌɵɑɘ ɛɜɑɐɟɓɑɶɌ ɟ ɛɜɚɔɓɎɚɐəɔɘ ɛɜɚɢɑɝɔɘɌ ɖɚɜɔɝɞɑ 
ɘɌɞɑɜɔɳɌɗɑ, ɑəɑɜɏɔɳɟ ɔ ɔəɠɚɜɘɌɢɔɳɑ, ɖɚɳɑ ɛɚɝɑɐɟɳɟ ɟ ɚɖɎɔɜɟ ɝɚɛɝɞɎɑəɚɏ ɝɔɝɞɑɘɌ, 
ɚɐɜɑɭɑəɔɡ ɛɚɐɝɔɝɞɑɘɌ ɔɗɔ ɟ ɚɖɜɟɒɑɵɟ. Ȼɜɑɞɡɚɐəɔɘ ɖɚəɝɞɌɞɌɢɔɳɌɘɌ əɌɎɑɐɑə ɳɑ ɐɑɚ 
ɘɚɏɟɶɔɡ ɜɌɓɗɚɏɌ ɓɍɚɏ ɣɑɏɌ ɳɑ əɑɚɛɡɚɐəɚ ɠɚɜɘɔɜɌɞɔ ɔ ɐɜɒɌɞɔ ɓɌɗɔɡɑ. Ȼɜɔ ɞɚɘɑ 
ɛɜɔɘɌɜəɔ ɘɚɞɔɎ ɳɑ, ɤɞɚ ɳɑ ɘɚɏɟɶɑ ɘɌɵɔ ɚɍɔɘ ɓɌɗɔɡɌ ɓɍɚɏ ɘɌɵɑ ɎɑɓɌəɔɡ ɠɔəɌəɝɔɳɝɖɔɡ 
ɝɜɑɐɝɞɌɎɌ ɟ ɓɌɗɔɡɌɘɌ, ɟɓ ɵɔɡɚɎɟ ɤɞɚ ɍɜɒɟ ɞɜɌəɝɠɚɜɘɌɢɔɳɟ ɖɜɚɓ ɛɜɚɔɓɎɚɐɵɟ, ɛɜɚɐɌɳɟ 
ɔ ɜɑɌɗɔɓɌɢɔɳɟ ɛɚɞɜɌɒɔɎɌɵɌ (əɌɛɗɌɞɟ), ɟ ɠɔəɌəɝɔɳɝɖɌ ɝɜɑɐɝɞɎɌ əɑɚɛɡɚɐəɌ ɓɌ ɝɗɑɐɑɶɔ 
ɖɜɟɏ ɛɜɚɢɑɝɌ ɛɚɝɗɚɎɌɵɌ. ȳəɌɣɔ ɓɌɗɔɡɑ ɝɑ ɘɌəɔɠɑɝɞɟɳɟ ɖɌɚ ɖɚɣɔɚəɔ ɘɑɡɌəɔɓɌɘ 
əɚɜɘɌɗəɚɘ ɔɗɔ ɍɜɒɑɘ ɚɍɜɞɟ ɟɗɚɒɑəɔɡ ɠɔəɌəɝɔɳɝɖɔɡ ɝɜɑɐɝɞɌɎɌ, ɓɍɚɏ ɞɚɏɌ ɤɞɚ 
ɚɐɜɑɭɑəɚ Ɏɜɑɘɑ ɛɌɜɌɗɔɤɟ ɚɐɜɑɭɑəɔ ɐɑɚ ɝɜɑɐɝɞɌɎɌ ɜɑɛɜɚɐɟɖɢɔɳɑ. Ȼɚɝɞɚɳɑ ɔ 
ɖɚəɠɗɔɖɞəɔ ɢɔɴɑɎɔ ɓɌɗɔɡɌ ɟ ɛɜɑɐɟɓɑɶɔɘɌ ɔ ɛɚɝɗɚɎəɔɘ ɝɔɝɞɑɘɔɘɌ. ȺɎɌɳ ɌəɞɌɏɚəɔɓɌɘ 
ɝɑ ɚɏɗɑɐɌ ɟ ɝɗɑɐɑɶɑɘ: ɠɔəɌəɝɔɳɑ ɓɌɡɞɑɎɌɳɟ əɔɓɌɖ əɔɎɚ ɓɌɗɔɡɌ, ɖɌɖɚ ɍɔ ɍɔɚ ɝɌɣɟɎɌə 
ɖɌɛɔɞɌɗ, ɐɚɖ ɘɌɜɖɑɞɔəɏ ɓɌɡɞɑɎɌ Ɏɔɝɚɖ əɔɎɚ ɓɌɗɔɡɌ, ɖɌɖɚ ɍɔ ɍɔɚ ɟ ɘɚɏɟɶəɚɝɞɔ ɐɌ 
ɛɚɎɑɶɌ ɛɜɚɐɌɳɟ, Ɍ əɌ ɖɜɌɳɟ ɔɗɔ ɛɚɣɑɞɖɟ ɛɜɚɔɓɎɚɐɵɔ ɝɟ ɛɚɞɜɑɍəɑ ɚɐɏɚɎɌɜɌɳɟɶɑ ɓɌɗɔɡɑ 
ɓɍɚɏ ɑɠɔɖɌɝəɑ ɛɜɚɔɓɎɚɐɵɑ ɔ ɚɐɜɒɌɎɌɵɌ əɔɎɚɌ ɟɛɚɝɗɑəɚɝɞɔ. ȿɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ 
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ɘɚɜɌ ɛɚɘɔɜɔɞɔ ɔ ɍɌɗɌəɝɔɜɌɞɔ ɚɎɑ əɑɝɖɗɌɐəɑ ɔəɞɑɜɑɝɑ ɔ ɟɛɜɌɎɴɌɞɔ əɔɎɚɚɘ ɓɌɗɔɡɌ ɟ 
əɌɳɍɚɴɑɘ ɔəɞɑɜɑɝɟ ɛɜɑɐɟɓɑɶɌ [9]. 

2.4. ȾȼȺɄȶȺȮȴ ȳȬȷȴɁȬ 

ȿ ɟɖɟɛəɔɘ ɞɜɚɤɖɚɎɔɘɌ ɛɜɚɔɓɎɚɐɵɑ, ɟɐɑɚ ɞɜɚɤɖɚɎɌ ɓɌɗɔɡɌ ɚɍɟɡɎɌɞɌ ɍɔɞɌə ɐɑɚ, 
ɝɌɘɔɘ ɞɔɘ ɐɑɗɚɞɎɚɜəɚ ɔ ɑɖɚəɚɘɔɣəɚ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɟ Ɏɑɗɔɖɚɳ ɘɑɜɔ ɳɑ ɎɔɐɴɔɎɚ 
ɖɜɚɓ ɌɐɑɖɎɌɞəɚ ɛɜɌɶɑɵɑ ɔ ɖɚəɞɜɚɗɟ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ. ȻɚɝɘɌɞɜɌəɚ ɖɜɚɓ 
ɛɜɚɍɗɑɘ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ, ɟɚɣɌɎɌɳɟ ɝɑ ɜɌɓɗɔɣɔɞɔ ɞɔɛɚɎɔ ɞɜɚɤɖɚɎɌ. ȶɜɚɓ 
ɜɌɓɘɌɞɜɌɵɑ ɔ ɜɌɓɎɜɝɞɌɎɌɵɑ ɞɜɚɤɖɚɎɌ ɓɌɗɔɡɌ, Ɍɟɞɚɜɔ ɟ ɝɎɚɳɔɘ ɌəɌɗɔɓɌɘɌ ɘɌɡɚɘ 
ɔɝɞɔɣɟ ɞɜɔ ɏɜɟɛɑ ɔɗɔ ɖɌɞɑɏɚɜɔɳɑ [15]. 

ȿɖɟɛəɔ ɞɜɚɤɖɚɎɔ ɓɌɗɔɡɌ ɛɚɐɜɌɓɟɘɑɎɌɳɟ ɔ ɚɍɟɡɎɌɞɌɳɟ ɛɚɣɑɎ ɚɐ ɞɜɚɤɖɚɎɌ 
ɎɑɓɌəɔɡ ɓɌ əɌɜɟɣɔɎɌɵɑ, ɛɜɑɖɚ əɌɍɌɎəɑ ɢɑəɑ, ɛɌ ɝɎɑ ɐɚ ɛɚɝɗɑɐɵɑɏ ɞɜɚɤɖɌ ɎɑɓɌəɚɏ ɓɌ 
ɝɖɗɌɐɔɤɞɑɵɑ ɔ ɚɐɜɒɌɎɌɵɑ. ȯɜɟɍɚ ɏɗɑɐɌəɚ ɘɚɏɟ ɍɔɞɔ ɛɚɐɑɴɑəɑ ɔ əɌ ɐɎɑ ɏɜɟɛɑ, 
ɞɜɚɤɖɚɎɑ əɌɍɌɎɖɑ ɔ ɞɜɚɤɖɚɎɑ ɐɜɒɌɵɌ ɓɌɗɔɡɌ [9].  

ȹɑɔɝɞɚɎɑɞəɔɘ əɌɣɔəɔɘɌ ɜɌɓɗɔɣɔɞɔ Ɍɟɞɚɜɔ ɐɑɠɔəɔɤɟ ɓəɌɣɌɳəɑ ɞɜɚɤɖɚɎəɑ 
ɖɌɞɑɏɚɜɔɳɑ, ɘɌɐɌ ɳɑ ɠɟəɐɌɘɑəɞɌɗəɚ ɏɗɑɐɌəɚ ɜɑɣ ɚ ɚɝəɚɎəɔɘ ɖɌɞɑɏɚɜɔɳɌɘɌ ɖɚɳɑ ɘɚɏɟ 
ɍɔɞɔ ɜɌɓɐɎɚɳɑəɑ ɟ ɐɎɑ (ɖɌɖɚ ɳɑ Ɏɑɶ əɌɎɑɐɑəɚ) ɔɗɔ ɞɜɔ, Ɍ ɣɌɖ ɔ ɣɑɞɔɜɔ ɏɜɟɛɑ. Ⱦɜɑɶɟ ɏɜɟɛɟ 
əɌɓɎɌəɟ ɞɜɚɤɖɚɎɔ əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ (ɔɓɏɟɍɴɑəɑ ɛɜɚɐɌɳɑ, ɡɔɞəɔɡ əɌɜɟɹɍɔəɌ, 
ɖɌɤɵɑɵɌ ɟ ɔɝɛɚɜɟɢɔ), əɌɎɚɐɑ ɘəɚɏɔ Ɍɟɞɚɜɔ ɟ ɝɎɚɳɔɘ ɛɟɍɗɔɖɌɢɔɳɌɘɌ ɔ ɝɞɜɟɣəɔɘ 
ɜɌɐɚɎɔɘɌ [6] [26]. ȶɌɚ ɣɑɞɎɜɞɟ ɏɜɟɛɟ ɛɚɳɑɐɔəɔ Ɍɟɞɚɜɔ əɌɎɚɐɑ ɚɝɞɌɗɑ ɞɜɚɤɖɚɎɑ, ɐɚɖ 
ɚɐɜɑɭɑəɔ Ɍɟɞɚɜɔ əɌɎɚɐɑ ɏɜɟɛɟ ɞɜɚɤɖɚɎɌ əɌɜɟɣɔɎɌɵɌ ɚɐɎɌɳɌɳɟɶɔ ɔɡ ɚɐ əɌɍɌɎɖɔ [7]. 

ȾɜɚɤɖɚɎɑ ɓɌɗɔɡɌ əɔɳɑ ɳɑɐəɚɝɞɌɎəɚ ɔ ɗɌɖɚ ɛɜɚɢɑəɔɞɔ, Ɍɗɔ ɳɑ ɔɓɎɚɐɴɔɎɚ ɔ ɟ ɐɚɎɚɴəɚɳ 
ɘɑɜɔ ɛɚɟɓɐɌəɚ ɓɌ ɛɜɚɢɑɝɑ ɚɐɗɟɣɔɎɌɵɌ. ȹɌ ɝɗɔɢɔ 2.4. ɏɜɌɠɔɣɖɔ ɳɑ ɛɜɔɖɌɓɌə ɚɐəɚɝ 
ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɔ əɌɜɟɣɔɎɌɵɌ ɓɌɗɔɡɌ. 

 
ȽɗɔɖɌ 2.4. ȯɜɌɠɔɖɚə ɚɐəɚɝɌ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɔ əɌɜɟɣɔɎɌɵɌ ɓɌɗɔɡɌ 

ȴɓɎɚɜ: Bloomberg; LeMay; Hanna, [27] [9] [10] ɔɓɜɌɐɔɚ ɔ ɛɜɔɗɌɏɚɐɔɚ Ɍɟɞɚɜ 

ȯɜɟɛɟ ɞɜɚɤɖɚɎɌ əɌɍɌɎɖɑ ɣɔəɑ ɝɎɔ ɞɜɚɤɖɚɎɔ ɛɜɚɟɓɜɚɖɚɎɌəɔ ɞɜɑəɟɞɖɚɘ 
ɟɞɎɜɭɔɎɌɵɌ ɛɚɞɜɑɍɑ ɓɌ ɝɔɜɚɎɔəɌɘɌ, ɜɚɍɚɘ, ɛɜɚɢɑɝəɔɘ ɘɌɞɑɜɔɳɌɗɚɘ ɐɚ ɘɚɘɑəɞɌ 
ɛɜɔɳɑɘɌ ɟ ɝɖɗɌɐɔɤɞɑ. ȿɏɗɌɎəɚɘ ɟ ɚɖɎɔɜɟ ɚɎɚɏ ɞɜɚɤɖɌ, ɘɚɐɑɗɔ əɑ ɞɜɑɞɔɜɌɳɟ ɢɑəɟ ɜɚɍɑ, 
Ɏɑɶ ɝɌɘɚ ɞɜɚɤɖɚɎɑ ɠɚɜɘɔɜɌɵɌ, ɜɑɌɗɔɓɌɢɔɳɟ ɛɚɜɟɹɍɔəɑ (ɛɗɌɞɑ ɓɌɛɚɝɗɑəɔɡ ɝɗɟɒɍɑ ɓɌ 
əɌɍɌɎɖɑ, ɟɝɗɟɏɑ ɖɚɜɑɝɛɚɐɑəɢɔɳɑ, ɖɌəɢɑɗɌɜɔɳɝɖɔ ɘɌɞɑɜɔɳɌɗ) ɔ ɞɜɌəɝɛɚɜɞ ɐɚ ɝɖɗɌɐɔɤɞɌ. 
ȿɖɚɗɔɖɚ ɝɑ ɛɚɝɘɌɞɜɌ ɤɔɜɑ ɟ ɚɎɌɳ ɞɜɚɤɖɌɖ ɝɛɌɐɌ ɔ əɌɍɌɎəɌ ɢɑəɌ. ȸɚɐɑɗɔ ɖɚɳɔ 
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ɞɜɑɞɔɜɌɳɟ ɛɜɑɐɟɓɑɶɌ ɝɌ ɝɚɛɝɞɎɑəɚɘ ɛɜɚɔɓɎɚɐɵɚɘ, ɟɜɌɣɟəɌɎɌɳɟ ɔ ɞɜɚɤɖɚɎɑ ɛɜɔɛɜɑɘɑ 
ɛɜɚɔɓɎɚɐɵɑ. ȧɔɡɚɎɌ Ɏɜɑɐəɚɝɞ ɝɑ ɔɓɜɌɒɌɎɌ ɖɜɚɓ ɛɜɚɝɑɣɌə ɳɑɐɔəɔɣəɔ ɞɜɚɤɌɖ ɛɚ 
ɛɚɜɟɹɍɔəɔ. Ȭɟɞɚɜ ȿ. Ⱦɟəɑɘɑə (U. Thonemann), ɚɎɟ ɏɜɟɛɟ ɐɑɗɔ əɌ ɐɎɑ, ɛɜɎɟ əɌɓɔɎɌ 
ɎɌɜɔɳɌɍɔɗəɔ ɞɜɚɤɖɚɎɔ əɌɜɟɣɔɎɌɵɌ ɓɌɗɔɡɌ ɏɐɑ ɝɛɌɐɌɳɟ ɞɜɚɤɖɚɎɔ əɌɍɌɎɖɑ (ɳɑɐɔəɔɣəɌ 
ɢɑəɌ ɛɜɚɔɓɎɚɐɌ, ɞɜɚɤɖɚɎɔ ɞɜɌəɝɛɚɜɞɌ ɔɞɐ.) ɔ  ɏɐɑ əɚɎɣɌəɔ ɔɓəɚɝ ɓɌɎɔɝɔ ɚɐ əɌɜɟɣɑəɑ 
ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ [15]. ȿ ɐɜɟɏɟ ɏɜɟɛɟ əɌɓɎɌəɟ ɠɔɖɝəɔ ɞɜɚɤɖɚɎɔ əɌɜɟɣɔɎɌɵɌ ɝɛɌɐɌɳɟ 
ɞɜɚɤɖɚɎɔ ɛɚɖɜɑɞɌɵɌ ɛɚɳɑɐɔəɌɣəɑ ɛɚɜɟɹɍɔəɑ. ȹɔɝɟ ɓɌɎɔɝəɔ ɚɐ əɌɜɟɣɑəɑ ɖɚɗɔɣɔəɑ, 
Ɍ ɟɖɴɟɣɟɳɟ ɌɐɘɔəɔɝɞɜɌɞɔɎəɑ ɔ ɘɌɞɑɜɔɳɌɗəɑ ɞɜɚɤɖɚɎɑ əɌɜɟɹɍɔəɌ ɛɚəɌɚɝɚɍ. ȥ. ȭɌɜɗɚ 
(J. Barlow), ɚɎɟ ɏɜɟɛɟ əɌɓɔɎɌ ɞɜɚɤɌɖ əɌɜɟɣɔɎɌɵɌ ɖɚɳɔ əɌɝɞɌɳɑ ɛɜɔ ɌɖɞɔɎəɚɝɞɔɘɌ 
əɌɜɟɣɔɎɌɵɌ (ɛɜɔɛɜɑɘɌ, ɝɗɌɵɌ). ȶɌɚ ɛɚɝɑɍəɟ ɖɌɞɑɏɚɜɔɳɟ əɌɏɗɌɤɌɎɌ ɞɜɚɤɌɖ 
ɳɑɐɔəɔɣəɚɏ ɛɜɚɔɓɎɚɐɌ ɖɌɚ ɢɑəɟ ɖɚɳɟ ɚɍɜɌɣɟəɌɎɌ ɐɚɍɌɎɴɌɣ ɛɚ ɖɚɘɌɐɟ ɛɜɚɔɓɎɚɐɌ ɔ 
ɖɌɞɑɏɚɜɔɳɟ ɞɜɚɤɖɌ ɛɚɛɟɝɞɌ ɖɚɳɔ əɌɝɞɌɳɑ ɟ ɝɗɟɣɌɳɟ ɖɟɛɚɎɔəɑ Ɏɑɶɑ ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ ɓɍɚɏ 
ɝɘɌɵɑɵɌ ɟɖɟɛəɑ ɢɑəɑ əɌɍɌɎɖɑ. ȺɎɚɘ ɝɢɑəɌɜɔɳɟ ɞɜɑɍɌ ɛɜɔɶɔ ɚɍɌɓɜɔɎɚ, ɓɍɚɏ ɞɚɏɌ ɤɞɚ 
ɞɜɚɤɖɚɎɔ ɐɜɒɌɵɌ, ɣɟɎɌɵɌ ɓɌɗɔɡɌ, ɓəɌɣɌɳəɚ ɜɌɝɞɟ ɝɌ əɌɍɌɎɖɚɘ Ɏɑɶɑ ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ, 
ɛɌ əɑɜɑɞɖɚ ɛɜɑɘɌɤɟɳɟ ɚɝɞɎɌɜɑəɑ ɟɤɞɑɐɑ ɛɜɔ ɛɚɛɟɝɞɟ [20]. Ȭɟɞɚɜɔ ȥ. ȷɚɜɑəɝ ɔ ȭ. 
ȻɌɝɞɑɜəɌɖ (J. Lawrence; B. Pasternack) ɚɎɟ ɏɜɟɛɟ əɌɓɔɎɌɳɟ ɞɌɖɚɭɑ ɞɜɚɤɖɚɘ əɌɜɟɣɔɎɌɵɌ, 
ɖɚɳɔ ɝɑ ɝɞɎɌɜɌ ɛɜɔ ɖɟɛɚɎɔəɔ ɓɌɗɔɡɌ, ɟ ɖɚɳɑ ɝɎɜɝɞɌɎɌɳɟ ɞɜɚɤɖɚɎɑ ɖɌəɢɑɗɌɜɔɳɝɖɚɏ 
ɘɌɞɑɜɔɳɌɗɌ, ɜɌɐəɑ ɝəɌɏɑ ɔ ɵɔɡɚɎɑ ɚɍɟɖɑ ɖɌɚ ɔ ɞɜɚɤɌɖ ɖɚɜɑɝɛɚɐɑəɢɔɳɑ. Ⱥəɔ ɔɝɞɔɣɟ 
ɖɌɚ ɛɚɝɑɍəɟ ɏɜɟɛɟ ɞɜɚɤɖɚɎɑ əɌɍɌɎɖɑ ɔ ɛɜɚɔɓɎɚɐɵɑ, ɖɚɳɌ ɚɍɟɡɎɌɞɌ ɞɜɚɤɖɚɎɑ əɌɍɌɎɖɑ 
Ɏɑɶɑ ɖɚɗɔɣɔəɑ ɟɓ ɛɚɛɟɝɞ ɖɌɚ ɔ ɞɜɚɤɖɚɎɑ ɖɚɚɛɑɜɌəɞɌ ð ɐɚɍɌɎɴɌɣɌ [19] [28]. ȻɌɜɌɘɑəɞɔ 
ɞɜɚɤɖɚɎɌ əɌɍɌɎɖɑ ɖɚɳɑ ɳɑ ɛɚɞɜɑɍəɚ ɛɚɝɑɍəɚ əɌɏɗɌɝɔɞɔ ɖɌɚ əɌɳɓəɌɣɌɳəɔɳɑ ɝɟ ɞɜɚɤɖɚɎɔ 
əɌɜɟɣɔɎɌɵɌ ɔ ɐɚɛɜɑɘɑ.  

ȾɜɚɤɖɚɎɔ əɌɜɟɣɔɎɌɵɌ ɎɑɓɌəɔ ɝɟ ɓɌ əɌɜɟɣɔɎɌɵɑ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɔɗɔ 
ɛɜɚɔɓɎɚɐɌ. ȺɎɚ ɳɑ ɞɜɚɤɌɖ ɖɚɳɔ əɌɝɞɌɳɑ ɝɎɌɖɔ ɛɟɞ ɖɌɐɌ ɝɑ əɌɜɟɣɟɳɟ ɘɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ 
ɚɐ ɐɚɍɌɎɴɌɣɌ. Ȼɜɚɢɑɝɔ əɌɜɟɣɔɎɌɵɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ, ɟ Ɏɑɗɔɖɚɳ ɘɑɜɔ ɘɚɏɟ ɝɑ 
ɜɌɓɗɔɖɚɎɌɞɔ ɚɐ ɖɚɘɛɌəɔɳɑ ɐɚ ɖɚɘɛɌəɔɳɑ. Ȼɚɜɑɐ ɝɛɑɢɔɠɔɣəɚɝɞɔ ɛɜɚɢɑɝɌ ɛɚɜɟɣɔɎɌɵɌ, 
ɑɏɓɔɝɞɔɜɌ ɔ ɔɓɌɓɚɎ ɎɑɓɌə ɓɌ Ɏɜɑɘɑəɝɖɔ ɛɑɜɔɚɐ ɐɚɝɞɌɎɑ, ɚɐ ɘɚɘɑəɞɌ ɛɚɜɟɣɔɎɌɵɌ ɐɚ 
ɐɚɝɛɑɶɌ ɟ ɝɖɗɌɐɔɤɞɑ ɖɚɘɛɌəɔɳɑ [7]. ȺɎɔ ɞɜɚɤɖɚɎɔ ɝɟ ɟɏɗɌɎəɚɘ ɠɔɖɝəɔ, ɓɍɚɏ ɞɚɏɌ ɤɞɚ 
əɑ ɓɌɎɔɝɑ ɔɗɔ ɘɔəɔɘɌɗəɚ ɓɌɎɔɝɑ ɚɐ əɌɜɟɣɑəɑ ɖɚɗɔɣɔəɑ. ȹɔɝɟ ɓɌɎɔɝəɔ ɚɐ ɍɜɚɳɌ 
əɌɜɟɣɑəɔɡ ɛɜɑɐɘɑɞɌ, əɑɏɚ ɝɟ ɝɎɑɐɑəɔ əɌ ɢɑɗɚɖɟɛəɟ əɌɜɟɣɑəɟ ɛɌɜɞɔɳɟ ɞɳ. ɝɑɜɔɳɟ. 
ȿɖɴɟɣɟɳɟ ɞɜɚɤɖɚɎɑ ɛɜɔɛɜɑɘɑ ɛɚɜɟɹɍɔəɑ ɔ ɵɑəɟ ɚɞɛɜɑɘɟ, ɛɜɑɎɚɓ, ɛɜɑɟɓɔɘɌɵɑ ɛɜɔ 
ɐɚɝɛɑɶɟ əɌɜɟɣɑəɚɏ. Ȼɚɝɞɚɳɑ ɔ ɞɜɚɤɖɚɎɔ ɖɚɳɔ ɝɟ ɎɑɓɌəɔ ɓɌ ɔɓɎɜɤɑɵɑ ɛɚɜɟɹɍɔəɑ, 
ɞɌɖɚɓɎɌəɔ ɞɜɚɤɖɚɎɔ ɔɓɘɑəɑ ɟ ɖɚɳɑ ɝɛɌɐɌɳɟ ɌɐɘɔəɔɝɞɜɌɞɔɎəɔ ɞɜɚɤɖɚɎɔ əɑɚɛɡɚɐəɔ 
ɛɜɔ ɛɜɔɛɜɑɘɔ ɛɜɚɔɓɎɚɐəɑ ɚɛɜɑɘɑ ɓɌ ɔɓɜɌɐɟ ɚɐɜɑɭɑəɑ ɝɑɜɔɳɑ, ɖɎɌɗɔɞɌɞɔɎəɔ ɔ 
ɖɎɌəɞɔɞɌɞɔɎəɔ ɞɜɚɤɖɚɎɔ ɛɜɔ ɛɜɔɳɑɘɟ ɜɚɍɑ, ɞɜɚɤɖɚɎɔ ɗɔɣəɔɡ ɐɚɡɚɐɌɖɌ ɝɗɟɒɍɑ ɖɚɳɌ 
ɝɑ ɍɌɎɔ əɌɍɌɎɖɌɘɌ ɔ ɝɗ. ȹɌɎɑɐɑəɔ ɞɜɚɤɖɚɎɔ ɝɟ ɣɑɝɞɚ ɛɜɑɐɝɞɌɎɴɑəɔ ɖɌɚ ɠɔɖɝəɔ. 
ȻɚɍɚɴɤɌɵɔɘɌ ɔ ɔɓɘɑəɌɘɌ ɞɑɡəɚɗɚɏɔɳɑ ɛɜɚɔɓɎɚɐɵɑ ɘɚɏɟɶɑ ɳɑ ɚɎɑ ɞɜɚɤɖɚɎɑ ɝɘɌɵɔɞɔ. 
ȾɌɖɚɓɎɌəɔ ɞɜɚɤɖɚɎɔ ɛɜɑɐɘɑɞɌ ɚɍɟɡɎɌɞɌɳɟ ɞɜɚɤɌɖ ɛɜɚɔɓɎɚɐɵɑ ɔɗɔ ɖɟɛɚɎɔəɑ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɔ ɛɜɑɐɘɑɞɌ ɓɌ ɓɌɗɔɡɑ. ȺɎɌɳ ɞɜɚɤɌɖ ɳɑ ɔɓɜɌɒɑə ɛɚ ɳɑɐɔəɔɢɔ 
ɛɜɚɔɓɎɚɐɌ ɛɚɘəɚɒɑə ɍɜɚɳɑɘ əɌɍɌɎɴɑəɔɡ ɔɗɔ ɛɜɚɔɓɎɑɐɑəɔɡ ɖɚɗɔɣɔəɌ. Ȯɜɑɐəɚɝɞ ɚɎɚɏ 
ɞɜɚɤɖɌ ɘɚɒɑ ɎɌɜɔɜɌɞɔ ɟ ɓɌɎɔɝəɚɝɞɔ ɚɐ ɛɚɛɟɝɞɌ ɔ ɓɌɎɔɝɔɞɔ ɚɐ ɚɖɚɗəɚɝɞɔ ɔ ɖɚɗɔɣɔəɌ. 
ȾɜɚɤɖɚɎɔ ɐɚɛɜɑɘɑ ɝɟ ɟɏɗɌɎəɚɘ ɟ ɛɜɚɛɚɜɢɔɚəɌɗəɚɘ ɚɐəɚɝɟ ɝɌ əɌɍɌɎɖɚɘ ɔ ɝɌɝɞɚɳɑ ɝɑ 
ɚɐ ɞɜɚɤɖɚɎɌ ɛɜɑɎɚɓɌ, ɟɞɚɎɌɜɌ, ɛɜɑɞɚɎɌɜɌ, ɔɝɞɚɎɌɜɌ, ɖɌɗɑ, ɜɌɝɞɟɜɌ, ɗɚɘɌ, ɚɝɔɏɟɜɌɵɌ, ɔ 
ɚɝɞɌɗɔɡ ɏɟɍɔɞɌɖɌ ɖɎɌɗɔɞɑɞɌ ɔ ɖɎɌəɞɔɞɑɞɌ əɌɜɟɣɑəɔɡ ɓɌɗɔɡɌ, ɛɜɔ ɵɑəɚɘ ɞɜɌəɝɛɚɜɞɟ. 
ȿɓɑɞɔ ɟ ɓɍɔɜɟ, ɞɜɚɤɖɚɎɔ əɌɜɟɣɔɎɌɵɌ ɔ ɐɚɛɜɑɘɑ ɟɏɗɌɎəɚɘ ɔɘɌɳɟ ɜɑɗɌɞɔɎəɚ ɟɞɎɜɭɑə 
ɖɌɜɌɖɞɑɜ, Ɍɗɔ ɝɑ ɟɏɗɌɎəɚɘ ɞɜɑɞɔɜɌɳɟ ɖɌɚ ɛɜɑɞɛɚɝɞɌɎɖɌ ɛɜɚɛɚɜɢɔɚəɌɗəɚɝɞɔ ɖɚɳɌ ɳɑ 
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ɎɑɓɌəɌ ɓɌ ɍɜɚɳ ɛɚɜɟɹɍɔəɌ. ȼɌɣɟəɌɳɟ ɝɑ əɌ ɞɌɳ əɌɣɔə ɤɞɚ ɝɑ ɟɖɟɛəɔ ɌɐɘɔəɔɝɞɜɌɞɔɎəɔ 
ɞɜɚɤɖɚɎɔ, ɎɑɓɌəɔ ɓɌ əɌɍɌɎɖɟ ɓɌɗɔɡɌ, ɛɚɐɑɗɑ ɝɌ ɍɜɚɳɑɘ ɛɚɜɟɹɍɔəɌ [9].  

ȯɜɟɛɌ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ð əɌɳɍɔɞəɔɳɔ ɑɗɑɘɑəɞɔ ɚɎɑ ɏɜɟɛɑ ɝɟ: ɞɜɚɤɖɚɎɔ 
ɖɌɛɔɞɌɗɌ, ɛɜɚɝɞɚɜɌ ɔ ɓɌɛɚɝɗɑəɔɡ ɖɚɳɔ ɝɑɜɎɔɝɔɜɌɳɟ ɝɖɗɌɐɔɤɞɑ. Ȯɜɑɐəɚɝɞ ɚɎɔɡ ɓɌɗɔɡɌ 
ɝɑ ɟɚɍɔɣɌɳɑəɚ ɔɝɖɌɓɟɳɑ ɛɜɚɢɑəɞɚɘ ɛɜɚɝɑɣəɑ Ɏɜɑɐəɚɝɞɔ ɓɌɗɔɡɌ ɞɚɖɚɘ ɚɍɜɌɣɟəɝɖɚɏ 
ɛɑɜɔɚɐɌ [15]. ȹɌ ɚɝəɚɎɟ ɛɜɚɢɑəɑ ɚɐɜɑɭɑəɚɏ ɍɜɚɳɌ ɌɟɞɚɜɌ ɖɚɳɔ ɝɑ ɍɌɎɑ ɎɜɝɞɌɘɌ ɞɜɚɤɖɚɎɌ 
ɖɚɳɑ ɍɔ ɞɜɑɍɌɗɚ ɟɓɑɞɔ ɟ ɚɍɓɔɜ, ɞɜɚɤɖɚɎɔ ɐɜɒɌɵɑ ɓɌɗɔɡɌ, ɝɑ ɖɜɑɶɟ ɔɓɘɑɭɟ 12% ɐɚ 35% 
[29]. ȹɑ ɛɚɝɞɚɳɔ ɚɛɤɞɑ ɛɜɔɡɎɌɶɑəɌ ɘɑɞɚɐɚɗɚɏɔɳɌ ɓɌ ɚɐɜɑɭɔɎɌɵɑ ɚɎɔɡ ɞɜɚɤɖɚɎɌ ɞɌɖɚ ɐɌ 
əɌ ɚɝəɚɎɟ ɐɜɟɏɔɡ ɛɜɚɢɑəɌ ɏɚɐɔɤɵɔ ɞɜɚɤɌɖ ɛɜɑɐɟɓɑɶɌ, ɛɜɑɘɌ ȼ. ȭɌɗɟ (R. Ballou) 
ɔɓəɚɝɔ ɔɓɘɑɭɟ 20 % ɔ 40 % Ɏɜɑɐəɚɝɞɔ ɓɌɗɔɡɌ [17] [15]. ȳɌ ɚɎɟ ɏɜɟɛɟ ɞɜɚɤɖɚɎɌ Ɍɟɞɚɜɔ ȥ. 
ȷɚɜɑəɝ ɔ ȭ. ȻɌɝɞɑɜəɌɖ (J. Lawrence; B. Pasternack) ɛɜɚɢɑɵɟɳɟ ɜɌɝɛɚə ɖɚɳɔ ɔɓəɚɝɔ 
ɔɓɘɑɭɟ 10% ɛɌ ɝɎɑ ɐɚ 40% ɛɜɚɝɑɣəɑ Ɏɜɑɐəɚɝɞɔ ɓɌɗɔɡɌ [19] [30]. ȺɍɟɡɎɌɞɌɳɟ Ɏɜɑɐəɚɝɞ 
ɖɌɘɌɞɑ əɌ ɟɗɚɒɑəɔ ɖɌɛɔɞɌɗ, ɞɜɚɤɖɚɎɑ ɓɌɖɟɛɌ, ɚɐɜɑɭɑəɔɡ ɞɌɖɝɔ, ɚɝɔɏɟɜɌɵɌ, ɑəɑɜɏɔɳɑ, 
ɜɌɐəɑ ɝəɌɏɑ, ɣɟɎɌɵɌ ɓɌɗɔɡɌ ɔ ɞɜɚɤɖɚɎɑ ɏɟɍɴɑɵɌ ɖɎɌɗɔɞɑɞɌ ɜɚɍɑ əɌ ɓɌɗɔɡɌɘɌ. ȥ. ȭɌɜɗɚ 
(J. Barlow) [20] ɚɎɟ ɏɜɟɛɟ ɜɌɓɘɌɞɜɌ ɔ əɌɓɔɎɌ ɞɌɖɚɭɑ ɞɜɚɤɌɖ ɐɜɒɌɵɌ ɓɌɗɔɡɌ ɖɚɳɔ ɝɑ 
ɔɝɛɚɴɌɎɌ ɖɌɚ ɞɜɚɤɌɖ, ɐɜɒɌɵɌ əɌ ɓɌɗɔɡɌɘɌ ɛɚɳɑɐɔəɌɣəɚ ɚɐɜɑɭɑəɚɏ ɌɜɞɔɖɗɌ ɟ 
ɚɐɜɑɭɑəɚɘ ɛɑɜɔɚɐɟ ɎɜɑɘɑəɌ, ɔɝɖɌɓɌə ɖɌɚ ɛɜɚɢɑəɌɞ ɳɑɐɔəɔɣəɚɏ ɞɜɚɤɖɌ ɛɜɚɔɓɎɚɐɌ. 
ȿɚɍɔɣɌɳɑəɚ ɚɍɟɡɎɌɞɌ ɖɌɘɌɞɟ əɌ ɎɑɓɌəɔ ɖɌɛɔɞɌɗ ɟ ɓɌɗɔɡɌɘɌ, ɞɜɚɤɖɚɎɑ ɝɖɗɌɐɔɤɞɑɵɌ 
(ɚɝɎɑɞɴɑɵɌ, ɚɐɜɒɌɎɌɵɑ ɓɌɡɞɑɎɌəɔɡ ɟɝɗɚɎɌ ɟ ɝɖɗɌɐɔɤɞɟ, ɏɜɑɳɌɵɌ, ɡɗɌɭɑɵɌ, ɓɌɖɟɛɌ 
ɛɜɚɝɞɚɜɌ ɔ ɔɞɐ.), ɏɟɍɔɞɖɌ ɖɎɌɗɔɞɑɞɌ ɜɚɍɑ, ɚɝɔɏɟɜɌɵɌ [20]. ȳɌ ɚɎɟ ɏɜɟɛɟ, ɖɚɳɟ ȿ. Ⱦɚəɑɘɑə 
(U. Thonemann) ɔɝɞɚɎɑɞəɚ əɌɓɔɎɌ, ɔɝɞɔɣɑ ɐɌ ɓɌɎɔɝɔ ɚɐ ɛɜɚɝɑɣəɚɏ əɔɎɚɌ ɓɌɗɔɡɌ 
ɛɜɑɐɟɓɑɶɌ. ȺɎɌ ɏɜɟɛɌ ɚɍɟɡɎɌɞɌ, ɖɌɚ ɔ ɖɚɐ ȼ. ȭɌɗɟɌ,  ɖɌɘɌɞɟ əɌ ɟɗɚɒɑəɔ ɖɌɛɔɞɌɗ, 
ɞɜɚɤɖɚɎɑ ɝɖɗɌɐɔɤɞɑɵɌ ɔɞɐ. ȺɎɟ ɏɜɟɛɟ ȼ. ȭɌɗɟ ɔɝɞɚɎɑɞəɚ əɌɓɔɎɌ Ɍɗɔ ɳɑ ɐɑɗɔ əɌ ɣɑɞɔɜɔ 
Ɏɜɝɞɑ: ɞɜɚɤɌɖ ɛɜɚɝɞɚɜɌ (ɓɌɖɟɛ), ɞɜɚɤɌɖ ɖɌɛɔɞɌɗɌ (ɖɌɛɔɞɌɗɌ ɖɚɳɔ ɳɑ ɎɑɓɌə ɘɚɒɑ ɐɌ 
ɔɓəɑɝɑ ɔ 80% ɟɖɟɛəɔɡ Ɏɜɑɐəɚɝɞɔ ɞɜɚɤɖɚɎɌ ɓɌɗɔɡɌ), ɞɜɚɤɌɖ ɚɝɞɌɗɔɡ ɟɝɗɟɏɌ ɐɜɒɌɵɌ 
ɓɌɗɔɡɌ (ɚɝɔɏɟɜɌɵɑ, ɞɌɖɝɑ), ɞɜɚɤɌɖ ɜɔɓɔɖɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ (ɜɌɝɞɟɜ, ɗɚɘ, ɚɤɞɑɶɑɵɑ, 
ɏɟɍɔɞɖɌ ɖɎɌɗɔɞɑɞɌ) [17] [19]. ȻɜɑɘɌ ɜɌɐɟ Ƚ. ȻɌɐɘɌəɚɎɌ (S. Padmanava) ɞɜɚɤɖɚɎɔ 
ɐɜɒɌɵɌ ɚɐəɚɝəɚ ɣɟɎɌɵɌ ɓɌɗɔɡɌ, ɚɐəɚɝɑ ɝɑ əɌ ɝɎɑ ɞɜɚɤɖɚɎɑ ɟɗɚɒɑəɑ ɟ ɓɌɗɔɡɑ 
ɟɖɴɟɣɟɳɟɶɔ ɔ ɞɜɚɤɖɚɎɑ ɛɚɛɟɞ ɖɌɘɌɞɌ əɌ ɟɗɚɒɑəɌ ɝɜɑɐɝɞɎɌ. ȼɌɓɗɌɒɑ ɔɡ əɌ ɝɗɑɐɑɶɑ 
ɛɚɐɏɜɟɛɑ [31]:  

¶ ȾɜɚɤɖɚɎɔ ɝɖɗɌɐɔɤəɚɏ ɛɜɚɝɞɚɜɌ ɏɐɑ ɝɎɜɝɞɌɎɌ ɞɜɚɤɖɚɎɑ ɛɜɚɝɞɚɜɌ ɚɐəɚɝəɚ 
ɚɍɳɑɖɞɌ ɣɟɎɌɵɌ ɓɌɗɔɡɌ. Ⱥɐəɚɝɑ ɝɑ əɌ ɞɜɚɤɖɚɎɑ ɛɗɌɶɌɵɌ ɓɌɖɟɛɌ, ɟɖɚɗɔɖɚ əɔɳɑ ɟ 
ɎɗɌɝəɔɤɞɎɟ, ɚɐɜɒɌɎɌɵɌ ɚɍɳɑɖɌɞɌ (ɚɝɎɑɞɴɑɵɑ, ɏɜɑɳɌɵɑ ɔ ɎɑəɞɔɗɌɢɔɳɌ), 
ɌɘɚɜɞɔɓɌɢɔɳɑ ɔ ɛɚɜɑɓɌ əɌ ɔɘɚɎɔəɟ. 

¶ ȾɜɚɤɖɚɎɔ ɚɐɜɒɌɎɌɵɌ ɓɌɗɔɡɌ ɖɚɳɔ ɝɟ ɎɑɓɌəɔ ɓɌ ɞɜɚɤɖɚɎɑ ɘɌəɔɛɟɗɌɢɔɳɑ ɟ 
ɝɖɗɌɐɔɤɞɟ ɑɗɑɘɑəɞɔɘɌ ɓɌɗɔɡɌ, ɚɍɑɓɍɑɭɑɵɑ, ɖɚəɞɜɚɗɟ, ɔəɎɑəɞɌɜɔɝɌɵɑ ɓɌɗɔɡɌ ɔ 
ɟɖɚɗɔɖɚ ɝɑ ɖɚɜɔɝɞɑ ȴȾ ɡɌɜɐɎɑɜ ɔ ɌɛɗɔɖɌɢɔɳɑ.  

¶ ȾɜɚɤɖɚɎɔ ɜɔɓɔɖɌ ɓɌɗɔɡɌ ɖɚɳɔ ɝɑ ɚɏɗɑɐɌ ɟ ɘɌɵɖɟ ɓɌɗɔɡɌ ɐɚ ɖɚɏɌ ɘɚɒɑ ɐɚɶɔ ɓɍɚɏ 
ɍɜɚɳəɔɡ ɜɌɓɗɚɏɌ: ɖɜɌɭɌ, ɛɜɑɎɌɜɌ ɐɚɍɌɎɴɌɣɌ, ɏɜɑɤɖɑ ɟ ɔɝɛɚɜɟɢɔ, ɚɤɞɑɶɑɵɌ ɟ 
ɞɜɌəɝɛɚɜɞɟ ɔɗɔ ɝɖɗɌɐɔɤɞɟ, ɖɌɚ ɔ ɓɌɝɞɌɜɑɗɚɝɞ, ɚɐəɚɝəɚ ɏɟɍɔɞɌɖ ɖɎɌɗɔɞɑɞɌ ɛɚ 
əɑɖɚɘ ɐɜɟɏɚɘ ɚɝəɚɎɟ.  

ȾɜɚɤɖɚɎɔ ɐɜɒɌɵɌ ɓɌɗɔɡɌ ɝɟ ɖɚɘɛɗɑɖɝəɔ ɔ ɟ ɵɔɡ ɟɍɜɌɳɌɘɚ Ɏɑɗɔɖɔ ɍɜɚɳ 
ɣɔəɔɗɌɢɌ, ɞɌɖɚ ɐɌ ɳɑ ɞɑɤɖɚ ɟɞɎɜɐɔɞɔ ɚɎɟ Ɏɜɝɞɟ ɞɜɚɤɖɚɎɌ. Ƀɔəɑ ɔɡ ɚɐəɚɝəɚ ɐɑɗɑ ɝɑ əɌ: 
ɞɜɚɤɖɚɎɑ ɖɌɛɔɞɌɗɌ, ɝɖɗɌɐɔɤɞɑɵɌ, ɟɝɗɟɏɌ ɔ ɜɔɓɔɖɌ [7]. ȹɌɎɑɐɑəɔ ɣɔəɔɚɢɔ ɝɌɐɜɒɑ ɔ 
ɖɌɘɌɞɑ əɌ ɌəɏɌɒɚɎɌəɌ ɚɍɜɞəɌ ɝɜɑɐɝɞɎɌ, ɛɚɜɑɓɑ, ɞɜɚɤɖɚɎɑ ɌɘɚɜɞɔɓɌɢɔɳɑ, ɓɌɝɞɌɜɑɎɌɵɌ, 
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ɖɔɜɔɳɌ, ɑɗɑɖɞɜɔɣəɑ ɑəɑɜɏɔɳɑ, ɏɜɑɳɌɵɌ ɔ ɡɗɌɭɑɵɌ ɔ ɞɜɚɤɖɚɎɑ ɘɌəɔɛɟɗɌɢɔɳɑ ɝɌ 
ɳɑɐɔəɔɢɌɘɌ ɘɌɞɑɜɔɳɌɗɌ əɌ ɓɌɗɔɡɔ. Ȼɚɳɑɐɔəɔ ɑɗɑɘɑəɞɔ ɞɜɚɤɖɚɎɌ ɘɚɏɟ ɝɑ ɞɜɑəɟɞəɚ 
ɟɞɎɜɐɔɞɔ (ɛɚɜɑɓ, ɖɌɗɚ, ɜɌɝɞɟɜ, ɚɝɔɏɟɜɌɵɑ, ɌɘɚɜɞɔɓɌɢɔɳɌ). Ȼɟɞ ɐɚ ɞɜɚɤɖɚɎɌ ɝɜɑɐɝɞɌɎɌ 
ɖɚɳɌ ɝɟ òɟɘɜɞɎɴɑəɌó ɟ ɓɌɗɔɡɌɘɌ ɳɑ ɐɌɗɑɖɚ ɖɚɘɛɗɔɖɚɎɌəɔɳɔ. ȿɖɚɗɔɖɚ ɝɟ ɝɜɑɐɝɞɎɌ 
ɛɚɓɌɳɘɴɑəɌ, ɚəɐɌ ɝɑ ɞɔ ɞɜɚɤɖɚɎɔ ɘɚɏɟ ɟɞɎɜɐɔɞɔ. ȿɖɚɗɔɖɚ ɝɑ ɚɎɌ ɝɜɑɐɝɞɎɌ ɚɍɑɓɍɑɭɟɳɟ 
ɔɓ ɔəɞɑɜəɔɡ ɔɓɎɚɜɌ, ɖɌɚ ɞɜɚɤɌɖ ɝɜɑɐɝɞɌɎɌ ɟɚɍɔɣɌɳɑəɚ ɝɑ ɚɍɜɌɣɟəɌɎɌ ɖɌɘɌɞɌ. 
ȾɜɚɤɖɚɎɔ ɣɟɎɌɵɌ ɔɗɔ ɚɐɜɒɌɎɌɵɌ - ɎɑɓɌəɔ ɝɟ ɝɌ ɐɜɒɌɵɑɘ ɳɑɐɔəɔɢɌ ɘɌɞɑɜɔɳɌɗɌ əɌ 
ɓɌɗɔɡɌɘɌ ɞɚɖɚɘ əɑɖɚɏ Ɏɜɑɘɑəɝɖɚɏ ɛɑɜɔɚɐɌ [9]. ȿɖɟɛəɑ ɞɜɚɤɖɚɎɑ ɖɚɳɔ ɝɑ ɞɔɣɟ ɣɟɎɌɵɌ 
ɔ ɚɐɜɒɌɎɌɵɌ ɓɌɗɔɡɌ ɟ ɐɌɞɚɘ Ɏɜɑɘɑəɝɖɚɘ ɔəɞɑɜɎɌɗɟ əɌɓɔɎɌɘɚ ɞɜɚɤɖɚɎɔɘɌ ɓɌɗɔɡɌ. 
ȺɛɔɝɌəɔ ɝɟ ɖɌɚ ɛɜɚɢɑəɞəɔ ɟɐɑɚ ɢɑɗɚɖɟɛəɑ Ɏɜɑɐəɚɝɞɔ ɓɌɗɔɡɌ əɌ ɏɚɐɔɤɵɑɘ əɔɎɚɟ. 
Ƚɞɜɟɖɞɟɜɟ ɞɜɚɤɖɚɎɌ ɓɌɗɔɡɌ ɣɔəɑ ɔ ɞɜɚɤɖɚɎɔ ɐɜɒɌɵɌ ɓɌɗɔɡɌ, ɖɚɳɔ ɘɚɏɟ ɐɚɝɞɔɶɔ ɔ ɐɚ 
25% ɢɑɗɚɖɟɛəɑ Ɏɜɑɐəɚɝɞɔ ɓɌɗɔɡɌ [7] . 

ȶɚəɠɔɏɟɜɌɢɔɳɟ ɞɜɚɤɖɚɎɌ ɚɐɜɒɌɎɌɵɌ ɓɌɗɔɡɌ ɝɌɣɔɵɌɎɌɳɟ ɞɜɔ  ɑɗɑɘɑəɞɌ [9]: 

Å ȾɜɚɤɖɚɎɔ ɖɌɛɔɞɌɗɌ-ɟɖɚɗɔɖɚ ɝɑ ɛɜɑɐɘɑɞɔ ɐɜɒɑ əɌ ɓɌɗɔɡɌɘɌ, ɞɌɳ ɟɛɚɞɜɑɍɴɑəɔ 
ɖɌɛɔɞɌɗ ɳɑ ɓɌɜɚɍɴɑə ɔ əɑ ɘɚɒɑ ɝɑ ɖɚɜɔɝɞɔɞɔ ɟ ɐɜɟɏɑ ɝɎɜɡɑ. ȺɎɚ ɖɌɚ ɞɜɚɤɌɖ 
ɛɚɐɜɌɓɟɘɑɎɌ ɛɜɚɛɟɤɞɑəɑ ɘɚɏɟɶəɚɝɞɔ ɟ ɐɜɟɏɌ ɟɗɌɏɌɵɌ, ɖɚɳɔ ɝɑ ɖɌɚ ɚɛɚɜɞɟəɔɞɑɞəɔ 
ɞɜɚɤɌɖ ɛɜɔɛɔɝɟɳɑ ɓɌɗɔɡɌɘɌ.  

Å ȾɜɚɤɖɚɎɔ ɝɖɗɌɐɔɤɞɑɵɌ - ɟɖɴɟɣɟɳɟ ɎɌɜɔɳɌɍɔɗəɑ ɞɜɚɤɖɚɎɑ ɟɛɚɞɜɑɍɑ ɛɜɚɝɞɚɜɌ, 
ɚɝɔɏɟɜɌɵɌ, ɛɚɜɑɓɌ. ȿ ɚɐɜɑɭɑəɔɘ ɝɗɟɣɌɳɑɎɔɘɌ ɚɎɌɳ ɐɑɚ ɞɜɚɤɖɚɎɌ ɝɖɗɌɐɔɤɞɑɵɌ ɳɑ 
ɠɔɖɝəɔ, ɔ ɞɌɖɎɑ ɞɜɚɤɖɚɎɑ əɑ ɞɜɑɍɌ ɟɖɴɟɣɔɎɌɞɔ ɟ ɞɜɚɤɖɚɎɑ ɝɖɗɌɐɔɤɞɑɵɌ ɓɌɗɔɡɌ. 
ȺɝɔɏɟɜɌɵɑ ɔ ɛɚɜɑɓɑ  ɛɚɞɜɑɍəɚ ɳɑ ɟɖɴɟɣɔɞɔ ɝɌɘɚ ɟ ɝɗɟɣɌɳɟ ɟɖɚɗɔɖɚ ɝɌ Ɏɔɝɔəɚɘ 
ɓɌɗɔɡɌ ɎɌɜɔɜɌɳɟ.  

Å ȾɜɚɤɖɚɎɔ ɓɌɝɞɌɜɑɎɌɵɌ, ɖɎɌɜɑɵɌ ɔ ɏɟɍɔɞɌɖɌ ð ɚɏɗɑɐɌɳɟ ɝɑ ɟ ɳɑɐɔəɔɢɌɘɌ 
ɘɌɞɑɜɔɳɌɗɌ ɏɐɑ ɳɑ ɘɚɏɟɶ Ɏɔɝɚɖ ɜɔɓɔɖ ɓɌɝɞɌɜɑɎɌɵɌ. ȿɖɚɗɔɖɚ ɳɑ ɜɔɓɔɖ Ɏɑɶɔ ɔ 
ɞɜɚɤɖɚɎɔ ɝɟ ɝɜɌɓɘɑɜəɚ Ɏɑɶɔ. Ȼɚɜɑɐ ɚɎɚɏɌ ɞɜɚɤɖɚɎɔ ɏɟɍɔɞɖɌ ɟɖɴɟɣɟɳɟ 
əɑɚɎɗɌɤɶɑəɚ ɚɞɟɭɔɎɌɵɑ (ɖɜɌɭɑ) ɔ ɞɜɚɤɖɚɎɑ əɌɝɞɌɗɑ ɗɚɘɚɎɔɘɌ ɎɑɓɌəɔɘ ɓɌ ɐɜɒɌɵɑ 
ɛɜɑɐɘɑɞɌ əɌ ɓɌɗɔɡɌɘɌ. 

ȾɌɣəɚ ɚɐɜɑɐɔɞɔ ɞɜɚɤɖɚɎɑ ɚɐɜɒɌɎɌɵɌ ɓɌɗɔɡɌ ɳɑ ɛɜɔɗɔɣəɚ ɓɌɡɞɑɎəɚ. 
ɀɔəɌəɝɔɳɝɖɔɘ ɜɌɓɘɌɞɜɌɵɑɘ ɘɚɏɟɶɑ ɳɑ ɟɝɞɌəɚɎɔɞɔ ɌɐɑɖɎɌɞɌə ɞɜɚɤɌɖ ɖɌɛɔɞɌɗɌ. 
ȰɑɠɔəɔɝɌɵɑ ɚɝɞɌɞɖɌ ɞɜɚɤɖɚɎɌ ɚɐɜɒɌɎɌɵɌ ɓɌɗɔɡɌ ɝɖɗɌɐɔɤɞɑɵɌ, ɖɎɌɜɑɵɌ, 
ɓɌɝɞɌɜɑɎɌɵɌ ɔ ɏɟɍɔɞɌɖɌ ɘɚɏɟ ɝɑ ɍɌɓɔɜɌɞɔ əɌ ɑɎɔɐɑəɢɔɳɔ ɛɜɑɐɟɓɑɶɌ ɟɓ ɐɚɐɌɞəɑ, ɛɚɝɑɍəɑ 
ɝɞɟɐɔɳɑ ɞɜɚɤɖɚɎɌ.  

Ȼɚɝɑɍəɑ ɔ  ɝɛɑɢɔɠɔɣəɑ ɖɚɘɛɚəɑəɞɑ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ ɝɟ Ɏɑɶ ɛɚɘɑəɟɞɑ 
ɞɓɎ. ɚɛɚɜɞɟəɔɞɑɞəɔ ɞɜɚɤɖɚɎɔ ɔ ɞɜɚɤɖɚɎɔ ɓɌɝɞɌɜɑɎɌɵɌ. ȶɚəɌɣəɟ Ɏɑɗɔɣɔəɟ ɖɚɤɞɌɵɌ 
ɳɑɐɔəɔɢɑ ɘɌɞɑɜɔɳɌɗɌ ɝɌɣɔɵɌɎɌ ɝɟɘɌ ɚɎɔɡ ɞɜɚɤɖɚɎɌ, Ɍ ɚɛɞɔɘɌɗɌə əɔɎɚ ɓɌɗɔɡɌ ɝɘɌɞɜɌ 
ɝɑ ɚəɔɘ ɏɐɑ ɳɑ ɝɌɗɐɚ ɚɎɔɡ ɞɜɚɤɖɚɎɌ əɌɳəɔɒɔ. ȥɑɐɌə ɚɐ əɌɣɔəɌ ɝɌɏɗɑɐɌɎɌɵɌ ɛɜɚɍɗɑɘɌ 
ɳɑ ɟɞɎɜɭɔɎɌɵɑ ɚɛɚɜɞɟəɔɞɑɞəɔɡ ɞɜɚɤɖɚɎɌ ɓɌ ɝɜɑɐɝɞɎɌ ɟɛɚɞɜɑɍɴɑəɌ ɟ ɓɌɗɔɡɌɘɌ. 
ȿɞɎɜɭɟɳɑ ɝɑ ɝɞɚɛɌ ɐɚɡɚɐɖɌ ɖɚɳɌ ɍɔ ɍɔɗɌ ɚɝɞɎɌɜɑəɌ ɟɖɚɗɔɖɚ ɍɔ ɝɑ ɝɜɑɐɝɞɎɌ ɟɛɚɞɜɑɍɔɗɌ 
ɓɌ əɑɖɟ ɐɜɟɏɔ ɝɎɜɡɟ, ɑɖɝɞɑɜəɚ ɔɗɔ ɔəɞɑɜəɚ. ȺɎɔ ɞɜɚɤɖɚɎɔ ɝɑ ɚɐəɚɝɑ əɌ ɔɓɏɟɍɴɑəɔ 
ɛɜɔɡɚɐ ɌəɏɌɒɚɎɌɵɑɘ ɝɜɑɐɝɞɌɎɌ ɖɚɳɌ ɝɟ ɓɌɜɚɍɴɑəɌ ɟ ɓɌɗɔɡɌɘɌ ɔ ɔɓɏɟɍɴɑəɔ ɛɜɔɡɚɐ ɚɐ 
əɑ ɛɜɚɔɓɎɑɐɑəɚɏ. 

ȹɌɜɑɐəɔ ɛɜɚɍɗɑɘ ɎɑɓɌə ɓɌ ɞɜɚɤɖɚɎɑ ɐɜɒɌɵɌ ɓɌɗɔɡɌ ɳɑ ɞɜɚɤɌɖ ɓɌɝɞɌɜɑɎɌɵɌ. 
Ⱥɐɜeɭɑəɑ ɳɑɐɔəɔɢe ɘɌɞɑɜɔɳɌɗɌ ɓɌɗɔɡɌ ɘɚɏɟ ɐɌ ɓɌɝɞɌɜɑɎɌɳɟ ɎɑɚɘɌ ɝɛɚɜɚ (ɛɚəɑɖɑ ɔ əɑ 
ɓɌɝɞɌɜɑɎɌɳɟ), ɐɚɖ ɝɟ ɐɜɟɏɑ ɝɌ ɚɏɜɌəɔɣɑəɔɘ ɜɚɖɚɘ ɟɛɚɞɜɑɍɑ. ȴɛɌɖ ɘɚɒɑ ɝɑ ɖɚəɝɞɌɞɚɎɌɞɔ 
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ɐɌ əɌ ɓɌɗɔɡɌɘɌ ɝɎɌɖɌ ɳɑɐɔəɔɢɌ ɘɌɞɑɜɔɳɌɗɌ ɓɌɝɞɌɜɑɎɌ. ȺɎɔ ɞɜɚɤɖɚɎɔ ɝɑ əɑ ɘɚɏɟ 
ɛɜɑɐɎɔɐɑɞɔ, ɟɓɔɘɌɳɟɶɔ ɟ ɚɍɓɔɜ ɣɔɵɑəɔɢɟ ɐɌ ɝɑ ɝɛɚɓəɌɳɟ əɌɖɚə ɝɞɎɌɜəɚɏ əɌɝɞɌəɖɌ. 
ȴɛɌɖ ɘɚɏɟɶɑ ɳɑ ɟɓɑɞɔ ɟ ɜɌɓɘɌɞɜɌɵɑ ɚɐɜɑɭɑəɔ ɜɔɓɔɖ ɓɌɝɞɌɜɑɎɌɵɌ. ȳɌɗɔɡɑ ɳɑ ɛɚɞɜɑɍəɚ 
ɜɑɐɚɎəɚ ɚɝɗɚɍɌɭɌɞɔ ɓɌɝɞɌɜɑɗɔɡ ɳɑɐɔəɔɢɌ ɘɌɞɑɜɔɳɌɗɌ, ɓɍɚɏ ɞɚɏɌ ɤɞɚ əɑɛɚɞɜɑɍəɚ 
ɓɌɟɓɔɘɌɳɟ ɝɖɗɌɐɔɤəɔ ɛɜɚɝɞɚɜ ɔ ɛɜɚɝɞɚɜ ɓɌ ɘɌəɔɛɟɗɌɢɔɳɟ ɔ əɑ ɜɑɓɟɗɞɔɜɌɳɟ 
ɑɠɔɖɌɝəɔɳɔɘ ɛɚɝɗɚɎɌɵɑɘ [9].  

ȯɜɟɛɌ ɞɜɚɤɖɚɎɌ əɑɐɚɝɞɌɞɖɌ - ɛɑəɌɗɔ ð ɠɚɜɘɔɜɌɳɟ ɐɎɑ ɛɚɐɏɜɟɛɑ: ɞɜɚɤɖɚɎɔ 
əɌɝɞɌɗɔ ɛɜɔ ɓɌɝɞɚɳɟ ɔɗɔ ɚɍɟɝɞɌɎɴɌɵɟ ɛɜɚɔɓɎɚɐɵɑ ɔ ɞɜɚɤɖɚɎɔ ɟɓɜɚɖɚɎɌəɔ 
əɑɛɜɑɐɎɔɭɑəɔɘ ɐɚɏɌɭɌɳɔɘɌ, əɑɐɚɝɞɌɞɖɚɘ ɓɌɗɔɡɌ. ȬɖɞɔɎəɚɝɞɔ ɔ ɛɚɝɞɟɛɢɔ ɔɓɌɓɎɌəɔ 
ɎɌəɜɑɐəɔɘ ɚɖɚɗəɚɝɞɔɘɌ ɛɚɎɗɌɣɑ ɓɌ ɝɚɍɚɘ ɐɚɐɌɞəɑ ɞɜɚɤɖɚɎɑ ɖɚɳɔ ɝɑ ɚɏɗɑɐɌɳɟ ɛɜɑ ɝɎɑɏɌ 
ɟ ɞɑɡəɚɗɚɤɖɚɘ ɛɜɚɢɑɝɟ, ɔəɞɑɜɎɑəɞəɚɳ ɔɓɜɌɐɔ, ɎɌəɜɑɐəɚɘ əɌɜɟɣɔɎɌɵɟ, ɡɔɞəɔɘ 
əɌɍɌɎɖɌɘɌ ɔɞɐ. ȴɓɜɌɒɌɎɌɳɟ ɝɑ ɟ Ɏɜɑɐəɚɝɞɔ ɛɚ ɳɑɐɔəɔɢɔ ɜɚɍɑ ɔ ɳɑɐɔəɔɢɔ ɎɜɑɘɑəɌ, 
ɞɑɤɖɚ ɝɟ ɘɑɜɴɔɎɑ ɔ əɌɳɣɑɤɶɑ ɝɑ Ɏɜɤɔ ɵɔɡɚɎɌ ɛɜɚɢɑəɌ. ȥ. ȷɚɜɑəɝ ɔ ȭ. ȻɌɝɞɑɜəɌɖ (J. 
Lawrence; B. Pasternack) ɞɜɑɞɔɜɌɳɟ ɔɝɞɟ ɏɜɟɛɟ ɞɜɚɤɖɚɎɌ Ɍɗɔ ɳɑ ɔɓɐɎɌɳɌɳɟ ɖɌɚ ɓɌɝɑɍəɟ 
Ɏɜɝɞɟ ɔ əɌɓɔɎɌɳɟ ɓɌɐɚɎɚɴɝɞɎɚ ɖɟɛɢɌ. ȻɚɖɟɤɌɎɌɳɟ ɓɌɐɚɎɚɴɝɞɎɚ, ɚɐəɚɝəɚ əɑɓɌɐɚɎɚɴɝɞɎɚ 
ɖɟɛɢɌ, ɖɎɌɗɔɞɌɞɔɎəɚ ɔɓɜɌɓɔɞɔ ɖɜɚɓ ɍɟɐɟɶɟ Ɏɚɴɟ ɓɌ ɖɟɛɚɎɔəɚɘ [15]. J. ȭɌɜɗɚ (J. Barlow), 
ɚɎɟ ɏɜɟɛɟ ɚɍɜɌɭɟɳɑ ɔ əɌɓɔɎɌ ɳɑ ɞɌɖɚɭɑ ɞɜɚɤɌɖ əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ ɖɚɳɔ ɝɑ ɛɚɳɌɎɴɟɳɑ ɖɌɐɌ 
ɝɔɝɞɑɘ ɍɔɗɚ ɛɜɚɔɓɎɚɐəɔ ɔɗɔ ɞɜɏɚɎɌɣɖɔ ɚɝɞɌəɑ ɍɑɓ ɓɌɗɔɡɌ ɛɜɚɔɓɎɚɐɵɑ ɔɗɔ ɛɜɚɐɌɳɑ 
[20]. ȿɖɚɗɔɖɚ ɛɜɚɔɓɎɚɐəɚɘ ɛɜɚɢɑɝɟ əɑɐɚɝɞɌɳɑ, ɝɌ ɓɌɗɔɡɌ, ɝɌɘɚ ɳɑɐəɌ ɖɚɘɛɚəɑəɞɌ 
ɛɜɚɔɓɎɚɐɵɑ ɔɗɔ ɜɑɓɑɜɎəɔ ɐɑɚ ɛɜɚɔɓɎɚɐəɚɏ ɝɜɑɐɝɞɎɌ, ɚə ɍɔɎɌ ɟɏɜɚɒɑə, ɚɐəɚɝəɚ 
ɚɍɟɝɞɌɎɴɑə. Ƚɗɔɣəɚ ɳɑ ɔ ɟ ɛɜɚɐɌɳɔ, ɟɖɚɗɔɖɚ əɑɘɌ ɞɜɌɒɑəɔɡ ɌɜɞɔɖɌɗɌ ɟ ɐɚɎɚɴəɚɳ 
ɖɚɗɔɣɔəɔ əɌ ɓɌɗɔɡɌɘɌ ɛɜɚɐɌɳɌ ɏɟɍɔ ɖɟɛɢɑ [15]. ȳɌ ɞɜɚɤɖɚɎɑ əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ Ƚ. 
ȻɌɐɘɌəɚɎɌ (S. Padmanava) əɌɎɚɐɔ ɐɌ əɌɝɞɌɳɟ ɖɌɐɌ ɛɜɑɐɟɓɑɶɑ ɚɝɞɌəɑ ɍɑɓ ɓɌɗɔɡɌ ɔɗɔ 
ɵɔɡɚɎɔɡ ɛɚɳɑɐɔəɔɡ ɑɗɑɘɑəɌɞɌ. ȾɜɚɤɌɖ əɌɝɞɌɳɑ ɛɚɜɑɘɑɶɑəɚɘ ɔɗɔ ɚɍɟɝɞɌɎɴɑəɚɘ 
ɛɜɚɔɓɎɚɐɵɚɘ, ɛɗɌɶɌɵɑɘ əɑɌɖɞɔɎəɔɡ ɜɌɐəɔɖɌ, ɞɜɚɤɖɚɎɌ ɛɜɚɔɓɎɚɐəɚɏ ɛɚɏɚəɌ ɟ 
əɑɌɖɞɔɎəɚɘ ɝɞɌɵɟ, ɡɔɞəɑ əɌɍɌɎɖɑ əɑɐɚɝɞɌɳɟɶɔɡ ɑɗɑɘɑəɌɞɌ ɓɌɗɔɡɌ, ɏɟɍɔɞɌɖ ɛɜɚɠɔɞɌ 
ɖɜɚɓ ɜɑɛɟɞɌɢɔɳɟ [31]. 

ȾɜɚɤɖɚɎɑ əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ ɝɌɣɔɵɌɎɌɳɟ ɔ ɞɟɘɌɣɑ ɝɑ ɖɌɚ ɞɜɚɤɖɚɎɔ ɟ ɝɗɟɣɌɳɟ 
əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ, ɤɞɚ ɛɚɐɜɌɓɟɘɑɎɌ ɔ ɔɓɔɝɖɟɳɑ ɐɚɐɌɞəɑ ɞɜɚɤɖɚɎɑ ɖɌɚ ɤɞɚ ɝɟ ɡɔɞəɑ 
ɐɚɝɞɌɎɑ, ɓɌɘɑəɌ ɛɚɝɞɚɳɑɶɔɡ ɐɚɍɌɎɴɌɣɌ ɔ ɝɗɔɣəɚ. ȿ ɞɚɘ ɝɗɟɣɌɳɟ ɐɚɗɌɓɔ ɐɚ ɓɌɝɞɚɳɌ 
ɛɜɚɔɓɎɚɐɵɑ ɔɗɔ ɐɚ əɑɔɝɛɟɵɌɎɌɵɌ əɌɜɟɹɍɔəɑ ɖɟɛɌɢɌ [7]. ȾɜɚɤɖɚɎɔ əɑɐɚɝɞɌɞɖɌ 
ɓɌɗɔɡɌ ɚɐɜɌɒɌɎɌɳɟ ɝɑ ɖɜɚɓ ɑɖɚəɚɘɝɖɑ ɛɚɝɗɑɐɔɢɑ ɟɝɗɑɐ əɑɝɞɌəɖɌ ɓɌɗɔɡɌ. ȹɌ ɚɎɌɳ əɌɣɔə 
ɏɟɍɔ ɝɑ ɛɜɚɠɔɞ ɚɐ əɑɛɜɚɔɓɎɑɐɑəɚɏ ɔ ɚɐ ɛɜɚɐɌɳɑ, ɤɞɚ ɘɚɒɑ ɐɚɎɑɝɞɔ ɐɚ ɞɜɌɳəɚɏ ɏɟɍɔɞɖɌ 
ɛɜɚɐɌɳɌ. ȮɑɚɘɌ ɳɑ ɞɑɤɖɚ ɔɓɎɜɤɔɞɔ ɛɜɚɢɑəɟ ɞɜɚɤɖɚɎɌ əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ. Ȼɜɚɢɑəɑ ɝɑ 
ɞɑɘɑɴɑ əɌ ɛɜɔəɢɔɛɟ ɔɓɏɟɍɴɑəɚɏ ɛɜɚɠɔɞɌ. ȻɜɌɖɞɔɣəɚ ɚɎɌɳ ɛɜɚɍɗɑɘ ɝɑ ɚɞɖɗɌɵɌ 
ɖɚəɠɔɏɟɜɌɢɔɳɚɘ ɛɜɔɡɎɌɞɴɔɎɔɡ ɎɔɝɔəɌ ɜɔɓɔɖɌ ɎɑɓɌəɔɡ ɓɌ ɓɌɗɔɡɑ. ȺɎɌɖɌɎ əɌɣɔə ɘɚɒɑ 
ɝɑ ɛɚɖɌɓɌɞɔ ɎɑɚɘɌ ɝɖɟɛɔɘ, ɓɍɚɏ ɞɚɏɌ ɤɞɚ ɛɚɐɜɌɓɟɘɑɎɌ ɔ Ɏɔɝɚɖɑ ɞɜɚɤɖɚɎɑ ɟ ɝɗɟɣɌɳɟ 
əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ. Ȼɜɚɍɗɑɘ ɚɐɜɑɭɔɎɌɵɌ ɞɜɚɤɖɚɎɌ əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ ɐɚ ɝɌɐɌ əɔɳɑ ɐɌɚ 
ɓɌɐɚɎɚɴɌɎɌɳɟɶɌ ɜɑɤɑɵɑ [9]. 

ȯɜɟɛɌ ɚɝɞɌɗɔɡ ɞɜɚɤɖɚɎɌ ð ɣɔəɑ ɳɑ ɝɎɔ ɞɜɚɤɖɚɎɔ, ɓɌ ɖɚɳɑ əɔɳɑ ɘɚɏɟɶɑ əɌɶɔ 
ɌɐɑɖɎɌɞəɚ ɘɑɝɞɚ ɟ ɐɚ ɝɌɐɌ əɌɎɑɐɑəɔɘ ɏɜɟɛɌɘɌ. ȬɐɑɖɎɌɞɌə ɛɜɑɐɝɞɌɎəɔɖ ɚɎɑ ɏɜɟɛɑ ɝɟ 
ɞɜɚɤɖɚɎɔ ɜɌɝɡɚɐɌ, ɠɗɑɖɝɔɍɔɗəɚɝɞɔ ɛɜɚɔɓɎɚɐɵɑ ɓɍɚɏ əɌɏɗɑ ɔ əɑɚɣɑɖɔɎɌəɑ ɛɚɞɜɌɒɵɑ 
ɔ ɔɞɐ [19].  

ȹɌ ɝɗɔɢɔ 2.5., ɜɌɐɔ ɗɌɖɤɑɏ ɝɌɏɗɑɐɌɎɌɵɌ ɔɓəɑɝɑəɚɏ, ɏɜɌɠɔɣɖɔ ɝɟ ɛɜɔɖɌɓɌəɔ 
əɌɳɓəɌɣɌɳəɔɳɔ ɣɔəɔɚɢɔ ɟɖɟɛəɔɡ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ. 
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ȽɗɔɖɌ 2.5. ȻɚɐɑɗɌ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ 

Ƚɗɔɣəɟ ɛɚɐɑɗɟ ɐɌɳɑ ɟ ɖɵɔɓɔ Ȱ. ȭɗɟɘɍɑɜɏ (D. Bloomberg). Oə ɝɎɜɝɞɌɎɌ ɞɜɚɤɖɚɎɑ 
ɐɜɒɌɵɌ ɓɌɗɔɡɌ ɟ ɣɑɞɔɜɔ ɚɖɎɔɜəɑ ɖɌɞɑɏɚɜɔɳɑ. ȿ ɞɌɍɑɗɔ 2.1. ɛɜɔɖɌɓɌəɌ ɳɑ ɚɎɌ ɛɚɐɑɗɌ. 
ȳɌɗɔɡɑ ɔɓɔɝɖɟɳɟ ɚɐɜɑɭɑəɑ ɞɜɚɤɖɚɎɑ ɖɚɳɔ ɝɑ ɘɚɜɌɳɟ ɛɚɖɜɔɞɔ, Ɍ ɐɜɒɌɵɑɘ ɓɌɗɔɡɌ 
ɛɜɑɐɟɓɑɶɌ (ɛɚɝɗɚɎəɔ ɝɟɍɳɑɖɞɔ) ɝɑ ɤɞɔɞɑ ɚɐ əɑɔɓɎɑɝəɚɝɞɔ ɛɜɔ ɛɜɚɘɑəɌɘɌ ɛɚɞɜɌɒɵɑ ɔ 
əɌɍɌɎɖɑ [27]. 

ȾɌɍɑɗɌ 2.1. Ȯɜɝɞɑ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ [27] 

ȶɌɞɑɏɚɜɔɳɌ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ ȶɚɘɛɚəɑəɞɑ ɞɜɚɤɖɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ 

ȶɌɛɔɞɌɗəɔ ɞɜɚɤɖɚɎɔ ȿɗɌɏɌɵɑ ɟ ɓɌɗɔɡɑ 

ȾɜɚɤɖɚɎɔ ɝɖɗɌɐɔɤəɚɏ ɛɜɚɝɞɚɜɌ 

ȽɖɗɌɐɔɤɞɌ ɛɜɔ ɛɚɏɚəɟ 
ȥɌɎəɌ ɝɖɗɌɐɔɤɞɌ 
ȴɓəɌɳɘɴɑəɌ ɝɖɗɌɐɔɤɞɌ 
ȽɖɗɌɐɔɤɞɌ ɛɜɑɐɟɓɑɶɌ 

ȾɜɚɤɖɚɎɔ ɝɑɜɎɔɝɔɜɌɵɌ ɓɌɗɔɡɌ 
ȺɝɔɏɟɜɌɵɑ 
ȼɔɓɔɖ 

ȾɜɚɤɖɚɎɔ ɜɔɓɔɖɌ ɓɌɗɔɡɌ 

ȳɌɝɞɌɜɑɎɌɵɑ  

Ⱥɤɞɑɶɑɵɑ 

ȶɌɗɚ 

ȾɜɚɤɖɚɎɔ ɛɜɑɘɑɤɞɌɵɌ 

ɞɜɚɤɖɚɎɔ 
ɐɚɛɜɑɘɑ

ɞɜɚɤɖɚɎɔ 
ɛɜɑɐɘɑɞɌ

ɞɜɚɤɖɚɎɔ 
əɌɜɟɣɔɎɌɵɌ

ɞɜɚɤɖɚɎɔ 
əɌɍɌɎɖɑ

ɞɜɚɤɖɚɎɔ 
ɓɌɝɞɌɜɑɎɌɵɌ 
ɏɟɍɔɞɖɌ

ɞɜɚɤɖɚɎɔ 
ɝɖɗɌɐɔɤɞɑɵɌ

ɞɜɚɤɖɚɎɔ 
ɖɌɛɔɞɌɗɌ

ɞɜɚɤɖɚɎɔ 
ɐɜɒɌɵɌ

ɚɝɞɌɗɔ 
ɞɜɚɤɖɚɎɔ

ɞɜɚɤɖɚɎɔ 
əɑɐɚɝɞɌɞɖɌ

ɟɖɟɛəɔ ɞɜɚɤɖɚɎɔ ɐɜɒɌɵɌ ɓɌɗɔɡɌ
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ȽɗɔɖɌ 2.6. Ȯɜɝɞɑ ɞɜɚɤɖɚɎɌ ɝɌ ɛɜɚɢɑəɞɟɌɗəɔɘ ɟɐɑɗɚɘ ɟ ɚɖɎɔɜɟ ɟɖɟɛəɔɡ ɞɜɚɤɖɚɎɌ 
 

 ȹɌ ɚɝəɚɎɟ ɔɝɞɜɌɒɔɎɌɵɌ Ȱ. Ȯɚɞɑɜɝ (D. Waters), ɖɚɳɑ ɔɓəɚɝɔ ɟ ɝɎɚɳɚɳ ɖɵɔɓɔ ɚ 
Ɏɜɑɐəɚɝɞɔ ɐɜɒɌɵɌ ɓɌɗɔɡɌ, ɏɜɟɍɚɘ ɛɜɚɢɑəɚɘ ɎɜɝɞɌ ɔ ɜɌɝɛɚəɌ ɞɜɚɤɖɚɎɌ ɎɑɓɌəɔɡ ɓɌ 
ɝɖɗɌɐɔɤɞɑɵɑ ɓɌɗɔɡɌ, ɔɝɖɌɓɟɳɑ ɛɜɚɢɑəɞɟɌɗəɔɘ ɟɐɑɗɚɘ ɟ ɚɐəɚɝɟ əɌ ɳɑɐɔəɔɣəɟ ɢɑəɟ 
ɛɜɚɔɓɎɚɐɌ. ȹɌ ɝɗɔɢɔ 2.6. ɝɟ ɛɜɔɖɌɓɌəɑ Ɏɜɝɞɑ ɔ ɵɔɡɚɎ ɛɜɚɢɑəɞɟɌɗəɔ ɚɍɟɡɎɌɞ ɟ ɚɖɎɔɜɟ 
Ɏɜɑɐəɚɝɞɔ ɟɖɟɛəɔɡ ɞɜɚɤɖɚɎɌ [30]. ȿɓ ɛɜɔɖɌɓɌəɚ, ɜɌɓɎɜɝɞɌɎɌɵɌ ɞɜɚɤɖɚɎɌ ɟɛɜɌɎɴɌɵɌ 
ɓɌɗɔɡɌɘɌ, ɟ ɝɞɜɟɣəɚɳ ɗɔɞɑɜɌɞɟɜɔ, ɝɟ ɘəɚɏɚɍɜɚɳəa. ȭɚɴɑɘ ɝɌɏɗɑɐɌɎɌɵɟ ɟɞɔɢɌɳɌ 
ɟɖɟɛəɔɡ ɞɜɚɤɖɚɎɌ ɓɌɗɔɡɌ, ɐɚɛɜɔəɚɝɔ ɛɜɔɖɌɓ əɌ ɝɗɔɢɔ 2.7. ɏɐɑ ɳɑ ɛɜɑɐɝɞɌɎɴɑəɌ 
ɓɌɎɔɝəɚɝɞ ɚɎɔɡ ɞɜɚɤɖɚɎɌ ɚɐ ɖɚɗɔɣɔəɑ əɌɜɟɣɑəɔɡ ɌɜɞɔɖɌɗɌ ɓɌ ɓɌɗɔɡɑ, ɚɐəɚɝəɚ 
Ɏɑɗɔɣɔəɑ ɠɚɜɘɔɜɌəɔɡ ɓɌɗɔɡɌ [15]. 

       
ȽɗɔɖɌ 2.7. ȯɜɌɠɔɣɖɔ ɛɜɔɖɌɓ ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɔ əɌɜɟɣɔɎɌɵɌ ɓɌɗɔɡɌ ɟ ɚɐəɚɝɟ əɌ 

ɖɚɗɔɣɔəɟ [17] 

ȹɌ ɚɝəɚɎɟ ɏɜɌɠɔɖɚəɌ əɌ ɝɗɔɢɔ 2.7. ɟɚɣɴɔɎɚ ɳɑ ɐɌ ɗɔəɑɌɜəɚ ɜɌɝɞɑ ɞɜɚɤɌɖ 
ɐɜɒɌɵɌ ɓɌɗɔɡɌ ɝɌ ɛɚɎɑɶɌɵɑɘ ɵɔɡɚɎɑ ɖɚɗɔɣɔəɑ, ɚɐəɚɝəɚ əɑɗɔəɑɌɜəɚ ɚɛɌɐɌ ɝɌ 
ɛɚɎɑɶɌɵɑɘ əɌɜɟɣɑəɑ ɖɚɗɔɣɔəɑ. 

Ⱥɛɤɞɔ ɓɌɖɴɟɣɌɖ ɖɚɳɔ ɝɑ ɘɚɒɑ ɔɓɜɑɶɔ əɌ ɚɝəɚɎɟ ɛɜɑɐɝɞɌɎɴɑəɔɡ ɛɜɔɘɑɜɌ, 
ɝɌɏɗɑɐɌɎɌɳɟɶɔ ɝɎɑ əɌɎɑɐɑəɑ ɞɜɚɤɖɚɎɑ ɟ ɚɖɎɔɜɟ ɟɖɟɛəɔɡ ɞɜɚɤɖɚɎɌ ɓɌɗɔɡɌ, ɳɑ ɐɌ ɝɟ 
əɌɳɐɚɘɔəɌəɞəɔɳɔ ɞɜɚɤɖɚɎɔ əɌɜɟɣɔɎɌɵɌ ɔ ɞɜɚɤɖɚɎɔ ɐɜɒɌɵɌ ɓɌɗɔɡɌ [17].  

 

 

ɟɖɟɛəɔ ɞɜɚɤɖɚɎɔ ɐɜɒɌɵɌ ɓɌɗɔɡɌ

ɟ ɚɐəɚɝɟ əɌ ɳɑɐɔəɔɣəɟ ɢɑəɟ ɛɜɚɔɓɎɚɐɌ (19-35%)

ɞɜɚɤɖɚɎɔ ɖɌɛɔɞɌɗɌ (10-15%)

ɟɛɜɌɎɴɌɵɌ ɝɖɗɌɐɔɤəɔɘ ɛɜɚɝɞɚɜɚɘ (2ð5 %)

ɏɟɍɔɞɌɖ ɜɚɍɑ/Ɏɜɑɐəɚɝɞɔ (4ð6 %)

ɜɟɖɚɎɌɵɑ ɘɌɞɑɜɔɳɌɗɚɘ (1ð2 %)

ɚɝɔɏɟɜɌɵɑ (1ð5 %)

ɌɐɘɔəɔɝɞɜɌɢɔɳɌ (1ð2 %)

ɞ
ɜ
ɚ
ɤ
Ɍ
ɖ

ɖɚɗɔɣɔəɌ

ɞɜɚɤɌɖ ɐɜɒɌɵɌ ɓɌɗɔɡɌ

ɞ
ɜ
ɚ
ɤ
Ɍ
ɖ

ɖɚɗɔɣɔəɌ

ɞɜɚɤɌɖ əɌɜɟɣɔɎɌɵɌ ɓɌɗɔɡɌ
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2.5. ȿȻȼȬȮȦȬȧȱ ȳȬȷȴɁȬȸȬ  

ȿɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ əɔɳɑ əɚɎɔɳɔ əɔ ɔɓɜɌɓ əɔ ɖɚəɢɑɛɞ. Ȭɖɚ ɓɌɎɔɜɔɘɚ ɟ ɐɌɴɟ 
ɛɜɚɤɗɚɝɞ ɘɚɒɑɘɚ ɚɞɖɜɔɞɔ ɖɚɜɑəɑ ɚəɚɘɑ ɤɞɚ ɐɌəɌɝ ɓɚɎɑɘɚ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ. 
Ȼɚɝɑɍəɟ ɛɌɒɵɟ ɞɜɑɍɌ ɚɍɜɌɞɔɞɔ ɟ ɎɜɑɘɑəɔɘɌ əɑɝɞɌɤɔɢɌ ɚɝəɚɎəɔɡ ɴɟɐɝɖɔɡ 
ɑɏɓɔɝɞɑəɢɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ. ȿ ɞɔɘ ɞɑɤɖɔɘ ɎɜɑɘɑəɔɘɌ ɟɖɚɗɔɖɚ ɳɑ əɑɖɚ ɛɚɝɑɐɚɎɌɚ Ɏɑɶɑ 
ɓɌɗɔɡɑ, ɚəɑ ɝɟ ɘɟ ɚɘɚɏɟɶɌɎɌɗɑ ɝɔɏɟɜəɚɝɞ ɔ ɛɜɔɗɔɖɟ ɓɌ ɛɜɑɒɔɎɴɌɎɌɵɑ. ȻɔɞɌɵɑ ɳɑ ɐɌ 
ɗɔ ɍɔ əɌɝɞɌɗɌ ɢɔɎɔɗɔɓɌɢɔɳɌ ɐɌ əɔɝɟ ɛɚɝɞɚɳɌɗɑ ɓɌɗɔɡɑ. ȿəɌɛɜɑɭɑɵɑɘ ɔ ɛɜɚɝɛɑɜɔɞɑɞɚɘ 
ɛɚɴɚɛɜɔɎɜɑɐɑ ɔ ɝɞɚɣɌɜɝɞɎɌ ɓɌɡɎɌɴɟɳɟɶɔ ɛɜɚɏɜɑɝɟ ɴɟɐɝɖɚɏ ɓəɌɵɌ ɐɚɗɌɓɔ ɐɚ ɝɞɎɌɜɌɵɌ 
ɎɔɤɖɚɎɌ ɚɐəɚɝəɚ ɐɚ ɠɚɜɘɔɜɌɵɌ ɛɜɎɔɡ ɓɌɗɔɡɌ, ɖɚɳɔɘɌ ɝɑ ɘɚɏɗɌ ɔɘɌɞɔ ɝɔɏɟɜəɚɝɞ ɟ 
ɎɜɑɘɑəɔɘɌ ɖɜɔɓɌ ɔ əɑɝɞɌɤɔɢɌɘɌ ɔɗɔ ɝɑ ɘɚɏɗɚ ɞɜɏɚɎɌɞɔ. ȿɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɐɚɗɌɓɔ 
ɟ ɛɜɎɔ ɛɗɌə ɚɐəɚɝəɚ ɟ ɠɚɖɟɝ ɞɑɖ ɝɜɑɐɔəɚɘ ɛɜɚɤɗɚɏɌ ɎɑɖɌ, ɖɌɚ ɤɞɚ ɳɑ Ɏɑɶ ɛɚɘɑəɟɞɚ. 
ȽɞɟɛɌɵɑɘ ɔ ɜɌɓɎɔɳɌɵɑɘ əɚɎɔɡ ɞɑɡəɚɗɚɏɔɳɌ ɔ ɟɗɌɝɖɚɘ ɟ ɔəɠɚɜɘɌɢɔɚəɚ ɐɚɍɌ 
ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɐɚɍɔɳɌ ɘɚɏɟɶəɚɝɞ ɝɎɑɚɍɟɡɎɌɞəɚɝɞɔ ɔ ɖɜɑɌɞɔɎəɔɳɑɏ ɔ ɗɌɖɤɑɏ 
ɛɜɔɝɞɟɛɌ əɌɳɎɔɤɑ ɓɌɡɎɌɴɟɳɟɶɔ əɌɏɗɚɘ ɛɚɎɑɶɌɵɟ ɍɜɓɔəɑ ɖɚɘɟəɔɖɌɢɔɳɌ, Ɍɗɔ ɔ ɜɌɓɎɚɳɑɘ 
ɚɝɞɌɗɔɡ ɞɑɡəɚɗɚɤɖɔɡ ɐɚɝɞɔɏəɟɶɌ. Ⱦɜɑəɐ ɤɔɜɚɘ ɛɗɌəɑɞɑ ɳɑ ɟ ɝɘɌɵɑɵɟ ɓɌɗɔɡɌ ɔ 
ɛɚɎɑɶɌɵɟ ɑɠɔɖɌɝəɚɝɞɔ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ.  

Ȱɚ əɑɐɌɎəɚ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ, ɟɛɜɖɚɝ ɔɓəɑɝɑəɚɘ, əɑɜɑɞɖɚ ɳɑ ɍɔɗɌ 
ɓɌɛɚɝɞɌɎɴɑəɌ ɔ ɛɚɐɢɑɵɑəɌ ɛɚɝɗɚɎəɌ ɌɖɞɔɎəɚɝɞ. ȳɌ ɛɜɚɔɓɎɚɐəɌ ɛɜɑɐɟɓɑɶɌ, ɟɛɜɌɎɴɌɵɑ 
ɓɌɗɔɡɌɘɌ ɛɜɑɐɝɞɌɎɴɌɗɚ ɳɑ ɛɜɔɗɔɣəɚ ɝɗɚɒɑəɔ ɔ ɓɌɡɞɑɎɌə ɛɜɚɍɗɑɘ ɓɌ ɐɑɞɌɴəɔɳɟ ɔ 
ɖɚɘɛɗɑɖɝəɟ ɌəɌɗɔɓɟ, ɛɌ ɝɑ ɛɜɔɍɑɏɌɎɌɗɚ ɳɑɐəɚɝɞɌɎəɚɳ ɔ ɟɛɜɚɤɶɑəɚɳ ɌəɌɗɔɓɔ  ɤɞɚ ɳɑ 
ɐɚɎɚɐɔɗɚ ɐɚ ɓɌɖɴɟɣɌɖɌ ɖɌɖɚ ɳɑ əɌɳɍɚɴɑ ɛɚɝɑɐɚɎɌɞɔ ɚəɚɗɔɖɚ ɓɌɗɔɡɌ ɖɚɗɔɖɚ 
ɠɔəɌəɝɔɳɝɖɌ ɘɚɶ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɑɐɟɓɑɶɌ ɞɚ ɐɚɓɎɚɴɌɎɌ [32]. 

ȰɌəɌɝ ɎɑɚɘɌ ɍɔɞəɟ ɟɗɚɏɟ ɟ ɟɛɜɌɎɴɌɵɟ ɛɜɑɐɟɓɑɶɑɘ ɛɜɑɐɝɞɌɎɴɌ ɖɚɘɛɚəɑəɞɌ 
ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ. ȿɞɔɢɌɳ ɔ ɎɌɒəɚɝɞ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɛɜɚɔɝɞɔɣɑ ɔ ɚɏɗɑɐɌ ɝɑ 
ɖɜɚɓ Ɏɑɗɔɖɟ ɑɖɚəɚɘɝɖɟ Ɏɜɑɐəɚɝɞ ɓɌɗɔɡɌ ɛɜɑɐɟɓɑɶɌ. ȴɝɛɟɵɌɎɌɵɑ ɓɌɡɞɑɎɌ ɖɜɌɳɵɔɡ 
ɖɚɜɔɝəɔɖɌ ɔɗɔ ɖɟɛɌɢɌ ɔ ɛɜɑɎɌɓɔɗɌɒɑɵɑ əɑɝɖɗɌɐɌ ɎɑɓɌəɚɏ ɓɌ Ɏɜɑɘɑ ɔɓɘɑɭɟ ɛɚɞɜɌɒɵɑ 
ɔ ɐɚɝɞɌɎɑ ɝɟ ɍɌɓəɔ ɛɜɚɍɗɑɘɔ ɖɚɳɑ ɜɑɤɌɎɌ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ. ȳɍɚɏ ɞɚɏɌ ɝɑ ɟ 
Ɍɖɞɟɑɗəɚɘ əɑɝɞɌɍɔɗəɚɘ ɛɚɝɗɚɎəɚɘ ɚɖɜɟɒɑɵɟ, ɟɝɗɚɎɴɑəɚɘ əɑɔɓɎɑɝəɚɤɶɟ, 
əɑɝɔɏɟɜəɚɤɶɟ ɔ ɔɓɜɌɒɑəɚɘ ɖɚəɖɟɜɑəɞəɚɤɶɟ ɞɜɒɔɤɞɌ, ɓɌɗɔɡɌɘɌ ɛɚɖɗɌɵɌ ɝɎɑ ɎɑɶɌ 
ɛɌɒɵɌ. ȼɑɤɌɎɌɵɑ ɛɜɚɍɗɑɘɌ ɟ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ ɛɜɑɐɝɞɌɎɴɌ ɝɎɑ ɣɑɤɶɑ ɳɑɐɌə ɚɐ 
ɜɑɤɌɎɌəɔɳɔɡ ɛɜɚɍɗɑɘɌ ɛɜɔ ɛɜɌɖɞɔɣəɚɳ ɛɜɔɘɑəɔ. ȴɓ Ɏɑɗɔɖɚɏ ɍɜɚɳɌ ɜɌɓɗɔɣɔɞɔɡ ɔ 
ɜɑɌɗəɔɡ ɛɜɌɖɞɔɣəɔɡ ɛɜɔɘɑɜɌ ɘɚɒɑ ɝɑ ɟɚɣɔɞɔ ɓəɌɣɌɳ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ. ȳəɌɣɌɳ 
ɛɚɞɎɜɭɟɳɑ ɔ ɣɔɵɑəɔɢɌ ɐɌ əɑɖɌ ɎɑɶɌ ɛɜɑɐɟɓɑɶɌ ɔ ɖɚɘɛɌəɔɳɑ ɔɘɌɳɟ ɠɚɜɘɔɜɌəɑ ɛɚɝɑɍəɑ 
ɚɏɜɌəɖɑ ɚɐəɚɝəɚ ɚɐɑɴɑɵɌ ɖɚɳɔɘɌ ɳɑ ɓɌɐɌɞɌɖ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ [19] [15]. 

ȮɌɒəɚɝɞ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ, ɐɔɜɑɖɞəɚ ɛɚɞɔɣɑ ɚɐ Ɏɜɑɐəɚɝɞɔ ɜɌɝɛɚɗɚɒɔɎɔɡ 
ɓɌɗɔɡɌ ɛɜɑɐɟɓɑɶɑ. ȿɛɜɌɎɴɌɵɑɘ ɓɌɗɔɡɌɘɌ ɘɚɏɟɶɑ ɳɑ ɚɞɖɗɚəɔɞɔ ɛɜɔɘɌɜəɔ ɛɜɚɍɗɑɘ 
ɖɚɳɔ ɝɑ ɚɏɗɑɐɌ ɟ əɑɝɖɗɌɐɟ ɎɜɑɘɑəɌ ɔɓɘɑɭɟ ɛɚɞɜɌɒɵɑ ɔ ɝəɌɍɐɑɎɌɵɌ, ɖɌɚ ɔ ɔɓɘɑɭɟ 
ɛɚɞɜɑɍɌ ɔ ɜɌɝɛɚɗɚɒɔɎɑ ɖɚɗɔɣɔəɑ ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɟ ɛɜɚɔɓɎɚɐɵɔ. ȿɛɜɌɎɴɌɳɟɶɔ 
ɓɌɗɔɡɌɘɌ ɎɌɒəɚ ɳɑ ɛɚɝɞɔɶɔ ɚɍɑɓɍɑɭɑɵɑ əɑɚɛɡɚɐəɔɡ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ, əɌ ɞɌɳ 
əɌɣɔə ɐɌ ɝɑ ɛɜɚɢɑɝ ɛɜɚɔɓɎɚɐɵɑ ɚɐɎɔɳɌ ɛɜɑɘɌ ɛɜɑɐɎɔɭɑəɚɳ ɐɔəɌɘɔɢɔ ɔ ɍɑɓ 
əɑɛɗɌəɔɜɌəɔɡ ɓɌɝɞɚɳɌ. Ȼɜɔ ɔɝɛɟɵɑɵɟ ɚɎɚɏ ɓɌɡɞɑɎɌ ɛɚɞɜɑɍəɚ ɳɑ ɓɌɐɚɎɚɴɔɞɔ ɟɝɗɚɎ ɓɌ 
ɤɞɚ əɔɒɔɘ ɖɟɘɟɗɌɞɔɎəɔɘ ɞɜɚɤɖɚɎɔɘɌ ɛɜɔ ɟɛɜɌɎɴɌəɟ ɓɌɗɔɡɌɘɌ [15]. 
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ȳəɌɣɔ ɚɝəɚɎəɔ ɓɌɐɌɞɌɖ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɳɑ ɐɌ ɓɌɗɔɡɑ ɍɟɐɟ ɤɞɚ ɳɑ ɘɚɏɟɶɑ 
ɘɌɵɑ, Ɍɗɔ ɟɎɑɖ ɌɐɑɖɎɌɞəɑ ɓɌ ɓɌɐɚɎɚɴɌɎɌɵɑ ɛɜɑ ɝɎɑɏɌ ɛɜɚɔɓɎɚɐɵɑ Ɍɗɔ ɔ ɛɚɞɜɌɒɵɑ. 
ȳɌɗɔɡɑ ɖɚɳɑ ɝɟ ɛɜɑɎɑɗɔɖɑ ɔɘɌɳɟ Ɏɔɝɚɖɑ ɞɜɚɤɖɚɎɑ, ɐɚɖ ɛɜɑɘɌɗɑ ɓɌɗɔɡɑ ɏɑəɑɜɔɤɟ 
Ɏɑɗɔɖɔ ɍɜɚɳ ɛɜɚɍɗɑɘɑ ɔ ɤɞɑɞəɔɡ ɖɚəɝɑɖɎɑəɢɔ ɛɜɑ ɝɎɑɏɌ ɟ ɛɜɚɔɓɎɚɐɵɔ Ɍ ɓɌɞɔɘ ɟ 
ɐɔɝɞɜɔɍɟɢɔɳɔ  ɔ ɞɜɏɚɎɔəɔ [33] [34].  

Ⱥɍɑɓɍɑɐɔɞɔ ɛɜɑɢɔɓəɟ ɖɚɗɔɣɔəɟ ɚɐɜɑɭɑəɚɏ ɛɜɚɔɓɎɚɐɌ ɝɌ ɛɜɌɎɚɎɜɑɘɑəɔɘ 
əɌɜɟɣɔɎɌɵɑɘ ɳɑ ɚɝəɚɎəɌ ɝɎɜɡɌ ɟɛɜɌɎɴɌɵɌ ɔ ɖɚəɞɜɚɗɑ ɓɌɗɔɡɌ [15]. ȶɌɖɚ ɍɔ əɌɎɑɐɑəɚ 
ɍɔɗɚ ɚɝɞɎɌɜɑəɚ ɛɚɞɜɑɍəɚ ɳɑ ɐɌɞɔ ɚɐɏɚɎɚɜɑ əɌ ɞɜɔ ɎɑɚɘɌ ɍɔɞəɌ ɛɔɞɌɵɌ (ɖɚɳɑ, ɖɌɐɌ, 
ɖɚɗɔɖɚ). ȶɚɳɑ ɝɔɜɚɎɔəɑ ɚɐəɚɝəɚ ɛɜɚɢɑɝəɔ ɘɌɞɑɜɔɳɌɗ ɔɗɔ ɛɜɚɔɓɎɚɐɑ ɞɜɑɍɌ əɌɜɟɣɔɞɔ? 
ȶɌɐɌ ɳɑ ɛɚɞɜɑɍəɚ ɔɓɎɜɤɔɞɔ ɛɚɜɟɹɍɔəɟ ? ȶɚɗɔɖɚ, ɖɚɳɟ ɖɚɗɔɣɔəɟ ɝɔɜɚɎɔəɌ, ɛɜɚɢɑɝəɚɏ 
ɘɌɞɑɜɔɳɌɗɌ, ɛɜɚɔɓɎɚɐɌ ɳɑ ɛɚɞɜɑɍəɚ ɛɚɜɟɣɔɞɔ? [13] [20] 

ȮɌɒəɚɝɞ ɔɓɍɚɜɌ ɝɔɜɚɎɔəɑ, ɛɜɚɢɑɝəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɔɗɔ ɛɜɚɔɓɎɚɐɌ ɛɜɔ 
əɌɜɟɣɔɎɌɵɟ ɘɚɒɑ ɗɑɒɌɞɔ ɟ ɚɝəɚɎəɔɘ ɜɌɓɗɚɓɔɘɌ ɐɜɒɌɵɌ ɚɎɔɡ ɑɗɑɘɑəɌɞɌ əɌ ɓɌɗɔɡɌɘɌ. 
ȺɝəɚɎəɔ ɜɌɓɗɚɓɔ ɚɏɗɑɐɌɳɟ ɝɑ ɟ: ɚɝɔɏɟɜɌɵɟ ɑɠɔɖɌɝəɚɏ ɔ əɑɚɘɑɞɌəɚɏ ɛɜɚɢɑɝɌ 
ɛɜɚɔɓɎɚɐɵɑ, ɚɝɞɎɌɜɔɎɌɵɟ ɜɌɍɌɞɌ ɛɜɔ əɌɍɌɎɢɔ Ɏɑɶɑ ɖɚɗɔɣɔəɑ; ɓɌɤɞɔɞɔ ɚɐ əɑɐɚɝɞɌɞɖɌ 
ɓɌɗɔɡɌ ɛɜɔ ɓəɌɣɌɳəɔɘ ɠɗɟɖɞɟɌɢɔɳɌɘɌ ɞɜɌɒɵɑ; ɝɞɎɌɜɌɵɟ ɜɑɓɑɜɎɔ ɟɝɗɑɐ ɛɑɜɔɚɐɔɣəɔɡ 
(ɝɑɓɚəɝɖɔɡ) ɚɝɢɔɗɌɢɔɳɌ ɟ əɌɍɌɎɢɔ ɔ əɌ ɖɜɌɳɟ ɓɌɤɞɔɞɔ ɚɐ ɛɚɎɑɶɌɵɌ ɢɑəɌ əɌ ɞɜɒɔɤɞɟ 
ɞɳ. ɔəɠɗɌɢɔɳɑ [20]. 

ȿɖɚɗɔɖɚ ɝɑ ɜɌɓɘɌɞɜɌ Ɏɜɑɘɑ əɌɘɑɶɟ ɝɑ ɐɎɌ ɠɟəɐɌɘɑəɞɌɗəɌ ɛɜɔɝɞɟɛɌ[20]: 

¶ ɛɜɔɝɞɟɛ ɖɚɳɔ ɝɑ ɝɎɚɐɔ əɌ əɌɜɟɣɔɎɌɵɑ ɖɚəɝɞɌəɞəɑ ɖɚɗɔɣɔəɑ. ȱɎɑəɞɟɌɗəɚ 
ɎɌɜɔɜɌɵɑ ɛɚɞɜɌɒɵɑ ɓɌ ɝɔɜɚɎɔəɌɘɌ, ɛɜɚɢɑɝəɔɘ ɘɌɞɑɜɔɳɌɗɚɘ ɔɗɔ ɛɜɚɔɓɎɚɐɔɘɌ 
ɝɑ ɛɜɑɎɌɓɔɗɌɓɔ ɔɓɘɑəɚɘ ɛɑɜɔɚɐɌ əɌɜɟɣɔɎɌɵɌ; 

¶ ɐɜɟɏɔ ɛɜɔɝɞɟɛ ɝɑ ɓɌɝəɔɎɌ əɌ ɠɔɖɝəɔɘ ɛɑɜɔɚɐɟ əɌɜɟɣɔɎɌɵɌ ɓɌɎɔɝəɚ ɚɐ 
ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ əɌ ɝɞɌɵɟ. ȻɜɚɘɑəɌ ɛɚɞɜɌɒɵɑ ɛɜɚɟɓɜɚɖɟɳɑ ɔ ɚɏɗɑɐɌ ɝɑ ɟ 
ɛɜɚɘɑəɔ Ɏɑɗɔɣɔəɑ, ɖɚɗɔɣɔəɑ əɌɜɟɹɍɔəɑ. 
 
ȹɌɳɞɑɒɔ ɚɐɏɚɎɚɜ ɳɑ əɌ ɛɔɞɌɵɑ ɖɚɗɔɖɚ. ȶɌɖɚ ɍɔ ɝɑ ɚɐɜɑɐɔɗɌ ɖɚɗɔɣɔəɌ 

əɑɚɛɡɚɐəɚ ɳɑ ɛɚɝɑɐɚɎɌɞɔ ɘɚɐɑɗ ɖɌɚ ɍɌɓɟ ɔɓɜɌɣɟəɌɎɌɵɌ ɚɛɞɔɘɌɗəɑ ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ ɓɌ 
əɌɜɟɣɔɎɌɵɑ. ȳɌ ɚɐɜɑɭɔɎɌɵɑ ɚɛɞɔɘɌɗəɑ ɖɚɗɔɣɔəɑ ɚɐəɚɝəɚ Ɏɑɗɔɣɔəɑ ɛɚɜɟɹɍɔəɑ ɟɓ 
əɌɳəɔɒɑ ɞɜɚɤɖɚɎɑ ɟɛɚɞɜɑɍɴɌɎɌɳɟ ɝɑ ɘəɚɏɚɍɜɚɳəɔ ɘɌɞɑɘɌɞɔɣɖɔ ɘɚɐɑɗɔ. ȹɌɳɛɚɓəɌɞɔɳɔ 
ɳɑ ɘɚɐɑɗ ɑɖɚəɚɘɔɣəɑ ɖɚɗɔɣɔəɑ əɌɜɟɣɔɎɌɵɌ ɓɌɗɔɡɌ EOQ (Economic Order Quantity). 

ȹɌɎɑɐɑəɌ ɔ ɜɌɓɘɌɞɜɌəɌ ɛɔɞɌɵɌ, əɌɘɑɶɟ ɝɑ ɔ ɟɛɚɞɜɑɍɴɌɎɌɳɟ ɖɌɚ ɛɜɑɛɚɜɟɖɌ ɓɌ 
ɐɑɠɔəɔɝɌɵɑ ɟɛɜɌɎɴɌɵɌ ɔ ɖɚəɞɜɚɗɟ ɓɌɗɔɡɌ [15]. 

ȺɍɌɓɜɔɎɔɘ ɟɛɜɌɎɴɌɵɑɘ ɚɍɔɘɚɘ ɓɌɗɔɡɌ, ɘɚɏɟɶɑ ɳɑ ɟɘɌɵɔɞɔ ɞɜɚɤɖɚɎɑ 
ɖɌɛɔɞɌɗɌ, ɖɚɳɔ ɳɑ əɌ ɚɝəɚɎɟ ɛɜɚɢɑəɌ ɔ ɐɚ 40 % ɌəɏɌɒɚɎɌə ɓɌ ɚɎɑ ɝɎɜɡɑ. ȹɌɝɟɛɜɚɞ 
Ɏɑɗɔɖɚɘ ɍɜɚɳɟ ɌɟɞɚɜɌ ɛɌ ɣɌɖ ɔ ɛɜɔɎɜɑɐəɔɡ ɣɔəɔɗɌɢɌ, ɖɚɳɔ ɛɜɌɖɞɔɣəɚ ɝɘɌɞɜɌɳɟ ɐɌ ɳɑ 
ɖɌɛɔɞɌɗ ɟ ɓɌɗɔɡɌɘɌ, ɛɚɏɜɑɤəɚ ɎɑɓɌə ɚɐəɚɝəɚ ɓɌɜɚɍɴɑə, ɛɚɳɑɐɔəɔ Ɍɟɞɚɜɔ ɝɑ ɓɌɗɌɒɟ ɓɌ 
ɐɑɠɔəɔɢɔɳɟ ɓɌɗɔɡɌ ɖɌɚ ɘɚɏɟɶɟ ɐɚɐɌɞəɟ Ɏɜɑɐəɚɝɞ (ɑɖɚəɚɘɝɖɌ ɖɌɞɑɏɚɜɔɳɌ) [15].  

ȳɌ ɜɌɓəɑ ɝɗɟɣɌɳɑɎɑ ɚɐɜɑɭɔɎɌɵɌ ɛɜɌɎɔɗɌ ɛɚ ɖɚɳɔɘɌ ɶɑ ɝɑ ɟɛɜɌɎɴɌɞɔ ɓɌɗɔɡɌɘɌ, ɟɓ 
ɜɌɓəɑ ɖɜɔɞɑɜɔɳɟɘɑ ɚɛɞɔɘɔɓɌɢɔɳɑ, ɘɚɏɟ ɝɑ ɖɚɜɔɝɞɔɞɔ ɘɚɐɑɜəɑ ɘɌɞɑɘɌɞɔɣɖɑ ɘɑɞɚɐɑ. 
ȶɌɖɚ ɍɔ ɍɔɗɔ ɜɑɤɑəɔ ɜɌɓəɚɗɔɖɔ ɝɗɟɣɌɳɑɎɔ, əɑɚɛɡɚɐəɚ ɳɑ ɛɚɓəɌɎɌɞɔ ɔ ɟɝɞɌəɚɎɔɞɔ 
Ɏɑɶɔ ɍɜɚɳ ɑɗɑɘɑəɌɞɌ, Ɍ ɓɌɞɔɘ əɌ ɚɝəɚɎɟ ɛɚəɌɤɌɵɌ ɝɎɌɖɚɏ ɚɐ ɵɔɡ, ɔɓɜɌɐɔɞɔ 
ɘɌɞɑɘɌɞɔɣɖɑ ɘɚɐɑɗɑ, ɖɚɳɔ ɶɑ ɚɍɟɡɎɌɞɔɞɔ ɔ ɚɐɏɚɎɌɜɌɳɟɶɔɘ əɌɣɔəɚɘ ɞɜɑɞɔɜɌɞɔ 
ɠɌɖɞɚɜɑ ɖɚɳɔ ɝɟ ɜɑɗɑɎɌəɞəɔ ɓɌ ɖɜɌɳɵɔ ɟɝɛɑɡ ɟ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ. ȺɎɌɳ ɎɑɚɘɌ ɝɗɚɒɑə 
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ɛɜɚɢɑɝ ɳɑ ɞɑɤɖɚ ɛɜɑɐɝɞɌɎɔɞɔ ɘɌɞɑɘɌɞɔɣɖɔɘ ɘɚɐɑɗɚɘ, ɖɚɳɔ ɍɔ ɘɚɏɌɚ ɐɌ ɚɍɟɡɎɌɞɔ ɝɎɑ ɔ 
ɞɚ əɌ ɚɐɏɚɎɌɜɌɳɟɶɔ əɌɣɔə. ȹɌɏɗɌɤɑəɔɘ ɛɜɚɍɗɑɘɔɘɌ, ɛɜɔɘɑəɌ ɜɌɣɟəɌɜɌ ɟ ɛɜɚɢɑɝɟ 
ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ, ɐɌɳɑ əɚɎɑ ɐɔɘɑəɓɔɳɑ Ɍ ɔɝɞɚɎɜɑɘɑəɚ ɤɔɜɔ ɔ ɌɗɞɑɜəɌɞɔɎɑ ɟ 
ɔɝɞɜɌɒɔɎɌɣɖɚɘ ɜɌɐɟ ɓɌ ɖɚəɠɔɏɟɜɌɢɔɳɟ ɔ ɖɚɜɔɤɶɑɵɑ əɚɎɔɡ ɘɚɐɑɗɌ. Ȼɜɔɘɑəɚɘ 
ɜɌɣɟəɌɜɌ ɛɜɔ ɛɜɌɖɞɔɣəɚɘ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ, ɌɐɑɖɎɌɞəɚ ɝɑ ɜɑɤɌɎɌɳɟ ɛɜɚɍɗɑɘɔ 
ɟɛɚɞɜɑɍɑ Ɏɑɗɔɖɚɏ ɍɜɚɳɌ ɔəɠɚɜɘɌɢɔɳɌ ɟ ɖɜɌɞɖɚɘ Ɏɜɑɘɑəɝɖɚɘ ɜɚɖɟ. ȹɌ ɚɎɌɳ əɌɣɔə 
ɚɞɎɌɜɌ ɝɑ ɘɚɏɟɶəɚɝɞ ɓɌ ɐɌɴɑ ɟəɌɛɜɑɭɔɎɌɵɑ ɔ ɜɌɓɎɚɳ ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɚɐɑɗɌ ɔ ɘɑɞɚɐɌ 
ɎɑɓɌəɔɡ ɓɌ ɚɎɟ ɚɍɗɌɝɞ [6]. 

ȿɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ, ɟ Ɏɑɗɔɖɚɳ ɘɑɜɔ ɓɌɝəɚɎɌəɚ ɳɑ əɌ ɌɖɞɔɎəɚɳ ɟɛɚɞɜɑɍɔ 
ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɚɐɑɗɌ ɔ ɔəɠɚɜɘɌɢɔɚəɔɡ ɞɑɡəɚɗɚɏɔɳɌ. ȻɚɣɑɞɌɖ ɛɜɚɤɗɚɏ ɎɑɖɌ, ɝɘɌɞɜɌ 
ɝɑ ɔ ɛɚɣɑɞɖɚɘ ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɚɐɑɗɌ ɎɑɓɌəɔɡ ɓɌ ɛɜɚɜɌɣɟə ɚɛɞɔɘɌɗəɑ ɖɚɗɔɣɔəɑ 
əɌɜɟɣɔɎɌɵɌ, ɘɌɐɌ ɓəɌɣɌɳəɔɳɔ ɜɌɓɎɚɳ ɝɑ ɍɑɗɑɒɔ ɞɑɖ ɐɜɟɏɚɘ ɛɚɗɚɎɔəɚɘ ɛɜɚɤɗɚɏ ɎɑɖɌ. 
ȴəɞɑəɓɔɞɑɞ ɛɌɒɵɑ ɝɞɜɟɣəɑ ɳɌɎəɚɝɞɔ ɛɜɑɘɌ ɚɎɚɳ ɚɍɗɌɝɞɔ əɑ ɝɘɌɵɟɳɑ ɝɑ, ɓɌɡɎɌɴɟɳɟɶɔ 
ɚɍɔɘɟ, ɟɞɔɢɌɳɟ ɔ ɎɌɒəɚɝɞɔ ɖɚɳɔ ɛɚɝɑɐɟɳɟ ɓɌɗɔɡɑ ɛɜɔ ɖɚɜɔɤɶɑɵɟ ɟ ɜɌɓəɚɗɔɖɔɘ 
ɝɠɑɜɌɘɌ ɒɔɎɚɞɌ, Ɍ ɛɜɑ ɝɎɑɏɌ ɝɔɝɞɑɘɔɘɌ ɛɜɚɔɓɎɚɐɵɑ. ȱɏɓɔɝɞɔɜɌ ɣɔɞɌɎ əɔɓ ɜɌɓɗɔɣɔɞɔɡ 
ɖɜɔɞɑɜɔɳɟɘɌ ɔ ɞɔɛɚɎɌ ɖɗɌɝɔɠɔɖɌɢɔɳɑ ɔ ɘɚɐɑɗɌ ɓɌɗɔɡɌ [15]. 

ȴɝɛɜɌɎəɑ ɓɌɖɴɟɣɖɑ ɜɑɗɑɎɌəɞəɑ ɓɌ ɛɜɚɍɗɑɘɑ ɖɚɳɔ ɝɟ ɛɚɎɑɓɌəɔ ɝɌ ɓɌɗɔɡɌɘɌ ɣɚɎɑɖ 
əɌɝɞɚɳɔ ɐɌ ɚɐɏɚəɑɞəɑ ɚɐ ɘɚɘɑəɞɌ ɝɎɚɏ ɛɚɝɞɚɳɌɵɌ ɔ ɝɌɘɚɝɎɑɝɞɔ. Ȭɗɔ ɜɑɤɌɎɌɵɑ 
əɑɐɚɟɘɔɢɌ ɎɑɓɌəɔɡ ɓɌ ɓɌɗɔɡɑ ɛɜɔɘɑəɚɘ ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɑɞɚɐɌ ɓɌɛɚɣɑɞɚ ɳɑ ɞɑɖ 
ɛɚɣɑɞɖɚɘ ɐɎɌɐɑɝɑɞɚɏ ɎɑɖɌ. ȸɑɞɚɐɌ ɖɚɳɌ ɳɑ ɛɜɎɌ ɠɚɖɟɝɔɜɌəɌ əɌ ɛɜɚɍɗɑɘ ɚɛɞɔɘɔɓɌɢɔɳɑ 
ɛɚɞɜɑɍəɚɏ əɔɎɚɌ ɓɌɗɔɡɌ ɠɚɜɘɟɗɔɝɌəɌ ɳɑ ɚɐ ɝɞɜɌəɑ ɀ. ɁɌɜɔɝɌ (F. Harris) [6] [35].  

ȿ ɝɎɚɘ ɜɌɐɟ ɀ. ɁɌɜɔɝ (F.W. Harris) ɳɑ 1913. ɏɚɐɔəɑ ɚɍɳɌɎɴɑəɚɘ ɛɚɐ əɌɝɗɚɎɚɘ 
ăȶɚɗɔɖɚ ɐɑɗɚɎɌ əɌɛɜɌɎɔɞɔ ɚɐɳɑɐəɚɘò [36] ɖɌɚ ɔ 1915. ɏɚɐɔəɑ ɜɌɐ What Quantity to Make 
at Once. In: The Library of Factory Management, Vol. V. Operation and Costs. Chicago: A. W. Shaw 
Company, 47-52.) ɍɌɎɔ ɝɑ ɛɜɚɍɗɑɘɚɘ ɛɜɚəɌɗɌɒɑɵɌ əɌɳɑɖɚəɚɘɔɣəɔɳɑ ɖɚɗɔɣɔəɑ ɖɚɳɟ ɳɑ 
ɛɚɞɜɑɍəɚ əɌɛɜɌɎɔɞɔ ɓɌ ɝɎɌɖɟ ɝɑɜɔɳɟ ɛɜɚɔɓɎɚɐɌ, ɖɌɖɚ ɍɔ ɍɔɗɌ ɓɌɐɚɎɚɴɑəɌ ɛɚɞɜɌɒɵɌ 
ɖɚɳɌ ɝɑ əɌɝɞɌɎɴɌ ɞɚɖɚɘ ɎɜɑɘɑəɌ ɖɚəɝɞɌəɞəɚɘ ɍɜɓɔəɚɘ. ȧɑɏɚɎɚ ɔɓɎɚɭɑɵɑ ɠɚɜɘɟɗɑ 
ɖɎɌɐɜɌɞəɚɏ ɖɚɜɑəɌ ɓɌ ɚɎɟ ɖɚɗɔɣɔəɟ, ɛɜɑɐɝɞɌɎɴɌ ɞɑɘɑɴəɔ ɜɑɓɟɗɞɌɞ ɔɝɞɜɌɒɔɎɌɵɌ 
ɚɛɑɜɌɢɔɳɌ ɔ ɞɑɚɜɔɳɑ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ. ȺəɌ ɳɑ ɚɛɤɞɑ ɛɚɓəɌɞɌ ɖɌɚ ɠɚɜɘɟɗɌ 
ăɑɖɚəɚɘɝɖɑ ɖɚɗɔɣɔəɑ ɛɚɜɟɹɍɔəɑò (òeconomic order quantityó (EOQ)). ȺɝəɚɎəɚ ɛɔɞɌɵɑ 
ɟ ɀ. ɁɌɜɔɝɚɎɚɘ ɘɚɐɑɗɟ ɳɑ ɍɌɗɌəɝɔɜɌɵɑ ɔɓɘɑɭɟ ɐɎɑ ɖɚɘɛɚəɑəɞɑ ɞɜɚɤɖɚɎɌ: ɞɜɚɤɖɚɘ 
ɣɟɎɌɵɌ ɓɌɗɔɡɌ, ɖɚɳɔ ɝɑ ɛɚɎɑɶɌɎɌ ɝɌ Ɏɑɗɔɣɔəɚɘ ɛɌɜɞɔɳɑ; ɔ ɚɐɜɑɭɔɎɌɵɑɘ ɛɜɚɝɑɣəɑ ɢɑəɑ 
ɛɚ ɳɑɐɔəɔɢɔ, ɖɚɳɌ ɚɛɌɐɌ ɝɌ Ɏɑɶɔɘ ɍɜɚɳɑɘ. ȺɎɌɳ ɖɚɘɛɜɚɘɔɝ ɳɑ ɛɜɔɖɌɓɌə əɌ ăȶɜɔɎɚɳ 
ɛɜɚɔɓɎɚɐəɔɡ ɖɚɗɔɣɔəɌò (Manufacturing Quantities Curves) ɤɞɚ ɳɑ ɝɗɔɖɌ 1. ɟ ɀ. 
ɁɌɜɔɝɚɎɚɘ ɜɌɐɟ Ɍ ɛɜɔɖɌɓɌəɚ əɌ ɝɗɔɢɔ 2.8.  ȻɜɔɖɌɓ ɖɜɔɎɑ ɛɜɚɔɓɎɚɐəɔɡ ɖɚɗɔɣɔəɌ [13] 
[36] [37] [38] [39] . 
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ȽɗɔɖɌ 2.8. ȻɜɔɖɌɓ ɖɜɔɎɑ ɛɜɚɔɓɎɚɐəɔɡ ɖɚɗɔɣɔəɌ 

 Ɍ) ɚɜɏɔəɌɗəɔ ɐɔɳɌɏɜɌɘ ɔɓ ɣɗɌəɖɌ ɀ. ɁɌɜɔɝɌ [36]  ɍ) ɌɐɌɛɞɔɜɌəɔ ɐɔɳɌɏɜɌɘ 
ȴɓɎɚɜ [9] [17] [30] [39]  

Ⱥɐ ɞɌɐɌ ɚɎɟ ɠɚɜɘɟɗɟ ɳɑ ɜɌɓɘɌɞɜɌɚ ɓəɌɣɌɳɌə ɍɜɚɳ əɌɟɣəɔɖɌ, ɖɚɳɌ ɳɑ ɛɚɞɚɘ əɌɓɎɌəɌ 
ȮɔɗɝɚəɚɎɚɘ ɠɚɜɘɟɗɚɘ, ɛɚ ȼ.Ɂ. Ȯɔɗɝɚəɟ (R.H. Wilson) ɖɚɳɔ ɳɑ ɠɚɜɘɟɗɟ ɐɚɜɌɐɔɚ ɟ ɝɎɚɘ 
ɛɜɑɐɗɚɏɟ ɓɌ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɔ ɚɍɳɌɎɔɚ ɟ ɜɌɐɟ 1934. ɏɚɐɔəɑ [38] [39]. ȴɛɌɖ ɛɚɜɑɐ 
əɑɚɝɛɚɜəɑ ɣɔɵɑəɔɢɑ ɐɌ ɳɑ ɓəɌɞəɌ ɖɚɗɔɣɔəɌ  əɌɟɣəɚɏ ɛɚɞɑəɢɔɳɌɗɌ ɞɚɏɌ ɐɚɍɌ ɍɔɗɌ 
ɟɝɘɑɜɑəɌ ɛɜɑɘɌ ɛɜɚɍɗɑɘɌɞɔɢɔ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ, əɔɳɑ ɍɔɗɚ ɍɔɞəɔɳɑɏ ɛɚɘɌɖɌ. Ȱɚ 
ɐɜɟɏɚɏ ɝɎɑɞɝɖɚɏ ɜɌɞɌ ɛɜɑɐɘɑɞ ɛɜɚɟɣɌɎɌɵɌ ɝɟ ɍɔɗɑ ɓɌɗɔɡɑ ɝɌ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɚɘ 
ɛɚɞɜɚɤɵɚɘ. ȻɚɳɌɎɌ ɔ ɜɌɓɎɚɳ ɚɛɑɜɌɢɔɚəɔɡ ɔɝɞɜɌɒɔɎɌɵɌ ɔ ɖɔɍɑɜəɑɞɔɖɑ, ɚɓəɌɣɌɎɌ əɚɎɟ 
ɠɌɓɟ ɔɝɞɜɌɒɔɎɌɵɌ ɛɚ ɛɔɞɌɵɔɘɌ ɓɌɗɔɡɌ. ȽɘɌɞɜɌ ɝɑ ɐɌ ɳɑ ɞɚɖɚɘ Ȱɜɟɏɚɏ ɝɎɑɞɝɖɚɏ ɜɌɞɌ, 
ɜɌɓɎɔɳɑə ɛɜɎɔ ɘɚɐɑɗ ɓɌɗɔɡɌ ɝɌ ɝɞɚɡɌɝɞɔɣɖɚɘ ɛɚɞɜɚɤɵɚɘ əɌɓɎɌə õõɛɜɚɍɗɑɘ 
əɚɎɚɏɚɐɔɤɵɑ ɳɑɗɖɑõõ. Ȼɚ ɓɌɎɜɤɑɞɖɟ ɜɌɞəɔɡ ɝɟɖɚɍɌ əɌɝɞɌɳɟ ɜɌɐɚɎɔ ɖɚɳɔ  ɣɔəɑ ɞɑɘɑɴɑ 
ɘɚɐɑɜəɑ ɞɑɚɜɔɳɑ ɓɌɗɔɡɌ, ɖɚɳɌ ɳɑ ɐɌəɌɝ ɝɞɑɖɗɌ  Ɍɞɜɔɍɟɞɑ əɌɟɣəɑ ɐɔɝɢɔɛɗɔəɑ. ȶɌɚ 
ɓɌəɔɘɴɔɎɑ ɞɜɑɍɌ əɌɛɚɘɑəɟɞɔ ɐɎɑ ɣɔɵɑəɔɢɑ. ȿ ɞɚɘ ɛɑɜɔɚɐɟ ɚɍɳɌɎɴɑəɚ ɳɑ ɛɜɎɚ 
ɤɞɌɘɛɌəɚ ɔɓɐɌɵɑ ɖɚɘɛɗɑɞəɚ ɛɚɝɎɑɶɑəɚ ɓɌɗɔɡɌɘɌ, ɝɞɟɐɔɚɓəɚ ɠɚɜɘɟɗɔɝɌəɔɡ 
ɘɚɐɑɗɔɘɌ ɟɛɜɌɎɴɌɵɌ ɝɞɚɡɌɝɞɔɣɖɚɘ ɛɚɞɜɚɤɵɚɘ. Ȱɜɟɏɟ ɣɔɵɑəɔɢɟ ɖɚɳɌ ɝɑ ɚɐəɚɝɔ əɌ 
ɖɚɜɔɤɶɑɵɑ ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɑɞɚɐɌ ɓɌ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ, ɣɔəɔ ɖɚəɝɞɌɞɌɢɔɳɌ ɐɌ ɝɟ 
ɘɑɞɚɐɑ ɛɜɎɚ ɛɜɔɘɑɵɔɎɌəɑ ɟ ɔəɐɟɝɞɜɔɳɔ ɔ ɐɌ ɝɟ ɝɑ ɝɌ ɵɔɘɌ Ɏɔɤɑ ɝɟɚɣɌɎɌɗɔ ɔ ɍɌɎɔɗɔ 
ɔəɒɑɵɑɜɔ əɑɏɚ ɑɖɚəɚɘɔɝɞɔ, ɤɞɚ je ɐɌəɌɝ ɚɍɜəɟɞ ɝɗɟɣɌɳ [6] [36] [38]. 

ȯɜɟɍɚ ɏɗɑɐɌəɚ ɛɜɚɢɑɝ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɛɜɑɛɚɓəɌɳɑ ɛɜɔɘɑəɟ 
ɞɜɌɐɔɢɔɚəɌɗəɔɡ ɔ ɝɌɎɜɑɘɑəɔɡ ɘɚɐɑɗɌ ɟɛɜɌɎɴɌɵɌ. ȾɜɌɐɔɢɔɚəɌɗəɔ ɘɚɐɑɗɔ ɝɟ 
ɟɝɘɑɜɑəɔ ɝɌɘɚ ɖɌ ɳɑɐəɚɘ ɑɗɑɘɑəɞɟ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ, ɐɚɖ ɝɌɎɜɑɘɑəɔ ɘɚɐɑɗɔ 
ɖɌɗɖɟɗɔɤɟ ɝɌ ɎɑɚɘɌ Ɏɑɗɔɖɔɘ ɍɜɚɳɑɘ, ɘɚɒɑ ɝɑ ɜɑɶɔ ɏɚɞɚɎɚ ɝɎɔɘ ɑɗɑɘɑəɞɔɘɌ. 

ȿ ɖɵɔɓɔ ăPractical Management Scienceò (Fourth edition) Ɍɟɞɚɜɔ Ȯ. Ȯɔəɝɞɚə, ɂ. 
Ȭɗɍɜɔɡɞ (W. Winston, C. Albright) [40], ɜɌɓɘɌɞɜɌɗɔ ɝɟ ɚɝəɚɎəɑ, əɌɳɣɑɤɶɑ ɖɚɜɔɤɶɑəɑ 
ɘɚɐɑɗɑ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌ ɟɓ əɌɎɑɐɑəɑ ɛɚɳɑɐɔəɑ ɓɌɳɑɐəɔɣɖɑ ɠɌɖɞɚɜɑ. ȹɌ ɚɝəɚɎɟ 
ɛɜɔɖɌɓɌəɚɏ, ɘɚɐɑɗɑ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɟɛɚɜɑɭɟɳɟ ɔ ɐɑɗɑ əɌ [41]: 
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¶ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɑ ɔ ɝɞɚɡɌɝɞɔɣɖɑ (ɛɜɚɍɌɍɔɗɔɝɞɔɣɖɑ) 

¶ ɘɚɐɑɗɑ əɑɓɌɎɔɝəɑ (ɑɖɝɞɑɜəɑ) ɔ ɓɌɎɔɝəɑ (ɔəɞɑɜəɑ) ɞɜɌɒɵɑ 

¶ ɘɚɐɑɗɑ əɌɜɟɣɔɎɌɵɌ ɔ ɛɜɚɔɓɎɚɐɵɑ 

¶ ɘɚɐɑɗɑ ɖɚəɞɔəɟɔɜɌəɑ (əɑɛɜɑɖɔɐəɑ) ɔ ɛɑɜɔɚɐɔɣəɑ ɖɚəɞɜɚɗɑ ɓɌɗɔɡɌ 

¶ ɘɚɐɑɗɑ ɳɑɐəɚɏ ɔɗɔ Ɏɔɤɑ ɌɜɞɔɖɌɗɌ. 
 

ȿ ɝɎɚɳɚɳ ɖɵɔɓɔ ăExcel models for business and Operations Managementò ȥ. ȭɌɜɗɚ 
(J. Barlow) Ɏɜɤɔ ɝɗɔɣəɟ ɛɚɐɑɗɟ, ɐɌɳɑ ɏɜɌɠɔɣɖɔ ɛɜɔɖɌɓ ɔ ɖɜɌɞɖɚ ɚɍɳɌɤɵɑɵɑ ɞɔɛɚɎɌ 
ɘɚɐɑɗɌ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌ, ɝɌ ɐɎɑ ɏɗɌɎəɑ ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ ɖɚɳɑ ɝɟ ɎɑɓɌəɑ ɝɌ ɛɚɞɜɌɒɵɚɘ 
ɛɜɚɔɓɎɚɐɌ [20]. ȶɌɖɚ ɳɑ ɛɜɔɖɌɓɌəɚ əɌ ɝɗɔɢɔ 2.9., ɛɚɞɜɌɒɵɌ ɘɚɒɑ ɍɔɞɔ ɛɚɐ ɳɑɐɌə 
əɑɓɌɎɔɝəɌ ɔɗɔ ɓɌɎɔɝəɌ, ɚɐəɚɝəɚ ɛɚɐ ɐɎɌ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɌ ɔɗɔ ɝɞɚɡɌɝɞɔɣɖɌ 
(ɛɜɚɍɌɍɔɗɔɝɞɔɣɖɌ). 

 
ȽɗɔɖɌ 2.9. ȾɔɛɚɎɔ ɘɚɐɑɗɌ ɓɌɗɔɡɌ [20] 

ȸɌɞɑɘɌɞɔɣɖɑ ɘɚɐɑɗɑ ɓɌ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ, əɌ ɚɝəɚɎɟȬəɐɑɜɝɚəɌ, ȽɎɔəɔɌ ɔ 
ȮɔɗɔɳɌɘɝɌ (Anderson, Sweeney, Williams) ɘɚɏɟɶɑ ɳɑ ɝɎɜɝɞɌɞɔ ɟ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɑ ɔ 
ɝɞɚɡɌɝɞɔɣɖɑ (ɛɜɚɍɌɍɔɗɔɝɞɔɣɖɑ). 

ȿɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔɘ ɘɚɐɑɗɔɘɌ ɟɖɴɟɣɟɳɟ: ɘɚɐɑɗ 
ɑɖɚəɚɘɔɣəɑ ɖɚɗɔɣɔəɑ ɛɚɜɟɣɔɎɌɵɌ (EOQ); ɘɚɐɑɗ ɑɖɚəɚɘɔɣəɑ ɖɚɗɔɣɔəɑ ɛɜɚɔɓɎɚɐɵɑ 
(EPQ); ɘɚɐɑɗ ɛɗɌəɔɜɌəɚɏ əɑɐɚɝɞɌɞɖɌ ɓɌɗɔɡɌ (əɑɝɞɌɤɔɢɌ) ɔ ɘɚɐɑɗ ɑɖɚəɚɘɔɣəɑ 
ɖɚɗɔɣɔəɑ ɛɚɜɟɣɔɎɌɵɌ ɝɌ ɛɚɛɟɝɞɔɘɌ əɌ ɖɚɗɔɣɔəɟ. ȽɌ ɐɜɟɏɑ ɝɞɜɌəɑ ɟɛɜɌɎɴɌɵɑ 
ɓɌɗɔɡɌɘɌ ɝɞɚɡɌɝɞɔɣɖɔɘ ɚɐəɚɝəɚ ɛɜɚɍɌɍɔɗɔɝɞɔɣɖɔɘ ɘɚɐɑɗɔɘɌ ɟɖɴɟɣɟɳɟ: ɘɚɐɑɗ 
ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɟ ɳɑɐəɚɘ Ɏɜɑɘɑəɝɖɚɘ ɛɑɜɔɚɐɟ; ɘɚɐɑɗ əɌɜɟɣɔɎɌɵɌ ɖɚɗɔɣɔəɑ ð 
ɞɌɣɖɌ ɛɚəɚɎəɑ əɌɜɟɹɍɔəɑ ɔ ɘɚɐɑɗ ɛɑɜɔɚɐɔɣəɑ ɖɚəɞɜɚɗɑ. 

ȳɌɞɔɘ ɖɗɌɝɔɠɔɖɌɢɔɳɌ ɘɚɐɑɗɌ ɓɌ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ, əɌ ɚɝəɚɎɟ ɍɜɚɳɌ 
Ɏɜɑɘɑəɝɖɔɡ ɛɑɜɔɚɐɌ, ɛɜɑɘɌ Ɂɑɝɑɟ (Hesse), Ɏɜɤɔ ɝɑ əɌ: ɘɚɐɑɗɑ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɟ 
ɳɑɐəɚɘ ɔ ɟ Ɏɑɶɑɘ ɍɜɚɳɟ Ɏɜɑɘɑəɝɖɔɡ ɛɑɜɔɚɐɌ. ȿ ɚɖɎɔɜɟ ɐɜɟɏɚɏ ɘɚɐɑɗɌ ɛɚɝɞɚɳɑ ɐɎɑ ɚɛɤɞɑ 
ɛɚɐɏɜɟɛɑ: ɛɜɎɟ ɣɔəɑ ɘɚɐɑɗɔ ɠɔɖɝəɑ ɖɚɗɔɣɔəɑ əɌɜɟɣɔɎɌɵɌ (ɚɐəɚɝəɚ ɘɚɐɑɗ 
ɑɖɚəɚɘɔɣəɑ ɖɚɗɔɣɔəɑ əɌɜɟɣɔɎɌɵɌ EOQ) ɔ ɐɜɟɏɟ ɖɚɳɟ ɣɔəɑ ɘɚɐɑɗɔ ɠɔɖɝəɚɏ 
Ɏɜɑɘɑəɝɖɚɏ ɛɑɜɔɚɐɌ ɏɐɑ ɝɟ ɟɍɜɚɳɑəɔ ɜɌɓəɚɎɜɝəɔ ɝɔɝɞɑɘɔ ɔ ɘɚɐɑɗɔ, ɖɌɚ ɤɞɚ ɝɟ: 
ɛɑɜɔɚɐɔɣəɔ ɝɔɝɞɑɘɔ ɓɌɗɔɡɌ ɔ ɛɑɜɔɚɐɔɣəɔ ɝɔɝɞɑɘɔ ɛɜɑɏɗɑɐɌ. ȹɌ ɚɝəɚɎɟ ɎɜɑɘɑəɌ ɓɌ 
əɌɜɟɣɔɎɌɵɑ ɓɌɗɔɡɌ Ɂɑɝɑ (Hesse), ɘɚɐɑɗɑ ɓɌ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɐɑɗɔ əɌ ɠɔɖɝəɑ 
ɝɔɝɞɑɘɑ: ɖɚɗɔɣɔəɑ əɌɜɟɣɔɎɌɵɌ ɓɌɗɔɡɌ ɔ ɛɑɜɔɚɐɌ əɌɜɟɣɔɎɌɵɌ ɓɌɗɔɡɌ. ȺɎɌɳ ɐɜɟɏɔ 
ɝɔɝɞɑɘ ɝɑ əɌɓɔɎɌ ɔ ɝɔɝɞɑɘ ɛɑɜɔɚɐɔɣəɚɏ əɌɜɟɣɔɎɌɵɌ ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ (POQ Periodic 
Order Quantity System) [15]. 
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2.5.1. ȸɚɐɑɗɔ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ  

ȶɜɚɓ Ɏɜɑɘɑ ɘɚɐɑɗɔ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɝɟ ɜɌɓɎɔɳɌəɔ ɔ ɟəɌɛɜɑɭɔɎɌəɔ ɞɌɖɚ ɐɌ 
ɝɑ ɵɔɡɚɎ ɍɜɚɳ ɛɚɎɑɶɌɎɌɚ, ɞɑ ɝɘɚ ɐɌəɌɝ ɐɚɤɗɔ ɐɚ Ɏɑɗɔɖɚɏ ɍɜɚɳɌ ɘɚɐɑɗɌ ɟɛɜɌɎɴɌɵɌ 
ɓɌɗɔɡɌɘɌ, ɞɌɖɚ ɐɌ ɳɑ ɞɑɤɖɚ ɚɐɜɑɐɔɞɔ ɵɔɡɚɎɟ ɳɑɐɔəɝɞɎɑəɟ ɖɗɌɝɔɠɔɖɌɢɔɳɟ. ȯɗɑɐɌɳɟɶɔ 
əɌ ɚɝəɚɎɟ ɠɚɜɘɟɗɔɝɌəɚɏ ɛɜɚɍɗɑɘɌ ɔ ɢɔɴɌ, ɛɚɳɑɐɔəɌɣəɚ ɝɎɌɖɔ ɘɚɐɑɗ ɔɘɌ əɑɖɌ 
ɝɎɚɳɝɞɎɑəɌ ɜɑɤɑɵɌ [8].  

Ȼɚɐ ɜɌɓɗɔɣɗɔɞɔɘ ɟɝɗɚɎɔɘɌ əɌɝɞɌɗɑ ɝɟ ɜɌɓɗɔɣɔɞɑ Ɏɜɝɞɑ ɓɌɗɔɡɌ, əɌ ɚɝəɚɎɟ ɚɎɑ 
ɣɔɵɑəɔɢɑ ɛɚɝɞɚɳɑ ɔ ɝɛɑɢɔɠɔɣəɔ ɛɚɝɞɟɛɢɔ ɟɞɎɜɭɔɎɌɵɌ əɑɚɛɡɚɐəɚɏ əɔɎɚɌ ɓɌɗɔɡɌ. 
ȴɓɘɑɭɟ ɚɝɞɌɗɔɡ əɌɣɔəɌ ɳɑɐɌə ɚɐ ɍɌɓɔɣəɔɡ ɳɑ ɞɓɎ. ɝɞɚɡɌɝɞɔɣɖɔ ɛɚɝɞɟɛɌɖ, ɖɚɳɔ ɝɑ ɘɌɡɚɘ 
ɟɛɚɞɜɑɍɴɌɎɌ ɓɌ ɐɑɠɔəɔɝɌɵɑ ɛɚɞɜɑɍɌ ɓɌɗɔɡɌ ɝɔɜɚɎɔəɌ, ɜɑɛɜɚɘɌɞɑɜɔɳɌɗɌ ɔɗɔ 
ɛɚɗɟɛɜɚɔɓɎɚɐɌ. ȻɚɝɞɟɛɌɖ ɳɑ ɍɌɓɔɜɌə əɌ ɓɌɡɞɑɎɔɘɌ ɎɑɓɌəɔɘ ɓɌ ɓɌɗɔɡɑ, əɌɝɞɌɗɔɘ ɟ 
ɚɐɜɑɭɑəɚɘ ɛɜɑɞɡɚɐəɚɘ Ɏɜɑɘɑəɝɖɚɘ ɛɑɜɔɚɐɟ. ȿɓ ɚɎɑ ɣɔɵɑəɔɢɑ, əɑɚɛɡɚɐəɚ ɳɑ 
ɜɌɝɛɚɗɌɏɌɞɔ ɛɚɐɌɢɔɘɌ ɚ ɛɗɌəɔɜɌəɚɳ ɚɐəɚɝəɚ ɚɝɞɎɌɜɑəɚɳ ɛɜɚɔɓɎɚɐɵɔ ɟ ɜɌɓɘɌɞɜɌəɚɘ 
ɛɜɑɞɡɚɐəɚɘ ɛɑɜɔɚɐɟ, ɖɌɚ ɔ ɚ ɛɗɌəɚɎɔɘɌ ɓɌ ɛɜɚɔɓɎɚɐɵɟ ɟ əɌɜɑɐəɚɘ ɛɑɜɔɚɐɟ ɓɌ ɖɚɳɔ 
ɝɑ ɖɚəɢɔɛɔɜɌ əɔɎɚ ɓɌɗɔɡɌ. ȿ ɝɎɜɡɟ ɛɜɚɔɓɎɚɐɵɑ ɛɚɜɑɐ ɓɌɗɔɡɌ, ɛɚɘɑəɟɞɔ ɛɚɝɞɟɛɌɖ ɳɑ 
ɘɚɏɟɶɑ ɛɜɔɘɑəɔɞɔ ɓɌ ɛɜɚɢɑəɟ əɑɚɛɡɚɐəɚɏ əɔɎɚɌ ɓɌɗɔɡɌ ɘɌɞɑɜɔɳɌɗɌ ɔ ɖɚɘɛɚəɑəɞɔ 
ɚɐɜɒɌɎɌɵɌ (ɜɑɓɑɜɎəɔ ɐɑɗɚɎɔ, ɛɚɞɜɚɤəɔ ɘɌɞɑɜɔɳɌɗɔ), ɤɞɚ ɟ ɛɚɞɛɟəɚɝɞɔ əɔɳɑ 
ɌɐɑɖɎɌɞəɌ ɛɜɔɘɑəɌ. ȼɌɓɗɚɏ ɛɜɔɘɑəɑ əɌɎɑɐɑəɚɏ ɛɚɝɞɟɛɖɌ ɚɐɜɒɌɎɌɵɌ ɘɚɒɑ ɝɑ ɛɜɚəɌɶɔ 
ɟ ɞɚɘɑ ɤɞɚ ɓɌ ɐɚɍɌɜ ɔ ɑɠɔɖɌɝɌə ɛɚɝɞɟɛɌɖ ɛɗɌəɔɜɌɵɌ ɓɌɗɔɡɌ ɚɐɑɜɑɭɑəɔɡ ɘɌɞɑɜɔɳɌɗɌ 
ɔ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ, ɛɚɞɜɑɍəɚ ɳɑ ɜɌɝɛɚɗɌɏɌɞɔ Ɏɔɝɚɖɔɘ əɔɎɚɚɘ ɟɒɑ ɝɞɜɟɣəɚɏ ɓəɌɵɌ ɔɓ 
ɛɚɳɑɐɔəɔɡ ɚɍɗɌɝɞɔ ɖɌɚ ɔ Ɏɑɗɔɖɚɘ ɖɚɗɔɣɔəɚɘ ɛɚɐɌɞɌɖɌ [32].  

ȿ ɝɎɚɘ ɜɌɐɟ ȴ. ȸɔɗɚɳɑɎɔɶ ɔ ȼ. ȯɟɍɑɜɔəɔɶ [42] ɐɌɗɔ ɝɟ ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɏəɚɓəɔ 
ɘɚɐɑɗ ɛɚɞɜɌɒɵɑ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ. ȹɌ ɚɝəɚɎɟ əɌɎɑɐɑəɔɡ ɟɝɗɚɎɌ ɚɐɌɍɜɌə ɳɑ ɘɚɐɑɗ. 
ȿɝɗɚɎɔ ɝɟ ɍɔɗɔ ɝɗɑɐɑɶɔ: ɐɌ ɏɌ əɔɳɑ ɘɚɏɟɶɑ əɌɶɔ ɟ əɌɝɞɌɎəɚɳ ɗɔɞɑɜɌɞɟɜɔ ɔ ɐɌ ɍɟɐɑ 
ɛɜɔɘɑɵɔɎ, əɌ ɚɝəɚɎɟ əɌɘɑəɑ ɛɜɚɏəɚɓɔɜɌəɑ ɛɚɞɜɌɒɵɑ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ. ɂɔɴɌəɚ ɝɟ 
ɝɑɗɑɖɞɚɎɌəɔ ɟɞɔɢɌɳəɔ ɠɌɖɞɚɜɔ ɓɌ ɛɚɞɜɌɒɵɟ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ. ȴɓɐɎɚɳɑəɔ ɝɟ ɠɌɖɞɚɜɔ 
ɖɚɳɔ ɟɞɔɣɟ əɌ ɛɜɚɏəɚɓɟ ɛɚɞɜɌɒɵɑ. Ȼɚɜɑɐ ɛɚɘɑəɟɞɔɡ ɚɐɌɍɜɌəɔ ɝɟ ɔ ɐɜɟɏɔ ɠɌɖɞɚɜɔ 
ɖɚɳɔ ɔɘɛɟɗɝəɚ ɟɞɔɣɟ əɌ ɛɚɞɜɌɒɵɟ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ. ȿɝɛɑɤəɚ ɳɑ ɛɜɔɖɌɓɌə 
ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗ ɖɚɳɔ ɳɑ ɑɖɝɛɑɜɔɘɑəɞɌɗəɚ ɛɚɞɎɜɭɑə ɔ ɛɜɔɘɑəɴɔɎ ɳɑ ɟ ɜɑɌɗəɔɘ 
ɚɖɚɗəɚɝɞɔɘɌ [42].  

Ⱥɛɚɓɔɞəɚ ɛɚɘɑəɟɞɚɘ ɛɚɝɞɟɛɖɟ ɞɜɑɍɌ ɛɚɘɑəɟɞɔ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔ ɛɚɝɞɟɛɌɖ. 
ȳɌɝəɔɎɌ ɝɑ əɌ ɚɐɜɑɭɔɎɌɵɟ ɛɚɞɜɑɍəɚɏ ɚɍɔɘɌ ɓɌɗɔɡɌ əɌ ɚɝəɚɎɟ ɛɗɌəɚɎɌ ɛɜɚɔɓɎɚɐɵɑ. ȳɌ 
ɜɑɌɗɔɓɌɢɔɳɟ ɳɑ əɑɚɛɡɚɐəɚ ɓəɌɞɔ ɔ ɛɜɑɢɔɓəɚ ɐɑɠɔəɔɝɌɞɔ ɛɗɌə ɛɜɚɔɓɎɚɐɵɑ, ɖɌɚ ɔ 
ɛɜɑɢɔɓəɚ ɜɌɓɜɌɭɑəɑ ɝɌɝɞɌɎəɔɢɑ (ɖɚɗɔɣɔəɝɖɑ, ɝɞɜɟɖɞɟɜəɑ, ɘɚɐɟɗɌɜəɑ) ɝɎɔɡ ɛɜɚɔɓɎɚɐɌ 
ɛɗɌəɔɜɌəɑ ɛɜɚɔɓɎɚɐɵɑ. ȹɌɎɑɐɑəɚ ɛɜɑɐɝɞɌɎɴɌ Ɏɑɗɔɖɟ ɝɘɑɞɵɟ ɤɔɜɚɳ ɛɜɔɘɑəɔ ɚɎɚɏ 
ɛɚɝɞɟɛɖɌ [32]. 

ȿ ɖɚəɞɑɖɝɞɟ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɛɜɚɠɔɗɔɝɌɚ ɝɑ ɔ ɑɏɓɔɝɞɔɜɌ Ɏɑɗɔɖɔ ɍɜɚɳ 
ɘɚɐɑɗɌ. ȺɎɌ ɞɎɜɐɵɌ ɳɑ ɔəɐɔɖɌɞɚɜ Ɏɑɗɔɖɚɏ ɍɜɚɳɌ ɛɜɚɍɗɑɘɌ ɔ ɓɌɐɌɞɌɖɌ ɖɚɳɔ ɝɑ 
ɐɑɖɗɌɜɔɤɟ  ɔ əɌɘɑɶɟ, ɘəɚɤɞɎɌ ɞɑɡəɔɖɌ ɖɚɳɑ ɝɟ ɟ ɟɛɚɞɜɑɍɔ, Ɍɗɔ ɔ ɐɟɏɑ ɞɜɌɐɔɢɔɳɑ, 
ɚɍɓɔɜɚɘ ɐɌ ɳɑ ɛɜɎɌ ɛɜɔɘɑəɌ ɖɗɌɝɔɣəɚɏ ɘɚɐɑɗɌ, ɞɓɎ. ɁɌɜɔɝɚɎ ɘɚɐɑɗ (EOQ), ɛɟɍɗɔɖɚɎɌə 
1913. ɏɚɐ. (ɛɜɑɞɡɚɐəɚ ɛɚɘɑəɟɞɚ) [6] [39]. 

ȳɍɚɏ ɞɚɏɌ ɤɞɚ ɓɌɗɔɡɑ ɓɌɡɞɑɎɌɳɟ Ɏɑɗɔɖɔ ɖɌɛɔɞɌɗ ɔ ɟɞɔɣɟ əɌ ɔɝɛɚɜɟɖɟ ɜɚɍɌ 
ɖɚɜɔɝəɔɢɔɘɌ, ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɳɑ ɘɑɭɟ ɎɌɒəɔɳɔɘ ɑɖɚəɚɘɝɖɔɘ ɛɌɜɌɘɑɞɜɔɘɌ ɓɌ 
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ɛɜɚɔɓɎɚɐɵɟ ɔ ɔɘɌ ɟɞɔɢɌɳ əɌ ɝɎɑ ɛɚɝɗɚɎəɑ ɌɖɞɔɎəɚɝɞɔ. ȶɌɖɚ ɍɔ ɝɑ ɚɝɔɏɟɜɌɗɌ 
ɑɠɔɖɌɝəɚɝɞ ɔ əɑɚɘɑɞɌəɚ ɚɐɎɔɳɌɵɑ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ ɛɚɞɜɑɍəɑ ɝɟ ɓɌɗɔɡɑ [9]. 

ȿɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɔɘɌ əɌɏɗɌɤɑə ɔ ɤɔɜɚɖ ɑɠɑɖɌɞ əɌ ɜɌɐ ɛɜɚɔɓɎɚɐəɚɏ 
ɛɜɚɢɑɝɌ ɔ ɛɜɚɐɟɖɞɔɎəɚɝɞ ɛɚɝɗɚɎɌɵɌ ɛɜɑɐɟɓɑɶɌ ɓɍɚɏ ɞɚɏɌ ɤɞɚ əɔɳɑ ɘɚɏɟɶɑ ɖɚɘɛɗɑɞəɚ 
ɔ ɟ ɛɚɞɛɟəɚɝɞɔ ɛɜɚɢɑəɔɞɔ ɛɚɞɜɌɒɵɟ ɔ ɐɔəɌɘɔɖɟ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ ɔ ɝɌɘɚ 
ɛɜɚɔɓɎɑɝɞɔ ɛɚɞɜɑɍəɟ ɖɚɗɔɣɔəɟ ɛɜɚɔɓɎɚɐɌ. Ⱥɍɔɘ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɛɚɐɜɌɓɟɘɑɎɌ 
ɔ ɞɔɣɑ ɝɑ ɎɑɓɌ ɔɓɘɑɭɟ: ɛɜɑɐɎɔɭɌɵɌ əɑɚɛɡɚɐəɔɡ ɓɌɗɔɡɌ,  ɚɢɑəɑ ɔ ɜɌəɏɔɜɌɵɌ ɓɌɗɔɡɌ, 
ɞɜɚɤɖɚɎɌ ɐɜɒɌɵɌ ɓɌɗɔɡɌ, ɘɚɏɟɶəɚɝɞɔ ɟ ɜɑɌɗəɚɘ Ɏɜɑɘɑəɟ ɛɜɌɶɑɵɌ ɓɌɗɔɡɌ, ɎɜɑɘɑəɌ 
ɐɚɛɟəɑ ɓɌɗɔɡɌ, ɐɚɝɞɟɛəɚɝɞɔ ɘɌɏɌɢɔəɝɖɚɏ ɔ ɝɖɗɌɐɔɤəɚɏ ɛɜɚɝɞɚɜɌ, ɛɜɑɐɎɔɭɌɵɌ 
ɍɟɐɟɶɔɡ ɢɑəɌ ɓɌɗɔɡɌ (ɜɑɛɜɚɘɌɞɑɜɔɳɌɗ ɔ ɛɜɚɔɓɎɚɐɔ), ɛɜɑɐɎɔɭɌɵɌ ɛɚɞɜɌɒɵɑ,  
ɟɛɜɌɎɴɌɵɌ ɝɜɑɐɝɞɎɔɘɌ ɞɳ. ɔɘɚɎɔəɚɘ, ɖɎɌɗɔɞɑɞɚɘ ɔ ɛɚɎɜɌɶɌɳɌ əɑɔɝɛɜɌɎəɑ ɜɚɍɑ. 

Ⱦɑɡəɔɖɑ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɘɚɜɌɳɟ ɝɑ ɍɜɔɒɴɔɎɚ ɌəɌɗɔɓɔɜɌɞɔ əɑɍɔ ɗɔ 
ɛɜɑɐɟɓɑɶɌ ɍɔɗɌ ɟ ɘɚɏɟɶəɚɝɞɔ ɐɌ ɛɜɑɐɟɛɜɑɐɑ ɎɑɓɔɎɌɵɑ Ɏɑɗɔɖɚɏ ɐɑɗɌ ɝɎɚɏ ɍɟɹɑɞɌ ɝɌɘɚ 
əɌ ɐɜɒɌɵɑ ɓɌɗɔɡɌ. ȴɓɎɚɐɴɔɎ ɳɑ ɓɌɖɴɟɣɌɖ ɐɌ ɳɑ ɟɖɟɛəɑ ɞɜɚɤɖɚɎɑ ɛɚɞɜɑɍəɚ 
ɟɜɌɎəɚɞɑɒɔɞɔ əɌ ɞɌɳ əɌɣɔə ɐɌ ɝɑ ɞɜɚɤɖɚɎɔ əɌɍɌɎɖɑ, əɌɜɟɹɍɑ ɔ ɐɜɒɌɵɌ (ɣɟɎɌɵɌ) 
ɓɌɗɔɡɌ ɘɔəɔɘɌɗɔɓɟɳɟ ɐɌ ɍɔ ɛɜɑɐɟɓɑɶɑ ɍɔɗɚ ɟ ɛɜɔɗɔɢɔ ɐɌ ɛɜɚɔɓɎɑɐɑ ɛɜɚɠɔɞ. 

Ȼɜɔ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ ɛɚɝɞɚɳɑ ɘəɚɏɔ, ɜɌɓəɚɎɜɝəɔ ɔ ɝɛɑɢɔɠɔɣəɔ ɛɜɚɍɗɑɘɔ 
ɛɜɔ ɐɚəɚɤɑɵɟ ɚɐɗɟɖɌ, ɛɌ ɳɑ əɑɚɛɡɚɐəɚ ɚɍɜɌɞɔɞɔ ɛɌɒɵɟ əɌ əɌɳɍɔɞəɔɳɑ [9] [10]:  

¶ əɌ ɖɚɳɔ əɌɣɔə ɞɜɑɍɌ ɐɌ ɍɟɐɟ ɖɜɑɔɜɌəɑ 

¶ ɖɚɳɌ ɎɜɝɞɌ ɔ ɖɚɗɔɣɔəɌ ɓɌɗɔɡɌ ɳɑ ɛɚɞɜɑɍəɚ. 

¶ əɌ ɖɚɳɔ əɌɣɔə ɔɡ ɳɑ ɛɚɞɜɑɍəɚ ɖɚəɞɜɚɗɔɝɌɞɔ ɔ ɛɜɌɞɔɞɔ  

¶ əɌ ɖɚɳɔ əɌɣɔə ɔ ɟ ɖɚɳɑ Ɏɜɑɘɑ Ɏɜɤɔɞɔ ɵɔɡɚɎɟ ɐɚɛɟəɟ  

¶ ɛɜɚəɌɶɔ ɣɔəɔɚɢɑ ɖɚɳɔ ɔɡ ɗɔɘɔɞɔɜɌɳɟ ɔ əɌ ɖɚɳɔ əɌɣɔə 
 
Ȼɚɞɜɑɍəɚ ɳɑ əɌɛɚɘɑəɟɞɔ ɔ əɌɳɎɌɒəɔɳɑ ɜɌɓɗɚɏɑ ɓɍɚɏ ɖɚɳɔɡ ɳɑ ɛɚɒɑɴəɚ Ɏɜɤɔɞɔ 

ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ. ȿɏɗɌɎəɚɘ ɝɑ ɝɎɚɐɑ əɌ ɐɚɝɞɔɓɌɵɑ ɘɌɖɝɔɘɌɗəɔɡ Ɏɜɑɐəɚɝɞɔ 
ɎɑɓɌəɔɡ ɓɌ ɛɜɚɠɔɞ; ɑɠɔɖɌɝəɚɝɞ ɛɜɚɔɓɎɚɐɵɑ ɔ əɌɍɌɎɖɑ; ɓɌɐɚɎɚɴɑɵɑ ɛɚɞɜɌɒɵɑ 
(ɖɚɜɔɝəɔɖɌ, ɖɗɔɳɑəɌɞɌ, ɖɟɛɌɢɌ), ɐɚɖ ɝɌ ɐɜɟɏɑ ɝɞɜɌəɑ ɛɚɞɜɑɍəɚ ɳɑ ɐɚɝɞɔɶɔ ɘɔəɔɘɌɗəɑ 
Ɏɜɑɐəɚɝɞɔ ɟɗɌɏɌɵɌ ɟ ɓɌɗɔɡɑ ɔ ɞɜɚɤɖɚɎɑ ɓɌɗɔɡɌ [43]. 

Ȼɚɝɞɚɳɔ Ɏɑɗɔɖɔ ɍɜɚɳ ɎɜɝɞɌ ɘɚɐɑɗɌ, ɝɎɌɖɔ ɘɚɐɑɗ ɍɔ ɞɜɑɍɌɚ ɐɌ ɜɑɠɗɑɖɞɟɳɑ 
ɝɞɎɌɜəɚɝɞ. ȿɖɚɗɔɖɚ ɝɑ ɟɓɔɘɌ ɟ ɚɍɓɔɜ, ɛɜɔ ɔɓɜɌɐɔ ɘɚɐɑɗɌ, Ɏɑɶɔ ɍɜɚɳ ɖɌɜɌɖɞɑɜɔɝɞɔɖɌ, 
ɘɚɐɑɗ ɶɑ Ɏɑɜəɔɳɑ ɔ ɍɚɴɑ ɓɌɐɚɎɚɴɔɞɔ ɓɌɡɞɑɎɑ ɝɞɎɌɜəɚɏ ɚɖɜɟɒɑɵɌ. ȿ əɌɝɞɌɎɖɟ əɌ  ɝɗɔɢɔ 
2.10. ɳɑ ɐɌɞɌ ɚɐɜɑɭɑəɌ ɝɔɝɞɑɘɌɞɔɓɌɢɔɳɌ ɔ ɞɌɖɝɌɞɔɎɌə ɛɜɑɏɗɑɐ ɖɚəɖɜɑɞəɔɡ 
əɌɳɓəɌɣɌɳəɔɳɔɡ  ɖɗɌɝɔɠɔɖɌɢɔɳɌ [43]. 
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ȽɗɔɖɌ 2.10. ȻɜɑɏɗɑɐəɌ ɤɑɘɌ ɖɗɌɝɔɠɔɖɌɢɔɳɑ ɘɚɐɑɗɌ ɓɌɗɔɡɌ 

(əɌ ɚɝəɚɎɟ [6] ɌɐɌɛɞɔɜɌɚ Ɍɟɞɚɜ) 

ȶɌɚ ɛɚɐɗɚɏɌ ɚɐɏɚɎɌɜɌɳɟɶɌ ɛɜɑɐɓəɌɵɌ ɔ ɛɚɝɞɟɛɌɖ ɖɚɳɔ ɐɟɏɚ ɞɜɌɳɑ ɛɚɞɜɑɍəɔ ɝɟ 
ɛɜɔ ɜɑɌɗɔɓɌɢɔɳɔ ɔ ɔɘɛɗɑɘɑəɞɌɢɔɳɔ ɑɖɚəɚɘɝɖɚ-ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɑɞɚɐɌ ɚɐəɚɝəɚ ɘɚɐɑɗɌ 
ɓɌ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ. ȳəɌɣɌɳɌə ɜɌɓɎɚɳ ɛɜɑ ɝɎɑɏɌ ɞɑɡəɚɗɚɏɔɳɌ ɐɜɟɏɚɘ ɛɚɗɚɎɔəɚɘ 
ɛɜɚɤɗɚɏ ɎɑɖɌ ɛɜɑɐɝɞɌɎɴɌ ɝəɌɒɌə ɝɞɔɘɟɗɌəɝ ɛɚɍɚɴɤɌɵɟ ɚɎɌɖɎɚɏ əɌɣɔəɌ ɟɛɜɌɎɴɌɵɌ 
ɓɌɗɔɡɌɘɌ. ȽɞɎɌɜɌɵɑ ɔ ɟəɌɛɜɑɭɑɵɑ əɚɎɔɡ ɞɑɡəɚɗɚɏɔɳɌ ɔ ɞɑɡəɚɗɚɤɖɔɡ ɜɑɤɑɵɌ 
ɐɚɛɜɔəɑɚ ɳɑ ɑɖɝɛɌəɓɔɳɔ ɔəɠɚɜɘɌɢɔɚəɚɏ ɝɔɝɞɑɘɌ ɛɌ ɔ ɝɔɝɞɑɘɌ əɌɐɓɔɜɌɵɌ ɓɌɗɔɡɌ. ȶɌɚ 
ɤɞɚ ɳɑ Ɏɑɶ ɛɚɘɑəɟɞɚ ɖɜɚɓ Ɏɜɑɘɑ ɟɝɗɑɐ ɔəɚɎɔɜɌɵɌ ɛɚɝɗɚɎəɔɡ ɝɔɝɞɑɘɌ ɔ 
ɛɜɔɗɌɏɚɐɴɔɎɚɝɞɔ ɟ ɛɚɝɗɚɎɌɵɟ, ɑɖɚəɚɘɝɖɚ-ɘɌɞɑɘɌɞɔɣɖɑ ɘɑɞɚɐɑ ɔ ɘɚɐɑɗɔ ɟ 
ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ ɝɟ ɝɑ ɘɑɵɌɗɔ. ȹɌ əɌɜɑɐəɚɳ ɝɗɔɢɔ 2.11. ɏɜɌɠɔɣɖɔ ɳɑ ɛɜɔɖɌɓɌə 
ɜɌɓɎɚɳ ɘɑɞɚɐɌ ɔ ɘɚɐɑɗɌ ɖɜɚɓ Ɏɜɑɘɑ [8]. 
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ȽɗɔɖɌ 2.11. ȯɜɌɠɔɣɖɔ ɛɜɔɖɌɓ ɜɌɓɎɚɳɌ ɚɐɜɑɭɑəɔɡ ɝɔɝɞɑɘɌ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ 

(EOQ  ɑɖɚəɚɘɔɣəɌ ɖɚɗɔɣɔəɌ əɌɜɟɹɍɔəɑ; MRP ɛɗɌəɔɜɌɵɑ ɘɌɞɑɜɔɳɌɗəɔɡ ɛɚɞɜɑɍɌ MRP II  ɛɗɌəɔɜɌɵɑ 
ɛɜɚɔɓɎɚɐəɔɡ ɜɑɝɟɜɝɌ; DRP ɛɗɌəɔɜɌɵɑ ɛɚɞɜɑɍɌ ɐɔɝɞɜɔɍɟɢɔɳɑ; ERP ɛɗɌəɔɜɌɵɑ ɜɑɝɟɜɝɌ ɛɜɑɐɟɓɑɶɌ; APS  

ɟəɌɛɜɑɭɑəɚ ɛɗɌəɔɜɌɵɑ ɔ ɜɌɝɛɚɜɑɭɔɎɌɵɑ) [10] [44] [45]  

2.5.2. ȶɚəɞɜɚɗɌ ɓɌɗɔɡɌ ɖɜɚɓ ABC ɔ XYZ ɌəɌɗɔɓɟ 

ȰɌəɌɝ ɝɎɌɖɚɐəɑɎəɑ ɎɔɞɌɗəɑ ɠɟəɖɢɔɳɑ ɍɔɗɚ ɖɚɳɑ ɔəɐɟɝɞɜɔɳɑ ɛɑɜɝɚəɔɠɔɖɟɳɟ ɝɑ 
ɖɜɚɓ ɛɜɑɐɎɔɭɌɵɑ ɔ ɛɗɌəɔɜɌɵɑ. ȻɜɎɑəɝɞɎɑəɚ ɖɌɐɌ ɛɚɝɞɚɳɔ ɔɓɜɌɒɑəɌ ɛɚɞɜɑɍɌ ɓɌ 
ɖɌɛɔɞɌɗɚɘ ɔ ɚɍɜɞəɔɘ ɝɜɑɐɝɞɎɔɘɌ  ɔ ɖɌɐɌ ɌɖɟɘɟɗɔɜɌɵɑ ɘɌɵɑ ɛɚɞɜɑɍəɔɡ ɓɌɗɔɡɌ ɘɚɒɑ 
ɛɚɝɞɌɞɔ ɓəɌɞɌə əɑɛɚɞɜɑɍɌə ɍɌɗɌɝɞ [46]. 

ȹɑɘɌɗɔ ɍɜɚɳ ɛɜɑɐɟɓɑɶɌ ɟ ɝɎɚɳɔɘ ɘɌɏɌɢɔəɔɘɌ ɔɘɌɳɟ ɔ ɛɚ əɑɖɚɗɔɖɚ ɡɔɴɌɐɌ 
ɜɌɓɗɔɣɔɞɔɡ ɎɜɝɞɌ ɌɜɞɔɖɌɗɌ. ȾɌɖɎɔɘ ɛɜɑɐɟɓɑɶɔɘɌ ɚɐ Ɏɑɗɔɖɑ ɎɌɒəɚɝɞɔ ɳɑ ɐɌ ɝɟ ɟ ɝɞɌɵɟ 
ɐɌ ɟɞɎɜɐɑ ɵɔɡɚɎɟ ɛɚɞɜɑɍəɟ ɖɚɗɔɣɔəɟ, ɟɣɑɝɞɌɗɚɝɞ ɛɚɞɜɚɤɵɑ ɔ ɛɜɚɐɌɳɑ, ɘɚɏɟɶɑ ɓɌɝɞɚɳɑ 
ɖɚɐ əɌɜɟɣɔɎɌɵɌ  ɔ ɐɚɝɞɌɎɑ ɔɞɐ. ȻɜɚɔɓɎɚɐɑ ɖɗɌɝɔɠɔɖɟɳɟ əɌ ɞɌɳ əɌɣɔə ɤɞɚ ɔɘ ɝɑ 
ɐɚɐɑɴɟɳɟ ɛɜɔɚɜɔɞɑɞɔ (ɍɔɞəɚ, ɚɐəɚɝəɚ əɑɍɔɞəɚ). Ⱦɔɘɑ ɝɑ ɟɘɌɵɟɳɟ ɞɜɚɤɖɚɎɔ ɔ 
ɟəɌɛɜɑɭɟɳɟ ɟɝɗɟɏɑ. ȿɓ ɛɜɔɖɌɓɌəɑ ɘɑɞɚɐɑ, ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɖɚɜɔɝɞɔ ɔ ɘɑɞɚɐɑ 
ɝɑɏɘɑəɞɌɢɔɳɑ ɓɌɗɔɡɌ əɌ ɚɝəɚɎɟ ɚɐɜɑɭɑəɔɡ ɖɜɔɞɑɜɔɳɔɘɌ ɝɌ əɌɘɑɜɚɘ ɚɜɳɑəɞɔɝɌɵɌ əɌ 
ɓɌɗɔɡɑ ɖɚɳɑ ɔɘɌɳɟ əɌɳɓəɌɣɌɳəɔɳɔ ɟɐɑɚ ɟ ɟɖɟɛəɚɘ ɞɜɚɤɖɟ ɓɌɗɔɡɌ. ȹɑɖɔ ɚɐ ɞɔɡ ɘɑɞɚɐɌ ɝɟ 
ABC, XYZ  ɔ ɖɚɘɍɔəɚɎɌəɑ XYZ ɔ ABC ɌəɌɗɔɓɌ ɓɌɗɔɡɌ [47].  

ABC ɌəɌɗɔɓɌ ɓɌɝəɔɎɌ ɝɑ əɌ ȻɌɜɑɞɚɎɚɘ ɛɜɔəɢɔɛɟ ɖɚɳɔ ɝɑ ɓɌɝəɔɎɌ əɌ ɓɌɖɴɟɣɖɟ 
əɌɖɚə ɔɝɞɜɌɒɔɎɌɵɌ ɔɞɌɗɔɳɌəɝɖɚɏ ɑɖɚəɚɘɔɝɞɑ Ȯ. ȻɌɜɑɞɚ (V. Pareto) ɏɐɑ ɞɎɜɐɔ ɐɌ 20% 
ɝɞɌəɚɎəɔɤɞɎɌ ɐɜɒɔ 80% əɌɢɔɚəɌɗəɚɏ ɍɚɏɌɞɝɞɎɌ. ABC ɌəɌɗɔɓɌ ɛɚɗɌɓɔ ɚɐ ɞɚɏɌ ɐɌ 
ɛɌɒɵɟ, ɟ ɝɘɔɝɗɟ ɛɜɌɶɑɵɌ ɔ ɖɚəɞɜɚɗɑ, ɓɌɝɗɟɒɟɳɑ ɚɐɜɑɭɑə ɍɜɚɳ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ, 
Ɍɗɔ ɖɚɳɔ ɟ ɟɖɟɛəɔɘ ɎɜɑɐəɚɝɞɔɘɌ, ɚɐəɚɝəɚ ɞɜɚɤɖɚɎɔɘɌ ɓɌɗɔɡɌ ɔɘɌɳɟ ɓəɌɣɌɳɌə ɟɐɑɚ. 
Ⱥəɔ ɝɑ ɝɎɜɝɞɌɎɌɳɟ ɟ ɏɜɟɛɟ Ȭ (20% ɌɜɞɔɖɌɗɌ ɟ ɓɌɗɔɡɌɘɌ ɣɔəɔ 80% Ɏɜɑɐəɚɝɞɔ ɝɎɔɡ 
ɓɌɗɔɡɌ), ɐɚɖ ɏɜɟɛɑ B ɔ C ɣɔəɑ ɘɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ ɣɔɳɔ ɝɑ ɟɐɑɚ əɌ ɚɝəɚɎɟ ɎɜɝɞɌ 
ɛɚɎɑɶɌɎɌ, Ɍ əɌ ɚɝəɚɎɟ Ɏɜɑɐəɚɝɞɔ ɝɘɌɵɟɳɑ [30] [48].  

ȬəɌɗɔɓɌ ɖɚɳɌ ɝɑ ɟ ɔəɐɟɝɞɜɔɳɔ ɐɌəɌɝ əɌɳɑɠɔɖɌɝəɔɳɑ ɖɚɜɔɝɞɔ ɳɑ ABC ɌəɌɗɔɓɌ Ɍɗɔ 
ɚəɌ ɛɚɝɑɐɟɳɑ ɔ ɚɐɜɑɭɑəɌ ɚɏɜɌəɔɣɑɵɌ ɔ əɑɐɚɝɞɌɞɖɑ, ɖɌɚ ɤɞɚ ɝɟ: 
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1. ɘɚɏɟ ɝɑ ɛɜɑɎɔɐɑɞɔ ɎɔɞɌɗəɔ ɚɐəɚɝəɚ ɎɑɚɘɌ ɖɜɔɞɔɣəɔ ɑɗɑɘɑəɞɔ ɔɗɔ ɐɑɗɚɎɔ 
(Ɍɜɞɔɖɗɔ ɓɌɗɔɡɌ) əɔɝɖɑ Ɏɜɑɐəɚɝɞɔ ɛɚɞɜɚɤɵɑ  

2. ɖɜɔɞɔɣəɔ ɘɚɏɟ ɍɔɞɔ ɛɑɜɔɚɐɔɣəɔ ɛɜɑɏɗɑɐɔ ɔ ɌɒɟɜɔɜɌɵɌ  

3. ɞɑɤɖɚ ɔɗɔ əɑɛɜɑɢɔɓəɚ ɟɓɔɘɌɳɟ ɟ ɜɌɓɘɌɞɜɌɵɑ ɝɎɑ ɛɜɚɍɗɑɘɑ ɖɚəɞɜɚɗɑ ɓɌɗɔɡɌ, 
ɖɌɚ ɤɞɚ ɝɟ Ɏɑɗɔɖɔ ɍɜɚɳ ɌɜɞɔɖɌɗɌ ɘɌɗɑ Ɏɜɑɐəɚɝɞɔ [46]. 

XYZ ɌəɌɗɔɓɌ ɝɑ ɓɌɝəɔɎɌ əɌ  ɖɗɌɝɔɠɔɖɌɢɔɳɔ ɓɌɗɔɡɌ ɛɜɑɘɌ ɖɚəɞɔəɟɔɞɑɞɟ ɚɐəɚɝəɚ 
ɝɔɏɟɜəɚɝɞɔ ɛɜɚɏəɚɓɑ ɛɚɞɜɑɍɌ ɔɗɔ ɛɚɞɜɚɤɵɑ. ȳɌɗɔɡɑ ɝɑ ɖɗɌɝɔɠɔɖɟɳɟ ɟ ɏɜɟɛɑ: 

¶ ȯɜɟɛɌ X ɟ ɖɚɳɚɳ ɝɑ əɌɗɌɓɑ ɘɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ ɖɚəɞɔəɟɔɜɌəɚɏ ɞɜɚɤɑɵɌ ɟɓ 
ɘɌɵɌ ɖɚɗɑɍɌɵɌ ɐɚ 10%, əɌ ɚɝəɚɎɟ ɖɚɳɑ ɝɑ ɛɚɝɞɔɒɑ ɎɑɗɔɖɌ ɞɌɣəɚɝɞ ɛɜɚɏəɚɓɑ 
ɛɚɞɜɚɤɵɑ 

¶ ȯɜɟɛɌ Y ɝɌ ɘɌɞɑɜɔɳɌɗəɔɘ ɝɜɑɐɝɞɎɔɘɌ ɐɔɝɖɚəɞɔəɟɔɜɌəɚɏ ɞɜɚɤɑɵɌ, ɏɐɑ ɝɟ 
ɖɚɗɑɍɌɵɌ ɛɚɞɜɚɤɵɑ ɟ əɑɖɔɘ Ɏɜɑɘɑəɝɖɔɘ ɔəɞɑɜɎɌɗɔɘɌ ɐɚ 20%, ɞɌɖɚ ɐɌ ɳɑ 
ɘɚɏɟɶɑ ɚɝɞɎɌɜɔɞɔ ɝɜɑɐɵɟ ɛɜɑɢɔɓəɚɝɞ ɛɜɚɏəɚɓɑ ɛɚɞɜɚɤɵɑ 

¶ ȯɜɟɛɌ Z ɝɌ  ɘɌɞɑɜɔɳɌɗɔɘ ɝɜɑɐɝɞɎɔɘɌ ɛɚɎɜɑɘɑəɑ ɛɚɞɜɚɤɵɑ ɟɓ ɐɔɝɖɚəɞɔəɟɔɞɑɞ 
ɟ ɖɚɗɔɣɔəɔ ɛɚɞɜɚɤɵɑ, ɞɌɖɚ ɐɌ ɝɑ əɑ ɘɚɒɑ ɟɞɎɜɐɔɞɔ ɞɜɑəɐ ɛɚɞɜɚɤɵɑ. ȳɌ ɚɎɌɖɎɌ 
ɘɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ ɛɚɝɞɔɒɑ ɝɑ ɘɌɗɌ ɛɜɑɢɔɓəɚɝɞ ɛɜɚɏəɚɓɑ ɛɚɞɜɚɤɵɑ. 

ȹɌɳɓəɌɣɌɳəɔɳɔ əɑɐɚɝɞɌɢɔ XYZ ɌəɌɗɔɓɑ ɎɔɐɴɔɎɔ ɝɟ ɖɜɚɓ ɖɌɞɑɏɚɜɔɓɌɢɔɳɟ əɚɎɔɡ 
ɛɜɚɔɓɎɚɐɌ, ɐɑɠɔəɔɝɌɵɑ ɛɜɑɐɎɔɭɌɵɌ ɛɚɞɜɌɒɵɑ ɌɜɞɔɖɌɗɌ ɔ ɛɜɑɎɔɭɌɵɑ ɝɑɓɚəɝɖɔɡ 
ɌɜɞɔɖɌɗɌ [46]. 

ȶɌɖɚ ɍɔ ɍɔɗɚ ɛɚɍɚɴɤɌəɚ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɘɚɏɟɶɑ ɳɑ ɟɛɚɞɜɑɍɔɞɔ ɟəɌɖɜɝəɟ 
ABC ɔ XYZ ɌəɌɗɔɓɟ ɓɌɗɔɡɌ. ȺɎɌ ɌəɌɗɔɓɌ ɚɍɟɡɎɌɞɌ ɖɚɘɍɔəɌɢɔɳɟ ɜɑɓɟɗɞɌɞɌ ABC ɔ XYZ 
ɌəɌɗɔɓɑ ɖɚɳɔɘɌ ɝɑ ɠɚɜɘɔɜɌ ɘɌɞɜɔɢɌ ɚɐ 9 ɜɌɓɗɔɣɔɞɔɡ ɏɜɟɛɌ. ȽɎɌɖɚɳ ɚɐ ɏɜɟɛɌ ɚɐɜɑɭɟɳɑ 
ɝɑ ɝɛɑɢɔɠɔɣəɌ ɝɞɜɌɞɑɏɔɳɌ əɌɍɌɎɴɌɵɌ, ɞɌɖɚ ɐɌ ɝɟ əɌɜɑɐəɑ ɏɜɟɛɑ ɐɚɍɔɳɑəɑ 
ɖɚɘɍɔəɌɢɔɳɚɘ ɜɑɓɟɗɞɌɞɌ ABC ɔ XYZ ɌəɌɗɔɓɑ. 

Ȼɚɘɚɶɟ ɛɜɔɖɌɓɌəɔɡ ɌəɌɗɔɓɌ ɘɚɒɑ ɝɑ ɐɚɶɔ ɐɚ ɓɌɖɴɟɣɌɖɌ ɚ ɍɔɞəɚɝɞɔ, ɚɐəɚɝəɚ 
ɘɚɏɟɶɑ ɳɑ ɟɝɛɚɝɞɌɎɔɞɔ ɛɜɔɚɜɔɞɑɞɑ ɓɌ ɚɘɚɏɟɶɌɎɌɵɑ ɛɚɐɔɓɌɵɌ ɖɎɌɗɔɞɑɞɌ ɔ ɑɠɔɖɌɝəɚɝɞɔ 
ɛɚɝɗɚɎəɔɡ ɌɖɞɔɎəɚɝɞɔ əɌ Ɏɔɤɔ əɔɎɚ, ɤɞɚ ɐɚɛɜɔəɚɝɔ ɛɚɎɑɶɌɵɟ ɑɖɚəɚɘɔɣəɚɝɞɔ 
ɛɜɑɐɟɓɑɶɌ.  

2.6. ȺȻȾȴȸȴȳȬɂȴȥȬ ȳȬȷȴɁȬ ȿ ȼȿȰȬȼȽȾȮȿ 

ȰɌəɌɝ ɳɑ ɜɟɐɌɜɝɞɎɚ ɐɚɝɞɔɏɗɚ ɝɞɌɐɔɳɟɘ ɟ ɖɚɘɑ ɳɑ əɑɚɛɡɚɐəɚ ɛɜɔɡɎɌɞɔɞɔ ɘɚɐɑɗɑ 
ɚɛɞɔɘɔɓɌɢɔɳɑ ɛɜɔɗɔɖɚɘ ɐɑɠɔəɔɝɌɵɌ, ɛɗɌəɔɜɌɵɌ, ɖɜɑɔɜɌɵɌ, ɛɜɚɳɑɖɞɚɎɌɵɌ, 
ɟəɌɛɜɑɭɑɵɌ ɔ ɜɑɌɗɔɓɚɎɌɵɌ ɝɎɔɡ ɠɌɓɌ ɔ ɌɖɞɔɎəɚɝɞɔ ɎɑɓɌəɔɡ ɓɌ ɚɎɟ ɏɜɌəɟ ɔəɐɟɝɞɜɔɳɑ 
[49]. 

ȿ ɜɟɐɌɜɝɖɔɘ ɛɚɝɞɜɚɳɑɵɔɘɌ ɔ ɛɜɚɢɑɝɔɘɌ, əɌɳɓɌɝɞɟɛɴɑəɔɳɔ ɔ əɌɳɎɌɒəɔɳɔ 
ɛɚɞɜɚɤəɔ ɘɌɞɑɜɔɳɌɗɔ ɝɟ ɑɖɝɛɗɚɓɔɎəɌ ɝɜɑɐɝɞɎɌ, ɏɚɜɔɎɚ ɛɜɑ ɝɎɑɏɌ əɌɠɞɌ, ɘɌɓɔɎɌ, ɏɟɘɑ 
ɓa ɘɌɤɔəɑ ɔ ɞɜɌəɝɛɚɜɞəɌ ɝɜɑɐɝɞɎɌ, ɜɑɓɑɜɎəɔ ɐɑɗɚɎɔ, ɓɌɤɞɔɞəɌ ɝɜɑɐɝɞɎɌ ɖɌɚ ɔ 
ɡɑɘɔɳɝɖɌ ɝɜɑɐɝɞɎɌ əɌɳɓɌɝɞɟɛɴɑəɔɳɌ ɟ ɛɜɔɛɜɑɘɔ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɖɜɚɓ 
ɠɗɚɞɌɢɔɳɝɖɑ ɜɑɌɏɑəɝɑ.  

Ⱦɚɖɚɘ ɏɚɐɔəɑ ɛɜɚɔɓɎɚɐɵɌ ɜɟɐəɔɖɌ ɘɚɒɑ ɎɌɜɔɜɌɞɔ, ɛɌ ɝɟ ɓɌɡɞɑɎɔ ɓɌ ɛɚɞɜɚɤəɔɘ 
ɘɌɞɑɜɔɳɌɗɔɘɌ ɛɜɚɘɑəɴɔɎɔ. ȼɌɓɗɚɓɔ ɘɚɏɟ ɍɔɞɔ ɍɜɚɳəɔ, ɚɐ ɞɜɒɔɤəɔɡ ɖɜɑɞɌɵɌ, 
ɝɑɓɚəɝɖɔɡ ɛɚɞɜɑɍɑ ɓɌ ɘɔəɑɜɌɗəɚɘ ɝɔɜɚɎɔəɚɘ (ɟɏɴɑɘ, ɏɜɌɭɑɎɔəɝɖɔɘ ɘɌɞɑɜɔɳɌɗɔɘɌ) ɐɚ 
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ɘɑɞɑɚɜɚɗɚɤɖɔɡ ɟɝɗɚɎɌ ɖɚɳɔ ɔɘɌɳɟ ɚɐɜɑɭɑə ɟɞɔɢɌɳ əɌ ɛɜɚɔɓɎɚɐɵɟ ɛɚɎɜɤɔəɝɖɔɡ 
ɖɚɛɚɎɌ [50].  

ȥɑɐɌə ɚɐ ɖɴɟɣəɔɡ ɛɜɑɐɟɝɗɚɎɌ ɔ ɠɌɖɞɚɜɌ əɑɚɛɡɚɐəɔɡ ɓɌ əɑɝɘɑɞɌəɚ ɚɐɎɔɳɌɵɑ 
ɝɎɔɡ ɠɌɓɌ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ ɛɌ ɔ ɜɟɐɌɜɝɞɎɌ ɝɟ ɓɌɗɔɡɑ. ȶɚɗɔɣɔəɌ ɝɔɜɚɎɔəɌ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɖɚɳɌ ɶɑ ɝɑ əɌɗɌɓɔɞɔ əɌ ɓɌɗɔɡɌɘɌ ɓɌɎɔɝɔ ɚɐ ɛɚɞɜɑɍəɑ ɖɚɗɔɣɔəɑ 
ɓɌ əɑɛɜɑɖɔɐəɚ ɚɐɎɔɳɌɵɑ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ ɔ ɚɐ ɟɝɗɚɎɌ ɝəɌɍɐɑɎɌɵɌ. 

ȻɚɞɜɑɍəɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ ɓɌɎɔɝɔ ɚɐ 
ɚɛɞɔɘɌɗəɚɏ ɛɜɚɏɜɌɘɌ ɛɜɚɔɓɎɚɐɵɑ, ɖɚɳɔ ɳɑ ɛɜɚəɌɭɑə ɘɑɞɚɐɌɘɌ ɗɔəɑɌɜəɚɏ 
ɛɜɚɏɜɌɘɔɜɌɵɌ. ȯɚɐɔɤɵɔ ɚɛɞɔɘɌɗəɔ ɛɜɚɏɜɌɘ ɛɜɚɔɓɎɚɐɵɑ ɞɜɑɍɌ ɐɌ ɍɟɐɑ ɜɌɓɐɑɴɑə əɌ 
ɛɜɚɏɜɌɘɑ ɓɌ ɖɜɌɶɑ Ɏɜɑɘɑəɝɖɑ ɛɑɜɔɚɐɑ (ɞɜɚɘɑɝɑɣɳɌ, ɘɑɝɑɢɑ, əɑɐɑɴɑ ɔɞɐ.). ȶɚɗɔɣɔəɌ 
ɝɔɜɚɎɔəɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɓɌ ɔɓɎɜɤɑɵɑ ɞɌɖɎɚɏ ɛɜɚɏɜɌɘɌ, ɝɘɌɞɜɌ ɝɑ 
ɛɚɞɜɑɍəɚɘ ɖɚɗɔɣɔəɚɘ ɟ ɞɚɘ ɛɑɜɔɚɐɟ. ȼɌɓɟɘɑ ɝɑ, ɐɌ ɶɑ ɝɑ Ɏɚɐɔɞɔ ɜɌɣɟəɌ ɚ ɞɜɌɳɌɵɟ 
ɝɎɌɖɑ ɝɑɜɔɳɑ, Ɍɖɚ ɳɑ ɜɑɣ ɚ ɝɑɜɔɳɝɖɚɳ ɛɜɚɔɓɎɚɐɵɔ, ɖɌɚ ɔ ɚ ɞɑɡəɚɗɚɤɖɔɘ ɟɝɗɚɎɔɘɌ 
ɛɜɚɔɓɎɚɐɵɑ. 

ȿɝɗɚɎɔ ɝəɌɍɐɑɎɌɵɌ ɝɔɜɚɎɔəɌɘɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɘ ɝɜɑɐɝɞɎɔɘɌ ɟɞɔɣɟ əɌ 
Ɏɑɗɔɣɔəɟ ɓɌɗɔɡɌ. ȹɔɳɑ ɝɎɑɳɑɐəɚ ɐɌ ɗɔ əɌɜɟɣɑəɌ ɖɚɗɔɣɔəɌ əɑɖɑ ɝɔɜɚɎɔəɑ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ ɘɚɒɑ ɚɐɘɌɡ (ɔɝɞɚɏ ɐɌəɌ) ɍɔɞɔ ɔɝɛɚɜɟɣɑəɌ ɔ ɐɚɛɜɑɘɴɑəɌ ɟ 
ɝɖɗɌɐɔɤɞɑ ɖɟɛɢɌ ɔɗɔ ɞɜɑɍɌ ɐɌ ɛɜɚɭɑ ɔɓɎɑɝəɚ Ɏɜɑɘɑ ɚɐ ɞɜɑəɟɞɖɌ ɛɚɜɟɣɔɎɌɵɌ ɐɚ 
ɞɜɑəɟɞɖɌ ɛɜɔɳɑɘɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ. ȸɚɒɑ ɝɑ ɐɚɏɚɐɔɞɔ ɐɌ 
ɛɚɜɟɣɑəɌ ɖɚɗɔɣɔəɌ, ɓɍɚɏ ɐɟɒɑɏ ɎɜɑɘɑəɌ ɔɝɛɚɜɟɖɑ, əɑ ɍɟɐɑ ɐɚɛɜɑɘɴɑəɌ ɛɜɑ əɑɏɚ ɤɞɚ 
ɝɑ ɝɖɗɌɐɔɤɞɑ ɛɚɞɛɟəɚ ɔɝɛɜɌɓəɔ, ɤɞɚ ɘɚɒɑ ɔɓɌɓɎɌɞɔ ɛɜɑɖɔɐ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ. 
ȽɎɌɖɔ ɛɜɑɖɔɐ ɛɜɚɔɓɎɚɐɵɑ ɔɓɌɓɔɎɌ ɛɚɎɑɶɌɵɑ ɞɜɚɤɖɚɎɌ. ȾɜɑɍɌ ɔɝɛɔɞɌɞɔ ɐɌ ɗɔ ɝɟ 
ɞɜɚɤɖɚɎɔ əɌɖəɌɐəɑ (ɡɔɞəɑ) əɌɍɌɎɖɑ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ ɔɗɔ ɝɔɜɚɎɔəɑ ɖɚɳɌ 
əɑɐɚɝɞɌɳɑ ɘɌɵɔ ɚɐ ɘɚɏɟɶɔɡ ɏɟɍɔɞɌɖɌ ɔɓɌɓɎɌəɔɡ ɛɜɑɖɔɐɚɘ ɛɜɚɢɑɝɌ ɛɜɚɔɓɎɚɐɵɑ. Ⱥɝɔɘ 
ɟ ɔɓɟɓɑɞəɔɘ ɝɗɟɣɌɳɑɎɔɘɌ, ɞɜɚɤɖɚɎɔ ɡɔɞəɑ əɌɍɌɎɖɑ ɝɟ ɘɌɵɔ ɚɐ ɘɚɏɟɶɔɡ ɏɟɍɔɞɌɖɌ ɟ 
ɛɜɚɔɓɎɚɐɵɔ. Ȼɚɞɜɑɍəɚ ɳɑ, ɐɌɖɗɑ, ɔɝɛɔɞɌɞɔ əɑ ɝɌɘɚ ɝɗɟɣɌɳ ɖɌɐɌ ɛɚɝɞɚɳɑ ɓɌɗɔɡɑ əɑɏɚ ɔ 
ɝɗɟɣɌɳ ɖɌɐɌ ɚəɑ əɑ ɛɚɝɞɚɳɑ, ɚɐəɚɝəɚ ɖɌɐɌ ɝɑ ɳɌɎɴɌɳɟ ɞɓɎ. əɑɐɚɎɚɴəɑ ɓɌɗɔɡɑ. 

Ⱥɛɔɝ ɛɜɚɍɗɑɘɌ ɚɘɚɏɟɶɌɎɌ ɐɌ ɟɞɎɜɐɔɘɚ ɑɗɑɘɑəɞɑ ɖɚɳɔ ɝɑ ɘɚɜɌɳɟ ɟɓɑɞɔ ɟ ɚɍɓɔɜ 
ɛɜɔɗɔɖɚɘ ɟɞɜɭɔɎɌɵɌ ɚɛɞɔɘɌɗəɔɡ ɓɌɗɔɡɌ. ȰɌ ɍɔ ɝɘɚ ɟɞɎɜɐɔɗɔ ɚɛɞɔɘɌɗəɟ ɖɚɗɔɣɔɔəɟ 
ɝɔɜɚɎɔəɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ əɌ ɓɌɗɔɡɔ ɔɘɌɶɑɘɚ ɟ Ɏɔɐɟ ɝɗɑɐɑɶɑ ɑɗɑɘɑəɞɑ: 

Ɍ) Ȼɚɞɜɑɍəɟ ɖɚɗɔɣɔəɟ ɝɔɜɚɎɔəɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɟ ɳɑɐəɚɘ ɛɑɜɔɚɐɟ. 
ȶɌɖɚ ɳɑ ɚɛɞɔɘɌɗəɔ ɛɜɚɏɜɌɘ ɛɜɚɔɓɎɚɐɵɑ ɛɚɓəɌɞ, ɞɚ ɝɑ ɘɚɒɑ ɟɞɎɜɐɔɞɔ ɛɚɞɜɑɍəɌ 
ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɌ ɚɐəɚɝəɚ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ, ɛɌ ɖɌɒɑɘɚ ɐɌ ɳɑ ɛɚɞɜɑɍəɌ 
ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɟ ɝɎɌɖɚɘ ɛɑɜɔɚɐɟ ɎɜɑɘɑəɌ 
ɖɚəɝɞɌəɞəɌ. 

ɍ) ȾɜɑəɟɞɌɖ ɛɚɜɟɣɔɎɌɵɌ. Ⱥə ɘɚɒɑ ɍɔɞɔ: 

- ɟəɌɛɜɑɐ ɟɞɎɜɭɑə, ɞɳ. ɛɚɓəɌɞ ɔ 

- əɑɛɚɓəɌɞ 

ɢ) Ȯɜɑɘɑ əɌɍɌɎɖɑ ɏɐɑ ɛɚɐɜɌɓɟɘɑɎɌɘɚ Ɏɜɑɘɑ ɖɚɳɑ ɛɜɚɞɑɖəɑ ɚɐ ɞɜɑəɟɞɖɌ ɛɚɜɟɣɔɎɌɵɌ 
ɐɚ ɞɜɑəɟɞɖɌ ɛɜɔɳɑɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɔɗɔ ɝɔɜɚɎɔəɑ. Ⱥəɚ ɚɍɟɡɎɌɞɌ Ɏɜɑɘɑ 
ɛɚɞɜɑɍəɚ ɓɌ: 

- ɜɑɐɚɎəɑ əɌɍɌɎɖɑ 

- əɌɖəɌɐəɑ (ɡɔɞəɑ) əɌɍɌɎɖɑ. 
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ɐ) ȾɜɚɤɖɚɎɔ ɚɍɟɡɎɌɞɌɳɟ: 

- ɞɜɚɤɖɚɎɑ ɜɑɐɚɎəɑ əɌɍɌɎɖɑ, 

- ɞɜɚɤɖɚɎɑ əɌɖəɌɐəɑ (ɡɔɞəɑ) əɌɍɌɎɖɑ ɔ 

- ɞɜɚɤɖɚɎɑ ɝɖɗɌɐɔɤɞɑɵɌ. 

ȾɜɚɤɖɚɎɔ ɓɌɗɔɡɌ ɘɚɏɟ ɍɔɞɔ ɛɜɚɛɚɜɢɔɚəɌɗəɔ ɖɚɗɔɣɔəɔ ɘɌɞɑɜɔɳɌɗɌ ɖɚɳɔ ɳɑ əɌ 
ɓɌɗɔɡɌɘɌ, Ɍɗɔ ɔ əɑ ɘɚɜɌɳɟ [50]. ȿ ɞɜɚɤɖɚɎɑ əɑ ɚɍɟɡɎɌɞɌɘɚ əɌɍɌɎəɟ ɢɑəɟ ɝɔɜɚɎɔəɑ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ, ɳɑɜ ɚəɌ əɑ ɟɞɔɣɑ əɌ ɔɓɍɚɜ ɵɔɡɚɎɑ ɚɛɞɔɘɌɗəɑ ɖɚɗɔɣɔəɑ əɌ 
ɓɌɗɔɡɌɘɌ ɓɌɞɚ ɤɞɚ ɳɑ ɛɚɞɜɑɍəɌ ɖɚɗɔɣɔəɌ ɛɚɓəɌɞɌ. Ȭɖɚ ɛɚɝɞɚɳɑ ɜɌɓɗɔɣɔɞɑ ɢɑəɑ 
ɝɔɜɚɎɔəɌ ɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɔɝɞɚɏ ɖɎɌɗɔɞɑɞɌ, ɛɜɑɞɛɚɝɞɌɎɴɌ ɝɑ ɐɌ ɶɑ ɛɜɑɐəɚɝɞ 
ɔɘɌɞɔ ɘɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ ɔ ɝɔɜɚɎɔəɑ ɝɌ əɔɒɚɘ ɢɑəɚɘ. Ⱦɚ ɞɜɑɍɌ ɔɘɌɞɔ ɟ Ɏɔɐɟ ɖɚɐ 
ɟɞɎɜɭɔɎɌɵɌ ɞɜɚɤɖɚɎɌ əɌɍɌɎɖɔ. 

ȸɔəɔɘɔɓɔɜɌɵɑɘ ɞɜɚɤɖɚɎɌ ɟɞɎɜɭɟɳɑɘɚ ɚɛɞɔɘɌɗəɟ ɖɚɗɔɣɔəɟ ɝɎɌɖɑ ɝɔɜɚɎɔəɑ 
ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ əɌ ɓɌɗɔɡɔ. ȳɍɚɏ ɞɚɏɌ ɳɑ ɛɚɞɜɑɍəɚ ɠɚɜɘɔɜɌɞɔ ɠɟəɖɢɔɳɟ-
ɞɜɚɤɖɚɎɌ ɔ ɞɜɌɒɔɞɔ ɵɑə ɘɔəɔɘɟɘ. ȰɌ ɍɔ ɠɟəɖɢɔɳɌ ɞɜɚɤɖɚɎɌ ɍɔɗɌ ɠɚɜɘɔɜɌəɌ 
ɟɎɚɐɔɘɚ ɝɗɑɐɑɶɑ ɝɔɘɍɚɗɑ [51]: 

X - ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɖɚɳɌ ɳɑ ɛɚɞɜɑɍəɌ ɓɌ 
ɔɓɎɜɤɑɵɑ ɚɛɞɔɘɌɗəɚɏ ɛɜɚɏɜɌɘɌ ɛɜɚɔɓɎɚɐɵɑ, 

xt - ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɖɚɳɌ ɳɑ ɛɚɞɜɑɍəɌ ɟ ɳɑɐəɚɘ 
ɛɑɜɔɚɐɟ ɚɐ t Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ, 

qt - ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ ɳɑɐəɚɳ ɛɚɜɟɹɍɔəɔ Ɍ ɟ 
ɳɑɐəɚɘ ɛɑɜɔɚɐɟ ɚɐ t Ɏɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ, 

T - ɍɜɚɳ Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ ɟ ɞɚɖɟ ɢɑɗɚɏ ɔəɞɑɜɎɌɗɌ ɎɜɑɘɑəɌ (ɚɍɔɣəɚ ɳɑɐəɌ 
ɏɚɐɔəɌ), 

t - ɍɜɚɳ Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ ɟ ɳɑɐəɚɘ ɛɑɜɔɚɐɟ, 

n - ɍɜɚɳ ɛɑɜɔɚɐɌ ɚɐ t Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ ɟ ɔəɞɑɜɎɌɗɟ T, 

C0 - ɞɜɚɤɖɚɎɔ ɜɑɐɚɎəɑ əɌɍɌɎɖɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ ɳɑɐəɚɳ 
ɛɚɜɟɹɍɔəɔ, 

C1 - ɞɜɚɤɖɚɎɔ ɝɖɗɌɐɔɤɞɑɵɌ ɳɑɐəɑ ɳɑɐɔəɔɢɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ 
ɝɜɑɐɝɞɎɌ S ɟ ɞɚɖɟ ɳɑɐəɑ Ɏɜɑɘɑəɝɖɑ ɳɑɐɔəɔɢɑ, 

C2 - ɞɜɚɤɖɚɎɔ əɌɖəɌɐəɑ (ɡɔɞəɑ) əɌɍɌɎɖɑ ɳɑɐəɑ ɳɑɐɔəɔɢɑ ɝɔɜɚɎɔəɑ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ ɳɑɐəɚɳ Ɏɜɑɘɑəɝɖɚɳ ɳɑɐɔəɔɢɔ, 

zt - ɓɌɗɔɡɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɖɜɌɳɑɘ i- ɞɚɏ ɛɑɜɔɚɐɌ, 

vt - əɑɐɚɎɚɴəɑ ɓɌɗɔɡɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ i- ɞɚɘ ɛɑɜɔɚɐɟ, 

yt - ɜɌɝɛɚɗɚɒɔɎɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɛɚɝɗɑ 
ɛɜɔɳɑɘɌ ɛɚɜɟɣɑəɑ ɖɚɗɔɣɔəɑ ɟ ɳɑɐəɚɘ ɛɑɜɔɚɐɟ ɚɐ t Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ [51] 
[52]. 

ȼɌɓɘɚɞɜɔɘɚ ɛɜɚɍɗɑɘ ɟɓ ɛɚɘɚɶ ɚɎɔɡ ɝɔɘɍɚɗɌ. ȳɌ ɔɓɎɜɤɑɵɑ ɚɛɞɔɘɌɗəɚɏ 
ɛɜɚɏɜɌɘɌ ɛɜɚɔɓɎɚɐɵɑ ɓɌ ɳɑɐəɟ ɏɚɐɔəɟ, ɚɓəɌɣɑəɟ ɔəɞɑɜɎɌɗɚɘ ɎɜɑɘɑəɌ T, ɛɚɞɜɑɍəɚ ɳɑ 
əɌɳɘɌɵɑ X ɳɑɐɔəɔɢɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S. ȻɜɚɔɓɎɚɐɵɌ ɝɑ ɚɐɎɔɳɌ 
əɑɛɜɑɖɔɐəɚ, ɛɜɔ ɣɑɘɟ ɛɜɎɌ ɠɌɓɌ ɚɍɜɌɐɑ (ɛɚɣɑɞɌɖ ɛɜɚɔɓɎɚɐɵɑ) ɘɚɒɑ ɍɔɞɔ ɝɎɌɖɚɏ ɐɌəɌ 
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ɔɗɔ ɛɚɝɗɑ ɔɝɞɑɖɌ ɔɓɎɑɝəɚɏ ɍɜɚɳɌ ɐɌəɌ. ȳɍɚɏ ɞɚɏɌ ɳɑ əɑɚɛɡɚɐəɚ ɛɚɐɑɗɔɞɔ ɔəɞɑɜɎɌɗ 
ɎɜɑɘɑəɌ T əɌ n ɘɑɭɟɝɚɍəɚ ɳɑɐəɌɖɔɡ ɛɑɜɔɚɐɌ, ɞɌɖɚ ɐɌ ɝɎɌɖɔ ɛɑɜɔɚɐ ɚɍɟɡɎɌɞɌ ɛɚ t 
Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ, ɔ ɚɐɜɑɐɔɞɔ ɐɌ ɟ ɳɑɐəɚɘ ɛɑɜɔɚɐɟ ɘɚɒɑ ɍɔɞɔ ɝɌɘɚ ɳɑɐɌə ɛɚɣɑɞɌɖ 
ɛɜɚɔɓɎɚɐɵɑ ɖɚɳɌ ɔɓɌɓɔɎɌ ɟɞɜɚɤɌɖ ɝɔɜɚɎɔəɑ ɚɐəɚɝəɚ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S. ȾɌɐɌ ɶɑ 
ɎɌɒɔɞɔ ɜɑɗɌɢɔɳɌ 

 

 Ὕ ὲὸ (1) 

ɚɐəɚɝəɚ 

 ὲ  (2) 

Ȭɖɚ ɝɟ ɛɚɞɜɑɍəɑ ɖɚɗɔɣɔəɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɛɚ ɛɑɜɔɚɐɔɘɌ 
ɳɑɐəɌɖɑ ɘɑɭɟ ɝɚɍɚɘ, ɛɌ ɝɑ ɘɚɏɟ ɚɓəɌɣɔɞɔ ɝɌ x, ɚəɐɌ ɝɑ ɍɜɚɳ ɛɑɜɔɚɐɌ ɚɐ t Ɏɜɑɘɑəɝɖɔɡ 
ɳɑɐɔəɔɢɌ ɘɚɒɑ ɔɓɜɌɣɟəɌɞɔ ɔɓ ɚɐəɚɝɌ 

 ὲ  (3) 

ȿɛɚɜɑɭɔɎɌɵɑɘ ɝɑ ɘɚɒɑ ɟɝɞɌəɚɎɔɞɔ ɐɌ ɎɌɒɔ 

 ὲ  (4) 

ɤɞɚ ɶɑ ɍɔɞɔ ɖɚɜɔɤɶɑəɚ ɓɌ ɠɚɜɘɔɜɌɵɑ ɠɟəɖɢɔɳɑ ɞɜɚɤɖɚɎɌ. Ȼɚɝɗɑ ɞɚɏɌ ɳɑ ɘɚɏɟɶɑ 
ɔɓɜɌɣɟəɌɞɔ ɖɚɗɔɣɔəɟ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɖɚɳɌ ɳɑ ɛɚɞɜɑɍəɌ ɓɌ 
ɛɜɚɔɓɎɚɐɵɟ ɟ i- ɞɚɘ ɛɑɜɔɚɐɟ, ɖɚɳɟ ɝɘɚ ɚɓəɌɣɔɗɔ ɝɌ xi. 

ȺɞɟɐɌ ɳɑ ὢ В ὼ (5) 

ɛɜɔ ɣɑɘɟ ɖɚɗɔɣɔəɑ xi (ɔɝɞɚ ɖɌɚ ɔ ɛɑɜɔɚɐɔ) ɘɚɏɟ ɐɌ ɍɟɐɟ ɳɑɐəɌɖɑ ɘɑɭɟ ɝɚɍɚɘ, Ɍɗɔ əɑ 
ɘɚɜɌɳɟ. ȿ ɝɎɌɖɚɘ ɛɑɜɔɚɐɟ ɘɚɜɌ ɍɔɞɔ əɌɍɌɎɴɑəɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ 
ɝɜɑɐɝɞɎɌ S, ɖɚɳɌ ɳɑ ɚɓəɌɣɑəɌ ɝɌ qi, Ɍ ɖɚɳɌ ɶɑ, ɓɌɳɑɐəɚ ɝɌ əɑɟɞɜɚɤɑəɚɘ ɖɚɗɔɣɔəɚɘ ɔɓ i-1 
ɛɑɜɔɚɐɌ, ɍɔɞɔ ɐɚɎɚɴəɌ ɓɌ ɛɜɚɔɓɎɚɐɵɟ. ȾɌɳ ɟɝɗɚɎ ɶɑ ɍɔɞɔ ɔɝɛɟɵɑə ɝɌɘɚ Ɍɖɚ ɳɑ 

 ᾀ ή ὼ ,     i=1,2,..., n  (6) 

ɤɞɚ ɓəɌɣɔ ɐɌ ɶɑ ɝɑ əɑɟɞɜɚɤɑəɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S 
ɖɜɌɳɑɘ i- ɞɚɏ ɛɑɜɔɚɐɌ 

 ᾀ ᾀ ή ὼ ,     i=1,2,..., n,   ᾀ π  (7) 

ɛɚɳɌɎɔɞɔ ɟ Ɏɔɐɟ ɓɌɗɔɡɌ. ȶɌɖɚ ɝɘɚ ɝɌ yi ɚɓəɌɣɔɗɔ ɜɌɝɛɚɗɚɒɔɎɟ ɖɚɗɔɣɔəɟ ɝɔɜɚɎɔəɑ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɛɚɝɗɑ ɛɜɔɳɑɘɌ ɛɚɜɟɣɑəɑ ɖɚɗɔɣɔəɑ ɚɐ qi ɳɑɐɔəɔɢɌ, ɞɳ. 

 ώ ᾀ ή      i=1,2,..., n  (8) 

ɞɚ ɳɑ 

 ᾀ ώ ὼ      i=1,2,..., n ,   ᾀ π (9) 

ȸɚɒɑ ɝɑ ɐɚɏɚɐɔɞɔ ɐɌ ɟ i- ɞɚɘ ɛɑɜɔɚɐɟ ɜɌɝɛɚɗɚɒɔɎɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S əɑ ɍɟɐɑ ɐɚɎɚɴəɌ ɐɌ ɛɚɐɘɔɜɔ ɛɚɞɜɑɍɑ, ɳɑɜ ɳɑ 

 ώ ὼ  (10) 

ȾɌɐɌ ɶɑ ɓɌɗɔɡɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɍɔɞɔ əɑɐɚɎɚɴəɑ, ɛɌ ɳɑ 

 ὺ ὼ ώ ,     i=1,2,..., n, ώ ὼ  (11) 
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Ȯɑɗɔɣɔəɑ xi ɔ yi  ɝɟ əɑɛɚɓəɌɞɑ. ȧɔɡɚɎ ɘɑɭɟɝɚɍəɔ ɚɐəɚɝ ɶɑ ɛɚɖɌɓɌɞɔ ɐɌ ɗɔ ɛɚɝɞɚɳɑ 
ɓɌɗɔɡɑ ɔɗɔ ɳɑ əɑɚɛɡɚɐəɌ ɡɔɞəɌ əɌɍɌɎɖɌ. ȳɍɚɏ ɞɚɏɌ ɶɑ ɝɑ ɚɛɞɔɘɌɗəɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ 
ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S əɌ ɓɌɗɔɡɔ ɟ i- ɞɚɘ ɛɑɜɔɚɐɟ ɟɞɎɜɐɔɞɔ ɛɜɑɖɚ ɛɜɚɘɑəɴɔɎɔɡ 
xi  ɔ yi, Ɍ əɌ ɚɝəɚɎɟ ɜɑɗɌɢɔɳɌ (9) ɔ ( 11) [51]. 

ȻɜɑɞɛɚɝɞɌɎɴɑəɚ ɳɑ ɐɌ ɝɑ ɛɜɚɢɑɝ ɛɜɚɔɓɎɚɐɵɑ əɑ ɝɘɑ ɟɝɗɑɐ ɞɚɏɌ, ɛɜɑɖɔəɟɞɔ, ɤɞɚ 
ɓəɌɣɔ ɐɌ ɝɑ ɘɚɜɌ ɛɜɔɝɞɟɛɔɞɔ əɌɖəɌɐəɚɳ (ɡɔɞəɚɳ) əɌɍɌɎɢɔ ɛɚɞɜɑɍəɑ ɖɚɗɔɣɔəɑ 
ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S. ȾɜɑəɟɞɌɖ ɛɚɜɟɣɔɎɌɵɌ ɝɔɜɚɎɔəɌ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ, ɘɚɒɑ ɍɔɞɔ ɟəɌɛɜɑɐ ɚɐɜɑɭɑə, Ɍɗɔ əɑ ɘɚɜɌ. 

ȾɜɚɤɖɚɎɔ ɜɑɐɚɎəɑ ɔ ɡɔɞəɑ əɌɍɌɎɖɑ, ɓɌɳɑɐəɚ ɝɌ ɞɜɚɤɖɚɎɔɘɌ ɝɖɗɌɐɔɤɞɑɵɌ, 
ɘɚɜɌɳɟ ɍɔɞɔ ɘɔəɔɘɌɗəɔ ɟ ɢɑɗɚɘ ɔəɞɑɜɎɌɗɟ ɎɜɑɘɑəɌ T. ȸɔəɔɘɌɗəɌ Ɏɜɑɐəɚɝɞ ɞɔɡ 
ɞɜɚɤɖɚɎɌ ɓɌɎɔɝɔ ɚɐ ɟɝɗɚɎɌ ɔ Ɏɜɝɞɑ əɌɍɌɎɖɑ, ɞɜɑəɟɞɖɌ ɔ ɍɜɚɳɌ ɛɚɜɟɣɔɎɌɵɌ, Ɏɑɗɔɣɔəɑ 
ɳɑɐəɑ ɛɚɜɟɹɍɔəɑ, ɖɚɗɔɣɔəɑ ɝɔɜɚɎɔəɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ əɌ ɓɌɗɔɡɔ, ɐɟɒɔəɑ 
ɎɜɑɘɑəɌ ɟ ɖɚɳɑɘ ɝɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ ɣɟɎɌɳɟ əɌ ɓɌɗɔɡɔ ɔ Ɏɑɗɔɣɔəɑ 
ɞɜɚɤɖɚɎɌ ɛɚ ɳɑɐɔəɔɢɔ ɝɔɜɚɎɔəɑ ɚɐəɚɝəɚ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ, ɖɌɚ ɔ əɌɣɔəɌ 
ɵɔɡɚɎɚɏ ɚɍɟɡɎɌɞɌɵɌ. ȽɎɑ ɑɗɑɘɑəɞɑ əɑ ɘɚɒɑɘɚ ɚɐɘɌɡ ɚɍɟɡɎɌɞɔɞɔ ɳɑɐəɚɘ ɠɟəɖɢɔɳɚɘ 
ɞɜɚɤɖɚɎɌ. ȳɍɚɏ ɞɚɏɌ ɶɑɘɚ əɑɖɑ ɑɗɑɘɑəɞɑ ɓɌəɑɘɌɜɔɞɔ, ɛɜɑɞɛɚɝɞɌɎɴɌɳɟɶɔ ɐɌ əɑ ɛɚɝɞɚɳɑ, 
ɚɐəɚɝəɚ ɐɌ əɑ ɟɞɔɣɟ əɌ ɔɓɍɚɜ ɚɛɞɔɘɌɗəɑ ɖɚɗɔɣɔəɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ 
ɝɜɑɐɝɞɎɌ S əɌ ɓɌɗɔɡɔ. ȿɝɎɚɳɔɶɑɘɚ, ɞɌɖɚɭɑ, ɐɌ ɝɎɌɖɔ ɛɑɜɔɚɐ ɚɍɟɡɎɌɞɌ ɛɚ t Ɏɜɑɘɑəɝɖɔɡ 
ɳɑɐɔəɔɢɌ, ɞɳ. ɐɌ ɝɟ ɝɎɔɡ n ɛɑɜɔɚɐɌ ɘɑɭɟɝɚɍəɚ ɳɑɐəɌɖɔ [51] [52]. 

2.7. ȸȺȰȱȷȴ ȺȻȾȴȸȴȳȬɂȴȥȱ ȳȬȷȴɁȬ 

ȾɌɣɖɌ ɚɐ ɖɚɳɑ ɳɑ əɑɚɛɡɚɐəɚ ɖɜɑəɟɞɔ ɚɐəɚɝəɚ ɛɚɗɌɓəɌ ɛɜɑɞɛɚɝɞɌɎɖɌ ɚɐəɚɝɔ ɝɑ əɌ 
ɞɚ ɐɌ ɚɐəɚɝ ɛɚɞɜɑɍəɑ ɔ ɜɌɝɛɚɗɚɒɔɎɑ ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ ɘɚɒɑ ɍɔɞɔ [51]:  

¶ ɐɌ  ɜɌɝɛɚɗɚɒɔɎɌ ɖɚɗɔɣɔəɌ ɓɌɗɔɡɌ ɟ ɌɐɑɖɎɌɞəɌ ɳɑ ɐɌ ɓɌɐɚɎɚɴɌɎɌ ɞɜɌɒɑəɟ ɡ, 
ɓəɌɣɔ ɐɌ  ὼ ώ 

¶ ɐɌ ɜɌɝɛɚɗɚɒɔɎɌ ɖɚɗɔɣɔəɌ ɓɌɗɔɡɌ ɟ əɔɳɑ ɌɐɑɖɎɌɞəɌ ɐɌ ɓɌɐɚɎɚɴɔ ɞɜɌɒɵɟ ɡ, 
ɓəɌɣɔ ɐɌ ὼ ώ 

ɖɌɐɌ ɳɑ əɑɚɛɡɚɐəɌ ɡɔɞəɌ əɌɍɌɎɖɌ. 

2.7.1. ȸɚɐɑɗ ɓɌɗɔɡɌ ɖɌɐɌ ɡɔɞəɑ əɌɍɌɎɖɑ əɔɝɟ ɐɚɓɎɚɴɑəɑ 

ȶɌɐɌ ɡɔɞəɑ əɌɍɌɎɖɑ əɔɝɟ ɐɚɓɎɚɴɑəɑ ɛɜɚɍɗɑɘ ɚɐɜɑɭɟɳɟ ɝɗɑɐɑɶɑ ɛɜɑɞɛɚɝɞɌɎɖɑ [51]: 

Ɍ) ȻɚɞɜɑɍəɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɓɌ ɛɜɚɔɓɎɚɐɵɟ ɳɑ 
ɛɚɓəɌɞɌ ɔ ɳɑɐəɌɖɌ ɟ ɝɎɔɘ ɛɑɜɔɚɐɔɘɌ, ɛɌ ɝɑ ɔəɐɑɖɝ i ɘɚɒɑ ɓɌəɑɘɌɜɔɞɔ 
ɚɓəɌɣɌɎɌɵɑɘ ɞɑ ɖɚɗɔɣɔəɑ ɝɌɘɚ ɝɌ x. ȽɌɝɎɔɘ ɳɑ ɝɎɑɳɑɐəɚ ɚ ɖɚɘ ɝɑ ɛɑɜɔɚɐɟ ɜɌɐɔ. 
Ȼɜɚɍɗɑɘ ɝɑ, ɟɝɗɑɐ ɞɚɏɌ, ɝɎɚɐɔ əɌ ɟɞɎɜɭɔɎɌɵɑ ɍɜɚɳɌ ɛɑɜɔɚɐɌ ɟ ɚɖɎɔɜɟ 
ɔəɞɑɜɎɌɗɌ ɎɜɑɘɑəɌ T. 

ɍ) ȹɑ ɛɚɝɞɚɳɑ əɔ ɛɚɣɑɞəɑ əɔ ɓɌɎɜɤəɑ ɓɌɗɔɡɑ ɖɜɌɳɑɘ ɛɑɜɔɚɐɌ. 

ɢ) ȾɜɑəɟɞɌɖ ɛɚɜɟɣɔɎɌɵɌ ɝɑ ɘɚɒɑ ɓɌəɑɘɌɜɔɞɔ, ɓɌɞɚ ɤɞɚ ɝɑ ɛɚɜɟɣɑəɌ ɖɚɗɔɣɔəɌ 
ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɐɚɍɔɳɌ ɔɝɞɚɏ ɐɌəɌ. ȻɚɜɟɣɔɎɌɵɑ ɝɑ 
Ɏɜɤɔ ɚəɚɏ ɐɌəɌ ɖɌɐɌ ɓɌɗɔɡɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɍɟɐɟ 
ɳɑɐəɌɖɑ əɟɗɔ. 
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ɐ) ȿ ɞɚɖɟ ɳɑɐəɚɏ ɛɑɜɔɚɐɌ ɔ ɞɚ əɌ ɛɚɣɑɞɖɟ Ɏɜɤɔ ɝɑ ɝɌɘɚ ɳɑɐəɌ ɜɑɐɚɎəɌ əɌɍɌɎɖɌ 
ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S. ȻɚɜɟɣɑəɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɳɑɐəɌɖɌ ɳɑ ɟ ɝɎɔɘ ɛɑɜɔɚɐɔɘɌ. 

ɑ) ȹɔɳɑ ɐɚɓɎɚɴɑəɌ ɛɚɳɌɎɌ əɑɐɚɎɚɴəɔɡ ɓɌɗɔɡɌ, ɛɌ ɝɑ əɑ ɘɚɏɟ ɛɚɳɌɎɔɞɔ əɔ 
əɌɖəɌɐəɑ (ɡɔɞəɑ) əɌɍɌɎɖɑ. 

ɠ) ȾɜɚɤɖɚɎɔ ɝɖɗɌɐɔɤɞɑɵɌ ɝɟ ɛɜɚɛɚɜɢɔɚəɌɗəɔ ɖɚɗɔɣɔəɔ. 

ȺɎɌɖɚ ɛɚɳɑɐəɚɝɞɌɎɴɑəɚɘ ɛɜɚɍɗɑɘɟ, ɟ ɖɚɘɑ ɳɑ əɑɛɚɓəɌɞ ɍɜɚɳ ɛɑɜɔɚɐɌ ɔɝɞɑ 
ɐɟɒɔəɑ ɟ ɔəɞɑɜɎɌɗɟ Ⱦ, ɚɐɏɚɎɌɜɌ ɛɜɔɖɌɓ ɐɌɞ əɌ ɝɗɔɖɔ 2.12.: 

 
ȽɗɔɖɌ 2.12. ȴɐɑəɞɔɣəɚɝɞ Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ ɚɐɜɑɭɑəɚɏ ɔəɞɑɜɎɌɗɌ [51] [52] [53] 

ȻɚɝɘɌɞɜɌɳɘɚ ɍɔɗɚ ɖɚɳɔ ɛɑɜɔɚɐ ɚɐ t Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ, ɛɌ ɟɞɎɜɐɔɘɚ 
ɠɟəɖɢɔɳɟ ɞɜɚɤɖɚɎɌ ɓɌ ɢɑɚ ɔəɞɑɜɎɌɗ T. 

ȶɌɖɚ ɛɜɚɔɝɞɔɣɑ ɔɓ əɌɎɑɐɑəɔɡ ɛɜɑɞɛɚɝɞɌɎɖɔ, ɓɌɗɔɡɑ ɝɔɜɚɎɔəɑ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ S ɖɜɌɳɑɘ ɝɎɌɖɚɏ ɛɑɜɔɚɐɌ ɝɟ ɳɑɐəɌɖɑ əɟɗɔ, ɛɌ ɳɑ 

zi=0, za    i=0,1,2,...,n, 

ɚəɐɌ ɔɓ ɜɑɗɌɢɔɳɑ (8) ɔ (9), ɛɚɤɞɚ ɍɟɐɑ ɓɌəɑɘɌɜɑə ɔəɐɑɖɝ i, ɛɜɚəɌɗɌɓɔɘɚ ɐɌ ɳɑ 

 q=y=x  (12) 

ɚɐəɚɝəɚ ɐɌ ɳɑ əɌɍɌɎɴɑəɌ ɖɚɗɔɣɔəɌ ɟ ɳɑɐəɚɘ ɛɑɜɔɚɐɟ ɳɑɐəɌɖɌ ɜɌɝɛɚɗɚɒɔɎɚɳ ɖɚɗɔɣɔəɔ 
əɌ ɛɚɣɑɞɖɟ ɞɚɏ ɛɑɜɔɚɐɌ, ɚɐəɚɝəɚ ɛɚɞɜɑɍəɚɳ ɖɚɗɔɣɔəɔ ɓɌ ɛɜɚɔɓɎɚɐɵɟ, ɞɌɖɚɭɑ, ɟ ɞɚɘ 
ɛɑɜɔɚɐɟ. ȽɎɑɳɑɐəɚ ɳɑ ɖɚɳɌ ɶɑ ɚɐ ɚɎɔɡ ɎɑɗɔɣɔəɌ ɍɔɞɔ ɔɓɌɍɜɌəɌ ɓɌ əɑɛɚɓəɌɞɟ ɟ əɌɤɑɘ 
ɘɚɐɑɗɟ. ȹɑɖɌ ɞɚ ɍɟɐɑ ɛɚɞɜɑɍəɌ ɖɚɗɔɣɔəɌ ɚɓəɌɣɑəɌ ɝɌ x. 

ȸɔəɔɘɌɗəɔ ɞɜɚɤɖɚɎɔ əɌɍɌɎɖɑ, ɓɌɳɑɐəɚ ɝɌ ɞɜɚɤɖɚɎɔɘɌ ɝɖɗɌɐɔɤɑɵɌ, ɝɟ 
ɖɜɔɞɑɜɔɳɟɘ ɓɌ ɔɓɍɚɜ ɚɛɞɔɘɌɗəɔɡ ɓɌɗɔɡɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ S. ȰɌ 
ɍɔɝɘɚ ɟɞɎɜɐɔɗɔ ɠɟəɖɢɔɳɟ ɞɜɚɤɖɚɎɌ, ɖɚɳɟ ɶɑɘɚ ɚɓəɌɣɔɞɔ ɝɌ F, ɛɚɞɜɑɍəɚ ɳɑ ɐɌ 
ɟɞɎɜɐɔɘɚ ɖɚɗɔɣɔəɟ ɛɜɚɝɑɣəɔɡ ɓɌɗɔɡɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ S ɟ 
ɳɑɐəɚɘ ɛɑɜɔɚɐɟ. 

Ȼɜɚɝɑɣəɑ ɓɌɗɔɡɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ ɞɚɖɟ ɍɔɗɚ ɖɚɏ 
ɛɑɜɔɚɐɌ ɔɓəɚɝɑ 

 ὼ ὼ  (13) 

Ʉɞɚ ɝɑ ɘɚɒɑ ɗɌɖɚ ɟɚɣɔɞɔ ɝɌ ɝɗɔɖɑ 2.12. 

Ȭɖɚ ɝɟ ɞɜɚɤɖɚɎɔ ɜɑɐɚɎəɑ əɌɍɌɎɖɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ 
ɳɑɐəɚɳ ɛɚɜɟɹɍɔəɔ (ɛɚɤɔɴɢɔ, ɖɚəɞɔəɏɑəɞɟ) ɚɓəɌɣɑəɔ ɝɌ C0, ɳɑɜ əɑ ɓɌɎɔɝɑ ɚɐ ɖɚɗɔɣɔəɑ 
ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ ɞɚɳ ɛɚɜɟɹɍɔəɔ, Ɍ ɞɜɚɤɖɚɎɔ ɝɖɗɌɐɔɤɞɑɵɌ 
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ɳɑɐəɑ ɳɑɐɔəɔɢɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ ɞɚɖɟ ɳɑɐəɑ Ɏɜɑɘɑəɝɖɑ ɳɑɐɔəɔɢɑ 
C1, ɚəɐɌ ɶɑ ɝɎɔ ɞɜɚɤɖɚɎɔ ɳɑɐəɑ ɛɚɜɟɹɍɔəɑ, ɚɓəɌɣɑəɔ ɝɌ f ɔɓəɚɝɔɞɔ 

 Ὢ ὅ ὼ  (14) 

ɐɚɖ ɶɑ ɟɖɟɛəɔ ɞɜɚɤɖɚɎɔ ɝɎɔɡ ɛɚɜɟɹɍɔəɌ ɟ ɞɚɖɟ ɢɑɗɚɏ ɔəɞɑɜɎɌɗɌ ɚɐ n ɛɑɜɔɚɐɌ 
ɔɓəɚɝɔɞɔ 

 Ὂ ὅ ὼὲ  (15) 

ȳɌɘɑəɔɘɚ ɟ ɠɟəɖɢɔɳɔ ɞɜɚɤɖɚɎɌ (15) Ɏɜɑɐəɚɝɞ ɓɌ n ɔɓ ɜɑɗɌɢɔɳɑ (3), Ɍ ɓɌ t ɔɓ 
ɜɑɗɌɢɔɳɑ (4), ɛɌ ɶɑɘɚ, ɛɚɝɗɑ ɝɜɑɭɔɎɌɵɌ, ɐɚɍɔɞɔ 

 Ὂὼ ὅὼ ὼ  (16) 

ɛɜɔ ɣɑɘɟ ɳɑ x ɳɑɐɔəɌ əɑɛɚɓəɌɞɌ, ɛɌ ɓɌɞɚ ɔ ɠɟəɖɢɔɳɌ ɞɜɚɤɖɚɎɌ ɓɌɎɔɝɔ ɚɐ Ɏɜɑɐəɚɝɞɔ 
ɛɜɚɘɑəɴɔɎɑ x [51x]. 

2.7.2. ȸɚɐɑɗ ɓɌɗɔɡɌ ɖɌɐɌ ɝɟ ɡɔɞəɑ əɌɍɌɎɖɑ ɐɚɓɎɚɴɑəɑ 

ȶɌɐɌ ɝɟ ɡɔɞəɑ əɌɍɌɎɖɑ ɐɚɓɎɚɴɑəɑ ɛɜɚɍɗɑɘ ɚɐɜɑɭɟɳɟ ɝɗɑɐɑɶɑ ɛɜɑɞɛɚɝɞɌɎɖɑ [51x]: 

Ɍ) ȻɚɞɜɑɍəɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɓɌ ɛɜɚɔɓɎɚɐɵɟ 
ɳɑɐəɌɖɌ ɳɑ ɟ ɝɎɔɘ ɛɑɜɔɚɐɔɘɌ. 

ɍ) ȾɜɑəɟɞɌɖ ɛɚɜɟɣɔɎɌɵɌ ɝɑ ɘɚɒɑ ɓɌəɑɘɌɜɔɞɔ, ɓɌɞɚ ɤɞɚ ɝɑ ɛɚɜɟɣɑəɌ ɖɚɗɔɣɔəɌ 
ɐɚɍɔɳɌ ɔɝɞɚɏ ɐɌəɌ. ȳɍɚɏ ɞɚɏɌ ɝɑ ɞɜɑəɟɞɌɖ ɛɚɜɟɣɔɎɌɵɌ ɔ ɞɜɑəɟɞɌɖ ɟ ɖɚɘɑ 
ɓɌɗɔɡɑ ɛɚɝɞɌəɟ ɳɑɐəɌɖɑ əɟɗɔ ɛɚɖɗɌɛɌɳɟ, ɚɐəɚɝəɚ ɛɜɔɛɌɐɌɳɟ ɳɑɐəɚɘ ɔɝɞɚɘ 
ɐɌəɟ. 

ɢ) ȽɎɔ ɛɑɜɔɚɐɔ ɝɟ ɔɝɞɑ ɐɟɒɔəɑ. ȿ ɞɚɖɟ ɳɑɐəɚɏ ɛɑɜɔɚɐɌ ɘɚɒɑ ɝɑ Ɏɜɤɔɞɔ əɌɳɎɔɤɑ 
ɳɑɐəɌ ɜɑɐɚɎəɌ ɔ ɳɑɐəɌ ɡɔɞəɌ əɌɍɌɎɖɌ. 

ɐ) ȰɚɓɎɚɴɑəɌ ɳɑ ɛɚɳɌɎɌ əɑɐɚɎɚɴəɔɡ ɓɌɗɔɡɌ. ȹɑ ɛɚɝɞɚɳɑ əɔ ɛɚɣɑɞəɑ, əɔ ɓɌɎɜɤəɑ 
ɓɌɗɔɡɑ ɖɜɌɳɑɘ ɛɑɜɔɚɐɌ, ɛɌ ɳɑ q = y. 

ɑ) ȾɜɚɤɖɚɎɔ ɝɖɗɌɐɔɤɞɑɵɌ ɝɟ ɛɜɚɛɚɜɢɔɚəɌɗəɔ ɖɚɗɔɣɔəɔ. 

ȻɜɑɘɌ ɚɎɔɘ ɛɜɑɞɛɚɝɞɌɎɖɌɘɌ, ɳɑɐɔəɌ ɜɌɓɗɔɖɌ ɔɓɘɑɭɟ ɚɎɚɏ ɔ ɛɜɑɞɡɚɐəɚɏ 
ɛɜɚɍɗɑɘɌ ɳɑ ɟ ɐɚɓɎɚɴɑəɚɳ ɘɚɏɟɶəɚɝɞɔ ɓɌ ɛɚɳɌɎɟ əɑɐɚɎɚɴəɔɡ ɓɌɗɔɡɌ ɟ ɚɎɚɘ ɛɜɚɍɗɑɘɟ. 

ȿɝɎɚɳɔɘɚ ɝɎɑ ɐɚ ɝɌɐɌ ɟɎɑɐɑəɑ ɝɔɘɍɚɗɑ, ɞɑ ɔɓɐɎɚɳɔɘɚ ɳɑɐɌə ɛɑɜɔɚɐ ɐɌ ɍɔɝɘɚ əɌ 
ɵɑɘɟ ɝɗɔɖɚɎɔɞɚ ɛɜɔɖɌɓɌɗɔ ɚɎɑ ɛɜɑɞɛɚɝɞɌɎɖɑ [51] [52]. 

 
ȽɗɔɖɌ 2.13. ȻɜɔɖɌɓ ɚɐəɚɝɌ ɓɌɗɔɡɌ ɔ ɛɚɞɜɚɤɵɑ (ɛɚɞɜɚɤɵɌ ɎɑɶɌ ɚɐ ɓɌɗɔɡɌ) [51] 
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ȽɔɜɚɎɔəɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚ ɝɜɑɐɝɞɎɚ S ɝɑ ɝɎɌɖɚɏ ɐɌəɌ ɔɓ ɘɌɏɌɢɔəɌ ɟɛɟɶɟɳɑ 
ɛɚɏɚəɔɘɌ ɟ ɔɝɞɚɳ ɖɚɗɔɣɔəɔ. ȳɌ Ɏɜɑɘɑ ɛɚɞɛɑɜɔɚɐɌ ɚɐ t1 ɳɑɐɔəɔɢɌ ɛɚɝɞɚɳɌɶɑ ɓɌɗɔɡɑ ɞɑ 
ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ ɟ ɘɌɏɌɢɔəɟ, ɐɚɖ ɶɑ ɝɑ ɟ ɞɚɖɟ ɛɚɞɛɑɜɔɚɐɌ ɚɐ t2 
Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ ɞɜɚɤɔɞɔ ɝɔɜɚɎɔəɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ S əɌɍɌɎɴɑəɌ ɟ 
əɌɖəɌɐəɚɳ (ɡɔɞəɚɳ) ɛɚɜɟɹɍɔəɔ. 

ȺɓəɌɣɔɶɑɘɚ ɝɌ C2. 

C2 ð ɞɜɚɤɖɚɎɔ ɡɔɞəɑ əɌɍɌɎɖɑ ɛɚ ɳɑɐɔəɔɢɔ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ 
S  Ɍ ɟ ɳɑɐɔəɔɢɔ ɎɜɑɘɑəɌ ɔ ɛɜɑɞɛɚɝɞɌɎɔɘɚ ɐɌ ɝɟ ɚəɔ ɛɚɓəɌɞɔ. ȺɎɔ ɞɜɚɤɖɚɎɔ ɚɍɟɡɎɌɞɌɳɟ 
ɝɎɑ ɞɜɚɤɖɚɎɑ ɖɚɳɑ ɝɌɐɜɒɑ C0 i C1 Ɍ , ɛɚɜɑɐ ɞɚɏɌ, ɳɚɤ ɔ ɜɌɓɗɔɖɟ ɔɓɘɑɭɟ Ɏɑɶɑ ɢɑəɑ ɟ ɡɔɞəɚɳ 
ɔ ɘɌɵɑ ɟ ɜɑɐɚɎəɚɳ ɛɚɜɟɹɍɔəɔ, ɞɜɚɤɖɚɎɑ ɡɔɞəɚɏ ɛɜɑɎɚɓɌ, ɖɌɚ ɔ ɝɎɑ ɚɝɞɌɗɑ ɞɜɚɤɖɚɎɑ 
ɖɚɳɑ ɔɓɌɓɔɎɌ ɡɔɞəɌ əɌɍɌɎɖɌ. 

Ȼɚɘɚɶɟ ɝɗɔɖɑ 2.13., ɓɍɚɏ ɝɗɔɣəɚɝɞɔ ɞɜɚɟɏɗɚɎɌ, ɘɚɒɑ ɝɑ ɟɞɎɜɐɔɞɔ ɚɐəɚɝ 

   (17) 

ɖɚɳɔ ɛɜɑɐɝɞɌɎɴɌ ɖɚɑɠɔɢɔɳɑəɞ Ɏɜɑɘɑəɝɖɚɏ ɛɚɝɞɚɳɌɵɌ ɓɌɗɔɡɌ ɔɓ ɜɑɐɚɎəɔɡ əɌɍɌɎɖɔ 
ɟəɟɞɌɜ ɳɑɐəɚɏ ɛɚɞɛɑɜɔɚɐɌ ɚɐ t1 Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ, ɖɌɚ ɔ ɚɐəɚɝ  

   (18) 

ɖɚɳɔ ɚɓəɌɣɌɎɌ ɖɚɑɠɔɢɔɳɑəɞ ɓɌɗɔɡɌ ɔɓ ɡɔɞəɔɡ əɌɍɌɎɖɔ, ɖɚɳɑ ɶɑ ɍɔɞɔ ɟɞɜɚɤɑəɑ ɟ ɞɚɖɟ 
ɛɚɞɛɑɜɔɚɐɌ ɚɐ t2 Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ [51] [52]. 

ȴɓ ɚɎɔɡ ɜɑɗɌɢɔɳɌ ɛɜɚɔɝɞɔɣɑ ɓɌɎɔɝəɚɝɞ ɝɎɌɖɚɏ ɛɚɞɛɑɜɔɚɐɌ ɚɐ ɛɑɜɔɚɐɌ ɖɚɘɑ 
ɛɜɔɛɌɐɌɳɟ, ɳɑɜ ɳɑ 

 ὸ ὸ  (19) 

 ὸ ὸ  (20) 

ɤɞɚ ɶɑɘɚ ɟɛɚɞɜɑɍɔɞɔ ɓɌ ɠɚɜɘɔɜɌɵɑ ɠɟəɖɢɔɳɑ ɞɜɚɤɖɚɎɌ. 

ȳɌ Ɏɜɑɘɑ ɞɜɌɳɌɵɌ ɛɚɞɛɑɜɔɚɐɌ ɚɐ t1 Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ ɛɚɝɞɚɳɌɶɑ ɛɜɚɝɑɣəɑ 
ɓɌɗɔɡɑ ɚɐ 

 ώ  (21) 

ɳɑɐɔəɔɢɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S, ɐɚɖ ɶɑ ɝɑ ɟ ɞɚɖɟ ɛɚɞɛɑɜɔɚɐɌ ɚɐ t2 
Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ ɛɜɚɝɑɣəɚ əɌɗɌɓɔɞɔ əɌ ɓɌɗɔɡɔ 

    (22) 

ɳɑɐɔəɔɢɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S, ɝ ɚɍɓɔɜɚɘ ɐɌ ɶɑ ɝɑ ɟ ɳɑɐəɚɳ ɡɔɞəɚɳ 
ɛɚɜɟɹɍɔəɔ, əɌ ɛɚɣɑɞɖɟ ɛɚɞɛɑɜɔɚɐɌ ɚɐ t2 Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ, ɐɚɍɌɎɔɞɔ x - y 
ɳɑɐɔəɔɢɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S. 

ɀɟəɖɢɔɳɌ ɞɜɚɤɖɚɎɌ ɓɌɎɔɝɔ ɚɐ ɐɎɑ əɑɛɚɓəɌɞɑ, ɞɳ. ɚɐ ɜɌɝɛɚɗɚɒɔɎɑ ɖɚɗɔɣɔəɑ 
ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S əɌ ɛɚɣɑɞɖɟ ɛɑɜɔɚɐɌ, ɖɚɳɌ ɳɑ ɚɓəɌɣɑəɌ ɝɌ y, ɔ 
ɛɚɞɜɑɍəɑ ɖɚɗɔɣɔəɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ ɞɚɖɟ ɢɑɗɚɏ ɛɑɜɔɚɐɌ, ɖɚɳɌ 
ɳɑ ɚɓəɌɣɑəɌ ɝɌ x. ȳɍɚɏ ɞɚɏɌ ɶɑ ɞɜɚɤɖɚɎɔ ɓɌ ɳɑɐɌə ɛɑɜɔɚɐ ɍɔɞɔ ɝɌɝɞɌɎɴɑəɔ ɚɐ ɞɜɚɤɖɚɎɌ 
ɛɚɜɟɹɍɔəɑ, ɖɚɳɔ ɔɓəɚɝɑ C0, ɚɐ ɞɜɚɤɖɚɎɌ ɝɖɗɌɐɔɤɞɑɵɌ ɟ ɛɚɞɛɑɜɔɚɐɟ ɚɐ t1 Ɏɜɑɘɑəɝɖɔɡ 
ɳɑɐɔəɔɢɌ, ɖɚɳɔ ɔɓəɚɝɑ 
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ὅὸ

ς
ώ  

ɔ ɚɐ ɞɜɚɤɖɚɎɌ ɡɔɞəɑ əɌɍɌɎɖɑ ɟ ɛɚɞɛɑɜɔɚɐɟ ɚɐ t2 Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ, ɖɚɳɔ ɔɓəɚɝɑ 

ὅὸ

ς
ὼ ώ  

ɀɟəɖɢɔɳɌ ɞɜɚɤɖɚɎɌ ɓɌ ɢɑɚ ɔəɞɑɜɎɌɗ, ɚɓəɌɣɑəɌ ɝɌ F(x, y), ɝɌɝɞɚɳɔ ɝɑ ɚɐ ɓɍɔɜɌ ɞɔɡ 
ɞɜɚɤɖɚɎɌ ɟ ɝɎɔɘ ɛɑɜɔɚɐɔɘɌ, ɛɌ ɳɑ 

 Ὂὼȟώ ὅ ώ ὼ ώ ὲ  (23) 

 

ȳɌɘɑəɚɘ ɟ ɠɟəɖɢɔɳɔ (23) ɛɌɜɌɘɑɞɜɑ t1 ɔ t2 ɝɌ ɵɔɡɚɎɚɘ Ɏɜɑɐəɚɤɶɟ ɔɓ (19) ɔ (20), 
Ɍ ɛɌɜɌɘɑɞɌɜ n ɝɌ ɵɑɏɚɎɚɘ Ɏɜɑɐəɚɤɶɟ ɔɓ (2), əɌɖɚə ɝɜɑɭɔɎɌɵɌ, ɐɚɍɔɳɌ ɝɑ ɠɟəɖɢɔɳɌ 
ɞɜɚɤɖɚɎɌ [51] [52] 

 Ὂὼȟώ ὢὅ   (24) 

2.7.3. ȸɚɐɑɗ ɝɌ  ɔəɞɑɏɜɔɝɌɵɑɘ əɌɍɌɎəɑ ɢɑəɑ 

ɀɟəɖɢɔɳɑ ɞɜɚɤɖɚɎɌ ɔɓ ɛɜɎɌ ɐɎɌ ɛɜɚɍɗɑɘɌ ɘɚɏɟ ɝɑ ɘɑɵɌɞɔ ɔ ɛɚɐɑɤɌɎɌɞɔ ɛɜɑɘɌ 
ɝɞɎɌɜəɚɘ ɛɜɚɍɗɑɘɟ, ɛɜɔ ɣɑɘɟ ɶɑ ɝɑ ɛɌɜɌɘɑɞɜɔɘɌ ɔɓ ɠɟəɖɢɔɳɑ ɛɜɔɛɔɝɔɎɌɞɔ ɚɐɜɑɭɑəɚ 
ɓəɌɣɑɵɑ. ȻɜɔɖɌɓɌɶɑɘɚ ɚɍɟɡɎɌɞɌɵɑ əɌɍɌɎəɑ ɢɑəɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ 
S ɛɚɘɚɶɟ ɘɚɐɑɗɌ ɟ ɖɚɘɑ əɔɝɟ ɐɚɓɎɚɴɑəɑ ɡɔɞəɑ əɌɍɌɎɖɑ. 

ȿɝɎɚɳɔɘɚ ɐɌ, ɔ ɟ ɚɎɚɘ ɝɗɟɣɌɳɟ, ɎɌɒɑ ɝɎɑ ɛɜɑɞɛɚɝɞɌɎɖɑ ɔɓ ɛɚɏɗɌɎɴɌ 2.7.1. ɖɌɐɌ 
ɡɔɞəɑ əɌɍɌɎɖɑ əɔɝɟ ɐɚɓɎɚɴɑəɑ, ɚɝɔɘ ɛɚɐ ɠ), ɖɚɳɌ ɝɑ ɚɐəɚɝɔ əɌ ɛɜɚɛɚɜɔɢɚəɌɗəɚɝɞ 
ɞɜɚɤɖɚɎɌ ɝɖɗɌɐɔɤɞɑɵɌ ɖɚɗɔɣɔəɔ ɝɔɜɚɎɔəɑ ɚɐəɚɝəɚ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ S. 
Ȼɜɚɘɑəɔɶɑɘɚ ɞɟ ɛɜɑɞɛɚɝɞɌɎɖɟ ɟɞɚɗɔɖɚ, ɤɞɚ ɶɑɘɚ ɝɘɌɞɜɌɞɔ ɐɌ ɝɟ ɞɜɚɤɖɚɎɔ 
ɛɜɚɔɓɎɚɐɵɑ ɛɜɚɛɚɜɢɔɚəɌɗəɔ Ɏɜɑɐəɚɝɞɔ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ (Ɍ əɑ 
ɖɚɗɔɣɔəɔ). ȾɌɖɎɌ ɛɜɑɞɛɚɝɞɌɎɖɌ ɶɑ ɔɘɌɞɔ ɛɜɌɖɞɔɣəɟ Ɏɜɑɐəɚɝɞ Ɍɖɚ ɝɑ ɟ ɳɑɐəɚɘ ɔɝɞɚɘ 
ɘɌɏɌɢɔəɟ Ɏɜɤɔ ɝɖɗɌɐɔɤɞɑɵɑ ɝɔɜɚɎɔəɌ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɝɌ ɜɌɓɗɔɣɔɞɔɘ 
ɢɑəɌɘɌ ɛɚ ɳɑɐɔəɔɢɔ, ɝɌ ɜɌɓɗɔɣɔɞɔɘ ɛɜɚɝɞɚɜɚɘ ɖɚɳɑ ɓɌɟɓɔɘɌɳɟ ɳɑɐɔəɔɢɑ ɞɔɡ ɝɔɜɚɎɔəɌ 
ɔɗɔ ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ, ɖɌɚ ɔ ɝɌ ɜɌɓɗɔɣɔɞɔɘ əɌɣɔəɚɘ ɜɟɖɚɎɌɵɌ ɳɑɐɔəɔɢɑ ɐɌɞɑ 
ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ ɟ ɘɌɏɌɢɔəɟ [51] [52]. 

ȻɜɚɘɑəɌ ɛɜɑɞɛɚɝɞɌɎɖɑ ɚ ɛɜɚɛɚɜɢɔɚəɌɗəɚɝɞɔ ɞɜɚɤɖɚɎɌ ɝɖɗɌɐɔɤɞɑɵɌ ɓɌɡɞɑɎɌ 
ɟɎɚɭɑɵɑ ɳɚɤ ɳɑɐəɚɏ ɛɌɜɌɘɑɞɜɌ, Ɍ ɞɚ ɳɑ ɢɑəɌ ɳɑɐɔəɔɢɑ ɝɔɜɚɎɔəɑ ɚɐəɚɝəɚ ɘɌɞɑɜɔɳɌɗəɚɏ 
ɝɜɑɐɝɞɎɌ S, ɛɌ ɶɑɘɚ ɚɓəɌɣɔɞɔ ɝɌ C 

C - ɢɑəɌ ɳɑɐɔəɔɢɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S. 

ȾɜɚɤɖɚɎɑ ɝɖɗɌɐɔɤɞɑɵɌ ɘɚɒɑɘɚ ɔɓɜɌɓɔɞɔ ɓɌɎɔɝəɚ ɚɐ ɢɑəɑ ɓɌ ɳɑɐɔəɔɢɟ 
ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S, ɛɌ ɶɑ ɟ ɜɑɗɌɢɔɳɔ 

 ὅ ὥὅ  (25) 

ɖɚɑɠɔɢɔɳɑəɞ ὥ1 ɛɜɑɐɝɞɌɎɴɌɞɔ ɞɜɚɤɖɚɎɑ ɝɖɗɌɐɔɤɞɑɵɌ ɳɑɐɔəɔɢɑ ɝɔɜɚɎɔəɑ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɟ ɳɑɐɔəɔɢɔ ɎɜɑɘɑəɌ, ɖɚɳɔ ɝɟ ɚɍɜɌɣɟəɌɞɔ əɌ ɳɑɐɌə ɐɔəɌɜ 
Ɏɜɑɐəɚɝɞɔ (ɢɑəɑ) ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S. ȽɞɌɎɴɌɵɑɘ ɟ ɚɐəɚɝ ɝɎɔɡ 
ɞɜɚɤɖɚɎɌ ɝɖɗɌɐɔɤɞɑɵɌ ɓɌ ɳɑɐɔəɔɢɟ ɎɜɑɘɑəɌ ɝɌ Ɏɜɑɐəɚɤɶɟ ɝɎɔɡ ɝɔɜɚɎɔəɌ ɔɗɔ 
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ɘɌɞɑɜɔɳɌɗəɔɡ ɝɜɑɐɝɞɌɎɌ ɟ ɘɌɏɌɢɔəɟ, ɞɌɖɚɭɑ ɟ ɔɝɞɚɳ ɳɑɐɔəɔɢɔ ɎɜɑɘɑəɌ, ɐɚɍɔɶɑ ɝɑ 
ɖɚɑɠɔɢɔɳɑəɞ ὥ1, ɖɚɳɔ ɶɑ ɍɔɞɔ ɳɑɐəɌɖ ɓɌ ɝɎɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɌ ɝɜɑɐɝɞɎɌ. 

ȿɞɎɜɐɔɘɚ ɠɟəɖɢɔɳɟ ɞɜɚɤɖɚɎɌ. ȶɌɖɚ ɝɑ ɟ ɳɑɐəɚɘ ɛɑɜɔɚɐɟ Ɏɜɤɔ ɝɌɘɚ ɳɑɐəɌ 
ɜɑɐɚɎəɌ əɌɍɌɎɖɌ (ɳɑɜ ɡɔɞəɑ əɑ ɛɚɝɞɚɳɑ), ɞɑ ɖɌɖɚ ɳɑ ɜɌɝɛɚɗɚɒɔɎɌ ɖɚɗɔɣɔəɌ ɟ ɳɑɐəɚɘ 
ɛɑɜɔɚɐɟ ɳɑɐəɌɖɌ ɛɚɞɜɑɍəɚɳ (ɳɑɜ əɑ ɛɚɝɞɚɳɑ əɔ ɛɚɣɑɞəɑ ɓɌɗɔɡɑ), ɞɚ ɶɑ ɝɑ ɓɌ əɑɛɚɓəɌɞɟ 
ɔɓɌɍɜɌɞɔ x. 

Ȯɜɑɐəɚɝɞ ɖɚɗɔɣɔəɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S, əɌɍɌɎɴɑəɑ ɟ ɳɑɐəɚɳ 
ɜɑɐɚɎəɚɳ ɛɚɜɟɹɍɔəɔ, ɔɓəɚɝɔ 

ὅὼ ὅ  

ɚɐɌɖɗɑ ɝɗɑɐɔ ɐɌ ɳɑ ɢɑəɌ ɳɑɐɔəɔɢɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S 

ὅ
ὅ

ὼ
  

ɳɑɜ ɚɍɟɡɎɌɞɌ əɌɍɌɎəɟ ɢɑəɟ, ɟɎɑɶɌəɟ ɓɌ ɞɜɚɤɖɚɎɑ ɛɚɜɟɹɍɔəɌ, ɔɓɜɌɣɟəɌɞɑ əɌ ɳɑɐɔəɔɢɟ 
ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S. 
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ȿɖɟɛəɔ ɞɜɚɤɖɚɎɔ əɌɍɌɎɖɑ ɔ ɝɖɗɌɐɔɤɞɑɵɌ ɢɑɗɚɘ ɔəɞɑɜɎɌɗɟ ɚɐ T Ɏɜɑɘɑəɝɖɔɡ 
ɳɑɐɔəɔɢɌ, ɖɚɳɔ ɶɑ ɍɔɞɔ ɚɓəɌɣɑəɔ ɝɌ F(x), ɔɓəɚɝɑ [51] 

 Ὂὼ ὅὼ ὅ ὅ ὼὲ (26) 

 

2.8. ȽȾȺɁȬȽȾȴɃȶȴ ȻȼȺɂȱȽȴ  

ăȽɖɚɜɚ ɝɎɌɖɔ ɛɜɚɍɗɑɘ ɜɑɌɗəɚɏ ɚɐɗɟɣɔɎɌɵɌ ɔɘɌ ɐɎɑ ɚɝəɚɎəɑ ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ: 
ɝɑɖɎɑəɢɔɚəɌɗɌə ɳɑ ɔ əɑɔɓɎɑɝɞɌə. ȺɐɗɔɣɌə ɛɜɔɘɑɜ ɛɜɚɍɗɑɘɌ ɝɑɖɎɑəɢɔɳɌɗəɚɏ 
ɚɐɗɟɣɔɎɌɵɌ ɟ ɟɝɗɚɎɔɘɌ əɑɔɓɎɑɝəɚɝɞɔ ɳɑ ɐɜɒɌɵɑ ɓɌɗɔɡɌ." ȶ. ȬɜɚɎ (ȶ. Arrow [54] [55])  

Tɑɡəɔɣɖɑ ɐɔɝɢɔɛɗɔəɑ ɝɟ ɐɚɒɔɎɑɗɑ Ɏɑɗɔɖɔ ɛɜɚɝɛɑɜɔɞɑɞ, ɛɚɣɑɞɖɚɘ ɐɎɌɐɑɝɑɞɚɏ 
ɎɑɖɌ, ɤɞɚ ɳɑ ɝɌ ɝɚɍɚɘ ɛɚɎɟɖɗɚ ɜɑɤɌɎɌɵɑ ɛɜɚɍɗɑɘɌ ɖɚɳɔ ɟɓ ɖɗɌɝɔɣəɟ ɞɑɚɜɔɳɟ 
ɎɑɜɚɎɌɞəɚɶɑ əɔɝɟ ɘɚɏɗɌ ɐɌ əɌɭɟ. ɀɔɓɔɣɖɑ ɔ ɞɑɡəɔɣɖɑ əɌɟɖɑ Ɏɑɶ ɞɌɐɌ ɝɟ ɌəɌɗɔɓɔɜɌɗɑ 
ɔ ɔɝɛɔɞɔɎɌɗɑ ɛɜɚɢɑɝɑ ɔ ɛɚɳɌɎɑ ɛɜɚɘɑəɴɔɎɔɡ ɝɌ ɛɜɚɞɚɖɚɘ ɎɜɑɘɑəɌ. ȾɑɚɜɔɳɌ 
ɎɑɜɚɎɌɞəɚɶɑ əɔɳɑ ɐɌɗɌ ɌɐɑɖɎɌɞəɟ ɘɑɞɚɐɚɗɚɏɔɳɟ ɓɌ ɛɜɔɝɞɟɛ ɞɌɖɎɔɘ ɚɍɗɔɢɔɘɌ, ɛɌ ɳɑ 
əɌɝɞɌɗɌ ɞɑəɐɑəɢɔɳɌ ɝɞɎɌɜɌɵɌ ɚɛɤɞɑ ɞɑɚɜɔɳɑ ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɢɑɝɌ, ɖɜɚɓ ɖɚɳɑ ɳɑ ɘɚɏɟɶɑ 
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ɌəɌɗɔɓɔɜɌɞɔ ɝɗɟɣɌɳəɑ ɛɜɚɘɑəɴɔɎɑ ɓɌɎɔɝəɑ ɚɐ ɳɑɐəɚɏ ɔɗɔ Ɏɔɤɑ ɛɌɜɌɘɑɞɌɜɌ ɖɚɳɔ ɝɟ 
ɖɚəɝɞɌəɞəɚ ɛɜɚɘɑəɴɔɎɔ [47]. 

ȽɌɘ ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝ ɖɌɚ ɛɚɳɌɘ ɝɞɌɜ ɳɑ ɝɖɚɜɚ ɳɑɐɌə Ɏɑɖ. ȿɎɑɐɑə ɳɑ ɚɐ ɝɞɜɌəɑ Ȭ. 
ȶɚɗɘɚɏɚɜɚɎɌ, ȱ.Ƚɗɟɢɖɚɏ, ȹ. ȮɔɑəɑɜɌ, Ȭ. ȶɡɔəɢɔəɌ ɔ Ɂ. ȶɜɌɘɑɜɌ  (E. Sluckii, N. Wiener, 
A. Khinchin i H. Cramer). Ȼɜɑ ɛɚɳɌɎɑ ɞɑɚɜɔɳɑ ȶɚɗɘɚɏɚɜɚɎɌ, ɍɔɗɚ ɳɑ əɑɖɚɗɔɖɚ ɛɚɖɟɤɌɳɌ 
ɛɜɚɟɣɌɎɌɵɌ ɝɗɟɣɌɳəɔɡ ɛɚɳɌɎɌ. ȴɓɐɌɎɳɌɳɟ ɝɑ ɐɎɑ: əɌɝɞɚɳɌɵɑ ȱ. Ƚɗɟɢɖɚɏ (E. Sluckii) ɐɌ 
ɝɗɟɣɌɳəɚɝɞ ɛɚɎɑɒɑ ɝɌ ɖɚəɢɑɛɞɚɘ ɜɑɌɗəɔɡ ɠɟəɖɢɔɳɌ ɔ ɜɌɐ ȹ. ȮɔɑəɑɜɌ (N. Wiener) [56] 
ɖɚɳɔ ɳɑ ɛɜɎɔ ɘɌɞɑɘɌɞɔɣɖɔ ɚɛɔɝɌɚ ɡɌɚɞɔɣəɚ ɖɜɑɞɌɵɑ ɣɑɝɞɔɢɌ ɛɚɗɑəɌ ɟ ɞɑɣəɚɝɞɔ 
(ɛɚɓəɌɞ ɖɌɚ ȮɔɑəɑɜɚɎ ɛɜɚɢɑɝ ɚɐəɚɝəɚ ȭɜɌɟəɚɎɚ ɖɜɑɞɌɵɑ) [57]. 

ȼɑɣ ɝɞɚɡɌɝɞɔɣɖɔ ɛɚɞɔɣɑ ɚɐ ɏɜɣɖɑ ɜɑɣɔ ȒȓțȖȎȑ (st·khos) ɢɔɴɌɞɔ, ɛɚɏɚɐɔɞɔ ɔ 
ɚɐəɚɝɔ ɝɑ əɌ ɝɎɚɳɝɞɎɚ ɐɚɍɜɚɏ ɚɛɔɝɌ ɝɗɟɣɌɳəɑ ɐɔɝɞɜɔɍɟɢɔɳɑ ɎɑɜɚɎɌɞəɚɶɑ. ȭɑɓ ɚɍɓɔɜɌ 
ɤɞɚ ɔɓɘɑɭɟ ɝɞɚɡɌɝɞɔɣəɚɝɞɔ ɔ ɝɗɟɣɌɳəɚɝɞɔ ɔɘɌ ɜɌɓɗɔɖɑ (ɛɜɎɔ ɝɑ ɚɐəɚɝɔ əɌ ɛɜɔɝɞɟɛ 
ɘɚɐɑɗɚɎɌɵɟ, Ɍ ɐɜɟɏɔ əɌ ɝɌɘɑ ɛɚɳɌɎɑ), ɣɑɝɞɚ ɝɑ əɌɔɓɘɑəɔɣəɚ ɖɚɜɔɝɞɑ ɚɎɔ ɞɑɜɘɔəɔ. 
ɀɚɜɘɌɗəɚ ɛɚɔɘɌɵɑ ɝɗɟɣɌɳəɚɏ ɛɜɚɢɑɝɌ ɟ ɞɑɚɜɔɳɔ ɎɑɜɚɎɌɞəɚɶɑ, əɌɓɔɎɌ ɝɑ ɔ ɝɞɚɡɌɝɞɔɣɖɔ 
ɛɜɚɢɑɝ. ȽɞɡɚɌɝɞɔɣəɚɤɶɟ ɝɑ ɞɟɘɌɣɔ ɔ ɚɓəɌɣɌɎɌ əɑɛɜɑɐɎɔɐɴɔɎɚɝɞ ɔɗɔ ɝɗɟɣɌɳəɚɝɞ 
əɌɳɜɌɓɗɔɣɔɞɔɳɔɡ ɛɚɳɌɎɌ ɔ ɛɜɚɢɑɝɌ [58]. 

ȹɌ ɑəɏɗɑɝɖɚɘ ɜɑɣ ɝɞɚɡɌɝɞɔɣɖɔ ɳɑ ɛɜɎɚɍɔɞəɚ ɖɚɜɔɤɶɑəɌ ɖɌɚ ɛɜɔɐɑɎ ɝɌ 
Ɍɞɜɔɍɟɞɚɘ ăɖɚɳɔ ɝɑ ɚɐəɚɝɔ əɌ əɌɏɌɭɌɵɑò, əɌɎɑɐɑəɌ ɳɑ  ɟ Ⱥɖɝɠɚɜɐɝɖɚɘ ɜɑɣəɔɖɟ 1662. 
ɏɚɐɔəɑ ɤɞɚ ɝɑ ɝɘɌɞɜɌ əɌɳɜɌəɔɳɔɘ ɛɚɳɌɎɴɔɎɌɵɑɘ ɚɎɑ ɜɑɣɔ. ȿ ɖɵɔɓɔ ɚ ɎɑɜɚɎɌɞəɚɶɔ "The 
Art of Conjecturing", ɖɚɳɌ ɳɑ ɛɜɎɚɍɔɞəɚ ɚɍɳɌɎɴɑə əɌ ɗɌɞɔəɝɖɚɘ 1713. ɏɚɐɔəɑ, ȥ. ȭɑɜəɟɗɔ 
(J. Bernoulli) ɳɑ ɖɚɜɔɝɞɔɚ ɠɜɌɓɟ ăArs Conjectandi sive Stochasticeò ɣɔɳɑ ɓəɌɣɑɵɑ ɳɑ 
ăɟɘɑɞəɚɝɞ ɛɜɚɜɔɢɌɵɌ ɔɗɔ ɝɞɚɡɌɝɞɔɢɔɓɌɘò. ȻɜɑɘɌ ȥ. ȭɑɜəɟɗɔɳɟ ɚɎɟ ɠɜɌɓɟ ɳɑ ɛɜɔɘɑəɔɚ 
ȷ. ȭɚɜɞɖɑɎɔɣ, əɌɛɔɝɌɎɤɔ ɜɑɣ ɝɞɚɡɌɝɞɔɣɌə, 1917. ɏɚɐɔəɑ, əɌ əɑɘɌɣɖɚɘ ɝɌ ɓəɌɣɑɵɑɘ 
ɝɗɟɣɌɳɌə. ȶɌɚ ɞɑɜɘɔə ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝ, ɛɚɳɌɎɴɟɳɑ ɝɑ ɛɜɎɔ ɛɟɞ əɌ ɑəɏɗɑɝɖɚɘ, ɟ ɜɌɐɟ 
ȫ. ȰɟɍɌ (J. Doob) ɔɓ 1934. ɏɚɐɔəɑ. ȳɌ ɞɑɜɘɔə ɔ ɚɐɜɑɭɑəɟ ɘɌɞɑɘɌɞɔɣɖɟ ɐɑɠɔəɔɢɔɳɟ, Ȱɟɍ 
əɌɎɚɐɔ ɖɌɚ ɛɜɔɘɑɜ ɳɚɤ ɳɑɐɌə ɜɌɐ ɔɓ 1934. ɏɚɐɔəɑ ɟ ɖɚɘɑ ɳɑ ɞɑɜɘɔə ăstochastischer 
ProzeÇò əɌ əɑɘɌɣɖɚɘ ɖɚɜɔɝɞɔɚ Ȭ. Ɂɔəɣɔə, ɔɌɖɚ ɳɑ ɞɌɳ əɑɘɌɣɖɔ ɞɑɜɘɔə ɛɜɑ ɵɔɡ 
ɖɚɜɔɝɞɔɚ Ȭ. ȶɚɗɘɚɏɚɜɚɎ ɳɚɤ 1931. ɏɚɐɔəɑ [59]. Ȯɑɗɔɖɔ ɍɜɚɳ ɌɟɞɚɜɌ ɝɘɌɞɜɌ ɐɌ ɝɟ ɚɝəɚɎɑ 
ɞɑɚɜɔɳɑ ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɢɑɝɌ, ɛɚɝɞɌɎɔɗɔ 1931. ɏɚɐɔəɑ ɜɟɝɖɔ ɘɌɞɑɘɌɞɔɣɌɜɔ Ȭ Ɂɔəɣɔə 
ɔ Ȭ. ȶɚɗɘɚɏɚɜɚɎ. 

ȹɌ ɝɞɎɌɜɌɵɑ ɞɑɚɜɔɳɑ ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɢɑɝɌ ɟɞɔɢɌɗɚ ɳɑ ɚɞɖɜɔɶɑ ȭɜaɟəɚɎɚɏ 
ɖɜɑɞɌɵɌ, Ɍ ɓɌɞɔɘ ɛɜɔɘɑəɌ ɞɑɚɜɔɳɑ ɎɑɜɚɎɌɞəɚɶɑ əɌ ɛɜɚɢɑɝɑ ɜɌɓɘəɚɒɌɎɌɵɌ ɟ ɍɔɚɗɚɏɔɳɔ, 
ɛɜɚɍɗɑɘɑ ɝɘɑɞɵɔ ɟ ɑɗɑɖɞɜɚɞɑɡəɔɢɔ, ɛɜɚɘɑəɑ əɌ ɞɜɒɔɤɞɟ ɐɑɚəɔɢɌ ɟ ɑɖɚəɚɘɔɳɔ ɔɞɐ. 
ȳɌ ɜɌɓɎɚɳ ɞɑɚɜɔɳɑ ɓəɌɣɌɳəɔ ɝɟ ɛɚɜɑɐ Ɏɑɶ ɛɚɘɑəɟɞɔɡ ɛɜɑ ɝɎɑɏɌ ɔ ɘɌɞɑɘɌɞɔɣɌɜɔ Ȭ. 
ȸɌɜɖɚɎ, Ɂ. ȶɜɌɘɑɜ (H. Cram®r) ɔ Ɏɑɗɔɖɔ ɍɜɚɳ əɑ ɛɚɘɑəɟɞɔɡ əɌɟɣəɔɖɌ.  

ȳɌəɔɘɴɔɎɚɝɞ ɳɑ ɐɌ ɳɑ ȸɌɜɖɚɎ ɛɜɎɔ ɛɟɞ ɛɜɔɘɑəɔɚ ɝɎɚɳɟ ɞɑɚɜɔɳɟ ɚɐəɚɝəɚ ɘɚɐɑɗ 
əɌ ɜɚɘɌəɟ ɟ ɝɞɔɡɟ ȬɗɑɖɝɌəɐɜɌ ȽɑɜɏɑɳɑɎɔɶɌ ȻɟɤɖɔəɌ ăȱɎɏɑəɔɳɑ Ⱥɵɑɏɔəò, 
ɟɛɚɜɑɐɔɎɤɔ ɎɑɜɚɎɌɞəɚɶɟ ɜɌɓɗɔɣɔɞɔɡ ɐɔɝɞɜɔɍɟɢɔɳɌ ɝɗɚɎɌ ɛɜɑɟɓɑɞɔɡ ɔɓ ɖɵɔɏɑ ɝɌ 
ɎɑɜɚɎɌɞəɚɶɚɘ əɔɓɌ ɝɌɘɚɏɗɌɝəɔɖɌ ɔ ɝɟɏɗɌɝəɔɖɌ ɟ ɟɝɗɚɎɔɘɌ ɵɑɏɚɎɔɡ ɗɌəɌɢɌ [60]. ȺɎɌɳ 
ɜɌɐ ɚɍɳɌɎɴɑə ɳɑ ɟ ɛɟɍɗɔɖɌɢɔɳɔ ȴɓɎɑɝɞɔɳɌ ȴɘɛɑɜɌɞɚɜɝɖɑ ȬɖɌɐɑɘɔɳɑ ȹɌɟɖɌ, ɞɚɘ 7., 
ɝɞɜ.153-162, ɔɓ 1913. ɏɚɐɔəɑ ɟ ɣɗɌəɖɟ ȸɌɜɖɚɎ Ȭ. Ȭ.: ăȻɜɔɘɑɜ ɝɞɌɞɔɝɞɔɣɖɚɏ ɔɝɛɔɞɔɎɌɵɌ 
əɌɐ ɞɑɖɝɞɚɘ ȱɎɏɑəɔɳɑ Ⱥɵɑɏɔəò (ɝɗɔɖɌ 2.14.) [61]. ȸɌɜɖɚɎ ɳɑ ɝɌɝɞɌɎɔɚ ɘɌɞɜɔɢɑ (ɝɗɔɖɌ 
2.14.), ɛɜɌɶɑɵɑɘ ɟɖɟɛəɚ 20.000 ɝɗɚɎɌ, ɛɜɑɟɓɑɎɤɔ ɔɡ ɔɓ ɢɑɗɚɏ ɛɜɎɚɏ ɔ ɤɑɝəɌɑɝɞ ɝɞɜɚɠɌ 
ɐɜɟɏɚɏ ɛɚɏɗɌɎɴɌ ȻɟɤɖɔəɚɎɚɏ ɜɚɘɌəɌ, əɑ ɜɌɣɟəɌɳɟɶɔ ɞɎɜɐɔ ɔ ɘɑɖɔ ɓəɌɖ (ɧ ɔ ɨ) ɔ 
ɛɜɑɐɎɔɐɑɚ ɳɑ ɖɚɳɚɘ ɶɑ ɝɑ ɎɑɜɚɎɌɞəɚɶɚɘ ɟ əɌɜɑɐəɚɘ ɞɑɖɝɞɟ ɛɚɳɌɎɔɞɔ ɝɌɘɚɏɗɌɝəɔɖ ɔɓɌ 
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ɝɌɘɚɏɗɌɝəɔɖɌ (p1 = 0.128), Ɍ ɝɌ ɖɚɳɚɘ ɎɑɜɚɎɌɞəɚɶɚɘ ɝɌɘɚɏɗɌɝəɔɖ ɔɓɌ ɝɟɏɗɌɝəɔɖɌ (p2 = 
0.663). ȿ ɔɝɞɚɘ ɣɗɌəɖɟ, ȸɌɜɖɚɎ ɐɌɳɑ ɜɑɓɟɗɞɌɞɑ ɔ ɝɎɚɏ ɐɜɟɏɚɏ ɞɑɝɞɌ ɟ ɖɚɘɑ ɳɑ ɛɜɚɟɣɌɎɌɚ 
ɜɑɐɚɝɗɑɐ ɚɐ 100.000 ɝɗɚɎɌ ɟ ɜɚɘɌəɟ Ƚ. Ⱦ. ȬɖɝɌɖɚɎɌ ă ȰɑɞɔɵɝɞɎɚ ȭɌɏɜɚɎɌ-ɟəɟɖɌ ò. ȹɌ 
ɚɎɌɳ əɌɣɔə ɜɚɭɑəɌ ɳɑ ɔɐɑɳɌ ɔ ɛɚɖɟɤɌɳ ɐɌ ɝɑ ɛɜɚəɌɭɑ ɜɌɓɟɘəɌ ɌəɌɗɚɏɔɳɌ ɔɓɘɑɭɟ ɴɟɐɝɖɚɏ 
ɔ ɏɑəɑɞɝɖɚɏ ɳɑɓɔɖɌ. 
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ɚɍɳɌɎɴɑəɚɏ ɣɗɌəɖɌ [60] [61]. 

ȧɑɏɚɎɌ ɚɞɖɜɔɶɌ ɝɟ ɖɜɑɔɜɌɗɌ ɔ ɛɚɐɝɞɌɖɗɌ ɛɜɌɏɘɌɞɔɣəɟ ɝɞɜɌəɟ ɝɞɚɡɌɝɞɔɣɖɔɡ 
ɛɜɚɢɑɝɌ. ȳəɌɣɌɳəɟ ɛɚɐɜɤɖɟ ɳɑ ɐɚɍɔɚ ɚɐ Ɏɑɗɔɖɚɏ ɜɟɝɖɚɏ ɘɌɞɑɘɌɞɔɣɌɜɌ Ȭ. ȶɚɗɘɚɏɚɜɚɎɌ 
ɖɚɳɔ ɳɑ Ɏɔɐɑɚ ɛɚɞɑəɢɔɳɌɗ ɔ ɟɣɔəɔɚ ɛɚɏɚɐəɚɘ ȸɌɜɖɚɎɴɑɎɟ ɞɑɚɜɔɳɟ ɓɌ ɛɜɔɘɑəɟ ɔ 
ɜɌɓɘɌɞɜɌɵɌ ɟ ɠɔɓɔɢɔ [60].  

ȼɌɓɗɔɣɔɞɔɘ ɚɍɜɌɝɢɔɘɌ ɔ ɘɌɞɑɘɌɞɔɣɖɔɘ ɛɜɌɎɔɗɔɘɌ ɘɚɒɑ ɝɑ ɑɏɓɌɖɞəɚ ɚɛɔɝɌɞɔ 
Ɏɑɗɔɖɔ ɍɜɚɳ ɛɜɔɜɚɐəɔɡ ɔ ɐɜɟɤɞɎɑəɔɡ ɛɚɳɌɎɌ. Ⱥɍɔɣəɚ ɓɌ ɵɔɡ ɝɑ əɌɳɣɑɤɶɑ Ɏɑɓɟɳɑ 
ɞɑɜɘɔə ɛɚɝɑɐɚɎɌɵɌ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɚɏ ɖɌɜɌɖɞɑɜɌ ɔ ɓɍɚɏ ɞɚɏɌ ɝɑ ɛɜɚɟɣɌɎɌɳɟ 
ɝɞɌəɐɌɜɐəɔɘ əɌɟɣəɔɘ ɘɑɞɚɐɌɘɌ. Ȼɚɜɑɐ ɚɎɚɏɌ, ɛɚɝɞɚɳɑ ɛɚɳɌɎɑ ɖɚɳɑ ɝɑ əɑ ɘɚɏɟ 
ɛɚɝɘɌɞɜɌɞɔ ɖɜɚɓ ɚɎɟ ɛɑɜɝɛɑɖɞɔɎɟ, ɓɍɚɏ ɞɚɏɌ ɤɞɚ əɑ ɛɚɝɞɚɳɔ ɘɚɏɟɶəɚɝɞ əɑɐɎɚɝɘɔɝɗɑəɚɏ 
ɟɞɎɜɭɔɎɌɵɌ ɘɑɭɟɝɚɍəɔɡ ɎɑɓɌ ɔ ɚɐəɚɝɌ ɟəɟɞɌɜ ɵɔɡ. ȺɎɌɖɎɑ ɛɚɳɌɎɑ əɌɓɔɎɌɳɟ ɝɑ 
ɝɗɟɣɌɳəɔɘ ɔɗɔ ɝɞɚɡɌɝɞɔɣɖɔɘ. ȴɓɟɣɌɎɌɵɑɘ ɔ ɔɝɞɜɌɒɔɎɌɵɑɘ ɚɎɔɡ ɛɚɳɌɎɌ ɍɌɎɑ ɝɑ 
ɞɑɚɜɔɳɑ ɎɑɜɚɎɌɞəɚɶɑ. Ⱦɚ ɳɑ ɚɍɗɌɝɞ ɝɌɎɜɑɘɑəɑ ɘɌɞɑɘɌɞɔɖɑ ɖɚɳɌ ɳɑ ɛɜɚəɌɤɗɌ ɎɑɚɘɌ Ɏɑɗɔɖɟ 
ɔəɛɗɑɘɑəɞɌɢɔɳɟ ɟ ɘəɚɏɔɘ ɚɍɗɌɝɞɔɘɌ ɒɔɎɚɞɌ ɔ əɌɟɖɑ ɟɚɛɤɞɑ. ȻɚɖɌɓɌɗɌ ɝɑ ɖɌɚ ɎɑɚɘɌ 
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ɑɠɔɖɌɝɌə, ɖɚɜɔɝɞɌə, ɖɎɌɗɔɞɑɞɌə ɘɌɞɑɘɌɞɔɣɖɔ ɌɗɌɞ, ɖɚɳɔ ɝɑ ɎɑɚɘɌ ɑɠɔɖɌɝəɚ 
ɛɜɔɘɑɵɟɳɑ ɟ ɛɜɑɐɎɔɭɌɵɟ ɜɌɓɗɔɣɔɞɔɡ ɛɚɳɌɎɌ ɔ ɛɜɚɢɑɝɌ [62]. 

ȼɌɓəɚɎɜɝəɔɘ ɝɗɟɣɌɳəɔɘ ɛɜɚɘɑəɌɘɌ ɛɚɐɗɚɒɌə ɳɑ Ɏɑɗɔɖɔ ɍɜɚɳ ɛɚɳɌɎɌ ɟ ɛɜɔɜɚɐɔ, 
ɐɜɟɤɞɎɟ ɔ əɌɟɢɔ. Ȼɜɔɗɔɖɚɘ ɵɔɡɚɎɚɏ ɛɜɚɟɣɌɎɌɵɌ əɌɝɟɘɔɣəɚɝɞ ɝɑ ɣɑɝɞɚ ɓɌəɑɘɌɜɟɳɑ. 
ȳɌɜɌɐ ɞɚɏɌ, ɟ ɢɔɴɟ ɚɍɳɌɤɵɑɵɌ ɛɜɔɜɚɐəɑ Ɏɑɓɑ ɖɚɳɌ ɝɑ ɔɝɞɜɌɒɟɳɑ ɞɑɒɔ ɝɑ ɚɝɗɌɵɌɵɟ əɌ 
ɝɜɑɐɵɑ Ɏɜɑɐəɚɝɞɔ. ȿ ɝɞɜɟɣəɚɳ ɞɑɡəɔɣɖɚɳ ɗɔɞɑɜɌɞɟɜɔ, ɣɑɝɞɚ ɳɑ ɜɌɐ ɝɌ ɝɗɟɣɌɳəɔɘ 
ɛɜɚɘɑəɴɔɎɔɘɌ ɓɌəɑɘɌɜɔɎɌə əɌ ɞɌɳ əɌɣɔə ɤɞɚ ɝɟ ɛɚɓəɌɞɑ ɝɜɑɐɵɑ Ɏɜɑɐəɚɝɞɔ 
ɟɘəɚɒɌɎɌəɑ ɝɔɏɟɜəɚɝəɔɘ ɠɌɖɞɚɜɔɘɌ. ȳɍɚɏ ɞɚɏɌ ɤɞɚ ɣɑɝɞɚ ɘɌɖɝɔɘɌɗəɌ ɚɐəɚɝəɚ 
ɑɖɝɞɜɑɘəɌ Ɏɜɑɐəɚɝɞ Ɍ əɑ ɝɜɑɐɵɌ, ɚɐɜɑɭɟɳɑ ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ ɝɔɝɞɑɘɌ, ɛɜɔɝɞɟɛ əɌ ɚɎɌɖɌɎ 
əɌɣɔə ɘɚɒɑ ɍɔɞɔ ɛɚɏɜɑɤɌə. 

ȰɌəɌɝ ɛɜɑɚɎɗɌɭɟɳɑ ɘɔɤɴɑɵɑ ɐɌ ɳɑ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔ ɚɛɔɝ ɝɜɑɐɵɔɘ 
ɎɜɑɐəɚɝɞɔɘɌ ɛɚɞɜɑɍəɚ ɓɌɘɑəɔɞɔ ɚɝəɚɎəɚɘ ɝɞɌɞɔɝɞɔɣɖɚɘ ɚɍɜɌɐɚɘ ɝɞɚɡɌɝɞɔɣɖɔɡ 
ɚɐəɚɝəɚ ɝɗɟɣɌɳəɔɡ ɛɚɳɌɎɌ. ȿɣɑɝɞɌɗɔ ɛɜɚɍɗɑɘɔ ɑɖɝɛɑɜɔɘɑəɞɌɗəɑ ɛɜɔɜɚɐɑ Ɍɗɔ ɔ 
ɛɜɚɍɗɑɘɔ ɛɜɔ ɠɚɜɘɔɜɌɵɟ ɜɑɛɜɑɓɑəɞɌɞɔɎəɚɏ ɝɞɌɞɔɝɞɔɣɖɚɏ ɟɓɚɜɖɌ, ɟ ɛɜɔɘɑɵɑəɔɘ 
əɌɟɣəɔɘ ɚɍɗɌɝɞɔɘɌ, ɗɌɖɤɑ ɝɑ ɐɑɠɔəɔɤɟ ɔ ɛɚɝɞɌɎɴɌɳɟ əɑɏɚ ɤɞɚ ɝɑ ɜɑɤɌɎɌɳɟ [62]. 

ȳɌɞɚ ɛɚɘɚɶɟ ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɚɐɑɗɌ ɘɚɏɟɶɑ ɳɑ ɚɛɔɝɌɞɔ ɛɜɔɜɚɐəɑ ɔ ɝɚɢɔɳɌɗəɑ 
ɛɚɳɌɎɑ, Ɍ ɵɔɡɚɎɌ ɝɎɜɡɌ ɳɑ ɐɌ ɚɘɚɏɟɶɑ ɌəɌɗɔɓɟ ɛɚɳɌɎɌ, ɟɏɗɌɎəɚɘ ɟ ɝɘɔɝɗɟ ɛɜɚɢɑəɑ, 
ɛɜɚɏəɚɓɑ ɔ ɏɑəɑɜɌɗɔɓɌɢɔɳɑ ɜɑɓɟɗɞɌɞɌ ɐɚɍɔɳɑəɔɡ ɑɖɝɛɑɜɔɘɑəɞɌɗəɚ. ȽɌ ɝɞɌəɚɎɔɤɞɌ 
ɖɚɗɔɣɔəɑ ɛɜɚɢɑəɑ ɝɔɏɟɜəɚɝɞɔ (əɑɝɔɏɟɜəɚɝɞɔ), ɚɐəɚɝəɚ ɟɚɛɤɞɌɎɌɵɌ ɖɚɳɑ ɛɚɳɑɐɔəɔ 
ɘɚɐɑɗɔ ɚɘɚɏɟɶɌɎɌɳɟ, ɘɚɐɑɗɑ ɐɑɗɔɘɚ ɟ ɐɎɑ ɏɜɟɛɑ, ɐɑɞɑɜɘɔəɔɝɞɔɣɖɑ ɔ ɝɞɚɡɌɝɞɔɣɖɑ. 
ȸɚɐɑɗɔ ɖɚɳɔ ɝɌɐɜɒɑ ɘɌɗɟ ɖɚɗɔɣɔəɟ əɑɝɔɏɟɜəɚɝɞɔ ɣɑɝɞɚ ɍɟɐɟ əɌɓɔɎɌəɔ 
ɐɑɞɑɜɘɔəɔɝɞɔɣɖɘ ɘɚɐɑɗɚɘ, Ɍɗɔ əɑ ɞɜɑɍɌ ɓɌəɑɘɌɜɔɞɔ ɣɔɵɑəɔɢɟ ɐɌ ɟ ɝɞɎɌɜəɚɘ ɝɎɑɞɟ 
əɑɘɌ ɛɚɳɌɎɑ ɖɚɳɌ ɍɔ ɝɑ ɘɚɏɗɌ ɚɛɔɝɌɞɔ ɚɎɔɘ ɘɚɐɑɗɚɘ. ȸɚɐɑɗɔ ɘɚɏɟ ɍɔɞɔ Ɏɔɤɑ ɔɗɔ ɘɌɵɑ 
ɝɞɚɡɌɝɞɔɣɖɔ [62]. 

Ⱥɐɜɑɭɑəɔ ɍɜɚɳ ɖɴɟɣəɔɡ ɑɗɑɘɑəɌɞɌ ɚɐɗɔɖɟɳɑ ɝɞɚɡɌɝɞɔɣɖɑ ɘɚɐɑɗɑ ɔ ɝɎɌɖɔ ɔɏɜɌ 
ɎɑɚɘɌ ɎɌɒəɟ ɟɗɚɏɟ ɟ ɵɔɡɚɎɚɳ ɖɚəɝɞɜɟɖɢɔɳɔ ɔ ɌəɌɗɔɓɔ. ȺɎɔ ɑɗɑɘɑəɞɔ ɟɖɴɟɣɟɳɟ 
ɝɗɟɣɌɳəɑ ɛɜɚɘɑəɴɔɎɑ, ɐɔɝɞɜɔɍɟɢɔɳɑ ɎɑɜɚɎɌɞəɚɶɑ ɔ Ɏɜɑɘɑəɝɖɑ ɔɗɔ ɛɜɚɝɞɚɜəɑ 
ɛɌɜɌɘɑɞɜɑ. ȽɗɟɣɌɳəɑ ɛɜɚɘɑəɴɔɎɑ ɛɜɑɐɝɞɌɎɴɌɳɟ əɑɔɓɎɑɝəɑ Ɏɑɗɔɣɔəɑ ɟ ɘɚɐɑɗɟ, ɐɚɖ 
ɐɔɝɞɜɔɍɟɢɔɳɑ ɎɑɜɚɎɌɞəɚɶɑ ɚɛɔɝɟɳɟ ɎɑɜɚɎɌɞəɚɶɟ ɜɌɓɗɔɣɔɞɔɡ ɔɝɡɚɐɌ. Ȼɚɜɑɐ ɞɚɏɌ, 
ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɣɑɝɞɚ ɟɖɴɟɣɟɳɟ Ɏɜɑɘɑəɝɖɑ ɔɗɔ ɛɜɚɝɞɚɜəɑ ɛɌɜɌɘɑɞɜɑ ɖɌɖɚ ɍɔ ɍɔɚ 
ɚɍɳɌɤɵɑə ɝɔɝɞɑɘ ɖɚɳɔ ɝɑ ɜɌɓɎɔɳɌ ɟ ɐɑɠɔəɔɝɌəɚɘ ɔəɞɑɜɎɌɗɟ ɔɗɔ ɚɍɗɌɝɞɔ. 
ȶɚɘɍɔəɚɎɌɵɑɘ ɚɎɔɡ ɑɗɑɘɑəɌɞɌ, ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɘɚɏɟ ɐɌ ɏɑəɑɜɔɤɟ ɎɑɜɚɎɌɞəɚɶe 
ɛɜɑɐɎɔɭɌɵɌ ɔ ɛɜɟɒɑ ɟɎɔɐ ɟ ɝɗɚɒɑəɑ ɝɔɝɞɑɘɑ. 

ȽɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɝɟ ɞɌɖɚɭɑ ɔ ɔəɞɑɏɜɌɗəɔ ɐɑɚ ɚɛɑɜɌɢɔɚəɔɡ ɔɝɞɜɌɒɔɎɌɵɌ, 
ɏɐɑ ɚɛɞɔɘɔɓɟɳɟ ɌɗɚɖɌɢɔɳɟ ɜɑɝɟɜɝɌ ɔ ɏɐɑ ɝɑ ɘɚɐɑɗɔ ɖɚɜɔɝɞɑ ɟ ɝɎɜɡɟ ɐɚəɚɤɑɵɌ ɚɐɗɟɖɌ 
ɜɌɓɗɔɣɔɞɔɡ ɔəɐɟɝɞɜɔɳɌ. Ȼɚɝɞɚɳɑ ɟ ɜɌɓɗɔɣɔɞɔɘ ɚɍɗɔɢɔɘɌ, ɛɜɔɗɌɏɚɭɑəɔ ɝɛɑɢɔɠɔɣəɔɘ 
ɖɌɜɌɖɞɑɜɔɝɞɔɖɌɘɌ ɝɔɝɞɑɘɌ ɖɚɳɔ ɝɑ ɛɜɚɟɣɌɎɌ. Ⱥɐɜɑɭɑəɔ ɟɚɍɔɣɌɳɑəɔ ɞɔɛɚɎɔ ɟɖɴɟɣɟɳɟ 
ȸɌɜɖɚɎɴɑɎɑ ɗɌəɢɑ, ɖɚɳɔ ɚɛɔɝɟɳɟ ɛɜɚɢɑɝɑ ɍɑɓ ɘɑɘɚɜɔɝɌɵɌ ɛɜɑɗɌɓɌ ɔɓɘɑɭɟ ɝɞɌɵɌ, ɓɌɞɔɘ 
ȻɚɔɝɚəɚɎɑ ɛɜɚɢɑɝɑ, ɔɐɑɌɗəɑ ɓɌ ɘɚɐɑɗɚɎɌɵɑ ɜɑɞɖɔɡ ɐɚɏɌɭɌɳɌ ɖɚɳɔ ɝɑ əɌɝɟɘɔɣəɚ 
ɐɑɤɌɎɌɳɟ ɞɚɖɚɘ ɎɜɑɘɑəɌ. ȭɜɌɟəɚɎɚ ɖɜɑɞɌɵɑ Ɏɜɤɔ ɘɚɐɑɗɚɎɌɵɑ əɑɝɞɌɗəɚɏ ɖɜɑɞɌɵɌ 
ɣɑɝɞɔɢɌ ɟ ɠɗɟɔɐɟ, ɐɚɖ ȯɌɟɝɚɎɔ ɛɜɚɢɑɝɔ ɛɜɟɒɌɳɟ ɠɗɑɖɝɔɍɔɗɌə ɚɖɎɔɜ ɓɌ ɘɚɐɑɗɚɎɌɵɑ 
ɝɗɚɒɑəɔɡ ɚɐəɚɝɌ ɟ ɛɚɐɌɢɔɘɌ. ȽɎɌɖɔ ɞɔɛ ɝɞɚɡɌɝɞɔɣɖɚɏ ɘɚɐɑɗɌ əɟɐɔ ɳɑɐɔəɝɞɎɑəɑ 
ɛɜɑɐəɚɝɞɔ ɔ ɍɔɜɌɳɟ ɝɑ əɌ ɚɝəɚɎɟ ɚɐɜɑɭɑəɔɡ ɛɜɚɍɗɑɘɌ ɔɗɔ ɝɔɝɞɑɘɌ ɖɚɳɔ ɝɑ ɔɝɞɜɌɒɟɳɑ. 

ȿɛɜɖɚɝ ɔɝɞɌɖəɟɞɔɘ ɛɚɓɔɞɔɎəɔɘ ɝɎɚɳɝɞɎɔɘɌ ɔ ɝɎɑɝɞɜɌəɚɝɞɔ, ɝɞɚɡɌɝɞɔɣɖɔ 
ɘɚɐɑɗɔ ɔɘɌɳɟ ɔ ɚɐɜɑɭɑəɑ ɘɌɵɖɌɎɚɝɞɔ ɔ ɚɏɜɌəɔɣɑɵɌ. ȥɑɐɌə ɚɐ ɔɓɌɓɚɎɌ tj. ɘɌɵɖɌɎɚɝɞɔ 
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ɘɚɒɑ ɍɔɞɔ ɔɓɍɚɜ ɚɐɏɚɎɌɜɌɳɟɶɔɡ ɐɔɝɞɜɔɍɟɢɔɳɌ ɎɑɜɚɎɌɞəɚɶɑ ɔ ɛɌɜɌɘɑɞɌɜɌ, ɖɚɳɔ ɘɚɏɟ 
ɓəɌɣɌɳəɚ ɟɞɔɢɌɞɔ əɌ ɞɌɣəɚɝɞ ɘɚɐɑɗɌ. ȿɓ ɛɚɘɑəɟɞɚ, ɝɗɚɒɑəɚɝɞ əɑɖɔɡ ɘɚɐɑɗɌ ɓɌɡɞɑɎɌ 
əɌɛɜɑɐəɔɳɑ ɔ ɝɗɚɒɑəɔɳɑ ɛɑɜɠɚɜɘɌəɝɑ ɜɌɣɟəɌɜɌ ɛɚɘɚɶɟ ɖɚɳɔɡ ɝɑ ɚɍɌɎɴɌ ɌəɌɗɔɓɌ ɔ 
ɝɔɘɟɗɌɢɔɳɌ, ɤɞɚ ɘɚɒɑ ɔɓɌɓɎɌɞɔ ɛɜɚɍɗɑɘɑ ɛɜɔ ɜɑɌɗɔɓɌɢɔɳɔ. ȾɟɘɌɣɑɵɑ ɐɚɍɔɳɑəɔɡ 
ɜɑɓɟɗɞɌɞɌ ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ ɘɚɒɑ ɍɔɞɔ ɔɓɌɓɚɎ, ɳɑɜ ɐɌɳɟ ɎɑɜɚɎɌɞəɑ ɔɝɡɚɐɑ, Ɍ əɑ 
ɐɑɞɑɜɘɔəɔɝɞɔɣɖɌ ɛɜɑɐɎɔɭɌɵɌ. ȹɌ ɔɝɞɜɌɒɔɎɌɣɔɘɌ ɔ ɖɚɜɔɝəɔɢɔɘɌ ɘɚɐɑɗɌ ɳɑ ɐɌ ɝɑ 
ɛɌɒɴɔɎɚ ɔ ɚɍɌɓɜɔɎɚ ɛɚɓɌɍɌɎɑ ɚɎɔɘ ɔɓɌɓɚɎɔɘɌ ɖɌɖɚ ɍɔ ɍɔɗɔ ɝɔɏɟɜəɔ ɔ ɚɍɑɓɍɑɐɔɗɔ 
ɛɚɟɓɐɌəɚɝɞ ɔ ɜɑɗɑɎɌəɞəɚɝɞ ɝɎɚɳɔɡ ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ. 

ȽɞɚɡɌɝɞɔɣəɚɝɞ ɳɑ ɖɚəɢɑɛɞ ɖɚɳɔ ɝɑ ɖɚɜɔɝɞɔ ɟ ɘəɚɏɔɘ ɜɌɓɗɔɣɔɞɔɘ ɚɍɗɌɝɞɔɘɌ 
ɓəɌɵɌ, ɟɖɴɟɣɟɳɟɶɔ ɛɜɔɜɚɐəɑ əɌɟɖɑ ɖɌɚ ɤɞɚ ɝɟ ɛɜɑ ɝɎɑɏɌ ɘɌɞɑɘɌɞɔɖɌ, ɍɔɚɗɚɏɔɳɌ, 
ɡɑɘɔɳɌ, ɠɔɓɔɖɌ, ɓɌɞɔɘ ɑɖɚɗɚɏɔɳɌ ɖɌɚ ɔ ɟ ɚɍɗɌɝɞɔɘɌ ɞɑɡəɚɗɚɏɔɳɌ ɔ ɔəɒɑɵɑɜɔəɏɌ ɖɌɚ 
ɤɞɚ ɝɟ ɚɍɜɌɐɌ ɝɗɔɖɌ, ɚɍɜɌɐɌ ɝɔɏəɌɗɌ, ɞɑɚɜɔɳɌ ɔəɠɚɜɘɌɢɔɳɌ, ɜɌɣɟəɌɜɝɞɎɚ, 
ɖɜɔɛɞɚɏɜɌɠɔɳɌ ɔ ɞɑɗɑɖɚɘɟəɔɖɌɢɔɳɑ. ȾɌɖɚɭɑ ɝɑ ɚɍɔɗɌɞɚ ɖɚɜɔɝɞɔ ɟ ɑɖɚəɚɘɔɳɔ, 
ɠɔəɌəɝɔɳɌɘɌ ɓɍɚɏ ɛɜɔɎɔɐəɚ ɝɗɟɣɌɳəɔɡ ɛɜɚɘɑəɌ ɠɔəɌəɝɔɳɝɖɔɡ ɞɜɒɔɤɞɌ. Ȼɚɞɜɑɍəɚ ɳɑ 
ɛɚɘɑəɟɞɔ ɔ ɟɛɚɞɜɑɍɟ ɟ ɘɑɐɔɢɔəɔ, ɗɔəɏɎɔɝɞɔɢɔ, ɘɟɓɔɢɔ, ɔəɠɚɜɘɌɞɔɢɔ, 
ɏɑɚɘɚɜɠɚɗɚɏɔɳɔ, ɘɑɐɔɳɔɘɌ, ɞɑɚɜɔɳɔ ɍɚɳɌ, ɍɚɞɌəɔɢɔ, ɛɜɚɔɓɎɚɐɵɔ ɔ ɔəɐɟɝɞɜɔɳɔ 
ɟɚɛɤɞɑ. ȽɞɚɡɌɝɞɔɣɖɚ ɘɚɐɑɗɚɎɌɵɑ ɝɑ ɞɌɖɚɭɑ ɖɚɜɔɝɞɔ ɟ ɐɜɟɤɞɎɑəɔɘ əɌɟɖɌɘɌ. 

ȿ ɘɌɞɑɘɌɞɔɢɔ, ɝɞɚɡɌɝɞɔɣəɚɝɞ ɳɑ ɛɚɎɑɓɌəɌ ɝɌ ɞɑɚɜɔɳɚɘ ɎɑɜɚɎɌɞəɚɶɑ ɔ ɝɗɟɣɌɳəɔɡ 
ɛɜɚɢɑɝɌ. Ƀɑɝɞɚ ɝɑ ɝɘɌɞɜɌ ɐɌ ɝɗɟɣɌɳəɑ ɛɜɚɘɑəɴɔɎɑ ɔ ɝɗɟɣɌɳəɑ ɝɑɖɎɑəɢɑ ɘɚɐɑɗɟɳɟ 
ɝɞɎɌɜəɑ ɐɚɏɌɭɌɳɑ ɖɚɳɔ ɝɑ əɑ ɘɚɏɟ ɞɌɣəɚ ɛɜɑɐɎɔɐɑɞɔ. ȹɌ ɛɜɔɘɑɜ, ɍɌɢɌɵɑ əɚɎɣɔɶɌ ɔɗɔ 
ɔɏɜɌɵɑ ɜɟɗɑɞɌ ɘɚɒɑ ɝɑ ɚɛɔɝɌɞɔ ɖɚɜɔɤɶɑɵɑɘ ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ. 

ȿ ɠɔɓɔɢɔ, ɝɞɚɡɌɝɞɔɣəɚɝɞ ɝɑ ɘɚɒɑ ɛɚɎɑɓɌɞɔ ɝɌ ɖɎɌəɞəɚɘ ɘɑɡɌəɔɖɚɘ ɔ 
əɑɛɜɌɎɔɗəɔɘ ɚɝɢɔɗɌɢɔɳɌɘɌ. ȶɎɌəɞəɔ ɝɔɝɞɑɘɔ ɝɟ ɔəɞɜɌəɓɔɞɔɎəɔ, ɤɞɚ ɓəɌɣɔ ɐɌ ɳɑ 
əɑɘɚɏɟɶɑ ɞɌɣəɚ ɛɜɑɐɎɔɐɑɞɔ ɍɟɐɟɶɑ ɝɞɌɵɑ ɝɔɝɞɑɘɌ əɌ ɚɝəɚɎɟ ɛɚɣɑɞəɔɡ ɟɝɗɚɎɌ. ȿɘɑɝɞɚ 
ɞɚɏɌ, ɘɚɒɑɘɚ ɝɌɘɚ ɚɐɜɑɐɔɞɔ ɎɑɜɚɎɌɞəɚɶɟ ɐɌ ɶɑ ɝɔɝɞɑɘ ɍɔɞɔ ɟ ɚɐɜɑɭɑəɚɘ ɝɞɌɵɟ 

ȿ ɑɖɚəɚɘɔɳɔ, ɝɞɚɡɌɝɞɔɣəɚɝɞ ɝɑ ɖɚɜɔɝɞɔ ɓɌ ɘɚɐɑɗɚɎɌɵɑ ɠɔəɌəɝɔɳɝɖɔɡ ɞɜɒɔɤɞɌ 
ɔ ɢɑəɌ. ɂɑəɑ ɌɖɢɔɳɌ, ɎɌɗɟɞɌ ɔ ɐɜɟɏɔɡ ɠɔəɌəɝɔɳɝɖɔɡ ɔəɝɞɜɟɘɑəɌɞɌ ɘɚɏɟ ɝɑ əɌɝɟɘɔɣəɚ 
ɘɑɵɌɞɔ, ɤɞɚ ɔɡ ɣɔəɔ ɞɑɤɖɔɘ ɓɌ ɛɜɑɐɎɔɭɌɵɑ. ȸɚɐɑɗɔ ɝɞɚɡɌɝɞɔɣəɚɝɞɔ ɘɚɏɟ ɛɚɘɚɶɔ 
ɌəɌɗɔɞɔɣɌɜɔɘɌ ɔ ɞɜɏɚɎɢɔɘɌ ɐɌ ɐɚəɑɝɟ ɚɐɗɟɖɑ əɌ ɚɝəɚɎɟ ɎɑɜɚɎɌɞəɚɶɑ. 

ȿ ɍɔɚɗɚɏɔɳɔ, ɝɞɚɡɌɝɞɔɣəɚɝɞ ɝɑ ɘɚɒɑ ɛɚɎɑɓɌɞɔ ɝɌ ɏɑəɑɞɝɖɔɘ ɘɟɞɌɢɔɳɌɘɌ ɔ 
ɑɎɚɗɟɢɔɳɚɘ. ȯɑəɑɞɝɖɑ ɛɜɚɘɑəɑ ɝɑ ɐɑɤɌɎɌɳɟ əɌɝɟɘɔɣəɚ ɔ ɘɚɏɟ ɐɚɎɑɝɞɔ ɐɚ ɜɌɓɗɔɣɔɞɔɡ 
ɔɝɡɚɐɌ. ȺɎɚ ɚɘɚɏɟɶɌɎɌ ɚɜɏɌəɔɓɘɔɘɌ ɐɌ ɝɑ ɛɜɔɗɌɏɚɐɑ ɛɜɚɘɑəɴɔɎɔɘ ɟɝɗɚɎɔɘɌ 
ɒɔɎɚɞəɑ ɝɜɑɐɔəɑ. 

ȽɞɚɡɌɝɞɔɣəɚɝɞ ɳɑ əɑɔɓɚɝɞɌɎəɔ ɔ əɑɚɐɎɚɳɔɎɔ ɐɑɚ Ɏɑɗɔɖɚɏ ɍɜɚɳɌ, Ɍɖɚ əɑ ɔ ɝɎɔɡ, 
əɌɟɖɌ ɔ ɔɘɌ ɜɌɓɜɟɭɑə ɚɛɝɑɏ ɛɜɔɘɑəɌ. ȺɘɚɏɟɶɌɎɌ ɍɚɴɑ ɜɌɓɟɘɑɎɌɵɑ ɔ ɐɌ ɳɑ ɘɚɏɟɶəɚɝɞ 
ɚɍɳɌɤɵɑɵɌ əɑɛɜɑɐɎɔɐɴɔɎɚɝɞɔ ɔ ɝɗɟɣɌɳəɚɝɞɔ ɛɜɔɝɟɞəɔɡ ɟ Ɏɑɗɔɖɚɘ ɍɜɚɳɟ ɛɚɳɌɎɌ ɔ 
ɛɜɚɢɑɝɌ ɟ əɌɤɑɘ ɝɎɑɞɟ. 

ȰɌɖɗɑ, ɘɚɒɑɘɚ ɜɑɶɔ ɐɌ ɝɞɚɡɌɝɞɔɣɖɌ ɌəɌɗɔɓɌ ɟɖɴɟɣɟɳɑ ɛɜɚɟɣɌɎɌɵɑ Ɏɑɗɔɖɚɏ 
ɍɜɚɳɌ ɑɘɛɔɜɔɳɝɖɔɡ ɛɚɐɌɞɌɖɌ ɟɝɗɑɐ ɠɌɖɞɚɜɌ ɖɚɳɔ əɔɝɟ ɟ ɐɔɜɑɖɞəɔɘ ɚɐəɚɝɔɘɌ, 
ɓɌɎɔɝəɚɝɞɔ ɔ ɘɑɭɟɓɌɎɔɝəɚɝɞɔ. ȽɞɚɡɌɝɞɔɣɖɔ ɚɐəɚɝ ɛɚɝɞɚɳɔ ɔɓɘɑɭɟ ɝɗɟɣɌɳəɔɡ 
ɛɜɚɘɑəɴɔɎɔɡ ɔ ɔɝɛɚɴɌɎɌ ɝɑ ɞɚɘ ɣɔɵɑəɔɢɚɘ ɐɌ ɟɖɚɗɔɖɚ ɝɑ ɳɑɐəɌ ɚɐ ɵɔɡ ɛɜɚɘɑəɔ, 
ɘɑɵɌ ɝɑ əɌɣɔə, ɓɌɖɚəɔɞɚɝɞ ɜɌɝɛɚɐɑɗɑ ɐɜɟɏɑ [63].  

ȿɍɜɓɌəɔɘ ɜɌɓɎɚɳɑɘ ɞɑɡəɔɣɖɔɡ əɌɟɖɌ, ɔ ɔəɌɣɑ, ɚɐ ɛɚɗɚɎɔəɑ ɛɜɚɤɗɚɏ ɎɑɖɌ, 
ɐɚɤɗɚ ɳɑ ɐɚ ɛɚɳɌɎɑ ɛɜɚɍɗɑɘɌ ɓɌ ɖɚɳɑ ɝɑ ɛɚɖɌɓɌɗɚ ɐɌ ɘɑɞɚɐɑ ɝɌ ɖɚɳɔɘɌ ɳɑ ɜɌɝɛɚɗɌɏɌɗɌ 
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ɞɑɚɜɔɳɌ ɎɑɜɚɎɌɞəɚɶɑ əɔɝɟ ɐɚɎɚɴəɑ ɓɌ ɵɔɡɚɎɚ ɜɑɤɌɎɌɵɑ. Ȼɚɜɑɐ ɚɝɞɌɗɚɏ, ɞɚ ɳɑ 
ɛɚɝɗɑɐɔɢɌ ɣɔɵɑəɔɢɑ ɐɌ ɝɟ ɝɑ ɟ ɞɚ Ɏɜɑɘɑ ɘəɚɏɑ əɌɟɖɑ, Ɍ əɌɜɚɣɔɞɚ ɛɜɔɜɚɐəɚ-ɞɑɡəɔɣɖɑ, 
ɍɌɎɔɗɑ ɔɝɞɜɌɒɔɎɌɵɑɘ ɛɚɳɌɎɌ, ɖɚɳɑ ɝɑ ɘɑɵɌɳɟ ɟ ɓɌɎɔɝəɚɝɞɔ ɚɐ ɎɜɑɘɑəɌ, ɏɐɑ ɞɑɚɜɔɳɌ 
ɎɑɜɚɎɌɞəɚɶɑ ɟ ɞɚ Ɏɜɑɘɑ əɔɳɑ ɔɘɌɗɌ ɘɑɞɚɐɚɗɚɏɔɳɟ ɛɜɚɟɣɌɎɌɵɌ ɞɌɖɎɔɡ ɛɚɳɌɎɌ. 
Ȼɜɑɞɡɚɐəɚ əɌɎɑɐɑəɌ ɖɚəɝɞɌɞɌɢɔɳɌ ɣɔəɔ ɳɚɤ ɳɑɐɌə ɚɐ ɘəɚɏɚɍɜɚɳəɔɡ ɜɌɓɗɚɏɌ ɓɌ ɟɎɚɭɑɵɑ 
ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɢɑɝɌ ɔ ɜɌɓɘɌɞɜɌɵɌ ɝɗɟɣɌɳəɔɡ ɛɜɚɘɑəɴɔɎɔɡ ɖɚɳɑ ɝɟ ɓɌɎɔɝəɑ ɚɐ 
ɎɜɑɘɑəɌ. ȿɓ ɞɚ ɝɑ ɛɜɔ ɛɚɖɟɤɌɳɟ ɘɌɞɑɘɌɞɔɣɖɚɏ ɚɛɔɝɔɎɌɵɌ ɘəɚɏɔɡ ɛɚɳɌɎɌ, əɔ əɌ ɖɚɳɔ 
əɌɣɔə əɑ ɘɚɒɑ ɔɓɍɑɶɔ ɝɗɟɣɌɳəɚɝɞ, əɌɐɌɝɎɑ ɖɚɐ əɑɗɔəɑɌɜəɔɡ ɠɑəɚɘɑəɌ. ȸɚɐɑɗɚɎɌɵɑ 
ɜɌɓəɚɎɜɝəɔɡ ɛɜɔɜɚɐəɔɡ ɠɑəɚɘɑəɌ ɟ ɞɑɡəɔɢɔ, ɛɜɔɜɚɐəɔɘ əɌɟɖɌɘɌ, ɑɖɚəɚɘɔɳɔ, 
ɓɌɤɞɔɞɔ ɚɖɚɗɔəɑ, əɑɚɛɡɚɐəɚ ɝɌɐɜɒɔ ɠɌɖɞɚɜ ɝɗɟɣɌɳəɚɝɞɔ. Ȭɖɚ ɜɑɢɔɘɚ ɎɑɜɚɎɌɞəɚɶɟ 
ɝɡɎɌɞɔɘɚ ɖɌɚ ɘɑɜɟ ɝɗɟɣɌɳəɚɝɞɔ ɔɗɔ ɘɑɜɟ əɑɓəɌɵɌ; ɘɌɞɑɘɌɞɔɣɖɔ ɛɜɔɝɞɟɛ ɳɑ ɛɚɞɛɟəɚ 
ɔɝɞɔ. ȾɜɑɍɌ əɌɏɗɌɝɔɞɔ ɐɌ ɳɑ ɝɞɚɡɌɝɞɔɣɖɌ ɌəɌɗɔɓɌ ɐɌəɌɝ ɳɑɐəɌ ɚɐ ɘɚɐɑɜəɔɳɔɡ ɚɍɗɌɝɞɔ 
ɘɌɞɑɘɌɞɔɖɑ ɔ ɖɚɜɔɝɞɔ ɔ ɝɌɐɜɒɔ ɎɑɚɘɌ ɜɌɓɎɔɳɑə ɘɌɞɑɘɌɞɔɣɖɔ ɌɛɌɜɌɞ ɟ ɜɌɐɟ ɝɌ 
ɝɞɚɡɌɝɞɔɣɖɔɘ ɐɔɠɑɜɑəɢɔɳɌɗəɔɘ ɳɑɐəɌɣɔəɌɘɌ, ɖɚɳɑ ɘɚɐɑɗɟɳɟ ɜɌɓəɑ ɠɑəɚɘɑəɑ ɝɌ 
əɑɛɚɓəɌɞɔɘ ɠɌɖɞɚɜɔɘɌ, Ɍ ɖɚɳɑ ɝɡɎɌɞɌɘɚ ɖɌɚ ɐɌ ɝɟ ɝɑ ɝɗɟɣɌɳəɚ ɐɚɏɚɐɔɗɔ [62]. 

ȽɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝ ɳɑ ɚəɌɳ ɖɚɳɔ ɟ ɝɑɍɔ ɝɌɐɜɒɔ ɑɗɑɘɑəɞɑ əɑɟɜɑɭɑəɚɝɞɔ ɔɗɔ 
ɝɗɟɣɌɳəɚɝɞɔ. ȸɌɞɑɘɌɞɔɣɖɌ ɌɛɝɞɜɌɖɢɔɳɌ ɝɞɎɌɜəɚɏɌ ɛɜɚɢɑɝɌ ɚɛɔɝɌəɌ ɓɌɖɚəɔɘɌ ɞɑɚɜɔɳɑ 
ɎɑɜɚɎɌɞəɚɶɑ ɔ ɝɞɌɞɔɝɞɔɖɑ ɟɓ ɛɚɘɚɶ ɘəɚɏɚɍɜɚɳəɔɡ ɝɗɟɣɌɳəɔɡ ɛɜɚɘɑəɴɔɎɔɡ 
ɐɑɠɔəɔɝɌəɔɡ əɌ ɔɝɞɚɘ ɛɜɚɝɞɚɜɟ ɎɑɜɚɎɌɞəɚɶɑ ɔ ɔəɐɑɖɝɔɜɌəɔɡ ɚɐɜɑɭɑəɔɘ ɛɚɐɝɖɟɛɚɘ 
ɜɑɌɗəɔɡ ɍɜɚɳɑɎɌ.  

ȼɌɓɗɔɖɟɳɑɘɚ ɐɎɑ Ɏɜɝɞɑ ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɢɑɝɌ. ȺɐɝɞɟɛɌɵɑ ɖɚɳɑ ɔɡ ɐɔɠɑɜɑəɢɔɜɌ 
ɛɚɎɑɓɌəɚ ɳɑ ɝɌ ɛɜɑɐɎɔɐɴɔɎɚɤɶɟ Ɏɜɑɘɑəɝɖɚɏ əɔɓɌ. 

ȽɞɚɡɌɝɞɔɣɖɔ ɝɞɌɢɔɚəɌɜəɔ ɛɜɚɢɑɝ, ɝɌɝɞɚɳɔ ɝɑ ɔɓ əɔɓɌ ɝɎɚɳɝɞɌɎɌ ɖɚɳɌ ɏɌ ɣɔəɑ, əɌ 
ɚɐɜɑɭɑə əɌɣɔə, ɛɜɑɐɎɔɐɴɔɎɔɘ ɔ əɑɝɞɌɢɔɚəɌɜəɔ ɛɜɚɢɑɝ ɖɚɳɔ ɟɖɚɗɔɖɚ ɟ ɛɚɞɛɟəɚɝɞɔ 
ɟɛɜɚɝɞɔɘɚ, ɘɚɒɑɘɚ ɝɎɑɝɞɔ əɌ ɐɎɑ ɠɜɌɓɑ ɛɚɏɚɐɔɶɑ ɔɗɔ ɶɑ ɛɜɚɘɌɤɔɞɔ. ȽɞɚɡɌɝɞɔɣɖɔ 
ɝɞɌɢɔɚəɌɜəɔ ɛɜɚɢɑɝ ɳɑ ɚəɌɳ ɏɐɑ ɖɚəɝɞɌəɞəɚ ɟ ɚɐɜɑɭɑəɚɘ Ɏɜɑɘɑəɝɖɚɘ ɛɑɜɔɚɐɟ ɝɌ 
ɛɜɚɘɑəɴɔɎɚɘ Ɏɜɑɐəɚɤɶɟ ɎɌɜɔɜɌ ɜɌɝɛɚɐɑɗɌ ɎɑɜɚɌɞəɚɶɑ. ȹɔɓ ɍɜɚɳɑɎɌ ɳɑ ɡɌɚɞɔɣɌə, Ɍɗɔ 
ɛɚɝɑɐɟɳɑ Ɏɜɑɐəɚɝɞɔ ɟ ɚɏɜɌəɔɣɑəɚɘ ɜɌɝɛɚəɟ ɛɌ ɝɟ ɞɚ ɛɜɚɢɑɝɔ ɖɚɳɔ ɝɑ ɓɍɚɏ ɝɎɚɳɔɡ 
ɖɌɜɌɖɞɑɜɔɝɞɔɖɌ, ɖɜɚɓ ɝɞɎɌɜɌɵɑ ɘɚɐɑɗɌ,  ɘɚɏɟ ɛɜɑɐɎɔɐɑɞɔ.  

ȽɞɚɡɌɝɞɔɣɖɔ əɑɝɞɌɢɔɚəɌɜəɔ ɔɗɔ ɡɌɚɞɔɣəɔ ɛɜɚɢɑɝ ɝɌɣɔɵɌɎɌ ɜɌɝɛɚɐɑɗɌ 
ɎɑɜɚɎɌɞəɚɶɑ ɖɚɳɟ ɖɌɜɌɖɞɑɜɔɤɑ əɑɝɞɌɍɔɗəɚ ɎɌɜɔɜɌɵɑ. ȿɖɚɗɔɖɚ ɝɑ ɚɐɜɑɭɑə əɔɓ ɍɜɚɳɑɎɌ 
ɛɚəɌɤɌ əɌ Ɍɛɝɚɗɟɞəɚ ɡɌɚɞɔɣɌə əɌɣɔə, ɘɚɒɑ ɝɑ ɖɚəɝɞɌɞɚɎɌɞɔ ɐɌ ɳɑ ɛɜɚɢɑɝ ɝɗɟɣɌɳɌə, Ɍ 
əɑ ɝɞɌɢɔɚəɌɜɌə. 

ȽɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝ ɳɑ ɘɚɐɑɗ ɝɗɟɣɌɳəɑ ɛɚɳɌɎɑ ɖɚɳɔ ɓɌɎɔɝɔ ɚɐ Ɏɜɑɘɑəa. ȶɌɚ ɤɞɚ 
ɝɗɟɣɌɳəɌ ɛɜɚɘɑəɴɔɎɌ ɚɝɗɔɖɌɎɌ ɝɞɌɞɔɣɖɟ ɝɗɟɣɌɳəɟ ɛɚɳɌɎɟ, ɔɝɞɚɎɑɞəɚ ɳɑ ɝɞɚɡɌɝɞɔɣɖɔ 
ɛɜɚɢɑɝ ɠɌɘɔɗɔɳɌ ɝɗɟɣɌɳəɔɡ ɛɜɚɘɑəɴɔɎɔɡ Xt , ɳɑɐəɌ ɓɌ ɝɎɌɖɚ Ɏɜɑɘɑ t ɟ ɚɐɜɑɭɑəɚɘ ɝɖɟɛɟ 
J. Ƚɖɟɛ S ɟ ɖɚɘe ɝɗɟɣɌɳəɑ ɛɜɚɘɑəɴɔɎɑ Xt ɐɚɍɔɳɌɳɟ Ɏɜɑɐəɚɝɞɔ ɓɚɎɑ ɝɑ ăɛɜɚɝɞɚɜ ɝɞɌɵɌ 
ɛɜɚɢɑɝɌò. ȹɌɳɔɝɞɌɖəɟɞɔɳɔ ɔ əɌɳɍɚɴɔ ɔɓɍɚɜ ɝ ɖɚɳɔɘ ɝɑ ɝɟɚɣɌɎɌɘɚ ɛɜɔ ɝɑɗɑɖɞɚɎɌɵɟ 
ɝɞɚɡɌɝɞɔɣɖɚɏ ɛɜɚɢɑɝɌ ɖɚɳɔ ɘɚɐɑɗɔɜɌ ɜɑɌɗɌə ɒɔɎɚɞ ɳɑ ɛɜɔɜɚɐɌ Ɏɜɑɘɑəɝɖɚɏ ɝɖɟɛɌ ȥ, ɖɚɳɔ 
ɘɚɒɑ ɍɔɞɔ ɐɔɝɖɜɑɞɌə ɔɗɔ əɑɛɜɑɖɔɐɌə ɔ ɛɜɚɝɞɚɜɌ ɝɞɌɵɌ S. ȹɌɳɣɑɤɶɑ, ɝɞɚɡɌɝɞɔɣɖɔ 
ɛɜɚɢɑɝɔ əɑɛɜɑɖɔɐəɚɏ ɝɞɌɵɌ ɎɜɑɘɑəɌ ɔ ɛɜɚɝɞɚɜɌ, ɔɌɖɚ ɝɞɜɟɖɞɟɜəɚ ɔ ɠɟəɖɢɔɚəɌɗəɚ 
ɞɑɒɔ ɚɐ ɐɔɝɖɜɑɞəɔɡ ɛɜɚɢɑɝɌ, ɖɚəɌɣəɚ ɏɗɑɐɌəɚ ɠɗɑɖɝɔɍɔɗəɔɳɔ ɝɟ. ȺɍɑɗɑɒɳɌ 
ɝɞɚɡɌɝɞɔɣɖɚɏ ɛɜɚɢɑɝɌ ɚɐɜɑɭɟɳɟ ɔɗɔ ɐɑɠɔəɔɤɟ ɛɟɞ, ɝɞɌɢɔɚəɌɜəɚɝɞ ɔ ɘɌɜɖɚɎɴɑɎɚ 
ɝɎɚɳɝɞɎɚ. Ȼɚ ɔɓɍɚɜɟ ɝɖɟɛɌ ɝɞɌɵɌ ɔ Ɏɜɑɘɑəɝɖɚɏ ɝɖɟɛɌ, ɳɚɤ ɳɑ ɛɚɞɜɑɍəɚ ɠɚɜɘɟɗɔɝɌɞɔ 
ɛɜɚɢɑɝ {Xt , t ɴ ȥ}. Ȼɚɞɜɑɍəɚ ɳɑ ɖɚəɠɔɏɟɜɔɝɌɞɔ ɓɌɳɑɐəɔɣɖɟ ɐɔɝɞɜɔɍɟɢɔɳɟ ɚɐ Xt1 , Xt2 , . . 
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. , Xtn ɓɌ ɝɎɑ t1, t2, . . . , tn ɟ J ɔ ɝɎɑ ɛɜɔɜɚɐəɑ ɍɜɚɳɑɎɑ n. ȹɌɔɓɏɗɑɐ ɚɎɚ ɳɑ ɎɑɚɘɌ ɞɑɒɌɖ ɔ 
ɝɖɚɜɚ əɑɘɚɏɟɶ ɓɌɐɌɞɌɖ. ȻɜɌɖɞɔɣəɚ, ɟɏɗɌɎəɚɘ ɝɑ ɞɚ ɚɍɌɎɴɌ ɔəɐɔɜɑɖɞəɚ, ɟɓ ɛɚɐɜɤɖɟ 
ɚɐɜɑɭɑəɔɡ ɳɑɐəɚɝɞɌɎəɔɡ ɛɜɑɗɌɓəɔɡ ɛɚɝɞɟɛɌɖɌ, ɖɌɚ ɤɞɚ ɝɟ ɛɜɔɜɌɝɞ ɚɐəɚɝəɚ ɞɓɎ. ɍɑɗɔ 
ɤɟɘ, ɚɛɤɞɌ ɝɗɟɣɌɳəɌ ɤɑɞɵɌ, ɛɚɖɜɑɞəɑ ɝɜɑɐɔəɑ, ȻɚɔɝɚəɚɎ ɛɜɚɢɑɝ (Poisson process), 
ɝɗɚɒɑəɔ ȻɚɔɝɚəɚɎ ɛɜɚɢɑɝ, ȭɜɌɟəɚɎɚ ɖɜɑɞɌɵɑ. ȳɌɳɑɐəɔɣɖɌ ɜɑɌɗɔɓɌɢɔɳɌ ɝɗɟɣɌɳəɔɡ 
ɛɜɚɘɑəɴɔɎɔɡ Xt ɓɌ ɝɎɑ t ɟ J ɓɚɎɑ ɝɑ ɛɟɞ ɚɐəɚɝəɚ ɞɜɌɳɑɖɞɚɜɔɳɌ ɛɜɚɢɑɝɌ. Ⱦɚ ɳɑ ɠɟəɖɢɔɳɌ 
ɔɓ J ɟ S. ȺɍɑɗɑɒɳɌ ɛɟɞɑɎɌ ɛɜɚɢɑɝɌ əɑɚɛɡɚɐəɚ ɳɑ ɐɌ ɍɟɐɟ ɛɜɔɗɌɏɚɭɑəɌ ɛɟɞɑɎɔɘɌ 
ɔɝɛɚɴɑəɔɘ ɟ ɜɑɌɗəɚɘ ɒɔɎɚɞɟ. ȾɌɐɌ ɝɑ ɘɚɐɑɗ ɘɚɒɑ ɚɢɑəɔɞɔ ɌɐɑɖɎɌɞəɔɘ ɔ ɟɝɛɑɤəɔɘ 
ɞɑ ɏɌ ɳɑ ɘɚɏɟɶɑ ɟɛɚɞɜɑɍɔɞɔ ɓɌ ɛɜɑɐɎɔɭɌɵɑ. Ȼɚɞɜɑɍəɚ ɔ ɎɌɒəɚ ɳɑ ɐɌ ɘɚɐɑɗ 
ɔəɞɑɜɛɜɑɞɔɜɌ ɍɌɜɑɘ ɤɔɜɚɖɌ ɝɎɚɳɝɞɎɌ ɛɜɚɍɗɑɘɌ ɝɞɎɌɜəɚɏ ɒɔɎɚɞɌ. 

ȽɞɌɢɔɚəɌɜəɚɝɞ ɳɑ ɞɌɖɚɭɑ ɳɑɐəɚ ɚɐ ɓəɌɣɌɳəɔɡ ɚɍɑɗɑɒɳɌ ɝɞɚɡɌɝɞɔɣɖɚɏ ɛɜɚɢɑɝɌ. 
ȽɞɌɢɔɚəɌɜɌə ɳɑ ɟɖɚɗɔɖɚ ɛɜɚɘɑəɴɔɎɑ Xt1 , Xt2 , . . . , Xtn ɔ Xt+t1, Xt+t2, . . . , Xt+tn ɔɘɌɳɟ 
ɳɑɐəɌɖɑ ɐɔɝɞɜɔɍɟɢɔɳɑ ɓɌ ɝɎɌ ɎɜɑɘɑəɌ t, t1, t2, . . . , tn ɟ ɝɖɟɛɟ J ɔ ɓɌ ɝɎɑ ɛɜɔɜɚɐəɑ ɍɜɚɳɑɎɑ 
n. ȿɖɌɓɟɳɑ əɌ ɞɚ ɐɌ ɝɞɌɞɔɝɞɔɣɖɌ ɝɎɚɳɝɞɎɌ ɛɜɚɢɑɝɌ ɚɝɞɌɳɟ əɑɛɜɚɘɑɵɑəɌ ɛɜɚɞɚɖɚɘ 
ɎɜɑɘɑəɌ. ȿ ɜɑɌɗəɚɘ ɒɔɎɚɞɟ, ɟɏɗɌɎəɚɘ ɳɑ ɞɑɤɖɚ ɛɜɚɎɑɜɴɔɎ ɝɞɜɚɏɔ ɓɌɡɞɑɎ 
ɝɞɌɢɔɚəɌɜəɚɝɞɔ, ɓɌɞɚ ɝɑ ɔɓɘɑɭɟ ɚɝɞɌɗɚɏ ɛɜɔɘɑɵɟɳɑ ɔ ɐɜɟɏɔ ɟɝɗɚɎ əɌɓɎɌə ɝɗɌɍɌ 
ɝɞɌɢɔɚəɌɜəɚɝɞ. ȹɌɏɗɌɤɑə ɔ ɛɚɘɑəɟɞ ɳɑ ɔ ɛɜɔɜɌɝɞ. ȻɜɔɜɌɝɞ ɛɜɚɢɑɝɌ, ɐɑɠɔəɔɝɌə ɳɑ ɖɌɚ 
Xt+uĭ Xt (u > 0), ɔ ɣɑɝɞɚ ɔɘɌ ɳɑɐəɚɝɞɌɎəɔɳɌ ɚɍɑɗɑɒɳɌ ɚɐ ɝɌɘɚɏ ɛɜɚɢɑɝɌ (ɛɑɜɔɚɐ ɞɜɌɳɌɵɌ 
u). Ȼɚɜɑɐ ɛɚɘɑəɟɞɔɡ ɛɚɞɜɑɍəɚ ɳɑ əɌɏɗɌɝɔɞɔ ɔ ȸɌɜɖɚɎɴɑɎɚ ɝɎɚɳɝɞɎɚ. ȳəɌɣɌɳəɚ 
ɟɛɜɚɤɶɌɎɌɵɑ ɳɑ ɟɖɚɗɔɖɚ ɳɑ ɘɚɏɟɶɑ ɍɟɐɟɶɔ ɜɌɓɎɚɳ ɛɜɚɢɑɝɌ ɟɞɎɜɐɔɞɔ ɟɓ ɛɚɐɜɤɖɟ 
ɞɜɑəɟɞəɚɏ ɝɞɌɵɌ, ɍɑɓ ɚɝɗɌɵɌɵɌ əɌ ɛɜɚɤɗɚɝɞ. ȹɌɓəɌɣɑəɚ əɌɓɔɎɌɘɚ ȸɌɜɖɚɎɴɑɎɔɘ 
ɝɎɚɳɝɞɎɚɘ. ȸɌɜɖɚɎɴɑɎ ɛɜɚɢɑɝ ɝ ɐɔɝɖɜɑɞəɔɘ ɛɜɚɝɞɚɜɚɘ ɝɞɌɵɌ ɔ ɐɔɝɖɜɑɞəɔɘ Ɏɜɑɘɑəɚɘ 
əɌɓɔɎɌ ɝɑ ăȸɌɜɖɚɎɴɑɎ ɗɌəɌɢò. ȿ ɝɗɟɣɌɳɟ ɐɔɝɖɜɑɞəɚɏ ɛɜɚɝɞɚɜɌ ɝɞɌɵɌ, Ɍɗɔ əɑɛɜɑɖɔɐəɚɏ 
Ɏɜɑɘɑəɝɖɚɏ ɝɖɟɛɌ ɟɛɚɞɜɑɍɴɌɎɌ ɝɑ ɛɚɳɌɘ ăȸɌɜɖɚɎɴɑɎ ɛɜɚɢɑɝ ɝɖɚɖɚɎɌò.  

ȾɑɚɜɔɳɌ ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɢɑɝɌ ɟɍɜɌɳɌ ɝɑ ɟ ɏɜɟɛɌɢɔɳɟ ɎɑɚɘɌ ɍɜɓɚ ɑɎɚɗɟɔɜɌɳɟɶɔɡ 
ɘɌɞɑɘɌɞɔɣɖɔɡ ɐɔɝɢɔɛɗɔəɌ, ɓɍɚɏ ɝɎɚɳɑ ɣɎɜɝɞɑ ɛɚɎɑɓɌəɚɝɞɔ ɝɌ ɛɜɌɖɝɚɘ ɔ ɝɞɎɌɜəɔɘ 
ɒɔɎɚɞɚɘ [59]. 

Ⱥɐ ɘəɚɏɚɍɜɚɳəɔɡ ɑɗɑɘɑəɌɞɌ ɞɑɚɜɔɳɑ ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɢɑɝɌ ɔ ɘɚɐɑɗɌ ɟ 
ɜɌɓɘɌɞɜɌɵɟ ɖɚɳɑ ɝɗɑɐɔ ɚɐ ɍɜɚɳəɔɡ ɘɌɞɑɘɌɞɔɣɖɚ-ɝɞɌɞɔɝɞɔɣɖɔɡ ɖɚəɢɑɛɌɞɌ, ɛɜɌɎɌɢɌ ɔ 
ɘɑɞɚɐɌ, ɍɑɓ ɟɗɌɒɑɵɌ ɟ ɐɑɞɌɴɑ ɐɚɖɌɓɔɎɌɵɌ, ɍɔɶɑ  ɛɚɘɑəɟɞɔ ɝɌɘɚ ɚɐɜɑɭɑəɔ. Ȼɚɞɜɑɍəɚ 
ɳɑ əɌɏɗɌɝɔɞɔ ɐɌ ɝɑ ɟ ɘɌɞɑɘɌɞɔɣɖɚɳ ɗɔɞɑɜɌɞɟɜɔ, ɓɌ ɚɎɌɳ ɛɚɳɌɘ, ɣɑɝɞɚ ɖɚɜɔɝɞɑ ɔ ɞɑɜɘɔəɔ 
ɝɗɟɣɌɳəɔ ɛɜɚɢɑɝ ɔɗɔ ɝɗɟɣɌɳəɌ ɠɟəɖɢɔɳɌ. 

ȥɑɐəɌ ɚɐ ɚɝəɚɎəɔɡ ɜɌɓɗɔɖɌ ɟ ɝɞɚɡɌɝɞɔɣɖɔɘ ɛɜɚɢɑɝɔɘɌ ɳɑ ɔɓɘɑɭɟ ɛɜɚɢɑɝɌ 
ɐɔɝɖɜɑɞəɚɏ ɎɜɑɘɑəɌ ɔ ɛɜɚɢɑɝɌ ɖɚəɞɔəɟɔɜɌəɚɏ ɎɜɑɘɑəɌ. Ȼɜɚɢɑɝɔ ɝɌ ɐɔɝɖɜɑɞəɔɘ 
Ɏɜɑɘɑəɚɘ ɝɟ ɐɑɠɔəɔɝɌəɔ ɟ ɜɌɓɗɔɣɔɞɔɘ, ɜɌɎəɚɘɑɜəɚ ɜɌɝɛɚɜɑɭɑəɔɘ Ɏɜɑɘɑəɝɖɔɘ 
ɔəɞɑɜɎɌɗɔɘɌ, ɖɌɚ ɤɞɚ ɝɟ ɐɌəɔ, ɝɑɖɟəɐɑ ɔɗɔ ɘɑɝɑɢɔ. Ȼɜɔɘɑɜɔ ɟɖɴɟɣɟɳɟ ɍɔəɚɘəɟ 
ɐɔɝɞɜɔɍɟɢɔɳɟ, ɏɐɑ ɝɑ ɐɚɏɌɭɌɳɔ ɐɑɤɌɎɌɳɟ ɟ ɐɔɝɖɜɑɞəɔɘ Ɏɜɑɘɑəɝɖɔɘ ɞɌɣɖɌɘɌ ɝɌ 
ɠɔɖɝəɚɘ ɎɑɜɚɎɌɞəɚɶɚɘ. ȹɌɝɟɛɜɚɞ, ɟ ɛɜɚɢɑɝɔɘɌ ɖɚəɞɔəɟɔɜɌəɚɏ ɎɜɑɘɑəɌ ɞɚɖɚɘ 
ɎɜɑɘɑəɌ ɖɚəɞɔəɟɔɜɌəɚ ɑɎɚɗɟɔɜɌɳɟ ɟ əɔɓɟ ɜɑɌɗəɔɡ ɍɜɚɳɑɎɌ, ɤɞɚ ɔɡ ɣɔəɔ ɛɚɏɚɐəɔɘ ɓɌ 
ɘɚɐɑɗɚɎɌɵɑ ɠɑəɚɘɑəɌ ɖɚɳɔ ɝɑ ɳɌɎɴɌɳɟ ɟ ɍɔɗɚ ɖɚɘ ɞɜɑəɟɞɖɟ. ȱɖɝɛɚəɑəɢɔɳɌɗəɌ 
ɐɔɝɞɜɔɍɟɢɔɳɌ, ɖɚɳɌ ɛɜɑɐɝɞɌɎɴɌ Ɏɜɑɘɑ ɔɓɘɑɭɟ ɐɚɏɌɭɌɳɌ ɟ ȻɚɔɝɝɚəɚɎɚɘ ɛɜɚɢɑɝɟ, ɳɑ 
ɛɜɔɘɑɜ ɖɚəɞɔəɟɔɜɌəɚɏ Ɏɜɑɘɑəɝɖɚɏ ɛɜɚɢɑɝɌ. ȼɌɓɟɘɑɎɌɵɑ ɚɎɑ ɜɌɓɗɔɖɑ ɳɑ ɚɐ 
ɝɟɤɞɔəɝɖɚɏ ɓəɌɣɌɳɌ ɓɌ ɔɓɍɚɜ ɚɐɏɚɎɌɜɌɳɟɶɑɏ ɘɚɐɑɗɌ ɖɌɐɌ ɝɑ ɜɌɐɔ ɝɌ ɛɚɐɌɢɔɘɌ ɔɓ 
ɝɞɎɌɜəɚɏ ɝɎɑɞɌ. 
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ȸɌɜɖɚɎɴɑɎɔ ɛɜɚɢɑɝɔ (Markov Processes ) ɝɟ ɖɴɟɣəɔ ɞɔɛ ɝɞɚɡɌɝɞɔɣɖɚɏ ɛɜɚɢɑɝɌ 
ɖɚɳɔ ɖɌɜɌɖɞɑɜɔɤɑ ȸɌɜɖɚɎɴɑɎɚ ɝɎɚɳɝɞɎɚ, ɤɞɚ ɓəɌɣɔ ɐɌ ɍɟɐɟɶɑ ɛɚəɌɤɌɵɑ ɛɜɚɢɑɝɌ 
ɓɌɎɔɝɔ ɝɌɘɚ ɚɐ ɵɑɏɚɎɚɏ ɞɜɑəɟɞəɚɏ ɝɞɌɵɌ, Ɍ əɑ ɚɐ ɵɑɏɚɎɚɏ ɛɜɑɞɡɚɐəɚɏ ɝɞɌɵɌ. 
ȸɌɜɖɚɎɴɑɎɔ ɗɌəɢɔ, ɖɌɚ ɛɚɐɝɖɟɛ ȸɌɜɖɚɎɴɑɎɔɡ ɛɜɚɢɑɝɌ, ɝɑ ɤɔɜɚɖɚ ɖɚɜɔɝɞɑ ɓɌ 
ɘɚɐɑɗɔɜɌɵɑ ɝɔɝɞɑɘɌ ɝɌ ɝɑɖɎɑəɢɔɳɌɗəɔɘ ɓɌɎɔɝəɚɝɞɔɘɌ, ɖɌɚ ɤɞɚ ɝɟ ɛɜɚɏəɚɓɌ ɎɜɑɘɑəɌ 
ɔ ɛɜɑɛɚɓəɌɎɌɵɑ ɏɚɎɚɜɌ. ȽɖɜɔɎɑəɔ ȸɌɜɖɚɎɴɑɎɔ ɘɚɐɑɗɔ (Hidden Markov Models 
HMMs) ɝɟ ɞɌɖɚɭɑ əɑɚɛɡɚɐəɔ ɟ ɘɌɤɔəɝɖɚɘ ɟɣɑɵɟ ɖɚɳɑ ɳɑ ɎɑɓɌəɚ ɓɌ ɌɛɗɔɖɌɢɔɳɑ ɖɌɚ ɤɞɚ 
ɝɟ ɍɔɚɔəɠɚɜɘɌɞɔɣɖɑ ɔ ɚɍɜɌɐɌ ɜɑɌɗəɔɡ ɳɑɓɔɖɌ (ɝɞɎɌɜəɔɡ, ɛɜɔɜɚɐəɔɡ). ȸɌɜɖɚɎɴɑɎɔ 
ɛɜɚɢɑɝɔ ɛɜɟɒɌɳɟ ɘɚɶɌə ɚɖɎɔɜ ɓɌ ɐɔɝɖɜɑɞəɌ ɔ ɖɚəɞɔəɟɔɜɌəɌ ɛɚəɌɤɌɵɌ ɟ ɤɔɜɚɖɚɘ 
ɝɛɑɖɞɜɟ ɌɛɗɔɖɌɢɔɳɌ [64].  

ȸɌɜɖɚɎɴɑɎɔ ɗɌəɢɔ (Markov Chains) ɝɟ ɘɚɐɑɗɔ ɐɔɝɖɜɑɞəɚɏ ɎɜɑɘɑəɌ ɖɚɳɔ ɝɑ 
ɖɚɜɔɝɞɑ ɓɌ ɚɛɔɝɔɎɌɵɑ ɝɔɝɞɑɘɌ ɝɌ ɖɚəɌɣəɔɘ ɝɖɟɛɚɘ ɝɞɌɵɌ, ɏɐɑ ɍɟɐɟɶɌ ɑɎɚɗɟɢɔɳɌ ɝɞɌɵɌ 
ɝɔɝɞɑɘɌ ɓɌɎɔɝɔ ɔɝɖɴɟɣɔɎɚ ɚɐ ɞɜɑəɟɞəɚɏ ɝɞɌɵɌ ɝɔɝɞɑɘɌ, Ɍ əɑ ɚɐ ɛɜɑɞɡɚɐəɚɏ ɛɚəɌɤɌɵɌ 
ɚɐəɚɝəɚ ɜɑɐɚɝɗɑɐɌ ɐɚɏɌɭɌɳɌ ɖɚɳɔ ɐɚ ɵɑɏɌ ɐɚɎɚɐɑ. ȹɌ ɚɝəɚɎɟ ɐɎɑ ɖɚəɝɞɌɞɌɢɔɳɑ ɘɚɒɑɘɚ 
ɔɓɎɑɝɞɔ ɓɌɖɴɟɣɌɖ ɚ ɓəɌɣɌɳɟ ȸɌɜɖɚɎɴɑɎɔɡ ɗɌəɌɢɌ: ɛɜɎɌ, ɑɏɓɔɝɞɔɜɌ ɘəɚɤɞɎɚ 
ɞɑɡəɔɣɖɔɡ, ɍɔɚɗɚɤɖɔɡ, ɑɖɚəɚɘɝɖɔɡ, ɠɔɓɔɣɖɔɡ ɔ ɐɜɟɤɞɎɑəɔɡ ɠɑəɚɘɑəɌ ɖɚɳɔ ɝɑ ɚɎɔɘ 
əɌɣɔəɚɘ ɘɚɐɑɗɟɳɟ ɔɗɔ ɘɚɏɟ ɘɚɐɑɗɚɎɌɞɔ ɔ ɐɜɟɏɌ ɖɚəɝɞɌɞɌɢɔɳɌ ɏɐɑ ɝɑ ɟɖɌɓɟɳɑ əɌ 
ɛɚɝɞɚɳɌɵɑ ɜɌɓɎɔɳɑəɑ ɔ ɜɌɝɛɜɚɝɞɜɌɵɑəɑ ɞɑɚɜɔɳɝɖɑ ɍɌɓɑ ɖɚɳɌ əɌɘ ɚɘɚɏɟɶɌɎɌ 
ɘɌɞɑɘɌɞɔɣɖɚ ɝɌɏɗɑɐɌɎɌɵɑ ɚɐəɚɝəɚ ɛɜɚɜɌɣɟəɌɎɌɵɑ [65].  

ȽɖɜɔɎɑəɔ ȸɌɜɖɚɎɴɑɎɔ ɘɚɐɑɗɔ (Hidden Markov Models (HMMs)) ɟɛɚɞɜɑɍɴɌɎɌɳɟ 
ɝɑ ɛɜɔ ɝɑɖɎɑəɢɔɚəɌɗəɚɳ ɌəɌɗɔɓɔ ɛɚɐɌɞɌɖɌ, ɟɓ ɛɜɑɞɛɚɝɞɌɎɖɟ ɐɌ ɳɑ ɝɔɝɞɑɘ ɟ ɳɑɐəɚɘ ɚɐ 
əɑɖɚɗɔɖɚ ɝɖɜɔɎɑəɔɡ ɝɞɌɵɌ, ɐɚɖ ɝɑ ɓɌɛɌɒɌɵɌ  ɖɜɑɔɜɌɳɟ əɌ ɚɝəɚɎɟ ɞɜɑəɟɞəɚɏ ɝɞɌɵɌ.  ȿ 
ɚɎɔɘ ɘɚɐɑɗɔɘɌ əɑɘɌɘɚ ɖɚəɞɜɚɗɟ əɌɐ ɞɜɌəɓɔɢɔɳɌɘɌ ɝɞɌɵɌ. ȮɔɐɴɔɎɔ ȸɌɜɖɚɎɴɑɎɔ 
ɘɚɐɑɗɔ ɔɘɌɳɟ ɚɏɜɌəɔɣɑɵɌ ɛɜɔ ɘɚɐɑɗɚɎɌɵɟ ɛɜɔɗɔɣəɚɏ ɍɜɚɳɌ ɌɛɗɔɖɌɢɔɳɌ. ȺɏɜɌəɔɣɑɵɌ 
ɝɑ ɚɐəɚɝɑ əɌ ɞɚ ɐɌ ɳɑ ɛɜɑɞɛɚɝɞɌɎɴɑəɚ ɛɑɜɠɑɖɞəɚ ɜɌɓɟɘɑɎɌɵɑ ɔ ɝɌɏɗɑɐɌɎɌɵɑ 
ɟəɟɞɜɌɤɵɑ ɐɔəɌɘɔɖɑ ɝɔɝɞɑɘɌ ɔ/ɔɗɔ ɐɌ ɐɚəɚɝɔɚɢ ɚɐɗɟɖɌ ɖɚəɞɜɚɗɔɤɑ ɑɎɚɗɟɢɔɳɟ 
ɝɔɝɞɑɘɌ ɖɚɜɔɝɞɑɶɔ ɐɚɍɜɚ ɐɑɠɔəɔɝɌəɟ ɛɚɗɔɞɔɖɟ. Ȯɑɗɔɖɔ ɍɜɚɳ ɌɛɗɔɖɌɢɔɳɌ, ɝɌ ɚɎɑ ɐɎɑ 
ɛɜɑɞɛɚɝɞɌɎɖɑ əɔɳɑ ɟɝɖɗɌɭɑə. ȽɖɜɔɎɑəɔ ȸɌɜɖɚɎɴɑɎɔ ɘɚɐɑɗɔ ɝɑ ɖɚɜɔɝɞɑ ɓɌ ɞɌɖɎɑ 
ɌɛɗɔɖɌɢɔɳɑ. ȶɚɜɔɝɞɑ ɝɑ ɟ ɜɌɓəɚɎɜɝəɔɘ ɌɛɗɔɖɌɢɔɳɌɘɌ, Ɍɗɔ ɐɚɘɔəɔɜɌɳɟ ɐɎɑ əɌɳɍɔɞəɔɳɑ 
ɚɍɗɌɝɞɔ ɛɜɔɘɑəɑ: ɛɜɑɛɚɓəɌɎɌɵɑ ɏɚɎɚɜɌ, ɍɔɚɗɚɤɖɑ ɔ ɘɑɐɔɢɔəɝɖɑ ɌəɌɗɔɓɑ, 
ɠɔəɌəɝɔɳɝɖɑ Ɏɜɑɘɑəɝɖɑ ɝɑɜɔɳɑ (ɍɑɜɓɑ), ɖɚɘɟəɔɖɌɢɔɚəɚɏ ɚɖɟɒɑɵɌ (ɔəɞɑɜəɑɞ) ɔ ɞɌɖɚ 
ɐɌɴɑ [66]. 

ȷɑɎɔɳɑɎɔ ɛɜɚɢɑɝɔ (L®vy Processes) ɝɟ ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝɔ ɝɌ ɝɞɌɢɔɚəɌɜəɔɘ ɔ 
əɑɓɌɎɔɝəɔɘ ɛɜɔɜɌɤɞɌɳɑɘ. ȽɌɣɔɵɌɎɌɳɟ ɝɎɑɚɍɟɡɎɌɞəɟ ɖɗɌɝɟ ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɢɑɝɌ ɝɌ 
ɖɚəɞɔəɟɔɜɌəɔɘ ɛɟɞɌɵɌɘɌ ɟɓɚɜɖɌ, ɖɚəɞɔəɟɔɜɌəɔɘ ɝɌ ɛɚɎɜɑɘɑəɔɘ 
ɐɔɝɖɚəɞɔəɟɔɞɑɞɔɘɌ ɔ ɣɔɝɞɚ ɐɔɝɖɚəɞɔəɟɔɜɌəɔɘ. ȽɌɘ ɞɑɜɘɔə ăȷɑɎɔɳɑɎ ɛɜɚɢɑɝò ɳɑ 
ɚɐɜɌɓ ɛɚɣɌɝɞɔ ɜɌɐɟ ɠɜɌəɢɟɝɖɚɏ ɘɌɞɑɘɌɞɔɣɌɜɌ Ȼ. ȷɑɎɔɳɌ (P. L®vy) ɖɚɳɔ ɳɑ ɚɐɔɏɜɌɚ 
ɖɴɟɣəɟ ɟɗɚɏɟ ɟ ɝɛɌɳɌɵɟ ɜɌɓɟɘɑɎɌɵɌ ɔ ɖɌɜɌɖɞɑɜɔɓɌɢɔɳɑ ɛɜɚɢɑɝɌ ɝɌ ɝɞɌɢɔɚəɌɜəɔɘ 
əɑɓɌɎɔɝəɔɘ ɛɜɔɜɌɤɞɌɳɑɘ [67]. Ⱥɍɗɔɢɔ ȷɑɎɔɳɑɎɔɡ ɛɜɚɢɑɝɌ ɚɍɟɡɎɌɞɌɳɟ ȭɜɌɟəɚɎɚ 
ɖɜɑɞɌɵɑ ɝɌ ɛɚɘɌɖɚɘ, ȻɚɔɝɚəɚɎ ɛɜɚɢɑɝ ɔ ɝɗɚɒɑəɔ ȻɚɔɝɚəɚɎ ɛɜɚɢɑɝ. ȸɑɭɟ ɛɜɚɢɑɝɔɘɌ 
ɔɓ ɚɎɑ ɏɜɟɛɌɢɔɳɑ ɳɑɐɔəɚ ɳɑ ȭɜɌɟəɚɎ ɛɜɚɢɑɝ ɝɌ ɛɚɘɌɖɚɘ, ɝɌ əɑɛɜɑɖɔɐəɔɘ ɛɟɞɌɵɌɘɌ 
ɟɓɚɜɖɌ. ȺɝɞɌɗɔ ɛɜɚɢɑɝɔ ɔɘɌɳɟ ɐɔɝɖɚəɞɔəɟɌɗəɑ ɛɟɞɌɵɑ ɔ ɛɜɔɖɌɓɟɳɟ ɝɖɚɖɚɎɑ. ȧɔɡɚɎɚ 
ɖɚɜɔɤɶɑɵɑ ɳɑ ɤɔɜɚɖɚ ɜɌɝɛɜɚɝɞɜɌɵɑəɚ ɟ ɚɍɗɌɝɞɔ ɑɖɚəɚɘɔɳɑ (ɖɎɌəɞɔɞɌɞɔɎəɑ 
ɠɔəɌəɝɔɳɑ), ɠɔɓɔɖɑ ɔ ɞɑɡəɔɣɖɔɡ əɌɟɖɌ  [66] [67]. 

ȻɚɔɝɚəɚɎ ɛɜɚɢɑɝ (Poisson processes) əɌɓɎɌə ɳɑ ɛɜɑɘɌ ɘɌɞɑɘɌɞɔɣɌɜɟ ɠɜɌəɢɟɓɟ 
Ƚɔɘɑɚ-Ȱɑəɔ Ȼɚɔɝɚəɟ, ɔ ɚɓəɌɣɌɎɌ ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝ əɑɛɜɑɖɔɐəɔɡ ɔ ɟɓɌɳɌɘəɚ 
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əɑɓɌɎɔɝəɔɡ ɐɚɏɌɭɌɳɌ. ȻɚɔɝɚəɚɎɔ ɛɜɚɢɑɝɔ ɝɟ ɝɗɟɣɌɳ əɑɛɜɑɖɔɐəɔɡ ȸɌɜɖɚɎɴɑɎɔɡ ɗɌəɌɢɌ 
ɔ  ɳɑɐɌə ɳɑ ɚɐ ɎɌɒəɔɳɔɡ ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɢɑɝɌ, ɘɚɒɑ ɝɑ ɜɑɶɔ ɐɌ ɳɑ ɝɛɑɢɔɠɔɣəɌ ɎɜɝɞɌ 
ɝɞɚɡɌɝɞɔɣɖɚɏ ɛɜɚɢɑɝɌ ɝɌ ɖɚəɞɔəɟɔɜɌəɔɘ Ɏɜɑɘɑəɚɘ ɖɚɳɔ ɝɗɟɒɔ ɛɜɔ ɘɚɐɑɗɚɎɌɵɟ 
ɛɚɳɌɎɌ ɜɑɞɖɔɡ ɐɚɏɌɭɌɳɌ ɖɚɳɔ ɝɑ əɌɝɟɘɔɣəɚ ɐɑɤɌɎɌɳɟ ɞɚɖɚɘ ɎɜɑɘɑəɌ ɔɗɔ ɛɜɚɝɞɚɜɌ. 
ȶɌɜɌɖɞɑɜɔɤɑ ɏɌ ȻɚɔɝɚəɚɎɌ ɐɔɝɞɜɔɍɟɢɔɳɌ, ɖɚɳɌ ɚɛɔɝɟɳɑ ɍɜɚɳ ɐɚɏɌɭɌɳɌ ɟ ɠɔɖɝəɚɘ 
ɔəɞɑɜɎɌɗɟ ɝɌ ɛɚɓəɌɞɚɘ ɛɜɚɝɑɣəɚɘ ɝɞɚɛɚɘ. Ʉɔɜɚɖɚ ɝɑ ɛɜɔɘɑɵɟɳɟ ɟ ɚɍɗɌɝɞɔɘɌ ɖɌɚ ɤɞɚ 
ɝɟ ɞɑɗɑɖɚɘɟəɔɖɌɢɔɳɑ, ɑɛɔɐɑɘɔɚɗɚɏɔɳɌ ɔ ɠɔəɌəɝɔɳɑ ɓɌ ɘɚɐɑɗɚɎɌɵɑ ɐɚɏɌɭɌɳɌ ɖɌɚ ɤɞɚ ɝɟ 
ɐɚɗɌɝɢɔ ɞɑɗɑɠɚəɝɖɔɡ ɛɚɓɔɎɌ, ɑɛɔɐɑɘɔɳɑ ɍɚɗɑɝɞɔ ɔ ɖɜɑɞɌɵɌ ɢɑəɌ ɌɖɢɔɳɌ. Ȼɚɜɑɐ 
ɡɚɘɚɏɑəɔɡ ȻɚɔɝɚəɚɎɔɡ ɛɜɚɢɑɝɌ ɜɑɓɗɔɖɟɳɟ ɝɑ ɔ ɔɓɟɣɌɎɌɳɟ əɑɡɚɘɚɏɑəɔ ȻɚɔɝɚəɚɎɔ 
ɛɜɚɢɑɝɔ, ɝɗɚɒɑəɔ ȻɚɔɝɚəɚɎɔ ɛɜɚɢɑɝɔ, ɠɔɗɞɜɔɜɌəɔ ȻɚɔɝɚəɚɎɔ ɛɜɚɢɑɝɔ ɔ ȶɚɖɝɚɎɔ 
ɛɜɚɢɑɝɔ. ȺɎɑ ɛɜɚɢɑɝɑ ɳɑ 1955. ɏɚɐɔəɑ ɟɎɑɚ Ȱ. ȶɚɖɝ (Sir David Cox), ɖɚɳɔ ɔɡ ɳɑ əɌɓɎɌɚ 
ɐɎɚɝɞɜɟɖɚ ɝɞɚɡɌɝɞɔɣɖɔ ȻɚɔɝɚəɚɎɔ ɛɜɚɢɑɝɔ, ɘɌɐɌ ɔɡ ɔɛɌɖ əɌɳɣɑɤɶɑ əɌɓɔɎɌɳɟ ȶɚɖɝɚɎɔ 
ɛɜɚɢɑɝɔ. ȻɚɝɑɍɌə ɌɖɢɑəɌɞ ɳɑ ɟɝɘɑɜɑə əɌ ɛɜɚɟɣɌɎɌɵɑ ɞɌɖɚɓɎɌəɔɡ ɛɜɚɢɑɝɌ ɚɍəɌɎɴɌɵɌ. 
ȿ ɛɜɔɜɚɐɔ ɔ ɵɑəɔɘ ɛɚɳɌɎɌɘɌ ɞɌɖɚɓɎɌəɚ ăȻɚɔɝɚəɚɎɚ ɛɚəɌɤɌɵɑò ɎɑɚɘɌ ɳɑ ɓɌɝɞɟɛɴɑəɚ, 
ɐɚɖ ɳɑ ȻɚɔɝɚəɚɎɌ ɐɔɝɞɜɔɍɟɢɔɳɌ ɞɚɗɔɖɚ ɝɖɗɚəɌ ɐɑɞɌɴəɚɳ ɔ ɚɍɔɘəɚɳ ɜɌɓɜɌɭɑəɚɳ ɌəɌɗɔɓɔ 
ɐɌ ɝɑ ɘɚɒɑ ɜɑɶɔ ɐɌ ȻɚɔɝɚəɚɎ ɛɜɚɢɑɝ ɛɜɑɐɝɞɌɎɴɌ ɠɟəɐɌɘɑəɞ ɝɞɚɡɌɝɞɔɣɖɚɏ 
ɘɚɐɑɗɚɎɌɵɌ. [58].  

ȭɜɌɟəɚɎɚ ɖɜɑɞɌɵɑ (Brownian Motion), ɛɚɓəɌɞɚ ɖɌɚ ȮɔəɑɜɚɎ ɛɜɚɢɑɝ (Wiener 
process), ɳɑ ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝ ɟ əɑɛɜɑɖɔɐəɚɘ Ɏɜɑɘɑəɟ ɖɚɏɌ ɖɌɜɌɖɞɑɜɔɤɑ 
əɌɝɟɘɔɣəɚɝɞ ɔ əɑɛɜɑɐɎɔɐɴɔɎɚɝɞ. ȻɚɖɟɤɌɳ ɐɌ ɝɑ ɖɜɚɓ ɘɚɐɑɗ ɚɍɳɌɝəɔ əɌɝɟɘɔɣəɚ, 
əɑɛɜɌɎɔɗəɚ ɔ ɖɚəɞɔəɟɔɜɌəɚ ɖɜɑɞɌɵɑ ɣɑɝɞɔɢɌ ɝɟɝɛɑəɐɚɎɌəɔɡ ɟ ɠɗɟɔɐɟ, ɞɑɣəɚɝɞɔ 
ɔɗɔ ɏɌɝɟ [58] [68]. Ⱦɚ ɳɑ ɍɌɓɔɣɌə ɔ əɌɳɔəɞɑɜɑɝɌəɞəɔɳɔ ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɢɑɝ. ȶɜɚɓ Ɍɝɛɑɖɞ 
ɞɑɚɜɔɳɑ ɖɔəɑɘɌɞɔɖɑ ɓɌ əɑɛɜɌɎɔɗəɚ ɖɜɑɞɌɵɑ, ɖɌɚ ɤɞɚ ɝɟ ɣɑɝɞɔɢɑ ɛɜɌɤɔəɑ ɖɚɳɑ ɗɑɍɐɑ ɟ 
ɎɌɓɐɟɡɟ, ɣɑɝɞɔɢɑ ɛɚɗɑəɌ ɝɟɝɛɑəɐɚɎɌəɑ ɟ ɖɌɛɔ Ɏɚɐɑ ɖɚɳɑ ɳɑ ɛɜɎɔ ɛɜɔɘɑɞɔɚ ɑəɏɗɑɝɖɔ 
ɍɚɞɌəɔɣɌɜ ȼ. ȭɜɌɟə (R. Brown) 1827. ɏɚɐɔəɑ, Ɍ ɚəɐɌ ɞɑɖ ɟ əɌɜɑɐəɚɘ Ɏɑɖɟ ɛɜɚɟɣɌɎɌə ɳɑ 
ɔ ɚɐ ɝɞɜɌəɑ Ȭ. ȬɳəɤɞɌɳəɌ (A. Einstein) 1905. ɏɚɐɔəɑ. Ȼɜɑ ɵɑɏɌ 1900. ɏɚɐɔəɑ ɟ ɐɚɖɞɚɜɝɖɚɳ 
ɞɑɓɔ The Theory of Speculation ɖɜɚɓ ɝɠɑɜɟ ɑɖɚəɚɘɔɳɑ ɔ ɠɔəɌəɝɔɳɌ ɛɜɚɟɣɌɎɌ ɏɌ ȷ. 
ȭɌɣɑɗɔɑɜ (L. Bachelier). ȸɌɞɑɘɌɞɔɣɖɌ ɞɑɚɜɔɳɌ, ɚɎɚɏ ɛɜɚɢɑɝɌ, ɛɚɖɜɑəɟɞɌ ɳɑ əɔɓɚɘ ɜɌɐɚɎɌ 
əɌɝɞɌɗɔɡ 1918. ɏɚɐɔəɑ ɚɐ ɝɞɜɌəɑ ȹ. Ȯɔəɑɜa (N. Wiener), ɐɚɖ ɳɑ Ȼ. ȷɑɎɔ ( P. L®vy) ɝɎɚɳɚɘ 
ɝɞɟɐɔɳɚɘ ɔɓ 1948. ɏɚɐɔəɑ ɛɚɐɝɞɌɖɌɚ ɝɎɌ ɖɌɝəɔɳɌ ɔɝɞɜɌɒɔɎɌɵɌ ɚ ɝɞɚɡɌɝɞɔɣɖɔɘ 
ɛɜɚɢɑɝɔɘɌ. ȺɎɌɳ ɛɜɚɢɑɝ ɳɑ ɛɚɓəɌɞ ɔ ɖɌɚ Ȯɔəɑɜ-ȷɑɎɔ (Wiener- L®vy) ɛɜɚɢɑɝ, ɔ ɵɑɏɚɎɌ 
ɛɜɔɘɑəɌ ɓɌɝɞɟɛɴɑəɌ ɳɑ ɟ ɠɔɓɔɢɔ, ɔəɒɑɵɑɜɝɞɎɟ, ɑɖɚəɚɘɔɳɔ, ɍɔɚɗɚɏɔɳɔ, ɘɑəɌɹɘɑəɞɟ, 
ɔɞɐ [57] [58] [69] [70] [71]. Ⱥɐ ɖɜɟɢɔɳɌɗəɚɏ ɳɑ ɓəɌɣɌɳɌ ɓɌ ɘɚɐɑɗɚɎɌɵɑ ɐɔɠɟɓɔɳɑ, ɖɜɑɞɌɵɌ 
ɢɑəɌ ɌɖɢɔɳɌ ɔ ɛɚəɌɤɌɵɌ ɣɑɝɞɔɢɌ əɌ ɘɚɗɑɖɟɗɌɜəɚɘ əɔɎɚɟ. ȧɑɏɚɎɌ ɘɌɞɑɘɌɞɔɣɖɌ 
ɝɎɚɳɝɞɎɌ, ɖɌɚ ɤɞɚ ɝɟ ɝɌɘɚɝɗɔɣəɚɝɞ ɔ ȯɌɟɝɚɎɌ ɜɌɝɛɚɐɑɗɌ ɛɜɔɜɌɝɞɌ, ɣɔəɑ ɏɌ 
ɠɟəɐɌɘɑəɞɌɗəɔɘ ɖɚəɢɑɛɞɚɘ ɟ ɛɜɚɟɣɌɎɌɵɟ ɝɗɟɣɌɳəɚɏ ɖɜɑɞɌɵɌ ɔ ɤɟɘɌ [57] [62] [70] [71]. 

ȯɌɟɝɚɎɔ ɛɜɚɢɑɝɔ (Gaussian Processes) ȬɟɞɑəɞɔɣɌə ȯɌɟɝɚɎ ɛɜɚɢɑɝ ɖɚɳɔ ɛɚɝɑɐɟɳɑ 
əɑɛɜɑɖɔɐəɑ ɞɜɌɳɑɖɞɚɜɔɳɑ, əɟɗɞɟ ɝɜɑɐɵɟ Ɏɜɑɐəɚɝɞ ɔ ɠɟəɖɢɔɳɟ ɖɚɎɌɜɔɳɌəɝɑ ɳɑ ȭɜɌɟəɚɎɚ 
ɖɜɑɞɌɵɑ. ȯɌɟɝɚɎɔ ɛɜɚɢɑɝɔ ɞɌɖɚɭɑ əɌɝɞɌɳɟ ɖɌɚ ɏɜɌəɔɢɑ əɚɜɘɌɗɔɓɚɎɌəɔɡ ɝɟɘɌ 
əɑɓɌɎɔɝəɔɡ ɔ ɔɐɑəɞɔɣəɚ ɜɌɝɛɚɜɑɭɑəɔɡ ɝɗɟɣɌɳəɔɡ ɠɟəɖɢɔɳɌ. ȿɞɔɢɌɳɌə ɝɟ ɞɔɛ 
ɝɞɚɡɌɝɞɔɣɖɚɏ ɛɜɚɢɑɝɌ ɛɜɑɎɌɝɡɚɐəɚ ɖɚɜɔɤɶɑəɔ ɟ ɘɌɤɔəɝɖɚɘ ɟɣɑɵɟ ɔ ɝɞɌɞɔɝɞɔɣɖɚɘ 
ɘɚɐɑɗɚɎɌɵɟ. ȳɌ ɜɌɓɗɔɖɟ ɚɐ Ɏɑɶɔəɑ ɐɜɟɏɔɡ, ȯɌɟɝɚɎɔ ɛɜɚɢɑɝɔ ɝɑ ɍɌɎɑ ɘɚɐɑɗɚɎɌɵɑɘ 
ɠɟəɖɢɔɳɌ. ȮɑɚɘɌ ɝɟ ɜɌɓəɚɎɜɝəɔ ɔ ɔɘɌɳɟ ɛɜɔɘɑəɟ ɟ ɓɌɐɌɢɔɘɌ ɜɑɏɜɑɝɔɳɑ, 
ɖɗɌɝɔɠɔɖɌɢɔɳɑ ɔ ɚɛɞɔɘɔɓɌɢɔɳɑ. ȺɘɚɏɟɶɌɎɌɳɟ ɛɜɔɗɌɏɚɐɴɔɎ ɚɖɎɔɜ ɓɌ ɘɚɐɑɗɚɎɌɵɑ 
ɝɗɚɒɑəɔɡ ɚɐəɚɝɌ ɟ ɛɚɐɌɢɔɘɌ, ɤɞɚ ɔɡ ɣɔəɔ ɌɞɜɌɖɞɔɎəɔɘ ɚɐɌɍɔɜɚɘ ɟ ɘɚɐɑɜəɔɘ data-
driven ɔəɐɟɝɞɜɔɳɌɘɌ [58] [72]. 



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

50 

Ȼɜɚɢɑɝɔ ɣɑɖɌɵɌ (Queuing Processes) ɚɐəɚɝəɚ ɘɚɐɑɗɔ ɞɑɚɜɔɳɑ ɣɑɖɌɵɌ, ɚɛɔɝɟɳɟ 
ɜɑɐ ɣɑɖɌɵɌ ɔɗɔ ɝɔɝɞɑɘɑ ɣɑɖɌɵɌ ɔ ɔɘɌɳɟ ɤɔɜɚɖɟ ɛɜɔɘɑəɟ ɟ ɚɛɑɜɌɢɔɚəɔɘ 
ɔɝɞɜɌɒɔɎɌɵɔɘɌ ɔ ɞɑɗɑɖɚɘɟəɔɖɌɢɔɳɌɘɌ. ȸɚɐɑɗɔ ɣɑɖɌɵɌ ɛɚɘɌɒɟ ɟ ɛɜɚɢɑɝɟ 
ɛɜɚɳɑɖɞɚɎɌɵɌ ɛɜɑɐɎɔɭɌɵɑɘ ɖɌɜɌɖɞɑɜɔɝɞɔɖɌ ɝɔɝɞɑɘɌ, ɚɘɚɏɟɶɌɎɌɳɟ ɔɓɜɌɣɟəɌɎɌɵɑ ɘɑɜɌ 
ɛɑɜɠɚɜɘɌəɝɔ ɝɔɝɞɑɘɌ ɟ ɝɘɔɝɗɟ ɚɝəɚɎəɔɡ ɎɑɗɔɣɔəɌ [58]. 

ȽɞɚɡɌɝɞɔɣɖɑ ɐɔɠɑɜɑəɢɔɳɌɗəɑ ɳɑɐəɌɣɔəɑ (Stochastic Differential Equations 
(SDEs)) ɖɚɘɍɔəɟɳɟ ɐɔɠɑɜɑəɢɔɳɌɗəɑ ɳɑɐəɌɣɔəɑ ɝɌ ɝɗɟɣɌɳəɔɘ ɛɜɚɢɑɝɔɘɌ ɔ ɚɍɔɣəɚ ɝɑ 
ɖɚɜɔɝɞɑ ɟ ɝɔɝɞɑɘɔɘɌ ɝɌ əɑɔɓɎɑɝəɚɤɶɟ. Ȯɑɗɔɖɔ ɍɜɚɳ ɛɚɝɞɟɛɌɖɌ ɛɚɳɑɐɔəɔɡ ɎɑɚɘɌ 
ɜɌɝɛɜɚɝɞɜɌɵɑəɔɡ ɔ əɌɳɓəɌɣɌɳəɔɳɔɡ ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ, ɏɐɑ ɍɟɐɟɶɌ ɝɞɌɵɌ ɝɔɝɞɑɘɌ əɑ 
ɓɌɎɔɝɑ ɝɌɘɚ ɚɐ ɞɜɑəɟɞəɚɏ ɝɞɌɵɌ, əɑɏɚ ɔ  ɚɐ ɛɜɚɤɗɔɡ ɝɞɌɵɌ, ɚɛɔɝɌəɔ ɝɟ ɟɓ ɛɚɐɜɤɖɟ 
ɝɞɚɡɌɝɞɔɣɖɔɡ ɠɟəɖɢɔɚəɌɗəɔɡ ɐɔɠɑɜɑəɢɔɳɌɗəɔɡ ɳɑɐəɌɣɔəɌ. ȸəɚɏɚɍɜɚɳəɑ  ɚɖɚɗəɚɝɞɔ 
ɝɞɎɌɜəɚɏ ɒɔɎɚɞɌ, ɘɚɐɔɠɔɖɌɢɔɳɑ ɝɔɝɞɑɘɌ ɟɝɗɚɎɴɌɎɌɳɟ ɞɜɑəɟɞəɔɘ ɝɞɌɞɟɝɚɘ  Ɍɗɔ ɔ 
ɝɞɌɞɟɝɚɘ ɟ ɛɑɜɔɚɐɟ ɖɚɳɔ ɳɑ ɛɜɑɞɡɚɐɔɚ ɐɌɞɚɘ ɞɜɑəɟɞɖɟ. ȿɖɚɗɔɖɚ ɛɜɚɘɑəɑ ɓɌɎɔɝɑ ɚɐ 
ɝɎɌɖɚɏ ɝɞɌɞɟɝɌ ɝɔɝɞɑɘɌ ɞɚɖɚɘ ɛɜɑɞɡɚɐəɚɏ ɛɑɜɔɚɐɌ ɚɐɜɑɭɑəɑ ɐɟɒɔəɑ, ɟɛɚɞɜɑɍɴɌɎɌɳɟ ɝɑ 
ɛɚɘɑəɟɞɑ ɠɟəɖɢɔɚəɌɗəɑ ɝɞɚɡɌɝɞɔɣɖɑ ɐɔɠɑɜɑəɢɔɳɌɗəɑ ɳɑɐəɌɣɔəɑ. ȹɌɔɘɑ, əɔɳɑ 
ɜɑɞɖɚɝɞ ɐɌ ɛɜɔɜɚɐɌ ɓɌɎɔɝəɚɝɞɔ ɚɐ ɛɜɚɤɗɚɝɞɔ əɑɖɚɏ ɝɔɝɞɑɘɌ ɝɑ ɛɜɔɖɗɌɐəɔɳɑ ɔ 
ɑɠɔɖɌɝəɔɳɑ ɚɛɔɝɟɳɑ əɑɖɚɘ ɚɐ ɠɟəɖɢɔɳɌ ɎɜɑɘɑəɌ. ȺɛɔɝɌəɔ ɝɔɝɞɑɘɔ ɘɌɞɑɘɌɞɔɣɖɔ ɝɑ 
ɘɚɐɑɗɟɳɟ ɟɓ ɛɚɐɜɤɖɟ ɝɞɚɡɌɝɞɔɣɖɔɡ ɐɔɠɑɜɑəɢɔɳɌɗəɔɡ ɳɑɐəɌɣɔəɌ ɝɌ Ɏɜɑɘɑəɝɖɔ 
ɓɌɎɔɝəɔɘ ɖɌɤɵɑɵɑɘ [57]. ȹɑɜɑɞɖɚ ɝɑ ɛɜɔɘɑɵɟɳɟ ɟ ɘɚɐɑɗɚɎɌɵɟ ɛɚɳɌɎɌ ɘəɚɏɔɡ 
ɞɑɡəɔɣɖɔɡ, ɛɜɔɜɚɐəɔɡ ɔ ɐɜɟɤɞɎɑəɔɡ əɌɟɖɌ [73]. ȹɚɜɘɌɗəɚ ɟɚɛɤɞɌɎɌɵɑ ɝɞɚɡɌɝɞɔɣɖɔɡ 
ɐɔɠɑɜɑəɢɔɳɌɗəɔɡ ɳɑɐəɌɣɔəɌ ɝɌ ɚɝɚɍɔəɌɘɌ ɓɌɎɔɝəɚɝɞɔ ɚɐ ɛɜɚɤɗɚɝɞɔ, ɣɔəɑ əɑɟɞɜɌɗəɑ 
ɝɞɚɡɌɝɞɔɣɖɑ ɐɔɠɑɜɑəɢɔɳɌɗəɑ ɳɑɐəɌɣɔəɑ ɏɐɑ ɝɑ, ɟɓ əɑɛɚɓəɌɞ ɛɜɚɢɑɝ, ɛɚɐ 
ɐɔɠɑɜɑəɢɔɳɌɗɚɘ ɳɌɎɴɌ ɔ Ɍɜɏɟɘɑəɞ ɝɌ ɖɌɤɵɑɵɑɘ. ȹɌ ɚɝəɚɎɟ ɚɎɚɏɌ, Ɏɑɗɔɖɔ ɍɜɚɳ 
ɛɚɓəɌɞɔɡ ɞɎɜɐɵɔ ɖɚɳɑ ɝɑ ɚɐəɚɝɑ əɌ ɠɟəɖɢɔɚəɌɗəɑ ɝɞɚɡɌɝɞɔɣɖɑ ɐɔɠɑɜɑəɢɔɳɌɗəɑ 
ɳɑɐəɌɣɔəɑ [73], ɖɚɳɑ ɝɑ ɖɚɜɔɝɞɑ ɓɌ ɚɛɔɝɔɎɌɵɑ ɐɔəɌɘɔɖɑ ɜɌɓɗɔɣɔɞɔɡ ɛɜɚɢɑɝɌ ɣɔɘɑ ɝɑ 
ɖɚəɝɞɜɟɔɤɟ ɜɌɓɗɔɣɔɞɔ ɘɚɐɑɗɔ, əɌɳɣɑɤɶɑ ɖɚɜɔɤɶɑəɔ ɟ ɍɔɚɗɚɏɔɳɔ, ɘɑɐɔɢɔəɔ, 
ɘɑɡɌəɔɢɔ ɔ ɝɞɚɡɌɝɞɔɣɖɑ ɐɔɠɑɜɑəɢɔɳɌɗəɑ ɳɑɐəɌɣɔəɑ ɝɌ ɖɌɤɵɑɵɑɘ, ɑɠɔɖɌɝəɚ ɔ 
ɟɝɛɑɤəɚ ɝɑ ɛɜɚɤɔɜɟɳɟ ɟɓ ɛɚɘɚɶ ɖɗɌɝɑ əɑɟɞɜɌɗəɔɡ ɝɞɚɡɌɝɞɔɣɖɔɡ ɐɔɠɑɜɑəɢɔɳɌɗəɔɡ 
ɳɑɐəɌɣɔəɌ [57] [73]. 

ȸɚəɞɑ ȶɌɜɗɚ ɘɑɞɚɐ ɔɗɔ ɝɔɘɟɗɌɢɔɳɌ (Monte Carlo Simulations) [74]. ȶɜɑɌɞɚɜɔɘɌ 
ɖɌɖɚ ɔɘɑəɌ ɞɌɖɚ ɔ ɘɑɞɚɐɑ ɝɘɌɞɜɌɳɟ ɝɑ ȹ. ȸɑɞɜɚɛɚɗɔɝ ɔ Ƚ. ȿɗɌɘ (N. Metropolis ɔ S. 
Ulam). Ⱥəɔ ɝɟ ɟ ɜɌɐɟ ăȸɚəɞɑ ȶɌɜɗɚ ɘɑɞɚɐò (ăThe Monte Carlo methodò) ɖɚɳɔ ɳɑ 
ɚɍɳɌɎɴɑə 1949. ɏɚɐɔəɑ ɛɜɑɖɚ ɚɐɜɑɭɑəɚɏ ɍɜɚɳɌ ɛɜɔɘɑɜɌ ɔɗɟɝɞɜɚɎɌɗɔ ɟɝɛɑɤəɚɝɞ 
ɖɚɜɔɤɶɑɵɌ ȸɚəɞɑ KɌɜɗɚ ɘɑɞɚɐɌ ɛɜɔ ɜɑɤɌɎɌɵɟ əɔɓɌ  ɛɜɚɍɗɑɘɌ ɟ ɚɍɗɌɝɞɔ ɞɑɚɜɔɳɝɖɑ 
ɠɔɓɔɖɑ [75]. ȸɌɐɌ ɝɑ ɔɘɛɗɑɘɑəɞɌɢɔɳɌ ɔ ɜɌɓɜɌɐɌ ɘɑɞɚɐɑ Ɏɑɓɟɳɑ ɓɌ ɛɜɑɞɡɚɐəɔ ɛɑɜɔɚɐ 
1947. ɏɚɐɔəɟ ɔ Ƚ. ȿɗɌɘɌ ɔ ȥ. Ȯɚə ȹojɘɌəɌ (S. Ulam ɔ J. Von Neumann) ɖɚɳɔ ɛɜɔɘɑɵɟɳɟ 
ɘɑɞɚɐɟ ɓɌ ɛɜɔɖɌɓ əɟɖɗɑɌɜəɔɡ ɛɚɳɌɎɌ ɖɚɐ əɑɟɞɜɚəɌ [74]. ȿ ɤɔɜɚɖɟ ɛɜɔɘɑəɟ ɟɗɌɓɔ ɞɑɖ 
ɟɍɜɓɌəɔɘ ɜɌɓɎɚɳɑɘ ɜɌɣɟəɌɜɌ ɔ ɜɌɣɟəɌɜɝɖɔɡ ɞɑɡəɚɗɚɏɔɳɌ ɛɚɝɗɑɐɵɔɡ ɐɑɢɑəɔɳɌ 
ɛɜɚɤɗɚɏ ɎɑɖɌ, ɓɍɚɏ Ɏɑɗɔɖɚɏ ɍɜɚɳɌ ɘɌɞɑɘɌɞɔɣɖɔɡ ɚɛɑɜɌɢɔɳɌ ɔ ɛɚəɌɎɴɌɵɌ ɖɚɳɑ 
ɏɑəɑɜɔɤɑ. ȹɌɎɚɐɔ ɝɑ ɐɌ ɳɑ ɚɎɌɳ ɘɑɞɚɐ ɚɐəɚɝəɚ ɛɜɔəɢɔɛ ɖɚɜɔɝɞɔɚ 1873. ɏɚɐɔəɑ Ȭɳɓɑɠ 

Ɂɚɗ (A. Hall), ɜɌɣɟəɌɳɟɶɔ ɛɜɔɍɗɔɒəɟ Ɏɜɑɐəɚɝɞ ɍɜɚɳɌ p [62]. ȸɚəɞɑ ȶɌɜɗɚ ɘɑɞɚɐɌ, əɟɐɔ 
ɝɞɚɡɌɝɞɔɣɖɟ ɝɔɘɟɗɌɢɔɳɟ ɝɌ ɏɗɌɎəɚɘ ɖɌɜɌɖɞɑɜɔɝɞɔɖɚɘ ɝɗɟɣɌɳɌəɔɡ ɔɓɍɚɜɌ ɟɗɌɓəɔɡ 
ɎɑɗɔɣɔəɌ. ȺɎɌ ɞɑɡəɔɖɌ ɳɑ ɎɑɚɘɌ ɛɜɔɘɑəɴɔɎɌ ɛɜɔ ɌəɌɗɔɓɔ əɑɔɓɎɑɝəɚɝɞɔ ɟ Ɏɑɗɔɖɚɘ 
ɍɜɚɳɟ ɝɑɏɘɑəɌɞɌ ɛɚɝɗɚɎɌɵɌ [74]. ȸɑɞɚɐɌ ȸɚəɞɑ ȶɌɜɗɚ ɔɗɔ ɣɑɝɞɚ əɌɓɔɎɌəɌ ɔ 
ɝɔɘɟɗɌɢɔɳɌ ɖɌɚ əɟɘɑɜɔɣɖɌ ɘɑɞɚɐɌ ɚɝɗɌɵɌ ɝɑ əɌ ɜɌɓəɚɎɜɝɞɌə ɝɛɑɖɞɌɜ ɘɌɞɑɘɌɞɔɣɖɔɡ 
ɘɚɐɑɗɌ ɔ ɌɗɏɚɜɔɞɌɘɌ ɝɌ ɖɴɟɣəɚɘ ɖɌɜɌɖɞɑɜɔɝɞɔɖɚɘ ɝɞɚɡɌɝɞɔɣɖɚɏ ɛɜɔɝɞɟɛɌ ɞɳ. 
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ɟɛɚɞɜɑɍɚɘ ɝɗɟɣɌɳəɔɡ ɍɜɚɳɑɎɌ ɖɚɳɔ ɏɑəɑɜɔɤɟ ɠɔɓɔɣɖɑ ɟɗɌɓəɑ ɛɚɐɌɞɖɑ. ȸɚɒɑ ɝɑ ɜɑɶɔ ɔ 
ɐɌ ȸɚəɞɑ ȶɌɜɗɚ ɝɔɘɟɗɌɢɔɳɌ ɚɍɟɡɎɌɞɌ ɘɑɞɚɐɑ ɓɌɝəɚɎɌəɑ əɌ ɜɌɣɟəɌɜɝɖɚɘ ɛɚəɌɎɴɌɵɟ 
ɔɓɌɍɜɌəɔɡ ɝɗɟɣɌɳəɔɡ ɍɜɚɳɑɎɌ ɟɓ ɛɚɘɚɶ ɖɚɳɔɡ ɝɑ ɘɌɞɑɘɌɞɔɣɖɔ ɘɚɐɑɗɟɳɑ ɛɚɝɞɟɛɌɵɑ 
ɛɚɳɑɐɔəɔɡ ɝɟɍɳɑɖɌɞɌ ɔɗɔ ɢɑɗɚɏ ɝɔɝɞɑɘɌ ɛɜɚɟɣɌɎɌɵɌ. ȻɚɝɞɟɛɌɵɑ Ɏɑɗɔɖɚɏ ɔ ɜɌɓəɚɗɔɖɚɏ 
ɝɛɑɖɞɜɌ ɛɜɚɍɗɑɘɌ ɘɚɏɟɶɑ ɳɑ ɝɔɘɟɗɔɜɌɞɔ ɔ ɔɝɛɔɞɔɎɌɞɔ ɟɓ ɛɚɘɚɶ ȸɚəɞɑ ȶɌɜɗɚ ɘɑɞɚɐɑ 
ɟ ɏɚɞɚɎɚ ɝɎɔɘ ɚɍɗɌɝɞɔɘɌ, ɛɜɑ ɝɎɑɏɌ ɠɔɓɔɢɔ, ɜɌɐɔɚɌɖɞɔɎəɚɘ ɓɜɌɣɑɵɟ, ɡɑɘɔɳɔ, 
ɘɌɞɑɘɌɞɔɢɔ, ɝɞɌɞɔɝɞɔɢɔ, ɚɛɑɜɌɢɔɚəɔɘ ɔɝɞɜɌɒɔɎɌɵɔɘɌ, ɔəɒɑɵɑɜɝɞɎɟ, ɑəɑɜɏɑɞɔɢɔ, 
ɑɖɚəɚɘɔɳɔ ɔ ɍɜɚɳəɔɘ ɚɝɞɌɗɔɘ ɚɍɗɌɝɞɔɘɌ. ȹɑɜɑɞɖɚ ɝɟ ɞɚ ɛɜɎɑəɝɞɎɑəɚ ɛɜɚɍɗɑɘɔ 
ɘɌɞɑɘɌɞɔɣɖɑ ɛɜɔɜɚɐɑ  ɐɚ ɣɔɳɔɡ ɜɑɤɑɵɌ əɔɳɑ ɘɚɏɟɶɑ ɐɚɶɔ ɌəɌɗɔɞɔɣɖɔɘ ɛɟɞɑɘ ɔɗɔ 
ɳɑɐəɚɝɞɌɎəɚ əɔɳɑ ɘɚɏɟɶɑ əɌɶɔ ɑɠɔɖɌɝɌə əɟɘɑɜɔɣɖɔ ɌɗɏɚɜɔɞɌɘ. ȹɑɜɑɞɖɚ ɍɔɎɌɳɟ 
ɖɚɜɔɤɶɑəɑ ɛɜɔ ɛɚɞɎɜɭɔɎɌɵɟ ɜɑɓɟɗɞɌɞɌ ɐɚɍɔɎɑəɔɡ ɖɜɚɓ ɌəɌɗɔɞɔɣɖɟ ɔɗɔ əɑɖɚɟ ɐɜɟɏɟ 
ɘɑɞɚɐɟ. ȹɌɳɎɑɶɌ ɛɜɔɘɑəɌ ɚɎɑ ɘɑɞɚɐɑ ɳɑ ɛɜɔ ɛɜɚɍɗɑɘɔɘɌ ɏɐɑ əɔɳɑ ɘɚɏɟɶɑ ɖɚɜɔɝɞɔɞɔ 
ɐɑɞɑɜɘɔəɔɝɞɔɣɖɑ Ɍɗɏɚɜɔɞɘɑ ɔɗɔ ɔɡ əɔɳɑ ɘɚɏɟɶɑ ɖɚɜɔɝɞɔɞɔ ɟ ɜɑɌɗəɚɘ Ɏɜɑɘɑəɟ. ȶɜɚɓ 
ɞɜɔ ɠɌɓɑ ɘɚɒɑ ɝɑ ɝɌɏɗɑɐɌɞɔ ɟɚɛɤɞɑəɔ ɖɚəɢɑɛɞ ȸɚəɞɑ ȶɌɜɗɚ ɘɑɞɚɐɌ. Ⱦɚ ɝɟ 
ɐɑɠɔəɔɝɌɵɑ ɐɚɘɑəɌ ɘɚɏɟɶɔɡ ɟɗɌɓəɔɡ ɛɚɐɌɞɌɖɌ ɔ ɵɔɡɚɎɚ ɏɑəɑɜɔɝɌɵɑ ɝɗɟɣɌɳəɔɘ 
əɌɣɔəɚɘ, əɌ ɚɝəɚɎɟ ɞɔɡ ɐɌɞɔɡ ɟɓɚɜɌɖɌ ɝɛɜɚɎɚɭɑɵɑ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɚɏ ɜɌɣɟəɌ ɔ əɌ 
ɖɜɌɳɟ ɛɜɚɜɌɣɟəɚɘ ɐɚɍɔɳɌɵɑ ɖɚəɌɣəɚɏ ɜɑɓɟɗɞɌɞɌ [62]. Ȼɚɝɞɚɳɑ ɚɖɚɗəɚɝɞɔ ɛɜɔ ɖɚɳɔɘɌ 
əɔɳɑ ɗɌɖɚ ɚɐɜɑɐɔɞɔ ɞɌɣəɌ ɜɑɤɑɵɌ ɛɚ ɛɔɞɌɵɟ ɎɑɜɚɎɌɞəɚɶɑ, ɔɗɔ ɳɑ əɑɳɌɝɌə ɛɜɔɝɞɟɛ 
ɜɑɤɑɵɟ. ȿ ɚɎɌɖɎɔɘ ɝɔɞɟɌɢɔɳɌɘɌ əɑɜɑɞɖɚ ɘɑɞɚɐɑ ȸɚəɞɑ ȶɌɜɗɚ ɝɔɘɟɗɌɢɔɳɑ ɝɟ ɳɑɐɔəɔ 
ɜɌɝɛɚɗɚɒɔɎɔ ɖɚəɢɑɛɞ ɔ ɛɗɌɞɠɚɜɘɌ ɜɑɤɑɵɌ, ɚɍɑɓɍɑɭɟɳɟɶɔ ɳɑɐəɚɝɞɌɎɌə ɘɑɞɚɐ ɓɌ 
ɛɚɝɞɔɓɌɵɑ ɚɐɜɑɭɑəɚɏ ɟɎɔɐɌ ɟ ɛɚəɌɤɌɵɑ ɝɔɝɞɑɘɌ [76]. ȺɝəɚɎəɔ ɑɗɑɘɑəɞ ɘɑɞɚɐɌ ȸɚəɞɑ 
ȶɌɜɗɚ ɳɑ ɏɑəɑɜɔɝɌɵɑ əɔɓɌ ɝɗɟɣɌɳəɔɡ ɍɜɚɳɑɎɌ, ɣɔɳɌ ɟɚɛɤɞɑəɚɝɞ ɐɚɗɌɓɔ əɌ ɚɝəɚɎɟ 
ɖɎɌɗɔɞɑɞɌ ɟɛɚɞɜɑɍɴɑəɔɡ ɝɗɟɣɌɳəɔɡ ɍɜɚɳɑɎɌ [62] [77]. 

ȰɌɞ ɳɑ ɛɜɔɖɌɓ ɝɌɘɚ ɚɐɜɑɭɑəɚɏ ɍɜɚɳɌ ɛɜɔɘɑɜɌ ɤɔɜɚɖɚɏ ɝɛɑɖɞɜɌ ɘəɚɏɔɡ 
ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ ɔ ɛɜɚɢɑɝɌ ɖɚɳɔ ɝɑ ɖɚɜɔɝɞɑ ɓɌ ɘɚɐɑɗɚɎɌɵɑ ɔ ɌəɌɗɔɓɟ ɟ 
ɜɌɓɗɔɣɔɞɔɘ ɐɔɝɢɔɛɗɔəɌɘɌ. ȽɎɌɖɔ ɖɚɜɔɤɶɑəɔ ɘɚɐɑɗ ɔ ɛɜɚɢɑɝ ɍɔɜɌ ɝɑ əɌ ɚɝəɚɎɟ 
ɝɛɑɢɔɠɔɣəɔɡ ɖɌɜɌɖɞɑɜɔɝɞɔɖɌ ɝɔɝɞɑɘɌ ɔɗɔ ɛɚɐɌɞɌɖɌ ɖɚɳɔ ɝɑ ɌəɌɗɔɓɔɜɌɳɟ ɖɌɚ ɔ ɢɔɴɑɎɌ 
ɞɔɡ ɌəɌɗɔɓɌ. 

ȽɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɛɜɟɒɌɳɟ ɝɞɜɟɖɞɟɜəɔ ɔ ɖɚəɝɞɜɟɖɢɔɳɝɖɔ ɚɖɎɔɜ ɓɌ 
ɝɔɘɟɗɌɢɔɳɟ, ɌəɌɗɔɓɟ ɔ ɛɜɑɐɎɔɭɌɵɑ ɝɗɚɒɑəɔɡ ɝɔɝɞɑɘɌ ɟ ɖɚɳɔɘɌ ɝɗɟɣɌɳəɚɝɞ ɔɘɌ 
ɓəɌɣɌɳəɟ ɟɗɚɏɟ.  

ȿɖɚɗɔɖɚ ɛɚɝɘɌɞɜɌɘɚ ɖɚəɞɑɖɝɞ ɛɜɚɔɓɎɚɐɵɑ, ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɘɚɏɟ ɟ 
ɘəɚɏɚɘɑ ɛɚɘɚɶɔ ɟ ɚɛɞɔɘɔɓɌɢɔɳɔ əɔɎɚɌ ɓɌɗɔɡɌ ɟɓɔɘɌɳɟɶɔ ɟ ɚɍɓɔɜ ɎɌɜɔɳɌɢɔɳɑ ɟ ɝɞɚɛɌɘɌ 
ɛɜɚɔɓɎɚɐɵɑ, ɠɗɟɖɞɟɌɢɔɳɔ ɛɚɞɜɌɒɵɑ ɖɌɚ ɔ ɛɚɜɑɘɑɶɌɳɑ ɗɌəɌɢɌ ɝəɌɍɐɑɎɌɵɌ. 
ȽɔɘɟɗɌɢɔɳɚɘ ɜɌɓɗɔɣɔɞɔɡ ɝɢɑəɌɜɔɳɌ ɛɚɐ ɛɜɚɍɌɍɔɗɔɝɞɔɣɖɔɘ ɟɝɗɚɎɔɘɌ, ɘɚɏɟ ɛɚɘɚɶɔ 
ɖɚəɖɜɑɞəɚ ɟ ɚɐɜɑɭɔɎɌɵɟ ɚɛɞɔɘɌɗəɔɡ ɞɌɣɌɖɌ ɛɚəɚɎəɚɏ əɌɜɟɣɔɎɌɵɌ, əɔɎɚɌ 
ɝɔɏɟɜəɚɝəɔɡ ɓɌɗɔɡɌ ɔ ɖɚɗɔɣɔəɌ əɌɜɟɹɍɔəɑ ɖɌɖɚ ɍɔ ɝɑ ɚɐɜɒɌɗɔ ɔɝɛɗɌɞɔɎɔ əɔɎɚɔ 
ɓɌɗɔɡɌ ɟɓ ɘɔəɔɘɔɓɔɜɌɵɑ ɜɔɓɔɖɌ ɚɐ ɛɜɑɎɑɗɔɖɔɡ ɓɌɗɔɡɌ ɔɗɔ əɑɐɚɝɞɌɞɖɌ ɔɝɞɔɡ. 

ȿɖɜɌɞɖɚ, ɝɞɚɡɌɝɞɔɣɖɔ ɝɔɝɞɑɘɔ ɔɏɜɌɳɟ ɎɔɞɌɗəɟ ɟɗɚɏɟ ɟ ɜɑɤɌɎɌɵɟ ɔəɡɑɜɑəɞəɔɡ 
əɑɔɓɎɑɝəɚɝɞɔ ɟ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗɌ, əɟɐɑɶɔ ɐɚəɚɝɔɚɢɔɘɌ ɚɐɗɟɖɌ ɌɗɌɞɑ 
ɓɌ ɛɚɍɚɴɤɌɵɑ ɑɠɔɖɌɝəɚɝɞɔ, ɝɘɌɵɑɵɑ ɞɜɚɤɖɚɎɌ ɔ ɛɚɍɚɴɤɌɵɑ ɟɖɟɛəɑ ɚɞɛɚɜəɚɝɞɔ 
ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ. 

ȿ ɐɌəɌɤɵɑɘ Ɏɜɑɘɑəɟ, ɛɚɴɑ ɖɚəɞɜɚɗɑ ɓɌɗɔɡɌ ɐɚɤɗɚ ɳɑ ɟ ɞɌɖɎɟ ɠɌɓɟ ɐɌ ɝɞɜɟɣəɌ 
ɗɔɢɌ ɖɚɳɌ ɝɑ ɍɌɎɑ ɚɎɚɘ ɚɍɗɌɝɞɔ əɑ ɜɑɞɖɚ ɍɔɎɌɳɟ ɓɌɞɜɛɌəɌ Ɏɑɗɔɖɔɘ ɍɜɚɳɑɘ ɎɌɜɔɳɌɢɔɳɌ ɝɌ 
ɖɚɳɔɘɌ ɝɑ ɝɟɝɜɑɶɟ ɟ ɛɚɖɟɤɌɳɟ ɚɐɌɍɔɜɌ ɐɔɓɌɳəɌ ɔ ɟɝɛɑɤəɚɏ ɟɛɜɌɎɴɌɵɌ ɛɚɟɓɐɌəɔɘ 
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ɝɔɝɞɑɘɚɘ ɖɚəɞɜɚɗɑ ɓɌɗɔɡɌ. ȸɚɏɟɶəɚɝɞɔ ɝɟ Ɏɑɗɔɖɑ, ɔɓɘɑɭɟ ɚɝɞɌɗɚɏ, əɌɛɜɑɐəɔɘ 
ɖɚəɢɑɛɞɔɘɌ ɖɌɚ ɤɞɚ ɝɟ ɐɔəɌɘɔɣɖɚ ɛɜɚɏɜɌɘɔɜɌɵɑ ɔ ɝɞɚɡɌɝɞɔɣɖɔ ɝɔɝɞɑɘɔ ɖɚɳɔ ɝɟ 
ɎɑɚɘɌ ɛɜɔɗɌɏɚɐɴɔɎɔ ɔ ɛɜɔɘɑəɴɔɎɔ ɟ ɛɜɌɖɝɔ [55]. 

ȹɑɎɑɗɔɖ ɍɜɚɳ ɘɌɞɑɘɌɞɔɣɖɔɡ ɛɜɚɍɗɑɘɌ ɜɑɤɔɎ ɳɑ ɌɠɔɜɘɔɝɌəɔɘ ɘɌɞɑɘɌɞɔɣɖɔɘ 
ɘɑɞɚɐɌɘɌ ɔ ɓɍɚɏ əɌɎɑɐɑəɚɏ ɜɌɓɗɚɏɌ ɛɜɔɍɑɏɌɎɌ ɝɑ əɟɘɑɜɔɣɖɔɘ ɘɑɞɚɐɌɘɌ, ɖɚɳɑ 
əɌɛɜɑɐɖɚɘ ɜɌɣɟəɌɜɝɖɑ ɞɑɡəɚɗɚɏɔɳɑ ɐɚɍɔɳɌɳɟ ɛɚɞɛɚɜɟ ɓɌ əɑɚɘɑɞɌə ɜɌɓɎɚɳ ɔ 
ɔɘɛɗɑɘɑəɞɌɢɔɳɟ. ȸɑɞɚɐɑ əɟɘɑɜɔɣɖɚɏ ɜɑɤɌɎɌɵɌ ɛɜɚɍɗɑɘɌ ɓɌɝəɔɎɌɳɟ ɝɑ əɌ ɚɐɌɍɜɌəɚɘ 
ɛɚɣɑɞəɚɘ ɝɞɌɵɟ ɛɜɚɟɣɌɎɌəɚɏ ɝɔɝɞɑɘɌ ɓɌ ɖɚɳɔ ɝɑ ɠɚɜɘɟɗɔɤɟ ɓɌɖɚəɔɞɚɝɞɔ (ɛɜɌɎɔɗɌ 
ɛɜɚɘɑəɑ Ɏɜɑɐəɚɝɞɔ ɟɞɔɢɌɳəɔɡ ɎɑɗɔɣɔəɌ) ɖɚɳɑ ɐɑɠɔəɔɤɟ ɝɔɝɞɑɘ ɟ ɳɑɐɔəɔɣəɚɘ 
Ɏɜɑɘɑəɝɖɚɘ ɔəɞɑɜɎɌɗɟ Ɍ ɓɌɞɔɘ ɝɑ ɛɚɝɞɑɛɑəɚ ɔɓɜɌɣɟəɌɎɌɳɟ Ɏɜɑɐəɚɝɞɔ ɛɚɳɑɐɔəɌɣəɑ 
Ɏɑɗɔɣɔəɑ ɖɜɚɓ ɚɐɜɑɭɑəɔ ɛɑɜɔɚɐ ɎɜɑɘɑəɌ. 

ȯɑəɑɜɔɝɌɵɑ ɛɜɚɘɑəɴɔɎɔɡ Ɏɜɑɐəɚɝɞɔ ɔɓ ɘɚɐɑɗɌ əɑɖɑ ɜɌɝɛɚɐɑɗɑ ɎɑɜɚɎɌɞəɚɶɑ, 
ɛɜɔɍɌɎɴɌɵɑ ɜɑɓɟɗɞɌɞɌ ɔ ɵɔɡɚɎɌ ɟɛɚɞɜɑɍɌ ɓɌ ɌəɌɗɔɓɟ ɚɣɑɖɔɎɌəɔɡ Ɏɜɑɐəɚɝɞɔ ɔ 
ɎɑɜɚɎɌɞəɚɶɑ ɎɑɓɌəɔɡ ɓɌ ɚɐɏɚɎɌɜɌɳɟɶɑ ɚɛɢɔɚəɑ ɚɐɗɟɖɑ, ɠɚɜɘɟɗɔɤɑ ɝɞɚɡɌɝɞɔɣɖɟ 
ɚɐəɚɝəɚ ɛɜɚɍɌɍɔɗɔɝɞɔɣɖɟ ɝɔɘɟɗɌɢɔɳɟ. ȺɎɌ ɝɔɘɟɗɌɢɔɳɌ ɛɜɟɒɌ əɑɔɓɎɑɝɞɌə ɜɑɓɟɗɞɌɞ ɔ 
ɞɌ ɖɚəɝɞɌɞɚɎɌəɌ əɑɔɓɎɑɝəɚɝɞ ɝɑ ɳɌɝəɚ ɔ ɐɑɢɔɐəɚ ɌəɌɗɔɓɔɜɌ. ȽɎɌɖɌ ɚɛɢɔɚəɌ ɚɐɗɟɖɌ 
ɍɔɎɌ ɛɜɚɢɑɵɑəɌ əɌ ɚɝəɚɎɟ ɚɣɑɖɔɎɌəɑ Ɏɜɑɐəɚɝɞɔ ɝɑɗɑɖɞɚɎɌəɑ ɘɑɜɑ ɑɠɔɖɌɝəɚɝɞɔ. 
ȺɐɌɍɔɜɌ ɝɑ ɝɚɗɟɢɔɳɌ ɝɌ əɌɳɎɑɶɚɘ ɚɣɑɖɔɎɌəɚɘ Ɏɜɑɐəɚɤɶɟ, Ɏɜɤɔ ɝɑ ɝɔɘɟɗɌɢɔɳɌ ɔ 
ɛɜɚɢɑəɌ ɚɣɑɖɔɎɌəɔɡ Ɏɜɑɐəɚɝɞɔ. ȳɌ ɜɑɌɗɔɓɌɢɔɳɟ ɝɞɚɡɌɝɞɔɣɖɑ ɝɔɘɟɗɌɢɔɳɑ ɛɚɞɜɑɍəɚ ɳɑ 
ɏɑəɑɜɔɝɌɵɑ ɝɗɟɣɌɳəɔɡ ɛɜɚɘɑəɴɔɎɔɡ ɔɓ ɐɑɠɔəɔɝɌəɑ ɜɌɝɛɚɐɑɗɑ ɎɑɜɚɎɌɞəɚɶɌ. ȺəɌ ɝɑ 
əɚɘɔəɟɳɑ əɌ ɚɝəɚɎɟ ɞɑɚɜɑɞɝɖɔɡ ɓəɌɵɌ ɔɗɔ ɔɝɞɚɜɔɳɝɖɔɡ ɛɚɐɌɞɌɖɌ [15]. 

 

2.8.1. Ⱥɛɤɞɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗ ɓɌɗɔɡɌ 

ȼɌɓɜɌɐɟ ɛɜɚɍɗɑɘɌ ɎɑɓɌəɟ ɓɌ ɝɞɚɡɌɝɞɔɣɖɑ ɘɚɐɑɗɑ ɓɌɗɔɡɌ ɘɚɏɟɶɑ ɳɑ ɝɌɏɗɑɐɌɞɔ ɔ 
ɌəɌɗɔɓɔɜɌɞɔ ɖɜɚɓ ɜɌɓɜɌɭɑəɟ ɛɚɝɞɌɎɖɟ ɟɚɛɤɞɑəɚɏ ɡɔɛɚɞɑɞɔɣɖɚɏ ɛɜɔɖɌɓɌ, ɟɚɍɗɔɣɑəɚɏ 
ɟ əɌɝɞɌɎɖɟ. 

Ɂɔɛɚɞɑɞɔɣɖɔ ɛɜɔɘɑɜ ɓɌ ɞɜɑɞɔɜɌəɑ ɛɜɚɍɗɑɘɑ ɖɚɳɔ ɝɛɌɐɌɳɟ ɟ ɚɎɟ ɏɜɟɛɟ ɳɑ 
ɝɞɚɡɌɝɞɔɣɖɌ ɛɚɞɜɌɒɵɌ ɝɌ ɛɚɓəɌɞɔɘ ɓɌɖɚəɚɘ ɎɑɜɚɎɌɞəɚɶɑ. ȻɜɑɞɛɚɝɞɌɎɔɘɚ ɐɌ ɳɑɐəɚ 
ɛɜɑɐɟɓɑɶɑ ɳɑɐəɚɘ ɏɚɐɔɤɵɑ (əɌ ɛɜɔɘɑɜ ɟ ɐɑɢɑɘɍɜɟ) ɔɝɛɔɞɟɳɑ ɔɝɛɜɌɎəɚɝɞ ɜɑɓɑɜɎəɚɏ 
ɐɑɗɌ R əɌ ɝɎɚɳɔɘ ɘɌɤɔəɌɘɌ ɔ Ɏɜɤɔ ɓɌɘɑəɟ əɑɔɝɛɜɌɎəɔɡ ɐɑɗɚɎɌ ɔɝɛɜɌɎəɔɘ. ȿəɌɛɜɑɐ 
əɔɳɑ ɛɚɓəɌɞɚ ɖɚɗɔɖɚ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ R ɞɜɑɍɌ ɓɌɘɑəɔɞɔ. ȹɌ ɝɎɌɖɚɳ ɘɌɤɔəɔ əɌɗɌɓɔ ɝɑ 
ɛɚ ɳɑɐɌə ɜɑɓɑɜɎəɔ ɐɑɚ ɔ ɛɜɑɞɛɚɝɞɌɎɔɘɚ ɐɌ ɳɑ ɛɚɞɜɑɍəɚ X ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ ɐɌ ɍɔɝɘɚ 
ɔɓɎɜɤɔɗɔ ɓɌɘɑəɟ əɌ ɝɎɔɘ ɘɌɤɔəɌɘɌ. ȳɍɚɏ ɞɚɏɌ ɝɑ ɘɚɜɌ ɍɗɌɏɚɎɜɑɘɑəɚ ɔɓɎɜɤɔɞɔ 
ɜɑɐɚɎəɌ ɛɚɜɟɹɍɔəɌ ɚɎɔɡ ɐɑɗɚɎɌ, ɖɌɖɚ ɍɔ ɝɑ ɓɌɘɑəɌ ɘɚɏɗɌ ɚɍɌɎɔɞɔ ɟ ɒɑɴɑəɚɘ ɞɜɑəɟɞɖɟ 
[51] [52]. 

ȻɜɑɞɛɚɝɞɌɎɔɘɚ ɐɌɴɑ ɐɌ ɳɑ ɜɑɓɑɜɎəɔ ɐɑɚ R Ɏɜɗɚ ɝɖɟɛ, ɛɌ ɳɑ ɚɐɗɟɣɑəɚ ɐɌ ɝɑ əɑ ɣɟɎɌ 
əɌ ɓɌɗɔɡɔ, Ɏɑɶ ɐɌ ɝɑ ɎɔɤɌɖ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ ɛɚɝɗɑ ɓɌɘɑəɑ ɚɐɘɌɡ ɛɜɚɐɌ ɍɑɓ ɚɍɓɔɜɌ ɤɞɚ 
ɝɑ əɑ ɘɚɒɑ ɛɚɝɞɔɶɔ ɛɗɌɶɑəɌ əɌɍɌɎəɌ ɢɑəɌ əɑɏɚ ɢɑəɌ ɟɘɌɵɑəɌ ɓɌ C1 ɐɔəɌɜɌ ɛɚ ɝɎɌɖɚɘ 
ɜɑɓɑɜɎəɚɘ ɐɑɗɟ. ȺɞɟɐɌ ɝɑ əɑ ɛɚɳɌɎɴɟɳɟ əɔ ɛɚɣɑɞəɑ ɓɌɗɔɡɑ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ. Ȭɖɚ ɍɔ 
ɛɚɜɟɣɑəɌ ɖɚɗɔɣɔəɌ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ ɍɔɗɌ əɑɐɚɎɚɴəɌ ɓɌ ɓɌɘɑəɟ, ɘɚɜɌ ɝɑ ɡɔɞəɚɘ 
əɌɍɌɎɖɚɘ ɛɜɔɍɌɎɔɞɔ ɜɌɓɗɔɖɌ, ɍɑɓ ɚɍɓɔɜɌ ɤɞɚ ɝɟ ɞɜɚɤɖɚɎɔ ɡɔɞəɑ əɌɍɌɎɖɑ ɛɚ ɳɑɐɔəɔɢɔ 
ɜɑɓɑɜɎəɚɏ ɐɑɗɌ, ɚɍɑɗɑɒɑəɔ ɝɌ C2, Ɏɜɗɚ Ɏɑɗɔɖɔ. ȻɚɝɞɌɎɴɌ ɝɑ ɛɔɞɌɵɑ: ɖɚɳɟ ɖɚɗɔɣɔəɟ 
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ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ ɞɜɑɍɌ ɛɚɜɟɣɔɞɔ, ɛɌ ɐɌ ɝɑ ɓɌɘɑəɌ ɐɑɗɚɎɌ ɛɚɞɛɟəɚ ɔɓɎɜɤɔ, Ɍɗɔ ɟɓ 
əɌɳɘɌɵɑ ɏɟɍɔɞɖɑ ɟ ɛɜɚɐɌɳɔ ɎɔɤɖɌ ɔ əɌɍɌɎɢɔ ɘɌɵɖɌ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ? 

ȻɚɓəɌɞɚ ɳɑ ɐɌ ɳɑ ɛɚɞɜɑɍəɚ əɌɳɎɔɤɑ X ɐɑɗɚɎɌ. ȶɌɖɚ ɝɑ Ɏɜɤɔ ɝɌɘɚ ɳɑɐəɌ ɛɚɜɟɹɍɔəɌ 
ɏɚɐɔɤɵɑ, ɞɚ ɳɑ X = x.  ȹɔɳɑ ɛɚɓəɌɞɚ ɖɚɗɔɖɚ ɶɑ ɔɓəɚɝɞɔɞɔ ɝɞɎɌɜəɚ ɛɚɞɜɑɍɌə ɍɜɚɳ 
ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ, ɳɑɜ əɔɳɑ ɛɚɓəɌɞɚ əɌ ɖɚɳɔɘ ɝɑ ɘɌɤɔəɌɘɌ əɌɗɌɓɑ əɑɔɝɛɜɌɎəɔ. 
Ȯɔɤɑɏɚɐɔɤɵɔɘ ɛɚɝɘɌɞɜɌɵɑɘ ɟɞɎɜɭɑəɌ ɳɑ ɎɑɜɚɎɌɞəɚɶɌ ɓɌɘɑəɑ ɐɑɗɚɎɌ, ɖɚɳɟ ɶɑɘɚ 
ɚɓəɌɣɔɞɔ ɝɌ p(x). 

ȶɌɖɚ əɑ ɛɚɝɞɚɳɑ ɛɚɣɑɞəɑ ɓɌɗɔɡɑ (zp = 0), ɞɚ ɳɑ q = y, ɛɌ ɶɑɘɚ əɑɛɚɓəɌɞɟ ɖɚɗɔɣɔəɟ 
ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ ɟ ɳɑɐəɚɳ ɛɚɜɟɹɍɔəɔ ɚɓəɌɣɔɞɔ ɝɌ y, ɳɑɜ ɳɑ ɞɚ ɔɝɞɚɎɜɑɘɑəɚ ɔ 
ɜɌɝɛɚɗɚɒɔɎɌ ɖɚɗɔɣɔəɌ ɐɑɗɚɎɌ [51]. 

ȻɜɑɘɌ ɞɚɘɑ, ɛɜɑɚɝɞɌɗɟ ɖɚɗɔɣɔəɟ ɜɑɓɑɜɎəɔɡ ɐɑɗɚɎɌ ɛɚɝɗɑ ɓɌɘɑəɑ ɚɐ 

(y - x) 

ɳɑɐɔəɔɢɌ ɞɜɑɍɌ ɚɐɘɌɡ ɛɜɚɐɌɞɔ, ɍɑɓ ɚɍɓɔɜɌ ɤɞɚ ɝɑ ɛɚɳɌɎɴɟɳɑ ɏɟɍɔɞɌɖ ɚɐ C1 ɐɔəɌɜɌ ɛɚ 
ɳɑɐɔəɔɢɔ, Ɍ əɑɐɚɎɚɴəɟ ɖɚɗɔɣɔəɟ ɚɐ 

(x ð y) 

ɳɑɐɔəɔɢɌ ɞɜɑɍɌ ɛɜɔɍɌɎɔɞɔ ɡɔɞəɚɘ əɌɍɌɎɖɚɘ, ɔɌɖɚ ɝɟ ɞɜɚɤɖɚɎɔ ɡɔɞəɑ əɌɍɌɞɖɑ C2 Ɏɜɗɚ 
Ɏɑɗɔɖɔ ɟ ɚɐəɚɝɟ əɌ C1. 

ɀɟəɖɢɔɳɌ ɞɜɚɤɖɚɎɌ, ɝɎɑɐɑəɌ əɌ ɚɣɑɖɔɎɌəɟ Ɏɜɑɐəɚɝɞ, Ɍ ɚɓəɌɣɑəɌ ɝɌ F(y), ɳɑ 

 Ὂώ ὅВ ώ ὼὴὼ ὅВ ὼ ώὴὼ (27) 

Ɍɖɚ ɝɞɚɡɌɝɞɔɣɖɌ ɛɜɚɘɑəɴɔɎɌ x ɟɓɔɘɌ ɐɔɝɖɜɑɞəɑ Ɏɜɑɐəɚɝɞɔ, ɔɗɔ 

 Ὂώ ὅ᷿ ώ ὼὪὼὨὼ ὅ᷿ ὼ ώὪὼὨὼ (28) 

Ɍɖɚ ɟɓɔɘɌ əɑɛɜɑɖɔɐəɚ ɝɎɑ Ɏɜɑɐəɚɝɞɔ. 

ȴɝɛɔɞɌɳɘɚ ɖɌɐɌ ɶɑ ɠɟəɖɢɔɳɌ ɞɜɚɤɖɚɎɌ (27) ɛɚɝɞɔɶɔ ɘɔəɔɘɟɘ. ȿ ɞɚɘɑ ɢɔɴɟ, 
ɠɚɜɘɔɜɌɳɘɚ ɠɟəɖɢɔɳɑ F(y - 1) i F(y + 1). Ȭɖɚ ɛɚɝɞɚɳɔ ɘɔəɔɘɟɘ ɠɟəɖɢɔɳɑ ɞɜɚɤɖɚɎɌ (27), 
ɛɌ ɳɑ y = y0, ɞɌɐɌ ɘɚɜɌ ɍɔɞɔ ɓɌɐɚɎɚɴɑə ɟɝɗɚɎ 

 Ὂώ ρ Ὂώ Ὂώ ρ (29) 

ȻɜɑɞɛɚɝɞɌɎɔɘɚ ɐɌ ɜɌɝɛɚɗɚɒɔɎɌ ɖɚɗɔɣɔəɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ 
S əɑ ɘɚɜɌ ɍɔɞɔ ɐɚɎɚɴəɌ ɐɌ ɛɚɐɘɔɜɔ ɝɞɚɡɌɝɞɔɣɖɟ ɛɚɞɜɌɒɵɟ. ȿɝɎɚɳɔɘɚ ɐɌ ɎɌɒɑ ɜɌəɔɳɑ 
ɟɎɑɐɑəɑ ɛɜɑɞɛɚɝɞɌɎɖɑ ɓɌ ɞɌɖɌɎ ɝɗɟɣɌɳ, ɝɌ ɔɓɟɓɑɞɖɚɘ ɞɜɚɤɖɚɎɌ ɛɚɜɟɹɍɔəɌ ɓɌ ɖɚɳɑ ɶɑɘɚ 
ɟ ɚɎɚɘ ɚɐɑɴɖɟ ɝɘɌɞɜɌɞɔ ɐɌ əɑ ɛɚɝɞɚɳɑ [51] [52]. 

ȿ ɳɑɐəɚɘ ɔɝɞɚɘ ɛɑɜɔɚɐɟ ɚɐ t Ɏɜɑɘɑəɝɖɔɡ ɳɑɐɔəɔɢɌ ɘɑɭɟɝɚɍəɔ ɚɐəɚɝɔ ɔɓɘɑɭɟ 
ɜɌɝɛɚɗɚɒɔɎɑ ɔ ɛɚɞɜɑɍəɑ ɖɚɗɔɣɔəɑ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S ɘɚɏɟ ɍɔɞɔ 
ɐɎɚɳɌɖɔ, ɓɍɚɏ ɝɞɚɡɌɝɞɔɣɖɚɏ ɖɌɜɌɖɞɑɜɌ ɛɚɞɜɌɒɵɑ. ȳɌɗɔɡɑ ɘɚɏɟ ɍɔɞɔ ɐɚɎɚɴəɑ ɐɌ 
ɛɚɐɘɔɜɑ ɛɚɞɜɌɒɵɟ, ɛɌ ɳɑ 

ὼ ώ 

Ɍ əɑ ɘɚɜɌɳɟ ɍɔɞɔ ɐɚɎɚɴəɑ (Ɏɑɶ ɝɑ ɘɚɜɌ ɛɜɔɝɞɟɛɔɞɔ ɡɔɞəɚɳ əɌɍɌɎɢɔ), ɛɌ ɳɑ 

x > y 

ȺɎɑ ɐɎɑ ɘɚɏɟɶəɚɝɞɔ ɝɟ ɛɜɑɐɝɞɌɎɴɑəɑ əɌ ɝɗɔɢɔ 2.15. 
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ȽɗɔɖɌ 2.15. ȻɜɔɖɌɓ ɘɚɏɟɶɔɡ ɢɔɖɗɟɝɌ ɓɌ ɝɔɝɞɑɘ ɓɌɗɔɡɌ ɳɑɐəɚɏ ɛɜɚɔɓɎɚɐɌ [51] [52] [53] 

[78]  

 

ȿɝɎɚɳɔɘɚ ɐɌ ɳɑ T = t = 1, ɛɌ ɟɞɎɜɐɔɘɚ ɠɟəɖɢɔɳɟ ɞɜɚɤɖɚɎɌ. ȻɜɚəɌɭɔɘɚ ɛɜɚɝɑɣəɑ ɓɌɗɔɡɑ 
ɓɌ ɝɗɟɣɌɳ ὼ ώ, tj 

ὼ ώ ὼ

ς
ώ
ὼ

ς
 

ɔ ɛɚɘəɚɒɔɘɚ ɔɡ ɝɌ ɞɜɚɤɖɚɎɔɘɌ ɝɖɗɌɐɔɤɞɑɵɌ ɛɚ ɳɑɐɔəɔɢɔ ɝɔɜɚɎɔəɑ ɔɗɔ 
ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S Ɍ ɟ ɳɑɐɔəɔɢɔ ɎɜɑɘɑəɌ, ɛɌ ɶɑ ɚɣɑɖɔɎɌəɔ ɞɜɚɤɖɚɎɔ ɛɜɚɝɑɣəɔɡ 
ɓɌɗɔɡɌ ɓɌ ɝɗɟɣɌɳ ὼ ώ ɔɓəɚɝɔɞɔ 

ὅВ ώ ὴὼ               za ὼ ώ 

ɳɑɜ ɳɑ ɛɚɞɜɌɒɵɌ ɝɞɚɡɌɝɞɔɣɖɌ. 

ȿ ɝɗɟɣɌɳɟ x > y ɛɚɳɌɎɴɟɳɟ ɝɑ ɛɜɚɝɑɣəɑ ɓɌɗɔɡɑ, ɟ ɞɚɖɟ  ɐɑɗɌ ɛɑɜɔɚɐɌ t, ɚɐ 

ώ

ς
 

ɳɑɐɔəɔɢɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S, ɛɌ ɶɑ ɚɣɑɖɔɎɌəɔ ɞɜɚɤɖɚɎɔ ɞɔɡ 
ɓɌɗɔɡɌ ɔɓəɚɝɔɞɔ 

ὅВ ὴὼ ὅВ ὴὼ               za ὼ ώ 

ɐɚɖ ɝɑ ɟ ɞɚɖɟ  ɐɑɗɌ ɛɑɜɔɚɐɌ t ɛɚɳɌɎɴɟɳɑ ɛɜɚɝɑɣɌə əɑɐɚɝɞɌɞɌɖ ɓɌɗɔɡɌ ɚɐ 

ὼ ώ

ς
 

ɳɑɐɔəɔɢɌ ɝɔɜɚɎɔəɑ ɔɗɔ ɘɌɞɑɜɔɳɌɗəɚɏ ɝɜɑɐɝɞɎɌ S, ɛɌ ɶɑ ɞɜɚɤɖɚɎɔ ɡɔɞəɔɡ əɌɍɌɎɖɔ 
ɔɓəɚɝɔɞɔ 

ὅВ ὴὼ ὅВ ὴὼ               za ὼ ώ 

ȿ ɚɎɔɘ ɜɑɗɌɢɔɳɌɘɌ ɔɓɎɜɤɑəɌ ɳɑ ɓɌɘɑəɌ ɚɐəɚɝɌ ɔɓ (17) ɔ (18). ȺɍɟɡɎɌɞɔɘɚ ɝɎɑ ɞɜɚɤɖɚɎɑ 
ɓɌ ɚɍɌ ɝɗɟɣɌɳɌ ɟ ɳɑɐəɚɳ ɠɟəɖɢɔɳɔ, ɛɌ ɶɑɘɚ ɐɚɍɔɞɔ ɠɟəɖɢɔɳɟ ɚɣɑɖɔɎɌəɔɡ ɞɜɚɤɖɚɎɌ 

 Ὂώ ὅВ ώ ὴὼ ὅВ ὴὼ ὅВ ὴὼ (30) 



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

55 

ɣɔɳɟ ɘɔəɔɘɌɗəɟ Ɏɜɑɐəɚɝɞ ɞɜɑɍɌ əɌɶɔ. 

ȶɌɖɚ ɍɔ ɍɔɚ ɐɑɠɔəɔɝɌə ɚɣɑɖɔɎɌəɔ ɘɔəɔɘɟɘ ɞɜɚɤɖɚɎɌ ɓɌɗɔɡɌ əɑɚɛɡɚɐəɚ ɳɑ 
ɚɐɜɑɐɔɞɔ ɘɔəɔɘɟɘ  ɐɌɞɑ ɠɟɖəɖɢɔɳɑ F(y) [51] [52].  

 

2.9. ȺȽȮȼȾ ȹȬ ȷȴȾȱȼȬȾȿȼȿ 

ȽɞɚɡɌɝɞɔɣɖɚ ɚɐɗɟɣɔɎɌɵɑ ɳɑ ɛɚɛɟɗɌɜɌə ɚɐəɚɝəɚ, ɎɑɚɘɌ ɜɌɝɛɜɚɝɞɜɌɵɑə ɘɑɞɚɐ 
ɖɚɳɔ ɖɚɜɔɝɞɔ ɜɌɓəɑ ɌɗɌɞɑ ɎɑɓɌəɑ ɓɌ ɝɞɚɡɌɝɞɔɣɖɑ ɖɜɔɞɑɜɔɳɟɘɑ. Ⱥə ɳɑ ɳɑɐɌə ɚɐ 
ɘəɚɏɚɍɜɚɳəɔɡ ɟ ɟɛɚɞɜɑɍɔ ɔ ɘɚɒɑ ɛɚɝɗɟɒɔɞɔ ɖɌɚ ɔɗɟɝɞɜɌɞɔɎəɔ ɛɜɔɘɑɜ ɔ ɜɑɛɜɑɓɑəɞ. 
ȼɌɐɚɎɔ ɝɟ ɓɌɝɞɟɛɴɑəɔ ɔ ɎɑɓɌəɔ ɓɌ ɜɌɓəɑ ɝɑɏɘɑəɞɑ ɔ ɚɍɗɌɝɞɔ ɛɜɔɘɑəɑ, ɛɚɣɑɎ ɚɐ 
ɑɐɟɖɌɢɔɳɑ, ɛɜɑɖɚ ɠɔəɌəɝɔɳɌ, ɓɐɜɌɎɝɞɎɌ, ɗɚɏɔɝɞɔɖɑ, ȴȾ-Ɍ, ɛɜɚɔɓɎɚɐɵɑ, ɔɓɏɜɌɐɵɑ, 
ɑəɑɜɏɔɳɑ, ɐɚ ɓɌɤɞɔɞɑ ɒɔɎɚɞəɑ ɝɜɑɐɔəɑ. ȿ əɑɐɚɝɞɌɞɖɟ ɖɚəɖɜɑɞəɔɳɔɡ ɔ 
ɜɑɛɜɑɓɑəɞɌɞɔɎəɔɳɔɡ ɛɟɍɗɔɖɌɢɔɳɌ ɟɒɑ ɎɑɓɌəɔɡ ɓɌ ɞɑɓɟ, ɝɞɟɐɔɳɌ ɌɟɞɚɜɌ ȱ. ɂɑɗɑɖɌ, ȸ. 
ȯɟɗɌ, ȸ. ȥɟɢɔɝɑəɌ ɔ Ƚ. ȸɔɞɌ (E. Celik, M. Gul, M. Yucesan ɔ S. Mete) [79] ɘɚɒɑ ɛɚɝɗɟɒɔɞɔ 
ɖɌɚ ɔɗɟɝɞɜɌɢɔɳɌ ɞɜɑəɐɚɎɌ ɎɑɓɌəɔɡ ɓɌ ɝɞɚɡɌɝɞɔɣəɚɝɞ. ȹɌɖɚə ɛɜɚɟɣɑəɚɏ Ɏɑɗɔɖɚɏ ɍɜɚɳɌ 
ɛɟɍɗɔɖɌɢɔɳɌ, ɛɚɘɑəɟɞɔ Ɍɟɞɚɜɔ ɝɟ ɓɌɖɴɟɣɔɗɔ ɔ ɚɍɳɌɎɔɗɔ ɝɞɟɐɔɳɟ ɝɌ ɝɗɑɐɑɶɔɘ 
ɔəɐɔɖɌɞɔɎəɔɘ ɣɔɵɑəɔɢɌɘɌ ɎɑɓɌəɔɘ ɓɌ ɚɍɳɌɎɴɑəɑ ɛɟɍɗɔɖɌɢɔɳɑ ɖɚɳɑ ɝɟ ɌəɌɗɔɓɔɜɌɗɔ.  

ȿ ɚɎɚɳ ɚɍɔɘəɚɳ ɝɞɟɐɔɳɔ ɐɌɞ ɳɑ ɛɜɑɏɗɑɐ ɔ ɌəɌɗɔɓɔɜɌə ɳɑ ɟɖɟɛəɚ 61 ɜɌɐ əɌ ɚɝəɚɎɟ 
ɘɑɞɚɐɌ ɖɚɳɑ ɝɑ ɖɚɜɔɝɞɑ ɛɜɔ ɝɞɚɡɌɝɞɔɣɖɚɘ ɛɜɚɍɗɑɘɟ ɚɐɗɟɣɔɎɌɵɌ, ɘɑɞɚɐɌɘɌ 
ɖɚɜɔɤɶɑəɔɡ ɟ ɝɞɚɡɌɝɞɔɣəɚɝɞɔ, ɝɛɑɢɔɠɔɣəɚɝɞɔ ɢɔɴɌ ɔ ɚɍɗɌɝɞɔ ɛɜɔɘɑəɑ ɔ ɞɌɖɚ ɐɌɴɑ. 
ȺɎɌ ɐɑɞɌɴəɌ ɛɜɑɏɗɑɐəɌ ɝɞɟɐɔɳɌ ɚɘɚɏɟɶɌɎɌ ɍɚɴɑ ɜɌɓɟɘɑɎɌɵɑ ɝɞɚɡɌɝɞɔɣɖɚɏ ɚɐɗɟɣɔɎɌɵɌ 
ɔɝɞɜɌɒɔɎɌɣɔɘɌ ɖɚɳɔ ɝɑ ɍɌɎɑ ɚɎɚɘ ɞɑɘɚɘ, əɌ ɞɌɳ əɌɣɔə ɤɞɚ ɳɑ ɟ ɌəɌɗɔɓɔ ɛɜɔɖɌɓɌəɌ 
əɌɳəɚɎɔɳɌ ɗɔɞɑɜɌɞɟɜa ɔ ɛɚɞɑəɢɔɳɌɗəɑ ɔɝɞɜɌɒɔɎɌɣɖɑ ɚɍɗɌɝɞɔ ɖɚɳɑ ɶɑ ɍɔɞɔ ɟ ɠɚɖɟɝɟ ɟ 
ɍɗɔɝɖɚɳ ɍɟɐɟɶəɚɝɞɔ. Ȼɜɔɘɑɶɟɳɟ ɐɌ ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɔɝɞɟɛɔ ɛɜɚɍɗɑɘɔɘɌ ɍɔɎɌɳɟ ɝɎɑ 
ɛɚɛɟɗɌɜɌəɔɳɔ ɚɐ ɝɞɜɌəɑ ɔɝɞɜɌɒɔɎɌɣɌ. ȹɌ ɛɜɔɘɑɜ Ⱦ. ȾɑɜɎɚəɑə ɔ ȥ. ɀɔɏɑɳɜɌ (T. Tervonen 
ɔ J. R. Figueira) [80] ɝɟ ɛɜɑɓɑəɞɚɎɌɗɔ ɚɛɝɑɒɌə ɛɜɑɏɗɑɐ ɗɔɞɑɜɌɞɟɜɑ ɘɑɞɚɐɌ ɔ ɚɛɔɝɌɗɔ 
ɚɍɳɑɐɔɵɑəɑ ɝɞɚɡɌɝɞɔɣɖɑ ɘɑɞɚɐɑ ɌəɌɗɔɓɑ ɛɜɔɡɎɌɞɴɔɎɚɝɞɔ ɝɌ Ɏɔɤɑ ɖɜɔɞɑɜɔɳɟɘɌ. 
ȽɞɟɐɔɳɌ ɚɍɟɡɎɌɞɌ ɗɔɞɑɜɌɞɟɜɟ ɌɖɌɐɑɘɝɖɑ ɍɌɓɑ ɛɚɐɌɞɌɖɌ ɟ ɛɑɜɔɚɐɟ ɚɐ 1996. ɐɚ ɐɑɢɑɘɍɜɌ 
2018. ȽɛɜɚɎɑɐɑəɌ ɳɑ ɤɔɜɚɖɌ ɛɜɑɞɜɌɏɌ ɛɚ ɖɴɟɣəɔɘ ɜɑɣɔɘɌ, ɌɛɝɞɜɌɖɞɟ ɔ əɌɝɗɚɎɟ 
əɌɟɣəɔɡ ɜɌɐɚɎɌ. ȶɴɟɣəɑ ɍɔɍɗɔɚɞɑɣɖɑ ɍɌɓɑ ɛɚɐɌɞɌɖɌ ɖɚɳɑ ɝɟ ɖɚəɝɟɗɞɚɎɌəɑ ɝɟ:   
Springer, Science Direct, Wiley, Taylor & Francis, Emerald, Hindawi, ASME, MDPI, World 
Scientific, ɔ IEEE, ɖɚɳɑ ɛɚɖɜɔɎɌɳɟ Ɏɑɶɔəɟ ɜɌɐɚɎɌ ɖɚɳɔ ɝɑ ɖɚɜɔɝɞɑ ɞɚɖɚɘ ɛɜɚɢɑɝɌ 
ɛɜɑɏɗɑɐɌ. ȳɌ ɔɝɛɔɞɔɎɌɵɑ, ɖɗɌɝɔɠɔɖɌɢɔɳɟ ɔ ɐɚɖɟɘɑəɞɚɎɌɵɑ ɜɌɐɚɎɌ ɛɜɑɘɌ 
ɖɜɔɞɑɜɔɳɟɘɔɘɌ: ɏɚɐɔəɌ, ɣɌɝɚɛɔɝ, ɓɑɘɴɌ, ɖɚɜɔɤɶɑəɌ ɘɑɞɚɐɌ, ɝɛɑɢɔɠɔɣəɚɝɞɔ, ɚɍɗɌɝɞ 
ɟɛɚɞɜɑɍɑ ɖɚɜɔɤɶɑə ɳɑ ɑɖɝɑɗ (Exel) ɛɜɚɏɜɌɘɝɖɔ ɛɌɖɑɞ.  

ȻɜɑɘɌ ɝɞɟɐɔɳɔ ɎɑɶɔəɌ ɌəɌɗɔɓɔɜɌəɔɡ ɜɌɐɚɎɌ ɚɐ 93 % ɛɜɔɛɌɐɌ ɣɗɌəɢɔɘɌ ɟ 
ɣɌɝɚɛɔɝɔɘɌ, ɳɑɐɌə ɍɜɚɳ ɚɐ 5% ɳɑ ɛɜɑɐɝɞɌɎɴɑə ɟ ɚɐɌɍɜɌəɔɘ ɖɚəɏɜɑɝəɔɘ ɓɍɚɜəɔɢɔɘɌ, Ɍ 
Ɏɜɗɚ ɘɌɗɚ 2% ɳɑ ɚɍɳɌɎɴɑəɚ ɖɌɚ ɛɚɏɗɌɎɴɑ ɟ ɖɵɔɓɔ [79], ɤɞɚ ɳɑ ɛɜɔɖɌɓɌəɚ əɌ əɌɜɑɐəɚɳ 
ɝɗɔɢɔ 2.16. 
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ȽɗɔɖɌ 2.16. ȯɜɌɠɔɣɖɔ ɛɜɔɖɌɓ ɛɜɚɢɑəɞɟɌɗəɚɏ ɟɐɑɗɌ əɌɣɔəɌ ɛɟɍɗɔɖɚɎɌɵɌ ɘɌɞɑɜɔɳɌɗɌ 

ɚɍɟɡɎɌɶɑəɚɏ ɝɞɟɐɔɳɚɘ (əɌ ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɝɞɟɐɔɳɑ ɔɓɜɌɐɔɚ Ɍɟɞɚɜ) 

ȳɌɞɔɘ, ɛɜɔɖɌɓɌəɌ ɳɑ ɐɔɝɞɜɔɍɟɢɔɳɌ ɍɜɚɳɌ ɜɌɐɚɎɌ ɔ ɝɞɟɐɔɳɌ ɞɚɖɚɘ ɛɑɜɔɚɐɌ ɚɐ 1996. 
ɏɚɐɔəɑ ɐɚ ɖɜɌɳɌ 2018. ɏɚɐɔəɑ ɖɜɚɓ ɜɑɏɜɑɝɔɚəɟ ɌəɌɗɔɓɟ ɖɌɚ ɤɞɚ ɳɑ ɛɜɔɖɌɓɌəɚ əɌ ɝɗɔɢɔ 
2.17.   

 
ȽɗɔɖɌ 2.17. ȯɜɌɠɔɣɖɔ ɛɜɔɖɌɓ ɐɔɝɞɜɔɍɟɢɔɳɑ ɜɌɐɚɎɌ ɓɌ ɛɑɜɔɚɐ ɚɍɟɡɎɌɶɑə ɌəɌɗɔɓɚɘ (əɌ 

ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɝɞɟɐɔɳɑ ɔɓɜɌɐɔɚ Ɍɟɞɚɜ) 

ȹɌ ɏɜɌɠɔɖɚəɟ ɝɗɔɖɑ 2.17. ɗɌɖɚ ɝɑ ɘɚɒɑ ɛɜɑɛɚɓəɌɞɔ ɞɜɑəɐ ɖɚɳɔɘ ɳɑ əɌɖɚə ɛɌɐɌ ɟ 
2012. ɏɚɐɔəɑ ɐɚɤɗɚ ɐɚ ɓəɌɞəɚɏ ɛɚɜɌɝɞɌ ɚɍɳɌɎɴɔɎɌɵɌ ɜɌɐɚɎɌ. ȿɖɚɗɔɖɚ ɝɑ ɛɚɝɘɌɞɜɌ 
ɟɖɟɛəɔ ɛɑɜɔɚɐ ɛɚɝɞɚɳɔ ɔ ɎɔɐɴɔɎ ɳɑ ɳɌɝɌə ɞɜɑəɐ ɜɌɝɞɌ. Ȼɜɑɏɗɑɐ ɗɔɞɑɜɌɞɟɜɑ ɳɑ 
ɖɗɌɝɔɠɔɖɚɎɌə ɔ ɛɜɑɘɌ ɓɑɘɴɔ ɛɚɜɑɖɗɌ, ɤɞɚ ɳɑ ɛɜɑɐɝɞɌɎɴɑəɚ ɏɜɌɠɔɣɖɔ əɌ ɝɗɔɢɔ 2.18. 
ȿɚɣɴɔɎɚ ɳɑ ɐɌ ȶɔəɌ ɐɌɳɑ ɞɜɑɶɔəɟ (36%) ɝɎɔɡ ɜɑɗɑɎɌəɞəɔɡ ɜɌɐɚɎɌ. ȳɌɞɔɘ ɝɗɑɐɑ ȽȬȰ, 
ȶɌəɌɐɌ, ȴɜɌə, ȻɚɴɝɖɌ ɔ ɚɝɞɌɗɑ ɓɑɘɴɑ [79]. 
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ȽɗɔɖɌ 2.18. ȯɜɌɠɔɣɖɔ ɛɜɔɖɌɓ ɛɜɚɢɑəɞɟɌɗəɚɏ ɟɐɑɗɌ ɓɑɘɌɴɌ ɛɚɜɑɖɗɌ ɛɟɍɗɔɖɌɢɔɳɌ 

ɚɍɟɡɎɌɶɑəɔɡ ɝɞɟɐɔɳɚɘ (əɌ ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɝɞɟɐɔɳɑ ɔɓɜɌɐɔɚ Ɍɟɞɚɜ) 

ȯɗɑɐɌəɚ ɛɜɑɘɌ ɚɍɗɌɝɞɔɘɌ ɛɜɔɘɑəɑ, ɠɔəɌəɝɔɳɑ ɓɌɟɓɔɘɌɳɟ Ɏɑɗɔɖɔ ɍɜɚɳ 
ɚɍɜɌɭɑəɔɡ ɛɟɍɗɔɖɌɢɔɳɌ [79]. Ⱥɖɚ ɞɜɑɶɔəɑ ɟɖɟɛəɔɡ ɜɌɐɚɎɌ ɠɚɖɟɝɔɜɌəɚ ɳɑ əɌ ɚɎɟ 
ɚɍɗɌɝɞ ɛɜɔɘɑəɑ, ɤɞɚ ɝɑ ɘɚɒɑ ɳɌɝəɚ ɟɚɣɔɞɔ əɌ əɌɜɑɐəɚɘ ɏɜɌɠɔɖɚəɟ  əɌ ɝɗɔɢɔ 2.19. 

 
ȽɗɔɖɌ 2.19. ȯɜɌɠɔɣɖɔ ɛɜɔɖɌɓ ɟɐɑɗɌ ɟ ɚɍɗɌɝɞɔɘɌ ɛɜɔɘɑəɑ ɚɍɜɌɭɑəɔɡ ɛɟɍɗɔɖɌɢɔɳɌ (əɌ 

ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɝɞɟɐɔɳɑ ɔɓɜɌɐɔɚ Ɍɟɞɚɜ) 

ȿ ɑɖɚəɚɘɝɖɚɳ ɝɠɑɜɔ ɖɚəɢɑəɞɜɔɝɌəɔ ɝɟ əɌ ɚɐɜɑɭɑəɑ ɛɜɚɍɗɑɘɑ ɖɌɚ ɤɞɚ ɝɟ ɔɓɍɚɜ 
ɔəɎɑɝɞɔɢɔɚəɔɡ ɛɜɚɳɑɖɌɞɌ, ɔɓɍɚɜ ɛɜɚɳɑɖɞɌ ɓɌ ɜɌɓɎɚɳ ɜɌɣɟəɌɜɌ, ɔɓɍɚɜ ɗɟɖɝɟɓəɔɡ 
ɌɟɞɚɘɚɍɔɗɌ, ɖɜɑɐɔɞəɌ ɛɜɚɢɑəɌ, ɔɓɍɚɜ ɛɜɑɐɟɓɑɶɌ ɔ ɛɜɚɢɑəɌ ɔəɎɑɝɞɔɢɔɳɌ ɍɌəɖɑ. ȶɌɚ 
ɛɚɐɜɟɣɳɑ ɔɓɟɣɌɎɌɵɌ ɔ ɛɜɔɘɑəɑ ɔɓɐɎɌɳɌ ɝɑ ɔ ɚɍɗɌɝɞ ɓɌɤɞɔɞɌ ɒɔɎɚɞəɑ ɝɜɑɐɔəɑ ɝɌ ɝɖɚɜɚ 
ɛɑɞɔəɚɘ ɟɖɟɛəɔɡ ɜɌɐɚɎɌ. ȳɌɞɔɘ ɝɗɑɐɑ ɑəɑɜɏɔɳɌ, ɏɜɌɭɑɎɔəɌ, ɔəɠɚɜɘɌɢɔɚəɑ 
ɞɑɡəɚɗɚɏɔɳɑ ɔ ɗɚɏɔɝɞɔɖɌ ɖɌɚ ɎɑɜɚɎɌɞəɚ əɌɳɐɑɗɔɖɌɞəɔɳɑ ɐɔɝɢɔɛɗɔəɑ. Ȱɜɟɏɑ ɚɍɗɌɝɞɔ 
ɛɜɔɘɑəɑ ɖɌɚ ɤɞɚ ɝɟ ɛɜɚɔɓɎɚɐɵɌ, ɚɍɜɌɓɚɎɌɵɑ ɔ ɓɐɜɌɎɝɞɎɑəɌ ɓɌɤɞɔɞɌ ɜɑɭɑ ɝɟ ɍɔɜɌəɑ ɟ 
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ɝɘɔɝɗɟ ɝɞɚɡɌɝɞɔɣɖɚ Ɏɔɤɑɖɜɔɞɑɜɔɳɟɘɝɖɚɏ ɚɐɗɟɣɔɎɌɵɌ. ȱɘɛɔɜɔɳɝɖɑ ɝɞɟɐɔɳɑ ɝɟ 
ɛɜɑɐɝɞɌɎɴɑəɑ ɟ 21% ɟɖɟɛəɔɡ ɜɌɐɚɎɌ ɍɑɓ ɝɎɜɝɞɌɎɌɵɌ ɎɑɓɌəɔɡ ɓɌ ɛɜɔɘɑəɟ ɟ ɝɞɎɌɜəɚɘ 
ɝɎɑɞɟ ɔ ɟɍɜɚɳɑəɔ ɝɟ ɚɐ ɝɞɜɌəɑ ɌɟɞɚɜɌ ɝɞɟɐɔɳɑ ɟ ɏɜɟɛɟ ɝɌ ɚɓəɌɖɚɘ ɚɝɞɌɗɚ [79]. 

  
ȽɗɔɖɌ 2.20. ȯɜɌɠɔɣɖɔ ɛɜɔɖɌɓ ɍɜɚɳɌ ɚɍɳɌɎɴɑəɔɡ ɜɌɐɚɎɌ ɚɍɟɡɎɌɶɑəɔɡ ɝɞɟɐɔɳɚɘ ɟ 

ɚɐəɚɝɟ əɌ ɣɌɝɚɛɔɝɑ (əɌ ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɝɞɟɐɔɳɑ ɔɓɜɌɐɔɚ Ɍɟɞɚɜ) 

ȶɌɐɌ ɳɑ ɜɑɣ ɚ ɍɜɚɳɟ ɚɍɳɌɎɴɑəɔɡ ɜɌɐɚɎɌ ɟ ɚɐəɚɝɟ əɌ ɣɌɝɚɛɔɝɑ, ɜɑɓɟɗɞɌɞɔ ɝɟ 
ɛɜɑɐɝɞɌɎɴɑəɔ ɏɜɌɠɔɖɚəɚɘ əɌ ɝɗɔɢɔ 2.20. ȻɜɎɌ ɣɑɞɔɜɔ ɝɟ: European Journal of 
Operations Research ɝɌ əɌɳɎɔɤɑ ɛɟɍɗɔɖɌɢɔɳɌ, ɓɌɞɔɘ Mathematical Problems in 
Engineering, Computers and Industrial Engineering ɔ Knowledge-Based Systems , Ɍ ɓɌɞɔɘ 
ɝɗɑɐɑ ɚɝɞɌɗɔ. ȿ ɗɔɞɑɜɌɞɟɜɔ, ɔɝɞɜɌɒɔɎɌɣɔ ɝɟ ɟɏɗɌɎəɚɘ ɛɜɑɐɝɞɌɎɴɌɗɔ ɑɘɛɔɜɔɳɝɖɑ 
ɝɞɟɐɔɳɑ, Ɍ əɑ ɝɞɎɌɜəɑ, ɜɑɌɗəɑ ɝɞɟɐɔɳɟ ɝɗɟɣɌɳɌ [79].  

Ȭɟɞɚɜɔ ɓɌɖɴɟɣɟɳɟ ɐɌ ɝɟ ɟ ɚɎɚɳ ɝɞɟɐɔɳɔ ɛɜɑɐɝɞɌɎɔɗɔ ɝɎɑɚɍɟɡɎɌɞɌə ɛɜɑɏɗɑɐ 
ɌɛɗɔɖɌɢɔɳɌ ɔ ɛɜɔɝɞɟɛɌ ɟ ɝɞɚɡɌɝɞɔɣɖɚɘ ɚɐɗɟɣɔɎɌɵɟ. ȶɚəɝɞɌɞɟɳɟ ɛɚɎɑɶɌɵɑ, ɛɚɝɗɑɐɵɔɡ 
ɏɚɐɔəɌ ɚɍɟɡɎɌɶɑəɔɡ ɝɞɟɐɔɳɚɘ, ɛɚɛɟɗɌɜəɚɝɞɔ ɤɔɜɚɖɚɏ ɝɛɑɖɞɜɌ ɌɛɗɔɖɌɢɔɳɌ ɔ 
ɛɜɔɝɞɟɛɌ, ɓɍɚɏ ɝɛɚɝɚɍəɚɝɞɔ ɔɘɛɗɑɘɑəɞɌɢɔɳɑ Ɏɔɤɑɝɞɑɛɑəɑ ɐɎɚɝɘɔɝɗɑəɚɝɞɔ ɔ 
əɑɝɔɏɟɜəɚɝɞɔ. ȹɌɏɗɌɤɌɎɌɳɟ ɐɌ ɝɟ ɝɞɟɐɔɳɚɘ ɐɚɛɜɔəɑɗɔ ɔ ɛɜɔɖɌɓɌɗɔ ɝɞɌɎɚɎɑ ɟ 
ɗɔɞɑɜɌɞɟɜɔ ɖɚɳɔ ɝɑ ɞɔɣɟ ɛɜɔɝɞɟɛɌ ɝɞɚɡɌɝɞɔɣɖɚɏ ɚɐɗɟɣɔɎɌɵɌ ɟ ɔəɞɑɏɜɔɝɌɵɟ ɝɌ 
ɝɞɚɡɌɝɞɔɣɖɔɘ ɛɌɜɌɘɑɞɜɔɘɌ, ɛɜɑɐɝɞɌɎɴɌɵɟ ɘɑɞɚɐɌ ɖɚɜɔɤɶɑəɔɡ ɓɌ ɝɞɚɡɌɝɞɔɣɖɚ 
ɚɐɗɟɣɔɎɌɵɑ ɔ ɚɐɜɑɭɑə ɳɑ ɞɜɑəɐ ɜɌɝɞɌ ɝɞɚɡɌɝɞɔɣɖɚɏ ɚɐɗɟɣɔɎɌɵɌ ɟ ɍɟɐɟɶəɚɝɞɔ [79]. 

2.9.1. Ȼɜɔɘɑɜɔ ɟ ɜɟɐɌɜɝɞɎɟ 

ȽɞɚɡɌɝɞɔɣɖɔ ɝɔɝɞɑɘɔ ɔɏɜɌɳɟ ɝɎɑ Ɏɑɶɟ ɔ ɓəɌɣɌɳəɔɳɟ ɟɗɚɏɟ ɟ ɚɍɗɌɝɞɔ ɜɟɐɌɜɝɎɌ ɛɌ 
ɞɌɖɚ ɔ ɟ ɛɜɔɛɜɑɘɔ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɏɐɑ ɔɝɖɚɛɌɎɌɵɑ, ɛɜɑɜɌɐɌ ɔ ɛɜɑɣɔɤɶɌɎɌɵɑ 
ɘɔəɑɜɌɗɌ ɐɚɍɔɳɑəɔɡ ɔɓ ɜɟɐɑ ɣɑɝɞɚ ɟɖɴɟɣɟɳɟ ɝɗɚɒɑəɑ ɔ əɑɔɓɎɑɝəɑ ɛɜɚɢɑɝɑ. 
ȽɞɚɡɌɝɞɔɣɖɔ ɝɔɝɞɑɘɔ ɔ ɘɑɞɚɐɑ ɝɟ ɔəɝɞɜɟɘɑəɞ ɟ ɜɑɤɌɎɌɵɟ ɎɌɜɔɳɌɍɔɗəɚɝɞɔ ɔ 
ɝɗɟɣɌɳəɚɝɞɔ ɖɚɳɑ ɝɑ Ɏɑɓɟɳɟ ɓɌ ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ ɜɟɐɑ, ɵɔɡɚɎɑ ɟɓɌɳɌɘəɑ ɠɔɓɔɣɖɑ ɔ ɡɑɘɔɳɝɖɑ 
ɟɞɔɢɌɳɑ, ɛɜɑɖɚ ɛɑɜɠɚɜɘɌəɝɔ ɚɛɜɑɘɑ, ɛɌ ɝɎɑ ɐɚ ɠɌɖɞɚɜɌ ɎɑɓɌəɔɡ ɓɌ ɒɔɎɚɞəɟ ɝɜɑɐɔəɟ. 
ȽɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɝɑ ɘɚɏɟ ɖɚɜɔɝɞɔɞɔ ɓɌ ɚɛɞɔɘɔɓɌɢɔɳɟ ɝɎɔɡ ɛɜɚɢɑɝɌ ɘɗɑɎɑɵɌ, 
ɠɗɚɞɌɢɔɳɑ, ɗɟɒɑɵɌ ɔɞɐ, ɟɓɔɘɌɳɟɶɔ ɟ ɚɍɓɔɜ ɎɌɜɔɳɌɢɔɳɑ ɟ ɖɎɌɗɔɞɑɞɟ ɜɟɐɑ, ɐɔɝɞɜɔɍɟɢɔɳɑ 
Ɏɑɗɔɣɔəɑ ɣɑɝɞɔɢɌ, ɡɑɘɔɳɝɖɚɘ ɔ ɘɔəɑɜɌɗɚɤɖɚɘ ɝɌɝɞɌɎɟ. ȸɚɏɟ ɛɚɘɚɶɔ ɟ ɛɜɑɐɎɔɭɌɵɟ ɔ 
ɚɜɏɌəɔɓɚɎɌɵɟ ɚɐɜɒɌɎɌɵɌ ɚɛɜɑɘɑ ɟɓɔɘɌɳɟɶɔ ɟ ɚɍɓɔɜ ɡɌɍɌɵɑ ɔ ɖɎɌɜɚɎɑ ɖɌɚ ɝɗɟɣɌɳəɑ 
ɐɚɏɌɭɌɳɑ, ɣɔɘɑ ɝɘɌɵɟɳɟ ɓɌɝɞɚɳɑ ɔ ɡɌɎɌɜɔɳɑ. ȽɔɘɟɗɌɢɔɳɚɘ ɐɔɝɛɑɜɓɔɳɑ ɓɌɏɌɭɔɎɌɣɌ ɔ 
ɛɜɚɢɑəɚɘ ɵɔɡɚɎɚɏ ɛɚɞɑəɢɔɳɌɗəɚɏ ɟɞɔɢɌɳɌ əɌ ɚɖɚɗəɑ ɑɖɚɝɔɝɞɑɘɑ ɘɚɏɟ ɛɚɘɚɶɔ ɟ 
ɛɜɚɢɑəɔ ɟɞɔɢɌɳɌ əɌ ɒɔɎɚɞəɟ ɝɜɑɐɔəɟ. Ȼɜɔɘɑəɚɘ ɝɞɚɡɌɝɞɔɣɖɔɡ ɝɔɝɞɑɘɌ ɟ ɛɜɚɢɑɝɔɘɌ 
ɔ ɛɚɝɞɜɚɳɑɵɔɘɌ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɘɚɏɟ ɐɚɎɑɝɞɔ ɐɚ ɛɚɎɑɶɌɵɌ 
ɑɠɔɖɌɝəɚɝɞɔ ɔ ɝɘɌɵɑɵɌ ɞɜɚɤɖɚɎɌ. 
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ȿ ɝɌɐɌɤɵɑɘ Ɏɜɑɘɑəɟ əɔɳɑ ɘɚɏɟɶɑ ɓɌɘɔɝɗɔɞɔ ɒɔɎɚɞ ɍɑɓ ɘɚɐɑɜəɔɡ ɞɑɡəɚɗɚɏɔɳɌ, 
ɛɜɑ ɝɎɑɏɌ ɜɌɣɟəɌɜɌ ɟ ɝɎɔɘ ɚɍɗɔɢɔɘɌ, ɌɛɗɔɖɌɢɔɳɌɘɌ ɔ ɔəɠɚɜɘɌɢɔɚəɔɡ ɞɑɡəɚɗɚɏɔɳɌ. 
ȻɚɞɜɌɒɵɌ ɓɌ ɝɚɠɞɎɑɜɚɘ ɐɚɝɞɔɒɑ Ɏɜɡɟəɢɑ Ɍ ɍɜɚɳ ɴɟɐɔ ɖɚɳɔ ɔɘɌɳɟ ɓəɌɵɌ ɐɌ ɏɌ ɚɝɘɔɝɗɑ 
ɔ əɌɛɜɌɎɑ əɔɳɑ ɞɌɖɚ Ɏɑɗɔɖɔ. ȿɛɜɌɎɚ ɞɌɖɎɔ ɴɟɐɔ ɖɚɳɔ ɜɌɓɎɔɳɌɳɟ ɝɚɠɞɎɑɜɑ, ɌɛɗɔɖɌɢɔɳɑ, 
Ɍɗɏɚɜɔɞɘɑ, ɛɜɚɏɜɌɘɝɖɑ ɛɌɖɑɞɑ, ɘɚɐɑɗɑ ɍɌɎɑ ɝɑ ɛɚɝɗɚɘ ɖɚɳɔ ɳɑ ɛɚɝɗɑɐɵɔɡ ɏɚɐɔəɌ ɳɑɐɌə 
ɚɐ əɌɳɐɔəɌɘɔɣəɔɳɔɡ ɛɚɝɗɚɎɌ əɌ ɝɎɑɞɟ. ȰɔəɌɘɔɖɌ ɝɑ əɑ ɚɏɗɑɐɌ ɟ ɞɚɘɑ ɖɚɗɔɖɚ ɞɜɑɍɌ 
ɠɔɓɔɣɖɔ ɍɔɞɔ ɌɖɞɔɎɌə, Ɏɑɶ ɖɚɗɔɖɚ ɳɑ ɛɚɞɜɑɍəɚ ɟɗɚɒɔɞɔ ɞɜɟɐɌ ɖɌɖɚ ɍɔ ɝɑ ɔɝɛɜɌɞɔɚ 
ɜɌɓɎɚɳ ɝɎɔɡ ɞɑɡəɚɗɚɏɔɳɌ ɟɓ ɣɔɳɟ ɛɚɘɚɶ ɝɑ ɜɌɓɎɔɳɌɳɟ ɜɌɓəɑ Ɏɜɝɞɑ ɝɚɠɞɎɑɜɌ.  

ȶɚɘɛɗɑɖɝəɚɤɶɟ ɞɑɡəɚɗɚɤɖɔɡ ɛɚɝɞɟɛɌɖɌ ɔ ɛɜɚɢɑɝɌ, ɖɌɚ ɛɚɝɗɑɐɔɢɌ ɎɑɚɘɌ 
ɓəɌɣɌɳəɚɏ ɍɜɚɳɌ ɟɞɔɢɌɳəɔɡ ɠɌɖɞɚɜɌ ɚɐɗɔɖɟɳɑ ɝɑ ɝɌɎɜɑɘɑəɚ ɜɟɐɌɜɝɞɎɚ ɟ ɝɖɗɚɛɟ ɖɚɏɌ ɳɑ 
ɔ ɠɗɚɞɌɢɔɳɌ ɚɐəɚɝəɚ ɛɜɔɛɜɑɘɌ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ. ȹɑɚɛɡɚɐəɚ ɳɑ ɍɔɞɔ ɎɑɚɘɌ 
ɚɛɜɑɓɌə ɛɜɔ ɚɐɗɟɣɔɎɌɵɟ ɟ ɚɎɚɳ ɚɍɗɌɝɞɔ ɔəɐɟɝɞɜɔɳɑ [81]. 

ȸɚɐɑɜəɚ ɜɟɐɌɜɝɞɎɚ ɝɟɚɣɌɎɌ ɝɑ ɝɌ əɑɛɜɑɝɞɌəɔɘ ɛɜɚɢɑɝɚɘ ɟɝɗɚɒɵɌɎɌɵɌ ɔ ɝɎɑ 
ɝɟɜɚɎɔɳɔɘ ɟɝɗɚɎɔɘɌ ɛɚɝɗɚɎɌɵɌ. Ƚɛɚɝɚɍəɚɝɞ ɜɑɌɗɔɓɚɎɌɵɌ ɛɜɑ ɝɎɑɏɌ ɑɖɚəɚɘɝɖɑ ɐɚɍɔɞɔ 
Ɍɗɔ ɔ ɐɜɟɏɔɡ ɢɔɴɑɎɌ ɎɑɓɌəɔɡ ɓɌ ɜɟɐɌɜɝɖɑ ɌɖɞɔɎəɚɝɞɔ ɳɑ ɟ ɖɚəɝɞɌəɞəɚɘ ɛɚɏɚɜɤɌɵɟ. 
ȺɎɚ ɝɑ ɛɜɑ ɝɎɑɏɌ ɚɏɗɑɐɌ ɟ ɚɛɌɐɌɵɟ ɖɎɌɗɔɞɑɞɌ ɝɌɘɔɡ ɗɑɒɔɤɞɌ ɖɚɳɌ ɝɑ ɑɖɝɛɗɚɌɞɔɤɟ, ɖɌɚ 
ɔ ɜɑɝɛɑɖɞɌɍɔɗəɚɳ ɖɚɗɔɣɔəɔ əɑɔɓɎɑɝəɚɝɞɔ ɝɛɚɳɑəɑ ɝɌ ɑɖɚəɚɘɝɖɔɘ, ɏɑɚɗɚɤɖɔɘ ɔ əɌ 
ɖɜɌɳɟ ɝɌ ɞɑɡəɔɣɖɔɘ ɛɚɖɌɓɌɞɑɴɔɘɌ ɔ ɖɚɘɛɚəɑəɞɌɘɌ ɛɜɚɔɓɎɚɐɵɑ. ȿ ɚɎɌɖɚ ɝɗɚɒɑəɔɘ ɔ 
ɝɛɑɢɔɠɔɣəɔɘ ɟɝɗɚɎɔɘɌ ɓɌ ɛɚɝɗɚɎɌɵɑ, ɖɌɚ ɛɚɞɜɑɍɌ, əɌɘɑɶɟ ɝɑ ɘɌɞɑɘɌɞɔɣɖɔ ɘɚɐɑɗɔ, 
ɖɚɳɔ ɝɟ ɖɚɘɛɑɞɑəɞəɔ ɐɌ ɚɐɏɚɎɚɜɑ əɌ ɍɜɚɳəɑ ɔɓɌɓɚɎɑ, ɞɌɣəɔɳɑ ɟ ɘɚɏɟɶəɚɝɞɔ ɝɟ  ɐɌ ɛɜɟɒɑ 
ɔ ɚɍɑɓɍɑɐɑ ɚɛɞɔɘɌɗəɌ ɜɑɤɑɵɌ ɟɓ ɓɌɏɌɜɌəɞɚɎɌəɚ əɌɳɑɠɔɖɌɝəɔɳɑ ɔɝɛɟɵɑɵɑ ɓɌɢɜɞɌəɔɡ 
ɔɗɔ ɛɜɚɳɑɖɞɚɎɌəɔɡ ɢɔɴɑɎɌ. Ȱɚ ɝɌɐɌ ɖɚɜɔɤɶɑəɌ ɖɚəɎɑəɢɔɚəɌɗəɌ ɝɞɌəɚɎɔɤɞɌ 
ɚɛɞɔɘɔɓɌɢɔɳɑ ɔ ɛɗɌəɔɜɌɵɌ ɟ ɛɚɝɗɚɎɔɘɌ ɎɑɓɌəɔɘ ɓɌ ɜɟɐɌɜɝɖɑ ɌɖɞɔɎəɚɝɞɔ ɍɌɓɔɜɌəɔ  ɝɟ 
əɌ ɌɗɏɚɜɔɞɘɔɘɌ, ɖɜɑɔɜɌəɔɘ ɔ ɟɝɛɚɝɞɌɎɴɑəɔɘ ɝɜɑɐɔəɚɘ ɐɎɌɐɑɝɑɞɚɏ ɎɑɖɌ, ɝɌ 
ɓɌɳɑɐəɔɣɖɚɘ ɖɌɜɌɖɞɑɜɔɝɞɔɖɚɘ, ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔɘ ɛɜɔɝɞɟɛɚɘ ɛɜɔ ɜɌɓɘɌɞɜɌɵɟ ɔ 
ɠɚɜɘɟɗɔɝɌɵɟ ɘɑɜɚɐɌɎəɔɡ ɟɗɌɓəɔɡ ɛɌɜɌɘɑɞɌɜɌ [74] [82].  

ȿ ɛɚɝɗɑɐɵɑ Ɏɜɑɘɑ ɟ ɟɓɗɌɓəɚɳ ɛɟɞɌɵɔ ɳɑ ɜɌɓɎɚɳ ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɚɐɑɗɌ 
ɚɛɞɔɘɔɓɌɢɔɳɑ ɟ ɜɑɤɌɎɌɵɟ ɝɞɚɡɌɝɞɔɣɖɔɡ ɛɜɚɍɗɑɘɌ ɟ ɜɟɐɌɜɝɖɚɳ ɔəɐɟɝɞɜɔɳɔ, ɤɞɚ ɝɑ 
ɚɏɗɑɐɌ ɖɜɚɓ ɘɚɐɑɗɑ ɓɌ ɑɠɔɖɌɝəɔɳɑ ɜɑɤɌɎɌɵɑ ɛɜɚɍɗɑɘɌ ɚɛɞɔɘɔɓɌɢɔɳɑ ɳɌɘɑ ɐɚ ɛɌɖɑɞɌ 
ɛɗɌəɔɜɌɵɌ ɜɟɐəɔɖɌ. ȿɖɌɓɟɳɟ əɌ ɎɌɒəɚɝɞ ɘɌɞɑɘɌɞɔɣɖɚɏ ɘɚɐɑɗɚɎɌɵɌ ɔ ɛɜɔɘɑəɑ 
ɖɚɘɛɳɟɞɑɜɝɖɔɡ ɌɛɗɔɖɌɢɔɳɌ ɛɜɔ ɝɞɚɡɌɝɞɔɣɖɚɘ ɛɜɔɝɞɟɛɟ ɚɛɞɔɘɔɓɌɢɔɳɑ ɑɖɝɛɗɚɌɞɌɢɔɳɑ 
ɖɚɛɚɎɌ [49]. 

ȶɌɖɚ ɍɔ ɛɜɚɢɑɝɔ ɍɔɗɔ ɑɠɔɖɌɝəɔɳɔ, ɘɚɏɟ ɝɑ ɛɜɔɘɑəɔɞɔ ɜɌɓɗɔɣɔɞɑ ɘɑɞɚɐɑ ɖɚɳɑ 
əɟɐɑ ɳɑɐəɚɝɞɌɎəɔɳɑ ɛɚɝɞɟɛɖɑ ɚɐɗɟɣɔɎɌɵɌ [81]. ȿ ɝɎɚɳɚɳ ɐɚɖɞɚɜɝɖɚɳ ɐɔɝɑɜɞɌɢɔɳɔ Ȱ. 
ȽɞɑɎɌəɚɎɔɶ ăȼɌɓɎɚɳ ɘɚɐɑɗɌ ɓɌ ɝɞɚɡɌɝɞɔɣɖɚ ɛɗɌəɔɜɌɵɑ ɟɛɜɌɎɴɌɵɌ ɖɎɌɗɔɞɑɞɚɘ ɟɏɴɌ əɌ 
ɛɚɎɜɤɔəɝɖɔɘ ɖɚɛɚɎɔɘɌò, ɔɝɞɜɌɒɟɳɑ ɔ ɜɌɓɘɌɞɜɌ ɟɛɚɞɜɑɍɟ ɝɞɚɡɌɝɞɔɣɖɔɡ 
ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɚɐɑɗɌ, ɟ ɛɜɚɢɑɝɔɘɌ ɛɗɌəɔɜɌɵɌ ɔ ɚɛɞɔɘɔɓɌɢɔɳɑ ɖɚɳɔ ɝɟ ɎɑɓɌəɔ ɓɌ 
ɛɚɎɜɤɔəɝɖɑ ɖɚɛɚɎɑ. ȻɜɔɘɑəɌ ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ, ɟ ɝɗɟɣɌɳɟ ɑɖɝɛɗɚɌɞɌɢɔɳɑ ɗɔɏəɔɞɌ, 
əɌɳɣɑɤɶɑ ɳɑ ɎɑɓɌəɌ ɓɌ ɠɚɜɘɔɜɌɵɑ ɘɚɐɑɗɌ ɖɚɳɔɘɌ ɝɑ ɛɗɌəɔɜɌ ɟɛɜɌɎɴɌɵɑ ɖɌɛɌɢɔɞɑɞɚɘ 
ɔ ɖɎɌɗɔɞɑɞɚɘ ɚɞɖɚɛɌəɚɏ ɟɏɴɌ ɝɌ ɜɌɓɗɔɣɔɞɔɡ ɛɜɚɔɓɎɚɐəɔɡ ɝɔɝɞɑɘɌ (ɑɞɌɒɌ) ɔ ɓɌ 
ɘɚɐɑɗɔɜɌɵɌ ɝɔɝɞɑɘɌ ɐɑɛɚəɚɎɌɵɌ ɟɏɴɌ ɜɌɐɔ ɟɳɑɐəɌɣɌɎɌɵɌ ɖɎɌɗɔɞɑɞɌ.  ȸɚɞɔɎ ɜɌɐɌ ɳɑ  
ɞɑəɐɑəɢɔɳɌ ɔ ɛɚɖɟɤɌɳ ɐɌ ɛɜɑɐɚɣɔ ɛɜɑɐəɚɝɞɔ ɔɘɛɗɑɘɌəɞɌɢɔɳɑ ɝɞɚɡɌɝɞɔɣɖɚɏ ɔɗɔ 
ɡɔɍɜɔɐəɚɏ ɝɞɚɡɌɝɞɔɣɖɚ - ɐɑɞɑɜɘɔəɔɝɞɔɣɖɚɏ ɛɜɔɝɞɟɛɌ ɟ ɚɐəɚɝɟ əɌ əɑɜɑɞɖɚ ɛɜɔɡɎɌɶɑə 
ɖɚəɎɑəɢɔɚəɌɗəɔ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔ ɛɜɔɗɌɓ [74] [82]. 
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ȶɚɜɑɗɌɢɔɳɌ ɔɓɘɑɭɟ ɑɖɝɛɗɚɌɞɌɢɔɳɑ ɔ ɛɚɞɜɚɤɵɑ ɖɜɑɣɵɌɖɌ ɛɜɔɖɌɓɌəɌ ɖɜɚɓ 
ɗɔəɑɌɜəɔ ɘɚɐɑɗ ɗɚɖɌɢɔɳɝɖɑ ɚɛɞɔɘɔɓɌɢɔɳɑ ɛɜɔɖɌɓɌəɌ ɳɑ ɟ ɜɌɐɟ Ⱦ. ȭɚɤɑɎɝɖɚɏ ɔ ɚɝɞɌɗɔɡ 
[83]. ȴɓɘɑəɌ ɝɔɝɞɑɘɌ ɑɖɝɛɗɚɌɞɌɢɔɳɑ ɔ ɛɚɞɜɚɤɵɑ ɖɜɑɣɵɌɖɌ ɳɑ ɛɜɚɍɗɑɘ ɖɚɳɔ ɓɌɡɞɑɎɌ 
ɛɜɑɐɎɔɭɌɵɑ ɛɚɝɗɑɐɔɢɌ ɌɐɑɖɎɌɞəɔɘ ɌəɌɗɔɞɔɣɖɔɘ ɛɜɔɝɞɟɛɚɘ. ȻɜɔɖɌɓɌə ɳɑ ɘɚɐɑɗ 
ɗɚɖɌɢɔɳɝɖɑ ɚɛɞɔɘɔɓɌɢɔɳɑ ɑɖɝɛɗɚɌɞɌɢɔɳɑ ɔ ɛɚɞɜɚɤɵɑ ɖɜɑɣɵɌɖɌ ɝɌ ɟɖɟɛəɚ 29 
ɛɚɎɜɤɔəɝɖɔɡ ɖɚɛɚɎɌ, ɔ ɝɌ 15 ɚɐəɚɝəɚ 16 ɛɚɞɜɚɤɌɣɌ. ȶɜɑɔɜɌə ɳɑ ɘɌɞɑɘɌɞɔɣɖɔ ɘɚɐɑɗ 
ɓɌ ɛɜɚɢɑəɟ ɟɞɔɢɌɳɌ ɛɜɚɘɑəɑ ɚɐɏɚɎɌɜɌɳɟɶɔɡ ɛɌɜɌɘɑɞɌɜɌ əɌ ɚɛɞɔɘɌɗəɔ ɜɑɓɟɗɞɌɞ, ɖɌɚ ɔ 
ɘɚɏɟɶəɚɝɞ ɎɌɜɔɜɌɵɌ ɖɚɘɛɚəɑəɞɔ ɌəɌɗɔɓɔɜɌəɚɏ ɝɔɝɞɑɘɌ. Ȼɜɔɝɞɟɛ ɖɚɳɔ ɳɑ əɌɎɑɐɑə 
ɚɜɳɑəɞɔɝɌə ɳɌ ɖɌ ɟəɌɛɜɑɭɑɵɟ ɛɜɚɔɓɎɚɐəɔɡ ɝɔɝɞɑɘɌ ɖɌɚ ɔ ɛɚɞɜɚɤɵɔ ɘɔəɑɜɌɗəɔɡ 
ɝɔɜɚɎɔəɌ, ɑɖɚəɚɘɔɳɔ ɛɜɚɔɓɎɚɐɵɑ ɚɐəɚɝəɚ ɟɘɌɵɑɵɟ ɵɔɡɚɎɔɡ ɞɜɚɤɖɚɎɌ ɔ ɜɑɏɟɗɌɢɔɳɔ 
ɛɜɚɔɓɎɚɐəɔɡ ɝɞɜɟɖɞɟɜɌ [50]. 

ȿ ɖɚəɞɑɖɝɞɟ ɛɜɚɢɑɝɌ ɖɚɳɔ ɚɍɟɡɎɌɞɌɳɟ ɛɜɑɜɌɐɟ ɜɟɐɑ, ɛɜɔɛɜɑɘɌ ɘɔəɑɜɌɗəɔɡ 
ɝɔɜɚɎɔəɌ ɔ ɠɗɚɞɌɢɔɳɝɖɌ ɖɚəɢɑəɞɜɌɢɔɳɌ ɳɑ ɛɜɑɛɚɓəɌɞɌ ɖɌɚ ɳɑɐəɌ ɚɐ əɌɳɜɑɗɑɎɌəɞəɔɳɔɡ 
ɔ ɤɔɜɚɖɚ ɛɜɔɘɑɵɔɎɌəɔɡ ɘɑɞɚɐɌ ɓɌ ɝɑɛɌɜɌɢɔɳɟ ɖɚɜɔɝəɔɡ ɚɐ əɑɖɚɜɔɝəɔɡ ɘɔəɑɜɌɗɌ. ȿ 
ɞɚɘ ɝɘɔɝɗɟ, ɖɴɟɣəɚ ɳɑ ɚɍɑɓɍɑɐɔɞɔ ɟɝɛɑɤəɚ ɠɟəɖɢɔɚəɔɝɌɵɑ ɠɗɚɞɌɢɔɳɝɖɚɏ 
ɛɚɝɞɜɚɳɑɵɌ, ɤɞɚ ɝɑ ɘɚɒɑ ɚɝɞɎɌɜɔɞɔ ɓɌɐɚɎɚɴɌɎɌɳɟɶɔɘ ɐɚɝɞɔɓɌɵɑɘ ɞɑɡəɚ-ɑɖɚəɚɘɝɖɔɡ 
ɛɚɖɌɓɌɞɑɴɌ. ȿɛɜɌɎɴɌɵɑ ɛɜɚɢɑɝɚɘ ɠɗɚɞɌɢɔɳɝɖɑ ɖɚəɢɑəɞɜɌɢɔɳɑ ɔɘɌ ɓɌ ɢɔɴ 
ɚɛɞɔɘɌɗɔɓɌɢɔɳɟ ɖɎɌɗɔɞɑɞɌ ɔ ɔɝɖɚɜɔɤɶɑɵɌ ɖɚɜɔɝəɑ ɖɚɘɛɚəɑəɞɑ ɟ ɖɚəɢɑəɞɜɌɞɟ, ɟɓ 
ɔɝɞɚɎɜɑɘɑəɟ ɘɌɖɝɔɘɔɓɌɢɔɳɟ ɛɜɚɠɔɞɌ. ȳɍɚɏ ɞɚɏɌ, ɔɝɞɜɌɒɔɎɌɵɌ ɖɚɳɌ ɝɑ ɍɌɎɑ 
ɘɚɐɑɗɚɎɌɵɑɘ ɔ ɟɛɜɌɎɴɌɵɑɘ ɚɎɔɘ ɛɜɚɢɑɝɚɘ ɛɜɑɐɝɞɌɎɴɌɳɟ ɓəɌɣɌɳəɚ ɛɚɐɜɟɣɳɑ ɟ ɛɜɌɖɝɔ 
ɖɚəɞɜɚɗəɚɏ ɔəɒɑɵɑɜɝɞɎɌ [84]. 

Ȼɜɚɢɑɝɔ ɟ ɖɚɳɑ ɝɑ ɟɍɜɌɳɌɳɟ, ɔɓɘɑɭɟ ɚɝɞɌɗɔɡ ɔ ɞɑɡəɚɗɚɤɖɔ ɛɚɝɞɟɛɢɔ ɛɜɔɛɜɑɘɑ 
ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɝɟ əɑɐɚɎɚɴəɚ ɘɚɐɑɗɚɎɌəɔ, ɞɑɤɖɚ ɘɑɜɴɔɎɔ ɔ əɑɛɜɑɐɎɔɐɴɔɎɔ 
ɚɐəɚɝəɚ əɑɝɞɌɍɔɗəɔ ɓɌ ɟɛɜɌɎɴɌɵɑ [85]. 

ȿ ɝɎɑɞɗɟ əɌɎɑɐɑəɚɏ, ɟɛɜɌɎɴɌɵɑ ɛɜɚɢɑɝɔɘɌ ɔɗɔ ɝɑɏɘɑəɞɔɘɌ ɛɜɚɢɑɝɌ ɛɜɑɜɌɐɑ 
ɜɟɐɑ, ɟɖɴɟɣɟɳɟɶɔ ɔ ɠɗɚɞɌɢɔɳɝɖɟ ɖɚəɢɑəɞɜɌɢɔɳɟ, ɣɑɝɞɚ ɝɑ ɓɌɝəɔɎɌ əɌ ɜɟɣəɚɳ ɖɚəɞɜɚɗɔ 
ɔ ɜɑɏɟɗɌɢɔɳɔ ɛɜɚɢɑɝəɔɡ ɛɌɜɌɘɑɞɌɜɌ. Ⱦɚ ɟɖɴɟɣɟɳɑ ɛɜɔɖɟɛɴɌɵɑ, ɚɍɜɌɐɟ ɔ 
ɔəɞɑɜɛɜɑɞɌɢɔɳɟ ɛɚɐɌɞɌɖɌ ɚɐ ɝɞɜɌəɑ ɚɛɑɜɌɞɑɜɌ, ɌɖɟɘɟɗɌɢɔɳɟ ɔ ɛɜɔɘɑəɟ ɑɖɝɛɑɜɞɝɖɚɏ 
ɓəɌɵɌ, ɖɌɚ ɔ ɛɜɑɐɟɓɔɘɌɵɑ ɟɛɜɌɎɴɌɣɖɔɡ ɌɖɢɔɳɌ ɓɌɝəɚɎɌəɔɡ əɌ ɛɜɔəɢɔɛɔɘɌ ɌəɌɗɚɏɔɳɑ, 
ɔɝɖɟɝɞɎɌ, ɝɞɜɟɣəɔɡ ɛɜɚɢɑəɌ ɔ ɝɗɔɣəɚ. ȾɌɖɌɎ əɌɣɔə ɟɛɜɌɎɴɌɵɌ, ɖɚɳɔ ɝɑ ɞɑɘɑɴɔ əɌ 
ɴɟɐɝɖɚɘ ɔɝɖɟɝɞɎɟ ɔ ɐɜɟɏɔɘ ɡɑɟɜɔɝɞɔɣɖɔɘ ɛɜɌɎɔɗɔɘɌ, ɛɜɑɐɝɞɌɎɴɌ ɜɑɗɌɞɔɎəɚ 
ɑɠɔɖɌɝɌə ɛɜɔɝɞɟɛ ɎɚɭɑɵɌ ɛɜɚɢɑɝɌ. ȸɑɭɟɞɔɘ, ɔɓ ɜɌɓɗɔɣɔɞɔɡ ɜɌɓɗɚɏɌ (ɛɚɛɟɞ 
əɑɐɚɎɚɴəɚɏ ɛɚɓəɌɎɌɵɌ ɛɜɚɢɑɝɌ ɔ ɏɜɑɤɌɖɌ ɟ ɜɌɐɟ), ɚɎɌɳ ɛɜɔɝɞɟɛ əɑ ɐɌɳɑ ɚɛɞɔɘɌɗəɑ 
ɜɑɓɟɗɞɌɞɑ ɟ ɖɚəɌɣəɚɘ ɔɝɡɚɐɟ. Ȼɚɝɗɑɐɔɢɑ ɚɎɌɖɎɚɏ əɌɣɔəɌ ɟɛɜɌɎɴɌɵɌ ɘɚɏɟ ɝɑ Ɏɔɐɑɞɔ 
ɖɜɚɓ ɎɑɗɔɖɌ ɚɐɝɞɟɛɌɵɌ ɛɜɚɔɓɎɚɐəɔɡ ɛɑɜɠɚɜɘɌəɝɔ, ɛɚɎɑɶɌəɟ ɛɚɞɜɚɤɵɟ ɑəɑɜɏɔɳɑ ɔ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ, ɚɛɑɜɌɞɔɎəɟ əɑɝɞɌɍɔɗəɚɝɞ, ɛɚɎɑɶɌəɑ ɞɜɚɤɖɚɎɑ ɛɜɚɔɓɎɚɐɵɑ, 
ɝɘɌɵɑəɟ ɍɑɓɍɑɐəɚɝɞ ɜɌɐɌ ɔ ɝɗɔɣəɚ [84]. 

Ȼɜɚɢɑɝɔ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɟ ɖɚɳɑ əɌɜɌɎəɚ ɖɌɚ ɔɝɞɌɖəɟɞɔ 
ɝɑɏɘɑəɞ ɝɛɌɐɌ ɔ ɠɗɚɞɌɢɔɳɌ ɝɟ ɳɑɐəɌ ɚɐ əɌɳɣɑɤɶɑ ɛɜɔɘɑɵɔɎɌəɔɡ ɞɑɡəɚɗɚɏɔɳɌ ɟ 
ɜɟɐɌɜɝɖɚɳ ɔəɐɟɝɞɜɔɳɔ ɓɌ ɞɜɑɞɘɌə ɘəɚɏɔɡ ɔ ɜɌɓəɚɎɜɝəɔɡ ɘɔəɑɜɌɗɌ. ȹɌɝɟɛɜɚɞ 
ɜɑɛɟɞɌɢɔɳɔ ɚɎɑ ɞɑɡəɚɗɚɏɔɳɑ, Ɍ ɛɚɝɑɍəɚ ɠɗɚɞɌɢɔɳɑ ɣɔɳɌ ɟɛɚɞɜɑɍɌ əɌɎɜɤɌɎɌ ɝɖɚɜɚ 165 
ɏɚɐɔəɌ, ɔ Ɏɑɗɔɖɚɘ ɍɜɚɳɟ ɛɟɍɗɔɖɌɢɔɳɌ, ɣɗɌəɌɖɌ ɔ ɝɞɟɐɔɳɌ əɌ ɚɝəɚɎɟ ɔɝɞɜɌɒɔɎɌɵɌ (Web 
of Science: ɛɑɜɔɚɐ 1975. - 2014. ɏɚɐɔəɌ - 4163, ɝɖɚɜɚ 30% 1159 ɟ ɛɑɜɔɚɐɟ 2010.- 2014. 
ɏɚɐɔəɌ) [86], əɔɳɑ ɳɚɤ ɟɎɑɖ ɛɜɑɓɑəɞɚɎɌə ɔ ɜɌɝɛɚɗɚɒɔɎ ɘɚɐɑɗ ɖɚɳɔ ɍɔ ɚɘɚɏɟɶɔɚ ɔ 
ɛɜɔɗɌɏɚɐɔɚ ɚɐəɚɝ ɔɓɘɑɭɟ ɝɎɔɡ ɛɜɚɘɑəɴɔɎɔɡ ɟɖɴɟɣɑəɔɡ ɟ ɚɎɑ ɞɑɡɚɗɚɤɖɑ ɛɜɚɢɑɝɑ. 
ȭɚɏɌɞɚ ɓəɌɵɑ ɔ ɔɝɖɟɝɞɎɚ ɔɓ ɛɜɚɢɑɝɌ ɛɜɔɛɜɑɘɑ ɔ ɠɗɚɞɌɢɔɳɑ, ɝɞɔɢɌəɚ ɎɑɖɚɎɔɘɌ, ɖɚɳɑ ɝɑ 
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ɝɎɌɖɔɘ ɐɌəɚɘ ɟɘəɚɒɌɎɌ, əɔɳɑ ɛɜɑɞɚɣɑəɚ ɟ ɚɐɏɚɎɌɜɌɳɟɶɚɳ ɘɑɜɔ ɟ ɘɌɞɑɘɌɞɔɣɖɑ ɘɚɐɑɗɑ. 
ȺɐɝɟɝɞɎɚ ɘɚɐɑɗɌ ɖɚɳɔɘ ɍɔ ɝɑ ɘɚɏɗɚ ɛɚɳɌɝəɔɞɔ ɔ ɛɜɑɐɎɔɐɑɞɔ ɛɚəɌɤɌɵɑ ɟ ɠɗɚɞɌɢɔɳɔ ɳɑ 
ɔɓɌɓɚɎ ɖɌɖɚ ɍɔ ɝɑ ɝɞɑɣɑəɌ ɔɝɖɟɝɞɎɌ ɔ ɓəɌɵɌ, ɘɚɏɗɌ ɔɘɗɑɘɑəɞɔɜɌɞɔ ɟ ɛɜɚɳɑɖɞɚɎɌɵɑ ɖɌɖɚ 
ɛɜɚɢɑɝɌ ɞɌɖɚ ɔ ɝɌɘɑ ɚɛɜɑɘɑ. ȿɖɚɗɔɖɚ əɑ ɛɚɝɞɚɳɑ ɘɚɐɑɗɔ, ɞɑɤɖɚ ɝɑ ɘɚɒɑ ɐɚɶɔ ɐɚ 
ɍɔɞəɔɡ ɠɌɖɞɚɜɌ, ɟɓɜɚɖɌ ɔ ɣɔɵɑəɔɢɌ ɎɑɓɌəɔɡ ɓɌ ɘɑɭɟɝɚɍəɔ ɟɞɔɢɌɳ ɔ ɛɚəɌɤɌɵɑ 
Ɏɑɗɔɖɚɏ ɍɜɚɳɌ ɛɜɚɘɑəɴɔɎɔɡ [87]. 

ȸɚɐɑɗɚɎɌɵɑ ɛɜɚɢɑɝɌ ɠɗɚɞɌɢɔɳɑ ɏɚɐɔəɌɘɌ ɳɑ ɚɛɞɑɜɑɶɔɎɌəɚ ɚɏɜɌəɔɣɑɵɔɘɌ 
ɖɗɌɝɔɣəɑ ɘɌɞɑɘɌɞɔɖɑ ɔ ɘɚɐɑɗɚɎɌɵɌ. Ⱥɐ ɞɜɔɐɑɝɑɞɔɡ ɏɚɐɔəɌ ɛɜɚɤɗɚɏ ɎɑɖɌ ɠɚɜɘɔɜɌə 
ɳɑ Ɏɑɗɔɖɔ ɍɜɚɳ ɘɌɞɑɘɌɞɔɣɖɔɡ ɘɚɐɑɗɌ ɖɚɳɔ ɝɌ ɘɌɵɚɘ ɔɗɔ Ɏɑɶɚɘ ɛɜɔɘɑɜɑəɚɤɶɟ ɚɛɔɝɟɳɟ 
ɛɜɚɢɑɝ ɠɗɚɞɌɢɔɳɑ. ȻɚɝɘɌɞɜɌɳɟɶɔ ɖɜɚɓ ɔɝɞɚɜɔɳɟ, ɛɜɎɚ ɝɟ ɝɑ ɛɚɳɌɎɔɗɔ ɔ ɜɌɓɎɔɗɔ 
ɖɗɌɝɔɣəɔ ɘɚɐɑɗɔ ɠɗɚɞɌɢɔɳɑ (Garcia Zu¶iga, 1935; Schumann, 1942; Kelsall, 1961; 
Woodburn, 1970; Harris, 1978; Lynch et al., 1981; Zhang, 1989; Yianatos, 1989; Schulze, 1993; 
Polat & Chander, 2000; King, 2001; Sherrell, 2004; Ali, 2007; Yianatos, 2007; Saleh, 2010; Xian-
ping ɔ ɚɝɞɌɗɔ, 2011; ɔɞɐ). ȥɚɤ ɟɎɑɖ ɝɑ ɞɑɡəɚɗɚɏɔɳɌ, ɟɜɑɭɌɳɔ ɔ ɛɜɚɢɑɝɔ ɔɓɜɌɭɟɳɟ əɌ 
ɑɖɝɛɑɜɔɘɑəɞɌɗəɚɳ ɔ ɔɝɖɟɝɞɎɑəɚɳ ɍɌɓɔ. ȿ ɛɚɝɗɑɐɵɑ Ɏɜɑɘɑ əɌɏɗɔɘ ɜɌɓɎɚɳɑɘ ɔ 
ɐɚɝɞɟɛəɚɤɶɟ ɜɌɣɟəɌɜɝɖɑ ɞɑɡəɔɖɑ ɔ ɚɛɜɑɘɑ ɐɚɗɌɓɔ ɐɚ ɛɚɓɔɞɔɎəɑ ɛɜɚɘɑəɑ ɞɜɑəɐɌ ɖɌɐɌ 
ɳɑ ɟ ɛɔɞɌɵɟ ɎɑɓɌ ɔɓɘɑɭɟ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɔ ɘɚɐɑɗɚɎɌɵɌ [87].  

ȿ ɝɎɚɘ ɜɌɐɟ ȼ. ȭɔɖɝɍɔ (R. Bixby) ɖɚəɝɞɌɞɟɳɑ ɐɌ ăɘɚɐɑɗ ɖɚɘɑ ɳɑ ɘɚɒɐɌ ɞɜɑɍɌɗɚ 
ɏɚɐɔəɟ ɐɌəɌ ɐɌ ɝɑ ɜɑɤɔ ɛɜɑ ɐɑɝɑɞ ɏɚɐɔəɌ ɝɌɐɌ ɘɚɒɑ ɐɌ ɜɑɤɔ ɓɌ ɘɌɵɑ ɚɐ 30 secò. Ƚɗɔɣəa 
ɔɗɔ ɍɚɴa ɛɚɍɚɴɤɌɵɌ ɛɜɔɘɑɶɑəa su ɔ ɓɌ ɐɜɟɏɑ ɛɜɚɍɗɑɘɑ ɘɌɞɑɘɌɞɔɣɖɚɏ 
ɛɜɚɏɜɌɘɔɜɌɵɌ [88] [89]. 

Ȼɚɝɞɚɳɑ ɔ ɝɎɌɖɔɘ ɐɌəɚɘ ɳɑ ɝɎɑ Ɏɔɤɑ ɘɚɐɑɗɌ ɖɚɳɔ ɝɑ ɚɐəɚɝɑ əɌ ɛɜɚɟɣɌɎɌɵɑ, 
ɟɛɜɌɎɴɌɵɑ ɔ ɛɜɚɳɑɖɞɚɎɌɵɑ ɚɎɔɡ ɛɜɚɢɑɝɌ, Ɍ ɖɚɳɔ ɝɟ ɐɚɝɞɟɛəɔ ɛɟɞɑɘ ɛɟɍɗɔɖɌɢɔɳɌ, ɖɌɚ 
ɔ ɚəɔɡ ɔɓ ɛɜɌɖɝɑ ɚɐəɚɝəɚ əɑɛɚɝɜɑɐəɑ ɛɜɔɘɑəɑ.  

Ȼɜɑ ɝɎɑɏɌ ɝɞɚɡɌɝɞɔɣɖɌ əɑɝɔɏɟɜəɚɝɞ ɝɑ əɌ ɝɌɘɚɘ ɛɚɣɑɞɖɟ, ɟɖɚɗɔɖɚ ɛɚɝɘɌɞɜɌɘɚ 
ɛɜɚɢɑɝɑ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ, ɔɓɘɑɭɟ ɚɝɞɌɗɔɡ ɛɜɚɘɑəɴɔɎɔɡ, ɚɏɗɑɐɌ ɟ 
ɛɜɔɜɚɐɔ ɟɗɌɓəɑ ɝɔɜɚɎɔəɑ ɞɳ. ɵɑəɔɘ ɎɌɜɔɳɌɢɔɳɌɘɌ ɛɚɣɑɎ ɚɐ ɏɑɚɗɚɤɖɚɏ ɓɌɞɔɘ ɡɑɘɔɳɝɖɚɏ 
ɔ ɘɔəɑɜɌɗəɚɏ ɝɌɝɞɌɎɌ, ɖɎɌɗɔɞɑɞɌ, Ɏɑɗɔɣɔəɑ ɣɑɝɞɔɢɌ ɝɔɜɚɎɔəɑ. ȹɌɝɞɌɎɴɌ ɝɑ ɠɔɓɔɣɖɔɘ 
ɔ ɡɑɘɔɳɝɖɔɘ ɝɎɚɳɝɞɎɔɘɌ ɔ ɜɑɌɖɢɔɳɌɘɌ ɞɚɖɚɘ ɛɜɚɢɑɝɌ ɛɜɑɜɌɐɑ, ɖɌɚ ɔ əɌ ɖɜɌɳɟ 
ɎɌɜɔɳɌɢɔɳɚɘ ɢɑəɑ ɘɑɞɌɗɌ ɖɚɳɔ ɝɑ ɐɚɍɔɳɌ ɔɓ ɛɜɚɔɓɎɚɐɌ (ɖɚəɢɑəɞɜɌɞɌ) [87].  

Ƚ. ȸɑɜɚɞɜɌ ɔ Ȼ. ȶɌɛɟɜ (S. Mehrotra; P. Kapur) ɝɟ ɛɜɎɔ, 1974. ɏɚɐɔəɑ, ɜɌɓɘɚɞɜɔɗɔ 
ɛɜɚɳɑɖɞɚɎɌɵɑ ɛɚɝɞɜɚɳɑɵɌ ɠɗɚɞɌɢɔɳɑ ɖɚɜɔɤɶɑɵɑɘ ɚɛɞɔɘɔɓɌɢɔɳɑ [86] [90].  

ȹɌ ɚɝəɚɎɟ ɔɓɜɑɣɑəɚɏ ɟ ɣɗɌəɖɟ ȥ. ȮɔɗəɑɎ ɔ ɚɝɞɌɗɔ (J. Villeneuve) [91]  əɌɎɚɐɑ ɐɌ 
ɛɚɝɞɚɳɔ Ɏɑɗɔɖɔ ɍɜɚɳ ɛɜɚɘɑəɴɔɎɔɡ ɖɚɳɑ ɝɑ ɚɐɜɌɒɌɎɌɳɟ əɌ ɛɜɚɢɑɝ ɠɗɚɞɌɢɔɳɑ. Ⱥəɔ ɝɟ ɔɡ 
ɖɌɞɑɏɚɜɔɝɌɗɔ ɟ ɞɜɔ ɏɜɟɛɑ [91] : 

¶ ȶɌɜɌɖɞɑɜɔɝɞɔɖɑ ɟɗɌɓəɑ ɝɔɜɚɎɔəɑ, ɖɚɳɑ ɓɌɎɔɝɑ ɚɐ ɛɜɑɐɡɚɐəɔɡ ɛɚɝɞɟɛɌɖɌ (ɘɌɝɑəɔ 
ɛɜɚɞɚɖ ɔɗɔ ɖɌɛɌɢɔɞɑɞ, ɘɔəɑɜɌɗəɔ ɝɌɝɞɌɎ, ɝɞɑɛɑə ɚɝɗɚɍɚɭɑəɚɝɞɔ ɝɔɜɚɎɔəɑ, 
ɐɔɝɞɜɔɍɟɢɔɳɌ Ɏɑɗɔɣɔəɑ ɣɑɝɞɔɢɌ ɞɳ ɏɜɌəɟɗɚ ɝɌɝɞɌɎ, ɝɛɑɢɔɠɔɣəɌ ɞɑɒɔəɌ,  ɚɍɗɔɖ 
ɔ ɡɑɘɔɳɝɖɌ ɝɎɚɳɝɞɎɌ ɛɚɎɜɤɔəɑ ɣɑɝɞɔɢɑ, ɛɜɚɢɑəɌɞ ɣɎɜɝɞɚɏ ɟ ɛɟɗɛɔ, ɜɑɚɗɚɤɖɑ 
ɚɝɚɍɔəɑ ɝɟɝɛɑəɓɔɳɑ ɔɞɐ.) 

¶ ɀɔɓɔɣɖɚ-ɡɑɘɔɳɝɖɑ ɠɌɖɞɚɜɑ (ɖɎɌɗɔɞɑɞ Ɏɚɐɑ, ɞɑɘɛɑɜɌɞɟɜɌ, Ɏɜɝɞɑ ɔ ɖɚəɢɑəɞɜɌɢɔɳɑ 
ɜɑɌɏɑəɝɌ, ɖɚɜɑɗɌɢɔɳɑ ɜɑɌɏɑəɝɌ ɔ ɛɚɎɜɤɔəɑ ɣɑɝɞɔɢɌ ɘɔəɑɜɌɗɌ, ɖɚɗɔɣɔəɌ ɛɑəɑ 
ɔɞɐ.) 
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¶ ɁɔɐɜɚɐɔəɌɘɔɣɖɑ ɠɌɖɞɚɜɑ (ɖɚəɢɑɛɢɔɳɑ ɔ ɝɞɜɟɖɞɟɜɑ ɛɚɝɞɜɚɳɑɵɌ, ɐɔɓɌɳəɌ, ɞɔɛɌ 
ɠɗɚɞɌɢɔɳɝɖɔɡ ɶɑɗɔɳɌ, ɔəɞɑəɓɔɞɑɞɌ ɌɑɜɌɢɔɳɑ, ɖɚɗɔɣɔəɑ ɔ ɛɜɚɝɞɚɜəɑ 
ɐɔɝɞɜɔɍɟɢɔɳɑ ɘɑɡɟɜɔɶɌ ɔ ɣɑɝɞɔɢɌ, ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ ɘɑɤɌɵɌ, ɛɚɝɞɚɳɌəɚɝɞɔ 
ɘɜɞɎɔɡ ɓɚəɌ, ɔɞɐ.) [84] [92]  
 

ɀ. ȽɑɛɚɗɎɑɐɌ ɔ ɚɝɞɌɗɔ (F. Sepulveda) ɟ ɝɎɚɘ ɣɗɌəɖɟ  ɞɎɜɐɑ ɐɌ ɝɟ ɛɜɚɳɑɖɞɚɎɌɵɑ ɔ 
ɠɗɚɞɌɢɔɚəɔ ɛɜɚɢɑɝɔ ɎɑɚɘɌ ɝɗɚɒɑəɔ ɛɚɐɟɡɎɌɞɔ ɓɍɚɏ ɞɚɏɌ ɤɞɚ ɳɑ Ɏɑɗɔɖɔ ɍɜɚɳ 
ɜɌɓɗɔɣɔɞɔɡ ɎɌɒəɔɡ ɛɌɜɌɘɑɞɌɜɌ ɘɑɭɟɝɚɍəɚ ɛɚɎɑɓɌə. ȺɎɑ ɛɌɜɌɘɑɞɜɑ ɜɌɓɎɜɝɞɌɎɌɳɟ ɟ 
ɣɑɞɔɜɔ ɝɑɏɘɑəɞɌ, ɤɞɚ ɳɑ ɛɜɔɖɌɓɌəɚ əɌ ɝɗɔɢɔ 2.21. Ƚ ɚɍɓɔɜɚɘ əɌ ɟɝɖɟ ɛɚɎɑɓɌəɚɝɞ, 
ɟɖɚɗɔɖɚ ɝɑ ɍɔɗɚ ɖɚɳɔ ɚɐ ɚɎɔɡ ɠɌɖɞɚɜɌ ɛɜɚɘɑəɔ, ɘɑɵɌɳɟ ɝɑ ɔ ɐɜɟɏɔ ɐɑɗɚɎɔ ɖɚəɢɑɛɞɌ 
ɚɐəɚɝəɚ ɘɚɐɑɗɌ. ȹɔɳɑ ɘɚɏɟɶɑ ɌəɌɗɔɓɔɜɌɞɔ ɝɎɑ ɛɌɜɌɘɑɞɜɑ ɟ ɔɝɞɚɘ ɘɚɘɑəɞɟ. Ȼɜɔɘɑɜɚɘ 
ɳɑ ɛɚɖɌɓɌəɚ ɐɌ, ɟɖɚɗɔɖɚ ɝɑ ɔɓɌɍɑɜɑ, ɓɌ ɛɜɚɟɣɌɎɌɵɑ, ɤɑɝɞ ɛɌɜɌɘɑɞɌɜɌ ɟ 
ɣɑɞɎɚɜɚɝɞɑɛɑəɚɘ ɢɔɖɗɟɝɟ, əɑɚɛɡɚɐəɚ ɳɑ ɚɍɌɎɔɞɔ ɛɜɑɖɚ ɚɝɌɘ ɘɔɗɔɚəɌ ɞɑɝɞɚɎɌ, ɓɌ 
ɐɎɚɝɞɑɛɑəɔ ɘɚɐɑɗ ɔɗɔ ɖɚəɢɑɛɞ ɛɌɜɢɔɳɌɗəɚɏ ɑɖɝɛɑɜɔɘɑəɞɌ. ȿɓ əɌɎɑɐɑəɚ, ɓɌ ɍɔɗɚ ɖɚɳɔ 
ɐɌɞɔ ɍɜɚɳ ɠɌɓɌ, ɛɚɝɞɚɳɔ əɑɖɚɗɔɖɚ ɛɚɞɑəɢɔɳɌɗəɔɡ ɖɚəɠɔɏɟɜɌɢɔɳɌ ɢɔɖɗɟɝɌ. ȿɖɚɗɔɖɚ ɝɑ 
ɟɓɘɑ ɟ ɜɌɓɘɌɞɜɌɵɑ ɤɑɝɞ ɠɌɓɌ ɠɗɚɞɔɜɌɵɌ, ɘɚɒɑ ɛɚɝɞɚɳɌɞɔ Ɏɔɤɑ ɚɐ 1400 
ɛɚɞɑəɢɔɳɌɗəɔɡ ɖɚəɠɔɏɟɜɌɢɔɳɌ ɢɔɖɗɟɝɌ. ȹɌɎɑɐɑəɔ ɛɜɔɘɑɜɔ ɟɖɌɓɟɳɟ əɌ ɟɞɔɢɌɳəɚɝɞ ɔ 
ɔɘɛɚɓɌəɞɌə ɚɍɟɡɎɌɞ, ɖɚɘɛɗɑɖɝəɚɝɞ ɔ ɎɌɜɔɳɌɍɔɗəɚɝɞ ɖɚɳɟ ɔɝɛɚɴɌɎɌɳɟ ɝɎɑ ɖɚɘɛɚəɑəɞɑ 
ɠɗɚɞɌɢɔɚəɔɡ ɛɜɚɢɑɝɌ [88]. 

 
ȽɗɔɖɌ 2.21. Ƚɑɏɘɑəɞɔ ɔ ɛɌɜɌɘɑɞɜɔ ɠɗɚɞɌɢɔɳɝɖɚɏ ɢɔɖɗɟɝɌ 

(ɛɜɑɘɌ ɀ. ȽɑɛɚɗɎɑɐɔ ɌɐɌɛɞɔɜɌɚ ɔ ɔɓɜɌɐɔɚ Ɍɟɞɚɜ) [93] 

ȿ ɝɎɚɘ ɣɗɌəɖɟ Ȱ. Ɂɚɐɟɑə (D. Hodouin) [85] ɠɚɜɘɟɗɔɤɑ ɛɚɗɚɒɌɳ ɔ 
ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ ɠɟəɐɌɘɑəɞɌɗəɔɡ ɟɗɌɓəɔɡ ɔ ɔɓɗɌɓəɔɡ ɛɜɚɘɑəɴɔɎɔɡ ɚɐ ɟɞɔɢɌɳɌ əɌ 
ɛɜɚɢɑɝɑ ɖɚɳɔ ɝɑ ɚɐɎɔɳɌɳɟ ɟ ɠɗɚɞɌɢɔɳɔ. Ȼɚɜɑɐ ɞɚɏɌ, ɔɝɞɔ Ɍɟɞɚɜ ɖɗɌɝɔɠɔɖɟɳɑ ɟɗɌɓəɑ 
ɎɌɜɔɳɌɍɗɑ ɔ ɐɌɳɑ ɛɜɔɖɌɓ ɛɜɚɘɑəɴɔɎɔɡ ɖɚɳɑ ɟɞɔɣɟ əɌ ɞɑɡəɚɗɚɤɖɔ ɛɜɚɢɑɝ ɔ ɛɜɚɔɓɎɚɐ 
ɠɗɚɞɌɢɔɳɑ, ɤɞɚ ɳɑ ɔ ɟ ɜɌɐɟ ȴ. ȥɚɎɌəɚɎɔɶ ɔ ɚɝɞɌɗɔ, ɝɌ ɘɚɐɔɠɔɖɌɢɔɳɚɘ ɛɜɔɖɌɓɌəɚ. 
(ȽɗɔɖɌ 2.22.) [84] [85] [87]. 

ɡɑɘɔɳɌɛɚɝɞɟɛɌɖ

ɚɛɜɑɘɌɢɔɖɗɟɝ

ɖɚɗɑɖɞɚɜɔ
ɛɑəɟɤɌɣɔ
ɜɑɏɟɗɞɚɜɔ pH
ɌɖɞɔɎɌɞɚɜɔ
ɐɑɛɜɔɘɌɞɚɜɔ

ɏɜɌəɟɗɌɢɔɳɌ
ɏɟɝɞɔəɌ ɛɟɗɛɑ
ɞɑɘɛɑɜɌɞɟɜɌ

ɟɗɌɓəɔ ɖɌɛɌɢɔɞɑɞ
ɖɎɌɗɔɞɑɞ ɛɟɗɛɑ

ɍɜɚɳ ɠɌɓɌ
ɖɚəɠɔɏɟɜɌɢɔɳɌ

ɐɔɓɌɳə 
ɠɗɚɞɌɢɔɳɝɖɑ 
ɶɑɗɔɳɑ
ɌɏɔɞɌɢɔɳɌ

ɛɜɚɞɚɖ ɎɌɓɐɟɡɌ
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ȽɗɔɖɌ 2.22. Ȼɜɚɢɑɝəɑ ɛɜɚɘɑəɴɔɎɑ ɠɗɚɞɌɢɔɳɝɖɚɏ ɛɚɝɞɜɚɳɑɵɌ 

(ɛɜɑɘɌ Ȱ. Ɂɚɐɟɑə ɔ ȴ. ȥɚɎɌəɚɎɔɶ ɌɐɌɛɞɔɜɌɚ Ɍɟɞɚɜ) [84] [85] [87] 

ȶɌɚ ɤɞɚ ɳɑ Ɏɑɶ ɜɑɣɑəɚ ɔ ɔɗɟɝɞɜɚɎɌəɚ ɝɗɔɖɚɘ 2.22. ɜɌɓəɚɎɜɝɞɌə, ɤɔɜɚɖ, ɝɗɚɒɑə 
ɔ ɓəɌɣɌɳɌə ɳɑ ɍɜɚɳ ɛɜɚɘɑəɴɔɎɔɡ ɠɌɖɞɚɜɌ, ɏɜɟɛɔɝɌəɔɡ ɟ ɛɚɜɑɘɑɶɌɳəɑ, ɘɌəɔɛɟɗɔɝɌəɑ, 
ɖɚəɞɜɚɗɔɝɌəɑ ɛɜɚɘɑəɴɔɎɑ ɔ ɛɜɚɘɑəɴɔɎɑ ɟəɟɞɜɌɤɵɑɏ ɝɞɌɵɌ ɛɜɚɢɑɝɌ ɖɚɳɔ ɟɞɔɣɟ əɌ 
ɛɜɚɢɑɝɑ ɠɗɚɞɔɜɌɵɌ ɔ ɖɚəɢɑəɞɜɌɞ ɖɌɚ ɛɜɚɔɓɎɚɐ.  

ȻɜɑɘɌ ɛɜɔɖɌɓɌəɚɳ ɛɜɚɢɑəɔ, əɌ ɚɝəɚɎɟ ɝɌɏɗɑɐɌɎɌɵɌ ɗɔɞɑɜɌɞɟɜəɔɡ ɛɚɐɌɞɌɖɌ, ȹ. 
Ȭɜɍɔɞɑɜ, ɖɌɚ ɔ ɂ. ɁɌɜɔɝ ɔ ɚɝɞɌɗɔ (N. Arbiter ɔ C. Harris) ɔɝɞɔɣɟ ɐɌ ɍɜɚɳ ɛɜɚɘɑəɴɔɎɔɡ, 
ɖɚɳɑ ɟɞɔɣɟ ɟ ɜɌɓɗɔɣɔɞɚɳ ɘɑɜɔ ɝɌɘɚ ɟ ɛɜɚɢɑɝɟ ɠɗɚɞɔɜɌɵɌ, ɔɓəɚɝɔ ɚɖɚ 100 [94]. ȴɝɖɌɓɌəɑ 
ɣɔɵɑəɔɢɑ ɟɖɌɓɟɳɟ əɌ ɞɚ ɐɌ ɳɑ ɠɗɚɞɌɢɔɳɌ ɎɑɚɘɌ ɝɗɚɒɑəɔ ɛɜɚɢɑɝ ɟ ɝɞɎɌɜəɚɝɞɔ. ȿɓ 
ɛɚɘɑəɟɞɚ, ɔəɞɑɜɌɖɢɔɳɑ ɔɓɘɑɭɟ ɛɜɚɘɑəɴɔɎɔɡ ɐɚɐɌɞəɚ ɚɞɑɒɌɎɌɳɟ ɔ ɟɝɗɚɒɵɌɎɌɳɟ 
ɛɚɐɟɡɎɌɞɑ ɎɑɓɌəɑ ɓɌ ɵɔɡɚɎɟ ɖɚəɞɜɚɗɟ. ȶɌɚ ɳɑɐɌə ɚɐ ɛɚɖɌɓɌɞɑɴɌ ɔ ɖɌɚ ɔɗɟɝɞɜɌɢɔɳɌ 
ɘɚɒɑ ɝɑ əɌɎɑɝɞɔ ɛɜɔɘɑɜ ɟ ɖɚɘɑ ɟɖɚɗɔɖɚ ɝɑ ɝɌɘɚ ɛɚɎɑɶɌ ɛɜɚɞɚɖ ɎɌɓɐɟɡɌ, ɞɚ ɘɚɒɑ 
ɐɚɎɑɝɞɔ ɐɚ ɛɚɎɑɶɌɵɌ ɏɌɍɌɜɔɞɌ ɎɌɓɐɟɤəɔɡ ɘɑɡɟɜɔɶɌ, ɤɞɚ ɘɚɒɑ ɖɌɝəɔɳɑ ɟɞɔɢɌɞɔ əɌ 
ɍɜɓɔəɟ ɛɚɐɔɓɌɵɌ ɘɑɡɟɜɔɶɌ, ɍɜɓɔəɟ ɎɑɓɔɎɌɵɌ ɚɝɗɚɍɚɭɑəɔɡ ɓɜəɌ ɘɔəɑɜɌɗɌ, 
ɓɌɐɜɒɌɎɌɵɑ ɎɌɓɐɟɤəɔɡ ɘɑɡɟɜɌ, Ɏɔɝɔəɟ ɛɑəɑ, ɔɞɐ [95]. ȹɔɤɞɌ ɘɌɵɔ ɛɜɚɍɗɑɘ əɑ 
ɛɜɑɐɝɞɌɎɴɌ ɛɜɚɘɑəɴɔɎɚɝɞ ɚɐəɚɝəɚ əɑɛɚɝɞɚɳɌəɚɝɞ ɟɗɌɓəɑ ɝɔɜɚɎɔəɑ ɞɳ. ɜɟɐɑ [87].  

ȮɌɜɔɳɌɍɔɗəɚɝɞ ɟɗɌɓəɑ ɜɟɐɑ ɛɚɝɞɚɳɔ ɟ ɜɌɓɘɌɞɜɌɵɔɘɌ ɝɞɚɡɌɝɞɔɣɖɔɡ ɝɞɜɌɞɑɤɖɔɡ 
ɌɗɏɚɜɔɞɌɘɌ ɎɑɓɌəɔɡ ɓɌ ɛɗɌəɔɜɌɵɑ ɜɟɐəɔɖɌ, Ɍɗɔ ɝɑ ɟ ɵɔɘɌ əɑ ɌəɌɗɔɓɔɜɌɳɟ ɔ əɑ 
ɟɞɎɜɭɟɳɟ ɚɛɞɔɘɌɗɌə ɐɔɓɌɳə ɔ ɟɝɗɚɎɔ ɜɌɐɌ ɛɚɝɞɜɚɳɑɵɌ ɓɌ ɛɜɔɛɜɑɘɟ ɔ ɖɚəɢɑəɞɜɌɢɔɳɟ 
ɘɔəɑɜɌɗɌ [86] [96].  

ȿ ɝɎɚɘ ɜɌɐɟ Ȭ. ȹɌɎɌɜɌ ɝɌ ɝɌɜɌɐəɔɢɔɘɌ (A. Navarra) ɚɛɔɝɟɳɑ ɖɌɖɚ ɝɑ ɌɗɏɚɜɔɞɌɘ 
ɓɌ ɝɞɚɡɌɝɞɔɣɖɚ ɛɗɌəɔɜɌɵɑ ɜɟɐəɔɖɌ ɘɚɒɑ ɛɜɚɤɔɜɔɞɔ əɑ ɍɔ ɗɔ ɝɑ ɖɎɌəɞɔɠɔɖɚɎɌɗɌ 
əɑɞɚ Ɏɜɑɐəɚɝɞ ɌɗɞɑɜəɌɞɔɎəɔɘ əɌɣɔəɔɘɌ ɜɌɐɌ ɛɚɝɞɜɚɳɑɵɌ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ 
ɝɔɜɚɎɔəɌ, əɌ ɚɝəɚɎɟ ɏɑɚɗɚɤɖɑ əɑɔɓɎɑɝəɚɝɞɔ. ȿ ɛɜɌɖɝɔ ɖɚəɖɜɑɞəɚ, Variable 
Neighbourhood Descent ɘɑɞɚɐɌ ɳɑ ɛɜɎɚɍɔɞəɚ ɜɌɓɎɔɳɑəɌ ɓɌ ɛɗɌəɔɜɌɵɑ ɛɚɎɜɤɔəɝɖɚɏ 
ɖɚɛɌ, Ɍɗɔ ɳɑ ɚɎɔɘ ɜɌɐɚɘ ɛɜɔɗɌɏɚɭɑə ɓɌ ɛɜɚɢɑəɟ əɌɣɔəɌ ɜɌɐɌ ɟ ɛɚɝɞɜɚɳɑɵɟ ɛɜɔɛɜɑɘɑ 
ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ [96]. 

ɖɚɗɔɣɔəɌ ɟɗɌɓɌ
(ɖɌɛɌɢɔɞɑɞ)
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ɖɎɌɗɔɞɑɞ ɔ ɖɚɗɔɣɔəɌ 
ɳɌɗɚɎɔəɑ

ÅɓɌɛɟɵɑəɚɝɞ ɶɑɗɔɳɑ
ÅɖɌɜɌɖɞɑɜɔɝɞɔɖɑ ɛɑəɑ (ɝɞɌɍɔɗəɚɝɞ, 
ɘɔəɑɜɌɗɔɓɌɢɔɳɌ, ɎɔɝɔəɌ)

Åɛɜɚɞɚɖ (ɖɚɗɔɣɔəɌ) ɔ ɝɌɝɞɌɎ (ɖɎɌɗɔɞɑɞ) ɘɑɭɟɛɜɚɔɓɎɚɐɌ
ÅɛɜɚɢɑəɌɞ ɣɎɜɝɞɑ ɠɌɓɑ ɟ ɘɑɭɟɛɜɚɔɓɎɚɐɔɘɌ

Åɡɔɐɜɚɠɚɍəɚɝɞ ɔ ɜɌɝɛɚɐɑɗɌ ɓɜəɌ
Åɚɛɞɑɜɑɶɑəɚɝɞɛɑəɑ(ɞɜɌəɝɠɑɜ
ɓɜəɌɔɓɛɟɗɛɑɟɛɑəɟɔɚɍɜəɟɞɚ



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

64 

ɂɑəɌ ɘɑɞɌɗɌ ɔ ɖɎɌɗɔɞɑɞ ɟɗɌɓəɑ ɜɟɐɑ ɝɟ ɎɌɒəɑ ɎɌɜɔɳɌɍɗɑ ɟ ɐɔɓɌɳəɟ ɠɗɚɞɌɢɔɳɝɖɔɡ 
ɢɔɖɗɟɝɌ. ȺɎɑ ɛɜɚɘɑəɴɔɎɑ ɔɘɌɳɟ ɝɞɚɡɌɝɞɔɣɖɑ ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ ɖɚɳɑ ɝɟ ȹ. ȫɌɘɑɞ (N. 
Jamett) ɔ ɝɌɜɌɐəɔɢɔ ɛɜɚɟɣɔɗɔ ɖɜɚɓ ɝɎɚɳɟ ɝɞɟɐɔɳɟ. ȼɌɓɘɌɞɜɌɗɔ ɝɟ ɟɞɔɢɌɳ 
ɎɌɜɔɳɌɍɔɗəɚɝɞɔ ɢɑəɑ ɍɌɖɜɌ ɔ ɖɎɌɗɔɞɑɞɌ ɜɟɐɑ əɌ ɠɗɚɞɌɢɔɳɝɖɔ ɢɔɖɗɟɝ. ȮɔɤɑɓəɌɣəɔ ɝɟ 
ɘɚɞɔɎɔ ɚɎɑ ɝɞɟɐɔɳɑ. ȻɜɎɚ, ɌəɌɗɔɓɔɌɜə ɳɑ ɑɠɑɖɌɞ ɝɞɚɡɌɝɞɔɣɖɑ əɑɝɔɏɟɜəɚɝɞɔ ɟ 
ɛɜɚɳɑɖɞɚɎɌɵɟ ɠɗɚɞɌɢɔɳɝɖɔɡ ɢɔɖɗɟɝɌ ɔ ɐɜɟɏɚ, ɌəɌɗɔɓɔɜɌəɑ ɝɟ ɜɌɓɗɔɣɔɞɑ ɝɞɜɌɞɑɏɔɳɑ 
ɜɑɤɌɎɌɵɌ ɐɎɚɝɞɑɛɑəɚɏ ɝɞɚɡɌɝɞɔɣɖɚɏ ɛɜɚɍɗɑɘɌ ɖɚɳɔ ɳɑ ɛɜɔɘɑɵɑə əɌ ɢɔɖɗɟɝɟ 
ɠɗɚɞɌɢɔɳɑ ɍɌɖɌɜɌ. ȿ ɛɚɣɑɞɖɟ ɜɌɐ ɝɑ ɍɌɎɔ ɟɎɚɭɑɵɑɘ ɝɞɚɡɌɝɞɔɣɖɚɏ ɛɜɚɍɗɑɘɌ 
ɚɛɞɔɘɔɓɌɢɔɳɑ ɝɌ ɘɚɞɔɎɚɘ ɛɜɚəɌɗɌɒɑɵɌ əɌɳɚɛɞɔɘɌɗəɔɳɑ ɖɚəɠɔɏɟɜɌɢɔɳɑ əɌɐɏɜɌɐɵɑ, 
ɐɔɓɌɳəɌ ɚɛɜɑɘɑ ɔ ɟɝɗɚɎɌ ɜɌɐɌ, ɖɌɚ ɤɞɚ ɝɟ Ɏɜɑɘɑ ɠɗɚɞɔɜɌɵɌ ɔ ɞɚɖ ɛɜɚɢɑɝɌ. ȼɌɓɘɌɞɜɌɵɑ 
ɝɑ ɟɓɔɘɌ ɟ ɚɍɓɔɜ əɌ ɚɝəɚɎɟ ɢɑəɑ ɍɌɖɜɌ ɔ ɖɎɌɗɔɞɑɞɌ ɜɟɐɑ. ȹɌ ɚɝəɚɎɟ ɐɚɍɔɳɑəɔɡ 
ɜɑɓɟɗɞɌɞɌ ɖɚɳɔ ɚɞɖɜɔɎɌɳɟ ɐɌ ɝɞɚɡɌɝɞɔɣɖɔ ɛɜɚɍɗɑɘ ɐɌɳɑ ɍɚɴɑ ɖɚəɢɑɛɞɑ ɓɍɚɏ ɞɚɏɌ ɤɞɚ 
ɚɘɚɏɟɶɌɎɌ ɐɌ ɝɑ ɚɛɑɜɌɞɔɎəɔ ɛɌɜɌɘɑɞɜɔ ɛɜɔɗɌɏɚɐɑ əɌ əɑɝɞɌɍɔɗəɚɝɞ ɛɌɜɌɘɑɞɌɜɌ. 
ȼɑɓɟɗɞɌɞɔ ɛɚɖɌɓɟɳɟ ɔ ɐɌ ɝɞɜɟɖɞɟɜɌ ɠɗɚɞɌɢɔɳɝɖɚɏ ɢɔɖɗɟɝɌ ɘɚɒɑ ɎɌɜɔɜɌɞɔ ɟ ɚɐəɚɝɟ əɌ 
ɖɎɌɗɔɞɑɞ ɟɗɌɓəɑ ɝɔɜɚɎɔəɑ ɔ ɢɑəɑ ɍɌɖɜɌ. ȹɌ ɖɜɌɳɟ ɓɌɖɴɟɣɟɳɟ ɐɌ ɌəɌɗɔɓɌ ɚɝɑɞɴɔɎɚɝɞɔ 
ɛɚɖɌɓɟɳɑ ɘɌɗɟ ɐɚ ɟɘɑɜɑəɟ ɎɌɜɔɳɌɍɔɗəɚɝɞ ɟ ɚɐəɚɝɟ əɌ ɛɜɚɟɣɌɎɌəɑ əɑɔɓɎɑɝəɑ ɛɌɜɌɘɑɞɜɑ 
[86] [97].  

ȼɌɐ ȼ. Ȭɖɚɝɞɑ-ɀɗɚɜɑɝ ɔ ɚɝɞɌɗɔɡ (R. Acosta-Flores) ɖɜɚɓ ɛɜɑɐɝɞɌɎɴɑəɟ 
ɘɑɞɚɐɚɗɚɏɔɳɟ ɛɜɚɳɑɖɞɚɎɌɵɌ ɢɔɖɗɟɝɌ ɠɗɚɞɌɢɔɳɝɖɑ ɖɚəɢɑəɞɜɌɢɔɳɑ ɘɔəɑɜɌɗɌ, 
ɛɜɚəɌɗɌɓɔ ɘɚɏɟɶəɚɝɞ ɖɚɜɔɤɶɑɵɌ ɛɚɏɚɐəɔɳɔɡ ɘɚɐɑɗɌ ɠɗɚɞɌɢɔɳɝɖɔɡ ɶɑɗɔɳɌ ɔɗɔ 
ɖɚɗɚəɌ ɖɌɚ ɔ ɘɚɏɟɶəɚɝɞ ɔəɞɑɏɜɌɢɔɳɑ əɑɖɚɗɔɖɚ ɎɜɝɞɌ. ȻɜɔɖɌɓɚɘ ɗɔɞɑɜɌɞɟɜɑ ɖɜɚɓ 
ɛɜɑɏɗɑɐ 14 ɜɑɛɜɑɓɑəɞɌɞɔɎəɔɡ ɜɌɐɚɎɌ ɟ ɜɌɓɐɚɍɴɟ ɚɐ 1974. ɐɚ 2014. ɏɚɐɔəɑ, ɟɞɎɜɐɔɗɔ ɝɟ 
ɐɌ ɛɚɝɞɚɳɑ ɜɌɐɚɎɔ ɎɑɓɌəɔ ɓɌ ɛɜɚɳɑɖɞɚɎɌɵɑ ɠɗɚɞɌɢɔɚəɔɡ ɢɔɖɗɟɝɌ ɓɌɝəɚɎɌəɔɡ əɌ 
ɘɌɞɑɘɌɞɔɣɖɚɘ ɛɜɚɏɜɌɘɔɜɌɵɟ. ȸɑɭɟɞɔɘ, ɓɍɚɏ ɝɗɚɒɑəɚɝɞɔ ɜɑɤɌɎɌɵɌ ɘɌɞɑɘɌɞɔɣɖɚɏ 
ɘɚɐɑɗɌ ɟ Ɏɑɗɔɖɚɘ ɍɜɚɳɟ ɜɌɐoɎɌ, ɎɑɚɘɌ ɘɌɗɔ ɍɜɚɳ ɳɑ ɛɜɔɘɑɜɌ ɎɑɓɌə ɓɌ ɟɗɌɓ ɟ ɢɔɖɗɟɝɑ, 
ɤɞɚ əɑ ɚɝɗɔɖɌɎɌ ɛɜɔɘɑɜɑ ɔɓ ɛɜɌɖɝɑ, ɟɓ ɟɚɛɤɞɑəɚ ɖɚɜɔɤɶɑɵɑ ɳɑɐəɚɝɞɌɎəɔɡ ɘɚɐɑɗɌ 
ɖɚɗɚəɌ. Ȼɚəɟɐɔɗɔ ɝɟ ɘɑɞɚɐɚɗɚɏɔɳɟ ɓɌ ɛɜɚɳɑɖɞɚɎɌɵɑ ɢɔɖɗɟɝɌ ɖɚəɢɑəɞɜɌɢɔɳɑ ɖɚɳɔ 
ɖɚɘɛɑəɓɟɳɟ ɛɚɘɑəɟɞɑ ɛɜɚɍɗɑɘɑ. ȻɜɟɒɌɳɟ ɘɚɏɟɶəɚɝɞ ɟɛɚɞɜɑɍɑ ɛɜɔɖɗɌɐəɔɳɔɡ ɘɚɐɑɗɌ 
ɶɑɗɔɳɌ ɔɗɔ ɖɚɗɚəɌ ɟɖɴɟɣɟɳɟɶɔ əɑɖɚɗɔɖɚ ɎɜɝɞɌ. ȺɎɌ ɘɑɞɚɐɚɗɚɏɔɳɌ ɳɑ ɓɌɝəɚɎɌəɌ əɌ ɐɎɑ 
ɠɌɓɑ. ȿ ɛɜɎɚɳ ɠɌɓɔ ɔɐɑəɞɔɠɔɖɟɳɑ ɝɖɟɛ ɚɛɞɔɘɌɗəɔɡ ɝɞɜɟɖɞɟɜɌ, ɐɚɖ ɟ ɐɜɟɏɚɳ ɠɌɓɔ 
ɟɞɎɜɭɟɳɑ ɚɛɞɔɘɌɗəɔ ɐɔɓɌɳə ɓɌ ɝɎɌɖɟ ɚɐ ɝɞɜɟɖɞɟɜɌ ɐɚɍɔɳɑəɔɡ ɟ ɛɜɑɞɡɚɐəɚɳ ɠɌɓɔ. ȶɌɖɚ 
ɍɔ ɛɚɞɎɜɐɔɗɔ ɛɜɑɐɗɚɒɑəɑ ɘɑɞɚɐɚɗɚɏɔɳɑ ɖɚɜɔɤɶɑəɔ ɝɟ ɛɜɚɳɑɖɞɔ ɛɚɝɞɜɚɳɑɵɌ ɓɌ 
ɖɚəɢɑəɞɜɌɢɔɳɟ ɍɌɖɜɌ ɝɌ ɚɝɌɘ ɎɜɝɞɌ ɶɑɗɔɳɌ ɖɌɚ ɔ ɛɜɚɳɑɖɌɞ ɛɚɝɞɜɚɳɑɵɌ ɓɌ ɖɚəɢɑəɞɜɌɢɔɳɟ 
ɢɔəɖɌ ɝɌ ɞɜɔ Ɏɜɝɞɑ. ȶɴɟɣəɑ ɛɜɑɐəɚɝɞɔ ɛɜɔɖɌɓɌəɑ ɛɜɚɢɑɐɟɜɑ ɝɟ ɛɜɑɔɝɛɔɞɔɎɌɵɑ 
ɝɗɚɒɑəɔɡ ɛɜɚɍɗɑɘɌ ɎɑɓɌəɔɡ ɓɌ Ɏɑɗɔɖɔ ɍɜɚɳ ɎɜɝɞɌ ɔ ɘɚɐɑɗɌ ɶɑɗɔɳɌ, ɐɚɖ ɏɗɌɎəɔ 
əɑɐɚɝɞɌɞɌɖ, ɝɘɌɞɜɌɳɟ Ɍɟɞɚɜɔ, ɳɑ ɞɚ ɤɞɚ əɑ ɛɜɑɐɝɞɌɎɴɌ ɟəɔɎɑɜɓɌɗəɚ ɜɑɤɑɵɑ. ȴɛɌɖ, 
ɛɚɝɞɟɛɌɖ ɐɌɳɑ ɝɖɟɛ ɚɛɞɔɘɌɗəɔɡ ɜɑɤɑɵɌ ɓɌ ɐɌɴɑ ɜɌɓɘɌɞɜɌɵɑ ɔ ɛɜɚɟɣɌɎɌɵɑ [98]. 

ȿ ɝɎɚɘ ɜɌɐɟ ȷ. ɂɔɝɞɑɜəɑɝ ɔ ɚɝɞɌɗɔ (L. Cisternas) ɛɜɔɖɌɓɌɗɔ ɝɟ ɛɜɚɢɑɝ 
ɛɜɚɳɑɖɞɚɎɌɵɌ ɔ ɛɚɍɚɴɤɌɵɌ ɛɚɝɞɜɚɳɑɵɌ ɛɜɔɛɜɑɘɑ ɔ ɠɗɚɞɌɢɔɳɝɖɑ ɖɚəɢɑəɞɜɌɢɔɳɑ 
ɘɔəɑɜɌɗɌ ɟɓ ɘɚɏɟɶəɚɝɞ ɔɓɍɚɜɌ ɚɛɜɑɘɑ.  ȼɌɓɘɌɞɜɌɗɔ ɝɟ ɘɚɏɟɶəɚɝɞ ɔɓɍɚɜɌ ɐɚɘɑɴɌɎɌɵɌ 
ɛɜɑ ɠɌɓɌ ɠɗɚɞɔɜɌɵɌ, ɔɝɞɔɘ əɌɣɔəɚɘ ɐɚɘɑɴɌɎɌɵɑ ɍɔ ɍɔɗɌ ɚɛɢɔɳɌ ɔ ɓɌ ɝɎɌɖɟ ɝɗɑɐɑɶɟ 
ɠɌɓɟ ɠɗɚɞɔɜɌɵɌ. ȸɑɭɟɞɔɘ, ɛɜɑɞɛɚɝɞɌɎɔɗɔ ɝɟ ɐɌ ɳɑ ɟɐɑɚ ɚɝɗɚɍɚɭɑəɚɝɞɔ ɖɚəɝɞɌəɞɌ ɟ 
ɝɎɌɖɚɘ ɘɗɔəɟ ɖɌɖɚ ɍɔ ɛɚɳɑɐəɚɝɞɌɎɔɗɔ ɔ ɝɘɌɵɔɗɔ ɝɗɚɒɑəɑ ɘɌɞɑɘɌɞɔɣɖɑ ɚɍɜɌɝɢɑ. 
ȺɛɞɔɘɌɗəɔ ɔɓɍɚɜ ɢɔɖɗɟɝɌ ɝɑ Ɏɜɤɔ ɟɓ ɚɐɏɚɎɌɜɌɳɟɶɟ ɝɞɎɌɜəɟ ɠɟəɖɢɔɳɟ, əɌ ɚɝəɚɎɟ ɖɚɳɑ 
ɝɑ ɚɐɜɑɭɟɳɟ Ɏɜɑɐəɚɝɞɔ ɚɛɑɜɌɞɔɎəɔɡ ɔ ɝɞɜɟɖɞɟɜəɔɡ ɛɜɚɘɑəɴɔɎɔɡ. ȸɚɐɑɗ ɚɍɟɡɎɌɞɌ 
ɍɔɗɌəɝ ɘɌɝɌ, ɘɚɐɑɗɑ ɚɛɜɑɘɑ, ɟɝɗɚɎɑ ɜɌɐɌ ɔ ɗɚɏɔɣɖɑ ɚɐəɚɝɑ. ȴɝɛɔɞɔɎɌɵɑ ɳɑ 
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ɡɔɛɚɞɑɞɔɣɖɔ Ɏɜɤɑəɚ əɌ ɚɝəɚɎɟ ɛɜɔɖɌɓɌ ɠɗɚɞɌɢɔɳɝɖɚɏ ɛɚɝɞɜɚɳɑɵɌ ɓɌ ɐɚɍɔɳɌɵɑ 
ɖɚəɢɑəɞɜɌɞɌ ɍɌɖɜɌ. ȻɜɚɟɣɌɎɌəɑ ɝɔɞɟɌɢɔɳɑ ɛɚɞɎɜɭɟɳɟ ɘɚɏɟɶəɚɝɞ ɖɚɜɔɤɶɑɵɌ ɘɚɐɑɗɌ 
ɛɜɔ ɌəɌɗɔɓɔ ɔ ɛɜɚɳɑɖɞɚɎɌɵɟ ɢɔɖɗɟɝɌ ɓɌ ɐɚɍɔɳɌɵɑ ɖɚəɢɑəɞɜɌɞɌ ɚɝɞɌɗɔɡ ɘɔəɑɜɌɗɌ. 
ȽɞɟɐɔɳɌ ɳɑ ɐɌɗɌ ɜɑɤɑɵɌ ɖɚɳɌ ɝɑ ɘɚɏɟ ɝɘɌɞɜɌɞɔ ɗɚɏɔɣəɔɘ, Ɍɗɔ əɔɝɟ ɛɚɞɎɜɭɑəɌ 
ɝɔɘɟɗɌɢɔɳɚɘ əɔɞɔ ɑɘɛɔɜɔɳɝɖɔ, ɑɖɝɛɑɜɔɘɑəɞɌɗəɚ [99]. 

2.9.2. Ȼɜɔɘɑɜɔ ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ ɓɌɗɔɡɌ 

ȽɌɏɗɑɐɌɎɌɵɑ ɔ ɜɌɓɟɘɑɎɌɵɑ ɠɟəɖɢɔɚəɔɝɌɵɌ ɛɜɚɔɓɎɚɐəɔɡ ɝɔɝɞɑɘɌ, ɵɔɡɚɎɔɡ 
ɛɜɚɢɑɝɌ ɔ ɛɚɝɞɟɛɌɖɌ, Ɍɗɔ ɔ ɓɌɗɔɡɌ ɖɌɚ əɑɔɓɚɝɞɌɎəɚɏ ɔ ɎɑɚɘɌ ɍɔɞəɚɏ ɐɑɗɌ ɚɘɚɏɟɶɑəɚ je 
ɛɜɚɢɑɝɔɘɌ ɘɚɐɑɗɚɎɌɵɌ. ȭɌɓɔɜɌəɚ ɳɑ əɌ ɚɍɜɌɐɔ, ɌəɌɗɔɓɔ, ɖɚəɠɔɏɟɜɌɢɔɳɔ ɔ ɜɑɤɑɵɟ 
ɛɜɑɐɝɞɌɎɖɑ ɚɍɳɑɖɞɔɎəɚɏ ɝɎɑɞɌ, ɤɞɚ ɚɞɎɌɜɌ ɘɚɏɟɶəɚɝɞ ɓɌ ɚɛɞɔɘɌɗəɚ ɔ ɛɜɔɖɗɌɐəɚ 
ɟɛɜɌɎɴɌɵɑ ɛɜɚɢɑɐɟɜɌɘɌ ɘɌ ɖɚɳɑ ɠɚɜɘɑ ɛɜɚɔɓɎɚɐəɔɡ ɛɜɚɢɑɝɌ . 

Ⱦɑɒɔɤɞɑ ɛɜɚɟɣɌɎɌɵɌ ɛɜɑɏɗɑɐɌ ɗɔɞɑɜɌɞɟɜɑ ȯ. ȮɔɐɌɗɌ (G. Vidal) [100], ɖɚɳɌ 
ɚɍɔɗɟɳɑ ɖɌɖɚ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔɘ ɞɌɖɚ ɔ ɝɞɚɡɌɝɞɔɣɖɔɘ ɘɚɐɑɗɔɘɌ ɓɌɗɔɡɌ ɟ 
ɛɜɚɔɓɎɚɐəɔɘ ɝɔɝɞɑɘɔɘɌ, ɚɎɔɘ ɛɜɔɖɌɓɚɘ ɟɝɘɑɜɑəɚ ɳɑ ɟ ɝɖɗɌɐɟ ɝɌ ɞɑɘɚɘ, ɝɌɘɚ əɌ 
ɝɞɚɡɌɝɞɔɣɖɑ ɘɚɐɑɗɑ. Ȱɚɍɔɳɑəɔ ɜɑɓɟɗɞɌɞɔ ɟɖɌɓɟɳɟ əɌ ɛɚɝɞɚɳɌəɚɝɞ əɌɟɣəɑ 
ɘɚɞɔɎɔɝɌəɚɝɞɔ ɓɌ ɜɌɓɘɌɞɜɌɵɑ ɜɌɓɗɔɣɔɞɔɡ ɠɚɜɘɌɞɌ ɘɚɐɑɗɌ ɓɌɗɔɡɌ, ɤɞɚ ɳɑ ɟ ɝɗɟɣɌɳɟ 
ɝɞɚɡɌɝɞɔɣɖɚɏ ɟɛɜɌɎɴɌɵɌ ɎɑɓɌəɚ ɓɌ ɘɚɐɑɗɑ ɚɛɞɔɘɔɓɌɢɔɳɑ (Optimization OPT) ɔ 
ɝɔɘɟɗɌɢɔɳɑ (Simulation SIM). ȻɜɔɖɌɓ ɚɎɚɏ ɜɌɐɌ ɛɜɑɐɝɞɌɎɴɌ ɛɜɑɏɗɑɐ ɗɔɞɑɜɌɞɟɜɑ ɚ 
ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ ɟ ɛɜɚɔɓɎɚɐəɔɘ ɝɔɝɞɑɘɔɘɌ, ɝɌ Ɍɖɢɑəɞɚɘ əɌ ɝɞɚɡɌɝɞɔɣɖɑ ɘɚɐɑɗɑ. 
ȹɌ ɚɝəɚɎɟ ɌəɌɗɔɓɑ 64 ɚɐɌɍɜɌəɌ ɜɌɐɌ ɟ ɛɚɝɗɑɐɵɚɳ ɐɑɖɌɐɔ, ɟɝɞɌəɚɎɴɑəɚ ɳɑ ɐɌ ɐɚɘɔəɔɜɌ 
ɛɜɔɘɑəɌ ɘɚɐɑɗɌ ɝɞɚɡɌɝɞɔɣɖɑ ɝɔɘɟɗɌɢɔɳɑ ɔ ɚɛɞɔɘɔɓɌɢɔɳɌ. 

ȿ ɤɔɜɑɘ ɖɚəɞɑɖɝɞɟ, ɛɜɚɘɑəɴɔɎɑ ɖɚɳɑ ɝɟ ɣɑɝɞɚ ɛɜɑɛɚɓəɌɞɑ ɟ ɌəɌɗɔɓɌɘɌ 
ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ, ɟɖɚɗɔɖɚ ɟɓɘɑɘɚ ɟ ɚɍɓɔɜ ɛɚɝɗɑɐɵɔɡ 50 ɏɚɐɔəɌ ɔ ɚɐɌɍɜɌəɔɡ 85 
ɜɌɐɚɎɌ, ɝɟɏɑɜɔɤɟ ɓəɌɞɔɒɑɴɟ ɔɝɞɜɌɒɔɎɌɣɌ ɎɑɓɌəɟ ɓɌ ɜɑɤɌɎɌɵɑ ɛɜɚɍɗɑɘɌ ɖɚəɞɜɚɗɑ 
ɓɌɗɔɡɌ, ɖɚəɢɑɛɞ ɛɚɝɗɚɎɌɵɌ ɖɌɚ ɔ ɝɌɏɗɑɐɌɎɌɵɑ ɔ ɎɜɑɐəɚɎɌɵɑ ɚɛɑɜɌɢɔɳɌ [100]. 

ȶɌɚ ɛɚɗɌɓəɔ ɛɌɜɌɘɑɞɌɜ ɛɜɔ ɌəɌɗɔɓɔ ɍɜɚɳɌ ɛɟɍɗɔɖɌɢɔɳɌ ɟɓɑɞ ɳɑ ɛɑɜɔɚɐ ɖɚɳɔ 
ɚɍɟɡɎɌɞɌ əɑɖɚɗɔɖɚ ɐɑɢɑəɔɳɌ ɚɐ 1970. ɏɚɐɔəɑ ɐɚ 2021. ɏɚɐɔəɑ. ȴɓɎɜɤɑəɌ ɳɑ ɛɜɑɞɜɌɏɌ ɟ 
ɍɌɓɔ ɛɚɐɌɞɌɖɌ Scopus ɖɚɜɔɝɞɑɶɔ ɓɌ ɛɜɑɞɜɌɏɟ ɖɴɟɣəɑ ɜɑɣɔ: ɓɌɗɔɡɌ ɔ ɘɚɐɑɗɔ ɔ 
ɝɞɚɡɌɝɞɔɖɌ. ȹɌ ɏɜɌɠɔɖɚəɟ, ɖɚɳɔ ɳɑ ɛɜɔɖɌɓɌə əɌ ɝɗɔɢɔ 2.23., ɟɚɣɴɔɎɚ ɳɑ ɐɌ əɌɳɜɌəɔɳɌ 
ɔɝɞɜɌɒɔɎɌɵɌ ɔ ɛɜɔɘɑəɑ ɓɌɛɚɣɔɵɟ ɛɚɣɑɞɖɚɘ 70-ɞɔɡ ɏɚɐɔəɌ 20. ɎɑɖɌ ɔ ɐɌ ɳɑ ɵɔɡɚɎ ɚɍɔɘ 
ɞɚɖɚɘ ɏɚɐɔəɌ ɛɚɎɑɶɌɎɌə. ȻɜɔɖɌɓɌəɚ ɛɚɎɑɶɌɵɑ, ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ, ɝɟ ɔɘɌɗɔ ɛɜɑ 
ɝɎɑɏɌ ɓɌɡɎɌɴɟɳɟɶɔ ɛɜɚɘɑəɴɔɎɚɝɞɔ ɔ əɑɔɓɎɑɝəɚɝɞɔ, ɖɚɳɑ ɝɟ ɖɜɑɔɜɌəɑ ɖɌɐɌ ɔɘɌɘɚ 
ɜɌɓɗɔɣɔɞɑ ɝɗɟɣɌɳəɑ ɛɜɚɘɑəɴɔɎɑ ɛɚɎɑɓɌəɑ ɝɌ ɛɚɞɜɌɒɵɚɘ, ɎɜɑɘɑəɔɘɌ ɔɝɛɚɜɟɖɑ , 
ɍɜɚɳɑɘ ɛɚɜɟɹɍɔəɌ ɖɌɚ ɔ ɝɎɑ ɚɝɞɌɗɚ ɜɑɗɑɎɌəɞəɚ ɓɌ ɓɌɗɔɡɑ [100]. 
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ȽɗɔɖɌ 2.23. ȰɔɝɞɜɔɍɟɢɔɳɌ ɍɜɚɳɌ ɛɟɍɗɔɖɌɢɔɳɌ ɞɚɖɚɘ ɚɍɟɡɎɌɶɑəɚɏ ɛɑɜɔɚɐɌ 
ɌəɌɗɔɓɑ [100] 

(əɌ ɚɝəɚɎɟ [100] ɌɐɌɛɞɔɜɌɚ Ɍɟɞɚɜ) 

ȳɌɞɔɘ ɳɑ ɔɓɎɜɤɑəɌ ɔ ɖɗɌɝɔɠɔɖɌɢɔɳɌ əɌɳɌɖɞɔɎəɔɳɔɡ ɓɑɘɌɴɌ ɛɜɔ ɛɟɍɗɔɖɚɎɌɵɟ 
ɎɑɓɌəɚ ɓɌ ɞɑɘɌɞɝɖɟ ɚɍɗɌɝɞ ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ ɓɌɗɔɡɌ. ȶɌɚ ɓɑɘɴɑ ɝɌ əɌɳɎɑɶɔɘ ɍɜɚɳɑɘ 
ɛɟɍɗɔɖɌɢɔɳɌ ɔɓɐɎɌɳɌɳɟ ɝɑ ȽȬȰ, ȶɔəɌ ɔ ȴəɐɔɳɌ. ȯɜɌɠɔɖɚəɚɘ ɛɜɔɖɌɓɌəɚɘ əɌ ɝɗɔɢɔ 2.24. 
ɔɝɞɌɖəɟɞɚ ɳɑ ɛɑɞəɌɑɝɞ ɓɑɘɌɴɌ ɝɌ əɌɳɎɔɤɔɘ ɍɜɚɳɑɘ ɛɟɍɗɔɖɌɢɔɳɌ. 

 
ȽɗɔɖɌ 2.24. ȼɌɝɛɚɐɑɗɌ ɍɜɚɳɌ ɛɟɍɗɔɖɌɢɔɳɌ, ɛɚ ɓɑɘɴɌɘɌ, ɎɑɓɌəa ɓɌ ɞɑɘɌɞɝɖɟ 

ɚɍɗɌɝɞ ɝɞɚɡɌɝɞɔɣɖɔɡ ɘɚɐɑɗɌ ɓɌɗɔɡɌ [100] 
(əɌ ɚɝəɚɎɟ [100] ɌɐɌɛɞɔɜɌɚ Ɍɟɞɚɜ) 

ȻɜɚɟɣɌɎɌɵɑɘ əɌɳɣɑɤɶɑ ɖɚɜɔɤɶɑəɔɡ ɜɑɣɔ ȯ. Ɂ. ȮɔɐɌɗ (G. H. Vidal), Ɍɖɚ ɝɑ ɟɓɔɘɑ 
ɟ ɚɍɓɔɜ əɌɝɗɚɎ, ɜɑɓɔɘɑ ɔ ɖɴɟɣəɑ ɜɑɣɔ, ɚɘɚɏɟɶɌɎɌ ɎɔɓɟɑɗɔɓɌɢɔɳɟ Ɏɑɶɑɏ ɍɜɚɳɌ ɜɑɣɔ ɖɚɳɑ 
ɝɑ ɚɐəɚɝɑ əɌ ɝɞɚɡɌɝɞɔɣɖɑ ɘɚɐɑɗɑ ɓɌɗɔɡɌ. ȴɝɞɔɣɟ ɝɑ ɛɜɑ ɝɎɑɏɌ: ɝɞɚɡɌɝɞɔɣɖɚ Ɏɜɑɘɑ 
ɜɑɌɗɔɓɌɢɔɳɑ; ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗ; ɝɞɚɡɌɝɞɔɣɖɌ ɛɚɞɜɌɒɵɌ; Ɍɗɏɚɜɔɞɘɔ; ɚɛɞɔɘɔɓɌɢɔɳɌ; 
ɝɔɘɟɗɌɢɔɳɌ; ɘɚɐɑɗ ɛɜɚɔɓɎɚɐəɔɡ ɓɌɗɔɡɌ; ɔəɞɑɏɜɔɝɌəɔ ɘɚɐɑɗ ɓɌɗɔɡɌ; ɔɞɐ. (Ɏɔɐɑɞɔ 
ɝɗɔɖɟ 2.25.). ȺɎɌɳ ɛɜɔɖɌɓ ɘɚɒɑ ɍɔɞɔ ɐɚɍɌɜ ɛɚɖɌɓɌɞɑɴ ɞɜɑəɐɌ ɚɐəɚɝəɚ ɞɜɑəɟɞəɑ Ɍɗɔ ɔ 
ɍɟɐɟɶɑ ɟɗɚɏɑ ɘɚɐɑɗɌ ɓɌɗɔɡɌ ɟ ɛɜɚɔɓɎɚɐəɔɘ ɝɔɝɞɑɘɔɘɌ [100]. 

ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔɝɞɚɡɌɝɞɔɣɖɔ

ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔɝɞɚɡɌɝɞɔɣɖɔ

ȴəɐɔɳɌ

ȾɌɳɎɌə

ȽȬȰ

ȸɌɗɑɓɔɳɌ

ȶɔəɌ

ȶɌəɌɐɌ

ȶɟɎɌɳɞ

Ȯ.ȭɜɔɞɌəɔɳɌ

ȾɟɜɝɖɌ

ɄɛɌəɔɳɌ

ȽɌɟɐɔɳɝɖɌ ȬɜɌɍɔɌ

ɁɚɗɌəɐɔɳɌ

ȴɜɌə

(Ɂɚə ȶɚəɏ) ȶɔəɌ

ȯɜɣɖɌ
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Ƚɗɔɖɑ 2.25. ȹɌɳɣɑɤɶɑ ɖɚɜɔɤɶɑəɑ ɜɑɣɔñɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗ [100] 

ȴɝɞɜɌɒɔɎɌɵɑ ɠɚɖɟɝɔɜɌəɚ əɌ ɛɜɑɏɗɑɐɟ ɗɔɞɑɜɌɞɟɜɑ, ɚɍɓɔɜɚɘ əɌ əɌɎɑɐɑəɚ, 
ɔɓɎɜɤɑəɚ ɳɑ ɝɌɏɗɑɐɌɎɌɵɑɘ ɛɚɐɌɞɌɖɌ ɚɍɜɌɐɔɎɤɔ ɟɖɟɛəɚ 310 ɔɝɞɜɌɒɔɎɌɣɖɔɡ ɜɌɐɚɎɌ ɓɌ 
ɝɞɚɡɌɝɞɔɣɖɑ ɘɚɐɑɗɑ, ɟɓɔɘɌɳɟɶɔ ɖɌɚ Ɏɜɑɘɑəɝɖɔ ɚɖɎɔɜ ɝɑɐɌɘɐɑɝɑɞɑ ɏɚɐɔəɑ ɛɜɚɤɗɚɏ 
ɎɑɖɌ ɐɚ ɐɌəɌɝ. ȳɌ ɵɔɡɚɎ ɌɐɑɖɎɌɞɌə ɞɜɑɞɘɌə ɔ ɌəɌɗɔɓɟ ɖɚɜɔɤɶɑəɑ ɝɟ ɜɌɣɟəɌɜɝɖɑ 
ɞɑɡəɔɖɑ ɖɌɚ ɤɞɚ ɝɟ Excel ɔ VosViewers [100]. 

ȹɌ ɚɝəɚɎɟ ȱ. ȻɚəɝɚɞɌ (ȱ. Ponsot) [4], ɓɌɗɔɡɑ ɣɔəɑ ɜɑɝɟɜɝ ɛɜɑɐɟɓɑɶɌ ɖɌɚ Ɍɝɛɑɖɞ 
ɟɝɖɗɌɐɔɤɞɑəɑ ɜɚɍɑ ɟ ɔəɞɑɜɑɝɟ ɓɌɐɚɎɚɴɑɵɌ ɛɚɞɜɌɒɵɑ. Ȱɚɖ ɓɌɗɔɡɑ, ɛɜɑɘɌ ȥ. ȷɌəɐɑɞɔ 
ɔ ȥ. ȸɌəɟɑɗɟ (J. Landeta; ȥ.Manuel)  ɛɚɐɜɒɌɎɌɳɟ ɔ ɓɌɐɚɎɚɴɌɎɌɳɟ ɖɴɟɣəɑ ɠɟəɖɢɔɳɑ, əɌ 
ɛɜɔɘɑɜ ɖɌɚ ɤɞɚ ɝɟ ɛɜɑɎɌɓɔɗɌɒɑɵɑ əɑɝɞɌɤɔɢɌ əɌɝɞɌɗɔɡ ɛɚɜɑɘɑɶɌɳɔɘɌ ɔ ɛɜɚɘɑəɌɘɌ ɟ 
ɛɚɞɜɌɒɵɔ; ɛɜɟɒɌɳɟ ɑɖɚəɚɘɝɖɔ ɍɑəɑɠɔɞ əɌ ɚɝəɚɎɟ əɔɒɔɡ ɞɜɚɤɖɚɎɌ ɟ ɠɌɓɔ əɌɍɌɎɖɑ 
ɔɗɔ ɛɜɚɔɓɎɚɐɵɑ; ɚɍɑɓɍɑɭɟɳɟ ɖɚɗɔɣɔəɑ ɖɚɳɑ ɓɌɐɚɎɚɴɌɎɌɳɟ ɓɌɡɞɑɎɑ ɔ ɛɚɞɜɑɍɑ ɖɟɛɌɢɌ ɟ 
ɚɐɜɑɭɑəɔɘ ɛɑɜɔɚɐɔɘɌ. 

ȯɗɚɍɌɗɔɓɌɢɔɳɚɘ, ɛɜɑɐɟɓɑɶɌ ɔ ɖɚɘɛɌəɔɳɑ ɝɟ ɛɜɔɘɚɜɌəɑ ɐɌ ɝɛɜɚɎɚɐɑ 
ɐɔəɌɘɔɣəɚɝɞ ɔ ɛɜɔɗɌɏɚɐɴɔɎɚɝɞ əɑ ɍɔ ɗɔ ɟɝɛɑɗɔ ɐɌ ɜɑɌɏɟɳɟ ɔ ɚɐɏɚɎɚɜɔɗɔ əɌ ɎɌɜɔɜɌɵɑ 
ɌɘɍɔɳɑəɞɌ ɛɚɝɗɚɎɌɵɌ. ȹɌɘɑɶɑ ɝɑ ɛɚɞɜɑɍɌ ɓɌ ɌɐɑɖɎɌɞəɔɘ ɔ ɖɎɌɗɔɞɑɞəɔɘ ɟɛɜɌɎɴɌɵɑɘ 
ɝɎɌɖɔɘ ɚɐ ɛɜɚɢɑɝɌ, Ɍ əɌɜɚɣɔɞɚ ɟɛɜɌɎɴɌɵɑɘ ɚɛɞɔɘɌɗəɔɘ əɔɎɚɔɘɌ ɓɌɗɔɡɌ əɑ ɍɔ ɗɔ 
ɟɝɛɑɗɔ ɐɌ ɚɐɏɚɎɚɜɑ əɌ ɛɜɑɐɚɣɑəɑ ɝɔɞɟɌɢɔɳɑ. Ȼɚɜɑɐ əɌɎɑɐɑəɚɏ ɛɚɝɞɚɳɔ ɎɑɗɔɖɌ 
ɘɚɏɟɶəɚɝɞ ɛɚɝɞɚɳɌɵɌ əɑɝɞɌɤɔɢɌ ɔɗɔ ɔəɢɔɐɑəɌɞɌ ɖɚɳɔ ɏɑəɑɜɔɤɟ Ɏɔɝɚɖɑ ɞɜɚɤɖɚɎɑ, 
əɔɓɌɖ əɔɎɚ ɟɝɗɟɏɌ, əɑɓɌɐɚɎɚɴɝɞɎɚ ɖɟɛɌɢɌ. ȻɜɔɘɌɜəɔ ɢɔɴ ɚɛɞɔɘɌɗəɚɏ ɟɛɜɌɎɴɌɵɌ 
ɛɜɑɘɌ ȭɗɌəɢɟ (Blanco) ɳɑ ɘɔəɔɘɔɓɔɜɌɞɔ ɞɜɚɤɖɚɎɑ əɌɍɌɎɖɑ ɔ ɚɐɜɒɌɎɌɵɌ ɓɌɗɔɡɌ. 

ȿ ɝɎɚɳɚɳ ɖɵɔɓɔ ȼ. ȼɚɝɔ (R. Rossi) [35] ɝɘɌɞɜɌ ɐɌ ɳɑ ȷ. ȻɌɢɔɚɗɔɳɑɎ ɜɌɐ ( Fr¨ Luca 
Pacioli ɚɖɚ. 1447. - 1517. ɏɚɐɔəɑ), ɟ ɐɚɘɑəɟ ɌəɌɗɔɞɔɖɑ ɓɌɗɔɡɌ, ɍɔɚ ɓɌɣɑɞɌɖ ɔ ɠɟəɐɌɘɑəɞ 
ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ. ȹɌɖɚə ɚɎɚɏ ɜɌɐɌ əɌɝɞɟɛɌ ɓɌɞɔɤɳɑ, əɔɳɑ ɍɔɗɚ əɌɛɜɑɞɖɌ ɟ ɚɎɚɳ 
ɚɍɗɌɝɞɔ ɝɎɑ ɐɚ 1800. ɏɚɐɔəɑ, ɖɌɐɌ ɳɑ ɀ. ȱɹɎɚɜɞ (F.Edgeworth) [101] ɟ ɝɎɚɘ ɜɌɐɟ 
ăȸɌɞɑɘɌɞɔɣɖɌ ɞɑɚɜɔɳɌ ɍɌəɖɌɜɝɞɎɌò ɖɚɜɔɝɞɔɚ ɢɑəɞɜɌɗəɟ ɏɜɌəɔɣəɟ ɞɑɚɜɑɘɟ ɛɜɔ 
ɟɞɎɜɭɔɎɌɵɟ ɜɑɓɑɜɎɔ əɚɎɢɌ əɑɚɛɡɚɐəɚɏ ɓɌ ɓɌɐɚɎɚɴɑɵɑ ɛɚɞɜɑɍɌ ɛɜɔ əɌɝɟɘɔɣəɔɘ 
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ɛɚɞɜɌɒɔɎɌɵɔɘɌ ɖɗɔɳɑəɌɞɌ, ɣɔɘɑ ɳɑ ɛɜɑɐɔɖɞɔɎəɔ ɛɜɚɍɌɍɔɗɔɝɞɔɣɖɔ ɘɚɐɑɗ ɟɏɜɌɐɔɚ ɟ 
ɚɖɎɔɜ ɘɚɐɑɗɌ ɓɌ ɛɚɐɜɤɖɟ ɚɐɗɟɖɌɘɌ ɖɚəɞɜɚɗɑ ɓɌɗɔɡɌ. 

Ⱥɐ əɌɎɑɐɑəɔɡ ɜɌəɔɡ ɜɑɓɟɗɞɌɞɌ, ɞɚɖɚɘ ɛɜɚɞɑɖɗɔɡ 150 ɏɚɐɔəɌ, ɖɚəɞɜɚɗɌ ɓɌɗɔɡɌ 
ɳɑ ɑɎɚɗɟɔɜɌɗɌ ɟ əɑɓɌɎɔɝəɟ ɐɔɝɢɔɛɗɔəɟ, ɞɌɖɚ ɐɌ ɝɑ ɓɌ ɛɚɣɑɞɌɖ ɛɜɚɤɗɚɏ ɎɑɖɌ Ɏɑɓɟɳɑ 
əɌɝɞɌəɌɖ ɞɑɚɜɔɳɌ ɓɌɗɔɡɌ, ɔɘɌɳɟɶɔ ɟ Ɏɔɐɟ ɟɝɘɑɜɌɎɌɵɑ ɛɌɒɵɑ ɖɌ Ɍɝɛɑɖɞɟ ɛɚɛɟɵɌɎɌɵɌ ɔ 
ɖɚəɞɜɚɗɑ ɓɌɗɔɡɌ. ɀɚɜɘɔɜɌ ɝɑ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔ ɘɚɐɑɗ əɌɓɎɌə ɑɖɚəɚɘɔɣəɌ ɖɚɗɔɣɔəɌ 
əɌɜɟɹɍɔəɑ (ȱconomic order quantity EOQ) [36]. ȸɌɐɌ ɚɎɌɳ ɘɚɐɑɗ ɳɑ ɜɌɝɛɜɚɝɞɜɌɵɑə ɔ 
ɜɌɓɘɌɞɜɌə ɟ əɌɟɣəɚɳ ɓɌɳɑɐəɔɢɔ ɞɑɖ ɚɐ 1934. ɏɚɐɔəɑ ɖɌɐɌ ɏɌ ɛɜɑɐɝɞɌɎɴɌ ɔ ɜɌɓɜɌɭɟɳɑ ɟ 
ɝɎɚɘ ɣɗɌəɖɟ ȼ. Ȯɔɗɝɚə (R. Wilson) [38]. ȳɌɞɔɘ ɞɑɖ ɝɜɑɐɔəɚɘ ɛɜɚɤɗɚɏ ɎɑɖɌ, əɌɖɚə 
Ȱɜɟɏɚɏ ɝɎɑɞɝɖɚɏ ɜɌɞɌ, ɝɌ ɛɚɳɌɎɚɘ əɌɟɖɌ ɎɑɓɌəɔɡ ɓɌ ɘɑəɌɹɘɑəɞ ɔ ɚɛɑɜɌɢɔɚəɌ 
ɔɝɞɜɌɒɔɎɌɵɌ, ɟɝɘɑɜɌɎɌ ɝɑ ɎɑɶɌ ɔ ɐɑɞɌɴəɌ ɛɌɒɵɌ əɌ ɝɞɚɡɌɝɞɔɣɖɟ ɛɜɔɜɚɐɟ ɛɜɚɍɗɑɘɌ 
ɓɌɗɔɡɌ [100]. T. ȮɌɳɞɔə (T. Whitin) ɳɑ ɟ ɝɎɚɳɚɳ ɖɵɔɓɔ ɚɍɳɌɎɴɑəɚɳ 1953. ɏɚɐɔəɑ, ɜɌɓɎɔɚ 
ɝɞɚɡɌɝɞɔɣɖɟ Ɏɑɜɓɔɳɟ ɳɑɐəɚɝɞɌɎəɚɏ ɘɚɐɑɗɌ Ɏɑɗɔɣɔəɑ ɗɚɞɌ (ɖɚɗɔɣɔəɑ), ɞɚ ɳɑ ɛɜɎɌ ɖɵɔɏɌ 
əɌ ɑəɏɗɑɝɖɚɘ ɖɚɳɌ ɝɑ ɝɞɟɐɔɚɓəɚ ɍɌɎɔɗɌ ɝɞɚɡɌɝɞɔɣɖɔɘ ɘɚɐɑɗɔɘɌ ɓɌɗɔɡɌ [102]. ȳɌɞɔɘ ɂ. 
ɃɜɣɘɌə ɔ ɚɝɞɌɗɔ (C. Churchman) ɟ ɝɎɚɘ ɜɌɐɟ ɛɜɑɛɚɜɟɣɟɳɟ ɤɔɜɑɵɑ ɘɚɐɑɗɌ, əɌ ɚɝəɚɎɟ 
əɔɒɑ ɢɑəɑ ɟ ɚɐəɚɝɟ əɌ Ɏɑɗɔɣɔəɟ ɚɐəɚɝəɚ ɖɚɗɔɣɔəɟ əɌɍɌɎɖɑ. ȰɎɌ ɝɟ ɍɌɓəɌ ɛɔɞɌɵɌ əɌ 
ɖɚɳɌ ɳɑ əɑɚɛɡɚɐəɚ ɚɐɏɚɎɚɜɔɞɔ ɎɑɓɌəɚ ɓɌ ɖɚəɞɜɚɗɟ ɓɌɗɔɡɌ ɘɌ ɖɚɏ ɘɌɞɑɜɔɳɌɗəɚɏ ɐɚɍɜɌ ɝɟ: 
ɖɌɐɌ ɐɚɛɟəɔɞɔ ɓɌɗɔɡɑ ɔ ɖɚɗɔɖɚ əɌɜɟɣɔɞɔ ɓɌ ɐɚɛɟəɟ. ȿ ɝɎɚɳɚɳ ɖɵɔɓɔ, ɝɌɏɗɌɝəɚ 
əɌɎɑɐɑəɚɘ ȯ. ɁɌɐɗɔ ɔ Ⱦ. ȮɌɳɞɔə (G. Hadley; T. Whitin), ɛɜɔɖɌɓɟɳɟ ɖɌɖɚ ɝɑ əɌ ɚɎɌ ɛɔɞɌɵɌ 
ɘɚɒɑ ɚɐɏɚɎɚɜɔɞɔ ɟ ɜɌɓɗɔɣɔɞɔɘ ɚɖɚɗəɚɝɞɔɘɌ. ȻɜɚɟɣɌɎɌɳɟ ɜɌɓɗɔɣɔɞɑ ɘɌɞɑɘɌɞɔɣɖɑ 
ɘɚɐɑɗɑ ɝɔɝɞɑɘɌ ɓɌɗɔɡɌ, ɖɚɳɔ ɝɟ ɟɏɗɌɎəɚɘ ɓɌ ɛɜɌɖɞɔɣəɟ ɛɜɔɘɑəɟ [103]. ȺɝəɚɎəɌ ɝɎɜɡɌ, 
ɝɎɌɖɑ ɚɐɗɟɖɑ ɖɚɳɌ ɝɑ ɐɚəɚɝɔ ɟ ɖɚəɞɜɚɗɔ ɓɌɗɔɡɌ, ɍɑɓ ɚɍɓɔɜɌ əɌ ɖɚɘɛɗɑɖɝəɚɝɞ ɝɔɝɞɑɘɌ 
ɓɌɗɔɡɌ, əɑɔɓɚɝɞɌɎəɚ ɳɑ ɛɚɎɑɓɌəɌ ɝɌ ɛɔɞɌɵɔɘɌ ɖɌɐɌ ɔ ɖɚɗɔɖɚ əɌɜɟɣɔɞɔ. 

Ȼɚɘɑəɟɞɔ ɘɚɐɑɗɔ ɟ ɝɌɐɌɤɵɚɝɞɔ ɝɟ ɚɐ ɓəɌɣɌɳəɑ ɐɚɍɜɚɍɔɞɔ, ɓɍɚɏ ɞɚɏɌ ɤɞɚ 
ɚɗɌɖɤɌɎɌɳɟ ɔ ɚɍɑɓɍɑɭɟɳɟ ɖɚəɢɑɛɞ ɓɌɗɔɡɌ ɎɑɓɌə ɓɌ ɜɚɖ ɞɜɌɳɌɵɌ ɛɜɚɔɓɎɚɐɌ, ɏɟɍɔɞɌɖ 
ɖɎɌɗɔɞɑɞɌ, ɜɌɝɛɚɗɚɒɔɎɚɝɞ ɟ ɚɐɜɑɭɑəɚɘ Ɏɜɑɘɑəɝɖɚɘ ɔəɞɑɜɎɌɗɟ ɔ ɟ ɐɑɠɔəɔɝɌɵɟ əɔɎɚɌ 
ɎɔɤɖɚɎɌ ɔɗɔ ɘɌɵɖɚɎɌ. ȶɎɌɗɔɞɑɞəɚ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɛɚɐɜɌɓɟɘɑɎɌ ɘɚɐɑɗɑ, 
ɞɑɡəɔɖɑ ɔ ɘɑɞɚɐɑ ɖɚɳɔ ɚɍɑɓɍɑɭɟɳɟ ɚɐɏɚɎɌɜɌɳɟɶɟ ɑɖɝɛɗɚɌɞɌɢɔɳɟ ɛɚɞɜɑɍəɔɡ ɜɑɝɟɜɝɌ, 
ɖɚəɞɜɚɗɟ ɞɜɚɤɖɚɎɌ ɛɚɝɗɚɎɌɵɌ ɔ ɐɚəɚɤɑɵɌ ɚɐɗɟɖɌ. ȹɌ ɚɝəɚɎɟ ɜɌɐɌ ȼ. ɃɑɔɝɌ ɔ ȹ. 
ȬɖɎɔɗɌəɌ (R. Chase ɔ N. Aquilano) ɘɚɏɟ ɝɑ ɐɑɠɔəɔɝɌɞɔ ɛɚɘɑəɟɞɔ ɘɚɐɑɗɔ ɖɌɚ ăɝɖɟɛ 
ɛɜɔəɢɔɛɌ ɔ ɖɚəɞɜɚɗɌ ɖɚɳɔ əɌɐɏɗɑɐɌɳɟ əɔɎɚɑ ɓɌɗɔɡɌ ɔ ɐɑɞɑɜɘɔəɔɤɟ ɖɚɳɑ əɔɎɚɑ ɞɜɑɍɌ 
ɚɐɜɒɌɞɔ, ɖɌɐɌ ɓɌɗɔɡɑ ɞɜɑɍɌ ɐɚɛɟəɔɞɔ ɖɌɚ ɔ ɖɚɗɔɖɌ ɎɑɗɔɣɔəɌ əɌɜɟɹɍɔəɑ ɳɑ ɛɚɞɜɑɍəɌò. 
ȿ ɐɚɝɞɟɛəɚɳ ɗɔɞɑɜɌɞɟɜɔ ɝɟ ɑɎɔɐɑəɞɔɜɌəɌ ɐɎɌ ɞɔɛɌ ɘɚɐɑɗɌ ɟ ɚɐəɚɝɟ əɌ əɌɣɔə 
ɛɚɞɜɌɒɵɑ. ȻɜɎɔ ɳɑ ɘɌɞɑɘɌɞɔɣɖɚ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔ ɘɚɐɑɗ ɏɐɑ ɳɑ ɓɌɝɞɟɛɴɑəɌ ɜɑɐɚɎəɌ 
ɛɚɞɜɌɒɵɌ ɔ ɐɜɟɏɔ, ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗ ɏɐɑ ɳɑ ɓɌɝɞɟɛɴɑəɌ ɎɑɜɚɎɌɞəɌ ɛɚɞɜɌɒɵɌ. 

ȶɜɚɓ ɗɔɞɑɜɌɞɟɜɟ ɘɚɒɑɘɚ ɛɜɌɞɔɞɔ ɖɜɑɔɜɌɵɑ ɘɚɐɑɗɌ ɓɌɗɔɡɌ ɛɜɔ ɖɚɜɔɤɶɑɵɟ 
ɜɌɓɗɔɣɔɞɔɡ ɘɌɞɑɜɔɳɌɗɌ ɓɌ ɐɚɍɔɳɌɵɑ ɳɑɐəɚɏ ɛɜɚɔɓɎɚɐɌ ɔ ɘɚɐɑɗ ɏɐɑ ɝɑ ɜɌɓɗɔɣɔɞɔ ɟɗɌɓəɔ 
ɘɌɞɑɜɔɳɌɗɔ ɖɚɜɔɝɞɑ ɓɌ ɝɞɎɌɜɌɵɑ Ɏɔɤɑ ɛɜɚɔɓɎɚɐɌ. Ȱɜɟɏɔ ɘɚɐɑɗ ɳɑ ɤɔɜɑ ɔɝɞɜɌɒɔɎɌə 
ɓɍɚɏ ɝɎɚɳɑ ɜɌɓɜɟɭɑəɚɝɞɔ ɔ ɝɗɚɒɑəɚɝɞɔ. ȿɖɚɗɔɖɚ ɝɑ ɜɌɐɔ ɚ ɓɌɗɔɡɌɘɌ ɓɌ Ɏɔɤɑ ɛɜɚɔɓɎɚɐɌ, 
əɌ ɚɝəɚɎɟ ɣɗɌəɖɌ ȼ. ȬɖɚɠɌ ɔ ɚɝɞɌɗɔɡ (R. Ackoff), ɚɎɌɳ ɘɚɐɑɗ ɝɌ ɝɚɍɚɘ əɚɝɔ ɛɚɞɑɤɖɚɶɑ 
ɎɑɓɌəɑ ɓɌ ɟɛɜɌɎɴɌɵɑ ɓɌɗɔɡɌɘɌ ɔ ɝɖɗɌɐɔɤɞɑɘ [100]. ȴɓɌɓɚɎ ɟɛɜɌɎɴɌɵɑɘ ɓɌɗɔɡɌ ɚɏɗɑɐɌ 
ɝɑ ɟ ɞɚɘɑ ɐɌ ɝɑ ɚɐɜɒɔ ɐɚɝɞɟɛəɚɝɞ ɔ ɔɓɍɑɏəɟ əɑɝɞɌɤɔɢɑ ɔ ɔɝɛɌɐɔ ɝɔɝɞɑɘɌ, ɟɓ ɛɜɔɘɌɜəɔ 
ɢɔɴ ɘɔəɔɘɔɓɔɜɌɵɌ ɟɖɟɛəɔɡ ɞɜɚɤɖɚɎɌ, ɖɚɳɑ ɛɚɐɜɌɓɟɘɑɎɌ ɞɜɚɤɖɚɎɑ ɛɚɜɟɣɔɎɌɵɌ, 
ɐɜɒɌɵɌ ɓɌɗɔɡɌ ɔ ɞɜɚɤɖɚɎɑ ɛɜɔ ɏɟɍɔɞɖɟ ɛɜɚɐɌɳɑ [104] ɖɌɚ ɔ ɛɚɎɑɶɌɵɑɘ əɔɎɚɌ ɟɝɗɟɏɌ 
ɖɚɳɑ ɝɟ ɐɔɜɑɖɞəɚ ɛɚɎɑɓɌəɑ ɝɌ ɝɛɜɚɎɚɭɑɵɑɘ ɛɚɞɜɌɒɵɑ ɚɐ ɝɞɜɌəɑ ɜɌɓɗɔɣɔɞɔɡ 
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ɝɖɗɌɐɔɤɞɌ, ɤɞɚ ɝɑ ɘɚɒɑ ɛɚɝɞɔɶɔ ɖɜɚɓ ɖɜɑɔɜɌɵɑ ɔ ɔɘɛɗɑɘɑəɞɌɢɔɳɟ ɖɚəɢɑɛɞɌ əɔɎɚɌ 
ɓɌɗɔɡɌ [105]. 

Ȼɜɔ əɌɝɟɘɔɣəɚɳ ɔ əɑɝɞɌɍɔɗəɚɳ ɛɚɞɜɌɒɵɔ ɝɌ ɖɚɳɚɘ ɝɑ ɛɜɑɐɟɓɑɶɌ ɔ ɖɚɘɛɌəɔɳɑ 
ɝɎɌɖɚɐəɑɎəɚ ɝɟɚɣɌɎɌɳɟ ɳɌɎɴɌ ɝɑ ɛɜɔɘɌɜəɔ ɛɜɚɍɗɑɘ ɖɚɐ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɖɚɳɔ ɝɑ 
ɚɏɗɑɐɌ ɟ Ɏɔɤɖɟ ɔɗɔ əɑɐɚɝɞɌɞɖɟ ɓɌɗɔɡɌ. 

ȽɞɟɐɔɳɌ ɟ ȶɚɗɟɘɍɔɳɔ ɖɚɳɟ ɝɟ ɜɑɌɗɔɓɚɎɌɗɔ ɔ ɛɟɍɗɔɖɚɎɌɗɔ 2019. ɏɚɐɔəɑ ȯ. ȮɔɐɌɗ 
ɔ ɚɝɞɌɗɔ (G. Vidal), ɟɞɎɜɐɔɗɌ ɳɑ ɐɌ ɝɑ ɟ ȶɚɗɟɘɍɔɳɔ 92% ɖɚɘɛɌəɔɳɌ ɝɟɚɣɌɎɌ ɝɌ ɚɎɔɘ 
əɌɏɗɌɤɑəɔɘ ɛɜɚɍɗɑɘɚɘ [106]. ȺɛɔɝɌəɔ əɌɣɔə ɟɛɜɌɎɴɌɵɌ ɳɑ ɜɑɠɑɜɑəɞɌə ɔ 
əɌɳɖɚɘɛɗɑɖɝəɔɳɔ ɓɌ ɍɔɗɚ ɖɚɳɔ ɛɜɔɎɜɑɐəɔ ɝɟɍɳɑɖɞ ɣɔɳɌ ɳɑ ɐɑɗɌɞəɚɝɞ ɛɜɚɔɓɎɚɐɵɌ, ɓɍɚɏ 
ɞɚɏɌ ɤɞɚ ɛɜɑɐɝɞɌɎɴɌ əɑɛɜɑɝɞɌəɟ ɔəɎɑɝɞɔɢɔɳɟ ɞɚɖɚɘ ɎɜɑɘɑəɌ [107]. 

ȿ ɝɎɑɞɗɟ ɔɝɖɌɓɌəɚɏ ɟ əɌɝɞɌɎɖɟ ɝɟ ɛɜɑɢɔɓɔɜɌəɌ ɏɗɌɎəɌ ɔ əɌɳɓəɌɣɌɳəɔɳɌ ɛɔɞɌɵɌ 
ɖɌɖɚ ɍɔ ɐɚɤɗɔ ɐɚ ɝɛɌɳɌɵɌ ɜɌɝɢɑɛɌ ɔɓɘɑɭɟ ɛɚɝɞɚɳɑɶɔɡ ɞɑɚɜɔɳɝɖɔɡ ɛɚɖɌɓɌɞɑɴɌ. 
Ȼɚɞɜɑɍəɚ ɳɑ ɚɐɏɚɎɚɜɔɞɔ əɌ ɛɔɞɌɵɌ: ȳɍɚɏ ɣɑɏɌ ɝɟ ɘɚɐɑɗɔ ɓɌɗɔɡɌ ɎɌɒəɔ ɟ ɛɜɚɔɓɎɚɐəɔɘ 
ɝɔɝɞɑɘɔɘɌ ɔ əɌ ɖɚɳɔ əɌɣɔə ɝɑ ɖɗɌɝɔɠɔɖɟɳɟ ɘɚɐɑɗɔ ɓɌɗɔɡɌ? 

ȻɜɔɝɟɝɞɎɚ ɓɌɗɔɡɌ ɟ ɛɜɚɔɓɎɚɐəɔɘ ɝɔɝɞɑɘɔɘɌ, ɝɑ ɛɚɐɜɌɓɟɘɑɎɌ, ɚɍɓɔɜɚɘ əɌ ɞɚ ɐɌ 
ɝɟ ɝɔɜɚɎɔəɑ ɔɗɔ ɛɚɗɟɛɜɚɔɓɎɚɐɔ ɛɌ ɣɌɖ ɔ ɛɜɚɔɓɎɚɐɔ ɛɚɞɜɑɍəɔ ɓɌ ɜɑɌɗɔɓɌɢɔɳɟ 
ɛɜɚɔɓɎɚɐɵɑ ɔ ɝɞɎɌɜɌɵɑ ɏɚɞɚɎɚɏ ɛɜɚɔɓɎɚɐɌ [100]. 

ȳɌɗɔɡɑ ɝɟ ɝɎɚɳɝɞɎɑəɌ ɖɌɜɌɖɞɑɜɔɝɞɔɖɌ ɛɜɚɔɓɎɚɐəɚɏ ɛɜɚɢɑɝɌ ɔ ɚɍɌɎɴɌɳɟ ɠɟəɖɢɔɳɑ 
ɖɌɚ ɤɞɚ ɝɟ: 

¶ ɛɜɟɒɌɵɑ ɛɚɐɜɤɖɑ ɛɜɔ ɝɛɜɑɣɌɎɌɵɟ ɜɔɓɔɖɌ ɚɐ əɑɝɞɌɤɔɢɑ, ɖɌɚ ɔ ɚəɔɡ 
ɟɓɜɚɖɚɎɌəɔɡ ɛɚɜɑɘɑɶɌɳɑɘ ɟ əɌɍɌɎɢɔ; 

¶ ɐɚɛɟɤɞɌɵɑ ɘɔəɔɘɔɓɔɜɌɵɌ ɞɜɚɤɖɚɎɌ əɌ ɚɝəɚɎɟ ɖɚɗɔɣɔəɑ ɔɗɔ ɚɍɔɘɌ 
ɛɜɔ əɌɍɌɎɢɔ ɔ ɛɜɚɔɓɎɚɐɵɔ; 

¶ ɚɍɑɓɍɑɭɔɎɌɵɑ ɛɚɞɜɑɍɌ ɖɟɛɌɢɌ ɛɜɔ ɖɜɌɞɖɔɘ ɜɚɖɚɎɔɘɌ ɔɝɛɚɜɟɖɑ ɔ 

¶ ɛɚɐɜɒɌɎɌɵɑ ɛɜɚɔɓɎɚɐəɔɡ ɛɜɚɢɑɝɌ ɖɜɚɓ ɓɌɗɔɡɑ ɖɜɔɞɔɣəɔɡ ɑɗɑɘɑəɌɞɌ. 

ȿ ɚɖɎɔɜɟ ɛɜɚɔɓɎɚɐəɑ ɚɜɏɌəɔɓɌɢɔɳɑ, ɟɛɜɌɎɴɌɵɑ ɖɜɑɔɜɌ ɚɐɜɑɭɑəɔ əɔɎɚ 
ɖɚɘɛɗɑɖɝəɚɝɞɔ, əɌ ɚɝəɚɎɟ ɛɜɔɝɟɝɞɎɌ əɑɓɌɎɔɝəɔɡ ɛɜɚɘɑəɴɔɎɔɡ ɔ əɑɔɓɎɑɝəɚɝɞɔ ɟ 
ɚɖɜɟɒɑɵɟ, ɤɞɚ ɖɜɑɔɜɌ ɐɔɝɍɌɗɌəɝ ɔɗɔ ɎɌɜɔɳɌɢɔɳɑ ɟ ɚɐɏɚɎɌɜɌɳɟɶɔɘ əɔɎɚɔɘɌ. 
Ȼɚɘɑəɟɞɔ ɛɜɚɍɗɑɘ, ɖɌɖɚ ɞɎɜɐɔ əɌ ɚɝəɚɎɟ ɛɟɍɗɔɖɌɢɔɳɑ ȸ. ɂɑɜɎɑɜɌ (M. Cervera), ɳɑ 
ɜɑɤɔɎ ɛɜɔɘɑəɚɘ ɞɑɡəɔɖɌ, ɘɑɞɚɐɌ ɔ ɘɚɐɑɗɌ ɖɚɳɔ ɚɍɑɓɍɑɭɟɳɟ ɗɌɖɤɑ ɛɗɌəɔɜɌɵɑ ɔ 
ɖɚəɞɜɚɗɟ ɌɖɞɔɎəɚɝɞɔ ɔ ɞɔɘɑ ɛɚɞɛɚɘɌɒɟ ɐɚəɚɤɑɵɑ ɚɐɗɟɖɌ. ȶɌɚ ɏɗɌɎəɔ ɛɜɔɚɜɔɞɑɞ 
ɛɚɞɜɑɍəɚ ɳɑ ɐɚɎɑɝɞɔ ɞɜɚɤɖɚɎɑ əɌɍɌɎɖɑ əɌ ɘɔəɔɘɟɘ ɟɓ ɚɐɜɒɌɎɌɵɑ əɑɚɛɡɚɐəɑ 
ɖɚɗɔɣɔəɑ ɓɌɗɔɡɌ [100]. 

ȿ ɐɚɝɞɟɛəɚɳ ɗɔɞɑɜɌɞɟɜɔ ɘɚɏɟ ɝɑ ɝɜɑɝɞɔ ɖɜɑɐɔɍɔɗəɔ, ɜɑɗɑɎɌəɞəɔ, ɌɐɑɖɎɌɞəɔ ɔ 
ɓəɌɣɌɳəɔ Ɍɝɛɑɖɞɔ ɟɛɜɌɎɴɌɵɌ ɘɚɐɑɗɔɘɌ ɓɌɗɔɡɌ, ɖɚɳɔ ɝɟ ɎɑɓɌəɔ ɓɌ: ɔəɞɑɏɜɔɝɌəɔ ɝɔɝɞɑɘ 
ɗɌəɢɌ ɝəɌɍɐɑɎɌɵɌ [108]; ɖɚəɞɜɚɗɟ ɛɜɚɔɓɎɚɐəɚɏ ɝɔɝɞɑɘɌ [109], ɟɛɜɌɎɴɌɵɑ ɑɠɑɖɞɔɎəɔɘ 
ɟɗɌɏɌɵɑɘ ɟ ɞɑɡəɚɗɚɏɔɳɟ ɚɣɟɎɌɵɌ [110], ɚɛɞɔɘɔɓɌɢɔɳɟ ɘɔəɔɘɌɗəɔɡ ɞɜɚɤɖɚɎɌ ɔɝɛɚɜɟɖɑ 
ɔ ɚɛɞɔɘɔɓɌɢɔɳɟ Ɏɑɗɔɣɔəɑ ɝɑɜɔɳɑ [104], ɟɛɜɌɎɴɌɵɑ ɖɎɌɜɴɔɎɔɘ ɓɌɗɔɡɌɘɌ [111], 
ɠɚɜɘɔɜɌɵɑ ɚɛɞɔɘɌɗəɚɏ ɖɚəɢɑɛɞɌ ɛɜɚɔɓɎɚɐɵɑ ɔ əɌɍɌɎɖɑ, ɝɘɌɵɑɵɑ ɜɔɓɔɖɌ ɚɐ 
əɑɝɞɌɤɔɢɌ ɛɜɚɔɓɎɚɐɌ ɔɗɔ ɵɔɡɚɎɔɡ ɐɟɛɗɔɜɌɵɌ [112], ɝɘɌɵɑɵɑ ɤɖɌɜɞɌ [113] ɔ 
ɝɞɎɌɜɌɵɑ ɑɠɑɖɞɔɎəɚɏ ɔ ɑɠɔɖɌɝəɚɏ ɛɜɚɢɑɝɌ əɌɜɟɣɔɎɌɵɌ [114]. 
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ȻɜɑɘɌ ɔɝɞɜɌɒɔɎɌɵɟ, ɖɚɳɑ ɝɟ ɝɛɜɚɎɑɗɔ ȯ. ȮɔɐɌɗ ɔ ɚɝɞɌɗɔ (G. Vidal), Ɏɜɤɑ 
ɖɗɌɝɔɠɔɖɌɢɔɳɟ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ ɟɓɔɘɌɳɟɶɔ ɟ ɜɌɓɘɌɞɜɌɵɑ ɐɎɌ ɚɛɤɞɌ ɝɑɏɘɑəɞɌ ɔ 
ɛɚɐɝɑɏɘɑəɞɑ: ɛɜɎɔ ɝɑɏɘɑəɞ ɝɌ ɛɜɎɔɘ ɛɚɐɝɑɏɘɑəɞɚɘ ɝɟ ɛɜɚɔɓɎɚɐɔ, ɖɚɳɔ ɝɑ ɛɜɎɚ, ɛɜɑɘɌ 
Ɏɜɝɞɔ ɐɑɗɑ əɌ ɖɎɌɜɴɔɎɑ ((P) perishable) ɔ əɑɖɎɌɜɴɔɎɑ ((NP) non-perishable), ɔ ɐɜɟɏɔ 
ɛɚɐɝɑɏɘɑəɞ ɚəɌɳ ɛɜɑɘɌ ɖɚɘɑ əɌ ɚɝəɚɎɟ ɖɚɗɔɣɔəɑ ɓɌɗɔɡɑ ɝɑ ɐɑɗɑ əɌ ɚəɑ ɝɌ ɳɑɐəɔɘ 
ɛɜɚɔɓɎɚɐɚɘ ((UP) uniproduct) ɔ ɚəɑ ɝɌ Ɏɔɤɑ ɛɜɚɔɓɎɚɐɌ ((MP) multiproduct) ɔ ɐɜɟɏɔ 
ɝɑɏɘɑəɞ ɳɑ ɛɚɞɜɌɒɵɌ, ɖɚɳɌ ɝɑ əɌ ɚɝəɚɎɟ Ɏɜɝɞɑ ɛɚɘɔɵɑ ɖɌɚ əɑɓɌɎɔɝəɌ ɔ ɓɌɎɔɝəɌ, Ɍ ɛɜɑɘɌ 
ɑɗɑɘɑəɞɔɘɌ ɝɗɟɣɌɳəɚɝɞɔ ɐɑɗɔ ɝɑ əɌ ɐɑɞɑɜɘɔəɔɝɞɔɣɖɑ ɔ ɝɞɚɡɌɝɞɔɣɖɑ [115]. ȹɌ ɚɝəɚɎɟ 
əɌɜɑɐəɑ ɝɗɔɖɑ 2.26 ɔ ɔɘɌɳɟɶɔ ɟ Ɏɔɐɟ ɛɜɑɞɡɚɐəɚ əɌɎɑɐɑəɚ, ɤɔɜɔ ɝɑ ɝɛɑɖɞɌɜ ɟ ɚɐəɚɝɟ 
əɌ ɜɌɓɗɔɣɔɞɑ ɘɚɐɑɗɑ ɖɚɳɔ ɝɟ ɛɜɑɐɝɞɌɎɴɑəɔ ɟ ɗɔɞɑɜɌɞɟɜɔ, ɝɌɏɗɑɐɌɎɌɳɟɶɔ ɜɌɓɗɔɣɔɞɑ 
ɖɚɘɛɚəɑəɞɑ ɖɚɳɑ ɝɑ ɓɌɛɌɒɌɳɟ ɟ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ. 

 
ȽɗɔɖɌ 2.26  ȸɚɐɑɗɔ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ [100] 

(əɌ ɚɝəɚɎɟ [100] ɌɐɌɛɞɔɜɌɚ Ɍɟɞɚɜ) 

ȿ ɜɌɓɘɌɞɜɌɵɟ ɝɞɚɡɌɝɞɔɣɖɚɏ ɘɚɐɑɗɌ ɓɌɗɔɡɌ, ɛɜɚɘɑəɴɔɎɑ ɝɟ ɔəɞɑɜɌɖɞɔɎəɑ ɔ 
əɔɝɟ ɛɚɓəɌɞɑ ɝɌ ɝɔɏɟɜəɚɤɶɟ. ȶɜɑɔɜɌəɑ ɝɟ ɛɚɐ ɚɝəɚɎəɚɘ ɛɜɑɞɛɚɝɞɌɎɖɚɘ ɐɌ ɳɑ 
ɛɚɞɜɌɒɵɌ ɝɗɟɣɌɳəɌ ɔɗɔ ɐɌ ɛɚɝɞɚɳɔ əɑɔɓɎɑɝəɚɝɞ ɞɚɖɚɘ ɐɑɠɔəɔɝɌəɚɏ Ɏɜɑɘɑəɝɖɚɏ 
ɛɑɜɔɚɐɌ, ɟɓ ɚɍɟɡɎɌɞɌɵɑ ɖɚəɢɑɛɞɌ ɝɔɏɟɜəɚɝəɔɡ ɓɌɗɔɡɌ ɔ əɔɎɚɌ ɟɝɗɟɏɑ [66].  

ȻɜɚɍɌɍɔɗɔɝɞɔɣɖɔ ɔɗɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɓɌɗɔɡɌ, ɔɘɌɳɟɶɔ ɟ Ɏɔɐɟ ɜɌɐ ɀ. ȼɔɚɝ 
ɔ ɚɝɞɌɗɔɡ  (F. Rios) ɘɚɏɟ ɝɑ ɝɎɜɝɞɌɞɔ ɟ ɐɎɑ ɏɜɟɛɑ: ɖɌɐɌ ɝɑ Ɏɜɤɔ ɛɑɜɔɚɐɔɣəɔ ɛɜɑɏɗɑɐ ɔ 
ɖɌɐɌ ɳɑ ɚə ɖɚəɞɔəɟɔɜɌə. ȼɌɓɗɔɖɟɳɟ ɝɑ ɘɌɡɚɘ əɌ ɚɝəɚɎɟ ɞɚɏɌ ɤɞɚ ɛɜɎɔ ɟɖɌɓɟɳɑ əɌ 
ɐɚɛɟɵɌɎɌɵɑ ɛɜɑɘɌ ɖɚəɝɞɌəɞəɚɘ ɔ ɐɑɠɔəɔɝɌəɚɘ Ɏɜɑɘɑəɟ, ɐɚɖ ɘɚɐɑɗɔ 
ɖɚəɞɔəɟɔɜɌəɚɏ ɛɜɑɏɗɑɐɌ ɟɖɌɓɟɳɟ əɌ ɞɚ ɐɌ ɝɑ əɚɎɚ əɌɜɟɣɔɎɌɵɑ Ɏɜɤɔ ɖɌɐɌ ɟ ɓɌɗɔɡɌɘɌ 
ɚɝɞɌəɑ ɚɐɜɑɭɑəɌ ɖɚɗɔɣɔəɌ ɛɜɌɶɑəɔɡ ɳɑɐɔəɔɢɌ, ɤɞɚ ɛɜɑɐɝɞɌɎɴɌ ɞɓɎ. - ɞɌɣɖɟ ɛɚəɚɎəɚɏ 
əɌɜɟɣɔɎɌɵɌ.  

ȿɎɔɐɚɘ ɟ ɗɔɞɑɜɌɞɟɜɟ ɘɚɒɑ ɝɑ ɐɚɶɔ ɐɚ ɝɞɌɎɌ ɐɌ ɳɑ ɛɜɑɛɚɓəɌɞ ɚɐɜɑɭɑə ɍɜɚɳ ɘɚɐɑɗɌ 
ɖɚɳɔ ɐɚɎɚɐɑ ɐɚ ɝɗɑɐɑɶɔɡ ɏɜɟɛɌ:  

¶ ɛɜɎɌ ɏɜɟɛɌ ɳɑ - ɝɞɚɡɌɝɞɔɣɖɌ ɝɔɘɟɗɌɢɔɳɌ ((SIM) stochastic simulation) ɖɚɳɌ 
ɛɜɟɒɌ ɘɚɏɟɶəɚɝɞ ɜɌɓɟɘɑɎɌɵɌ, ɛɜɑɐɎɔɭɌɵɌ ɔ ɜɌɓɟɘɑɎɌɵɑ ɝɔɝɞɑɘɌ ɟɓ 
ɛɜɑɐɗɚɏ ɝɞɜɌɞɑɏɔɳɌ ɖɚɳɑ ɟəɌɛɜɑɭɟɳɟ ɛɌɜɌɘɑɞɜɑ ɟɣɔəɖɌ. ȸɚəɞɑ ȶɌɜɗɚ 

ɘɚɐɑɗɔ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ

ɐɑɞɑɜɘɔəɔɝɞɔɣɖɔ

ɛɚɳɑɐɔəɌɣəɌ ɛɌɜɞɔɳɌ(SL)
Ɏɔɤɑɝɞɜɟɖɑ ɛɌɜɞɔɳɑ(LFL)
ɑɖɚəɚɘɔɣəɌ ɖɚɗɔɣɔəɌ əɌɜɟɣɔɎɌɵɌ(EOQ)
ɌɗɏɚɜɔɞɌɘ ɝɜɑɍɜəɚɏ ɚɍɜɚɖɌ(SM)
ɘɔəɔɘɌɗəɔ ɳɑɐɔəɔɣəɔ ɞɜɚɤɌɖ(MUC)
ɑɖɚəɚɘɔɣəɌ ɖɚɗɔɣɔəɌ ɛɜɚɔɓɎɚɐɵɑ(EPQ)
Wagner-WhitinɌɗɏɚɜɔɞɌɘ(WW)
ɐɑɞɑɜɘɔəɔɝɞɔɣɖɌ ɝɔɘɟɗɌɢɔɳɌ(S)
ɘɚɐɑɗ ɣɑɖɌɵɌ(QM)
oɛɞɔɘɔɓɌɢɔɳɌ(OP)

ɝɞɚɡɌɝɞɔɣɖɔɞɑɡəɔɖɑ 
ɚɛɞɔɘɔɓɌɢɔɳɑ 
ɝɔɘɟɗɌɢɔɳɑ 
ɝɞɌɞɔɝɞɔɖɑ ɔ
ɌəɌɗɔɞɔɣɖɔ 
ɘɚɐɑɗɔ

ɝɞɚɡɌɝɞɔɣɖɌ ɝɔɘɟɗɌɢɔɳɌ (SIM)
ɘɌɜɖɚɎɴɑɎɔ ɗɌəɢɔ (CDM)
ɚɛɞɔɘɔɓɌɢɔɳɌ (OPT)
ɐɔəɌɘɔɣɖɚ ɛɜɚɏɜɌɘɔɜɌɵɑ (DP)
ɡɑɟɜɔɝɞɔɖɌ ɔ ɘɑɞɌɡɑɟɜɔɝɞɔɖɌ (HYM)
ɐɔəɌɘɔɣɖɔ ɝɔɝɞɑɘɔ (DS)
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ɝɔɘɟɗɌɢɔɳɌ ɳɑ ɳɑɐəɌ ɚɐ ɖɚɜɔɤɶɑəɔɡ ɞɑɡəɔɖɌ, ɖɚɳɌ əɟɐɔ əɌ ɚɛɞɔɘɌɗɌə 
əɌɣɔə ɖɚəɞɜɚɗɟ ɔ ɟɛɜɌɎɴɌɵɑ ɖɚɗɔɣɔəɚɘ ɛɜɚɔɓɎɚɐɌ ɔ ɓɌɗɔɡɌ ɟ 
ɛɜɑɐɟɓɑɶɔɘɌ, ɝəɔɒɌɎɌɳɟɶɔ ɏɟɍɔɞɖɑ ɔ ɛɚɍɚɴɤɌɎɌɳɟɶɔ Ɏɜɑɘɑ ɜɑɌɖɢɔɳɑ 
[116], ɖɌɚ ɔ əɌɗɌɓɑɶɔ ɖɚəɢɑɛɞ ɝɔɏɟɜəɚɝəɔɡ ɓɌɗɔɡɌ ɖɚɳɔ ɛɜɔ ɞɚɘ ɐɌɳɑ 
ɚɣɑɖɔɎɌəɔ ɘɌɖɝɔɘɌɗəɔ ɐəɑɎəɔ ɛɜɚɠɔɞ.  

¶ ɐɜɟɏɌ ɏɜɟɛɌ ɝɟ - ȸɌɜɖɚɎɴɑɎɔ ɗɌəɢɔ ((CDM) Markov Chains) ɖɚɳɔ ɝɟ 
ɟɛɚɞɜɑɍɴɔɎɔ ɟɖɚɗɔɖɚ ɳɑ əɑɚɛɡɚɐəɚ ɛɜɑɎɌɓɔɶɔ əɔɓ ɛɜɚɍɗɑɘɌ əɌɝɞɌɗɔɡ ɟ 
ɝɞɎɌɜəɚɘ ɒɔɎɚɞɟ ɛɜɔ ɟɝɗɚɎɔɘɌ əɑɔɓɎɑɝəɚɝɞɔ, ɖɌɚ ɤɞɚ ɳɑ ɐɑɠɔəɔɝɌɵɑ 
əɔɎɚɌ ɓɌɗɔɡɌ [117] [118]. Ⱥəɔ ɝɟ ɑɠɔɖɌɝəɔ ɟ ɖɜɑɔɜɌɵɟ ɛɜɑɐɔɖɞɔɎəɔɡ 
ɔəɠɚɜɘɌɢɔɳɌ əɌ ɚɝəɚɎɟ ɖɚɳɔɡ ɜɟɖɚɎɚɐɔɚɢɔ ɘɚɏɟ ɐɌɞɔ ɛɜɚɢɑəɟ 
ɎɑɜɚɎɌɞəɚɶɑ ɍɟɐɟɶɔɡ ɔɝɡɚɐɌ [119]. 

¶ ɞɜɑɶɌ ɏɜɟɛɌ ɳɑ - ȺɛɞɔɘɔɓɌɢɔɳɌ ((OPT) Optimisation), ɚɎɌɳ ɘɚɐɑɗ 
ɟɝɞɌəɚɎɴɌɎɌ ɜɌɓɗɔɣɔɞɑ ɠɟəɖɢɔɳɑ ɢɔɴɌ, ɘɔəɔɘɔɓɔɜɌ ɟɖɟɛəɑ ɞɜɚɤɖɚɎɑ 
ɓɌɗɔɡɌ ɐɟɒ ɟɖɟɛəɚɏ ɞɚɖɌ ɛɗɌəɔɜɌɵɌ [120] [121]. ȿ ɝɗɔɣəɔɘ ɚɖɚɗəɚɝɞɔɘɌ 
ɛɚɞɜɑɍəɚ ɳɑ ɛɚɝɞɔɶɔ ɝɟɛɜɚɞəɚ. ȿ ɜɌɐɟ ȥ.Ƚ. Ƚɚəɏ (J.S. Song) [122] ɛɜɔɖɌɓɟɳɑ 
ɘɌɖɝɔɘɌɗəɔ ɐɚɓɎɚɴɑəɔ əɔɎɚ ɓɌɗɔɡɌ, ɐɚɖ ɟ ɜɌɐɟ ȸ. ȰɟɎɌəɐɑ ɔ ɚɝɞɌɗɔ (M. 
Dawande) [123] ɛɜɔɖɌɓɟɳɟ ɓɌɡɞɑɎ ɓɌ ɔɝɛɟɵɑɵɑ ɘɌɖɝɔɘɌɗəɑ əɌɜɟɹɍɔəɑ, ɖɌɚ 
ɔ ɟ ɜɌɐɟ ȸ. Ƀɚɟ ɔ ɚɝɞɌɗɔ (M. Chou) [124] ɏɐɑ ɳɑ ɚɣɑɖɔɎɌəɔ ɛɜɚɠɔɞ 
ɘɌɖɝɔɘɌɗɌə. 

¶  ɣɑɞɎɜɞɌ ɏɜɟɛɌ - ȰɔəɌɘɔɣɖɚ ɛɜɚɏɜɌɘɔɜɌɵɑ ((DP) Dynamic Programming), 
ɝɛɌɐɌ ɟ ɛɚɝɞɟɛɌɖ ɚɛɞɔɘɔɓɌɢɔɳɑ ɝɌɝɞɌɎɴɑə ɚɐ əɔɓɌ ɚɐɗɟɖɌ, ɐɚɍɔɳɑəɔɡ 
ɛɚɝɞɟɛəɚ, ɟɓ ɖɜɔɞɑɜɔɳɟɘ ɖɚɳɔ ɘɔəɔɘɔɓɔɜɌ ɟɖɟɛəɑ ɞɜɚɤɖɚɎɑ ɎɑɓɌəɑ ɓɌ 
ɓɌɗɔɡɑ. 

¶ ɛɑɞɌ ɏɜɟɛɌ - ɁɑɟɜɔɝɞɔɖɌ ɔ ɘɑɞɌɡɑɟɜɔɝɞɔɖɌ ((HYM)Heuristics and 
Metaheuristics), ɡɑɟɜɔɝɞɔɣɖɑ ɛɜɚɢɑɐɟɜɑ ɝɟ ɳɑɐəɚɝɞɌɎəɑ, əɌ ɚɝəɚɎɟ ɜɌɐɌ 
Ƚ.Ɂ. ȳɌəɌɖɔɝɌ ɔ ȥ.ȼ. ȱɎɌəɝɌ (S.H. Zanakis ɔ J.R. Evans) [125] ɍɌɓɔɜɌəɑ ɝɟ əɌ 
ɓɐɜɌɎɚɘ ɜɌɓɟɘɟ, əɟɐɑɶɔ ɛɚɎɚɴəɌ ɜɑɤɑɵɌ. ɁɑɟɜɔɝɞɔɖɌ ɳɑ ɑɠɔɖɌɝɌə 
əɌɣɔə ɓɌ ɟɍɜɓɌɵɑ ɛɚɝɞɟɛɖɌ ɐɚəɚɤɑɵɌ ɚɐɗɟɖɌ ɎɌɒəɔɡ ɓɌ ɚɛɞɔɘɌɗəɔ əɔɎɚ 
ɓɌɗɔɡɌ [126]. ȸɑɞɌɡɑɟɜɔɝɞɔɖɌ, əɌɳɣɑɤɶɑ ɟɛɚɞɜɑɍɴɌɎɌəɔ Ɍɗɏɚɜɔɞɘɔ ɟ 
ɜɌɐɟ ɖɚɳɔ ɝɟ ɛɜɑɓɑəɞɚɎɌɗɔ ɖɌɖɚ ɍɔ ɛɜɚəɌɤɗɔ ɚɛɞɔɘɌɗɌə əɔɎɚ 
ɛɚɜɟɹɍɔəɑ, ȹ. ȫɔɳɌəɞɡɔ ɔ Ȼ. ȼɌɐɑɖɜɔɤəɑə (N. Jeyanthi; P. 
Radhakrishnan) [120] ɖɚɜɔɝɞɔɗɔ ɝɟ ɏɑəɑɞɝɖɑ Ɍɗɏɚɜɔɞɘɑ, ɐɚɖ ɟ ɝɎɚɘ ɜɌɐɟ Ƚ. 
ȭɟɠɑɞ ɔ ȹ. Ƚɖɚɞ (S. Buffett; N. Scott) [127] ɚɛɞɔɘɔɓɟɳɟ ɟɖɟɛəɑ ɞɜɚɤɖɚɎɑ 
ɓɌɗɔɡɌ. 

¶  ɤɑɝɞɌ ɏɜɟɛɌ - ȰɔəɌɘɔɖɌ ɝɔɝɞɑɘɌ ((DS) Dynamic of Systems), ɘɑɞɚɐɑ ɖɚɳɑ 
ɝɑ Ɏɑɓɟɳɟ ɓɌ ɝɔɘɟɗɌɢɔɳɟ ɛɜɚɍɗɑɘɌ ɟ ɜɑɌɗəɚɘ Ɏɜɑɘɑəɟ ɝɌ Ɍɖɢɑəɞɚɘ əɌ 
ɛɚɐɜɤɖɟ ɛɜɔ ɜɌɓɟɘɑɎɌɵɟ ɔ ɌəɌɗɔɓɔ ɖɴɟɣəɔɡ ɑɗɑɘɑəɌɞɌ ɝɔɝɞɑɘɝɖɑ 
ɐɔəɌɘɔɖɑ, ɓɌɗɔɡɌ ɔ ɞɚɖɚɎɌ [128], Ɍ ɖɌɖɚ ɝɟ ɓɌɍɑɗɑɒɔɗɔ ɟ ɣɗɌəɖɟ Ƚ. ȳɌəɌɖɔɝ 
ɔ ȥ. ȱɎɌəɝ (S. Zanakis ɔ J. Evans) [125], ɐɔəɌɘɔɖɟ ɝɔɝɞɑɘɌ ɖɌɜɌɖɞɑɜɔɤɑ 
ɣɔɵɑəɔɢɌ ɐɌ ɟɖɚɗɔɖɚ ɝɔɝɞɑɘ əɔɳɑ ɟ ɜɌɎəɚɞɑɒɔ ɔɝɡɚɐɔ ɝɑ ɘɑɵɌɳɟ ɞɚɖɚɘ 
ɎɜɑɘɑəɌ. Ȼɚɞɜɑɍəɚ ɳɑ əɌɛɚɘɑəɟɞɔ ɐɌ ɟ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ, ɓəɌɣɌɳəɟ 
ɟɗɚɏɟ ɟ ɐɚəɚɤɑɵɟ ɚɐɗɟɖɌ ɔɘɌɳɟ ɔ ɛɜɚɘɑəɑ ɟ ɛɚɞɜɌɒɵɔ. 
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ȺȭȥȱȶȬȾ ȾȱȽȾ-ȱȶȽȻȱȼȴȸȱȹȾȬȷȹȴɁ 
ȴȽȾȼȬȲȴȮȬȧȬ 

3.1. ȼȿȰȹȴȶ ȴ ɀȷȺȾȬɂȴȥȬ ȼȿȰȹȴȶ 

ȼɟɐɌɜɝɞɎɚ əɌ ɚɍɜɚəɢɔɘɌ ȼɟɐəɔɖɌ ɚɐɎɔɳɌɗɚ ɝɑ ɳɚɤ ɟ ɝɞɌɜɚɘ Ɏɑɖɟ əɌ ɤɞɌ ɟɖɌɓɟɳɟ 
ɘəɚɏɔ ɝɞɌɜɔ ɛɚɎɜɤɔəɝɖɔ ɔ ɛɚɐɓɑɘəɔ əɌɗɌɓɔ. ȹɌ ɛɗɌəɔəɔ ȼɟɐəɔɖ ɍɔɚ ɳɑ ɗɚɢɔɜɌə 
ɎɌɒɌə ɜɔɘɝɖɔ ɜɟɐəɔɖ ɚɗɚɎɌ ɔ ɢɔəɖɌ [129]. 

ȼɟɐəɔɖ, ɖɌɚ ɜɟɐəɔɖ ɏɎɚɒɭɌ, ɍɑɗɑɒɔ ɝɑ ɛɜɎɔ ɛɟɞ ɳɚɤ 1559. ɏɚɐɔəɑ ɟ ɳɑɐəɚɘ ɚɐ 
ɝɟɗɞɌəɚɎɔɡ ɟɖɌɓɌ ɐɚɖ ɳɑ ȽɜɍɔɳɌ ɍɔɗɌ ɛɚɐ Ⱦɟɜɝɖɚɘ ɎɗɌɤɶɟ [130]. 

ȾɌɖɚɭɑ ɞɚɖɚɘ ɝɜɑɐɵɑɏ ɎɑɖɌ əɌɝɞɌɎɵɑəɌ ɳɑ ɔ ɜɟɐɌɜɝɖɌ ɌɖɞɔɎəɚɝɞ əɌ ɚɎɚɳ 
ɛɗɌəɔəɔ. ȹɌ ȼɟɐəɔɖɟ, ȽɌɝɔ ɝɑ ɛɚɳɌɎɴɟɳɟ ɖɜɌɳɑɘ XIII ɎɑɖɌ. Ȭɗɔ ɞɑɖ 1807. ɏɚɐɔəɑ 
ɚɍɑɗɚɐɌɵɑəɌ ɳɑ ɛɜɎɌ Ɏɑɝɞ ɚ ɜɟɐɌɜɝɞɎɟ ɟ Ƚɜɍɔɳɔ ɖɚɳɌ ɳɑ ɏɗɌɝɔɗɌ: ăȿ Ƚɜɍɔɳɔ ɝɑ əɌɗɌɓɑ 
ɘəɚɏɔ ɝɞɜɟɣɵɌɢɔ, Ɍ ɍɔɶɑ ɎɜɍɚɎɌəɚ ɔ Ɏɔɤɑ. Ⱥəɔ ɶɑ ɜɌɐɔɞɔ əɌ ɍɚɏɌɞɔɘ ɜɟɐəɔɢɔɘɌ, 
ɣɔɳɑ ɳɑ ɏɗɌɎəɚ ɘɑɝɞɚ ȼɟɐəɔɖ.ò ȹɌɖɚə ɞɚɏɌ 1808. ɏɚɐɔəɑ əɌ ȼɟɐəɔɖɟ ɟ ɑɖɝɛɗɚɌɞɌɢɔɳɔ ɝɟ 
ɜɟɐɑ ɏɎɚɒɭɑ ɔ ɍɌɖɌɜ, ɖɌɖɚ ɍɔ ɝɑ ɓɌɐɚɎɚɴɔɗɑ ɛɚɞɜɑɍɑ ɓɌ əɌɚɜɟɒɌɵɑɘ. ȿɓ ɚɎɌ ɐɎɌ ɘɑɞɌɗɌ 
ɛɚɘɔɵɟ ɝɑ ɝɜɑɍɜɚ ɔ ɚɗɚɎɚ [129]. Ⱥɐ ɞɌɐɌ ɍɚɏɌɞɝɞɎɚ ɜɟɐəɔɖɌ ɛɜɌɞɑ ɟɝɛɚəɔ ɔ ɛɌɐɚɎɔ 
ɎɗɌɐɌɳɟɶɔɡ ɔɘɛɑɜɔɳɌ ɝɎɑ ɐɚ ɛɑɜɔɚɐɌ əɌɝɞɌəɖɌ ɘɚɐɑɜəɚɏ ɜɟɐɌɜɝɞɎɌ əɌ ȼɟɐəɔɖɟ. ȺɎɌɳ 
ɛɚɣɑɞɌɖ ɝɑ Ɏɑɓɟɳɑ ɓɌ ȸɔɤɟ ȸɔɡɌɔɗɚɎɔɶɌ, ɎɗɌɝəɔɖɌ ȼɟɐəɔɖɌ ɚɐ 1894. ɐɚ 1926. ɏɚɐɔəɑ. 
Ⱦɚ ɳɑ ɍɔɚ ɓɌɣɑɞɌɖ ɛɜɑɐɟɓɑɶɌ ȼɟɐəɔɖ ɚɗɚɎɌ ɔ ɢɔəɖɌ ăȼɟɐəɔɖò. ȿ ɜɌɓɐɚɍɴɟ ɔɓɘɑɭɟ ɐɎɌ 
ɝɎɑɞɝɖɌ ɜɌɞɌ, ɎɗɌɝəɔɢɔ ɜɟɐəɔɖɌ ȼɟɐəɔɖ ɍɔɗɔ ɝɟ ɛɜɔɎɌɞəɌ ɌɖɢɔɚəɌɜɝɖɌ ɐɜɟɤɞɎɌ. 
Ⱦɚɖɚɘ Ȱɜɟɏɚɏ ɝɎɑɞɝɖɚɏ ɜɌɞɌ ȼɟɐəɔɖ əɔɳɑ ɍɔɚ ɌɖɞɔɎɌə. ȹɌɖɚə Ȱɜɟɏɚɏ ɝɎɑɞɝɖɚɏ ɜɌɞɌ ɝɌ 
ɔəɞɑɜɑɝɚɘ ɔ ɘɚɞɔɎɚɘ ɚɍəɚɎɑ ɜɟɐɌɜɝɞɎɌ ɟ Ƚɜɍɔɳɔ, ɠɚɜɘɔɜɌ ɝɑ 1952. ɏɚɐɔəɑ 
ăȰɜɟɤɞɎɑəɚ ɛɜɑɐɟɓɑɶɑ ȼɟɐəɔɖ ɚɐ ɚɛɤɞɑɐɜɟɤɞɎɑəɚɏ ɓəɌɣɌɳɌò. ȹɌɖɚə ɚɞɎɌɜɌɵɌ 
ɗɑɒɔɤɞɌ ɔ ɔɓɏɜɌɐɵɚɘ ɛɚɝɞɜɚɳɑɵɌ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɓɌ ȰɌə 
ȼɑɛɟɍɗɔɖɑ (29.11.) 1952. ɏɚɐɔəɑ ɓɌɛɚɣɔɵɑ ɛɜɚɍəɌ, Ɍ ɛɜɎɚɏ ɳɌəɟɌɜɌ 1953. ɏɚɐɔəɑ ɔ 
ɜɑɐɚɎəɌ ɛɜɚɔɓɎɚɐɵɌ ɖɚəɢɑəɞɜɌɞɌ ɚɗɚɎɌ ɔ ɢɔəɖɌ. Ȼɚɝɞɜɚɳɑɵɑ ɳɑ ɜɌɐɔɗɚ ɐɚ ɔəɢɔɐɑəɞɌ, 
ɝɜɑɐɔəɚɘ ɌɎɏɟɝɞɌ 1987. ɏɚɐɔəɑ, ɖɌɐɌ ɳɑ ɟ ɛɚɞɛɟəɚɝɞɔ ɔɓɏɚɜɑɗɚ ɛɚɝɞɜɚɳɑɵɑ ɠɗɚɞɌɢɔɳɑ. 
ȴɓɏɜɌɭɑəɚ ɳɑ əɚɎɚ ɔ Ɏɑɶ ɛɚɣɑɞɖɚɘ 1988. ɏɚɐɔəɑ ɛɟɤɞɑəɚ ɳɑ ɟ ɜɌɐ. ȼɌɝɛɌɐ ȥɟɏɚɝɗɌɎɔɳɑ ɔ 
ɜɌɞɚɎɔ ɖɚɳɔ ɝɟ ɝɗɑɐɔɗɔ əɌ ɚɎɚɘ ɛɜɚɝɞɚɜɟ, ɝɌəɖɢɔɳɑ, ɖɜɔɓɌ, ɛɌ ɔ əɔɝɖɑ ɢɑəɑ ɘɑɞɌɗɌ əɌ 
ɍɑɜɓɌɘɌ, ɛɜɑɐɝɞɌɎɴɌɗɔ ɝɟ ɍɜɚɳəɑ ɔɓɌɓɚɎɑ ɟ ɛɚɝɗɚɎɌɵɟ ɞɚɖɚɘ ɐɑɎɑɐɑɝɑɞɔɡ, ɞɌɖɚ ɐɌ 
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ɜɟɐəɔɖ ȼɟɐəɔɖ, ɖɌɚ Ȱ.Ȼ. ȼɟɐəɔɖ ɔ ɠɗɚɞɌɢɔɳɌ "ȼɟɐəɔɖ", ɛɚɝɗɟɳɑ ɚɞɑɒɌəɚ ɔ ɝɌɘɚɝɞɌɗəɚ 
ɐɚ ɖɜɌɳɌ 2004. ɏɚɐɔəɑ. Ⱥɐ ɞɌɐɌ, əɌɖɚə ɛɜɔɎɌɞɔɓɌɢɔɳɑ, ɖɌɐɌ Ɏɑɶɔəɝɖɔ ɎɗɌɝəɔɖ ȼɟɐəɔɖɌ, 
ɛɟɞɑɘ Ɍɟɖɢɔɳɝɖɑ ɛɜɚɐɌɳɑ, ɛɚɝɞɌɳɑ ɠɔɜɘɌ CONTANGO ɔɓ ȭɑɚɏɜɌɐɌ ɛɚɝɗɟɳɑ ɛɚɐ əɌɓɔɎɚɘ 
Ȭ.Ȱ. "ȼɟɐəɔɖ ɔ ɠɗɚɞɌɢɔɳɌ ȼɟɐəɔɖ". CONTANGO 2012. ɏɚɐɔəɑ ɛɚɝɞɌɳɑ 100 % ɎɗɌɝəɔɖ 
ɛɜɑɐɟɓɑɶɌ ɔ ɚɎɌ ɛɜɔɎɌɞɔɓɌɢɔɳɌ ɝɑ ɝɘɌɞɜɌ ɳɑɐəɚɘ ɚɐ əɌɳɟɝɛɑɤəɔɳɔɡ ɛɜɔɎɌɞɔɓɌɢɔɳɌ ɟ 
Ƚɜɍɔɳɔ. ȾɌɐɌ ɛɚɣɔɵɑ ɜɑɚɜɏɌəɔɓɌɢɔɳɌ ɔ əɌɝɞɌɎɴɌ ɝɑ ɛɜɚɔɓɎɚɐɵɌ ɔ ɛɜɑɜɌɐɌ ɜɟɐɑ. ȹɌ 
ɚɎɌɳ əɌɣɔə, ȼɟɐəɔɖ ɔ ɠɗɚɞɌɢɔɳɌ ȼɟɐəɔɖ, ɛɚɝɞɌɳɑ ɛɜɎɔ ɛɜɔɎɌɞəɔ ɜɟɐəɔɖ ɝɌ ɛɚɐɓɑɘəɚɘ 
ɑɖɝɛɗɚɌɞɌɢɔɳɚɘ, ɛɚɝɗɑ Ȱɜɟɏɚɏ ɝɎɑɞɝɖɚɏ ɜɌɞɌ ɟ Ƚɜɍɔɳɔ. ȽɛɜɚɎɑɐɑə ɳɑ ɚɍɔɘɌə ɛɜɚɏɜɌɘ 
ɚɍəɚɎɑ ɚɍɳɑɖɌɞɌ. ȶɌɛɔɞɌɗəɑ ɔəɎɑɝɞɔɢɔɳɑ ɍɔɗɑ ɝɟ ɟɝɘɑɜɑəɑ əɌɳɎɑɶɔɘ ɐɑɗɚɘ ɟ əɚɎɟ 
ɗɔəɔɳɟ ɠɗɚɞɌɢɔɳɑ ɔ ɳɌɗɚɎɔɤɞɑ. Ȼɜɑ ɐɎɌɐɑɝɑɞ ɏɚɐɔəɌ, ɛɜɔɎɌɞɔɓɌɢɔɳɚɘ, ɛɚɖɜɑəɟɞ ɳɑ 
ɔəɞɑəɓɔɎɌə ɔ ɜɑɝɛɑɖɞɌɍɔɗɌə ɛɜɚɝɛɑɜɔɞɑɞ ȼɟɐəɔɖɌ ɖɚɳɔ əɔɳɑ əɌɳɎɑɶɔ Ɍɗɔ ɳɑ ɳɑɐɌə ɚɐ 
əɌɳɑɠɔɖɌɝəɔɳɔɡ ɔ əɌɳɛɜɚɐɟɖɞɔɎəɔɳɔɡ ɟ Ƚɜɍɔɳɔ.  

ȽɌɝɞɚɳɔ ɝɑ ɔɓ ɐɎɑ ɚɜɏɌəɔɓɌɢɔɚəɑ ɳɑɐɔəɔɢɑ: ɛɜɚɔɓɎɚɐɵɑ ɖɚɳɚɳ ɳɑ ɛɜɔɘɌɜəɔ ɢɔɴ 
ɑɖɝɛɗɚɌɞɌɢɔɳɌ Ɏɑɗɔɖɚɏ ɍɜɚɳɌ (ɛɜɑɖɚ 90) ɜɟɐəɔɡ ɞɑɗɌ əɌ ɐɟɍɔəɔ ɐɚ 400 m ɔ ɛɚɎɜɤɔəɔ 
ɚɐ 4.4 km2 ɔ ɛɜɑɜɌɐɑ ɣɔɳɌ ɳɑ ɟɗɚɏɌ ɐɌ ɔɓ ɚɞɖɚɛɌəɑ ɛɚɗɔɘɑɞɌɗɔɣəɑ ɜɟɐɑ, ɛɜɚɢɑɝɔɘɌ 
ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɔɓɐɎɚɳɔ ɖɚəɢɑəɞɜɌɞɑ ɚɗɚɎɌ, ɍɌɖɜɌ ɔ ɢɔəɖɌ. ȭɜɚɳ 
ɓɌɛɚɝɗɑəɔɡ ɖɚɳɔ ɝɟ ɛɜɑɟɓɑɞɔ ɛɜɔɎɌɞɔɓɌɢɔɳɚɘ ɔɓəɚɝɔɚ ɳɑ 295, ɐɌ ɍɔ ɖɜɌɳɑɘ 2023. ɏɚɐɔəɑ 
ɞɌɳ ɍɜɚɳ ɛɚɜɌɝɞɌɚ əɌ 448, ɘɑɭɟ ɖɚɳɔɘɌ ɳɑ 35% ɜɟɐɌɜɌ ɖɌɚ ɔ ɚɐɜɑɭɑə ɍɜɚɳ ɘɗɌɐɔɡ 
ɔəɒɑɵɑɜɌ. ȺɎɌɳ ɜɟɐɌɜɝɖɚ ɛɜɚɔɓɎɚɐəɔ ɝɔɝɞɑɘ ɖɌɜɌɖɞɑɜɔɤɑ ɝɞɌɍɔɗəɌ ɛɜɚɔɓɎɚɐɵɌ ɔ 
ɛɑɜɘɌəɑəɞəɚ ɛɚɎɑɶɌɵɑ ɐɚɍɔɞɔ. ɀɟəɐɌɘɑəɞɌɗəɑ ɖɌɜɌɖɞɑɜɔɝɞɔɖɑ əɌ ɖɚɳɔɘɌ ɝɑ ɓɌɝəɔɎɌ 
ɛɜɚɔɓɎɚɐəɚ-ɞɑɡəɚɗɚɤɖɔ ɝɔɝɞɑɘ ȼɟɐəɔɖɌ ăȼɟɐəɔɖó ɝɟ: ɝɌɎɜɑɘɑəɌ ɞɑɡəɔɣɖɚ-
ɞɑɡəɚɗɚɤɖɌ ɜɑɤɑɵɑ, ɓɌɚɖɜɟɒɑəɚɝɞ ɛɜɚɔɓɎɚɐəɚɏ ɗɌəɢɌ ɚɐ ɛɚɐɓɑɘəɑ ɑɖɝɛɗɚɌɞɌɢɔɳɑ ɐɚ 
ɠɔəɌɗəɔɡ ɛɜɚɔɓɎɚɐɌ ð ɖɚəɢɑəɞɜɌɞɌ ɚɗɚɎɌ, ɢɔəɖɌ ɔ ɍɌɖɜɌ, ɘɑɡɌəɔɓɚɎɌəɌ ɛɜɚɔɓɎɚɐɵɌ, 
ɝɞɌəɐɌɜɐɔɓɌɢɔɳɌ [131] [132].  

ȾɜɌɐɔɢɔɚəɌɗəɚ ɏɚɐɔəɌɘɌ ɔɝɛɟɵɌɎɌɳɟ ɟɝɛɑɤəɚ ɓɌɢɜɞɌəɑ ɔəɎɑɝɞɔɢɔɚəɑ 
ɛɗɌəɚɎɑ, ɟɗɌɏɌɵɑɘ ɟ əɚɎɟ ɚɛɜɑɘɟ ɔ ɞɑɡəɔɖɟ, ɏɑɚɗɚɤɖɌ ɔɝɞɜɌɒɔɎɌɵɌ, ɛɚɐɜɒɌɎɌɵɑɘ 
ɗɚɖɌɗəɑ ɓɌɳɑɐəɔɢɑ. ȼɟɐəɔɖ ɔ ɠɗɚɞɌɢɔɳɌ ȼɟɐəɔɖ ɳɑ ɳɑɐɌə ɚɐ ɝɞɟɍɚɎɌ ɚɛɤɞɔəɑ ȯɚɜɵɔ 
ȸɔɗɌəɚɎɌɢ, ɤɞɚ ɝɑ ɛɜɑ ɝɎɑɏɌ ɚɏɗɑɐɌ ɟ ɞɚɘɑ ɐɌ ɐɔɜɑɖɞəɚ ɔɗɔ ɔəɐɔɜɑɖɞəɚ ɚɍɑɓɍɑɭɟɳɑ 
Ɏɑɗɔɖɔ ɍɜɚɳ ɜɌɐəɔɡ ɘɑɝɞɌ. Ȼɜɑɐɟɓɑɶɑ ȼɟɐəɔɖ ɛɚɐɜɒɌɎɌ ɔ ɏɌɳɔ ɚɐɗɔɣəɑ ɚɐəɚɝɑ ɖɌɖɚ ɝɌ 
ɗɚɖɌɗəɚɘ ɓɌɳɑɐəɔɢɚɘ ɞɌɖɚ ɔ ɤɔɜɑ ɝɌ ɜɑɏɔɚəɌɗəɚɘ ɛɜɑɝɞɚəɔɢɚɘ ɃɌɣɖɚɘ. ȻɜɔɡɎɌɶɑə 
ɚɐ ɗɚɖɌɗəɑ ɓɌɳɑɐəɔɢɑ, ȼɟɐəɔɖ ɖɌɚ ɛɜɑɐɟɓɑɶɑ ɖɚɳɑ ɛɜɔəɢɔɛɔɳɑɗəɚ ɔ ɝɔɝɞɑɘɌɞɔɣəɚ 
ɜɌɓɘɔɤɴɌ ɚ ɐɜɟɤɞɎɑəɚ ɚɐɏɚɎɚɜəɚɘ ɛɚɝɗɚɎɌɵɟ, ɜɑɌɗɔɓɟɳɑ ɌɖɞɔɎəɚɝɞɔ ɟɝɘɑɜɑəɑ ɖɌ 
ɟəɌɛɜɑɭɑɵɟ ɔ ɜɌɓɎɔɳɌɵɟ ɖɎɌɗɔɞɑɞɌ ɒɔɎɚɞɌ əɌ ɞɑɜɔɞɚɜɔɳɔ ɚɛɤɞɔəɑ. ȽɛɜɚɎɚɐɑ ɔ 
ɛɚɤɞɟɳɟ ɝɑ ɎɑɚɘɌ Ɏɔɝɚɖɔ ɝɞɌəɐɌɜɐɔ ɓɌɤɞɔɞɑ ɓɐɜɌɎɴɌ ɔ ɍɑɓɍɑɐəɚɝɞɔ, ɖɌɚ ɔ ɘɑɜɑ 
ɓɌɤɞɔɞɑ ɒɔɎɚɞəɑ ɝɜɑɐɔəɑ. ȥɌɝɌə ɛɚɖɌɓɌɞɑɴ ɐɜɟɤɞɎɑəɚ ɚɐɏɚɎɚɜəɚɏ ɛɚɝɗɚɎɌɵɌ 
ɛɜɑɐɟɓɑɶɌ ɔ ɟɝɌɏɗɌɤɑəɚɝɞɔ ɌɖɞɔɎəɚɝɞɔ ɝɌ ɓɌɖɚəɝɖɚɘ ɜɑɏɟɗɌɞɔɎɚɘ ɝɟ ɞɜɔ ISO 
ɝɞɌəɐɌɜɐɌ (ISO 9001, 14001, 18001) ɖɚɳɑ ȼɟɐəɔɖ ɛɚɝɑɐɟɳɑ ɔ ɖɚɳɔ ɝɟ ɓəɌɣɌɳəɔ ɓɌ ɵɑɏɚɎɚ 
ɐɑɗɚɎɌɵɑ. 

ȿɓ ɝɛɜɚɎɚɭɑɵɑ ɝɎɚɳɔɡ ɛɚɝɗɚɎəɔɡ ɌɖɞɔɎəɚɝɞɔ, Ɏɚɐɑ ɜɌɣɟəɌ ɚ ɟɞɔɢɌɳɟ əɌ ɒɔɎɚɞəɟ 
ɝɜɑɐɔəɟ, ɛɑɜɘɌəɑəɞəɚ ɛɚɍɚɴɤɌɎɌɳɟ ɘɑəɌɹɘɑəɞ ɓɌɤɞɔɞɑ ɒɔɎɚɞəɑ ɝɜɑɐɔəɑ 
ɝɔəɡɜɚəɔɓɟɳɟɶɔ ɏɌ ɝɌ ɓɌɡɞɑɎɔɘɌ ɚɐɜɒɔɎɚɏ ɜɌɓɎɚɳɌ ɟɓ ɖɚəɞɜɚɗɟ, ɝɘɌɵɑɵɑ ɔɗɔ 
ɔɓɍɑɏɌɎɌɵɑ ɤɞɑɞəɔɡ ɟɞɔɢɌɳɌ əɌ ɒɔɎɚɞəɟ ɝɜɑɐɔəɟ. ȳɌɤɞɔɞɌ ɒɔɎɚɞəɑ ɝɜɑɐɔəɑ, ɛɜɑ 
ɝɎɑɏɌ ɝɑ ɝɛɜɚɎɚɐɔ ɖɜɚɓ ɜɑɐɚɎəɑ ɘɚəɔɞɚɜɔəɏɑ ɖɎɌɗɔɞɑɞɌ ɓɑɘɴɔɤɞɌ, ɚɞɛɌɐəɔɡ ɎɚɐɌ, 
ɛɚɐɓɑɘəɔɡ ɎɚɐɌ ɔ ɑɘɔɝɔɳɌ ɤɞɑɞəɔɡ ɘɌɞɑɜɔɳɌ ɟ ɎɌɓɐɟɡ, Ɍ ɓɌɞɔɘ ɝɑ əɑɏɌɞɔɎɌə ɟɞɔɢɌɳ əɌ 
ɒɔɎɚɞəɟ ɝɜɑɐɔəɟ, əɌ ɚɝəɚɎɟ ɛɚɎɜɌɞəɔɡ ɔəɠɚɜɘɌɢɔɳɌ, ɖɜɚɓ ɜɌɓɗɔɣɔɞɑ ɌɖɞɔɎəɚɝɞɔ 
ɘɔəɔɘɌɗɔɓɟɳɑ. ȴɓɜɑɣɑəɑ ɣɔɵɑəɔɢɑ ɛɚɞɎɜɭɑəɑ ɝɟ ɔ ɖɜɚɓ ɔɓɜɌɐɟ ɔ ɔɘɛɗɑɘɑəɞɌɢɔɳɟ 
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ɛɜɚɳɑɖɞɌ ɎɑɓɌəɚɏ ɓɌ ɟɛɜɌɎɴɌɵɑ ɚɞɛɌɐɚɘ, ɓɌɞɔɘ ɛɜɔɗɔɖɚɘ əɌɍɌɎɖɑ əɚɎɑ ɚɛɜɑɘɑ ɔ 
ɝɜɑɐɝɞɌɎɌ ɏɐɑ ɝɑ Ɏɚɐɔ ɜɌɣɟəɌ ɚ ɑəɑɜɏɑɞɝɖɚɳ ɑɠɔɖɌɝəɚɝɞɔ ɔ ɟɞɔɢɌɳɟ əɌ ɒɔɎɚɞəɟ 
ɝɜɑɐɔəɟ. ȹɌɜɚɣɔɞɟ ɛɌɒɵɟ, ɛɚɝɎɑɶɑəɚɝɞ ɔ ɛɜɔɎɜɒɑəɚɝɞ ɘɑəɌɹɘɑəɞ ɛɜɔɎɜɑɐəɚɏ 
ɐɜɟɤɞɎɌ ȼɟɐəɔɖ ɟɝɘɑɜɌɎɌ əɌ ɔɓɐɎɌɳɌɵɌ ɓɌ ɜɑɝɟɜɝɑ ɤɔɜɑɵɌ ɔ ɟɎɚɭɑɵɌ əɚɎɔɡ 
ɞɑɡəɚɗɚɏɔɳɌ ɔ ɔəɚɎɌɢɔɳɌ. ȿ ɖɚəɞɑɖɝɞɟ ɐɑɖɗɌɜɔɝɌəɔɡ ɚɛɜɑɐɑɴɑɵɌ ɛɜɚɔɝɞɑɖɗɌ ɳɑ 
ɝɌɜɌɐɵɌ, ɔəɞɑɜɑɝɚɎɌɵɑ ɔ ɛɚɐɜɤɖɌ ɓɌ ɘəɚɏɚɍɜɚɳəɌ ɔɝɞɜɌɒɔɎɌɵɌ, ɝɞɟɐɔɳɑ, ɛɜɚɟɣɌɎɌɵɌ, 
ɌəɌɗɔɓɑ, ɔɝɛɔɞɔɎɌɵɌ ɛɌ ɞɌɖɚ ɔ ɓɌ ɚɎɌɟ ɐɚɖɞɚɜɝɟ ɞɑɓɟ. 

Ȼɜɚɢɑɝɔ ɖɚɳɔ ɝɑ ɚɐɎɔɳɌɳɟ ɟ ɞɑɡəɚɗɚɤɖɔɘ ɛɚɝɞɟɛɢɔɘɌ ɎɑɓɌəɔɘ ɟɚɛɤɞɑəɚ ɓɌ 
ɜɟɐɌɜɝɞɎɚ, Ɍ ɛɚɝɑɍəɚ ɓɌ ɛɜɚɢɑɝɑ əɌɖɚə ɚɞɖɚɛɌɎɌɵɌ ɣɔɳɔ ɳɑ ɖɜɌɳɵɔ ɜɑɓɟɗɞɌɞ 
ɛɜɚɔɓɎɚɐɵɌ ɏɚɞɚɎɚɏ ɛɜɚɔɓɎɚɐɌ ɖɚɳɔ ɔɘɌ ɟɛɚɞɜɑɍəɟ Ɏɜɑɐəɚɝɞ əɌ ɞɜɒɔɤɞɟ ɔɗɔ 
ɛɚɗɟɛɜɚɔɓɎɚɐɌ ɓɌ ɐɌɴɟ ɛɜɑɜɌɐɟ, ɖɌɜɌɖɞɑɜɔɤɟ ɝɑ ɘəɚɤɞɎɚɘ ɟɓɌɳɌɘəɚ ɔ ɟɝɖɚ 
ɛɚɎɑɓɌəɔɡ ɞɑɡəɚɗɚɤɖɔɡ ɛɚɝɞɟɛɌɖɌ. ȹɌ ɞɚɘ ɛɟɞɟ ɛɜɎɌ ɔ ɚɍɌɎɑɓəɌ ɝɞɌəɔɢɌ ɚɞɖɚɛɌəɑ 
ɜɟɐɑ ɝɟ ɛɜɚɢɑɝɔ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɟɝɔɞɵɌɎɌɵɑ, ɖɗɌɝɔɜɌɵɑ, ɠɗɚɞɌɢɔɳɌ, 
ɚɐɎɚɐɵɌɎɌɵɑ, ɓɏɟɤɵɌɎɌɵɑ, ɠɔɗɞɜɔɜɌɵɑ, ɝɖɗɌɐɔɤɞɑɵɑ ɖɚəɢɑəɞɜɌɞɌ ɔ ɐɑɛɚəɚɎɌɵɑ 
ɳɌɗɚɎɔəɑ. ȶɎɌɗɔɞɑɞ ɔ ɟɣɔəɌɖ ɟɖɟɛəɚɏ ɞɑɡəɚɗɚɤɖɚɏ ɛɜɚɢɑɝɌ ɟ ɛɜɚɢɑɝɟ ɛɜɔɛɜɑɘɑ 
ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɓɌɎɔɝɔ ɚɐ ɝɎɌɖɚɏ ɵɑəɚɏ ɛɚɳɑɐɔəɌɣəɚɏ ɐɑɗɌ. ȸəɚɏɚɍɜɚɳəɔ 
ɠɌɖɞɚɜɔ ɔɘɌɳɟ ɟɞɔɢɌɳ əɌ ɝɎɌɖɔ ɞɑɡəɚɗɚɤɖɔ ɛɚɝɞɟɛɌɖ ɛɚəɌɚɝɚɍ. ȻɚɣɑɎ ɚɐ 
ɖɌɜɌɖɞɑɜɔɝɞɔɖɌ ɟɗɌɓəɑ ɝɔɜɚɎɔəɑ (ɜɚɎəɑ ɜɟɐɑ), ɛɜɑɖɚ ɝɎɚɳɝɞɌɎɌ ɟɛɚɞɜɑɍɴɑəɔɡ 
ɜɑɌɏɑəɌɝɌ, ɐɚ ɞɑɡəɔɣɖɔɡ ɟɝɗɚɎɌ ɔ ɝɛɑɢɔɠɔɖɌɢɔɳɌ ɚɛɜɑɘɑ ɟɓ ɝɌɐɑɳɝɞɎɚ ɔɝɖɟɝɞɎɌ 
ɓɌɛɚɝɗɑəɔɡ ɛɜɔ Ɏɚɭɑɵɟ ɞɑɡəɚɗɚɤɖɚɏ ɛɚɝɞɟɛɖɌ ɟ ɛɜɚɢɑɝɟ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ 
ɝɔɜɚɎɔəɌ. ȽɎɑ əɌɎɑɐɑəɚ ɟɖɌɓɟɳɑ əɌ ɖɚɘɛɗɑɖɝɌə ɔ ɐɑɗɔɖɌɞɌə ɛɜɚɢɑɝəɔ ɝɔɝɞɑɘ ɖɚɳɔ ɓɌ 
ɍɑɝɛɜɑɖɚɜɌə ɜɌɐ ɓɌɡɞɑɎɌ ɝɎɑ ɛɚɞɜɑɍəɑ ɜɑɝɟɜɝɑ ɓɌ ɝɎɌɖɔ ɚɐ ɣɔəɔɗɌɢɌ ɖɚɳɔ ɟ ɵɑɘɟ 
ɟɣɑɝɞɎɟɳɟ. ȹɑɐɚɝɞɌɞɌɖ ɳɑɐəɑ ɖɚɘɛɚəɑəɞɑ ɘɚɒɑ ɐɚɎɑɝɞɔ ɐɚ ɓɌɟɝɞɌɎɴɌɵɌ ɢɑɗɚɖɟɛəɚɏ 
ɞɑɡəɚɗɚɤɖɚɏ ɛɚɝɞɟɛɖɌ.  

ȻɜɚɔɓɎɚɐɵɌ ɖɚəɢɑəɞɜɌɞɌ ɚɗɚɎɌ, ɢɔəɖɌ ɔ ɍɌɖɜɌ ɚɝɞɎɌɜɟɳɑ ɝɑ ɟ ɠɗɚɞɌɢɔɳɔ. 
ȻɜɚɔɓɎɚɐəɔ ɞɑɡəɚɗɚɤɖɔ ɛɜɚɢɑɝ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɀɗɚɞɌɢɔɳɑ 
"ȼɟɐəɔɖ" ɳɑ ɓɌɚɖɜɟɒɑəɌ ɢɑɗɔəɌ, ɝɌ ɘɑɡɌəɔɓɚɎɌəɚɘ, ɖɚəɞɔəɟɔɜɌəɚɘ ɔ ɓɌɎɔɝəɚɘ 
ɛɜɚɔɓɎɚɐɵɚɘ ɛɚɐɑɴɑəɚɘ ɛɚ ɠɌɓɌɘɌ. Ⱦɚ ɳɑ ɠɟəɖɢɔɚəɌɗəɚ, ɔəɚɎɌɞɔɎəɚ ɔ ɝɌɎɜɑɘɑəɚ 
ɠɗɚɞɌɢɔɳɝɖɚ ɛɚɝɞɜɚɳɑɵɑ ɝɌ ɑɠɔɖɌɝəɚɘ ɔ ɐɑɗɚɞɎɚɜəɚɘ ɖɚəɞɜɚɗɚɘ ɛɜɚɢɑɝɌ 
ɛɜɚɔɓɎɚɐɵɑ. ȽɎɑ ɟɖɟɛəɚ ɝɌɏɗɑɐɌɎɤɔ, ȼɟɐəɔɖ ɔ ɠɗɚɞɌɢɔɳɌ ȼɟɐəɔɖ ɳɑ, ɖɌɚ ɔ ɐɑɢɑəɔɳɌɘɌ 
ɟ əɌɓɌɐ, ɌɖɞɔɎɌə ɛɜɚɔɓɎɚɐəɔ ɝɔɝɞɑɘ ɝɗɚɒɑəɔɡ ɞɑɡəɚɗɚɤɖɔɡ ɛɚɝɞɟɛɌɖɌ ɟɓ 
ɐɟɏɚɏɚɐɔɤɵɑ ɝɔɝɞɑɘɌɞɝɖɚ, ɛɑɜɘɌəɑəɞəɚ ɛɜɌɶɑɵɑ ɝɎɔɡ ɖɴɟɣəɔɡ ɛɌɜɌɘɑɞɌɜɌ ɜɌɐɌ 
ɢɑɗɚɖɟɛəɚɏ ɛɚɝɞɜɚɳɑɵɌ ɛɜɔɛɜɑɘɑ ɔ ɛɜɑɜɌɐɑ ɝɌ ɐɚɝɞɟɛəɔɘ ɛɚɐɌɢɔɘɌ ɔ ɘɚɏɟɶəɚɤɶɟ 
ɵɔɡɚɎɑ ɛɜɚɎɑɜɑ [131]. ȿɓ Ɏɑɶ ɛɜɑɞɡɚɐəɚ ɔɓɜɑɣɑəɚ ɚɎɚ ɝɟ ɳɚɤ əɑɖɔ ɚɐ ɘəɚɏɔɡ 
ɚɐɗɟɣɟɳɟɶɔɡ ɠɌɖɞɚɜɌ ɓɌ ɚɐɌɍɔɜ ɛɚɝɞɜɚɳɑɵɌ ȼɟɐəɔɖɌ ɔ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ ɖɌɚ ɝɟɍɳɑɖɞɌ 
ɛɜɚɟɣɌɎɌɵɌ ɚɎɑ ɐɚɖɞɚɜɝɖɑ ɞɑɓɑ. 

 

3.2.  ɀȷȺȾȬɂȴȥȬ ȴ ȻȼȴȶȬȳ ȻȼȺɂȱȽȬ ɀȷȺȾȬɂȴȥE ȼȿȰȹȴȶ  

ȳɍɔɜ ɎɌɒəɔɡ Ɍɗɔ ɛɜɑ ɝɎɑɏɌ ɑɖɚəɚɘɝɖɔ ɔɝɛɗɌɞɔɎɔɡ ɘɔəɑɜɌɗɌ ɖɚɳɑ ɳɑ ɘɚɏɟɶɑ 
ɛɜɚɠɔɞɌɍɔɗəɚ ɔɝɖɚɛɌɎɌɞɔ ɔ ɔɓ ɖɚɳɔɡ ɝɑ ɘɚɏɟ ɔɓɐɎɚɳɔɞɔ Ɏɜɑɐəɔ ɞɳ. ɖɚɜɔɝəɔ ɝɌɝɞɚɳɢɔ 
ɘɑɞɌɗɌ ɔɗɔ əɑɘɑɞɌɗɌ ɛɜɑɐɝɞɌɎɴɌɳɟ ɜɟɐɟ. ȼɟɐəɚ ɞɑɗɚ ɝɑ ɝɌɝɞɚɳɔ ɚɐ ɖɚɜɔɝəɔɡ ɘɔəɑɜɌɗɌ 
ɖɚɳɔ ɝɟ ɝɜɌɝɗɔ ɔɗɔ ɝɟ ɚɖɜɟɒɑəɔ əɑɖɚɜɔɝəɔɘ (ɳɌɗɚɎɔɘ). ȶɚɜɔɝəɑ ɘɔəɑɜɌɗɑ əɑɚɛɡɚɐəɚ 
ɳɑ ɚɝɗɚɍɚɐɔɞɔ ɔ ɑɖɝɞɜɌɡɚɎɌɞɔ ɞɳ. ɖɚəɢɑəɞɜɔɝɌɞɔ ɔɓ ɜɚɎəɑ ɜɟɐɑ ɚɐɏɚɎɌɜɌɳɟɶɔɘ 
ɘɑɡɌəɔɣɖɔɘ ɔ ɠɔɓɔɣɖɚ-ɡɑɘɔɳɝɖɔɘ ɞɜɑɞɘɌəɔɘɌ. Ȼɚɝɞɟɛɢɔ ɝɌ ɖɚɳɔɘ ɝɑ ɎɑɶɔəɌ ɜɟɐɌ 
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ɔɗɔ ɘɔəɑɜɌɗɌ əɌɖɚə ɔɝɖɚɛɌɎɌɵɌ ɛɜɎɚ ɝɟɚɣɑ ɝɟ ɛɜɚɢɑɝɔ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ 
ɝɔɜɚɎɔəɌ [133]. 

ȶɚəɢɑɛɢɔɳɌ ɛɜɑɜɌɐɑ ɘɔəɑɜɌɗɌ, ɘɚɒɑ ɝɑ ɜɑɶɔ, ɝɞɌɜɌ ɳɑ ɖɚɗɔɖɚ ɔ ɴɟɐɝɖɌ 
ɢɔɎɔɗɔɓɌɢɔɳɌ. ȸɔəɑɜɌɗɔ ɔ ɛɜɚɔɓɎɚɐɔ ɐɚɍɔɳɑəɔ ɚɐ ɘɔəɑɜɌɗɌ ɠɚɜɘɔɜɌɗɔ ɝɟ ɔ 
ɜɌɓɎɔɗɔ əɌɤɟ ɢɔɎɔɗɔɓɌɢɔɳɟ ɚɐ ɣɚɎɑɖɌ ɖɌɘɑəɚɏ ɐɚɍɌ ɐɚ əɌɟɣəɔɖɌ Ɍɞɚɘɝɖɚɏ ɐɚɍɌ.  

ȻɜɑɘɌ ɁɟɎɑɜɟ (Hoover 1916.) ɛɜɎɔ ɓɌɍɑɗɑɒɑəɔ ɛɌɞɑəɞ ɎɑɓɌə ɓɌ ɛɜɚɢɑɝɑ 
ɛɜɔɛɜɑɘɑ ɛɚɐəɑɚ ɳɑ Ȯ. Ɂɑɳəɝ (W. Haynes) (BP 488) 1860. ɏɚɐɔəɑ ɚɛɔɝɌɎɤɔ ɤɑɘɟ 
ɚɐɎɌɳɌɵɌ ɝɟɗɠɔɐəɔɡ ɘɔəɑɜɌɗɌ ɚɐ ɳɌɗɚɎɔəɑ, ɘɑɤɌɵɑɘ ɔɓɐɜɚɍɴɑəɑ ɜɟɐɑ ɝɌ 10-20% 
ɘɌɝɞɔ ɔɗɔ əɌɠɞɑ ɔ ɐɚɐɌɎɌɵɑɘ ɞɚɛɗɑ Ɏɚɐɑ. ȥɌɗɚɎɔəɌ ɞɳ. ăɓɑɘɴɌɝɞɌ ɘɌɞɑɜɔɳɌò, ɖɌɖɚ ɳɑ 
əɌɎɑɐɑəɚ, ɛɚɞɚəɟɚ ɍɔ, ɚɝɞɌɎɴɌɳɟɶɔ ɓɜəɌ ɘɑɞɌɗəɔɡ ɝɟɗɠɔɐɌ ɝɳɑɐɔɵɑəɌ ɝɌ əɌɠɞɚɘ, əɌ 
ɛɚɎɜɤɔəɔ ɔɌɖɚ əɑ ăɛɗɟɞɌɳɟò. ȳɌɞɔɘ ɛɜɑɘɌ ȱɡɌɜɐɟ (Bessel 1877; Erhard 1977.) 1877. 
ɏɚɐɔəɑ ɍɜɌɶɔ ȭɑɝɑɗ (August and Adolph Bessel) ɳɑ ɚɐɚɍɜɑə ɟ ȹɑɘɌɣɖɚɳ ɛɌɞɑəɞ (No 42 ð 
Class 22) ɓɌ ɘɑɞɚɐɟ ɚɐɎɌɳɌɵɌ ɏɜɌɠɔɞɌ ɚɐ ɛɜɌɞɑɶɔɡ ɘɔəɑɜɌɗɌ ɛɚɘɚɶɟ əɌɠɞɑ ɝɌ 
ɖɴɟɣɌɗɚɘ Ɏɚɐɚɘ ɓɌ ɝɞɎɌɜɌɵɑ ɘɑɡɟɜɔɶɌ. Ƚɗɑɐɔ ɛɜɑɘɌ ɁɟɎɑɜɟ (Hoover 1916) 1885. 
ɏɚɐɔəɑ ɛɌɞɑəɞ ɟ ȽȬȰ -ɟ (ɍɜ. 348,157) ɚɐ ɝɞɜɌəɑ ȶ. ȫ. ȱɎɑɜɝɚə (C. J. Everson). ȺəɌ ɳɑ 
ɛɜɑɐɗɚɒɔɗɌ ɚɐɎɌɳɌɵɑ ɝɟɗɠɔɐɌ ɟ ɜɟɐɔ ɚɐ ɳɌɗɚɎɔəɑ ɘɑɤɌɵɑɘ ɓɜəɌɝɞɚɏ ɘɌɞɑɜɔɳɌɗɌ ɝɌ 
ɟɴɑɘ, ɐɚɐɌɎɌɵɑɘ ɖɔɝɑɗɔəɑ ɜɌɓɍɗɌɒɑəɑ Ɏɚɐɚɘ. ȳɌɞɔɘ 1894. ɏɚɐɔəɑ ɖɌɐɌ ɛɜɑɘɌ ȼɔɖɌɜɐɟ 
(Rickard 1916) ɟ ȭɜɔɞɌəɔɳɔ ȼɚɍɝɚəɟ ɔ ȶɜɌɟɐɑɜɟ (Robson and Crowder) ɚɐɚɍɜɑə 
ɍɜɔɞɌəɝɖɔ ɛɌɞɑəɞ (ɍɜ. 427) ɖɚɳɔɘ ɝɑ ɚɐɎɌɳɌɳɟ ɘɑɞɌɗ-ɝɟɗɠɔɐəɔ ɘɔəɑɜɌɗɔ ɚɐ ɳɌɗɚɎɔəɑ 
ɘɑɤɌɵɑɘ ɎɗɌɒɑəɔɡ ɘɔəɑɜɌɗəɔɡ ɓɜəɌ ɝɌ Ɏɑɗɔɖɚɘ ɖɚɗɔɣɔəɚɘ əɌɠɞɑ (ɚɐəɚɝ ɝɑ ɖɜɑɞɌɚ 
ɚɖɚ ɞɜɔ ɞɚəɑ əɌɠɞɑ ɛɜɑɘɌ ɳɑɐəɚɳ ɜɟɐɑ). ɀ. ȱɗɘɚɜ (F. Elmore) ɳɑ ɜɌɓɎɔɚ ɛɚɍɚɴɤɌəɟ 
ɞɑɡəɔɖɟ, ɖɚɜɔɝɞɑɶɔ ɘɌɵɑ əɌɠɞɑ ɟɓ ɘɑɡɟɜɔɶɑ ɏɑəɑɜɔɝɌəɑ ɎɌɖɟɟɘɚɘ. ȮɌɖɟɟɘɝɖɌ 
ɠɗɚɞɌɢɔɳɌ ɳɑ ɛɜɔɘɑɵɑəɌ ɟ Ȯɑɗɝɟ ɚɖɚ 1907. ɏɚɐɔəɑ Ɍ ɓɌɞɔɘ ɔ ɟ ȬɟɝɞɜɌɗɔɳɔ, ȹɚɜɎɑɤɖɚɳ 
ɔ ȶɌəɌɐɔ. Ⱥɐ 1910. ɝɜɚɐəɔ ɝɔɝɞɑɘɔ ɛɑəɌɝɞɑ ɠɗɚɞɌɢɔɳɑ ɛɚɣɑɗɔ ɝɟ ɤɔɜɑ ɐɌ ɝɑ ɖɚɜɔɝɞɔ. 
ȽɌ əɌɛɜɑɞɖɚɘ ɐɎɌɐɑɝɑɞɚɏ ɎɑɖɌ, ɛɚɎɑɶɌɎɌ ɝɑ ɜɌɓɘɑɜɌ ɔ ɚɍɔɘ ɞɜɑɞɘɌəɌ ɠɗɚɞɌɢɔɳɚɘ, ɔ 
ɚəɌ ɛɚɝɞɌɳɑ ɐɚɘɔəɌəɞəɌ ɘɑɞɚɐɌ ɝɑɛɌɜɌɢɔɳɑ ɘɔəɑɜɌɗɌ [134]. 

ȾɌɖɚ ɐɌ ɓɎɌəɔɣəɔ əɌɝɞɌəɌɖ ɠɗɚɞɌɢɔɳɑ Ɏɑɓɟɳɑ ɝɑ ɓɌ ɛɌɞɑəɞ ɔɓ 1906 - 1907. ɏɚɐɔəɑ 
ɛɜɚɢɑɝɌ ɚɍɚɏɌɶɔɎɌɵɌ ɘɔəɑɜɌɗɌ ɖɚɳɔ ɳɑ ɛɜɎɚɍɔɞəɚ [135] ɜɌɓɎɔɳɑə ɓɌ ɞɜɑɞɘɌə ɝɟɗɠɔɐɌ 
ɍɌɖɜɌ, ɚɗɚɎɌ ɔ ɢɔəɖɌ, Ɍ ɓɌɞɔɘ ɳɑ ɛɜɑɜɌɝɞɌɚ ɟ ɎɑɜɚɎɌɞəɚ əɌɳɎɌɒəɔɳɔ ɞɑɡəɚɗɚɤɖɔ 
ɛɚɝɞɟɛɌɖ ɛɜɑɜɌɐɑ ɘɔəɑɜɌɗɌ ɖɚɳɌ ɝɑ ɐɌəɌɝ ɖɚɜɔɝɞɔ. Ⱦɚ ɳɑ ɝɗɚɒɑə ɠɔɓɔɣɖɚ-ɡɑɘɔɳɝɖɔ 
ɛɜɚɢɑɝ ɖɚɳɔ ɓɌɎɔɝɔ ɚɐ ɘəɚɏɚ ɜɌɓɗɔɣɔɞɔɡ ɠɌɖɞɚɜɌ ɖɚɳɑ ɳɑ ɛɚəɑɖɌɐ ɞɑɤɖɚ ɔɓɚɗɚɎɌɞɔ. 
ȳɌɔɝɞɌ, ɣɌɖ ɔ əɌɖɚə ɝɖɚɜɚ 120 ɏɚɐɔəɌ ɟɛɚɞɜɑɍɑ ɳɚɤ ɟɎɑɖ əɔɳɑ ɐɚɍɜɚ ɝɡɎɌɶɑə [92].  

Ȼɜɚɢɑɝ ɛɜɔɛɜɑɘɑ ɜɟɐɑ, əɌɖɚə ɔɝɖɚɛɌɎɌɵɌ, ɓɌɛɚɣɔɵɑ ɐɜɚɍɴɑɵɑɘ. ȸɚɒɑ ɝɑ 
ɜɑɶɔ ɐɌ ɛɜɚɢɑɝ ɠɗɚɞɌɢɔɳɑ ɓɌɛɚɣɔɵɑ ɛɚɝɞɟɛɖɚɘ ɘɗɑɎɑɵɌ ɜɟɐɑ  ɟɓ  ɐɚɐɌɎɌɵɑ Ɏɚɐɑ ɔ 
ɚɐɜɑɭɑəɔɡ ɡɑɘɔɳɝɖɔɘ ɜɑɌɏɑəɝɔɘɌ ɟ ɓɌɎɔɝəɚɝɞɔ ɚɐ ɞɑɡəɚɗɚɏɤɖɚɏ ɛɚɝɞɟɛɖɌ. Ȼɜɚɢɑɝ 
ɘɗɑɎɑɵɌ ɝɑ ɝɛɜɚɎɚɐɔ ɐɚ ɚɐɜɑɭɑəɑ ɛɜɚɝɑɣəɑ Ɏɑɗɔɣɔəɑ ɣɑɝɞɔɢɌ, ɖɌɖɚ ɍɔ ɍɔɗɚ 
ɛɚɝɞɔɏəɟɞɚ ɓɌɐɚɎɚɴɌɎɌɳɟɶɑ ɚɝɗɚɍɌɭɌɵɑ ɖɚɜɔɝəɔɡ ɘɔəɑɜɌɗəɔɡ ɖɚɘɛɚəɑəɞɔ ɔɓ ɜɚɎəɑ 
ɜɟɐɑ. 

ɀɗɚɞɌɢɔɳɌ ɳɑ ɝɑɗɑɖɞɔɎɌə ɛɜɚɢɑɝ ɛɜɔɘɑəɴɔɎ ɓɌ ɝɑɛɌɜɌɢɔɳɟ ɝɛɑɢɔɠɔɣəɔɡ 
ɝɗɚɒɑəɔɡ ɜɟɐɌ ɖɌɚ ɤɞɚ ɝɟ ɚɗɚɎɚ-ɢɔəɖ, ɍɌɖɌɜ-ɢɔəɖ, ɔɞɐ [135]. 

ȶɚɘɛɗɑɖɝəɌ ɜɟɐɌ Cu-Pb-Zn, ɖɌɚ ɤɞɚ ɳɑ ɝɗɟɣɌɳ ɜɟɐɑ ɖɚɳɌ ɝɑ ɛɜɑɜɌɭɟɳɑ ɟ ɠɗɚɞɌɢɔɳɔ 
ȼɟɐəɔɖ, ɛɜɑɐɝɞɌɎɴɌ 7,5% ɝɎɑɞɝɖɔɡ ɜɑɓɑɜɎɔ ɍɌɖɜɌ, ɛɜɔ ɣɑɘɟ ɳɑ ɛɜɔɖɌɓɌəɔ ɛɜɚɢɑəɌɞ ɓɌ 
ɢɔəɖ ɔ Ɏɑɶɔ [135]. 
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ȸɑɞɚɐɚɘ ɛɚɐɓɑɘəɑ ɑɖɝɛɗɚɌɞɌɢɔɳɑ Ɏɜɤɔ ɝɑ ɚɞɖɚɛɌɎɌɵɑ ɜɟɐɑ ɛɚɗɔɘɑɞɌɗɔɣəɚɏ 
ɝɌɝɞɌɎɌ ɜɟɐəɔɖɌ ɔ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ. Ȼɜɑɖɚ ɛɚɞɖɚɛɌ, ɚɞɖɚɛɌəɌ ɜɟɐɌ ɝɑ ɟɓ ɛɚɘɚɶ 
ɜɟɐəɔɣɖɑ ɒɑɗɑɓəɔɢɑ ɞɜɌəɝɛɚɜɞɟɳɑ ɐɚ ɛɚɎɜɤɔəɑ. ȳɌɞɔɘ ɝɑ ɖɌɘɔɚəɔɘɌ ɐɚɛɜɑɘɌ ɐɚ 
ɛɗɌɞɚɌ ɔɝɛɜɑɐ ɍɟəɖɑɜɌ ɜɚɎəɑ ɜɟɐɑ ɟ ɖɚɘɑ ɝɑ Ɏɜɤɔ ɵɑə ɛɜɔɳɑɘ. ȻɗɌɞɚ ɝɗɟɒɔ ɔ ɐɌ ɝɑ 
əɌ ɵɑɘɟ ɚɐɎɔɳɌ ɔ ɛɜɚɢɑɝ ɡɚɘɚɏɑəɔɓɌɢɔɳɑ ɜɟɐɑ, ɟɖɚɗɔɖɚ ɚəɌ ɐɚɗɌɓɔ ɝɌ Ɏɔɤɑ 
ɜɌɐɔɗɔɤɞɌ ɔɓ ɗɑɒɔɤɞɌ [136].  

ȿ ɗɑɒɔɤɞɟ ɛɚɗɔɘɑɞɌɗɔɣəɑ ɜɟɐɑ ȼɟɐəɔɖ, ɛɜɑɚɎɗɌɭɟɳɟ ɚɗɚɎɚ ɢɔəɖɚɎɔ 
ɘɔəɑɜɌɗɔ, Ɍ ɛɚɜɑɐ ɚɎɔɡ ɘɔəɑɜɌɗɌ ɓɌɝɞɟɛɴɑəɔ ɝɟ ɛɜɚɛɜɌɞəɑ ɘɔəɑɜɌɗɔɓɌɢɔɳɑ ɍɌɖɜɌ, 
ɓɗɌɞɌ, ɝɜɑɍɜɌ, ɎɚɗɠɜɌɘɌ, ɍɔɓɘɟɞɌ ɔ ɌəɞɔɘɚəɌ. ȼɟɐəɚ ɛɚɴɑ ȼɟɐəɔɖ, ɛɚɣɑɎ ɚɐ 
ɝɑɎɑɜɚɓɌɛɌɐɌ ɐɚ ɖɜɌɳɵɑɏ ɳɟɏɚɔɝɞɚɖɌ ɟ ɐɟɒɔəɔ ɚɖɚ 2 km ɓɌɝɞɟɛɴɑəɚ ɳɑ ɝɌ ɐɑɝɑɞ ɜɟɐəɔɡ 
ɓɚəɌ.  ȼɟɐəɌ ɞɑɗɌ ɝɟ ɘɌɡɚɘ ɝɚɣɔɎɌ ɔɗɔ ɝɟ ɛɚɐɟɐɌɜəɌ ɝɌ əɑɛɜɌɎɔɗəɔɘ ɛɗɚɣɌɘɌ 
ɜɌɓɗɔɣɔɞɑ ɘɚɶəɚɝɞɔ ɔ ɜɌɓɗɔɣɔɞɔɡ ɎɑɗɔɣɔəɌ, ɐɟɒɔəɌ ɔɓɘɑɭɟ 30 ɔ 200 m ɔ ɓɌɛɜɑɘɔəɌ 
ɚɐ 10 ɐɚ 300.000 m3. ȺɝəɚɎɌ ɜɟɐəɑ ɘɌɝɑ ɓɌɝəɚɎɌəɌ ɳɑ əɌ ɛɔɜɔɞɟ, ɛɔɜɡɚɞɔəɟ, ɖɎɌɜɢɟ, 
ɘɌɜɖɌɝɔɞɟ ɔ ɝɖɌɜəɚɎɝɖɔɘ ɘɔəɑɜɌɗɔɘɌ ɐɚɖ ɝɟ ɜɑɭɑ ɛɜɔɝɟɞəɔ ɚɖɝɔɐəɔ ɘɔəɑɜɌɗɔ. 
ȺɗɚɎɚ ɔ ɢɔəɖ ɛɜɑɚɎɗɌɐɌɎɌɳɟ ɟ ɚɐɜɑɭɑəɔɘ ɐɑɗɚɎɔɘɌ, ɐɚɖ ɝɑ ɟ ɐɜɟɏɔɘ ɐɑɗɚɎɔɘɌ ɵɔɡɚɎɚ 
ɛɜɔɝɟɝɞɎɚ ɟɘɌɵɟɳɑ əɌ ɜɌɣɟə ɛɚɎɑɶɌɵɌ ɝɌɐɜɒɌɳɌ ɍɌɖɜɌ. Ȼɚɞɜɑɍəɚ ɳɑ ɛɚɘɑəɟɞɔ ɔ 
ɛɜɔɘɑɞəɚ ɎɌɜɔɜɌɵɑ ɝɌɐɜɒɌɳɌ ɖɌɐɘɔɳɟɘɌ, ɝɜɑɍɜɌ ɔ ɍɔɓɘɟɞɌ ɟ ɓɌɎɔɝəɚɝɞɔ ɚɐ ɐɑɗɌ 
ɗɑɒɔɤɞɌ. 

ȹɌɖɚə ɛɜɚɢɑɝɌ ɡɚɘɚɏɑəɔɓɌɢɔɳɑ ɜɟɐɌ ɝɑ ɝɘɑɤɞɌ ɟ ɍɟəɖɑɜ ɜɚɎəɑ ɜɟɐɑ. ȳɌɞɔɘ ɝɑ 
əɌɜɑɐəɔ ɞɑɡəɚɗɚɤɖɔ ɛɚɝɞɟɛɢɔ ɛɜɑɜɌɐɑ ɐɚɛɜɑɘɴɑəɑ ɜɚɎəɑ ɜɟɐɑ, ɚɍɌɎɴɌɳɟ əɌ ɚɝəɚɎɟ 
ɝɗɑɐɑɶɔɡ ɠɌɓɌ ɛɜɚɢɑɝɌ: 

¶ ɛɚɝɞɟɛɌɖ ɛɜɔɘɌɜəɚɏ ɐɜɚɍɴɑɵɌ; 

¶ ɛɚɝɞɟɛɌɖ ɝɑɖɟəɐɌɜəɚɏ ɔ ɞɑɜɢɔɳɌɜəɚɏ ɐɜɚɍɴɑɵɑ ɟɓ ɛɜɚɝɑɳɌɎɌɵɑ; 

¶ ɛɚɝɞɟɛɌɖ ɘɗɑɎɑɵɌ ɟɓ ɖɗɌɝɔɜɌɵɑ; 

¶ ɛɚɝɞɟɛɌɖ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɚɗɚɎɌ ɝɌ ɛɜɑɣɔɤɶɌɎɌɵɑɘ ɏɜɟɍɚɏ ɖɚəɢɑəɞɜɌɞɌ; 

¶ ɛɚɝɞɟɛɌɖ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɍɌɖɜɌ ɝɌ ɛɜɑɣɔɤɶɌɎɌɵɑɘ ɏɜɟɍɚɏ ɖɚəɢɑəɞɜɌɞɌ; 

¶ ɛɚɝɞɟɛɌɖ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɢɔəɖɌ ɝɌ ɛɜɑɣɔɤɶɌɎɌɵɑɘ ɏɜɟɍɚɏ ɖɚəɢɑəɞɜɌɞɌ; 

¶ ɛɚɝɞɟɛɌɖ ɚɐɎɚɐɵɌɎɌɵɌ ɛɜɚɔɓɎɚɐɌ ɖɚəɢɑəɞɜɌɢɔɳɑ [137]. 

3.2.1. ȻɚɝɞɟɛɌɖ ɐɜɚɍɴɑɵɌ, ɘɗɑɎɑɵɌ ɔ ɛɜɚɝɑɳɌɎɌɵɌ 

ȹɌɝɞɌɎɌɖ ɛɜɚɢɑɝɌ, əɌɖɚə ɍɟəɖɑɜɌ ɜɚɎəɑ ɜɟɐɑ, ɓɌɛɚɣɔɵɑ ɛɚɝɞɟɛɢɔɘɌ 
ɟɝɔɞɵɌɎɌɵɌ ɔ ɖɗɌɝɔɜɌɵɌ ɤɞɚ ɳɑ ɚɝəɚɎəɔ ɛɜɑɐɟɝɗɚɎ ɖɌɖɚ ɓɌ əɌɜɑɐəɟ ɞɌɖɚ ɔ ɓɌ ɝɎɑ 
ɚɝɞɌɗɑ ɠɌɓɑ ɛɜɚɢɑɝɌ. ȿ ɛɚɣɑɞəɔɘ ɠɌɓɌɘɌ, əɌ ɞɑɡəɚɗɚɤɖɚɳ ɤɑɘɔ ɛɜɑɐɝɞɌɎɴɑəɚɳ əɌ 
ɝɗɔɢɔ 3.1. ɛɜɔɖɌɓɌəɔ ɝɟ ɛɚɝɞɟɛɢɔ ɐɜɚɍɴɑɵɌ, ɘɗɑɎɑɵɌ, ɛɜɚɝɑɳɌɎɌɵɌ ɔ ɖɗɌɝɔɜɌɵɌ ɟ 
ɖɚɳɔɘɌ ɝɑ Ɏɜɤɔ ɛɜɔɛɜɑɘɌ ɜɟɐɑ ɓɌ ɛɜɚɢɑɝ ɖɚəɢɑəɞɜɌɢɔɳɑ. 
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ȽɗɔɖɌ 3.1. ɄɑɘɌɞɝɖɔ ɛɜɔɖɌɓ ɟɝɔɞɵɌɎɌɵɌ ɔ ɖɗɌɝɔɜɌɵɌ ɟ ɛɚɝɞɜɚɳɑɵɟ ɓɌ ȻȸȽ 

ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 
 

ȴɓ ɍɟəɖɑɜɌ ɜɚɎəɑ ɜɟɐɑ, ɝɔɜɚɎɔəɌ ɖɚɳɌ ɳɑ ɖɜɟɛəɚɶɑ ȯȯȶ 450 mm, ɛɗɚɣɌɝɞɔɘ 
ɐɚɐɌɎɌɣɑɘ ɝɑ ɐɚɓɔɜɌ ɟ ɣɑɴɟɝəɟ ɐɜɚɍɔɗɔɢɟ ɝɌ ɳɑɐəɚɘ ɜɌɝɛɚəɚɘ ɛɗɚɣɚɘ. Ȱɚ ɖɜɟɛəɚɶɑ 
ȯȯȶ 125 mm, Ɏɜɤɔ ɝɑ ɛɜɔɘɌɜəɚ ɐɜɚɍɴɑɵɑ ɜɟɐɑ ɟ ɚɎɚɳ ɐɜɚɍɔɗɔɢɔ. ȾɌɖɚ ɔɓɐɜɚɍɴɑəɌ 
ɜɟɐɌ ɝɑ ɞɜɌəɝɛɚɜɞɟɳɑ ɞɜɌəɝɛɚɜɞəɚɘ ɞɜɌɖɚɘ ɐɚ ɚɐɑɴɑɵɌ ɝɑɖɟəɐɌɜəɚɏ ɔ ɞɑɜɢɔɳɌɜəɚɏ 
ɐɜɚɍɴɑɵɌ. ȿ ɝɞɌəɐɌɜɐəɚɳ ɖɚəɟɝəɚɳ ɐɜɚɍɔɗɔɢɑ Ɏɜɤɔ ɝɑ ɝɑɖɟəɐɌɜəɚ ɐɜɚɍɴɑɵɑ ɜɟɐɑ. 
Ȼɚɘɚɶɟ ɞɜɌəɝɛɚɜɞəɑ ɞɜɌɖɑ, ɝɑɖɟəɐɌɜəɚ ɔɓɐɜɚɍɴɑəɌ ɜɟɐɌ ɝɑ ɐɚɎɚɐɔ əɌ Ɏɔɍɜɚ ɝɔɞɚ ɝɌ 
ɐɎɑ ɛɜɚɝɑɎəɑ ɛɚɎɜɤɔ, ɣɔɳɑ ɝɟ Ɏɑɗɔɣɔəɑ ɚɞɎɚɜɌ 30 ɡ 50 mm ɔ 18 ɡ 36 mm. ȳɌɞɔɘ ɝɑ 
ɛɚɘɚɶɟ ɞɜɌəɝɛɚɜɞəɑ ɞɜɌɖɑ ɚɐɝɑɎɔ Ɏɔɍɜɚ ɝɔɞɌ ɟɎɚɐɑ ɟ ɞɑɜɢɔɳɌɜəɔ ɝɞɌɐɔɳɟɘ ɐɜɚɍɴɑɵɌ. 

ȶɜɌɞɖɚɖɚəɟɝəɌ ɐɜɚɍɔɗɔɢɌ ɝɑ ɖɚɜɔɝɞɔ ɓɌ ɛɚɝɞɟɛɌɖ ɞɑɜɢɔɳɌɜəɚɏ ɐɜɚɍɴɑɵɌ. 
ȳɌɞɔɘ ɝɑ ɞɑɜɢɔɳɌɜəɚ ɔ ɝɑɖɟəɐɌɜəɚ ɔɓɐɜɚɍɴɑəɌ ɜɟɐɌ ɝɛɌɳɌ ɔ ɓɌɳɑɐəɚ ɚɐɎɚɐɑ ɐɚ Ɏɔɍɜɚ 
ɝɔɞɚ. ȹɌ ɞɌɳ əɌɣɔə ɛɚɝɞɔɏəɟɞɚ ɳɑ ɐɜɚɍɴɑɵɑ ɟ ɓɌɞɎɚɜɑəɚɘ ɢɔɖɗɟɝɟ ɖɚɳɔ ɚɍɑɓɜɑɭɟɳɑ 
ɛɑɜɘɌəɑəɞəɟ ȯȯȶ ɝɔɜɚɎɔəɑ ɓɌ ɐɌɴɑ ɛɜɚɢɑɝɑ. ȿɓ ɛɚɘɚɶ ɞɜɌəɝɛɚɜɞəɑ ɞɜɌɖɑ ɔ 
ɜɑɎɑɜɓɔɍɔɗəɚɏ ɐɚɐɌɎɌɣɌ, ɛɜɚɝɑɎ Ɏɔɍɜɚ ɝɔɞɌ ɝɑ ɐɚɎɚɐɔ ɟ ɍɟəɖɑɜ ɔɓɐɜɚɍɴɑəɑ ɜɟɐɑ. 

Ȼɜɑɖɚ ɞɜɌəɝɛɚɜɞəɑ ɞɜɌɖɑ ɔ ɞɜɌɖɌɝɞɔɡ ɐɚɐɌɎɌɣɌ, ɔɓ ɍɟəɖɑɜɌ ɔɓɐɜɚɍɴɑəɑ ɜɟɐɑ 
ɝɔɜɚɎɔəɌ ɝɑ ɐɚɓɔɜɌ ɟ ɘɗɔə ɝɌ ɖɟɏɗɌɘɌ. ȿ ɘɗɔəɟ, ɐɚɐɌɎɌɵɑɘ ɚɐɜɑɭɑəɑ ɖɚɗɔɣɔəɑ Ɏɚɐɑ, 
ɝɞɎɌɜɌ ɝɑ ɛɟɗɛɌ ɝɌ ɝɌɐɜɒɌɳɑɘ ɚɐ 78% ɣɎɜɝɞɚɏ. Ⱥɝɔɘ Ɏɚɐɑ ɟ ɘɗɔə ɝɑ ɐɚɐɌɳɟ ɠɗɚɞɌɢɔɳɝɖɔ 
ɜɑɌɏɑəɝɔ ɔɓ ɏɜɟɛɑ ɘɚɐɔɠɔɖɌɞɚɜɌ. ȶɌɖɚ ɍɔ ɝɑ ɔɓɎɜɤɔɗɌ ɜɑɏɟɗɌɢɔɳɌ pH Ɏɜɑɐəɚɝɞɔ 
ɛɟɗɛɑ ɖɚɜɔɝɞɔ ɝɑ CaO, ɐɚɖ ɝɑ NaCN ɖɚɜɔɝɞɔ ɓɌ ɐɑɛɜɔɘɔɜɌɵɑ ɘɔəɑɜɌɗɌ ɍɌɖɜɌ ɔ 
ɢɔəɖɌ. ȯɜɌɎɔɞɌɢɔɳɝɖɔ, ɖɚɜɔɝɞɑɶɔ ɜɑɤɑɞɖɟ ɛɜɌɓəɔ ɝɑ ɘɗɔə. ȾɌɖɚ ɝɌɘɗɑɎɑəɌ ɜɟɐɌ, ɟ 
Ɏɔɐɟ ɛɟɗɛɑ ɝɑ ɟɎɚɐɔ ɟ ɘɑɡɌəɔɣɖɔ ɝɛɔɜɌɗəɔ ɖɗɌɝɔɠɔɖɌɞɚɜ. ȰɚɐɌɎɌɵɑɘ ɛɚɞɜɑɍəɑ 
ɖɚɗɔɣɔəɑ Ɏɚɐɑ, əɌ ɔɓɗɌɓɟ ɔɓ ɘɗɔəɌ, ɟ ɖɗɌɝɔɠɔɖɌɞɚɜɟ ɝɑ ɚɐɜɒɌɎɌ ɏɟɝɞɔəɌ ɛɟɗɛɑ ɖɚɳɌ 
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ɏɌɜɌəɞɟɳɑ ɝɌɐɜɒɌɳ ɣɎɜɝɞɑ ɠɌɓɑ ɚɐ 50% əɌ ɛɜɑɗɔɎɟ ɖɗɌɝɔɠɔɖɌɞɚɜɌ. Ȼɚɐ ɚɎɔɘ ɟɝɗɚɎɚɘ, 
ɟ ɛɜɑɗɔɎɟ ɖɗɌɝɔɠɔɖɌɞɚɜɌ ɝɌɐɜɒɌɳ ɖɗɌɝɑ ɖɜɟɛəɚɶɑ - 0,074 mm ɖɜɑɶɑ ɝɑ ɔɓɘɑɭɟ 40 ɔ 50%. 
ȻɑɝɌɖ ɖɗɌɝɔɠɔɖɌɞɚɜɌ ɝɑ ɎɜɌɶɌ ɟ ɘɗɔə əɌ ɐɚɘɑɴɌɎɌɵɑ, ɖɌɖɚ ɍɔ ɍɔɚ ɟɝɔɞɵɑə ɐɚ 
ɛɚɞɜɑɍəɑ ɖɜɟɛəɚɶɑ ɓɌ ɐɌɴɔ ɛɜɚɢɑɝ. ȿɓ ɛɚɘɚɶ ɘɟɴəɑ ɛɟɘɛɑ ɝɑ ɛɜɑɗɔɎ ɘɑɡɌəɔɣɖɚɏ 
ɖɗɌɝɔɠɔɖɌɞɚɜɌ ɤɌɴɑ ɐɚ ɡɔɐɜɚɢɔɖɗɚəɌ. ȻɑɝɌɖ ɡɔɐɜɚɢɔɖɗɚəɌ ɝɌ ɝɌɐɜɒɌɳɑɘ ɔɓɘɑɭɟ 50 
ɔ 65% ɣɎɜɝɞɑ ɠɌɓɑ ɝɑ ɚɍɳɑɐɔɵɟɳɑ ɝɌ ɛɑɝɖɚɘ ɘɑɡɌəɔɣɖɚɏ ɖɗɌɝɔɠɔɖɌɞɚɜɌ ɔ ɎɜɌɶɌ ɟ ɘɗɔə 
ɝɌ ɖɟɏɗɌɘɌ əɌ ɐɚɘɑɴɌɎɌɵɑ, ɐɚɖ ɛɜɑɗɔɎ ɚɐɗɌɓɔ ɟ ɖɚəɐɔɢɔɚəɑɜ ɟ ɛɜɚɢɑɝ ɖɚəɢɑɞɜɌɢɔɳɑ 
[136]. 

3.2.2. ȻɚɝɞɟɛɌɖ ɖɚəɢɑəɞɜɌɢɔɳɑ 

Ⱦɑɡəɚɗɚɤɖɔ ɛɚɝɞɟɛɌɖ ɖɚəɢɑəɞɜɌɢɔɳɑ ɛɚɗɔɘɑɞɌɗɔɣəɑ ɜɟɐɑ Pb-Cu-Zn, ɐɚ 1984. 
ɏɚɐɔəɑ ɳɑ ɟɖɴɟɣɔɎɌɚ ɔɓɐɎɌɳɌɵɑ ɖɚɗɑɖɞɔɎəɚɏ Pb-Cu ɖɚəɢɑəɞɜɌɞɌ ɔ ɔɓɐɎɌɳɌɵɑ 
ɝɑɗɑɖɞɔɎəɚɏ ɖɚəɢɑəɞɜɌɞɌ Zn. ȳɌɞɔɘ əɌ ɚɝəɚɎɟ ɞɑɡəɚɗɚɤɖɔɡ ɔɝɛɔɞɔɎɌɵɌ ɐɜ ȶɚɝɞɑ 
ȸɔɤɔɶɌ, ɔ ɵɑɏɚɎɔɡ ɜɑɓɟɗɞɌɞɌ, ɛɚɣɑɎ ɚɐ 1984. ɏɚɐɔəɑ ɚɞɛɚɣɔɵɑ ɔɘɛɗɑɘɑəɞɌɢɔɳɌ 
ɞɑɡəɚɗɚɤɖɚɏ ɛɜɚɢɑɝɌ ɠɗɚɞɌɢɔɳɝɖɑ ɖɚəɢɑəɞɜɌɢɔɳɑ əɌ ɚɝəɚɎɟ ɖɚɏɌ ɝɑ ɚɝəɚɎəɑ ɖɚɜɔɝəɑ 
ɖɚɘɛɚəɑəɞɑ ɔɓɐɎɌɳɌɳɟ ɟ ɝɑɗɑɖɞɔɎəɑ ɖɚəɢɑəɞɜɌɞɑ [138]. ȿɓ ɚɐɜɑɭɑəɑ ɔɓɘɑəɑ, ɚɜɏɔəɌɗəɌ 
ɞɑɡəɚɗɚɤɖɌ ɤɑɘɌ ɝɑ ɐɚ ɐɌəɌɤɵɑɏ ɐɌəɌ ɛɜɔɘɑɵɟɳɑ ɟ ɛɚɝɞɜɚɳɑɵɟ ɜɟɐəɔɖɌ ɔ ɠɗɚɞɌɢɔɳɑ 
ȼɟɐəɔɖ.  

ȻɜɑɗɔɎ ɡɔɐɜɚɢɔɖɗɚəɌ ɖɌɜɌɖɞɑɜɔɤɑ ɝɌɐɜɒɌɳ ɣɎɜɝɞɑ ɠɌɓɑ ɚɐ 45% ɔ ɠɔəɚɶɑ ɚɐ 
65 ɐɚ 70% ɖɗɌɝɑ - 0,074 mm. ȯɜɌɎɔɞɌɢɔɳɝɖɔɘ ɞɜɌəɝɛɚɜɞɚɘ ɝɑ ɛɜɑɗɔɎ ɡɔɐɜɚɢɔɖɗɚəɌ 
ɚɐɎɚɐɔ ɟ ɛɜɚɢɑɝ ɖɚəɢɑəɞɜɌɢɔɳɑ. 

ȿ ɚɎɌɳ ɖɚəɐɔɢɔɚəɑɜ ɝɑ ɐɚɐɌɳɑ ɖɚɗɑɖɞɚɜ, ɖɌɗɔɳɟɘ-Ɍɘɔɗ ɖɝɌəɞɌɞ (KAX). ȿ 
ɝɟɍɌɑɜɌɢɔɳɝɖɔɘ ɶɑɗɔɳɌɘɌ ɚɍɌɎɴɌ ɝɑ ɠɗɚɞɌɢɔɳɝɖɌ ɖɚəɢɑəɞɜɌɢɔɳɌ. ȶɜɚɓ ɛɜɚɢɑɝ 
ɠɗɚɞɔɜɌɵɌ ɛɟɗɛɌ ɝɑ ɏɜɌɎɔɞɌɢɔɳɝɖɔ ɖɜɑɶɑ. 

ȿɛɜɚɤɶɑəɌ ɤɑɘɌ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɚɗɚɎɌ ɳɑ ɛɜɔɖɌɓɌəɌ əɌ ɝɗɔɢɔ 
3.2. 
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ȽɗɔɖɌ 3.2. ȿɛɜɚɤɶɑəɔ ɤɑɘɌɞɝɖɔ ɛɜɔɖɌɓ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɚɗɚɎɌ 
(GK - ɏɜɟɍɔ ɖɚəɢɑəɞɜɌɞ, M ð ɘɑɭɟɛɜɚɔɓɎɚɐ, KK - ɖɚəɞɜɚɗəɔ ɖɚəɢɑəɞɜɌɞ, K ð ɖɚəɢɑəɞɜɌɞ) 

 
Ȼɜɔ ɌɗɖɌɗəɚɳ Ɏɜɑɐəɚɝɔ pH ɠɗɚɞɌɢɔɚəɑ ɛɟɗɛɑ ɚɖɚ 9,20 Ɏɜɤɔ ɝɑ ɏɜɟɍɚ 

ɠɗɚɞɔɜɌɵɑ ɟ ɐɎɑ ɠɗɚɞɌɢɔɚəɑ ɘɌɤɔəɑ. ȿ ɠɗɚɞɌɢɔɚəɟ ɘɌɤɔəɟ ɖɚɳɟ ɝɌɣɔɵɌɎɌɳɟ 
ɣɑɞɔɜɔ ɶɑɗɔɳɑ, ɟɎɚɐɔ ɝɑ ɛɟɗɛɌ ɔɓ ɖɚəɐɔɢɔɚəɑɜɌ, ɛɜɔ ɣɑɘɟ ɝɑ ɟ ɛɜɎɟ ɐɚɓɔɜɌ ɛɑəɟɤɌɣ 
Dowfroth D-200. Ⱥɞɚɖ ɔɓ ɚɎɑ ɘɌɤɔəɑ ɝɑ ɟɎɚɐɔ ɟ ɘɌɤɔəɟ ɝɌ ɞɜɔ ɠɗɚɞɌɢɔɚəɑ ɶɑɗɔɳɑ. 
ȳɌɞɔɘ ɝɑ ɝɛɌɳɌɳɟ ɖɚəɢɑəɞɜɌɞɔ ɚɎɔɡ ɠɗɚɞɌɢɔɚəɔɡ ɘɌɤɔəɌ ɔ əɌ ɞɌɳ əɌɣɔə ɠɚɜɘɔɜɌɳɟ 
ɏɜɟɍɔ ɖɚəɢɑəɞɜɌɞ (GK) ɚɗɚɎɌ. ȺɎɌɳ ɏɜɟɍɔ ɖɚəɢɑəɞɜɌɞ ɝɑ ɟɎɚɐɔ ɟ ɐɎɚɝɞɌɐɔɳɌɗəɚ 
ɛɜɑɣɔɤɶɌɎɌɵɑ, ɟ ɠɗɚɞɌɢɔɚəɑ ɘɌɤɔəɑ ɝɌ ɐɎɑ ɔ ɳɑɐəɚɘ ɶɑɗɔɳɚɘ. ȿ ɚɎɚɳ ɠɌɓɔ 
ɠɗɚɞɔɜɌɵɌ pH Ɏɜɑɐəɚɝɞ ɔɓəɚɝɔ ɚɖɚ 9,50. ȿ ɛɜɑɣɔɤɶɌɎɌɵɟ, ɖɌɖɚ ɍɔ ɍɔɗɌ ɜɑɏɟɗɔɝɌəɌ 
ɛɚɞɜɑɍəɌ pH Ɏɜɑɐəɚɝɞ, ɟ ɛɜɎɟ ɶɑɗɔɳɟ ɛɜɑɣɔɤɶɌɎɌɵɌ ɐɚɐɌɳɑ ɝɑ CaO ɐɚɓɔɜɌəɚ. ȹɌɖɚə 
ɐɎɚɝɞɑɛɑəɚɏ ɛɜɑɣɔɤɶɌɎɌɵɌ ɐɚɍɔɳɌ ɝɑ ɖɚəɌɣɔ ɖɚəɢɑəɞɜɌɞ ɚɗɚɎɌ ɖɚɳɔ ɓɌɞɔɘ ɚɐɗɌɓɔ ɟ 
ɛɜɚɢɑɝ ɓɏɟɤɵɌɎɌɵɌ ɔ ɠɔɗɞɜɔɜɌɵɌ. Ⱥɞɚɖ ɛɜɎɚɏ ɛɜɑɣɔɤɶɌɎɌɵɌ ɎɜɌɶɌ ɝɑ ɟ ɐɜɟɏɟ 
ɘɌɤɔəɟ ɏɜɟɍɚɏ ɠɗɚɞɔɜɌɵɌ. Ⱥɞɚɖ ɐɜɟɏɚɏ ɛɜɑɣɔɤɶɌɎɌɵɌ ɎɜɌɶɌ ɝɑ ɟ ɛɜɎɚ 
ɛɜɑɣɔɤɶɌɎɌɵɑ. Ⱥɞɚɖ ɐɜɟɏɑ ɘɌɤɔəɑ ɏɜɟɍɚɏ ɠɗɚɞɔɜɌɵɌ ɝɑ ɟɎɚɐɔ ɟ ɖɚəɞɜɚɗəɚ 
ɠɗɚɞɔɜɌɵɑ. ȿ ɞɜɔ ɠɗɚɞɌɢɔɚəɑ ɘɌɤɔəɑ ɝɌ ɛɚ ɣɑɞɔɜɔ ɠɗɚɞɌɢɔɚəɑ ɶɑɗɔɳɑ ɚɍɌɎɴɌ ɝɑ 
ɖɚəɞɜɚɗəɚ ɠɗɚɞɔɜɌɵɑ. ȳɌɞɔɘ, ɖɚəɢɑəɞɜɌɞ ɛɜɎɚɏ ɖɚəɞɜɚɗəɚɏ ɠɗɚɞɔɜɌɵɌ (KK) ɎɜɌɶɌ 
ɝɑ ɟ ɐɜɟɏɟ ɘɌɤɔəɟ ɏɜɟɍɚɏ ɠɗɚɞɔɜɌɵɌ. 

ɔɓ ɡɔɐɜɚɢɔɖɗɚəɌ

ɟ ɢɔɖɗɟɝ Cu

H 2O

GK-1

GK

GK-2

M -1

K-1

M -2

K/Pb

KK-1

KK-2

KK-3

ɖɚəɢɑəɞɜɌɞ Pb 
(K/Pb)
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ȿ ɐɜɟɏɚ ɖɚəɞɜɚɗəɚ ɠɗɚɞɔɜɌɵɑ ɟɎɚɐɔ ɝɑ ɚɞɚɖ ɛɜɎɚɏ ɖɚəɞɜɚɗəɚɏ ɠɗɚɞɔɜɌɵɌ. 
ȶɚəɢɑəɞɜɌɞɔ ɐɜɟɏɚɏ ɔ ɞɜɑɶɑɏ ɖɚəɞɜɚɗəɚɏ ɠɗɚɞɔɜɌɵɌ ɝɑ ɎɜɌɶɌɳɟ ɟ ɘɌɤɔəɑ 
ɛɜɑɞɡɚɐəɚɏ ɖɚəɞɜɚɗəɚɏ ɠɗɚɞɔɜɌɵɌ. Ⱥɞɚɖ ɐɜɟɏɚɏ ɖɚəɞɜɚɗəɚɏ ɠɗɚɞɔɜɌɵɌ ɝɑ ɟɎɚɐɔ ɟ 
ɞɜɑɶɑ ɖɚəɞɜɚɗəɚ ɠɗɚɞɔɜɌɵɑ. ȳɌɞɔɘ ɝɑ əɌ ɖɜɌɳɟ ɚɎɚɏ ɛɜɚɢɑɝɌ, ɚɞɚɖ ɞɜɑɶɑɏ ɖɚəɞɜɚɗəɚɏ 
ɠɗɚɞɔɜɌɵɌ, ɟɎɚɐɔ ɐɌɴɑ ɟ ɝɗɑɐɑɶɔ ɛɚɝɞɟɛɌɖ ɟ ɛɜɚɢɑɝ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɍɌɖɜɌ. 
ȻɜɑɘɌ əɌɎɑɐɑəɚɘ ɘɚɒɑ ɝɑ ɓɌɖɴɟɣɔɞɔ ɐɌ ɝɑ ɛɚɝɞɟɛɌɖ ɠɗɚɞɌɢɔɳɝɖɑ ɖɚəɢɑəɞɜɌɢɔɳɑ 
ɘɔəɑɜɌɗɌ ɚɗɚɎɌ ɜɑɌɗɔɓɟɳɑ ɟ ɓɌɞɎɚɜɑəɚɘ ɢɔɖɗɟɝɟ. 

ȿ əɌɜɑɐəɚɳ ɠɌɓɔ ɛɜɚɢɑɝɌ, ɚɞɚɖ ɔɓ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɚɗɚɎɌ ɛɚɘɚɶɟ 
ɘɟɴəɑ ɛɟɘɛɑ ɟɎɚɐɔ ɝɑ ɟ ɖɚəɐɔɢɔɚəɑɜ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɍɌɖɜɌ. ȻɟɗɛɌ ɔɓ 
ɖɚəɐɔɢɔɚəɑɜɌ ɐɌɴɑ əɌɝɞɌɎɴɌ ɏɜɌɎɔɞɌɢɔɳɝɖɔɘ ɞɚɖɚɘ [136].  

ȿɛɜɚɤɶɑəɌ ɤɑɘɌ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɍɌɖɜɌ ɳɑ ɛɜɔɖɌɓɌəɌ əɌ ɝɗɔɢɔ 
3.3. 

 
ȽɗɔɖɌ 3.3. ȿɛɜɚɤɶɑəɔ ɤɑɘɌɞɝɖɔ ɛɜɔɖɌɓ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɍɌɖɜɌ 
(GK - ɏɜɟɍɔ ɖɚəɢɑəɞɜɌɞ, M ð ɘɑɭɟɛɜɚɔɓɎɚɐ, KK - ɖɚəɞɜɚɗəɔ ɖɚəɢɑəɞɜɌɞ, K ð ɖɚəɢɑəɞɜɌɞ) 
 
Ⱥɐ ɜɑɌɏɑəɌɝɌ əɑɚɛɡɚɐəɔɡ ɟ ɚɎɚɳ ɠɌɓɔ ɟ ɖɚəɐɔɢɔɚəɑɜ ɖɌɚ ɜɑɏɟɗɌɞɚɜ Ɏɜɑɐəɚɝɞɔ 

pH ɝɜɑɐɔəɑ ɐɚɐɌɳɑ ɝɑ FeSO4, ɓɌɞɔɘ ZnSO4 ɖɌɚ ɐɑɛɜɔɘɌɞɚɜ ɘɔəɑɜɌɗɌ ɢɔəɖɌ ɔ KAX ɖɌɚ 
ɖɚɗɑɖɞɚɜ. Ȼɜɔ Ɏɜɑɐəɚɝɞɔ pH ɛɟɗɛɑ ɚɐ 8,20, Ɏɜɤɔ ɝɑ ɠɗɚɞɔɜɌɵɑ ɘɔəɑɜɌɗɌ ɍɌɖɜɌ. 

ɔɓ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ Pb

ɟ ɢɔɖɗɟɝ Zn

H 2O

GK

KK-1

M

K/Cu

KK-2

KK-3

KK-4

ɖɚəɢɑəɞɜɌɞ Cu 
(K/Cu)
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ȻɟɗɛɌ ɝɑ ɛɜɑɖɚ  ɖɚəɐɔɢɔɚəɑɜɌ ɐɚɎɚɐɔ ɟ ɠɗɚɞɌɢɔɚəɟ ɘɌɤɔəɟ ɖɚɳɌ ɝɑ ɝɌɝɞɚɳɔ ɔɓ 
ɐɎɑ ɶɑɗɔɳɑ. ȿ ɵɚɳ ɝɑ Ɏɜɤɔ ɏɜɟɍɚ ɠɗɚɞɔɜɌɵɑ. ȺɐɌɞɗɑ ɏɜɟɍɔ ɖɚəɢɑəɞɜɌɞ ɚɐɗɌɓɔ əɌ ɳɑɐəɚ 
ɛɜɑɣɔɤɶɌɎɌɵɑ ɟ ɠɗɚɞɌɢɔɚəɟ ɘɌɤɔəɔ ɝɌ ɳɑɐəɚɘ ɶɑɗɔɳɚɘ. ȴɓ ɚɎɑ ɶɑɗɔɳɑ ɐɚɍɔɳɌ ɝɑ 
ɖɚəɌɣəɔ ɖɚəɢɑəɞɜɌɞ ɍɌɖɜɌ. ȶɚəɢɑəɞɜɌɞ ɓɌɞɔɘ ɚɐɗɌɓɔ ɟ ɛɜɚɢɑɝ ɓɏɟɤɵɌɎɌɵɌ ɔ 
ɠɔɗɞɜɔɜɌɵɌ. ȿ ɏɜɟɍɚ ɠɗɚɞɔɜɌɵɑ ɝɑ ɎɜɌɶɌ ɚɞɚɖ ɛɜɑɣɔɤɶɌɎɌɵɌ, ɐɚɖ ɚɞɚɖ ɏɜɟɍɚɏ 
ɠɗɚɞɔɜɌɵɌ ɔɐɑ ɟ ɖɚəɞɜɚɗəɚ ɠɗɚɞɔɜɌɵɑ. ȿ ɠɗɚɞɌɢɔɚəɚɳ ɘɌɤɔəɔ ɝɌ ɞɜɔ ɶɑɗɔɳɑ 
ɚɍɌɎɴɌ ɝɑ ɛɜɎɚ ɖɚəɞɜɚɗəɚ ɠɗɚɞɔɜɌɵɑ. ȶɚəɢɑəɞɜɌɞ ɖɚəɞɜɚɗəɚɏ ɠɗɚɞɔɜɌɵɌ ɝɑ ɎɜɌɶɌ 
ɟ ɏɜɟɍɚ ɠɗɚɞɔɜɌɵɑ. Ȱɜɟɏɔ ɛɜɚɔɓɎɚɐ, ɚɞɚɖ ɛɜɎɚɏ ɖɚəɞɜɚɗəɚɏ ɠɗɚɞɔɜɌɵɌ ɔɐɑ ɟ ɞɜɔ 
ɠɗɚɞɌɢɔɚəɑ ɘɌɤɔəɑ ɝɌ ɛɚ ɣɑɞɔɜɔ ɶɑɗɔɳɑ. ȿ ɚɎɔɘ ɘɌɤɔəɌɘɌ ɝɑ ɚɍɌɎɴɌ ɐɜɟɏɚ, ɞɜɑɶɑ ɔ 
ɣɑɞɎɜɞɚ ɖɚəɞɜɚɗəɚ ɠɗɚɞɔɜɌɵɑ. ȽɎɌɖɔ ɖɚəɢɑəɞɜɌɞ ɔɓ  ɚɎɔɡ ɠɗɚɞɌɢɔɳɝɖɔɡ ɘɌɤɔəɌ 
ɎɜɌɶɌ ɝɑ əɌ ɣɑɗɚ ɛɜɑɞɡɚɐəɚɏ ɝɞɌɐɔɳɟɘɌ ɖɚəɞɜɚɗəɚɏ ɠɗɚɞɔɜɌɵɌ. Ⱥɞɚɖ ɛɚɝɗɑɐɵɑɏ 
ɣɑɞɎɜɞɚɏ ɖɚəɞɜɚɗəɚɏ ɠɗɚɞɔɜɌɵɌ ɚɐɗɌɓɔ ɟ ɢɔɖɗɟɝ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɢɔəɖɌ. 

ȸɟɴəɚɘ ɛɟɘɛɚɘ ɝɑ ɔɓ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɍɌɖɜɌ, ɚɞɚɖ ɐɚɎɚɐɔ ɟ 
ɖɚəɐɔɢɔɚəɑɜ əɌɜɑɐəɑ ɠɌɓɑ ɛɜɚɢɑɝɌ, ɟ ɢɔɖɗɟɝ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɢɔəɖɌ. Ⱥɐ 
ɜɑɌɏɑəɌɝɌ ɟ ɚɎɌɳ ɖɚəɐɔɢɔɚəɑɜ ɐɚɐɌɳɑ ɝɑ CuSO4 ɖɌɚ ɌɖɞɔɎɌɞɚɜ, ɓɌɞɔɘ CaO ɖɌɚ ɜɑɏɟɗɌɞɚɜ 
pH Ɏɜɑɐəɚɝɞɔ ɛɟɗɛɑ ɔ KAX ɖɌɚ ɖɚɗɑɖɞɚɜ [136]. 

ȹɌ ɝɗɔɢɔ ɝɗɔɖɌ 3.4. ɳɑ ɛɜɔɖɌɓɌəɌ ɟɛɜɚɤɶɑəɌ ɤɑɘɌ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ 
ɘɔəɑɜɌɗɌ ɢɔəɖɌ. 

 
ȽɗɔɖɌ 3.4. ȿɛɜɚɤɶɑəɔ ɤɑɘɌɞɝɖɔ ɛɜɔɖɌɓ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɢɔəɖɌ 
(GK - ɏɜɟɍɔ ɖɚəɢɑəɞɜɌɞ, M ð ɘɑɭɟɛɜɚɔɓɎɚɐ, KK - ɖɚəɞɜɚɗəɔ ɖɚəɢɑəɞɜɌɞ, K ð ɖɚəɢɑəɞɜɌɞ) 

 
ȻɟɗɛɌ ɝɑ ɔɓ ɖɚəɐɔɢɔɚəɑɜɌ ɟɎɚɐɔ ɟ ɛɜɚɢɑɝ ɏɜɟɍɚɏ ɠɗɚɞɔɜɌɵɌ. ɀɗɚɞɔɜɌɵɑ 

ɘɔəɑɜɌɗɌ ɢɔəɖɌ ɝɑ ɚɐɎɔɳɌ ɛɜɔ Ɏɜɑɐəɚɝɞɔ pH ɚɐ 11 ɐɚ 11,50. ȿ ɐɎɑ ɠɗɚɞɌɢɔɚəɑ ɘɌɤɔəɑ 

ɔɓ ɢɔɖɗɟɝɌ ɠɗɚɞɔɜɌɵɌ Cu
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ɝɑ ɚɍɌɎɴɌ ɚɎɌɳ ɛɜɚɢɑɝ ɏɜɟɍɚɏ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ ɢɔəɖɌ, ɚɐ ɖɚɳɔɡ ɛɜɎɟ ɘɌɤɔəɟ ɣɔəɑ 
ɣɑɞɔɜɔ ɶɑɗɔɳɑ, ɐɚɖ ɝɑ ɐɜɟɏɌ ɘɌɤɔəɌ ɝɌɝɞɚɳɔ ɔɓ ɐɎɑ ɶɑɗɔɳɑ. ȳɌɞɔɘ ɝɑ Ɏɔɤɑɝɞɑɛɑəɔɘ 
ɛɜɑɣɔɤɶɌɎɌɵɑɘ ɔɓ ɏɜɟɍɚɏ ɖɚəɢɑəɞɜɌɞɌ ɐɚɍɔɳɌ ɖɚəɌɣəɔ ɖɚəɢɑəɞɜɌɞ ɢɔəɖɌ. ȺɎɌɳ 
ɖɚəɢɑəɞɜɌɞ ɝɑ ɓɌɞɔɘ ɓɏɟɤɵɌɎɌ ɔ ɠɔɗɞɜɔɜɌ. Ȱɜɟɏɔ ɛɜɚɔɓɎɚɐɔ, ɚɐəɚɝəɚ ɚɞɚɢɔ ɏɜɟɍɚɏ 
ɠɗɚɞɔɜɌɵɌ ɟɎɚɐɑ ɝɑ ɟ ɞɜɔ ɖɚəɞɜɚɗəɌ ɠɗɚɞɔɜɌɵɌ ɟ ɞɜɔ ɠɗɚɞɌɢɔɚəɑ ɘɌɤɔəɑ ɖɚɳɑ ɝɑ 
ɝɌɝɞɚɳɑ ɔɓ ɣɑɞɔɜɔ ɶɑɗɔɳɑ. ȿ ɚɞɎɚɜɑəɚɘ ɢɔɖɗɟɝɟ ɝɑ ɜɑɌɗɔɓɟɳɑ ɚɝəɚɎəɚ ɠɗɚɞɔɜɌɵɑ 
ɘɔəɑɜɌɗɌ ɢɔəɖɌ ɔ ɛɜɑɣɔɤɶɌɎɌɵɑ ɏɜɟɍɚɏ ɖɚəɢɑəɞɜɌɞɌ. Ⱥɞɚɢɔ ɔɓ ɚɎɚɏ ɛɜɚɢɑɝɌ ɣɔəɑ 
ɐɑɠɔəɔɞɔɎəɟ ɳɌɗɚɎɔəɟ ɖɚɳɌ ɝɑ ɐɑɛɚəɟɳɑ ɟ ɌɖɟɘɟɗɌɢɔɳɟ ɳɌɗɚɎɔɤɞɌ [136]. 

 

3.3. ȻȺȾȼȺɄȹȴ ȻȼȺɂȱȽȹȴ ȸȬȾȱȼȴȥȬȷȴ ȿ ɀȷȺȾȬɂȴȥȴ 

Ƚɟɤɞɔəɝɖɔ ɑɠɑɖɞɔɎəɚ ɟ ɠɗɚɞɌɢɔɳɝɖɚɘ ɞɑɡəɚɗɚɤɖɚɘ ɛɚɝɞɟɛɖɟ, ɟɝɛɑɤəɌ 
ɝɑɗɑɖɞɔɎəɚɝɞ ɘɔəɑɜɌɗɌ ɝɑ ɘɚɒɑ ɛɚɝɞɔɶɔ ɐɚɐɌɎɌɵɑɘ ɜɌɓɗɔɣɔɞɔɡ ɜɑɌɏɑəɌɝɌ ɖɚɳɔ ɔɘɌɳɟ 
ɟɗɚɏɟ ɟ ɖɚəɞɜɚɗɔɝɌəɚɘ ɌɖɞɔɎɔɜɌɵɟ (ɖɎɌɤɑɵɟ ɔɗɔ əɑ) ɛɚɎɜɤɔəɑ ɚɐɜɑɭɑəɚɏ 
ɘɔəɑɜɌɗɌ ɟ ɛɟɗɛɔ. ȺɎɔ ɜɑɌɏɑəɝɔ ɚɍɔɣəɚ ɝɟ ɖɗɌɝɔɠɔɖɚɎɌəɔ ɟ ɝɗɑɐɑɶɑ ɖɌɞɑɏɚɜɔɳɑ 
ɛɜɔɖɌɓɌəɑ əɌ ɝɗɔɢɔ 3.5. [139].  

  
ȽɗɔɖɌ 3.5. Ⱥɛɤɞɔ ɐɔɳɌɏɜɌɘ ɞɑɡəɚɗɚɏɔɳɑ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɖɜɚɓ 

ɏɗɌɎəɑ ɛɚɝɞɟɛɖɑ ɔ ɡɑɘɔɳɝɖɑ ɜɑɌɏɑəɝɑ ɖɚɳɔ ɝɑ ɏɑəɑɜɌɗəɚ ɖɚɜɔɝɞɑ 
(əɌ ɚɝəɚɎɟ [139] ɌɐɌɛɞɔɜɌɚ Ɍɟɞɚɜ)  

ȿɗɚɏɌ ɜɑɌɏɑəɝɌ ɟ ɛɜɚɢɑɝɟ ɠɗɚɞɌɢɔɳɑ ɳɑ ɝɛɑɢɔɠɔɣəɌ, ɓəɌɣɌɳəɌ ɔ ɐɑɗɔɖɌɞəɌ. 
ȮɌɓɐɟɤəɔ ɘɑɡɟɜɔɶɔ ɍɔɶɑ ɎɑɓɌəɔ ɓɌ ɘɔəɑɜɌɗɑ ɝɌɘɚ ɟɖɚɗɔɖɚ ɔɝɞɔɝəɟ Ɏɚɐɟ ɝɌ 
ɛɚɎɜɤɔəɑ ɞɚɏ ɘɔəɑɜɌɗɌ. ȺɎɚ ɝɑ ɘɚɒɑ ɐɚɏɚɐɔɞɔ ɝɌɘɚ ɟɖɚɗɔɖɚ ɝɟ ɘɔəɑɜɌɗəɑ ɣɑɝɞɔɢɑ 
ɐɚɎɚɴəɚ ɡɔɐɜɚɠɚɍəɑ. ȿɖɚɗɔɖɚ ɘɑɡɟɜɔɶɔ ɎɌɓɐɟɡɌ ɝɞɔɏəɟ ɐɚ ɛɚɎɜɤɔəɑ ɛɟɗɛɑ, 
əɌɝɞɌɎɔɶɑ ɐɌ əɚɝɑ ɘɔəɑɜɌɗɑ ɝɌɘɚ ɟɖɚɗɔɖɚ ɝɟ ɐɚɎɚɴəɚ ɝɞɌɍɔɗəɔ, ɟ ɝɟɛɜɚɞəɚɘ ɶɑ 
ɛɟɢɌɞɔ ɔ ɣɑɝɞɔɢɑ ɘɔəɑɜɌɗɌ ɶɑ ɝɑ ɛɚəɚɎɚ əɌɶɔ ɟ ɛɟɗɛɔ. ȶɌɖɚ ɍɔ ɝɎɔ əɌɍɜɚɳɌəɔ ɟɝɗɚɎɔ 
ɍɔɗɔ ɚɘɚɏɟɶɑəɔ əɑɚɛɡɚɐəɚ ɳɑ ɖɚɜɔɝɞɔɞɔ ɜɌɓɗɔɣɔɞɑ ɠɗɚɞɌɢɔɳɝɖɑ ɜɑɌɏɑəɝɑ [92] [135]. 
ȧɔɡɚɎ ɝɌɝɞɌɎ ɳɑ ɎɑɚɘɌ ɜɌɓəɚɗɔɖ. 

ȻɜɑɘɌ ɤɔɜɚɖɚ ɛɜɔɡɎɌɶɑəɚɳ ɛɚɐɑɗɔ ɖɚɳɟ ɝɟ ɔɓɘɑɭɟ ɚɝɞɌɗɚɏ ɛɜɔɖɌɓɗɔ Ȯ. 
ȶɗɌɝɑəɚɘ (Ȯ. ȶɗɌɝɝɑəɚɘ) [38], ɓɌɞɔɘ ȹ. ȮɚɜɚɍɳɑɎ ɔ Ȱ. ȹɚɎɔɖ (ȹ. ȮɚɜɚɍɨɑɎ, Ȱ.  ȹɚɎɔɖ) 

ɖɚəɐɔɢɔɚəɔɜɌɵɑ

ɘɗɑɎɑɵɑ

ɠɗɚɞɔɜɌɵɑ

ɚɐɎɚɐɵɌɎɌɵɑ

ɔɓɐɜɚɍɴɑəɌ ɜɟɐɌ

ɖɚəɢɑəɞɜɌɞ

ɝɜɑɞɝɎɌ ɓɌɘɗɑɎɑɵɑ
pH ɘɚɐɔɠɔɖɌɞɚɜɔ

ɐɑɛɜɔɘɌɞɚɜɔ
ɖɚɗɑɖɞɚɜɔ
ɌɖɞɔɎɌɞɚɜɔ

ɐɔɝɛɑɜɏɌɞɚɜɔ

ɛɑəɟɤɌɣɔ

ɠɗɚɖɟɗɌəɞɔ



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

83 

[36], ɖɌɚ ɔ ȭ.ȮɜɌɳɞ (B. A. Wright) [92], ɛɜɑɟɓɑɎɤɔ ɳɑ ɚɐ ȭ. ȮɔɗɝɌ (B. Wills)  ɠɗɚɞɌɢɔɳɝɖɔ 
ɜɑɌɏɑɝɔ ɝɟ [135]: 

ȶɚɗɑɖɞɚɜɔ ɖɚɳɔ ɝɟ əɑɓɌɚɍɔɗɌɓəɔ ɔ əɌɳɓəɌɣɌɳəɔɳɔ ɜɑɌɏɑəɝɔ. Ȭɐɝɚɜɍɟɳɟ ɝɑ əɌ 
ɛɚɎɜɤɔəɟ ɘɔəɑɜɌɗɌ ɣɔəɑɶɔ ɳɑ ɡɔɐɜɚɠɚɍəɚɘ ɚɐəɚɝəɚ Ɍɑɜɚɠɔɗəɚɘ, ɤɞɚ ɛɚɍɚɴɤɌɎɌ 
ɔ ɚɗɌɖɤɌɎɌ ɎɑɓɔɎɌɵɑ ɣɑɝɞɔɢɌ ɘɔəɑɜɌɗɌ ɓɌ ɎɌɓɐɟɤəɑ ɘɑɡɟɜɔɶɑ. 

ȻɑəɟɤɌɣɔ ɚɘɚɏɟɶɌɎɌɳɟ ɔ ɛɚɘɌɒɟ ɟ ɚɐɜɒɌɎɌɵɟ ɝɞɌɍɔɗəɑ ɛɑəɑ. Ȼɚɞɜɑɍəɚ ɳɑ ɐɌ 
ɛɑəɌ ɍɟɐɑ ɐɚɎɚɴəɚ ɝɞɌɍɔɗəɌ ɐɌ ɚɘɚɏɟɶɔ ɝɜɌɝɗɔɘ ɓɜəɔɘɌ ɖɚɳɌ ɝɟ ɐɚɝɛɑɗɌ ɟ ɛɑəɟ ɐɌ 
ɍɟɐɟ ɎɜɌɶɑəɌ ɟ ɛɟɗɛɟ, Ɍɗɔ əɑ ɞɚɗɔɖɚ ɝɞɌɍɔɗəɌ ɐɌ ɝɛɜɑɣɔ ɛɑəɟ ɓɌ ɛɜɑɣɔɤɶɌɎɌɵɑ [140]. 

ȼɑɏɟɗɌɞɚɜɔ ɔɓɎɜɤɌɎɌɳɟ ɜɌɓɗɔɣɔɞɑ ɠɟəɖɢɔɳɑ, ɚɐ ɌɖɞɔɎɔɜɌɵɌ ɔɗɔ ɐɑɛɜɔɘɔɜɌɵɌ 
ɘɔəɑɜɌɗɌ ɐɚ ɖɚəɞɜɚɗɑ pH Ɏɜɑɐəɚɝɞɔ ɛɟɗɛɑ [135]. 

Ȼɚɐ ɜɑɌɏɑəɝəɔɘ ɜɑɒɔɘɚɘ ɛɚɐɜɌɓɟɘɑɎɌɘɚ Ɏɜɝɞɟ, ɖɚɗɔɣɔəɟ ɔ ɜɑɐɚɝɗɑɐ 
ɐɚɐɌɎɌɵɌ ɜɑɌɏɑəɌɝɌ ɟ ɛɜɚɢɑɝɟ ɠɗɚɞɔɜɌɵɌ ɜɟɐɑ. Ⱦɑɜɘɔə ɜɑɌɏɑəɝ ɔɘɌ ɐɑɠɔəɔɢɔɳɟ 
ɝɜɑɐɝɞɎɌ ɖɚɳɑ ɛɜɚɔɓɎɚɐɔ ɡɑɘɔɳɝɖɟ ɜɑɌɖɢɔɳɟ ɔɗɔ ɝɟɛɝɞɌəɢɟ ɖɚɳɌ ɐɑɗɟɳɑ əɌ ɐɜɟɏɟ ɟ 
ɡɑɘɔɳɝɖɚɳ ɜɑɌɖɢɔɳɔ. ȿ ɛɜɚɢɑɝɔɘɌ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɖɚɜɔɝɞɔ ɝɑ Ɏɑɗɔɖɔ 
ɍɜɚɳ ɜɑɌɏɑəɌɝɌ ɟ ɜɌɓɗɔɣɔɞɔɘ ɚɍɗɔɢɔɘɌ ɚɐ əɑɚɜɏɌəɝɖɔɡ ɟ ɜɌɝɟɞɚɘ ɝɞɌɵɟ ɐɚ 
ɝɛɑɢɔɳɌɗəɔɡ ɝɔəɞɑɞɔɣɖɔɡ ɛɚɗɔɘɑɜɌ ɔ ɑɖɝɞɜɌɖɌɞɌ. Ȼɜɚɢɑɵɑəɚ ɳɑ ɐɌ ɝɑ ɟ ɛɜɚɢɑɝɔɘɌ 
ɠɗɚɞɔɜɌɵɌ, ɛɚɣɑɞɖɚɘ ɎɑɖɌ, ɞɜɑɞɔɜɌɗɚ ɚɖɚ ɐɎɑ ɘɔɗɔɳɌɜɐɑ ɞɚəɌ ɜɟɐɑ ɏɚɐɔɤɵɑ. ȰɌɖɗɑ, 
ɠɗɚɞɌɢɔɳɝɖɔ ɛɜɚɢɑɝɔ ɞɜɚɤɑ ɑəɚɜɘəɑ ɖɚɗɔɣɔəɑ ɜɑɌɏɑəɌɝɌ ɟ ɚɍɗɔɖɟ ɖɚɗɑɖɞɚɜɌ, 
ɛɑəɟɤɌɣɌ, ɐɑɛɜɔɘɌɞɚɜɌ ɔ ɘɚɐɔɠɔɖɌɞɚɜɌ [141].  

 

3.4 ȼȱȲȴȸ ȼȱȬȯȱȹȬȽȬ ȿ ȾȱɁȹȺȷȺɄȶȺȸ ȻȺȽȾȿȻȶȿ 
ȻȼȴȻȼȱȸȱ ȻȺȷȴȸȱȾȬȷȴɃȹȱ ȼȿȰȱ ɀȷȺȾȬɂȴȥȱ ȼȿȰȹȴȶ  

ȿ Ɏɑɶɔəɔ ɝɗɟɣɌɳɑɎɌ, ɜɑɐɚɝɗɑɐ ɐɚɐɌɎɌɵɌ ɜɑɌɏɑəɌɝɌ ɳɑ ɝɗɑɐɑɶɔ: ɘɚɐɔɠɔɖɌɞɚɜɔ 
(ɜɑɏɟɗɌɞɚɜɔ ɝɜɑɐɔəɑ, ɐɑɛɜɔɘɌɞɚɜɔ ɔ ɌɖɞɔɎɌɞɚɜɔ)-ɟ ɛɜɚɢɑɝɟ ɘɗɑɎɑɵɌ ɔ 
ɖɗɌɝɔɠɔɖɌɢɔɳɑ; ɖɚɗɑɖɞɚɜɔ ð ɟ ɖɚəɐɔɢɔɚəɔɜɌɵɟ ɔɗɔ ɛɜɎɔɘ ɶɑɗɔɳɌɘɌ ɠɗɚɞɌɢɔɳɝɖɑ 
ɘɌɤɔəɑ; ɛɑəɟɤɌɣɔ ð ɟ ɛɜɎɔɘ ɖɚɘɚɜɌɘɌ ɠɗɚɞɌɢɔɳɝɖɑ ɘɌɤɔəɑ. 

ȼɑɏɟɗɌɞɚɜɔ ɝɜɑɐɔəɑ ɜɑɐɟɖɟɳɟ ɛɚɞɜɑɍəɟ pH Ɏɜɑɐəɚɝɞ ɛɟɗɛɑ. ȿ ɛɜɚɢɑɝɟ 
ɠɗɚɞɔɜɌɵɌ ɜɟɐɑ ɜɟɐəɔɖɌ ȼɟɐəɔɖ, ɖɌɚ ɜɑɏɟɗɌɞɚɜɔ ɝɜɑɐɔəɑ ɝɑ ɖɚɜɔɝɞɑ ɓɑɗɑəɌ ɏɌɗɔɢɌ 
(FeSO4) ɔ ɖɜɑɣ (CaO). 

ȿ ɛɚɝɞɜɚɳɑɵɟ ɠɗɚɞɌɢɔɳɑ ɜɟɐəɔɖɌ ȼɟɐəɔɖ, ɓɑɗɑəɌ ɏɌɗɔɢɌ ɝɑ ɐɚɐɌɳɑ əɌ ɖɜɌɳɟ 
ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ Pb ɐɌ ɍɔ ɝɘɌɵɔɗɌ pH Ɏɜɑɐəɚɝɞ ɛɟɗɛɑ, ɝɌ ɚɖɚ 9-9,2 əɌ ɚɖɚ 8,8 - 
9,2. ȳɑɗɑəɌ ɏɌɗɔɢɌ ɝɑ ɐɚɐɌɳɑ ɖɌɚ 10 % ɜɌɝɞɎɚɜ. 

ȶɜɑɣ ɝɑ ɐɚɐɌɳɑ əɌ ɖɜɌɳɟ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ Cu ɔ ɟ ɞɜɑɶɟ ɘɌɤɔəɟ əɌ 
ɛɜɑɣɔɤɶɌɎɌɵɟ ɘɔəɑɜɌɗɌ Zn, ɓɍɚɏ ɛɚɎɑɶɌɵɌ pH Ɏɜɑɐəɚɝɞɔ ɛɟɗɛɑ əɌ ɚɖɚ 10,5 ɐɚ 11 əɌ 
ɚɝəɚɎəɚɘ ɠɗɚɞɔɜɌɵɟ ɔ ɚɖɚ 12 əɌ ɜɌɓɐɎɌɳɌɵɟ ɘɔəɑɜɌɗɌ ɢɔəɖɌ ɔ ɛɔɜɔɞɌ. ȴ ɚə ɝɑ 
ɖɚɜɔɝɞɔ ɖɌɚ 10% ɜɌɝɞɎɚɜ. 

ȰɑɛɜɔɘɌɞɚɜɔ ɝɑ ɛɜɔɘɑɵɟɳɟ ɜɌɐɔ ɝɛɜɑɣɌɎɌɵɌ ɠɗɚɞɔɜɌɵɌ əɑɛɚɒɑɴɑəɔɡ 
ɘɔəɑɜɌɗɌ ɟ ɚɐɜɑɭɑəɚɳ ɠɌɓɔ. ȿ ɛɜɚɢɑɝɟ ɠɗɚɞɔɜɌɵɌ ɜɟɐɑ ɜɟɐəɔɖɌ ȼɟɐəɔɖ, ɖɌɚ 
ɐɑɛɜɔɘɌɞɚɜɑ ɖɚɜɔɝɞɔ əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐ (NaCN), ɢɔəɖ ɝɟɗɠɌɞ (ZnSO4), əɌɞɜɔɳɟɘ-
ɐɔɡɜɚɘɌɞ (Na2Cr2O7). 
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ȿ ɛɚɏɚəɟ ɠɗɚɞɌɢɔɳɑ ɜɟɐəɔɖɌ ȼɟɐəɔɖ əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐ ɝɑ ɐɚɐɌɳɑ ɖɌɚ 7% ɜɌɝɞɎɚɜ 
ɟ ɘɗɔə ɖɌɚ ɔ ɟ ɐɜɟɏɟ ɘɌɤɔəɟ əɌ ɛɜɑɣɔɤɶɌɎɌɵɟ ɘɔəɑɜɌɗɌ Pb. ɂɔəɖ ɝɟɗɠɌɞ ɝɑ ɐɚɐɌɳɑ 
ɟ ɖɚəɐɔɢɔɚəɑɜ Cu, ɖɌɚ 10% ɜɌɝɞɎɚɜ ɐɌ ɍɔ ɐɑɛɜɔɘɔɜɌɚ ɘɔəɑɜɌɗɑ Zn. əɌɞɜɔɳɟɘ-
ɐɔɡɜɚɘɌɞ ɝɑ ɞɌɖɚɭɑ ɐɚɐɌɳɑ ɟ ɖɚəɐɔɢɔɚəɑɜ Cu ɓɍɚɏ ɐɑɛɜɔɘɔɜɌɵɌ ɘɔəɑɜɌɗɌ Pb.  

ȬɖɞɔɎɌɞɚɜɔ ɔɘɌɳɟ ɝɟɛɜɚɞəɚ ɐɑɳɝɞɎɚ ɟ ɚɐəɚɝɟ əɌ ɐɑɛɜɔɘɌɞɚɜɑ. ȬɖɞɔɎɌɞɚɜɔ 
ɚɗɌɖɤɌɎɌɳɟ ɔ ɚɍɑɓɍɑɭɟɳɟ ɎɑɓɔɎɌɵɑ ɖɚɗɑɖɞɚɜɌ əɌ ɣɑɝɞɔɢɌɘɌ ɚɐɜɑɭɑəɔɡ ɘɔəɑɜɌɗɌ. 
ȻɗɌɎɔ ɖɌɘɑə (CuSO4) ɝɑ ɐɚɐɌɳɑ ɟ ɖɚəɐɔɢɔɚəɑɜ Zn ɔ ɞɚ ɖɌɚ 10% ɜɌɝɞɎɚɜ ɓɍɚɏ 
ɌɖɞɔɎɔɜɌɵɌ ɘɔəɑɜɌɗɌ Zn.  

ȶɚɗɑɖɞɚɜɔ ɐɑɗɟɳɟ əɌ ɏɜɌəɔɢɔ ɘɔəɑɜɌɗəɚ ɓɜəɚ-ɎɚɐɌ ɔ ɟɎɑɶɌɎɌɳɟ ɔ ɛɚɍɚɴɤɌɎɌɳɟ 
ɵɔɡɚɎɟ ɡɔɐɜɚɠɚɍəɚɝɞ ɔ ɝɑɗɑɖɞɔɎəɚɝɞ. ȿ ɛɜɚɢɑɝɟ ɠɗɚɞɔɜɌɵɌ ɜɟɐɑ ɜɟɐəɔɖɌ ȼɟɐəɔɖ, 
ɖɌɚ ɖɚɗɑɖɞɚɜɑ ɖɚɜɔɝɞɔɘɚ ɖɌɗɔɳɟɘ-ɑɞɔɗ ɖɝɌəɞɌɞ (KEX) ɔ ɖɌɗɔɳɟɘ-Ɍɘɔɗ ɖɝɌəɞɌɞ (KAX). 

ȶɌɗɔɳɟɘ-ɑɞɔɗ ɖɝɌəɞɌɞ ɐɚɐɌɳɑɘɚ ɟ ɖɚəɐɔɢɔɚəɑɜ Pb ɔ ɐɑɎɑɞɟ ɘɌɤɔəɟ ɠɗɚɞɔɜɌɵɌ 
ɘɔəɑɜɌɗɌ Pb, ɖɌɚ ɔ ɟ ɖɚəɐɔɢɔɚəɑɜ Cu ɔ ɝɑɐɘɟ ɘɌɤɔəɟ ɠɗɚɞɔɜɌɵɌ ɘɔəɑɜɌɗɌ Cu. 
ȶɌɗɔɳɟɘ-Ɍɘɔɗ ɖɝɌəɞɌɞ ɐɚɐɌɳɑɘɚ ɟ ɖɚəɐɔɢɔɚəɑɜ Zn ɔ ɟ ɐɑɎɑɞɟ ɘɌɤɔəɟ ɠɗɚɞɔɜɌɵɌ 
ɘɔəɑɜɌɗɌ Zn. 

ȿ ɛɜɚɢɑɝɟ ɠɗɚɞɔɜɌɵɌ ɜɟɐɑ ɜɟɐəɔɖɌ ȼɟɐəɔɖ, ɖɌɚ ɛɑəɟɤɌɣ ɟɛɚɞɜɑɍɴɌɎɌ ɝɑ 
Dowfroth D-200. 

Dowfroth D-200 ɐɚɐɌɳɑ ɝɑ ɟ ɖɚəɐɔɢɔɚəɑɜ Pb ɔ ɛɚ ɛɚɞɜɑɍɔ əɌ ɛɜɑɣɔɤɶɌɎɌɵɑ 
ɘɔəɑɜɌɗɌ Zn. ȰɚɐɌɳɑ ɝɑ ɖɌɚ 30% ɜɌɝɞɎɚɜ. 

ȼɌɝɞɎɌɜɌɵɑ ɔ ɣɟɎɌɵɑ ɜɌɏɑəɌɝɌ ɚɍɌɎɴɌ ɝɑ ɟ ɛɚɝɑɍəɚɘ ɐɑɗɟ ɛɚɏɚəɌ ɠɗɚɞɌɢɔɳɑ ɞɳ. 
ɟ ɓɏɜɌɐɔ ɜɑɌɏɑəɌɝɌ. ȼɌɝɞɎɌɜɌɵɑ ɜɑɌɏɑəɌɝɌ ɝɑ Ɏɜɤɔ əɌ II ɑɞɌɒɔ Ɍ ɛɚɞɚɘ ɝɑ Ɏɜɤɔ 
ɛɜɑɞɌɖɌɵɑ əɌ I ɑɞɌɒɟ ɏɐɑ ɝɑ Ɏɜɤɔ ɣɟɎɌɵɑ ɔ ɐɔɝɞɜɔɍɟɢɔɳɌ ɜɑɌɏɑəɌɝɌ ɓɌ ɠɗɚɞɌɢɔɳɟ. 
ȳɏɜɌɐɌ ɳɑ ɟ ɛɚɞɛɟəɚɝɞɔ ɟɜɌɭɑəɌ ɟ ɝɖɗɌɐɟ ɝɌ ɎɌɒɑɶɔɘ ɛɜɚɛɔɝɔɘɌ ɔ ɘɑɜɌɘɌ ɓɌɤɞɔɞɑ əɌ 
ɜɌɐɟ ɔ ɔɘɌ ɛɜɔɜɚɐəɟ ɔ ɛɜɔəɟɐəɟ ɎɑəɞɔɗɌɢɔɳɟ. Ⱦɚɖɝɔɣəɔ ɜɑɌɏɑəɝɔ ɖɌɚ ɤɞɚ ɳɑ 
əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐ əɌɗɌɓɔ ɝɑ ɟ ɛɚɝɑɍəɔɘ ɛɜɚɝɞɚɜɔɳɌɘɌ ɖɚɳɑ ɝɟ ɓɌɖɴɟɣɌəɑ. ȶɜɑɣ ɳɑ 
ɞɌɖɚɭɑ ɚɐɎɚɳɑə ɟ ɛɚɝɑɍəɟ ɛɜɚɝɞɚɜɔɳɟ.  

 

 

  



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

85 

 

ȱȶȽȻȱȼȴȸȱȹȾȬȷȹȬ ȴȽȾȼȬȲȴȮȬȧȬ 

4.1. ȴȳȮȱȰȱȹȴ ȾȱȽȾ-ȱȶȽȻȱȼȴȸȱȹȾȴ 

ȻɚɝɘɌɞɜɌəɚ ɟ ɢɑɗɔəɔ, ɔəɛɗɑɘɑəɞɔɜɌəɔ ɖɚəɢɑɛɞəɔ ɓɌɐɌɞɌɖ ɟɝɛɚɝɞɌɎɴɌɵɌ ɔ 
ɛɚɝɞɔɓɌɵɌ ɚɛɞɔɘɌɗəɚɏ ɚɐəɚɝɌ ɟ ɟɛɜɌɎɴɌɵɟ ɓɌɗɔɡɌɘɌ ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ ɟ 
ɞɑɡəɚɗɚɤɖɔɘ ɛɚɝɞɟɛɢɔɘɌ ɛɜɔɛɜɑɘɑ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɍɌɓɔɜɌə ɳɑ ɔ ɝɌɣɔɵɑə 
ɖɜɚɓ ɞɜɔ ɛɜɔɘɌɜɌəɌ ɖɚɜɌɖɌ.  

ȻɜɎɔ ɖɚɜɌɖ ɣɔəɔ ɚɍɑɓɍɑɭɔɎɌɵɑ, ɚɐəɚɝəɚ ɛɜɚəɌɗɌɒɑɵɑ, ɛɜɔɍɌɎɴɌɵɑ ɔ 
ɛɜɑɟɓɔɘɌɵɑ, ɏɑəɑɜɔɝɌəɔɡ, ɑɎɔɐɑəɞɔɜɌəɔɡ ɔ ɌɜɡɔɎɔɜɌəɔɡ ɛɚɐɌɞɌɖɌ, ɖɚɳɔ ɝɟ ɚɐ ɓəɌɣɌɳɌ 
ɟ ɚɎɚɳ ɝɞɟɐɔɳɔ ɝɗɟɣɌɳɌ, ɞɚɖɚɘ ɐɑɢɑəɔɳɌ ɜɌɐɌ ɛɚɝɞɜɚɳɑɵɌ. ȿ ɖɚəɞɑɖɝɞɟ ɚɎɚɏ ɖɚɜɌɖɌ, əɌ 
ɍɌɓɔ ɛɜɔɖɟɛɴɑəɔɡ ɛɚɐɌɞɌɖɌ əɑɔɓɚɝɞɌɎəɚ ɔ ɛɜɑ ɝɎɑɏɌ ɞɌɘɚ ɏɐɑ ɳɑ əɑɚɛɡɚɐəɚ Ɏɜɤɔ ɝɑ 
ɝɔɝɞɑɘɌɞɔɓɌɢɔɳɌ, ɔɐɑəɞɔɠɔɖɌɢɔɳɌ ɔ ɟɞɎɜɭɔɎɌɵɑ ɌəɚɘɌɗɔɳɌ (ɛɚɏɜɑɤəɚ ɟəɑɞɔ ɔɗɔ 
əɑɜɑɏɔɝɞɜɚɎɌəɔ ɛɚɐɌɢɔ) ɔ ɖɜɔɞɔɣəɔɡ ɞɌɣɌɖɌ ɟ ɛɚɝɘɌɞɜɌəɚɘ ɝɔɝɞɑɘɟ, ɞɌɘɚ ɏɐɑ 
ɛɚɝɞɚɳɑ. ȹɌɖɚɘ ɌəɌɗɔɓɑ Ɏɜɤɔ ɝɑ ɌɐɑɖɎɌɞəɌ ɛɜɔɛɜɑɘɌ ɔ ɛɜɔɗɌɏɚɭɌɎɌɵɑ ɘɚɐɌɗɔɞɑɞɌ ɔ 
ɚɍɗɔɖɌ ɛɚɐɌɞɌɖɌ ɓɌ ɛɜɌɎɔɗəɚ ɏɑəɑɜɔɝɌɵɑ əɌɜɑɐəɔɡ ɖɚɜɌɖɌ. 

ȿ ɜɟɐɌɜɝɞɎɟ ɔɘɛɗɑɘɑəɞɌɢɔɳɌ ɘɌɞɑɘɌɞɔɖɑ ɞɚɖɚɘ ɎɜɑɘɑəɌ ɛɚɝɞɌɳɑ ɝɎɑ ɓəɌɣɌɳəɔɳɌ, 
Ɍ ɛɚɝɑɍəɚ ɛɚɝɗɑɐɵɔɡ əɑɖɚɗɔɖɚ ɐɑɢɑəɔɳɌ ɖɌɐɌ ɐɚɗɌɓɔ ɐɚ ɑɖɝɛɌəɓɔɳɌ ɜɌɣɟəɌɜɌ ɔ 
ɜɌɣɟəɌɜɝɖɑ ɞɑɡəɔɖɑ. ȰɌəɌɤɵɔ ɘɚɐɑɜɌə əɔɎɚ ɜɟɐɌɜɝɞɎɌ ɏɗɑɐɌəɚ ɝɌ ɛɜɔɎɜɑɐəɚɏ ɔ 
əɌɟɣəɚɏ ɌɝɛɑɖɞɌ, ɚɐɗɔɖɟɳɑ ɛɚɞɜɑɍɌ ɓɌ ɌəɌɗɔɓɚɘ ɔ ɚɍɜɌɐɚɘ Ɏɑɗɔɖɚɏ ɍɜɚɳɌ ɛɚɐɌɞɌɖɌ ɔ 
ɔəɠɚɜɘɌɢɔɳɌ. ȸɚɏɟɶəɚɝɞ ɓɌɐɚɎɚɴɑɵɌ ɚɎɔɡ ɛɚɞɜɑɍɌ ɚɝɞɎɌɜɟɳɑ ɝɑ ɛɜɔɘɑəɚɘ 
ɘɌɞɑɘɌɞɔɣɖɑ ɝɞɌɞɔɝɞɔɖɑ ɟ ɚɍɗɌɝɞɔ ɜɟɐɌɜɝɞɎɌ. ȶɚɜɔɝɞɔ ɝɑ ɚɐ ɛɚɣɑɞəɔɡ, ɚɝəɚɎəɔɡ 
ɛɜɚɢɑəɌ ɔ ɝɌɏɗɑɐɌɎɌɵɌ, ɖɜɚɓ ɔəɒɑɵɑɜɝɖɑ ɝɞɟɐɔɳɑ ɔ ɌəɌɗɔɓɑ, ɛɜɑɖɚ ɛɜɚɳɑɖɞɚɎɌɵɌ ɛɌ 
ɝɎɑ ɐɚ ɛɜɔɘɑəɑ ɖɜɚɓ ɞɑɡəɚɗɚɤɖɑ ɔ ɛɜɚɔɓɎɚɐəɑ ɛɜɚɢɑɝɑ. ȶɌɖɚ ɍɔ ɛɜɔɘɑəɌ 
ɝɞɌɞɔɝɞɔɣɖɔɡ ɘɑɞɚɐɌ ɍɔɗɌ ɚɐɏɚɎɌɜɌɳɟɶɌ ɔ ɚɛɞɔɘɌɗəɌ əɑɚɛɡɚɐəɚ ɳɑ ɟɓ ɐɚɍɜɚ 
ɝɌɏɗɑɐɌɎɌɵɑ ɞɜɑɞɔɜɌəɚɏ ɛɜɚɍɗɑɘɌ, ɤɞɚ Ɏɑɶɔ ɍɜɚɳ ɔ ɖɎɌɗɔɞɑɞ ɟɗɌɓəɔɡ ɛɚɐɌɞɌɖɌ ɞɌɖɚ ɔ 
ɛɚɓəɌɎɌɵɑ ɘɌɞɑɘɌɞɔɣɖɔɡ ɝɞɌɞɔɝɞɔɣɖɔɡ ɛɜɔɝɞɟɛɌ ɖɚɳɑ ɳɑ əɑɚɛɡɚɐəɚ ɖɚɜɔɝɞɔɞɔ [142]. 

ȿ ɐɜɟɏɚɘ ɖɚɜɌɖɟ əɌ ɚɝəɚɎɟ ɜɑɓɟɗɞɌɞɌ ɘɌɞɑɘɌɞɔɣɖɚ ɝɞɌɞɔɝɞɔɣɖɑ ɚɍɜɌɐɑ 
ɛɚɐɌɞɌɖɌ Ɏɜɤɑə ɳɑ ɔɓɍɚɜ ɘɚɐɑɗɌ ɛɚɏɚɐəɚɏ ɓɌ ɚɛɞɔɘɔɓɌɢɔɳɟ ɓɌɗɔɡɌ ɛɚɞɜɚɤəɚɏ 
ɘɌɞɑɜɔɳɌɗɌ. Ȼɜɔɘɑɵɑə ɳɑ ɚɛɤɞɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɌ. ȿ ɚɖɎɔɜɟ ɚɎɚɏ ɖɚɜɌɖɌ, əɌɳɛɜɑ ɳɑ 
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ɎɜɤɑəɌ ɑɖɝɛɑɜɞɝɖɌ ɌəɌɗɔɓɌ, ɞɟɘɌɣɑɵɑ ɔ ɛɜɚɢɑəɌ ɟɞɔɢɌɳəɔɡ ɠɌɖɞɚɜɌ. 
ȶɎɌəɞɔɠɔɖɚɎɌɵɑ ɠɌɖɞɚɜɌ Ɏɜɤɑəɚ ɳɑ ɚɍɜɌɐoɘ ɔ ɌəɌɗɔɓɚɘ ɛɚɐɌɞɌɖɌ ɎɑɓɌəɔɡ ɓɌ 
ɛɜɚɘɑəɑ ɚɍɔɘɌ ɘɑɝɑɣəɑ ɛɜɚɔɓɎɚɐɵɑ, ɛɜɑɜɌɐɑ ɜɟɐɑ ɔ ɘɑɝɑɣəɑ ɛɜɚɘɑəɑ ɟɛɚɞɜɑɍɑ 
ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɟ ɠɗɚɞɌɢɔɳɔ. ȳɌɞɔɘ ɳɑ ɝɌɏɗɑɐɌəɌ ɓɌɖɚəɔɞɚɝɞ ɘɑɝɑɣəɑ ɟɛɚɞɜɑɍɑ 
ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɟ ɠɗɚɞɌɢɔɳɔ ɔ ɔɓɜɌɣɟəɌɞɔ ɝɟ ɔ ɠɚɜɘɔɜɌəɔ ɛɌɜɌɘɑɞɜɔ ɎɑɓɌəɔ 
ɓɌ ɚɍɔɘ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ, ɎɑɜɚɎɌɞəɚɶɑ ɔ ɔəɞɑɜɎɌɗɌ ɛɚɞɜɚɤɵɑ. 

ȿ ɞɜɑɶɑɘ ɖɚɜɌɖɟ, ɐɑɠɔəɔɝɌəɑ ɝɟ Ɏɜɑɐəɚɝɞɔ ɚɛɞɔɘɔɓɌɢɔɳɑ ɟɖɟɛəɚ ɛɚɝɘɌɞɜɌəɑ 
ɚɐəɚɝəɚ ɐɑɢɑəɔɳɝɖɑ ɔ ɖɎɌɜɞɌɗəɑ ɟɛɚɞɜɑɍɑ ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɟ ɠɗɚɞɌɢɔɳɔ. ȹɌɖɚə 
ɔɓɜɌɣɟəɌɎɌɵɌ ɓɌɖɚəɔɞɚɝɞɔ, ɚɍɔɘɌ, ɎɑɜɚɎɌɞəɚɶɑ ɔ ɔəɞɑɜɎɌɗɌ Ɍ ɓɌɞɔɘ əɌ ɚɝəɚɎɟ 
ɐɚɍɔɳɑəɔɡ ɜɑɓɟɗɞɌɞɌ, ɏɑəɑɜɔɝɌəɚ ɳɑ ɜɌəɏɔɜɌɵɑ əɌ ɚɝəɚɎɟ ɖɚɏɌ ɝɑ ɚɣɔɞɌɎɌ ɔ ɟɞɎɜɭɟɳɑ 
ɚɛɞɔɘɌɗɌə ɔəɞɑɜɎɌɗ ɘɑɝɑɣəɔɡ ɓɌɗɔɡɌ ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɟ ɠɗɚɞɌɢɔɳɔ. ȹɌ ɖɜɌɳɟ ɟ 
ɚɖɎɔɜɟ ɚɎɚɏ ɖɚɜɌɖɌ, əɌ ɚɝəɚɎɟ ɛɜɔɘɑəɑ ɛɜɔɖɌɓɌəɚɏ ɜɑɤɑɵɌ ɎɜɤɑəɌ ɳɑ ɑɖɚəɚɘɝɖɌ 
ɎɌɗɔɐɌɢɔɳɌ. 

ȿ ɚɖɎɔɜɟ ɑɖɝɛɑɜɔɘɑəɞɌɗəɚɏ ɐɑɗɌ ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ ɜɌɓɟɘɑɎɌɵɑɘ ɔ 
ɛɜɑɐɟɝɜɑɞɴɔɎɚɤɶɟ ɜɟɖɚɎɚɐɝɞɎɌ ȻɜɑɐɟɓɑɶɌ ȼɟɐəɔɖ ɔ ɠɗɚɞɌɢɔɳɌ ȼɟɐəɔɖ ɐ.ɚ.ɚ., 
ɛɜɔɖɟɛɴɑəɔ ɝɟ ɔ ɚɍɜɌɭɑəɔ ɐɑɝɑɞɚɏɚɐɔɤɵɔ ɛɚɐɌɢɔ ɎɑɓɌəɔ ɓɌ ɛɚɞɜɚɤəɔ ɘɌɞɑɜɔɳɌɗ 
ɛɚɝɞɜɚɳɑɵɌ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ ɚɎɚɏ ɜɟɐəɔɖɌ.  

ȴɓ ɛɚɐɌɞɌɖɌ ɚ ɘɚəɔɞɚɜɔəɏɟ ɚɐəɚɝəɚ ɖɚəɞɜɚɗɔ ɔ əɌɐɓɚɜɟ ɜɌɐɌ ɞɑɡəɚɗɚɤɖɚɏ 
ɛɚɝɞɚɳɑɵɌ ɠɗɚɞɌɢɔɳɑ ɛɜɑɐɟɓɑɶɌ ȼɟɐəɔɖ ɔ ɠɗɚɞɌɢɔɳɌ ȼɟɐəɔɖ ɐ.ɚ.ɚ., ɛɜɔɍɌɎɴɑəɔ ɝɟ 
ɛɚɐɌɢɔ Ɏɔɤɑɏɚɐɔɤɵɑɏ ɛɑɜɔɚɐɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤəɚɏ ɛɜɚɢɑɝəɚɏ ɘɌɞɑɜɔɳɌɗɌ, ɖɚɳɔ ɝɟ 
ɛɚɝɗɟɒɔɗɔ ɓɌ ɌəɌɗɔɓɟ ɔ ɔɝɛɔɞɔɎɌɵɌ. ȶɎɌəɞɔɞɌɞɔɎəɔ ɛɚɐɌɢɔ ɝɟ ɛɜɔɖɟɛɴɌəɔ ɔɓ 
ɐɚɖɟɘɑəɞɌɢɔɳɑ, ɌɜɡɔɎɑ, ɍɌɓɌ ɔ ɐɌɞɚɞɑɖɌ ɛɚɘɑəɟɞɚɏ ɛɜɑɐɟɓɑɶɌ. ȰɑɞɌɴɌə ɚɛɔɝ əɌɣɔəɌ 
ɚɍɜɌɐɑ ɐɚɍɔɳɑəɔɡ ɛɚɐɌɞɌɖɌ, ɔɓɎɚɭɑɵɌ ɑɖɛɑɜɔɘɑəɞɌɗəɚɏ ɐɑɗɌ, ɘɑɞɚɐɌ ɔɝɛɔɞɔɎɌɵɌ ɖɌɚ 
ɔ ɐɚɍɔɳɑəɔ ɜɑɓɟɗɞɌɞɔ, ɛɜɔɖɌɓɌəɔ ɝɟ ɟ əɌɜɑɐəɚɘ ɞɑɖɝɞɟ. 

ȰɌɖɗɑ ɛɚɗɌɓəɟ ɚɝəɚɎɟ ɣɔəɔ ɍɌɓɌ ɔɝɞɚɜɔɳɝɖɔɡ ɛɚɐɌɞɌɖɌ ɛɚɞɜɚɤɵɑ ɛɜɚɢɑɝəɔɡ 
ɘɌɞɑɔɳɌɗɌ ɛɚɝɞɜɚɳɑɵɌ ɠɗɚɞɌɢɔɳɑ ɜɟɐəɔɖɌ ɛɚɗɔɘɑɞɌɗɔɣəɑ ɜɟɐɑ ȼɟɐəɔɖɌ ȼɟɐəɔɖ, 
ɎɌɜɔɳɌɍɔɗəɚ ɝɞɚɡɌɝɞɔɣɖɚɏ ɖɌɜɌɖɞɑɜɌ.  

ȭɌɓɌ ɛɚɐɌɞɌɖɌ ɳɑ ɠɚɜɘɔɜɌəɌ ɔ ɝɌɝɞɚɳɔ ɝɑ ɚɐ ɓɌɍɑɗɑɒɑəɔɡ Ɏɜɑɐəɚɝɞɔ ɛɚɞɜɚɤəɚɏ 
ɘɌɞɑɜɔɳɌɗɌ ɠɗɚɞɌɢɔɳɝɖɚɏ ɛɚɝɞɜɚɳɑɵɌ əɌ ɘɑɝɑɣəɚɘ əɔɎɚɟ. ȴɝɞɜɌɒɔɎɌɵɑɘ ɳɑ 
ɚɍɟɡɎɌɶɑəɚ 20 ɣɔəɔɗɌɢɌ ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ȼɟɐəɔɖɌ ɔ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ, ɚɍɔɘɌ 
ɘɑɝɑɣəɑ ɛɜɑɜɌɭɑəɑ ɜɟɐɑ ɔ ɛɜɚɔɓɎɚɐɵɑ ɞɜɔ ɖɚəɢɑəɞɜɌɞɌ, ɞɚɖɚɘ ɳɑɐəɑ ɐɑɢɑəɔɳɑ ɜɌɐɌ, 
ɚɐ 2013. ɏɚɐɔəɑ ɐɚ 2022. ɏɚɐɔəɑ. Ȼɜɑɟɓɑɞɟ ɐɚɖɟɘɑəɞɌɢɔɳɟ ɝɌɣɔɵɌɎɌɗɚ ɳɑ ɛɜɑɖɚ 5000 
ɛɚɐɌɞɌɖɌ ɚɐ ɖɚɳɔɡ ɳɑ ɠɚɜɘɔɜɌəɌ ɍɌɓɌ ɓɌ ɚɎɚ ɔɝɞɜɌɒɔɎɌɵɑ. ȭɌɓɌ ɛɚɐɌɞɌɖɌ ɳɑ ɠɚɜɘɔɜɌəɌ 
ɓɌ 11 ɚɐɌɍɜɌəɔɡ ɟɞɔɢɌɳəɔɡ ɑɗɑɘɑəɌɞɌ ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ. ȺɎɌ 
ɍɌɓɌ ɛɚɐɌɞɌɖɌ ɳɑ ɖɚɜɔɤɶɑəɌ ɖɌɚ ɚɍɳɑɖɌɞ ɟ ɚɎɚɳ ɐɔɝɑɜɞɌɢɔɳɔ. ȽɌɐɜɒɔ ɘɑɝɑɣəɑ Ɏɜɑɐəɚɝɞɔ 
ɟɛɚɞɜɑɍɴɑəɑ ɖɚɗɔɣɔəɑ ɛɚɞɜɚɤəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɟ ɛɑɜɔɚɐɟ ɚɐ ɳɌəɟɌɜɌ 2013. ɐɚ ɐɑɢɑɘɍɜɌ 
2022. ɏɚɐɔəɑ ɝɌ ɛɚ 119 ɛɚɳɑɐɔəɌɣəɔɡ ɛɚɐɌɞɌɖɌ, ɓɌ ɝɎɌɖɔ ɚɐ əɌɎɑɐɑəɔɡ ɜɑɝɟɜɝɌ:  

Å ɖɟɏɗɑ ɓɌ ɘɗɔəɚɎɑ 
Å ɛɑəɟɤɌɣ Dowfroth D-200 
Å ɖɚɗɑɖɞɚɜ ɖɌɗɔɳɟɘ Ɍɘɔɗ ɖɝɌəɞɌɞ 
Å ɐɑɛɜɔɘɌɞɚɜ əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐ, əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞ ɔ ɢɔəɖ ɝɟɗɠɌɞ 
Å ɜɑɏɟɗɌɞɚɜ pH ɝɜɑɐɔəɑ ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞ (ɓɑɗɑəɌ ɏɌɗɔɢɌ), 

ɡɗɚɜɚɎɚɐɚəɔɣəɌ ɖɔɝɑɗɔəɌ ɔ ɡɔɐɜɌɞɔɝɌəɔ ɖɜɑɣ 
Å ɌɖɞɔɎɌɞɚɜ ɍɌɖɌɜ (II) ɝɟɗɠɌɞ (ɛɗɌɎɔ ɖɌɘɑə) 
Å ɠɔɗɞɑɜ ɛɗɌɞəɚ 
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ɤɞɚ ɟɖɟɛəɚ ɝɌɣɔɵɌɎɌ ɠɚɜɘɔɜɌəɟ ɍɌɓɟ ɟɓɚɜɌɖɌ ɚɐ 1309 ɛɚɐɌɞɖɌ. 
Ȼɜɔ ɠɚɜɘɔɜɌɵɟ ɍɌɓɑ Ɍ ɓɌɞɔɘ ɔ ɜɑɌɗɔɓɌɢɔɳɑ ɐɑɖɗɌɜɔɝɌəɔɡ ɖɚɜɌɖɌ ɟ ɚɎɚɳ 

ɐɚɖɞɚɜɝɖɚɳ ɐɔɝɑɜɞɌɢɔɳɔ ɖɚɜɔɤɶɑəɔ ɝɟ  ɝɛɜɑɐɤɔɞɚɎɔ (spreadsheet). 

ȿɣɑɝɞɌɗɚɝɞ ɖɚɜɔɤɶɑɵɌ ɑɖɝɑɗɌ (Excel) ɔ ɝɛɜɑɐɤɔɞɚɎɌ ɟɚɛɤɞɑəɚ ɳɑ əɑɜɑɞɖɌ 
ɛɚɳɌɎɌ ɛɜɑ ɝɎɑɏɌ ɟ ɛɜɑɐɎɔɭɌɵɟ. Ȭɖɚ ɛɚɝɘɌɞɜɌɘɚ ɐɌəɌɝ ɟ əɌɟɣəɚɘ ɔ ɛɚɝɗɚɎəɚɘ Ɍɝɛɑɖɞɟ 
ɝɛɜɑɐɤɔɞɚɎɔ ɝɟ ɠɚɜɘɟɗɔɝɌəɔ ɖɌɚ ɌɛɗɔɖɌɢɔɚəɔ ɘɚɐɟɗɔ əɌɘɑɵɑəɔ ɞɌɍɑɗɌɜəɔɘ 
ɛɜɚɜɌɣɟəɔɘɌ. Ƚɛɜɑɐɤɔɞ ɌɛɗɔɖɌɢɔɳɑ ɝɑ ɖɚɜɔɝɞɑ ɚɐ ɘɌɞɑɘɌɞɔɣɖɚɏ ɘɚɐɑɗɚɎɌɵɌ, ɛɜɑɖɚ 
ɛɜɑɐɝɞɌɎɴɌɵɌ ɛɚɐɌɞɌɖɌ ɛɚɘɚɶɟ ɞɌɍɑɗɌ ɔ ɏɜɌɠɔɖɚəɌ, ɐɚ ɌəɌɗɔɓɔɜɌɵɌ ɛɚɐɌɞɌɖɌ ɔ 
ɟɝɎɌɳɌɵɌ ɖɚəɌɣəɔɡ ɚɐɗɟɖɌ [143]. 

ȹɌ ɚɝəɚɎɟ əɌɎɑɐɑəɔɡ ɛɌɜɌɘɑɞɌɜɌ ɔɓ ɛɜɑɟɓɑɞɑ ɐɚɖɟɘɑəɞɌɢɔɳɑ (ȻɚɏɗɌɎɴɑ 7 
ɛɜɔɗɚɓɔ) ɠɚɜɘɔɜɌəɌ ɳɑ ɍɌɓɌ ɛɚɐɌɞɌɖɌ ɝɌ 11 ɛɜɚɢɑɝəɔɡ ɛɚɞɜɚɤəɔɡ ɘɌɞɑɜɔɳɌɗəɔɡ 
ɜɑɝɟɜɝɌ ɛɚɝɞɜɚɳɑɵɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ. ȿɓ ɚɐɏɚɎɌɜɌɳɟɶɑ ɏɜɌɠɔɖɚəɑ ɛɚɐɌɢɔ ɝɟ 
ɛɜɔɖɌɓɌəɔ ɞɌɍɑɗɌɜəɚ ɝɌ ɚɓəɌɖɌɘɌ ɚɐ ȾɌɍɑɗɌ 4.1. ɐɚ ȾɌɍɑɗɌ 4.11. 

 
ȾɌɍɑɗɌ 4.1. Ȼɚɞɜɚɤɵa ɘɗɔəɝɖɔɡ ɖɟɏɗɔ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

   
Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.1. ȻɚɞɜɚɤɵɌ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
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ɛɚɞɜɚɤɵɌ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ(ɛɑɜɔɚɐ 2013-2022.)
ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 22500 21250 18750 15000 16250 17500 17500 15000 16000 16250 

ɀɑɍ 22500 16250 20000 17500 18750 16250 23500 16250 16500 16250 

ȸɌɜɞ 21250 18750 21250 17500 18750 16250 18750 17500 16750 21250 

Ȭɛɜ 20000 21250 13750 15000 18750 16250 15000 16250 15000 18750 

ȸɌɳ 20000 23750 18750 21250 20000 16250 17500 18750 16250 ə. ɛ. 

ȥɟə 22500 17500 17500 18750 23750 17500 2500 20000 13750 21250 

ȥɟɗ 20000 18750 25000 20000 20000 22500 17500 17500 13750 20000 

ȬɎɏ 21250 25000 23750 21250 20000 22500 16250 18750 12500 20750 

Ƚɑɛ 23750 21250 18750 17500 18750 20000 17500 17500 15125 16250 

Ⱥɖɞ 18750 18750 20000 20000 20000 ə. ɛ. 17500 17500 16250 16250 

ȹɚɎ 23750 26250 20000 21250 17500 17500 25000 19250 16250 17500 

Ȱɑɢ 16250 22500 16250 18750 20000 20000 21250 17250 17500 21250 
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ȾɌɍɑɗɌ 4.2. Ȼɚɞɜɚɤɵa Dowfroth D-200 ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

  
Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.2. ȻɚɞɜɚɤɵɌ Dowfroth D-200 ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
 
ȾɌɍɑɗɌ 4.3. Ȼɚɞɜɚɤɵa ɖɌɗɔɳɟɘ Ɍɘɔɗ ɖɝɌəɞɌɞɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 
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ɛɚɞɜɚɤɵɌDowfroth D-200(ɛɑɜɔɚɐ 2013-2022.)
ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 1140 1140 940 1140 940 800 940 940 550 600 

ɀɑɍ 1140 1280 940 1340 1340 880 940 740 590 600 

ȸɌɜɞ 1340 1340 1140 1080 1340 1140 740 990 800 940 

Ȭɛɜ 1080 1140 1140 740 940 820 940 740 800 950 

ȸɌɳ 1140 1340 1140 1340 1080 860 640 940 880 990 

ȥɟə 1140 1340 1480 1140 1140 1140 660 940 540 940 

ȥɟɗ 1140 2068 1340 1280 1140 1100 900 900 940 900 

ȬɎɏ 1140 1140 1080 1540 1140 940 950 975 940 980 

Ƚɑɛ 1080 1340 1140 1140 940 940 940 900 740 940 

Ⱥɖɞ 940 1140 1340 1080 1140 ə. ɛ. 1000 940 850 1000 

ȹɚɎ 1140 1340 1280 940 1280 940 940 965 900 1020 

Ȱɑɢ 940 1280 1540 1140 1140 940 1000 740 740 740 

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 1950 1950 1560 1040 1200 900 1330 1320 1140 1140 

ɀɑɍ 2210 1820 2080 1430 1350 980 1560 1680 1140 1140 

ȸɌɜɞ 2340 1950 1950 1430 1500 1470 1800 1680 1520 1320 

Ȭɛɜ 1950 1950 1430 1560 1050 1400 1560 1680 1140 1400 

ȸɌɳ 2340 1950 1950 1690 1050 1500 1650 1680 1150 1480 

ȥɟə 2080 1690 1950 1820 1050 1680 1700 1680 1320 1440 

ȥɟɗ 1950 1690 1690 2080 1200 2200 1500 1700 1400 1360 

ȬɎɏ 1950 1820 1430 2080 1200 2100 1500 1750 1500 1280 

Ƚɑɛ 2080 1820 1820 1560 910 1560 1680 1750 1450 1200 

Ⱥɖɞ 2210 2080 1820 1820 1170 ə. ɛ. 1680 1330 1470 920 

ȹɚɎ 2210 2210 1690 1430 1300 1350 1780 1780 1480 1000 

Ȱɑɢ 2080 2210 2600 1820 1300 1560 1680 1800 1810 1080 
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 Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.3. ȻɚɞɜɚɤɵɌ ɖɌɗɔɳɟɘ Ɍɘɔɗ ɖɝɌəɞɌɞɌ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
 
ȾɌɍɑɗɌ 4.4. Ȼɚɞɜɚɤɵa əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

   
 Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.4. Ȼɚɞɜɚɤɵa əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐɌ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 

 

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

1 2 3 4 5 6 7 8 9 10 11 12

ɖ
ɚ
ɗ
ɔ
ɣ
ɔ
ə
Ɍ
 

(k
g)

ɘɑɝɑɢ ɟ ɏɚɐɔəɔ

ɛɚɞɜɚɤɵɌ ɖɌɗɔɳɟɘ Ɍɘɔɗ ɖɝɌəɞɌɞɌ

2022 2021 2020 2019 2018

2017 2016 2015 2014 2013

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

1 2 3 4 5 6 7 8 9 10 11 12

ɖ
ɚ
ɗ
ɔ
ɣ
ɔ
ə
Ɍ
 

(k
g)

ɘɑɝɑɢ ɟ ɏɚɐɔəɔ

ɛɚɞɜɚɤɵɌ ɖɌɗɔɳɟɘ Ɍɘɔɗ ɖɝɌəɞɌɞɌ(ɛɑɜɔɚɐ 2013-2022.)
ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ
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ɛɚɞɜɚɤɵɌ əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐɌ
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ɛɚɞɜɚɤɵɌ əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐɌ(ɛɑɜɔɚɐ 2013-2022.)
ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 1500 1500 1450 1300 1250 1500 1350 1350 1000 1075 

ɀɑɍ 1550 1600 1550 1500 1600 1550 1700 1650 1200 1075 

ȸɌɜɞ 1550 1850 1800 1600 1650 1800 1700 1500 1250 1250 

Ȭɛɜ 1350 1500 1400 1400 1400 1400 1800 1450 1200 1200 

ȸɌɳ 1550 1700 1700 1800 1600 1400 1600 1670 1100 1250 

ȥɟə 1650 1650 1800 1700 1750 1450 1800 1680 1400 1350 

ȥɟɗ 1600 1700 1800 1800 1450 1700 1600 1850 1500 1200 

ȬɎɏ 1600 1850 1800 1900 1450 1550 1800 1650 1400 1300 

Ƚɑɛ 1800 1700 1650 1800 1550 1550 1800 1650 1750 1300 

Ⱥɖɞ 1700 1650 1600 1750 1600 ə. ɛ. 1950 1350 1580 1350 

ȹɚɎ 1600 1700 1550 1700 1600 1650 1850 2450 1620 1350 

Ȱɑɢ 1650 1750 1750 1650 1550 1550 1600 1700 1600 1250 
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ȾɌɍɑɗɌ 4.5. Ȼɚɞɜɚɤɵa ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

   
 Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.5. Ȼɚɞɜɚɤɵa ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
 
ȾɌɍɑɗɌ 4.6. Ȼɚɞɜɚɤɵa əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 
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ɛɚɞɜɚɤɵɌ ɏɎɚɒɭɑ(II)ɝɟɗɠɌɞɌ
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ɘɑɝɑɢ ɟ ɏɚɐɔəɔ

ɛɚɞɜɚɤɵɌ ɏɎɚɒɭɑ(II)ɝɟɗɠɌɞɌ(ɛɑɜɔɚɐ 2013-2022.)

ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 9600 600 7800 9000 0 850 0 0 3300 6930 

ɀɑɍ 7800 0 8400 9000 0 950 0 1800 3300 6945 

ȸɌɜɞ 9000 0 2400 1200 6000 1200 0 0 0 0 

Ȭɛɜ 7200 3000 0 4200 0 0 0 0 0 300 

ȸɌɳ 7200 5400 0 5400 0 0 0 850 0 30 

ȥɟə 2700 4500 0 5700 0 3000 2400 950 0 0 

ȥɟɗ 3600 6600 0 6750 0 0 0 200 0 0 

ȬɎɏ 0 0 0 6600 0 0 0 200 0 0 

Ƚɑɛ 3650 5400 5300 6000 4200 0 0 200 0 900 

Ⱥɖɞ 6000 6000 7200 7800 8400 ə. ɛ. 0 0 2400 2300 

ȹɚɎ 0 9000 6300 8400 9600 9900 0 0 2300 2500 

Ȱɑɢ 7200 9000 0 7200 10200 0 2400 1250 600 0 

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 350 450 500 300 300 400 500 450 260 130 

ɀɑɍ 350 450 500 350 350 300 300 450 280 130 

ȸɌɜɞ 400 450 450 350 400 300 0 600 325 212.5 

Ȭɛɜ 450 450 450 300 250 350 75 500 325 850 

ȸɌɳ 450 450 450 450 350 350 300 500 300 860 

ȥɟə 350 450 450 350 350 300 320 550 500 325 

ȥɟɗ 500 500 400 400 350 300 170 500 400 275 

ȬɎɏ 350 450 400 450 350 350 185 530 450 300 

Ƚɑɛ 450 500 600 400 350 300 300 500 400 300 

Ⱥɖɞ 500 500 450 450 300 ə. ɛ. 425 500 380 400 

ȹɚɎ 450 500 400 500 350 350 450 620 395 425 

Ȱɑɢ 450 400 450 550 400 300 400 600 500 300 
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 Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.6. Ȼɚɞɜɚɤɵa əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
 
ȾɌɍɑɗɌ 4.7. Ȼɚɞɜɚɤɵa ɢɔəɖ  ɝɟɗɠɌɞɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

   
 Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.7. Ȼɚɞɜɚɤɵa ɢɔəɖ ɝɟɗɠɌɞɌ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
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ɛɚɞɜɚɤɵɌ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞa
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ɛɚɞɜɚɤɵɌ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞa(ɛɑɜɔɚɐ 2013-2022.)

ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ
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ɛɚɞɜɚɤɵɌ ɢɔəɖ ɝɟɗɠɌɞɌ(ɛɑɜɔɚɐ 2013-2022.)
ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 3000 2400 3000 1800 1800 2700 2400 2400 2400 3075 

ɀɑɍ 3600 3000 2400 2400 2400 2900 3000 2400 2350 3075 

ȸɌɜɞ 2900 2200 3600 2400 3000 3000 3600 2475 1200 600 

Ȭɛɜ 2500 2400 2400 1800 1800 3000 3000 2400 1700 300 

ȸɌɳ 3000 2250 2400 2400 3000 3000 3600 2500 1900 300 

ȥɟə 3800 2400 3000 2400 2400 2400 3400 2300 1800 0 

ȥɟɗ 3600 4200 2400 1800 2400 2600 2500 2600 2400 2700 

ȬɎɏ 4200 4200 2400 3000 2400 2400 2400 2700 2200 2700 

Ƚɑɛ 3000 3600 2300 2400 2400 3000 3000 2700 2400 2400 

Ⱥɖɞ 3600 3000 2400 3000 3000 ə. ɛ. 2400 2400 3000 2300 

ȹɚɎ 4200 3600 2400 2400 2400 3000 2500 2800 3000 2500 

Ȱɑɢ 3000 3600 2400 2400 2400 3000 3000 3025 3000 1800 
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ȾɌɍɑɗɌ 4.8. Ȼɚɞɜɚɤɵa ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. Ȼ. ð əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

   
 Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.8. Ȼɚɞɜɚɤɵa ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
 
ȾɌɍɑɗɌ 4.9. Ȼɚɞɜɚɤɵa ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. Ȼ. ð əɑɘɌ ɛɚɐɌɞɌɖɌ 
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ɛɚɞɜɚɤɵɌɍɌɖɌɜ (II)ɝɟɗɠɌɞa
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ɛɚɞɜɚɤɵɌ ɍɌɖɌɜ (II)ɝɟɗɠɌɞa(ɛɑɜɔɚɐ 2013-2022.)

ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 4800 4200 3300 4225 3600 3300 2400 4250 3200 3325 

ɀɑɍ 3600 3600 4000 2955 3600 3250 4300 3000 3450 3325 

ȸɌɜɞ 3625 4727 4250 2775 3100 3600 3600 4200 3600 4300 

Ȭɛɜ 3050 4200 2450 2200 2500 3000 3000 3000 3000 3200 

ȸɌɳ 1800 2525 2400 3650 3100 3150 3200 2600 3100 3600 

ȥɟə 1750 1800 2400 1300 2400 3025 3350 2800 2400 3000 

ȥɟɗ 1800 1800 2400 2100 2500 1700 2400 2600 1800 1700 

ȬɎɏ 1800 2400 1800 1800 2500 1900 2500 2700 2100 1900 

Ƚɑɛ 2400 3000 1850 1800 1800 2425 3025 2700 2400 3000 

Ⱥɖɞ 3000 2400 2400 2400 3000 ə. Ȼ. 3000 2400 2100 3300 

ȹɚɎ 3000 3000 3000 3000 3000 3650 3700 4000 2200 3450 

Ȱɑɢ 3000 4200 3475 3075 3650 2425 3675 4850 3000 3650 

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 21500 19750 19875 27125 26400 25000 32125 28750 28350 26600 

ɀɑɍ 23500 19500 23250 26125 28325 25500 27050 25375 28450 26700 

ȸɌɜɞ 19625 15100 21250 32350 30125 29000 29750 23500 29375 28875 

Ȭɛɜ 17300 19750 21500 29425 26375 29000 29250 23750 29100 31600 

ȸɌɳ 22000 22150 21125 30125 30225 29350 28000 28300 28900 33550 

ȥɟə 24925 27250 24625 27125 31625 30125 28500 28400 33475 34275 

ȥɟɗ 21000 20175 23875 30750 34025 28000 33200 38600 29950 31500 

ȬɎɏ 23300 30325 22775 26375 34025 28650 34300 38700 30000 31850 

Ƚɑɛ 28100 26175 21225 25125 29375 29125 32500 38600 31670 30575 

Ⱥɖɞ 24780 24500 22625 27650 32450 ə. Ȼ. 32450 32125 31100 31900 

ȹɚɎ 22010 22600 22750 29625 29250 29950 32800 30375 31250 32800 

Ȱɑɢ 18220 27500 20775 17725 26500 29125 20990 30625 30000 28125 
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 Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.9. Ȼɚɞɜɚɤɵa ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
 
ȾɌɍɑɗɌ 4.10. Ȼɚɞɜɚɤɵa ɠɔɗɞɑɜ ɛɗɌɞəɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. Ȼ. ð əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

    
 Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.10. Ȼɚɞɜɚɤɵa ɠɔɗɞɑɜ ɛɗɌɞəɌ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
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ɛɚɞɜɚɤɵɌ ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ 
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ɛɚɞɜɚɤɵɌ ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ(ɛɑɜɔɚɐ 2013-2022.)
ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ
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ɛɚɞɜɚɤɵɌ ɠɔɗɞɑɜ ɛɗɌɞəɌ
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ɛɚɞɜɚɤɵɌ ɠɔɗɞɑɜ ɛɗɌɞəa(ɛɑɜɔɚɐ 2013-2022.)
ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 0 0 6 28 0 120 170 10 60 0 

ɀɑɍ 20 22 0 20 20 40 10 10 100 0 

ȸɌɜɞ 0 100 0 28 180 0 0 165 20 0 

Ȭɛɜ 100 0 0 0 10 5 101 12 80 0 

ȸɌɳ 100 10 0 0 40 25 32 55 95 0 

ȥɟə 0 0 50 0 125 150 36 65 7 0 

ȥɟɗ 51 0 0 0 12 40 80 25 6 0 

ȬɎɏ 0 5 100 0 12 140 100 20 8 0 

Ƚɑɛ 80 0 78 70 150 250 0 25 173 0 

Ⱥɖɞ 0 115 0 0 10 ə. Ȼ. 0 170 12 0 

ȹɚɎ 5 50 0 0 10 0 170 38 13 0 

Ȱɑɢ 75 0 22 64 10 250 20 0 150 0 



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

94 

ȾɌɍɑɗɌ 4.11. Ȼɚɞɜɚɤɵa ɡɗɚɜɚɎɚɐɚəɔɣəɑ ɖɔɝɑɗɔəɑ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

    
 Ɍ) ɛɚɞɜɚɤɵɌ ɛɚ ɘɑɝɑɢɔɘɌ ɍ) ɘɔəɔɘɌɗəɌ, ɘɌɖɝɔɘɌɗəɌ ɔ ɛɜɚɝɑɣəɌ ɛɚɞɜɚɤɵɌ 

ȽɗɔɖɌ 4.11. Ȼɚɞɜɚɤɵa ɡɗɚɜɚɎɚɐɚəɔɣəɑ ɖɔɝɑɗɔəɑ ɟ ɛɑɜɔɚɐɟ 2013-2022. ɏɚɐɔəɌ 
 

ȿ ɞɌɍɑɗɌɘɌ ɖɚɳɑ ɝɗɑɐɑ ɐɌɞɑ ɝɟ  Ɏɜɑɐəɚɝɞɔ ɖɚɗɔɣɔəɌ ɛɜɑɜɌɭɑəɑ ɜɟɐɑ ɞɚɖɚɘ 7 
ɏɚɐɔəɌ ɔ ɚɍɔɘɌ ɛɜɚɔɓɎɚɐɵɑ ɖɚəɢɑəɞɜɌɞɌ ɞɚɖɚɘ 6 ɏɚɐɔəɌ, əɌ ɘɑɝɑɣəɚɘ əɔɎɚɟ ɟ 
ɛɚɝɞɜɚɳɑɵɟ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ. ȻɜɔɖɌɓɌəɑ Ɏɜɑɐəɚɝɞɔ ɝɟ ɟ ɞɌɍɑɗɌɘɌ ɚɓəɌɣɑəɔɘ ɚɐ 
ȾɌɍɑɗɑ 4.12. ɐɚ 4.15. 

 
ȾɌɍɑɗɌ 4.12. ȶɚɗɔɣɔəɌ ɛɜɑɜɌɭɑəɑ ɜɟɐɑ ɜɟɐəɔɖɌ ɔ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ɘɑɝɑɢ/ɏɚɐɔəɌ 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 

ȥɌəɟɌɜ 23520 22040 21515 20430 20350 ə. ɛ. 20800 20600 

ɀɑɍɜɟɌɜ 23110 22570 24450 23120 23710 ə. ɛ. 22980 23610 

ȸɌɜɞ 26030 24470 25390 23500 23800 ə. ɛ. 24820 23600 

Ȭɛɜɔɗ 21400 24225 21690 21860 22240 ə. ɛ. 24050 22110 

ȸɌɳ 24070 23410 23885 24525 23050 ə. ɛ. 23830 23640 

ȥɟə 24700 23810 25075 24615 23920 ə. ɛ. 22680 23900 

ȥɟɗ 24640 23305 24940 25860 23330 ə. ɛ. 24780 ə. ɛ. 

ȬɎɏɟɝɞ 24895 24800 25030 23880 23800 ə. ɛ. 24290 ə. ɛ. 
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ɛɚɞɜɚɤɵɌ ɡɗɚɜɚɎɚɐɚəɔɣəɑ ɖɔɝɑɗɔəɑ(ɛɑɜɔɚɐ 2013-2022.)

ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɛɜɚɝɑɖ

 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 2014. 2013. 

JɌə 0 14600 0 0 13000 18500 16900 15290 13330 0 

ɀɑɍ 0 16900 0 0 18200 18500 26000 2600 13150 0 

ȸɌɜɞ 2400 12620 11700 0 15120 23680 23400 16900 15540 23000 

Ȭɛɜ 2400 14600 11700 0 14300 16250 22100 18200 11850 33000 

ȸɌɳ 0 0 11700 0 18200 16500 22940 14950 11900 33500 

ȥɟə 0 0 19400 0 14300 15600 10900 15100 22100 24000 

ȥɟɗ 9600 1200 15600 0 14300 15500 9500 17500 16900 17000 

ȬɎɏ 16800 18120 13000 0 14300 17100 9000 17700 17100 19000 

Ƚɑɛ 5625 0 7640 0 2600 18200 11700 17600 11700 19500 

Ⱥɖɞ 0 0 0 0 0 ə. ɛ. 13000 16900 9100 17500 

ȹɚɎ 16945 0 0 0 0 4420 15240 0 9400 17750 

Ȱɑɢ 2400 0 16900 0 0 18200 24140 28600 17360 18740 
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ɘɑɝɑɢ/ɏɚɐɔəɌ 2022. 2021. 2020. 2019. 2018. 2017. 2016. 2015. 

ȽɑɛɞɑɘɍɌɜ 25220 24065 25080 25070 22900 ə. ɛ. 24450 ə. ɛ. 

ȺɖɞɚɍɌɜ 25535 23845 24350 25880 23700 ə. ɛ. 24300 24130 

ȹɚɎɑɘɍɌɜ 24580 24585 23885 25000 23820 ə. ɛ. 24550 ə. ɛ. 

ȰɑɢɑɘɍɌɜ 23560 25100 25375 24200 23260 ə. ɛ. 23600 ə. ɛ. 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

 
ȽɗɔɖɌ 4.12. ȶɚɗɔɣɔəɌ ɛɜɑɜɌɭɑəɑ ɜɟɐɑ ɓɌ ɛɑɜɔɚɐ 2015-2016. ɔ 2018-2022. ɏɚɐɔəɌ 

 

 
ȽɗɔɖɌ 4.13. ȸɔəɔɘɌɗəɑ, ɘɌɖɝɔɘɌɗəɑ ɔ ɛɜɚɝɑɣəɑ Ɏɜɑɐəɚɝɞɔ ɛɜɑɜɌɭɑəɑ ɜɟɐɑ ɓɌ 

ɛɑɜɔɚɐ 2015-2016. ɔ 2018-2022. ɏɚɐɔəɌ 
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ȾɌɍɑɗɌ 4.13.  ȶɚɗɔɣɔəɌ ɐɚɍɔɳɑəɚɏ ɖɚəɢɑəɞɜɌɞɌ ɚɗɚɎɌ (Pb) ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ɘɑɝɑɢ/ɏɚɐɔəɌ 2022. 2021. 2020. 2019. 2018. 2017. 2016. 

ȥɌəɟɌɜ ə. ɛ. 485 500 365 385 ə. ɛ. 430 

ɀɑɍɜɟɌɜ ə. ɛ. 510 505 350 425 ə. ɛ. 440 

ȸɌɜɞ ə. ɛ. 490 480 450 415 ə. ɛ. 440 

Ȭɛɜɔɗ ə. ɛ. 490 430 425 370 ə. ɛ. 460 

ȸɌɳ ə. ɛ. 477 530 430 405 ə. ɛ. 485 

ȥɟə ə. ɛ. 510 487 425 400 ə. ɛ. 430 

ȥɟɗ 540 477 475 435 435 ə. ɛ. 440 

ȬɎɏɟɝɞ 540 540 425 475 420 ə. ɛ. 435 

ȽɑɛɞɑɘɍɌɜ 520 490 500 440 430 ə. ɛ. 435 

ȺɖɞɚɍɌɜ 550 485 530 465 445 ə. ɛ. 465 

ȹɚɎɑɘɍɌɜ 490 465 480 495 470 ə. ɛ. 465 

ȰɑɢɑɘɍɌɜ 490 520 445 380 405 ə. ɛ. 410 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

 
ȽɗɔɖɌ 4.14. ȸɔəɔɘɌɗəɑ, ɘɌɖɝɔɘɌɗəɑ ɔ ɛɜɚɝɑɣəɑ Ɏɜɑɐəɚɝɞɔ ɛɜɚɔɓɎɚɐɵɑ ɖɚəɢɑəɞɜɌɞɌ 

ɚɗɚɎɌ ɓɌ ɛɑɜɔɚɐ 2016. ɔ 2018-2022. ɏɚɐɔəɌ 

 

ȾɌɍɑɗɌ 4.14.  ȶɚɗɔɣɔəɌ ɐɚɍɔɳɑəɚɏ ɖɚəɢɑəɞɜɌɞɌ ɍɌɖɜɌ (Cu) ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ɘɑɝɑɢ/ɏɚɐɔəɌ 2022. 2021. 2020. 2019. 2018. 2017. 2016. 

ȥɌəɟɌɜ ə. ɛ. 180 130 65 65 ə. ɛ. 110 

ɀɑɍɜɟɌɜ ə. ɛ. 185 165 140 115 ə. ɛ. 180 

ȸɌɜɞ ə. ɛ. 187 170 175 120 ə. ɛ. 240 

Ȭɛɜɔɗ ə. ɛ. 170 115 120 150 ə. ɛ. 215 

ȸɌɳ ə. ɛ. 187 175 140 150 ə. ɛ. 180 

ȥɟə ə. ɛ. 170 170 185 145 ə. ɛ. 160 

ȥɟɗ 166 170 180 200 140 ə. ɛ. 170 

ȬɎɏɟɝɞ 135 200 215 185 130 ə. ɛ. 190 
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ɘɑɝɑɢ/ɏɚɐɔəɌ 2022. 2021. 2020. 2019. 2018. 2017. 2016. 

ȽɑɛɞɑɘɍɌɜ 150 187 195 180 115 ə. ɛ. 200 

ȺɖɞɚɍɌɜ 160 180 170 180 100 ə. ɛ. 185 

ȹɚɎɑɘɍɌɜ 165 205 150 160 100 ə. ɛ. 185 

ȰɑɢɑɘɍɌɜ 160 180 195 205 145 ə. ɛ. 165 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 

 

 
ȽɗɔɖɌ 4.15. ȸɔəɔɘɌɗəɑ, ɘɌɖɝɔɘɌɗəɑ ɔ ɛɜɚɝɑɣəɑ Ɏɜɑɐəɚɝɞɔ ɛɜɚɔɓɎɚɐɵɑ ɖɚəɢɑəɞɜɌɞɌ 

ɍɌɖɜɌ ɓɌ ɛɑɜɔɚɐ 2016. ɔ 2018-2022. ɏɚɐɔəɌ 

 

ȾɌɍɑɗɌ 4.15.  ȶɚɗɔɣɔəɌ ɐɚɍɔɳɑəɚɏ ɖɚəɢɑəɞɜɌɞɌ ɢɔəɖɌ (Zn) ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ 

ɘɑɝɑɢ/ɏɚɐɔəɌ 2022. 2021. 2020. 2019. 2018. 2017. 2016. 

ȥɌəɟɌɜ ə. ɛ. 570 520 380 455 ə. ɛ. 400 

ɀɑɍɜɟɌɜ ə. ɛ. 560 535 355 430 ə. ɛ. 500 

ȸɌɜɞ ə. ɛ. 558 500 470 430 ə. ɛ. 500 

Ȭɛɜɔɗ ə. ɛ. 575 450 410 400 ə. ɛ. 500 

ȸɌɳ ə. ɛ. 554 565 420 430 ə. ɛ. 545 

ȥɟə ə. ɛ. 560 540 460 440 ə. ɛ. 410 

ȥɟɗ 710 565 500 440 515 ə. ɛ. 450 

ȬɎɏɟɝɞ 730 700 500 440 460 ə. ɛ. 430 

ȽɑɛɞɑɘɍɌɜ 640 630 570 440 460 ə. ɛ. 480 

ȺɖɞɚɍɌɜ 750 700 630 440 440 ə. ɛ. 400 

ȹɚɎɑɘɍɌɜ 750 570 620 510 450 ə. ɛ. 400 

ȰɑɢɑɘɍɌɜ 750 650 570 340 385 ə. ɛ. 525 

ə. ɛ. - əɑɘɌ ɛɚɐɌɞɌɖɌ 
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ȽɗɔɖɌ 4.16. ȸɔəɔɘɌɗəɑ, ɘɌɖɝɔɘɌɗəɑ ɔ ɛɜɚɝɑɣəɑ Ɏɜɑɐəɚɝɞɔ ɛɜɚɔɓɎɚɐɵɑ ɖɚəɢɑəɞɜɌɞɌ 

ɢɔəɖɌ ɓɌ ɛɑɜɔɚɐ 2016. ɔ 2018-2022. ɏɚɐɔəɌ 

 

ȿ əɌɜɑɐəɚɳ ɞɌɍɑɗɔ 4.16. ɐɌɞɑ ɝɟ ɛɚɳɑɐɔəɌɣəɑ Ɏɜɑɐəɚɝɞɔ ɞɜɚɤɖɚɎɌ ɝɖɗɌɐɔɤɞɑɵɌ 
C1 ɔ ɞɜɚɤɖɚɎɌ əɌɍɌɎɖɑ ɛɚɞɜɚɤəɚɏ ɛɜɚɢɑɝəɚɏ ɘɌɞɑɜɔɳɌɗɌ C2, ɖɚɳɑ ɝɟ ɔɝɖɌɓɌəɑ ɟ 
ɐɚɘɌɶɚɳ əɚɎɣɌəɚɳ ɎɌɗɟɞɔ (ɐɔə).  

ȾɌɍɑɗɌ 4.16. ȾɜɚɤɖɚɎɔ ɛɚ ɳɑɐɔəɔɢɔ ɛɚɞɜɚɤəɚɏ ɛɜɚɢɑɝəɚɏ ɘɌɞɑɜɔɳɌɗɌ ɠɗɚɞɌɢɔɳɑ 
ȼɟɐəɔɖ 

ɘɌɞɑɜɔɳɌɗ 
ɂɑəɌ (ɐɔə/ ɳɑɐɔəɔɢɔ ɘɑɜɑ) 

C1 ɝɖɗɌɐɔɤɞɑɵɌ C2 əɌɍɌɎəɌ 

ɘɗɔəɝɖɑ ɖɟɏɗɑ 3,8 123 

Dowfroth D -200 31 857 

ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞ 6,15 404 

əɌɞɜɔɳɟɘ-ɢɔɳɌəɔɐ 7,5 368 

ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞ 1 49 

əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞ 1 395 

ɢɔəɖ-ɝɟɗɠɌɞ 2,5 97 

ɍɌɖɌɜ (II)  ɝɟɗɠɌɞ 7 331 

ɖɜɑɣ ɡɔɐɜɌɞɔɝɌəɔ 0,5 16,35 

ɠɔɗɞɑɜ ɛɗɌɞəɚ 65 2812 

ɡɗɚɜɚɎɚɐɚəɔɣəɌ ɖɔɝɑɗɔəɌ 2,5 150 

 

ȿ əɌɜɑɐəɚɳ ɞɌɍɑɗɔ 4.17. ɝɟ ɛɜɔɖɌɓɌəɑ ɐɚɍɔɳɑəɑ Ɏɜɑɐəɚɝɞɔ ɖɚɑɠɔɢɔɳɑəɞɌ k ɓɌ 
ɚɐɜɑɭɔɎɌɵɑ ɚɛɞɔɘɌɗəɚɏ ɜeɤɑɵɌ  ɘɔəɔɘɌɗəɚ ɚɣɑɖɔɎɌəɔɡ ɞɜɚɤɖɚɎɌ. 

 

 

 

 

0

100

200

300

400

500

600

700

2022 2021 2020 2019 2018 2016

ɖ
ɚ
ɗ
ɔ
ɣ
ɔ
ə
Ɍ
 

(
t)

ɏɚɐɔəɌ

ɖɚəɢɑəɞɜɌɞ ɢɔəɖɌ

ɘɌɖɝɔɘɟɘɘɔəɔɘɟɘ ɝɜɑɐɵɌ Ɏɜɑɐəɚɝɞ



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

99 

ȾɌɍɑɗɌ 4.17.  ȶɚɑɠɔɢɔɳɑəɞ  k 

ɘɌɞɑɜɔɳɌɗ k ɖɚɑɠɔɢɔɳɑəɞ 

ɘɗɔəɝɖɑ ɖɟɏɗɑ 0,970 

Dowfroth D -200 0,965 

ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞ 0,985 

əɌɞɜɔɳɟɘ-ɢɔɳɌəɔɐ 0,980 

ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞ 0,980 

əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞ 0,997 

ɢɔəɖ-ɝɟɗɠɌɞ 0,975 

ɍɌɖɌɜ (II)  ɝɟɗɠɌɞ 0,979 

ɖɜɑɣ ɡɔɐɜɌɞɔɝɌəɔ 0,970 

ɠɔɗɞɑɜ ɛɗɌɞəɚ 0,977 

ɡɗɚɜɚɎɚɐɚəɔɣəɌ ɖɔɝɑɗɔəɌ 0,984 
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4.2. ȻȼȴȶȬȳ ȱȶȽȻȱȼȴȸȱȹȾȬȷȹȴɁ ȼȱȳȿȷȾȬȾȬ 

 
ȻɚɗɌɓəɔ ɖɚɜɌɖ ɌəɌɗɔɓɑ ɞɑɝɞ ɑɖɝɛɑɜɔɘɑəɞɌɗəɔɡ ɜɑɓɟɗɌɞɌ ɚɐəɚɝɔ ɝɑ ɟɞɎɜɭɔɎɌɵɑ  

ɖɚɘɛɌɜɌɞɔɎəɔɡ ɜɑɛɑɜɌ. ȽɞɌɞɔɝɞɔɣɖɚɘ ɚɍɜɌɐɚɘ ɛɚɐɌɞɌɖɌ ɐɚɍɔɳɑəɔɡ ɔɓ ɠɗɚɞɌɢɔɳɑ 
ȼɟɐəɔɖ ɚ ɖɚɗɔɣɔəɌɘɌ ɔ ɔəɞɑəɓɔɞɑɞɟ ɛɚɞɜɚɤɵɑ ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ ɖɚɳɔ ɝɟ ɟ 
ɠɚɖɟɝɟ ɞɑɝɞ ɑɖɝɛɑɜɔɘɑəɞɌɗəɔɡ ɔɝɞɜɌɒɔɎɌɵɌ ɚɎɑ ɐɔɝɑɜɞɌɢɔɳɑ (ɘɗɔəɝɖɑ ɖɟɏɗɑ, 
Dowfroth D-200, ɖɌɗɔɳɟɘ Ɍɘɔɗ ɖɝɌəɞɌɞ, əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐ, ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞ, əɌɞɜɔɳɟɘ 
ɐɔɡɜɚɘɌɞ, ɢɔəɖ ɝɟɗɠɌɞ, ɍɌɖɌɜ (II) ɝɟɗɠɌɞ, ɡɔɐɜɌɞɔɝɌəɔ ɖɜɑɣ, ɠɔɗɞɑɜ ɛɗɌɞəɚ, ɔ 
ɡɗɚɜɚɎɚɐɚəɔɣəɌ ɖɔɝɑɗɔəɌ), ɛɌɜɢɔɳɌɗəɚ ɛɚ ɖɎɌɜɞɌɗəɔɘ ɛɑɜɔɚɐɔɘɌ (ɞɜɚɘɑɝɑɣɳɔɘɌ) ɔ 
ɔəɞɑɏɜɌɗəɚ ɓɌ ɛɑɜɔɚɐ 2013-2022., ɐɚɍɔɳɑəɑ ɝɟ ɑɖɝɞɜɑɘəɑ (ɘɔə/ɘɌɖɝ) ɔ ɝɜɑɐɵɑ 
Ɏɜɑɐəɚɝɞɔ ɛɚɞɜɚɤɵɑ ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ. ȿ ɌəɌɗɔɓɔ ɠɔɏɟɜɔɤɟ ɖɌɚ ɖɚɘɛɌɜɌɞɔɎəɔ 
ɚɜɳɑəɞɔɜɔ, ɞɌɍɑɗɌ  4.18. 

ȾɌɍɑɗɌ 4.18. ȸɔəɔɘɌɗəɑ, ɘɌɖɝɔɘɌɗəɑ ɔ ɝɜɑɐɵɑ Ɏɜɑɐəɚɝɞɔ ɛɚɞɜɚɤɵɑ ɛɜɚɢɑɝəɔɡ 
ɘɌɞɑɜɔɳɌɗəɔɡ ɜɑɝɟɜɝɌ ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ ɓɌ ɛɑɜɔɚɐ 2013 ð 2022. ɏɚɐɔəɌ  

ɘɌɞɑɜɔɳɌɗ Ɏɜɑɐəɚɝɞ 
ɞɜɚɘɑɝɑɣɳɑ 

10 ɏɚɐɔəa 
I II  III  IV 

ɘɗɔəɝɖɑ ɖɟɏɗɑ 

ɘɔə 15000 2500 12500 16250 2500 

ɘɌɖɝ 23500 23750 25000 26250 26250 

ɝɜɑɐɵɌ 18258.33 17844,83 19445,83 19318,96 18719,28 

Dowfroth D -200 

ɘɔə 550 540 740 740 540 

ɘɌɖɝ 1340 1480 2068 1540 2068 

ɝɜɑɐɵɌ 992,33 1003,33 1087,77 1047,41 1032,59 

ɖɌɗɔɳɟɘ Ɍɘɔɗ 
ɖɝɌəɞɌɞ 

ɘɔə 900 1050 910 920 900 

ɘɌɖɝ 2340 2340 2200 2600 2600 

ɝɜɑɐɵɌ 1529,33 1599 1640,33 1678,28 1611,18 

əɌɞɜɔɳɟɘ 
ɢɔɳɌəɔɐ 

ɘɔə 1000 1100 1200 1250 1000 

ɘɌɖɝ 1850 1800 1900 2450 2450 

ɝɜɑɐɵɌ 1473,33 1523,33 1635 1643,10 1568,07 

ɏɎɚɒɭɑ (II) 
ɝɟɗɠɌɞ 

ɘɔə 600 30 200 600 30 

ɘɌɖɝ 9600 7200 6750 10200 10200 

ɝɜɑɐɵɌ 5056,58 3522 3815,38 5997,62 4771,40 

əɌɞɜɔɳɟɘ 
ɐɔɡɜɚɘɌɞ 

ɘɔə 130 75 170 300 75 

ɘɌɖɝ 600 860 600 620 860 

ɝɜɑɐɵɌ 365,09 413,50 390,33 437,76 401,67 

ɢɔəɖ ɝɟɗɠɌɞ 

ɘɔə 600 300 1800 1800 300 

ɘɌɖɝ 3600 3800 4200 4200 4200 

ɝɜɑɐɵɌ 2582,50 2398,28 2766,67 2811,21 2640,25 

ɍɌɖɌɜ (II) 
ɝɟɗɠɌɞ 

ɘɔə 2400 1300 1700 2100 1300 

ɘɌɖɝ 4800 4200 3025 4850 4850 

ɝɜɑɐɵɌ 3648,57 2765,00 2220,00 3137,93 2941,24 

ɡɔɐɜɌɞɔɝɌəɔ 
ɖɜɑɣ 

ɘɔə 15100 17300 20175 17725 15100 

ɘɌɖɝ 32350 34275 38700 32800 38700 

ɝɜɑɐɵɌ 25606,67 27370,00 29461,50 27330,17 27443,03 

ɠɔɗɞɑɜ ɛɗɌɞəɚ 

ɘɔə 6 5 5 5 5 

ɘɌɖɝ 180 150 250 250 250 

ɝɜɑɐɵɌ 59,42 57,79 71,25 69,65 64,48 

ɡɗɚɜɚɎɚɐɚəɔɣəɌ 
ɖɔɝɑɗɔəɌ 

ɘɔə 2400 2400 1200 2400 1200 

ɘɌɖɝ 26000 33500 19500 28600 33500 

ɝɜɑɐɵɌ 15777,62 17195,22 13607,12 15412,19 15432,56 
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ȼɑɓɟɗɞɌɞɔ ɝɞɌɞɔɝɞɔɣɖɑ ɚɍɜɌɐɑ, ɞɌɍɑɗɌ 4.18., ɛɚɞɎɜɭɟɳɟ ɚɝɢɔɗɌɞɚɜəɚɝɞ 
ɛɚɞɜɚɤɵɑ ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌ ɟ ɠɗɚɞɌɢɔɳɔ  ɛɚ ɖɌɎɜɌɞɌɗəɔɘ ɛɑɜɔɚɐɔɘɌ, ɤɞɚ ɳɑ ɟ 
ɠɟəɖɢɔɚəɌɗəɚɳ Ɏɑɓɔ ɝ ɛɜɚɔɓɎɚɐɵɚɘ ɜɟɐəɔɖɌ. ȾɌɖɚɭɑ ɛɚɖɌɓɟɳɟ ɔ ɛɚɓɔɞɔɎəɟ 
ɖɚɜɑɗɌɢɔɳɟ ɘɔəɔɘɌɗəɔɡ, ɘɌɖɝɔɘɌɗəɔɡ ɔ ɝɜɑɐɵɔɡ Ɏɜɑɐəɚɝɞɔ əɌ ɛɌɜɢɔɳɌɗəɚɘ ɔ 
ɔəɞɑɏɜɌɗəɚɘ əɔɎɚɟ.   

ȰɑɞɌɴɌə ɛɜɔɖɌɓ ɖɚəɢɑɛɢɔɳɑ ɔ ɘɑɞɚɐɚɗɚɏɔɳɑ ɝɞɚɡɌɝɞɔɣɖɚɏ ɘɚɐɑɗɚɎɌɵɌ 
ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ, ɐɌɞ ɳɑ ɟ ɛɚɏɗɌɎɴɟ 2. ɞɑ ɚɎɐɑ ɔɓ ɜɌɢɔɚəɌɗəɚɏ ɜɌɓɗɚɏɌ əɑɶɑɘɚ 
ɛɚəɌɎɴɌɞɔ. ȳɌɐɜɒɌɶɑɘɚ ɝɑ ɝɌɘɚ əɌ əɑɚɛɡɚɐəɚɳ ɖɚəɝɞɌɞɌɢɔɳɔ ɐɌ ɝɑ ɟ ɛɜɎɚɘ 
ɌɗɏɚɜɔɞɌɘɝɖɚɘ ɖɚɜɌɖɟ ɝɞɚɡɌɝɞɔɣɖɚɏ ɘɚɐɑɗɌ ɟɛɜɌɎɴɌɵɌ ɓɌɗɔɡɌɘɌ, ɟ əɌɤɑɘ ɝɗɟɣɌɳɟ 
ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ ɓɌ ɛɜɔɛɜɑɘɟ ɘɔəɑɜɌɗəɔɡ ɝɔɜɚɎɔəɌ əɌ ɛɜɔɘɑɜɟ ɠɗɚɞɌɢɔɳɑ 
ȼɟɐəɔɖ, ɟɞɎɜɭɟɳɑ ɓɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ, ɚɐəɚɝəɚ ɔɓɎɚɐɔ ɖɎɌəɞɔɠɔɖɌɢɔɳɌ ɐɌ ɶɑ ɝɑ 
ɛɚɞɜɚɤɵɌ ɘɌɞɑɜɔɳɌɗɌ ɐɚɏɚɐɔɞɔ.  ȶɎɌəɞɔɠɔɖɌɢɔɳɌ ɔɗɔ ɎɑɜɚɎɌɞəɚɶɌ ɝɑ ɔɓɜɌɒɌɎɌ 
ɍɜɚɳɑɘ ɔɓɘɑɭɟ 0 ɔ 1,  0 ɟɖɌɓɟɳɑ ɐɌ ɝɑ ɛɚɞɜɚɤɵɌ əɑɶɑ ɐɚɏɚɐɔɞɔ, Ɍ 1 ɐɌ ɳɑ ɛɚɞɜɚɤɵɌ 
ɔɓɎɑɝəɌ. Ʉɞɚ ɳɑ ɎɑɶɌ Ɏɜɑɐəɚɝɞ ɎɑɜɚɎɌɞəɚɶɑ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ əɑɖɚɏ ɛɜɚɢɑɝəɚɏ 
ɘɌɞɑɜɔɳɌɗɌ ɟ ɠɗɚɞɌɢɔɳɔ, ɎɑɜɚɎɌɞəɔɳɑ ɳɑ ɐɌ ɶɑ ɐɚ ɞɌɖɎɑ ɛɚɞɜɚɤɵɑ ɔ ɐɚɶɔ.  

Ȱɜɟɏɔ ɌɗɏɚɜɔɞɌɘɝɖɔ ɖɚɜɌɖ ɖɌɚ ɛɜɚɢɑɝəɚ ɚɛɞɔɘɔɓɌɢɔɚəɔ ɛɚɝɞɌɎɴɑə əɌ  
ɚɛɤɞɑɘ ɝɞɚɡɌɝɞɔɣɖɚɘ ɛɜɔəɢɔɛɟ, ɟ əɑɛɚɝɜɑɐəɚɳ ɳɑ ɠɟəɖɢɔɚəɌɗəɚɳ Ɏɑɓɔ ɝɌ ɔɝɡɚɐɚɘ 
ɛɜɎɚɏ ɖɚɜɌɖɌ,  ɚɐəɚɝəɚ ɟ ɖɚɜɑɗɌɢɔɳɔ.  

ȻɚɝɞɟɛɌɖ ɞɚɖɌ ɝɞɚɡɌɝɞɔɣɖɚɏ ɘɚɐɑɗɚɎɌɵɌ ɓɌɗɔɡɌ, ɟ əɌɝɞɌɎɖɟ ɳɑ ɐɌɞ ɟ ɘɌɞɜɔɣəɚɳ, 
ɚɐəɚɝəɚ ɟ ɞɌɍɑɗɌɜəɚɳ ɠɚɜɘɔ ɖɌɚ ɛɜɑɏɗɑɐəɔɳɚɳ ɔ ɜɌɓɟɘɴɔɎɔɳɚɳ, ɛɌɜɢɔɳɌɗəɚ ɓɌ 
ɛɚɞɜɚɤɵɟ ɔ ɟɞɎɜɭɌɎɌɵɑ ɚɛɞɔɘɌɗəɔɡ ɓɌɗɔɡɌ ɠɚɖɟɝɔɜɌəɔɡ ɛɜɚɢɑɝəɔɡ ɘɌɞɑɜɔɳɌɗɌ 
ɠɗɚɞɌɢɔɳɑ ȼɟɐəɔɖ. 

 

ȸȷȴȹȽȶȱ ȶȿȯȷȱ 

ȺɛɞɔɘɔɓɌɢɔɚəɌ ɌəɌɗɔɓɌ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ ɛɚɣɔɵɑ ɝɌ ɟɞɎɜɭɔɎɌɵɑɘ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ əɌ ɚɝəɚɎɟ ɐɑɝɑɞɚɏɚɐɔɤɵɔɡ ɛɜɌɶɑɵɌ ɟ 
ɠɗɚɞɌɢɔɳɔ ȼɟɐəɔɖ. ȳɌ ɜɌɝɛɚə ɛɚɞɜɚɤɵɑ (ɘɔə 15 t ð ɘɌɖɝ 26 t) ɘɗɔəɝɖɔɡ ɖɟɏɗɔ ɔ ɖɚɜɌɖ 
ɛɜɚɘɑəɑ 1, ɍɜɚɳ ɔəɞɑɜɎɌɗɌ ɳɑ 12, ɞɌɍɑɗɌ 4.19. 

 

ȾɌɍɑɗɌ 4.19. ȳɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ 
Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) < 15 15-16 16-17 17-18 18-19 19-20 20-21 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 0 1 2 3 4 5 6 

Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) 21-22 22-23 23-24 24-25 25-26 >26  

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 7 8 9 10 11 12  

 

ȹɌ ɚɝəɚɎɟ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ, ɞɌɍɑɗɌ 4.19, ɠɜɑɖɎɑəɞəɚɘ ɌəɌɗɔɓɚɘ 
ɜɌɝɛɚɐɑɗɌ, ɝɗɔɖɌ 4.17,  ɐɑɠɔəɔɝɌəɑ ɝɟ ɎɑɜɚɎɌɞəɚɶɑ p(x) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ 
ɖɟɏɗɔ ɛɚ ɖɎɌɜɞɌɗɔɘɌ, ɞɌɍɑɗɌ 4.20, ɔ  ɓɌ ɢɑɗɚɖɟɛəɔ ɛɑɜɔɚɐ, ɞɌɍɑɗɌ 4.21. 
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ȽɗɔɖɌ 4.17. ȿɣɑɝɞɌɗɚɝɞ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ 

 
ȺɛɞɔɘɔɓɌɢɔɚəɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɖɎɌɜɞɌɗəɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɔ 

ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ ɟ ɠɗɚɞɌɢɔɳɔ, ɖɚəɝɞɔɞɟɔɝɌəɔ əɌ 
ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ, ɟɝɞɌəɚɎɴɑəɑ ɓɌɖɚəɔɞɚɝɞɔ 
ɛɚɞɜɚɤɵɑ ɔ ɠɜɑɖɎɑəɞəɑ ɌəɌɗɔɓɑ, ɞɌɍɑɗɌɜəɚ  ɝɟ ɛɜɔɖɌɓɌəɔ, ɞɌɍɑɗɌɘɌ 4.20. ɔ 4.21.   

ȾɌɍɑɗɌ 4.20. ȺɛɞɔɘɔɓɌɢɔɳɌ ɘɑɝɑɣəɑ (ɖɎɌɜɞɌɗəɑ) ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

I ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,3672 0,1836 0,0000 0,1836 

1 1 0,0667 0,0667 0,3005 0,4508 0,0667 0,5175 

2 2 0,3333 0,1667 0,1339 0,3347 0,4000 0,7347 

3 3 0,1667 0,0556 0,0783 0,2741 0,5667 0,8407 

4 4 0,1667 0,0417 0,0366 0,1649 0,7333 0,8982 

5 5 0,0000 0,0000 0,0366 0,2015 0,7333 0,9349 

6 6 0,0333 0,0056 0,0311 0,2021 0,7667 0,9687 

7 7 0,1333 0,0190 0,0120 0,0903 0,9000 0,9903 

8 8 0,0667 0,0083 0,0037 0,0315 0,9667 0,9981 

9 9 0,0333 0,0037 0,0000 0,0000 1,0000 1,0000 

10 10 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

11 11 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

12 12 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

II ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,1034 0 0,3112 0,1556 0,1034 0,2591 

1 1 0,1034 0,1034 0,2078 0,3117 0,2069 0,5186 

2 2 0,1379 0,0690 0,1388 0,3471 0,3448 0,6919 

3 3 0,1379 0,0460 0,0928 0,3250 0,4828 0,8077 

4 4 0,1724 0,0431 0,0497 0,2238 0,6552 0,8790 

5 5 0,0000 0,0000 0,0497 0,2736 0,6552 0,9287 

6 6 0,1379 0,0230 0,0268 0,1739 0,7931 0,9670 

7 7 0,1034 0,0148 0,0120 0,0898 0,8966 0,9864 

8 8 0,0345 0,0043 0,0077 0,0651 0,9310 0,9962 

9 9 0,0690 0,0077 0,0000 0,0000 1,0000 1,0000 

10 10 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

11 11 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

12 12 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

0 2 4 6 8 10 12 14 16 18 20 22
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ɠɜɑɖɎɑəɢɔɳɌ ɜɌɝɛɚɐɑɗɑ (ɘɗɔəɝɖɑ ɖɟɏɗɑ)

IVɖɎɌɜɞɌɗ IIIɖɎɌɜɞɌɗ

IIɖɎɌɜɞɌɗ IɖɎɌɜɞɌɗ ɟɖɟɛəɚ

ɟɖɟɛɌə ɛɑɜɔɚɐ
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ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

III ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0667 0 0,2305 0,1153 0,0667 0,1819 

1 1 0,0333 0,0333 0,1972 0,2958 0,1000 0,3958 

2 2 0,0667 0,0333 0,1639 0,4097 0,1667 0,5763 

3 3 0,1667 0,0556 0,1083 0,3791 0,3333 0,7124 

4 4 0,1333 0,0333 0,0750 0,3374 0,4667 0,8041 

5 5 0,0000 0,0000 0,0750 0,4124 0,4667 0,8790 

6 6 0,2333 0,0389 0,0361 0,2346 0,7000 0,9346 

7 7 0,1000 0,0143 0,0218 0,1635 0,8000 0,9635 

8 8 0,0667 0,0083 0,0135 0,1145 0,8667 0,9811 

9 9 0,0667 0,0074 0,0061 0,0576 0,9333 0,9909 

10 10 0,0000 0,0000 0,0061 0,0636 0,9333 0,9970 

11 11 0,0667 0,0061 0,0000 0,0000 1,0000 1,0000 

12 12 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

IV ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,2628 0,1314 0,0000 0,1314 

1 1 0,0000 0,0000 0,2628 0,3943 0,0000 0,3943 

2 2 0,1724 0,0862 0,1766 0,4416 0,1724 0,6140 

3 3 0,2414 0,0805 0,0962 0,3366 0,4138 0,7504 

4 4 0,1034 0,0259 0,0703 0,3164 0,5172 0,8336 

5 5 0,0345 0,0069 0,0634 0,3488 0,5517 0,9005 

6 6 0,2069 0,0345 0,0289 0,1880 0,7586 0,9467 

7 7 0,1034 0,0148 0,0142 0,1061 0,8621 0,9682 

8 8 0,0345 0,0043 0,0098 0,0836 0,8966 0,9802 

9 9 0,0345 0,0038 0,0060 0,0571 0,9310 0,9881 

10 10 0,0000 0,0000 0,0060 0,0631 0,9310 0,9941 

11 11 0,0345 0,0031 0,0029 0,0330 0,9655 0,9986 

12 12 0,0345 0,0029 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y)=(y+1/2)ǲ(p(x)/x)+ǲp(x) 

ȾɌɍɑɗɌ 4.21. ȺɛɞɔɘɔɓɌɢɔɳɌ ɢɑɗɚɖɟɛəɚɏ ɛɑɜɔɚɐɌ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

10 ɏɚɐɔəɌ 

0 0 0,0424 0 0,2930 0,1465 0,0424 0,1889 

1 1 0,0508 0,0508 0,2422 0,3633 0,0932 0,4565 

2 2 0,1780 0,0890 0,1532 0,3830 0,2712 0,6542 

3 3 0,1780 0,0593 0,0939 0,3286 0,4492 0,7778 

4 4 0,1441 0,0360 0,0579 0,2605 0,5932 0,8537 

5 5 0,0085 0,0017 0,0562 0,3090 0,6017 0,9107 

6 6 0,1525 0,0254 0,0308 0,2000 0,7542 0,9542 

7 7 0,1102 0,0157 0,0150 0,1127 0,8644 0,9771 

8 8 0,0508 0,0064 0,0087 0,0737 0,9153 0,9889 

9 9 0,0508 0,0056 0,0030 0,0287 0,9661 0,9948 

10 10 0,0000 0,0000 0,0030 0,0317 0,9661 0,9978 

11 11 0,0254 0,0023 0,0007 0,0081 0,9915 0,9996 

12 12 0,0085 0,0007 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

Ȼɜɔɘɑɞəɚ ɳɑ ɐɌ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɔɡ ɠɟəɖɢɔɳɌ ɓɌɗɔɡɌ G(y) ɟ ɖɎɌɜɞɌɗəɚɘ 
ɘɚɐɑɗɟ, ɞɌɍɑɗɌ 4.20, ɟ ɔɓɎɑɝəɚɳ ɘɑɜɔ ɐɔɎɑɜɏɔɜɌɳɟ ɛɚ ɔəɞɑɜɎɌɗɔɘɌ, ɤɞɚ ɳɑ ɚɐɜɌɓ 
ăɝɑɓɚəɝɖɑò ɛɜɚɘɑəɑ ɖɚɗɔɣɔəɑ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ. ȾɌɖɚɭɑ ɟ  ɔɝɡɚɐɟ ɘɚɐɑɗɌ ɓɌ 
ɢɑɗɚɖɟɛɌə ɛɑɜɔɚɐ ɚɐ 10 ɏɚɐɔəɌ, ɛɜɔɘɑɶɟɳɑ ɝɑ ɐɌ ɔəɞɑɜɎɌɗɝɖɑ Ɏɜɑɐəɚɝɞɔ 
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ɖɜɔɞɑɜɔɳɟɘɝɖɑ ɠɟəɖɢɔɳɑ ɓɌɗɔɡɌ, ɟ ɔɓɎɑɝəɚɳ ɘɑɜɔ ɝɛɚɜɔɳɑ ɜɌɝɞɟ ɚɐ ɖɎɌɜɞɌɗəɔɡ 
ɛɜɚɘɑəɌ, ɤɞɚ ɳɑ ɚɣɑɖɟɳɟɶɑ. 

 

DOWFROTH D-200 

ȺɞɔɘɔɓɌɢɔɚəɌ ɌəɌɗɔɓɌ ɛɚɞɜɚɤɵɑ Dowfroth D-200 ɛɚɣɔɵɑ ɝɌ ɟɞɎɜɭɔɎɌɵɑɘ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ Dowfroth D-200 əɌ ɚɝəɚɎɟ ɐɑɝɑɞɚɏɚɐɔɤɵɔɡ ɛɜɌɶɑɵɌ ɟ 
ɠɗɚɞɌɢɔɳɔ ȼɟɐəɔɖ. ȳɌ ɜɌɝɛɚə ɛɚɞɜɚɤɵɑ (ɘɔə 0,5 t ð ɘɌɖɝ 2,25 t) Dowfroth D-200 ɔ 
ɖɚɜɌɖ ɛɜɚɘɑəɑ 1, ɍɜɚɳ ɔəɞɑɜɎɌɗɌ ɳɑ 7, ɞɌɍɑɗɌ 4.22. 

 

ȾɌɍɑɗɌ 4.22. ȳɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ Dowfroth D-200 
Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) < 0,5 0,5-0,75 0,75-1 1-1,25 1,25-1,5 1,5-1,75 1,75-2 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 0 1 2 3 4 5 6 

Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) 2,0-2,25       

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 7       

 

ȹɌ ɚɝəɚɎɟ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ, ɞɌɍɑɗɌ 4.22, ɠɜɑɖɎɑəɞəɚɘ ɌəɌɗɔɓɚɘ 
ɜɌɝɛɚɐɑɗɌ, ɝɗɔɖɌ 4.18,  ɐɑɠɔəɔɝɌəɑ ɝɟ ɎɑɜɚɎɌɞəɚɶɑ p(x) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ Dowfroth 
D-200 ɛɚ ɖɎɌɜɞɌɗɔɘɌ, ɞɌɍɑɗɌ 4.23, ɔ  ɓɌ ɢɑɗɚɖɟɛəɔ ɛɑɜɔɚɐ, ɞɌɍɑɗɌ 4.24. 

 
ȽɗɔɖɌ 4.18. ȿɣɑɝɞɌɗɚɝɞ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ Dowfroth D-200 

 

ȺɛɞɔɘɔɓɌɢɔɚəɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɖɎɌɜɞɌɗəɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɔ 
ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ Dowfroth D-200 ɟ ɠɗɚɞɌɢɔɳɔ, ɖɚəɝɞɔɞɟɔɝɌəɔ əɌ 
ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ Dowfroth D-200, ɟɝɞɌəɚɎɴɑəɑ ɓɌɖɚəɔɞɚɝɞɔ 
ɛɚɞɜɚɤɵɑ ɔ ɠɜɑɖɎɑəɞəɑ ɌəɌɗɔɓɑ, ɞɌɍɑɗɌɜəɚ  ɝɟ ɛɜɔɖɌɓɌəɔ ɟ ɞɌɍɑɗɌɘɌ 4.23. ɔ 4.24.  
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ȾɌɍɑɗɌ 4.23. ȺɛɞɔɘɔɓɌɢɔɳɌ ɘɑɝɑɣəɑ (ɖɎɌɜɞɌɗəɑ) ɛɚɞɜɚɤɵɑ Dowfroth D-200 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

I ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,5111 0,2556 0,0000 0,2556 

1 1 0,2000 0,2000 0,3111 0,4667 0,2000 0,6667 

2 2 0,3667 0,1833 0,1278 0,3194 0,5667 0,8861 

3 3 0,2333 0,0778 0,0500 0,1750 0,8000 0,9750 

4 4 0,2000 0,0500 0,0000 0,0000 1,0000 1,0000 

5 5 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

7 7 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

II ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,4944 0,2472 0,0000 0,2472 

1 1 0,1667 0,1667 0,3278 0,4917 0,1667 0,6583 

2 2 0,3667 0,1833 0,1444 0,3611 0,5333 0,8944 

3 3 0,3333 0,1111 0,0333 0,1167 0,8667 0,9833 

4 4 0,1333 0,0333 0,0000 0,0000 1,0000 1,0000 

5 5 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

7 7 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

III ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,4142 0,2071 0,0000 0,2071 

1 1 0,0333 0,0333 0,3809 0,5713 0,0333 0,6046 

2 2 0,4667 0,2333 0,1475 0,3688 0,5000 0,8688 

3 3 0,3333 0,1111 0,0364 0,1275 0,8333 0,9608 

4 4 0,1000 0,0250 0,0114 0,0514 0,9333 0,9848 

5 5 0,0333 0,0067 0,0048 0,0262 0,9667 0,9929 

6 6 0,0000 0,0000 0,0048 0,0310 0,9667 0,9976 

7 7 0,0333 0,0048 0,0000 0,0000 1,0000 1,0000 

IV ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,4408 0,2204 0,0000 0,2204 

1 1 0,1034 0,1034 0,3374 0,5060 0,1034 0,6095 

2 2 0,3448 0,1724 0,1649 0,4124 0,4483 0,8606 

3 3 0,3448 0,1149 0,0500 0,1750 0,7931 0,9681 

4 4 0,1724 0,0431 0,0069 0,0310 0,9655 0,9966 

5 5 0,0345 0,0069 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

7 7 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

ȾɌɍɑɗɌ 4.24. ȺɛɞɔɘɔɓɌɢɔɳɌ ɢɑɗɚɖɟɛəɚɏ ɛɑɜɔɚɐɌ ɛɚɞɜɚɤɵɑ Dowfroth D-200 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

10 ɏɚɐɔəɌ 

0 0 0,0000 0 0,4653 0,2327 0,0000 0,2327 

1 1 0,1261 0,1261 0,3393 0,5089 0,1261 0,6350 

2 2 0,3866 0,1933 0,1460 0,3650 0,5126 0,8777 

3 3 0,3109 0,1036 0,0424 0,1483 0,8235 0,9718 

4 4 0,1513 0,0378 0,0046 0,0205 0,9748 0,9953 

5 5 0,0168 0,0034 0,0012 0,0066 0,9916 0,9982 

6 6 0,0000 0,0000 0,0012 0,0078 0,9916 0,9994 

7 7 0,0084 0,0012 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

Ȼɜɔɘɑɞəɚ ɳɑ ɐɌ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɔɡ ɠɟəɖɢɔɳɌ ɓɌɗɔɡɌ G(y) ɟ ɖɎɌɜɞɌɗəɚɘ 
ɘɚɐɑɗɟ, ɞɌɍɑɗɌ 4.23, ɖɌɚ ɔ ɖɚɐ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ ɐɔɎɑɜɏɔɜɌɳɟ ɛɚ ɔəɞɑɜɎɌɗɔɘɌ, ɤɞɚ ɳɑ 
ɚɐɜɌɓ ɞɌɖɚɭɑ ăɝɑɓɚəɝɖɑò ɛɜɚɘɑəɑ ɖɚɗɔɣɔəɑ ɛɚɞɜɚɤɵɑ Dowfroth D-200. ȿ ɔɝɡɚɐɟ 
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ɘɚɐɑɗɌ ɓɌ ɢɑɗɚɖɟɛɌə ɛɑɜɔɚɐ ɚɐ 10 ɏɚɐɔəɌ, ɛɜɔɘɑɞəɚ ɳɑ ɐɌ ɔəɞɑɜɎɌɗɝɖɑ Ɏɜɑɐəɚɝɞɔ 
ɖɜɔɞɑɜɔɳɟɘɝɖɑ ɠɟəɖɢɔɳɑ ɓɌɗɔɡɌ ɟ ɛɚɣɑɞɖɟ ɔɘɌɳɟ əɌɏɗɔ ɜɌɝɞ Ɍ ɓɌɞɔɘ ɝɛɚɜɔɳɟ ɛɜɚɘɑəɟ 
ɛɚ ɖɎɌɜɞɌɗɔɘɌ. 

 

ȶȬȷȴȥȿȸ-Ȭȸȴȷ-ȶȽȬȹȾȬȾ 

ȺɞɔɘɔɓɌɢɔɚəɌ ɌəɌɗɔɓɌ ɛɚɞɜɚɤɵɑ Ɍɘɔɗ-ɖɝɌəɞɌɞɌ ɛɚɣɔɵɑ ɝɌ ɟɞɎɜɭɔɎɌɵɑɘ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞɌ əɌ ɚɝəɚɎɟ ɐɑɝɑɞɚɏɚɐɔɤɵɔɡ ɛɜɌɶɑɵɌ ɟ 
ɠɗɚɞɌɢɔɳɔ ȼɟɐəɔɖ. ȳɌ ɜɌɝɛɚə ɛɚɞɜɚɤɵɑ (ɘɔə 0,9 t ð ɘɌɖɝ 2,4 t) ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞɌ 
ɔ ɖɚɜɌɖ ɛɜɚɘɑəɑ 1, ɍɜɚɳ ɔəɞɑɜɎɌɗɌ ɳɑ 6, ɞɌɍɑɗɌ 4.25. 

 

ȾɌɍɑɗɌ 4.25. ȳɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞɌ 
Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) < 0,9 0,9-1,2 1,2-1,5 1,5-1,8 1,8- 2,1-2,4 >2,4 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 0 1 2 3 4 5 6 

 

ȹɌ ɚɝəɚɎɟ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ, ɞɌɍɑɗɌ 4.25, ɠɜɑɖɎɑəɞəɚɘ ɌəɌɗɔɓɚɘ 
ɜɌɝɛɚɐɑɗɌ, ɝɗɔɖɌ 4.19, ɐɑɠɔəɔɝɌəɑ ɝɟ ɎɑɜɚɎɌɞəɚɶɑ p(x) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɖɌɗɔɳɟɘ-
Ɍɘɔɗ-ɖɝɌəɞɌɞɌ ɛɚ ɖɎɌɜɞɌɗɔɘɌ, ɞɌɍɑɗɌ 4.26, ɔ  ɓɌ ɢɑɗɚɖɟɛəɔ ɛɑɜɔɚɐ, ɞɌɍɑɗɌ 4.27. 

 

 

 
ȽɗɔɖɌ 4.19. ȿɣɑɝɞɌɗɚɝɞ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ ɖɌɗɔɳɟɘ Ɍɘɔɗ ɖɝɌəɞɌɞɌ 

 

ȺɛɞɔɘɔɓɌɢɔɚəɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɖɎɌɜɞɌɗəɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɔ 
ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞɌ ɟ ɠɗɚɞɌɢɔɳɔ, 
ɖɚəɝɞɔɞɟɔɝɌəɔ əɌ ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞɌ, 
ɟɝɞɌəɚɎɴɑəɑ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɔ ɠɜɑɖɎɑəɞəɑ ɌəɌɗɔɓɑ, ɞɌɍɑɗɌɜəɚ  ɝɟ ɛɜɔɖɌɓɌəɔ, 
ɞɌɍɑɗɌɘɌ 4.26. ɔ 4.27. 
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ɠɜɑɖɎɑəɢɔɳɌ ɜɌɝɛɚɐɑɗɑ (ɖɌɗɔɳɟɘɌɘɔɗ ɖɝɌəɞɌɞ)

IVɖɎɌɜɞɌɗ IIIɖɎɌɜɞɌɗ

IIɖɎɌɜɞɌɗ IɖɎɌɜɞɌɗ ɟɖɟɛəɚ

ɟɖɟɛɌə ɛɑɜɔɚɐ



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

107 

ȾɌɍɑɗɌ 4.26. ȺɛɞɔɘɔɓɌɢɔɳɌ ɘɑɝɑɣəɑ (ɖɎɌɜɞɌɗəɑ) ɛɚɞɜɚɤɵɑ ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

I ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,5050 0,2525 0,0000 0,2525 

1 1 0,2333 0,2333 0,2717 0,4075 0,2333 0,6408 

2 2 0,2667 0,1333 0,1383 0,3458 0,5000 0,8458 

3 3 0,2000 0,0667 0,0717 0,2508 0,7000 0,9508 

4 4 0,2333 0,0583 0,0133 0,0600 0,9333 0,9933 

5 5 0,0667 0,0133 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

II ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,4539 0,2269 0,0000 0,2269 

1 1 0,1667 0,1667 0,2872 0,4308 0,1667 0,5975 

2 2 0,2000 0,1000 0,1872 0,4681 0,3667 0,8347 

3 3 0,3667 0,1222 0,0650 0,2275 0,7333 0,9608 

4 4 0,2333 0,0583 0,0067 0,0300 0,9667 0,9967 

5 5 0,0333 0,0067 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

III ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,3689 0,1844 0,0000 0,1844 

1 1 0,0333 0,0333 0,3356 0,5033 0,0333 0,5367 

2 2 0,2667 0,1333 0,2022 0,5056 0,3000 0,8056 

3 3 0,3667 0,1222 0,0800 0,2800 0,6667 0,9467 

4 4 0,2667 0,0667 0,0133 0,0600 0,9333 0,9933 

5 5 0,0667 0,0133 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

IV ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,4213 0,2106 0,0000 0,2106 

1 1 0,1379 0,1379 0,2833 0,4250 0,1379 0,5629 

2 2 0,2414 0,1207 0,1626 0,4066 0,3793 0,7859 

3 3 0,2069 0,0690 0,0937 0,3279 0,5862 0,9141 

4 4 0,2414 0,0603 0,0333 0,1500 0,8276 0,9776 

5 5 0,1379 0,0276 0,0057 0,0316 0,9655 0,9971 

6 6 0,0345 0,0057 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

ȾɌɍɑɗɌ 4.27. ȺɛɞɔɘɔɓɌɢɔɳɌ ɢɑɗɚɖɟɛəɚɏ ɛɑɜɔɚɐɌ ɛɚɞɜɚɤɵɑ ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

10 ɏɚɐɔəɌ 

0 0 0,0000 0 0,4374 0,2187 0,0000 0,2187 

1 1 0,1429 0,1429 0,2945 0,4418 0,1429 0,5847 

2 2 0,2437 0,1218 0,1727 0,4317 0,3866 0,8183 

3 3 0,2857 0,0952 0,0775 0,2711 0,6723 0,9433 

4 4 0,2437 0,0609 0,0165 0,0744 0,9160 0,9903 

5 5 0,0756 0,0151 0,0014 0,0077 0,9916 0,9993 

6 6 0,0084 0,0014 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

Ȼɜɔɘɑɞəɚ ɳɑ ɐɌ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɔɡ ɠɟəɖɢɔɳɌ ɓɌɗɔɡɌ G(y) ɟ ɖɎɌɜɞɌɗəɚɘ 
ɘɚɐɑɗɟ, ɞɌɍɑɗɌ 4.26, ɔɘɌɳɟ ɔɓɎɑɝəɟ ɐɔɎɑɜɏɑəɢɔɳɟ ɛɚ ɔəɞɑɜɎɌɗɔɘɌ, ɤɞɚ ɳɑ ɚɣɑɖɟɳɟɶɑ ɓɍɚɏ 
ăɝɑɓɚəɝɖɑò ɛɜɚɘɑəɑ ɖɚɗɔɣɔəɑ ɛɚɞɜɚɤɵɑ ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞɌ. ȿ ɔɝɡɚɐɟ ɘɚɐɑɗɌ ɓɌ 
ɛɑɜɔɚɐ ɚɐ 10 ɏɚɐɔəɌ, ɔəɞɑɜɎɌɗɝɖɑ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɑ ɠɟəɖɢɔɳɑ ɓɌɗɔɡɌ ɔɘɌɳɟ 
əɌɏɗɔ ɜɌɝɞ ɟ ɛɜɎɌ ɐɎɌ ɔəɞɑɜɎɌɗɌ Ɍ ɓɌɞɔɘ ɝɛɚɜɔ ɜɌɝɞ ɐɚ ɖɜɌɳɌ ɛɚɝɘɌɞɜɌəɚɏ ɎɜɑɘɑəɌ. 
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ȹȬȾȼȴȥȿȸ-ɂȴȥȬȹȴȰ 

ȺɞɔɘɔɓɌɢɔɚəɌ ɌəɌɗɔɓɌ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ-ɢɔɳɌəɔɐɌ ɛɚɣɔɵɑ ɝɌ ɟɞɎɜɭɔɎɌɵɑɘ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ-ɢɔɳɌəɔɐɌ əɌ ɚɝəɚɎɟ ɐɑɝɑɞɚɏɚɐɔɤɵɔɡ ɛɜɌɶɑɵɌ ɟ 
ɠɗɚɞɌɢɔɳɔ ȼɟɐəɔɖ. ȳɌ ɜɌɝɛɚə ɛɚɞɜɚɤɵɑ (ɘɔə 1,0 t ð ɘɌɖɝ 2,25 t) əɌɞɜɔɳɟɘ-ɢɔɳɌəɔɐɌ ɔ 
ɖɚɜɌɖ ɛɜɚɘɑəɑ 1, ɍɜɚɳ ɔəɞɑɜɎɌɗɌ ɳɑ 6, ɞɌɍɑɗɌ 4.28. 

 

ȾɌɍɑɗɌ 4.28. ȳɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ-ɢɔɳɌəɔɐɌ 
Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) < 1 1-1,25 1,25-1,5 1,5-1,75 1,75-2 2-2,25 >2,25 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 0 1 2 3 4 5 6 

 

ȹɌ ɚɝəɚɎɟ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ, ɞɌɍɑɗɌ 4.28, ɠɜɑɖɎɑəɞəɚɘ ɌəɌɗɔɓɚɘ 
ɜɌɝɛɚɐɑɗɌ, ɝɗɔɖɌ 4.20,  ɐɑɠɔəɔɝɌəɑ ɝɟ ɎɑɜɚɎɌɞəɚɶɑ p(x) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ-
ɢɔɳɌəɔɐɌ ɛɚ ɖɎɌɜɞɌɗɔɘɌ, ɞɌɍɑɗɌ 4.29, ɔ  ɓɌ ɢɑɗɚɖɟɛəɔ ɛɑɜɔɚɐ, ɞɌɍɑɗɌ 4.30. 

 

 
ȽɗɔɖɌ 4.20. ȿɣɑɝɞɌɗɚɝɞ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐɌ 

 

ȺɛɞɔɘɔɓɌɢɔɚəɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɖɎɌɜɞɌɗəɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɔ 
ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐɌ ɟ ɠɗɚɞɌɢɔɳɔ, ɖɚəɝɞɔɞɟɔɝɌəɔ 
əɌ ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐɌ, ɟɝɞɌəɚɎɴɑəɑ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɔ ɠɜɑɖɎɑəɞəɑ ɌəɌɗɔɓɑ, ɞɌɍɑɗɌɜəɚ ɝɟ ɛɜɔɖɌɓɌəɔ ɟ ɞɌɍɑɗɌɘɌ 
4.29. ɔ 4.30.   

 

ȾɌɍɑɗɌ 4.29. ȺɛɞɔɘɔɓɌɢɔɳɌ ɘɑɝɑɣəɑ (ɖɎɌɜɞɌɗəɑ) ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ-ɢɔɳɌəɔɐɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

I ɞɜɚɘɑɝɑɣɳɑ 
0 0 0,0000 0 0,4528 0,2264 0,0000 0,2264 

1 1 0,1333 0,1333 0,3194 0,4792 0,1333 0,6125 
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ɠɜɑɖɎɑəɢɔɳɌ ɜɌɝɛɚɐɑɗɑ (əɌɞɜɔɳɟɘ ɢɔɳɌəɔɐ)

IVɖɎɌɜɞɌɗ IIIɖɎɌɜɞɌɗ

IIɖɎɌɜɞɌɗ IɖɎɌɜɞɌɗ ɟɖɟɛəɚ
ɟɖɟɛɌə ɛɑɜɔɚɐ
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ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

2 2 0,2333 0,1167 0,2028 0,5069 0,3667 0,8736 

3 3 0,5333 0,1778 0,0250 0,0875 0,9000 0,9875 

4 4 0,1000 0,0250 0,0000 0,0000 1,0000 1,0000 

5 5 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

II ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,4472 0,2236 0,0000 0,2236 

1 1 0,1000 0,1000 0,3472 0,5208 0,1000 0,6208 

2 2 0,3667 0,1833 0,1639 0,4097 0,4667 0,8764 

3 3 0,3667 0,1222 0,0417 0,1458 0,8333 0,9792 

4 4 0,1667 0,0417 0,0000 0,0000 1,0000 1,0000 

5 5 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

III ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,3528 0,1764 0,0000 0,1764 

1 1 0,0333 0,0333 0,3194 0,4792 0,0333 0,5125 

2 2 0,1667 0,0833 0,2361 0,5903 0,2000 0,7903 

3 3 0,4333 0,1444 0,0917 0,3208 0,6333 0,9542 

4 4 0,3667 0,0917 0,0000 0,0000 1,0000 1,0000 

5 5 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

IV ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,3362 0,1681 0,0000 0,1681 

1 1 0,0000 0,0000 0,3362 0,5043 0,0000 0,5043 

2 2 0,1379 0,0690 0,2672 0,6681 0,1379 0,8060 

3 3 0,6552 0,2184 0,0489 0,1710 0,7931 0,9641 

4 4 0,1724 0,0431 0,0057 0,0259 0,9655 0,9914 

5 5 0,0000 0,0000 0,0057 0,0316 0,9655 0,9971 

6 6 0,0345 0,0057 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

ȾɌɍɑɗɌ 4.30. ȺɛɞɔɘɔɓɌɢɔɳɌ ɢɑɗɚɖɟɛəɚɏ ɛɑɜɔɚɐɌ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ-ɢɔɳɌəɔɐɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

10 ɏɚɐɔəɌ 

0 0 0,0000 0 0,3978 0,1989 0,0000 0,1989 

1 1 0,0672 0,0672 0,3305 0,4958 0,0672 0,5630 

2 2 0,2269 0,1134 0,2171 0,5427 0,2941 0,8368 

3 3 0,4958 0,1653 0,0518 0,1814 0,7899 0,9713 

4 4 0,2017 0,0504 0,0014 0,0063 0,9916 0,9979 

5 5 0,0000 0,0000 0,0014 0,0077 0,9916 0,9993 

6 6 0,0084 0,0014 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

Ȯɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɔɡ ɠɟəɖɢɔɳɌ ɓɌɗɔɡɌ G(y) ɟ ɖɎɌɜɞɌɗəɚɘ ɘɚɐɑɗɟ, ɞɌɍɑɗɌ 
4.29, ɐɔɎɑɜɏɔɜɌɳɟ ɛɚ ɔəɞɑɜɎɌɗɔɘɌ ɝɗɔɣəɚ ɘɚɐɑɗɔɘɌ ɛɚɞɜɚɤɵɑ ɘɗɔəɝɖɔɡ ɖɟɏɗɔ, 
Dowfroth D-200 ɔ ɖɌɗɔɳɟɘ-Ɍɘɔɗ-ɖɝɌəɞɌɞɌ, ɤɞɚ ɳɑ ɗɚɏɔɣəɚ ɚɍɓɔɜɚɘ əɌ ăɝɑɓɚəɝɖɔò 
ɖɌɜɌɖɞɑɜ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ-ɢɔɳɌəɔɐɌ. Ƚɗɔɣəɚ ɖɚɜɑɗɌɞɔɎəɚɝɞɔ ɔɓ ɛɜɑɞɡɚɐəɔɡ 
ɘɚɐɑɗɌ, ɓɌ ɛɑɜɔɚɐ ɚɐ 10 ɏɚɐɔəɌ, ɛɜɔɘɑɞɌə ɳɑ əɌɏɗɔ ɜɌɝɞ ɟ ɛɜɎɌ ɞɜɔ ɔəɞɑɜɎɌɗɌ, Ɍ ɓɌɞɔɘ 
əɔɳɌəɝɔɜɌəɚ ɎɑɚɘɌ ɟɝɛɚɜɑə ɜɌɝɞ ɐɚ ɖɜɌɳɌ. 

 

ȯȮȺȲȟȱ (II) ȽȿȷɀȬȾ 

ȺɞɔɘɔɓɌɢɔɚəɌ ɌəɌɗɔɓɌ ɛɚɞɜɚɤɵɑ ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ ɛɚɣɔɵɑ ɝɌ ɟɞɎɜɭɔɎɌɵɑɘ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ əɌ ɚɝəɚɎɟ ɐɑɝɑɞɚɏɚɐɔɤɵɔɡ ɛɜɌɶɑɵɌ ɟ 



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

110 

ɠɗɚɞɌɢɔɳɔ ȼɟɐəɔɖ. ȳɌ ɜɌɝɛɚə ɛɚɞɜɚɤɵɑ (ɘɔə 1,6 t ð ɘɌɖɝ 10,1 t) ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ ɔ 
ɖɚɜɌɖ ɛɜɚɘɑəɑ 1, ɍɜɚɳ ɔəɞɑɜɎɌɗɌ ɳɑ 17, ɞɌɍɑɗɌ 4.31. 

 

ȾɌɍɑɗɌ 4.31. ȳɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ 
Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) < 1,6 1,6-2,1 2,1-2,6 2,6-3,1 3,1-3,6 3,6-4,1 4,1-4,6 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 0 1 2 3 4 5 6 

Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) 8,6-9,1 4,6-5,1 5,1- 5,6-6,1 6,1-6,6 6,6-7,1 7,1-7,6 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 7 8 9 10 11 12 13 

Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) 7,6-8,1 8,1-8,6 9,1-9,6 9,6-10,1 >10,1   

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 14 15 16 17 18   

 

ȹɌ ɚɝəɚɎɟ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ, ɞɌɍɑɗɌ 4.31, ɠɜɑɖɎɑəɞəɚɘ ɌəɌɗɔɓɚɘ 
ɜɌɝɛɚɐɑɗɌ, ɝɗɔɖɌ 4.21,  ɐɑɠɔəɔɝɌəɑ ɝɟ ɎɑɜɚɎɌɞəɚɶɑ p(x) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɏɎɚɒɭɑ (II) 
ɝɟɗɠɌɞɌ ɛɚ ɖɎɌɜɞɌɗɔɘɌ, ɞɌɍɑɗɌ 4.32, ɔ  ɓɌ ɢɑɗɚɖɟɛəɔ ɛɑɜɔɚɐ, ɞɌɍɑɗɌ 4.33. 

 

 
ȽɗɔɖɌ 4.21. ȿɣɑɝɞɌɗɚɝɞ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ 

 

ȺɛɞɔɘɔɓɌɢɔɚəɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɖɎɌɜɞɌɗəɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɔ 
ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ ɟ ɠɗɚɞɌɢɔɳɔ, ɖɚəɝɞɔɞɟɔɝɌəɔ 
əɌ ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ, ɟɝɞɌəɚɎɴɑəɑ ɓɌɖɚəɔɞɚɝɞɔ 
ɛɚɞɜɚɤɵɑ ɔ ɠɜɑɖɎɑəɞəɑ ɌəɌɗɔɓɑ, ɞɌɍɑɗɌɜəɚ  ɝɟ ɛɜɔɖɌɓɌəɔ ɟ ɞɌɍɑɗɌɘɌ 4.32. ɔ 4.33.   

 

ȾɌɍɑɗɌ 4.32. ȺɛɞɔɘɔɓɌɢɔɳɌ ɘɑɝɑɣəɑ (ɖɎɌɜɞɌɗəɑ) ɛɚɞɜɚɤɵɑ ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

I ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,5333 0 0,0926 0,0463 0,5333 0,5796 

1 1 0,0333 0,0333 0,0592 0,0889 0,5667 0,6555 

2 2 0,0333 0,0167 0,0426 0,1064 0,6000 0,7064 
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ɠɜɑɖɎɑəɢɔɳɌ ɜɌɝɛɚɐɑɗɑ (ɏɎɚɒɭɑ (II)ɝɟɗɠɌɞ)

IVɖɎɌɜɞɌɗ IIIɖɎɌɜɞɌɗ
IIɖɎɌɜɞɌɗ IɖɎɌɜɞɌɗ ɟɖɟɛəɚ

ɟɖɟɛɌə ɛɑɜɔɚɐ



 

 _________________________________________ ȻɌɎɗɑ ȯ. ȽɞɳɑɛɌəɚɎɔɶ            ȰɚɖɞɚɜɝɖɌ ɐɔɝɑɜɞɌɢɔɳɌ 

                 

111 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

3 3 0,0000 0,0000 0,0426 0,1490 0,6000 0,7490 

4 4 0,0667 0,0167 0,0259 0,1166 0,6667 0,7832 

5 5 0,0000 0,0000 0,0259 0,1425 0,6667 0,8091 

6 6 0,0000 0,0000 0,0259 0,1684 0,6667 0,8350 

7 7 0,0000 0,0000 0,0259 0,1943 0,6667 0,8609 

8 8 0,0000 0,0000 0,0259 0,2202 0,6667 0,8868 

9 9 0,0333 0,0037 0,0222 0,2109 0,7000 0,9109 

10 10 0,0000 0,0000 0,0222 0,2331 0,7000 0,9331 

11 11 0,0667 0,0061 0,0161 0,1856 0,7667 0,9522 

12 12 0,0000 0,0000 0,0161 0,2017 0,7667 0,9684 

13 13 0,0667 0,0051 0,0110 0,1486 0,8333 0,9819 

14 14 0,0333 0,0024 0,0086 0,1251 0,8667 0,9918 

15 15 0,1000 0,0067 0,0020 0,0304 0,9667 0,9971 

16 16 0,0000 0,0000 0,0020 0,0324 0,9667 0,9990 

17 17 0,0333 0,0020 0,0000 0,0000 1,0000 1,0000 

18 18 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

II ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,6333 0 0,0787 0,0394 0,6333 0,6727 

1 1 0,0000 0,0000 0,0787 0,1181 0,6333 0,7514 

2 2 0,0333 0,0167 0,0620 0,1551 0,6667 0,8218 

3 3 0,1000 0,0333 0,0287 0,1005 0,7667 0,8671 

4 4 0,0000 0,0000 0,0287 0,1292 0,7667 0,8958 

5 5 0,0000 0,0000 0,0287 0,1579 0,7667 0,9245 

6 6 0,0667 0,0111 0,0176 0,1144 0,8333 0,9477 

7 7 0,0000 0,0000 0,0176 0,1319 0,8333 0,9653 

8 8 0,0667 0,0083 0,0093 0,0787 0,9000 0,9787 

9 9 0,0333 0,0037 0,0056 0,0528 0,9333 0,9861 

10 10 0,0000 0,0000 0,0056 0,0583 0,9333 0,9917 

11 11 0,0000 0,0000 0,0056 0,0639 0,9333 0,9972 

12 12 0,0667 0,0056 0,0000 0,0000 1,0000 1,0000 

13 13 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

14 14 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

15 15 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

16 16 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

17 17 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

18 18 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

III ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,7000 0 0,0400 0,0200 0,7000 0,7200 

1 1 0,0000 0,0000 0,0400 0,0600 0,7000 0,7600 

2 2 0,0000 0,0000 0,0400 0,1000 0,7000 0,8000 

3 3 0,0000 0,0000 0,0400 0,1401 0,7000 0,8401 

4 4 0,0000 0,0000 0,0400 0,1801 0,7000 0,8801 

5 5 0,0667 0,0133 0,0267 0,1468 0,7667 0,9134 

6 6 0,0333 0,0056 0,0211 0,1373 0,8000 0,9373 

7 7 0,0000 0,0000 0,0211 0,1585 0,8000 0,9585 

8 8 0,0667 0,0083 0,0128 0,1088 0,8667 0,9754 

9 9 0,0333 0,0037 0,0091 0,0864 0,9000 0,9864 

10 10 0,0000 0,0000 0,0091 0,0955 0,9000 0,9955 

11 11 0,1000 0,0091 0,0000 0,0000 1,0000 1,0000 

12 12 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

13 13 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

14 14 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

15 15 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

16 16 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

17 17 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

18 18 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

 0 0 0,3448 0 0,1241 0,0620 0,3448 0,4069 
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ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

 
 
 

IV ɞɜɚɘɑɝɑɣɳɑ 

1 1 0,0000 0,0000 0,1241 0,1861 0,3448 0,5310 

2 2 0,1724 0,0862 0,0379 0,0947 0,5172 0,6119 

3 3 0,0000 0,0000 0,0379 0,1326 0,5172 0,6498 

4 4 0,0000 0,0000 0,0379 0,1705 0,5172 0,6877 

5 5 0,0000 0,0000 0,0379 0,2083 0,5172 0,7256 

6 6 0,0000 0,0000 0,0379 0,2462 0,5172 0,7635 

7 7 0,0000 0,0000 0,0379 0,2841 0,5172 0,8013 

8 8 0,0000 0,0000 0,0379 0,3220 0,5172 0,8392 

9 9 0,0690 0,0077 0,0302 0,2871 0,5862 0,8733 

10 10 0,0345 0,0034 0,0268 0,2811 0,6207 0,9018 

11 11 0,0000 0,0000 0,0268 0,3078 0,6207 0,9285 

12 12 0,1034 0,0086 0,0181 0,2269 0,7241 0,9510 

13 13 0,0345 0,0027 0,0155 0,2092 0,7586 0,9678 

14 14 0,0690 0,0049 0,0106 0,1533 0,8276 0,9809 

15 15 0,0690 0,0046 0,0060 0,0926 0,8966 0,9891 

16 16 0,0000 0,0000 0,0060 0,0985 0,8966 0,9951 

17 17 0,0690 0,0041 0,0019 0,0335 0,9655 0,9990 

18 18 0,0345 0,0019 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

ȾɌɍɑɗɌ 4.33. ȺɛɞɔɘɔɓɌɢɔɳɌ ɢɑɗɚɖɟɛəɚɏ ɛɑɜɔɚɐɌ ɛɚɞɜɚɤɵɑ ɏɎɚɒɭɑ (II) ɝɟɗɠɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

10 ɏɚɐɔəɌ 

0 0 0,5546 0 0,0835 0,0418 0,5546 0,5964 

1 1 0,0084 0,0084 0,0751 0,1127 0,5630 0,6757 

2 2 0,0588 0,0294 0,0457 0,1142 0,6218 0,7361 

3 3 0,0252 0,0084 0,0373 0,1305 0,6471 0,7776 

4 4 0,0168 0,0042 0,0331 0,1489 0,6639 0,8128 

5 5 0,0168 0,0034 0,0297 0,1635 0,6807 0,8442 

6 6 0,0252 0,0042 0,0255 0,1659 0,7059 0,8718 

7 7 0,0000 0,0000 0,0255 0,1914 0,7059 0,8973 

8 8 0,0336 0,0042 0,0213 0,1812 0,7395 0,9207 

9 9 0,0420 0,0047 0,0167 0,1582 0,7815 0,9397 

10 10 0,0084 0,0008 0,0158 0,1660 0,7899 0,9559 

11 11 0,0420 0,0038 0,0120 0,1379 0,8319 0,9698 

12 12 0,0420 0,0035 0,0085 0,1061 0,8739 0,9801 

13 13 0,0252 0,0019 0,0066 0,0884 0,8992 0,9876 

14 14 0,0252 0,0018 0,0048 0,0689 0,9244 0,9933 

15 15 0,0420 0,0028 0,0019 0,0302 0,9664 0,9966 

16 16 0,0000 0,0000 0,0019 0,0322 0,9664 0,9986 

17 17 0,0252 0,0015 0,0005 0,0082 0,9916 0,9998 

18 18 0,0084 0,0005 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

Ȼɜɔɘɑɞəɚ ɳɑ ɐɌ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɔɡ ɠɟəɖɢɔɳɌ ɓɌɗɔɡɌ G(y) ɟ ɖɎɌɜɞɌɗəɚɘ 
ɘɚɐɑɗɟ, ɞɌɍɑɗɑ 4.32 ɔ 4.33, ɔɓɜɌɒɑəɔɳɔ ɜɌɝɞ ɔɘɌɳɟ ɟ ɛɜɎɔɡ ɐɑɎɑɞ ɔəɞɑɜɎɌɗɌ Ɍ ɟ 
əɌɜɑɐəɔɡ ɐɑɎɑɞ əɔɳɌəɝɔɜɌəɚ ɝɗɌɍ ɜɌɝɞ. Ⱦɚ ɳɑ ɟ ɔɓɎɑɝəɚɳ ɘɑɜɔ ɜɑɓɟɗɞɌɞ ɍɜɚɳɌ ɔəɞɑɜɎɌɗɌ. 

 

ȹȬȾȼȴȥȿȸ ȰȴɁȼȺȸȬȾ 

ȺɞɔɘɔɓɌɢɔɚəɌ ɌəɌɗɔɓɌ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ ɛɚɣɔɵɑ ɝɌ 
ɟɞɎɜɭɔɎɌɵɑɘ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ əɌ ɚɝəɚɎɟ ɐɑɝɑɞɚɏɚɐɔɤɵɔɡ 
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ɛɜɌɶɑɵɌ ɟ ɠɗɚɞɌɢɔɳɔ ȼɟɐəɔɖ. ȳɌ ɜɌɝɛɚə ɛɚɞɜɚɤɵɑ (ɘɔə 0,15 t ð ɘɌɖɝ 0,85 t) əɌɞɜɔɳɟɘ 
ɐɔɡɜɚɘɌɞɌ ɔ ɖɚɜɌɖ ɛɜɚɘɑəɑ 1, ɍɜɚɳ ɔəɞɑɜɎɌɗɌ ɳɑ 8, ɞɌɍɑɗɌ 4.34. 

 

ȾɌɍɑɗɌ 4.34. ȳɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ 
Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) < 0,15 0,15-0,25 0,25-0,35 0,35-0,45 0,45-0,55 0,55-0,65 0,65-0,75 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 0 1 2 3 4 5 6 

Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) 0,75-0,85 >0,85      

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 7 8      

 

ȹɌ ɚɝəɚɎɟ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ, ɞɌɍɑɗɌ 4.34, ɠɜɑɖɎɑəɞəɚɘ ɌəɌɗɔɓɚɘ 
ɜɌɝɛɚɐɑɗɌ, ɝɗɔɖɌ 4.22,  ɐɑɠɔəɔɝɌəɑ ɝɟ ɎɑɜɚɎɌɞəɚɶɑ p(x) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ 
ɐɔɡɜɚɘɌɞɌ ɛɚ ɖɎɌɜɞɌɗɔɘɌ, ɞɌɍɑɗɌ 4.35, ɔ  ɓɌ ɢɑɗɚɖɟɛəɔ ɛɑɜɔɚɐ, ɞɌɍɑɗɌ 4.36. 

 

 
ȽɗɔɖɌ 4.22. ȿɣɑɝɞɌɗɚɝɞ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ 

 

ȺɛɞɔɘɔɓɌɢɔɚəɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɖɎɌɜɞɌɗəɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɔ 
ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ ɟ ɠɗɚɞɌɢɔɳɔ, ɖɚəɝɞɔɞɟɔɝɌəɔ 
əɌ ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ, ɟɝɞɌəɚɎɴɑəɑ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɔ ɠɜɑɖɎɑəɞəɑ ɌəɌɗɔɓɑ, ɞɌɍɑɗɌɜəɚ  ɝɟ ɛɜɔɖɌɓɌəɔ ɟ ɞɌɍɑɗɌɘɌ 
4.35. ɔ 4.36. 

ȾɌɍɑɗɌ 4.35. ȺɛɞɔɘɔɓɌɢɔɳɌ (ɖɎɌɜɞɌɗəɑ) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

I ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,1000 0 0,3372 0,1686 0,1000 0,2686 

1 1 0,0333 0,0333 0,3039 0,4558 0,1333 0,5892 

2 2 0,2667 0,1333 0,1706 0,4264 0,4000 0,8264 

3 3 0,2667 0,0889 0,0817 0,2858 0,6667 0,9525 

4 4 0,3000 0,0750 0,0067 0,0300 0,9667 0,9967 
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ɠɜɑɖɎɑəɢɔɳɌ ɜɌɝɛɚɐɑɗɑ (əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞ)

IVɖɎɌɜɞɌɗ IIIɖɎɌɜɞɌɗ

IIɖɎɌɜɞɌɗ IɖɎɌɜɞɌɗ ɟɖɟɛəɚ

ɟɖɟɛɌə ɛɑɜɔɚɐ
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ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

5 5 0,0333 0,0067 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

7 7 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

8 8 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

II ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0333 0 0,3150 0,1575 0,0333 0,1908 

1 1 0,0000 0,0000 0,3150 0,4725 0,0333 0,5058 

2 2 0,2667 0,1333 0,1817 0,4542 0,3000 0,7542 

3 3 0,2000 0,0667 0,1150 0,4025 0,5000 0,9025 

4 4 0,4000 0,1000 0,0150 0,0675 0,9000 0,9675 

5 5 0,0333 0,0067 0,0083 0,0458 0,9333 0,9792 

6 6 0,0000 0,0000 0,0083 0,0542 0,9333 0,9875 

7 7 0,0000 0,0000 0,0083 0,0625 0,9333 0,9958 

8 8 0,0667 0,0083 0,0000 0,0000 1,0000 1,0000 

III ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,3789 0,1894 0,0000 0,1894 

1 1 0,0667 0,0667 0,3122 0,4683 0,0667 0,5350 

2 2 0,2000 0,1000 0,2122 0,5306 0,2667 0,7972 

3 3 0,3667 0,1222 0,0900 0,3150 0,6333 0,9483 

4 4 0,3333 0,0833 0,0067 0,0300 0,9667 0,9967 

5 5 0,0333 0,0067 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

7 7 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

8 8 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

IV ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,3023 0,1511 0,0000 0,1511 

1 1 0,0000 0,0000 0,3023 0,4534 0,0000 0,4534 

2 2 0,1034 0,0517 0,2506 0,6264 0,1034 0,7299 

3 3 0,3793 0,1264 0,1241 0,4345 0,4828 0,9172 

4 4 0,4138 0,1034 0,0207 0,0931 0,8966 0,9897 

5 5 0,1034 0,0207 0,0000 0,0000 1,0000 1,0000 

6 6 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

7 7 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

8 8 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

ȾɌɍɑɗɌ 4.36. ȺɛɞɔɘɔɓɌɢɔɳɌ ɢɑɗɚɖɟɛəɚɏ ɛɑɜɔɚɐɌ ɛɚɞɜɚɤɵɑ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

10 ɏɚɐɔəɌ 

0 0 0,0336 0 0,3336 0,1668 0,0336 0,2004 

1 1 0,0252 0,0252 0,3084 0,4626 0,0588 0,5214 

2 2 0,2101 0,1050 0,2034 0,5084 0,2689 0,7773 

3 3 0,3025 0,1008 0,1025 0,3588 0,5714 0,9303 

4 4 0,3613 0,0903 0,0122 0,0548 0,9328 0,9876 

5 5 0,0504 0,0101 0,0021 0,0116 0,9832 0,9947 

6 6 0,0000 0,0000 0,0021 0,0137 0,9832 0,9968 

7 7 0,0000 0,0000 0,0021 0,0158 0,9832 0,9989 

8 8 0,0168 0,0021 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

Ȼɜɔɘɑɞəɚ ɳɑ ɐɌ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɔɡ ɠɟəɖɢɔɳɌ ɓɌɗɔɡɌ G(y) ɟ ɖɎɌɜɞɌɗəɚɘ 
ɘɚɐɑɗɟ, ɞɌɍɑɗɌ 4.35, ɘɑɭɟɝɚɍəɚ ɐɔɎɑɜɏɔɜɌɳɟ, ɤɞɚ ɳɑ ɞɌɖɚɭɑ ɚɐɜɌɓ Ɏɑɶ ɖɚəɝɞɌɞɚɎɌəɑ 
ăɝɑɓɚəɝɖɑò ɛɚɞɜɤɵɑ əɌɞɜɔɳɟɘ ɐɔɡɜɚɘɌɞɌ. ȿ ɔɝɡɚɐəɚɘ ɘɚɐɑɗɟ ɓɌ ɛɑɜɔɚɐ ɚɐ 10 ɏɚɐɔəɌ, 
ɟ ɛɜɎɌ ɞɜɔ ɔəɞɑɜɎɌɗɌ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɑ ɠɟəɖɢɔɳɑ ɓɌɗɔɡɌ ɍɜɓɚ ɜɌɝɞɟ Ɍ ɓɌɞɔɘ 
ɔɘɌɳɟ ɝɛɚɜɚ ɜɌɝɞɟɶɔ ɞɜɑəɐ. 
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ɂȴȹȶ ȽȿȷɀȬȾ 

ȺɞɔɘɔɓɌɢɔɚəɌ ɌəɌɗɔɓɌ ɛɚɞɜɚɤɵɑ ɢɔəɖ ɝɟɗɠɌɞɌ ɛɚɣɔɵɑ ɝɌ ɟɞɎɜɭɔɎɌɵɑɘ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɢɔəɖ ɝɟɗɠɌɞɌ əɌ ɚɝəɚɎɟ ɐɑɝɑɞɚɏɚɐɔɤɵɔɡ ɛɜɌɶɑɵɌ ɟ 
ɠɗɚɞɌɢɔɳɔ ȼɟɐəɔɖ. ȳɌ ɜɌɝɛɚə ɛɚɞɜɚɤɵɑ (ɘɔə 0,6 t ð ɘɌɖɝ 4,20 t) ɢɔəɖ ɝɟɗɠɌɞɌ ɔ ɖɚɜɌɖ 
ɛɜɚɘɑəɑ 1, ɍɜɚɳ ɔəɞɑɜɎɌɗɌ ɳɑ 19, ɞɌɍɑɗɌ 4.37. 

 

ȾɌɍɑɗɌ 4.37. ȳɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ ɢɔəɖ ɝɟɗɠɌɞɌ 
Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) < 0,6 0,6-0,8 0,8-1 1-1,2 1,2-1,4 1,4-1,6 1,6-1,8 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 0 1 2 3 4 5 6 

Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) 1,8-2 2-2,2 2,2-2,4 2,4-2,6 2,6-2,8 2,8-3 3-3,2 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 7 8 9 10 11 12 13 

Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) 3,2-3,4 3,4-3,6 3,6-3,8 3,8-4 4-4,2 >4,2  

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 14 15 16 17 18 19  

 

ȹɌ ɚɝəɚɎɟ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ, ɞɌɍɑɗɌ 4.37, ɠɜɑɖɎɑəɞəɚɘ ɌəɌɗɔɓɚɘ 
ɜɌɝɛɚɐɑɗɌ, ɝɗɔɖɌ 4.23, ɐɑɠɔəɔɝɌəɑ ɝɟ ɎɑɜɚɎɌɞəɚɶɑ p(x) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɢɔəɖ-
ɝɟɗɠɌɞɌ ɛɚ ɖɎɌɜɞɌɗɔɘɌ, ɞɌɍɑɗɌ 4.38, ɔ  ɓɌ ɢɑɗɚɖɟɛəɔ ɛɑɜɔɚɐ, ɞɌɍɑɗɌ 4.39. 

 

 
ȽɗɔɖɌ 4.23. ȿɣɑɝɞɌɗɚɝɞ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ ɢɔəɖ ɝɟɗɠɌɞɌ 

 

ȺɛɞɔɘɔɓɌɢɔɚəɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɖɎɌɜɞɌɗəɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɔ 
ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɢɔəɖ-ɝɟɗɠɌɞɌ ɟ ɠɗɚɞɌɢɔɳɔ, ɖɚəɝɞɔɞɟɔɝɌəɔ əɌ 
ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ ɢɔəɖ-ɝɟɗɠɌɞɌ, ɟɝɞɌəɚɎɴɑəɑ ɓɌɖɚəɔɞɚɝɞɔ 
ɛɚɞɜɚɤɵɑ ɔ ɠɜɑɖɎɑəɞəɑ ɌəɌɗɔɓɑ, ɞɌɍɑɗɌɜəɚ  ɝɟ ɛɜɔɖɌɓɌəɔ ɟ ɞɌɍɑɗɌɘɌ 4.38. ɔ 4.39. 
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ɟɖɟɛɌə ɛɑɜɔɚɐ
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ȾɌɍɑɗɌ 4.38. ȺɛɞɔɘɔɓɌɢɔɳɌ ɘɑɝɑɣəɑ (ɖɎɌɜɞɌɗəɑ) ɛɚɞɜɚɤɵɑ ɢɔəɖ-ɝɟɗɠɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

I ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,1273 0,0636 0,0000 0,0636 

1 1 0,0333 0,0333 0,0939 0,1409 0,0333 0,1743 

2 2 0,0000 0,0000 0,0939 0,2349 0,0333 0,2682 

3 3 0,0000 0,0000 0,0939 0,3288 0,0333 0,3621 

4 4 0,0333 0,0083 0,0856 0,3853 0,0667 0,4519 

5 5 0,0000 0,0000 0,0856 0,4709 0,0667 0,5375 

6 6 0,0000 0,0000 0,0856 0,5565 0,0667 0,6232 

7 7 0,0667 0,0095 0,0761 0,5707 0,1333 0,7040 

8 8 0,0000 0,0000 0,0761 0,6468 0,1333 0,7801 

9 9 0,0667 0,0074 0,0687 0,6525 0,2000 0,8525 

10 10 0,3333 0,0333 0,0353 0,3712 0,5333 0,9045 

11 11 0,0333 0,0030 0,0323 0,3717 0,5667 0,9383 

12 12 0,0667 0,0056 0,0268 0,3345 0,6333 0,9679 

13 13 0,2667 0,0205 0,0063 0,0844 0,9000 0,9844 

14 14 0,0000 0,0000 0,0063 0,0906 0,9000 0,9906 

15 15 0,0000 0,0000 0,0063 0,0969 0,9000 0,9969 

16 16 0,1000 0,0063 0,0000 0,0000 1,0000 1,0000 

17 17 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

18 18 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

19 19 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

II ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,1000 0 0,0903 0,0452 0,1000 0,1452 

1 1 0,0000 0,0000 0,0903 0,1355 0,1000 0,2355 

2 2 0,0000 0,0000 0,0903 0,2258 0,1000 0,3258 

3 3 0,0000 0,0000 0,0903 0,3161 0,1000 0,4161 

4 4 0,0000 0,0000 0,0903 0,4065 0,1000 0,5065 

5 5 0,0000 0,0000 0,0903 0,4968 0,1000 0,5968 

6 6 0,0333 0,0056 0,0848 0,5510 0,1333 0,6844 

7 7 0,1333 0,0190 0,0657 0,4929 0,2667 0,7596 

8 8 0,0000 0,0000 0,0657 0,5587 0,2667 0,8253 

9 9 0,0667 0,0074 0,0583 0,5540 0,3333 0,8874 

10 10 0,3667 0,0367 0,0217 0,2273 0,7000 0,9273 

11 11 0,0000 0,0000 0,0217 0,2490 0,7000 0,9490 

12 12 0,0000 0,0000 0,0217 0,2706 0,7000 0,9706 

13 13 0,2000 0,0154 0,0063 0,0846 0,9000 0,9846 

14 14 0,0000 0,0000 0,0063 0,0909 0,9000 0,9909 

15 15 0,0333 0,0022 0,0040 0,0627 0,9333 0,9960 

16 16 0,0333 0,0021 0,0020 0,0324 0,9667 0,9990 

17 17 0,0333 0,0020 0,0000 0,0000 1,0000 1,0000 

18 18 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

19 19 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

III ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,0900 0,0450 0,0000 0,0450 

1 1 0,0000 0,0000 0,0900 0,1351 0,0000 0,1351 

2 2 0,0000 0,0000 0,0900 0,2251 0,0000 0,2251 

3 3 0,0000 0,0000 0,0900 0,3151 0,0000 0,3151 

4 4 0,0000 0,0000 0,0900 0,4052 0,0000 0,4052 

5 5 0,0000 0,0000 0,0900 0,4952 0,0000 0,4952 

6 6 0,0000 0,0000 0,0900 0,5852 0,0000 0,5852 

7 7 0,0333 0,0048 0,0853 0,6396 0,0333 0,6729 

8 8 0,0000 0,0000 0,0853 0,7248 0,0333 0,7582 

9 9 0,0667 0,0074 0,0779 0,7397 0,1000 0,8397 

10 10 0,4000 0,0400 0,0379 0,3976 0,5000 0,8976 

11 11 0,2000 0,0182 0,0197 0,2264 0,7000 0,9264 

12 12 0,0000 0,0000 0,0197 0,2461 0,7000 0,9461 

13 13 0,1333 0,0103 0,0094 0,1273 0,8333 0,9606 
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ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

14 14 0,0000 0,0000 0,0094 0,1367 0,8333 0,9701 

15 15 0,0000 0,0000 0,0094 0,1462 0,8333 0,9795 

16 16 0,0667 0,0042 0,0053 0,0868 0,9000 0,9868 

17 17 0,0000 0,0000 0,0053 0,0921 0,9000 0,9921 

18 18 0,0000 0,0000 0,0053 0,0974 0,9000 0,9974 

19 19 0,1000 0,0053 0,0000 0,0000 1,0000 1,0000 

IV ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,0870 0,0435 0,0000 0,0435 

1 1 0,0000 0,0000 0,0870 0,1305 0,0000 0,1305 

2 2 0,0000 0,0000 0,0870 0,2176 0,0000 0,2176 

3 3 0,0000 0,0000 0,0870 0,3046 0,0000 0,3046 

4 4 0,0000 0,0000 0,0870 0,3916 0,0000 0,3916 

5 5 0,0000 0,0000 0,0870 0,4786 0,0000 0,4786 

6 6 0,0000 0,0000 0,0870 0,5656 0,0000 0,5656 

7 7 0,0345 0,0049 0,0821 0,6157 0,0345 0,6502 

8 8 0,0000 0,0000 0,0821 0,6978 0,0345 0,7323 

9 9 0,0345 0,0038 0,0783 0,7435 0,0690 0,8125 

10 10 0,3793 0,0379 0,0403 0,4235 0,4483 0,8718 

11 11 0,0000 0,0000 0,0403 0,4638 0,4483 0,9121 

12 12 0,0345 0,0029 0,0375 0,4682 0,4828 0,9510 

13 13 0,3793 0,0292 0,0083 0,1118 0,8621 0,9739 

14 14 0,0000 0,0000 0,0083 0,1201 0,8621 0,9821 

15 15 0,0000 0,0000 0,0083 0,1283 0,8621 0,9904 

16 16 0,1034 0,0065 0,0018 0,0299 0,9655 0,9955 

17 17 0,0000 0,0000 0,0018 0,0318 0,9655 0,9973 

18 18 0,0000 0,0000 0,0018 0,0336 0,9655 0,9991 

19 19 0,0345 0,0018 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

ȾɌɍɑɗɌ 4.39. ȺɛɞɔɘɔɓɌɢɔɳɌ ɢɑɗɚɖɟɛəɚɏ ɛɑɜɔɚɐɌ ɛɚɞɜɚɤɵɑ ɢɔəɖ-ɝɟɗɠɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

10 ɏɚɐɔəɌ 

0 0 0,0252 0 0,0988 0,0494 0,0252 0,0746 

1 1 0,0084 0,0084 0,0904 0,1355 0,0336 0,1692 

2 2 0,0000 0,0000 0,0904 0,2259 0,0336 0,2595 

3 3 0,0000 0,0000 0,0904 0,3163 0,0336 0,3499 

4 4 0,0084 0,0021 0,0883 0,3972 0,0420 0,4392 

5 5 0,0000 0,0000 0,0883 0,4854 0,0420 0,5274 

6 6 0,0084 0,0014 0,0869 0,5646 0,0504 0,6150 

7 7 0,0672 0,0096 0,0773 0,5794 0,1176 0,6971 

8 8 0,0000 0,0000 0,0773 0,6567 0,1176 0,7743 

9 9 0,0588 0,0065 0,0707 0,6718 0,1765 0,8483 

10 10 0,3697 0,0370 0,0337 0,3543 0,5462 0,9005 

11 11 0,0588 0,0053 0,0284 0,3266 0,6050 0,9316 

12 12 0,0252 0,0021 0,0263 0,3287 0,6303 0,9590 

13 13 0,2437 0,0187 0,0076 0,1019 0,8739 0,9759 

14 14 0,0000 0,0000 0,0076 0,1095 0,8739 0,9834 

15 15 0,0084 0,0006 0,0070 0,1084 0,8824 0,9907 

16 16 0,0756 0,0047 0,0023 0,0373 0,9580 0,9953 

17 17 0,0084 0,0005 0,0018 0,0310 0,9664 0,9973 

18 18 0,0000 0,0000 0,0018 0,0327 0,9664 0,9991 

19 19 0,0336 0,0018 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

Ȼɜɔɘɑɞəɚ ɳɑ ɐɌ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɔɡ ɠɟəɖɢɔɳɌ ɓɌɗɔɡɌ G(y) ɟ ɖɎɌɜɞɌɗəɚɘ 
ɘɚɐɑɗɟ, ɞɌɍɑɗɌ 4.38, ɝɗɌɍɔɳɑ ɐɔɎɑɜɏɔɜɌɳɟ ɛɚ ɔəɞɑɜɎɌɗɔɘɌ, Ɍɗɔ  ɔɘɌɳɟ ɔɓɜɌɒɑə 
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ăɝɑɓɚəɝɖɔò ɖɌɜɌɖɞɑɜ. ȿ ɘɚɐɑɗɟ ɓɌ ɛɑɜɔɚɐ ɚɐ 10 ɏɚɐɔəɌ, ɛɜɔɘɑɞəɚ ɳɑ ɐɌ ɔəɞɑɜɎɌɗɝɖɑ 
Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɑ Ɏɜɑɐəɚɝɔ ɠɟəɖɢɔɳɑ ɓɌɗɔɡɌ  ɝɛɚɜɔɳɑ ɜɌɝɞɟ ɚɐ ɐɑɎɑɞɚɏ 
ɔəɞɑɜɎɌɗɌ. 

 

ȭȬȶȬȼ (II) ȽȿȷɀȬȾ 

ȺɞɔɘɔɓɌɢɔɚəɌ ɌəɌɗɔɓɌ ɛɚɞɜɚɤɵɑ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ ɛɚɣɔɵɑ ɝɌ ɟɞɎɜɭɔɎɌɵɑɘ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ əɌ ɚɝəɚɎɟ ɐɑɝɑɞɚɏɚɐɔɤɵɔɡ ɛɜɌɶɑɵɌ ɟ 
ɠɗɚɞɌɢɔɳɔ ȼɟɐəɔɖ. ȳɌ ɜɌɝɛɚə ɛɚɞɜɚɤɵɑ (ɘɔə 1,65 t ð ɘɌɖɝ 4,65 t) ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ ɔ 
ɖɚɜɌɖ ɛɜɚɘɑəɑ 1, ɍɜɚɳ ɔəɞɑɜɎɌɗɌ ɳɑ 13, ɞɌɍɑɗɌ 4.40. 

 

ȾɌɍɑɗɌ 4.40. ȳɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ 
Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) < 1,65 1,65-1,9 1,9-2,15 2,15-2,4 2,4-2,65 2,65-2,9 2,9-3,15 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 0 1 2 3 4 5 6 

Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) 3,15-3,4 3,4-3,65 3,65-3,9 3,9-4,15 4,15-4,4 4,4-4,65 >4,65 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 7 8 9 10 11 12 13 

 

ȹɌ ɚɝəɚɎɟ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ, ɞɌɍɑɗɌ 4.40, ɠɜɑɖɎɑəɞəɚɘ ɌəɌɗɔɓɚɘ 
ɜɌɝɛɚɐɑɗɌ, ɝɗɔɖɌ 4.24,  ɐɑɠɔəɔɝɌəɑ ɝɟ ɎɑɜɚɎɌɞəɚɶɑ p(x) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɍɌɖɌɜ (II) 
ɝɟɗɠɌɞɌ ɛɚ ɖɎɌɜɞɌɗɔɘɌ, ɞɌɍɑɗɌ 4.41, ɔ  ɓɌ ɢɑɗɚɖɟɛəɔ ɛɑɜɔɚɐ, ɞɌɍɑɗɌ 4.42. 

 

 
ȽɗɔɖɌ 4.24. ȿɣɑɝɞɌɗɚɝɞ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ 

 

ȺɛɞɔɘɔɓɌɢɔɚəɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɖɎɌɜɞɌɗəɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɔ 
ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ ɟ ɠɗɚɞɌɢɔɳɔ, ɖɚəɝɞɔɞɟɔɝɌəɔ əɌ 
ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ, ɟɝɞɌəɚɎɴɑəɑ ɓɌɖɚəɔɞɚɝɞɔ 
ɛɚɞɜɚɤɵɑ ɔ ɠɜɑɖɎɑəɞəɑ ɌəɌɗɔɓɑ, ɞɌɍɑɗɌɜəɚ  ɝɟ ɛɜɔɖɌɓɌəɔ ɟ ɞɌɍɑɗɌɘɌ 4.41. ɔ 4.42. 
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ɠɜɑɖɎɑəɢɔɳɌ ɜɌɝɛɚɐɑɗɑ (ɍɌɖɌɜ (II)ɝɟɗɠɌɞ)

IVɖɎɌɜɞɌɗ IIIɖɎɌɜɞɌɗ

IIɖɎɌɜɞɌɗ IɖɎɌɜɞɌɗ ɟɖɟɛəɚ

ɟɖɟɛɌə ɛɑɜɔɚɐ
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ȾɌɍɑɗɌ 4.41. ȺɛɞɔɘɔɓɌɢɔɳɌ ɘɑɝɑɣəɑ (ɖɎɌɜɞɌɗəɑ) ɛɚɞɜɚɤɵɑ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

I ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,1274 0,0637 0,0000 0,0637 

1 1 0,0000 0,0000 0,1274 0,1911 0,0000 0,1911 

2 2 0,0000 0,0000 0,1274 0,3185 0,0000 0,3185 

3 3 0,0000 0,0000 0,1274 0,4459 0,0000 0,4459 

4 4 0,0333 0,0083 0,1191 0,5359 0,0333 0,5692 

5 5 0,0333 0,0067 0,1124 0,6183 0,0667 0,6849 

6 6 0,1000 0,0167 0,0957 0,6223 0,1667 0,7890 

7 7 0,2000 0,0286 0,0672 0,5038 0,3667 0,8705 

8 8 0,3000 0,0375 0,0297 0,2522 0,6667 0,9189 

9 9 0,0000 0,0000 0,0297 0,2819 0,6667 0,9486 

10 10 0,0333 0,0033 0,0263 0,2766 0,7000 0,9766 

11 11 0,2333 0,0212 0,0051 0,0590 0,9333 0,9923 

12 12 0,0000 0,0000 0,0051 0,0641 0,9333 0,9974 

13 13 0,0667 0,0051 0,0000 0,0000 1,0000 1,0000 

II ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0333 0 0,2644 0,1322 0,0333 0,1655 

1 1 0,1000 0,1000 0,1644 0,2466 0,1333 0,3799 

2 2 0,0000 0,0000 0,1644 0,4110 0,1333 0,5443 

3 3 0,0333 0,0111 0,1533 0,5365 0,1667 0,7032 

4 4 0,2667 0,0667 0,0866 0,3898 0,4333 0,8231 

5 5 0,0333 0,0067 0,0799 0,4397 0,4667 0,9064 

6 6 0,3000 0,0500 0,0299 0,1947 0,7667 0,9613 

7 7 0,1333 0,0190 0,0109 0,0818 0,9000 0,9818 

8 8 0,0333 0,0042 0,0067 0,0572 0,9333 0,9906 

9 9 0,0333 0,0037 0,0030 0,0288 0,9667 0,9955 

10 10 0,0000 0,0000 0,0030 0,0318 0,9667 0,9985 

11 11 0,0333 0,0030 0,0000 0,0000 1,0000 1,0000 

12 12 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

13 13 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

III ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,5467 0,2733 0,0000 0,2733 

1 1 0,3667 0,3667 0,1800 0,2700 0,3667 0,6367 

2 2 0,1333 0,0667 0,1133 0,2833 0,5000 0,7833 

3 3 0,0000 0,0000 0,1133 0,3967 0,5000 0,8967 

4 4 0,3333 0,0833 0,0300 0,1350 0,8333 0,9683 

5 5 0,0667 0,0133 0,0167 0,0917 0,9000 0,9917 

6 6 0,1000 0,0167 0,0000 0,0000 1,0000 1,0000 

7 7 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

8 8 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

9 9 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

10 10 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

11 11 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

12 12 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

13 13 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

IV ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,1770 0,0885 0,0000 0,0885 

1 1 0,0000 0,0000 0,1770 0,2655 0,0000 0,2655 

2 2 0,0345 0,0172 0,1598 0,3994 0,0345 0,4339 

3 3 0,0345 0,0115 0,1483 0,5189 0,0690 0,5879 

4 4 0,1724 0,0431 0,1052 0,4732 0,2414 0,7146 

5 5 0,0000 0,0000 0,1052 0,5784 0,2414 0,8197 

6 6 0,3793 0,0632 0,0419 0,2726 0,6207 0,8933 

7 7 0,0345 0,0049 0,0370 0,2776 0,6552 0,9328 

8 8 0,0690 0,0086 0,0284 0,2413 0,7241 0,9655 

9 9 0,1724 0,0192 0,0092 0,0877 0,8966 0,9843 

10 10 0,0345 0,0034 0,0058 0,0608 0,9310 0,9918 

11 11 0,0345 0,0031 0,0027 0,0305 0,9655 0,9960 
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ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

12 12 0,0000 0,0000 0,0027 0,0332 0,9655 0,9987 

13 13 0,0345 0,0027 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

ȾɌɍɑɗɌ 4.42. ȺɛɞɔɘɔɓɌɢɔɳɌ ɢɑɗɚɖɟɛəɚɏ ɛɑɜɔɚɐɌ ɛɚɞɜɚɤɵɑ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

10 ɏɚɐɔəɌ 

0 0 0,0084 0 0,2797 0,1399 0,0084 0,1483 

1 1 0,1176 0,1176 0,1621 0,2431 0,1261 0,3692 

2 2 0,0420 0,0210 0,1411 0,3527 0,1681 0,5207 

3 3 0,0168 0,0056 0,1355 0,4741 0,1849 0,6590 

4 4 0,2017 0,0504 0,0850 0,3827 0,3866 0,7693 

5 5 0,0336 0,0067 0,0783 0,4308 0,4202 0,8509 

6 6 0,2185 0,0364 0,0419 0,2724 0,6387 0,9111 

7 7 0,0924 0,0132 0,0287 0,2153 0,7311 0,9464 

8 8 0,1008 0,0126 0,0161 0,1368 0,8319 0,9688 

9 9 0,0504 0,0056 0,0105 0,0997 0,8824 0,9821 

10 10 0,0168 0,0017 0,0088 0,0926 0,8992 0,9917 

11 11 0,0756 0,0069 0,0019 0,0223 0,9748 0,9971 

12 12 0,0000 0,0000 0,0019 0,0242 0,9748 0,9990 

13 13 0,0252 0,0019 0,0000 0,0000 1,0000 1,0000 

ȹȬȻȺȸȱȹȬ : G(y) ɛɜɔɖɌɓɌəɚ ɟ ɞɌɍɑɗɔ 4.20. 

ȿ ɛɚɞɜɚɤɵɔ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ ɎɔɐɴɔɎɚ ɳɑ ɐɌ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɔɡ 
ɠɟəɖɢɔɳɌ ɓɌɗɔɡɌ G(y) ɟ ɖɎɌɜɞɌɗəɚɘ ɘɚɐɑɗɟ, ɞɌɍɑɗɌ 4.41, ɐɔɎɑɜɏɔɜɌɳɟ ɛɚ ɔəɞɑɜɎɌɗɔɘɌ, 
ɖɌɚ ɛɚɝɗɑɐɔɢɌ ăɝɑɓɚəɝɖɑò ɛɜɚɘɑəɑ ɛɚɞɜɤɵɑ ɍɌɖɌɜ (II) ɝɟɗɠɌɞɌ. ȿ ɔɝɡɚɐəɚɘ ɘɚɐɑɗɟ ɓɌ 
ɛɑɜɔɚɐ ɚɐ 10 ɏɚɐɔəɌ, ɔəɞɑɜɎɌɗɝɖɑ Ɏɜɑɐəɚɝɞɔ ɖɜɔɞɑɜɔɳɟɘɝɖɑ ɠɟəɖɢɔɳɑ ɓɌɗɔɡɌ ɝɛɚɜɔɳɑ 
ɜɌɝɞɟ ɚɐ ɐɑɎɑɞɚɏ ɔəɞɑɜɎɌɗɌ. 

 

ɁȴȰȼȬȾȴȽȬȹȴ ȶȼȱɃ 

ȺɞɔɘɔɓɌɢɔɚəɌ ɌəɌɗɔɓɌ ɛɚɞɜɚɤɵɑ ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ ɛɚɣɔɵɑ ɝɌ ɟɞɎɜɭɔɎɌɵɑɘ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ əɌ ɚɝəɚɎɟ ɐɑɝɑɞɚɏɚɐɔɤɵɔɡ ɛɜɌɶɑɵɌ ɟ 
ɠɗɚɞɌɢɔɳɔ ȼɟɐəɔɖ. ȳɌ ɜɌɝɛɚə ɛɚɞɜɚɤɵɑ (ɘɔə 15,1 t ð ɘɌɖɝ 37,1 t) ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ 
ɔ ɖɚɜɌɖ ɛɜɚɘɑəɑ 1, ɍɜɚɳ ɔəɞɑɜɎɌɗɌ ɳɑ 12, ɞɌɍɑɗɌ 4.43. 

 

ȾɌɍɑɗɌ 4.43. ȳɌɖɚəɔɞɚɝɞ ɛɚɞɜɚɤɵɑ ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ 
Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) < 15,1 15,1-17,1 17,1-19,1 19,1-21,1 21,1-23,1 23,1-25,1 25,1-27,1 

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 0 1 2 3 4 5 6 

Ⱥɍɔɘ ɛɚɞɜɚɤɵɑ (103 kg) 27,1-29,1 29,1-31,1 31,1-33,1 33,1-35,1 35,1-37,1 >37,1  

ȴəɞɑɜɎɌɗ ɛɚɞɜɚɤɵɑ 7 8 9 10 11 12  

 

ȹɌ ɚɝəɚɎɟ ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ, ɞɌɍɑɗɌ 4.43, ɠɜɑɖɎɑəɞəɚɘ ɌəɌɗɔɓɚɘ 
ɜɌɝɛɚɐɑɗɌ, ɝɗɔɖɌ 4.25, ɐɑɠɔəɔɝɌəɑ ɝɟ ɎɑɜɚɎɌɞəɚɶɑ p(x) ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ 
ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ ɛɚ ɖɎɌɜɞɌɗɔɘɌ, ɞɌɍɑɗɌ 4.44, ɔ  ɓɌ ɢɑɗɚɖɟɛəɔ ɛɑɜɔɚɐ, ɞɌɍɑɗɌ 4.45. 
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ȽɗɔɖɌ 4.25. ȿɣɑɝɞɌɗɚɝɞ ɚɍɔɘɌ ɛɚɞɜɚɤɵɑ ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ 

 

ȺɛɞɔɘɔɓɌɢɔɚəɔ ɝɞɚɡɌɝɞɔɣɖɔ ɘɚɐɑɗɔ ɖɎɌɜɞɌɗəɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɔ 
ɐɑɝɑɞɚɏɚɐɔɤɵɑ ɘɑɝɑɣəɑ ɛɚɞɜɚɤɵɑ ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ ɟ ɠɗɚɞɌɢɔɳɔ, ɖɚəɝɞɔɞɟɔɝɌəɔ 
əɌ ɚɝəɚɎɟ ɛɚɐɌɞɌɖɌ ɛɜɌɶɑɵɌ ɛɚɞɜɚɤɵɑ ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ, ɟɝɞɌəɚɎɴɑəɑ 
ɓɌɖɚəɔɞɚɝɞɔ ɛɚɞɜɚɤɵɑ ɔ ɠɜɑɖɎɑəɞəɑ ɌəɌɗɔɓɑ, ɞɌɍɑɗɌɜəɚ  ɝɟ ɛɜɔɖɌɓɌəɔ ɟ ɞɌɍɑɗɌɘɌ 
4.44. ɔ 4.45.  

 

ȾɌɍɑɗɌ 4.44. ȺɛɞɔɘɔɓɌɢɔɳɌ ɘɑɝɑɣəɑ (ɖɎɌɜɞɌɗəɑ) ɛɚɞɜɚɤɵɑ ɡɔɐɜɌɞɔɝɌəɚɏ ɖɜɑɣɌ 

ɛɑɜɔɚɐ y x ὴὼ 
ὴὼ

ὼ
 

ὴὼ

ὼ
 ώ

ρ

ς

ὴὼ

ὼ
 ὴὼ ώ Ὃώ 

I ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,2132 0,1066 0,0000 0,1066 

1 1 0,0333 0,0333 0,1799 0,2699 0,0333 0,3032 

2 2 0,0000 0,0000 0,1799 0,4498 0,0333 0,4831 

3 3 0,1333 0,0444 0,1355 0,4741 0,1667 0,6408 

4 4 0,0667 0,0167 0,1188 0,5346 0,2333 0,7679 

5 5 0,1333 0,0267 0,0921 0,5067 0,3667 0,8734 

6 6 0,2333 0,0389 0,0532 0,3461 0,6000 0,9461 

7 7 0,2333 0,0333 0,0199 0,1493 0,8333 0,9826 

8 8 0,1000 0,0125 0,0074 0,0630 0,9333 0,9963 

9 9 0,0667 0,0074 0,0000 0,0000 1,0000 1,0000 

10 10 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

11 11 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

12 12 0,0000 0,0000 0,0000 0,0000 1,0000 1,0000 

II ɞɜɚɘɑɝɑɣɳɑ 

0 0 0,0000 0 0,1713 0,0857 0,0000 0,0857 

1 1 0,0000 0,0000 0,1713 0,2570 0,0000 0,2570 

2 2 0,0333 0,0167 0,1547 0,3867 0,0333 0,4200 

3 3 0,0333 0,0111 0,1436 0,5025 0,0667 0,5691 

4 4 0,1333 0,0333 0,1102 0,4960 0,2000 0,6960 

5 5 0,1000 0,0200 0,0902 0,4962 0,3000 0,7962 

6 6 0,0333 0,0056 0,0847 0,5504 0,3333 0,8837 

7 7 0,2667 0,0381 0,0466 0,3493 0,6000 0,9493 

8 8 0,2333 0,0292 0,0174 0,1480 0,8333 0,9813 
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ɟɣɑɝɞɌɗɚɝɞ
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(k
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ɠɜɑɖɎɑəɢɔɳɌ ɜɌɝɛɚɐɑɗɑ (ɡɔɐɜɌɞɔɝɌəɔ ɖɜɑɣ)

IVɖɎɌɜɞɌɗ IIIɖɎɌɜɞɌɗ

IIɖɎɌɜɞɌɗ IɖɎɌɜɞɌɗ ɟɖɟɛəɚ
ɟɖɟɛɌə ɛɑɜɔɚɐ


