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ʉɽʂʎʀʗ çʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ 

ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ ʂɸʂ ʆʉʅʆɺɸ 

ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ ʈɸɿɺʀʊʀʗ ʕʂʆʅʆʄʀʂʀè 
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ɿɸɼɸʏʀ ʆʇʊʀʄʀɿɸʎʀʀ ʉɽʊɽɺʆʁ ʉʊʈʋʂʊʋʈʓ ʀ 

ʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ ʀʍ ʈɽʐɽʅʀʗ 

ʜ.ʬ.-ʤ.ʥ. ɸʡʜʘ-ʟʘʜʝ ʂ.ʈ.1,2,  ʜ. ʬ.-ʤ.ʥ.ɸʣʠʝʚ ʉ.ɸ.2 

ʢ. ʬ.-ʤ.ʥ. ʊʘʣʳʙʦʚ ʉ.ɻ.1 

1ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ 

2ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ 

 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʢʪ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ M , 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʜʦʙʲʝʢʪʦʚ 
iʄ , ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ IiRʭ iʧi ÍÍ , . ʇʦʜʦʙʲʝʢʪʳ 
iʄ  ʫʧʨʘʚʣʷʶʪʩʷ 

ʦʙʲʝʢʪʦʤ V, ʩʦʩʪʦʷʱʠʤ ʠʟ ʧʦʜʦʙʲʝʢʪʦʚ 
jV  ʩ ʫʧʨʘʚʣʷʶʱʠʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ JjRw jrj ÍÍ , .  

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʩʝʤʠ ʧʦʜʦʙʲʝʢʪʘʤʠ 
iʄ  ʠ 

jV , IiÍ , 

JjÍ , ʧʨʦʠʟʚʦʣʴʥʘ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʘ: 

  ( ) IiWʍFʭ iii Í= ,, .    (1) 

ɿʜʝʩʴ { } { } ++++ ËÍ=ËÍ= iii

si

i

si JIJJswWIIsʭʍ ,;:,: , IiÍ  ï 

ʟʘʜʘʥʥʳʝ ʠʥʜʝʢʩʥʳʝ ʤʥʦʞʝʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʪʨʫʢʪʫʨʫ 

(ʚʟʘʠʤʦʩʚʷʟʴ) ʧʦʜʦʙʲʝʢʪʦʚ ʄ  ʠ V. ʂʘʢ ʧʨʘʚʠʣʦ, ,II i <<
+  

,JJi <<
+ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʘʙʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʜʦʙʲʝʢʪʦʚ. ʉʘʤʠ 

ʞʝ ʚʝʣʠʯʠʥʳ I  ʠ J  ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʣʦʞʥʦʩʪʴ ʠ ʙʦʣʴʰʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʄ , V . 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʚʦʟʜʝʡʩʪʚʠʡ 
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Jjj Í,u , ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʟʘʜʘʥʥʫʶ ʥʝʧʨʝʨʳʚʥʦ-

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʫʶ ʧʦ ʩʚʦʠʤ ʘʨʛʫʤʝʥʪʘʤ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ 

   ( ) ,min,0
W

Wʍ F            (2) 

  

{ } { }JjwWIiʭʍ ii Í=Í= :,: , 

ʠ ʠʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʦʩʪʦʷʥʠʷ ʧʦʜʦʙʲʝʢʪʦʚ iʄ  ʠ jV , 

ʥʘʧʨʠʤʝʨ, ʚʠʜʘ: 

 () ,,0 IiʭG ii Í¢              (3) 

 ( ) JjwQ jj Í¢ ,0 ,              (4) 

ʛʜʝ (.)iG , (.)jQ , IiÍ , JjÍ , ï ʟʘʜʘʥʥʳʝ ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʉʪʨʫʢʪʫʨʫ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ (1)ï(4) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʩʝʪʝʚʦʡ. ʊʘʢʠʝ ʟʘʜʘʯʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʜʝʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʥʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʅʘʧʨʠʤʝʨ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʘʭ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʪʨʫʙʦʧʨʦʚʦʜʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʝʪʠ, ʤʝʭʘʥʠʟʤʳ 

ʩʣʦʞʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʨʦʙʦʪʦʚ, ʤʥʦʛʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʠ ʜʨ. 

 ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 
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ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʳ ʧʨʦʝʢʮʠʠ ʫʩʣʦʚʥʦʛʦ ʛʨʘʜʠʝʥʪʘ: 

   

 
()() ( )( ) ,...1,0,,04,3

1 =F-=+ kWʍgradWʈW kk

W

kk  

ʛʜʝ 
()()(.)4,3ʈ  ï ʦʧʝʨʘʪʦʨ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʜʦʧʫʩʪʠʤʦʝ ʤʥʦʞʝʩʪʚʦ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʦʛʨʘʥʠʯʝʥʠʷʤʠ (3), (4). 

 ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʛʨʘʜʠʝʥʪʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ: 

 ( ) ( ) ( )
ä
-Í µ

µ
+

µ

Fµ
=

F

jJi

i

j

ii

i

jj

WʍFWʍ

d

Wʍd
y

www

,,, 00

, JjÍ ,                (5) 

             ( ) ( )s

Is

i

ss

s

i

i

i
ʭ

WʍF

ʭ

Wʍ
yy ä

-Í µ

µ
+

µ

Fµ
=

,,0 , IiÍ ,                 (6) 

ɿʜʝʩʴ { } { } IiIisIJjJjsJ sisj ÍÍ=ÍÍ= +-+- ,:,,: , ï ʩʦʧʨʷʞʝʥʥʳʝ 

ʤʥʦʞʝʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʥʦʞʝʩʪʚ +

sJ  ʠ +
sI , sy  

ï ʚʝʢʪʦʨʳ ʩʦʧʨʷʞʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʦʚ iʭ. 

 ʆʪʤʝʪʠʤ, ʯʪʦ ʬʦʨʤʫʣʳ (5), (6) ʷʚʣʷʶʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ çbackpropagationè. 

 ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʰʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʙʣʝʤ. 
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ʆ ʉʇʆʉʆɹɸʍ ʋʇʈɸɺʃɽʅʀʗ ʇɸʂɽʊʆʄ ʇʈʆɻʈɸʄʄ 

ʆʇʊʀʄʀɿɸʎʀʀ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʇɸʈɸʃʃɽʃʔʅʓʍ 

ɺʓʏʀʉʃɽʅʀʁ 

ʜ. ʬ.-ʤ.ʥ.ɸʡʜʘ-ʟʘʜʝ ʂ.ʈ., ʢ. ʬ.-ʤ.ʥ. ʂʫʣʠʝʚ ʉ.ɿ.,  

ʢ. ʬ.-ʤ.ʥ. ʊʘʣʳʙʦʚ ʉ.ɻ. 

ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ 

 

ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ (ʤʥʦʛʦʷʜʝʨʥʳʭ) 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʢʣʘʩʩ ʦʜʥʦʪʠʧʥʳʭ ʧʨʦʙʣʝʤ (ʟʘʜʘʯ) 

(){ }NiʭʨP i Í= : , N ï ʟʘʜʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʦʪʜʝʣʴʥʳʝ ʟʘʜʘʯʠ ʢʣʘʩʩʘ, ʧ

i RDʭ ËÍ  ï ʘʨʛʫʤʝʥʪʳ ʢʘʞʜʦʡ 

ʦʪʜʝʣʴʥʦʡ ʟʘʜʘʯʠ, ʤʦʛʫʱʠʝ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʠʟ ʥʝʢʦʪʦʨʦʛʦ 

ʟʘʜʘʥʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʤʥʦʞʝʩʪʚʘ 
iD , ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʞʜʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʙʣʝʤʳ ()ʭʨi
 ʠʤʝʝʪʩʷ 

ʥʝʢʦʪʦʨʦʝ ʮʝʣʝʚʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 
ii DD Ë* , ʧʨʠʯʝʤ Å̧*

iD . ɿʘʜʘʯʘ 

()ʭʨi
 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʪʦʯʢʠ **Í iDʭ . 

ʄʥʦʞʝʩʪʚʦ *

iD  ʥʘʟʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦʤ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ 

()ʭʨi
. 

ʇʨʠʤʝʨʘʤʠ ʢʣʘʩʩʦʚ ʟʘʜʘʯ P  ʤʦʛʫʪ ʙʳʪʴ: ʢʣʘʩʩ ʩʠʩʪʝʤ 



 

7 

 

 

 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ; ʢʣʘʩʩ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ; ʢʣʘʩʩ 

ʟʘʜʘʯ ʙʝʟʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ; ʢʣʘʩʩ ʟʘʜʘʯ ʫʩʣʦʚʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʪ.ʧ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʩʝʭ ʟʘʜʘʯ ʢʣʘʩʩʘ ʈ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʝʤʝʡʩʪʚʦ ʤʝʪʦʜʦʚ { }Jjʄʄ j Í= : , ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʨʝʰʘʝʪ ʟʘʜʘʯʠ ()ʭʨi
 ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʪ.ʝ. ʥʘʭʦʜʷʪ ʪʦʯʢʫ 

iDʭÍ* . ʇʨʠʯʝʤ ʢʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ Jjʄj Í, , ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

()ʭʨi
 ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚʨʝʤʷ, 

ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʠ ʪ.ʧ.). 

ʉʫʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠʪʝʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ (ʦʜʥʦʰʘʛʦʚʳʭ, 

ʤʥʦʛʦʰʘʛʦʚʳʭ ʨʘʟʥʦʛʦ ʧʦʨʷʜʢʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʥʦʛʦ ʪʠʧʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʜʘʯʝ). ʀʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

    ( ) ,...1,0,1 ==+ kʭSʭ k

ʄ

k

j

.          (1) 

ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʤʝʪʦʜʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ  

**

¤
Í= Dʭʭk

k
lim

, 

ʛʜʝ 
jʄ

S ï ʦʧʝʨʘʪʦʨ, ʨʝʘʣʠʟʫʶʱʠʡ ʘʣʛʦʨʠʪʤ 
jʄ -ʛʦ ʤʝʪʦʜʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʤʝʪʦʜʳ 
jʄ  ʠ ʠʭ ʘʣʛʦʨʠʪʤʳ ʧʨʦʛʨʘʤʤʥʦ 

ʨʝʘʣʠʟʦʚʘʥʳ, ʠʤʝʶʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ, ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʧʨʦʛʨʘʤʤ Jjj ÍP ,  ʫʧʨʘʚʣʷʝʤʘ, ʪ.ʝ. 

ʚʦʟʤʦʞʥʳ ʝʝ ʟʘʧʫʩʢʠ ʠ ʦʩʪʘʥʦʚʢʠ ʠʟʚʥʝ ʧʦ ʚʨʝʤʝʥʠ ʠʣʠ ʧʦ 
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ʩʠʪʫʘʮʠʠ. 

ʄʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ { }Jjj Í=P :p  ʥʘʟʳʚʘʶʪ ʧʘʢʝʪʦʤ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʦʙʣʝʤ ʈ. 

ɺ ʜʦʢʣʘʜʝ ʠʟʣʘʛʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʢʝʪʦʤ ʧʨʦʛʨʘʤʤ ʇ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ 

()ʈʭʨi Í , ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʚ ʮʝʣʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʟʘ ʩʯʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʚ ʧʨʦʮʝʩʩʝ 

ʩʘʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʡ 

(ʤʥʦʛʦʷʜʝʨʥʦʡ) ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

 ɼʣʷ ʢʣʘʩʩʘ ʟʘʜʘʯ ʙʝʟʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʥʳʭ ʧʨʠʥʮʠʧʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʘʢʝʪʦʤ ʧʨʦʛʨʘʤʤ. 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʆʇʈɽɼɽʃɽʅʀʗ ʇʃʆʑɸɼɽʁ 

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʋɻʆɼʀʁ ʇʆ ɼɸʅʅʓʄ 

ʇɸʅʍʈʆʄɸʊʀʏɽʉʂʆʁ ʂʆʉʄʆʉʒɽʄʂʀ  

ʜ.ʪ.ʥ. ɹʫʩʳʛʠʥ ɹ.ʉ., ʢ.ʪ.ʥ. ɻʘʨʢʫʰʘ ʀ.ʅ. 

ɻɺʋɿ "ʅʘʮʠʦʥʘʣʴʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ" 

 

 ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʩʤʦʩʥʠʤʢʦʚ, ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ 

ʦʩʪʘʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʦʟʠʤʳʭ ʢʫʣʴʪʫʨ ʥʦʩʠʪ ʧʨʠʦʨʠʪʝʪʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ 

ʵʪʦʡ ʮʝʣʠ ʟʘʧʘʜʥʳʤʠ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʩʤʦʩʥʠʤʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ, 

ʢʘʢ ʥʠʟʢʦʛʦ (ʩʧʫʪʥʠʢʠ Terra, NOAA), ʪʘʢ ʠ ʚʳʩʦʢʦʛʦ (ʩʧʫʪʥʠʢʠ 

Landsat, Sentinel) ʨʘʟʨʝʰʝʥʠʡ. ʈʝʞʝ, ʚ ʩʣʝʜʩʪʚʠʠ ʚʳʩʦʢʦʡ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʩ 

ʘʧʧʘʨʘʪʦʚ Pleiades, WorldView, SPOT. 

 ɼʣʷ ʋʢʨʘʠʥʳ, ʟʘʥʠʤʘʶʱʝʡ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʪʦʧʦʚʳʝ 

ʧʦʟʠʮʠʠ ʩʨʝʜʠ ʩʪʨʘʥ-ʵʢʩʧʦʨʪʝʨʦʚ ʟʝʨʥʦʚʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʧʨʠʥʷʪʠʷ 

ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʣʫʯʘʷʭ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʦʛʥʦʟʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʢʦ 

ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ. 

 ɹʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʃʷʣʴʢʦ ɺ.ʀ., ʊʘʨʘʨʠʢʦ ɸ.ɻ., ɺʦʣʦʰʠʥʘ 
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ɺ.ʀ., ɹʫʰʫʝʚʘ ɽ.ʀ., ʉʪʘʥʢʝʚʠʯʘ ʉ.ɸ., ʉʘʭʘʮʢʦʛʦ ɸ.ʀ., ʇʦʧʦʚʘ 

ʄ.ɸ., ʂʫʩʩʫʣʴ ʅ.ʅ., ʐʝʣʝʩʪʦʚʘ ɸ.ʖ., ʉʢʘʢʫʥʘ ʉ.ɺ., ʉʠʨʦʪʝʥʢʦ 

ɸ.ɺ. ʠ ʜʨʫʛʠʭ ʫʢʨʘʠʥʩʢʠʭ ʫʯʝʥʳʭ, ʚ ʋʢʨʘʠʥʝ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ 

ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ, ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʭ, 

ʨʘʜʘʨʥʳʭ ʢʦʩʤʦʩʥʠʤʢʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ɺ ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʫʢʨʘʠʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ʙʳʣʠ 

ʧʨʠʥʷʪʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʫʯʘʩʪʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʪʘʢʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʧʨʦʝʢʪʘʭ, ʢʘʢ INTAS ï TLCC Project (Technology of Land Cover 

Classification), FP7 of European Commission, JECAM, HORIZON-

2020 ʠ ʜʨ., ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʝʢʪ GEO-Ukraine. 

 ɺ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʤʦʡ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥ ʨʷʜ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʜ 

ʜʘʥʥʳʤʠ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

ʫʯʘʩʪʢʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʳ 

ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʝʡ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʧʦʢʨʳʪʠʝʤ, ʯʪʦ ʜʝʣʘʝʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʦʣʝʝ ʪʦʯʥʳʤ ʨʘʩʯʝʪ 

ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʛʥʦʟʘ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 
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ʚʝʛʝʪʘʮʠʠ. 

 ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʰʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

 ï ʚʳʧʦʣʥʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʢʦʩʤʦʩʲʝʤʦʢ; 

 ï ʠʟ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʚʳʜʝʣʝʥ ʪʝʩʪʦʚʳʡ ʫʯʘʩʪʦʢ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʣʠʯʥʦʡ ʪʝʢʩʪʫʨʦʡ 

ʠ ʷʨʢʦʩʪʴʶ; 

 ï ʚʳʧʦʣʥʝʥ ʨʷʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʪʜʝʣʠʪʴ ʩʝʣʴʩʢʦʭʦʟʡʩʪʚʝʥʥʳʝ ʧʦʣʷ ʦʪ 

ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ; 

 ï ʚʳʧʦʣʥʝʥʘ ʦʮʠʬʨʦʚʢʘ ʛʨʘʥʠʮ ʵʪʘʣʦʥʥʳʭ ʧʦʣʝʡ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʭʦʜʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ; 

 ï ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʝʡ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ. 

 ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ ʚʳʧʦʣʥʝʥʦ ʩ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʢʣʘʩʪʝʨʠʟʘʮʠʡ ʤʝʪʦʜʘʤʠ Single Pass ʠ 

ISODATA ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʠ MultiSpec. 

 ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʨʦʩʪ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʦʢʘʟʘʣ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʦʩʤʦʩʥʠʤʢʘʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʵʪʘʣʦʥʥʳʭ ʫʯʘʩʪʢʦʚ 

ʧʦʣʝʡ ʩʦʩʪʘʚʣʷʣʘ 1239,57 ʛʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ 



 

12 

 

 

 

ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʧʦʣʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ 70,3 ʛʘ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 

5% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ. ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʣʘʩʪʝʨʥʦʤ ʘʥʘʣʠʟʝ 

ʜʘʣʠ, ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʦʰʠʙʢʠ ʦʪʥʝʩʝʥʠʷ ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʢ 

ʢʣʘʩʩʫ ʧʦʢʨʳʪʠʷ "ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳe ʧʦʣʷ" ï 35% ʠ ʚʳʰʝ, ʯʪʦ 

ʜʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘʜ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʦʢʘʟʘʣʠ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʛʨʘʥʠʮ ʧʦʣʝʡ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ï ʚʝʛʝʪʘʮʠʦʥʥʳʭ 

ʠʥʜʝʢʩʘʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, NDVI). ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ, ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʪʘʢʠʝ 

ʜʝʰʠʬʨʦʚʦʯʥʳʝ ʧʨʠʟʥʘʢʠ, ʢʘʢ ʪʝʢʩʪʫʨʘ, ʪʦʥ ʠ ʩʪʨʫʢʪʫʨʘ. 

ʋʯʠʪʳʚʘʷ ʠʭ, ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʠ ʙʦʣʝʝ ʤʝʥʴʰʝʡ ʦʰʠʙʢʠ 

ʦʪʥʝʩʝʥʠʷ ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʡ ʢ ʢʣʘʩʩʫ ʧʦʢʨʳʪʠʷ 

"ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʦʣʷ". 

 ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʠʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʦʩʝʟʦʥʥʳʭ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. 
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ʇʈʆɽʂʎɯʁʅɯ ʄʆɼɽʃɯ ʌʆʈʄʆʋʊɺʆʈɽʅʅʗ ɯ ʄɽʊʆɼʀ 

ʇʆʇɽʈɽɼʅʔʆɰ ʆɹʈʆɹʂʀ ɸɽʈʆʂʆʉʄɯʏʅʀʍ 

ɿʆɹʈɸɾɽʅʔ ɺʀʉʆʂʆɻʆ ʇʈʆʉʊʆʈʆɺʆɻʆ 

ʈʆɿʈɯɿʅɽʅʅʗ 

ʜ.ʪ.ʥ., ʧʨʦʬ. ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ,  

EOS Data Analytics Ukraine 

 

ʈʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʧʠʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʩʢʘʥʝʨʥʠʭ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʩʮʝʥ ʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʧʨʦʝʢʮʽʡʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʪʘ ʨʦʟʛʣʷʥʫʪʽ ʾʾ 

ʚʘʞʣʠʚʽ ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ, ʟʦʢʨʝʤʘ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʝʨʝʦʧʘʨʠ, 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʧʘʨʠ ʘʝʨʦʟʥʽʤʢʽʚ. 

ʇʦʨʽʚʥʷʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʪʝʨʝʦʦʭʦʧʣʝʥʴ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠ ʧʦʟʜʦʚʞʥʴʦʤʫ ʩʪʝʨʝʦʦʛʣʷʜʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʢʫʪʠ ʪʘʥʛʘʞʫ ʧʦʨʷʜ ʽʟ ʪʨʠʣʽʥʽʡʥʠʤʠ ʩʢʘʥʝʨʘʤʠ, ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʮʝʥ ʚʠʱʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʟʜʦʚʞʥʽʤ ʩʪʝʨʝʦʦʭʦʧʣʝʥʥʷʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʫʪʠ ʢʨʝʥʫ, 

ʦʩʢʽʣʴʢʠ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʷʤʠʭ ʝʧʽʧʦʣʷʨʥʠʭ 

ʣʽʥʽʡ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʩʦʪʠ ʧʦʣʴʦʪʫ ʪʘ ʟʤʝʥʰʝʥʥʽ ʢʫʪʘ 
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ʩʤʫʛʠ ʦʛʣʷʜʫ, ʝʧʽʧʦʣʷʨʥʽ ʢʨʠʚʽ ʩʪʘʶʪʴ ʙʽʣʴʰ çʧʨʷʤʠʤʠè. ʊʘʢʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʘʣʠ ʥʘʤ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ. ɺʠʙʽʨ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʙʫʚ ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʩʪʫʧʥʠʤʠ 

ʤʽʨʢʫʚʘʥʥʷʤʠ [1]. ʇʦ-ʧʝʨʰʝ, ʮʝ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

ʢʦʩʤʽʯʥʠʭ ʩʢʘʥʝʨʽʚ ʤʘʶʪʴ ʚʫʟʴʢʫ ʩʤʫʛʫ ʦʛʣʷʜʫ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚ 

ʪʘʢʦʤʫ ʨʘʟʽ, ʧʨʦʤʽʥʽ ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʩʮʝʥʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʧʘʨʘʣʝʣʴʥʠʤʠ. ʇʦ-ʜʨʫʛʝ, ʢʦʩʤʽʯʥʽ ʩʮʝʥʠ ʬʽʢʩʫʶʪʴʩʷ ʫ ʩʪʠʩʣʠʡ ʯʘʩ 

(ʤʝʥʰʝ 1 c). ʊʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʫʩʽʻʾ 

ʩʮʝʥʠ ʩʢʘʥʝʨ ʤʘʻ ʥʝʟʤʽʥʥʽ ʝʣʝʤʝʥʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ ʽ, ʷʢ 

ʨʝʟʫʣʴʪʘʪ, ʱʦ ʧʣʦʱʠʥʠ ʦʢʨʝʤʠʭ ʟʦʙʨʘʞʝʥʴ (ʩʤʫʛ) ʪʘ ʾʭ ʮʝʥʪʨʠ 

ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʧʘʨʘʣʝʣʴʥʽ. ɯ, ʥʘʨʝʰʪʽ, ʯʝʨʝʟ ʜʫʞʝ ʩʪʠʩʣʠʡ ʯʘʩ 

ʬʽʢʩʘʮʽʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʩʢʘʥʝʨ ʨʫʭʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʜʥʘʢʦʚʽ ʚʽʜʩʪʘʥʽ ʫ ʧʨʝʜʤʝʪʥʽʡ 

ʧʣʦʱʠʥʽ ʚʽʜʦʙʨʘʞʫʶʪʴʩʷ ʚ ʨʽʚʥʦʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʫ ʢʘʨʪʠʥʥʽʡ 

ʧʣʦʱʠʥʽ. ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʝʢʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʜʘʥʽ ʥʘ 

ʨʠʩ. 1.  
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ʈʠʩ. 1. ʇʘʨʘʣʝʣʴʥʦ-ʧʨʦʝʢʮʽʡʥʘ ʤʦʜʝʣʴ ʟʥʽʤʢʘ 

 

ʊʦʯʢʘ ʦʙôʻʢʪʘ ( )TZYXP ,,  ʤʘʻ ʚ ʧʣʦʱʠʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʢʦʦʨʜʠʥʘʪʠ ( )Tvu 0,, . ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʤʦʜʝʣʴ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʜʣʷ ʟʥʽʤʢʘ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 

ù
ù
ù

ú

ø

é
é
é

ê

è

D

D

+

ù
ù
ù

ú

ø

é
é
é

ê

è

=

ù
ù
ù

ú

ø

é
é
é

ê

è

000

y

x

v

u

sy

x

ù
ù
ù

ú

ø

é
é
é

ê

è

D

D

+
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

ù
ù
ù

ú

ø

é
é
é

ê

è

+

ù
ù
ù

ú

ø

é
é
é

ê

è

=

0

y

x

Z

Y

X

R

N

M

L

Rs TTl

,           (1) 

ʜʝ ʟʘʟʥʘʯʝʥʽ ʚʽʩʽʤ ʧʘʨʘʤʝʪʨʽʚ: ʢʦʤʧʦʥʝʥʪʠ ʥʘʧʨʘʚʣʷʶʯʦʛʦ ʚʝʢʪʦʨʘ 

( )ML,
, ʢʫʪʠ ( )kjw ,, , ʟʥʘʯʝʥʥʷ ʟʩʫʚʽʚ ( )yxDD,  ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ()s  ð çʧʘʨʘʣʝʣʴʥʦ-ʧʨʦʝʢʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʩʮʝʥʠè; 
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R ð ʧʦʚʦʨʦʪʥʘ ʤʘʪʨʠʮʷ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʦʙôʻʢʪʘ ʽ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʫʪʘʤʠ jw, ,k ʥʘʚʢʦʣʦ 
YX,

, Z  ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʢʦʦʨʜʠʥʘʪʥʠʡ ʦʧʠʩ ʩʢʘʥʝʨʥʦʛʦ ʟʥʽʤʢʘ ʧʦʜʘʻʪʴʩʷ 

ʜʚʦʚʠʤʽʨʥʠʤ çʘʬʽʥʥʠʤè ʧʝʨʝʪʚʦʨʝʥʥʷʤ: 
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ɼʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ 

ʦʜʝʨʞʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʽ ʧʘʨʘʣʝʣʴʥʦ-ʧʨʦʝʢʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʮʝʥʠ. ʋ 

ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦ-

ʧʨʦʝʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʋ ʨʘʤʢʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʟʘʛʘʣʴʥʦʾ 

ʧʨʦʝʢʮʽʡʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʦʙʣʝʥʦ ʥʠʟʢʫ ʤʦʜʝʣʝʡ ʬʦʨʤʫʚʘʥʥʷ 

ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʦʭʦʧʣʶʶʪʴ: 

1. ʆʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʧʨʦʝʢʮʽʶʚʘʥʥʽ ʤʽʞ 

ʜʚʦʤʘ ʧʣʦʱʠʥʘʤʠ, ʪʦʙʪʦ ʧʨʠ ʟʥʝʚʘʟʽ ʚʠʩʦʪʦʶ ʦʙôʻʢʪʘ ʚ ʧʨʝʜʤʝʪʥʽʡ 

ʧʣʦʱʠʥʽ. ɿʥʘʡʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʚʠʛʣʷʜ ʘʬʽʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʘʣʝ ʟʽ ʩʢʣʘʜʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʧʦʚʥʽʩʪʶ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʽʜʦʤʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʦʨʽʾ ʜʠʬʨʘʢʮʽʾ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ʧʨʦʤʽʥʥʷ ʚ ʽʟʦʧʣʘʥʘʪʠʯʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. ʉʘʤʝ 

ʪʘʢʽ ʛʨʘʥʠʯʥʽ ʧʝʨʝʭʦʜʠ ʜʦ ʚʽʜʦʤʠʭ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ, ʦʪʨʠʤʘʥʽ ʥʘ 
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ʦʩʥʦʚʽ ʥʝʟʘʣʝʞʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʽ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

2. ʆʢʨʝʤʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʣʦʱʠʥʠ ʟʦʙʨʘʞʝʥʴ ʧʨʠ 

ʧʘʨʘʣʝʣʴʥʦʤʫ ʧʨʦʝʢʮʽʶʚʘʥʥʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʥʘʧʨʘʚʣʷʶʯʠʡ 

ʚʝʢʪʦʨ ( )TNML ,, . ʊʘʢʘ ʩʠʪʫʘʮʽʷ  ʚʠʥʠʢʘʻ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʬʽʢʩʘʮʽʾ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʘʥʠʭ (ʦʜʥʦʯʘʩʥʦ) ʫ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ. ʌʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʟʦʙʨʘʞʝʥʴ ʽʣʶʩʪʨʫʻ ʨʠʩ. 2. 

ɺʽʜʧʦʚʽʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ lD ( lll ¡-=D ), yx,  

ʤʘʶʪʴ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ʈʠʩ. 2. ʌʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

3. ɺʠʧʘʜʦʢ, ʢʦʣʠ ʦʙʠʜʚʘ ʩʢʘʥʝʨʥʠʭ ʟʥʽʤʢʘ ʥʘʣʝʞʘʪʴ 

ʦʜʥʽʡ ʧʣʦʱʠʥʠ (ʨʠʩ. 3). ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʽʩʥʫʻ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʟʡʦʤʢʠ, ʦʜʝʨʞʘʥʠʭ ʟ ʣʽʪʘʢʽʚ, ʢʦʣʠ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ ʨʫʭʘʻʪʴʩʷ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ 

(ʥʘʧʨʠʢʣʘʜ, ʧʘʨʘʣʝʣʴʥʦ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ). ɿʥʘʡʜʝʥʦ ʥʘʩʪʫʧʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʦʯʢʦʚʦʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʩʮʝʥʘʤʠ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ: 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʘ ʛʝʦʤʝʪʨʽʷ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʚʠʩʦʪʥʠʤʠ ʩʢʘʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʚʫʟʴʢʦʶ ʩʤʫʛʦʶ ʦʛʣʷʜʫ, 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʘʨʘʣʝʣʴʥʦ-ʧʨʦʝʢʮʽʡʥʦʾ  ʛʝʦʤʝʪʨʽʾ. ʆʜʥʘʢ ʜʣʷ 

ʙʽʣʴʰʦʾ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʪʘʢʠʭ ʩʮʝʥ 

ʥʝʦʙʭʽʜʥʘ ʜʦʜʘʪʢʦʚʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ (ʢʦʨʝʢʮʽʷ). 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʢʨʝʥʫ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʦʜʝʨʞʘʥʥʷ 

ʧʘʨʘʣʝʣʴʥʦ-ʧʨʦʝʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʮʝʥʠ, ʷʢʱʦ ʚʽʜʦʤʽ ʝʣʝʤʝʥʪʠ 

ʟʦʚʥʽʰʥʴʦʾ ʦʨʽʻʥʪʘʮʽʾ ʩʢʘʥʝʨʘ.  

ɿʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʦʜʝʨʞʘʥʠʭ 

 

ʈʠʩ. 3. ʌʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʘʝʨʦʟʡʦʤʢʠ 

ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʦ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʝʢʮʽʶʚʘʥʥʷ. 

ɼʣʷ ʚʩʽʭ ʚʽʜʦʤʠʭ ʪʠʧʽʚ 

ʩʪʝʨʝʦʦʛʣʷʜʫ ʨʦʟʨʦʙʣʝʥʦ 

ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʜʥʘʢʦʚʦʛʦ 

ʤʘʩʰʪʘʙʫ ʫʟʜʦʚʞ ʩʢʘʥʦʚʘʥʦʛʦ 

ʨʷʜʢʘ, ʱʦ ʥʝʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ, ʘʣʝ ʻ ʫʤʦʚʦʶ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʝʢʮʽʶʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʫʨʘʭʫʚʘʥʥʷ 

ʪʨʠʚʠʤʽʨʥʦʩʪʽ ʦʙôʻʢʪʘ ʥʘ ʷʢʽʩʪʴ 

ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ.  
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ʨʝʟʫʣʴʪʘʪʽʚ (ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʝʡ), ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 

- ʃʽʥʽʡʥʫ ʤʦʜʝʣʴ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʢʦʣʠ ʜʦʩʪʫʧʥʽ GCP, 

ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ 2D-ʘʬʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

- ʅʝʣʽʥʽʡʥʫ ʤʦʜʝʣʴ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʢʦʣʠ ʜʦʩʪʫʧʥʽ 

ʥʘʚʽʛʘʮʽʡʥʽ ʩʝʥʩʦʨʥʽ ʜʘʥʽ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʣʝʣʴʥʦ-ʧʨʦʝʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʮʝʥʠ. 

- ɼʣʷ ʧʣʦʩʢʠʭ ʪʝʨʠʪʦʨʽʡ ʝʧʽʧʦʣʷʨʥʽ ʣʽʥʽʾ ʟʙʽʛʘʶʪʴʩʷ ʫ 

ʪʦʯʢʠ, ʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʮʝʥʘʤʠ ʻ ʘʬʽʥʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ. 

- ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʮʽʥʝʥʠʭ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ 

ʢʫʪʽʚ ʢʨʝʥʫ ʜʘʻ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʫʪʽʚ, ʱʦ 

ʟʥʘʡʜʝʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʜʘʥʠʭ. 

ʋʩʝ ʮʝ ʧʽʜʪʚʝʨʜʠʣʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʧʨʦʝʢʮʽʡʥʦʾ ʤʦʜʝʣʽ ʩʢʘʥʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʅʘ ʦʩʥʦʚʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʣʝʥʽ ʧʨʠʢʣʘʜʥʽ ʤʝʪʦʜʠʢʠ, 

ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʢʪʠʬʽʢʘʮʽʾ, ʨʝʻʩʪʨʘʮʽʾ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʩʫʤʽʱʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʟʤʽʥʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ [2].  

ʃʽʪʝʨʘʪʫʨʘ 
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʀ ɸʇʇɸʈɸʊʅʆɻʆ 

ʆɹɽʉʇɽʏɽʅʀʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʍʅʆʃʆɻʀʀ 

ʉʀʉʊɽʄ ɺʅʋʊʈɽʅʅɽɻʆ ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʀʗ ɼʃʗ 

ʅɸɺʀɻɸʎʀʀ ɺʅʋʊʈʀ ɿɼɸʅʀʁ 

ʜ. ʬ.-ʤ. ʥʘʫʢ ɻʫʢ ʅ.ɸ., ɻʫʢ ʄ. ʂ. 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

 

ʇʨʠ ʥʘʚʠʛʘʮʠʠ ʚʥʫʪʨʠ ʟʜʘʥʠʡ, ʠʤʝʶʱʠʭ ʩʣʦʞʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʦʵʪʦʤʫ 

ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʩʠʩʪʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ.  ʈʘʟʚʠʪʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʝʝ ʣʦʢʘʮʠʠ ʚʥʫʪʨʠ 

ʟʜʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʘʩʩʦʚʳʤ ʢʦʥʪʝʢʩʪʥʳʤ ʦʧʦʚʝʱʝʥʠʝʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʪ ʵʬʬʝʢʪʠʚʥʫʶ 

ʠ ʞʠʟʥʝʩʙʝʨʝʛʘʶʱʫʶ ʵʚʘʢʫʘʮʠʶ ʧʝʨʩʦʥʘʣʘ ʟʜʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʘ 

ʪʝʭʥʦʣʦʛʠʷ ʦʪʧʨʘʚʢʠ ʢʦʥʪʝʢʩʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʥʘ ʤʦʙʠʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʟʦʥʫ 

ʜʝʡʩʪʚʠʷ ʩʠʛʥʘʣʘ ʤʘʷʯʢʘ ï ʢʦʤʧʘʢʪʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʪʦʨʳʡ ʠʟʣʫʯʘʝʪ ʩʠʛʥʘʣ Bluetooth Low Energy (Bluetooth Low 

Energy 4.0).  ʊʝʭʥʦʣʦʛʠʷ iBeacon (Apple) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 
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ʢʨʫʧʥʳʭ ʪʦʨʛʦʚʳʭ ʩʝʪʷʭ Target, Macyôs, American Eagle Outfitters, 

Tesco, McDonaldôs, ʧʨʠ ʚʭʦʜʝ ʚ ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ, ʢʘʬʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʢʦʥʪʝʢʩʪʥʳʝ 

ʨʝʢʣʘʤʥʳʝ ʩʦʦʙʱʝʥʠʷ ʥʘ ʩʚʦʠ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʧʣʘʥʰʝʪʳ, 

ʪʝʣʝʬʦʥʳ) ʦ ʣʫʯʰʠʭ ʧʨʝʜʣʦʞʝʥʠʷʭ ʥʘ ʛʨʫʧʧʳ ʪʦʚʘʨʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʘʚʠʛʘʮʠʠ ʚʥʫʪʨʠ ʙʦʣʴʰʠʭ ʦʬʠʩʥʳʭ ʟʜʘʥʠʡ, ʘʵʨʦʧʦʨʪʦʚ, ʚʦʢʟʘʣʦʚ, 

ʜʣʷ ʨʘʩʩʳʣʢʠ ʩʦʦʙʱʝʥʠʡ ʦʙ ʦʙʲʝʢʪʘʭ ʵʢʩʧʦʟʠʮʠʠ ʚ ʤʫʟʝʷʭ ʠ 

ʚʳʩʪʘʚʦʯʥʳʭ ʟʘʣʘʭ, ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ 

ʣʶʜʝʡ ʩ ʦʩʣʘʙʣʝʥʥʳʤ ʟʨʝʥʠʝʤ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ ʪʘʢʦʛʦ ʪʠʧʘ [1] ï [3] ʩ 

ʧʦʜʜʝʨʞʢʦʡ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʫ ʙʦʣʴʰʠʥʩʪʚʘ 

ʢʦʤʧʘʥʠʡ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ ʫʥʠʢʘʣʴʥʳʝ ʟʘʜʘʯʠ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ  

 - ʫʩʪʨʦʡʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ; 

-  ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʚʦʟʥʠʢʰʝʡ 

ʩʠʪʫʘʮʠʠ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʤ ʤʘʨʰʨʫʪʝ ʵʚʘʢʫʘʮʠʠ;  

- ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʤʘʩʩʦʚʦʡ ʵʚʘʢʫʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ 
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ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʣʫʞʙ ʵʢʩʪʨʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʤʦʜʫʣʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʵʢʩʪʨʝʥʥʦʡ ʩʠʪʫʘʮʠʠ, 

ʤʦʜʫʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʘʥʘʣʦʛʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʠ 

ʤʦʜʫʣʷ ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʚʷʟʴ ʩ ʩʝʨʚʝʨʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʣʘʥʘ-

ʩʭʝʤʳ ʟʜʘʥʠʷ ʠ ʢʘʨʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʚʥʫʪʨʠ ʟʜʘʥʠʷ, ʘ 

ʪʘʢ ʞʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʠʥʪʝʨʝʩʘ (ʵʢʩʪʨʝʥʥʳʭ ʚʳʭʦʜʦʚ ʠʟ 

ʟʜʘʥʠʷ, ʘʧʪʝʯʝʢ, ʦʛʥʝʪʫʰʠʪʝʣʝʡ). 

ʋʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʫʣʝʡ, ʦʩʥʦʚʥʳʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʣʶʙʦʡ ʪʠʧ 8-ʙʠʪʥʳʭ (AVR, PIC) ʠʣʠ 32-

ʙʠʪʥʳʭ (ARM) ʢʦʥʪʨʦʣʣʝʨʦʚ. ɺ ʫʩʪʨʦʡʩʪʚʦ ʚʩʪʨʦʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʜʘʪʯʠʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʢʩʪʨʝʥʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʧʝʨʝʜʘʶʱʠʭ ʩʠʛʥʘʣʳ ʧʦ ʰʠʥʘʤ 1-Wire, UART, SPI. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʠʟʤʝʨʠʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘʜʳʤʣʝʥʥʦʩʪʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʘ ʚʦʟʛʦʨʘʥʠʷ, ʘʢʩʝʣʝʨʦʤʝʪʨ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʪʦʣʯʢʦʚ, ʜʘʪʯʠʢʠ ʫʪʝʯʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʚʦʜʳ. ʉʭʝʤʘ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʢʘʟʘʥʠʷʤʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʜʘʪʯʠʢʦʚ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʦʙ ʵʢʩʪʨʝʥʥʦʡ 
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ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʦʝ ʤʛʥʦʚʝʥʥʦ ʧʝʨʝʩʳʣʘʝʪʩʷ ʜʨʫʛʠʤ ʘʥʘʣʦʛʠʯʥʳʤ 

ʫʩʪʨʦʡʩʪʚʘʤ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʠ ʩʝʪʝʚʦʤʫ ʰʣʶʟʫ ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʠ Bluetooth Low Energy. ɼʣʷ ʩʚʷʟʠ ʰʣʶʟʘ ʩ ʩʝʨʚʝʨʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʶʙʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ (3G, LTE ʠʣʠ Wi-

Fi). 

ɼʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʫʩʪʨʦʡʩʪʚʦ ʦʩʥʘʱʝʥʦ ʤʘʷʢʦʤ (ʧʝʨʝʜʘʪʯʠʢʦʤ) iBeacon. ʂʘʞʜʳʡ 

ʤʘʷʢ ʠʤʝʝʪ ʩʚʦʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʩ ʠʥʪʝʨʚʘʣʦʤ 100 

ʤʩ (ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʩʪʘʥʜʘʨʪʦʤ), 

ʧʝʨʝʜʘʸʪ ʧʘʢʝʪ ʜʘʥʥʳʭ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ  ʤʦʙʠʣʴʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ (ʧʨʠʝʤʥʠʢʦʤ). 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʢʘʟʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ  IOS,  Android. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ 

ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚʳʙʨʘʥʳ ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ  Swift ʜʣʷ IOS ʠ Java Android, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʝʨʚʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚʳʧʦʣʥʝʥʦ ʥʘ Java. 

ʉʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʣʫʞʠʪ ʜʣʷ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʦʪ 

ʰʣʶʟʦʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʨʘʥʷʱʠʭʩʷ ʥʘ ʩʝʨʚʝʨʝ ʙʘʟ ʜʘʥʥʳʭ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʵʚʘʢʫʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠʣʦʞʝʥʠʷ. ʄʘʨʰʨʫʪ ʵʚʘʢʫʘʮʠʠ  ʦʪʧʨʘʚʣʷʝʪʩʷ 

ʚʤʝʩʪʝ ʩ Push-ʫʚʝʜʦʤʣʝʥʠʝʤ ʥʘ ʤʦʙʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ɹʘʟʘ 

ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NoSQL ʠ ʩʦʜʝʨʞʠʪ id-ʤʘʷʢʘ, 

major-ʟʥʘʯʝʥʠʝ (ʚʳʧʦʣʥʷʝʪ ʛʨʫʧʧʠʨʦʚʢʫ ʤʘʷʢʦʚ ʧʦ ʚʟʘʠʤʥʦʤʫ 



 

25 

 

 

 

ʨʘʩʧʦʣʦʞʝʥʠʶ), minor-ʟʥʘʯʝʥʠʝ (ʚʳʧʦʣʥʷʝʪ ʛʨʫʧʧʠʨʦʚʢʫ ʤʘʷʢʦʚ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʷʤʠ id ʠ major), measured power-ʟʥʘʯʝʥʠʝ 

(ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʚ 1 ʤ ʦʪ ʤʘʷʢʘ). ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʪʘʢʞʝ 

ʥʘʭʦʜʠʪʩʷ ʢʘʨʪʘ ʟʜʘʥʠʷ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʘʷʢʦʚ ʚ ʚʠʜʝ png-ʬʘʡʣʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʘʟʤʝʱʝʥʦ ʚ 

ʦʙʣʘʯʥʦʤ ʭʨʘʥʠʣʠʱʝ IBM Bluemix (IBM) ʪʠʧʘ PaaS (platform as a 

service), ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʠ ʠ ʩʝʨʚʠʩʳ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ʭʨʘʥʝʥʠʷ, ʘʥʘʣʠʪʠʢʠ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʨʝʟʝʥʪʘʮʠʠ ʜʘʥʥʳʭ. ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʝʪʝʚʳʤ ʰʣʶʟʦʤ, 

ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʠ ʩʝʨʚʝʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʝʪʝʚʦʤʫ 

ʧʨʦʪʦʢʦʣʫ MQTT, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʞʤʘʰʠʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ  ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʛʘʨʘʥʪʠʨʫʝʪ ʜʦʩʪʘʚʢʫ ʩʦʦʙʱʝʥʠʷ ʩ 

ʫʨʦʚʥʝʤ QoS2.  

  

     ʈʠʩ.1                       ʈʠʩ.2 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʨʘʥʥʘʷ ʬʦʨʤʘ ʤʦʙʠʣʴʥʦʛʦ 
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ʧʨʠʣʦʞʝʥʠʷ ʩ ʢʦʥʪʝʢʩʪʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʵʪʠ ʩʦʦʙʱʝʥʠʷ  ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʚ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʤʘʨʰʨʫʪʫ ʵʚʘʢʫʘʮʠʠ. ʄʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʙʳʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ  çʚʳʭʦʜʘ ʠʟ ʧʦʤʝʱʝʥʠʷè, 

çʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʘʧʪʝʯʢʠè, çʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʛʥʝʪʫʰʠʪʝʣʷè ʥʘ 

ʵʢʨʘʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ çʛʦʨʷʯʠʝè ʢʥʦʧʢʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʠ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʜʘʥʠʷ, ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʤʝʱʝʥʠʡ, ʩʥʠʟʠʪʴ ʩʤʝʨʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ 

ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. https://www.ibm.com/developerworks/ru/library/mo-bluemix-ibeacons/ 

2. http://my-beacon.ru/ 
3. http://roximity.com/ 
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ʍʄɸʈʅɯ ʆɹʏʀʉʃɽʅʅʗ ʇʈʀ ʊɽʄɸʊʀʏʅɯʁ ʆɹʈʆɹʎɯ 

ɹɸɻɸʊʆʉʇɽʂʊʈɸʃʔʅʀʍ ʉʋʇʋʊʅʀʂʆɺʀʍ ɿʆɹʈɸɾɽʅʔ  

ʢ.ʪ.ʥ., ʜʦʮ. ʂʘʚʘʮ ʆ.ʆ.1, ʂʘʚʘʮ ʖ.ɺ.1,2  

1ʅʘʮʽʦʥʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʡʥʘ ʘʢʘʜʝʤʽʷ ʋʢʨʘʾʥʠ 

2EOS Data Analytics Ukraine 

   

ʉʫʯʘʩʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʟʥʽʤʢʠ ʻ ʜʞʝʨʝʣʦʤ 

ʦʪʨʠʤʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʪʘʢʠʤ ʚʠʜʦʤ 

ʟʦʙʨʘʞʝʥʴ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʦʧʝʨʘʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʠʩʣʦʢʘʮʽʾ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ,  ʧʣʘʥʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʴ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʤʦʥʽʪʦʨʠʥʛ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʤʽʩʪʘ ʪʘ 

ʚʠʨʽʰʫʚʘʪʠ ʙʘʛʘʪʦ ʽʥʰʠʭ ʟʘʜʘʯ. 

ʇʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʘ ʢʽʣʴʢʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʟʘʚʜʷʢʠ 

ʢʦʤʝʨʮʽʡʥʽʡ ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʠʭ ʢʨʘʾʥ ʽ ʦʨʛʘʥʽʟʘʮʽʡ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʩʢʘʥʝʨʥʽ ʟʥʽʤʢʠ ʥʘʜʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʇʦʨʷʜ ʟ ʮʠʤ ʧʦʣʽʧʰʫʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʫʧʫʪʥʠʢ WorldView-3, ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʟʥʽʤʢʠ ʥʘʜʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʜʦʟʚʦʣʫ. ʋ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻ 

1,2 ʤ, ʘ ʚ ʙʣʠʞʥʴʦʤʫ ɯʏ - 3,7 ʤ. ʅʘʩʣʽʜʢʦʤ ʪʘʢʠʭ ʤʦʜʠʬʽʢʘʮʽʡ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʻ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ 

ʜʘʥʠʭ ʷʢ ʢʽʣʴʢʽʩʥʦ, ʪʘʢ ʽ ʥʘ ʦʜʠʥʠʮʶ ʟʙʝʨʽʛʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʤʽʨ 

ʩʮʝʥʠ ʟʦʙʨʘʞʝʥʥʷ ʟʽ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ IKONOS-2 ʩʪʘʥʦʚʠʪʴ 

370 ʄʙ, ʘ WorldView-3 - ʙʣʠʟʴʢʦ 3.5 ɻʙ. ʇʨʠ ʧʝʨʚʠʥʥʽʡ ʪʘ 

ʪʝʤʘʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʨʦʟʤʽʨ ʟʨʦʩʪʘʻ 
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ʢʨʘʪʥʦ ʢʽʣʴʢʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 28 ɻʙ (8 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ WorldView-3). ʊʘʢʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ 

ʽʥʬʦʨʤʘʮʽʾ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʰʚʠʜʢʦʜʽʶʯʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʜʦʟʚʦʣʠʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ 

ʪʘ ʘʣʛʦʨʠʪʤʠ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ, ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʚʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ. ʐʚʠʜʢʽʩʪʴ 

ʨʦʙʦʪʠ ʪʘ ʜʦʩʪʫʧ ʨʦʟʨʦʙʥʠʢʽʚ ʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʝ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʘ ʦʨʛʘʥʽʟʘʮʽʻʶ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ [1]. 

ɯʩʥʫʻ ʪʨʠ ʦʩʥʦʚʥʠʭ ʤʦʜʝʣʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ: 

 - ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʧʦʩʣʫʛʘ (SaaS - Software-as-a-

Service), 

 - ʧʣʘʪʬʦʨʤʘ ʷʢ ʧʦʩʣʫʛʘ (PaaS - Platform-as-a-Service), 

 - ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʧʦʩʣʫʛʘ (IaaS - Infrastructure-as-a-

Service), 

ʘ ʪʘʢʦʞ ʟ'ʷʚʣʷʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʤʦʜʝʣʽ: 

 - ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʧʦʩʣʫʛʘ (HaaS - Hardware as a 

Service), 

 - ʙʝʟʧʝʢʘ ʷʢ ʩʝʨʚʽʩ (SECaaS - Security as a Service), 

 - ʜʘʥʽ ʷʢ ʧʦʩʣʫʛʘ (DaaS - Data as a Service). 

ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

PaaS ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʄʦʜʝʣʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ PaaS ʥʘʜʘʻ 
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ʩʧʦʞʠʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ 

ʨʦʟʤʽʱʝʥʥʷ ʙʘʟʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ 

ʨʦʟʤʽʱʝʥʥʷʤ ʥʘ ʥʴʦʤʫ ʥʦʚʠʭ ʘʙʦ ʽʩʥʫʶʯʠʭ ʜʦʜʘʪʢʽʚ (ʚʣʘʩʥʠʭ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʘʙʦ ʧʨʠʜʙʘʥʠʭ ʪʠʨʘʞʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ) 

[2]. ɼʦ ʩʢʣʘʜʫ ʧʣʘʪʬʦʨʤʠ ʚʭʦʜʷʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ 

ʩʪʚʦʨʝʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʽ ʚʠʢʦʥʘʥʥʷ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʭʤʘʨʥʠʤ ʧʨʦʚʘʡʜʝʨʦʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: 

1) ʩʘʤʦʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʚʠʤʦʛʫ; 

2) ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʦʩʪʫʧ ʧʦ ʤʝʨʝʞʽ; 

3) ʦʙ'ʻʜʥʘʥʥʷ ʨʝʩʫʨʩʽʚ; 

4) ʝʣʘʩʪʠʯʥʽʩʪʴ; 

5) ʦʙʣʽʢ ʩʧʦʞʠʚʘʥʥʷ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʨʠʜ-ʦʙʯʠʩʣʝʥʥʷʤʠ, ʤʦʜʝʣʴ ʭʤʘʨʥʦʛʦ 

ʦʙʯʠʩʣʝʥʥʷ PaaS ʥʘʜʘʻ ʨʦʟʨʦʙʥʠʢʫ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʙʽʣʴʰ ʛʥʫʯʢʫ ʧʣʘʪʬʦʨʤʫ 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʽʜʜʘʣʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʱʦ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʻ ʝʢʦʥʦʤʽʯʥʽ ʟʘʪʨʘʪʠ. 

ʃʽʪʝʨʘʪʫʨʘ 

1. Jennings R. Cloud Computing with the Windows Azure Platform, 2009. 360 p. 

2. Gorelik E. Cloud Computing Models. // web.mit.edu [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: http://web.mit.edu/smadnick/www/wp/2013-01.pdf . 
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ʄɸʈʂɽʊʀʅɻʆɺɸ ʂʆʄʋʅɯʂɸʎɯʁʅɸ ɺɿɸɭʄʆɼɯʗ 

ɺʀʉʆʂʆʊɽʍʅʆʃʆɻɯʏʅʀʍ ɽʅɽʈɻɽʊʀʏʅʀʍ ɸɻɽʅʊɯɺ                      

ʂʆʉʄɯʏʅʆɰ ɻɸʃʋɿɯ 

ʢ.ʝ.ʥ. ʂʘʩʷʥ ʉ. ʗ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

 

ɼʠʥʘʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʩʤʽʯʥʠʤʠ ʧʦʣʴʦʪʘʤʠ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘʫʢʦʚʮʽʚ ʜʦ 

ʢʦʦʨʜʠʥʘʮʽʾ ʨʝʩʫʨʩʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʩʤʽʯʥʦʾ ʩʬʝʨʠ. ʄʦʚʘ ʡʜʝ, 

ʧʝʨʝʜʫʩʽʤ, ʧʨʦ ʫʟʛʦʜʞʝʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʝʢʦʥʦʤʽʯʥʠʭ ʽ 

ʪʝʭʥʽʯʥʠʭ ʘʛʝʥʪʽʚ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ. ʉʧʨʘʚʝʜʣʠʚʠʡ ʨʦʟʧʦʜʽʣ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʙʘʣʘʥʩʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʛʦʜʞʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʷʢʘ 

ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʩʤʽʯʥʠʤʠ ʧʦʣʴʦʪʘʤʠ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, 

ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʢʦʩʤʽʯʥʽʡ ʪʘ ʘʚʽʘʮʽʡʥʽʡ ʛʘʣʫʟʷʭ ʚʠʤʘʛʘʶʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʶ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʘʩʧʝʢʪʽʚ 

ʚʟʘʻʤʦʜʽʾ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʠʩʚʷʯʝʥʦ ʧʨʘʮʽ 

ʫʯʝʥʠʭ-ʤʘʨʢʝʪʦʣʦʛʽʚ, ʝʢʦʥʦʤʽʩʪʽʚ, ʪʘʢʠʭ ʷʢ: ʗ. ɻʘʚʨʠʩʴ, ʆ. ɻʽʨʥʘ, 

ʅ. ɺ. ɿʘʭʘʨʯʝʥʢʦ, ʌ. ʂʦʪʣʝʨ, ɭ. ɺ. ʂʨʠʢʘʚʩʴʢʠʡ, ɸʣʝʢʩʘʥʜʨ ʃʦʪʢʦ, 

ɺ. ɺ. ʏʝʨʥʠʭ, ʅ. ɯ. ʏʫʭʨʘʡ ʪʘ ʽʥ. 

ɺ ʫʤʦʚʘʭ ʪʝʤʧʦʨʘʣʴʥʠʭ ʟʤʽʥ ʧʦʰʠʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ɯʥʪʝʨʥʝʪ-
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ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʧʨʦʛʨʝʩʫ ʩʫʩʧʽʣʴʩʪʚʘ ʡ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ 

ʟʥʘʥʴ. ʉʘʤʝ ʫʟʛʦʜʞʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ, ʣʦʛʽʩʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʦʧʦʩʝʨʝʜʢʦʚʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ 

ʧʦʩʪʘʚʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʢʦʩʤʽʯʥʽ ʦʙôʻʢʪʠ. ʇʨʠ ʮʴʦʤʫ 

ʩʣʽʜ ʧʦʣʽʧʰʫʚʘʪʠ ʧʦʽʥʬʦʨʤʦʚʘʥʽʩʪʴ ʝʢʦʥʦʤʽʯʥʠʭ ʘʛʝʥʪʽʚ 

ʢʦʩʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʣʘʪʬʦʨʤ. ɺʘʨʪʦ ʚʠʙʠʨʘʪʠ ʥʘʡʜʦʮʽʣʴʥʽʰʽ ʤʝʪʦʜʠ 

ʦʧʨʘʮʶʚʘʥʥʷ ʤʘʩʠʚʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʘʥʠʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʩʫʨʩʥʠʭ ʧʦʪʦʢʽʚ ʫ ʭʦʜʽ ʣʦʛʽʩʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ 

ʢʦʩʤʽʯʥʽʡ ʩʬʝʨʽ [1]. ʇʠʪʘʥʥʷ ʝʥʝʨʛʦʟʘʦʱʘʜʞʝʥʥʷ ʟʘʩʣʫʛʦʚʫʶʪʴ 

ʧʽʜʚʠʱʝʥʦʾ ʫʚʘʛʠ ʪʘ ʧʦʛʣʠʙʣʝʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʽ 

ʢʦʦʨʜʠʥʫʚʘʥʥʷ ʨʝʩʫʨʩʥʠʭ ʧʦʪʦʢʽʚ ʧʨʠ ʟʘʧʫʩʢʫ ʢʦʩʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ. 

ʇʨʝʜʩʪʘʚʥʠʢ ʥʘʫʢʦʚʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʰʢʦʣʠ ʈʘʜʦʤʩʴʢʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦ-ʛʫʤʘʥʽʪʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʂʘʟʽʤʻʞʘ 

ʇʫʣʘʩʢʽʻʛʦ ɸʣʝʢʩʘʥʜʨ ʃʦʪʢʦ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʫʻ ʢʚʘʥʪʠʬʽʢʘʮʽʶ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʣʦʛʽʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʤʽʥ. ɺʽʥ ʥʘʛʦʣʦʰʫʻ ʥʘ ʨʦʣʽ 

ʢʣʘʩʪʝʨʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʠʭ ʫ ʟʥʘʯʫʱʠʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʱʦ ʦʧʦʩʝʨʝʜʢʦʚʫʻ ʨʦʟʚʠʪʦʢ ʪʘʢʩʦʥʦʤʽʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʇʽʜ ʯʘʩ 

ʘʥʘʣʽʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʢʦʥʪʘʢʪʥʠʭ ʮʝʥʪʨʽʚ ʜʦʩʣʽʜʥʠʢ 

ʨʦʟʨʽʟʥʷʻ ʚʟʘʻʤʦʜʽʶ ʪʘʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʷʢ: 

çʚʽʜʧʦʚʽʜʽè, çʩʧʽʚʯʫʪʪʷè, çʜʦʩʪʫʧʥʽʩʪʴè, çʯʘʩè [2, c. 5, 6]. ɻʘʜʘʻʤʦ, 

ʱʦ ʫ ʭʦʜʽ ʢʦʦʨʜʠʥʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʩʪʘʨʪʽʚ, ʧʝʨʝʤʽʱʝʥʴ, 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʜʦʮʽʣʴʥʦ ʨʦʟʙʫʜʦʚʫʚʘʪʠ 

ʜʽʷʣʴʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʽ ʬʦʨʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ 
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ʙʝʟʧʝʢʫ ʥʘ ʙʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʅ. ɺ. ɿʘʭʘʨʯʝʥʢʦ ʥʘʛʦʣʦʰʫʻ ʥʘ ʟʥʘʯʫʱʦʩʪʽ ʰʚʠʜʢʦʩʪʽ 

ʛʝʥʝʨʘʮʽʾ ʽ ʜʠʬʫʟʽʾ ʥʦʚʠʭ ʟʥʘʥʴ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʦʞʝʥʴ ʢʦʥʮʝʧʮʽʾ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ʅɯʉ), ʢʦʣʠ ʩʣʽʜ ʧʦʛʣʠʙʣʶʚʘʪʠ 

ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʽʚ ʫ ʨʘʤʢʘʭ ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʅʘʫʢʦʚʝʮʴ ʘʥʘʣʽʟʫʻ ʧʨʠʢʣʘʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʦʨʦʞʥʴʦʾ ʢʘʨʪʠ ʩʪʦʩʦʚʥʦ ʚʟʘʻʤʦʜʽʾ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʦʙʩʷʛʠ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ [3, 

ʩ. 137, 138]. ɼʽʡʩʥʦ, ʟʛʽʜʥʦ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʨʦʟʫʤʽʥʥʷʤ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʅɯʉ ʩʣʽʜ ʨʦʟʨʽʟʥʷʪʠ ʪʘʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ ʫ 

ʭʦʜʽ ʚʟʘʻʤʦʜʽʾ ʧʦʤʽʞ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʘʛʝʥʪʘʤʠ ʪʘ ʾʭ ʤʝʨʝʞʘʤʠ: 

ï ʧʦʪʦʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʚʟʘʻʤʦʜʽʶ 

ʧʽʜʧʨʠʻʤʩʪʚ; 

ï ʧʝʨʝʪʽʢʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ɺʅɿ, ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʘ 

ʜʝʨʞʘʚʥʠʤʠ ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʽʥʩʪʠʪʫʪʘʤʠ; 

ï ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʬʫʟʽʾ ʟʥʘʥʴ ʽ ʥʦʚʠʭ ʨʽʰʝʥʴ 

ʩʝʨʝʜ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ; 

ï ʧʦʪʦʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʢʦʦʨʜʠʥʫʶʪʴ 

ʨʫʭ ʧʝʨʩʦʥʘʣʫ [3, ʩ. 138, 139]. 

ɼʦʩʣʽʜʥʠʢ ʛʨʫʥʪʦʚʥʦ ʨʘʥʞʫʻ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʟʥʘʥʴ, ʚʠʦʢʨʝʤʣʶʶʯʠ 

ʟʥʘʯʫʱʽʩʪʴ ʤʘʨʢʝʪʠʥʛʦʚʠʭ, ʚʠʨʦʙʥʠʯʠʭ ʛʨʫʧ, ʩʧʦʞʠʚʘʯʽʚ, 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʢʦʥʢʫʨʝʥʪʽʚ, ʜʞʝʨʝʣ ʫ ʩʝʨʝʜʠʥʽ ʧʽʜʧʨʠʻʤʩʪʚ, 
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ʫʥʽʚʝʨʩʠʪʝʪʽʚ, ʢʦʥʩʘʣʪʠʥʛʦʚʠʭ ʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʬʽʨʤ ʧʨʠ ʜʠʬʫʟʽʾ 

ʽʥʥʦʚʘʮʽʡ ʚ ʉʐɸ ʽ ʢʨʘʾʥʘʭ ɭʉ [3, ʩ. 140]. 

ʅʘʩʧʨʘʚʜʽ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʚʠʪʦʢ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʦʨʙʽʪʘʣʴʥʠʭ ʩʪʘʥʮʽʡ 

ʚʘʞʣʠʚʦ ʫʨʘʭʦʚʫʚʘʪʠ ʤʝʨʝʞʝʚʽ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʘʩʧʝʢʪʠ ʨʦʟʚʠʪʢʫ 

ʚʟʘʻʤʦʜʽʾ ʫ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʚʜʷʢʠ 

ʤʘʨʢʝʪʠʥʛʦʚʠʤ ʢʦʤʫʥʽʢʘʮʽʷʤ ʫ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʧʦʷʩʥʶʚʘʪʠ 

ʛʨʦʤʘʜʷʥʘʤ, ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ 

ʧʨʦʪʽʢʘʥʥʷ ʧʦʣʴʦʪʫ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʨʦʟʭʽʜ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʥʘ ʧʨʠʨʦʜʥʻ ʜʦʚʢʽʣʣʷ (ʘʪʤʦʩʬʝʨʥʝ 

ʧʦʚʽʪʨʷ, ʤʦʞʣʠʚʽ ʚʠʢʠʜʠ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʫ ʢʦʩʤʽʯʥʠʡ 

ʧʨʦʩʪʽʨ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʘʣʴʥʽ ʟʤʽʥʠ ʚʘʢʫʫʤʫ). 

ɺ. ɺ. ʏʝʨʥʠʭ ʜʦʩʣʽʜʞʫʻ ʧʦʙʫʜʦʚʫ ʣʦʢʘʣʴʥʠʭ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʣʘʩʪʝʨʽʚ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʞʥʘʨʦʜʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʾ ʩʧʽʚʧʨʘʮʽ ʫ ʨʘʤʢʘʭ ʟʘʛʘʣʴʥʦʾ ʢʣʘʩʪʝʨʥʦʾ ʬʽʣʦʩʦʬʽʾ. 

ɺʦʥʘ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʧʝʨʝʜʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ, 

ʩʧʝʮʠʬʽʢʫ ʧʦʙʫʜʦʚʠ ʪʘ ʯʠʥʥʠʢʠ ʨʦʟʚʠʪʢʫ ʥʠʟʢʠ ʣʦʢʘʣʴʥʠʭ 

ʢʣʘʩʪʝʨʽʚ ʫ ʜʝʨʞʘʚʘʭ ʎʝʥʪʨʘʣʴʥʦʾ ʽ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ. ɼʦʩʣʽʜʥʠʮʷ 

ʩʣʫʰʥʦ ʚʠʦʢʨʝʤʣʶʻ ʪʘʢʽ ʝʢʦʥʦʤʽʯʥʽ ʽʤʧʝʨʘʪʠʚʠ ʣʦʢʘʣʴʥʦʾ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʷʢ: ʽʥʩʪʠʪʫʮʽʦʥʘʣʽʟʘʮʽʷ, ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ, 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʷ, ʤʝʨʝʞʝʚʽʟʘʮʽʷ, ʽʥʥʦʚʘʮʽʟʘʮʽʷ ʪʘ ʚʽʨʪʫʘʣʽʟʘʮʽʷ. 

ʇʽʜʢʨʝʩʣʶʶʯʠ ʥʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʢʣʘʩʪʝʨʽʚ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʢʨʘʾʥ ʎʝʥʪʨʘʣʴʥʦʾ ʽ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ, ʫʯʝʥʘ ʥʘʛʦʣʦʰʫʻ ʥʘ ʩʢʣʘʜʦʚʠʭ 

ʦʨʛʘʥʽʟʘʮʽʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ 
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ʟʘʚʜʷʢʠ ʧʦʙʫʜʦʚʽ ʢʦʤʧʣʝʢʩʫ ʘʚʽʘʢʦʩʤʽʯʥʠʭ ʢʣʘʩʪʝʨʽʚ [4, ʩ. 1-3]. 

ʊʘʢʽ ʢʣʘʩʪʝʨʠ ʩʧʨʘʚʝʜʣʠʚʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʦʟʚʠʪʢʫ 

ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʩʣʫʛ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʢʦʩʤʽʯʥʦʛʦ 

ʪʫʨʠʟʤʫ, ʽʥʥʦʚʘʮʽʡʥʦʾ ʡ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʩʧʽʚʧʨʘʮʽ ʟ ʢʨʘʾʥʘʤʠ ɭʉ. 

ʆʟʥʘʯʝʥʽ ʘʩʧʝʢʪʠ, ʙʝʟʧʝʨʝʯʥʦ, ʟʘʙʝʟʧʝʯʘʪʴ ʩʪʨʘʪʝʛʽʶ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʨʠʚʫ ʚ ʨʘʤʢʘʭ ʜʦʩʷʛʥʝʥʥʷ ʩʪʽʡʢʦʛʦ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ [4, ʩ. 1-4]. ʇʦʛʦʜʞʫʶʯʠʩʴ ʽʟ 

ʜʫʤʢʦʶ ʜʦʩʣʽʜʥʠʮʽ, ʚʚʘʞʘʻʤʦ, ʱʦ ʚʘʨʪʦ ʚʠʙʫʜʦʚʫʚʘʪʠ ʡ ʨʦʟʚʠʚʘʪʠ 

ʝʢʦʥʦʤʽʯʥʫ ʡ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʧʽʚʧʨʘʮʶ ʤʽʞ ʨʽʟʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʘʛʝʥʪʘʤʠ ʢʨʘʾʥ ʎʝʥʪʨʘʣʴʥʦʾ, ʉʭʽʜʥʦʾ ʽ ʥʘʚʽʪʴ ʇʽʚʜʝʥʥʦʾ ɭʚʨʦʧʠ ʚ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʬʝʨʽ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʫ ʥʘʛʦʜʽ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʩʪʚʦʨʝʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʢʣʘʩʪʝʨʽʚ, ʜʦ ʷʢʠʭ ʤʘʶʪʴ ʚʭʦʜʠʪʠ ʚʟʘʻʤʦʜʽʶʯʽ ʧʘʨʪʥʝʨʩʴʢʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʛʝʥʝʨʫʚʘʥʥʷ, ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʝʥʥʷ ʡ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ʇʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʘʛʝʥʪʽʚ 

ʋʢʨʘʾʥʠ, ɹʦʣʛʘʨʽʾ, ʇʦʣʴʱʽ, ʉʣʦʚʘʯʯʠʥʠ, ʉʣʦʚʝʥʽʾ, ʍʦʨʚʘʪʽʾ, ʏʝʭʽʾ 

ʩʧʨʠʷʪʠʤʝ ʧʦʣʽʧʰʝʥʥʶ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʋʢʨʘʾʥʠ ʪʘ ʜʦʩʷʛʥʝʥʥʶ ʟʘʦʱʘʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʧʦʜʽʙʥʽʩʪʴ ʤʦʚ ʙʽʣʴʰʦʩʪʽ ʮʠʭ ʜʝʨʞʘʚ, ʱʦ ʥʘʣʝʞʘʪʴ 

ʜʦ ʩʣʦʚôʷʥʩʴʢʦʾ ʛʨʫʧʠ, ʩʪʚʦʨʶʻ ʧʦʟʠʪʠʚʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʧʽʜʩʪʘʚʠ ʜʣʷ 

ʧʦʞʚʘʚʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʥʘ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʠʥʢʘʭ. ʇʨʠ ʮʴʦʤʫ ʚʠʩʦʢʠʤ 

ʤʦʞʝ ʙʫʪʠ ʨʽʚʝʥʴ ʚʟʘʻʤʦʨʦʟʫʤʽʥʥʷ ʧʘʨʪʥʝʨʽʚ. ɼʣʷ ʥʘʰʠʭ ʧʘʨʪʥʝʨʽʚ 

ʟ ɭʉ ʫʢʨʘʾʥʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʮʽʢʘʚʽ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʚʽʜʫ, 
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ʟʥʘʥʴ ʽ ʢʦʤʧʝʪʝʥʮʽʡ ʫ ʩʬʝʨʽ ʛʝʥʝʨʫʚʘʥʥʷ ʡ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ ʫ ʛʘʣʫʟʽ ʦʩʚʦʻʥʥʷ ʢʦʩʤʦʩʫ. ɼʦ ʪʘʢʠʭ 

ʽʥʥʦʚʘʮʽʡ ʚʘʨʪʦ ʜʦʜʘʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʽʥʥʦʚʘʮʽʾ, ʧʦʚôʷʟʘʥʽ ʽʟ 

ʩʠʩʪʝʤʥʠʤ ʝʥʝʨʛʦʟʘʦʱʘʜʞʝʥʥʷʤ ʫ ʭʦʜʽ ʨʝʘʣʽʟʘʮʽʾ ʚʝʣʠʢʠʭ 

ʢʦʩʤʽʯʥʠʭ ʧʨʦʝʢʪʽʚ. 

ʉʧʨʠʷʻ ʥʘʙʫʪʪʽ ʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʚ ʧʦʣʽʪʠʮʽ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʟʦʢʨʝʤʘ ʫ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ, ʪʘʢʦʞ ʜʦʙʽʨ 

ʽ ʜʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʢʚʘʣʽʬʽʢʘʮʽʡ ʧʝʨʩʦʥʘʣʫ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʇʨʝʜʩʪʘʚʥʠʢʠ ʥʘʫʢʦʚʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʰʢʦʣʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʅ. ʏʫʭʨʘʡ, ʗ. ɻʘʚʨʠʩʴ, 

ʆ. ɻʽʨʥʘ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʟʥʘʯʫʱʦʩʪʽ ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʠʭ 

ʷʢʦʩʪʝʡ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʩʦʥʘʣʫ, ʢʦʣʠ ʢʘʜʨʠ ʚʦʜʥʦʯʘʩ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʫʙôʻʢʪʦʤ ʽ ʦʙôʻʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ [5, c. 74]. ʅʘʩʧʨʘʚʜʽ, ʚ 

ʘʚʽʘʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʷʪʴ ʟʥʘʥʥʷ, ʢʦʤʧʝʪʝʥʮʽʾ, 

ʪʨʫʜʦʚʘ ʤʦʪʠʚʘʮʽʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ, ʟʦʢʨʝʤʘ, ʟʘʡʥʷʪʽ ʫ ʧʨʦʮʝʩʘʭ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. ʉʠʩʪʝʤʘ ʨʦʙʦʪʠ ʟ ʢʘʜʨʘʤʠ ʥʘ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʩʤʽʯʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʘʻ 

ʚʢʣʶʯʘʪʠ ʥʠʟʢʫ ʝʣʝʤʝʥʪʽʚ ʽ ʩʪʘʜʽʡ, ʩʝʨʝʜ ʷʢʠʭ, ʧʝʨʝʜʦʚʩʽʤ, 

ʚʘʛʦʤʠʤʠ ʻ: ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʨʫʜʦʚʠʭ ʚʽʜʥʦʩʠʥ, ʨʦʟʚʠʪʦʢ 

ʦʩʚʽʪʥʴʦʛʦ ʡ ʢʫʣʴʪʫʨʥʦʛʦ ʩʚʽʪʦʛʣʷʜʫ ʩʧʽʚʧʨʘʮʽʚʥʠʢʽʚ, ʜʦʪʨʠʤʘʥʥʷ 

ʬʘʭʦʚʦʛʦ ʨʫʭʫ ʟʘ ʫʤʦʚʠ ʚʠʩʦʢʦʾ ʪʨʫʜʦʚʦʾ ʡ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʜʠʩʮʠʧʣʽʥʠ, ʥʝʟʥʘʯʥʦʾ ʧʣʠʥʥʦʩʪʽ ʢʘʜʨʽʚ [5, c. 75, 76]. 

ɼʣʷ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʙʘʛʘʪʴʦʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʩʪʨʽʤʢʘ ʧʝʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʷ, ʢʦʣʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʥʦʚʽ ʚʽʜʜʽʣʠ, ʬʦʨʤʫʶʪʴʩʷ ʧʽʜʨʦʟʜʽʣʠ, 
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ʦʢʨʝʩʣʶʻʪʴʩʷ ʩʧʝʮʠʬʽʢʘ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʻʾ ʪʝʥʜʝʥʮʽʾ ʩʣʫʰʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʢʦʤʘʥʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʪʘʡʤ-ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʢʦʤʘʥʜ ʫ ʯʘʩʽ ʢʦʦʨʜʠʥʘʮʽʾ ʨʦʙʦʪʠ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ 

[5, c. 78]. ʂʦʨʧʦʨʘʪʠʚʥʘ ʢʫʣʴʪʫʨʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ 

ʭʦʜʽ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʦʢʨʝʩʣʝʥʥʽ ʤʽʩʽʾ ʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʯʽʪʢʦʤʫ ʫʷʚʣʝʥʥʽ ʧʨʦ ʢʣʽʻʥʪʽʚ, ʫ ʚʠʙʦʨʽ 

ʧʘʨʪʥʝʨʽʚ [5, c. 79]. ɼʽʡʩʥʦ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʶʪʴ ʘʜʘʧʪʫʚʘʪʠ ʚʝʢʪʦʨ ʤʘʨʢʝʪʠʥʛʦʚʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʜʦ ʤʽʥʣʠʚʠʭ ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʘ, ʧʽʜʣʘʰʪʫʚʘʪʠ ʟʥʘʥʥʷ ʽ 

ʢʦʤʧʝʪʝʥʮʽʾ ʧʝʨʩʦʥʘʣʫ ʜʦ ʩʧʝʮʠʬʽʢʠ ʪʝʭʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ 

ʢʦʩʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʇʨʠ ʮʴʦʤʫ ʤʝʥʪʘʣʴʥʽʩʪʴ ʷʢ ʩʧʦʞʠʚʘʯʽʚ, ʪʘʢ ʽ 

ʩʧʽʚʧʨʘʮʽʚʥʠʢʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʻ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʩʘʜ ʧʦʚʝʜʽʥʢʠ ʚ ʘʩʧʝʢʪʽ ʝʥʝʨʛʦʟʘʦʱʘʜʞʝʥʥʷ. 

ʌʘʭʽʚʮʽ ʚʽʜʤʽʯʘʶʪʴ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʻ ʧʝʚʥʝ ʨʝʬʦʨʤʫʚʘʥʥʷ ʚ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʬʝʨʽ, ʷʢʝ ʩʣʽʜ ʧʦʛʣʠʙʣʶʚʘʪʠ ʡ ʧʨʠʩʢʦʨʶʚʘʪʠ. 

ɼʦʮʽʣʴʥʦ ʧʦʰʠʨʶʚʘʪʠ ʩʧʽʚʧʨʘʮʶ ʧʦʤʽʞ ʦʧʝʨʘʪʦʨʦʤ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʪʘ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʡ 

ʘʤʝʨʠʢʘʥʩʴʢʠʤʠ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʘʛʝʥʪʘʤʠ. ɼʝʤʦʥʦʧʦʣʽʟʘʮʽʷ ʡ ʣʽʙʝʨʘʣʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ 

ʜʝʨʞʘʚʠ, ʩʠʩʪʝʤʥʝ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʊʨʝʪʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʘʢʝʪʫ 

ɭʉ ʩʧʨʠʷʶʪʴ ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ 

ʦʙʯʠʩʣʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʝʥʝʨʛʽʶ. ʇʦʟʠʪʠʚʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ 

ʤʘʻ ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ ʧʦʩʪʘʚʦʢ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
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ʩʧʽʚʧʨʘʮʽ ʟ ʘʤʝʨʠʢʘʥʩʴʢʦʶ ʢʦʤʧʘʥʽʻʶ ñWestinghouse Corpò [6]. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʪʘʢʽ ʧʨʦʛʨʝʩʠʚʥʽ ʟʤʽʥʠ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʚʟʘʻʤʦʜʽʾ ʯʠʥʷʪʴ ʧʝʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʡ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ.        ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʩʣʫʰʥʠʤ ʻ ʨʦʟʰʠʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʣʦʛʽʩʪʠʯʥʦʛʦ ʩʝʨʚʽʩʫ ʚ 

ʭʦʜʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʢʦʩʤʽʯʥʠʭ ʧʦʣʴʦʪʽʚ. 

ɺʠʩʦʢʘ ʷʢʽʩʪʴ ʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʣʘʪʬʦʨʤ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʡ 

ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ. ʅʘʣʝʞʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʬʽʟʠʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʧʘʣʠʚʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʢʦʩʤʽʯʥʠʭ ʽ ʘʚʽʘʮʽʡʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʘʭ, ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʘʰʠʥ ʽ ʪʝʭʥʽʢʠ. 

ʆʪʞʝ, ʚʘʛʦʤʦʶ ʥʘʫʢʦʚʦʶ ʧʣʦʱʠʥʦʶ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʛʣʠʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʽ ʩʠʩʪʝʤʥʦʛʦ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʡ ʣʦʛʽʩʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʢʦʩʤʽʯʥʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ. ʉʘʤʝ ʛʝʥʝʨʘʮʽʷ ʝʥʝʨʛʽʾ ʡ ʪʝʧʣʘ ʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ, ʷʢ ʧʝʨʩʧʝʢʪʠʚʘ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʙʽʪʘʣʴʥʠʭ ʩʪʘʥʮʽʡ, 

ʢʦʩʤʽʯʥʠʭ ʢʦʨʘʙʣʽʚ. ʅʘʚʽʪʴ ʚʞʝ ʟʘʨʘʟ ʻ ʜʦʙʨʽ ʧʨʘʢʪʠʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ, ʷʢʽ ʩʣʽʜ 

ʨʦʟʚʠʚʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʡ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʽʚ. 
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ʂʆʄʇʈɽʉʉʀʗ ʄʅʆɻʆʉʇɽʂʊʈɸʃʔʅʓʍ  ɺʀɼʆɺʓʍ 

ɼɸʅʅʓʍ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ɿʆʅɼʀʈʆɺɸʅʀʗ ɿɽʄʃʀ 

ʜ.ʪ.ʥ. ʂʦʨʯʠʥʩʢʠʡ ɺ.ʄ., ɹʫʰʘʥʩʢʘʷ ɸ.ʉ., ʆʩʪʨʦʚʩʢʠʡ ɽ.ɺ. 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʚʠʜʦʚʳʝ ʜʘʥʥʳʝ, ʬʠʢʩʠʨʫʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʷʨʢʦʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʟʫʝʪ ʤʥʦʛʦʤʝʨʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ï 

ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (ʄʉʀ). ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʄʉʀ ʜʣʷ 

ʠʭ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʝʥʘ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʥʠʭ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʨʝʜʫʢʮʠʠ 

ʨʘʟʤʝʨʥʦʩʪʠ ʄʉʀ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝʡ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʥʠʭ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ 

ʢʦʤʧʨʝʩʩʠʠ (ʩʞʘʪʠʷ) ʧʝʨʚʠʯʥʳʭ ʚʠʜʦʚʳʭ ʜʘʥʥʳʭ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʜʠʩʢʨʝʪʥʦʤ ʢʦʩʠʥʫʩʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʋʦʣʰʘ-

ɸʜʘʤʘʨʘ ʠ ʍʘʨʪʣʠ [1], ʜʠʩʢʨʝʪʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʨʘʟʚʝʨʪʢʘʭ ʜʚʫʤʝʨʥʳʭ 

ʩʠʛʥʘʣʦʚ ʪʠʧʘ ʇʝʘʥʦ-ɻʠʣʴʙʝʨʪʘ [2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 
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ʢʦʤʧʨʝʩʩʠʠ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ 

ʤʥʦʛʦʤʝʨʥʦʤ ʚʝʢʪʦʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʄʉʀ, ʧʨʝʜʣʦʞʝʥʥʦʤ ʚ [3]. 

ʇʦʩʨʝʜʩʪʚʦʤ ʫʧʦʨʷʜʦʯʝʥʠʷ ʨʘʩʪʨʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʠʟʦʙʨʘʞʝʥʠʡ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʚʜʦʣʴ ʩʪʨʦʢ (ʣʠʙʦ 

ʩʪʦʣʙʮʦʚ), ʬʦʨʤʠʨʫʶʪʩʷ ʤʥʦʛʦʤʝʨʥʳʝ ʚʝʢʪʦʨʳ ()i
nmx , ʛʜʝ 1,i k= , 

k- ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʄʉʀ;  n, m - 

ʨʘʟʤʝʨʥʦʩʪʠ ʨʘʩʪʨʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʷʤ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʄʥʦʞʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʦʙʨʘʟʫʝʪ ʤʘʪʨʠʮʫ 

nm k³M , ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʷ ʩʪʦʣʙʮʦʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʝʝ ʩʠʥʛʫʣʷʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʦʨʪʦʛʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʵʥʪʨʦʧʠʠ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʷʨʢʦʩʪʠ ʄʉʀ ʧʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ 

ʤʘʣʦʟʥʘʯʠʤʳʭ ʢʦʤʧʦʥʝʥʪ ʨʝʘʣʠʟʫʝʪʩʷ ʦʧʝʨʘʮʠʷʤʠ, ʦʙʨʘʪʥʳʤʠ 

ʚʳʧʦʣʥʝʥʥʳʤ ʥʘ ʵʪʘʧʝ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʠ.   

ʅʘ ʨʠʩʫʥʢʘʭ 1 ï 6 ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʰʝʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʄʉʀ ʩ ʫʢʘʟʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʥ 

ʚʦʣʥ ʠʟʣʫʯʝʥʠʷ ï ʥʦʩʠʪʝʣʷ ʚʠʜʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʵʥʪʨʦʧʠʠ ʦʨʪʦʛʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ (ʆʀʉʂ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
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ʈʠʩ. 1.  ʀʟʦʙʨʘʞʝʥʠʝ 
ʢʘʥʘʣʘ  

0.52 ʤʢʤ-0.60 ʤʢʤ 

 

ʈʠʩ. 2.  ʀʟʦʙʨʘʞʝʥʠʝ 
ʢʘʥʘʣʘ  

0.63 ʤʢʤ-0.69 ʤʢʤ  

 

ʈʠʩ. 3.  ʀʟʦʙʨʘʞʝʥʠʝ 
ʢʘʥʘʣʘ 

0.78 ʤʢʤ-0.86 ʤʢʤ 

   
 

ʈʠʩ. 4.  ʀʟʦʙʨʘʞʝʥʠʝ 

ʢʘʥʘʣʘ  

1.60 ʤʢʤ-1.70 ʤʢʤ 

 

 

ʈʠʩ. 5.  ʀʟʦʙʨʘʞʝʥʠʝ 

ʢʘʥʘʣʘ   

2.15 ʤʢʤ-2.19 ʤʢʤ 

 

ʈʠʩ. 6.  ʀʟʦʙʨʘʞʝʥʠʝ 

ʢʘʥʘʣʘ  

2.36 ʤʢʤ-2.43 ʤʢʤ 

 

ʆʀʉʂ 0.52 ʤʢʤ-

0.60 ʤʢʤ 

0.63 ʤʢʤ-

0.69 ʤʢʤ 

0.78 ʤʢʤ-

0.86 ʤʢʤ 

1.60 ʤʢʤ-

1.70 ʤʢʤ 

2.15 ʤʢʤ-

2.19 ʤʢʤ 

2.36 ʤʢʤ-

2.43 ʤʢʤ 

ʕʥʪʨʦʧʠʷ, 

ʙʠʪ 

2.4614 0.2723 0.1169 1.0756 0.2473 1.5921 

 

ʆʀʉʂ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ 0.63 ʤʢʤ -0.69 ʤʢʤ, 2.15 ʤʢʤ 

- 2.19 ʤʢʤ, 2.36 ʤʢʤ - 2.43 ʤʢʤ ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ ʟʥʘʯʠʤʳʤʠ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʪʥʦʰʝʥʠʠ. ʇʦʩʣʝ ʠʭ ʠʩʢʣʶʯʝʥʠʷ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʄʉʀ, ʨʝʟʫʣʴʪʘʪ ʢʦʪʦʨʦʡ ʜʣʷ ʢʘʥʘʣʦʚ 

0.52 ʤʢʤ - 0.60 ʤʢʤ ʠ 2.36 ʤʢʤ - 2.43 ʤʢʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 

7, 8. 
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ʈʠʩ. 7. ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʥʘʣʘ  
0.52 ʤʢʤ-0.60 ʤʢʤ 

 

ʈʠʩ. 8. ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʥʘʣʘ 
2.36 ʤʢʤ-2.43 ʤʢʤ 

 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʩʢʣʶʯʝʥʠʝ ʨʷʜʘ ʆʀʉʂ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʚʠʜʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʟʥʘʯʠʤʦʩʪʠ. ʄʝʞʜʫ ʪʝʤ, ʦʙʲʝʤ ʄʉʀ ʧʦʩʣʝ ʨʝʜʫʢʮʠʠ ʝʛʦ 

ʨʘʟʤʝʨʥʦʩʪʠ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 34 %. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. Gonzalez R.C. Digital Image Processing / R.C. Gonzalez, R.E.Woods. ï N.-
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ɽʈɸ çɺɽʃʀʂʀʍ ɼɸʅʀʍè ʊɸ ɯʅʅʆɺɸʎɯʁʅɯ ʇʈʆɽʂʊʀ ɺ 

ʉʋʇʋʊʅʀʂʆɺʆʄʋ ʄʆʅɯʊʆʈʀʅɻʋ 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʫʩʩʫʣʴ ʅ. ʄ.1,2, ʢ.ʪ.ʥ ʂʦʣʦʪʽʡ ɸ.ɺ.1,2, ʃʘʚʨʝʥʶʢ 

ʄ.ʉ.1 

1 ɯʥʩʪʠʪʫʪ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ɼʂɸ ʋʢʨʘʾʥʠ 

2 ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè 

 

ɿ ʧʦʷʚʦʶ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ (ʷʢ ʦʧʪʠʯʥʠʭ, ʪʘʢ ʽ ʨʘʜʘʨʥʠʭ) ʟʘʚʝʨʰʠʣʘʩʴ 

ʩʪʘʜʽʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʤʦʞʣʠʚʦʩʪʝʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ʽ ʨʦʟʧʦʯʘʣʘʩʴ ʥʦʚʘ ʬʘʟʘ ʨʦʟʚʠʪʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ ʟ ʢʦʩʤʦʩʫ, 

ʦʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʷʢʦʾ ʩʪʘʚ ʟʘʧʫʩʢ ʤʘʩʰʪʘʙʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʧʨʦʝʢʪʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʑʝ ʢʽʣʴʢʘ ʨʦʢʽʚ ʪʦʤʫ 

ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʘʙʦ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʝʪʠ (ʣʽʩʽʚ, ʦʢʝʘʥʫ, ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʜʫʢʪʽʚ ʥʠʟʴʢʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ, ʘʙʦ ʜʣʷ ʪʦʯʢʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʥʝʚʝʣʠʢʦʾ ʪʝʨʠʪʦʨʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʦʜʥʠʤ ʘʙʦ 

ʢʽʣʴʢʦʤʘ, ʧʝʨʝʚʘʞʥʦ ʧʣʘʪʥʠʤʠ, ʟʥʽʤʢʘʤʠ ʚʠʩʦʢʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ [1-

2]. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʝʤʝʣʴ ʋʢʨʘʾʥʠ, 

ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ MODIS 

(ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 250 ʤ). 

ʂʘʨʜʠʥʘʣʴʥʘ ʟʤʽʥʘ ʩʠʪʫʘʮʽʾ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʘ ʦʩʦʙʣʠʚʦ 

ʟʘʧʫʩʢ ʚ ʦʧʝʨʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʩʫʧʫʪʥʠʢʽʚ ʧʨʦʛʨʘʤʠ Copernicus,  

ʥʘʜʘʣʠ ʥʦʚʦʛʦ ʟʤʽʩʪʫ ʛʣʦʙʘʣʴʥʽʡ ʽʥʽʮʽʘʪʠʚʽ ʛʨʫʧʠ GEO ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʩʠʩʪʝʤ GEOSS, ʘ ʪʘʢʦʞ ʜʘʣʠ ʧʦʪʫʞʥʠʡ 
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ʧʦʰʪʦʚʭ ʨʦʟʚʠʪʢʫ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʧʨʦʝʢʪʽʚ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʪʘ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʚʠʩʦʢʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ (10-30 

ʤ) [3].  

ɺ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʧʣʘʥʽ GEO ʥʘ 2016-2025 ʨʦʢʠ ʚʠʟʥʘʯʝʥʦ 

ʢʽʣʴʢʘ çʬʣʘʛʤʘʥʩʴʢʠʭè ʧʨʦʝʢʪʽʚ, ʜʣʷ ʨʦʟʚʠʪʢʫ ʷʢʠʭ ʟʘʣʫʯʘʻʪʴʩʷ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ɭʚʨʦʧʝʡʩʴʢʦʾ ʧʨʦʛʨʘʤʠ Horizon-2020 ʪʘ ʢʦʰʪʠ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʛʨʘʤ.  ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʩʝʨʝʜ ʥʠʭ ʻ  ʧʨʦʝʢʪ  

ʛʣʦʙʘʣʴʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ GEOGLAM, ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ ʤʦʥʽʪʦʨʠʥʛ ʦʩʥʦʚʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʚ 

ʩʚʽʪʽ ʪʘ ʚ ʦʢʨʝʤʠʭ ʢʨʘʾʥʘʭ ʚ ʽʥʪʝʨʝʩʘʭ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɭʚʨʦʢʦʤʽʩʽʷ ʬʽʥʘʥʩʫʻ ʢʽʣʴʢʘ ʧʨʦʝʢʪʽʚ ʚ ʢʦʥʪʝʢʩʪʽ  

GEOGLAM, ʟʦʢʨʝʤʘ ʧʨʦʝʢʪ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ ʥʘ 

ʜʦʚʢʽʣʣʷ çSIGMAè, ʧʦʙʫʜʦʚʠ ʢʘʨʪ ʙʘʟʦʚʠʭ ʙʽʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʘ ʜʘʥʠʤʠ ʚʠʩʦʢʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ çImagineSè,  ʧʨʦʝʢʪ ɭʚʨʦʧʝʡʩʢʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ  çSen2Agriè, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʜʘʥʠʤʠ Sentinel-2. 

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʾʭ ʚʘʣʽʜʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʟʝʤʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ. ʊʦʤʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʤʽʞʥʘʨʦʜʥʘ 

ʤʝʨʝʞʘ ʪʝʩʪʦʚʠʭ ʧʦʣʽʛʦʥʽʚ ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ JECAM, ʥʘ ʙʘʟʽ ʷʢʦʾ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʦʝʢʪʠ ʚʘʣʽʜʘʮʽʾ ʛʣʦʙʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʽ ʢʘʨʪ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ [4-5].  
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ʈʠʩ.1 ʂʘʨʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʝʤʝʣʴ ʋʢʨʘʾʥʠ ʟʘ 2010-2014 ʨʨ. 

 

ʊʘʢʽ ʧʨʦʝʢʪʠ ʧʝʨʝʜʙʘʯʘʶʪʴ  ʦʙʨʦʙʢʫ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʜʘʥʠʭ 

ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʟʘʣʫʯʝʥʥʷʤ ʟʥʘʯʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʪʚʦʨʝʥʥʷ 

ʩʧʽʣʴʥʦʛʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʩʬʝʨʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ ʪʘ 

ʛʘʨʤʦʥʽʟʘʮʽʷ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʝʟʫʣʴʪʘʪʽʚ.  ʅʘ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ ʤʝʪʠ 

ʩʧʨʷʤʦʚʘʥʦ ʧʨʦʝʢʪ çERA-PLANETè ʧʨʦʛʨʘʤʠ Horizon-2020. 

ʋʢʨʘʾʥʘ ʻ ʫʯʘʩʥʠʢʦʤ ʜʚʦʭ ʛʣʦʙʘʣʴʥʠʭ ʽʥʽʮʽʘʪʠʚ ʢʦʤʽʪʝʪʫ 

GEO: ʤʽʞʥʘʨʦʜʥʘ ʧʨʦʛʨʘʤʘ ʘʥʘʣʽʟʫ ʨʠʥʢʽʚ AMIS (ʚʽʜ ʋʢʨʘʾʥʠ 

ʚʽʜʧʦʚʽʜʘʻ ʄʽʥɸʇʂ) ʪʘ ʛʣʦʙʘʣʴʥʘ ʩʠʩʪʝʤʘ ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ  

GEOGLAM (ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʫʯʘʩʥʠʢʠ ʚʽʜ ʋʢʨʘʾʥʠ ï ɯʥʩʪʠʪʫʪ 

ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅʋ ɼʂɸʋ (ɯʂɼ ʅɸʅʋ-ɼʂɸʋ) ʪʘ ʋʢʨ. 

ʛʽʜʨʦʤʝʪʮʝʥʪʨ). ɺ ʤʝʞʘʭ ʮʠʭ ʽʥʽʮʽʘʪʠʚ ʪʘ ʽʥʰʠʭ ʤʽʞʥʘʨʦʜʥʠʭ 
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ʧʨʦʝʢʪʽʚ ʚ ʋʢʨʘʾʥʽ ʥʘʧʨʘʮʴʦʚʘʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ 

ʚʣʘʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʘʜʘʧʪʘʮʽʾ 

ʜʣʷ ʪʝʨʠʪʦʨʽʾ  ʋʢʨʘʾʥʠ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʝʪʦʜʠʢ. [6, 7, 8] ɿʚʘʞʘʶʯʠ ʥʘ 

ʟʥʘʯʥʠʡ ʜʦʩʚʽʜ, ʥʘʷʚʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʪʘ ʧʦʪʝʥʮʽʘʣ ʋʢʨʘʾʥʠ, 

ɭʚʨʦʧʝʡʩʴʢʝ ʢʦʩʤʽʯʥʝ ʘʛʝʥʪʩʪʚʦ ʟʘʧʫʩʪʠʣʦ ʚ 2016 ʨʦʮʽ ʧʽʣʦʪʥʠʡ 

ʧʨʦʝʢʪ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ Sentinel-2 [9].  

ɺʦʜʥʦʯʘʩ ʜʝʨʞʘʚʘ ʧʨʠʜʽʣʷʻ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ ʨʦʟʚʠʪʢʫ 

ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʚ ʋʢʨʘʾʥʽ, ʦʩʦʙʣʠʚʦ ʟ ʦʛʣʷʜʫ ʥʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʟʝʤʝʣʴʥʦʾ ʨʝʬʦʨʤʠ. ɼʦʮʽʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʢʦʤʽʪʝʪʫ GEO ʪʘ ʨʝʘʣʴʥʠʡ ʟʘʧʫʩʢ ʩʝʨʚʽʩʽʚ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʫ 

ʧʨʦʛʨʘʤʠ GEOGLAM ʟ ʟʘʣʫʯʝʥʥʷʤ ʙʽʟʥʝʩ-ʩʪʨʫʢʪʫʨ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʇʋʊʅʀʂʆɺʆʁ ʉʒɽʄʂʀ ɼʃʗ 

ʈɽʐɽʅʀʗ ʇʈʀʂʃɸɼʅʓʍ ɿɸɼɸʏ ʋʇʈɸɺʃɽʅʀʗ 

ɸɻʈʆʇʈɽɼʇʈʀʗʊʀʗʄʀ 

ʃʘʟʘʨʝʚʘ ʆ.ɽ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ.ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ çʍɸʀè 

 

ʉʦʛʣʘʩʥʦ ʩʪ. 1 ɿʝʤʝʣʴʥʦʛʦ ʢʦʜʝʢʩʘ ʋʢʨʘʠʥʳ, ʟʝʤʣʷ ï ʵʪʦ 

ʦʩʥʦʚʥʦʝ ʥʘʮʠʦʥʘʣʴʥʦʝ ʙʦʛʘʪʩʪʚʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʧʦʜ ʦʩʦʙʦʡ 

ʦʭʨʘʥʦʡ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʇʦ ʜʘʥʥʳʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ɿʝʤʝʣʴʥʦʛʦ ʂʘʜʘʩʪʨʘ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 1 ʜʝʢʘʙʨʷ 2015 ʛʦʜʘ, ʧʣʦʱʘʜʴ ʟʝʤʝʣʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 41812,9 ʪʳʩ. ʛʘ (69%) 

ʦʪ ʦʙʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ.  

ʆʜʥʘʢʦ, ʚ ʜʚʘʜʮʘʪʴ ʧʝʨʚʦʤ ʚʝʢʝ, ʚ ʚʝʢʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ, ʟʝʤʣʷ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʩʠʩʪʝʤʫ, ʨʘʙʦʪʘʶʱʫʶ ʧʦʜ 

ʩʠʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʣʦʱʘʜʴ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʋʢʨʘʠʥʝ 

ʧʦʩʪʦʷʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʯʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʜʦʨʦʜʥʳʭ 

ʟʝʤʝʣʴ ʧʦʛʣʦʱʘʶʪʩʷ ʦʚʨʘʛʘʤʠ, ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʦʪʚʦʜʠʪʩʷ ʧʦʜ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʪʨʘʜʘʶʪ ʦʪ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʜʨʫʛʠʭ 

ʚʨʝʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʵʪʦʤʫ, ʨʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ. ʆʥ ʜʦʣʞʝʥ ʧʨʦʷʚʣʷʪʴʩʷ ʚ  ʫʩʪʦʡʯʠʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʠ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ 
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ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ (ɻʀʉ). 

ʂʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʦʙʲʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʣʦʜʦʨʦʜʠʠ ʟʝʤʝʣʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʂʦʩʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʉʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʜʝʣʘʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ, 

ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ, ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʧʦʣʫʯʘʪʴ 

ʥʘʛʣʷʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʴʷʭ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ,  ʨʝʰʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ 

1. ʆʮʠʬʨʦʚʢʘ ʠ ʫʪʦʯʥʝʥʠʝ ʛʨʘʥʠʮ ʧʦʣʝʡ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʯʝʪʘ, ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ/ʭ 

ʟʝʤʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʣʘʥʦʚ ʠ ʢʘʨʪ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʠʤʝʶʱʠʝʩʷ ʚ ʥʘʣʠʯʠʠ ʧʣʘʥʳ ʠ ʢʘʨʪʳ 

ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʙʝʟʥʘʜʝʞʥʦ ʫʩʪʘʨʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘ ʧʨʦʰʝʜʰʠʝ 

ʛʦʜʳ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʝʤʝʣʴ ʧʨʠʰʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʥʝʛʦʜʥʦʩʪʴ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʟʘʨʦʩʰʘʷ ʣʝʩʦʤ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʟʘʜʘʯ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʷʚʣʷʝʪʩʷ ʦʮʠʬʨʦʚʢʘ ʠ ʫʪʦʯʥʝʥʠʝ 
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ʛʨʘʥʠʮ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʘʨʪ.  

 

ʈʠʩʫʥʦʢ 1 ï ʋʪʦʯʥʝʥʠʝ ʛʨʘʥʠʮ ʧʦʣʷ (ʧʣʦʱʘʜʴ ʧʦ ʜʦʢʫʤʝʥʪʘʤ ï 108,2 ʛʘ, 

ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ï 102,5 ʛʘ) 

 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʜʘʥʥʳʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʅʝʩʦʙʣʶʜʝʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘ ʷʚʣʷʝʪʩʷ ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʢʦʪʦʨʘʷ ʚʝʜʝʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ. ʀ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʩʥʠʞʝʥʠʶ 

ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʣʠ (ɼɿɿ) ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ 

ʩʥʠʤʢʘʤ, ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʜʦʙʥʳʝ ʥʘʨʫʰʝʥʠʷ ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ.  

ɼʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ 
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ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ Landsat-8 (30ʤ) ʠ Sentinel-2A (10ʤ). 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʥʠʤʢʦʚ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ.  

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʦʪʨʘʞʘʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʩʥʠʤʢʘ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʥʝ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʨʘʟʥʳʭ ʢʫʣʴʪʫʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʣʠʯʠʪʴ ʥʘ ʩʥʠʤʢʝ, ʥʘʧʨʠʤʝʨ, 

ʧʦʜʩʦʣʥʝʯʥʠʢ ʦʪ ʢʫʢʫʨʫʟʳ. 

             

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʚʳʜʝʣʝʥʠʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʦ ʢʦʩʤʠʯʝʩʢʦʤʫ ʩʥʠʤʢʫ 

 

3. ʂʦʥʪʨʦʣʴ ʚʩʭʦʞʝʩʪʠ, ʛʠʙʝʣʠ ʠ ʩʦʩʪʦʷʥʠʷ ʢʫʣʴʪʫʨ 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʙʦʣʴʰʠʤʠ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʦʪʨʘʞʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʨʘʟʥʳʭ ʜʣʠʥ ʚʦʣʥ. ʆʜʥʘʢʦ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʤʝʪʦʜʘ, ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ 

ʩʥʠʤʢʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ (ɺʀ). ʀʭ 

ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʥʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ 
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ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ,  ʜʦʩʪʘʪʦʯʥʦ 6 ʠʥʜʝʢʩʦʚ:   

- ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪʥʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ 

(NDVI);  

- ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ (RVI); 

- ʟʝʣʝʥʳʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪʥʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ 

ʠʥʜʝʢʩ (GNDVI); 

- ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʯʚʝʥʥʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ 

(MSAVI);  

- ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ, ʫʩʪʦʡʯʠʚʳʡ ʢ ʚʣʠʷʥʠʶ ʘʪʤʦʩʬʝʨʳ 

(ARVI);  

- ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪʥʳʡ ʚʦʜʥʳʡ ʠʥʜʝʢʩ (NDWI). 

 

ʈʠʩʫʥʦʢ 3ï ʇʨʠʤʝʨ ʠʥʜʝʢʩʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʩʥʠʤʢʘ Sentinel 2A ʟʘ 8 

ʘʧʨʝʣʷ 2016 ʛʦʜʘ 
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ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʥʜʝʢʩʦʚ, 

ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʦʧʝʨʘʪʠʚʥʳʤ ʠ ʜʦʩʪʦʚʝʨʥʳʤ, ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʩʥʠʤʦʢ ʧʦʟʚʦʣʷʝʪ 

ʫʚʠʜʝʪʴ ʪʝ ʤʝʩʪʘ ʥʘ ʧʦʣʝ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʩʣʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠ 

ʧʦʣʝʚʳʭ ʦʙʩʣʝʜʦʚʘʥʠʷʭ.  

ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʧʦ ʘʨʭʠʚʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʫʚʠʜʝʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʧʦʣʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʝ ʘʛʨʦʧʨʝʜʧʨʠʷʪʠʷʤʠ ʟʘ ʩʯʝʪ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ɼɿɿ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʘʨʭʠʚʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ. 
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ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ɺɽɹ-ʉɽʈɺʀʉʓ EOS DATA 

ANALYTICS  

ʢ.ʪ.ʥ. ʄʦʟʛʦʚʦʡ ɼ.ʂ., ɺʘʩʠʣʴʝʚ ɺ.ɺ., ʏʦʨʥʝʥʢʦ ʄ.ɺ. 

EOS Data Analytics Ukraine 

 

ʈʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʝʪʝʡ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ, ʚʢʣʶʯʘʷ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʠ 

ʧʣʘʥʰʝʪʳ, ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʧʨʦʩ ʥʘ ʦʧʝʨʘʪʠʚʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʘʭ, ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʞʝʣʘʝʪ ʧʦʣʫʯʘʪʴ ʵʪʫ 

ʠʥʬʦʨʤʘʮʠʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʣʠ ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ, ʠ 

ʛʦʪʦʚʘ ʧʣʘʪʠʪʴ ʟʘ ʵʪʦ. ʊʘʢʞʝ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʜʠʥʘʤʠʢʘ 

ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ ʠ ʠʭ ʧʨʦʛʥʦʟ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʫ. 

ɼʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʫʩʣʫʛ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʥʘ ɿʝʤʣʝ, 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʧʝʨʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʩʧʫʪʥʠʢʠ, ʩʧʦʩʦʙʥʳʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʟʝʤʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ 

ʥʠʟʢʦʣʝʪʷʱʠʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʣʶʙʦʡ ʪʦʯʢʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʧʦʜʨʘʟʜʝʣʝʥʠʠ EOS Data Analytics ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ 

ʚʠʜʳ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʝʙ-ʩʝʨʚʠʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʦʥʣʘʡʥ-ʦʙʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ. ʕʪʠ ʩʝʨʚʠʩʳ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʘʩʩʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʝ ʠʤʝʶʱʝʛʦ ʦʧʳʪʘ 
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ʦʙʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʠ ʥʝ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʉʝʡʯʘʩ ʚ ʪʝʩʪʦʚʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʘʶʪ ʚʝʙ-ʩʝʨʚʠʩʳ ʦʥʣʘʡʥ-

ʦʙʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, ʢʘʢ: 

- ʩʝʣʴʩʢʦʝ, ʣʝʩʥʦʝ ʠ ʚʦʜʥʦʝ ʭʦʟʷʡʩʪʚʦ, 

- ʵʢʦʣʦʛʠʷ ʠ ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

- ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ; 

- ʵʥʝʨʛʝʪʠʢʘ ʠ ʥʝʬʪʝʛʘʟʦʚʳʡ ʢʦʤʧʣʝʢʩ; 

- ʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʢʦʥʪʨʦʣʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ; 

- ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ; 

- ʢʘʨʪʦʛʨʘʬʠʷ, ʛʝʦʜʝʟʠʷ ʠ ʢʘʜʘʩʪʨ; 

- ʢʦʥʪʨʦʣʴ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ; 

- ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʪʫʨʠʟʤ. 

ʅʘ ʨʠʩ. 1é2 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʙ-

ʩʝʨʚʠʩʘ EOS Data Analytics ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ. 

ʅʘ ʨʠʩ. 3é4 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʙ-

ʩʝʨʚʠʩʘ EOS Data Analytics ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ʈʠʩ. 1 ï ʀʟʤʝʥʝʥʠʝ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ 2012 ʧʦ 2014ʛ. 

 

ʈʠʩ. 2 ï ʇʨʠʤʝʨʳ ʦʙʥʘʨʫʞʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʝ 
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ʈʠʩ. 3 ï ʀʟʤʝʥʝʥʠʷ ʥʘ ʚʳʙʨʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ (ʙʝʟ ʫʯʝʪʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) 

 

ʈʠʩ. 4 ï ʀʟʤʝʥʝʥʠʷ ʥʘ ʚʳʙʨʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ (ʩ ʫʯʝʪʦʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) 
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ʅʘ ʨʠʩ. 5é6 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʙ-

ʩʝʨʚʠʩʘ EOS Data Analytics ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʱʘʜʝʡ ʛʘʟʦʥʦʚ ʠ ʜʝʨʝʚʴʝʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʯʘʩʪʥʳʭ 

ʜʦʤʦʚʣʘʜʝʥʠʡ. 

 

ʈʠʩ. 5 ï ɿʘʛʨʫʟʢʘ ʠʩʭʦʜʥʦʛʦ ʩʥʠʤʢʘ, ʚʝʢʪʦʨʥʦʛʦ ʩʣʦʷ ʠ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʨʘʙʦʪʢʠ 


