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ȮɎɑɐɑəɔɑ 

ȽɑɕɣɌɝ Ɏɜɫɐ ɗɔ ɘɚɒəɚ ɎɚɓɜɌɓɔɞɨ 

ɛɜɚɞɔɎ ɞɚɏɚ, ɣɞɚ ɜɚɐɔɗɌɝɨ əɚɎɌɫ 

ɛɌɜɌɐɔɏɘɌ, ɔɗɔ ɍɚɗɑɑ ɖɌɓɑəəɧɘ 
ɫɓɧɖɚɘ, əɚɎɚɑ əɌɟɣəɚɑ əɌɛɜɌɎɗɑəɔɑ ð 

ɞɑɚɜɔɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ. Ȯɝɛɚɘəɔɘ 

ɔɝɞɚɜɔɪ 30-ɗɑɞəɑɕ ɐɌɎəɚɝɞɔ. ȾɚɏɐɌ, 

ɖɌɒɐɧɕ, ɖɞɚ ɛɜɚɣɔɞɌɗ, ɛɜɚɗɔɝɞɌɗ ɔɗɔ 

ɡɚɞɫ ɍɧ ɛɜɚɝɘɚɞɜɑɗ ɖɌɜɞɔəɖɔ ɔ 
ɛɚɐɛɔɝɔ ɖ əɔɘ Ɏ ɖəɔɏɑ ȭ. ȸɌəɐɑɗɨɍɜɚɞɌ 

çɀɜɌɖɞɌɗɨəɌɫ ɏɑɚɘɑɞɜɔɫ ɛɜɔɜɚɐɧè 

ɚɍəɌɜɟɒɔɎɌɗ, ɣɞɚ ɖɟɐɌ əɑ ɏɗɫəɨ ð ɚɐəɔ 

ɠɜɌɖɞɌɗɧ. ȴ ɐɑɜɑɎɨɫ, ɔ ɖɟɝɞɧ, ɔ 

ɛɜɚɠɔɗɔ ɏɚɜ ɔ ɚɍɗɌɖɚɎ, ɔ ɓəɌɖɚɘɌɫ ɑɥɑ 

ɝɚ ɤɖɚɗɧ ɞɜɌɑɖɞɚɜɔɫ ɍɜɚɟəɚɎɝɖɚɕ 
ɣɌɝɞɔɢɧ ɔ ɞ.ɐ. ɔ ɞ.ɛ. Ⱦɑɜɘɔə ɠɜɌɖɞɌɗ 

ɝɞɌɗ ɘɚɐəɧɘ, Ɏɚɤɑɗ (ɔəɚɏɐɌ ɔ çəɑ ɛɚ 

ɐɑɗɟè) Ɏ ɞɑɜɘɔəɚɗɚɏɔɪ ɝɞɌɞɑɕ ɔ ɖəɔɏ ɛɚ 

ɝɌɘɧɘ ɜɌɓəɧɘ ɚɍɗɌɝɞɫɘ əɌɟɖɔ ð 

ɠɔɓɔɖɔ, ɡɔɘɔɔ, ɍɔɚɗɚɏɔɔ, ɩɖɚəɚɘɔɖɔ, 
ɘɑɐɔɢɔəɧ, é ȴ ɩɞɚ ɛɜɔ ɞɚɘ, ɣɞɚ 

ɛɑɜɎɧɑ ɠɜɌɖɞɌɗɨəɧɑ ɚɍɦɑɖɞɧ 

ɔɓɟɣɌɗɔɝɨ ɟɒɑ Ɏ XIX  Ɏɑɖɑ (ɖɜɔɎɌɫ 

ȻɑɌəɚ, ɘəɚɒɑɝɞɎɚ ȶɌəɞɚɜɌ ɔ ɐɜ.). 

ȽɑɕɣɌɝ ɔəɞɑɜɑɝ ɖ ɠɜɌɖɞɌɗɌɘ ɚɝɞɧɗ, 

ɣɌɝɞɚɞɌ ɟɛɚɞɜɑɍɗɑəɔɫ ɞɑɜɘɔəɌ ɠɜɌɖɞɌɗ 
Ɏ ɖəɔɏɌɡ, ɛɌɐɌɑɞ. ȹɚɎɌɫ ɚɍɗɌɝɞɨ, 

ɌɖɞɔɎəɚ ɜɌɓɎɔɎɌɪɥɌɫɝɫ ð ɩɞɚ ɞɌɖ 

əɌɓɧɎɌɑɘɧɑ çɝɗɚɒəɧɑ ɝɑɞɔè. Ⱦɑɛɑɜɨ, 

ɖɟɐɌ əɑ ɏɗɫəɑɤɨ, Ɏɔɐɔɤɨ ɝɑɞɔ ð 

ɝɚɢɔɌɗɨəɧɑ ɝɑɞɔ,  ɝɑɞɔ ɐɜɟɒɍɧ, 
ɝɚɌɎɞɚɜɝɞɎɌ Ɏ əɌɟɣəɧɡ ɛɟɍɗɔɖɌɢɔɫɡ, 

ɝɑɖɝɟɌɗɨəɧɡ ɚɞəɚɤɑəɔɕ, ɍɔɓəɑɝ-ɝɎɫɓɑɕ, 

ɛɟɍɗɔɖɌɢɔɕ Ɏ Ƚȸȴ, ɝɚɎɘɑɝɞəɚɏɚ 

ɟɛɚɞɜɑɍɗɑəɔɫ ɝɗɚɎ Ɏ ɞɑɖɝɞɌɡ, 

ɘɑɞɌɍɚɗɔɓɘɚɎ (ɚɍɘɑəəɧɡ ɛɜɚɢɑɝɝɚɎ), 

ɖɜɚɎɑəɚɝəɧɡ ɝɚɝɟɐɚɎ, ɞɜɌəɝɛɚɜɞɌ, əɌɖɚəɑɢ, (ɝɘ. ɜɔɝ.) 
ȴəɞɑɜəɑɞ ɔ WWW. Ⱥɏɜɚɘəɚɑ ɛɚɗɑ ɐɑɫɞɑɗɨəɚɝɞɔ, ɘəɚɏɚ 

ɜɑɓɟɗɨɞɌɞɚɎ, əɚɎɧɑ ɜɌɓɐɑɗɧ Ɏ əɌɟɣəɧɡ ɒɟɜəɌɗɌɡ ɔ əɚɎɧɑ 

ɒɟɜəɌɗɧ.  

 

 

ȭɑəɟɌ ȸɌəɐɑɗɨɍɜɚɞ 
(1924 ð 2010)  

ȸɌəɐɑɗɨɍɜɚɞ 
ȭ. ɀɜɌɖɞɌɗɨəɌɫ 
ɏɑɚɘɑɞɜɔɫ ɛɜɔɜɚɐɧ 
= The Fractal 
Geometry of 
Nature.  ð ȸ.: 
ȴəɝɞɔɞɟɞ  
ɖɚɘɛɨɪɞɑɜə. 
ɔɝɝɗɑɐɚɎɌəɔɕ, 
2002.  ð Ƚ. 656.  

çȯɐɑ Ɏɧ ɜɌɍɚɞɌɑɞɑ?è 
ð çɋ əɟɗɨ-ɠɔɓɔɖè. 
ȴɓɟɘɗɑəəɚ-
Ɏɚɝɡɔɥɑəəɧɕ 
Ɏɓɏɗɫɐ. çȽɗɟɤɌɕɞɑ, 

ɜɌɝɝɖɌɒɔɞɑ, 
ɛɚɒɌɗɟɕɝɞɌ, ɣɞɚ 
ɞɌɖɚɑ ð əɟɗɨ-
ɠɔɓɔɖɌ? ɋ əɔɖɌɖ əɑ 
ɘɚɏɟ ɛɚəɫɞɨè. ð çɋ 
ɞɚɒɑè. Ȭ. ɔ ȭ. 

ȽɞɜɟɏɌɢɖɔɑ 
çȰɌɗɑɖɌɫ ȼɌɐɟɏɌè. 
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Ȼɜɔ ɛɑɜɎɚɘ ɓəɌɖɚɘɝɞɎɑ ɝ ɖəɔɏɌɘɔ ɔ ɚɍɓɚɜɌɘɔ ɛɚ ɞɑɚɜɔɔ 

ɝɗɚɒəɧɡ ɝɑɞɑɕ ɎɚɓəɔɖɌɑɞ Ɏɚɛɜɚɝ. ȹɑ ɛɜɚɝɞɚ ɗɔ ɘɚɐəɚɑ 

əɌɓɎɌəɔɑ ɩɞɌ ɞɑɚɜɔɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ? ɉɖɚəɚɘɔɣɑɝɖɌɫ 

ɝɚɝɞɌɎɗɫɪɥɌɫ ɘɚɐəɚɏɚ ɞɑɜɘɔəɌ ɡɚɜɚɤɚ ɔɓɎɑɝɞəɌ, əɌɛɔɝɌɗ 

çəɌəɚɠɔɗɨɞɜè ɔ ɛɚɗɟɣɔɗ ɘɑɏɌɏɜɌəɞ. Ƀɑɘ ɚɞɗɔɣɌɑɞɝɫ ɝɑɞɨ, 
ɛɟɝɞɨ ɔ ɝɗɚɒəɌɫ, ɚɞ ɏɜɌɠɌ? Ȭ ɞɑɚɜɔɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ ɚɞ 

ɞɑɚɜɔɔ ɏɜɌɠɚɎ ð ɞɑɚɜɔɔ, əɌɣɌɗɚ ɖɚɞɚɜɚɕ ɛɚɗɚɒɔɗ ɑɥɑ ɉɕɗɑɜ 

ɝɎɚɑɕ ɓəɌɘɑəɔɞɚɕ ɓɌɐɌɣɑɕ ɚ ȶɑəɔɏɝɍɑɜɏɝɖɔɡ ɘɚɝɞɌɡ. 

 

 

ȼɔɝ. ȰɔəɌɘɔɖɌ ɟɛɚɞɜɑɍɗɑəɔɫ ɝɗɚɎɚɝɚɣɑɞɌəɔɫ Complex  

Networks , ɛɚɗɟɣɑəəɌɫ ɝ ɛɚɘɚɥɨɪ ɝɑɜɎɔɝɌ Google Ngram  

Viewer  (https://books.google.com/ngrams)  

ɀɚɜɘɌɗɨəɚ, ɗɪɍɌɫ ɝɑɞɨ ɩɞɚ ɏɜɌɠ. ȴ, ɚɛɫɞɨ ɒɑ, 

ɠɚɜɘɌɗɨəɚ, ɞɑɚɜɔɫ, ɖɚɞɚɜɌɫ ɔɓɟɣɌɑɞ ɝɎɚɕɝɞɎɌ ɝɗɚɒəɧɡ 
ɝɑɞɑɕ, ɐɚɗɒəɌ ɍɧɗɌ ɍɧ ɍɧɞɨ əɌɓɎɌəɌ ɞɑɚɜɔɑɕ ɏɜɌɠɚɎ. 

ȻɜɔɎɑɐɑɘ ɝɗɑɐɟɪɥɔɕ ɖɚəɞɜɛɜɔɘɑɜ. ȶɗɌɝɝɔɣɑɝɖɌɫ ɘɑɡɌəɔɖɌ 

ɔɓɟɣɌɑɞ, Ɏ ɞɚɘ ɣɔɝɗɑ, ɐɎɔɒɑəɔɑ ɘɌɞɑɜɔɌɗɨəɧɡ ɞɚɣɑɖ. 

ȴɐɑɌɗɨəɧɕ ɏɌɓ ð ɩɞɚ ɖɌɖ ɜɌɓ ɐɎɔɒɟɥɔɑɝɫ ɘɌɞɑɜɔɌɗɨəɧɑ 

ɞɚɣɖɔ. ȺɐəɌɖɚ ɝɎɚɕɝɞɎɌ ɏɌɓɌ ɔɓɟɣɌɑɞ ɐɜɟɏɚɕ ɜɌɓɐɑɗ ɠɔɓɔɖɔ ð 
ɝɞɌɞɔɝɞɔɣɑɝɖɌɫ ɘɑɡɌəɔɖɌ.  

ȿ əɑɑ ɝɎɚɔ ɘɑɞɚɐɧ, ɞɑɜɘɔəɧ, ɛɜɔɑɘɧ. Ȭ çɚɍɧɣəɌɫè 

ɖɗɌɝɝɔɣɑɝɖɌɫ ɘɑɡɌəɔɖɌ ɝ ɓɌɐɌɣɑɕ ɚɛɔɝɌəɔɫ ɏɌɓɌ ɝɛɜɌɎɔɞɨɝɫ 

əɑ ɘɚɒɑɞ, ɝɗɔɤɖɚɘ ɘəɚɏɚ ɣɌɝɞɔɢ ɐɌɒɑ Ɏ əɑɍɚɗɨɤɚɘ 

çɖɟɝɚɣɖɑè ɏɌɓɌ. ȴ ɛɜɔɤɗɚɝɨ ȸɌɖɝɎɑɗɗɟ, ȭɚɗɨɢɘɌəɟ, ȯɔɍɍɝɟ ɔ 

ɘəɚɏɔɘ ɐɜɟɏɔɘ ɝɚɓɐɌɞɨ əɚɎɟɪ əɌɟɖɟ ɔ ɎɎɑɝɞɔ əɚɎɧɑ ɛɚəɫɞɔɫ, 
əɌɛɜɔɘɑɜ, ɞɑɘɛɑɜɌɞɟɜɟ ɔ ɩəɞɜɚɛɔɪ, ɖɚɞɚɜɧɑ əɑ əɟɒəɧ ɔ əɑ 

ɎɎɚɐɫɞɝɫ ɛɜɔəɢɔɛɔɌɗɨəɚ Ɏ ɖɗɌɝɝɔɣɑɝɖɚɕ ɘɑɡɌəɔɖɑ. 
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ȬəɌɗɚɏɔɣəɚ ɔ ɎɓɌɔɘɚɚɞəɚɤɑəɔɑ 

ɞɑɚɜɔɕ ɏɜɌɠɚɎ ɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ. ȶɌɖ 

ɚɝəɚɎɚɕ ɖɗɌɝɝɔɣɑɝɖɚɕ ɝɞɌɞɔɝɞɔɣɑɝɖɚɕ 

ɠɔɓɔɖɔ ɫɎɗɫɑɞɝɫ ɖɗɌɝɝɔɣɑɝɖɌɫ 

ɘɑɡɌəɔɖɌ, ɞɌɖ ɚɝəɚɎɚɕ ɞɑɚɜɔɔ ɝɗɚɒəɧɡ 
ɝɑɞɑɕ ɫɎɗɫɑɞɝɫ ɞɑɚɜɔɫ ɏɜɌɠɚɎ. Ȼɜɔ 

ɩɞɚɘ, ɞɑɚɜɔɫ ɏɜɌɠɚɎ ɘɚɒɑɞ ɛɚɗɟɣɌɞɨ 

ɝɚɐɑɜɒɌɞɑɗɨəɧɑ ɟɞɎɑɜɒɐɑəɔɫ ɖɌɖ 

ɛɜɌɎɔɗɚ ɐɗɫ ɏɜɌɠɚɎ (ɝɑɞɑɕ) əɑɍɚɗɨɤɚɏɚ 

ɜɌɓɘɑɜɌ ɔɗɔ ɝɛɑɢɔɌɗɨəɚɕ ɝɞɜɟɖɞɟɜɧ. Ȯ 

ɞɚ Ɏɜɑɘɫ ɖɌɖ ɞɑɚɜɔɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ 
ɔɘɑɑɞ ɐɑɗɚ ɝ ɍɚɗɨɤɔɘ ɖɚɗɔɣɑɝɞɎɚɘ, ɖɌɖ 

ɛɜɌɎɔɗɚ, ɝɗɟɣɌɕəɧɘ ɚɍɜɌɓɚɘ 

ɝɚɑɐɔəɑəəɧɡ ɟɓɗɚɎ. Ȯ ɝɎɫɓɔ ɝ ɩɞɔɘ, ɝ 

ɚɐəɚɕ ɝɞɚɜɚəɧ, ɘəɚɏɔɑ 

ɜɌɝɛɜɚɝɞɜɌəɑəəɧɑ Ɏɚɛɜɚɝɧ ɞɑɚɜɔɔ 

ɏɜɌɠɚɎ əɑ ɛɜɑɐɝɞɌɎɗɫɪɞ ɔəɞɑɜɑɝɌ ɐɗɫ 
ɞɑɚɜɔɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ. ȹɌɛɜɔɘɑɜ, 

ɞɌɖɚɕ Ɏɚɛɜɚɝ ð ɛɗɌəɌɜɑə ɗɔ ɐɌəəɧɕ 

ɏɜɌɠ? Ȱɗɫ ɝɗɟɣɌɕəɚɏɚ ɏɜɌɠɌ ɝ ɍɚɗɨɤɔɘ 

ɣɔɝɗɚɘ ɟɓɗɚɎ ɔ ɝɎɫɓɑɕ ɚɞɎɑɞ ɚɣɑɎɔɐɑə (ɔ 

əɑ ɛɜɑɐɝɞɌɎɗɫɑɞ ɔəɞɑɜɑɝɌ) ð əɑɞ. Ƚ 
ɐɜɟɏɚɕ ɝɞɚɜɚəɧ ɘəɚɏɔɑ ɚɣɑəɨ ɎɌɒəɧɑ 

ɛɚəɫɞɔɫ Ɏ ɞɑɚɜɔɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ ɐɗɫ 

ɏɜɌɠɌ ɝ əɑɍɚɗɨɤɔɘ ɣɔɝɗɚɘ ɟɓɗɚɎ ɔ ɝɎɫɓɑɕ ɗɔɍɚ əɑ 

ɛɜɑɐɝɞɌɎɗɫɪɞ ɔəɞɑɜɑɝɌ, ɗɔɍɚ ɔɡ ɛɜɚɝɞɚ ɞɜɟɐəɚ 

ɝɚɐɑɜɒɌɞɑɗɨəɚ ɝɠɚɜɘɟɗɔɜɚɎɌɞɨ. ȹɌɛɜɔɘɑɜ, ɞɌɖɌɫ ɎɌɒəɌɫ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɌ Ɏ ɞɑɚɜɔɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ ɖɌɖ ɠɟəɖɢɔɫ 
ɜɌɝɛɜɑɐɑɗɑəɔɫ ɛɚ ɝɞɑɛɑəɔ ɟɓɗɚɎ ɘɚɒɑɞ ɍɧɞɨ ɛɚɐɝɣɔɞɌəɌ ɐɗɫ 

ɗɪɍɚɏɚ, Ɏ ɞ.ɣ. ɔ ɘɌɗɚɏɚ ɖɚɗɔɣɑɝɞɎɌ ɟɓɗɚɎ. ȺɐəɌɖɚ Ɏ ɝɔɗɟ 

ɝɎɚɑɏɚ Ɏɑɜɚɫɞəɚɝɞəɚɏɚ ɝɚɐɑɜɒɌəɔɫ ɩɞɚ ɛɚəɫɞɔɑ ɚɖɌɓɧɎɌɑɞɝɫ  

ɛɚɗɑɓəɧɘ ɞɚɗɨɖɚ Ɏ ɝɗɟɣɌɑ ɍɚɗɨɤɚɏɚ ɣɔɝɗɌ ɟɓɗɚɎ ɔ ɝɎɫɓɑɕ. 

Ƀɑɘ ɒɑ ɓɌəɔɘɌɑɞɝɫ ɞɑɚɜɔɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ? Ȼɑɜɑɣɔɝɗɔɘ 
əɑɖɚɞɚɜɧɑ ɛɜɚɍɗɑɘɧ ɔ ɓɌɐɌɣɔ. 

Ȯɚ-ɛɑɜɎɧɡ, ɔɝɝɗɑɐɚɎɌəɔɑɘ ɝɞɌəɐɌɜɞəɧɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ 

ɏɜɌɠɚɎ ɐɗɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ ɜɌɓəɚɕ ɛɜɔɜɚɐɧ ð ɝɗɟɣɌɕəɧɡ 

ɏɜɌɠɚɎ, ɍɑɓɘɌɝɤɞɌɍəɧɡ ɝɑɞɑɕ, ɝɑɞɑɕ ɘɌɗɚɏɚ ɘɔɜɌ ɔ ɞ.ɛ. 

Ȯɚ-Ɏɞɚɜɧɡ, ɚɛɜɑɐɑɗɑəɔɑɘ ɔ ɔɓɟɣɑəɔɑɘ əɚɎɧɡ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɝɗɚɒəɧɡ ɝɑɞɑɕ, ɞɌɖɔɡ, əɌɛɜɔɘɑɜ, ɖɌɖ ɝɜɑɐəɔɕ 

 
Dorogovtsev S.N., 
Mendes J.F.F.  
Evolution of 
Networks: From 
Biological Networks 
to the Internet and 
WWW. ð Oxford, USA: 
Oxford University 
Press, 2003.  ð 
P. 280.    

 

Mark Newman, Albert -

Laszlo Baraba si, 

Duncan J.  Watts . The 

Structure and 

Dynamics of 

Networks: (Princeton 

Studies in 

Complexity).  ð 

Princeton, USA: 

Princeton University 

Press, 2006.  ð P. 624.  
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ɘɔəɔɘɌɗɨəɧɕ ɛɟɞɨ, ɛɚɝɜɑɐəɔɣɑɝɞɎɚ, ɖɚɩɠɠɔɢɔɑəɞ 
ɖɗɌɝɞɑɜɔɓɌɢɔɔ. 

Ȯ-ɞɜɑɞɨɔɡ, ɔɓɟɣɑəɔɑɘ ɜɌɓɗɔɣəɧɡ çɠɔɓɔɣɑɝɖɔɡè 

ɛɜɚɢɑɝɝɚɎ əɌ ɝɗɚɒəɧɡ ɝɑɞɫɡ ð ɐɔɠɠɟɓɔɔ, ɩɛɔɐɑɘɔɣɑɝɖɔɡ 

ɛɜɚɢɑɝɝɚɎ, ɜɌɓɗɔɣəɧɡ ɛɚɞɚɖɚɎ (ɔəɠɚɜɘɌɢɔɔ, ɩɗɑɖɞɜɔɣɑɝɖɚɏɚ 

ɞɚɖɌ,é). Ȯ ɖɚəɢɑ ɖɚəɢɚɎ, ɓəɌɘɑəɔɞɧɕ Ɍɗɏɚɜɔɞɘ PageRank  
ɜɌɝɝɘɌɞɜɔɎɌɑɞ ɍɗɟɒɐɌəɔɑ ɛɚ ɝɎɫɓɫɘ (ɏɔɛɑɜɝɝɧɗɖɌɘ) Ɏ 

ɝɗɚɒəɚɕ ɝɑɞɔ WWW. 

Ȯ-ɣɑɞɎɑɜɞɧɡ, ɑɝɞɨ ɚɣɑəɨ ɎɌɒəɚɑ Ɏ ɛɜɔɖɗɌɐəɚɘ 

ɚɞəɚɤɑəɔɔ, əɌɛɜɌɎɗɑəɔɑ ð ɘɑɞɚɐɧ ɎɚɝɝɞɌəɚɎɗɑəɔɫ, ɓɌɥɔɞɧ ɔ 

ɟəɔɣɞɚɒɑəɔɫ ɝɑɞɑɕ. ȾɌɖɚɕ Ɏɚɛɜɚɝ - ɝɖɚɗɨɖɚ ɟɓɗɚɎ (ɝɎɫɓɑɕ) 

əɟɒəɚ çɟɍɔɞɨè ɐɗɫ ɞɚɏɚ, ɣɞɚ ɍɧ, əɌɛɜɔɘɑɜ, ɜɌɓɜɟɤɔɗɝɫ 
çɏɔɏɌəɞɝɖɔɕ ɖɗɌɝɞɑɜè ɔɗɔ ɣɞɚ ɍɧ ɓəɌɣɔɞɑɗɨəɚ ɟɎɑɗɔɣɔɗɝɫ 

ɘɔəɔɘɌɗɨəɧɕ ɝɜɑɐəɔɕ ɛɟɞɨ? Ⱦ.ɑ., ɖɌɖ ɏɚɎɚɜɫɞ ɝɔɝɌɐɘɔəɧ, 

ɣɞɚ ɍɧ çɝɑɞɨ ɗɑɏɗɌè. ȽɪɐɌ ɒɑ ɛɜɔɘɧɖɌɪɞ ɔ Ɏɚɛɜɚɝɧ 

ɚɛɞɔɘɔɓɌɢɔɔ ɝɑɞɑɕ. 

Ȯ-ɛɫɞɧɡ, ɛɚɔɝɖ əɑɫɎəɧɡ ɝɎɫɓɑɕ, ɞɑɡ, ɖɚɞɚɜɧɑ 

ɔɝɖɟɝɝɞɎɑəəɚ ɝɖɜɧɎɌɪɞɝɫ. ȮɌɒəɚɑ ɛɜɔɗɚɒɑəɔɑ ɩɞɚɕ ɓɌɐɌɣɔ ð 
ɛɚɔɝɖ ɝɎɫɓɑɕ ɞɑɜɜɚɜɔɝɞɚɎ. ȴ, ɖɚəɑɣəɚ, ɍɔɓəɑɝ ɜɌɓɎɑɐɖɌ. 

ȸɑɞɚɐɧ, ɖɚɞɚɜɧɑ ɔɝɛɚɗɨɓɟɪɞɝɫ 

ɐɗɫ ɜɑɤɑəɔɫ ɩɞɔɡ ɔ ɘəɚɏɔɡ ɐɜɟɏɔɡ 

ɓɌɐɌɣ ɘɚɒəɚ, ɟɝɗɚɎəɚ, ɜɌɓɐɑɗɔɞɨ əɌ ɞɜɔ 

ɞɔɛɌ. ȸɑɞɚɐɧ ɞɑɚɜɔɔ ɏɜɌɠɚɎ, Ɏ 
ɓəɌɣɔɞɑɗɨəɚɕ ɘɑɜɑ ɖɚɘɍɔəɌɞɚɜəɧɑ. 

Ƀɔɝɗɑəəɚɑ ɘɚɐɑɗɔɜɚɎɌəɔɑ, Ɏ əɌɝɞɚɫɥɑɑ 

Ɏɜɑɘɫ ɡɚɜɚɤɚ ɜɌɓɎɔɞɚ, ɚɛɜɚɍɚɎɌəɚ ɔ 

ɛɜɔɝɛɚɝɚɍɗɑəɚ ɐɗɫ ɢɑɗɑɕ ɔɝɝɗɑɐɚɎɌɞɑɗɫ 

ɝɗɚɒəɧɡ ɝɑɞɑɕ. ȹɌɛɜɔɘɑɜ, ɐɗɫ ɫɓɧɖɌ 

ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɫ Phyton  ɜɌɓɜɌɍɚɞɌə 
ɝɛɑɢɔɌɗɨəɧɕ ɛɌɖɑɞ (python-networkx) ð  ɔəɝɞɜɟɘɑəɞɌɜɔɕ ɐɗɫ 

ɝɚɓɐɌəɔɫ, ɘɌəɔɛɟɗɔɜɚɎɌəɔɫ ɔ ɔɓɟɣɑəɔɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ, 

ɛɚɓɎɚɗɫɪɥɔɕ əɌɕɞɔ ɣɔɝɗɑəəɚ ɛɜɌɖɞɔɣɑɝɖɔ Ɏɝɑ Ɏɚɓɘɚɒəɧɑ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ. Ⱦɜɑɞɔɕ ɞɔɛ ɘɑɞɚɐɚɎ, 

ɖɚɞɚɜɧɕ ɛɚɓɎɚɗɔɗ  ɟɝɞɌəɚɎɔɞɨ ɚɝəɚɎəɧɑ ɓɌɖɚəɚɘɑɜəɚɝɞɔ Ɏ 
ɝɗɚɒəɧɡ ɝɑɞɫɡ ð ɘɑɞɚɐɧ ɞɑɚɜɑɞɔɣɑɝɖɚɕ ɠɔɓɔɖɔ. Ⱥɞ ɞɑɚɜɔɔ 

ɝɜɑɐəɑɏɚ ɛɚɗɫ ɐɚ ɜɑəɚɜɘ-ɏɜɟɛɛɧ ɔ ɐɔɌɏɜɌɘɘəɚɕ ɞɑɡəɔɖɔ. 

ȹɑɐɌɜɚɘ ɓəɌɣɔɞɑɗɨəɚɑ ɣɔɝɗɚ Ɏɑɐɟɥɔɡ ɔɝɝɗɑɐɚɎɌɞɑɗɑɕ 

ɝɗɚɒəɧɡ ɝɑɞɑɕ ɠɔɓɔɖɔ ɞɑɚɜɑɞɔɖɔ. 

 

Python -networkx 
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Ⱥ ɣɑɘ əɌɤɌ ɖəɔɏɌ ɔ ɐɗɫ ɖɚɏɚ ɚəɌ ɛɜɑɐəɌɓəɌɣɑəɌ? ȽɜɌɓɟ 
ɒɑ əɌɐɚ ɝɖɌɓɌɞɨ, ɣɞɚ ɐɗɫ ɞɑɡ, ɖɞɚ ɓəɌɖɚɘ ɝ ɚɝəɚɎəɧɘɔ 

ɚɍɓɚɜɌɘɔ ɔɗɔ ɖəɔɏɌɘɔ ɛɚ ɞɑɚɜɔɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ əɌɤɌ ɖəɔɏɌ 

əɑ ɛɜɑɐɝɞɌɎɗɫɑɞ ɔəɞɑɜɑɝɌ. ȺəɌ ɛɜɑɐəɌɓəɌɣɑəɌ, Ɏ ɛɑɜɎɟɪ 

ɚɣɑɜɑɐɨ, ɞɑɘ ɖɞɚ  ɞɚɗɨɖɚ ɝɗɧɤɌɗ ɞɑɜɘɔə çɝɗɚɒəɌɫ ɝɑɞɨè ɔɗɔ 

ɎɝɞɜɑɣɌɗɝɫ ɝ əɔɘ  Ɏ ɝɞɌɞɨɑ ɛɚ ɍɔɚɗɚɏɔɔ, ɩɖɚəɚɘɔɖɑ ɔ ɞ.ɛ. 
ȳɌɔəɞɑɜɑɝɚɎɌɎɤɑɘɟɝɫ ɣɔɞɌɞɑɗɪ ɐɚɎɚɗɨəɚ ɝɗɚɒəɚ ɝɜɌɓɟ ɒɑ 

ɚɝɎɚɔɞɨ ɍɚɗɨɤɚɕ ɚɍɓɚɜ, ɞɑɜɘɔəɚɗɚɏɔɪ, ɘɑɞɚɐɧ, ɚɝəɚɎəɧɑ 

ɓɌɐɌɣɔ. ȳɐɑɝɨ ɔ ɐɚɗɒəɌ ɛɚɘɚɣɨ ɛɜɑɐɗɌɏɌɑɘɌɫ ɖəɔɏɌ. Ȯ ɛɑɜɎɚɕ 

ɑɑ ɣɌɝɞɔ ɚɛɔɝɌəɧ, əɌ ɛɜɚɝɞɧɡ ɛɜɔɘɑɜɌɡ, ɚɝəɚɎəɧɑ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɔ ɝɎɚɕɝɞɎɌ əɑɝɖɚɗɨɖɔɡ, əɌɔɍɚɗɑɑ ɣɌɝɞɚ 

ɎɝɞɜɑɣɌɪɥɔɡɝɫ ɝɑɞɑɕ. ȮɞɚɜɌɫ ɣɌɝɞɨ ɖəɔɏɔ ɛɜɑɐəɌɓəɌɣɑəɌ 
ɞɑɘ ɣɔɞɌɞɑɗɫɘ, ɖɚɞɚɜɧɑ ɍɧ ɡɚɞɑɗɔ, Ɏ ɖɌɣɑɝɞɎɑ ɛɜɔɘɑɜɌ, 

ɛɚɝɘɚɞɜɑɞɨ çɖɌɖ ɜɌɍɚɞɌɑɞè ɞɑɚɜɔɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ. ȳɐɑɝɨ 

ɛɜɔɎɑɐɑəɧ əɑɝɖɚɗɨɖɚ ɓɌɐɌɣ (ɛɜɚɍɗɑɘ) ɎɧɍɜɌəəɧɡ əɌ Ɏɖɟɝ 

ɌɎɞɚɜɚɎ. 

ȴ, əɌɖɚəɑɢ, ɎɧɜɌɒɌɑɘ ɔɝɖɜɑəəɪɪ ɍɗɌɏɚɐɌɜəɚɝɞɨ 

ɟɣɑəɧɘ, ɛɚɐɐɑɜɒɌɎɤɔɘ ɔɐɑɪ əɌɛɔɝɌəɔɫ ɩɞɚɕ ɖəɔɏɔ, əɌɤɔɘ 
ɖɚɗɗɑɏɌɘ, ɔɘɑɪɥɔɘ əɑɛɚɝɜɑɐɝɞɎɑəəɚɑ ɚɞəɚɤɑəɔɑ ɖɚ ɘəɚɏɔɘ 

ɜɑɓɟɗɨɞɌɞɌɘ, ɔɓɗɚɒɑəəɧɘ ɓɐɑɝɨ: ȸ.ȴ ȲɑəɔɜɚɎɝɖɚɘɟ, 

ȴ.Ȯ. ȭɑɓɝɟɐəɚɎɟ, Ȭ.ȯ. ȰɚɐɚəɚɎɟ ɔ Ƚ.ȸ. ȭɜɌɕɣɑɎɝɖɚɘɟ. 
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ɃɌɝɞɨ I. Ƚɗɚɒəɧɑ ɝɑɞɔ  

1. ȺɝəɚɎəɧɑ ɛɚəɫɞɔɫ 

1.0. ȹɌɛɜɌɎɗɑəɔɑ çɝɗɚɒəɧɡ ɝɑɞɑɕè 

ȴɓɐɌɎəɌ ɝɜɑɐɔ ɒɔɞɑɗɑɕ ȶɑəɔɏɝɍɑɜɏɌ ɍɧɗɌ 

ɜɌɝɛɜɚɝɞɜɌəɑəɌ ɞɌɖɌɫ ɓɌɏɌɐɖɌ: ɖɌɖ ɛɜɚɕɞɔ ɛɚ Ɏɝɑɘ ɝɑɘɔ 
ɘɚɝɞɌɘ (ɣɑɜɑɓ ɜɑɖɟ Ȼɜɑɏɚɗɫ, ɜɔɝ. 1.0.1 ), əɑ ɛɜɚɡɚɐɫ əɔ ɛɚ 

ɚɐəɚɘɟ ɔɓ əɔɡ ɐɎɌɒɐɧ. ȰɚɖɌɓɌɞɨ ɔɗɔ ɚɛɜɚɎɑɜɏəɟɞɨ 

Ɏɚɓɘɚɒəɚɝɞɨ ɝɟɥɑɝɞɎɚɎɌəɔɫ ɞɌɖɚɏɚ ɘɌɜɤɜɟɞɌ əɔɖɞɚ əɑ ɘɚɏ. 

ȼɔɝ. 1.0.1  ð ȽɡɑɘɌ ɘɚɝɞɚɎ ȶɑəɔɏɝɍɑɜɏɌ 

ȷɑɚəɌɜɐ ɉɕɗɑɜ 13 ɘɌɜɞɌ 1736 ɏ.  Ɏ 

ɛɔɝɨɘɑ ɖ ɔɞɌɗɨɫəɝɖɚɘɟ ɘɌɞɑɘɌɞɔɖɟ ɔ 

ɔəɒɑəɑɜɟ ȸɌɜɔɚəɔ əɌɛɔɝɌɗ, ɣɞɚ əɌɤɑɗ 

ɛɜɌɎɔɗɚ, ɛɚɗɨɓɟɫɝɨ ɖɚɞɚɜɧɘ, ɗɑɏɖɚ 

ɚɛɜɑɐɑɗɔɞɨ, ɘɚɒəɚ ɗɔ ɛɜɚɕɞɔ ɛɚ Ɏɝɑɘ 
ɘɚɝɞɌɘ, əɑ ɛɜɚɡɚɐɫ ɐɎɌɒɐɧ əɔ ɛɚ 

ɚɐəɚɘɟ ɔɓ əɔɡ: 

- Ƀɔɝɗɚ əɑɣɑɞəɧɡ Ɏɑɜɤɔə ɐɚɗɒəɚ 
ɍɧɞɨ ɣɑɞəɚ (əɑɞ ɞɌɖɚɏɚ ɏɜɌɠɌ, Ɏ 

ɖɚɞɚɜɚɘ əɑɣɑɞəɚɑ ɣɔɝɗɚ ɣɑɞəɧɡ 

Ɏɑɜɤɔə) 

- ȱɝɗɔ Ɏɝɑ Ɏɑɜɤɔəɧ ɣɑɞəɧɑ, ɞɚ 

ɘɚɒəɚ əɑ ɚɞɜɧɎɌɫ ɖɌɜɌəɐɌɤɌ ɚɞ 
ɍɟɘɌɏɔ əɌɣɑɜɞɔɞɨ ɏɜɌɠ.  Ȼɜɔ ɩɞɚɘ ɘɚɒəɚ əɌɣɔəɌɞɨ ɝ 

ɗɪɍɚɕ Ɏɑɜɤɔəɧ ɔ ɓɌɎɑɜɤɔɞɨ Ɏ ɞɚɕ ɒɑ Ɏɑɜɤɔəɑ. 

 

 

 

Ą 
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- ȯɜɌɠ ɝ ɍɚɗɑɑ ɣɑɘ ɐɎɟɘɫ əɑɣɑɞəɧɘɔ ɎɑɜɤɔəɌɘɔ 
əɑɎɚɓɘɚɒəɚ əɌɣɑɜɞɔɞɨ  ɚɐəɔɘ ɜɚɝɣɑɜɖɚɘ. 

ȯɜɌɠ ȶɑəɔɏɝɍɑɜɏɝɖɔɡ ɘɚɝɞɚɎ ɔɘɑɑɞ ɛɫɞɨ əɑɣɑɞəɧɡ 

Ɏɑɜɤɔə, ɞɚ ɑɝɞɨ ɘɚɝɞɧ əɑɗɨɓɫ ɚɍɚɕɞɔ əɑ ɛɜɚɡɚɐɫ ɐɎɌɒɐɧ ɛɚ 

ɖɌɖɚɘɟ-əɔɍɟɐɨ. 

P.S.: Ȯ 1905 ɏɚɐɟ ɛɚ ɛɜɔɖɌɓɟ  ȶɌɕɓɑɜɌ ȮɔɗɨɏɑɗɨɘɌ ɍɧɗ 

ɛɚɝɞɜɚɑə ȴɘɛɑɜɌɞɚɜɝɖɔɕ ɘɚɝɞ, ɖɚɞɚɜɧɕ ɍɧɗ ɎɛɚɝɗɑɐɝɞɎɔɔ 

ɜɌɓɜɟɤɑə Ɏ ɡɚɐɑ ɍɚɘɍɌɜɐɔɜɚɎɖɔ Ɏɚ Ɏɜɑɘɫ Ȯɞɚɜɚɕ ɘɔɜɚɎɚɕ 
Ɏɚɕəɧ. Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ Ɏ ȶɌɗɔəɔəɏɜɌɐɑ ɝɑɘɨ ɘɚɝɞɚɎ, ɔ 

ɏɜɌɠ ɛɚ-ɛɜɑɒəɑɘɟ əɑ ɔɘɑɑɞ ɩɕɗɑɜɚɎɌ ɛɟɞɔ. 

ȹɑɝɘɚɞɜɫ əɌ ɞɚ, ɣɞɚ Ɏ ɜɌɝɝɘɚɞɜɑəɔɑ ɞɑɚɜɔɔ ɝɗɚɒəɧɡ 

ɝɑɞɑɕ ɛɚɛɌɐɌɪɞ ɜɌɓɗɔɣəɧɑ ɝɑɞɔ ð ɩɗɑɖɞɜɔɣɑɝɖɔɑ, 

ɞɜɌəɝɛɚɜɞəɧɑ, ɔəɠɚɜɘɌɢɔɚəəɧɑ, əɌɔɍɚɗɨɤɔɕ ɎɖɗɌɐ Ɏ  
ɜɌɓɎɔɞɔɑ ɩɞɚɕ ɞɑɚɜɔɔ Ɏəɑɝɗɔ ɔɝɝɗɑɐɚɎɌəɔɫ ɝɚɢɔɌɗɨəɧɡ ɝɑɞɑɕ.  

Ⱦɑɜɘɔə çɝɚɢɔɌɗɨəɌɫ ɝɑɞɨè 

ɚɍɚɓəɌɣɌɑɞ ɝɚɝɜɑɐɚɞɚɣɑəɔɑ ɝɚɢɔɌɗɨəɧɡ 

ɚɍɦɑɖɞɚɎ, ɖɚɞɚɜɧɑ ɘɚɒəɚ 

ɜɌɝɝɘɌɞɜɔɎɌɞɨ ɖɌɖ ɝɑɞɨ (ɔɗɔ ɏɜɌɠ), 

ɟɓɗɧ ɖɚɞɚɜɚɕ - ɚɍɦɑɖɞɧ, Ɍ ɝɎɫɓɔ - 
ɝɚɢɔɌɗɨəɧɑ ɚɞəɚɤɑəɔɫ. ɉɞɚɞ ɞɑɜɘɔə 

ɍɧɗ ɎɎɑɐɑə Ɏ 1954 ɏɚɐɟ ɝɚɢɔɚɗɚɏɚɘ ɔɓ çȸɌəɣɑɝɞɑɜɝɖɚɕ 

ɤɖɚɗɧè Ȱɒ. ȭɌɜəɝɚɘ (J. Barnes ) Ɏ ɜɌɍɚɞɑ çȶɗɌɝɝɧ ɔ ɝɍɚɜɧ Ɏ 

əɚɜɎɑɒɝɖɚɘ ɚɝɞɜɚɎəɚɘ ɛɜɔɡɚɐɑè. Ȯɚ Ɏɞɚɜɚɕ ɛɚɗɚɎɔəɑ XX 

ɝɞɚɗɑɞɔɫ ɛɚəɫɞɔɑ çɝɚɢɔɌɗɨəɌɫ ɝɑɞɨè ɝɞɌɗɚ ɛɚɛɟɗɫɜəɧɘ ɟ 
ɓɌɛɌɐəɧɡ ɔɝɝɗɑɐɚɎɌɞɑɗɑɕ. Ȯ ɞɑɚɜɔɔ ɝɚɢɔɌɗɨəɧɡ ɝɑɞɑɕ 

ɛɚɗɟɣɔɗɚ ɜɌɓɎɔɞɔɑ ɞɌɖɚɑ əɌɛɜɌɎɗɑəɔɑ, ɖɌɖ ɌəɌɗɔɓ 

ɝɚɢɔɌɗɨəɧɡ ɝɑɞɑɕ (Social  Network  Analysis , SNA). Ƚɑɏɚɐəɫ  

ɞɑɜɘɔə çɝɚɢɔɌɗɨəɌɫ ɝɑɞɨè ɚɍɚɓəɌɣɌɑɞ ɛɚəɫɞɔɑ, ɚɖɌɓɌɎɤɑɑɝɫ 

ɤɔɜɑ ɝɎɚɑɏɚ ɝɚɢɔɌɗɨəɚɏɚ ɌɝɛɑɖɞɌ, ɚəɚ ɎɖɗɪɣɌɑɞ, əɌɛɜɔɘɑɜ, 

ɘəɚɏɔɑ ɔəɠɚɜɘɌɢɔɚəəɧɑ ɝɑɞɔ, Ɏ ɞɚɘ ɣɔɝɗɑ ɔ WWW.   

Ȯ ɞɑɚɜɔɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ Ɏɧɐɑɗɫɪɞ ɞɜɔ ɚɝəɚɎəɧɡ 

əɌɛɜɌɎɗɑəɔɫ:  ɔɝɝɗɑɐɚɎɌəɔɑ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɝɎɚɕɝɞɎ, 

ɖɚɞɚɜɧɑ ɡɌɜɌɖɞɑɜɔɓɟɪɞ ɛɚɎɑɐɑəɔɑ ɝɑɞɑɕ; ɝɚɓɐɌəɔɑ ɘɚɐɑɗɔ 

ɝɑɞɑɕ; ɛɜɑɐɝɖɌɓɌəɔɑ ɛɚɎɑɐɑəɔɫ ɝɑɞɑɕ ɛɜɔ ɔɓɘɑəɑəɔɔ 

ɝɞɜɟɖɞɟɜəɧɡ ɝɎɚɕɝɞɎ. Ȯ ɛɜɔɖɗɌɐəɧɡ  ɔɝɝɗɑɐɚɎɌəɔɫɡ ɚɍɧɣəɚ 
ɛɜɔɘɑəɫɪɞ ɞɌɖɔɑ ɞɔɛɔɣəɧɑ ɐɗɫ ɝɑɞɑɎɚɏɚ ɌəɌɗɔɓɌ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ, ɖɌɖ ɜɌɓɘɑɜ ɝɑɞɔ, ɝɑɞɑɎɌɫ ɛɗɚɞəɚɝɞɨ, ɝɞɑɛɑəɨ 

ɢɑəɞɜɌɗɨəɚɝɞɔ ɔ ɞ.ɛ.  

 

Barnes, J.A.  çClass 

and Committees in a 

Norwegian Island 

Parishè, Human 

Relations 7:39 -58.  
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Ȼɜɔ ɌəɌɗɔɓɑ ɝɗɚɒəɧɡ ɝɑɞɑɕ ɖɌɖ ɔ Ɏ ɞɑɚɜɔɔ ɏɜɌɠɚɎ 
ɔɝɝɗɑɐɟɪɞɝɫ ɛɌɜɌɘɑɞɜɧ ɚɞɐɑɗɨəɧɡ ɟɓɗɚɎ; ɛɌɜɌɘɑɞɜɧ ɝɑɞɔ Ɏ 

ɢɑɗɚɘ; ɝɑɞɑɎɧɑ ɛɚɐɝɞɜɟɖɞɟɜɧ. 

ȹɚɎɌɫ ɛɌɜɌɐɔɏɘɌ ð çɝɗɚɒəɧɑ ɝɑɞɔè 

ɚɡɎɌɞɧɎɌɑɞ ɝɑɞɔ, ɚɍɗɌɐɌɪɥɔɑ 

ɝɎɚɕɝɞɎɌɘɔ: 

1) ɍɚɗɨɤɔɑ ɜɌɓɘɑɜɧ; 

2) ɩɗɑɘɑəɞɧ ɝɗɟɣɌɕəɚɝɞɔ ɛɜɔ 

ɠɚɜɘɔɜɚɎɌəɔɔ; 

3) ɜɚɝɞ (ɔɓɘɑəɑəɔɑ) Ɏɚ Ɏɜɑɘɑəɔ; 

4) əɑɖɚɞɚɜɧɑ ɟɓɗɧ ɘɚɏɟɞ 

ɚɍɜɌɓɚɎɧɎɌɞɨ ɖɚɘɛɌɖɞəɧɑ 
ɏɜɟɛɛɧ ð ɌəɝɌɘɍɗɔ. 

1.1.  ɁɌɜɌɖɞɑɜɔɝɞɔɖɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ 

1. 1.1. ȻɌɜɌɘɑɞɜɧ ɟɓɗɚɎ ɝɑɞɔ 

Ȱɗɫ ɚɞɐɑɗɨəɧɡ ɟɓɗɚɎ Ɏɧɐɑɗɫɪɞ ɝɗɑɐɟɪɥɔɑ ɛɌɜɌɘɑɞɜɧ: 

- ɎɡɚɐəɌɫ ɝɞɑɛɑəɨ ɟɓɗɌ ð ɖɚɗɔɣɑɝɞɎɚ ɜɑɍɑɜ ɏɜɌɠɌ, 

ɖɚɞɚɜɧɑ Ɏɡɚɐɫɞ Ɏ ɟɓɑɗ; 

- ɎɧɡɚɐəɌɫ ɝɞɑɛɑəɨ ɟɓɗɌ ð ɖɚɗɔɣɑɝɞɎɚ ɜɑɍɑɜ ɏɜɌɠɌ, 

ɖɚɞɚɜɧɑ Ɏɧɡɚɐɫɞ ɔɓ ɟɓɗɌ; 

- ɜɌɝɝɞɚɫəɔɑ ɚɞ ɚɐəɚɏɚ ɟɓɗɌ ɐɚ ɐɜɟɏɔɡ; 

- ɩɖɝɢɑəɞɜɔɣəɚɝɞɨ (eccentricity ) ð əɌɔɍɚɗɨɤɑɑ ɔɓ 

ɘɔəɔɘɌɗɨəɧɡ ɜɌɝɝɞɚɫəɔɕ ɚɞ ɐɌəəɚɏɚ ɟɓɗɌ ɐɚ ɐɜɟɏɔɡ; 

- ɛɚɝɜɑɐəɔɣɑɝɞɎɚ (betweenness), ɛɚɖɌɓɧɎɌɪɥɑɑ, 

ɝɖɚɗɨɖɚ ɖɜɌɞɣɌɕɤɔɡ ɛɟɞɑɕ ɛɜɚɡɚɐɔɞ ɣɑɜɑɓ ɐɌəəɧɕ 

ɟɓɑɗ; 

- ɢɑəɞɜɌɗɨəɚɝɞɨ ð ɚɍɥɑɑ ɖɚɗɔɣɑɝɞɎɚ ɝɎɫɓɑɕ ɐɌəəɚɏɚ 

ɟɓɗɌ ɛɚ ɚɞəɚɤɑəɔɪ ɖ ɐɜɟɏɔɘ. 

1. 1.2. ȼɌɝɛɜɑɐɑɗɑəɔɑ ɝɞɑɛɑəɑɕ ɟɓɗɚɎ 

Ƚɑɞɔ Ɏ ɢɑɗɚɘ ɡɌɜɌɖɞɑɜɔɓɟɪɞɝɫ ɞɌɖɔɘɔ ɛɌɜɌɘɑɞɜɌɘɔ, 

ɖɌɖ ɖɚɗɔɣɑɝɞɎɚ ɟɓɗɚɎ, ɖɚɗɔɣɑɝɞɎɚ ɝɎɫɓɑɕ, ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ 

ɟɓɗɌɘɔ, ɝɜɑɐəɑɑ ɜɌɝɝɞɚɫəɔɑ ɚɞ ɚɐəɚɏɚ ɟɓɗɌ ɐɚ ɐɜɟɏɔɡ, ɝɑɞɑɎɌɫ 

ɛɗɚɞəɚɝɞɨ, ɖɚɗɔɣɑɝɞɎɚ ɝɔɘɘɑɞɜɔɣəɧɡ, ɞɜɌəɓɔɞɔɎəɧɡ ɔ 

 
ȽɑɞɑɎɌɫ ɛɗɚɞəɚɝɞɨ 
ð ɝɚɚɞəɚɤɑəɔɑ 
əɌɗɔɣɑɝɞɎɟɪɥɔɡ ɔ 
Ɏɚɓɘɚɒəɧɡ ɝɎɫɓɑɕ: 

2
,

( 1)

L

n n
D=

-
 

ɏɐɑ L
 
ð ɖɚɗɔɣɑɝɞɎɚ 

əɌɍɗɪɐɌɑɘɧɡ ɝɎɫɓɑɕ, 

nð ɖɚɗɔɣɑɝɞɎɚ ɟɓɗɚɎ 

Ɏ ɝɑɞɔ. 
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ɢɔɖɗɔɣɑɝɖɔɡ ɞɜɔɌɐ, ɐɔɌɘɑɞɜ ɝɑɞɔ - əɌɔɍɚɗɨɤɑɑ ɜɌɝɝɞɚɫəɔɑ 
ɘɑɒɐɟ ɟɓɗɌɘɔ Ɏ ɝɑɞɔ ɔ ɞ.ɐ. 

ȽɟɥɑɝɞɎɟɑɞ əɑɝɖɚɗɨɖɚ ɌɖɞɟɌɗɨəɧɡ ɓɌɐɌɣ ɔɝɝɗɑɐɚɎɌəɔɫ 

ɝɗɚɒəɧɡ ɝɑɞɑɕ, ɝɜɑɐɔ ɖɚɞɚɜɧɡ ɘɚɒəɚ Ɏɧɐɑɗɔɞɨ ɝɗɑɐɟɪɥɔɑ 

ɚɝəɚɎəɧɑ: 

¶ ɚɛɜɑɐɑɗɑəɔɑ ɖɗɔɖ Ɏ ɝɑɞɔ. ȶɗɔɖɔ ð ɩɞɚ ɛɚɐɏɜɟɛɛɧ ɔɗɔ 
ɖɗɌɝɞɑɜɧ, Ɏ ɖɚɞɚɜɧɡ ɟɓɗɧ ɝɎɫɓɌəɧ ɘɑɒɐɟ ɝɚɍɚɕ 

ɝɔɗɨəɑɑ, ɣɑɘ ɝ ɣɗɑəɌɘɔ ɐɜɟɏɔɡ ɖɗɔɖ; 

¶ Ɏɧɐɑɗɑəɔɑ ɖɚɘɛɚəɑəɞ (ɣɌɝɞɑɕ ɝɑɞɔ), ɖɚɞɚɜɧɑ əɑ 
ɝɎɫɓɌəɧ ɘɑɒɐɟ ɝɚɍɚɕ, ɟɓɗɧ ɖɚɞɚɜɧɡ ɝɎɫɓɌəɧ Ɏəɟɞɜɔ 

ɩɞɔɡ ɖɚɘɛɚəɑəɞ; 

¶ əɌɡɚɒɐɑəɔɑ ɍɗɚɖɚɎ ɔ ɛɑɜɑɘɧɣɑɖ. ȿɓɑɗ əɌɓɧɎɌɑɞɝɫ 
ɛɑɜɑɘɧɣɖɚɕ, ɑɝɗɔ ɛɜɔ ɑɏɚ ɔɓɦɫɞɔɔ ɝɑɞɨ ɜɌɝɛɌɐɌɑɞɝɫ 

əɌ əɑɝɎɫɓɌəəɧɑ ɣɌɝɞɔ; 

¶ Ɏɧɐɑɗɑəɔɑ ɏɜɟɛɛɔɜɚɎɚɖ ð ɏɜɟɛɛ ɩɖɎɔɎɌɗɑəɞəɧɡ ɟɓɗɚɎ 
(ɖɚɞɚɜɧɑ ɔɘɑɪɞ ɘɌɖɝɔɘɌɗɨəɚ ɛɚɡɚɒɔɑ ɛɜɚɠɔɗɔ 

ɝɎɫɓɑɕ). 

 ȶɗɌɝɝɔɠɔɖɌɢɔɫ ɝɑɞɑɕ ɛɚ ɞɔɛɌɘ ɘɚɒɑɞ ɍɧɞɨ 

ɛɜɚɔɓɎɑɐɑəɌ ɜɌɓɗɔɣəɧɘɔ ɝɛɚɝɚɍɌɘɔ. ȸɚɒəɚ ɜɌɓɗɔɣɌɞɨ ɝɑɞɔ 

ɛɚ ɞɚɘɟ, ɣɞɚ ɛɜɑɐɝɞɌɎɗɫɪɞ ɝɚɍɚɕ ɟɓɗɧ ɔ 

ɝɎɫɓɔ.  

Ȱɗɫ ɍɚɗɨɤɔɡ (N>>1) ɝɑɞɑɕ ɝɚ 

ɝɗɟɣɌɕəɚɕ ɝɞɜɟɖɞɟɜɚɕ ɚɐəɚɕ ɔɓ ɝɌɘɧɡ 
ɎɌɒəɧɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɫɎɗɫɑɞɝɫ 

ɠɟəɖɢɔɫ ɜɌɝɛɜɑɐɑɗɑəɔɫ ()P k ɛɚ 

ɝɞɑɛɑəɫɘ ɟɓɗɚɎ. ȹɌɔɍɚɗɨɤɌɫ ɣɌɝɞɨ 

ɜɑɌɗɨəɧɡ CN ɛɚɡɚɒɔ (ɍɗɔɓɖɔ) ɖ 

ɝɗɑɐɟɪɥɔɘ ɞɜɑɘ: 

1.  ȽɗɟɣɌɕəɌɫ ɝɑɞɨ ɔɗɔ ɝɑɞɨ 

ɉɜɐɑɤɌ-ȼɑəɨɔ (ER) ()~
!

k

k k
P k e

k

-
. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, Ɏ 

ɝɗɟɣɌɑ ɝɑɞɔ ER ɠɟəɖɢɔɫ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɑɝɞɨ ɠɟəɖɢɔɫ 

ȻɟɌɝɝɚəɌ. 

2.  Ƚɑɞɨ ɝ ɩɖɝɛɚəɑəɢɔɌɗɨəɧɘ ɜɌɝɛɜɑɐɑɗɑəɔɑɘ 

() /
~

k k
P k e

-
. 

 

ER ð ɝɑɞɨ ɉɜɐɑɤɌ-
ȼɑəɨɔ, ɞɌɖ 
əɌɓɧɎɌɑɘɧɕ 
ɝɗɟɣɌɕəɧɕ ɏɜɌɠ 

 
SF ð ɝɑɞɨ scale  free , 

ɍɑɓɘɌɝɤɞɌɍəɌɫ ɝɑɞɨ 
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3.  Ƚɑɞɨ ɝɚ ɝɞɑɛɑəəɧɘ ɜɌɝɛɜɑɐɑɗɑəɔɑɘ (Scale-Free) 

() ()/P k k k- -= g gV g , ɏɐɑ ()V g - ɐɓɑɞɌ-ɠɟəɖɢɔɫ 

ȼɔɘɌəɌ. 

Ȯ ɐɎɚɕəɚɘ ɗɚɏɌɜɔɠɘɔɣɑɝɖɚɘ ɘɌɝɤɞɌɍɑ ɩɞɔ 
ɜɌɝɛɜɑɐɑɗɑəɔɫ ɔɘɑɪɞ Ɏɔɐ, ɛɜɑɐɝɞɌɎɗɑəəɧɕ əɌ ɜɔɝ. 1.1.2 . 

 

 

Ɍ ɍ Ɏ 

ȼɔɝ. 1.1.2  ð Ȼɗɚɞəɚɝɞɔ ɜɌɝɛɜɑɐɑɗɑəɔɫ ()P k Ɏ ɐɎɚɕəɚɘ 

ɗɚɏɌɜɔɠɘɔɣɑɝɖɚɘ ɘɌɝɤɞɌɍɑ: a - ɜɌɝɛɜɑɐɑɗɑəɔɑ ȻɟɌɝɝɚəɌ 
(ɝɑɞɨ ER); ɍ ð ɩɖɝɛɚəɑəɢɔɌɗɨəɚɑ ɜɌɝɛɜɑɐɑɗɑəɔɑ; Ɏ ð ɝɞɑɛɑəəɚɑ 

ɜɌɝɛɜɑɐɑɗɑəɔɑ 

Ƚɑɞɨ ɉɜɐɑɤɌ-ȼɑəɨɔ ɘɚɒəɚ ɛɚɝɞɜɚɔɞɨ, ɜɌɝɛɜɑɐɑɗɔɎ 

ɝɗɟɣɌɕəɧɘ ɚɍɜɌɓɚɘ M ɝɎɫɓɑɕ ɘɑɒɐɟ NɟɓɗɌɘɔ. ȾɚɏɐɌ ɝ ɚɐəɚɕ 

ɝɞɚɜɚəɧ 2 / ,k M N= Ɍ ɝ ɐɜɟɏɚɕ k mN= , ɏɐɑ m  ð 

Ɏɑɜɚɫɞəɚɝɞɨ ɝɚɑɐɔəɑəɔɫ ɟɓɗɚɎ. Ȼɜɔ N­¤ ɔ 0m­  
ɜɌɝɛɜɑɐɑɗɑəɔɑ ɝɞɑɛɑəɔ ɟɓɗɚɎ ɫɎɗɫɑɞɝɫ 

ȻɟɌɝɝɚəɚɎɧɘ. 

ȶ ɝɑɞɫɘ ɝɚ ɝɞɑɛɑəəɧɘ 

ɜɌɝɛɜɑɐɑɗɑəɔɑɘ ɚɞəɚɝɫɞɝɫ ɝɑɞɫɘɔ 

ȭɌɜɌɍɌɤɔ-ȬɗɨɍɑɜɞɌ (BA), ɐɗɫ 

ɛɚɝɞɜɚɑəɔɫ ɖɚɞɚɜɧɡ ɔɝɛɚɗɨɓɟɑɞɝɫ 
ɝɛɑɢɔɌɗɨəɌɫ ɛɜɚɢɑɐɟɜɌ, ɓɌɖɗɪɣɌɪɥɌɫɝɫ 

Ɏ ɞɚɘ, ɣɞɚ ɖ ɔɓəɌɣɌɗɨəɚ əɑɍɚɗɨɤɚɘɟ 

ɣɔɝɗɟ ɟɓɗɚɎ 0N  ɛɚɝɞɑɛɑəəɚ ɐɚɍɌɎɗɫɪɞɝɫ 

əɚɎɧɑ ɟɓɗɧ, ɝɎɫɓɔ ɚɞ ɖɚɞɚɜɧɡ ɝ ɍɚɗɨɤɑɕ 

Ɏɑɜɚɫɞəɚɝɞɨɪ ɛɚɐɝɚɑɐɔəɫɪɞɝɫ ɖ ɞɑɘ 

ɟɓɗɌɘ, ɟ ɖɚɞɚɜɧɡ ɝɎɫɓɑɕ ɍɚɗɨɤɑ. 

 

 
Ȭɗɨɍɑɜɞ-ȷɌɝɗɚ 
ȭɌɜɌɍɌɤɔ 
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ȽɟɥɑɝɞɎɟɪɞ ɛɜɚɢɑɐɟɜɧ 
ɛɚɝɞɜɚɑəɔɫ ɝɑɞɑɕ ɔəɚɏɚ ɞɔɛɌ, ɖɚɏɐɌ ɖ 

ɟɛɚɜɫɐɚɣɑəəɚɕ ɝɞɜɟɖɞɟɜɑ ɐɚɍɌɎɗɫɪɞɝɫ 

ɝɗɟɣɌɕəɧɑ ɝɎɫɓɔ. ȹɌɔɍɚɗɑɑ ɔɓɎɑɝɞəɧɕ 

ɛɜɔɘɑɜ ɞɌɖɚɕ ɝɑɞɔ ð ɞɌɖ əɌɓɧɎɌɑɘɌɫ 

ɝɑɞɨ ɘɌɗɚɏɚ ɘɔɜɌ (Small  World  ð SW). 

 

1. 1.3. ȶɜɌɞɣɌɕɤɔɕ ɛɟɞɨ ɘɑɒɐɟ ɟɓɗɌɘɔ 

ȼɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ ɟɓɗɌɘɔ ɚɛɜɑɐɑɗɫɑɞɝɫ ɖɌɖ ɖɚɗɔɣɑɝɞɎɚ 

ɤɌɏɚɎ, ɖɚɞɚɜɧɑ əɑɚɍɡɚɐɔɘɚ ɝɐɑɗɌɞɨ, ɣɞɚɍɧ ɛɚ ɝɟɥɑɝɞɎɟɪɥɔɘ 

ɜɑɍɜɌɘ ɐɚɍɜɌɞɨɝɫ ɚɞ ɚɐəɚɏɚ ɟɓɗɌ ɐɚ ɐɜɟɏɚɏɚ. ȱɝɞɑɝɞɎɑəəɚ, 

ɟɓɗɧ ɘɚɏɟɞ ɍɧɞɨ ɝɚɑɐɔəɑəɧ ɛɜɫɘɚ ɔɗɔ ɚɛɚɝɜɑɐɚɎɌəəɚ, ɣɑɜɑɓ 

ɐɜɟɏɔɑ ɟɓɗɧ. 

ȶɜɌɞɣɌɕɤɔɘ ɛɟɞɑɘ (SP, shortest 

path ) ɘɑɒɐɟ ɟɓɗɌɘɔ əɌɓɚɎɑɘ 
ɘɔəɔɘɌɗɨəɚɑ ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ əɔɘɔ. 

Ȱɗɫ Ɏɝɑɕ ɝɑɞɔ ɘɚɒəɚ ɎɎɑɝɞɔ ɛɚəɫɞɔɑ 

ɝɜɑɐəɑɏɚ ɖɜɌɞɣɌɕɤɑɏɚ ɛɟɞɔ, ɖɌɖ ɝɜɑɐəɑɑ 

ɛɚ Ɏɝɑɘ ɛɌɜɌɘ ɟɓɗɚɎ ɘɔəɔɘɌɗɨəɚɑ 

ɜɌɝɝɞɚɫəɔɫ ɘɑɒɐɟ əɔɘɔ: 

2
,

( 1)
ij

i j

l l
n n ²

=
+
ä  

 
(1.1 .1) 

ɏɐɑ n  ð ɖɚɗɔɣɑɝɞɎɚ ɟɓɗɚɎ, ijl  ð 

ɖɜɌɞɣɌɕɤɑɑ ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ ɟɓɗɌɘɔ i  

ɔ j . 

Ȼ. ɉɜɐɑɤɑɘ (P. ErdŜs) ɔ Ȭ. ȼɑəɨɔ 

(A. R®nyi ) ɍɧɗɚ ɛɚɖɌɓɌəɚ, ɣɞɚ ɝɜɑɐəɔɕ 

ɖɜɌɞɣɌɕɤɔɕ ɛɟɞɨ Ɏ ɝɗɟɣɌɕəɚɘ ɏɜɌɠɑ 
ɜɌɝɞɑɞ ɘɑɐɗɑəəɚ ð ɖɌɖ ɗɚɏɌɜɔɠɘ ɚɞ 

ɣɔɝɗɌ ɟɓɗɚɎ. 

Ƚ ɔɘɑəɑɘ Ȼ. ɉɜɐɑɤɌ ɝɎɫɓɌəɧ əɑ 

ɞɚɗɨɖɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ, əɚ 

ɔ ɛɚɛɟɗɫɜəɚɑ ɣɔɝɗɚ ɉɜɐɑɤɌ, ɖɚɞɚɜɚɑ 

ɔɝɛɚɗɨɓɟɑɞɝɫ ɖɌɖ ɚɐɔə ɔɓ ɖɜɔɞɑɜɔɑɎ ɚɛɜɑɐɑɗɑəɔɫ ɟɜɚɎəɫ 

 
Barab§si A.L., Albert  
R. Emergence of 
scaling in random 
networks // Science, 
1999.  ð 286  (5439): 

509ð512.  
 

 

 

ȻɌɟɗɨ ɉɜɐɑɤ  
(1913 -1996)  

 
ErdŜs, P., R®nyi A. 

On Random Graphs. 
// P ublicationes 

Mathematicae, 1959. 
ð ʈ 6. ð pp. 290 -
297.  

ErdŜs P., R®nyi A. 
On the evolution of 
random graphs  //  
Publ. Math. Inst. 
Hungar. Acad . Sci., 
1960. ð ʈ 5.  ð pp . 
17 -61. -1960.  



 17 
 

ɘɌɞɑɘɌɞɔɖɚɎ Ɏ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɘ ɝɚɢɔɟɘɑ, ɍɌɓɔɜɟɪɥɔɕɝɫ  əɌ 
ɞɌɖ əɌɓɧɎɌɑɘɚɕ ɝɑɞɔ ɝɚɌɎɞɚɜɝɞɎɌ.  ȴɓɎɑɝɞəɚ,  ɣɞɚ ɉɜɐɑɤ 

əɌɛɔɝɌɗ ɚɖɚɗɚ ɛɚɗɟɞɚɜɌ ɞɧɝɫɣ ɝɞɌɞɑɕ, Ɍ ɞɌɖɒɑ, ɣɞɚ 

ɖɚɗɔɣɑɝɞɎɚ ɑɏɚ ɝɚɌɎɞɚɜɚɎ ɛɜɑɎɧɤɌɗɚ 500.  Ƚɞɚɗɨ ɍɚɗɨɤɚɑ 

ɣɔɝɗɚ ɝɚɌɎɞɚɜɚɎ  ɔ ɛɚɜɚɐɔɗɚ  ɞɌɖɚɑ ɛɚəɫɞɔɑ, ɖɌɖ ɣɔɝɗɚ 

ɉɜɐɑɤɌ, ɖɚɞɚɜɚɑ  ɚɛɜɑɐɑɗɫɑɞɝɫ ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: ɟ ɝɌɘɚɏɚ 
ɉɜɐɑɤɌ ɩɞɚ ɣɔɝɗɚ ɜɌɎəɚ əɟɗɪ; ɟ ɝɚɌɎɞɚɜɚɎ ɉɜɐɑɤɌ ɩɞɚ ɣɔɝɗɚ 

ɜɌɎəɚ ɑɐɔəɔɢɑ; ɝɚɌɎɞɚɜɧ ɗɪɐɑɕ ɝ ɣɔɝɗɚɘ ɉɜɐɑɤɌ, ɜɌɎəɧɘ 

ɑɐɔəɔɢɑ, ɔɘɑɪɞ ɣɔɝɗɚ ɉɜɐɑɤɌ ɐɎɌ; ɔ ɞ. ɐ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɣɔɝɗɚ ɉɜɐɑɤɌ ɩɞɚ ɐɗɔəɌ  ɛɟɞɔ ɚɞ 

əɑɖɚɞɚɜɚɏɚ ɌɎɞɚɜɌ ɐɚ ɝɌɘɚɏɚ ɉɜɐɑɤɌ ɛɚ ɝɚɎɘɑɝɞəɧɘ ɜɌɍɚɞɌɘ.  

ȴɓɎɑɝɞɑə ɠɌɖɞ, ɣɞɚ  90% ɘɌɞɑɘɌɞɔɖɚɎ ɚɍɗɌɐɌɪɞ ɣɔɝɗɚɘ 
ɉɜɐɑɤɌ əɑ Ɏɧɤɑ 8, ɣɞɚ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɝɑɞɫɘ çɘɌɗɧɡ ɘɔɜɚɎè, 

ɜɑɣɨ ɚ ɖɚɞɚɜɧɡ ɛɚɕɐɑɞ əɔɒɑ. 

ȹɑɖɚɞɚɜɧɑ ɝɑɞɔ ɘɚɏɟɞ ɚɖɌɓɌɞɨɝɫ əɑɝɎɫɓəɧɘɔ, ɞ.ɑ. 

əɌɕɐɟɞɝɫ ɟɓɗɧ, ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ ɖɚɞɚɜɧɘɔ ɚɖɌɒɑɞɝɫ  

ɍɑɝɖɚəɑɣəɧɘ. ȽɚɚɞɎɑɞɝɞɎɑəəɚ, ɝɜɑɐəɔɕ ɛɟɞɨ ɘɚɒɑɞ ɚɖɌɓɌɞɨɝɫ 

ɞɌɖɒɑ ɜɌɎəɧɘ ɍɑɝɖɚəɑɣəɚɝɞɔ.  Ȱɗɫ ɟɣɑɞɌ ɞɌɖɔɡ ɝɗɟɣɌɑɎ 
ɎɎɚɐɔɞɝɫ ɛɚəɫɞɔɑ ɝɜɑɐəɑɏɚ ɔəɎɑɜɝəɚɏɚ ɛɟɞɔ E ɘɑɒɐɟ ɟɓɗɌɘɔ, 

ɜɌɝɝɣɔɞɧɎɌɑɘɚɑ ɛɚ ɠɚɜɘɟɗɑ: 

2 1

( 1) i j ij

E
n n l>

=
-
ä . 

(1.1.2) 

Ƚɑɞɔ ɞɌɖɒɑ ɡɌɜɌɖɞɑɜɔɓɟɪɞɝɫ ɞɌɖɔɘ ɛɌɜɌɘɑɞɜɚɘ ɖɌɖ 

ɐɔɌɘɑɞɜ ɔɗɔ ɘɌɖɝɔɘɌɗɨəɧɕ ɖɜɌɞɣɌɕɤɔɕ ɛɟɞɨ, ɜɌɎəɧɕ 

ɘɌɖɝɔɘɌɗɨəɚɘɟ ɓəɌɣɑəɔɪ ɔɓ Ɏɝɑɡ ijl . 

1. 1.4. ȶɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ 

Ȱ. ȿɌɞɞɝ (D. Watts ) ɔ Ƚ. ȽɞɜɚɏɌɞɢ (S. Strogatz ) Ɏ 1998 

ɏɚɐɟ ɚɛɜɑɐɑɗɔɗɔ ɞɌɖɚɕ ɛɌɜɌɘɑɞɜ  ɝɑɞɑɕ, ɖɌɖ ɖɚɩɠɠɔɢɔɑəɞ 

ɖɗɌɝɞɑɜɔɓɌɢɔɔ. ɉɞɚɞ ɖɚɩɠɠɔɢɔɑəɞ ɡɌɜɌɖɞɑɜɔɓɟɑɞ ɞɑəɐɑəɢɔɪ 

ɖ ɚɍɜɌɓɚɎɌəɔɪ ɏɜɟɛɛ ɎɓɌɔɘɚɝɎɫɓɌəəɧɡ ɟɓɗɚɎ, ɞɌɖ 
əɌɓɧɎɌɑɘɧɡ ɖɗɔɖ (Clique ). Ȱɗɫ ɖɚəɖɜɑɞəɚɏɚ ɟɓɗɌ 

ɖɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɛɚɖɌɓɧɎɌɑɞ, ɝɖɚɗɨɖɚ 

ɍɗɔɒɌɕɤɔɡ ɝɚɝɑɐɑɕ ɐɌəəɚɏɚ ɟɓɗɌ ɫɎɗɫɪɞɝɫ ɞɌɖɒɑ 

ɍɗɔɒɌɕɤɔɘɔ ɝɚɝɑɐɫɘɔ ɐɜɟɏ ɐɗɫ ɐɜɟɏɌ. 

Ȼɟɝɞɨ ɔɓ ɟɓɗɌ Ɏɧɡɚɐɔɞ k  ɝɎɫɓɑɕ, ɖɚɞɚɜɧɑ ɝɚɑɐɔəɫɪɞ ɑɏɚ 

ɝ k ɐɜɟɏɔɘɔ ɟɓɗɌɘɔ, ɍɗɔɒɌɕɤɔɘɔ ɝɚɝɑɐɫɘɔ. ȱɝɗɔ 

ɛɜɑɐɛɚɗɚɒɔɞɨ, ɣɞɚ Ɏɝɑ ɍɗɔɒɌɕɤɔɑ ɝɚɝɑɐɔ ɝɚɑɐɔəɑəɧ 
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əɑɛɚɝɜɑɐɝɞɎɑəəɚ ɐɜɟɏ ɝ ɐɜɟɏɚɘ, ɞɚ ɖɚɗɔɣɑɝɞɎɚ ɝɎɫɓɑɕ ɘɑɒɐɟ 

əɔɘɔ ɝɚɝɞɌɎɗɫɗɚ ɍɧ ( 1) / 2k k- . Ⱦɚ ɑɝɞɨ ɩɞɚ ɣɔɝɗɚ, ɖɚɞɚɜɚɑ 

ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɘɌɖɝɔɘɌɗɨəɚ Ɏɚɓɘɚɒəɚɘɟ ɖɚɗɔɣɑɝɞɎɟ ɝɎɫɓɑɕ, 

ɖɚɞɚɜɧɘɔ ɘɚɏɗɔ ɍɧ ɝɚɑɐɔəɫɞɨɝɫ ɍɗɔɒɌɕɤɔɑ ɝɚɝɑɐɔ 

ɎɧɍɜɌəəɚɏɚ ɟɓɗɌ.  

Ⱥɞəɚɤɑəɔɑ ɜɑɌɗɨəɚɏɚ ɖɚɗɔɣɑɝɞɎɌ 

ɝɎɫɓɑɕ, ɖɚɞɚɜɧɑ ɝɚɑɐɔəɫɪɞ ɍɗɔɒɌɕɤɔɡ 
ɝɚɝɑɐɑɕ ɐɌəəɚɏɚ ɟɓɗɌ i

 
ɖ ɘɌɖɝɔɘɌɗɨəɚ 

Ɏɚɓɘɚɒəɚɘɟ (ɞɌɖɚɘɟ, ɛɜɔ ɖɚɞɚɜɚɘ Ɏɝɑ 

ɍɗɔɒɌɕɤɔɑ ɝɚɝɑɐɔ ɐɌəəɚɏɚ ɟɓɗɌ ɍɧɗɔ ɍɧ 

ɝɚɑɐɔəɑəɧ əɑɛɚɝɜɑɐɝɞɎɑəəɚ ɐɜɟɏ ɝ 

ɐɜɟɏɚɘ) əɌɓɧɎɌɑɞɝɫ ɖɚɩɠɠɔɢɔɑəɞɚɘ 

ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɟɓɗɌ .iC  ȱɝɞɑɝɞɎɑəəɚ, ɩɞɌ 

ɎɑɗɔɣɔəɌ əɑ ɛɜɑɎɧɤɌɑɞ ɑɐɔəɔɢɧ.  

ȶɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ 

ɘɚɒɑɞ ɚɛɜɑɐɑɗɫɞɨɝɫ ɖɌɖ ɐɗɫ ɖɌɒɐɚɏɚ 
ɟɓɗɌ, ɞɌɖ ɔ ɐɗɫ Ɏɝɑɕ ɝɑɞɔ: 

1

1 n

i

i

C C
n =

= ä . (1.1.3) 

Ȯ ɝɚɢɔɌɗɨəɧɡ ɝɑɞɫɡ ɘɚɒəɚ 

ɏɚɎɚɜɔɞɨ ɚ çɝɞɜɟɖɞɟɜɑ ɝɚɚɍɥɑɝɞɎɌè, 

ɖɚɏɐɌ ɝɟɥɑɝɞɎɟɪɞ ɏɜɟɛɛɧ ɟɓɗɚɎ, 

ɖɚɞɚɜɧɑ ɔɘɑɪɞ Ɏɧɝɚɖɟɪ ɛɗɚɞəɚɝɞɨ 

ɝɎɫɓɑɕ ɘɑɒɐɟ ɝɚɍɚɕ, ɛɜɔ ɞɚɘ, ɣɞɚ 

ɛɗɚɞəɚɝɞɨ ɜɑɍɑɜ ɘɑɒɐɟ ɚɞɐɑɗɨəɧɘɔ 
ɏɜɟɛɛɌɘɔ ð əɔɓɖɌɫ. Ȱɗɫ ɍɚɗɨɤɔɡ 

ɝɚɢɔɌɗɨəɧɡ ɝɑɞɑɕ əɌɗɔɣɔɑ ɝɞɜɟɖɞɟɜɧ 

ɝɚɚɍɥɑɝɞɎ ɚɖɌɓɌɗɚɝɨ  əɑɚɞɦɑɘɗɑɘɧɘ 

ɝɎɚɕɝɞɎɚɘ. ȾɜɌɐɔɢɔɚəəɧɕ ɘɑɞɚɐ  ɐɗɫ 

ɎɧɫɎɗɑəɔɫ ɝɞɜɟɖɞɟɜɧ ɝɚɚɍɥɑɝɞɎ ð 
ɖɗɌɝɞɑɜəɧɕ ɌəɌɗɔɓ. ȽɟɥɑɝɞɎɟɪɞ ɐɑɝɫɞɖɔ ɛɜɔɑɘɗɑɘɧɡ ɐɗɫ 

ɩɞɚɏɚ ɘɑɞɚɐɚɎ, ɖɚɞɚɜɧɑ ɍɌɓɔɜɟɪɞɝɫ əɌ ɜɌɓəɧɡ ɘɑɜɌɡ 

ɜɌɝɝɞɚɫəɔɕ ɘɑɒɐɟ ɟɓɗɌɘɔ, ɎɓɎɑɤɑəəɧɡ ɛɟɞɑɎɧɡ ɔəɐɑɖɝɌɡ 

ɘɑɒɐɟ ɟɓɗɌɘɔ ɔ ɞ.ɛ.  
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1. 1.5. ȻɚɝɜɑɐəɔɣɑɝɞɎɚ 

ȻɚɝɜɑɐəɔɣɑɝɞɎɚ (betweenness ) ð ɩɞɚ ɛɌɜɌɘɑɞɜ, 

ɛɚɖɌɓɧɎɌɪɥɔɕ, ɝɖɚɗɨɖɚ ɖɜɌɞɣɌɕɤɔɡ ɛɟɞɑɕ ɛɜɚɡɚɐɔɞ ɣɑɜɑɓ 

ɟɓɑɗ. ɉɞɌ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌ ɚɞɜɌɒɌɑɞ ɜɚɗɨ ɐɌəəɚɏɚ ɟɓɗɌ Ɏ 

ɟɝɞɌəɚɎɗɑəɔɔ ɝɎɫɓɑɕ Ɏ ɝɑɞɔ. ȿɓɗɧ ɝ əɌɔɍɚɗɨɤɔɘ 
ɛɚɝɜɑɐəɔɣɑɝɞɎɚɘ ɔɏɜɌɪɞ ɏɗɌɎəɟɪ ɜɚɗɨ Ɏ ɟɝɞɌəɚɎɗɑəɔɔ ɝɎɫɓɑɕ 

ɘɑɒɐɟ ɐɜɟɏɔɘɔ ɟɓɗɌɘɔ Ɏ ɝɑɞɔ. ȻɚɝɜɑɐəɔɣɑɝɞɎɚ 
mb  ɟɓɗɌ m  

ɚɛɜɑɐɑɗɫɑɞɝɫ ɛɚ ɠɚɜɘɟɗɑ: 

( , , )
,

( , )
m

i j

B i m j
b

B i j¸

=ä  (1.1.4) 

ɏɐɑ ( , )B i j  ð ɚɍɥɑɑ ɖɚɗɔɣɑɝɞɎɚ ɖɜɌɞɣɌɕɤɔɡ ɛɟɞɑɕ ɘɑɒɐɟ 

ɟɓɗɌɘɔ i  ɔ j , ( , , )B i m j  ð ɖɚɗɔɣɑɝɞɎɚ ɖɜɌɞɣɌɕɤɔɡ ɛɟɞɑɕ ɘɑɒɐɟ 

ɟɓɗɌɘɔ i  ɔ j , ɛɜɚɡɚɐɫɥɔɡ ɣɑɜɑɓ ɟɓɑɗ m . 

1. 1.6. ɉɗɌɝɞɔɣəɚɝɞɨ ɝɑɞɔ 

ȽɎɚɕɝɞɎɚ ɩɗɌɝɞɔɣəɚɝɞɔ ɝɑɞɑɕ ɚɞəɚɝɔɞɝɫ ɖ 

ɜɌɝɛɜɑɐɑɗɑəɔɪ ɜɌɝɝɞɚɫəɔɕ ɘɑɒɐɟ ɟɓɗɌɘɔ ɛɜɔ ɔɓɦɫɞɔɔ 

ɚɞɐɑɗɨəɧɡ ɟɓɗɚɎ (ɞɚɗɑɜɌəɞəɚɝɞɨ ɖ 
ɌɞɌɖɌɘ).  

ɉɗɌɝɞɔɣəɚɝɞɨ ɝɑɞɔ ɓɌɎɔɝɔɞ ɚɞ ɑɑ 

ɝɎɫɓəɚɝɞɔ, ɞ.ɑ. ɝɟɥɑɝɞɎɚɎɌəɔɔ ɛɟɞɑɕ 

ɘɑɒɐɟ ɛɌɜɌɘɔ ɟɓɗɚɎ. ȱɝɗɔ ɟɓɑɗ ɍɟɐɑɞ 

ɔɓɦɫɞ ɔɓ ɝɑɞɔ, ɞɔɛɔɣəɌɫ ɐɗɔəɌ ɩɞɔɡ 
ɛɟɞɑɕ ɟɎɑɗɔɣɔɞɝɫ.  

Ȼɜɔ ɔɝɝɗɑɐɚɎɌəɔɔ ɌɞɌɖ əɌ Ɏɑɍ-

ɝɑɜɎɑɜɧ  ɔɓɟɣɌɗɝɫ ɩɠɠɑɖɞ ɔɓɦɫɞɔɔ ɟɓɗɚɎ 

ɝɑɞɔ, ɛɜɑɐɝɞɌɎɗɫɪɥɑɕ ɝɚɍɚɕ  ɛɚɐɘəɚɒɑɝɞɎɚ Ɏɑɍ-

ɛɜɚɝɞɜɌəɝɞɎɌ ɔɓ 326000 ɝɞɜɌəɔɢ ɔ ɚɖɚɗɚ 1,5 ɘɗɜɐ. 

ɏɔɛɑɜɝɝɧɗɚɖ. Ȱɗɫ ɩɞɚɕ ɝɑɞɔ ɍɧɗɔ ɚɛɜɑɐɑɗɑəɧ ɛɌɜɌɘɑɞɜɧ 

Ɏɡɚɐəɚɏɚ ɔ Ɏɧɡɚɐəɚɏɚ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɝɞɑɛɑəɑɕ: ( ) ~ ,P k k-g  ɏɐɑ 

2,1in =g  ɔ  2,45out=g . 

Ƚɜɑɐəɑɑ ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ ɐɎɟɘɫ ɟɓɗɌɘɔ, ɖɌɖ ɠɟəɖɢɔɫ 

ɚɞ ɖɚɗɔɣɑɝɞɎɌ ɔɓɦɫɞɧɡ ɟɓɗɚɎ, ɛɚɣɞɔ əɑ ɔɓɘɑəɔɗɚɝɨ ɛɜɔ 

ɝɗɟɣɌɕəɚɘ ɟɐɌɗɑəɔɔ ɟɓɗɚɎ (ɎɧɝɚɖɌɫ ɩɗɌɝɞɔɣəɚɝɞɨ ɛɜɔ ɌɞɌɖɑ 

əɌ ɝɑɞɔ ɝɚ ɝɞɑɛɑəəɧɘ ɜɌɝɛɜɑɐɑɗɑəɔɑɘ). Ȯɘɑɝɞɑ ɝ ɞɑɘ 

ɢɑɗɑəɌɛɜɌɎɗɑəəɚɑ ɟɐɌɗɑəɔɑ ɟɓɗɚɎ ɝ əɌɔɍɚɗɨɤɔɘ ɖɚɗɔɣɑɝɞɎɚɘ 

 
Albert R., Jeong H., 
Barabasi A.  Error 
and a ttack 
tolerance of 
complex networks  
// Nature , 2000. ð 
406 . ð pp . 378 -382.   
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ɝɎɫɓɑɕ ɛɜɔɎɚɐɔɞ ɖ ɜɌɓɜɟɤɑəɔɪ ɝɑɞɔ. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, Ɏɑɍ-

ɛɜɚɝɞɜɌəɝɞɎɚ ɫɎɗɫɑɞɝɫ ɎɧɝɚɖɚɩɗɌɝɞɔɣəɚɕ ɝɑɞɨɪ ɛɚ 

ɚɞəɚɤɑəɔɪ ɖ ɝɗɟɣɌɕəɚɘɟ ɔɓɦɫɞɔɪ ɟɓɗɌ Ɏ ɝɑɞɔ, əɚ 

ɎɧɝɚɖɚɣɟɎɝɞɎɔɞɑɗɨəɚɕ ɖ əɌɘɑɜɑəəɚɕ ɌɞɌɖɑ əɌ ɟɓɗɧ ɝ  

Ɏɧɝɚɖɔɘɔ ɝɞɑɛɑəɫɘɔ ɝɎɫɓɑɕ ɝ ɐɜɟɏɔɘɔ ɟɓɗɌɘɔ. 

1. 1.7. Ȼɜɔɘɑɜɧ Ɏɧɣɔɝɗɑəɔɫ ɡɌɜɌɖɑɞɑɜɔɝɞɔɖ 
ɝɑɞɑɕ 

ȹɔɒɑ ɍɟɐɟɞ ɛɑɜɑɣɔɝɗɑəɧ ɚɝəɚɎəɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ 
ɝɑɞɑɕ ɔ ɚɐəɚɎɜɑɘɑəəɚ ɚəɔ ɍɟɐɟɞ ɛɜɚɐɑɘɚəɝɞɜɔɜɚɎɌəɧ əɌ 

ɤɑɝɞɔ ɛɜɚɝɞɧɡ ɛɜɔɘɑɜɌɡ. Ȱɗɫ ɞɚɏɚ ɣɞɚɍɧ çɛɚɣɟɎɝɞɎɚɎɌɞɨè ɣɞɚ 

ɔɘɑəəɚ ɚɛɔɝɧɎɌɪɞ ɞɑ ɔɗɔ ɔəɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ, ɣɔɞɌɞɑɗɪ 

əɌɝɞɚɫɞɑɗɨəɚ ɜɑɖɚɘɑəɐɟɑɞɝɫ ɛɚɗɟɣɔɞɨ çɜɟɖɚɕè əɑɝɖɚɗɨɖɚ 

ɛɜɔɎɑɐɑəəɧɡ Ɏ ɛɜɔɘɑɜɌɡ ɣɔɝɑɗ. 

 ȼɌɝɝɘɌɞɜɔɎɌɑɘɧɑ ɐɌɗɑɑ ɤɑɝɞɨ ɛɜɔɘɑɜɚɎ ɝɑɞɑɕ ɍɟɐɑɘ 

ɚɍɚɓəɌɣɌɞɨ əɚɘɑɜɌɘɔ #1 ð #6 (ɜɔɝ. 1.1.3 ). 

 

ȼɔɝ. 1.1.3  ð Ȼɜɔɘɑɜɧ ɛɜɚɝɞɑɕɤɔɡ ɝɑɞɑɕ: ɝɑɞɨ #5 ð ɞɌɖ 

əɌɓɧɎɌɑɘɧɕ ɚɜɏɜɌɠ (əɌɛɜɌɎɗɑəəɧɕ ɏɜɌɠ),   ɝɑɞɨ #6 ð ɝɑɞɨ ɝ 

ɎɑɝɌɘɔ ɝɎɫɓɑɕ (ɟɖɌɓɌəɧ ɢɔɠɜɧ əɌ ɝɎɫɓɫɡ) 
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ȸɌɞɜɔɢɧ ɝɘɑɒəɚɝɞɔ ɝɑɞɑɕ, ɔɓɚɍɜɌɒɑəəɧɡ əɌ ɜɔɝ. 4 
ɛɜɔɎɑɐɑəɧ əɔɒɑ: 

1 2

0 1 1 1 0 1 1 1

1 0 0 0 1 0 0 1
, ,

1 0 0 1 1 0 0 1

1 0 1 0 1 1 1 0

å õ å õ
æ ö æ ö
æ ö æ ö= =
æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

A A  

3 4

0 1 0 0 0 0
0 1 0 0 0

1 0 1 0 1 1
1 0 1 0 1

0 1 0 1 0 1
, ,0 1 0 1 1

0 0 1 0 1 1
0 0 1 0 1

0 1 0 1 0 0
0 1 1 1 0

0 1 1 1 0 0

å õ
å õæ ö
æ öæ ö
æ öæ ö
æ ö= =æ ö
æ öæ ö
æ öæ ö
æ ö

æ ö ç ÷
ç ÷

A A

5 6

0 1 0 0 0 0 2 0 0 0

0 0 1 0 1 2 0 8 0 7

, .0 0 0 0 1 0 8 0 9 1

0 0 1 0 1 0 0 9 0 4

0 0 0 0 0 0 7 1 4 0

å õ å õ
æ ö æ ö
æ ö æ ö
æ ö æ ö= =
æ ö æ ö
æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

A A

 

ȼɌɝɛɜɑɐɑɗɑəɔɑ ɟɓɗɚɎ ɛɚ ɔɡ ɝɞɑɛɑəɫɘ  ()P k
 
ɛɜɔɎɑɐɑəɚ 

əɌ ɜɔɝ. 1.1.4 , ɏɐɑ ɞɌɖɒɑ  ɛɜɔɎɑɐɑəɌ ɞɌɖɌɫ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌ 

ɝɑɞɑɕ, ɖɌɖ ɝɜɑɐəɑɑ ɣɔɝɗɚ ɝɎɫɓɑɕ əɌ ɚɐɔə ɟɓɑɗ: 

()
1 1

1 N N

i i i

i i

k k k P k
N = =

= =ä ä , (1.1.5) 

ɖɚɞɚɜɌɫ Ɏɧɣɔɝɗɫɑɞɝɫ ɖɌɖ ɚɞəɚɤɑəɔɑ Ɏɝɑɡ ɝɎɫɓɑɕ Ɏ ɝɑɞɔ 

ɖ ɣɔɝɗɟ ɟɓɗɚɎ ɔ, ɚɐəɚɎɜɑɘɑəəɚ, ɖɌɖ ɝɜɑɐəɑɑ ɐɔɝɖɜɑɞəɚɕ 

ɛɑɜɑɘɑəəɚɕ ik  ɝ ɠɟəɖɢɔɑɕ ɜɌɝɛɜɑɐɑɗɑəɔɫ ()iP k . 

ȮɌɒəɚɕ ɡɌɜɌɖɞɑɜɔɝɞɔɖɚɕ ɟɓɗɌ ɫɎɗɫɑɞɝɫ ɑɏɚ 

ɖɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ð iC , ɡɌɜɌɖɞɑɜɔɓɟɪɥɔɕ 

ɝɎɫɓəɚɝɞɨ ɘɑɒɐɟ ɝɚɍɚɕ ɝɚɝɑɐɑɕ ɐɌəəɚɏɚ ɟɓɗɌ i . ȶɚɩɠɠɔɢɔɑəɞ 

Ȱɗɫ ɝɑɞɔ #5 
ɘɌɞɜɔɢɌ ɝɘɑɒəɚɝɞɔ 

5A  əɑ ɝɔɘɘɑɞɜɔɣəɌ. 

ɉɗɑɘɑəɞɧ 
ɘɌɞɜɔɢɧ 

ɝɘɑɒəɚɝɞɔ  
6A  ð ɩɞɚ 

ɎɑɝɌ ɝɎɫɓɑɕ. 
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ɖɗɌɝɞɑɜɔɓɌɢɔɔ iC  ɘɚɒɑɞ ɍɧɞɨ ɓɌɛɔɝɌə ɖɌɖ ɚɞəɚɤɑəɔɑ ɣɔɝɗɌ 

ɞɜɑɟɏɚɗɨəɔɖɚɎ ɝ Ɏɑɜɤɔəɚɕ i  ɖ ɣɔɝɗɟ Ɏɔɗɚɖ (ɐɎɑ ɝɎɫɓɔ, 

Ɏɧɡɚɐɫɥɔɑ ɔɓ ɟɓɗɌ) ɝ ɚɝəɚɎɌəɔɑɘ Ɏ ɩɞɚɘ ɟɓɗɑ: 

.i

ʯʠʩʣʦ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩ ʚʝʨʰʠʥʦʡ i
C

ʯʠʩʣʦ ʚʠʣʦʢ ʩ ʦʩʥʦʚʘʥʠʝʤ ʚ i
=  (1.1.6)  

ȼɌɝɝɘɚɞɜɔɘ, əɌɛɜɔɘɑɜ, ɟɓɗɧ 2  ɔ 3  ɝɑɞɔ #4. Ȱɗɫ ɟɓɗɌ 2 

ɒɔɜəɧɘɔ ɗɔəɔɫɘɔ ɚɍɚɓəɌɣɑəɧ Ɏɔɗɖɔ (ɔɡ ɞɜɔ) ɔ ɞɜɑɟɏɚɗɨəɔɖɔ 

(ɚə ɚɐɔə). 

 

ȶɌɖ ɘɚɒəɚ ɟɍɑɐɔɞɨɝɫ, ɐɗɫ Ɏɞɚɜɚɏɚ ɟɓɗɌ ɔɘɑɪɞɝɫ ɞɜɔ 

Ɏɔɗɖɔ ɔ ɚɐɔə ɞɜɑɟɏɚɗɨəɔɖ, ɛɚɩɞɚɘɟ 2 1/ 3C = . 

Ȱɗɫ ɞɜɑɞɨɑɏɚ ɟɓɗɌ ɞɜɔ Ɏɔɗɖɔ ɔ ɐɎɌ ɞɜɑɟɏɚɗɨəɔɖɌ ð 

2 2 / 3C = . 

ȱɥɑ ɚɐəɌ ɝɑɞɨ ɛɜɑɐɝɞɌɎɗɑəɌ əɌ ɜɔɝ. 1.1.4 . 
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ȼɔɝ. 1.1.4 ð ȮɌɜɔɌəɞɧ ɝɑɞɔ 

 

ȶɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ Ɏɝɑɕ ɝɑɞɔ Ɏɧɣɔɝɗɫɑɞɝɫ ɛɚ 

ɠɚɜɘɟɗɑ: 

1

1
.

N

i i

i

C C C
N =

= =ä  (1.1.7)  

Ȯ ɞɌɍɗ. 1.1.1  ɛɜɔɎɑɐɑəɧ 

ɖɚɩɠɠɔɢɔɑəɞɧ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɐɗɫ Ɏɝɑɡ 
ɟɓɗɚɎ ɝɑɞɑɕ #1, #2, #3 ɔ #4, Ɍ ɞɌɖɒɑ 

ɖɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ Ɏɝɑɕ ɝɑɞɔ .C  

ȶɌɖ Ɏɔɐəɚ, əɌɔɍɚɗɨɤɔɕ ɖɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ 
ɔɘɑɑɞ ɝɑɞɨ #2, ɟ əɑɑ,  Ɏ ɝɜɑɐəɑɘ, əɌɔɍɚɗɨɤɑɑ ɣɔɝɗɚ ɝɚɝɑɐɑɕ 

ɖɌɒɐɚɏɚ ɟɓɗɌ ɝɚɑɐɔəɑəɧ ɘɑɒɐɟ ɝɚɍɚɕ. ȹɌɔɘɑəɨɤɔɕ 

ɖɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɔɘɑɑɞ ɝɑɞɨ #3. 

ȾɌɍɗɔɢɌ 1.1.1  ȶɚɩɠɠɔɢɔɑəɞɧ 

ɖɗɌɝɞɑɜɔɓɌɢɔɔ 

 

.
i

i

i

C
D

=
Ù

ä
ä

 

Ƚ ð ɖɚɩɠɠɔɢɔɑəɞ 
ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɝɑɞɔ.  

 

Ƚɑɞɨ 
1C  2C  3C  4C  5C  6C  C

 
# 1  1/3  0 1 1 1   7/12  

# 2  2/3  1 1 1 2/3    10/12  

# 3  0 1/6  2/3  2/3  1/3  0 2/3  11/36  

# 4  0 1/3  2/3  2/3  1 2/3   8/15  
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ȼɔɝ. 1.1. 5 ð ȼɌɝɛɜɑɐɑɗɑəɔɑ ɟɓɗɚɎ ɛɚ ɝɞɑɛɑəɫɘ ɐɗɫ ɝɑɞɑɕ, 
ɔɓɚɍɜɌɒɑəəɧɡ əɌ ɜɔɝ. 1.1.3  

 

 

 

Ƚɑɞɨ #1, 2k =   Ƚɑɞɨ #2, 2,5k =  

 

 

 

Ƚɑɞɨ #3, 8 / 3 2.67k = º   Ƚɑɞɨ #4, 12 / 5 2.4k = =  

 

 

 

Ƚɑɞɨ #5, Ɏɡɚɐɫɥɔɑ ɝɎɫɓɔ 

1.2k =  

 Ƚɑɞɨ #6, Ɏɧɡɚɐɫɥɔɑ ɝɎɫɓɔ  

1.2k =  
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ȶɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɟɓɗɌ ɘɚɒəɚ Ɏɧɣɔɝɗɔɞɨ ɔ 
əɑ ɛɜɔɍɑɏɌɫ  ɖ ɛɑɜɑɣɔɝɗɑəɔɪ ɞɜɑɟɏɚɗɨəɔɖɚɎ ɔ Ɏɔɗɚɖ, 

əɑɛɚɝɜɑɐɝɞɎɑəəɚ ɔɓ ɘɌɞɜɔɢɧ ɝɘɑɒəɚɝɞɔ: 

( )
,

, ,
1

ij jm mi

j m

i i ij

ji i

A A A

C k A
k k

= =
-

ä
ä  (1.1 .8) 

ɏɐɑ ɝɟɘɘɔɜɚɎɌəɔɑ Ɏɑɐɑɞɝɫ ɛɚ Ɏɝɑɘ ɟɓɗɌɘ. 

 ȹɌ ɛɜɔɘɑɜɌɡ ɛɜɚɝɞɧɡ ɝɑɞɑɕ ɗɑɏɖɚ əɑɛɚɝɜɑɐɝɞɎɑəəɚ 

ɟɍɑɐɔɞɨɝɫ, ɣɞɚ ɚɛɜɑɐɑɗɑəɔɫ (1.7) ɔ (1.8) ɐɌɪɞ ɚɐəɔ ɔ ɞɑ ɒɑ 

ɓəɌɣɑəɔɫ iC . 

ȶɜɚɘɑ ɚɛɜɑɐɑɗɑəɔɫ 

ɖɚɩɠɠɔɢɔɑəɞɌ ɖɗɌɝɞɑɜɔɓɌɢɔɔ Ɏɝɑɕ 

ɝɑɞɔ (1.1.7) ɔ (1.1.8) Ɏ ɗɔɞɑɜɌɞɟɜɑ 

ɎɝɞɜɑɣɌɑɞɝɫ ɑɥɑ ɚɐəɚ, ɍɗɔɓɖɚɑ, əɚ əɑ 

ɞɚɒɐɑɝɞɎɑəəɚ ɚɛɜɑɐɑɗɑəɔɑ, ɔəɚɏɐɌ 

əɌɓɧɎɌɑɘɚɑ ɞɜɌəɓɔɞɔɎəɚɝɞɨɪ ð T : 

( )

( ) ( )

3

3

1

1 1

,

1 1

N

ii
i

N N

i i i i

i i

Tr
T

k k k k

=

= =

= ¹

- -

ä

ä ä

A
A

 (1.1.9) 

ɖɚɞɚɜɚɑ ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ ɎɧɜɌɒɌɑɞɝɫ ɣɑɜɑɓ ɖɚɗɔɣɑɝɞɎɚ 

ɞɜɑɟɏɚɗɨəɔɖɚɎ ɔ Ɏɔɗɚɖ Ɏɚ Ɏɝɑɕ ɝɑɞɔ: 

3 .
ʯʠʩʣʦ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʚ ʩʝʪʠ

T
ʯʠʩʣʦ ʚʠʣʦʢ ʚ ʩʝʪʠ

=  (1.1.10)  

Ȱɗɫ ɝɜɌɎəɑəɔɫ əɔɒɑ ɛɜɔɎɑɐɑəɧ ɓəɌɣɑəɔɫ 
ɖɚɩɠɠɔɢɔɑəɞɌ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɔ ɞɜɌəɓɔɞɔɎəɚɝɞɔ ɐɗɫ ɝɑɞɑɕ 

#1, #2, #3 ɔ #4 ð ȾɌɍɗ. 1.1.2 . 

ȱɥɑ ɚɐəɚɕ ɎɌɒəɚɕ ɡɌɜɌɖɞɑɜɔɝɞɔɖɚɕ ɝɑɞɑɕ ɫɎɗɫɑɞɝɫ 

ɝɜɑɐəɑɑ ɘɔəɔɘɌɗɨəɚɑ ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ ɔɡ ɟɓɗɌɘɔ: 

Ⱦ ð  ɞɜɌəɓɔɞɔɎəɚɝɞɨ, 
ɡɌɜɌɖɞɑɜɔ-ɝɞɔɖɌ, 
ɍɗɔɓɖɌɫ ɖ ɖɚɩɠ-
ɠɔɢɔɑəɞɟ  
ɖɗɌɝɞɑɜɔɓɌɢɔɔ. 
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( )

1
,

1
ij ij

i j

l l l
N N ¸

= =
-
ä  (1.1.11)  

ɏɐɑ 
ijl  - əɌɔɘɑəɨɤɑɑ ɣɔɝɗɚ ɤɌɏɚɎ ɚɞ ɟɓɗɌ i  ɖ ɟɓɗɟ j. Ȼɜɔ ɩɞɚɘ 

ɖɌɒɐɧɕ ɤɌɏ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɑɐɔəɔɣəɚɘɟ ɜɌɝɝɞɚɫəɔɪ. 

ȾɌɍɗɔɢɌ 1.1.2.  

ȶɚɩɠɠɔɢɔɑəɞɧ 

ɖɗɌɝɞɑɜɔɓɌɢɔɔ 

Ƚɑɞɨ #1 #2 #3 #4 

ʉ 
7

0.58
12
º  

10
0.83

12
º  

11
0.31

36
º  

8
0.53

15
º  

T  
3

0.6
5
=  

3
0.75

4
=  

3
0.086

35
º  

3
0.6

5
=  

ȬəɌɗɚɏɔɣəɚɑ ɚɛɜɑɐɑɗɑəɔɑ ɘɚɒəɚ ɔɝɛɚɗɨɓɚɎɌɞɨ ɔ Ɏ 

əɌɏɜɟɒɑəəɧɡ ɝɑɞɫɡ, ɛɜɔ ɩɞɚɘ ɖɌɒɐɧɕ ɤɌɏ ɘɚɒɑɞ 

ɝɚɚɞɎɑɞɝɞɎɚɎɌɞɨ ɖɌɖ, ɜɌɝɝɞɚɫəɔɪ ɛɜɚɛɚɜɢɔɚəɌɗɨəɚɘɟ ɞɌɖ ɔ 

ɚɍɜɌɞəɚ ɛɜɚɛɚɜɢɔɚəɌɗɨəɚɘɟ Ɏɑɝɟ: 

( )

1

1 1 1
.

11/ i j ijij

l
N N ll

-

¸

å õ
= =æ ö

æ ö-ç ÷
ä  (1.1.12)  

Ȯ ɝɗɟɣɌɑ Ɍɜɔɠɘɑɞɔɣɑɝɖɚɏɚ ɝɜɑɐəɑɏɚ (1.1.11) 

əɌɔɍɚɗɨɤɔɕ ɎɖɗɌɐ ɍɟɐɟɞ ɐɌɎɌɞɨ əɌɔɍɚɗɑɑ ɐɗɔəəɧɑ ɛɟɞɔ (ɔɓ 

əɌɔɍɚɗɑɑ ɖɚɜɚɞɖɔɡ), Ɏ ɝɗɟɣɌɑ ɒɑ ɏɌɜɘɚəɔɣɑɝɖɚɏɚ ɝɜɑɐəɑɏɚ ð 

əɌɔɍɚɗɑɑ ɖɚɜɚɞɖɔɑ. ȱɝɗɔ Ɏ ɝɑɞɔ ɔɘɑɪɞɝɫ ɔɓɚɗɔɜɚɎɌəəɧɑ 
ɟɓɗɧ, ɐɚɍɜɌɞɨɝɫ ɐɚ ɖɚɞɚɜɧɡ əɑɎɚɓɘɚɒəɚ ɔ ɐɗɫ ɖɚɞɚɜɧɡ 

ɑɝɞɑɝɞɎɑəəɚ ɝɣɔɞɌɞɨ ijl =¤, ɚɛɜɑɐɑɗɑəɔɑ ɘɔəɔɘɌɗɨəɚɏɚ 

ɝɜɑɐəɑɏɚ ɜɌɝɝɞɚɫəɔɫ ɖɌɖ Ɍɜɔɠɘɑɞɔɣɑɝɖɚɏɚ ɝɜɑɐəɑɏɚ 
ɛɑɜɑɝɞɌɑɞ ɍɧɞɨ ɔəɠɚɜɘɌɞɔɎəɧɘ, ɛɚɝɖɚɗɨɖɟ ɐɌɒɑ ɛɜɔ 

əɌɗɔɣɔɔ ɚɐəɚɏɚ ɞɌɖɚɏɚ ɔɓɚɗɔɜɚɎɌəəɚɏɚ ɟɓɗɌ 
ijl l= =¤. Ȯ 

ɞɌɖɚɕ ɝɔɞɟɌɢɔɔ ɟɐɚɍəɚ ɛɚɗɨɓɚɎɌɞɨɝɫ ɚɛɜɑɐɑɗɑəɔɑɘ ɝɜɑɐəɑɏɚ 
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ɘɔəɔɘɌɗɨəɚɏɚ ɜɌɝɝɞɚɫəɔɫ ɖɌɖ ɝɜɑɐəɑɏɚ ɏɌɜɘɚəɔɣɑɝɖɚɏɚ ð l . 

ȴəɚɏɐɌ Ɏɑɗɔɣɔəɟ ɚɍɜɌɞəɟɪ l  ɚɍɚɓəɌɣɌɪɞ 1/E l=  ɔ əɌɓɧɎɌɪɞ 

ɐɑɕɝɞɎɑəəɚɝɞɨ (efficiency ). 

ȹɌɔɘɑəɨɤɑɑ ɣɔɝɗɚ ɤɌɏɚɎ 
ijl  ɚɞ ɟɓɗɌ i  ɖ ɟɓɗɟ j  ɘɚɒɑɞ 

ɍɧɞɨ ɓɌɛɔɝɌəɚ Ɏ Ɏɔɐɑ ɘɌɞɜɔɢɧ SP  (short  path ). Ƀɔɝɗɑəəɧɑ 

ɓəɌɣɑəɔɫ ɩɞɚɕ ɘɌɞɜɔɢɧ ɐɗɫ ɝɑɞɑɕ #1 - #6 ɜɌɎəɧ: 

 

 ( )

0 1 1 1

1 0 2 2
#1 ,

1 2 0 1

1 2 1 0

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

SP  ( )

0 1 1 1

1 0 2 1
#2 ,

1 2 0 1

1 1 1 0

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

SP  

( )

0 1 2 3 2 2

1 0 1 2 1 1

2 1 0 1 2 1
#3 ,

3 2 1 0 1 1

2 1 2 1 0 2

2 1 1 1 2 0

å õ
æ ö
æ ö
æ ö
=æ ö
æ ö
æ ö
æ ö
ç ÷

SP

 

( )

0 1 2 3 2

1 0 1 2 1

#4 ,2 1 0 1 1

3 2 1 0 1

2 1 1 1 0

å õ
æ ö
æ ö
æ ö=
æ ö
æ ö
æ ö
ç ÷

SP  

( )

0 1 2 2

0 1 1

#5 ,0 1

1 0 1

0

¤å õ
æ ö
¤ ¤
æ ö
æ ö=¤ ¤ ¤
æ ö
¤ ¤æ ö
æ ö¤ ¤ ¤ ¤ç ÷

SP  ( )

0 2 10 13 9

2 0 8 11 7

#6 .10 8 0 5 1

13 11 5 0 4

9 7 1 4 0

å õ
æ ö
æ ö
æ ö=
æ ö
æ ö
æ ö
ç ÷

SP  

Ⱥɞɘɑɞɔɘ, ɣɞɚ ɘɌɞɜɔɢɌ ( )#5SP  (ɐɗɫ əɌɛɜɌɎɗɑəəɚɕ ɝɑɞɔ) 

ɝɚɐɑɜɒɔɞ ɍɑɝɖɚəɑɣəɧɑ ɩɗɑɘɑəɞɧ, əɌɛɜɔɘɑɜ ( )21 #5l =¤ 

(ɝɜɌɎəɔɞɑ ɝ ( )21 #4 1l =). ɉɞɚ, ɖɚəɑɣəɚ, ɚɓəɌɣɌɑɞ (ɝɘ. ɜɔɝ. ɝɑɞɔ 

#5), ɣɞɚ ɚɞ ɟɓɗɌ 2 əɑɎɚɓɘɚɒəɚ ɐɚɕɞɔ ɐɚ ɟɓɗɌ 1. 
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Ȯ ɝɑɞɔ ɝ ɎɑɝɌɘɔ ɛɜɔ ɛɚɐɝɣɑɞɑ 
ijl  ɖɌɒɐɧɕ ɤɌɏ ɛɚ ɝɎɫɓɔ 

ɟɘəɚɒɌɑɞɝɫ əɌ ɑɑ Ɏɑɝ, ɞɌɖ ɣɞɚ ɝɟɘɘɔɜɟɑɞɝɫ əɑ ɛɜɚɝɞɚ ɣɔɝɗɚ 

ɤɌɏɚɎ (ɝɎɫɓɑɕ), Ɍ ɔɡ ɎɑɝɌ. ȴɘɑəəɚ ɝ ɩɞɔɘ ɝɎɫɓɌəɚ ɞɚ, ɣɞɚ 

ɖɜɌɞɣɌɕɤɔɕ ɛɟɞɨ Ɏ ɝɑɞɔ #6 ɘɑɒɐɟ ɟɓɗɌɘɔ 3 ɔ 4 ɎɖɗɪɣɌɑɞ Ɏ 
ɝɑɍɫ ɐɎɌ ɤɌɏɌ ɝ ɎɑɝɌɘɔ 4 ɔ 1, Ɍ əɑ ɚɐɔə ɤɌɏ ɝ Ɏɑɝɚɘ 1. 

Ƚɜɑɐəɔɑ ɓəɌɣɑəɔɫ ɖɜɌɞɣɌɕɤɔɡ ɛɟɞɑɕ (1.1.11) ɐɗɫ 

ɜɌɝɝɘɌɞɜɔɎɌɑɘɧɡ ɝɑɞɑɕ ɜɌɎəɧ: 

( )
4

#1 1.3,
3

l = º  ( )
7

#2 1.16,
6

l = º  ( )
23

#3 1.53,
15

l = º

 

( )
3

#4 1.5,
2

l = =  ( )#5 ,l =¤ ( )#6 7.l =  

ȯɌɜɘɚəɔɣɑɝɖɚɑ ɝɜɑɐəɑɑ: 
 

 

 

 

ȱɥɑ ɚɐəɚɕ ɎɌɒəɚɕ ɡɌɜɌɖɞɑɜɔɝɞɔɖɚɕ ɝɑɞɔ ɫɎɗɫɑɞɝɫ ɞɌɖ 

əɌɓɧɎɌɑɘɚɑ ɛɚɝɜɑɐəɔɣɑɝɞɎɚ (betweenness ). Ȯ ɞɌɍɗɔɢɑ 1.1.3  

ɛɜɔɎɑɐɑəɧ ɣɔɝɗɑəəɧɑ ɓəɌɣɑəɔɫ ɛɚɝɜɑɐəɔɣɑɝɞɎɌ ɐɗɫ Ɏɝɑɡ 
ɟɓɗɚɎ ɝɑɞɑɕ #1 - #6.  

ȾɌɍɗɔɢɌ. 1.1.3.  ȳəɌɣɑəɔɫ 

ɛɚɝɜɑɐəɔɣɑɝɞɎɌ ɐɗɫ ɝɑɞɑɕ #1 - #6.  

             

ȿɓɑɗ 
 

Ƚɑɞɨ 

1B
 2B

 3B
 4B

 5B  6B  

#1 4
 

0
 

0
 

0
 

  

#2 1
 

0
 

0
 

1
 

  

#3 0
 

10
 

4/3  2
 

4/3
 

4/3
 

#4 0
 

6
 

2
 

0
 

2
 

 

#5 0 2 0 0 0  

#6 0 6 0 0 8  

( )#1 1.2,l =  ( )#2 1.09,l º  ( )#3 1.32,l º  

( )#4 1.28,l º  ( )#5 2.86,l º  ( )#6 3.85.l º  
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ȹɌɛɚɘəɔɘ, ɣɞɚ ɛɜɔ Ɏɧɣɔɝɗɑəɔɔ ɛɚɝɜɑɐəɔɣɑɝɞɎɌ Ɏ ɝɑɞɔ 
ɝ Ɏɑɝɚɘ, ɖɜɌɞɣɌɕɤɔɕ ɛɟɞɨ ɜɌɝɝɣɔɞɧɎɌɑɞɝɫ ɝ ɟɣɑɞɚɘ ɎɑɝɌ 

ɝɎɫɓɑɕ. 

ȶɜɚɘɑ ɚɝəɚɎəɚɕ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɝɑɞɔ ð 

ɜɌɝɛɜɑɐɑɗɑəɔɫ ɝɞɑɛɑəɔ ɟɓɗɚɎ ɛɚ 

ɝɎɫɓɫɘ ð ()P k , ɝɘ. ɜɔɝ. 1.1.2  

ɎɎɚɐɔɞɝɫ ɞɌɖɒɑ ɜɌɝɛɜɑɐɑɗɑəɔɑ 

ɖɚəɢɚɎ ɝɎɫɓɑɕ ð ()nnP k : 

()
()

.nn

kP k
P k

k
=  (1.1.13) 

ɉɞɚ ɜɌɝɛɜɑɐɑɗɑəɔɑ əɌɓɧɎɌɪɞ ɞɌɖɒɑ ɜɌɝɛɜɑɐɑɗɑəɔɑɘ 

ɝɞɑɛɑəɑɕ ɍɗɔɒɌɕɤɔɡ ɝɚɝɑɐɑɕ (degree distribution  of th e 

nearest  neighbor ), ɚɞɖɟɐɌ ɔ ɍɑɜɑɞɝɫ ɚɍɚɓəɌɣɑəɔɑ ()nnP k . ȹɌ 

ɛɜɚɝɞɚɘ ɛɜɔɘɑɜɑ ɝɑɞɔ #1 ɗɑɏɖɚ ɟɍɑɐɔɞɨɝɫ, ɣɞɚ (1.1. 13) 
ɐɑɕɝɞɎɔɞɑɗɨəɚ ɐɌɑɞ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɖɚəɢɚɎ ɝɎɫɓɑɕ. Ȱɗɫ ɝɑɞɔ 

#1 ɔɘɑɑɘ Ɏɚɝɑɘɨ ɖɚəɢɚɎ, ɞ.ɑ. Ɏɑɜɚɫɞəɚɝɞɨ ɛɚɛɌɐɌəɔɫ ɚɐəɚɏɚ 

ɖɚəɢɌ ɝɎɫɓɔ əɌ ɟɓɑɗ ɜɌɎəɌ 1/ 8. ȿ ɟɓɗɌ 1 ɚɐəɌ ɝɎɫɓɨ, ɛɚɩɞɚɘɟ 

( )1 1/ 8nnP ʫʟʝʣ= . ȿ ɖɌɒɐɚɏɚ ɟɓɗɚɎ 3 ɔ 4 ð 2/8, ɞ.ɑ. 

2 2 / 8 1/ 2Ö = , ɞɌɖɔɘ ɚɍɜɌɓɚɘ ( ) ( )3 4 1/ 2nn nnP ʫʟʝʣ P ʫʟʝʣ= = , 

( )2 1/ 2nnP ʫʟʝʣ=  ɔ ɐɗɫ ɟɓɗɌ 1 - 3 1/ 8Ö , ɞ.ɑ. ( )3 3 / 8nnP ʫʟʝʣ= . 

Ƚ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ ɩɞɔ ɒɑ ɓəɌɣɑəɔɫ ɝɜɌɓɟ ɛɚɗɟɣɌɪɞɝɫ ɔɓ 

(1.1.13), əɌɛɜɔɘɑɜ, ɐɗɫ ɛɑɜɎɚɏɚ ɟɓɗɌ 

  ( )
()

1

1 1 1 1/ 4 1

2 8
nn

P
P ʫʟʝʣ

k

Ö
= = =, 

ɔ ɌəɌɗɚɏɔɣəɚ ɐɗɫ ɐɜɟɏɔɡ. 

ȶɌɣɑɝɞɎɑəəɚ ɎɧɜɌɒɑəɔɑ ɐɗɫ ()nnP k  (1.1.13) ɘɚɒəɚ 

ɛɚɫɝəɔɞɨ ɞɌɖ. Ȯɑɜɚɫɞəɚɝɞɨ ɛɚɛɌɐɌəɔɫ ɝɗɟɣɌɕəɚ ɎɧɍɜɌəəɚɕ 

ɝɎɫɓɔ əɌ ɟɓɗɧ ɝ k  ɝɎɫɓɫɘɔ ɛɜɚɛɚɜɢɔɚəɌɗɨəɚ ɣɔɝɗɟ Ɏɝɑɡ 

ɝɎɫɓɑɕ ɞɌɖɔɡ ɟɓɗɚɎ () ()nnP k NkP k , ɏɐɑ N  - ɛɚɗəɚɑ ɣɔɝɗɚ 

()nnP k  ð 

ɜɌɝɛɜɑɐɑɗɑəɔɑ ɖɚəɢɚɎ 
ɝɎɫɓɑɕ. 
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ɟɓɗɚɎ Ɏ ɝɑɞɔ. Ƚ ɟɣɑɞɚɘ ɞɚɏɚ, ɣɞɚ () 1nnP k =ä , əɚɜɘɔɜɚɎɚɣəɌɫ 

ɖɚəɝɞɌəɞɌ ɜɌɎəɌ 1/ k , ɚɞɖɟɐɌ ɔ ɝɗɑɐɟɑɞ (1.1.13).  

ȼɌɝɛɜɑɐɑɗɑəɔɑ ()nnP k  ɐɗɫ ɛɜɚɝɞɧɡ ɝɑɞɑɕ ɝɚɎɛɌɐɌɑɞ ɝ 

()P k  ɞɚɗɨɖɚ Ɏ ɔɝɖɗɪɣɔɞɑɗɨəɧɡ ɝɗɟɣɌɫɡ (ɖɚɏɐɌ ɐɗɫ ɖɌɒɐɚɏɚ 

ɟɓɗɌ Ɏɧɛɚɗəɫɑɞɝɫ ɜɌɎɑəɝɞɎɚ  k k= ), əɌɛɜɔɘɑɜ ɐɗɫ 

ɍɑɝɖɚəɑɣəɚɕ ɖɎɌɐɜɌɞəɚɕ ɜɑɤɑɞɖɔ. 

ȴɘɑɫ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɖɚəɢɚɎ ɝɎɫɓɑɕ ()nnP k  ɘɚɒəɚ 

ɎɎɑɝɞɔ ɝɜɑɐəɪɪ ɛɚ ɩɞɚɘɟ ɜɌɝɛɜɑɐɑɗɑəɔɪ ɝɞɑɛɑəɨ ɟɓɗɚɎ: 

()
()

2

1 1

.
N N

nnnn
k k

kkP k
k kP k k

k k= =

= = =ä ä  (1.1.14) 

Ȱɗɫ əɑɖɚɜɜɑɗɔɜɚɎɌəəɚɕ ɝɑɞɔ ɓəɌəɔɑ ɜɌɝɛɜɑɐɑɗɑəɔɫ 

ɖɚəɢɚɎ ()nnP k  ɛɚɓɎɚɗɫɑɞ əɌɕɞɔ Ɏɑɜɚɫɞəɚɝɞɨ ɝɚɑɐɔəɑəɔɫ ɟɓɗɚɎ 

ɝɚ ɝɞɑɛɑəɫɘɔ k  ɔ k¡ ð ( ),P k k¡. Ⱦ.ɖ. Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ 

ɝɎɫɓɨ çɎɚɞɖəɑɞɝɫè Ɏ ɟɓɑɗ ɝɚ ɝɞɑɛɑəɨɪ k  ɜɌɎəɌ 

() ()/nnP k kP k k= , Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ ɚɐəɚɎɜɑɘɑəəɚ ɚəɌ 

çɎɚɞɖəɑɞɝɫè ɔ Ɏ ɝɎɫɓɨ ɝɚ ɝɞɑɛɑəɨɪ k¡ ɜɌɎəɌ ɛɜɚɔɓɎɑɐɑəɔɪ 

( ) () ()
() ()

2
, .nn nn

kP k k P k
P k k P k P k

k

¡ ¡
¡ ¡= =  (1.1.15)  

ȮɎɑɐɑɘ ɞɑɛɑɜɨ ɛɚəɫɞɔɑ ɝɜɑɐəɑɏɚ ɣɔɝɗɌ ɛɑɜɎɧɡ, Ɏɞɚɜɧɡ 

ɔ ɝɗɑɐɟɪɥɔɡ ɝɚɝɑɐɑɕ. ȱɝɗɔ ɟɓɑɗ ɔɘɑɑɞ ɝɞɑɛɑəɨ k, ɞɚ ɟ əɑɏɚ k  

ɝɚɝɑɐɑɕ, ɛɚɩɞɚɘɟ ɝɜɑɐəɑɑ ɣɔɝɗɚ ɍɗɔɒɌɕɤɔɡ (ɛɑɜɎɧɡ) ɝɚɝɑɐɑɕ 

1z  ɜɌɎəɚ, ɖɌɖ ɔ ɐɚɗɒəɚ ɍɧɞɨ: 

1 .kz k p k= Ö =ä  (1.1.16)  
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ȻɑɜɎɧɑ ɝɚɝɑɐɔ ɟɓɗɌ, Ɏ ɝɎɚɪ ɚɣɑɜɑɐɨ, ɔɘɑɪɞ ɝɎɚɔɡ 
ɝɚɝɑɐɑɕ, ɖɚɞɚɜɧɡ ɗɚɏɔɣəɚ əɌɓɎɌɞɨ Ɏɞɚɜɧɘɔ ɍɗɔɒɌɕɤɔɘɔ ɖ 

ɔɝɡɚɐəɚɘɟ ɟɓɗɟ ɝɚɝɑɐɫɘɔ. ȱɝɗɔ ɛɑɜɎɧɕ ɝɚɝɑɐ ɔɘɑɑɞ ɝɞɑɛɑəɨ 

k, ɞɚ ɟ əɑɏɚ 1k-  ɝɚɝɑɐɑɕ (ɚɐəɌ ɔɓ ɝɎɫɓɑɕ çɟɤɗɌè ɖ ɔɝɡɚɐəɚɘɟ 

ɟɓɗɟ). 

Ƀɔɝɗɚ ɛɑɜɎɧɡ ɝɚɝɑɐɑɕ ɝɚ ɝɞɑɛɑəɨɪ k  ɐɗɫ Ɏɝɑɡ ɟɓɗɚɎ 

ɜɌɎəɚ 
kN k pÖ Ö, ɛɚɩɞɚɘɟ ɣɔɝɗɚ Ɏɝɑɡ Ɏɞɚɜɧɡ ɝɚɝɑɐɑɕ ɜɌɎəɚ: 

Ⱥɞəɚɤɑəɔɑ ɝɜɑɐəɑɏɚ ɣɔɝɗɌ Ɏɞɚɜɧɡ ɝɚɝɑɐɑɕ ɖ ɛɑɜɎɧɘ: 

2

2

1

k kz
B

z k

-
= =  (1.1 .18 ) 

əɌɓɧɎɌɪɞ ɖɚɩɠɠɔɢɔɑəɞɚɘ ɎɑɞɎɗɑəɔɫ (branching  coefficient ), 

ɚə ɡɌɜɌɖɞɑɜɔɓɟɑɞ ɝɞɑɛɑəɨ çɜɌɓɘəɚɒɑəɔɫè ɝɎɫɓɑɕ ɛɚ ɘɑɜɑ 
ɟɐɌɗɑəɔɫ ɚɞ ɟɓɗɌ. 

ȶɚɩɠɠɔɢɔɑəɞ ɎɑɞɎɗɑəɔɫ ɘɚɒəɚ ɛɚɗɟɣɔɞɨ ɔ ɔɓ ɞɌɖɔɡ 

ɝɚɚɍɜɌɒɑəɔɕ. Ȯɑɜɚɫɞəɚɝɞɨ ()nnP k  

ɘɚɒəɚ ɞɜɌɖɞɚɎɌɞɨ ɖɌɖ Ɏɑɜɚɫɞəɚɝɞɨ 

( )1Q k-  ɞɚɏɚ, ɣɞɚ ɝɎɫɓɨ ɚɞ əɑɖɚɞɚɜɚɏɚ 

ɎɧɍɜɌəəɚɏɚ ɟɓɗɌ A  Ɏɚɕɐɑɞ Ɏ ɟɓɑɗ B  ɝ 1k-  ɝɎɫɓɫɘɔ, ɞɌɖ, ɣɞɚ 

ɟɓɑɗ B  ɍɟɐɑɞ ɔɘɑɞɨ Ɏ ɝɟɘɘɑ k  ɝɎɫɓɑɕ: 

( ) ()
()

1 .nn

kP k
Q k P k

k
- = =    (1.1.19)  

ȾɚɏɐɌ ɝɜɑɐəɑɑ ɣɔɝɗɚ Ɏɧɡɚɐɫɥɔɡ ɔɓ ɟɓɗɌ B  ɝɎɫɓɑɕ (ɍɑɓ 

ɟɣɑɞɌ ɝɎɫɓɔ ɝ ɟɓɗɚɘ A) ɜɌɎəɚ: 

 

 

 

 

( ) ( )2 2

2

1
1 .k kz k k p k k p k k

N
= - Ö = - = -ä ä  (1.1.17) 

B- 
ɖɚɩɠɠɔɢɔɑəɞ 
ɎɑɞɎɗɑəɔɫ. 

()
( )( )

( ) ()

0 0

2

1

1 1

1
.

N N

k k

N

k

k k P k
kQ k

k

k kk kP k

k k

= =

=
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= =
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= =

ä ä

ä

   (1.1.20) 
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Ȼɚɝɗɑɐəɑɑ ɜɌɎɑəɝɞɎɚ ɝɛɜɌɎɑɐɗɔɎɚ ɛɜɔ 1N . 

ȳəɌɫ ɖɚɩɠɠɔɢɔɑəɞ ɎɑɞɎɗɑəɔɫ B  (1.1.18) ɗɑɏɖɚ 

Ɏɧɣɔɝɗɔɞɨ ɝɜɑɐəɑɑ ɣɔɝɗɚ ɝɗɑɐɟɪɥɔɡ (ɞɜɑɞɨɔɡ, ɣɑɞɎɑɜɞɧɡ  ɔ 

ɞ.ɐ.) ɝɚɝɑɐɑɕ: 

2

2
1 1 1

1

,m m m m

k kz
z Bz z z

z k
- - -

-
= = =

 

1

2
1

1

.

m

m

z
z z

z

-

å õ
=æ ö
ç ÷

 

(1.1.21) 
 

 

 

(1.1.22) 

ȮɧɜɌɒɑəɔɑ ɐɗɫ ɝɜɑɐəɑɏɚ ɣɔɝɗɌ m-əɧɡ ɝɚɝɑɐɑɕ 

ɛɚɓɎɚɗɫɑɞ ɛɚɗɟɣɔɞɨ ɚɞɎɑɞ əɌ ɚɣɑəɨ ɎɌɒəɧɕ Ɏɚɛɜɚɝ ð 

ɝɟɥɑɝɞɎɟɑɞ ɗɔ Ɏ ɝɑɞɔ ɞɌɖ əɌɓɧɎɌɑɘɧɕ ɏɔɏɌəɞɝɖɔɕ ɖɗɌɝɞɑɜ 

(Giant  Connected  Cluster  ɔɗɔ Giant  Connected  Component ).  

Ⱦ.ɑ. ɝɟɥɑɝɞɎɟɑɞ ɗɔ ɝɑɞɔ ɖɗɌɝɞɑɜ 
(ɝɎɫɓɌəəɌɫ ɘɑɒɐɟ ɝɚɍɚɕ ɣɌɝɞɨ ɟɓɗɚɎ), 

ɎɖɗɪɣɌɪɥɌɫ Ɏ ɝɑɍɫ ɣɔɝɗɚ ɟɓɗɚɎ ɛɚɜɫɐɖɌ Ɏɝɑɏɚ 

ɣɔɝɗɌ ɟɓɗɚɎ Ɏ ɝɑɞɔ. Ȼɜɔ Ɏɧɣɔɝɗɑəɔɔ Ɏɝɑ ɍɚɗɑɑ 

ɐɌɗɨəɔɡ ɔ ɐɌɗɨəɔɡ ɝɚɝɑɐɑɕ (1m>>) ɝɚɏɗɌɝəɚ 

(1.1. 22) Ɏɚɓɘɚɒəɧ ɐɎɌ ɝɢɑəɌɜɔɫ ð ɛɜɔ 2 1, 1mz z z> >>
 
ɔ ɛɜɔ 

2 1, 1mz z z< <<. 

Ȯɚ Ɏɞɚɜɚɘ ɝɗɟɣɌɑ (ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ 1N>>) ɔɓ 

(1.1.21) ɝɗɑɐɟɑɞ: 

1
2

2 1
1

1 1 2

,

m

m

m m

z z
z z

z z z

-

å õ
= ºæ ö

-ç ÷
ä ä  (1.1.23 ) 

Ɍ ɝɞɜɚɏɚɑ ɜɌɎɑəɝɞɎɚ, ɖɚəɑɣəɚ, ɔɘɑɑɞ ɘɑɝɞɚ Ɏ ɛɜɑɐɑɗɑ N­¤. 

 ȴɓ (1.1.23) ɝɜɌɓɟ ɒɑ ɝɗɑɐɟɑɞ, ɣɞɚ ɛɜɔ 2 1z z² , ɞ.ɑ. ɛɜɔ  

GC ð Giant  

Cluster  ð 
ɏɔɏɌəɞɝɖɔɕ 
ɖɗɌɝɞɑɜ 
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2 ,k k k- ²  (1.1. 24) 

Ɏ ɝɑɞɔ ɝɟɥɑɝɞɎɟɑɞ ɍɑɝɖɚəɑɣəɧɕ ɖɗɌɝɞɑɜ. 

ȹɑɜɌɎɑəɝɞɎɚ (1.1.24) əɌɓɧɎɌɑɞɝɫ 

ɖɜɔɞɑɜɔɕ ȸɚɗɗɚɫ-ȼɔɐɌ, ɑɏɚ ɣɌɝɞɚ 

ɓɌɛɔɝɧɎɌɪ Ɏ ɞɌɖɚɘ Ɏɔɐɑ 

2 2 0.k k- ²  (1.1.25) 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɝɚɏɗɌɝəɚ (1.1.25) ɏɔɏɌəɞɝɖɔɕ ɖɗɌɝɞɑɜ 

ɝɟɥɑɝɞɎɟɑɞ, ɑɝɗɔ ɣɔɝɗɚ Ɏɞɚɜɧɡ ɝɚɝɑɐɑɕ ɍɚɗɨɤɑ ɣɑɘ ɝɜɑɐəɑɑ 
ɣɔɝɗɚ Ɏɧɡɚɐɫɥɔɡ ɔɓ ɟɓɗɌ ɝɎɫɓɑɕ. 

ȽɟɥɑɝɞɎɚɎɌəɔɑ ɏɔɏɌəɞɝɖɚɏɚ ɖɗɌɝɞɑɜɌ ɚɓəɌɣɌɑɞ ɞɌɖɒɑ, 

ɣɞɚ ɎɧɍɔɜɌɫ ɖɌɖ ɟɏɚɐəɚ ɟɐɌɗɑəəɧɑ ɐɜɟɏ ɚɞ ɐɜɟɏɌ ɟɓɗɧ ɘɧ ɝ 

əɑəɟɗɑɎɚɕ Ɏɑɜɚɫɞəɚɝɞɨɪ ɝɘɚɒɑɘ ɛɜɚɕɞɔ ɛɚ ɝɑɞɔ ɚɞ ɚɐəɚɏɚ 

ɟɓɗɌ ɖ ɐɜɟɏɚɘɟ. ȴɘɑəəɚ ɛɚɩɞɚɘɟ ɚ ɞɑɡ ɓəɌɣɑəɔɫɡ ɛɌɜɌɘɑɞɜɚɎ, 

ɛɜɔ ɖɚɞɚɜɧɡ 
2k ɐɚɝɞɔɏɌɑɞ ɓəɌɣɑəɔɫ 2 k , ɏɚɎɚɜɫɞ ɖɌɖ ɚ 

ɛɚɜɚɏɑ ɛɜɚɞɑɖɌəɔɫ. ȳəɌɣɑəɔɑ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ 
cp  ɛɜɔ ɩɞɚɘ 

ɜɌɎəɌ: 

2
.c

k
p

k k
=

-
 (1.1.26) 

1.2.  ȸɚɐɑɗɔ ɌɜɞɑɠɌɖɞəɧɡ ɝɑɞɑɕ 

1. 2.1.  Ƚɑɞɔ ɉɜɐɑɤɌ-ȼɑəɨɔ 

Ƚɑɞɨ (ɏɜɌɠ) ɉɜɐɑɤɌ-ȼɑəɨɔ (ER-ɝɑɞɨ) ɩɞɚ ɞɌɖɌɫ ɝɑɞɨ, 

ɖɚɏɐɌ ɖɌɒɐɌɫ ɛɌɜɌ ɟɓɗɚɎ ɝɚɑɐɔəɑəɌ ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ p. Ȯ 

ɛɜɑɐɑɗɑ ɍɚɗɨɤɚɏɚ ɣɔɝɗɌ ɟɓɗɚɎ N  ɠɟəɖɢɔɫ ɜɌɝɛɜɑɐɑɗɑəɔɫ 

ɝɞɑɛɑəɑɕ ɟɓɗɚɎ ɔɘɑɑɞ Ɏɔɐ: 

 

ȶɜɔɞɑɜɔɕ 

ȸɚɗɗɚɫ-ȼɔɐɌ 
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Ȯ ɛɜɑɐɑɗɑ N­¤ ɓəɌɣɑəɔɑ k  Ɏ ɛɚɝɞɜɚɑəəɚɕ ɞɌɖɔɘ 

ɚɍɜɌɓɚɘ ER ɝɑɞɔ ɚɛɜɑɐɑɗɑəɚ ɚɐəɚɓəɌɣəɚ. Ȯ ɜɑɌɗɨəɚɘ ɝɗɟɣɌɑ 

ɐɗɫ ɖɚəɑɣəɚɏɚ ɓəɌɣɑəɔɫ ɣɔɝɗɌ ɟɓɗɚɎ ɝɗɑɐɟɑɞ ɜɌɓɗɔɣɌɞɨ ɐɎɑ 

ɘɚɐɑɗɔ ER ɝɑɞɔ ð ɘɚɐɑɗɨ ȯɔɗɨɍɑɜɞɌ (
npG -ɘɚɐɑɗɨ) ɔ ɝɚɍɝɞɎɑəəɚ 

ɘɚɐɑɗɨ ɉɜɐɑɤɌ-ȼɑəɨɔ (nmG ). Ȯ ɘɚɐɑɗɔ nmG  ɠɔɖɝɔɜɟɑɞɝɫ 

Ɏɑɜɚɫɞəɚɝɞɨ p. Ȱɗɫ ɝɑɞɔ ɝ ɖɚəɑɣəɧɘ ɓəɌɣɑəɔɑɘ ɟɓɗɚɎ N  ɩɞɚ 

ɚɓəɌɣɌɑɞ, ɣɞɚ k pN= , ɛɜɔ  ɩɞɚɘ ɣɔɝɗɚ ɝɎɫɓɑɕ M  

ɚɛɜɑɐɑɗɑəɚ ɞɚɗɨɖɚ Ɏ ɝɜɑɐəɑɘ ( )1 / 2M pN N= - . Ȯ ɘɚɐɑɗɔ 

ȯɔɗɨɍɑɜɞɌ npG  ɓɌɐɌəɌ əɑ Ɏɑɜɚɫɞəɚɝɞɨ p, Ɍ ɣɔɝɗɚ ɝɎɫɓɑɕ M , 

ɞɑɛɑɜɨ Ɏɑɜɚɫɞəɚɝɞɨ p
 
ɚɛɜɑɐɑɗɑəɌ ɖɌɖ ( )1 / 2M pN N= - , Ɍ 

ɝɜɑɐəɫɫ ɝɞɑɛɑəɨ ɟɓɗɌ ɜɌɎəɌ 2 /k M N= . ȼɌɓɗɔɣɔɑ ɘɑɒɐɟ 

ɩɞɔɘɔ ɘɚɐɑɗɫɘɔ ɌəɌɗɚɏɔɣəɚ ɜɌɓɗɔɣɔɪ ɘɑɒɐɟ ɖɌəɚəɔɣɑɝɖɔɘ 

ɔ ɘɔɖɜɚɖɌəɚəɔɣɑɝɖɔɘ ɌəɝɌɘɍɗɫɘɔ Ɏ ɝɞɌɞɔɝɞɔɣɑɝɖɚɕ ɠɔɓɔɖɑ. 

Ȯ ɘɔɖɜɚɖɌəɚəɔɣɑɝɖɚɘ ɌəɝɌɘɍɗɑ ɓɌɐɌəɌ ɩəɑɜɏɔɫ ɝɔɝɞɑɘɧ, Ɍ Ɏ 

ɖɌəɚəɔɣɑɝɖɚɘ ɞɑɘɛɑɜɌɞɟɜɌ, ɛɜɔ ɩɞɚɘ ɩəɑɜɏɔɫ ɠɗɟɖɞɟɔɜɟɑɞ 

Ɏɚɖɜɟɏ ɝɜɑɐəɑɏɚ ɓəɌɣɑəɔɫ.  

Ȯ ɛɜɑɐɑɗɑ N­¤, 0p­ , pN
 
ð ɖɚəɑɣəɚɑ ɣɔɝɗɚ əɑ 

ɜɌɎəɚɑ əɟɗɪ, ɚɍɌ ɚɛɜɑɐɑɗɑəɔɫ ɝɑɞɔ ɉɜɐɑɤɌ-ȼɑəɨɔ ɔ 

ȯɔɗɨɍɑɜɞɌ ɝɚɎɛɌɐɌɪɞ. 

Ƚɑɞɨ ɉɜɐɑɤɌ-ȼɑəɨɔ ɫɎɗɫɑɞɝɫ çɡɚɜɚɤɚ ɝɚɑɐɔəɑəəɚɕè - 

ɝɜɑɐəɑɑ ɘɔəɔɘɌɗɨəɚɑ ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ ɟɓɗɌɘɔ ɛɚɜɫɐɖɌ 

ln N N<<  ( 1N>>). Ƚɜɑɐəɑɑ ɘɔəɔɘɌɗɨəɚɑ ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ 

ɟɓɗɌɘɔ ɗɑɏɖɚ ɚɢɑəɔɞɨ ɔɓ ɝɗɑɐɟɪɥɔɡ ɝɚɚɍɜɌɒɑəɔɕ. ȿ ɖɌɒɐɚɏɚ 

ɝɚɝɑɐɌ ɑɝɞɨ ɑɥɑ Ɏ ɝɜɑɐəɑɘ ɛɚ k  ɝɚɝɑɐɑɕ, ɖ ɖɌɒɐɚɘɟ ɔɓ 

ɖɚɞɚɜɧɡ ɘɚɒəɚ ɐɚɕɞɔ ɓɌ ɐɎɌ ɤɌɏɌ. ȳɌ l  ɤɌɏɚɎ ɘɚɒəɚ Ɏ 

ɝɜɑɐəɑɘ ɐɚɕɞɔ ɐɚ 
l

k  ɟɓɗɚɎ.  

.
!

k

k

k

k
P e

k

-
=  (1.2 .1) 
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ȾɚɏɐɌ ɐɗɫ ɝɜɑɐəɑɏɚ ɘɔəɔɘɌɗɨəɚɏɚ ɜɌɝɝɞɚɫəɔɫ l  ɘɑɒɐɟ 

ɟɓɗɌɘɔ ɝɑɞɔ ɔɓ N  ɟɓɗɚɎ ɛɚɗɟɣɌɑɘ: 

 

 

Ⱥɣɑəɨ əɑɍɚɗɨɤɚɑ (ɗɚɏɌɜɔɠɘɔɣɑɝɖɔ ɘɌɗɚɑ ɛɚ ɝɜɌɎəɑəɔɪ 
ɝ ɣɔɝɗɚɘ ɟɓɗɚɎ) ɓəɌɣɑəɔɑ ɘɔəɔɘɌɗɨəɚɏɚ ɜɌɝɝɞɚɫəɔɫ, ɐɑɗɌɑɞ 

ɝɗɟɣɌɕəɟɪ ER-ɝɑɞɨ ɞɌɖ əɌɓɧɎɌɑɘɧɘ çɘɌɗɧɘ ɘɔɜɚɘè. Ȱɗɫ 

ɖɌɒɐɚɏɚ ɟɓɗɌ ɝɑɞɔ, ɝɚɝɞɚɫɥɑɕ, əɌɛɜɔɘɑɜ, ɔɓ 
910N=  ɟɓɗɚɎ 

(ɛɚɜɫɐɚɖ ɣɔɝɗɌ ɗɪɐɑɕ əɌ ȳɑɘɗɑ) ɝɚ ɝɜɑɐəɔɘ ɣɔɝɗɚɘ ɝɎɫɓɑɕ 

100k = (ɛɜɔɍɗɔɓɔɞɑɗɨəɚ ɝɞɚɗɨɖɚ ɗɪɐɑɕ ɘɧ ɗɔɣəɚ ɓəɌɑɘ) 

ɘɔəɔɘɌɗɨəɚɑ ɝɜɑɐəɑɑ ɜɌɝɝɞɚɫəɔɑ ɜɌɎəɚ 
9 2ln10 / ln10 4.5l = º , 

ɞ.ɑ. əɑ ɍɚɗɑɑ ɛɫɞɔ ɤɌɏɚɎ.  

ȳɌɘɑɞɔɘ, ɣɞɚ ɐɗɫ ɜɑɏɟɗɫɜəɚɕ ɝɑɞɔ, əɌɛɜɔɘɑɜ, ɐɗɫ 

ɖɎɌɐɜɌɞəɚɕ ɜɑɤɑɞɖɔ ɩɞɚ ɜɌɝɝɞɚɫəɔɑ ɓəɌɣɔɞɑɗɨəɚ ɍɚɗɨɤɑ 
1/2~ lnl N N>> , ɐɗɫ ɛɜɔɎɑɐɑəəɚɏɚ ɛɜɔɘɑɜɌ 

910 30000 4,5.l º >>  

ȶɜɔɞɔɣɑɝɖɚɑ ɓəɌɣɑəɔɑ 
cp , ɛɜɔ ɖɚɞɚɜɚɘ Ɏ ɝɑɞɔ ER 

ɜɚɒɐɌɑɞɝɫ ɏɔɏɌəɞɝɖɔɕ ɖɗɌɝɞɑɜ ɝɜɌɓɟ ɒɑ  əɌɡɚɐɔɞɝɫ ɔɓ 

ɖɜɔɞɑɜɔɫ ȸɚɗɗɚɫ-ȼɔɐɌ ( )2/cp k k k= - . ȾɌɖ ɖɌɖ 

( )2 1k k k= +, ɞɚ ɐɗɫ cp  ɛɚɗɟɣɌɑɘ:  

 

 

1. 2.2. ȸɌɝɤɞɌɍəɚ-ɔəɎɌɜɔɌəɞəɧɑ ɝɑɞɔ 

ɀɟəɖɢɔɫ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɝɞɑɛɑəɔ ɟɓɗɚɎ kP  ɐɗɫ 

ɘɌɝɤɞɌɍəɚ-ɔəɎɌɜɔɌəɞəɚɕ ɝɑɞɔ  (Scale-Free ð SF) ɔɘɑɑɞ Ɏɔɐ: 

1
, 0kP k

k
= ²

g
. (1.2.4 ) 

Ȱɗɫ ɝɑɞɔ ER:  

l~ln N 

ln
.

ln

N
l

k
=  (1.2 .2) 

1
.cp

k
=  

(1.2.3)  
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ȾɌɖɚɑ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɡɚɜɚɤɚ ɔɓɎɑɝɞəɚ Ɏ ɞɑɚɜɔɔ 
Ɏɑɜɚɫɞəɚɝɞɔ ɖɌɖ ɜɌɝɛɜɑɐɑɗɑəɔɑ ȻɌɜɑɞɚ. Ⱥɍɧɣəɚ ɐɗɫ ɜɑɌɗɨəɔɡ 

ɝɑɞɑɕ  ɛɚɖɌɓɌɞɑɗɨ g ɗɑɒɔɞ Ɏ ɛɜɑɐɑɗɌɡ ɚɞ 2 ɐɚ 3. 

 Ȯ ɞɚɘ ɝɗɟɣɌɑ, ɖɚɏɐɌ k  ɘɚɒəɚ ɝɣɔɞɌɞɨ əɑɛɜɑɜɧɎəɚɕ 

ɛɑɜɑɘɑəəɚɕ, ɚɍɚɓəɌɣɔɘ ɑɑ  ð x  ( 0x> ) əɑɚɍɡɚɐɔɘɚ ɟɣɑɝɞɨ, ɣɞɚ 

Ɏɚ Ɏɝɑɡ ɜɑɌɗɨəɧɡ ɝɗɟɣɌɫɡ ɝɟɥɑɝɞɎɟɑɞ ɘɔəɔɘɌɗɨəɚɑ ɓəɌɣɑəɔɑ 

ɩɞɚɕ ɛɑɜɑɘɑəəɚɕ ð 
minx . ȹɚɜɘɔɜɚɎɚɣəɌɫ ɖɚəɝɞɌəɞɌ C

 
ɐɗɫ 

əɑɛɜɑɜɧɎəɚɏɚ ɝɗɟɣɌɫ ɚɛɜɑɐɑɗɫɑɞɝɫ, ɛɜɔ ɩɞɚɘ, ɔɓ ɟɝɗɚɎɔɫ 

()
min

1
x

p x dx
¤

=ñ  ɔ ɜɌɎəɌ 

() ( ) 1

min, 1 / ,p x Cx C x- -= = -g gg  (1.2.5)  

ɚɞɖɟɐɌ ɫɝəɚ, ɣɞɚ ɜɌɝɛɜɑɐɑɗɑəɔɑ (1.31) ɔɘɑɑɞ ɝɘɧɝɗ ɞɚɗɨɖɚ 

ɛɜɔ 1>g . 

 Ȱɚɛɚɗəɔɞɑɗɨəɚɑ ɚɏɜɌəɔɣɑəɔɑ 2>g  əɌ ɛɚɖɌɓɌɞɑɗɨ 

əɌɖɗɌɐɧɎɌɑɞ ɞɜɑɍɚɎɌəɔɑ ɔɘɑɞɨ ɖɚəɑɣəɚɑ ɝɜɑɐəɑɑ ɓəɌɣɑəɔɑ ð 

:x  

()
min

min

1
, 2

2
x

x xp x dx x

¤
-

= = >
-ñ
g

g
g

, (1.2 .6) 

Ɍ ɐɗɫ ɝɟɥɑɝɞɎɚɎɌəɔɫ m-əɚɏɚ ɘɚɘɑəɞɌ 

min

1
,

1

m mx x
m

-
=
- -

g

g
, (1.2.7 ) 

ɞɜɑɍɟɑɞɝɫ Ɏɧɛɚɗəɑəɔɫ ɟɝɗɚɎɔɫ 1 m> +g . 

Ƚ ɜɌɝɛɜɑɐɑɗɑəɔɑɘ (1.2.5) ɝɎɫɓɌəɚ ɞɌɖ əɌɓɧɎɌɑɘɚɑ 

ɛɜɌɎɔɗɚ 80 / 20, Ɏ ɤɟɞɚɣəɚɘ ɎɌɜɔɌəɞɑ ð ç20% ɗɪɐɑɕ 

ɎɧɛɔɎɌɑɞ 80% ɛɔɎɌè, ɔ ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ ɞɌɖɚɏɚ ɜɚɐɌ 

ɝɚɚɞəɚɤɑəɔɑ ɔɘɑɑɞ ɘɑɝɞɚ ɐɗɫ ɘəɚɏɔɡ ɐɜɟɏɔɡ ɜɚɐɚɎ 

ɐɑɫɞɑɗɨəɚɝɞɔ ɣɑɗɚɎɑɖɌè. 

Ȯ ɝɌɘɚɘ ɐɑɗɑ, ɐɚɗɫ ɟɓɗɚɎ ()S x  ɔɘɑɪɥɔɡ ɓəɌɣɑəɔɑ 

ɝɞɑɛɑəɔ, ɍɚɗɨɤɔɡ x, ɝɚɝɞɌɎɗɫɑɞ: 
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() ()
1

minx

x
S x p x dx

x

- +¤ å õ
= =æ ö

ç ÷
ñ

g

. (1.2.8 ) 

        ɉɞɔ ɟɓɗɧ Ɏ ɝɟɘɘɑ ɝɚɐɑɜɒɌɞ ɐɚɗɪ ()W x  ɚɞ Ɏɝɑɡ ɝɎɫɓɑɕ 

()
()

()
min

2

min

x

x

xp x dx
x

W x
x

xp x dx

¤

- +

¤

å õ
= =æ ö

ç ÷

ñ

ñ

g

. (1.2.9 ) 

       ȴɓ (1.2.8) ɔ (1.2.9) ɝɜɌɓɟ ɒɑ ɝɗɑɐɟɑɞ 

2 1
1

1 1W S S

-
-

- -= =

g

g g . 
(1.2.10 ) 

       ȹɌ ɜɔɝ. 1.2.1  ɛɜɔɎɑɐɑəɌ ɓɌɎɔɝɔɘɚɝɞɨ W  ɚɞ S  ɐɗɫ 

ɜɌɓɗɔɣəɧɡ ɓəɌɣɑəɔɕ g. ȺɣɑɎɔɐəɚ, ɣɑɘ ɍɚɗɨɤɑ ɓəɌɣɑəɔɑ 

ɛɚɖɌɓɌɞɑɗɫ g, ɞɑɘ ɓɌɎɔɝɔɘɚɝɞɨ ()W W S=  ɍɗɔɒɑ ɖ ɗɔəɑɕəɚɕ. 

Ȼɜɔ ɛɚɖɌɓɌɞɑɗɑ 2.161=g  ɐɗɫ  0,2S=  ɓəɌɣɑəɔɑ 0.8W=   

ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɛɜɌɎɔɗɟ ȻɌɜɑɞɚ (80/20). Ƀɑɘ ɍɚɗɨɤɑ ɓəɌɣɑəɔɑ 

ɛɚɖɌɓɌɞɑɗɫ g, ɞɑɘ ɓɌɎɔɝɔɘɚɝɞɨ ()W W S=  ɍɗɔɒɑ ɖ ɗɔəɑɕəɚɕ.  

 Ȼɚɫɝəɔɘ ɞɑɛɑɜɨ, ɣɞɚ ɚɓəɌɣɌɑɞ ɞɑɜɘɔə çɍɑɓɘɌɝɤɞɌɍəɌɫè 

ɛɚ ɚɞəɚɤɑəɔɪ ɖ ɝɑɞɔ SF. ȭɟɐɑɘ, ɐɗɫ əɌɏɗɫɐəɚɝɞɔ, ɝɣɔɞɌɞɨ, 

ɣɞɚ ɝɞɑɛɑəɨ ɟɓɗɌ (ɓəɌɣɑəɔɑ Ɏɑɗɔɣɔəɧ x) ɩɞɚ ɍɚɏɌɞɝɞɎɚ, 

ɖɚɞɚɜɧɘ ɚɍɗɌɐɌɑɞ ɣɑɗɚɎɑɖ (ɐɌəəɧɕ ɟɓɑɗ). ȾɚɏɐɌ ɘɚɒəɚ 

Ɏɧɣɔɝɗɔɞɨ ɚɞəɚɝɔɞɑɗɨəɟɪ ɐɚɗɪ ( )MS x  ɗɪɐɑɕ ɝ ɍɚɏɌɞɝɞɎɚɘ 

ɍɚɗɨɤɔɘ Mx , ɎɗɌɐɑɪɥɔɡ ɛɚɗɚɎɔəɚɕ Ɏɝɑɡ ɐɑəɑɏ.  
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    ȼɔɝ. 1.2.1  ð ȳɌɎɔɝɔɘɚɝɞɨ ()W W S=  

Ƚ ɚɐəɚɕ ɝɞɚɜɚəɧ: 

 

 

 

ɝ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ, ɐɚɗɫ ɔɡ ɍɚɏɌɞɝɞɎɌ ( ) 1/ 2MW x = , ɞ.ɑ. 

  

 

 

 

 

ȻɚɐɝɞɌɎɗɫɫ ɓəɌɣɑəɔɫ Mx
 
ɔɓ (1.2.11 ) Ɏ (1.2.12) əɌɡɚɐɔɘ 

 

 

 

       ( ) ()
1

minM

M
M

x

x
S x p x dx

x

- +¤ å õ
= =æ ö

ç ÷
ñ

g

, (1.2.11 ) 

( )

()

()
min

2

min

1

2

Mx M
M

x

xp x dx
x

W x
x

xp x d

¤

- +

¤

å õ
= = =æ ö

ç ÷

ñ

ñ

g

. (1.2.12 ) 

( ) ( )
1

32

2.161
2 , 6.7 10M MS x S x

-
-

--

=
= = Ö

g

g

g

, 

(1.2.13 ) 
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ɞ.ɑ. ɐɗɫ ɓəɌɣɑəɔɫ ɛɚɖɌɓɌɞɑɗɫ 2.161=g  ɛɚɗɚɎɔəɚɕ Ɏɝɑɡ ɐɑəɑɏ 

ɎɗɌɐɑɑɞ ɘɑəɨɤɑ 1% (0.67%) ɗɪɐɑɕ. 

      ȹɌɓɚɎɑɘ ɩɞɔɡ ɗɪɐɑɕ çɍɚɏɌɞɧɘɔè. ȭɑɓɘɌɝɤɞɌɍəɚɝɞɨ 
ɚɓəɌɣɌɑɞ, ɣɞɚ ɝɜɑɐɔ çɍɚɏɌɞɧɡè ɜɌɝɛɜɑɐɑɗɑəɔɑ əɌ çɍɚɏɌɞɧɡè ɔ 

çɍɑɐəɧɡè Ɏ ɞɚɣəɚɝɞɔ ɞɌɖɚɑ ɒɑ. Ⱦ.ɑ., ɖɌɖ ɗɑɏɖɚ ɛɚɐɝɣɔɞɌɞɨ, ɣɞɚ 

0.67% ɝɜɑɐɔ çɍɚɏɌɞɧɡè ɎɗɌɐɑɪɞ ɛɚɗɚɎɔəɚɕ Ɏɝɑɏɚ çɍɚɏɌɞɝɞɎɌè 

çɍɚɏɌɞɧɡè (ɞ.ɑ. 1/4 ɚɞ Ɏɝɑɏɚ ɍɚɏɌɞɝɞɎɌ). 

      Ȱɗɫ  ɗɪɍɚɏɚ ɓəɌɣɑəɔɫ b  ɐɗɫ ɍɑɓɘɌɝɤɞɌɍəɚɏɚ 

ɜɌɝɛɜɑɐɑɗɑəɔɫ 

 

 

ɞ.ɑ. ɔɓɘɑəɔɞɑ ɘɌɝɤɞɌɍɌ (x bx­ ) ɛɜɔɎɚɐɔɞ ɞɚɗɨɖɚ ɖ 

ɟɘəɚɒɑəɔɪ ɜɌɝɛɜɑɐɑɗɑəɔɫ əɌ ɖɚəɝɞɌəɞɟ. 

ȱɥɑ ɚɐɔə, ɣɌɝɞɚ ɛɜɔɎɚɐɔɘɧɕ, ɛɜɔɘɑɜ ɐɗɫ SF 

ɜɌɝɛɜɑɐɑɗɑəɔɫ ɝɎɫɓɌə ɝ çɖɚɘɛɨɪɞɑɜəɚɕ ɒɔɓəɨɪè. ȱɝɗɔ Ɏ PC 

ɠɌɕɗɧ ɜɌɓɘɑɜɌ 2 ȶB ɝɚɝɞɌɎɗɫɪɞ ɣɑɞɎɑɜɞɨ ɚɞ ɠɌɕɗɚɎ 
ɜɌɓɘɑɜɚɘ 1 KB, ɞɚ ɣɔɝɗɚ ɠɌɕɗɚɎ ɜɌɓɘɑɜɚɘ 2 MB  ɍɟɐɑɞ 

ɝɚɝɞɌɎɗɫɞɨ ɣɑɞɎɑɜɞɨ ɚɞ ɣɔɝɗɌ ɠɌɕɗɚɎ ɜɌɓɘɑɜɚɘ Ɏ 4 MB . 

Ȯ ɐɔɝɖɜɑɞəɚɘ ɎɌɜɔɌəɞɑ SF ð ɜɌɝɛɜɑɐɑɗɑəɔɑ 

əɚɜɘɔɜɚɎɌəɚ əɑɘəɚɏɚ ɝɗɚɒəɑɑ 

 

 

 

ɏɐɑ ()
1k

k
¤

-

=

=ä gz g  ð z-ɠɟəɖɢɔɫ ȼɔɘɌəɌ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɝɚɏɗɌɝəɚ (1.2.15 ): 

 

()
k

k
ʈ

-

=
g

z g
 

Ȯ ɞɚɘ ɝɗɟɣɌɑ, ɖɚɏɐɌ ɚɍɜɑɓɌɑɞɝɫ 

çɍɑɐəɧɕ ɡɎɚɝɞè, ɞ.ɑ. əɑ ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ 

( ) ()()P bx g b P x= , (1.2.14 ) 

()
1 1

1
1 k

k k

ʈ C C
k

¤ ¤

= =

= = =ä äg
z g, (1.2.15 ) 

Dorogovtsev, A.V.  
Goltsev, J.F.F.  
Mendes . Critical 
pheno mena in 
complex 
networks, 
arXiv:0705.0010.  
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ɟɓɗɧ ɝɚ ɝɞɑɛɑəɫɘɔ ɘɑəɨɤɔɘɔ 
mink , ɜɌɝɛɜɑɐɑɗɑəɔɑ 

kp  

ɓɌɛɔɝɧɎɌɑɞɝɫ ɞɌɖ: 

( )
min

min

,
,

k

k
p k k

k

-

= ²
g

z g
, (1.2.16)  

Ɍ ( )min,kz g  ɜɌɎəɌ 

( )
min

min,
k k

k k
¤

-

=

=ä gz g , (1.2.17)  

Ƚɑɞɨ (ɏɜɌɠ) ɝɚ SF ɜɌɝɛɜɑɐɑɗɑəɔɑɘ ɝɞɑɛɑəɔ ɟɓɗɚɎ ɘɚɒɑɞ 

ɍɧɞɨ ɖɌɖ ɝɗɟɣɌɕəɚɕ, ɞɌɖ ɔ ɐɑɞɑɜɘɔəɔɜɚɎɌəəɚɕ. ȽɟɥɑɝɞɎɟɑɞ 

ɘəɚɏɚ çɔɏɜɟɤɑɣəɧɡè ɛɜɔɘɑɜɚɎ ɐɑɞɑɜɘɔəɔɜɚɎɌəəɧɡ ɝɑɞɑɕ ɝɚ 

SF ɜɌɝɛɜɑɐɑɗɑəɔɑɘ, əɌɛɜɔɘɑɜ, ɞɌɖ əɌɓɧɎɌɑɘɧɑ ( ),u v -ɢɎɑɞɧ 

ɔ  ( ),u v -ɐɑɜɑɎɨɫ. Ȼɚɝɞɜɚɑəɔɑ ( ),u v -ɢɎɑɞɖɌ əɌɣɔəɌɑɞɝɫ ɝ 

ɢɑɛɚɣɖɔ w u v= + ɝɎɫɓɑɕ, ɛɚɝɗɑ ɣɑɏɚ, əɌ ɖɌɒɐɚɘ ɝɗɑɐɟɪɥɑɘ 

ɤɌɏɑ, ɖɌɒɐɌɫ ɝɎɫɓɨ ɓɌɘɑəɫɑɞɝɫ əɌ ɢɑɛɚɣɖɟ ɔɓ ɐɎɟɡ ɣɌɝɞɑɕ u  

ɔ v, ɖɌɖ ɛɚɖɌɓɌəɚ əɌ ɜɔɝ. 5. 

ȹɌ ɜɔɝ. 1.2.2  ɛɚɖɌɓɌəɚ əɑɝɖɚɗɨɖɚ ɤɌɏɚɎ ɛɚɝɞɜɚɑəɔɫ (1,2),  
(1,3),  ɔ (2,2) ɢɎɑɞɚɎ. 

ȹɌ n -ɚɘ ɤɌɏɑ ɛɚɝɞɜɚɑəɔɫ ɣɔɝɗɚ ɝɎɫɓɑɕ Ɏ ɞɌɖɚɕ ɝɑɞɔ 

( )
n

nM u v= + . 

Ȯ ɞɚɒɑ Ɏɜɑɘɫ ɣɔɝɗɚ ɟɓɗɚɎ əɌ n -ɘ ɤɌɏɑ ð nN
 

ɛɚɐɣɔəɫɑɞɝɫ ɝɗɑɐɟɪɥɑɘɟ ɔɞɑɜɌɢɔɚəəɚɘɟ ɝɚɚɞəɚɤɑəɔɪ 

1n nN wN w-= - ,  w u v= +, (1.2.18 ) 

ɚɞɖɟɐɌ 

2

1 1

n

n

w w
N w

w w

-å õ
= +æ ö

- -ç ÷
 . (1.2.19)  
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ȼɔɝ. 1.2.2 ð  Ȼɜɔɘɑɜs ɛɚɝɞɜɚɑəɔɫ ( ),u v ðɢɎɑɞɚɎ: a ð (1,2)-

ɢɎɑɞɚɖ; ɍ ð (1,3)-ɢɎɑɞɚɖ; Ɏ ð (2,2)-ɢɎɑɞɚɖ:  

 
ð ɟɓɗɧ, ɛɚɫɎɗɫɪɥɔɑɝɫ əɌ ɐɌəəɚɘ ɤɌɏɑ ɛɚɝɞɜɚɑəɔɫ; 

¶ð çɝɞɌɜɧɑ ɟɓɗɧè; ɒɔɜəɧɑ ɗɔəɔɔ ð ɝɎɫɓɔ, ɛɚɫɎɗɫɪɥɔɑɝɫ əɌ 
ɐɌəəɚɘ ɤɌɏɑ ɛɚɝɞɜɚɑəɔɫ. 

ȽɚɏɗɌɝəɚ ɛɜɌɎɔɗɟ ɛɚɝɞɜɚɑəɔɫ ( ),u v -ɢɎɑɞɚɎ, əɌ n -ɚɘ 

ɤɌɏɑ ɎɝɞɜɑɣɌɪɞɝɫ ɟɓɗɧ ɞɚɗɨɖɚ ɝɚ ɝɞɑɛɑəɫɘɔ 

2 , 1,2,...,mk m n= = , (1.2.20)  

ɚɍɚɓəɌɣɌɫ nN ð ɣɔɝɗɚ ɟɓɗɚɎ əɌ ɤɌɏɑ n  ɝɚ ɝɞɑɛɑəɨɪ 2m
 ɘɚɒəɚ 

ɓɌɛɔɝɌɞɨ ɝɗɑɐɟɪɥɑɑ ɔɞɑɜɌɞɔɎəɚɑ ɝɚɚɞəɚɤɑəɔɑ: 

() ( )( ) 1

1 ,11 2 n

n n mN m N m w w d--= - + -  (1.2. 21)  

ȺɞɖɟɐɌ: 

()
( )2 , ,

, .

n m

n

w w m n
N m

w m n

-ë - <î
=ì

=îí
 (1.2.22)  
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ȾɌɖ ɖɌɖ ɛɜɔ 1n  () ()~nN m p k  ɔɓ ()~ m

nN m w-  ɔ 

2mk=  ɝɗɑɐɟɑɞ, ɣɞɚ 

()p k k g-  , (1.2. 23)  

ɏɐɑ 

( )lnln
1 1

ln 2 ln 2

u vw
g

+
= + = +  (1.2. 24)  

ȴ, ɞɌɖɔɘ ɚɍɜɌɓɚɘ, ( ),u v -ɢɎɑɞɧ ɐɑɕɝɞɎɔɞɑɗɨəɚ ɫɎɗɫɑɞɝɫ 

SF-ɝɑɞɫɘɔ. 

Ȱɗɫ ɝɑɞɔ ɝ ~kp k-g ɔɘɑɪɞɝɫ ɟɓɗɧ ɝ ɘɌɖɝɔɘɌɗɨəɧɘ 

ɓəɌɣɑəɔɑɘ ɝɞɑɛɑəɔ ð maxk . ȳəɌɣɑəɔɑ maxk , ɖɚəɑɣəɚ, ɓɌɎɔɝɔɞ ɚɞ 

ɛɚɗəɚɏɚ ɣɔɝɗɌ ɟɓɗɚɎ ð N. ɉɞɌ ɓɌɎɔɝɔɘɚɝɞɨ ɝɞɑɛɑəəɌɫ ɔ 

ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ ɓɌɎɔɝɔɞ ɚɞ ɛɚɖɌɓɌɞɑɗɫ g: 

1

1

max ~ .k N
-
-g  (1.2.25 ) 

ȶɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɐɗɫ SF ɐɗɫ ɝɗɟɣɌɕəɚɏɚ 

ɏɜɌɠɌ ɚɛɜɑɐɑɗɫɑɞɝɫ ɔɓ 

2
2

2
,

k kk
C

N k

å õ-
æ ö=
æ ö
ç ÷

 (1.2.26 ) 

ɏɐɑ ɐɗɫ 3<g  ɔɘɑɑɘ 
2 3

max~k k -g ɔ, ɞɌɖɔɘ ɚɍɜɌɓɚɘ: 

3 7
, .

1
C N-

-
=
-

b g
b
g

 (1.2.27 ) 

1.2 .3. Ƚɑɞɔ ɘɌɗɚɏɚ ɘɔɜɌ ȮɌɞɞɝɌ ð ȽɞɜɚɏɌɞɢɌ 

Ȯ 70-ɑ ɏɚɐɌ ɛɜɚɤɗɚɏɚ ɎɑɖɌ ɌɘɑɜɔɖɌəɝɖɔɕ ɛɝɔɡɚɗɚɏ 
ȸɔɗɏɜɌɘ (Milgram ) ɛɜɚɎɑɗ ɔəɞɑɜɑɝəɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ. Ⱥə 

ɓɌɐɌɗɝɫ Ɏɚɛɜɚɝɚɘ, ɖɌɖɚɎɚ çɜɌɝɝɞɚɫəɔɑè ɘɑɒɐɟ ɐɎɟɘɫ 

ɝɗɟɣɌɕəɚ ɎɧɍɜɌəəɧɘɔ ɗɪɐɨɘɔ. Ȼɚɐ ɜɌɝɝɞɚɫəɔɑɘ ɛɚəɔɘɌɑɞɝɫ 
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ɖɚɗɔɣɑɝɞɎɚ ɓəɌɖɚɘɝɞɎ, əɑɚɍɡɚɐɔɘɚɑ ɐɗɫ ɟɝɞɌəɚɎɗɑəɔɫ ɝɎɫɓɔ 
ɘɑɒɐɟ ɐɌəəɧɘɔ ɗɪɐɨɘɔ. ȸɔɗɏɜɌɘ ɛɚɝɞɟɛɔɗ ɝɗɑɐɟɪɥɔɘ 

ɚɍɜɌɓɚɘ ð ɛɚɝɖɚɗɨɖɟ ɚə ɒɔɗ Ɏ ȭɚɝɞɚəɑ, ɞɚ ɍɧɗ ɎɧɍɜɌə 

ɐɌɗɑɖɔɕ ɚɞ ȭɚɝɞɚəɌ ɏɚɜɚɐ  ð ȹɑɍɜɌɝɖɌ, ɔ ɝɗɟɣɌɕəɚ 

ɎɧɍɜɌəəɧɘ ɗɪɐɫɘ ɍɧɗɔ ɜɚɓɐɌəɧ ɖɚəɎɑɜɞɧ, ɖɚɞɚɜɧɑ əɟɒəɚ 

ɍɧɗɚ ɛɑɜɑɐɌɞɨ Ɏ ȭɚɝɞɚə. ȶɚəɎɑɜɞɧ ɘɚɒəɚ ɍɧɗɚ ɛɑɜɑɐɌɎɌɞɨ 
ɞɚɗɨɖɚ ɣɑɜɑɓ ɝɎɚɔɡ ɓəɌɖɚɘɧɡ ɔ ɜɚɐɝɞɎɑəəɔɖɚɎ. ȸɔɗɏɜɌɘ 

ɛɚɗɟɣɔɗ ɎɑɝɨɘɌ əɑɚɒɔɐɌəəɧɕ ɜɑɓɟɗɨɞɌɞ: Ɏ ɝɜɑɐəɑɘ ɖɌɒɐɧɕ 

ɖɚəɎɑɜɞ ɛɜɚɤɑɗ ɣɑɜɑɓ ɤɑɝɞɨ ɣɑɗɚɎɑɖ. ȾɌɖ ɔ ɜɚɐɔɗɌɝɨ ɞɑɚɜɔɫ 

çɤɑɝɞɔ ɜɟɖɚɛɚɒɌɞɔɕè. Ⱦ.ɑ. ɖɌɒɐɧɕ ɣɑɗɚɎɑɖ ɝɎɫɓɌə ɝ ɗɪɍɧɘ 

ɐɜɟɏɔɘ ɢɑɛɨɪ əɑ ɍɚɗɨɤɑ ɤɑɝɞɔ ɗɔɣəɧɡ ɓəɌɖɚɘɝɞɎ. Ȯ ɩɞɚɘ 

ɝɘɧɝɗɑ ɚ əɌɤɑɘ ɘɔɜɑ ɏɚɎɚɜɫɞ ɖɌɖ ɚ ɘɌɗɚɘ ɘɔɜɑ ð òsmall  
world ó. 

ȸɚɐɑɗɨ ɛɑɜɑɡɚɐɌ ɚɞ ɍɚɗɨɤɚɏɚ (ɜɑɏɟɗɫɜəɚɏɚ) ɘɔɜɌ ɖ 

ɘɌɗɚɘɟ ɛɜɑɐɗɚɒɔɗɔ ȮɌɞɞɝ (Watts ) ɔ ȽɞɜɚɏɌɢ (Strogatz ). ɉɞɌ 

ɘɚɐɑɗɨ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɚɐəɚɘɑɜəɟɪ ɜɑɏɟɗɫɜəɟɪ ɜɑɤɑɞɖɟ, 

ɝɚɝɞɚɫɥɟɪ ɔɓ N  ɟɓɗɚɎ, ɏɐɑ ɖɌɒɐɧɕ ɟɓɑɗ ɝɚɑɐɔəɑə ɞɚɗɨɖɚ ɝɚ 

ɝɎɚɔɘɔ k  ɍɗɔɒɌɕɤɔɘɔ ɝɚɝɑɐɫɘɔ ɔ əɌɗɚɒɑəɧ ɛɑɜɔɚɐɔɣɑɝɖɔɑ 

ɏɜɌəɔɣəɧɑ ɟɝɗɚɎɔɫ, ɞ.ɑ. ɜɑɤɑɞɖɟ ɝɎɑɜəɟɗɔ Ɏ ɖɚɗɨɢɚ, ɝɘ. ɜɔɝ. 

1.2.3.   Ȼɚɝɗɑ ɣɑɏɚ ɖɌɒɐɟɪ ɝɎɫɓɨ ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ 1f  

ɛɑɜɑɍɜɌɝɧɎɌɗɔ əɌ ɐɜɟɏɚɕ ɝɗɟɣɌɕəɚ ɎɧɍɜɌəəɧɕ ɟɓɑɗ. ȻɜɌɎɐɌ 

ɛɜɔ ɞɌɖɚɕ ɛɜɚɢɑɐɟɜɑ ɑɝɞɨ Ɏɑɜɚɫɞəɚɝɞɨ ɛɚɫɎɗɑəɔɫ 

ɔɓɚɗɔɜɚɎɌəəɧɡ ɟɓɗɚɎ.  

 

Ɍ                ɍ 

ȼɔɝ. 1.2.3  ð Ȼɜɔɘɑɜ ɘɌɗɚɏɚ ɘɔɜɌ ɝ ɞɜɑɘɫ ɛɑɜɑɍɜɚɝɌɘɔ 

( 16N= ): Ɍ ð ɖɌɒɐɧɕ  ɟɓɑɗ ɝɚɑɐɔəɑə ɝɚ ɝɎɚɔɘɔ 

ɍɗɔɒɌɕɤɔɘɔ ɝɚɝɑɐɫɘɔ ( 2k= ), ɍ ð ɖɌɒɐɧɕ  ɟɓɑɗ ɝɚɑɐɔəɑə 

ɝ ɣɑɞɧɜɨɘɫ ɝɚɝɑɐɫɘɔ (4k= ) 
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1
=x
f

. (1.2.28 ) 

Ȱɗɫ 2k²  ɑɝɞɑɝɞɎɑəəɚɑ ɚɍɚɍɥɑəɔɑ ɐɌɑɞ: 

1

k
=
Ö

x
f

. (1.2.29 ) 

ȾɌɖ ɖɌɖ ɝɟɥɑɝɞɎɟɑɞ ɞɚɗɨɖɚ ɚɐɔə ɡɌɜɌɖɞɑɜəɧɕ ɜɌɓɘɑɜ 

ɝɔɝɞɑɘɧ x,  ɞɚ ɔ ɍɑɓɜɌɓɘɑɜəɚɑ ɚɞəɚɤɑəɔɑ ɝɜɑɐəɑɏɚ 

ɜɌɝɝɞɚɫəɔɫ ɘɑɒɐɟ ɟɓɗɌɘɔ ɏɜɌɠɌ ɖ ɣɔɝɗɟ Ɏɝɑɡ ɟɓɗɚɎ ɏɜɌɠɌ 

l N  ɘɚɒɑɞ ɓɌɎɔɝɑɞɨ ɞɚɗɨɖɚ ɚɞ ɍɑɓɜɌɓɘɑɜəɚɕ Ɏɑɗɔɣɔəɧ N x. 

Ⱦ.ɑ. ɘɚɒəɚ əɌɛɔɝɌɞɨ: 

N
l N f

å õ
= Öæ ö

ç ÷x
, (1.2.30 ) 

ɏɐɑ ()f x  ð ɝɖɑɕɗɔəɏɚɎɌɫ ɠɟəɖɢɔɫ ɝɚ ɝɗɑɐɟɪɥɔɘɔ 

ɌɝɔɘɛɞɚɞɔɖɌɘɔ:  

() ()

, 1

log
1

cons x

f x x
x

x

ë
î
ì
î
í

. (1.2.31 ) 

ȶɌɖ ɟɒɑ ɟɛɚɘɔəɌɗɚɝɨ Ɏɧɤɑ, ɝɟɥɑɝɞɎɟɑɞ ɘəɚɏɚ ɝɛɚɝɚɍɚɎ 

ɚɛɜɑɐɑɗɑəɔɫ ɖɚɜɜɑɗɫɢɔɚəəɚɏɚ ɜɌɐɔɟɝɌ. Ȼɜɑɐɛɚɗɚɒɔɘ ɣɞɚ 

ɀɚɜɘɌɗɨəɚ ɜɌɝɝɞɚɫəɔɑ ɐɚ əɔɡ ɚɞ ɗɪɍɚɏɚ ɟɓɗɌ ɍɟɐɑɞ 

ɍɑɝɖɚəɑɣəɧɘ. Ȯɚ ɔɓɍɑɒɌəɔɑ ɩɞɚɏɚ, ȹɨɪɘɌə (Newman ) ɔ ȮɌɞɞɝ 

ɛɜɑɐɗɚɒɔɗɔ ɝɎɫɓɔ əɑ ɛɑɜɑɍɜɌɝɧɎɌɞɨ, Ɍ ɛɜɚɝɞɚ ɐɚɍɌɎɗɫɞɨ.  

ȺɝɞɌəɚɎɔɘɝɫ əɌ ɩɞɚɘ ɎɌɜɔɌəɞɑ ɘɚɐɑɗɔ ɛɚɐɜɚɍəɑɑ. 

Ƚɜɑɐəɑɑ ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ ɖɚəɢɌɘɔ ɐɚɍɌɎɗɑəəɧɡ 

ɝɎɫɓɑɕ ɑɝɞɨ: ( ) ( )2 1 2N NÖ Ö = Öf f. Ȱɗɫ ɟɐɚɍɝɞɎɌ ɚɛɟɝɞɔɘ 

ɐɎɚɕɖɟ Ɏ ɓəɌɘɑəɌɞɑɗɑ ɔ ɚɛɜɑɐɑɗɔɘ x ɖɌɖ: 
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-tx f. ȻɚɖɌɒɑɘ ɝ ɛɚɘɚɥɨɪ ɜɑəɚɜɘ-ɏɜɟɛɛɚɎɚɏɚ 

ɛɜɑɚɍɜɌɓɚɎɌəɔɫ (ɐɗɫ 2k= ) ɣɞɚ 1=t . ȴɞɌɖ ɛɟɝɞɨ ɔɘɑɑɘ: 

( )l N f N= Ö Ötf . (1.2.32 ) 

Ȯɧɛɚɗəɔɘ ɜɑəɚɜɘ-ɏɜɟɛɛɚɎɚɑ ɛɜɑɚɍɜɌɓɚɎɌəɔɑ, ɛɚɖɌɓɌəəɚɑ əɌ 

ɜɔɝ. 1.2.4 , Ɍ ɔɘɑəəɚ: ɚɍɦɑɐɔəɔɘ Ɏ ɛɌɜɧ ɝɚɝɑɐəɔɑ ɟɓɗɧ Ɏ 

ɏɜɌɠɑ, ɛɜɔ ɩɞɚɘ Ɏ əɚɎɚɘ ɏɜɌɠɑ ɟɓɗɧ ɝɚɑɐɔəɑəɧ ɐɚɍɌɎɗɑəəɚɕ 

ɝɎɫɓɨɪ, ɑɝɗɔ Ɏ ɔɝɡɚɐəɚɘ ɏɜɌɠɑ ɞɌɖɌɫ ɝɎɫɓɨ ɍɧɗɌ ɡɚɞɫ ɍɧ ɟ 

ɚɐəɚɕ ɔɓ ɛɌɜ.  

 

ȼɔɝ. 1.2.4 ð ȼɑəɚɜɘ-ɏɜɟɛɛɚɎɚɑ ɛɜɑɚɍɜɌɓɚɎɌəɔɑ. ȰɎɌ ɝɚɝɑɐəɔɡ 

ɣɑɜəɧɡ ɟɓɗɌ ɚɍɦɑɐɔəɫɪɞɝɫ Ɏ ɚɐɔə ɍɚɗɨɤɚɕ ɣɑɜəɧɕ ɟɓɑɗ Ɏ əɚɎɚɘ 

ɏɜɌɠɑ ɔ ɌəɌɗɚɏɔɣəɚ ɐɗɫ ɍɑɗɧɡ ɟɓɗɚɎ 

Ȼɜɔ ɞɌɖɚɘ ɛɜɑɚɍɜɌɓɚɎɌəɔɔ ɝ ɚɣɑɎɔɐəɚɝɞɨɪ ɘɚɒəɚ 

ɓɌɛɔɝɌɞɨ, ɣɞɚ: 

1

2
N N¡= ,   2¡= Öf f,  (1.2.33)  

ɏɐɑ ɤɞɜɔɡɚɎɌəəɧɑ Ɏɑɗɔɣɔəɧ ɚɞəɚɝɫɞɝɫ ɖ ɛɜɌɎɚɘɟ ɏɜɌɠɟ əɌ 

ɜɔɝ. 1.2.4.   

ȾɌɖɒɑ ɛɚəɫɞəɚ, ɣɞɚ ɔ ɝɜɑɐəɑɑ ɘɔəɔɘɌɗɨəɚɑ ɜɌɝɝɞɚɫəɔɑ 

Ɏ əɚɎɚɘ ɏɜɌɠɑ l¡

 

ɍɟɐɑɞ ɚɞɗɔɣɌɞɨɝɫ Ɏ ɐɎɌ ɜɌɓɌ.   

1

2
l l¡= .  (1.2.34 ) 
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ȻɚɐɝɞɌɎɗɫɫ (1.2.33 ) ɔ (1.2.34 ) Ɏ (1.2.32 ) ɛɚɗɟɣɌɑɘ: 

( )

( )

log
1

log

N N¡
= =

¡
t

f f
.  (1.2.35 ) 

Ȱɗɫ 2k>  ɘɚɒəɚ ɛɜɚɎɑɝɞɔ ɌəɌɗɚɏɔɣəɚɑ ɛɜɑɚɍɜɌɓɚɎɌəɔɑ, 

ɞɚɗɨɖɚ ɞɑɛɑɜɨ əɑɚɍɡɚɐɔɘɚ ɏɜɟɛɛɔɜɚɎɌɞɨ əɑ ɛɚ ɐɎɌ ɟɓɗɌ, Ɍ ɛɚ 

2k  ɟɓɗɚɎ. ȼɑɓɟɗɨɞɌɞ ɑɝɞɑɝɞɎɑəəɚ ɚɝɞɌɑɞɝɫ ɞɑɘ ɒɑ ð 1=t .  

Ȯɧɤɑ ɚɛɔɝɌəəɟɪ ɘɚɐɑɗɨ ɘɌɗɚɏɚ ɘɔɜɌ ɘɚɒəɚ ɚɍɚɍɥɔɞɨ 

əɌ ɍɚɗɨɤɔɑ ɜɌɓɘɑɜəɚɝɞɔ. ȾɌɖ, əɌɛɜɔɘɑɜ, Ɏ ɐɎɟɘɑɜəɚɘ ɝɗɟɣɌɑ 

ɩɞɚ ɘɚɒɑɞ ɍɧɞɨ ɜɑɏɟɗɫɜəɌɫ ɖɎɌɐɜɌɞəɌɫ ɜɑɤɑɞɖɌ ɝ  

ɐɚɛɚɗəɔɞɑɗɨəɧɘɔ ɝɎɫɓɫɘɔ, ɖɌɖ ɛɚɖɌɓɌəɚ əɌ ɜɔɝ. 1.2.5. ȳɐɑɝɨ 

ɐɌɗɑɑ ɛɚɐ k  ɛɚəɔɘɌɑɞɝɫ ɝɞɑɛɑəɨ ɟɓɗɌ, ɞ.ɑ. ɣɔɝɗɚ ɍɗɔɒɌɕɤɔɡ 

ɝɚɝɑɐɑɕ. ȹɚ əɟɒəɚ ɔɘɑɞɨ Ɏ Ɏɔɐɟ, ɣɞɚ Ɏ ɗɔɞɑɜɌɞɟɜɑ ɛɜɔ 

ɚɛɔɝɌəɔɔ ɘɌɗɚɏɚ ɘɔɜɌ ɛɚɐ k  ɣɌɝɞɚ ɛɚəɔɘɌɪɞ ɖɚɗɔɣɑɝɞɎɚ 

ɝɚɝɑɐɑɕ Ɏ ɚɐəɚɘ əɌɛɜɌɎɗɑəɔɔ. 

ȾɚɏɐɌ Ɏɘɑɝɞɚ (1.2. 29) ɍɟɐɑɘ ɔɘɑɞɨ: 

( )
1

1
d

k d
=
Ö Ö

x
f

, (1.2.36 ) 

ɏɐɑ  ð d  ɜɌɓɘɑɜəɚɝɞɨ ɘɌɗɚɏɚ ɘɔɜɌ. ȴ ɎɧɜɌɒɑəɔɑ (1.2.30 ) 

ɛɜɔɘɑɞ Ɏɔɐ: 

( )( )1 dN
l f k N

k
= Ö Ö Öf . (1.2.37 ) 
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ȼɔɝ. 1.2 .5 ð Ȼɜɔɘɑɜ ɐɎɟɘɑɜəɚɏɚ (2d= ) ɘɌɗɚɏɚ ɘɔɜɌ, 4k= . 

Ȱɗɫ ɚɐəɚɘɑɜəɚɏɚ ɘɌɗɚɏɚ ɘɔɜɌ ɘɚɒəɚ əɌɕɞɔ Ɏ ɫɎəɚɘ 

Ɏɔɐɑ ɖɗɌɝɞɑɜəɚɝɞɨ C  ɔ ɝɜɑɐəɑ ɘɔəɔɘɌɗɨəɚɑ ɜɌɝɝɞɚɫəɔɑ l  ɐɗɫ 
ɘɌɗɚɏɚ ɘɔɜɌ, ɛɜɔɎɑɐɑɘ ɖɚəɑɣəɧɑ ɎɧɜɌɒɑəɔɫ: 

() ( )
33 ( 2)

1
4 ( 1)

k
c

k

Ö -
= Ö -
Ö -

f f

 

(1.2.38 ) 

ɔ 

()
1 1

arth
2 2

1 1

l

k
N N

å õ
æ ö
æ ö= Ö
æ ö

Ö Ö + +æ ö
Ö Öç ÷

f

f
f f

.  

(1.2.39 ) 

ȶɌɖ ɔ ɐɚɗɒəɚ ɍɧɞɨ ɛɜɔ ɓɌɛɔɝɔ ɎɧɜɌɒɑəɔɫ (1.2.39) Ɏ 

ɠɚɜɘɑ (1.2.38 ), ɠɟəɖɢɔɫ ()f x  ɔɘɑɑɞ ɝɗɑɐɟɪɥɔɑ 

Ɍɝɔɘɛɞɚɞɔɖɔ: 
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ì
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. 

(1.2.41 ) 

ȹɌ ɜɔɝ. 1.2.6. ɛɜɔɎɑɐɑəɧ ɏɜɌɠɔɖɔ əɚɜɘɔɜɚɎɌəəɧɡ 

ɓɌɎɔɝɔɘɚɝɞɑɕ ɖɗɌɝɞɑɜəɚɝɞɔ C  ɔ ɝɜɑɐəɑɏɚ ɜɌɝɝɞɚɫəɔɫ l  ɚɞ 

ɖɚəɢɑəɞɜɌɢɔɔ ɛɑɜɑɍɜɚɝɚɎ p . 

 

Ȼɚɐɜɚɍəɑɑ ɚ ɝɖɑɕɗɔəɏɑ Ɏ ɘɌɗɚɘ ɘɔɜɑ ɘɚɒəɚ ɛɜɚɣɔɞɌɞɨ ɓɐɑɝɨ:  

M. E. J. Newman and D. J. Watts . Scaling and percolation in the small -
world network model  //  Phys. Rev. E 60, 7332 ð7342 (1999) (arXiv: 
9904419v2).   

Ⱥ ɜɑəɚɜɘ-ɏɜɟɛɛɚɎɚɘ ɛɜɑɚɍɜɌɓɚɎɌəɔɔ ɘɚɒəɚ ɛɜɚɣɔɞɌɞɨ ɓɐɑɝɨ: 
Newman M. E. J. ,  Watts  D. J. Renormalization group analysis of the 
small -world network mode //  Phys. Lett. A 263, 341 ð346 (1999).    

 

 

ȼɔɝ. 1.2.6  ð  ȻɟəɖɞɔɜəɌɫ ɗɔəɔɫ ð əɚɜɘɔɜɚɎɌəəɌɫ 

ɖɗɌɝɞɑɜəɚɝɞɨ. ȽɛɗɚɤəɌɫ ɗɔəɔɫ ð əɚɜɘɔɜɚɎɌəəɚɑ ɝɜɑɐəɑ 

ɘɔəɔɘɌɗɨəɚɑ ɜɌɝɝɞɚɫəɔɑ. ȹɚɜɘɔɜɚɎɖɌ ɛɜɚɔɝɡɚɐɔɞ əɌ 

ɜɑɏɟɗɫɜəɧɕ ɏɜɌɠ (ɍɑɓ ɛɑɜɑɍɜɚɝɚɎ) ð (0) 1, (0) 1C l= = 

Ȱɗɫ ɚɍɧɣəɚɏɚ ɜɑɏɟɗɫɜəɚɏɚ ɏɜɌɠɌ (əɌɛɜɔɘɑɜ, ɝɑɞɖɔ) 
ɡɌɜɌɖɞɑɜəɚ ɍɚɗɨɤɚɑ ɝɜɑɐəɑɑ ɘɔəɔɘɌɗɨəɚɑ ɜɌɝɝɞɚɫəɔɑ  ɔ 
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ɍɚɗɨɤɌɫ (ɍɗɔɓɖɌɫ ɖ ɑɐɔəɔɢɑ) ɖɗɌɝɞɑɜəɚɝɞɨ. Ȭ ɐɗɫ ɛɚɗəɚɝɞɨɪ 
ɝɗɟɣɌɕəɚɏɚ ɏɜɌɠɌ ɚɍɑ ɩɞɔ Ɏɑɗɔɣɔəɧ ɛɌɐɌɪɞ.  Ȼɚɩɞɚɘɟ ɚɍɧɣəɚ 

ɍɚɗɨɤɚɑ l  Ɍɝɝɚɢɔɔɜɟɑɞɝɫ ɝ ɍɚɗɨɤɔɘ  C  ɔ əɌɚɍɚɜɚɞ ɘɌɗɚɑ l  ɝ 

ɘɌɗɧɘ C. Ⱦɟɞ ɒɑ ɘɧ Ɏɔɐɔɘ (ɝɘ. pɔɝ. 1.2.6 ) ɣɞɚ ɑɝɞɨ ɍɚɗɨɤɌɫ 

ɚɍɗɌɝɞɨ ɓəɌɣɑəɔɕ, Ɏ ɖɚɞɚɜɚɕ ɚɞəɚɝɔɞɑɗɨəɚ ɍɚɗɨɤɚɑ C  ɔ ɘɌɗɚɑ 

l. ɉɞɚ ɔ ɫɎɗɫɑɞɝɫ ɡɌɜɌɖɞɑɜəɧɘ ɛɜɔɓəɌɖɚɘ ɘɌɗɚɏɚ ɘɔɜɌ.  

 

Ȼɚɐɜɚɍəɧɕ ɎɧɎɚɐ ɠɚɜɘɟɗɧ (1.2.41) ɚɝəɚɎɌəəɧɕ əɌ ɛɜɔɍɗɔɒɑəɔɔ 
ɞɑɚɜɔɔ ɝɜɑɐəɑɏɚ ɛɚɗɫ ɚɛɔɝɌə ɓɐɑɝɨ: òMean -field  solution  of the  small -

world  network  modeló - M. E. J. Newman , C. Moore and  D. J. Watts , 
Phys . Rev. Lett . 84, 3201 ð3204 (2000) ( arXiv :  9909165 v2). 

 

1. 2.4. Ȼɑɜɖɚɗɫɢɔɚəəɧɑ ɝɑɞɔ 

ȶɚɜɚɞɖɚ ɚɝɞɌəɚɎɔɘɝɫ əɌ ɑɥɑ ɚɐəɚɘ ɞɔɛɑ ɝɑɞɑɕ ð 

ɛɑɜɖɚɗɫɢɔɚəəɧɡ. Ȯ ɛɜɚɝɞɑɕɤɑɘ ɎɌɜɔɌəɞɑ ɛɑɜɖɚɗɫɢɔɚəəɌɫ 

ɝɑɞɨ ɝɞɜɚɔɞɝɫ ɔɓ ɜɑɏɟɗɫɜəɚɕ, əɌɛɜɔɘɑɜ, ɖɎɌɐɜɌɞəɚɕ ɜɑɤɑɞɖɔ 

ɛɟɞɑɘ ɎɧɜɧɎɌəɔɫ (ɜɌɓɜɟɤɑəɔɫ) ɝɗɟɣɌɕəɧɘ ɚɍɜɌɓɚɘ 
ɎɧɍɜɌəəɧɡ ɝɎɫɓɑɕ. ȹɌ ɜɔɝ. 1.2.7  ɚɝɞɌɎɤɔɑɝɫ ɝɎɫɓɔ 

ɚɍɚɓəɌɣɑəɧ ɒɔɜəɚɕ ɗɔəɔɑɕ, ɎɧɜɎɌəəɧɑ ɞɚəɖɚɕ. Ȼɟɝɞɨ ɛɜɔ 
ɝɚɓɐɌəɔɔ ɛɑɜɖɚɗɫɢɔɚəəɚɕ  ɝɑɞɔ  ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ 1 ð ɜ 

ɎɧɜɧɎɌɪɞɝɫ ɝɎɫɓɔ (ɟɓɗɧ), ɞɚɏɐɌ ɚəɌ ɍɟɐɑɞ ɍɟɐɑɞ ɝɚɝɞɚɫɞɨ ɔɓ 
pāN (N ð ɢɑɗɚɑ ɣɔɝɗɚ ɝɎɫɓɑɕ (ɟɓɗɚɎ) ) ɞɌɖ əɌɓɧɎɌɑɘɧɡ ɣɑɜəɧɡ 

ɝɎɫɓɑɕ (ɟɓɗɚɎ).  
Ȱɗɫ ɖɌɒɐɚɕ ɞɌɖɚɕ ɝɑɞɔ (ɖɎɌɐɜɌɞəɚɕ, ɞɜɑɟɏɚɗɨəɚɕ, 

ɤɑɝɞɔɟɏɚɗɨəɚɕ, ɖɟɍɔɣɑɝɖɚɕ, é) ɝɟɥɑɝɞɎɟɑɞ ɞɌɖɚɑ ɓəɌɣɑəɔɑ 

cp  (ɛɚɜɚɏ ɛɜɚɞɑɖɌəɔɫ), ɣɞɚ ɛɜɔ cp p>  ɘɚɒəɚ ɛɜɚɕɞɔ ɛɚ 

ɣɑɜəɧɘ ɝɎɫɓɫɘ ɣɑɜɑɓ Ɏɝɪ ɝɑɞɨ, Ɍ ɛɜɔ cp p<  əɑɞ. 

ȹɌ ɜɔɝ. 1.2.8  ɛɚɖɌɓɌəɌ ɛɑɜɖɚɗɫɢɔɚəəɌɫ ɝɑɞɨ ɍɚɗɨɤɚɏɚ 

ɜɌɓɘɑɜɌ ɐɗɫ ɐɎɟɡ ɝɗɟɣɌɑɎ a  ð əɔɒɑ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ 

( )cp p<  ɔ ʙ - Ɏɧɤɑ ( )cp p> . 

Ȱɗɫ ɜɌɓəɧɡ ɜɑɤɑɞɚɖ ð ɞɜɑɟɏɚɗɨəɚɕ, ɖɎɌɐɜɌɞəɚɕ, 

ɖɟɍɔɣɑɝɖɚɕ ɔ ɞ.ɛ. ɝɎɚɕ ɛɚɜɚɏ ɛɜɚɞɑɖɌəɔɫ cp , ɣɔɝɗɑəəɚɑ 

ɓəɌɣɑəɔɑ ɖɚɞɚɜɚɏɚ ɘɚɒəɚ (ɓɌ ɜɑɐɖɔɘ ɔɝɖɗɪɣɑəɔɑɘ) ɞɚɗɨɖɚ 
ɛɟɞɑɘ ɣɔɝɗɑəəɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ. Ȯ ȾɌɍɗɔɢɑ 1.2.1  ɛɜɔɎɑɐɑəɧ 

ɓəɌɣɑəɔɫ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ cp  ɐɗɫ ɜɌɓəɧɡ ɜɑɤɑɞɚɖ. 
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ȼɔɝ. 1.2.7 ð ȶɎɌɐɜɌɞəɌɫ ɜɑɤɑɞɖɌ ɝɚ ɝɗɟɣɌɕəɚ ɎɧɜɎɌəəɧɘɔ 

ɝɎɫɓɫɘɔ (ɞɚəɖɔɑ ɗɔəɔɔ) 

 

ȼɔɝ. 1.2.8 ð ȻɑɜɖɚɗɫɢɔɚəəɌɫ ɝɑɞɨ ɍɚɗɨɤɚɏɚ ɜɌɓɘɑɜɌ. ȽɗɑɎɌ, 

ɝɗɟɣɌɕ, ɖɚɏɐɌ ɖɚəɢɑəɞɜɌɢɔɫ ɝɎɫɓɑɕ ɘɑəɨɤɑ ɛɚɜɚɏɚɎɚɕ, 

ɝɛɜɌɎɌ ð ɍɚɗɨɤɑ 

Ȼɚɐɣɑɜɖəɟɞɧ ɓəɌɣɑəɔɫ cp , ɖɚɞɚɜɧɑ ɚɛɜɑɐɑɗɑəɧ ɞɚɣəɚ. 

ȻɑɜɎɧɕ ɝɞɚɗɍɑɢ ð ɓɌɐɌɣɌ ɟɓɗɚɎ, Ɏɞɚɜɚɕ ð ɓɌɐɌɣɌ ɝɎɫɓɑɕ. 

Ȼɜɔ Ɏɧɣɔɝɗɑəɔɔ cp  ɜɌɓɘɑɜ ɜɑɤɑɞɖɔ ɎɧɍɔɜɌɑɞɝɫ 

ɐɚɝɞɌɞɚɣəɚ ɍɚɗɨɤɔɘ (Ɏ ɞɑɚɜɔɔ ð ɍɑɝɖɚəɑɣəɧɘ), ɞɌɖ ɣɞɚ 

  



 51 
 

ɓəɌɣɑəɔɑ cp  ɛɑɜɑɝɞɌɑɞ ɓɌɎɔɝɑɞɨ ɚɞ ɛɚɗəɚɏɚ ɣɔɝɗɌ ɟɓɗɚɎ ð N  

ɔɗɔ ɝɎɫɓɑɕ. 

ȯɗɌɎəɚɑ Ɏ ɛɑɜɖɚɗɫɢɔɔ  ð ɩɞɚ ɚɍɜɌɓɚɎɌəɔɑ ɞɌɖ 
əɌɓɧɎɌɑɘɚɏɚ ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ, ɛɚɓɎɚɗɫɪɥɑɏɚ ɛɜɚɕɞɔ ɛɚ 

ɝɎɫɓɫɘ ɣɑɜɑɓ Ɏɝɪ ɝɑɞɨ (ɏɚɎɚɜɫɞ ɔɓ ɍɑɝɖɚəɑɣəɚɝɞɔ Ɏ 

ɍɑɝɖɚəɑɣəɚɝɞɨ,  ɛɚɐɜɌɓɟɘɑɎɌɫ Ɏ ɛɜɑɐɑɗɑ ɍɑɝɖɚəɑɣəɧɕ ɜɌɓɘɑɜ 

ɝɑɞɔ). Ƀɔɝɗɚ ɝɎɫɓɑɕ Ɏ ɍɑɝɖɚəɑɣəɚɘ ɖɗɌɝɞɑɜɑ ɛɚɜɫɐɖɌ Ɏɝɑɡ 

ɝɎɫɓɑɕ ɝɑɞɔ. 

ȾɌɍɗɔɢɌ 1.2.1 . Ƀɔɝɗɑəəɚɑ ɓəɌɣɑəɔɑ 

ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ cp  

ȼɑɤɑɞɖɌ ȳɌɐɌɣɌ ɟɓɗɚɎ ȳɌɐɌɣɌ ɝɎɫɓɑɕ 

ɄɑɝɞɔɟɏɚɗɨəɌɫ 0.69 0.65 

ȶɎɌɐɜɌɞəɌɫ 0.59 1

2
 

ȾɜɑɟɏɚɗɨəɌɫ 1

2
 

0.35 

ȶɟɍɔɣɑɝɖɌɫ 0.31 0.25 

4d=  

ɏɔɛɑɜɖɟɍɔɣɑɝɖɌɫ 

0.197 0.16 

5d=  

ɏɔɛɑɜɖɟɍɔɣɑɝɖɌɫ 

0.14 0.12 

6d=  

ɏɔɛɑɜɖɟɍɔɣɑɝɖɌɫ 

0.11 0.09 

 

Ȯ ɩɞɚɘ ɚɞəɚɤɑəɔɔ ð ɍɑɝɖɚəɑɣəɧɕ ɖɗɌɝɞɑɜ ɌəɌɗɚɏɔɣɑə 

Giant  Cluster  Ɏ ɝɗɚɒəɧɡ ɝɑɞɫɡ, əɌɛɜɔɘɑɜ Ɏ ɝɑɞɔ ER. 
ȽɟɥɑɝɞɎɟɑɞ ɖɌɖ ɚɍɥɑɑ ɞɌɖ ɔ ɚɞɗɔɣəɚɑ Ɏ ɝɎɚɕɝɞɎɌɡ 

ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ Ɏ ɞɑɚɜɔɔ ɛɜɚɞɑɖɌəɔɫ ɔ Ɏ Giant  Cluster  

Ɏ ɞɑɚɜɔɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ. 

ȺɍɚɓəɌɣɌɫ ɐɗɫ ɖɜɌɞɖɚɝɞɔ Giant  Cluster  ɖɌɖ GC  ɔ 

ɍɑɝɖɚəɑɣəɧɕ ɖɗɌɝɞɑɜ ɖɌɖ PC  ɚɞɘɑɞɔɘ ɝɗɑɐɟɪɥɑɑ. 

Ȱɗɫ ɛɑɜɖɚɗɫɢɔɔ əɌ ɜɑɤɑɞɖɑ ȶɑɗɗɔ ( )1/ 1cp z= -, ɏɐɑ z ð 

ɖɚɚɜɐɔəɌɞəɚɑ ɣɔɝɗɚ, ɐɗɫ GC ER ɝɑɞɔ ɖɚɚɜɐɔəɌɞəɚɑ ɣɔɝɗɚ ɔɓ 

N  ɝɎɫɓɑɕ ɜɌɎəɚ 1N-, Ɍ ɐɗɫ 1N>> 1/cp N= . ȾɌɖɔɘ ɚɍɜɌɓɚɘ 

ɛɜɔ ɟɎɑɗɔɣɑəɔɔ N  cp  ɟɘɑəɨɤɌɑɞɝɫ, ɣɞɚ ɌəɌɗɚɏɔɣəɚ 

ɟɎɑɗɔɣɑəɔɪ ɛɜɚɝɞɜɌəɝɞɎɑəəɚɕ ɜɌɓɘɑɜəɚɝɞɔ ɛɑɜɖɚɗɫɢɔɚəəɚɕ 
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ɝɑɞɔ. Ȯ ɩɞɚɘ ɝɗɟɣɌɑ ɞɑɚɜɔɫ ɝɗɚɒəɧɡ ɝɑɞɑɕ ( )ER  Ɏ ɛɜɑɐɑɗɑ 

N­¤ ɌəɌɗɚɏɔɣəɚ ɛɑɜɖɚɗɫɢɔɔ Ɏ ɍɑɝɖɚəɑɣəɚ ɘɑɜəɚɘ 

ɛɜɚɝɞɜɌəɝɞɎɑ. 

ȶɌɖ Ɏ ɓɌɐɌɣɑ ɚ GC ɞɌɖ ɔ Ɏ ɓɌɐɌɣɑ ɚ PC  ɛɜɔ cp p<  

Ɏɑɜɚɫɞəɚɝɞɨ ɛɚɫɎɗɑəɔɫ GC ɔ PC  ɜɌɎəɌ əɟɗɪ. 

Ȯɧɤɑ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ, ɛɜɔ cp p>  ɜɌɓɘɑɜ GC  ɜɌɎɑə 

( ) ( )( )cf p N f pN N- , ɏɐɑ f  ð ɩɖɝɛɚəɑəɢɔɌɗɨəɚ ɟɍɧɎɌɪɥɌɫ 

ɠɟəɖɢɔɫ ɝ ()1 1f =, Ɏ ɞɚ Ɏɜɑɘɫ ɖɌɖ ɜɌɓɘɑɜ PC  ɜɌɎɑə 

( )cp p N- . 

ȱɥɑ ɚɐəɚ ɚɞɗɔɣɔɑ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɝɞɜɟɖɞɟɜɑ, GC- ɩɞɚ 

ɐɑɜɑɎɨɫ, Ɏ ɞɚ Ɏɜɑɘɫ ɖɌɖ PCɔɘɑɑɞ ɠɜɌɖɞɌɗɨəɟɪ ɝɞɜɟɖɞɟɜɟ. 

ȭɚɗɑɑ ɛɚɐɜɚɍəɚ ɛɑɜɖɚɗɫɢɔɚəəɧɑ ɝɑɞɔ ɚɛɔɝɌəɧ Ɏɚ 

Ɏɞɚɜɚɕ ɣɌɝɞɔ ɐɌəəɚɏɚ ɟɣɑɍəɚɏɚ ɛɚɝɚɍɔɫ. 

1.3.  Ȼɜɔɘɑɜɧ ɜɑɌɗɨəɧɡ ɝɑɞɑɕ 

ȴɓɟɣɑəɔɑ ɓəɌɣɔɞɑɗɨəɚɏɚ ɣɔɝɗɌ ɝɗɚɒəɧɡ ɌɜɞɑɠɌɖɞəɧɡ 

(ɔɝɖɟɝɝɞɧɑəəɚ ɝɚɓɐɌəəɧɡ) ɝɑɞɑɕ, əɑɖɚɞɚɜɧɑ ɔɓ ɖɚɞɚɜɧɡ 

ɚɛɔɝɧɎɌɪɞɝɫ ɓɐɑɝɨ, ɍɧɗɚ ɔəɔɢɔɔɜɚɎɌəɚ ɒɑɗɌəɔɑɘ ɛɚəɫɞɨ ɔ 
ɚɛɔɝɌɞɨ ɘəɚɏɚɣɔɝɗɑəəɧɑ ɜɑɌɗɨəɧɑ ɝɑɞɔ ð ɚɞ ɝɑɞɑɕ 

ɖɚɘɘɟəɔɖɌɢɔɔ ɐɚ ɩɖɚɗɚɏɔɣɑɝɖɔɡ ɝɑɞɑɕ. Ȯɚɞ əɑɖɚɞɚɜɧɑ ɔɓ 

əɔɡ: 

1.  World  Wide  Web: ȶɚɗɔɣɑɝɞɎɚ Ɏɑɍ-ɝɌɕɞɚɎ ð 

919,533,715 (ɛɚ ɝɚɝɞɚɫəɔɪ əɌ ɘɌɜɞ 2014 ɏɚɐɌ 

ɛɚ ɐɌəəɧɘ ɝɗɟɒɍɧ Netcraft, ɜɔɝ. 1.3.1), 

ɚɡɎɌɞɧɎɌɪɥɔɡ ɝɎɧɤɑ ɞɜɔɗɗɔɚəɌ (
1210º  ) Ɏɑɍ-

ɝɞɜɌəɔɢ. ȺɐəɚəɌɛɜɌɎɗɑəəɧɑ ɝɎɫɓɔ ɘɑɒɐɟ 

ɚɞɐɑɗɨəɧɘɔ Ɏɑɍ-ɝɞɜɌəɔɢɌɘɔ ɜɑɌɗɔɓɟɪɞɝɫ Ɏ 

Ɏɔɐɑ ɏɔɛɑɜɝɝɧɗɚɖ. 

2.  Internet ð  çɀɔɓɔɣɑɝɖɌɫ ɝɑɞɨè (ɜɔɝ. 1.3.2, 1.3.3);  
3.  ȻɜɚɞɑɔəɚɎɧɑ ɝɑɞɔ (ɜɔɝ. 1.3.4); 

4.  Ƚɑɞɨ ɘɑɞɌɍɚɗɔɓɘɌ; 

5.  ɉɖɚɗɚɏɔɣɑɝɖɔɑ ɝɑɞɔ; 

6.  Ƚɑɞɨ ɞɑɗɑɠɚəəɧɡ ɓɎɚəɖɚɎ; 

7.  Ƚɑɞɨ ɝɎɫɓɑɕ ɞɑɜɜɚɜɔɝɞɚɎ; 

8.  Ƚɑɞɨ ɢɔɞɔɜɚɎɌəɔɫ (ɌɢɔɖɗɔɣɑɝɖɌɫ); 
9.  ȷɔəɏɎɔɝɞɔɣɑɝɖɌɫ (ɝɑɞɨ ɝɎɫɓɌəəɧɡ ɝɗɚɎ); 

10.  ȹɑɕɜɚəəɧɑ ɝɑɞɔ. 
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ȼɔɝ. 1.3.1  ð ȰɔəɌɘɔɖɌ ɜɌɓɎɔɞɔɫ ɝɑɞɔ World Wide Web ɛɚ 

ɐɌəəɧɘ ɝɗɟɒɍɧ Netcraft (http://netcraft.com) 

 

 
 

ȼɔɝ. 1.3.2  ð ȰɔəɌɘɔɖɌ ɜɚɝɞɌ ɖɚɗɔɣɑɝɞɎɌ ȴəɞɑɜəɑɞ-
ɐɚɘɑəɚɎ ɛɚ ɔəɠɚɜɘɌɢɔɔ ɝɗɟɒɍɧ isc.org 
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ȼɔɝ. 1.3.3  ð ȶɌɜɞɌ ɝɎɫɓɑɕ ȴəɞɑɜəɑɞ-ɝɑɜɎɑɜɚɎ ɖɌɖ ɝɗɚɒəɌɫ 

ɝɑɞɨ (ɛɚ ɐɌəəɧɘ wikipedia.org) 

 

ȼɔɝ. 1.3.4 ð ȻɜɚɞɑɔəɚɎɌɫ ɝɑɞɨ (ɛɜɚɑɖɞ Protein Structure 

Initiative, ɝɌɕɞ www .helixscript.com)  
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2. ȳɌɐɌɣɔ ɛɚɔɝɖɌ Ɏ ɝɑɞɫɡ 

2.1.  Ȯɑɖɞɚɜəɚ-ɛɜɚɝɞɜɌəɝɞɎɑəəɌɫ ɘɚɐɑɗɨ 
ɛɚɔɝɖɌ 

ȭɚɗɨɤɔəɝɞɎɚ ɔɓɎɑɝɞəɧɡ 

ɔəɠɚɜɘɌɢɔɚəəɚ-ɛɚɔɝɖɚɎɧɡ ɝɔɝɞɑɘ 

ɍɌɓɔɜɟɑɞɝɫ əɌ ɔɝɛɚɗɨɓɚɎɌəɔɔ Ɏɑɖɞɚɜəɚ-

ɛɜɚɝɞɜɌəɝɞɎɑəəɚɕ ɘɚɐɑɗɔ ɚɛɔɝɌəɔɫ 

ɐɌəəɧɡ (Vector Space Model), 
ɛɜɑɐɗɚɒɑəəɚɕ ȯ. Ƚɚɗɞɚəɚɘ Ɏ 1975 ɏ. ɔ 

ɛɜɔɘɑəɑəəɚɕ ɔɘ Ɏ ɝɔɝɞɑɘɑ SMART. 

ȰɌəəɌɫ ɘɚɐɑɗɨ ɫɎɗɫɑɞɝɫ ɖɗɌɝɝɔɣɑɝɖɚɕ 

ɌɗɏɑɍɜɌɔɣɑɝɖɚɕ. Ȯ ɜɌɘɖɌɡ ɩɞɚɕ ɘɚɐɑɗɔ 

ɐɚɖɟɘɑəɞ ɚɛɔɝɧɎɌɑɞɝɫ Ɏɑɖɞɚɜɚɘ Ɏ 

ɑɎɖɗɔɐɚɎɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ, Ɏ ɖɚɞɚɜɚɘ 
ɖɌɒɐɚɘɟ ɞɑɜɘɟ, ɔɝɛɚɗɨɓɟɪɥɑɘɟɝɫ Ɏ 

ɐɚɖɟɘɑəɞɑ, ɝɞɌɎɔɞɝɫ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɑ ɑɏɚ 

ɎɑɝɚɎɚɑ ɓəɌɣɑəɔɑ, ɖɚɞɚɜɚɑ ɚɛɜɑɐɑɗɫɑɞɝɫ əɌ 

ɚɝəɚɎɑ ɝɞɌɞɔɝɞɔɣɑɝɖɚɕ ɔəɠɚɜɘɌɢɔɔ ɚ ɑɏɚ 

ɛɚɫɎɗɑəɔɔ ɖɌɖ Ɏ ɚɞɐɑɗɨəɚɘ ɐɚɖɟɘɑəɞɑ, ɞɌɖ  
ɔ Ɏɚ Ɏɝɑɘ ɐɚɖɟɘɑəɞɌɗɨəɚɘ ɘɌɝɝɔɎɑ. 

ȺɛɔɝɌəɔɑ ɓɌɛɜɚɝɌ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ 

əɑɚɍɡɚɐɔɘɚɕ ɛɚɗɨɓɚɎɌɞɑɗɪ ɞɑɘɌɞɔɖɑ, 

ɞɌɖɒɑ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ Ɏɑɖɞɚɜ Ɏ ɞɚɘ ɒɑ 

ɑɎɖɗɔɐɚɎɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ ɞɑɜɘɚɎ. Ȱɗɫ 

ɚɢɑəɖɔ ɍɗɔɓɚɝɞɔ ɓɌɛɜɚɝɌ ɔ ɐɚɖɟɘɑəɞɌ 
ɔɝɛɚɗɨɓɟɑɞɝɫ ɝɖɌɗɫɜəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ 

ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɡ ɎɑɖɞɚɜɚɎ ɓɌɛɜɚɝɌ ɔ 

ɐɚɖɟɘɑəɞɌ.  

Ȯ ɜɌɘɖɌɡ ɩɞɚɕ ɘɚɐɑɗɔ ɖɌɒɐɚɘɟ ɞɑɜɘɟ 
it  Ɏ ɐɚɖɟɘɑəɞɑ jd  

ɝɚɚɞɎɑɞɝɞɎɟɑɞ əɑɖɚɞɚɜɧɕ əɑɚɞɜɔɢɌɞɑɗɨəɧɕ Ɏɑɝ ijw .  

Ȯ ɩɞɚɕ ɘɚɐɑɗɔ ɓɌɛɜɚɝɟ q,  ɖɚɞɚɜɧɕ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ 

ɞɌɖɒɑ ɘəɚɒɑɝɞɎɚ ɞɑɜɘɚɎ, əɑ ɝɚɑɐɔəɑəəɧɡ ɘɑɒɐɟ ɝɚɍɚɕ 

əɔɖɌɖɔɘɔ ɗɚɏɔɣɑɝɖɔɘɔ ɚɛɑɜɌɞɚɜɌɘɔ, ɞɌɖɒɑ ɝɚɚɞɎɑɞɝɞɎɟɑɞ 

Ɏɑɖɞɚɜ  ɎɑɝɚɎɧɡ ɓəɌɣɑəɔɕ iqw . 

 

 

ȯɑɜɡɌɜɐ Ƚɚɗɞɚə 
(1927 -1995 ) 

 

ȷɌəɐɩ Ȱ.Ȯ., 
ȽəɌɜɝɖɔɕ Ȭ.Ȭ., 
ȭɑɓɝɟɐəɚɎ ȴ.Ȯ. 
ȴəɞɑɜəɑɞɔɖɌ: 
ȹɌɎɔɏɌɢɔɫ Ɏ 
ɝɗɚɒəɧɡ ɝɑɞɫɡ: 
ɘɚɐɑɗɔ ɔ 
Ɍɗɏɚɜɔɞɘɧ. ð M.: 
ȷɔɍɜɚɖɚɘ 
(Editorial  URSS), 

2009. ð 264 ɝ. 
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ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɖɌɒɐɧɕ ɐɚɖɟɘɑəɞ ɔ ɓɌɛɜɚɝ ɘɚɏɟɞ ɍɧɞɨ 

ɛɜɑɐɝɞɌɎɗɑəɧ Ɏ Ɏɔɐɑ n-ɘɑɜəɚɏɚ ɎɑɖɞɚɜɌ, ɏɐɑ n - ɚɍɥɑɑ 

ɖɚɗɔɣɑɝɞɎɚ  ɞɑɜɘɚɎ Ɏ ɝɗɚɎɌɜɑ ɘɚɐɑɗɔ. Ȯ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ 

ɜɌɝɝɘɌɞɜɔɎɌɑɘɚɕ ɘɚɐɑɗɨɪ, ɍɗɔɓɚɝɞɨ ɐɚɖɟɘɑəɞɌ jd  ɖ ɓɌɛɜɚɝɟ 

q, ɖɚɞɚɜɧɑ, ɖɌɖ ɔ Ɏ ɛɜɑɐɧɐɟɥɔɡ ɘɚɐɑɗɫɡ, ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ 

ɖɌɖ ɔəɠɚɜɘɌɢɔɚəəɧɑ Ɏɑɖɞɚɜɧ 1 2( , ,..., )j j j njw w w=d  ɔ 

1 2( , ,..., )q q nqw w w=q , ɚɢɑəɔɎɌɑɞɝɫ ɖɌɖ ɔɡ ɝɖɌɗɫɜəɚɑ 

ɛɜɚɔɓɎɑɐɑəɔɑ. Ȼɜɔ ɩɞɚɘ Ɏɑɝ ɚɞɐɑɗɨəɧɡ ɞɑɜɘɚɎ ɘɚɒəɚ 
Ɏɧɣɔɝɗɫɞɨ ɜɌɓəɧɘɔ ɝɛɚɝɚɍɌɘɔ. Ⱥɐɔə ɔɓ Ɏɚɓɘɚɒəɧɡ 

ɛɜɚɝɞɑɕɤɔɡ ɛɚɐɡɚɐɚɎ ð ɔɝɛɚɗɨɓɚɎɌɞɨ ɖɌɖ Ɏɑɝ ɞɑɜɘɌ  ijw  Ɏ 

ɐɚɖɟɘɑəɞɑ əɚɜɘɌɗɔɓɚɎɌəəɟɪ ɣɌɝɞɚɞɟ ijfreq   ɑɏɚ 

ɎɝɞɜɑɣɌɑɘɚɝɞɔ  Ɏ ɐɌəəɚɘ ɐɚɖɟɘɑəɞɑ, ɞɚ ɑɝɞɨ:  

1
/ max( ).ij ij ij ij

i n
w tf freq freq

¢ ¢
= =                      (2.1.1)  

ȺɐəɌɖɚ ɩɞɚɞ ɛɚɐɡɚɐ əɑ ɟɣɔɞɧɎɌɑɞ, əɌɝɖɚɗɨɖɚ ɣɌɝɞɚ 

ɐɌəəɧɕ ɞɑɜɘ ɔɝɛɚɗɨɓɟɑɞɝɫ Ɏɚ Ɏɝɑɘ  ɘɌɝɝɔɎɑ ɐɚɖɟɘɑəɞɚɎ, ɞɌɖ 
əɌɓɧɎɌɑɘɟɪ, ɐɔɝɖɜɔɘɔəɌɢɔɚəəɟɪ ɝɔɗɟ ɞɑɜɘɌ. Ȼɚɩɞɚɘɟ Ɏ 

ɝɗɟɣɌɑ, ɖɚɏɐɌ ɐɚɝɞɟɛəɌ ɝɞɌɞɔɝɞɔɖɌ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɞɑɜɘɚɎ Ɏɚ 

Ɏɝɑɘ ɐɚɖɟɘɑəɞɌɗɨəɚɘ ɘɌɝɝɔɎɑ, ɍɚɗɑɑ ɩɠɠɑɖɞɔɎəɚ ɝɗɑɐɟɪɥɑɑ 

ɛɜɌɎɔɗɚ Ɏɧɣɔɝɗɑəɔɫ ɎɑɝɌ:  

log ,ij ij

i

N
w tf

n
= Ö

                                       

(2.1.2)  

ɏɐɑ 
in - ɣɔɝɗɚ ɐɚɖɟɘɑəɞɚɎ, Ɏ ɖɚɞɚɜɧɡ ɔɝɛɚɗɨɓɟɑɞɝɫ ɞɑɜɘ ,jt  Ɍ 

N- ɚɍɥɑɑ ɖɚɗɔɣɑɝɞɎɚ ɐɚɖɟɘɑəɞɚɎ Ɏ ɘɌɝɝɔɎɑ. 

Ƚɗɑɐɟɑɞ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɛɜɔɎɑɐɑəəɌɫ Ɏɧɤɑ ɠɚɜɘɟɗɌ 

ɘəɚɏɚɖɜɌɞəɚ ɟɞɚɣəɫɗɌɝɨ ɝ ɢɑɗɨɪ əɌɔɍɚɗɑɑ ɞɚɣəɚɏɚ 

ɝɚɚɞɎɑɞɝɞɎɔɫ ɎɧɐɌɎɌɑɘɧɡ ɝɔɝɞɑɘɌɘɔ ɐɚɖɟɘɑəɞɚɎ ɓɌɛɜɚɝɌɘ 

ɛɚɗɨɓɚɎɌɞɑɗɑɕ. Ȯ 1988 ɏɚɐɟ Ƚɚɗɞɚəɚɘ ɍɧɗ ɛɜɑɐɗɚɒɑə ɞɌɖɚɕ 

ɎɌɜɔɌəɞ ɐɗɫ Ɏɧɣɔɝɗɑəɔɫ ɎɑɝɌ ɞɑɜɘɌ 
it  ɔɓ ɓɌɛɜɚɝɌ: 

1

0.5 log ,
max

iq

iq

lq i
l n

freq N
w

freq n
¢ ¢

å õ
æ ö= + Ö
æ ö
ç ÷

                 

(2.1.3)  
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ɏɐɑ  iqfreq  - ɣɌɝɞɚɞɌ ɞɑɜɘɌ  
it  ɔɓ ɓɌɛɜɚɝɌ Ɏ ɞɑɖɝɞɑ ɐɚɖɟɘɑəɞɌ, 

ɝɚɝɞɚɫɥɑɏɚ ɔɓ n  ɞɑɜɘɚɎ. 

Ⱥɍɧɣəɚ ɎɑɝɚɎɧɑ ɓəɌɣɑəɔɫ  ijw  əɚɜɘɔɜɟɪɞɝɫ, ɣɞɚ 

ɛɚɓɎɚɗɫɑɞ ɜɌɝɝɘɌɞɜɔɎɌɞɨ ɐɚɖɟɘɑəɞ ɖɌɖ ɚɜɞɚəɚɜɘɔɜɚɎɌəəɧɕ 

Ɏɑɖɞɚɜ. ȾɌɖɚɕ ɘɑɞɚɐ ɎɓɎɑɤɔɎɌəɔɫ ɞɑɜɘɚɎ ɔɘɑɑɞ ɝɞɌəɐɌɜɞəɚɑ 

ɚɍɚɓəɌɣɑəɔɑ - TF IDFÖ , ɏɐɑ TF  ɟɖɌɓɧɎɌɑɞ əɌ ɣɌɝɞɚɞɟ 

ɛɚɫɎɗɑəɔɫ ɞɑɜɘɌ Ɏ ɐɚɖɟɘɑəɞɑ (term frequency), Ɍ IDF-  əɌ 

Ɏɑɗɔɣɔəɟ, ɚɍɜɌɞəɟɪ ɣɔɝɗɟ ɐɚɖɟɘɑəɞɚɎ ɘɌɝɝɔɎɌ,  ɝɚɐɑɜɒɌɥɔɡ 

ɐɌəəɧɕ ɞɑɜɘ (inverse document frequency).  

ȶɚɏɐɌ ɎɚɓəɔɖɌɑɞ ɓɌɐɌɣɌ ɚɛɜɑɐɑɗɑəɔɫ ɞɑɘɌɞɔɣɑɝɖɚɕ 

ɍɗɔɓɚɝɞɔ ɐɎɟɡ ɐɚɖɟɘɑəɞɚɎ ɔɗɔ ɐɚɖɟɘɑəɞɌ ɔ ɓɌɛɜɚɝɌ, Ɏ ɩɞɚɕ 
ɘɚɐɑɗɔ ɔɝɛɚɗɨɓɟɑɞɝɫ ɛɜɚɝɞɚɑ ɝɖɌɗɫɜəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ 

1 2( , ),sim d d  ɐɎɟɡ ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɡ ɎɑɖɞɚɜɚɎ ɎɑɝɚɎɧɡ ɓəɌɣɑəɔɕ 

( )1 1, ...,i nw w  ɔ ( )2 2, ..., ,i nw w  ɖɚɞɚɜɚɑ, ɚɣɑɎɔɐəɚ, ɝɚɚɞɎɑɞɝɞɎɟɑɞ 

ɖɚɝɔəɟɝɟ ɟɏɗɌ ɘɑɒɐɟ ɎɑɖɞɚɜɌɘɔ - ɚɍɜɌɓɌɘɔ ɐɚɖɟɘɑəɞɚɎ 
1d  ɔ 

2.d  ȺɣɑɎɔɐəɚ, 
1 2( , )sim d d  ɛɜɔəɌɐɗɑɒɔɞ ɐɔɌɛɌɓɚəɟ [0, 1]. Ƀɑɘ 

ɍɚɗɨɤɑ ɎɑɗɔɣɔəɌ 
1 2( , )sim d d - ɞɑɘ ɍɚɗɑɑ ɍɗɔɓɖɔ ɐɚɖɟɘɑəɞɧ 

1d  

ɔ 
2.d  Ȱɗɫ ɗɪɍɚɏɚ ɐɚɖɟɘɑəɞɌ d  ɔɘɑɑɘ ( , ) 1.sim =d d  

ȬəɌɗɚɏɔɣəɚ ɘɑɜɚɕ ɍɗɔɓɚɝɞɔ ɐɚɖɟɘɑəɞɌ jd  ɔ ɓɌɛɜɚɝɌ q  

ɫɎɗɫɑɞɝɫ ɎɑɗɔɣɔəɌ: 

1

2 2

1 1

( , ) .
| | | |

n

ij iq
j i

j n n
j

ij iq

i i

w w

sim d q

w w

=

= =

Ö
= =

Ö

ä

ä ä

d q

d q
    (2.1. 4) 

Ȯɑɖɞɚɜəɚ-ɛɜɚɝɞɜɌəɝɞɎɑəəɌɫ ɘɚɐɑɗɨ ɛɜɑɐɝɞɌɎɗɑəɔɫ 

ɐɌəəɧɡ ɚɍɑɝɛɑɣɔɎɌɑɞ ɝɔɝɞɑɘɌɘ, ɛɚɝɞɜɚɑəəɧɘ əɌ ɑɑ ɚɝəɚɎɑ, 
ɞɌɖɔɑ Ɏɚɓɘɚɒəɚɝɞɔ:  

- ɚɍɜɌɍɚɞɖɟ ɓɌɛɜɚɝɚɎ ɍɑɓ ɚɏɜɌəɔɣɑəɔɕ ɔɡ ɐɗɔəɧ; 

- ɛɜɚɝɞɚɞɟ ɜɑɌɗɔɓɌɢɔɔ ɜɑɒɔɘɌ ɛɚɔɝɖɌ ɛɚɐɚɍəɧɡ 
ɐɚɖɟɘɑəɞɚɎ (ɖɌɒɐɧɕ ɐɚɖɟɘɑəɞ ɘɚɒɑɞ ɜɌɝɘɌɞɜɔɎɌɞɨɝɫ 

ɖɌɖ ɓɌɛɜɚɝ); 

- ɝɚɡɜɌəɑəɔɑ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚɔɝɖɌ ɝ Ɏɚɓɘɚɒəɚɝɞɨɪ 
Ɏɧɛɚɗəɑəɔɫ ɟɞɚɣəɫɪɥɑɏɚ ɛɚɔɝɖɌ. 
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Ȯɘɑɝɞɑ ɝ ɞɑɘ Ɏ Ɏɑɖɞɚɜəɚ-ɛɜɚɝɞɜɌəɝɞɎɑəəɚɕ ɘɚɐɑɗɔ əɑ 

ɛɜɑɐɟɝɘɚɞɜɑəɌ ɜɑɌɗɔɓɌɢɔɫ ɓɌɛɜɚɝɚɎ, ɜɑɌɗɔɓɟɪɥɔɡ 

ɗɚɏɔɣɑɝɖɔɑ ɚɛɑɜɌɢɔɔ, ɣɞɚ ɝɟɥɑɝɞɎɑəəɚ ɚɏɜɌəɔɣɔɎɌɑɞ ɑɑ 

ɛɜɔɘɑəɔɘɚɝɞɨ. ȶɜɚɘɑ ɞɚɏɚ, ɫɎɗɫɫɝɨ ɘɑɞɚɐɚɗɚɏɔɣɑɝɖɚɕ 

ɚɝəɚɎɚɕ ɐɜɟɏɔɡ, Ɏ ɞɚɘ ɣɔɝɗɑ, ɝɑɞɑɎɧɡ ɘɚɐɑɗɑɕ ɛɚɔɝɖɌ, 

ɖɗɌɝɝɔɣɑɝɖɌɫ Ɏɑɖɞɚɜəɚ-ɛɜɚɝɞɜɌəɝɞɎɑəəɌɫ ɘɚɐɑɗɨ 

ɚɜɔɑəɞɔɜɚɎɌəəɌ əɌ ɛɚɔɝɖ ɘɌɝɝɔɎɌɡ ɔəɠɚɜɘɌɢɔɔ, əɑ 

ɚɍɗɌɐɌɪɥɔɡ ɫɎəɚ ɎɧɜɌɒɑəəɚɕ ɝɑɞɑɎɚɕ ɝɞɜɟɖɞɟɜɚɕ. 

2.2.  ȸɚɐɑɗɔ ɛɚɔɝɖɌ Ɏ ɛɔɜɔəɏɚɎɧɡ ɝɑɞɫɡ 

ȸɚɐɑɗɔ ɛɚɔɝɖ Ɏ ɝɑɞɑɎɚɕ ɝɜɑɐɑ 

ɜɌɝɝɘɚɞɜɔɘ əɌ ɛɜɔɘɑɜɑ ɛɚɔɝɖɌ Ɏ ɞɌɖ 

əɌɓɧɎɌɑɘɧɡ ɛɔɜɔəɏɚɎɧɡ ɝɑɞɫɡ. 

ȻɔɜɔəɏɚɎɧɑ ɝɑɞɔ (Peer-to-peer, P2P ð 

ɜɌɎəɧɕ ɝ ɜɌɎəɧɘ)  - ɩɞɚ  ɖɚɘɛɨɪɞɑɜəɧɑ 
ɝɑɞɔ, ɚɝəɚɎɌəəɧɑ əɌ ɜɌɎəɚɛɜɌɎɔɔ 

ɟɣɌɝɞəɔɖɚɎ. Ȯ ɞɌɖɔɡ ɝɑɞɫɡ ɚɞɝɟɞɝɞɎɟɪɞ 

Ɏɧɐɑɗɑəəɧɑ ɝɑɜɎɑɜɧ, Ɍ ɖɌɒɐɧɕ ɟɓɑɗ (peer) 

ɫɎɗɫɑɞɝɫ ɖɌɖ ɖɗɔɑəɞɚɘ, ɞɌɖ ɔ ɝɑɜɎɑɜɚɘ. 

ȮɛɑɜɎɧɑ ɠɜɌɓɌ çpeer-to-peerè ɍɧɗɌ 
ɔɝɛɚɗɨɓɚɎɌəɌ Ɏ 1984 ɏɚɐɟ ȻɌɜɍɌɟɩɗɗɚɘ 

ȵɚɡəɟɡɟɕɞɝɘɌəɚɘ (Parbawell Yohnuhuitsman) ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ 

Ɍɜɡɔɞɑɖɞɟɜɧ Advanced Peer to Peer Networking ɠɔɜɘɧ IBM. 

P2P ð ɩɞɚ ɝɑɞɑɎɚɕ ɛɜɚɞɚɖɚɗ, ɚɍɑɝɛɑɣɔɎɌɪɥɔɕ 

Ɏɚɓɘɚɒəɚɝɞɨ ɝɚɓɐɌəɔɫ ɔ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɫ ɝɑɞɔ 

ɜɌɎəɚɛɜɌɎəɧɡ ɟɓɗɚɎ, ɔɡ ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ. Ȯɚ ɘəɚɏɔɡ ɝɗɟɣɌɫɡ 
P2P ɫɎɗɫɪɞɝɫ əɌɗɚɒɑəəɧɘɔ ɝɑɞɫɘɔ, ɔɝɛɚɗɨɓɟɪɥɔɘɔ 

ɝɟɥɑɝɞɎɟɪɥɔɑ ɞɜɌəɝɛɚɜɞəɧɑ ɛɜɚɞɚɖɚɗɧ ɝɞɑɖɌ TCP/IP - TCP 

ɔɗɔ UDP. Ƚɗɑɐɟɑɞ ɚɞɘɑɞɔɞɨ, ɣɞɚ əɌ ɛɜɌɖɞɔɖɑ ɛɔɜɔəɏɚɎɧɑ ɝɑɞɔ 

ɝɚɝɞɚɫɞ ɔɓ ɟɓɗɚɎ, ɖɌɒɐɧɕ ɔɓ ɖɚɞɚɜɧɡ ɎɓɌɔɘɚɐɑɕɝɞɎɟɑɞ ɗɔɤɨ ɝ 

əɑɖɚɞɚɜɧɘ ɛɚɐɘəɚɒɑɝɞɎɚɘ ɐɜɟɏɔɡ ɟɓɗɚɎ ɝɑɞɔ (ɔɓ-ɓɌ 
ɚɏɜɌəɔɣɑəəɚɝɞɔ ɜɑɝɟɜɝɚɎ). Ȱɗɫ ɜɑɌɗɔɓɌɢɔɔ ɛɜɚɞɚɖɚɗɌ P2P 

ɔɝɛɚɗɨɓɟɪɞɝɫ ɖɗɔɑəɞɝɖɔɑ ɛɜɚɏɜɌɘɘɧ, ɚɍɑɝɛɑɣɔɎɌɪɥɔɑ 

ɠɟəɖɢɔɚəɌɗɨəɚɝɞɨ ɖɌɖ ɚɞɐɑɗɨəɧɡ ɟɓɗɚɎ, ɞɌɖ ɔ Ɏɝɑɕ 

ɛɔɜɔəɏɚɎɚɕ ɝɑɞɔ. 

Ȼɜɚɢɑɐɟɜɧ ɛɚɔɝɖɌ Ɏ ɛɔɜɔəɏɚɎɧɡ ɝɑɞɫɡ ɛɚɐɜɌɓɟɘɑɎɌɪɞ 

ɟɣɑɞ ɔɡ ɜɌɓəɚɚɍɜɌɓəɚɕ ɞɚɛɚɗɚɏɔɔ, ɓɌɣɌɝɞɟɪ 
ɐɑɢɑəɞɜɌɗɔɓɚɎɌəəɚɕ. Ƚɑɏɚɐəɫ əɑ ɝɟɥɑɝɞɎɟɑɞ 

ɟəɔɠɔɢɔɜɚɎɌəəɧɡ ɛɚɐɡɚɐɚɎ ɖ ɚɜɏɌəɔɓɌɢɔɔ ɛɚɔɝɖɚɎɧɡ 

ȯɟɜɖɔə Ɋ.ȹ. 
ȽɑɘɑəɚɎ Ɋ.Ȭ. 
ɀɌɕɗɚɚɍɘɑə-əɧɑ 
ɝɑɞɔ ȼ2ȼ: 
ɚɝəɚɎəɧɑ 
ɛɜɔəɢɔɛɧ, 
ɛɜɚɞɚɖɚɗɧ, 
ɍɑɓɚɛɌɝəɚɝɞɨ // 
òȽɑɞɔ ɔ ɝɔɝɞɑɘɧ 
ɝɎɫɓɔó - ʈ 11. - 
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ɛɜɚɢɑɐɟɜ, ɛɚɩɞɚɘɟ ɛɜɔɘɑəɫɪɞɝɫ ɝɌɘɧɑ ɜɌɓəɚɚɍɜɌɓəɧɑ 
ɘɑɞɚɐɔɖɔ. ȴɘɑəəɚ ɍɗɌɏɚɐɌɜɫ ɛɔɜɔəɏɚɎɧɘ ɝɑɞɫɘ ɍɧɗɔ 

ɜɌɓɜɌɍɚɞɌəɧ ɘəɚɏɔɑ ɘɑɞɚɐɧ ɛɚɔɝɖɌ Ɏ ɝɑɞɑɎɚɕ ɝɜɑɐɑ, 

ɛɚɐɜɚɍəɚɑ ɚɛɔɝɌəɔɑ ɖɚɞɚɜɧɡ ɍɟɐɑɞ ɜɌɝɝɘɌɞɜɔɎɌɞɨɝɫ əɔɒɑ. 

ȰɚɝɞɌɞɚɣəɚ ɣɌɝɞɚ ɛɔɜɔəɏɚɎɧɑ ɝɑɞɔ ɐɚɛɚɗəɫɪɞɝɫ 

Ɏɧɐɑɗɑəəɧɘɔ  ɝɑɜɎɑɜɌɘɔ, əɑɝɟɥɔɘɔ ɚɜɏɌəɔɓɌɢɔɚəəɧɑ 
ɠɟəɖɢɔɔ, əɌɛɜɔɘɑɜ ɌɎɞɚɜɔɓɌɢɔɪ. Ȯ ɣɌɝɞəɚɝɞɔ, ɔɓɎɑɝɞəɧ 

ɍɔɍɗɔɚɞɑɣəɧɑ ɛɔɜɔəɏɚɎɧɑ ɝɑɞɔ, Ɏ ɖɚɞɚɜɧɡ ɔɝɛɚɗɨɓɟɪɞɝɫ 

Ɏɧɐɑɗɑəəɧɑ ɝɑɜɎɑɜɧ, ɔɏɜɌɪɥɔɑ  ɜɚɗɨ ɢɑəɞɜɚɎ ɌɎɞɚɜɔɓɌɢɔɔ, 

ɡɑɤɔɜɚɎɌəɔɫ ɔ ɜɑɛɗɔɖɌɢɔɔ ɍɔɍɗɔɚɏɜɌɠɔɣɑɝɖɔɡ ɐɌəəɧɡ. 

ɂɑəɞɜɌɗɔɓɚɎɌəəɌɫ ɌɜɡɔɞɑɖɞɟɜɌ çɖɗɔɑəɞ/ɝɑɜɎɑɜè 

ɛɚɐɜɌɓɟɘɑɎɌɑɞ, ɣɞɚ ɝɑɞɨ ɓɌɎɔɝɔɞ ɚɞ ɢɑəɞɜɌɗɨəɧɡ ɟɓɗɚɎ 
(ɝɑɜɎɑɜɚɎ), ɚɍɑɝɛɑɣɔɎɌɪɥɔɡ ɛɚɐɖɗɪɣɑəəɧɑ ɖ ɝɑɞɔ ɞɑɜɘɔəɌɗɧ 

(ɖɗɔɑəɞɧ) əɑɚɍɡɚɐɔɘɧɘɔ ɝɑɜɎɔɝɌɘɔ. Ȯ ɩɞɚɕ Ɍɜɡɔɞɑɖɞɟɜɑ 

ɖɗɪɣɑɎɌɫ ɜɚɗɨ ɚɞɎɚɐɔɞɝɫ ɝɑɜɎɑɜɌɘ, ɖɚɞɚɜɧɑ ɚɛɜɑɐɑɗɫɪɞ ɝɑɞɨ 

əɑɓɌɎɔɝɔɘɚ ɚɞ  əɌɗɔɣɔɫ ɖɗɔɑəɞɚɎ. ȹɑɝɘɚɞɜɫ əɌ ɞɚ, ɣɞɚ Ɏɝɑ 

ɟɓɗɧ Ɏ P2P   ɔɘɑɪɞ ɚɐɔəɌɖɚɎɧɕ ɝɞɌɞɟɝ, ɜɑɌɗɨəɧɑ 

Ɏɚɓɘɚɒəɚɝɞɔ ɔɡ ɘɚɏɟɞ ɝɟɥɑɝɞɎɑəəɚ ɚɞɗɔɣɌɞɨɝɫ.  

ȺɣɑɎɔɐəɚ, ɣɞɚ ɜɚɝɞ ɖɚɗɔɣɑɝɞɎɌ ɖɗɔɑəɞɚɎ ɝɑɞɔ ɞɔɛɌ 

çɖɗɔɑəɞ/ɝɑɜɎɑɜè  ɛɜɔɎɚɐɔɞ ɖ ɜɚɝɞɟ əɌɏɜɟɓɚɖ əɌ ɝɑɜɎɑɜəɟɪ 

ɣɌɝɞɨ, Ɏ ɜɑɓɟɗɨɞɌɞɑ ɣɑɏɚ ɚəɌ ɘɚɒɑɞ ɚɖɌɓɌɞɨɝɫ ɛɑɜɑɏɜɟɒɑəəɚɕ. 

ȰɑɢɑəɞɜɌɗɔɓɚɎɌəəɌɫ ɛɔɜɔəɏɚɎɌɫ ɝɑɞɨ, əɌɛɜɚɞɔɎ, 

ɝɞɌəɚɎɔɞɝɫ ɍɚɗɑɑ ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɕ ɛɜɔ ɟɎɑɗɔɣɑəɔɔ 
ɖɚɗɔɣɑɝɞɎɌ ɟɓɗɚɎ, ɛɚɐɖɗɪɣɑəəɧɡ ɖ əɑɕ. ȰɑɕɝɞɎɔɞɑɗɨəɚ, 

ɖɌɒɐɧɕ ɟɓɑɗ  ɐɚɍɌɎɗɫɑɞ Ɏ ɝɑɞɨ  P2P  ɝɎɚɔ ɜɑɝɟɜɝɧ (ɐɔɝɖɚɎɚɑ 

ɛɜɚɝɞɜɌəɝɞɎɚ ɔ Ɏɧɣɔɝɗɔɞɑɗɨəɧɑ Ɏɚɓɘɚɒəɚɝɞɔ), Ɏ ɜɑɓɟɗɨɞɌɞɑ 

ɝɟɘɘɌɜəɧɑ ɜɑɝɟɜɝɧ ɝɑɞɔ ɟɎɑɗɔɣɔɎɌɪɞɝɫ. 

Ȼɚ ɝɜɌɎəɑəɔɪ ɝ ɖɗɔɑəɞ/ɝɑɜɎɑɜəɚɕ Ɍɜɡɔɞɑɖɞɟɜɚɕ P2P  

ɚɍɗɌɐɌɑɞ ɞɌɖɔɘɔ ɛɜɑɔɘɟɥɑɝɞɎɌɘɔ, ɖɌɖ 
ɝɌɘɚɚɜɏɌəɔɓɚɎɌəəɚɝɞɨ, ɚɞɖɌɓɚɟɝɞɚɕɣɔɎɚɝɞɨ ɛɜɔ ɛɚɞɑɜɑ ɝɎɫɓɔ 

ɝ ɟɓɗɌɘɔ ɝɑɞɔ (ɎɧɝɚɖɌɫ ɒɔɎɟɣɑɝɞɨ), Ɏɚɓɘɚɒəɚɝɞɨ ɜɌɓɐɑɗɑəɔɫ 

ɜɑɝɟɜɝɚɎ ɍɑɓ ɛɜɔɎɫɓɖɔ ɖ ɖɚəɖɜɑɞəɧɘ ɌɐɜɑɝɌɘ, ɟɎɑɗɔɣɑəɔɑ 

ɝɖɚɜɚɝɞɔ ɖɚɛɔɜɚɎɌəɔɫ ɔəɠɚɜɘɌɢɔɔ ɓɌ ɝɣɑɞ ɔɝɛɚɗɨɓɚɎɌəɔɫ 

ɝɜɌɓɟ əɑɝɖɚɗɨɖɔɡ ɔɝɞɚɣəɔɖɚɎ, ɤɔɜɚɖɌɫ ɛɚɗɚɝɌ ɛɜɚɛɟɝɖɌəɔɫ, 
ɏɔɍɖɌɫ ɍɌɗɌəɝɔɜɚɎɖɌ əɌɏɜɟɓɖɔ.  

Ȼɚɘɔɘɚ əɌɓɎɌəəɧɡ Ɏɧɤɑ ɛɜɑɔɘɟɥɑɝɞɎ ɛɔɜɔəɏɚɎɧɡ 

ɝɑɞɑɕ, ɔɘ ɛɜɔɝɟɥ ɞɌɖɒɑ ɜɫɐ əɑɐɚɝɞɌɞɖɚɎ.  

ȻɑɜɎɌɫ ɏɜɟɛɛɌ əɑɐɚɝɞɌɞɖɚɎ ɝɎɫɓɌəɌ ɝɚ ɝɗɚɒəɚɝɞɨɪ 

ɟɛɜɌɎɗɑəɔɫ ɞɌɖɔɘɔ ɝɑɞɫɘɔ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɖɗɔɑəɞ-
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ɝɑɜɎɑɜəɧɘɔ ɝɔɝɞɑɘɌɘɔ. Ȼɜɔɡɚɐɔɞɝɫ ɞɜɌɞɔɞɨ ɓəɌɣɔɞɑɗɨəɧɑ 
ɟɝɔɗɔɫ əɌ ɛɚɐɐɑɜɒɖɟ ɝɞɌɍɔɗɨəɚɏɚ ɟɜɚɎəɫ ɔɡ 

ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɔ, ɜɑɓɑɜɎəɚɑ ɖɚɛɔɜɚɎɌəɔɑ ɐɌəəɧɡ, 

ɌəɞɔɎɔɜɟɝəɟɪ ɓɌɥɔɞɟ, ɓɌɥɔɞɟ ɚɞ ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɤɟɘɌ ɔ 

ɐɜɟɏɔɡ ɓɗɚəɌɘɑɜɑəəɧɡ ɐɑɕɝɞɎɔɕ ɛɚɗɨɓɚɎɌɞɑɗɑɕ. 

ȭɚɗɨɤɌɫ ɛɜɚɍɗɑɘɌ ð ɩɞɚ 
ɗɑɏɔɞɔɘəɚɝɞɨ ɖɚəɞɑəɞɌ, ɛɑɜɑɐɌɎɌɑɘɚɏɚ Ɏ 

ɞɌɖɔɡ P2P-ɝɑɞɫɡ. ȹɑɟɐɚɎɗɑɞɎɚɜɔɞɑɗɨəɚɑ 

ɜɑɤɑəɔɑ ɩɞɚɕ ɛɜɚɍɗɑɘɧ ɛɜɔɎɑɗɚ ɟɒɑ ɖ 

ɝɖɌəɐɌɗɨəɚɘɟ  ɓɌɖɜɧɞɔɪ ɘəɚɏɔɡ ɞɌɖɔɡ 

ɝɑɞɑɕ (əɌɛɜɔɘɑɜ, Napster  Ɏ ɔɪɗɑ 2001 

ɏɚɐɌ). ȱɝɞɨ ɔ ɐɜɟɏɔɑ, ɛɜɚɍɗɑɘɧ, ɔɘɑɪɥɔɑ 
ɝɚɢɔɌɗɨəɟɪ ɛɜɔɜɚɐɟ. ȾɌɖ Ɏ ɝɔɝɞɑɘɑ 

Gnutella , əɌɛɜɔɘɑɜ,  70% ɛɚɗɨɓɚɎɌɞɑɗɑɕ əɑ 

ɐɚɍɌɎɗɫɪɞ Ɏɚɚɍɥɑ əɔɖɌɖɔɡ ɠɌɕɗɚɎ Ɏ ɝɑɞɨ. 

ȭɚɗɑɑ ɛɚɗɚɎɔəɧ ɜɑɝɟɜɝɚɎ Ɏ ɩɞɚɕ ɝɑɞɔ 

ɛɜɑɐɚɝɞɌɎɗɫɑɞɝɫ  ɚɐəɔɘ ɛɜɚɢɑəɞɚɘ 

ɛɚɗɨɓɚɎɌɞɑɗɑɕ, ɞ.ɑ. ɝɑɞɨ ɩɎɚɗɪɢɔɚəɔɜɟɑɞ Ɏ 
əɌɛɜɌɎɗɑəɔɔ ɖɗɔɑəɞ-ɝɑɜɎɑɜəɚɕ 

Ɍɜɡɔɞɑɖɞɟɜɧ. 

ȱɥɑ ɚɐəɌ ɛɜɚɍɗɑɘɌ P2P-ɝɑɞɑɕ 

ɝɎɫɓɌəɌ ɝ ɖɌɣɑɝɞɎɚɘ ɔ ɐɚɝɞɚɎɑɜəɚɝɞɨɪ 

ɛɜɑɐɚɝɞɌɎɗɫɑɘɚɏɚ ɖɚəɞɑəɞɌ. Ƚɑɜɨɑɓəɚɕ 
ɛɜɚɍɗɑɘɚɕ ɫɎɗɫɑɞɝɫ  ɠɌɗɨɝɔɠɔɖɌɢɔɫ 

ɠɌɕɗɚɎ ɔ ɜɌɝɛɜɚɝɞɜɌəɑəɔɑ  ɠɌɗɨɤɔɎɧɡ 

ɜɑɝɟɜɝɚɎ. ȳɌɥɔɞɌ ɜɌɝɛɜɑɐɑɗɑəəɚɕ ɝɑɞɔ ɚɞ 

ɡɌɖɑɜɝɖɔɡ ɌɞɌɖ, ɍɚɞəɑɞɚɎ, ɎɔɜɟɝɚɎ ɔ 

çɞɜɚɫəɝɖɔɡ ɖɚəɑɕè ɫɎɗɫɑɞɝɫ ɚɣɑəɨ ɝɗɚɒəɚɕ 

ɓɌɐɌɣɑɕ. ȳɌɣɌɝɞɟɪ ɔəɠɚɜɘɌɢɔɫ ɝ 
ɐɌəəɧɘɔ ɚɍ ɟɣɌɝɞəɔɖɌɡ P2P-ɝɑɞɑɕ 

ɡɜɌəɔɞɝɫ Ɏ ɚɞɖɜɧɞɚɘ Ɏɔɐɑ, ɐɚɝɞɟɛəɚɘ  ɐɗɫ 

ɛɑɜɑɡɎɌɞɌ.  ȱɥɑ ɚɐəɚɕ ɛɜɚɍɗɑɘɚɕ ɫɎɗɫɑɞɝɫ 

Ɏɚɓɘɚɒəɚɝɞɨ ɠɌɗɨɝɔɠɔɖɌɢɔɔ ID ɟɓɗɚɎ.  

ȯɗɌɎəɌɫ ɓɌɐɌɣɌ ɔəɠɚɜɘɌɢɔɚəəɚɏɚ 
ɛɚɔɝɖɌ Ɏ ɛɔɜɔəɏɚɎɧɡ ɝɑɞɫɡ  ð ɍɧɝɞɜɚɑ ɔ 

ɩɠɠɑɖɞɔɎəɚɑ əɌɡɚɒɐɑəɔɑ əɌɔɍɚɗɑɑ ɜɑɗɑɎɌəɞəɧɡ ɚɞɖɗɔɖɚɎ əɌ 

ɓɌɛɜɚɝ, ɛɑɜɑɐɌɎɌɑɘɧɕ ɚɞ ɟɓɗɌ ɖɚ Ɏɝɑɕ ɝɑɞɔ. Ȼɜɔ ɩɞɚɘ, 

ɑɝɞɑɝɞɎɑəəɚ, ɛɚɔɝɖ ɜɑɌɗɔɓɟɑɞɝɫ ɍɑɓ ɟɣɌɝɞɔɫ ɢɑəɞɜɌɗɨəɚɏɚ 

ɝɑɜɎɑɜɌ, ɞ.ɑ. ɐɑɢɑəɞɜɌɗɔɓɚɎɌəɚ. Ȯ ɣɌɝɞəɚɝɞɔ, ɛɜɔ ɞɌɖɚɕ 

ɚɜɏɌəɔɓɌɢɔɔ ɛɚɔɝɖɌ ɌɖɞɟɌɗɨəɌ ɓɌɐɌɣɌ ɛɚɗɟɣɑəɔɫ 
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ɖɌɣɑɝɞɎɑəəɚɏɚ ɜɑɓɟɗɨɞɌɞɌ ɛɜɔ ɚɍɥɑɘ ɟɘɑəɨɤɑəɔɔ ɝɑɞɑɎɚɏɚ 
ɞɜɌɠɔɖɌ. 

ȼɌɝɝɘɚɞɜɔɘ ɛɚɐɜɚɍəɚ ɞɌɖɔɑ ɘɑɞɚɐɧ (Ɍɗɏɚɜɔɞɘɧ) 

ɐɑɢɑəɞɜɌɗɔɓɚɎɌəəɚɏɚ ɛɚɔɝɖɌ:  

ð Ɍɗɏɚɜɔɞɘ ɛɚɔɝɖɌ ɜɑɝɟɜɝɚɎ ɛɚ ɖɗɪɣɌɘ; 

ð ɘɑɞɚɐ ɤɔɜɚɖɚɏɚ ɛɑɜɎɔɣəɚɏɚ ɛɚɔɝɖɌ (Breadth  First  
Search ); 

ð ɘɑɞɚɐ ɝɗɟɣɌɕəɚɏɚ ɤɔɜɚɖɚɏɚ ɛɑɜɎɔɣəɚɏɚ ɛɚɔɝɖɌ 

(Random  Breadth  First  Search ); 

ð ɔəɞɑɗɗɑɖɞɟɌɗɨəɧɕ ɛɚɔɝɖɚɎɧɕ ɘɑɡɌəɔɓɘ (Intelligent  

Search  Mechanism ); 

 ð ɘɑɞɚɐ çɍɚɗɨɤɔəɝɞɎɌ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚ ɛɜɚɤɗɚɕ 
ɩɎɜɔɝɞɔɖɑè (>RES); 

ð Ɍɗɏɚɜɔɞɘ çɝɗɟɣɌɕəɧɡ ɍɗɟɒɐɌəɔɕè (Random  Walkers  

Algorithm ). 

Ȭɗɏɚɜɔɞɘ ɛɚɔɝɖɌ ɜɑɝɟɜɝɚɎ ɛɚ ɖɗɪɣɌɘ 

Ȯ ɍɚɗɨɤɔəɝɞɎɑ ɛɔɜɔəɏɚɎɧɡ ɝɑɞɑɕ, ɚɜɔɑəɞɔɜɚɎɌəəɧɡ əɌ 

ɚɍɘɑə ɠɌɕɗɌɘɔ, ɔɝɛɚɗɨɓɟɑɞɝɫ ɐɎɌ ɎɔɐɌ ɝɟɥəɚɝɞɑɕ, ɖɚɞɚɜɧɘ 

ɛɜɔɛɔɝɧɎɌɪɞɝɫ ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɑ ɔɐɑəɞɔɠɔɖɌɞɚɜɧ (ID): ɟɓɗɧ 

ɔ ɜɑɝɟɜɝɧ, ɡɌɜɌɖɞɑɜɔɓɟɪɥɔɑɝɫ ɖɗɪɣɌɘɔ (Key), ɞ.ɑ. ɝɑɞɨ 

ɘɚɒɑɞ ɍɧɞɨ ɛɜɑɐɝɞɌɎɗɑəɌ ɐɎɟɘɑɜəɚɕ ɘɌɞɜɔɢɑɕ ɜɌɓɘɑɜəɚɝɞɔ 

,MN  ɏɐɑ M-ɖɚɗɔɣɑɝɞɎɚ ɟɓɗɚɎ, N-ɖɚɗɔɣɑɝɞɎɚ ɜɑɝɟɜɝɚɎ. Ȯ 

ɐɌəəɚɘ ɝɗɟɣɌɑ ɓɌɐɌɣɌ ɛɚɔɝɖɌ ɝɎɚɐɔɞɝɫ ɖ əɌɡɚɒɐɑəɔɪ ID 

ɟɓɗɌ, əɌ ɖɚɞɚɜɚɘ ɡɜɌəɔɞɝɫ ɖɗɪɣ ɜɑɝɟɜɝɌ. ȹɌ ɜɔɝ. 2.2.1  

ɛɜɑɐɝɞɌɎɗɑə ɛɜɚɢɑɝɝ ɛɚɔɝɖɌ ɜɑɝɟɜɝɌ, ɓɌɛɟɝɖɌɑɘɧɕ ɝ ɟɓɗɌ ɝ ID 

0.  

Ȯ ɐɌəəɚɘ ɝɗɟɣɌɑ ɝ ɟɓɗɌ ɝ ID 0 ɓɌɛɟɝɖɌɑɞɝɫ ɛɚɔɝɖ ɜɑɝɟɜɝɌ 

ɝ ɖɗɪɣɑɘ 14. ȳɌɛɜɚɝ ɛɜɚɡɚɐɔɞ ɚɛɜɑɐɑɗɑəəɧɕ ɘɌɜɤɜɟɞ ɔ 

ɐɚɝɞɔɏɌɑɞ ɟɓɗɌ, əɌ ɖɚɞɚɜɚɘ əɌɡɚɐɔɞɝɫ ɖɗɪɣ 14. ȰɌɗɑɑ ɟɓɑɗ ɝ 
ID 14 ɛɑɜɑɝɧɗɌɑɞ ɟɓɗɟ ɝ  ID 0, ɌɐɜɑɝɌ Ɏɝɑɡ ɟɓɗɚɎ, ɚɍɗɌɐɌɪɥɔɡ 

ɜɑɝɟɜɝɚɘ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɘ ɖɗɪɣɟ 14.  

ȼɌɝɝɘɚɞɜɔɘ Ɍɗɏɚɜɔɞɘɧ ɛɚɔɝɖɌ Ɏ ɛɔɜɔəɏɚɎɧɡ ɝɑɞɫɡ, 

ɚɏɜɌəɔɣɔɎɤɔɝɨ ɚɝəɚɎəɧɘɔ ɘɑɞɚɐɌɘɔ ɛɚɔɝɖɌ ɛɚ ɖɗɪɣɑɎɧɘ 

ɝɗɚɎɌɘ. 
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ȼɔɝ. 2.2.1 ð  ȸɚɐɑɗɨ ɛɚɔɝɖɌ ɜɑɝɟɜɝɌ ɛɚ ɖɗɪɣɟ (Ɏ ɣɑɜəɧɡ ɟɓɗɌɡ 

ɝɚɐɑɜɒɌɞɝɫ ɐɚɖɟɘɑəɞɧ ɝ ɖɗɪɣɌɘɔ ð Ɏ ɍɑɗɧɡ ð əɑ ɝɚɐɑɜɒɌɞɝɫ) 

ȸɑɞɚɐ ɤɔɜɚɖɚɏɚ ɛɑɜɎɔɣəɚɏɚ ɛɚɔɝɖɌ  

ȸɑɞɚɐ ɤɔɜɚɖɚɏɚ ɛɑɜɎɔɣəɚɏɚ ɛɚɔɝɖɌ (Breadth  First  

Search , BFS) ɤɔɜɚɖɚ ɔɝɛɚɗɨɓɟɑɞɝɫ Ɏ  ɜɑɌɗɨəɧɡ 
ɠɌɕɗɚɚɍɘɑəəɧɡ ɝɑɞɫɡ P2P, ɞɌɖɔɡ ɖɌɖ, əɌɛɜɔɘɑɜ,  Gnutella  

(www .gnutella .com). ȸɑɞɚɐ BFS (ɜɔɝ. 9) Ɏ ɝɑɞɔ P2P 

ɜɌɓɘɑɜəɚɝɞɔ N  ɜɑɌɗɔɓɟɑɞɝɫ ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ. ȿɓɑɗ q  

ɏɑəɑɜɔɜɟɑɞ ɓɌɛɜɚɝ, ɖɚɞɚɜɧɕ Ɍɐɜɑɝɟɑɞɝɫ ɖɚ Ɏɝɑɘ  ɝɚɝɑɐɫɘ 

(ɍɗɔɒɌɕɤɔɘ ɛɚ əɑɖɚɞɚɜɧɘ ɖɜɔɞɑɜɔɫɘ ɟɓɗɌɘ). ȶɚɏɐɌ ɟɓɑɗ p  

ɛɚɗɟɣɌɑɞ ɓɌɛɜɚɝ, Ɏɧɛɚɗəɫɑɞɝɫ ɛɚɔɝɖ Ɏ ɑɏɚ ɗɚɖɌɗɨəɚɘ ɔəɐɑɖɝɑ. 

ȱɝɗɔ əɑɖɚɞɚɜɧɕ ɟɓɑɗ r  ɛɜɔəɔɘɌɑɞ ɓɌɛɜɚɝ (Query ) ɔ 

ɚɍɜɌɍɌɞɧɎɌɑɞ ɑɏɚ, ɞɚ ɚə ɏɑəɑɜɔɜɟɑɞ  ɝɚɚɍɥɑəɔɑ-ɚɞɖɗɔɖ 

(QueryHit ), ɣɞɚɍɧ ɎɚɓɎɜɌɞɔɞɨ ɜɑɓɟɗɨɞɌɞ. Ƚɚɚɍɥɑəɔɑ QueryHit  
ɎɖɗɪɣɌɑɞ ɔəɠɚɜɘɌɢɔɪ ɚ ɜɑɗɑɎɌəɞəɧɡ ɐɚɖɟɘɑəɞɌɡ, ɖɚɞɚɜɌɫ 

ɐɚɝɞɌɎɗɫɑɞɝɫ  ɛɚ ɝɑɞɔ ɓɌɛɜɌɤɔɎɌɪɥɑɘɟ ɟɓɗɟ (ɜɔɝ. 2.2.2 ). 
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ȼɔɝ. 2.2 .2 ð ȸɑɞɚɐ BFS 

ȶɚɏɐɌ ɟɓɑɗ q  ɛɚɗɟɣɌɑɞ QueryHits  ɚɞ ɍɚɗɑɑ ɣɑɘ ɚɐəɚɏɚ 

ɟɓɗɌ, ɚə ɘɚɒɑɞ ɓɌɏɜɟɓɔɞɨ ɠɌɕɗ ɝ əɌɔɍɚɗɑɑ ɐɚɝɞɟɛəɚɏɚ ɜɑɝɟɜɝɌ. 

Ƚɚɚɍɥɑəɔɫ QueryHit  ɎɚɓɎɜɌɥɌɪɞɝɫ ɞɑɘ ɒɑ ɛɟɞɑɘ, ɣɞɚ ɔ 

ɛɑɜɎɔɣəɧɕ ɓɌɛɜɚɝ. Ȯ BFS ɖɌɒɐɧɕ ɓɌɛɜɚɝ ɎɧɓɧɎɌɑɞ 

ɣɜɑɓɘɑɜəɟɪ  əɌɏɜɟɓɖɟ ɝɑɞɔ, ɞɌɖ ɖɌɖ ɚə  ɛɑɜɑɐɌɑɞɝɫ ɛɚ Ɏɝɑɘ 

ɝɎɫɓɫɘ (Ɏ ɞɚɘ ɣɔɝɗɑ ɔ  ɟɓɗɌɘ ɝ Ɏɧɝɚɖɔɘ ɎɜɑɘɑəɌɘɔ 
ɚɒɔɐɌəɔɫ). Ȼɚɩɞɚɘɟ ɟɓɑɗ  ɝ əɔɓɖɚɕ ɛɜɚɛɟɝɖəɚɕ ɝɛɚɝɚɍəɚɝɞɨɪ 

ɘɚɒɑɞ ɝɞɌɞɨ ɟɓɖɔɘ ɘɑɝɞɚɘ. Ⱥɐɔə ɘɑɞɚɐ, ɛɚɓɎɚɗɫɪɥɔɕ 

ɔɓɍɑɒɌɞɨ ɛɑɜɑɏɜɟɓɖɔ Ɏɝɑɕ ɝɑɞɔ ɝɚɚɍɥɑəɔɫɘɔ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ 

ɛɜɔɛɔɝɧɎɌəɔɔ ɖɌɒɐɚɘɟ ɓɌɛɜɚɝɟ ɝ ɛɌɜɌɘɑɞɜɚɘ Ɏɜɑɘɑəɔ 

ɒɔɓəɔ (Time -to-level , TTL). ȻɌɜɌɘɑɞɜ TTL ɚɛɜɑɐɑɗɫɑɞ 
ɘɌɖɝɔɘɌɗɨəɚɑ ɣɔɝɗɚ ɛɑɜɑɡɚɐɚɎ, ɛɚ ɖɚɞɚɜɧɘ ɘɚɒəɚ 

ɛɑɜɑɝɧɗɌɞɨ ɓɌɛɜɚɝ. Ȼɜɔ ɞɔɛɔɣəɚɘ ɛɚɔɝɖɑ əɌɣɌɗɨəɚɑ ɓəɌɣɑəɔɑ 

ɐɗɫ TTL ɝɚɝɞɌɎɗɫɑɞ ɚɍɧɣəɚ 5-7, ɖɚɞɚɜɚɑ ɟɘɑəɨɤɌɑɞɝɫ ɖɌɒɐɧɕ 

ɜɌɓ, ɖɚɏɐɌ ɓɌɛɜɚɝ ɛɑɜɑɝɧɗɌɑɞɝɫ. ȶɚɏɐɌ TTL ɝɞɌəɚɎɔɞɝɫ 

ɜɌɎəɧɘ 0, ɝɚɚɍɥɑəɔɑ ɍɚɗɨɤɑ əɑ ɛɑɜɑɐɌɑɞɝɫ. BFS ɏɌɜɌəɞɔɜɟɑɞ 

Ɏɧɝɚɖɔɕ ɟɜɚɎɑəɨ ɖɌɣɑɝɞɎɌ ɝɚɎɛɌɐɑəɔɕ ɓɌ ɝɣɑɞ ɍɚɗɨɤɚɏɚ 
ɣɔɝɗɌ ɝɚɚɍɥɑəɔɕ. 

ȸɑɞɚɐ ɝɗɟɣɌɕəɚɏɚ ɤɔɜɚɖɚɏɚ ɛɑɜɎɔɣəɚɏɚ ɛɚɔɝɖɌ  

ȸɑɞɚɐ ɝɗɟɣɌɕəɚɏɚ ɤɔɜɚɖɚɏɚ ɛɑɜɎɔɣəɚɏɚ ɛɚɔɝɖɌ 

(Random  Breadth  First  Search , RBFS) ɍɧɗ ɛɜɑɐɗɚɒɑə  ɖɌɖ  

ɟɗɟɣɤɑəɔɑ çəɌɔɎəɚɏɚè ɛɚɐɡɚɐɌ BFS. Ȯ ɘɑɞɚɐɑ RBFS (ɜɔɝ. 
2.2.3 ) ɟɓɑɗ q  ɛɑɜɑɝɧɗɌɑɞ ɛɚɔɝɖɚɎɚɑ ɛɜɑɐɛɔɝɌəɔɑ ɞɚɗɨɖɚ 

ɣɌɝɞɔ ɟɓɗɚɎ ɝɑɞɔ, ɎɧɍɜɌəəɚɕ Ɏ ɝɗɟɣɌɕəɚɘ ɛɚɜɫɐɖɑ. ȶɌɖɌɫ 

ɔɘɑəəɚ ɣɌɝɞɨ ɟɓɗɚɎ ð ɩɞɚ ɛɌɜɌɘɑɞɜ  ɘɑɞɚɐɌ RBFS.  



 64 
 

 

ȼɔɝ. 2.2.3 ð ȸɑɞɚɐ RBFS 

ȻɜɑɔɘɟɥɑɝɞɎɚ RBFS ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɞɚɘ, ɣɞɚ əɑ 

ɞɜɑɍɟɑɞɝɫ ɏɗɚɍɌɗɨəɚɕ ɔəɠɚɜɘɌɢɔɔ ɚ ɝɚɝɞɚɫəɔɔ ɖɚəɞɑəɞɌ 

ɝɑɞɔ; ɟɓɑɗ ɘɚɒɑɞ ɛɚɗɟɣɌɞɨ ɗɚɖɌɗɨəɧɑ ɜɑɤɑəɔɫ ɞɌɖ ɍɧɝɞɜɚ, 
ɖɌɖ ɩɞɚ ɛɚɞɜɑɍɟɑɞɝɫ. Ƚ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ, ɩɞɚɞ ɘɑɞɚɐ 

Ɏɑɜɚɫɞəɚɝɞəɧɕ. Ȼɚɩɞɚɘɟ əɑɖɚɞɚɜɧɑ ɍɚɗɨɤɔɑ ɝɑɏɘɑəɞɧ ɝɑɞɔ 

ɘɚɏɟɞ ɚɖɌɓɌɞɨɝɫ əɑɐɚɝɞɔɒɔɘɧɘɔ. 

 ȴəɞɑɗɗɑɖɞɟɌɗɨəɧɕ ɛɚɔɝɖɚɎɧɕ ɘɑɡɌəɔɓɘ 

ȴəɞɑɗɗɑɖɞɟɌɗɨəɧɕ ɛɚɔɝɖɚɎɧɕ ɘɑɡɌəɔɓɘ (Intelligent  

Search  Mechanis m, ISM ) - əɚɎɧɕ ɘɑɞɚɐ ɛɚɔɝɖɌ Ɏ ɝɑɞɫɡ P2P 
(ɜɔɝ. 2.2.4 ). ȿɗɟɣɤɑəɔɑ ɝɖɚɜɚɝɞɔ ɔ ɩɠɠɑɖɞɔɎəɚɝɞɔ  ɛɚɔɝɖɌ 

ɔəɠɚɜɘɌɢɔɔ ɝ ɛɚɘɚɥɨɪ ɐɌəəɚɏɚ ɘɑɞɚɐɌ ɐɚɝɞɔɏɌɑɞɝɫ ɓɌ ɝɣɑɞ 

ɘɔəɔɘɔɓɌɢɔɔ ɓɌɞɜɌɞ əɌ ɝɎɫɓɔ, ɞɚ ɑɝɞɨ əɌ ɣɔɝɗɚ ɝɚɚɍɥɑəɔɕ, 

ɛɑɜɑɐɌɪɥɔɡɝɫ ɘɑɒɐɟ ɟɓɗɌɘɔ, ɔ ɘɔəɔɘɔɓɌɢɔɫ ɖɚɗɔɣɑɝɞɎɌ 

ɟɓɗɚɎ, ɖɚɞɚɜɧɑ ɚɛɜɌɤɔɎɌɪɞɝɫ ɐɗɫ ɖɌɒɐɚɏɚ ɛɚɔɝɖɚɎɚɏɚ 
ɓɌɛɜɚɝɌ. Ƀɞɚɍɧ ɐɚɝɞɔɣɨ ɩɞɚɏɚ,  ɐɗɫ ɖɌɒɐɚɏɚ ɓɌɛɜɚɝɌ 

ɚɢɑəɔɎɌɪɞɝɫ ɗɔɤɨ ɞɑ ɟɓɗɧ, ɖɚɞɚɜɧɑ əɌɔɍɚɗɑɑ ɝɚɚɞɎɑɞɝɞɎɟɪɞ 

ɐɌəəɚɘɟ  ɓɌɛɜɚɝɟ. 

 

ȼɔɝ. 2.2.4 ð ȸɑɞɚɐ ISM  
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ȴəɞɑɗɗɑɖɞɟɌɗɨəɧɕ ɛɚɔɝɖɚɎɧɕ ɘɑɡɌəɔɓɘ ɝɚɝɞɚɔɞ ɔɓ ɐɎɟɡ 
ɖɚɘɛɚəɑəɞ ð ɛɜɚɠɌɕɗɌ (profile ) ɔ ɝɛɚɝɚɍɌ ɑɏɚ ɜɌəɒɔɜɚɎɌəɔɫ, 

ɞɌɖ əɌɓɧɎɌɑɘɚɏɚ ɜɌəɏɌ ɜɑɗɑɎɌəɞəɚɝɞɔ. ȶɌɒɐɧɕ ɟɓɑɗ ɝɑɞɔ 

ɝɞɜɚɔɞ ɔəɠɚɜɘɌɢɔɚəəɧɕ ɛɜɚɠɌɕɗ ɐɗɫ ɖɌɒɐɚɏɚ ɔɓ ɝɚɝɑɐəɔɡ 

ɟɓɗɚɎ. ȻɜɚɠɌɕɗ ɝɚɐɑɜɒɔɞ ɛɚɝɗɑɐəɔɑ ɚɞɎɑɞɧ ɖɌɒɐɚɏɚ ɔɓ  

ɟɓɗɚɎ. Ƚ ɛɚɘɚɥɨɪ ɜɌəɏɌ ɜɑɗɑɎɌəɞəɚɝɞɔ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ 
ɜɌəɒɔɜɚɎɌəɔɑ ɛɜɚɠɌɕɗɚɎ ɟɓɗɚɎ ɐɗɫ ɎɧɍɚɜɌ ɞɑɡ ɝɚɝɑɐəɔɡ, 

ɖɚɞɚɜɧɑ ɍɟɐɟɞ ɐɌɎɌɞɨ əɌɔɍɚɗɑɑ ɜɑɗɑɎɌəɞəɧɑ ɐɚɖɟɘɑəɞɧ ɛɚ 

ɓɌɛɜɚɝɟ. 

ȸɑɡɌəɔɓɘ ɛɜɚɠɌɕɗɚɎ ɔɝɛɚɗɨɓɟɑɞɝɫ ɐɗɫ ɞɚɏɚ, ɣɞɚɍɧ 

ɝɚɡɜɌəɫɞɨ  ɛɚɝɗɑɐəɔɑ ɓɌɛɜɚɝɧ, Ɍ ɞɌɖɒɑ  ɖɚɗɔɣɑɝɞɎɑəəɧɑ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɑ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚɔɝɖɌ.  

Ȼɜɔ ɜɑɌɗɔɓɌɢɔɔ ɘɚɐɑɗɔ ISM  ɔɝɛɚɗɨɓɟɑɞɝɫ ɑɐɔəɧɕ ɝɞɑɖ 

ɓɌɛɜɚɝɚɎ ɜɌɓɘɑɜɚɘ ( )O TN , Ɏ ɖɚɞɚɜɚɘ ɝɚɡɜɌəɫɑɞɝɫ ɛɚ T  

ɓɌɛɜɚɝɚɎ ɐɗɫ N  ɟɓɗɚɎ. ȶɌɖ ɞɚɗɨɖɚ ɝɞɑɖ ɓɌɛɚɗəɫɑɞɝɫ, 

ɛɜɚɔɝɡɚɐɔɞ ɓɌɘɑəɌ çɛɚɝɗɑɐəɑɏɚ əɌɔɘɑəɑɑ ɔɝɛɚɗɨɓɟɑɘɚɏɚè 

(Least  Recently  Used, LRU)  ɐɗɫ ɝɚɡɜɌəɑəɔɫ ɛɚɝɗɑɐəɔɡ 
ɓɌɛɜɚɝɚɎ. ɀɟəɖɢɔɫ çɜɌəɏ ɜɑɗɑɎɌəɞəɚɝɞɔè (Relevance  Rank , RR) 

ɔɝɛɚɗɨɓɟɑɞɝɫ ɟɓɗɚɘ 
lP, ɣɞɚɍɧ  Ɏɧɛɚɗəɫɞɨ ɚɛɑɜɌɞɔɎəɟɪ  

ɖɗɌɝɝɔɠɔɖɌɢɔɪ ɑɏɚ ɝɚɝɑɐɑɕ ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ ɞɑɡ, ɖɚɞɚɜɧɑ 

ɝɗɑɐɟɑɞ ɚɛɜɌɤɔɎɌɞɨ ɛɑɜɎɧɘɔ ɛɚ  ɓɌɛɜɚɝɟ q. Ȱɗɫ Ɏɧɣɔɝɗɑəɔɫ 

ɜɌəɏɌ ɜɑɗɑɎɌəɞəɚɝɞɔ ɖɌɒɐɚɏɚ ɟɓɗɌ ,iP   
lP  ɝɜɌɎəɔɎɌɑɞ q  ɝɚ 

Ɏɝɑɘɔ ɓɌɛɜɚɝɌɘɔ Ɏ ɝɞɜɟɖɞɟɜɑ ɛɜɚɠɌɕɗɌ, ɐɗɫ ɖɚɞɚɜɚɏɚ 
ɔɓɎɑɝɞɑə ɝɛɔɝɚɖ ɚɞɎɑɞɚɎ əɌ ɛɜɑɐɧɐɟɥɔɑ ɓɌɛɜɚɝɧ, ɔ 

Ɏɧɣɔɝɗɫɑɞɝɫ ( , )iRR P q : 

( , ) ( , ) ( , ).i j i j

j Q

RR P q Sim q q S P q
Í

= Öä a
     (2.2.1)  

Ȯ ɩɞɚɕ ɠɚɜɘɟɗɑ Q  - ɘəɚɒɑɝɞɎɚ ɓɌɛɜɚɝɚɎ, əɌ ɖɚɞɚɜɧɑ 

ɍɧɗ ɚɞɎɑɞ ɟ ɟɓɗɌ ,iP  ( , )i jS P q -  ɣɔɝɗɚ ɜɑɓɟɗɨɞɌɞɚɎ, 

ɎɚɓɎɜɌɥɌɑɘɧɡ ɟɓɗɚɘ 
iP  ɛɚ ɓɌɛɜɚɝɟ ,jq  Ɍ  ɘɑɞɜɔɖɌ Sim 

ɜɌɝɝɣɔɞɧɎɌɑɞɝɫ ɛɚ ɛɜɌɎɔɗɟ ɖɚɝɔəɟɝɌ, ɌəɌɗɚɏɔɣəɚ 

ɜɌɝɝɘɚɞɜɑəəɚɘɟ Ɏ Ɏɑɖɞɚɜəɚ-ɛɜɚɝɞɜɌəɝɞɎɑəəɚɕ ɘɚɐɑɗɔ 

ɛɚɔɝɖɌ: 

( , ) .
j

j

j

Qsim
Ö

=
q q

q q
q q

                          

(2.2.2)  
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RRɚɍɑɝɛɑɣɔɎɌɑɞ ɍɚɗɑɑ Ɏɧɝɚɖɔɕ ɜɌəɏ ɟɓɗɌ, ɖɚɞɚɜɧɕ 
ɎɚɓɎɜɌɥɌɑɞ ɍɚɗɨɤɑ ɜɑɓɟɗɨɞɌɞɚɎ.  ȶɜɚɘɑ ɞɚɏɚ, ɔɝɛɚɗɨɓɟɑɞɝɫ 

ɛɌɜɌɘɑɞɜ ,a  ɖɚɞɚɜɧɕ ɛɚɓɎɚɗɫɑɞ ɟɎɑɗɔɣɔɎɌɞɨ Ɏɑɝ ɓɌɛɜɚɝɚɎ, 

əɌɔɍɚɗɑɑ ɛɚɐɚɍəɧɡ ɔɝɡɚɐəɚɘɟ.  

Ȯ ɝɗɟɣɌɑ, ɖɚɏɐɌ a ɍɚɗɨɤɚɑ, ɓɌɛɜɚɝɧ ɝ ɍɚɗɨɤɔɘ 

ɛɚɐɚɍɔɑɘ ( , )jQsim q q  ɐɚɘɔəɔɜɟɪɞ Ɏ ɛɜɔɎɑɐɑəəɚɕ Ɏɧɤɑ 

ɠɚɜɘɟɗɑ. ȼɌɝɝɘɚɞɜɔɘ ɝɔɞɟɌɢɔɪ, ɖɚɏɐɌ ɟɓɑɗ 
1P  ɝɚɚɞɎɑɞɝɞɎɟɑɞ 

ɓɌɛɜɚɝɌɘ 
1q  ɔ 

2q  ɓəɌɣɑəɔɫɘɔ ɛɚɐɚɍɔɫ ɐɗɫ ɓɌɛɜɚɝɌ q :  

1( , ) 0.5Qsim q q=  ɔ 
2( , ) 0.1Qsim q q= , Ɍ ɟɓɑɗ 

2P  ɝɚɚɞɎɑɞɝɞɎɟɪɞ 

ɓɌɛɜɚɝɌɘ 
3q  ɔ 

4q  ɓəɌɣɑəɔɫɘɔ  
3( , ) 0.4Qsim q q=  ɔ 

4( , ) 0.3Qsim q q= . ȱɝɗɔ ɎɧɍɜɌɞɨ 10,=a  ɞɚ 1( , )Qsim q q  

ɐɚɘɔəɔɜɟɑɞ, ɞɌɖ ɖɌɖ 
10 10 10 100.5 0.1 0.4 0.3 .+ > +     

ȺɐəɌɖɚ ɐɗɫ 1=a  Ɏɝɑ ɓɌɛɜɚɝɧ Ɏɑɝɫɞ ɚɐɔəɌɖɚɎɚ, ɔ 
2P  

ɐɌɑɞ ɍɚɗɑɑ Ɏɧɝɚɖɟɪ ɜɑɗɑɎɌəɞəɚɝɞɨ. Ȼɜɔ 0=a  ɟɣɔɞɧɎɌɑɞɝɫ 

ɞɚɗɨɖɚ ɖɚɗɔɣɑɝɞɎɚ ɜɑɓɟɗɨɞɌɞɚɎ, ɎɚɓɎɜɌɥɑəəɧɡ ɖɌɒɐɧɘ ɟɓɗɚɘ. 

ȸɑɞɚɐ ISM  ɩɠɠɑɖɞɔɎəɚ ɜɌɍɚɞɌɑɞ  Ɏ ɝɑɞɫɡ, ɏɐɑ ɟɓɗɧ 
ɝɚɐɑɜɒɌɞ əɑɖɚɞɚɜɧɑ ɝɛɑɢɔɌɗɔɓɔɜɚɎɌəəɧɑ ɝɎɑɐɑəɔɫ. Ȯ 

ɣɌɝɞəɚɝɞɔ, ɔɝɝɗɑɐɚɎɌəɔɑ ɝɑɞɔ Gnutella  ɛɚɖɌɓɧɎɌɑɞ, ɣɞɚ 

ɖɌɣɑɝɞɎɚ ɛɚɔɝɖɌ ɚɣɑəɨ ɓɌɎɔɝɔɞ ɚɞ çɚɖɜɟɒɑəɔɫè ɟɓɗɌ, ɝ 

ɖɚɞɚɜɚɏɚ ɓɌɐɌɑɞɝɫ ɓɌɛɜɚɝ. ȱɥɑ ɚɐəɌ ɛɜɚɍɗɑɘɌ Ɏ ɘɑɞɚɐɑ ISM  

ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, ɣɞɚ ɛɚɔɝɖɚɎɧɑ ɝɚɚɍɥɑəɔɫ ɘɚɏɟɞ 
ɓɌɢɔɖɗɔɎɌɞɨɝɫ, ɛɚɩɞɚɘɟ əɑ Ɏ ɝɚɝɞɚɫəɔɔ ɐɚɝɞɔɣɨ əɑɖɚɞɚɜɧɡ 

ɣɌɝɞɑɕ ɝɑɞɔ. Ƀɞɚɍɧ ɜɌɓɜɑɤɔɞɨ ɩɞɟ ɛɜɚɍɗɑɘɟ Ɏ  ɍɧɗ ɛɜɑɐɗɚɒɑə 

ɞɌɖɚɕ ɛɚɐɡɚɐ. ȮɧɍɔɜɌɗɚɝɨ ɘɌɗɑəɨɖɚɑ ɝɗɟɣɌɕəɚɑ 

ɛɚɐɘəɚɒɑɝɞɎɚ ɟɓɗɚɎ (Ɏ ɩɖɝɛɑɜɔɘɑəɞɑ ɐɚɛɚɗəɔɞɑɗɨəɚ 

ɎɧɍɔɜɌɗɝɫ ɚɐɔə ɝɗɟɣɌɕəɧɕ ɟɓɑɗ) ɔ ɚəɚ ɐɚɍɌɎɔɗɚɝɨ ɖ əɌɍɚɜɟ 

ɜɑɗɑɎɌəɞəɧɡ ɟɓɗɚɎ ɐɗɫ  ɖɌɒɐɚɏɚ ɓɌɛɜɚɝɌ. Ȯ ɜɑɓɟɗɨɞɌɞɑ 
ɘɑɡɌəɔɓɘ ISM   ɝɞɌɗ ɚɡɎɌɞɧɎɌɞɨ ɍɚɗɨɤɟɪ ɣɌɝɞɨ ɝɑɞɔ. 

ȸɑɞɚɐɧ çɍɚɗɨɤɔəɝɞɎɌ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚ ɛɜɚɤɗɚɕ 

ɩɎɜɔɝɞɔɖɑè  

Ȯ ɜɌɘɖɌɡ ɘɑɞɚɐɌ çɍɚɗɨɤɔəɝɞɎɌ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚ ɛɜɚɤɗɚɕ 

ɩɎɜɔɝɞɔɖɑè (>RES) (ɜɔɝ. 2.2.5 ) ɖɌɒɐɧɕ ɟɓɑɗ  ɛɑɜɑɝɧɗɌɗ ɓɌɛɜɚɝ 
ɛɚɐɘəɚɒɑɝɞɎɟ ɝɎɚɔɡ ɟɓɗɚɎ, ɚɍɜɌɓɚɎɌəəɚɘɟ əɌ ɚɝəɚɎɌəɔɔ 

əɑɖɚɞɚɜɚɕ ɚɍɚɍɥɑəəɚɕ ɝɞɌɞɔɝɞɔɖɔ.  
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ȼɔɝ. 2.2.5 ð ȸɑɞɚɐ >RES 

ȳɌɛɜɚɝ Ɏ ɘɑɞɚɐɑ >RES ɫɎɗɫɑɞɝɫ ɟɐɚɎɗɑɞɎɚɜɔɞɑɗɨəɧɘ, 

ɑɝɗɔ ɎɧɐɌɑɞɝɫ Z  ɔɗɔ ɍɚɗɨɤɑ ɜɑɓɟɗɨɞɌɞɚɎ (Z  ð əɑɖɚɞɚɜɌɫ 

ɛɚɝɞɚɫəəɌɫ). Ȯ ɘɑɞɚɐɑ >RES ɟɓɑɗ q  ɛɑɜɑɝɧɗɌɑɞ ɓɌɛɜɚɝɧ ɖ k  

ɟɓɗɌɘ, ɎɧɐɌɎɤɔɘ əɌɔɍɚɗɨɤɔɑ ɜɑɓɟɗɨɞɌɞɧ ɐɗɫ ɛɚɝɗɑɐəɔɡ m  

ɓɌɛɜɚɝɚɎ.   Ȯ ɔɡ ɩɖɝɛɑɜɔɘɑəɞɌɡ k  ɔɓɘɑəɫɗɚɝɨ ɚɞ 1 ɐɚ 10 ɔ 

ɞɌɖɔɘ ɛɟɞɑɘ ɘɑɞɚɐ >RES ɎɌɜɨɔɜɚɎɌɗɝɫ  ɚɞ  BFS ɐɚ ɛɚɐɡɚɐɌ 

ɏɗɟɍɔəəɚɏɚ ɛɑɜɎɔɣəɚɏɚ ɛɚɔɝɖɌ (Depth -first -search ). ȸɑɞɚɐ 
>RES ɛɚɐɚɍɑə ɘɑɞɚɐɟ ISM, ɖɚɞɚɜɧɕ ɜɌɝɝɘɌɞɜɔɎɌɗɝɫ, əɚ 

ɔɝɛɚɗɨɓɟɑɞ ɍɚɗɑɑ ɛɜɚɝɞɟɪ ɔəɠɚɜɘɌɢɔɪ ɚɍ ɟɓɗɌɡ. ȱɏɚ ɏɗɌɎəɧɕ 

əɑɐɚɝɞɌɞɚɖ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ISM  ð ɚɞɝɟɞɝɞɎɔɑ ɌəɌɗɔɓɌ 

ɛɌɜɌɘɑɞɜɚɎ ɟɓɗɚɎ,  ɝɚɐɑɜɒɌəɔɑ ɖɚɞɚɜɧɡ ɝɎɫɓɌəɚ ɝ ɓɌɛɜɚɝɚɘ. 

Ȼɚɩɞɚɘɟ ɘɑɞɚɐ >RES ɡɌɜɌɖɞɑɜɔɓɟɑɞɝɫ ɝɖɚɜɑɑ ɖɌɖ 

ɖɚɗɔɣɑɝɞɎɑəəɧɕ, Ɍ əɑ ɖɌɣɑɝɞɎɑəəɧɕ ɛɚɐɡɚɐ. ȴɓ ɚɛɧɞɌ 
ɔɓɎɑɝɞəɚ, ɣɞɚ >RES  ɡɚɜɚɤ ɞɑɘ, ɣɞɚ ɚə ɘɌɜɤɜɟɞɔɓɔɜɟɑɞ 

ɓɌɛɜɚɝɧ Ɏ ɍɚɗɨɤɔɑ ɝɑɏɘɑəɞɧ ɝɑɞɔ (ɖɚɞɚɜɧɑ Ɏɚɓɘɚɒəɚ, ɞɌɖɒɑ 

ɝɚɐɑɜɒɌɞ ɍɚɗɑɑ ɜɑɗɑɎɌəɞəɧɑ ɚɞɎɑɞɧ). Ⱥə  ɞɌɖɒɑ ɓɌɡɎɌɞɧɎɌɑɞ 

ɝɚɝɑɐɑɕ, ɖɚɞɚɜɧɑ ɘɑəɑɑ ɛɑɜɑɏɜɟɒɑəɧ, əɌɣɔəɌɫ ɝ ɞɑɡ, ɖɚɞɚɜɧɑ 

ɚɍɧɣəɚ ɎɚɓɎɜɌɥɌɪɞ ɍɚɗɨɤɑ ɜɑɓɟɗɨɞɌɞɚɎ. 

ȸɑɞɚɐ çɝɗɟɣɌɕəɧɡ ɍɗɟɒɐɌəɔɕè 

ȶɗɪɣɑɎɌɫ ɔɐɑɫ  ɌɗɏɚɜɔɞɘɌ çɝɗɟɣɌɕəɧɡ ɍɗɟɒɐɌəɔɕè 

(Random  Walkers  Algorithm , RWA) ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɞɚɘ, ɣɞɚ 

ɖɌɒɐɧɕ ɟɓɑɗ ɝɗɟɣɌɕəɧɘ ɚɍɜɌɓɚɘ ɛɑɜɑɝɧɗɌɑɞ ɝɚɚɍɥɑəɔɑ ɝ 

ɓɌɛɜɚɝɚɘ, ɔɘɑəɟɑɘɚɑ çɛɚɝɧɗɖɚɕè ɚɐəɚɘɟ ɔɓ ɝɎɚɔɡ ɟɓɗɚɎ. 

Ƀɞɚɍɧ ɝɚɖɜɌɞɔɞɨ Ɏɜɑɘɫ, əɑɚɍɡɚɐɔɘɚɑ ɐɗɫ ɛɚɗɟɣɑəɔɫ 

ɜɑɓɟɗɨɞɌɞɚɎ, ɔɐɑɫ ɚɐəɚɕ çɛɚɝɧɗɖɔè ɜɌɝɤɔɜɑəɌ ɐɚ çk -

ɛɚɝɧɗɚɖè, ɏɐɑ k - ɣɔɝɗɚ əɑɓɌɎɔɝɔɘɧɡ ɛɚɝɧɗɚɖ, 

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚ ɓɌɛɟɥɑəəɧɡ ɝ ɛɚɔɝɖɚɎɚɏɚ ɟɓɗɌ. ȺɒɔɐɌɑɞɝɫ, 

ɣɞɚ çk -ɛɚɝɧɗɚɖè ɛɚɝɗɑ T  ɤɌɏɚɎ ɐɚɝɞɔɏəɑɞ ɞɑɡ ɒɑ 
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ɜɑɓɟɗɨɞɌɞɚɎ, ɣɞɚ ɔ ɚɐəɌ ɛɚɝɧɗɖɌ ɓɌ kT  ɤɌɏɚɎ.  ɉɞɚɞ Ɍɗɏɚɜɔɞɘ 

əɌɛɚɘɔəɌɑɞ  ɘɑɞɚɐ RBFS, əɚ Ɏ  RBFS  ɖɌɒɐɧɕ ɟɓɑɗ 

ɛɑɜɑɝɧɗɌɑɞ ɝɚɚɍɥɑəɔɑ ɓɌɛɜɚɝɌ ɣɌɝɞɔ ɔɓ ɑɏɚ ɝɚɝɑɐɑɕ. ȶ ɞɚɘɟ 

ɒɑ, Ɏ RBFS ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ ɩɖɝɛɚəɑəɢɔɌɗɨəɚɑ ɟɎɑɗɔɣɑəɔɑ 
ɛɑɜɑɝɧɗɌɑɘɧɡ ɝɚɚɍɥɑəɔɕ, Ɍ Ɏ ɘɑɞɚɐɑ ɝɗɟɣɌɕəɧɡ ɍɗɟɒɐɌəɔɕ ð 

ɗɔəɑɕəɚɑ.  ȺɍɌ ɘɑɞɚɐɌ ð ɔ RBFS, ɔ RWA əɑ ɔɝɛɚɗɨɓɟɪɞ 

əɔɖɌɖɔɡ ɫɎəɧɡ ɛɜɌɎɔɗ ɐɗɫ  ɞɚɏɚ ɣɞɚɍɧ ɌɐɜɑɝɚɎɌɞɨ ɛɚɔɝɖɚɎɧɕ 

ɓɌɛɜɚɝ ɖ əɌɔɍɚɗɑɑ ɜɑɗɑɎɌəɞəɚɘɟ ɝɚɐɑɜɒɌəɔɪ. 

ȱɥɑ ɚɐəɚɕ ɘɑɞɚɐɔɖɚɕ, ɛɚɐɚɍəɚɕ RWA,  ɫɎɗɫɑɞɝɫ 
çɌɐɌɛɞɔɎəɧɕ Ɏɑɜɚɫɞəɚɝɞəɧɕ ɛɚɔɝɖè (Adaptive  Probabilistic  

Search , APS). Ȯ  APS ɖɌɒɐɧɕ ɟɓɑɗ ɜɌɓɎɑɜɞɧɎɌɑɞ əɌ ɝɎɚɔɡ 

ɜɑɝɟɜɝɌɡ ɗɚɖɌɗɨəɧɕ ɔəɐɑɖɝ, ɝɚɐɑɜɒɌɥɔɕ ɓəɌɣɑəɔɫ ɟɝɗɚɎəɧɡ 

Ɏɑɜɚɫɞəɚɝɞɑɕ ɐɗɫ ɖɌɒɐɚɏɚ ɝɚɝɑɐɌ, ɖɚɞɚɜɧɕ  ɘɚɒɑɞ ɍɧɞɨ 

ɎɧɍɜɌə ɐɗɫ ɝɗɑɐɟɪɥɑɏɚ ɛɑɜɑɡɚɐɌ ɐɗɫ ɍɟɐɟɥɑɏɚ ɓɌɛɜɚɝɌ. 

ȯɗɌɎəɚɑ ɚɞɗɔɣɔɑ ɚɞ RWA Ɏ ɐɌəəɚɘ ɝɗɟɣɌɑ -  ɩɞɚ ɞɚ, ɣɞɚ Ɏ APS 
ɟɓɑɗ ɔɝɛɚɗɨɓɟɑɞ ɚɍɜɌɞəɟɪ ɝɎɫɓɨ ɚɞ ɛɜɑɐɧɐɟɥɔɡ ɛɚɔɝɖɚɎ (Ɏ 

Ɏɔɐɑ ɟɝɗɚɎəɧɡ Ɏɑɜɚɫɞəɚɝɞɑɕ) Ɏɘɑɝɞɚ ɛɚɗəɚɝɞɨɪ ɝɗɟɣɌɕəɧɡ 

ɛɑɜɑɡɚɐɚɎ. Ȼɚɩɞɚɘɟ ɘɑɞɚɐ APS ɣɌɝɞɚ ɐɌɑɞ ɗɟɣɤɔɑ ɜɑɓɟɗɨɞɌɞɧ, 

ɣɑɘ RWA. 

Ȱɜɟɏɚɕ Ɍɗɏɚɜɔɞɘ, ɜɌɓɜɌɍɚɞɌəəɧɕ Ɏ ȶɌɗɔɠɚɜəɔɕɝɖɚɘ 
ɟəɔɎɑɜɝɔɞɑɞɑ, ɛɚɝɞɜɚɑəəɧɕ əɌ ɘɑɞɚɐɑ ɝɗɟɣɌɕəɧɡ ɍɗɟɒɐɌəɔɕ, 

ɔɝɛɚɗɨɓɟɑɞ ɛɜɔəɢɔɛ ɛɚɜɚɏɌ ɛɑɜɖɚɗɫɢɔɔ ɝɎɫɓɑɕ, ɞɚ ɑɝɞɨ 

ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ ɔɗɔ ɛɜɚɝɌɣɔɎɌəɔɫ ɝɎɫɓɑɕ ɘɑɒɐɟ ɞɑɝəɚ 

ɝɎɫɓɌəəɧɘɔ ɟɓɗɌɘɔ Ɏ ɝɑɞɔ. ȹɌ ɩɞɌɛɑ ɛɑɜɖɚɗɫɢɔɔ ɝɎɫɓɑɕ 

ɓɌɛɜɚɝ ɛɚɛɌɐɌɑɞ əɌ ɚɐɔə ɔɓ ɍɌɓɚɎɧɡ ɝɑɜɎɑɜɚɎ, ɖɚɞɚɜɧɑ 

ɝɚɑɐɔəɑəɧ ɐɜɟɏ ɝ ɐɜɟɏɚɘ ɘɚɥəɧɘɔ ɖɌəɌɗɌɘɔ ɝɎɫɓɔ. 
ȺɖɌɓɌɗɚɝɨ, ɣɞɚ ɛɚɗəɚɢɑəəɧɕ ɛɜɚɢɑɝɝ ɛɚɔɝɖɌ ɘɚɒəɚ 

ɛɜɚɎɚɐɔɞɨ çɗɚɖɌɗɨəɚè, ɞɚ ɑɝɞɨ ɛɜɔ ɚɛɜɌɤɔɎɌəɔɔ ɞɚɗɨɖɚ 

ɝɚɝɑɐəɔɡ ɝɑɜɎɑɜɚɎ. Ȼɜɔ ɞɌɖɚɘ ɛɚɐɡɚɐɑ ɖɌɒɐɧɕ ɓɌɛɜɚɝ 

ɏɑəɑɜɔɜɟɑɞ ɚɞəɚɝɔɞɑɗɨəɚ əɑɍɚɗɨɤɚɕ ɞɜɌɠɔɖ. 

ȽɟɥɑɝɞɎɟɑɞ  ɘəɚɏɚ  ɚɍɗɌɝɞɑɕ,  ɏɐɑ  ɟɝɛɑɤəɚ 
ɛɜɔɘɑəɫɑɞɝɫ P2P-ɞɑɡəɚɗɚɏɔɫ, əɌɛɜɔɘɑɜ,  ɛɌɜɌɗɗɑɗɨəɚɑ 

ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɑ, ɖɩɤɔɜɚɎɌəɔɑ ɐɌəəɧɡ, ɜɑɓɑɜɎəɚɑ 

ɖɚɛɔɜɚɎɌəɔɑ  ɐɌəəɧɡ.  

ȭɗɌɏɚɐɌɜɫ ɞɌɖɔɘ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘ, ɖɌɖ ɒɔɎɟɣɑɝɞɨ, 

ɚɞɖɌɓɚɟɝɞɚɕɣɔɎɚɝɞɨ, ɝɛɚɝɚɍəɚɝɞɨ ɖ ɝɌɘɚɜɌɓɎɔɞɔɪ, 

ɛɔɜɔəɏɚɎɧɑ ɝɑɞɔ əɌɡɚɐɫɞ Ɏɝɑ ɍɚɗɨɤɑɑ ɛɜɔɘɑəɑəɔɑ Ɏ 
ɝɔɝɞɑɘɌɡ ɟɛɜɌɎɗɑəɔɫ ɛɜɚɔɓɎɚɐɝɞɎɌɘɔ ɔ ɚɜɏɌəɔɓɌɢɔɫɘɔ 

(əɌɛɜɔɘɑɜ, ȼ2ȼ-ɞɑɡəɚɗɚɏɔɫ ɝɑɏɚɐəɫ ɛɜɔɘɑəɫɑɞɝɫ Ɏ 

ȯɚɝɟɐɌɜɝɞɎɑəəɚɘ ȰɑɛɌɜɞɌɘɑəɞɑ ȽɄȬ). Ȯ ɐɌəəɚɘ ɝɗɟɣɌɑ 
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Ɏɚɓɘɚɒəɧɕ Ɏɧɡɚɐ ɔɓ ɝɞɜɚɫ ɣɌɝɞɔ ɟɓɗɚɎ ɔɗɔ ɝɑɜɎɑɜɚɎ əɑ 
ɝɟɥɑɝɞɎɑəəɚ Ɏɗɔɫɪɞ əɌ ɟɛɜɌɎɗɫɑɘɚɝɞɨ Ɏɝɑɕ ɝɔɝɞɑɘɧ. 

ȽɔɝɞɑɘɌ ɐɚɘɑəəɧɡ ɔɘɑə (DNS) Ɏ ɝɑɞɔ ȴəɞɑɜəɑɞ ɞɌɖɒɑ 

ɠɌɖɞɔɣɑɝɖɔ ɫɎɗɫɑɞɝɫ ɝɑɞɨɪ ɚɍɘɑəɌ ɐɌəəɧɘɔ, ɛɚɝɞɜɚɑəəɚɕ ɛɚ 

ɛɜɔəɢɔɛɟ ȼ2ȼ. 

ȼɑɌɗɔɓɌɢɔɑɕ ɞɑɡəɚɗɚɏɔɔ ȼ2ȼ ɫɎɗɫɑɞɝɫ ɞɌɖɒɑ ɛɚɛɟɗɫɜəɌɫ 
Ɏ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɝɔɝɞɑɘɌ ɜɌɝɛɜɑɐɑɗɑəəɧɡ Ɏɧɣɔɝɗɑəɔɕ  

GRID. ȱɥɑ ɚɐəɔɘ ɛɜɔɘɑɜɚɘ ɜɌɝɛɜɑɐɑɗɑəəɧɡ Ɏɧɣɔɝɗɑəɔɕ 

ɘɚɒɑɞ ɝɗɟɒɔɞɨ ɛɜɚɑɖɞ distributed .net, ɟɣɌɝɞəɔɖɔ ɖɚɞɚɜɚɏɚ 

ɓɌəɔɘɌɪɞɝɫ ɗɑɏɌɗɨəɧɘ Ɏɓɗɚɘɚɘ ɖɜɔɛɞɚɏɜɌɠɔɣɑɝɖɔɡ ɤɔɠɜɚɎ, 

ɣɞɚɍɧ ɛɜɚɎɑɜɔɞɨ ɔɡ əɌɐɑɒəɚɝɞɨ.  

2.3.  ȼɌəɏɚɎɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ  

ȼɌəɒɔɜɚɎɌəɔɑ - ɛɜɚɢɑɝɝ, ɛɜɔ ɖɚɞɚɜɚɘ ɛɚɔɝɖɚɎɌɫ 

ɝɔɝɞɑɘɌ ɎɧɝɞɜɌɔɎɌɑɞ ɜɑɓɟɗɨɞɌɞɧ ɛɚɔɝɖɌ  Ɏ ɚɛɜɑɐɑɗɑəəɚɘ 

ɛɚɜɫɐɖɑ ɛɚ ɛɜɔəɢɔɛɟ əɌɔɍɚɗɨɤɑɏɚ ɝɚɚɞɎɑɞɝɞɎɔɫ 
ɖɚəɖɜɑɞəɚɘɟ ɓɌɛɜɚɝɟ. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɛɜɑɐɝɞɌɎɗɑəɔɑ 

ɜɑɓɟɗɨɞɌɞɚɎ ɛɚɔɝɖɌ ɓɌɎɔɝɔɞ ɚɞ ɌɗɏɚɜɔɞɘɌ ɜɌəɒɔɜɚɎɌəɔɫ, 

ɖɚɞɚɜɧɕ ɔɝɛɚɗɨɓɟɑɞɝɫ Ɏ ɛɚɔɝɖɚɎɚɕ ɝɔɝɞɑɘɑ.  

Ȯ ɜɑɓɟɗɨɞɌɞɑ ɛɚɔɝɖɌ ɛɚɗɨɓɚɎɌɞɑɗɨ ɘɚɒɑɞ ɛɚɗɟɣɔɞɨ 

ɍɚɗɨɤɚɕ ɝɛɔɝɚɖ ɜɑɗɑɎɌəɞəɧɡ ɐɚɖɟɘɑəɞɚɎ. ȽɚɜɞɔɜɚɎɖɟ ɩɞɚɏɚ 

ɝɛɔɝɖɌ ɞɌɖɔɘ ɚɍɜɌɓɚɘ, ɣɞɚɍɧ əɌɔɍɚɗɑɑ ɎɌɒəɧɑ ɐɗɫ 
ɛɚɗɨɓɚɎɌɞɑɗɫ ɐɚɖɟɘɑəɞɧ ɍɧɗɔ Ɏ ɑɏɚ əɌɣɌɗɑ, Ɏ ɞɑɡəɚɗɚɏɔɫɡ 

ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɔɝɖɌ ɛɜɔəɫɞɚ əɌɓɧɎɌɞɨ ɜɌəɒɔɜɚɎɌəɔɑɘ 

ɚɞɖɗɔɖɚɎ ɔəɠɚɜɘɌɢɔɚəəɚ-ɛɚɔɝɖɚɎɧɡ ɝɔɝɞɑɘ. 

ȼɌəɒɔɜɚɎɌəɔɑ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚɔɝɖɌ ɛɚ ɟɜɚɎəɪ 

ɜɑɗɑɎɌəɞəɚɝɞɔ Ɏɚɓɘɚɒəɚ əɑ ɐɗɫ Ɏɝɑɡ ɘɚɐɑɗɑɕ ɛɚɔɝɖɌ 
(əɌɛɜɔɘɑɜ, əɑɎɚɓɘɚɒəɚ ɐɗɫ ɍɟɗɑɎɚɕ ɘɚɐɑɗɔ). 

ȻɑɜɝɛɑɖɞɔɎəɧɕ ɛɚɐɡɚɐ ɖ ɜɌəɒɔɜɚɎɌəɔɪ - 

ɔɝɛɚɗɨɓɚɎɌəɔɑ ɘəɚɏɚɛɜɚɠɔɗɨəɧɡ ɤɖɌɗ,   ɝɠɚɜɘɔɜɚɎɌəəɧɡ 

əɌ ɚɝəɚɎɑ ɘɑɞɌɐɌəəɧɡ, ɝɑɞɑɎɧɡ ɝɎɚɕɝɞɎ, ɐɌəəɧɡ ɚ 

ɛɚɗɨɓɚɎɌɞɑɗɫɡ. 

ȹɌɛɜɔɘɑɜ, ɜɑɌɗɔɓɌɢɔɫ ɝɪɒɑɞəɧɡ ɢɑɛɚɣɑɖ Ɏ 
ɞɑɘɌɞɔɣɑɝɖɔɡ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɘɌɝɝɔɎɌɡ  ɔ ɔɡ ɎɓɎɑɤɔɎɌəɔɑ 

ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɖɌɖ ɚɐɔə ɔɓ ɌɗɏɚɜɔɞɘɚɎ ɜɌəɒɔɜɚɎɌəɔɫ. 

 ȼɌəɒɔɜɚɎɌəɔɑ ɞɑɖɝɞɚɎɧɡ ɔ ɏɔɛɑɜɞɑɖɝɞɚɎɧɡ 

ɐɚɖɟɘɑəɞɚɎ ɔɘɑɑɞ ɝɟɥɑɝɞɎɑəəɧɑ ɚɞɗɔɣɔɫ. ȼɌəɒɔɜɚɎɌəɔɑ 

ɞɑɖɝɞɚɎɧɡ ɐɚɖɟɘɑəɞɚɎ ɘɚɒɑɞ ɚɝɟɥɑɝɞɎɗɫɞɨɝɫ ɛɚ ɟɜɚɎəɪ 
ɜɑɗɑɎɌəɞəɚɝɞɔ ɔ ɐɜɟɏɔɘ ɛɌɜɌɘɑɞɜɌɘ, Ɏ ɞɚɘ ɣɔɝɗɑ 

ɩɖɝɞɜɌɏɔɜɟɑɘɧɘ ɔɓ ɞɑɖɝɞɚɎ. 
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 ȼɌəɒɔɜɚɎɌəɔɑ ɏɔɛɑɜɞɑɖɝɞɚɎɧɡ ɐɚɖɟɘɑəɞɚɎ Ɏɚɓɘɚɒəɚ 
ɞɌɖɒɑ ɛɚ ɝɎɚɕɝɞɎɌɘ, ɚɍɟɝɗɌɎɗɔɎɌɑɘɧɘ ɝɑɞɑɎɚɕ ɝɞɜɟɖɞɟɜɚɕ, 

ɏɔɛɑɜɝɝɧɗɖɌɘɔ.  

Ȯ ȴəɞɑɜəɑɞ ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ 

ɌɎɞɚɜɔɞɑɞəɚɝɞɔ Ɏɑɍ-ɝɞɜɌəɔɢɧ ɖɌɖ 

ɔɝɞɚɣəɔɖɌ ɔəɠɚɜɘɌɢɔɔ ɔɗɔ ɛɚɝɜɑɐəɔɖɌ 
ɔɝɛɚɗɨɓɟɑɞɝɫ ɌəɌɗɔɓ ɞɚɛɚɗɚɏɔɔ ɝɑɞɔ, 

ɚɍɜɌɓɚɎɌəəɚɕ ɐɚɖɟɘɑəɞɌɘɔ ɔ 

ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɘɔ ɏɔɛɑɜɝɝɧɗɖɌɘɔ. ȰɎɌ 

ɌɗɏɚɜɔɞɘɌ ɜɌəɒɔɜɚɎɌəɔɫ Ɏɑɍ-ɝɞɜɌəɔɢ, 

ɚɝəɚɎɌəəɧɡ əɌ ɝɎɫɓɫɡ, HITS (hyperlink 

induced topic search) ɔ PageRank,  ɍɧɗɔ 
ɜɌɓɜɌɍɚɞɌəɧ Ɏ 1996 ɏɚɐɟ Ɏ  IBM 

Ȱɒ. ȶɗɑɕəɍɑɜɏɚɘ  [94] ɔ Ɏ Ƚɞɑəɠɚɜɐɝɖɚɘ 

ȿəɔɎɑɜɝɔɞɑɞɑ  Ƚ. ȭɜɔəɚɘ ɔ ȷ. Ȼɑɕɐɒɑɘ 

[74].  

ȺɍɌ ɌɗɏɚɜɔɞɘɌ ɛɜɑɐəɌɓəɌɣɑəɧ ɐɗɫ 

ɜɑɤɑəɔɫ "ɛɜɚɍɗɑɘɧ ɔɓɍɧɞɚɣəɚɝɞɔ", 
ɝɎɚɕɝɞɎɑəəɚɕ ɤɔɜɚɖɔɘ ɓɌɛɜɚɝɌɘ, 

ɟɎɑɗɔɣɑəɔɫ ɞɚɣəɚɝɞɔ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚɔɝɖɌ əɌ ɚɝəɚɎɑ ɘɑɞɚɐɚɎ 

ɌəɌɗɔɓɌ ɝɗɚɒəɧɡ ɝɑɞɑɕ.   

2.3.1. Ȭɗɏɚɜɔɞɘ HITS  

Ȭɗɏɚɜɔɞɘ HITS (Hyperlink Induced 

Topic Search), ɛɜɑɐɗɚɒɑəəɧɕ 

Ȱɒ. ȶɗɑɕəɍɑɜɏɚɘ, ɚɍɑɝɛɑɣɔɎɌɑɞ Ɏɧɍɚɜ ɔɓ 

ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɘɌɝɝɔɎɌ ɗɟɣɤɔɡ 
çɌɎɞɚɜɚɎè (ɛɑɜɎɚɔɝɞɚɣəɔɖɚɎ, əɌ ɖɚɞɚɜɧɑ 

ɎɎɑɐɟɞ ɝɝɧɗɖɔ) ɔ çɛɚɝɜɑɐəɔɖɚɎè 

(ɐɚɖɟɘɑəɞɚɎ, ɚɞ ɖɚɞɚɜɧɡ ɔɐɟɞ ɝɝɧɗɖɔ 

ɢɔɞɔɜɚɎɌəɔɫ). Ȼɚəɫɞəɚ, ɣɞɚ ɝɞɜɌəɔɢɌ 

ɫɎɗɫɑɞɝɫ ɡɚɜɚɤɔɘ ɛɚɝɜɑɐəɔɖɚɘ, ɑɝɗɔ ɚəɌ 

ɝɚɐɑɜɒɔɞ ɝɝɧɗɖɔ əɌ ɢɑəəɧɑ 
ɛɑɜɎɚɔɝɞɚɣəɔɖɔ, ɔ əɌɚɍɚɜɚɞ, ɝɞɜɌəɔɢɌ 

ɫɎɗɫɑɞɝɫ ɡɚɜɚɤɔɘ ɌɎɞɚɜɚɘ, ɑɝɗɔ ɚəɌ 

ɟɛɚɘɔəɌɑɞɝɫ ɡɚɜɚɤɔɘɔ ɛɚɝɜɑɐəɔɖɌɘɔ.  

Ȱɗɫ ɖɌɒɐɚɏɚ ɐɚɖɟɘɑəɞɌ jd  

Kleinberg J.M. 
Authoritative 
sources in a 
hyperlink 
environment. //  In 
Processing of ACM -
SIAM Symposium on 
Discrete Algorithms, 
1998, 46(5):604 -632.  

 

Brin S., Page L. The 
Anatomy of a 

Large-Scale 
Hypertextual Web 
Search Engine. 
WWW7, - 1998.  

 

Ȱɒ. ȶɗɑɕəɍɑɜɏ 
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( 1,...,j N= ) ɜɑɖɟɜɝɔɎəɚ Ɏɧɣɔɝɗɫɑɞɝɫ ɑɏɚ ɓəɌɣɔɘɚɝɞɨ ɖɌɖ 

ɌɎɞɚɜɌ ( )ja d  ɔ ɛɚɝɜɑɐəɔɖɌ ( )jh d  ɛɚ ɠɚɜɘɟɗɌɘ:  

( ) ( ), ( ) ( ).
N N

j i j i

i j j i

a d h d h d a d
­ ­

= =ä ä     (2.3.1)  

ȱɝɗɔ ɎɎɑɝɞɔ ɛɚəɫɞɔɑ ɘɌɞɜɔɢɧ ɔəɢɔɐɑəɢɔɕ A, ɩɗɑɘɑəɞ 

ɖɚɞɚɜɚɕ ija  ɜɌɎɑə ɑɐɔəɔɢɑ, ɖɚɏɐɌ ɐɚɖɟɘɑəɞ 
id  ɝɚɐɑɜɒɔɞ 

ɝɝɧɗɖɟ əɌ ɐɚɖɟɘɑəɞ jd , ɔ əɟɗɪ Ɏ ɛɜɚɞɔɎəɚɘ ɝɗɟɣɌɑ, ɞɚ 

Ɍɗɏɚɜɔɞɘ HITS ɚɍɑɝɛɑɣɔɎɌɑɞ Ɏɧɍɚɜ əɌɔɍɚɗɑɑ ɌɎɞɚɜɔɞɑɞəɧɡ 

ɐɚɖɟɘɑəɞɚɎ (ɌɎɞɚɜɚɎ ɔɗɔ ɛɚɝɜɑɐəɔɖɚɎ). ɉɞɔ ɐɚɖɟɘɑəɞɧ 

ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɝɚɍɝɞɎɑəəɧɘ ɎɑɖɞɚɜɌɘ ɘɌɞɜɔɢ 
T

AA  ɔ 
T

A A  ɝ 

əɌɔɍɚɗɨɤɔɘɔ ɘɚɐɟɗɫɘɔ ɝɚɍɝɞɎɑəəɧɡ ɓəɌɣɑəɔɕ (ɓɐɑɝɨ 
T

A  -  

ɞɜɌəɝɛɚəɔɜɚɎɌəəɌɫ ɘɌɞɜɔɢɌ A ). 

Ȭɗɏɚɜɔɞɘ Ɏɧɣɔɝɗɑəɔɫ ɜɌəɏɚɎ HITS ɛɜɔɎɚɐɔɞ ɖ ɜɚɝɞɟ 

ɜɌəɏɚɎ ɐɚɖɟɘɑəɞɚɎ ɛɜɔ ɟɎɑɗɔɣɑəɔɔ ɖɚɗɔɣɑɝɞɎɌ ɔ ɝɞɑɛɑəɔ 

ɝɎɫɓɌəəɚɝɞɔ ɐɚɖɟɘɑəɞɚɎ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ ɝɚɚɍɥɑɝɞɎɌ. Ȯ 

ɩɞɚɘ ɝɗɟɣɌɑ Ɏ ɜɑɓɟɗɨɞɌɞɧ ɎɧɐɌɣɔ ɔəɠɚɜɘɌɢɔɚəəɚ-ɛɚɔɝɖɚɎɚɕ 

ɝɔɝɞɑɘɧ, ɔɝɛɚɗɨɓɟɪɥɑɕ Ɍɗɏɚɜɔɞɘ  HITS, ɘɚɏɟɞ ɛɚɛɌɝɞɨ Ɏ 
ɍɚɗɨɤɚɘ ɖɚɗɔɣɑɝɞɎɑ ɐɚɖɟɘɑəɞɧ ɛɚ ɞɑɘɌɘ, ɚɞɗɔɣəɧɘ ɚɞ 

ɔəɠɚɜɘɌɢɔɚəəɚɕ ɛɚɞɜɑɍəɚɝɞɔ ɛɚɗɨɓɚɎɌɞɑɗɫ, ɞ.ɑ. ɣɌɝɞɨ 

ɎɧɐɌɎɌɑɘɧɡ ɜɑɓɟɗɨɞɌɞɚɎ ɘɚɒɑɞ ɚɞɖɗɚəɔɞɨɝɫ ɚɞ 

ɐɚɘɔəɔɜɟɪɥɑɕ ɞɑɘɌɞɔɖɔ, ɛɜɚɔɝɡɚɐɔɞ, ɞɌɖ əɌɓɧɎɌɑɘɧɕ, 

ɝɐɎɔɏ ɞɑɘɌɞɔɖɔ (topic drift). 

Ȱɗɫ ɜɑɤɑəɔɫ ɩɞɚɕ ɛɜɚɍɗɑɘɧ ɖɌɖ ɌɗɨɞɑɜəɌɞɔɎɌ 

ɝɞɌəɐɌɜɞəɚɘɟ Ɍɗɏɚɜɔɞɘɟ HITS ɍɧɗ ɛɜɑɐɗɚɒɑə Ɍɗɏɚɜɔɞɘ 

PHITS. Ȯ ɜɌɘɖɌɡ ɩɞɚɏɚ ɌɗɏɚɜɔɞɘɌ ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ: 

D-ɘəɚɒɑɝɞɎɚ ɢɔɞɔɜɟɪɥɔɡ ɐɚɖɟɘɑəɞɚɎ, C-ɘəɚɒɑɝɞɎɚ 

ɝɝɧɗɚɖ, Z-ɘəɚɒɑɝɞɎɚ ɖɗɌɝɝɚɎ (ɍɗɔɓɖɔɡ ɛɚ ɖɌɖɚɘɟ-əɔɍɟɐɨ 

ɖɜɔɞɑɜɔɪ ɐɚɖɟɘɑəɞɚɎ), əɌ ɖɚɞɚɜɧɑ ɜɌɓɐɑɗɫɪɞɝɫ ɐɚɖɟɘɑəɞɧ. 

ȻɜɑɐɛɚɗɌɏɌɑɞɝɫ ɞɌɖɒɑ, ɣɞɚ ɝɚɍɧɞɔɑ d DÍ  (ɞɚ, ɣɞɚ ɎɧɍɜɌəəɧɕ 

ɐɗɫ ɜɌɝɝɘɚɞɜɑəɔɫ əɌɟɏɌɐ ɐɚɖɟɘɑəɞ ɫɎɗɫɑɞɝɫ ɐɚɖɟɘɑəɞɚɘ d ) 

ɛɜɚɔɝɡɚɐɔɞ ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ ( ).P d  

ȿɝɗɚɎəɧɑ Ɏɑɜɚɫɞəɚɝɞɔ ( | )P c z  (Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ 

ɝɝɧɗɖɌ ɔɓ ɖɗɌɝɝɌ z
 
ð ɩɞɚ c) ɔ ( | )P z d  (Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ 

ɎɧɍɜɌəəɧɕ ɐɚɖɟɘɑəɞ d  ɚɞəɚɝɔɞɝɫ ɖ ɖɗɌɝɝɟ z) ɔɝɛɚɗɨɓɟɪɞɝɫ 
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ɐɗɫ ɚɛɔɝɌəɔɫ ɓɌɎɔɝɔɘɚɝɞɑɕ ɘɑɒɐɟ əɌɗɔɣɔɑɘ  ɝɝɧɗɖɔ c CÍ , 

ɠɌɖɞɚɜɚɘ z ZÍ  ɔ ɐɚɖɟɘɑəɞɚɘ  d DÍ .  

ȺɢɑəɔɎɌɑɞɝɫ ɠɟəɖɢɔɫ ɛɜɌɎɐɚɛɚɐɚɍɔɫ: 

,

,

( , ) ( , )

( ) ( | ),

c C d D

c C d D

L D C P d c

P d P c d

Í Í

Í Í

= =

=

Ô

Ô
       (2.3.2) 

ɏɐɑ 

( | ) ( | ) ( | ).
z Z

P c d P c z P z d
Í

=ä
               

(2.3.3) 

ɂɑɗɨ ɌɗɏɚɜɔɞɘɌ PHITS ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, ɣɞɚɍɧ ɛɚɐɚɍɜɌɞɨ  

( )P z , ( | )P c z , ( | )P d z , ɣɞɚɍɧ ɘɌɖɝɔɘɔɓɔɜɚɎɌɞɨ ( , )L D C . 

Ȼɚɝɗɑ ɩɞɚɏɚ: 

( | )P c z  ð ɜɌəɏɔ ɌɎɞɚɜɚɎ; 

( | )P d z  ð ɜɌəɏɔ ɛɚɝɜɑɐəɔɖɚɎ. 

Ȱɗɫ Ɏɧɣɔɝɗɑəɔɫ ɜɌəɏɚɎ əɑɚɍɡɚɐɔɘɚ 

ɓɌɐɌɞɨ ɖɚɗɔɣɑɝɞɎɚ ɠɌɖɞɚɜɚɎ Ɏ Z, ɔ ɞɚɏɐɌ 

( | )P c z  ɍɟɐɑɞ ɡɌɜɌɖɞɑɜɔɓɚɎɌɞɨ ɖɌɣɑɝɞɎɚ 

ɝɞɜɌəɔɢɧ ɖɌɖ ɌɎɞɚɜɌ Ɏ ɖɚəɞɑɖɝɞɑ 

ɞɑɘɌɞɔɖɔ z . ȶ əɑɐɚɝɞɌɞɖɌɘ ɘɑɞɚɐɌ əɌɐɚ 

ɚɞəɑɝɞɔ ɞɚ, ɣɞɚ ɔɞɑɜɌɞɔɎəɧɕ ɛɜɚɢɑɝɝ 

ɣɌɥɑ Ɏɝɑɏɚ ɚɝɞɌəɌɎɗɔɎɌɑɞɝɫ əɑ əɌ 

Ɍɍɝɚɗɪɞəɚɘ, Ɍ əɌ ɗɚɖɌɗɨəɚɘ ɘɌɖɝɔɘɟɘɑ 

ɠɟəɖɢɔɔ ɛɜɌɎɐɚɛɚɐɚɍɔɫ L . Ȯɘɑɝɞɑ ɝ ɞɌɘ 

Ɏ ɝɔɞɟɌɢɔɫɡ, ɖɚɏɐɌ Ɏ ɘəɚɒɑɝɞɎɑ əɌɕɐɑəəɧɡ Ɏɑɍ-ɝɞɜɌəɔɢ əɑɞ 

ɫɎəɚɏɚ ɐɚɘɔəɔɜɚɎɌəɔɫ ɞɑɘɌɞɔɖɔ ɓɌɛɜɚɝɌ, PHITS ɛɜɑɎɚɝɡɚɐɔɞ 

Ɍɗɏɚɜɔɞɘ HITS.   

2.3.2. Ȭɗɏɚɜɔɞɘ PageRank   

Ȭɗɏɚɜɔɞɘ PageRank  ɍɧɗ ɛɜɔɐɟɘɌə ɚɝəɚɎɌɞɑɗɫɘɔ 
ɖɚɘɛɌəɔɔ Google ɐɗɫ ɜɌəɒɔɜɚɎɌəɔɫ Ɏɑɍ-ɝɞɜɌəɔɢ. Ⱥə ɛɚɗɟɣɔɗ 

ʌʫʥʢʮʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʢʘʟʳʚʘʝʪ, 

ʥʘʩʢʦʣʴʢʦ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦ 

ʥʘʣʠʯʠʝ ʩʩʳʣʦʢ ʧʨʠ 

ʚʳʙʨʘʥʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ. 
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əɌɓɎɌəɔɑ ɛɚ ɠɌɘɔɗɔɔ ɚɐəɚɏɚ ɔɓ ɑɏɚ ɔɓɚɍɜɑɞɌɞɑɗɑɕ ȷɌɜɔ 
ȻɑɕɐɒɌ (Larry  Page).  

ȯɗɌɎəɟɪ ɔɐɑɪ ɩɞɚɏɚ ɌɗɏɚɜɔɞɘɌ 

ɘɚɒəɚ ɚɛɔɝɌɞɨ ɝɗɑɐɟɪɥɔɘɔ ɝɗɚɎɌɘɔ: 

ɓəɌɣɔɘɚɝɞɨ (ɜɌəɏ) ɝɞɜɌəɔɢɧ ɞɑɘ Ɏɧɤɑ, 

ɣɑɘ ɍɚɗɨɤɑ ɝɝɧɗɚɖ əɌ əɑɑ ɝ ɐɜɟɏɔɡ 
ɓəɌɣɔɘɧɡ ɝɞɜɌəɔɢ. Ⱦ.ɑ. PageRank  

ɜɌɝɝɣɔɞɧɎɌɑɞ Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ 

ɣɑɗɚɎɑɖ, ɝɗɟɣɌɕəɚ ɛɑɜɑɡɚɐɫɥɔɕ ɛɚ 

ɝɝɧɗɖɌɘ, ɐɚɍɑɜɑɞɝɫ ɐɚ əɑɖɚɞɚɜɚɕ 

ɝɞɜɌəɔɢɧ. Ƀɑɘ ɍɚɗɨɤɑ ɝɝɧɗɚɖ Ɏɑɐɑɞ əɌ 

ɐɌəəɟɪ ɝɞɜɌəɔɢɟ ɝ ɐɜɟɏɔɡ ɛɚɛɟɗɫɜəɧɡ 
ɝɞɜɌəɔɢ, ɞɑɘ Ɏɧɤɑ Ɏɑɜɚɫɞəɚɝɞɨ, ɣɞɚ 

ɩɖɝɛɑɜɔɘɑəɞɌɞɚɜ ɣɔɝɞɚ ɝɗɟɣɌɕəɚ 

əɌɞɖəɑɞɝɫ əɌ əɑɑ. Ȯ əɌɤɑɕ ɞɑɜɘɔəɚɗɚɏɔɔ 

ɝɞɜɌəɔɢɌ ɩɞɚ ɟɓɑɗ ɝɑɞɔ, Ɍ ɗɔəɖ əɌ 

ɝɞɜɌəɔɢɟ ɩɞɚ əɌɛɜɌɎɗɑəəɌɫ ɝɎɫɓɨ. 

Ȭɗɏɚɜɔɞɘ PageRank  ɍɗɔɓɚɖ ɛɚ 
ɔɐɑɚɗɚɏɔɔ ɖ ɗɔɞɑɜɌɞɟɜəɚɘɟ ɔəɐɑɖɝɟ 

ɢɔɞɔɜɚɎɌəɔɫ, ɖɚɞɚɜɧɕ ɜɌɝɝɣɔɞɧɎɌɑɞɝɫ 

ɐɗɫ ɛɜɚɔɓɎɚɗɨəɚɏɚ ɐɚɖɟɘɑəɞɌ ɝ ɟɣɑɞɚɘ 

ɖɚɗɔɣɑɝɞɎɌ ɝɝɧɗɚɖ ɚɞ ɐɜɟɏɔɡ ɐɚɖɟɘɑəɞɚɎ 

əɌ ɐɌəəɧɕ ɐɚɖɟɘɑəɞ, əɚ ɛɜɔ ɩɞɚɘ Ɏ 
PageRank  ɖɌɖ ɔ Ɏ HITS, Ɏ ɚɞɗɔɣɔɑ ɚɞ 

ɗɔɞɑɜɌɞɟɜəɚɏɚ ɔəɐɑɖɝɌ ɢɔɞɔɜɚɎɌəɔɫ, əɑ 

Ɏɝɑ ɝɝɧɗɖɔ ɝɣɔɞɌɪɞɝɫ ɜɌɎəɚɓəɌɣəɧɘɔ. 

Ȼɜɔəɢɔɛ ɜɌɝɝɣɑɞɌ ɜɌəɏɌ Ɏɑɍ-ɝɞɜɌəɔɢɧ PageRank  

ɝɗɑɐɟɪɥɔɕ: ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɘɚɐɑɗɨ ð ɛɜɚɢɑɝɝ, ɛɜɔ ɖɚɞɚɜɚɘ 

əɑɖɚɞɚɜɧɕ ɛɚɗɨɓɚɎɌɞɑɗɨ ȴəɞɑɜəɑɞ ɚɞɖɜɧɎɌɑɞ ɝɗɟɣɌɕəɟɪ Ɏɑɍ-

ɝɞɜɌəɔɢɟ, ɝ ɖɚɞɚɜɚɕ ɛɑɜɑɡɚɐɔɞ ɛɚ ɝɗɟɣɌɕəɚ ɎɧɍɜɌəəɚɕ 

ɏɔɛɑɜɝɝɧɗɖɑ. Ȼɚɞɚɘ ɚə ɛɑɜɑɘɑɥɌɑɞɝɫ əɌ ɐɜɟɏɟɪ Ɏɑɍ-

ɝɞɜɌəɔɢɟ ɔ ɝəɚɎɌ ɌɖɞɔɎɔɓɔɜɟɑɞ ɝɗɟɣɌɕəɟɪ ɏɔɛɑɜɝɝɧɗɖɟ ɔ 

ɞ. ɐ., ɛɚɝɞɚɫəəɚ ɛɑɜɑɡɚɐɫ ɚɞ ɝɞɜɌəɔɢɧ ɖ ɝɞɜɌəɔɢɑ, əɔɖɚɏɐɌ 

əɑ ɎɚɓɎɜɌɥɌɫɝɨ. ȴəɚɏɐɌ ɑɘɟ ɞɌɖɚɑ ɍɗɟɒɐɌəɔɑ əɌɐɚɑɐɌɑɞ, ɔ ɚə 

ɝəɚɎɌ ɛɑɜɑɡɚɐɔɞ əɌ ɝɗɟɣɌɕəɟɪ Ɏɑɍ-ɝɞɜɌəɔɢɟ - əɑ ɛɚ ɝɝɧɗɖɑ, Ɍ 

əɌɍɜɌɎ Ɏɜɟɣəɟɪ əɑɖɚɞɚɜɧɕ URL. Ȯ ɩɞɚɘ ɝɗɟɣɌɑ Ɏɑɜɚɫɞəɚɝɞɨ 

ɞɚɏɚ, ɣɞɚ ɍɗɟɒɐɌɪɥɔɕ Ɏ Ƚɑɞɔ ɛɚɗɨɓɚɎɌɞɑɗɨ ɛɑɜɑɕɐɑɞ əɌ 

əɑɖɚɞɚɜɟɪ ɚɛɜɑɐɑɗɑəəɟɪ Ɏɑɍ-ɝɞɜɌəɔɢɟ ð ɩɞɚ ɑɑ ɜɌəɏ. 

ȺɣɑɎɔɐəɚ, PageRank  Ɏɑɍ-ɝɞɜɌəɔɢɧ ɞɑɘ Ɏɧɤɑ, ɣɑɘ ɍɚɗɨɤɑ 

ȬɎɞɚɜɧ 
PageRank  

 

ȷɩɜɜɔ Ȼɑɕɐɒ   

 

Ƚɑɜɏɑɕ ȭɜɔə  
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ɐɜɟɏɔɡ ɝɞɜɌəɔɢ ɝɝɧɗɌɑɞɝɫ əɌ əɑɑ, ɔ ɣɑɘ ɩɞɔ ɝɞɜɌəɔɢɧ 

ɛɚɛɟɗɫɜəɑɑ. 

Ȼɟɝɞɨ ɑɝɞɨ n  ɝɞɜɌəɔɢ { }1, ..., ,nD d d=  ɖɚɞɚɜɧɑ 

ɝɝɧɗɌɪɞɝɫ əɌ ɐɌəəɧɕ ɐɚɖɟɘɑəɞ (Ɏɑɍ-ɝɞɜɌəɔɢɟ A) , Ɍ 

( )C A - ɚɍɥɑɑ ɣɔɝɗɚ ɝɝɧɗɚɖ ɝ Ɏɑɍ-ɝɞɜɌəɔɢɧ A  əɌ ɐɜɟɏɔɑ 

ɐɚɖɟɘɑəɞɧ. Ȯ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɛɜɔɎɑɐɑəəɚɕ ɘɚɐɑɗɨɪ 

ɛɚɎɑɐɑəɔɫ ɛɚɗɨɓɚɎɌɞɑɗɫ ɚɛɜɑɐɑɗɫɑɞɝɫ əɑɖɚɞɚɜɚɑ 

ɠɔɖɝɔɜɚɎɌəəɚɑ ɓəɌɣɑəɔɑ d (damping  factor )  ɖɌɖ Ɏɑɜɚɫɞəɚɝɞɨ 

ɞɚɏɚ, ɣɞɚ ɛɚɗɨɓɚɎɌɞɑɗɨ, ɛɑɜɑɝɘɌɞɜɔɎɌɫ ɖɌɖɟɪ-əɔɍɟɐɨ Ɏɑɍ-

ɝɞɜɌəɔɢɟ ɔɓ ɘəɚɒɑɝɞɎɌ D, ɛɑɜɑɕɐɑɞ əɌ  ɝɞɜɌəɔɢɟ A   ɛɚ 

ɝɝɧɗɖɑ, Ɍ əɑ əɌɍɔɜɌɫ  ɑɑ  URL Ɏ ɫɎəɚɘ Ɏɔɐɑ. Ȯ ɜɌɘɖɌɡ  

ɘɚɐɑɗɔ Ɏɑɜɚɫɞəɚɝɞɨ ɛɜɚɐɚɗɒɑəɔɫ ɩɞɔɘ ɛɚɗɨɓɚɎɌɞɑɗɑɘ Ɏɑɍ-

ɝɑɜɠɔəɏɌ ɛɚ ɝɑɞɔ ɔɓ N  Ɏɑɍ-ɝɞɜɌəɔɢ ɍɑɓ ɔɝɛɚɗɨɓɚɎɌəɔɫ 

ɏɔɛɑɜɝɝɧɗɚɖ, ɛɟɞɑɘ ɜɟɣəɚɏɚ ɎɎɚɐɌ ɌɐɜɑɝɌ (URL) ɝɚ ɝɗɟɣɌɕəɚɕ 

ɝɞɜɌəɔɢɧ ɝɚɝɞɌɎɔɞ 1-d (ɌɗɨɞɑɜəɌɞɔɎɌ ɛɑɜɑɡɚɐɌ ɛɚ 

ɏɔɛɑɜɝɝɧɗɖɌɘ). ȴəɐɑɖɝ PageRank  ()PR A  ɐɗɫ ɝɞɜɌəɔɢɧ A  

ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɖɌɖ Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ ɛɚɗɨɓɚɎɌɞɑɗɨ 
ɚɖɌɒɑɞɝɫ Ɏ əɑɖɚɞɚɜɧɕ ɝɗɟɣɌɕəɧɕ ɘɚɘɑəɞ Ɏɜɑɘɑəɔ əɌ ɩɞɚɕ 

ɝɞɜɌəɔɢɑ: 

 
1

( )
( ) (1 ) / .

( )

n
i

i i

PR d
PR A N

C d=

= -d +dä
         

(2.3.4) 

Ȼɚ ɩɞɚɕ ɠɚɜɘɟɗɑ ɔəɐɑɖɝ ɝɞɜɌəɔɢɧ ɗɑɏɖɚ 

ɛɚɐɝɣɔɞɧɎɌɑɞɝɫ ɛɜɚɝɞɧɘ ɔɞɑɜɌɢɔɚəəɧɘ Ɍɗɏɚɜɔɞɘɚɘ. ȹɌ 
ɛɜɌɖɞɔɖɑ ɛɜɔɘɑəɫɑɞɝɫ ɐɚ 30 ɤɌɏɚɎ ɔɞɑɜɌɢɔɔ ɐɗɫ ɐɚɝɞɔɒɑəɔɫ 

ɟɝɞɚɕɣɔɎɧɡ ɜɑɓɟɗɨɞɌɞɚɎ. 

ȹɑɝɘɚɞɜɫ əɌ ɜɌɓɗɔɣɔɫ  HITS  ɔ PageRank, Ɏ ɩɞɔɡ 

ɌɗɏɚɜɔɞɘɌɡ ɚɍɥɑɑ ɞɚ, ɣɞɚ ɌɎɞɚɜɔɞɑɞəɚɝɞɨ (Ɏɑɝ) ɟɓɗɌ ɓɌɎɔɝɔɞ ɚɞ 

ɎɑɝɌ ɐɜɟɏɔɡ ɟɓɗɚɎ, Ɍ ɟɜɚɎɑəɨ "ɛɚɝɜɑɐəɔɖɌ" ɓɌɎɔɝɔɞ ɚɞ ɞɚɏɚ, 
əɌɝɖɚɗɨɖɚ ɌɎɞɚɜɔɞɑɞəɧ  ɟɓɗɧ, əɌ ɖɚɞɚɜɧɑ ɚə ɝɝɧɗɌɑɞɝɫ.  

ȼɌɝɣɑɞ ɌɎɞɚɜɔɞɑɞəɚɝɞɔ ɚɞɐɑɗɨəɧɡ ɐɚɖɟɘɑəɞɚɎ ɝɑɏɚɐəɫ 

ɤɔɜɚɖɚ ɔɝɛɚɗɨɓɟɑɞɝɫ Ɏ ɞɌɖɔɡ ɛɜɔɗɚɒɑəɔɫɡ, ɖɌɖ ɚɛɜɑɐɑɗɑəɔɑ 

ɛɚɜɫɐɖɌ ɝɖɌəɔɜɚɎɌəɔɫ ɐɚɖɟɘɑəɞɚɎ Ɏ ɝɑɞɔ ɜɚɍɚɞɌɘɔ 

ɛɚɔɝɖɚɎɧɡ ɝɔɝɞɑɘɌ, ɜɌəɒɔɜɚɎɌəɔɑ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚɔɝɖɌ, 

ɠɚɜɘɔɜɚɎɌəɔɑ ɞɑɘɌɞɔɣɑɝɖɔɡ ɚɍɓɚɜɚɎ ɔ ɞ.ɛ.  

Ȼɜɚɔɗɗɪɝɞɜɔɜɟɑɘ ɎɧɤɑɝɖɌɓɌəəɚɑ əɌ ɛɜɔɘɑɜɑ. 

ȼɌɝɝɘɚɞɜɔɘ əɑɍɚɗɨɤɟɪ ɣɌɝɞɨ ɝɑɞɔ, ɝɚɝɞɚɫɥɟɪ ɔɓ ɟɓɗɚɎ A  ɝ 
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ɜɌəɏɚɘ 0.5Ar = , B  ɝ ɜɌəɏɚɘ 0.3Br =  ɔ ɚɛɜɑɐɑɗɔɘ ɜɌəɏ ɟɓɗɌ Ƚ ð 

ɝɘ. ɜɔɝ 2.3.1. 

ȶɌɒɐɧɕ ɔɓ ɟɓɗɚɎ ɝɑɞɔ A ɔ B ɝɝɧɗɌɑɞɝɫ əɌ ɟɓɑɗ C ɔ ɐɗɫ 

əɔɡ ɜɌəɏ ɟɒɑ ɔɓɎɑɝɞɑə. ȿɓɑɗ A ɛɜɔ ɩɞɚɘ ɝɝɧɗɌɑɞɝɫ ɑɥɑ əɌ ɞɜɔ 
ɟɓɗɌ, Ɍ ɟɓɑɗ B ɑɥɑ əɌ ɐɎɌ ɟɓɗɌ. Ƀɞɚɍɧ Ɏɧɣɔɝɗɔɞɨ ɜɌəɏ  ɟɓɗɌ C 

ɜɌəɏɔ ɖɌɒɐɚɏɚ ɟɓɗɌ, ɝɝɧɗɌɪɥɑɏɚɝɫ əɌ C, ɐɑɗɫɞɝɫ əɌ ɚɍɥɑɑ 

ɖɚɗɔɣɑɝɞɎɚ ɝɝɧɗɚɖ ɐɗɫ ɩɞɚɏɚ ɟɓɗɌ, ɛɚɝɗɑ ɣɑɏɚ ɛɚɗɟɣɑəəɧɑ 

ɓəɌɣɑəɔɫ ɝɖɗɌɐɧɎɌɪɞɝɫ. 

1 1
0.225.

4 3
C A Br r r= Ö + Ö = (2.3.5 ) 

 

ȼɔɝ. 2.3. 1 ð ɀɜɌɏɘɑəɞ ɝɑɞɔ 

ȶɌɒɐɧɕ ɔɓ ɟɓɗɚɎ ɝɑɞɔ A ɔ B ɝɝɧɗɌɑɞɝɫ əɌ ɟɓɑɗ C ɔ ɐɗɫ 

əɔɡ ɜɌəɏ ɟɒɑ ɔɓɎɑɝɞɑə. ȿɓɑɗ A ɛɜɔ ɩɞɚɘ ɝɝɧɗɌɑɞɝɫ ɑɥɑ əɌ ɞɜɔ 
ɟɓɗɌ, Ɍ ɟɓɑɗ B ɑɥɑ əɌ ɐɎɌ ɟɓɗɌ. Ƀɞɚɍɧ Ɏɧɣɔɝɗɔɞɨ ɜɌəɏ  ɟɓɗɌ C 

ɜɌəɏɔ ɖɌɒɐɚɏɚ ɟɓɗɌ, ɝɝɧɗɌɪɥɑɏɚɝɫ əɌ C, ɐɑɗɫɞɝɫ əɌ ɚɍɥɑɑ 

ɖɚɗɔɣɑɝɞɎɚ ɝɝɧɗɚɖ ɐɗɫ ɩɞɚɏɚ ɟɓɗɌ, ɛɚɝɗɑ ɣɑɏɚ ɛɚɗɟɣɑəəɧɑ 

ɓəɌɣɑəɔɫ ɝɖɗɌɐɧɎɌɪɞɝɫ. 

1 1
0.225.

4 3
C A Br r r= Ö + Ö = (2.3.6 ) 

Ȯ ɐɌəəɚɘ ɛɜɔɘɑɜɑ ɐɗɫ Ɏɝɑɡ ɟɓɗɚɎ, ɝɝɧɗɌɪɥɔɡɝɫ əɌ C, 

ɟɒɑ Ɏɧɣɔɝɗɑə ɜɌəɏ. ȹɚ əɑɎɚɓɘɚɒəɚ Ɏɧɣɔɝɗɔɞɨ ɜɌəɏ ɟɓɗɌ, 

ɛɚɖɌ əɑɔɓɎɑɝɞəɧ ɜɌəɏɔ ɝɝɧɗɌɪɥɔɡɝɫ əɌ əɑɏɚ ɟɓɗɚɎ, Ɍ ɩɞɔ 

ɜɌəɏɔ ɘɚɒəɚ Ɏɧɣɔɝɗɔɞɨ, ɞɚɗɨɖɚ ɓəɌɫ ɜɌəɏɔ ɟɓɗɚɎ, ɖɚɞɚɜɧɑ 
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ɝɝɧɗɌɪɞɝɫ əɌ əɔɡ. ȾɌɖ ɖɌɖ ɒɑ Ɏɧɣɔɝɗɔɞɨ ɓəɌɣɑəɔɑ ɜɌəɏɌ ɐɗɫ 
ɘəɚɒɑɝɞɎɌ ɟɓɗɚɎ, ɜɌəɏɔ ɖɚɞɚɜɧɡ ɑɥɑ əɑɔɓɎɑɝɞəɧ? ȼɑɤɑəɔɑ 

ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, ɣɞɚɍɧ ɛɜɔɝɎɚɔɞɨ Ɏɝɑɘ ɟɓɗɌɘ ɛɜɚɔɓɎɚɗɨəɧɕ 

əɌɣɌɗɨəɧɕ ɜɌəɏ  ɔ ɛɜɚɎɑɝɞɔ əɑɝɖɚɗɨɖɚ ɔɞɑɜɌɢɔɕ. 

Ȯ ɚɍɥɑɘ Ɏɔɐɑ ɘɚɒəɚ ɓɌɛɔɝɌɞɨ ɝɗɑɐɟɪɥɟɪ ɠɚɜɘɟɗɟ ɐɗɫ 

( )1n+ -ɚɏɚ ɤɌɏɌ ɔɞɑɜɌɢɔɔ: 

( ) ()

()

1 1
,

n n

i j

j E i j

r r
kout

+

Í

å õ
= Öæ öæ ö

ç ÷
ä  (2.3.7 ) 

ɏɐɑ ɝɟɘɘɔɜɚɎɌəɔɑ ɛɚ ()j E iÍ
 
ɚɓəɌɣɌɑɞ ɝɟɘɘɔɜɚɎɌəɔɑ ɛɚ 

Ɏɝɑɘ ɟɓɗɌɘ,  ɖɚɞɚɜɧɑ ɔɘɑɪɞ ɝɝɧɗɖɟ əɌ i -ɧɕ ɟɓɑɗ, Ɍ 
jkout  ð 

ɣɔɝɗɚ ɔɝɡɚɐɫɥɔɡ ɝɎɫɓɑɕ ɐɗɫ ɟɓɗɌ  j . Ȯ ɘɌɞɜɔɣəɚɘ Ɏɔɐɑ (2) 

ɓɌɛɔɝɧɎɌɑɞɝɫ ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: 

( ) ()1n nT T+
= Ör r H ,   (2.3.8 ) 

ɏɐɑ 
ij ij ij

j

H A A= ä
 

ð əɚɜɘɌɗɔɓɚɎɌəəɌɫ ɘɌɞɜɔɢɌ ɔəɢɔɐɑəɞəɚɝɞɔ 

ɔ A  ð ɘɌɞɜɔɢɌ ɔəɢɔɐɑəɞəɚɝɞɔ ɝɑɞɔ.   

Ȱɗɫ ɔɞɑɜɌɢɔɚəəɚɏɚ ɛɜɚɢɑɝɝɌ (2.3.8 ) ɑɝɞɑɝɞɎɑəəɚ 

ɎɚɓəɔɖɌɪɞ ɝɗɑɐɟɪɥɔɑ Ɏɚɛɜɚɝɧ. Ƚɡɚɐɔɞɝɫ ɗɔ  ɐɌəəɧɕ 

ɛɜɚɢɑɝɝ? ȶɌɖɔɘɔ ɝɎɚɕɝɞɎɌɘɔ ɐɚɗɒəɌ ɚɍɗɌɐɌɞɨ ɘɌɞɜɔɢɌ  H , 

ɣɞɚɍɧ ɛɜɚɢɑɝɝ ɏɌɜɌəɞɔɜɚɎɌəɚ ɝɡɚɐɔɗɝɫ?  ȳɌɎɔɝɔɞ ɗɔ 

ɖɚəɑɣəɧɕ Ɏɑɖɞɚɜ 
()¤

r  ɚɞ əɌɣɌɗɨəɧɡ ɟɝɗɚɎɔɕ? ȴ ɞɌɖ ɐɌɗɑɑ. 

ɉɞɔɘɔ ɒɑ ɎɚɛɜɚɝɌɘɔ ɓɌɐɌɗɔɝɨ ɔ ɌɎɞɚɜɧ ɌɗɏɚɜɔɞɘɌ. 

ȼɌɝɝɘɚɞɜɔɘ ɐɎɌ ɛɜɚɝɞɧɡ ɛɜɔɘɑɜɌ. 

ȻɑɜɎɧɕ: 

 

 

 

ȼɔɝ. 2.3.2 ð Ȼɜɔɘɑɜ 1 

 

1 2 



 77 
 

Ȼɚɝɗɑ Ɏɧɛɚɗəɑəɔɫ ɔɞɑɜɌɢɔɕ (2.3.7 ) ɛɚɗɟɣɌɑɘ: 

 ȴɞɑɜɌɢɔɫ 0 ȴɞɑɜɌɢɔɫ 1 ȴɞɑɜɌɢɔɫ 2 ȴɞɑɜɌɢɔɫ 3 

ȼɌəɏ 
ɟɓɗɌ 1 

1 0 0 0 

ȼɌəɏ 

ɟɓɗɌ 2 
0 1 0 0 

ȼɑɓɟɗɨɞɌɞ ɫɎəɚ əɑ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɚɒɔɐɌəɔɫɘ. 

ȼɌɝɝɘɚɞɜɔɘ Ɏɞɚɜɚɕ, ɛɚɡɚɒɔɕ ɛɜɔɘɑɜ. 

 

 

 

ȼɔɝ. 2.3.3 ð Ȼɜɔɘɑɜ 2 

ȳɐɑɝɨ ɛɚɗɟɣɌɑɘ ɝɗɑɐɟɪɥɟɪ ɞɌɍɗɔɢɟ: 

ȴɓ ɛɜɔɎɑɐɑəəɚɕ ɞɌɍɗɔɢɧ Ɏɔɐəɚ, ɣɞɚ ɝɡɚɐɔɘɚɝɞɔ 

ɛɜɚɢɑɝɝɌ əɑ əɌɍɗɪɐɌɑɞɝɫ.  ȸɚɒəɚ ɛɜɔɎɑɝɞɔ ɑɥɑ ɘəɚɏɚ 

ɖɚəɞɜɛɜɔɘɑɜɚɎ, ɛɚɖɌɓɧɎɌɪɥɔɡ ɚɏɜɌəɔɣɑəəɚɝɞɨ ɠɚɜɘɟɗɧ 
(2.3.8 ). Ƚ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ, ɘɚɒəɚ ɟɎɔɐɑɞɨ ɣɞɚ (2.3.8) 

əɌɛɚɘɔəɌɑɞ òpower  metho dó ɐɗɫ Ɏɧɣɔɝɗɑəɔɫ ɝɚɍɝɞɎɑəəɚɏɚ 

ɎɑɖɞɚɜɌ ɘɌɞɜɔɢɧ H  (ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ ɝɚɍɝɞɎɑəəɚɘɟ 

ɓəɌɣɑəɔɪ ð ɑɐɔəɔɢɌ) ɛɜɔɘɑəɑəəɚɘɟ ɖ ȸɌɜɖɚɎɝɖɔɘ ɢɑɛɫɘ ɝ 

ɘɌɞɜɔɢɑɕ Ɏɑɜɚɫɞəɚɝɞɑɕ ɛɑɜɑɡɚɐɚɎ =P H. Ȯ ɐɌəəɚɘ ɝɗɟɣɌɑ 
ɜɑɣɨ ɔɐɑɞ ɚ çɗɑɎɚɘè ɝɚɍɝɞɎɑəəɚɘ Ɏɑɖɞɚɜɑ. Ȭ ɛɚɝɖɚɗɨɖɟ ɞɑɚɜɔɫ 

ȸɌɜɖɚɎɝɖɔɡ ɢɑɛɑɕ ɚɣɑəɨ ɡɚɜɚɤɚ ɔɓɟɣɑəɌ, ɞɚ ɘɚɒəɚ ɝɜɌɓɟ 

ɚɞɎɑɞɔɞɨ əɌ Ɏɚɛɜɚɝ ɖɌɖɔɘ ɝɎɚɕɝɞɎɌɘ ɐɚɗɒəɌ ɟɐɚɎɗɑɞɎɚɜɫɞɨ 

 
ȴɞɑɜɌɢɔɫ 

0 
ȴɞɑɜɌɢɔɫ 1 ȴɞɑɜɌɢɔɫ 2 ȴɞɑɜɌɢɔɫ 3 

ȼɌəɏ 

ɟɓɗɌ 1 
1 0 1 0 

ȼɌəɏ 

ɟɓɗɌ 2 
0 1 0 1 

1 2 
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ɘɌɞɜɔɢɌ Ɏɑɜɚɫɞəɚɝɞɑɕ ɛɑɜɑɡɚɐɚɎ P, ɣɞɚɍɧ ɛɜɚɢɑɝɝ ɝɡɚɐɔɗɝɫ, 
əɑ ɓɌɎɔɝɑɗ ɚɞ əɌɣɌɗɨəɧɡ ɟɝɗɚɎɔɕ ɔ ɞ.ɐ. 

ȸɌɞɜɔɢɌ Ɏɑɜɚɫɞəɚɝɞɑɕ ɛɑɜɑɡɚɐɚɎ ɐɚɗɒəɌ ɍɧɞɨ 

ɝɞɚɡɌɝɞɔɣɑɝɖɚɕ, əɑɛɜɔɎɚɐɔɘɚɕ ɔ əɑɛɑɜɔɚɐɔɣɑɝɖɚɕ. ȻɑɜɎɚɑ 

ɟɝɗɚɎɔɑ ɟɐɚɎɗɑɞɎɚɜɫɑɞɝɫ ɛɟɞɑɘ ɛɑɜɑɡɚɐɌ ɖ ɘɌɞɜɔɢɑ S . 

 
1

,T

n

å õ
= + Ö Öæ ö

ç ÷
S H a e  (2.3.9 ) 

ɏɐɑ 1ia =ɑɝɗɔ ɔɓ i -ɚɏɚ ɟɓɗɌ əɑ Ɏɧɡɚɐɔɞ əɔ ɚɐəɌ ɝɎɫɓɨ (ɞɌɖ 

əɌɓɧɎɌɑɘɧɕ òdangling  nodeó) ɔ ɜɌɎɑə əɟɗɪ Ɏ ɐɜɟɏɚɘ ɝɗɟɣɌɑ, e  

- Ɏɑɖɞɚɜ ɝɚɝɞɚɫɥɑɕ ɔɓ n  ɑɐɔəɔɢ, n  ð ɣɔɝɗɚ ɟɓɗɚɎ Ɏ ɝɑɞɔ. ȴ 

ɣɞɚɍɧ ɟɐɚɎɗɑɞɎɚɜɔɞɨ ɚɝɞɌɎɤɔɘɝɫ ɐɎɟɘ ɟɝɗɚɎɔɫɘ ɓɌɛɔɤɑɘ 

ɘɌɞɜɔɢɟ G : 

( ) ( )

( )( )

1
1

1
1

T

T

n

n

= Ö + - Ö Ö Ö =

= Ö + Ö + - Ö Ö Ö

G S e e

H a e e

a a

a a a ,

 
 

(2.3.10 ) 

ɏɐɑ a ð ɞɌɖ əɌɓɧɎɌɑɘɧ ɖɚɩɠɠɔɢɔɑəɞ ɓɌɞɟɡɌəɔɫ. Ⱥə 

ɚɓəɌɣɌɑɞ, ɣɞɚ ɛɚɗɨɓɚɎɌɞɑɗɨ ɛɜɚɐɚɗɒɔɞ ɛɑɜɑɡɚɐɔɞɨ ɛɚ 

ɝɝɧɗɖɌɘ, ɔɘɑɪɥɔɘɝɫ əɌ ɞɑɖɟɥɑɕ ɝɞɜɌəɔɢɑ, ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ 
a, ɖɚɞɚɜɚɑ əɌɡɚɐɔɞɝɫ Ɏ ɔəɞɑɜɎɌɗɑ ɚɞ əɟɗɫ ɐɚ ɑɐɔəɔɢɧ. 
Ⱥɍɧɣəɚ ɛɜɔəɔɘɌɪɞ 0.85=a .  ȴɞɌɖ, əɌɤɌ ɓɌɐɌɣɌ ɝɎɚɐɔɞɝɫ ɖ 

Ɏɧɣɔɝɗɑəɔɪ ɝɚɍɝɞɎɑəəɚɏɚ ɗɑɎɚɏɚ ɎɑɖɞɚɜɌ ɏɟɏɗɚɎɝɖɚɕ 

ɘɌɞɜɔɢɧ G . 

ȼɌɝɝɘɚɞɜɔɘ ɛɑɜɎɧɕ ɖɚəɞɜɛɜɔɘɑɜ. Ȱɗɫ əɑɏɚ: 

0 1

0 0

å õ
=æ ö
ç ÷

H ,  
0

1

å õ
=æ ö
ç ÷

a , 
1

1

å õ
=æ ö
ç ÷

e  .  (2.3.11 ) 

ȴɓ (2.3.10 ) ɛɚɗɟɣɌɑɘ ɘɌɞɜɔɢɟ G  (ɐɗɫ ɚɛɜɑɐɑɗɑəəɚɝɞɔ 

ɛɚɗɚɒɔɘ 0.85=a ). 
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0.075 0.925

0.5 0.5

å õ
=æ ö
ç ÷

G . 
     (2.3.12 ) 

ȹɌɡɚɐɔɘ ɗɑɎɧɑ ɝɚɍɝɞɎɑəəɧɑ ɓəɌɣɑəɔɫ ɘɌɞɜɔɢɧ G .  

 

 

 

Ȯɔɐəɚ, ɣɞɚ Ɏɞɚɜɚɕ ɟɓɑɗ ɍɚɗɑɑ ɓəɌɣɔɘɧɕ, əɑɒɑɗɔ 

ɛɑɜɎɧɕ, ɣɞɚ ɛɚɗəɚɝɞɨɪ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɔəɞɟɔɞɔɎəɚɘɟ 

ɛɜɑɐɝɞɌɎɗɑəɔɪ. Ⱦ.ɖ. ɛɑɜɎɧɕ ɟɓɑɗ ɝɝɧɗɌɑɞɝɫ əɌ Ɏɞɚɜɚɕ (ɝɘ. 

ɜɔɝ. 2.3.2 ). ȽɚɎɑɜɤɑəəɚ ɌəɌɗɚɏɔɣəɚ ɐɗɫ Ɏɞɚɜɚɏɚ 
ɖɚəɞɜɛɜɔɘɑɜɌ ɛɚɗɟɣɌɑɘ ɝɗɑɐɟɪɥɔɑ ɜɌəɏɔ: 

( )05 0.5T =r . (2.3.14 ) 

ȶɌɖ ɔ ɐɚɗɒəɚ ɍɧɗɚ ɍɧɞɨ (ɝɘ ɜɔɝ. 2.3.3 ), ɘɧ ɛɚɗɟɣɔɗɔ 

ɜɌɎəɚɓəɌɣəɧɑ ɓəɌɣɑəɔɫ ɐɗɫ ɜɌəɏɚɎ. 

 ȼɌɝɝɘɚɞɜɔɘ ɍɚɗɑɑ ɝɗɚɒəɧɕ ɛɜɔɘɑɜ ɝɑɞɔ, 

ɔɓɚɍɜɌɒɑəəɧɕ əɌ ɜɔɝ. 2.3.4 .  

 

ȼɔɝ. 2.3.4  ð Ȼɜɔɘɑɜ ɝɑɞɔ 

ȳɌɛɔɤɑɘ ɘɌɞɜɔɢɟ H  ɔ Ɏɑɖɞɚɜ a  ɐɗɫ ɩɞɚɕ ɝɑɞɔ. 

 

( )0.351 0.649T =r . (2.3.13 ) 
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0 1 2 1 2 0 0 0

0 0 0 0 0 0

1 3 1 3 0 0 1 3 0

0 0 0 0 1 2 1 2

0 0 0 1 2 0 1 2

0 0 0 1 0 0

å õ
æ ö
æ ö
æ ö
=æ ö
æ ö
æ ö
æ ö
ç ÷

H . 

(2.3.15 ) 

( )0 1 0 0 0 0T =a . (2.3.16 ) 

ȹɌɕɐɑɘ ɘɌɞɜɔɢɟ G, ɎɓɫɎ 0.85=a :  

0.025 0.45 0.45 0.025 0.025 0.025

0.167 0.167 0.167 0.167 0.167 0.167

0.308 0.308 0.025 0.025 0.308 0.025

0.025 0.025 0.025 0.025 0.45 0.45

0.025 0.025 0.025 0.45 0.025 0.45

0.025 0.025 0.025 0.875 0.025 0.025

å õ
æ ö
æ ö
æ ö
=æ ö
æ ö
æ ö
æ ö
æ ö
ç ÷

G . (2.3.17 ) 

ȹɌɡɚɐɔɘ ɗɑɎɧɕ ɝɚɍɝɞɎɑəəɧɕ Ɏɑɖɞɚɜ (ɐɗɫ ɝɚɍɝɞɎɑəəɚɏɚ 
ɓəɌɣɑəɔɫ - ɑɐɔəɔɢɌ): 

( )0.052 0.074 0.057 0.349 0.2 0.269T =r . (2.3.18 ) 

Ȱɗɫ əɌɏɗɫɐəɚɝɞɔ ɛɑɜɑəɟɘɑɜɟɑɘ ɟɓɗɧ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɔɡ 

ɜɌəɏɌɘɔ ð ɛɑɜɎɧɕ əɚɘɑɜ ɛɜɔɝɎɚɔɘ ɟɓɗɟ ɝ ɝɌɘɧɘ ɍɚɗɨɤɔɘ 

ɜɌəɏɚɘ ð ɝɘ. ɜɔɝ. 2.3. 5.  

ȸɚɒəɚ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɍɑɓ Ɏɧɣɔɝɗɑəɔɕ (ɔəɞɟɔɞɔɎəɚ) ɐɌɒɑ 

ɞɌɖɟɪ əɑɝɗɚɒəɟɪ ɝɑɞɨ ɛɜɌɖɞɔɣɑɝɖɔ əɑɎɚɓɘɚɒəɚ 
ɜɌəɒɔɜɚɎɌɞɨ. 
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ȼɔɝ. 2.3. 5 ð Ƚɑɞɨ ɝ ɜɌəɒɔɜɚɎɌəəɧɘɔ ɟɓɗɌɘɔ 

2.3.3. Ȭɗɏɚɜɔɞɘ Salsa 

Ȭɗɏɚɜɔɞɘ ɜɌəɒɔɜɚɎɌəɔɫ Salsa  

(Stochastic  Approach  for  Link -Structure  

Analysis  - ȽɞɚɡɌɝɞɔɣɑɝɖɔɕ Ȭɗɏɚɜɔɞɘ  
ȬəɌɗɔɓɌ Ƚɞɜɟɖɞɟɜɧ ȽɎɫɓɑɕ)  ɍɧɗ 

ɛɜɑɐɗɚɒɑə Ʉ. ȸɚɜɌəɚɘ (Sh. Moran ) ɔ 

ȼ. ȷɑɘɛɑɗɑɘ (R. Lempel ) ɖɌɖ əɑɖɚɞɚɜɧɕ 

ɝɔɘɍɔɚɓ  ɌɗɏɚɜɔɞɘɚɎ PageRank  ɔ HITS , 

ɛɚɓɎɚɗɫɪɥɔɕ ɝɚɖɜɌɞɔɞɨ ɛɚɝɗɑɐɝɞɎɔɫ 

ɚɍɜɌɓɚɎɌəɔɫ ɞɌɖ əɌɓɧɎɌɑɘɧɡ TKC 
(Tightly -Knit Community) ð ɞɑɝəɚ 

ɝɎɫɓɌəəɧɡ ɝɚɚɍɥɑɝɞɎè. ɉɞɚɞ ɩɠɠɑɖɞ 

ɓɌɖɗɪɣɌɑɞɝɫ Ɏ əɌɗɔɣɔɔ Ɏ ɎɧɐɌɣɑ 

ɛɚɝɖɚɎɚɕ ɝɔɝɞɑɘɧ ɘəɚɒɑɝɞɎɌ ɐɚɖɟɘɑəɞɚɎ, ɞɑɝəɚ ɝɎɫɓɌəəɧɡ 

ɘɑɒɐɟ ɝɚɍɚɕ, ɞɑɘɌɞɔɖɌ ɖɚɞɚɜɧɡ əɑɝɖɚɗɨɖɚ ɚɞɗɔɣɌɑɞɝɫ ɚɞ 

ɔəɠɚɜɘɌɢɔɚəəɚɕ ɛɚɞɜɑɍəɚɝɞɔ ɛɚɗɨɓɚɎɌɞɑɗɫ, ɞ.ɑ. əɌɍɗɪɐɌɑɞɝɫ 
ɩɠɠɑɖɞ çɝɐɎɔɏɌè ɞɑɘɌɞɔɖɔ (topic  draft ) ɛɜɔ ɚɞɚɍɜɌɒɑəɔɔ 

ɜɑɓɟɗɨɞɌɞɚɎ, ɣɌɝɞɨ ɔɓ ɖɚɞɚɜɧɡ ɘɚɒɑɞ ɚɞɖɗɚəɫɞɨɝɫ ɚɞ 

ɐɚɘɔəɔɜɟɪɥɑɕ ɞɑɘɌɞɔɖɔ.  

ȶɌɖ ɔ Ɏ ɘɑɞɚɐɑ PageRank  Ɏ ɝɗɟɣɌɑ Salsa  ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ 

ɘɚɐɑɗɨ ɝɗɟɣɌɕəɚɏɚ ɍɗɟɒɐɌəɔɫ ɛɚɗɨɓɚɎɌɞɑɗɫ ɛɚ ɝɑɞɔ (Ɏɑɍ-
ɏɜɌɠɟ), ɚɐəɌɖɚ ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ əɌɗɔɣɔɑ ɐɎɟɡɝɞɚɜɚəəɑɏɚ 

çɝɑɜɠɔəɏɌè. Ȯ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ Ɍɗɏɚɜɔɞɘɚɘ Salsa  ɓɌɐɌəəɚɑ 

ɓɌɜɌəɑɑ ɖɚɗɔɣɑɝɞɎɚ ɜɌɓ Ɏɧɛɚɗəɫɑɞɝɫ ɛɜɚɝɞɌɫ ɐɎɟɡɤɌɏɚɎɌɫ 

ɛɜɚɢɑɐɟɜɌ:  

Lempel R. and 
Moran S.  The 

stochastic approach 
for link -structure 
analysis (SALSA) 
and the TKC effect 
// In Proc. of the 
9th International 
WWW Conference, 
Amsterdam, The 
Nether lands, 2000. - 
pp. 387 ð401.  



 82 
 

1. ȴɓ ɛɜɚɔɓɎɚɗɨəɚɏɚ ɟɓɗɌ v, ɛɚɗɨɓɚɎɌɞɑɗɨ ɝɗɟɣɌɕəɧɘ 
ɚɍɜɌɓɚɘ ɎɚɓɎɜɌɥɌɑɞɝɫ ɖ ɟɓɗɟ u , ð ɝɗɟɣɌɕəɚ ɎɧɍɜɌəəɚɘɟ ɔɓ 

ɘəɚɒɑɝɞɎɌ ɟɓɗɚɎ, ɝɝɧɗɌɪɥɔɡɝɫ əɌ v. Ȯɧɍɚɜ v  ɐɑɗɌɑɞɝɫ 

ɝɗɟɣɌɕəɚ (ɛɜɔ ɩɞɚɘ  ɟɓɗɧ v  ɔ u  ɛɜɔəɌɐɗɑɒɌɞ  ɝɑɞɔ). 

2. ȴɓ ɟɓɗɌ u  əɌɟɏɌɐ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɛɑɜɑɡɚɐ ɖ ɟɓɗɟ w , 

ɑɝɗɔ ɝɟɥɑɝɞɎɟɑɞ ɝɎɫɓɨ ( , )u w . 

Ȯɑɍ-ɏɜɌɠ G  (ɜɔɝ. 2.3.6 Ɍ) ɘɚɒɑɞ ɍɧɞɨ ɛɜɑɚɍɜɌɓɚɎɌə Ɏ 

ɐɎɟɐɚɗɨəɧɕ əɑəɌɛɜɌɎɗɑəəɧɕ ɏɜɌɠ bipG , (ɜɔɝ.  2.3.6 ɍ) ɔ 

ɚɛɜɑɐɑɗɑə ɖɌɖ ɝɚɎɚɖɟɛəɚɝɞɨ  ( , , )bip h aG V V E= , ɏɐɑ h  

ɚɍɚɓəɌɣɌɑɞ ɛɚɝɜɑɐəɔɖɚɎ, 
hV  - ɝɚɎɚɖɟɛəɚɝɞɨ ɟɓɗɚɎ-

ɛɚɝɜɑɐəɔɖɚɎ (ɞɑɡ, ɔɓ ɖɚɞɚɜɧɡ ɔɝɡɚɐɫɞ ɝɝɧɗɖɔ), a  ð ɌɎɞɚɜɚɎ, 

aV  - ɝɚɎɚɖɟɛəɚɝɞɨ ɟɓɗɚɎ-ɌɎɞɚɜɚɎ (ɞɑɡ, əɌ ɖɚɞɚɜɧɑ Ɏɑɐɟɞ 

ɝɝɧɗɖɔ).  

 

Ɍ                                              ɍ 

ȼɔɝ. 2.3.6  ð Salsa: ɖɚəɝɞɜɟɖɢɔɫ ɐɎɟɐɚɗɨəɚɏɚ ɏɜɌɠɌ 

ȹɑɚɍɡɚɐɔɘɚ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɚɐəɔ ɔ ɞɑ ɒɑ ɟɓɗɧ ɘɚɏɟɞ ɍɧɞɨ 

ɚɐəɚɎɜɑɘɑəəɚ ɔ ɌɎɞɚɜɌɘɔ ɔ ɛɚɝɜɑɐəɔɖɌɘɔ. 

ȶɌɒɐɧɕ əɑɔɓɚɗɔɜɚɎɌəəɧɕ ɟɓɑɗ  s GÍ  ɛɜɑɐɝɞɌɎɗɑə Ɏ 

bipG  ɚɐəɔɘ ɔɗɔ ɐɎɟɘɫ ɟɓɗɌɘɔ hs  ɔ as .  Ȯ ɩɞɚɘ ɐɎɟɐɚɗɨəɚɘ 
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ɏɜɌɠɑ Salsa  ɜɑɌɗɔɓɟɑɞ ɐɎɌ ɜɌɓəɧɡ  ɝɗɟɣɌɕəɧɡ ɛɑɜɑɡɚɐɌ. Ȼɜɔ  
ɖɌɒɐɚɘ ɛɑɜɑɡɚɐɑ  Ɏɚɓɘɚɒəɚ çɛɚɝɑɥɑəɔɑè ɟɓɗɚɎ ɞɚɗɨɖɚ ɔɓ 

ɚɐəɚɕ ɔɓ ɐɎɟɡ ɐɚɗɑɕ ɏɜɌɠɌ bipG .   

ȶɌɒɐɧɕ ɛɟɞɨ ɐɗɔəɧ ɐɎɌ Ɏ bipG  ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɚɍɡɚɐ 

ɚɐəɚɕ ɏɔɛɑɜɝɎɫɓɔ (ɛɜɔ ɛɜɚɡɚɒɐɑəɔɔ ɚɞ ɐɚɗɔ ɛɚɝɜɑɐəɔɖɚɎ ɖ 

ɐɚɗɑ ɌɎɞɚɜɚɎ Ɏ bipG ), ɔ ɚɞɡɚɐ Ɏɐɚɗɨ ɏɔɛɑɜɝɎɫɓɔ (ɛɜɔ 

ɛɜɚɡɚɒɐɑəɔɔ Ɏ ɚɍɜɌɞəɚɘ əɌɛɜɌɎɗɑəɔɔ). ɉɞɚ ɐɎɔɒɑəɔɑ Ɏ 

ɚɍɜɌɞəɚɘ əɌɛɜɌɎɗɑəɔɔ əɌɛɚɘɔəɌɑɞ ɞɌəɑɢ ɝɌɗɨɝɌ, ɖɚɞɚɜɧɕ 

Ɍɝɝɚɢɔɔɜɟɑɞɝɫ ɝ əɌɓɎɌəɔɑɘ ɐɌəəɚɏɚ ɌɗɏɚɜɔɞɘɌ. 

ȾɌɖ ɖɌɖ ɛɚɝɜɑɐəɔɖɔ ɔ ɌɎɞɚɜɧ, ɚɞəɚɝɫɥɔɑɝɫ ɖ ɞɑɘɑ t  

ɐɚɗɒəɧ ɍɧɞɨ ɫɎəɚ ɎɧɜɌɒɑəɧ Ɏ bipG   (ɐɚɝɞɟɛəɧ ɔɓ ɘəɚɏɔɡ 

ɟɓɗɚɎ ɍɗɌɏɚɐɌɜɫ ɛɜɫɘɧɘ ɝɝɧɗɖɌɘ ɔɗɔ ɖɚɜɚɞɖɔɘ ɛɟɞɫɘ), 

ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ  ɣɞɚ ɌɎɞɚɜɧ ɔɓ 
aV  ɔ ɛɚɝɜɑɐəɔɖɔ ɔɓ 

hV , 

ɚɞəɚɝɫɥɔɑɝɫ ɖ ɞɑɘɑ t, ɍɟɐɟɞ əɌɔɍɚɗɑɑ ɣɌɝɞɚ ɛɚɝɑɥɌɑɘɧɘɔ 
ɛɜɔ ɝɗɟɣɌɕəɧɡ çɍɗɟɒɐɌəɔɫɡè ɛɚɗɨɓɚɎɌɞɑɗɑɕ.  

Ȯ Ɍɗɏɚɜɔɞɘɑ Salsa  ɔɝɝɗɑɐɟɪɞɝɫ ɐɎɑ ɜɌɓɗɔɣəɧɡ ɢɑɛɔ 

ȸɌɜɖɚɎɌ, ɖɚɞɚɜɧɑ Ɍɝɝɚɢɔɔɜɟɪɞɝɫ ɝ ɩɞɔɘɔ ɝɗɟɣɌɕəɧɘɔ 

ɍɗɟɒɐɌəɔɫɘɔ: ɢɑɛɨ əɌ ɝɞɚɜɚəɑ ɌɎɞɚɜɚɎ bipG  (ɢɑɛɨ ɌɎɞɚɜɚɎ), ɔ 

ɢɑɛɨ əɌ ɝɞɚɜɚəɑ ɛɚɝɜɑɐəɔɖɚɎ bipG . 

ȾɌɖɚɕ ɛɚɐɡɚɐ ɛɚɓɎɚɗɫɑɞ ɎɎɑɝɞɔ ɐɎɑ ɝɞɚɡɌɝɞɔɣɑɝɖɔɑ 
ɘɌɞɜɔɢɧ ɛɑɜɑɡɚɐɌ ɢɑɛɑɕ ȸɌɜɖɚɎɌ, ɖɚɞɚɜɧɑ ɚɛɜɑɐɑɗɫɪɞɝɫ 

ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: ɝɞɜɚɔɞɝɫ ɘɌɞɜɔɢɌ ɔəɢɔɐɑəɢɔɕ W  

ɚɜɔɑəɞɔɜɚɎɌəəɚɏɚ ɏɜɌɠɌ G. ȺɍɚɓəɌɣɔɘ ɖɌɖ rW  ɘɌɞɜɔɢɟ,  

ɛɚɗɟɣɑəəɟɪ ɐɑɗɑəɔɑɘ ɖɌɒɐɚɏɚ əɑəɟɗɑɎɚɏɚ ɩɗɑɘɑəɞɌ W  əɌ 

ɝɟɘɘɟ ɓəɌɣɑəɔɕ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɕ ɝɞɜɚɖɔ, Ɍ ɣɑɜɑɓ 
cW  - 

ɘɌɞɜɔɢɟ, ɛɚɗɟɣɑəəɟɪ ɐɑɗɑəɔɑɘ ɖɌɒɐɚɏɚ əɑəɟɗɑɎɚɏɚ ɩɗɑɘɑəɞɌ 

W  əɌ ɝɟɘɘɟ ɩɗɑɘɑəɞɚɎ Ɏ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɘ ɝɞɚɗɍɢɑ. ȾɚɏɐɌ, 

ɘɌɞɜɔɢɌ H , ɝɚɚɞɎɑɞɝɞɎɟɪɥɌɫ ɛɚɝɜɑɐəɔɖɌɘ ɍɟɐɑɞ ɝɚɝɞɚɫɞɨ ɔɓ 

əɑəɟɗɑɎɧɡ ɝɞɜɚɖ ɔ ɝɞɚɗɍɢɚɎ  
T

r cW W , Ɍ ɘɌɞɜɔɢɌ ɌɎɞɚɜɚɎ A , 

ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɍɟɐɑɞ ɝɚɝɞɚɫɞɨ ɔɓ əɑəɟɗɑɎɧɡ ɝɞɜɚɖ ɔ 

ɝɞɚɗɍɢɚɎ 
T

c rW W. Ȯ ɜɌɘɖɌɡ ɌɗɏɚɜɔɞɘɌ Salsa  ɔɏəɚɜɔɜɟɪɞɝɫ 

ɝɞɜɚɖɔ ɔ ɝɞɚɗɍɢɧ ɘɌɞɜɔɢ  A  ɔ ,H  ɖɚɞɚɜɧɑ ɝɚɝɞɚɫɞ 

ɛɚɗəɚɝɞɨɪ ɔɓ əɟɗɑɕ, ɞɌɖ ɖɌɖ ɛɚ ɚɛɜɑɐɑɗɑəɔɪ, Ɏɝɑ ɟɓɗɧ bipG  

ɔɘɑɪɞ əɑ ɘɑəɑɑ ɚɐəɚɕ ɝɎɫɓɔ. Ȯ ɜɑɓɟɗɨɞɌɞɑ ɘɌɞɜɔɢɧ A  ɔ H  
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ɔɝɛɚɗɨɓɟɪɞɝɫ ɐɗɫ Ɏɧɣɔɝɗɑəɔɫ ɜɌəɏɚɎ ɞɑɘ ɒɑ ɛɟɞɑɘ, ɣɞɚ ɔ Ɏ 
Ɍɗɏɚɜɔɞɘɑ HITS . 

Ƚɡɚɐɫɥɔɑɝɫ Ɏ ɛɜɚɢɑɝɝɑ ɔɞɑɜɌɢɔɚəəɚɏɚ ɛɜɚɢɑɝɝɌ 

Ɏɑɜɚɫɞəɚɝɞɨ ɛɑɜɑɡɚɐɌ ɖ ɟɓɗɟ v  ɖɌɖ ɖ ɌɎɞɚɜɟ,  ɔɘɑɑɞ ɚɣɑəɨ 

ɛɜɚɝɞɟɪ ɠɚɜɘɟ: 

1 ( )v c InDegree vp = Ö ,                         (2.3.19) 

Ɍ Ɏɑɜɚɫɞəɚɝɞɨ ɎɚɓɎɜɌɞɌ ɖ ɟɓɗɟ u  ɖɌɖ  ɖ ɛɚɝɜɑɐəɔɖɟ: 

2 ( )u c OutDegree up = Ö ,                      (2.3.20) 

ɏɐɑ 
1c  ɔ 

2c  - əɑɖɚɞɚɜɧɑ ɖɚəɝɞɌəɞɧ, Ɍ InDegreeɔ OutDegree - 

ɩɞɚ ɖɚɗɔɣɑɝɞɎɚ ɔɝɡɚɐɫɥɔɡ ɔ Ɏɡɚɐɫɥɔɡ ɝɝɧɗɚɖ, 

ɝɚɚɞɎɑɞɝɞɎɑəəɚ. 

ȼ. ȷɑɘɛɑɗɨ ɔ Ƚ. ȸɚɜɌə ɛɜɚɐɑɘɚəɝɞɜɔɜɚɎɌɗɔ, ɣɞɚ 

Ɍɗɏɚɜɔɞɘ Salsa  ɘɑəɑɑ ɣɟɎɝɞɎɔɞɑɗɑə ɖ ɩɠɠɑɖɞɟ ɞɑɝəɚ 
ɝɎɫɓɌəəɧɡ ɝɚɚɍɥɑɝɞɎ, ɣɑɘ HITS, əɚ ɛɜɔ ɟɝɗɚɎɔɫɡ, ɣɞɚ 

Ɏɜɟɣəɟɪ Ɏ ɐɚɖɟɘɑəɞɌɡ ɟɐɌɗɫɪɞɝɫ ɝɝɧɗɖɔ, əɑ ɚɞəɚɝɫɥɔɑɝɫ ɖ 

ɔɝɝɗɑɐɟɑɘɚɕ ɞɑɘɑ.  ɉɞɚ ɞɜɑɍɚɎɌəɔɑ əɌ ɛɜɌɖɞɔɖɑ Ɏɑɐɑɞ ɖ  

ɍɚɗɨɤɔɘ ɔɓɐɑɜɒɖɌɘ, Ɏ ɜɑɓɟɗɨɞɌɞɑ ɣɑɏɚ  ɌɎɞɚɜɌɘ ɛɚɖɌ əɑ 

ɔɓɎɑɝɞəɚ ɝɗɟɣɌɑɎ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɩɞɚɏɚ ɌɗɏɚɜɔɞɘɌ 

ɜɌəɒɔɜɚɎɌəɔɫ Ɏ ɜɑɌɗɨəɚ ɜɌɍɚɞɌɪɥɔɡ ɝɔɝɞɑɘɌɡ. 

ȸəɚɏɔɑ ɔɓ ɜɑɌɗɨəɧɡ ɝɗɚɒəɧɡ ɝɑɞɑɕ ɫɎɗɫɪɞɝɫ 

ɖɚəɞɑəɞəɧɘɔ, ɞ.ɑ. ɞɌɖɔɘɔ, Ɏ ɟɓɗɌɡ ɖɚɞɚɜɧɡ ɡɜɌəɫɞɝɫ 

ɞɑɖɝɞɚɎɧɑ ɐɚɖɟɘɑəɞɧ (Ɏɑɍ-ɝɞɜɌəɔɢɧ, ɝɚɚɍɥɑəɔɫ ɍɗɚɏɚɎ, 

ɚɠɔɢɔɌɗɨəɧɑ ɐɚɖɟɘɑəɞɧ ɔ ɞ.ɛ.). Ȼɚɩɞɚɘɟ ɚɝɞɌəɚɎɔɘɝɫ 

ɐɑɞɌɗɨəɚ əɌ ɘɑɞɚɐɌɡ ɏɜɟɛɛɔɜɚɎɌəɔɫ, Ɍ ɔɘɑəəɚ əɌ ɓɌɐɌɣɌɡ ɔɡ 
ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɔ ɖɗɌɝɞɑɜɔɓɌɢɔɔ. ɉɞɔ ɘɑɞɚɐɧ ɛɚɓɎɚɗɫɪɞ 

ɚɍɦɑɐɔəɫɞɨ ɜɌɓɗɔɣəɧɑ ɟɓɗɧ ɝɑɞɔ Ɏ ɖɌɞɑɏɚɜɔɔ, ɣɞɚ 

ɝɟɥɑɝɞɎɑəəɚ Ɏɗɔɫɑɞ əɌ ɝɚɖɜɌɥɑəɔɑ ɖɚɗɔɣɑɝɞɎɌ ɜɌɓɗɔɣəɧɡ 

ɝɚɐɑɜɒɌɞɑɗɨəɧɡ ɚɍɦɑɖɞɚɎ Ɏ ɝɑɞɫɡ. Ȼɜɔ ɐɌɗɨəɑɕɤɑɘ 

ɔɓɗɚɒɑəɔɔ ɍɟɐɑɘ əɌɓɧɎɌɞɨ Ɏɝɑ ɚɍɦɑɖɞɧ ɐɚɖɟɘɑəɞɌɘɔ, Ɍ 

ɛɌɜɌɘɑɞɜɧ ɚɍɦɑɖɞɚɎ ð ɞɑɜɘɔəɌɘɔ, ɣɞɚ əɑ ɚɏɜɌəɔɣɔɎɌɑɞ 
ɚɍɥəɚɝɞɨ ɛɚɝɗɑɐɟɪɥɔɡ ɎɧɎɚɐɚɎ.  

2.4.  ȶɗɌɝɝɔɠɔɖɌɢɔɫ 

2.4.1. ɀɚɜɘɌɗɨəɚɑ ɚɛɔɝɌəɔɑ ɖɗɌɝɝɔɠɔɖɌɢɔɔ  

Ȼɟɝɞɨ 1 | |{ , ..., }DD d d= - ɘəɚɒɑɝɞɎɚ ɚɍɦɑɖɞɚɎ (ɟɓɗɚɎ ɝɑɞɔ 

ɔɗɔ, əɌɛɜɔɘɑɜ, ɔɡ ɝɚɐɑɜɒɌɞɑɗɨəɧɡ ɩɗɑɘɑəɞɚɎ ð ɐɚɖɟɘɑəɞɚɎ), 
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1 | |{ , ..., }CC c c=  ð ɘəɚɒɑɝɞɎɚ ɖɌɞɑɏɚɜɔɕ, F ð ɢɑɗɑɎɌɫ ɠɟəɖɢɔɫ, 

ɖɚɞɚɜɌɫ ɛɚ ɛɌɜɑ ,i jd c< > ɚɛɜɑɐɑɗɫɑɞ,  ɚɞəɚɝɔɞɝɫ ɗɔ ɐɚɖɟɘɑəɞ 

id  ɖ ɖɌɞɑɏɚɜɔɔ jc  (1 ɔɗɔ True) ɔɗɔ əɑɞ (0 ɔɗɔ False). ȳɌɐɌɣɌ 

ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɝɚɝɞɚɔɞ Ɏ ɛɚɝɞɜɚɑəɔɔ ɠɟəɖɢɔɔ 'F , 

ɘɌɖɝɔɘɌɗɨəɚ ɍɗɔɓɖɚɕ  ɖ .F  

ȸɑɞɚɐɧ ɘɌɤɔəəɚɏɚ ɚɍɟɣɑəɔɫ, ɖɚɞɚɜɧɑ ɛɜɔɘɑəɫɪɞɝɫ 

ɐɗɫ ɖɗɌɝɝɔɠɔɖɌɢɔɔ, ɛɜɑɐɟɝɘɌɞɜɔɎɌɪɞ əɌɗɔɣɔɑ ɖɚɗɗɑɖɢɔɔ  
ɓɌɜɌəɑɑ ɖɗɌɝɝɔɠɔɢɔɜɚɎɌəəɧɡ ɩɖɝɛɑɜɞɌɘɔ ɚɍɦɑɖɞɚɎ, ɞ.ɑ. 

ɞɌɖɔɡ, ɐɗɫ ɖɚɞɚɜɧɡ ɟɒɑ ɞɚɣəɚ ɔɓɎɑɝɞəɚ ɓəɌɣɑəɔɑ ɢɑɗɑɎɚɕ 

ɠɟəɖɢɔɔ. Ȱɗɫ ɞɚɏɚ ɣɞɚɍɧ ɛɚɝɗɑ ɛɚɝɞɜɚɑəɔɫ ɖɗɌɝɝɔɠɔɖɌɞɚɜɌ 

ɘɚɒəɚ ɍɧɗɚ ɚɢɑəɔɞɨ ɑɏɚ ɩɠɠɑɖɞɔɎəɚɝɞɨ,  ɩɞɌ ɖɚɗɗɑɖɢɔɫ 

ɜɌɓɍɔɎɌɑɞɝɫ əɌ ɐɎɑ ɣɌɝɞɔ, əɑ ɚɍɫɓɌɞɑɗɨəɚ ɜɌɎəɚɏɚ ɜɌɓɘɑɜɌ: 

1.  ȿɣɑɍəɌɫ (training -and -validation, TV) ɖɚɗɗɑɖɢɔɫ. 

ȶɗɌɝɝɔɠɔɖɌɞɚɜ 'F  ɝɞɜɚɔɞɝɫ əɌ ɚɝəɚɎɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɩɞɔɡ 

ɚɍɦɑɖɞɚɎ.  

2. ȾɑɝɞɚɎɌɫ (test, Te) ɖɚɗɗɑɖɢɔɫ. ȹɌ əɑɕ ɛɜɚɎɑɜɫɑɞɝɫ 

ɖɌɣɑɝɞɎɚ ɖɗɌɝɝɔɠɔɖɌɢɔɔ. Ⱥɍɦɑɖɞɧ ɔɓ Te əɑ ɐɚɗɒəɧ 
ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ Ɏ ɛɜɚɢɑɝɝɑ ɛɚɝɞɜɚɑəɔɫ ɖɗɌɝɝɔɠɔɖɌɞɚɜɌ. 

ȼɌɝɝɘɌɞɜɔɎɌɑɘɌɫ ɖɗɌɝɝɔɠɔɖɌɢɔɫ əɌɓɧɎɌɑɞɝɫ  ɣɑɞɖɚɕ 

ɍɔəɌɜəɚɕ, ɞ.ɑ. ɛɚɐɜɌɓɟɘɑɎɌɑɞɝɫ, ɣɞɚ ɝɟɥɑɝɞɎɟɪɞ ɞɚɗɨɖɚ ɐɎɑ 

ɖɌɞɑɏɚɜɔɔ, ɖɚɞɚɜɧɑ əɑ ɛɑɜɑɝɑɖɌɪɞɝɫ. ȶ ɞɌɖɚɕ 

ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɝɎɚɐɔɞɝɫ ɘəɚɏɚ ɓɌɐɌɣ, əɌɛɜɔɘɑɜ, 

ɖɗɌɝɝɔɠɔɖɌɢɔɫ ɛɚ ɘəɚɒɑɝɞɎɟ ɖɌɞɑɏɚɜɔɕ 1 | |{ , ..., }CC c c=  

ɜɌɓɍɔɎɌɑɞɝɫ əɌ |C| ɍɔəɌɜəɧɡ ɖɗɌɝɝɔɠɔɖɌɢɔɕ ɛɚ 

ɘəɚɒɑɝɞɎɌɘ { , }i ic c .  

ɃɌɝɞɚ ɔɝɛɚɗɨɓɟɑɞɝɫ ɜɌəɒɔɜɚɎɌəɔɑ, ɛɜɔ ɖɚɞɚɜɚɘ 

ɘəɚɒɑɝɞɎɚ ɓəɌɣɑəɔɕ ɢɑɗɑɎɚɕ ɠɟəɖɢɔɔ - ɩɞɚ ɚɞɜɑɓɚɖ [0, 1]. 

Ⱥɍɦɑɖɞ ɛɜɔ ɜɌəɒɔɜɚɎɌəɔɔ ɘɚɒɑɞ ɚɞəɚɝɔɞɨɝɫ əɑ ɞɚɗɨɖɚ ɖ 

ɚɐəɚɕ, Ɍ ɝɜɌɓɟ ɖ əɑɝɖɚɗɨɖɔɘ ɖɌɞɑɏɚɜɔɫɘ ɝ ɜɌɓəɚɕ ɝɞɑɛɑəɨɪ 

ɛɜɔəɌɐɗɑɒəɚɝɞɔ, ɞ.ɑ. ɖɌɞɑɏɚɜɔɔ ɘɚɏɟɞ ɛɑɜɑɝɑɖɌɞɨɝɫ ɘɑɒɐɟ 

ɝɚɍɚɕ. 

2.4.2. ȼɌəɒɔɜɚɎɌəɔɑ ɔ ɣɑɞɖɌɫ ɖɗɌɝɝɔɠɔɖɌɢɔɫ 

Ȼɜɑɐɛɚɗɚɒɔɘ, ɣɞɚ ɐɗɫ ɖɌɒɐɚɕ ɖɌɞɑɏɚɜɔɔ ic  ɛɚɝɞɜɚɑəɌ 
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ɠɟəɢɔɫ 
iCSV.  ȼɌɝɝɘɚɞɜɔɘ ɓɌɐɌɣɟ, ɓɌɖɗɪɣɌɪɥɟɪɝɫ Ɏ ɞɚɘ, 

ɣɞɚɍɧ ɚɞ ɠɟəɖɢɔɔ ɜɌəɒɔɜɚɎɌəɔɫ ɛɑɜɑɕɞɔ ɖ ɞɚɣəɚɕ 

ɖɗɌɝɝɔɠɔɖɌɢɔɔ. ȹɌɔɍɚɗɑɑ ɛɜɚɝɞɚɕ ɝɛɚɝɚɍ - ɐɗɫ ɖɌɒɐɚɕ 

ɖɌɞɑɏɚɜɔɔ 
ic  ɎɧɍɜɌɞɨ ɛɜɑɐɑɗɨəɚɑ ɓəɌɣɑəɔɑ (ɛɚɜɚɏ) 

it. ȱɝɗɔ 

( ) ,i iCSV d>t ɞɚ ɐɚɖɟɘɑəɞ d  ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɖɌɞɑɏɚɜɔɔ 
ic . 

Ȱɜɟɏɚɕ ɛɚɐɡɚɐ: ɐɗɫ ɖɌɒɐɚɏɚ ɐɚɖɟɘɑəɞɌ d  ɎɧɍɔɜɌɞɨ k  

ɍɗɔɒɌɕɤɔɡ ɖɌɞɑɏɚɜɔɕ, ɞ.ɑ. k  ɖɌɞɑɏɚɜɔɕ, əɌ ɖɚɞɚɜɧɡ ( )iCSV d  

ɛɜɔəɔɘɌɪɞ əɌɔɍɚɗɨɤɔɑ ɓəɌɣɑəɔɫ. 

ȮɧɍɔɜɌɞɨ ɛɚɜɚɏɚɎɚɑ ɓəɌɣɑəɔɑ ɘɚɒəɚ 

əɑɝɖɚɗɨɖɔɘɔ ɝɛɚɝɚɍɌɘɔ: 

- ȻɜɚɛɚɜɢɔɚəɌɗɨəɧɕ ɘɑɞɚɐ. ȿɣɑɍəɌɫ 
ɖɚɗɗɑɖɢɔɫ ɜɌɓɍɔɎɌɑɞɝɫ əɌ ɐɎɑ 

ɣɌɝɞɔ. Ȱɗɫ ɖɌɒɐɚɕ ɖɌɞɑɏɚɜɔɔ 
ic  əɌ 

ɚɐəɚɕ ɣɌɝɞɔ ɟɣɑɍəɚɕ ɖɚɗɗɑɖɢɔɔ 

Ɏɧɣɔɝɗɫɑɞɝɫ, ɖɌɖɌɫ ɣɌɝɞɨ 

ɐɚɖɟɘɑəɞɚɎ ɑɕ ɛɜɔəɌɐɗɑɒɔɞ. 
ȻɚɜɚɏɚɎɧɑ ɓəɌɣɑəɔɫ ɎɧɍɔɜɌɑɞɝɫ 

ɞɌɖ, ɣɞɚɍɧ əɌ ɐɜɟɏɚɕ ɣɌɝɞɔ ɟɣɑɍəɚɕ 

ɖɚɗɗɑɖɢɔɔ ɖɚɗɔɣɑɝɞɎɚ ɚɝɞɌɎɤɔɡɝɫ 

ɐɚɖɟɘɑəɞɚɎ, ɚɞəɑɝɑəəɧɡ  
ic , ɍɧɗɚ 

ɞɌɖɔɘ ɒɑ. 

- ȸɑɞɚɐ k  ɍɗɔɒɌɕɤɔɡ ɖɌɞɑɏɚɜɔɕ. 

ȶɌɒɐɧɕ ɐɚɖɟɘɑəɞ 
id  ɝɣɔɞɌɑɞɝɫ 

ɛɜɔəɌɐɗɑɒɌɥɔɘ ɖ k  ɍɗɔɒɌɕɤɔɘ ɖɌɞɑɏɚɜɔɫɘ ɔ 

ɝɚɚɞɎɑɞɝɞɎɑəəɚ ɩɞɚɘɟ ɎɧɍɔɜɌɑɞɝɫ ɛɚɜɚɏɚɎɚɑ ɓəɌɣɑəɔɑ.  

2. 4.3. ȸɑɜɌ ɍɗɔɓɚɝɞɔ ɚɍɦɑɖɞɌ ɔ ɖɌɞɑɏɚɜɔɔ 

Ȯ ɩɞɚɘ ɘɑɞɚɐɑ ɛɜɌɎɔɗɚɘ ɖɗɌɝɝɔɠɔɖɌɞɚɜɌ ɫɎɗɫɑɞɝɫ 

ɝɖɌɗɫɜəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ. Ȼɟɝɞɨ ɖɌɒɐɚɕ ɖɌɞɑɏɚɜɔɔ 
iC  

ɝɚɚɞɎɑɞɝɞɎɟɑɞ Ɏɑɖɞɚɜ 1( , ..., ),i iNc c=iC  ɏɐɑ N  - ɜɌɓɘɑɜəɚɝɞɨ 

ɛɜɚɝɞɜɌəɝɞɎɌ ɞɑɜɘɚɎ. Ȯ ɖɌɣɑɝɞɎɑ ɛɜɌɎɔɗɌ ɖɗɌɝɝɔɠɔɖɌɞɚɜɌ 
ɔɝɛɚɗɨɓɟɑɞɝɫ ɠɚɜɘɟɗɌ:  

1

( ) .
N

i i ij j

j

CSV d c d
=

= Ö =äd C

                  

   (2.4.1)  

ȹɚɜɘɌɗɔɓɌɢɔɫ  ɛɜɚɎɚɐɔɞɝɫ  ɚɍɧɣəɚ ɞɌɖɔɘ ɚɍɜɌɓɚɘ, 

CSV 
(Categorization 

Status Value   ð

ɝɞɌɞɟɝ 

ɖɗɌɝɝɔɠɔɖɌɢɔɔ) ð 

ɠɟəɖɢɔɫ, 

ɚɞɚɍɜɌɒɌɪɥɌɫ 

ɘəɚɒɑɝɞɎɚ 

ɐɚɖɟɘɑəɞɚɎ D əɌ 

ɚɞɜɑɓɚɖ  [0; 1], 

ɖɚɞɚɜɌɫ ɓɌɐɌɑɞ 

ɝɞɑɛɑəɨ 

ɛɜɔəɌɐɗɑɒəɚɝɞɔ 

ɐɚɖɟɘɑəɞɌ 

ɖɌɞɑɏɚɜɔɔ. 
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ɣɞɚɍɧ ɔɞɚɏɚɎɌɫ ɠɚɜɘɟɗɌ ɐɗɫ ( )iCSV d  ð ɩɞɚ əɚɜɘɔɜɚɎɌəəɚɑ 

ɝɖɌɗɫɜəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ - ɖɚɝɔəɟɝ ɟɏɗɌ ɘɑɒɐɟ Ɏɑɖɞɚɜɚɘ 

ɖɌɞɑɏɚɜɔɔ  
ic  ɔ Ɏɑɖɞɚɜɚɘ ɔɓ ɎɑɝɚɎɧɡ ɓəɌɣɑəɔɕ ɞɑɜɘɚɎ, 

Ɏɡɚɐɫɥɔɡ Ɏ ɐɚɖɟɘɑəɞ d  ð 
1( , ..., )Nd d=d : 

( ) .
| | | |

iCSV d
Ö

=
Ö

i

i

d C

d C
                              (2.4.2)  

ȶɚɚɜɐɔəɌɞɧ ɎɑɖɞɚɜɌ 
iC   ɚɛɜɑɐɑɗɫɪɞɝɫ Ɏ ɡɚɐɑ ɚɍɟɣɑəɔɫ, 

ɖɚɞɚɜɚɑ  ɛɜɚɎɚɐɔɞɝɫ ɛɚ ɖɌɒɐɚɕ ɖɌɞɑɏɚɜɔɔ əɑɓɌɎɔɝɔɘɚ ɚɞ 

ɐɜɟɏɔɡ.  

2.4.4. ȸɑɞɚɐ Rocchio 

ȹɑɖɚɞɚɜɧɑ ɖɗɌɝɝɔɠɔɖɌɞɚɜɧ 

ɔɝɛɚɗɨɓɟɪɞ ɞɌɖ əɌɓɧɎɌɑɘɧɕ ɛɜɚɠɌɕɗ ɐɗɫ 

ɚɛɜɑɐɑɗɑəɔɫ ɖɌɞɑɏɚɜɔɔ. ȻɜɚɠɌɕɗ ð ɩɞɚ 

ɝɛɔɝɚɖ ɎɓɎɑɤɑəəɧɡ ɞɑɜɘɚɎ, ɛɜɔɝɟɞɝɞɎɔɑ 
ɔɗɔ ɚɞɝɟɞɝɞɎɔɑ ɖɚɞɚɜɧɡ ɛɚɓɎɚɗɫɑɞ 

əɌɔɍɚɗɑɑ ɞɚɣəɚ ɚɞɗɔɣɌɞɨ ɖɚəɖɜɑɞəɟɪ 

ɖɌɞɑɏɚɜɔɪ ɚɞ ɐɜɟɏɔɡ ɖɌɞɑɏɚɜɔɕ. ȶ ɞɌɖɔɘ 

ɘɑɞɚɐɌɘ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɚɞəɚɝɔɞɝɫ ɔ 

ɘɑɞɚɐ Rocchio, ɖɚɞɚɜɧɕ ɚɞəɚɝɔɞɝɫ ɖ 
ɗɔəɑɕəɧɘ ɖɗɌɝɝɔɠɔɖɌɞɚɜɌɘ, Ɏ ɖɚɞɚɜɧɡ 

ɖɌɒɐɧɕ ɐɚɖɟɘɑəɞ ɛɜɑɐɝɞɌɎɗɫɑɞɝɫ Ɏ Ɏɔɐɑ ɎɑɖɞɚɜɌ ɎɑɝɚɎɧɡ 

ɓəɌɣɑəɔɕ ɞɑɜɘɚɎ. ȻɜɚɠɌɕɗ ɖɌɞɑɏɚɜɔɔ i  ɍɟɐɑɘ ɜɌɝɝɘɌɞɜɔɎɌɞɨ 

ɖɌɖ Ɏɑɖɞɚɜ 1( , ..., )i Nic c=iC  (N ð ɖɚɗɔɣɑɝɞɎɚ ɞɑɜɘɚɎ Ɏ ɝɗɚɎɌɜɑ), 

ɓəɌɣɑəɔɫ ɩɗɑɘɑəɞɚɎ ɖɚɞɚɜɚɏɚ  
kic  Ɏ  ɜɌɘɖɌɡ ɘɑɞɚɐɌ Rocchio 

ɜɌɝɝɣɔɞɧɎɌɑɞɝɫ ɛɚ ɠɚɜɘɟɗɑ: 

,
| | | |

j i j i

ki kj kj

d POS d NEGi i

c w w
POS NEGÍ Í

= Ö - Öä ä
a b

 
 (2.4.3 ) 

ɏɐɑ kjw  - ɩɞɚ Ɏɑɝ ɞɑɜɘɌ kt  Ɏ ɐɚɖɟɘɑəɞɑ jd  (ɜɌɝɝɣɔɞɌəəɧɕ, 

əɌɛɜɔɘɑɜ, ɛɚ ɛɜɔəɢɔɛɟ TF IDF), { | ( , ) 1}i j j iPOS d d c= F =
 
ɔ 

{ | ( , ) 0}.i j j iNEG d d c= F =  Ȯ ɩɞɚɕ ɠɚɜɘɟɗɑ, a ɔ b ð 

ɖɚəɞɜɚɗɨəɧɑ ɛɌɜɌɘɑɞɜɧ, ɖɚɞɚɜɧɑ ɡɌɜɌɖɞɑɜɔɓɟɪɞ ɓəɌɣɔɘɚɝɞɨ 

ȻɜɚɠɌɕɗ (pro file ) ð 

ɛɜɚɞɚɞɔɛ 

ɐɚɖɟɘɑəɞɌ, 

ɖɌɞɑɏɚɜɔɔ ɔɗɔ 

ɘɌɝɝɔɎɌ 

ɐɚɖɟɘɑəɞɚɎ, ɣɌɥɑ 

Ɏɝɑɏɚ ɝɚɎɚɖɟɛəɚɝɞɨ 

ɎɓɎɑɤɑəəɧɡ 

ɞɑɜɘɚɎ  
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ɛɚɗɚɒɔɞɑɗɨəɧɡ ɔ ɚɞɜɔɢɌɞɑɗɨəɧɡ ɛɜɔɘɑɜɚɎ. ȹɌɛɜɔɘɑɜ, ɑɝɗɔ 

a = 1 ɔ  b= 0, 
iC  ɍɟɐɑɞ ɢɑəɞɜɚɘ ɘɌɝɝ Ɏɝɑɡ ɐɚɖɟɘɑəɞɚɎ, 

ɚɞəɚɝɫɥɔɡɝɫ ɖ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɕ ɖɌɞɑɏɚɜɔɔ. 

ɀɟəɖɢɔɫ ( )iCSV d  ɚɛɜɑɐɑɗɫɑɞɝɫ ɗɔɍɚ ɖɌɖ ɎɑɗɔɣɔəɌ 

ɚɍɜɌɞəɌɫ ɜɌɝɝɞɚɫəɔɪ ɚɞ ɎɑɖɞɚɜɌ ɔɓ ɎɑɝɚɎɧɡ ɓəɌɣɑəɔɕ 

ɞɑɜɘɚɎ, Ɏɡɚɐɫɥɔɡ Ɏ ɐɚɖɟɘɑəɞ d , ɐɚ ɛɜɚɠɌɕɗɌ ɖɌɞɑɏɚɜɔɔ 

ii C- , ɗɔɍɚ ɖɌɖ  ɝɖɌɗɫɜəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ ɩɞɔɡ ɎɑɖɞɚɜɚɎ. 

ȸɑɞɚɐ Rocchio ɐɌɑɞ ɟɐɚɎɗɑɞɎɚɜɔɞɑɗɨəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɖɚɏɐɌ 

ɐɚɖɟɘɑəɞɧ ɔɓ ɚɐəɚɕ ɖɌɞɑɏɚɜɔɔ ɍɗɔɓɖɔ ɐɜɟɏ ɖ ɐɜɟɏɟ ɛɚ 

ɜɌɝɝɞɚɫəɔɪ.  

2.4.5. ȸɑɞɚɐ ɗɔəɑɕəɚɕ ɜɑɏɜɑɝɝɔɔ 

ȼɑɏɜɑɝɝɔɚəəɧɕ ɌəɌɗɔɓ ɔɝɛɚɗɨɓɟɑɞɝɫ, ɖɚɏɐɌ ɛɜɔɓəɌɖɔ 
ɖɌɞɑɏɚɜɔɕ ɘɚɏɟɞ ɍɧɞɨ ɎɧɜɌɒɑəɧ ɖɚɗɔɣɑɝɞɎɑəəɚ Ɏ Ɏɔɐɑ 

əɑɖɚɞɚɜɚɕ ɖɚɘɍɔəɌɢɔɔ ɎɑɖɞɚɜɚɎ ɎɑɝɚɎɧɡ ɓəɌɣɑəɔɕ ɞɑɜɘɚɎ, 

Ɏɡɚɐɫɥɔɡ Ɏ ɐɚɖɟɘɑəɞɧ ɔɓ ɟɣɑɍəɚɕ ɖɚɗɗɑɖɢɔɔ. ȻɚɗɟɣɑəəɌɫ 

ɖɚɘɍɔəɌɢɔɫ ɘɚɒɑɞ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ 

ɖɌɞɑɏɚɜɔɔ, ɖ ɖɚɞɚɜɚɕ ɍɟɐɑɞ ɚɞəɚɝɔɞɨɝɫ əɚɎɧɕ ɐɚɖɟɘɑəɞ. Ȯ 

ɛɜɚɝɞɑɕɤɑɘ ɝɗɟɣɌɑ ɐɗɫ ɜɑɤɑəɔɫ ɩɞɚɕ ɓɌɐɌɣɔ ɔɝɛɚɗɨɓɟɪɞɝɫ 
ɝɞɌəɐɌɜɞəɧɑ ɝɞɌɞɔɝɞɔɣɑɝɖɔɑ ɘɑɞɚɐɧ, ɞɌɖɔɑ ɖɌɖ ɗɔəɑɕəɌɫ 

ɜɑɏɜɑɝɝɔɫ.  

ȸɑɞɚɐ ɜɑɏɜɑɝɝɔɔ ɫɎɗɫɑɞɝɫ ɎɌɜɔɌəɞɚɘ ɗɔəɑɕəɚɕ 

ɖɗɌɝɝɔɠɔɖɌɢɔɔ, ɚɍɟɣɌɑɘɚɕ ɝɜɌɓɟ əɌ Ɏɝɑɕ ɖɚɗɗɑɖɢɔɔ. Ȼɜɔ 

ɛɜɔɘɑəɑəɔɔ ɜɑɏɜɑɝɝɔɚəəɚɏɚ ɌəɌɗɔɓɌ  ɖ ɖɗɌɝɝɔɠɔɖɌɢɔɔ 

ɞɑɖɝɞɚɎ ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɘəɚɒɑɝɞɎɚ ɞɑɜɘɚɎ (F ) ɔ  

ɘəɚɒɑɝɞɎɚ ɖɌɞɑɏɚɜɔɕ (C). Ȯ ɩɞɚɘ ɝɗɟɣɌɑ ɟɣɑɍəɚɕ ɖɚɗɗɑɖɢɔɔ 

ɐɚɖɟɘɑəɞɚɎ ɝɞɌɎɔɞɝɫ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɑ ɐɎɑ ɘɌɞɜɔɢɧ: 

- ɘɌɞɜɔɢɌ ɐɚɖɟɘɑəɞɚɎ D  Ɏ ɟɣɑɍəɚɕ ɖɚɗɗɑɖɢɔɔ, Ɏ 

ɖɚɞɚɜɚɕ ɖɌɒɐɌɫ ɝɞɜɚɖɌ ð ɩɞɚ ɐɚɖɟɘɑəɞ, Ɍ ɝɞɚɗɍɑɢ ð 

ɞɑɜɘ, ɖɚɗɔɣɑɝɞɎɚ ɝɞɜɚɖ N  ð ɖɚɗɔɣɑɝɞɎɚ ɐɚɖɟɘɑəɞɚɎ Ɏ 

ɟɣɑɍəɚɕ ɖɚɗɗɑɖɢɔɔ; 

- ɘɌɞɜɔɢɌ ɚɞɎɑɞɚɎ , |i jo=O , Ɏ ɖɚɞɚɜɚɕ  ɝɞɜɚɖɌ i  

ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɐɚɖɟɘɑəɞɟ (1, ...,i N= ), ɝɞɚɗɍɑɢ j  ð 

ɖɌɞɑɏɚɜɔɔ (1, ...,j K= ), Ɍ ,i jo  - ɓəɌɣɑəɔɪ ( )j iCSV d . 

ȸɑɞɚɐ ɜɑɏɜɑɝɝɔɔ ɍɌɓɔɜɟɑɞɝɫ əɌ Ɍɗɏɚɜɔɞɘɑ əɌɡɚɒɐɑəɔɫ 
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ɘɌɞɜɔɢɧ ɛɜɌɎɔɗ M , ɖɚɞɚɜɌɫ ɘɔəɔɘɔɓɔɜɟɑɞ ɓəɌɣɑəɔɑ  əɚɜɘɧ 

ɘɌɞɜɔɢɧ 
F

MD - O , ɞɚ ɑɝɞɨ: 

arg min
F

M

M = MD - O .                        (2.4.4)  

 ȹɌɛɚɘəɔɘ, ɣɞɚ Ɏ ɗɔəɑɕəɚɕ Ɍɗɏɑɍɜɑ ɛɚɐ əɚɜɘɚɕ 

ɘɌɞɜɔɢɧ ɛɚəɔɘɌɑɞɝɫ ɠɟəɖɢɔɫ, ɖɚɞɚɜɌɫ ɝɞɌɎɔɞ Ɏ 

ɝɚɚɞɎɑɞɝɞɎɔɑ ɘɌɞɜɔɢɑ ɣɔɝɗɚɎɟɪ ɡɌɜɌɖɞɑɜɔɝɞɔɖɟ. ȹɚɜɘɌ 

ɘɌɞɜɔɢɧ ɚɞɜɌɒɌɑɞ ɛɚɜɫɐɚɖ Ɏɑɗɔɣɔəɧ ɘɌɞɜɔɣəɧɡ ɩɗɑɘɑəɞɚɎ. 

Ȯ ɐɌəəɚɘ ɝɗɟɣɌɑ ɜɑɖɚɘɑəɐɟɑɞɝɫ ɔɝɛɚɗɨɓɚɎɌɞɨ əɚɜɘɟ 

ɀɜɚɍɑəɔɟɝɌ .
F
, ɜɌɎəɟɪ ɖɚɜəɪ ɖɎɌɐɜɌɞəɚɘɟ ɔɓ ɝɟɘɘɧ 

ɖɎɌɐɜɌɞɚɎ Ɏɝɑɡ ɩɗɑɘɑəɞɚɎ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɕ ɘɌɞɜɔɢɧ: 

2

,

.ijF
i j

A a=ä                                     (2.4.5)  

ɉɗɑɘɑəɞ ijm  ɔɝɖɚɘɚɕ ɘɌɞɜɔɢɧ M  ɍɟɐɑɞ ɚɞɜɌɒɌɞɨ 

ɝɞɑɛɑəɨ ɛɜɔəɌɐɗɑɒəɚɝɞɔ iðɏɚ ɞɑɜɘɌ jðɕ ɖɌɞɑɏɚɜɔɕ.  

2.4.6. Ȱȹɀ-ɖɗɌɝɝɔɠɔɖɌɞɚɜ 

Ȱȹɀ-ɖɗɌɝɝɔɠɔɖɌɞɚɜ ɝɚɝɞɚɔɞ ɔɓ ɘəɚɒɑɝɞɎɌ ɛɜɌɎɔɗ, 

ɟɝɗɚɎɔɫ ɖɚɞɚɜɧɡ  ɓɌɐɌɪɞɝɫ əɑɖɚɞɚɜɚɕ Ȱȹɀ-ɠɚɜɘɟɗɚɕ (Ȱȹɀ - 

ɐɔɓɦɪəɖɞɔɎəɌɫ əɚɜɘɌɗɨəɌɫ ɠɚɜɘɌ), ɛɜɑɐɝɞɌɎɗɫɪɥɑɕ  ɝɚɍɚɕ 
ɐɔɓɦɪəɖɢɔɪ əɑɝɖɚɗɨɖɔɡ ɎɧɜɌɒɑəɔɕ, ɩɗɑɘɑəɞɧ ɖɚɞɚɜɧɡ 

ɝɚɑɐɔəɑəɧ əɑɖɚɞɚɜɧɘ ɖɚɗɔɣɑɝɞɎɚɘ (Ɏɚɓɘɚɒəɚ, əɟɗɑɎɧɘ) 

ɖɚəɦɪəɖɢɔɕ. Ȯ ɩɞɚɘ ɝɗɟɣɌɑ ɐɚɖɟɘɑəɞ ɚɞəɚɝɔɞɝɫ ɖ ɖɌɞɑɏɚɜɔɔ, 

ɑɝɗɔ ɚə ɟɐɚɎɗɑɞɎɚɜɫɑɞ ɩɞɚɕ ɠɚɜɘɟɗɑ, ɞ.ɑ. ɟɐɚɎɗɑɞɎɚɜɫɑɞ ɡɚɞɫ 

ɍɧ ɚɐəɚɘɟ ɣɗɑəɟ ɐɔɓɦɪəɖɢɔɔ. 

ȹɌ əɌɣɌɗɨəɚɕ ɝɞɌɐɔɔ ɐɗɫ ɖɌɒɐɚɕ ɖɌɞɑɏɚɜɔɔ 
ic , ɖɚɞɚɜɌɫ 

ɝɚɝɞɚɔɞ ɔɓ ɐɚɖɟɘɑəɞɚɎ 1 | |{ , ..., },
i

i i

cd d  ɚɛɜɑɐɑɗɫɑɞɝɫ ɝɗɑɐɟɪɥɌɫ 

ɠɚɜɘɟɗɌ: 

ȱȽȷȴ 1( )ix d=  ȴȷȴ 2( )ix d=  ȴȷȴ . . . ȴȷȴ | |( )
i

i

cx d= , ȾȺ ic . 

ȶɗɌɝɝɔɠɔɖɌɞɚɜ, ɚɝəɚɎɌəəɧɕ əɌ ɞɌɖɚɘ ɘəɚɒɑɝɞɎɑ 

ɠɚɜɘɟɗ, Ɍɍɝɚɗɪɞəɚ ɛɜɌɎɔɗɨəɚ ɜɌɍɚɞɌɑɞ əɌ ɟɣɑɍəɚɕ 
ɖɚɗɗɑɖɢɔɔ, əɚ, Ɏɚ-ɛɑɜɎɧɡ, ɚə əɑ ɘɚɒɑɞ ɜɌɍɚɞɌɞɨ əɌ ɐɜɟɏɔɡ 

ɐɚɖɟɘɑəɞɌɡ, Ɏɚ-Ɏɞɚɜɧɡ, ɛɚɗɨɓɚɎɌɞɨɝɫ ɞɌɖɔɘ 
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ɖɗɌɝɝɔɠɔɖɌɞɚɜɚɘ əɑɟɐɚɍəɚ ɎɎɔɐɟ ɍɚɗɨɤɚɏɚ ɖɚɗɔɣɑɝɞɎɌ 
ɛɜɌɎɔɗ. Ȯ ɜɑɌɗɨəɚ ɜɌɍɚɞɌɪɥɔɡ Ȱȹɀ-ɖɗɌɝɝɔɠɔɖɌɞɚɜɌɡ 

ɛɜɚɔɝɡɚɐɔɞ ɛɑɜɑɡɚɐ ɚɞ ɐɚɖɟɘɑəɞɚɎ ɖ ɘəɚɒɑɝɞɎɌɘ ɞɑɜɘɚɎ, 

ɖɚɞɚɜɧɑ ɚɛɜɑɐɑɗɫɪɞɝɫ əɌ ɚɝəɚɎɌəɔɔ ɌəɌɗɔɓɌ ɝɚɐɑɜɒɌəɔɫ 

ɐɚɖɟɘɑəɞɚɎ, ɛɜɔəɌɐɗɑɒɌɥɔɡ ɞɚɕ ɔɗɔ ɔəɚɕ ɖɌɞɑɏɚɜɔɔ. ȶɜɚɘɑ 

ɞɚɏɚ, ɛɜɚɎɚɐɔɞɝɫ ɜɫɐ ɟɛɜɚɥɑəɔɕ, ɝɎɫɓɌəəɧɡ ɝ ɚɍɦɑɐɔəɑəɔɑɘ 
ɔɗɔ ɟɐɌɗɑəɔɑɘ əɑɖɚɞɚɜɧɡ ɟɝɗɚɎɔɕ. ȻɜɔɎɑɐɑɘ əɑɍɚɗɨɤɚɕ 

ɛɜɔɘɑɜ: 

ȱȽȷȴ ((ɖɚɠɑ & ɩɝɛɜɑɝɝɚ) ȴȷȴ 

  (ɖɚɠɑ & ɘɚɗɚɖɚ) ȴȷȴ 

  (ɣɌɕ & ɝɞɌɖɌə & ɗɔɘɚə) ȴȷȴ 

  (ɖɚɠɑ & ɣɌɤɖɌ & ×ɓɑɜəɌ)) 

ȾȺ ȹɌɛɔɞɚɖ 

ȴȹȬɃȱ ×ȹɌɛɔɞɚɖ 

Ȼɚɐɚɍəɧɑ ɐɑɕɝɞɎɔɫ ɟɗɟɣɤɌɪɞ ɛɚɖɌɓɌɞɑɗɨ ɛɚɗəɚɞɧ 

ɖɗɌɝɝɔɠɔɖɌɢɔɔ, əɚ ɛɜɔ ɩɞɚɘ ɘɚɒɑɞ ɝɟɥɑɝɞɎɑəəɚ  ɛɚɝɞɜɌɐɌɞɨ 

ɞɚɣəɚɝɞɨ ɐɌɒɑ əɌ ɟɣɑɍəɚɕ ɖɚɗɗɑɖɢɔɔ. 

2. 4.7. ȭɌɕɑɝɚɎɝɖɌɫ ɗɚɏɔɝɞɔɣɑɝɖɌɫ ɜɑɏɜɑɝɝɔɫ 

Ȯ ɘɚɐɑɗɔ ɍɌɕɑɝɚɎɝɖɚɕ ɗɚɏɔɝɞɔɣɑɝɖɚɕ ɜɑɏɜɑɝɝɔɔ 

ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɟɝɗɚɎəɌɫ Ɏɑɜɚɫɞəɚɝɞɨ ɛɜɔəɌɐɗɑɒəɚɝɞɔ 

ɐɚɖɟɘɑəɞɌ D  ɖɗɌɝɝɟ C : ( | ).p C D  

ȻɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ ɐɚɖɟɘɑəɞ ɚɛɜɑɐɑɗɫɑɞɝɫ ɞɑɜɘɌɘɔ, 

Ɏɡɚɐɫɥɔɘɔ Ɏ əɑɏɚ, ɞ.ɑ. Ɏ ɜɌɘɖɌɡ ɐɌəəɚɕ ɘɚɐɑɗɔ ɐɚɖɟɘɑəɞ ð 

ɩɞɚ Ɏɑɖɞɚɜ: 1( , ..., )ND w w= , ɏɐɑ 
iw  - Ɏɑɝ ɞɑɜɘɌ i , Ɍ N  ð 

ɜɌɓɘɑɜ ɝɗɚɎɌɜɫ. 

ȸɚɐɑɗɨ ɍɌɕɑɝɚɎɝɖɚɕ ɗɚɏɔɝɞɔɣɑɝɖɚɕ ɜɑɏɜɑɝɝɔɔ ɓɌɐɌɑɞɝɫ 

ɠɚɜɘɟɗɚɕ: 

 
1

( | ) ( ) ( )
N

i i

i

p C D D w
=

= Ö = Öäj b j b ,           (2.4.6)  

ɏɐɑ {0,1}CÍ , 1{ , ..., }N=b b b- Ɏɑɖɞɚɜ ɛɌɜɌɘɑɞɜɚɎ ɘɚɐɑɗɔ, Ɍ j 

ð ɗɚɏɔɝɞɔɣɑɝɖɌɫ ɠɟəɖɢɔɫ, Ɏ ɖɌɣɑɝɞɎɑ ɖɚɞɚɜɚɕ ɜɑɖɚɘɑəɐɟɑɞɝɫ 

ɔɝɛɚɗɨɓɚɎɌɞɨ: 
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1
( )

1 exp( )
x

x
=
+ -

j .                              (2.4.7)  

ȺɝəɚɎəɌɫ ɔɐɑɫ ɛɚɐɡɚɐɌ ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, ɣɞɚɍɧ 

ɔɝɛɚɗɨɓɚɎɌɞɨ ɛɜɑɐɤɑɝɞɎɟɪɥɑɑ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɎɑɖɞɚɜɌ 

ɛɌɜɌɘɑɞɜɚɎ b, Ɏ ɖɚɞɚɜɚɘ ɖɌɒɐɚɑ ɖɚəɖɜɑɞəɚɑ ɓəɌɣɑəɔɑ  
ib ɝ 

ɍɚɗɨɤɚɕ Ɏɑɜɚɫɞəɚɝɞɨɪ ɘɚɒɑɞ ɛɜɔəɔɘɌɞɨ ɓəɌɣɑəɔɑ, ɍɗɔɓɖɚɑ ɖ 

0. Ȼɜɔ ɜɑɌɗɨəɧɡ  ɜɌɝɣɑɞɌɡ ɛɜɔəɔɘɌɪɞɝɫ  ɏɔɛɚɞɑɓɧ ɚ 

ȯɌɟɝɝɚɎɝɖɚɘ ɔɗɔ ȷɌɛɗɌɝɚɎɚɘ ɜɌɝɛɜɑɐɑɗɑəɔɔ ɓəɌɣɑəɔɕ 
ib, Ɍ 

ɞɌɖɒɑ ɞɚ, ɣɞɚ Ɏɝɑ Ɏɑɗɔɣɔəɧ  
ib ɎɓɌɔɘəɚ əɑɓɌɎɔɝɔɘɧ. 

2.4.8. ȹɌɔɎəɌɫ ɍɌɕɑɝɚɎɝɖɌɫ ɘɚɐɑɗɨ 

ȼɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɟɝɗɚɎəɌɫ Ɏɑɜɚɫɞəɚɝɞɨ ɛɜɔəɌɐɗɑɒəɚɝɞɔ 

ɚɍɦɑɖɞɌ ɖɗɌɝɝɟ C  ɛɜɔ ɞɚɘ, ɣɞɚ ɚə ɚɍɗɌɐɌɑɞ ɛɜɔɓəɌɖɌɘɔ 

1, ..., :nF F  

1( | , ..., ).np C F F                                       (2.4.8)  

Ȯ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɞɑɚɜɑɘɚɕ ȭɌɕɑɝɌ: 

 1
1

1

( ) ( , ..., | )
( | , ..., ) .

( , ..., )

n
n

n

p C p F F C
p C F F

p F F
=    (2.4.9)  

Ȼɚ ɚɛɜɑɐɑɗɑəɔɪ ɟɝɗɚɎəɚɕ Ɏɑɜɚɫɞəɚɝɞɔ: 

1 1

1 2 1

1 2 3 1 2

( | , ..., ) ( ) ( , ..., | )

( ) ( | ) ( , ..., | , )

( ) ( | ) ( | ) ( , ..., | , , ).

n n

n

n

p C F F p C p F F C

p c p F C p F F C F

p c p F C p F C p F F C F F

= =

= =

=

 (2.4.10)    

Ȯ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ çəɌɔɎəɧɘè ɍɌɕɑɝɚɎɝɖɔɘ ɛɚɐɡɚɐɚɘ 

ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ ɝɚɍɧɞɔɫ ,i jF F  əɑɓɌɎɔɝɔɘɧ ɐɗɫ ɗɪɍɧɡ 

i j̧ : 

( | , ) ( | ).i j ip F C F p F C=                           (2.4.11)  

ȽɚɚɞɎɑɞɝɞɎɑəəɚ: 
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1

1 2

1

( | , ..., )

( ) ( | ) ( | ) ... ( | )

( ) ( | ).

n

n

n

i

i

p C F F

p C p F C p F C F C

p C p F C
=

=

= Ö Ö =

= Ô

 
(2.4.12)  

Ȼɑɜɑɕɐɑɘ ɖ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɐɚɖɟɘɑəɞɚɎ. Ȯ ɝɗɟɣɌɑ 

ɍɔəɌɜəɚɕ ɖɗɌɝɝɔɠɔɖɌɢɔɔ çəɌɔɎəɌɫè ɍɌɕɑɝɚɎɖɌɫ Ɏɑɜɚɫɞəɚɝɞɨ 

ɛɜɔəɌɐɗɑɒəɚɝɞɔ ɐɚɖɟɘɑəɞɌ ɖɗɌɝɝɟ ɚɛɜɑɐɑɗɫɑɞɝɫ ɛɚ ɠɚɜɘɟɗɑ: 

( | ) ( | ).i

i

p D C p w C=Ô                            (2.4.13)  

Ȯ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɞɑɚɜɑɘɚɕ ȭɌɕɑɝɌ: 

( )
( | ) ( | ).

( )

p C
p C D p D C

p D
=                         (2.4.14)  

Ȱɚɛɟɝɞɔɘ, ɖɗɌɝɝɔɠɔɖɌɢɔɫ ɛɜɚɔɝɡɚɐɔɞ ɞɚɗɨɖɚ ɛɚ ɐɎɟɘ 

ɖɗɌɝɝɌɘ - C  ɔ C . ȾɚɏɐɌ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɠɚɜɘɟɗɚɕ ȭɌɕɑɝɌ 

ɔɘɑɑɘ: 

( )
( | ) ( | );

( )
i

i

p C
p C D p w C

p D
= Ô                  (2.4.15)  

( )
( | ) ( | ).

( )
i

i

p C
p C D p w C

p D
= Ô                  (2.4.16)  

Ȯ ɖɌɣɑɝɞɎɑ ɖɜɔɞɑɜɔɫ ɛɜɔəɌɐɗɑɒəɚɝɞɔ ɐɚɖɟɘɑəɞɌ ɖ 
ɖɌɞɑɏɚɜɔɔ ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɝɗɑɐɟɪɥɑɑ ɚɞəɚɤɑəɔɑ 

Ɏɑɜɚɫɞəɚɝɞɑɕ: 

( | )( | ) ( )
.

( | ) ( ) ( | )

i

i i

p w Cp C D p C

p C D p C p w C
= Ô                (2.4.17)  

ȹɌ ɛɜɌɖɞɔɖɑ ɔɝɛɚɗɨɓɟɑɞɝɫ ɗɚɏɌɜɔɠɘ ɚɞəɚɤɑəɔɫ 

Ɏɑɜɚɫɞəɚɝɞɑɕ: 

( | )( | ) ( )
ln ln ln .

( | ) ( ) ( | )

i

i i

p w Cp C D p C

p C D p C p w C
= +ä     (2.4.18)  
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ȱɝɗɔ Ɏɧɛɚɗəɫɑɞɝɫ əɑɜɌɎɑəɝɞɎɚ 
( | )

ln 0,
( | )

p C D

p C D
>  ɞɚ 

ɝɣɔɞɌɑɞɝɫ, ɣɞɚ ɐɚɖɟɘɑəɞ D  ɚɞəɚɝɔɞɝɫ ɖ ɖɌɞɑɏɚɜɔɔ C . 

2.4.9. ȸɑɞɚɐ ɚɛɚɜəɧɡ ɎɑɖɞɚɜɚɎ 

ȸɑɞɚɐ ɚɛɚɜəɧɡ ɎɑɖɞɚɜɚɎ 

(Support  Vector  Mashine , SVM), 

ɛɜɑɐɗɚɒɑəəɧɕ Ȯ.ȹ. ȮɌɛəɔɖɚɘ, 

ɚɞəɚɝɔɞɝɫ ɖ ɏɜɟɛɛɑ ɏɜɌəɔɣəɧɡ 
ɘɑɞɚɐɚɎ ɖɗɌɝɝɔɠɔɖɌɢɔɔ. Ⱥə 

ɚɛɜɑɐɑɗɫɑɞ ɛɜɔəɌɐɗɑɒəɚɝɞɨ 

ɚɍɦɑɖɞɚɎ ɖ ɖɗɌɝɝɌɘ ɝ ɛɚɘɚɥɨɪ 

ɏɜɌəɔɢ ɚɍɗɌɝɞɑɕ.  

ȼɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɍɔəɌɜəɌɫ 

ɖɗɌɝɝɔɠɔɖɌɢɔɫ, ɞ.ɑ. ɞɚɗɨɖɚ ɛɚ ɐɎɟɘ 

ɖɌɞɑɏɚɜɔɫɘ c  ɔ c  (ɛɜɔəɔɘɌɑɞɝɫ Ɏɚ 

ɎəɔɘɌəɔɑ ɞɚ, ɣɞɚ ɩɞɚɞ ɛɚɐɡɚɐ ɘɚɒɑɞ 

ɍɧɞɨ ɜɌɝɤɔɜɑə əɌ ɗɪɍɚɑ ɖɚəɑɣəɚɑ 

ɖɚɗɔɣɑɝɞɎɚ ɖɌɞɑɏɚɜɔɕ). ȶɜɚɘɑ ɞɚɏɚ 

ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ ɖɌɒɐɧɕ ɚɍɦɑɖɞ 
ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɫɎɗɫɑɞɝɫ Ɏɑɖɞɚɜɚɘ Ɏ 
N-ɘɑɜəɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ. ȶɌɒɐɌɫ 

ɖɚɚɜɐɔəɌɞɌ ɎɑɖɞɚɜɌ - ɩɞɚ əɑɖɚɞɚɜɧɕ 

ɛɜɔɓəɌɖ, ɖɚɗɔɣɑɝɞɎɑəəɚ ɞɑɘ ɍɚɗɨɤɔɕ, ɣɑɘ ɍɚɗɨɤɑ ɩɞɚɞ 

ɛɜɔɓəɌɖ ɎɧɜɌɒɑə Ɏ ɐɌəəɚɘ ɚɍɦɑɖɞɑ. 

ȻɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ 
ɝɟɥɑɝɞɎɟɑɞ ɟɣɑɍəɌɫ ɖɚɗɗɑɖɢɔɫ ð ɩɞɚ 

ɘəɚɒɑɝɞɎɚ ɎɑɖɞɚɜɚɎ 1{ , ..., } N

nx x RÍ  

ɔ ɣɔɝɑɗ 1{ , ..., } { 1, 1}.ny y Í -  Ƀɔɝɗɚ 
iy  

ɜɌɎəɚ 1 Ɏ ɝɗɟɣɌɑ ɛɜɔəɌɐɗɑɒəɚɝɞɔ 

ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ ɎɑɖɞɚɜɌ 
ix  

ɖɌɞɑɏɚɜɔɔ c, ɔ -1 ð Ɏ ɛɜɚɞɔɎəɚɘ 

ɝɗɟɣɌɑ.  

ȶɌɖ ɍɧɗɚ ɛɚɖɌɓɌəɚ Ɏɧɤɑ, 
ɗɔəɑɕəɧɕ ɖɗɌɝɝɔɠɔɖɌɞɚɜ - ɩɞɚ ɚɐɔə 

ɔɓ ɛɜɚɝɞɑɕɤɔɡ ɝɛɚɝɚɍɚɎ ɜɑɤɑəɔɫ  

ɓɌɐɌɣɔ ɖɗɌɝɝɔɠɔɖɌɢɔɔ. Ȯ ɩɞɚɘ ɝɗɟɣɌɑ ɔɥɑɞɝɫ ɛɜɫɘɌɫ 
(ɏɔɛɑɜɛɗɚɝɖɚɝɞɨ Ɏ N-ɘɑɜəɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ), ɚɞɐɑɗɫɪɥɌɫ Ɏɝɑ 

ɞɚɣɖɔ ɚɐəɚɏɚ ɖɗɌɝɝɌ ɚɞ ɞɚɣɑɖ ɐɜɟɏɚɏɚ ɖɗɌɝɝɌ.  ȱɝɗɔ ɟɐɌɑɞɝɫ 

 

Ȯ.ȹ. ȮɌɛəɔɖ 

 

SVM ð Support  Vector  
Mashine  

 

Vapnik V.N. Statistical 
Learning Theory . ð NY: 
John Wiley, 1998.  

 

 

ȼɌɓɐɑɗɑəɔɑ ɖɗɌɝɝɚɎ 
ɛɜɫɘɚɕ 
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əɌɕɞɔ ɞɌɖɟɪ ɛɜɫɘɟɪ, ɞɚ ɓɌɐɌɣɌ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɝɎɚɐɔɞɝɫ ɖ 
ɚɛɜɑɐɑɗɑəɔɪ ɎɓɌɔɘəɚɏɚ ɜɌɝɛɚɗɚɒɑəɔɫ ɞɚɣɖɔ ɔ ɛɜɫɘɚɕ: ɑɝɗɔ 

əɚɎɌɫ ɞɚɣɖɌ ɗɑɒɔɞ ɝ ɚɐəɚɕ ɝɞɚɜɚəɧ ɛɜɫɘɚɕ (ɏɔɛɑɜɛɗɚɝɖɚɝɞɔ), 

ɞɚ ɚəɌ ɛɜɔəɌɐɗɑɒɔɞ ɖɗɌɝɝɟ c, ɑɝɗɔ ɝ ɐɜɟɏɚɕ ð ɖɗɌɝɝɟ  c .  

ɀɚɜɘɌɗɔɓɟɑɘ ɩɞɟ ɖɗɌɝɝɔɠɔɖɌɢɔɪ: əɑɚɍɡɚɐɔɘɚ əɌɕɞɔ 

Ɏɑɖɞɚɜ w  ɞɌɖɚɕ, ɣɞɚ ɐɗɫ əɑɖɚɞɚɜɚɏɚ ɛɜɑɐɑɗɨəɚɏɚ ɓəɌɣɑəɔɫ b  

ɔ əɚɎɚɕ ɞɚɣɖɔ 
ix  Ɏɧɛɚɗəɫɑɞɝɫ:

 
1,  ,

1,  ,

i

i

i

ʝʩʣʠ w x b
y

ʝʩʣʠ w x b

ë+ Ö ²î
=ì
î- Ö <í

 (2.4. 19) 

 

ɏɐɑ 
iÖw x  - ɝɖɌɗɫɜəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ ɎɑɖɞɚɜɚɎ w  ɔ 

ix :  

,

1

.
N

i j i j

j

w x
=

Ö =äw x                (2.4. 20) 

ȿɜɌɎəɑəɔɑ 
i bÖ =w x  ɚɛɔɝɧɎɌɑɞ ɏɔɛɑɜɛɗɚɝɖɚɝɞɨ, ɖɚɞɚɜɌɫ 

ɜɌɓɐɑɗɫɑɞ ɖɗɌɝɝɧ. Ⱦɚ ɑɝɞɨ, ɑɝɗɔ  ɝɖɌɗɫɜəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ 

ɎɑɖɞɚɜɌ w  əɌ 
ix  əɑ ɘɑəɨɤɑ ɓəɌɣɑəɔɫ b, ɞɚ əɚɎɌɫ ɞɚɣɖɌ 

ɛɜɔəɌɐɗɑɒɔɞ ɛɑɜɎɚɘɟ ɖɗɌɝɝɟ, ɑɝɗɔ ɘɑəɨɤɑ ð ɖɚ Ɏɞɚɜɚɘɟ. 

ȴɓɎɑɝɞəɚ, ɣɞɚ Ɏɑɖɞɚɜ w  ɛɑɜɛɑəɐɔɖɟɗɫɜɑə ɔɝɖɚɘɚɕ 

ɜɌɓɐɑɗɫɪɥɑɕ ɛɜɫɘɚɕ, Ɍ ɓəɌɣɑəɔɑ b  ɓɌɎɔɝɔɞ ɚɞ ɖɜɌɞɣɌɕɤɑɏɚ 

ɜɌɝɝɞɚɫəɔɫ ɘɑɒɐɟ ɜɌɓɐɑɗɫɪɥɑɕ ɛɜɫɘɚɕ ɔ əɌɣɌɗɚɘ 
ɖɚɚɜɐɔəɌɞ. ȺɣɑɎɔɐəɚ, ɑɝɗɔ ɝɟɥɑɝɞɎɟɑɞ ɚɐəɌ ɜɌɓɐɑɗɫɪɥɌɫ 

ɛɜɫɘɌɫ, ɞɚ ɚəɌ əɑ ɑɐɔəɝɞɎɑəəɌɫ. ȮɚɓəɔɖɌɑɞ Ɏɚɛɜɚɝ, ɖɌɖɌɫ ɔɓ 

ɛɜɫɘɧɡ ɜɌɓɐɑɗɫɑɞ ɖɗɌɝɝɧ ɗɟɣɤɑ Ɏɝɑɏɚ?  

ȸɑɞɚɐ SVM ɍɌɓɔɜɟɑɞɝɫ əɌ ɞɌɖɚɘ ɛɚɝɞɟɗɌɞɑ: əɌɔɗɟɣɤɌɫ 

ɜɌɓɐɑɗɫɪɥɌɫ ɛɜɫɘɌɫ ð ɩɞɚ ɞɌ, ɖɚɞɚɜɌɫ ɘɌɖɝɔɘɌɗɨəɚ ɐɌɗɑɖɚ 

ɚɞɝɞɚɔɞ ɚɞ ɍɗɔɒɌɕɤɔɡ ɐɚ əɑɑ ɞɚɣɑɖ ɚɍɚɔɡ ɖɗɌɝɝɚɎ.  Ⱦɚ ɑɝɞɨ 
ɓɌɐɌɣɌ SVM ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, ɣɞɚɍɧ əɌɕɞɔ ɞɌɖɔɑ Ɏɑɖɞɚɜ w  ɔ 

ɣɔɝɗɚ b, ɣɞɚɍɧ ɐɗɫ əɑɖɚɞɚɜɚɏɚ 0>e  (ɛɚɗɚɎɔəɌ ɤɔɜɔəɧ  

ɜɌɓɐɑɗɫɪɥɑɕ ɛɚɎɑɜɡəɚɝɞɔ) Ɏɧɛɚɗəɫɗɚɝɨ: 

1,

1.

i i

i i

b y

b y

ë Ö ² + Ý =+î
ì
Ö ¢ - Ý =-îí

e

e

w x

w x

 (2.4.21)  

ȿɘəɚɒɔɘ ɛɚɝɗɑ ɩɞɚɏɚ ɚɍɑ ɣɌɝɞɔ əɑɜɌɎɑəɝɞɎɌ əɌ 1e  ɔ, əɑ 

ɚɏɜɌəɔɣɔɎɌɫ ɚɍɥəɚɝɞɔ, Ɏɧɍɑɜɑɘ e ɜɌɎəɧɘ ɑɐɔəɔɢɑ. ȾɌɖɔɘ 
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ɚɍɜɌɓɚɘ, ɐɗɫ Ɏɝɑɡ ɎɑɖɞɚɜɚɎ 
ix  ɔɓ ɟɣɑɍəɚɕ ɖɚɗɗɑɖɢɔɔ ɍɟɐɑɞ 

ɝɛɜɌɎɑɐɗɔɎɚ: 

1,  ʝʩʣʠ 1,

1, ʝʩʣʠ 1.

i i

i i

w x b y

w x b y

Ö - ²+ =+ëî
ì
Ö - ¢- =-îí

 (2.4.22)  

ȿɝɗɚɎɔɑ 1 1iw x b- < Ö - < ɓɌɐɌɑɞ 

ɛɚɗɚɝɟ, ɖɚɞɚɜɌɫ ɜɌɓɐɑɗɫɑɞ ɖɗɌɝɝɧ. 
ȯɜɌəɔɢɌɘɔ ɛɚɗɚɝɧ ɫɎɗɫɪɞɝɫ ɐɎɑ 

ɛɌɜɌɗɗɑɗɨəɧɑ ɏɔɛɑɜɛɗɚɝɖɚɝɞɔ ɝ 

əɌɛɜɌɎɗɫɪɥɔɘ Ɏɑɖɞɚɜɚɘ w . Ⱦɚɣɖɔ, 

ɍɗɔɒɌɕɤɔɑ ɖ ɜɌɓɐɑɗɫɪɥɑɕ 
ɏɔɛɑɜɛɗɚɝɖɚɝɞɔ, ɜɌɝɛɚɗɚɒɑəɧ ɞɚɣəɚ 

əɌ ɏɜɌəɔɢɌɡ ɛɚɗɚɝɧ.  

Ƀɑɘ ɤɔɜɑ ɛɚɗɚɝɌ, ɞɑɘ 

ɟɎɑɜɑəəɑɑ ɘɚɒəɚ ɖɗɌɝɝɔɠɔɢɔɜɚɎɌɞɨ 

ɐɚɖɟɘɑəɞɧ, ɝɚɚɞɎɑɞɝɞɎɑəəɚ, Ɏ 
ɘɑɞɚɐɑ SVM ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ ɝɌɘɌɫ ɤɔɜɚɖɌɫ ɛɚɗɚɝɌ 

ɫɎɗɫɑɞɝɫ əɌɔɗɟɣɤɑɕ. 

Ƚɠɚɜɘɟɗɔɜɟɑɘ ɟɝɗɚɎɔɫ ɓɌɐɌɣɔ ɚɛɞɔɘɌɗɨəɚɕ 

ɜɌɓɐɑɗɫɪɥɑɕ ɛɚɗɚɝɧ, ɚɛɜɑɐɑɗɫɑɘɚɕ əɑɜɌɎɑəɝɞɎɚɘ: 

( ) 1i iy w x bÖ - ² (ɞɌɖ ɛɑɜɑɛɔɝɧɎɌɑɞɝɫ ɝɔɝɞɑɘɌ ɟɜɌɎəɑəɔɕ, 

ɔɝɡɚɐɫ ɔɓ ɞɚɏɚ, ɣɞɚ { 1, 1}iy Í - ). ȹɔ ɚɐəɌ ɔɓ ɞɚɣɑɖ ɚɍɟɣɌɪɥɑɕ 

Ɏɧɍɚɜɖɔ əɑ ɘɚɒɑɞ ɗɑɒɌɞɨ Ɏəɟɞɜɔ ɩɞɚɕ ɜɌɓɐɑɗɫɪɥɑɕ ɛɚɗɚɝɧ. 

Ȼɜɔ ɩɞɔɡ ɚɏɜɌəɔɣɑəɔɫɡ ix  ɔ 
iy  - ɛɚɝɞɚɫəəɧɑ, ɖɌɖ ɩɗɑɘɑəɞɧ 

ɟɣɑɍəɚɕ ɖɚɗɗɑɖɢɔɔ, Ɍ w  ɔ b  - ɛɑɜɑɘɑəəɧɑ.  

ȴɓ ɏɑɚɘɑɞɜɔɣɑɝɖɔɡ ɝɚɚɍɜɌɒɑəɔɕ ɔɓɎɑɝɞəɚ, ɣɞɚ ɤɔɜɔəɌ 

ɜɌɓɐɑɗɫɪɥɑɕ ɛɚɗɚɝɧ ɜɌɎəɌ 2 .w  Ȼɚɩɞɚɘɟ əɑɚɍɡɚɐɔɘɚ əɌɕɞɔ 

ɞɌɖɔɑ ɓəɌɣɑəɔɫ w  ɔ b , ɣɞɚɍɧ Ɏɧɛɚɗəɫɗɔɝɨ ɛɜɔɎɑɐɑəəɧɑ 

ɗɔəɑɕəɧɑ ɚɏɜɌəɔɣɑəɔɫ, ɔ ɛɜɔ ɩɞɚɘ ɖɌɖ ɘɚɒəɚ ɘɑəɨɤɑ ɍɧɗɌ 

əɚɜɘɌ ɎɑɖɞɚɜɌ w , ɞɚ ɑɝɞɨ əɑɚɍɡɚɐɔɘɚ ɘɔəɔɘɔɓɔɜɚɎɌɞɨ: 

2
.w w w= Ö                                     (2.4. 23) 

ɉɞɚ ɔɓɎɑɝɞəɌɫ ɓɌɐɌɣɌ  ɖɎɌɐɜɌɞɔɣəɚɕ ɚɛɞɔɘɔɓɌɢɔɔ  ɛɜɔ 

ɗɔəɑɕəɧɡ ɚɏɜɌəɔɣɑəɔɫɡ. 

 

 

ȼɌɓɐɑɗɫɪɥɌɫ ɛɚɗɚɝɌ 
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ȱɝɗɔ ɛɜɑɐɛɚɗɚɒɔɞɨ, ɣɞɚ əɌ ɟɣɑɍəɧɡ ɐɚɖɟɘɑəɞɌɡ 
Ɏɚɓɘɚɒəɚ ɍɧɗɔ ɐɚɛɟɥɑəɧ ɚɤɔɍɖɔ ɩɖɝɛɑɜɞɌɘɔ ɛɜɔ 

ɖɗɌɝɝɔɠɔɖɌɢɔɔ, ɞɚ əɑɚɍɡɚɐɔɘɚ ɎɎɑɝɞɔ əɌɍɚɜ ɐɚɛɚɗəɔɞɑɗɨəɧɡ 

ɛɑɜɑɘɑəəɧɡ 0,i ²x  ɡɌɜɌɖɞɑɜɔɓɟɪɥɔɡ Ɏɑɗɔɣɔəɟ ɚɤɔɍɚɖ əɌ 

ɚɍɦɑɖɞɌɡ 1{ , ..., }.nx x  ɉɞɚ ɛɚɓɎɚɗɫɑɞ ɝɘɫɏɣɔɞɨ ɚɏɜɌəɔɣɑəɔɫ: 

( ) 1 .i i iy w x bÖ - ² -x                        (2.4. 24)
 

ȻɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ ɑɝɗɔ 0,i =x  ɞɚ əɌ ɐɚɖɟɘɑəɞɑ 
ix  

ɚɤɔɍɖɔ əɑɞ. ȱɝɗɔ 1,i >x  ɞɚ əɌ ɐɚɖɟɘɑəɞɑ 
ix  ɐɚɛɟɝɖɌɑɞɝɫ 

ɚɤɔɍɖɌ. ȱɝɗɔ 0 1,i< <x  ɞɚ ɚɍɦɑɖɞ ɛɚɛɌɐɌɑɞ Ɏəɟɞɜɨ 

ɜɌɓɐɑɗɫɪɥɑɕ ɛɚɗɚɝɧ, əɚ ɚɞəɚɝɔɞɝɫ Ɍɗɏɚɜɔɞɘɚɘ ɖ ɝɎɚɑɘɟ 

ɖɗɌɝɝɟ. 

ȳɌɐɌɣɟ ɛɚɔɝɖɌ ɚɛɞɔɘɌɗɨəɚɕ ɜɌɓɐɑɗɫɪɥɑɕ ɛɚɗɚɝɧ ɘɚɒəɚ 

Ɏ ɩɞɚɘ ɝɗɟɣɌɑ ɛɑɜɑɠɚɜɘɟɗɔɜɚɎɌɞɨ ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: ɛɜɔ 

ɚɛɜɑɐɑɗɑəəɧɡ ɚɏɜɌəɔɣɑəɔɫɡ ɘɔəɔɘɔɓɔɜɚɎɌɞɨ ɝɟɘɘɟ: 

2
.i

i

w C+äx                                      (2.4. 25) 

ȶɚɩɠɠɔɢɔɑəɞ C - ɩɞɚ ɛɌɜɌɘɑɞɜ əɌɝɞɜɚɕɖɔ ɘɑɞɚɐɌ, 

ɖɚɞɚɜɧɕ ɛɚɓɎɚɗɫɑɞ ɜɑɏɟɗɔɜɚɎɌɞɨ ɝɚɚɞəɚɤɑəɔɑ ɘɑɒɐɟ 

ɘɌɖɝɔɘɔɓɌɢɔɑɕ ɤɔɜɔəɧ ɜɌɓɐɑɗɫɪɥɑɕ ɛɚɗɚɝɧ ɔ 

ɘɔəɔɘɔɓɌɢɔɑɕ ɝɟɘɘɌɜəɚɕ ɚɤɔɍɖɔ. ȻɜɔɎɑɐɑəəɌɫ ɓɌɐɌɣɌ 

ɚɝɞɌɗɌɝɨ ɓɌɐɌɣɑɕ ɖɎɌɐɜɌɞɔɣəɚɏɚ ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɫ, ɖɚɞɚɜɟɪ 

ɘɚɒəɚ ɛɑɜɑɛɔɝɌɞɨ Ɏ ɝɗɑɐɟɪɥɑɘ Ɏɔɐɑ: 

2

min;
2

( ) 1, 1, ..., .

i

i

i i i

w
C

y w x b i n

ë
+ ­îî

ì
î

Ö - + ² =îí

äx

x

 (2.4.26)  

Ȼɚ ɔɓɎɑɝɞəɚɕ ɞɑɚɜɑɘɑ ȶɟəɌ-ȾɌɖɑɜɌ ɞɌɖɌɫ ɓɌɐɌɣɌ 

ɩɖɎɔɎɌɗɑəɞəɌ ɐɎɚɕɝɞɎɑəəɚɕ ɓɌɐɌɣɑ ɛɚɔɝɖɌ ɝɑɐɗɚɎɚɕ ɞɚɣɖɔ 

ɠɟəɖɢɔɔ ȷɌɏɜɌəɒɌ: 
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,

1

2

( ( ) 1) min max;

0, 0, 1, ..., .

i

i

i i i i
w b

i

i i

w w C

y w x b

i n

l

x

l x

x l

ë
Ö + -î

î
î
- + Ö - - ­ì

î
î
² ² =î

í

ä

ä  (2.4. 27) 

ȹɑɚɍɡɚɐɔɘɧɘ ɟɝɗɚɎɔɑɘ ɘɑɞɚɐɌ ȷɌɏɜɌəɒɌ ɫɎɗɫɑɞɝɫ 

ɜɌɎɑəɝɞɎɚ əɟɗɪ ɛɜɚɔɓɎɚɐəɧɡ ɗɌɏɜɌəɒɔɌəɌ ɛɚ ɛɑɜɑɘɑəəɧɘ w  

ɔ b, ɚɞɖɟɐɌ ɛɚɗɟɣɌɑɘ: 

1

,i i i

i

w y x
=

=äl                                    (2.4. 28) 

ɞ.ɑ. ɔɝɖɚɘɧɕ Ɏɑɖɞɚɜ ð ɩɞɚ ɗɔəɑɕəɌɫ ɖɚɘɍɔəɌɢɔɫ ɟɣɑɍəɧɡ 

ɎɑɖɞɚɜɚɎ, ɐɗɫ ɖɚɞɚɜɧɡ 0i ¸l . ȱɝɗɔ 0i >l , ɞɚ ɐɚɖɟɘɑəɞ 

ɚɍɟɣɌɪɥɑɕ ɖɚɗɗɑɖɢɔɔ əɌɓɧɎɌɑɞɝɫ ɚɛɚɜəɧɘ Ɏɑɖɞɚɜɚɘ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɟɜɌɎəɑəɔɑ ɜɌɓɐɑɗɫɪɥɑɕ ɛɗɚɝɖɚɝɞɔ 

ɔɘɑɑɞ Ɏɔɐ: 

1

0i i i

i

y x x b
=

Ö - =äl .                            (2.4. 29) 

ȻɜɔɜɌɎəɫɎ ɛɜɚɔɓɎɚɐəɟɪ ɗɌɏɜɌəɒɔɌəɌ ɛɚ b  əɟɗɪ, 

ɛɚɗɟɣɔɘ: 

1

0.i i

i

y
=

=äl                                        (2.4.3 0) 

ȻɚɐɝɞɌɎɗɫɫ ɛɚɝɗɑɐəɑɑ ɎɧɜɌɒɑəɔɑ ɔ ɎɧɜɌɒɑəɔɑ ɐɗɫ w  Ɏ 

ɗɌɏɜɌəɒɔɌə ɛɚɗɟɣɔɘ ɩɖɎɔɎɌɗɑəɞəɟɪ ɓɌɐɌɣɟ ɖɎɌɐɜɌɞɔɣəɚɏɚ 

ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɫ, ɝɚɐɑɜɒɌɥɟɪ ɞɚɗɨɖɚ ɐɎɚɕɝɞɎɑəəɧɑ 

ɛɑɜɑɘɑəəɧɑ: 
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,

1

1
( ) min;

2

0;

0, 1, ..., .

i i j i j i j

i i j

i i

i

i

y y x x

y

C i n

l
l ll

l

l

=

ë
- Ö ­î

î
î
î

=ì
î
î
² ² =î

î
í

ä ä

ä   (2.4.31)  

Ȼɜɔ ɩɞɚɘ ɚɣɑəɨ ɎɌɒəɚ, ɣɞɚ ɢɑɗɑɎɌɫ ɠɟəɖɢɔɫ ɓɌɎɔɝɔɞ əɑ 

ɚɞ ɖɚəɖɜɑɞəɧɡ ɓəɌɣɑəɔɕ 
ix , Ɍ ɚɞ ɝɖɌɗɫɜəɧɡ ɛɜɚɔɓɎɑɐɑəɔɕ 

ɘɑɒɐɟ əɔɘɔ. 

Ƚɗɑɐɟɑɞ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɢɑɗɑɎɌɫ ɠɟəɖɢɔɫ ɫɎɗɫɑɞɝɫ 

Ɏɧɛɟɖɗɚɕ, ɛɚɩɞɚɘɟ ɗɪɍɚɕ ɑɑ ɗɚɖɌɗɨəɧɕ ɘɔəɔɘɟɘ ɫɎɗɫɑɞɝɫ 

ɏɗɚɍɌɗɨəɧɘ. 

ȸɑɞɚɐ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɜɌɓɐɑɗɫɪɥɑɕ ɛɚɗɚɝɚɕ ɔɘɑɑɞ ɐɎɌ 

əɑɐɚɝɞɌɞɖɌ: 

- ɛɜɔ ɛɚɔɝɖɑ ɜɌɓɐɑɗɫɪɥɑɕ ɛɚɗɚɝɧ ɎɌɒəɚɑ ɓəɌɣɑəɔɑ 

ɔɘɑɪɞ ɞɚɗɨɖɚ ɛɚɏɜɌəɔɣəɧɑ ɞɚɣɖɔ; 

- Ɏɚ ɘəɚɏɔɡ ɝɗɟɣɌɫɡ əɌɕɞɔ ɚɛɞɔɘɌɗɨəɟɪ ɜɌɓɐɑɗɫɪɥɟɪ 

ɛɚɗɚɝɟ əɑɎɚɓɘɚɒəɚ. 

Ȱɗɫ ɟɗɟɣɤɑəɔɫ ɘɑɞɚɐɌ ɛɜɔɘɑəɫɑɞɝɫ ɔɐɑɫ ɜɌɝɤɔɜɑəəɚɏɚ 
ɛɜɚɝɞɜɌəɝɞɎɌ, ɐɗɫ ɣɑɏɚ: 

1.  ȮɧɍɔɜɌɑɞɝɫ ɚɞɚɍɜɌɒɑəɔɑ ( )xf  ɎɑɖɞɚɜɚɎ x  Ɏ əɚɎɚɑ, 

ɜɌɝɤɔɜɑəəɚɑ ɛɜɚɝɞɜɌəɝɞɎɚ. 

2.  ȬɎɞɚɘɌɞɔɣɑɝɖɔ ɛɜɔɘɑəɫɑɞɝɫ əɚɎɌɫ ɠɟəɖɢɔɫ 

ɝɖɌɗɫɜəɚɏɚ ɛɜɚɔɓɎɑɐɑəɔɫ, ɖɚɞɚɜɌɫ ɛɜɔɘɑəɫɑɞɝɫ ɛɜɔ 

ɜɑɤɑəɔɔ ɓɌɐɌɣɔ ɖɎɌɐɜɌɞɔɣəɚɏɚ ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɫ, 

ɞɌɖ əɌɓɧɎɌɑɘɟɪ  ɠɟəɖɢɔɪ ɫɐɜɌ (kernel function): 

( , ) ( ) ( ).K x y x y= Öf f  ȹɌ ɛɜɌɖɞɔɖɑ ɚɍɧɣəɚ ɎɧɍɔɜɌɪɞ əɑ 

ɚɞɚɍɜɌɒɑəɔɑ ( )xf , Ɍ ɝɜɌɓɟ ɠɟəɖɢɔɪ ( , )K x y , ɖɚɞɚɜɌɫ 

ɘɚɏɗɌ ɍɧ ɍɧɞɨ ɝɖɌɗɫɜəɧɘ ɛɜɚɔɓɎɑɐɑəɔɑɘ ɛɜɔ 

əɑɖɚɞɚɜɚɘ ɚɞɚɍɜɌɒɑəɔɔ ( )xf . ɀɟəɖɢɔɫ ɫɐɜɌ - 

ɏɗɌɎəɧɕ ɛɌɜɌɘɑɞɜ əɌɝɞɜɌɔɎɌəɔɫ ɘɌɤɔəɧ ɚɛɚɜəɧɡ 

ɎɑɖɞɚɜɚɎ. 

3.  ȹɌɡɚɐɔɘ ɜɌɓɐɑɗɫɪɥɟɪ ɏɔɛɑɜɛɗɚɝɖɚɝɞɨ Ɏ əɚɎɚɘ 
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ɛɜɚɝɞɜɌəɝɞɎɑ: ɝ ɛɚɘɚɥɨɪ ɠɟəɖɢɔɔ ( , )K x y  

ɟɝɞɌəɌɎɗɔɎɌɑɞɝɫ əɚɎɌɫ ɘɌɞɜɔɢɌ ɖɚɩɠɠɔɢɔɑəɞɚɎ ɐɗɫ 

ɓɌɐɌɣɔ ɚɛɞɔɘɔɓɌɢɔɔ. Ȼɜɔ ɩɞɚɘ Ɏɘɑɝɞɚ i jx xÖ  

ɛɚɐɝɞɌɎɗɫɪɞɝɫ ɓəɌɣɑəɔɑ ( , )i jK x x , ɔ ɜɑɤɌɑɞɝɫ əɚɎɌɫ  

ɓɌɐɌɣɌ ɚɛɞɔɘɔɓɌɢɔɔ. 

4.  ȹɌɕɐɫ w  ɔ b, ɛɚɗɟɣɌɑɘ ɛɚɎɑɜɡəɚɝɞɨ, ɖɚɞɚɜɌɫ 

ɖɗɌɝɝɔɠɔɢɔɜɟɑɞ, ( )w x bÖ -f  Ɏ əɚɎɚɘ, ɜɌɝɤɔɜɑəəɚɘ 

ɛɜɚɝɞɜɌəɝɞɎɑ. 

ȻɜɔɎɑɐɑɘ ɍɚɗɑɑ ɝɞɜɚɏɚɑ ɚɛɜɑɐɑɗɑəɔɑ ɠɟəɖɢɔɔ ɫɐɜɌ. 

ɀɟəɖɢɔɫ :K X X R³ ­  əɌɓɧɎɌɑɞɝɫ ɫɐɜɚɘ, ɑɝɗɔ ɚəɌ 

ɛɜɑɐɝɞɌɎɔɘɌ Ɏ Ɏɔɐɑ ( , ) ( ) ( )K x y x y= Öf f  ɛɜɔ əɑɖɚɞɚɜɚɘ 

ɚɞɚɍɜɌɒɑəɔɔ : ,X H­f  ɏɐɑ H - ɛɜɚɝɞɜɌəɝɞɎɚ ɝɚ ɝɖɌɗɫɜəɧɘ 

ɛɜɚɔɓɎɑɐɑəɔɑɘ. 

ɋɐɜɚɘ ɘɚɒɑɞ ɍɧɞɨ əɑ ɎɝɫɖɌɫ ɠɟəɖɢɔɫ, ɚɐəɌɖɚ ɖɗɌɝɝ 

ɐɚɛɟɝɞɔɘɧɡ ɫɐɑɜ ɐɚɝɞɌɞɚɣəɚ ɤɔɜɚɖ. ȴɓɎɑɝɞəɌ ɞɑɚɜɑɘɌ 

ȸɑɜɝɑɜɌ ɚ ɞɚɘ, ɣɞɚ ɠɟəɖɢɔɫ ( , )K x y  ɫɎɗɫɑɞɝɫ ɫɐɜɚɘ ɞɚɏɐɌ ɔ 

ɞɚɗɨɖɚ ɞɚɏɐɌ, ɖɚɏɐɌ ɚəɌ ɝɔɘɘɑɞɜɔɣəɌ ɔ əɑɚɞɜɔɢɌɞɑɗɨəɚ 

ɚɛɜɑɐɑɗɑəɌ, ɞ.ɑ.  ɖɚɏɐɌ ( , ) ( ) ( ) 0
X X

K x y g x g y dxdy²ñ ñ  ɐɗɫ ɗɪɍɚɕ 

ɠɟəɖɢɔɔ : .g X R­
 

ȼɌɝɝɘɚɞɜɔɘ əɑɖɚɞɚɜɧɑ ɝɎɚɕɝɞɎɌ ɠɟəɖɢɔɕ ɫɐɜɌ, ɖɚɞɚɜɧɑ 

ɛɚɓɎɚɗɫɪɞ ɝɞɜɚɔɞɨ ɔɡ Ɏ ɛɜɌɖɞɔɣɑɝɖɔɡ ɓɌɐɌɣɌɡ: 

1.  ȷɪɍɚɑ ɝɖɌɗɫɜəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ ɫɎɗɫɑɞɝɫ ɫɐɜɚɘ. 

2.  ȾɚɒɐɑɝɞɎɑəəɌɫ ɑɐɔəɔɢɌ (( , ) 1K x y = ) ɫɎɗɫɑɞɝɫ ɫɐɜɚɘ. 

3.  ȻɜɚɔɓɎɑɐɑəɔɑ ɫɐɑɜ ɫɎɗɫɑɞɝɫ ɫɐɜɚɘ. 

4.  Ȱɗɫ ɗɪɍɚɕ ɠɟəɖɢɔɔ : X R­f  ɛɜɚɔɓɎɑɐɑəɔɑ 

( , ) ( ) ( )K x y x y= Öf f  ɫɎɗɫɑɞɝɫ ɫɐɜɚɘ.  

5.  ȷɔəɑɕəɌɫ ɖɚɘɍɔəɌɢɔɫ ɫɐɑɜ ɝ əɑɚɞɜɔɢɌɞɑɗɨəɧɘɔ 

ɖɚɩɠɠɔɢɔɑəɞɌɘɔ ɫɎɗɫɑɞɝɫ ɫɐɜɚɘ. 

6.  ȶɚɘɛɚɓɔɢɔɫ ɛɜɚɔɓɎɚɗɨəɚɕ ɠɟəɖɢɔɔ ɔ ɫɐɜɌ 

( )0( , ) ( ), ( )K x y K x y= f f  ɫɎɗɫɑɞɝɫ ɫɐɜɚɘ. 

7.  ȱɝɗɔ :s X X R³ ­  ɝɔɘɘɑɞɜɔɣəɌɫ ɔəɞɑɏɜɔɜɟɑɘɌɫ 
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ɠɟəɖɢɔɫ, ɞɚ ( , ) ( , ) ( , )
X

K x y s x z s y z dz=ñ  ɫɎɗɫɑɞɝɫ ɫɐɜɚɘ. 

8.  Ȼɜɑɐɑɗ ɗɚɖɌɗɨəɚ-ɜɌɎəɚɘɑɜəɚ ɝɡɚɐɫɥɑɕɝɫ 

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ ɫɐɑɜ ɫɎɗɫɑɞɝɫ ɫɐɜɚɘ. 

9.  ȶɚɘɛɚɓɔɢɔɫ ɛɜɚɔɓɎɚɗɨəɚɏɚ ɫɐɜɌ 
0K  ɔ ɛɜɚɔɓɎɚɗɨəɚɕ 

ɠɟəɖɢɔɔ :f R R­ , ɛɜɑɐɝɞɌɎɔɘɚɕ Ɏ Ɏɔɐɑ 

ɝɡɚɐɫɥɑɏɚɝɫ ɝɞɑɛɑəəɚɏɚ ɜɫɐɌ ɝ əɑɚɞɜɔɢɌɞɑɗɨəɧɘɔ 

ɖɚɩɠɠɔɢɔɑəɞɌɘɔ ( )0( , ) ( , )K x y f K x y=  ɫɎɗɫɑɞɝɫ 

ɫɐɜɚɘ. Ȯ ɣɌɝɞəɚɝɞɔ, ɫɐɜɌɘɔ ɫɎɗɫɪɞɝɫ ɠɟəɖɢɔɔ 

( ) exp( )f z z=  ɔ ( ) 1 (1 )f z z= -  ɚɞ ɫɐɜɌ. 

ȹɌɛɜɔɘɑɜ, Ɏ ɝɔɝɞɑɘɑ ɖɗɌɝɝɔɠɔɖɌɢɔɔ əɚɎɚɝɞəɚɏɚ 

ɖɚəɞɑəɞɌ ɝ ɛɜɔɘɑəɑəɔɑɘ ɔɓɎɑɝɞəɚɏɚ ɛɌɖɑɞɌ LibSVM 

(http://www.csie.ntu.ed u.tw/~cjlin/libsvm) Ɏ ɖɌɣɑɝɞɎɑ 

ɠɟəɖɢɔɔ ɫɐɜɌ ɜɑɖɚɘɑəɐɟɑɞɝɫ ɔɝɛɚɗɨɓɚɎɌɞɨ ɜɌɐɔɌɗɨəɟɪ 
ɍɌɓɔɝəɟɪ ɠɟəɖɢɔɪ: 

2
( , ) exp( ),K x y x y= - -g                        (2.4.3 2) 

ɏɐɑ  g - əɌɝɞɜɌɔɎɌɑɘɧɕ ɛɌɜɌɘɑɞɜ. 

ȼɌɝɝɘɚɞɜɔɘ əɌɏɗɫɐəɧɕ ɛɜɔɘɑɜ ɛɑɜɑɡɚɐɌ ɖ 

ɜɌɝɤɔɜɑəəɚɘɟ ɛɜɚɝɞɜɌəɝɞɎɟ, ɔɓɚɍɜɌɒɑəəɧɕ əɌ ɜɔɝ. 2.4.1 . Ȼɚ 

Ɏɝɑɕ Ɏɔɐɔɘɚɝɞɔ,  ɖɜɟɏɗɧɑ ɔ ɖɎɌɐɜɌɞəɧɑ ɠɔɏɟɜɧ əɑ 

ɜɌɓɐɑɗɫɪɞɝɫ ɗɔəɑɕəɚɕ ɛɚɗɚɝɚɕ. ȱɝɗɔ ɒɑ çɔɓɚɏəɟɞɨè 
ɛɜɚɝɞɜɌəɝɞɎɚ, ɛɑɜɑɕɐɫ ɖ ɞɜɑɞɨɑɘɟ ɔɓɘɑɜɑəɔɪ, ɞɚ ɩɞɔ ɠɔɏɟɜɧ 

ɘɚɒəɚ ɜɌɓɐɑɗɔɞɨ  ɛɗɚɝɖɚɝɞɨɪ, ɖɚɞɚɜɌɫ ɚɞɜɑɓɌɑɞ ɣɌɝɞɨ 

ɛɚɎɑɜɡəɚɝɞɔ ɝ ɖɎɌɐɜɌɞəɧɘɔ ɞɚɣɖɌɘɔ. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɎɧɏəɟɎ 

ɛɜɚɝɞɜɌəɝɞɎɚ ɝ ɛɚɘɚɥɨɪ ɚɞɚɍɜɌɒɑəɔɫ ( )xf , ɘɚɒəɚ əɌɕɞɔ 

ɜɌɓɐɑɗɫɪɥɟɪ ɏɔɛɑɜɛɗɚɝɖɚɝɞɨ. 

ȸɑɞɚɐ SVM ɚɍɗɌɐɌɑɞ ɞɌɖɔɘɔ ɛɜɑɔɘɟɥɑɝɞɎɌɘɔ: 

- əɌ ɞɑɝɞɌɡ ɝ ɐɚɖɟɘɑəɞɌɗɨəɧɘɔ ɘɌɝɝɔɎɌɘɔ 
ɛɜɑɎɚɝɡɚɐɔɞ ɐɜɟɏɔɑ ɘɑɞɚɐɧ; 

- ɛɜɔ ɎɧɍɚɜɌɡ  ɜɌɓəɧɡ ɫɐɑɜ ɛɚɓɎɚɗɫɑɞ ɩɘɟɗɔɜɚɎɌɞɨ 
ɐɜɟɏɔɑ ɛɚɐɡɚɐɧ. ȹɌɛɜɔɘɑɜ, ɍɚɗɨɤɚɕ ɖɗɌɝɝ 

əɑɕɜɚəəɧɡ ɝɑɞɑɕ ɘɚɒəɚ ɛɜɑɐɝɞɌɎɔɞɨ ɝ ɛɚɘɚɥɨɪ 

SVM ɝ ɚɛɜɑɐɑɗɑəəɧɘɔ ɫɐɜɌɘɔ; 

- ɔɞɚɏɚɎɚɑ ɛɜɌɎɔɗɚ ɎɧɍɔɜɌɑɞɝɫ əɑ ɝ ɛɚɘɚɥɨɪ 
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əɑɖɚɞɚɜɧɡ ɩɎɜɔɝɞɔɖ, Ɍ ɛɟɞɑɘ ɚɛɞɔɘɔɓɌɢɔɔ 
əɑɖɚɞɚɜɚɕ ɢɑɗɑɎɚɕ ɠɟəɖɢɔɔ. 

 

ȼɔɝ. 2.4.1  ð Ȼɜɔɘɑɜ ɛɑɜɑɡɚɐɌ ɖ ɜɌɝɤɔɜɑəəɚɘɟ ɛɜɚɝɞɜɌəɝɞɎɟ 

ȶ əɑɐɚɝɞɌɞɖɌɘ ɘɚɒəɚ ɚɞəɑɝɞɔ: 

- ɘɌɗɚ ɛɌɜɌɘɑɞɜɚɎ ɐɗɫ əɌɝɞɜɚɕɖɔ: ɛɚɝɗɑ ɞɚɏɚ ɖɌɖ 

ɠɔɖɝɔɜɟɑɞɝɫ ɫɐɜɚ, ɑɐɔəɝɞɎɑəəɧɘ ɛɌɜɌɘɑɞɜɚɘ, ɖɚɞɚɜɧɕ 

ɎɌɜɨɔɜɟɑɞɝɫ, ɚɝɞɌɑɞɝɫ ɖɚɩɠɠɔɢɔɑəɞ ɚɤɔɍɖɔ C ; 

- əɑɞ ɣɑɞɖɔɡ ɖɜɔɞɑɜɔɑɎ ɎɧɍɚɜɌ ɫɐɜɌ; 

- ɐɚɎɚɗɨəɚ ɘɑɐɗɑəəɚɑ ɚɍɟɣɑəɔɑ ɝɔɝɞɑɘɧ ɖɗɌɝɝɔɠɔɖɌɢɔɔ. 

2.5. ȶɗɌɝɞɑɜɔɓɌɢɔɫ 

Ȯɝɑ ɜɌɝɝɘɚɞɜɑəəɧɑ Ɏɧɤɑ ɖɗɌɝɝɔɣɑɝɖɔɑ ɘɚɐɑɗɔ 

ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɔɝɖɌ ɔɘɑɪɞ ɚɍɥɔɕ əɑɐɚɝɞɌɞɚɖ, 
ɝɎɫɓɌəəɧɕ ɝ ɍɚɗɨɤɔɘɔ ɜɌɓɘɑɜəɚɝɞɫɘɔ. Ȱɗɫ ɚɍɑɝɛɑɣɑəɔɫ 

ɩɠɠɑɖɞɔɎəɚɕ ɜɌɍɚɞɧ əɑɚɍɡɚɐɔɘɚ ɏɜɟɛɛɔɜɚɎɌəɔɑ ɖɌɖ ɞɑɜɘɚɎ, 

ɞɌɖ ɔ ɞɑɘɌɞɔɣɑɝɖɔ ɛɚɐɚɍəɧɡ ɐɚɖɟɘɑəɞɚɎ. Ⱦɚɗɨɖɚ Ɏ ɩɞɚɘ 

ɝɗɟɣɌɑ ɘɚɒɑɞ ɍɧɞɨ ɚɍɑɝɛɑɣɑəɌ ɚɍɜɌɍɚɞɖɌ ɝɚɎɜɑɘɑəəɧɡ 

ɔəɠɚɜɘɌɢɔɚəəɧɡ ɘɌɝɝɔɎɚɎ Ɏ ɜɑɒɔɘɑ ɜɑɌɗɨəɚɏɚ Ɏɜɑɘɑəɔ. Ȯ 

ɐɌəəɚɘ ɝɗɟɣɌɑ əɌ ɛɚɘɚɥɨ ɛɜɔɡɚɐɫɞ ɐɎɌ ɚɝəɚɎəɧɡ ɛɜɔɑɘɌ - 
ɖɗɌɝɝɔɠɔɖɌɢɔɫ ɔ ɖɗɌɝɞɑɜɔɓɌɢɔɫ. ȶɗɌɝɝɔɠɔɖɌɢɔɫ - ɩɞɚ 

ɚɞəɑɝɑəɔɑ ɖɌɒɐɚɏɚ ɐɚɖɟɘɑəɞɌ ɖ ɚɛɜɑɐɑɗɑəəɚɘɟ ɖɗɌɝɝɟ ɝ 

ɓɌɜɌəɑɑ ɔɓɎɑɝɞəɧɘɔ ɛɜɔɓəɌɖɌɘɔ, ɛɚɗɟɣɑəəɧɘɔ əɌ ɩɞɌɛɑ 

ɚɍɟɣɑəɔɫ ɝɔɝɞɑɘɧ. Ƀɔɝɗɚ ɖɗɌɝɝɚɎ ɛɜɔ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɝɞɜɚɏɚ 

ɚɏɜɌəɔɣɑəɚ.  

ȶɗɌɝɞɑɜɔɓɌɢɔɫ - ɜɌɓɍɔɑəɔɑ ɘəɚɒɑɝɞɎɌ ɐɚɖɟɘɑəɞɚɎ əɌ 

ɖɗɌɝɞɑɜɧ - ɛɚɐɘəɚɒɑɝɞɎɌ, ɝɘɧɝɗɚɎɧɑ ɛɌɜɌɘɑɞɜɧ ɖɚɞɚɜɧɡ 
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ɓɌɜɌəɑɑ əɑɔɓɎɑɝɞəɧ. ȶɚɗɔɣɑɝɞɎɚ ɖɗɌɝɞɑɜɚɎ ɘɚɒɑɞ ɍɧɞɨ 
ɛɜɚɔɓɎɚɗɨəɧɘ ɔɗɔ ɠɔɖɝɔɜɚɎɌəəɧɘ. ȱɝɗɔ ɖɗɌɝɝɔɠɔɖɌɢɔɫ 

ɐɚɛɟɝɖɌɑɞ ɛɜɔɛɔɝɧɎɌəɔɑ ɐɚɖɟɘɑəɞɌɘ ɚɛɜɑɐɑɗɑəəɧɡ, 

ɔɓɎɑɝɞəɧɡ ɓɌɜɌəɑɑ ɛɜɔɓəɌɖɚɎ, ɞɚ ɖɗɌɝɞɑɜɔɓɌɢɔɫ ɍɚɗɑɑ 

ɝɗɚɒəɧɕ ɛɜɚɢɑɝɝ, ɖɚɞɚɜɧɕ ɐɚɛɟɝɖɌɑɞ əɑ ɞɚɗɨɖɚ 

ɛɜɔɛɔɝɧɎɌəɔɑ ɐɚɖɟɘɑəɞɌɘ əɑɖɚɞɚɜɧɡ ɛɜɔɓəɌɖɚɎ, əɚ ɔ 
ɎɧɫɎɗɑəɔɑ ɝɌɘɧɡ ɩɞɔɡ ɛɜɔɓəɌɖɚɎ - ɖɗɌɝɝɚɎ.  

ȶɗɌɝɝɔɠɔɖɌɢɔɫ ɔ ɖɗɌɝɞɑɜɔɓɌɢɔɫ ɛɜɑɐɝɞɌɎɗɫɪɞ ɝɚɍɚɕ 

ɐɎɌ ɟɜɚɎəɫ ɣɑɗɚɎɑɣɑɝɖɚɏɚ ɟɣɌɝɞɔɫ Ɏ ɛɜɚɢɑɝɝɑ ɏɜɟɛɛɔɜɚɎɌəɔɫ 

ɐɚɖɟɘɑəɞɚɎ. ȸɑɡɌəɔɓɘ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɚɍɧɣəɚ ɚɍɟɣɌɑɞɝɫ əɌ 

ɚɞɚɍɜɌəəɧɡ ɐɚɖɟɘɑəɞɌɡ ɞɚɗɨɖɚ ɛɚɝɗɑ ɞɚɏɚ, ɖɌɖ ɓɌɖɌəɣɔɎɌɑɞɝɫ 

ɝɞɌɐɔɫ ɚɍɟɣɑəɔɫ ɛɟɞɑɘ ɌɎɞɚɘɌɞɔɣɑɝɖɚɏɚ ɎɧɫɎɗɑəɔɫ ɖɗɌɝɝɚɎ 
(ɖɗɌɝɞɑɜɚɎ).  

ȳɌɐɌɣɑɕ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɐɚɖɟɘɑəɞɚɎ ɫɎɗɫɑɞɝɫ 

ɌɎɞɚɘɌɞɔɣɑɝɖɚɑ ɎɧɫɎɗɑəɔɑ ɏɜɟɛɛ ɝɑɘɌəɞɔɣɑɝɖɔ ɛɚɐɚɍəɧɡ 

ɐɚɖɟɘɑəɞɚɎ [24]. ȺɐəɌɖɚ, Ɏ ɚɞɗɔɣɔɑ ɚɞ ɖɗɌɝɝɔɠɔɖɌɢɔɔ, 

ɞɑɘɌɞɔɣɑɝɖɌɫ ɚɜɔɑəɞɌɢɔɫ ɩɞɔɡ ɏɜɟɛɛ əɑ ɔɓɎɑɝɞəɌ ɓɌɜɌəɑɑ. 

ɂɑɗɨ Ɏɝɑɡ ɘɑɞɚɐɚɎ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɘɌɝɝɔɎɚɎ ɐɚɖɟɘɑəɞɚɎ 
ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, ɣɞɚɍɧ ɛɚɐɚɍɔɑ ɐɚɖɟɘɑəɞɚɎ, ɖɚɞɚɜɧɑ ɛɚɛɌɐɌɪɞ 

Ɏ ɖɗɌɝɞɑɜ, ɍɧɗɚ ɘɌɖɝɔɘɌɗɨəɧɘ.  Ȼɚɩɞɚɘɟ ɘɑɞɚɐɧ ɖɗɌɝɞɑɜəɚɏɚ 

ɌəɌɗɔɓɌ ɍɌɓɔɜɟɪɞɝɫ əɌ ɞɌɖɔɡ ɚɛɜɑɐɑɗɑəɔɫɡ ɖɗɌɝɞɑɜɌ, ɖɌɖ 

ɘəɚɒɑɝɞɎɌ ɐɚɖɟɘɑəɞɚɎ, ɓəɌɣɑəɔɑ ɝɑɘɌəɞɔɣɑɝɖɚɕ ɍɗɔɓɚɝɞɔ 

ɘɑɒɐɟ ɗɪɍɧɘɔ ɐɎɟɘɫ ɩɗɑɘɑəɞɌɘɔ ɖɚɞɚɜɧɡ əɑ ɘɑəɨɤɑ 
ɚɛɜɑɐɑɗɑəəɚɏɚ ɛɚɜɚɏɌ ɔɗɔ ɓəɌɣɑəɔɑ ɍɗɔɓɚɝɞɔ ɘɑɒɐɟ ɗɪɍɧɘ 

ɐɚɖɟɘɑəɞɚɘ ɘəɚɒɑɝɞɎɌ ɔ ɢɑəɞɜɚɘ ɖɗɌɝɞɑɜɌ ɞɌɖɒɑ əɑ ɘɑəɨɤɑ 

ɚɛɜɑɐɑɗɑəəɚɏɚ ɛɚɜɚɏɌ.   

Ȼɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɣɔɝɗɑəəɧɡ ɘɑɞɚɐɚɎ ɖɗɌɝɞɑɜəɚɏɚ 

ɌəɌɗɔɓɌ ɚɛɜɑɐɑɗɑəɔɫ ɍɗɔɓɚɝɞɔ ɔɝɛɚɗɨɓɟɪɞɝɫ ɞɌɖɔɑ  ɚɝəɚɎəɧɑ 

ɘɑɞɜɔɖɔ: 

ȱɎɖɗɔɐɚɎɚ ɜɌɝɝɞɚɫəɔɑ: 

 
2

1

( , ) ( ) ,
N

i j ik jk

k

D x x x x
=

= -ä                  (2.5.1)  

ɖɚɞɚɜɚɑ ɫɎɗɫɑɞɝɫ ɣɌɝɞəɧɘ ɝɗɟɣɌɑɘ ɘɑɞɜɔɖɔ ȸɔəɖɚɎɝɖɚɏɚ ɛɜɔ 

2 :p=  

1

1

( , ) ( ) .
N p

p

p i j ik jk

k

D x x x x
=

å õ
= -æ ö
ç ÷
ä              (2.5.2)  
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Ȱɗɫ ɏɜɟɛɛɔɜɚɎɌəɔɫ ɐɚɖɟɘɑəɞɚɎ, ɛɜɑɐɝɞɌɎɗɑəəɧɡ Ɏ Ɏɔɐɑ  
ɎɑɖɞɚɜɚɎ ɎɑɝɚɎɧɡ ɓəɌɣɑəɔɕ Ɏɡɚɐɫɥɔɡ Ɏ əɔɡ ɞɑɜɘɚɎ, ɣɌɝɞɚ 

ɔɝɛɚɗɨɓɟɑɞɝɫ  ɘɑɞɜɔɖɌ, ɍɌɓɔɜɟɪɥɌɫɝɫ əɌ ɝɖɌɗɫɜəɚɘ 

ɛɜɚɔɓɎɑɐɑəɔɔ ɎɑɝɚɎɧɡ ɎɑɖɞɚɜɚɎ: 

1

Ĕ Ĕ Ĕ Ĕ( , ) ,
N

i j i j ik jk

k

Sim x x x x x x
=

= Ö = Öä            (2.5.3)  

ɏɐɑ ,i jx x  - ɐɚɖɟɘɑəɞɧ 
ikx  - ɩɗɑɘɑəɞ ɘɌɞɜɔɢɧ ɎɑɝɚɎɧɡ 

ɓəɌɣɑəɔɕ ɞɑɜɘɚɎ, Ɏɡɚɐɫɥɔɡ Ɏ , ( 1, ..., ),ix i N=  
'

ix  - 

əɚɜɘɌɗɔɓɔɜɚɎɌəəɧɕ Ɏɑɖɞɚɜ Ĕ / | |i i ix x x= . 

ȹɌɣɌɗɨəɧɘ ɛɜɚɝɞɜɌəɝɞɎɚɘ ɛɜɔɓəɌɖɚɎ ɚɍɧɣəɚ 

ɎɧɍɔɜɌɑɞɝɫ ɛɜɚɝɞɜɌəɝɞɎɚ ɞɑɜɘɚɎ, ɖɚɞɚɜɚɑ ɚɍɜɌɓɟɑɞɝɫ Ɏ 

ɜɑɓɟɗɨɞɌɞɑ ɌəɌɗɔɓɌ ɍɚɗɨɤɚɏɚ ɘɌɝɝɔɎɌ ɐɚɖɟɘɑəɞɚɎ. Ȱɗɫ 
ɛɜɚɎɑɐɑəɔɫ ɞɌɖɚɏɚ ɌəɌɗɔɓɌ ɔɝɛɚɗɨɓɟɪɞɝɫ ɜɌɓəɧɑ ɛɚɐɡɚɐɧ - 

ɎɑɝɚɎɚɕ, Ɏɑɜɚɫɞəɚɝɞəɧɕ, ɝɑɘɌəɞɔɣɑɝɖɔɕ ɔ ɞ. ɐ.  

Ȯ ɚɍɗɌɝɞɔ ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɔɝɖɌ ɖɗɌɝɞɑɜəɧɕ ɌəɌɗɔɓ 

ɣɌɥɑ Ɏɝɑɏɚ ɛɜɔɘɑəɫɑɞɝɫ ɐɗɫ ɜɑɤɑəɔɫ ɐɎɟɡ ɓɌɐɌɣ - 

ɏɜɟɛɛɔɜɚɎɌəɔɫ ɐɚɖɟɘɑəɞɚɎ Ɏ ɍɌɓɌɡ ɐɌəəɧɡ 

(ɔəɠɚɜɘɌɢɔɚəəɧɡ ɘɌɝɝɔɎɌɡ) ɔ  ɏɜɟɛɛɔɜɚɎɌəɔɫ ɜɑɓɟɗɨɞɌɞɚɎ 
ɛɚɔɝɖɌ.  

Ȱɗɫ ɝɞɌɞɔɣɑɝɖɔɡ ɐɚɖɟɘɑəɞɌɗɨəɧɡ ɘɌɝɝɔɎɚɎ ɘɑɞɚɐɧ 

ɖɗɌɝɞɑɜəɚɏɚ ɌəɌɗɔɓɌ Ɏ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɛɚɗɟɣɔɗɔ ɍɚɗɨɤɚɑ 

ɜɌɓɎɔɞɔɑ ɔ ɛɚɛɟɗɫɜəɚɝɞɨ [99, 121, 31]. Ȯɘɑɝɞɑ ɝ ɞɑɘ 

ɚɞɖɜɧɞɧɘ ɚɝɞɌɑɞɝɫ Ɏɚɛɜɚɝ ɛɜɔɘɑəɑəɔɫ ɩɞɔɡ ɘɑɞɚɐɚɎ ɖ 
ɐɔəɌɘɔɣəɚ ɔɓɘɑəɫɑɘɧɘ ɔəɠɚɜɘɌɢɔɚəəɧɘ ɛɚɞɚɖɌɘ, ɖɚɞɚɜɧɘ 

ɛɜɔɝɟɥɔ, ɖɜɚɘɑ ɐɔəɌɘɔɖɔ, ɑɥɑ ɔ ɍɚɗɨɤɔɑ ɚɍɦɑɘɧ [49, 50]. 

ȸɑɞɚɐɧ ɖɗɌɝɞɑɜəɚɏɚ ɌəɌɗɔɓɌ əɌɡɚɐɫɞ  ɤɔɜɚɖɚɑ ɛɜɔɘɑəɑəɔɑ Ɏ 

ɛɜɚɢɑɐɟɜɌɡ ɜɌəɒɔɜɚɎɌəɔɫ ɚɞɖɗɔɖɚɎ ɔəɠɚɜɘɌɢɔɚəəɚ-

ɛɚɔɝɖɚɎɧɡ ɝɔɝɞɑɘ, ɛɜɔ ɛɚɝɞɜɚɑəɔɔ ɛɑɜɝɚəɌɗɔɓɔɜɚɎɌəəɧɡ 

ɛɌɛɚɖ ɛɚɔɝɖɌ, ɛɑɜɝɚəɌɗɨəɧɡ ɛɚɔɝɖɚɎɧɡ ɔəɞɑɜɠɑɕɝɚɎ 

ɛɚɗɨɓɚɎɌɞɑɗɑɕ ɔəɠɚɜɘɌɢɔɚəəɚ-ɛɚɔɝɖɚɎɧɡ ɝɔɝɞɑɘ. 

2. 5.1.  ȸɑɞɚɐ k -means  

ȴɞɑɜɌɞɔɎəɧɕ Ɍɗɏɚɜɔɞɘ ɖɗɌɝɞɑɜəɚɏɚ ɌəɌɗɔɓɌ k -means  (k -

ɝɜɑɐəɔɡ) ɏɜɟɛɛɔɜɚɎɖɔ ɐɚɖɟɘɑəɞɚɎ ɛɚ ɠɔɖɝɔɜɚɎɌəəɚɘɟ 

ɖɚɗɔɣɑɝɞɎɟ ɖɗɌɝɞɑɜɚɎ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɝɗɑɐɟɪɥɑɘ: ɝɗɟɣɌɕəɧɘ 
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ɚɍɜɌɓɚɘ ɎɧɍɔɜɌɑɞɝɫ k  ɎɑɖɞɚɜɚɎ, ɖɚɞɚɜɧɑ ɚɛɜɑɐɑɗɫɪɞɝɫ ɖɌɖ 

ɢɑəɞɜɚɔɐɧ (əɌɔɍɚɗɑɑ ɞɔɛɔɣəɧɑ ɛɜɑɐɝɞɌɎɔɞɑɗɔ) ɖɗɌɝɞɑɜɚɎ. 

ȳɌɞɑɘ k  ɖɗɌɝɞɑɜɚɎ 
1 2{ , , ..., }kC C C  əɌɛɚɗəɫɪɞɝɫ ð ɐɗɫ ɖɌɒɐɚɏɚ 

ɔɓ ɎɑɖɞɚɜɚɎ, ɖɚɞɚɜɧɑ ɚɝɞɌɗɔɝɨ, əɑɖɚɞɚɜɧɘ ɚɍɜɌɓɚɘ 

ɚɛɜɑɐɑɗɫɑɞɝɫ ɍɗɔɓɚɝɞɨ ɖ ɢɑəɞɜɚɔɐɟ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ 

ɖɗɌɝɞɑɜɌ. ȭɗɔɓɚɝɞɨ ɘɚɒɑɞ ɚɛɜɑɐɑɗɫɞɨɝɫ ɜɌɓəɧɘɔ ɝɛɚɝɚɍɌɘɔ, 
Ɏ ɣɌɝɞəɚɝɞɔ, ɖɌɖ əɚɜɘɔɜɚɎɌəəɚɑ ɝɖɌɗɫɜəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ: 

1( , )

N
j

k k
j k

j

x c

Sim x c
x c

==
ä

,                        (2.5.4) 

ɏɐɑ x - ɐɚɖɟɘɑəɞ, ( 1, ..., )jc j k= -ɢɑəɞɜɚɔɐ ɖɗɌɝɞɑɜɌ jC , 

N- ɜɌɓɘɑɜəɚɝɞɨ ɛɜɚɝɞɜɌəɝɞɎɌ ɞɑɜɘɚɎ. 

Ȼɚɝɗɑ ɩɞɚɏɚ Ɏɑɖɞɚɜ ɛɜɔɛɔɝɧɎɌɑɞɝɫ ɖ ɞɚɘɟ ɖɗɌɝɞɑɜɟ, ɖ 

ɖɚɞɚɜɚɘɟ ɚə əɌɔɍɚɗɑɑ ɍɗɔɓɚɖ. ȰɌɗɑɑ Ɏɑɖɞɚɜɧ ɏɜɟɛɛɔɜɟɪɞɝɫ ɔ 

ɛɑɜɑəɟɘɑɜɚɎɧɎɌɪɞɝɫ ɝɚɚɞɎɑɞɝɞɎɑəəɚ ɛɜɔəɌɐɗɑɒəɚɝɞɔ ɖ 

ɖɗɌɝɞɑɜɌɘ. Ȼɚɞɚɘ ɐɗɫ ɖɌɒɐɚɏɚ ɔɓ əɚɎɧɡ ɖɗɌɝɞɑɜɚɎ ɓɌəɚɎɚ 

ɚɛɜɑɐɑɗɫɑɞɝɫ ɢɑəɞɜɚɔɐ 1( , ..., )i i i

Nc c c= - Ɏɑɖɞɚɜ, əɌɔɍɚɗɑɑ 

ɍɗɔɓɖɔɕ ɖɚ Ɏɝɑɘ ɎɑɖɞɚɜɌɘ ɔɓ ɐɌəəɚɏɚ ɖɗɌɝɞɑɜɌ, ɖɚɚɜɐɔəɌɞɧ 

ɖɚɞɚɜɚɏɚ ɚɛɜɑɐɑɗɫɪɞɝɫ, əɌɛɜɔɘɑɜ, ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: 

1
.

| |
i

i

k k

x Ci

c x
C Í

= ä                                (2.5.5) 

Ȼɚɝɗɑ ɩɞɚɏɚ ɝəɚɎɌ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɛɜɚɢɑɝɝ əɌɛɚɗəɑəɔɫ 

ɖɗɌɝɞɑɜɚɎ, ɓɌɞɑɘ Ɏɧɣɔɝɗɑəɔɑ əɚɎɧɡ ɢɑəɞɜɚɔɐɚɎ ɔ ɞ.ɐ., ɛɚɖɌ 

ɛɜɚɢɑɝɝ ɠɚɜɘɔɜɚɎɌəɔɫ ɖɗɌɝɞɑɜɚɎ əɑ ɝɞɌɍɔɗɔɓɔɜɟɑɞɝɫ (ɔɗɔ 

ɑɝɗɔ ɟɘɑəɨɤɑəɔɑ ɝɟɘɘɧ ɜɌɝɝɞɚɫəɔɫ ɚɞ ɖɌɒɐɚɏɚ ɩɗɑɘɑəɞɌ ɐɚ 
ɢɑəɞɜɌ ɑɏɚ ɖɗɌɝɞɑɜɌ ɘɑəɨɤɑ əɑɖɚɞɚɜɚɏɚ ɓɌɐɌəəɚɏɚ ɛɚɜɚɏɚɎɚɏɚ 

ɓəɌɣɑəɔɫ). 

Ȭɗɏɚɜɔɞɘ k -means  ɘɌɖɝɔɘɔɓɔɜɟɑɞ ɠɟəɖɢɔɪ ɖɌɣɑɝɞɎɌ 

ɖɗɌɝɞɑɜɔɓɌɢɔɔ Q : 

1

1

( , ..., ) ( , ).
i

k
j

k

i x C

Q C C Sim x c
= Í

=ää              (2.5.6) 

Ȯ ɚɞɗɔɣɔɑ ɚɞ ɘɑɞɚɐɌ LSI, k -means  ɘɚɒɑɞ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ 

ɐɗɫ ɏɜɟɛɛɔɜɚɎɌəɔɫ ɐɔəɌɘɔɣɑɝɖɔɡ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɛɚɞɚɖɚɎ 
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ɍɗɌɏɚɐɌɜɫ ɝɎɚɑɕ Ɏɧɣɔɝɗɔɞɑɗɨəɚɕ ɛɜɚɝɞɚɞɑ ð ( )O kn , ɏɐɑ n  ð

ɖɚɗɔɣɑɝɞɎɚ ɚɍɦɑɖɞɚɎ ɏɜɟɛɛɔɜɚɎɌəɔɫ (ɐɚɖɟɘɑəɞɚɎ). 

ȹɑɐɚɝɞɌɞɖɚɘ ɘɑɞɚɐɌ ɫɎɗɫɑɞɝɫ ɞɚ, ɣɞɚ ɖɌɒɐɧɕ ɐɚɖɟɘɑəɞ 

ɘɚɒɑɞ ɛɚɛɌɝɞɨ Ɏɝɑɏɚ ɗɔɤɨ Ɏ ɚɐɔə ɖɗɌɝɞɑɜ. 

2. 5.2. ȴɑɜɌɜɡɔɣɑɝɖɚɑ ɏɜɟɛɛɔɜɚɎɌəɔɑ-

ɚɍɦɑɐɔəɑəɔɑ 

ȴɑɜɌɜɡɔɣɑɝɖɚɑ ɏɜɟɛɛɔɜɚɎɌəɔɑ-ɚɍɦɑɐɔəɑəɔɑ 

(Hierarchical  Agglomerative  Clustering , HAC) əɌɣɔəɌɑɞɝɫ ɝ ɞɚɏɚ, 

ɣɞɚ ɖɌɒɐɚɘɟ ɚɍɦɑɖɞɟ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɑ ɝɞɌɎɔɞɝɫ ɚɞɐɑɗɨəɧɕ 

ɖɗɌɝɞɑɜ, Ɍ ɓɌɞɑɘ ɛɜɚɔɝɡɚɐɔɞ ɚɍɦɑɐɔəɑəɔɑ ɖɗɌɝɞɑɜɚɎ, ɖɚɞɚɜɧɑ 

əɌɔɍɚɗɑɑ ɍɗɔɓɖɔ ɐɜɟɏ ɖ ɐɜɟɏɟ, Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɎɧɍɜɌəəɧɘ 

ɖɜɔɞɑɜɔɑɘ. Ȭɗɏɚɜɔɞɘ ɓɌɎɑɜɤɌɑɞɝɫ, ɖɚɏɐɌ Ɏɝɑ ɚɍɦɑɖɞɧ 

ɚɍɦɑɐɔəɫɪɞɝɫ Ɏ ɑɐɔəɧɕ ɖɗɌɝɞɑɜ. ȴɝɞɚɜɔɫ ɚɍɦɑɐɔəɑəɔɕ 

ɚɍɜɌɓɟɑɞ ɍɔəɌɜəɚɑ ɐɑɜɑɎɚ ɔɑɜɌɜɡɔɔ ɖɗɌɝɞɑɜɚɎ. 

ȼɌɓəɚɎɔɐəɚɝɞɔ ɌɗɏɚɜɔɞɘɌ HAC ɜɌɓɗɔɣɌɪɞɝɫ Ɏɧɍɚɜɚɘ 

ɖɜɔɞɑɜɔɑɎ ɍɗɔɓɚɝɞɔ (ɛɚɐɚɍɔɫ) ɘɑɒɐɟ ɖɗɌɝɞɑɜɌɘɔ. ȹɌɛɜɔɘɑɜ, 

ɍɗɔɓɚɝɞɨ ɘɑɒɐɟ ɐɎɟɘɫ ɖɗɌɝɞɑɜɌɘɔ ɘɚɒɑɞ Ɏɧɣɔɝɗɫɞɨɝɫ ɖɌɖ 

ɘɌɖɝɔɘɌɗɨəɌɫ ɍɗɔɓɚɝɞɨ ɘɑɒɐɟ ɚɍɦɑɖɞɌɘɔ ɔɓ ɩɞɔɡ ɖɗɌɝɞɑɜɚɎ.  

 ȴɑɜɌɜɡɔɣɑɝɖɌɫ ɖɗɌɝɞɑɜɔɓɌɢɔɫ ɚɣɑəɨ ɣɌɝɞɚ 

ɛɜɔɘɑəɫɑɞɝɫ ɛɜɔ ɝɚɢɔɚɗɚɏɔɣɑɝɖɚɘ ɌəɌɗɔɓɑ, Ɏ ɍɔɚɗɚɏɔɔ, 

ɩɖɚəɚɘɔɖɑ ɔ ɞ.ɐ. ȯɗɌɎəɧɘ ɚɍɜɌɓɚɘ ɞɌɘ, ɏɐɑ ɓɌɜɌəɑɑ 

əɑɔɓɎɑɝɞəɚ ɖɚɗɔɣɑɝɞɎɚ ɖɗɌɝɞɑɜɚɎ. 

Ȱɗɫ ɔɑɜɌɜɡɔɣɑɝɖɚɕ ɖɗɌɝɞɑɜɔɓɌɢɔɔ əɑɚɍɡɚɐɔɘɚ ɖɌɖɔɘ-

ɗɔɍɚ ɚɍɜɌɓɚɘ ɚɛɜɑɐɑɗɔɞɨ ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ ɟɓɗɌɘɔ əɌɤɑɏɚ 
ɏɜɌɠɌ (ɝɑɞɔ). Ⱦ.ɑ. əɌɘ əɑɚɍɡɚɐɔɘɚ ɛɚɗɟɣɔɞɨ ɖɚɗɔɣɑɝɞɎɑəəɟɪ 

ɚɢɑəɖɟ ɍɗɔɓɚɝɞɔ ɟɓɗɚɎ, ɌəɌɗɚɏɔɣəɟɪ ɜɌɝɝɞɚɫəɔɪ Ɏ ɚɍɧɣəɚɘ 

ɑɎɖɗɔɐɚɎɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ. ȼɌɝɝɘɚɞɜɔɘ ɐɎɌ əɌɔɍɚɗɑɑ 

ɔɝɛɚɗɨɓɟɑɘɧɡ ɚɛɜɑɐɑɗɑəɔɫ. ȻɑɜɎɚɑ ɩɞɚ ȱɎɖɗɔɐɚɎɚ ɜɌɝɝɞɚɫəɔɑ 

(Euclidean  distance ), ɚɛɜɑɐɑɗɫɑɞɝɫ ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: 

( )
2

,

,

N

i j ik jk

k i j

x A A
¸

= -ä ,                        (2.5.7) 

ɓɐɑɝɨ N  ð ɣɔɝɗɚ ɟɓɗɚɎ Ɏ ɝɑɞɔ. ȱɎɖɗɔɐɚɎɚ ɜɌɝɝɞɚɫəɔɑ ɞɚɣəɚ 

ɜɌɎəɚ əɟɗɪ ɐɗɫ ɛɚɗəɚɝɞɨɪ ɝɞɜɟɖɞɟɜəɚ - ɩɖɎɔɎɌɗɑəɞəɧɡ ɟɓɗɚɎ 

ɔ ɟɎɑɗɔɣɔɎɌɑɞɝɫ ɐɗɫ ɟɓɗɚɎ, ɖɚɞɚɜɧɑ əɑ ɔɘɑɪɞ ɚɍɥɔɡ ɝɚɝɑɐɑɕ. 
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Ȯɞɚɜɚɑ ɚɛɜɑɐɑɗɑəɔɑ ɍɌɓɔɜɟɑɞɝɫ əɌ ɖɚɜɜɑɗɫɢɔɔ ȻɔɜɝɚəɌ 
ɘɑɒɐɟ ɝɞɜɚɖɌɘɔ (ɝɞɚɗɍɢɌɘɔ) ɘɌɞɜɔɢɧ ɔəɢɔɐɑəɞəɚɝɞɔ.  

( )( )
1

,

1 N

ik i ik i

k
i j

i j

A A
N

x =

Ö - Ö -

=
Ö

ä m m

s s
,       (2.5.8 ) 

ɏɐɑ   

1 N

i ij

j

A
N
= Öäm ,  ( )

2
2 1 N

i ij i

j

A
N
= Ö -äs m .       (2.5.9) 

ȳɐɑɝɨ ɝɞɜɟɖɞɟɜəɚ ɩɖɎɔɎɌɗɑəɞəɧɑ ɟɓɗɧ ɞɑ, ɖɚɞɚɜɧɑ 

ɔɘɑɪɞ ɍɚɗɨɤɚɕ ɖɚɩɠɠɔɢɔɑəɞ ɖɚɜɜɑɗɫɢɔɔ. 

Ȼɚɝɗɑ ɞɚɏɚ ɖɌɖ ɘɧ ɗɪɍɧɘ ɝɛɚɝɚɍɚɘ ɚɛɜɑɐɑɗɔɗɔ ɘɌɞɜɔɢɟ 

ɜɌɝɝɞɚɫəɔɕ ɘɚɒəɚ ɛɜɔɝɞɟɛɌɞɨ əɑɛɚɝɜɑɐɝɞɎɑəəɚ ɖ 

ɔɑɜɌɜɡɔɣɑɝɖɚɕ ɖɗɌɝɞɑɜɔɓɌɢɔɔ. ȺɝɞɌəɚɎɔɘɝɫ ɛɚɐɜɚɍəɑɑ əɌ 

ɌəɏɗɚɘɑɜɌɞɔɎəɚɘ Ɍɗɏɚɜɔɞɘɑ. ȮəɌɣɌɗɑ ɚɛɔɤɑɘ ɔɐɑɪ 

ɌɗɏɚɜɔɞɘɌ. Ȼɟɝɞɨ ɟ əɌɝ ɑɝɞɨ ɞɚɣɖɔ 1 2, Nx x x ɔ ɘɌɞɜɔɢɌ 

ɚɞəɚɝɔɞɑɗɨəɧɡ ɜɌɝɝɞɚɫəɔɕ 
ijx .  ȹɌ ɛɑɜɎɚɘ ɤɌɏɑ ɖɌɒɐɟɪ 

ɞɚɣɖɟ ɝɣɔɞɌɑɘ ɚɞɐɑɗɨəɧɘ ɖɗɌɝɞɑɜɚɘ. ȳɌɞɑɘ ɍɗɔɒɌɕɤɔɑ (Ɏ 

ɝɘɧɝɗɑ ɜɌɝɝɞɚɫəɔɫ) ɞɚɣɖɔ ɚɍɦɑɐɔəɫɑɘ ɔ ɝɣɔɞɌɑɘ ɚɐəɔɘ 

ɖɗɌɝɞɑɜɚɘ, ɔ ɞɌɖ ɐɌɗɑɑ ɛɚɖɌ əɑ ɓɌɐɑɕɝɞɎɟɪɞɝɫ Ɏɝɑ ɞɚɣɖɔ. ȹɌ 

Ɏɧɡɚɐɑ ɘɧ ɛɚɗɟɣɔɘ ɐɑɜɑɎɚ (ɐɑəɐɚɏɜɌɘɘɟ). Ȼɜɔ ɛɚɐɝɣɑɞɑ 

ɜɌɝɝɞɚɫəɔɕ ɘɑɒɐɟ ɖɗɌɝɞɑɜɌɘɔ əɌɔɍɚɗɑɑ ɣɌɝɞɚ ɔɝɛɚɗɨɓɟɪɞ 

ɚɐɔə ɔɓ ɐɎɟɡ ɝɗɑɐɟɪɥɔɡ ɌɗɏɚɜɔɞɘɚɎ. Single -link  Ɍɗɏɚɜɔɞɘ 

ɝɣɔɞɌɑɞ ɘɔəɔɘɟɘ ɔɓ Ɏɚɓɘɚɒəɧɡ ɜɌɝɝɞɚɫəɔɕ ɘɑɒɐɟ ɛɌɜɌɘɔ 

ɟɓɗɚɎ, əɌɡɚɐɫɥɔɡɝɫ Ɏ ɖɗɌɝɞɑɜɑ, Complete -link  Ɍɗɏɚɜɔɞɘ 

ɝɣɔɞɌɑɞ ɘɌɖɝɔɘɟɘ ɔɓ ɩɞɔɡ ɜɌɝɝɞɚɫəɔɕ. 

ȻɜɔɎɑɐɑɘ ɛɚɤɌɏɚɎɧɕ ɛɜɔɘɑɜ ɐɗɫ Single -link  ɌɗɏɚɜɔɞɘɌ. 

Ȼɟɝɞɨ ɑɝɞɨ ɏɜɌɠ, ɛɚɖɌɓɌəəɧɕ əɌ ɜɔɝ. 2.5.1. 
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ȼɔɝ.  2.5. 1 ð Ȼɜɔɘɑɜ ɏɜɌɠɌ 

ȳɌɛɔɝɌɎ ɘɌɞɜɔɢɟ ȱɎɖɗɔɐɚɎɧɡ ɜɌɝɝɞɚɫəɔɕ (1), Ɏɔɐɔɘ, 

ɣɞɚ ɘɔəɔɘɌɗɨəɚɑ ɜɌɝɝɞɚɫəɔɑ ɜɌɎəɚɑ əɟɗɪ ɝɚɚɞɎɑɞɝɞɎɟɑɞ 

ɟɓɗɌɘ 1 ɔ 5. Ȼɚɩɞɚɘɟ əɌ ɛɑɜɎɚɘ ɤɌɏɑ ɚɍɦɑɐɔəɫɑɘ ɩɞɔ ɟɓɗɧ Ɏ 

ɚɐɔə ɖɗɌɝɞɑɜ.  

 

() () () () () ()

()

()

()

()

()

()

1 2 3 4 5 6

1 0 1 1.414 2 0 1.732

2 1 0 1.732 1.732 1 2

3 1.414 1.732 0 1.414 1.414 1

4 2 1.732 1.414 0 2 1

5 0 1 1.414 2 0 1.732

6 1.732 2 1 1 1.732 0

x=
 

ȹɌ Ɏɞɚɜɚɘ ɤɌɏɑ ɝəɚɎɌ ɓɌɛɔɝɧɎɌɑɘ ɘɌɞɜɔɢɟ 

ɜɌɝɝɞɚɫəɔɕ, ɔɝɛɚɗɨɓɟɫ Ɍɗɏɚɜɔɞɘ Single -link . Ƚɗɑɐɟɪɥɑɑ 
ɜɌɝɝɞɚɫəɔɑ ɛɚɝɗɑ əɟɗɑɎɚɏɚ ɜɌɝɝɞɚɫəɔɫ ɜɌɎəɚ ɑɐɔəɔɢɑ. ȴ əɌ 

ɩɞɚɘ ɤɌɏɑ ɘɧ ɛɚɗɟɣɌɑɘ ɐɎɌ ɖɗɌɝɞɑɜɌ, ɖɚɞɚɜɧɑ ɝɟɘɘɌɜəɚ 

ɎɖɗɪɣɌɪɞ Ɏɝɑ ɟɓɗɧ ɝɑɞɔ.  

ȱɝɗɔ ɜɌɓɜɑɓɌɞɨ ɐɑəɐɚɏɜɌɘɘɟ Ɏɐɚɗɨ ɛɟəɖɞɔɜəɚɕ ɗɔəɔɔ 1 

ð ɞɚ ɘɧ ɛɚɗɟɣɔɘ ɐɎɌ ɖɗɌɝɞɑɜɌ ɝɚɐɑɜɒɌɥɔɑ ɟɓɗɧ (1, 5, 2) ɔ (3, 
4, 6) ɝɚɚɞɎɑɞɝɞɎɑəəɚ. Ƀɞɚ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɔ ɔəɞɟɔɞɔɎəɚɘɟ 

ɜɌɓɍɔɞɔɪ əɌ ɖɗɌɝɞɑɜɌ, ɝɘ. ɜɔɝ. 1. ȱɝɗɔ ɜɑɓɌɞɨ Ɏɐɚɗɨ Ɏɞɚɜɚɕ 

ɛɟəɖɞɔɜəɚɕ ɗɔəɔɔ, ɞɚ ɛɚɗɟɣɌɑɘ ɞɜɔ ɖɗɌɝɞɑɜɌ (1, 5), (2) ɔ (3, 4, 

6).   
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() () () ()

()

()

()

()

1
2 3 4 6

5

1
0 1 1.414 2 1.732

5

2 1 0 1.732 1.732 2

3 1.414 1.732 0 1.414 1

4 2 1.732 1.414 0 1

6 1.727 2 1 1 0

å õ
æ ö
ç ÷

å õ
æ ö
ç ÷

 
ȹɌ ɜɔɝ. 2.5.2  ɛɚɖɌɓɌəɌ ɚɖɚəɣɌɞɑɗɨəɌɫ ɐɑəɐɚɏɜɌɘɘɌ 

ɝɑɞɔ. 

 

 

ȼɔɝ. 2.5.2 ð ȴɝɛɚɗɨɓɚɎɌə Ɍɗɏɚɜɔɞɘ Single -link  

ȱɝɗɔ ɛɜɔ ɔɑɜɌɜɡɔɣɑɝɖɚɕ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɔɝɛɚɗɨɓɚɎɌɞɨ 

Ɍɗɏɚɜɔɞɘ Complete -link , ɞɚ ɛɚɗɟɣɔɘ əɑɘəɚɏɚ ɐɜɟɏɟɪ  

ɐɑəɐɚɏɜɌɘɘɟ, ɝɘ ɜɔɝ. 2.5. 3.  

Ⱥɞɗɔɣɔɑ Ɏ ɌɗɏɚɜɔɞɘɌɡ ɛɜɚɫɎɔɞɝɫ əɌ Ɏɞɚɜɚɘ ɤɌɏɑ 
ɛɚɝɞɜɚɑəɔɫ.  Ȼɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɌɗɏɚɜɔɞɘɌ  Single -link  Ɏ 

ɚɐɔə ɖɗɌɝɞɑɜ ɖ ɟɓɗɌɘ (4, 6) ɐɚɍɌɎɗɫɑɞɝɫ ɟɓɑɗ 3, ɛɚɝɖɚɗɨɖɟ ɚə 

ɝɎɫɓɌə ɝ ɟɓɗɚɘ 6 ɑɐɔəɔɣəɧɘ ɜɌɝɝɞɚɫəɔɑɘ, ɞɌɖɔɘ ɒɑ, ɖɌɖ ɔ 

ɎəɟɞɜɑɖɗɌɝɞɑəɚɑ ɜɌɝɝɞɚɫəɔɑ. Ȭ ɛɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ Complete -

link  ɌɗɏɚɜɔɞɘɌ, ɟɓɑɗ 3 ɛɜɔɝɚɑɐɔəɫɑɞɝɫ əɌ ɝɗɑɐɟɪɥɑɘ ɤɌɏɑ 

1 

2 

1 2 3 4 6 5 
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ɞ.ɖ. ɓɐɑɝɨ əɑɚɍɡɚɐɔɘɚ ɝɘɚɞɜɑɞɨ ɛɚ ɘɌɖɝɔɘɌɗɨəɚɘɟ 
ɜɌɝɝɞɚɫəɔɪ, ɞ.ɑ. ɛɚ ɜɌɝɝɞɚɫəɔɪ  ɚɞ ɟɓɗɌ 3 ɐɚ ɟɓɗɌ 4, ɖɚɞɚɜɚɑ 

ɍɚɗɨɤɑ ɎəɟɞɜɔɖɗɌɝɞɑɜəɚɏɚ ɜɌɝɝɞɚɫəɔɫ ɘɑɒɐɟ ɟɓɗɌɘɔ 4 ɔ 6.   

 

 

ȼɔɝ. 2.5. 3 ð ȴɝɛɚɗɨɓɚɎɌə Ɍɗɏɚɜɔɞɘ Complete -link  

2.5.3. ȷɌɞɑəɞəɚ-ɝɑɘɌəɞɔɣɑɝɖɔɕ ɌəɌɗɔɓ 

ȸɑɞɚɐ ɖɗɌɝɞɑɜəɚɏɚ ɌəɌɗɔɓɌ LSA/LSI (ɗɌɞɑəɞəɚɏɚ 

ɝɑɘɌəɞɔɣɑɝɖɚɏɚ ɌəɌɗɔɓɌ/ ɔəɐɑɖɝɔɜɚɎɌəɔɫ) [ɍɌɓɔɜɟɑɞɝɫ əɌ 

ɝɔəɏɟɗɫɜəɚɘ ɜɌɓɗɚɒɑəɔɔ ɘɌɞɜɔɢ (SVD, Singular Value 

Decomposition ). Ȼɟɝɞɨ ɘɌɝɝɔɎɟ ɐɚɖɟɘɑəɞɚɎ 

{ | 1, ..., }jD d j n= =  ɝɞɌɎɔɞɝɫ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɑ ɘɌɞɜɔɢɌ A , 

ɝɞɜɚɖɔ ɖɚɞɚɜɚɕ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɐɚɖɟɘɑəɞɌɘ, Ɍ ɝɞɚɗɍɢɧ ð 
ɎɑɝɚɎɧɘ ɓəɌɣɑəɔɫɘ ɞɑɜɘɚɎ (ɜɌɓɘɑɜ ɝɗɚɎɌɜɫ ɞɑɜɘɚɎ ð m). 

Ƚɔəɏɟɗɫɜəɧɘ ɜɌɓɗɚɒɑəɔɑɘ ɘɌɞɜɔɢɧ A   ɜɌəɏɌ r   

ɜɌɓɘɑɜəɚɝɞɔ m n³  əɌɓɧɎɌɑɞɝɫ ɑɑ ɜɌɓɗɚɒɑəɔɑ ɎɔɐɌ 
TA USV= , 

ɏɐɑ U  ɔ V- ɚɜɞɚɏɚəɌɗɨəɧɑ ɘɌɞɜɔɢɧ ɜɌɓɘɑɜəɚɝɞɔ m r³   ɔ 

r n³ , ɝɚɚɞɎɑɞɝɞɎɑəəɚ, Ɍ S - ɐɔɌɏɚəɌɗɨəɌɫ ɘɌɞɜɔɢɌ, 

ɩɗɑɘɑəɞɧ ɖɚɞɚɜɚɕ 0,ijs =  ɑɝɗɔ i j̧ , Ɍ ɐɔɌɏɚəɌɗɨəɧɑ ɩɗɑɘɑəɞɧ 

0.iis ²  ȰɔɌɏɚəɌɗɨəɧɑ ɩɗɑɘɑəɞɧ ɘɌɞɜɔɢɧ S əɌɓɧɎɌɪɞ 

ɝɔəɏɟɗɫɜəɧɘɔ ɓəɌɣɑəɔɫɘɔ ɘɌɞɜɔɢɧ A .  

ȺɜɞɚɏɚəɌɗɨəɧɑ ɘɌɞɜɔɢɧ U  ɔ V  ɚɍɗɌɐɌɪɞ ɞɌɖɔɘ 

ɝɎɚɕɝɞɎɚɘ: 

1 

3 

1 2 3 4 6 5 

2 



 110 
 

.T TUU V V I= =                                    (2.5.9)  

ȰɚɖɌɓɌəɚ, ɣɞɚ ɛɜɔɎɑɐɑəəɚɑ Ɏɧɤɑ ɜɌɓɍɔɑəɔɑ ɘɌɞɜɔɢɧ A  

ɚɍɗɌɐɌɑɞ ɞɚɕ ɚɝɚɍɑəəɚɝɞɨɪ, ɣɞɚ ɑɝɗɔ Ɏ ɘɌɞɜɔɢɑ S ɚɝɞɌɎɔɞɨ 

ɞɚɗɨɖɚ k  əɌɔɍɚɗɨɤɔɡ ɝɔəɏɟɗɫɜəɧɡ ɓəɌɣɑəɔɕ (ɚɍɚɓəɌɣɔɘ 

ɞɌɖɟɪ ɘɌɞɜɔɢɟ ɖɌɖ 
kS ), Ɍ Ɏ ɘɌɞɜɔɢɌɡ U  ɔ V- ɞɚɗɨɖɚ 

ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɑ ɩɞɔɘ ɓəɌɣɑəɔɫɘ ɖɚɗɚəɖɔ (ɝɚɚɞɎɑɞɝɞɎɑəəɚ, 

ɘɌɞɜɔɢɧ ,k kU V ), ɞɚ ɘɌɞɜɔɢɌ 
T

k k k kA U S V= Ö Ö ɍɟɐɑɞ əɌɔɗɟɣɤɑɕ 

ɛɚ ɀɜɚɍɑəɔɟɝɟ ɌɛɛɜɚɖɝɔɘɌɢɔɑɕ ɔɝɡɚɐəɚɕ ɘɌɞɜɔɢɧ A  

ɘɌɞɜɔɢɑɕ ɝ ɜɌəɏɚɘ, əɑ ɛɜɑɎɧɤɌɪɥɔɘ k . ȹɌɛɚɘəɔɘ, ɣɞɚ 

əɚɜɘɚɕ ɘɌɞɜɔɢɧ X  ɜɌɓɘɑɜəɚɝɞɔ M NÖ ɛɚ ɀɜɚɍɑəɔɟɝɟ 

ɫɎɗɫɑɞɝɫ ɎɧɜɌɒɑəɔɑ: 

2

1 1

.
M N

ijF
i j

X x
= =

=ää                                 (2.5.10)  

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɐɗɫ ɘɌɞɜɔɢ A  ɔ 
kA  ɐɚɖɌɓɌəɚ, ɣɞɚ: 

: ( )

argmin .k F
X rank X k

A A X
=

= -                         (2.5.11)  

Ȯ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɘɑɞɚɐɚɘ LSA Ɏ ɜɌɝɝɘɚɞɜɑəɔɑ ɍɑɜɟɞɝɫ 

əɑ Ɏɝɑ, Ɍ ɗɔɤɨ k  əɌɔɍɚɗɨɤɔɡ ɝɔəɏɟɗɫɜəɧɡ  ɓəɌɣɑəɔɕ 

ɘɌɞɜɔɢɧ A, ɔ ɖɌɒɐɚɘɟ ɞɌɖɚɘɟ ɓəɌɣɑəɔɪ ɝɞɌɎɔɞɝɫ Ɏ 

ɝɚɚɞɎɑɞɝɞɎɔɑ ɚɐɔə ɖɗɌɝɞɑɜ. 

kA  ɚɛɜɑɐɑɗɫɑɞ k -ɘɑɜəɚɑ ɠɌɖɞɚɜəɚɑ ɛɜɚɝɞɜɌəɝɞɎɚ, əɌ 

ɖɚɞɚɜɚɑ ɛɜɚɑɢɔɜɟɪɞɝɫ, ɖɌɖ ɐɚɖɟɘɑəɞɧ (ɝ ɛɚɘɚɥɨɪ ɘɌɞɜɔɢɧ 

V), ɞɌɖ ɔ ɞɑɜɘɔəɧ (ɝ ɛɚɘɚɥɨɪ ɘɌɞɜɔɢɧ U ). Ȯ ɛɚɗɟɣɑəəɚɘ 
ɠɌɖɞɚɜəɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ ɐɚɖɟɘɑəɞɧ ɔ ɞɑɜɘɔəɧ 

ɏɜɟɛɛɔɜɟɪɞɝɫ Ɏ ɚɍɗɌɝɞɔ, ɔɘɑɪɥɔɑ əɑɖɚɞɚɜɧɕ ɚɍɥɔɕ 

ɝɖɜɧɞɧɕ ɝɘɧɝɗ. Ⱦ.ɑ. ɛɚɗɟɣɌɑɘɧɑ ɚɍɗɌɝɞɔ ɔ ɛɜɑɐɝɞɌɎɗɫɪɞ 

ɝɚɍɚɕ  ɖɗɌɝɞɑɜɧ.  

Ȯɧɍɚɜ əɌɔɗɟɣɤɑɕ ɜɌɓɘɑɜəɚɝɞɔ k  ɐɗɫ LSA ð ɩɞɚ 

ɛɜɚɍɗɑɘɌ ɚɞɐɑɗɨəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ. Ȯ ɔɐɑɌɗɑ, k  ɐɚɗɒəɚ ɍɧɞɨ 

ɐɚɝɞɌɞɚɣəɚ Ɏɑɗɔɖɚ ɐɗɫ ɚɞɚɍɜɌɒɑəɔɫ Ɏɝɑɕ ɜɑɌɗɨəɚ 

ɝɟɥɑɝɞɎɟɪɥɑɕ ɝɞɜɟɖɞɟɜɧ ɐɌəəɧɡ, əɚ Ɏ ɞɚ ɒɑ Ɏɜɑɘɫ 

ɐɚɝɞɌɞɚɣəɚ ɘɌɗɚ ɣɞɚɍɧ əɑ ɟɣɔɞɧɎɌɞɨ ɤɟɘɌ - ɝɗɟɣɌɕəɧɡ 

ɓɌɎɔɝɔɘɚɝɞɑɕ.  
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Ȯ ɛɜɌɖɞɔɖɑ ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɔɝɖɌ ɚɝɚɍɚɑ ɓəɌɣɑəɔɑ 

ɚɞɎɚɐɔɞɝɫ ɘɌɞɜɔɢɌɘ 
kU  ɔ .T

kV  Ƚɞɜɚɖɔ ɘɌɞɜɔɢɧ 
kU  

ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɖɌɖ ɚɍɜɌɓɧ ɞɑɜɘɚɎ Ɏ k-ɘɑɜəɚɘ 
ɎɑɥɑɝɞɎɑəəɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ. ȬəɌɗɚɏɔɣəɚ, ɝɞɚɗɍɢɧ ɘɌɞɜɔɢɧ 

T

kV  ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɖɌɖ ɚɍɜɌɓɧ ɐɚɖɟɘɑəɞɚɎ Ɏ ɞɚɘ ɒɑ 

k-ɘɑɜəɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ. ȴəɧɘɔ ɝɗɚɎɌɘɔ, ɩɞɔ Ɏɑɖɞɚɜɧ 

ɓɌɐɌɪɞ ɔɝɖɚɘɚɑ ɛɜɑɐɝɞɌɎɗɑəɔɑ ɞɑɜɘɚɎ ɔ ɐɚɖɟɘɑəɞɚɎ Ɏ 

k-ɘɑɜəɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ ɝɖɜɧɞɧɡ ɠɌɖɞɚɜɚɎ.  

ȽɟɥɑɝɞɎɟɪɞ ɞɌɖɒɑ ɘɑɞɚɐɧ ɔəɖɜɑɘɑəɞəɚɏɚ ɚɍəɚɎɗɑəɔɫ 

Ɏɝɑɡ ɓəɌɣɑəɔɕ, ɔɝɛɚɗɨɓɟɑɘɧɡ Ɏ LSA. Ȼɜɔ ɛɚɛɚɗəɑəɔɔ əɚɎɧɘ 

ɐɚɖɟɘɑəɞɚɘ d  (əɌɛɜɔɘɑɜ, əɚɎɧɘ ɜɑɓɟɗɨɞɌɞɚɘ ɛɚɔɝɖɌ ɛɚ 

ɓɌɛɜɚɝɟ) ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɘɌɝɝɔɎɌ, ɐɗɫ ɖɚɞɚɜɚɏɚ ɟɒɑ 

ɛɜɚɎɑɐɑəɚ ɝɔəɏɟɗɫɜəɚɑ ɜɌɓɗɚɒɑəɔɑ, ɘɚɒəɚ əɑ Ɏɧɣɔɝɗɫɞɨ 

ɜɌɓɗɚɒɑəɔɑ ɓɌəɚɎɚ. ȰɚɝɞɌɞɚɣəɚ  ɌɛɛɜɚɖɝɔɘɔɜɚɎɌɞɨ ɑɏɚ, 

Ɏɧɣɔɝɗɫɫ ɚɍɜɌɓ əɚɎɚɏɚ ɐɚɖɟɘɑəɞɌ əɌ ɚɝəɚɎɑ ɜɌəɑɑ 

Ɏɧɣɔɝɗɑəəɧɡ ɚɍɜɌɓɚɎ ɞɑɜɘɚɎ ɔ ɎɑɝɚɎ ɠɌɖɞɚɜɚɎ.  Ȼɟɝɞɨ d- 

Ɏɑɖɞɚɜ ɎɑɝɚɎ ɞɑɜɘɚɎ əɚɎɚɏɚ ɐɚɖɟɘɑəɞɌ (əɚɎɧɕ ɝɞɚɗɍɑɢ 

ɘɌɞɜɔɢɧ A), ɞɚɏɐɌ ɑɏɚ ɚɍɜɌɓ ɘɚɒəɚ Ɏɧɣɔɝɗɔɞɨ ɛɚ ɠɚɜɘɟɗɑ: 
1' .T

k kd S U d-=  

ȱɝɗɔ q - Ɏɑɖɞɚɜ ɓɌɛɜɚɝɌ ɛɚɗɨɓɚɎɌɞɑɗɫ ɜɌɓɘɑɜəɚɝɞɔ 

,m i-ɕ ɩɗɑɘɑəɞ ɖɚɞɚɜɚɏɚ ɜɌɎɑə 1, ɑɝɗɔ ɞɑɜɘ ɝ əɚɘɑɜɚɘ i  

Ɏɡɚɐɔɞ Ɏ ɓɌɛɜɚɝ, ɔ 0 ð Ɏ ɛɜɚɞɔɎəɚɘ ɝɗɟɣɌɑ, ɞɚ  ɚɍɜɌɓ ɓɌɛɜɚɝɌ 

q  Ɏ ɛɜɚɝɞɜɌəɝɞɎɑ ɗɌɞɑəɞəɧɡ ɠɌɖɞɚɜɚɎ ɍɟɐɑɞ ɔɘɑɞɨ Ɏɔɐ: 

1' .T

k kq q U S-=  

Ȯ ɩɞɚɘ ɝɗɟɣɌɑ ɘɑɜɌ ɍɗɔɓɚɝɞɔ ɓɌɛɜɚɝɌ q  ɔ ɐɚɖɟɘɑəɞɌ d  

ɚɢɑəɔɎɌɑɞɝɫ Ɏɑɗɔɣɔəɚɕ ɝɖɌɗɫɜəɚɏɚ ɛɜɚɔɓɎɑɐɑəɔɫ ɎɑɖɞɚɜɚɎ 

'q  ɔ {}T

kV d  (ɓɐɑɝɨ {}T

kV d  ɚɍɚɓəɌɣɌɑɞ d-ɕ ɝɞɚɗɍɑɢ ɘɌɞɜɔɢɧ 

T

kV ). 

Ȼɜɔ ɔəɠɚɜɘɌɢɔɚəəɚɘ ɛɚɔɝɖɑ, Ɏ ɜɑɓɟɗɨɞɌɞɑ ɞɚɏɚ,   ɣɞɚ 

ɚɞɍɜɌɝɧɎɌɪɞɝɫ əɌɔɘɑəɑɑ ɓəɌɣɔɘɧɑ ɝɔəɏɟɗɫɜəɧɑ ɓəɌɣɑəɔɫ, 
ɠɚɜɘɔɜɟɑɞɝɫ ɛɜɚɝɞɜɌəɝɞɎɚ ɚɜɞɚɏɚəɌɗɨəɧɡ ɠɌɖɞɚɜɚɎ, 

ɔɏɜɌɪɥɔɡ ɜɚɗɨ ɚɍɚɍɥɑəəɧɡ ɞɑɜɘɚɎ. Ȯ ɜɑɓɟɗɨɞɌɞɑ ɛɜɚɔɝɡɚɐɔɞ 

çɝɍɗɔɒɑəɔɑè ɐɚɖɟɘɑəɞɚɎ ɔɓ ɍɗɔɓɖɔɡ ɛɚ ɝɚɐɑɜɒɌəɔɪ 

ɛɜɑɐɘɑɞəɧɡ ɚɍɗɌɝɞɑɕ, ɣɌɝɞɔɣəɚ ɜɑɤɌɪɞɝɫ ɛɜɚɍɗɑɘɧ 

ɝɔəɚəɔɘɔɔ ɔ ɚɘɚəɔɘɔɔ ɞɑɜɘɚɎ. 
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ȸɑɞɚɐ LSA ɤɔɜɚɖɚ ɛɜɔɘɑəɫɑɞɝɫ ɛɜɔ ɜɌəɒɔɜɚɎɌəɔɔ 
ɎɧɐɌɣɔ ɔəɠɚɜɘɌɢɔɚəəɚ-ɛɚɔɝɖɚɎɧɡ ɝɔɝɞɑɘ, ɚɝəɚɎɌəəɧɡ əɌ 

ɢɔɞɔɜɚɎɌəɔɔ. ɉɞɚ Ɍɗɏɚɜɔɞɘ HITS (Hyperlink Induced Topic 

Search)  ð ɚɐɔə ɔɓ ɐɎɟɡ ɝɌɘɧɡ ɛɚɛɟɗɫɜəɧɡ ɝɑɏɚɐəɫ Ɏ ɚɍɗɌɝɞɔ 

ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɔɝɖɌ. ȱɝɗɔ Ɏɝɛɚɘəɔɞɨ ɛɚəɫɞɔɑ ɘɌɞɜɔɢɧ 

ɔəɢɔɐɑəɢɔɕ A  (ɛ. 2.8), ɞɚ Ɍɗɏɚɜɔɞɘ HITS ɚɍɑɝɛɑɣɔɎɌɑɞ Ɏɧɍɚɜ 

əɌɔɍɚɗɑɑ ɌɎɞɚɜɔɞɑɞəɧɡ ɐɚɖɟɘɑəɞɚɎ (ɌɎɞɚɜɚɎ ð pa  ɔɗɔ 

ɛɚɝɜɑɐəɔɖɚɎ ð ph ), ɖɚɞɚɜɧɑ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɝɚɍɝɞɎɑəəɧɘ 

ɎɑɖɞɚɜɌɘ ɘɌɞɜɔɢ 
TAA   ɔ 

TA A ɝ əɌɔɍɚɗɨɤɔɘɔ ɘɚɐɟɗɫɘɔ 

ɝɚɍɝɞɎɑəəɧɡ ɓəɌɣɑəɔɕ. ȻɚɖɌɒɑɘ, ɣɞɚ Ɍɗɏɚɜɔɞɘ HITS 

ɩɖɎɔɎɌɗɑəɞɑə LSA. ȰɑɕɝɞɎɔɞɑɗɨəɚ, ɛɟɝɞɨ, Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ 

ɝɔəɏɟɗɫɜəɧɘ ɜɌɓɗɚɒɑəɔɑɘ: ,TA USV S= - ɖɎɌɐɜɌɞəɌɫ 

ɐɔɌɏɚəɌɗɨəɌɫ ɘɌɞɜɔɢɌ. ȾɚɏɐɌ 
T T TA A USV VSU= = 

2 ,T TUSISU US U= =  ɏɐɑ 
2S - ɐɔɌɏɚəɌɗɨəɌɫ ɘɌɞɜɔɢɌ ɝ 

ɩɗɑɘɑəɞɌɘɔ 
2.iis  ȺɣɑɎɔɐəɚ, ɣɞɚ ɖɌɖ ɔ ɛɜɔ LSA, ɝɚɍɝɞɎɑəəɧɑ 

Ɏɑɖɞɚɜɧ, ɖɚɞɚɜɧɑ ɝɚɚɞɎɑɞɝɞɎɟɪɞ əɌɔɍɚɗɨɤɔɘ ɝɔəɏɟɗɫɜəɧɘ 

ɓəɌɣɑəɔɫɘ 
TAA  ɔ/ɔɗɔ 

TA A, ɍɟɐɟɞ ɝɚɚɞɎɑɞɝɞɎɚɎɌɞɨ  
ɝɞɌɞɔɝɞɔɣɑɝɖɔ əɌɔɍɚɗɑɑ ɎɌɒəɧɘ ɌɎɞɚɜɌɘ ɔ/ɔɗɔ 

ɛɚɝɜɑɐəɔɖɌɘ. 

ȹɌɜɫɐɟ ɝ ɞɑɘ, ɣɞɚ ɘɑɞɚɐ LSA əɑ əɟɒɐɌɑɞɝɫ Ɏ 

ɛɜɑɐɎɌɜɔɞɑɗɨəɚɕ əɌɝɞɜɚɕɖɑ əɌ ɝɛɑɢɔɠɔɣɑɝɖɔɕ əɌɍɚɜ 

ɐɚɖɟɘɑəɞɚɎ, ɖɌɣɑɝɞɎɑəəɚ ɎɧɫɎɗɫɑɞ ɗɌɞɑəɞəɧɑ ɠɌɖɞɚɜɧ, ɖ ɑɏɚ 

əɑɐɚɝɞɌɞɖɌɘ  ɘɚɒəɚ ɚɞəɑɝɞɔ əɑɎɧɝɚɖɟɪ ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɨ 

(ɝɖɚɜɚɝɞɨ Ɏɧɣɔɝɗɑəɔɫ SVD ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɛɚɜɫɐɖɟ 
2( ),O N kÖ  

ɏɐɑ | | | |,N D T= +  D -ɘəɚɒɑɝɞɎɚ ɐɚɖɟɘɑəɞɚɎ, 

T - ɘəɚɒɑɝɞɎɚ ɞɑɜɘɚɎ, k - ɜɌɓɘɑɜəɚɝɞɨ ɛɜɚɝɞɜɌəɝɞɎɌ 

ɠɌɖɞɚɜɚɎ) ɔ ɞɚ, ɣɞɚ ɚə əɑ ɛɜɑɐɟɝɘɌɞɜɔɎɌɑɞ Ɏɚɓɘɚɒəɚɝɞɨ 

ɛɑɜɑɝɑɣɑəɔɫ ɖɗɌɝɞɑɜɚɎ, ɣɞɚ ɛɜɚɞɔɎɚɜɑɣɔɞ ɛɜɌɖɞɔɖɑ. ȶɜɚɘɑ 

ɞɚɏɚ, ɎɎɔɐɟ ɝɎɚɑɕ Ɏɧɣɔɝɗɔɞɑɗɨəɚɕ ɞɜɟɐɚɑɘɖɚɝɞɔ ɘɑɞɚɐ LSA 

ɛɜɔɘɑəɫɑɞɝɫ ɞɚɗɨɖɚ ɐɗɫ ɚɞəɚɝɔɞɑɗɨəɚ əɑɍɚɗɨɤɔɡ ɘɌɞɜɔɢ. 
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ɃɌɝɞɨ II.  Ȭɗɏɚɜɔɞɘɧ, ɘɑɞɚɐɧ, 
ɠɑəɚɘɑəɧ 

3. ȹɑɖɚɞɚɜɧɑ ɘɑɞɚɐɧ ɔ ɛɜɔɑɘɧ 

ȮɞɚɜɌɫ ɣɌɝɞɨ ɛɚɝɚɍɔɫ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ Ɏ 
ɓəɌɣɔɞɑɗɨəɚɕ ɘɑɜɑ ɘɑɞɚɐɔɣɑɝɖɔɑ ɓɌɘɑɞɖɔ ɐɗɫ ɗɑɖɞɚɜɌ. 

ȮɎɑɐɑəɔɑ ɩɞɚɏɚ ɘɌɞɑɜɔɌɗɌ Ɏ ɖɟɜɝ ɗɑɖɢɔɕ ɓɌɎɔɝɔɞ ɖɌɖ ɚɞ 

ɛɜɑɐɛɚɣɞɑəɔɕ ɗɑɖɞɚɜɌ, ɞɌɖ ɔ ɚɞ ɛɚɐɏɚɞɚɎɗɑəəɚɝɞɔ Ɍɟɐɔɞɚɜɔɔ. 

 ɃɌɝɞɨ ɘɌɞɑɜɔɌɗɌ əɑɚɍɡɚɐɔɘɌ ɐɗɫ ɍɚɗɑɑ ɏɗɟɍɚɖɚɏɚ 

ɛɚəɔɘɌəɔɫ ɚɝəɚɎəɚɕ ɣɌɝɞɔ (əɌɛɜɔɘɑɜ, ɘɌɞɑɜɔɌɗ, ɝɎɫɓɌəəɧɕ 
ɝ ɞɑɚɜɔɑɕ ɛɜɚɞɑɖɌəɔɫ ɔɗɔ ɞɑɚɜɔɑɕ ɠɌɓɚɎɧɡ ɛɑɜɑɡɚɐɚɎ 

Ɏɞɚɜɚɏɚ ɜɚɐɌ). ȰɜɟɏɌɫ ɣɌɝɞɨ ɘɌɞɑɜɔɌɗɌ ð ɞɚ, ɣɞɚ ɖɌɖ ɝɣɔɞɌɑɞɝɫ 

çɓəɌɑɞ ɖɌɒɐɧɕ ɚɍɜɌɓɚɎɌəəɧɕ ɣɑɗɚɎɑɖè, əɚ ɖɌɖ ɛɜɌɎɔɗɚ (əɌ 

ɟɐɔɎɗɑəɔɑ) əɑ ɣɔɞɌɑɞɝɫ Ɏ ɝɞɌəɐɌɜɞəɧɡ ɖɟɜɝɌɡ. Ȯ ɚɝəɚɎəɚɘ, 

ɩɞɚ, ɞɌɖ əɌɓɧɎɌɑɘɧɑ, ɛɜɔɑɘɧ, ɛɚɓɎɚɗɫɪɥɔɑ ɛɚɗɟɣɔɞɨ, ɛɟɝɞɨ 

ɔ ɛɜɔɍɗɔɒɑəəɚ ɔ əɑ ɎɝɑɏɐɌ ɘɌɞɑɘɌɞɔɣɑɝɖɔ ɝɞɜɚɏɚ, ɜɑɓɟɗɨɞɌɞ. 
çɃɔɝɞɧɡè ɘɌɞɑɘɌɞɔɖɚɎ ɞɌɖɔɑ ɘɑɞɚɐɧ əɑ ɔəɞɑɜɑɝɟɪɞ, Ɍ ɑɝɗɔ 

ɚəɔ ɔ ɔɓɗɌɏɌɪɞɝɫ, ɞɚ əɌ ɞɌɖɚɘ ɟɜɚɎəɑ çɏɗɟɍɚɖɚɕè ɞɑɚɜɔɔ, ɣɞɚ 

ɚ ɖɚəɖɜɑɞəɚɘ ɛɜɔɘɑəɑəɔɔ ɔ ɜɑɣɔ əɑ ɔɐɑɞ. 

Ȯ ɖɌɣɑɝɞɎɑ ɛɜɔɘɑɜɌ ɞɌɖɔɡ ɛɜɔɑɘɚɎ ɘɚɒəɚ əɌɓɎɌɞɨ 

ɘɑɞɚɐ ɘɌɗɚɏɚ ɛɌɜɌɘɑɞɜɌ (ɍɑɓ ɖɚɞɚɜɚɏɚ əɑ ɚɍɡɚɐɔɞɝɫ əɔ ɚɐɔə 
ɛɜɔɖɗɌɐəɔɖ), ɔɗɔ, əɌɛɜɔɘɑɜ, ɔɝɖɗɪɣɔɞɑɗɨəɚ ɛɚɗɑɓəɧɕ ɘɑɞɚɐ 

ɌɛɛɜɚɖɝɔɘɌəɞ ȻɌɐɑ. 

 ȰɌɒɑ Ɏ ɞɚɘ ɝɗɟɣɌɑ, ɖɚɏɐɌ ɓɌɐɌɣɟ ɟɐɌɑɞɝɫ ɜɑɤɔɞɨ 

ɞɚɣəɚ, ɝɞɜɚɏɚɑ ɜɑɤɑəɔɑ ɘɚɒɑɞ ɍɧɞɨ əɌɝɞɚɗɨɖɚ ɏɜɚɘɚɓɐɖɔɘ, 

ɣɞɚ ɟɐɚɍəɑɑ ɛɚɗɨɓɚɎɌɞɨɝɫ ɛɜɔɍɗɔɒɑəəɧɘ ɜɑɤɑəɔɑɘ. ȳɐɑɝɨ 

ɘɧ ɛɜɔɎɑɐɑɘ ɛɜɔɘɑɜ ɔɓ ɖəɔɏɔ ȯɜɔəɍɑɜɏɌ, ɖɚɞɚɜɧɕ əɌɏɗɫɐəɚ 

ɛɚɖɌɓɧɎɌɑɞ, ɣɞɚ ɜɑɤɑəɔɑ ɛɚɗɟɣɑəəɚɑ çɎ ɗɚɍè, ɝɞɌəɐɌɜɞəɧɘ 

ɘɑɞɚɐɚɘ ɜɌɓɐɑɗɑəɔɫ ɛɑɜɑɘɑəəɧɡ, ɘɚɒɑɞ ɐɌɎɌɞɨ ɝɚɎɑɜɤɑəəɚ 

çəɑɝɦɑɐɚɍəɚɑè ɜɑɤɑəɔɑ. 

3.0. ȻɜɚɝɞɌɫ ɖɜɌɑɎɌɫ ɓɌɐɌɣɌ 

1. Ȼɜɔɘɑɜ ɚɐəɚɕ ɛɜɚɝɞɚɕ ɖɜɌɑɎɚɕ ɓɌɐɌɣɔ 

ɘɌɞɑɘɌɞɔɣɑɝɖɚɕ ɠɔɓɔɖɔ, ɔɗɔ ɚ ɞɚɘ, ɖɌɖ əɌɐɚ ɔ ɖɌɖ əɑ əɌɐɚ 

ɜɑɤɌɞɨ ɓɌɐɌɣɔ.  

ȯɜɌəɔɣəɌɫ ɓɌɐɌɣɌ ɛɑɜɎɚɏɚ ɜɚɐɌ ɔɗɔ ɓɌɐɌɣɌ Ȱɔɜɔɡɗɑ 

(Ɏəɟɞɜɑəəɫɫ) ɐɗɫ ɛɜɫɘɚɟɏɚɗɨəɔɖɌ 
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2 2

2 2
0.

x y

µ j µ j
+ =

µ µ
 

 
(3.0.1)  

ȽɞɌəɐɌɜɞəɧɕ ɘɑɞɚɐ ɜɑɤɑəɔɫ ð 

ɜɌɓɐɑɗɑəɔɑ ɛɑɜɑɘɑəəɧɡ: 

 

( , ) ( ) ( )x y X x Y yj =   (3.0.2)  

ɐɗɫ ɌəɌɗɔɞɔɣɑɝɖɚɕ ɜɑɌɗɔɓɌɢɔɔ ɖɚɞɚɜɚɏɚ 

ɛɚɞɜɑɍɚɎɌɗɚɝɨ ɛɫɞɨ ɝɞɜɌəɔɢ ɞɑɖɝɞɌ.  

Ȯ ɖɗɌɝɝɔɣɑɝɖɔɡ ɟɣɑɍəɔɖɌɡ 

(əɌɛɜɔɘɑɜ ȾɔɡɚəɚɎɌ ɔ ȽɌɘɌɜɝɖɚɏɚ) 
ɛɜɌɖɞɔɣɑɝɖɔ əɔɏɐɑ əɑ ɟɣɌɞ ɛɜɔɑɘɌɘ, Ɍ 

ɟɣɌɞ ɚɍɥɔɘ ɘɑɞɚɐɌɘ.  

ȯ.Ȭ. ȯɜɔəɍɑɜɏɟ, ɖɚɞɚɜɚɘɟ  

ɛɜɔɡɚɐɔɗɚɝɨ ɓɌəɔɘɌɞɨɝɫ ɜɌɝɣɑɞɚɘ 

ɖɚəɖɜɑɞəɧɡ ɛɜɔɍɚɜɚɎ, əɑɚɍɡɚɐɔɘɚ ɍɧɗɚ 

ɛɚɗɟɣɌɞɨ ɖɚəɖɜɑɞəɚɑ ɜɑɤɑəɔɑ, Ɍ əɑ çɞɑɚɜɑɘɟ ɚ ɑɏɚ 

ɝɟɥɑɝɞɎɚɎɌəɔɔ Ɏ ɐɌəəɚɘ ɖɗɌɝɝɑ ɠɟəɖɢɔɕè. ȯ.Ȭ. ȯɜɔəɍɑɜɏɚɘ 
ɍɧɗ ɜɌɓɜɌɍɚɞɌə ɘɑɞɚɐ, ɛɚɓɎɚɗɫɪɥɔɕ ɛɚɗɟɣɌɞɨ ɜɑɤɑəɔɫ ɝ 

ɡɚɜɚɤɚ ɝɡɚɐɫɥɔɘɔɝɫ ɜɫɐɌɘɔ ɖɌɖ ɐɗɫ ɝɌɘɚɏɚ ɜɑɤɑəɔɫ, ɞɌɖ ɔ 

ɑɑ ɛɜɚɔɓɎɚɐəɧɡ. ɉɞɚɞ ɘɑɞɚɐ ɛɜɔəɢɔɛɔɌɗɨəɚ ɚɞɗɔɣɌɑɞɝɫ ɚɞ 

ɘɑɞɚɐɌ ɜɌɓɐɑɗɑəɔɫ ɛɑɜɑɘɑəəɧɡ ð Ɏ ɟɛɚɘɫəɟɞɚɕ ɖəɔɏɑ ɩɞɚɞ 

ɘɑɞɚɐ ɣɑɞɖɚ ɝɠɚɜɘɟɗɔɜɚɎɌə ð ɛɚɐɣɑɜɖɔɎɌɑɞɝɫ, ɣɞɚ ɜɑɤɑəɔɑ 
ɛɚɗɟɣɑəəɚɑ ɞɌɖɔɘ ɚɍɜɌɓɚɘ əɑ ɫɎɗɫɑɞɝɫ ɝɟɘɘɚɕ ɣɌɝɞəɧɡ 

ɜɑɤɑəɔɕ ɛɜɑɐɗɚɒɑəəɚɏɚ ɟɜɌɎəɑəɔɫ, Ɍ ɐɌɑɞ ɜɌɓɗɚɒɑəɔɑ 

ɜɑɤɑəɔɫ Ɏ ɜɫɐ ɛɚ əɑɖɚɞɚɜɧɘ ɝɚɍɝɞɎɑəəɧɘ ɠɟəɖɢɔɫɘ 

ɟɜɌɎəɑəɔɕ.  

ȼɌɝɝɘɚɞɜɔɘ ɝɚɎɝɑɘ ɛɜɚɝɞɚɕ ɛɜɔɘɑɜ, ɛɜɔɎɑɐɑəəɧɕ Ɏ 

ɖəɔɏɑ ȯɜɔəɍɑɜɏɌ, ɖɚɞɚɜɧɕ ɐɌɒɑ əɑ ɞɜɑɍɟɑɞ ɛɜɔɘɑəɑəɔɫ 
ɟɖɌɓɌəəɚɏɚ Ɏɧɤɑ ɘɑɞɚɐɌ. 

ȽɞɌəɐɌɜɞəɚɑ ɜɑɤɑəɔɑ ɓɌɐɌɣɔ Ȱɔɜɔɡɗɑ ɍɌɓɔɜɟɑɞɝɫ əɌ 

ɜɌɓɐɑɗɑəɔɔ ɛɑɜɑɘɑəəɧɡ ɔ ɛɜɔɎɚɐɔɞ ɖ ɎɧɜɌɒɑəɔɪ: 

(1) (2),u uj= +   (3.0.2)  

ɏɐɑ 
(1)( , )u x y  ɔ 

(2)( , )u x y  ɫɎɗɫɪɞɝɫ ɝɟɘɘɌɘɔ ɛɜɚɔɓɎɑɐɑəɔɕ: 

ȯɜɔəɍɑɜɏ ȯ.Ȭ. 
ȴɓɍɜɌəəɧɑ Ɏɚɛɜɚɝɧ 
ɘɌɞɑɘɌɞɔɣɑɝɖɚɕ 

ɞɑɚɜɔɔ 
ɩɗɑɖɞɜɔɣɑɝɖɔɡ ɔ 
ɘɌɏəɔɞəɧɡ ɫɎɗɑəɔɕ.  
ð ȸ.; ȷ.: ȬɖɌɐɑɘɔɫ 
əɌɟɖ ȽȽȽȼ, 1948. 

 

ȾɔɡɚəɚɎ Ȭ.ȹ., 
ȽɌɘɌɜɝɖɔɕ Ȭ.Ȭ. 
ȿɜɌɎəɑəɔɫ 
ɘɌɞɑɘɌɞɔɣɑɝɖɚɕ 
ɠɔɓɔɖɔ (5-ɑ ɔɓɐ.). ð 
ȸ.: ȹɌɟɖɌ, 1977. ð 
735 ɝ. 
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1 2
0 0(2)

1

( )
( )sin ( )sin

2
sin ,

a a

k

k b y k x k x k x
sh x dx sh x dx

k xa a a au
k ba a

sh
a

¤

=

p - p p p
y + y

p
=

p

ñ ñ
ä  

(3.0.3)  

ɏɐɑ ɏɜɌəɔɣəɧɑ ɟɝɗɚɎɔɫ ɛɜɑɐɝɞɌɎɗɑəɧ Ɏ ɚɍɥɑɘ Ɏɔɐɑ: 

0 1 2

0 1 2

| ( ), | ( ),

| ( ), | ( ).

x x a

y y b

F y F y

x x

= =

= =

j = j =

j =y j =y
 (3.0.4)  

Ⱦɑɛɑɜɨ əɌɝ ɔəɞɑɜɑɝɟɑɞ ɖɚəɖɜɑɞəɧɕ ɝɗɟɣɌɕ, ɖɚɏɐɌ  

1 1

2 2

( ) 0, ( ) 0,

( ) , ( ) ,

F y x

F y ay x bx

= y =

= y =
 (3.0.5)  

ɞ. ɑ.: 

0

0

| 0, | ,

| 0, | .

x x a

y y b

ay

bx

= =

= =

j = j =

j = j =
 (3.0.6) 

ȾɚɏɐɌ, ɝɚɏɗɌɝəɚ Ɏɧɤɑɔɓɗɚɒɑəəɚɘɟ, ɛɚɐɝɞɌɎɗɫɫ ɩɞɔ 

ɓəɌɣɑəɔɫ Ɏ ɜɫɐɧ ɐɗɫ 
(1)u   ɔ 

(2)u  əɌɡɚɐɔɘ: 

( ) 1 1

1 1

2
, ( 1) sin ( 1) sin .k k

k k

k x k y
sh sh

ab k y k xb ax y
k a k bb a

ksh ksh
b a

¤ ¤+ +

= =

p pë û
î îp p

j = - + -ì üp ppî î
í ý

ä ä  

(3.0.7) 

ɉɞɚ ɎɑɝɨɘɌ ɝɗɚɒəɚɑ ɎɧɜɌɒɑəɔɑ, ɛɜɑɐɝɞɌɎɗɫɪɥɑɑ ɝɚɍɚɕ 
ɐɎɑ ɍɑɝɖɚəɑɣəɧɑ ɝɟɘɘɧ, ɛɚ Ɏɔɐɟ ɖɚɞɚɜɚɏɚ əɑɎɚɓɘɚɒəɚ 

ɛɚəɫɞɨ, ɖɌɖ Ɏɑɐɑɞ ɝɑɍɫ ɜɑɤɑəɔɑ. ȷɑɏɖɚ əɑɛɚɝɜɑɐɝɞɎɑəəɚ 

ɟɍɑɐɔɞɨɝɫ, ɣɞɚ ɟɜɌɎəɑəɔɑ ɟɐɚɎɗɑɞɎɚɜɫɑɞ ɟɝɗɚɎɔɪ:  
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( , )x y x yj = Ö,  (3.0.8) 

Ɍ ɞɌɖ ɖɌɖ ɜɑɤɑəɔɑ ɑɐɔəɝɞɎɑəəɚ, ɞɚ ɩɞɚ ɔ ɑɝɞɨ ɜɑɤɑəɔɑ, ɞ.ɑ. 
Ɏɘɑɝɞɚ ɝɗɚɒəɧɡ ɜɫɐɚɎ ɘɚɒəɚ ɔɝɛɚɗɨɓɚɎɌɞɨ ɗɔɤɨ ɛɜɚɝɞɚɑ 

ɎɧɜɌɒɑəɔɑ. 

ȾɌɖ Ɏ ɣɑɘ ɒɑ ɓɌɖɗɪɣɌɑɞɝɫɨɎ ɜɌɝɝɘɚɞɜɑəəɚɘ ɝɗɟɣɌɑ 

çɛɜɔɑɘè? ȱɏɚ ɝɟɞɨ ɘɚɒəɚ ɝɠɜɘɟɗɔɜɚɎɌɞɨ ɞɌɖɔɘ ɚɍɜɌɓɚɘ: 

Ȼɜɑɒɐɑ ɣɑɘ ɜɑɤɌɞɨ ɟɜɌɎəɑəɔɑ ɘɌɞ. ɠɔɓɔɖɔ, ɛɚɛɜɚɍɟɕ 
ɝɐɑɗɌɞɨ ɛɚɐɝɞɌəɚɎɖɟ ɐɗɫ ɟɛɜɚɥɑəɔɫ: 

( , )x yj =<əɑɖɚɞɚɜɌɫ ɠɟəɖɢɔɫ> ( , ).u x y+  

3.1. ȸɌɗɧɕ ɛɌɜɌɘɑɞɜ 

ȸɑɞɚɐ ɘɌɗɚɏɚ ɛɌɜɌɘɑɞɜɌ 
ɛɜɔɘɑəɫɑɞɝɫ Ɏɚ ɘəɚɏɔɡ ɚɍɗɌɝɞɫɡ əɌɟɖɔ 

ɔ ɞɑɡəɔɖɔ, əɌɛɜɔɘɑɜ, ɞɑɚɜɑɞɔɣɑɝɖɚɕ 

ɠɔɓɔɖɑ, ɞɑɚɜɔɔ ɐɑɞɑɜɘɔəɔɜɚɎɌəəɚɏɚ 

ɡɌɚɝɌ, ɞɜɟɐəɚ ɝɖɌɓɌɞɨ, ɏɐɑ ɚə əɑ 

ɛɜɔɘɑəɫɑɞɝɫ. Ȯ ɖəɔɏɑ ȭɗɑɡɘɌəɌ, 

ȸɧɤɖɔɝɌ ɔ ȻɌəɚɎɖɚ ɚɞɘɑɣɑəɚ, ɣɞɚ 
çɘɑɞɚɐ Ɏɚɓɘɟɥɑəɔɕ ɫɎɗɫɑɞɝɫ Ɏ 

ɛɜɔɖɗɌɐəɚɕ ɘɌɞɑɘɌɞɔɖɑ ɚɐəɔɘ ɔɓ 

ɝɌɘɧɡ ɜɌɝɛɜɚɝɞɜɌəɑəəɧɡè. 

ȸɑɞɚɐɟ Ɏɚɓɘɟɥɑəɔɕ ɛɚɝɎɫɥɑəɚ 

ɍɚɗɨɤɚɑ ɣɔɝɗɚ ɘɚəɚɏɜɌɠɔɕ, əɌɛɜɔɘɑɜ, 
ɘɚəɚɏɜɌɠɔɫ ȹɌɕɠɩ, Ɏ ɖɚɞɜɚɕ ɛɜɔɎɑɐɑəɚ 

ɘəɚɒɑɝɞɎɚ ɛɜɔɘɑɜɚɎ. ȳɐɑɝɨ ɘɧ 

ɜɌɝɝɘɚɞɜɔɘ ɞɚɗɨɖɚ ɚɐɔə ɛɜɚɝɞɚɕ 

ɛɜɔɘɑɜ ð ɚɐəɟ ɔɓ əɌɔɍɚɗɑɑ ɔɓɎɑɝɞəɧɡ ɔ 

ɛɚɗɑɓəɧɡ ɓɌɐɌɣ ð ɓɌɐɌɣɟ ɚ 

ɌəɏɌɜɘɚəɔɣɑɝɖɚɘ ɚɝɢɔɗɗɫɞɚɜɑ. ȹɟɗɑɎɚɑ 
ɛɜɔɍɗɔɒɑəɔɑ ɩɞɚɕ ɓɌɐɌɣɔ ð ɚɐəɚɘɑɜəɧɕ 

ɏɌɜɘɚəɔɣɑɝɖɔɕ ɚɝɢɔɗɗɫɞɚɜ (çɤɌɜɔɖ əɌ ɛɜɟɒɔəɖɑè), 

ɚɛɔɝɧɎɌɑɞɝɫ ɗɔəɑɕəɧɘ ɟɜɌɎəɑəɔɑɘ 

2

2

d x
m kx

dt
=- , (3.1.1)  

ɏɐɑ m ð ɘɌɝɝɌ, k  ð ɒɑɝɞɖɚɝɞɨ ɛɜɟɒɔəɧ, x   ð ɚɞɖɗɚəɑəɔɑ ɚɞ 

ɛɚɗɚɒɑəɔɫ ɜɌɎəɚɎɑɝɔɫ, F kx=-   ðɓɌɖɚə ȯɟɖɌ. 

ȭɗɑɡɘɌə ȴ.ȴ., 
ȸɧɤɖɔɝ Ȭ.Ȱ., 
ȻɌəɚɎɖɚ ɋ.ȯ. 
ȸɑɡɌəɔɖɌ ɔ 
ɛɜɔɖɗɌɐəɌɫ 
ɘɌɞɑɘɌɞɔɖɌ. ȷɚɏɔɖɌ 
ɔ ɚɝɚɍɑəəɚɝɞɔ 
ɛɜɔɗɚɒɑəɔɕ 
ɘɌɞɑɘɌɞɔɖɔ. ð ȸ.: 
ȸɔɜ, 1983. 

ȹɌɕɠɩ Ȭ. ȮɎɑɐɑəɔɑ 
Ɏ ɘɑɞɚɐɧ 
Ɏɚɓɘɟɥɑəɔɕ. ð ȸ.: 
ȸɔɜ, 1984. 

ȸɧɤɖɔɝ Ȭ.Ȱ. 
ɉɗɑɘɑəɞɧ ɞɑɚɜɔɔ 
ɘɌɞɑɘɌɞɔɣɑɝɖɔɡ 
ɘɚɐɑɗɑɕ. ð ȸ.: 
ȹɌɟɖɌ, 1994. 
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ɉɞɚ ɟɜɌɎəɑəɔɑ ɟɐɚɍəɚ ɓɌɛɔɝɌɞɨ Ɏ Ɏɔɐɑ: 

2
2

2
0

d x
x

dt
+ =w , (3.1.2)  

                 

ɏɐɑ /k mw=   ð ɢɔɖɗɔɣɑɝɖɌɫ ɣɌɝɞɚɞɌ. 

Ȯ ɞɌɖɚɘ Ɏɔɐɑ ɩɞɚ ɟɜɌɎəɑəɔɑ ɚɛɔɝɧɎɌɑɞ ɚɏɜɚɘəɧɕ ɖɗɌɝɝ 

ɫɎɗɑəɔɕ, əɑ ɞɚɗɨɖɚ çɤɌɜɔɖ əɌ ɛɜɟɒɔəɖɑè, əɚ ɔ ɘɌɫɞəɔɖ (Ɏ 

ɩɞɚɘ ɝɗɟɣɌɑ x  ð ɟɏɚɗ ɚɞɖɗɚəɑəɔɫ), ɖɚɗɑɍɌəɔɫ Ɏ LC -ɖɚəɞɟɜɑ (x  
ð ɓɌɜɫɐ ɖɚəɐɑəɝɌɞɚɜɌ) ɔ ɘəɚɏɚɑ ɐɜɟɏɚɑ. 

ȼɑɤɑəɔɑ ɟɜɌɎəɑəɔɫ (2), ɖɌɖ ɗɑɏɖɚ ɟɍɑɐɔɞɨɝɫ ɛɜɚɝɞɚɕ 

ɛɚɐɝɞɌəɚɎɖɚɕ 

() ( )0 0sinx t x tw j= + ,                     (3.1.3)  

ɏɐɑ 
0j  ð əɌɣɌɗɨəɌɫ ɠɌɓɌ, Ɍ 

0x  ð ɌɘɗɔɞɟɐɌ. 

   Ȯɚɓɘɚɒəɧ ɝɔɞɟɌɢɔɔ, ɖɚɏɐɌ ɗɔəɑɕəɚɏɚ ɛɜɔɍɗɔɒɑəɔɫ 

əɑɐɚɝɞɌɞɚɣəɚ ɔ ɓɌɖɚə ȯɟɖɌ ɐɗɒɑə ɍɧɞɨ ɓɌɘɑəɑə əɌ ɍɚɗɑɑ 
ɝɗɚɒəɧɕ, əɑɗɔəɑɕəɧɕ 

                 () 2 ...F x kx xg=- + +               (3.1.4)  

ɏɐɑ ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ ɖɌɒɐɧɕ ɝɗɑɐɟɪɥɔɕ ɣɗɑə ɜɌɓɗɚɒɑəɔɫ 

ɘəɚɏɚ ɘɑəɨɤɑ ɛɜɑɐɧɐɟɥɑɏɚ, ɞ.ɑ. 

                 
2

0 0x k xg << , é                       (3.1.5)  

Ȯɚɚɍɥɑ ɏɚɎɚɜɫ, (3.1.4) ɩɞɚ ɝɗɑɐɝɞɎɔɑ ɜɌɓɗɚɒɑəɔɫ Ɏ ɜɫɐ 

ȾɑɕɗɚɜɌ ɛɚɞɑəɢɔɌɗɨəɚɕ ɩəɑɜɏɔɔ ()U x , əɌɛɚɘəɔɘ, ɣɞɚ ɝɔɗɌ 

F gradU=- . ȶɚɗɑɍɗɪɥɌɫɝɫ ɣɌɝɞɔɢɌ əɌɡɚɐɔɞɝɫ Ɏ 

ɛɚɞɑəɢɔɌɗɨəɚɕ ɫɘɑ ɔ Ɏ ɛɜɚɝɞɑɕɤɑɘ ɝɗɟɣɌɑ, ɖɚɏɐɌ ɫɘɌ 

ɛɌɜɌɍɚɗɔɣɑɝɖɌɫ () 2U x x  ɔɘɑɑɞ ɘɑɝɞɚ ɓɌɖɚə ȯɟɖɌ. 

Ȯ ɍɚɗɑɑ ɚɍɥɑɘ ɝɗɟɣɌɑ, ɟɣɔɞɧɎɌɫ ɞɚɗɨɖɚ ɐɎɌ ɛɑɜɎɧɡ 
ɝɗɌɏɌɑɘɧɡ Ɏ ɜɌɓɗɚɒɑəɔɔ (3.1.4) Ɏɘɑɝɞɚ ɟɜɌɎəɑəɔɫ 

ɏɌɜɘɚəɔɣɑɝɖɚɏɚ ɚɝɢɔɗɗɫɞɚɜɌ (3.1.1) ɛɚɗɟɣɌɑɘ əɑɗɔəɑɕəɚɑ 

ɟɜɌɎəɑəɔɑ 

               

2
2

2

d x
m kx x

dt
g+ = ,                          (3.1.6)  
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ȼɑɤɑəɔɑ ɖɚɞɚɜɚɏɚ Ɏ ɌəɌɗɔɞɔɣɑɝɖɚɘ Ɏɔɐɑ əɑ 
ɛɜɑɐɝɞɌɎɗɫɑɞɝɫ Ɏɚɓɘɚɒəɧɘ. 

Ȱɗɫ ɐɌɗɨəɑɕɤɑɏɚ ɟɐɚɍəɚ ɓɌɛɔɝɌɞɨ (3.1.6) Ɏ 

ɍɑɓɜɌɓɘɑɜəɚɘ Ɏɔɐɑ 

               

2
2

2

d

d

y
y ey

t
+ = ,                             (3.1.7 ) 

ɏɐɑ 
0/x xy=  ð ɍɑɓɜɌɓɘɑɜəɌɫ ɖɚɚɜɐɔəɌɞɌ, Ɍ t ð Ɏɜɑɘɫ, 

ɔ
0 /xe g w=   ð ɍɑɓɜɌɓɘɑɜəɧɕ ɛɌɜɌɘɑɞɜ, ɖɚɞɚɜɧɕ Ɏ ɛɜɔəɫɞɚɘ 

ɛɜɔɍɗɔɒɑəɔɔ (
2

0 0x k xg << ) ɔ ɫɎɗɫɑɞɝɫ ɘɌɗɧɘ ɛɌɜɌɘɑɞɜɚɘ 

1e . 

Ȼɜɔɍɗɔɒɑəəɚɑ ɜɑɤɑəɔɑ ɟɜɌɎəɑəɔɫ (3.1.7 ) ɍɟɐɑɘ ɔɝɖɌɞɨ 

Ɏ Ɏɔɐɑ ɜɌɓɗɚɒɑəɔɫ ɛɚ ɘɌɗɚɘɟ ɛɌɜɌɘɑɞɜɟ 

    () () ()0 1 ...y t y t ey t= + +                         (3.1.8 ) 

ȻɚɐɝɞɌɎɗɫɫ (5) Ɏ (4) ɛɚɗɟɣɌɑɘ 
2 2

2 20 1
0 1 0 0 12 2

...
d d

d d

y y
e y ey ey e yy

t t
+ + + = + +  (3.1.9 ) 

Ȯ əɟɗɑɎɚɘ ɛɜɔɍɗɔɒɑəɔɔ ɛɚ ɘɌɗɚɘɟ ɛɌɜɌɘɑɞɜɟ, ɞ.ɑ. 

ɚɝɞɌɎɗɫɫ Ɏ (3.1.9 ) ɞɚɗɨɖɚ ɝɗɌɏɌɑɘɧɑ ɝ 
0e ɔ ɚɞɍɜɌɝɧɎɌɫ Ɏɝɑ 

ɝɗɌɏɌɑɘɧɑ ɝ 
1 2,e e ɔ ɞ.ɐ. ɔɘɑɑɘ 

            

2

0
02

0
d

d

y
y

t
+ =,                                 (3.1.10 ) 

ȷɔəɑɕəɚɑ ɟɜɌɎəɑəɔɑ (ɟɜɌɎəɑəɔɑ ɏɌɜɘɚəɔɣɑɝɖɚɏɚ 

ɚɝɢɔɗɗɫɞɚɜɌ), ɜɑɤɑəɔɑ ɖɚɞɚɜɚɏɚ ɘɚɒəɚ ɓɌɛɔɝɌɞɨ Ɏ Ɏɔɐɑ 

                    ()0 siny t t=  .                          (3.1.11 ) 

Ȯ ɛɑɜɎɚɘ ɛɜɔɍɗɔɒɑəɔɔ ɛɚ ɘɌɗɚɘɟ ɛɌɜɌɘɑɞɜɟ e Ɏ 

(3.1.9 ) ɚɞɖɔɐɧɎɌɪɞɝɫ ɝɗɌɏɌɑɘɧɑ ɝ 
2e ɔ Ɏɧɤɑ ɔ ɛɚɗɟɣɌɑɘ 

      

2
21

1 02

d

d

y
y y

t
+ = .                                     (3.1.12 )    

ɉɞɚ ɟɜɌɎəɑəɔɑ ɗɔəɑɕəɚ ɛɚ 
1y, Ɍ ɠɟəɖɢɔɫ 0y  əɌɕɐɑəɌ 

ɜɌəɑɑ (3.1.11 ). ȼɑɤɑəɔɑ ɟɜɌɎəɑəɔɫ (3.1.12 ) 

( ( )2sin 1 cos2 / 2t t= - ) ɔɘɑɑɞ Ɏɔɐ 

      ()1

1 1
cos2

2 6
y t t= + .                             ( 3.1.13 ) 

ȺɏɜɌəɔɣɔɎɌɫɝɨ ɛɑɜɎɧɘ ɛɜɔɍɗɔɒɑəɔɑɘ ɛɚ e ɐɗɫ (3.1.9 ) 

ɔɘɑɑɘ: 
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   () 0 1

1 1
sin cos2 .

2 6
= + = + +y t y ey t e e t     (3.1.14 ) 

ȴɗɔ ɎɚɓɎɜɌɥɌɫɝɨ ɚɞ ɍɑɓɜɌɓɘɑɜəɚɏɚ ɎɔɐɌ ɖ 

ɛɑɜɎɚəɌɣɌɗɨəɧɘ ɚɍɚɓəɌɣɑəɔɫɘ 

() ( ) ( )
2 2

0 0
0 sin cos 2

2 6

x x
x t x t t

g g
w w

w w
= + + .    (3.1.15 ) 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɜɑɤɑəɔɑ əɑɗɔəɑɕəɚɏɚ ɟɜɌɎəɑəɔɫ 

ɘɑɞɚɐɚɘ ɘɌɗɚɏɚ ɛɌɜɌɘɑɞɜɌ ɝɎɑɗɚɝɨ ɖ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɘɟ 

ɜɑɤɑəɔɪ ɗɔəɑɕəɧɡ ɟɜɌɎəɑəɔɕ. 

ȿɒɑ ɛɑɜɎɚɑ ɛɜɔɍɗɔɒɑəɔɑ ɛɚ ɘɌɗɚɘɟ ɛɌɜɌɘɑɞɜɟ (3.1.15 ) 

ɛɚɓɎɚɗɫɑɞ ɝɐɑɗɌɞɨ ɐɎɌ əɑɞɜɔɎɔɌɗɨəɧɡ ɎɧɎɚɐɌ Ɏɗɔɫəɔɫ 
ɌəɏɌɜɘɚəɔɓɘɌ: 

1.  ɖɜɚɘɑ ɖɚɗɑɍɌəɔɕ ɝ ɣɌɝɞɚɞɚɕ w, ɖɚɞɚɜɧɑ ɔɘɑɪɞ ɘɑɝɞɚ 
Ɏ ɗɔəɑɕəɚɘ ɝɗɟɣɌɑ, ɛɚɫɎɗɫɪɞɝɫ ɖɚɗɑɍɌəɔɫ ɝ ɟɐɎɚɑəəɚɕ 

ɣɌɝɞɚɞɚɕ 
2.  ɝɜɑɐəɫɫ ɞɚɣɖɌ ɖɚɗɑɍɌəɔɕ, ɖɚɞɚɜɌɫ Ɏ ɏɌɜɘɚəɔɣɑɝɖɚɘ 

ɚɝɢɔɗɗɫɞɚɜɑ ɍɧɗɌ ɎɧɍɜɌəɌ ɜɌɎəɚɕ əɟɗɪ, ɞɑɛɑɜɨ 

ɝɘɑɥɑəɌ (ɝɘ. Ɏɞɚɜɚɑ ɝɗɌɏɌɑɘɚɑ Ɏ (3.14.15)). 

3.2. Ȭɝɔɘɛɞɚɞɔɣɑɝɖɔɑ ɜɫɐɧ ɔ ɜɌɓɗɚɒɑəɔɫ 

Ȼɜɔɡɚɐɔɞɝɫ ɟɐɔɎɗɫɞɨɝɫ, ɣɞɚ 

ɛɜɔɍɗɔɒɑəəɚɑ ɜɑɤɑəɔɑ ɟɜɌɎəɑəɔɕ ɝ 

ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɘɑɞɚɐɌ ɜɌɓɗɚɒɑəɔɫ ɛɚ 

ɘɌɗɚɘɟ ɛɌɜɌɘɑɞɜɟ əɑ Ɏɡɚɐɔɞ Ɏ 

ɝɞɌəɐɌɜɞəɧɑ ɖɟɜɝɧ ɘɌɞɑɘɌɞɔɣɑɝɖɚɏɚ 
ɌəɌɗɔɓɌ. 

ȸɌɗɧɕ ɛɌɜɌɘɑɞɜ ɚɍɧɣəɚ 

ɚɍɚɓəɌɣɌɪɞ ɍɟɖɎɚɕ e / Ȱɚ ɖɌɖɔɡ 

ɓəɌɣɑəɔɕ ( 1)e ɘɚɒəɚ ɝɣɔɞɌɞɨ ɘɌɗɧɘ, ð 

əɌɔɍɚɗɑɑ ɚɝɞɜɧɕ Ɏɚɛɜɚɝ. 

Ȼɜɔɘɑɜ: ɐɎɌ ɜɫɐɌ n-ɑ ɣɗɑəɧ 

ɖɚɞɚɜɧɡ ɛɜɚɛɚɜɢɔɚəɌɗɨəɧ: 1) 

1000
;

!

n

n
2)

!
.

1000n

n

 

ɀɚɜɘɌɗɨəɚ 1-ɕ ɜɫɐ 

ɝɡɚɐɔɞɝɫ ɔ ɍɧɝɞɜɚ, ɑɏɚ ɘɔɗɗɔɚəəɧɕ 
ɣɗɑə Ɏɝɑɏɚ 1/999999; 2-ɕ ɜɫɐ 

ɜɌɝɡɚɐɔɞɝɫ. 

ȻɟɌəɖɌɜɑ: çɌɝɞɜɚəɚɘɧ əɌɚɍɚɜɚɞ 

(ɛɚɗɟɣɔɎ ɛɜɔɍɗɔɒɑəəɚɑ ɜɑɤɑəɔɑ Ɏ Ɏɔɐɑ 

 

ȸɪɜɜɑɕ ȯɑɗɗ-ȸɌəə, 
ɗɌɟɜɑɌɞ 
ȹɚɍɑɗɑɎɝɖɚɕ 
ɛɜɑɘɔɔ: çȹɌ ɐɑɗɑ 

Ɏɝɫɖɔɕ ɞɑɚɜɑɞɔɖ Ɏ 
ɝɎɚɑɕ ɝɚɍɝɞɎɑəəɚɕ 

ɜɌɍɚɞɑ ɛɚɗɌɏɌɑɞ 
ɖɌɖɔɑ-ɞɚ ɛɌɜɌɘɑɞɜɧ 
ɘɌɗɧɘɔ, Ɍ ɓɌɞɑɘ 
əɌɛɌɐɌɑɞ əɌ ɐɜɟɏɔɡ, 
ɛɚɝɞɟɛɌɪɥɔɡ ɞɌɖ 
ɒɑ, ɚɍɎɔəɫɫ ɔɡ Ɏ 
əɑɑɝɞɑɝɞɎɑəəɚɝɞɔè. 
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ɞɌɖɔɡ ɜɫɐɚɎ, ɝ ɖɚəɑɣəɧɘ ɣɔɝɗɚɘ ɣɗɑəɚɎ) ɍɟɐɟɞ ɝɣɔɞɌɞɨ 1-ɕ 

ɜɫɐ ɜɌɝɡɚɐɫɥɔɘɝɫ, ɞ.ɖ. ɛɑɜɎɧɑ 1000 ɣɗɑəɚɎ ɜɫɐɌ ɎɚɓɜɌɝɞɌɪɞ; 

Ɍ 2-ɕ ð ɝɡɚɐɫɥɔɘɝɫ, ɞ.ɖ. ɛɑɜɎɧɑ 1000 ɑɏɚ ɣɗɑəɚɎ ɟɍɧɎɌɪɞ. 

 

Ȱɗɫ ɞɚɏɚ, ɣɞɚɍɧ əɌɕɞɔ ɝɟɘɘɟ ɜɫɐɌ n

n

aä , əɑɚɍɡɚɐɔɘɚ 

ɚɖɚɗɚ 140 ɝɗɌɏɌɑɘɧɡ, ɛɜɔɣɑɘ, ɛɜɑɒɐɑ ɣɑɘ na
 
ɝɞɌəɟɞ 

ɐɚɝɞɌɞɚɣəɚ ɘɌɗɑəɨɖɔɘɔ ɔ ɛɑɜɑɝɞɌəɟɞ ɔɓɘɑəɫɞɨ ɝɟɘɘɟ, ɔɡ 

ɓəɌɣɑəɔɫ ɎɧɜɌɝɞɟɞ ɐɚ Ɏɑɗɔɣɔəɧ 
42~10 (ɝɘ. ɜɔɝ. 3.2.1).  

ȼɌɝɝɘɚɞɜɔɘ ɞɑɛɑɜɨ ɐɎɌ ɜɫɐɌ, ɐɗɫ 1x  

( )1

1

100
,

!

kN
k k

k

k k

S x N a x x
k=

= =ä ä  (3.2.1)  

ɔ 

( )2

1

!
,

100

N
k k

k k
k k

k
S x N b x x

=

= =ä ä  (3.2.2)  

ȻɑɜɎɧɕ ɜɫɐ ( )1 ,S x N  ð ɜɌɓɗɚɒɑəɔɑ ɛɚ ɘɌɗɚɘɟ 

ɛɌɜɌɘɑɞɜɟ 1x , ɑɏɚ ɝɟɘɘɌ ɞɑɘ ɞɚɣəɑɑ ɓɌɐɌɑɞ ɠɟəɖɢɔɪ, ɣɑɘ 

ɍɚɗɨɤɑ N. ȼɫɐ ɛɜɔ N­¤ ɝɡɚɐɔɞɝɫ. 

Ȯɞɚɜɚɕ ɜɫɐ ɛɜɔ N­¤ ɜɌɝɡɚɐɔɞɝɫ, ɔ ɖɌɖ əɌɝ ɟɣɌɞ Ɏ 

ɝɞɌəɐɌɜɞəɧɡ ɖɟɜɝɌɡ ɘɌɞɑɘɌɞɔɣɑɝɖɚɏɚ ɌəɌɗɔɓɌ ɛɚɗɨɓɚɎɌɞɨɝɫ 

ɔɘ əɑ ɔɘɑɑɞ ɝɘɧɝɗɌ. 

 

ȼɔɝ. 3.2.1 ς ȻɚɎɑɐɑəɔɑ na  ɔ nb  ɛɜɔ ɜɚɝɞɑ n  

 ȹɌ ɛɜɌɖɞɔɖɑ ɛɜɚɔɝɡɚɐɔɞ Ɏɝɑ əɌɚɍɚɜɚɞ. ȹɑ ɝɘɚɞɜɫ əɌ 

ɝɡɚɐɔɘɚɝɞɨ ɜɫɐɌ ( )1 ,S x N  ɛɚɗɨɓɚɎɌɞɨɝɫ ɔɘ ɔɝɖɗɪɣɔɞɑɗɨəɚ 

əɑɟɐɚɍəɚ, ɣɔɝɗɚ ɣɗɑəɚɎ ɜɫɐɌ ɐɚɗɒəɚ ɍɧɞɨ (ɝɘ. ɜɔɝ. 3.2.2) əɑ 
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ɘɑəɑɑ 20. Ƀɞɚ ɒɑ ɖɌɝɌɑɞɝɫ Ɏɞɚɜɚɏɚ ɜɫɐɌ ( )2 ,S x N , ɞɚ ɛɜɔ 

1x  ɟɒɑ ɛɜɔ ɘɌɗɧɡ ɓəɌɣɑəɔɫɡ N  ɝɟɘɘɌ ɛɑɜɑɝɞɌɑɞ ɜɌɝɞɔ. 

ȹɔɒɑ  ɛɜɔɎɚɐɫɞɝɫ ɛɜɔɘɑɜɧ 

Ɍɝɔɘɛɞɚɞɔɣɑɝɖɔɡ ɜɫɐɚɎ ɐɗɫ ɐɎɟɡ 
ɠɟəɖɢɔɕ.  

ɀɟəɖɢɔɫ ()f x  ɓɌɐɌəɌ ɔəɞɑɏɜɌɗɚɘ: 

  

()
0

.
xe

f x d
x

¤ -

=
+ñ
x

x
x

 (3.2.3)  

ȹɑɚɍɡɚɐɔɘɚ ɛɚɗɟɣɔɞɨ ɛɚɎɑɐɑəɔɑ ()f x  

ɛɜɔ 1x . 

ȼɌɓɗɌɏɌɑɘ ( )/x x+x  Ɏ ɜɫɐ ɛɚ ɝɞɑɛɑəɫɘ 

x: 

 

( )

0

1
.

n n

n
n

x

x x

¤

=

-
=

+
ä

x

x
 (3.2.4)  

 

 

ȼɔɝ. 3.2.2 ð ȳɌɎɔɝɔɘɚɝɞɨ ɝɟɘɘɧ ɜɌɐɚɎ ( )1 ,S x N  ɔ 

( )2 ,S x N  ɚɞ N  

ȻɚɐɝɞɌɎɗɫɫ ɩɞɚ ɜɌɓɗɚɒɑəɔɑ Ɏ ɔəɞɑɏɜɌɗ əɌɡɚɐɔɘ: 

 

Ȳɪɗɨ Ȭəɜɔ 
ȻɟɌəɖɌɜɑ 

(1854 - 1912)  
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()
( )

0

1 !
n

n
n

n
f x

x

¤

=

-
=ä  (3.2.5)  

ɉɞɚɞ ɜɫɐ, ɖɚəɑɣəɚ, ɜɌɝɡɚɐɔɞɝɫ ɞ.ɑ. 

ɩɞɌ ɝɟɘɘɌ ɜɌɎəɌ ɍɑɝɖɚəɑɣəɚɝɞɔ. Ⱦɑɘ əɑ 

ɘɑəɑɑ, ɑɏɚ ɘɚɒəɚ ɔɝɛɚɗɨɓɚɎɌɞɨ. Ȱɗɫ 

ɩɞɚɏɚ ɛɜɑɐɝɞɌɎɔɘ ɩɞɚ ɝɟɘɘɟ Ɏ Ɏɔɐɑ ɐɎɟɡ 

ɝɗɌɏɌɑɘɧɡ ð ɟɝɑɣɑəəɚɏɚ ɜɫɐɌ ɔ ɚɝɞɌɞɖɌ: 

()
( )

()
0

1 !
n

N

Nn
n

n
f x R x

x=

-
= +ä  (3.2.6)  

ȸɚɒəɚ ɛɚɖɌɓɌɞɨ, ɣɞɚ  

()
!

N N

N
R x

x
<  (3.2.7)  

ɞ.ɑ. ɩɞɌ ɓɌɘɑəɌ ()f x  ɟɝɑɣɑəəɧɘ əɌ N -

ɚɘ ɣɗɑəɑ ɜɫɐɚɘ ɐɌɑɞ ɚɤɔɍɖɟ, əɑ 

ɛɜɑɎɧɤɌɪɥɟɪ  ɛɑɜɎɚɏɚ ɚɞɍɜɚɤɑəəɚɏɚ ɣɗɑəɌ, Ɍ ɔɘɑəəɚ 1N+ -

ɏɚ.  ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɛɜɔ ɠɔɖɝɔɜɚɎɌəəɚɘ N  ɔ 1x  ( )x­¤  

ɚɤɔɍɖɌ 0NR ­  (ɖɌɖ ɟɏɚɐəɚ ɘɌɗɌ) ɔ ()f x  ɘɚɒəɚ ɛɜɑɐɝɞɌɎɔɞɨ 

Ɏ Ɏɔɐɑ Ɍɝɔɘɛɞɚɞɔɣɑɝɖɚɏɚ ɜɫɐɌ 

()
( )

0

1 !
n

N

n
n

n
f x

x=

-
ä  (3.2.8)  

Ȯ ɜɌɝɝɘɚɞɜɑəəɚɘ ɛɜɔɘɑɜɑ ɘɌɗɧɘ ɛɌɜɌɘɑɞɜɚɘ ɫɎɗɫɑɞɝɫ 

1/ xe= , ɣɞɚ ɐɌɑɞ, əɌɛɜɔɘɑɜ, ɐɗɫ 0.1e=  əɌ ɐɑɝɫɞɚɘ ɤɌɏɑ 

ɚɤɔɍɖɟ 
4

10( 1/ 10) 4 10R x e -= = º Ö, ɣɞɚ Ɏɛɚɗəɑ ɛɜɔɑɘɗɑɘɚ ɐɗɫ 

ɘəɚɏɔɡ ɛɜɔɍɗɔɒɑəəɧɡ ɜɌɝɣɑɞɚɎ. ȱɝɗɔ ɒɑ ɘɌɗɧɕ ɛɌɜɌɘɑɞɜ 

ɑɥɑ Ɏ ɐɑɝɫɞɨ ɜɌɓ ɘɑəɨɤɑ 0.01e= , ɞɚ ɛɚɏɜɑɤəɚɝɞɨ ɝɞɌəɚɎɔɞɝɫ 

əɔɣɞɚɒəɚɕ 
14

10( 1/ 100) 4 10R x e -= = º Ö. Ⱦɑɛɑɜɨ ɘɚɒəɚ ɖɜɌɞɖɚ 

ɝɠɚɜɘɟɗɔɜɚɎɌɞɨ ɜɌɓɗɔɣɔɑ ɘɑɒɐɟ ɜɌɓɗɚɒɑəɔɑɘ ɛɚ ɘɌɗɚɘɟ 
ɛɌɜɌɘɑɞɜɟ ɔ Ɍɝɔɘɛɞɚɞɔɣɑɝɖɔɘ ɜɌɓɗɚɒɑəɔɑɘ. Ȯ ɝɗɟɣɌɑ 

ɜɌɓɗɚɒɑəɔɫ ɛɚ ɘɌɗɚɘɟ ɛɌɜɌɘɑɞɜɟ ɛɜɑɐɑɗɨəɧɕ ɛɑɜɑɡɚɐ Ɏ 

ɝɟɘɘɑ ɚɞ 0n=  ɐɚ N  ɔɘɑɑɞ Ɏɔɐ: 

1e  - ɖɚəɑɣəɚ,      N­¤, (3.2.9)  

Ɍ ɐɗɫ Ɍɝɔɘɛɞɚɞɔɣɑɝɖɚɏɚ ɜɫɐɌ 

ȬəɐɜɔɌəɚɎ ȴ. Ȯ., 
ȭɌɜɌəɢɑɎ ȼ. ȯ., 
ȸɌəɑɎɔɣ ȷ. ȴ. 
ȬɝɔɘɛɞɚɞɔɣɑɝɖɌɫ 
ɘɌɞɑɘɌɞɔɖɌ ɔ 
ɝɔəɑɜɏɑɞɔɖɌ: ɛɟɞɨ ɖ 
ɢɑɗɚɝɞəɚɕ ɛɜɚɝɞɚɞɑ. 

ð ȸ.: ɉɐɔɞɚɜɔɌɗ 
ȿȼȽȽ, 2004. 

ȬəɐɜɔɌəɚɎ ȴ. Ȯ., 
ȸɌəɑɎɔɣ ȷ. ȴ.  
Ȭɝɔɘɛɞɚɞɚɗɚɏɔɫ: 
ɔɐɑɔ, ɘɑɞɚɐɧ, 
ɜɑɓɟɗɨɞɌɞɧ. ð ȸ.: 
ȬɝɗɌə, 1994. 
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0e­ ,        N  - ɖɚəɑɣəɚ. (3.2.10)  

ȻɜɔɎɑɐɑɘ Ɏɞɚɜɚɕ ɛɜɔɘɑɜ, ɜɌɓɗɚɒɑəɔɔɑ ɠɟəɖɢɔɔ 

ȭɑɝɝɑɗɫ əɟɗɑɎɚɏɚ ɛɚɜɫɐɖɌ ()0J x  ɛɜɔ 1x  (ɘɌɗɧɕ ɛɌɜɌɘɑɞɜ 

1/ xe= ). Ȭɝɔɘɛɞɚɞɔɣɑɝɖɚɑ ɜɌɓɗɚɒɑəɔɑ ()0J x  ɔɘɑɑɞ Ɏɔɐ 

() () ()0

2
cos sin

4 4
J x u x x v x x

x

è øå õ å õ
= - + -æ ö æ öé ù

ç ÷ ç ÷ê ú

p p

p
,  (3.2.11)  

ɏɐɑ 
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2 2 2 2 2 2

2 2 2 4 4 4

1 3 1 3 5 7
1 ...

4 2 2! 4 2 4!
u x

x x

Ö Ö Ö Ö
= - + +

Ö Ö Ö Ö
 (3.2.12)  
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2 2 2

3 3 3

1 1 3 5
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4 2 4 2 3!
v x

x x

Ö Ö
= - +
Ö Ö Ö

 (3.2.13)  

ȼɫɐɧ ()u x  ɔ ()v x  ɜɌɝɡɚɐɫɞɝɫ, ɚɐəɌɖɚ ɖɌɖ Ɏɔɐəɚ ɔɓ ɜɔɝ. 

3.2.3 ɟɒɑ ɛɑɜɎɧɑ əɑɝɖɚɗɨɖɚ ɣɗɑəɚɎ ɜɫɐɌ ɛɜɑɖɜɌɝəɚ 

ɚɛɔɝɧɎɌɪɞ ()0J x  ɛɜɔ 1x>, ɞ.ɑ. ɛɜɔ ɘɌɗɚɘ ɛɌɜɌɘɑɞɜɑ 

ɛɚɜɫɐɖɌ ɑɐɔəɔɢɧ. 

 

Ɍ 

 

 

ɍ 

ȼɔɝ. 3.2.3.  ɀɟəɖɢɔɫ ȭɑɝɝɑɗɫ əɟɗɑɎɚɏɚ ɛɚɜɫɐɖɌ: Ɍ ð ()0J x   əɌ 

ɛɜɚɘɑɒɟɞɖɑ ( )0 5· , 1 ð ɞɚɣəɚɑ ɓəɌɣɑəɔɑ, 2 ð Ɍɝɔɘɛɞɚɞɔɣɑɝɖɚɑ 

ɜɌɓɗɚɒɑəɔɑ; ɍ ð əɌ ɛɜɚɘɑɒɟɞɖɑ ( )1 40· , ɝɛɗɚɤəɌɫ ɗɔəɔɫ ð 

ɞɚɣəɚɑ ɓəɌɣɑəɔɑ ()0J x
 
ɔ Ɍɝɔɘɛɞɚɞɔɣɑɝɖɚɑ ɜɌɓɗɚɒɑəɔɑ 
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3.3. ȻɌɐɑ-ɌɛɛɜɚɖɝɔɘɌəɞɧ ɔ ɜɌɓɗɚɒɑəɔɑ ɛɚ 
ɘɌɗɚɘɟ ɛɌɜɌɘɑɞɜɟ 

ȻɌɐɑ-ɌɛɛɜɚɖɝɔɘɌɢɔɑɕ ɠɟəɖɢɔɔ 

( )f x , ɜɌɓɗɚɒɑəəɚɕ Ɏ ɝɞɑɛɑəəɚɕ ɜɫɐ  

( ) n

nf x = a xä ,                  (3.3.1)  

əɌɓɧɎɌɑɞɝɫ ɐɜɚɍəɚ-ɝɞɑɛɑəəɌɫ ɠɟəɖɢɔɫ 

=0

=0

( ) =

N
n

n

n
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m

m

p x

R x

q x

ä

ä
,                                    (3.3.2)  

ɞɌɖɌɫ, ɣɞɚ ɛɜɔ ɜɌɓɗɚɒɑəɔɔ Ɏ ɝɞɑɛɑəəɚɕ ɜɫɐ ɝɚɎɛɌɐɌɑɞ ɝ 

ɜɌɓɗɚɒɑəɔɑɘ ( )f x  ɝ ɞɚɣəɚɝɞɨɪ ɐɚ ɖɚɩɠɠɔɢɔɑəɞɚɎ ɛɜɔ 

N+Mx . 

ȳɌ ɩɞɔɘ ɝɟɡɔɘ ɚɛɜɑɐɑɗɑəɔɑɘ ɝɖɜɧɎɌɑɞɝɫ ɔɐɑɫ, ɖɚɞɚɜɌɫ, 

Ɏɘɑɝɞɑ ɝ ɞɑɘ, ɣɞɚ ɚɣɑəɨ ɛɜɚɝɞɌ, Ɏ ɜɫɐɑ ɝɗɟɣɌɑɎ ɐɌɑɞ 

Ɏɚɓɘɚɒəɚɝɞɨ ɛɚɗɟɣɔɞɨ çɠɌəɞɌɝɞɔɣɑɝɖɔɑ ɜɑɓɟɗɨɞɌɞɧè.  

Ȯ ɖɌɣɑɝɞɎɑ ɛɜɔɘɑɜɌ ɜɌɝɝɘɚɞɜɔɘ ɛɜɔɍɗɔɒɑəɔɑ ɠɟəɖɢɔɔ 

 tg x ɝɞɑɛɑəəɧɘ ɜɫɐɚɘ ð ɜɔɝ. ɉɞɚ ɜɌɓɗɚɒɑəɔɑ, ɑɝɞɑɝɞɎɑəəɚ əɑ 

ɜɌɍɚɞɌɑɞ Ɏɍɗɔɓɔ 
2

x
p
= , ɏɐɑ  tg x ɜɌɝɡɚɐɔɞɝɫ, ɛɚɝɖɚɗɨɖɟ 

ɛɚɗɔəɚɘ əɑ ɘɚɒɑɞ ɜɌɝɡɚɐɔɞɨɝɫ (ɛɜɔəɔɘɌɞɨ ɍɑɝɖɚəɑɣəɚɑ 

ɓəɌɣɑəɔɑ) ɛɜɔ ɖɚəɑɣəɚɘ ɓəɌɣɑəɔɔ ɌɜɏɟɘɑəɞɌ. Ȼɜɔ ɘɌɗɧɡ 

ɓəɌɣɑəɔɫɡ x  ɜɌɓɗɚɒɑəɔɑ  tg x ɛɚ ɝɞɑɛɑəɫɘ x  əɑɛɗɚɡɚ 

ɚɛɔɝɧɎɌɑɞ  tg x, ɚɐəɌɖɚ ɣɑɘ ɍɗɔɒɑ x  ɖ / 2p  ɞɑɘ ɍɚɗɨɤɑ 

ɜɌɝɡɚɒɐɑəɔɑ ɘɑɒɐɟ ɠɟəɖɢɔɑɕ ɔ ɜɌɓɗɚɒɑəɔɑɘ. ȶɌɖ Ɏɔɐəɚ ɔɓ 

ɜɔɝ. ɟɎɑɗɔɣɑəɔɑ ɣɔɝɗɌ ɝɗɌɏɌɑɘɧɡ Ɏ ɜɌɓɗɚɒɑəɔɔ ɛɜɌɖɞɔɣɑɝɖɔ 

əɑ ɟɗɟɣɤɌɑɞ ɝɔɞɟɌɢɔɔ Ɏɍɗɔɓɔ 2p . ȾɌɖ əɌ ɜɔɝ. 3.3.1. əɔɒəɫɫ 

ɗɔəɔɫ ð ɜɌɓɗɚɒɑəɔɑ  tg x ɐɚ 9-ɚɕ ɝɞɑɛɑəɔ x :  
3

5 7 9

9

2 17 1382
( ) ,

3 15 315 155925

x
f x x x x x= + + + +  ɧ (3.3.3)  

ȯ. Ƚɞɑəɗɔ çɀɌɓɚɎɧɑ 
ɛɑɜɑɡɚɐɧ ɔ 
ɖɜɔɞɔɣɑɝɖɔɑ 
ɫɎɗɑəɔɫè ȸ.: ȸɔɜ, 
1973 . 
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ɎɞɚɜɌɫ ɝəɔɓɟ ɐɚ 15-ɚɕ ɝɞɑɛɑəɔ, ɔ əɌɖɚəɑɢ ɞɜɑɞɨɫ ɝəɔɓɟ ɐɚ 29-
ɚɕ ɝɞɑɛɑəɔ, ɞɌɖ, ɣɞɚ ɛɚɝɗɑɐəɑɑ ɝɗɌɏɌɑɘɚɑ ɩɞɚɏɚ ɜɌɓɗɚɒɑəɔɫ 

ɜɌɎəɚ 

29689005380505609448

263505041412702261046875
xÖ  (3.3.4)  

ȹɚ ɐɌɒɑ ɜɌɓɗɚɒɑəɔɑ ɞɌɖɚɑ (ɖɚɞɚɜɚɑ Ɏɜɫɐ ɗɔ ɖɞɚ-ɞɚ ɐɑɗɌɗ 

ɍɧ Ɏɜɟɣəɟɪ) ɝɗɌɍɚ ɛɚɘɚɏɌɑɞ.  

Ȼɚɝɘɚɞɜɔɘ ɞɑɛɑɜɨ, ɖɌɖ ɝ ɩɞɚɕ ɓɌɐɌɣɑɕ ɝɛɜɌɎɔɞɝɫ ɘɑɞɚɐ 

ɌɛɛɜɚɖɝɔɘɌəɞ ȻɌɐɑ. Ȯɧɍɑɜɑɘ ɑɏɚ Ɏ Ɏɔɐɑ: 

2 4
( ) ,

1

ax
R x

bx cx
=
+ +

 (3.3.5)  

ɞ. ɑ. Ɏ Ɏɔɐɑ ɚɞəɚɤɑəɔɫ ɛɚɗɔəɚɘɚɎ əɑ Ɏɧɤɑ ɣɑɞɎɑɜɞɚɕ ɝɞɑɛɑəɔ. 

ȼɌɓɗɚɒɑəɔɑ ( )R x  Ɏ ɝɞɑɛɑəəɚɕ ɜɫɐ ɛɚ x  ɔɘɑɑɞ Ɏɔɐ: 

( )3 2 5( ) ,R x ax abx a c b xº - - -   (3.3.6)  

 
ȽɜɌɎəɔɎɌɫ ɩɞɚ ɜɌɓɗɚɒɑəɔɑ ɝ ɜɌɓɗɚɒɑəɔɑɘ  tg x

 
3

52
 ...,

3 15

x
tg x x xº + + + (3.3.7)  

ɔ ɛɜɔɜɌɎəɔɎɌɫ ɖɚɩɠɠɔɢɔɑəɞɧ ɛɜɔ ɚɐɔəɌɖɚɎɧɡ ɝɞɑɛɑəɫɡ 

ɛɑɜɑɘɑəəɚɕ ɛɚɗɟɣɌɑɘ ɝɔɝɞɑɘɟ ɟɜɌɎəɑəɔɕ ɐɗɫ ɖɚɩɠɠɔɢɔɑəɞɚɎ 

a , b  ɔ c : 

1a= ,    
1

3
ab= ,     ( )2 2

15
a c b- = , (3.3.8)  

ɚɞɖɟɐɌ 1a= , 1 3b=- , 0.022c=- , ɔ, ɝɗɑɐɚɎɌɞɑɗɨəɚ, 

ɌɛɛɜɚɖɝɔɘɌəɞɌ ȻɌɐɑ ɐɗɫ ɠɟəɖɢɔɔ  tg x ɔɘɑɑɞ Ɏɔɐ: 

2 3

( ) ,
1

1 0.022 
3

x
R x

x x

=

- -

 
(3.3.9)  

 

ɝɘ. ɞɜɑɞɨɪ ɝəɔɓɟ ɖɜɔɎɟɪ əɌ ɜɔɝ. 7, ɝɌɘɌɫ Ɏɑɜɡəɫɫ ɖɜɔɎɌɫ ɩɞɚ 

ɠɟəɖɢɔɫ  tg x. 
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ȽɜɌɎəɑəɔɑ ɘɑɒɐɟ ɝɚɍɚɕ  tg x, ( )R x , 15( )f x  ɔ 9( )f x  

ɛɚɖɌɓɧɎɌɑɞ, ɣɞɚ ɌɛɛɜɚɖɝɔɘɌəɞ ȻɌɐɑ Ɏɝɑɏɚ ɣɑɞɎɑɜɞɚɕ ɝɞɑɛɑəɔ 

ɘəɚɏɚ ɗɟɣɤɑ ɚɛɔɝɧɎɌɑɞ ɛɚɎɑɐɑəɔɑ  tg x Ɏɚ Ɏɝɑɘ ɐɔɌɛɌɓɚəɑ ɚɞ 

0 ɐɚ 
2
p . ȴ ɣɞɚ ɚɣɑəɨ ɎɌɒəɚ ɚɛɔɝɧɎɌɑɞ (ɛɟɝɞɨ ɔ əɑ ɚɣɑəɨ 

ɞɚɣəɚ) ɜɌɝɡɚɐɔɘɚɝɞɨ Ɏɍɗɔɓɔ 
2
p . 

Ȯɞɚɜɚɕ ɛɜɔɘɑɜ ɝɎɫɓɌə ɝ ɜɑɌɗɨəɚɕ ɠɔɓɔɣɑɝɖɚɕ ɓɌɐɌɣɑɕ ð 

ɚɛɜɑɐɑɗɑəɔɫ Ɏɫɓɖɚɝɞɔ ɝɟɝɛɑəɓɔɔ, ɛɜɑɐɝɞɌɎɗɫɪɥɑɕ ɝɚɍɚɕ 

ɒɔɐɖɚɝɞɨ ɝ Ɏɫɓɖɚɝɞɨɪ 0m  Ɏ ɖɚɞɚɜɚɕ əɌɡɚɐɫɞɝɫ ɒɑɝɞɖɔɑ 

ɣɌɝɞɔɢɧ ɝ ɖɚəɢɑəɞɜɌɢɔɑɕ  p . 

 
ȼɔɝ. 3.3.1 . ȽɜɌɎəɑəɔɑ ɠɟəɖɢɔɔ  tg x, ɌɛɛɜɚɖɝɔɘɌɞɧ ȻɌɐɑ ɔ 

ɐɎɟɡ ɜɌɓɗɚɒɑəɔɕ Ɏ ɜɫɐ 15( )f x  (ɐɚ 15-ɚɕ ɝɞɑɛɑəɔ x) ɔ 9( )f x  (ɐɚ 

9-ɚɕ). ȯɜɌɠɔɖɔ ɠɟəɖɢɔɕ ɜɌɝɛɚɗɚɒɑəɧ ɝɎɑɜɡɟ Ɏəɔɓ ɝɚɏɗɌɝəɚ 

ɚɍɚɓəɌɣɑəɔɫɘ əɌ ɎɑɜɞɔɖɌɗɨəɚɕ ɚɝɔ 

Ƀɑɘ ɍɚɗɨɤɑ ɖɚəɢɑəɞɜɌɢɔɫ ɣɌɝɞɔɢ, ɞɑɘ ɍɚɗɨɤɑ Ɏɫɓɖɚɝɞɨ 

ɝɟɝɛɑəɓɔɔ ð em. ȻɑɜɎɧɘ ɞɌɖɟɪ ɓɌɐɌɣɟ ɐɗɫ 1p<< ɜɑɤɔɗ 

Ȭ. ɉɕəɤɞɑɕə Ɏ 1905 ɏɚɐɟ: 

 

0

5
(1 )

2
e pm m= + ,   1p<<,  (3.3.10)  
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ɛɚɗɟɣɔɎ ɛɜɔɍɗɔɒɑəəɚɑ ɜɑɤɑəɔɑ ɝ ɞɚɣəɚɝɞɨɪ ɐɚ ɛɑɜɎɚɏɚ 
ɛɚɜɫɐɖɌ ɘɌɗɚɕ Ɏɑɗɔɣɔəɧ ɖɚəɢɑəɞɜɌɢɔɔ ɣɌɝɞɔɢ. 

Ⱦɚɗɨɖɚ ɣɑɜɑɓ 67 ɗɑɞ, Ɏ 1972 ɏ. ȯ. ȭɩɞɣɑɗɚɜ ɔ Ȱɒ. ȯɜɔə 

(ɛɚɝɗɑ ɎɑɝɨɘɌ ɝɗɚɒəɧɡ Ɏɧɣɔɝɗɑəɔɕ) ɝɟɘɑɗɔ ɛɚɗɟɣɔɞɨ 

ɝɗɑɐɟɪɥɑɑ ɛɜɔɍɗɔɒɑəɔɑ 

( )2

0

5
1 p 5,2 0,3 p

2
em m

å õ
= + + °æ ö
ç ÷

. (3.3.11)  

 

Ȼɚɝɞɜɚɔɘ ɞɑɛɑɜɨ ɌɛɛɜɚɖɝɔɘɌəɞ ȻɌɐɑ ɐɗɫ ɩɞɔɡ ɐɎɟɡ 

ɛɜɔɍɗɔɒɑəɔɕ. 

1 0 0

1
( ) (1 ),

1
R p ap

ap
m m= º -
+

 (3.3.12)  

ɚɞɖɟɐɌ, ɝɚɏɗɌɝəɚ ɛɜɔɍɗɔɒɑəɔɪ Ȭ. ɉɕəɤɞɑɕəɌ 5 / 2a= , ɔ, 

ɝɗɑɐɚɎɌɞɑɗɨəɚ: 

0

1

5
1

2

e

p

m mº

-

 (3.3.13)  

ɚɞɖɟɐɌ ɝɜɌɓɟ ɒɑ ɝɗɑɐɟɑɞ ɛɜɔəɢɔɛɔɌɗɨəɚ əɚɎɧɕ ɠɌɖɞ ð ɛɜɔ 
ɛɜɔɍɗɔɒɑəɔɔ p  ɖ ɚɛɜɑɐɑɗɑəəɚɘɟ ɓəɌɣɑəɔɪ, Ɏ ɐɌəəɚɘ ɝɗɟɣɌɑ 

ɖ 2 5cp =  ɩɠɠɑɖɞɔɎəɌɫ Ɏɫɓɖɚɝɞɨ cm  ɜɌɝɡɚɐɔɞɝɫ. ȾɌɖɌɫ 

ɜɌɝɡɚɐɔɘɚɝɞɨ ɐɑɕɝɞɎɔɞɑɗɨəɚ ɔɘɑɑɞ ɘɑɝɞɚ Ɏ ɜɑɌɗɨəɚɝɞɔ, 

ɩɖɝɛɑɜɔɘɑəɞ ɛɚɖɌɓɧɎɌɑɞ, ɣɞɚ ɛɜɔ ɚɛɜɑɐɑɗɑəəɚɕ 

ɖɚəɢɑəɞɜɌɢɔɔ ɒɑɝɞɖɔɡ ɣɌɝɞɔɢ ɒɔɐɖɚɝɞɨ ɛɑɜɑɝɞɌəɑɞ ɞɑɣɨ. 
ȳɌɘɑɞɔɘ, ɞɌɖ ɒɑ, ɣɞɚ ɑɝɗɔ ɜɌɓɗɚɒɔɞɨ ɌɛɛɜɚɖɝɔɘɌəɞ 

ȻɌɐɑ (3.3.13)  0

5
/ 1

2
e pm m

å õ
= -æ ö

ç ÷
 Ɏ ɜɫɐ ɐɚ 

2p : 

2

0 0

1 5 25
1 ,

5 2 4
1

2

e p p

p

å õ
º º + +æ ö

ç ÷-

m m m  
(3.3.14)  

ɞɚ ɛɚɗɟɣɔɞɝɫ əɑɛɗɚɡɚɑ Ɏɞɚɜɚɑ ɛɜɔɍɗɔɒɑəɔɑ, ɏɐɑ ɚɖɚɗɚ 
2p  

ɝɞɚɔɞ 25 4 6,25º  Ɏɘɑɝɞɚ 5,2 0,3° , ɛɚɗɟɣɑəəɚɏɚ ȭɩɞɣɑɗɚɜɚɘ ɔ 

ȯɜɔəɚɘ. 

Ȱɗɫ ɟɞɚɣəɑəɔɫ cp  ð ɞɚɏɚ ɓəɌɣɑəɔɫ, ɛɜɔ ɖɚɞɚɜɚɘ 

ɩɠɠɑɖɞɔɎəɌɫ Ɏɫɓɖɚɝɞɨ ɝɞɌəɚɎɔɞɝɫ ɚɣɑəɨ ɍɚɗɨɤɚɕ ɘɚɒəɚ 

ɛɚɝɞɜɚɔɞɨ ɌɛɛɜɚɖɝɔɘɌəɞ ȻɌɐɑ ɔɝɛɚɗɨɓɟɫ Ɏɞɚɜɚɑ 
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ɛɜɔɍɗɔɒɑəɔɑ, ɛɚɗɟɣɑəəɚɑ ȭɩɞɣɑɗɚɜɚɘ ɔ ȯɜɔəɚɘ, 

ɛɜɑɐɛɚɗɚɒɔɎ, ɣɞɚ ɖɚɩɠɠɔɢɔɑəɞ ɛɜɔ 2p  ɜɌɎɑə ɞɚɣəɚ 5 (ɜɔɝ. 

3.3.2).  

( ) ( )( )

2 0

2

0

1

1

1 ,

Ap
R

Bp

A B p B A B p

+
= º

-

º + + + +

m

m

 (3.3.1 5) 

ɚɞɖɟɐɌ  

5

2
A B+ = , ( ) 5B A B+ =, (3.3.1 6) 

ɔ ɝɗɑɐɚɎɌɞɑɗɨəɚ 

0

1 / 2
,

1 2
e

p

p
m m

+
º

-
 (3.3.1 7) 

ɣɞɚ ɐɗɫ cp  ɐɌɝɞ 1 2cp = . 

ɉɞɚ ɓəɌɣɑəɔɑ ɚɣɑəɨ ɡɚɜɚɤɚ ɝɚɏɗɌɝɟɑɞɝɫ ɝ 

ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɘ ɓəɌɣɑəɔɑɘ. 

 
ȼɔɝ. 3.2.2 ð ɉɠɠɑɖɞɔɎəɌɫ Ɏɫɓɖɚɝɞɨ. ȹɔɒəɫɫ ɗɔəɔɫ ð 

ɛɜɔɍɗɔɒɑəɔɑ ɉɕəɤɞɑɕəɌ, Ɏɧɤɑ əɑɑ ð ɎɧɜɌɒɑəɔɑ ȭɩɞɣɑɗɚɜɌ 

ɔ ȯɜɔəɌ, ɑɥɑ Ɏɧɤɑ ð ɌɛɜɚɖɝɔɘɌəɞɌ ȻɌɐɩ ɛɜɔɍɗɔɒɑəɔɫ 
ɉɕəɤɞɑɕəɌ, ɝɌɘɌɫ Ɏɑɜɡəɫɫ ð ɌɛɛɜɚɖɝɔɘɌəɞɌ ȻɌɐɑ 

ɛɜɔɍɗɔɒɑəɔɫ ȭɩɞɣɑɗɚɜɌ-ȯɜɔəɌ 
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3.4. Ȯɑɜɚɫɞəɚɝɞəɧɑ ɜɌɝɛɜɑɐɑɗɑəɔɫ 

ȹɌɔɍɚɗɑɑ ɣɌɝɞɧɘɔ (ɖɌɖ ɚɍɧɣəɚ ɝɣɔɞɌɑɞɝɫ), 

ɟəɔɎɑɜɝɌɗɨəɧɘɔ ɓɌɖɚəɌɘɔ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɝɗɟɣɌɕəɧɡ 

Ɏɑɗɔɣɔə, ɎɝɞɜɑɣɌɑɘɧɘɔ Ɏ ɜɌɓɗɔɣəɧɡ ɑɝɞɑɝɞɎɑəəɚəɌɟɣəɧɡ 
ɔɝɝɗɑɐɚɎɌəɔɫɡ, ɫɎɗɫɑɞɝɫ əɚɜɘɌɗɨəɧɕ ɓɌɖɚə ð ɜɌɝɛɜɑɐɑɗɑəɔɑ 

ȯɌɟɝɝɌ ɔ ɞɌɖ əɌɓɧɎɌɑɘɚɑ ɗɚɏəɚɜɘɌɗɨəɚɑ ɜɌɝɛɜɑɐɑɗɑəɔɑ (ɜɔɝ. 

3.4.1 ):  

2

22
1

2

x

f x e ,                       (3.4.1)  

2

2

ln

2
1

2

x

f x e
x

,   0x        (3.4.2)  

ɃɌɝɞɌɫ ɎɝɞɜɑɣɌɑɘɚɝɞɨ əɚɜɘɌɗɨəɚɏɚ ɓɌɖɚəɌ ɚɍɦɫɝəɫɑɞɝɫ ɞɑɘ, 

ɣɞɚ ɖɚɏɐɌ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɝɗɟɣɌɕəɚɕ Ɏɑɗɔɣɔəɧ ɝɎɫɓɌəɚ ɝ 

ɝɟɘɘɚɕ əɑɓɌɎɔɝɔɘɧɡ ɛɜɚɢɑɝɝɚɎ, ɜɌɝɛɜɑɐɑɗɑəɔɑ 

ɛɜɔɍɗɔɒɌɑɞɝɫ ɖ əɚɜɘɌɗɨəɚɘɟ. ȴɘɑəəɚ ɩɞɚ ɟɞɎɑɜɒɐɑəɔɑ ɔ 

ɫɎɗɫɑɞɝɫ ɝɚɐɑɜɒɌəɔɑɘ ɢɑəɞɜɌɗɨəɚɕ ɛɜɑɐɑɗɨəɚɕ ɞɑɚɜɑɘɧ 

ɞɑɚɜɔɔ Ɏɑɜɚɫɞəɚɝɞɔ. ȳɌɘɑɞɔɘ, ɣɞɚ ɣɌɝɞɚ Ɏ ɖɚəɖɜɑɞəɧɡ 

ɔɝɝɗɑɐɚɎɌəɔɫɡ ɏɌɟɝɝɚɎɚ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɝɗɟɣɌɕəɚɕ Ɏɑɗɔɣɔəɧ 

ɛɜɔəɔɘɌɑɞɝɫ Ɏ ɝɔɗɟ ɛɜɔɎɧɣɖɔ ɔɗɔ ɟɐɚɍɝɞɎɌ. 

 

ȼɔɝ. 3.4.1 ð ȯɜɌɠɔɖɔ əɚɜɘɌɗɨəɚɏɚ ɔ ɗɚɏəɚɜɘɌɗɨəɚɏɚ 

ɜɌɝɛɜɑɐɑɗɑəɔɫ. Ƚɜɑɐəɑɑ ɓəɌɣɑəɔɑ ɐɗɫ əɚɜɘɌɗɨəɚɏɚ 

ɜɌɝɛɜɑɐɑɗɑəɔɫ ɎɧɍɜɌəɚ ɜɌɎəɧɘ əɟɗɪ 



 130 
 

ȭ. ȸɌəɐɑɗɨɍɜɚɞ ɍɧɗ ɚɐəɔɘ ɔɓ ɛɑɜɎɧɡ, ɖɞɚ ɚɍɜɌɞɔɗ 
ɛɜɔɝɞɌɗɨəɚɑ ɎəɔɘɌəɔɑ əɌ ɞɚ, ɣɞɚ əɑ ɘɑəɑɑ ɟəɔɎɑɜɝɌɗɨəɧɘ, 

ɣɌɝɞɚ ɎɝɞɜɑɣɌɑɘɧɘ ɓɌɖɚəɚɘ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɝɗɟɣɌɕəɚɕ 

Ɏɑɗɔɣɔəɧ ɫɎɗɫɑɞɝɫ ɝɞɑɛɑəəɚɑ (ɣɌɝɞɚ ɏɚɎɚɜɫɞ 

ɏɔɛɑɜɍɚɗɔɣɑɝɖɚɑ) ɜɌɝɛɜɑɐɑɗɑəɔɑ ɝ ɛɗɚɞəɚɝɞɨɪ Ɏɑɜɚɫɞəɚɝɞɔ: 

,
B

f x
x

 (3.4.3)  

ɔɗɔ  

, 0, 1,
A

P X x x
x

 

(3.4.4)  

ɏɐɑ P X x  - Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ X x, Ɍ A  ɔ  ð 

əɑɖɚɞɚɜɧɑ ɛɚɗɚɒɔɞɑɗɨəɧɑ ɖɚəɝɞɌəɞɧ, ɛɌɜɌɘɑɞɜɧ 
ɜɌɝɛɜɑɐɑɗɑəɔɫ. 

ȽɚɚɞɎɑɞɝɞɎɑəəɚ, 

,

x

B
P X x dx

x

 .
dP x

f x
dx

 

(3.4.5)  

Ƚɗɑɐɟɑɞ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɛɜɔɎɑɐɑəəɚɑ Ɏɧɤɑ ɜɌɝɛɜɑɐɑɗɑəɔɑ 

ɜɌɝɝɘɌɞɜɔɎɌɗɚɝɨ ȸɌəɐɑɗɨɍɜɚɞɚɘ ɖɌɖ ɟɞɚɣəɑəɔɑ ɓɌɖɚəɌ 

ɂɔɛɠɌ  ɔ  ɑɏɚ ɣɌɝɞɚ əɌɓɧɎɌɪɞ ɜɌɝɛɜɑɐɑɗɑəɔɑɘ ɂɔɛɠɌ-

ȸɌəɐɑɗɨɍɜɚɞɌ. Ȼɜɔ ɩɞɚɘ ɚɖɌɓɌɗɚɝɨ, ɣɞɚ a ð ɍɗɔɓɖɌɫ ɖ 

ɑɐɔəɔɢɑ ɎɑɗɔɣɔəɌ, ɖɚɞɚɜɌɫ ɘɚɒɑɞ ɔɓɘɑəɫɞɨɝɫ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ 

ɚɞ ɝɎɚɕɝɞɎ ɞɑɖɝɞɌ ɔ ɫɓɧɖɌ.  

ȽɛɜɌɎɑɐɗɔɎɚɝɞɔ ɜɌɐɔ, əɌɐɚ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɝɞɑɛɑəəɧɑ 

ɠɟəɖɢɔɔ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɜɌɝɝɘɌɞɜɔɎɌɗɔɝɨ ɑɥɑ ȶɚɤɔ. ȶɌɖ 

əɌɏɗɫɐəɧɕ ɛɜɔɘɑɜ ɜɌɝɛɜɑɐɑɗɑəɔɫ ȶɚɤɔ ɘɚɒəɚ ɛɜɔɎɑɝɞɔ 
ɘɚɐɑɗɨ ɝɞɜɑɗɨɍɧ ɔɓ ɎɜɌɥɌɪɥɑɏɚɝɫ ɝ ɛɚɝɞɚɫəəɚɕ ɟɏɗɚɎɚɕ 

ɝɖɚɜɚɝɞɨɪ  Ɏ ɏɚɜɔɓɚəɞɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ ɛɟɗɑɘɑɞɌ (ɜɔɝ. 

3.4.3 ). 
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ȼɔɝ. 3.4.2. ð Ȼɜɔɘɑɜ ɜɌɝɛɜɑɐɑɗɑəɔɫ ȶɚɤɔ 

ȱɝɗɔ, ɛɜɚɔɓɎɚɐɫ ɚɐɔəɚɣəɧɑ Ɏɧɝɞɜɑɗɧ, əɌɒɔɘɌɞɨ əɌ 

ɖɟɜɚɖ  ɜɌɎəɚɎɑɜɚɫɞəɚ ɛɜɔ ɗɪɍɚɘ ɑɏɚ ɛɚɗɚɒɑəɔɔ, ɞɚ ɠɟəɖɢɔɫ 

ɜɌɝɛɜɑɐɑɗɑəɔɫ ɎɧɝɞɜɑɗɚɎ ɛɚ ɟɏɗɟ ð  ɍɟɐɑɞ Ɏɑɗɔɣɔəɚɕ 

ɛɚɝɞɚɫəəɚɕ: F const. Ƚ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ, Ɏɑɜɚɫɞəɚɝɞɨ 

ɛɚɛɌɐɌəɔɫ Ɏ ɍɑɝɖɚəɑɣəɚ ɘɌɗɧɕ ɟɣɌɝɞɚɖ dx ɍɑɝɖɚəɑɣəɚɕ 

ɛɗɚɝɖɚɕ ɘɔɤɑəɔ ɜɌɎəɌ f x dx F d . ȺɞɖɟɐɌ, ɝ ɟɣɑɞɚɘ 

x a tg , ɛɚɝɗɑ ɩɗɑɘɑəɞɌɜəɧɡ ɛɜɑɚɍɜɌɓɚɎɌəɔɕ əɌɡɚɐɔɘ 

ɜɌɝɛɜɑɐɑɗɑəɔɑ ȶɚɤɔ: 

2 2

1
,

a
f x x

a x
.        (3.4. 6) 

ȾɌɖ ɖɌɖ ɐɗɫ ɩɞɚɕ ɠɟəɖɢɔɔ ɝɜɑɐəɑɑ x  ɚɞ x  

( ( )x x f x dx) əɑ ɚɛɜɑɐɑɗɑəɚ ɐɗɫ  1, ɞɚ əɔ 

ɘɌɞɑɘɌɞɔɣɑɝɖɚɑ ɚɒɔɐɌəɔɑ (ɞ.ɑ. ɝɜɑɐəɑɑ ɚɞ x ), əɔ ɐɔɝɛɑɜɝɔɫ 

2x , əɔ ɘɚɘɑəɞɧ ɝɞɌɜɤɔɡ ɛɚɜɫɐɖɚɎ ɩɞɚɏɚ ɜɌɝɛɜɑɐɑɗɑəɔɫ əɑ 

ɚɛɜɑɐɑɗɑəɧ. Ȯ ɩɞɚɘ ɝɗɟɣɌɑ ɏɚɎɚɜɫɞ, ɣɞɚ ɘɌɞɑɘɌɞɔɣɑɝɖɚɑ 

ɚɒɔɐɌəɔɑ əɑ ɚɛɜɑɐɑɗɑəɚ, Ɍ ɐɔɝɛɑɜɝɔɫ ɍɑɝɖɚəɑɣəɌ. 
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ȹɌɛɚɘəɔɘ, ɣɌɝɞəɧɕ ɝɗɟɣɌɕ ɝɞɑɛɑəəɚɏɚ ɜɌɝɛɜɑɐɑɗɑəɔɫ ð 

ɏɔɛɑɜɍɚɗɔɣɑɝɖɚɑ ɜɌɝɛɜɑɐɑɗɑəɔɑ /A x əɌɓɎɌəɚ Ɏ ɣɑɝɞɨ 

Ȯ. ȻɌɜɑɞɚ, Ɍ ɐɔɝɖɜɑɞəɧɕ ɓɌɖɚə ɜɌɝɛɜɑɐɑɗɑəɔɫ ɝ 

ɜɌəɒɔɜɚɎɌəəɚɕ ɛɑɜɑɘɑəəɚɕ ɍɧɗ əɌɓɎɌə Ɏ ɣɑɝɞɨ Ȱɒ. ɂɔɛɠɌ, 
ɖɚɞɚɜɧɕ ɝɠɚɜɘɟɗɔɜɚɎɌɗ ɑɏɚ  ɐɗɫ ɚɛɔɝɌəɔɫ ɣɌɝɞɚɞɧ 

ɟɛɚɞɜɑɍɗɑəɔɫ ɝɗɚɎ. 

3.5. Ƚɖɑɕɗɔəɏ. Ⱥɐəɚɜɚɐəɧɑ ɠɟəɖɢɔɔ 

3. 5.1. ȺɐəɚɜɚɐəɌɫ ɠɟəɖɢɔɫ ɚɐəɚɕ ɛɑɜɑɘɑəəɚɕ 

Ⱥɐəɚɜɚɐəɟɪ ɠɟəɖɢɔɪ ɘɚɒəɚ ɚɛɜɑɐɑɗɔɞɨ ɞɌɖ: 
 

( ) () ( )f x g f xl l= .                              (3.5.1)  

Ȼɜɔɘɑɜ:  

() 3f x xa= .                                         (3.5.2)  

Ȯ ɩɞɚɘ ɝɗɟɣɌɑ 

( ) ( ) ()
3 3 3 3 3 3f x x x x f xl a l al la l= = = = .     (3.5.3)  

ȶɌɖɚɎɌ çɎɧɏɚɐɌè ɚɞ ɚɐəɚɜɚɐəɚɕ ɠɟəɖɢɔɔ? 

ȺɖɌɓɧɎɌɑɞɝɫ, ɚɏɜɚɘəɌɫ! 

ȹɌɛɜɔɘɑɜ, ɛɟɝɞɨ ɘɧ ɓəɌɑɘ, ɣɞɚ ()f x ð ɚɐəɚɜɚɐəɌɫ 

ɠɟəɖɢɔɫ. ȾɚɏɐɌ ɑɝɗɔ ɘɧ ɓəɌɑɘ ɑɑ ɓəɌɣɑəɔɑ Ɏ ɚɐəɚɕ 

ɑɐɔəɝɞɎɑəəɚɕ ɞɚɣɖɑ, ɞɚ ɘɚɒɑɘ ɟɓəɌɞɨ Ɏ ɗɪɍɚɕ ɐɜɟɏɚɕ: 

Ȼɟɝɞɨ ɓəɌɑɘ Ɏ 0x
 
ð ( )0f x , Ɍ ɡɚɞɔɘ Ɏ x. ȺɍɚɓəɌɣɔɘ 

0x x=l . 

() ( ) ()()0 0f x f x g f x= =l l ,               (3.5.4)  

ɏɐɑ 
0

x
x

=l . 

ȱɝɗɔ ()f x  əɑɛɜɑɜɧɎəɌ ɔ ɐɔɠɠɑɜɑəɢɔɜɟɑɘɌ, ɞɚ ɘɚɒəɚ 

ɛɚɖɌɓɌɞɨ, ɣɞɚ ɔɓ ɚɛɜɑɐɑɗɑəɔɫ ( ) () ( )f x g f x=l l  ɝɗɑɐɟɑɞ 

() pg =l l (ɝ ɞɚɣəɚɝɞɨɪ ɐɚ ɝɚɘəɚɒɔɞɑɗɫ). 
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ȴ ɞɌɖɔɘ ɚɍɜɌɓɚɘ, ɚɐəɚɜɚɐəɌɫ əɑɛɜɑɜɧɎəɌɫ ɔ 
ɐɔɠɠɑɜɑəɢɔɜɟɑɘɌɫ ɠɟəɖɢɔɫ ð ɩɞɚ ɝɞɑɛɑəəɌɫ ɠɟəɖɢɔɫ. 

ȽɟɥɑɝɞɎɟɪɞ ɗɔ ɐɜɟɏɔɑ (ɚɐəɚɜɚɐəɧɑ), əɑ ɝɞɑɛɑəəɧɑ 

ɠɟəɖɢɔɔ, ɐɗɫ ɖɚɞɚɜɧɡ ( ) () ( )f x g f x=l l ? 

ȰɌ, ɝɟɥɑɝɞɎɟɪɞ, əɚ ɛɜɔ ɩɞɚɘ ɛɜɔɡɚɐɔɞɝɫ ɚɞɖɌɓɌɞɨɝɫ ɚɞ 

ɏɗɌɐɖɚɝɞɔ. 

ȹɌɛɜɔɘɑɜ, d-ɠɟəɖɢɔɫ ȰɔɜɌɖɌ: 

() ()
0,  0

    ;   1.
0,  0

x
x x dx

x
d d

+¤

-¤

¸ë
= =ì
¸ =í

ñ         (3.5.5)  

3. 5.2.  Ⱥɐəɚɜɚɐəɧɑ ɠɟəɖɢɔɔ əɑɝɖɚɗɨɖɔɡ 
ɛɑɜɑɘɑəəɧɡ 

Ȱɗɫ ɚɐəɚɜɚɐəɚɕ ɠɟəɖɢɔɔ əɑɝɖɚɗɨɖɔɡ ɛɑɜɑɘɑəəɧɡ 

ɔɘɑɑɞ ɘɑɝɞɚ: 

1 2 1 2( ,  ,  ...,  ) ( ) ( ,  ,  ...,  ),n nf x x x g f x x xl l l l=  (3.5. 6) 

Ɏ ɣɌɝɞəɚɝɞɔ, ɐɗɫ ɠɟəɖɢɔɔ ɐɎɟɡ ɛɑɜɑɘɑəəɧɡ 

( ,  ) ( ) ( , ),  ( ) .pf x y g f x y gl l l l l= =  (3.5. 7) 

ȸɚɒəɚ ɜɌɝɤɔɜɔɞɨ ɛɚəɫɞɔɑ ɚɐəɚɜɚɐəɚɕ ɠɟəɖɢɔɔ 

əɑɝɖɚɗɨɖɔɡ ɛɑɜɑɘɑəəɧɡ, ɎɎɑɐɫ ɚɍɚɍɥɑəəɟɪ ɠɟəɖɢɔɪ 
əɑɝɖɚɗɨɖɔɡ ɛɑɜɑɘɑəəɧɡ. ȹɌɛɜɔɘɑɜ, ɐɗɫ ɐɎɟɡ ɛɑɜɑɘɑəəɧɡ 

ɚɍɚɍɥɑəəɌɫ ɚɐəɚɜɚɐəɌɫ ɠɟəɖɢɔɫ  

( ) ( ), , ,a b pf x y f x y=l l l
                      

(3.5. 8)
 

ɣɞɚ ɚɓəɌɣɌɑɞ, ɣɞɚ ɖɌɒɐɌɫ ɛɑɜɑɘɑəəɌɫ ɔɘɑɑɞ ɝɎɚɪ 

ɘɌɝɤɞɌɍəɟɪ ɖɚəɝɞɌəɞɟ ð 
al  ͒ ͡Ύ x  ɔ 

bl  ɐɗɫ .y  

ȽəɚɎɌ ɎɚɓəɔɖɌɑɞ Ɏɚɛɜɚɝ, ɖɌɖɚɎɌ ɒɑ çɎɧɏɚɐɌè ɚɞ ɞɚɏɚ, 
ɣɞɚ ɠɟəɖɢɔɫ, əɌɛɜɔɘɑɜ ɐɎɟɡ ɛɑɜɑɘɑəəɧɡ ð ɚɐəɚɜɚɐəɌ? 

ȺɖɌɓɧɎɌɑɞɝɫ, ɚɍɚɍɥɑəɔɑ ɚɐəɚɜɚɐəɚɕ ɠɟəɖɢɔɔ əɌ əɑɝɖɚɗɨɖɚ 

ɛɑɜɑɘɑəəɧɡ ɛɜɔɎɚɐɔɞ ɖ əɌɘəɚɏɚ ɍɚɗɑɑ ɎɌɒəɧɘ ɎɚɛɜɚɝɌɘ, 

ɣɑɘ ɐɗɫ ɠɟəɖɢɔɔ ɚɐəɚɕ ɛɑɜɑɘɑəəɚɕ. 
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Ȯ ɝɌɘɚɘ ɐɑɗɑ, ɚɐəɚɜɚɐəɟɪ 
ɠɟəɖɢɔɪ ɐɎɟɡ ɛɑɜɑɘɑəəɧɡ   

 

ɘɚɒəɚ ɝɎɑɝɞɔ ɖ ɠɟəɖɢɔɔ ɚɐəɚɕ 

ɛɑɜɑɘɑəəɚɕ. Ȯ ɝɌɘɚɘ ɐɑɗɑ, ɛɟɝɞɨ 

( ) ( ), ,pf x y f x yl l l= , ɞɚɏɐɌ 

ɎɧɍɔɜɌɑɘ 1
y

=l , ɚɞɖɟɐɌ: 

( ) ( ), , ,1 ;    p x
f x y f x y f

y
l l l

å õ
Û Ý æ ö

ç ÷
   

p pyl -=  .                          (3.5. 9) 

ȽɗɑɐɚɎɌɞɑɗɨəɚ, 

( ), ,1p x
y f x y f

y

- å õ
= æ ö
ç ÷

.                      (3.5. 10) 

ȺɍɚɓəɌɣɔɘ ( ),1
x xf F

yy

å õ
=æ ö

ç ÷
, ɞɚɏɐɌ ɚɖɚəɣɌɞɑɗɨəɚ: 

( ) ( ), .p xf x y y F
y

=                                (3.5. 11) 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ ɠɟəɖɢɔɫ ɐɎɟɡ ɛɑɜɑɘɑəəɧɡ ( ),f x y  

ɎɧɜɌɒɌɑɞɝɫ ɣɑɜɑɓ ɠɟəɖɢɔɪ ɚɐəɚɕ ( )xF
y

.  

ȼɌɝɝɘɚɞɜɔɘ əɑɝɖɚɗɨɖɚ ɛɜɔɘɑɜɚɎ. 

ɀɚɜɘɟɗɌ ȻɗɌəɖɌ ɞɑɛɗɚɎɚɏɚ ɔɓɗɟɣɑəɔɫ: 

( )
3

2 3

1
, ,

1KT

u T
c

e

=

-
w

w
w

p
  ( 3.5. 12) 

ɏɐɑ  - ɛɚɝɞɚɫəəɌɫ ȻɗɌəɖɌ, c  - ɝɖɚɜɚɝɞɨ ɝɎɑɞɌ, k  ð 

ɛɚɝɞɚɫəəɌɫ ȭɚɗɨɢɘɌəɌ, w ð ɢɔɖɗɔɣɑɝɖɌɫ ɣɌɝɞɚɞɌ, T  ð 

ɌɍɝɚɗɪɞəɌɫ ɞɑɘɛɑɜɌɞɟɜɌ. 

ȹɑɞ əɌɐɚɍəɚɝɞɔ 
ɚɍɦɫɝəɫɞɨ 
ɛɜɚɏɜɌɘɘɔɝɞɌɘ, ɖɌɖ 
ɎɌɒəɚ, ɑɝɗɔ 
ɐɎɟɘɑɜəɧɕ ɘɌɝɝɔɎ 
ɘɚɒəɚ ɓɌɘɑəɔɞɨ əɌ 
ɚɐəɚɘɑɜəɧɕ. 

ɀɟəɖɢɔɫ ()F z  

əɌɓɧɎɌɑɞɝɫ 
ɝɖɑɕɗɔəɏɚɎɚɕ (ɔɗɔ 
ɌɎɞɚɘɚ-ɐɑɗɨəɚɕ) 
ɠɟəɖɢɔɑɕ. 
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Ȯɧɍɑɜɑɘ ɍɚɗɑɑ ɟɐɚɍəɧɑ ɚɍɚɓəɌɣɑəɔɫ 

( )
3

, ,
1

x
y

x
f x y

e
=
-

 (3.5. 13) 

ɏɐɑ x w= , y kT= , ( ) ( )2 2 3, ,f x y c u Tp w= . 

ɀɟəɖɢɔɫ ( ),f x y  ɫɎɗɫɑɞɝɫ ɠɟəɖɢɔɑɕ ɐɎɟɡ ɛɑɜɑɘɑəəɧɡ 

x  ɔ y
 
ɔ ɐɗɫ ɑɑ ɓɌɐɌəɔɫ əɑɚɍɡɚɐɔɘ ɐɎɟɘɑɜəɧɕ ɘɌɝɝɔɎ, 

əɌɛɜɔɘɑɜ, əɌɍɚɜ ɓɌɎɔɝɔɘɚɝɞɑɕ  ( ),f x y  ɖɌɖ ɠɟəɖɢɔɔ ɚɞ x  

ɛɜɔ ɜɌɓəɧɡ ɓəɌɣɑəɔɫɡ y  ɜɔɝ  3.5. 1.  

 

ȼɔɝ. 3.5.1. ȳɌɎɔɝɔɘɚɝɞɔ ɠɟəɖɢɔɔ ( ),f x y  ɚɞ x  ɛɜɔ ɜɌɓəɧɡ 

ɓəɌɣɑəɔɫɡ y : 5 (ɝɛɗɚɤəɌɫ ɗɔəɔɫ), 7 (ɤɞɜɔɡɚɎɌɫ ɗɔəɔɫ), 9 

(ɛɟəɖɞɔɜəɌɫ ɗɔəɔɫ) 

ȹɌ ɜɔɝ. 3.5.2 ɛɜɔɎɑɐɑəɌ ɓɌɎɔɝɔɘɚɝɞɨ ɠɟəɖɢɔɔ ( ),f x y  

ɚɞ y  ɛɜɔ ɜɌɓəɧɡ x .  
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ȼɔɝ. 3.5.2. ȳɌɎɔɝɔɘɚɝɞɔ ɠɟəɖɢɔɔ ( ),f x y  ɚɞ y  ɛɜɔ ɜɌɓəɧɡ 

ɓəɌɣɑəɔɫɡ x : 10 ( ɝɛɗɚɤəɌɫ ɗɔəɔɫ), 20 (ɤɞɜɔɡɚɎɌɫ ɗɔəɔɫ), 30 

(ɛɟəɖɞɔɜəɌɫ ɗɔəɔɫ) 

ȰɎɟɘɑɜəɧɕ ɘɌɝɝɔɎ ð ( ),f x y  ɘɚɒəɚ ɔɓɚɍɜɌɓɔɞɨ ɞɌɖ ɒɑ 

ɖɌɖ ɛɚɎɑɜɡəɚɝɞɨ ð ɜɔɝ 3.5. 3.  

 

ȼɔɝ. 3.5. 3. ȻɚɎɑɜɡəɚɝɞɨ, ɓɌɐɌɎɌɑɘɌɫ ɠɟəɖɢɔɑɕ ( ),f x y  

ȱɝɗɔ ɍɧ ɝɞɚɫɗɌ ɓɌɐɌɣɌ ɚɛɔɝɌɞɨ ɠɟəɖɢɔɪ ( ),f x y  

ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɚ, ɞɚ ɝɚɏɗɌɝəɚ ɜɔɝ. ɔɗɔ ɜɔɝ. əɑɚɍɡɚɐɔɘɚ 
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ɍɧɗɚ ɍɧ ɔɓɘɑɜɔɞɨ ɑɑ ɓəɌɣɑəɔɑ ɐɗɫ ɜɌɓəɧɡ x  ɔ y, əɑɖɚɞɚɜɧɑ 

ɓəɌɣɑəɔɫ ɖɚɞɚɜɧɡ ɘɚɏɗɔ ɍɧɞɨ ɝɗɚɒəɧ ɐɗɫ ɔɓɘɑɜɑəɔɫ 

(əɌɛɜɔɘɑɜ ɚɣɑəɨ Ɏɧɝɚɖɔɑ ɞɑɘɛɑɜɌɞɟɜɧ). 

Ȱɚ ɞɚɏɚ ɖɌɖ ȻɗɌəɖ əɌɛɔɝɌɗ ɝɎɚɪ ɠɚɜɘɟɗɟ ɐɗɫ ɞɑɛɗɚɎɚɏɚ 

ɔɓɗɟɣɑəɔɫ, ɍɧɗ ɔɓɎɑɝɞɑə ɓɌɖɚə ȮɔəɌ, ɝɚɏɗɌɝəɚ ɖɚɞɚɜɚɘɟ 

( ) 3,u T F
T

w
w w

å õ
= æ ö

ç ÷
 , (3.5. 14) 

ɔɗɔ Ɏ ɔɝɛɚɗɨɓɟɑɘɧɡ əɌɘɔ ɚɍɚɓəɌɣɑəɔɫɡ 

( ) 3, .
x

f x y x F
y

å õ
= æ ö

ç ÷
 (3.5. 15) 

ȳɌɘɑɞɔɘ, ɣɞɚ ɩɞɚ ɞɔɛɔɣəɚɑ 

ɝɖɑɕɗɔəɏɚɎɚɑ ɝɚɚɞəɚɤɑəɔɑ, ɣɞɚ ɜɑɓɖɚ 

ɟɛɜɚɥɌɑɞ ɓɌɐɌɣɟ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɚɏɚ 

ɚɛɜɑɐɑɗɑəɔɫ ( ),f x y . Ȯ ɝɌɘɚɘ ɐɑɗɑ, 

ɎɎɚɐɫ ɠɟəɖɢɔɪ 

( )
( )

3

,
, .

f x y
x y

x
j =  (3.5. 16) 

ȹɌɡɚɐɔɘ, ɣɞɚ ɚəɌ ɫɎɗɫɑɞɝɫ 

ɠɟəɖɢɔɑɕ ɚɐəɚɕ ɛɑɜɑɘɑəəɚɕ, ɔ ɣɞɚ 

ɐɗɫ ɑɑ ɚɛɜɑɐɑɗɑəɔɫ ɐɚɝɞɌɞɚɣəɚ 

ɚɐəɚɘɑɜəɚɏɚ ɘɌɝɝɔɎɌ (ɜɔɝ. 3.5.4). 

ȱɥɑ ɚɐɔə ɛɜɔɘɑɜ ɔɓ ɞɌɖ 

əɌɓɧɎɌɑɘɚɕ ɩɖɚəɚɘɔɣɑɝɖɚɕ ɠɔɓɔɖɔ. 

Ȯ ɩɖɚəɚɘɔɖɑ ɎɌɒəɟɪ ɜɚɗɨ 
ɔɏɜɌɑɞ ɝɛɜɚɝ.  

ɀɟəɖɢɔɫ ɝɛɜɚɝɌ əɌ ɐɌəəɧɕ 

ɞɚɎɌɜ (ɔɗɔ ɏɜɟɛɛɟ ɝɡɚɐəɧɡ ɞɚɎɌɜɚɎ) ɓɌɎɔɝɔɞ ɚɞ: 

1) ɖɚɗɔɣɑɝɞɎɌ ɞɚɎɌɜɌ Q, ɛɚɞɜɑɍɗɫɑɘɚɏɚ Ɏ ɑɐɔəɔɢɟ 

Ɏɜɑɘɑəɔ;  

2) əɌɗɔɣɔɫ ɟ ɛɚɞɜɑɍɔɞɑɗɫ ɐɑəɑɏ U (ɔɗɔ ɐɚɡɚɐɚɎ D); 

3) ɢɑəɧ ɞɚɎɌɜɌ ð ɜ 

( ), ,Q Q U p=  

ɃɑɜəɌɎɝɖɔɕ Ȱ.Ƚ., 
ȽɞɌɜɖɚɎ ȹ.ȴ., ȸɌɗɖɚɎ 
C.Ɋ., ȶɚɝɝɑ Ɋ.Ȯ., 
ɅɑɜɍɌɖɚɎ Ȭ.Ȯ. Ⱥɍ 
ɩɖɚəɚɠɔɓɔɖɑ ɔ ɑɑ 
ɘɑɝɞɑ Ɏ ɝɚɎɜɑɘɑəəɚɕ 
ɞɑɚɜɑɞɔɣɑɝɖɚɕ 
ɩɖɚəɚɘɔɖɑ, ȿɀȹ, 2011, 
ɞ. 181, ʈ 7, ɝ. 15 

 

ȭɌɜɑəɍɗɌɞɞ ȯ.ȴ. 
Ȼɚɐɚɍɔɑ, 
ɌɎɞɚɘɚɐɑɗɨəɚɝɞɨ, 
ɛɜɚɘɑɒɟɞɚɣəɌɫ 
ɌɝɔɘɛɞɚɞɔɖɌ / 2-ɑ 
ɔɓɐ., ɛɑɜɑɜɌɍ. ɔ ɐɚɛ. ð 
ȷɑəɔəɏɜɌɐ: 
ȯɔɐɜɚɘɑɞɑɚɔɓɐɌɞ, 
1982. ð 256 ɝ. 
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ɏɐɑ U ɔ p ð ɟɝɗɚɎəɧ ɔ ɔɓɘɑɜɫɪɞɝɫ Ɏ ɜɌɓɗɔɣəɧɡ ɑɐɔəɔɢɌɡ ($, 

û, Ô, é), ɛɚɩɞɚɘɟ ɛɜɑɐɝɞɌɎɗɫɑɞɝɫ ɛɜɌɎɐɚɛɚɐɚɍəɧɘ, ɣɞɚ 

( ),Q U p  ð ɚɐəɚɜɚɐəɌɫ ɠɟəɖɢɔɫ ɩɞɔɡ ɛɑɜɑɘɑəəɧɡ. 

 

 

ȼɔɝ. 3.5.4 ð ( ),x yj  ɖɌɖ ɠɟəɖɢɔɫ ɚɐəɚɕ ɛɑɜɑɘɑəəɚɕ /z x y=  

ȰɑɕɝɞɎɔɞɑɗɨəɚ, ɑɝɗɔ ɓɌɛɔɝɌɞɨ ( ) ( ), UQ U p F
p

= , ɞɚ ɖɌɖ 

ɚɖɌɓɧɎɌɑɞɝɫ ɩɘɛɔɜɔɣɑɝɖɔɑ ɐɌəəɧɑ əɑɛɗɚɡɚ ɟɖɗɌɐɧɎɌɪɞɝɫ əɌ 

ɚɐəɟ ɖɜɔɎɟɪ. 

ȾɌɖɚɕ ɛɚɐɡɚɐ ɛɚɓɎɚɗɫɑɞ ɝɠɚɜɘɟɗɔɜɚɎɌɞɨ ɓɌɐɌɣɟ ɔ 

ɛɚɗɟɣɔɞɨ  ɌəɌɗɔɞɔɣɑɝɖɚɑ  ɛɜɑɐɝɞɌɎɗɑəɔɑ ɠɟəɖɢɔɔ ɝɛɜɚɝɌ ɔ 

ɎɧɫɎɔɞɨ ɚɣɑəɨ ɎɌɒəɧɕ ɛɌɜɌɘɑɞɜ 
minr . 

Ƚ ɛɚəɫɞɔɑɘ ɝɖɑɕɗɔəɏɌ ɞɑɝəɚ ɝɎɫɓɌəɧ ɛɚəɫɞɔɫ 

ɌɎɞɚɘɚɐɑɗɨəɚɝɞɨ (ɝɖɑɕɗɔəɏ), ɛɚɐɚɍɔɑ, ɛɜɚɘɑɒɟɞɚɣəɌɫ 

ɌɝɔɘɛɞɚɞɔɖɌ. 

Ȼɜɔ ɚɍɜɌɍɚɞɖɑ ɚɛɧɞəɧɡ ɐɌəəɧɡ ɌɎɞɚɘɚɐɑɗɨəɚɝɞɨ 

ɛɜɔɎɚɐɔɗɌ ɖ ɞɚɘɟ, ɣɞɚ, ɖɌɓɌɗɚɝɨ ɍɧ, ɍɑɝɛɚɜɫɐɚɣəɚɑ Ɏ 

ɚɍɧɣəɧɡ ɖɚɚɜɐɔəɌɞɌɡ ɚɍɗɌɖɚ ɚɛɧɞəɧɡ ɞɚɣɑɖ ɗɚɒɔɗɚɝɨ əɌ 

ɑɐɔəɟɪ ɖɜɔɎɟɪ ɔɗɔ ɛɚɎɑɜɡəɚɝɞɨ. 
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ȼɔɝ. 3.5. 5 ð 
U

r
p

=  ð ɛɚɖɟɛɌɞɑɗɨəɌɫ ɝɛɚɝɚɍəɚɝɞɨ 

 

ȼɔɝ. 6. 
minr r<  ð ɛɚɞɜɑɍɔɞɑɗɨ əɑ ɛɚɖɟɛɌɑɞ ɞɚɎɌɜɚɎ 

ɐɚɗɏɚɎɜɑɘɑəəɚɏɚ ɛɚɗɨɓɚɎɌəɔɫ (ɘɌɤɔəɧ, ɞɑɗɑɎɔɓɚɜɧ, ɐɌɣɔ, 

ɩɗɔɞɌɜəɧɑ ɞɚɎɌɜɧ), Ɏɝɑ ɔɐɑɞ əɌ ɛɔɥɟ, ɚɐɑɒɐɟ, ȲȶɁ 
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3. 6. ȻɜɚɔɓɎɚɐɫɥɔɑ ɠɟəɖɢɔɔ 

ȻɜɚɔɓɎɚɐɫɥɑɕ ɠɟəɖɢɔɑɕ 

( )f x  ɛɜɚɔɓɎɚɗɨəɚɕ ɍɑɝɖɚəɑɣəɚɕ 

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ 

0 1 2,  ,  ,  ...,  ,  ...
k

a a a a  əɌɓɧɎɌɑɞɝɫ 

ɎɧɜɌɒɑəɔɑ 

()
0

,k

k

k

f x a x
¤

=

=ä  (3.6.1)  

ɛɜɔ ɩɞɚɘ ɛɑɜɑɘɑəəɌɫ x  ɫɎɗɫɑɞɝɫ ɠɚɜɘɌɗɨəɚɕ ɔ ɝɌɘɌ ɝɟɘɘɌ 

ɜɫɐɌ ɝɘɧɝɗɌ əɑ ɔɘɑɑɞ. 

ȾɌɖɚɑ ɟɞɎɑɜɒɐɑəɔɑ ɎɑɝɨɘɌ əɑɚɒɔɐɌəəɚ (ɘɚɒɑɞ 

ɛɚɝɞɌɎɔɞɨ Ɏ ɞɟɛɔɖ ð ɣɞɚ ɒɑ ɩɞɚ ɓɌ ɠɟəɖɢɔɫ, ɛɑɜɑɘɑəəɌɫ, 

ɖɚɞɚɜɚɕ əɑ ɔɘɑɑɞ ɝɘɧɝɗɌ). ȼɫɐ ɘɚɒɑɞ ɜɌɝɡɚɐɔɞɨɝɫ ɔ 

ɑɐɔəɝɞɎɑəəɚɑ, ɣɞɚ ɚɛɜɑɐɑɗɑəɚ ð ɩɞɚ ɓəɌɣɑəɔɑ Ɏ ɞɚɣɖɑ 0x= , ɞ. 

ɑ. 0(0)f a= . 

ȹɑ ɝɘɚɞɜɫ əɌ ɞɌɖɔɑ ɟɐɔɎɔɞɑɗɨəɧɑ ɟɞɎɑɜɒɐɑəɔɫ, 

ɛɜɚɔɓɎɚɐɫɥɌɫ ɠɟəɖɢɔɫ ɩɞɚ ɘɚɥəɧɕ ɔəɝɞɜɟɘɑəɞ (ɘɑɞɚɐ), 

ɛɚɓɎɚɗɫɪɥɔɕ ɛɜɚɝɞɧɘ ɩɗɑɏɌəɞəɧɘ ɝɛɚɝɚɍɚɘ ɜɑɤɌɞɨ ɎɑɝɨɘɌ 

ɝɗɚɒəɧɑ ɓɌɐɌɣɔ. ȳɐɑɝɨ ɍɟɐɑɞ ɜɌɝɝɘɚɞɜɑə ɘɑɞɚɐ 

ɛɜɚɔɓɎɚɐɫɥɔɡ ɠɟəɖɢɔɕ ɐɗɫ ɜɑɤɑəɔɫ ɜɑɖɟɜɜɑəɞəɧɡ 
ɝɚɚɞəɚɤɑəɔɕ, ɣɞɚ ɛɚɓɎɚɗɫɑɞ ɛɚɗɟɣɔɞɨ ɘəɚɏɚ ɎɌɒəɧɡ 

ɜɑɓɟɗɨɞɌɞɚɎ Ɏ ɞɑɚɜɔɔ ɝɗɚɒəɧɡ ɝɑɞɑɕ. 

ȻɜɚɔɓɎɚɐɫɥɌɫ ɠɟəɖɢɔɫ ɛɜɑɎɜɌɥɌɑɞ ɐɔɝɖɜɑɞəɧɕ əɌɍɚɜ 

ð ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ  (k 0,  1,  ...)ka =  Ɏ əɑɛɜɑɜɧɎəɟɪ 

ɠɟəɖɢɔɪ, ɣɞɚ ɛɚɓɎɚɗɫɑɞ çɎɖɗɪɣɔɞɨè ɘɌɞɑɘɌɞɔɣɑɝɖɔɕ 

ɌɛɛɌɜɌɞ, ɜɌɍɚɞɌɪɥɔɕ ɝ əɑɛɜɑɜɧɎəɧɘɔ ɚɍɦɑɖɞɌɘɔ ð ɌəɌɗɔɓ 

əɑɛɜɑɜɧɎəɧɡ ɠɟəɖɢɔɕ (ɜɑɤɑəɔɑ ɟɜɌɎəɑəɔɕ, 

ɐɔɠɠɑɜɑəɢɔɜɚɎɌəɔɫ, ɔəɞɑɏɜɔɜɔɜɚɎɌəɔɫ ɔ ɞ. ɐ.), ɛɚɝɗɑ ɣɑɏɚ 
ɘɚɒəɚ ɚɛɫɞɨ Ɏɑɜəɟɞɨɝɫ Ɏ çɐɔɝɖɜɑɞəɧɕè ɘɔɜ. 

ȻɚɝɞɌəɚɎɖɌ ɓɌɐɌɣɔ ɚ ɜɑɖɟɜɜɑəɞəɧɡ ɝɚɚɞəɚɤɑəɔɫɡ 

Ɏɧɏɗɫɐɔɞ ɞɌɖ: ɛɟɝɞɨ ɑɝɞɨ ɝɚɚɞəɚɤɑəɔɑ 

1 ( ).k kx f x+=  (3.6. 2) 

əɑɚɍɡɚɐɔɘɚ əɌɕɞɔ ɫɎəɟɪ ɓɌɎɔɝɔɘɚɝɞɨ 

ȷɌəɐɚ Ƚ.ȶ. ȷɑɖɢɔɔ ɚ 
ɛɜɚɔɓɎɚɐɫɥɔɡ 
ɠɟəɖɢɔɫɡ. ð ȸ.: ȸɂȹȸȺ, 
2007.  

Wilf H.S. 
Generatingfunctionology. 
ð Academic Press, 1994.  
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( ).kx F k=  (3.6.3)  

Ȯɚɓɘɚɒəɧ ɔ ɍɚɗɑɑ ɚɍɥɔɑ ɛɚɝɞɌəɚɎɖɔ, əɌɛɜɔɘɑɜ, ɖɚɏɐɌ 

ɓɌɐɌəɚ ɜɑɖɟɜɜɑəɞəɚɑ ɝɚɚɞəɚɤɑəɔɑ 

( )2 1,k k kx f x x+ +=  (3.6. 4) 

ȼɌɝɝɘɚɞɜɔɘ əɑɝɖɚɗɨɖɚ ɛɜɔɘɑɜɚɎ.  

ȻɑɜɎɧɕ ɛɜɔɘɑɜ, ɞɜɔɎɔɌɗɨəɧɕ, ɐɗɫ ɛɜɚɝɞɚɕ 

ɐɑɘɚəɝɞɜɌɢɔɔ ɘɑɞɚɐɌ. Ȼɟɝɞɨ ɐɌəɚ ɔɞɑɜɌɢɔɚəəɚɑ ɝɚɚɞəɚɤɑəɔɑ 

1 11, 1,  2,  ...,  1k ka a k a+= + = =
 
ɔ əɑɚɍɡɚɐɔɘɚ əɌɕɞɔ ɓɌɎɔɝɔɘɚɝɞɨ 

ka  ɚɞ k . ȮɎɚɐɔɘ ɛɜɚɔɓɎɚɐɫɥɟɪ ɠɟəɖɢɔɪ: 

()
1

,k

k

k

G x a x
¤

=

=ä  (3.6. 4) 

ɟɘəɚɒɌɑɘ ɑɑ əɌ x  ɔ ɛɜɚɎɚɐɔɘ ɜɫɐ ɩɗɑɘɑəɞɌɜəɧɡ 

ɛɜɑɚɍɜɌɓɚɎɌəɔɕ: 

() ( )1

1

1 1

1 1

1

1 1 2 2

1 1

2 2

1

1 1 .

k k

k k k k

k k

k k n n

k n

k k n n

n n

n

n n

xG x x a x a x a a

a x x a x x

a x a x a x x x x

¤ ¤
+

+

= =

¤ ¤ ¤ ¤
+ +

+

= = = =

¤ ¤

= =

= = = = - =

= - = - =

å õ å õ
=- + + - + + + +æ ö æ ö

ç ÷ ç ÷

ä ä

ä ä ä ä

ä ä

 

(3.6. 5) 

 

ȻɑɜɎɚɑ ɝɗɌɏɌɑɘɚɑ Ɏ ɝɖɚɍɖɌɡ ɩɞɚ (x)G , Ɏɞɚɜɚɑ 

( )
0

1/ 1n

n

x x
¤

=

= -ä , ɔ, ɟɣɔɞɧɎɌɫ, ɣɞɚ 1 1a =, əɌɡɚɐɔɘ 

1
( ) ( ) 1 ,

1
xG x x G x x

x
=- + - + +

-
 (3.6. 6) 

ɚɞɖɟɐɌ ɝɗɑɐɟɑɞ ɎɧɜɌɒɑəɔɑ ɐɗɫ ɛɜɚɔɓɎɚɐɫɥɑɕ ɠɟəɖɢɔɔ 

2
( ) .

(1 )

x
G x

x
=
-

 (3.6. 7) 
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ȼɌɓɗɌɏɌɫ ɛɗɟɣɑəəɚɑ ɎɧɜɌɒɑəɔɑ ( )G x  Ɏ ɜɫɐ ȾɑɕɗɚɜɌ 

əɌɡɚɐɔɘ: 

()
( )

( )2

2
1

1 2 3 ... .
1

k

k

x
G x x x x k x

x

¤

=

= = + + + = Ö
-

ä

  

(3.6. 8) 

Ȼɚɝɖɚɗɨɖɟ ()
1

k

k

k

G x a x
¤

=

=ä , ɐɗɫ ka  ɛɚɗɟɣɔɘ 

,ka k=  (3.6.9)  

ɔ, ɞɌɖɔɘ ɚɍɜɌɓɚɘ, ɔɝɖɚɘɌɫ ɓɌɎɔɝɔɘɚɝɞɨ əɌɕɐɑəɌ. 

ȶɚəɑɣəɚ, Ɏ ɜɌɝɝɘɚɞɜɑəəɚɘ ɛɜɚɝɞɚɘ ɛɜɔɘɑɜɑ, ɔɓ 

ɜɑɖɟɜɜɑəɞəɚɏɚ ɝɚɚɞəɚɤɑəɔɫ 1 1k ka a+= + ɘɚɒəɚ ɝɜɌɓɟ 

ɐɚɏɌɐɌɞɨɝɫ, ɣɞɚ ɛɜɔ 1 1a =  ɜɑɣɨ ɔɐɑɞ ɚ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ 

1, 2,  3,  ..., ɞ. ɑ., ɣɞɚ ka k= . 

ȺɐəɌɖɚ Ɏɞɚɜɚɕ ɔ ɞɜɑɞɔɕ ɛɜɔɘɑɜɧ ɐɑɘɚəɝɞɜɔɜɟɪɞ 

ɝɗɟɣɌɔ, ɖɚɏɐɌ ɐɚɏɌɐɖɌ ɘɌɗɚ ɎɑɜɚɫɞəɌ, ɔ ɞɚɏɐɌ ɘɑɞɚɐ 

ɛɜɚɔɓɎɚɐɫɥɑɕ ɠɟəɖɢɔɔ ɚɖɌɓɧɎɌɑɞɝɫ ɛɜɌɖɞɔɣɑɝɖɔ 
ɑɐɔəɝɞɎɑəəɧɘ Ɏɧɡɚɐɚɘ. 

Ȼɜɔɘɑɜ Ɏɞɚɜɚɕ, ɝɞɌəɐɌɜɞəɧɕ ɛɜɔɘɑɜ ɐɑɘɚəɝɞɜɌɢɔɔ 

ɘɑɞɚɐɌ ɛɜɚɔɓɎɚɐɫɥɑɕ ɠɟəɖɢɔɔ ð ɣɔɝɗɌ ɀɔɍɚəɌɣɣɔ. 

ɀɔɍɚəɌɣɣɔ ɜɌɝɝɘɌɞɜɔɎɌɗ ɔɐɑɌɗɔɓɔɜɚɎɌəəɟɪ ɛɚɛɟɗɫɢɔɪ 

ɖɜɚɗɔɖɚɎ, ɖɚɏɐɌ ɔɓəɌɣɌɗɨəɚ ɑɝɞɨ əɚɎɚɜɚɒɐɑəəɌɫ ɛɌɜɌ, 

ɖɚɞɚɜɌɫ ɝɚ Ɏɞɚɜɚɏɚ ɘɑɝɫɢɌ ɛɚɝɗɑ ɝɎɚɑɏɚ ɜɚɒɐɑəɔɫ əɌɣɔəɌɑɞ 
ɝɛɌɜɔɎɌɞɨɝɫ ɔ ɖɌɒɐɧɕ ɘɑɝɫɢ ɛɜɚɔɓɎɚɐɔɞɨ əɚɎɟɪ ɛɌɜɟ, 

ɖɚɞɚɜɌɫ Ɏɑɐɑɞ ɝɑɍɫ ɞɚɣəɚ ɞɌɖ ɒɑ. Ȯɚɛɜɚɝ: ɑɝɗɔ ɖɜɚɗɔɖɔ əɑ 

ɟɘɔɜɌɪɞ, ɞɚ ɝɖɚɗɨɖɚ ɔɡ ɍɟɐɑɞ ɣɑɜɑɓ n  ɘɑɝɫɢɑɎ. 

Ȼɜɚɢɑɝɝ ɚɛɔɝɧɎɌɑɞɝɫ ɔɞɑɜɌɢɔɚəəɧɘ ɝɚɚɞəɚɤɑəɔɑɘ 

1 1 0 1, 1 ,   0, 1,n n nF F F n F F+ -= + ² = = (3.6.10)  

ɏɐɑ nF  - ɣɔɝɗɚ əɚɎɚɜɚɒɐɑəəɧɡ ɛɌɜ Ɏ n -ɕ ɘɑɝɫɢ. 

ȮɎɚɐɔɘ ɛɜɚɔɓɎɚɐɫɥɟɪ ɠɟəɖɢɔɪ: 

()
0

n

n

n

G x F x
¤

=

=ä . (3.6.11)  
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ȿɘəɚɒɔɘ ɔɞɑɜɌɢɔɚəəɚɑ ɝɚɚɞəɚɤɑəɔɑ əɌ 
nx  ɔ 

ɛɜɚɝɟɘɘɔɜɟɑɘ:  

1 1

1 1 1

,n n n

n n n

n n n

F x F x F x
¤ ¤ ¤

+ -

= = =

= +ä ä ä  (3.6.12)  

ɓɌɘɑɞɔɘ, ɣɞɚ ɝɟɘɘɔɜɚɎɌəɔɑ Ɏɚɓɘɚɒəɚ əɌɣɔəɌɞɨ ɞɚɗɨɖɚ ɝ 

1n=, ɞ. ɖ. ɛɜɔ 0n=  Ɏ ɖɌɒɐɚɕ ɝɟɘɘɑ ɝɛɜɌɎɌ ɛɚɫɎɗɫɑɞɝɫ 

əɑɚɛɜɑɐɑɗɑəəɚɑ ɝɗɌɏɌɑɘɚɑ 1F- . 

Ȱɗɫ ɗɑɎɚɕ ɣɌɝɞɔ ɎɧɜɌɒɑəɔɫ (3.6.12) ɔɘɑɑɘ: 

( )

( )

()( )( )

1

1 1

1 1

2

1 2 1

1

0

1

1
1 ... 1

1
1

1
1 ,

n n

n n

n n

n

n

F x x F
x

xF x F F x
x

F x x
x

G x x
x

¤ ¤
+

+ +

= =

¤

=

= =

= + + + - - =

å õ
= - + =æ ö
ç ÷

= - +

ä ä

ä
  (3.6.13)  

ɏɐɑ ɍɧɗɚ ɟɣɞɑəɚ, ɣɞɚ 1 1F = . 

Ȱɗɫ ɝɟɘɘɧ 
1

n

n

n

F x
¤

=

ä  ɗɑɏɖɚ ɛɚɗɟɣɔɞɨ: 

1 0

1 ( ) 1.n n

n n

n n

F x F x G x
¤ ¤

= =

= - = -ä ä  (3.6.14)  

ȴ, əɌɖɚəɑɢ, ɐɗɫ ɛɚɝɗɑɐəɑɕ ɝɟɘɘɧ ɔɘɑɑɘ: 

()

1

1 1

1 1

0

.

n n

n n

n n

n

n

n

F x x F x

x F x xG x

¤ ¤
-

- -

= =

¤

=

= =

= =

ä ä

ä
 (3.6.15)  

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɔɞɑɜɌɢɔɚəəɚɑ ɝɚɚɞəɚɤɑəɔɑ ɘɚɒɑɞ ɍɧɞɨ 

ɓɌɛɔɝɌəɚ ɖɌɖ: 



 144 
 

( ) 1
( )(1 ) 1

G x x
G x x

x x

+
- = - -, (3.6.16)  

ɣɞɚ ɐɌɑɞ ɝɗɑɐɟɪɥɑɑ ɎɧɜɌɒɑəɔɑ ɐɗɫ ɛɜɚɔɓɎɚɐɫɥɑɕ ɠɟəɖɢɔɔ: 

2
(x)

1

x
G

x x
=
- -

. (3.6.17)  

ȼɌɝɖɗɌɐɧɎɌɫ ()G x  əɌ ɛɜɚɝɞɧɑ ɐɜɚɍɔ, əɌɡɚɐɔɘ: 

2

0 0

1 1 1

1 1 1

1
,k k k k

k k

x

x x a b ax bx

a x b x
a b

¤ ¤

= =

å õ
= - =æ ö

- - - - -ç ÷

å õ
= -æ ö
- ç ÷
ä ä

 (3.6.18)  

ɏɐɑ 
1 5

2
b

-
= , Ɍ 

1 5

2
a

+
=  - ɓɚɗɚɞɚɑ ɝɑɣɑəɔɑ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɐɗɫ ( )G x  əɌɡɚɐɔɘ: 

0

0

( )
5

1 1 5 1 5
,

2 25

n n
n

k

n n

n

k

a b
G x x

x

¤

=

¤

=

-
= =

è øå õ å õ+ -
é ù= -æ ö æ ö
é ùç ÷ ç ÷ê ú

ä

ä

 (3.6.19)  

ɣɞɚ ɐɗɫ ɔɝɖɚɘɚɏɚ nF  ɐɌɑɞ: 

1 1 5 1 5
.

2 25

n n

nF
è øå õ å õ+ -
é ù= -æ ö æ ö
é ùç ÷ ç ÷ê ú

 (3.6.20)  

Ȼɚɝɗɑɐəɔɕ ɛɜɔɘɑɜ ɚɞəɚɝɔɞɝɫ ɖ ɔɝɝɗɑɐɚɎɌəɔɪ 

ɐɑɞɑɜɘɔəɔɜɚɎɌəəɧɡ SF-ɝɑɞɑɕ, Ɍ ɔɘɑəəɚ ( ),u v -ɢɎɑɞɌɘ. ȼɌəɑɑ 

ɍɧɗɚ ɍɑɓ ɎɧɎɚɐɌ ɟɖɌɓɌəɚ, ɣɞɚ ɔɓ ɔɞɑɜɌɢɔɚəəɚɏɚ ɝɚɚɞəɚɤɑəɔɫ 

1 1,  1,  2,  ... ,  ,n nN wN w n N w-= - = = (3.6.20)  

ɝɗɑɐɟɑɞ, ɣɞɚ 
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2
.

1 1

n

n

w w
N w

w w

-
= Ö +
- -

 (3.6.21)  

ȻɚɖɌɒɑɘ, ɖɌɖ ɘɚɒəɚ ɛɚɗɟɣɔɞɨ ( )nN f n=  ɘɑɞɚɐɚɘ 

ɛɜɚɔɓɎɚɐɫɥɑɕ ɠɟəɖɢɔɔ 

2

( ) n

n

n

G x N w
¤

=

=ä . (3.6.22)  

ȻɜɚɐɑɗɧɎɌɫ ɚɣɑɎɔɐəɧɑ ɛɜɑɚɍɜɌɓɚɎɌəɔɫ 

( )

( ) ( )

( )

1

1 1

2 2

1 0

( )

1

1
( ) 1 ,

1

n n

n n

n n

n n

n

n n

G x N w N x wx wN w x

wx wx wN w x w x x

wx wxG x w x
x

¤ ¤

-

= =

¤ ¤

= =

= + = + - =

å õ
= + - - - + =æ ö

ç ÷

å õ
= + - - +æ ö

-ç ÷

ä ä

ä ä  (3.6.23)  

ɐɗɫ ( )G x  ɛɚɗɟɣɌɑɘ ɝɗɑɐɟɪɥɑɑ ɎɧɜɌɒɑəɔɑ 

22
( )

(1 )(1 )

x x
G x w

wx x

-
= Ö

- -
, (3.6.24)  

Ȼɚɝɖɚɗɨɖɟ 

1 1 1
,

(1 )(1 ) 1 1 1

w

wx x w x wx

å õ
= -æ ö

- - - - -ç ÷
 (3.6.25)  

ȻɜɚɔɓɎɚɐɫɥɟɪ ɠɟəɖɢɔɪ ɘɚɒəɚ ɓɌɛɔɝɌɞɨ ɣɑɜɑɓ ɝɟɘɘɟ 

ɐɜɚɍɑɕ 

2 22 2
(x) ,

1 1 1 1 1

w x x wx x
G

w x x wx wx

å õ
= - - +æ ö
- - - - -ç ÷

 (3.6.26)  

ɖɌɒɐɌɫ ɔɓ ɖɚɞɚɜɧɡ ɘɚɒɑɞ ɍɧɞɨ, Ɏ ɝɎɚɪ ɚɣɑɜɑɐɨ, ɓɌɛɔɝɌəɌ Ɏ 

Ɏɔɐɑ ɝɟɘɘɧ: 

1

0 0 1

,
1

n n n

n n n

x
x x x x

x

¤ ¤ ¤
+

= = =

= = =
-
ä ä ä  (3.6.27)  
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1

,
1

n n

n

x
w x

wx

a ¤

=

=
-
ä  (3.6.28)  

 

( )
2

2 2 2

0

2 3

1

1 ...
1

... ,

n

n

n

n

x
x x x x x

x

x x x x x x

¤

=

¤

=

= = + + + =
-

= + + + - = -

ä

ä

 (3.6.29)  

 

2

1

1
,

1

n n

n

wx
w x x

wx w

¤

=

= -
-

ä  (3.6.30)  

ɛɚɐɝɞɌɎɗɫɫ ɖɚɞɚɜɧɑ Ɏ ɎɧɜɌɒɑəɔɑ ɐɗɫ ( )G x  (ɝɎɚɍɚɐəɧɑ çxè 

ɛɚɫɎɗɫɪɥɔɑɝɫ əɌ ɘɑɝɞɑ Ɏɞɚɜɚɏɚ ɔ ɣɑɞɎɑɜɞɚɏɚ ɝɗɌɏɌɑɘɚɏɚ 

ɝɚɖɜɌɥɌɪɞɝɫ) əɌɡɚɐɔɘ: 

1

2
( ) 1 ,

1

k n

n

w w
G x w x

w w

¤

=

-å õ
= -æ ö
- ç ÷
ä  (3.6.31)  

ɚɞɖɟɐɌ ɔ ɝɗɑɐɟɑɞ ɎɧɜɌɒɑəɔɑ ɐɗɫ nN . 

ȻɜɔɎɑɐɑəəɧɑ ɛɜɔɘɑɜɧ ɛɚɖɌɓɧɎɌɪɞ, ɣɞɚ ɓɌɐɌɣɌ 

ɛɚɗɟɣɑəɔɫ ɫɎəɚɕ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ əɚɘɑɜɌ ɤɌɏɌ ɔɓ 

ɔɞɑɜɌɢɔɚəəɚɏɚ ɝɚɚɞəɚɤɑəɔɫ ɣɑɘ-ɞɚ ɛɚɡɚɒɌ əɌ ɤɔɠɜɚɎɖɟ-

ɐɑɤɔɠɜɚɎɖɟ ð ɜɌɓɏɌɐɌɞɨ ɝɗɚɒəɚ, ɓɌɤɔɠɜɚɎɌɞɨ ɛɜɚɝɞɚ. 

ȰɑɕɝɞɎɔɞɑɗɨəɚ ɔɘɑɫ ɫɎəɚɑ ɎɧɜɌɒɑəɔɑ, əɌɛɜɔɘɑɜ 

2

1 1

n

n

w w
N w

w w

-å õ
= +æ ö

- -ç ÷
 ɚɣɑəɨ ɛɜɚɝɞɚ ɟɍɑɐɔɞɝɫ, ɣɞɚ ɚəɚ 

ɟɐɚɎɗɑɞɎɚɜɫɑɞ ɔɞɑɜɌɢɔɚəəɚɘɟ ɝɚɚɞəɚɤɑəɔɪ 1n nN wN w-= -. 

ȺɍɜɌɞəɌɫ ɓɌɐɌɣɌ əɌɘəɚɏɚ ɝɗɚɒəɑɑ ɔ ɓɐɑɝɨ ɘɑɞɚɐ 

ɛɜɚɔɓɎɚɐɫɥɔɡ ɠɟəɖɢɔɕ ɛɜɔəɚɝɔɞ ɚɏɜɚɘəɟɪ ɛɚɗɨɓɟ. Ⱦɑɘ əɑ 

ɘɑəɑɑ, ɛɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɩɞɚɏɚ ɘɑɞɚɐɌ, əɑɞ ɣɑɞɖɚɏɚ 

ɌɗɏɚɜɔɞɘɌ. Ƀɞɚ əɌɐɚ ɐɑɗɌɞɨ ð ɟɘəɚɒɌɞɨ əɌ 
2,  ,  ...x x , ɐɑɗɔɞɨ, 

ɜɌɓɍɔɎɌɞɨ ɜɫɐ əɌ ɣɌɝɞɔ ɔ ɞ. ɛ. Ȯ ɖɌɒɐɚɕ ɖɚəɖɜɑɞəɚɕ ɓɌɐɌɣɔ 
ɝɎɚɑ ɐɑɕɝɞɎɔɑ. ȺɐəɌɖɚ, Ɏ ɚɍɥɑɘ (əɑ ɛɚɗəɚɝɞɨɪ ɖɚəɖɜɑɞəɚɘ) 

ɚɛɔɝɌəɔɔ ɐɑɕɝɞɎɔɕ ɛɜɔɝɟɞɝɞɎɟɑɞ əɑɝɖɚɗɨɖɚ ɫɝəɧɡ, 
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ɛɚɝɗɑɐɚɎɌɞɑɗɨəɧɡ ɤɌɏɚɎ, ɛɑɜɎɧɕ ð ɛɑɜɑɛɔɝɌɞɨ 
(ɛɜɑɚɍɜɌɓɚɎɌɞɨ) ɛɜɚɔɓɎɚɐɫɥɟɪ ɠɟəɖɢɔɪ, ɝ ɟɣɑɞɚɘ ɓɌɐɌəəɚɏɚ 

ɔɞɑɜɌɢɔɚəəɚɏɚ ɝɚɚɞəɚɤɑəɔɫ ɞɌɖ, ɣɞɚ ɍɧ ɛɚɗɟɣɔɞɨ ɟɜɌɎəɑəɔɑ 

ɐɗɫ ɛɜɚɔɓɎɚɐɫɥɔɕ ɠɟəɖɢɔɔ ɚɞəɚɝɔɞɑɗɨəɚ ɎɎɑɐɑəəɚɕ 

ɠɚɜɘɌɗɨəɚɕ ɛɑɜɑɘɑəəɚɕ. Ȼɚɝɗɑ ɜɑɤɑəɔɫ ɩɞɚɏɚ ɟɜɌɎəɑəɔɫ 

ɛɚɗɟɣɑəəɟɪ ɠɟəɖɢɔɪ ɚɞ x  əɑɚɍɡɚɐɔɘɚ ɜɌɓɗɚɒɔɞɨ Ɏ ɜɫɐ, 

ɎɧɛɔɝɌɎ Ɏ ɫɎəɚɘ ɘɌɞɑɘɌɞɔɣɑɝɖɚɘ Ɏɔɐɑ ɖɚɩɠɠɔɢɔɑəɞɧ 

ɜɌɓɗɚɒɑəɔɫ ɛɜɔ ɝɞɑɛɑəɫɡ ɠɚɜɘɌɗɨəɚɕ ɛɑɜɑɘɑəəɚɕ, ɣɞɚ ɔ 

ɐɌɑɞ ɜɑɤɑəɔɑ. 

Ȯ əɑɖɚɞɚɜɧɡ ɝɗɟɣɌɫɡ ɞɌɖɚɕ ɛɟɞɨ ɐɚɎɚɗɨəɚ ɏɜɚɘɚɓɐɚɖ. 

ȳɐɑɝɨ əɌ ɛɚɘɚɥɨ ɘɚɏɟɞ ɛɜɔɕɞɔ ɛɜɚɔɓɎɚɐɫɥɔɑ ɠɟəɖɢɔɔ 
ɐɜɟɏɚɏɚ ɞɔɛɌ. ȱɝɗɔ ɐɚ ɝɔɡ ɛɚɜ ɛɚɐ ɛɜɚɔɓɎɚɐɫɥɑɕ ɠɟəɖɢɔɑɕ 

ɛɚəɔɘɌɗɝɫ ɝɞɑɛɑəəɚɕ ɜɫɐ 

( ) ,n

nG x a x=ä  (3.6.32)  

ɞɚ ɖɌɖ ɚɖɌɓɧɎɌɑɞɝɫ, ɔəɚɏɐɌ ɟɐɚɍəɑɑ ɎɚɝɛɚɗɨɓɚɎɌɞɨɝɫ 

ɛɜɚɔɓɎɚɐɫɥɑɕ ɠɟəɖɢɔɑɕ Ȱɔɜɔɡɗɑ, ɚɝəɚɎɌəəɚɕ əɌ ɐɓɑɞɌ 

ɠɟəɖɢɔɔ ȼɔɘɌəɌ 
1 1

( ) 1 ...
2 3x x

xz = + + +  

1

1

( ) ... ,
1 2

n

x x x
n

aa a
G x

n

¤

=

= + + =ä  (3.6.33)  

ɔɗɔ əɌ ɩɖɝɛɚəɑəɢɔɌɗɨəɚɕ ɛɜɚɔɓɎɚɐɫɥɑɕ ɠɟəɖɢɔɔ 

( ) .
!

n

n

n

x
G x a

n
=ä  (3.6.34)  

Ȯ ɓɌɖɗɪɣɑəɔɔ ɓɌɘɑɞɔɘ, ɣɞɚ ɝɟɥɑɝɞɎɟɪɞ ɞɌɖ ɒɑ 

ɛɜɚɔɓɎɚɐɫɥɔɑ ɠɟəɖɢɔɔ əɑɝɖɚɗɨɖɔɡ ɛɑɜɑɘɑəəɧɡ. 

3. 7. ȰɑɗɨɞɌ-ɠɟəɖɢɔɫ ȰɔɜɌɖɌ 

-ɠɟəɖɢɔɫ) ɍɧɗɌ ɎɎɑɐɑəɌ Ɍəɏɗɔɕɝɖɔɘ 
ɠɔɓɔɖɚɘ Ȼ. Ȭ. ȸ. ȰɔɜɌɖɚɘ çɛɚ əɑɚɍɡɚɐɔɘɚɝɞɔè, ɖɚɏɐɌ ɚə 

ɝɚɓɐɌɎɌɗ ɘɌɞɑɘɌɞɔɣɑɝɖɔɕ ɌɛɛɌɜɌɞ ɖɎɌəɞɚɎɚɕ ɘɑɡɌəɔɖɔ. 

ȸɌɞɑɘɌɞɔɖɔ əɑɖɚɞɚɜɚɑ Ɏɜɑɘɫ çəɑ ɛɜɔɓəɌɎɌɗɔè ɑɑ, ɛɚɝɗɑ ɣɑɏɚ 

ɝɚɓɐɌɗɔ ɞɑɚɜɔɪ ɚɍɚɍɥɑəəɧɡ ɠɟəɖɢɔɕ, ɣɌɝɞəɧɘ ɝɗɟɣɌɑɘ 

-ɠɟəɖɢɔɫ. 
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ȽɚɏɗɌɝə -ɠɟəɖɢɔɫ ɜɌɎəɌ 
əɟɗɪ Ɏɝɪɐɟ ɖɜɚɘɑ ɚɐəɚɕ ɞɚɣɖɔ, əɚ ɛɜɔ ɩɞɚɘ ɛɗɚɥɌɐɨ 

ɚɡɎɌɞɧɎɌɑɘɌɫ ɩɞɚɕ ɠɟəɖɢɔɑɕ ɜɌɎəɌ ɑɐɔəɔɢɑ: 

0,  0
( ) ,  ( ) 1.

,  0

x
x x dx

x
d d

+¤

-¤

¸ë
= =ì
¤ =í

ñ  (3.7.1)  

ɉɞɔ ɛɜɚɞɔɎɚɜɑɣɔɎɧɑ 

ɞɜɑɍɚɎɌəɔɫ əɑ ɘɚɏɟɞ ɍɧɞɨ 

ɟɐɚɎɗɑɞɎɚɜɑəɧ ɠɟəɖɢɔɑɕ 
çɚɍɧɣəɚɏɚè ɞɔɛɌ. 

ȹɌ ɝɌɘɚɘ ɐɑɗɑ, ɖɌɖ 

ɐɔɠɠɑɜɑəɢɔɌɗ dx əɑ ɑɝɞɨ ɣɔɝɗɚ 

(ɜɌɎəɚɑ əɟɗɪ), Ɍ ɝɗɚɎɚɝɚɣɑɞɌəɔɑ çɍɑɝɖɚəɑɣəɚ-ɘɌɗɌɫ ɎɑɗɔɣɔəɌè 

ɞɜɟɐəɚ ɛɚəɔɘɌɑɘɚ ɖɌɣɑɝɞɎɑəəɚ, ɛɜɌɎɔɗɨəɚ ɛɚəɔɘɌɞɨ dx əɑ 

-ɠɟəɖɢɔɪ 

ɛɜɌɎɔɗɨəɚ ɛɚəɔɘɌɞɨ ɖɌɖ ɛɜɑɐɑɗ (ɛɜɚɢɑɝɝ). ȹɌ ɜɔɝ. 3.7. 1 ɔ 

3.7. 2 ɔɓɚɍɜɌɒɑəɚ əɑɝɖɚɗɨɖɚ ɠɟəɖɢɔɕ (ɓɌɎɔɝɫɥɔɡ ɚɞ 

-ɠɟəɖɢɔɫ. ȾɌɖɔɡ 

ɠɟəɖɢɔɕ ɍɑɝɖɚəɑɣəɚ ɘəɚɏɚ ð ɖɌɒɐɧɕ ɘɚɒɑɞ ɎɧɍɜɌɞɨ ɝɎɚɪ. 

-ɠɟəɖɢɔɫ ɚɍɗɌɐɌɑɞ ɘəɚɏɔɘɔ ɛɚɗɑɓəɧɘɔ ɝɎɚɕɝɞɎɌɘɔ, 

ɫɎɗɫɫɝɨ, Ɏ ɣɌɝɞəɚɝɞɔ, ɖɚəɞɔəɟɌɗɨəɧɘ ɌəɌɗɚɏɚɘ ɝɔɘɎɚɗ 

ȶɜɚəɑɖɑɜɌ ikd  

0 0( ) ( ) ( ).f x x x dx f x

+¤

-¤

- =ñ d  (3.7. 2) 

ɝɜɌɎəɔɞɑ ɝ 

i ik k

i

f f=ä d . (3.7. 3) 

ȱɥɑ ɚɐəɚ ɟɐɔɎɔɞɑɗɨəɚɑ ɝɚɚɞəɚɤɑəɔɑ ɟɖɌɓɧɎɌɑɞ ɖɌɖ 

ɘɚɒəɚ ɛɜɚɐɔɠɠɑɜɑəɢɔɜɚɎɌɞɨ ɛɜɚɔəɞɑɏɜɔɜɚɎɌɎ: 

' '

0 0( ) ( ) ( ),f x x x dx f xd
+¤

-¤

- =ñ  (3.7. 4) 

ɏɐɑ 
'd ð ɛɜɚɔɓɎɚɐəɌɫ -dɠɟəɖɢɔɔ. 

 

 

ȳɑɗɨɐɚɎɔɣ ɋ.ȭ. ȮɧɝɤɌɫ 

ɘɌɞɑɘɌɞɔɖɌ ɐɗɫ 
əɌɣɔəɌɪɥɔɡ ɠɔɓɔɖɚɎ ɔ 
ɞɑɡəɔɖɚɎ. ðȸ.: ȹɌɟɖɌ, 
1982.  



 149 
 

 
Ɍ) 

 
ɍ) 

ȼɔɝ. 3.7. 1 ð ȰɎɌ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɧɡ -

ɠɟəɖɢɔɔ ȰɔɜɌɖɌ. ȴɓɚɍɜɌɒɑəɌ ɠɟəɖɢɔɫ 
1 sin( )

( , )
x

R x
x

w
w

p
= , 

Ɍ) 10w= , ɍ) 20w=  

 

 
Ɍ) 

 
ɍ) 

ȼɔɝ. 3.7.2 ð ȰɎɑ ɠɟəɖɢɔɔ, ɖɚɞɚɜɧɑ Ɏ ɛɜɑɐɑɗɑ a­¤ 

-ɠɟəɖɢɔɔ: 

Ɍ)  
2 2 3 2

( , )
2(1 )

a
R x a

a x
=

+
, ɍ) 

2 2
( , )

(1 )

a
R x a

a xp
=

+
. 

-
ɠɟəɖɢɔɔ: 

( ) ( ),

x

x dx xd q
-¤

=ñ  (3.7. 5) 

ɏɐɑ ( )xq  ð ɠɟəɖɢɔɫ ɁɑɎɔɝɌɕɐɌ, 
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0,  0
( ) ,

1,  0

x
x

x
q

<ë
=ì

>í
 (3.7. 6) 

ɝɞɟɛɑəɨɖɌ, ɝ ɜɌɓɜɧɎɚɘ Ɏ ɞɚɣɖɑ 0x= . 

3. 8. ɀɌɓɚɎɧɑ ɛɑɜɑɡɚɐɧ  

Ȱɗɫ ɞɚɏɚ ɣɞɚɍɧ ɏɚɎɚɜɔɞɨ ɚ 

ɠɌɓɚɎɧɡ ɛɑɜɑɡɚɐɌɡ, əɑɚɍɡɚɐɔɘɚ 
ɚɛɜɑɐɑɗɔɞɨ, ɣɞɚ ɞɌɖɚɑ ɠɌɓɧ. Ȼɚəɫɞɔɑ 

ɠɌɓ ɎɝɞɜɑɣɌɑɞɝɫ Ɏɚ ɘəɚɒɑɝɞɎɑ ɫɎɗɑəɔɕ, 

ɛɚɩɞɚɘɟ  Ɏɘɑɝɞɚ ɞɚɏɚ, ɣɞɚɍɧ ɐɌɎɌɞɨ 

ɚɍɥɑɑ ɚɛɜɑɐɑɗɑəɔɑ (ɣɑɘ ɚəɚ ɍɚɗɑɑ 

ɚɍɥɑɑ, ɞɑɘ ɚəɚ, ɖɌɖ ɔ ɛɚɗɚɒɑəɚ, ɍɚɗɑɑ 
ɌɍɝɞɜɌɖɞəɚɑ ɔ əɑəɌɏɗɫɐəɚɑ), ɛɜɔɎɑɐɑɘ 

əɑɝɖɚɗɨɖɚ ɛɜɔɘɑɜɚɎ.     

ȮəɌɣɌɗɑ ɛɜɔɘɑɜ ɔɡ ɠɔɓɔɖɔ. Ȱɗɫ 

ɚɍɧɣəɚɕ, əɌɔɍɚɗɑɑ ɣɌɝɞɚ ɎɝɞɜɑɣɌɑɘɚɕ Ɏ 

əɌɤɑɕ ɒɔɓəɔ ɒɔɐɖɚɝɞɔ ð Ɏɚɐɧ 

ɔɓɎɑɝɞəɚ ɞɜɔ ɠɌɓɧ: ɒɔɐɖɌɫ, ɞɎɑɜɐɌɫ 
(ɗɑɐ) ɔ ɏɌɓɚɚɍɜɌɓəɌɫ (ɛɌɜ). ȶɌɒɐɌɫ ɔɓ 

əɔɡ ɡɌɜɌɖɞɑɜɔɓɟɑɞɝɫ ɝɎɚɔɘɔ ɓəɌɣɑəɔɫɘɔ ɛɌɜɌɘɑɞɜɚɎ. 

ȽɟɥɑɝɞɎɑəəɚ ɞɚ, ɣɞɚ ɛɜɔ ɔɓɘɑəɑəɔɔ Ɏəɑɤəɔɡ ɟɝɗɚɎɔɕ ɚɐəɌ 

ɠɌɓɌ (ɗɑɐ) ɛɑɜɑɡɚɐɔɞ Ɏ ɐɜɟɏɟɪ (ɒɔɐɖɚɝɞɨ). ȱɥɑ ɚɐɔə 

ɗɪɍɔɘɧɕ ɚɍɦɑɖɞ ɞɑɚɜɑɞɔɖɚɎ ð ɠɑɜɜɚɘɌɏəɑɞɔɖ (ɒɑɗɑɓɚ, əɔɖɑɗɨ 
ɔ ɘəɚɒɑɝɞɎɚ ɐɜɟɏɔɡ ɣɔɝɞɧɡ ɘɑɞɌɗɗɚɎ ɔ ɝɛɗɌɎɚɎ). Ȼɜɔ əɔɓɖɔɡ 

ɞɑɘɛɑɜɌɞɟɜɌɡ (ɐɗɫ əɔɖɑɗɫ əɔɒɑ 0360
c

T C) ɚɍɜɌɓɑɢ ɔɓ əɔɖɑɗɫ 

ɫɎɗɫɑɞɝɫ ɠɑɜɜɚɘɌɏəɑɞɔɖɚɘ, ɛɜɔ ɝəɫɞɔɔ Ɏəɑɤəɑɏɚ ɘɌɏəɔɞəɚɏɚ 

ɛɚɗɫ ɚə ɚɝɞɌɑɞɝɫ əɌɘɌɏəɔɣɑəəɧɘ, ɞ.ɑ. ɘɚɒɑɞ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ 

ɖɌɖ ɛɚɝɞɚɫəəɧɕ ɘɌɏəɔɞ. Ȼɜɔ ɞɑɘɛɑɜɌɞɟɜɑ Ɏɧɤɑ 
c

T  ɩɞɚ 

ɝɎɚɕɝɞɎɚ ɞɑɜɫɑɞɝɫ, ɛɜɔ Ɏɧɖɗɪɣɑəɔɔ Ɏəɑɤəɑɏɚ ɘɌɏəɔɞəɚɏɚ 

ɛɚɗɫ ɚə ɛɑɜɑɡɚɐɔɞ Ɏ ɛɌɜɌɘɌɏəɔɞəɚɑ ɝɚɝɞɚɫəɔɑ ɔ əɑ ɫɎɗɫɑɞɝɫ 

ɛɚɝɞɚɫəəɧɘ ɘɌɏəɔɞɚɘ. Ȼɜɔ ɔɓɘɑəɑəɔɔ ɞɑɘɛɑɜɌɞɟɜɧ 

ɛɜɚɔɝɡɚɐɔɞ ɛɑɜɑɡɚɐ ð ɠɌɓɚɎɧɕ ɛɑɜɑɡɚɐ ð ɔɓ ɚɐəɚɕ ɠɌɓɧ Ɏ 
ɐɜɟɏɟɪ.  

ȻɜɔɎɑɐɑɘ ɑɥɑ ɚɐɔə ɏɑɚɘɑɞɜɔɣɑɝɖɔɕ ɛɜɔɘɑɜ ɔɓ ɞɑɚɜɔɔ 

ɛɑɜɖɚɗɫɢɔɔ. ȽɗɟɣɌɕəɚ ɎɧɜɑɓɌɫ ɔɓ ɝɑɞɖɔ ɝɎɫɓɔ, Ɏ ɖɚəɢɑ 

ɖɚəɢɚɎ, ɖɚɏɐɌ ɖɚəɢɑəɞɜɌɢɔɫ ɚɝɞɌɎɤɔɡɝɫ ɝɎɫɓɑɕ ð p  ɝɞɌəɑɞ 

ɘɑəɨɤɑ əɑɖɚɞɚɜɚɏɚ ɓəɌɣɑəɔɫ cp , ɛɚ ɜɑɤɑɞɖɑ ɟɒɑ əɑɗɨɓɫ 

 

 

ȷɑɎ ȰɌɎɔɐɚɎɔɣ 
ȷɌəɐɌɟ (1908-1968)  
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ɍɟɐɑɞ ɛɜɚɕɞɔ çɔɓ ɚɐəɚɏɚ  ɖɚəɢɌ Ɏ ɐɜɟɏɚɕè. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, 
ɝɑɞɖɌ ɔɓ ɝɚɝɞɚɫəɔɫ ɛɜɚɞɑɖɌəɔɫ - ɠɌɓɌ çɛɜɚɞɑɖɌəɔɫè, ɛɑɜɑɕɐɑɞ 

Ɏ ɝɚɝɞɚɫəɔɑ ɠɌɓɧ çəɑɛɜɚɞɑɖɌəɔɫè. 

ȴɓ ɩɞɔɡ ɛɜɔɘɑɜɚɎ ɫɝəɚ, ɣɞɚ ɐɗɫ ɖɌɒɐɚɕ ɔɓ 

ɜɌɝɝɘɚɞɜɑəəɧɡ ɝɔɝɞɑɘ ɝɟɥɑɝɞɎɟɑɞ ɞɌɖ əɌɓɧɎɌɑɘɧɕ ɛɌɜɌɘɑɞɜ 

ɛɚɜɫɐɖɌ, ɚɛɜɑɐɑɗɫɪɥɔɕ Ɏ ɖɌɖɚɕ ɔɓ ɠɌɓ əɌɡɚɐɔɞɝɫ ɝɔɝɞɑɘɌ. Ȯ 
ɠɑɜɜɚɘɌɏəɑɞɔɓɘɑ ɛɌɜɌɘɑɞɜ ɛɚɜɫɐɖɌ ð əɌɘɌɏəɔɣɑəəɚɝɞɨ Ɏ 

əɟɗɑɎɚɘ Ɏəɑɤəɑɘ ɛɚɗɑ, Ɏ ɞɑɚɜɔɔ ɛɑɜɖɚɗɫɢɔɔ ð ɝɎɫɓəɚɝɞɨ 

ɝɑɞɖɔ, ɔɗɔ, əɌɛɜɔɘɑɜ, ɑɑ ɛɜɚɎɚɐɔɘɚɝɞɨ ɔɗɔ ɛɗɚɞəɚɝɞɨ 

ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ.  

ɀɌɓɚɎɧɑ ɛɑɜɑɡɚɐɧ ɍɧɎɌɪɞ ɜɌɓəɚɏɚ ɜɚɐɌ. ɀɌɓɚɎɧɕ 

ɛɑɜɑɡɚɐɧ I ɜɚɐɌ - ɩɞɚ ɞɌɖɚɕ ɛɑɜɑɡɚɐ, ɖɚɏɐɌ Ɏ ɝɔɝɞɑɘɑ ɘɚɒɑɞ 
ɚɐəɚɎɜɑɘɑəəɚ ɝɟɥɑɝɞɎɚɎɌɞɨ əɑɝɖɚɗɨɖɚ ɠɌɓ. ȹɌɛɜɔɘɑɜ, ɛɜɔ 

ɞɑɘɛɑɜɌɞɟɜɑ 0 C  ɗɑɐ ɛɗɌɎɌɑɞ Ɏ Ɏɚɐɑ. ȱɝɗɔ ɝɔɝɞɑɘɌ 

əɌɡɚɐɔɞɝɫ Ɏ ɞɑɜɘɚɐɔəɌɘɔɣɑɝɖɚɘ ɜɌɎəɚɎɑɝɔɔ (əɑɞ ɛɚɐɎɚɐɌ ɔ 
ɚɞɎɚɐɌ ɞɑɛɗɌ), ɞɚ ɗɑɐ əɑ ɞɌɑɞ ɔ əɑ əɌɜɌɝɞɌɑɞ. Ȱɗɫ ɠɌɓɚɎɧɡ 

ɛɑɜɑɡɚɐɚɎ II  ɜɚɐɌ ɝɟɥɑɝɞɎɚɎɌəɔɑ ɚɐəɚɎɜɑɘɑəəɚ əɑɝɖɚɗɨɖɔɡ 

ɠɌɓ əɑɎɚɓɘɚɒəɚ. ȶɟɝɚɣɑɖ əɔɖɑɗɫ ɗɔɍɚ əɌɡɚɐɔɞɝɫ Ɏ 

ɛɌɜɌɘɌɏəɔɞəɚɘ ɝɚɝɞɚɫəɔɔ, ɗɔɍɚ Ɏ ɠɑɜɜɚɘɌɏəɔɞəɚɘ. ȽɑɞɖɌ ɝɚ 

ɝɗɟɣɌɕəɚ ɎɧɜɑɓɌəəɧɘɔ ɝɎɫɓɫɘɔ ɗɔɍɚ ɝɎɫɓəɌ, ɗɔɍɚ əɑɞ. 

ȼɑɤɌɪɥɔɘ Ɏ ɝɚɓɐɌəɔɔ ɞɑɚɜɔɔ ɠɌɓɚɎɧɡ ɛɑɜɑɡɚɐɚɎ II  

ɜɚɐɌ, əɌɣɌɗɚ ɖɚɞɚɜɚɕ ɛɚɗɚɒɔɗ ȷ.Ȱ. ȷɌəɐɌɟ, ɍɧɗɚ ɎɎɑɐɑəɔɑ 

ɛɌɜɌɘɑɞɜɌ ɛɚɜɫɐɖɌ (ɍɟɐɑɘ ɚɍɚɓəɌɣɌɞɨ ɑɏɚ ) ɖɌɖ 

ɚɞɗɔɣɔɞɑɗɨəɚɏɚ ɛɜɔɓəɌɖɌ ɠɌɓɧ ɝɔɝɞɑɘɧ. Ȯ ɚɐəɚɕ ɔɓ ɠɌɓ, 

əɌɛɜɔɘɑɜ, ɛɌɜɌɘɌɏəɔɞəɚɕ, 0, Ɍ Ɏ ɐɜɟɏɚɕ, 

ɠɑɜɜɚɘɌɏəɔɞəɚɕ, 0. Ȱɗɫ ɘɌɏəɔɞəɧɡ ɫɎɗɑəɔɕ ɛɌɜɌɘɑɞɜ 

ɛɚɜɫɐɖɌ  ð ɩɞɚ əɌɘɌɏəɔɣɑəəɚɝɞɨ ɝɔɝɞɑɘɧ. 

Ȱɗɫ ɚɛɔɝɌəɔɫ ɠɌɓɚɎɧɡ ɛɑɜɑɡɚɐɚɎ ɎɎɚɐɔɞɝɫ əɑɖɚɞɚɜɌɫ 

ɠɟəɖɢɔɫ ɛɌɜɌɘɑɞɜɚɎ, ɚɛɜɑɐɑɗɫɪɥɔɡ ɝɚɝɞɚɫəɔɑ ɝɔɝɞɑɘɧ ð 

( , ,...)G T . Ȯ ɠɔɓɔɣɑɝɖɔɡ ɝɔɝɞɑɘɌɡ ɩɞɚ ɩəɑɜɏɔɫ ȯɔɍɍɝɌ. Ȯ 

ɖɌɒɐɚɘ ɫɎɗɑəɔɔ (ɛɑɜɖɚɗɫɢɔɫ, ɝɑɞɨ çɘɌɗɧɡ ɘɔɜɚɎè ɔ ɞ.ɐ.) ɩɞɌ 

ɠɟəɖɢɔɫ ɚɛɜɑɐɑɗɫɞɝɫ çɝɌɘɚɝɞɚɫɞɑɗɨəɚè. ȯɗɌɎəɚɑ ɝɎɚɕɝɞɎɚ 

ɩɞɚɕ ɠɟəɖɢɔɔ, ɛɑɜɎɚɑ ɛɜɑɐɛɚɗɚɒɑəɔɑ ȷ.Ȱ. ȷɌəɐɌɟ ð Ɏ 

ɝɚɝɞɚɫəɔɔ ɜɌɎəɚɎɑɝɔɫ ɩɞɌ ɠɟəɖɢɔɫ ɛɜɔəɔɘɌɑɞ ɘɔəɔɘɌɗɨəɚɑ 
ɓəɌɣɑəɔɑ:
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2

2
0, 0.

G G

 

(3.8.1)  

Ȯ ɠɔɓɔɣɑɝɖɔɡ ɝɔɝɞɑɘɌɡ ɏɚɎɚɜɫɞ ɚ ɞɑɜɘɚɐɔəɌɘɔɣɑɝɖɚɘ 

ɜɌɎəɚɎɑɝɔɔ, Ɏ ɞɑɚɜɔɔ ɝɗɚɒəɧɡ ɢɑɛɑɕ ɘɚɒəɚ ɏɚɎɚɜɔɞɨ ɚɍ 

ɟɝɞɚɕɣɔɎɚɝɞɔ. ȳɌɘɑɞɔɘ, ɣɞɚ ɟɝɗɚɎɔɑ ɘɔəɔɘɌɗɨəɚɝɞɔ 
ɚɛɜɑɐɑɗɫɑɞɝɫ ɎɌɜɨɔɜɚɎɌəɔɑɘ ɛɌɜɌɘɑɞɜɌ ɛɚɜɫɐɖɌ. 

Ȯɞɚɜɚɑ ɛɜɑɐɛɚɗɚɒɑəɔɑ ȷ.Ȱ. ȷɌəɐɌɟ ð ɛɜɔ ɠɌɓɚɎɚɘ 

ɛɜɑɎɜɌɥɑəɔɔ 0. ȽɚɏɗɌɝəɚ ɩɞɚɘɟ ɛɜɑɐɛɚɗɚɒɑəɔɪ,  

ɠɟəɖɢɔɪ ( , ,...)G T  Ɏɍɗɔɓɔ ɞɚɣɖɔ ɠɌɓɚɎɚɏɚ ɛɑɜɑɡɚɐɌ  ɘɚɒəɚ 

ɜɌɓɗɚɒɔɞɨ Ɏ ɜɫɐ ɛɚ ɝɞɑɛɑəɫɘ ɛɌɜɌɘɑɞɜɌ ɛɚɜɫɐɖɌ : 

2 4

0
, ...G T G T A T B ,    (3.8.2)  

ɏɐɑ 0 Ɏ ɚɐəɚɕ ɠɌɓɑ (ɛɌɜɌɘɌɏəɔɞəɚɕ, ɑɝɗɔ ɜɑɣɨ ɔɐɑɞ ɚ 

ɘɌɏəɑɞɔɓɘɑ ɔ əɑɝɎɫɓəɚɕ, ɑɝɗɔ ɚ ɝɑɞɖɑ) ɔ 0 Ɏ ɐɜɟɏɚɕ 

(ɠɑɜɜɚɘɌɏəɔɞəɚɕ ɔɗɔ ɝɎɫɓəɚɕ). 

ȴɓ ɟɝɗɚɎɔɫ / 0G  əɌɡɚɐɔɘ: 

32 0A B ,                  (3.8.3)  

ɣɞɚ ɐɌɑɞ əɌɘ ɐɎɌ ɜɑɤɑəɔɫ 0 ɔ 
2 / 2 0.A B  

Ȱɗɫ cT T  ɐɚɗɒəɚ ɔɘɑɞɨ ɘɑɝɞɚ ɜɑɤɑəɔɑ 0, Ɍ ɐɗɫ 

cT T   ɜɑɤɑəɔɑ 0. ɉɞɚɘɟ ɘɚɒəɚ ɟɐɚɎɗɑɞɎɚɜɔɞɨ, ɑɝɗɔ ɐɗɫ 

ɝɗɟɣɌɫ cT T  ɔ 0 ɎɧɍɜɌɞɨ 0A> . Ȯ ɩɞɚɘ ɝɗɟɣɌɑ Ɏɞɚɜɚɏɚ 

ɖɚɜəɫ əɑ ɝɟɥɑɝɞɎɟɑɞ. Ȭ ɐɗɫ ɝɗɟɣɌɫ cT T  ɐɚɗɒəɚ ɔɘɑɞɨ ɘɑɝɞɚ 

Ɏɞɚɜɚɑ ɜɑɤɑəɔɑ, ɞ.ɑ. ɐɚɗɒəɚ Ɏɧɛɚɗəɫɞɨɝɫ  0A< . ȾɌɖɔɘ 

ɚɍɜɌɓɚɘ: 

0A>  ɛɜɔ cT T , 0A<  ɛɜɔ cT T , 

Ȯɞɚɜɚɑ ɛɜɑɐɛɚɗɚɒɑəɔɑ ȷɌəɐɌɟ ɞɜɑɍɟɑɞ Ɏɧɛɚɗəɑəɔɫ 

( ) 0cA T = . Ȼɜɚɝɞɑɕɤɔɕ Ɏɔɐ ɠɟəɖɢɔɔ ( )A T , ɟɐɚɎɗɑɞɎɚɜɫɪɥɔɕ 

ɩɞɔɘ ɞɜɑɍɚɎɌəɔɫɘ, ɑɝɞɨ 

c
A T T .                            (3.8.4)  

ȾɚɏɐɌ 
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2 / 2
c

A B T T ,                (3.8.5)  

ɚɞɖɟɐɌ 

c
T T , ɔɗɔ ~ ( )cT T , cT T , ɏɐɑ ð 1/ 2ð ɞɌɖ 

əɌɓɧɎɌɑɘɧɕ ɖɜɔɞɔɣɑɝɖɔɕ ɔəɐɑɖɝ,  Ɍ ɠɟəɖɢɔɫ ( , )G T  

ɛɜɔəɔɘɌɑɞ Ɏɔɐ: 

2 4

0
, ...

c
G T G T T T B   (3.8.6)  

ȹɌ ɜɔɝ. 3.8.1  ɔɓɚɍɜɌɒɑəɌ ɓɌɎɔɝɔɘɚɝɞɨ ( , )G T  ɐɗɫ 

cT T  ɔ cT T . 

 

ȼɔɝ. 3.8.1  ð ȯɜɌɠɔɖɔ ɠɟəɖɢɔɔ ɛɌɜɌɘɑɞɜɚɎ ( , )G T  

ɐɗɫ cT T  ɔ cT T  

ȶɌɣɑɝɞɎɑəəɌɫ ɓɌɎɔɝɔɘɚɝɞɨ 

ɛɌɜɌɘɑɞɜɚɎ ( , )G T  ͦͭ ͔ͨ͊ͪ͊ͣͭͪ͊ 

ɛɚɜɫɐɖɌ  ɔɓɚɍɜɌɒɑəɌ əɌ ɜɔɝ. 3.8.1 

( )0 0G = . ȳɌɎɔɝɔɘɚɝɞɨ ɛɌɜɌɘɑɞɜɌ 

ɛɚɜɫɐɖɌ ɚɞ ɞɑɘɛɑɜɌɞɟɜɧ 

ɛɜɑɐɝɞɌɎɗɑəɌ əɌ ɜɔɝ. 3.8.2. 

Ȯ ɍɚɗɑɑ ɛɜɚɐɎɔəɟɞɚɕ ɞɑɚɜɔɔ 

ɟɣɞɑəɚ, ɣɞɚ ɛɜɔ cT T>  ɛɌɜɌɘɑɞɜ 

ɛɚɜɫɐɖɌ , ɡɚɞɨ ɔ ɚɣɑəɨ ɘɌɗɑəɨɖɔɕ, əɚ əɑ ɜɌɎɑə ɞɚɣəɚ əɟɗɪ.  

Ȼɚɝɞɚə Ⱦ., 
ȽɞɪɌɜɞ ȴ.  
Ⱦɑɚɜɔɫ ɖɌɞɌɝɞɜɚɠ ɔ 
ɑɑ ɛɜɔɗɚɒɑəɔɫ. ð ȸ.: 
ȸɔɜ, 1980. 

 
ȯɔɗɘɚɜ ȼ. 
ȻɜɔɖɗɌɐəɌɫ ɞɑɚɜɔɫ 
ɖɌɞɌɝɞɜɚɠ. ð ȸ., 
ȸɔɜ, 1984. 
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Ȼɑɜɑɡɚɐ ɝɔɝɞɑɘɧ ɔɓ ɝɚɝɞɚɫəɔɫ ɝ 0h=  ɛɜɔ cT T>  Ɏ 

ɝɚɝɞɚɫəɔɑ ɝ 0h²  ɛɜɔ ɟɘɑəɨɤɑəɔɔ T ɔ ɐɚɝɞɔɒɑəɔɔ ɓəɌɣɑəɔɕ 

cT T¢ ɘɚɒəɚ ɛɚəɔɘɌɞɨ, ɖɌɖ ɛɚɞɑɜɪ ɟɝɞɚɕɣɔɎɚɝɞɔ  ɛɚɗɚɒɑəɔɫ 

0h=  ɛɜɔ cT T¢ .  ȹɑɐɌɎəɚ ɛɚɫɎɔɗɌɝɨ ɘɌɞɑɘɌɞɔɣɑɝɖɌɫ ɞɑɚɜɔɫ 

ɝɚ ɓɎɟɣəɧɘ əɌɓɎɌəɔɑɘ çȾɑɚɜɔɫ ȶɌɞɌɝɞɜɚɠè ɚɛɔɝɧɎɌɪɥɌɫ ɝ 

ɑɐɔəɚɕ ɞɚɣɖɔ ɓɜɑəɔɫ ɘəɚɒɑɝɞɎɚ ɜɌɓɗɔɣəɧɡ ɫɎɗɑəɔɕ. Ƚ ɞɚɣɖɔ 
ɓɜɑəɔɫ ɞɑɚɜɔɔ ɖɌɞɌɝɞɜɚɠ ð ɠɌɓɚɎɧɕ ɛɑɜɑɡɚɐ Ɏɞɚɜɚɏɚ ɜɚɐɌ 

ɩɞɚ çɖɌɞɌɝɞɜɚɠɌ ɝɍɚɜɖɔè. 

 

ȼɔɝ. 3.8.2 ð ȳɌɎɔɝɔɘɚɝɞɨ ɛɌɜɌɘɑɞɜɌ ɛɚɜɫɐɖɌ ɚɞ 

ɞɑɘɛɑɜɌɞɟɜɧ: ɛɜɔ cT T  ɔ Ɏɍɗɔɓɔ  cT  ɛɌɜɌɘɑɞɜ ɛɚɜɫɐɖɌ 

Ɏɑɐɑɞ ɝɑɍɫ ɖɌɖ ɝɞɑɛɑəəɌɫ ɠɟəɖɢɔɫ, Ɍ ɛɜɔ cT T   0 

3.9. ȶɗɑɞɚɣəɧɑ ɌɎɞɚɘɌɞɧ 
ȶɚəɢɑɛɢɔɫ ɖɗɑɞɚɣəɧɡ ɌɎɞɚɘɌɞɚɎ 

ɍɧɗɌ ɎɛɑɜɎɧɑ ɛɜɑɐɗɚɒɑəɌ ɍɚɗɨɤɑ 

ɛɚɗɝɞɚɗɑɞɔɫ ɞɚɘɟ əɌɓɌɐ Ȱɒ. ɀɚə 

ȹɑɕɘɌəɚɘ (J. Von  Neumann ) ɔ ɜɌɓɎɔɞɌ 

Ƚ. ȮɚɗɨɠɜɌɘɚɘ (S. Wolfram ) Ɏ 

ɠɟəɐɌɘɑəɞɌɗɨəɚɕ ɘɚəɚɏɜɌɠɔɔ òȹɚɎɧɕ 
Ɏɔɐ əɌɟɖɔó.  

ȶɗɑɞɚɣəɧɑ ɌɎɞɚɘɌɞɧ ɫɎɗɫɪɞɝɫ 

ɛɚɗɑɓəɧɘɔ ɐɔɝɖɜɑɞəɧɘɔ ɘɚɐɑɗɫɘɔ ɐɗɫ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɐɔəɌɘɔɣɑɝɖɔɡ ɝɔɝɞɑɘ. 

Ȱɔɝɖɜɑɞəɚɝɞɨ ɘɚɐɑɗɔ, Ɍ ɞɚɣəɑɑ, 

Ɏɚɓɘɚɒəɚɝɞɨ ɛɜɑɐɝɞɌɎɔɞɨ ɘɚɐɑɗɨ Ɏ ɐɔɝɖɜɑɞəɚɕ ɠɚɜɘɑ, ɘɚɒɑɞ 

 

Ȱɒ. ɀɚə. ȹɑɕɘɌə 
(1903 -1957)  
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ɝɣɔɞɌɞɨɝɫ ɎɌɒəɧɘ ɛɜɑɔɘɟɥɑɝɞɎɚɘ, ɛɚɝɖɚɗɨɖɟ ɚɞɖɜɧɎɌɑɞ 
ɤɔɜɚɖɔɑ Ɏɚɓɘɚɒəɚɝɞɔ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɖɚɘɛɨɪɞɑɜəɧɡ 

ɞɑɡəɚɗɚɏɔɕ. 

Ȼɜɚɐɚɗɒɔɞɑɗɨəɚɑ Ɏɜɑɘɫ 

ɖɗɑɞɚɣəɧɑ ɌɎɞɚɘɌɞɧ ɎɚɝɛɜɔəɔɘɌɗɔɝɨ 

ɖɌɖ ɓɌɍɌɎəɌɫ ɔɏɜɌ, ɖɚɞɚɜɌɫ əɑ ɔɘɑɑɞ 
ɛɜɌɖɞɔɣɑɝɖɚɕ ɢɑəəɚɝɞɔ. ȹɚ Ɏ 

ɛɚɝɗɑɐəɔɑ ɏɚɐɧ, Ɏ ɝɎɫɓɔ ɝ ɜɌɓɎɔɞɔɑɘ 

ɖɚɘɛɨɪɞɑɜəɧɡ ɞɑɡəɚɗɚɏɔɕ, ɚəɔ əɌɣɔəɌɪɞ ɍɧɝɞɜɚ Ɏɡɚɐɔɞɨ Ɏ 

ɌɜɝɑəɌɗ ɔəɝɞɜɟɘɑəɞɌɗɨəɧɡ ɝɜɑɐɝɞɎ, ɖɚɞɚɜɧɑ ɔɝɛɚɗɨɓɟɪɞɝɫ əɌ 

ɛɜɌɖɞɔɖɑ Ɏ ɜɌɓɗɔɣəɧɡ ɚɍɗɌɝɞɫɡ əɌɟɖɔ ɔ ɞɑɡəɔɖɔ.  

ȶɗɑɞɚɣəɧɕ ɌɎɞɚɘɌɞ ɛɜɑɐɝɞɌɎɗɫɑɞ 
ɝɚɍɚɕ ɐɔɝɖɜɑɞəɟɪ ɐɔəɌɘɔɣɑɝɖɟɪ 

ɝɔɝɞɑɘɟ, ɝɚɎɚɖɟɛəɚɝɞɨ ɚɐɔəɌɖɚɎɧɡ 

ɖɗɑɞɚɖ, ɚɐɔəɌɖɚɎɧɘ ɚɍɜɌɓɚɘ 

ɝɚɑɐɔəɑəəɧɡ ɘɑɒɐɟ ɝɚɍɚɕ. Ȯɝɑ ɖɗɑɞɖɔ 

ɚɍɜɌɓɟɪɞ ɝɑɞɨ (ɜɑɤɑɞɖɟ) ɖɗɑɞɚɣəɧɡ 

ɌɎɞɚɘɌɞɚɎ. Ƚɚɝɞɚɫəɔɑ ɖɌɒɐɚɕ ɖɗɑɞɖɔ 
ɚɛɜɑɐɑɗɫɪɞɝɫ  ɝɚɝɞɚɫəɔɑɘ ɖɗɑɞɚɖ, 

Ɏɡɚɐɫɥɔɡ Ɏ ɑɑ ɗɚɖɌɗɨəɟɪ ɚɖɜɑɝɞəɚɝɞɨ ɔ 

əɌɓɧɎɌɑɘɧɡ ɍɗɔɒɌɕɤɔɘɔ ɝɚɝɑɐɫɘɔ. 

Ⱥɖɜɑɝɞəɚɝɞɨɪ ɖɗɑɞɖɔ ɝ əɚɘɑɜɚɘ j   ð 

( )O j
 
əɌɓɧɎɌɑɞɝɫ ɘəɚɒɑɝɞɎɚ  ɑɏɚ 

ɍɗɔɒɌɕɤɔɡ ɝɚɝɑɐɑɕ.  Ƚɚɝɞɚɫəɔɑ j -ɕ 

ɖɗɑɞɖɔ Ɏ ɘɚɘɑəɞ Ɏɜɑɘɑəɔ 1t+
 

ɚɛɜɑɐɑɗɫɑɞɝɫ əɑɖɚɞɚɜɧɘ ɛɜɌɎɔɗɚɘ F , 

ɖɚɞɚɜɚɑ ɘɚɒəɚ ɎɧɜɌɓɔɞɨ, əɌɛɜɔɘɑɜ, 

ɫɓɧɖɚɘ ɍɟɗɑɎɚɕ Ɍɗɏɑɍɜɧ: 

( )( 1) , ( ),j jy t F y O j t+ = .                  (3.9.1)  

 

Ȯɚ ɘəɚɏɔɡ ɓɌɐɌɣɌɡ ɝɣɔɞɌɑɞɝɫ, ɣɞɚ 

ɝɌɘɌ ɖɗɑɞɖɌ ɚɞəɚɝɔɞɝɫ ɖ ɝɎɚɔɘ 

ɍɗɔɒɌɕɤɔɘ ɝɚɝɑɐɫɘ, ɞ.ɑ. ( )jy O jÍ , Ɏ 

ɩɞɚɘ ɝɗɟɣɌɑ ɠɚɜɘɟɗɌ ɟɛɜɚɥɌɑɞɝɫ: 

( )( 1) ( ),jy t F O j t+ = . ȶɗɑɞɚɣəɧɑ 

ɌɎɞɚɘɌɞɧ  ɟɐɚɎɗɑɞɎɚɜɫɪɞ ɞɌɖɔɘ 

ɛɜɌɎɔɗɌɘ: 

- ɔɓɘɑəɑəɔɑ ɓəɌɣɑəɔɕ Ɏɝɑɡ ɖɗɑɞɚɖ ɛɜɚɔɝɡɚɐɔɞ 

ɚɐəɚɎɜɑɘɑəəɚ (ɑɐɔəɔɢɌ ɔɓɘɑɜɑəɔɫ - ɞɌɖɞ); 

ȹɑɕɘɌə Ȱɒ. Ⱦɑɚɜɔɫ 
ɝɌɘɚɎɚð
ɝɛɜɚɔɓɎɚɐɫɥɔɡɝɫ 
ɌɎɞɚɘɌɞɚɎ. ð ȸ.: ȸɔɜ, 
1971. ð 382 ɝ. 

 
 

Ƚ. ȮɚɗɨɠɜɌɘ 
 

Wolfram S. A New 
Kind o f Science. ð
Champaign, IL: 
Wolfram Media Inc., 
2002.  
 
Wolfram S.  ed. Theory 
and Applications of 
Cellular Automats. ð 
Singapore: World 
Scientific. 1986.  

 
Ⱦɚɠɠɚɗɔ Ⱦ., 
ȸɌɜɏɚɗɟɝ ȹ. 
ȸɌɤɔəɧ ɖɗɑɞɚɣəɧɡ 
ɌɎɞɚɘɌɞɚɎ. ð ȸ.: 
ȸɔɜ, 1991.  
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- ɝɑɞɨ ɖɗɑɞɚɣəɧɡ ɌɎɞɚɘɌɞɚɎ ɚɐəɚɜɚɐəɌɫ, ɞ.ɑ. ɛɜɌɎɔɗɌ 
ɔɓɘɑəɑəɔɫ ɝɚɝɞɚɫəɔɕ ɐɗɫ Ɏɝɑɡ ɖɗɑɞɚɖ ɚɐɔəɌɖɚɎɧɑ; 

- əɌ ɖɗɑɞɖɟ ɘɚɏɟɞ ɛɚɎɗɔɫɞɨ ɗɔɤɨ ɖɗɑɞɖɔ ɔɓ ɑɑ ɗɚɖɌɗɨəɚɕ 

ɚɖɜɑɝɞəɚɝɞɔ; 

- ɘəɚɒɑɝɞɎɚ ɝɚɝɞɚɫəɔɕ ɖɗɑɞɖɔ ɖɚəɑɣəɚɑ. 

 
ȶɗɑɞɚɣəɧɑ ɌɎɞɚɘɌɞɧ ɘɚɏɟɞ ɔɘɑɞɨ 

ɗɪɍɟɪ ɜɌɓɘɑɜəɚɝɞɨ, ɚɐəɌɖɚ ɣɌɥɑ Ɏɝɑɏɚ 

ɜɌɝɝɘɌɞɜɔɎɌɪɞ ɚɐəɚɘɑɜəɧɑ ɔ 

ɐɎɟɘɑɜəɧɑ ɝɔɝɞɑɘɧ ɖɗɑɞɚɣəɧɡ 

ɌɎɞɚɘɌɞɚɎ. 

Ȯ ɝɗɟɣɌɑ ɐɎɟɘɑɜəɚɕ ɜɑɤɑɞɖɔ, 
ɩɗɑɘɑəɞɌɘɔ ɖɚɞɚɜɚɕ ɫɎɗɫɪɞɝɫ 

ɖɎɌɐɜɌɞɧ ɖɌɒɐɟɪ ɖɗɑɞɖɟ ɟɐɚɍəɚ 

ɓɌɐɌɎɌɞɨ ɐɎɟɘɫ ɔəɐɑɖɝɌɘɔ ð 
,i jy . 

ȭɗɔɒɌɕɤɔɘɔ ɝɚɝɑɐɫɘɔ, Ɏɡɚɐɫɥɔɘɔ Ɏ 

ɚɖɜɑɝɞəɚɝɞɨ ɩɗɑɘɑəɞɌ 
,i jy ,  ɫɎɗɫɪɞɝɫ 

ɖɗɑɞɖɔ, ɜɌɝɛɚɗɚɒɑəəɧɑ ɎɎɑɜɡ-Ɏəɔɓ ɔ 

ɎɗɑɎɚ-ɎɛɜɌɎɚ ɚɞ əɑɏɚ (ɞɌɖ əɌɓɧɎɌɑɘɌɫ 

ɚɖɜɑɝɞəɚɝɞɨ ɠɚə ȹɑɕɘɌəɌ: 

( ), 1, , 1 , , 1 1,( ) , , , ,N

i j i j i j i j i j i jO y y y y y y- - + += , ɘɚɒəɚ 

ɐɚɍɌɎɔɞɨ ɔ ɐɔɌɏɚəɌɗɨəɧɑ ɩɗɑɘɑəɞɧ ð 

ɚɖɜɑɝɞəɚɝɞɨ ȸɟɜɌ (G. Moore ): 
,( )M

i jO y =
 

( )1, 1 1, 1, 1 , 1 , , 1 1, 1 1, 1, 1, , , , , , , ,i j i j i j i j i j i j i j i j i jy y y y y y y y y- - - - + - + + - + + += .
 

Ȯ ɘɚɐɑɗɔ ȸɟɜɌ ɖɌɒɐɌɫ ɖɗɑɞɖɌ ɔɘɑɑɞ Ɏɚɝɑɘɨ ɝɚɝɑɐɑɕ. 

Ȱɗɫ ɟɝɞɜɌəɑəɔɫ ɖɜɌɑɎɧɡ ɩɠɠɑɖɞɚɎ ɜɑɤɑɞɖɌ ɞɚɛɚɗɚɏɔɣɑɝɖɔ  

çɝɎɚɜɌɣɔɎɌɑɞɝɫ Ɏ ɞɚɜè, ɞ.ɑ. ɛɑɜɎɌɫ ɝɞɜɚɖɌ ɝɣɔɞɌɑɞɝɫ 
ɛɜɚɐɚɗɒɑəɔɑɘ ɛɚɝɗɑɐəɑɕ, Ɍ ɛɚɝɗɑɐəɫɫ ð ɛɜɑɐɤɑɝɞɎɟɪɥɑɕ 

ɛɑɜɎɚɕ ð ɞɌɖ əɌɓɧɎɌɑɘɧɑ ɏɜɌəɔɣəɧɑ ɟɝɗɚɎɔɫ.  

ɉɞɚ ɛɚɓɎɚɗɫɑɞ ɚɛɜɑɐɑɗɫɞɨ ɚɍɥɑɑ ɝɚɚɞəɚɤɑəɔɑ ɓəɌɣɑəɔɫ 

ɖɗɑɞɖɔ əɌ ɤɌɏɑ 1t+  ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɤɌɏɚɘ t : 

, 1, 1 1, 1, 1 , 1

, , 1 1, 1 1, 1, 1

( 1) ( ( ), ( ), ( ), ( ),

( ), ( ), ( ), ( ), ( )).

i j i j i j i j i j

i j i j i j i j i j

y t y t y t y t y t

y t y t y t y t y t

- - - - + -

+ + - + + +

+ =
 (3.9.2)

 

ȼɌɝɝɘɚɞɜɔɘ ɚɐɔə ɔɓ ɛɜɔɘɑɜɚɎ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɖɗɑɞɚɣəɧɡ 

ɌɎɞɚɘɌɞɚɎ ð ɘɚɐɑɗɨ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ ɔəəɚɎɌɢɔɕ ɔ ɑɑ 
ɚɍɚɍɥɑəɔɑ ð ɘɚɐɑɗɨ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ əɚɎɚɝɞɑɕ. ȸɚɐɑɗɨ 

ɐɔɠɠɟɓɔɔ (ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ) ɔəəɚɎɌɢɔɕ ɠɟəɖɢɔɚəɔɜɟɑɞ ɛɚ 

Ⱥɖɜɑɝɞəɚɝɞɨ 

ȹɑɕɘɌəɌ: 

 
Ⱥɖɜɑɝɞəɚɝɞɨ ȸɟɜɌ 
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ɝɗɑɐɟɪɥɔɘ ɛɜɌɎɔɗɌɘ: ɖɌɒɐɧɕ ɔəɐɔɎɔɐ, ɖɚɞɚɜɧɕ ɝɛɚɝɚɍɑə 
ɛɜɔəɫɞɨ ɔəəɚɎɌɢɔɪ, ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɚɐəɚɕ ɖɎɌɐɜɌɞəɚɕ ɖɗɑɞɖɑ əɌ 

ɐɎɟɘɑɜəɚɕ ɛɗɚɝɖɚɝɞɔ.  

Ȼɜɔ ɩɞɚɘ: 1) ɖɌɒɐɌɫ ɖɗɑɞɖɌ ɘɚɒɑɞ 

əɌɡɚɐɔɞɨɝɫ Ɏ ɐɎɟɡ ɝɚɝɞɚɫəɔɫɡ: 1 - 

əɚɎɔəɖɌ ɛɜɔəɫɞɌ; 0 - əɚɎɔəɖɌ əɑ ɛɜɔəɫɞɌ. 
2) ɌɎɞɚɘɌɞ, ɎɚɝɛɜɔəɫɎ ɔəəɚɎɌɢɔɪ ɚɐɔə 

ɜɌɓ, ɓɌɛɚɘɔəɌɑɞ ɑɑ əɌɎɝɑɏɐɌ (ɝɚɝɞɚɫəɔɑ 

1, ɖɚɞɚɜɚɑ əɑ ɘɚɒɑɞ ɍɧɞɨ ɔɓɘɑəɑəəɧɘ). 

3) ɌɎɞɚɘɌɞ ɚɐɚɍɜɫɑɞ ɜɑɤɑəɔɑ 

ɚɞəɚɝɔɞɑɗɨəɚ ɛɜɔəɫɞɔɔ əɚɎɔəɖɔ, 

ɚɜɔɑəɞɔɜɟɫɝɨ əɌ ɘəɑəɔɑ Ɏɚɝɨɘɔ 
ɍɗɔɒɌɕɤɔɡ ɝɚɝɑɐɑɕ, ɞ.ɑ. ɑɝɗɔ Ɏ 

ɚɖɜɑɝɞəɚɝɞɔ ɐɌəəɚɕ ɖɗɑɞɖɔ (ɔɝɛɚɗɨɓɟɑɞɝɫ 

ɚɖɜɑɝɞəɚɝɞɨ ȸɟɜɌ) ɑɝɞɨ m ɛɜɔɎɑɜɒɑəɢɑɎ 

əɚɎɔəɖɔ,  p  ð Ɏɑɜɚɫɞəɚɝɞɨ ɑɑ ɛɜɔəɫɞɔɫ, (ɑɝɗɔ pm R>  ( R  ð 

ɠɔɖɝɔɜɚɎɌəəɚɑ ɓəɌɣɑəɔɑ ð ɛɚɜɚɏ), ɞɚ ɖɗɑɞɖɌ ɛɜɔəɔɘɌɑɞ 
ɔəəɚɎɌɢɔɪ (ɓəɌɣɑəɔɑ 1). ȶɗɑɞɚɣəɚɑ ɘɚɐɑɗɔɜɚɎɌəɔɑ ɛɚɓɎɚɗɫɑɞ 

ɝɞɜɚɔɞɨ ɓəɌɣɔɞɑɗɨəɚ ɍɚɗɑɑ ɜɑɌɗɔɝɞɔɣɑɝɖɔɑ ɘɚɐɑɗɔ ɜɧəɖɌ 

ɔəəɚɎɌɢɔɕ, ɣɑɘ ɞɜɌɐɔɢɔɚəəɧɑ ɛɚɐɡɚɐɧ.  

Ȯ ɘɚɐɑɗɔ ɐɔɠɠɟɓɔɔ ɔəɠɚɜɘɌɢɔɔ ɛɜɑɐɛɚɗɌɏɌɗɚɝɨ, ɣɞɚ 

ɖɗɑɞɖɌ ɘɚɒɑɞ ɍɧɞɨ  Ɏ ɚɐəɚɘ ɔɓ ɞɜɑɡ ɝɚɝɞɚɫəɔɕ: 1 - çɝɎɑɒɌɫ 
əɚɎɚɝɞɨè (ɖɗɑɞɖɌ ɚɖɜɌɤɔɎɌɑɞɝɫ Ɏ ɣɑɜəɧɕ ɢɎɑɞ); 2 - əɚɎɚɝɞɨ, 

ɖɚɞɚɜɌɫ ɟɝɞɌɜɑɗɌ, əɚ ɝɚɡɜɌəɑəəɌɫ Ɏ Ɏɔɐɑ ɝɎɑɐɑəɔɕ (ɝɑɜɌɫ ɖɗɑɞɖɌ); 

3 - ɖɗɑɞɖɌ əɑ ɔɘɑɑɞ ɔəɠɚɜɘɌɢɔɔ, ɛɑɜɑɐɌəəɚɕ əɚɎɚɝɞəɧɘ 

ɝɚɚɍɥɑəɔɑɘ (ɖɗɑɞɖɌ ɍɑɗɌɫ, ɔəɠɚɜɘɌɢɔɫ əɑ ɐɚɤɗɌ ɔɗɔ ɟɒɑ 

ɓɌɍɧɞɌ). Ȯ ɘɚɐɑɗɔ ɛɜɔəɫɞɧ ɞɌɖɔɑ ɛɜɌɎɔɗɌ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ 

ɝɚɚɍɥɑəɔɕ:  

- ɝəɌɣɌɗɌ Ɏɝɑ ɛɚɗɑ ɝɚɝɞɚɔɞ ɔɓ ɍɑɗɧɡ ɖɗɑɞɚɖ ɓɌ 

ɔɝɖɗɪɣɑəɔɑɘ ɚɐəɚɕ, ɣɑɜəɚɕ, ɖɚɞɚɜɌɫ ɛɑɜɎɚɕ çɛɜɔəɫɗɌè 

əɚɎɚɝɞɨ (ɜɔɝ. 3.9.1  Ɍ); 

- ɍɑɗɌɫ ɖɗɑɞɖɌ ɘɚɒɑɞ ɛɑɜɑɖɜɌɤɔɎɌɞɨɝɫ ɞɚɗɨɖɚ Ɏ ɣɑɜəɧɕ 

ɢɎɑɞ ɔɗɔ ɚɝɞɌɎɌɞɨɝɫ ɍɑɗɚɕ (ɚəɌ ɘɚɒɑɞ ɛɚɗɟɣɌɞɨ əɚɎɚɝɞɨ ɔɗɔ 
ɚɝɞɌɎɌɞɨɝɫ çɎ əɑɎɑɐɑəɔɔè); 

- ɍɑɗɌɫ ɖɗɑɞɖɌ ɛɑɜɑɖɜɌɤɔɎɌɑɞɝɫ, ɑɝɗɔ Ɏɧɛɚɗəɫɑɞɝɫ 

ɟɝɗɚɎɔɑ, ɌəɌɗɚɏɔɣəɚɑ ɘɚɐɑɗɔ ɐɔɠɠɟɓɔɔ ɔəəɚɎɌɢɔɕ: 1pm>  

(ɩɞɚ ɟɝɗɚɎɔɑ ɘɚɐɔɠɔɢɔɜɟɑɞɝɫ ɐɗɫ 2: 1.5 1m pm¢ Ö >); 

Bhargava S.C., Kumar 
A., Mukherjee A.  A 
stochastic cellular 
automata model of 
innovation diffusion 
// Technological 
forecasting and social 
change, 1993.  - Vol. 
44. - ʈ 1. - pp. 87 -
97.  
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- ɑɝɗɔ ɖɗɑɞɖɌ ɣɑɜəɌɫ, Ɍ Ɏɚɖɜɟɏ əɑɑ ɔɝɖɗɪɣɔɞɑɗɨəɚ 
ɣɑɜəɧɑ ɔ ɝɑɜɧɑ, ɞɚ ɚəɌ ɛɑɜɑɖɜɌɤɔɎɌɑɞɝɫ Ɏ ɝɑɜɧɑ ɢɎɑɞɌ 

(əɚɎɚɝɞɨ ɟɝɞɌɜɑɎɌɑɞ, əɚ ɝɚɡɜɌəɫɑɞɝɫ ɖɌɖ ɝɎɑɐɑəɔɫ);  

- ɑɝɗɔ ɖɗɑɞɖɌ ɝɑɜɌɫ, Ɍ Ɏɚɖɜɟɏ əɑɑ ɔɝɖɗɪɣɔɞɑɗɨəɚ ɝɑɜɧɑ ɔ 

ɣɑɜəɧɑ, ɞɚ ɚəɌ ɛɑɜɑɖɜɌɤɔɎɌɑɞɝɫ Ɏ ɍɑɗɧɕ ɢɎɑɞ (ɛɜɚɔɝɡɚɐɔɞ 

ɝɞɌɜɑəɔɑ əɚɎɚɝɞɔ ɛɜɔ ɑɑ ɚɍɥɑɔɓɎɑɝɞəɚɝɞɔ). 

ȺɛɔɝɌəəɌɫ ɝɔɝɞɑɘɌ ɖɗɑɞɚɣəɧɡ ɌɎɞɚɘɌɞɚɎ ɖɌɣɑɝɞɎɑəəɚ 

ɚɞɜɌɒɌɑɞ ɛɜɚɢɑɝɝ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ ɝɚɚɍɥɑəɔɕ ɝɜɑɐɔ 

ɚɞɐɑɗɨəɧɡ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɔɝɞɚɣəɔɖɚɎ. Ȯɧɫɝəɔɗɚɝɨ, ɣɞɚ 

ɝɚɝɞɚɫəɔɑ ɝɔɝɞɑɘɧ ɖɗɑɞɚɣəɧɡ ɌɎɞɚɘɌɞɚɎ ɛɚɗəɚɝɞɨɪ 

ɝɞɌɍɔɗɔɓɔɜɟɑɞɝɫ ɓɌ ɚɏɜɌəɔɣɑəəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɡɚɐɚɎ, ɞ.ɑ. 

ɛɜɚɢɑɝɝ ɩɎɚɗɪɢɔɔ ɚɖɌɓɌɗɝɫ ɝɡɚɐɫɥɔɘɝɫ. Ȼɜɔɘɑɜ ɜɌɍɚɞɧ 
ɘɚɐɑɗɔ ɛɜɔɎɑɐɑə əɌ ɜɔɝ. 3.9.1 . 

 

ȼɔɝ. 3.9.1 ð Ȼɜɚɢɑɝɝ ɩɎɚɗɪɢɔɔ ɝɔɝɞɑɘɧ ɖɗɑɞɚɣəɧɡ ɌɎɞɚɘɌɞɚɎ 

çɐɔɠɠɟɓɔɔ əɚɎɚɝɞɑɕè: Ɍ - ɔɝɡɚɐəɚɑ ɝɚɝɞɚɫəɔɑ; ɍ-ɐ - 

ɛɜɚɘɑɒɟɞɚɣəɧɑ ɝɚɝɞɚɫəɔɫ; ɑ - ɖɚəɑɣəɚɑ ɝɚɝɞɚɫəɔɑ 
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Ⱦɔɛɔɣəɧɑ ɓɌɎɔɝɔɘɚɝɞɔ ɖɚɗɔɣɑɝɞɎɌ ɖɗɑɞɚɖ, ɖɚɞɚɜɧɑ 

əɌɡɚɐɫɞɝɫ Ɏ ɜɌɓəɧɡ ɝɚɝɞɚɫəɔɫɡ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɤɌɏɌ 

ɔɞɑɜɌɢɔɔ ɛɜɔɎɑɐɑəɧ əɌ ɜɔɝ. 3.9.2 . Ȼɜɔ ɩɞɚɘ, ɚɣɑɎɔɐəɚ, 

ɝɟɘɘɌɜəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɖɗɑɞɚɖ, ɖɚɞɚɜɧɑ əɌɡɚɐɫɞɝɫ Ɏɚ Ɏɝɑɡ 

ɞɜɑɡ ɝɚɝɞɚɫəɔɫɡ əɌ ɖɌɒɐɚɘ ɤɌɏɟ ɔɞɑɜɌɢɔɔ ɛɚɝɞɚɫəəɚ ɔ 

ɜɌɎəɚ ɖɚɗɔɣɑɝɞɎɟ ɖɗɑɞɚɖ, Ɍ ɛɜɔ ɝɞɌɍɔɗɔɓɌɢɔɔ ɝɔɝɞɑɘɧ 

ɖɗɑɞɚɣəɧɡ ɌɎɞɚɘɌɞɚɎ ɝɚɚɞəɚɤɑəɔɫ ɝɑɜɧɡ, ɍɑɗɧɡ ɔ ɣɑɜəɧɡ 

ɖɗɑɞɚɖ ɛɜɔɍɗɔɓɔɞɑɗɨəɚ ɝɚɝɞɌɎɗɫɑɞ: 3:1:0. 

 

 

ȼɔɝ. 3.9.2 ð ȶɚɗɔɣɑɝɞɎɚ ɖɗɑɞɚɖ ɖɌɒɐɚɏɚ ɔɓ ɢɎɑɞɚɎ Ɏ 

ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɤɌɏɌ ɩɎɚɗɪɢɔɔ: ɍɑɗɧɑ ɖɗɑɞɖɔ - (é); ɝɑɜɧɑ 

ɖɗɑɞɖɔ - (¶); ɣɑɜəɧɑ ɖɗɑɞɖɔ ð (Á) 
 

ȰɑɞɌɗɨəɧɕ ɌəɌɗɔɓ ɛɚɗɟɣɑəəɧɡ ɓɌɎɔɝɔɘɚɝɞɑɕ ɛɚɓɎɚɗɔɗ 
ɛɜɚɎɑɝɞɔ ɌəɌɗɚɏɔɔ ɐɌəəɚɕ ɘɚɐɑɗɔ çɐɔɠɠɟɓɔɔ ɔəɠɚɜɘɌɢɔɔè ɝ 

əɑɖɚɞɚɜɧɘɔ ɌəɌɗɔɞɔɣɑɝɖɔɘɔ ɝɚɚɍɜɌɒɑəɔɫɘɔ. ȼɑɓɟɗɨɞɌɞɧ 

ɘɚɐɑɗɔɜɚɎɌəɔɫ ɐɌɪɞ ɚɝəɚɎɌəɔɫ ɛɜɑɐɛɚɗɚɒɔɞɨ, ɣɞɚ ɩɎɚɗɪɢɔɫ 

ɝɑɜɧɡ ɖɗɑɞɚɖ ɚɛɔɝɧɎɌɑɞɝɫ əɑɖɚɞɚɜɚɕ əɑɛɜɑɜɧɎəɚɕ 

ɠɟəɖɢɔɑɕ:  

( ), , ,g g gx f tt g=                                (3.9.3)  

ɏɐɑ t  ð Ɏɜɑɘɫ (ɤɌɏ ɩɎɚɗɪɢɔɔ), gt  ð ɝɐɎɔɏ ɛɚ Ɏɜɑɘɑəɔ, 

ɚɍɑɝɛɑɣɔɎɌɪɥɔɕ ɛɚɗɟɣɑəɔɑ əɑɚɍɡɚɐɔɘɚɏɚ ɠɜɌɏɘɑəɞɌ 
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ɌəɌɗɔɞɔɣɑɝɖɚɕ ɠɟəɖɢɔɔ, 
gg  ð ɛɌɜɌɘɑɞɜ ɖɜɟɞɔɓəɧ ɐɌəəɚɕ 

ɠɟəɖɢɔɔ. 

ȽɚɚɞɎɑɞɝɞɎɑəəɚ, ɐɔəɌɘɔɖɌ ɍɑɗɧɡ ɖɗɑɞɚɖ wx  (ɖɚɗɔɣɑɝɞɎɚ 

ɖɗɑɞɚɖ Ɏ ɘɚɘɑəɞ t) ɘɚɒɑɞ ɘɚɐɑɗɔɜɚɎɌɞɨɝɫ çɛɑɜɑɎɑɜəɟɞɚɕè 

ɠɟəɖɢɔɑɕ gx  ɝ ɌəɌɗɚɏɔɣəɧɘɔ  ɛɌɜɌɘɑɞɜɌɘɔ: 

( )1 , , .w w wx f tt g= -                         (3.9.4)  

Ȼɚɝɖɚɗɨɖɟ, ɖɌɖ ɍɧɗɚ ɝɖɌɓɌəɚ Ɏɧɤɑ, ɎɝɑɏɐɌ Ɏɧɛɚɗəɫɑɞɝɫ 

ɟɝɗɚɎɔɑ ɍɌɗɌəɝɌ, ɞ.ɑ. ɚɍɥɑɑ ɖɚɗɔɣɑɝɞɎɚ ɖɗɑɞɚɖ Ɏ ɗɪɍɚɕ 

ɘɚɘɑəɞ Ɏɜɑɘɑəɔ ɎɝɑɏɐɌ ɛɚɝɞɚɫəəɚ, ɞɚ ɟɝɗɚɎɔɑ əɚɜɘɔɜɚɎɌəɔɫ 

ɘɚɒəɚ ɓɌɛɔɝɌɞɨ ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: 

 1,g w bx x x+ + =                                  (3.9.5)  

ɏɐɑ bx  ð ɖɚɗɔɣɑɝɞɎɚ ɣɑɜəɧɡ ɖɗɑɞɚɖ Ɏ ɘɚɘɑəɞ Ɏɜɑɘɑəɔ t . 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɛɚɗɟɣɌɑɘ: 

( ) ( )1 , , , , .b g w w w g gx x x f t f tt g t g= - - = -     (3.9.6)
 

Ȯɔɐ ɛɜɑɐɝɞɌɎɗɑəəɚɕ əɌ ɜɔɝ. 55 ɓɌɎɔɝɔɘɚɝɞɔ ɛɚɓɎɚɗɫɑɞ 

ɛɜɑɐɛɚɗɚɒɔɞɨ, ɣɞɚ Ɏ ɖɌɣɑɝɞɎɑ ɠɟəɖɢɔɔ ( ), ,f tt g
 
ɘɚɒɑɞ ɍɧɞɨ 

ɎɧɍɜɌəɚ ɝɗɑɐɟɪɥɑɑ ɎɧɜɌɒɑəɔɑ (ɗɚɏɔɝɞɔɣɑɝɖɌɫ ɠɟəɖɢɔɫ): 

( )
( )

, , ,
1 t

C
f t

eg t
t g

-
=
+

                (3.9.7)  

ɏɐɑ C  ð əɑɖɚɞɚɜɌɫ əɚɜɘɔɜɟɪɥɌɫ ɖɚəɝɞɌəɞɌ. 

ȹɌ ɜɔɝ. 3.9.3  ɛɜɔɎɑɐɑəɧ ɏɜɌɠɔɖɔ ɓɌɎɔɝɔɘɚɝɞɔ 

, ,g w bx x x  ɚɞ ɤɌɏɌ ɩɎɚɗɪɢɔɔ ɝɔɝɞɑɘɧ ɖɗɑɞɚɣəɧɡ ɌɎɞɚɘɌɞɚɎ, 

ɛɚɗɟɣɑəəɧɑ Ɏ ɜɑɓɟɗɨɞɌɞɑ ɌəɌɗɔɞɔɣɑɝɖɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ. 

Ƚɗɑɐɟɑɞ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɓɌɎɔɝɔɘɚɝɞɨ ɐɔɠɠɟɓɔɔ əɚɎɚɝɞɑɕ, 

ɛɚɗɟɣɑəəɌɫ Ɏ ɜɑɓɟɗɨɞɌɞɑ ɘɚɐɑɗɔɜɚɎɌəɔɫ, ɡɚɜɚɤɚ ɝɚɏɗɌɝɟɑɞɝɫ 

ɝ çɒɔɓəɑəəɧɘè ɛɚɎɑɐɑəɔɑɘ ɞɑɘɌɞɔɣɑɝɖɔɡ ɔəɠɚɜɘɌɢɔɚəəɧɡ 
ɛɚɞɚɖɚɎ əɌ ɔəɞɑɜəɑɞ-ɔɝɞɚɣəɔɖɌɡ (Ɏɑɍ-ɝɌɕɞɌɡ), Ɍ əɌ ɗɚɖɌɗɨəɧɡ 

Ɏɜɑɘɑəəɧɡ ɛɜɚɘɑɒɟɞɖɌɡ  ð ɝ ɞɜɌɐɔɢɔɚəəɧɘɔ ɘɚɐɑɗɫɘɔ. 
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ȼɔɝ. 3.9.3  ð ȹɑɛɜɑɜɧɎəɧɑ ɓɌɎɔɝɔɘɚɝɞɔ, ɛɚɗɟɣɑəəɧɑ Ɏ 

ɜɑɓɟɗɨɞɌɞɑ ɌəɌɗɔɞɔɣɑɝɖɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ, Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ 

ɤɌɏɌ ɩɎɚɗɪɢɔɔ: ɝɛɗɚɤəɌɫ ɗɔəɔɫ ð ɝɑɜɧɑ (gx ); ɛɟəɖɞɔɜəɌɫ 

ɗɔəɔɫ ð ɍɑɗɧɑ ( wx ); ɝɛɗɚɤəɌɫ ɒɔɜəɌɫ ɗɔəɔɫ ð ɣɑɜəɧɑ (bx  ) 

3.10.  ȽɌɘɚɚɜɏɌəɔɓɚɎɌəəɌɫ ɖɜɔɞɔɣəɚɝɞɨ 

Ȼɚɐ ɝɔɝɞɑɘɚɕ, ɛɚɜɚɒɐɌɪɥɑɕ 

ɔəɠɚɜɘɌɢɔɪ, ɣɌɥɑ Ɏɝɑɏɚ ɛɜɑɐɛɚɗɌɏɌɪɞ 

ɜɑɌɗɨəɟɪ ɝɚɢɔɌɗɨəɟɪ ɔɗɔ 
ɩɖɚəɚɘɔɣɑɝɖɟɪ ɝɔɝɞɑɘɟ, ɚɒɔɐɌɞɨ ɚɞ 

ɖɚɞɚɜɚɕ ɛɜɚɝɞɚɕ ɛɜɑɐɝɖɌɓɟɑɘɚɕ 

ɔəɠɚɜɘɌɢɔɔ ɔɗɔ ɑɐɔəɚɚɍɜɌɓəɚɏɚ 

ɛɚɎɑɐɑəɔɫ əɑ ɛɜɔɡɚɐɔɞɝɫ. Ȯ ɜɑɌɗɨəɚɕ 

ɝɔɝɞɑɘɑ ɔəɠɚɜɘɌɢɔɚəəɚɑ ɝɚɍɧɞɔɑ 
ɘɚɒəɚ ɜɌɝɝɘɌɞɜɔɎɌɞɨ Ɏ ɖɌɖɚɘ-ɞɚ 

ɝɘɧɝɗɑ ɖɌɖ ɖɌɞɌɝɞɜɚɠɟ, ɛɚɝɖɚɗɨɖɟ ɚəɚ 

əɑɚɒɔɐɌəəɚ. ȱɝɗɔ Ɏ ɍɚɗɨɤɔəɝɞɎɑ 

ɝɗɟɣɌɑɎ ɛɜɑɐɝɖɌɓɌəɔɑ ɚɞɐɑɗɨəɚɏɚ 

ɝɚɍɧɞɔɫ ɖɌɒɑɞɝɫ əɑɎɚɓɘɚɒəɧɘ, ɞɚ 

ɛɚɎɑɐɑəɔɑ ɝɔɝɞɑɘɧ Ɏ ɢɑɗɚɘ, ɑɑ ɚɞɖɗɔɖ əɌ ɎɚɓɐɑɕɝɞɎɔɑ ɔɗɔ 
Ɏɚɓɘɟɥɑəɔɑ ɣɌɝɞɔɣəɚ ɛɜɑɐɝɖɌɓɟɑɘɚ ɔ ɫɎɗɫɑɞɝɫ ɚɍɦɑɖɞɚɘ  

əɌɟɣəɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ.  
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Ⱦɑɜɘɔə çɝɌɘɚɚɜɏɌəɔɓɌɢɔɫè (self -

organizing ), ɝɎɫɓɌəəɧɕ ɝ ɚɍɥɑɕ ɞɑɚɜɔɑɕ 

ɝɔɝɞɑɘ, ɍɧɗ ɎɎɑɐɑə Ȯ. Ȭɤɍɔ (V. Ashby ) Ɏ 

1947 ɏɚɐɟ ɔ Ɏɚɝɛɜɔəɫɞ əɚɎɚɕ ɞɚɏɐɌ 

ɖɔɍɑɜəɑɞɔɖɚɕ, ɑɑ ɝɚɓɐɌɞɑɗɫɘɔ 
ȹ. Ȯɔəɑɜɚɘ (N. Winner ), ȯ. ɀɚɜɝɞɑɜɚɘ 

(G. Forster ) ɔ ɐɜ. Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɩɞɚ 

ɛɚəɫɞɔɑ ɣɌɥɑ Ɏɝɑɏɚ Ɍɝɝɚɢɔɔɜɟɑɞɝɫ ɝ 

ɔɘɑəɑɘ Ȼ. ȭɌɖɌ (P. Bak). Ȯ 1987-1988 

ɏɚɐɟ Ȼ. ȭɌɖ, Ƀ. ȾɌəɏ (C. Tang) ɔ 

ȶ. Ȯɔɓɑəɠɑɗɨɐ (K. Wiesenfeld ) Ɏ ɝɎɚɔɡ 
ɜɌɍɚɞɌɡ [70, 71] ɎɛɑɜɎɧɑ ɐɑɞɌɗɨəɚ 

ɚɛɔɝɌɗɔ ɖɗɑɞɚɣəɧɕ ɌɎɞɚɘɌɞ, 

ɛɜɔɎɚɐɔɎɤɔɕ ɝɔɝɞɑɘɟ ɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɚɐəɚɘɟ ɔ ɞɚɘɟ ɒɑ 

çɖɜɔɞɔɣɑɝɖɚɘɟè ɝɚɝɞɚɫəɔɪ, əɌɓɎɌəəɚɘɟ ɔɘɔ ɝɚɝɞɚɫəɔɑɘ 

ɝɌɘɚɚɜɏɌəɔɓɚɎɌəəɚɕ ɖɜɔɞɔɣəɚɝɞɔ. ȾɔɛɔɣəɌɫ ɝɞɜɌɞɑɏɔɫ 

ɠɔɓɔɖɔ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɟɘɑəɨɤɑəɔɔ ɖɚɗɔɣɑɝɞɎɌ ɝɞɑɛɑəɑɕ 
ɝɎɚɍɚɐɧ Ɏ ɔɝɝɗɑɐɟɑɘɚɕ ɓɌɐɌɣɑ, əɌɛɜɔɘɑɜ, Ɏ ɞɑɚɜɔɔ ɝɜɑɐəɑɏɚ 

ɛɚɗɫ, ɏɐɑ ɚɖɜɟɒɑəɔɑ ɎɚɓɐɑɕɝɞɎɟɑɞ əɌ ɚɝɞɌɎɤɟɪɝɫ ɝɞɑɛɑəɨ 

ɝɎɚɍɚɐɧ ɝɔɝɞɑɘɧ ɖɌɖ əɑɖɚɞɚɜɚɑ ɝɜɑɐəɑɑ ɛɚɗɑ, ɚɝɞɌɎɗɫɫ ɐɗɫ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɞɚɗɨɖɚ ɚɐəɟ ɛɑɜɑɘɑəəɟɪ.   

ȽɌɘɚɕ əɌɏɗɫɐəɚɕ ɘɚɐɑɗɨɪ, ɐɑɘɚəɝɞɜɔɜɟɪɥɑɕ 
ɝɌɘɚɚɜɏɌəɔɓɚɎɌəəɟɪ ɖɜɔɞɔɣəɚɝɞɨ, ɫɎɗɫɑɞɝɫ ɖɟɣɌ ɛɑɝɖɌ, 

ɓəɌɖɚɘɌɫ ɖɌɒɐɚɘɟ ɝ ɐɑɞɝɞɎɌ. ȱɝɗɔ ɛɑɝɚɖ ɝɟɡɚɕ, ɞɚ əɔɖɌɖɚɕ 

ɖɟɗɔɣ ɔɓ əɑɏɚ əɑ ɛɚɝɞɜɚɔɞɨ, Ɏɝɑ  ɞɟɞ ɒɑ ɚɝɧɛɌɑɞɝɫ. Ȯ ɐɑɞɝɖɔɑ 

ɏɚɐɧ ɘɌɗɚ ɖɞɚ ɓɌɐɟɘɧɎɌɗɝɫ ɚ ɞɚɘ, ɖɌɖ ɩɞɚ ɛɜɚɔɝɡɚɐɔɞ. ȶɌɖɚɕ 

ɍɧ Ɏɧɝɚɞɧ ɖɟɣɌ əɑ ɍɧɗɌ, ɟɏɚɗ əɌɖɗɚəɌ ɖɚəɟɝɌ ɚɝɧɛɌəɔɫ 

ɚɝɞɌɎɌɗɝɫ əɑɔɓɘɑəəɧɘ, ɉɞɚ ɑɥɑ ɜɌɓ Ɏ ɩɖɝɛɑɜɔɘɑəɞɑ ɐɚɖɌɓɌɗɔ 
Ɏ ɩɖɝɛɑɜɔɘɑəɞɑ Ɏɧɜɚɝɤɔɑ ɐɑɞɔ, Ɏ ɃɔɖɌɏɝɖɚɘ ɟəɔɎɑɜɝɔɞɑɞɑ 

ɛɚɐ ɜɟɖɚɎɚɐɝɞɎɚɘ Ɂ. ɋɏɑɜɌ (H. Yager) ɚəɔ 

ɩɖɝɛɑɜɔɘɑəɞɔɜɚɎɌɗɔ ɝ ɝɌɘɚɕ əɌɝɞɚɫɥɑɕ ɖɟɣɑɕ ɛɑɝɖɌ.  

Ƚɚɝɞɚɫəɔɑ ɩɞɚɕ ɖɟɣɔ ɘɚɒəɚ əɌɓɎɌɞɨ ɖɜɔɞɔɣɑɝɖɔɘ, ɛɚɝɖɚɗɨɖɟ 

ɛɜɔɗɚɒɔɎ ɘɔəɔɘɌɗɨəɚɑ Ɏɚɓɘɟɥɑəɔɑ, ɍɜɚɝɔɎ ɝɎɑɜɡɟ ɚɐəɟ 

ɛɑɝɣɔəɖɟ, ɛɚɎɑɜɡəɚɝɞɨ ɖɟɣɔ Ɏɧɕɐɑɞ ɔɓ ɜɌɎəɚɎɑɝɔɫ, Ɏəɔɓ 

ɝɚɕɐɑɞ ɗɌɎɔəɌ. Ȭ ɛɚɝɗɑ ɑɑ ɝɡɚɐɌ ɚɝɞɌəɑɞɝɫ ɝəɚɎɌ ɖɟɣɌ ɛɑɝɖɌ 

ɛɚɘɑəɨɤɑ, əɚɎɧɑ ɛɌɐɌɪɥɔɑ ɛɑɝɣɔəɖɔ ɐɚɝɞɜɚɫɞ ɖɟɣɟ ɐɚ ɞɚɏɚ 

ɒɑ ɖɜɔɞɔɣɑɝɖɚɏɚ əɌɖɗɚəɌ, Ɍ əɚɎɌɫ ɍɜɚɤɑəəɌɫ ɛɑɝɣɔəɖɌ 

ɎəɚɎɨ ɎɧɓɚɎɑɞ ɗɌɎɔəɟ. ȶɟɣɌ ɎɝɑɏɐɌ əɌɡɚɐɔɞɝɫ Ɏ ɖɜɔɞɔɣɑɝɖɚɘ 

ɝɚɝɞɚɫəɔɔ ð ɘɌɗɧɑ Ɏɚɓɘɟɥɑəɔɫ ɎɧɓɧɎɌɪɞ ɜɑɌɖɢɔɪ, 

Bak P., Tang C., 
Wiesenfeld K.  Self-
organized criticality: 
An explanation of 1/f -
noise // Phys. Rev. 
Lett. 1987. ð59.  - pp. 
381 -384.  

Bak P., Tang C., 
Wiesenfeld K.  Self-

organized criticality 
// Phys. Rev. A., 
1988.  ð 38 . ð ʈ 1. ð 

pɜ. 364-374.  
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əɑɛɜɑɐɝɖɌɓɟɑɘɟɪ ɛɚ ɜɌɓɘɑɜɟ, ɔ ɎɝɑɏɐɌ ɝɌɘɚɚɜɏɌəɔɓɟɑɞɝɫ ð 

ɝɚɡɜɌəɫɑɞ ɟɏɚɗ əɌɖɗɚəɌ ɛɚɎɑɜɡəɚɝɞɔ (ɜɔɝ. 3.10.1 ). 

 

ȼɔɝ. 3.10.1 ð  ȶɚɜɚɍɖɌ ɔ ɎɜɌɥɌɪɥɔɕɝɫ ɍɌɜɌɍɌə ɝ ɛɑɝɖɚɘ ɝ 

ɚɐɔəɌɖɚɎɧɘ ɟɏɗɚɘ əɌɖɗɚəɌ ɍɚɖɚɎɚɕ ɛɗɚɝɖɚɝɞɔ 

Ȼɜɔ ɘɚɐɑɗɔɜɚɎɌəɔɔ ɝɌɘɚɚɜɏɌəɔɓɚɎɌəəɚɕ ɖɜɔɞɔɣəɚɝɞɔ 

ɔɝɝɗɑɐɟɑɞɝɫ ɝɞɌɞɔɝɞɔɖɌ  ɝɡɚɐɌ ɗɌɎɔə, ɖɚɏɐɌ ɚɐəɌ ɍɜɚɤɑəəɌɫ 

ɛɑɝɣɔəɖɌ ɎɧɓɧɎɌɑɞ ɗɌɎɔəɟ ɔɓ ɐɜɟɏɔɡ, ɗɑɒɌɥɔɡ əɌ 

ɛɚɎɑɜɡəɚɝɞɔ.  

ȼɌɝɝɘɚɞɜɔɘ ɐɔɝɖɜɑɞəɟɪ ɝɔɝɞɑɘɟ, ɌəɌɗɚɏɔɣəɟɪ ɖɟɣɑ 
ɛɑɝɖɌ Ɏ ɚɐəɚɘɑɜəɚɘ ɝɗɟɣɌɑ. Ȼɟɝɞɨ ( )h x  ð ɎɧɝɚɞɌ ɖɟɣɔ Ɏ ɞɚɣɖɑ 

( 1, 2, ..., )x x N . ȶɟɣɟ ɟɐɚɍəɚ ɔɓɚɍɜɌɒɌɞɨ Ɏ ɐɎɟɡ ɎɔɐɌɡ ð 

ɔɝɡɚɐəɚɘ (ɜɔɝ. 58 Ɍ) ɖɌɖ ɠɟəɖɢɔɪ Ɏɧɝɚɞɧ ɚɞ ɖɚɚɜɐɔəɌɞ 

h h x  ɔ Ɏ Ɏɔɐɑ ɛɜɔɜɌɥɑəɔɕ 1z x h x h x , ɖɚɞɚɜɧɑ 

ɛɚɖɌɓɧɎɌɪɞ ɚɞɗɔɣɔɑ Ɏɧɝɚɞ Ɏ ɝɚɝɑɐəɔɡ ɞɚɣɖɌɡ ð ɜɔɝ. 58 ɍ. 

ȷɑɎɧɑ ɣɌɝɞɔ ɜɔɝ. 57 ɛɚɖɌɓɧɎɌɪɞ əɌɣɌɗɨəɚɑ ɝɚɝɞɚɫəɔɑ ɖɟɣɔ. 

 ȮɎɑɐɑɘ ɛɜɌɎɔɗɚ 1: ɑɝɗɔ ɜɌɓəɔɢɌ Ɏɧɝɚɞ Ɏ ɞɚɣɖɑ x  

ɍɚɗɨɤɑ əɑɖɚɞɚɜɚɏɚ ɖɜɔɞɔɣɑɝɖɚɏɚ ɓəɌɣɑəɔɫ ch x h, ɞɚ 

ɗɔɤəɔɑ ɛɑɝɣɔəɖɔ ɝɖɌɞɧɎɌɪɞɝɫ əɌ ɝɚɝɑɐəɔɑ ɞɚɣɖɔ. ȮɧɍɔɜɌɫ 

ɖɜɔɞɔɣɑɝɖɚɑ ɓəɌɣɑəɔɑ 3ch  ɛɜɌɎɔɗɚ 1 ɘɚɒəɚ ɓɌɛɔɝɌɞɨ 

ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: 

( ) 2

( ) ( ) 2,

( 1) ( 1) 1 z x

z x z x

z x z x >

­ -

° ­ ° +

 
  (3.10.1)  

ȻɑɜɎɚɑ ɝɚɚɞəɚɤɑəɔɑ ɚɓəɌɣɌɑɞ, ɣɞɚ ɎɧɝɚɞɌ ɖɟɣɔ Ɏ ɞɚɣɖɑ 

x  ɟɘɑəɨɤɌɑɞɝɫ əɌ ɐɎɑ ɛɑɝɣɔəɖɔ, Ɏɞɚɜɚɑ, ɣɞɚ Ɏ ɝɚɝɑɐəɔɡ 

ɞɚɣɖɌɡ (ɗɑɎɚɕ ɔ ɛɜɌɎɚɕ) ɎɧɝɚɞɌ ɟɎɑɗɔɣɔɞɝɫ əɌ ɚɐəɟ ɛɑɝɣɔəɖɟ. 

ȹɌ ɏɜɌəɔɢɌɡ ɖɟɣɔ ɍɟɐɟɞ Ɏɧɛɚɗəɫɞɨɝɫ ɏɜɌəɔɣəɧɑ 

ɟɝɗɚɎɔɫ 1: 
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( ) 2

(1) 0,

( ) ( ) 1,

( 1) ( 1) 1 >

=

­ -

- ­ - +z N

z

z N z N

z N z N

 
   (3.10.2)  

ȻɑɜɎɚɑ ɔɓ ɟɝɗɚɎɔɕ 1 ɘɚɒəɚ əɌɓɎɌɞɨ çɓɌɖɜɧɞɧɘè, 

ɛɚɝɖɚɗɨɖɟ əɌɜɟɒɟ ɝɔɝɞɑɘɧ ɣɌɝɞɔɢɌ ɛɜɔ ɩɞɚɘ əɔɖɚɏɐɌ əɑ 

Ɏɧɕɐɑɞ, Ɏ ɛɜɚɞɔɎɚɛɚɗɚɒəɚɝɞɨ çɚɞɖɜɧɞɧɘè ɟɝɗɚɎɔɫɘ əɌ 
ɐɜɟɏɚɕ ɝɞɚɜɚəɑ, ɖɚɏɐɌ ɣɌɝɞɔɢɌ ɝɖɌɞɧɎɌɑɞɝɫ əɌɜɟɒɟ ɔ ɛɌɐɌɑɞ. 

ȹɌ ɜɔɝ. 3.10.2  ɝɗɑɎɌ ɔɓɚɍɜɌɒɑəɚ əɌɣɌɗɨəɚɑ ɝɚɝɞɚɫəɔɑ 

ɖɟɣɔ ð Ɏɧɝɚɞɧ h x  ɔ ɛɜɔɜɌɥɑəɔɫ z x , ɝɛɜɌɎɌ ð ɛɚɝɗɑ 

ɚɝɧɛɌəɔɫ. ȾɌɖ, əɌɛɜɔɘɑɜ, ɛɜɔ 6x  ɛɜɔɜɌɥɑəɔɑ ɐɚ 

ɚɝɧɛɌəɔɫ ɍɧɗɚ ɜɌɎəɚ 6 3 2z . Ȼɚɝɗɑ ɚɝɧɛɌəɔɫ, ɐɎɑ 

ɛɑɝɣɔəɖɔ ɝ ɛɚɓɔɢɔɔ 6x , ɛɑɜɑɡɚɐɫɞ ɛɚ ɚɐəɚɕ əɌɗɑɎɚ 5x  ɔ 

əɌɛɜɌɎɚ 7x  ð ɜɔɝ. 3.10.2  ɝɗɑɎɌ. 

Ƚ ɚɐəɚɕ ɝɞɚɜɚəɧ ɛɜɌɎɔɗɚ 1, ɩɞɚ  ɐɔɝɖɜɑɞəɚɑ əɑɗɔəɑɕəɚɑ 

ɟɜɌɎəɑəɔɑ ɐɔɠɠɟɓɔɔ Ɍ, ɝ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ, ɩɞɚ ɖɗɑɞɚɣəɧɕ 
ɌɎɞɚɘɌɞ, Ɏ ɖɚɞɚɜɚɘ ɝɚɝɞɚɫəɔɑ ɫɣɑɕɖɔ x Ɏ ɘɚɘɑəɞ Ɏɜɑɘɑəɔ 

1t  ɚɛɜɑɐɑɗɫɑɞɝɫ ɝɚɝɞɚɫəɔɑɘ/ɝɚɝɑɐəɔɡ ɫɣɑɑɖ Ɏ ɛɜɑɐɧɐɟɥɔɕ 

ɘɚɘɑəɞ Ɏɜɑɘɑəɔ t. ȯɜɌɠɔɣɑɝɖɔ ɐɑɕɝɞɎɔɑ ɛɜɌɎɔɗɌ 1 ɘɚɒəɚ 

ɛɜɑɐɝɞɌɎɔɞɨ ɞɌɖ, ɖɌɖ ɩɞɚ ɝɐɑɗɌəɚ əɌ ɜɔɝ. 58. 

ȺɣɑɎɔɐəɚ, ɣɞɚ ɟ ɚɐəɚɘɑɜəɚɕ ɖɟɣɔ, ɖɚɏɐɌ ɚəɌ ɚɝɧɛɌɑɞɝɫ 

ɝɚɏɗɌɝəɚ ɛɜɌɎɔɗɟ 1 ɔ ɟɝɗɚɎɔɫɘ 1 ɔɓ əɑɜɌɎəɚɎɑɝəɚɏɚ 

ɝɚɝɞɚɫəɔɫ ɝ 2z x , ɑɝɞɨ ɚɐəɚ ɖɜɔɞɔɣɑɝɖɚɑ ɝɚɝɞɚɫəɔɑ 

2z x  ɐɗɫ ɗɪɍɚɏɚ x. Ȯ ɚɐəɚɘɑɜəɚɘ ɝɗɟɣɌɑ ɗɪɍɚɑ ɝɞɌɍɔɗɨəɚɑ 

ɝɚɝɞɚɫəɔɑ ɫɎɗɫɑɞɝɫ Ɏ ɚɛɜɑɐɑɗɑəəɚɘ ɝɘɧɝɗɑ  ɖɜɔɞɔɣɑɝɖɔɘ, 

ɛɚɝɖɚɗɨɖɟ ɗɪɍɚɑ ɘɌɗɚɑ Ɏɚɓɘɟɥɑəɔɑ ɍɟɐɑɞ ɛɜɔɎɚɐɔɞɨ ɖ ɞɚɘɟ, 

ɣɞɚ ɚəɚ ɛɜɚɕɐɑɞ ɛɚ Ɏɝɑɕ ɝɔɝɞɑɘɑ, Ɍ ɗɪɍɚɑ ɟɘɑəɨɤɑəɔɑ 

əɌɖɗɚəɌ ɐɚ 2z x  Ɏ ɗɪɍɚɕ ɞɚɣɖɑ ɚɝɞɌəɚɎɔɞ ɑɏɚ. ɉɞɚ ɚɣɑəɨ 

ɛɚɡɚɒɑ əɌ ɐɜɟɏɔɑ ɚɐəɚɘɑɜəɧɑ ɖɜɔɞɔɣɑɝɖɔɑ ɫɎɗɑəɔɫ, ɞɌɖɔɑ 

ɖɌɖ ɛɑɜɖɚɗɫɢɔɫ. ȾɌɖɒɑ ɝɗɑɐɟɑɞ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɟ ɞɌɖɚɏɚ 

ɝɚɝɞɚɫəɔɫ Ɏ ɚɐəɚɘɑɜəɚɕ ɘɚɐɑɗɔ əɑɞ ɛɜɚɝɞɜɌəɝɞɎɑəəɚɕ 

ɝɞɜɟɖɞɟɜɧ. 
ȬəɌɗɚɏɔɣəɚ ɚɐəɚɘɑɜəɚɘɟ Ȼ. ȭɌɖ ɛɜɑɐɗɚɒɔɗ ɛɜɌɎɔɗɚ ɐɗɫ 

ɐɎɟɘɑɜəɚɕ ɖɟɣɔ (ɛɜɌɎɔɗɚ 2 ɔ ɟɝɗɚɎɔɫ 2). Ȯ ɞɌɖɚɕ ɝɔɝɞɑɘɑ 

ɝɚɡɜɌəɫɑɞɝɫ ɐɑɕɝɞɎɔɑ ɛɜɌɎɔɗ 1 ɐɗɫ ɖɌɒɐɚɏɚ ɔɓ əɌɛɜɌɎɗɑəɔɕ 

x  ɔ y, ɖɜɔɞɔɣɑɝɖɚɑ ɓəɌɣɑəɔɑ ɞɜɌɐɔɢɔɚəəɚ ɎɧɍɔɜɌɑɞɝɫ 
ɜɌɎəɧɘ 3: 
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ȼɔɝ. 3.10.4  ð ȺɐəɚɘɑɜəɌɫ ɖɟɣɌ ɐɚ ɔ ɛɚɝɗɑ ɚɝɧɛɌəɔɫ. 

ȺɝɧɛɌɗɝɫ ɝɞɚɗɍɑɢ 6 ɔ ɖɜɌɕəɔɕ ɛɜɌɎɧɕ ɝɞɚɗɍɑɢ 11 ɝ 

çɚɞɖɜɧɞɧɘɔè ɏɜɌəɔɣəɧɘɔ ɟɝɗɚɎɔɫɘɔ 

ȿɖɌɓɌə ɎɌɜɔɌəɞ çɓɌɖɜɧɞɧɡè ɏɜɌəɔɣəɧɡ ɟɝɗɚɎɔɕ 2 ɛɚ 
Ɏɝɑɘ əɌɛɜɌɎɗɑəɔɫɘ. ȶɚəɑɣəɚ ɎɚɓɘɚɒəɌ ɗɪɍɌɫ ɖɚɘɍɔəɌɢɔɫ 

çɚɞɖɜɧɞɧɡè ɔ çɓɌɖɜɧɞɧɡè ɟɝɗɚɎɔɕ. ȿɝɗɚɎɔɫ 2 ɞɌɖɒɑ ɘɚɏɟɞ 

ɍɧɞɨ ɘɚɐɔɠɔɢɔɜɚɎɌəɧ ɐɗɫ çəɌɝɞɚɫɥɑɕè ɖɟɣɔ, əɌɝɧɛɌəəɚɕ Ɏ 

ɟɏɗɟ, ɝɖɌɒɑɘ, ɚɍɟɎəɚɕ ɖɚɜɚɍɖɔ. ȼɑɤɑɞɖɔ, əɌ ɖɚɞɚɜɧɡ 

ɝɞɜɚɔɗɔɝɨ ɝɌɘɚɚɜɏɌəɔɓɟɪɥɔɑɝɫ ɖɜɔɞɔɣɑɝɖɔɑ ɝɔɝɞɑɘɧ ɞɌɖɒɑ 

ɜɌɓəɚɚɍɜɌɓəɧ, əɌɛɜɔɘɑɜ, ɛɜɚɎɚɐɔɗɔɝɨ ɩɖɝɛɑɜɔɘɑəɞɧ əɌ 
ɖɎɌɐɜɌɞəɧɡ ɜɑɤɑɞɖɌɡ Ɏ ɍɚɗɨɤɔɡ ɜɌɓɘɑɜəɚɝɞɫɡ, əɌ 

ɏɑɖɝɌɏɚəɌɗɨəɧɡ ɜɑɤɑɞɖɌɡ ɍɧɗɔ ɐɌɒɑ ɛɚɗɟɣɑəɧ ɞɚɣəɧɑ 

ɌəɌɗɔɞɔɣɑɝɖɔɑ ɜɑɓɟɗɨɞɌɞɧ. ȬəɌɗɚɏɔɣəɧɑ ɖɗɑɞɚɣəɧɑ ɌɎɞɚɘɌɞɧ 

Ɏɚɓɘɚɒəɚ ɛɚɝɞɜɚɔɞɨ ɔ əɌ əɑɜɑɏɟɗɫɜəɧɡ ɜɑɤɑɞɖɌɡ. 

ȽɚɚɞɎɑɞɝɞɎɔɑ ɘɑɒɐɟ Ɏɑɗɔɣɔəɚɕ ( , )z x y  ɔ əɌɖɗɚəɚɘ ɖɟɣɔ 

əɑ ɞɌɖɚɑ ɚɐəɚɓəɌɣəɚɑ, ɖɌɖ Ɏ 1D, ɛɚɝɖɚɗɨɖɟ ɞɑɛɑɜɨ ɓəɌɣɑəɔɑ 

əɌɖɗɚəɌ ( , )z x y  ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɝɜɑɐəɔɕ əɌɖɗɚə ɛɚ 

ɐɔɌɏɚəɌɗɔ ɝɔɝɞɑɘɧ ɔ ɛɜɔ ɚɝɧɛɌəɔɔ ɣɌɝɞɔɢɧ əɌɣəɟɞ 
ɐɎɔɏɌɞɨɝɫ Ɏ ɚɍɚɔɡ  əɌɛɜɌɎɗɑəɔɫɡ x  ɔ y.  Ȯ ɐɎɟɘɑɜəɚɘ 
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ɝɗɟɣɌɑ ɟɒɑ əɑɗɨɓɫ ɏɚɎɚɜɔɞɨ ɚ ɞɚɘ, ɣɞɚ ɔɓ əɑɟɝɞɚɕɣɔɎɚɏɚ 

ɝɚɝɞɚɫəɔɫ ɝ ( , ) 4z x y   ɝɔɝɞɑɘɌ ɛɑɜɑɕɐɑɞ Ɏ ɚɐəɚ ɔ ɞɚ ɒɑ 

ɝɚɝɞɚɫəɔɑ, ɛɚɝɖɚɗɨɖɟ əɑɟɝɞɚɕɣɔɎɚɝɞɨ ɍɟɐɑɞ ɜɌɝɛɜɚɝɞɜɌəɫɞɨɝɫ 

ɛɚ ɚɍɚɔɘ əɌɛɜɌɎɗɑəɔɫɘ ɎɓɌɔɘɚɓɌɎɔɝɔɘɚ. ȶɚəɑɣəɚɑ ɝɚɝɞɚɫəɔɑ 

ɝɔɝɞɑɘɧ ɍɟɐɑɞ ɝɟɥɑɝɞɎɑəəɚ ɓɌɎɔɝɑɞɨ ɚɞ əɌɣɌɗɨəɧɡ ɟɝɗɚɎɔɕ, 

əɚ ɝɎɚɕɝɞɎɌ ɩɞɚɏɚ ɛɚɗɟɣɔɎɤɑɏɚɝɫ ɝɚɝɞɚɫəɔɫ, əɌɛɜɔɘɑɜ, 

əɌɖɗɚə, ɍɟɐɟɞ ɎɝɑɏɐɌ ɚɐɔəɌɖɚɎɧɘɔ. 
Ȼɚɗɟɣɔɞɨ ɝɔɝɞɑɘɟ Ɏ ɝɚɝɞɚɫəɔɔ ɝɌɘɚɚɜɏɌəɔɓɚɎɌəəɚɕ 

ɖɜɔɞɔɣəɚɝɞɔ ɘɚɒəɚ ɐɎɟɘɫ ɜɌɓɗɔɣəɧɘɔ ɝɛɚɝɚɍɌɘɔ. ȷɔɍɚ 

ɚɝɧɛɌəɔɑɘ ɝɔɝɞɑɘɧ ɔɓ  ɝɗɟɣɌɕəɚɏɚ ɝɚɝɞɚɫəɔɫ ɝ ( , ) 4z x y  ɐɚ 

ɜɌɎəɚɎɑɝəɚɏɚ ɝɚɝɞɚɫəɔɫ, ɗɔɍɚ əɌɝɧɛɌɫ əɌ ɜɚɎəɟɪ 

ɛɚɎɑɜɡəɚɝɞɨ , 0z x y  ɛɑɝɣɔəɖɔ ɚɐəɟ ɓɌ ɐɜɟɏɚɕ Ɏ ɝɗɟɣɌɕəɚ 

ɎɧɍɜɌəəɧɡ ɞɚɣɖɌɡ ɔ Ɏɧɛɚɗəɫɫ ɛɜɚɢɑɐɟɜɟ ɝɚɏɗɌɝəɚ ɛɜɌɎɔɗɟ 2 
ɞɚɏɐɌ, ɖɚɏɐɌ ɩɞɚ ɍɟɐɑɞ əɑɚɍɡɚɐɔɘɚ. Ⱥɛɜɑɐɑɗɔɞɨ ɘɚɘɑəɞ ɖɚɏɐɌ 

ɝɔɝɞɑɘɌ ɐɚɝɞɔɏɌɑɞ ɖɜɔɞɔɣɑɝɖɚɏɚ ɟɜɚɎəɫ ɘɚɒəɚ ɛɚ ɞɚɘɟ, 

ɝɜɑɐəɔɕ əɌɖɗɚə ɖɟɣɔ ɛɑɜɑɝɞɌəɑɞ ɔɓɘɑəɫɞɨɝɫ. ɉɖɝɛɑɜɔɘɑəɞ 

ɛɚɖɌɓɧɎɌɑɞ, ɣɞɚ ɝɎɚɕɝɞɎɌ ɝɔɝɞɑɘ ɛɚɗɟɣɑəəɧɡ ɚɍɚɔɘɔ 

ɝɛɚɝɚɍɌɘɔ əɑ ɚɞɗɔɣɌɪɞɝɫ ɐɜɟɏ ɚɞ ɐɜɟɏɌ. 

ȼɑɓɟɗɨɞɌɞɧ, ɛɜɔɎɑɐɑəəɧɑ əɔɒɑ, ɛɚɗɟɣɑəɧ əɌ 
ɖɎɌɐɜɌɞəɚɕ ɜɑɤɑɞɖɑ Ɏ ɐɎɟɘɑɜəɚɘ ɝɗɟɣɌɑ ɝɚɏɗɌɝəɚ 

ɚɛɜɑɐɑɗɑəəɧɘ ɜɌəɑɑ ɛɜɌɎɔɗɌɘ ɔ ɟɝɗɚɎɔɫɘ. ȽəɌɣɌɗɌ 

ɝɗɟɣɌɕəɧɘ ɚɍɜɌɓɚɘ ɎɧɍɔɜɌɗɔɝɨ , 4z x y , ɛɚɝɗɑ ɣɑɏɚ 

ɛɜɚɎɚɐɔɗɌɝɨ çɜɑɗɌɖɝɌɢɔɫè ɖɟɣɔ ɔ ɚəɌ ɚɝɧɛɌɗɌɝɨ ɐɚ 

ɟɝɞɚɕɣɔɎɚɏɚ ɝɚɝɞɚɫəɔɫ. ȹɌ ɜɔɝ. 59 ɛɜɑɐɝɞɌɎɗɑəɚ ɚɐəɚ ɔɓ 
ɞɌɖɔɡ ɝɞɌɍɔɗɨəɧɡ ɝɚɝɞɚɫəɔɕ əɌ ɐɎɟɘɑɜəɚɕ ɜɑɤɑɞɖɑ 500 ɡ 

500, ɏɐɑ ɢɎɑɞɌ ɚɞ ɣɑɜəɚɏɚ ɐɚ ɍɑɗɚɏɚ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɓəɌɣɑəɔɫɘ 

,z x y  ɚɞ 0 ɐɚ 3. 

ȱɝɗɔ Ɏ ɚɐəɚɕ ɔɓ əɌɔɍɚɗɑɑ əɑɟɝɞɚɕɣɔɎɧɡ ɞɚɣɑɖ ɝɔɝɞɑɘɧ 

(Ɏ əɌɤɑɘ ɝɗɟɣɌɑ , 3z x y ), ɓɌɛɟɝɞɔɞɨ ɛɜɚɢɑɝɝ ɛɚ ɛɜɌɎɔɗɟ 2 ɝ 

ɟɝɗɚɎɔɫɘɔ 2, ɛɚɗɚɒɔɎ , 4z x y , ɞ.ɑ. ɐɚɍɌɎɔɞɨ ɚɐəɟ ɛɑɝɣɔəɖɟ, 

ɞɚ ɝɔɝɞɑɘɌ əɌɣəɑɞ ɚɝɧɛɌɞɨɝɫ, ɛɚɖɌɞɔɞɝɫ ɗɌɎɔəɌ ɛɑɝɖɌ. Ȱɗɫ 

ɖɌɒɐɚɕ ɞɌɖɚɕ ɞɚɣɖɔ ,x y  ɝɔɝɞɑɘɧ, ɚɍɗɌɝɞɨ, ɓɌɞɜɚəɟɞɌɫ 

ɚɝɧɛɌəɔɑɘ, ɍɟɐɑɞ ɜɌɓɗɔɣəɌ. ȹɌ ɜɔɝ. 3.10.4  ɛɜɑɐɝɞɌɎɗɑəɧ 
əɑɝɖɚɗɨɖɚ ɞɌɖɔɡ ɗɌɎɔə, ɛɚɗɟɣɑəəɧɡ ɚɝɧɛɌəɔɑɘ. ȴɝɡɚɐəɚɕ 

ɛɚɝɗɟɒɔɗɌ ɝɔɝɞɑɘɌ, ɔɓɚɍɜɌɒɑəəɌɫ əɌ ɜɔɝ. 3.10.3 . ɂɑəɞɜɧ 

ɗɌɎɔə ɚɞɘɑɣɑəɧ əɌ ɠɚəɑ ɍɑɗɧɡ ɝəɑɒəɧɡ ɗɌɎɔə ɣɑɜəɧɘɔ 

ɞɚɣɖɌɘɔ, Ɍ ɛɌɜɧ ɢɔɠɜ Ɏ ɝɖɚɍɖɌɡ ɚɍɚɓəɌɣɌɪɞ Ɏɜɑɘɫ ɚɝɧɛɌəɔɫ 

ɔ ɜɌɓɘɑɜ ɗɌɎɔəɧ. 



 167 
 

 

ȼɔɝ. 3.10. 3 ð ȽɞɌɍɔɗɨəɚɑ ɝɚɝɞɚɫəɔɑ 

Ⱥɛɜɑɐɑɗɔɘ ( )D s  ð ɠɟəɖɢɔɪ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɜɌɓɘɑɜɚɎ 

ɎɚɓəɔɖɌɪɥɔɡ ɗɌɎɔə. Ƀɞɚɍɧ ɛɚɗɟɣɔɞɨ ɩɞɟ ɠɟəɖɢɔɪ, Ɏ ɖɌɒɐɚɕ 

ɞɚɣɖɑ ɝɔɝɞɑɘɧ, ɏɐɑ  , 3z x y  ɛɚɗɚɒɔɘ , 4z x y  ɔ ɓɌɛɟɝɞɔɘ 

ɝɡɚɐ ɗɌɎɔəɧ, ɚɛɜɑɐɑɗɔɘ ɑɑ ɛɗɚɥɌɐɨ ð s, ɐɗɫ ɛɚɗɟɣɑəɔɫ 
ɐɚɝɞɌɞɚɣəɚɏɚ ɖɚɗɔɣɑɝɞɎɌ ɗɌɎɔə ɚɍɜɌɍɚɞɌɑɘ ɞɌɖɔɘ ɚɍɜɌɓɚɘ 

əɑɝɖɚɗɨɖɚ   ɝɔɝɞɑɘ Ɏ ɝɌɘɚɚɜɏɌəɔɓɚɎɌəəɚɘ ɝɚɝɞɚɫəɔɔ, ɛɚɗɟɣɌɫ 

ɔɡ ɔɓ ɝɗɟɣɌɕəɚɏɚ əɌɣɌɗɨəɚɏɚ ɝɚɝɞɚɫəɔɫ ɝ , 4z x y . ȹɌ ɜɔɝ. 

61 a) ɛɜɑɐɝɞɌɎɗɑə Ɏɔɐ ɓɌɎɔɝɔɘɚɝɞɔ ( )D s , ɛɚɗɟɣɑəəɧɕ 

ɚɍɜɌɍɚɞɖɚɕ əɌɍɚɜɌ ɝɔɝɞɑɘ ɜɌɓɘɑɜɌ 500 ɡ 500. ȼɌɝɛɜɑɐɑɗɑəɔɑ 

ɜɌɓɘɑɜɚɎ ɗɌɎɔə ɛɚɐɣɔəɫɑɞɝɫ ɝɞɑɛɑəəɚɘɟ ɓɌɖɚəɟ: 

2( ) , 1,1.- ºDD s st t  (3.10.5)  

 

ȼɔɝ. 3.10.4  ð ȷɌɎɔəɧ, ɛɚɗɟɣɑəəɧɑ  ɚɝɧɛɌəɔɑɘ 
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ȬəɌɗɚɏɔɣəɚ Ɏɚɓɘɚɒəɚ ɔɝɝɗɑɐɚɎɌɞɨ ɔ Ɏɜɑɘɑəəɧɑ 
ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɩɞɚɏɚ ɛɜɚɢɑɝɝɌ, ɎɎɑɐɫ ( )D t  ð ɠɟəɖɢɔɪ 

ɜɌɝɛɜɑɐɑɗɑəɔɫ Ɏɜɑɘɑə ɚɝɧɛɌəɔɫ ɩɞɔɡ ɗɌɎɔə. Ȯ ɚɍɥɑɘ ɝɗɟɣɌɑ 
ɛɗɚɥɌɐɨ s  ɗɌɎɔəɧ ɍɚɗɨɤɑ, ɣɑɘ Ɏɜɑɘɫ ɑɑ ɚɝɧɛɌəɔɫ t , 

ɛɚɝɖɚɗɨɖɟ Ɏ ɚɐɔə ɘɚɘɑəɞ ɚɝɧɛɌɪɞɝɫ əɑɝɖɚɗɨɖɚ ɛɑɝɣɔəɚɖ. 

ȼɌɝɛɜɑɐɑɗɑəɔɑ ɜɌɓɎɔɞɔɫ ɗɌɎɔə ɞɌɖɒɑ ɛɚɐɣɔəɫɑɞɝɫ 

ɝɞɑɛɑəəɚɘɟ ɓɌɖɚəɟ: 

2( ) , 0,43.- ºDD t t a a
                           

(3.10.6)  

Ɍ 

10
1

10
2

10
3

10
4

10
3

10
4

10
5

10
6

s

D(s)

 t  = 1,1 Ñ 0.05 

 

ɍ 

10
1

10
2

10
3

10
4

10
2

10
3

10
4

10
5

10
6

 a = 1,95 Ñ 0.15 

t

D(t)

 

ȼɔɝ. 3.10.5 ð  ȼɌɝɛɜɑɐɑɗɑəɔɫ (Ɍ) ɜɌɓɘɑɜɚɎ ɗɌɎɔə D(s) ɔ (ɍ) 
Ɏɜɑɘɑə ɔɡ ɚɝɧɛɌəɔɕ D(t) 
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ȭɑɓɟɝɗɚɎəɚ, ɔəɐɑɖɝɧ  ɔ  ɝɎɫɓɌəɧ ɖɌɖ ɐɜɟɏ ɝ ɐɜɟɏɚɘ, 
ɞɌɖ  ɔ ɝ ɐɜɟɏɔɘɔ ɔəɐɑɖɝɌɘɔ, ɡɌɜɌɖɞɑɜɔɓɟɪɥɔɘɔ 

ɝɌɘɘɚɜɏɌəɔɓɚɎɌəəɚɑ ɖɜɔɞɔɣɑɝɖɚɑ ɝɚɝɞɚɫəɔɑ.  

ȼɌɓɘɑɜ çɗɌɎɔəɧè əɚɎɚɝɞɑɕ, ɎɚɓəɔɖɌɪɥɔɡ Ɏ 

ɔəɠɚɜɘɌɢɔɚəəɧɡ ɛɚɞɚɖɌɡ ɛɜɔ ɛɚɫɎɗɑəɔɔ əɚɎɚɕ ɞɑɘɧ ɛɚɜɚɕ 

ɖɌɒɑɞɝɫ əɑɛɜɑɐɝɖɌɓɟɑɘɧɘ, ɚɐəɌɖɚ Ɏɛɚɗəɑ ɛɚɐɐɌɑɞɝɫ 
ɘɚɐɑɗɔɜɚɎɌəɔɪ. ȹɌɛɜɔɘɑɜ, ɝɞɑɛɑəəɧɑ ɜɌɝɛɜɑɐɑɗɑəɔɫ 

ɖɚɗɔɣɑɝɞɎɌ ɞɑɘɌɞɔɣɑɝɖɔɡ ɛɟɍɗɔɖɌɢɔɕ, Ɏɛɚɗəɑ ɝɚɚɞɎɑɞɝɞɎɟɪɞ 

ɛɜɔɎɑɐɑəəɧɘ Ɏɧɤɑ ɜɌɝɛɜɑɐɑɗɑəɔɫɘ ɜɌɓɘɑɜɚɎ 

ɜɌɝɝɘɌɞɜɔɎɌɑɘɧɡ ɗɌɎɔə çɛɑɝɖɌè. Ȯ  ɛɚɝɗɑɐəɑɑ ɐɑɝɫɞɔɗɑɞɔɑ 

ɘɚɐɑɗɔɜɚɎɌəɔɑ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɛɜɚɢɑɝɝɚɎ ɝ ɛɚɘɚɥɨɪ 

ɘɑɞɚɐɚɎ ɖɗɑɞɚɣəɧɡ ɌɎɞɚɘɌɞɚɎ ɔ ɞɑɚɜɔɔ ɝɌɘɚɚɜɏɌəɔɓɚɎɌəəɚɕ 
ɖɜɔɞɔɣəɚɝɞɔ ɛɚɗɟɣɔɗɔ ɍɚɗɨɤɚɑ ɜɌɝɛɜɚɝɞɜɌəɑəɔɑ. 

3.11. Ȼɑɜɖɚɗɫɢɔɫ 

Ɂɚɜɚɤɚ ɔɓɟɣɑəəɧɘɔ ɔ ɎɌɒəɧɘɔ 

Ɏ ɛɜɌɖɞɔɣɑɝɖɚɘ ɚɞəɚɤɑəɔɔ ɫɎɗɫɪɞɝɫ 
ɛɑɜɖɚɗɫɢɔɚəəɧɑ ɝɑɞɔ. 

ȼɌɝɝɘɚɞɜɔɘ ɚɐəɟ ɔɓ əɌɔɍɚɗɑɑ 

ɛɜɚɝɞɧɡ ɛɚɝɞɌəɚɎɚɖ  ɛɑɜɖɚɗɫɢɔɚəəɚɕ 

ɓɌɐɌɣɔ. ȰɌəɌ ɖɎɌɐɜɌɞəɌɫ ɝɑɞɖɌ (ɍɑɝɖɚəɑɣəɌɫ), ɖɌɒɐɌɫ ɝɎɫɓɨ 

ɖɚɞɚɜɚɕ ɔɘɑɑɞ ɝɚɛɜɚɞɔɎɗɑəɔɑ 1r , ɞɌɖɟɪ ɝɎɫɓɨ ɐɗɫ ɟɐɚɍɝɞɎɌ 

ɍɟɐɑɘ əɌɓɧɎɌɞɨ ɣɑɜəɚɕ. ȽɗɟɣɌɕəɧɘ ɚɍɜɌɓɚɘ ɣɑɜəɧɑ 

(ɛɜɚɎɚɐɫɥɔɑ) ɝɎɫɓɔ ɜɌɓɜɧɎɌɪɞɝɫ. ȸɚɒəɚ ɏɚɎɚɜɔɞɨ ɚ ɞɚɘ, ɣɞɚ 

ɛɜɔ ɩɞɚɘ ɣɑɜəɧɑ ɝɎɫɓɔ ɓɌɘɑəɫɪɞɝɫ əɌ ɍɑɗɧɑ ɝ 

ɝɚɛɜɚɞɔɎɗɑəɔɑɘ 2r . ȳɌɐɌɣɌ ð əɑɚɍɡɚɐɔɘɚ əɌɕɞɔ ɞɌɖɟɪ 

ɖɚəɢɑəɞɜɌɢɔɪ ɣɑɜəɧɡ ɝɎɫɓɑɕ cp ɛɜɔ ɔ Ɏɧɤɑ ɖɚɞɚɜɚɕ 

ɝɟɥɑɝɞɎɟɑɞ ɝɎɫɓəɌɫ ɣɌɝɞɨ ɣɑɜəɧɡ ɝɎɫɓɑɕ, ɛɚ ɖɚɞɚɜɚɕ ɘɚɒəɚ 

ɐɚɍɜɌɞɨɝɫ ɔɓ ɚɐəɚɕ ɍɑɝɖɚəɑɣəɚɝɞɔ Ɏ ɐɜɟɏɟɪ, ɍɑɓ 

ɛɑɜɑɛɜɧɏɔɎɌəɔɫ ɣɑɜɑɓ ɍɑɗɟɪ ɝɎɫɓɨ. ȾɌɖɌɫ, ɝɎɫɓəɌɫ ɣɌɝɞɨ, 

ɛɜɚɝɞɔɜɌɪɥɌɫɝɫ əɌ ɍɑɝɖɚəɑɣəɚɝɞɨ əɌɓɧɎɌɑɞɝɫ ɍɑɝɖɚəɑɣəɧɘ 
ɖɗɌɝɞɑɜɚɘ. ȶɚəɑɣəɚ, ɜɑɌɗɨəɌɫ ɝɑɞɖɌ ɎɝɑɏɐɌ ɖɚəɑɣəɌ, ɛɚɩɞɚɘɟ, 

Ɏ ɐɌəəɚɘ ɝɗɟɣɌɑ, ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ ɑɑ ɜɌɓɘɑɜ əɌɘəɚɏɚ 

ɍɚɗɨɤɑ ɞɌɖ əɌɓɧɎɌɑɘɚɕ ɖɚɜɜɑɗɫɢɔɚəəɚɕ ɐɗɔəɧ, Ɏ ɩɞɚɘ 

ɝɗɟɣɌɑ ɜɌɓəɧɑ ɜɑɌɗɔɓɌɢɔɔ ɝɞɜɟɖɞɟɜɧ ɣɑɜəɧɡ ɝɎɫɓɑɕ, 

ɛɚɗɟɣɌɑɘɧ ɛɜɔ ɝɗɟɣɌɕəɚɘ ɎɧɜɑɓɌəɔɔ ɔɘɑɪɞ ɚɐəɔ ɔ ɞɑ ɒɑ 

ɝɎɚɕɝɞɎɌ. Ȯɑɜɚɫɞəɚɝɞɨ ɒɑ ɝɛɑɢɔɌɗɨəɧɡ Ɏɧɜɚɒɐɑəəɧɡ 
ɜɌɝɛɜɑɐɑɗɑəɔɕ ɣɑɜəɧɡ ɝɎɫɓɑɕ ɛɜɑəɑɍɜɑɒɔɘɚ ɘɌɗɌ. ȳɐɑɝɨ 

ɔɘɑɑɞ ɘɑɝɞɚ ɌəɌɗɚɏɔɫ ɝɚ ɝɗɟɣɌɕəɧɘ ɜɌɝɛɜɑɐɑɗɑəɔɑɘ ɘɚɗɑɖɟɗ 

ȾɌɜɌɝɑɎɔɣ Ɋ.Ɋ. 
Ȼɑɜɖɚɗɫɢɔɫ: ɞɑɚɜɔɫ, 
ɛɜɔɗɚɒɑəɔɫ, 

ɛɜɌɖɞɔɖɌ. ð ȸ.: ȿȼȽȽ, 
2002 . 
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ɏɌɓɌ Ɏ əɑɖɚɞɚɜɚɘ ɚɍɦɑɘɑ. Ȯɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ Ɏ ɚɐəɚɕ 
ɛɚɗɚɎɔəɑ ɚɍɦɑɘɌ ɝɚɍɑɜɑɞɝɫ Ɏɑɝɨ ɏɌɓ, əɌɝɞɚɗɨɖɚ ɘɌɗɚɎɑɜɚɫɞəɌ, 

ɣɞɚ əɔɖɚɏɐɌ əɑ ɛɜɔəɔɘɌɑɞɝɫ Ɏɚ ɎəɔɘɌəɔɑ. Ȯ ɞɚɒɑ Ɏɜɑɘɫ, 

ɑɝɗɔ ɘɚɗɑɖɟɗ Ɏɝɑɏɚ ɐɎɑ, ɞɚ ɩɞɌ Ɏɑɜɚɫɞəɚɝɞɨ ɜɌɎəɌ 1/ 4. 

ȶɜɚɘɑ ɏɑɚɘɑɞɜɔɣɑɝɖɚɕ ɛɚɝɞɌəɚɎɖɔ ɓɌɐɌɣɔ ɛɑɜɖɚɗɫɢɔɔ ð 

ɎɚɓəɔɖəɚɎɑəɔɑ ɍɑɝɖɚəɑɣəɚɏɚ ɣɑɜəɚɏɚ ɖɗɌɝɞɑɜɌ, ɘɚɒəɚ 

ɛɜɑɐɗɚɒɔɞɨ ɔ ɠɔɓɔɣɑɝɖɟɪ ɛɚɝɞɌəɚɎɖɟ ɓɌɐɌɣɔ, əɌɛɜɔɘɑɜ, ɚ 

ɛɜɚɞɑɖɌəɔɔ ɞɚɖɌ ɛɚ ɣɑɜəɧɘ ɝɎɫɓɫɘ. Ƀɑɜəɧɑ ɝɎɫɓɔ ɛɜɚɎɚɐɫɞ 

ɞɚɖ, ɍɑɗɧɑ əɑɞ. ȹɑɚɍɡɚɐɔɘɚ ɚɛɜɑɐɑɗɔɞɨ ɝɚɛɜɚɞɔɎɗɑəɔɑ 

(ɛɜɚɎɚɐɔɘɚɝɞɨ) ɝɑɞɖɔ Ɏ ɢɑɗɚɘ. 

Ȼɜɔ cp p  ɛɜɚɎɚɐɔɘɚɝɞɨ Ɏɝɑɕ 

ɝɑɞɖɔ Ɏ ɢɑɗɚɘ ð G  əɑ ɜɌɎəɌ əɟɗɪ (ɞɚɖ 

əɌɡɚɐɔɞ ɝɎɚɕ ɛɟɞɨ ɚɞ ɚɐəɚɏɚ ɖɚəɞɌɖɞɌ 

əɌ çɍɑɝɖɚəɑɣəɚɝɞɔè ɖ ɐɜɟɏɚɘɟ ɛɚ 
ɣɑɜəɚɘɟ ɍɑɝɖɚəɑɣəɚɘɟ ɖɗɌɝɞɑɜɟ). Ȼɜɔ 

cp p  0G , ɔ, ɝɚɚɞɎɑɞɝɞɎɑəəɚ 

ɝɚɛɜɚɞɔɎɗɑəɔɑ Ɏɝɑɕ ɝɑɞɖɔ 

1/R G . 

ȶɚəɑɣəɚ, Ɏ ɞɑɚɜɔɔ ɛɜɚɞɑɖɌəɔɫ əɑ ɚɍɫɓɌɞɑɗɨəɚ 

ɜɌɝɝɘɌɞɜɔɎɌɞɨ ɔɘɑəəɚ ɐɎɟɘɑɜəɟɪ ɖɎɌɐɜɌɞəɟɪ ɝɑɞɖɟ. 

Ȯɚɓɘɚɒəɧ ɗɪɍɧɑ ɜɌɓɘɑɜəɚɝɞɔ ɔ ɞɔɛɧ ɝɑɞɚɖ (ɚɐəɚɜɚɐəɧɡ Ɏ 

ɝɜɑɐəɑɘ). ȶɜɚɘɑ ɞɚɏɚ, ɘɚɒəɚ ɏɚɎɚɜɔɞɨ əɑ ɞɚɗɨɖɚ ɚ ɓɌɐɌɣɑ 

ɝɎɫɓɑɕ, Ɍ ɔ ɓɌɐɌɣɑ ɟɓɗɚɎ, ɖɚɏɐɌ Ɏɝɑ ɝɎɫɓɔ ɛɜɚɎɚɐɫɥɔɑ, Ɍ 

ɛɜɚɎɚɐɫɥɔɑ (ɣɑɜəɧɑ) ɟɓɗɧ ɝɗɟɣɌɕəɧɘ ɚɍɜɌɓɚɘ ɝ ɐɌəəɚɕ 
Ɏɑɜɚɫɞəɚɝɞɨɪ ɎɧɜɑɓɌəɧ. 

ȶɌɖ ɚɖɌɓɌɗɚɝɨ, ɓɌɐɌɣɌ ɛɜɚɞɑɖɌəɔɫ, ɛɚɫɎɔɎɤɌɫɝɫ ɛɜɔ 

ɠɚɜɘɟɗɔɜɚɎɖɑ ɛɜɔɖɗɌɐəɚɕ ɔəɒɑəɑɜəɚɕ ɓɌɐɌɣɔ ɚ ɛɜɚɞɑɖɌəɔɔ 

ɏɌɓɌ ɔɗɔ ɒɔɐɖɚɝɞɔ ɣɑɜɑɓ ɛɚɜɔɝɞɧɕ ɠɔɗɨɞɜ, ɫɎɗɫɑɞɝɫ ɚɐəɔɘ 

ɔɓ əɌɔɍɚɗɑɑ ɛɜɚɝɞɧɡ ɔ əɌɏɗɫɐəɧɡ ɛɜɔɘɑɜɚɎ ɞɑɚɜɔɔ ɠɌɓɚɎɧɡ 
ɛɑɜɑɡɚɐɚɎ Ɏɞɚɜɚɏɚ ɜɚɐɌ ɔ ɖɜɔɞɔɣɑɝɖɔɡ ɫɎɗɑəɔɕ. ȾɌɖ, ɘəɚɏɔɑ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ, ɚɛɔɝɧɎɌɑɘɧɑ ɏɑɚɘɑɞɜɔɣɑɝɖɔɑ ɔ ɠɔɓɔɣɑɝɖɔɑ 

ɝɎɚɕɝɞɎɌ Ɏɍɗɔɓɔ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ cp  Ɏɑɐɟɞ ɝɑɍɫ 

ɟəɔɎɑɜɝɌɗɨəɧɘ ɚɍɜɌɓɚɘ, ɚɛɔɝɧɎɌɪɞɝɫ ɖɜɔɞɔɣɑɝɖɔɘɔ 

ɔəɐɑɖɝɌɘɔ, ɣɔɝɗɑəəɚɑ ɓəɌɣɑəɔɑ ɖɚɞɚɜɧɡ əɑ ɓɌɎɔɝɔɞ ɚɞ ɎɔɐɌ 

ɝɑɞɖɔ. 

ȼɌɝɝɘɚɞɜɔɘ əɑɖɚɞɚɜɧɑ ɏɑɚɘɑɞɜɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ 
ɛɑɜɖɚɗɫɢɔɚəəɚɕ ɝɑɞɖɔ. ȾɌɖɔɡ ɏɑɚɘɑɞɜɔɣɑɝɖɔɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ 

ɘəɚɏɚ ð ɝɜɑɐəɑɑ ɣɔɝɗɚ ɖɗɌɝɞɑɜɚɎ ɜɌɓɘɑɜɌ s, ɜɌɝɛɜɑɐɑɗɑəɔɑ 
ɖɗɌɝɞɑɜɚɎ ɛɚ ɜɌɓɘɑɜɌɘ, ɝɜɑɐəɔɕ ɜɌɓɘɑɜ ɖɗɌɝɞɑɜɌ, ɘɚɥəɚɝɞɨ 

ȽəɌɜɝɖɔɕ Ȭ.Ȭ.,  
ȭɑɓɝɟɐəɚɎ ȴ.Ȯ.,  
ȽɑɎɜɪɖɚɎ Ȯ.Ȭ. 
Ȼɜɚɢɑɝɝɧ ɛɑɜɑəɚɝɌ Ɏ 
ɘɌɖɜɚɝɖɚɛɔ-ɣɑɝɖɔ 
əɑɟɛɚɜɫ-ɐɚɣɑəəɧɡ 
ɝɜɑɐɌɡ. ð ȸ.: ȿȼȽȽ, 
2007. ð 304 ɝ. 
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ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ, ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɜɌɓɗɔɣəɧɡ ɣɌɝɞɑɕ 
ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ ɝɖɑɗɑɞɌ, ɝɖɑɗɑɞɚəɌ, ɘɑɜɞɎɧɡ 

ɖɚəɢɚɎ,é) ɔ ɞ.ɛ. ȳɐɑɝɨ ɘɧ ɜɌɝɝɘɚɞɜɔɘ ɞɚɗɨɖɚ əɑɖɚɞɚɜɧɑ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ. ȻɑɜɎɌɫ ɔɓ əɔɡ ɩɞɚ sn p  ð ɜɌɝɛɜɑɐɑɗɑəɔɑ 

ɖɚəɑɣəɧɡ ɖɗɌɝɞɑɜɚɎ ɛɚ ɜɌɓɘɑɜɌɘ, ɞ.ɑ. ɣɔɝɗɚ ɖɗɌɝɞɑɜɚɎ ɔɓ s  

ɟɓɗɚɎ (ɝɎɫɓɑɕ) ɛɜɔɡɚɐɫɥɔɡɝɫ əɌ ɚɐɔə ɟɓɑɗ (ɝɎɫɓɨ) ɜɑɤɑɞɖɔ. 

ȮɞɚɜɌɫ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌ ɟɐɌɣəɚ ɛɚɐɡɚɐɫɥɌɫ əɌ ɜɚɗɨ 

ɛɌɜɌɘɑɞɜɌ ɛɚɜɫɐɖɌ P p  - ɘɚɥəɚɝɞɨ ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ, 

Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ ɛɜɚɔɓɎɚɗɨəɧɕ ɟɓɑɗ (ɝɎɫɓɨ) ɛɜɔəɌɐɗɑɒɔɞ 

ɍɑɝɖɚəɑɣəɚɘɟ ɖɗɌɝɞɑɜɟ. ȸɚɥəɚɝɞɨ ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ ð 

P p  ɎɧɜɌɒɌɑɞɝɫ ɣɑɜɑɓ sn p , ɐɗɫ ɩɞɚɏɚ ɐɚɝɞɌɞɚɣəɚ ɟɣɑɝɞɨ, 

ɣɞɚ Ɏɑɜɚɫɞəɚɝɞɨ ɛɚɛɌɝɞɨ əɌ ɣɑɜəɧɕ ɟɓɑɗ ð p  ɑɝɞɨ ɝɟɘɘɌ 

Ɏɑɜɚɫɞəɚɝɞɔ ɛɚɛɌɝɞɨ əɌ ɍɑɝɖɚəɑɣəɧɕ ɖɗɌɝɞɑɜ  P p  ɔɗɔ əɌ 

ɗɪɍɚɕ ɖɚəɑɣəɧɕ s

s

sn p : 

s

s

P p sn p p, (3.11. 1) 

ɚɞɖɟɐɌ: 

Ȯɍɗɔɓɔ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ cp  ɘɚɥəɚɝɞɨ ɍɑɝɖɚəɑɣəɚɏɚ 

ɖɗɌɝɞɑɜɌ Ɏɑɐɑɞ ɝɑɍɫ ɌəɌɗɚɏɔɣəɚ ɛɌɜɌɘɑɞɜɟ ɛɚɜɫɐɖɌ Ɏ ɞɑɚɜɔɔ 
ɠɌɓɚɎɧɡ ɛɑɜɑɡɚɐɚɎ Ɏɞɚɜɚɏɚ ɜɚɐɌ: 

, /c c cP p p p p p p . (3.11. 3) 

ȼɚɗɨ ɞɑɘɛɑɜɌɞɟɜɧ  ð T  ɔ ɖɜɔɞɔɣɑɝɖɚɕ ɞɑɘɛɑɜɌɞɟɜɧ ð cT  

Ɏ ɠɌɓɚɎɧɡ ɛɑɜɑɡɚɐɌɡ ɞɑɛɑɜɨ ɔɏɜɌɪɞ ɖɚəɢɑəɞɜɌɢɔɫ ð p  

ɡɚɜɚɤɚ ɛɜɚɎɚɐɫɥɔɡ ɝɎɫɓɑɕ/ɟɓɗɚɎ (ɣɑɜəɌɫ ɠɌɓɌ) ɔ ɛɚɜɚɏ 

ɛɜɚɞɑɖɌəɔɫ - cp . 

ȭɗɔɓɚɝɞɨ ɖ ɛɚɜɚɏɟ ɛɜɚɞɑɖɌəɔɫ ɍɟɐɑɘ ɚɍɚɓəɌɣɌɞɨ: 

s

s

P p p sn p . (3.11.2 ) 
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c

c

p p

p
. (3.11.4 ) 

ȼɌɝɝɘɚɞɜɑəəɟɪ ɌəɌɗɚɏɔɪ ɘɑɒɐɟ ɞɑɚɜɔɑɕ ɠɌɓɚɎɧɡ 

ɛɑɜɑɡɚɐɚɎ ɔ ɞɑɚɜɔɑɕ ɛɜɚɞɑɖɌəɔɫ ɘɚɒəɚ ɟɏɗɟɍɔɞɨ, ɎɎɑɐɫ Ɏ 
ɞɑɚɜɔɪ ɛɜɚɞɑɖɌəɔɫ ɌəɌɗɚɏ ɍɑɓɜɌɓɘɑɜəɚɏɚ ɘɌɏəɔɞəɚɏɚ ɛɚɗɫ ð 

h. Ȯ ɜɌɝɝɘɌɞɜɔɎɌɑɘɧɡ ɓɐɑɝɨ ɏɑɚɘɑɞɜɔɣɑɝɖɔɡ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɡ ɛɑɜɖɚɗɫɢɔɚəəɧɡ ɝɔɝɞɑɘ ɩɞɚ ɐɑɗɌɑɞɝɫ 

ɐɚɎɚɗɨəɚ ɔɝɖɟɝəɧɘ ɔ ɔɝɖɟɝɝɞɎɑəəɧɘ ɚɍɜɌɓɚɘ, ɎɎɚɐɔɞɝɫ ɞɌɖ 

əɌɓɧɎɌɑɘɧɕ ɐɑɘɚə ȶɌɝɞɑɗɫɕəɌ-ɀɚɜɞɟɔəɌ ð ɣɑɜəɧɕ ɟɓɑɗ Ɏəɑ 

ɜɑɤɑɞɖɔ, ɝɎɫɓɌəəɧɕ ɝ ɖɌɒɐɧɘ ɣɑɜəɧɘ ɟɓɗɚɘ ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ 

1 exp h . ȬəɌɗɚɏ ɝɎɚɍɚɐəɚɕ ɩəɑɜɏɔɔ Ɏ ɞɑɚɜɔɔ ɠɌɓɚɎɧɡ 

ɛɑɜɑɡɚɐɚɎ ɘɚɒɑɞ ɍɧɞɨ ɓɌɛɔɝɌə ɖɌɖ 

, ,hs
s

s

G h n e  (3.11 .5) 

ɏɐɑ 
s

hs he e  ð ɐɚɗɫ ɖɚəɑɣəɧɡ ɖɗɌɝɞɑɜɚɎ ɔɓ s  ɟɓɗɚɎ, ɟ 

ɖɚɞɚɜɧɡ əɔ ɚɐɔə ɔɓ ɟɓɗɚɎ əɑ ɝɎɫɓɌə ɝ ɐɑɘɚəɚɘ ȶɌɝɞɑɗɫɕəɌ-
ɀɚɜɞɟɔəɌ. 

ȻɌɜɌɘɑɞɜ ɛɚɜɫɐɖɌ Ɏ ɞɑɚɜɔɔ ɠɌɓɚɎɧɡ ɛɑɜɑɡɚɐɚɎ ɘɚɒɑɞ 

ɍɧɞɨ əɌɕɐɑə ɔɓ G  ɖɌɖ ɛɜɚɔɓɎɚɐəɌɫ ɛɚ ɛɚɗɪ h, ɛɜɔ 0h  

0

,
h

G

h
 (3.11.6 ) 

ɔ ɔɓ (3.11.5 ) əɌɡɚɐɔɘ: 

 
0 0

,hs
s s

h s sh

G
sn e sn

h
 (3.11.7 ) 

ɣɞɚ ɐɌɑɞ ɏɗɌɎəɟɪ (ɝɔəɏɟɗɫɜəɟɪ) ɣɌɝɞɨ P p  (3.11. 2): 

0

.s

hs

G
P p p sn p

h
 (3.11.8 ) 
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Ȼɜɔ əɟɗɑɎɚɘ ɛɚɗɑ 0h , ɛɌɜɌɘɑɞɜ ɛɚɜɫɐɖɌ P p  əɔɒɑ 

ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ cp p  ɜɌɎɑə əɟɗɪ, ɣɞɚ ɛɚɗəɚɝɞɨɪ 

ɌəɌɗɚɏɔɣəɚ ɝɔɞɟɌɢɔɔ Ɏ ɞɑɚɜɔɔ ɠɌɓɚɎɧɡ ɛɑɜɑɡɚɐɚɎ ð ɛɜɔ 

cT T  ɠɑɜɜɚɘɌɏəɔɞəɚɑ ɝɚɝɞɚɫəɔɑ (əɌɘɌɏəɔɣɑəəɚɝɞɨ 0m ) 

ɛɑɜɑɡɚɐɔɞ Ɏ ɛɌɜɌɘɌɏəɔɞəɚɑ (0m ). Ȼɜɔ 0h  ɔ ɛɜɔ cT T  

ɔɘɑɑɞɝɫ əɑəɟɗɑɎɚɕ ɛɌɜɌɘɑɞɜ ɛɚɜɫɐɖɌ (3.11.5 ) çɚɍɫɓɌəəɧɕè 

Ɏəɑɤəɑɘɟ ɘɌɏəɔɞəɚɘɟ ɛɚɗɪ ð h  ɔ ɛɚɩɞɚɘɟ 

ɛɜɚɛɚɜɢɔɚəɌɗɨəɧɕ ɑɘɟ. ȷɑɏɖɚ ɟɎɔɐɑɞɨ, ɣɞɚ ɎɎɑɐɑəɔɑ ɐɑɘɚəɌ 

ȶɌɝɞɑɗɫɕəɌ-ɀɚɜɞɟɔəɌ ɞɌɖɒɑ ɚɝɞɌɎɗɫɑɞ ɛɌɜɌɘɑɞɜ ɛɚɜɫɐɖɌ 

ɞɑɚɜɔɔ ɛɜɚɞɑɖɌəɔɫ ð P p  əɑ ɜɌɎəɧɘ əɟɗɪ əɔɒɑ ɛɚɜɚɏɌ 

ɛɜɚɞɑɖɌəɔɫ, ɞ.ɑ. ɔ ɛɜɔ cp p  ɝɟɥɑɝɞɎɟɑɞ ɍɑɝɖɚəɑɣəɧɕ 

ɖɗɌɝɞɑɜ, ɎɑɗɔɣɔəɌ ɖɚɞɚɜɚɏɚ ɛɜɚɛɚɜɢɔɚəɌɗɨəɌ h. Ȯ ɝɌɘɚɘ 

ɐɑɗɑ, ɛɜɔ cp p  ɠɚɜɘɌɗɨəɚ əɑɞ ɍɑɝɖɚəɑɣəɚɏɚ ɣɑɜəɚɏɚ 

ɖɗɌɝɞɑɜɌ, əɚ ɛɜɔ 0h ( 1h ) ɖɌɒɐɧɕ ɣɑɜəɧɕ ɟɓɑɗ ɝɎɫɓɌə ɝ 

ɐɜɟɏɔɘ ɣɑɜɑɓ ɐɑɘɚəɌ ȶɌɝɞɑɗɫɕəɌ-ɀɚɜɞɟɔəɌ ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ 

1 1 1 ,he h h  (3.11.9 ) 

ɛɜɚɛɚɜɢɔɚəɌɗɨəɚɕ ɛɚɗɪ. 

Ƀɞɚ ɔ ɚɓəɌɣɌɑɞ ɝɟɥɑɝɞɎɚɎɌəɔɑ ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ 

( 0P p ) ɛɜɚɛɚɜɢɔɚəɌɗɨəɚɏɚ h  

~ .cP p p h  (3.11.10 ) 

ȺɍɜɌɞɔɘɝɫ ɞɑɛɑɜɨ ɖ ɠɔɓɔɣɑɝɖɔɘ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘ Ɏ 

ɞɑɚɜɔɔ ɛɜɚɞɑɖɌəɔɫ, ɛɚɓɎɚɗɫɪɥɔɘ əɌɘəɚɏɚ ɍɚɗɑɑ əɌɏɗɫɐəɧɘ 
ɚɍɜɌɓɚɘ ɛɚɫɝəɔɞɨ ɚɝəɚɎəɧɑ ɓɌɖɚəɚɘɑɜəɚɝɞɔ ɠɌɓɚɎɧɡ 

ɛɑɜɑɡɚɐɚɎ. ȭɟɐɑɘ ɞɑɛɑɜɨ ɝɣɔɞɌɞɨ, ɣɞɚ ɣɑɜəɧɑ ɝɎɫɓɔ Ɏ 

ɛɑɜɖɚɗɫɢɔɚəəɚɕ ɝɑɞɔ ɔɘɑɪɞ ɝɚɛɜɚɞɔɎɗɑəɔɑ 1r , Ɍ ɜɌɓɚɜɎɌəəɧɑ 

(ɍɑɗɧɑ)  ð 2r . Ȼɜɔ ɜɌɓɘɑɜɌɡ ɝɑɞɖɔ L  əɌɘəɚɏɚ ɍɚɗɨɤɑ 

ɞɌɖ əɌɓɧɎɌɑɘɚɏɚ ɖɚɜɜɑɗɫɢɔɚəəɚɏɚ ɜɌɐɔɟɝɌ  Ɏɗɔɫəɔɑ 

ɖɚəɖɜɑɞəɚɏɚ ɝɗɟɣɌɕəɚɏɚ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɣɑɜəɧɡ ɔ ɍɑɗɧɡ 

ɝɎɫɓɑɕ (ɝɗɟɣɌɕəɌɫ ɜɑɌɗɔɓɌɢɔɫ ɝɞɜɟɖɞɟɜɧ) ɝɞɌəɚɎɔɞɝɫ 

əɑɝɟɥɑɝɞɎɑəəɚɕ ɔ ɡɚɜɚɤɚ ɚɛɜɑɐɑɗɑəəɚɕ Ɏɑɗɔɣɔəɚɕ ɫɎɗɫɑɞɝɫ 

ɛɚɗəɚɑ ɝɚɛɜɚɞɔɎɗɑəɔɑ ð R. Ȱɗɫ ɞɚɏɚ, ɣɞɚɍɧ ɌɍɝɞɜɌɏɔɜɚɎɌɞɨɝɫ 
ɚɞ ɐɌəəɚɏɚ ɖɚəɖɜɑɞəɚɏɚ ɜɌɓɘɑɜɌ ɝɑɞɖɔ ( L ) ɟɐɚɍəɚ ɛɑɜɑɕɞɔ ɚɞ 
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ɝɚɛɜɚɞɔɎɗɑəɔɫ Ɏɝɑɏɚ ɚɍɜɌɓɢɌ (ɜɑɤɑɞɖɔ) ɖ ɟɐɑɗɨəɚɕ 

ɩɠɠɑɖɞɔɎəɚɕ ɛɜɚɎɚɐɔɘɚɝɞɔ ð e : 

2

1
,

d

e

L
R

L
 (3.11 .11 ) 

ɏɐɑ 2,3...d  ɜɌɓɘɑɜəɚɝɞɨ ɝɑɞɖɔ. 

Ȼɚ ɚɛɜɑɐɑɗɑəɔɪ əɌ ɜɌɓɘɑɜɌɡ ɛɚɜɫɐɖɌ ɔ ɍɚɗɑɑ 

ɖɚɜɜɑɗɫɢɔɚəəɚɏɚ ɜɌɐɔɟɝɌ Ɏɝɑ ɝɎɚɕɝɞɎɌ ɝɑɞɖɔ Ɏ ɢɑɗɚɘ (Ɏ 
ɐɌəəɚɘ ɝɗɟɣɌɑ ɟɐɑɗɨəɌɫ ɩɠɠɑɖɞɔɎəɌɫ ɛɜɚɎɚɐɔɘɚɝɞɨ) 

ɚɐɔəɌɖɚɎɧ, ɝɚɚɞɎɑɞɝɞɎɑəəɚ ɐɚɗɒəɧ ɍɧɞɨ ɚɐɔəɌɖɚɎɧ ɔ 

ɚɝəɚɎəɧɑ, ɏɗɌɎəɧɑ ɩɗɑɘɑəɞɧ ɔɡ ɛɜɚɞɑɖɌɞɑɗɨəɚɕ ɝɞɜɟɖɞɟɜɧ. 

 Ȯ ɖɌɣɑɝɞɎɑ ɛɌɜɌɘɑɞɜɌ ɛɚɜɫɐɖɌ, ɚɛɔɝɧɎɌɪɥɑɏɚ 

ɠɌɓɚɎɧɕ ɛɑɜɑɡɚɐ, ɟɐɚɍəɚ ɎɎɑɝɞɔ Ɏɑɗɔɣɔəɟ 

ɛɜɚɛɚɜɢɔɚəɌɗɨəɟɪ ɩɠɠɑɖɞɔɎəɚɕ ɛɜɚɎɚɐɔɘɚɝɞɔ ð e. ȶɌɖ ɔ 

ɐɗɫ ɛɌɜɌɘɑɞɜɌ ɛɚɜɫɐɖɌ P p  ɩɠɠɑɖɞɔɎəɌɫ ɛɜɚɎɚɐɔɘɚɝɞɨ e  

ɛɜɔ cp p  əɑ ɜɌɎəɌ əɟɗɪ, Ɍ əɔɒɑ ɛɚɜɚɏɌ ɛɜɔ 2r  ɜɌɎəɌ 

0e cp p . ȾɌɖɚɑ ɛɚɎɑɐɑəɔɑ ɗɑɏɖɚ ɛɚɫɝəɔɞɨ ð Ɏɧɤɑ ɛɚɜɚɏɌ 

ɛɜɚɞɑɖɌəɔɫ ɞɚɖ ɘɚɒɑɞ ɛɜɚɞɑɣɨ ɚɞ ɚɐəɚɏɚ ɖɚəɞɌɖɞɌ ɖ ɐɜɟɏɚɘɟ 

(ɖɚɞɚɜɧɑ ɘɚɏɟɞ ɍɧɞɨ ɠɚɜɘɌɗɨəɚ ɜɌɓəɑɝɑəɧ ɔ əɌ ɍɑɝɖɚəɑɣəɚɑ 

ɜɌɝɝɞɚɫəɔɑ) ɛɜɚɡɚɐɫ ɛɚ ɣɑɜəɧɘ ð ɛɜɚɎɚɐɫɥɔɘ, ɝɎɫɓɫɘ. 

ɉɞɚ ɔ ɚɓəɌɣɌɑɞ, ɣɞɚ ɝɟɥɑɝɞɎɟɑɞ ɍɑɝɖɚəɑɣəɧɕ ɣɑɜəɧɕ 

ɖɗɌɝɞɑɜ. Ȼɜɔ cp p  ɝɟɥɑɝɞɎɟɪɞ ɞɚɗɨɖɚ ɖɚəɑɣəɧɑ ɖɗɌɝɞɑɜɧ, ɝ 

ɜɌɓɘɑɜɚɘ ɘɑəɨɤɑ ɖɚɜɜɑɗɫɢɔɚəəɚɕ ɐɗɔəɧ, ɚəɔ ɔɓɚɗɔɜɚɎɌəɧ 

ɐɜɟɏ ɚɞ ɐɜɟɏɌ ɞ.ɖ. 2r  ɔ ɛɚɩɞɚɘɟ ɞɚɖ ɣɑɜɑɓ ɝɑɞɖɟ ɛɜɚɕɞɔ əɑ 

ɘɚɒɑɞ. Ⱦ.ɚ. ɛɜɔ 2r  ɩɠɠɑɖɞɔɎəɌɫ ɛɜɚɎɚɐɔɘɚɝɞɨ əɚɗɨ 

0e cp p , Ɍ ɑɝɗɔ 2r  ɍɚɗɨɤɚɑ, əɚ ɖɚəɑɣəɚɑ, ɞ.ɑ. 

1 2/ 1h r r , əɚ əɑ əɚɗɨ, ɞɚ ɞɚɖ ɝɘɚɒɑɞ ɛɜɚɞɑɣɨ ɚɞ ɚɐəɚɏɚ 

ɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ ɖ ɐɜɟɏɚɘɟ. Ȼɜɔ ɩɞɚɘ, ɖɚəɑɣəɚ ɒɑ 

ɛɜɚɎɚɐɔɘɚɝɞɨ ɝɑɞɖɔ ɍɟɐɑɞ ɛɜɚɛɚɜɢɔɚəɌɗɨəɌ h  ~e cp p h 

ɔ ɛɜɔ 0h  ɩɠɠɑɖɞɔɎəɌɫ ɛɜɚɎɚɐɔɘɚɝɞɨ 0e cp p . 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ əɑɞ əɑɚɍɡɚɐɔɘɚɝɞɔ ɎɎɚɐɔɞɨ ɐɑɘɚəɌ 

ȶɌɝɞɑɗɫɕəɌ-ɀɚɜɞɟɔəɌ, ɑɏɚ ɜɚɗɨ ɔɏɜɌɪɞ ɍɑɗɧɑ ɝɚɛɜɚɞɔɎɗɑəɔɫ 
ɝ ɍɚɗɨɤɔɘ, əɚ ɖɚəɑɣəɧɘ ɝɚɛɜɚɞɔɎɗɑəɔɑɘ. ȼɚɗɨ Ɏəɑɤəɑɏɚ 

ɛɚɗɫ ɞɑɛɑɜɨ ɔɏɜɌɑɞ ɚɞəɚɤɑəɔɑ 1 2/ 1h r r . 
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ȶɜɔɞɔɣɑɝɖɔɘ ɛɚɎɑɐɑəɔɑɘ Ɏɍɗɔɓɔ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ 

ɚɍɗɌɐɌɑɞ əɑ ɞɚɗɨɖɚ ɛɗɚɞəɚɝɞɨ ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ ()P p , əɚ 

ɔ ɘəɚɒɑɝɞɎɚ ɐɜɟɏɔɡ ɎɌɒəɧɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɛɑɜɖɚɗɫɢɔɚəəɚɕ 

ɝɑɞɔ, əɌɛɜɔɘɑɜ, ɖɚɜɜɑɗɫɢɔɚəəɌɫ ɐɗɔəɌ, ɖɚɞɚɜɌɫ ɜɌɝɡɚɐɔɞɝɫ 

ɛɜɔ ɛɜɔɍɗɔɒɑəɔɔ ɖ cp :
 

( )~ cp p
-

-
n

x  , (3.11.12)  

ɏɐɑ n- ɖɜɔɞɔɣɑɝɖɔɕ ɔəɐɑɖɝ ɖɚɜɜɑɗɫɢɔɚəəɚɕ ɐɗɔəɧ. 

ȶɜɔɞɔɣɑɝɖɔɘ ɚɍɜɌɓɚɘ Ɏɑɐɑɞ ɝɑɍɫ ɔ ɟɐɑɗɨəɌɫ 

ɩɠɠɑɖɞɔɎəɌɫ ɛɜɚɎɚɐɔɘɚɝɞɨ ep . Ȯɍɗɔɓɔ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ 

Ɏɧɤɑ ( )cp p>  ɔ əɔɒɑ ( )cp p<  ɔɘɑɑɞ ɘɑɝɞɚ: 

1

1 2

, ,

, .

t

c

e q q

c

p p

h p p

rt
r

r t rt

-ë >î
=ì

¹ <îí

      (3.11.13)  

ȬəɌɗɚɏɔɫ ɘɑɒɐɟ ɠɌɓɚɎɧɘ ɛɑɜɑɡɚɐɚɘ Ɏɞɚɜɚɏɚ ɜɚɐɌ ɔ 

ɛɑɜɖɚɗɫɢɔɚəəɧɘ ɛɑɜɑɡɚɐɚɘ ɛɜɚɫɎɗɫɑɞɝɫ ɓɐɑɝɨ Ɏ ɞɚɘ, ɣɞɚ 

ɑɝɗɔ ɖɜɔɞɔɣɑɝɖɌɫ ɞɑɘɛɑɜɌɞɟɜɌ ð cT  ɔ ɛɚɜɚɏɔ ɛɜɚɞɑɖɌəɔɫ ð 

cp , ɐɗɫ ɖɌɒɐɚɏɚ ɘɌɞɑɜɔɌɗɌ, ɔɗɔ, ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɜɑɤɑɞɖɔ 

ɔɘɑɑɞ ɝɎɚɑ ɣɔɝɗɑəəɚɑ ɓəɌɣɑəɔɑ, ɞɚ ɖɜɔɞɔɣɑɝɖɔɑ ɔəɐɑɖɝɧ 

ɫɎɗɫɪɞɝɫ ɟəɔɎɑɜɝɌɗɨəɧɘɔ,  ɓɌɎɔɝɫɥɔɘɔ ɞɚɗɨɖɚ ɚɞ 

ɜɌɓɘɑɜəɚɝɞɔ ɓɌɐɌɣɔ, əɚ əɑ ɓɌɎɔɝɫɥɔɘɔ ɚɞ ɞɔɛɌ ɜɑɤɑɞɖɔ. 

ȼɌɝɝɘɚɞɜɔɘ Ɏɚɛɜɚɝ ɛɜɔɘɑəɑəɔɫ ɜɑəɚɜɘ-ɏɜɟɛɛɚɎɚɏɚ 
ɘɑɞɚɐɌ ɐɗɫ Ɏɧɣɔɝɗɑəɔɫ ɖɜɔɞɔɣɑɝɖɔɡ ɔəɐɑɖɝɚɎ. 

Ȯɍɗɔɓɔ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ ɝɞɜɟɖɞɟɜɌ ɝɎɫɓəɧɡ ɣɌɝɞɑɕ 

ɛɑɜɖɚɗɫɢɔɚəəɚɕ ɝɑɞɔ (ɍɑɝɖɚəɑɣəɧɕ ɖɗɌɝɞɑɜ, ɛɜɔ cp p>  ɔ 

çɜɑɤɑɞɚɣəɧɑ ɓɎɑɜɔè ɛɜɔ cp p< ) ɔɘɑɪɞ ɠɜɌɖɞɌɗɨəɟɪ 

ɝɞɜɟɖɞɟɜɟ, ɞ.ɑ. ɫɎɗɫɪɞɝɫ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɝɌɘɚɛɚɐɚɍəɧɘɔ, 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɛɑɜɑɡɚɐɫ ɚɞ ɚɐəɚɏɚ ɘɌɝɤɞɌɍɌ ɖ ɐɜɟɏɚɘɟ ɔ 

ɞɜɑɍɟɫ ɘɌɝɤɞɌɍəɚɕ ɔəɎɌɜɔɌəɞəɚɝɞɔ ɘɚɒəɚ ɛɚɗɟɣɔɞɨ 

ɛɜɔɍɗɔɒɑəəɚɑ ɓəɌɣɑəɔɑ ɖɜɔɞɔɣɑɝɖɔɡ ɔəɐɑɖɝɚɎ. ȹɔɒɑ ɘɧ 

ɜɌɝɝɘɚɞɜɔɘ əɑɝɖɚɗɨɖɚ ɛɜɔɘɑɜɚɎ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɘɑɞɚɐɌ 

ɜɑəɚɜɘ-ɏɜɟɛɛɧ ɐɗɫ Ɏɧɣɔɝɗɑəɔɫ ɛɚɜɚɏɚɎ ɛɜɚɞɑɖɌəɔɫ ɔ 
ɖɜɔɞɔɣɑɝɖɚɏɚ ɔəɐɑɖɝɌ ɖɚɜɜɑɗɫɢɔɚəəɚɕ ɐɗɔəəɧ n. 
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Ȼɜɔɘɑɜ 1. Ȼɚɜɚɏ ɛɜɚɞɑɖɌəɔɫ ɞɜɑɟɏɚɗɨəɚɕ 
ɜɑɤɑɞɖɔ, ɓɌɐɌɣɌ ɟɓɗɚɎ 

Ȱɗɫ ɟɐɚɍɝɞɎɌ ɍɟɐɑɘ ɜɌɝɝɟɒɐɌɞɨ Ɏ ɞɑɜɘɔəɌɡ ɛɜɚɞɑɖɌəɔɫ 

ɞɚɖɌ ð ɛɜɚɎɚɐɫɥɔɕ ɟɓɑɗ (ɣɑɜəɧɕ) ɛɜɚɎɚɐɔɞ ɞɚɖ, əɑ 

ɛɜɚɎɚɐɫɥɔɕ (ɍɑɗɧɕ) əɑ ɛɜɚɎɚɐɔɞ, Ɏɝɑ ɝɎɫɓɔ ɛɜɚɎɚɐɫɥɔɑ. ȹɌ 

ɜɔɝ 3.11.1  a  ð ɞɜɑɟɏɚɗɨəɌɫ ɜɑɤɑɞɖɌ ɝ ɚɍɚɓəɌɣɑəɔɑɘ 

ɛɜɚɎɚɐɫɥɔɡ (ɣɑɜəɧɡ) ɔ əɑɛɜɚɎɚɐɫɥɔɡ (ɍɑɗɧɡ) ɟɓɗɚɎ, ɝ 

ɜɌɓɘɑɜɚɘ ɞɜɑɟɏɚɗɨəɚɕ ɫɣɑɕɖɔ ɜɌɎəɧɘ b ; ɍ - 

ɜɑəɚɜɘɔɜɚɎɌəəɌɫ ɜɑɤɑɞɖɌ, ɞɜɑɟɏɚɗɨəɧɑ ɫɣɑɕɖɔ (ɚɍɚɓəɌɣɑəɧ 

ɝɑɜɧɘ) ɛɜɑɐɝɞɌɎɗɫɪɞ ɞɑɛɑɜɨ əɚɎɧɑ ɟɓɗɧ, ɝɎɫɓɔ ɘɑɒɐɟ 
ɖɚɞɚɜɧɘɔ ɚɍɚɓəɌɣɑəɧ ɒɔɜəɧɘɔ ɣɑɜəɧɘɔ ɗɔəɔɫɘɔ. ȹɚɎɧɑ 

ɟɓɗɧ ɚɍɜɌɓɟɪɞ əɚɎɟɪ (ɜɑəɚɜɘɔɜɚɎɌəəɟɪ) ɞɜɑɟɏɚɗɨəɟɪ 

ɜɑɤɑɞɖɟ ɝ ɜɌɓɘɑɜɚɘ ɫɣɑɕɖɔ 3b b¡= Ö. 

 

ȼɔɝ. 3.11.1  ð ȽɡɑɘɌɞɔɣɑɝɖɚɑ ɔɓɚɍɜɌɒɑəɔɑ ɖɗɌɝɞɑɜɚɎ ɣɑɜəɚɕ 

(ɡɚɜɚɤɚ ɛɜɚɎɚɐɫɥɑɕ ɠɌɓɧ) 

ȻɜɌɎɔɗɌ ɛɜɑɚɍɜɌɓɚɎɌəɔɫ ɣɑɜəɧɡ ɟɓɗɚɎ ɝɗɑɐɟɪɥɔɑ - 

ɝɑɜɧɕ ɞɜɑɟɏɚɗɨəɔɖ ɜɑɤɑɞɖɔ ɛɑɜɑɡɚɐɔɞ Ɏ ɣɑɜəɧɕ ɟɓɑɗ 

ɜɑəɚɜɘɔɜɚɎɌəəɚɕ, ɑɝɗɔ ɟ əɑɏɚ 2  ɔɗɔ 3  ɟɓɗɌ ɣɑɜəɧɑ, Ɏ 

ɛɜɚɞɔɎəɚɘ ɝɗɟɣɌɑ ɚə ɛɑɜɑɡɚɐɔɞ Ɏ ɍɑɗɧɕ, əɑɛɜɚɎɚɐɫɥɔɕ ɟɓɑɗ. 
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Ȯɑɜɚɫɞəɚɝɞɨ ɣɑɜəɚɏɚ ɟɓɗɌ Ɏ ɞɜɑɟɏɚɗɨəɚɕ ɜɑɤɑɞɖɑ ɜɌɎəɌ 

p , ɛɚɩɞɚɘɟ Ɏɑɜɚɫɞəɚɝɞɨ Ɏɝɞɜɑɞɔɞɨ Ɏ əɚɎɚɕ ɜɑəɚɜɘɔɜɚɎɌəəɚɕ 

ɜɑɤɑɞɖɑ ɛɜɚɎɚɐɫɥɔɕ, ɣɑɜəɧɕ, ɟɓɑɗ ɜɌɎəɌ ( )3 23 1p p p+ - , ɏɐɑ 

ɛɑɜɎɚɑ ɝɗɌɏɌɑɘɚɑ çɚɍɫɓɌəɚè ɝɎɚɔɘ ɛɜɚɔɝɡɚɒɐɑəɔɑɘ ɝɑɜɚɘɟ 

ɞɜɑɟɏɚɗɨəɔɖɟ ɝ ɞɜɑɘɫ ɣɑɜəɧɘɔ ɟɓɗɌɘɔ, Ɍ Ɏɞɚɜɚɑ ð ɝ ɐɎɟɘɫ. 
Ȼɜɔ ɩɞɚɘ, ɞ.ɖ. ɜɌɝɛɚɗɚɒɑəɔɑ ɣɑɜəɧɡ ɔ ɍɑɗɧɡ ɟɓɗɚɎ Ɏɚ Ɏɞɚɜɚɘ 

ɝɗɟɣɌɑ Ɏɚɓɘɚɒəɚ ɞɜɑɘɫ ɜɌɓəɧɘɔ ɝɛɚɝɚɍɌɘɔ, Ɏɞɚɜɚɑ ɝɗɌɏɌɑɘɚɑ 

ɔɘɑɑɞ ɝɚɘəɚɒɔɞɑɗɨ 3. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, Ɏɑɜɚɫɞəɚɝɞɨ Ɏɝɞɜɑɞɔɞɨ 

ɣɑɜəɧɕ ɟɓɑɗ Ɏ ɜɑəɚɜɘɔɜɚɎɌəəɚɕ ɜɑɤɑɞɖɑ p¡ ɜɌɎəɌ: 

( )3 23 1p p p p¡= + Ö -. (3.11.13)  

 Ƚɑɞɨ, əɌɡɚɐɫɥɌɫɝɫ əɌ ɛɚɜɚɏɑ ɛɜɚɞɑɖɌəɔɫ ɛɜɔ ɜɑəɚɜɘ-

ɏɜɟɛɛɚɎɚɘ ɛɜɑɚɍɜɌɓɚɎɌəɔɔ ɚɝɞɌɑɞɝɫ əɌ ɛɚɜɚɏɑ: 

( )c cp p p¡ = , (3.11.14)  

ɞ.ɑ. cp  ð ɫɎɗɫɑɞɝɫ əɑɛɚɐɎɔɒəɚɕ ɞɚɣɖɚɕ ɛɜɑɚɍɜɌɓɚɎɌəɔɫ. 

ȾɚɏɐɌ ɔɓ ɟɜɌɎəɑəɔɫ, ɝɎɫɓɧɎɌɪɥɑɏɚ ɘɑɒɐɟ ɝɚɍɚɕ p¡ ɔ 

pɛɚɗɟɣɌɑɘ: 

( )3 23 1c c c cp p p p= + Ö - (3.11.15)  

 ɉɞɚ ɟɜɌɎəɑəɔɫ ɔɘɑɑɞ ɞɜɔ ɜɑɤɑəɔɫ 1cp = , 0cp = , 

1/ 2cp = . ȻɑɜɎɧɑ ɐɎɌ ɔɓ əɔɡ ɞɜɔɎɔɌɗɨəɧ ð ɛɚɗəɚɝɞɨɪ çɍɑɗɌɫè 

ɔɗɔ çɣɑɜəɌɫè ɜɑɤɑɞɖɌ ɚɝɞɌɑɞɝɫ ɞɌɖɚɎɚɕ. Ⱦɜɑɞɨɑ ɜɑɤɑəɔɑ  

1

2
cp =  , (3.11.16)  

ɔ ɑɝɞɨ ɔɝɖɚɘɧɕ ɛɚɜɚɏ ɛɜɚɞɑɖɌəɔɫ ɞɜɑɟɏɚɗɨəɚɕ ɜɑɤɑɞɖɔ ɐɗɫ 

ɓɌɐɌɣɔ ɟɓɗɚɎ. 

Ȯ ɐɌəəɚɘ ɛɜɔɘɑɜɑ, Ɏ ɚɞɗɔɣɔɑ ɚɞ əɑɝɖɚɗɨɖɔɡ ɐɜɟɏɔɡ, Ɏɝɑ 

ɝɖɗɌɐɧɎɌɑɞɝɫ əɌɝɞɚɗɨɖɚ ɟɐɌɣəɚ, ɣɞɚ ɛɚɗɟɣɑəəɚɑ ɜɑəɚɜɘ-

ɏɜɟɛɛɚɎɧɘ ɘɑɞɚɐɚɘ ɎɧɜɌɒɑəɔɑ ɐɗɫ ɛɚɜɚɏɌ ɛɜɚɞɑɖɌəɔɫ 

ɝɚɎɛɌɐɌɑɞ ɝ ɞɚɣəɧɘ ɓəɌɣɑəɔɑɘ. 
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 ȻɚɖɌɒɑɘ ɞɑɛɑɜɨ, ɖɌɖ ɘɚɒəɚ ɎɧɜɌɓɔɞɨ ɖɜɔɞɔɣɑɝɖɔɕ 

ɔəɐɑɖɝ ɖɚɜɜɑɗɫɢɔɚəəɚɕ ɐɗɔəɧ ð n.  

Ȼɟɝɞɨ Ɏ əɑɖɚɞɚɜɚɕ ɜɑɤɑɞɖɑ 0 cp p
n

x x
-

= - , ɞɚɏɐɌ Ɏ 

ɜɑəɚɜɘɔɜɚɎɌəəɚɕ 0 cp p
n

x x
-

¡ ¡= -  ɔ 
a
xx¡= , ɏɐɑ ba

b
¡= . 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ: 

c ca p p p p
n n- -

¡- = -  , (3.11.17)  

ɚɞɖɟɐɌ ɐɗɫ ɖɜɔɞɔɣɑɝɖɚɏɚ ɔəɐɑɖɝɌ əɌɡɚɐɔɘ: 

ln
1 ln

,
ln ln

c

cc

c

p p

p pp p

a a p p

¡-

¡--
= ¹ =

-

l
l

n
. (3.11.1 8) 

ȿɝɞɜɑɘɗɫɫ ɖɚəɢɑəɞɜɌɢɔɪ ɖ ɛɚɜɚɏɚɎɚɕ cp ɐɗɫ l
 
ɘɚɒəɚ 

ɓɌɛɔɝɌɞɨ: 

lim
c

c

c

p p
c p p p

p p dp

p p dp
l

­
¡= =

¡ ¡-
= =

-
 , (3.11.1 9) 

ɔ ɐɗɫ ɖɜɔɞɔɣɑɝɖɚɏɚ ɔəɐɑɖɝɌ ɛɚɗɟɣɌɑɞɝɫ ɛɜɚɝɞɚɑ ɎɧɜɌɒɑəɔɑ 

( )ln /1
.

ln

cp
dp dp

an

¡
=  

(3.11. 20) 

 ȼɌəɑɑ, ɐɗɫ ɞɜɑɟɏɚɗɨəɚɕ ɜɑɤɑɞɖɔ ɍɧɗɚ ɛɚɗɟɣɑəɚ 

( )3 23 1p p p p¡= + Ö - ɔ 1/ 2cp = , ɚɞɖɟɐɌ: 

( )

ln 1 ln3
1.355

ln 2 ln 3 / 2

a

b
l= = º  (3.11.2 1) 

Ⱦɚɣəɚɑ ɓəɌɣɑəɔɑ (ɖɚɞɚɜɚɑ Ɏɚɓɘɚɒəɚ ɛɚɗɟɣɔɞɨ ɐɗɫ 

ɐɌəəɚɕ ɜɑɤɑɞɖɔ) 4 / 3 1.33n= º , ɔ ɞ.ɚ. ɛɜɔɘɑəɑəɔɑ ɘɑɞɚɐɌ 

ɜɑəɚɜɘ-ɏɜɟɛɛɧ ɐɌɑɞ ɚɣɑəɨ ɡɚɜɚɤɑɑ ɛɜɔɍɗɔɒɑəɔɑ. 
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Ȼɜɔɘɑɜ 2. ȶɎɌɐɜɌɞəɌɫ ɜɑɤɑɞɖɌ, ɓɌɐɌɣɌ ɝɎɫɓɑɕ 

ȺɐəɌ ɔɓ ɞɜɟɐəɚɝɞɑɕ ɛɜɔɘɑəɑəɔɫ  ɜɑəɚɜɘ-ɏɜɟɛɛɚɎɚɏɚ 

ɘɑɞɚɐɌ ɫɎɗɫɑɞɝɫ ɚɛɜɑɐɑɗɑəɔɑ ɜɑəɚɜɘɌɗɔɓɟɑɘɚɕ ɫɣɑɕɖɔ ɔ 

ɞɜɑɍɚɎɌəɔɕ ɛɜɚɞɑɖɌəɔɫ ɖ əɑɕ. Ȯ ɞɜɑɟɏɚɗɨəɚɕ ɜɑɤɑɞɖɑ ɩɞɚɕ 

ɞɜɟɐəɚɝɞɔ əɑ ɍɧɗɚ, ɫɣɑɕɖɌ ɎɧɍɔɜɌɗɌɝɨ ɞɜɑɟɏɚɗɨəɚɕ ɔ 

ɛɜɚɞɑɖɌəɔɑ ɚɛɜɑɐɑɗɫɗɚɝɨ əɌɗɔɣɔɑɘ ɐɎɟɡ ɔ ɍɚɗɑɑ ɣɑɜəɧɡ 

ɟɓɗɚɎ. Ȯ ɝɗɟɣɌɑ ɖɎɌɐɜɌɞəɚɕ ɜɑɤɑɞɖɔ ɞɜɑɍɟɑɞɝɫ ɍɚɗɑɑ 

ɌɖɖɟɜɌɞəɚɑ ɜɌɝɝɟɒɐɑəɔɑ. Ȼɚɐ ɛɑɜɖɚɗɔɜɟɪɥɔɘ ɖɗɌɝɞɑɜɚɘ ɘɧ 

ɛɚəɔɘɌɑɘ ɖɌɖ ɖɗɌɝɞɑɜ, ɝɚɑɐɔəɫɪɥɔɕ çɎɑɜɡ ɔ əɔɓè, ɞɌɖ ɔ 

ɖɗɌɝɞɑɜ, ɝɚɑɐɔəɫɪɥɔɕ çɗɑɎɚ ɔ ɛɜɌɎɚè. Ȼɚɩɞɚɘɟ 

ɛɜɚɞɑɖɌɞɑɗɨəɚɑ ɝɚɝɞɚɫəɔɑ ɐɗɫ ɫɣɑɕɖɔ Ɏɧɍɑɜɑɘ, əɌɛɜɔɘɑɜ, 

ɖɌɖ ɛɜɚɞɑɖɌəɔɑ çɝɗɑɎɌ əɌɛɜɌɎɚè. ȾɚɏɐɌ Ɏ ɖɌɣɑɝɞɎɑ ɫɣɑɕɖɔ 

ɖɎɌɐɜɌɞəɚɕ ɜɑɤɑɞɖɔ ɘɚɒəɚ ɎɧɍɜɌɞɨ ɖɚəɠɔɏɟɜɌɢɔɪ, 

ɔɓɚɍɜɌɒɑəəɟɪ əɌ ɜɔɝ. 3.11.2 . 

 

ȼɔɝ. 3.11 .2 ð ɋɣɑɕɖɌ ɖɎɌɐɜɌɞəɚɕ ɜɑɤɑɞɖɔ 

ɋɣɑɕɖɌ ɖɎɌɐɜɌɞəɚɕ ɜɑɤɑɞɖɔ, ɐɗɫ ɔɝɝɗɑɐɚɎɌəɔɑ 

ɛɜɚɞɑɖɌəɔɫ çɝɗɑɎɌ-əɌɛɜɌɎɚè. Ɍ ɔ b ð ɗɑɎɧɑ, ɝ ɔ d ð ɛɜɌɎɧɑ 

ɖɚəɞɌɖɞɧ. ȶɌɒɐɌɫ ɔɓ ɝɎɫɓɑɕ  - ae, ec,é ɫɎɗɫɑɞɝɫ ɛɜɚɎɚɐɫɥɑɕ 

ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ p . 

Ȼɜɔ ɜɑəɚɜɘɌɗɔɓɌɢɔɔ ɫɣɑɕɖɌ ɛɜɑɎɜɌɥɌɑɞɝɫ Ɏ ɚɐəɟ 

ɝɎɫɓɨ: 

 

ȽɚɚɞɎɑɞɝɞɎɑəəɚ / 2a b b¡= =. 

ȹɔɒɑ ɔɓɚɍɜɌɒɑəɚ, ɝ ɟɖɌɓɌəɔɑɘ Ɏɑɜɚɫɞəɚɝɞɔ 

ɛɜɚɞɑɖɌəɔɫ, Ɏɝɑ ɛɜɚɎɚɐɫɥɔɑ çɝɗɑɎɌ əɌɛɜɌɎɚè ɖɚəɠɔɏɟɜɌɢɔɔ 
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ɫɣɑɕɖɔ, ɛɟəɖɞɔɜɚɘ ɟɖɌɓɌəɧ ɜɌɓɚɜɎɌəəɧɑ (Ɏɧɖɔəɟɞɧɑ) ɝɎɫɓɔ, 

ɝɘ. ɜɔɝ. 3.11.3 . 

 

 

ȼɔɝ. 3.11 .3 ð ȻɜɚɎɚɐɫɥɔɑ ɖɚəɠɔɏɟɜɌɢɔɔ 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, Ɏɑɜɚɫɞəɚɝɞɨ ɛɚɗɟɣɔɞɨ ɛɜɚɞɑɖɌɞɑɗɨəɟɪ 
ɜɑəɚɜɘɔɜɚɎɌəəɟɪ ɖɚəɠɔɏɟɜɌɢɔɪ ɜɌɎəɌ: 

( ) ( ) ( )
2 35 4 3 25 1 8 1 2 1p p p p p p p p¡= + - + - + -. (3.11.2 2) 

ȻɚɐɝɞɌɎɗɫɫ Ɏ ɛɜɌɎɟɪ ɔ ɗɑɎɟɪ ɣɌɝɞɔ cp p p¡= =  ɗɑɏɖɚ 

ɟɍɑɐɔɞɝɫ, ɣɞɚ ɜɑɤɑəɔɑ ɛɚɗɟɣɑəəɚɏɚ ɟɜɌɎəɑəɔɫ ɐɌɑɞ: 

1

2
cp =  . (3.11.2 3) 
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ȽɜɌɓɟ ɒɑ ɘɚɒəɚ Ɏɧɣɔɝɗɔɞɨ ɔ ɖɜɔɞɔɣɑɝɖɔɕ ɔəɐɑɖɝ 
ɖɚɜɜɑɗɫɢɔɚəəɚɕ ɐɗɔəəɧ: 

ln
,

ln
cp p

b dp

dp
=

¡
= =n l
l

 , (3.11.2 4) 

ɍɑɜɫ ɛɜɚɔɓɎɚɐəɟɪ ɚɞ ()p p p¡ ¡= , ɛɚ p
 
ɔ ɛɚɐɝɞɌɎɗɫɫ 

1/ 2cp p= = . ȹɌɡɚɐɔɘ: 

( )4 3 2

1
2

13
10 20 6 4

8c

c

p p
p p

dp
p p p p

dp = =
=

¡
= - + + = . (3.11.2 5) 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ: 

( )
ln 2

1.43
13ln

8

n= º  (3.11.2 6) 

Ȼɜɔ ɞɚɣəɚɘ ɓəɌɣɑəɔɔ 4
3

n= . 

ȰɌɗɑɖɚ əɑ ɎɝɑɏɐɌ ɘɑɞɚɐ ɜɑəɚɜɘɏɜɟɛɛɧ ɐɌɑɞ ɞɌɖɔɑ 

ɡɚɜɚɤɔɑ ɜɑɓɟɗɨɞɌɞɧ. Ȱɗɫ ɟɞɚɣəɑəɔɫ əɑɚɍɡɚɐɔɘɚ ɍɜɌɞɨ 
ɍɚɗɨɤɔɑ ɜɌɓɘɑɜɧ ɜɑəɚɜɘɔɜɟɪɥɑɕ ɫɣɑɕɖɔ, əɌɛɜɔɘɑɜ, Ɏɘɑɝɞɚ 

ɫɣɑɕɖɔ  ɝ 2b=  ɍɜɌɞɨ ɫɣɑɕɖɟ ɝ 5b= . 

ȹɌ ɛɑɜɎɧɕ Ɏɓɏɗɫɐ ɞɌɖɚɑ ɟɞɚɣəɑəɔɑ əɑ ɛɜɑɐɝɞɌɎɗɫɑɞ 

ɓəɌɣɔɞɑɗɨəɚɏɚ ɟɝɗɚɒəɑəɔɫ. ȺɐəɌɖɚ, əɌ ɝɌɘɚɘ ɐɑɗɑ, ɩɞɚ əɑ 

ɛɜɚɝɞɚ ɓəɌɣɔɞɑɗɨəɚɑ, Ɍ ɛɜɔəɢɔɛɔɌɗɨəɚ ɓəɌɣɔɞɑɗɨəɚɑ 

ɟɝɗɚɒəɑəɔɑ, ɞɌɖ ɖɌɖ Ɏɘɑɝɞɚ 32-ɡ ɐɗɫ ɝɗɟɣɌɫ 2b=  

ɖɚɘɍɔəɌɢɔɕ ɔɓ ɖɚɞɚɜɧɡ 20  ɛɜɚɞɑɖɌɞɑɗɨəɧɡ, Ɏ ɝɗɟɣɌɑ 5b=  

ɣɔɝɗɚ ɖɚɘɍɔəɌɢɔɕ ɜɌɎəɚ 
25 72 3 10º Ö , ɔɓ ɖɚɞɚɜɧɡ ɐɗɫ əɌɣɌɗɌ 

əɑɚɍɡɚɐɔɘɚ ɎɧɍɜɌɞɨ ɛɜɚɞɑɖɌɞɑɗɨəɧɑ, Ɍ ɓɌɞɑɘ ɑɥɑ ɔ əɌɕɞɔ 

Ɏɑɜɚɫɞəɚɝɞɨ ɔɡ ɛɚɫɎɗɑəɔɫ. 
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3. 12. ȶɚɜɜɑɗɫɢɔɚəəɧɕ ɔ ɠɜɌɖɞɌɗɨəɧɕ  

ɌəɌɗɔɓ 

3.12.1. Ȼɚəɫɞɔɑ ɠɜɌɖɞɌɗɌ 

Ⱦɑɜɘɔə ɠɜɌɖɞɌɗ ɍɧɗ ɛɜɑɐɗɚɒɑə 

ȭɑəɟɌ ȸɌəɐɑɗɨɍɜɚɞɚɘ (B. Mandelbrot ) Ɏ 

1975 ɏɚɐɟ ɐɗɫ ɚɍɚɓəɌɣɑəɔɫ 

əɑɜɑɏɟɗɫɜəɧɡ ɝɌɘɚɛɚɐɚɍəɧɡ 

ɘɌɞɑɘɌɞɔɣɑɝɖɔɡ ɝɞɜɟɖɞɟɜ. ȺɝəɚɎəɚɑ 
ɚɛɜɑɐɑɗɑəɔɑ ɠɜɌɖɞɌɗɌ, ɐɌəəɚɑ 

ȸɌəɐɑɗɨɍɜɚɞɚɘ, ɓɎɟɣɌɗɚ ɞɌɖ: 

çɀɜɌɖɞɌɗɚɘ əɌɓɧɎɌɑɞɝɫ ɝɞɜɟɖɞɟɜɌ, 

ɖɚɞɚɜɌɫ ɝɚɝɞɚɔɞ ɔɓ ɣɌɝɞɑɕ, ɖɚɞɚɜɧɑ Ɏ 

ɖɌɖɚɘ-ɞɚ ɝɘɧɝɗɑ ɛɚɐɚɍəɧ ɢɑɗɚɘɟè. 
Ƚɗɑɐɟɑɞ ɛɜɔɓəɌɞɨ, ɣɞɚ ɩɞɚ ɚɛɜɑɐɑɗɑəɔɑ, 

ɎɎɔɐɟ ɝɎɚɑɕ əɑɝɞɜɚɏɚɝɞɔ, əɑ ɎɝɑɏɐɌ 

Ɏɑɜəɚ. ȸɚɒəɚ ɛɜɔɎɑɝɞɔ ɘəɚɏɚ 

ɛɜɔɘɑɜɚɎ ɝɌɘɚɛɚɐɚɍəɧɡ ɚɍɦɑɖɞɚɎ, əɑ 

ɫɎɗɫɪɥɔɡɝɫ ɠɜɌɖɞɌɗɌɘɔ, əɌɛɜɔɘɑɜ, ɖɌɜɞɔəɌ ɝɡɚɐɫɥɔɡɫ ɖ 

ɏɚɜɔɓɚəɞɟ ɒɑɗɑɓəɚɐɚɜɚɒəɧɡ ɛɟɞɑɕ. 

Ȯ ɝɌɘɚɘ ɛɜɚɝɞɚɘ ɝɗɟɣɌɑ əɑɍɚɗɨɤɌɫ ɣɌɝɞɨ ɠɜɌɖɞɌɗɌ 

ɝɚɐɑɜɒɔɞ ɔəɠɚɜɘɌɢɔɪ ɚɍɚ Ɏɝɑɘ ɠɜɌɖɞɌɗɑ. Ƚɞɜɚɏɚɑ 

ɚɛɜɑɐɑɗɑəɔɑ ɝɌɘɚɛɚɐɚɍəɧɡ ɘəɚɒɑɝɞɎ ɍɧɗɚ ɐɌəɚ 

Ȱɒ. ɁɌɞɣɔəɝɚəɚɘ (J. Hutchinson ) Ɏ 1981 ɏɚɐɟ. Ⱥə əɌɓɎɌɗ  

ɘəɚɒɑɝɞɎɚ ɝɌɘɚɛɚɐɚɍəɧɘ, ɑɝɗɔ ɚəɚ ɝɚɝɞɚɔɞ ɔɓ əɑɝɖɚɗɨɖɔɡ 
ɖɚɘɛɚəɑəɞ, ɛɚɐɚɍəɧɡ Ɏɝɑɘɟ ɩɞɚɘɟ ɘəɚɒɑɝɞɎɟ, ɞ.ɑ. ɖɚɘɛɚəɑəɞ 

ɛɚɗɟɣɌɑɘɧɡ Ɍɠɔəəɧɘɔ ɛɜɑɚɍɜɌɓɚɎɌəɔɫɘɔ - ɛɚɎɚɜɚɞɚɘ, 

ɝɒɌɞɔɑɘ ɔ ɚɞɜɌɒɑəɔɑɘ ɔɝɡɚɐəɚɏɚ ɘəɚɒɑɝɞɎɌ. ȳɌɘɑɞɔɘ, ɣɞɚ 

ɞɌɖɚɑ ɝɞɜɚɏɚɑ ɚɛɜɑɐɑɗɑəɔɑ ɘɌɗɚɛɜɚɐɟɖɞɔɎəɚ.  Ȯɚ ɘəɚɏɔɡ 

ɝɗɟɣɌɫɡ ɔɝɝɗɑɐɟɪɞɝɫ ɛɚɐɘəɚɒɑɝɞɎɌ, Ɏ ɖɚɞɚɜɧɡ ɖɚɘɛɚəɑəɞɌ 

ɛɚɐɚɍɔɫ Ɏɝɑɘɟ ɘəɚɒɑɝɞɎɟ ɞɚɗɨɖɚ ɛɜɔɍɗɔɒɑəəɌɫ, ɐɌ ɔ Ɏ 
ɝɌɘɚɘ ɘəɚɒɑɝɞɎɑ ȸɌəɐɑɗɨɍɜɚɞɌ ɖɚɘɛɚəɑəɞɧ ɞɚɗɨɖɚ ɛɚɡɚɒɔ 

(Ɍ ɔəɚɏɐɌ ɔ əɑ ɛɚɡɚɒɔ) əɌ Ɏɝɑ ɘəɚɒɑɝɞɎɚ. 

ȺɐəɌɖɚ ɝɌɘɚɛɚɐɚɍɔɑ ð ɩɞɚ ɡɚɞɫ ɔ əɑɚɍɡɚɐɔɘɚɑ, əɚ 

ɐɌɗɑɖɚ əɑ ɐɚɝɞɌɞɚɣəɚɑ ɝɎɚɕɝɞɎɚ ɠɜɌɖɞɌɗɚɎ. Ȯɑɐɨ əɑɗɨɓɫ ɒɑ, Ɏ 

ɝɌɘɚɘ ɐɑɗɑ, ɝɣɔɞɌɞɨ ɠɜɌɖɞɌɗɚɘ ɞɚɣɖɟ, ɔɗɔ ɛɗɚɝɖɚɝɞɨ, 

ɜɌɝɣɑɜɣɑəəɟɪ ɖɗɑɞɖɌɘɔ. ȯɗɌɎəɌɫ ɚɝɚɍɑəəɚɝɞɨ ɠɜɌɖɞɌɗɨəɧɡ 
ɚɍɦɑɖɞɚɎ ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, ɣɞɚ ɐɗɫ ɔɡ  ɚɛɔɝɌəɔɫ əɑɐɚɝɞɌɞɚɣəɚ 

çɝɞɌəɐɌɜɞəɚɕè ɞɚɛɚɗɚɏɔɣɑɝɖɚɕ ɜɌɓɘɑɜəɚɝɞɔ dt, ɖɚɞɚɜɌɫ, ɖɌɖ 

ȸɌəɐɑɗɨɍɜɚɞ ȭ. 
ɀɜɌɖɞɌɗɨəɌɫ 
ɏɑɚɘɑɞɜɔɫ ɛɜɔɜɚɐɧ. ð 
ȸ.: ȴəɝɞɔɞɟɞ 
ɖɚɘɛɨɪɞɑɜəɧɡ 
ɔɝɝɗɑɐɚɎɌəɔɕ, 2002. 
ð 656 ɝ. 

     ȸɌəɐɑɗɨɍɜɚɞ ȭ. 
ɀɜɌɖɞɌɗɧ, ɝɗɟɣɌɕ ɔ 
ɠɔəɌəɝɧ. ð ȸ.: 
ȼɑɏɟɗɫɜəɌɫ ɔ 
ɡɌɚɞɔɣɑɝɖɌɫ 
ɐɔəɌɘɔɖɌ, 2004. ð 
256 ɝ. 
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ɔɓɎɑɝɞəɚ, ɐɗɫ ɗɔəɔɔ ɜɌɎəɌ 1 (1dt=  - ɗɔəɔɫ ɚɐəɚɘɑɜəɧɕ 

ɚɍɦɑɖɞ), ɐɗɫ ɛɚɎɑɜɡəɚɝɞɔ 2dt= , ɔ ɞ.ɐ. ɀɜɌɖɞɌɗɌɘ ɡɌɜɌɖɞɑɜəɌ 

ɏɑɚɘɑɞɜɔɣɑɝɖɌɫ çɔɓɜɑɓɌəəɚɝɞɨè.   

Ȼɚɩɞɚɘɟ ɔɝɛɚɗɨɓɟɑɞɝɫ 

ɝɛɑɢɔɌɗɨəɚɑ ɛɚəɫɞɔɑ ɠɜɌɖɞɌɗɨəɚɕ 

ɜɌɓɘɑɜəɚɝɞɔ, ɎɎɑɐɑəəɚɑ 

ɀ. ɁɌɟɝɐɚɜɠɚɘ (F. Hausdorf ) ɔ 
Ȭ.Ƚ. ȭɑɓɔɖɚɎɔɣɑɘ. Ȼɜɔɘɑəɔɞɑɗɨəɚ ɖ 

ɔɐɑɌɗɨəɧɘ ɚɍɦɑɖɞɌɘ ɖɗɌɝɝɔɣɑɝɖɚɕ 

ɑɎɖɗɔɐɚɎɚɕ ɏɑɚɘɑɞɜɔɔ (ɗɔəɔɔ, 

ɛɗɚɝɖɚɝɞɔé) ɚəɌ ɐɌɎɌɗɌ ɞɑ ɒɑ 

ɣɔɝɗɑəəɧɑ ɓəɌɣɑəɔɫ, ɣɞɚ ɔ 
ɞɚɛɚɗɚɏɔɣɑɝɖɌɫ ɜɌɓɘɑɜəɚɝɞɨ, ɚɐəɌɖɚ 

əɚɎɌɫ ɜɌɓɘɑɜəɚɝɞɨ ɚɍɗɌɐɌɗɌ ɍɚɗɑɑ 

ɞɚəɖɚɕ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨɪ ɖɚ Ɏɝɫɖɚɏɚ 

ɜɚɐɌ əɑɝɚɎɑɜɤɑəɝɞɎɌɘ ɜɑɌɗɨəɧɡ 

ɚɍɦɑɖɞɚɎ, ɛɚɓɎɚɗɫɫ ɜɌɓɗɔɣɌɞɨ ɔ 

ɔəɐɔɎɔɐɟɌɗɔɓɔɜɚɎɌɞɨ ɞɚ, ɣɞɚ ɛɜɑɒɐɑ 
ɍɧɗɚ ɍɑɓɗɔɖɚ ɔ əɑɜɌɓɗɔɣɔɘɚ. 

ȼɌɓɘɑɜəɚɝɞɨ ɁɌɟɝɐɚɜɠɌ-ȭɑɓɔɖɚɎɔɣɌ 

ɖɌɖ ɜɌɓ ɔ  ɛɚɓɎɚɗɫɑɞ ɔɓɘɑɜɫɞɨ ɝɞɑɛɑəɨ 

çɔɓɜɑɓɌəəɚɝɞɔè. ȼɌɓɘɑɜəɚɝɞɨ 

ɠɜɌɖɞɌɗɨəɧɡ ɚɍɦɑɖɞɚɎ əɑ  ɫɎɗɫɑɞɝɫ 
ɢɑɗɧɘ ɣɔɝɗɚɘ, ɡɌɜɌɖɞɑɜəɧɘ ɐɗɫ 

ɛɜɔɎɧɣəɧɡ ɏɑɚɘɑɞɜɔɣɑɝɖɔɡ ɚɍɦɑɖɞɚɎ. 

Ȯɘɑɝɞɑ ɝ ɞɑɘ, Ɏ ɍɚɗɨɤɔəɝɞɎɑ ɝɗɟɣɌɑɎ 

ɠɜɌɖɞɌɗɧ əɌɛɚɘɔəɌɪɞ ɚɍɦɑɖɞɧ, 

ɛɗɚɞəɚ ɓɌəɔɘɌɪɥɔɑ ɜɑɌɗɨəɚɑ 

ɛɜɚɝɞɜɌəɝɞɎɚ, əɚ əɑ ɔɝɛɚɗɨɓɟɪɥɔɑ ɑɏɚ 
ɛɚɗəɚɝɞɨɪ.  

Ȼɟɝɞɨ ɑɝɞɨ ɘəɚɒɑɝɞɎɚ G  Ɏ 

ɑɎɖɗɔɐɚɎɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ ɜɌɓɘɑɜəɚɝɞɔ 

dt. ɉɞɚ ɘəɚɒɑɝɞɎɚ ɛɚɖɜɧɎɌɑɞɝɫ ɖɟɍɔɖɌɘɔ ɜɌɓɘɑɜəɚɝɞɔ  dt, 

ɛɜɔ ɩɞɚɘ ɐɗɔəɌ ɜɑɍɜɌ ɗɪɍɚɏɚ ɖɟɍɔɖɌ  əɑ ɛɜɑɎɧɤɌɑɞ 

əɑɖɚɞɚɜɚɏɚ ɓəɌɣɑəɔɫ d, ɞ.ɑ. id <d. 

ȮɎɚɐɔɞɝɫ ɓɌɎɔɝɫɥɌɫ ɚɞ əɑɖɚɞɚɜɚɏɚ ɛɌɜɌɘɑɞɜɌ d  ɔ d 

ɝɟɘɘɌ ɛɚ Ɏɝɑɘ ɩɗɑɘɑəɞɌɘ ɛɚɖɜɧɞɔɫ: 

 

ɀɑɗɔɖɝ ɁɌɟɝɐɚɜɠ 
 (1868 -1942)  

 

 
 

ȬɍɜɌɘ ȽɌɘɚɕɗɚɎɔɣ 
ȭɑɓɔɖɚɎɔɣ  

(1891 -1970)   
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( ) d

d i

i

l d d=ä .               (3.12.1)  

Ⱥɛɜɑɐɑɗɔɘ əɔɒəɪɪ ɏɜɌəɨ ɐɌəəɚɕ ɝɟɘɘɧ: 

()
,

inf .
i

d

d i

i

L
d d

d d
<

= ä           (3.12. 2) 

Ȼɜɔ ɟɘɑəɨɤɑəɔɔ ɘɌɖɝɔɘɌɗɨəɚɕ ɐɗɔəɧ d, ɑɝɗɔ 

ɛɌɜɌɘɑɞɜ d  ɍɟɐɑɞ ɐɚɝɞɌɞɚɣəɚ Ɏɑɗɔɖ, ɚɣɑɎɔɐəɚ, ɍɟɐɑɞ 

Ɏɧɛɚɗəɫɞɨɝɫ: 

0
lim ( ) 0.dL
d

d
­

­                (3.12. 3) 

Ȼɜɔ əɑɖɚɞɚɜɚɘ ɐɚɝɞɌɞɚɣəɚ ɘɌɗɚɘ ɓəɌɣɑəɔɔ ɛɌɜɌɘɑɞɜɌ 

d  ɍɟɐɑɞ Ɏɧɛɚɗəɫɞɨɝɫ: 

0
lim ( ) .dL
d

d
­

­¤               (3.12.4)  

Ȼɜɚɘɑɒɟɞɚɣəɚɑ, ɖɜɔɞɔɣɑɝɖɚɑ ɓəɌɣɑəɔɑ xd , ɐɗɫ  

ɖɚɞɚɜɚɏɚ Ɏɧɛɚɗəɫɑɞɝɫ: 

0

0, ,
lim ( )

, ,

x

d

x

d d
L

d dd
d

­

>ëî
=ì
¤ <îí

 
(3.12.5)  

ɔ əɌɓɧɎɌɑɞɝɫ ɜɌɓɘɑɜəɚɝɞɨɪ ɁɌɟɝɐɚɜɠɌ-ȭɑɓɔɖɚɎɔɣɌ (ɔɗɔ 
ɠɜɌɖɞɌɗɨəɚɕ ɜɌɓɘɑɜəɚɝɞɨɪ). Ȱɗɫ ɛɜɚɝɞɧɡ ɏɑɚɘɑɞɜɔɣɑɝɖɔɡ 

ɚɍɦɑɖɞɚɎ ɜɌɓɘɑɜəɚɝɞɨ ɁɌɟɝɐɚɜɠɌ-ȭɑɓɔɖɚɎɔɣɌ  ɝɚɎɛɌɐɌɑɞ ɝ 

ɞɚɛɚɗɚɏɔɣɑɝɖɚɕ (ɐɗɫ ɚɞɜɑɓɖɌ xd = 1, ɐɗɫ ɖɎɌɐɜɌɞɌ xd = 2, ɐɗɫ 

ɖɟɍɌ xd = 3 ɔ ɞ.ɐ.) 

ȹɑɝɘɚɞɜɫ əɌ ɞɚ, ɣɞɚ ɜɌɓɘɑɜəɚɝɞɨ 

ɁɌɟɝɐɚɜɠɌ-ȭɑɓɔɖɚɎɔɣɌ ɝ 
ɞɑɚɜɑɞɔɣɑɝɖɚɕ ɞɚɣɖɔ ɓɜɑəɔɫ 

ɚɛɜɑɐɑɗɑəɌ ɍɑɓɟɛɜɑɣəɚ, ɐɗɫ ɜɑɌɗɨəɧɡ 

ɠɜɌɖɞɌɗɨəɧɡ ɚɍɦɑɖɞɚɎ ɜɌɝɣɑɞ ɩɞɚɕ 

ɜɌɓɘɑɜəɚɝɞɔ ɫɎɗɫɑɞɝɫ ɎɑɝɨɘɌ 

ɓɌɞɜɟɐəɔɞɑɗɨəɧɘ. Ȼɚɩɞɚɘɟ ɎɎɚɐɔɞɝɫ 
əɑɝɖɚɗɨɖɚ ɟɛɜɚɥɑəəɧɕ ɛɚɖɌɓɌɞɑɗɨ  ð 

ɑɘɖɚɝɞəɌɫ ɜɌɓɘɑɜəɚɝɞɨ  cd .  

 
ȯɜɔəɣɑəɖɚ Ȯ.Ⱦ. , 
ȸɌɢɧɛɟɜɌ Ȯ.Ⱦ. , 
ȽəɌɜɝɖɔɕ Ȭ. Ȭ. 
ȮɎɑɐɑəɔɑ Ɏ 

əɑɗɔəɑɕəɟɪ 
ɐɔəɌɘɔɖɟ. ɁɌɚɝ ɔ 
ɠɜɌɖɞɌɗɧ. ð K.: ȷȶȴ, 
2007. ð 264 ɝ. 
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Ȼɜɔ ɚɛɜɑɐɑɗɑəɔɔ ɩɞɚɕ ɜɌɓɘɑɜəɚɝɞɔ ɔɝɛɚɗɨɓɟɪɞɝɫ ɖɟɍɧ 
(ɖɎɌɐɜɌɞɧ, ɚɞɜɑɓɖɔ é) ɝ ɏɜɌəɫɘɔ ɚɐɔəɌɖɚɎɚɏɚ ɜɌɓɘɑɜɌ. Ȯ 

ɩɞɚɘ ɝɗɟɣɌɑ, ɑɝɞɑɝɞɎɑəəɚ, ɝɛɜɌɎɑɐɗɔɎɚ: 

( ) ( ) cd

dL Nd d d= ,               (3.12. 6) 

 ɏɐɑ ( )N d ð ɖɚɗɔɣɑɝɞɎɚ ɖɟɍɔɖɚɎ, ɛɚɖɜɧɎɌɪɥɑɏɚ ɚɍɗɌɝɞɨ G . 

Ȼɟɞɑɘ ɗɚɏɌɜɔɠɘɔɜɚɎɌəɔɫ ɔ ɛɑɜɑɡɚɐɌ ɖ ɛɜɑɐɑɗɟ ɛɜɔ 

ɟɘɑəɨɤɑəɔɔ ɏɜɌəɔ ɖɟɍɔɖɌ (0d­ ) ɛɚɗɟɣɌɑɘ: 

0

log ( )
lim ,

log
c

N
d

d

d

d­
=-  

      

(3.12.7)  

ɑɝɗɔ ɩɞɚɞ ɛɜɑɐɑɗ ɝɟɥɑɝɞɎɟɑɞ. Ƚɗɑɐɟɑɞ ɚɞɘɑɞɔɞɨ, ɣɞɚ Ɏ 

ɍɚɗɨɤɔəɝɞɎɑ ɣɔɝɗɑəəɧɡ ɘɑɞɚɐɚɎ ɚɛɜɑɐɑɗɑəɔɫ ɠɜɌɖɞɌɗɨəɚɕ 

ɜɌɓɘɑɜəɚɝɞɔ ɔɝɛɚɗɨɓɟɑɞɝɫ ɔɘɑəəɚ cd , ɛɜɔ ɩɞɚɘ əɑɚɍɡɚɐɔɘɚ 

ɟɣɔɞɧɎɌɞɨ, ɣɞɚ ɎɝɑɏɐɌ ɝɛɜɌɎɑɐɗɔɎɚ ɟɝɗɚɎɔɑ: 
x cd d¢ . Ȱɗɫ 

ɜɑɏɟɗɫɜəɧɡ ɝɌɘɚɛɚɐɚɍəɧɡ ɠɜɌɖɞɌɗɚɎ ɑɘɖɚɝɞəɌɫ  

ɜɌɓɘɑɜəɚɝɞɨ ɔ ɜɌɓɘɑɜəɚɝɞɨ ɁɌɟɝɐɚɜɠɌ-ȭɑɓɔɖɚɎɔɣɌ 

ɝɚɎɛɌɐɌɪɞ, ɛɚɩɞɚɘɟ ɞɑɜɘɔəɚɗɚɏɔɣɑɝɖɔ ɔɡ ɣɌɝɞɚ əɑ ɜɌɓɗɔɣɌɪɞ 

ɔ ɏɚɎɚɜɫɞ ɛɜɚɝɞɚ ɚ ɠɜɌɖɞɌɗɨəɚɕ ɜɌɓɘɑɜəɚɝɞɔ ɚɍɦɑɖɞɌ. 

Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ ɛɜɌɖɞɔɣɑɝɖɔɡ Ɏɧɣɔɝɗɑəɔɕ 

ɠɜɌɖɞɌɗɨəɚɕ ɜɌɓɘɑɜəɚɝɞɔ ɐɗɫ ɜɑɌɗɨəɧɡ ɚɍɦɑɖɞɚɎ ɔɝɛɚɗɨɓɟɪɞ 

ɝɗɑɐɟɪɥɔɕ ɘɑɞɚɐɔɣɑɝɖɔɕ ɛɜɔɑɘ. Ȼɟɝɞɨ əɌ əɑɖɚɞɚɜɚɘ ɩɞɌɛɑ 

ɛɚɖɜɧɞɔɫ ɠɜɌɖɞɌɗɌ ɛɜɔɤɗɚɝɨ ɔɝɛɚɗɨɓɚɎɌɞɨ ( )N d ɖɟɍɔɖɚɎ ɝ 

ɏɜɌəɫɘɔ ɜɌɓɘɑɜɌ d, Ɍ əɌ ɐɜɟɏɚɘ ð ( ')N d  ɩɗɑɘɑəɞɚɎ ɝ ɏɜɌəɫɘɔ 

ɜɌɓɘɑɜɌ 'd. ȮɎɔɐɟ ɛɜɑɐɛɚɗɌɏɌɑɘɚɕ ɝɞɑɛɑəəɚɕ ɓɌɎɔɝɔɘɚɝɞɔ 

ɝɛɜɌɎɑɐɗɔɎɚ: 

() ()
1 1

~ , ' ~ ,
'i id d

N Nd d
d d

 
      

(3.12.8)  

ɚɞɖɟɐɌ ɓəɌɣɑəɔɑ cd  ɘɚɒɑɞ ɚɢɑəɔɎɌɞɨɝɫ ɖɌɖ: 

  ( )
( )

log ( ) ( ')

log '
c

N N
d

d d

d d
=- .                 (3.12. 9) 
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3.12.2. ȬɍɝɞɜɌɖɞəɧɑ ɠɜɌɖɞɌɗɧ 

ȼɌɝɝɘɚɞɜɔɘ ɛɜɔəɢɔɛɧ 

ɠɚɜɘɔɜɚɎɌəɔɫ əɑɝɖɚɗɨɖɔɡ ɌɍɝɞɜɌɖɞəɧɡ 

ɠɜɌɖɞɌɗɨəɧɡ ɚɍɦɑɖɞɚɎ, ɖɚɞɚɜɧɑ 
ɚɍɗɌɐɌɪɞ  ɎɧɜɌɒɑəəɧɘɔ ɝɎɚɕɝɞɎɌɘɔ 

ɝɌɘɚɛɚɐɚɍɔɫ. 

Ȼɚɝɞɜɚɑəɔɑ ɠɜɌɖɞɌɗɨəɚɏɚ 

ɘəɚɒɑɝɞɎɌ, ɝəɑɒɔəɖɔ Ɂɑɗɨɏɑ ɠɚə ȶɚɡɌ 

(H. Von  Koch) ,  əɌɣɔəɌɑɞɝɫ ɝ ɛɜɌɎɔɗɨəɚɏɚ 

ɞɜɑɟɏɚɗɨəɔɖɌ, ɐɗɔəɌ ɝɞɚɜɚəɧ ɖɚɞɚɜɚɏɚ 
ɜɌɎəɌ 1. ȽɞɚɜɚəɌ ɞɜɑɟɏɚɗɨəɔɖɌ ɝɣɔɞɌɑɞɝɫ 

ɍɌɓɚɎɧɘ ɓɎɑəɚɘ. ȰɌɗɑɑ, əɌ ɗɪɍɚɘ ɤɌɏɑ 

ɔɞɑɜɌɢɔɔ ɖɌɒɐɚɑ ɓɎɑəɚ ɓɌɘɑəɫɑɞɝɫ əɌ 

ɚɍɜɌɓɟɪɥɔɕ ɩɗɑɘɑəɞ ð ɗɚɘɌəɟɪ, ɖɚɞɚɜɌɫ 

ɝɚɝɞɚɔɞ ɛɚ ɖɜɌɫɘ ɔɝɡɚɐəɚɏɚ ɓɎɑəɌ ɔɓ 
ɚɞɜɑɓɖɚɎ ɐɗɔəɚɕ 1/3 ɚɞ ɐɗɔəɧ ɩɞɚɏɚ 

ɓɎɑəɌ, ɘɑɒɐɟ ɖɚɞɚɜɧɘɔ ɜɌɓɘɑɥɌɪɞɝɫ ɐɎɑ 

ɝɞɚɜɚəɧ ɛɜɌɎɔɗɨəɚɏɚ ɞɜɑɟɏɚɗɨəɔɖɌ ɝɚ 

ɝɞɚɜɚəɚɕ ɞɌɖɒɑ Ɏ 1/3 ɐɗɔəɧ ɓɎɑəɌ. Ȯɝɑ  

ɚɞɜɑɓɖɔ  - ɝɞɚɜɚəɧ ɛɚɗɟɣɑəəɚɕ ɗɚɘɌəɚɕ 

ɝɣɔɞɌɪɞɝɫ ɍɌɓɚɎɧɘɔ ɓɎɑəɨɫɘɔ ɐɗɫ 
ɝɗɑɐɟɪɥɑɕ ɔɞɑɜɌɢɔɔ. ȶɜɔɎɌɫ, 

ɛɚɗɟɣɌɑɘɌɫ Ɏ ɜɑɓɟɗɨɞɌɞɑ n-ɚɕ ɔɞɑɜɌɢɔɔ 

ɛɜɔ ɗɪɍɚɘ ɖɚəɑɣəɚɘ n, əɌɓɧɎɌɑɞɝɫ 

ɛɜɑɐɠɜɌɖɞɌɗɚɘ, ɔ ɗɔɤɨ ɛɜɔ n, 

ɝɞɜɑɘɫɥɔɘɝɫ ɖ ɍɑɝɖɚəɑɣəɚɝɞɔ, ɖɜɔɎɌɫ 
ȶɚɡɌ ɝɞɌəɚɎɔɞɝɫ ɠɜɌɖɞɌɗɚɘ. Ȼɚɗɟɣɑəəɚɑ 

Ɏ ɜɑɓɟɗɨɞɌɞɑ ɔɞɑɜɌɢɔɚəəɚɏɚ ɛɜɚɢɑɝɝɌ 

ɠɜɌɖɞɌɗɨəɚɑ ɘəɚɒɑɝɞɎɚ ɛɜɑɐɝɞɌɎɗɫɑɞ 

ɝɚɍɚɕ ɗɔəɔɪ ɍɑɝɖɚəɑɣəɚɕ ɐɗɔəɧ, ɖɚɞɚɜɌɫ 

ɚɏɜɌəɔɣɔɎɌɑɞ ɖɚəɑɣəɟɪ ɛɗɚɥɌɐɨ. 

ȰɑɕɝɞɎɔɞɑɗɨəɚ, ɛɜɔ ɖɌɒɐɚɘ ɤɌɏɑ ɣɔɝɗɚ 
ɝɞɚɜɚə ɜɑɓɟɗɨɞɔɜɟɪɥɑɏɚ ɘəɚɏɚɟɏɚɗɨəɔɖɌ 

ɟɎɑɗɔɣɔɎɌɑɞɝɫ Ɏ 4 ɜɌɓɌ, Ɍ ɐɗɔəɌ ɖɌɒɐɚɕ 

ɝɞɚɜɚəɧ ɟɘɑəɨɤɌɑɞɝɫ ɞɚɗɨɖɚ Ɏ 3 ɜɌɓɌ, 

ɞ.ɑ. ɐɗɔəɌ ɘəɚɏɚɟɏɚɗɨəɔɖɌ əɌ  n-ɚɕ  

ɔɞɑɜɌɢɔɔ ɜɌɎəɌ ( )43
3

n

³  ɔ ɝɞɜɑɘɔɞɝɫ ɖ 

 

 

ȹɔɗɨɝ ɀɌɍɔɌə 
Ɂɑɗɨɏɑ ɠɚə ȶɚɡ 

(1870 -1924 ) 
 
 
 
 

 

 

 

 

ȻɑɜɎɧɑ 4 
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ɍɑɝɖɚəɑɣəɚɝɞɔ ɝ ɜɚɝɞɚɘ n . ȻɗɚɥɌɐɨ ɛɚɐ ɖɜɔɎɚɕ, ɑɝɗɔ 

ɛɜɔəɫɞɨ ɛɗɚɥɌɐɨ ɛɑɜɎɚɏɚ ɚɍɜɌɓɟɪɥɑɏɚ ɞɜɑɟɏɚɗɨəɔɖɌ ɓɌ 

ɑɐɔəɔɢɟ, ɜɌɎəɌ:            

0

1 4 8
1 1,6.

3 9 5

k

k

S
¤

=

å õ
= + = =æ ö

ç ÷
ä                (3.12. 10) 

ȻɚɐɝɣɔɞɌɑɘ ɠɜɌɖɞɌɗɨəɟɪ ɜɌɓɘɑɜəɚɝɞɨ ɝəɑɒɔəɖɔ ȶɚɡɌ. 

Ȼɟɝɞɨ ɐɗɔəɌ ɝɞɚɜɚəɧ ɔɝɡɚɐəɚɏɚ ɞɜɑɟɏɚɗɨəɔɖɌ ɜɌɎəɌ ɑɐɔəɔɢɑ. 

Ȯ ɐɌəəɚɘ ɝɗɟɣɌɑ  ɜɚɗɨ ɖɟɍɔɖɚɎ, ɛɚɖɜɧɎɌɪɥɔɡ 

ɜɌɝɝɘɌɞɜɔɎɌɑɘɟɪ ɠɔɏɟɜɟ ɔɏɜɌɪɞ ɚɞɜɑɓɖɔ ɛɜɫɘɚɕ. ȾɚɏɐɌ əɌ 

əɟɗɑɎɚɘ ɤɌɏɑ ɔɘɑɑɘ: 1, ( ) 3Nd= d =. Ȱɗɫ Ɏɞɚɜɚɏɚ ɤɌɏɌ 

ɝɛɜɌɎɑɐɗɔɎɚ: ' 1/3, ( ') 12Nd d= = . ɉɞɔɡ ɐɌəəɧɡ ɐɚɝɞɌɞɚɣəɚ 

ɐɗɫ ɚɢɑəɖɔ ɠɜɌɖɞɌɗɨəɚɕ ɜɌɓɘɑɜəɚɝɞɔ: 

( )
( )

( )
()

log ( ) ( ') log 3/12 log4
~1,26

log ' log 3 log3
c

N N
d

d d

d d
=- =- =  

     (3.12. 11) 

ȽɌɘɚɛɚɐɚɍəɧɕ ɠɜɌɖɞɌɗ, 

ɛɜɑɐɗɚɒɑəəɧɕ Ɏ 1915 ɏ. 
Ȯ. Ƚɑɜɛɔəɝɖɔɘ (V. Serpinski ), 

ɠɚɜɘɔɜɟɑɞɝɫ ɛɚ ɝɗɑɐɟɪɥɔɘ ɛɜɌɎɔɗɌɘ. 

ȴɝɡɚɐəɧɘ ɘəɚɒɑɝɞɎɚɘ, 

ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɘ əɟɗɑɎɚɘɟ ɤɌɏɟ, 

ɫɎɗɫɑɞɝɫ ɜɌɎəɚɝɞɚɜɚəəɔɕ ɞɜɑɟɏɚɗɨəɔɖ. 

ȳɌɞɑɘ ɚə ɜɌɓɍɔɎɌɑɞɝɫ əɌ ɣɑɞɧɜɑ 
ɚɍɗɌɝɞɔ ɛɟɞɑɘ ɝɚɑɐɔəɑəɔɫ ɝɑɜɔɐɔəɧ 

ɝɞɚɜɚə ɔɝɡɚɐəɚɏɚ ɞɜɑɟɏɚɗɨəɔɖɌ 

ɚɞɜɑɓɖɌɘɔ ɛɜɫɘɧɡ. ȳɌɞɑɘ ɟɐɌɗɫɑɞɝɫ 

Ɏəɟɞɜɑəəɚɝɞɨ ɢɑəɞɜɌɗɨəɚɕ ɚɍɗɌɝɞɔ 

ɔɝɡɚɐəɚɏɚ ɞɜɑɟɏɚɗɨəɔɖɌ ð ɘɌɗɧɕ 
Ɏəɟɞɜɑəəɔɕ çɛɑɜɑɎɑɜəɟɞɧɕ 

ɞɜɑɟɏɚɗɨəɔɖè. ȳɌɞɑɘ, əɌ ɝɗɑɐɟɪɥɑɘ 

ɤɌɏɑ ɔɞɑɜɌɢɔɔ, ɩɞɚɞ ɛɜɚɢɑɝɝ ɛɚɎɞɚɜɫɑɞɝɫ ɐɗɫ ɖɌɒɐɚɏɚ ɔɓ 

ɞɜɑɡ ɚɝɞɌɎɤɔɡɝɫ ɞɜɑɟɏɚɗɨəɔɖɚɎ. ȻɜɚɐɚɗɒɌɫ ɚɛɔɝɌəəɟɪ 

ɛɜɚɢɑɐɟɜɟ ɐɚ ɍɑɝɖɚəɑɣəɚɝɞɔ, ɚɍɜɌɓɟɑɞɝɫ ɘəɚɒɑɝɞɎɚ, 

əɌɓɧɎɌɑɘɚɑ ɝɌɗɠɑɞɖɚɕ Ƚɑɜɛɔəɝɖɚɏɚ. 

ȺɣɑɎɔɐəɚ, ɠɜɌɖɞɌɗɨəɌɫ ɜɌɓɘɑɜəɚɝɞɨ ɝɌɗɠɑɞɖɔ 

Ƚɑɜɛɔəɝɖɚɏɚ ɝɚɝɞɌɎɗɫɑɞ:

 

 

ȮɌɢɗɌɎ ɀɜɌəɢɔɝɖ 
Ƚɑɜɛɔəɝɖɔɕ 

(1882 -1969)  
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() ()( )log / ' log3
1,58.

log( / ') log2
c

N N
d

d d

d d
=- = º  (3.12.12)  

ɉɞɚɞ ɠɜɌɖɞɌɗ ɔəɞɑɜɑɝɑə ɞɑɘ, ɣɞɚ 

ɓɌəɔɘɌɑɘɌɫ ɔɘ ɛɗɚɥɌɐɨ ɜɌɎəɌ əɟɗɪ. Ȱɗɫ 

ɚɍɚɝəɚɎɌəɔɫ ɩɞɚɏɚ ɠɌɖɞɌ ɛɚɐɝɣɔɞɌɑɘ 
ɝɟɘɘɌɜəɟɪ ɛɗɚɥɌɐɨ ɣɌɝɞɑɕ, ɔɝɗɪɣɑəəɟɪ 

ɛɜɔ ɛɚɝɞɜɚɑəɔɔ. ȹɌ ɛɑɜɎɚɘ ɤɌɏɑ 

ɎɧɍɜɌɝɧɎɌɑɞɝɫ ɣɑɞɎɑɜɞɌɫ ɣɌɝɞɨ ɛɗɚɥɌɐɔ 

ɔɝɡɚɐəɚɏɚ ɞɜɑɟɏɚɗɨəɔɖɌ, əɌ Ɏɞɚɜɚɘ ɤɌɏɑ ɟ 

ɖɌɒɐɚɏɚ ɔɓ ɞɜɑɡ ɞɜɑɟɏɚɗɨəɔɖɚɎ ɟɐɌɗɫɑɞɝɫ 

ɣɑɞɎɑɜɞɌɫ ɣɌɝɞɨ ɛɗɚɥɌɐɔ ɔ ɞ.ɐ. ȾɌɖɔɘ 
ɚɍɜɌɓɚɘ, ɛɚɗəɌɫ ɟɐɌɗɑəəɌɫ ɛɗɚɥɌɐɨ 

Ɏɧɣɔɝɗɫɑɞɝɫ ɖɌɖ ɝɟɘɘɌ ɜɫɐɌ (ɛɗɚɥɌɐɨ 

ɔɝɡɚɐəɚɏɚ ɞɜɑɟɏɚɗɨəɔɖɌ ɛɜɔəɫɞɌ ɜɌɎəɚɕ 

ɑɐɔəɔɢɑ): 

2 3

1 3 1 3 3 1
...

4 4 4 4 4 4

1 3 3 3
1 ...

4 4 4 4

1 1
1.

4 1 3/ 4

S= + Ö + Ö Ö + =

è øå õ å õ å õ
= Ö + + + + =é ùæ ö æ ö æ ö

ç ÷ ç ÷ ç ÷é ùê ú

= Ö =
-

 (3.12.13)  

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɔɝɖɗɪɣɑəəɌɫ 

ɛɗɚɥɌɐɨ ɝɚɎɛɌɐɌɑɞ ɝ ɛɗɚɥɌɐɨɪ ɔɝɡɚɐəɚɏɚ 

ɞɜɑɟɏɚɗɨəɔɖɌ.  

Ȭɗɏɚɜɔɞɘ ɛɚɝɞɜɚɑəɔɫ ɘəɚɒɑɝɞɎɌ ȸɌəɐɑɗɨɍɜɚɞɌ (ɜɔɝ. 29) 
ɚɝəɚɎɌə əɌ ɔɞɑɜɌɞɔɎəɚɘ Ɏɧɣɔɝɗɑəɔɔ ɛɚ ɠɚɜɘɟɗɑ:  

2

1 , 0, 1, 2, ...,i iZ Z C i+= + =

 
(3.12.14)  

ɏɐɑ 1,i iZ Z+ ɔ C - ɖɚɘɛɗɑɖɝəɧɑ ɛɑɜɑɘɑəəɧɑ.  

ȴɞɑɜɌɢɔɔ Ɏɧɛɚɗəɫɪɞɝɫ ɐɗɫ ɖɌɒɐɚɕ ɝɞɌɜɞɚɎɚɕ ɞɚɣɖɔ C  

ɛɜɫɘɚɟɏɚɗɨəɚɕ ɔɗɔ ɖɎɌɐɜɌɞəɚɕ ɚɍɗɌɝɞɔ ð ɛɚɐɘəɚɒɑɝɞɎɑ 
ɖɚɘɛɗɑɖɝəɚɕ ɛɗɚɝɖɚɝɞɔ. ȴɞɑɜɌɢɔɚəəɧɕ ɛɜɚɢɑɝɝ ɐɗɔɞɝɫ ɐɚ ɞɑɡ 

ɛɚɜ, ɛɚɖɌ  iZ   əɑ Ɏɧɕɐɑɞ ɓɌ ɛɜɑɐɑɗɧ ɚɖɜɟɒəɚɝɞɔ ɓɌɐɌəəɚɏɚ 

 

 

Ȼɚɝɞɜɚɑəɔɑ 
ɝɌɗɠɑɞɖɔ 
Ƚɑɜɛɔəɝɖɚɏɚ 
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ɜɌɐɔɟɝɌ, ɢɑəɞɜ ɖɚɞɚɜɚɕ ɗɑɒɔɞ Ɏ ɞɚɣɖɑ (0,0), ɔɗɔ ɛɚɝɗɑ 
ɐɚɝɞɌɞɚɣəɚ ɍɚɗɨɤɚɏɚ ɖɚɗɔɣɑɝɞɎɌ ɔɞɑɜɌɢɔɕ. Ȯ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ 

ɖɚɗɔɣɑɝɞɎɌ ɔɞɑɜɌɢɔɕ, Ɏ ɞɑɣɑəɔɑ ɖɚɞɚɜɧɡ 
iZ  ɚɝɞɌɑɞɝɫ Ɏəɟɞɜɔ 

ɚɖɜɟɒəɚɝɞɔ, ɟɝɞɌəɌɎɗɔɎɌɪɞɝɫ ɢɎɑɞɌ ɞɚɣɖɔ C  (ɜɔɝ. 3.12.1).  

ȱɝɗɔ 
iZ  ɚɝɞɌɑɞɝɫ Ɏəɟɞɜɔ ɚɖɜɟɒəɚɝɞɔ Ɏ ɞɑɣɑəɔɑ ɐɚɝɞɌɞɚɣəɚ 

ɍɚɗɨɤɚɏɚ ɖɚɗɔɣɑɝɞɎɌ ɔɞɑɜɌɢɔɕ, ɞɚ ɩɞɌ ɞɚɣɖɌ ɜɌɝɞɜɌ 

ɚɖɜɌɤɔɎɌɑɞɝɫ Ɏ ɣɑɜəɧɕ ɢɎɑɞ. ȸəɚɒɑɝɞɎɟ ȸɌəɐɑɗɨɍɜɚɞɌ 

ɛɜɔəɌɐɗɑɒɌɞ ɔɘɑəəɚ ɞɑ ɞɚɣɖɔ, ɖɚɞɚɜɧɑ Ɏ ɞɑɣɑəɔɑ 

ɍɑɝɖɚəɑɣəɚɏɚ ɣɔɝɗɌ ɔɞɑɜɌɢɔɕ əɑ ɟɡɚɐɫɞ Ɏ ɍɑɝɖɚəɑɣəɚɝɞɨ. ȾɌɖ 

ɖɌɖ ɖɚɗɔɣɑɝɞɎɚ ɔɞɑɜɌɢɔɕ ɝɚɚɞɎɑɞɝɞɎɟɑɞ əɚɘɑɜɟ ɢɎɑɞɌ, ɞɚ 

ɞɚɣɖɔ, ɖɚɞɚɜɧɑ əɌɡɚɐɫɞɝɫ ɍɗɔɒɑ ɖ ɘəɚɒɑɝɞɎɟ ȸɌəɐɑɗɨɍɜɚɞɌ, 
ɔɘɑɪɞ ɍɚɗɑɑ ɫɜɖɟɪ ɚɖɜɌɝɖɟ. 

      

 

ȼɔɝ. 3.12.1  ð  ȸəɚɒɑɝɞɎɚ ȸɌəɐɑɗɨɍɜɚɞɌ 

Ȯ 80-ɡ ɏɚɐɌɡ ɛɜɚɤɗɚɏɚ ɝɞɚɗɑɞɔɫ  ɛɚɫɎɔɗɝɫ ɘɑɞɚɐ 

"Ƚɔɝɞɑɘ ȴɞɑɜɌɢɔɚəəɧɡ ɀɟəɖɢɔɕ" (Iterated  Functions  System  - 

IFS), ɛɜɑɐɝɞɌɎɗɫɪɥɔɕ ɝɚɍɚɕ ɛɜɚɝɞɚɑ ɝɜɑɐɝɞɎɚ ɛɚɗɟɣɑəɔɫ 

ɠɜɌɖɞɌɗɨəɧɡ ɝɞɜɟɖɞɟɜ. IFS ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɝɔɝɞɑɘɟ 

ɠɟəɖɢɔɕ, ɖɚɞɚɜɧɑ ɚɞɚɍɜɌɒɌɪɞ ɚɐəɚ ɘəɚɏɚɘɑɜəɚɑ ɘəɚɒɑɝɞɎɚ 
əɌ ɐɜɟɏɚɑ. ȹɌɔɍɚɗɑɑ ɛɜɚɝɞɌɫ ɜɑɌɗɔɓɌɢɔɫ IFS ɛɜɑɐɝɞɌɎɗɫɑɞ 

ɝɚɍɚɕ Ɍɠɔəəɧɑ ɛɜɑɚɍɜɌɓɚɎɌəɔɫ ɛɗɚɝɖɚɝɞɔ:  

' ,

' ,

= + +

= + +

X AX BY C

Y DX EY F

 
(3.12.14)  
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ɏɐɑ ,X Y  ð ɛɜɑɐɧɐɟɥɔɑ ɓəɌɣɑəɔɫ ɖɚɚɜɐɔəɌɞ, ', 'X Y  ð 

əɚɎɧɑ ɓəɌɣɑəɔɫ, , , , ,A B C D E ɔ F  ςɖɚɩɠɠɔɢɔɑəɞɧ. 

Ȯ ɖɌɣɑɝɞɎɑ ɛɜɔɘɑɜɌ ɔɝɛɚɗɨɓɚɎɌəɔɫ IFS ɐɗɫ ɛɚɝɞɜɚɑəɔɫ 

ɠɜɌɖɞɌɗɨəɧɡ ɝɞɜɟɖɞɟɜ, ɘɚɒəɚ ɛɜɔɎɑɝɞɔ  "ɐɜɌɖɚəɌ" ɁɌɜɞɑɜɌ-

Ɂɑɕɞɟɑɫ (3.12.2) , ɝɠɚɜɘɔɜɚɎɌəəɚɏɚ ɝ ɛɚɘɚɥɨɪ Java-ɌɛɛɗɑɞɌ, 
ɛɜɔɎɑɐɑəəɚɏɚ Ɏ ȴəɞɑɜəɑɞ ɛɚ Ɍɐɜɑɝɟ 

http :// www .fractals .nsu .ru / fractals .chat .ru / ifs 2.htm  (ɜɔɝ. 30). 

ȴɝɛɚɗɨɓɚɎɌəɔɑ IFS ɐɗɫ ɝɒɌɞɔɫ ɚɍɧɣəɧɡ ɔɓɚɍɜɌɒɑəɔɕ, 

əɌɛɜɔɘɑɜ, ɠɚɞɚɏɜɌɠɔɔ ɚɝəɚɎɌəɧ əɌ ɎɧɫɎɗɑəɔɔ ɗɚɖɌɗɨəɚɏɚ 

ɝɌɘɚɛɚɐɚɍɔɫ (Ɏ ɚɞɗɔɣɔɑ ɚɞ ɠɜɌɖɞɌɗɚɎ, ɏɐɑ əɌɍɗɪɐɌɑɞɝɫ 

ɏɗɚɍɌɗɨəɚɑ ɝɌɘɚɛɚɐɚɍɔɑ).  

 
 

 
Ɍ ɍ Ɏ 

 ȼɔɝ. 3.12.2 ð "ȰɜɌɖɚə" ɁɌɜɞɑɜɌ-Ɂɑɕɞɟɑɫ: Ɍ) ð Ɏɞɚɜɚɕ  ɤɌɏ 
ɔɞɑɜɌɢɔɔ; ɍ) ð ɤɑɝɞɚɕ ɤɌɏ; Ɏ) ð ɐɎɑəɌɐɢɌɞɧɕ ɤɌɏ 

Ȯ 80-ɡ ɏɚɐɌɡ ȸ. ȭɌɜəɝɗɔ (M. Barnsley  ) ɔ Ȭ. ȽɗɚɌə (A. 

Sloane) ɛɜɑɐɗɚɒɔɗɔ ɔɐɑɪ  ɝɒɌɞɔɫ ɔ ɡɜɌəɑəɔɫ ɏɜɌɠɔɣɑɝɖɚɕ 

ɔəɠɚɜɘɌɢɔɔ, ɚɝəɚɎɌəəɟɪ əɌ ɝɚɚɍɜɌɒɑəɔɫɡ ɞɑɚɜɔɔ  

ɠɜɌɖɞɌɗɚɎ ɔ ɐɔəɌɘɔɣɑɝɖɔɡ ɝɔɝɞɑɘ. ȹɌ ɚɝəɚɎɑ ɩɞɚɕ ɔɐɑɔ ɍɧɗ 
ɝɚɓɐɌə Ɍɗɏɚɜɔɞɘ ɠɜɌɖɞɌɗɨəɚɏɚ ɝɒɌɞɔɫ ɔəɠɚɜɘɌɢɔɔ, ɖɚɞɚɜɧɕ 

ɛɚɓɎɚɗɫɑɞ  ɝɒɔɘɌɞɨ əɑɖɚɞɚɜɧɑ ɚɍɜɌɓɢɧ ɏɜɌɠɔɣɑɝɖɚɕ 

ɔəɠɚɜɘɌɢɔɔ Ɏ 500-1000 ɜɌɓ. Ȼɜɔ ɩɞɚɘ ɖɌɒɐɚɑ ɔɓɚɍɜɌɒɑəɔɑ 

ɖɚɐɔɜɟɑɞɝɫ əɑɝɖɚɗɨɖɔɘɔ ɛɜɚɝɞɧɘɔ Ɍɠɔəəɧɘɔ 

ɛɜɑɚɍɜɌɓɚɎɌəɔɫɘɔ.  Ȼɚ Ɍɗɏɚɜɔɞɘɟ ȭɌɜəɝɗɔ Ɏ ɔɓɚɍɜɌɒɑəɔɔ 

ɛɜɚɔɝɡɚɐɔɞ Ɏɧɐɑɗɑəɔɑ ɛɌɜ ɚɍɗɌɝɞɑɕ, ɘɑəɨɤɌɫ ɔɓ ɖɚɞɚɜɧɡ 
ɛɚɐɚɍəɌɫ ɍɚɗɨɤɑɕ, ɔ ɝɚɡɜɌəɑəɔɑ əɑɝɖɚɗɨɖɔɡ ɖɚɩɠɠɔɢɔɑəɞɚɎ, 

ɖɚɞɚɜɧɑ ɖɚɐɔɜɟɪɞ ɛɜɑɚɍɜɌɓɚɎɌəɔɑ, ɛɑɜɑɎɚɐɫɥɑɑ ɍɚɗɨɤɟɪ 

ɚɍɗɌɝɞɨ Ɏ ɘɑəɨɤɟɪ. Ȼɜɔ ɩɞɚɘ ɞɜɑɍɟɑɞɝɫ, ɣɞɚɍɧ ɘəɚɒɑɝɞɎɚ 

ɞɌɖɔɡ ɚɍɗɌɝɞɑɕ ɛɚɖɜɧɎɌɗɚ Ɏɝɑ ɔɓɚɍɜɌɒɑəɔɑ. 

Ⱥɐɔə ɔɓ ɗɟɣɤɔɡ ɛɜɔɘɑɜɚɎ ɛɜɚɫɎɗɑəɔɫ ɠɜɌɖɞɌɗɚɎ Ɏ 

ɛɜɔɜɚɐɑ - ɝɞɜɟɖɞɟɜɌ ɍɑɜɑɏɚɎɧɡ ɗɔəɔɕ. ȰɑɕɝɞɎɔɞɑɗɨəɚ, əɌ  
ɖɔɗɚɘɑɞɜɚɎɚɘ ɚɞɜɑɓɖɑ ɛɚɍɑɜɑɒɨɑ Ɏɧɏɗɫɐɔɞ əɌɝɞɚɗɨɖɚ ɒɑ 

ɛɚɜɑɓɌəəɧɘ, ɖɌɖ ɔ əɌ ɝɞɚɖɔɗɚɘɑɞɜɚɎɚɘ. Ⱥɛɧɞ ɛɚɖɌɓɧɎɌɑɞ, 
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ɣɞɚ ɐɗɔəɌ ɍɑɜɑɏɚɎɚɕ ɗɔəɔɔ L  ɓɌɎɔɝɔɞ ɚɞ ɘɌɝɤɞɌɍɌ ,l  

ɖɚɞɚɜɧɘ ɛɜɚɎɚɐɫɞɝɫ ɔɓɘɑɜɑəɔɫ, ɔ ɟɎɑɗɔɣɔɎɌɑɞɝɫ ɝ 

ɟɘɑəɨɤɑəɔɑɘ ɛɚɝɗɑɐəɑɏɚ ɛɚ ɝɞɑɛɑəəɚɘɟ ɓɌɖɚəɟ 
1 , .L l const-a=L L=  ȾɌɖ, əɌɛɜɔɘɑɜ, ɠɜɌɖɞɌɗɨəɌɫ 

ɜɌɓɘɑɜəɚɝɞɨ ɍɑɜɑɏɚɎɚɕ ɗɔəɔɔ ȮɑɗɔɖɚɍɜɔɞɌəɔɔ (ɜɔɝ. 31) 

ɝɚɝɞɌɎɗɫɑɞ 1.52.aº  

3.12.3. ȴəɠɚɜɘɌɢɔɚəəɧɑ ɛɚɞɚɖɔ ɔ 
ɠɜɌɖɞɌɗɧ 

Ȼɜɔɘɑəɑəɔɑ ɞɑɚɜɔɔ ɠɜɌɖɞɌɗɚɎ 

ɛɜɔ ɌəɌɗɔɓɑ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɛɚɞɚɖɚɎ 

ɛɚɓɎɚɗɫɑɞ ɝ ɚɍɥɑɕ ɛɚɓɔɢɔɔ Ɏɓɏɗɫəɟɞɨ 

əɌ ɓɌɖɚəɚɘɑɜəɚɝɞɔ, ɖɚɞɚɜɧɑ 

ɝɚɝɞɌɎɗɫɪɞ ɚɝəɚɎɧ ɔəɠɚɜɘɌɞɔɖɔ. 

ȴɓɎɑɝɞəɚ, ɣɞɚ ɘəɚɏɔɑ ɔəɠɚɜɘɌɢɔɚəəɚ-
ɛɚɔɝɖɚɎɧɑ ɝɔɝɞɑɘɧ, ɎɖɗɪɣɌɪɥɔɑ 

ɩɗɑɘɑəɞɧ ɖɗɌɝɞɑɜəɚɏɚ ɌəɌɗɔɓɌ, 

ɛɚɓɎɚɗɫɪɞ ɌɎɞɚɘɌɞɔɣɑɝɖɔ 

ɚɍəɌɜɟɒɔɎɌɞɨ  əɚɎɧɑ ɖɗɌɝɝɧ  ɔ 

ɜɌɝɛɜɑɐɑɗɫɪɞ ɐɚɖɟɘɑəɞɧ ɛɚ ɩɞɔɘ 
ɖɗɌɝɝɌɘ. ȽɚɚɞɎɑɞɝɞɎɑəəɚ, ɛɚɖɌɓɌəɚ, 

ɣɞɚ ɞɑɘɌɞɔɣɑɝɖɔɑ ɔəɠɚɜɘɌɢɔɚəəɧɑ 

ɘɌɝɝɔɎɧ ɛɜɑɐɝɞɌɎɗɫɪɞ ɝɚɍɚɕ 

ɝɌɘɚɛɚɐɚɍəɧɑ  ɜɌɓɎɔɎɌɪɥɔɑɝɫ 

ɝɞɜɟɖɞɟɜɧ,  ɚɐəɌɖɚ ɔɡ ɝɌɘɚɛɚɐɚɍɔɑ 

ɝɛɜɌɎɑɐɗɔɎɚ ɗɔɤɨ əɌ ɝɞɌɞɔɝɞɔɣɑɝɖɚɘ 
ɟɜɚɎəɑ (əɌɛɜɔɘɑɜ, ɜɌɝɛɜɑɐɑɗɑəɔɑ 

ɞɑɘɌɞɔɣɑɝɖɔɡ ɖɗɌɝɞɑɜɚɎ ɐɚɖɟɘɑəɞɚɎ ɛɚ 

ɜɌɓɘɑɜɌɘ).   

Ƀɑɘ ɒɑ ɚɛɜɑɐɑɗɫɑɞɝɫ ɛɜɔɜɚɐɌ 

ɠɜɌɖɞɌɗɨəɧɡ ɝɎɚɕɝɞɎ 

ɔəɠɚɜɘɌɢɔɚəəɧɡ ɛɚɞɚɖɚɎ, 
ɛɚɜɚɒɐɌɑɘɧɡ ɞɌɖɔɘɔ ɖɗɌɝɞɑɜəɧɘɔ 

ɝɞɜɟɖɞɟɜɌɘɔ? Ƚ ɚɐəɚɕ ɝɞɚɜɚəɧ, 

ɛɌɜɌɘɑɞɜɌɘɔ ɜɌəɏɚɎɧɡ ɜɌɝɛɜɑɐɑɗɑəɔɕ, 

Ɍ ɝ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ,  ɘɑɡɌəɔɓɘɚɘ 

ɜɌɓɎɔɞɔɫ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɖɗɌɝɞɑɜɚɎ. 
ȻɚɫɎɗɑəɔɑ əɚɎɧɡ ɛɟɍɗɔɖɌɢɔɕ 

ɟɎɑɗɔɣɔɎɌɑɞ ɜɌɓɘɑɜɧ ɟɒɑ 

ɝɟɥɑɝɞɎɟɪɥɔɡ ɖɗɌɝɞɑɜɚɎ ɔ ɫɎɗɫɑɞɝɫ 

ɛɜɔɣɔəɚɕ ɚɍɜɌɓɚɎɌəɔɫ əɚɎɧɡ. 

 

Ȼɚɍɑɜɑɒɨɑ ȹɚɜɎɑɏɔɔ 
Ɏ ɜɌɓəɧɡ ɘɌɝɤɞɌɍɌɡ  
(ɛɚ ɔəɠɚɜɘɌɢɔɔ 
maps .google.com) 
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ɀɜɌɖɞɌɗɨəɧɑ ɝɎɚɕɝɞɎɌ ɡɌɜɌɖɞɑɜəɧ ɔ ɐɗɫ ɖɗɌɝɞɑɜɚɎ 
ɔəɠɚɜɘɌɢɔɚəəɧɡ Ɏɑɍ-ɝɌɕɞɚɎ, əɌ ɖɚɞɚɜɧɡ ɛɟɍɗɔɖɟɪɞɝɫ 

ɐɚɖɟɘɑəɞɧ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɑ ɚɛɜɑɐɑɗɑəəɧɘ ɞɑɘɌɞɔɖɌɘ.  

Ⱥɍɦɑɘɧ ɝɚɚɍɥɑəɔɕ Ɏ ɞɑɘɌɞɔɣɑɝɖɔɡ ɔəɠɚɜɘɌɢɔɚəəɧɡ 

ɛɚɞɚɖɌɡ ɚɍɜɌɓɟɪɞ Ɏɜɑɘɑəəɧɑ ɜɫɐɧ, ɔɝɝɗɑɐɚɎɌəɔɫ ɖɚɞɚɜɧɡ 

Ɏɝɑ ɣɌɥɑ ɔɝɛɚɗɨɓɟɑɞɝɫ ɞɑɚɜɔɫ ɠɜɌɖɞɌɗɚɎ. 
ȴɓɟɣɑəɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖ Ɏɜɑɘɑəəɧɡ ɜɫɐɚɎ, 

ɛɚɜɚɒɐɌɑɘɧɡ ɔəɠɚɜɘɌɢɔɚəəɧɘɔ ɛɚɞɚɖɌɘɔ, ɝɚɚɍɥɑəɔɫ 

ɖɚɞɚɜɧɡ ɚɞɜɌɒɌɪɞ ɛɜɚɢɑɝɝɧ, ɛɜɚɔɝɡɚɐɫɥɔɑ Ɏ ɜɑɌɗɨəɚɘ 

ɘɔɜɑ, ɐɌɑɞ Ɏɚɓɘɚɒəɚɝɞɨ ɛɜɚɏəɚɓɔɜɚɎɌɞɨ ɔɡ ɐɔəɌɘɔɖɟ, 

ɎɧɫɎɗɫɞɨ ɝɖɜɧɞɧɑ ɖɚɜɜɑɗɫɢɔɔ, ɢɔɖɗɧ ɔ ɞ.ɛ. 
Ȯ ɖɌɣɑɝɞɎɑ ɔɗɗɪɝɞɜɌɢɔɕ ɛɜɔɎɑɐɑəɧ ɜɑɓɟɗɨɞɌɞɧ ɜɑɌɗɨəɧɡ 

ɣɔɝɗɑəəɧɡ ɩɖɝɛɑɜɔɘɑəɞɚɎ. ȶɌɖ  ɍɌɓɌ ɐɗɫ ɔɝɝɗɑɐɚɎɌəɔɫ 

ɠɜɌɖɞɌɗɨəɧɡ ɝɎɚɕɝɞɎ ɜɫɐɚɎ, ɚɞɜɌɒɌɪɥɔɡ ɔəɞɑəɝɔɎəɚɝɞɨ 

ɛɟɍɗɔɖɌɢɔɕ ɞɑɘɌɞɔɣɑɝɖɔɡ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɛɚɞɚɖɚɎ, 

ɔɝɛɚɗɨɓɚɎɌɗɌɝɨ ɝɔɝɞɑɘɌ ɖɚəɞɑəɞ-ɘɚəɔɞɚɜɔəɏɌ əɚɎɚɝɞɑɕ ɝ Ɏɑɍ-

ɝɌɕɞɚɎ ɝɑɞɔ ȴəɞɑɜəɑɞ InfoStream . ȾɑɘɌɞɔɖɌ ɔɝɝɗɑɐɟɑɘɚɏɚ 

ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɞɚɖɌ ɚɛɜɑɐɑɗɫɗɌɝɨ ɓɌɛɜɚɝɚɘ ɖ ɩɞɚɕ 
ɝɔɝɞɑɘɑ.  Ȱɗɫ ɔɗɗɪɝɞɜɌɢɔɔ ɍɧɗ ɛɜɚɎɑɐɑə ɌəɌɗɔɓ  ɝɚɚɍɥɑəɔɕ 

ɚəɗɌɕəɚɎɧɡ Ƚȸȴ ð ɘɌɝɝɔɎɌ ɔɓ 14069  ɐɚɖɟɘɑəɞɚɎ, 

ɚɛɟɍɗɔɖɚɎɌəəɧɡ ɝ 1 ɫəɎɌɜɫ 2006 ɏ. ɛɚ 31 ɐɑɖɌɍɜɫ 200 7 ɏ., ɛɚ 

ɞɑɘɌɞɔɖɑ ɖɚɘɛɨɪɞɑɜəɚɕ Ɏɔɜɟɝɚɗɚɏɔɔ, ɟɐɚɎɗɑɞɎɚɜɫɪɥɔɡ 

ɓɌɛɜɚɝɟ: 
çɖɚɘɛɨɪɞɑɜəɧɕ Ɏɔɜɟɝè OR çɎɔɜɟɝəɌɫ ɌɞɌɖɌè OR 

(ɌəɞɔɎɔɜɟɝ AND (ɛɜɚɏɜɌɘɘɌ OR ɟɞɔɗɔɞɌ OR Windows  OR 

Linux )), 

ɚɛɜɑɐɑɗɑəəɧɕ ɝɟɞɚɣəɚɕ ɐɔɝɖɜɑɞəɚɝɞɨɪ (ɜɔɝ. 3.12.3). 

ȺɝɞɌəɚɎɔɘɝɫ ɛɚɐɜɚɍəɑɑ əɌ əɑɖɚɞɚɜɧɡ ɘɑɞɚɐɌɡ ɌəɌɗɔɓɌ 

ɛɚɐɚɍəɚɏɚ ɞɔɛɌ Ɏɜɑɘɑəəɧɡ ɜɫɐɚɎ, ɛɚɜɚɒɐɌɑɘɧɡ, Ɏ 
ɣɌɝɞəɚɝɞɔ, ɔəɠɚɜɘɌɢɔɚəəɧɘɔ ɛɚɞɚɖɌɘɔ. 

 

3 .12.4. ȸɑɞɚɐ DFA   

Ⱥɐɔə ɔɓ ɟəɔɎɑɜɝɌɗɨəɧɡ ɛɚɐɡɚɐɚɎ ɖ ɎɧɫɎɗɑəɔɪ 

ɝɌɘɚɛɚɐɚɍɔɫ ɚɝəɚɎɧɎɌɑɞɝɫ əɌ ɘɑɞɚɐɑ DFA (Detrended  

Flu ctuation  Analysis ) ð ɟəɔɎɑɜɝɌɗɨəɚɘ ɘɑɞɚɐɑ ɚɍɜɌɍɚɞɖɔ  

ɜɫɐɚɎ ɔɓɘɑɜɑəɔɕ.  

ȸɑɞɚɐ DFA ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɎɌɜɔɌəɞ ɐɔɝɛɑɜɝɔɚəəɚɏɚ 
ɌəɌɗɔɓɌ, ɖɚɞɚɜɧɕ ɛɚɓɎɚɗɫɑɞ ɔɝɝɗɑɐɚɎɌɞɨ ɩɠɠɑɖɞɧ 

ɐɚɗɏɚɎɜɑɘɑəəɧɡ ɖɚɜɜɑɗɫɢɔɕ Ɏ əɑɝɞɌɢɔɚəɌɜəɧɡ ɜɫɐɌɡ. Ȼɜɔ 
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ɩɞɚɘ ɌəɌɗɔɓɔɜɟɑɞɝɫ ɝɜɑɐəɑɖɎɌɐɜɌɞɔɣəɌɫ ɚɤɔɍɖɌ ɗɔəɑɕəɚɕ 
ɌɛɛɜɚɖɝɔɘɌɢɔɔ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɜɌɓɘɑɜɌ ɚɞɜɑɓɖɌ 

ɌɛɛɜɚɖɝɔɘɌɢɔɔ. 

 

ȼɔɝ. 3.12.3 ð ȶɚɗɔɣɑɝɞɎɚ ɞɑɘɌɞɔɣɑɝɖɔɡ ɛɟɍɗɔɖɌɢɔɕ (ɚɝɨ 
ɚɜɐɔəɌɞ)  Ɏ ɜɌɓɜɑɓɑ ɐɌɞ ð ɛɚɜɫɐɖɚɎɧɕ əɚɘɑɜ ɐəɫ (ɚɝɨ Ɍɍɝɢɔɝɝ)  

 

Ⱥɐɔə ɔɓ ɟəɔɎɑɜɝɌɗɨəɧɡ ɛɚɐɡɚɐɚɎ 

ɖ ɎɧɫɎɗɑəɔɪ ɝɌɘɚɛɚɐɚɍɔɫ 

ɚɝəɚɎɧɎɌɑɞɝɫ əɌ ɘɑɞɚɐɑ DFA 

(Detrended  Flu ctuation  Analysis ) ð 
ɟəɔɎɑɜɝɌɗɨəɚɘ ɘɑɞɚɐɑ ɚɍɜɌɍɚɞɖɔ  

ɜɫɐɚɎ ɔɓɘɑɜɑəɔɕ.  

ȸɑɞɚɐ DFA ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ 

ɎɌɜɔɌəɞ ɐɔɝɛɑɜɝɔɚəəɚɏɚ ɌəɌɗɔɓɌ, 

ɖɚɞɚɜɧɕ ɛɚɓɎɚɗɫɑɞ ɔɝɝɗɑɐɚɎɌɞɨ 
ɩɠɠɑɖɞɧ ɐɚɗɏɚɎɜɑɘɑəəɧɡ ɖɚɜɜɑɗɫɢɔɕ 

Ɏ əɑɝɞɌɢɔɚəɌɜəɧɡ ɜɫɐɌɡ. Ȼɜɔ ɩɞɚɘ ɌəɌɗɔɓɔɜɟɑɞɝɫ 

ɝɜɑɐəɑɖɎɌɐɜɌɞɔɣəɌɫ ɚɤɔɍɖɌ ɗɔəɑɕəɚɕ ɌɛɛɜɚɖɝɔɘɌɢɔɔ Ɏ 

ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɜɌɓɘɑɜɌ ɚɞɜɑɓɖɌ ɌɛɛɜɚɖɝɔɘɌɢɔɔ. Ȯ ɜɌɘɖɌɡ 

ɩɞɚɏɚ ɘɑɞɚɐɌ ɝəɌɣɌɗɌ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɛɜɔɎɑɐɑəɔɑ ɐɌəəɧɡ ɖ 

əɟɗɑɎɚɘɟ ɝɜɑɐəɑɘɟ (ɎɧɣɔɞɌəɔɑ ɝɜɑɐəɑɏɚ ɓəɌɣɑəɔɫ F  ɔɓ 

Ɏɜɑɘɑəəɚɏɚ ɜɫɐɌ nF , 1, ...,n N ):  

 

1

( ) .
=

è ø= -ê úä
k

i N
i

y k F F                    (3.12..16)  

Peng C.-K., Havlin S., 
Stanley H.E., 
Goldberger A.L.  
Quantification of 
scaling exponents and 
crossover phenomena 
in nonstationary 
heartbeat time series 
// Chaos. - 5 . - 1995. 
- pp. 82.  
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Ȼɚɞɚɘ ɜɫɐ ɓəɌɣɑəɔɕ ( )y k , 1,...,k N=   ɜɌɓɍɔɎɌɑɞɝɫ əɌ 

əɑɛɑɜɑɖɜɧɎɌɪɥɔɑɝɫ ɚɞɜɑɓɖɔ ɐɗɔəɧ n, Ɏ ɛɜɑɐɑɗɌɡ ɖɌɒɐɚɏɚ ɔɓ 
ɖɚɞɚɜɧɡ ɘɑɞɚɐɚɘ əɌɔɘɑəɨɤɔɡ ɖɎɌɐɜɌɞɚɎ ɚɛɜɑɐɑɗɫɑɞɝɫ 

ɟɜɌɎəɑəɔɑ ɛɜɫɘɚɕ,  Ɍɛɛɜɚɖɝɔɘɔɜɟɪɥɑɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ 

( )y k . ȹɌɕɐɑəəɌɫ ɌɛɛɜɚɖɝɔɘɌɢɔɫ ( )ny k  ( ( )n n ny k a k b= + ) 

ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɖɌɖ ɗɚɖɌɗɨəɧɕ ɞɜɑəɐ.   

 ȰɌɗɑɑ Ɏɧɣɔɝɗɫɑɞɝɫ ɝɜɑɐəɑɖɎɌɐɜɌɞɔɣəɌɫ ɚɤɔɍɖɌ 
ɗɔəɑɕəɚɕ ɌɛɛɜɚɖɝɔɘɌɢɔɔ D(n) ɛɜɔ ɤɔɜɚɖɚɘ ɐɔɌɛɌɓɚəɑ 

ɓəɌɣɑəɔɕ n: 

2

1

1
( ) ( )

N

n
k

D n y k y k
N

.           (3.12..17)  

 Ȯ ɝɗɟɣɌɑ, ɖɚɏɐɌ ɓɌɎɔɝɔɘɚɝɞɨ ( )D n  ɔɘɑɑɞ ɝɞɑɛɑəəɚɕ 

ɡɌɜɌɖɞɑɜ ~D n n ,  ɞ.ɑ. əɌɗɔɣɔɫ ɗɔəɑɕəɚɏɚ ɟɣɌɝɞɖɌ ɛɜɔ 

ɐɎɚɕəɚɘ ɗɚɏɌɜɔɠɘɔɣɑɝɖɚɘ ɘɌɝɤɞɌɍɑ ln ~ lnD n, ɘɚɒəɚ 

ɏɚɎɚɜɔɞɨ ɚ ɝɟɥɑɝɞɎɚɎɌəɔɔ ɝɖɑɕɗɔəɏɌ.  

 ȶɌɖ Ɏɔɐəɚ ɛɚ ɜɔɝ. 3.12.4 , ɓəɌɣɑəɔɫ ( )D n  ɐɗɫ 

ɎɧɍɜɌəəɚɏɚ ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɞɚɖɌ ɝɞɑɛɑəəɧɘ ɚɍɜɌɓɚɘ 

ɓɌɎɔɝɫɞ ɚɞ n, ɞ.ɑ. Ɏ ɐɎɚɕəɚɘ ɗɚɏɌɜɔɠɘɔɣɑɝɖɚɘ ɘɌɝɤɞɌɍɑ ɩɞɌ 
ɓɌɎɔɝɔɘɚɝɞɨ ɍɗɔɓɖɌ ɖ ɗɔəɑɕəɚɕ.   

5.12 .5. ȶɚɜɜɑɗɫɢɔɔɚəəɧɕ ɌəɌɗɔɓ 

ȱɝɗɔ ɚɍɚɓəɌɣɔɞɨ ɣɑɜɑɓ tY  ɣɗɑə ɜɫɐɌ 

ɖɚɗɔɣɑɝɞɎɌ ɛɟɍɗɔɖɌɢɔɕ (ɖɚɗɔɣɑɝɞɎɌ 

ɩɗɑɖɞɜɚəəɧɡ ɝɚɚɍɥɑəɔɕ, ɛɚɝɞɟɛɔɎɤɔɡ, 

əɌɛɜɔɘɑɜ, Ɏ ɐɑəɨ , 1,...,t t N= ), ɞɚ ɌɎɞɚɖɚɜɜɑɗɫɢɔɚəəɌɫ 

ɠɟəɖɢɔɫ ɐɗɫ ɩɞɚɏɚ ɜɫɐɌ Y  ɚɛɜɑɐɑɗɫɑɞɝɫ ɖɌɖ: 

( )
( )( )

1

1

1
( )

1
,

N k

t k t

t
N k

t k t

t

F k Y m Y m
N k

X X
N k

-

+

=
-

+

=

= - - =
-

=
-

ä

ä
 (3.12.18)  

ɏɐɑ m ð ɝɜɑɐəɑɑ ɓəɌɣɑəɔɑ ɜɫɐɌ Y . 

1

1
N

t

t

m Y
N =

= ä  
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ȼɔɝ. 3.12.4  ð ȳɌɎɔɝɔɘɚɝɞɨ D(n) ɜɫɐɌ  əɌɍɗɪɐɑəɔɕ (ɚɝɨ 

ɚɜɐɔəɌɞ) ɚɞ ɐɗɔəɧ ɚɞɜɑɓɖɌ ɌɛɛɜɚɖɝɔɘɌɢɔɔ n (ɚɝɨ Ɍɍɝɢɔɝɝ) Ɏ  

ɗɚɏɌɜɔɠɘɔɣɑɝɖɚɕ ɤɖɌɗɑ (a=0.7)  

ȻɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ ɜɫɐ Y  ɘɚɒɑɞ ɝɚɐɑɜɒɌɞɨ ɝɖɜɧɞɟɪ 
ɛɑɜɔɚɐɔɣɑɝɖɟɪ ɝɚɝɞɌɎɗɫɪɥɟɪ. 

ȴɓɎɑɝɞəɚ, ɣɞɚ ɠɟəɖɢɔɫ 

ɌɎɞɚɖɚɜɜɑɗɫɢɔɔ ɚɍɗɌɐɌɑɞ ɞɑɘ ɝɎɚɕɝɞɎɚɘ, 

ɣɞɚ ɑɝɗɔ ɝɖɜɧɞɌɫ ɛɑɜɔɚɐɔɣɑɝɖɌɫ 
ɝɚɝɞɌɎɗɫɪɥɌɫ ɝɟɥɑɝɞɎɟɑɞ, ɞɚ ɑɑ ɓəɌɣɑəɔɑ 

Ɍɝɔɘɛɞɚɞɔɣɑɝɖɔ ɛɜɔɍɗɔɒɌɑɞɝɫ ɖ ɖɎɌɐɜɌɞɟ 

ɝɜɑɐəɑɏɚ ɓəɌɣɑəɔɫ ɔɝɡɚɐəɚɏɚ ɜɫɐɌ. 

ȴɓɎɑɝɞəɌ ɞɑɚɜɑɘɌ, ɣɞɚ ɑɝɗɔ ɜɌɝɝɘɌɞɜɔɎɌɑɘɧɕ ɜɫɐ 

ɛɑɜɔɚɐɔɣɑɝɖɔɕ, ɞ.ɑ. ɘɚɒɑɞ ɍɧɞɨ ɛɜɑɐɝɞɌɎɗɑə ɖɌɖ: 

( )0 cos ,tX u t= w +j                         (3.12.19)  

ɞɚ ɑɏɚ ɌɎɞɚɖɚɜɜɑɗɫɢɔɚəəɌɫ ɠɟəɖɢɔɫ ɍɟɐɑɞ ɜɌɎəɌ: 

( )2
0

1
( ) cos ,

2
F k u k= w                         (3.12.20)  

ɞ.ɑ. ɌɎɞɚɖɚɜɜɑɗɫɢɔɚəəɌɫ ɠɟəɖɢɔɫ ɛɑɜɔɚɐɔɣɑɝɖɚɏɚ ɜɫɐɌ 

ɞɌɖɒɑ ɫɎɗɫɑɞɝɫ ɛɑɜɔɚɐɔɣɑɝɖɚɕ, ɔɘɑɑɞ ɞɟ ɒɑ ɣɌɝɞɚɞɟ, əɚ ɍɑɓ 

ɠɌɓɚɎɚɏɚ ɟɏɗɌ j. 

ȼɌɝɝɘɚɞɜɔɘ ɣɔɝɗɚɎɚɕ ɜɫɐ X , ɫɎɗɫɪɥɔɕɝɫ ɝɟɘɘɚɕ 

əɑɖɚɞɚɜɚɕ ɝɚɐɑɜɒɌɞɑɗɨəɚɕ ɝɚɝɞɌɎɗɫɪɥɑɕ N  ɔ 

ɝɔəɟɝɚɔɐɌɗɨəɚɕ ɝɔɏəɌɗɌ S: 

ȭɜɔɗɗɪɩə ȷ. 
ȹɌɟɖɌ ɔ ɞɑɚɜɔɫ 
ɔəɠɚɜɘɌɢɔɔ. ð 
ȸ.: ȯɚɝ. ɔɓɐ. ɠɔɓ.-
ɘɌɞ. ɗɔɞ., 1960. 
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.t t tX N S= +                       (3.12.21)  

ȹɌɕɐɑɘ ɠɟəɖɢɔɪ ɌɎɞɚɖɚɜɜɑɗɫɢɔɚəəɟɪ ɠɟəɖɢɔɪ ɐɗɫ 

ɩɞɚɏɚ ɜɫɐɌ (ɓəɌɣɑəɔɫ ɛɜɔɎɑɐɑəɧ ɖ ɝɜɑɐəɑɘɟ 0m=  ɔ 

ɜɌɓɐɑɗɑəɧ əɌ ɝɜɑɐəɑɖɎɌɐɜɌɞɔɣəɧɑ ɚɞɖɗɚəɑəɔɫ): 

1

1

1

1

1 1 1 1

1 1 1 1

( )

( )( )

.

N k

k t tN k

t

N k

k t k t t tN k

t

N k N k N k N k

k t t k t t k t t k t tN k N k N k N k

t t t t

F k X X

N S N S

N N S S N S S N

-

+-

=

-

+ +-

=

- - - -

+ + + +- - - -

= = = =

= =

= + + =

= + + +

ä

ä

ä ä ä ä

 

(3.12.22)  

ȺɣɑɎɔɐəɚ, ɛɑɜɎɚɑ ɝɗɌɏɌɑɘɚɑ ð ɩɞɚ ɠɟəɖɢɔɫ 

əɑɛɑɜɔɚɐɔɣɑɝɖɌɫ, Ɍɝɔɘɛɞɚɞɔɣɑɝɖɔ ɝɞɜɑɘɫɥɌɫɝɫ ɖ əɟɗɪ. ȾɌɖ 

ɖɌɖ ɎɓɌɔɘəɌɫ ɖɚɜɜɑɗɫɢɔɫ ɘɑɒɐɟ N  ɔ S ɚɞɝɟɞɝɞɎɟɑɞ, ɞɚ ɞɚ 

ɞɜɑɞɨɑ ɔ ɣɑɞɎɑɜɞɚɑ ɝɗɌɏɌɑɘɚɑ ɞɌɖɒɑ ɝɞɜɑɘɫɞɝɫ ɖ əɟɗɪ. ȾɌɖɔɘ 
ɚɍɜɌɓɚɘ, əɑəɟɗɑɎɚɕ ɎɖɗɌɐ ɝɚɝɞɌɎɗɫɑɞ Ɏɞɚɜɚɑ ɝɗɌɏɌɑɘɚɑ ð 

ɌɎɞɚɖɚɜɜɑɗɫɢɔɫ ɝɔɏəɌɗɌ S. Ⱦ.ɑ. ɠɟəɖɢɔɫ ɌɎɞɚɖɚɜɜɑɗɫɢɔɔ 

ɜɫɐɌ X  ɚɝɞɌɑɞɝɫ ɛɑɜɔɚɐɔɣɑɝɖɚɕ. 

Ȯ ɖɌɣɑɝɞɎɑ ɔɗɗɪɝɞɜɌɢɔɔ ɜɌɝɝɘɚɞɜɔɘ ɘɚɐɑɗɨ 

ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɞɚɖɌ, Ɏ ɜɌɘɖɌɡ ɖɚɞɚɜɚɕ 

ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ Ɏɜɑɘɑəəɚɕ ɜɫɐ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɕ 

ɖɚɗɔɣɑɝɞɎɟ əɚɎɧɡ ɝɚɚɍɥɑəɔɕ Ɏ ɝɑɞɔ. ȻɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ 
ɑɒɑɐəɑɎəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɝɚɚɍɥɑəɔɕ Ɏ ɝɑɞɔ  ɜɌɝɞɑɞ ɛɚ 

ɩɖɝɛɚəɑəɢɔɌɗɨəɚɘɟ ɓɌɖɚəɟ (ɝ ɚɣɑəɨ əɑɍɚɗɨɤɔɘ ɓəɌɣɑəɔɑɘ 

ɩɖɝɛɚəɑəɢɔɌɗɨəɚɕ ɝɞɑɛɑəɔ), ɔ əɌ ɩɞɚ ɖɚɗɔɣɑɝɞɎɚ 

əɌɖɗɌɐɧɎɌɪɞɝɫ ɖɚɗɑɍɌəɔɫ, ɝɎɫɓɌəəɧɑ ɝ əɑɐɑɗɨəɚɕ 

ɢɔɖɗɔɣəɚɝɞɨɪ Ɏ ɜɌɍɚɞɑ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɔɝɞɚɣəɔɖɚɎ. ȾɌɖɒɑ 

ɛɜɔəɔɘɌɑɞɝɫ Ɏɚ ɎəɔɘɌəɔɑ əɑɖɚɞɚɜɧɕ ɩɗɑɘɑəɞ ɝɗɟɣɌɕəɚɝɞɔ, 
ɎɧɜɌɒɑəəɧɕ ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɘɔ ɚɞɖɗɚəɑəɔɫɘɔ. 

Ȱɗɫ ɛɚɗɟɣɑəɔɫ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ Ɏɜɑɘɑəəɚɏɚ ɜɫɐɌ ɍɧɗɔ 

ɜɌɝɝɘɚɞɜɑəɧ ɓəɌɣɑəɔɫ ɠɟəɖɢɔɔ: 

0.001 sin( /7 ),xy ae x ap= + +
  

                 (3.12.23)  

ɖɚɞɚɜɌɫ ɜɑɌɗɔɓɟɑɞ ɛɜɚɝɞɑɕɤɟɪ ɘɚɐɑɗɨ ɔəɠɚɜɘɌɢɔɚəəɚɏɚ 

ɛɚɞɚɖɌ ð ɩɖɝɛɚəɑəɞɌ ɚɞɎɑɣɌɑɞ ɓɌ ɜɚɝɞ ɖɚɗɔɣɑɝɞɎɌ ɛɟɍɗɔɖɌɢɔɕ 

Ɏɚ Ɏɜɑɘɑəɔ (ɚɍɥɌɫ ɞɑəɐɑəɢɔɫ), ɝɔəɟɝ ð ɓɌ əɑɐɑɗɨəɟɪ 
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ɛɑɜɔɚɐɔɣəɚɝɞɨ, ɛɌɜɌɘɑɞɜ a  ð ɓɌ ɝɗɟɣɌɕəɧɑ ɚɞɖɗɚəɑəɔɫ. 

ȶɚɗɔɣɑɝɞɎɚ ɛɟɍɗɔɖɌɢɔɕ y  əɑ ɘɚɒɑɞ ɍɧɞɨ ɚɞɜɔɢɌɞɑɗɨəɧɘ 

ɣɔɝɗɚɘ. ȹɌ ɜɔɝ. 3.12.5  ɛɜɑɐɝɞɌɎɗɑə ɏɜɌɠɔɖ ɘɚɐɑɗɔ . 

ȴɝɡɚɐəɧɕ ɜɫɐ ɍɧɗ ɚɍɜɌɍɚɞɌə: 

ɛɜɔɎɑɐɑə ɖ əɟɗɑɎɚɘɟ ɝɜɑɐəɑɘɟ ɔ 

əɚɜɘɔɜɚɎɌə (ɖɌɒɐɧɕ ɣɗɑə ɜɌɓɐɑɗɑə əɌ 

ɝɜɑɐəɑɑ). Ȼɚɝɗɑ ɩɞɚɏɚ ɍɧɗɔ ɜɌɝɝɣɔɞɌəɧ 
ɖɚɩɠɠɔɢɔɑəɞɧ ɖɚɜɜɑɗɫɢɔɔ, ɖɚɞɚɜɧɑ  ɐɗɫ 

ɜɫɐɚɎ ɔɓɘɑɜɑəɔɕ X  ɐɗɔəɚɕ NɜɌɝɝɣɔɞɧɎɌɪɞɝɫ ɛɚ ɠɚɜɘɟɗɑ:  

2

( )
( ) ,

F k
R k =

s  
(3.12.24)  

ɏɐɑ ( )F k  ð ɠɟəɖɢɔɫ ɌɎɞɚɖɚɜɜɑɗɫɢɔɔ;  
2s  ð ɐɔɝɛɑɜɝɔɫ. 

 

ȼɔɝ. 3.12.5 ð  ȸɚɐɑɗɨ ɛɚɞɚɖɌ ɝ ɩɖɝɛɚəɑəɢɔɌɗɨəɧɘ ɜɚɝɞɚɘ 

(ɚɝɨ Ɍɍɝɢɔɝɝ ð ɛɑɜɑɘɑəəɌɫ x  ð ɐɑəɨ,  ɚɝɨ ɚɜɐɔəɌɞ ð 

ɛɑɜɑɘɑəəɌɫ  yð ɖɚɗɔɣɑɝɞɎɚ ɛɟɍɗɔɖɌɢɔɕ) 

ȹɌ ɜɔɝ. 3.12.6  ɛɜɔɎɑɐɑə ɏɜɌɠɔɖ ɓəɌɣɑəɔɕ 
ɖɚɩɠɠɔɢɔɑəɞɚɎ ɖɚɜɜɑɗɫɢɔɕ (ɚɝɨ Ɍɍɝɢɔɝɝ ð ɛɑɜɑɘɑəəɌɫ k,  ɚɝɨ 

ɚɜɐɔəɌɞ ð ɖɚɩɠɠɔɢɔɑəɞ ɖɚɜɜɑɗɫɢɔɔ ( )R k . 

ȯɜɌɠɔɣɑɝɖɚɑ ɛɜɑɐɝɞɌɎɗɑəɔɑ ɖɚɩɠɠɔɢɔɑəɞɌ ɖɚɜɜɑɗɫɢɔɔ 
ɐɗɫ ɜɫɐɌ əɌɍɗɪɐɑəɔɕ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ ɐɔəɌɘɔɖɑ ɜɑɌɗɨəɚɏɚ 

ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɞɚɖɌ Ɏɑɍ-ɛɟɍɗɔɖɌɢɔɕ ɝɎɔɐɑɞɑɗɨɝɞɎɟɑɞ ɚ 

əɑɔɓɘɑəəɚɝɞɔ ɖɚɜɜɑɗɫɢɔɚəəɧɡ ɝɎɚɕɝɞɎ ɛɚ ɐəɫɘ əɑɐɑɗɔ (ɜɔɝ. 

3.12.7 ). Ȯɘɑɝɞɑ ɝ ɞɑɘ ɖɚɩɠɠɔɢɔɑəɞɧ ɖɚɜɜɑɗɫɢɔɔ ɜɫɐɌ 

əɌɍɗɪɐɑəɔɕ, ɟɝɜɑɐəɑəəɚɏɚ ɛɚ əɑɐɑɗɫɘ, Ɍɛɛɜɚɖɝɔɘɔɜɟɪɞɝɫ 
ɏɔɛɑɜɍɚɗɔɣɑɝɖɚɕ ɠɟəɖɢɔɑɕ, ɖɚɞɚɜɌɫ ɡɌɜɌɖɞɑɜɔɓɟɑɞ 

ɐɚɗɏɚɝɜɚɣəɟɪ ɓɌɎɔɝɔɘɚɝɞɨ ɣɗɑəɚɎ ɔɝɡɚɐəɚɏɚ ɜɫɐɌ 

(ɜɔɝ. 3.12.8 ). 

( )

2

2

1

1 N

t

t

Y m
N =

s =
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ȼɔɝ. 3.12.6 ð  ȳəɌɣɑəɔɫ ɖɚɩɠɠɔɢɔɑəɞɚɎ ɖɚɜɜɑɗɫɢɔɔ ɘɚɐɑɗɔ 

 

ȼɔɝ. 3.12.7 ð ȶɚɩɠɠɔɢɔɑəɞɧ ɖɚɜɜɑɗɫɢɔɔ  ɜɫɐɌ əɌɍɗɪɐɑəɔɕ 

( )R k (ɚɝɨ ɚɜɐɔəɌɞ) Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ k(ɚɝɨ Ɍɍɝɢɔɝɝ) 

 

ȼɔɝ. 3.12.8 ð ȶɚɩɠɠɔɢɔɑəɞɧ ɖɚɜɜɑɗɫɢɔɔ  ɜɫɐɌ əɌɍɗɪɐɑəɔɕ 

( )R k   (ɚɝɨ ɚɜɐɔəɌɞ), ɟɝɜɑɐəɑəəɚɏɚ ɛɚ əɑɐɑɗɫɘ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ 

ɚɞ k(ɚɝɨ Ɍɍɝɢɔɝɝ) 
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3.12.6. ɀɌɖɞɚɜ ɀɌəɚ 

Ȱɗɫ ɔɓɟɣɑəɔɫ ɛɚɎɑɐɑəɔɫ ɛɜɚɢɑɝɝɚɎ 

ɛɜɔəɫɞɚ ɔɝɛɚɗɨɓɚɎɌɞɨ ɑɥɑ ɚɐɔə 

ɛɚɖɌɓɌɞɑɗɨ ð ɔəɐɑɖɝ ɜɌɓɍɜɚɝɌ ɐɔɝɛɑɜɝɔɔ 

(IDC), ɞɌɖ əɌɓɧɎɌɑɘɧɕ ɠɌɖɞɚɜ ɀɌəɚ. ɉɞɌ 
ɎɑɗɔɣɔəɌ ɚɛɜɑɐɑɗɫɑɞɝɫ ɖɌɖ ɚɞəɚɤɑəɔɑ 

ɐɔɝɛɑɜɝɔɔ ɖɚɗɔɣɑɝɞɎɌ ɝɚɍɧɞɔɕ ()2 ks  əɌ 

ɓɌɐɌəəɚɘ ɚɖəɑ əɌɍɗɪɐɑəɔɕ  k   ɖ 

ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɘɟ ɘɌɞɑɘɌɞɔɣɑɝɖɚɘɟ 

ɚɒɔɐɌəɔɪ ()m k : 

() ()2( ) / .k k m kF =s  (3.12.25)  

Ȱɗɫ ɝɌɘɚɛɚɐɚɍəɧɡ ɛɜɚɢɑɝɝɚɎ 

Ɏɧɛɚɗəɫɑɞɝɫ ɝɚɚɞəɚɤɑəɔɑ: 
2 1( ) 1 ,Hk Ck -F º +  (3.12.26)  

ɏɐɑ C  ɔ H  ð ɖɚəɝɞɌəɞɧ. 

3.12.7. R/S -ɌəɌɗɔɓ. ȻɚɖɌɓɌɞɑɗɨ ɁɑɜɝɞɌ 

ȻɚɖɌɓɌɞɑɗɨ ɁɑɜɝɞɌ (H.E. Hurst ) ð H  ɝɎɫɓɌə ɝ 

ɖɚɩɠɠɔɢɔɑəɞɚɘ əɚɜɘɔɜɚɎɌəəɚɏɚ ɜɌɓɘɌɡɌ /R S, ɏɐɑ R  ð 

Ɏɧɣɔɝɗɫɑɘɧɕ  ɚɛɜɑɐɑɗɑəəɧɘ ɚɍɜɌɓɚɘ çɜɌɓɘɌɡè 

ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ Ɏɜɑɘɑəəɚɏɚ ɜɫɐɌ, Ɍ  S ð ɝɞɌəɐɌɜɞəɚɑ 

ɚɞɖɗɚəɑəɔɑ. Ɂɑɜɝɞ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɚ ɚɍəɌɜɟɒɔɗ, ɣɞɚ ɐɗɫ 

ɘəɚɏɔɡ Ɏɜɑɘɑəəɧɡ ɜɫɐɚɎ ɝɛɜɌɎɑɐɗɔɎɚ: ( )/ / 2
H

R S N= . 

ȰɚɖɌɓɌəɚ, ɣɞɚ ɛɚɖɌɓɌɞɑɗɨ ɁɑɜɝɞɌ  ɝɎɫɓɌə ɝ 

ɞɜɌɐɔɢɔɚəəɚɕ çɖɗɑɞɚɣəɚɕè ɠɜɌɖɞɌɗɨəɚɕ ɜɌɓɘɑɜəɚɝɞɨɪ D  
ɛɜɚɝɞɧɘ ɝɚɚɞəɚɤɑəɔɑɘ:  

2D H= - .                    (3.12.27)  

ȿɝɗɚɎɔɑ, ɛɜɔ ɖɚɞɚɜɚɘ ɛɚɖɌɓɌɞɑɗɨ ɁɑɜɝɞɌ ɝɎɫɓɌə ɝ 
ɠɜɌɖɞɌɗɨəɚɕ çɖɗɑɞɚɣəɚɕè ɜɌɓɘɑɜəɚɝɞɨɪ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ 

ɛɜɔɎɑɐɑəəɚɕ ɠɚɜɘɟɗɚɕ, ɚɛɜɑɐɑɗɑəɚ ȱ. ɀɑɐɑɜɚɘ ɝɗɑɐɟɪɥɔɘ 

ɚɍɜɌɓɚɘ: çé ɜɌɝɝɘɌɞɜɔɎɌɪɞ ɖɗɑɞɖɔ, ɜɌɓɘɑɜɧ ɖɚɞɚɜɧɡ ɘɌɗɧ 

ɛɚ ɝɜɌɎəɑəɔɪ ɖɌɖ ɝ ɐɗɔɞɑɗɨəɚɝɞɨɪ ɛɜɚɢɑɝɝɌ, ɞɌɖ ɔ ɝ 

ɐɔɌɛɌɓɚəɚɘ ɔɓɘɑəɑəɔɫ ɠɟəɖɢɔɔ; ɛɚɩɞɚɘɟ ɝɚɚɞəɚɤɑəɔɑ 

ɝɛɜɌɎɑɐɗɔɎɚ, ɖɚɏɐɌ ɝɞɜɟɖɞɟɜɌ ɖɜɔɎɚɕ, ɚɛɔɝɧɎɌɪɥɌɫ 

 

 
ȿɏɚ ɀɌəɚ 

(1912 -2001)  

Fano U. Ionization 
field of radiations. II. 
The fluctuations of 
the number of ions. 
Phys. Rev., 1947. ð N 
72.  
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ɠɜɌɖɞɌɗɨəɟɪ ɠɟəɖɢɔɪ, ɔɝɝɗɑɐɟɑɞɝɫ ɝ Ɏɧɝɚɖɔɘ ɜɌɓɜɑɤɑəɔɑɘ, 
ɞ.ɑ. Ɏ ɗɚɖɌɗɨəɚɘ ɛɜɑɐɑɗɑè. ȱɥɑ ɚɐəɔɘ ɎɌɒəɧɘ ɟɝɗɚɎɔɑɘ 

ɫɎɗɫɑɞɝɫ ɝɌɘɚɌɠɠɔəəɚɝɞɨ ɠɟəɖɢɔɔ.        

ȻɚɖɌɓɌɞɑɗɨ ɁɑɜɝɞɌ ɡɌɜɌɖɞɑɜɔɓɟɑɞ 

ɛɑɜɝɔɝɞɑəɞəɚɝɞɨ ð ɝɖɗɚəəɚɝɞɨ ɛɜɚɢɑɝɝɌ ɖ 

ɞɜɑəɐɌɘ (Ɏ ɚɞɗɔɣɔɑ ɚɞ ɚɍɧɣəɚɏɚ 
ɍɜɚɟəɚɎɝɖɚɏɚ ɐɎɔɒɑəɔɫ). ȳəɌɣɑəɔɑ H > Ĳ 

ɚɓəɌɣɌɑɞ, ɣɞɚ əɌɛɜɌɎɗɑəəɌɫ Ɏ 

ɚɛɜɑɐɑɗɑəəɟɪ ɝɞɚɜɚəɟ ɐɔəɌɘɔɖɌ 

ɛɜɚɢɑɝɝɌ Ɏ ɛɜɚɤɗɚɘ, Ɏɑɜɚɫɞəɑɑ Ɏɝɑɏɚ, 

ɛɚɎɗɑɣɑɞ ɛɜɚɐɚɗɒɑəɔɑ ɐɎɔɒɑəɔɫ Ɏ ɞɚɘ 
ɒɑ əɌɛɜɌɎɗɑəɔɔ. ȱɝɗɔ H < Ĳ, ɞɚ 

ɛɜɚɏəɚɓɔɜɟɑɞɝɫ, ɣɞɚ ɛɜɚɢɑɝɝ ɔɓɘɑəɔɞ 
əɌɛɜɌɎɗɑəəɚɝɞɨ. H  = Ĳ ɚɓəɌɣɌɑɞ 

əɑɚɛɜɑɐɑɗɑəəɚɝɞɨ ð ɍɜɚɟəɚɎɝɖɚɑ 

ɐɎɔɒɑəɔɑ. 

Ȯ ɣɌɝɞəɚɝɞɔ, ɐɗɫ ɔɓɟɣɑəɔɫ 

ɠɜɌɖɞɌɗɨəɧɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ 

ɞɑɘɌɞɔɣɑɝɖɔɡ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɛɚɞɚɖɚɎ 

ɐɗɫ Ɏɜɑɘɑəəɧɡ ɜɫɐɚɎ ( ), 1,..., ,F n n N=   

ɝɚɝɞɌɎɗɑəəɧɡ ɔɓ ɖɚɗɔɣɑɝɞɎɌ ɝɚɚɍɥɑəɔɕ, 

ɚɛɟɍɗɔɖɚɎɌəəɧɡ ɓɌ ɛɜɚɘɑɒɟɞɚɖ Ɏɜɑɘɑəɔ 

ɚɞ 1n-  ɐɚ n , ɔɓɟɣɌɗɚɝɨ ɓəɌɣɑəɔɑ 

ɛɚɖɌɓɌɞɑɗɫ ɁɑɜɝɞɌ,  ɚɛɜɑɐɑɗɫɑɘɚɑ ɔɓ ɝɚɚɞəɚɤɑəɔɫ: 

( )/ / 2 , 1.
H

R S N N= >>                 (3.12.28)  

ȳɐɑɝɨ Sð ɝɞɌəɐɌɜɞəɚɑ ɚɞɖɗɚəɑəɔɑ: 

( )
2

1

1
( ) ,

N

N
n

S F n F
N =

= -ä                   (3.13.29)  

1

1
( ),

N

N
n

F F n
N =

= ä                                   (3.13. 30) 

Ɍ R- ɞɌɖ əɌɓɧɎɌɑɘɧɕ ɜɌɓɘɌɡ: 

11
( ) max ( , ) min ( , ),

¢ ¢¢ ¢
= -

n Nn N
R N X n N X n N  (3.12.31)  

ɏɐɑ 

( )
1

( , ) ( ) .
=

= -ä
n

N
i

X n N F i F  (3.12.32)  

ȴɝɝɗɑɐɚɎɌəɔɫ ɠɜɌɖɞɌɗɨəɧɡ ɝɎɚɕɝɞɎ ɜɫɐɚɎ ɔɓɘɑɜɑəɔɕ, 

ɛɚɗɟɣɌɑɘɧɡ Ɏ ɜɑɓɟɗɨɞɌɞɑ ɘɚəɔɞɚɜɔəɏɌ ɞɑɘɌɞɔɣɑɝɖɔɡ 

ɔəɠɚɜɘɌɢɔɚəəɧɡ ɘɌɝɝɔɎɚɎ ɔɓ ȴəɞɑɜəɑɞ, ɝɎɔɐɑɞɑɗɨɝɞɎɟɪɞ ɚ 

ȯɌɜɚɗɨɐ ɉɐɎɔə 
Ɂɑɜɝɞ (1880 -1978 ) 

 

Hurst  H. Long Term 
Storage Capacity of 
Reservoirs  //  
Transactions of the 
American Society of 

Civil Engineers , 
1951. ð ʈ 116. 
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ɞɚɘ, ɣɞɚ ɛɚɖɌɓɌɞɑɗɨ H  ɛɜɔəɔɘɌɑɞ ɓəɌɣɑəɔɫ Ɏ ɐɔɌɛɌɓɚəɑ 0.65 

· 0.75 , ɞ.ɑ. əɌɘəɚɏɚ ɛɜɑɎɧɤɌɑɞ Ĳ. Ȼɚɩɞɚɘɟ ɘɚɒəɚ 
ɟɞɎɑɜɒɐɌɞɨ,  Ɏ ɩɞɚɘ ɝɗɟɣɌɑ ɚɍəɌɜɟɒɔɎɌɑɞɝɫ ɛɑɜɝɔɝɞɑəɞəɚɝɞɨ 

(ɝɟɥɑɝɞɎɚɎɌəɔɑ ɐɚɗɏɚɎɜɑɘɑəəɧɡ ɖɚɜɜɑɗɫɢɔɕ, ɖɚɞɚɜɧɑ ɘɚɏɟɞ 

ɍɧɞɨ ɝɎɫɓɌəɧ ɝ ɛɜɚɫɎɗɑəɔɑɘ ɐɑɞɑɜɘɔəɔɜɚɎɌəəɚɏɚ ɡɌɚɝɌ). 

ȺɖɌɓɧɎɌɑɞɝɫ, ɣɞɚ ɜɫɐ ( )F n   ɔɘɑɑɞ ɠɜɌɖɞɌɗɨəɟɪ ɜɌɓɘɑɜəɚɝɞɨ 

D, ɜɌɎəɟɪ D = 2 ð H º 1.35 · 1.25.   

ȴɝɝɗɑɐɚɎɌəɔɫ ɞɑɘɌɞɔɣɑɝɖɔɡ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɛɚɞɚɖɚɎ 

ɛɚɐɞɎɑɜɒɐɌɪɞ ɛɜɑɐɛɚɗɚɒɑəɔɑ ɚ ɝɌɘɚɛɚɐɚɍɔɔ ɔ 
ɔɞɑɜɌɞɔɎəɚɝɞɔ ɛɜɚɢɑɝɝɚɎ Ɏ Ɏɑɍ-ɛɜɚɝɞɜɌəɝɞɎɑ. ȼɑɛɟɍɗɔɖɌɢɔɔ, 

ɢɔɞɔɜɚɎɌəɔɑ, ɛɜɫɘɧɑ ɝɝɧɗɖɔ ɔ ɞ. ɛ. ɛɚɜɚɒɐɌɪɞ ɝɌɘɚɛɚɐɚɍɔɑ, 

ɛɜɚɫɎɗɫɪɥɑɑɝɫ Ɏ ɟɝɞɚɕɣɔɎɧɡ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɜɌɝɛɜɑɐɑɗɑəɔɫɡ 

ɔ ɔɓɎɑɝɞəɧɡ ɩɘɛɔɜɔɣɑɝɖɔɡ ɓɌɖɚəɌɡ. 

3. 13 . ȳɌɖɚəɧ ȻɌɜɑɞɚ-ɂɔɛɠɌ 

ȬəɌɗɔɓɔɜɟɫ ɚɍɥɑɝɞɎɑəəɧɑ 

ɛɜɚɢɑɝɝɧ, Ȯ. ȻɌɜɑɞɚ ɜɌɝɝɘɚɞɜɑɗ 

ɝɚɢɔɌɗɨəɟɪ ɝɜɑɐɟ ɖɌɖ ɛɔɜɌɘɔɐɟ, əɌ 

Ɏɑɜɤɔəɑ ɖɚɞɚɜɚɕ əɌɡɚɐɫɞɝɫ əɑɖɚɞɚɜɧɑ 

ɗɪɐɔ,  ɛɜɑɐɝɞɌɎɗɫɪɥɔɑ ɩɗɔɞɟ. Ȯ 
ɜɑɓɟɗɨɞɌɞɑ ɔɝɝɗɑɐɚɎɌəɔɕ ɚə 

ɘɌɞɑɘɌɞɔɣɑɝɖɔ ɝɠɚɜɘɟɗɔɜɚɎɌɗ 

ɓɌɎɔɝɔɘɚɝɞɨ ɘɑɒɐɟ Ɏɑɗɔɣɔəɚɕ ɐɚɡɚɐɌ ɔ 

ɖɚɗɔɣɑɝɞɎɚɘ ɗɔɢ, ɖɚɞɚɜɧɑ ɑɏɚ ɛɚɗɟɣɌɪɞ. 

ȻɌɜɑɞɚ Ɏ 1906 ɏɚɐɟ ɟɝɞɌəɚɎɔɗ, ɣɞɚ ɚɖɚɗɚ 
80 % ɓɑɘɗɔ Ɏ ȴɞɌɗɔɔ ɛɜɔəɌɐɗɑɒɔɞ ɗɔɤɨ 

20 % ɑɑ ɒɔɞɑɗɑɕ. Ⱥə ɛɜɔɤɑɗ ɖ 

ɓɌɖɗɪɣɑəɔɪ, ɣɞɚ ɛɌɜɌɘɑɞɜɧ ɛɚɗɟɣɑəəɚɏɚ 

ɔɘ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɛɜɔɍɗɔɓɔɞɑɗɨəɚ 

ɚɐɔəɌɖɚɎɧ ɔ əɑ ɜɌɓɗɔɣɌɪɞɝɫ 

ɛɜɔəɢɔɛɔɌɗɨəɚ Ɏ ɜɌɓəɧɡ ɝɞɜɌəɌɡ ɔ Ɏ 
ɜɌɓəɚɑ Ɏɜɑɘɫ.  Ⱦɚɣəɚ ɞɌɖɌɫ ɒɑ ɓɌɖɚəɚɘɑɜəɚɝɞɨ ɛɚ ȻɌɜɑɞɚ 

əɌɍɗɪɐɌɑɞɝɫ ɔ Ɏ ɜɌɝɛɜɑɐɑɗɑəɔɔ ɐɚɡɚɐɚɎ ɘɑɒɐɟ ɗɪɐɨɘɔ. 

ȼɌɝɛɜɑɐɑɗɑəɔɑ ɐɚɡɚɐɚɎ ɛɚ ȻɌɜɑɞɚ ɚɛɔɝɧɎɌɑɞɝɫ 

ɟɜɌɎəɑəɔɑɘ pN A Xº , ɏɐɑ X  ð ɎɑɗɔɣɔəɌ ɐɚɡɚɐɌ, N  ð 

ɖɚɗɔɣɑɝɞɎɚ ɗɪɐɑɕ ɝ ɐɚɡɚɐɚɘ, ɜɌɎəɧɘ ɔɗɔ ɛɜɑɎɧɤɌɪɥɔɘ X ,  

A  ɔ p  - ɛɌɜɌɘɑɞɜɧ ɜɌɝɛɜɑɐɑɗɑəɔɫ. Ȯ ɘɌɞɑɘɌɞɔɣɑɝɖɚɕ 

ɝɞɌɞɔɝɞɔɖɑ ɩɞɚ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɛɚɗɟɣɔɗɚ ɔɘɫ ȻɌɜɑɞɚ, ɛɜɔ ɩɞɚɘ 

ɛɜɑɐɛɚɗɌɏɌɪɞɝɫ ɑɝɞɑɝɞɎɑəəɧɑ ɚɏɜɌəɔɣɑəɔɫ əɌ ɛɌɜɌɘɑɞɜɧ: 

1, 1X p² >.  

 

 

Ȯɔɗɨɠɜɑɐɚ ȻɌɜɑɞɚ 

(1848 ð 1923)  
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ȼɌɝɛɜɑɐɑɗɑəɔɪ ȻɌɜɑɞɚ ɛɜɔɝɟɥɑ ɝɎɚɕɝɞɎɚ ɟɝɞɚɕɣɔɎɚɝɞɔ, 
ɞ.ɑ. ɝɟɘɘɌ ɐɎɟɡ ɝɗɟɣɌɕəɧɡ ɛɑɜɑɘɑəəɧɡ, ɖɚɞɚɜɧɑ ɔɘɑɪɞ 

ɜɌɝɛɜɑɐɑɗɑəɔɑ ȻɌɜɑɞɚ, ɞɌɖɒɑ ɍɟɐɑɞ ɝɚɚɞɎɑɞɝɞɎɚɎɌɞɨ ɩɞɚɘɟ 

ɜɌɝɛɜɑɐɑɗɑəɔɪ.  ȳɌɘɑɣɑəəɚɑ ɛɜɌɎɔɗɚ, əɌɓɧɎɌɑɘɚɑ 

"ɓɌɖɚəɚɘ ȻɌɜɑɞɚ" ɔɗɔ "ɛɜɔəɢɔɛɚɘ 80/20", ɛɜɔɘɑəɔɘɚ Ɏ ɚɣɑəɨ 

ɘəɚɏɔɡ ɚɍɗɌɝɞɫɡ. ȹɌɛɜɔɘɑɜ, ɛɜɔ ɔəɠɚɜɘɌɢɔɚəəɚɘ ɛɚɔɝɖɑ 
ɐɚɝɞɌɞɚɣəɚ ɚɛɜɑɐɑɗɔɞɨ 20% ɎɌɒəɑɕɤɔɡ ɖɗɪɣɑɎɧɡ ɝɗɚɎ, 

ɣɞɚɍɧ əɌɕɞɔ 80% əɑɚɍɡɚɐɔɘɧɡ ɐɚɖɟɘɑəɞɚɎ, Ɍ ɓɌɞɑɘ 

ɜɌɝɤɔɜɔɞɨ ɛɚɔɝɖ ɔɗɔ ɎɚɝɛɚɗɨɓɚɎɌɞɨɝɫ ɚɛɢɔɑɕ "əɌɕɞɔ 

ɛɚɡɚɒɔɑ" ɐɗɫ ɛɚɗəɚɏɚ ɜɑɤɑəɔɫ ɓɌɐɌɣɔ. ȱɥɑ ɚɐɔə ɛɜɔɘɑɜ: 

80% ɛɚɝɑɥɑəɔɕ Ɏɑɍ-ɝɌɕɞɌ ɛɜɔɡɚɐɔɞɝɫ ɗɔɤɨ əɌ 20% ɑɏɚ Ɏɑɍ-

ɝɞɜɌəɔɢ.  

Ȼɜɔ ɛɚɝɞɜɚɑəɔɔ ɝɔɝɞɑɘ ɘɌɝɝɚɎɚɏɚ ɚɍɝɗɟɒɔɎɌəɔɫ, Ɏ ɞɚɘ 

ɣɔɝɗɑ ɔ ɔəɠɚɜɘɌɢɔɚəəɚ-ɛɚɔɝɖɚɎɧɡ ɝɔɝɞɑɘ, əɑɚɍɡɚɐɔɘɚ 

ɟɣɔɞɧɎɌɞɨ ɞɚɞ ɠɌɖɞ, ɣɞɚ əɌɔɍɚɗɑɑ ɝɗɚɒəɧɘ ɠɟəɖɢɔɚəɌɗɨəɧɘ 

Ɏɚɓɘɚɒəɚɝɞɫɘ ɝɔɝɞɑɘɧ, əɌ ɜɑɌɗɔɓɌɢɔɪ ɖɚɞɚɜɧɡ ɟɡɚɐɔɞ 80 ɔ 

ɍɚɗɨɤɑ ɛɜɚɢɑəɞɚɎ ɞɜɟɐɚɓɌɞɜɌɞ, ɍɟɐɟɞ ɛɚɗɨɓɚɎɌɞɨɝɫ əɑ ɍɚɗɑɑ 

ɣɑɘ 20 ɛɜɚɢɑəɞɚɎ ɛɚɗɨɓɚɎɌɞɑɗɑɕ ɐɌəəɚɕ ɝɔɝɞɑɘɧ.  

Ȯ ɝɞɜɚɏɚɕ ɠɚɜɘɟɗɔɜɚɎɖɑ ɩɞɚɞ ɩɠɠɑɖɞ əɚɝɔɞ əɌɓɎɌəɔɑ 

ɛɜɔəɢɔɛɌ ȻɌɜɑɞɚ. Ȼɜɑɐɛɚɗɚɒɔɘ, ɣɞɚ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ 

1 2, , ... , ...nx x x  ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɜɌɓɘɑɜɌɘ ɐɚɡɚɐɚɎ ɚɞɐɑɗɨəɧɡ 

ɗɪɐɑɕ. Ȼɚɝɗɑ ɜɌəɒɔɜɚɎɌəɔɫ ɩɞɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ ɛɚ 

ɟɍɧɎɌəɔɪ ɛɚɗɟɣɌɑɞɝɫ əɚɎɌɫ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ 

1 2
, , ..., , ...

r
x x x  (ɩɗɑɘɑəɞɧ 

r
x  ɜɌɝɛɚɗɚɒɑəɧ Ɏ ɛɚɜɫɐɖɑ 

ɟɍɧɎɌəɔɫ).  

Ȼɜɑɐɛɚɗɚɒɔɘ, ɣɞɚ  N  ð ɚɍɥɑɑ ɣɔɝɗɚ ɗɪɐɑɕ,  ɟ ɖɚɞɚɜɧɡ 

ɐɚɡɚɐ ɝɚɝɞɌɎɗɫɑɞ əɑ ɘɑəɑɑ  ( )rx , ɞ.ɑ. N r. ȾɚɏɚɐɌ ɛɜɌɎɔɗɚ 

ȻɌɜɑɞɚ ɘɚɒəɚ ɛɑɜɑɛɔɝɌɞɨ Ɏ ɞɌɖɚɘ Ɏɔɐɑ: 

( )
p

r

A
r

x
.                                       (3.13.1)  

ȺɞɖɟɐɌ: 

1

( ) .
p

r

A
x

r
 

(3.13.2)  
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ȼɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɝɟɘɘɌ ɛɑɜɎɧɡ n  ( 1, 2, ...,n N ) 

ɓəɌɣɑəɔɕ Ɏɑɗɔɣɔəɧ 
r

x , ɞ.ɑ. ɚɍɥɌɫ ɎɑɗɔɣɔəɌ ɐɚɡɚɐɌ əɌɔɍɚɗɑɑ 

ɍɚɏɌɞɧɡ ɗɪɐɑɕ - m n :  

1

1 1 1

,
n n np

r

r r r

A C
m n x

r r
 (3.13.3)  

ɏɐɑ 
1/1 1/ ; .pp C A  

Ȼɑɜɑɡɚɐɫ ɚɞ ɐɔɝɖɜɑɞəɧɡ Ɏɑɗɔɣɔə ɖ əɑɛɜɑɜɧɎəɧɘ 

(ɛɜɑɐɛɚɗɌɏɌɫ, ɣɞɚ 1n ), ɔɘɑɑɘ: 

1

1

.
1

n
C C

m n dr n
r

 

(3.13.4)  

Ȯ ɍɑɓɜɌɓɘɑɜəɧɡ ɛɑɜɑɘɑəəɧɡ /m n m N  - ɔ 

/n N  ɛɚɝɗɑɐəɑɑ ɜɌɎɑəɝɞɎɚ ɔɘɑɑɞ Ɏɔɐ (ɝɘ. ɜɔɝ. 23): 

 
1

.                                  (3.13.5)  

 

ȼɔɝ. 3.13.1 ð ȼɌɝɛɜɑɐɑɗɑəɔɑ ȻɌɜɑɞɚ ɐɗɫ ɜɌɓɗɔɣəɧɡ ɓəɌɣɑəɔɕ 

ɛɌɜɌɘɑɞɜɚɎ: ɓɌɎɔɝɔɘɚɝɞɨ 
1

 ɐɗɫ ɞɜɑɡ ɝɗɟɣɌɑɎ: 0 ,  

0.8, 0.9
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ȮɑɗɔɣɔəɌ  ð Ɏ əɌɤɑɘ ɛɜɔɘɑɜɑ ð ɚɞəɚɝɔɞɑɗɨəɚɑ 

ɖɚɗɔɣɑɝɞɎɚ ɐɚɡɚɐɌ, ɛɚɗɟɣɌɑɘɚɏɚ ɛɑɜɎɧɘɔ ɛɚ ɜɌəɏɟ n  

ɗɪɐɨɘɔ, ɐɚɗɫ ɖɚɞɚɜɧɡ (ɚɞəɚɝɔɞɑɗɨəɚ Ɏɝɑɡ ɗɪɐɑɕ) ɜɌɎəɌ . 

 

Ȱɒ. ɂɔɛɠ ɔɓɟɣɔɗ ɔɝɛɚɗɨɓɚɎɌəɔɑ 

ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɝɎɚɕɝɞɎ ɫɓɧɖɌ Ɏ 

ɞɑɖɝɞɚɎɧɡ ɐɚɖɟɘɑəɞɌɡ ɔ ɎɧɫɎɔɗ 

əɑɝɖɚɗɨɖɚ ɩɘɛɔɜɔɣɑɝɖɔɡ ɓɌɖɚəɚɎ, 

ɖɚɞɚɜɧɑ ɛɜɑɐɝɞɌɎɔɗ ɖɌɖ ɩɘɛɔɜɔɣɑɝɖɚɑ 
ɐɚɖɌɓɌɞɑɗɨɝɞɎɚ ɝɎɚɑɏɚ çɛɜɔəɢɔɛɌ 

əɌɔɘɑəɨɤɑɏɚ ɖɚɗɔɣɑɝɞɎɌ ɟɝɔɗɔɕè. Ⱥə 

ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɚ ɛɚɖɌɓɌɗ, ɣɞɚ 

ɜɌɝɛɜɑɐɑɗɑəɔɑ ɝɗɚɎ ɑɝɞɑɝɞɎɑəəɚɏɚ ɫɓɧɖɌ 

ɛɚɐɣɔəɫɑɞɝɫ ɓɌɖɚəɟ, ɖɚɞɚɜɧɕ ɣɌɝɞɚ 

ɢɔɞɔɜɟɑɞɝɫ ɖɌɖ ɛɑɜɎɧɕ ɓɌɖɚə ɂɔɛɠɌ, 
ɚɞəɚɝɫɥɔɕɝɫ ɖ ɜɌɝɛɜɑɐɑɗɑəɔɪ ɣɌɝɞɚɞɧ 

ɝɗɚɎɌ Ɏ ɞɑɖɝɞɑ. ɉɞɚɞ ɓɌɖɚə ɘɚɒəɚ 

ɝɠɚɜɘɟɗɔɜɚɎɌɞɨ ɞɌɖɔɘ ɚɍɜɌɓɚɘ. ȱɝɗɔ ɐɗɫ 

ɖɌɖɚɏɚ-əɔɍɟɐɨ ɐɚɎɚɗɨəɚ ɍɚɗɨɤɚɏɚ ɞɑɖɝɞɌ 

ɝɚɝɞɌɎɔɞɨ ɝɛɔɝɚɖ Ɏɝɑɡ ɝɗɚɎ, ɖɚɞɚɜɧɑ 
Ɏɝɞɜɑɞɔɗɔɝɨ Ɏ əɑɘ, Ɍ ɛɚɞɚɘ ɜɌəɒɔɜɚɎɌɞɨ 

ɩɞɔ ɝɗɚɎɌ Ɏ ɛɚɜɫɐɖɑ ɟɍɧɎɌəɔɫ ɣɌɝɞɚɞɧ 

ɔɡ ɛɚɫɎɗɑəɔɫ Ɏ ɞɑɖɝɞɑ, ɞɚ ɐɗɫ ɗɪɍɚɏɚ 

ɝɗɚɎɌ ɛɜɚɔɓɎɑɐɑəɔɑ ɑɏɚ ɜɌəɏɌ ɔ ɣɌɝɞɚɞɧ 
ɛɚɫɎɗɑəɔɫ ɍɟɐɑɞ Ɏɑɗɔɣɔəɚɕ ɛɚɝɞɚɫəəɚɕ: 

f r c³ =, ɏɐɑ f  - ɣɌɝɞɚɞɌ ɎɝɞɜɑɣɌɑɘɚɝɞɔ 

ɝɗɚɎɌ Ɏ ɞɑɖɝɞɑ; r  - ɜɌəɏ ɝɗɚɎɌ Ɏ ɝɛɔɝɖɑ;  c  - ɩɘɛɔɜɔɣɑɝɖɌɫ 

ɛɚɝɞɚɫəəɌɫ ɎɑɗɔɣɔəɌ (ɖɚɩɠɠɔɢɔɑəɞ ɂɔɛɠɌ). Ȱɗɫ ɝɗɌɎɫəɝɖɔɡ 

ɫɓɧɖɚɎ, Ɏ ɣɌɝɞəɚɝɞɔ, ɖɚɩɠɠɔɢɔɑəɞ ɂɔɛɠɌ ɝɚɝɞɌɎɗɫɑɞ 

ɛɜɔɍɗɔɓɔɞɑɗɨəɚ 0,06-0,07.  

ȻɜɔɎɑɐɑəəɌɫ ɓɌɎɔɝɔɘɚɝɞɨ ɚɞɜɌɒɌɑɞ ɞɚɞ ɠɌɖɞ, ɣɞɚ 

ɝɟɥɑɝɞɎɟɑɞ əɑɍɚɗɨɤɚɕ ɝɗɚɎɌɜɨ, ɖɚɞɚɜɧɕ ɝɚɝɞɌɎɗɫɑɞ ɍɚɗɨɤɟɪ 
ɣɌɝɞɨ ɗɑɖɝɑɘ ɞɑɖɝɞɌ. ɉɞɚ ɏɗɌɎəɧɘ ɚɍɜɌɓɚɘ ɝɗɟɒɑɍəɧɑ ɝɗɚɎɌ. 

ȹɌɛɜɔɘɑɜ, ɛɜɔɎɑɐɑəəɧɕ Ɏ ɘɚəɚɏɜɌɠɔɔ ȶ.Ȱ. ȸɌəəɔəɏɌ ɔ 

ȯ. Ʉɪɞɢɑ ɌəɌɗɔɓ ɜɚɘɌəɌ çȾɚɘ Ƚɚɕɑɜè, ɛɚɓɎɚɗɔɗ Ɏɧɐɑɗɔɞɨ 

11.000 Ɍəɏɗɔɕɝɖɔɡ ɝɗɚɎ. Ȼɜɔ ɩɞɚɘ ɍɧɗɚ ɚɍəɌɜɟɒɑəɚ 

ɐɎɑəɌɐɢɌɞɨ ɝɗɚɎ (the , and, ɔ ɐɜ.), ɖɌɒɐɚɑ ɔɓ ɖɚɞɚɜɧɡ  

ɚɡɎɌɞɧɎɌɑɞ ɍɚɗɑɑ 1 % ɗɑɖɝɑɘ Ɏ ɜɚɘɌəɑ.  

 

 
Ȱɒɚɜɐɒ ɂɔɛɠ 

(1902 -1950)  
Manning C.D., 
 Sch¿tze H. 
Foundations o f 
Statistical Natural 
Language Processing  
- Cambridge, 
Massachusetts: The 
MIT Press , 1999.   

 

ftp://parcftp.xerox.com/pub/qca/schuetze.html
http://mitpress.mit.edu/
http://mitpress.mit.edu/
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ɂɔɛɠ ɚɍɦɫɝəɫɗ ɏɔɛɑɜɍɚɗɔɣɑɝɖɚɑ ɜɌɝɛɜɑɐɑɗɑəɔɑ 
çɛɜɔəɢɔɛɚɘ əɌɔɘɑəɨɤɑɏɚ ɖɚɗɔɣɑɝɞɎɌ ɟɝɔɗɔɕè ɛɜɑɐɛɚɗɌɏɌɫ 

ɣɞɚ ɛɜɔ ɝɚɓɐɌəɔɔ ɞɑɖɝɞɌ ɘɑəɨɤɑ ɟɝɔɗɔɕ ɟɡɚɐɔɞ əɌ 

ɛɚɎɞɚɜɑəɔɑ əɑɖɚɞɚɜɧɡ ɝɗɚɎ, ɣɑɘ əɌ ɔɝɛɚɗɨɓɚɎɌəɔɑ əɚɎɧɡ, ɞ.ɑ. 

əɌ ɚɍɜɌɥɑəɔɑ ɖ çɚɛɑɜɌɞɔɎəɚɕ ɛɌɘɫɞɔ, Ɍ əɑ ɖ 

ɐɚɗɏɚɎɜɑɘɑəəɚɕè. 

ɂɔɛɠ ɝɠɚɜɘɟɗɔɜɚɎɌɗ ɑɥɑ ɚɐəɟ 

ɓɌɖɚəɚɘɑɜəɚɝɞɨ, ɖɚɞɚɜɌɫ ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, 

ɣɞɚ ɣɌɝɞɚɞɌ ɔ ɖɚɗɔɣɑɝɞɎɚ ɝɗɚɎ, ɖɚɞɚɜɧɑ 

Ɏɡɚɐɫɞ Ɏ ɞɑɖɝɞ ɝ ɐɌəəɚɕ ɣɌɝɞɚɞɚɕ, ɞɌɖɒɑ 

ɝɎɫɓɌəəɧ ɛɚɐɚɍəɧɘ ɝɚɚɞəɚɤɑəɔɑɘ, Ɍ 

ɔɘɑəəɚ: 

( ) ,
B

N f
f

                                  

(3.13.6)  

ɏɐɑ ( )N f  ð ɖɚɗɔɣɑɝɞɎɚ ɜɌɓɗɔɣəɧɡ ɝɗɚɎ, 

ɖɌɒɐɚɑ ɔɓ ɖɚɞɚɜɧɡ ɔɝɛɚɗɨɓɟɑɞɝɫ Ɏ ɞɑɖɝɞɑ 

f  ɜɌɓ, Bð əɑɖɚɞɚɜɌɫ ɖɚəɝɞɌəɞɌ 

əɚɜɘɔɜɚɎɌəɔɫ. 

ȽɟɥɑɝɞɎɟɑɞ ɛɜɚɝɞɌɫ 

ɖɚɗɔɣɑɝɞɎɑəəɌɫ  ɘɚɐɑɗɨ ɚɛɜɑɐɑɗɑəɔɫ 
ɓɌɎɔɝɔɘɚɝɞɔ ɣɌɝɞɚɞɧ ɚɞ ɜɌəɏɌ. 

Ȼɜɑɐɛɚɗɚɒɔɘ, ɣɞɚ  ɏɑəɑɜɔɜɟɑɞɝɫ 

ɝɗɟɣɌɕəɧɕ ɞɑɖɝɞ ɚɍɑɓɨɫəɚɕ əɌ ɛɔɤɟɥɑɕ ɘɌɤɔəɖɑ. Ƚ 

Ɏɑɜɚɫɞəɚɝɞɨɪ p  ɏɑəɑɜɔɜɟɑɞɝɫ ɛɜɚɍɑɗ, Ɍ ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ 

(1 )p-  ð ɐɜɟɏɔɑ ɝɔɘɎɚɗɧ, ɖɌɒɐɧɕ ɔɓ ɖɚɞɚɜɧɡ ɔɘɑɑɞ ɜɌɎəɟɪ 

Ɏɑɜɚɫɞəɚɝɞɨ. ȻɚɖɌɓɌəɚ, ɣɞɚ ɛɚɗɟɣɑəəɧɕ ɞɌɖɔɘ ɚɍɜɌɓɚɘ ɞɑɖɝɞ 

ɍɟɐɑɞ ɐɌɎɌɞɨ ɜɑɓɟɗɨɞɌɞɧ, ɍɗɔɓɖɔɑ ɛɚ ɠɚɜɘɑ ɜɌɝɛɜɑɐɑɗɑəɔɪ 

ɂɔɛɠɌ.   

ȭɚɗɑɑ ɝɗɚɒəɟɪ ɘɚɐɑɗɨ ɏɑəɑɜɌɢɔɔ ɝɗɟɣɌɕəɚɏɚ ɞɑɖɝɞɌ, 

ɟɐɚɎɗɑɞɎɚɜɫɪɥɑɏɚ Ɏɞɚɜɚɘɟ ɓɌɖɚəɟ ɂɔɛɠɌ, ɛɜɑɐɗɚɒɔɗ ȯ.Ȭ. 
ȽɌɕɘɚə Ɏ 1955 ɏ. Ȯ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɩɞɚɕ ɘɚɐɑɗɨɪ, ɑɝɗɔ ɞɑɖɝɞ 

ɐɚɝɞɔɏ ɜɌɓɘɑɜɌ Ɏ n  ɝɗɚɎ, ɞɚɏɐɌ ɞɚ, ɖɌɖɔɘ ɍɟɐɑɞ ( 1)n -ɑ ɝɗɚɎɚ 

ɞɑɖɝɞɌ ɚɛɜɑɐɑɗɫɑɞɝɫ ɐɎɟɘɫ ɐɚɛɟɥɑəɔɫɘɔ: 

1.  Ȼɟɝɞɨ ( , )N f n  - ɖɚɗɔɣɑɝɞɎɚ ɜɌɓəɧɡ ɝɗɚɎ, ɖɌɒɐɚɑ ɔɓ 

ɖɚɞɚɜɧɡ ɔɝɛɚɗɨɓɚɎɌɗɚɝɨ f  ɜɌɓ ɝɜɑɐɔ ɛɑɜɎɧɡ n  ɝɗɚɎ 

ɞɑɖɝɞɌ. ȾɚɏɐɌ Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ ( 1)n -ɧɘ 

ɚɖɌɒɑɞɝɫ ɝɗɚɎɚ, ɖɚɞɚɜɚɑ ɐɚ ɞɚɏɚ ɔɝɛɚɗɨɓɚɎɌɗɚɝɨ f  

ȷɑɖɝɑɘɌ ð ɝɗɚɎɚ 
ɖɌɖ ɌɍɝɞɜɌɖɞəɌɫ 
ɑɐɔəɔɢɌ 
ɘɚɜɠɚɗɚɏɔɣɑɝɖɚɏɚ 
ɌəɌɗɔɓɌ. Ȯ ɚɐəɟ 
ɗɑɖɝɑɘɟ 
ɚɍɦɑɐɔəɫɪɞɝɫ 

ɜɌɓɗɔɣəɧɑ 
ɝɗɚɎɚɠɚɜɘɧ ɚɐəɚɏɚ 
ɝɗɚɎɌ. ȹɌɛɜɔɘɑɜ, 
ɝɗɚɎɌɜɨ, 
ɝɗɚɎɌɜɑɘ, 
ɝɗɚɎɌɜɪ ð ɩɞɚ 
ɠɚɜɘɧ ɚɐəɚɕ ɔ 
ɞɚɕ ɒɑ ɗɑɖɝɑɘɧ, 
ɛɚ ɝɚɏɗɌɤɑəɔɪ 
ɛɔɤɟɥɑɕɝɫ ɖɌɖ 
ɝɗɚɎɌɜɨ. 
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ɜɌɓ ɛɜɚɛɚɜɢɔɚəɌɗɨəɚ ( , )f N f n - ɚɍɥɑɘɟ ɖɚɗɔɣɑɝɞɎɟ 

ɛɚɫɎɗɑəɔɫ Ɏɝɑɡ ɝɗɚɎ, ɖɌɒɐɚɑ ɔɓ ɖɚɞɚɜɧɡ ɐɚ ɩɞɚɏɚ 

ɔɝɛɚɗɨɓɚɎɌɗɚɝɨ f  ɜɌɓ. 

2.  Ƚ Ɏɑɜɚɫɞəɚɝɞɨɪ  ( 1)n -ɧɘ ɝɗɚɎɚɘ ɍɟɐɑɞ əɚɎɚɑ 

ɝɗɚɎɚ. 

ȴɓ ɐɚɛɟɥɑəɔɫ 1 ɝɗɑɐɟɑɞ: 

( , 1) ( , ) ( ) ( 1) ( 1, ) ( , )N f n N f n K n f N f n f N f n ,   (3.13.6)  

ɏɐɑ ( )K n - ɖɚɩɠɠɔɢɔɑəɞ ɛɜɚɛɚɜɢɔɚəɌɗɨəɚɝɞɔ. 

ȬəɌɗɚɏɔɣəɚ ɐɚɛɟɥɑəɔɑ 2 ɛɜɔɎɚɐɔɞ ɖ ɟɜɌɎəɑəɔɪ: 

(1, 1) (1, ) ( ) (1, ).N n N n K n N n
        

(3.13.7 ) 

ȴɓ ɟɝɗɚɎɔɫ ɞɚɏɚ, ɣɞɚ Ɏɑɜɚɫɞəɚɝɞɨ ɏɑəɑɜɌɢɔɔ ( 1)n -ɏɚ 

ɝɗɚɎɌ ɜɌɎəɌ 1, ɔɘɑɑɘ: 

( ) ( , ) ( ) ( , ) 1

f f

K n f N f n K n f N f n . (3.13.8)  

ȿɣɔɞɧɎɌɫ ɞɚ, ɣɞɚ ( , ) ,
f

f N f n n  ɔɘɑɑɘ: 

1
( ) .K n

n
                            

(3.13.9)  

ȶɜɚɘɑ ɞɚɏɚ, ɎɎɚɐɔɞɝɫ ɑɥɑ ɚɐəɚ ɐɚɛɟɥɑəɔɑ, ɝɚɝɞɚɫɥɑɑ Ɏ 

ɞɚɘ, ɣɞɚ ɐɗɫ Ɏɝɑɡ f  Ɏɧɛɚɗəɫɑɞɝɫ: 

( , 1) 1
.

( , )

N f n n

N f n n
                      

(3.13.10)  

ȴɓ ɛɚɝɗɑɐəɑɏɚ ɐɚɛɟɥɑəɔɫ ɝɗɑɐɟɑɞ, ɣɞɚ 

( , ) ( , 1)
( ).

( 1, ) ( 1, 1)

N f n N f n
f

N f n N f n
   

(3.13.11)  

Ȼɜɔ ɩɞɚɘ ( )f  əɑ ɓɌɎɔɝɔɞ ɚɞ n  ɔ, ɝ ɟɣɑɞɚɘ 

ɛɜɑɐɧɐɟɥɔɡ ɟɜɌɎəɑəɔɕ: 

(1 )( 1)
( ) .

1 (1 ) )

f
f

f
                    

(3.13.12)  

Ȼɑɜɑɡɚɐɫ ɖ ɠɟəɖɢɔɔ ( )N f = ( , ) /N f n n ɐɗɫ ( )f , 

ɔɘɑɑɘ: 

( )
( ).

( 1)

N f
f

N f
                          

(3.13.13)  
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ȴɝɛɚɗɨɓɚɎɌɎ ɛɚɝɗɑɐəɑɑ ɟɜɌɎəɑəɔɑ 1f
 
ɜɌɓ ɛɚɗɟɣɌɑɘ: 

( ) ( ) ( 1)

( ) ( 1) (2) (1).

N f f N f

f f N
       (3.13.14)  

ȮɎɑɐɫ ɚɍɚɓəɌɣɑəɔɑ 1/ (1 ) ɛɚɝɗɑɐəɑɑ ɟɜɌɎəɑəɔɑ 

ɘɚɒəɚ ɛɑɜɑɛɔɝɌɞɨ: 

( 1)( 2) 2 1 ( ) ( 2)
( ) (1) (1).

( )( 1) ( 2) ( 1)

f f f f
N f N N

f f f
 

(3.13.15)

 

ȿɣɔɞɧɎɌɫ ɞɚ, ɣɞɚ 
( )

~
( )

f
f

f
  ɛɜɔ f  ɔ 

ɚɍɚɓəɌɣɔɎ 1 , ɔɘɑɑɘ ɚɖɚəɣɌɞɑɗɨəɚ: 

( ) ~ .N f f
                                  

(3.13.16)  

ȼɌɝɛɜɑɐɑɗɑəɔɑ ɂɔɛɠɌ ɣɌɝɞɚ 

ɔɝɖɌɒɌɑɞɝɫ əɌ ɛɜɌɖɞɔɖɑ ɎɎɔɐɟ 

əɑɐɚɝɞɌɞɚɣəɧɡ ɚɍɦɑɘɚɎ ɞɑɖɝɞɚɎɧɡ 

ɖɚɜɛɟɝɚɎ, ɣɞɚ ɛɜɔɎɚɐɔɞ ɖ ɛɜɚɍɗɑɘɑ 

ɚɢɑəɖɔ ɛɌɜɌɘɑɞɜɚɎ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ 
ɘɚɐɑɗɑɕ. Ƚ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ, ɝɚɚɞəɚɤɑəɔɑ 

ɘɑɒɐɟ ɜɌəɏɚɘ ɔ ɣɌɝɞɚɞɚɕ ɍɧɗɌ ɎɓɫɞɌ 

Ƚɚɗɞɚəɚɘ Ɏ 1975 ɏ. [116] ɖɌɖ ɚɞɛɜɌɎəɌɫ 

ɞɚɣɖɌ ɐɗɫ  ɎɧɍɚɜɌ ɞɑɜɘɔəɚɎ ɐɗɫ 

ɔəɐɑɖɝɔɜɚɎɌəɔɫ. ȰɌɗɑɑ ɔɘ 

ɜɌɝɝɘɌɞɜɔɎɌɗɌɝɨ ɔɐɑɫ ɝɚɜɞɔɜɚɎɖɔ ɝɗɚɎ Ɏ 
ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɔɡ ɣɌɝɞɚɞɚɕ Ɏ ɖɚɜɛɟɝɑ. 

ȶɌɖ Ɏɞɚɜɚɕ ɤɌɏ ɎɧɝɚɖɚɣɌɝɞɚɞəɧɑ ɝɗɚɎɌ 

ɘɚɏɟɞ ɍɧɞɨ ɟɝɞɜɌəɑəɧ, ɛɚɞɚɘɟ ɣɞɚ ɚəɔ əɑ 

ɫɎɗɫɪɞɝɫ ɡɚɜɚɤɔɘɔ ɜɌɓɗɔɣɔɞɑɗɨəɧɘɔ ɛɜɔɓəɌɖɌɘɔ ɐɗɫ 

ɐɚɖɟɘɑəɞɚɎ ɖɚɗɗɑɖɢɔɔ. ȹɌ ɞɜɑɞɨɑɘ ɤɌɏɑ ɞɑɜɘɧ ɝ əɔɓɖɚɕ 
ɣɌɝɞɚɞɚɕ, ɚɛɜɑɐɑɗɫɑɘɚɕ əɑɖɚɞɚɜɧɘ ɛɚɜɚɏɚɘ (əɌɛɜɔɘɑɜ ɝɗɚɎɌ, 

ɖɚɞɚɜɧɑ ɎɝɞɜɑɣɌɪɞɝɫ ɞɚɗɨɖɚ ɑɐɔəɚɒɐɧ  ɔɗɔ ɐɎɌɒɐɧ) 

ɟɐɌɗɫɪɞɝɫ, ɛɚɞɚɘɟ ɣɞɚ ɚəɔ ɎɝɞɜɑɣɌɪɞɝɫ ɞɌɖ əɑɣɌɝɞɚ, ɣɞɚ 

ɜɑɐɖɚ ɔɝɛɚɗɨɓɟɪɞɝɫ Ɏ ɓɌɛɜɚɝɌɡ ɛɚɗɨɓɚɎɌɞɑɗɑɕ. ȴɝɛɚɗɨɓɟɫ ɩɞɚɞ 

ɛɚɐɡɚɐ, ɘɚɒəɚ ɓəɌɣɔɞɑɗɨəɚ ɟɘɑəɨɤɔɞɨ ɜɌɓɘɑɜ  ɔəɐɑɖɝɌ 

ɛɚɔɝɖɚɎɚɕ ɝɔɝɞɑɘɧ. ȭɚɗɑɑ ɛɜɔəɢɔɛɔɌɗɨəɧɕ ɛɚɐɡɚɐ ɖ 

 

ȯ.Ȭ. ȽɌɕɘɚə 
( Herbert A. Simon,  

1916 -2001)   
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ɛɚɐɍɚɜɟ ɔəɐɑɖɝəɧɡ ɞɑɜɘɚɎ ð ɟɣɑɞ ɔɡ ɎɑɝɚɎɧɡ ɓəɌɣɑəɔɕ. Ȯ 
ɎɑɝɚɎɧɡ ɘɚɐɑɗɫɡ ɝɜɑɐəɑɣɌɝɞɚɞəɧɑ ɞɑɜɘɧ ɚɖɌɓɧɎɌɪɞɝɫ 

ɝɌɘɧɘɔ Ɏɑɝɚɘɧɘɔ, ɞɌɖ ɖɌɖ ɚəɔ ɫɎɗɫɪɞɝɫ əɌɔɍɚɗɑɑ 

ɝɟɥɑɝɞɎɑəəɧɘɔ ɛɜɔ ɚɞɍɚɜɑ ɞɚɏɚ ɔɗɔ ɔəɚɏɚ ɐɚɖɟɘɑəɞɌ 

(əɌɔɍɚɗɑɑ ɣɌɝɞɚɞəɧɑ ɝɗɚɎɌ ɎɝɞɜɑɣɌɪɞɝɫ ɚɐəɚɎɜɑɘɑəəɚ Ɏ 

ɍɚɗɨɤɚɘ ɖɚɗɔɣɑɝɞɎɑ ɐɚɖɟɘɑəɞɚɎ, Ɍ əɔɓɖɚɣɌɝɞɚɞəɧɑ ɘɚɏɟɞ əɑ 
Ɏɡɚɐɔɞɨ Ɏ ɐɚɖɟɘɑəɞɧ, ɔəɞɑɜɑɝɟɪɥɔɑ ɛɚɗɨɓɚɎɌɞɑɗɫ). 

ȱɥɑ ɚɐɔə ɩɘɛɔɜɔɣɑɝɖɔɕ ɓɌɖɚə, ɝɠɚɜɘɟɗɔɜɚɎɌəəɧɕ 

ɂɔɛɠɚɘ  ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, ɣɞɚ ɖɚɗɔɣɑɝɞɎɚ ɓəɌɣɑəɔɕ ɝɗɚɎɌ  

ɖɚɜɜɑɗɔɜɟɑɞ ɝ ɖɎɌɐɜɌɞəɧɘ ɖɚɜəɑɘ ɑɏɚ ɣɌɝɞɚɞɧ. 

ȻɚɐɜɌɓɟɘɑɎɌɗɚɝɨ, ɣɞɚ əɑɣɌɝɞɚ ɔɝɛɚɗɨɓɟɑɘɧɑ ɝɗɚɎɌ ɘɑəɑɑ 

əɑɚɐəɚɓəɌɣəɧ, Ɍ ɩɞɚ ɛɚɐɞɎɑɜɒɐɌɑɞ ɞɚ, ɣɞɚ ɎɧɝɚɖɚɣɌɝɞɚɞəɧɑ 
ɝɗɚɎɌ əɑ ɛɚɐɡɚɐɫɞ ɐɗɫ Ɏəɑɝɑəɔɫ Ɏ ɔəɐɑɖɝɧ ɔəɠɚɜɘɌɢɔɚəəɚ-

ɛɚɔɝɖɚɎɧɡ ɝɔɝɞɑɘ. 

ɂɔɛɠ ɞɌɖɒɑ ɚɛɜɑɐɑɗɔɗ, ɣɞɚ ɐɗɔəɌ ɝɗɚɎɌ ɚɍɜɌɞəɚ 

ɛɜɚɛɚɜɢɔɚəɌɗɨəɌ ɑɏɚ ɣɌɝɞɚɞɑ, ɣɞɚ ɘɚɒɑɞ ɍɧɞɨ ɗɑɏɖɚ 

ɛɜɚɎɑɜɑəɚ ɛɟɞɑɘ ɛɜɚɝɞɚɏɚ ɌəɌɗɔɓɌ ɝɛɔɝɖɌ ɝɗɟɒɑɍəɧɡ ɝɗɚɎ. 

Ȼɚɝɗɑɐəɔɕ ɓɌɖɚə ɐɑɕɝɞɎɔɞɑɗɨəɚ ɝɗɟɒɔɞ ɛɜɔɘɑɜɚɘ ɛɜɔəɢɔɛɌ 
ɩɖɚəɚɘɔɔ ɟɝɔɗɔɕ: ɍɚɗɑɑ ɖɚɜɚɞɖɔɑ ɝɗɚɎɌ ɞɜɑɍɟɪɞ ɘɑəɨɤɑ 

ɟɝɔɗɔɕ ɛɜɔ ɎɚɝɛɜɚɔɓɎɑɐɑəɔɔ, ɔ ɞɌɖɔɘ ɚɍɜɌɓɚɘ, ɔɝɛɚɗɨɓɟɪɞɝɫ 

ɍɚɗɑɑ ɣɌɝɞɚ. ɉɞɚɞ çɓɌɖɚəè ɘɚɒəɚ ɛɚɐɞɎɑɜɐɔɞɨ, ɜɌɝɝɘɌɞɜɔɎɌɫ 

ɛɜɔɎɑɐɑəəɟɪ Ɏɧɤɑ ɘɚɐɑɗɨ ɏɑəɑɜɌɢɔɔ ɝɗɚɎ ɚɍɑɓɨɫəɚɕ. ȷɑɏɖɚ 

Ɏɔɐɑɞɨ, ɣɞɚ Ɏɑɜɚɫɞəɚɝɞɨ ɏɑəɑɜɌɢɔɔ ɝɗɚɎɌ ɟɘɑəɨɤɌɑɞɝɫ ɝ 
ɐɗɔəɚɕ, Ɏɑɜɚɫɞəɚɝɞɨ  ɝɗɚɎɌ ɔɓ n  əɑɛɜɚɍɑɗɨəɧɡ ɝɔɘɎɚɗɚɎ 

ɜɌɎəɌ:  

(1 ) ,np p- Ö                                   (3.13.17)  

ɏɐɑ p  - Ɏɑɜɚɫɞəɚɝɞɨ ɏɑəɑɜɌɢɔɔ ɛɜɚɍɑɗɌ.  

Ɂɚɞɫ ɓɌɖɚə ɂɔɛɠɌ ɐɌɑɞ ɔəɞɑɜɑɝəɧɑ ɚɍɥɔɑ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɝɗɚɎ Ɏ ɖɚɜɛɟɝɌɡ, Ɏ ɚɍɥɑɘ ɝɗɟɣɌɑ ɓɌɘɑɣɑəɧ 
əɑɖɚɞɚɜɧɑ ɚɏɜɌəɔɣɑəɔɫ ɑɏɚ ɛɜɔɘɑəɔɘɚɝɞɔ ɛɜɔ ɛɚɗɟɣɑəɔɔ 

ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɖɚɗɗɑɖɢɔɕ  ɐɚɖɟɘɑəɞɚɎ,  

ɝɚɝɞɚɫɥɔɡ ɔɓ ɘəɚɒɑɝɞɎɌ əɑɓɌɎɔɝɔɘɧɡ ɐɚɖɟɘɑəɞɚɎ ɜɌɓəɧɡ 

ɌɎɞɚɜɚɎ. ȳɌɖɚəɌɘ ɂɔɛɠɌ ɟɐɚɎɗɑɞɎɚɜɫɪɞ əɑ ɞɚɗɨɖɚ ɝɗɚɎɌ ɔɓ 

ɚɐəɚɏɚ ɞɑɖɝɞɌ, əɚ ɘəɚɏɔɑ ɚɍɦɑɖɞɧ ɝɚɎɜɑɘɑəəɚɏɚ 
ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɜɚɝɞɜɌəɝɞɎɌ. 
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Ȯɚɛɜɚɝɧ ɐɗɫ ɖɚəɞɜɚɗɫ 

1.  ȻɜɔɎɑɝɞɔ ɛɜɔɘɑɜɧ ɏɜɌɠɚɎ, ɖɚɞɚɜɧɑ Ɍ) ɘɚɒəɚ ɔ 

ɍ) əɑɗɨɓɫ  ɚɍɚɕɞɔ, əɑ ɛɜɚɡɚɐɫ ɛɚ ɖɚɖɚɕ-ɗɔɍɚ ɝɎɫɓɔ ɐɎɌɒɐɧ. 

2.  ȽɠɚɜɘɟɗɔɜɚɎɌɞɨ ɛɚəɫɞɔɑ ɝɚɢɔɌɗɨəɚɕ ɝɑɞɔ. 
3.  Ȼɑɜɑɣɔɝɗɔɞɨ ɚɝəɚɎəɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ 

ɝɗɚɒəɧɡ ɝɑɞɑɕ. 

4.  ȶɌɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɝɑɞɑɕ ɉɜɐɑɤɌ-ȼɑəɨɔ Ɏɧ 

ɓəɌɑɞɑ? 

5.  Ƀɞɚ ɞɌɖɚɑ ɝɜɑɐəɔɕ ɘɔəɔɘɌɗɨəɧɕ ɛɟɞɨ (SP)? 

6.  ȶɌɖ ɓɌɎɔɝɔɞ ɚɞ ɜɌɓɘɑɜɌ ɝɑɞɔ ɝɜɑɐəɔɕ 
ɘɔəɔɘɌɗɨəɧɕ ɛɟɞɨ (SP) ɐɗɫ Ɍ)ɖɎɌɐɜɌɞəɚɕ ɝɑɞɖɔ, ɍ)ɝɑɞɔ 

ɉɜɐɑɤɌ-ȼɑəɨɔ, Ɏ)ɘɌɗɚɏɚ ɘɔɜɌ ȮɌɞɞɝɌ-ȽɞɜɚɏɌɢɌ? 

7.  Ƀɞɚ ɞɌɖɚɑ ɖɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɐɌəəɚɏɚ 

ɟɓɗɌ? ȶɌɖɚɑ ɝɎɚɕɝɞɎɚ ɝɑɞɔ ɚə ɡɌɜɌɖɞɑɜɔɓɟɑɞ? 

8.  ȹɌɕɞɔ ɖɚɩɠɠɔɢɔɑəɞ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɐɗɫ ɟɓɗɚɎ 
ɔɓɚɍɜɌɒɑəəɧɡ ɏɜɌɠɚɎ 

 
9.  Ȯ ɖɌɖɚɘ ɝɗɟɣɌɑ ɐɑɕɝɞɎɑəəɚɝɞɨ (Efficiency ) ɍɚɗɑɑ 

ɟɐɌɣəɚ ɡɌɜɌɖɞɑɜɔɓɟɑɞ ɝɎɚɕɝɞɎɌ ɝɑɞɔ, ɣɑɘ ɝɜɑɐəɔɕ 

ɖɜɌɞɣɌɕɤɔɕ ɛɟɞɨ (SP)? ȻɜɔɎɑɐɔɞɑ ɖɚəɖɜɑɞəɧɕ ɛɜɔɘɑɜ. 

10.  ȶɌɖ Ɏɧɣɔɝɗɫɑɞɝɫ ɝɜɑɐəɔɕ ɖɜɌɞɣɌɕɤɔɕ ɛɟɞɨ (SP) 

ɐɗɫ ɝɑɞɔ ɝ Ɏɑɝɚɘ ɝɎɫɓɑɕ? 
11.  ȶɌɖ ɝɎɫɓɌəɚ ɣɔɝɗɚ ɍɗɔɒɌɕɤɔɡ m-əɧɡ ɝɚɝɑɐɑɕ 

mz  ɝ 
1z  ɔ 

2z ? 

12.  ȽɠɚɜɘɟɗɔɜɚɎɌɞɨ ɖɜɔɞɑɜɔɕ ȸɚɗɗɚɫ-ȼɔɐɌ.  
13.  ȳɌɛɔɝɌɞɨ ɠɟəɖɢɔɪ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɝɞɑɛɑəɑɕ 

ɟɓɗɚɎ ɐɗɫ ɝɑɞɔ ɉɜɐɑɤɌ-ȼɑəɨɔ Ɏ ɝɗɟɣɌɑ ɍɚɗɨɤɚɏɚ ɣɔɝɗɌ ɟɓɗɚɎ.  

14.  ȳɌɛɔɝɌɞɨ ɠɟəɖɢɔɪ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɝɞɑɛɑəɑɕ 

ɟɓɗɚɎ ɐɗɫ ɘɌɝɤɞɌɍəɚ-ɔəɎɌɜɔɌəɞəɚɕ (SF) ɝɑɞɔ Ɏ ɝɗɟɣɌɑ 

ɍɚɗɨɤɚɏɚ ɣɔɝɗɌ ɟɓɗɚɎ. Ȯ ɣɑɘ ɚɝɚɍɑəəɚɝɞɨ əɚɜɘɔɜɚɎɖɔ ɩɞɚɕ 

ɠɟəɖɢɔɔ? 
15.  ȻɜɔɎɑɐɔɞɑ ɛɜɔɘɑɜ ɐɑɞɑɜɘɔəɔɜɚɎɌəəɚɕ 

ɘɌɝɤɞɌɍəɚ-ɔəɎɌɜɔɌəɞəɚɕ ɝɑɞɔ. 

16.  ȹɌɜɔɝɟɕɞɑ əɑɝɖɚɗɨɖɚ ɤɌɏɚɎ ɛɚɝɞɜɚɑəɔɫ (u,v) - 

ɢɎɑɞɖɌ ɐɗɫ (1,2),  (1,3), (1,4),  (2,2) , (2,3), (3,3). 
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17.  Ƀɑɘ ɚɞɗɔɣɌɪɞɝɫ Ɍɗɏɚɜɔɞɘɧ ɛɚɝɞɜɚɑəɔɫ ɘɌɗɚɏɚ 
ɘɔɜɌ (small  world ) Ɏ ɘɚɐɑɗɫɡ ȮɌɞɞɝɌ-ȽɞɜɚɏɌɢɌ ɔ ȮɌɞɞɝɌ-

ȽɞɜɚɏɌɢ-ȹɨɪɘɑəɌ? 

18.  Ȭɗɏɚɜɔɞɘ ɛɚɝɞɜɚɑəɔɫ ɛɑɜɖɚɗɫɢɔɚəəɚɕ ɝɑɞɔ. 

19.  Ƀɞɚ ɞɌɖɚɑ ɛɚɜɚɏ ɛɜɚɞɑɖɌəɔɫ? 

20.  Ƀɑɘɟ ɜɌɎɑə ɛɚɜɚɏ ɛɜɚɞɑɖɌəɔɫ ɐɗɫ ɚɐəɚɘɑɜəɚɕ 
ɜɑɤɑɞɖɔ? Ȱɗɫ ɍɑɝɖɚəɑɣəɚ ɘɑɜəɚɕ? 

21.  Ƀɞɚ ɚɍɥɑɏɚ ɔ ɜɌɓɗɔɣəɚɏɚ Ɏ ɝɎɚɕɝɞɎɌɡ 

ɍɑɝɖɚəɑɣəɚɏɚ (ɏɔɏɌəɞɝɖɚɏɚ) ɖɗɌɝɞɑɜɌ Ɏ ɛɑɜɖɚɗɫɢɔɚəəɚɕ ɔ 

ɝɗɚɒəɚɕ ɝɑɞɔ? 

22.  ȹɌɕɞɔ ȻɌɐɑ-ɌɛɛɜɚɖɝɔɘɌəɞɧ ɐɗɫ ɝɗɑɐɟɪɥɔɡ 

ɠɟəɖɢɔɕ:  

()

()

()

, 0

1/ cos , / 2

1/ sin , 0,

ctg x x

x x

x x x

p

p

º

º

º º

  

23.  ȮɧɎɑɝɞɔ ɜɌɝɛɜɑɐɑɗɑəɔɑ ȶɚɤɔ ð (3.4.5).  

24.  ȻɚɖɌɓɌɞɨ, ɣɞɚ ɠɚɜɘɟɗɌ ȻɗɌəɖɌ ɐɗɫ ɞɑɛɗɚɎɚɏɚ 

ɔɓɗɟɣɑəɔɫ (3.5.12) ɟɐɚɎɗɑɞɎɚɜɫɑɞ ɝɖɑɕɗɔəɏɚɎɚɘɟ 
ɝɚɚɞəɚɤɑəɔɪ (ɓɌɖɚəɟ ȮɔəɌ) (3.5.14). 

25.  Ƀɞɚ ɡɌɜɌɖɞɑɜɔɓɟɑɞ ɛɌɜɌɘɑɞɜ ɛɚɜɫɐɖɌ? 

26.  ȽɠɚɜɘɟɗɔɜɚɎɌɞɨ ɚɝəɚɎəɧɑ ɛɚɗɚɒɑəɔɫ 

ɠɑəɚɘɑəɚɗɚɏɔɣɑɝɖɚɕ ɞɑɚɜɔɔ ɠɌɓɚɎɧɡ ɛɑɜɑɡɚɐɚɎ Ɏɞɚɜɚɏɚ 

ɜɚɐɌ. 
27.  ȰɌɕɞɑ ɚɛɜɑɐɑɗɑəɔɑ ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ. 

28.  ȴɓɚɍɜɌɓɔɞɑ (ɖɌɣɑɝɞɎɑəəɚ) ɓɌɎɔɝɔɘɚɝɞɨ 

ɛɗɚɞəɚɝɞɔ ɍɑɝɖɚəɑɣəɚɏɚ ɖɗɌɝɞɑɜɌ ɚɞ ɖɚəɢɑəɞɜɌɢɔɔ ɝɎɫɓɑɕ 

(ɟɓɗɚɎ). 

29.  ȶɌɖɔɑ ɑɝɞɨ ɚɝəɚɎɌəɔɫ ɟɞɎɑɜɒɐɌɞɨ, ɣɞɚ 

ɛɑɜɖɚɗɫɢɔɚəəɧɕ ɛɑɜɑɡɚɐ ɑɝɞɨ ɠɌɓɚɎɧɕ ɛɑɜɑɡɚɐ Ɏɞɚɜɚɏɚ 
ɜɚɐɌ? 

30.  ȺɝəɚɎɧ ɖɗɌɝɞɑɜəɚɏɚ ɌəɌɗɔɓɔ. Ȼɚɫɝəɔɞɨ 

Ɍɗɏɚɜɔɞɘ ɔɑɜɌɜɡɔɣɑɝɖɚɏɚ ɏɜɟɛɛɔɜɚɎɌəɔɫ-ɚɍɦɑɐɔəɑəɔɫ.   

31.  ȺɝəɚɎɧ ɖɗɌɝɞɑɜəɚɏɚ ɌəɌɗɔɓɌ. ȸɑɞɚɐ k-means . 

ȶɌɖɌɫ ɠɟəɖɢɔɫ ɖɌɣɑɝɞɎɌ ɖɗɌɝɞɑɜɔɓɌɢɔɔ ɘɌɖɝɔɘɔɓɔɜɟɑɞɝɫ 

ɩɞɔɘ Ɍɗɏɚɜɔɞɘɚɘ? 

32.  Ȼɚɫɝəɔɞɨ ɚɝəɚɎəɧɑ ɖɚəɢɑɛɢɔɪ ɖɗɑɞɚɣəɧɡ 

ɌɎɞɚɘɌɞɚɎ. ȻɜɔɎɑɝɞɔ Ɍɗɏɚɜɔɞɘ ɘɚɐɑɗɔ ɐɔɠɠɟɓɔɔ 

ɔəɠɚɜɘɌɢɔɔ. 
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33.  ȻɜɔɎɑɝɞɔ ɚɛɜɑɐɑɗɑəɔɑ ɔ Ɍɗɏɚɜɔɞɘ ɜɌɝɣɑɞɌ 
ɛɚɖɌɓɌɞɑɗɫ ɁɑɜɝɞɌ. ȶɌɖ ɠɜɌɖɞɌɗɨəɌɫ ɜɌɓɘɑɜəɚɝɞɨ 

ɝɌɘɚɛɚɐɚɍəɚɏɚ Ɏɜɑɘɑəəɚɏɚ ɜɫɐɌ ɝɚɚɞəɚɝɔɞɝɫ ɝ ɛɚɖɌɓɌɞɑɗɑɘ 

ɁɑɜɝɞɌ? 

34.  ȰɌɞɨ ɚɛɜɑɐɑɗɑəɔɑ ɓɌɐɌɣɔ ɗɔəɑɕəɚɕ 

ɖɗɌɝɝɔɠɔɖɌɢɔɔ. ȹɌɛɔɝɌɞɨ ɔ ɛɚɫɝəɔɞɨ ɠɚɜɘɟɗɟ ȼɚɖɖɔɚ ɐɗɫ 

ɜɌɝɣɑɞɌ ɎɑɖɞɚɜɌ-ɛɜɚɠɌɕɗɌ ɖɌɞɑɏɚɜɔɔ  iC . 

35.  ȻɜɔɎɑɝɞɔ ɠɚɜɘɟɗɟ ɔ Ɍɗɏɚɜɔɞɘ Ɏɧɣɔɝɗɑəɔɫ 

ɌɎɞɚɖɚɜɜɑɗɫɢɔɚəəɚɕ ɠɟəɖɢɔɔ.  

36.  ȻɜɔɎɑɝɞɔ ɚɝəɚɎəɧɑ ɘɑɞɜɔɖɔ ɜɌɝɝɞɚɫəɔɫ ɘɑɒɐɟ 

ɐɚɖɟɘɑəɞɌɘɔ, ɔɝɛɚɗɨɓɟɑɘɧɑ Ɏ ɖɗɌɝɞɑɜəɚɘ ɌəɌɗɔɓɑ.  

37.  ȭɟɗɑɎɌɫ ɘɚɐɑɗɨ ɛɚɔɝɖɌ. ȰɌɞɨ ɚɛɜɑɐɑɗɑəɔɑ Ȱȹɀ 

ɞɌ ɛɜɔɎɑɝɞɔ ɖ ɯɞɚɕ ɠɚɜɘɑ ɓɌɛɜɚɝ ð ɗɚɏɔɣɑɝɖɚɑ ɎɧɜɌɒɑəɔɑ: 

( )q a b c= Ø Ù×. Ƚɖɚɗɨɖɚ ɚɛɑɜɌɢɔɕ ɐɔɓɦɪəɖɢɔɔ ɍɟɐɑɞ 

ɔɝɛɚɗɨɓɚɎɌəɚ Ɏ ɛɚɗɟɣɑəəɚɕ Ȱȹɀ? 

38.  ȹɌɛɔɝɌɞɨ ɠɚɜɘɟɗɟ Ɏɧɣɔɝɗɑəɔɫ ɘɑɜɧ ɍɗɔɓɚɝɞɔ  

ɐɚɖɟɘɑəɞɌ ɔ ɓɌɛɜɚɝɌ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ Ɏɑɖɞɚɜəɚ-
ɛɜɚɝɞɜɌəɝɞɎɑəəɚɕ ɘɚɐɑɗɨɪ ɛɚɔɝɖɌ. 

39.  ȻɜɔɎɑɝɞɔ ɍɌɕɑɝɚɎɝɖɔɕ ɖɜɔɞɑɜɔɕ 

ɛɜɔəɌɐɗɑɒəɚɝɞɔ ɐɚɖɟɘɑəɞɌ ɖ ɚɛɜɑɐɑɗɑəəɚɕ ɖɌɞɑɏɚɜɔɔ. 

40.  ȮɧɎɑɝɞɔ ɠɚɜɘɟɗɟ Ɏɧɣɔɝɗɑəɔɫ ɛɚɔɝɖɚɎɚɏɚ 

ɝɞɌɞɟɝɌ  Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ Ɏɑɜɚɫɞəɚɝɞəɚɕ ɘɚɐɑɗɨɪ ɛɚɔɝɖɌ. 

41.  ȸɑɞɚɐ ɚɛɚɜəɧɡ ɎɑɖɞɚɜɚɎ (SVM). ȼɌɓɐɑɗɫɪɥɌɫ 

ɛɚɗɚɝɌ ɓɌɐɌɑɞɝɫ ɝɔɝɞɑɘɚɕ əɑɜɌɎɑəɝɞɎ: 

3 4 4;
3 4 6.
x y
x y
- >
- <

 

 Ƀɑɘɟ ɜɌɎəɌ ɤɔɜɔəɌ ɩɞɚɕ ɛɚɗɚɝɧ? 

42.  ȻɚɖɌɓɌɞɑɗɔ ɖɌɣɑɝɞɎɌ ɛɚɔɝɖɌ/ɖɗɌɝɝɔɠɔɖɌɢɔɔ. 

ȹɌɛɔɝɌɞɨ ɠɚɜɘɟɗɧ ɐɗɫ ɜɌɝɣɑɞɌ ɛɚɗəɚɞɧ, ɞɚɣəɚɝɞɔ ɔ F-ɘɑɜɧ 

ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɛɚɔɝɖɌ. ȼɌɝɝɣɔɞɌɞɨ F-ɘɑɜɟ, ɑɝɗɔ ɓəɌɣɑəɔɑ 

ɛɚɗəɚɞɧ ɝɚɝɞɌɎɗɫɑɞ 0,8, Ɍ ɞɚɣəɚɝɞɔ ð 0,6.  

43.  ȸɑɞɚɐ ɗɌɞɑəɞəɚɏɚ ɝɑɘɌəɞɔɣɑɝɖɚɏɚ 
ɔəɐɑɖɝɔɜɚɎɌəɔɫ (LSA/ LSI). Ƀɞɚ ɞɌɖɚɑ ɝɔəɏɟɗɫɜəɚɑ 

ɜɌɓɗɚɒɑəɔɑ ɘɌɞɜɔɢɧ ɔ ɑɏɚ ɛɜɔɘɑəɑəɔɑ Ɏ ɘɑɞɚɐɑ LSA/ LSI  

44.  ȹɌɛɔɝɌɞɨ ɝɔɝɞɑɘɟ ɟɜɌɎəɑəɔɕ ɐɗɫ 



 212 
 

ɜɑɖɟɜɝɔɎəɚɏɚ ɛɚɐɝɣɑɞɌ ɖɚɯɠɠɔɢɔɑəɞɚɎ ɌɎɞɚɜɝɞɎɌ ɔ 
ɛɚɝɜɑɐəɔɣɑɝɞɎɌ Ɏ Ɍɗɏɚɜɔɞɘɑ HITS, Ɍ ɞɌɖɒɑ ɛɜɚɎɑɝɞɔ ɜɌɝɣɑɞ 

(4 ɔɞɑɜɌɢɔɔ) ɐɗɫ ɝɑɞɔ: 

 

45. ȻɜɔɎɑɝɞɔ ɔɘɔɞɌɢɔɚəəɟɪ ɔɘɔɞɌɢɔɚəəɟɪ 
ɘɚɐɑɗɨ ɞɌ ɔɞɑɜɌɞɔɎəɟɪ ɠɚɜɘɟɗɟ ɐɗɫ ɜɌɝɣɑɞɌ ɛɌɜɌɘɑɞɜɌ 

PageRank . 

46. ȶɗɌɝɝɝɔɣɑɝɖɚɑ ɚɛɜɑɐɑɗɑəɔɑ TF IDFÖ . Ⱦɑɜɘ iw  

ɎɝɞɜɑɣɌɑɞɝɫ Ɏ ɐɚɖɟɘɑəɞɑ 
( )jd  ɝ əɚɜɘɌɗɔɓɚɎɌəəɚɕ ɣɌɝɞɚɞɚɕ, 

ɜɌɎəɚɕ 0,5. Ƀɔɝɗɚ ɐɚɖɟɘɑəɞɚɎ Ɏ ɔəɠɚɜɘɌɢɔɚəəɚɘ ɘɌɝɝɔɎɑ, 

ɝɚɐɑɜɒɌɥɔɡ ɞɑɜɘ iw  ɜɌɎəɚ 20, Ɍ ɚɍɥɑɑ ɖɚɗɔɣɑɝɞɎɚ 

ɐɚɖɟɘɑəɞɚɎ Ɏ ɘɌɝɝɔɎɑ ð 1000. Ƀɑɘɟ ɜɌɎəɚ ɓəɌɣɑəɔɑ 

TF IDFÖ ? 

 


