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ɄȺɅȽȿȼɊȼ 

 

 

 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŬˊɞŰŮɚŮɑ ɖ ɛŮɚɏŰɖ Űɖɠ Ůɝɏɚɘɝɖɠ Űɞɡ ŭɘəŰɨɞɡ 

ŮɝŬɔɤɔɩɜ ɛŮŰŬɝɨ ŮɡɟɤˊŬɘəɩɜ ɢɤɟɩɜ Ŭˊɧ Űɞ 1995 Ůɤɠ Űɞ 2014. ɀŮ ɢɟɐůɖ 

ŭŮŭɞɛɏɜɤɜ ɤɠ ˊɟɞɠ Űɘɠ ŮɝŬɔɤɔɏɠ Ŭˊɧ Űɞ ɆŰŬŰɘůŰɘəɧ ȽɜůŰɘŰɞɨŰɞ Űɤɜ ȼɜɤɛɏɜɤɜ 

Ⱥɗɜɩɜ, ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ Űɘɛɏɠ ŭɡɞ ɛŬəɟɞɞɘəɞɜɞɛɘəɩɜ ŭŮɘəŰɩɜ ɤɠ ˊɟɞɠ Űɖɜ Űɘɛɐ Űɤɜ 

ŮɝŬɔɤɔɩɜ əɎɗŮ ȺɡɟɤˊŬɘəɐɠ ɢɩɟŬɠ ůŮ ŭŮəŬ əŬŰɖɔɞɟɑŮɠ ˊɟɞɘɧɜŰɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ɛŮ 

Űɖɜ Ůˊɘɓɞɚɐ ŭɡɞ əŬŰɤűɚɘɩɜ Űɘɛɩɜ ůŮ əŬɗŮ ɏɜŬɜ Ŭˊɧ ŬɡŰɞɨɠ, ůɢɖɛŬŰɑůŰɖəŬɜ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ŭɘɛŮɟɐ ŭɑəŰɡŬ əŬɘ ɏˊŮɘŰŬ ɞɘ ɛɖ-ůŰŬɗɛɘůɛɏɜŮɠ ˊɟɞɓɞɚɏɠ ŬɡŰɩɜ ɤɠ ˊɟɞɠ Űɘɠ 

ɢɩɟŮɠ ŮɝŬɔɤɔɐɠ. ɀŮɚŮŰɐɗɖəŬɜ ɞɘ Űɘɛɏɠ assortativity əŬɘ modularity əŬɗɩɠ əŬɘ ɞɘ 

Űɘɛɏɠ ŭŮəŬˊɏɜŰŮ ŭŮɘəŰɩɜ əŮɜŰɟɘəɧŰɖŰŬɠ ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŬɡŰŬ. ȾŬŰɧˊɘɜ, ɛŮ ɢɟɖůɖ 

Űɖɠ ɛŮɗɧŭɞɡ Principal Component Analysis, ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɘ əŮɜŰɟɘəɧŰɖŰŮɠ ˊɞɡ 

Ů́ɟɘŮɑɢŬɜ Űɞɜ ɛŮɔŬɚɨŰŮɟɞ ɧɔəɞ ˊɚɖɟɞűɞɟɑŬɠ, ɔɘŬ əɎɗŮ ŭɑəŰɡɞ. ɇɏɚɞɠ, 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɘ əɧɛɓɞɘ ˊɞɡ ˊŬɟɞɡůɑŬůŬɜ ɡɣɖɚɏɠ Űɘɛɏɠ əŮɜŰɟɘəɧŰɖŰŬɠ ůŰŬ ŭɡɞ 

Ůɘŭɩɜ ŭɑəŰɡŬ ɔɘŬ əɎɗŮ ɢɟɧɜɞ. 
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ABSTRACT 
 

 

 

Purpose of this thesis is the study the evolution of European exportsô network from 

1995 until 2014. With the use of exportsô data from the United Nationsô Statistical 

Institute, two macroeconomic indexes have been calculated regarding the export 

values of every European country for 10 categories of goods. By a threshold imposure 

in both of them, the bipartite netwroks have been constructed and after that their 

countrisô binary projections. The values of assortativity and modularity have been 

calculated for each of them. Subsequently, with the use of Principal Component 

Analysis method, the centralities with the biggest amount of information have been 

determined, for each network. Finally, the nodes that appeared to be the most 

significant in both kinds of networks have been determined. 
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ɄɅɃȿɃũɃɆ 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ ɗŮɤɟɑŬ ŭɘəŰɨɤɜ əŮɟŭɑɕŮɘ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ɏŭŬűɞɠ, 

ɤɠ Űɞ ɛŬɗɖɛŬŰɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ ˊŮɟɑˊɚɞəɤɜ ůɡůŰɖɛɎŰɤɜ. 

ɆɡɔəŮəɟɘɛɏɜŬ Űɞ ɛŬɗɖɛŬŰɘəɧ ˊɚŬɑůɘɞ Űɖɠ ɗŮɤɟɑŬɠ ɔɟɎűɤɜ ɏəŬɜŮ ŭɡɜŬŰɐ Űɖɜ 

ŮɝŬɔɤɔɐ ůɖɛŬɜŰɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ɓɘɞɚɞɔɘəɩɜ, ɞɘəɞɜɞɛɘəɩɜ əŬɘ əɞɘɜɤɜɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ. ɄŬɟɧɚɞ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ɜɏŬ ˊɟɞůɏɔɔɘůɖ, ŬɡŰɐ Űɤɜ ŭɘəŰɡɩɜ ůŰɞ 

Ůɛˊɧɟɘɞ, ɏɢŮɘ ŬˊɞŰŮɚɏůŮɘ Űɖ ɓɎůɖ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ˊɚɖɗɩɟŬɠ ɗŮɤɟɖŰɘəɩɜ 

ɛɞɜŰɏɚɤɜ əŬɘ Ůɛˊɞɟɘəɩɜ ŮɟɔŬɚŮɑɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ əŬɘ 

ɛɏŰɟɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ ŬɔɞɟɎɠ. 

ɆŰɖ ɗŮɤɟɑŬ ŭɘəŰɨɤɜ, ŰŬ ɛɏŰɟŬ əŮɜŰɟɘəɧŰɖŰŬɠ (ñcentralitiesò) ŬˊɞŰŮɚɞɨɜ 

ŭŮɑəŰŮɠ ůɖɛŬɜŰɘəɧŰɖŰŬɠ əɧɛɓɤɜ. Ƀ ɧɟɞɠ ñůɖɛŬɜŰɘəɧŰɖŰŬò ɏɢŮɘ ɏɜŬ Ůɡɟɨ ˊɚŬɑůɘɞ 

ŮɟɛɖɜŮɘɩɜ, ɞŭɖɔɩɜŰŬɠ ůŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ɞɟɘůɛɞɨɠ Űɖɠ əŮɜŰɟɘəɧŰɖŰŬɠ əŬɘ 

ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰɞɡɠ ŭɘɎűɞɟɞɡɠ ŭŮɑəŰŮɠ əŮɜŰɟɘəɧŰɖŰŬɠ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ ŬɜɎɚɞɔŬ 

ɛŮ Űɞ Ůɑŭɞɠ Űɖɠ ɟɞɐɠ ˊɞɡ ɗŮɤɟŮɑŰŬɘ ůɖɛŬɜŰɘəɐ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. 

ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŬˊɞŰŮɚŮɑ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ əŮɜŰɟɘəɩɜ əɧɛɓɤɜ-

ɢɤɟɩɜ ůŮ ŭɑəŰɡŬ ˊɞɡ ɡˊɞŭŮɘəɜɨɞɡɜ ŬɜŮɝɎɟŰɖŰɖ ŬɚɚɎ əŬɘ ůɡɔəɟɘŰɘəɐ ŮɝŬɔɤɔɘəɐ 

ŮɝɤůŰɟɏűŮɘŬ, əŬɘ ɖ Ůɝɏɚɘɝɖ Űɞɡɠ ŭɘŬɢɟɞɜɘəɎ. ɇŬɡŰɧɢɟɞɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɘŬ ůɨɜŭŮůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŭɘəŰɡŬəɐɠ ŬɜɎɚɡůɖɠ ɛŮ ɔŮɤˊɞɚɘŰɘəɎ əŬɘ ɞɘəɞɜɞɛɘəɎ 

ɔŮɔɞɜɧŰŬ Űɖɠ ˊŮɟɘɧŭɞɡ ŬɡŰɖɠ. 

ɆŰɞ 1ɞ əŮűɎɚŬɘɞ ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɓŬůɘəɧŰŮɟɞɘ ŰɞɛŮɑɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ 

ŮűŬɟɛɧɕŮŰŬɘ ɖ ɗŮɤɟɑŬ ŭɘəŰɨɤɜ ůɐɛŮɟŬ. ɆŰɞ 2ɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɓŬůɘəɐ 

ɗŮɤɟɑŬ ɤɠ ˊɟɞɠ Űɖɜ ŭɞɛɐ əŬɘ ŰŬ ŭɘɎűɞɟŬ Ůɑŭɖ ŭɘəŰɡɤɜ.  ɆŰɞ 3ɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɛɘŬ 

ˊŬɟɞɡůɑŬůɖ Űɤɜ ɞɟɘůɛɩɜ əŬɘ Űɖɠ ɏɜɜɞɘŬɠ Űɤɜ ŭŮɘəŰɤɜ əŮɜŰɟɘəɧŰɖŰŬɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ.ɆŰɞ 4ɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞɡɠ ŭŮɑəŰŮɠ assortativity əŬɘ 

modularity. ɆŰɞ 5ɞ əŮűɎɚŬɘɞ, ŬɜŬɚɨɞɜŰŬɘ ɞɘ ɛŬəɟɞɞɘəɞɜɞɛɘəɞɑ ŭŮɑəŰŮɠ ůɨɛɤɜŬ ɛŮ 

Űɞɡɠ ɞˊɞɑɞɡɠ ůɢɖɛŬŰɑůŰɖəŬɜ ŰŬ ŭɑəŰɡŬ. ɆŰɞ 6ɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɏɗɞŭɞɠ 

ŬɜɎɚɡůɖɠ ůŮ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ ɞˊɞɑŬɠ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɘ 

ůɖɛŬɜŰɘəɧŰŮɟŮɠ əŮɜŰɟɘəɧŰɖŰŮɠ ůŮ əɎɗŮ ŭɑəŰɡɞ . ɆŰɞ 7ɞ əŮűɎɚŬɘɞ  ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ 

ŮűŬɟɛɞɔɐ ůŰŬ ŮɛˊɞɟɘəɎ ŭɑəŰɡŬ ŮɝŬɔɤɔɩɜ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ɖ ŮɟɛɖɜŮɑŬ ŬɡŰɩɜ. 

ɇɏɚɞɠ ůŰɞ 8ɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ 

ŮɟɔŬůɑŬɠ. 
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SUMMARY  

In recent years, network theory becomes more and more popular, as the 

mathematical tool that can describe successfully complex systems. Particularly the 

mathematical framework of network theory, made possible the extraction of useful 

information in biological, economic and social systems. Although the development of 

network approach in trade is recent, has been the setting stone, for the cinstruction of 

various theoretical models and tools important for the quantify and measure of the 

trade market.  

In network theory, centralities, indicate the importance of every node. The 

term óimportanceô has a variety of interpretations, leading to different definitions of 

centralities. So, these centrality measures can be classified according to the type of the 

flow that is considered as important in each case. 

Main purpose of this thesis is the specifying of central nodes-countries, in 

networks that indicate independent export outreach as well as a comparative one 

across Europe. Also, a correlation between the results of this network analysis and 

significant geopolitical and economic results of this period is presented. 

In the first chapter, the basic sectors of network theory appliance are stated. In 

the second chapter the basic graph theory components are presented. In the third 

chapter the definitions of the used centrality measures are introduced. In the fourth 

chapter the assortativity and modularity concepts are stated. In the fifth chapter, the 

macroeconomic indexes used for the networksô construction are analyzed. In the sixth 

chapter. Ƚn the seventh chapter, the trade network analysis is introduced as long as the 

results and their interpretation.  Finally in the eight chapter the conclusion of the 

theses are presented. 
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ȺɈɉȷɅȽɆɇȽȺɆ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ȹɘŬŰɛɖɛŬŰɘəɞɨ 

ɄɟɞɔɟɎɛɛŬŰɞɠ ɀŮŰŬˊŰɡɢɘŬəɩɜ Ɇˊɞɡŭɩɜ çɄɞɚɨˊɚɞəŬ ɆɡůŰɐɛŬŰŬ əŬɘ ȹɑəŰɡŬè. 

 ŪŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ůŰɞɜ əŬɗɖɔɖŰɐ ɛɞɡ ə.ȾŬɟŬɔɘɎɜɜɖ 

ȸŬůɑɚŮɘɞ ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ əŬɘ Űɘɠ əŬɑɟɘŮɠ ɡˊɞŭŮɑɝŮɘɠ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ 

 ɇɏɚɞɠ ŮɡɢŬɟɘůŰɩ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɐ Űɞɡɠ ůŮ ŬɡŰɐ Űɖ 

ˊɟɞůˊɎɗŮɘɎ ɛɞɡ.   
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ȾŮűɎɚŬɘɞ 1 : ȺɘůŬɔɤɔɐ ůŰŬ ȹɑəŰɡŬ 

1.1 ȺɘůŬɔɤɔɐ 

ȼ ŪŮɤɟɑŬ ȹɘəŰɨɤɜ ŬˊɞŰŮɚŮɑ Űɖɜ ɛŮɚɏŰɖ Űɤɜ ɔɟɎűɤɜ ɤɠ ɛɑŬ ŬɜŬˊŬɟɎůŰŬůɖ ŮɑŰŮ 

ůɡɛɛŮŰɟɘəɩɜ ŮɑŰŮ ŬůɨɛɛŮŰɟɤɜ ůɢɏůŮɤɜ ɛŮŰŬɝɨ ŭɘŬəɟɘŰɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ɆŰɖɜ ȺˊɘůŰɐɛɖ 

Űɤɜ ɈˊɞɚɞɔɘůŰɩɜ əŬɘ ůŰɖɜ ȺˊɘůŰɐɛɖ Űɤɜ ȹɘəŰɨɤɜ, ɖ ŪŮɤɟɑŬ ȹɘəŰɨɤɜ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ 

Űɖɠ ŪŮɤɟɑŬɠ ũɟɎűɤɜ: ɏɜŬ ŭɑəŰɡɞ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɤɠ ɏɜŬɠ ɔɟɎűɞɠ Űɞɡ ɞˊɞɑɞɡ ɞɘ 

əɧɛɓɞɘ əŬɘ/ɐ ɞɘ Ŭəɛɏɠ ɏɢɞɡɜ əɎˊɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ( ɚ.ɢ. ɞɜɧɛŬŰŬ). 

ȼ ŪŮɤɟɑŬ ȹɘəŰɨɤɜ ɏɢŮɘ ŮűŬɟɛɞɔɐ ůŮ ˊɞɚɚɎ ˊŮŭɑŬ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ŬɡŰɩɜ Űɖɠ 

ůŰŬŰɘůŰɘəɐɠ, ɛɞɟɘŬəɐɠ űɡůɘəɐɠ, ŮˊɘůŰɐɛɖɠ ɡˊɞɚɞɔɘůŰɩɜ, ɖɚŮəŰɟɞɜɘəɐɠ ɛɖɢŬɜɘəɐɠ, 

ɓɘɞɚɞɔɑŬɠ, ɞɘəɞɜɞɛɘəɩɜ, ɢɟɖɛŬŰɞɞɘəɞɜɞɛɘəɩɜ, əɚɘɛŬŰɞɚɞɔɑŬɠ, ɞɘəɞɚɞɔɑŬɠ, ŭɖɛɧůɘŬɠ 

ɡɔŮɑŬɠ, əŬɘ əɞɘɜɤɜɘɞɚɞɔɑŬɠ. ȺűŬɟɛɞɔɏɠ Űɖɠ ŪŮɤɟɑŬɠ ȹɘəŰɨɤɜ ŬˊɞŰŮɚɞɨɜ ŰŬ ɚɞɔɘůŰɘəɎ 

ŭɑəŰɡŬ, ɞ ɄŬɔəɧůɛɘɞɠ ȽůŰɧɠ, Űɞ Internet, ŰŬ ɛŮŰŬɓɞɚɘəɎ ŭɑəŰɡŬ, ŰŬ əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ əŬɘ 

ɎɚɚŬ. 

ȼ ɚɨůɖ Űɞɡ Euler ůŰɞ ˊɟɧɓɚɖɛŬ Űɤɜ ȺˊŰɎ ũɏűɡɟɤɜ Űɞɡ Konisberg, ɗŮɤɟŮɑŰŬɘ ɖ 

ˊɟɩŰɖ Ŭɚɖɗɘɜɐ ŬˊɧŭŮɘɝɖ ůŰɖɜ ŪŮɤɟɑŬ ȹɘəŰɨɤɜ [1]. 

 

 

 

 

 

 

ɆɢɐɛŬ 1 : ɄŬɟɎŭŮɘɔɛŬ ŭɘəŰɨɞɡ ɛŮ 8 əɞɟɡűɏɠ əŬɘ 10 Ŭəɛɏɠ 

 

1.2 ɄŮŭɑŬ ȺűŬɟɛɞɔɩɜ Űɖɠ ȺˊɘůŰɐɛɖɠ Űɤɜ ȹɘəŰɨɤɜ 
 

ɇŬ ŭɑəŰɡŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůɞɡɜ ˊɞɚɚɎ ˊɟɞɓɚɐɛŬŰŬ ůŮ 

ŭɘɎűɞɟŬ ˊŮŭɑŬ, əŬɗɩɠ ŬˊɞŰŮɚɞɨɜ ŭɡɜŬɛɘəɎ əŬɘ ŮɡɏɚɘəŰŬ ŮɟɔŬɚŮɑŬ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ. 

ɄŬɟŬəɎŰɤ ŬɜŬűɏɟɞɜŰŬɘ ɛŮɟɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊŮŭɑɤɜ ŮűŬɟɛɞɔɐɠ Űɞɡɠ [3]. 
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1.2.1 ȺűŬɟɛɞɔɐ ůŮ GPS/ Google Maps. 

ɆŰɧɢɞɠ Űɞɡ GPS ɐ Űɞɡ Google Maps ŮɑɜŬɘ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ Űɖɜ ɓɏɚŰɘůŰɖ 

ŭɘŬŭɟɞɛɐ Ŭˊɧ ɛɑŬ əŬŰŮɨɗɡɜůɖ ˊɟɞɠ ɛɑŬ Ɏɚɚɖ. Ƀɘ ˊɟɞɞɟɘůɛɞɑ ŬˊɞŰŮɚɞɨɜ Űɘɠ əɞɟɡűɏɠ 

əŬɘ ɞɘ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ Űɘɠ Ŭəɛɏɠ , ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ əŬɘ Űɘɠ ŬˊɞůŰɎůŮɘɠ. ȼ 

ɓɏɚŰɘůŰɖ ŭɘŬŭɟɞɛɐ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ. ɆɢɞɚŮɑŬ/ȺəˊŬɘŭŮɡŰɐɟɘŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ɑŭɘŬ ɛɏɗɞŭɞ ɔɘŬ ɜŬ ůɡɚɚɏɝɞɡɜ Űɞɡɠ ɛŬɗɖŰɏɠ Ŭˊɧ ŰŬ ůɖɛŮɑŬ [3]. 

1.2.2 ȺűŬɟɛɞɔɐ ůŰɖɜ Ʌɨɗɛɘůɖ Űɖɠ Ƀŭɘəɐɠ ȾɡəɚɞűɞɟɑŬɠ 

ũɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ Űɖɠ əɡəɚɞűɞɟɑŬɠ ůŮ ɏɜŬ 

ŬɡɗŬɑɟŮŰɞ ůɖɛŮɑɞ ɛɘŬɠ ŭɘŬůŰŬɨɟɤůɖɠ , ˊɟɏˊŮɘ ɜŬ ɛɞɜŰŮɚɞˊɞɘɖɗŮɑ ɛŬɗɖɛŬŰɘəɎ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ Ŭˊɚɧ ŭɑəŰɡɞ ɔɘŬ Űɖɜ ŬɜɎəŰɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ əɡəɚɞűɞɟɑŬɠ. 

Ƀɘ Ŭəɛɏɠ Űɞɡ ůŰɞɘɢŮɘɩŭɞɡɠ ŭɘəŰɨɞɡ, ɗŬ ŬɜŬˊŬɟɘůŰɞɨɜ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ 

Űɤɜ əɧɛɓɤɜ ůŮ ɛɘŬ ŭɘŬůŰŬɨɟɤůɖ. ɆŮ ŬɡŰɧ Űɞ ŭɑəŰɡɞ, ɞɘ ɟɞɏɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

əɘɜɖɗɞɨɜ ŰŬɡŰɧɢɟɞɜŬ ɢɤɟɑɠ ˊɟɧɓɚɖɛŬ ˊɟɞɠ ɞˊɞɘŬŭɐˊɞŰŮ əŬŰŮɨɗɡɜůɖ ŮɜɩɜɞɜŰŬɘ ɛŮ 

Ŭəɛɏɠ Ůɜɩ ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ŭŮɜ ŮɜɩɜɞɜŰŬɘ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ůɖɛŬŰɞŭɞŰɩɜ əŬɘ 

ɞ ɢɟɧɜɞɠ ɛŮŰŬɝɨ Űɞɡɠ ŮɑɜŬɘ Űɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ŮˊɘɚɨŮŰŬɘ ɛɏůɤ Űɞɡ ŭɘəŰɨɞɡ. ɀŮ Űɖɜ 

ɛɏɗɞŭɞ ɢɟɤɛŬŰɘůɛɞɨ Űɤɜ əɞɟɡűɩɜ, ŮˊɘɚɨɞɜŰŬɘ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɟɎɓŬůɖɠ Űɞɡ ɢɩɟɞɡ 

əŬɘ Űɞɡ ɢɟɧɜɞɡ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ Űɞɜ ɢɟɤɛŬŰɘəɧ Ŭɟɘɗɛɧ ɔɘŬ Űɤɜ Ŭɟɘɗɛɧ Űɤɜ əɨəɚɤɜ 

ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɘ[3]. 

1.2.3. ȺűŬɟɛɞɔɐ ůŮ Social Networks 

ɆɡɜŭŮɧɛŬůŰŮ ɛŮ űɑɚɞɡɠ ɛɏůɤ Social media ɐ ɏɜŬ video ɔɑɜŮŰŬɘ viral, ůŮ ŬɡŰɏɠ 

Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɞ ɢɟɐůŰɖɠ ŬˊɞŰŮɚŮɑ əɞɟɡűɐ əŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ ůɡɜŭŮŭŮɛɏɜɞɘ ɢɟɐůŰŮɠ 

ˊŬɟɎɔɞɡɜ ɛɘŬ Ŭəɛɐ, Ůˊɞɛɏɜɤɠ ɏɜŬ video ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ viral ɧŰŬɜ ŬɔɔɑɕŮɘ ɞɟɘůɛɏɜɞ 

ůɖɛŮɑɞ ůɡɜŭɏůŮɤɜ. 

ɆŰɖɜ əɞɘɜɤɜɘɞɚɞɔɑŬ , ɞɘəɞɜɞɛɑŬ, ˊɞɚɘŰɘəɐ ŮˊɘůŰɐɛɖ, əɞɘɜɤɜɘəɐ ɓɘɞɚɞɔɑŬ, 

ɣɡɢɞɚɞɔɑŬ, ŬɜɗɟɤˊɞɚɞɔɑŬ, ɘůŰɞɟɑŬ əŬɘ ɎɚɚŮɠ ˊŬɟɧɛɞɘŮɠ ŮˊɘůŰɐɛŮɠ, ŮɑɜŬɘ ůɡɢɜɧ 

űŬɘɜɧɛŮɜɞ ɖ ŬɜɎɔəɖ ɜŬ ɛŮɚŮŰɖɗŮɑ əɎˊɞɘŬ əɞɘɜɧŰɖŰŬ ɓɎůŮɘ Űɖɠ ŭɞɛɐɠ Űɤɜ ůɡɜŭɏůŮɤɜ 

ɛŮŰŬɝɨ ŬɡŰɐɠ Űɖɠ əɞɘɜɧŰɖŰŬɠ.  

ɄŬɟŬŭŮɑɔɛŬŰŬ ŰɏŰɞɘɤɜ ŭɘəŰɨɤɜ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ŭɑəŰɡŬ űɑɚɤɜ ůŮ 

əɎˊɞɘɞ ůɢɞɚŮɑɞ ɐ ůŰɞ Facebook, ŭɑəŰɡŬ ɡˊɞůŰɐɟɘɝɖɠ ůŮ əɎˊɞɘɞ ɢɤɟɘɧ ɐ 

ˊɞɚɘŰɘəɎ/ŮˊɘɢŮɘɟɖɛŬŰɘəɎ ŭɑəŰɡŬ ŭɘŬůɡɜŭɏůŮɤɜ. 

ɆŮ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ŭɑəŰɡŬ ɓŬůɘəɎ ŮɟɤŰɐɛŬŰŬ ŬˊɞŰŮɚɞɨɜ: Űɞ ˊɤɠ 

ŭɘŬɛɞɟűɩɜŮŰŬɘ ɖ ɟɞɐ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ɖ Űɞɡ ˊɚɞɨŰɞɡ, ɐ Űɞ ˊɤɠ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ɞɘ 

ŬˊɧɣŮɘɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ŭɞɛɐ Űɞɡ ŭɘəŰɨɞɡ , əŬɘ ˊɞɘɞɘ ůɡɛɛŮŰɏɢɞɜŰŮɠ ɏɢɞɡɜ Űɖɜ 

ɛŮɔŬɚɨŰŮɟɖ ŮˊɑŭɟŬůɖ. 
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ɆŰɖɜ ȽŬŰɟɘəɐ , Űɞ ŮɜŭɘŬűɏɟɞɜ ɏɔəŮɘŰŬɘ ůŮ ŭɑəŰɡŬ űɡůɘəɐɠ ŮˊŬűɐɠ Ŭɜɗɟɩˊɤɜ 

ɛŮ ůŰɧɢɞ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ/Ŭˊɞűɡɔɐ Ůˊɘŭɖɛɘɩɜ[3]. 

                ɆɢɐɛŬ 2: ȷˊɚɞˊɞɘɖɛɏɜɖ ŬɜŬˊŬɟɎůŰŬůɖ əɞɘɜɤɜɘəɞɨ ŭɘəŰɨɞɡ 

 

ȱŭɖ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 70ô, ɖ ŮɛˊŮɘɟɘəɐ ɛŮɚɏŰɖ Űɤɜ ŭɘəŰɨɤɜ 

ɏɢŮɘ ˊŬɑɝŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ əɞɘɜɤɜɘəɐ ŮˊɘůŰɐɛɖ, əŬɘ ˊɞɚɚɎ Ŭˊɧ ŰŬ ɛŬɗɖɛŬŰɘəɎ 

əŬɘ ůŰŬŰɘůŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɛŮɚɏŰɖ Űɤɜ ŭɘəŰɨɤɜ 

ŮűŬɟɛɧůŰɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɖɜ əɞɘɜɤɜɘɞɚɞɔɑŬ. 

ɀŮŰŬɝɨ Ɏɚɚɤɜ, ɖ ŬɜɎɚɡůɖ əɞɘɜɤɜɘəɩɜ ŭɘəŰɨɤɜ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ 

əŬŰŬɜɧɖůɖ Űɖɠ ŭɘɎŭɞůɖɠ ɜɏɤɜ, əŬɘɜɞŰɞɛɘɩɜ əŬɘ űɖɛɩɜ.  

Ⱥˊɑůɖɠ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ  ůŰɖɜ ɛŮɚɏŰɖ Űɤɜ Ŭɔɞɟɩɜ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɝŮŰŬůŰŮɑ 

ɞ ɟɧɚɞɠ Űɖɠ ŬɜŰŬɚɚŬəŰɘəɐɠ ŮɛˊɘůŰɞůɨɜɖɠ əŬɘ Űɤɜ əɞɘɜɤɜɘəɩɜ ɛɖɢŬɜɘůɛɩɜ ůŰɖɜ 

Ŭˊɧŭɞůɖ Űɘɛɩɜ. 

ɄŬɟɧɛɞɘŬ, ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ɛŮɚɏŰɖ ɏɜŰŬɝɖɠ ůŮ ˊɞɚɘŰɘəɎ əɘɜɐɛŬŰŬ 

əŬɘ əɞɘɜɤɜɘəɩɜ ɞɟɔŬɜɩůŮɤɜ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŰɖɜ əŬŰŬɜɧɖůɖ ŮˊɘůŰɖɛɞɜɘəɩɜ 

ŭɘŬűɞɟɩɜ ŬɚɚɎ əŬɘ ŬəŬŭɖɛŬɥəɞɨ əɨɟɞɡɠ. 

ɄɟɧůűŬŰŬ, ɖ ȷɜɎɚɡůɖ ȹɘəŰɨɤɜ ɏɢŮɘ ŬˊɞəŰɐůŮɘ ůɖɛŬɜŰɘəɐ ɢɟɐůɖ ůŮ 

ŮűŬɟɛɞɔɏɠ ůŰɟŬŰɘɤŰɘəɐɠ ŮɡűɡȶŬɠ, ɔɘŬ Űɖɜ ŬˊɞəɎɚɡɣɖ ŭɘəŰɨɤɜ ŮɝŮɔɏɟůŮɤɜ 

ɘŮɟŬɟɢɘəɐɠ ɐ ɛɖ űɨůŮɤɠ.[1] 

1.2.4. ȺűŬɟɛɞɔɐ ůŰɞ Travelling Salesmanôs Problem (TSP) 

ɇɞ TSP ŬˊɞŰŮɚŮɑ ɏɜŬ ɘŭɘŬɑŰŮɟɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞɜ əɨəɚɞ 

Hamilton. H ŭɘŬŰɨˊɤůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɏɢŮɘ ɤɠ Ůɝɐɠ: ȹŮŭɞɛɏɜɞɡ Ůɜɧɠ Ŭɟɘɗɛɞɨ 

ˊɧɚŮɤɜ əŬɘ Űɞɡ əɧůŰɞɡɠ ɛŮŰŬəɑɜɖůɖɠ Ŭˊɧ Űɖɜ ɛɑŬ ˊɧɚɖ ůŰɖɜ Ɏɚɚɖ, ɕɖŰŮɑŰŬɘ ɜŬ 

ɓɟŮɗŮɑ ɖ ɞɘəɞɜɞɛɘəɧŰŮɟɖ əɡəɚɘəɐ ŭɘŬŭɟɞɛɐ ɖ ɞˊɞɑŬ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ ɧɚŮɠ Űɘɠ ˊɧɚŮɘɠ 

Ŭəɟɘɓɩɠ ɛɑŬ űɞɟɎ əŬɘ ŰŮɟɛŬŰɑɕŮɘ ůŰɖɜ Ŭɟɢɘəɐ ˊɧɚɖ    



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
16 

 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮŰɡɛɞɚɞɔɑŬ ɗŮɤɟɑŬɠ  ŭɘəŰɨɤɜ , ɧˊɞɡ ɞɘ ˊɧɚŮɘɠ ɛˊɞɟɞɨɜ ɜŬ 

ŬɜŬˊŬɟŬůŰŬɗɞɨɜ ɤɠ əɞɟɡűɏɠ əŬɘ ɞɘ Ŭəɛɏɠ ɤɠ Űɞ əɧůŰɞɠ ɛŮŰŬɝɨ ůɡɜŭŮŭŮɛɏɜɤɜ 

ˊɧɚŮɤɜ , Űɞ TSP ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɡɗŮɑ ɛɏůɤ Űɖɠ ŮɨɟŮůɖɠ Űɞɡ əɨəɚɞɡ Hamilton ɛŮ Űɞ 

ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ[3]. 

1.2.5. ȺűŬɟɛɞɔɐ ůŰɖɜ ȺˊɘůŰɐɛɖ Űɤɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɇŬ ŭɑəŰɡŬ ɡˊɞɚɞɔɘůŰɩɜ ŬˊɞŰŮɚɞɨɜ ŰŬ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŬ ůŰɖɜ ůɖɛŮɟɘɜɐ Ůˊɞɢɐ. 

ɆŮ ŰɏŰɞɘŬ ŭɑəŰɡŬ, ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ Űɞ packet routing əŬŰɎ ɛɐəɞɡɠ Űɞɡ ŭɘəŰɨɞɡ. 

ɆŰɧɢɞɠ ŮɑɜŬɘ ɖ ŭɘŬˊɑůŰɤůɖ Űɖɠ ůɡɜŰɞɛɧŰŮɟɖɠ ŭɘŬŭɟɞɛɐɠ ɛŮŰŬɝɨ əɧɛɓɤɜ, 

ŬɜɎɚɡůɖ Űɞɡ traffic əŬɘ ɖ ŬɜŬɕɐŰɖůɖ Űɞɡ fasted root ɛŮŰŬɝɨ Űɤɜ əɧɛɓɤɜ. ȾɚŬůɘəɞɑ 

Ŭɚɔɧɟɘɗɛɞɘ ɧˊɤɠ ɞ Dijkstraôs, Bellman-Ford ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ 

ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ŬˊɞŰŮɚŮůɛɎŰɤɜ[3].  

1.2.6. Data Mining ȺűŬɟɛɞɔɏɠ 

Data Mining əŬɚŮɑŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬɜŰɑɚɖɣɖɠ ɢɟɐůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ 

ŰŮɟŬůŰɑɞɡ ɛŮɔɏɗɞɡɠ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ, ɛŮ Űɖ ɓɞɐɗŮɘŬ ŭɘɎűɞɟɤɜ ɛŮɗɧŭɤɜ. ɆŰɘɠ 

ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ, ŰŬ ŭŮŭɞɛɏɜŬ ɛŮ ŰŬ ɞˊɞɑŬ ŬůɢɞɚŮɑŰŬɘ ɖ ȺˊɘůŰɐɛɖ Űɤɜ 

ȹŮŭɞɛɏɜɤɜ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬˊŬɟŬůŰŬɗɞɨɜ ɤɠ ŭɑəŰɡŬ. 

ȷɡŰɎ ŰŬ ŭɑəŰɡŬ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɢɗɞɨɜ ŮűŬɟɛɧɕɞɜŰŬɠ ɔɜɤůŰɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ 

əŬɘ ŰŮɢɜɘəɏɠ Űɖɠ ŪŮɤɟɑŬɠ ȹɘəŰɨɤɜ[3]. 
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ȾŮűɎɚŬɘɞ 2 : ŪŮɤɟɑŬ ũɟɎűɤɜ 

2.1 : ȺɘůŬɔɤɔɐ ůŰɖ ɗŮɤɟɑŬ ɔɟɎűɤɜ 

ɀŮ Űɞɜ ɧɟɞ ñŭɑəŰɡɞò ŬɜŬűŮɟɧɛŬůŰŮ ɞɡůɘŬůŰɘəɎ ůŮ ɛɑŬ ɏɜɜɞɘŬ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ 

ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůŰɞɘɢŮɑŬ ɐ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɐ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ 

ŬɡŰɩɜ Űɤɜ ůŰɞɘɢŮɑɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ ȹɘŬŭɑəŰɡɞ ŮɑɜŬɘ ɏɜŬ ŭɑəŰɡɞ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ əɧɛɓɞɡɠ (routers, hosts) əŬɘ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ əɧɛɓɤɜ (ˊ.ɢ. əŬɚɩŭɘŬ 

ɘɜɩɜ). Ƀ űɡůɘəɧɠ Űɟɧˊɞɠ ɜŬ ŬˊɞŰɡˊɩůɞɡɛŮ ɛɞɜŰɏɚŬ ŭɘəŰɨɤɜ ɛŮ ɛŬɗɖɛŬŰɘəɧ Űɟɧˊɞ 

ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɖɜ ɏɜɜɞɘŬ Űɤɜ ɔɟɎűɤɜ.    

ȰɜŬɠ ɔɟɎűɞɠ G = (V,E) ŮɑɜŬɘ ɏɜŬ Ŭűɖɟɖɛɏɜɞ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ 

Ŭˊɧ ɏɜŬ ůŮŰ V əɞɟɡűɩɜ (əɧɛɓɤɜ) əŬɘ ɏɜŬ ůŮŰ Ⱥ Ŭəɛɩɜ, ɞɘ ɞˊɞɑŮɠ ŮɜɩɜɞɜŰŬɘ ɛŮ Űɞɡɠ 

əɧɛɓɞɡɠ. ɇɞ ůŮŰ əɞɟɡűɩɜ əŬɘ Űɞ ůŮŰ Ŭəɛɩɜ Ůɜɧɠ ɔɟɎűɞɡ G ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ V(G) 

əŬɘ Ⱥ(G) ŬɜŰɑůŰɞɘɢŬ. ɇɞ ˊɚɐɗɞɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ůɡɜɧɚɞɡ V ůɡɜɐɗɤɠ ůɡɛɓɞɚɑɕŮŰŬɘ 

ɤɠ n, Ůɜɩ Űɞ ˊɚɐɗɞɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ůɡɜɧɚɞɡ E ɤɠ m. ȺɎɜ ŭɨɞ əɞɟɡűɏɠ ŮɜɩɜɞɜŰŬɘ 

Ŭˊɧ ɛɘŬ Ŭəɛɐ, ŮɑɜŬɘ ɔŮɘŰɞɜɘəɏɠ əŬɘ ŬˊɞəŬɚɞɨɜŰŬɘ ɔŮɑŰɞɜŮɠ. ȰɜŬɠ ɔɟɎűɞɠ ɛˊɞɟŮɑ ŮɑɜŬɘ 

ŮɑŰŮ əŬŰŮɡɗɡɜɧɛŮɜɞɠ ŮɑŰŮ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɠ. ɀɑŬ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɖ Ŭəɛɐ ˊɞɡ 

ŮɜɩɜŮɘ əɞɟɡűɏɠ u, v  ɴV ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ {u, v}. ɆŮ ɏɜŬɜ əŬŰŮɡɗɡɜɧɛŮɜɞ ɔɟɎűɞ, 

əɎɗŮ əŬŰŮɡɗɡɜɧɛŮɜɖ Ŭəɛɐ  ɏɢŮɘ ɛɘŬ ˊɟɞɏɚŮɡůɖ əŬɘ ɏɜŬɜ ˊɟɞɞɟɘůɛɧ. ɀɘŬ Ŭəɛɐ ɛŮ 

ˊɟɞɏɚŮɡůɖ u  ɴV əŬɘ ˊɟɞɞɟɘůɛɧ v  ɴV ŭɖɚɩɜŮŰŬɘ Ŭˊɧ ɏɜŬ ɕŮɨɔɞɠ (u,v). ũɘŬ ɚɧɔɞɡɠ 

ůɡɜŰɞɛɑŬɠ, ɛɘŬ Ŭəɛɐ {u, v} ɐ (u, v) ůɡɛɓɞɚɑɕŮŰŬɘ Ůˊɑůɖɠ əŬɘ ɤɠ uv. ɆŮ ɏɜŬɜ 

əŬŰŮɡɗɡɜɧɛŮɜɞ ɔɟɎűɞ, ɤɠ uv ůɡɛɓɞɚɑɕŮŰŬɘ Űɞ ɕŮɨɔɞɠ (u, v), Ůɜɩ ůŮ ɏɜŬ ɛɖ 

əŬŰŮɡɗɡɜɧɛŮɜɞ ɔɟɎűɞ, ŮɑŰŮ ŬɜŬűŮɟɗɞɨɛŮ ůŮ uv ŮɑŰŮ ůŮ vu ŮɑɜŬɘ Űɞ ɑŭɘɞ, ɛɘŬɠ əŬɘ ŰŬ 

ŭɨɞ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞ {u, v}. ũɘŬ ɏɜŬɜ əŬŰŮɡɗɡɜɧɛŮɜɞ ɔɟɎűɞ G=(V,E), ɞ 

ŬɜŰɑůŰɞɘɢɞɠ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɠ ɔɟɎűɞɠ ŮɑɜŬɘ ɏɜŬɠ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɠ ɔɟɎűɞɠ ɛŮ ůŮŰ 

əɞɟɡűɩɜ V, ɞ ɞˊɞɑɞɠ ɏɢŮɘ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɖ Ŭəɛɐ ɛŮŰŬɝɨ ŭɨɞ əɞɟɡűɩɜ u,v ɴV ŮɎɜ 

(u, v), ɐ (v, u) Ŭɜɐəɞɡɜ ůŰɞ E. ũɟɎűɞɘ ˊɞɡ ɏɢɞɡɜ əŬɘ əŬŰŮɡɗɡɜɧɛŮɜŮɠ Ŭəɛɏɠ əŬɘ ɛɖ 

əŬŰŮɡɗɡɜɧɛŮɜŮɠ Ŭəɛɏɠ ɞɜɞɛɎɕɞɜŰŬɘ ŬɜɎɛŮɘəŰɞɘ ɔɟɎűɞɘ, ŬɚɚɎ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ɔɟɎűɞɘ 

ŮɑɜŬɘ ůˊɎɜɘɞɘ əŬɘ ŭŮɜ ɗŬ ŬɜŬɚɡɗɞɨɜ ˊŮɟŬɘŰɏɟɤ.[7] 

2.2 : Multigraphs 

ɇɧůɞ ůŰɞɡɠ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɡɠ, ɧůɞ əŬɘ ůŰɞɡɠ əŬŰŮɡɗɡɜɧɛŮɜɞɡɠ ɔɟɎűɞɡɠ, 

ŮˊɘŰɟɏˊɞɡɛŮ Űɞ ůŮŰ Ŭəɛɩɜ E ɜŬ ˊŮɟɘɏɢŮɘ Űɖɜ ɑŭɘŬ Ŭəɛɐ ŬɟəŮŰɏɠ űɞɟɏɠ, ˊɢ. Űɞ Ⱥ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɏɜŬ ˊɞɚɡůɨɜɞɚɞ. ȺɎɜ ɛɑŬ Ŭəɛɐ ŮɛűŬɜɑɕŮŰŬɘ ŬɟəŮŰɏɠ űɞɟɏɠ ůŰɞ Ⱥ, ŰŬ 

ŬɜŰɑɔɟŬűŬ ŬɡŰɐɠ Űɖɠ Ŭəɛɐɠ ŬˊɞəŬɚɞɨɜŰŬɘ ˊŬɟɎɚɚɖɚŮɠ Ŭəɛɏɠ. ũɟɎűɞɘ ɛŮ ˊŬɟɎɚɚɖɚŮɠ 

Ŭəɛɏɠ ɞɜɞɛɎɕɞɜŰŬɘ Ůˊɑůɖɠ multigraphs. ȰɜŬɠ ɔɟɎűɞɠ ɞɜɞɛɎɕŮŰŬɘ Ŭˊɚɧɠ, ŮɎɜ əɎɗŮ ɛɑŬ 

Ŭˊɧ Űɘɠ Ŭəɛɏɠ Űɞɡ ˊŮɟɘɏɢŮŰŮ ůŰɞ Ⱥ ɛɧɜɞ ɛɑŬ űɞɟɎ, ˊɢ. ŮɎɜ ɞ ɔɟɎűɞɠ ŭŮɜ ˊŮɟɘɏɢŮɘ 
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ˊŬɟɎɚɚɖɚŮɠ Ŭəɛɏɠ. ɀɘŬ Ŭəɛɐ ˊɞɡ ŮɜɩɜŮɘ ɛɘŬ əɞɟɡűɐ ɛŮ Űɞɜ ŮŬɡŰɧ Űɖɠ ɞɜɞɛɎɕŮŰŬɘ 

loop. ȰɜŬɠ ɔɟɎűɞɠ ɞɜɞɛɎɕŮŰŬɘ loop-free ŮɎɜ ŭŮɜ ɏɢŮɘ loop. ɈˊɞɗɏŰɞɡɛŮ ɧŰɘ ɞɘ ɔɟɎűɞɘ 

ŮɑɜŬɘ loop-free, ŮəŰɧɠ əɘ Ŭɜ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɎ.[7] 

2.3 : ũɟɎűɞɘ ɛŮ ɓɎɟɖ 

ɆɡɢɜɎ ŮɑɜŬɘ ɢɟɐůɘɛɞ ɜŬ ůɡůɢŮŰɑɕɞɜŰŬɘ ɞɘ ŬɟɘɗɛɖŰɘəɏɠ Űɘɛɏɠ (ɓɎɟɖ) ɛŮ Űɘɠ 

Ŭəɛɏɠ ɐ Űɘɠ əɞɟɡűɏɠ Ůɜɧɠ ɔɟɎűɞɡ G=(V,E). Ⱥŭɩ ɗŬ ŬɜŬűŮɟɗɞɨɛŮ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ 

ɓɎɟɖ Ŭəɛɩɜ. ɇŬ ɓɎɟɖ Ŭəɛɩɜ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɤɠ ɛɑŬ ůɡɜɎɟŰɖůɖ ɤ : E Ÿ R ɖ ɞˊɞɑŬ 

ŬɜŰɘůŰɞɘɢɑɕŮɘ əɎɗŮ Ŭəɛɐ e  ɴE ɛŮ ɏɜŬ ɓɎɟɞɠ ɤ(e). ɇŬ ɓɎɟɖ Ŭəɛɩɜ ɛˊɞɟɞɨɜ ɜŬ 

ˊŮɟɘɔɟɎɣɞɡɜ ŭɘɎűɞɟŮɠ ɘŭɘɧŰɖŰŮɠ ɧˊɤɠ Űɞ əɧůŰɞɠ (ˊɢ. ɢɟɧɜɞɠ ŰŬɝɘŭɘɞɨ ɐ ŬˊɧůŰŬůɖ), 

Űɖ ɢɤɟɖŰɘəɧŰɖŰŬ, Űɖ ŭɨɜŬɛɖ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɐ Űɖɜ ɞɛɞɘɧŰɖŰŬ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɤɜ ɓŬɟɩɜ Űɤɜ Ŭəɛɩɜ ɛŬɟŰɡɟɞɨɜŰŬɘ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ɞɜɧɛŬŰɞɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ. 

ũŮɜɘəɎ , ɗŬ ůɡɛɓɞɚɑɕɞɡɛŮ ɛŮ ɤ ŰŬ ɓɎɟɖ Ŭəɛɩɜ ˊɞɡ ŮəűɟɎɕɞɡɜ əɧůŰɖ əŬɘ ɎɚɚŬ 

ɔɟɎɛɛŬŰŬ ɔɘŬ ɜŬ ůɡɛɓɞɚɑůɞɡɛŮ ɓɎɟɖ Ŭəɛɩɜ ˊɞɡ ŮəűɟɎɕɞɡɜ ɢɤɟɖŰɘəɧŰɖŰŮɠ ɐ 

ŭɡɜɎɛŮɘɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ. ɇɏɚɞɠ, ɏɜŬɠ ɔɟɎűɞɠ ɢɤɟɑɠ ɓɎɟɖ G = (V,E) ɘůɞɨŰŬɘ ɛŮ ɏɜŬ 

ɔɟɎűɞ ɛŮ ɓɎɟɖ əŬɘ ɛɞɜɎŭŬ ɓɎɟɞɡɠ Ŭəɛɐɠ ɤ(e) = 1 ɔɘŬ ɧɚŬ ŰŬ e  ɴE.[7] 

2.4 : ȸŬɗɛɞɑ 

Ƀ ɓŬɗɛɧɠ ɛɘŬɠ əɞɟɡűɐɠ v Ůɜɧɠ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɡ ɔɟɎűɞɡ G=(V,E), ˊɞɡ 

ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ d(v), ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ Ŭəɛɩɜ ůŰɞ E ˊɞɡ ɏɢɞɡɜ v ɎəɟŬ Ŭəɛɐɠ. 

ȺɎɜ G ŮɑɜŬɘ ɏɜŬɠ multigraph, ŰɧŰŮ ɞɘ ˊŬɟɎɚɚɖɚŮɠ Ŭəɛɏɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ 

Űɖɜ ˊɞɚɚŬˊɚɧŰɖŰŬ ůŰɞ Ⱥ. ɇɞ ůŮŰ Ŭəɛɩɜ ˊɞɡ ɏɢŮɘ v ɎəɟŬ Ŭəɛɐɠ ůɡɛɓɞɚɑɕŮŰŬɘ ũ(v). 

ɇɞ ůŮŰ ɔŮɘŰɧɜɤɜ Űɞɡ v ůɡɛɓɞɚɑɕŮŰŬɘ Ɂ(v). ɆŮ ɏɜŬ əŬŰŮɡɗɡɜɧɛŮɜɞ ɔɟɎűɞ G=(V,E), ɞ 

out-degree Űɞɡ v  ɴV ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ d+(v) əŬɘ ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ Ŭəɛɩɜ ůŰɞ Ⱥ 

ˊɞɡ ɏɢɞɡɜ ˊɟɞɏɚŮɡůɖ v. Ƀ in-degree Űɞɡ v  ɴV, ůɡɛɓɞɚɑɕŮŰŬɘ dī(v) əŬɘ ŮɑɜŬɘ ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ Ŭəɛɩɜ ɛŮ ˊɟɞɞɟɘůɛɧ v. ũɘŬ ɔɟɎűɞɡɠ ɛŮ ɓɎɟɖ, ɧɚŮɠ ŬɡŰɏɠ ɞɘ ɏɜɜɞɘŮɠ 

ɔŮɜɘəŮɨɞɜŰŬɘ ŬɗɟɞɑɕɞɜŰŬɠ ŰŬ ɓɎɟɖ Ŭəɛɩɜ. ɇɞ ůŮŰ Ŭəɛɩɜ ɛŮ ˊɟɞɏɚŮɡůɖ v 

ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ ũ+(v), Ůɜɩ Űɞ ůŮŰ Ŭəɛɩɜ ɛŮ ˊɟɞɞɟɘůɛɧ ɤɠ ũī(v). ɇɞ ůŮŰ 

ˊɟɞɞɟɘůɛɩɜ Űɤɜ Ŭəɛɩɜ ůŰɞ ũ+(v) ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ N+(v), Ůɜɩ Űɞ ůŮŰ ˊɟɞŮɚŮɨůŮɤɜ 

Űɤɜ Ŭəɛɩɜ ůŰɞ ũī(v) ɤɠ Nī(v). ȺɎɜ ɏɜŬɠ ˊɟɞɠ ɛŮɚɏŰɖ ɔɟɎűɞɠ ŭŮɜ ŮɑɜŬɘ ɝŮəɎɗŬɟɞɠ, 

ŰɧŰŮ ŬɡŰɏɠ ɞɘ ɏɜɜɞɘŮɠ ɛˊɞɟɞɨɜ ɜŬ Ŭɡɝɖɗɞɨɜ ɛŮ Űɞ ɜŬ ɞɟɑɕɞɡɛŮ Űɞ ɔɟɎűɞ ɤɠ ŭŮɑəŰɖ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ dG(v) ůɡɛɓɞɚɑɕŮɘ Űɞ ɓŬɗɛɧ Űɞɡ v ůŰɞ G. Ƀ ɛɏɔɘůŰɞɠ əŬɘ 

ŮɚɎɢɘůŰɞɠ ɓŬɗɛɧɠ Ůɜɧɠ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɡ ɔɟɎűɞɡ G = (V,E) ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ 

ȹ(G) and ŭ(G) ŬɜŰɑůŰɞɘɢŬ. ȰɜŬɠ ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɠ ɔɟɎűɞɠ G = (V,E) əŬɚŮɑŰŬɘ 

regular ɧŰŬɜ ɧɚŮɠ ɞɘ əɞɟɡűɏɠ ɏɢɞɡɜ Űɞɜ ɑŭɘɞ ɓŬɗɛɧ, Ůɜɩ r-regular ŮɎɜ ɞ ɓŬɗɛɧɠ ŮɑɜŬɘ 

ɑůɞɠ ɛŮ Űɞ r. [7] 
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2.5 : ɈˊɞɔɟɎűɖɛŬ 

ȰɜŬɠ ɔɟɎűɞɠ Gò= (Vô,Eô) ŮɑɜŬɘ ɏɜŬ ɡˊɞɔɟɎűɖɛŬ Űɞɡ ɔɟɎűɞɡ G = (V,E), ŮɎɜ 

Vô Ṗ V əŬɘ Eô Ṗ E. ɀɘɚɎɛŮ ɔɘŬ ɏɜŬ ɡˊɞɔɟɎűɖɛŬ, ɧŰŬɜ Űɞ Ⱥô ˊŮɟɘɏɢŮɘ ɧɚŮɠ Űɘɠ Ŭəɛɏɠ 

e ɴ  E ˊɞɡ Ůɜɩɜɞɡɜ əɞɟɡűɏɠ ůŰɞ Vô. ɇɞ ɡˊɞɔɟɎűɖɛŬ Űɞɡ G=(V,E) ɛŮ ůŮŰ əɞɟɡűɩɜ 

Vô Ṗ V ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ G[Vô]. ɇɞ ɡˊɞɔɟɎűɖɛŬ ɛŮ ůŮŰ Ŭəɛɩɜ Eô Ṗ E, ůɡɛɓɞɚɑɕŮŰŬɘ 

ɤɠ G[Eô], ŮɑɜŬɘ ɏɜŬ ɡˊɞɔɟɎűɖɛŬ Gô= (Vô,Eô) Űɞɡ G, ɧˊɞɡ Vô ŮɑɜŬɘ ɏɜŬ ůŮŰ ɧɚɤɜ Űɤɜ 

əɞɟɡűɩɜ ůŰɞ V ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɎəɟŬ Ŭəɛɩɜ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬɠ Ŭəɛɐɠ ůŰɞ Ⱥȭ. ȺɎɜ C 

ŮɑɜŬɘ ɏɜŬ ɡˊɞůɨɜɞɚɞ Űɞɡ V, ŰɧŰŮ ɤɠ G ï C ůɡɛɓɞɚɑɕŮŰŬɘ Űɞ ɔɟɎűɖɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ 

ɧŰŬɜ Ŭˊɧ Űɞ G ŬűŬɘɟŮɗɞɨɜ ɧɚŮɠ ɞɘ əɞɟɡűɏɠ Űɞɡ C əŬɘ ɞɘ Ŭəɛɏɠ Űɞɡɠ. ȺɎɜ F ŮɑɜŬɘ ɏɜŬ 

ɡˊɞůɨɜɞɚɞ Űɞɡ E, ŰɧŰŮ G ï F ůɡɛɓɞɚɑɕŮŰŬɘ ɞ ɔɟɎűɞɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɧŰŬɜ Ŭˊɧ Űɞ G 

ŬűŬɘɟŮɗɞɨɜ ɧɚŮɠ ɞɘ Ŭəɛɏɠ Űɞɡ F.[7] 

2.6 : ɄŮɟɑˊŬŰɞɠ, ɀɞɜɞˊɎŰɘ, Ⱦɨəɚɞɠ 

ȰɜŬɠ ˊŮɟɑˊŬŰɞɠ Ŭˊɧ Űɞ x0 ůŰɞ xk ůŮ ɏɜŬ ɔɟɎűɞ G=(V,E) ŮɑɜŬɘ ɛɘŬ ŬəɞɚɞɡɗɑŬ  

x0, e1, x1, e2, x2, . . . , xkī1, ek, xk Ŭˊɧ əɞɟɡűɏɠ əŬɘ Ŭəɛɏɠ, ɧˊɞɡ ei = {xiī1, xi} ůŮ 

ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞ əŬɘ ei = (xiī1, xi) ůŮ ɏɜŬ əŬŰŮɡɗɡɜɧɛŮɜɞ. ɇɞ ɛɐəɞɠ Űɞɡ ˊŮɟɘˊɎŰɞɡ 

ɞɟɑɕŮŰŬɘ ɤɠ ɞ Ŭɟɘɗɛɧɠ Űɤɜ Ŭəɛɩɜ Ůɜɧɠ ˊŮɟɑˊŬŰɞɡ. Ƀ ˊŮɟɑˊŬŰɞɠ ɞɜɞɛɎɕŮŰŬɘ ɛɞɜɞˊɎŰɘ, 

ŮɎɜ ei  Í ej  ɔɘŬ  i Í j, əŬɘ Űɞ ɛɞɜɞˊɎŰɘ ɞɜɞɛɎɕŮŰŬɘ Ŭˊɚɧ ŮɎɜ xi Í xj ɔɘŬ i Í j. ȰɜŬ 

ɛɞɜɞˊɎŰɘ ɛŮ x0 = xk ɞɜɞɛɎɕŮŰŬɘ əɨəɚɞɠ. ȰɜŬɠ əɨəɚɞɠ ŮɑɜŬɘ Ŭˊɚɧɠ ŮɎɜ xi Í xj ɔɘŬ 0 Ò 

i < j Ò k ī 1.[7] 
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ȾŮűɎɚŬɘɞ 3 : Centralities 

3.1:  Subgraph Centrality Scores 

ɋɠ Subgraph Centrality Score Űɞɡ əɧɛɓɞɡ i ɞɟɑɕŮŰŬɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ 

əɚŮɘůŰɩɜ ˊŮɟɘˊɎŰɤɜ ŭɘŬűɧɟɤɜ ɛɖəɩɜ ˊɞɡ ɝŮəɘɜɞɨɜ əɘ ŰŮɚŮɘɩɜɞɡɜ ůŰɞɜ əɧɛɓɞ i. 

ȾŬɗɩɠ ŬɡŰɧ Űɞ ɎɗɟɞɘůɛŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŮŰɟɘɛɛɏɜɞɡɠ əŬɘ ɛɖ ŰŮŰɟɘɛɛɏɜɞɡɠ əɚŮɘůŰɞɨɠ 

ˊŮɟɘˊɎŰɞɡɠ, ůɡɜɡˊɞɚɞɔɑɕɞɡɛŮ ɧɚŬ ŰŬ ɡˊɞɔɟŬűɐɛŬŰŬ əɡəɚɘəɎ əŬɘ ɛɖ əɡəɚɘəɎ, 

ŬɜŰɑůŰɞɘɢŬ. ȼ ůɡɜŮɘůűɞɟɎ ŬɡŰɩɜ Űɤɜ ˊŮɟɘˊɎŰɤɜ ɛŮɘɩɜŮŰŬɘ ɧůɞ Űɞ ɛɐəɞɠ ŬɡŰɩɜ 

ŬɡɝɎɜŮŰŬɘ. ȷɡŰɧɠ ɞ əŬɜɧɜŬɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬŰɐɟɖůɖ ɧŰɘ ŰŬ ɛɞŰɑɓŬ ůŮ 

ˊɟŬɔɛŬŰɘəɎ ŭɑəŰɡŬ ŮɑɜŬɘ ɛɘəɟɎ ɡˊɞɔɟŬűɐɛŬŰŬ. ȼ ŬəɟŬɑŬ ˊŮɟɑˊŰɤůɖ ɏɔəŮɘŰŬɘ ɛɧɜɞ ůŮ 

əɚŮɘůŰɧ ˊŮɟɑˊŬŰɞ ɛɐəɞɡɠ ŭɡɞ ɛɧɜɞ , ŭɑɜɞɜŰŬɠ ɛɖŭŮɜɘəɧ ɓɎɟɞɠ ůŮ ɛŮɔŬɚɨŰŮɟɞɡɠ 

ˊŮɟɘˊɎŰɞɡɠ. [8] 

3.2 : Topological coefficient 

Topological coefficient, T(n) Ůɜɧɠ əɧɛɓɞɡ n ɛŮ k(n) ɔŮɑŰɞɜŮɠ ɞɟɑɕŮŰŬɘ ɤɠ:  

T(n)=avg(J(n,m))/k(n) 

ɧˊɞɡ J(n,m) ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ əɧɛɓɞɡɠ m ˊɞɡ ɏɢɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɜ 

əɞɘɜɧ ɔŮɑŰɞɜŬ ɛŮ Űɞɜ əɧɛɓɞ n. H Űɘɛɐ J(n,m) ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɔŮɘŰɧɜɤɜ ˊɞɡ ɏɢɞɡɜ 

əɞɘɜɞɨɠ ɞɘ əɧɛɓɞɘ n əŬɘ m, əŬɘ Ůˊɘˊɚɏɞɜ ɏɜŬ Ŭɜ ɡˊɎɟɢŮɘ Ŭəɛɐ ˊɞɡ ɜŬ ůɡɜŭɏŮɘ Űɞɜ 

əɧɛɓɞ n əŬɘ m. Ⱦɧɛɓɞɘ ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ɏɜŬɜ ɐ əŬɜɏɜŬ ɔŮɑŰɞɜŬ ɏɢɞɡɜ Űɘɛɐ topological 

coefficient ɑůɖ ɛŮ Űɞ 0.[12] 

3.3: Average Distance 

ȼ centrality average distance, Ůɜɧɠ əɧɛɓɞɡ u ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 

əɧɛɓɞɡɠ Űɞɡ ŭɘəŰɨɞɡ ɞɟɑɕŮŰŬɘ ɤɠ: 

Cu=×w Vɴdis(u,w)/nī1 

əŬɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɞ ŬɜŰɑůŰɟɞűɞ Űɖɠ closeness centrality.[13] 
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3.4 : Barycenter Centrality 

ȼ barycenter centrality Ůɜɧɠ əɧɛɓɞɡ v ɞɟɑɕŮŰŬɘ ɤɠ : 

1/(ɎɗɟɞɘůɛŬ Űɤɜ ŬˊɞůŰɎůŮɤɜ Űɞɡ əɧɛɓɞɡ v Ŭˊɧ ɧɚɞɡɠ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ əɧɛɓɞɡɠ) 

Ⱥˊɞɛɏɜɤɠ, Ŭɜ Űɞ ůɡɜɞɚɘəɧ ɎɗɟɞɘůɛŬ Űɤɜ ŬˊɞůŰɎůŮɤɜ Ŭˊɧ ɧɚɞɡɠ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 

əɧɛɓɞɡɠ Űɞɡ ŭɘəŰɨɞɡ ŮɑɜŬɘ ɡɣɖɚɧɠ, ůɖɛŬɑɜŮɘ ɧŰɘ ɞ əɧɛɓɞɠ ŬɡŰɧɠ ŮɑɜŬɘ ɛɖ əŮɜŰɟɘəɧɠ , 

Ŭűɞɨ ŭŮɜ ŮɑɜŬɘ ɎɛŮůŬ ůɡɜŭŮŭŮɛɏɜɞɠ ɛŮ ˊɞɚɚɞɨɠ Ɏɚɚɞɡɠ əɧɛɓɞɡɠ Űɞɡ ŭɘəŰɨɞɡ.[14] 

3.5 : BottleNeck Centrality  

ȼ BottleNeck Centrality Ůɜɧɠ əɧɛɓɞɡ v ɞɟɑɕŮŰŬɘ ɤɠ: 

BN(v) = sum(P(s)(v), s in v) 

ȰůŰɤ ɧŰɘ ɇ(s) ŮɑɜŬɘ Űɞ ůɡɜŰɞɛɧŰŮɟɞ ŭɏɜŰɟɞ ɛɞɜɞˊŬŰɘɩɜ ɛŮ Ŭɟɢɐ Űɞɜ əɧɛɓɞ s. P(s)(v) 

= 1, ŮɎɜ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ |V(T(s))|/4 Ŭˊɧ Űɞɜ əɧɛɓɞ s ůŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ əɧɛɓɞɡɠ Űɞɡ 

T(s) ůɡɜŬɜŰɩɜŰŬɘ ůŰɞɜ əɧɛɓɞ v, Ŭɚɚɘɩɠ P(s)(v) = 0.[15] 

 

 

 

 

 

 
 

 

 

 

 

Ⱥˊɞɛɏɜɤɠ əɧɛɓɞɘ ɛŮ ɡɣɖɚɧ betweenness əŬɚɞɨɜŰŬɘ bottlenecks, əŬɘ ɧˊɤɠ ɞɘ 

əɧɛɓɞɘ hubs ŬɜŬˊŬɟɘůŰɞɨɜ ůɖɛŬɜŰɘəɎ ůɖɛŮɑŬ Űɞɡ ŭɘəŰɨɞɡ Ůˊɑůɖɠ. 
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3.6 : Centroid Value 

ȼ centroid value Ccen(v) Ůɜɧɠ əɧɛɓɞɡ v ɞɟɑɕŮŰŬɘ ɤɠ: 

Ccen(v) : = min(f(v, w) : w in V(v)) 

ȳˊɞɡ f(v,w):=gamma(v)(w) ï gamma(w)(v), əŬɘ gamma(v)(w) ŮɑɜŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ 

əɧɛɓɤɜ ŮɔɔɨŰŮɟɤɜ Űɞɡ v Ŭˊô ɧŰɘ Űɞɡ w.[16] 

ȼ centroid value centrality, ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɞ ˊɞɚɨˊɚɞəŮɠ centrality index. 

ɈˊɞɚɞɔɑɕŮŰŬɘ ŮůŰɘɎɕɞɜŰŬɠ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ůŮ ɕŮɨɔɖ əɧɛɓɤɜ (v,w) əŬɘ ůɡůŰɖɛŬŰɘəɎ 

ɛŮŰɟɩɜŰŬɠ Űɞɡɠ əɧɛɓɞɡɠ ˊɞɡ ŮɑɜŬɘ ˊɚɖůɘɏůŰŮɟŬ (ɛŮ Űɖɜ ɏɜɜɞɘŬ Űɞɡ shortest path) 

ůŰɞɜ v ɐ ůŰɞɜ w. Ƀ ɡˊɞɚɞɔɘůɛɧɠ ůɡɜŮɢɑɕŮŰŬɘ ůɡɔəɟɑɜɞɜŰŬɠ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ 

əɧɛɓɞɡ Ŭˊɧ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ əɧɛɓɞɡɠ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ ɧɚɤɜ Űɤɜ əɧɛɓɤɜ Ŭˊɧ Űɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ əɧɛɓɞɡɠ. Ⱥˊɞɛɏɜɤɠ, ŬɡŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ ˊɟɞůűɏɟŮɘ ɏɜŬ centrality index 

ˊɎɜŰɞŰŮ ůŰŬɗɛɘůɛɏɜɞ ůɨɛűɤɜŬ ɛŮ Űɘɠ Űɘɛɏɠ ɧɚɤɜ Űɤɜ ɡˊɧɚɞɘˊɤɜ əɧɛɓɤɜ Űɞɡ 

ŭɘəŰɨɞɡ. ȳɜŰɤɠ ɞ əɧɛɓɞɠ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ centroid value ŮɑɜŬɘ Ůˊɑůɖɠ ɞ 

əɧɛɓɞɠ ɛŮ Űɞ ɡɣɖɚɧŰŮɟɞ ˊɚɐɗɞɠ ɔŮɘŰɧɜɤɜ (ɧɢɘ ɛɧɜɞ ɎɛŮůɤɜ) ůɡɔəɟɘɜɧɛŮɜɞɡ ɛŮ 

ɧɚɞɡɠ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ əɧɛɓɞɡɠ.  ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɞ əɧɛɓɞɠ v ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ 

centroid value ŮɑɜŬɘ ɞ əɧɛɓɞɠ ɛŮ Űɞɜ ɡɣɖɚɧŰŮɟɞ Ŭɟɘɗɛɧ ɔŮɘŰɧɜɤɜ ůɡɜŭŮɧɛŮɜɤɜ ɛɏůɤ 

Űɞɡ shortest path ɛŮ Űɞɜ v.H centroid value, ɡˊɞŭŮɘəɜɨŮɘ ɧŰɘ ɏɜŬɠ ůɡɔəŮəɟɘɛɏɜɞɠ 

əɧɛɓɞɠ ɏɢŮɘ əŮɜŰɟɘəɐ ɗɏůɖ ɛɏůŬ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ Ůɜɧɠ ŭɘəŰɨɞɡ, ɛŮ ɡɣɖɚɐ 

ˊɡəɜɧŰɖŰŬ.[17]  

3.7: Closeness Centrality (Freeman) 

ȼ Freeman Closeness Centrality ɞɟɑɕŮŰŬɘ ɤɠ: 

1/sum( d(v,i), i != v) 

ȾŬɗɩɠ ɖ closeness centrality ŰŮɑɜŮɘ ůŰɞ ɎˊŮɘɟɞ ŮɎɜ ŭŮɜ ɡˊɎɟɢŮɘ ɛɞɜɞˊɎŰɘ 

ɛŮŰŬɝɨ ŭɡɞ əɧɛɓɤɜ, ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮɑɜŬɘ ɏɜŬ ɘůɢɡɟɎ ůɡɜŭŮŰɘəɧ 

ŭɑəŰɡɞ. ɆŮ ɏɜŬ ŭɑəŰɡɞ ŮɎɜ ŭŮɜ ɡˊɎɟɢŮɘ ɎɛŮůɞ ɛɞɜɞˊɎŰɘ ɛŮŰŬɝɨ Űɞɡ əɧɛɓɞɡ v əŬɘ i, 

ŰɧŰŮ ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ əɧɛɓɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ ŬɜŰɑ ɔɘŬ Űɞ 

ɛɐəɞɠ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ.[18] 
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3.8: Decay Centrality  

Decay Centrality Ůɜɧɠ əɧɛɓɞɡ x ůŮ ɏɜŬ ŭɑəŰɡɞ G ɞɟɑɕŮŰŬɘ ɤɠ: 

sum(sigma ^ d(x,y), y in V(G)) 

ɧˊɞɡ d(x,y) ŬˊɞŰŮɚŮɑ Űɖɜ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ x əŬɘ y əŬɘ sigma ɓɟɑůəŮŰŬɘ ůŰɞ 

(0,1) əŬɘ ŬˊɞŰŮɚŮɑ ůŰŬɗŮɟɐ ˊŬɟɎɛŮŰɟɞ.[19] 

ȼ Decay Centrality, ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɏŰɟɞ centrality, ůŰɞ ɞˊɞɑɞ ɏɜŬɠ əɧɛɓɞɠ 

ŬɜŰŬɛŮɑɓŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɧůɞ əɞɜŰɎ ɓɟɑůəŮŰŬɘ ůŮ Ɏɚɚɞɡɠ əɧɛɓɞɡɠ, ɛŮ Űɟɧˊɞ 

ɧɛɤɠ, ˊɞɡ ˊɞɚɨ ɛŬəɟɘɜɞɑ əɧɛɓɞɘ ɏɢɞɡɜ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ Ŭˊô ɧŰɘ ɞɘ əɞɜŰɘɜɧŰŮɟɞɘ (ɓɚ. 

Jackson, 2008). ũɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ sigma, ɖ decay centrality ŬˊɞŭɑŭŮɘ 

ˊɞɚɨ ˊŮɟɘůůɧŰŮɟɞ ɓɎɟɞɠ ůŮ əɞɜŰɘɜɧŰŮɟɞɡɠ əɧɛɓɞɡɠ, Ůˊɞɛɏɜɤɠ ɔɑɜŮŰŬɘ ŬɜɎɚɞɔɖ Űɖɠ 

degree centrality Ůɜɩ ɔɘŬ ɡɣɖɚɏɠ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ɛŮŰɟɎŮɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

ůɡɜɘůŰɩůŬɠ ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ɏɜŬɠ əɧɛɓɞɠ. 

ŪŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ ˊɘɞ ˊɚɞɨůɘŬ Ŭˊɧ ɎɚɚŬ ɛŮŰɟɐůɘɛŬ ŬˊɞůŰɎůŮɤɜ, əŬɗɩɠ 

ŬˊɞŭɑŭŮɘ Űɖɜ ɘŭɏŬ Űɞɡ ɧŰɘ ɖ ůɖɛŬɜŰɘəɧŰɖŰŬ Ůɜɧɠ əɧɛɓɞɡ ɤɠ ˊɟɞɠ ɏɜŬɜ Ɏɚɚɞ ŮɑɜŬɘ 

ŬɜɎɚɞɔɖ Űɖɠ ŬˊɧůŰŬůɖɠ Űɞɡɠ.[20] 

3.9: Degree Centrality 

ȼ degree centrality ŬˊɞŰŮɚŮɑ ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɞ əɞɘɜɏɠ əŬɘ ŮɨəɞɚŮɠ ůŰɞɜ 

ɡ́ ɞɚɞɔɘůɛɧ centralities. ɄɟɧəŮɘŰŬɘ ŬˊɚɎ ɔɘŬ Űɞɜ ɓŬɗɛɧ Ůɜɧɠ əɧɛɓɞɡ, Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

Ŭəɛɩɜ ˊɞɡ ɏɢŮɘ. ȳůɞ ɡɣɖɚɧŰŮɟɞɠ ŮɑɜŬɘ ɞ ɓŬɗɛɧɠ Űɧůɞ ˊɘɞ əŮɜŰɟɘəɧɠ ɗŮɤɟŮɑŰŬɘ ɞ 

əɧɛɓɞɠ. ȷɡŰɧ Űɞ ɛɏŰɟɞ əŮɜŰɟɘəɧŰɖŰŬɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɔɘŬ Űɖɜ 

ŮɟɛɖɜŮɑŬ Űɖɠ ůɖɛŬɜŰɘəɧŰɖŰŬɠ Ůɜɧɠ əɧɛɓɞɡ əŬɗɩɠ ˊɞɚɚɞɑ əɧɛɓɞɘ ɛŮ ɛŮɔɎɚɞ ɓŬɗɛɧ 

Ůəŭɖɚɩɜɞɡɜ əŬɘ ɡɣɖɚɏɠ Űɘɛɏɠ ůŮ ɎɚɚŬ ɛɏŰɟŬ əŮɜŰɟɘəɧŰɖŰŬɠ.  

ȼ degree centrality ŮɑɜŬɘ ɏɜŬɠ əŬɚɧɠ ŭŮɑəŰɖɠ Űɞɡ ˊɧůŮɠ ůɡɜŭɏůŮɘɠ ɏɢŮɘ ɏɜŬɠ 

əɧɛɓɞɠ, ŬɚɚɎ ŭŮɜ ɡˊɞŭŮɘəɜɨŮɘ ŬˊŬɟŬɑŰɖŰŬ Űɖɜ ůɖɛŬɜŰɘəɧŰɖŰŬ Ůɜɧɠ əɧɛɓɞɡ ɐ Űɞ ˊɧůɞ 

əŮɜŰɟɘəɧɠ ŮɑɜŬɘ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŮɠ ɞɛɎŭŮɠ əɧɛɓɤɜ .[21] 

3.10: Diffusion Degree Centrality 

ȼ diffusion degree centrality Ůɜɧɠ əɧɛɓɞɡ v ɞɟɑɕŮŰŬɘ ɤɠ: 

C_DD(v)=lambda(v) * C_D(v)+sum(lambda(i) * C_D(i), i in neighbors(v)) 

ȳˊɞɡ C(DD) ŮɑɜŬɘ ɞ ɓŬɗɛɧɠ Ůɜɧɠ əɧɛɓɞɡ v, əŬɘ lambda ŮɑɜŬɘ ɖ ́ɘɗŬɜɧŰɖŰŬ ŭɘɎŭɞůɖɠ 

Űɞɡ əɧɛɓɞɡ. ɆŮ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ŭɘɎŭɞůɖɠ, ɏɜŬɠ əɧɛɓɞɠ v ɛŮ ˊɘɗŬɜɧŰɖŰŬ ŭɘɎŭɞůɖɠ 
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lambda(v), ɛˊɞɟŮɑ ɜŬ ŮɜŮɟɔɞˊɞɘɐůŮɘ ɏɜŬɜ ɔŮɘŰɞɜɘəɧ Űɞɡ əɧɛɓɞ u ɛŮ ˊɘɗŬɜɧŰɖŰŬ  

lambda(v). 

ȳŰŬɜ ɖ ŭɘŬŭɘəŬůɑŬ ŭɘɎŭɞůɖɠ ŭɘŬɢɏŮŰŬɘ ůŰɞ ŮˊɧɛŮɜɞ ŮˊɑˊŮŭɞ, ɞɘ ŮɜŮɟɔɞɑ 

ɔŮɑŰɞɜŮɠ Űɞɡ əɧɛɓɞɡ v, ɗŬ ˊɟɞůˊŬɗɐůɞɡɜ ɜŬ ŮɜŮɟɔɞˊɞɘɐůɞɡɜ Űɞɡɠ ɛɖ ŮɜŮɟɔɞɨɠ 

ɔŮɑŰɞɜŮɠ. Ⱥˊɞɛɏɜɤɠ ɖ ŬɗɟɞɘůŰɘəɐ ůɡɜŮɘůűɞɟɎ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ŭɘɎŭɞůɖɠ, ɛɏůɤ Űɤɜ 

ɔŮɘŰɧɜɤɜ Űɞɡ v, ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɧɚɞɘ ɞɘ ɔŮɑŰɞɜŮɠ ŮɑɜŬɘ ŮɜŮɟɔɞˊɞɘɖɛɏɜɞɘ ůŰɞ 

ˊɟɞɖɔɞɨɛŮɜɞ ɓɐɛŬ. 

Ƀ ɣŮɡŭɞəɩŭɘəŬɠ ɡˊɞɚɞɔɘůɛɞɨ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

ɀŮ ɘŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ ŮűŬɟɛɞɔɐ ůŮ əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ əŬɘ ŭɑəŰɡŬ Ůˊɘɟɟɞɐɠ ɞ 

ŭŮɑəŰɖɠ əŮɜŰɟɘəɧŰɖŰŬɠ diffusion degree ɛˊɞɟŮɑ ɜŬ ŮɟɛɖɜŮɡɗŮɑ ɤɠ Ůɝɐɠ: 

ɆŰɘɠ əɞɘɜɤɜɘəɏɠ ůɢɏůŮɘɠ, ŭŮɢɧɛŬůŰŮ ůɡɛɓɞɡɚɏɠ Ŭˊɧ Űɞɡɠ űɑɚɞɡɠ əŬɘ Űɖɜ 

ɞɘəɞɔɏɜŮɘŬ ɛŬɠ, əŬɘ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ, ůɡɜɐɗɤɠ, ɞɘ ŬˊɧɣŮɘɠ ɛŬɠ ůɢɖɛŬŰɑɕɞɜŰŬɘ 

ˊɎɜɤ ůŮ ɏɜŬ ˊɟɧɓɚɖɛŬ/ɕɐŰɖɛŬ ŮɑŰŮ ˊɟɞůɤˊɘəɎ ŮɑŰŮ ɏɢɞɜŰŬɠ ŬˊŮɡɗɡɜɗŮɑ ůŮ əɎˊɞɘɞ 

ɔɜɤůŰɧ ɛŬɠ ɎŰɞɛɞ. ɀŮɟɘəɏɠ űɞɟɏɠ ɛˊɞɟŮɑ ɜŬ ŮɛˊɘůŰŮɡɗɞɨɛŮ əɎˊɞɘɞɜ, ŮɎɜ ŮɑɜŬɘ űɑɚɞɠ 

űɑɚɞɡ, ŬəɧɛŬ əŬɘ Ŭɜ ŭŮɜ ŮɑɜŬɘ ɎɛŮůŬ űɘɚɘəɧ ɛŬɠ ˊɟɧůɤˊɞ. ɄŬɟ ôɧɚŬ ŬɡŰɎ, ɧůɞ ŬɡŰɐ 

ɖ ŬˊɧůŰŬůɖ ůɢɏůɖɠ ɛŮɔŬɚɩɜŮɘ, Ɏɚɚɞ Űɧůɞ ɛŮɘɩɜŮŰŬɘ ɖ ŮɛˊɘůŰɞůɨɜɖ əŬɘ ɎɟŬ ɖ 

ŮˊɑŭɟŬůɖ.[22] 

3.11: DMNC ï Density of Maximum Neighborhood Component 

ȼ centrality DMNC Ůɜɧɠ əɧɛɓɞɡ v ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

|E(MNC(v))|/(|V(MNC(v))|^epsilon) 

ɛŮ epsilon ɜŬ ŬɜɐəŮɘ ůŰɞ [1,2] əŬɘ MNC(v) ɜŬ ŮɑɜŬɘ Űɞ ɛɏɔɘůŰɞ ůɡɜŭŮŰɘəɧ 

ɡˊɞɔɟɎűɖɛŬ Űɞɡ G[N(v)] ɧˊɞɡ Ɂ(v) ɞɘ ɔŮɑŰɞɜŮɠ Űɞɡ əɧɛɓɞɡ v.[23] 
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3.12: Eccentricity Centrality  

ȼ ŮəəŮɜŰɟɧŰɖŰŬ ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɏŰɟɞ əŮɜŰɟɘəɧŰɖŰŬɠ əɧɛɓɞɡ. ȼ ŮəəŮɜŰɟɧŰɖŰŬ 

Ůɜɧɠ əɧɛɓɞɡ v ɡˊɞɚɞɔɑɕŮŰŬɘ, ɛŮŰɟɩɜŰŬɠ ŰŬ ůɡɜŰɞɛɧŰŮɟŬ ɛɞɜɞˊɎŰɘŬ ɛŮŰŬɝɨ Ůɜɧɠ 

əɧɛɓɞɡ v əŬɘ ɧɚɤɜ Űɤɜ ɡˊɞɚɞɑˊɤɜ əɧɛɓɤɜ ůŮ ɏɜŬ ŭɑəŰɡɞ, əŬɘ ŮˊɘɚɏɔɞɜŰŬɠ ůŰɖ 

ůɡɜɏɢŮɘŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ŰŬ ůɡɜŰɞɛɧŰŮɟŬ ɛɞɜɞˊɎŰɘŬ ( (v,K) ŮɑɜŬɘ Űɞ ɕŮɨɔɞɠ 

əɧɛɓɤɜ ɧˊɞɡ ɞ Ⱦ ɏɢŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞɜ Ⱦ). ȳŰŬɜ Űɞ ɛɞɜɞˊɎŰɘ ŬɡŰɧ 

ˊɟɞůŭɘɞɟɘůŰŮɑ ɛŮ ɛɐəɞɠ dist(v,K), ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ŬɜŰɑůŰɟɞűɞɠ Űɞɡ 1/ dist(v,K). ɀŮ 

Űɞɜ Űɟɧˊɞ ŬɡŰɧ, ŮəəŮɜŰɟɧŰɖŰŬ ɛŮ ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ ɡˊɞŭŮɘəɜɨŮɘ ɗŮŰɘəɧŰŮɟɖ ůɖɛŬůɑŬ 

ɤɠ ˊɟɞɠ Űɖɜ ŮɔɔɨŰɖŰŬ əɧɛɓɞɡ. ȳɜŰɤɠ, ŮɎɜ ɖ ŮəəŮɜŰɟɧŰɖŰŬ Ůɜɧɠ əɧɛɓɞɡ v ŮɑɜŬɘ 

ɡɣɖɚɐ, ůɖɛŬɑɜŮɘ ɧŰɘ ɧɚɞɘ ɞɘ ɡˊɧɚɞɘˊɞɘ əɧɛɓɞɘ ɓɟɑůəɞɜŰŬɘ ůŮ əɞɜŰɘɜɐ ŬˊɞůŰŬůɖ. 

ȷɜŰɑɗŮŰŬ, ŮɎɜ ɖ ŮəəŮɜŰɟɧŰɖŰŬ ŮɑɜŬɘ ɢŬɛɖɚɐ, ůɖɛŬɑɜŮɘ ɧŰɘ ɡˊɎɟɢŮɘ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɠ 

əɧɛɓɞɠ (əŬɘ ɧɚɞɘ Űɞɡ ɞɘ ɔŮɑŰɞɜŮɠ) ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɛŬəɟɘɎ Ŭˊɧ Űɞɜ əɧɛɓɞ v. ūɡůɘəɎ, 

ŬɡŰɧ ŭŮɜ ůɖɛŬɑɜŮɘ ɧŰɘ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Ɏɚɚɞɘ əɧɛɓɞɘ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ˊɞɚɨ ˊɘɞ 

əɞɜŰɎ ůŰɞɜ əɧɛɓɞ v.[24] 

3.13: Harary Centrality  

ȼ Harary centrality Ůɜɧɠ əɧɛɓɞɡ v ɘůɞɨŰŬɘ ɛŮ 1/(max_u d(v,u)), ɧˊɞɡ 

d(v,u) ŮɑɜŬɘ ɖ ɔŮɤŭŮůɘəɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞɜ əɧɛɓɞ u ůŰɞɜ v. Ⱦɧɛɓɞɘ ɛŮ ɢŬɛɖɚɏɠ Űɘɛɏɠ 

ŬɡŰɞɨ Űɞɡ ɛɏŰɟɞɡ əŮɜŰɟɘəɧŰɖŰŬɠ ŮɑɜŬɘ ˊɘɗŬɜɧŰŮɟɞ ɜŬ ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ ůŰɖɜ Ɏəɟɖ 

Ůɜɧɠ ɔɟɎűɞɡ, Ůɜɩ ŬɡŰɏɠ ɛŮ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ŮɑɜŬɘ ˊɘɗŬɜɧŰŮɟɞ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɖ 

ɛɏůɖ. ȼ ŭɘŬűɞɟɎ ɛŮ Űɖɜ closeness centrality ɏɔəŮɘŰŬɘ ůŰɞ ɧŰɘ ɖ ŰŮɚŮɡŰŬɑŬ ɚŬɛɓɎɜŮɘ 

ɡˊɧɣɘɜ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŬˊɞůŰɎůŮɤɜ ŬɜŰɑ Űɖɠ ɛɏɔɘůŰɖɠ Űɘɛɐɠ.[25] 

3.14 : Eigenvector Centrality 

ȼ eigenvector centrality ŮɑɜŬɘ ɏɜŬ ɛɏŰɟɞ əŮɜŰɟɘəɧŰɖŰŬɠ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ 

Ůˊɘɟɟɞɐ Ůɜɧɠ əɧɛɓɞɡ ůŰɞ ŭɑəŰɡɞ. ɆɡɔəɟɘŰɘəɏɠ Űɘɛɏɠ, ŬɜŬɗɏŰɞɜŰŬɘ ůŮ ɧɚɞɡɠ Űɞɡɠ 

əɧɛɓɞɡɠ Űɞɡ ŭɘəŰɨɞɡ ɏŰůɘ ɩůŰŮ ɞɘ ůɡɜŭɏůŮɘɠ Űɞɡ əɧɛɓɞɡ ɛŮ əɧɛɓɞɡɠ ɛŮ ɡɣɖɚɏɠ Űɘɛɏɠ 

ůɡɜŮɘůűɏɟɞɡɜ ˊŮɟɘůůɧŰŮɟɞ ůŰɖɜ Űɘɛɐ Űɞɡ ɛɏŰɟɞɡ Ŭˊô ɧŰɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ůɡɜŭɏůŮɘɠ ɛŮ 

əɧɛɓɞɡɠ ɛŮ ɢŬɛɖɚɏɠ Űɘɛɏɠ. Ɉɣɖɚɐ Űɘɛɐ Űɖɠ eigenvector centrality ɡˊɞŭŮɘəɜɨŮɘ ɧŰɘ ɞ 

əɧɛɓɞɠ ůɡɜŭɏŮŰŬɘ ɛŮ əɧɛɓɞɡɠ ɛŮ ŬɜŰɑůŰɞɘɢɖɠ ŰɎɝɖɠ Űɘɛɏɠ Űɖɠ əŮɜŰɟɘəɧŰɖŰŬɠ. 
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ȾŮűɎɚŬɘɞ 4 : Modularity əŬɘ Assortativity 

4.1: Modularity  

ɄɞɘɞŰɘəɐ ůɡɜɎɟŰɖůɖ ɞɜɞɛɎɕŮŰŬɘ ɛɑŬ ůɡɜɎɟŰɖůɖ ˊɞɡ ŬɜŰɘůŰɞɘɢɑɕŮɘ ɛɑŬ Űɘɛɐ ůŮ 

əɎɗŮ ŭɘŬɛɏɟɘůɖ Űɞɡ ŭɘəŰɨɞɡ. ȹɘŬɛŮɟɑůŮɘɠ ɛŮ ɡɣɖɚɏɠ Űɘɛɏɠ ɗŮɤɟɞɨɜŰŬɘ əŬɚɏɠ əŬɘ ɐ 

ŭɘŬɛɏɟɘůɖ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ ŮɑɜŬɘ Ůɝ ɞɟɘůɛɞɨ ɖ əŬɚɨŰŮɟɖ. Ⱥˊɞɛɏɜɤɠ ɛŮ ŬɡŰɧɜ 

Űɞɜ Űɟɧˊɞ əŬŰŬŰɎůůɞɜŰŬɘ ɞɘ ŭɘŬɛŮɟɑůŮɘɠ Űɞɡ ŭɘəŰɨɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Űɘɛɐ Űɖɠ 

ˊɞɘɞŰɘəɐɠ ůɡɜɎɟŰɖůɖɠ. 

ȼ ˊɘɞ ɔɜɤůŰɐ ˊɞɘɞŰɘəɐ ůɡɜɎɟŰɖůɖ ŮɑɜŬɘ ɖ ůɡɜɎɟŰɖůɖ modularity Űɤɜ Newman 

əŬɘ Girvan. ȼ ɓŬůɘəɐ ɡˊɧɗŮůɖ ŮɑɜŬɘ ɧŰɘ ɏɜŬ ŰɡɢŬɑɞ ŭɑəŰɡɞ ŭŮɜ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢŮɘ 

ŭɞɛɐ əɞɘɜɞŰɐŰɤɜ. ȯɟŬ ɖ ɨˊŬɟɝɖ ɐ ɧɢɘ ŭɞɛɐɠ əɞɘɜɞŰɐŰɤɜ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɨɔəɟɘůɖ 

Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɤɜ Ŭəɛɩɜ ůŮ ɡˊɞŭɑəŰɡŬ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ŭɘəŰɨɞɡ əŬɘ ůŮ ɡˊɞŭɑəŰɡŬ 

Ůɜɧɠ ɛɞɜŰɏɚɞɡ ŰɡɢŬɑɞɡ ŭɘəŰɨɞɡ (null model) ˊɞɡ əɟŬŰɎŮɘ Űɞɜ ɓŬɗɛɧ əɎɗŮ əɧɛɓɞɡ 

ůŰŬɗŮɟɧ. 

ȼ ůɡɜɎɟŰɖůɖ modularity ɔɟɎűŮŰŬɘ ɤɠ Ůɝɐɠ: 

ὗ
ρ

ςά
В ὃ

ὯὯ

ςά
ὅȟὅ‏  

ɧˊɞɡ Űɞ ɎɗɟɞɘůɛŬ ŭɘŬŰɟɏɢŮɘ ɧɚŬ ŰŬ ɕŮɡɔɎɟɘŬ Űɤɜ əɧɛɓɤɜ, A ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ 

ɔŮɘŰɜɑŬůɖɠ Űɞɡ  ɛɖ əŬŰŮɡɗɡɜɧɛŮɜɞɡ ŭɘəŰɨɞɡ, m Űɞ ůɨɜɞɚɞ ɧɚɤɜ Űɤɜ ůɡɜŭɏůŮɤɜ Űɞɡ 

ŭɘəŰɨɞɡ, əŬɘ ὖ   ŮɑɜŬɘ ɞ ŬɜŬɛŮɜɧɛŮɜɞɠ Ŭɟɘɗɛɧɠ Ŭəɛɩɜ ɛŮŰŬɝɨ Űɤɜ əɧɛɓɤɜ i 

əŬɘ j ůŰɞ null model. ȼ ůɡɜɎɟŰɖůɖ ‏ ŭɑɜŮɘ 1 Ŭɜ ɞɘ əɧɛɓɞɘ i əŬɘ j Ŭɜɐəɞɡɜ ůŰɖɜ ɑŭɘŬ 

əɞɘɜɧŰɖŰŬ (ὅ ὅ), Ŭɚɚɘɩɠ π. [34] 

 ȼ ůɡɜɎɟŰɖůɖ modularity ˊŬɑɟɜŮɘ Űɘɛɏɠ ůŰɞ ŭɘɎůŰɖɛŬ ρȟρ. ɆŰɖɜ ŰŮŰɟɘɛɛɏɜɖ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɚɧəɚɖɟɞ Űɞ ŭɑəŰɡɞ ɗŮɤɟŮɑŰŬɘ ɤɠ ɛɑŬ əɞɘɜɧŰɖŰŬ Űɞ modularity ŮɑɜŬɘ 0 

Ŭűɞɨ ɞɘ ŭɨɞ ɧɟɞɘ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ ŮɑɜŬɘ ɑůɞɘ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ əɎɗŮ əɧɛɓɞɠ 

ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŬɜɐəŮɘ ůŰɖɜ ŭɘəɐ Űɞɡ ɝŮɢɤɟɘůŰɐ əɞɘɜɧŰɖŰŬ ˊŬɑɟɜŮɘ ŬɟɜɖŰɘəɐ Űɘɛɐ , 

Ŭűɞɨ ɧɚɞɘ ɞɘ ˊɟɩŰɞɘ ɧɟɞɘ ŮɑɜŬɘ ɛɖŭɏɜ. 

4.2 : ɀɏɗɞŭɞɠ ɛŮɔɘůŰɞˊɞɑɖůɖɠ modularity 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

modularity əŬɘ Űɖɜ ŮɨɟŮůɖ Űɤɜ əɞɘɜɞŰɐŰɤɜ ŮɑɜŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ Clauset. ȷˊɞŰŮɚŮɑ 

ɛɑŬ ɓŮɚŰɑɤůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Űɞɡ Newman. ȼ ŭɘŬűɞɟɎ ɏɔəŮɘŰŬɘ ůŰɞ ɧŰɘ ŬɜŰɑ ůŮ əɎɗŮ 

ɓɐɛŬ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ɞ ˊɑɜŬəŬɠ ɔŮɘŰɜɑŬůɖɠ əŬɘ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŭɘŬűɞɟɎ ῳὗ, ůŮ 

əɎɗŮ ɓɐɛŬ ŭɘŬŰɖɟŮɑŰŬɘ əŬɘ ŬɜŬɜŮɩɜŮŰŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ɛŮ ɧɚŮɠ Űɘɠ Űɘɛɏɠ ῳὗ. ȷűɞɨ ɖ 

ɏɜɤůɖ ŭɨɞ əɞɘɜɞŰɐŰɤɜ ˊɞɡ ŭŮɜ ůɡɜŭɏɞɜŰŬɘ ɛŮ əŬɛɑŬ ůɨɜŭŮůɖ ɛŮŰŬɝɨ Űɞɡɠ ŭŮɜ ɛˊɞɟŮɑ 
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ɜŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Ŭɨɝɖůɖ ůŰɖ Űɘɛɐ modularity Q, ɢɟŮɘɎɕŮŰŬɘ ɛɧɜɞ ɜŬ 

ŬˊɞɗɖəŮɨɞɜŰŬɘ ɞɘ Űɘɛɏɠ ῳὗ ɔɘŬ ŰŬ ɕŮɡɔɎɟɘŬ i, j ŰŬ ɞˊɞɑŬ ŮɜɩɜɞɜŰŬɘ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ 

ɛɑŬ Ŭəɛɐ. Ⱥűɧůɞɜ ɞ ˊɑɜŬəŬɠ Űɤɜ Űɘɛɩɜ ῳὗ ɏɢŮɘ Űɖɜ ɑŭɘŬ ŭɞɛɐ ɛŮ Űɞɜ ˊɑɜŬəŬ 

ɔŮɘŰɜɑŬůɖɠ Űɞɡ ŭɘəŰɨɞɡ, ŮɑɜŬɘ Űɞ ɑŭɘɞ ŬɟŬɘɧɠ, ɏŰůɘ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟŬůŰŬɗŮɑ ɛŮ 

əŬŰɎɚɚɖɚŮɠ ŭɞɛɏɠ ŭŮŭɞɛɏɜɤɜ. [35] 

ɆɡɜɞɚɘəɎ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŭɘŬŰɖɟɞɨɜŰŬɘ ŰɟŮɘɠ ŭɞɛɏɠ ŭŮŭɞɛɏɜɤɜ: 

1. Ƀ ŬɟŬɘɧɠ ˊɑɜŬəŬɠ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɘɠ Űɘɛɏɠ ῳὗ ɔɘŬ əɎɗŮ ɕŮɡɔɎɟɘ i, j əɞɘɜɞŰɐŰɤɜ 

ɛŮ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ Ŭəɛɐ ɛŮŰŬɝɨ Űɞɡɠ.  

2. ȰɜŬ ˊɚɐɟŮɠ ŭɡŬŭɘəɧ ŭɏɜŰɟɞ H ˊɞɡ ˊŮɟɘɏɢŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ əɎɗŮ 

ɔɟŬɛɛɐɠ Űɞɡ ˊɑɜŬəŬ ῳὗ ɛŬɕɑ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ i, j Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ɕŮɨɔɞɡɠ. 

3. ȰɜŬ ŭɘɎɜɡůɛŬ ɛŮ ůŰɞɘɢŮɑŬ ὥ Ȣ 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɝŮəɘɜɎŮɘ ɗŮɤɟɩɜŰŬɠ əɎɗŮ əɧɛɓɞ ɧŰɘ ŬɜɐəŮɘ ůŰɖɜ ŭɘəɐ Űɞɡ 

ɝŮɢɤɟɘůŰɐ əɞɘɜɧŰɖŰŬ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞ ˊɚɐɗɞɠ Űɤɜ ůɡɜŭɏůŮɤɜ ɛŮŰŬɝɨ ŭɨɞ 

əɞɘɜɞŰɐŰɤɜ Ὡ  ŮɑɜŬɘ ρ Ŭɜ ɞɘ əɧɛɓɞɘ i əŬɘ j ůɡɜŭɏɞɜŰŬɘ əŬɘ π Ŭɚɚɘɩɠ əŬɘ ὥ ὯȾςά.  

Ⱥˊɞɛɏɜɤɠ ŬɟɢɘəɎ ɞɟɑɕŮŰŬɘ ῳὗ ὯὯȾςά  Ŭɜ i, j ůɡɜŭɏɞɜŰŬɘ əŬɘ π Ŭɚɚɘɩɠ. 

Ⱥˊɑůɖɠ ὥ  ɔɘŬ əɎɗŮ i.  

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ŬəɧɚɞɡɗŬ ɓɐɛŬŰŬ: 

1. Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ Űɘɛɩɜ ῳὗ əŬɘ ὥ əŬɘ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ˊɚɐɟɞɡɠ 

ŭɡŬŭɘəɞɨ ŭɏɜŰɟɞɡ H ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ əɎɗŮ ɔɟŬɛɛɐɠ Űɞɡ ˊɑɜŬəŬ 

ῳὗ. 

2. Ⱥˊɘɚɞɔɐ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ Űɘɛɐɠ ῳὗ Ŭˊɧ Űɞ ˊɚɐɟŮɠ ŭɡŬŭɘəɧ ŭɏɜŰɟɞ H, ɞɘ 

əɞɘɜɧŰɖŰŮɠ i əŬɘ j ŮɜɩɜɞɜŰŬɘ ůŮ ɛɑŬ, ŮɜɖɛŮɟɩɜŮŰŬɘ ɞ ˊɑɜŬəŬɠ ῳὗ, Űɞ 

ˊɚɐɟŮɠ ŭɡŬŭɘəɧ ŭɏɜŰɟɞ H əŬɘ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ ὥ. 

3. ɇɞ ɓɐɛŬ 2 ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛɏɢɟɘɠ ɧŰɞɡ ɛŮɑɜŮɘ ɛɑŬ ɛɧɜɞ əɞɘɜɧŰɖŰŬ. 

 

4.3 : Assortativity 

Assortativity ɐ ŭŮɑəŰɖɠ ɞɛɞɘɧŰɖŰŬɠ ɞɜɞɛɎɕŮŰŬɘ ɖ ˊɟɞŰɑɛɖůɖ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ əɧɛɓɞɘ Űɞɡ ŭɘəŰɨɞɡ ɜŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ Ɏɚɚɞɡɠ əɧɛɓɞɡɠ ɞɘ ɞˊɞɑɞɘ 

Űɞɡɠ ɛɞɘɎɕɞɡɜ ɛŮ əɎˊɞɘɞ Űɟɧˊɞ. ɄŬɟɧɚɞ ˊɞɡ Űɞ ɛɏŰɟɞ ɞɛɞɘɧŰɖŰŬɠ Űɤɜ əɧɛɓɤɜ 

ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟŮɘ ůɡɜɐɗɤɠ ŮɝŮŰɎɕŮŰŬɘ ɖ ɞɛɞɘɧŰɖŰŬ Űɤɜ əɧɛɓɤɜ ɤɠ ˊɟɞɠ Űɖɜ 

ɓŬɗɛɘəɐ Űɞɡɠ əŮɜŰɟɘəɧŰɖŰŬ.  
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ȼ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ əɧɛɓɤɜ ɧɛɞɘɞɡ ɓŬɗɛɞɨ ˊŬɟŬŰɖɟŮɑŰŬɘ ůɡɢɜɎ ůŮ ˊɞɚɚɎ 

ˊɟŬɔɛŬŰɘəɎ ŭɑəŰɡŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰŬ əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ ɞɘ əɧɛɓɞɘ ŰŮɑɜɞɜ ɜŬ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ əɧɛɓɞɡɠ ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ˊŬɟɧɛɞɘɞɡɠ ɓŬɗɛɞɨɠ. ȷɜŰɑɗŮŰŬ ůŮ 

ŰŮɢɜɞɚɞɔɘəɎ əŬɘ ɓɘɞɚɞɔɘəɎ ŭɑəŰɡŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŬɜŰɑɗŮŰɖ ůɡɛˊŮɟɘűɞɟɎ ŭɖɚŬŭɐ 

əɧɛɓɞɘ ɡɣɖɚɞɨ ɓŬɗɛɞɨ ŰŮɑɜɞɡɜ ɜŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ əɧɛɓɞɡɠ ɢŬɛɖɚɞɨ ɓŬɗɛɞɨ. 

ɇɞ assortativity ůɡɜɐɗɤɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ ɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ ŭɨɞ əɧɛɓɤɜ, 

ɤůŰɧůɞ ɡˊɎɟɢɞɡɜ ŬɟəŮŰɞɑ Űɟɧˊɞɘ ɔɘŬ ɜŬ ˊŮɟɘɔɟŬűŮɑ ŬɡŰɐ ɖ ůɡůɢɏŰɘůɖ. ɇɞ Ůɝɏɢɞɜ 

ɛɏŰɟɞ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ assortativity. 

Ƀ ůɡɜŰŮɚŮůŰɐɠ assortativity ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ Pearson Űɞɡ 

ɓŬɗɛɞɨ ɛŮŰŬɝɨ ɕŮɡɔɩɜ ůɡɜŭŮŭŮɛɏɜɤɜ əɧɛɓɤɜ. ŪŮŰɘəɏɠ Űɘɛɏɠ ɡˊɞŭŮɘəɜɨɞɡɜ 

ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ əɧɛɓɤɜ ɧɛɞɘɞɡ ɓŬɗɛɞɨ, Ůɜɩ ŬɜŰɑɗŮŰŬ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ 

ɡˊɞŭŮɘəɜɨɞɡɜ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ əɧɛɓɤɜ ŭɘŬűɞɟŮŰɘəɞɨ ɓŬɗɛɞɨ. ȼ Űɘɛɐ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ assortativity ŬɜɐəŮɘ ůŰɞ ŭɘɎůŰɖɛŬ [-1,1]. ȳŰŬɜ ɞ ůɡɜŰŮɚŮůŰɐɠ 

assortativity ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ 1 Űɞ ŭɑəŰɡɞ ɏɢŮɘ ŰɏɚŮɘɞ ɛɞŰɑɓɞ ɞɛɞɘɧŰɖŰŬɠ. ȷɜŰɑɗŮŰŬ 

ɧŰŬɜ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ -1 Űɞ ŭɑəŰɡɞ ˊŬɟɞɡůɘɎɕŮɘ ɛɞŰɑɓɞ ŬˊɧɚɡŰɖɠ ɛɖ-ɞɛɞɘɧŰɖŰŬɠ Ůɜɩ 

ɧŰŬɜ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ 0 ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ əɎˊɞɘɞ ɛɞŰɑɓɞ ɤɠ ˊɟɞɠ Űɖɜ ɞɛɞɘɧŰɖŰŬ Űɤɜ 

əɧɛɓɤɜ.  

 Ƀ ůɡɜŰŮɚŮůŰɐɠ assortativity ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ 

ὶ
В ὮὯὩ ήή

„
 

Ƀ ɧɟɞɠ ή ŮɑɜŬɘ ɖ əŬŰŬɜɞɛɐ Űɞɡ ɡˊɞɚŮɘˊɧɛŮɜɞɡ ɓŬɗɛɞɨ. ɄŮɟɘɔɟɎűŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

Ŭəɛɩɜ ˊɞɡ űŮɨɔɞɡɜ Ŭˊɧ Űɞɜ əɧɛɓɞ ŮɝŬɘɟɞɡɛɏɜɖɠ Űɖɠ Ŭəɛɐɠ ˊɞɡ ůɡɜŭɏŮɘ Űɞ ɕŮɡɔɎɟɘ. 

Ƀ ɧɟɞɠ Ὡ  ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ əɞɘɜɐ əŬŰŬɜɞɛɐ ˊɘɗŬɜɧŰɖŰŬɠ Űɤɜ ɡˊɞɚŮɘˊɧɛŮɜɤɜ 

ɓŬɗɛɩɜ Űɤɜ ŭɨɞ əɧɛɓɤɜ. [36] 
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ȾŮűɎɚŬɘɞ 5 : ȹŮɑəŰŮɠ ɆɡɔəɟɘŰɘəɞɨ ɄɚŮɞɜŮəŰɐɛŬŰɞɠ 

5.1 : ȺɘůŬɔɤɔɐ 

           ɀɑŬ Ŭˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ˊɟɞŰɎůŮɘɠ Űɖɠ əɚŬůůɘəɐɠ ɗŮɤɟɑŬɠ Ůɛˊɞɟɑɞɡ 

ɡˊɞůŰɖɟɑɕŮɘ ɧŰɘ Űɞ ŭɘŮɗɜɏɠ Ůɛˊɧɟɘɞ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɓɎůŮɘ Űɞɡ ůɡɔəɟɘŰɘəɞɨ 

ˊɚŮɞɜŮəŰɐɛŬŰɞɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɛɑŬ ɢɩɟŬ ɛŮ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ůŮ ɏɜŬ 

ůɡɔəŮəɟɘɛɏɜɞ ŬɔŬɗɧ ɗŬ ŮɝɎɔŮɘ Űɞ ŬɔŬɗɧ ŬɡŰɧ Ůɜɩ ɛɑŬ ɢɩɟŬ ɛŮ ůɡɔəɟɘŰɘəɧ 

ɛŮɘɞɜɏəŰɖɛŬ ůŰɞ ɑŭɘɞ ŬɔŬɗɧ ɗŬ Űɞ ŮɘůɎɔŮɘ. Ⱥˊɞɛɏɜɤɠ, Űɞ ŮɟɩŰɖɛŬ Űɞ ɞˊɞɑɞ ŰɑɗŮŰŬɘ 

ŮɑɜŬɘ ˊɞɘŬ ŮɑɜŬɘ ɖ ˊɖɔɐ ŬɡŰɞɨ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ, əŬɘ ɏɢɞɡɜ ɡˊɎɟɝŮɘ 

ˊɞɚɡɎɟɘɗɛŮɠ ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ.[10] 

ɄŬɟɧɚɖ Űɖɜ Ůˊɘɟɟɞɐ əŬɘ Űɖɜ ɢɟɖůɘɛɧŰɖŰŬ ŬɡŰɩɜ Űɤɜ ɗŮɤɟɘɩɜ Ůɛˊɞɟɑɞɡ ŮɑɜŬɘ 

ŭɨůəɞɚɖ ɖ ŮűŬɟɛɞɔɐ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ˊɚŬɘůɑɞɡ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ůŮ 

ŮɛˊŮɘɟɘəɐ ŬɜɎɚɡůɖ. ȽŭɘŬɑŰŮɟŬ, ɛɎɚɘůŰŬ, ɧŰŬɜ ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ŬɜɎɚɡůɖɠ Űɖɠ 

Ŭˊɧŭɞůɖɠ Űɞɡ Ůɛˊɞɟɑɞɡ, əŬɗɩɠ ɖ ɘŭɏŬ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ɓŬůɑɕŮŰŬɘ 

ůɡɜɐɗɤɠ ůŮ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ, ɧˊɤɠ ŬɜŮɝɎɟŰɖŰŮɠ ůɢŮŰɘəɏɠ Űɘɛɏɠ əŬɘ əɧůŰɖ, ŰŬ 

ɞˊɞɑŬ ɧɛɤɠ ŭŮɜ ŮɑɜŬɘ ˊŬɟŬŰɖɟɐůɘɛŬ. ȰŰůɘ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ŭŮɑəŰŮɠ 

ŬˊɞəŬɚɡˊŰɧɛŮɜɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ (Revealed Comparative Advantages - 

RCA), ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛŮ Űɖ ɢɟɐůɖ ɛŮŰŬɓɚɖŰɩɜ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ 

ˊɟŬŰɖɟɐůɘɛŮɠ ɛŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ Ůɛˊɞɟɘəɩɜ ůɡɜŬɚɚŬɔɩɜ. Ɇəɞˊɧɠ ŬɡŰɩɜ Űɤɜ 

ŭŮɘəŰɩɜ ŮɑɜŬɘ ɖ ŰŬɡŰɞˊɞɑɖůɖ Űɞɡ ɛɖ ŮɛűŬɜɞɨɠ ɛɞŰɑɓɞɡ Űɞɡ ůɡɔəɟɘŰɘəɞɨ 

ˊɚŮɞɜŮəŰɐɛŬŰɞɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ŮɟɔŬɚŮɑŬ ŬɜɑɢɜŮɡůɖɠ Űɞɡ 

ɛɞŰɑɓɞɡ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ 

ɞˊɞɑŬ ɡˊɞɗŮŰɘəɎ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Ůɛˊɞɟɘəɏɠ ůɡɜŬɚɚŬɔɏɠ ɞɘ ɞˊɞɑŮɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖ 

ɗŮɤɟɑŬ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ,[10] 

ȼ ɛŮɔŬɚɨŰŮɟɖ əŬɘɜɞŰɞɛɑŬ ůŮ ɧŰɘ ŬűɞɟɎ Űɖ ɗŮɤɟɑŬ Űɞɡ ůɡɔəɟɘŰɘəɞɨ 

ˊɚŮɞɜŮəŰɐɛŬŰɞɠ  ɏɔɘɜŮ Ŭˊɧ Űɞɜ ɞɘəɞɜɞɛɞɚɧɔɞ Béla Alexander Balassa ɛŮ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ Űɞɡ Balassaôs Index (1965) , ɧˊɞɡ ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ ŮɑɜŬɘ ɞ ˊɘɞ 

ŭɘŬŭŮŭɞɛɏɜɞɠ ŭŮɑəŰɖɠ ůŰɖɜ ŬɜɎɚɡůɖ Űɖɠ Ůɛˊɞɟɘəɐɠ Ŭˊɧŭɞůɖɠ. Ƀ BI (Balassaôs Index) 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ 3 ɚɧɔɞɡɠ. ȷɟɢɘəɎ, ɔɘŬ ɜŬ ŮɝŮŰŬůŰŮɑ Ŭɜ ɛɑŬ ɢɩɟŬ ɏɢŮɘ 

ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ůŮ ɏɜŬɜ ůɡɔəŮəɟɘɛɏɜɞ ŰɞɛɏŬ, ůɡɔəɟɑɜɞɜŰŬɠ Űɖɜ 

ɡˊɞɚɞɔɘůɛɏɜɖ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ ɛŮ Űɞ ɞɡŭɏŰŮɟɞ ůɖɛŮɑɞ Űɞɡ ŭŮɑəŰɖ (dichotomous 

measure). 1. ȹŮɨŰŮɟɞɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɛɏŰɟɞ ůɨɔəɟɘůɖɠ ɛŮŰŬɝɨ Űɞɛɏɤɜ ɛɑŬɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɢɩɟŬɠ ɐ ɤɠ ɛɏŰɟɞ ůɨɔəɟɘůɖɠ Űɞɡ ɑŭɘɞɡ ŰɞɛɏŬ ɛŮŰŬɝɨ ɢɤɟɩɜ 

əŬŰŬŰɎůůɞɜŰŬɠ Űɘɠ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ (ordinal measure). ɇɏɚɞɠ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŮɝŮŰŬůɗŮɑ ůŮ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑɞŭɞ ˊɧůɞ ŮɑɜŬɘ Űɞ 
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ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ɐ ůɡɔəɟɘŰɘəɧ ɛŮɘɞɜɏəŰɖɛŬ Űɞ ɞˊɞɑɞ ŬˊɞəŰɐɗɖəŮ Ŭˊɧ ɛɑŬ 

ɢɩɟŬ ůɡɔəɟɑɜɞɜŰŬɠ ŬˊŮɡɗŮɑŬɠ Űɘɠ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ (cardinal measure). 

ɋůŰɧůɞ, ɏɢɞɡɜ ŮəűɟŬůŰŮɑ ŬɛűɘɓɞɚɑŮɠ ůŮ ɧ,Űɘ ŬűɞɟɎ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ 

ŭŮɑəŰɖ BI, əɡɟɑɤɠ ɔɘŬ Űɞɡɠ 2 ŰŮɚŮɡŰŬɑɞɡɠ ɚɧɔɞɡɠ ɢɟɐůɖɠ Űɞɡ (ˊ.ɢ. Bowen, 1983, Cai 

and Leung, 2008, De Benedictis and Tamberi, 2001, De Benedictis and Tamberi, 

2004, Hillman, 1980, Yu et al., 2009).[10] 

5.2 :ŪŮɤɟɖŰɘəɐ ɈˊɞůŰɐɟɘɝɖ 

5.2.1 : ɆɡɔəɟɘŰɘəɧ ɄɚŮɞɜɏəŰɖɛŬ  

ɇŬ əɚŬůɘəɎ əŬɘ ɜŮɞəɚŬůɘəɎ ɡˊɞŭŮɑɔɛŬŰŬ (Ricardo, 1817/1951, Ohlin, 1933) 

ɡˊɞůŰɖɟɑɕɞɡɜ ɧŰɘ ɛɑŬ ɢɩɟŬ ɛŮ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ , ŭɖɚŬŭɐ ɛɑŬ ɢɩɟŬ ɖ ɞˊɞɑŬ 

ɓɟɑůəŮŰŬɘ ůŮ ɛɑŬ ɞɘəɞɜɞɛɘəɐ əŬŰɎůŰŬůɖ ůŰɖɜ ɞˊɞɑŬ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊŬɟɎɔŮɘ 

ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŬɔŬɗɧ ɛŮ ůɡɔəɟɘŰɘəɎ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ, ŮɝɎɔŮɘ Űɞ ŬɔŬɗɧ ŬɡŰɧ, 

Ůɜɩ ŬɜŰɑůŰɞɘɢŬ ɛɑŬ ɢɩɟŬ ɛŮ ůɡɔəɟɘŰɘəɧ ɛŮɘɞɜɏəŰɖɛŬ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŬɡŰɞɨ Űɞɡ 

ŬɔŬɗɞɨ Űɞ ŮɘůɎɔŮɘ. ɆŰɞ ɡˊɧŭŮɘɔɛŬ Űɞɡ Ricardo ɖ ɓŬůɘəɐ ˊɖɔɐ Űɞɡ ŭɘŮɗɜɞɨɠ Ůɛˊɞɟɑɞɡ 

ŮɑɜŬɘ ɞɘ ŭɘŬűɞɟɏɠ ůŰɖɜ ˊŬɟŬɔɤɔɘəɧŰɖŰŬ ŮɟɔŬůɑŬɠ ɛŮŰŬɝɨ Űɤɜ ɢɤɟɩɜ Ůɜɩ ůŰɞ 

ɡˊɧŭŮɘɔɛŬ Űɤɜ Heckscher-Ohlin ɖ ɓŬůɘəɐ ˊɖɔɐ Űɞɡ Ůɛˊɞɟɑɞɡ ŮɑɜŬɘ ŭɘŬűɞɟɏɠ ůŰɖɜ 

ŬűɗɞɜɑŬ Űɤɜ ˊɧɟɤɜ ˊɞɡ əŬŰɏɢɞɡɜ.[10] 

ȼ ɁɏŬ Ƀɘəɞɜɞɛɘəɐ ŪŮɤɟɑŬ ȹɘŮɗɜɞɨɠ Ⱥɛˊɞɟɑɞɡ, ɖ ɞˊɞɑŬ ŮɝɖɔŮɑ Űɖɜ ɨˊŬɟɝɖ 

ŮɜŭɞəɚŬŭɘəɞɨ Ůɛˊɞɟɑɞɡ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɘɠ ɡˊɞɗɏůŮɘɠ Űɞɡ ŬŰŮɚɞɨɠ 

ŬɜŰŬɔɤɜɘůɛɞɨ  əŬɘ Űɤɜ Ŭɡɝɞɡůɩɜ ŬˊɞŭɧůŮɤɜ əɚɑɛŬəŬɠ, ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑ Ůɡɗɏɤɠ 

Űɞɜ ɧɟɞ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ: ɞ Krugman (1979) ŭɐɚɤůŮ ɧŰɘ ŬɜɏˊŰɡɝŮ ɏɜŬ             

ñŬˊɚɧ, ɔŮɜɘəɐɠ ɘůɞɟɟɞˊɑŬɠ əŬɘ ɛɖ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ  ɡˊɧŭŮɘɔɛŬ ŭɘŮɗɜɞɨɠ 

Ůɛˊɞɟɑɞɡò, (ůŮɚ. 469). Ƀ ɧɟɞɠ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Ůŭɩ ,ɤůŰɧůɞ, ŭŮɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ˊŬɟŬŭɞůɘŬəɐ ɏɜɜɞɘŬ, ŭɖɚŬŭɐ ˊɟɏˊŮɘ ɜŬ ɛŮŰŬűɟŬůŰŮɑ ɤɠ əɎŰɘ 

Űɞ ɞˊɞɑɞ ˊɡɟɞŭɞŰŮɑ Űɞ ŭɘŬəɚŬŭɘəɧ Ůɛˊɧɟɘɞ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ŬɨɝɞɡůŮɠ ŬˊɞŭɧůŮɘɠ 

əɚɑɛŬəŬɠ ɞɘ ɞˊɞɑŮɠ ˊɟɞəŬɚɞɨɜ Űɞ ŮɜŭɞəɚŬŭɘəɧ Ůɛˊɧɟɘɞ .[10] 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ ŬɡŰɐ Űɖɜ ˊŬɟŬŭɞůɘŬəɐ ɏɜɜɞɘŬ, Űɞ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɛŮ ɛɑŬ ˊɘɞ ŮɡɟŮɑŬ ɏɜɜɞɘŬ ɖ ɞˊɞɑŬ ŭŮɜ ůŰɖɟɑɕŮŰŬɘ ɛɧɜɞ ůŰɞ ɧŰɘ 

ŬˊɞŰŮɚŮɑ Űɖɜ ŮɜŬɟəŰɐɟɘŬ ŭɨɜŬɛɖ Űɞɡ ŮɜŭɞəɚŬŭɘəɞɨ Ůɛˊɞɟɑɞɡ. ȼ ůɨɔɢɟɞɜɖ ɏɜɜɞɘŬ 

Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ  ˊŬɟŬŰɖɟɖɗŮɑ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ 

ɛŮ ŬɜŬűɞɟɏɠ ůŮ ñŮůɤŰŮɟɘəɏɠ ŬˊɞŭɧůŮɘɠ əɚɑɛŬəŬɠ ɤɠ ˊɖɔɐ ůɡɔəɟɘŰɘəɞɨ 

ˊɚŮɞɜŮəŰɐɛŬŰɞɠò (Tybout, 1993) ɐ ɛŮ ŬɜŬűɞɟɏɠ ůŮ ñŭɘŬűɞɟɞˊɞɑɖůɖ ˊɟɞɥɧɜŰɞɠ ɤɠ 

ˊɖɔɐ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠò (Hummels and Levinsohn, 1993). ɇɞ Ŭəɧɚɞɡɗɞ 
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ŮˊɘɢŮɑɟɖɛŬ Űɞɡ Palley (2008, p.201) űŬɑɜŮŰŬɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ɓɞɖɗɐůŮɘ ɜŬ ɔɑɜŮɘ ˊɘɞ 

ůŬűɐɠ ŬɡŰɐ ɖ ˊɟɧŰŬůɖ: 

ȹɑɜŮŰŬɘ ɜɏŬ ɏɛűŬůɖ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ůŰɞɜ 

ůɨɔɢɟɞɜɞ əɧůɛɞ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əŬɘ ŭŮɜ ŮɑɜŬɘ ɏɛűɡŰɞ. ȾŬŰɎ Űɞɜ 18ɞ ŬɘɩɜŬ Űɞ Ůɛˊɧɟɘɞ 

əŬɗɞŭɖɔɞɨɜŰŬɜ Ŭˊɧ Űɖɜ ŬɜɎɔəɖ ŬɜŬɕɐŰɖůɖ; ŮɝɤŰɘəɩɜ ɛˊŬɢŬɟɘəɩɜ əŬɘ ˊɟɩŰɤɜ 

ɡɚɩɜ. ɆŮ ŮəŮɑɜɖ Űɖɜ Ůˊɞɢɐ, Űɞ əɚɑɛŬ əŬɘ ɞɘ ŭɘŬɗɏůɘɛɞɘ űɡůɘəɞɑ ˊɧɟɞɘ əŬɗɧɟɘɕŬɜ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ Űɞ ɛɞŰɑɓɞ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ, ɛŮ Űɖɜ ˊŬɟŬŭɞůɘŬəɐ 

ɏɜɜɞɘŬ, əŬɘ ŭŮɜ ɛˊɞɟɞɨůŬɜ ɜŬ ɔɑɜɞɡɜ ˊŬɟŮɛɓɎůŮɘɠ ɩůŰŮ ɜŬ ŬɚɚɎɝŮɘ ŬɡŰɧ Űɞ ɛɞŰɑɓɞ. 

ɆŰɖ ůɖɛŮɟɘɜɐ ɞɘəɞɜɞɛɑŬ, Űɞ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ɛŮ Űɖɜ ůɨɔɢɟɞɜɖ ɏɜɜɞɘŬ 

əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ, ɧˊɞɡ ɖ ŰŮɚŮɡŰŬɑŬ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮŬůŰŮɑ ůɖɛŬɜŰɘəɎ 

Ŭˊɧ Űɘɠ ŬɜɗɟɩˊɘɜŮɠ ŮɜɏɟɔŮɘŮɠ əŬɘ ˊɞɚɘŰɘəɏɠ.ô [10] 

ȷűɐɜɞɜŰŬɠ ůŰɖɜ Ɏəɟɖ Űɖ ůɡɕɐŰɖůɖ ˊŮɟɑ ˊŬɟŬŭɞůɘŬəɐɠ əŬɘ ůɨɔɢɟɞɜɖɠ 

ɏɜɜɞɘŬɠ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ɞ Davis (1997) ɘůɢɡɟɑɕŮŰŬɘ ɧŰɘ ɔɜɤɟɑɕɞɜŰŬɠ 

Űɖɜ ůɨɜŭŮůɖ ɛŮŰŬɝɨ ŭɘŬɗɏůɘɛɤɜ ˊɧɟɤɜ əŬɘ Ůɛˊɞɟɘəɞɨ ɧɔəɞɡ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ 

ŮɝɖɔɖɗŮɑ Űɞ Ůɛˊɧɟɘɞ ˊŬɟɧɛɞɘɤɜ ŬɔŬɗɩɜ ɛŮŰŬɝɨ ɢɤɟɩɜ ɛŮ ˊŬɟɧɛɞɘŮɠ ŰŮɢɜɞɚɞɔɑŮɠ əŬɘ 

ŭɘŬɗɏůɘɛɞɡɠ ˊɧɟɞɡɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɚɞɔɘəɐ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ. 

ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɖ ˊŬɟŬŭɞůɘŬəɐ ɏɜɜɞɘŬ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ 

ŬˊɞŰŮɚɏůŮɘ Űɖɜ əɨɟɘŬ ɗŮɤɟɖŰɘəɐ ŮˊŮɝɐɔɖůɖ Űɞɡ ɛɞŰɑɓɞɡ Űɞɡ ŭɘŮɗɜɞɨɠ Ůɛˊɞɟɑɞɡ, 

ˊŬɟɧɚɞ ˊɞɡ ɖ ɁɏŬ Ƀɘəɞɜɞɛɘəɐ ŪŮɤɟɑŬ ȹɘŮɗɜɞɨɠ Ⱥɛˊɞɟɑɞɡ ŬɜŬűɏɟŮɘ ɤɠ ɑŭɘŬɠ 

ůɖɛŬůɑŬɠ Űɘɠ ŬɨɝɞɡůŮɠ ŬˊɞŭɧůŮɘɠ əɚɑɛŬəŬɠ əŬɘ Űɞ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ɛŮ Űɖɜ 

ˊŬɟŬŭɞůɘŬəɐ ɏɜɜɞɘŬ (De Benedictis and Tamberi, 2001).[10] 

Ⱥɜ əŬŰŬəɚŮɑŭɘ, ɖ ɏɜɜɞɘŬ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ, ŬɜŮɝŬɟŰɐŰɤɠ Ŭɜ 

ŬűɞɟɎ ɛɧɜɞ ůɡɔəŮəɟɘɛɏɜɞɡɠ ŰɞɛŮɑɠ Űɞɡ ŭɘŮɗɜɞɨɠ Ůɛˊɞɟɑɞɡ ɐ ɧɢɘ , ɛˊɞɟŮɑ ɜŬ 

ɔŮűɡɟɩůŮɘ Űɘɠ ŭɘɎűɞɟŮɠ ɗŮɤɟɑŮɠ ŭɘŮɗɜɞɨɠ Ůɛˊɞɟɑɞɡ əŬɘ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɖ ˊɖɔɐ ɖ 

ɞˊɞɑŬ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞ Ůɛˊɧɟɘɞ ɜŬ ɚɎɓŮɘ ɢɩɟŬ. Ɉˊɧ ŬɡŰɐ Űɖɜ ɏɜɜɞɘŬ, ɞ Lafay 

(1992, p.210) ŬɜŬűɏɟŮɘ ɏɜŬ əŬŰɎɚɚɖɚɞ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ůɨɔɢɟɞɜɖɠ ɏɜɜɞɘŬɠ Űɞɡ 

ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ, ŮˊɘůɖɛŬɑɜɞɜŰŬɠ ñŰɘɠ ŭɘɎűɞɟŮɠ ɞɘəɞɜɞɛɘəɏɠ ůɡɜɗɐəŮɠ 

əɎŰɤ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɞɘ ŮˊɘɢŮɘɟɐůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞəŰɐůɞɡɜ ůɡɔəɟɘŰɘəɧ 

ˊɚŮɞɜɏəŰɖɛŬ  ůŮ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ ɛɏůɤ: 1.Űɖɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ əŬŰɎɚɚɖɚɤɜ 

űɡůɘəɩɜ ˊɧɟɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɞɡɠ 2.Űɞɡ ɢŬɛɖɚɧŰŮɟɞɡ 

ůɡɔəɟɘŰɘəɞɨ əɧůŰɞɡɠ, ŮˊɘɚɏɔɞɜŰŬɠ ŰɞɛŮɑɠ ɞɘ ɞˊɞɑɞɘ ŰŬɘɟɘɎɕɞɡɜ ɛŮ Űɞɡɠ 

ɛŬəɟɞɞɘəɞɜɞɛɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɞɡɠ 3.Űɞɡ ɢŬɛɖɚɧŰŮɟɞɡ ůɡɔəɟɘŰɘəɞɨ 

əɧůŰɞɡɠ, əŬɘɜɞŰɞɛɩɜŰŬɠ ůŮ ɛɘəɟɞɞɘəɞɜɞɛɘəɧ ŮˊɑˊŮŭɞ əŬɘ 4.Űɖɠ əŬŰɞɢɐɠ 

ɛɞɜɞˊɤɚɘŬəɩɜ ůŰɞɘɢŮɑɤɜ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘɜɞɨɟɔɘɤɜ ˊɟɞɥɧɜŰɤɜ ůŮ 

ɛɘəɟɞɞɘəɞɜɞɛɘəɧ ŮˊɑˊŮŭɞ.ò[10] 
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5.2.2: ɆɡɔəɟɘŰɘəɧ ɄɚŮɞɜɏəŰɖɛŬ əŬɘ ȷˊɞəŬɚɡˊŰɧɛŮɜɞ ɆɡɔəɟɘŰɘəɧ ɄɚŮɞɜɏəŰɖɛŬ 

ɄŬɟɎ Űɖɜ Ůˊɘɟɟɞɐ əŬɘ Űɖ ɢɟɖůɘɛɧŰɖŰŬ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ, ˊɟɞəɨˊŰɞɡɜ 

ŭɨɞ ůɖɛŬɜŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ˊɚŬɘůɑɞɡ ůŮ 

ŮɛˊŮɘɟɘəɏɠ ŬɜŬɚɨůŮɘɠ ɘŭɘŬɑŰŮɟŬ ɧŰŬɜ ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ɛɏŰɟɖůɖɠ Űɞɡ ůɡɔəɟɘŰɘəɞɨ 

ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ůŮ ŬɜŬɚɨůŮɘɠ Ůɛˊɞɟɘəɩɜ ŬˊɞŭɧůŮɤɜ. [10] 

Ƀ Ballance et al. (1987) ˊɟɧŰŮɘɜŮ ɏɜŬ Ŭˊɚɧ ɗŮɤɟɖŰɘəɧ ˊɚŬɑůɘɞ Űɞ ɞˊɞɑɞ 

ŭŮɑɢɜŮɘ Űɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ɗŮɤɟɖŰɘəɐɠ ɏɜɜɞɘŬɠ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ 

əŬɘ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ˊɟŬəŰɘəɎ 

ŬˊɞəŰɖɗŮɑ. ɇɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ (1) ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ ŭɞɨɛŮ ɛŮ ɛŮɔŬɚɨŰŮɟɖ 

ůŬűɐɜŮɘŬ Űɞ ɕɐŰɖɛŬ.[10] 

EC Ÿ CA Ÿ TPC ŸRCA    (1) 

ɆɨɛűɤɜŬ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ (1) ɞɘ ɞɘəɞɜɞɛɘəɏɠ ůɡɜɗɐəŮɠ (Economic 

Conditions - EC), ɞɘ ɞˊɞɑŮɠ ˊɞɘəɑɚɚɞɡɜ ɛŮŰŬɝɨ Űɤɜ ɢɤɟɩɜ, əŬɗɞɟɑɕɞɡɜ Űɞ ŭɘŮɗɜɏɠ 

ɛɞŰɑɓɞ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ (Comparative Advantage - CA), Űɞ ɞˊɞɑɞ 

ɓɟɑůəŮŰŬɘ ˊɑůɤ Ŭˊɧ Űɞ ɛɞŰɑɓɞ Űɞɡ ŭɘŮɗɜɞɨɠ Ůɛˊɞɟɑɞɡ, Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ 

əŬŰŬɜɎɚɤůɖɠ (Trade Production Consumption - TPC). ȰŰůɘ ɖ ůɢɏůɖ ɛŮŰŬɝɨ EC, CA 

əŬɘ TPC ˊŮɟɘɔɟɎűŮɘ ŬɡŰɧ ˊɞɡ ɞɘ ɗŮɤɟɑŮɠ ŭɘŮɗɜɞɨɠ Ůɛˊɞɟɑɞɡ ˊɟɞůˊŬɗɞɨɜ ɜŬ 

ˊɟɞůŭɘɞɟɑůɞɡɜ: ˊɞɘŮɠ ŮɑɜŬɘ ɞɘ ɞɘəɞɜɞɛɘəɏɠ ůɡɜɗɐəŮɠ ɞɘ ɞˊɞɑŮɠ əŬɗɞɟɑɕɞɡɜ Űɞ 

ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɞ ɞˊɞɑɞ ɛŮ Űɖ ůŮɘɟɎ Űɞɡ ɞŭɖɔŮɑ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Ůɛˊɞɟɑɞɡ 

əŬɘ ˊɤɠ Űɞ Ůɛˊɧɟɘɞ ɗŬ ŮˊɖɟŮɎůŮɘ Űɖɜ ɞɘəɞɜɞɛɑŬ.[10] 

ɇɞ ɘŭŬɜɘəɧŰŮɟɞ ůŮɜɎɟɘɞ ɗŬ ɐŰŬɜ ɜŬ ɓɟŮɗɞɨɜ əŬŰɎɚɚɖɚŮɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ 

əŬɗɞɟɑɕɞɡɜ Űɞ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ 

ɡˊɞɚɞɔɘůɛɞɨɠ ɞɘ ɞˊɞɑɞɘ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ɗŮɤɟɘɩɜ ŭɘŮɗɜɞɨɠ 

Ůɛˊɞɟɑɞɡ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ŭɘŬűɞɟɎ Űɤɜ ůɢŮŰɘəɩɜ Űɘɛɩɜ ŬɡŰɎɟəŮɘŬɠ əŬɘ 

ŮɚŮɡɗɏɟɞɡ Ůɛˊɞɟɑɞɡ. ɇɞ ˊɟɩŰɞ ˊɟɧɓɚɖɛŬ Űɞ ɞˊɞɑɞ ˊɟɞɏəɡɣŮ ɛŮ Űɖɜ ɗŮɤɟɑŬ Űɞɡ 

ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ŮɑɜŬɘ ɧŰɘ  Ŭˊɧ Űɖɜ űɨůɖ Űɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ ɛɖ 

ˊɟŬŰɖɟɐůɘɛŮɠ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ, ɧˊɤɠ Űɘɛɏɠ ŬɡŰɎɟəŮɘŬɠ əŬɘ əɧůŰɖ ˊŬɟŬɔɤɔɐɠ 

ůŮ əŬŰɎůŰŬůɖ ŬɡŰɎɟəŮɘŬɠ. ȰŰůɘ, ɞɘ ŮɛˊŮɘɟɘəɞɑ ŬɜŬɚɡŰɏɠ ŬɜŬɕɐŰɖůŬɜ Űɞɜ ŭŮɨŰŮɟɞ 

əŬɚɨŰŮɟɞ Űɟɧˊɞ ɜŬ ɛŮŰɟɐůɞɡɜ Űɞ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ 

ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ ɛŮŰɎ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ůɡɜŬɚɚŬɔɩɜ, ɧˊɤɠ ŮɘůŬɔɤɔɏɠ əŬɘ 

ŮɝŬɔɤɔɏɠ, ŰŬ ɞˊɞɑŬ ŬɜŬűɏɟɞɜŰŬɘ Ŭɚɚɘɩɠ əŬɘ ɤɠ ŭŮɑəŰŮɠ ȷˊɞəŬɚɡˊŰɧɛŮɜɞɡ 

ɆɡɔəɟɘŰɘəɞɨ ɄɚŮɞɜŮəŰɐɛŬŰɞɠ (Revealed Comparative Advantage ï RCA). Ƀɘ ŭŮɑəŰŮɠ 

RCA ɞɘ ɞˊɞɑɞɘ ˊɟɞŰŮɑɜɞɜŰŬɘ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɤɜ ɛɞŰɑɓɤɜ ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ˊɑůɤ 

Ŭ́ ɧ Űɞ  CA əŬɘ ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ Ŭˊɧ Űɞ TPC, əŬɘ ˊɘɗŬɜɩɠ əŬɘ ɎɚɚŮɠ ɛŮŰŬɓɚɖŰɏɠ 

ɞɘ ɞˊɞɑŮɠ ˊɟɞəɨˊŰɞɡɜ ɛŮŰɎ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ůɡɜŬɚɚŬɔɩɜ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
35 

 

, ɚɧɔɤ Űɤɜ ˊɟŬəŰɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ, ɞɘ ŭŮɑəŰŮɠ RCA 

əŬŰŬůəŮɡɎůŰɖəŬɜ ɤɠ ŮɟɔŬɚŮɑŬ ŬɜɑɢɜŮɡůɖɠ Űɞɡ ɛɞŰɑɓɞɡ Űɞɡ CA ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ŬˊɞŰŮɚɏůɛŬŰŬ (TPC) ŰŬ ɞˊɞɑŬ ɡˊɞɗŮŰɘəɎ əɡɟɘŬɟɢɞɨɜŰŬɘ Ŭˊɧ ɛɞŰɑɓŬ Űɞɡ CA. ȼ 

ůɡɜɏˊŮɘŬ ŬɡŰɐɠ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ Űɞɡ ȷˊɞəŬɚɡˊŰɧɛŮɜɞɡ ɆɡɔəɟɘŰɘəɞɨ 

ɄɚŮɞɜŮəŰɐɛŬŰɞɠ ŮɑɜŬɘ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝɞɡɜ Űɧůɞɘ ŭŮɑəŰŮɠ ɧůɞɘ əŬɘ ɞɘ ůɡɜŭɡŬůɛɞɑ 

əŬɘ ɞɘ ɛŮŰŬŰɟɞˊɏɠ Űɤɜ ůɢŮŰɘəɩɜ ɛŮ Űɞ Ůɛˊɧɟɘɞ Űɖɜ ˊŬɟŬɔɤɔɐ əŬɘ əŬŰŬɜɎɚɤůɖ 

ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ŮɝɎɔɞɡɜ Űɞ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ 

(Vollrath, 1991).[10]  

ɇɞ ŭŮɨŰŮɟɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ɧŰɘ Űɞ ɜŬ əŬɗɞɟɘůŰŮɑ Űɞ ůɡɔəɟɘŰɘəɧ 

ˊɚŮɞɜɏəŰɖɛŬ ůŮ ɏɜŬɜ əɧůɛɞ ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŭɨɞ ɢɩɟŮɠ, ŭɨɞ ŬɔŬɗɎ əŬɘ ŭɨɞ 

ůɡɜŰŮɚŮůŰɏɠ ˊŬɟŬɔɤɔɐɠ  ůɡɢɜɎ ŭŮɜ ŮɑɜŬɘ Űɧůɞ Ůɨəɞɚɞ ɧůɞ ŮɑɜŬɘ ůŮ ɛɑŬ  ɡˊɞɗŮŰɘəɐ 

ɞɘəɞɜɞɛɑŬ ŭɨɞ ɢɤɟɩɜ, ŭɨɞ ŬɔŬɗɩɜ əŬɘ ŭɨɞ ůɡɜŰŮɚŮůŰɩɜ ˊŬɟŬɔɤɔɐɠ. Ⱥˊɞɛɏɜɤɠ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ əɎˊɞɘɞ ɛɏŰɟɞ Űɞ ɞˊɞɑɞ ɜŬ ˊŬɟɏɢŮɘ ˊŮɟɘůůɧŰŮɟɖ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ ɛɑŬ 

ůɡɔəŮəɟɘɛɏɜɖ ɢɩɟŬ Ŭˊɧ ŬɡŰɐ Űɞɡ Ŭɜ ɏɢŮɘ ɐ ɧɢɘ ŬˊɞəŬɚɡˊŰɧɛŮɜɞ ůɡɔəɟɘŰɘəɧ 

ˊɚŮɞɜɏəŰɖɛŬ. ȷɜŬˊɧűŮɡəŰŬ ,ɏŰůɘ, ɞɘ ŮɟŮɡɜɖŰɏɠ ɞŭɖɔɞɨɜŰŬɘ ůŮ ŮɟɤŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ 

Ŭűɞɟɞɨɜ óŰɞɜ ɓŬɗɛɧ ůŰɞɜ ɞˊɞɑɞ ɛɑŬ ɢɩɟŬ ˊŬɟɞɡůɘɎɕŮɘ ˊɚŮɞɜɏəŰɖɛŬ ɏɜŬɜŰɘ ɛɑŬɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɢɩɟŬɠ ůŮ ŭɘɎűɞɟŬ ŬɔŬɗɎô ɐ óŰɞɜ ɓŬɗɛɧ  ůŰɞɜ ɞˊɞɑɞ ɛɑŬ ɢɩɟŬ 

ˊŬɟɞɡůɘɎɕŮɘ ˊɚŮɞɜɏəŰɖɛŬ ɏɜŬɜŰɘ ŭɘŬűɧɟɤɜ ɢɤɟɩɜ ůŮ ɧŰɘ ŬűɞɟɎ Űɞ Ůɛˊɧɟɘɞ Ůɜɧɠ 

ůɡɔəŮəɟɘɛɏɜɞɡ ŬɔŬɗɞɨô (Hillman, 1980).[10] 

ɇŬɡŰɧɢɟɞɜŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɘɜ əŬɘ ɛɑŬ Ůˊɘˊɚɏɞɜ ˊŬɟɎɛŮŰɟɞɠ ůŮ ɧ,Űɘ 

ŬűɞɟɎ Űɖ ůɢɏůɖ ɛŮŰŬɝɨ ɗŮɤɟɑŬɠ əŬɘ ŮűŬɟɛɞɔɐɠ. Ƀɘ De Benedictis and Tamberi 

(2004) ŮɑɜŬɘ ŬɡŰɞɑ ɞɘ ɞˊɞɑɞɘ űɏɟɜɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞ ɕɐŰɖɛŬ Űɖɠ ŬɜŮɝŬɟŰɖůɑŬɠ Űɤɜ 

ɛŮŰɟɐůŮɤɜ Ŭˊɧ Űɖɜ ɗŮɤɟɑŬ, ůŰɖɟɘɕɧɛŮɜɞɘ ůŮ ɓɘɓɚɘɞɔɟŬűɑŬ Űɖɠ ɞɚɘɔɞˊɤɚɘŬəɐɠ 

ɗŮɤɟɑŬɠ (Cordella, 1998), ɧˊɞɡ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ŬəɧɛŬ əŬɘ Ŭɜ ɞɘ Űɘɛɏɠ ŬɡŰɎɟəŮɘŬɠ 

ɐŰŬɜ ˊɟŬŰɖɟɐůɘɛŮɠ  ˊɘɗŬɜɧɜ ɜŬ ɛɖɜ ɛˊɞɟɞɨůŬɜ ɜŬ ˊɟɞɓɚɏɣɞɡɜ Űɞ ˊɟŬɔɛŬŰɘəɧ 

ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ.[10] 

Ⱥɜ əŬŰŬəɚŮɑŭɘ, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɞɘ ŭŮɑəŰŮɠ Űɞɡ ŬˊɞəŬɚɡˊŰɧɛŮɜɞɡ ůɡɔəɟɘŰɘəɞɨ 

ˊɚŮɞɜŮəŰɐɛŬŰɞɠ (RCA) ŭŮɜ ɏɢɞɡɜ ŬˊŬɟŬɘŰɐŰɤɠ ɛɑŬ ŬˊɞəɚŮɘůŰɘəɐ əŬɘ ůŬűɐ ůɨɜŭŮůɖ 

ɛŮ Űɖɜ ɘŭɏŬ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ (CA). ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ  Drabicki and 

Takayama (1979)  ɖ ŬɘŰɘɞəɟŬŰɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ 

(CA) əŬɘ Űɞɡ ɛɞŰɑɓɞɡ Űɞɡ Ůɛˊɞɟɑɞɡ, Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ əŬŰŬɜɎɚɤůɖɠ (TPC) ŭŮɜ 

ɘůɢɨŮɘ ůŮ ɏɜŬɜ əɧůɛɞ ˊɏɟŬɜ Űɤɜ ŭɨɞ ɢɤɟɩɜ, ŭɨɞ ŬɔŬɗɩɜ əŬɘ ŭɨɞ ůɡɜŰŮɚŮůŰɩɜ 

ˊŬɟŬɔɤɔɐɠ. ɋůŰɧůɞ, ˊŬɟɞɡůɘɎůŰɖəŮ Ŭˊɧ Űɞɜ Deardorff (1980) ɧŰɘ ɡˊɎɟɢŮɘ ŬɟɜɖŰɘəɐ 

ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ əŬɗŬɟɩɜ ŮɝŬɔɤɔɩɜ əŬɘ ůɢŮŰɘəɩɜ Űɘɛɩɜ ŬɡŰɎɟəŮɘŬɠ ɡˊɧ ůɢŮŰɘəɎ  

ɔŮɜɘəɏɠ ůɡɜɗɐəŮɠ, Űɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ , Ůɜɩ Űɞ ůɡɔəɟɘŰɘəɧ 
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ˊɚŮɞɜɏəŰɖɛŬ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ ɛŮ ŬəɟɑɓŮɘŬ ɛŮŰɟɐůɘɛɞ, ɞɘ ŭŮɑəŰŮɠ ɧɛɤɠ ɞɘ ɞˊɞɑɞɘ 

ůŰɖɟɑɕɞɜŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ ˊŬɟŬŰɖɟɐůɘɛŬ ɛŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ Ůɛˊɞɟɘəɩɜ 

ůɡɜŬɚɚŬɔɩɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞəŬɚɨɣɞɡɜ ˊɞɚɚɎ ˊŮɟɘůůɧŰŮɟŬ ɔɘŬ Űɞ ɛɞŰɑɓɞ Űɞɡ 

ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ Űɞ ɞˊɞɑɞ əɟɨɓŮŰŬɘ Ŭˊɧ ˊɑůɤ (Ballance et al., 1987). 

ɆɡɜɞˊŰɘəɎ, ˊŬɟɧɚɖ Űɖɜ ɏɚɚŮɘɣɖ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ˊɚŬɘůɑɞɡ ɔɘŬ Űɞɡɠ ŭŮɑəŰŮɠ 

ŬˊɞəŬɚɡˊŰɧɛŮɜɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ (RCA), ɡˊɎɟɢŮɘ ŮɚˊɑŭŬ ɧŰɘ ɛˊɞɟɞɨɜ 

əŬɘ ˊɎɚɘ ɜŬ ˊŬɟɏɢɞɡɜ əŬŰɎɚɚɖɚɖ ˊɚɖɟɞűɞɟɑŬ  ůŮ ɧ,Űɘ ŬűɞɟɎ Űɞ ůɡɔəɟɘŰɘəɧ 

ˊɚŮɞɜɏəŰɖɛŬ1.[10] 

5.2.3: ȹŮɑəŰŮɠ ȷˊɞəŬɚɡˊŰɧɛŮɜɞɡ ɆɡɔəɟɘŰɘəɞɨ ɄɚŮɞɜŮəŰɐɛŬŰɞɠ (RCA) əŬɘ ɖ 

ɢɟɐůɖ Űɞɡɠ 

ɄŬɟŬŭɞůɘŬəɎ ɞɘ ŭŮɑəŰŮɠ ŬˊɞəŬɚɡˊŰɧɛŮɜɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ 

(RCA) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ɛɏŰɟŬ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ŮɟɛɖɜŮɡŰɞɨɜ ɛŮ ŰɟŮɘɠ 

Űɟɧˊɞɡɠ. ȷɟɢɘəɎ, ˊŬɟɏɢɞɡɜ ɛɑŬ ɞɟɘɞɗɏŰɖůɖ ɔɘŬ Űɞ Ŭɜ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɢɩɟŬ ɏɢŮɘ 

ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŬɔŬɗɧ ɐ ɧɢɘ (dichotomous measure). 

ȹŮɨŰŮɟɞɜ, ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ əŬŰɎŰŬɝɖ Űɤɜ ŭɘŬűɧɟɤɜ Űɞɛɏɤɜ, ɛɑŬɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɢɩɟŬɠ, ɧŰŬɜ ɔɑɜŮŰŬɘ ɛɑŬ ŭɘŬŰɞɛŮŬəɐ ɛŮɚɏŰɖ ɐ ŬɜŰɑůŰɞɘɢŬ 

əŬŰŬŰɎůůɞɡɜ ŭɘɎűɞɟŮɠ ɢɩɟŮɠ ɤɠ ˊɟɞɠ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŬɔŬɗɧ (ordinal measure). 

ɇɏɚɞɠ, ɛˊɞɟɞɨɜ ɜŬ ˊɞůɞŰɘəɞˊɞɘɐůɞɡɜ Űɞɜ ɓŬɗɛɧ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ 

ɛɑŬɠ ɢɩɟŬɠ ɤɠ ˊɟɞɠ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŬɔŬɗɧ (cardinal measure) (Ballance et al., 

1987). ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, ɡˊɎɟɢɞɡɜ ŬəŬŭɖɛŬɥəɞɑ ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ŬɛűɘůɓɖŰɐůŮɘ 

Űɖɜ ɢɟɐůɖ ŭŮɘəŰɩɜ ŬˊɞəŬɚɡˊŰɧɛŮɜɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ (RCA) ůŮ 

ɞɘəɞɜɞɛŮŰɟɘəɏɠ ŬɜŬɚɨůŮɘɠ, ŮɘŭɘəɧŰŮɟŬ ůŮ ŬɜŬɚɨůŮɘɠ Űɤɜ ŭɞɛɘəɩɜ ŬɚɚŬɔɩɜ Űɖɠ 

ŮɝŮɘŭɑəŮɡůɖɠ Űɞɡ Ůɛˊɞɟɑɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɛɞɜŰɏɚɞ ˊŬɚɘɜŭɟɧɛɖůɖɠ Űɞɡ 

Galtonian. ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ůɡɕɐŰɖůɖ ɧɚɤɜ ŬɡŰɩɜ Űɤɜ ɗŮɛɎŰɤɜ ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɘɜ ŮˊɘɚŮɔɛɏɜɞɡɠ ŭŮɑəŰŮɠ ŬˊɞəŬɚɡˊŰɧɛŮɜɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ (RCA). 

[10] 

5.2.4: Ɉˊɞɚɞɔɘůɛɧɠ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ 

ȳˊɤɠ  ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɡˊɎɟɝɞɡɜ Űɧůɞɘ ŭŮɑəŰŮɠ 

ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ (RCA) ɧůɞɘ ɞɘ ůɡɜŭɡŬůɛɞɑ əŬɘ ɞɘ ɛŮŰŬůɢɖɛŬŰɘůɛɞɑ Űɤɜ 

ɛŮŰŬɓɚɖŰɩɜ ɞɘ ɞˊɞɑŮɠ ˊɟɞəɨˊŰɞɡɜ ɛŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ Ůɛˊɞɟɘəɩɜ 

ůɡɜŬɚɚŬɔɩɜ (ȸɚɏˊŮ Balance et al. (1987) Memedovic (1994) əŬɘ Vollrath (1991) ɔɘŬ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɏɠ ɛŮ Űɞɡɠ ŭɘɎűɞɟɞɡɠ ŭŮɑəŰŮɠ RCA). ɆŮ ŬɡŰɧ Űɞ 

ůɖɛŮɑɞ ŮɘůɎɔɞɡɛŮ ŮˊɘɚŮəŰɘəɎ Űɞɡɠ əɡɟɘɧŰŮɟɞɡɠ ŭŮɑəŰŮɠ ȷˊɞəŬɚɡˊŰɧɛŮɜɞɡ 
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ɆɡɔəɟɘŰɘəɞɨ ɄɚŮɞɜŮəŰɐɛŬŰɞɠ (RCA) ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ ŭŮɑəŰɖ 

ȷˊɞəŬɚɡˊŰɧɛŮɜɞɡ ɆɡɔəɟɘŰɘəɞɨ ɄɚŮɞɜŮəŰɐɛŬŰɞɠ Űɞɡ Balassa ( ŮűŮɝɐɠ BI ï Balassaôs 

Index) əŬɗɩɠ əŬɘ Űɘɠ ˊɟɞůˊɎɗŮɘŮɠ ˊɞɡ ŬəɞɚɞɨɗɖůŬɜ ɩůŰŮ ɜŬ ɝŮˊŮɟŬůŰɞɨɜ ŰŬ 

ŮɚŬŰŰɩɛŬŰŬ Űɞɡ BI.[10] 

ɄŬɟɧɚɞ ˊɞɡ ɞ BI ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ ɞ əŬɚɨŰŮɟɞɠ 

ŭŮɑəŰɖɠ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ůɛˊɞɟɘəɩɜ ůɡɜŬɚɚŬɔɩɜ. ɀɎɚɘůŰŬ, 

əŬŰɖɔɞɟŮɑŰŬɘ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ ŰŮɢɜɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ɧŰŬɜ ˊɟɞəɨˊŰŮɘ ɖ ŬɜɎɔəɖ 

ůɨɔəɟɘůɖɠ Űɘɛɩɜ Űɞɡ ŭŮɑəŰɖ, ɞɘ ɞˊɞɑŮɠ ŬɜŬűɏɟɞɜŰŬɘ ŮɑŰŮ ůŮ əŬŰɎŰŬɝɖ ŮɑŰŮ ůŮ 

ˊɞůɞŰɘəɞˊɞɑɖůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ŭɘŬűɞɟɩɜ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɛŮŰŬɓɚɖŰɩɜ (ordinal 

and cardinal measurements) (Yeats, 1985). Ȱɢɞɡɜ ɡˊɎɟɝŮɘ ˊɞɚɡɎɟɘɗɛŮɠ ˊɟɞůˊɎɗŮɘŮɠ 

ɟɨɗɛɘůɖɠ əŬɘ Űɟɞˊɞˊɞɑɖůɖɠ Űɞɡ ŭŮɑəŰɖ BI ŬɚɚɎ əŬɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ ŮɜŬɚɚŬəŰɘəɏɠ 

ɛŮɗɧŭɞɡɠ ɛɏŰɟɖůɖɠ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ (ˊ.ɢ. Bowen, 1983, Cai and 

Leung, 2008, Dalum et al., 1998, Hillman, 1980, Hoen and Oosterhaven, 2006, Lafay, 

1992, Proudman and Redding, 2000, Yu et al., 2009).[10] 

5.3: Balassaôs Revealed Comparative Advantage Index 

ȼ ɛŮɔŬɚɨŰŮɟɖ əŬɘɜɞŰɞɛɑŬ ůŮ ɧŰɘ ŬűɞɟɎ Űɞɜ Űɟɧˊɞ ɛɏŰɟɖůɖɠ Űɞɡ ůɡɔəɟɘŰɘəɞɨ 

ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ɏɔɘɜŮ Ŭˊɧ Űɞɜ Balassa (1965). ɈɘɞɗɏŰɖůŮ Űɖɜ ɘŭɏŬ Űɞɡ Liesner 

(1958),ŭɖɚŬŭɐ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɖɜ ůɢŮŰɘəɐ Ŭˊɧŭɞůɖ Űɤɜ ŮɝŬɔɤɔɩɜ, əŬɘ ˊɟɧŰŮɘɜŮ 

Űɖɜ ɢɟɐůɖ Űɞɡ ɚɧɔɞɡ Űɞɡ ɛŮɟɘŭɑɞɡ Űɤɜ ŮɝŬɔɤɔɩɜ ɤɠ ɏɜŬ ŭŮɑəŰɖ ɛɏŰɟɖůɖɠ Űɞɡ 

ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ. ɀɏɢɟɘ əŬɘ ůɐɛŮɟŬ, ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ˊɘɞ 

ŭɘŬŭŮŭɞɛɏɜɞɡɠ ŭŮɑəŰŮɠ ɛɏŰɟɖůɖɠ Űɖɠ Ůɛˊɞɟɘəɐɠ Ŭˊɧŭɞůɖɠ2. ɈˊɞŭɖɚɩɜɞɜŰŬɠ ɛŮ X Űɘɠ 

ŮɝŬɔɤɔɏɠ, i ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɢɩɟŬ, j ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŬɔŬɗɧ3 əŬɘ w əɧůɛɞɠ (ɐ 

ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ɞɛɎŭŬ ɢɤɟɩɜ ɞ ŭŮɑəŰɖɠ BI ŮɑɜŬɘ: 

ὄὍ
Ⱦ

Ⱦ

 

 
 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ:  ὢ Вὢ  ȟὢ Вὢ  ȟὢ ВВὢ  . 

ɀɑŬ ɢɩɟŬ i  ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɏɢŮɘ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ (ɛŮɘɞɜɏəŰɖɛŬ) ůŰɞ 

ŬɔŬɗɧ j , ɧŰŬɜ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ŮɝŬɔɤɔɩɜ Űɖɠ ɢɩɟŬɠ i ůŰɞ ŬɔŬɗɞɨ j ŬɜŬűɞɟɘəɎ ɛŮ Űɘɠ 

ůɡɜɞɚɘəɏɠ ŮɝŬɔɤɔɏɠ Űɖɠ ɢɩɟŬɠ i ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ (ɛɘəɟɧŰŮɟɞ) Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

ŮɝŬɔɤɔɩɜ Űɞɡ ɡˊɧɚɞɘˊɞɡ əɧůɛɞɡ w  ŬɜŬűɞɟɘəɎ ɛŮ Űɘɠ ůɡɜɞɚɘəɏɠ ŮɝŬɔɤɔɏɠ Űɞɡ ɑŭɘɞɡ 

                                                 
2 ɮˊ˔ʽˁʱ ˉˊˈˍʶʽ˄ʶ ʵˏˇ ʵʶʾˁˍʶˌΥ ˇ ʷ˄ʰˌ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʽˌ ˋ˔ʶˍʽˁʷˌ ʶ˅ʰʴ˖ʴʽˁʷˌ ʶˉʽʵˈˋʶʽˌ ˁʰʽ ˇ ʱ˂˂ˇˌ 
ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ˄ ˂ˈʴˇ ʶʽˋʰʴ˖ʴ˗˄-ʶ˅ʰʴ˖ʴ˗˄Φ ɮˊʴˈˍʶˊʰΣ ʶˉʽˁʶ˄ˍˊ˗ʻʹˁʶ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋˍˇ˄ 
ˉˊ˗ˍˇ ˁʰʻ˗ˌ ˇ ʵʶˏˍʶˊˇˌ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˒ˈˊˇˎˌ ˁʰʽ ʱ˂˂ʰ ˉˊˇˋˍʰˍʶˎˍʽˁʱ ˃ʷˍˊʰ (Balassa, 1977).  
3 O Balassa (1965) hˊ˔ʽˁʱ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˍˇ˄ ˈˊˇ ʰʴʰʻˈΦ ʍˋˍˈˋˇ ˋˍʽˌ ʶ˃ˉʶʽˊʽˁʷˌ ʰ˄ʰ˂ˏˋʶʽˌ ˍˇ j 
ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ʶˉʾˉʶʵˇ ˇ˃ʰʵˇˉˇʾʹˋʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˇʽ ˈˊˇʽ ά ̱̌ ˃ʶʾˌέ ̋  ά̡ ʽˇ˃ʹ˔ʰ˄ʾʶˌέ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˎ˔˄ˈˍʶˊʰ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˋˉʱ˄ʽˇ ˄ʰ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋʶ ʷ˄ʰ ˃ˇ˄ʰʵʽˁˈ ʰʴʰʻˈΦ 
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ŬɔŬɗɞɨ ůŰɞɜ əɧůɛɞ w ŭɖɚŬŭɐ ɧŰŬɜ ɞ ὄὍ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Űɖɠ ɛɞɜɎŭŬɠ. 

ɄŬɟɞɛɞɑɤɠ, ɛɑŬ ɢɩɟŬ i ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɏɢŮɘ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ (ɛŮɘɞɜɏəŰɖɛŬ) ůŮ 

ɏɜŬ ŬɔŬɗɧ j, ɧŰŬɜ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ŮɝŬɔɤɔɩɜ Űɞɡ ŬɔŬɗɞɨ j Űɖɠ ɢɩɟŬɠ i ŬɜŬűɞɟɘəɎ ɛŮ 

Űɞ ɛɏɔŮɗɞɠ Űɤɜ ŮɝŬɔɤɔɩɜ Űɞɡ ŬɔŬɗɞɨ j Űɞɡ əɧůɛɞɡ w ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ (ɛɘəɟɧŰŮɟɞ) 

Ŭˊɧ Űɘɠ ůɡɜɞɚɘəɏɠ ŮɝŬɔɤɔɏɠ Űɖɠ ɢɩɟŬɠ i ůŮ ɧɟɞɡɠ ůɡɜɞɚɘəɩɜ ŮɝŬɔɤɔɩɜ Űɞɡ əɧůɛɞɡ 

w. ȰŰůɘ, Űɞ ɞɡŭɏŰŮɟɞ ůɖɛŮɑɞ Űɞɡ ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ˊɟɞəɨˊŰŮɘ ɧŰŬɜ ɞ ὄὍ 

ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɖɜ ɛɞɜɎŭŬ, ŭɖɚŬŭɐ ɧŰŬɜ ɖ ɓŬɟɨŰɖŰŬ Űɞɡ ŬɔŬɗɞɨ j ůŰɖɜ ŬɔɞɟɎ Űɖɠ 

ɢɩɟŬɠ i ŮɑɜŬɘ ɖ ɑŭɘŬ ɛŮ ŬɡŰɐɜ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŬɔŬɗɞɨ ůŰɖɜ ůɡɜɞɚɘəɐ ŮɝŬɔɤɔɘəɐ 

ŬɔɞɟɎ Űɞɡ əɧůɛɞɡ. ȼ ɛɏɗɞŭɞɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ BI ɞɡůɘŬůŰɘəɎ ůɡɔəɟɑɜŮɘ Űɖɜ Ŭˊɧŭɞůɖ 

Űɤɜ ŮɝŬɔɤɔɩɜ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ŰɞɛɏŬ  ɛɑŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɢɩɟŬɠ ɛŮ ñŰɘɠ 

ůɡɜɞɚɘəɏɠ ˊŬɔəɧůɛɘŮɠ ŮɝŬɔɤɔɏɠ Űɞɡ ŭŮŭɞɛɏɜɞɡ ŰɞɛɏŬ, ɞɘ ɞˊɞɑŮɠ ŭɘŬɜɏɛɞɜŰŬɘ 

ŬɜɎɛŮůŬ ůŮ ŭɘɎűɞɟŮɠ ɢɩɟŮɠ, ŬɜŬɚɞɔɘəɎ ɛŮ Űɞ ɛŮɟɑŭɘɞ Űɖɠ əɎɗŮ ɢɩɟŬɠ ůŰɘɠ 

ˊŬɔəɧůɛɘŮɠ ŮɝŬɔɤɔɏɠò (Bowen, 1983, p.465).[10] 

ȳˊɤɠ ŬűɐɜŮŰŬɘ ɜŬ ŮɜɜɞɖɗŮɑ Ŭˊɧ Űɞ ɧɜɞɛɎ Űɞɡ4 əŬɘ ɧˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ ɞ 

ŭŮɑəŰɖɠ BI ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ɛɖ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɩůŮɘ ˊɚɐɟɤɠ Űɖɜ ɏɜɜɞɘŬ Űɞɡ 

ůɡɔəɟɘŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ. ȺɝŬɘŰɑŬɠ Űɖɠ ɏɚɚŮɘɣɖɠ ŬɜŮɝɎɟŰɖŰɤɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ 

ŭŮŭɞɛɏɜɖɠ Űɖɠ ɨˊŬɟɝɖɠ ŮɝŬɘɟŮŰɘəɎ ˊɞɚɚɩɜ ˊŬɟŬɔɧɜŰɤɜ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŭŮɜ 

ŬˊɞŭɑŭɞɜŰŬɘ Űɘɛɏɠ ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ŮˊɖɟŮɎɕɞɡɜ Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɡɔəɟɘŰɘəɞɨ 

ˊɚŮɞɜŮəŰɐɛŬŰɞɠ, ɞ Balassa (1965) ŬˊɞűɎůɘůŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɤɜ Ůɛˊɞɟɘəɩɜ ůɡɜŬɚɚŬɔɩɜ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ˊŬɟŬŰɖɟɐůɘɛŬ.[10] 

ɄŬɟɧɚŬ ŬɡŰɎ, ɞ ŭŮɑəŰɖɠ BI ŮɑɜŬɘ ŬɡŰɧɠ ɞ ɞˊɞɑɞɠ ŮˊŮɓɑɤůŮ ŬɜɎɛŮůŬ ůŮ 

ŭɘɎűɞɟɞɡɠ ŭŮɑəŰŮɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ůɛˊɞɟɘəɩɜ ůɡɜŬɚɚŬɔɩɜ ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ, 

ˊɘɗŬɜɧɜ ɚɧɔɤ Űɖɠ ŬˊɚɧŰɖŰŬɠ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ əŬɘ Űɖɠ ŮɡəɞɚɑŬɠ ůŰɖɜ ɢɟɐůɖ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ůŮ ŮɛˊŮɘɟɘəɐ ŬɜɎɚɡůɖ, ɤůŰɧůɞ ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢɞɡɜ ˊɞɚɚɞɑ ŬəɧɛŬ ɚɧɔɞɘ 

ɔɘŬ Űɞɡɠ ɞˊɞɑɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ (ȸɚɏˊŮ Sanidas, 2007, 2009). Ƀ Balassa ŬɟɢɘəɎ 

ɢɟɖůɘɛɞˊɞɑɖůŮ Űɞɜ  ŭŮɑəŰɖ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ ɛŮŰŬˊɞɘɖŰɘəɩɜ ɓɘɞɛɖɢŬɜɘɩɜ5, ɓɏɓŬɘŬ 

ɛɏɢɟɘ ůɐɛŮɟŬ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ůŮ ɎɚɚŮɠ ɓɘɞɛɖɢŬɜɑŮɠ əŬɘ ŰɞɛŮɑɠ Űɖɠ 

ɞɘəɞɜɞɛɑŬɠ, ɧˊɤɠ ůŰɞɜ Űɞɡɟɘůɛɧ (Peterson, 1988), ůŰɘɠ ɡˊɖɟŮůɑŮɠ (Hisanaga, 2008, 

Seyoum, 2007),  ůŰɖɜ ɔŮɤɟɔɑŬ (Bojnec, 2001). Ⱥˊɑůɖɠ, ɛɏŰɟɖůŮ Űɘɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ 

BI ůŰɘɠ ŭɘɎűɞɟŮɠ ɓɘɞɛɖɢŬɜɑŮɠ, ŭɖɛɘɞɨɟɔɖůŮ ɛɑŬ əŬŰɎŰŬɝɖ əŬɘ əŬŰɎűŮɟŮ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ ůɡɔəɟɑůŮɘɠ ŬɜɎɛŮůŬ ůŮ ŭɘɎűɞɟŬ ŬɔŬɗɎ , ŭɘɎűɞɟŮɠ ɢɩɟŮɠ əŬɘ 

ŭɘɎűɞɟŬ ɏŰɖ. (Balassa, 1965, 1977).[10] 

                                                 
4 ʁ Balassa ̌ ˄ˈ˃ʰˋʶ ˍˇ˄ ʵʶʾˁˍʹ άh ˉˇˁʰ˂ˎˉˍˈ˃ʶ˄ˇˎ ˋˎʴˁˊʽˍʽˁˇˏ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍˇˌέΣ ʶ˄˗ ʻʰ ˃ˉˇˊˇˏˋʶ 
˄ʰ ˍˇ˄ ˇ˄ˇ˃ʱˋʶʽ ʵʶʾˁˍʹ ά̀ ˎʴˁˊʽˍʽˁˇˏ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍˇˌέ. 
5 ʁ Balassa (1965) ̄ ʶˊʽˈˊʽˋʶ ˍʹ˄ ʷˊʶˎ˄ʰ ˍˇˎ ˋʶ ˃ʶˍʰˉˇʽʹ˃ʷ˄ʰ ʰʴʰʻʱ ˁʰʻ˗ˌ ʷ˄ʰˌ ˃ʶʴʱ˂ˇˌ ʰˊʽʻ˃ˈˌ 
ˉˊ˖ˍˇʴʶ˄˗˄ ʰʴʰʻ˗˄ ˎˉˈˁʶʽ˄ˍʰʽ ˋʶ ˉˇˋˇˋˍ˗ˋʶʽˌΣ ʶˉʽʵˇˍʺˋʶʽˌ ˁʰʽ ˇˏˍ˖ ˁʰʻʶ˅ʺˌΦ 
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Ƀɘ Hinloopen əŬɘ Van Marrewijk (2001) Űɞɜɑɕɞɡɜ ɧŰɘ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ 

ŬˊɞəɞɛɑůŮɘ əɎˊɞɘɞɠ ɗŮɤɟɖŰɘəɎ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ ŭŮɑəŰɖ BI əŬɘ ɏŰůɘ ŭɘŮɝɐɢɗɖůŬɜ 

ŬɜŰɑůŰɞɘɢŮɠ ŮɛˊŮɘɟɘəɏɠ ɏɟŮɡɜŮɠ, ˊ.ɢ. De Benedictic əŬɘ Tamberi (2001, 2004), Dalum 

et al. (1998) and Laursen (1998). ȷɜŬűɞɟɘəɎ ɞ ŭŮɑəŰɖɠ BI ɓɟɑůəŮŰŬɘ ɡˊɧ 

ŬɛűɘůɓɐŰɖůɖ ɔɘŬ Űɖɜ ɛɖ ůɡɔəɟɘůɘɛɧŰɖŰɎ Űɞɡ ŭɘŬɢɟɞɜɘəɎ, əɎŰɘ Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ 

Ŭˊɧ Űɖɜ ŬůɡɛɛŮŰɟɑŬ Űɞɡ ŭŮɑəŰɖ ( ɞɘ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ BI əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡ 

ɛɖŭŮɜɧɠ əŬɘ Űɞɡ ŬˊŮɑɟɞɡ, ɛŮ Űɖ ɛɞɜɎŭŬ ɜŬ ŬˊɞŰŮɚŮɑ Űɞ ɞɡŭɏŰŮɟɧ Űɞɡ ůɖɛŮɑɞ), Űɞɜ ɛɖ 

ůŰŬɗŮɟɧ ɛɏůɞ Űɞɡ ŭŮɑəŰɖ əŬɘ ŰŬ ŮˊɑˊŮŭŬ ɞɛŬŭɞˊɞɑɖůɖɠ (ɞ ŭŮɑəŰɖɠ BI ˊɞɘəɑɚŮɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɞ ŮˊɑˊŮŭɞ ɞɛŬŭɞˊɞɑɖůɖɠ Űɖɠ ɢɩɟŬɠ ɐ Űɖɠ ɞɛɎŭŬɠ ůŰɖɜ ɞˊɞɑŬ ɔɑɜŮŰŬɘ 

ŬɜŬűɞɟɎ). Ⱥˊɞɛɏɜɤɠ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ŭŮɑəŰɖ BI ŮɑɜŬɘ 

ŬˊɞəɚŮɘůŰɘəɎ ,əŬɘ ɛɧɜɞ, Ŭɜ ɡˊɎɟɢŮɘ ɐ ɧɢɘ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ (Yeats, 1985) 

ŮəŰɧɠ əŬɘ Ŭɜ ɞɘ əŬŰŬɜɞɛɏɠ ůŰɞɜ ɢɩɟɞ əŬɘ Űɞɜ ɢɟɧɜɞ ůɡɛˊŰɤɛŬŰɘəɎ ŰŮɑɜɞɡɜ ɜŬ ŮɑɜŬɘ 

ŰŬɡŰɧůɖɛŮɠ.[10] 

5.4 : Ƀ ŭŮɑəŰɖɠ əŬɗŬɟɩɜ ŮɝŬɔɤɔɩɜ (Net Export Index- NEI)  

Ƀ ŭŮɑəŰɖɠ əŬɗŬɟɩɜ ŮɝŬɔɤɔɩɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ ůəɞˊɧ Űɖ ŭɘŬˊɑůŰɤůɖ Űɖɠ  

ɨˊŬɟɝɖɠ ɐ ɛɖ ŮɝŮɘŭɑəŮɡůɖɠ ɛɑŬɠ ɢɩɟŬɠ  ůŮ ɏɜŬ ˊɟɞɥɧɜ ɏɜŬɜŰɘ əɎˊɞɘŬɠ Ɏɚɚɖɠ ɢɩɟŬɠ ɐ 

ɞɛɎŭɤɜ ɢɤɟɩɜ, ˊŬɟɎɚɚɖɚŬ ˊŬɟɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɏɠ ɛŮ Űɞ Ůɛˊɞɟɘəɧ ɘůɞɕɨɔɘɞ 

ŬɡŰɐɠ Űɖɠ ɢɩɟŬɠ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ŭŮɑəŰɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ˊŬɟŬəɎŰɤ Űɨˊɞɠ: 

ὔὢ 
ὢ ὓ

ὢ ὓ
 

ȳˊɞɡ j ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɢɩɟŬ, i ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŬɔŬɗɧ,  X ɖ ŬɝɑŬ Űɤɜ ŮɝŬɔɤɔɩɜ 

əŬɘ  ὓ  ɖ ŬɝɑŬ Űɤɜ ŮɘůŬɔɤɔɩɜ. 

Ƀɘ Űɘɛɏɠ ůŰɘɠ ɞˊɞɑŮɠ əɡɛŬɑɜŮŰŬɘ ɞ ŭŮɑəŰɖɠ ŮɑɜŬɘ ɛŮŰŬɝɨ Űɞɡ -1 əŬɘ 1. ȷɡŰɧ 

ůɖɛŬɑɜŮɘ ɧŰɘ ɧŰŬɜ ɞ ŭŮɑəŰɖɠ ɚɎɓŮɘ Űɖɜ Űɘɛɐ 1 ŰɧŰŮ ɡˊɎɟɢŮɘ ŮɝŮɘŭɑəŮɡůɖ Űɖɠ  j ɢɩɟŬɠ 

ůŰɞ i ŬɔŬɗɧ, Ůɜɩ ɧŰŬɜ ɚɖűɗŮɑ ɖ Űɘɛɐ -1 ŰɧŰŮ ŭŮɜ ɡˊɎɟɢŮɘ ŮɝŮɘŭɑəŮɡůɖ Űɖɠ ɢɩɟŬɠ ůŰɞ 

ůɡɔəŮəɟɘɛɏɜɞ ŬɔŬɗɧ. Ⱥˊɘˊɚɏɞɜ, ɛɑŬ ŬɟɜɖŰɘəɐ Űɘɛɐ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭŮɑəŰɖ 

ɡˊɞŭɖɚɩɜŮɘ ŬɟɜɖŰɘəɧ Ůɛˊɞɟɘəɧ ɘůɞɕɨɔɘɞ, ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, ŭɖɚŬŭɐ ɖ ɨˊŬɟɝɖ 

ɛɑŬɠ ɗŮŰɘəɐɠ Űɘɛɐɠ ɡˊɞŭɖɚɩɜŮɘ ɗŮŰɘəɧ Ůɛˊɞɟɘəɧ ɘůɞɕɨɔɘɞ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɞɜ ŭŮɑəŰɖ əŬɗŬɟɩɜ ŮɝŬɔɤɔɩɜ (NEI) ŭŮɜ 

ůɡɜɡˊɞɚɞɔɑɕɞɜŰŬɘ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ Ŭűɞɟɞɨɜ Űɘɠ ŮɘůŬɔɤɔɏɠ əŬɘ  ŮɝŬɔɤɔɏɠ Ɏɚɚɤɜ 

Űɞɛɏɤɜ Űɖɠ ɞɘəɞɜɞɛɑŬɠ ŬɚɚɎ ɞɨŰŮ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ ůŰɞɘɢŮɑŬ ŰŬ ɞˊɞɑŬ Ŭűɞɟɞɨɜ 

Űɞɡɠ ŬɜŰŬɔɤɜɘůŰɏɠ Űɖɠ ɢɩɟŬɠ. Ⱥˊɞɛɏɜɤɠ, ŭŮɜ əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɧ ɜŬ ˊɟɞəɨɣŮɘ ůŬűɐɠ 

ŮɘəɧɜŬ ůɢŮŰɘəɎ ɛŮ Űɞ Ŭɜ ɖ ɡˊɧ ŮɝɏŰŬůɖ ɢɩɟŬ ɏɢŮɘ ɐ ɧɢɘ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ.[33] 
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ȾŮűɎɚŬɘɞ 6: ȷɜɎɚɡůɖ Ⱦɡɟɑɤɜ ɆɡɜɘůŰɤůɩɜ (PCA) 

6.1 : ɄŮɟɘɔɟŬűɐ ɀŮɗɧŭɞɡ 

ȼ ɛŮɚɏŰɖ Űɤɜ ůɢɏůŮɤɜ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɛŮŰŬɝɨ əɎˊɞɘɤɜ ɛŮŰŬɓɚɖŰɩɜ 

ŭɘŬűɞɟŮŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ əɎˊɞɘɤɜ ɚɘɔɧŰŮɟɤɜ ůŮ ˊɚɐɗɞɠ, ɞɘ ɞˊɞɑŮɠ 

ɧɛɤɠ ŭɘŬŰɖɟɞɨɜ ɏɜŬ ɛŮɔɎɚɞ ɧɔəɞ ˊɚɖɟɞűɞɟɑŬɠ Űɤɜ Ŭɟɢɘəɩɜ, ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɞ əɨɟɘɞ 

ɗɏɛŬ Űɖɠ ŬɜɎɚɡůɖɠ  Űɤɜ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ. ȼ ŬɜɎɚɡůɖ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ ůŰɧɢɞ 

ɏɢŮɘ ůŰɖ ɛŮɑɤůɖ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ůŰɖɜ ɧůɞ əŬɚɨŰŮɟɖ ŬɜŰɘˊɟɞůɩˊŮɡůɖ 

ŬɡŰɩɜ ɛŮ ɚɑɔŮɠ ŬɚɚɎ ɏɜŰɞɜŬ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ Űɖɠ ˊɟɩŰɖɠ ɞɛɎŭŬɠ ɛŮŰŬɓɚɖŰɩɜ.[11] 

Ⱥˊɘŭɑɤɝɖ Űɖɠ ŮɚɎŰŰɤůɖɠ Űɤɜ ŭɘŬůŰɎůŮɤɜ (çDimension reductionè) Űɤɜ ɛŮŰŬɓɚɖŰɩɜ 

ŮɑɜŬɘ ɖ ůɡůˊŮɑɟɤůɖ Űɞɡɠ ůŮ ɏɜŬ ɛɘəɟɧŰŮɟɞ ůɨɜɞɚɞ  Ŭˊɧ ɏɜŬ ŬɟɢɘəɎ ŮɝŮŰŬɕɧɛŮɜɞ. ȼ 

ŮɚɎŰŰɤůɖ ŬɡŰɐ ůɡɛɓŬɑɜŮɘ ɛŮ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ ɛŮɚŮŰɩɛŮɜɤɜ ɛŮŰŬɓɚɖŰɩɜ ɛŮ 

ɏɜŬ ŮɚŬŰŰɤɛɏɜɞ Ŭɟɘɗɛɧ ɜɏɤɜ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ŬůɡůɢɏŰɘůŰŮɠ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ 

ŰŬɡŰɧɢɟɞɜŬ ˊɟɞůűɏɟɞɡɜ ɘůɢɡɟɧ ɧɔəɞ ˊɚɖɟɞűɞɟɑŬɠ ůɢŮŰɘəɧ ɛŮ Űɘɠ Ŭɟɢɘəɏɠ 

ɛŮŰŬɓɚɖŰɏɠ.[11] 

ȼ ŬɜɎɚɡůɖ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ ŮɑɜŬɘ ɛɑŬ ůŰŬŰɘůŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɖ ɞˊɞɑŬ 

ɛŮŰŬɓɎɚɚŮɘ ɛɑŬ ɞɛɎŭŬ Űɘɛɩɜ (ˊŬɟŬŰɖɟɐůŮɤɜ) ˊɘɗŬɜɩɠ ůɡůɢŮŰɘɕɧɛŮɜɤɜ ɛŮŰŬɓɚɖŰɩɜ 

ůŮ ɛɑŬ ɞɛɎŭŬ ɜɏɤɜ Űɘɛɩɜ ɛɖ ɔɟŬɛɛɘəɎ ůɡůɢŮŰɘɕɧɛŮɜɤɜ ɛŮŰŬɓɚɖŰɩɜ, ɧˊɤɠ 

ŬɜŬűɏɟŮŰŬɘ əŬɘ ˊŬɟŬˊɎɜɤ,  ɞɘ ɞˊɞɑŮɠ əŬɚɞɨɜŰŬɘ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ. ɇɞ ˊɚɐɗɞɠ Űɤɜ 

ɜɏɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ɑůɞ ɐ əŬɘ ůɡɢɜɧŰŮɟŬ ŬɟəŮŰɎ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ 

ˊɚɐɗɞɠ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɔɑɜŮŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ, ɖ 

ˊɟɩŰɖ ůɡɜɘůŰɩůŬ ɜŬ ŮɝɖɔŮɑ Űɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ŭɘŬəɨɛŬɜůɖ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ 

ɛŮŰŬɝɨ Űɤɜ ˊɟɩŰɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ, ɖ ŭŮɨŰŮɟɖ, ɛɖ ůɡůɢŮŰɘɕɧɛŮɜɖ ɛŮ Űɖɜ 

ˊɟɩŰɖ, ɜŬ ŮɝɖɔŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ ŬɡŰɐɠ ŬɚɚɎ ˊɎɜŰŬ ɛɘəɟɧŰŮɟɞ Űɖɠ ˊɟɩŰɖɠ 

əɞə.[11] 

6.2 : ȷɜɎɚɡůɖ Űɖɠ ɛŮɗɧŭɞɡ 

ȼ ŬɜɎɚɡůɖ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ ŮɑɜŬɘ ɖ ŬˊɚɞɨůŰŮɟɖ əŬɘ ɑůɤɠ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ 

ˊɞɚɡɛŮŰŬɓɚɖŰɐ ŬɜɎɚɡůɖ əŬɘ ɏɢŮɘ ɤɠ ůŰɧɢɞ Űɖɜ ŬɜŮɨɟŮůɖ Ŭˊɧ ɏɜŬ ˊɚɐɗɞɠ p 

ɛŮŰŬɓɚɖŰɩɜ ɞɟɘůɛɏɜɤɜ ɜɏɤɜ ɛŮŰŬɓɚɖŰɩɜ, ɚɘɔɧŰŮɟɤɜ ůŮ ˊɚɐɗɞɠ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ Űɖɜ 

ɘŭɘɧŰɖŰŬ ɜŬ ŮɑɜŬɘ ɔɟŬɛɛɘəɞɑ ůɡɜŭɡŬůɛɞɑ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ɜŬ ɛɖ 

ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ. ɇɞ əɡɟɘɧŰŮɟɞ ˊɟɞŰɏɟɖɛŬ Űɞɡɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ 

ɘŭɘŬɘŰŮɟɧŰɖŰŬ ˊɞɡ ŭɘŬɗɏŰɞɡɜ, ɚɧɔɤ Űɖɠ ŬɜɎɚɡůɖɠ, ɜŬ ˊŮɟɘɔɟɎűɞɡɜ ɛŮɔɎɚɞ ˊɞůɞůŰɧ 

Űɖɠ ɞɚɘəɐɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ p ɛŮŰŬɓɚɖŰɩɜ, Űɞ ɞˊɞɑɞ 
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ŰŮɚɘəɎ ŭɘŬɛŮɟɑɕŮŰŬɘ ůŮ ɛŮɟɘəɏɠ ɛɧɜɞ ɜɏŮɠ ɛŮŰŬɓɚɖŰɏɠ. Ⱥˊɞɛɏɜɤɠ, Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ɛɏɟɞɠ Űɖɠ ˊɚɖɟɞűɧɟɖůɖɠ ˊɞɡ ɗŬ ˊɟɞɏəɡˊŰŮ Ŭɜ ɚŬɛɓɎɜɞɜŰŬɜ ɡˊɧɣɖ ɞɘ p ɛŮŰŬɓɚɖŰɏɠ 

ˊŬɟŬɛɏɜŮɘ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬɡŰɩɜ Űɤɜ ɜɏɤɜ ɛŮŰŬɓɚɖŰɩɜ.[11] 

H ɛɏɗɞŭɞɠ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ ɤɠ Ůɝɐɠ: 

1. ȷˊɧ Űɘɠ p ɛŮŰŬɓɚɖŰɏɠ ɉ1 , ɉ2 ,...., ɉp , ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ p ůɡɜŭɡŬůɛɞɑ ŬɡŰɩɜ 

Ȼ1 , Ȼ2 ,..., Ȼp , ɏŰůɘ ɩůŰŮ ɜŬ ɛɖ ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ. ȼ ŬˊɞɡůɑŬ 

ůɡůɢŮŰɘůɛɞɨ ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Ȼi ˊɟɞɞɘəɞɜɞɛŮɑ ɧŰɘ ŬɡŰɏɠ ˊŬɟɘůŰɎɜɞɡɜ 

ŭɘŬűɞɟŮŰɘəɏɠ çŭɘŬůŰɎůŮɘɠè Űɤɜ ůŰɞɘɢŮɑɤɜ. 

2. Ƀɘ ŭɘŬəɡɛɎɜůŮɘɠ (ɛŮŰŬɓɚɖŰɧŰɖŰŬ) ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ 

ɛŮŰŬɓɚɖŰɩɜ Zi , əɚɘɛŬəɩɜɞɜŰŬɘ ɏŰůɘ ɩůŰŮ ɖ ˊɟɩŰɖ ɛŮŰŬɓɚɖŰɐ Ȼ1 ŮˊɘɚɏɔŮŰŬɘ 

ɜŬ ˊŮɟɘɔɟɎűŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɖɠ ɞɚɘəɐɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ, ɖ Ȼ2 ɏɜŬ 

ŭŮɨŰŮɟɞ ɛɏɔɘůŰɞ ˊɞůɞůŰɧ ŬɡŰɐɠ əɚˊ., ŮˊŬɚɖɗŮɨɞɜŰŬɠ Űɖ ůɡɜɗɐəɖ:  ɚ1>ɚ2 

>...>ɚp , ɧˊɞɡ ɚi ɖ i ˊɞůɧŰɖŰŬ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ. Ƀɘ ɜɏŮɠ ɛŮŰŬɓɚɖŰɏɠ Ȼi 

ɞɜɞɛɎɕɞɜŰŬɘ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ əŬɘ ɛŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧɜ əŬŰŬůəŮɡɎɕɞɜŰŬɘ 

ɚɘɔɧŰŮɟŮɠ Ȼ ůɡɜɘůŰɩůŮɠ, ɞɘ ɞˊɞɑŮɠ, ɤůŰɧůɞ, Ůɝɖɔɞɨɜ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɖɠ 

ůɡɜɞɚɘəɐɠ ŭɘŬəɨɛŬɜůɖɠ Ɇɚi . ɇŬɡŰɧɢɟɞɜŬ, ˊɞɚɡɎɟɘɗɛŮɠ ŭŮɡŰŮɟŮɨɞɡůŮɠ 

ůɡɜɘůŰɩůŮɠ Ůɝɖɔɞɨɜ ɛɘəɟɧ ɏɤɠ ŮɚɎɢɘůŰɞ ˊɞůɞůŰɧ əŬɘ ůɡɜŮˊɩɠ Űɞ ůŰŬŰɘůŰɘəɧ 

Űɞɡɠ ŬˊɞŰɏɚŮůɛŬ ɛˊɞɟŮɑ ɜŬ ɛɖ ɚɖűɗŮɑ ɡˊɧɣɘɜ ɢɤɟɑɠ Űɖɜ ŬˊɩɚŮɘŬ ɞɡůɘŬůŰɘəɐɠ 

ˊɚɖɟɞűɞɟɑŬɠ.[11] 

ȼ ɛɏɗɞŭɞɠ Űɤɜ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ ɓŬůɑɕŮŰŬɘ, əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ 

Űɖɠ, ůŰɞɜ ˊɑɜŬəŬ Űɤɜ əŬŰɎ ɕŮɨɔɖ ůɡůɢŮŰɑůŮɤɜ (correlation matrix) Űɤɜ ɛŮŰŬɓɚɖŰɩɜ. 

Ⱥˊɞɛɏɜɤɠ, ɔɘŬ ɜŬ ɗŮɤɟŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ ŮˊɘŰɡɢɖɛɏɜɖ, ɜŬ ˊŬɟɏɢŮɘ ŭɖɚŬŭɐ ɞɡůɘɩŭɖ 

ˊɚɖɟɞűɞɟɑŬ, ŬɜŬɔəŬɑŬ ˊɟɞɦˊɧɗŮůɖ ŮɑɜŬɘ əɎˊɞɘɞɘ ůɡɜŰŮɚŮůŰɏɠ ůɡůɢɏŰɘůɖɠ Űɤɜ 

Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ Űɞɡ ˊɑɜŬəŬ ůɡůɢŮŰɑůŮɤɜ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɏɠ Űɘɛɏɠ ɗŮŰɘəɏɠ 

ɐ ŬɟɜɖŰɘəɏɠ (ˊ.ɢ. rÓÑ0,700). 

 ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ, ɛˊɞɟŮɑ ɏɜŬ ůɨɜɞɚɞ ˊɞɚɚɩɜ ɛŮŰŬɓɚɖŰɩɜ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɡŰŮɑ 

Ŭˊɧ ŭɨɞ ɏɤɠ ŰɟŮɘɠ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ, ŬɟəŮɑ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ˊɟɞɦˊɧɗŮůɖ Űɖɠ 

ɨˊŬɟɝɖɠ ɡɣɖɚɩɜ ůɡɜŰŮɚŮůŰɩɜ ůŰɞɜ ˊɑɜŬəŬ Űɤɜ ůɡůɢŮŰɑůŮɤɜ. ȷɜŰɘɗɏŰɤɠ, Ŭɟɢɘəɏɠ 

ɛŮŰŬɓɚɖŰɏɠ ɛŮ ˊɞɚɨ ɡɣɖɚɏɠ Űɘɛɏɠ ůɡůɢŮŰɑůŮɤɜ >Ñ0,990 ɗŮɤɟɞɨɜŰŬɘ 

ˊŮɟɘůůŮɡɞɨɛŮɜŮɠ əŬɘ əɎˊɞɘŮɠ Ŭˊɧ ŬɡŰɏɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬˊɞəɚŮɑɞɜŰŬɘ ˊɟɘɜ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ.[11] 
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ȼ ŬɜɎɚɡůɖ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ɨˊŬɟɝɖ p ɛŮŰŬɓɚɖŰɩɜ n ŭŮɘɔɛɎŰɤɜ (ŬŰɞɛɘəɩɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ), Ŭűɞɨ ˊɟɩŰŬ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ɛŮŰŬůɢɖɛŬŰɘůŰɞɨɜ ůŮ ŰɡˊɞˊɞɘɖɛɏɜŮɠ, 

ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ:  (ɉi ï X )/s, ɧˊɞɡ ɉ ɖ ɛɏůɖ Űɘɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ɉ. [11] 

ȼ ˊɟɩŰɖ əɨɟɘŬ ůɡɜɘůŰɩůŬ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɔɟŬɛɛɘəɧ ůɡɜŭɡŬůɛɧ p 

ɛŮŰŬɓɚɖŰɩɜ, 

Z1 = a11 X1 + a12X2+ é+ a1pXp 

ɧˊɞɡ aij  ůɡɜŰŮɚŮůŰɐɠ ůŰɎɗɛɘůɖɠ (weight) Űɖɠ j ɛŮŰŬɓɚɖŰɐɠ ůŰɖɜ i ůɡɜɘůŰɩůŬ əŬɘ ɛŮ 

Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ: 

a11
2  +  a12

2 + é + a1p
2 = 1 

ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ɞˊɞɑŬɠ ŭɘŬůűŬɚɑɕŮŰŬɘ ɖ ŮəŰɑɛɖůɖ Űɖɠ ɛɏɔɘůŰɖɠ ŭɘŬəɨɛŬɜůɖɠ ɚ1 Űɖɠ 

Ȼ1 . ȷɜŰɑɗŮŰŬ, ɖ ŭɘŬəɨɛŬɜůɖ ɗŬ ŬɡɝŬɜɧŰŬɜ ŬˊŮɟɘɧɟɘůŰŬ ɛŮ Űɖɜ Ŭˊɚɐ əŬɘ ɛɧɜɞ 

Ŭɨɝɖůɖ Ůɜɧɠ Ŭˊɧ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ. 

ȼ ŭŮɨŰŮɟɖ ůɡɜɘůŰɩůŬ ˊɟɞəɨˊŰŮɘ ɞɛɞɑɤɠ: 

 Z2 = a21 X1 + a22X2+ é+ a2pXp 

ɀŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ˊŮɟɘɞɟɘůɛɧ: 

a21
2  +  a22

2 + é + a2p
2 = 1 

ɀɘŬ ůɖɛŬɜŰɘəɐ ˊɟɞɦˊɧɗŮůɖ ˊɞɡ əɟɑɜŮŰŬɘ ŬɜŬɔəŬɑŬ ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ ŮɑɜŬɘ ɞ 

ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɤɜ ůɡɜɘůŰɤůɩɜ Ȼ1 əŬɘ Ȼ2 ɜŬ ŮɑɜŬɘ ɑůɞɠ ɛŮ ɛɖŭɏɜ. 

ȼ ŰɟɑŰɖ ůɡɜɘůŰɩůŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ: 

Z3 = a31 X1 + a32X2+ é+ a3pXp 

ɀŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ˊŮɟɘɞɟɘůɛɧ: 

a31
2  +  a32

2 + é + a3p
2 = 1 

əŬɘ ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɖ ůɡɜɘůŰɩůŬ Ȼ3 ɜŬ ŮɑɜŬɘ ŬůɡůɢɏŰɘůŰɖ ɛŮ Űɘɠ ŭɨɞ 

ˊɟɞɖɔɞɨɛŮɜŮɠ.  

ɀŮ Űɖɜ ɛɏɗɞŭɞ ŬɡŰɐ əŬŰŬůəŮɡɎɕɞɜŰŬɘ p ůɡɜɘůŰɩůŮɠ Ȼi ɧůŮɠ ŭɖɚŬŭɐ əŬɘ ɞɘ 

Ŭɟɢɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ɓŬɟɨŰɖŰŬɠ aij ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ 

ˊɑɜŬəŬ C Űɤɜ ůɡɜŭɘŬəɡɛɎɜůŮɤɜ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ: 

C =  

Ã Ễ Ã

ể Ệ ể
Ã Ễ Ã

 

ɧˊɞɡ ŰŬ ŭɘŬɔɩɜɘŬ ůŰɞɘɢŮɑŬ cii ŮɑɜŬɘ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ Xi əŬɘ cij ɞɘ ůɡɜŭɘŬəɡɛɎɜůŮɘɠ 

Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Xi əŬɘ Xj . ɀŮ Űɖɜ Űɡˊɞˊɞɑɖůɖ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ ɞ ˊɑɜŬəŬɠ 

Űɤɜ ůɡɜŭɘŬəɡɛɎɜůŮɤɜ ɞŭɖɔŮɑŰŬɘ ůŰɞɜ ˊɑɜŬəŬ Űɤɜ ůɡůɢŮŰɑůŮɤɜ ɤɠ: 
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C =  

ρ Ễ Ã

ể Ệ ể
Ã Ễ ρ

 

əŬɘ ɏŰůɘ ˊɟɞəɨˊŰŮɘ cii=1, Ůɜɩ cij=cji ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɤɜ Xi 

əŬɘ Xj . ɄɟŬɔɛŬŰɘəɎ, ɖ ŬɜɎɚɡůɖ Űɤɜ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɓɎůɖ 

Űɞɜ ˊɑɜŬəŬ Űɤɜ ůɡůɢŮŰɑůŮɤɜ. 

Ƀɘ ŭɘŬəɡɛɎɜůŮɘɠ Űɤɜ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ əŬɚɞɨɜŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɟɑɕŮɠ ɐ 

ɘŭɘɞŰɘɛɏɠ ɚi (eigenvalues) əŬɘ ŬˊɞŰŮɚɞɨɜ ůŮ ˊɚɐɗɞɠ ɧůŮɠ əŬɘ ɞɘ ůɡɜɘůŰɩůŮɠ p, əŬɘ 

Ůˊɑůɖɠ ŭŮɜ ɘůɢɨŮɘ ɔɘô ŬɡŰɏɠ ɚ1 >ɚ2 >...>ɚP (ɧɚŮɠ >0). ɉŬɟŬəŰɖɟɘůŰɘəɐ ɘŭɘɧŰɖŰŬ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɟɘɕɩɜ ŮɑɜŬɘ ɧŰɘ Űɞ ɎɗɟɞɘůɛɎ Űɞɡɠ ŮɑɜŬɘ ɑůɞ ɛŮ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ 

ŭɘŬəɡɛɎɜůŮɤɜ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ: ɚ1 +ɚ2 +...ɚP = c11 + c22 +...+ cpp. 

ȷűɞɨ cii ŮɑɜŬɘ ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ Xi əŬɘ ɚi ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ Zi, ůɡɛˊŮɟŬɑɜŮŰŬɘ 

ɛŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ɧŰɘ ɞɘ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ Ůɝɖɔɞɨɜ ˊɚɐɟɤɠ ɧɚɖ Űɖ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ Ŭɟɢɘəɩɜ ŭŮŭɞɛɏɜɤɜ.[11] 

6.3 : Ɇɨɜɞɣɖ Űɖɠ ɀŮɗɧŭɞɡ 

ȺˊɘɔɟŬɛɛŬŰɘəɎ, ŰŬ ɓɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ ŬɜɎɚɡůɖɠ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ ɏɢɞɡɜ ɤɠ 

Ůɝɐɠ:  

1. ɇɡˊɞˊɞɑɖůɖ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ ɉ1 , ɉ2 ,... ɉp , ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ 

ɜŬ ɏɢɞɡɜ ɛɏůɞ ɧɟɞ ɛɖŭɏɜ əŬɘ ŭɘŬəɨɛŬɜůɖ ɑůɖ ɛŮ 1.  

2. Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ˊɑɜŬəŬ Űɤɜ ůɡɜŭɘŬəɡɛɎɜůŮɤɜ, ˊɞɡ ɏɢŮɘ Űɖɜ ɏɜɜɞɘŬ Űɞɡ 

ˊɑɜŬəŬ Űɤɜ ůɡůɢŮŰɑůŮɤɜ. 

3.  Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɟɘɕɩɜ ɚ1 , ɚ2 ... ɚp , əŬɘ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ɓŬɟɨŰɖŰŬɠ aij ɐ əŬɚɨŰŮɟŬ Űɤɜ ŭɘŬɜɡůɛɎŰɤɜ a1 , a2 é ap . Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Űɖɠ i 

əɨɟɘŬɠ ůɡɜɘůŰɩůŬɠ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ Űɞ ŭɘɎɜɡůɛŬ ai əŬɘ ɖ ŭɘŬəɨɛŬɜůɖ ŬɡŰɐɠ 

ɛŮ Űɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɟɑɕŬ ɚi. 

4. ȷˊɞəɚŮɑɞɜŰŬɘ ɧɚŮɠ ɞɘ ůɡɜɘůŰɩůŮɠ ˊɞɡ Ůɝɖɔɞɨɜ ɛɘəɟɧ ˊɞůɞůŰɧ Űɖɠ ɞɚɘəɐɠ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ əŬɘ ŮˊɘɚɏɔɞɜŰŬɘ ɛɧɜɞɜ ɞɘ ˊɚɏɞɜ ůɖɛŬɜŰɘəɏɠ.[1] 
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ȾŮűɎɚŬɘɞ 7: ɄŮɟɘɔɟŬűɐ ŭŮŭɞɛɏɜɤɜ əŬɘ ɛŮɗɧŭɞɡ. 

7.1 : ɄɟɞɏɚŮɡůɖ Űɞɡ dataset 

ɇɞ ůɨůŰɖɛŬ Űɤɜ ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ (United Nation system), ɖ ɄŬɔəɧůɛɘŬ 

ɇɟɎˊŮɕŬ (World Bank), Űɞ ȹɘŮɗɜɏɠ ɁɞɛɘůɛŬŰɘəɧ ɇŬɛɏɘɞ ( International Monetary 

Fund ), Űɞ ůɨůŰɖɛŬ Űɖɠ Eurostat, ɛŮŰŬɝɨ Ɏɚɚɤɜ , ůɡɚɚɏɔɞɡɜ, ˊŬɟɎɔɞɡɜ əŬɘ ŭɘŬɜɏɛɞɡɜ 

ɏɜŬ ŰɘŰɎɜɘɞ ɛɏɔŮɗɞɠ ŭŮŭɞɛɏɜɤɜ, ˊŬɔəɞůɛɑɤɠ ůɡɔəɟɑůɘɛɤɜ [4]. 

ȷɡŰɎ ŰŬ ŭŮŭɞɛɏɜŬ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ɢɟɡůɞɟɡɢŮɑɞ ɧůɞ ŬɜŬűɞɟɎ Űɖɜ ŮɛˊŮɘɟɘəɐ 

ŬɜɎɚɡůɖ. ɄŮɟɘɞɟɑɕɞɜŰŬɠ Űɖɜ ɛŮɚɏŰɖ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ɞɘ ŭɘɛŮɟŮɑɠ Ůɛˊɞɟɘəɏɠ ɟɞɏɠ ůɡɚɚɏɔɞɜŰŬɘ 

ůɡɜŮɢɩɠ ůŮ ɏɜŬ ɘŭɘŬɑŰŮɟŬ ɚŮˊŰɞɛŮɟɏɠ Ůɛˊɞɟɘəɧ ŮˊɑˊŮŭɞ ( 6-digit Harmonized System) 

Ŭˊɧ Űɞ ɆŰŬŰɘůŰɘəɧ ȽɜůŰɘŰɞɨŰɞ Űɤɜ ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ 

ComTrade [4]. 

ȼ UN ComTrade ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŬˊɞŰŮɚŮɑ Űɖ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɞɗɐəɖ ŭɘŮɗɜɩɜ 

Ůɛˊɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŭɘŬɗɏůɘɛɤɜ ŭɘŬŭɘəŰɘŬəɎ. ȹɘŬɗɏŰŮɘ ŭɘŮɗɜɐ ůŰŬŰɘůŰɘəɎ ŭŮŭɞɛɏɜŬ 

(ŮɘůŬɔɤɔɏɠ əŬɘ ŮɝŬɔɤɔɏɠ) Ůɛˊɞɟɘəɩɜ ůɡɜŬɚɚŬɔɩɜ , ɔŬɘ ˊŮɟɑˊɞɡ 200 ɢɩɟŮɠ Ŭˊɞ Űɞ 

1962 ɏɤɠ Űɞ 2012. [4] 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ˊŮɟɘɏɢŮɘ ɚŮˊŰɞɛŮɟŮɑɠ ůŰŬŰɘůŰɘəɏɠ ˊɞɡ ɏɢɞɡɜ 

ŬɜŬűŮɟɗŮɑ Ŭˊɧ Ůɗɜɘəɞɨɠ ůŰŬŰɘůŰɘəɞɨɠ űɞɟŮɑɠ əŬɘ ɏɢɞɡɜ ŰɡˊɞˊɞɘɖɗŮɑ Ŭˊɧ Űɞ ɇɛɐɛŬ 

ɆŰŬŰɘůŰɘəɐɠ Űɤɜ ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ŮůɤŰŮɟɘəɧ ůɨůŰɖɛŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ UN/OECD CoprA.     

ɇŬ ŮɛˊɞɟŮɨɛŬŰŬ ŬɜŬűɏɟɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŰɟɏɢɞɡůŬ əŬŰɖɔɞɟɘoˊɞɑɖůɖ 

əŬɘ ŬɜŬɗŮɩɟɖůɖ (HS2002 ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ) əŬɘ ɏɢɞɡɡɜ 

ɛŮŰŬŰɟŬˊŮɑ ůŰɖɜ ŰŮɚŮɡŰŬɑŬ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ SITC revision 1. 

Ⱥˊɞɛɏɜɤɠ ŰŬ ŮɛˊɞɟŮɨɛŬŰŬ ɏɢɞɡɜ əŬŰɖɔɞɟɘɞˊɞɘɖɗŮɑ ůɨɛűɤɜŬ ɛŮ Űɞ SITC 

(Rev.1  Ŭˊɧ Űɞ 1962, Rev.2 Ŭˊɧ Űɞ 1976 and Rev.3 Ŭˊɧ Űɞ 1988) . ȷɝɑɕŮɘ ɜŬ 

ůɖɛŮɘɤɗŮɑ ˊɤɠ ŰŬ ŭŮŭɞɛɏɜŬ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Ůɛˊɞɟɘəɏɠ ɟɞɏɠ əɎŰɤ Űɤɜ 1000 US 

dollars.[4,5] 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ, Űɞ ɔŬɚɚɘəɧ 

ŮɟŮɡɜɖŰɘəɧ əɏɜŰɟɞ CEPII (Centre dôEtudes Prospectives dôInformations 

Internationales) ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ Ŭˊɧ ŰŬ ˊɟɩŰŬ ŮɟŮɡɜɖŰɘəɎ əɏɜŰɟŬ, ˊɞɡ ɝŮəɑɜɖůŮ ɜŬ 

ˊɟɞůűɏɟŮɘ ŭɖɛɧůɘŬ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɏɟŮɡɜŬɠ Űɞɡ ɡˊɧ ůəɞˊɘɎ ŭŮŭɞɛɏɜɤɜ. 

ɇɞ BACI (Base pour lôAnalyse du Commerce International) dataset ŬˊɞŰŮɚŮɑ 

ŬˊɞŰɏɚŮůɛŬ ɛɘŬɠ ŰɏŰɞɘŬɠ ˊɟɞůűɞɟɎɠ. ɇɞ Ŭɟɢɘəɧ əɑɜɖŰɟɞ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ BACI ŮɑɜŬɘ 

ɞŰɘ, ˊŬɟɧɚɖ Űɖɜ ˊɚɖɟɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ ComTrade ɓɎůɖ ŭŮŭɞɛɏɜɤɜ, ɖ 
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ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɞɜ ɛɏɔɘůŰɞ Ŭɟɘɗɛɧ ɢɤɟɩɜ, Űɖɜ ɛɏɔɘůŰɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ, əŬɘ Űɞɜ 

ɛɏɔɘůŰɞ ɓŬɗɛɧ disaggregated ŭŮŭɞɛɏɜɤɜ, əɘɜŭɡɜŮɨŮɘ ŮɝôŬɘŰɑŬɠ Űɤɜ ˊɞɚɚɩɜ Ůɚɚɘˊɩɜ 

ɟɞɩɜ Űɖɠ Ŭɟɢɘəɐɠ UN ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. ȼ BACI ɢɟɖůɘɛɞˊɞɘŮɑ ɛɘŬ ñmirrorò 

ůŰɟŬŰɖɔɘəɐ ůŰŬŰɘůŰɘəɐɠ ɏŰůɘ ɩůŰŮ ɜŬ ůɡɛˊɚɖɟɩůŮɘ Űɡɢɧɜ ɢŬɛɏɜŬ ŭŮŭɞɛɏɜŬ.[4] 

ũŮɜɘəɎ , ɖ ɑŭɘŬ 6-digit HS Ůɛˊɞɟɘəɐ ɟɞɐ ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ Ŭˊɧ Űɖɜ 

ŮɝɎɔɞɡůŬ ɢɩɟŬ i, əŬɗɩɠ ŬɡŰɐ ŮɝɎɔŮɘ,  ŬɚɚɎ əŬɘ Ŭˊɧ Űɖɜ ŮɘůɎɔɞɡůŬ ɢɩɟŬ j, əŬɗɩɠ 

ŬɡŰɐ ŮɘůɎɔŮɘ. ɈˊŬɟɢŮɘ, ɚɞɘˊɧɜ, ɖ ˊɘɗŬɜɧŰɖŰŬ əŬɘ ɞɘ ŭɡɞ ŬɡŰŮɠ Űɘɛɏɠ ɜŬ ɡˊɎɟɢɞɡɜ, ɜŬ 

ɚŮɑˊɞɡɜ, ɐ əɎˊɞɘŬ Ŭˊɧ Űɘɠ ŭɡɞ ɜŬ ɚŮɑˊŮɘ. ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ˊŮɟɑˊŰɤůɖ, ɖ BACI ŮɘůɎɔŮɘ 

ŰŬ ŮəɚŮɘˊɧɛŮɜŬ ŭŮŭɞɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɤɜŰŬɠ Űɖɜ ñmirrorò ůŰŬŰɘůŰɘəɐ ˊɞɡ ɏɢŮɘ 

ŬɜŬűŮɟɗŮɑ Ŭˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ Űɖɠ Ůɛˊɞɟɘəɐɠ ůɡɜŮɟɔŬůɑŬɠ.[4] 

ɉɟɖůɘɛɞˊɞɩɜŰŬɠ ɚɞɘˊɧɜ ɏɜŬɜ ñreconciliationò ɛɖɢŬɜɘůɛɧ, ɖ BACI ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ ɛŮɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŮəɚɘˊɧɜŰɤɜ ŭŮŭɞɛɏɜɤɜ, ɛɏɜɞɜŰŬɠ ɤɠ 

ɎɔɜɤůŰŮɠ ɞɘ Űɘɛɏɠ ɛɧɜɞ ŬɡŰɏɠ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ Ŭˊɧ əŬɛɑŬ ɛŮɟɘɎ Ŭˊɧ Űɘɠ ŭɡɞ 

Űɖɠ Ůɛˊɞɟɘəɐɠ ůɡɜŮɟɔŬůɑŬɠ. 

ȼ BACI ɢɟɖůɘɛɞˊɞŮɑŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɖɜ ŮűŬɟɛɞůɛɏɜɖ Ůɛˊɞɟɘəɐ 

ŬɜɎɚɡůɖ. ȹɘŬŭɑŭŮŰŬɘ ŰŬɢɨŰŬŰŬ ɛŮŰŬɝɨ ŮɟŮɡɜɖŰɩɜ əŬɘ ůˊɞɡŭŬůŰɩɜ, ŬɜŬɜŮɩɜŮŰŬɘ 

ůɡɜŮɢɩɠ Ŭˊɧ Űɞ CEPI əŬɘ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ.[4] 

7.2 : ɄŮɟɘɔɟŬűɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ɇŬ ŭŮŭɞɛɏɜŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ɢɟɞɜɘɎ, Űɖɜ ɢɩɟŬ, Űɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ 

HS92 , Űɖɜ ŮɘůŬɔɧɛŮɜɖ ŬɚɚɎ əŬɘ ŮɝŬɔɧɛŮɜɖ ŬɝɑŬ.  

ȾɎɗŮ ˊɟɞɘɧɜ , ɏɢŮɘ ŬɜŰɘůŰɞɘɢɖɗŮɑ ůŰɖɜ əŬŰɖɔɞɟɑŬ ˊɟɞɘɧɜŰɞɠ ˊɞɡ ŬɜɐəŮɘ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ SITC. 

ȷɜɎɚɞɔŬ ɛŮ Űɖɜ əŬŰɖɔɞɟɑŬ, ɚɞɘˊɧɜ, ˊɞɡ ŬɜɐəŮɘ əɎɗŮ ˊɟɞɘɞɜ, ŮɡɟɨŰŮɟŮɠ 

əŬŰɖɔɞɟɑŮɠ ˊɟɞɘɧɜŰɤɜ ůɢɖɛŬŰɑůŰɖəŬɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɛŮ ɔɜɩɛɞɜŬ Űɞ ˊɟɩŰɞ 

ɣɖűɑɞ Űɞɡ əɤŭɘəɞɨ SITC, ŰŬ ˊɟɞɘɧɜŰŬ Űɞɡ dataset əŬŰɖɔɞɟɘɞˊɞɑɖɗɖəŬɜ ůŮ 10 ɔŮɜɘəɏɠ 

əŬŰɖɔɞɟɘŮɠ, ŬɜŬűŮɟɧɛŮɜɞɡ ˊŬɟŬəɎŰɤ ɤɠ Group 10. ɀŮ ɔɜɩɛɞɜŬ ŰŬ ŭɨɞ ˊɟɩŰŬ 

ɣɖűɑŬ Űɞɡ əɤŭɘəɞɨ SITC, ŰŬ ˊɟɞɘɧɜŰŬ  Űɞɡ dataset əŬŰɖɔɞɟɘɞˊɞɑɖɗɖəŬɜ ůŮ ˊɘɞ 

Ůɘŭɘəɏɠ əŬŰɖɔɞɟɑŮɠ, 67 ůŰɞ ˊɚɖɗɞɠ. H ɛŮɚɏŰɖ ˊɞɡ ɔɑɜŮŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ 

ŬűɞɟɎ Űɞ Group10 ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ 10 ˊŬɟŬəɎŰɤ əŬŰɖɔɞɟɑŮɠ: 
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 ũɘŬ əɎɗŮ əŬŰɖɔɞɟɑŬ ɚɞɘˊɧɜ əŬɘ ɔɘŬ əɎɗŮ ɢɩɟŬ ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ Űɘɛɏɠ Űɤɜ ŭ

ŮɘəŰɩɜ NEI əŬɘ RCA ɔɘŬ Űɘɠ ŮɝŬɔɤɔŮɠ Űɤɜ 10 əŬŰɖɔɞɟɘɩɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əɎɗŮ űɞ

ɟɎ Űɞ ɎɗɟɞɘůɛŬ  Űɤɜ ŮɝŬɔɤɔɘəɩɜ Űɘɛɩɜ ŬɜŬ əŬŰɖɔɞɟɑŬ Ŭˊɧ Űɞ 1995 ɏɤɠ Űɞ 2014. 

7.3 : ȾŬŰŬůəŮɡɐ Űɤɜ ȹɘəŰɨɤɜ 

ũɘŬ əŬɗŮ ɢɟɞɜɘɎ Ŭˊɧ Űɞ 1995 ɏɤɠ Űɞ 2014, ůɢɖɛŬŰɑůŰɖəŬɜ ŰŬ ŭɘɛɏɟɖ ŭɑəŰɡŬ 

ɢɤɟɩɜ ï əŬŰɖɔɞɟɘɩɜ ˊɟɞɘɧɜŰɤɜ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ŭŮɑəŰŮɠ ɁȺȽ əŬɘ RCA.  

ɆɢŮŰɘəɎ ɛŮ Űɞɜ ŭŮɑəŰɖ ɁȺȽ ůɢɖɛŬŰɑůŰɖəŬɜ 2 ɞɛɎŭŮɠ ŭɘəŰɨɤɜ , ɛɘŬ ˊɞɡ 

ɝŮˊŮɟɜɞɨůŮ ɖ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ Űɖɜ Űɘɛɐ 0.1 ɔɘŬ Űɖɜ ɢɩɟŬ ůŮ ůɢɏɢɖ ɛŮ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ 

ŮɝŬɔɤɔɘəɩɜ Űɘɛɩɜ ɤɠ ˊɟɞɠ əɎˊɞɘŬ əŬŰɖɔɞɟɑŬ, əŬɘ ɛɘŬ ˊɞɡ ɝŮˊŮɟɜɞɨůŮ Űɖɜ Űɘɛɐ 0.5. 

ɆɢŮŰɘəɎ ɛŮ Űɞɜ ŭŮɑəŰɖ RCA, ůɢɖɛŬŰɑůŰɖəŬɜ 2 ɞɛɎŭŮɠ ŭɘəŰɨɤɜ, ɛɘŬ ˊɞɡ 

ɝŮˊŮɟɜɞɨůŮ ɖ Űɘɛɐ Űɞɡ ŭɏɘəŰɖ Űɖɜ Űɘɛɐ 1 ɔɘŬ Űɖɜ ɢɩɟŬ ůŮ ůɢɏůɖ ɛŮ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ 

ŮɝŬɔɤɔɘəɩɜ Űɘɛɩɜ ɤɠ ˊɟɞɠ əɎˊɞɘŬ əŬŰɖɔɞɟɑŬ əŬɘ ɛɘŬ ˊɞɡ ɝŮˊŮɟɜɞɨůŮ Űɖɜ Űɘɛɐ 4. 

ɀŮɚŮŰɐɗɖəŬɜ ɞɘ ˊɟɞɓɞɚɏɠ ɤɠ ˊɟɞɠ Űɘɠ ɢɩɟŮɠ Űɤɜ ŭɘɛŮɟɩɜ ŬɡŰɩɜ ŭɘəŰɨɤɜ, ɔɘŬ 

ŰŬ ŭɑəŰɡŬ ɛŮ ɁȺȽ > 0.1 əŬɘ ɁȺȽ > 0.5, əŬɗɩɠ əŬɘ ɔɘŬ RCA > 1.  

7.4: Ⱥˊɘůəɧˊɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ŮɟɛɖɜŮɑŬ 

7.4.1 : ȷˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭŮɘəŰɩɜ əŮɜŰɟɘəɧŰɖŰŬɠ əŬɘ ŮɟɛɖɜŮɑŬ 

ɆŮ əɎɗŮ ŭɑəŰɡɞ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛŮ Űɞɡɠ ŰɟŮɘɠ ˊɟɞŬɜŬűŮɟɗɏɜŰŮɠ Űɟɧˊɞɡɠ 

ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ 14 Ůɝɐɠ centralities: 

¶ Subgraph centrality score 

¶ Topological coefficient 

¶ Average distance 

¶ Barycenter centrality 

¶ Bottleneck centrality 

¶ Centroid value 

¶ Closeness centrality 

Category  No.
   

Category  Name 

0 Food and live animals chiefly for food 
1 Beverages and tobacco 
2 Crude materials, inedible, except fuels 
3 Mineral fuels, lubricants and related materials 
4 Animal and vegetable oils, fats and waxes 
5 Chemicals and related products 
6 Manufactured goods classified chiefly by materials 
7 Machinery and transport equipment 
8 Miscellaneous manufactured articles 
9 Commodities and transactions not classified elsewhere in the SITC 
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¶ Decay centrality 

¶ Degree centrality 

¶ Diffusion centrality 

¶ DMNC-Density of maximum neighborhood component 

¶ Eccentricity centrality 

¶ Harary centrality 

¶ Eigenvector centrality 

 

ɉɟɖůɘɛɞˊɞɑɖɗɖəŮ ɖ ɛɏɗɞŭɞɠ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ (PCA) ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

14 əŬɘɜɞɨɟɔɘɤɜ ɛŮŰŬɓɚɖŰɩɜ, ɔɟŬɛɛɘəɩɜ ůɡɜŭɡŬůɛɩɜ Űɤɜ 14 centralities. ȷˊɧ ŬɡŰɏɠ 

əɟŬŰɐɗɖəŬɜ ɞɘ ůɡɜɘůŰɩůŮɠ ˊɞɡ Ůɝɖɔɞɨɜ ŰɞɡɚɎɢɘůŰɞɜ Űɞ 80% Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ 

14 centralities. ɆŰɖ ůɡɜɏɢŮɘŬ ɔɘŬ Űɘɠ ůɡɜɘůŰɩůŮɠ ˊɞɡ əɟŬŰɐɗɖəŬɜ ŮɚɏɔɢɗɖəŬɜ ɞɘ 

ůɡɜŮɘůűɞɟɏɠ Űɤɜ 14 Ŭɟɢɘəɩɜ centralities, ɩůŰŮ ɜŬ ɓɟŮɗɞɨɜ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ 

centralities ɔɘŬ əɎɗŮ ŭɑəŰɡɞ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟŬɗɏŰɞɜŰŬɘ ŬɜŬ ɢɟɞɜɘɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ centralities ˊɞɡ 

ŬɜŬŭŮɑɢɗɖəŬɜ ɤɠ ŬɡŰɏɠ ɛŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɧɔəɞ ˊɚɖɟɞűɞɟɑŬɠ ɛɏůɤ Űɖɠ PCA, əŬɘ 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɘ əɧɛɓɞɘ ˊɞɡ ˊŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ. 

ȽŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ  ŭɧɗɖəŮ ůŰɞɡɠ əɧɛɓɞɡɠ-ɢɩɟŮɠ ˊɞɡ ˊŬɟɞɡůɑŬůŬɜ ɡɣɖɚɐ 

Űɘɛɐ əŮɜŰɟɘəɧŰɖŰŬɠ ůŰɞ ŭɑəŰɡɞ NEI əŬɘ ŰŬɡŰɧɢɟɞɜŬ ůŰɞ ŭɑəŰɡɞ RCA ůŮ əɎɗŮ ɢɟɞɜɘɎ. 

  ɇɞ ˊŬɟŬˊɎɜɤ ɔŮɔɞɜɧɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞŭŮɑɝŮɘ ɧŰɘ ɖ ɢɩɟŬ-əɧɛɓɞɠ ŮɛűŬɜɑɕŮŰŬɘ 

ɘŭɘŬɑŰŮɟŬ ŬɜŰŬɔɤɜɘůŰɘəɐ ɛŮŰŬɝɨ əɧɛɓɤɜ ˊɞɡ ɞɘ ŮɝŬɔɤɔɏɠ Űɞɡɠ ,ɤɠ ˊɟɞɠ ŰɞɡɚɎɢɘůŰɞɜ 

ɛɑŬ əŬŰɖɔɞɟɑŬ ˊɟɞɘɧɜŰɤɜ, ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɧ ɛɏɟɞɠ Űɖɠ ůɡɜɞɚɘəɐɠ Űɞɡɠ Ůɛˊɞɟɘəɐɠ 

əɑɜɖůɖɠ ŬɜŮɝɎɟŰɖŰŬ ( ŭŮɑəŰɖɠ ɁȺȽ ) ŬɚɚɎ əŬɘ ůɡɔəɟɘŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ Ůɛˊɞɟɘəɐ 

əɑɜɖůɖ Űɖɠ Ⱥɡɟɩˊɖɠ ( ŭŮɑəŰɖɠ RCA ).   

ɇŬɡŰɧɢɟɞɜŬ, ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ˊŬɟŬɗɏŰɞɜŰŬɘ ɔŮɤˊɞɚɘŰɘəɎ əŬɘ 

ɞɘəɞɜɞɛɘəɎ ɔŮɔɞɜɧŰŬ ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮɟɛɖɜŮɨůɞɡɜ əŬɘ ɜŬ ŬɜŬŭŮɑɝɞɡɜ Űɖɜ ŬɘŰɑŬ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

1995 

ȾŬŰɎ Űɖɜ ɢɟɞɜɘɎ 1995 ůŰɞ ŭɑəŰɡɞ ˊɞɡ ůɢɖɛŬŰɑůŰɖəŮ ɛŮ ɁȺȽ > 0.1 űŬɑɜŮŰŬɘ ɜŬ 

ŮˊɘəɟŬŰɞɨɜ əɡɟɑɤɠ ɞɘ ȸɞɡɚɔŬɟɑŬ, ȽɟɚŬɜŭɑŬ, ɃɡɔɔŬɟɑŬ əŬɘ ɀɞɚŭŬɓɑŬ ɛŮ ɞɛɞɘɞɔŮɜɐ 

Űɟɧˊɞ ɤɠ ˊɟɞɠ ŰŬ centralities: Barycenter Centrality, Closeness Centrality (Freeman), 

ȾɡɟɑŬɟɢɖ ɗɏůɖ ɤɠ ˊɟɞɠ Űɞ average distance űŬɑɜŮŰŬɘ ˊŬɟô ɧɚŬ ŬɡŰŬ ɜŬ ɏɢɞɡɜ əŬɘ ɞɘ 

ȹŬɜɑŬ, ȺɚɚɎŭŬ əŬɘ ũŬɚɚɑŬ. 
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ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ > 0.5 ɢŬɟŬəŰɖɟɘůŰɘəɎ əɡɟɑŬɟɢɖ ɗɏůɖ űɎɜɖəŮ ɜŬ ɏɢŮɘ ɖ 

ȽůɚŬɜŭɑŬ ɤɠ ˊɟɞɠ Űɞ Density of Maximum Neighborhood Component  

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA > 1 , ɡɣɖɚɏɠ Űɘɛɏɠ ɤɠ ˊɟɞɠ Űɖɜ topological coefficient 

centrality űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ɞɘ ȽůɚŬɜŭɑŬ, ūɘɜɚŬɜŭɑŬ, ɆɚɞɓŮɜɑŬ, ȷɚɓŬɜɑŬ, ɇůŮɢɑŬ Ůɜɩ 

ˊɞɚɨ ɢŬɛɖɚɏɠ Űɘɛɏɠ ɤɠ ˊɟɞɠ Űɖɜ eccentricity centrality űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ɞɘ 

ȸɞɡɚɔŬɟɑŬ əŬɘ ȾɟɞŬŰɑŬ  

ɆɡɛˊŮɟŬɑɜɞɡɛŮ ɚɞɘˊɧɜ ɞŰɘ ůŰŬ ŭɨɞ ŭɑəŰɡŬ ɢɤɟɩɜ ɛŮ ŮɝŮɘŭɑəŮɡůɖ ůŮ ŮɝŬɔɤɔɏɠ 

ɑŭɘŬɠ əŬŰɖɔɞɟɑŬɠ ˊɟɞɘɧɜŰɤɜ ( ɁȺȽ > 0.1 əŬɘ ɁȺȽ > 0.5), ɢɤɟɑɠ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɘɜ Űɞ 

ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ŬɡŰɩɜ Űɤɜ ɢɤɟɩɜ ůŰɘɠ ŮɝŬɔɤɔɏɠ Űɖɠ Ⱥɡɟɩˊɖɠ ŭŮɜ űŬɑɜŮŰŬɘ 

ɜŬ ŭɘŬŰɖɟɞɡɜ ůɖɛŬɜŰɘəɐ ɗɏůɖ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ŭɑəŰɡɞ ɢɤɟɩɜ (RCA>1) ɧˊɞɡ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ Űɞ ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ. 

ȼ ɛɧɜɖ ɢɩɟŬ ˊɞɡ űŬɑɜŮŰŬɘ ɜŬ ŮɝŬɘɟŮɑŰŬɘ Ŭˊɧ Űɞ ˊŬɟŬˊɎɜɤ ůɡɛˊɏɟŬůɛŬ ŮɑɜŬɘ 

ɖ ȽůɚŬɜŭɑŬ. Ƀɘ əŬŰɖɔɞɟɑŮɠ ˊɟɞɘɧɜŰɤɜ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɖ ȽůɚŬɜŭɑŬ ɝŮˊɏɟŬůŮ ŰŬ 

əŬŰɩűɚɘŬ əŬɘ Űɤɜ ŭɡɞ ŭɘəŰɨɤɜ ŮɑɜŬɘ 0: Food and live animals chiefly for food əŬɘ 4: 

Animal and vegetable oils, fats and waxes. ȷɡŰɐ ɖ ŮˊɘəɟɎŰɖůɖ Űɖɠ ɢɩɟŬɠ ůŰɘɠ 

ůɡəŮəɟɘɛɏɜŮɠ ŮɝŬɔɤɔɏɠ, Űɧůɞ ɖ ŬɜŮɝɎɟŰɖŰɖ ɤɠ ˊɟɞɠ Űɖɜ ɢɩɟŬ ŬɚɚɎ əŬɘ ůɡəɟɘŰɘəɎ ɤɠ 

ˊɟɞɠ Űɖɜ Ⱥɡɟɩˊɖ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ůɡɜŭɡŬůŰŮɑ ɛŮ Űɞ ɔŮɔɞɜɧɠ ɞŰɘ ɖ ˊɞɚɘŰɘəɐ Ůɛˊɞɟɑɞɡ 

Űɖɠ ɢɩɟŬɠ ŮɜɘůɢɨɗɖəŮ ɛŮ Űɖɜ Ůɑůɞŭɞ Űɖɠ ůŰɖɜ ȺɡɟɤˊŬɘəɐ Ƀɘəɞɜɞɛɘəɐ ɄŮɟɘɞɢɐ Űɞ 

1993. ȷɡŰɐ ɖ ŬɚɚŬɔɐ ɏűŮɟŮ ɜŮŮɠ ˊɟɞůɓɎůŮɘɠ ɔɘŬ Űɘɠ ŮɝŬɔɤɔɏɠ Űɖɠ ɢɩɟŬɠ əɡɟɑɤɠ ůŮ 

ɗŬɚɚŬůɘɜɎ [26].  

 

 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ȸɞɡɚɔŬɟɑŬ P   

ȽɟɚŬɜŭɑŬ P   

ɃɡɔɔŬɟɑŬ P   

ɀɞɚŭŬɓɑŬ P   

ūɘɜɚŬɜŭɑŬ   P 

ɆɚɞɓŮɜɑŬ   P 

ȷɚɓŬɜɑŬ   P 

ɇůŮɢɑŬ   P 

ȽůɚŬɜŭɑŬ  P P 
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1996 

ȾŬŰɎ Űɖ ɢɟɞɜɘɎ 1996, ůŰɞ ŭɘəŰɡɞ ɛŮ ɁȺȽ>0.1 əɡɟɑŬɟɢɖ ɗɏůɖ űɎɜɖəŮ ɜŬ ɏɢŮɘ ɖ 

ɃɡəɟŬɜɑŬ ɤɠ ˊɟɞɠ Űɖɜ Closeness Centrality ( Freeman ). ȷɡŰɧ ɔɘŬŰɑ ůŮ 8 Ŭˊɧ Űɘɠ 10 

əŬŰɖɔɞɟɑŮɠ ˊɟɞɘɧɜŰɤɜ űɎɜɖəŮ ɜŬ ɝŮˊŮɟɜɎŮɘ ɞ ŭŮɑəŰɖɠ Űɞ əŬŰɩűɚɘ Űɞɡ 0.1, Ůˊɞɛɏɜɤɠ 

ŭɘŬŰɖɟŮɑ ɟɧɚɞ ŬɜŰŬɔɤɜɘůŰɐ ɛŮ ˊɞɚɚŮɠ ɢɩɟŮɠ Űɞɡ ŭɘəŰɨɞɡ. ɄŬɟôɧɚŬ ŬɡŰɎ ɢɤɟɑɠ ɜŬ 

ˊŬɟɞɡůɘɎɕŮɘ ɘŭɘŬɑŰŮɟŬ ɛŮɔɎɚŮɠ Űɘɛɏɠ, ɚɧɔɞɠ ˊɞɡ ŮɝɖɔŮɑ Űɞ ɞŰɘ ŭŮɜ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ 

ŮˊɧɛŮɜɞ ŭɑəŰɡɞ ɛŮ əŬŰɩűɚɘ 0.5.  

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ɛŮɔɎɚɖ Űɘɛɐ ɤɠ ˊɟɞɠ Űɞ CusterRank Centrality ŮɑɢŬɜ 

ɞɘ ūɘɜɚŬɜŭɑŬ əŬɘ ɖ ɃɡɔɔŬɟɑŬ. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, əɡɟɑŬɟɢɖ ɗɏůɖ ɤɠ ˊɟɞɠ eigenvector əŬɘ degree 

centrality, űɎɜɖəŮ ɜŬ ɏɢɞɡɜ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ ɛŮ ŮɝŬɑɟŮůɖ 

Űɖɜ ũŮɟɛŬɜɑŬ ˊɞɡ ŮɛűŬɜɑɕŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɘəɟɧŰŮɟɖ Űɘɛɐ Ŭˊɞ ɧɚŮɠ. 

ɆɖɛŬɜŰɘəɐ ɗɏůɖ Űɧůɞ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ (ŭɑəŰɡŬ ɁȺȽ>0.1 əŬɘ ɁȺȽ>0.5) ɧůɞ əŬɘ 

ůɡɔəɟɘŰɘəɧ ɤɠ ˊɟɞɠ Űɖɜ Ⱥɡɟɩˊɖ (RCA>1) űŬɑɜŮŰŬɘ ɜŬ əŬŰɏɢŮɘ ɖ ɃɡɔɔŬɟɑŬ ůŮ 

ˊɚɖɗɩɟŬ əŬŰɖɔɞɟɘɩɜ ˊɟɞɘɧɜŰɤɜ. ȼ ŮˊɘəɟɎŰɖůɖ ɚɞɘˊɧɜ ɛˊɞɟŮɑ ɜŬ ůɡɜŭɡŬůŰŮɑ ɛŮ Űɞ 

ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ȷ.Ⱥ.Ʉ. Űɖɠ ɢɩɟŬɠ ɛŮɘɩɗɖəŮ əŬŰɎ 18% Ŭˊɧ Űɞ 1990 ɏɤɠ Űɞ 1993, 

ŬɡɝɐɗɖəŮ ɧɛɤɠ 1% - 1.5% ɏɤɠ Űɞ 1996, əŬɘ ŮɝŬɘɟŮŰɘəɐ Ŭɨɝɖůɖ Űɤɜ ŮɝŬɔɤɔɩɜ 

ɞŭɐɔɖůŮ ůŰɖɜ ŮəŰɑɜŬɝɖ Űɞɡ ȷ.Ⱥ.Ʉ.  ůŮ 4.4% ɏɤɠ Űɞ 1997 ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ 

ɓŮɚŰɑɤůɖ ˊŬɟɧɛɞɘɤɜ ɛŬəɟɞɞɘəɞɜɞɛɘəɩɜ ŭŮɘəŰɩɜ Ůɤɠ Űɞ 1997.  

Ʉɟɘɜ Űɖɜ ŬɚɚŬɔɐ Űɞɡ əŬɗŮůŰɩŰɞɠ Űɞ 1989, 65% Űɞɡ Ůɛˊɞɟɑɞɡ Űɖɠ ɃɡɔɔŬɟɑŬɠ 

ɔɘɜɧŰŬɜ ɛŮ ɢɩɟŮɠ Űɖɠ óComeconô (Ɇɡɛɓɞɨɚɘɞ ɔɘŬ Űɖɜ ȷɛɞɘɓŬɑŬ Ƀɘəɞɜɞɛɘəɐ ȸɞɐɗŮɘŬ, 

ɞɘəɞɜɞɛɘəɐ ɞɟɔɎɜɤůɖ Űɖɜ ˊŮɟɑɞŭɞ 1949-1991 ɡˊɧ Űɖɜ ɖɔŮůɑŬ Űɖɠ ɆɞɓɘŮŰɘəɐɠ 

Ȱɜɤůɖɠ ˊɞɡ ŬˊɞŰŮɚɞɨŰŬɜ Ŭˊɧ Űɘɠ ɢɩɟŮɠ Űɞɡ ȷɜŬŰɞɚɘəɞɨ ɀˊɚɞə, ɛŬɕɑ ɛŮ ɛɘŬ ůŮɘɟɎ 

Ŭˊɧ ɆɞůɘŬɚɘůŰɘəɎ əɟɎŰɖ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ). ɀɏɢɟɘ Űɞ Űɏɚɞɠ Űɞɡ 1997, ɛŮɔɎɚɞ ɛɏɟɞɠ 

Űɞɡ Ůɛˊɞɟɑɞɡ Űɖɠ ɃɡɔɔŬɟɑŬɠ ɛŮŰŬəɘɜɐɗɖəŮ ůŮ ɢɩɟŮɠ Űɖɠ ȹɨůɖɠ, əŬɗɩɠ ˊɚɏɞɜ Űɞ 

Ůɛˊɧɟɘɞ Űɖɠ ɛŮ ɢɩɟŮɠ Űɖɠ Ⱥ.Ⱥ ŬˊɞŰŮɚŮɑ Űɞ 70% - 80%. [27] 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ɃɡəɟŬɜɘŬ P   

ɃɡɔɔŬɟɑŬ  P P 

ūɘɜɚŬɜŭɑŬ  P  

 

1997 

https://el.wikipedia.org/wiki/%CE%88%CE%BD%CF%89%CF%83%CE%B7_%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CE%A3%CE%BF%CF%83%CE%B9%CE%B1%CE%BB%CE%B9%CF%83%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CE%94%CE%B7%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%84%CE%B9%CF%8E%CE%BD
https://el.wikipedia.org/wiki/%CE%88%CE%BD%CF%89%CF%83%CE%B7_%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CE%A3%CE%BF%CF%83%CE%B9%CE%B1%CE%BB%CE%B9%CF%83%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CE%94%CE%B7%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%84%CE%B9%CF%8E%CE%BD
https://el.wikipedia.org/wiki/%CE%91%CE%BD%CE%B1%CF%84%CE%BF%CE%BB%CE%B9%CE%BA%CF%8C_%CE%BC%CF%80%CE%BB%CE%BF%CE%BA
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ȾŬŰŬ Űɖ ɢɟɞɜɘɎ 1997, ůŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ > 0.1 ɢŬɟŬəŰɖɟɘůŰɘəɐ ɗɏůɖ ɛɏůɤ 

Űɖɠ Bottleneck Centrality űɎɜɖəŮ ɜŬ ɏɢɞɡɜ ɞɘ ȽɟɚŬɜŭɑŬ əŬɘ ɃɡəɟŬɜɑŬ. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5 ŬɟəŮŰɎ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɛɏůɤ Űɖɠ topological 

coefficient űɎɜɖəŮ ɜŬ əŬŰɏɢŮɘ ɖ ɅɞɡɛŬɜɑŬ ɛɏůɤ Űɖɠ Harary Centrality. 

  ɆŰɞ ŭɘəŰɡɞ ɛŮ RCA > 1, ɛɏůɤ Űɤɜ eigenvector əŬɘ degree centralities űŬɑɜŮŰŬɘ 

ɜŬ ɝŮɢɤɟɑɕɞɡɜ ɧɚŮɠ ɞɘ ɢɩɟŮɠ Űɖɠ Ⱥ.Ⱥ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɢŬɛɐɚɐ Űɘɛɐ ɤɠ ˊɟɞɠ ŬɡŰɏɠ 

Űɖɜ ȺɚɓŮŰɑŬ. 

ȺˊɞɛŮɜɤɠ ůŮ ŬɡŰɐ Űɖ ɢɟɞɜɘɎ ŭŮ űŬɑɜŮŰŬɘ ɜŬ ɝŮɢɤɟɑɕŮɘ əɎˊɞɘŬ ɢɩɟŬ ɤɠ ˊɟɞɠ 

Űɖɜ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɖɠ ɞɨŰŮ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ, ŬɚɚɎ ɞɨŰŮ ůɡɔəɟɘŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ 

ɡˊɧɚɞɘˊɖ Ⱥɡɟɩˊɖ. 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ɃɡəɟŬɜɘŬ P   

ȽɟɚŬɜŭɑŬ P   

ɅɞɡɛŬɜɑŬ  P  

 

1998 

ɇɖ ɢɟɞɜɘɎ 1998, ůŰɞ ŭɑəŰɡɞ ɁȺȽ>0.1, űɎɜɖəŮ ɜŬ ɝŮɢɤɟɑɕɞɡɜ ɤɠ ˊɟɞɠ Űɖɜ 

BottleNeck Centrality ɖ  ȽɟɚŬɜŭɑŬ əŬɘ ɖ ɃɚɚŬɜŭɑŬ. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ɝŮɢɩɟɘůŮ ɖ ɅɤůůɑŬ ɤɠ ˊɟɞɠ Űɞ BottleNeck Centrality 

əŬɘ ɖ ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ ɤɠ ˊɟɞɠ Űɖɜ DMNC Centrality. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, űɎɜɖəŮ ɜŬ ɝŮɢɤɟɑɕɞɡɜ ɤɠ ˊɟɞɠ eigenvector əŬɘ degree 

ɧɚŮɠ ɞɘ ɢɩɟŮɠ ŮəŰɧɠ Űɖɠ ȺɚɓŮŰɑŬɠ ɖ ɞˊɞɑŬ ˊŬɟɞɡůɑŬůŮ ɢŬɛɖɚɐ Űɘɛɐ. 

ȺˊɞɛŮɜɤɠ ůŮ ŬɡŰɐ Űɖ ɢɟɞɜɘɎ ŭŮ űŬɑɜŮŰŬɘ ɜŬ ɝŮɢɤɟɑɕŮɘ əɎˊɞɘŬ ɢɩɟŬ ɤɠ ˊɟɞɠ 

Űɖɜ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɖɠ ɞɨŰŮ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ, ŬɚɚɎ ɞɨŰŮ ůɡɔəɟɘŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ 

ɡˊɧɚɞɘˊɖ Ⱥɡɟɩˊɖ. 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ȽɟɚŬɜŭɑŬ P   

ɃɚɚŬɜŭɑŬ P   

ɅɤůůɑŬ  P  

ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ  P  

 

1999 
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ȾŬŰɎ Űɖ ɢɟɞɜɘɎ 1999, ůŰɞ ŭɘəŰɡɞ ɛŮ ɁȺȽ>0.1 , űɎɜɖəŮ ɜŬ əŬŰɏɢɞɡɜ 

ůɖɛŬɜŰɘəɧŰŮɟɖ ɗɏůɖ ɞɘ ȸɞɡɚɔŬɟɑŬ, ȽɟɚŬɜŭɑŬ əŬɘ ɃɚɚŬɜŭɑŬ, ɛŮ ɞɛɞɘɞɔŮɜɐ Űɟɧˊɞ  ɤɠ 

ˊɟɞɠ Űɘɠ əŮɜŰɟɘəɧŰɖŰŮɠ: Degree, Barycenter, Closeness Freeman, Centroid, Decay, əŬɘ  

subgraph centrality score. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5 ɢŬɟŬəŰɖɟɘůŰɘəɐ ɗŮůɖ ŮɑɢŮ ɖ ɅɤůůɑŬ ɤɠ ˊɟɞɠ Űɖɜ 

BottleNeck Centrality, Ůɜɤ ůŰɞ ŭɑəŰɡɞ ɛŮ RCA > 1 əŮɜŰɟɘəɐ ɗɏůɖ űɎɜɖəŮ ɜŬ ɏɢɞɡɜ ɞɘ 

ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ ŬɜɎɛŮůŬ Űɞɡɠ əŬɘ ɖ ȸɞɡɚɔŬɟɑŬ ɤɠ ˊɟɞɠ əŮɜŰɟɘəɧŰɖŰŮɠ 

eigenvector əŬɘ degree. 

ɄŬɟŬŰɖɟɞɨɛŮ ɞŰɘ ŮˊɘəɟɎŰɖůŮ ɖ ȸɞɡɚɔŬɟɑŬ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ ɛŮ ɢŬɛɖɚɎ 

ŮˊɑˊŮŭŬ ŮɝɤůŰɟɏűŮɘŬɠ (ɁȺȽ > 0.1) ŬɚɚɎ əŬɘ ůŮ ˊŬɜŮɡɟɤˊŬɘəɧ ŮˊɑˊŮŭɞ. ȳˊɤɠ 

űŬɑɜŮŰŬɘ əŬɘ Ŭˊɞ Űɖɜ əŬɗɘŮɟɤɛɏɜɖ ŬɜŬűɞɟɎ Űɖɠ Comission ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɟɧɞŭɞ 

Űɖɠ ȸɞɡɚɔŬɟɑŬɠ, Űɞ ɛŮɟɑŭɘɞ Űɖɠ Ⱥ.Ⱥ. ůŰɘɠ ůɡɜɞɚɘəɏɠ ŮɝŬɔɤɔɏɠ ŬɡɝɐɗɖəŮ Ŭˊɧ 44.7% 

Űɞ 1997 ůŮ 50.6% Űɞ 1998 əŬɘ ɏűŰŬůŮ Űɞ 60.3% ůŰɞ ˊɟɩŰɞ Űɟɑɛɖɜɞ Űɞɡ 1999.[28]  

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ȸɞɡɚɔŬɟɑŬ P  P 

ɃɚɚŬɜŭɑŬ P   

ȽɟɚŬɜŭɑŬ P   

ɅɤůůɑŬ  P  

 

 

2000 

ȾŬŰŬ Űɖ ɢɟɞɜɘɎ 2000, ůŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1 ɖ ȽɟɚŬɜŭɑŬ əŬɘ ɖ ɀɞɚŭŬɓɑŬ 

űɎɜɖəŮ ɜŬ ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ Űɖɜ degree centrality.  

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ > 0.5 ɖ ɃɡəɟŬɜɑŬ űɎɜɖəŮ ɜŬ ɏɢŮɘ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ 

Űɘɠ əŮɜŰɟɘəɧŰɖŰŮɠ Degree, Barycenter əŬɘ Closeness (Freeman). 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1,  ŬɟəŮŰɎ əŬɚɐ ɗɏůɖ űŬɑɜŮŰŬɘ ɜŬ ŭɘŬŰɖɟɞɨɜ ɧɚŮɠ ɞɘ 

ɢɩɟŮɠ. 

ȼ ɀɞɚŭŬɓɑŬ űŬɑɜŮŰŬɘ ɜŬ ŭɘŬŰɖɟŮɑ ůɖɛŬɜŰɘəɐ ɗɏůɖ Űɧůɞ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ , 

ŬɚɚɎ ɛŮ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ŮɝɤůŰɟɏűŮɘŬɠ, ɧůɞ əŬɘ ůŮ ůɡɔəɟɘŰɘəɧ ɤɠ ˊɟɞɠ Űɖɜ Ⱥɡɟɩˊɖ. 

ɀŮ ɛɘŬ ŬɜŬůəɧˊɖůɖ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ, ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ɞŰɘ Űɞ ŮɝɤŰŮɟɘəɧ 

Ůɛˊɧɟɘɞ ˊŬɟɞɡůɑŬůŮ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ ůŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 90ô, 

ŬəɞɚɞɡɗɧɛŮɜɖ Ŭˊɧ ɛɑŬ ˊŰɩůɖ Űɞ 1998-1999, ɧŰŬɜ ɖ ɢɩɟŬ ŮˊɖɟŮɎůŰɖəŮ Ŭˊɧ Űɖɜ 

əɟɑůɖ Űɖɠ ɅɤůɑŬɠ, əŬɘ Ŭˊɧ Űɞ 2000 əŬɘ ɛŮŰɎ ɞɘ ŮɝŬɔɤɔɏɠ ŬɚɚɎ əŬɘ ɞɘ ŮɘůŬɔɤɔɏɠ Űɖɠ 
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ɀɞɚŭŬɓɑŬɠ űŬɑɜŮŰŬɘ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɓŮɚŰɑɤůɖ ɝŬɜɎ. Ƀɘ ɢɩɟŮɠ Űɖɠ EU-15, 

ŬˊɞŰŮɚɞɨɜ ɛŬəɟɎɜ Űɞɜ ɛŮɔŬɚɨŰŮɟɞ Ůɛˊɞɟɘəɧ ŮŰŬɑɟɞ, əŬɗɩɠ Űɞ ɛŮɟɑŭɘɞ Űɞɡɠ ůŮ 

ŮɝŬɔɤɔɏɠ ŮəŰɧɠ Űɖɠ Ⱦ.ȷ.Ⱦ. (ȾɞɘɜɞˊɞɚɘŰŮɑŬ ȷɜŮɝɎɟŰɖŰɤɜ ȾɟŬŰɩɜ, ŮɑɜŬɘ ɏɜŬɠ 

ˊŮɟɘűŮɟŮɘŬəɧɠ ŭɘŮɗɜɐɠ ɞɟɔŬɜɘůɛɧɠ Űɞɡ ɞˊɞɑɞɡ ɞɘ ůɡɛɛŮŰɏɢɞɡůŮɠ ɢɩɟŮɠ ŮɑɜŬɘ Ʉɟɩɖɜ 

ɆɞɓɘŮŰɘəɏɠ ȹɖɛɞəɟŬŰɑŮɠ, ˊɞɡ ůɢɖɛŬŰɑůŰɖəŬɜ ɛŮŰɎ Űɖɜ ŭɘɎɚɡůɖ Űɖɠ ɆɞɓɘŮŰɘəɐɠ 

Ȱɜɤůɖɠ) ˊŬɟɞɡůɑŬůŬɜ Ŭɨɝɖůɖ Ŭˊɧ 44% Űɞ 1997 Ůɤɠ 61% Űɞ 2004.[30] 

  

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ȽɟɚŬɜŭɑŬ P   

ɀɞɚŭŬɓɑŬ P  P 

ɃɡəɟŬɜɑŬ  P  

 

2001 

ɆŰɞ ŭɑəŰɡɞ ɁȺȽ>0.1, əŬŰɎ Űɞ 2001, əɡɟɑŬɟɢɖ ɗɏůɖ ɤɠ ˊɟɞɠ Űɖɜ eccentricity 

centrality ɏɢɞɡɜ ɞɘ: ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ, ɄɞɟŰɞɔŬɚɑŬ, ɆɚɞɓŮɜɑŬ, ȷɡůŰɟɑŬ, 

ȿŮɡəɞɟɤůɑŬ, ɀɎɚŰŬ. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɖɛŬɜŰɘəɐ ɗɏůɖ űɎɜɖəŮ ɜŬ ɏɢɞɡɜ ɖ 

ȸɞɡɚɔŬɟɑŬ əŬɘ ɖ ɀɞɚŭŬɓɑŬ ɤɠ ˊɟɞɠ Űɖɜ BottleNeck . 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, ŬɟəŮŰɎ ɡɣɖɚɐ ɗɏůɖ űɎɜɖəŮ ɜŬ ŮɑɢŬɜ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ 

ɢɩɟŮɠ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɖɠ ȸɞɡɚɔŬɟɑŬɠ əŬɘ Űɖɠ ɀɞɚŭŬɓɑŬɠ, ˊɞɡ űɎɜɖəŮ ɜŬ 

ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ɗɏůɖ əŬɘ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ ɛŮ ɛŮɔɎɚɞ əŬŰɩűɚɘ (ɁȺȽ>0.5).  

ȷˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 2000, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊŮɟɘɧŭɞɡ ˊɟɑɜ Űɖɜ Ůɑůɞŭɞ Űɖɠ 

ȸɞɡɚɔŬɟɑŬɠ ůŰɖɜ Ⱥ.Ⱥ. ɧˊɞɡ ɖ ɢɩɟŬ ŮɜŮɟɔɎ ŭɘŬˊɟŬɔɛŬŰŮɡɧŰŬɜ əŬɘ ŮŰɞɘɛŬɕɧŰŬɜ ɔɘŬ 

ˊɚɐɟɖ ůɡɛɛŮŰɞɢɐ ůŰɖɜ EU3, ŮˊɘˊɟɧůɗŮŰŮɠ ŬɚɚŬɔɏɠ ůŰɘɠ ɓɞɡɚɔŬɟɘəɏɠ ŮɝŬɔɤɔɏɠ 

ůɡɜɏɓɖůŬɜ. ɇɞ ɛŮɟɑŭɘɞ Űɤɜ ŬɔŬɗɩɜ ɛŮ ɡɣɖɚɧŰŮɟɖ ŮˊɘˊɟɧůɗŮŰɖ ŬɝɑŬ ůɡɜŮɢɩɠ 

ŬɡɝŬɜɧŰŬɜ.[29] 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ɄɞɟŰɞɔŬɚɑŬ P   

ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ P   

ɆɚɞɓŮɜɑŬ P   

ɀɎɚŰŬ P   

ȿŮɡəɞɟɤůɑŬ P   

https://el.wikipedia.org/wiki/%CE%A0%CF%81%CF%8E%CE%B7%CE%BD_%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CE%AD%CF%82_%CE%94%CE%B7%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%84%CE%AF%CE%B5%CF%82
https://el.wikipedia.org/wiki/%CE%A0%CF%81%CF%8E%CE%B7%CE%BD_%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CE%AD%CF%82_%CE%94%CE%B7%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%84%CE%AF%CE%B5%CF%82
https://el.wikipedia.org/wiki/%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CE%AE_%CE%88%CE%BD%CF%89%CF%83%CE%B7
https://el.wikipedia.org/wiki/%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CE%AE_%CE%88%CE%BD%CF%89%CF%83%CE%B7
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ȸɞɡɚɔŬɟɑŬ  P P 

ȷɡůŰɟɑŬ P  P 

ɀɞɚŭŬɓɑŬ  P P 

 

2002 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1 əŬɛɑŬ ɢɩɟŬ ŭŮɜ űɎɜɖəŮ ɜŬ ŭɘŬŰɖɟŮɑ ůɖɛŬɜŰɘəɐ ɗɏůɖ 

ɤɠ ˊɟɞɠ əɎˊɞɘɞ centrality. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ Barycenter əŬɘ 

Closeness(Freeman) centrality ŮɑɢŮ ɖ ɅɤůůɑŬ, Ůɜɤ ɤɠ ˊɟɞɠ topological coefficient 

ŮɑɢŮ ɖ ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ əŬɘ ɖ ɁɞɟɓɖɔɑŬ. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, űɎɜɖəŮ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ ɜŬ ɏɢɞɡɜ ɡɣɖɚɏɠ Űɘɛɏɠ 

ɤɠ ˊɟɞɠ degree əŬɘ eigenvector centrality ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ũŮɟɛŬɜɑŬ ɖ ɞˊɞɑŬ ŮɑɢŮ 

ɘŭɘŬɑŰŮɟŬ ɢŬɛɖɚɐ Űɘɛɐ. 

  

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ  P P 

ɅɤůůɑŬ  P P 

ɁɞɟɓɖɔɑŬ  P P 

 

 

 

 

2003 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1, ɢŬɟŬəŰɖɟɘůŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ eigenvector əŬɘ 

eccentricity centralities ŮɑɢŬɜ ɞɘ ȾɟɞŬŰɑŬ əŬɘ Űɞ ɆŬɜ ɀŬɟɑɜɞ. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ > 0.5, ůɖɛŬɜŰɘəɐ ɗɏůɖ ŮɑɢŮ ɖ ɅɤůůɑŬ ɤɠ ˊɟɞɠ Űɖɜ 

BottleNeck Centrality. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ eigenvector əŬɘ degree 

centrality ŮɑɢŬɜ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɛŮŰŬɝɡ Űɤɜ ɞˊɞɑɤɜ ɖ  ȾɟɞŬŰɑŬ əŬɘ Űɞ ɆŬɜ ɀŬɟɑɜɞ, 

Ůɜɩ ŬɜŰɑɗŮŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɢŬɛɖɏɠ Űɘɛɏɠ ŮɑɢŬɜ ɖ ũŮɟɛŬɜɑŬ, Űɞ ȸŬŰɘəŬɜɧ əŬɘ ɖ 

ɁɞɟɓɖɔɑŬ. 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 
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ɅɤůůɑŬ  P  

ɆŬɜ ɀŬɟɑɜɞ P  P 

ȾɟɞŬŰɑŬ P  P 

 

2004 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1, űŬɘɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ɡˊŮɟɞɢɐ Űɤɜ: 

ɄɞɟŰɞɔŬɚɑŬ, ɆŬɜ ɀŬɟɑɜɞ, ɆɚɞɓŮɜɑŬ, ȿŮɡəɞɟɤůɑŬ, ȸŬŰɘəŬɜɧ, ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ, 

ɄɞɚɤɜɑŬ ɤɠ ˊɟɞɠ Űɖɜ eccentricity centrality əŬɘ ɔɘŬ Űɞ ɆŬɜ ɀŬɟɑɜɞ ɤɠ ˊɟɞɠ Űɖɜ 

topological coefficient. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5,  ɖ ɃɡəɟŬɜɑŬ űɎɘɜŮŰŬɘ ɜŬ ɡˊŮɟɏɢŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɤɠ 

ˊɟɞɠ Űɖɜ BottleNeck Centrality. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, ɧɚŮɠ ɞɘ ɢɩɟŮɠ űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ ɗŮůɖ ɤɠ ˊɟɞɠ 

Űɖɜ eigenvector əŬɘ degree centrality, ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɡɣɖɚŮɠ Űɘɛɏɠ ɜŬ ɏɢŮɘ ɖ 

ɁɞɟɓɖɔɑŬ ɛŮ Űɖɜ ũŮɟɛŬɜɑŬ 

 

 

 

 

 

 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ɃɡəɟŬɜɑŬ  P  

ɆŬɜ ɀŬɟɑɜɞ P   

ɆɚɞɓŮɜɑŬ P   

ȿŮɡəɞɟɤůɑŬ P   

ȸŬŰɘəŬɜɧ P   

ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ P   

ɄɞɚɤɜɑŬ P   

 

 

2005 
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ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1, əŬɛɑŬ ɢɩɟŬ ŭŮɜ űŬɑɜŮŰŬɘ ɜŬ ɝŮɢɤɟɑɕŮɘ ɤɠ ˊɟɞɠ 

əɎˊɞɘɞ centrality. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ɖ ȸɞɡɚɔŬɟɑŬ əŬɘ ɖ ɀɞɚŭŬɓɑŬ űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ 

ɗŮůɖ ɤɠ ˊɟɞɠ Űɖɜ BottleNeck centrality, Ůɜɤ ɖ ȿŮŰɞɜɘŬ əŬɘ ɖ ɁɞɟɓɖɔɑŬ űŬɘɜŮŰŬɘ ɜŬ 

ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ Űɖɜ topological coefficient. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, ɤɠ ˊɟɞɠ eigenvector əŬɘ degree centrality, ůɖɛŬɜŰɘəɐ 

ɗɏůɖ űɎɜɖəŮ ɜŬ ɏɢɞɡɜ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ ɖ ȸɞɡɚɔŬɟɑŬ əŬɘ ɖ 

ɀɞɚŭŬɓɑŬ, ɛŮ ɢŬɛɖɚɏɠ Űɘɛɏɠ, ŬɜŰɑɗŮŰŬ, ɖ ũŮɟɛŬɜɑŬ əŬɘ ɖ ɁɞɟɓɖɔɑŬ. 

ȼ ŮˊɘəɟɎŰɖůɖ ůŰɞ ŭɑəŰɡɞ ɡɣɖɚɐɠ ŮɝɤůŰɟɏűŮɘŬɠ ɧůɞ əŬɘ ůŰɞ ůɡɔəɟɘŰɘəɧ 

ŭɑəŰɡɞ, ɛˊɞɟŮɑ ɜŬ ŬɘŰɘɞɚɞɔɖɗŮɑ ɛŮ Űɞ ɔŮɔɞɜɧɠ ɞŰɘ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ 1990-2006, ůŰɞ 

ɓɞɡɚɔŬɟɘəɧ Ůɛˊɧɟɘɞ, ůŮ ɧɚŮɠ Űɘɠ əŬŰɖɔɞɟɑŮɠ ˊɟɞɘɧɜŰɤɜ ɡˊɎɟɢŮɘ ɛɘŬ ɝŮəɎɗŬɟɖ ŰɎůɖ 

ɡɣɖɚɐɠ ˊŬɟɞɡůɑŬɠ ůŰɘɠ ɢɩɟŮɠ Űɖɠ Ⱥ.Ⱥ. ȼ Ůɜɘůɢɡɛɏɜɖ ˊɟɧůɓŬůɖ ůŰɖɜ ȺɡɟɤˊŬɘəɐ 

ŬɔɞɟɎ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɆɡɛűɤɜɑŬɠ ɆɡɜŮɟɔŬůɑŬɠ, űɏɟŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ ɛɘŬ ůɖɛŬɜŰɘəɐ ŬɚɚŬɔɐ ůŰɞɜ ɔŮɤɔɟŬűɘəɧ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɞɡ 

ɓɞɡɚɔŬɟɘəɞɨ Ůɛˊɞɟɑɞɡ əŬɘ əŬɗɘůŰɎ ŰŬ əɟɎŰɖ-ɛɏɚɖ Űɖɠ Ⱥɡɟɩˊɖɠ ůɖɛŬɜŰɘəɞɨɠ 

ŮŰŬɑɟɞɡɠ Ůɛˊɞɟɑɞɡ əŬɘ ŮˊŮɜŭɨůŮɤɜ.[29] 

ȽŭɘŬɑŰŮɟɖ ɗɏůɖ űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ əŬɘ ɖ ɀɞɚŭŬɓɑŬ, ɧˊɞɡ ɛŮ ɛɑŬ ˊɘɞ ŬɜŬɚɡŰɘəɐ 

ɛŬŰɘɎ ɛŮŰŬɝɨ Ɏɚɚɤɜ ŮɑɢŮ əŬɘ ɡɣɖɚɐ Űɘɛɐ ůŰɖɜ əŬŰɖɔɞɟɑŬ 1:Beverages and Tobacco. 

ɉŬɟŬəŰɖɟɘůŰɘəɧ ɞɟɧůɖɛɞ Űɖɠ ɢɩɟŬɠ ŬˊɞŰŮɚŮɑ ɞŰɘ ŮɝɐɔŬɔŮ Űɞ 79% Űɖɠ ˊŬɟŬɔɤɔɐɠ 

Űɖɠ ůŮ əɟŬůɑ ůŰɖɜ ɅɤůɑŬ Űɖ ɢɟɞɜɘɎ 2005. [30] 

 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ȸɞɡɚɔŬɟɑŬ  P P 

ɀɞɚŭŬɓɑŬ  P P 

ȿŮŰɞɜɑŬ  P  

ɁɞɟɓɖɔɑŬ  P  

 

2006 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1 ɤɠ ˊɟɞɠ Űɖɜ eccentricity centrality ůɖɛŬɜŰɘəɐ ɗŮůɖ 

əŬŰɏɢɞɡɜ ɞɘ: ɀŬɡɟɞɓɞɨɜɘɞ, ȿŮɡəɞɟɤůɑŬ, ȿɘɗɞɡŬɜɑŬ əŬɘ ɆɚɞɓŮɜɑŬ. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ˊŬɑɕŮɘ Űɞ ȸŬŰɘəŬɜɧ ɤɠ ˊɟɞɠ Űɘɠ centralities: 

Bottleneck əŬɘ DMNC. 
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ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1 ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ 

ɗɏůɖ ɤɠ ˊɟɞɠ degree əŬɘ eigenvector centrality, ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɖɜ 

ũŮɟɛŬɜɑŬ əŬɘ Űɖɜ ɁɞɟɓɖɔɑŬ. 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ɆɚɞɓŮɜɑŬ P  P 

ɀŬɡɟɞɓɞɨɜɘɞ P  P 

ȿŮɡəɞɟɤůɑŬ P  P 

ȿɘɗɞɡŬɜɑŬ P  P 

ȷɡůŰɟɑŬ   P 

ȽŰŬɚɑŬ   P 

 

2007 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1, ɖ ɃɡɔɔŬɟɑŬ əŬɘ ɖ ɆɞɡɖŭɑŬ űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ 

ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ degree əŬɘ eigenvector centrality. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ɖ ɅɤůɑŬ ɏɢŮɘ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ Űɞ BottleNeck 

Centrality, əŬɘ Harary, Ůɜɩ ɖ ɁɞɟɓɖɔɑŬ ɤɠ ˊɟɞɠ topological coefficient əŬɘ average 

distance. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1 , ɄɞɚɤɜɑŬ, ȺůɗɞɜɑŬ əŬɘ ȺɚɚɎŭŬ űŬɑɜŮŰŬɘ ɜŬ Ůɢɞɡɜ 

ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ eigenvector əŬɘ degree centrality. 

ȺˊɞɛŮɜɤɠ ůŮ ŬɡŰɐ Űɖ ɢɟɞɜɘɎ ŭŮ űŬɑɜŮŰŬɘ ɜŬ ɝŮɢɤɟɑɕŮɘ əɎˊɞɘŬ ɢɩɟŬ ɤɠ ˊɟɞɠ 

Űɖɜ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɖɠ ɞɨŰŮ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ, ŬɚɚɎ ɞɨŰŮ ůɡɔəɟɘŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ 

ɡˊɧɚɞɘˊɖ Ⱥɡɟɩˊɖ. 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ɃɡɔɔŬɟɑŬ P   

ɆɞɡɖŭɑŬ P   

ɅɤůɑŬ  P  

ɁɞɟɓɖɔɑŬ  P  

ɄɞɚɤɜɑŬ   P 

ȺůɗɞɜɑŬ   P 

ȺɚɚŬŭŬ   P 
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2008 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1, ȽɟɚŬɜŭɑŬ əŬɘ ȾɟɞŬŰɑŬ centrality (Freeman) , centroid 

value, Decay centrality, Diffusion degree. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ɖ ɅɤůɑŬ űŬɑɜŮŰŬɘ ɜŬ ŮˊɘəɟŬŰŮɑ ɤɠ ˊɟɞɠ BottleNeck 

əŬɘ Harary Centrality,əŬɘ ɖ ɁɞɟɓɖɔɑŬ ɤɠ ˊɟɞɠ topological coefficient əŬɘ Average 

Distance. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, ɖ ɀɎɚŰŬ, ɖ ȿŮɡəɞɟɤůɑŬ əŬɘ ɖ ɅɤůɑŬ űŬɑɜŮŰŬɘ ɜŬ 

ɏɢɞɡɜ ůɖɛŬɜŰɘəɧŰŮɟɖ ɗɏůɖ ɤɠ ˊɟɞɠ Űɖɜ BottleNeck centrality ɛŮ ɘŭŬɘŰŮɟŬ ɢŬɛɖɚɏɠ 

Űɘɛɏɠ ɜŬ ŮɛűŬɜɑɕŮɘ ɖ ũŮɟɛŬɜɑŬ əŬɘ ɖ ɁɞɟɓɖɔɑŬ. 

ɀŮɔɎɚɖ ŮɝɤůŰɟɏűŮɘŬ Űɧůɞ ůŮ ŬɜŮɝɎɟŰɖŰɞ ŮˊɑˊŮŭɞ ɧůɞ əŬɘ ůŮ ůɡɔəɟɘŰɘəɧ ɤɠ 

ˊɟɞɠ Űɖɜ Ⱥɡɟɩˊɖ ˊŬɟɞɡůɑŬůŮ ɖ ɅɤůůɑŬ, ˊɞɡ űɎɜɖəŮ ɜŬ ŮˊɘəɟŬŰŮɑ ůŰɖɜ əŬŰɖɔɞɟɑŬ 3: 

ɀineral fuels, lubricants and related materials. 

ɀŮ ɛɑŬ ŬɜŬůəɧˊɖůɖ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ, űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ 2005 ɞ ɟɤůɘəɧɠ 

ˊɟɞɛɖɗŮɡŰɐɠ űɡůɘəɞɨ ŬŮɟɑɞɡ Gazprom əŬɘ ɖ ɃɡəɟŬɜɘəɐ ŮŰŬɘɟɑŬ ˊŮŰɟŮɚŬɑɞɡ əŬɘ 

űɡůɘəɞɨ ŬŮɟɑɞɡ Naftogaz, ɜŬ ŮɛˊɚɏəɞɜŰŬɘ ůŮ ɛɘŬ ˊɚɖɗɩɟŬ ŭɘŮɜɏɝŮɤɜ. Ʉɘɞ 

ůɡɔəŮəɟɘɛŮɜŬ ɖ ɅɤůɑŬ ɡˊɞůŰɐɟɘɝŮ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ 2005, ɞŰɘ ɖ ɃɡəɟŬɜɑŬ ŭŮɜ 

ˊɚɐɟɤɜŮ Űɞ ŬɜŰɑŰɘɛɞ ˊɞɡ ɧűŮɘɚŮ ɔɘŬ Űɘɠ ˊɞůɧŰɖŰŮɠ űɡůɘəɞɨ ŬŮɟɑɞɡ ˊɞɡ ŮɘůɐɔŬɔŮ, 

ŬɚɚɎ ŮɝɏŰɟŮˊŮ Űɞ űɡůɘəɧ Ŭɏɟɘɞ ˊɞɡ ˊɟɞɞɟɘɕɧŰŬɜ ˊɟɞɠ Űɖɜ Ⱥ.Ⱥ. ɛɏůɤ Ŭɔɤɔɩɜ ˊɞɡ 

ˊŮɟɜɞɨůŬɜ Ŭˊɧ ɞɡəɟŬɜɘəɧ ɏŭŬűɞɠ. Ƀɘ ŭɘŮɜɏɝŮɘɠ əɚɘɛŬəɩɗɖəŬɜ ɧŰŬɜ ɖ ˊŬɟɞɢɐ 

űɡůɘəɞɨ ŬŮɟɑɞɡ ɛŮůɤ ɃɡəɟŬɜɑŬɠ, ɛŮɘɩɗɖəŮ ŭɟŬɛŬŰɘəɎ ɤɠ ŬɜŰɑˊɞɘɜŬ Űɖɠ ɅɤůɑŬɠ, 

ɏɢɞɜŰŬɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ ˊɞɚɚɏɠ ɢɩɟŮɠ Űɖɠ ȾŮɜŰɟɘəɐɠ əŬɘ ȷɜŬŰɞɚɘəɐɠ Ⱥɡɟɩˊɖɠ 

əɡɟɑɤɠ, ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ ˊɟɞɓɚɐɛŬŰŬ. ȾɚɐɗɖəŬɜ ɚɞɘˊɧɜ ɎɚɚŮɠ ɢɩɟŮɠ ɜŬ 

ůɡɛˊɚɖɟɩůɞɡɜ ŬɡŰɧ Űɞ ɏɚɚŮɘɛŬ əŬɡůɑɛɤɜ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ɁɞɟɓɖɔɑŬ, 

ˊɟɞəŬɚɩɜŰŬɠ ɏŰůɘ Űɖɜ ɨˊŬɟɝɖ ŬɜŰŬɔɤɜɘůŰɩɜ ůŰɖɜ ˊŬɟɞɢɐ əŬɡůɑɛɤɜ Űɖɠ Ⱥɡɟɩˊɖɠ, 

ˊŮɟɘɞɟɑɕɞɜŰŬɠ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ Űɖɜ ɛɞɜɞˊɤɚɘŬəɐ ɢɟɞɘɎ Űɖɠ ɅɤůɑŬɠ, əɎŰɘ ˊɞɡ 

ŬɜŰɘəŬŰɞˊŰɟɑɕŮŰŬɘ əŬɘ ůŰɞ ŬɜŰŬɔɤɜɘůŰɘəɧ ŭɑəŰɡɞ əŬɗɘůŰɩɜŰŬɠ Űɖɜ ɜŬ ɝŮɢɤɟɑɕŮɘ ɤɠ 

ˊɟɞɠ Űɖɜ əŮɜŰɟɘəɧŰɖŰŬ.[31] 

  

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ȽɟɚŬɜŭɑŬ P   

ȾɟɞŬŰɑŬ P   

ɀɎɚŰŬ   P 

ɅɤůɑŬ  P P 

ɁɞɟɓɖɔɑŬ  P  
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ȿŮɡəɞɟɤůɑŬ   P 

 

2009 

ɆŰɞ ŭɑəŰɡɞ ɁȺȽ>0.1, ɖ ɃɡɔɔŬɟɑŬ űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ 

Barycenter centrality əŬɘ closeness centrality (Freeman). 

ɆŰɞ ŭɑəŰɞ ɁȺȽ>0.5 ɖ ɅɤůɑŬ əŬŰɏɢŮɘ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ Űɖɜ BottleNeck 

centrality əŬɘ ɖ ɁɞɟɓɖɔɑŬ ɤɠ ˊɟɞɠ Űɖɜ topological coefficient. 

ɆŰɞ ŭɑəɡɞ ɛŮ RCA>1, ɖ ȾɟɞŬŰɑŬ əŬɘ ɖ ȺůɗɞɜɑŬ űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ 

ůɖɛŬɜŰɘəɧŰŮɟɖ ɗɏůɖ Ŭˊɧ Űɘɠ ɎɚɚŮɠ ɤɠ ˊɟɞɠ degree əŬɘ eigenvector centrality. 

ȺˊɞɛŮɜɤɠ ůŮ ŬɡŰɐ Űɖ ɢɟɞɜɘɎ ŭŮ űŬɑɜŮŰŬɘ ɜŬ ɝŮɢɤɟɑɕŮɘ əɎˊɞɘŬ ɢɩɟŬ ɤɠ ˊɟɞɠ 

Űɖɜ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɖɠ ɞɨŰŮ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ, ŬɚɚɎ ɞɨŰŮ ůɡɔəɟɘŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ 

ɡˊɧɚɞɘˊɖ Ⱥɡɟɩˊɖ. 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ȹŬɜɑŬ P   

ɃɡɔɔŬɟɑŬ P   

ɁɞɟɓɖɔɑŬ  P  

ɅɤůɑŬ  P  

ȾɟɞŬŰɑŬ   P 

ȺůɗɞɜɑŬ   P 

2010 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ >0.1 əŬɛɑŬ ɢɩɟŬ ŭŮɜ űŬɑɜŮŰŬɘ ɜŬ əɡɟɘŬɟɢŮɑ ɤɠ ˊɟɞɠ 

əɎˊɞɘŬ əŮɜŰɟɘəɧŰɖŰŬ, ŮəŰɞɠ Űɖɠ ȺɚɚɎŭŬɠ ɤɠ ˊɟɞɠ average distance. 

ɆŰɞ ŭɑəŰɞ ɁȺȽ>0.5 ɖ ɅɤůɑŬ əŬŰɏɢŮɘ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ Űɖɜ BottleNeck 

centrality əŬɘ ɖ ɁɞɟɓɖɔɑŬ ɤɠ ˊɟɞɠ Űɖɜ topological coefficient. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1 , əŬɛɑŬ ɢɩɟŬ ŭŮ űŬɑɜŮŰŬɘ ɜŬ ɝŮɢɤɟɑɕŮɘ ɤɠ ˊɟɞɠ əɎˊɞɘŬ 

əŮɜŰɟɘəɧŰɖŰŬ ˊɏɟŬ Ŭˊɧ Űɞ  ũɘɓɟŬɚŰŬɟ, ˊɞɡ ɝŮɢɩɟɘůŮ ɔɘŬ Űɖɜ ɘŭɘŬɑŰŮɟŬ ɢŬɛɖɚɐ Űɘɛɐ 

ˊɞɡ ˊŬɟɞɡůɑŬůŮ. 

ȺˊɞɛŮɜɤɠ ůŮ ŬɡŰɐ Űɖ ɢɟɞɜɘɎ ŭŮ űŬɑɜŮŰŬɘ ɜŬ ɝŮɢɤɟɑɕŮɘ əɎˊɞɘŬ ɢɩɟŬ ɤɠ ˊɟɞɠ 

Űɖɜ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɖɠ ɞɨŰŮ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ, ŬɚɚɎ ɞɨŰŮ ůɡɔəɟɘŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ 

ɡˊɧɚɞɘˊɖ Ⱥɡɟɩˊɖ. 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ɁɞɟɓɖɔɑŬ  P  
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ɅɤůɑŬ  P  

 

2011 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ > 0.1, ȽɟɚŬɜŭɑŬ űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ 

degree əŬɘ eigenvector centrality. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ɖ ȽůɚŬɜŭɑŬ, əŬɘ ɖ ɃɡəɟŬɜɑŬ űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ 

ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ eccentricity centrality əŬɘ ɖ ɁɞɟɓɖɔɑŬ ɤɠ ˊɟɞɠ average 

distance.  

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, ɤɠ ˊɟɞɠ degree əŬɘ eigenvector centrality ůɖɛŬɜŰɘəɐ 

ɗɏůɖ űŬɑɜŮŰŬɘ ɜŬ əŬŰɏɢŮɘ ˊɎɚɘ ɖ ȽůɚŬɜŭɑŬ əŬɘ ɖ ɃɡəɟŬɜɑŬ. ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ˊŬɟŬŰɖɟŮɑŰŬɘ, ɞŰɘ əŬɛɑŬ ɢɩɟŬ ŭŮɜ űɎɜɖəŮ ɜŬ əŬŰɏɢŮɘ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ əɎˊɞɘɞ 

centrality. 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɞŰɘ ɖ ȽůɚŬɜŭɑŬ, əŬŰɏɢŮɘ əŮɜŰɟɘəɐ ɗŮůɖ ůŰŬ ŬɜŰŬɔɤɜɘůŰɘəɎ 

ŭɑəŰɡŬ Űɧůɞ ůŮ ŬɡŰɧ ɛŮ ɡɣɖɚɧ ɓŬɗɛɧ ŬɜŮɝɎɟŰɖŰɖɠ ŮɝɤůŰɟɏűŮɘŬɠ ɧůɞ əŬɘ ůŰɞ 

ůɡɔəɟɘŰɘəɧ ŬɜŰŬɔɤɜɘůŰɘəɞɨ ˊɚŮɞɜŮəŰɐɛŬŰɞɠ ůŰɖ Ⱥɡɟɩˊɖ. Ƀɘ əŬŰɖɔɞɟɑŮɠ ůŰɘɠ ɞˊɞɑŮɠ 

əɡɟɘɎɟɢɖůŮ ɐŰŬɜ 0: Food and live animals chiefly for food, 4: Animal and vegetable 

oils, fats and waxes əŬɘ 6: Manufactured goods classified chiefly by materials.  

ȳɜŰɤɠ ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ ŬɜŬűɞɟɎ Űɖɠ ȾŮɜŰɟɘəɐɠ ɇɟɎˊŮɕŬɠ Űɖɠ 

ȽůɚŬɜŭɑŬɠ ɔɘŬ Űɞ 2011, ŰŬ ɣɎɟɘŬ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ɗŬɚŬůůɘɜɎ ˊɟɞɘɧɜŰŬ ŬˊɞŰɏɚŮůŬɜ 

Űɞɜ əɡɟɑŬɟɢɞ ůŰɘɠ ŮɝŬɔɤɔɏɠ ˊɟɞɘɧɜŰɤɜ, ˊŬɟɧɚɞ ˊɞɡ ɛŮɘɩɗɖəŬɜ ůŬɜ ɛŮɟɑŭɘɞ Űɖɠ 

ůɡɜɞɚɘəɐɠ Ůɛˊɞɟɘəɐɠ əɑɜɖůɖɠ. ɇɞ 2011, ŬɡŰɐ ɖ əŬŰɖɔɞɟɑŬ ˊɟɞɘɧɜŰɤɜ, ŬˊɞŰɏɚŮůŬɜ Űɞ 

41% Űɤɜ ůɡɜɞɚɘəɤɜ ŮɝŬɔɤɔɩɜ ŬɔŬɗɩɜ əŬɘ Űɞ 26% Űɤɜ ůɡɜɞɚɘəɩɜ ŮɝŬɔɤɔɩɜ, Ŭˊɧ 

75% əŬɘ 56% ŬɜŰɑůŰɞɘɢŬ Űɞ 1990. Ƀɘ ŮɝŬɔɤɔɏɠ Űɤɜ əŬŰŬůəŮɡŬůɛɏɜɤɜ ŬɔŬɗɩɜ 

ŬɜŬˊŰɨɢɗɖəŬɜ ŰŬɢɨŰŬŰŬ ůŮ ůɖɛŬɜŰɘəɧŰɖŰŬ, ŬˊɞŰŮɚɩɜŰŬɠ Űɞ 54% Űɤɜ ŮɝŬɔɤɔɩɜ 

ŬɔŬɗɩɜ əŬɘ Űɞ 35% ŬɜŰɑůŰɞɘɢŬ Űɤɜ ůɡɜɞɚɘəɩɜ ŮɝŬɔɤɔɩɜ ɔɘŬ Űɞ 2011.[32] 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ȽɟɚŬɜŭɑŬ P   

ȽůɚŬɜŭɑŬ  P P 

ɃɡəɟŬɜɑŬ  P P 

 

2012 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1, ɖ ȽɟɚŬɜŭɑŬ, ɃɡɔɔŬɟɑŬ əŬɘ ȽŰŬɚɑŬ űɎɘɜŮŰŬɘ ɜŬ 

əɡɟɘŬɟɢɞɨɜ ɤɠ ˊɟɞɠ Űɖɜ BottleNeck centrality. 
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ɆŰɞ ŭɑəŰɡɞ ɛŮ NEI>0.5, ɖ ɁɞɟɓɖɔɑŬ űŬɘɜŮŰŬɘ ɜŬ ɏɢŮɘ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ 

Űɖɜ average distance centrality ɛŬɕɑ ɛŮ Űɖɜ ɃɡəɟŬɜɑŬ, ȽůɚŬɜŭɑŬ, ɀɞɚŭŬɓɑŬ ɤɠ ˊɟɞɠ 

Űɖɜ eccentricity centrality. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ əŬŰŮɑɢŬɜ ůɖɛŬɜŰɘəɐ ɗŮůɖ ɤɠ 

ˊɟɞɠ degree əŬɘ eigenvector centrality, ɛŮ Űɖɜ ɁɞɟɓɖɔɑŬ, Űɖ ɀɎɚŰŬ əŬɘ Űɞ ũɘɓɟŬɚŰŬɟ 

ɜŬ əŬŰɏɢɞɡɜ ɘŭɘŬɑŰŮɟŬ ɢŬɛɖɚɏɠ Űɘɛɏɠ. 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ɃɡɔɔŬɟɘŬ P  P 

ȽɟɚŬɜŭɑŬ P  P 

ɁɞɟɓɖɔɑŬ  P  

ȽůɚŬɜŭɑŬ  P P 

ɀɞɚŭŬɓɑŬ  P P 

ɃɡəɟŬɜɑŬ  P P 

ȽŰŬɚɑŬ P  P 

 

 

 

 

2013 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1, ɖ ũŮɟɛŬɜɑŬ, ɖ ɁɞɟɓɖɔɑŬ, ɖ ɆɚɞɓŬəɑŬ əŬɘ ɖ ɆɚɞɓŮɜɑŬ 

ɝŮɢɤɟɑɕɞɡɜ ɤɠ ˊɟɞɠ Űɘɠ Űɘɛɏɠ Űɖɠ average distance. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5 ɖ ɁɞɟɓɖɔɑŬ əŬŰɏɢŮɘ ɡɣɖɚɐ ɗɏůɖ ůŮ Űɘɛɏɠ average 

distance əŬɘ topological coefficient centrality, Ůɜɤ ɖ ɅɤůɑŬ ůŮ Bottleneck əŬɘ Harary 

centrality. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, , ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ əŬŰŮɑɢŬɜ ůɖɛŬɜŰɘəɐ ɗŮůɖ ɤɠ 

ˊɟɞɠ degree əŬɘ eigenvector centrality. 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ũŮɟɛŬɜɑŬ P  P 

ɆɚɞɓŬəɑɎ P  P 

ɁɞɟɓɖɔɑŬ P  P 
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ɆɚɞɓŮɜɑŬ P  P 

ɅɤůɑŬ  P P 

 

2014 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.1, ůɖɛŬɜŰɘəɐ ɗɏůɖ ɤɠ ˊɟɞɠ Űɖɜ eccentricity centrality 

űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ɞɘ ũŮɟɛŬɜɑŬ, ɖ ȷɜŭɧɟŬ, ɖ ɇůŮɢɑŬ əŬɘ ɖ ȺɚɓŮŰɑŬ. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ>0.5, ůɖɛŬɜŰɘəɐ ɗɏůɖ űŬɑɜŮŰŬɘ ɜŬ əŬŰɏɢŮɘ ɖ ȸɧɟŮɘŬ 

ɀŬəŮŭɞɜɘŬ əŬɘ ɖ ɅɤůɑŬ ɤɠ ˊɟɞɠ Űɖɜ BottleNeck Centrality əŬɘ ɖ ũŬɚɚɑŬ əŬɘ ɖ 

ɁɞɟɓɖɔɑŬ ɤɠ ˊɟɞɠ Average Distance əŬɘ topological coefficient. 

ɆŰɞ ŭɑəŰɡɞ ɛŮ RCA>1, ůɖɛŬɜŰɘəɐ ɗɏůɖ űɎɘɜŮŰŬɘ ɜŬ ŮɑɢŬɜ ɖ ūɘɜɚŬɜŭɑŬ əŬɘ ɖ 

ȺɚɓŮŰɑŬ ɤɠ ˊɟɞɠ Űɖɜ topological coefficient centrality. 

 

 

 

 

 

 

 

 

 

ɉɩɟŬ ɁȺȽ > 0.1 ɁȺȽ >0.5 RCA > 1 

ũŮɟɛŬɜɑŬ P   

ɁɞɟɓɖɔɑŬ  P  

ɅɤůɑŬ  P  

ũŬɚɚɑŬ  P  

ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ  P  

ȷɜŭɧɟŬ P   

ɇůŮɢɑŬ P   

ȺɚɓŮŰɑŬ P  P 

ūɘɜɚŬɜŭɑŬ   P 
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7.4.2 : ȷˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭŮɘəŰɩɜ Assortativity əŬɘ Modularity əŬɘ ŮɟɛɖɜŮɑŬ 

 

Assortativity ŭɘəŰɨɤɜ ɛŮ ɁȺȽ > 0.1 

 

ȷˊɧ Űɞ 1995 ɏɤɠ Űɞ 1998 ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɨɝɖůɖ Űɞɡ assortativity ɔɘŬ Űɞ ŭɑəŰɡɞ 

ɛŮ ɁȺȽ > 0.1. ȼ ɛɏɔɘůŰɖ Űɘɛɐ, ɧɚɖɠ Űɖɠ ŮɘəɞůŬŮŰɑŬɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ 1998. ɉɩɟŮɠ 

ɚɞɘˊɧɜ ɛŮ ŮɝŬɔɤɔɘəɐ ŮɝɤůŰɟɏűŮɘŬ əŬɘ ˊɞɚɚɞɨɠ ŬɜŰŬɔɤɜɘůŰɏɠ ɤɠ ˊɟɞɠ ŬɡŰɐɜ ŰŮɑɜɞɡɜ 

ɜŬ ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ Ůˊɑůɖɠ ɢɩɟŮɠ ɛŮ ŮɝŬɔɤɔɘəɐ ŮɝɤůŰɟɏűŮɘŬ ůŮ ɑŭɘŮɠ əɡɟɘɤɠ 

əŬŰɖɔɞɟɑŮɠ ˊɟɞɘɧɜŰɤɜ  ɛŮ Ůˊɑůɖɠ ˊɞɚɚɞɨɠ ŬɜŰŬɔɤɜɘůŰɏɠ. ȼ ŰɎůɖ ŬɡŰɐ űŬɑɜŮŰŬɘ ɜŬ 

ɛŮɘɤɜŮŰŬɘ Űɞ 1999 ŬɚɚɎ ɜŬ ˊŬɟɞɡůɑŬɕŮɘ ɛəȭɟɖ ŬɡɝɖŰɘəɐ ŰɎůɖ ɛɏɢɟɘ Űɞ 2008. ɇɞ 2008 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ŭŮɨŰŮɟɖ ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ Űɖɠ ɞɘəɞůŬŮŰɑŬɠ əŬɘ Ŭɛɏůɤɠ ɛŮŰɎ əŬŰɎ Űɞ 

2009 ɏŰɞɠ Űɞ ɞˊɞɑɞ ůɡɛˊɑˊŰŮɘ ɛŮ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əɟɑůɖɠ ɛɘŬ ˊŰɩůɖ ˊɞɡ 

ůɡɜŮɢɑɕŮŰŬɘ, ɛɏɢɟɘ Űɞ 2014. ȷˊɧ Űɞ Űɞ ɏŰɞɠ 2009 əŬɘ ɛŮŰɎ ɞɘ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ 

assortativity ɡˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ ŰŬ ŭɑəŰɡŬ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɞŰɑɓŬ ɞɛɞɘɧŰɖŰŬɠ ɔɘŬ 

Űɞɜ ŬɜŰŬɔɤɜɘůɛɧ ɛŮŰŬɝɨ Űɤɜ ɢɤɟɩɜ. 
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Assortativity ŭɘəŰɡɤɜ ɛŮ ɁȺȽ > 0.5 

 

 

Ƀɘ Űɘɛɏɠ Űɞɡ assortativity ůŰɞ ŭɑəŰɡɞ ŬɜŰŬɔɤɜɘůŰɩɜ ɛŮ ɡɣɖɚɐ ŮɝŬɔɤɔɘəɐ 

ŮɝɤůŰɟɏűŮɘŬ ɤɠ ˊɟɞɠ Űɘɠ ɑŭɘŮɠ əŬŰɖɔɞɟɑŮɠ ˊɟɞɘɧɜŰɤɜ űŬɑɜŮŰŬɘ ɜŬ ɛɖɜ ˊŬɟɞɡůɘɎɕɞɡɜ 

ůŰŬɗŮɟɐ ŰɎůɖ Ŭˊɧ Űɞ 1995 ɏɤɠ Űɞ 2006. ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ ŬɡŰɐ ɞɘ 

ŬɡɝɞɛɞɘɩůŮɘɠ Űɞɡ ŭŮɑəŰɖ assortativity Ŭəɞɚɞɡɗɞɨɜ ˊŮɜŰŬŮŰɐɠ əɨəɚɞɡɠ. ȷˊɧ Űɞ 2007 

ɧɛɤɠ , ɛŮ ŮɝŬɑɟŮůɖ Űɞ Űɞ 2011 əŬɘ Űɞ 2012, ɞɘ Űɘɛɏɠ assortativity  űŬɑɜŮŰŬɘ ɜŬ 

ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɏɠ ůŮ ɘŭɘŬɑŰŮɟŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ, ůɢŮŭɧɜ ɛɖŭŮɜɘəɎ.  ɀˊɞɟŮɑ ɜŬ 

ŭɘŬˊɘůŰɤɗŮɑ ɚɞɘˊɧɜ, ɧŰɘ ɢŬɛɖɚɏɠ Űɘɛɏɠ assortativity ɛŮŰŬɝɨ əɧɛɓɤɜ ɛŮ ůɖɛŬɜŰɘəɐ 

ŮɝɤůŰɟɏűŮɘŬ ɤɠ ˊɟɞɠ Űɘɠ ɑŭɘŮɠ ŮɝŬɔɤɔɘəɏɠ ɟɞɏɠ, ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ ɛɖ ɨˊŬɟɝɖ ɛɞŰɑɓɤɜ 

ɞɛɞɘɧŰɖŰŬɠ Űɤɜ ɢɤɟɩɜ ɤɠ ˊɟɞɠ Űɞɜ ŬɜŰŬɔɤɜɘůɛɧ. 
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Assortativity ůŮ ŭɑəŰɡŬ ɛŮ RCA > 1 

 

 

Ƀɘ Űɘɛɏɠ assortativity ɛŮŰŬɝɨ ɢɤɟɩɜ ɛŮ ůɡɔəɟɘŰɘəɧ ŬɜŰŬɔɤɜɘůŰɘəɧ 

ˊɚŮɞɜɏəŰɖɛŬ ŭŮɑɢɜɞɡɜ ɜŬ əɡɛŬɑɜɞɜŰŬɘ ůŮ ɢŬɛɖɚɏɠ Űɘɛɏɠ, ɛŮ ɛɑŬ ɛɘəɟɐ Ŭɨɝɖůɖ əŬŰɎ 

Űɞ 2009 , 2011 əŬɘ 2012. Ⱥˊɞɛɏɜɤɠ ɛɏůŬ ůŰɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮɘəɞůŬŮŰɑŬɠ ŭŮɜ 

ˊŬɟɞɡůɑŬůŰɖəŮ ɛɞŰɑɓɞ ɞɛɞɘɧŰɖŰŬɠ ŬɜŰŬɔɤɜɘůɛɞɨ ɛŮŰŬɝɨ Űɤɜ ɢɤɟɩɜ.   
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Modularity Űɞɡ ŭɘəŰɨɞɡ ɛŮ ɁȺȽ > 0.1 

 

           ȾŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮɘəɞůŬŮŰɑŬɠ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɘɛɐ 

modularity(Q>0.3) ˊɞɡ ɜŬ ɡˊɞŭɡəɜŮɑŮɘ Űɖɜ ɨˊŬɟɝɖ ŭɞɛɐɠ əɞɘɜɞŰɐŰɤɜ ůŮ əɎˊɞɘɞ Ŭˊɧ 

ŰŬ ŭɑəŰɡŬ.  
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Modularity Űɞɡ ŭɘəŰɨɞɡ ɛŮ ɁȺȽ > 0.5 

 

 

           ȷɟɢɘəɎ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɔɘŬ ɏɝɘ ŭɘŬűɞɟŮŰɘəɎ ɏŰɖ 1995, 1996, 1997, 2001, 

2005 əŬɘ 2006 Űɞ ŭɑəŰɡɞ ˊŬɟɞɡůɑŬɕŮɘ ɘůɢɡɟɐ ŭɞɛɐ əɞɘɜɞŰɐŰɤɜ, ŭɖɚŬŭɐ Űɘɛɏɠ 

modularity (Q>0.3). ɇŬɡŰɧɢɟɞɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞɘ Űɘɛɏɠ Űɞɡ modularity 

Ŭəɞɚɞɡɗɞɨɜ ˊŮɜŰŬŮŰɐɠ əɨəɚɞɡɠ Ŭɡɝɞɛɞɑɤůɖɠ, ɋůŰɧůɞ Ŭˊɧ Űɞ ɏŰɞɠ 2007 əŬɘ ɛŮŰɎ ɖ 

ɨˊŬɟɝɖ Űɞɡɠ ůŰŬɛŬŰɎŮɘ. 
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Modularity Űɞɡ ŭɘəŰɨɞɡ ɛŮ RCA > 1 

 

 

           Ƀɘ Űɘɛɏɠ modularity Űɤɜ ŭɘəŰɨɤɜ ɔɘŬ ɧɚɖ Űɖɜ ŮɘəɞůŬŮŰɑŬ əɡɛŬɑɜɞɜŰŬɘ ůŮ Űɘɛɏɠ 

ɢŬɛɖɚɧŰŮɟŮɠ Űɞɡ 0.3, Ůˊɞɛɏɜɤɠ ŭŮɜ ˊŬɟɞɡůɑŬɕɞɡɜ ɘůɢɡɟɐ ŭɞɛɐ əɞɘɜɞŰɐŰɤɜ. 

           ɋůŰɧůɞ ŮɜŭɘŬűɏɟɞɜ ˊɟɞəŬɚŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ assortativity 

əŬɘ Űɞɡ modularity ˊŬɟɞɡůɑŬɕɞɡɜ Űɘɠ ɑŭɘŮɠ ŰɎůŮɘɠ əŬɘ ŬɡɝɞɛɞɘɩůŮɘɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɤɜ Ůɑəɞůɘ ŮŰɩɜ. 

           ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɞɚɞəɚɖɟɤůɖɠ Űɖɠ ȺɡɟɤˊŬɘəɐɠ Ȱɜɤůɖɠ ˊɟɘɜ Űɖɜ əɟɑůɖ əŬɘ 

ŰŬ ŭɘŬűɞɟɞˊɞɘɞɨɛŮɜŬ ŮɝŬɔɤɔɘəɎ ɛɞŰɑɓŬ ɡˊɞŭɖɚɩɜɞɡɜ ɞŰɘ ɖ ŮɝŬɔɤɔɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ ɏɔɘɜŮ ɚɘɔɧŰŮɟɞ ůɡɔəŮɜŰɟɤɛɏɜɖ ɛŮŰŬɝɨ Űɤɜ ŮɡɟɤˊŬɘəɩɜ ɢɤɟɩɜ. ȼ 

ŬɚɚŬɔɐ ŬɡŰɐ Űɤɜ Ůɛˊɞɟɘəɩɜ ɛɞŰɑɓɤɜ, əɡɟɑɤɠ ůŰɞɜ ŰɞɛɏŬ ˊɟɞɘɧɜŰɤɜ ɛŮůŬɑŬɠ 

ˊɞɘɞŰɐŰŬɠ, ɞɜɧɛŬɕŮŰŬɘ "climbing up" űŬɘɜɧɛŮɜɞ əŬŰɎ Űɞ ɞˊɞɑɞ ɚɘɔɧŰŮɟɞ 

ŬɜŮˊŰɡɔɛŮɏɜɠ ɢɩɟŮɠ əŮɟŭɑɕɞɡɜ ɏŭŬűɞɠ Ůɘɠ ɓɎɟɞɠ Űɤɜ ˊɘɞ ŬɜŮˊŰɡɔɛɏɜɤɜ ɢɤɟɩɜ. ȷɡŰɧ 

ŮˊŬɚɖɗŮɨŮɘ Űɘɠ ɡɣɖɚɏɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ assortativity ˊɟɞ əɟɑůɖɠ, əŬɗɩɠ ɛŮɘɩɜɞɜŰŬɘ ɞɘ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Űɤɜ ɓŬɗɛɩɜ ŬɜŮɝŬɟŰɐŰɤɠ Űɞɡ Ůˊɘˊɏŭɞɡ ŬɜɎˊŰɡɝɖɠ Űɞ ɞˊɞɑɞ ɏɢŮɘ ɖ 

ɢɩɟŬ. ɇŬɡŰɧɢɟɞɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɞɨ Űɞɡ űŬɘɜɞɛɏɜɞɡ, Ŭɨɝɖůɖ ůŰɞ 

ɔŮɤɔɟŬűɘəɧ ŭɘŬɢɤɟɘůɛɧ, ŭɖɚŬŭɐ ŭɖɛɘɞɡɟɔɑŬ ŭɘəŰɨɤɜ ɛŮ ɘůɢɡɟɧŰŮɟɖ ŭɞɛɐ 

əɞɘɜɞŰɐŰɤɜ. ȷɡŰɏɠ ɞɘ ŰɎůŮɘɠ ŬɡŰɏɠ űŬɑɜŮŰŬɘ ɜŬ əŬŰŬɟɟɑˊŰɞɜŰŬɘ ɛŮŰɎ Űɞ ɝɏůˊŬůɛŬ Űɖɠ 

əɟɑůɖɠ, əɎŰɘ Űɞ ɞˊɞɑɞ ŮˊŬɚɖɗŮɨŮŰŬɘ Ŭˊɧ Űɘɠ ˊŰɩůŮɘɠ Űɤɜ Űɘɛɤɜ assortativity əŬɘ 

modularity. [38] 

            ɆŰɞ ɄȷɅȷɅɇȼɀȷ ȷ ˊŬɟɞɡůɘɎɕɞɜŰŬ ŰŬ ŭɑəŰɡŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɔɘŬ 

əɎɗŮ ɢɟɞɜɘɎ əŬɗɩɠ əŬɘ ŰŬ ŭɑəŰɡŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əɎɗŮ ɢɟɞɜɘɎ Ůɜɩ ůŰɞ 

ɄȷɅȷɅɇȼɀȷ ȸ ˊŬɟɞɡůɑŬɕɞɜŰŬɘ ɞɘ ˊɑɜŬəŮɠ ɛŮ Űɘɠ əŮɜŰɟɘəɧŰɖŰŮɠ ˊɞɡ ɗŮɤɟɐɗɖəŬɜ 

ůɖɛŬɜŰɘəɏɠ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ əŬɗɩɠ əŬɘ ɞɘ ɢɩɟŮɠ 
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ˊɞɡ ŮɛűɎɜɘůŬɜ ɡɣɖɚɏɠ əŬɘ ɢŬɛɖɚɏɠ Űɘɛɏɠ. ɆŰɞ ɄȷɅȷɅɇȼɀȷ ũ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ 

ɟŬɓŭɞɔɟɎɛɛŬŰŬ ɔɘŬ Űɘɠ ůɡɜŮɘůűɞɟɏɠ Űɤɜ centralities ůŰɘɠ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ 

ůɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ PCA.  
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ȾŮűɎɚŬɘɞ 8 : ɆɡɛˊŮɟɎůɛŬŰŬ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮɑɢŮ ɤɠ ůəɞˊɧ Űɖɜ ɛŮɚɏŰɖ Űɖɠ Ůɝɏɚɘɝɖɠ ŭɡɞ 

Ůɘŭɩɜ ŬɜŰŬɔɤɜɘůŰɘəɩɜ Ůɛˊɞɟɘəɩɜ ŭɘəŰɡɩɜ əŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ əɧɛɓɤɜ ˊɞɡ 

ˊŬɟɞɡůɑŬůŬɜ ɛŮɔɎɚŮɠ Űɘɛɏɠ əŮɜŰɟɘəɧŰɖŰŬɠ ,Ůɝɑůɞɡ ůŰŬ ŭɡɞ ŬɡŰɎ Ůɑŭɖ, əɎɗŮ ɢɟɧɜɞ. ɇɞ 

ˊɟɩŰɞ Ůɑŭɞɠ ŭɘəŰɨɞɡ ůɢɖɛŬŰɑůŰɖəŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ɛŬəɟɞɞɘəɞɜɞɛɘəɧ ŭŮɑəŰɖ 

əŬɗŬɟɩɜ ŮɝŬɔɤɔɩɜ (Net Expot Index) , ɔɘŬ ŮɝŬɔɤɔɘəɏɠ ůɢɏůŮɘɠ ɢɤɟɩɜ əŬɘ ˊɟɞɘɧɜŰɤɜ 

ˊɞɡ ɝŮˊɏɟŬůŬɜ ŭɡɞ əŬŰɩűɚɘŬ ŭɡɜŬɛɘəɐɠ. ɇɞ ŭŮɨŰŮɟɞ Ůɑŭɞɠ ŭɘəŰɨɞɡ ůɢɖɛŬŰɑůŰɖəŮ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ŭŮɑəŰɖ ȷˊɞəŬɚɡŰˊɧɛŮɜɞɡ ɆɡɔəɟɘŰɘəɞɨ ɄɚŮɞɜŮəŰɐɛŬŰɞɠ 

(Revealed Comparative Advantage ï RCA ), ɛŮ əŬŰɩűɚɘ ˊɞɡ ůɡɜɘůŰɎ ŮɝŬɔɤɔɘəɧ 

ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ɤɠ ˊɟɞɠ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŮɡɟɤˊŬɘəɏɠ ɢɩɟŮɠ. 

ũɘŬ əɎɗŮ ɏŰɞɠ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɞɘ əŮɜŰɟɘəɞɑ əɧɛɓɞɘ-ɢɩɟŮɠ, əŬɘ ɘŭɘŬɑŰŮɟɖ 

ůɖɛŬůɑŬ ŭɧɗɖəŮ ůŮ ŬɡŰɞɡɠ ˊɞɡ ŬɜŬŭŮɑɢɗɖəŬɜ ɤɠ ɞɘ ůɖɛŬɜŰɘəɧŰŮɟɞɘ əŬɘ ůŰŬ ŭɡɞ Ůɑŭɖ 

ŭɘəŰɨɤɜ. ɄŬɟɎɚɚɖɚŬ, ŭɧɗɖəŬɜ ŮɟɛɖɜŮɑŮɠ ɤɠ ˊɟɞɠ ŰŬ ɔŮɤˊɞɚɘŰɘəɎ əŬɘ ɞɘəɞɜɞɛɘəɎ 

ɔŮɔɞɜɧŰŬ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ˊŮɟɘɧŭɞɡ, ˊɞɡ űɎɜɖəŬɜ ɜŬ ŬˊɞŰŮɚɞɨɜ Űɖɜ ŬɘŰɑŬ.  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ ɔɘŬ Űɞɜ ŭŮɑəŰɖ assortativity ŬɜŬŭŮɘəɜɡɞɡɜ ŭɡɞ 

ɓŬůɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ. ȷɟɢɘəɎ, Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ŭɘəŰɨɤɜ ɛŮ ŬˊɞɡůɑŬ ɛɞŰɑɓɤɜ 

ɞɛɞɘɧŰɖŰŬɠ ŬɜŰŬɔɤɜɘůɛɞɨ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ ɁȺȽ > 0.1 əŬɗɩɠ əŬɘ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ɛŮ ɁȺȽ > 0.5 ɛŮŰɎ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ əɟɑůɖɠ. Ⱥˊɘˊɚɏɞɜ, Űɖɜ 

ɨˊŬɟɝɖ ˊŮɜŰŬŮŰɩɜ əɨəɚɤɜ ŬɡɝɞɛɞɘɩůŮɤɜ Űɞɡ ŭŮɑəŰɖ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ ɁȺȽ > 

0.5.  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ ɔɘŬ Űɞɜ ŭŮɑəŰɖ modularity ɡˊɞŭŮɘəɜɨɞɡɜ 

ŬɟɢɘəɎ Űɖɜ ŬˊɞɡůɑŬ ŭɞɛɐɠ əɞɘɜɞŰɐŰɤɜ ůŰŬ ŭɑəŰɡŬ ɛŮ ɁȺȽ > 0.1 əŬɘ RCA > 1 . 

ɋůŰɧůɞ, ŭɞɛɐ əɞɘɜɞŰɐŰɤɜ ŬɜŰŬɔɤɜɘůɛɞɨ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ŭɑəŰɡɞ ɛŮ ɁȺȽ > 0.5, ˊɞɡ 

ŬəɞɚɞɡɗŮɑ Űɞɡɠ ɑŭɘɞɡɠ ˊŮɜŰŬŮŰŮɑɠ əɨəɚɞɡɠ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ assortativity, əŬɗɤɠ əŬɘ 

ɛɖ ɨˊŬɟɝɖ ŭɞɛɐɠ əɞɘɜɞŰɐŰɤɜ ŬɜŰŬɔɤɜɘůɛɞɨ ɛŮŰŬ Űɖɜ Ůəŭɐɚɤůɖ Űɖɠ ɞɘəɞɜɞɛɘəɐɠ 

əɟɑůɖɠ.  

ɋɠ ɛŮɚɚɞɜŰɘəɧɠ ůəɞˊɧɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ 

ŮɟɔŬůɑŬ, ŬˊɞŰŮɚŮɑ ɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ɛŮɚɏŰɖ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ůŰŬɗɛɘůɛɏɜɤɜ ŭɘəŰɡɩɜ, 

ɏŰůɘ ɤůŰŮ ɜŬ ɛŮɚŮŰɖɗŮɑ Űɞ ŮˊɑˊŮŭɞ ŬɜŰŬɔɤɜɘůɛɞɨ ɛŮŰŬɝɨ Űɤɜ ŮɡɟɤˊŬɘəɩɜ ɢɤɟɩɜ 

ůŰɞɜ ŰɞɛɏŬ Űɤɜ ŮɝŬɔɤɔɩɜ. Ⱥˊɑůɖɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮɚŮɔɢɗɞɨɜ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ 

əŬŰɤűɚɘɩɜ ɏŰůɘ ɩůŰŮ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ůŰɖ ŭɞɛɐ Űɤɜ ŭɘəŰɨɤɜ.   

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
72 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
73 

 

ȸɘɓɚɘɞɔɟŬűɑŬ 

[1] https://en.wikipedia.org/wiki/Network_science#Network_analysis (date of access 

1/11/2019) 

 

[2] Applications of Graph Theory in Human Life, S. Venu Madhava Sarma 

 

[3] An Overview Applications of Graph Theory in Real Field, Basudeb Mondal, Prof. 

Dr. Kajal De ,Assistant Teacher, Bajitpur Primary School, Bajitpur, Purapara, 

Murshidabad, West Bengal, India, Professor of Mathematics, School of Science, 

Netaji Subhas Open University,DD-26, Sector-I, Salt Lake, Kolkata, WestBengal, 

India 

 

[4] Benedictis, Luca & Nenci, Silvia & Santoni, Gianluca & Tajoli, Lucia & Vicarelli, 

Claudio. (2014). Network analysis of World Trade using the BACI-CEPII dataset. 

SSRN Electronic Journal. 14. 10.2139/ssrn.2374354. 

 

[5] http://unstats.un.org/unsd/tradekb/Knowledgebase/Comtrade-User-Guide (date of 

access 1/11/2019) 

 

[6] Tacchella A., Cristelli M., Caldarelli G., Gabrielli A. & Pietronero L. A New 

Metrics for Countriesô Fitness and Productsô Complexity. Sci. Rep. 2(723), 

doi:10.1038/srep00723 (2012). 

 

[7] U. Brandes and T. Erlebach (Eds.): Network Analysis, LNCS 3418, pp. 7ï15, 

2005. 

 

[8] Ernesto Estrada, Juan A. Rodriguez-Velazquez: Subgraph centrality in Complex 

Networks. Physical Review E 71, 056103 (2005). 

 

[9] https://cran.r-project.org/web/packages/CINNA/vignettes/CINNA.html#centrality-

measure-analysis (date of access 1/11/2019) 

 

[10] Sanidas, E., & Shin, Y. (2010). Comparison of Revealed Comparative Advantage 

Indices with Application to Trade Tendencies of East Asian Countries. 

 

https://en.wikipedia.org/wiki/Network_science#Network_analysis
http://unstats.un.org/unsd/tradekb/Knowledgebase/Comtrade-User-Guide
https://cran.r-project.org/web/packages/CINNA/vignettes/CINNA.html#centrality-measure-analysis
https://cran.r-project.org/web/packages/CINNA/vignettes/CINNA.html#centrality-measure-analysis


Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
74 

 

[11] https://repository.kallipos.gr/bitstream/11419/2129/1/05_chapter04.pdf (date of 

access 1/11/2019) 

 

[12] Yassen Assenov, Fidel Ramírez, Sven-Eric Schelhorn, Thomas Lengauer, Mario 

Albrecht, Computing topological parameters of biological networks, Bioinformatics, 

Volume 24, Issue 2, 15 January 2008, Pages 282ï284 

 

[13] del Rio, Gabriel, Dirk Koschutzki, and Gerardo Coello. "How to identify 

essential genes from molecular networks?" BMC systems biology 3.1 (2009): 102 

 

[14] Viswanath, Meghana. Ontology-based automatic text summarization. Diss. 

University of Georgia, 2009. 

 

[15] Przulj, N., Dennis A. Wigle, and Igor Jurisica. "Functional topology in a network 

of protein interactions." Bioinformatics 20.3 (2004): 340-348. 

 

[16] Scardoni, Giovanni, Michele Petterlini, and Carlo Laudanna. "Analyzing 

biological network parameters with CentiScaPe." Bioinformatics 25.21 (2009): 2857-

2859. 

 

[17] http://www.cbmc.it/fastcent/doc/Centroid.htm (date of access 1/11/2019) 

 

[18] Freeman, Linton C. "Centrality in social networks conceptual clarification." 

Social networks 1.3 (1979): 215-239. 

 

[19] Jana Hurajova, Silvia Gago and Tomas Madaras, Decay Centrality, 15th 

Conference of Kosice Mathematicians. Herl'ny 2.-5. aprila 2014. 

 

[20] On Decay Centrality, Nikolas Tsakas, Department of Economics, University of 

Cyprus April 19, 2016 

 

[21] https://www.sciencedirect.com/topics/computer-science/degree-centrality (date 

of access 1/11/2019) 

 

https://repository.kallipos.gr/bitstream/11419/2129/1/05_chapter04.pdf
http://www.cbmc.it/fastcent/doc/Centroid.htm
https://www.sciencedirect.com/topics/computer-science/degree-centrality


Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
75 

 

[22] (PDF) Centrality Measures, Upper Bound, and Influence Maximization in Large 

Scale Directed Social Networks. Available from: 

https://www.researchgate.net/publication/261960531_Centrality_Measures_Upper_B

ound_and_Influence_Maximization_in_Large_Scale_Directed_Social_Networks 

[accessed Dec 08 2019]. 

 

[23] Lin, Chung-Yen, et al. "Hubba: hub objects analyzer-a framework of interactome 

hubs identification for network biology." Nucleic acids research 36.suppl 2 (2008): 

W438-W443. 

 

[24] http://www.cbmc.it/fastcent/doc/Eccentricity.htm (date of access 1/11/2019) 

 

[25] Eccentricity and centrality in networks Per Hage a*, Frank Harary b a 

Department of Anthropology, University of Utah, Salt Lake City, UT84112, USA b 

Department of Computer Science, New Mexico State University, Las Cruces, NM 

88003, USA 

 

[26] https://en.wikipedia.org/wiki/Economy_of_Iceland#Exports (date of access 

1/11/2019) 

 

[27] Hungary Export-Import, Trade and Business Directory Volume 1 

 

[28]https://www.esiweb.org/pdf/bulgaria_ECRegular%20Report%20Bulgaria_en_199

9.pdf (date of access 1/11/2019) 

 

[29] Lozanov, Oleg & Zhivkova, Stela. (2017). Development and Structure of the 

Bulgarian Export After the Countryôs Accession to the EU. European Journal of 

Economics and Business Studies. 9. 147. 10.26417/ejes.v9i1.p147-155. 

 

[30]https://wiiw.ac.at/moldova-structural-change-trade-specialization-and-

international-integration-dlp-452.pdf (date of access 1/11/2019) 

 

[31] https://en.wikipedia.org/wiki/Russia%E2%80%93Ukraine_gas_disputes (date of 

access 1/11/2019) 

 

https://www.researchgate.net/publication/261960531_Centrality_Measures_Upper_Bound_and_Influence_Maximization_in_Large_Scale_Directed_Social_Networks
https://www.researchgate.net/publication/261960531_Centrality_Measures_Upper_Bound_and_Influence_Maximization_in_Large_Scale_Directed_Social_Networks
http://www.cbmc.it/fastcent/doc/Eccentricity.htm
https://en.wikipedia.org/wiki/Economy_of_Iceland#Exports
https://www.esiweb.org/pdf/bulgaria_ECRegular%20Report%20Bulgaria_en_1999.pdf
https://www.esiweb.org/pdf/bulgaria_ECRegular%20Report%20Bulgaria_en_1999.pdf
https://wiiw.ac.at/moldova-structural-change-trade-specialization-and-international-integration-dlp-452.pdf
https://wiiw.ac.at/moldova-structural-change-trade-specialization-and-international-integration-dlp-452.pdf
https://en.wikipedia.org/wiki/Russia%E2%80%93Ukraine_gas_disputes


Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
76 

 

[32] https://www.cb.is/library/Skraarsafn---EN/Economy-of-

Iceland/2012/EOI_2012.pdf (date of access 1/11/2019) 

 

[33] H ɓɘɞɛɖɢŬɜɘəɐ ˊɞɚɘŰɘəɐ Űɖɠ ȷɔɔɚɑŬɠ əŬɘ ɞɘ ŮˊɘˊŰɩůŮɘɠ Űɖɠ ůŰɘɠ ŮɝŬɔɤɔɏɠ, 

ɉŬŰɕɖůŰŮűɎɜɞɡ ȷ. ɆŮɟŬűŮɑɛ, ŪŮůůŬɚɞɜɑəɖ, ɀɎɟŰɘɞɠ 2012 

 

[34] Newman, Mark & Girvan, Michelle. (2004). Finding and Evaluating Community 

Structure in Networks. Physical review. E, Statistical, nonlinear, and soft matter 

physics. 69. 026113. 10.1103/PhysRevE.69.026113. 

 

[35] Clauset, Aaron & Newman, M & Moore, Cristopher. (2005). Finding community 

structure in very large networks. Physical review. E, Statistical, nonlinear, and soft 

matter physics. 70. 066111. 10.1103/PhysRevE.70.066111.   

 

[36] https://en.wikipedia.org/wiki/Assortativity (date of access 1/11/2019) 

 

[37] https://oec.world/en/resources/data/ (date of access 1/11/2019) 

 

[38] Robert Stehrer, Sandra Leitner, Manual Macias, Daniel Mirza, Olga Pindyuk, 

Iulia Siedschlag, Zuzanna Studnicka, Roman Stöllinger (2016) The evolving 

composition of intra-EU trade over time. 

  

https://www.cb.is/library/Skraarsafn---EN/Economy-of-Iceland/2012/EOI_2012.pdf
https://www.cb.is/library/Skraarsafn---EN/Economy-of-Iceland/2012/EOI_2012.pdf
https://en.wikipedia.org/wiki/Assortativity


Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
77 

 

ɄȷɅȷɅɇȼɀȷ ȷ 

ɇŬ ŭɑəŰɡŬ ɛŮ ɁȺȽ > 0.1 

 

 

 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
78 

 

 

 

 

 

 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
79 

 

 

 

 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
80 

 

ɇŬ ŭɑəŰɡŬ ɛŮ ɁȺȽ > 0.5 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
81 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
82 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
83 

 

ɇŬ ŭɑəŰɡŬ ɛŮ RCA > 1 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
84 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
85 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
86 

 

ɄȷɅȷɅɇȼɀȷ ȸ 

ɄɑɜŬəŮɠ əŮɜŰɟɘəɞŰɐŰɤɜ 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
87 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
88 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
89 

 

 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
90 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
91 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
92 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
93 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
94 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
95 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
96 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
97 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
98 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
99 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
100 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
101 

 

 

  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
102 

 

 

  


