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ʋʚʘʞʘʝʤʳʡ ʯʠʪʘʪʝʣʴ! 

 

ʅʘʩʪʦʷʱʠʡ ʚʳʧʫʩʢ ʞʫʨʥʘʣʘ ʚʢʣʶʯʘʝʪ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤ ʥʘʫʯʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʞʫʨʥʘʣʘ. 

ɺ ʨʘʟʜʝʣʝ ñʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠò ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ, 

ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ ʚ 

ʥʠʞʥʠʭ ʩʣʦʷʭ. ʈʘʟʚʠʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʘʧʧʘʨʘʪʘ 
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ʨʝʰʝʥʠʷ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʤʘʪʨʠʮʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʟʘʜʘʯ 

ʩʚʦʜʷʪʩʷ ʢ ʨʝʰʝʥʠʁ  ʤʥʦʞʝʩʪʚ ʨʝʢʫʨʨʝʥʪʥʳʭ ʯʠʩʣʦʚʳʭ ʟʘʜʘʯ, ʵʬʬʝʢʪʠʚʥʦ 

ʨʝʘʣʠʟʫʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʧʠʩʘʥʘ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʢʨʝʪʘ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʢʦʜʳ, ʠʩʧʨʘʚʣʷʶʱʠʝ ʦʰʠʙʢʠ. 

ɺ ʨʘʟʜʝʣʝ ñʕʣʝʢʪʨʦʥʠʢʘò ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʤʦʱʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʯʥʦ ʟʘʪʝʥʝʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ 

ʨʘʟʜʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲ̫ ʚʣʷʝʤʳʭ ʢ ʧʘʨʘʤʝʪʨʘʤ ʩʠʛʥʘʣʦʚ 

ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʠ.  

ɺ ʨʘʟʜʝʣʝ ñʈʘʜʠʦʪʝʭʥʠʢʘò ʚʳʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʦʦʪʥʦh ʝʥʠʷ ʜʣʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʣʠʪʝʣʷ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, 

ʧʨʝʜʣʦʞʝʥʦ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʣʥʦʚʦʜʥʡr ʪʨʦʡʥʠʢ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʧʨʠʥʮʠʧʳ ʥʘʩʪʨʦʡʢʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʠʨʦʤʝʪʨʘ ʥʘ ʙʘʟʝ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. 

ʈʝʜʢʦʣʣʝʛʠʷ ʞʫʨʥʘʣʘ ʞʜʝʪ ʥʦʚʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ʞʫʨʥʘʣʘ   

ʉ.ʆ. ʉʠʤʦʥʷʥ 
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EDITORIAL  

 
Dear reader, 

The present issue of the Journal includes both theoretical and application 

specific aspects of solution of some contemporary problems within the journalôs 

scientific orientation. 

In the section ñInformation technologiesò, issues on the efficient application of 

telecommunication resources in telemedicine based on the proposed dynamic method 

are considered. To provide the security of telecommunication networks, a complex 

system using programmable commutators is proposed for controlling the traffic in the 

lower layers. Theoretical and applied aspects are developed for the apparatus of 

differential transformations in the area of decomposition methods for solving one-

parametric linear matrix equations with complex matrices at which, the solutions of 

the initial continuous problems is reduced to the solution of sets of recurrent digital 

problems efficiently implemented by up-to-date means of information technologies. A 

dynamic mathematical model for solving problems concerning the complex planning 

and distributing the secret using codes which correct the errors is developed. 

In the section ñElectronicsò, the power characteristics of partially shaded solar 

cells are investigated, the problem of separate measurement of the inductor parameters 

is considered, the main requirements set to the parameters of the electrostimulation 

signals are analyzed. 

In the section ñRadio engineeringò, the main relations for a semiconductor 

parametric divider of microwave frequencies are derived. It is proposed to use a new 

structure waveguide tee in a terahertz range for multiplexing signals. The possibility 

and principles of constructing high frequency and digital-to-analog converters, as well 

as the possibility of constructing a spectral pyrometer on the basis of multifunctional 

photo-detector are considered. 

The editoral council of the Journal expects new, high-quality investigations to 

publish their investigation results in the future issues of the journal. 

 

Editor -in-chief of the Journal  

S.H. Simonyan  
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ɼʀʅɸʄʀʏɽʉʂʀʁ ʄɽʊʆɼ ʕʌʌɽʂʊʀɺʅʆɻʆ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓʍ ʈɽʉʋʈʉʆɺ ʊɽʃɽʄɽɼʀʎʀʅʓ 
 

ʈ.ɻ. ʂʠʨʘʢʦʩʷʥ 
 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɸʨʤʝʥʠʠ 
 

ʈʘʟʨʘʙʦʪʘʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʩ ʫʯʝʪʦʤ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʠʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʦʚʳʭ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ 

ʫʩʣʫʛ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʣʝʤʝʜʠʮʠʥʘ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ, 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʤʝʪʦʜ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʘʣʛʦʨʠʪʤ, ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ. 

 

ɺʚʝʜʝʥʠʝ.  ʅʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ (ʊʂ) 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʚ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ 

ʩʠʩʪʝʤʳ [1, 2]. ɺ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʣʝʤʝʜʠʮʠʥʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʪʝʣʝʤʝʜʠʮʠʥʩʢʘʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʊʂ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ (ʀʊʂʉ). ʊʝʣʝʤʝʜʠʮʠʥʩʢʘʷ ʀʊʂʉ ʢʨʫʧʥʦʛʦ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʊʂ ʩʝʪʠ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ, ʚʥʝʜʨʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

(ʉʋ). ʅʘʨʷʜʫ ʩ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠ ʊʂ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʪʘʢʘʷ ʉʋ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʩʫʨʩʦʚ ʊʂ ʪʝʭʥʦʣʦʛʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʦʨʠʪʝʪʦʚ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʜʘʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ.  
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ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʊʂ ʪʝʭʥʦʣʦʛʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʫʧʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʮʝʥʪʨʦʚ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘ, ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʊʂ ʨʝʩʫʨʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʵʬʬʝʢʪʠʚʥʦ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʩʝʚʦʟʤʦʞʥʳʭ ʟʘʪʨʘʪ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ ʥʘ ʊʂ ʨʝʩʫʨʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʙʦʣʴʰʠʤ ʥʝʦʙʦʩʥʦʚʘʥʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ 

ʧʦʜʜʝʨʞʢʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʀʊʂʉ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʟʘʪʨʘʯʠʚʘʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʥʦʚʳʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ 

ʪʝʣʝʤʝʜʠʮʠʥʳ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʦʚ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʧʨʦʩʪʦ ʜʦʩʪʫʧʦʤ ʢ ʦʙʱʠʤ ʊʂ ʨʝʩʫʨʩʘʤ, ʢʦʛʜʘ ʚʩʝʤ ʧʘʮʠʝʥʪʘʤ 

ʠ ʤʝʜʠʮʠʥʩʢʠʤ ʫʩʣʫʛʘʤ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʨʘʚʥʳʝ ʧʨʘʚʘ, ʘ ʪʨʝʙʫʶʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʦʙʱʠʭ ʊʂ ʨʝʩʫʨʩʦʚ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʠ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʨʘʟʥʳʭ ʧʨʘʚ ʜʦʩʪʫʧʘ. ɺʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʊʂ ʨʝʩʫʨʩʘʭ, 

ʧʨʠʯʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ, ʜʣʷ ʤʥʦʛʠʭ ʪʘʢʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʩʝʨʚʠʩʦʚ ʚʳʜʝʣʷʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ 

ʊʂ ʨʝʩʫʨʩʳ [3-5]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʊʂ ʨʝʩʫʨʩʳ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʦʛʨʘʥʠʯʝʥʳ, ʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʱʝʥʠʠ ʢ ʠʭ ʦʙʱʠʤ 

ʊʂ ʨʝʩʫʨʩʘʤ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʢʦʥʬʣʠʢʪʳ, ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʉʋ ʜʘʥʥʳʤ 

ʨʝʩʫʨʩʦʤ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʦʤʫ ʠʣʠ ʜʨʫʛʦʤʫ ʧʘʮʠʝʥʪʫ ʠʣʠ 

ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʝ ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ. 

ɺ ʊʂ ʪʝʭʥʦʣʦʛʠʷʭ ʪʝʣʝʤʝʜʠʮʠʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʉʋ, 

ʢʦʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʷʣʠ ʚʢʣʶʯʘʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʊʂ ʪʝʭʥʦʣʦʛʠʡ ʚ ʝʜʠʥʫʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʊʂ 

ʨʝʩʫʨʩʘʤʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʢʘʢ ʝʜʠʥʳʤ ʮʝʣʳʤ ʠ ʧʨʠ ʵʪʦʤ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʪʘʢʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʢʦʪʦʨʦʝ ʙʳ ʘʜʝʢʚʘʪʥʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʪʚʝʯʘʣʦ ʪʝʢʫʱʠʤ ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʝʥʷʶʱʠʤʩʷ ʦʙʲʝʤʘʤ ʟʘʧʨʦʩʦʚ ʧʦʪʨʝʙʠʪʝʣʝʡ (ʧʘʮʠʝʥʪʦʚ) ʥʘ ʪʫ ʠʣʠ ʠʥʫʶ 

ʤʝʜʠʮʠʥʩʢʫʶ ʫʩʣʫʛʫ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʧʨʠ ʠʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʥʘ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʜʘʯ ʪʝʣʝʤʝʜʠʮʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. 

ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʦʙʱʠʭ ʮʝʣʝʡ (ʧʨʠʦʨʠʪʝʪʦʚ) ʤʝʜʠʮʠʥʩʢʠʭ 
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ʟʘʜʘʯ, ʪʘʢ ʠ ʚʥʝʟʘʧʥʳʤ ʦʪʢʘʟʦʤ ʝʛʦ ʊʂ ʨʝʩʫʨʩʦʚ, ʜʝʣʘʶʱʠʭ ʥʝʚʦʟʤʦʞʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʦʪʜʝʣʴʥʳʭ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ 

ʫʩʣʫʛ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʦʨʠʪʝʪʦʚ ʜʣʷ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʠʭ ʊʂ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ. ʕʪʦ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʀʊʂʉ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʠʤʦʩʪʝʡ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʠʥʘʤʠʯʥʦ ʠ ʥʦʩʠʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ (ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʨʳʚʳ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʥʘ ʩʪʦʨʦʥʝ ʧʨʦʚʘʡʜʝʨʘ ʊʂ ʫʩʣʫʛ) ʠʣʠ ʥʘʦʙʦʨʦʪ, 

ʙʳʪʴ ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ ʠ ʧʣʘʥʠʨʫʝʤʳʤʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʠʠ ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʮʝʥʪʨʝ, ʛʜʝ ʝʝ 

ʦʨʛʘʥʠʟʦʚʘʣʠ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ 

ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ ʜʦʩʪʫʧʘ ʚ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʟʘʜʘʯ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʡ ʟʘ ʩʯʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʜʣʷ 

ʜʨʫʛʠʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠ ʪ.ʜ.). 

ʉʪʨʫʢʪʫʨʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʟʥʘʯʠʤʦʩʪʠ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠʤʝʝʪ ʮʝʣʴ 

ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ 

ʮʝʥʪʨʦʚ ʩʦ ʩʣʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʊʂ ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷ: 

ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ. ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʷʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʚ ʩʬʝʨʝ ʪʝʣʝʤʝʜʠʮʠʥʳ. ʅʘ ʨʠʩʫʥʢʝ ʧʝʨʚʳʡ 

ʫʨʦʚʝʥʴ ʚʳʩʪʫʧʘʝʪ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʙʣʦʢʦʚ: 

o ʫʧʨʘʚʣʝʥʠʝ ʫʩʣʫʛʘʤʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ;  

o ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ. 

ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʷʝʪ ʢʘʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʊʂ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʤʠ ʫʩʣʫʛʘʤʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ, ʪʘʢ ʠ ʨʘʙʦʪʦʡ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʊʂ ʪʝʭʥʦʣʦʛʠʡ (ʩʝʪʷʤʠ, 

ʩʝʨʚʝʨʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʊʂ ʪʝʭʥʦʣʦʛʠʡ. 

ʅʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʙʣʦʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ 

ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ (ʩʤ. ʨʠʩ.) ʧʨʠʟʚʘʥ ʩʪʘʪʴ 

ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤ ʥʘʯʘʣʦʤ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʠʭ 
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ʨʘʙʦʪʳ ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠ ʊʂ ʪʝʭʥʦʣʦʛʠʷʤʠ. ɼʘʥʥʳʡ 

ʙʣʦʢ, ʢʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʚ ʜʠʥʘʤʠʢʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪ ʠʤʝʶʱʠʝʩʷ ʊʂ 

ʨʝʩʫʨʩʳ ʤʝʞʜʫ ʚʩʝʤʠ ʤʝʜʠʮʠʥʩʢʠʤʠ ʣʝʯʝʙʥʳʤʠ ʫʩʣʫʛʘʤʠ, ʦʥ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʠ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʤʝʜʠʮʠʥʩʢʠʝ ʟʘʜʘʯʠ ʪʝʣʝʤʝʜʠʮʠʥʳ. ʕʪʦʪ ʙʣʦʢ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʠʟʤʝʥʷʝʪ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ ʜʦʩʪʫʧ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ ʠ ʟʘʜʘʯ ʢ ʦʙʱʠʤ ʊʂ ʨʝʩʫʨʩʘʤ. 

ʉʦʩʪʦʷʥʠʝ ʝʜʠʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʦʡ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʝʝ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʩʠʩʪʝʤ (ʊʂ ʩʝʪʝʡ, ʩʝʨʚʝʨʦʚ, 

ʪʝʨʤʠʥʘʣʦʚ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʝʨʚʠʩʦʚ ʊʂ 

ʪʝʭʥʦʣʦʛʠʡ. ɸʥʘʣʠʟ ʚʢʣʶʯʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʯʝʩʪʚʝ ʫʩʣʫʛ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʜʣʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʊʂ ʨʝʩʫʨʩʦʚ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʪ.ʜ.  

 
 

ʈʠʩ. ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʠʤʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʣʫʛ 
 

ʋʧʨʘʚʣʝʥʠʝ ʫʩʣʫʛʘʤʠ ʪʝʣʝʤʝʜʠʮʠʥʳ  

ʤeʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ɸʜʤʠʥʠʩʪʨʘʮʠʷ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ɿʘʧʨʦʩʳ ʥʘ ʫʩʣʫʛʠ 

ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʌʦʨʩ-ʤʘʞʦʨʥʳʝ 

ʩʠʪʫʘʮʠʠ  

ʈʘʟʥʦʚʠʜʥʦʩʪʴ  

ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʫʩʣʫʛ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊʂ ʨʝʩʫʨʩʦʚ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ʉʋ 

ʊʝʣʝʤʝʜʠʮʠʥʩʢʠʝ 

ʫʩʣʫʛʠ 

ʊʂ ʨʝʩʫʨʩʳ  

ʪʝʣʝʤʝʜʠʮʠʥʳ 
ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊʂ ʨʝʩʫʨʩʦʚ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ  

ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 
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ʇʨʠ ʩʦʟʜʘʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʉʋ ʣʝʯʝʙʥʳʤʠ ʫʩʣʫʛʘʤʠ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʩʣʫʞʙ ʊʂ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʠ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ 

ʪʝʣʝʤʝʜʠʮʠʥʳ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʝʨʚʠʩʦʚ ʊʂ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ [5-7], ʦʜʥʘʢʦ ʚʩʝ ʦʥʠ 

ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʦʣʴʢʦ ʩʪʘʪʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ʩʦ ʚʨʝʤʝʥʝʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʰʠʙʦʯʥʳʤ ʧʦʜʭʦʜʦʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʪ.ʝ. ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʊʂ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʜʠʥʘʤʠʢʝ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʨʘʟʨʘʙʦʪʘʥ ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʟʥʘʯʠʤʦʩʪʴ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʚ ʜʠʥʘʤʠʢʝ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ, ʘ ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩ ʊʂ ʨʝʩʫʨʩʳ ʦʛʨʘʥʠʯʝʥʳ.  

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʊʂ 

ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʨʘʩʩʨʝʜʦʪʦʯʝʥʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ 

ʨʘʟʨʦʟʥʝʥʥʦ, ʘ ʉʋ ʊʂ ʨʝʩʫʨʩʘʤʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ 

ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʫʟʣʦʤ, 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʤ ʨʘʙʦʪʫ ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ ʠ ʫʨʦʚʥʝʡ. ʉʫʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʚʝʨʙʘʣʴʥʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʪʨʝʤʷ ʫʢʨʫʧʥʝʥʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʰʘʛʘʤʠ: 

ʐʘʛ 1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʠʤʦʩʪʠ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʷʚʣʷʶʪʩʷ ʧʨʠʦʨʠʪʝʪʳ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʉ ʫʯʝʪʦʤ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʦʚʘʷ ʧʦʣʠʪʠʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʢʦʪʦʨʘʷ ʭʨʘʥʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʠ ʜʫʙʣʠʨʫʝʪʩʷ ʚ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʟʣʘʭ ʫʧʨʘʚʣʝʥʠʷ. 

ʐʘʛ 2. ɽʩʣʠ ʩʪʨʘʪʝʛʠʷ ʟʥʘʯʠʤʦʩʪʠ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ 

ʚʳʧʦʣʥʷʝʤʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʦʚʳʝ ʧʨʠʦʨʠʪʝʪʳ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʜʣʷ ʚʳʧʦʣʥʷʝʤʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠʟʤʝʥʝʥʠʝ 

ʧʨʠʦʨʠʪʝʪʦʚ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʠʭ ʫʩʧʝʰʥʦʤ ʟʘʚʝʨʰʝʥʠʠ, ʪ.ʝ. ʨʝʰʝʥʠʝ ʪʘʢʠʭ 

ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ ʥʝʤʝʜʣʝʥʥʦ ʧʨʝʢʨʘʱʝʥʦ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʦʚʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ 

ʪʝʣʝʤʝʜʠʮʠʥʳ, ʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʨʠʦʨʠʪʝʪʘ ʠʤ ʚʦʦʙʱʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʢʘʟʘʥʦ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʊʂ ʨʝʩʫʨʩʘ.  
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ʐʘʛ 3. ʆʧʨʝʜʝʣʷʶʪʩʷ ʊʂ ʨʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʣʝʯʝʙʥʳʭ 

ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʠ ʚʳʷʚʣʷʶʪʩʷ ʦʙʲʝʤʳ ʪʘʢʠʭ 

ʨʝʩʫʨʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʫʞʜʘʶʪʩʷ ʥʦʚʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ. ʊʝʤ ʩʘʤʳʤ 

ʧʨʦʠʩʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊʂ ʨʝʩʫʨʩʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʛʜʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠʦʨʠʪʝʪʳ ʚʩʝʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʘ ʝʩʣʠ ʊʂ ʨʝʩʫʨʩʳ 

ʦʛʨʘʥʠʯʝʥʳ, ʪʦ ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʞʝ ʦʙʲʝʤʳ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʊʂ 

ʨʝʩʫʨʩʦʚ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ʩ ʫʯʝʪʦʤ ʧʨʠʦʨʠʪʝʪʦʚ ʚʩʝʭ ʣʝʯʝʙʥʳʭ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʧʨʝʜʩʪʘʚʠʤ 

ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

},{ ieE= mi ,1=  - ʤʥʦʞʝʩʪʚʦ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʊʂ 

ʨʝʩʫʨʩʳ ʪʝʣʝʤʝʜʠʮʠʥʳ  ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʠ ʧʨʝʜʣʘʛʘʝʤʳʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ 

ʪʝʣʝʤʝʜʠʮʠʥʳ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʦ E  ʚʢʣʶʯʝʥʳ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʊʂ ʨʝʩʫʨʩʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʠ ʚʦʟʤʦʞʥʳʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ. ʀʟ-ʟʘ ʨʘʩʰʠʨʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠʣʠ 

ʫʩʪʘʥʦʚʢʠ ʥʦʚʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʜʦʙʘʚʣʷʶʪʩʷ ʥʦʚʳʝ ʊʂ 

ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ, ʘ ʚ ʩʣʫʯʘʝ ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʫʜʘʣʝʥʠʷ 

ʪʘʢʠʭ ʨʝʩʫʨʩʦʚ ʠʣʠ ʧʨʠʣʦʞʝʥʠʡ ʨʘʟʤʝʨʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ E  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ;  

},{ ihH = mi ,1=  - ʧʦʜʤʥʦʞʝʩʪʚʦ ʤʥʦʞʝʩʪʚʘ E , ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʬʬʝʢʪʠʚʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ 

ʪʝʣʝʤʝʜʠʮʠʥʳ; 

},{ igG= mi ,1=  - ʧʦʜʤʥʦʞʝʩʪʚʦ ʤʥʦʞʝʩʪʚʘ E , ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʊʂ ʨʝʩʫʨʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʣʝʯʝʙʥʳʤʠ ʫʩʣʫʛʘʤʠ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ. 

ɼʣʷ ʚʳʙʦʨʘ ʊʂ ʨʝʩʫʨʩʦʚ ʠʣʠ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠʟ 

ʤʥʦʞʝʩʪʚʘ Eʚʳʜʝʣʝʥʳ m-ʤʝʨʥʳʝ ʚʝʢʪʦʨʳ gR  ʠ 
hR , ʛʜʝ gR  ʦʧʨʝʜʝʣʷʝʪ 

ʵʣʝʤʝʥʪʳ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʷʚʣʷʶʱʠʝʩʷ ʊʂ ʨʝʩʫʨʩʘʤʠ, ʘ hR ʦʧʨʝʜʝʣʷʝʪ ʵʣʝʤʝʥʪʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʣʝʯʝʙʥʳʤʠ ʫʩʣʫʛʘʤʠ  ʪʝʣʝʤʝʜʠʮʠʥʳ. ʕʣʝʤʝʥʪʳ ʜʘʥʥʳʭ ʜʚʫʭ 

ʚʝʢʪʦʨʦʚ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ ñ0ò ʠʣʠ ñ1ò, ʛʜʝ ñ1ò ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʪʝʭ 

ʧʦʟʠʮʠʷʭ, ʥʘʧʨʠʤʝʨ ʚʝʢʪʦʨʘ gR , ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʊʂ ʨʝʩʫʨʩʘʤ 

ʪʝʣʝʤʝʜʠʮʠʥʳ, ʘ ñ0ò - ʣʝʯʝʙʥʳʤ ʫʩʣʫʛʘʤ ʪʝʣʝʤʝʜʠʮʠʥʳ. 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʞʥʦʩʪʠ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʠ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ mnnn ,...,, 21 . ɿʥʘʯʝʥʠʷ ʜʘʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʷʚʣʷʶʪʩʷ ʩʪʨʘʪʝʛʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ, ʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʚʳʙʨʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʦʥʠ ʠʟʤʝʥʷʶʪʩʷ. 

ʄʘʪʨʠʮʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ||l|| ij=L , mji ,1, = , ʛʜʝ ijl - ʵʣʝʤʝʥʪ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʦʤ ie  ʵʣʝʤʝʥʪʘ je . 

ɺʝʢʪʦʨʦʤ ),...,,( 21 mzzzZ= ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʠʟ ʧʦʜʤʥʦʞʝʩʪʚʘ H, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʳʧʦʣʥʷʶʪʩʷ, ʛʜʝ 1=jz , ʝʩʣʠ ʟʘʜʘʯʘ jh ʥʘ ʩʪʘʜʠʠ ʚʳʧʦʣʥʝʥʠʷ, ʠ 0=jz , ʝʩʣʠ 

ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ɺʝʢʪʦʨʦʤ ),...,,( 21 mqqqQ= ʚʳʷʚʣʝʥʳ ʪʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʠʟ ʤʘʪʨʠʮʳ L, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʪʤʝʥʝʥʦ 

ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ, ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʠ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʰʝʥʠʷ ʥʦʚʳʭ ʟʘʜʘʯ, ʛʜʝ 1=jd , ʝʩʣʠ 

ʚʳʧʦʣʥʝʥʠʝ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ jh ʤʦʞʥʦ ʦʪʤʝʥʠʪʴ, ʠ 0=jd , ʝʩʣʠ 

ʜʘʥʥʘʷ ʫʩʣʫʛʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ ʉʋ (ʩʤ. ʨʠʩ.) ʪʦʛʜʘ, ʢʦʛʜʘ ʙʫʜʫʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʩʘʤʳʝ ʚʘʞʥʳʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʪʝʨʠʷ 

ä
=

m

i

ii zv
1

max .      (1) 

Kʨʠʪʝʨʠʡ (1) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʩʫʤʤʘʨʥʦʡ ʚʘʞʥʦʩʪʠ 

ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʠ 

ʧʣʘʥʠʨʫʶʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʞʥʦʩʪʠ, 

ʢʦʨʨʝʢʪʠʨʫʝʤʳʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʨʘʪʝʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ 

ʪʝʣʝʤʝʜʠʮʠʥʳ. 

ʇʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪ ijl  ʚ ʤʘʪʨʠʮʝ L  ʷʚʣʷʝʪʩʷ ʥʦʨʤʠʨʦʚʘʥʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʦʡ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ jh  ʊʂ ʨʝʩʫʨʩʘ jg , ʪʦ ʦʙʱʠʡ ʦʙʲʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʘ ʥʝ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ 1, ʪʦ ʝʩʪʴ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 
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1
1

¢ä
=

m

i

iij zl ,  mj ,1= .    (2) 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ '

ph , mp ,1= , ʜʣʷ ʢʦʪʦʨʦʡ ʥʘʯʘʣʴʥʦʝ ʚʳʧʦʣʥʷʝʤʦʝ 

ʫʩʣʦʚʠʝ 0=pz . ɽʩʣʠ ʜʣʷ ʝʝ ʚʳʧʦʣʥʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʊʂ ʨʝʩʫʨʩʦʚ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʣʠ ʚʳʩʚʦʙʦʜʠʪʴ ʢʘʢʠʝ-ʪʦ 

ʊʂ ʨʝʩʫʨʩʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ '

ph , ʠʣʠ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ, ʯʪʦ '

ph  ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʚʘʞʥʦʩʪʴ, ʩ ʫʯʝʪʦʤ ʩʪʨʘʪʝʛʠʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ. 

 ʂʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʊʂ ʨʝʩʫʨʩʦʚ jg , ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ä
=

-=
m

i

iijj zlg
1

1 , mj ,1= .   (3) 

ɼʣʷ ʢʘʞʜʦʛʦ ʊʂ ʨʝʩʫʨʩʘ jg , ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʣʝʯʝʙʥʦʡ 

ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ 
`

ih , ʥʘʜʦ ʧʨʦʚʝʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 

pjj lg ² , mj ,1= ,    (4)  

ʠ ʝʩʣʠ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʤʝʜʠʮʠʥʩʢʦʤ ʮʝʥʪʨʝ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʊʂ ʨʝʩʫʨʩʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʡ ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʠ 
`

ih , ʠ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʊʂ ʨʝʩʫʨʩʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ. 

ɽʩʣʠ ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʮʝʥʪʨʝ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʊʂ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʡ 

ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʠ 
`

ih , ʪʦ ʉʋ ʦʩʚʦʙʦʞʜʘʝʪ ʯʘʩʪʴ ʊʂ ʨʝʩʫʨʩʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ, ʟʘʥʷʪʳʭ ʤʝʥʝʝ ʚʘʞʥʳʤʠ ʟʘʜʘʯʘʤʠ. 

ʆʙʟʥʘʯʠʤ ʯʝʨʝʟ js , mj ,1=  ʢʦʣʠʯʝʩʪʚʦ ʊʂ ʨʝʩʫʨʩʘ jg , ʥʝ ʭʚʘʪʘʶʱʝʛʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʡ ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʠ 
`

ih  ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ: 

pjjj lg -=s , mj ,1= .     (5) 

ʊʦʛʜʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʊʂ ʨʝʩʫʨʩʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʩʝ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ jh , ʦʪʤʝʥʘ 
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ʢʦʪʦʨʳʭ ʦʩʚʦʙʦʜʠʪ ʊʂ ʨʝʩʫʨʩʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʨʝʰʝʥʠʷ  ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʡ ʫʩʣʫʛʠ 
`

ih . 

ʆʧʠʰʝʤ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʡ ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ. 

1. ʂʨʠʪʝʨʠʡ ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʚʘʞʥʦʩʪʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. 

ʊʝʣʝʤʝʜʠʮʠʥʩʢʠʤ ʣʝʯʝʙʥʳʤ ʫʩʣʫʛʘʤ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʫ ʢʦʪʦʨʳʭ 

ʩʫʤʤʘʨʥʘʷ ʚʘʞʥʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘ, ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʳ (ʠʣʠ ʜʦʣʞʥʳ 

ʙr ʪʴ ʦʪʥʷʪʳ) ʊʂ ʨʝʩʫʨʩʳ: 

ä
=

m

i

iiqv
1

min .     (6) 

2. ʂʨʠʪʝʨʠʡ ʥʘʠʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ 

ʫʩʣʫʛ. ʉʣʝʜʫʝʪ ʧʨʠʦʩʪʘʥʦʚʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʥʘʠʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʧʦʣʥʷʝʤʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ: 

ä
=

m

i

ii zq
1

min .     (7) 

3. ʂʨʠʪʝʨʠʡ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ. 

ʇʨʠ ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʊʂ ʨʝʩʫʨʩʘ jq ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʨʝʢʨʘʱʝʥʠʝ 

ʚʳʧʦʣʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʳʭ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ 

ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʊʂ ʨʝʩʫʨʩʦʚ 

ʠ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʴʰʝʤʫ ʦʩʚʦʙʦʞʜʝʥʠʶ ʥʝʢʦʪʦʨʦʛʦ ʊʂ 

ʨʝʩʫʨʩʘ *

jq , ʯʝʤ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʩʥʠʟʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʪʝʣʝʤʝʜʠʮʠʥʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʯʠʪʳʚʘʪʴ 

ʢʨʠʪʝʨʠʡ 

ä
=

-=
m

i

jiijj qla
1

s , min­ja , 0²ja  , mj ,1= ,  (8) 

ʛʜʝ ja - ʢʦʣʠʯʝʩʪʚʦ ʊʂ ʨʝʩʫʨʩʘ, ʢʦʪʦʨʦʝ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠ ʢʦʪʦʨʦʝ ʚʩʝʛʜʘ ʠʤʝʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʊʨʫʜʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʥʘʙʦʨʘ ʚʘʨʠʘʥʪʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʣʝʯʝʙʥʳʭ 

ʫʩʣʫʛ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʨʠʪʝʨʠʷʤ (6)-(8), ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʙʦʨʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʙʠʥʘʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʠʤʝʶʱʠʭʩʷ ʪʘʢʠʭ ʨʝʩʫʨʩʦʚ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʠʩʢʘ ʚʚʝʜʝʤ ʧʘʨʘʤʝʪʨ 
*

ib , ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʟʥʘʯʝʥʠʝ 
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ʫʩʨʝʜʥʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʩʦ ʩʪʦʨʦʥʳ i-ʡ ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʠ 

ʪʝʣʝʤʝʜʠʮʠʥʳ. ɿʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 
*

ib ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

*

1*

m

wl

b

m

j

jij

i

ä
=

= , mj ,1= ,      (9) 

ʛʜʝ 
*m - ʢʦʣʠʯʝʩʪʚʦ ʥʝʥʫʣʝʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ jij wl , jw - ʦʧʨʝʜʝʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊʂ ʨʝʩʫʨʩʘ jh  ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʦʡ ʪʝʣʝʤʝʜʠʮʠʥʳ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ 1=jw , ʝʩʣʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʘʷ ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ jh  ʠʩʧʦʣʴʟʫʝʪ ʊʂ 

ʨʝʩʫʨʩ jg , ʠ 0=jw , ʝʩʣʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪ jg . 

ʇʘʨʘʤʝʪʨ 
*

ib   ʚʚʝʜʝʥ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʊʂ 

ʨʝʩʫʨʩʦʚ ʦʜʥʦʡ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʡ ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʦʡ, ʪ.ʝ. ʝʩʣʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʘʷ 

ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ jh  ʠʩʧʦʣʴʟʫʝʪ ʦʜʠʥ ʠʟ ʊʂ ʨʝʩʫʨʩʦʚ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʪʦ ʠ ʜʨʫʛʠʝ ʊʂ ʨʝʩʫʨʩʳ ʪʘʢʞʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʙʦʣʴʰʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 

ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʤʝʞʜʫ ʥʦʚʦʡ ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʦʡ ʪʝʣʝʤʝʜʠʮʠʥʳ 
`

ph  ʠ ʜʨʫʛʠʤʠ ʣʝʯʝʙʥʳʤʠ ʫʩʣʫʛʘʤʠ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʫʞʝ ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʵʪʠ ʞʝ 

ʊʂ ʨʝʩʫʨʩʳ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ 
*

ib  

ʚʦʟʤʦʞʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ: 

o ʧʨʠ 0* =ib ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ ʪʝʣʝʤʝʜʠʮʠʥʳ ih  ʠʩʧʦʣʴʟʫʝʪ ʊʂ ʨʝʩʫʨʩʳ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʥʘ ʢʦʪʦʨʳʝ ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʦʚʘʷ 

ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ ʪʝʣʝʤʝʜʠʮʠʥʳ `

ph ; 

o ʧʨʠ **

pi bb <<  ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ ʪʝʣʝʤʝʜʠʮʠʥʳ ih  ʠʩʧʦʣʴʟʫʝʪ ʩʪʦʣʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʝʪʝʥʜʫʝʪ ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ ʪʝʣʝʤʝʜʠʮʠʥʳ 
`

ph , ʯʪʦ 

ʫʜʘʣʝʥʠʝ ʫʩʣʫʛʠ ih  ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʩʚʦʙʦʞʜʝʥʠʷ ʊʂ 

ʨʝʩʫʨʩʦʚ; 

o ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ ʪʝʣʝʤʝʜʠʮʠʥʳ  ih  ʠʩʧʦʣʴʟʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʪʝʭ ʞʝ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʝʪʝʥʜʫʝʪ ʪʝʣʝʤʝʜʠʮʠʥʩʢʘʷ ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ 
`

ph . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʋ ʊʂ ʨʝʩʫʨʩʘʤʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ (ʩʤ. 

ʨʠʩ.), ʦʩʫʱʝʩʪʚʣʷʷ ʚʳʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʊʂ ʨʝʩʫʨʩʦʚ ʜʣʷ ʥʦʚʦʡ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʡ 
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ʫʩʣʫʛʠ `

ph  ʠ ʠʭ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʞʜʫ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʤʠ 

ʫʩʣʫʛʘʤʠ ih  ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʨʘʪʝʛʠʠ, ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ ʧʦʠʩʢ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ, ʧʦʜʣʝʞʘʱʠʭ ʫʜʘʣʝʥʠʶ, ʩʨʝʜʠ ʪʝʭ 

ʠʩʧʦʣʥʷʝʤʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʚʦʙʦʜʠʪʴ 

ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʩʪʘʚʣʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ 

ʨʝʩʫʨʩʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʜʣʷ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ, 

ʚʝʨʙʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ  ʩʣʝʜʫʶʱʠʭ ʫʢʨʫʧʥʝʥʥʳʭ ʙʣʦʢʦʚ: 

ɹʣʦʢ 1. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʨʪʠʨʦʚʢʘ ʚʩʝʭ ʧʨʝʜʣʘʛʘʝʤʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ: 
ii vv >+1  . 

ɹʣʦʢ 2. ʀʟ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ E   ʦʪʤʝʯʘʶʪʩʷ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ: ERH h= . 

ɹʣʦʢ 3. ʀʩʢʣʶʯʘʶʪʩʷ ʪʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʘʞʥʦʩʪʴ 
iv  ʙʦʣʴʰʝ ʚʘʞʥʦʩʪʠ  pv ʟʘʜʘʯʠ `

ph .  

ɹʣʦʢ 4. ʆʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ (
maxI ). 

ɹʣʦʢ 5. ɼʣʷ ʢʘʞʜʦʡ ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ 
*

ib  ʜʣʷ 
max,1 Ii = . 

ɹʣʦʢ 6. ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʜʘʣʷʶʪʩʷ ʪʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʜʥʦʤʫ ʠʟ ʪʨʝʭ ʢʨʠʪʝʨʠʝʚ: 

1) ʢʨʠʪʝʨʠʡ ʥʘʠʤʝʥʴʰʝʡ ʚʘʞʥʦʩʪʠ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ. ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʫʜʘʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ ʚʘʞʥʳʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ: 

1=iQ , ʝʩʣʠ ä
=

<
i

j

pj bb
1

** , ʜʣʷ 
max,1 Ii = ;   (10) 

2) ʢʨʠʪʝʨʠʡ  ʥʘʠʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ  ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ. ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʫʜʘʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ: 

1=iQ , ʝʩʣʠ ä
=

<
i

ij

pj bb
max

** , ʜʣʷ 1,maxIi = ;   (11) 

3) ʢʨʠʪʝʨʠʡ  ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʠʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ. ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʫʜʘʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʠʝ, ʥʦ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʴʶ 

ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ.  
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ʃʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʩʦʨʪʠʨʫʶʪʩʷ ʧʦ 

ʟʥʘʯʝʥʠʶ  iii vbd /*=  ʪʘʢ, ʯʪʦʙʳ 
ii dd <+1 . ʇʦʩʣʝ ʩʦʨʪʠʨʦʚʢʠ ʧʨʠ ʧʦʤʦʱʠ 

ʢʨʠʪʝʨʠʷ (11) ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʪʝʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ (ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ) ʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʊʂ ʨʝʩʫʨʩʦʚ. ʕʪʠ ʚʳʙʨʘʥʥʳʝ ʣʝʯʝʙʥʳʝ ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʫʜʘʣʷʶʪʩʷ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ɹʣʦʢ 7. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʜʘʣʷʝʤʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʩʨʘʚʥʠʚʘʶʪʩʷ ʦʙʲʝʤʳ ʚʳʩʚʦʙʦʞʜʘʝʤʳʭ ʊʂ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʫʩʣʫʛ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʊʂ ʨʝʩʫʨʩ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʝʬʠʮʠʪʦʤ jsmax . 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, 

ʢʦʪʦʨʳʝ ʙʣʦʢʠʨʫʶʪʩʷ ʜʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʧʦ ʦʜʥʦʤʫ ʠʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʪʨʝʭ ʢʨʠʪʝʨʠʝʚ, ʠ 
*

ib  ʟʘʤʝʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ j-ʛʦ ʊʂ ʨʝʩʫʨʩʘ. 

ʆʧʠʰʝʤ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʉʋ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʂ 

ʨʝʩʫʨʩʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ. 

ʂʘʞʜʳʡ ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʟʝʣ ʉʋ ʀʊʂʉ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʫʧʨʘʚʣʷʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʚʦʠʭ ʊʂ ʨʝʩʫʨʩʦʚ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʟʝʣ ʉʋ 

ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʫʢʘʟʘʥʠʷʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʟʣʘ ʉʋ. ɺ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʟʝʣ ʧʦʣʫʯʘʝʪ ʟʘʧʨʦʩ ʥʘ ʚʳʜʝʣʝʥʠʝ ʊʂ ʨʝʩʫʨʩʘ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʤʧʝʪʝʥʮʠʠ ʜʨʫʛʦʛʦ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʫʟʣʘ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʫʟʣʳ ʉʋ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʠʝʨʘʨʭʠʠ. 

ʆʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʫʟʣʘ ʉʋ nU n -ʛʦ ʫʨʦʚʥʷ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤʠ ʰʝʩʪʴʶ ʵʪʘʧʘʤʠ. 

ʕʪʘʧ 1.  ʋʟʝʣ nU ʧʦʣʫʯʘʝʪ ʟʘʧʨʦʩ ʥʘ  ʚʳʜʝʣʝʥʠʝ ʊʂ ʨʝʩʫʨʩʦʚ ʜʣʷ ʣʝʯʝʙʥʦʡ 

ʫʩʣʫʛʠ ʪʝʣʝʤʝʜʠʮʠʥʳ `

ph . 

ʕʪʘʧ 2. ʋʟʝʣ nU ʨʘʟʜʝʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʊʂ ʨʝʩʫʨʩʦʚ 
SG  ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʫʟʣʘ 
CG  ʥʘ ʜʚʘ ʧʦʜʤʥʦʞʝʩʪʚʘ TG ʠ FG , ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣ 

CREZST GGGG Æ= )\( ,     (12) 

CREZSF GGGG \)\(=  ,      (13) 

ʛʜʝ TG  - ʤʥʦʞʝʩʪʚʦ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʘ ʵʪʠʤ ʫʟʣʦʤ; FG  - ʤʥʦʞʝʩʪʚʦ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʝʜʝʥʠʠ ʜʨʫʛʫʭ ʫʟʣʦʚ ʉʋ; REZG  - 

ʤʥʦʞʝʩʪʚʦ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ, ʢʦʪʦʨʳʝ 

ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʳ ʫʟʣʘʤʠ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ. 
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ʕʪʘʧ 3. ʋʟʝʣ nU  ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ 

ʪʝʣʝʤʝʜʠʮʠʥʳ ʠʟ ʤʥʦʞʝʩʪʚʘ 
FG  ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʩ ʫʯʝʪʦʤ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ. ɽʩʣʠ ʚʩʝ ʊʂ 

ʨʝʩʫʨʩʳ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʳ, ʪʦ ʦʥʠ 

ʚʳʜʝʣʷʶʪʩʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ - ʫʟʝʣ 1+nU ʧʦʣʫʯʘʝʪ ʦʪʢʘʟ. ɺʩʝ ʚʳʜʝʣʝʥʥʳʝ ʊʂ 

ʨʝʩʫʨʩʳ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʚ 

ʤʥʦʞʝʩʪʚʦ REZG , ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ 

TREZREZ GGG += .    (14) 

ʕʪʘʧ 4. ɽʩʣʠ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ ʥʝ ʟʘʢʨʝʧʣʝʥ ʟʘ ʫʟʣʦʤ (ʪ.ʝ. 0ÎREZG ), ʪʦ ʧʦʩʳʣʘʝʪʩʷ ʟʘʧʨʦʩ ʫʟʣʫ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ. 

ʕʪʘʧ 5. ɽʩʣʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʘʷ ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ `

ph  ʧʨʠʥʘʜʣʝʞʠʪ 

ʤʥʦʞʝʩʪʚʫ ʜʘʥʥʦʛʦ ʫʟʣʘ, ʪʦ ʜʘʥʥʘʷ ʣʝʯʝʙʥʘʷ ʫʩʣʫʛʘ ʪʝʣʝʤʝʜʠʮʠʥʳ ʥʘʯʠʥʘʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ, ʝʡ ʚʳʜʝʣʷʶʪʩʷ ʊʂ ʨʝʩʫʨʩʳ, ʠ ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ. 

ʕʪʘʧ 6. ɽʩʣʠ ʚʩʝ ʊʂ ʨʝʩʫʨʩʳ ʪʝʣʝʤʝʜʠʮʠʥʳ ʚʳʜʝʣʝʥʳ 
Srez GG = , ʪʦ 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʊʂ ʨʝʩʫʨʩʳ  
Crez GG Æ  ʠ ʦʪʧʨʘʚʠʪʴ ʟʘʧʨʦʩ 

ʥʘ ʚʳʜʝʣʝʥʠʝ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ ʊʂ ʨʝʩʫʨʩʦʚ  ʪʝʣʝʤʝʜʠʮʠʥʳ ʫʟʣʫ  1-nU . 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ ʜʘʝʪ ʪʦʯʥʦʝ 

ʨʝʰʝʥʠʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭ ʩʣʫʯʘʝʚ,  ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ijl  

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 
*

ib , ʦʜʥʘʢʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʦʯʝʥʴ 

ʨʝʜʢʘ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʣʦʞʝʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ TelRes ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʷʟʳʢʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ Visual 

C++, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʚ ʊʂ ʩʝʪʠ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʨʝʜʳ Windows. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ TelRes ʟʘʧʫʩʢʘʝʪʩʷ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʚ 

ʤʝʜʠʮʠʥʩʢʦʤ ʮʝʥʪʨʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʦʚʦʡ ʣʝʯʝʙʥʦʡ ʫʩʣʫʛʝ 

ʪʝʣʝʤʝʜʠʮʠʥʳ, ʠʣʠ ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ 

ʚʳʧʦʣʥʷʝʤʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ. ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ TelRes ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʫʧʨʦʩʪʠʪʴ  ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʩ ʫʯʝʪʦʤ 

ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʜʘʥʥʳʝ 

ʨʝʩʫʨʩʳ.  

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʷʚʣʷʶʪʩʷ ʪʝʤ ʧʨʝʜʣʘʛʘʝʤʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 
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ʤʝʪʦʜʦʤ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʊʂ ʨʝʩʫʨʩʳ 

ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ ʪʝʣʝʤʝʜʠʮʠʥʳ. 

ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʪʝʣʝʤʝʜʠʮʠʥʳ ʨʘʟʥʦʪʠʧʥʳʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʠʭ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʥʦʚʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʣʝʯʝʙʥʳʭ ʫʩʣʫʛ. 

2. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʨʝʩʫʨʩʦʚ ʪʝʣʝʤʝʜʠʮʠʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʊʂ 

ʨʝʩʫʨʩʘʤʠ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. Merrell Ronald C., Charles Doarn R. Telemedicine and e-Health // Journal Citation 

Report/ Published by Thomson Reuters. - 2011. -  Vol. 18. - P.128-149. 

2. European Commission Information Society and Media, eHealth Priorities and 

Strategies in European Countries: eHealth ERA report. - March 2007. - 158 p. 

3. Bashshur Rashid L., Shannon Gary W. History of Telemedicine. ISBN e-book 978-

1-934854-04-2. - Hardcover, 2009. ï 415 p.  

4. Anderson G.F., Frogner B.K., Johns R.A., Reinhardt U.E. Healthcare Spending 

and use of Information Technology in OECD Countries // Health Affairs. - May/June, 

2006. - Vol. 25, issue 3. - P. 819-831. 

5. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ ʪʝʣʝʤʝʜʠʮʠʥʳ /  ʂ. ʂʘʤʢʘʤʠʜʟʝ, ʄ. ʊʝʚʜʦʨʘʜʟʝ, ʄ. 

ʄʘʥʫʢʦʚ ʠ ʜʨ. - ʊʙʠʣʠʩʠ:  ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ñʊʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪò, 2009. 

ï 130 ʩ. 

6. Brove A., Molina- Martinez R. 24-Hour Anonymous Medical Information Service 

Using the Mobile Telephone in Sweden: A Pilot Study during the Summer of 2008 / 

M. Jordanova, F. Lievens (Eds.) // Global Telemedicine/eHealth Updates: Knowledge 

Resources. - Publ. Luxɽxpo, Luxembourg, 2009. ï Vol. 2.  - P. 181-185. 

7. Castelli D., Schlachta-Fairchild L. and Pyke R. Telenursing panel: telenursing 

implementation strategies and success factors / M. Jordanova, F. Lievens (Eds.) // 

Global Telemedicine/eHealth Updates: Knowledge Resources. - Publ. Luxɽxpo, 

Luxembourg, 2009. - Vol. 1. - P. 409-414. 

 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 11.02.2015. 

ʇʨʠʥʷʪʘ ʢ ʦʧʫʙʣʠʢʦʚʘʥʠʶ 22.05.2015. 

 



25 

 

A DYNAMIC METHOD FOR THE EFFECTIVE USE OF 

TELECOMMUNICATION RESOURCES OF TELEMEDICINE  

 

R.G. Kirakossian 
 

A dynamic method for the effective distribution and redistribution of communication 

resources of the medical center for solving the problems in the sphere of telemedicine taking 

into account the priority of the proposed treatment services is developed. The proposed method 

includes a mathematical model, an algorithm and a software, and can be used in the control 

systems of functioning of telemedicine in various medical centres allowing to effeciently apply 

the common telecommunication resources of telemedicine at arising new medical services and 

changes in the importance of the considered telemedical services. This method can also be used 

for controlling the telecommunication resources in different hierarchical systems. 

Keywords: telemedicine, telecommunication resources, communication technologies, 

control system, method, mathematical model, algorithm, software. 
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ɺʝʩʪʥʠʢ ʅʇʋɸ. ñʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʵʣʝʢʪʨʦʥʠʢʘ, ʨʘʜʠʦʪʝʭʥʠʢʘò.  2015. ¹ 1. 

 

ʋɼʂ 681.518 

 

ɼʀʅɸʄʀʏɽʉʂɸʗ ʆʈɻɸʅʀɿɸʎʀʗ ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ 

ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓʍ ʉɽʊʗʍ 

 

       ʎ.ʉ. ʆʛʘʥʥʠʩʷʥ 

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɸʨʤʝʥʠʠ 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʝʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʟʘʱʠʪʳ ʭʦʩʪʘ ʠ ʙʘʟ ʜʘʥʥʳʭ, ʘ 

ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʢ ʩʝʪʠ ʜʦʣʞʥʦ  ʙʳʪʴ ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʤ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ï 

TNSCS (Telekommunication Network Security Control System), ʦʧʠʩʘʥʘ ʝʝ ʢʦʥʩʪʨʫʢʮʠʷ. 

TNSCS ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ ʚ ʥʠʞʥʠʭ 

ʩʣʦʷʭ. ʉʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʪʴʶ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ OpenFlow. 

        ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ, ʪʨʘʬʠʢ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ, ʩʝʪʴ 

VLAN, ʙʘʟʘ ʜʘʥʥʳʭ. 

       

        ɺʚʝʜʝʥʠʝ. TNSCS ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʤʤʫʪʘʪʦʨʳ 

[1] ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʤʝʨʳ ʧʦ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʪʨʘʬʠʢʘ). ʉʣʦʞʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʪʦʢʦʣʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʤʦʛʫʪ 

ʚʳʟʚʘʪʴ ʥʝʢʦʨʨʝʢʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʤʝʜʣʝʥʥʳʡ ʦʪʚʝʪ ʥʘ ʘʪʘʢʠ. ʕʪʠ ʥʝʧʦʣʘʜʢʠ 

ʧʦʟʚʦʣʷʪ ʫʩʪʨʘʥʠʪʴ ʚʥʝʜʨʝʥʠʝ  ʚ ʩʝʪʴ ʤʝʭʘʥʠʟʤʘ  ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʜʦʩʪʫʧʘ. 

        ɺ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʨʦʜʥʳʭ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʥʘʜʝʞʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʷʟʚʠʤʳ ʢ 

ʥʝʧʦʣʘʜʢʘʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ ʣʦʢʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʨʘʩʪʫʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʠʧʳ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʯʠʥʘʷ ʦʪ ʥʘʩʪʦʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ ʜʦ ʥʦʫʪʙʫʢʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ  ʢʘʞʜʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʢ ʩʝʪʠ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ 

ʨʘʙʦʪʘʶʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʥʘʙʦʨ ʫʷʟʚʠʤʦʩʪʝʡ. ɺ ʩʚʝʪʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʩʝʪʴ ʜʦʣʞʥʘ 

ʧʨʦʚʝʨʠʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʧʦʜʢʣʶʯʝʥʠʝ ʠ 
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ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʪʠʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʣʠ ʟʘʨʘʞʝʥʥʳʭ ʭʦʩʪʦʚ). ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ 

ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʠ ʩʝʪʝʚʳʝ ʦʧʝʨʘʪʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʦʙʲʝʜʠʥʝʥʠʝ ʘʢʪʠʚʥʳʭ, ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʋʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚʳʟʚʘʥʳ 

ʥʘʣʠʯʠʝʤ ʤʥʦʞʝʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ, ʪʨʫʜʥʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʝʦʞʠʜʘʥʥʳʤ ʦʙʨʘʟʦʤ, ʘ ʪʘʢʞʝ ʩʣʘʙʦʡ ʩʠʩʪʝʤʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ (ʥʘʧʨʠʤʝʨ, ʥʝʧʨʘʚʠʣʴʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ [1]).  

ʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ  ʩʝʪʷʤʠ. ʆʙʳʯʥʦ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ ʙʦʣʴʰʠʝ ʠ ʪʨʫʜʥʦʫʧʨʘʚʣʷʝʤʳʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ 

ʩʪʨʦʷʪʩʷ ʥʘ VLAN  ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʫʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ VMPS (VLAN 

Management Policy Server). ʊʘʢʠʝ ʩʝʪʠ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ. 

ʈʝʛʠʩʪʨʘʮʠʷ. ɺʝʙ-ʠʥʪʝʨʬʝʡʩ ʧʦʤʦʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʛʠʩʪʨʘʮʠʠ. DNS-ʩʝʨʚʝʨ ʚʦʟʚʨʘʱʘʝʪ IP-ʘʜʨʝʩ ʩʝʨʚʝʨʘ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ ʚʩʝʭ 

ʟʘʧʨʦʩʦʚ DNS ʩ ʮʝʣʴʶ ʩʧʠʩʢʘ ʜʦʤʝʥʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ 

(ʥʘʧʨʠʤʝʨ, windowsupdate.com). ɺ ʩʠʩʪʝʤʝ ʨʘʙʦʪʘʶʪ ʜʚʘ DHCP-ʩʝʨʚʝʨʘ: ʦʜʠʥ -  

ʜʣʷ ʥʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ VLAN  ʠ ʦʜʠʥ - ʜʣʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ VLAN . 

ʂʘʞʜʳʡ ʠʤʝʝʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʉʢʘʥʠʨʦʚʘʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʥʘʣʠʯʠʝ 

ʠʟʚʝʩʪʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ. ɽʩʣʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʳʷʚʣʷʝʪ ʫʷʟʚʠʤʳʝ ʤʝʩʪʘ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʧʦʚʝʱʘʝʪʩʷ ʦʙ ʵʪʦʤ, ʠ ʝʤʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʥʦʚʠʪʴ ʩʠʩʪʝʤʫ. ɹʨʘʥʜʤʘʫʵʨ ʨʘʟʨʝʰʘʝʪ ʪʨʘʬʠʢ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʝʨʚʝʨʳ 

ʦʙʥʦʚʣʝʥʠʡ. 

ɹʨʘʥʜʤʘʫʵʨ. ɺ ʨʝʛʠʩʪʨʘʮʠʠ VLAN  ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʨʘʥʜʤʘʫʵʨ ʜʣʷ 

ʙʣʦʢʠʨʦʚʘʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʥʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʭʦʩʪʦʚ. ɹʨʘʥʜʤʘʫʵʨ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʚʝʙ - ʪʨʘʬʠʢ ʠ ʙʝʟʦʧʘʩʥʳʡ ʚʝʙ (ʪ.ʝ. ʧʦʨʪ 80 ʠ 443) ʪʘʢ, ʯʪʦ 

ʭʦʩʪʳ ʤʦʛʫʪ ʜʦʩʪʠʯʴ ʦʙʥʦʚʣʝʥʠʷ ʩʘʡʪʦʚ. ʈʘʟʣʠʯʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠ 

ʢʦʤʤʫʪʘʪʦʨʳ [2,3] ʩʦʟʜʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʩʝʪʠ VLAN. ʃʦʢʘʣʴʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ 

ʦʧʨʝʜʝʣʷʶʪ VLAN   ʜʣʷ ʢʘʞʜʦʡ ʤʘʰʠʥʳ, ʧʦʜʩʦʝʜʠʥʝʥʥʦʡ ʢ ʩʝʪʠ. ʂʦʤʤʫʪʘʪʦʨ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʙʫʜʝʪ ʩʢʘʯʠʚʘʪʴ VLAN  ʢʘʨʪʳ ʦʪ VMPS.  

ʇʨʠʤʝʨ ʘʨʭʠʪʝʢʪʫʨʳ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦʜʦʙʥʳʤ 

ʩʧʦʩʦʙʦʤ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ VLAN 

 
ʉʝʪʝʚʳʝ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʠʪʫʘʮʠʷʤʠ, ʢʦʛʜʘ ʤʘʰʠʥʳ 

ʟʘʨʘʞʝʥʳ ʠʣʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʝʨʘʪʦʨ ʩʝʪʠ ʚʨʫʯʥʫʶ 

ʫʜʘʣʷʝʪ ʠʣʠ ʧʦʤʝʱʘʝʪ ʚ ʢʘʨʘʥʪʠʥ ʤʘʰʠʥʫ, ʯʪʦ ʚʝʩʴʤʘ ʫʪʦʤʠʪʝʣʴʥʦ. ʉʝʪʴ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʠʙʢʠʡ, ʙʳʩʪʨʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʝʪʝʚʳʤ ʪʨʘʬʠʢʦʤ, ʘ ʪʘʢʞʝ 

ʙʳʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ  ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ  ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ. ʇʦ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʴʶ  ʜʦʣʞʥʦ ʙʳʪʴ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ, ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʥʘʛʨʫʟʢʫ ʩʝʪʝʚʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ. 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ ʩ ʧʨʠʚʝʜʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ  ʥʝʜʦʩʪʘʪʢʠ: 

1. ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʡ. ɺ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ VLAN  (ʊʉʊɺ), ʠʤʝʶʪʩʷ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʩʝʪʠ VLAN  

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʣʠʯʠʪʴ ʟʘʨʘʞʝʥʥʳʝ ʠʣʠ ʚʟʣʦʤʘʥʥʳʝ ʤʘʰʠʥʳ ʦʪ ʮʝʣʳʭ  

ʤʘʰʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚʩʝ ʟʘʨʘʞʝʥʥʳʝ ʭʦʩʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ  ʚ 

ʦʜʥʦʡ VLAN. ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʫʶ ʠʟʦʣʷʮʠʶ, ʪʘʢ 

ʢʘʢ ʵʪʠ ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʫʟʣʳ ʥʝ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

2. ʋʟʣʳ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʩʝʪʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʜʠʥʘʤʠʯʝʩʢʠʤʠ. ʂʦʛʜʘ 

ʤʘʰʠʥʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʜʨʫʛʦʡ ʯʘʩʪʠ ʩʝʪʠ, ʦʥʘ ʜʦʣʞʝʥʘ ʙʳʪʴ ʧʝʨʝʟʘʛʨʫʞʝʥʘ, 

ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʤʘʰʠʥʘ ʧʦʣʫʯʘʝʪ ʚʥʝʰʥʠʡ IP-ʘʜʨʝʩ, ʦʜʥʘʢʦ ʵʪʦ  ʥʝʫʜʦʙʥʦ, 

ʪʘʢ ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

3. ʂʦʥʪʨʦʣʴ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ. ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʷʪ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʝʪʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʦ; ʝʩʣʠ 

ʫʩʪʨʦʡʩʪʚʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ (ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʩʪʘʥʦʚʠʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʪʨʘʬʠʢʘ), ʪʦ ʦʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʠʥʘʤʠʯʝʩʢʠ 

ʧʝʨʝʥʘʟʥʘʯʝʥʦ. 

ʄʥʦʛʠʝ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʬʫʥʢʮʠʠ 
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ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʩʝʪʠ. ʆʜʥʘʢʦ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʦʤʤʫʪʘʪʦʨʦʚ ʥʘʯʘʣʠ ʧʨʝʜʣʘʛʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ - Open-Flow [4], ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʥʝʰʥʠʡ ʢʦʥʪʨʦʣʣʝʨ ʤʦʞʝʪ ʚʣʠʷʪʴ 

ʥʘ ʢʦʤʤʫʪʘʪʦʨ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʪʨʘʬʠʢʘ. 

ʂʦʤʤʫʪʘʪʦʨ ʩ ʧʦʜʜʝʨʞʢʦʡ OpenFlow ʧʨʝʜʣʘʛʘʝʪ ʦʪʢʨʳʪʳʡ ʧʨʦʪʦʢʦʣ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʘʙʣʠʮʳ ʨʘʩʭʦʜʘ ʠ ʧʨʠʥʠʤʘʝʪ ʤʝʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʧʠʩʷʭ 

ʚ ʵʪʠʭ ʪʘʙʣʠʮʘʭ. ɹʘʟʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʤʫʪʘʪʦʨʘ, ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʢʦʥʮʝ. ʂʦʤʤʫʪʘʪʦʨ ʠ ʢʦʥʪʨʦʣʣʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʦ ʟʘʱʠʱʝʥʥʦʤʫ ʢʘʥʘʣʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ 

ʫʧʨʘʚʣʝʥʠʷ OpenFlow [3,4], ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʝ 

ʢʦʤʤʫʪʘʪʦʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʢʦʤʤʫʪʘʪʦʨʳ OpenFlow ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʨʠ 

ʜʝʡʩʪʚʠʷ: 1) ʥʘʧʨʘʚʣʝʥʠʝ ʧʘʢʝʪʦʚ ʧʦʪʦʢʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʪ ʠʣʠ ʧʦʨʪʳ. ʕʪʘ 

ʬʫʥʢʮʠʷ ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʧʨʘʚʢʫ ʧʘʢʝʪʦʚ; 2) ʠʥʢʘʧʩʫʣʷʮʠʷ ʠ ʧʝʨʝʩʳʣʢʘ ʧʘʢʝʪʦʚ 

ʧʦʪʦʢʘ ʥʘ ʢʦʥʪʨʦʣʣʝʨʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʢʝʪ ʜʦʩʪʘʚʣʷʝʪʩʷ ʢ ʟʘʱʠʱʝʥʥʦʤʫ 

ʢʘʥʘʣʫ, ʛʜʝ ʦʥ ʠʥʢʘʧʩʫʣʠʨʫʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʥʪʨʦʣʣʝʨ; 3) ʦʪʙʨʘʩʳʚʘʥʠʝ 

ʧʘʢʝʪʦʚ ʧʦʪʦʢʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ TNSCS. 

ʋʧʨʘʚʣʝʥʠʝ TNSCS ʪʨʘʬʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʪʠʢ, ʢʦʪʦʨʳʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʤʤʫʪʘʪʦʨʳ. ʉʦʟʜʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʩʝʪʴ 

ʜʦʣʞʥʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʨʘʬʠʢ ʠ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ. 

ʅʘʧʨʠʤʝʨ, TNSCS ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʤʝʱʘʪʴ ʚ ʢʘʨʘʥʪʠʥ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʠʣʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʪʨʘʬʠʢʘ, ʢʦʛʜʘ ʦʙʥʘʨʫʞʝʥʳ ʫʛʨʦʟʘ ʠʣʠ ʜʨʫʛʦʝ ʥʘʨʫʰʝʥʠʝ 

ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʇʦʩʣʝʜʥʠʝ ʪʝʥʜʝʥʮʠʠ ʚʢʣʶʯʘʶʪ ʠʥʪʝʛʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ [5] ʧʦʟʚʦʣʷʶʪ 

ʙʦʣʝʝ ʧʨʷʤoʡ, ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʝʪʝʚʳʤ ʪʨʘʬʠʢʦʤ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʵʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʱʝ ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʩʣʦʞʥʦʩʪʠ, ʥʦ ʵʪʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʘʢʪʠʚʥʦʡ 

ʟʘʱʠʪʳ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ. ɺʦ-ʚʪʦʨʳʭ, ʘʣʛʦʨʠʪʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʩʝʪʠ ʤʦʛʫʪ ʪʝʧʝʨʴ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʩʦʦʪʥʦʩʠʪʴ ʜʚʠʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʘʪʘʢ. ʅʘʢʦʥʝʮ, ʪʝʥʜʝʥʮʠʷ ʣʦʛʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ [2,6] ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʪʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʫʛʨʦʟʳ ʟʘʨʘʞʝʥʥʦʛʦ ʭʦʩʪʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʥʠʪʦʨʠʥʛ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ ʜʣʷ 

ʠʩʧʨʘʚʣʝʥʠʷ ʥʘʨʫʰʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʦʪ ʩʝʪʝʚʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

ʪʨʝʙʫʝʪʩʷ: 1) ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʧʫʪʠ ʙʨʘʥʜʤʘʫʵʨʳ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʢʦʥʪʨʦʣʴ 
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ʜʚʠʞʝʥʠʷ ʪʨʘʬʠʢʘ, ʠ 2) ʦʙʥʦʚʠʪʴ ʧʨʘʚʠʣʘ ʙʨʘʥʜʤʘʫʵʨʘ, ʢʦʛʜʘ ʦʙʥʘʨʫʞʝʥ 

ʟʘʨʘʞʝʥʥʳʡ ʭʦʩʪ. TNSCS ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʚʳʚʦʜʘ ʩ ʮʝʣʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʚʝʜʝʥʠʷ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ. ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ ʤʦʞʝʪ 

ʦʪʩʣʝʞʠʚʘʪʴ ʪʨʘʬʠʢ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʠ ʚʳʷʚʣʷʪʴ ʟʘʨʘʞʝʥʥʳʝ ʭʦʩʪʳ 

[6,7]. TNSCS ʤʦʞʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʵʪʠ ʩʠʛʥʘʣʳ ʩ ʜʝʡʩʪʚʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʢʦʤʤʫʪʘʪʦʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʘʣʠʟʫʶʪ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝ, 

ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʣʠ ʫʜʘʣʝʥʠʝ ʪʨʘʬʠʢʘ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʜʠʟʘʡʥʘ TNSCS ʠ ʧʦʩʣʝʜʥʠʝ ʪʝʥʜʝʥʮʠʠ, ʝʩʪʴ 

ʤʥʦʛʦ ʧʨʦʙʣʝʤ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ TNSCS ʜʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ. ɺʦ-ʚʪʦʨʳʭ, TNSCS ʜʦʣʞʥʘ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʣʠʪʠʢʝ ʩʝʪʠ. ʆʥʘ ʜʦʣʞʥʘ ʙʳʩʪʨʦ ʘʫʪʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʘʢʦʥʥʳʝ ʩʝʪʝʚʳʝ ʫʟʣʳ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʧʨʦʙʣʝʤʥʳʝ ʭʦʩʪʳ, ʢʦʪʦʨʳʝ ʥʘʨʫʰʘʶʪ ʧʦʣʠʪʠʢʫ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ-ʪʨʝʪʴʠʭ, ʢʦʥʪʨʦʣʣʝʨʳ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʤʤʫʪʘʪʦʨʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʦʧʦʚʝʱʝʥʠʷ. ʂʦʥʪʨʦʣʣʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʩʦʩʪʦʷʥʠʠ ʙʳʩʪʨʦ ʩʦʦʪʥʝʩʪʠ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʙʳʩʪʨʦ ʦʪʧʨʘʚʣʷʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʩʦʦʙʱʝʥʠʷ ʠ 

ʚʣʠʷʪʴ ʥʘ ʧʦʪʦʢʠ ʪʨʘʬʠʢʘ. ʅʘʢʦʥʝʮ, ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ 

ʟʘʱʠʱʝʥʥʳʤ.                 

ʂʦʥʪʨʦʣʣʝʨ ʨʝʘʣʠʟʫʝʪ ʧʦʣʠʪʠʢʫ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ, ʫʩʪʘʥʘʚʣʠʚʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʧʠʩʠ ʪʘʙʣʠʮʳ ʧʦʪʦʢʘ ʚ ʩʘʤʠʭ ʢʦʤʤʫʪʘʪʦʨʘʭ. TNSCS 

ʠʩʧʦʣʴʟʫʝʪ MAC-ʘʜʨʝʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʨʬʝʡʩʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺʩʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʢʦʥʪʨʦʣʣʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʦʪʦʢ ʟʘʧʠʩʠ ʪʘʙʣʠʮʳ ʚ ʢʦʤʤʫʪʘʪʦʨʘʭ 

ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʷ ʢʘʞʜʦʛʦ MAC-ʘʜʨʝʩʘ. ɿʘʪʝʤ 

ʢʦʥʪʨʦʣʣʝʨ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʥʦʚʣʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʢʣʘʩʩʘ ʢʘʞʜʦʛʦ ʭʦʩʪʘ. ʂʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʭʦʜʠʪ ʚ ʜʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʢʦʥʪʨʦʣʣʝʨ ʠʟʤʝʥʷʝʪ ʧʦʣʠʪʠʢʫ ʥʘ ʢʦʤʤʫʪʘʪʦʨʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʷʟʳʢʦʤ 

ʩʧʝʮʠʬʠʢʘʮʠʠ. ʂʦʥʪʨʦʣʣʝʨ, ʧʦ ʩʫʱʝʩʪʚʫ, "ʩʦʙʠʨʘʝʪ" ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʢʦʤʤʫʪʘʪʦʨʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʢʦʤʤʫʪʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ OpenFlow ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ (ʥʘʧʨʠʤʝʨ, 

ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ). 

ʀʥʪʝʛʨʘʮʠʷ TNSCS ʩ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʩʝʪʷʤʠ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʫʟʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʪʦʤ ʞʝ ʢʣʘʩʩʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʭ ʩʦʩʪʦʷʥʠʷ ʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʢʠ 

ʧʦʜʣʠʥʥʦʩʪʠ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʨʘʙʦʪʘ ʩʝʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ TNSCS. ʋʩʪʨʦʡʩʪʚʦ 

ʪʨʘʥʩʣʠʨʫʝʪ DHCP - "ʦʙʥʘʨʫʞʝʥʠʝ" ʩʦʦʙʱʝʥʠʷ. DHCP-ʩʝʨʚʝʨ ʧʦʩʳʣʘʝʪ ʦʙʨʘʪʥʦ 
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ʚʥʝʰʥʠʡ IP-ʘʜʨʝʩ ʜʣʷ ʤʘʰʠʥʳ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ, ʤʘʰʠʥʘ ʜʦʣʞʥʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʝʙʷ ʩ ʧʦʤʦʱʴʶ ʚʝʙ-ʩʣʫʞʙʳ. 

ʂʦʤʤʫʪʘʪʦʨʳ ʩ ʧʦʜʜʝʨʞʢʦʡ OpenFlow [4,5] ʤʦʛʫʪ ʧʝʨʝʥʘʧʨʘʚʣʷʪʴ ʚʩʝ HTTP-

ʟʘʧʨʦʩʳ ʦʪ ʥʝʧʨʦʰʝʜʰʠʭ ʤʘʰʠʥ ʢ ʥʘʯʘʣʫ ʚʝʙ-ʩʘʡʪʘ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

 

 
                                        ʈʠʩ. 2. ʇʨʠʤʝʥʝʥʠʝ TNSCS ʚ ʊʉʊɺ 

 
ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʤʘʰʠʥʫ, ʚʝʙ-ʩʣʫʞʙʘ 

ʩʦʭʨʘʥʷʝʪ ʄɸʉ-ʘʜʨʝʩ ʟʘʧʠʩʠ ʧʦʪʦʢʘ ʠ ʦʙʥʦʚʣʷʝʪ ʝʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ 

ʢ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʥʘʙʦʨʫ ʥʘʧʨʘʚʣʝʥʠʡ (ʥʘʧʨʠʤʝʨ, Microsoft Update). ɺ ʵʪʦʪ 

ʤʦʤʝʥʪ ʩʢʘʥʝʨ ʘʥʘʣʠʟʠʨʫʝʪ ʫʩʪʨʦʡʩʪʚʦ. ɽʩʣʠ ʤʘʰʠʥʘ ʧʨʦʭʦʜʠʪ ʧʨʦʚʝʨʢʫ, ʊʉʊɺ 

ʚʝʙ-ʩʝʨʚʠʩ ʧʦʩʳʣʘʝʪ ʟʘʧʨʦʩ ʥʘ ʢʦʥʪʨʦʣʣʝʨ, ʯʪʦʙʳ ʨʘʟʨʝʰʠʪʴ ʪʨʘʬʠʢ ʦʪ ʪʦʡ 

ʤʘʰʠʥʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʚ ʣʶʙʫʶ ʪʦʯʢʫ. ʉʝʪʴ ʚʳʧʦʣʥʷʝʪ 

ʥʝʧʨʝʨʳʚʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʭʦʩʪʦʚ, ʠʩʧʦʣʴʟʫʷ, ʚ ʩʣʫʯʘʝ ʠʭ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʳ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʢʘʨʘʥʪʠʥʘ. 

ʂʦʥʪʨʦʣʣʝʨ ʦʪʩʣʝʞʠʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʫʟʣʘ ʠ ʦʙʥʦʚʣʷʝʪ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʭʦʜʘʤʠ ʦʪ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʩʝʪʝʚʳʝ 

ʤʦʥʠʪʦʨʳ). ɽʩʣʠ ʢʣʠʝʥʪ ʘʫʪʝʥʪʠʬʠʮʠʨʫʝʪʩʷ, ʦʪʧʨʘʚʣʷʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʥʘ 

ʢʦʥʪʨʦʣʣʝʨ, ʯʪʦʙʳ ʧʝʨʝʤʝʩʪʠʪʴ ʫʟʝʣ ʚ ʘʫʪʝʥʪʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ("ʫʩʧʝʰʥʘʷ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ"). 

ɿʘʪʝʤ ʚ ʢʦʤʤʫʪʘʪʦʨʘʭ ʟʘʧʫʩʢʘʝʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʭʦʩʪʘ (ʨʠʩ. 3). ɽʩʣʠ ʢʣʠʝʥʪ 

ʧʨʦʭʦʜʠʪ ʧʨʦʚʝʨʢʫ, ʩʢʘʥʝʨ ʠʥʬʦʨʤʠʨʫʝʪ ʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢʣʠʝʥʪʘ ʚ 

ʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ ("ʯʠʩʪʳʡ ʧʦʩʣʝ ʦʙʥʦʚʣʝʥʠʷ"). 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʢʣʠʝʥʪ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʝ "ʢʘʨʘʥʪʠʥ". ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʢʦʥʪʨʦʣʣʝʨ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʥʦʚʣʷʝʪ ʪʘʙʣʠʮʳ ʧʦʪʦʢʘ. 
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ʈʠʩ. 3.  ʇʝʨʝʭʦʜʳ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʭʦʩʪʘ 

 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʢ ʩʝʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʝʝ 

ʜʠʥʘʤʠʯʥʳʤ ʠ ʨʘʩʧʦʣʘʛʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʦʚʝʜʝʥʠʠ 

ʭʦʩʪʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʩʝʪʝʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ (ʥʘʧʨʠʤʝʨ, DHCP, ʥʘ ʫʨʦʚʥʝ 

ʧʨʠʣʦʞʝʥʠʡ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ ʠ ʪ.ʜ.). ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʧʦʣʘʜʦʢ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩ TNSCS ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʪʠʢ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʠʩʪʝʤʘ 

TNSCS ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʪʴʶ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʘʨʭʠʪʝʢʪʫʨʝ OpenFlow. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʶ˄ʶˋ ˖ʶˋ˖, ̝ ˓ˊʶˁˋʺ˕ˀ ʷʶʻʶ: 

DYNAMIC ORGANIZATION OF SECURITY IN TELECOMMUNICATION 

NETWORKS 
 

Ts.S. Hovhannisyan 
 

          Issues on telecommunication network safety are considered. It is shown that the network 

safety significanly depends on the protection of the host and the database, while the network 

access control should be more dynamic. A complex system for ensuring the reliable operation 

of telecommunication networks TNSCS (Telecommunication Network Security Control 

System) is proposed and its structure is described. The TNSCS uses a programmable switch for 

controlling the traffic in lower layers. The system is intended for the dynamic determination of 

the network control policy, and is realized in the Open Flow architecture.  

          Keywords: telecommunication network, traffic, access control, VLAN, database. 

http://www.cisco.com/web


34 

ɺʝʩʪʥʠʢ ʅʇʋɸ. ñʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʵʣʝʢʪʨʦʥʠʢʘ, ʨʘʜʠʦʪʝʭʥʠʢʘò.  2015.  ¹ 1. 

 

ʋɼʂ 621.52+511.52 

 

ɼɽʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɽʊʆɼʓ ʈɽʐɽʅʀʗ 

ʆɼʅʆʇɸʈɸʄɽʊʈʀʏɽʉʂʀʍ ʃʀʅɽʁʅʓʍ ʄɸʊʈʀʏʅʓʍ ʋʈɸɺʅɽʅʀʁ 

ʉ ʂʆʄʇʃɽʂʉʅʓʄʀ ʄɸʊʈʀʎɸʄʀ 

 

ʉ.ʆ. ʉʠʤʦʥʷʥ, ʈ.ɸ. ʇʘʧʦʚʷʥ 

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɸʨʤʝʥʠʠ 

 

ʇʨʝʜʣʘʛʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʝʨʚʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʛʦʜʝʥ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʩ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʘ ʚʪʦʨʦʡ ï ʜʣʷ ʨʝʰʝʥʠʷ ʣʶʙʳʭ ʟʘʜʘʯ ʩ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʤ ʩʨʝʜʩʪʚʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʤʘʪʨʠʯʥʦʡ 

ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʩ ʢʨʦʥʝʢʝʨʦʚʳʤʠ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ. ʇʨʠ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʤʝʪʦʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚʳʩʪʫʧʘʶʪ ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʡ 

ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʜʘʯʠ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʨʝʢʫʨʨʝʥʪʥʦʡ ʮʝʧʦʯʢʠ ʥʝʢʦʪʦʨʳʭ ʣʠʥʝʡʥʳʭ 

ʩʠʩʪʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʤʘʪʨʠʯʥʳʝ ʜʠʩʢʨʝʪʳ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ, ʘ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ 

ʨʝʰʝʥʠʝ. ʈʘʩʩʤʦʪʨʝʥ ʤʦʜʝʣʴʥʳʡ ʧʨʠʤʝʨ, ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʣʦʞʝʥʥʳʤ 

ʜʝʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʦ ʪʦʯʥʦʝ ʤʘʢʣʦʨʝʥʦʚʩʢʦʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ ʧʨʦʩʪʦʪʫ ʠ ʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʣʠʥʝʡʥʦʝ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʜʝʢʦʤʧʦʟʠʮʠʷ, ʢʨʦʥʝʢʝʨʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʤʘʪʨʠʯʥʳʝ ʠ ʚʝʢʪʦʨʥʳʝ ʜʠʩʢʨʝʪʳ, ʛʠʧʝʨʤʘʪʨʠʮʳ ʠ ʛʠʧʝʨʚʝʢʪʦʨʳ, 

ʨʝʢʫʨʨʝʥʪʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, 

ʤʦʜʝʣʴʥʳʡ ʧʨʠʤʝʨ. 

 

ɺʚʝʜʝʥʠʝ. ʏʠʩʣʦʚʳʝ ʣʠʥʝʡʥʳʝ ʤʘʪʨʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1-4], ʦʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠʭ ʨʝʰʝʥʠʷ [5]. ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʪʦ ʚʦʟʤʦʞʥʳʤ 

ʧʫʪʝʤ ʠʭ ʨʝʰʝʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʙʱʝʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʟʘʤʦʨʦʞʝʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʪʦʜʫ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ 

ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠʭ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʣʠʥʝʡʥʳʝ ʤʘʪʨʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʝʚʨʘʪʷʪʩʷ 

ʚ ʯʠʩʣʦʚʳʝ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ 

[5]. ɼʘʣʝʝ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʢʘʢʦʛʦ-ʣʠʙʦ ʤʝʪʦʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [6] ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʢʦʪʦʨʦʝ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ 

ʧʦʜʭʦʜʝ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʙʦʣʴʰʠʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʜʝʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʨʝʰʝʥʠʷ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʤʘʪʨʠʮʘʤʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ 

ɻ.ɽ. ʇʫʭʦʚʘ  [7-9]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʣʠʥʝʡʥʦʝ 

ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟ ʩʠʩʪʝʤʳ (6) ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝʠʟʚʝʩʪʥʳʭ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʘʪʨʠʮ  )(tG  ʠ )(tH  ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʦʜʭʦʜʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ [1-5], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʯʠʩʣʦʚʳʭ ʤʘʪʨʠʮ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 
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ʜʣʷ ʥʝʠʟʚʝʩʪʥʳʭ ʛʠʧʝʨʚʝʢʪʦʨʦʚ )(tG  ʠ )(tH  ʠʟ (7) ʩ ʫʯʝʪʦʤ (8) ʙʫʜʝʤ ʠʤʝʪʴ 

.

)(

)(
)(

)(

)( 1

öö
ö

÷

õ

ææ
æ

ç

å
Ö=

öö
ö

÷

õ

ææ
æ

ç

å

Ø

Ø

-

Ø

Ø

tS

tR
tJ

tH

tG
    (10) 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʝʝʩʷ ʠʟʷʱʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (10), ʦʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠʟ-ʟʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ )(1 tJ- . ʇʨʦʙʣʝʤʘ ʝʱʝ ʙʦʣʝʝ ʫʩʫʛʫʙʣʷʝʪʩʷ 
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ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʜʘʯ ʩ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ. ʂ ʩʯʘʩʪʴʶ, ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

ʪʘʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ ʧʨʝʦʜʦʣʝʚʘʶʪʩʷ ʯʠʩʣʝʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ [9]. ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ. 

ʏʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʤʘʪʨʠʮ ),(tAl

),(tBl ;,1 pl = )(tC  ʠ )(tX  ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʤʝʶʪ ʤʝʩʪʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
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ʤʘʪʨʠʯʥʳʝ ʜʠʩʢʨʝʪʳ ʤʘʪʨʠʮ ),(tR ),(tS ),(tG )(tH  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

)()( 125 ¶·¶ cc  ï ʥʝʢʦʪʦʨʳʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ  

ʦʨʠʛʠʥʘʣʳ ),(tM l  
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),(tPl   
),(tQl pl ,1=  ʠ ),(tR ),(tS ),(tG )(tH  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʩ ʫʯʝʪʦʤ (2)-(5) ʠʤʝʶʪ ʤʝʩʪʦ ʠ ʩʣʝʜʫʶʱʠʝ 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʩʤ.[9], ʩʪʨ.72, ʬʦʨʤʫʣʘ (4.7)) ʥʘ ʦʩʥʦʚʝ 
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ʤʘʪʨʠʯʥʳʝ ʜʠʩʢʨʝʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʘʪʨʠʮ. ɼʣʷ 
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