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ʊɽɿʀ ɼʆʇʆɺɯɼɽʁ ʇʃɽʅɸʈʅʆɻʆ ɿɸʉɯɼɸʅʅʗ 

 
Prof., Dr.-Ing. Klaus Schªfer, Vice President Technology, 

Dipl.-Ing. Dietmar Jenke 

Oerlikon Barmag Gmbh (Germany) 

KNOWLEDGE MANAGEMENT  AND DEVELOPMENT ORGANIZA TIONS  

Oerlikon as part of the manmade fiber market, with its brands: 

- Oerlikon Barmag; 

- BB Engineering; 

- Oerlikon Neumag. 

Oerlikon ï a global industrial player (fig.1) 

 

Fig.1 ï The segments of Oerlikon 

Oerlikon has gone to where the markets are. Today, the company is present at over 170 

locations in 35 countries. With a focus on China and India, the Group is expanding in the largest 

Asian growth markets. Oerlikon is also diversifying its global activities by exploring regional 

potential in other emerging economies. 

Oerlikon manmade fibers segment From melt to yarn has a global network for production, 

R&D, sales/service in 4 countries, 11 sites, 2.500 engaged employees (fig.2). 

The structure of the manmade fibers segment From melt to yarn (from the thread to the 

polymerization) shows on (fig.3). 
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Fig.2 ï Oerlikon manmade fibers segment From melt to yarn 

 

Fig.3 ï The structure of the Manmade fibers segment From melt to yarn 

Oerlikon Manmade fibers segment - one of the major players in the manmade fibers market 

for plant and process solutions. Oerlikon Manmade Fibers segment covers two processes of the 

entire value production chain (fig.4): 
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Fig.4 ï Oerlikon Manmade fibers segment 

Oerlikon Manmade fibers segment implement three different manmade fiber processes (fig.5) 

 

Fig.5 ï Oerlikon manmade fiber processes 

Future oriented innovation management for plant and process, combined with strong 

engineering and competence, for state of the art benefits is the key for our customers success in 

cooperation with Oerlikon.  
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Innovation management ï as key for Oerlikon success as a solution provider of contracting, 

engineering and services for manmade fiber producers (fig.6-8). 

 

Fig.6 ï The structure of Innovation management 

 

Fig.7 ï Vision company corporate strategy 
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Fig.8 ï Strategy Time to market / time to money 

Innovation in Intelligent software solutions: 

- tailored workflow solutions; 

- modularity and scalability; 

- consistent StyleGuide; 

- desktop / web / mobile UIós; 

- remote support, 

making success of the company Oerlikon on the market, which performs:  

- more than 150 installations worldwide; 

- from process step to process chain;  

- simple start-up with remote support;  

- continuous upgrading and retrofitting;  

- integration of all elements of a process chain. 

Of this approach are benefits from: 

- transparency thus control;  

- total quality management;  

- total workflow solutions;   

- workflow and job oriented. 

The company Oerlikon has a more than 90 years History of trendsetting Innovations (fig.9). 
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Fig.9 ïHistory of trendsetting Innovations 

Innovations pipeline Oerlikon Barmag can be represented as (fig.10): 

 

Fig.10 ï Innovations pipeline Oerlikon Barmag 

Innovation management follows innovation culture (fig.11): 
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Fig.11 ï Innovations culture Oerlikon Barmag 

 

Martin Stillger , CEO Metals Eastern Europe 

ThyssenKrupp GmbH, (Germany)  

BUSINESS AREA MATERI ALS SERVICES IN EASTERN EUROPE 

ThyssenKrupp is a diversified technology and materials group based in Essen, Germany. It 

currently has around 150,000 employees in some 80 countries developing ideas and innovations 

into solutions for sustainable progress. In fiscal year 2012/2013 ThyssenKrupp generated sales of 

more than Euro 39 billion. 

ThyssenKrupp Ferroglobus is a company of the Materials Services business area and holds a 

leading position in the materials business on the Hungarian market. Founded in 1922 and part of 

the ThyssenKrupp Group since 1998, the company is represented throughout Hungary with six 

branch establishments and one central warehouse facility. It is headquartered in Budapest. 

ThyssenKrupp Ferroglobus stocks a full range of materials including carbon steel, stainless and 

tool steel, nonferrous metals and plastics. In addition the company provides extensive services 

for its customers, ranging from custom processing to consulting services to one-stop shopping. 
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ɺ.ɹ. ʉʪʨʫʪʠʥʩʴʢʠʡ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɯ.ɺ. ʇʝʨʬʽʣʦʚ, ʽʥʞʝʥʝʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè, kvm_mmi@mail.ru  

ʊɽʍʅʆʃʆɻɯʏʅɸ ʉʀʉʊɽʄɸ ʊɸ ʇʈʆʎɽʉʀ ʄɽʍɸʅɯʏʅʆɰ ʆɹʈʆɹʂʀ ɼɽʊɸʃɽʁ 

ʂɯʅʎɽɺʀʄʀ ʌʈɽɿɸʄʀ ʄɸʃʆɻʆ ɼɯɸʄɽʊʈɸ  

ʌʨʝʟʝʨʫʚʘʣʴʥʘ ʦʙʨʦʙʢʘ ʜʝʪʘʣʝʡ ʬʨʝʟʘʤʠ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ 

ʧʦʚʝʨʭʥʽ ʽʟ ʦʩʦʙʣʠʚʠʤ ʤʽʢʨʦʧʨʦʬʽʣʝʤ. ʊʘʢʽ ʜʝʪʘʣʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʝʬʝʢʪʠʚʥʠʭ ʧʘʨʘʭ 

ʪʝʨʪʷ, ʤʝʜʠʯʥʽʡ ʪʝʭʥʽʮʽ ʪʘ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʨʝʟʝʨʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʨʦʟʨʦʙʣʝʥʘ ʩʧʝʮʽʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʥʘ 

ʦʩʥʦʚʽ ʚʝʨʪʠʢʘʣʴʥʦ-ʬʨʝʟʝʨʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ. ʇʨʠ ʦʙʨʦʙʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʨʝʟʠ 

ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ 0,25..1,0 ʤʤ. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʩʷʛʘʻ 100000 ʭʚ
-1

.  

ʆʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʻ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʚʦʭ 

ʢʦʦʨʜʠʥʘʪʥʠʡ ʚʽʙʨʘʮʽʡʥʠʡ ʩʪʽʣ. ʉʪʽʣ ʤʘʻ ʧʨʫʞʥʠʡ ʧʽʜʚʽʩ, ʩʠʩʪʝʤʫ ʜʝʤʧʬʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ, 

ʩʠʩʪʝʤʫ ʢʦʤʧʝʥʩʘʮʽʾ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʚʦʜʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʩʪʦʣʘ. ʇʨʠʚʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʦʣʘ ʚ ʜʚʦʭ ʚʟʘʻʤʥʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʟ ʘʤʧʣʽʪʫʜʘʤʠ ʜʦ 0,3 ʤʤ ʪʘ ʯʘʩʪʦʪʘʤʠ ʜʦ 2500 ɻʮ. ʇʨʫʞʥʠʡ ʧʽʜʚʽʩ ʩʪʦʣʘ ʤʘʻ 

ʚʠʛʣʷʜ ʧʘʨʘʣʝʣʦʛʨʘʤʥʦʛʦ ʤʝʭʘʥʽʟʤʘ ʽʟ ʧʨʫʞʥʠʤʠ ʰʘʨʥʽʨʘʤʠ ʫ ʚʝʨʰʠʥʘʭ ʧʘʨʘʣʝʣʦʛʨʘʤʘ.  

ʂʦʤʧʝʥʩʘʮʽʷ ʩʪʘʪʠʯʥʠʭ ʟʫʩʠʣʴ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʫʣʴʦʚʠʭ ʧʦʣʦʞʝʥʴ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʠʚʦʜʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ. ʄʝʭʘʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʩʪʦʣʘ ʤʘʻ ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʶʚʘʯʽ ʧʝʨʝʤʽʱʝʥʴ ʦʢʨʝʤʠʭ ʧôʻʟʦʧʨʠʚʦʜʽʚ ʪʘ ʣʘʟʝʨʥʽ 

ʪʨʽʘʥʛʫʣʷʮʽʡʥʽ ʚʠʤʽʨʶʚʘʯʽ ʧʦʣʦʞʝʥʥʷ ʩʪʦʣʘ ʧʦ ʜʚʦʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʽʚ 

ʧʝʨʝʤʽʱʝʥʴ ʩʪʦʣʘ ʩʢʣʘʜʘʻ 0,4é0,6 ʤʢʤ. 

ɺʠʩʦʢʽ ʯʘʩʪʦʪʠ ʧʝʨʝʤʽʱʝʥʴ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʦʙʫʤʦʚʣʶʶʪʴ 

ʩʧʝʮʠʬʽʯʥʽ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʽʢʨʦʨʽʟʘʥʥʷʤ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʠʭ 

ʧʨʦʮʝʩʽʚ ʚʠʟʥʘʯʝʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʝʟ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ. ɺʠʟʥʘʯʝʥʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʤʝʪʨʽʾ, ʟʦʢʨʝʤʘ ʢʫʪʠ ʨʽʟʘʥʥʷ, ʨʘʜʽʫʩʠ ʨʽʟʘʣʴʥʠʭ ʢʨʘʡʦʢ, ʬʘʩʢʠ ʟʥʦʩʫ ʪʘ 

ʨʦʟʤʽʨʠ ʟʤʽʥʥʦʛʦ ʧʦ ʜʦʚʞʠʥʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʬʨʝʟʠ. ɼʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʞʦʨʩʪʢʦʩʪʽ ʬʨʝʟʠ. ɺʠʟʥʘʯʝʥʦ ʝʣʽʧʩʠ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʾʭ ʦʨʽʻʥʪʘʮʽʶ ʚʽʜʥʦʩʥʦ ʨʽʞʫʯʠʭ ʢʨʘʡʦʢ 

ʬʨʝʟʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʪʠʥʽʚ ʤʽʥʽʤʘʣʴʥʦʾ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʫ 

ʬʨʝʟʘʭ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ, ʤʘʩʦʚʠʭ ʪʘ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʨʝʟ ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʬʨʝʟʠ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʷʢ ʩʠʩʪʝʤʠ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʈʦʟʨʦʙʣʝʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʬʨʝʟʠ ʷʢ ʛʥʫʯʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʚʢʣʶʯʘʻ ʪʨʠ ʧʘʨʮʽʘʣʴʥʽ 

ʜʠʥʘʤʽʯʥʽ ʧʽʜʩʠʩʪʝʤʠ: ʧʦʚʟʜʦʚʞʥʽʭ ʢʦʣʠʚʘʥʴ ʬʨʝʟʠ, ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʬʨʝʟʠ ʪʘ 

ʟʛʠʥʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʬʨʝʟʠ ʚ ʧʣʦʱʠʥʽ ʤʽʥʽʤʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. ʇʘʨʮʽʘʣʴʥʽ ʜʠʥʘʤʽʯʥʽ 

ʩʠʩʪʝʤʠ ʚʨʘʭʦʚʫʶʪʴ ʦʩʥʦʚʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʬʨʝʟʠ ʷʢ ʧʨʫʞʥʦʛʦ ʩʪʨʠʞʥʷ ʟ ʨʦʟʧʦʜʽʣʝʥʦʶ 

ʤʘʩʦʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʚʨʘʭʫʚʘʥʥʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʢʦʣʠʚʘʥʥʷʭ ʬʨʝʟʠ. 

ʈʦʟʛʣʷʥʫʪʘ ʢʽʥʝʤʘʪʠʢʘ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʟʤʽʥ ʧʣʦʱʽ ʟʨʽʟʫʚʘʥʦʛʦ ʰʘʨʫ, 

ʦʙʫʤʦʚʣʝʥʠʭ ʢʦʣʠʚʘʥʥʷʤʠ ʬʨʝʟʠ ʽ ʧʝʨʝʤʽʱʝʥʴ ʜʝʪʘʣʽ ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʘ ʚʽʙʨʘʮʽʡʥʦʤʫ ʩʪʦʣʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʢʽʥʝʤʘʪʠʢʠ, ʟʦʢʨʝʤʘ ʟʤʽʥʫ ʧʦʣʦʞʝʥʥʷ ʦʢʨʝʤʦʛʦ ʟʫʙʘ ʬʨʝʟʠ 

ʚʥʘʩʣʽʜʦʢ ʾʾ ʟʛʠʥʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʎʝ ʬʦʨʤʫʻ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʧʦ 

ʩʣʽʜʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʨʠ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʨʽʟʘʥʥʽ ʟʫʙʽʚ 

ʬʨʝʟʠ ʚ ʦʙʨʦʙʣʶʚʘʥʫ ʧʦʚʝʨʭʥʶ. ʇʦʙʫʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʬʨʝʟʠ ʧʨʠ ʜʦʚʽʣʴʥʽʡ ʟʤʽʥʽ ʧʨʠʧʫʩʢʘ. 

ʈʦʟʨʘʭʫʥʢʠ ʜʠʥʘʤʽʯʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʯʠʭ 
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ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʬʨʝʟʘʤʠ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ 

ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʯʥʫ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʬʨʝʟʘʤʠ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ 

ʤʽʢʨʦʨʝʣʴʻʬʦʤ. ʈʝʘʣʽʟʦʚʘʥʽ ʜʦʨʽʞʢʠ ʽʟ ʮʠʢʣʦʾʜʘʣʴʥʠʤʠ ʚʠʩʪʫʧʘʤʠ ʽ ʚʧʘʜʠʥʘʤʠ. ʆʙʨʦʙʣʝʥʽ 

ʜʝʪʘʣʽ ʽʟ ʟʠʛʟʘʛʦʧʦʜʽʙʥʠʤ ʤʽʢʨʦʨʝʣʴʻʬʦʤ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʝʨʞʘʥʦʛʦ 

ʤʽʢʨʦʧʨʦʬʽʣʷ ʧʦʚʝʨʭʥʽ ʧʨʦʚʝʜʝʥʽ ʚʠʤʽʨʠ ʡʦʛʦ ʪʦʧʦʛʨʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʤʽʢʨʦʨʝʣʴʻʬʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦʚʠʩʪʫʧʽʚ ʽ ʟʘʧʘʜʠʥ ʤʽʢʨʦʧʨʦʬʽʣʷ. ʇʨʦʚʝʜʝʥʦ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʽʢʨʦʧʨʦʬʽʣʷ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʪʠʥʘʭ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʧʨʦʬʽʣʷ ʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ 

ʢʽʥʮʝʚʠʤʠ ʬʨʝʟʘʤʠ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ. 
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ɼ.ɻ. ʄʫʟʠʯʢʘ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʐʃɯʌʋɺɸʅʅʗ ʊɺɽʈɼʀʍ ʉʇʃɸɺɯɺ 

ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʌʆʈʄʆɿʄɯʅʀ ʇʆɺɽʈʍʅɯ ʂʈʋɻʋ ʊɸ ʅɸʇʈʋɾɽʅʆɻʆ 

ʉʊɸʅʋ ɸʃʄɸɿʅʀʍ ɿɽʈɽʅ 

ʈʦʟʚʠʪʦʢ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʤʘʛʘʻ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʢʦʤʧʣʝʢʩʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʘʞʣʠʚʝ ʤʽʩʮʝ 

ʟʘʡʤʘʶʪʴ ʪʚʝʨʜʽ ʩʧʣʘʚʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʫ ʦʙʨʦʙʢʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ  ʨʽʟʘʥʥʷʤ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʪʚʝʨʜʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʚʝʨʜʠʭ 

ʩʧʣʘʚʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʨʽʟʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʽʜʦʤʽ ʪʝʭʥʦʣʦʛʽʾ 

ʰʣʽʬʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʥʝ ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ ʪʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʎʽ ʧʨʦʙʣʝʤʠ ʚʠʨʽʰʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʫʛʽʚ ʟ ʢʝʨʦʚʘʥʦʶ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ 

(ʥʘʢʣʘʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʝʥʝʨʛʽʾ ʫ ʟʦʥʽ ʦʙʨʦʙʢʠ, ʧʨʠʤʫʩʦʚʦʶ ʧʨʘʚʢʦʶ ʢʨʫʛʘ ʪʘ ʽʥ.) ʘʙʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʨʫʛʽʚ ʟ ʦʩʦʙʣʠʚʦʶ ʬʦʨʤʦʶ ʨʽʟʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ʈʘʟʦʤ ʟ ʮʠʤ, ʮʽ ʨʽʰʝʥʥʷ ʥʝ 

ʟʘʚʞʜʠ ʚʨʘʭʦʚʫʶʪʴ ʫʤʦʚʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʟʝʨʝʥ ʫ ʨʦʙʦʯʦʤʫ ʰʘʨʽ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ 

ʟʤʽʥʽ ʫʤʦʚ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʥʝ ʟʘʚʞʜʠ ʻ ʜʦʮʽʣʴʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʋʨʘʭʫʚʘʥʥʷ ʬʦʨʤʦʟʤʽʥʠ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 

ʨʽʟʘʣʴʥʠʭ ʟʝʨʝʥ ʟ ʅʊʄ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ 

ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʾʭ ʦʙʨʦʙʢʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʦʟʤʽʥʠ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʰʘʨʫ ʢʨʫʛʫ ʫ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʨʽʟʘʣʴʥʠʭ ʟʝʨʝʥ ʟ ʅʊʄ ʧʨʠ ʞʦʨʩʪʢʽʡ ʩʭʝʤʽ ʰʣʽʬʫʚʘʥʥʷ, ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʥʘ 

ʧʽʜʩʪʘʚʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʨʫʛʽʚ ʚʥʘʩʣʽʜʦʢ ʩʘʤʦʟʘʪʦʯʫʚʘʥʥʷ 

ʨʽʟʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ 

ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʪʘ ʫʪʦʯʥʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʦʟʤʽʥʠ ʨʽʟʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ ʫ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

2. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʦʟʤʽʥʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ çʟʝʨʥʦ-ʟʚ'ʷʟʢʘè, ʱʦ ʚʨʘʭʦʚʫʻ 

ʦʜʥʦʯʘʩʥʫ ʜʽʶ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʟʥʦʩ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ. 
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3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʙʦʯʦʛʦ ʰʘʨʫ ʘʣʤʘʟʥʦʛʦ ʢʨʫʛʘ ʡ ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʬʦʨʤʦʟʤʽʥʫ ʨʽʟʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʘʣʤʘʟʥʠʭ ʢʨʫʛʽʚ. 

4. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʣʽʬʫʚʘʣʴʥʠʭ 

ʢʨʫʛʽʚ ʪʘ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʬʦʨʤʦʟʤʽʥʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

5. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʦʢ ʪʘ 

ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʤʘʟʥʠʭ ʢʨʫʛʽʚ ʧʨʠ ʦʙʨʦʙʮʽ 

ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʠʭ ʦʩʥʦʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʅʊʄ). ʇʨʠ ʮʴʦʤʫ ʚʧʝʨʰʝ:  

- ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʦʟʤʽʥʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʅʊʄ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʧʦ ʪʝʦʨʝʪʠʯʥʽʡ 

ʜʦʚʞʠʥʽ ʪʚʽʨʥʦʾ ʛʦʣʦʚʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʢʦʥʫʩʫ (ɻʈʂ) ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ çʟʝʨʥʦïʟʚôʷʟʢʘè; 

- ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʪʘ ʥʘʧʨʫʞʝʥʴ ʫ ʩʠʩʪʝʤʽ çʟʝʨʥʦïʟʚôʷʟʢʘè, ʱʦ ʚʨʘʭʦʚʫʻ ʨʝʞʠʤʠ 

ʦʙʨʦʙʢʠ, ʛʝʦʤʝʪʨʽʶ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʡ 

ʦʙʨʦʙʣʶʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ çʟʝʨʥʦïʟʚôʷʟʢʘè, ʷʢʘ  

ʚʨʘʭʦʚʫʻ ʟʥʦʩ ʨʽʟʘʣʴʥʠʭ ʟʝʨʝʥ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʤʝʞʫ ʨʦʙʦʪʠ ʟʝʨʝʥ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟ ʅʊʄ ʤʽʞ ʩʘʤʦʟʘʪʦʯʫʚʘʥʥʷʤ ʪʘ ʨʝʞʠʤʦʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʨʠʤʫʩʦʚʦʾ 

ʧʨʘʚʢʠ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɼʽʩʪʘʣʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʬʦʨʤʦʟʤʽʥʠ ʨʽʟʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʫ ʫ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʦʙʨʦʙʢʠ, 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʡ ʦʙʨʦʙʣʶʚʘʣʴʥʦʾ ʜʝʪʘʣʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ  ʚʨʘʭʫʚʘʥʥʷ ʬʦʨʤʦʟʤʽʥʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ ʧʨʠ ʘʣʤʘʟʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ 

ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʧʨʷʤʦʢʫʪʥʠʭ ʥʝʧʝʨʝʪʦʯʫʚʘʥʠʭ ʧʣʘʩʪʠʥ 

ʦʨʽʻʥʪʦʚʘʥʠʤ ʢʨʫʛʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʧʦʪʨʽʙʥʫ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʝʚʦʾ 

ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʨʦʬʽʣʝʤ ʧʨʠ ʟʘʜʘʥʠʭ ʨʦʟʤʽʨʘʭ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʜʝʪʘʣʽ ʪʘ 

ʨʦʟʤʽʨʘʭ ʽʥʩʪʨʫʤʝʥʪʘ. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ 

ʥʝʧʝʨʝʪʦʯʫʚʘʥʠʭ ʧʣʘʩʪʠʥ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʨʦʬʽʣʝʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʙʽʣʴʰʫ 

ʪʦʯʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʨʮʷ ʪʘ ʨʽʚʥʦʤʽʨʥʠʡ ʟʥʦʩ ʢʨʫʛʘ ʰʣʷʭʦʤ ʦʨʽʻʥʪʘʮʽʾ ʜʝʪʘʣʽ ʫ 

ʙʘʨʘʙʘʥʽ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʆʆʆ çʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ ʤʝʭʘʥʽʯʥʠʡ ʟʘʚʦʜè (ʤ. ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ) ʪʘ ʥʘ ɺʇ 

çʄʝʣʽʪʦʧʦʣʴʩʴʢʠʡ ʤʦʪʦʨʥʠʡ ʟʘʚʦʜè ʇɸʆ çɿɸɿè (ʤ. ʄʝʣʽʪʦʧʦʣʴ), ʟʘʩʚʽʜʯʠʣʠ ʚʘʞʣʠʚʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʛʝʦʤʝʪʨʽʾ ʪʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʣʤʘʟʥʦʛʦ 

ʥ̔ʩʪʨʫʤʝʥʪʫ ʪʘ ʦʙʨʦʙʣʶʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ. ʈʦʟʨʦʙʣʝʥ ̔ ʤʘʪʝʤʘʪʠʯʥ ̔ ʤʦʜʝʣ ̔ ʪʘ ʧʨʦʛʨʘʤʘ 

çʊʝʧʣʦʚʝ ʧʦʣʝ 3.0è ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 
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ʉɽʂʎɯʗ 1  

çʊɽʍʅʆʃʆɻɯʏʅɯ ʇʈʆʎɽʉʀ ʊɸ ʉʀʉʊɽʄʀ ʄɸʐʀʅʆɹʋɼɯɺʅʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸè 
 

UDC 621.9-02 

S.P. Radzevich, Dr(Eng)Sci 

APEX Tool Group, LLC, USA, radzevich@usa.com 

ON FUNDAMENTALS OF T HE SCIENTIFIC THE ORY OF GEARING   

Gears are widely used in the nowadays industry. For centuries, lots of efforts were undertaken 

targeting the development of the scientific theory of gearing. The origins of the scientific theory 

of gearing can be traced back to the times of L. Euler (mid of the XVIII century). Euler was the 

first to prove that in the case of parallel-axis gearing (that is, Pa ïgearing) the involute tooth 

profile is the only tooth profile that meets the necessary fundamental requirements all the 

gearings need to fulfil [1]:  

- the gear tooth flanks need to fulfill the Shishkovôs equation of contact, that is, 0n V , 

where n  is the vector of common perpendicular to the gear G, and the pinion P, tooth 

flanks at point, K, of their contact; and V  is the vector of resultant relative motion of the 

tooth flanks G and P at K; 

- the gear and the pinion tooth flanks, G and P , need to fulfil the condition of conjugacy, 

that (in cases of Pa ï gearing) is specified by the well-known Willisô theorem; 

- at every instant of time: (a) base pitch of the gear, .b gp , must be equal to the operating 

base pitch of the gear pair, .b opp  (that is, the equality . .b g b opp p  must be observed); 

(b) base pitch of the pinion, .b gp , must be equal to the operating base pitch of the gear 

pair, .b opp  (that is, the equality . .b p b opp p  must be observed); (c) the equalities 

. .b g b opp p  and . .b p b opp p  can be combined and represented in the form 

. . .b g b p b opp p p . 

The developed scientific theory of gearing [1] is based on vector representation of the 

rotations, gɤ  and pɤ , of the gear and the pinion correspondingly
1
. The most general case of 

crossed-axis gearing (that is, Ca ï gearing) is illustrated in Fig. 1. The gear and the pinion are 

rotated about their axis of rotation, gO  and pO , correspondingly. The axes gO  and pO  are at a 

center-distance C, that is the closest distance of approach between the axes gO  and pO . The 

distance C is measured along the center-line, ѿ. 

In the developed scientific theory of gearing: 

- the first fundamental condition ( 0n V ) is remained the same as it was originally 

formulated by Prof. V.A. Shishkov; 

- the second fundamental condition, that is, the condition of conjugacy of the matting tooth 

flanks is enhanced to the cases of intersected-axis gearing (aI gearing), and Ca ï

gearing. More in detail this issue is discussed in the monograph [2]; 

- the third condition, that is: . .b g b opp p , . .b p b opp p , and/or . . .b g b p b opp p p  for the 

first time ever was formulated by the author [1]. 

                                                 
1 It is important to stress here that rotations gɤ  and pɤ  are not vectors in nature.  Therefore, a special care needs to be undertaken when 

treating rotations of the gear and the pinion as vectors. 

mailto:radzevich@usa.com
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Fig. 1 ï Kinematics of Ca ï gearing. 

It is right point to stress here that the third condition (. .b g b opp p , . .b p b opp p , and/or 

. . .b g b p b opp p p ) is the most powerful condition. This means that if the third condition is 

fulfilled, the rest of the conditions is fulfilled as well. 

Use of the developed theory of gearing made it possible the development of novel types of 

gearing, for example, of the so-called, R ï gearing, and others.  It should be mentioned here that 

R ï gearing is the only type of Ca ïgearing with line contact between the tooth flanks, G and P. 

This is the only type of Ca ïgearing that meets all three fundamental requirements, and that is 

capable of transmitting a rotation smoothly from the driving shaft to the driven shaft. 
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ʆʇʊʀʄɯɿɸʎɯʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʈɽɾʀʄɯɺ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂɯʉʅʀʍ 

ʇɸʈɸʄɽʊʈɯɺ ʇʆɺɽʈʍʆʅʔ ʂʆʄʇʆɿʀʊʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ɼʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟ ʢʦʤʧʦʟʠʪʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʥʘʜʪʚʝʨʜʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ. ɺʨʘʭʦʚʫʶʯʠ ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʰʘʨʫ [1] ʦʙʨʦʙʢʘ ʧʦʚʠʥʥʘ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʚʠʩʦʢʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʨʽʟʘʣʴʥʝ ʣʝʟʦ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʟ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʘʨʫ ʧʦʢʨʠʪʪʷ [2]. 

http://www.crcpress.com/product/isbn/9781466514485
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ɼʣʷ ʦʙʨʦʙʢʠ ʦʙʨʘʥʦ ʪʦʢʘʨʥʽ ʨʽʟʮʽ ʟ ʨʽʟʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ, ʩʧʦʨʷʜʞʝʥʽ ʥʘʜʪʚʝʨʜʦʶ 

ʧʣʘʩʪʠʥʦʶ ʟ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: ɔ=-5Á; Ŭ=15Á; Ŭ1=15Á; ű=30Á; ű1=20Á; 

ɚ=0Á. ɼʣʷ ʰʣʽʬʫʚʘʥʥʷ ʦʙʨʘʥʦ ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ: ʇʇ350Ĭ40Ĭ127 24ɸ 16 ʉ1 ʂ5. 

 
ʈʠʩ. 1 ï ʇʨʦʬʽʣʦʛʨʘʤʘ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟʽ ʩʪʘʣʽ 45 ʚʠʛʦʪʦʚʣʝʥʦʾ ʢʦʤʧʣʝʢʩʥʠʤ 

ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽ ʜʠʬʫʟʽʡʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ï ʪʦʯʽʥʥʷ, 

ʚʠʢʦʥʘʥʦʛʦ ʟʘ ʨʝʞʠʤʘʤʠ: S = 0,065 ʤʤ/ʦʙ., t = 0,05 ʤʤ, v = 200 ʤ/ʭʚ.; ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʨʽʟʮʷ: ɔ=-5Á, Ŭ=15Á, Ŭ1=15Á, ű=30Á, ű1=20Á, ɚ=0Á; ʰʚʠʜʢʽʩʪʴ ʜʘʪʯʠʢʘ ï 10 ʤʤ/ʭʚ; 

ʚʝʨʪʠʢʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ï4 000; ʯʘʩʪʦʪʘ ʟʘʧʠʩʫ ï 20 ɻʮ 

ʄʽʥʽʤʘʣʴʥʘ ʰʦʨʩʪʢʽʩʪʴ (ʜʠʚ. ʨʠʩ. 1) ʧʽʩʣʷ ʣʝʟʦʚʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʤʽʮʥʝʥʦʾ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʢʦʤʧʣʝʢʩʥʠʤ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʽ ʜʠʬʫʟʽʡʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʘ ʧʨʠ ʧʦʜʘʯʽ S = 0,065 ʤʤ/ʦʙ., ʛʣʠʙʠʥʽ ʨʽʟʘʥʥʷ t = 0,05 ʤʤ ʪʘ ʰʚʠʜʢʦʩʪʷʭ ʨʽʟʘʥʥʷ 

150 ï 200ʤ/ʭʚ. ʇʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʝʥʦ ʨʘʜʽʫʩ ʚʝʨʰʠʥʠ ʨʽʟʮʷ ʚ ʤʝʞʘʭ 0,2é0,4 ʤʤ. ʇʨʠ 

ʜʘʥʠʭ ʫʤʦʚʘʭ ʟʘʙʝʟʧʝʯʝʥʦ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʥʝ ʚʠʱʝ Rz<10 ʤʢʤ, ʘʙʦ Ra<2 ʤʢʤ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʽʟʘʥʥʷ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʜʝʪʘʣʝʡ, ʥʘʡʙʽʣʴʰʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʥʘʡʤʝʥʰʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʾʭ ʦʙʨʦʙʣʝʥʥʷ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ. 

ʊʝʭʥʦʣʦʛʯ̔ʥ̔ ʧʨʦʮʝʩʠ (ʊʇ) ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ ʩʧʨʦʝʢʪʦʚʘʥʠʭ 

ʢʘʩʢʘʜʥʠʭ ʛʨʘʬʽʚ ʊʇ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʠʧʦʚʠʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɿʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʜʣʷ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʜʝʪʘʣʝʡ ʪʽʣ ʦʙʝʨʪʘʥʥʷ, ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɿʘ ʫʤʦʚʦʶ ʥʝʦʙʭʽʜʥʦ ʤʘʢʩʠʤʽʟʫʚʘʪʠ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʜʝʪʘʣʽ. ʅʘ (ʨʠʩ.2) ʥʘʚʝʜʝʥʦ ʨʦʙʦʯʝ ʚʽʢʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʨʘʤʠ, ʷʢʘ 

ʥʘʧʠʩʘʥʘ ʫ ʩʝʨʝʜʦʚʠʱʽ ʣʽʮʝʥʟʦʚʘʥʦʾ Delphi 7, ʜʝ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʤʘʨʰʨʫʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟʽ ʩʪʘʣʽ 45. 

 
ʈʠʩ. 2 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʨʦʙʦʯʦʛʦ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʬʽʥʽʰʥʦʾ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʽʣ ʦʙʝʨʪʘʥʥʷ 
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ʇʨʦʛʨʘʤʘ [3] ʜʦʟʚʦʣʷʻ ʽʥʞʝʥʝʨʘʤ-ʪʝʭʥʦʣʦʛʘʤ ʧʨʦʝʢʪʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʬʽʥʽʰʥʦʾ ʦʧʝʨʘʮʽʾ ʜʝʪʘʣʝʡ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʘʙʦ 

ʚʽʜʥʦʚʣʝʥʠʭ ʢʦʤʧʣʝʢʩʥʠʤ ʤʝʪʦʜʦʤ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʟʥʘʯʝʥʥʷ tʊ, Sʊ, Vʊ, r, tʐ, Sʐ, Vʐ, Zr, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʧʣʦʱʠʥʥʠʭ 

ʜʝʪʘʣʝʡ ʪʘ ʜʝʪʘʣʝʡ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʧʨʦʮʝʩʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʟʤʝʥʰʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ. ʆʧʪʠʤʽʟʘʮʽʡʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʪʘʢʽ ʦʧʪʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʫ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ 

ʟ ʽʤʦʚʽʨʥʽʩʪʶ 95%. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʧʨʦʛʨʘʤʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Delphʽ 7 ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ (ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ, ʰʚʠʜʢʦʩʪʽ, ʧʦʜʘʯʽ ʪʘ 

ʽʥʰʠʭ) ʜʣʷ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʤʘʨʰʨʫʪʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ. 
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ʅɸʅʆʊɽʍʅʆʃʆɻʀʀ 

çʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʝʜʫʪ ʪʘʢʫʶ ʞʝ 

ʨʝʚʦʣʶʮʠʶ ʚ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʠ ʤʘʪʝʨʠʝʡ, 

ʢʘʢʫʶ ʧʨʦʠʟʚʝʣʠ ʢʦʤʧʴʶʪʝʨʳ ʚ  

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʝʡè 

Ralph Merkle (Xerox, Palo Alto) 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʷ ʵʪʦ: 

- ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʤʠ 

ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ ʩ ʨʘʟʤʝʨʘʤʠ 1 - 100 ʥʘʥʦʤʝʪʨʦʚ; 

 - ʟʥʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʚ ʦʜʥʦʤ ʠʣʠ ʙʦʣʝʝ ʠʟʤʝʨʝʥʠʷʭ, ʢʦʛʜʘ ʚʚʦʜ ʚ 

ʜʝʡʩʪʚʠʝ ʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘ (ʷʚʣʝʥʠʷ) ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʚʳʭ ʧʨʠʤʝʥʝʥʠʡ;  

 - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤ ʤʘʩʰʪʘʙʝ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʩʚʦʙʦʜʥʳʭ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ ʦʪ ʦʙʲʝʤʥʳʭ ʩʚʦʡʩʪʚ 

ʚʝʱʝʩʪʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʵʪʠʭ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʙʦʨʦʚ, ʩʠʩʪʝʤ, ʨʝʘʣʠʟʫʶʱʠʭ ʵʪʠ ʩʚʦʡʩʪʚʘ [1].  

ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ - ʵʪʦ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʪʨʦʡʩʪʚ ʠ ʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʤʘʥʠʧʫʣʷʮʠʠ ʘʪʦʤʘʤʠ, ʤʦʣʝʢʫʣʘʤʠ 

ʠ ʯʘʩʪʠʮʘʤʠ.  

çɽʩʣʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʝʤʘ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʝʱʝʩʪʚʘ ʧʦ ʦʜʥʦʡ, ʜʚʫʤ ʠʣʠ ʪʨʝʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʜʦ ʨʘʟʤʝʨʦʚ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʚʦʟʥʠʢʘʝʪ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ, ʠʣʠ ʵʪʦ 

ʢʘʯʝʩʪʚʦ ʚʦʟʥʠʢʘʝʪ ʚ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʪʦ ʵʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ 

ʥʘʥʦʤʘʪʝʨʠʘʣʘʤ, ʘ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʦʣʫʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʫ ʩ ʥʠʤʠ - ʢ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ.è (ɾ.ʀ. ɸʣʬʝʨʦʚ) 
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çʅʘʥʦè (ʦʪ ʛʨʝʯ. nanos ï ʢʘʨʣʠʢ) ʦʙʦʟʥʘʯʘʝʪ ʦʜʥʫ ʤʠʣʣʠʘʨʜʥʫʶ ʜʦʣʶ (10
-9

 ʤ) ʠʣʠ ʯʘʩʪʴ 

ʯʝʛʦ-ʣʠʙʦ ʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʦʧʠʩʳʚʘʝʤʳʤ ʦʙʲʝʢʪʘʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʠʭ ʨʘʟʤʝʨʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 1000 ʥʤ (10
-9

 ʤ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʷʤ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪ 

ʘʪʦʤʘʨʥʦʛʦ ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʣʠ ʩʫʙʢʣʝʪʦʯʥʦʛʦ (ʨʠʩ.1). 

 

ʈʠʩ.1 ï ʆʙʣʘʩʪʴ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

ʇʦʜ ʦʧʨʝʜʝʣʝʥʠʝ çʥʘʥʦʯʘʩʪʠʮʳè ʧʦʧʘʜʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. ʆʜʥʘʢʦ, ʧʦ ʫʞʝ ʩʣʦʞʠʚʰʝʡʩʷ ʪʨʘʜʠʮʠʠ, ʧʦʜ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʦʙʳʯʥʦ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ [2].  

ʈʠʯʘʨʜ ʌʝʡʥʤʘʥ, ʚ 1959 ʛʦʜʫ, ʚ ʩʚʦʝʡ ʣʝʢʮʠʠ çʊʘʤ ʚʥʠʟʫ ʧʦʣʥʦ ʤʝʩʪʘè, ʦʙʦʩʥʦʚʘʣ 

ʧʝʨʩʧʝʢʪʠʚʳ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʯʘʩʪʠʮʘʭ ʩ ʨʘʟʤʝʨʘʤʠ ʝʜʠʥʠʯʥʳʭ 

ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ. 

ʅʘʥʦʠʥʜʫʩʪʨʠʷ ʠ ʤʠʢʨʦʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʩʬʝʨʘʤʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʦʙʣʠʢ ʤʠʨʘ ʫʞʝ ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ. 

ʇʝʨʚʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʚʦʣʶʮʠʷ (ʅʊʈ) - ʠʥʜʫʩʪʨʠʘʣʴʥʘʷ ʠʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ - 

ʤʝʥʷʣʘ ʦʙʣʠʢ ʤʠʨʘ ʚ ʧʝʨʠʦʜ ʩ ʢʦʥʮʘ XɯX ʧʦ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ XX ʚʝʢʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʨʘʩʪʦʯʠʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ɿʝʤʣʠ. 

ʇʦʷʚʣʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʴʶʪʝʨʦʚ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

ʍʍ ʚʝʢʘ ʧʨʝʜʚʦʩʭʠʪʠʣʦ ʚʪʦʨʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʅʊʈ, ʦʪʢʨʳʚʰʫʶ ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʳʡ 

ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʮʠʚʠʣʠʟʘʮʠʠ. 

ʇʫʪʴ ʢ ʪʨʝʪʴʝʡ, ʥʝʚʠʜʘʥʥʦʡ ʧʦ ʩʚʦʝʤʫ ʨʘʟʤʘʭʫ ʅʊʈ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʠʪ ʦʙʣʠʢ ʤʠʨʘ ʫʞʝ ʢ 

ʢʦʥʮʫ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ Xʍɯ ʚʝʢʘ ï ʵʪʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʠʥʜʫʩʪʨʠʷ. 

ʅʘʥʦʠʥʜʫʩʪʨʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʠ ʥʘʫʯʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʥʠʧʫʣʷʮʠʷʤʠ 

ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ. ʂʚʘʥʪʦʚʳʡ ʭʘʨʘʢʪʝʨ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʝʣʘʝʪ ʠʭ ʚ 

ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʥʘʫʢʦʝʤʢʠʤʠ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʘʢ ʘʪʦʤʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʠʟʘʡʥ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʘʟʜʝʣʳ ʭʠʤʠʠ, ʬʠʟʠʢʠ, ʙʠʦʣʦʛʠʠ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʇʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪ ɹ ʨʘʟʚʠʪʠʝ ʚ ʍʍI ʚʝʢʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʦʙʣʘʩʪʝʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ: ʪʝʭʥʠʢʠ, ʤʝʜʠʮʠʥʳ, ʙʠʦʣʦʛʠʠ, 

ʦʩʚʦʝʥʠʷ ʢʦʩʤʦʩʘ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪ.ʜ.  

ʇʦ ʥʘʜʝʞʥʳʤ, ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʧʨʦʛʥʦʟʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ [3], ʫʞʝ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʚ 

ʧʨʘʢʪʠʢʫ ʚʦʡʜʝʪ ʤʦʣʝʢʫʣʷʨʥʘʷ ʥʘʥʦʭʠʨʫʨʛʠʷ, ʥʘʥʦʨʝʤʦʥʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʣʝʪʦʢ, 

ʧʦʷʚʷʪʩʷ ʣʝʢʘʨʩʪʚʘ ʦʪ ʩʪʘʨʝʥʠʷ, ʚʦʟʥʠʢʥʝʪ ʥʘʥʦʨʘʟʤʝʨʥʘʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʵʣʝʢʪʨʦʥʠʢʠ 

ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ, ʧʦʷʚʷʪʩʷ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʥʦʢʦʤʧʴʶʪʝʨʦʚ. 

ɹʠʦʣʦʛʠ ʩʯʠʪʘʶʪ ʚʝʨʦʷʪʥʳʤ ʧʦʷʚʣʝʥʠʝ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʪʘʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩʣʦʞʥʳʭ ʙʝʣʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʦʟʥʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʛʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʩʝʙʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʨʦʙʦʪʦʚ (ʥʘʥʦʘʩʩʝʤʙʣʝʨʦʚ). 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ (ʧʨʠʥʮʠʧʘ) ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ:  

- ʪʠʧ çʩʥʠʟʫïʚʚʝʨʭè (ʘʥʛʣ. çbottomïupè); 

- ʪʠʧ çʩʚʝʨʭʫïʚʥʠʟè (ʘʥʛʣ. çtopïdownè). 
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ʊʠʧ çʩʥʠʟʫïʚʚʝʨʭè ð ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʠʟ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʪ. ʝ. ʜʦʩʪʠʛʘʝʪʩʷ 

ʫʢʨʫʧʥʝʥʠʝ ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʜʦ ʯʘʩʪʠʮ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ. ʂ 

ʪʝʭʥʦʣʦʛʠʷʤ ʵʪʦʛʦ ʪʠʧʘ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ, ʥʘʥʦʧʦʨʦʰʢʦʚ ʠ ʢʦʤʧʘʢʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʂ ʵʪʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ 

ʪʘʢʠʝ, ʢʘʢ ʛʘʟʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʜʝʥʩʘʮʠʝʡ ʧʘʨʦʚ, ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ 

ʩʠʥʪʝʟ, ʦʩʘʞʜʝʥʠʝ ʠʟ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʭʠʤʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʧʣʝʥʦʢ 

ʠ ʧʦʢʨʳʪʠʡ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʧʣʘʟʤʳ ʠʣʠ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʧʦʜʣʦʞʢʫ; 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʧʣʝʥʦʢ ʠ ʧʦʢʨʳʪʠʡ; ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ (ʧʠʨʦʣʠʟ); 

ʜʝʪʦʥʘʮʠʦʥʥʳʡ ʩʠʥʪʝʟ. 

ʊʠʧ çʩʚʝʨʭʫïʚʥʠʟè ð ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʢʦʪʦʨʦʡ ʥʘʥʦʤʝʪʨʦʚʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʣʴʯʝʥʠʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʯʘʩʪʠʮ, ʧʦʨʦʰʢʦʚ ʠʣʠ ʟʝʨʝʥ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʂ ʪʝʭʥʦʣʦʛʠʷʤ ʵʪʦʛʦ ʪʠʧʘ ʦʪʥʦʩʷʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʘʥʦʧʦʨʦʰʢʦʚ ʠʟ ʦʙʲʝʤʥʳʭ ʟʘʛʦʪʦʚʦʢ: ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ, ʠʥʪʝʥʩʠʚʥʘʷ 

ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ, ʫʧʦʨʷʜʦʯʝʥʠʝ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʚʘʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʤʝʜʠʮʠʥʝ ʠ ʪʝʭʥʠʢʝ [4].  

ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʧʦʟʚʦʣʷʪ ʜʦʩʪʠʯʴ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ [5]: 

1) ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ 

ʥʘʫʢʦʝʤʢʦʡ ʧʨʦʜʫʢʮʠʠ; 

2) ʧʦʚʳʝhʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

3) ʦʨʠʝʥʪʘʮʠʷ ʵʢʩʧʦʨʪʘ ʥʘ ʢʦʥʝʯʥʫʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʠ ʫʩʣʫʛʠ 
ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ; 

4) ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʣʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʦʟʜʘʶʱʠʭ ʧʨʦʜʫʢʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ; 

5) ʨʘʟʚʠʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʥʦʚʳʭ ʷʚʣʝʥʠʷʭ, ʩʪʨʫʢʪʫʨʝ ʠ 

ʩʚʦʡʩʪʚʘʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ; 

6) ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ, 

ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʥʘʫʯʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ; 

7) ʩʦʟʜʘʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʩʠʩʪʝʤʥʦʡ ʪʝʭʥʠʢʠ, ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ 
ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʫʞʝ ʚ ʥʝʜʘʣʝʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʧʨʠʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ [5]: 

1) ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʨʝʞʫʱʠʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʵʤʫʣʴʩʠʡ; 

2) ʠhʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʘʨʢʘ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʪʘʥʢʦʚ; 

3) ʩʦʟʜʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʘʪ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘ 

ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʠ 

ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʭʦʜʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘʧʨʠʤʝʨ, ʵʪʠ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʩ 40 ʤʢʤ ʜʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ; 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2015è 

34 

4) ʚ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʠ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 
ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ (ʜʦ 1,5-4 ʨʘʟ) ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʘ 

ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʚʪʨʦʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ (ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ), 

ʫʣʫʯʰʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʩʥʠʞʝʥʠʝ ʰʫʤʘ, ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ); 

5) ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 
ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʩ 

ʤʘʣʦʰʫʤʷʱʠʤʠ ʉɺʏ-ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʠ ʠʥʞʝʢʮʠʦʥʥʳʭ ʣʘʟʝʨʦʚ ʥʘ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʦʙʟʦʨʥʦ-ʧʨʠʮʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʨʠʯʥʳʭ ʬʦʪʦʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʙʘʟʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ; ʩʦʟʜʘʥʠʝ ʤʦʱʥʳʭ ʵʢʦʥʦʤʠʯʥʳʭ ʠʥʞʝʢʮʠʦʥʥʳʭ ʣʘʟʝʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʣʷ ʥʘʢʘʯʢʠ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʩʠʩʪʝʤʘʭ; 

6) ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʪʦʧʣʠʚʥʳʭ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ (ʘʜʩʦʨʙʮʠʷ ʠ ʭʨʘʥʝʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʫʚʝʣʠʯʝʥʠʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠ ʵʥʝʨʛʦʧʝʨʝʥʦʩʘ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʘʭ ʩ ʥʘʥʦʩʣʦʝʚʦʡ ʠ ʢʣʘʩʪʝʨʥʦ-ʬʨʘʢʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʨʘʟʨʘʙʦʪʢʘ 

ʵʣʝʢʪʨʦʜʦʚ ʩ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥ). 
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ʂʆʄɹɯʅɸʊʆʈʅʀʁ ʉʀʅʊɽɿ ʉʊʈʋʂʊʋʈ ɿɸʊʀʉʂʅʆɻʆ 

ʇɸʊʈʆʅɸ ʅɸ ʆʉʅʆɺɯ ʁʆɻʆ ʄʆʈʌʆʃʆɻɯɰ 

ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʚʝʨʩʪʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ (ɿʇ), ʩʪʘʥʦʚʠʪʴ 

ʚʘʛʦʤʫ ʯʘʩʪʠʥʫ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʽ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʙʘʛʘʪʴʦʭ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʧʨʦʝʢʪʥʠʭ 

ʬʽʨʤ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʩʫʚʘʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʟʘʩʦʙʽʚ ʟʘʪʠʩʢʥʦʛʦ ʦʩʥʘʱʝʥʥʷ. ʉʪʨʠʤʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ ʻ ʭʘʦʪʠʯʥʠʡ ʧʽʜʭʽʜ ʚ ʧʨʠʡʥʷʪʪʽ 

ʨʽʰʝʥʴ ʱʦʜʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʪʽʚ ʟʘʪʠʩʢʥʦʾ ʦʩʥʘʱʝʥʥʷ. 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʦʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ɿʇ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʟʘʧʠʩʫ, ʦʙʨʦʙʢʠ, ʧʦʰʫʢʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʛʨʘʬʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʦʶ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ʤʦʜʝʣʝʡ ɿʇ, ʘ ʪʘʢʦʞ ʜʝʪʘʣʽ ʡ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʥʠʭ ʟʘʜʘʯ ʚʠʜʽʣʷʶʪʴ 

ʯʦʪʠʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʠʧʘʤʠ ʦʙôʻʢʪʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘ ʩʘʤʝ:  

1) ʦʙôʻʢʪ, ʱʦ ʧʨʦʝʢʪʫʻʪʴʩʷ, ʤʦʞʝ ʙʫʪʠ ʩʢʦʤʧʦʥʦʚʘʥʠʡ ʟ ʛʦʪʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʙʣʦʢʽʚ;  

2) ʜʣʷ ʦʙôʻʢʪʫ, ʱʦ ʧʨʦʝʢʪʫʻʪʴʩʷ, ʥʝʤʘʻ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʛʦʪʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʣʝ 

ʽʩʥʫʶʪʴ ʛʦʪʦʚʽ ʘʥʘʣʦʛʽʯʥʽ, ʟ ʷʢʠʭ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ;  

3) ʥʝ ʽʩʥʫʻ ʘʥʘʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʣʝ ʚʽʜʦʤʽ ʧʨʠʥʮʠʧʠ ʾʭ ʧʦʙʫʜʦʚʠ;  

4) ʥʝ ʚʽʜʦʤʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʘ.  

ɺ ʩʠʩʪʝʤʽ ɿʇ ʚ ʧʨʦʮʝʩʽ ʟʘʪʠʩʢʫ ʪʘ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʚʽʜ ʧʨʠʚʦʜʫ: ʢʽʥʝʪʠʯʥʦʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʦʩʪʫʧʘʣʴʥʠʭ ʪʘ ʦʙʝʨʪʘʣʴʥʠʭ ʣʘʥʦʢ, ʧʦʪʝʥʮʽʡʥʦʾ ʚ ʚʠʛʣʷʜʽ ʜʝʬʦʨʤʦʚʘʥʠʭ ʧʨʫʞʥʠʭ ʣʘʥʦʢ 

ʧʝʨʝʜʘʚʣʴʥʦ - ʧʽʜʩʠʣʶʶʯʠʭ ʣʘʥʦʢ ʧʘʪʨʦʥʘ ʪʘ ʜʝʪʘʣʽ, ʨʦʙʦʪʠ ʟ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ, ʱʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʝʧʣʦ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɿʇ ʻ ʚʪʽʣʝʥʥʷ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʦ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʫʥʽʬʽʢʘʮʽʡʥʠʡ ʩʠʥʪʝʟ, ʤʝʪʦʜ 

ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʩʠʥʪʝʟʫ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʠʭ ʤʦʜʫʣʴʥʠʭ ʩʠʩʪʝʤ, ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʠʡ 

ʘʥʘʣʽʟ [1].  

ɿʛʽʜʥʦ ʤʝʪʦʜʫ ʫʥʽʬʽʢʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʢʦʞʥʠʡ ʽʟ ʝʣʝʤʝʥʪʽʚ ʙʫʜʴ- ʢ̫ʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʙʽʥʘʨʥʦʛʦ ʢʦʜʫ, ʩʢʣʘʜʝʥʦʛʦ ʽʟ ʪʘʢ ʟʚʘʥʠʭ, X ʪʘ Y ʭʨʦʤʦʩʦʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʛʝʥʝʨʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ: ʛʝʥʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ X-

ʭʨʦʤʦʩʦʤ, ʛʝʥʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ Y- ʭʨʦʤʦʩʦʤ, ʢʦʤʙʽʥʫʚʘʥʥʷ XY-ʭʨʦʤʦʩʦʤ. ʆʜʥʠʤ ʽʟ 

ʝʣʝʤʝʥʪʽʚ ʫʥʽʬʽʢʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʻ ʧʽʜʙʽʨ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʫʥʢʮʽʡ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʽʻʨʘʨʭʽʾ. 

ɺʣʘʩʪʠʚʦʩʪʷʤʠ  ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʻ: 

ï ʙʫʜʴ-ʷʢʠʡ ʦʙôʻʢʪ ʻ ʝʣʝʤʝʥʪʦʤ ʧʝʚʥʦʾ ʩʪʨʫʢʪʫʨʠ; 

ï ʙʫʜʴ-ʷʢʘ ʢʘʪʝʛʦʨʽʷ ʻ ʧʽʜʢʣʘʩʦʤ ʽʥʰʦʾ ʩʪʨʫʢʪʫʨʠ; 

ï ʝʣʝʤʝʥʪʠ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʧʽʟʥʘʥʽ ʟʘ ʜʝʷʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

ï ʢʦʞʥʽʡ ʩʪʨʫʢʪʫʨ ̔ʧʨʠʪʘʤʘʥʥʘ ʩʫʢʫʧʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʚʽʜʦʙʨʘʞʘʻ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ɿʇ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʧʽʜʛʦʪʦʚʢʫ ʪʘ 

ʧʦʜʘʯʫ ʝʥʝʨʛʽʾ, ʧʨʦʮʝʩʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦ-ʧʽʜʩʠʣʶʶʯʦʾ 

ʣʘʥʢʠ, ʟʚ'ʷʟʦʢ ʧʝʨʝʜʘʚʘʣʴʥʦ-ʧʽʜʩʠʣʶʶʯʦʾ ʣʘʥʢʠ ʟ ʟʘʪʠʩʢʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʚʽʜʥʦʩʥʦ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʮʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʨʠ ʩʠʣʦʚʦʤʫ 
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ʚʧʣʠʚʽ ʥ̔ʩʪʨʫʤʝʥʪʫ ʥʘ ʟʘʛʦʪʦʚʢʫ, ʩʪʚʦʨʝʥʥʷ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ ʟʘʛʦʪʦʚʢʠ, ʢʦʤʧʝʥʩʘʮʽʶ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʨʝʛʫʣʶʚʘʥʥʷ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ, ʟʘʤʽʥʫ ʟʘʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʯʠʱʝʥʥʷ 

ʫʧʦʨʽʚ, ʟʘʪʠʩʢʘʥʥʷ-ʨʦʟʪʠʩʢʘʥʥʷ ʟʘʛʦʪʦʚʢʠ. ʉʪʨʽʣʢʠ ʛʨʘʬʽʚ ʧʦʢʘʟʫʶʪʴ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽʩʪʴ 

ʦʟʥʘʢ. ʅʘʥʝʩʝʥʽ ʥʘ ʛʨʘʬʘʭ ʟʥʘʢʠ ʦʟʥʘʯʘʶʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ (ʚʠʱʦʛʦ) ʧʦʨʷʜʢʫ ʩʪʨʫʢʪʫʨʠ: 

"ƺ" - ʘʣʴʪʝʨʥʘʪʠʚʥʽʩʪʴ ʦʟʥʘʢʠ ʟ ʯʠʩʣʘ ʤʦʞʣʠʚʠʭ; "ǒ" - ʦʜʥʦʯʘʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʦʟʥʘʢ; "Ĭ" ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʟʥʘʢ ʜʝʪʘʣʽʟʘʮʽʾ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʦʻʜʥʘʥʥʽ [2]. ɿʥʘʢ 

"ƺ", ʥʘʥʝʩʝʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʟʥʘʢʠ, ʦʟʥʘʯʘʻ ʧʦʪʝʥʮʽʡʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʘʨʽʘʥʪʥʦʩʪʽ, ʱʝ ʥʝ ʚʩʪʘʥʦʚʣʝʥʫ ʥʘ ʤʦʤʝʥʪ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ (ʨʠʩ.1). 

ɹʝʟʣʽʯ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ɿʇ ʦʧʠʩʫʶʪʴʩʷ ʧ'ʷʪʴʤʘ ʜʝʨʝʚʘʤʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʢʦʨʧʫʩ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦ-ʧʽʜʩʠʣʶʶʯʽ ʣʘʥʢʠ; ʦʩʥʦʚʥʽ ʪʘ ʜʦʧʦʤʽʞʥʽ ʟʘʪʠʩʢʥʽ ʝʣʝʤʝʥʪʠ; 

ʫʧʦʨʠ ʜʣʷ ʟʘʛʦʪʦʚʢʠ; ʜʦʧʦʤʽʞʥʽ ʤʝʭʘʥʽʟʤʠ (ʢʦʤʧʝʥʩʘʮʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʟʤʽʥʠ 

ʟʘʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʦʚʦʨʦʪ ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥ.). ʇʝʨʰʽ ʪʨʠ ʟ ʥʠʭ ʻ ʧʝʨʚʠʥʥʠʤʠ ʜʝʨʝʚʘʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʘʧʘʨʘʪʫʨʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʽ ʤʘʶʪʴ ʩʘʤʦʩʪʽʡʥʽ ʢʦʨʽʥʥʷ. ɼʚʘ 

ʦʩʪʘʥʥʽʭ - ʚʪʦʨʠʥʥʽ, ʾʭ ʢʦʨʽʥʥʷ ʚʠʨʦʩʪʘʶʪʴ ʟ ʝʣʝʤʝʥʪʽʚ ʜʝʨʝʚʘ ʦʩʥʦʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ɿʇ, 

ʷʢʠʡ ʤʘʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʫ ʽʻʨʘʨʭʽʶ. 

 
ʈʠʩ. 1 ï ɼʝʨʝʚʦ ʮʽʣʝʡ ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ɿʇ 

ʂʫʟʥʻʮʦʚʠʤ ʖ.ʄ. ʪʘ ʡʦʛʦ ʫʯʥʷʤʠ ʨʦʟʨʦʙʣʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʩʠʣʦʚʠʭ 

(ʝʥʝʨʛʝʪʠʯʥʠʭ) ʧʦʪʦʢʽʚ ʚ ɿʇ, ʫʥʽʬʽʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʟʘʪʠʩʢʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ 

ʚʠʜʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦ-ʧʽʜʩʠʣʶʶʯʠʭ ʣʘʥʦʢ ʜʣʷ ʨʽʟʥʠʭ ʩʠʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʚ ʪ.ʯ. ʧʘʪʨʦʥʽʚ ʜʣʷ ʪʽʣ 

ʦʙʝʨʪʘʥʥʷ. ɼʣʷ ʟʘʪʠʩʢʫ ʚ ʧʘʪʨʦʥʽ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʠʣ ʪʘ 

ʤʦʤʝʥʪʽʚ ʩʢʣʘʜʘʻ 48 [3]. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʇʦʣʦʚʠʥʢʠʥ ɸ. ʀ. ʆʩʥʦʚʳ ʠʥʞʝʥʝʨʥʦʛʦ ʪʚʦʨʯʝʩʪʚʘ: ʫʯʝʙʥ. ʧʦʩʦʙ. ʜʣʷ ʩʪʫʜ. ʚʫʟʦʚ / ɸ. ʀ. 

ʇʦʣʦʚʠʥʢʠʥ. ï [3-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ.]. ï ʄ. : ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1988. ï 368 ʩ. 
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ʉʊɺʆʈɽʅʅʗ ʉʀʉʊɽʄʀ ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ʅɸ 

ʇɯɼʇʈʀɭʄʉʊɺɸʍ ʄɸʐʀʅʆɹʋɼɯɺʅʆɻʆ ʅɸʇʈʗʄʂʋ 

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥ̫ ʷʢʽʩʪʶ ʻ  ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ.  

ʆʪʞʝ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʙʫʜʴ ʷʢʦʛʦ  ʙʽʟʥʝʩ - ʧʨʦʮʝʩʫ  ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʽʜʧʨʠʤ̒ʩʪʚʘ 

ʥʝʦʙʭʽʜʥʦ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʽʜʛʦʪʦʚʢʘ 

ʚʠʨʦʙʥʠʮʪʚʘ (ʊʇɺ) ï ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʙʫʜʴ ʷʢʦʛʦ 

ʧʽʜʧʨʠʤ̒ʩʪʚʘ. ʈʘʟʦʤ ʟ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʶ ʧʽʜʛʦʪʦʚʢʦʶ ʚʠʨʦʙʥʠʮʪʚʘ (CAD) ʙʽʟʥʝʩ-ʧʨʦʮʝʩ 

ʊʇɺ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʚʠʨʦʙʽʚ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ, ʣʶʜʩʴʢ ̔ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʱʦ 

ʚʠʪʨʘʯʘʶʪʴʩʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʊʇɺ ʻ 

ʦʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʦʛʦ  ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʽʜʧʨʠʤ̒ʩʪʚʘ. 

ʊʇɺ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦ ʚʠʧʫʩʢʫ ʜʘʥʦʛʦ 

ʚʠʨʦʙʫ, ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ, ʪʝʨʤʽʥʽʚ ʽ ʦ6ʩʷʛʫ ʚʠʧʫʩʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʧʣʘʥʦʚʘʥʠʭ ʚʠʪʨʘʪ.  

ɿʚʝʩʪʠ ʟʘʚʜʘʥʥʷ ʟ ʧʦʜʽʙʥʠʤʠ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʷʤʠ ʜʦ ʪʦʯʥʦ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ 

ʥʝ ʤʦʞʥʘ ʚ ʧʨʠʥʮʠʧʽ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ "ʟʥʷʪʠ" 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʩʧʦʩʦʙʽʚ ʟʥʷʪʪʷ 

ʻ ʩʫʙ'ʻʢʪʠʚʥʘ ʦʮʽʥʢʘ ʩʧʝʮʽʘʣʽʩʪʘ (ʝʢʩʧʝʨʪʘ, 

ʜʦʩʚʽʜʯʝʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ-ʪʝʭʥʦʣʦʛʘ, 

ʢʝʨʽʚʥʠʢʘ), ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʧʝʨʝʚʘʛʠ. 

ʂʦʤʧ'ʶʪʝʨʥʘ ʧʽʜʪʨʠʤʢʘ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʪʘʢ ʯʠ ʽʥʘʢʰʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʽ ʧʨʦʤʽʞʥʠʭ 

ʦʮʽʥʦʢ, ʷʢʽ ʜʘʶʪʴ ʆʇʈ, ʽ ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ ʩʘʤʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʨʦʙʣʝʥʥʷ ʨʽʰʝʥʥʷ [1].  

ʗʢ ʧʨʘʚʠʣʦ, ʙʘʛʘʪʦ ʆʇʈ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʢʦʥʩʪʨʫʢʪʦʨʠ, ʥʝ ʟʚʠʢʣʠ ʜʦ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʚ 

ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʥʝ ʟʚʠʢʣʠ ʦʮʽʥʶʚʘʪʠ 

ʩʚʦʾ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ-ʷʢʠʭ ʬʫʥʢʮʽʡ. ɺʦʥʠ ʥʝ 

ʫʩʚʽʜʦʤʣʶʶʪʴ ʥʘʩʣʽʜʢʠ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ. 

ʉʴʦʛʦʜʥʽ ʮʝ ʙʝʟʫʤʦʚʥʦ ʻ ʩʝʨʡʦʟʥʠʤ 

ʧʩʠʭʦʣʦʛʽʯʥʠʤ ʙʘʨ'ʻʨʦʤ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʧʨʘʢʪʠʢʫ ʤʝʪʦʜʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʦʮʝʩ  

ʨʽʰʝʥʥʷ ʢʦʞʥʦʾ ʧʨʦʝʢʪʥʦʾ ʟʘʜʘʯʽ  

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʽʪʝʨʘʮʽʡʥʦʾ 

ʧʨʦʮʝʜʫʨʠ (ʨʠʩʫʥʦʢ 1).  

ʈʠʩ.1  ɽʪʘʧʠ ʪʘ ʧʨʦʮʝʜʫʨʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 
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ɹʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʚ ʜʘʥʠʡ ʯʘʩ ʉʇʇʈ ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʚʦʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʪʝʢʩʪʫ ʽ ʛʨʘʬʽʢʠ - ʮʝ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʙʘʟʠ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʫʣʴʪʠʤʝʜʽʘ ʜʦʜʘʻ ʪʨʝʪʶ ʩʢʣʘʜʦʚʫ - ʚʽʨʪʫʘʣʴʥʫ ʨʝʘʣʴʥʽʩʪʴ, ʪʘʢ ʷʢ ʩʣʦʚʝʩʥʝ, ʪʘʙʣʠʯʥʝ ʽ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʨʝʩʣʝʥʴ, ʥʝ ʟʘʚʞʜʠ ʻ ʘʜʝʢʚʘʪʥʠʤ [2]. 

ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʯʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʦʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʟʤʽʥʠ, ʫʪʦʯʥʝʥʥʷ ʽ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʟʤʽʩʪʫ ʨʝʬʝʨʝʥʩʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʟ 

ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʪʚʦʨʶ ʪʁʴʩʷ ʚ ʭʦʜʽ ʧʨʦʝʢʪʥʠʭ ʽʪʝʨʘʮʽʡ ʚ ʨʝʘʣʴʥʫ ʤʦʜʝʣʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. 

ɺʚʝʜʝʤʦ ʬʦʨʤʘʣʴʥʝ ʧʦʥʷʪʪʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ʂʦʥʮʝʧʪʫʘʣʴʥʠʤ (ʥʘʜʘʣʽ, 

ʙʘʟʦʚʠʤ) ʧʨʦʝʢʪʥʠʤ ʨʽʰʝʥʥʷʤ  ʻ ʪʨʽʡʢʘ: 

  (1) 

ʜʝ   ï  ʩʫʢʫʧʥʽʩʪʴ çʥʘʡʤʝʥʫʚʘʥʴè ʧʘʨʘʤʝʪʨʽʚ, ɦ ʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʝʢʪ; 

      ï ʢʦʥʢʨʝʪʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʙʝʟʧʝʨʝʨʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʤʦʞʣʠʚʦ 

ʥʘʷʚʥʽʩʪʴ ʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ) ʚʽʜʧʦʚʽʜʥʦ.  

ʆʪʞʝ, ʚ ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʜʘʯʫ ʚʠʙʦʨʫ ʙʘʟʦʚʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʘʙʦ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ  ʚ CAD/CAM/CAE ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

  (2) 

ʜʝ   ï ʫʤʦʚʠ ʧʨʦʝʢʪʫ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʽ ʚʨʘʭʦʚʫʶʪʴ ʥʘʷʚʥʫ ʚʠʨʦʙʥʠʯʫ ʙʘʟʫ ʪʘ 

ʜʦʩʷʛʥʫʪʠʡ  ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ; 

      ï ʢʦʤʧʣʝʢʩ ʤʝʪʨʠʯʥʠʭ, ʪʦʧʦʣʦʛʽʯʥʠʭ, ʩʭʝʤʦ ʪʝʭʥʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʩʪʨʫʢʪʫʨʥʠʭ, 

ʚʘʨʪʽʩʥʠʭ ʽ ʪʠʤʯʘʩʦʚʠʭ ʦʙʤʝʞʝʥʴ; 

      ï ʤʥʦʞʠʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ; 

      ï ʬʦʨʤʘʣʴʥʝ ʧʨʘʚʠʣʦ, ʱʦ ʚʠʜʽʣʷʻ ʟ ʙʝʟʣʽʯʽ ʜʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʘʮʽʦʥʘʣʴʥʽ ʚʘʨʽʘʥʪʠ; 

      ï  ʙʝʟʣʽʯ ʨʘʮʽʦʥʘʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʨʦʝʢʪʫ; 

      ï ʚʝʢʪʦʨ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ; 

      ï ʧʨʘʚʠʣʦ, ʷʢʝ ʩʪʘʚʠʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʞʥʠʤ  ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ; 

      ï ʧʨʘʚʠʣʦ ʚʠʙʦʨʫ ʥʘʡʧʨʠʡʥʷʪʥʽʰʦʛʦ ʚʘʨʽʘʥʪʫ ʧʨʦʝʢʪʫ ʟ ʙʝʟʣʽʯʽ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʚʘʨʽʘʥʪʽʚ; 

      - ʧʽʜʤʥʦʞʠʥʘ ʚʘʨʽʘʥʪʽʚ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʻ ʨʽʰʝʥʥʷʤ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ (ʤʥʦʞʠʥʽ 

ʮʽʣʴʦʚʠʭ  ʚʘʨʽʘʥʪʽʚ). 

ʈʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʟʘʜʘʯ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʆʇ, ʱʦ ʟʚ'ʷʟʫʻ ʧʘʨʘʤʝʪʨʠ ʝʪʘʧʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʣʦʛʽʯʥʦʛʦ, 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʝʪʘʧʫ ʊʇɺ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʊʇɺ ʽ 

ʩʧʝʮʠʬʽʢʠ ʨʦʟʚô̫ ʟʫʚʘʥʠʭ ʟʘʜʘʯ ʦʪʨʠʤʘʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʦʧʠʩ ʦʙôʻʢʪʫ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʚʩʪʘʥʦʚʣʝʥʦ ʪʘ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʊʇɺ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʪʘ ʚʠʷʚʠʪʠ ʨʽʰʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʻʜʠʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. 
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ʈʆɿʈʆɹʂɸ ʊɸ ɺʀɻʆʊʆɺʃɽʅʅʗ ʇʈʀʉʊʈʆʖ ɼʃʗ ɻʈɸɺɯʈʋɺɸʅʅʗ ɿ 

ʉʀʉʊɽʄʆʖ ʏʇʂ 

ɼʣʷ ʥʘʜʘʥʥʷ ʩʪʫʜʝʥʪʘʤ ʬʘʢʫʣʴʪʝʪʫ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʪʘ ʜʠʟʘʡʥʫ ʏʝʨʢʘʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʌʂʊʄɼ ʏɼʊʋ) 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʧʦ ʜʘʥʦʤʫ ʥʘʧʨʷʤʫ ʥʘ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʚʠʨʦʙʥʠʮʪʚ (ʊʆʄɺ) ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʛʨʘʚʽʨʫʚʘʥʥʷ ʟ ʩʠʩʪʝʤʦʶ ʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ (ʏʇʂ). ʆʩʥʦʚʥʽ ʯʘʩʪʠʥʠ 

ʧʨʠʩʪʨʦʶ ʟ ʏʇʂ - ʩʪʘʥʠʥʘ, ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠ, ʝʣʝʢʪʨʦʧʨʠʚʜ̔, ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʘ, 

ʽʥʩʪʨʫʤʝʥʪʠ, ʢʦʤʧ'ʶʪʝʨ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʩʪʨʦʾ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʧʨʠʩʪʨʦʶ ʜʣʷ ʛʨʘʚʽʨʫʚʘʥʥʷ ʟ ʏʇʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩ. 1  ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʛʨʘʚʽʨʫʚʘʥʥʷ ʟ ʏʇʂ 

ɯʥʪʝʨʧʨʝʪʘʪʦʨ ʩʠʩʪʝʤʠ ʏʇʂ ʨʦʙʠʪʴ ʧʝʨʝʢʣʘʜ ʧʨʦʛʨʘʤʠ ʟ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ 

ʢʦʤʘʥʜʠ ʫʧʨʘʚʣʽʥʥʷ ʛʦʣʦʚʥʠʤ ʧʨʠʚʦʜʦʤ, ʧʨʠʚʦʜʘʤʠ ʧʦʜʘʯ, ʢʦʥʪʨʦʣʝʨʘʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʚʫʟʣʽʚ ʚʝʨʩʪʘʪʘ (ʥʘʧʨʠʢʣʘʜ, ʚʢʣʶʯʠʪʠ/ʚʠʢʣʶʯʠʪʠ ʦʭʦʣʦʜʞʝʥʥʷ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʽʥʩʪʨʫʤʝʥʪʫ ʘʙʦ ʟʘʛʦʪʦʚʢʠ ʚ ʮʽʣʦʤʫ 

ʚʽʜʧʦʚʽʜʥʦ ʢʦʤʘʥʜʘʤ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʪʝʨʧʦʣʷʪʦʨ, ʱʦ ʨʦʟʨʘʭʦʚʫʻ 

ʧʦʣʦʞʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʪʦʯʦʢ ʪʨʘʻʢʪʦʨʽʾ ʧʦ ʟʘʜʘʥʠʤ ʚ ʧʨʦʛʨʘʤʽ ʢʽʥʮʝʚʠʤ ʪʦʯʢʘʤ [1]. 

ʂʨʦʢʦʚʽ ʜʚʠʛʫʥʠ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʰʧʠʥʜʝʣʷ ʟ ʨʽʟʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʦ 

ʪʨʴʦʤ ʢʦʦʨʜʠʥʘʪʘʤ ʟʘʚʜʷʢʠ ʢʘʨʝʪʢʘʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʨʛʘʥʫ ʢʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʠ ʩʠʩʪʝʤʠ 

ʏʇʂ ʧʝʨʝʜʘʶʪʴʩʷ ʜʘʪʯʠʢʘʤ, ʱʦ ʢʝʨʫʶʪʴ ʪʨʘʻʢʪʦʨʽʻʶ ʨʫʭʫ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʩʪʨʦʶ ʜʣʷ ʛʨʘʚʽʨʫʚʘʥʥʷ ʚʠʙʨʘʥʘ ʩʠʩʪʝʤʘ ʏʇʂ çkCAMè. 

ɼʽʶʯʘ ʤʦʜʝʣʴ ʧʨʠʩʪʨʦʶ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʟʨʘʟʢʽʚ ʜʝʰʝʚʠʟʥʦʶ 

ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʪʝʨʬʝʡʩʥʦʾ ʧʣʘʪʠ. ʇʨʠʩʪʨʽʡ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʥʘʧʨʷʤʫ ʜʦ ʧʦʨʪʫ LPT 

ʢʦʤʧôʶʪʝʨʘ [2]. 

mailto:nesterenko_chdtu@mail.ru
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ɼʣʷ ʜʠʩʮʠʧʣʽʥʠ çʊʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ ʥʘ 

ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂè ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʯʥʽ 

ʚʢʘʟʽʚʢʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʪʝʦʨʝʪʠʯʥʫ ʪʘ ʧʨʘʢʪʠʯʥʫ 

ʯʘʩʪʠʥʠ, ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʟʘʚʜʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

ʧʝʨʝʜʙʘʯʝʥʦ ʦʪʨʠʤʘʥʥʷ ʨʝʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʢʦʥʢʨʝʪʥʦʾ ʜʝʪʘʣʽ. ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ 

ʧʨʠʩʪʨʦʶ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚ ʩʠʩʪʝʤʽ çT-

FLEXè (ʨʠʩʫʥʦʢ 2).  

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʪʨʦʶ ʜʣʷ 

ʛʨʘʚʽʨʫʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1 

ʈʠʩ. 2 ï 3D-ʤʦʜʝʣʴ ʧʨʠʩʪʨʦʶ 

ʊʘʙʣʠʮʷ 1 ï ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʪʨʦʶ ʜʣʷ ʛʨʘʚʽʨʫʚʘʥʥʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʨʘʤʝʪʨ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʨʘʤʝʪʨ 

ʄʦʜʝʣʴ ʧʨʠʩʪʨʦ  ʁ ʏʇʂ-ʏɼʊʋ ʊʠʧ ʢʨʦʢʦʚʠʭ 

ʜʚʠʛʫʥʽʚ 
ʋʥʽʧʦʣʷʨʥʽ 

ʈʦʟʤʽʨʠ ʩʪʦʣʫ, ʤʤ 

460x300 

ʇʝʨʝʩʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʨʦʢʦʚʠʭ 

ʤʦʪʦʨʽʚ X, Y, Z, 

ɸʤʧʝʨ 

0,2 

ʆʙʨʦʙʣʶʚʘʥʝ ʧʦʣʝ: X, Y, Z, 

ʤʤ 280ʭ300ʭ140 

ʊʦʯʥʽʩʪʴ ʙʘʟʫʚʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ 

(ʪʝʦʨʝʪʠʯʥʘ), ʤʤ 

0,05 

ɺʠʩʦʪʘ ʟʘʛʦʪʦʚʢʠ, ʤʤ 

ʜʦ 130 

ɻʘʙʘʨʠʪʠ ʚʢʣʶʯʘʶʯʠ 

ʤʦʪʦʨʠ: ʜʦʚʞʠʥʘ, 

ʰʠʨʠʥʘ, ʚʠʩʦʪʘ, ʤʤ 

460 x 500 x 570 

ʐʚʠʜʢʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, 

ʤʤ/ʭʚ. 
300 

ɺʘʛʘ ʙʝʟ ʰʧʠʥʜʝʣʷ ʽ 

ʢʦʥʪʨʦʣʝʨʘ, ʢʛ 
20 

ʈʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ, ʤʤ/ʭʚ. 300 ɾʠʚʣʝʥʥʷ 230V / 50 ɻʮ 

ʂʽʥʮʝʚʽ ʚʠʤʠʢʘʯʽ X, Y, Z 
ʪʘʢ 

ʄʝʪʦʜ ʢʨʽʧʣʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ 

ʇʘʪʨʦʥ 

ʩʚʝʨʜʣʠʣʴʥʠʡ 

ʃʽʤʽʪʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʦʣʷ ʧʨʦʛʨʘʤʥʦ ʎʽʥʘ, ʛʨʥ. 

(ʦʨʽʻʥʪʦʚʥʦ) 
3000 

ʇʦʪʫʞʥʽʩʪʴ ʰʧʠʥʜʝʣʷ, ɺʪ 400 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʜʽʶʯʘ ʤʦʜʝʣʴ ʧʨʠʩʪʨʦʶ ʟ ʏʇʂ, ʚʠʚʯʝʥʽ ʧʨʠʥʮʠʧʠ 

ʢʝʨʫʚʘʥʥʷ ʏʇʂ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ çkCAMè, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʽ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʤʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʣʷ ʜʠʩʮʠʧʣʽʥʠ çʊʝʭʥʦʣʦʛʽʷ 

ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂè. 

 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ  
1. ɻʞʠʨʦʚ ʈ.ʀ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ. ʉʧʨʘʚʦʯʥʠʢ. / ʈ.ʀ. ɻʞʠʨʦʚ, 

ʇ.ʇ. ʉʝʨʝʙʨʝʥʠʮʢʠʡ. ï ʃ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. ʃʝʥʠʥʛʨ. ʦʪʜ-ʥʠʝ, 1990. ï 588 ʩ. 

2. ʂʫʟʥʝʮʦʚ ʖ.ʅ. ʉʪʘʥʢʠ ʩ ʏʇʋ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʖ.ʅ. ʂʫʟʥʝʮʦʚ. ï ʂ.: ɺʠʱʘ ʰʢʦʣʘ, 

1991. ï 278 ʩ. 
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ɸ.ɺ. ɹʽʣʦʫʩ, ʩʪʫʜʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, alexkos86@gmail.com 

ʄɸʊɽʄɸʊʀʏʅɯ ʇɯɼʍʆɼʀ ʇʈʀ ɼʆʉʃɯɼɾɽʅʅɯ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ʇʈʆʄʀʉʃʆɺʆɻʆ ʆɹʃɸɼʅɸʅʅʗ 

ɺ ʫʤʦʚʘʭ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʩʝ ʛʦʩʪʨʽʰʝ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʦʥʦʩʽʾʚ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ 
ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʧʨʦʤʠʩʣʦʚʠʡ ʩʝʢʪʦʨ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 
ʝʥʝʨʛʽʾ. ʅʘʧʨʠʢʣʘʜ, ʚ ʅ̔ ʤʝʯʯʠʥʽ ʧʨʦʤʠʩʣʦʚʽʩʪ ʁʚʠʪʨʘʯʘʻʪʴʩʷ 28% ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ 
ʝʥʝʨʛʽʾ ʢʨʘʾʥʠ [1]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʚʠʤʦʛ ʜʦ ʩʧʦʩʦʙʽʚ ʽ ʟʘʩʦʙʽʚ 
ʧʝʨʝʚʝʟʝʥʥʷ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʩʧʨʠʷʣʦ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʦʤʫ ʢʦʣʠʚʘʥʥʶ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ 1é2 ʧʦʨʷʜʢʽʚ. 
ʇʨʠ ʮʴʦʤʫ ʩʧʦʞʠʚʘʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʨʦʟʚʠʥʝʥʠʭ 
ʧʽʜʧʨʠʻʤʩʪʚ ʩʢʣʘʜʘʻ ʚ ʤʝʞʘʭ 5é50 ʢɺʪ [2]. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʦʨʷʜ ʟ ʮʠʤ ʧʦʪʦʢʠ ʨʽʟʥʠʭ 
ʚʠʜʽʚ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʢʦʣʠʚʘʪʠʩʷ ʚ ʤʝʞʘʭ 10 ʧʦʨʷʜʢʽʚ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʘʞʣʠʚʦʶ 
ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʥʝ ʪʽʣʴʢʠ ʤʽʥʽʤʽʟʘʮʽʷ ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʧʨʦʜʫʢʮʽʾ, ʘʣʝ ʡ ʤʽʥʽʤʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʘ ʪʘʢʦʞ ʾʭ ʟʘʛʘʣʴʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 
ʅʘʧʨʠʢʣʘʜ ʜʣʷ ʚʝʨʩʪʘʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʟʘʛʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʜʝʢʽʣʴʢʘ ʪʠʩʷʯ ʢɺʪ, ʟʘʛʘʣʴʥʘ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʤʝʥʰʝ 0,2, ʱʦ, ʙʝʟʫʤʦʚʥʦ, ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʥʘ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ [3]. 
ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʚʦʜʥʦʯʘʩ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ. ʊʦʤʫ ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ 
ʤʦʜʝʣʝʡ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʝʢʽʣʴʢʘ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ 
ʥʘʡʥʠʞʯʠʤʠ ʟ ʷʢʠʭ ʙʫʜʫʪʴ ʤʽʢʨʦʧʦʢʘʟʥʠʢʠ ʦʢʨʝʤʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 
ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘ ʥʘʡʚʠʱʦʤʫ ʨʽʚʥʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʘʢʨʦʧʦʢʘʟʥʠʢʠ 
ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʘʤʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʥʘ ʙʽʣʴʰ ʥʠʞʯʠʭ ʨʽʚʥʷʭ ʘʥʘʣʽʟʫʶʪʴʩʷ ʦʢʨʝʤʽ 
ʩʢʣʘʜʦʚʽ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʥʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʯʝ ʦʙʣʘʜʥʘʥʥʷ. ʊʘʢ ʚ [4] ʜʣʷ ʦʧʠʩʫ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚ ʢʽʣʴʢʦʩʪʽ N ʥʘ ʧʨʝʩʦʚʦʤʫ 
ʦʙʣʘʜʥʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʨʘʟ ʚʠʜʫ 

 , i , , /step per unit i fixed iE E E N
 , (1) 

ʜʝ ,per unit iE ï ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷʤ ʧʦʚʝʨʭʦʥʴ; 

,fixed iE  ï ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʨʝʤʦʥʪʥʠʤʠ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤʠ 

ʨʦʙʦʪʘʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʨʫʭʦʤʠʭ ʟôʻʜʥʘʥʴ; 
N ʪʘ ̔ ï ʚʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ. ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʪʘ ʟʘʛʘʣʴʥʘ 
ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʭʦʜʽʚ. 
ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʜʫʢʮʽʾ 

ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. 
ɿʘʛʘʣʴʥʠʡ ʤʘʢʨʦʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ ʚʠʜʫ 

 

Pr (t)
(t)

(t)

ocess
Machine

Machine

P

P
 , (2) 

ʜʝ Pr (t)ocessP  ï ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʯʘʩʽ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʧʨʦʮʝʩʦʤ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ; 

(t)MachineP  ï ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʯʘʩʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʟʘʛʘʣʴʥʫ ʩʧʦʞʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ. 
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ɺ ʩʚʦʶ ʯʝʨʛʫ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ ʟʛʽʜʥʦ [3] 

ʦʧʠʩʫʶʪʴʩʷ ʚʠʨʘʟʦʤ ʚʠʜʫ 

 
60

c
cs

P
E

Z
, (3) 

ʜʝcP  ïʧʦʪʫʞʥʽʩʪʴ ʥʘ ʰʧʠʥʜʝʣʽ, ʢɺʪ; 

Z ï ʰʚʠʜʢʽʩʪʴ ʚʽʜʜʽʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʟʘʛʦʪʦʚʢʠ, ʩʤ
3
/ʭʚ; 

 ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʘʥʘʣʽʟʫ 

ʩʢʣʘʜʦʚʦʾ ʨʽʚʥʷʥʥʷ cP, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʘʛʦʤʫ ʯʘʩʪʢʫ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʪʝʨʪʷ, ʤʝʭʘʥʽʯʥʝ 

ʟʥʦʰʫʚʘʥʥʷ, ʧʨʫʞʥʽ ʢʦʣʠʚʘʥʥʷ, ʘʢʫʩʪʠʯʥʝ ʪʘ ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʦʱʦ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ 

ʤʘʢʨʦʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʢʦʨʠʩʥʫ ʩʢʣʘʜʦʚʫ ʧʨʠ ʚʠʪʨʘʪʘʭ ʝʥʝʨʛʽʾ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ [4] ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʧʨʠʥʮʠʧ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʘ ʢʦʥʮʝʧʮʽʷ ʝʢʩʝʨʛʽʾ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʧʦʪʝʥʮʽʘʣ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ ʚ ʦʜʠʥʠʮʷʭ ɼʞ. ɸʥʘʣʽʟ ʝʢʩʝʨʛʽʾ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: 1 ï ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʩʠʩʪʝʤʠ; 2 ï ʚʠʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ inB  ʪʘ 

ʚʠʭʽʜʥʠʭ outB  ʧʦʢʘʟʥʠʢʽʚ ʝʢʩʝʨʛʽʾ. ɺʪʨʘʪʠ ʝʢʩʝʨʛʽʾ lostB  ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʨʽʟʥʠʮʷ ʮʠʭ ʟʥʘʯʝʥʴ 

ʟʛʽʜʥʦ ʚʠʨʘʟʫ ʚʠʜʫ lost in outB B B . 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʢʨʦʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʢʨʝʤʽ ʩʪʘʜʽʾ ʾʭ ʨʦʙʦʪʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ. 

ʅʘʧʨʠʢʣʘʜ, ʨʦʙʦʪʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʚʠʜʽʣʷʶʪʴ ʜʝʢʽʣʴʢʘ ʩʪʘʜʽʡ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ: 1 

ï ʚʤʠʢʘʥʥʷ ʪʘ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ; 2 ï ʚʠʭʽʜ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ 

ʟʤʘʱʫʚʘʥʥʷ ʦʧʦʨ; 4 ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ; 5 ï ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʟʥʘʯʝʥʦʛʦ ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ; 6 ï ʟʤʽʥʘ ʫʤʦʚ ʟʤʘʱʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ; 7 ï ʟʥʷʪʪʷ ʟʘʛʦʪʦʚʢʠ;   8 ï ʚʠʤʠʢʘʥʥʷ ʰʧʠʥʜʝʣʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʜʛʦʪʦʚʯʽ ʪʘ ʟʘʢʣʶʯʥʽ ʝʪʘʧʠ ʨʦʙʦʪʠ 

ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʩʢʣʘʜʘʶʪʴ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʚ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ, ʘ  

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ  5é20 % ʟʘʛʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʤʽʥʽʤʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʻ ʦʢʨʝʤʠʤ ʥʘʧʨʷʤʢʦʤ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜʙʽʨ ʤʘʪʝʨʽʘʣʫ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʢʫ ʧʘʟʫ ʨʽʟʘʥʥʷʤ ʧʦʣʽʢʘʨʙʦʥʘʪʫ ʚ ʤʝʞʘʭ 1 % ʚʽʜ ʟʘʛʘʣʴʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ [5]. 
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ʇʆɺʓʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ʇʆɺɽʈʍʅʆʉʊʀ ʊʆʅʂʆʉʊɽʅʅʓʍ ɼɽʊɸʃɽʁ ɺ 

ʋʉʃʆɺʀʗʍ ʈɽɿɸʅʀʗ ʉ ɸɺʊʆʂʆʃɽɹɸʅʀʗʄʀ 

ʊʦʥʢʦʩʪʝʥʥʳʝ ʜʝʪʘʣʠ (ʣʦʧʘʪʢʠ, ʤʦʥʦʢʦʣʝʩʘ ʠ ʜʨ.) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʠʟʜʝʣʠʡ 

ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʙʨʘʙʦʪʢʘ ʪʘʢʠʭ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʜʦʧʫʩʪʠʤʳʭ ʩʢʦʨʦʩʪʝʡ ʨʝʟʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʘʚʪʦʢʦʣʝʙʘʥʠʷ. ʀʤʝʥʥʦ ʘʤʧʣʠʪʫʜʘ 

ʚʦʟʥʠʢʘʶʱʠʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʠ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʝʝ 

ʩʥʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʚʚʝʜʝʥʠʝ 

ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʨʝʜ, ʧʦʜʙʦʨ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, ʤʦʜʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʧʦʜʙʦʨ 

ʛʝʦʤʝʪʨʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʨ.  

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʤʧʣʠʪʫʜʫ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ 

ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʫʛʣʘ ʥʘʢʣʦʥʘ ʚʠʥʪʦʚʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʟʫʙʘ ʬʨʝʟʳ - . ʇʨʠ ʵʪʦʤ 

ʘʢʪʫʘʣʴʥʦ ʟʥʘʪʴ, ʢʘʢ ʚʣʠʷʝʪ ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘ ʧʨʦʮʝʩʩ ʬʨʝʟʝʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ [1, 2], ʧʦʟʚʦʣʷʝʪ 

ʟʘʧʠʩʳʚʘʪʴ ʟʘʢʦʥ ʜʚʠʞʝʥʠʷ ʜʝʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʠ ʧʨʦʬʠʣʴ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʪʘʙʣ.1, 2 ʧʦʢʘʟʘʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʢʦʣʝʙʘʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʡ ʜʝʪʘʣʠ ʠ ʧʨʦʬʠʣʠ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʠ ʧʦʧʫʪʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ. ʆʙʨʘʙʦʪʢʘ 

ʚʳʧʦʣʥʷʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʨʝʟʦʡ [3] ʩ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʚʠʥʪʦʚʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ 

0Á, 15Á, 30Á, 45Á, 60Á, ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ n=280 ʦʙ/ʤʠʥ. ɾʝʩʪʢʦʩʪʴ ʫʧʨʫʛʦʡ 

ʩʠʩʪʝʤʳ ʜʝʪʘʣʠ ï 800 ʅ/ʤʤ, ʞʝʩʪʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ï 20000ʅ/ʤʤ. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʢʦʣʝʙʘʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʡ ʜʝʪʘʣʠ ʠ ʧʨʦʬʠʣʠ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʚʠʥʪʦʚʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ -  ʧʨʠ ʚʩʪʨʝʯʥʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʠ 

, ʛʨʘʜ ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʢʦʣʝʙʘʥʠʷ 

ʪʦʥʢʦʩʪʝʥʥʦʡ ʜʝʪʘʣʠ 

ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʘʥʥʦʡ 
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ʇʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʘʚʪʦʢʦʣʝʙʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʨʝʟʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʜʝʪʘʣʴ, ʪ.ʝ. ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʩʨʝʟʘ ʤʠʥʠʤʘʣʴʥʘʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ 
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ʚʠʥʪʦʚʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʚʨʝʤʷ ʨʝʟʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʦʮʝʥʢʝ ʧʨʦʬʠʣʷ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ: 0Á ï 0,187 ʤʤ, 15Á ï 0,185 ʤʤ, 30Á ï 0,137 ʤʤ, 

45Á ï 0,087 ʤʤ, 60Á ï 0,031 ʤʤ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʨʦʬʠʣʷ ʧʨʠ ʚʩʪʨʝʯʥʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʧʦʣʫʯʝʥʦ ʧʨʠ ʫʛʣʝ ʥʘʢʣʦʥʘ ʙʦʣʝʝ 45Á. 

 

ʊʘʙʣʠʮʘ 2 ï ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʢʦʣʝʙʘʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʡ ʜʝʪʘʣʠ ʠ ʧʨʦʬʠʣʠ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʚʠʥʪʦʚʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ -  ʧʨʠ ʧʦʧʫʪʥʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʠ 

, ʛʨʘʜ ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʢʦʣʝʙʘʥʠʷ 

ʪʦʥʢʦʩʪʝʥʥʦʡ ʜʝʪʘʣʠ 

ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʘʥʥʦʡ 
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ʇʨʠ ʧʦʧʫʪʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʘʚʪʦʢʦʣʝʙʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʘ ʚʳʭʦʜʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ 

ʜʝʪʘʣʠ, ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʩʨʝʟʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʚʠʥʪʦʚʦʡ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʘʤʧʣʠʪʫʜʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ. 

ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʤʝʪʥʦ ʫʞʝ ʧʨʠ ʫʛʣʝ ʥʘʢʣʦʥʘ 30Á. ʆʪʢʣʦʥʝʥʠʝ ʦʪ 

ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ: 0 ï 0,186 ʤʤ, 15Á ï 0,107 ʤʤ, 

30Á ï 0,06 ʤʤ, 45Á ï 0,047 ʤʤ, 60Á ï 0,032 ʤʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʠ 

ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʦʡ ʜʝʪʘʣʠ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʚʠʥʪʦʚʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʬʨʝʟʳ. ɿʘʤʝʪʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 

ʚʠʥʪʦʚʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʙʦʣʝʝ 45Á. ʇʨʠ ʧʦʧʫʪʥʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʫʣʫʯʰʝʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʛʣʝ ʙʦʣʝʝ 30Á. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʪ.ʥ., ʧʨʦʬ. ɺʥʫʢʦʚʘ ʖ.ʅ. 
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ʄʆɼɽʈʅʀɿɸʎʀʗ ʇɸʅʊʆɻʈɸʌʅʆɻʆ ʄɽʍɸʅʀɿʄɸ ʂʋʃʔʊʀɺɸʊʆʈɸ ʂʇ6 

ñʄɸʂʉʀʄò 

ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʜʘʣʴʥʝʡʰʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʠ ʨʘʟʨʘʙʦʪʢʦʡ 

ʥʦʚʳʭ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʜʝʪʘʣʝʡ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʫʟʣʦʚ ʪʨʝʥʠʷ, ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ, ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ (ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʥʘʣʠʯʠʝ ʘʙʨʘʟʠʚʘ ʠ ʚʣʘʛʠ). 

ʋʯʠʪʳʚʘʷ ʠʟʣʦʞʝʥʥʦʝ ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʚʳʰʝʥʠʠ ʥʘʜʝʞʥʦʩʪʠ 

ʨʘʙʦʪʳ ʧʘʨʦʚʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʂʇï6 ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʂʫʣʴʪʠʚʘʪʦʨ ʧʘʨʦʚʦʡ ʂʇ-6 

çʄɸʂʉʀʄè ʧʨʠʮʝʧʥʦʡ (ʨʠʩ.1), 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʢʫʣʴʪʠʚʘʮʠʠ, 

ʨʳʭʣʝʥʠʷ, ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʘʨʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʙʦʨʦʥʦʚʘʥʠʝʤ 

(ʧʨʠ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ 12-16 ʢʤ/ʯʘʩ) ʩ 

ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʧʦʩʝʚʥʦʛʦ ʣʦʞʝ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ ʠ ʘʟʦʪʘ 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʯʢʠ ʨʦʩʳ ʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ.  

ʆʩʥʦʚʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

ʷʚʣʷʶʪʩʷ ʧʨʫʞʠʥʥʳʝ S-ʦʙʨʘʟʥʳʝ 

ʩʪʦʡʢʠ ʩ ʨʳʭʣʠʪʝʣʴʥʳʤʠ ʣʘʧʘʤʠ 

ʰʠʨʠʥʦʡ 50 ʤʤ. ʉʪʦʡʢʠ ʦʙʲʝʜʠʥʝʥʳ ʚ 

4 ʩʝʢʮʠʠ ʧʦ 9 ʰʪʫʢ. 

ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʢʦʧʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʠ ʩʦʟʜʘʥʠʝ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʩʝʚʥʦʛʦ ʣʦʞʝ ʥʘ 

ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ ʩʝʢʮʠʡ, ʧʦ ʧʦʣʶ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʘʥʪʦʛʨʘʬʥʳʡ ʤʝʭʘʥʠʟʤ. 

ʇʦʜʚʠʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟ ʙʨʦʥʟʳ ʤʘʨʢʠ 

ɹʨɸɾ 9-4. ʈʘʟʨʝʟ ʫʟʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ (ʨʠʩ. 2). 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʢʫʣʴʪʠʚʘʪʦʨ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʡ ʟʘʧʳʣʝʥʥʦʩʪʠ, ʥʘ ʩʤʘʟʢʫ (ʃʀʊʆʃ) ʢʦʪʦʨʦʡ 

ʟʘʧʦʣʥʝʥʳ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʫʟʣʳ ʦʩʝʜʘʝʪ ʧʳʣʴ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʧʘʨʳ ʪʨʝʥʠʷ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʨʦʥʟʦʚʳʭ 

ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ.  

ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ:  

ʈʠʩ. 1 ï ʂʫʣʴʪʠʚʘʪʦʨ ʂʇ6. 

ʈʠʩ. 2 ï ʐʘʨʥʠʨʥʳʡ ʫʟʝʣ 

ʧʘʥʪʦʛʨʘʬʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

mailto:ol.burya@gmail.com
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- ʫʩʪʘʥʦʚʢʘ ʧʳʣʴʥʠʢʦʚ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ; 

- ʠʩʢʣʶʯʝʥʠʝ ʩʤʘʟʢʠ, ʥʦ ʵʪʦʪ ʚʘʨʠʘʥʪ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʧʦʜʰʠʧʥʠʢʦʚ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʫʟʣʝ ʤʝʞʜʫ ʙʨʦʥʟʦʚʳʤ ʧʦʜʰʠʧʥʠʢʦʤ ʠ ʰʠʧʦʤ 

ʚʦʟʥʠʢʘʝʪ ʩʫʭʦʝ ʪʨʝʥʠʝ.  

ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʟʘʤʝʥʠʪʴ ʩʝʨʠʡʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟ ʩʘʤʦʩʤʘʟʳʚʘʶʱʝʛʦʩʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʋʇɸ6-40 

(ʊʋ ʋ 00493675.002-98). 

ʋʛʣʝʧʣʘʩʪʠʢ ï ʵʪʦ ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʩʘʤʦʩʤʘʟʳʚʘʶʱʠʡʩʷ ʤʘʪʝʨʠʘʣ, 

ʦʩʥʦʚʦʡ (ʩʚʷʟʫʶʱʠʤ) ʫ ʥʝʛʦ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʧʣʘʩʪ ʠʣʠ ʨʝʘʢʪʦʧʣʘʩʪ, ʥʘʧʦʣʥʝʥʥʳʡ 

ʫʛʣʝʨʦʜʥʳʤ ʚʦʣʦʢʥʦʤ [1,2]. ɺʚʝʜʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʵʢʩʪʨʫʜʝʨʦʚ ʠʣʠ ʚ ʚʠʭʨʝʚʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

[3]. ɿʘ ʩʯʝʪ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʚʦʣʦʢʥʦʤ ʫʛʣʝʧʣʘʩʪʠʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʤʠʜʘ 

6, ʠʤʝʝʪ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ, ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʭ ʜʨʫʛʠʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʩʚʦʡʩʪʚ 

(ʩʤ. ʪʘʙʣʠʮʫ 1). 

ʊʘʙʣʠʮʘ 1 ï ʉʚʦʡʩʪʚʘ ʫʛʣʝʧʣʘʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʤʠʜʘ 6. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʋʇɸ 6-40 ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ 

ʉʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ, % ʥʝ ʙʦʣʝʝ 0,5 ɻʆʉʊ 14870-77 

ʉʦʜʝʨʞʘʥʠʝ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ, % ʥʝ ʙʦʣʝʝ 3,0 ɻʆʉʊ 17824-81 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ɺʪ/ʤĀʂ 1,00Ñ0,02 ɻʆʉʊ 23630.2-79 

ʊʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʤ/ʩĀ10
-4 

4,5 ɻʆʉʊ 15065-69 

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ ɺʠʢʘ, ʂ 483Ñ3 ɻʆʉʊ 15088-83 

ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 166Ñ5 ɻʆʉʊ 4651-82 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʢɼʞ/ʤ
2
 40Ñ3 ɻʆʉʊ 4647-80 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʠʟʥʦʩʘ, Ā10
-8
:  

-   ʩʫʭʦʝ ʪʨʝʥʠʝ 

-   ʩʤʘʟʢʘ ʤʘʩʣʦʤ 

 

0,66 

0,05 

ʧʦ ʧ. 4.12 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ: -   ʩʫʭʦʝ ʪʨʝʥʠʝ 

-   ʩʤʘʟʢʘ ʚʦʜʦʡ 

-   ʩʤʘʟʢʘ ʤʘʩʣʦʤ 

0,24 

0,033 

0,008 

ɻʆʉʊ 11629-75 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʝʪʘʣʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʣʠʪʴʝʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʤʘʰʠʥʝ 

ʤʘʨʢʠ ʇʃ-32 ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʪʝʨʠʘʣʘ - 513é553 ʂ, ʜʘʚʣʝʥʠʝ 

ʧʨʠ ʣʠʪʴʝ ï 9é10 ʄʇʘ. 

ɺʩʝʛʦ ʚ 2014 ʛʦʜʫ ʜʣʷ ʢʦʤʧʣʝʢʪʘʮʠʠ ʫʟʣʦʚ ʪʨʝʥʠʷ ʢʫʣʴʪʠʚʘʪʦʨʘ ñʄʘʢʩʠʤò, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʣ ʥʘ ʧʦʣʷʭ ʩʪʨʘʥʳ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 6000 ʜʝʪʘʣʝʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʛʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʢʘʟʦʚ ʠ ʚʳʭʦʜʘ ʩʦ ʩʪʨʦʷ ʜʝʪʘʣʝʡ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʋʇɸ 6-40 ʥʝ ʙʳʣʦ.  

 

ʇʝʨʝʯʝʥʴ ʩʩʳʣʦʢ 
1. ʄʦʣʯʘʥʦʚ ɹ.ʀ. ʋʛʣʝʧʣʘʩʪʠʢʠ: ʄʦʥʦʛʨʘʬʠʷ /ɹ.ʀ. ʄʦʣʯʘʥʦʚ, ʇ.ɸ. ʏʫʢʘʣʦʚʩʢʠʡ, 

ʇ.ɸ.ɺʘʨʰʘʚʩʢʠʡ. ï ʄ. ʍʠʤʠʷ, 1985. ï 207ʩ. 

2. ɼʝʨʢʘʯ ʆ.ɼ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʣʝʢʪʨʦ-ʘʚʪʦʤʪʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʅʘʫʢʦʚʽ ʨʝʢʦʤʝʥʜʘʮʽʾ/ 

ʆ.ɼ. ɼʝʨʢʘʯ, ʆ.ɯ.ɹʫʨʷ. ï ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʜʝʨʞʘʛʨʦʫʥʠʚʝʨʩʪʝʪ. ï 2011. ï 71 ʩ. 

3. ʌʦʤʠʯʝʚ ɸ.ʀ. ʇʦʣʫʯʝʥʠʝ ʪʝʨʤʦʩʪʦʡʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ / 

ɸ.ʀ.ʌʦʤʠʯʝʚ, ɸ.ʀ. ɹʫʨʷ, ʄ.ɻ. ɻʫʙʝʥʢʦʚ // ʕʣʝʢʪʨʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ. ï ˉ4. ï ʂʠʰʠʥʸʚ: 

ʐʊʀʀʅʎɸ, 1978. ï ʩ. 26 ï 27. 

 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2015è 

47 

ʋɼʂ.621.914.02 

ʉ.ʄ.ɸʥʘʩʪʘʩʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɯ.ʆ.ɻʨʠʛʫʨʢʦ, ʜʦʮʝʥʪ ʅʋʂ ʽʤ. ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

ɺ.ʗ. ʆʰʦʚʩʴʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʅʋʂ ʽʤ. ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ondi2008@rambler.ru 

ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ɿʋɹʎɯɺ ʊɸ ʐʃɯʎɯɺ  

ʄɽʊʆɼʆʄ ʇʆɺɽʈʍʅɽɺʆɻʆ ɿʄɯʎʅɽʅʅʗ ɼɽʊɸʃɯ ʏɽʂɸʅʂʆʖ 

ʏʝʢʘʥʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʰʝʩʪʝʨʥʽʡ, 

ʪʘ ʚʧʘʜʠʥ ʰʣʽʮʽʚ ʚʘʣʘ,ʷʢʽ ʻ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʫʛ. 

ʄʘʣʽ ʨʦʟʤʽʨʠ ʙʦʡʢʘ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʪʠʛʥʫʪʠ ʙʽʣʴʰʦʾ ʝʥʝʨʛʽʾ ʫʜʘʨʫ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ. 

ɽʬʝʢʪ ʟʤʽʮʥʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʚʠʩʦʢʠʤ: ʟʘʣʠʰʢʦʚʘ ʥʘʧʨʫʛʘ ʩʢʣʘʜʘʻ 600 ï

800 ʄʇʘ, ʩʪʫʧʽʥʴ ʥʘʢʣʝʧʫ 30ï50%, ʛʣʠʙʠʥʘ ʜʝʢʽʣʴʢʘ ʤʽʣʽʤʝʪʨʽʚ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʜʝʪʘʣʝʡ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 1,5 ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ. ʇʨʠ ʚʠʙʦʨʽ ʨʝʞʠʤʫ ʟʤʽʮʥʝʥʥʷ ʯʝʢʘʥʢʦʶ ʚʠʭʽʜʥʠʤʠ 

ʜʘʥʠʤʠ ʻ ʛʣʠʙʠʥʘ ʪʘ ʩʪʫʧʽʥʴ ʥʘʢʣʝʧʫ ʟʛʽʜʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, ʘ ʪʘʢʦʞ ʰʦʨʩʪʢʽʩʪʴ 

ʧʦʚʝʨʭʥʽ. ʉʪʝʧʽʥʴ ʥʘʢʣʝʧʫ ʦʮʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ Ů, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ 

ʜʽʘʤʝʪʨʘ ʚʽʜʙʠʪʢʫ d, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʫʜʘʨʽ ʩʬʝʨʠʯʥʠʤ ʙʦʡʢʦʤ (ʨʦʣʠʢʦʤ), ʜʦ ʜʽʘʤʝʪʨʫ D 

ʩʘʤʦʛʦ ʨʦʣʠʢʫ, ʟʘ ʬʦʨʤʫʣʦʶ: 

 
D

d  (1) 

ɼʣʷ ʤʘʣʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 0,3 Ů  0,5, ʘ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ 

0,3 Ů  0,7. ʇʨʠ ʤʝʥʰʠʭ ʟʥʘʯʝʥʥʷʭ Ů ʝʬʝʢʪ ʟʤʽʮʥʝʥʥʷ, ʦʮʽʥʶʚʘʥʠʡ ʟʘ ʧʨʠʨʦʩʪʦʤ 

ʪʚʝʨʜʦʩʪʽ, ʥʝʟʥʘʯʥʠʡ, ʧʨʠ ʙʽʣʴʰʠʭ ï ʩʠʣʴʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, 

ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ ʽ ʧʨʠʨʽʩʪ ʪʚʝʨʜʦʩʪʽ. 

ɼʠʥʘʤʽʯʥʝ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʟʨʽʚʥʶʚʘʥʥʽ ʟʽ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, 

ʟʙʽʣʴʰʫʻ ʜʽʘʤʝʪʨ ʚʽʜʙʠʪʢʫ ʚ 1,25 ï 1,58 ʨʘʟʽʚ, ʪʦʙʪʦ: 

d

dMAX 1,25 ... 1,58  

ɻʣʠʙʠʥʘ ʥʘʢʣʝʧʫ ʟʘʜʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʨʽʟʫ ʜʝʪʘʣʽ ʪʘ ʟʘʜʘʯ ʟʤʽʮʥʝʥʥʷ. ɰʾ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʪʘʣʽ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ůʊ ʪʘ ʜʽʘʤʝʪʨʫ ʦʜʝʨʞʘʥʦʛʦ ʚʽʜʙʠʪʢʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
MAX

T

1,5d
ů2

F
Ŭ  (2) 

ʜʝ F ï ʟʫʩʠʣʣʷ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʙʦʡʢʘ, ʅ. 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʩʧʨʘʚʝʜʣʠʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: ůʊ=ʅɺ/6. 

ʇʨʠʩʪʨʽʡ ʜʣʷ ʯʝʢʘʥʢʠ ʚʧʘʜʠʥ ʰʣʽʮʽʚ ʦʩʥʘʱʝʥʦ ʜʚʦʤʘ ʨʦʣʠʢʘʤʠ. ʏʝʢʘʥʢʘ ʚʧʘʜʠʥ ʰʣʽʮʽʚ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʟʫʩʠʣʣʽ 18000 ʅ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʠʤ ʫʜʘʨʥʠʢʦʤ ʟ ʝʥʝʨʛʽʻʶ 

ʫʜʘʨʫ 34 ʅ ʽ ʥʘʥʝʩʝʥʥʷʤ 10 ï 20 ʫʜʘʨʽʚ ʥʘ 1 ʤʤ ʜʦʚʞʠʥʠ ʰʣʽʮʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʢʦʥʪʘʢʪʥʫ 

ʤʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ ʰʣʽʮʽʚ. ɼʽʘʤʝʪʨ ʨʦʣʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʙʨʘʥʠʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʙʘʞʘʥʦʾ 

ʛʣʠʙʠʥʠ D ʥʘʢʣʝʧʫ ʚ ʤʝʞʘʭ  Ŭ  D  2,2 Ŭ. ʇʨʠ ʦʨʽʻʥʪʦʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʦʪʝʥʮʽʡʥʦʾ 

ʝʥʝʨʛʽʾ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʯʝʢʘʥʢʠ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʦʙʨʦʙʢʠ ʥʘʢʣʝʧʦʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʩʪʘʣʝʡ ʩʝʨʝʜʥʴʦʾ ʪʚʝʨʜʦʩʪʽ (ʅɺ 210...217), ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʬʦʨʤʫʣʦʶ: 

 ɽĬnå1,2Ĭɽʫ = 
D

dHB

6

4

 (3) 

ʜʝ ɽ ï ʝʥʝʨʛʽʷ ʫʜʘʨʫ. 
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ʈʠʩ. 1 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʽʙʨʦʟʤʽʮʥʝʥʥʷ ʚʧʘʜʠʥ ʟʫʙʮʽʚ ʪʘ ʰʣʽʮʽʚ  

ɺ ʨʦʟʛʣʷʥʫʪʽʡ ʤʝʪʦʜʠʮʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʢʣʝʧʫ ʦʮʽʥʶʚʘʣʘʩʴ ʪʽʣʴʢʠ ʟʛʽʜʥʦ ʧʨʠʨʦʩʪʫ 

ʪʚʝʨʜʦʩʪʽ. ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʯʝʢʘʥʢʠ ʟ ʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʩʪʘʥʠʥʽ 

ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʢʨʝʤʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ. 

ʏʝʢʘʥʢʫ ʚʧʘʜʠʥ ʰʣʽʮʽʚ ʧʨʦʚʦʜʠʤʦ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʥʘ ʜʚʽ ʦʜʥʦʯʘʩʥʦ ʦʙʨʦʙʣʶʚʘʥʽ 

ʚʧʘʜʠʥʠ ʰʣʽʮʽʚ. ʅʝ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʚʦʨʦʪʥʽʡ ʭʽʜ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʭʦʜʫ, ʪʘʢ ʷʢ 

ʧʦʚʪʦʨʥʽ ʧʨʦʭʦʜʠ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʟʘʡʚʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʢʨʽʤ ʪʦʛʦ, ʨʦʙʦʯʠʡ ʧʨʦʬʽʣʴ ʨʦʣʠʢʽʚ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʪʽʣʴʢʠ ʚ 

ʦʜʠʥ ʙʽʢ. ʐʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʢʠ. ʐʚʠʜʢʽʩʪʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ 30-150 ʤ/ʭʚ. ʇʦʜʘʯʫ ʧʨʠ ʦʙʢʘʪʫʚʘʥʥʽ ʧʨʠʟʥʘʯʘʶʪʴ ʥʝ ʙʽʣʴʰʝ ʷʢ 0,1-0,5 ʤʤ/ʦʙ. 

ʇʨʠʡʤʘʻʤʦ V = 120 ʤ/ʭʚ. ʇʨʠʡʤʘʻʤʦ S=0,15 ʤʤ/ʦʙ.  

ɺʠʟʥʘʯʘʻʤʦ ʦʩʥʦʚʥʠʡ ʯʘʩ ʥʘ ʯʝʢʘʥʢʫ ʚʧʘʜʠʥ ʰʣʽʮʽʚ Z=22ʰʪ. 

 ʊʦʩʥ= 
Lp

Vs
Ĭ ̔ (4) 

ʜʝ  Vs ï ʭʚʠʣʠʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ; 

      Lp ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʦʚʞʠʥʘ ʧʦʚʝʨʭʥʽ ʰʣʽʮʘ, ʤʤ: Lp= ʚʭʜ ??  = 94 + 3,0 = 97 ʤʤ 

      ̔  ï ʢʽʣʴʢʽʩʪʴ ʚʧʘʜʠʥ 

ʊʦʩʥ= 9,811
120

97
ʭʚ. 

ɺʠʩʥʦʚʦʢ: ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢʽʩʪʴ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʟʤʽʮʥʶʻʪʴʩʷ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ ʪʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʝʨʤʽʥ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʾʾ ʨʦʙʦʪʠ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥ ɹ
1. ʇʨʦʛʨʝʩʩʠʚʥʝr ʤʝʪʦʜʳ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ / ɸ.ɯ. ɸʥʜʨʽʘʥʦʚ. ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1978. ï 240 ʩ. 

2. ʄʘʣʴʮʝʚ ɺ.ʄ. ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʥʘʢʣʝʧʫʚʘʥʥʷ ʜʝʪʘʣʝʡ / ʄʘʣʴʮʝʚ ɺ.ʄ., ʂʠʥʽʯ ɺ.ʇ. ï ʂ.: 

ʊʝʭʥʽʢʘ, 1986. ï 90 ʩ. 
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ʋɼʂ 621.375.826:621 

ɺ.ɺ.ʈʦʤʘʥʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ.ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè, romvvv@gmail.com 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʇʈʆʎɽʉʋ ʃɸɿɽʈʅʆɻʆ ʈɯɿɸʅʅʗ ʄɽʊɸʃɯɺ 

ɿɸʉʊʆʉʋɺɸʅʅʗʄ ʅɸʈʆʉʊɸʖʏʆ-ʉʇɸɼɸʖʏʆɰ ʐɺʀɼʂʆʉʊɯ ʆɹʈʆɹʂʀ 

ʃʘʟʝʨʥʝ ʨʽʟʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʚʪʦʚʰʢʠ ʚʽʜ 1 ʜʦ 10 ʤʤ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʧʦʚʝʨʭʥʶ 

ʣʠʩʪʦʚʦʾ ʟʘʛʦʪʦʚʢʠ ʧʦʜʘʶʪʴ ʩʬʦʢʫʩʦʚʘʥʝ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʩʪʨʫʤʽʥʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʛʘʟʫ, ʟʘʛʦʪʦʚʢʫ ʧʝʨʝʤʽʱʘʶʪʴ ʚ ʧʣʦʱʠʥ ̔ʬʦʢʫʩʫ ʥʦʨʤʘʣʴʥʦ ʜʦ ʦʩʽ ʦʧʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ. ʇʨʠʩʪʨʽʡ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʨʫʭ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʧʦ ʣʽʥʽʾ ʨʟ̔ʘʥʥʷ ʟʘ 

ʟʘʜʘʥʦ  ʁʧʨʦʛʨʘʤʦʶ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʮʝʩ ʛʘʟʦʣʘʟʝʨʥʦʛʦ ʨʽʟʘʥʥʷ (ɻʃʈ). 

ɻʃʈ ʤʝʪʘʣʽʚ ʟʘ ʧʨʠʚʝʜʝʥʦʶ ʪʨʘʜʠʮʽʡʥʦʶ ʩʭʝʤʦʶ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʝ ʥʘʩʢʨʽʟʥʝ ʧʨʦʨʽʟʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟ̔ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʘʜʘʥʦ ʾ

ʷʢʦʩʪ̔ ʧʨʦʮʝʩʫ. ʇʨʦʪʝ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʟʘʟʥʘʯʝʥʦʛʦ ʩʧʦʩʦʙʫ ï ʦʙʤʝʞʝʥʥʷ ʧʦ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʜʣʷ ʟʘʜʘʥʦʾ ʪʦʚʱʠʥʠ ʟʘʛʦʪʦʚʢʠ. ʊʘʢ, ʷʢʱʦ ʧʽʜʚʠʱʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʪʦ 

ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʧʨʦʨʽʟʘʥʥʷ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʥʘʩʢʨʽʟʥʦʛʦ ʜʦ 

ʥʝʥʘʩʢʨʽʟʥʦʛʦ, ʱʦ ʥʝʜʦʧʫʩʪʠʤʦ. ʊʦʤʫ ʟʘʜʘʯʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʫ ɻʃʈ ʤʝʪʘʣʽʚ, ʫ ʷʢʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʘ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʧʨʠ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ ʢʨʦʤʦʢ ʧʽʩʣʷ 

ʨʽʟʘʥʥʷ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ.  

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʩʧʦʩʦʙʽ ɻʃʈ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʟ ʥʘʨʦʩʪʘʶʯʦ-ʩʧʘʜʘʶʯʦʶ ʰʚʠʜʢʽʩʪʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʦʙʫʤʦʚʣʝʥʠʡ 

ʧʨʠʥʮʠʧʦʤ ʽʥʝʨʪʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʊʘʢ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʨʽʟʘʥʥʷ ʥʘ ʥʝʚʝʣʠʢʽʡ ʜʽʣʷʥʮʽ ʨʽʟʘʥʥʷ ʤʦʞʥʘ 

ʦʪʨʠʤʫʚʘʪʠ ʱʝ ʥʘʩʢʨʽʟʥʝ ʧʨʦʨʽʟʘʥʥʷ ʽ ʧʨʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙʨʦʙʢʠ, 

ʥʽʞ ʪ,̔ ʷʢʽ ʧʨʠʚʝʜʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ. ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ ʪʠʤ, ʱʦ ʟ ʥʘʨʦʩʪʘʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʬʨʦʥʪ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʽʣʴʥʦ ʟʤʽʥʶʻ ʥʘʭʠʣ ʚ ʥʘʧʨʷʤʽ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʫ 

ʨʽʟʘʥʥʷ, ʽ ʪʽʣʴʢʠ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʚʧʨʦʜʦʚʞ ʷʢʦʛʦ ʨʽʟʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʱʝ 

ʥʘʩʢʨʽʟʴ, ʧʨʦʜʫʢʪʘʤ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʚʠʜʫʚʘʶʪʴʩʷ ʛʘʟʦʚʠʤ ʩʪʨʫʤʝʥʝʤ ʧʦ ʥʘʭʠʣʝʥʦʤʫ ʚ 

ʩʪʦʨʦʥʫ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʨʽʟʫ ʬʨʦʥʪʫ ʨʽʟʘʥʥʷ, ʩʪʘʻ ʥʽʢʫʜʠ ʚʠʪʽʢʘʪʠ. ɺ ʨʝʰʪʽ ʨʝʰʪ ʥʘ ʧʝʚʥʽʡ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʨʽʟʫ ʮʽ ʧʨʦʜʫʢʪʠ ʧʦʯʠʥʘʶʪʴ ʟʘʚʝʨʪʘʪʠʩʷ ʥʘʚʝʨʭ ʟʘʛʦʪʦʚʢʠ, ʽ 

ʥʘʩʢʨʽʟʥʝ ʧʨʦʨʽʟʘʥʥʷ ʧʝʨʝʩʪʘʻ ʽʩʥʫʚʘʪʠ. ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ, ʜʝ (ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʰʚʠʜʢʦʩʪʽ) 

ʱʝ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʥʘʩʢʨʽʟʥʝ ʧʨʦʨʽʟʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʟʘʛʦʪʦʚʢʠ ʪʘ ʤʦʞʝ ʙʫʪʠ 

ʚʩʪʘʥʦʚʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʱʝ ʥʘʩʢʨʽʟʥʝ ʧʨʦʨʽʟʘʥʥʷ ʥʘ ʪʘʢʽʡ ʜʽʣʷʥʮʽ, ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʫ 

ʰʚʠʜʢʽʩʪʴ ʜʦ 5 ʨʘʟʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘ ʟʘʛʦʪʦʚʮʽ ʧʝʨʽʦʜʠʯʥʦ ʬʦʨʤʫʚʘʪʠ ʜʚʽ 

ʜʽʣʷʥʢʠ ʨʽʟʘʥʥʷ. ɼʽʣʷʥʢʫ ʟ ʥʘʨʦʩʪʘʶʯʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʦʾ ʜʦʚʞʠʥʠ ʦʙʨʦʙʢʠ, ʜʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʩʢʨʽʟʥʝ ʧʨʦʨʽʟʘʥʥʷ ʽ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʜʽʡʥʦʛʦ ʚʠʭʦʜʫ ʧʨʦʜʫʢʪʽʚ ʨʫʡʥʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʪʘʢʝ ʥʘʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʨʘʱʝ ʟʨʦʙʠʪʠ ʧʣʘʚʥʠʤ ʽ ʨʽʚʥʦʤʽʨʥʠʤ. 

ʊʘ ʜʽʣʷʥʢʫ ʟ ̔ʩʧʘʜʘʶʯʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʜʦʚʞʠʥʠ 

ʦʙʨʦʙʢʠ, ʱʦʙ ʧʦʚʝʨʥʫʪʠʩʷ ʥʘ ʨʝʞʠʤ ʦʪʨʠʤʘʥʥʷ ʛʘʨʘʥʪʦʚʘʥʦ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʨʽʟʘʥʥʷ ʥʘ 

ʪʨʘʜʠʮʽʡʥʽʡ ʥʝʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ. ʉʧʘʜʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʞ ʤʘʻ ʙʫʪʠ ʨʽʚʥʦʤʽʨʥʠʤ. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʯʝʨʛʫʚʘʥʥʷ ʪʘʢʠʭ ʜʽʣʷʥʦʢ ʧʦʚʠʥʥʦ ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʶʚʘʪʠʩʴ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʥʘ ʜʽʣʷʥʮʽ ʟ ʥʘʨʦʩʪʘʶʯʦ-ʩʧʘʜʘʶʯʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʨʦʙʢʠ, ʩʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʠʱʝʥʘ ʚ 1,5é3 ʨʘʟʠ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ.  
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ɸ.ɺ. ʈʫʜʠʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺ.ɯ.ɺʝʥʞʝʛʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɻ.ɺ.ʇʘʩʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, andrei.rudik@gmail.com 

ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʆɹʈʆɹʂʀ ʊʆʈʎɯɺ ʅɸ ɺɽʈʉʊɸʊɯ ʄʆɼɽʃɯ 3342ɸɼʆ 

ɺʈɸʍʋɺɸʅʅʗʄ ʇʆʍʀɹʆʂ ʇʆʃʆɾɽʅʅʗ ɺʋɿʃɯɺ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʜʚʦʭʩʪʦʨʦʥʥʴʦʛʦ ʪʦʨʮʝʚʦ-ʰʣʽʬʫʚʘʣʴʥʦʛʦ 

ʚʝʨʩʪʘʪʫ ʤʦʜʝʣʽ 3342 ɸɼʆ ʧʝʨʝʜʙʘʯʘʻ ʦʨʽʻʥʪʘʮʽʶ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʪʘ ʟʘʧʨʘʚʣʝʥʦʛʦ ʟ ̔ʰʣʽʬʫʚʘʣʴʥʠʭ ʙʘʙʦʢ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʢʣʶʯʠʪʠ ʪʦʨʝʮʴ ʫ ʧʨʦʮʝʩ ʟʨʽʟʘʥʥʷ ʧʨʠʧʫʩʢʫ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ. ʆʜʥʘʢ, ʚʥʘʩʣʽʜʦʢ ʦʨʽʻʥʪʘʮʽʾ ʙʘʙʦʢ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʥʠʞʫʻʪʴʩʷ. ʇʨʘʢʪʠʢʘ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʪʦʯʥʦʩʪʽ ʜʦʚʝʣʠ, ʱʦ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʫʪʘʤʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʤʝʥʰʫʻ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʧʦʭʠʙʢʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʠʪʘʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʚʧʣʠʚʫ 

ʧʦʭʠʙʦʢ ʧʦʣʦʞʝʥʥʷ ʚʫʟʣʽʚ ʚʝʨʩʪʘʪʫ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʙʫʣʠ ʧʨʠʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ 

ʈʝʰʝʪʦʚʘ ɼ.ʄ., ʇʦʨʪʤʘʥʘ ɺ.ʊ. [1] ʥʘ ʧʨʠʢʣʘʜʽ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ, ʱʦ ʤʘʻ ʥʘʡʧʨʦʩʪʽʰʫ 

ʬʫʥʢʮʽʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʟ ʜʦʙʫʪʢʫ ʪʨʴʦʭ ʤʘʪʨʠʮʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ (ʉʂ) ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʡʦʛʦ ʣʘʥʦʢ. ʆʜʥʘʢ, ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʚʠʛʣʷʜʽ ʘʣʛʦʨʠʪʤʫ, ʜʝʷʢʽ ʟ ʝʪʘʧʽʚ ʷʢʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʦʱʝʥʠʤʠ. ʄʦʜʝʣʴ ʥʝ ʤʘʻ ʯʽʪʢʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʜʦʩʪʫʧʥʠʭ ʜʞʝʨʝʣ ʚʠʚʯʝʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʜʥʦʯʘʩʥʦʾ ʦʙʨʦʙʢʠ ʪʦʨʮʽʚ ʜʝʪʘʣʝʡ ʥʘ 

ʜʚʦʭʩʪʦʨʦʥʴʦʤʫ ʪʦʨʮʝʚʦ-ʰʣʽʬʫʚʘʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ ʤʦʜʝʣʽ 3342 ɸɼʆ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʜʘʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʽʞ ʧʦʭʠʙʢʘʤʠ ʧʦʣʦʞʝʥʥʷ ʚʫʟʣʽʚ ʥʘʣʘʛʦʜʞʝʥʦʛʦ ʚʝʨʩʪʘʪʫ ʪʘ 

ʧʦʭʠʙʢʘʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʦʚʝʜʝʥʥʷʤ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʈʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʜʦʟʚʦʣʠʪʴ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʝʤʦʥʪʫ ʘʙʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʘʥʦʛʦ ʚʝʨʩʪʘʪʫ, ʘʙʦ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʨʥʽʟʘʮʽʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʟʘʜʘʥʽʡ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  
ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʢʘʟʘʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʬʫʥʢʮʽʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʝʨʩʪʘʪʫ; 

ʚʠʟʥʘʯʠʪʠ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮ ̔ ʧʝʨʝʜʘʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ; ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʪʘ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʥʽ. 

ʌʦʨʤʦʪʚʦʨʥʠʡ ʢʦʜ ʪʘ ʬʫʥʢʮʽʶ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʝʨʩʪʘʪʫ ʜʘʥʦʾ ʤʦʜʝʣʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥ̔ 

ʫ ʨʦʙʦʪʽ [2] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʨʠʮʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʉʂ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʨʦʟʤʽʨʽʚ 

ʪʘ ʧʦʣʦʞʝʥʥʷʤ ʬʦʨʤʦʪʚʦʨʥʠʭ ʣʘʥʦʢ ʚʝʨʩʪʘʪʫ. 

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʧʝʨʝʜʘʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʢʘʟʫʶʪʴ ʷʢ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʢʫʪʠ 

ʦʨʽʻʥʪʘʮʽʾ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ ʘʙʦ ʽʥʰʽ ʟʩʫʚʠ ʧʦʚʦʨʦʪʠ ʜʦʚʽʣʴʥʠʭ ʣʘʥʦʢ ʚʝʨʩʪʘʪʫ ʥʘ 

ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʠʭ ʧʦʭʠʙʦʢ ʧʦʣʦʞʝʥʥʷ ʙʘʟʦʚʦʾ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʣʦʱʠʥʠ.  

ʇʦʭʠʙʢʠ ʧʦʣʦʞʝʥʥʷ ʣʘʥʦʢ ak, ʚʠʢʣʠʢʘʥʽ ʥʝʪʦʯʥʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʟʙʦʨʢʠ ʥʘʟʠʚʘʁ ʪʴ 

ʚʭʽʜʥʠʤʠ. ɺʦʥʠ ʚʠʢʣʠʢʘʶʪʴ ʧʦʭʠʙʢʠ ʧʦʣʦʞʝʥʥʷ ʙʘʟʦʚʦʾ ʧʦʚʝʨʭʥʽ fi , ʾʭ ʚʽʜʧʦʚʽʜʥʦ 

ʥʘʟʠʚʘʶʪʴ ʚʠʭʽʜʥʠʤʠ.  

ʂʦʞʝʥ ʟ ʝʣʝʤʝʥʪʽʚ  Wik ʤʘʪʨʠʮʽ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ k-ʦʾ ʚʭʽʜʥʦʾ ʧʦʭʠʙʢʠ ʥʘ i-ʪʫ ʚʠʭʽʜʥʫ [1]. 

ʌʽʟʠʯʥʠʡ ʩʝʥʩ ʧʦʣʷʛʘʻ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʧʝʨʝʜʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʷʢ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʰʝʥʥʷ ʦʙôʻʤʽʚ, ʚʠʤʽʨʷʥʠʭ ʚʽʜ ʙʘʟʦʚʦʾ ʧʦʚʝʨʭʥʽ (ʜʣʷ ʚʠʧʘʜʢʫ ʦʙʨʦʙʢʠ ʪʦʨʮʽʚ ï ʧʣʦɦ ʠʥʠ) 

ʚ ʤʝʞʘʭ ʢʦʥʪʘʢʪʫ. ɺʠʩʦʪʘʤʠ ʮʠʭ ʦʙôʻʤʽʚ ʧʦ ʜʽʣʷʥʢʘʭ ʻ ʚʽʜʧʦʚʽʜʥʦ ʩʢʘʣʷʨʥʽ ʧʨʦʝʢʮʽʾ ʥʘ 
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ʥʦʨʤʘʣʴ ʚʝʢʪʦʨʥʠʭ ʧʦʭʠʙʦʢ ak, fi ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʟʥʘʢʽʚ. ʇʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ ɓ, ɗ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʨʦʟʤʽʨʽʚ ʪʘ ʧʦʣʦʞʝʥʥʷ ʢʦʥʪʘʢʪʫ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʪʘ ʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ ʧʝʨʝʜʘʪʥʠʭ 

ʢʦʝʬʮ̔ʽʻʥʪʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʜʣʷ ʜʘʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ 

ʣʘʥʦʢ ʚʝʨʩʪʘʪʫ ʪʘ ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʦʢ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʫʪʘʤʠ ʦʨʽʻʥʪʘʮʽʾ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ ʜʦʨʽʚʥʶʻ 1,57, ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʦʯʥʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ [2,3].  

ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʚʧʣʠʚ ʽʥʰʠʭ ʧʦʭʠʙʦʢ ʣʘʥʦʢ ʥʘ ʪʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʪʦʨʮʽʚ. ʊʘʢ, ʧʦʭʠʙʢʘ ʙʘʟʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ ʥʦʩʠʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʘ 

ʾʾ ʧʝʨʝʜʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʽʣʴʰʠʡ ʦʜʠʥʠʮʽ, ʱʦ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʥʽʞ ʚʠʱʝʥʘʚʝʜʝʥʽ ʧʝʨʝʜʘʪʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʨʽʻʥʪʘʮʽʶ ʰʣʽʬʫʚʘʣʴʥʠʭ ʙʘʙʦʢ. ʊʦʙʪʦ ʜʘʥʘ ʚʭʜ̔ʥʘ ʧʦʭʠʙʢʘ 

ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ʊʦʤʫ ʩʘʤʝ ʮʝʡ ʝʣʝʤʝʥʪ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʣʽʜ ʨʝʪʝʣʴʥʦ ʫʜʦʩʢʦʥʘʣʠʪʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʢʣʘʜʘʶʪʴ ʜʽʘʛʥʦʩʪʠʯʥʫ ʪʘʙʣʠʮʶ ʪʦʯʥʦʩʪʽ. 

ʄʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʟʘ ʦʜʥʽʻʶ ʤʝʪʦʜʠʢʦʶ ʟʥʘʭʦʜʠʪʠ ʢʨʽʤ ʚʽʜʭʠʣʝʥʥ ̫ʧʦʣʦʞʝʥʥʷ ʙʘʟʦʚʦʾ 

ʧʣʦʱʠʥʠ ʚʽʜʥʦʩʥʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʘʢʦʞ ʨʦʟʩʽʚʁʘʥʥʷ ʪʦʯʦʢ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʚʢʦʣʦ 

ʥʝʾ. 

ʇʨʦʚʝʜʝʥʘ ʧʝʨʝʚʽʨʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʪʠʤʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ 

ʢʨʫʛʣʦʤʽʨʽ ʧʦ ʨʦʟʨʦʙʣʝʥʽʡ ʤʝʪʦʜʠʮʽ, ʷʢʘ ʥʝ ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʴ ʥʘ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʅʝ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 10%. 

ʂʨʽʤ ʪʦʛʦ, ʨʷʜ ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʢʘʬʝʜʨʠ ʤʘʻ ʙʣʠʟʴʢʠ ʨʝʟʫʣʴʪʘʪʠ. 

ɺʠʩʥʦʚʢʠ ʽ ʧʨʦʧʦʟʠʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʟʚʦʣʷʶʪʴ ʜʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʚʫʟʣʽʚ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʝʨʩʪʘʪʫ, ʟʽʩʪʘʚʣʷʪʠ ʜʘʥʽ ʚʠʤʽʨʫ ʧʨʦʬʽʣʦʛʨʘʤ ʟ ʦʯʽʢʫʚʘʥʠʤʠ ʧʦʭʠʙʢʘʤʠ ʬʦʨʤʠ ʦʙʨʦʙʢʠ, 

ʚʠʟʥʘʯʘʪʠ ʯʘʩʪʢʫ ʟʘʛʘʣʴʥʦʾ ʧʦʭʠʙʢʠ ʷʢʫ ʚʥʦʩʠʪʴ ʦʢʨʝʤʠʡ ʚʫʟʦʣ ʚʝʨʩʪʘʪʫ. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʚʧʣʠʚʫ ʢʫʪʽʚ ʦʨʽʻʥʪʘʮʽʾ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ ʚʠʷʚʠʣʦʩʷ, ʱʦ ʥʘ ʧʦʭʠʙʢʫ ʙʽʣʴʰʝ ʦʨʽʻʥʪʦʚʥʦ ʚ 1,56 ʨʘʟʠ 

ʚʧʣʠʚʘʻ ʢʫʪ ʦʨʽʻʥʪʘʮʽʾ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʂʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ ʤʘʶʪʴ ʨʽʟʥʠʡ ʟʥʘʢ, 

ʪʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʟʘʻʤʥʦ ʚʽʜʢʦʨʠʛʦʚʘʥʠʤʠ.  

ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʪʘ ʩʢʣʘʜʝʥʘ ʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʫʥʢʫ ʪʦʯʥʦʩʪʽ ʪʦʨʮʝʚʦʛʦ 

ʰʣ̔ʬʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ [4, 5], ʷʢʽ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ, 

ʧʨʦʚʝʜʝʥʠʤʠ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʚʯʝʥʠʤʠ ʢʘʬʝʜʨʠ. 

ʂʨʫʛʣʦʛʨʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʜʘʪʢʦʚʦ ʚʠʤʽʨʷʪʠ ʜʠʩʧʝʨʩʽʶ ʪʘ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʨʘʝʢʪʦʨʽʾ 

ʚʠʤʽʨʶʚʘʥʥʷ. 
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ʈ.ʉ. ʇʫʛʘʯ, ʘʩʧʠʨʘʥʪ  

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʚʳʩʰʝʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ çʅɻʋè, dracov-pugach@yandex.ua 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʀɽ ʇʆɺɽʈʍʅʆʉʊɽʁ ɼɽʊɸʃɽʁ ʄɸʐʀʅ ʅɸ ʌʀʅʀʐʅʓʍ 

ʆʇɽʈɸʎʀʗʍ  

ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʥʘ ʬʠʥʠʰʥʳʭ ʦʧʝʨʘʮʠʷʭ ʠʤʝʝʪ ʩʤʳʩʣ ʟʘʤʝʥʳ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ 

ʨʝʟʘʥʠʝʤ ʦʙʨʘʙʦʪʢʦʡ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ, ʯʪʦ ʜʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʘʥʠʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ. ʇʨʠʯʝʤ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʇʇɼ) ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʝʪʘʣʣʘ ʚʦʟʥʠʢʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ [1].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʤʘʟʦʯʥʳʝ ʩʦʩʪʘʚʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ 

ʫʟʣʦʚ ʪʨʝʥʠʷ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ 

[2]. ʇʨʠ ʨʘʙʦʪʝ ʜʝʪʘʣʝʡ ʚ ʨʝʞʠʤʘʭ ʧʨʝʜʝʣʴʥʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʪʨʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʤʦʜʠʬʠʢʘʪʦʨʦʚ ʪʨʝʥʠʷ (ɻʄʊ) ʥʘ ʦʩʥʦʚʝ 

ʩʝʨʧʘʥʪʠʥʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʠʟʤʝʣʴʯʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʨʦʜʥʳʡ 

ʤʘʪʝʨʠʘʣ ʩʝʨʧʘʥʪʠʥ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ (ʇʇɼ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʧʨʦʬʠʣʦʤʝʪʨʦʤ çMicron-

alphaè ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʟʥʷʪʩʷ ʚ ʦʙʨʘʟʮʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʩ ʜʦʙʘʚʣʝʥʠʷ ɻʄʊ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʦʙʳʯʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. 

ʆʜʥʘʢʦ, ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʣʫʯʰʝʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ ʧʦʜʜʘʥʥʳʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ɻʄʊ. ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʉʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʇʇɼ ʯʘʩʪʠʮʳ ɻʄʊ ʦʪʰʣʠʬʦʚʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʜʝʪʘʣʠ, ʦʩʚʦʙʦʞʜʘʷ ʝʝ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʣʝʥʦʢ ʠ ʦʩʣʘʙʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ɼʘʣʝʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʠʟʤʝʣʴʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ɻʄʊ ʚʜʘʚʣʠʚʘʶʪʩʷ ʚʦ ʚʧʘʜʠʥʳ ʤʠʢʨʦʨʝʣʴʝʬʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʠʟʤʝʥʷʷ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. 

 

ʊʘʙʣʠʮʘ 1  ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

 ̄ ɺʠʜ ʦʙʨʘʙʦʪʢʠ 
ʐʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ  Rʘ, ʤʢʤ 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ  

ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 25 ʯʘʩʦʚ  Rʘ, ʤʢʤ 

1 ʇʇɼ 0,36 õ 0,43 0,67 õ 0,9 

2 
ʇʇɼ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ɻʄʊ 
1,8 õ 2,4 0,3 õ 0,4 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʉʄʎ-2 ʧʦ ʩʭʝʤʝ 

çʜʠʩʢ-ʢʦʣʦʜʢʘè. ʅʘʛʨʫʟʢʘ ʦʙʨʘʟʮʦʚ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʰʪʘʪʥʳʤ ʥʘʛʨʫʟʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 

150 ʢʛ/ʩʤ
2
. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʨʦʣʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 500 ʤʠʥ

-1
. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʥʦʩʘ ʦʙʨʘʟʮʦʚ. 

ɿʘʤʝʨ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʩʷ ʤʝʪʦʜʦʤ ʚʟʚʝʰʠʚʘʥʠʷ ʢʘʞʜʳʝ ʧʷʪʴ ʯʘʩʦʚ. 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 

40ʍ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɻʄʊ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚ 2,5 ... 3 ʨʘʟʘ. 
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ʈʠʩ.1  ɻʨʘʬʠʢ ʠʟʥʦʩʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 40ʍ, ʛʜʝ: 1  ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ; 2  ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʛʝʦʤʦʜʠʬʠʢʘʪʦʨʘ ʪʨʝʥʠʷ 

 

ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʘ 

ʧʨʠʙʦʨʝ ʇʄʊ3 ʧʦ ɻʆʉʊ 945076 ʧʦʜ ʥʘʛʨʫʟʢʦʡ 50 ʛ. 

ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɻʄʊ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʚʳʩʠʣʘʩʴ ʚ 1,2 é 2 ʨʘʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2  ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ 

 ̄ ɺʠʜ ʦʙʨʘʙʦʪʢʠ 
ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ HV, 

ʢʛ/ʤʤ
2
 

1 ʇʇɼ 300 õ 350 

2 ʇʇɼ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɻʄʊ 460 õ 500 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ ʦʙʨʘʟʮʦʚ ʧʦʜʜʘʥʥʳʭ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɻʄʊ ʦʙʨʘʟʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʘʷ ʧʦ ʚʩʝʡ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʫʙʠʥʘ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 0,8  1,22 ʤʤ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʦʙʨʘʟʫʝʪʩʷ ʩʧʣʦʰʥʦʡ ʩʣʦʡ ʥʘʩʳʱʝʥʥʳʡ ɻʄʊ ʜʦʩʪʠʛʘʶʱʠʡ 

ʨʘʟʤʝʨʦʚ 30  50 ʤʢʤ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʩʧʦʩʦʙʫ ʫʤʝʥʴʰʘʝʪʩʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʜʦ Rʘ 0,3 ... 0,4 ʤʢʤ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʬʦʨʤʳ 

ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʦʧʦʨʥʦʡ ʧʣʦʱʘʜʠ. ʆʪʤʝʯʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʪʨʝʥʠʷ, ʚ ʩʨʝʜʥʝʤ ʥʘ 15 ... 20%; ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʚ 

ʩʨʝʜʥʝʤ ʥʘ 10 ... 12%. 
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ʆ.ʃ. ɼʝʨʢʘʯ, ʘʩʧʽʨʘʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. derkach.oleh @gmail.com 

ɻɸʉɯʅʅʗ ʂʆʃʀɺɸʅʔ ʈɯɿɸʃʔʅʀʍ ɯʅʉʊʈʋʄɽʅʊɯɺ: ʄɸʊɽʄɸʊʀʏʅɽ 

ʄʆɼɽʃʖɺɸʅʅʗ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʜʠʥʘʤʽʯʥʦʾ ʷʢʦʩʪʽ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʦʜʥʽʻʶ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʜʘʯ. ʗʢ ʚʽʜʦʤʦ, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʷʢʦʩʪʽ ʚʝʨʩʪʘʪʘ ʚ ʮʽʣʦʤʫ, ʢʦʞʝʥ ʡʦʛʦ ʚʫʟʦʣ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʪʽʡʢʠʤ 

ʽ ʤʘʪʠ ʷʢʦʤʦʛʘ ʢʨʘʱʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [1]. ʇʽʜʩʠʩʪʝʤʘ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ 

ʦʙʨʦʙʢʠ ʧʝʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʙʫʪʠ ʥʝʩʪʽʡʢʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʽʡʢʦʾ ʩʠʩʪʝʤʠ ʚ 

ʮʽʣʦʤʫ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʚʝʣʠʢʠʤ ʚʠʣʴʦʪʦʤ, ʟʦʢʨʝʤʘ ʨʦʟʪʦʯʫʚʘʣʴʥʠʭ 

ʨʽʟʮʽʚ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʛʦʪʦʚʦʢ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʘʢʪʫʘʪʦʨʽʚ (ʇɸ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʜʽʡʩʥʶʶʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ (ʈɯ) ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ, ʢʦʤʧʝʥʩʫʶʯʠ ʪʘʢʠʤ 

ʯʠʥʦʤ ʩʠʣʦʚʽ ʚʧʣʠʚʠ ʥʘ ʈɯ [2, 3]. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʣʠʚʘʥʥʷ ʈɯ ʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ ï ʧʽʜ ʯʘʩ ʚʨʽʟʘʥʥʷ ʚ ʦʙʨʦʙʣʶʚʘʥʫ 

ʟʘʛʦʪʦʚʢʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʙʫʜʫʻʤʦ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʫ ʤʦʜʝʣʴ ʨʦʟʪʦʯʫʚʘʣʴʥʦʛʦ ʈɯ ʟ 

ʚʙʫʜʦʚʘʥʠʤ ʇɸ, ʷʢʠʡ ʟʘʜʣʷ ʘʢʪʠʚʥʦʛʦ ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʣʘʥʮʶʛʘ ʟʽ 

ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ (ʨʠʩ. 1). 

 ʘ) 

 
ʚ)  ʙ) 

ʈʠʩ. 1  ʇʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʘʢʪʠʚʥʦʛʦ ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʈɯ ʟ ʇɸ (ʘ), (ʙ); ʪʨʠʚʠʤʽʨʥʘ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʈɯ ʟ ʇɸ (ʙ) 

ɸʢʪʠʚʥʝ ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ 

ʝʣʝʢʪʨʦʜʘʭ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʪʫʘʪʦʨʘ act  ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʩʝʥʩʦʨʘ sen, ʷʢʠʤ 

ʤʦʞʝ ʙʫʪʠ ʟʦʚʥʽʰʥʽʡ ʧʨʠʩʪʨʽʡ (ʨʠʩ. 1, ʘ) ʘʙʦ, ʚʣʘʩʥʝ, ʧôʻʟʦʝʣʝʤʝʥʪ (ʨʠʩ. 1, ʙ). ʈʦʟʨʘʭʫʥʦʢ 

ʥʝʦʙʭʽʜʥʦʾ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʘʢʪʫʘʪʦʨʘ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʚ ʯʘʩʪʦʪʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʩʠʛʥʘʣʦʤ ʩʝʥʩʦʨʘ ʟʘ ʥʘʩʪʫʧʥʠʤ ʟʘʢʦʥʦʤ: 

 act senp  (1) 

ʜʝ p i p  ï ʧʘʨʘʤʝʪʨ ʢʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʩʝʥʩʦʨʘ, ʽʟ ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ p . 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʣʠʚʘʥʴ ʈɯ ʧʽʜ ʯʘʩ ʚʨʽʟʘʥʥʷ ʚ ʟʘʛʦʪʦʚʢʫ, ʧʦʙʫʜʫʻʤʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ. ʈʦʟʩʽʷʥʥʷ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ ʚʨʘʭʦʚʘʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʫʞʥʠʭ, ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʣʠʭ 

ʤʘʪʝʨʽʘʣʫ. ʃʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʧʨʠ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʽ 

ʚʽʜʩʫʪʥʴʦʤʫ ʟʘʨʷʜʽ ʥʘ ʝʣʝʢʪʨʦʜʽ ʧôʻʟʦʝʣʝʤʝʥʪʘ ʤʘʶʪʴ ʚʠʛʣʷʜ [4]: 

 
2: act

uu uact Mu K u F i K
, (2) 

mailto:derkach.oleh@gmail.com
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: 0sen

usen K u K
, (3) 

ʜʝ M ï ʤʘʪʨʠʮʷ ʤʘʩ;  

uuK  ï ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ ʟ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʤʠ ʢʦʤʧʣʝʢʩʥʠʤʠ ʤʦʜʫʣʷʤʠ; 

K  ï ʢʦʤʧʣʝʢʩʥʘ ʤʘʪʨʠʮʷ ʝʣʝʢʪʨʠʯʥʦʾ çʞʦʨʩʪʢʦʩʪʽè; 

uK , uK  ï ʤʘʪʨʠʮʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʷʤʦʤʫ ʪʘ ʟʚʦʨʦʪʥʦʤʫ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʤʫ 

ʝʬʝʢʪʫ ʚʽʜʧʦʚʽʜʥʦ;  

F (iɤ) ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ;  

uɤ ï ʯʘʩʪʦʪʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ. 

ɿ ʨ̔ʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ (2ï3) ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ (1) ʦʪʨʠʤʘʻʤʦ ʚʝʢʪʦʨ 

ʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ ʈɯ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ n, ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʘʣʛʦʨʠʪʤʦʤ ʦʙʝʨʥʝʥʦʛʦ ʰʚʠʜʢʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (IFFT): 

1 1 1n n

u uu Z i F i pK K K u
, tu IFFT u

, (4) 

ʜʝ 2

uuZ i K M  ï ʤʘʪʨʠʮʷ ʜʠʥʘʤʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʣʠʚʘʥʴ ʧʝʚʥʦʾ ʪʦʯʢʠ ʥʘ ʨʽʟʘʣʴʥʽʡ ʢʨʦʤʮʽ (4) ʫ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ 

ʧʨʠ ʫʜʘʨʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʱʦ ʤʦʜʝʣʶʻ ʚʨʽʟʘʥʥʷ ʈɯ, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.  

 
ʈʠʩ. 2  ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʣʠʚʘʥʴ ʈɯ ʙʝʟ (ʨ=0) ʪʘ ʟ ʘʢʪʠʚʥʠʤ ʢʝʨʫʚʘʥʥʷʤ 

ɿʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʪʦʯʢʠ ʥʘ ʨʽʞʫʯʽʡ ʢʨʦʤʮʽ ʈɯ ʧʨʠ ʜʘʥʦʤʫ 

ʧʘʨʘʤʝʪʨʽ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 26,27 %, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʾ ʷʢʦʩʪʽ ʚʞʝ ʛʦʪʦʚʦʛʦ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ 

ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʈɯ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʪʦʜʘʤʠ ʧʘʩʠʚʥʦʛʦ 

ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ. ʈʦʟʛʣʷʥʫʪʘ ʤʝʪʦʜʠʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʣʠʚʘʥʴ ʈɯ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 
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ʄɽʊʆɼʆʃʆɻɯʗ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɺɽʈʉʊɸʊɯɺ 

ɿʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʻ ʦʜʥʠʤʠ ʽʟ ʧʨʽʦʨʠʪʝʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ 
ʧʦʣʽʪʠʢʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ [1] ʪʘ ʋʢʨʘʾʥʠ [2]. ʉʴʦʛʦʜʥʽ ʣʠʰʝ ʥʝʟʥʘʯʥʘ ʯʘʩʪʠʥʘ 
ʩʧʦʞʠʚʘʥʦʾ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʬʘʢʪʠʯʥʦʾ ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ ʧʨʦʮʝʩʫ, ʥʘʧʨʠʢʣʘʜ 
ʩʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚ ɭʚʨʦʧʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʯʘʩʪʢʦʶ çʥʘʜʤʽʨʥʦʛʦè 
ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʩʝʢʪʦʨʽ (20-50 %) [3]. ʋʢʨʘʾʥʩʴʢʘ ʝʢʦʥʦʤʽʢʘ 
ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʥʽʞ ʢʨʘʾʥʠ ɭʚʨʦʧʠ. ʊʘʢ ʦʙʩʷʛ ʝʥʝʨʛʽʾ, ʱʦ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʦʜʠʥʠʮʽ ʪʦʚʘʨʽʚ ʽ ʧʦʩʣʫʛ, ʫ 3,8 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʻ 
ʟʥʘʯʝʥʥʷ ʜʣʷ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ [4]. 
ɺ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʽ ʞʦʨʩʪʢʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ 

ʧ̔ ʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 
ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʇʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ 
ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʦʮʝʩʘʤʠ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʽ ʚʠʟʥʘʯʘʣʴʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ 
ʥʘ ʚʘʨʪʽʩʪʴ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʧʨʦʜʫʢʮʽʾ.  
ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʤʘʰʠʥ, 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʪʠ ʩʘʤʝ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʘʢ, ʧʨʠ 
ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʝʨʩʪʘʪʽʚ ʚʠʤʦʛʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚʠʥʥʘ ʟʘʡʤʘʪʠ 
ʮʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʧʦʨʷʜ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʪʦʯʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. 
ʅʘʫʢʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʨʩʪʘʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʰʠʨʦʢʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ. ʊʘʢ, ʘʚʪʦʨʠ ʨʦʙʽʪ [5, 6] ʨʦʟʛʣʷʜʘʶʪʴ ʧʨʦʙʣʝʤʫ ʟʤʝʥʰʝʥʥʷ 
ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʷʢ ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʩʢʦʨʦʯʝʥʥʷ 
ʩʧʦʞʠʚʘʥʥʷ ʚʠʢʦʧʥʠʭ ʨʝʩʫʨʩʽʚ ʫʧʨʦʜʦʚʞ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʨʦʜʫʢʪʫ, 
ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 
ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ. 
ʋ ʨʦʙʦʪʘʭ [3, 6] ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʫ ʚʝʨʩʪʘʪʽ ʧʽʜ ʯʘʩ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʘʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʘ ʩʘʤʝ: ʟʘʤʽʥʫ 
ʤʝʭʘʥʽʟʤʽʚ ʟʽ ʟʥʘʯʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʥʘ ʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 
ɿʛʽʜʥʦ ʜʘʥʠʭ ʜʞʝʨʝʣʘ [7] ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʢʠ ʯʠʥʠʪʴ ʧʨʠʚʦʜ ʰʧʠʥʜʝʣʷ (ʙʣʠʟʴʢʦ 30 %) ʽ ʜʦʧʦʤʽʞʥʠʭ ʚʝʨʩʪʘʪʥʠʭ ʚʫʟʣʽʚ (ʜʦ 60% 
ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ). ʊʘʤ ʞʝ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 
ʰʧʠʥʜʝʣʴʥʠʤ ʚʫʟʣʦʤ ʨʘʟʦʤ ʽʟ ʚʠʪʨʘʪʦʶ ʝʥʝʨʛʽʾ ʜʣʷ ʟʤʘʱʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʡ ʦʭʦʣʦʜʞʝʥʥʷ 
ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʚʘʨʽʶʻʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 50 ʜʦ 70 % ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʦʙʨʦʙʢʠ ʥʘ 
ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ.  
ɸʚʪʦʨʘʤʠ [8] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʫ ʯʘʩʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 
ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʩʢʦʨʦʯʝʥʥʽ ʯʘʩʫ ʜʦʧʦʤʽʞʥʠʭ ʨʫʭʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʚʝʨʩʪʘʪʘ, ʟʜʽʡʩʥʝʥʥʽ 
ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʪʝʨʬʝʡʩʫ ʩʠʩʪʝʤ 
ʢʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʦʤ.  
ɺʦʯʝʚʠʜʴ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʝʨʩʪʘʪʽʚ, ʱʦ ʟʘʧʦʯʘʪʢʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ [9]. ʇʨʠ 
ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʝʨʩʪʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ (ʨʠʩ. 1) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʽʣʝʥʽ ʜʚʘ 
ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʽʻʨʘʨʭʽʯʥʽ ʨʽʚʥʽ: 

 ʨʽʚʝʥʴ ʤʘʰʠʥʠ (ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ, ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ 
ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʪʦʱʦ); 

 ʨʽʚʝʥʴ ʧʽʜʩʠʩʪʝʤ (ʧʨʠʚʦʜ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ, ʩʠʩʪʝʤʘ ʧʦʜʘʯʽ ɿʆʈ, ʪʦʱʦ) 
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ɸʥʘʣʽʟ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʚʝʨʩʪʘʪʘ ʧʦʚʠʥʝʥ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫ ʜʚʦʭ ʚʠʤʽʨʘʭ: ʧʨʦʩʪʦʨʽ ʽ 
ʯʘʩʽ. 

 
ʈʠʩ. 1 ï ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥ ̫ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʨʩʪʘʪʽʚ 

 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1 ʫʟʘʛʘʣʴʥʝʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʚʝʨʩʪʘʪʽʚ, ʪʘʢ ʽ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ. 
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