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ʈɽʌɽʈɸʊ 

ɼʠʧʣʦʤʥʘ ʨʦʙʦʪʘ ʥʘʣʽʯʫʻ 130 ʩʪʦʨʽʥʦʢ, 5 ʨʦʟʜʽʣʽʚ, 96 ʽʣʶʩʪʨʘʮʽʡ, 41 ʪʘʙʣʠʮʶ, 

3 ʜʦʜʘʪʢʠ ʪʘ 28 ʜʞʝʨʝʣ ʟʘ ʧʝʨʝʣʽʢʦʤ ʧʦʩʠʣʘʥʴ. 

ʆʙôʻʢʪ ʪʘ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʣʘʩʪʠʚʦʩʪʽ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ ʘʥʘʣʦʛʦʚʦʾ 

ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ. ɿʘʣʝʞʥʽʩʪʴ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʪʦʧʦʣʦʛʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ ʘʥʘʣʦʛʦʚʦʾ 

ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ  ʚ ʩʫʯʘʩʥʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ ʨʦʟʨʦʙʢʘ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʤʽʢʨʦʩʭʝʤʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʤʽʨʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʪʘ ʚʠʚʯʘʪʠ ʧʨʠʥʮʠʧʠ ʾʭ ʨʦʙʦʪʠ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʩʪʨʽʤʢʦʤʫ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʘʪʠ ʙʘʟʦʚʽ ʙʣʦʢʠ ʥʘ ʪʨʘʥʟʠʩʪʦʨʥʦʤʫ ʨʽʚʥʽ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʙʦʪʠ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ ʘʥʘʣʦʛʦʚʦʾ ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ. ʇʦʨʽʚʥʷʥʦ ʨʦʙʦʪʫ ʩʭʝʤ ʟ 

ʨʽʟʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʪʘ ʘʨʭʽʪʝʢʪʫʨʦʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ɯʄʉ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʣʦʢʽʚ ʥʘ ʪʨʘʥʟʠʩʪʦʨʥʦʤʫ ʨʽʚʥʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʜʣʷ 

ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʦʧʦʣʦʛʽʾ ʥʘ ʚʝʣʠʯʠʥʫ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʫ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣʘʭ ʪʘ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨʘʭ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʩʫʯʘʩʥʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʜʦʤʽʥʫʶʪʴ ʟʚʦʨʦʪʥʽ ʝʬʝʢʪʠ ʢʦʨʦʪʢʦʛʦ ʪʘ ʚʫʟʴʢʦʛʦ ʢʘʥʘʣʫ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʻ ʧʨʦʝʢʪ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʭʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ 

ʘʥʘʣʦʛʦʚʦʾ ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ. ʇʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʾʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ 

ʥʘʚʯʘʥʥʽ ʙʘʢʘʣʘʚʨʽʚ ʪʘ/ʘʙʦ ʤʘʛʽʩʪʨʽʚ ʟʘ ʥʘʧʨʷʤʢʦʤ çʄʽʢʨʦ- ʪʘ ʥʘʥʦʩʠʩʪʝʤʥʘ 

ʪʝʭʥʽʢʘè  ʫ ʪʘʢʠʭ ʜʠʩʮʠʧʣʽʥʘʭ ʷʢ çʪʚʝʨʜʦʪʽʣʴʥʘ ʝʣʝʢʪʨʦʥʽʢʘè ʘʙʦ çʇʨʦʝʢʪʫʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤè. 

ʄɯʂʈʆʉʍɽʄʆʊɽʍʅɯʂɸ, ɹɸɿʆɺɯ ɸʅɸʃʆɻʆɺʆɯ ɹʃʆʂʀ, ɯʅʊɽɻʈɸʃʔʅɸ 

ʉʍɽʄɸ, ʂʈɽʄʅɯʁ ʅɸ ɯɿʆʃʗʊʆʈɯ, ʉʊʈʋʄʆɺɽ ɼɿɽʈʂɸʃʆ, ʇɯɼʉʀʃʖɺɸʏ, 

ɼʀʌɽʈɽʅʎɯʁʅɸ ʇɸʈɸ, ʆʇʆʈʅɽ ɼɾɽʈɽʃʆ ʅɸʇʈʋɻʀ. 
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ABSTRACT 

This paper consists of 130 pages, 5 sections, 96 pictures, 41 tables, 3 appendices and 

28 references. 

The object and subject of this paper is basic analog microelectronics building 

blocks properties and their dependence on size, geometry and topology style. 

The purpose of the work is basic analog building blocks characteristics analysis in 

modern sub-micron technologies and development of an integrated circuit for conducting 

measurements and studying their operation. 

The relevance lies in the rapid development of microelectronics and the lack of 

existing solutions that allow studying of basic analog building blocks at the transistor level 

without using of professional software. 

Research methods. Basic analog building blocks analysis and computer simulation 

of their operation have been done. Operation of circuits with different topologies and 

architectures were compared. The IC, which allows carrying out experimental 

measurements of the investigated blocks at the transistor level, is proposed. 

Scientific novelty of the obtained results. A new method for estimating the 

influence of the topology on the magnitude of random errors in current mirrors and 

differential pairs is proposed. Reverse narrow channel effect and reverse short channel 

effect dominance is shown for modern submicron technologies. 

The practical value of the results. The result of this paper is the project of the 

integrated circuit, which allows studying of basic analog building blocks operation. After 

its manufacturing, it can be used for teaching purposes of bachelors and/or masters of 

Microelectronics in such disciplines as "solid state electronics" or "Design of 

semiconductor devices and integrated circuits". 

 

MICROELECTRONICS DESIGN, BASIC ANALOG BLOCKS, INTEGRATED 

CIRCUIT, SILICON ON INSULATOR, CURRENT MIRROR, AMPLIFIER, 

DIFFERENTIAL PAIR, VOLTAGE REFERENCE 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʂʆʈʆʏɽʅʔ, ʉʀʄɺʆʃɯɺ ɯ ʊɽʈʄɯʅɯɺ 

ɸʎʇ  ï ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ɺɸʍ  ï ʚʦʣʴʪ-ʘʤʧʝʨʥʘ-ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ɯʄʉ  ï ʽʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ; 

ʂʅɯ  ï ʢʨʝʤʥʽʡ-ʥʘ-ʽʟʦʣʷʪʦʨʽ; 

ʂʇ  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ; 

ʄɼʅ  ï ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ; 

ʆʇ  ï ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ; 

ʇɸɯʉ  ï ʧʨʦʛʨʘʤʦʚʘʥʘ ʘʥʘʣʦʛʦʚʘ ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ; 

ʇɿ  ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

ʉɺ  ï ʩʧʽʣʴʥʠʡ ʚʠʪʦʢ; 

ʉɿ  ï ʩʧʽʣʴʥʠʡ ʟʘʪʚʦʨ; 

ʉʂʆ  ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ; 

ʉʉ  ï ʩʧʽʣʴʥʠʡ ʩʪʦʢ; 

ʊʂ  ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ; 

ʊʅ  ï ʪʝʭʥʦʣʦʛʽʯʥʘ ʥʦʨʤʘ; 

ʌɸʇʏ ï ʬʘʟʦʚʝ ʘʚʪʦʧʽʜʣʘʰʪʫʚʘʥʥʷ ʯʘʩʪʦʪʠ; 

ʎɸʇ  ï ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

DIBL  ï drain induced barrier lowering; 

DTI  ï deep trench isolation; 

HBM  ï human body model; 

STI  ï shallow trench isolation. 
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ɺʉʊʋʇ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʨʦʤʠʩʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫ 

ʚʠʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤ (ɯʄʉ). ʎʝ ʜʦʟʚʦʣʷʻ ʥʘ ʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ ʨʝʘʣʽʟʫʚʘʪʠ 

ʝʣʝʢʪʨʦʥʥʫ ʩʭʝʤʫ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʱʦ ʚʠʢʦʥʫʻ ʧʝʚʥʫ ʬʫʥʢʮʽʶ. ɺʞʝ ʩʴʦʛʦʜʥʽ 

ʜʝʢ̫ʽ ɯʄʉ ʩʢʣʘʜʘʶʪʴʩʷ ʙʽʣʴʰ ʥʽʞ ʟ 20 ʤʣʨʜ. ʪʨʘʥʟʠʩʪʦʨʽʚ. ʎʽʥʘ ʪʘ ʧʣʦʱʘ, ʱʦ ʟʘʡʤʘʻ 

ʪʘʢʠʡ ʧʨʠʩʪʨʽʡ, ʟʥʘʯʥʦ ʤʝʥʰʝ ʥʽʞ ʫ ʩʭʝʤʠ, ʱʦ ʟʽʙʨʘʥʦ ʽʟ ʜʠʩʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʩʭʝʤ ʻ ʩʫʪʦ ʮʠʬʨʦʚʠʤʠ, ʧʝʚʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʦʛʦʚʦʾ ʩʭʝʤʦʪʝʭʥʽʢʠ. 

ʇʨʠʢʣʘʜʦʤ ʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ, ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ, 

ʛʝʥʝʨʘʪʦʨʠ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ, ʧʽʜʩʠʣʶʚʘʯʽ, ʪʦʱʦ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʩʭʝʤ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʜʦʙʨʝ 

ʨʦʟʫʤʽʪʠ ʧʦʚʝʜʽʥʢʫ ʙʘʟʦʚʠʭ ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʽʚ ʚ ʩʫʯʘʩʥʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. ʅʘʞʘʣʴ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ ʟʜʝʙʽʣʴʰʦʛʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʘʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ, ʘ ʣʽʮʝʥʟʽʾ ʥʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʪʘ 

ʚʽʜʧʦʚʽʜʥʽ ʙʽʙʣʽʦʪʝʢʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʰʪʫʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʜʦʨʦʛʦ ʽ ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ ʜʝʨʞʘʚʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʘʥʘʣʦʛʦʚʦʾ ʩʭʝʤʦʪʝʭʥʽʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʚʞʝ ʽʩʥʫʶʯʠ ʨʦʟʨʦʙʢʠ [1-6], ʘʣʝ ʚʦʥʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʘʪʠ ʝʣʝʤʝʥʪʠ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʥʦʤʫ ʨʽʚʥʽ, ʘʙʦ ʥʘ ʨʽʚʥʽ ʙʘʟʦʚʠʭ ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʽʚ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ [1] ʤʦʞʥʘ ʚʠʚʯʠʪʠ ʨʦʙʦʪʫ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ (ʆʇ), ʨʝʛʫʣʷʪʦʨʽʚ, 

ʬʽʣʴʪʨʽʚ, ʪʦʱʦ, ʘʣʝ ʥʝ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʷʢ ʨʦʟʤʽʨʠ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʪʦʧʦʣʦʛʽʷ ʪʘ 

ʧʝʚʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʭʝʤʠ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʧʘʨʘʤʝʪʨʠ.   

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ ʘʥʘʣʦʛʦʚʦʾ 

ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ ʚ ʩʫʯʘʩʥʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ ʨʦʟʨʦʙʢʘ ɯʄʉ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʚʠʚʯʘʪʠ ʪʘ ʚʠʤʽʨʶʚʘʪʠ ʾʭ ʧʘʨʘʤʝʪʨʠ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʩʪʨʽʤʢʦʤʫ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʘʪʠ ʙʘʟʦʚʽ ʙʣʦʢʠ ʘʥʘʣʦʛʦʚʦʾ 

ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʇɿ. 
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1 ʆɻʃʗɼ ɯʉʅʋʖʏʀʍ ʈɯʐɽʅʔ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʙʘʛʘʪʦ ʨʽʰʝʥʴ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʘʥʘʣʦʛʦʚʦʾ ʩʭʝʤʦʪʝʭʥʽʢʠ. ɰʭ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: 

- ʇʨʠʩʪʨʦʾ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ; 

- ʇʨʠʩʪʨʦʾ ʥʘ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʩʪʨʦʾ ʥʘ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ. ʊʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʻ 

Analog System Lab Kit PRO [1] ʘʙʦ Analog System Lab Kit [2]  ʚʽʜ Texas Instruments. 

ɰʭ ʬʦʪʦʛʨʘʬʽʾ ʪʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɸ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ 

ʧʨʠʩʪʨʦʾʚ ʤʦʞʥʘ ʚʠʚʯʘʪʠ ʘʥʘʣʦʛʦʚʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʟʙʠʨʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʩʭʝʤʠ. ʅʘʧʨʠʢʣʘʜ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ, ʽʥʪʝʛʨʘʪʦʨʠ, ʬʽʣʴʪʨʠ, ʨʝʛʫʣʷʪʦʨʠ, ʩʠʩʪʝʤʠ ʬʘʟʦʚʦʛʦ 

ʘʚʪʦʧʽʜʣʘʰʪʫʚʘʥʥʷ ʯʘʩʪʦʪʠ (ʌɸʇʏ) ʪʘ ʽʥ.  

ɯʥʰʠʤ ʘʥʘʣʦʛʽʯʥʠʤ ʧʨʠʩʪʨʦʻʤ ʻ PB-500 Analog Circuits Trainer ʚʽʜ Global 

Specialties[3], ʷʢʠʡ ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʫ ʜʦʜʘʪʢʫ ɸ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ [1,2], ʪʫʪ ʤʘʻʪʴʩʷ 

ʚʙʫʜʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ. 

ʄʦʞʥʘ ʥʘʚʦʜʠʪʠ ʱʝ ʙʘʛʘʪʦ ʘʥʘʣʦʛʽʯʥʠʭ ʧʨʠʢʣʘʜʽʚ [4,5,6], ʘʣʝ ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ 

ʜʝʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʥʝʜʦʣʽʢʽʚ. ʇʦ-ʧʝʨʰʝ, ʮʝ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʝʥʥʷ ʩʭʝʤʦʪʝʭʥʽʢʠ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʥʦʤʫ ʨʽʚʥʽ, ʘʙʦ ʥʘ ʨʽʚʥʽ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʦʧʝʨʘʮʽʡʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ ʚ ʪʘʢʠʭ ʧʨʠʩʪʨʦʷʭ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʢʽʥʯʝʥʫ ɯʄʉ ʫ ʷʢʽʡ ʥʝ ʤʦʞʣʠʚʦ 

ʟʤʽʥʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ, ʨʦʟʤʽʨʠ ʪʨʘʥʟʠʩʪʦʨʽʚ ʯʠ ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ. ɼʨʫʛʠʤ 

ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʭʝʤ, ʱʦ ʤʦʞʥʘ ʟʽʙʨʘʪʠ ʪʘ ʚʠʚʯʠʪʠ. 

ʇʨʠʩʪʨʦʾ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʚʘʨʽʘʪʠʚʥʽʩʪʴ. ʊʘʢ 

ʥʘʧʨʠʢʣʘʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ (ʇɸɯʉ) 

ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʜʽʡʩʥʦ ʩʢʣʘʜʥʽ ʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʠʩʪʝʤʠ. ɰʭ ʧʨʠʥʮʠʧ ʜʽʾ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʝʤʠʢʘʻʤʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʘʥʘʣʦʛʦʚʠʭ  

ʢʦʤʽʨʦʢ [7-10]. ʂʦʞʥʘ ʪʘʢʘ ʢʦʤʽʨʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ ʪʘ 

ʜʝʢʽʣʴʢʦʭ ʧʘʩʠʚʥʠʭ, ʱʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʨʘʟʦʤ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 



10 

 

 

 

ʢʦʥʬʽʛʫʨʘʮʽʷʭ. ɺ ʷʢʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚʠʩʪʫʧʘʻ ʘʙʦ ʆʇ [7,9] ʘʙʦ ʢʦʤʙʽʥʘʮʽʷ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʫ ʧʝʚʥʦʤʫ ʚʢʣʶʯʝʥʥʽ [8,10], ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.1.  

 

 

ʈʠʩʫʥʦʢ 1.1 ï ɽʣʝʤʝʥʪʘʨʥʽ ʘʥʘʣʦʛʦʚʽ ʢʦʤʽʨʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʭʝʤ ʫ ʇɸɯʉ (ʟʣʽʚʘ ï ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ, ʩʧʨʘʚʘ ï ʝʣʝʢʪʨʠʯʥʘ 

ʩʭʝʤʘ) [8] 

 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʩʭʝʤ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ.  ɼʝʷʢʽ ʟ ʥʠʭ [7] ʥʘʚʽʪʴ ʤʘʶʪʴ ʇɿ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ 

ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʭʝʤʠ, ʘ ʧʦʪʽʤ ʩʠʥʪʝʟʫʚʘʪʠ ʾʾ ʥʘ ʇɸɯʉ. ʇʨʠʢʣʘʜ 

ʽʥʪʝʨʬʝʡʩʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.2. 
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ʈʠʩʫʥʦʢ 1.2 ï ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʜʣʷ ʩʠʥʪʝʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ ʜʣʷ ʇɸɯʉ [7] 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʠʩʪʨʦʾʚ ʥʘ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ [1-6], ʜʝʷʢʽ ʇɸɯʉ [8,10] 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ ʙʘʟʦʚʠʭ ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʽʚ (ʥʘʧʨʠʢʣʘʜ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ ʪʘ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ). ɸʣʝ ʥʝ ʤʦʞʣʠʚʦ ʧʨʦʩʣʽʜʢʫʚʘʪʠ, ʷʢ 

ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʪʦʧʦʣʦʛʽʾ 

ʪʨʘʥʟʠʩʪʦʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠʩʪʨʦʾ ʥʘ ʦʩʥʦʚʽ ʇɸɯʉ ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʘʣʝ 

ʥʝ ʚʠʨʽʰʫʶʪʴ ʚʩʽʭ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ. ʊʦʙʪʦ ʾʭ ʥʝ ʜʫʞʝ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʚʠʚʯʝʥʥʷ ʙʘʟʦʚʠʭ ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʽʚ. ɿʘʟʚʠʯʘʡ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʽ ʘʧʨʦʙʘʮʽʾ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʭʝʤ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʇɸɯʉ 

ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʽʣʴʪʨʠ [10], ɸʎʇ [7] ʪʘ ʥʘʚʽʪʴ ʩʠʩʪʝʤʠ  

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʛʦʣʦʩʫ [7]. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

ʋ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʢʪʠʯʥʦ ʚʠʚʯʘʪʠ 

ʙʘʟʦʚʽ ʙʣʦʢʠ ʘʥʘʣʦʛʦʚʦʾ ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ. ɸʢʮʝʥʪ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʩʘʤʝ ʥʘ 

ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʚʯʝʥʥʽ, ʙʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʮʽʥʘ ʥʘ ʧʨʦʬʝʩʽʡʥʝ ʇɿ ʜʣʷ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʶ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʨʦʙʠʪʴ ʥʝ ʤʦʞʣʠʚʠʤ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʝʨʞʘʚʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʘʭ. 

ɿʚʠʯʘʡʥʦ ʽʩʥʫʶʪʴ ʙʝʟʢʦʰʪʦʚʥʽ ʘʥʘʣʦʛʠ, ʘʣʝ ʟʘʟʚʠʯʘʡ ʤʦʜʝʣʽ, ʱʦ ʪʘʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʻ ʜʫʞʝ ʩʧʨʦʱʝʥʠʤʠ, ʱʦ ʨʦʙʠʪʴ ʥʝ ʤʦʞʣʠʚʠʤ ʚʠʚʯʝʥʥʷ ʙʘʛʘʪʴʦʭ 

ʩʫʙʤʽʢʨʦʥʥʠʭ ʝʬʝʢʪʽʚ. 

ɯʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʄʉ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʨʦʟʤʽʱʝʥʦ 

ʥʘ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʠʪʠ ʧʝʚʥʽ ʘʩʧʝʢʪʠ ʘʥʘʣʦʛʦʚʦʾ 

ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ, ʘʣʝ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʥʝ ʤʦʞʣʠʚʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʦʙʦʪʠ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ ʥʘ ʪʨʘʥʟʠʩʪʦʨʥʦʤʫ ʨʽʚʥʽ. ɯʥʰʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʭʝʤ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʽʙʨʘʥʽ. 

ʏʘʩʪʢʦʚʦ ʮʽ ʧʨʦʙʣʝʤʠ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɸɯʉ. 

ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʩʭʝʤ, ʘ ʜʝʷʢʽ ʟ ʥʠʭ ʥʘʚʽʪʴ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʝʥʥʷ ʜʝʷʢʠʭ ʙʘʟʦʚʠʭ ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʽʚ. ʇʨʦʪʝ ʾʭ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ 

ʥʝ ʤʦʞʣʠʚʦ ʚʠʚʯʘʪʠ ʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ, ʪʦʙʪʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʝʤʘ ʨʦʙʦʪʠ ʻ ʜʽʡʩʥʦ ʘʢʪʫʘʣʴʥʦʶ ʽ ʜʦʮʽʣʴʥʦ 

ʨʦʟʨʦʙʠʪʠ ʚʣʘʩʥʫ ɯʄʉ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʦʙʦʪʫ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ 

ʘʥʘʣʦʛʦʚʦʾ ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ, ʘ ʪʘʢʦʞ ʚʠʚʯʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʪʦʧʦʣʦʛʽʾ. 

ʋ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʦʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʙʣʦʢʫ, ʘ ʪʘʢʦʞ 

ʟʘʟʥʘʯʝʥʽ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʚ ʩʫʯʘʩʥʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ 

ʽʥʬʦʨʤʘʮʽʾ ʙʫʜʝ ʨʦʟʨʦʙʣʝʥʦ ɯʄʉ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʾʭ ʚʠʚʯʝʥʥʷ. 
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2 ɹɸɿʆɺɯ ɹʃʆʂʀ ɸʅɸʃʆɻʆɺʆɰ ʄɯʂʈʆʉʍɽʄʆʊɽʍʅɯʂʀ 

ɺʩʽ ʩʫʯʘʩʥʽ ʘʥʘʣʦʛʦʚʽ ʩʭʝʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʘʟʦʚʠʭ ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.1. 

ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʤʘʣʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʘ ʩʘʤʝ: 

- ɼʞʝʨʝʣʦ ʥʘʧʨʫʛʠ; 

- ɼʞʝʨʝʣʦ ʩʪʨʫʤʫ; 

- ɼʠʬʝʨʝʥʮʽʘʣʴʥʘ ʧʘʨʘ; 

- ɸʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʉʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ; 

- ʇʦʚʪʦʨʶʚʘʯ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʜʝʷʢʽ ʢʦʤʧʦʥʝʥʪʠ ʚʠʢʦʥʫʶʪʴ ʦʜʨʘʟʫ ʜʝʢʽʣʴʢʘ ʬʫʥʢʮʽʡ. 

ʅʘʧʨʠʢʣʘʜ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨ ʄ3 ʧʨʘʮʶʻ ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʪʘʢʦʞ 

ʻ ʯʘʩʪʠʥʦʶ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ [11]. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘʭ ʟ ʚʠʜʽʣʝʥʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʯʘʩʪʠʥʘʤʠ [11] 
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ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʦʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʨʦʜʘʶʪʴʩʷ ʚʞʝ ʚ ʢʦʨʧʫʩʽ ʽ ʤʘʶʪʴ ʪʽʣʴʢʠ 

ʜʚʘ ʚʭʦʜʠ, ʚʠʭʽʜ(ʘʙʦ ʜʝʢʽʣʴʢʘ ʚʠʭʦʜʽʚ) ʪʘ ʢʦʥʪʘʢʪʠ ʞʠʚʣʝʥʥʷ. ɼʦʩʣʽʜʞʫʶʯʠ ʪʘʢʠʡ 

ʧʽʜʩʠʣʶʚʘʯ, ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʟʨʦʟʫʤʽʪʠ ʨʦʙʦʪʫ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ʆʜʥʘʢ ʥʝ ʤʦʞʣʠʚʦ ʚʠʤʽʨʷʪʠ ʧʘʨʘʤʝʪʨʠ ʦʢʨʝʤʠʭ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ. 

ʈʦʟʫʤʽʥʥʷ ʾʭ ʨʦʙʦʪʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʦʩʥʦʚʥʦʶ ʥʘʚʠʯʢʦʶ ʢʦʞʥʦʛʦ ʽʥʞʝʥʝʨʘ, ʱʦ 

ʟʘʡʤʘʻʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʘʥʘʣʦʛʦʚʠʭ ɯʄʉ. 

ɼʦ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ ʘʥʘʣʦʛʦʚʦʾ ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ ʟʘʟʚʠʯʘʡ ʚʽʜʥʦʩʷʪʴ [11]: 

ʩʪʨʫʤʦʚʽ ʜʟʝʨʢʘʣʘ (ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʘ 

ʟʤʽʱʝʥʥʷ), ʜʠʬʝʨʝʥʮʽʡʥʽ ʧʘʨʠ,ʦʧʦʨʥʽ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ, ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʪʘ ʢʣʶʯʽ. 

ʊʘʢʦʞ ʚ ʷʢʦʩʪʽ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ (ʘʣʝ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʠʭ) ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʽʚ, 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: ʦʜʥʦʢʘʩʢʘʜʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, ʦʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʪʘ ʦʩʮʠʣʷʪʦʨʠ 

(ʛʝʥʝʨʘʪʦʨʠ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ). 

 ɺʩʽ ʮʽ ʙʣʦʢʠ,  ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʚ ʩʫʯʘʩʥʠʭ 

ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʜʘʣʽ. 

 

2.1 ʄɼʅ ʪʨʘʥʟʠʩʪʦʨ ʪʘ ʝʬʝʢʪʠ ʢʦʨʦʪʢʦʛʦ ʢʘʥʘʣʫ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʠ ʩʪʘʣʠ ʜʦʤʽʥʫʶʯʠʤʠ ʚ ʦʙʣʘʩʪʽ 

ʮʠʬʨʦʚʠʭ ɯʄʉ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʚʝʣʠʢʫ ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʦʚʢʠ ʽ ʥʠʟʴʢʫ 

ʧʦʪʫʞʥʽʩʪʴ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ, ʙʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʚʩʝ ʱʝ ʤʘʶʪʴ ʙʘʛʘʪʦ 

ʧʝʨʝʚʘʛ ʫ ʘʥʘʣʦʛʦʚʠʭ ɯʄʉ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʥʦʰʝʥʥʷ ʢʨʫʪʠʟʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦ 

ʩʪʨʫʤʫ ʟʤʽʱʝʥʥʷ ʚ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘʙʘʛʘʪʦ ʚʠʱʝ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʄɼʅ ʩʪʨʫʢʪʫʨʘʤʠ. ʊʦʤʫ ʙʽʧʦʣʷʨʥʘ ʪʝʭʥʦʣʦʛʽ ̫ʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʦ ʘʥʘʣʦʛʦʚʠʭ ɯʄʉ, 

ʘ ʄɼʅ ï ʜʣʷ ʮʠʬʨʦʚʠʭ. ʆʜʥʘʢ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʟʙʽʣʴʰʠʪʠ 

ʧʦʨʪʘʪʠʚʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʨʽʚʝʥʴ ʽʥʪʝʛʨʘʮʽʾ ʽ ʟʤʝʥʰʫʚʘʪʠ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ. ʎʝ ʟʤʫʰʫʻ ʘʥʘʣʦʛʦʚʽ ʩʭʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʄɼʅ ʪʝʭʥʦʣʦʛʽʶ [12].  

ɺ ʦʩʥʦʚʽ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʣʝʞʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ, ʷʢ ʙʘʟʦʚʦʛʦ 

ʝʣʝʤʝʥʪʘ ʙʫʜʴ-ʷʢʦʾ ʩʭʝʤʠ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʜʫʞʝ ʜʦʙʨʝ ʚʠʚʯʝʥʽ ʽ ʚʽʜʦʤʽ, ʪʦʤʫ ʚʦʥʠ ʥʝ ʻ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʨʦʙʦʪʠ. ʇʨʦʪʝ 
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ʫ ʩʫʯʘʩʥʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʫ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟôʷʚʣʷʶʪʴʩʷ ʝʬʝʢʪʠ 

ʢʦʨʦʪʢʦʛʦ/ʚʫʟʴʢʦʛʦ ʢʘʥʘʣʫ, ʷʢʽ ʜʦʩʚʽʜʯʝʥʠʡ ʽʥʞʝʥʝʨ ʧʦʚʠʥʝʥ ʨʦʟʫʤʽʪʠ ʽ 

ʚʨʘʭʦʚʫʚʘʪʠ. ʂ ʪʘʢʠʤ ʝʬʝʢʪʘʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ [13]: ʟʤʽʥʫ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʽʟ 

ʟʤʝʥʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʥʘʩʠʯʝʥʥʷ ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, 

ʟʥʠʞʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨôʻʨʫ ʧʽʜ ʜʽʻʶ ʥʘʧʨʫʛʠ ʩʪʽʢ-ʚʠʪʽʢ (DIBL ʝʬʝʢʪ), 

ʟʤʝʥʰʝʥʥʷ ʧʽʜʧʦʨʦʛʦʚʦʾ ʢʨʫʪʠʟʥʠ ʪʘ ʽʥ. ɸʣʝ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʜʫʞʝ 

ʤʘʣʠʭ ʩʪʨʫʤʽʚ (ʦʜʠʥʠʮʽ ʥɸ), ʦʩʪʘʥʥʽ ʜʚʘ ʝʬʝʢʪʠ ʜʘʣʽ ʨʦʟʛʣʷʜʘʪʠʩʴ ʥʝ ʙʫʜʫʪʴ. 

2.1.1 ɿʤʽʥʘ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ 

ʋ ʩʫʯʘʩʥʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʢʘʥʘʣʫ ʫ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘʭ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʥʘʩʪʫʧʥʽ ʝʬʝʢʪʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟʽ 

ʟʤʽʥʦʶ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ [13]: ʝʬʝʢʪ ʢʦʨʦʪʢʦʛʦ ʢʘʥʘʣʫ (ʟʤʝʥʰʝʥʥʷ ʧʦʨʦʛʦʚʦʾ 

ʥʘʧʨʫʛʠ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ), ʟʚʦʨʦʪʥʽʡ ʝʬʝʢʪ ʢʦʨʦʪʢʦʛʦ  

ʢʘʥʘʣʫ (ʟʙʽʣʴʰʝʥʥʷ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʜʦʚʞʠʥʠ), ʝʬʝʢʪ ʚʫʟʴʢʦʛʦ 

ʢʘʥʘʣʫ(ʟʙʽʣʴʰʝʥʥʷ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʰʠʨʠʥʠ ʢʘʥʘʣʫ), ʟʚʦʨʦʪʥʽʡ 

ʝʬʝʢʪ ʚʫʟʴʢʦʛʦ ʢʘʥʘʣʫ(ʟʤʝʥʰʝʥʥʷ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʰʠʨʠʥʠ). 

ʗʢʽ ʩʘʤʝ ʝʬʝʢʪʠ ʙʫʜʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʪʝʭʥʦʣʦʛʽʷ XT018 [14] ʚʽʜ ʬʘʙʨʠʢʠ  

X-FAB ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʥʦʨʤʦʶ 180 ʥʤ. ɹʽʣʴʰʝ ʜʝʪʘʣʴʥʦ ʾʾ ʥʝʜʦʣʽʢʠ ʽ ʧʝʨʝʚʘʛʠ 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʫ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ. 

ɺ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ï ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʉadence Virtuoso. ɹʫʣʘ  ʧʨʦʤʦʜʝʣʴʦʚʘʥʘ ʨʦʙʦʪʘ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ ʜʚʦʭ 

ʪʠʧʽʚ: n-ʢʘʥʘʣʴʥʦʛʦ ʪʘ p-ʢʘʥʘʣʴʥʦʛʦ. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʘʥʘʣʫ ʪʨʘʥʟʠʩʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ n-ʢʘʥʘʣʴʥʦʛʦ ʪʘ p-ʢʘʥʘʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.2 ʪʘ 

ʈʠʩ. 2.3 ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩʫʥʦʢ 2.2 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ n-ʢʘʥʘʣʴʥʦʛʦ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜ 

ʰʠʨʠʥʠ(W) ʪʘ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ(L). ʊʝʭʥʦʣʦʛʽʷ X-FAB XT018. 

 

ʈʠʩʫʥʦʢ 2.3 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ p-ʢʘʥʘʣʴʥʦʛʦ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜ 

ʰʠʨʠʥʠ(W) ʪʘ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ(L). ʊʝʭʥʦʣʦʛʽʷ X-FAB XT018. 
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ɹʘʯʠʤʦ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ. ʊʦʙʪʦ ʤʦʞʝʤʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʚʦʨʦʪʥʽʡ ʝʬʝʢʪ ʢʦʨʦʪʢʦʛʦ ʢʘʥʘʣʫ. ɺʽʥ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʴ ʪʠʤ, ʱʦ 

ʙʽʣʷ ʦʙʣʘʩʪʝʡ ʩʪʦʢʫ  ̔ ʚʠʪʦʢʫ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ, ʷʢʽ ʘʢʫʤʫʣʶʶʪʴ 

ʜʦʤʽʰʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ, ʨʦʣʴ ʮʠʭ ʜʦʤʽʰʦʢ ʫ ʚʠʨʘʟʽ 

ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰʦʶ ʽ ʚʦʥʘ ʟʨʦʩʪʘʻ [14]. 

 ʇʨʠ ʟʤʝʥʰʝʥʥʽ  ʰʠʨʠʥʠ ʢʘʥʘʣʫ ʚʠʜʥʦ, ʱʦ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʦʚʦʾ 

ʥʘʧʨʫʛʠ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʙʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʚʦʨʦʪʥʽʡ ʝʬʝʢʪ ʚʫʟʴʢʦʛʦ ʢʘʥʘʣʫ. ʎʝ 

ʟʘʟʚʠʯʘʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʪʝʭʥʦʣʦʛʽʷʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʟʦʣʷʮʽʶ ʢʘʥʘʚʢʘʤʠ 

(ʩʘʤʝ ʪʘʢʠʡ ʪʠʧ ʽʟʦʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʪʝʭʥʦʣʦʛʽʾ X-FAB XT018). ʂʦʣʠ ʰʠʨʠʥʘ 

ʢʘʥʘʣʫ ʪʨʘʥʟʠʩʪʦʨʘ ʣʽʤʽʪʫʻʪʴʩʷ ʽʟʦʣʶʶʯʠʤʠ ʢʘʥʘʚʢʘʤʠ, ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ʥʘ 

ʛʨʘʥʠʮʷʭ ʽʟ ʢʘʥʘʚʢʘʤʠ ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʦʶ ʥʽʞ ʫ ʮʝʥʪʨʽ ʢʘʥʘʣʫ, ʪʦʤʫ ʝʬʝʢʪʠʚʥʘ 

ʧʦʨʦʛʦʚʘ ʥʘʧʨʫʛʘ ʟʤʝʥʰʫʻʪʴʩʷ [13]. 

 ɿʤʽʥʘ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʘ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʥʘʣʦʛʦʚʠʭ ʢʣʶʯʽʚ ʪʘ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ. ʗʢʱʦ ʚ ʦʜʥʽʡ 

ɯʄʉ ʚʠʛʦʪʦʚʠʪʠ ʜʝʢʽʣʴʢʘ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʪʦ ʪʘʢʽ ʝʬʝʢʪʠ ʤʦʞʥʘ 

ʙʫʜʝ ʚʠʤʽʨʷʪʠ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ.  

2.1.2 ʅʘʩʠʯʝʥʥʷ ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

 ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʝʬʝʢʪʦʤ ʢʦʨʦʪʢʦʛʦ ʢʘʥʘʣʫ ʻ ʥʘʩʠʯʝʥʥʷ ʜʨʝʡʬʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʂʦʣʠ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨ ʧʨʘʮʶʻ ʚ ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ, 

ʩʝʨʝʜʥʻ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʝ ʚ ʢʘʥʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ [12] 

 

Ὁ
ὠ

ὒ
 ȟ (2.1) 

  

ʜʝ ὠ  ï ʥʘʧʨʫʛʘ ʤʽʞ ʩʪʦʢʦʤ ʪʘ ʚʠʪʦʢʦʤ; 

ὒ ï ʜʦʚʞʠʥʘ ʢʘʥʘʣʫ. 
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 ʇʨʠ ʚʝʣʠʢʽʡ ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ, ʮʝ ʧʦʣʝ ʩʣʘʙʢʝ ʽ ʜʨʝʡʬʦʚʘ ʰʚʠʜʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ 

ʟʥʘʡʜʝʥʘ ʽʟ ʣʽʥʽʡʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [15]: 

 

ὺ ‘Ὁ ȟ (2.2) 

 

ʜʝ ὺ ï ʜʨʝʡʬʦʚʘ ʰʚʠʜʢʽʩʪʴ ʥʦʩʽʷ ʟʘʨʷʜʫ; 

‘ ï ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʷ ʟʘʨʷʜʫ. 

 

ʂʦʣʠ ʜʦʚʞʠʥʘ ʢʘʥʘʣʫ ʩʪʘʻ ʤʘʣʦ ,ʁ ʜʨʝʡʬʦʚʘ ʰʚʠʜʢʽʩʪʴ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʪʝʧʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ (2.2) ʟʥʠʢʘʻ. ʎʝʡ ʝʬʝʢʪ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.4.  

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʊʠʧʦʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʚ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʊʝʦʨʝʪʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʘʥʘ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʦʾ ʣʽʥʽʻʶ [12] 
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ʊʝʦʨʝʪʠʯʥʦ ʟʘʣʝʞʥʽʩʪʴ ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ [12]: 

 

ὺ
‘Ὁ 

ρ
Ὁ
Ὁ

  ȟ 
(2.3) 

 

ʜʝ Ὁ ρȟυϽρπ ˏȾ̍  ï ʢʨʠʪʠʯʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʫ ʢʨʝʤʥʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (2.3) ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ ʫ ʘʢʪʠʚʥʦʤʫ 

ʨʝʞʠʤʽ ʜʣʷ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [12]: 

 

Ὅ
‘ὅ  

ςρ
ὠ ὠ
Ὁὒ

ὡ

ὒ
 ὠ ὠ  ȟ 

(2.4) 

 

ʜʝ ὅ  ï ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʧʽʜʟʘʪʚʦʨʥʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ; 

ὠ  ï ʥʘʧʨʫʛʘ ʤʽʞ ʟʘʪʚʦʨʦʤ ʽ ʚʠʪʦʢʦʤ; 

ὡ ï ʰʠʨʠʥʘ ʢʘʥʘʣʫ; 

ὠ  ï ʧʦʨʦʛʦʚʘ ʥʘʧʨʫʛʘ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ ʬʦʨʤʫʣʘ ʚʠʨʦʜʞʫʻʪʴʩʷ ʚ 

ʢʣʘʩʠʯʥʠʡ ʚʠʨʘʟ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʥʘʩʠʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ: 

 

Ὅ
‘ὅ  

ς

ὡ

ὒ
 ὠ ὠ     ȟὒḻ

ὠ ὠ

Ὁ
  (2.5) 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜ ʜʽʻʶ ʝʬʝʢʪʫ ʥʘʩʠʯʝʥʥʷ ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ, ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ. ʎʝʡ ʝʬʝʢʪ ʙʫʚ ʚʠʚʯʝʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʧʨʦʤʦʜʝʣʴʦʚʘʥʽ ʚʠʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ n-ʢʘʥʘʣʴʥʠʭ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʦʜʥʘʢʦʚʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ W/L 

ʪʘ ʟ ʦʜʥʘʢʦʚʦʶ ʥʘʧʨʫʛʦʶ ὠ υ ὄ, ʘʣʝ ʟ ʨʽʟʥʠʤʠ ʘʙʩʦʣʶʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.5. 
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ʈʠʩʫʥʦʢ 2.5 ï ɺʠʭʽʜʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ n-ʢʘʥʘʣʴʥʠʭ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʨʽʟʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ X-FAB XT018. ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso. 

 

ɹʝʟ ʚʨʘʭʫʚʘʥʥʷ ʥʘʩʠʯʝʥʥʷ ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ. ɸʣʝ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʚʽʥ ʜʦʚʦʣʽ 

ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʪʨʘʥʟʠʩʪʦʨʫ. ʊʘʢʦʞ ʟʛʽʜʥʦ ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ ʄɼʅ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʥʘʩʠʯʝʥʥʷ ʧʦʚʠʥʥʦ ʥʘʩʪʫʧʘʪʠ ʢʦʣʠ 

 

ὠ ὠ ὠ υ πȟχυ τȟςυ ὄ  (2.6) 

 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ (2.6) ʩʧʨʘʚʝʜʣʠʚʦ ʪʽʣʴʢʠ ʜʣʷ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ 5 ʤʢʤ. ɼʣʷ 

ʤʝʥʰʠʭ ʜʦʚʞʠʥ ʥʘʩʠʯʝʥʥʷ ʥʘʩʪʫʧʘʻ ʧʨʠ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʥʘʧʨʫʛʘʭ ʽ ʧʦʚôʷʟʘʥʦ ʩʘʤʝ ʟ 

ʥʘʩʠʯʝʥʥʷʤ ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. ʊʦʙʪʦ ʜʘʥʠʡ ʝʬʝʢʪ ʜʫʞʝ ʜʦʙʨʝ ʚʠʜʥʦ ʧʨʠ 
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ʤʦʜʝʣʶʚʘʥʥʽ. ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʫ ʩʫʙʤʽʢʨʦʥʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ, ʢʦʣʠ  

 

ὒ
ὠ

Ὁ
 (2.7) 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʥʘʧʨʫʟʽ ὠ υ ˏ, ʜʦʚʞʠʥʘ ʢʘʥʘʣʫ ʟʘ ʷʢʦʾ ʙʫʜʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʥʘʩʠʯʝʥʥʷ ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʙʫʜʝ ʩʢʣʘʜʘʪʠ 3,3 ʤʢʤ, ʘ ʧʨʠ ʥʘʧʨʫʟʽ 

 ὠ ρ ˏ ï 0,67 ʤʢʤ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʠʪʠ ʜʝʢʽʣʴʢʘ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʦʜʥʘʢʦʚʠʤ W/L, ʘʣʝ ʨʽʟʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ. 

2.2 ʄɼʅ ʢʣʶʯʽ 

 ʂʣʶʯʽ ʟʥʘʭʦʜʷʪʴ ʙʘʛʘʪʦ ʟʘʩʪʦʩʫʚʘʥʴ ʚ ʘʥʘʣʦʛʦʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤʘʭ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ, ʤʦʜʫʣʷʪʦʨʘʭ, ʚ ʷʢʦʩʪʽ ʨʝʟʠʩʪʦʨʽʚ ʪʘ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʝʮʝʥʟʽʡʥʠʭ ʩʭʝʤ (ʥʘʧʨʠʢʣʘʜ ʆʇ ʟ ʤʘʣʠʤʠ ʧʦʭʠʙʢʘʤʠ) [11]. 

 ɿʘʟʚʠʯʘʡ ʢʣʶʯ ̔ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ. ɹʽʧʦʣʷʨʥʽ 

ʪʨʘʥʟʠʩʪʦʨʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʧʦʛʘʥʫ ʣʽʥʽʡʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [11]. 

 ʆʧ̔ ʨ ʢʘʥʘʣʫ ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ ʄɼʅ ʢʣʶʯʘ ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ [12]: 

  

Ὑ
ὨὍ

Ὠὠ

ρ

‘ὅ
ὡ
ὒ
ὠ ὠ ὠ

 ȟ (2.8) 

 

ʜʝ Ὑ  ï ʦʧ̔ʨ ʢʘʥʘʣʫ ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ ʄɼʅ ʢʣʶʯʘ. 

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʻ ʥʝʣʽʥʽʡʥʦʶ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʛʠ ʤʽʞ ʩʪʦʢʦʤ 

ʽ ʚʠʪʦʢʦʤ. ʇʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʥʘʧʨʫʛʠ ʥʘʩʠʯʝʥʥʷ ʾʾ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʷʢ 
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 ȟ (2.9) 

 

ʜʝ ὠ  ï ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ (ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʚʦʨʽ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ) 

 

 ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʦʧʽʨ ʢʣʶʯʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽ ʫ ʚʠʧʘʜʢʫ  

n-ʢʘʥʘʣʴʥʦʛʦ ʢʣʶʯʘ ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʟʘ ʫʤʦʚʠ 

ὠ ὠ ὠ  (2.10) 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʝʤʦ ʧʝʨʝʢʦʥʘʪʠʩʴ, ʱʦ n-ʢʘʥʘʣʴʥʠʡ ʢʣʶʯ ʤʘʻ ʤʘʣʠʡ ʦʧʽʨ 

ʪʽʣʴʢʠ ʧʨʠ ʤʘʣʠʭ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛʘʭ(ʚʽʜʥʦʩʥʦ ʞʠʚʣʝʥʥʷ).  

2.2.1 ʂʦʤʧʣʽʤʝʥʪʘʨʥʽ ʢʣʶʯʽ 

ʗʩʥʦ, ʱʦ n-ʢʘʥʘʣʴʥʽ ʢʣʶʯʽ ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ, ʢʦʣʠ ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʥʘʯʥʦ 

ʤʝʥʰʝ ʥʽʞ ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʚʦʨʽ, ʘ p-ʢʘʥʘʣʴʥʽ ʢʣʶʯʽ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʢʦʣʠ 

ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ. ʊʦʤʫ ʢʦʣʠ ʪʨʝʙʘ ʤʘʪʠ ʥʠʟʴʢʠʡ 

ʦʧʽʨ ʢʣʶʯʘ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ ï ʤʘʻʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʤʧʣʽʤʝʥʪʘʨʥʠʡ ʢʣʶʯ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.6. 

 

ʈʠʩʫʥʦʢ 2.6 ï ʂʦʤʧʣʽʤʝʥʪʘʨʥʠʡ ʄɼʅ ʢʣʶʯ (Uʢʝʨ ï ʥʘʧʨʫʛʘ ʢʝʨʫʚʘʥʥʷ, Uʚʭ, Uʚʠʭ ï 

ʚʭʽʜʥʘ ʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʽʜʧʦʚʽʜʥʦ) 
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 ʇʨʠ ʤʘʣʠʭ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛʘʭ ʜʦʤʽʥʫʻ ʦʧʽʨ n-ʢʘʥʘʣʴʥʦʛʦ ʢʣʶʯʘ, ʘ ʧʨʠ  

ʥʘʧʨʫʛʘʭ ʙʣʠʟʴʢʠʭ ʜʦ ʞʠʚʣʝʥʥʷ ʜʦʤʽʥʫʻ  p-ʢʘʥʘʣʴʥʠʡ ʢʣʶʯ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ  

ʈʠʩ. 2.7. ʅʘʧʨʫʛʘ ʥʘ ʟʘʪʚʦʨ ̔ n-ʢʘʥʘʣʴʥʦʛʦ ʢʣʶʯʘ ʜʦʨʽʚʥʶʻ 5 ɺ, ʘ ʥʘ ʟʘʪʚʦʨ ̔ p-

ʢʘʥʘʣʴʥʦʛʦ ʢʣʶʯʘ 0 ɺ. ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʧʨʠ ʥʠʟʴʢʠʭ ʥʘʧʨʫʛʘʭ n-ʢʘʥʘʣʴʥʠʡ ʢʣʶʯ 

ʤʘʻ ʦʧʽʨ 3 ʢʆʤ, ʘ p-ʢʘʥʘʣʴʥʠʡ ʢʣʶʯ (ʟ ʚʪʨʠʯʽ ʙʽʣʴʰʦʶ ʰʠʨʠʥʦʶ) ʤʘʻ ʦʧʽʨ 3,5 ʢʆʤ 

ʧʨʠ ʚʠʩʦʢʽʡ ʚʭʽʜʥʽʡ ʥʘʧʨʫʟʽ. ʊʦʙʪʦ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʢʣʶʯʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʦʜʥʘʢʦʚʠʤ ʦʧʦʨʦʤ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ p-ʢʘʥʘʣʴʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʙʫʚ ʚ 3 ʨʘʟʠ ʰʠʨʰʠʤ. 

ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʨʽʟʥʠʮʝʶ ʫ ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʢʨʝʤʥʽʾ. 

 ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʧʨʠ ʥʘʧʨʫʛʘʭ 0,7 ɺ ʽ 4,2 ɺ ʦʧʽʨ n-ʢʘʥʘʣʴʥʦʛʦ ʪʘ  

p-ʢʘʥʘʣʴʥʦʛʦ ʢʣʶʯʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. 

 

ʈʠʩʫʥʦʢ 2.7 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʽʟ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʦʨʫ n-ʢʘʥʘʣʴʥʦʛʦ ʢʣʶʯʘ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ), p-ʢʘʥʘʣʴʥʦʛʦ ʢʣʶʯʘ 

(ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʪʘ ʢʦʤʧʣʽʤʝʥʪʘʨʥʦʛʦ ʢʣʶʯʘ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ X-FAB XT018.  
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ɺ ʩʝʨʝʜʠʥʽ ʜʽʘʧʘʟʦʥʫ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ ʩʫʤʘʨʥʠʡ ʦʧʽʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʠʤ 

ʟôʻʜʥʘʥʥʷʤ ʦʧʦʨʽʚ n-ʢʘʥʘʣʴʥʦʛʦ ʪʘ p-ʢʘʥʘʣʴʥʦʛʦ ʢʣʶʯʽʚ. ʂʦʤʙʽʥʫʶʯʠ ʢʣʶʯʽ ʟ 

ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ.  

2.2.2 ɽʬʝʢʪ ʧʽʜʢʣʘʜʢʠ 

ʅʝ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʠʪʠ ʧʽʜʢʣʘʜʢʫ ʪʨʘʥʟʠʩʪʦʨʘ ʜʦ ʡʦʛʦ ʚʠʪʦʢʫ. ɺ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ ʦʧʽʨ ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ, ʘ ʽ ʚʽʜ ʥʘʧʨʫʛʠ ʤʽʞ ʚʠʪʦʢʦʤ ʪʘ ʧʽʜʢʣʘʜʢʦʶ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ ʙʫʣʦ 

ʧʨʦʤʦʜʝʣʴʦʚʘʥʫ ʨʦʙʦʪʫ n-ʢʘʥʘʣʴʥʦʛʦ ʄɼʅ ʢʣʶʯʘ ʟ ʨʦʟʤʽʨʘʤʠ W/L = 5 ʤʢʤ/5 ʤʢʤ 

ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ: ʢʦʣʠ ʧʽʜʢʣʘʜʢʘ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʟʝʤʣʽ ʽ ʢʦʣʠ ʧʽʜʢʣʘʜʢʘ ʧʽʜʢʣʶʯʝʥʘ 

ʜʦ ʚʠʪʦʢʫ. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.8. ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ. ʆʧʽʨ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʬʦʨʤʘ ʢʨʠʚʦʾ ʩʪʘʻ ʙʽʣʴʰ ʥʝʣʽʥʽʡʥʦʶ. ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʜʝʛʨʘʜʘʮʽʻʶ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ (ʢʦʣʠ ʧʽʜʢʣʘʜʢʘ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʟʝʤʣʽ, ʧʦʨʦʛʦʚʘ 

ʥʘʧʨʫʛʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʘʞ ʜʦ 2 ɺ). 

ʋ ʧʽʜʢʣʶʯʝʥʥʷ ʧʽʜʢʣʘʜʢʠ ʜʦ ʩʪʦʢʫ ʻ ʜʚʘ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ (ʥʝ ʚʨʘʭʦʚʫʶʯʠ 

ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ). ʇʦ-ʧʝʨʰʝ, ʪʨʘʥʟʠʩʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʠʡ ʚ ʦʢʨʝʤʦʤʫ 

ʽʟʦʣʶʶʯʦʤʫ ʢʘʨʤʘʥʽ, ʱʦ ʟʙʽʣʴʰʫʻ ʚʘʨʪʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦ-ʜʨʫʛʝ, ʥʘʚʽʪʴ 

ʚ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ ʢʣʶʯʘ, ʽʩʥʫʻ ʧʘʨʘʟʠʪʥʠʡ ʜʽʦʜ ʤʽʞ ʩʪʦʢʦʤ ʽ ʚʠʪʦʢʦʤ (ʜʠʚ. ʈʠʩ. 2.9), 

ʯʝʨʝʟ ʷʢʠʡ ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʩʪʨʫʤ. ʊʦʙʪʦ ʥʝ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʧʦʚʥʫ ʝʣʝʢʪʨʠʯʥʫ 

ʽʟʦʣʷʮʽʶ ʜʚʦʭ ʪʝʨʤʽʥʘʣʽʚ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʧʽʜʢʣʘʜʢʫ ʥʘ ʟʝʤʣʶ, ʷʢ ʮʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.10 (ʘ). ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʶʯʘ ʜʝʛʨʘʜʫʶʪʴ. 

ɸʙʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʩʭʝʤʠ, ʱʦ ʧʨʠʙʠʨʘʶʪʴ ʝʬʝʢʪ ʧʽʜʢʣʘʜʢʠ. ɰʭ 

ʧʦʢʘʟʘʥʦ  ʥʘ ʈʠʩ. 2.10 (ʙ,ʚ).  
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ʈʠʩʫʥʦʢ 2.8 ï ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʦʨʫ n-ʢʘʥʘʣʴʥʦʛʦ ʢʣʶʯʘ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ X-FAB 

XT018 (ὠ ὠ ï ʧʽʜʢʣʘʜʢʘ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʟʝʤʣʽ, ὠ π ï ʧʽʜʢʣʘʜʢʘ ʧʽʜʢʣʶʯʝʥʘ 

ʜʦ ʚʠʪʦʢʫ) 

 

 

ʈʠʩʫʥʦʢ. 2.9 ï ʇʘʨʘʟʠʪʥʠʡ ʜʽʦʜ ʧʨʠ ʟôʻʜʥʘʥʽ ʧʽʜʢʣʘʜʢʠ ʟ ʚʠʪʦʢʦʤ ʫ ʄɼʅ ʢʣʶʯʽ [12] 
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ʈʠʩʫʥʦʢ 2.10 ï ʘ) n-ʢʘʥʘʣʴʥʠʡ ʄɼʅ ʢʣʶʯ ʟ ʥʘʷʚʥʠʤ ʝʬʝʢʪʦʤ ʧʽʜʢʣʘʜʢʠ; ʙ) ʉʭʝʤʘ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʧʽʜʢʣʘʜʢʠ; ʚ) ʉʭʝʤʘ ʟ ʧʣʘʚʘʶʯʦʶ ʧʽʜʢʣʘʜʢʦʶ 

 

 ʉʭʝʤʘ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.10 (ʙ) ʜʦʟʚʦʣʷʻ ʜʠʥʘʤʽʯʥʦ ʧʝʨʝʢʣʶʯʘʪʠ 

ʧʽʜʢʣʘʜʢʫ. ʊʨʘʥʟʠʩʪʦʨʠ ʄ3 ʪʘ ʄ4 ʛʨʘʶʪʴ ʨʦʣʴ ʢʦʤʧʘʨʘʪʦʨʽʚ, ʷʢʽ ʧʦʨʽʚʥʶʶʪʴ 

ʥʘʧʨʫʛʫ ʤʽʞ ʩʪʦʢʦʤ ʽ ʚʠʪʦʢʦʤ ʪʘ ʧʽʜʢʣʶʯʘʶʪʴ ʧʽʜʢʣʘʜʢʫ ʜʦ ʥʘʡʤʝʥʰʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. 

ʇʝʨʝʚʘʛʦʶ ʮʽʻʾ ʩʭʝʤʠ ʻ ʪʝ, ʱʦ ʜʦʜʘʪʢʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʜʫʞʝ ʤʘʣʠʤʠ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʧʨʦʧʫʩʢʘʶʪʴ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʧʘʨʘʟʠʪʥʠʭ 

ʩʪʨʫʤʽʚ ʧʽʜʢʣʘʜʢʠ). 

 ʉʭʝʤʘ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.10(ʚ) ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʩʣʽʜʦʚʥʝ ʩʠʤʝʪʨʠʯʥʝ 

ʚʢʣʶʯʝʥʥʷ ʜʚʦʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʊʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʽʟʦʣʶʚʘʪʠ 

ʚʭʽʜʥʠʡ ʪʝʨʤʽʥʘʣ ʚʽʜ ʚʠʭʽʜʥʦʛʦ, ʘʣʝ ʦʧʽʨ ʢʣʶʯʘ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 2 ʨʘʟʠ (ʝʬʝʢʪʠʚʥʘ 

ʜʦʚʞʠʥʘ ʪʨʘʥʟʠʩʪʦʨʘ ʟʙʽʣʴʰʠʣʘʩʴ ʫ 2 ʨʘʟʠ). ʑʦʙ ʦʧʽʨ ʥʝ ʟʤʽʥʠʚʩʷ ʰʠʨʠʥʘ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʄ5 ʪʘ ʄ6 ʧʦʚʠʥʥʘ ʙʫʪʠ ʫ 2 ʨʘʟʠ ʙʽʣʴʰʦʶ ʟʘ ʪʨʘʥʟʠʩʪʦʨ ʄ1. 

 ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʦʙʦʪʠ ʮʠʭ ʩʭʝʤ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʾʭ ʦʧʦʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʅʘʧʨʫʛʘ ʥʘ ʟʘʪʚʦʨʘʭ ʙʫʣʘ  

ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ 5 ɺ, ʘ ʨʦʟʤʽʨʠ ʚʩʽʭ ʪʨʘʥʟʠʩʪʦʨʽʚ W/L = 5 ʤʢʤ/5 ʤʢʤ. ɿʘʣʝʞʥʽʩʪʴ 

ʣʦʛʘʨʠʬʤʫ ʦʧʦʨʫ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʪʨʴʦʭ ʩʭʝʤ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.11. 
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ʈʠʩʫʥʦʢ 2.11 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʧʦʨʫ ʢʣʶʯʽʚ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.10. (ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ï 

ʟʚʠʯʘʡʥʠʡ ʢʣʶʯ ʟ ʧʽʜʢʣʘʜʢʦʶ ʥʘ ʟʝʤʣʽ, ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ  ï ʩʭʝʤʘ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʝʨʝʢʣʶʯʝʥʥʷ ʧʽʜʢʣʘʜʢʠ, ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï ʩʭʝʤʘ ʽʟ ʧʣʘʚʘʶʯʦʶ ʧʽʜʢʣʘʜʢʦʶ). 

 

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʟ ʈʠʩ. 2.11, ʩʭʝʤʘ ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʧʽʜʢʣʘʜʢʠ ʽ 

ʩʭʝʤʘ ʟ ʧʣʘʚʘʶʯʦʶ ʧʽʜʢʣʘʜʢʦʶ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴ ʜʽʘʧʘʟʦʥ ʨʦʙʦʪʠ ʢʣʶʯʘ ʽ 

ʟʤʝʥʰʫʶʪʴ ʦʧʽʨ ʚʽʜʢʨʠʪʦʛʦ ʢʘʥʘʣʫ, ʝʬʝʢʪʠʚʥʦ ʧʨʠʙʠʨʘʶʯʠ ʝʬʝʢʪ ʧʽʜʢʣʘʜʢʠ. 

 ʈʦʙʦʪʫ ʮʠʭ ʩʭʝʤ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʽʜʢʣʘʜʢʠ ʤʦʞʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʚʯʠʪʠ, ʷʢʱʦ ʥʘ ʦʜʥʽʡ ɯʄʉ 

ʩʪʚʦʨʠʪʠ ʜʝʢʽʣʴʢʘ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʦʢʨʝʤʦ 

ʧʽʜʢʣʶʯʘʪʠ ʾʭ ʪʝʨʤʽʥʘʣʠ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ ʽʜʝʾ ʙʫʜʝ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʘ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ. 

2.3 ʉʪʨʫʤʦʚʽ ʜʟʝʨʢʘʣʘ 

ʆʜʥʠʤ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ ʘʥʘʣʦʛʦʚʦʾ ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ ʻ 

ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ. ɰʭ ʧʦʜʽʣʷʶʪʴ ʥʘ ʙʽʧʦʣʷʨʥʽ ʪʘ ʄɼʅ ʜʟʝʨʢʘʣʘ. ɸʣʝ ʫ ʜʟʝʨʢʘʣ ʥʘ 

ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʻ ʜʝʢʽʣʴʢʘ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ. ʇʦ-ʧʝʨʰʝ, ʧʨʠʩʫʪʥʽʡ ʩʪʨʫʤ 
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ʙʘʟʠ, ʱʦ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʫ ʧʦʭʠʙʢʫ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʽ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ 

ʧʨʠʡʦʤʽʚ ʜʣʷ ʾʾ ʟʤʝʥʰʝʥʥʷ[12]. ɯʥʰʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ. ɺ ʪʦʡ ʯʘʩ 

ʷʢ ʚ ʄɼʅ ʜʟʝʨʢʘʣʘʭ ʨʦʟʤʽʨʠ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʣʽʪʦʛʨʘʬʽʾ, 

ʚ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʨʦʟʤʽʨ ʙʘʟʠ ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʠʬʫʟʽʾ[12]. ʇʦʨʽʚʥʶʶʯʠ ʄɼʅ ʪʘ ʙʽʧʦʣʷʨʥʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʙʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟʘʟʚʠʯʘʡ 

ʤʘʶʪʴ ʧʣʦʱʫ, ʱʦ ʥʘ ʧʦʨʷʜʦʢ ʙʽʣʴʰʝ ʥʽʞ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʠ[12]. ʊʦʤʫ ʜʘʣʽ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʪʽʣʴʢʠ ʩʪʨʫʤʦʚʽ ʜʟʝʨʢʘʣʘ ʥʘ ʄɼʅ ʩʪʨʫʢʪʫʨʘʭ. 

2.3.1 ɿʚʠʯʘʡʥʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ 

ʊʠʧʦʚʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ 2.12. ɺʦʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʭʽʜʥʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ ʄ1 ʫ ʜʽʦʜʥʦʤʫ ʚʢʣʶʯʝʥʽ ʪʘ ʚʠʭʽʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʄ2, ʱʦ ʧʦʚʪʦʨʶʻ 

ʚʭʽʜʥʠʡ ʩʪʨʫʤ ʟ ʧʝʚʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ. 

 

ʈʠʩʫʥʦʢ 2.12 ï ʉʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ʥʘ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘʭ [11] 

 

ɿʚ'ʷʟʦʢ ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʟʘʜʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [11] 
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 ȟ (2.11) 
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ʜʝ Ὅ ȟὍ  ï ʚʠʭʽʜʥʠʡ ʪʘ ʚʭʽʜʥʠʡ ʩʪʨʫʤʠ ʚʽʜʧʦʚʽʜʥʦ; 

Ὧ  ï ʪʝʭʥʦʣʦʛʽʯʥʘ ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʽ-ʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟ n-ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ; 

ï ʚʽʜʥʦʰʝʥʥʷ ʰʠʨʠʥʠ ʢʘʥʘʣʫ ʜʦ ʡʦʛʦ ʜʦʚʞʠʥʠ ʜʣʷ ʽ-ʛʦ ʪʨʘʥʟʠʩʪʦʨʘ; 

‗ ï ʢʦʥʩʪʘʥʪʘ ʝʬʝʢʪʫ ʤʦʜʫʣʷʮʽʾ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ ʜʣʷ ʽ-ʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

 

ʅʘ ʨʠʩ. 2.13 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟ ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ.  

 

ʈʠʩʫʥʦʢ 2.13 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄɼʅ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟ ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ (ɺʭ̔ʜʥʽʠʡ ʩʪʨʫʤ ʜʦʨʽʚʥʶʻ 100 ʤʢɸ, ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʟʝʨʢʘʣʝʥʥʷ=1, W=10 ʤʢʤ, L=0,5 ʤʢʤ) 

 

ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʫʶʪʴ ʱʦ ʝʬʝʢʪ ʤʦʜʫʣʷʮʽʾ ʢʘʥʘʣʫ ʟʙʽʣʴʰʫʻ ʥʘʭʠʣ 

ʢʨʠʚʠʭ ʩʧʦʪʚʦʨʶʶʯʠ ʝʬʝʢʪ ʽʜʝʘʣʴʥʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ. ʅʘʭʠʣ ʮʠʭ ʢʨʠʚʠʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʣʦʩʠʛʥʘʣʴʥʠʤ ʚʠʭʽʜʥʠʤ ʦʧʦʨʦʤ ʽ ʜʦʨʽʚʥʶʻ[11] 
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ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ W/L, ʪʠʤ ʙʽʣʴʰʠʡ ʥʘʭʠʣ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʪʠʤ ʤʝʥʰʝ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ. ʇʽʜ 

ʤʽʥʽʤʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʥʘʧʨʫʛʘ, ʟʘ ʷʢʦʾ ʚʩʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟʥʘʭʦʜʷʪʩʷ 

ʫ ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʽ. ɺʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʢʠʤ ʟʤʝʥʴʰʝʥʥʷʤ ʥʘʭʠʣʫ ʚʠʭʽʜʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʧʦʢʘʟʘʥʦ ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ 

ʥʘ ʨʠʩ. 2.13, ʤʽʥʽʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 500 ʤɺ. ʊʝʦʨʝʪʠʯʥʦ ʚʦʥʘ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ [12]: 
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ʜʝ ὠ  ï ʤʽʥʽʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ; 

ὠ  ï ʥʘʧʨʫʛʘ ʥʘʩʠʯʝʥʥʷ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ. 

 

 ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʠʩ. 2.13 ʤʦʞʝʤʦ ʟʥʘʡʪʠ ʤʘʣʦʩʠʛʥʘʣʴʥʠʡ ʦʧʽʨ ʩʪʨʫʤʦʚʦʛʦ 

ʜʟʝʨʢʘʣʘ, ʷʢ 

 

ὶ
ὺ

Ὥ

Ὠὠ

ὨὍ

ὠ ὠ

Ὅ Ὅ
   ȟ (2.14) 

 

ʜʝ ὠ ȟὍ ȟὠ ȟὍ  ï ʪʦʯʢʠ ʚʠʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ 

 

ɺ ʷʢʩʦʩʪʽ ʪʘʢʠʭ ʪʦʯʦʢ ʙʫʣʠ ʦʙʨʘʥʽ ὠ τ ὄ ʪʘ ὠ ς ὄ. ɼʣʷ ʪʨʴʦʭ 

ʜʟʝʨʢʘʣ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʫ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʥʝʩʝʥʦ ʜʦ ʪʘʙʣ. 2.1. 
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 ʊʘʙʣ. 2.1 ï ʇʘʨʘʤʝʪʨʠ ʟʚʠʯʘʡʥʠʭ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʽʚ 

 ̄ W, ʤʢʤ L, ʤʢʤ ὠ ȟˏ ὶ ȟ̋ ˛ ̍

1 10 0,5 0,25 78,5 

2 40 0,5 0,14 37,76 

3 10 2 0,49 1180 

 

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ ʚ 4 ʨʘʟʠ, ʚʠʭʽʜʥʠʡ ʦʧʽʨ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 15 ʨʘʟ(ʤʘʡʞʝ ʢʚʘʜʨʘʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ 

ʚʠʨʘʟʽ (2.12) ʽ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ ʽ ‗ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʽ ʜʦ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ. 

2.3.2 ʂʘʩʢʦʜʥʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ 

ʉʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ʟ ʱʝ ʙʽʣʴʰʠʤ ʚʠʭʽʜʥʠʤ ʦʧʦʨʦʤ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.14. ʊʘʢʠʡ ʚʠʜ ʜʟʝʨʢʘʣʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʘʩʢʦʜʥʠʤ. ʊʨʘʥʟʠʩʪʦʨʠ ʄ3 ʪʘ ʄ4 ʧʽʜʪʨʠʤʫʶʪʴ ʟʥʘʯʝʥʥʷ ὠ  ʽ ὠ  ʤʘʡʞʝ 

ʨʽʚʥʠʤʠ, ʝʬʝʢʪʠʚʥʦ ʧʨʠʙʠʨʘʶʯʠ ʚʧʣʠʚ ʤʦʜʫʣʷʮʽʾ ʢʘʥʘʣʫ. ʊʘʢʦʞ ʪʘʢʝ ʚʢʣʶʯʝʥʥʷ 

ʪʨʘʥʟʠʩʪʦʨʘ ʄ4 ʟʙʽʣʴʰʫʻ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʜʟʝʨʢʘʣʘ.  

 

 

ʈʠʩʫʥʦʢ 2.14 ï ʂʘʩʢʦʜʥʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ [11] 
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ʅʝʭʪʫʶʯʠ ʧʦʭʠʙʢʘʤʠ ʪʦʯʥʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ 

ʜʣʷ ʢʘʩʢʘʜʥʦʛʦ ʄɼʅ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʷʢ [11] 

 

Ὅ

Ὅ

ὡ
ὒ
ὡ
ὒ

 (2.16) 

 

ʅʘ ʨʠʩ. 2.15 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʘʩʢʦʜʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟ ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ. ʊʨʘʥʟʠʩʪʦʨʠ ʄ1 ʪʘ ʄ2 ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʨʦʟʤʽʨʠ W=10 ʤʢʤ, L=0,5 ʤʢʤ, ʘ 

ʰʠʨʠʥʘ ʢʘʩʢʦʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʤʽʥʶʚʘʣʘʩʴ. 

ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʢʘʩʢʦʜʥʝ ʜʟʝʨʢʘʣʦ ʤʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʤʽʥʽʤʘʣʴʥʫ ʚʠʭʽʜʥʫ 

ʥʘʧʨʫʛʫ, ʘ ʪʘʢʦʞ ʙʽʣʴʰʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ. ʊʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʤʦʞʝ ʙʫʪʠ 

ʟʥʘʡʜʝʥʦ ʟʘ ʬʦʨʤʫʣʦʶ [11]: 

 

ὶ
ὺ

Ὥ
ὶ ὶ ὶ ὶ Ὣ  ȟ (2.17) 

 

ʜʝ Ὣ  ï ʢʨʫʪʠʟʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ i-ʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

 

ɸ ʤʽʥʽʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʪʝʧʝʨ ʩʢʣʘʜʘʻ [11]: 

ὠ ὠ ςὠ  (2.18) 

 

ʇʦʨʽʚʥʶʶʯʠ ʚʠʨʘʟʠ (2.12) ʪʘ (2.17) ʤʦʞʝʤʦ ʧʝʨʝʢʦʥʘʪʠʩʴ, ʱʦ ʚʠʭʽʜʥʠʡ ʦʧʽʨ 

ʟʙʽʣʴʰʠʚʩʷ ʫ ὶ Ὣ  ʨʘʟʽʚ. ɸ ʤʽʥʽʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ ὠ

ὠ . 

ɼʣʷ ʪʨʴʦʭ ʢʘʩʢʦʜʥʠʭ ʜʟʝʨʢʘʣ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʘ ʪʘʢʦʞ 

ʤʽʥʽʤʘʣʴʥʫ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ. ʈʝʟʫʣʴʪʘʪʠ ʟʘʥʝʩʝʥʦ ʜʦ ʪʘʙʣ. 2.2. 
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ʈʠʩʫʥʦʢ 2.15 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʩʢʦʜʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟ ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʨʦʟʤʽʨʽʚ ʢʘʩʢʦʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ: ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï W/L, ʰʪʨʠʭ- 

ʧʫʥʢʪʠʨʥʘ ï 4W/L, ʩʫʮʽʣʴʥʘ ï W/4L (ɺʭ̔ʜʥʽʠʡ ʩʪʨʫʤ ʜʦʨʽʚʥʶʻ 100 ʤʢɸ,  

ʢʦʝʬʽʮʻʥʪ ʚʽʜʟʝʨʢʘʣʝʥʥʷ=1, W=10 ʤʢʤ, L=0,5 ʤʢʤ) 

 

 ʊʘʙʣ. 2.2 ï ʇʘʨʘʤʝʪʨʠ ʢʘʩʢʦʜʥʠʭ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʽʚ 

 ̄ Wʢʘʩʢ, ʤʢʤ Lʢʘʩʢ, ʤʢʤ ὠ ȟˏ ὶ ȟ̇ ˛  ̍

1 10 0,5 1,29 3,63 

2 40 0,5 1,19 3,31 

3 10 2 1,54 23,02 

  

ɹʘʯʠʤʦ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʣʘʩʴ. ɺʠʭʽʜʥʠʡ ʦʧʽʨ 

ʪʘʢʦʞ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʥʽʞ ʫ ʟʚʠʯʘʡʥʦʛʦ ʜʟʝʨʢʘʣʘ. ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʤʽʥʘ 

ʰʠʨʠʥʠ ʢʘʩʢʦʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʤʽʥʽʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʤʝʥʴʰʫʻʪʴʩʷ.  ʎʝ ʧʦʚʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʰʠʨʠʥʠ ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʻ ὶ , ʘʣʝ ʡ ʪʘʢʦʞ ʣʽʥʽʡʥʦ ʟʙʽʣʴʰʫʻ Ὣ  ʫ ʚʠʨʘʟʽ (2.17). 
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2.3.3 ɼʟʝʨʢʘʣʦ ɺʽʣʴʩʦʥʘ 

 ʉʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ɺʽʣʴʩʦʥʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.16. ʄʦʜʝʣʶʚʘʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.17. ʆʜʨʘʟʫ ʧʦʤʽʪʥʽ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ. ʇʦ-ʧʝʨʰʝ, 

ὠ  ʩʢʣʘʜʘʻ ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʇʦ-ʜʨʫʛʝ, ʢʨʠʚʽ ʤʘʶʪʴ ʟʥʘʯʥʦ 

ʤʝʥʰʠʡ ʥʘʭʠʣ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʦʛʦ ʄɼʅ ʜʟʝʨʢʘʣʘ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ὶ . 

 

ʈʠʩʫʥʦʢ 2.16 ï ʉʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ɺʽʣʴʩʦʥʘ[11] 

 

ɺʠʭʽʜʥʠʡ ʦʧʽʨ ʄɼʅ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ɺʽʣʴʩʦʥʘ ʯʠʩʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷʤ ʥʘʭʠʣʫ ʚʠʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʟʚʠʯʘʡʥʠʤ ʄɼʅ 

ʜʟʝʨʢʘʣʦʤ. ʄʦʞʝ ʙʫʪʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘʣʦ-ʩʠʛʥʘʣʴʥʠʡ ʦʧʽʨ ʄɼʅ ʜʟʝʨʢʘʣʘ ɺʽʣʴʩʦʥʘ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʷʢ [11]: 

 

ὶ
ὺ

Ὥ
ὶ ὶ

ρ ὶ Ὣ Ὣ ὶ Ὣ ὶ

ρ Ὣ ὶ
 (2.19) 
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ʈʠʩʫʥʦʢ 2.17 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ  

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ɺʽʣʴʩʦʥʘ  

(ʚʭ̔ ʜʥʽʠʡ ʩʪʨʫʤ ʜʦʨʽʚʥʶʻ 100 ʤʢɸ, ʢʦʝʬ. ʚʽʜʟʝʨʢʘʣʝʥʥʷ=1, W=10 ʤʢʤ, L=0,5 ʤʢʤ) 

 

ɺʠʭʦʜʠʪʴ, ʱʦ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʜʟʝʨʢʘʣʘ ʟ ʨʠʩ. 2.16 ʻ ʧʦʨʽʚʥʷʥʠʤ ʟ ʦʧʦʨʦʤ 

ʢʘʩʢʦʜʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ. ʇʨʠ ʨʦʟʤʽʨʽ ʪʨʘʥʟʠʩʪʦʨʽʚ W=10 ʤʢʤ, L=0,5 ʤʢʤ, 

ʤʽʥʽʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʩʢʣʘʜʘʻ 1,29 ɺ, ʘ ʚʠʭʽʜʥʠʡ ʦʧʽʨ 3,51 ʄʆʤ. ʊʦʙʪʦ 

ʧʘʨʘʤʝʪʨʠ ʻ ʯʠʩʝʣʴʥʦ ʩʧʽʚʨʦʟʤʽʨʥʠʤʠ ʟ ʢʘʩʢʦʜʥʠʤ ʩʪʨʫʤʦʚʠʤ ʜʟʝʨʢʘʣʦʤ. 

2.3.4 ɯʥʰʽ ʚʝʨʩʽʾ ʢʘʩʢʦʜʥʠʭ ʜʟʝʨʢʘʣ 

 ɺ ʫʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʄɼʅ ʜʟʝʨʢʘʣʘʭ ʟʥʘʯʝʥʥʷ  ὠ  ʩʪʘʚʘʣʦ ʙʽʣʴʰʠʤ, ʢʦʣʠ 

ʟʙʽʣʴʰʫʚʘʚʩʷ ʚʠʭʽʜʥʠʡ ʦʧʽʨ. ʉʭʝʤʫ, ʱʦ ʤʽʥʽʤʽʟʫʻ ὠ  ʧʽʜʪʨʠʤʫʶʯʠ ʚʠʭʽʜʥʠʡ ʦʧʽʨ 

ʚʝʣʠʢʠʤ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.18.  
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ʈʠʩʫʥʦʢ 2.18 ï ʂʘʩʢʦʜʥʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ʟʽ ʟʙʽʣʴʰʝʥʠʤ ʨʦʟʤʘʭʦʤ[16] 

 

 ʈʽʟʥʠʮʷ ʮʽʻʾ ʩʭʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʤʽʱʝʥʥʷ ʟʘʪʚʦʨʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ ʄ3 ʪʘ 

ʄ4 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʨʝʤʦʾ ʩʭʝʤʠ. ʗʢʱʦ ʥʘʧʨʫʛʫ Vbias ʚʩʪʘʥʦʚʠʪʠ 

ʧʨʘʚʠʣʴʥʦ, ʪʦ ʤʽʥʽʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʪʘʢʦʾ ʩʭʝʤʠ ʤʦʞʝ ʩʢʣʘʜʘʪʠ: 

 

ὠ ςὠ  (2.20) 

 

 ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʷʢ ʽ ʫ ʟʚʠʯʘʡʥʦʛʦ ʢʘʩʢʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ (2.17). ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʢʘʩʢʦʜʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟʽ 

ʟʙʽʣʴʰʝʥʠʤ ʨʦʟʤʘʭʦʤ ʥʘʧʨʫʛʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.20. ɹʘʯʠʤʦ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ ʚʠʭʽʜʥʘ 

ʥʘʧʨʫʛʘ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 500 ʤɺ, ʘ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ. 

ɯʥʰʫ ʩʭʝʤʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʧʨʠ ʚʽʜʥʦʩʥʦ ʤʘʣʠʭ ὠ  ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.19. ʎʷ ʩʭʝʤʘ ʤʘʻ ʥʘʟʚʫ ʨʝʛʫʣʴʦʚʘʥʝ ʢʘʩʢʦʜʥʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ (ʘʙʦ ʘʢʪʠʚʥʝ 

ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ). ʈʝʛʫʣʴʦʚʘʥʠʡ ʢʘʩʢʦʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʄ2, ʄ3 ʪʘ ʄ4. ʄ1 ʪʘ ʄ2 

ʬʦʨʤʫʶʪʴ ʟʚʠʯʘʡʥʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ, ʦʜʥʘʢ ʽʟ-ʟʘ ʪʨʘʥʟʠʩʪʦʨʘ ʄ4, ʟʥʘʯʝʥʥʷ ὠ  

ʥʝ ʙʫʜʝ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ʟʘ ὠ , ʧʽʜʪʨʠʤʫʶʯʠ ʭʦʨʦʰʫ ʪʦʯʥʽʩʪʴ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ. ʄ5, 

ʄ6 ʪʘ ʄ7 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʤʫ ʟʤʽʱʝʥʥʷ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ ʄ4, 

ʷʢʠʡ ʩʪʝʞʠʪʴ ʟʘ ʚʠʭʽʜʥʠʤ ʩʪʨʫʤʦʤ. ʗʢʱʦ ʙ Ὅ  ʥʝ ʟʘʣʝʞʘʚ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ 

Ὅ  Ὅ , ʪʦ ʟʥʘʯʝʥʥʷ ὠ  ʥʝ ʤʦʛʣʦ ʙ ʙʫʪʠ ʥʘʜʪʦ ʚʝʣʠʢʠʤ ʥʘ ʚʠʩʦʢʠʭ ʨʽʚʥʷʭ 
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ʩʪʨʫʤʫ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʄ2 ʚ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. ʗʢʱʦ ʄ2 ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʚ 

ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ, ʪʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Ὅ  ʜʦ Ὅ  ʙʫʜʝ ʤʝʥʰʝ ʥʽʞ ʦʯʽʢʫʚʘʥʝ [11].   

 

ʈʠʩʫʥʦʢ 2.19 ï ʈʝʛʫʣʴʦʚʘʥʝ ʢʘʩʢʦʜʥʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ [11] 

 

ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʢʘʩʢʦʜʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ 

ʜʟʝʨʢʘʣʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.20. ɹʘʯʠʤʦ, ʱʦ ʚ ʪʘʢʦʤʫ ʚʢʣʶʯʝʥʽ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʜʫʞʝ 

ʚʝʣʠʢʠʡ (ʥʘʭʠʣ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʡʞʝ ʚʽʜʩʫʪʥʽʡ), ʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 1,2 ɺ. 

 

ʈʠʩʫʥʦʢ 2.20 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ: ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï ʢʘʩʢʦʜʥʝ ʜʟʝʨʢʘʣʦ ʟʽ 

ʟʙʽʣʴʰʝʥʠʤ ʨʦʟʤʘʭʦʤ ʥʘʧʨʫʛʠ, ʧʫʥʢʪʠʨʥʘ ï ʨʝʛʫʣʴʦʚʘʥʝ ʢʘʩʢʦʜʥʝ ʜʟʝʨʢʘʣʦ  
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ɼʣʷ ʚʩʽʭ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʙʫʣʘ ʪʘʢʦʞ ʟʥʘʡʜʝʥʘ 

ʩʠʩʪʝʤʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ‐ ʚ ʩʝʨʝʜʠʥʽ ʜʽʘʧʘʟʦʥʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ɺʦʥʘ 

ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʷʢ 

 

‐
Ὅ Ὅ

Ὅ
ϽρππϷ   ȟ    ὠ ςȟυ ὄ  (2.21) 

 

 ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ ʤʽʞ ʩʦʙʦʶ, ʚʩʽ ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʙʫʣʦ 

ʟʘʥʝʩʝʥʦ ʜʦ ʪʘʙʣ. 2.3.  

 

ʊʘʙʣ. 2.3 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʽʚ 

ʊʠʧ ʜʟʝʨʢʘʣʘ ὠ ȟˏ ὶ ȟ̇ ˛  ̍ ‐ȟϷ 

ɿʚʠʯʘʡʥʝ (W/L) 0,25 0,08 19,12 

ɿʚʠʯʘʡʥʝ (4W/L) 0,14 0,04 42,48 

ɿʚʠʯʘʡʥʝ (W/4L) 0,49 1,18 0,78 

ʂʘʩʢʦʜʥʝ (W/L) 1,29 3,63 0,13 

ʂʘʩʢʦʜʥʝ (4W/L) 1,19 3,31 0,20 

ʂʘʩʢʦʜʥʝ (W/4L) 1,54 23,02 0 

ɺʽʣʴʩʦʥ(W/L) 1,29 3,51 0,13 

ʂʘʩʢʦʜʥʝ ʟʽ ʟʙʽʣʴʰʝʥʠʤ ʨʦʟʤʘʭʦʤ (W/L) 0,50 1,23 1,57 

ʈʝʛʫʣʴʦʚʘʥʝ ʢʘʩʢʦʜʥʝ (W/L) 1,29 137,50 0,77 

 

ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʢʦʞʥʝ ʜʟʝʨʢʘʣʦ ʤʘʻ ʩʚʦʾ ʥʝʜʦʣʽʢʠ ʽ ʧʝʨʝʚʘʛʠ, ʘʣʝ 

ʦʧʪʠʤʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʘʨʘʤʝʪʨʽʚ, ʧʨʦʩʪʦʪʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʟʘʤʡʤʘʻʤʦʾ ʧʣʦʱʽ 

ʚʚʘʞʘʻʪʴʩʷ ʟʚʠʯʘʡʥʝ ʢʘʩʢʦʜʥʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ[12]. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʩʪʨʫʤʦʚʠʭ 

ʜʟʝʨʢʘʣ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ɯʄʉ ʩʪʚʦʨʠʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ 

ʦʜʥʘʢʦʚʦʶ ʪʦʧʦʣʦʛʽʻʁ. ʂʦʤʫʪʫʶʯʠ ʾʭ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʤʦʞʥʘ ʙʫʜʝ ʦʪʨʠʤʘʪʠ ʫʩʽ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ, ʱʦ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ ʽʜʝʾ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ. 
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2.3.5 ɺʠʧʘʜʢʦʚʘ ʧʦʭʠʙʢʘ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ  

ʅʘʚʽʪʴ ʪʨʘʥʟʠʩʪʦʨʠ, ʱʦ ʩʪʚʦʨʝʥʦ ʥʘ ʦʜʥʽʡ ʧʽʜʢʣʘʜʮʽ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʨʫʯ ʥʝ 

ʤʦʞʫʪʴ ʤʘʪʠ ʘʙʩʦʣʶʪʥʦ ʦʜʥʘʢʦʚʽ ʧʘʨʘʤʝʪʨʠ. ʏʝʨʝʟ ʮʝ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʪʨʫʤʦʚʠʭ 

ʜʟʝʨʢʘʣ, ʩʪʨʫʤ ʥʘ ʚʠʭʦʜʽ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʩʪʨʫʤʫ ʥʘ ʚʭʦʜʽ. ɼʣʷ ʟʚʠʯʘʡʥʦʛʦ 

ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.12, ʧʦʭʠʙʢʘ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ [11]: 

 

Ὅ

Ὅ
ρ
ЎὯ

Ὧ
ρ

Ўὠ

ὠ ὠ
ρ Ў‗ὠ  (2.22) 

 

ʋ ʬʦʨʤʫʣʽ (2.22), Ў ʧʦʢʘʟʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʄ1 ʪʘ ʄ2. ɼʽʘʧʘʟʦʥ ʮʽʻʾ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ 

ʩʪʘʪʠʩʪʠʯʥʠʤ ʨʦʟʢʠʜʦʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [12]. ʊʦʤʫ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʝʥʥʷ. ɸ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʭʝʤʦʪʝʭʥʽʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʟʚʠʯʘʡʥʠʭ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ (ʷʢ ʥʘ ʈʠʩ. 2.12) ʪʘ ʟʥʘʡʜʝʥʦ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʧʦʭʠʙʦʢ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ. ʇʦʭʠʙʢʘ ʚʠʟʥʘʯʘʣʘʩʴ 

ʷʢ ʨʽʟʥʠʮʷ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʭʽʜʥʠʤ ʧʨʠ ʚʠʭʽʜʥʽʡ ʥʘʧʨʫʟʽ 2,5 ɺ (ʪʦʙʪʦ ʚ ʩʝʨʝʜʠʥʽ 

ʚʠʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). ʅʘ ʨʠʩ. 2.21 ʧʦʢʘʟʘʥʦ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʦʾ 

ʧʦʭʠʙʢʠ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʜʣʷ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟ ʦʜʠʥʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʝʨʝʜʘʯʽ ʪʘ ʚʭʽʜʥʠʤ ʩʪʨʫʤʦʤ 10 ʤʢɸ. ɺʠʙʽʨʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 500 ʩʠʤʫʣʷʮʽʡ. ʗʢ 

ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʩʢʣʘʜʘʻ -13,8%, ʘ ʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʉʂʆ) ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 12,9%.  ʊʦʙʪʦ ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ 99,7% ʧʦʭʠʙʢʘ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʤʝʞʘʭ ʚʽʜ -25% ʜʦ 52%.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʘ ʩʘʤʝ ὡ υ ̍̋ ̍ʪʘ ὒ υ ̍̋.̍ ʁʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 2.22. 
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ʈʠʩʫʥʦʢ 2.21 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ 

ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʚʽʜʟʝʨʢʘʣʝʥʥʷ ʜʣʷ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟ ʦʜʠʥʠʯʥʠʤ ʢʦʝʬʮʽʻʥʪʦʤ 

ʧʝʨʝʜʘʯʽ ʪʘ ʨʦʟʤʽʨʘʤʠ ὡ υππ ̎ ,̍ ὒ υππ ̎  ̍

 

 

ʈʠʩʫʥʦʢ 2.22 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ 

ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʚʽʜʟʝʨʢʘʣʝʥʥʷ ʜʣʷ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟ ʦʜʠʥʠʯʥʠʤ ʢʦʝʬʮʽʻʥʪʦʤ 

ʧʝʨʝʜʘʯʽ ʪʘ ʨʦʟʤʽʨʘʤʠ ὡ υ ̍̋,̍ ὒ υ ̍̋ ̍

 



41 

 

 

 

ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʜʣʷ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟ ʙʽʣʴʰʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʟʤʝʥʰʠʣʦʩʷ ʜʦ 0,9%, ʘ ʉʂʆ ʩʢʣʘʜʘʻ 

ʧʨʠʙʣʠʟʥʦ 1,1%. ʊʦʙʪʦ ʤʘʻʤʦ ʟʥʘʯʥʦ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʽ ʪʝʧʝʨ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 99,7% 

ʧʦʭʠʙʢʘ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʤʝʞʘʭ ʚʽʜ -2,6% ʜʦ 4,3%. ʊʘʢʠʤ ʯʠʥʦʤ ʛʝʦʤʝʪʨʠʯʥʽ 

ʨʦʟʤʽʨʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʪʨʫʤʦʚʠʭ ʟ ʤʘʣʠʤʠ ʧʦʭʠʙʢʘʤʠ. 

ɯʟ ʬʦʨʤʫʣʠ (2.22) ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʫ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʙʽʣʴʰʠʚʰʠ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ ὠ . ʋ ʩʪʨʫʤʦʚʦʤʫ ʜʟʝʨʢʘʣʽ ʚʦʥʘ ʟʘʜʘʻʪʴʩʷ ʪʨʘʥʟʠʩʪʦʨʦʤ ʄ1, ʱʦ ʚʢʣʶʯʝʥʦ 

ʫ ʨʝʞʠʤʽ ʜʽʦʜʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʭʽʜʥʠʤ ʩʪʨʫʤʦʤ ʪʘ ʨʦʟʤʽʨʘʤʠ ʪʨʘʥʟʠʩʪʦʨʘ: 

 

ὠ ὠ ὠ ὠ
ςὍ

Ὧᴂ

ὒ

ὡ
  (2.23) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʠʚʰʠ ʚʭʽʜʥʠʡ ʩʪʨʫʤ, ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ 

ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ 100 

ʤʢɸ ʪʘ ʪʠʭ ʩʘʤʠʭ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.23 ʪʘ ʨʠʩ. 2.24. 

 

 

ʈʠʩʫʥʦʢ 2.23 ï ʌʫʥʮʽʷ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʚʽʜʟʝʨʢʘʣʝʥʥʷ ʜʣʷ ʩʪʨʫʤʦʚʦʛʦ 

ʜʟʝʨʢʘʣʘ ʟ ʨʦʟʤʽʨʘʤʠ ὡ υππ ̎ ,̍ ὒ υππ ̎  ̍(ʚʭʽʜʥʠʡ ʩʪʨʫʤ 100 ʤʢɸ) 
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ʈʠʩʫʥʦʢ 2.24ï ʌʫʥʮʽʷ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʚʽʜʟʝʨʢʘʣʝʥʥʷ ʜʣʷ ʩʪʨʫʤʦʚʦʛʦ 

ʜʟʝʨʢʘʣʘ ʟ ʨʦʟʤʽʨʘʤʠ ὡ υ ̍̋,̍ ὒ υ ̍̋ ̍(ʚʭʽʜʥʠʡ ʩʪʨʫʤ 100 ʤʢɸ) 

 

ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʜʣʷ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ ʟ ʙʽʣʴʰʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʟʤʝʥʰʠʣʦʩʴ ʚ 2 ʨʘʟʠ, ʘ ʜʣʷ ʜʟʝʨʢʘʣʘ ʟ ʤʘʣʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʘʞ ʚ 5 ʨʘʟʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʘ ʽ ʚʝʣʠʯʠʥʘ 

ʥʘʧʨʫʛʠ ʥʘʩʠʯʝʥʥʷ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʬʦʨʤʫʚʘʥʥʽ ʧʦʭʠʙʢʠ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ɯʄʉ ʩʪʚʦʨʠʪʠ ʜʝʢʽʣʴʢʘ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʴ ʚʠʭʦʜʽʚ. ʂʦʞʥʝ ʪʘʢʝ ʜʟʝʨʢʘʣʦ ʙʫʜʝ ʤʘʪʠ ʨʽʟʥʽ ʨʦʟʤʽʨʠ ʪʘ ʪʦʧʦʣʦʛʽʶ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʨʦʟʤʽʨʽʚ ʽ ʪʦʧʦʣʦʛʽʾ ʥʘ ʧʦʭʠʙʢʫ 

ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ. ɸ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʭʦʜʽ ʚ ʢʦʞʥʦʤʫ ʜʟʝʨʢʘʣʽ ʜʦʟʚʦʣʠʪʴ 

ʟʥʘʡʪʠ ʧʨʠʙʣʠʟʥʝ ʟʥʘʯʝʥʥʷ ʉʂʆ. ʅʘʧʨʠʢʣʘʜ ʧʝʨʰʝ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ʤʦʞʝ 

ʩʢʣʘʜʘʪʠʩʷ ʟ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ ʽ ʨʝʪʝʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ. ɼʨʫʛʠʡ ʙʣʦʢ 

ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʚʝʣʠʢʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽ ʨʝʪʝʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ. ʊʨʝʪʻ ʪʘ ʯʝʪʚʝʨʪʝ 

ʜʟʝʨʢʘʣʦ ʙʫʜʫʪʴ ʤʘʪʠ ʪʘʢʽ ʞ ʨʦʟʤʽʨʠ, ʷʢ ʽ ʧʝʨʰʽ ʜʚʘ, ʘʣʝ ʪʦʧʦʣʦʛʽʷ ʙʫʜʝ ʥʘʚʤʠʩʥʦ 

ʟʨʦʙʣʝʥʘ ʥʝ ʚʽʨʥʦ(ʪʨʘʥʟʠʩʪʦʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʝ ʧʦʨʷʜ, ʩʪʨʫʤʠ ʧʨʦʪʽʢʘʶʪʴ ʚ ʨʽʟʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʽ ʪ.ʧ.). ɹ̔ ʣʴʰ ʜʝʪʘʣʴʥʦ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ ʽʜʝʾ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʫ 

ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ. 
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2.4 ʆʜʥʦʢʘʩʢʘʜʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

ʆʜʥʘ ʽʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʘʥʘʣʦʛʦʚʦʾ ʩʭʝʤʦʪʝʭʥʽʢʠ ʮʝ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ. 

ʑʦʙ ʜʦʙʨʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ (ʂʇ) ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʭʝʤʠ ʟʽ ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʠʡ ʂʇ ʙʝʟ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ʉʘʤʝ ʪʫʪ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʦʢʘʩʢʘʜʥʽ ʧʽʜʩʠʣʶʚʘʯʽ.  ɰʭ 

ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ [12]: 

- ʉʭʝʤʠ ʟ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ (ʉɺ); 

- ʉʭʝʤʠ ʟ ʩʧʽʣʴʥʠʤ ʟʘʪʚʦʨʦʤ (ʉɿ); 

- ʉʭʝʤʠ ʟ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ (ʉʉ). 

 

ʂʦʞʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʦʢʨʝʤʫ ʢʦʤʙʽʥʘʮʽʶ 

ʚʭʽʜʥʦʛʦ/ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʂʇ ʟʘ ʥʘʧʨʫʛʦʶ ʪʘ ʩʪʨʫʤʦʤ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʛʨʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʙʫʪʠ 

ʧʘʩʠʚʥʠʤ(ʨʝʟʠʩʪʦʨ, ʜʽʦʜ, ʪʦʱʦ) ʘʙʦ ʘʢʪʠʚʥʠʤ (ʥʘʧʨʠʢʣʘʜ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ). ɼʘʣʽ 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʪʠʧʦʚʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʦʜʥʦʢʘʩʢʘʜʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʥʘ ʄɼʅ 

ʪʨʘʥʟʠʩʪʦʨʘʭ, ʱʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʥʘʣʦʛʦʚʠʭ ɯʄʉ. 

2.4.1 ʉʭʝʤʠ ʟ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ 

 ʉʭʝʤʘ ʟ ʉɺ ʜʦʟʚʦʣʷʻ ʤʘʪʠ ʦʜʥʦʯʘʩʥʦ ʧʽʜʩʠʣʝʥʥʷ ʷʢ ʧʦ ʥʘʧʨʫʟʽ, ʪʘʢ ʽ ʧʦ 

ʩʪʨʫʤʫ, ʪʦʙʪʦ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʽʜʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ [12]. ɺʦʥʘ ʤʘʻ ʚʝʣʠʢʠʡ 

ʚʭʽʜʥʠʡ, ʚʝʣʠʢʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʪʘ ʽʥʚʝʨʪʫʻ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʩʭʝʤʠ ʽʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.25.  

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʟ ʥʠʭ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ: 

 

ὑ
Ὗ̃ ̖̉

Ὗ̃ ̖
Ὣ
́̋
Ὑ̓ˏ  ȟ (2.24) 
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ʜʝ ὑ  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʦ ʥʘʧʨʫʟʽ; 

Ὗ̃ ̖̉ ï ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ; 

Ὗ̃  ̖ï ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ; 

Ὣ
́̋̓

 ï ʢʨʫʪʠʟʥʘ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ; 

Ὑˏ  ï ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʩʭʝʤʠ. 

 

 

ʈʠʩʫʥʦʢ 2.25 ï ʇʽʜʩʠʣʶʚʘʯʽ ʽʟ ʉɺ ʪʘ ʧʘʩʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ: a) ʨʝʟʠʩʪʠʚʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; ʙ) ʜʽʦʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʦʛʦ ʞ ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ; ʚ) ʢʦʤʧʣʽʤʝʥʪʘʨʥʝ 

ʜʽʦʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʛ) ʜʽʦʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʟ ʚʙʫʜʦʚʘʥʠʤ ʢʘʥʘʣʦʤ. 

 

ɯʟ ʧʦʢʘʟʘʥʠʭ ʥʘ ʈʠʩ. 2.25 ʩʭʝʤ ʪʽʣʴʢʠ ʩʭʝʤʘ ʘ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ʎʝ ʧʦʷʩʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ ʽʥʰʠʭ ʩʭʝʤ ʬʦʨʤʫʣʘ 

(2.24) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ 

 

ὑ
Ὣ
́̋̓

Ὣ
̎́̃

‘́ ̋̓
ὡ
ὒ ́̋̓

‘̎ ́̃
ὡ
ὒ ̎́̃

 ȟ (2.25) 

ʜʝ ‘́ ̋ȟ̓‘̎ ́ ̃ ï ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʫ ʘʢʪʠʚʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ ʽ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦ; 

́̋̓
 ȟ

̎́̃
 ï ʨʦʟʤʽʨʠ ʘʢʪʠʚʥʦʛʦ ʽ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ. 
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ʊʦʙʪʦ, ʷʢʱʦ ʫ ʜʚʦʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʦʜʥʘʢʦʚʠʡ ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʙ) ʟ 

ʈʠʩ. 2.25, ʘ ʪʘʢʦʞ ʦʜʥʘʢʦʚʽ ʨʦʟʤʽʨʠ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

ʦʜʠʥʠʮʽ. ɸ ʱʦʙ ʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʝʩʷʪʠ, ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ 

ʪʨʘʥʟʠʩʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʘʧʨʠʢʣʘʜ ʚ 100 ʨʘʟʽʚ ʜʦʚʰʠʡ ʟʘ ʘʢʪʠʚʥʠʡ, ʱʦ ʦʯʝʚʠʜʥʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʦʩʘʣʴʥʦʾ ʚʪʨʘʪʠ ʢʦʨʠʩʥʦʾ ʧʣʦʱʽ.  

ʑʦʙ ʦʮʽʥʠʪʠ ʨʦʙʦʪʫ ʪʘʢʦʾ ʩʭʝʤʠ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʩʢʣʘʜʘʣʘ 5 ɺ, ʘ ʨʦʟʤʽʨʠ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʩʢʣʘʜʘʣʠ ὡ ς ̍̋ ̍ʪʘ ὒ ς ̍̋.̍ 

ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʢʦʣʠ ʨʦʟʤʽʨʠ ʚʩʽʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʙʫʣʠ ʦʜʥʘʢʦʚʽ, ʂʇ ʙʫʚ 

ʨʽʚʥʠʡ ʤʘʡʞʝ ʦʜʠʥʠʮʽ (ὑ πȟωψ), ʘ ʢʦʣʠ ʰʠʨʠʥʘ ʦʩʥʦʚʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ʟʙʽʣʴʰʠʣʘʩʴ ʫ 4 ʨʘʟʠ, ʂʇ ʟʙʽʣʴʰʠʚʩʷ ʜʦ ὑ ςȟτς. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʞ ʜʦʚʞʠʥʠ 

ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʫ 4 ʨʘʟʠ, ʂʇ ʟʤʝʥʰʠʚʩʷ ʜʦ ὑ πȟτψ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʘʯʠʤʦ, 

ʱʦ ʬʦʨʤʫʣʘ (2.25) ʻ ʜʦʩʠʪʴ ʪʦʯʥʦʶ. ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʥʝ 

ʜʦʩʷʛʘʻ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʽ ʚ ʜʽʘʧʘʟʦʥʽ 4,8-4 ɺ ʧʝʨʝʜʘʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʻ 

ʥ̔h ʠʡ ʥʘʭʠʣ. ʎʝ ʻ ʦʩʦʙʣʠʚʽʩʪʶ ʩʭʝʤʠ ʟ ʜʽʦʜʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ[12]. 

 

 

ʈʠʩʫʥʦʢ 2.26 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʝʨʝʜʘʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʭʝʤʠ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.25 (ʙ) ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ: ʩʫʮʽʣʴʥʘ 

ʣʽʥʽʷ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ W/L=1; ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ W/L=1/4; ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ï 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ W/L=4. 
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 ʊʦʙʪʦ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʩʷʛʥʝʥʥʷ ʜʽʡʩʥʦ ʚʝʣʠʢʦʛʦ  

ʂʇ ̒  ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ. ʑʦʙ ʟʙʽʣʴʰʠʪʠ ʂʇ, ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʤʧʣʽʤʝʥʪʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.25 (ʚ). ʎʝ ʜʦʟʚʦʣʠʪʴ ʤʘʪʠ 

ʚʜʚ̔ʯʽ ʙʽʣʴʰʠʡ ʂʇ ʥʘʚʽʪʴ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʨʦʟʤʽʨʘʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ 

ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

 ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤʠ ʟ 

ʢʦʤʧʣʽʤʝʥʪʘʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʧʦʨʽʚʥʷʥʦ ʟ ʟʚʠʯʘʡʥʦʶ ʩʭʝʤʦʶ. ʈʝʟʫʣʴʪʘʪ 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.28. 

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʫ ʚʠʧʘʜʢʫ ʢʦʤʧʣʽʤʝʥʪʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ. ʎʝ ʪʨʦʭʠ ʧʦʣʽʧʰʫʻ ʩʠʪʫʘʮʽʶ, ʘʣʝ 

ʜʦʩʷʛʪʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʂʇ ʟ ʪʘʢʦʶ ʩʭʝʤʦʶ ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʦ. 

 ʑʦʙ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʜʦʩʷʛʘʣʘ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, ʘ ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʣʘ ʦʜʨʘʟʫ ʣʽʥʽʡʥʦʶ, ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʽʦʜʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʚʙʫʜʦʚʘʥʠʤ ʢʘʥʘʣʦʤ, ʷʢ ʥʘ ʈʠʩ. 2.25 (ʛ). 

 

 

ʈʠʩʫʥʦʢ 2.27 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʝʨʝʜʘʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʭʝʤ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.25. ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ï ʪʨʘʥʟʠʩʪʦʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʶʪʴ ʪʦʡ ʩʘʤʠʡ ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʽ ʘʢʪʠʚʥʠʡ ʪʨʘʥʟʠʩʪʦʨ; 

ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï ʢʦʤʧʣʽʤʝʥʪʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʦʟʤʽʨʠ ʚʩʽʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʦʜʥʘʢʦʚʽ. 
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 ʑʦʙ ʟʙʽʣʴʰʠʪʠ ʂʇ ʪʘ ʟʨʦʙʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʽʣʴʰ ʣʽʥʡ̔ʥʦʶ ʫ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʚʠʭʽʜʥʠʭ ʥʘʧʨʫʛ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʩʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢ ʮʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.25 (a) ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʾ ʩʭʝʤʠ ʟ ʨʽʟʥʠʤʠ ʨʝʟʠʩʪʦʨʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.28.  

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 100 ʢʆʤ ï  ʂʇ ʩʢʣʘʜʘʻ ὑ ςȟσφ, ʘ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 1 ʄʆʤ, ʂʇ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 10 ʨʘʟʽʚ. ʇʨʦʪʝ, ʱʦʙ 

ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʠʡ ʚʝʣʠʢʠʡ ʨʝʟʠʩʪʦʨ, ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʧʣʦʱʘ.  

 ʊʦʙʪʦ ʤʦʞʝʤʦ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʚʩʽ ʩʭʝʤʠ ʟ ʨʠʩ. 2.25 ʥʝ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʢʦʣʠ ʧʦʪʨʽʙʝʥ ʚʝʣʠʢʠʡ ʂʇ.  ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʂʇ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʭʝʤʠ ʟ ʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ [12]. ʇʨʠʢʣʘʜʠ ʪʘʢʠʭ 

ʩʭʝʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.29. ʋ ʚʘʨʽʘʥʪʽ (ʘ) ʤʘʻʤʦ ʢʦʥʬʽʛʫʨʘʮʽʶ ʢʦʤʧʣʽʤʝʥʪʘʨʥʦʛʦ 

ʽʥʚʝʨʪʦʨʘ, ʢʦʣʠ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʪʘʢʦʞ ʧʨʘʮʶʻ ʷʢ ʧʽʜʩʠʣʶʚʘʣʴʥʠʡ 

ʝʣʝʤʝʥʪ. ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʾ ʩʭʝʤʠ ʻ ʤʘʣʠʡ ʩʪʨʫʤ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʥʠʟʴʢʽʡ ʘʙʦ ʚʠʩʦʢʽʡ 

ʚʠʭʽʜʥʽʡ ʥʘʧʨʫʟʽ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.30. ʉʘʤʝ ʪʦʤʫ ʪʘʢʫ ʩʭʝʤʫ ʜʫʞʝ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʮʠʬʨʦʚʠʭ ʩʭʝʤʘʭ. 

 

 

ʈʠʩʫʥʦʢ 2.28 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʝʨʝʜʘʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʭʝʤ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.25 (a). ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ï Ὑ ρππ ̋˛;̍ 

ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ï Ὑ ρπ ̋˛;̍ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï Ὑ ρ ̇˛ .̍ 
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ʈʠʩʫʥʦʢ 2.29 ï ʇʽʜʩʠʣʶʚʘʯʽ ʽʟ ʉɺ ʪʘ ʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ:  

a) ʢʦʤʧʣʽʤʝʥʪʘʨʥʠʡ ʽʥʚʝʨʪʦʨ; ʙ) ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ. 

  

 

ʈʠʩʫʥʦʢ 2.30 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʝʨʝʜʘʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʽ ʩʪʨʫʤʦʤ ʩʧʦʞʠʚʘʥʥʷ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ) ʜʣʷ ʩʭʝʤʠ, 

ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.29 a). ɺʩʽ ʨʦʟʤʽʨʠ ʪʨʘʥʟʠʩʪʦʨʽʚ ʦʜʥʘʢʦʚʽ ʽ ʩʢʣʘʜʘʶʪʴ 2 ʤʢʤ. 

 

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʟ ʈʠʩ.2.30, ʂʇ ʟʙʽʣʴʰʠʚʩʷ ʽ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ ὑ ρππ. 

ʇʽʢʦʚʠʡ ʩʪʨʫʤ ʩʧʦʞʠʚʘʥʥʷ (ʫ ʩʝʨʝʜʠʥʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʣʠ ʦʙʠʜʚʘ 

ʪʨʘʥʟʠʩʪʦʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʢʨʠʪʽ) ʩʢʣʘʜʘʻ 55 ʤʢɸ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʮʠʬʨʦʚʠʭ ʩʭʝʤ ʫ ʷʢʠʭ ʥʝ ʤʘʻ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ɺ ʘʥʘʣʦʛʦʚʠʭ ʩʭʝʤʘʭ ʧʦʪʨʽʙʥʦ, 

ʱʦʙ ʩʪʨʫʤ ʟʤʽʱʝʥʥʷ ʥʝ ʩʠʣʴʥʦ ʟʤʽʥʶʚʘʚʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʉʘʤʝ 
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ʪʦʤʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʭʝʤʫ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.29 (ʙ), ʜʝ ʚ ʷʢʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʩʪʫʧʘʻ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ (ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ), ʷʢʘ ʟʘʜʘʻ ʧʦʩʪʽʡʥʠʡ 

ʩʪʨʫʤ ʩʧʦʞʠʚʘʥʥʷ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɺʭʽʜʥʠʡ ʩʪʨʫʤ ʜʟʝʨʢʘʣʘ ʟʘʜʘʻʪʴʩʷ ʨʝʟʠʩʪʦʨʦʤ 

R2. ʊʘʢʠʡ ʪʠʧ ʟʤʽʱʝʥʥʷ ʥʝ ʻ ʝʬʝʢʪʠʚʥʠʤ. ʁʦʛʦ ʧʦʢʘʟʘʥʦ ʪʽʣʴʢʠ ʜʣʷ ʧʨʠʢʣʘʜʫ. 

ʈʦʙʦʪʘ ʪʘʢʦʾ ʩʭʝʤʠ ʙʫʣʘ ʧʨʦʤʦʜʝʣʴʦʚʘʥʘ ʜʣʷ ʨʽʟʥʠʭ ʩʪʨʫʤʽʚ ʟʤʽʱʝʥʥʷ. ʈʝʟʫʣʴʪʘʪ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.31. 

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʯʠʤ ʤʝʥʰʠʡ ʩʪʨʫʤ ʟʤʽʱʝʥʥʷ (ʙʽʣʴʰʠʡ ʨʝʟʠʩʪʦʨ), ʪʠʤ 

ʙʽʣʴʰʠʡ ʂʇ, ʷʢʠʡ ʪʝʧʝʨ ʩʢʣʘʜʘʻ ὑ ςσς ʫ ʥʘʡʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ. ʊʘʢʦʞ ʤʦʞʝʤʦ 

ʙʘʯʠʪʠ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʩʪʨʫʤʫ ʟʙʽʣʴʰʫʻ ʣʽʥʽʡʥʠʡ ʜʽʘʧʘʟʦʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʩʪʨʫʤʫ, ʟʤʝʥʰʫʻʪʴʩʷ ʥʘʧʨʫʛʘ ʥʘʩʠʯʝʥʥʷ  

ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ. 

 ʑʦʙ ʟʙʽʣʴʰʠʪʠ ʂʇ ʱʝ ʩʠʣʴʥʽʰʝ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʩʢʦʜʥʝ ʩʪʨʫʤʦʚʝ 

ʜʟʝʨʢʘʣʦ (ʈʠʩ. 2.14) ʽ ʢʘʩʢʦʜ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ʎʷ ʩʭʝʤʘ ʜʘʣʽ ʪʝʦʨʝʪʠʯʥʦ 

ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʘʣʝ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʝʨʝʜʠʥʽ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ɯʄʉ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 2.31 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʝʨʝʜʘʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʭʝʤʠ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.29 (ʙ): ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ï Ὑ ρ ̇˛ ;̍ 

ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï Ὑ ρππ ̋˛;̍ ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ï Ὑ ρπ ̋˛.̍ ɺʩʽ ʨʦʟʤʽʨʠ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʦʜʥʘʢʦʚʽ ʽ ʩʢʣʘʜʘʶʪʴ 2 ʤʢʤ. 
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 ʑʦʙ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʪʘ 

ʚʘʨʽʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʤʦʞʥʘ ʜʦʜʘʪʠ ʨʝʟʠʩʪʦʨ ʧʦʩʣʽʜʦʚʥʦ ʟ ʚʠʪʦʢʦʤ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.32.  

 

 

ʈʠʩʫʥʦʢ 2.32 ï ʇʽʜʩʠʣʶʚʘʯ ʽʟ ʉɺ ʟ ʜʦʜʘʪʢʦʚʠʤ ʣʦʢʘʣʴʥʠʤ ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ 

 

ʊʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʣʦʢʘʣʴʥʠʡ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ, ʱʦ ʨʦʙʠʪʴ 

ʝʬʝʢʪʠʚʥʫ ʢʨʫʪʠʟʥʫ ʩʭʝʤʠ ʟʘʣʝʞʥʦʶ ʚʽʜ ʨʝʟʠʩʪʦʨʘ R2 [12]. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʨʘʟ 

(2.24) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʷʢ 

 

ὑ
Ὣ

ρ Ὣ Ὑ
Ὑ

Ὑ

Ὑ
  ȟ (2.26) 

 

 ʊʦʙʪʦ ʧʨʠ Ὣ Ὑ ḻρ, ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʪʘʢʦʾ ʩʭʝʤʠ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ 

ʥʦʤʽʥʘʣʫ ʦʧʦʨʽʚ. ɼʘʣʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʪʽʣʴʢʠ ʧʽʜʩʠʣʶʚʘʯʽ ʽʟ ʉʉ. ʇʽʜʩʠʣʶʚʘʯʽ ʽʟ 

ʉɿ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʢʘʩʢʦʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽ ʦʢʨʝʤʦ 

ʨʦʟʛʣʷʜʘʪʠʩʴ ʥʝ ʙʫʜʫʪʴ.  
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2.4.2 ʉʭʝʤʠ ʟ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ 

 ʉʭʝʤʠ ʟʽ ʉʉ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʚʭʽʜʥʠʡ ʪʘ ʤʘʣʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʘ ʂʇ ʧʦ ʥʘʧʨʫʟʽ 

ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ [12]. ʇʨʠʢʣʘʜ ʩʭʝʤ ʟ ʉʉ ʽ ʨʽʟʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.33. ʇʝʨʝʜʘʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʠʭ ʩʭʝʤ ʙʫʣʘ 

ʧʨʦʤʦʜʝʣʴʦʚʘʥʘ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.34. 

  

 

ʈʠʩʫʥʦʢ 2.33 ï ʉʭʝʤʠ ʟ ʉʉ ʪʘ ʨʽʟʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ: a) ʨʝʟʠʩʪʠʚʥʝ;  

ʙ) ʜʽʦʜʥʝ; ʚ) ʘʢʪʠʚʥʝ. 

 

 

ʈʠʩʫʥʦʢ 2.34 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʝʨʝʜʘʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʭʝʤʠ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.33: ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ï ʘʢʪʠʚʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï ʨʝʟʠʩʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (100 ʢʆʤ); ʰʪʨʠʭʦʚʘ 

ʣʽʥʽʷ ï ʜʽʦʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʩʽ ʨʦʟʤʽʨʠ ʪʨʘʥʟʠʩʪʦʨʽʚ ʦʜʥʘʢʦʚʽ ʽ ʩʢʣʘʜʘʶʪʴ 2 ʤʢʤ. 
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ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʜʫʞʝ ʣʽʥʽʡʥʠʤʠ ʪʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʟ ʉɺ, ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʥʝ ʽʥʚʝʨʪʫʻʪʴʩʷ.  ʂʇ ʪʠʤ ʙʣʠʞʯʠʡ ʜʦ ʦʜʠʥʠʮʽ, 

ʯʠʤ ʙʽʣʴʰʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʙʪʦ ʥʘʡʣʽʧʰʠʡ ʚʠʧʘʜʦʢ ï ʮʝ ʘʢʪʠʚʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʽʜʩʠʣʶʚʘʯʽ ʟ ʉʉ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʙʫʬʝʨʘ ʥʘʧʨʫʛʠ ʘʙʦ ʜʣʷ 

ʟʤʽʱʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ (ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʘ ʥʘ ʦʜʥʫ ʧʦʨʦʛʦʚʫ ʥʘʧʨʫʛʫ 

ʚʽʜʥʦʩʥʦ ʚʭʽʜʥʦʾ) [12]. ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʩʭʝʤʠ ʟ ʉʉ ʜʣʷ ʙʽʣʴʰ 

ʩʧʝʮʠʬʽʯʥʠʭ ʧʨʠʟʥʘʯʝʥʴ, ʘʣʝ ʜʘʣʽ ʚʦʥʠ ʨʦʟʛʣʷʜʘʪʠʩʴ ʥʝ ʙʫʜʫʪʴ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʦʜʥʦʢʘʩʢʘʜʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ 

ʩʝʨʝʜʠʥʽ ɯʄʉ ʩʪʚʦʨʠʪʠ ʙʘʛʘʪʦ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʨʽʟʥʠʤ ʪʠʧʦʤ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʘʩʠʚʥʽ ʝʣʝʤʝʥʪʠ. ʂʦʤʫʪʫʶʯʽ ʾʭ ʤʽʞ ʩʦʙʦʶ, ʤʦʞʥʘ ʙʫʜʝ 

ʩʪʚʦʨʠʪʠ ʪʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʩʽ ʩʭʝʤʠ, ʱʦ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚʠʱʝ. ɹʽʣʴʰʝ ʜʝʪʘʣʴʥʦ 

ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ ʽʜʝʾ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ. 

2.5 ɼʠʬʝʨʝʥʮʽʡʥʽ ʧʘʨʠ 

ʆʩʥʦʚʦʶ ʤʘʡʞʝ ʢʦʞʥʦʛʦ ʆʇ ʻ ʜʠʬʝʨʝʥʮʽʡʥʘ ʧʘʨʘ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʧʽʜʩʠʣʶʚʘʪʠ  

ʥʝ ʦʢʨʝʤʫ ʥʘʧʨʫʛʫ, ʘ ʩʘʤʝ ʨʽʟʥʠʮʶ ʤʽʞ ʜʚʦʤʘ ʥʘʧʨʫʛʘʤʠ. ʇʨʠʢʣʘʜ ʄɼʅ 

ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.35 ɰʾ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʝʨʝʤʠʢʘʥʥʽ ʩʪʨʫʤʽʚ ʤʽʞ ʜʚʦʤʘ ʛʽʣʢʘʤʠ ʧʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʤʽʞ ʚʭʽʜʥʠʤʠ ʥʘʧʨʫʛʘʤʠ, 

ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.36. ʉʪʨʫʤ ʩʪʚʦʨʶʻ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʨʝʟʠʩʪʦʨʘʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʥʘ ʚʠʭʦʜʽ ʤʘʻʤʦ ʧʽʜʩʠʣʝʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʩʠʛʥʘʣ,  

ʘ ʂʇ ʧʦ ʥʘʧʨʫʟʽ ʫ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ʟ ʉɺ, ʪʦʙʪʦ 

ὑ Ὣ Ὑ  (2.27) 

  

ɹʘʯʠʤʦ, ʱʦ ʤʘʻʪʴʩʷ ʪʘ ʞ ʩʘʤʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʽ ʚ ʧʽʜʩʠʣʶʚʘʯʽ ʟ ʉɺ ï ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʝʣʠʢʦʛʦ ʂʇ, ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʥʦʤʽʥʘʣ ʦʧʦʨʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʝʣʠʢʦʾ ʚʪʨʘʪʠ ʢʦʨʠʩʥʦʾ ʧʣʦʱʽ. ʆʧʽʨ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠʩʴ ʪʘʢʦʞ ʪʨʘʥʟʠʩʪʦʨʦʤ ʫ 
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ʜʽʦʜʥʦʤʫ ʚʢʣʶʯʝʥʥʽ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.25. ʇʨʦʪʝ ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʽʡʩʥʦ 

ʚʝʣʠʢʠʡ ʂʇ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 2.35 ï ʄɼʅ ʜʠʬʝʨʝʥʮʽʡʥʘ ʧʘʨʘ ʟ ʧʘʩʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ [12] 

 

 

ʈʠʩʫʥʦʢ 2.36 ï ʉʪʨʫʤʠ ʫ ʛʽʣʢʘʭ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ ʷʢ ʬʫʥʢʮʽʷ ʚʭʽʜʥʦʾ 

ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʨʽʟʥʠʭ ʥʘʧʨʫʛ ʥʘʩʠʯʝʥʥʷ [12] 
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 ʇʨʠʢʣʘʜ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ ʟ ʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʦʢʘʟʘʥʦ ʥʘ  

ʈʠʩ. 2.37. ʊʨʘʥʟʠʩʪʦʨʠ ʊ3 ʽ ʊ4 ʧʽʜʢʣʶʯʝʥʽ ʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʪʨʫʤʦʚʦʛʦ ʜʟʝʨʢʘʣʘ 

ʤʘʶʪʴ ʜʚʽ ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ. ʇʦ-ʧʝʨʰʝ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʘ ʧʦ-ʜʨʫʛʝ ʚʦʥʠ 

ʢʦʥʚʝʨʪʫʶʪʴ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʫ ʟʚʠʯʘʡʥʠʡ [12]. ʊʦʙʪʦ ʤʘʻʤʦ ʪʽʣʴʢʠ 

ʦʜʠʥ ʚʠʭʽʜ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʚʥʽʩʪʶ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʭʝʤʠ ʟ ʈʠʩ. 2.35. ɯʩʥʫʶʪʴ ʪʘʢʦʞ 

ʧʦʚʥʽʩʪʶ ʜʠʬʝʨʝʥʮʽʡʥʽ ʩʭʝʤʠ ʟ ʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʘʣʝ ʚʦʥʠ ʻ ʟʘʥʘʜʪʦ 

ʩʢʣʘʜʥʠʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʜʘʣʽ ʨʦʟʛʣʷʜʘʪʠʩʴ ʥʝ ʙʫʜʫʪʴ. 

 ɺ ʩʭʝʤʽ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.37, ʂʇ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ, ʧʦ ʘʥʘʣʦʛʽʾ ʟʽ ʩʭʝʤʦʶ ʟ ʈʠʩ. 2.29 (ʙ). 

 

 

ʈʠʩʫʥʦʢ 2.37 ï ʄɼʅ ʜʠʬʝʨʝʥʮʽʡʥʘ ʧʘʨʘ ʟ ʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ [12] 

 

 ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʂʇ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʪʘʢʦʞ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥ ̔ʢʘʩʢʦʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ.  

 ʊʘʢʦʞ, ʷʩʥʦ, ʱʦ ʜʠʬʝʨʝʥʮʽʡʥʘ ʧʘʨʘ n-ʪʠʧʫ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʭʽʜʥʠʭ 

ʥʘʧʨʫʛ ʙʣʠʟʴʢʠʭ ʜʦ ʞʠʚʣʝʥʥʷ,ʘ ʧʘʨʘ p-ʪʠʧʫ ï ʜʣʷ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ ʙʣʠʟʴʢʠʭ ʜʦ ʟʝʤʣʽ. 

ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʢʦʞʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ ʟ ʈʠʩ. 2.37 ʧʨʘʮʶʻ 

ʷʢ ʧʦʚʪʦʨʶʚʘʯ (ʪʨʘʥʟʠʩʪʦʨ ʟ ʉʉ) ʽ ʥʘʧʨʫʛʘ ʚʠʪʦʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. 
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ʇʨʠ ʤʘʣʠʭ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛʘʭ, ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʪʨʽʦʜʥʦʤʫ ʨʝʞʠʤʽ 

ʽ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʟʤʝʥʰʠʪʴʩʷ. 

 ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ ʻ ʾʭ ʪʦʯʥʽʩʪʴ. ʊʦʙʪʦ ʧʦʪʨʽʙʥʦ, 

ʱʦʙ ʧʨʠ ʨʽʚʥʠʭ ʥʘʧʨʫʛʘʭ ʥʘ ʚʭʦʜʘʭ, ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʙʫʣʠ ʪʘʢʦʞ ʨʽʚʥʠʤʠ 

(ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʈʠʩ. 2.35). ʇʨʦʪʝ ʯʝʨʝʟ ʪʝ, ʱʦ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʧʦʭʠʙʢʠ ʪʘ ʚʘʨʽʘʮʽʾ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ, ʟʘʚʞʜʠ ʽʩʥʫʻ ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ (ʘʥʛʣ. Offset voltage). ɰʾ 

ʤʦʞʥʘ ʚʠʨʘʞʘʪʠ ʚʽʜʥʦʩʥʦ ʚʭʦʜʫ ʘʙʦ ʚʽʜʥʦʩʥʦ ʚʠʭʦʜʫ. ʅʘʧʨʠʢʣʘʜ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʟʤʽʱʝʥʥʷ ï ʮʝ ʨʽʟʥʠʮʷ ʤʽʞ ʚʠʭʦʜʘʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʥʘʧʨʫʟʽ ʥʘ 

ʚʭʦʜʘʭ [12]. ɸ ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ ʧʨʠʚʝʜʝʥʘ ʜʦ ʚʭʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʜʠʬʝʨʝʥʮʽʡʥʘ 

ʥʘʧʨʫʛʘ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʧʦʜʘʪʠ ʥʘ ʚʭʦʜʠ, ʱʦʙ ʨʽʟʥʠʮʷ ʤʽʞ ʚʠʭʦʜʘʤʠ ʜʦʨʽʚʥʶʚʘʣʘ 

ʥʫʣʶ [12]. ɿʘʟʚʠʯʘʡ ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʩʠʩʪʝʤʘʪʠʯʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʪʘ ʚʠʧʘʜʢʦʚʦʾ. ɼʘʣʽ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʪʽʣʴʢʠ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ. ɼʣʷ 

ʩʭʝʤʠ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ 2.35 ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ ʟʚʝʜʝʥʘ ʜʦ ʚʭʦʜʫ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʘ ʷʢ 

 

ὠ Ўὠ
ὠ ὠ

ς

ЎὙ

Ὑ

Ў
ὡ
ὒ
ὡ
ὒ

 ȟ (2.28) 

 

ʜʝ Ўὠ  ï ʨʽʟʥʠʮʷ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʪʨʘʥʟʠʩʪʦʨʽʚ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ; 

ЎὙ ï ʚʘʨʽʘʮʽʷ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

Ў  ï ʚʘʨʽʘʮʽʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ. 

 ɼʣʷ ʚʠʚʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦʭ ʨʽʟʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ (ʷʢ ʥʘ ʈʠʩ. 2.35) ʽʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʤʽʨ ʪʨʘʥʟʠʩʪʦʨʽʚ ʩʢʣʘʜʘʚ ὡ υππ ̎  ̍ ʪʘ ὒ υππ ̎ .̍ 

ʇʦʣʽʢʨʝʤʥʽʻʚʠʡ ʨʝʟʠʩʪʦʨ ʪʘʢʦʞ ʙʫʚ ʤʽʥʽʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ 

ʧʣʦʱʘ ʨʝʟʠʩʪʦʨʫ ʙʫʣʘ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ, ʘ ʨʦʟʤʽʨ ʪʨʘʥʟʠʩʪʦʨʽʚ ʙʫʚ ʟʙʽʣʴʰʝʥʠʡ ʜʦ 

ὡ ρπ ̍̋ ̍ ʪʘ ὒ ρπ ̍̋,̍ ʪʦʙʪʦ ʧʣʦʱʘ ʟʙʽʣʴʰʠʣʘʩʴ ʧʨʠʙʣʠʟʥʦ ʚ 400 ʨʘʟʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.38.  
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ʈʠʩʫʥʦʢ 2.38 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʟʚʝʜʝʥʦʾ ʜʦ ʚʠʭʦʜʫ ʜʣ̫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ ʟ ʨʝʟʠʩʪʠʚʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ: ʟʣʽʚʘ ï  ὡ υππ ̎ ,̍ ὒ υππ ̎ ;̍  

ʩʧʨʘʚʘ ï  ὡ ρπ ̍̋,̍ ὒ ρπ ̍̋ ̍(ʚʠʙʽʨʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 300 ʩʠʤʫʣʷʮʽʡ) 

 

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʟ ʈʠʩ. 2.38, ʉʂʆ ʜʣʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ ʟ ʤʘʣʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʩʢʣʘʜʘʻ 146 ʤɺ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʉʂʆ ʜʣʷ ʧʘʨʠ ʟ ʚʝʣʠʢʠʤʠ ʨʦʟʤʽʨʘʤʠ ʩʢʣʘʜʘʻ 

ʚʩʴʦʛʦ 10 ʤɺ. ʊʦʙʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʣʦʱʽ ʚ 400 ʨʘʟʽʚ, ʧʦʭʠʙʢʘ ʟʤʝʥʰʠʣʘʩʴ 

ʧʨʠʙʣʠʟʥʦ ʚ 15 ʨʘʟʽʚ. 

 ɸʥʘʣʦʛʽʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ ʟ ʘʢʪʠʚʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ (ʷʢ ʥʘ ʈʠʩ. 2.37). ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʨʦʟʤʽʨʠ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʩʪʘʥʦʚʠʣʠ 500 ʥʤ, ʘ ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦ 10 ʤʢʤ. ʈʝʟʫʣʴʪʘʪ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.39. ʅʘ ʮʝʡ ʨʘʟ ʯʝʨʝʟ ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʘʩʴ ʥʘʧʨʫʛʘ ʟʚʝʜʝʥʘ ʜʦ ʚʭʦʜʫ. ʊʦʙʪʦ ʜʠʬʝʨʝʥʮʽʡʥʘ ʧʘʨʘ ʙʫʣʘ ʚʢʣʶʯʝʥʘ ʫ 

ʨʝʞʠʤʽ ʧʦʚʪʦʨʶʚʘʯʘ ʽ ʙʫʣʘ ʚʠʤʽʨʷʥʘ ʨʽʟʥʠʮʷ ʤʽʞ ʜʚʦʤʘ ʚʭʦʜʘʤʠ. ʄʦʞʝʤʦ ʙʘʯʠʪʠ, 

ʱʦ ʧʨʠ ʤʘʣʠʭ ʨʦʟʤʽʨʘʭ ʉʂʆ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 33 ʤɺ, ʘ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʧʣʦʱʽ ʚ 400 ʨʘʟʽʚ, ʉʂʆ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 1.6 ʤɺ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʫ 2 ʨʘʟʠ, ʧʣʦʱʫ ʩʭʝʤʠ 

ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʚ 4 ʨʘʟʠ, ʪʦʙʪʦ ʤʘʻʤʦ ʢʚʘʜʨʘʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ. 
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ʈʠʩʫʥʦʢ 2.39 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʟʚʝʜʝʥʦʾ ʜʦ ʚʭʦʜʫ ʜʣ̫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ ʟ ʘʢʪʠʚʥʠʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ: ʟʣʽʚʘ ï  ὡ υππ ̎ ,̍ ὒ υππ ̎ ;̍  

ʩʧʨʘʚʘ ï  ὡ ρπ ̍̋,̍ ὒ ρπ ̍̋ ̍(ʚʠʙʽʨʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 300 ʩʠʤʫʣʷʮʽʡ) 

 

 ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʨʦʙʦʪʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ, ʚ ʩʝʨʝʜʠʥʽ ɯʄʉ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʠʪʠ ʜʝʢʽʣʴʢʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʨʽʟʥʠʤʠ 

ʪʠʧʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʨʦʚʽʜʥʦʩʪʽ.  

 ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʩʪʚʦʨʠʪʠ ʧʝʚʥʫ ʚʠʙʽʨʢʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ (ʟ ʘʢʪʠʚʥʠʤ ʪʘ ʧʘʩʠʚʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ) ʦʢʨʝʤʦ ʟ ʚʝʣʠʢʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʦʢʨʝʤʦ ʟ ʤʘʣʠʤʠ. ɺʠʤʽʨʶʶʯʠ 

ʥʘʧʨʫʛʫ ʟʤʽʱʝʥʥʷ ʫ ʢʦʞʥʦʾ ʟ ʥʠʭ, ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʘʥʘʣʦʛʽʯʥʽ ʜʦ 

ʪʠʭ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.38 ʪʘ ʈʠʩ. 2.39. ɹʽʣʴʰʝ ʜʝʪʘʣʴʥʦ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ 

ʽʜʝʾ ʙʫʜʝ ʦʧʠʩʘʥʘ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ. 

2.6 ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

 ʉʫʯʘʩʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ (ʥʘʧʨʠʢʣʘʜ -40ᴈé160ᴈ) [12], ʪʦʤʫ ʜʣʷ ʜʦʩʚʽʜʯʝʥʦʛʦ ʽʥʞʝʥʝʨʘ-

ʨʦʟʨʦʙʥʠʢʘ ʘʥʘʣʦʛʦʚʠʭ ɯʄʉ ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, ʷʢ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʪʘ ʢʦʥʢʨʝʪʥʠʭ 
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ʝʣʝʤʝʥʪʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʧʨʠʢʣʘʜ ʪʝʤʧʝʨʘʪʫʨʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʟʘʪʚʦʨ-ʚʠʪʽʢ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʦʜʥʦʤʫ 

ʚʢʣʶʯʝʥʥʽ, ʚʚʘʞʘʶʯʠ, ʱʦ ʩʪʨʫʤ ʧʦʩʪʽʡʥʠʡ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.40.  

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʥʘʧʨʫʛʘ ὠ  ʤʘʡʞʝ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ (ʊʂ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʽ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ +2 ʤɺ/ᴈ (ʜʣʷ ʰʠʨʠʥʠ 1 ʤʢʤ) ʜʦ -0,7 ʤɺ/ᴈ (ʜʣʷ  

ʰʠʨʠʥʠ 21 ʤʢʤ). ʊʘʢʦʞ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʊʂ ʥʘʧʨʫʛʠ  

ὠ  ʚʽʜ ʰʠʨʠʥʠ (ʈʠʩ. 2.41) ʽ ʜʦʚʞʠʥʠ (ʈʠʩ. 2.42) ʪʨʘʥʟʠʩʪʦʨʘ. ʊʘʢʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʥʘʧʨʫʛʘ ὠ  ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʽ 

ʥʘʧʨʫʛʠ ʥʘʩʠʯʝʥʥʷ. ʇʦʨʦʛʦʚʘ ʥʘʧʨʫʛʘ ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟ 

ʥʘʭʠʣʦʤ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ɺ ʪʦʡ ʯʘʩ ʷʢ ʥʘʧʨʫʛʘ 

ʥʘʩʠʯʝʥʥʷ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʚʽʜʥʦʰʝʥʥʶ W/L, ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

 

ʈʠʩʫʥʦʢ 2.40 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʦʢʘʟʘʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʥʘʧʨʫʛʠ ὠ  ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ n-ʢʘʥʘʣʴʥʦʛʦ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ ʫ ʜʽʦʜʥʦʤʫ 

ʚʢʣʶʯʝʥʽ ʧʨʠ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʘʭ:ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ï  ὡ φ ̍̋,̍  

ὒ υ ̍̋;̍ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï  ὡ ςρ ̍̋,̍ ὒ υ ̍̋;̍ ʰʪʨʠʭʦʚʘ  

ʣʽʥʽʷ ï  ὡ ρ ̍̋,̍ ὒ υ ̍̋.̍ ʉʪʨʫʤ ʟʤʽʱʝʥʥʷ 10 ʤʢɸ 
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ʈʠʩʫʥʦʢ 2.41 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʦʢʘʟʘʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʊʂ 

ʥʘʧʨʫʛʠ ὠ  ʜʣʷ n-ʢʘʥʘʣʴʥʦʛʦ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʜʽʦʜʥʦʤʫ ʚʢʣʶʯʝʥʥʽ ʚʽʜ ʰʠʨʠʥʠ 

ʢʘʥʘʣʫ. ɼʦʚʞʠʥʘ ʢʘʥʘʣʫ ʩʢʣʘʜʘʻ ὒ υ ̍̋,̍ ʘ ʩʪʨʫʤ ʟʤʽʱʝʥʥʷ 10 ʤʢɸ 

 

ʈʠʩʫʥʦʢ 2.42 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʦʢʘʟʘʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʊʂ 

ʥʘʧʨʫʛʠ ὠ  ʜʣʷ n-ʢʘʥʘʣʴʥʦʛʦ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʜʽʦʜʥʦʤʫ ʚʢʣʶʯʝʥʥʽ ʚʽʜ ʜʦʚʞʠʥʠ 

ʢʘʥʘʣʫ. ɼʦʚʞʠʥʘ ʢʘʥʘʣʫ ʩʢʣʘʜʘʻ ὡ υ ̍̋,̍ ʘ ʩʪʨʫʤ ʟʤʽʱʝʥʥʷ 10 ʤʢɸ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʜʘʻʪʴʩʷ, ʱʦ ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ ʪʘʢʽ ʨʦʟʤʽʨʠ, ʱʦ ʥʘʧʨʫʛʘ ʙʫʜʝ 

ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʜʥʘʢ ʽʟ-ʟʘ ʚʝʣʠʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʢʠʜʥʫ 

ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʮʝ ʻ ʥʝʤʦʞʣʠʚʠʤ. ɸʥʘʣʦʛʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʣʷ  

p-ʢʘʥʘʣʴʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʧʘʩʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʥʘʣʦʛʦʚʦʾ ʩʭʝʤʠ ʻ ʨʝʟʠʩʪʦʨ. ʁʦʛʦ 

ʦʧʽʨ ʪʘʢʦʞ ʤʘʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʪʦʡ ʯʘʩ ʷʢ ʦʧʽʨ ʤʝʪʘʣʽʚ ʟʘʚʞʜʠ ʤʘʻ 

ʜʦʜʘʪʥʽʡ ʊʂ, ʦʧʽʨ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʤʦʞʝ ʤʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʟʥʘʢ [17]. ʅʘ ʨʠʩ. 2.42 

ʧʦʢʘʟʘʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʨʝʟʠʩʪʦʨʘʭ, ʱʦ 

ʟʤʽɦʝʥʦ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʫ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʟʘʣʝʞʥʽʩʪʴ ʤʘʡʞʝ ʣʽʥʽʡʥʘ. ɸ ʫ ʚʠʧʘʜʢʫ ʧʦʣʽʢʨʝʤʥʽʻʚʦʛʦ ʨʝʟʠʩʪʦʨʘ ʟ 

ʜʦʤʽʰʢʘʤʠ p-ʪʠʧʫ, ʦʧʽʨ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʟʥʘʭʦʜʠʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʧʦʨʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ, ʱʦ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ ʜʘʣʽ. ʇʦʧʝʨʝʯʥʽ 

ʧʝʨʝʨʽʟʠ ʨʝʟʠʩʪʦʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ, ʧʦʢʘʟʘʥʦ ʫ ʜʦʜʘʪʢʫ ɹ. 

 

ʈʠʩʫʥʦʢ 2.42 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʦʢʘʟʘʥʦʶ ʥʘʧʨʫʛʦʶ ʥʘ  

50 ʢʆʤ ʨʝʟʠʩʪʦʨʽ ʯʝʨʝʟ ʷʢʠʡ ʧʨʦʪʽʢʘʻ 10 ʤʢɸ ʜʣʷ ʨʝʟʠʩʪʦʨʽʚ ʨʠʟʥʦʛʦ ʪʠʧʫ: ʩʫʮʽʣʴʥʘ 

ʣʽʥʽʷ ï ʧʦʣʽʢʨʝʤʥʽʻʚʠʡ ʨʝʟʠʩʪʦʨ ʣʝʛʦʚʘʥʠʡ ʜʦʤʽʰʘʢʘʤʠ p-ʪʠʧʫ; ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ 

ʣʽʥʽʷ ï ʧʦʣʽʢʨʝʤʥʽʻʚʠʡ ʨʝʟʠʩʪʦʨ ʣʝʛʦʚʘʥʠʡ ʜʦʤʽʰʘʢʘʤʠ n-ʪʠʧʫ; ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï 

ʜʠʬʫʟʽʡʥʠ ʨʝʟʠʩʪʦʨ n-ʪʠʧʫ(ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ n-ʢʘʨʤʘʥ); 

ʰʪʨʠʭʦʚʽ ʣʽʥʽʾ ï ʜʠʬʫʟʽʡʥʠ ʨʝʟʠʩʪʦʨʠ n- ʪʘ p-ʪʠʧʫ; ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʟ ʜʚʦʤʘ 

ʢʨʘʧʢʘʤʠ ï ʧʦʣ̔ʢʨʝʤʥʽʻʚʠʡ ʨʝʟʠʩʪʦʨ ʟ ʚʠʩʦʢʠʤ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ. 
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 ɯʥʰʘ ʚʘʞʣʠʚʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ï ʮʝ ʥʘʧʨʫʛʘ ʙʘʟʘ-ʝʤʽʪʝʨ ʚ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ. ɺʦʥʘ ʟʘʚʞʜʠ ʻ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ [12]. ɼʣʷ ʾʾ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʫ ʜʽʦʜʥʦʤʫ 

ʚʢʣʶʯʝʥʽ, ʱʦ ʟʤʽʱʝʥʦ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ 10 ʤʢɸ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʢʘʟʘʥʽ ʥʘ ʈʠʩ. 2.43, ʘ ʧʦʧʝʨʝʯʥʽʡ ʧʝʨʝʨʽʟ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɹ. 

 

 

ʈʠʩ. 2.43 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʟʘʣʝʞʥʽʩʪʶ ʥʘʧʨʫʛʠ ʙʘʟʘ-ʝʤʽʪʝʨ 

ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ pnp ʪʨʘʥʟʠʩʪʦʨʫ ʫ ʜʽʦʜʥʦʤʫ ʚʢʣʶʯʝʥʽ ʟ ʨʽʟʥʠʤʠ ʧʣʦʱʘʤʠ 

ʝʤʽʪʝʨʫ: ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ï ʧʣʦʱʘ ʝʤʽʪʝʨʫ 2 ʤʢʤ
2
, ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï ʧʣʦʱʘ ʝʤʽʪʝʨʫ 18 

ʤʢʤ
2
. 

 

ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʊʂ ʜʽʡʩʥʦ ʚʽʜôʻʤʥʠʡ ʽ ʩʢʣʘʜʘʻ -1,56 ʤɺ/ᴈ ʜʣʷ ʤʘʣʦʛʦ 

ʝʤʽʪʝʨʘ (2 ʤʢʤ
2
) ʽ -1,75 ʤɺ/ᴈ ʜʣʷ ʚʝʣʠʢʦʛʦ(18 ʤʢʤ

2
). ɿʘʣʝʞʥʽʩʪʴ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʣʽʥʽʡʥʦʶ ʽ ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʧʦʨʥʠʭ ʜʞʝʨʝʣʘʭ ʥʘʧʨʫʛʠ, ʷʢʽ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʜʘʣʽ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʘʢʪʠʚʥʠʭ ʪʘ ʧʘʩʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ɯʄʉ ʩʪʚʦʨʠʪʠ ʜʝʢʽʣʴʢʘ ʧʦʩʪʽʡʥʠʭ ʜʞʝʨʝʣ 

ʩʪʨʫʤʫ, ʱʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʜʦ ʥʠʭ ʧʽʜʢʣʶʯʠʪʠ ʝʣʝʤʝʥʪʠ, ʱʦ 
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ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ. ɺʠʤʽʨʶʶʯʠ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʧʝʚʥʦʤʫ ʝʣʝʤʝʥʪʽ (ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤ), ʤʦʞʝʤʦ ʟʥʘʡʪʠ ʊʂ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ ʽʜʝʷ ʙʫʜʝ ʜʝʪʘʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʘ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ. 

2.7 ʆʧʦʨʥʽ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ 

ʑʦʙ ʩʪʚʦʨʠʪʠ ʥʘʜʽʡʥʫ ʩʭʝʤʫ, ʱʦ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʦʧʦʨʥʽ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ, ʷʢʽ ʤʽʥʽʤʘʣʴʥʦ 

ʟʤʽʥʶʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʜʝʶ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.44. 

ʗʢ ʤʠ ʟʥʘʻʤʦ ʽʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʜʽʣʫ ʥʘʧʨʫʛʘ ʙʘʟʘ-ʝʤʽʪʝʨ ʚ ʙʽʧʦʣʷʨʥʦʤʫ 

ʪʨʘʥʟʠʩʪʦʨʽ ʤʘʻ ʚʽʜôʻʤʥʠʡ ʊʂ, ʷʢʠʡ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ -2 ʤɺ/ᴈ. ʗʢʱʦ ʟʥʘʡʪʠ 

ʥʘʧʨʫʛʫ, ʱʦ ʙʫʜʝ ʤʘʪʠ ʪʘʢʠʡ ʩʘʤʠʡ, ʘʣʝ ʜʦʜʘʪʥʽʡ ʊʂ, ʪʦ ʜʦʜʘʚʰʠ ʾʭ, ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʥʘʧʨʫʛʫ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ, ʱʦ ʤʘʻ 

ʜʦʜʘʪʥʽʡ ʊʂ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ὠ, ʷʢʠʡ, ʷʢ ʚʽʜʦʤʦ, 

ʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʷ ʥʘʧʨʫʛʘ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 26 ʤɺ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʦʤʫ ʾʾ ʧʦʪʨʽʙʥʦ ʧʽʜʩʠʣʠʪʠ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.44,ʘ ʚʞʝ 

ʧʦʪʽʤ ʜʦʜʘʪʠ ʜʦ ʥʘʧʨʫʛʠ ʙʘʟʘ-ʝʤʽʪʝʨ. 

ʇʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʮʽʻʾ ʽʜʝʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.45. ʋ ʮʽʡ ʩʭʝʤʽ ʚʠʭʽʜʥʘ 

ʥʘʧʨʫʛʘ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ [12] 

 

ὠ ὠ ρ
Ὑ

Ὑ
Ўὠ ὠ ρ

Ὑ

Ὑ
ὠÌÎὔ ȟ (2.29) 

ʜʝ ὠ  ï ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ; 

ὠ  ï ʥʘʧʨʫʛʘ ʙʘʟʘ-ʝʤʽʪʝʨ ʪʨʘʥʟʠʩʪʦʨʘ Q2; 

ὔ ï ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʣʦʱʝʶ ʝʤʽʪʝʨʘ ʪʨʘʥʟʠʩʪʦʨʽʚ Q1 ʪʘ Q2. 

  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʩʭʝʤʠ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʭʦʜʽ ʷʢʦʛʦ 

ʙʫʣʘ ʚʠʤʽʨʷʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ (ʾʾ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.45). 
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ʈʠʩʫʥʦʢ 2.44 ï ɻʽʧʦʪʝʪʠʯʥʘ ʩʭʝʤʘ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ [12] 

 

ʈʠʩʫʥʦʢ 2.44 ï ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ [12] 
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ʈʠʩʫʥʦʢ 2.45 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʦʧʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʟ ʈʠʩ. 2.44  

(ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʠʤʠ: ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï ʥʘʧʨʫʛʘ ʙʘʟʘ-ʝʤʽʪʝʨ, 

ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ï ʧʽʜʩʠʣʝʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. 

 

ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʟ ʈʠʩ.2.45, ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʙʘʟʘ-ʝʤʽʪʝʨ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʥʘ ʚʠʭʦʜʽ ʤʘʻʤʦ ʥʘʧʨʫʛʫ 1,22 ɺ ʟ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 37 ʤʢɺ/ᴈ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʦʧʦʨʥʝ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ, 

ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʮʶ ʥʘʧʨʫʛʫ ʜʦ ʧʦʣʽʢʨʝʤʥʽʻʚʦʛʦ ʨʝʟʠʩʪʦʨ ʟ çʥʫʣʴʦʚʠʤè ʊʂR, ʷʢ 

ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.46 (a). ʊʘʢʫ ʩʭʝʤʫ  ʪʘʢʦʞ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽ ʨʝʟʫʣʴʪʘʪ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.47. ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ ʜʦʨʽʚʥʶʻ 

24,5 ʤʢɸ ʽ ʤʘʻ ʊʂ 2,4 ʥɸ/ᴈ. 

˴̙̎̉̊ ̨̃́̑́̎̓ ̨̨̗̩̑̆́̌̈́ ̏̐̏̑̎̏̄̏ ̅̇̆̑̆̌́ ̒̓̑̔̍̔ ̐̏̋́̈́̎̏ ̎́  

ʈʠʩ. 2.46 (ʙ). ʊʫʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨ ʟ ʚʙʫʜʦʚʘʥʠʤ ʢʘʥʘʣʦʤ. ɺʽʥ ʤʘʻ 

ʥʝʛʘʪʠʚʥʫ ʧʦʨʦʛʦʚʫ ʥʘʧʨʫʛʫ ʽ ʚ ʪʘʢʦʤʫ ʚʢʣʶʯʝʥʽ ʧʨʘʮʶʻ ʷʢ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ. ʅʘʨʫʛʘ 

ʟʘʪʚʦʨ-ʚʠʪ̔ʢ ʟʘʜʘʻʪʴʩʷ ʡʦʛʦ ʞ ʩʪʨʫʤʦʤ, ʷʢʠʡ ʧʘʜʘʻ ʥʘ ʦʧʦʨʽ, ʱʦ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʷ ʩʭʝʤʘ ʪʘʢʦʞ ʙʫʣʘ ʧʨʦʤʦʜʝʣʴʦʚʘʥʘ, ʘ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥʦ ʥʘ  

ʈʠʩ. 2.48. ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ ʜʦʨʽʚʥʶʻ 33 ʤɸ ʽ ʤʘʻ ʊʂ 32 ʥɸ/ᴈ. 
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ʈʠʩʫʥʦʢ 2.46 ï ɺʘʨ̔ʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ ʦʧʦʨʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ 

 

 

ʈʠʩʫʥʦʢ 2.47 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʩʭʝʤʠ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.46 (ʘ). ʅʦʤʽʥʘʣ ʨʝʟʠʩʪʦʨʘ  

ʩʢʣʘʜʘʻ 50 ʢʆʤ 
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ʈʠʩʫʥʦʢ 2.48 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʩʭʝʤʠ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.46 (ʙ). ʅʦʤʽʥʘʣ ʨʝʟʠʩʪʦʨʘ  

ʩʢʣʘʜʘʻ 50 ʢʆʤ, ʘ ʨʦʟʤʽʨʠ ʪʨʘʥʟʠʩʪʦʨʘ ὡ υπ ̍̋,̍ ὒ ρ ̍̋.̍ 

 

 ʑʦʙ ʧʨʘʢʪʠʯʥʦ ʜʦʩʣʽʜʠʪʠ ʨʦʙʦʪʫ ʮʠʭ ʩʭʝʤ ʪʘ ʾʭ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ, 

ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʛʦʪʦʚʣʝʥʽ ʚ ʩʝʨʝʜʠʥ ̔ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ɯʄʉ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʾ 

ʦʧʠʩʘʥʘ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ. 

2.8 ʆʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

 ɺ ʷʢʦʩʪʽ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ, ʘʣʝ ʚʩʝ ʦʜʥʦ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ ʘʥʘʣʦʛʦʚʦʾ ʩʭʝʤʦʪʝʭʥʽʢʠ 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʆʇ. ʂʦʞʝʥ ʧʨʦʬʝʩʽʡʥʠʡ ʽʥʞʝʥʝʨ-ʨʦʟʨʦʙʥʠʢ ʘʥʘʣʦʛʦʚʠʭ ɯʄʉ 

ʧʦʚʠʥʝʥ ʨʦʟʫʤʽʪʠ, ʯʠʤ ʦʜʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʦʾ ʽ ʚ ʷʢʦʤʫ ʚʠʧʘʜʢʫ, 

ʷʢʠʡ ʩʘʤʝ ʆʇ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʨʭʽʪʝʢʪʫʨʠ ʆʇ ʤʦʞʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʪʠʧʦʤ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʧʘʨʠ, ʪʠʧʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʷʚʥʽʩʪʶ ʢʘʩʢʦʜʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʪʘ ʢʽʣʴʢʽʩʪʶ ʽ ʪʠʧʦʤ ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʢʘʩʢʘʜʽʚ. ʊʝʦʨʝʪʠʯʥʠʡ ʘʩʧʝʢʪ 
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ʜʘʣʽ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʝ ʙʫʜʝ, ʘʣʝ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʨʦʙʦʪʠ ʚ 

ʩʝʨʝʜʠʥʽ ɯʄʉ ʙʫʜʫʪʴ ʩʪʚʦʨʝʥʽ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʆʇ. 

2.9 ɻʝʥʝʨʘʪʦʨʠ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ 

 ɯʥʰʠʤ ʩʢʣʘʜʥʠʤ, ʘʣʝ ʙʘʟʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʛʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ, ʷʢʠʡ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʪʘʢʪʫʚʘʥʥʷ ʮʠʬʨʦʚʦʾ ʯʘʩʪʠʥʠ ʩʭʝʤʠ, ʚ ʩʠʩʪʝʤʘʭ 

ʥʘʢʘʯʢʠ ʟʘʨʷʜʫ, ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʌɸʇʏ ʪʘ ʤʦʜʫʣʷʪʦʨʘʭ. 

 ɯʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʽʤʧʣʝʤʝʥʪʘʮʽʡ ʪʘʢʪʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ 

ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. ʊʝʦʨʝʪʠʯʥʠʡ ʘʩʧʝʢʪ ʾʭ ʨʦʙʦʪʠ ʜʘʣʽ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʝ ʙʫʜʝ, 

ʘʣʝ ʚ ʩʝʨʝʜʠʥʽ ɯʄʉ ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʚʯʝʥʥʷ ʽ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʨʦʙʦʪʠ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʚʩʽʭ ʙʘʟʦʚʠʭ ʙʣʦʢʽʚ 

ʘʥʘʣʦʛʦʚʦʾ ʤʽʢʨʦʩʭʝʤʦʪʝʭʥʽʢʠ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʣʷ 

ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ ʚ ʪʝʭʥʦʣʦʛʽʾ X-FAB 

XT018, ʱʦ ʜʦʟʚʦʣʠʣʦ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ, ʷʢʽ ʝʬʝʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʚʯʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʦʙʢʠ ɯʄʉ. 

ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʨʦʛʦʚʘ ʥʘʧʨʫʛʘ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʘ ʩʠʣʴʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʘʥʘʣʫ. ʎʝʡ ʝʬʝʢʪ ʤʦʞʝ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʙʦʪʫ ʄɼʅ ʢʣʶʯʽʚ ʪʘ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ. 

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʜʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ ʥʘʩʠʯʝʥʥʷ 

ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʷʢʠʡ ʧʦʛʽʨʰʫʻ ʨʦʙʦʪʫ ʢʣʶʯʽʚ ʪʘ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʽʚ ʧʽʜʢʣʘʜʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʩʭʝʤʠ, ʱʦ 

ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʧʨʠʙʠʨʘʪʠ ʮʝʡ ʝʬʝʢʪ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʄɼʅ ʜʟʝʨʢʘʣ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʧʦʭʠʙʢʘ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ, ʤʽʥʽʤʘʣʴʥʘ 
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ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʘʩʢʦʜʥʝ ʜʟʝʨʢʘʣʦ (ʘʙʦ ʢʘʩʢʦʜʥʝ ʜʟʝʨʢʘʣʦ ʟʽ 

ʟʙʽʣʴʰʝʥʠʤ ʨʦʟʤʘʭʦʤ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ) ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʚʽʜʥʦʰʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦ ʟʘʡʤʘʥʦʾ ʧʣʦʱʽ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʚ ʩʪʨʫʤʦʚʠʭ 

ʜʟʝʨʢʘʣʘʭ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʫ 2 ʨʘʟʠ, ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ 

ʧʣʦʱʫ ʪʨʘʥʟʠʩʪʦʨʽʚ ʫ 4 ʨʘʟʠ. 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʦʜʥʦʢʘʩʢʘʜʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ɿʨʦʙʣʝʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʡʤʘʥʦʾ ʧʣʦʱʽ, ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʽʜʩʠʣʶʚʘʯʽ ʟ ʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʘ ʨʦʙʦʪʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʨʘʥʟʠʩʪʦʨʠ ʥʝ ʤʽʥʽʤʘʣʴʥʦʾ ʧʣʦʱʽ, ʘ ʪʘʢʦʞ ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʦʜʥʦʢʘʩʢʘʜʥʠʤʠ 

ʧʽʜʩʠʣʶʚʘʯʘʤʠ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 ʇʨʦʤʦʜʝʣʴʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʝʷʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʘʩʠʚʥʠʭ ʪʘ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʈʦʟʛʣʷʥʫʪʽ ʪʘ ʧʨʦʤʦʜʝʣʴʦʚʘʥʽ ʩʭʝʤʠ, ʱʦ ʤʦʞʫʪʴ 

ʛʝʥʝʨʫʚʘʪʠ ʩʪʨʫʤ ʘʙʦ ʥʘʧʨʫʛʫ, ʱʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

 ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʮʴʦʛʦ ʨʦʟʜʽʣʫ, ʟʨʦʟʫʤʽʣʦ ʷʢʽ ʩʘʤʽ ʧʘʨʘʤʝʪʨʠ, ʝʬʝʢʪʠ  ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʘʟʦʚʠʭ ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʚʯʝʥʽ ʪʘ 

ʚʠʤʽʨʷʥʽ.  ɹʘʟʫʶʯʠʩʴ ʥʘ ʮʽʡ ʽʥʬʦʨʤʘʮʽʾ ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʦʙʢʫ ɯʄʉ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʪʝʭʥʦʣʦʛʽʾ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ.  
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3 ʊɽʍʅʆʃʆɻɯʗ ɺʀɻʆʊʆɺʃɽʅʅʗ ɯʄʉ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ɯʄʉ ʪʨʝʙʘ ʦʙʨʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʥʦʨʤʘ (ʊʅ) ʙʫʜʝ ʩʢʣʘʜʘʪʠ 180 ʥʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʄɼʅ ʩʪʨʫʢʪʫʨ ʻ 

ʧʨʽʦʨʠʪʝʪʥʠʤ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʻ ʤʦʞʣʠʚʠʤ, ʘʣʝ ʮʝ ʨʦʙʠʪʴ 

ʪʝʭʥʦʣʦʛʽʶ ʥʘʜʟʚʠʯʘʡʥʦ ʜʦʨʦʛʦʶ. ɼʣʷ ʊʅ 180 ʥʤ ʢʦʤʧʘʥʽʷ Melexis (ʥʘ ʙʘʟʽ ʷʢʦʾ 

ʙʫʜʝ ʚʠʛʦʪʦʚʣʝʥʦ ʨʦʟʨʦʙʣʶʚʘʥʫ ʤʽʢʨʦʩʭʝʤʫ) ʤʘʻ ʚʠʙʽʨ ʤʽʞ ʜʚʦʤʘ ʙʘʟʦʚʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ: 

a) ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʚʠʯʘʡʥʦʾ ʢʨʝʤʥʽʻʚʦʾ ʧʽʜʢʣʘʜʢʠ; 

ʙ) ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʨʝʤʥʽʡ-ʥʘ-ʽʟʦʣʷʪʦʨʽ (ʂʅɯ). 

 

ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʩʪʨʫʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʝʤʥʽʻʚʦʾ ʧʽʜʢʣʘʜʢʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 3.1. ɺ ʪʘʢʽʡ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʧʽʜʢʣʘʜʮʽ p-ʪʠʧʫ ʩʪʚʦʨʶʶʪʴ n-ʢʘʥʘʣʴʥʽ 

ʄɼʅ ʩʪʨʫʢʪʫʨʠ. ɸ ʱʦʙ ʽʟʦʣʶʚʘʪʠ n-ʢʘʥʘʣʴʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʚʽʜ p-ʢʘʥʘʣʴʥʠʭ, ʦʩʪʘʥʥʽ 

ʩʪʚʦʨʶʶʪʴ ʚ ʦʢʨʝʤʠʭ n-ʢʘʨʤʘʥʘʭ. ɼʦʜʘʪʢʦʚʦ ʤʽʞ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ 

ʰʘʨʽ ʩʪʚʦʨʶʶʪʴʩʷ ʢʘʥʘʚʢʠ (STI) ʟ SiO2, ʷʢʠʡ ʽʟʦʣʶʻ ʪʨʘʥʟʠʩʪʦʨʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʽ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʥʘʧʨʫʛʫ ʧʘʨʘʟʠʪʥʠʭ ʄɼʅ ʩʪʨʫʢʪʫʨ [17]. 

ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʩʪʨʫʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʂʅɯ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.2. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʧʽʜʢʣʘʜʮʽ ʬʦʨʤʫʶʪʴ ʪʦʚʩʪʠʡ ʰʘʨ ʜʽʝʣʝʢʪʨʠʢʫ, ʘ ʚʞʝ ʥʘ ʥʴʦʤʫ 

ʚʠʨʦʱʫʶʪʴ ʧʽʜʢʣʘʜʢʫ p-ʪʠʧʫ, ʥʘ ʷʢʽʡ ʬʦʨʤʫʶʪʴ ʄɼʅ ʩʪʨʫʢʪʫʨʠ, ʘʥʘʣʦʛʽʯʥʦ ʟ 

ʧʦʧʝʨʝʜʥʴʦ ʦʧʠʩʘʥʠʤ ʤʝʪʦʜʦʤ.  

ʅʘ ʈʠʩ. 3.1 ʪʘ 3.2 ʣʦʢʘʣʴʥʘ ̔ʟʦʣʷʮʽʷ ʮʝ ï STI (Small Trench Isolation), ʘ ʦʢʩʠʜ, 

ʱʦ ʧʦʚʥʽʩʪʶ ʽʟʦʣʶʻ ʩʪʨʫʢʪʫʨʠ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ  

ʮʝ ï DTI (Deep Trench Isolation). 

ʇʨʠʥʮʠʧʦʚʘ ʨʽʟʥʠʮʷ ʤʽʞ ʜʚʦʤʘ ʪʝʭʥʦʣʦʛʽʷʤʠ ï ʮʝ ʪʝ, ʱʦ ʫ ʂʅɯ ʪʝʭʥʦʣʦʛʽʾ 

ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʠ ʽʟʦʣʴʦʚʘʥʽ ʚʽʜ ʧʽʜʢʣʘʜʢʠ (ʚʝʨʪʠʢʘʣʴʥʘ ʽʟʦʣʷʮʽʷ), ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʚʥʽʩʪʶ (ʟʘ ʜʦʧʦʤʦʛʦʶ DTI) ʘʙʦ ʯʘʩʪʢʦʚʦ (ʟʘ ʜʦʧʦʤʦʛʦʶ STI) [18].  
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ne ï ʪʨʘʥʟʠʩʪʦʨ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ, pe ï ʪʨʘʥʟʠʩʪʦʨ p-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʈʠʩʫʥʦʢ 3.1 ï ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʫ ʪʝʭʥʦʣʦʛʽʶ [19] 

 

ne ï ʪʨʘʥʟʠʩʪʦʨ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ, pe ï ʪʨʘʥʟʠʩʪʦʨ p-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʈʠʩʫʥʦʢ 3.2 ï ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʽʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʭʥʦʣʦʛʽʶ ʂʅɯ [19] 
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ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʪʨʝʙʘ ʦʪʨʠʤʘʪʠ, ʷʢ n-, ʪʘʢ ʽ p-ʢʘʥʘʣʴʥʽ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʠ, 

ʱʦ ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ ʧʦʨʫʯ, ʪʦ ʢʨʘʱʝ ʦʙʨʘʪʠ ʂʅɯ ʩʪʨʫʢʪʫʨʫ, ʙʦ ʚʦʥʘ ʤʘʻ ʜʝʢʽʣʴʢʘ 

ʟʥʘʯʥʠʭ ʧʝʨʝʚʘʛ, ʘ ʩʘʤʝ [18]: 

a) ɺʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʫ ʟʘʱʽʧʢʠ; 

ʙ) ɹʽʣʴʰʘ ʩʪʫʧʽʥʴ ʽʥʪʝʛʨʘʮʽʾ; 

ʚ) ɹʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ; 

ʛ) ɺʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʥʘʧʨʫʛʠ; 

ʜ) ɺʠʩʦʢʘ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ. 

 

ɯʟ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʦʪʨʽʙʥʦ ʜʦʩʣʽʜʠʪʠ ʝʬʝʢʪʠ ʚʧʣʠʚʫ ʥʘʧʨʫʛʠ ʥʘ 

ʧʽʜʢʣʘʜʮʽ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʤʝʥʪʽʚ. ʎʝ ʜʦʩʪʘʪʥʴʦ ʣʝʛʢʦ ʟʨʦʙʠʪʠ ʫ 

ʪʝʭʥʦʣʦʛʽʾ ʂʅɯ. ʋ ʢʦʞʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʤʦʞʝ ʙʫʪʠ ʩʚʦʷ ʽʟʦʣʴʦʚʘʥʘ ʧʽʜʢʣʘʜʢʘ. ʊʦʤʫ ʚ 

ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʦʙʨʘʪʠ ʂʅɯ ʟ ʊʅ 180 ʥʤ.  

ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʪʨʘʥʟʠʩʪʦʨʽʚ ʪʘ ʧʘʩʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ɯʄʉ ʧʦʢʘʟʘʥʦ ʫ ʜʦʜʘʪʢʫ ɹ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʩʪʚʦʨʝʥʥʷ ɯʄʉ ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʥʦʨʤʠ 180 ʥʤ. ʄʽʞ ʩʪʘʥʜʘʨʪʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘ ʢʨʝʤʥʽʻʚʽʡ ʧʽʜʢʣʘʜʮʽ 

ʪʘ  ʂʅɯ ʩʪʨʫʢʪʫʨʦʶ, ʙʫʣʘ ʦʙʨʘʥʘ ʂʅɯ ʪʝʭʥʦʣʦʛʽʷ. ɺʦʥʘ ʤʘʻ ʜʝʢʽʣʴʢʘ ʩʫʪʪʻʚʠʭ 

ʧʝʨʝʚʘʛ, ʘ ʩʘʤʝ: ʚʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʫ ʟʘʱʽʧʢʠ, ʧʽʜʚʠʱʝʥʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʙʽʣʴʰʠʡ ʩʪʫʧʽʥʴ ʽʥʪʝʛʨʘʮʽʾ, ʧʽʜʚʠʱʝʥʫ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥ. 
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4 ʈʆɿʈʆɹʂɸ ɯʄʉ 

ʑʦʙ ʟʨʦʙʠʪʠ ʮʽʥʫ ʚʠʨʦʙʥʠʮʪʚʘ ɯʄʉ ʤʽʥʽʤʘʣʴʥʦʶ ï ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʧʣʦʱʫ [20]. ʊʘʢʦʞ ʱʦʙ ʜʦʩʣʽʜʠʪʠ ʚʩʽ ʘʥʘʣʦʛʦʚʽ ʙʣʦʢʠ, ʱʦ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʚʠʭʦʜʽʚ ʟ ʤʽʢʨʦʩʭʝʤʠ. ʑʦʙ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʭʦʜʽʚ ʪʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʩʽ ʙʣʦʢʠ, ʙʫʣʦ 

ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʦʛʦʚʠʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ. ɺʽʥ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ 

ʢʦʤʫʪʘʮʽʶ ʚʥʫʪʨʽʰʥʽʭ ʚʫʟʣʽʚ ʥʘ ʚʠʭʦʜʠ ʤʽʢʨʦʩʭʝʤʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʞʥʦʛʦ 

ʘʥʘʣʦʛʦʚʦʛʦ ʙʣʦʢʫ (ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ, ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʘʨ ʽ ʪ.ʧ.) ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʩʪʚʦʨʠʪʠ ʦʢʨʝʤʠʡ ʙʣʦʢ ʚ ʩʝʨʝʜʠʥʽ ɯʄʉ. ɺʠʭʦʜʠ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʙʣʦʢʫ ʙʫʜʫʪʴ 

ʧʽʜʢʣʶʯʘʪʠʩʴ ʜʦ ʚʠʭʦʜʽʚ ɯʄʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʫʣʪʠʧʣʝʢʩʦʨʘ. ʎʶ ʽʜʝʶ ʧʦʢʘʟʘʥʦ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʙʣʦʢ-ʩʭʝʤʽ (ʈʠʩ. 4.1). 

 

ʈʠʩʫʥʦʢ 4.1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʙʣʦʢ ʩʭʝʤʘ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ɯʄʉ  
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ʅʘ ʨʠʩ. 4.1 ʚʥʫʪʨʽʰʥʶ ʯʘʩʪʠʥʫ ɯʄʉ ʚʠʜʽʣʝʥʦ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ. ɹʫʣʦ 

ʚʠʨʽʰʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ɯʄʉ, ʱʦ ʤʘʻ 64 ʚʠʭʦʜʠ, ʷʢ 

ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʙʣʦʢ-ʩʭʝʤʽ. ɯʟ ʥʠʭ 56 ʚʠʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʜʞʝʨʝʣ, ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʣʦʢʽʚ. 

ɯʥʰʽ 8 ʚʠʭʦʜʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʪʘ 

ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʥʫʪʨʽʰʥʶ ʩʠʩʪʝʤʫ ʞʠʚʣʝʥʥʷ, ʱʦ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʷʢʦʩʪʽ ʞʠʚʣʝʥʥʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʪʘ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʣʦʢʽʚ. 

ɼʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʥʘ ʰʠʥʽ ʞʠʚʣʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʢʣʶʯʠʪʠ 

ʟʦʚʥʽʰʥʽʡ ʢʦʥʜʝʥʩʘʪʦʨ ʉ1, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 4.1. ʁʦʛʦ ʥʦʤʽʥʘʣ ʟʘʟʚʠʯʘʡ 

ʩʪʘʥʦʚʠʪʴ 100 ʥʌ [21]. ʌʫʥʢʮʽʦʥʘʣʴʥʫ ʙʣʦʢ-ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ 

ʈʠʩ. 4.2. ɿʦʚʥʽʰʥʶ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ ʧʦʟʥʘʯʝʥʦ ʷʢ Uʞʠʚ, ʚʦʥʘ ʧʽʜôʻʜʥʘʥʘ ʜʦ 

ʛʝʥʝʨʘʪʦʨʫ ʜʦʧʦʤʽʞʥʦʛʦ ʞʠʚʣʝʥʥʷ ʪʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ. ʅʘ ʡʦʛʦ ʚʠʭʦʜʽ ʤʘʻʤʦ 

ʞʠʚʣʝʥʥʷ Uʜʦʧ, ʷʢʝ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʠʪʴ 3 ɺ ̔ ʚʘʨʽʶʻʪʴʩʷ ʫ ʤʝʞʘʭ 0,5 ɺ. 

ʊʘʢʦʞ ʚ ʮʴʦʤʫ ʙʣʦʮʽ ʛʝʥʝʨʫʻʪʴʩʷ ʦʧʦʨʥʠʡ ʩʪʨʫʤ ʜʣʷ ʚʩʽʻʾ ʩʭʝʤʠ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʽʥ ʩʪʘʥʦʚʠʪʴ 500 ʥɸ. ɼʦʧʦʤʽʞʥʘ ʥʘʧʨʫʛʘ ʽ ʦʧʦʨʥʠʡ ʩʪʨʫʤ ʧʦʜʘʶʪʴʩʷ ʥʘ ʛʝʥʝʨʘʪʦʨ 

ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ. ʇʨʠʢʣʘʜ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2.44. ʅʘ ʚʠʭʦʜʽ 

ʤʘʻʤʦ ʦʧʦʨʥʝ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ Uʦʧ, ʷʢʝ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʷ 

ʥʘʧʨʫʛʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʘʥʘʣʦʛʦʚʠʡ ʨʝʛʫʣʷʪʦʨ, ʱʦ ʛʝʥʝʨʫʻ ʚʠʭʽʜʥʫ ʨʝʛʫʣʴʦʚʘʥʫ 

ʥʘʧʨʫʛʫ Uʨʝʛ ʧʨʦʧʦʨʮʽʡʥʫ ʜʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ Uʨʝʛ ʩʪʘʥʦʚʠʪʴ  

5 ɺ. ʅʘ ʚʠʭʦʜʽ ʨʝʛʫʣʷʪʦʨʘ ʧʦʢʘʟʘʥʦ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʁʦʛʦ 

ʬʫʥʢʮʽʾ ʙʫʣʠ ʦʧʠʩʘʥʽ ʚʠʱʝ.  

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ ʻ ʩʢʣʘʜʥʠʤ ʽ ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ, ʘʣʝ ʮʝ ʥʝ ʻ 

ʧʨʝʜʤʝʪʦʤ ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʦʤʫ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʪʘ ʧʨʠʥʮʠʧʠ ʾʾ 

ʨʦʙʦʪʠ ʜʘʣʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠʩʴ ʥʝ ʙʫʜʫʪʴ. ʊʦʧʦʣʦʛʽʶ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.3, ʘ ʾʾ ʧʣʦʱʘ ʩʢʣʘʜʘʻ 0,11 ʤʤ
2
. 
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ʈʠʩʫʥʦʢ 4.2 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʙʣʦʢ ʩʭʝʤʘ ʚʥʫʪʨʽʰʥʴʦʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ 

 

1 ï ʛʝʥʝʨʘʪʦʨ ʜʦʧʦʤʽʞʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ; 2 ï ʛʝʥʝʨʘʪʦʨ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ; 3 ï 

ʘʥʘʣʦʛʦʚʠʡ ʨʝʛʫʣʷʪʦʨ; 4 ï ʂʦʥʪʘʢʪʥʠʡ ʤʘʡʜʘʥʯʠʢ ʪʘ ʨʝʛʫʣʶʶʯʠʡ ʪʨʘʥʟʠʩʪʦʨ ʧʽʜ ʥʠʤ. 

ʈʠʩʫʥʦʢ 4.3 ï ʊʦʧʦʣʦʛʽʷ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ 
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ʑʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʮʽʥʫ ʚʠʨʦʙʥʠʮʪʚʘ ɯʄʉ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʦʟʪʘʰʫʚʘʪʠ 

ʢʦʥʪʘʢʪʥʽ ʤʘʡʜʘʥʯʠʢʠ  ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʘ ʧʣʦʱʫ, ʱʦ 

ʟʘʣʠʰʠʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ɯʄʉ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʣʦʢʽʚ ʽ 

ʜʦʧʦʤʽʞʥʠʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʦʙʨʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʦʥʪʘʢʪʥʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ ʩʢʣʘʜʘʻ 70ʭ70 ʤʢʤ, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ ʥʝ ʤʝʥʰʝ 30 

ʤʢʤ. ʈʦʟʪʘʰʫʚʘʚʰʠ ʟ ʢʦʞʥʦʾ ʩʪʦʨʦʥʠ ʧʦ 16 ʤʘʡʜʘʥʯʠʢʽʚ, ʤʘʻʤʦ ʪʦʧʦʣʦʛʽʶ, ʱʦ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ. 4.4. ʇʦʨʷʜ ʟ ʢʦʞʥʠʤ ʢʦʥʪʘʢʪʥʠʤ ʤʘʡʜʘʥʯʠʢʦʤ ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ 

ʧʦʢʘʟʘʥʦ ʧʣʦʱʫ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʭʝʤʠ ʟʘʭʠʩʪʫ ʚʽʜ ʩʪʘʪʠʯʥʦʾ ʥʘʧʨʫʛʠ.  

ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʜʣʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʣʦʢʽʚ ʟʘʣʠʰʠʚʩʷ ʢʚʘʜʨʘʪ ʨʦʟʤʽʨʘʤʠ 

1500ʭ1500 ʤʢʤ, ʪʦʙʪʦ ʟʘʛʘʣʴʥʘ ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʩʢʣʘʜʘʻ 2,25 ʤʤ
2
. 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʥʘ ʪʦʧʦʣʦʛʽʾ ɯʄʉ 
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ɿʥʘʶʯʠ ʝʬʝʢʪʠʚʥʫ ʧʣʦʱʫ, ʱʦ ʟʘʣʠʰʠʣʘʩʴ, ʤʦʞʝʤʦ ʨʦʟʨʘʭʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʘʥʘʣʦʛʦʚʦʛʦ ʤʫʣʪʠʧʣʝʢʩʦʨʘ ʪʘ ʨʦʟʨʦʙʠʪʠ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʽ 

ʪʦʧʦʣʦʛʽʶ. ʎʝʡ ʧʨʦʮʝʩ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʫ ʥʘʩʪʫʧʥʦʤʫ ʧʫʥʢʪʽ. 

4.1 ɸʥʘʣʦʛʦʚʠʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 

 ʊʠʧʦʚʠʡ ʘʥʘʣʦʛʦʚʠʡ ʤʫʣʪʠʧʣʝʢʩʦʨʘ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʰʠʬʨʘʪʦʨʘ ʡ 

ʥʘʙʦʨʫ ʘʥʘʣʦʛʦʚʠʭ ʢʣʶʯʽʚ [22]. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʣʶʯʽ ʥʝ ʩʠʣʴʥʦ ʚʧʣʠʚʘʣʠ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʣʦʢʽʚ, ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʾʭ ʦʧʽʨ ʤʽʥʽʤʘʣʴʥʠʤ. ʅʝʭʘʡ 

ʦʧʽʨ ʢʦʞʥʦʛʦ ʢʣʶʯʘ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 30 ʆʤ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʥʘʧʨʫʛ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʣʽʤʝʥʪʘʨʥʠʡ ʢʣʶʯ, ʱʦ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.6. ʇʽʜʢʣʘʜʢʫ ʢʣʶʯʽʚ ʙʫʜʝʤʦ ʧʽʜʢʣʶʯʘʪʠ ʜʦ ʰʠʥ ʞʠʚʣʝʥʥʷ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʧʘʨʘʟʠʪʥʦʛʦ ʜʽʦʜʘ ʤʽʞ ʚʭʦʜʦʤ ʽ ʚʠʭʦʜʦʤ ʢʣʶʯʘ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʤʦʞʣʠʚʦʩʪʽ ʢʦʨʝʢʪʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʭʝʤʠ. ʊʘʢʝ ʧʽʜʢʣʶʯʝʥʥʷ 

ʪʨʦʭʠ ʟʙʽʣʴʰʠʪʴ ʦʧʽʨ ʚʽʜʢʨʠʪʦʛʦ ʢʘʥʘʣʫ, ʘʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʭʝʤ, ʱʦ 

ʧʨʠʙʠʨʘʶʪʴ ʝʬʝʢʪ ʧʽʜʢʣʘʜʢʠ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʾ ʧʣʦʱʽ ʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ 

ʥʝʜʦʮʽʣʴʥʠʤ.  

 ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʨʝʤʥʽʾ ʧʨʠʙʣʠʟʥʦ ʚ 3 ʨʘʟʠ ʙʽʣʴʰʘ ʟʘ 

ʨʫʭʣʠʚʽʩʪʴ ʜʽʨʦʢ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʨʦʙʠʪʠ ʨʽʚʥʠʤ ʦʧʦʨʠ n-ʢʘʥʘʣʴʥʦʛʦ ʪʘ  

p-ʢʘʥʘʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ p-ʢʘʥʘʣʴʥʠʡ ʢʣʶʯ ʙʫʚ ʚ 3 ʨʘʟʠ ʰʠʨʰʠʤ.  

ʑʦʙ ʟʤʝʥʰʠʪʠ ʦʧʽʨ ʢʣʶʯʘ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʜʦʧʫʩʪʠʤʫ ʜʦʚʞʠʥʫ 

ʢʘʥʘʣʫ, ʱʦ ʩʢʣʘʜʘʻ 500 ʥʤ. ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʤʽʨ n-ʢʘʥʘʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠ  

W=130 ʤʢʤ, L=0,5 ʤʢʤ, ʘ p-ʢʘʥʘʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ W=400 ʤʢʤ,  

L=0,5 ʤʢʤ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʦʨʫ ʪʘʢʦʛʦ ʢʣʶʯʘ ʜʣʷ 

ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ ʽ ʪʝʤʧʝʨʘʪʫʨ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 4.5.  

 ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʟʚʦʣʝʥʘ ʥʘʧʨʫʛʘ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʫ ʜʘʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ ʩʢʣʘʜʘʻ 5,5 ɺ. ʅʝʭʘʡ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʩʢʣʘʜʘʻ 5ɺ. 
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ʈʠʩʫʥʦʢ 4.4 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʦʢʘʟʘʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʦʧʦʨʫ 

ʢʦʤʧʣʽʤʝʥʪʘʨʥʦʛʦ ʢʣʶʯʘ ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʈʠʩ. 2.6 ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (0é125 Јʉ) ʪʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʢʠʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ï ʪʠʧʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ,  

ʧʫʥʢʪʠʨʥ̔  ʣʽʥʽʾ ï ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʽʥʰʠʭ ʫʤʦʚʘʭ. 

 

 ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʟ ʈʠʩ. 4.4 ʪʠʧʦʚʦ ʦʧʽʨ ʪʘʢʦʛʦ ʢʣʶʯʘ ʩʢʣʘʜʘʻ 23 ʆʤ, ʘ ʚ 

ʥʘʡʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ 29,6 ʆʤ. ʊʦʙʪʦ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʦ ʢʦʞʥʦʛʦ ʚʠʭʦʜʫ ʤʽʢʨʦʩʭʝʤʠ ʙʫʜʝ ʧʽʜʢʣʶʯʝʥʦ ʜʝʢʽʣʴʢʘ ʢʣʶʯʽʚ 

(ʦʜʠʥ ʟ ʥʠʭ ʚʽʜʢʨʠʪʠʡ, ʽʥʰʽ ï ʟʘʢʨʠʪʽ), ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ ʚʝʣʠʯʠʥʫ ʧʘʨʘʟʠʪʥʠʭ 

ʩʪʨʫʤʽʚ ʚʠʪʽʢʘʥʥʷ ʢʣʶʯʘ ʫ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ. ʎʝ ʙʫʜʝ ʥʘʢʣʘʜʘʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʨʫʤ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʠʡ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʙʣʦʢʘʭ. 

ɿʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʚʠʪʽʢʘʥʥʷ ʢʣʶʯʘ ʚʽʜ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 4.5. ʗʢ 

ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʚʠʪʽʢʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 0,5 ʥɸ ʧʨʠ ʚʭʽʜʥʠʡ 

ʥʘʧʨʫʟʽ 5 ɺ, ʘʣʝ ʧʨʠ ʪʘʢʽʡ ʥʘʧʨʫʟʽ ʥʘʤ ʥʝ ʧʦʪʨʽʙʥʦ ʜʫʞʝ ʪʦʯʥʦ ʚʠʤʽʨʶʚʘʪʠ ʩʪʨʫʤ. 

ʇʨʠ ʥʘʧʨʫʟʽ 4,8 ɺ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʚʠʪʽʢʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 112 ʧɸ. ʁʦʛʦ ʽ 

ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʦʙʤʝʞʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ. ʊʘʢʦʞ 

ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʤʘʣʦ-ʩʠʛʥʘʣʴʥʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʢʣʶʯʘ ʫ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ. ɺʽʥ 
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ʙʫʜʝ ʥʘʢʣʘʜʘʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʽʥʽʤʘʣʴʥʠʡ ʤʘʣʦ-ʩʠʛʥʘʣʴʥʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʠʡ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʣʦʢʽʚ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ, ʜʝ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʜʝʩʷʪʢʠ ʘʙʦ  

ʩʦʪʥʽ ʄʆʤ (ʜʠʚ. ʊʘʙʣ. 2.3). ɯʟ ʈʠʩ. 4.5 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʤʽʥʽ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʥʘ 2 ɺ, 

ʩʪʨʫʤ ʚʠʪʽʢʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 42,8 ʧɸ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʦʨʫ ʚ 46 ɻʆʤ.  

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʦʢʘʟʘʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʩʪʨʫʤʫ ʚʠʪʽʢʘʥʥʷ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʢʦʤʧʣʽʤʝʥʪʘʨʥʦʛʦ ʢʣʶʯʘ ʧʦʢʘʟʘʥʦʛʦ 

ʥʘ ʈʠʩ. 2.6 ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʢʠʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

 

ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ ʷʢ ʜʝʛʨʘʜʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʢʣʶʯʘ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʪʦʤʫ ʽʜʝʥʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 125 ᴈ. 

ʁʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 4.6. ʄʦʞʝʤʦ ʙʘʯʠʪʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ 

ʚʠʪʽʢʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 15,7 ʥɸ ʧʨʠ ʥʘʧʨʫʟʽ 5 ɺ ʽ 4 ʥɸ ʧʨʠ ʥʘʧʨʫʟʽ 4,8 ɺ.  

ʄʘʣʦ-ʩʠʛʥʘʣʴʥʠʡ ʦʧʽʨ ʟʤʝʥʰʠʚʩʷ ʜʦ 1,35 ɻʆʤ. ɺʩʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʙʫʣʠ 

ʧʨʦʤʦʜʝʣʴʦʚʘʥʽ, ʧʦʢʘʟʘʥʦ ʫ ʊʘʙʣ. 4.1. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʧʨʠʚʝʜʝʥʦ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ ʢʣʶʯ, ʘ  ʧʨʠ 

ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʧʽʜʢʣʶʯʝʥʥʽ ʜʝʢʽʣʴʢʦʭ ʢʣʶʯʽʚ, ʧʘʨʘʤʝʪʨʠ ʧʦʛʽʨʰʘʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ. 
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ʈʠʩʫʥʦʢ 4.6 ï ʉʢʨʽʥʰʦʪ ʽʟ ʧʨʦʛʨʘʤʠ ʉadence Virtuoso ʟ ʧʦʢʘʟʘʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʩʪʨʫʤʫ ʚʠʪʽʢʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 125 ᴈ ʜʣʷ ʢʦʤʧʣʽʤʝʥʪʘʨʥʦʛʦ ʢʣʶʯʘ ʧʦʢʘʟʘʥʦʛʦ 

ʥʘ ʈʠʩ. 2.6 ʚʽʜ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʢʠʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

 

ʊʘʙʣʠʮʷ 4.1 ï ɽʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧʣʽʤʝʥʪʘʨʥʦʛʦ ʢʣʶʯʘ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ᴈ 

ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʦʧʽʨ, ʆʤ 

ʉʪʨʫʤ 

ʚʠʪʽʢʘʥʥʷ, ʥɸ 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ 

ʚʠʪʽʢʘʥʥʷ, ʥɸ 

ʄʘʣʦ-ʩʠʛʥʘʣʴʥʠʡ  

ʦʧʽʨ, ɻʆʤ 

27  23,6 0,11 0,5 46 

125 29,6 4 15,7 1,35 

 

 ʈʦʟʨʦʙʠʤʦ ʪʦʧʦʣʦʛʽʶ ʢʣʶʯʘ. ʑʦʙ ʤʘʪʠ ʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʘʪʠʯʥʦʾ ʥʘʧʨʫʛʠ, 

ʢʨʘʱʝ ʨʦʟʜʽʣʠʪʠ ʢʦʞʝʥ ʪʨʘʥʟʠʩʪʦʨ ʥʘ ʜʝʢʽʣʴʢʘ ʟʘʪʚʦʨʽʚ [23]. ʎʝ ʚʘʞʣʠʚʦ, ʙʦ 

ʢʦʤʧʣʽʤʝʥʪʘʨʥʠʡ ʢʣʶʯ ʧʽʜʢʣʶʯʝʥʠʡ ʥʘ ʧʨʷʤʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʚʠʚʦʜʽʚ ʤʽʢʨʦʩʭʝʤʠ. 

ʅʝʭʘʡ ʰʠʨʠʥʘ ʦʜʥʦʛʦ ʟʘʪʚʦʨʫ ʩʢʣʘʜʘʻ 10 ʤʢʤ, ʪʦʜʽ n-ʢʘʥʘʣʴʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠʩʷ ʟ 13 ʟʘʪʚʦʨʽʚ, ʘ p-ʢʘʥʘʣʴʥʠʡ ʚʽʜʧʦʚʽʜʥʦ ʟ 40. ʁʦʛʦ ʪʦʧʦʣʦʛʽʶ ʧʦʢʘʟʘʥʦ ʥʘ 

ʈʠʩ. 4.7, ʘ ʟʘʛʘʣʴʥʽ ʨʦʟʤʽʨʠ ʩʢʣʘʜʘʶʪʴ 76ʭ22 ʤʢʤ, ʘʙʦ 1672 ʤʢʤ
2
. ʐʠʥʠ, ʱʦ 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʚʭʦʜʫ ʩʧʝʮʽʘʣʴʥʦ ʟʨʦʙʣʝʥʦ ʰʠʨʦʢʠʤʠ (2,5 ʤʢʤ), ʱʦʙ ʟʤʝʥʰʠʪʠ ʾʭ 

ʧʘʨʘʟʠʪʥʠʡ ʦʧʽʨ. 
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ʈʠʩʫʥʦʢ 4.7 ï ʊʦʧʦʣʦʛʽʷ ʢʦʤʧʣʽʤʝʥʪʘʨʥʦʛʦ ʢʣʶʯʘ (ʟʣʽʚʘ ï ʮʠʬʨʦʚʘ ʣʦʛʽʢʘ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʟʘʪʚʦʨʘʤʠ, ʚ ʮʝʥʪʨʽ ï p-ʢʘʥʘʣʴʥʠʡ ʢʣʶʯ, ʩʧʨʘʚʘ ï n-ʢʘʥʘʣʴʥʠʡ ʢʣʶʯ) 

 

ɿʥʘʶʯʠ ʧʣʦʱʫ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʣʶʯʘ, ʤʦʞʝʤʦ ʨʦʟʨʘʭʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʘʥʘʣʦʛʦʚʦʛʦ ʤʫʣʪʠʧʣʝʢʩʦʨʘ. ʂʦʞʝʥ ʜʦʜʘʪʢʦʚʠʡ ʙʽʪ N 

ʤʫʣʪʠʧʣʝʢʩʦʨʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 2
N
 ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʢʣʶʯʽʚ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʷʢ 

 

ὔ̋ ὔ̃ ̉Ȣ̖̆ Ȣ̕Ͻὔ̋ ̏̍̂ ὔ̃ ̖̉ ὔ̅ ̏̐ὔ Ͻςȟ (4.1) 

 

ʜʝ ὔ̋ ï ʢʽʣʴʢʽʩʪʴ ʢʣʶʯʽʚ; 

ὔ̃ ̉Ȣ̖̆ Ȣ̕ ï ʝʬʝʢʪʠʚʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʭʦʜʽʚ ɯʄʉ; 

ὔ̋ ̏̍̂ ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ; 

ὔ ï ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ; 

ὔ̃ ̉ ̖ï ʢʽʣʴʢʽʩʪʴ ʚʠʭʦʜʽʚ ɯʄʉ; 

ὔ̅ ̏ ̐ï ʢʽʣʴʢʽʩʪʴ ʜʦʧʦʤʽʞʥʠʭ ʚʠʭʦʜʽʚ. 

 ʇʽʜ ʜʦʧʦʤʽʞʥʠʤʠ ʚʠʭʦʜʘʤʠ ɯʄʉ ʨʦʟʫʤʽʻʤʦ: ʰʠʥʠ ʞʠʚʣʝʥʥʷ ʪʘ ʟʝʤʣʽ, ʚʠʭʽʜ 

ʘʥʘʣʦʛʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʪʘ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʜʣʷ ʚʠʤʢʥʝʥʥʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ. ʊʦʙʪʦ 

ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ὔ̅ ̏̐ τ. ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʞʝʥ ʙʽʪ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʦʛʦ ʚʭʦʜʫ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʚʠʙʦʨʫ ʧʦʪʨʽʙʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ.  

 ʇʣʦʱʘ, ʱʦ ʟʘʡʤʘʶʪʴ ʚʩʽ ʢʣʶʯʽ ʨʘʟʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ 

 




















































































