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ʋʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ: ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦ ʠ ʨʘʯʫʥʘʨʩʢʦ ʠʥʞʝˁʝʨʩʪʚʦ 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʠ ʦʜʙʨʘʥʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 
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ʋɹʈɿɸɳɽ ɸʃɻʆʈʀʊɸʄɸ ɿɸ ʉɽɻʄɽʅʊɸʎʀɱʋ 
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ʆʙʨʘʜʘ ʩʣʠʢʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʠʭ ʤʝʪʦʜʘ ʫ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʿ ʜʠʿʘʛʥʦʩʪʠʮʠ, ʘ ʩʝʛʤʝʥʪʘʮʠʿʘ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ 

ʧʨʚʠʭ ʢʦʨʘʢʘ ʧʨʠʣʠʢʦʤ ʦʙʨʘʜʝ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ʉʝʛʤʝʥʪʘʮʠʿʦʤ ʩʝ ʩʣʠʢʝ ʛʨʫʧʠʰʫ ʫ 

ʩʝʛʤʝʥʪʝ ʢʦʿʠ ʧʦʩʝʜʫʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʟʘʿʝʜʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʪʠʤʝ ʯʠʥʝ ʩʣʠʢʫ 

ʿʘʩʥʠʿʦʤ ʠ ʣʘʢʰʦʤ ʟʘ ʜʘˀʫ ʦʙʨʘʜʫ. 

ʈʘʟʚʦʿʝʤ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʜʦʙʠʿʘʿʫ ʩʝ ʩʣʠʢʝ ʙʦˀʝʛ 

ʢʚʘʣʠʪʝʪʘ ʠ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ. ʊʘʢʦʹʝ, ʫ ʩʠʩʪʝʤʠʤʘ ʛʜʝ ʩʝ ʚʨʰʝ ʩʥʠʤʘˁʘ ʧʘʮʠʿʝʥʘʪʘ ʫ ʮʠˀʫ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʦʜʨʝʹʝʥʠʭ ʦʨʛʘʥʘ, ʩʤʘˁʫʿʝ ʩʝ ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʜʚʘ 

ʩʫʩʝʜʥʘ ʩʥʠʤʢʘ, ʦʜʥʦʩʥʦ ʜʚʘ ʩʫʩʝʜʥʘ ʧʨʝʩʝʢʘ. ʊʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʟʥʘʪʥʦ ʙʦˀʘ ʧʨʦʩʪʦʨʥʘ 

ʨʝʟʦʣʫʮʠʿʘ, ʘʣʠ ʠ ʟʥʘʪʥʦ ʚʝ˂ʠ ʙʨʦʿ ʩʣʠʢʘ ʢʦʿʝ ʪʨʝʙʘ ʦʙʨʘʜʠʪʠ. ʋʧʨʘʚʦ ʟʙʦʛ ʦʚʦʛ ʩʪʘʣʥʦʛ 

ʥʘʧʨʝʪʢʘ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ, ʘʧʣʠʢʘʮʠʿʝ ʟʘ ʦʙʨʘʜʫ ʠʩʪʠʭ ʧʦʩʪʘʿʫ ʩʚʝ ʟʘʭʪʝʚʥʠʿʝ 

ʟʘ ʧʨʦʮʝʩʠʨʘˁʝ.  

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʩʚʝ ʛʦʨʝ ʥʘʚʝʜʝʥʦ, ʿʘʩʥʦ ʿʝ ʜʘ ʿʝ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʟʘʜʘʪʘʢʘ 

ʠʩʪʨʘʞʠʚʘʯʘ ʫʙʨʟʘˁʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʦʙʨʘʜʫ ʩʣʠʢʘ. ʋʙʨʟʘˁʝ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʠʣʠ 

ʧʦʙʦˀʰʘˁʝʤ ʢʦʜʘ ʘʣʛʦʨʠʪʤʘ ʠʣʠ ʧʨʝʙʘʮʠʚʘˁʝʤ ʠʟʚʨʰʝˁʘ ʘʣʛʦʨʠʪʤʘ ʥʘ ʜʨʫʛʝ 

ʧʣʘʪʬʦʨʤʝ. ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʜʦʰʣʦ ʩʝ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ 

ʧʣʘʪʬʦʨʤʘ ʜʘʿʝ ʦʜʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ ʫ ʦʙʨʘʜʠ ʩʣʠʢʘ. 

ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʘ ʩʫ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ʊʦ ʩʫ ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ, 

ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʠ 
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ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʜʦʙʠʿʝʥʠʭ ʤʝʪʦʜʦʤ 

ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ. ʉʚʘ ʦʚʘ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʩʫ ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝʥʘ ʠ ʧʨʠʢʘʟʘʥʠ ʩʫ 

ˁʠʭʦʚʠ ʨʝʟʫʣʪʘʪʠ ʦʙʨʘʜʝ ʩʣʠʢʘ. 

ɿʘʜʘʪʘʢ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʨʝʙʘʮʠʚʘˁʝ ʦʚʠʭ ʘʣʛʦʨʠʪʘʤʘ ʥʘ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ˁʠʭʦʚʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. ʉʚʘ 

ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʩʫ ʫʩʧʝʰʥʦ ʧʨʝʙʘʯʝʥʘ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ, ʧʨʠ 

ʯʝʤʫ ʿʝ ʜʘʪ ʜʝʪʘˀʘʥ ʦʧʠʩ ʝʬʠʢʘʩʥʦʛ ʧʨʝʙʘʮʠʚʘˁʘ ʘʣʛʦʨʠʪʘʤʘ, ʢʘʦ ʠ ʪʦʢʘ ʧʦʜʘʪʘʢʘ ʢʨʦʟ 

ʛʨʘʬ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʭʘʨʜʚʝʨʩʢʝ ʧʣʘʪʬʦʨʤʝ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ 

ʜʘ ʩʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝ ʫʩʧʝʰʥʦ ʢʦʨʠʩʪʠʪʠ ʫ ʮʠˀʫ ʫʙʨʟʘˁʘ 

ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ, ʩʝʛʤʝʥʪʘʮʠʿʘ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʩʣʠʢʘ, ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʛʨʫʜʠ, ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʤʠʰʿʠʭ ʧʣʫ˂ʘ, ʩʣʠʢʝ ʢʦʣʝʥʘ 

ʜʦʙʠʿʝʥʝ ʨʘʯʫʥʘʨʩʢʦʤ ʪʦʤʦʛʨʘʬʠʿʦʤ. 
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ACCELERATION OF ALGORITHMS FOR 

BIOMEDICAL IMAGES SEGMENTATION USING 

RECONFIGURABLE HARDWARE PLATFORM  

Ivan Milankovic 

Faculty of Engineering, University of Kragujevac 

ABSTRACT 

 

 

Image processing represents one of the most common procedures in biomedical 

diagnostic systems. Biomedical image segmentation represents one of the first steps in 

biomedical image processing. Image segmentation divides image into multiple segments with 

common characteristics which makes the image easier for further processing. 

With development of biomedical acquisition systems produced images are with much 

higher quality and resolution. Also, in systems where patients are recorded for 3D image 

reconstruction, space between two neighbor slices reduces constantly. Thus, we have much 

better 3D resolution, but also there is much more images which we need to process. Because of 

that, applications for image processing start to require much more processor time and resources. 

Based on all of this, it is clear that one of the main tasks of scientists and researchers is to 

accelerate image processing algorithms. That acceleration can be achieved by improving the 

algorithm itself or by porting algorithm to another platform. In literature, there can be found 

more and more researches in which reconfigurable hardware platform is used to accelerate some 

algorithms for image processing 

In this dissertation three algorithms for biomedical images segmentation are proposed. 

Those are algorithm for segmentation of breast mammogram images, algorithm for 

microtomograph murine lungs images segmentation and algorithm for CT knee images 

segmentation. All of these three algorithms are explained in details and the results of their 

processing are presented. 
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The main task of this dissertation is porting of those algorithms to reconfigurable 

hardware platform in order to boost their performances. All three algorithms are successfully 

ported to reconfigure hardware platform and the detailed description of that porting is presented. 

Also, the detail description of data flow through graph of reconfigurable hardware platform is 

described. Experimental results showed that reconfigurable hardware platform can be 

successfully used for accelerating of biomedical image segmentation. 

Key words: reconfigurable hardware platform, biomedical image segmentation, breast 

mammogram images, micro-tomography murine lungs images, CT knee images. 
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ʇʈɽɼɻʆɺʆʈ 

 
ʊʦʢʦʤ ʩʚʦʛ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ ʙʘʚʠʦ ʩʘʤ ʩʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʨʘʟʥʠʭ 

ʘʣʛʦʨʠʪʘʤʘ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ ʭʘʨʜʚʝʨʩʢʦʿ ʧʣʘʪʬʦʨʤʠ. ʇʦʩʝʙʥʫ ʧʘʞˁʫ ʩʫ ʤʠ 

ʧʨʠʚʫʢʣʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʨʘʜʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ 

ʫʧʨʘʚʦ ʧʦʩʚʝ˂ʝʥʘ ʪʦʿ ʦʙʣʘʩʪʠ ʠ ʨʝʟʫʣʪʘʪ ʿʝ ʚʠʰʝʛʦʜʠʰˁʝʛ ʨʘʜʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ. ʊʦʢʦʤ 

ʠʟʨʘʜʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʤʠ ʿʝ ʧʦʤʦ˂ ʧʨʫʞʝʥʘ ʩʘ ʜʦʩʪʘ ʨʘʟʣʠʯʠʪʠʭ ʩʪʨʘʥʘ ʠ 

ʦʩʝ˂ʘʤ ʧʦʪʨʝʙʫ ʜʘ ʠʟʨʘʟʠʤ ʩʚʦʿʫ ʟʘʭʚʘʣʥʦʩʪ ʤʥʦʛʠʤ ˀʫʜʠʤʘ. 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʜʨ ɸʣʝʢʩʘʥʜʨʫ ʇʝʫʣʠ˂ʫ, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ 

ʌʘʢʫʣʪʝʪʘ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, ʧʦʜ ʯʠʿʠʤ ʩʘʤ ʤʝʥʪʦʨʩʪʚʦʤ 

ʟʘʚʨʰʠʦ ʤʘʩʪʝʨ ʘʢʘʜʝʤʩʢʝ ʩʪʫʜʠʿʝ, ʘ ʢʦʿʠ ʿʝ ʧʨʠʭʚʘʪʠʦ ʜʘ ʙʫʜʝ ʤʦʿ ʤʝʥʪʦʨ ʠ ʫ ʠʟʨʘʜʠ ʦʚʝ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʢʦʿʠ ʤʠ ʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʧʦʤʦʛʘʦ ʜʘ ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʜʦʚʝʜʝʤ 

ʜʦ ʢʨʘʿʘ. 

ʊʘʢʦʹʝ, ʚʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʜʨ ʅʝʥʘʜʫ ʌʠʣʠʧʦʚʠ˂ʫ, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ 

ʌʘʢʫʣʪʝʪʘ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ, ʢʦʿʠ ʿʝ ʧʨʠʭʚʘʪʠʦ ʜʘ ʙʫʜʝ ʤʦʿ 

ʧʨʦʬʝʩʦʨ ʩʘʚʝʪʥʠʢ ʫ ʪʦʢʫ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ ʠ ʢʦʿʠ ʤʠ ʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʧʦʤʦʛʘʦ ʜʘ ʦʚʦ 

ʠʩʪʨʘʞʠʚʘˁʝ ʜʦʚʝʜʝʤ ʜʦ ʢʨʘʿʘ. 

ɿʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʜʨ ɱʘʩʥʠ ʈʘʜʫʣʦʚʠ˂, ʜʨ ɺʝʩʥʠ ʈʘʥʢʦʚʠ˂ ʠ ʜʨ ʇʝʪʨʫ 

ʊʦʜʦʨʦʚʠ˂ʫ ʢʦʜ ʢʦʿʠʭ ʩʘʤ ʧʦʣʘʛʘʦ ʠʩʧʠʪʝ ʥʘ ʜʦʢʪʦʨʩʢʠʤ ʩʪʫʜʠʿʘʤʘ, ʢʘʦ ʠ ʜʨ ʄʠʥʠ 

ɺʘʩʢʦʚʠ˂ ɱʦʚʘʥʦʚʠ˂ ʠ ʜʨ ʅʠʢʦʣʠ ʄʠʿʘʠʣʦʚʠ˂ʫ ʥʘ ʚʝʣʠʢʦʿ ʧʦʤʦ˂ʠ ʠ ʧʦʜʨʰʮʠ. ɿʘʭʚʘʣʥʦʩʪ 

ʜʫʛʫʿʝʤ ʠ ʩʚʠʤ ʢʦʣʝʛʘʤʘ ʠʟ ʀʩʪʨʘʞʠʚʘʯʢʦ-ʨʘʟʚʦʿʥʦʛ ʮʝʥʪʨʘ ʟʘ ʙʠʦʠʥʞʝˁʝʨʠʥʛ. 

ʅʘ ʢʨʘʿʫ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʤʦʿʦʿ ʩʫʧʨʫʟʠ ɺʝʨʠʮʠ ʠ ˂ʝʨʮʠ ʊʘʤʘʨʠ ʢʦʿʝ ʩʫ ʤʠ ʜʘʚʘʣʝ 

ʦʛʨʦʤʘʥ ʤʦʪʠʚ ʠ ʧʦʜʨʰʢʫ ʪʦʢʦʤ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ, ʢʘʦ ʠ ʤʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ ʃʘʟʘʨʫ ʠ 

ʃʝʣʠ ʠ ʩʝʩʪʨʠ ɺʝʩʥʠ ʢʦʿʠ ʩʫ ʤʠ ʙʠʣʠ ʧʦʜʨʰʢʘ ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʰʢʦʣʦʚʘˁʘ. ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ 

ʩʚʠʤ ʦʩʪʘʣʠʤ ʯʣʘʥʦʚʠʤʘ ʧʦʨʦʜʠʮʝ, ʘ ʧʦʩʝʙʥʦ ʪʝʯʠ ɫʫʨʫ, ʪʝʪʢʠ ʅʘʜʠ ʠ ʙʨʘʪʫ ɼʨʘʛʘʥʫ, ʥʘ 

ʥʝʩʝʙʠʯʥʦʿ ʧʦʤʦ˂ʠ ʠ ʚʝʣʠʢʦʿ ʧʦʜʨʰʮʠ. 

ʀʚʘʥ ʄʠʣʘʥʢʦʚʠ˂ 
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ʉʇʀʉɸʂ ʉʂʈɸɴɽʅʀʎɸ 

 
ADC (ʝʥʛʣ. Analog-Digital Converter) ï ʘʥʘʣʦʛʥʦ-ʜʠʛʠʪʘʣʥʠ ʢʦʥʚʝʨʪʦʨ 

API (ʝʥʛʣ. Application Programming Interface) ï ʧʨʦʛʨʘʤʩʢʠ ʠʥʪʝʨʬʝʿʩ ʘʧʣʠʢʘʮʠʿʝ 

ASIC (ʝʥʛʣ. Application-Specific Integrated Circuit) ï ʠʥʪʝʛʨʠʩʘʥʦ ʢʦʣʦ ʩʧʝʮʠʬʠʯʥʝ ʥʘʤʝʥʝ 

AVX  (ʝʥʛʣ. Advanced Vector Extensions) ï ʥʘʧʨʝʜʥʘ ʚʝʢʪʦʨʩʢʘ ʝʢʩʪʝʥʟʠʿʘ  

BRAM (ʝʥʛʣ. Block Random Access Memory) ï ʙʣʦʢ ʤʝʤʦʨʠʿʝ ʩʘ ʩʣʫʯʘʿʥʠʤ ʧʨʠʩʪʫʧʦʤ 

CCD (ʝʥʛʣ. Charge-Coupled Device) ï ʫʨʝʹʘʿ ʥʘ ʯʠʿʦʿ ʩʝ ʧʦʚʨʰʠʥʠ ʥʘʣʘʟʝ ʬʦʪʦʩʝʥʟʠʪʠʚʥʝ 

ʜʠʦʜʝ 

CLB (ʝʥʛʣ. Configurable Logic Block) ï ʢʦʥʬʠʛʫʨʘʙʠʣʥʠ ʣʦʛʠʯʢʠ ʙʣʦʢ 

CPLD (ʝʥʛʣ. Complex Programmable Logic Devices) ï ʢʦʤʧʣʝʢʩʥʠ ʧʨʦʛʨʘʤʘʙʠʣʥʠ ʣʦʛʠʯʢʠ 

ʫʨʝʹʘʿʠ 

CPU (ʝʥʛʣ. Central Processing Unit) ï ʮʝʥʪʨʘʣʥʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʜʠʥʠʮʘ 

CT (ʝʥʛʣ. Comput[eriz]ed Tomography) ï ʨʘʯʫʥʘʨʩʢʘ ʪʦʤʦʛʨʘʬʠʿʘ 

CUDA (ʝʥʛʣ. Compute Unified Device Architecture) ï ʧʣʘʪʬʦʨʤʘ ʟʘ ʧʘʨʘʣʝʣʥʫ ʦʙʨʘʜʫ 

DFE (ʝʥʛʣ. DataFlow Engine) ï ʿʝʟʛʨʦ ʢʦʿʝ ʨʘʜʠ ʥʘ ʧʨʠʥʮʠʧʫ ʧʨʦʪʦʢʘ ʧʦʜʘʪʘʢʘ 

DIMM (ʝʥʛʣ. Dual In-line Memory Module) ï ʜʚʦʩʪʨʫʢʠ ʣʠʥʠʿʩʢʠ ʤʝʤʦʨʠʿʩʢʠ ʤʦʜʫʣ 

DRAM (ʝʥʛʣ. Dynamic Random Access Memory) ï ʜʠʥʘʤʠʯʢʘ ʤʝʤʦʨʠʿʘ ʩʘ ʩʣʫʯʘʿʥʠʤ 

ʧʨʠʩʪʫʧʦʤ 

DSP (ʝʥʛʣ. Digital Signal Processor) ï ʜʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨ ʩʠʛʥʘʣʘ 

FF (ʝʥʛʣ. Flip-Flop) ï ʬʣʠʧ-ʬʣʦʧ 

FLOPS (ʝʥʛʣ. Floating Point Operations per Second) ï ʙʨʦʿ ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ 

ʙʨʦʿʝʚʠʤʘ ʫ ʿʝʜʥʦʿ ʩʝʢʫʥʜʠ 

FMem (ʝʥʛʣ. Fast Memory)  ï ʙʨʟʘ ʤʝʤʦʨʠʿʘ 

FPGA (ʝʥʛʣ. Field-Programmable Gate Array) ï ʧʨʦʩʪʦʨʥʦ ʧʨʦʛʨʘʤʘʙʠʣʘʥ ʥʠʟ ʣʦʛʠʯʢʠʭ 

ʙʣʦʢʦʚʘ 

GPU (ʝʥʛʣ. Graphical Processing Unit) ï ʛʨʘʬʠʯʢʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʜʠʥʠʮʘ 

HPC (ʝʥʛʣ. High Performance Computing) ï ʨʘʯʫʥʘʨʩʪʚʦ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ 

HDL (ʝʥʛʣ. Hardware Description Language) ï ʿʝʟʠʢ ʟʘ ʦʧʠʩ ʭʘʨʜʚʝʨʘ 
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LMem (ʝʥʛʣ. Large Memory) ï ʚʝʣʠʢʘ ʤʝʤʦʨʠʿʘ 

LNA (ʝʥʛʣ. Low-Noise Amplifier) ï ʧʦʿʘʯʘʚʘʯ ʩʘ ʥʠʩʢʠʤ ʰʫʤʦʤ 

LUT (ʝʥʛʣ. Look Up Table) ï ʪʘʙʝʣʘ ʟʘ ʧʨʝʪʨʘʞʠʚʘˁʝ 

MIPS (ʝʥʛʣ. Million instructions per second) ï ʤʠʣʠʥʠ ʠʥʩʪʨʫʢʮʠʿʘ ʧʦ ʩʝʢʫʥʜʠ 

MRI (ʝʥʛʣ. Magnetic Resonance Imaging) ï ʄʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʪʥʘ ʪʦʤʦʛʨʘʬʠʿʘ 

PCIe (ʝʥʛʣ. Peripheral Component Interconnect Express) ï ʙʨʟʘ ʢʦʥʝʢʮʠʿʘ ʠʟʤʝʹʫ 

ʧʝʨʠʬʝʨʠʿʩʢʠʭ ʫʨʝʹʘʿʘ 

PET (ʝʥʛʣ. Positron Emission Tomography) ï ʧʦʟʠʪʨʦʥʩʢʘ ʝʤʠʩʠʦʥʘ ʪʦʤʦʛʨʘʬʠʿʘ 

PLA (ʝʥʛʣ. Programmable Logic Arrays) ï ʧʨʦʛʨʘʤʘʙʠʣʥʠ ʣʦʛʠʯʢʠ ʥʠʟʦʚʠ 

RDC (ʝʥʛʣ. Reconfigurable Dataflow Computer) ï ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʘʥ ʨʘʯʫʥʘʨ ʙʘʟʠʨʘʥ ʥʘ 

ʧʨʦʪʦʢʫ ʧʦʜʘʪʘʢʘ 

RDMA (ʝʥʛʣ. Remote Direct Memory Access) ï ʫʜʘˀʝʥʠ ʜʠʨʝʢʪʥʠ ʧʨʠʩʪʫʧ ʤʝʤʦʨʠʿʠ  

ROI (ʝʥʛʣ. Region of Interest) ï ʨʝʛʠʦʥ ʦʜ ʠʥʪʝʨʝʩʘ 

SF (ʝʥʛʣ. Switched Fabric) ï ʤʨʝʞʥʘ ʪʦʧʦʣʦʛʠʿʘ ʢʦʿʘ ʧʦʚʝʟʫʿʝ ʚʠʰʝ ʤʨʝʞʥʠʭ ʯʚʦʨʦʚʘ ʧʨʝʢʦ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʤʨʝʞʥʦʛ ʧʨʝʢʠʜʘʯʘ 

SIMD (ʝʥʛʣ. Single Instruction, Multiple Data) ï ʿʝʜʥʦʩʪʨʫʢʘ ʠʥʩʪʨʫʢʮʠʿʘ, ʚʠʰʝʩʪʨʫʢʠ 

ʧʦʜʘʮʠ  

SIMT (ʝʥʛʣ. Single Instruction, Multiple Threads) ï ʿʝʜʥʦʩʪʨʫʢʘ ʠʥʩʪʨʫʢʮʠʿʘ, ʚʠʰʝʩʪʨʫʢʝ 

ʥʠʪʠ 

SPECT (ʝʥʛʣ. Single-Photon Emission Computed Tomography) ï ʿʝʜʥʦʬʦʪʦʥʩʢʘ ʝʤʠʩʠʦʥʘ 

ʨʘʯʫʥʘʨʩʢʘ ʪʦʤʦʛʨʘʬʠʿʘ 

SPLD (ʝʥʛʣ. Simple Programmable Logic Device) ï ʧʨʦʩʪ ʧʨʦʛʨʘʤʘʙʠʣʘʥ ʣʦʛʠʯʢʠ ʫʨʝʹʘʿ 

SRAM (ʝʥʛʣ. Static random Access Memory ) ï ʩʪʘʪʠʯʢʘ ʤʝʤʦʨʠʿʘ ʩʘ ʩʣʫʯʘʿʥʠʤ ʧʨʠʩʪʫʧʦʤ 

TDP (ʝʥʛʣ. Thermal Design Power) ï ʪʦʧʣʦʪʥʘ ʩʥʘʛʘ ʜʠʟʘʿʥʘ 

T&L (ʝʥʛʣ. Transform and Lighting) ï ʪʨʘʥʩʬʦʨʤʠʩʘˁʝ ʠ ʦʩʚʝʪˀʝˁʝ 
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1. 
              

 

1. ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ 

1.1 ʇʨʝʜʤʝʪ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 
 

ʉʣʠʢʘ ʜʘʿʝ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʚʠʟʫʝʣʥʦʤ ʧʨʠʢʘʟʫ ʥʝʢʦʛ ʦʙʿʝʢʪʘ. ʉʚʘʢʘ ʩʣʠʢʘ ʩʝ ʩʘʩʪʦʿʠ 

ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʢʦʨʠʩʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ. ʈʘʟʫʤʝʚʘˁʝ ʩʣʠʢʝ ʠ ʠʟʚʣʘʯʝˁʝ ʢʦʨʠʩʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʠʟ ʠʩʪʝ ʫ ʮʠˀʫ ʠʩʧʫˁʘʚʘˁʘ ʥʝʢʦʛ ʟʘʜʘʪʢʘ ʧʨʝʜʩʪʘʚˀʘ ʚʘʞʥʫ ʦʙʣʘʩʪ 

ʘʧʣʠʢʘʮʠʿʘ ʫ ʦʙʨʘʜʠ ʩʣʠʢʘ. ʋ ʧʨʘʢʩʠ, ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ, ʥʠʩʫ ʦʜ ʠʥʪʝʨʝʩʘ ʩʚʠ 

ʜʝʣʦʚʠ ʩʣʠʢʝ ʚʝ˂ ʩʘʤʦ ʦʜʨʝʹʝʥʠ ʢʦʿʠ ʠʤʘʿʫ ʩʣʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʰʪʦ ʩʝ ʧʦʩʪʠʞʝ 

ʩʝʛʤʝʥʪʘʮʠʿʦʤ ʩʣʠʢʘ. ɱʝʜʘʥ ʦʜ ʧʨʚʠʭ ʢʦʨʘʢʘ ʫ ʜʠʛʠʪʘʣʥʦʿ ʦʙʨʘʜʠ ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʫʧʨʘʚʦ 

ʩʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ. 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʠʭ ʧʨʦʮʝʜʫʨʘ ʧʨʠʣʠʢʦʤ 

ʘʥʘʣʠʟʝ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ʊʘʢʦʹʝ ʧʨʝʜʩʪʘʚˀʘ ʠ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʟʘʜʘʪʘʢʘ 

ʧʨʠʣʠʢʦʤ ʦʙʨʘʜʝ ʩʣʠʢʘ. ʋ ʨʘʯʫʥʘʨʩʢʠʤ ʥʘʫʢʘʤʘ ʩʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ 

ʜʝˀʝˁʘ ʩʣʠʢʘ ʫ ʚʝ˂ʠ ʙʨʦʿ ʩʝʛʤʝʥʘʪʘ. ʆʚʘ ʪʝʭʥʠʢʘ ʠʣʠ ʛʨʫʧʘ ʪʝʭʥʠʢʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʜʝˀʝˁʝ 

ʩʣʠʢʘ ʫ ʨʝʛʠʦʥʝ ʩʘ ʩʣʠʯʥʠʤ ʘʪʨʠʙʫʪʠʤʘ. ʋ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʘʪʨʠʙʫʪʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʠʚʦ ʩʠʚʝ ʙʦʿʝ, ʙʦʿʝ, ʠʚʠʮʝ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʝʢʩʪʫʨʝ ʠʣʠ ʩʧʝʢʪʨʘʣʥʘ 

ʩʚʦʿʩʪʚʘ. ɻʣʘʚʥʠ ʮʠˀ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʘ ʿʝ ʜʘ ʧʦʿʝʜʥʦʩʪʘʚʠ ʥʘʯʠʥ ʧʨʝʜʩʪʘʚˀʘˁʘ ʩʣʠʢʝ ʠ 

ʜʘ ʿʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʫʯʠʥʠ ʿʝʜʥʦʩʪʘʚʥʠʿʦʤ ʟʘ ʘʥʘʣʠʟʫ ʫ ʦʢʚʠʨʫ ʧʨʦʮʝʩʘ ʦʙʨʘʜʝ ʩʣʠʢʝ. 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʥʘʣʘʞʝˁʝ ʦʙʿʝʢʘʪʘ ʠ ʛʨʘʥʠʮʘ 

(ʣʠʥʠʿʘ, ʢʨʠʚʠʭ ʠ ʩʣʠʯʥʦ) ʫ ʩʣʠʢʘʤʘ. ʇʨʝʮʠʟʥʠʿʝ ʨʝʯʝʥʦ, ʩʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ 
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ʧʨʦʮʝʩ ʜʦʜʝˀʠʚʘˁʘ ʝʪʠʢʝʪʝ ʩʚʘʢʦʤ ʧʠʢʩʝʣʫ ʫ ʩʣʠʮʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʘ ʧʠʢʩʝʣʠ ʩʘ ʠʩʪʦʤ 

ʝʪʠʢʝʪʦʤ ʧʦʩʝʜʫʿʝ ʦʜʨʝʹʝʥʝ ʟʘʿʝʜʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʈʝʟʫʣʪʘʪ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʘ ʿʝʩʪʝ 

ʩʢʫʧ ʩʝʛʤʝʥʘʪʘ ʢʦʿʠ ʧʨʝʢʨʠʚʘʿʫ ʯʠʪʘʚʫ ʩʣʠʢʫ ʠʣʠ ʩʢʫʧ ʢʦʥʪʫʨʘ ʠʟʚʫʯʝʥʠʭ ʠʟ ʩʣʠʢʝ ʢʘʦ ʥʘ 

ʧʨʠʤʝʨ ʢʦʜ ʜʝʪʝʢʪʦʚʘˁʘ ʠʚʠʮʘ ʩʣʠʢʝ. ʉʚʠ ʧʠʢʩʝʣʠ ʫ ʠʟʚʫʯʝʥʦʤ ʨʝʛʠʦʥʫ ʩʫ ʤʝʹʫʩʦʙʥʦ 

ʩʣʠʯʥʠ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʣʠ ʧʨʦʨʘʯʫʥʘʪʦʛ ʩʚʦʿʩʪʚʘ. 

ʂʘʜʘ ʩʝ ʩʝʛʤʝʥʪʘʮʠʿʘ ʧʨʠʤʝʥʠ ʥʘʜ ʩʢʫʧʦʤ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʨʝʟʫʣʪʫʿʫ˂ʝ 

ʢʦʥʪʫʨʝ ʩʝ ʤʦʛʫ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʢʨʝʠʨʘˁʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʫʟ ʫʧʦʪʨʝʙʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʠʥʪʝʨʧʦʣʘʮʠʦʥʠʭ ʘʣʛʦʨʠʪʘʤʘ. ʂʘʢʦ ʙʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ 

ʙʠʣʘ ʰʪʦ ʙʦˀʝʛ ʢʚʘʣʠʪʝʪʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʩʢʝʥʠʨʘˁʝ ʦʙʿʝʢʪʘ ʪʘʢʦ ʜʘ ʩʝ ʥʘ ʤʘʣʦʤ 

ʨʘʩʪʦʿʘˁʫ ʩʥʠʤʠ ʰʪʦ ʚʝ˂ʠ ʙʨʦʿ ʩʣʠʢʘ ʦʜʥʦʩʥʦ ʪʘʢʦ ʜʘ ʿʝ ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʩʣʠʢʝ, 

ʦʜʥʦʩʥʦ ʜʚʘ ʩʫʩʝʜʥʘ ʧʦʧʨʝʯʥʘ ʧʨʝʩʝʢʘ ʦʙʿʝʢʪʘ ʰʪʦ ʤʘˁʠ. ʊʘʢʦʹʝ ʿʝ ʦʜ ʚʝʣʠʢʝ ʚʘʞʥʦʩʪʠ ʠ 

ʜʘ ʩʣʠʢʝ ʙʫʜʫ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʙʦˀʝ ʨʝʟʦʣʫʮʠʿʝ. 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʠʤʘ ʰʠʨʦʢʫ ʠ ʚʝʦʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʠ ʫ ʜʠʛʠʪʘʣʥʦʿ 

ʤʘʤʦʛʨʘʬʠʿʠ. ɻʣʘʚʥʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʨʘʟʚʦʿ ʩʦʬʠʩʪʠʮʠʨʘʥʠʭ ʘʣʘʪʘ ʟʘ ʘʥʘʣʠʟʫ ʩʣʠʢʘ 

ʢʦʿʠ ʤʦʛʫ ʘʫʪʦʤʘʪʩʢʠ ʜʘ ʦʪʢʨʠʿʫ ʩʫʤˁʠʚʝ ʨʝʛʠʦʥʝ ʥʘ ʤʘʤʦʛʨʘʬʩʢʠʤ ʩʣʠʢʘʤʘ ʛʨʫʜʠ. ʆʚʘʿ 

ʧʨʦʮʝʩ ʟʘʧʦʯʠˁʝ ʠʟʚʣʘʯʝˁʝʤ ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ ʥʘ ʤʘʤʦʛʨʘʬʩʢʠʤ ʩʣʠʢʘʤʘ ʛʨʫʜʠ. ʅʘʢʦʥ 

ʪʦʛʘ ʧʨʝʣʘʟʠ ʩʝ ʥʘ ʦʪʢʨʠʚʘˁʝ ʩʫʤˁʠʚʠʭ ʨʝʛʠʦʥʘ ʠ ˁʠʭʦʚʫ ʢʣʘʩʠʬʠʢʘʮʠʿʫ. ʅʘ ʢʨʘʿʫ ʩʝ 

ʚʨʰʠ ʧʦʨʝʹʝˁʝ ʩʘ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠʤ ʙʘʟʘʤʘ ʩʣʠʢʘ. ɿʘ ʙʠʦʤʝʜʠʮʠʥʩʢʝ ʩʠʩʪʝʤʝ ʦʜʣʫʯʠʚʘˁʘ, 

ʦʜ ʚʝʣʠʢʝ ʚʘʞʥʦʩʪʠ ʿʝ ʦʙʝʟʙʝʹʠʚʘˁʝ ʚʝʣʠʢʦʛ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʟʘ ʪʨʝʥʠʨʘˁʝ. 

ɺʨʝʤʝ ʧʨʦʮʝʩʠʨʘˁʘ, ʢʘʢʦ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ, ʪʘʢʦ ʠ ʩʢʫʧʘ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦ ʨʝʢʦʥʩʪʨʫʠʩʘˁʝ, ʤʦʞʝ ʙʠʪʠ 

ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ. ʂʘʢʦ ʙʠ ʩʝ ʠʟʚʨʰʠʣʦ ʫʙʨʟʘˁʝ ʧʨʦʮʝʩʠʨʘˁʘ ʦʚʠʭ ʩʣʠʢʘ ʢʦʨʠʩʪʝ ʩʝ 

ʨʘʟʣʠʯʠʪʝ ʧʣʘʪʬʦʨʤʝ, ʢʘʦ ʰʪʦ ʩʫ ʨʘʯʫʥʘʨʠ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʩʘ ʚʠʰʝ ʿʝʟʛʘʨʘ, 

ʧʣʘʪʬʦʨʤʝ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʿʝʟʛʘʨʘ ʢʘʦ ʰʪʦ ʩʫ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ 

ʭʘʨʜʚʝʨʩʢʝ ʧʣʘʪʬʦʨʤʝ. ʇʨʝʜʤʝʪ ʨʘʜʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫʧʨʘʚʦ ʫʙʨʟʘˁʝ 

ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʠ ʠ ʩʢʫʧʘ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ 

ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦ ʨʝʢʦʥʩʪʨʫʠʩʘˁʝ ʫʧʦʪʨʝʙʦʤ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ 

ʭʘʨʜʚʝʨʩʢʝ ʧʣʘʪʬʦʨʤʝ.  
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1.2 ʆʩʥʦʚʥʝ ʧʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ 
 

ʆʩʥʦʚʥʝ ʧʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʥʘʩʪʘʣʝ ʩʫ ʢʘʦ ʨʝʟʫʣʪʘʪ 

ʜʝʪʘˀʥʦʛ ʧʨʦʫʯʘʚʘˁʘ ʜʦʩʘʜʘʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʥʘʿʥʦʚʠʿʠʭ ʜʦʩʪʠʛʥʫ˂ʘ ʠ ʩʘʟʥʘˁʘ ʫ 

ʦʙʣʘʩʪʠ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ ʧʣʘʪʬʦʨʤʠ ʠ ˁʠʭʦʚʝ ʧʨʠʤʝʥʝ ʫ ʦʙʨʘʜʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ ʩʝ ʜʝʬʠʥʠʰʫ ʩʣʝʜʝ˂ʝ ʧʨʝʪʧʦʩʪʘʚʢʝ: 

¶ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʛʨʫʜʠ ʩʫ ʩʚʝ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ, ʘ ʠ ʩʢʫʧʦʚʠ ʦʚʠʭ ʩʣʠʢʘ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʟʘ ʪʨʝʥʠʨʘˁʝ ʩʫ ʩʚʝ ʚʝ˂ʠ; 

¶ ʩʢʫʧ ʩʣʠʢʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʿʝ ʩʚʝ ʚʝ˂ʠ, 

ʦʜʥʦʩʥʦ ʩʚʝ ʿʝ ʤʘˁʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʩʣʠʢʝ ʫ ʩʢʫʧʫ, ʘ ʠ ʩʘʤʝ ʩʣʠʢʝ ʩʫ 

ʩʚʝ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ; 

¶ ʟʙʦʛ ʩʚʝ ʚʝ˂ʠʭ ʩʢʫʧʦʚʘ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʠ ʩʚʝ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ ʠʩʪʠʭ 

ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʫʙʨʟʘˁʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʪʠʭ ʩʣʠʢʘ; 

¶ ʧʨʠʤʝʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ ʧʣʘʪʬʦʨʤʠ ʫ ʦʙʨʘʜʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʩʣʠʢʘ ʜʘʿʝ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ; 

¶ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ ʭʘʨʜʚʝʨʩʢʦʿ ʧʣʘʪʬʦʨʤʠ ʧʦʩʪʦʿʠ ʜʦʚʦˀʥʦ ʭʘʨʜʚʝʨʩʢʠʭ 

ʨʝʩʫʨʩʘ, ʦʜʥʦʩʥʦ ʣʦʛʠʯʢʠʭ ʿʝʜʠʥʠʮʘ ʠ ʜʠʛʠʪʘʣʥʠʭ ʧʨʦʮʝʩʦʨʘ ʩʠʛʥʘʣʘ ʢʘʢʦ ʙʠ ʩʝ 

ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʨʘʜʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʤʦʛʣʠ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ. 

 

1.3. ʇʨʝʛʣʝʜ ʩʪʘˁʘ ʫ ʧʦʜʨʫʯʿʫ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʇʦʯʝʪʢʦʤ ʦʚʦʛ ʚʝʢʘ ʨʘʯʫʥʘʨʩʢʝ ʥʘʫʢʝ ʩʫ ʜʦʞʠʚʝʣʝ ʚʝʣʠʢʠ ʟʘʦʢʨʝʪ ʥʘ ʩʚʠʤ 

ʥʠʚʦʠʤʘ. ʈʘʥʠʿʝ ʩʝ ʦʜ ʧʨʦʠʟʚʦʹʘʯʘ ʧʨʦʮʝʩʦʨʘ ʦʯʝʢʠʚʘʣʦ ʜʘ ʩʘ ʩʚʘʢʦʤ ʩʣʝʜʝ˂ʦʤ 

ʛʝʥʝʨʘʮʠʿʦʤ ʧʨʦʮʝʩʦʨʘ ʧʦʙʦˀʰʘʚʘʿʫ ʠ ˁʠʭʦʚʝ ʧʝʨʬʦʨʤʘʥʩʝ. ʇʨʝʤʘ ʄʫʨʦʚʦʤ ʟʘʢʦʥʫ 

ʩʥʘʛʘ ʨʘʯʫʥʘʨʘ ʩʝ ʫʜʚʦʩʪʨʫʯʠʚʘʣʘ ʥʘ ʩʚʘʢʠʭ 18-24 ʤʝʩʝʮʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤʝ, ʘʧʣʠʢʘʮʠʿʝ 

ʢʦʿʝ ʥʠʩʫ ʠʤʘʣʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʨʠʩʪʝ˂ʠ ʪʨʝʥʫʪʥʫ ʛʝʥʝʨʘʮʠʿʫ ʧʨʦʮʝʩʦʨʘ 

ʙʠ ʪʘʿ ʧʨʦʙʣʝʤ ʨʝʰʠʣʝ ʩʘ ʧʦʿʘʚʦʤ ʩʣʝʜʝ˂ʝ ʛʝʥʝʨʘʮʠʿʝ ʧʨʦʮʝʩʦʨʘ. ʄʝʹʫʪʠʤ, ʫ ʧʦʩʣʝʜˁʠʭ 

ʧʘʨ ʛʦʜʠʥʘ ʄʫʨʦʚ ʟʘʢʦʥ ʩʝ ʧʨʠʙʣʠʞʘʚʘ ʩʚʦʤ ʢʨʘʿʫ, ʧʦʰʪʦ ʿʝ ʠʥʜʫʩʪʨʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʜʦʩʪʠʛʣʘ ʩʚʦʿʝ ʣʠʤʠʪʝ. 
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ɿʙʦʛ ʪʦʛʘ, ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʘʧʣʠʢʘʮʠʿʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʥʘ˂ʠ ʥʝʢʠ 

ʜʨʫʛʠ ʤʝʪʦʜ. ʀʩʪʨʘʞʠʚʘʯʠ ʠʟ ʦʙʣʘʩʪʠ ʨʘʯʫʥʘʨʩʢʠʭ ʥʘʫʢʘ ʩʫ ʩʝ ʦʢʨʝʥʫʣʠ ʢʘ ʧʘʨʘʣʝʣʥʦʤ 

ʨʘʯʫʥʘʨʩʪʚʫ. ʋ ʤʦʜʝʣʫ ʧʘʨʘʣʝʣʥʦʛ ʨʘʯʫʥʘʨʩʪʚʘ ʨʘʯʫʥʘʨʩʢʠ ʭʘʨʜʚʝʨ ʠʟʚʨʰʘʚʘ ʚʠʰʝ 

ʠʥʩʪʨʫʢʮʠʿʘ ʫ ʠʩʪʦ ʚʨʝʤʝ ʠ ʫʢʫʧʥʘ ʧʨʦʧʫʩʥʦʩʪ ʩʝ ʫ ʥʘʿʙʦˀʝʤ ʩʣʫʯʘʿʫ ʧʦʚʝ˂ʘʚʘ ʟʘ ʬʘʢʪʦʨ 

ʧʘʨʘʣʝʣʠʟʤʘ. ʎʝʥʪʨʘʣʥʝ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʩʫ ʜʦʙʠʣʝ ʤʦʛʫ˂ʥʦʩʪ ʧʘʨʘʣʝʣʥʦʛ 

ʠʟʚʨʰʘʚʘˁʘ ʩʘ ʧʦʿʘʚʦʤ ʧʨʦʮʝʩʦʨʘ ʩʘ ʚʠʰʝ ʿʝʟʛʘʨʘ. ʊʘʢʦʹʝ, ʦʪʢʨʠʚʝʥʝ ʩʫ ʠ ʚʝʢʪʦʨʩʢʝ 

ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʩʫ ʦʤʦʛʫ˂ʠʣʝ ʫʙʨʟʘˁʝ ʠʟʚʨʰʘʚʘˁʘ ʥʘ ʥʠʚʦʫ ʠʥʩʪʨʫʢʮʠʿʘ. ʄʦʜʝʨʥʝ 

ʮʝʥʪʨʘʣʥʦ-ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʠʤʘʿʫ ʘʨʭʠʪʝʢʪʫʨʫ ʢʦʿʘ ʠ ʜʘˀʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʛʨʘʤʠʨʘˁʝ 

ʥʘ ʩʝʢʚʝʥʮʠʿʘʣʥʠ ʥʘʯʠʥ, ʘʣʠ ʜʝʣʦʚʠ ʘʧʣʠʢʘʮʠʿʘ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʥʘʿʚʠʰʝ ʧʨʦʮʝʩʦʨʩʢʝ ʤʦ˂ʠ 

ʩʫ ʢʦʥʚʝʨʪʦʚʘʥʠ ʪʘʢʦ ʜʘ ʢʦʨʠʩʪʝ ʚʠʰʝ-ʥʠʪʥʦ ʠʟʚʨʰʘʚʘˁʝ ʠʣʠ ʚʝʢʪʦʨʩʢʝ ʠʥʩʪʨʫʢʮʠʿʝ. ʉʚʠ 

ʧʦʧʫʣʘʨʥʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠ ʜʘʥʘʩ ʧʦʜʨʞʘʚʘʿʫ ʧʘʨʘʣʝʣʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ, ʪʘʢʦ ʰʪʦ ʠʣʠ 

ʦʙʝʟʙʝʹʫʿʫ ʙʠʙʣʠʦʪʝʯʥʫ ʧʦʜʨʰʢʫ ʠʣʠ ʢʨʦʟ ʥʝʢʝ ʿʝʟʠʯʢʝ ʥʘʜʦʛʨʘʜˁʝ. 

ʇʦʿʘʚʦʤ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʦʪʢʨʠʚʝʥ ʿʝ ʥʦʚʠ ʤʦʜʝʣ ʟʘ ʧʦʙʦˀʰʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ 

ʘʧʣʠʢʘʮʠʿʘ. ʅʘ ʦʚʠʤ ʢʘʨʪʠʮʘʤʘ ʩʝ ʥʘʣʘʟʝ ʨʘʯʫʥʘʨʩʢʘ ʿʝʟʛʨʘ ʢʦʿʘ ʣʠʯʝ ʥʘ ʥʠʟ ʿʝʜʥʦʩʪʘʚʥʠʭ 

ʧʨʦʮʝʩʦʨʘ ʠ ʢʦʿʘ ʩʫ ʫ ʩʪʘˁʫ ʜʘ ʫʙʨʟʘʿʫ ʦʜʨʝʹʝʥʠ ʨʘʯʫʥʘʨʩʢʠ ʧʨʦʙʣʝʤ ʠ ʥʝʢʦʣʠʢʦ ʧʫʪʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʨʘʯʫʥʘʨʩʢʝ ʧʨʦʮʝʩʦʨʝ. ʉʚʘʢʠ ʦʜ ʪʠʭ ʨʘʯʫʥʘʨʩʢʠʭ ʿʝʟʛʘʨʘ ʿʝ ʩʧʦʩʦʙʘʥ ʜʘ 

ʠʟʚʨʰʘʚʘ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʨʘʯʫʥʘʨʩʢʝ ʦʧʝʨʘʮʠʿʝ. ɻʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʩʫ ʥʘʰʣʝ ʧʨʠʤʝʥʫ ʫ 

ʘʧʣʠʢʘʮʠʿʘʤʘ ʢʦʿʝ ʠʤʘʿʫ ʚʠʩʦʢ ʬʘʢʪʦʨ ʧʘʨʘʣʝʣʠʟʘʮʠʿʝ, ʘ ʛʜʝ ʩʚʘʢʘ ʥʠʪ ʥʝ ʪʨʝʙʘ ʜʘ 

ʠʟʚʨʰʘʚʘ ʥʝʢʫ ʨʘʯʫʥʘʨʩʢʠ ʟʘʭʪʝʚʥʫ ʦʧʝʨʘʮʠʿʫ. ʆʥʝ ʩʫ ʚʨʣʦ ʙʨʟʦ ʩʪʝʢʣʝ ʧʦʧʫʣʘʨʥʦʩʪ ʫ 

ʨʘʯʫʥʘʨʩʪʚʫ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. 

ʄʦʜʝʣ ʢʦʿʠ ʜʦʟʚʦˀʘʚʘ ʿʦʰ ʚʝ˂ʠ ʥʠʚʦ ʧʘʨʘʣʝʣʠʟʘʮʠʿʝ ʿʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ 

ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ ʢʦʿʘ ʿʝ ʠ ʢʦʨʠʰ˂ʝʥʘ ʫ ʠʟʨʘʜʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʆʚʘ 

ʧʣʘʪʬʦʨʤʘ ʩʝ ʤʦʞʝ ʧʨʦʛʨʘʤʠʨʘʪʠ ʠʩʧʦʜ ʥʠʚʦʘ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ. ʉʘʩʪʦʿʠ ʩʝ ʦʜ 

ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʣʦʛʠʯʢʠʭ ʙʣʦʢʦʚʘ ʢʦʿʠ ʤʦʛʫ ʙʠʪʠ ʢʦʥʬʠʛʫʨʠʩʘʥʠ ʠ ʧʦʚʝʟʘʥʠ ʪʘʢʦ ʜʘ 

ʠʟʚʨʰʘʚʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʨʘʯʫʥʘʨʩʢʫ ʦʧʝʨʘʮʠʿʫ. ʈʘʯʫʥʘʨʩʢʝ ʦʧʝʨʘʮʠʿʝ ʩʝ ʥʘ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʤ ʭʘʨʜʚʝʨʩʢʠʤ ʧʣʘʪʬʦʨʤʘʤʘ ʠʟʚʨʰʘʚʘʿʫ ʪʘʢʦ ʰʪʦ ʧʦʜʘʮʠ ʪʝʢʫ ʢʨʦʟ 

ʛʨʘʬ ʠʟʚʨʰʘʚʘˁʘ ʛʜʝ ʯʚʦʨʦʚʠ ʫ ʪʦʤ ʛʨʘʬʫ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʧʝʨʘʪʦʨʝ ʢʘʦ ʰʪʦ ʩʫ ʩʘʙʠʨʘʯʠ, 

ʤʥʦʞʘʯʠ, ʘʢʫʤʫʣʘʪʦʨʠ, ʙʨʦʿʘʯʠ ʠ ʩʣʠʯʥʦ. 

ʆʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʟʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʭʘʨʜʚʝʨʩʢʝ ʧʣʘʪʬʦʨʤʝ ʧʨʝʜʩʪʘʚˀʘ 

ʧʨʦʩʪʦʨ ʦʜʥʦʩʥʦ ʚʝʣʠʯʠʥʘ ʭʘʨʜʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʥʘ ʯʠʧʫ. 
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ʇʦʚʝ˂ʘˁʝ ʚʝʣʠʯʠʥʝ ʯʠʧʘ ʠ ʧʦʙʦˀʰʘˁʝ ʧʨʦʛʨʘʤʩʢʠʭ ʘʣʘʪʘ ʟʘ ʜʠʟʘʿʥʠʨʘˁʝ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ ʧʣʘʪʬʦʨʤʠ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʜʘ ʩʝ ʧʦʚʝ˂ʘʿʫ ʛʨʘʥʠʮʝ 

ʘʧʣʠʢʘʮʠʿʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʨʘʟʚʠʿʘʪʠ ʥʘ ˁʠʤʘ. ʋ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ 

ʭʘʨʜʚʝʨʩʢʝ ʧʣʘʪʬʦʨʤʝ ʩʝ ʢʦʨʠʩʪʝ ʜʘ ʠʟʚʨʰʝ ʨʘʯʫʥʘˁʝ ʥʘʿʟʘʭʪʝʚʥʠʿʠʭ ʜʝʣʦʚʘ ʘʧʣʠʢʘʮʠʿʝ ʠ 

ʥʘ ʪʘʿ ʥʘʯʠʥ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʫʙʨʟʘʿʫ ʠʟʚʨʰʝˁʝ ʯʠʪʘʚʝ ʘʧʣʠʢʘʮʠʿʝ. 

ʈʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʭʘʨʜʚʝʨʩʢʝ ʧʣʘʪʬʦʨʤʝ ʠʤʘʿʫ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʦʙʣʘʩʪʠ 

ʨʘʯʫʥʘʨʩʪʚʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʛʜʝ ʧʨʦʮʝʩʦʨʠ ʩʘ ʚʠʰʝ ʿʝʟʛʘʨʘ ʠʣʠ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʩʘ 

ʤʥʦʛʦ ʿʝʟʛʘʨʘ ʥʝ ʤʦʛʫ ʜʘ ʦʜʛʦʚʦʨʝ ʟʘʜʘʮʠʤʘ, ʘ ʫʧʦʪʨʝʙʘ ʠʥʪʝʛʨʠʩʘʥʠʭ ʢʦʣʘ ʜʠʟʘʿʥʠʨʘʥʠʭ 

ʧʨʝʤʘ ʘʧʣʠʢʘʮʠʿʠ ʿʝ ʧʨʝʩʢʫʧʘ. ʆʚʝ ʧʣʘʪʬʦʨʤʝ ʩʫ ʧʦʢʘʟʘʣʝ ʦʜʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ ʫ ʦʙʨʘʜʠ 

ʜʠʛʠʪʘʣʥʠʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʠ ʢʘʦ ʪʘʢʚʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫ ʩʠʩʪʝʤʠʤʘ ʛʜʝ ʿʝ 

ʥʘʢʦʥ ʘʢʚʠʟʠʮʠʿʝ ʧʦʪʨʝʙʥʦ ʤʦʤʝʥʪʘʣʥʦ ʠʟʚʨʰʠʪʠ ʦʙʨʘʜʫ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ, ʯʠʤʝ ʧʨʦʮʝʩ ʜʠʿʘʛʥʦʟʝ ʧʦʩʪʘʿʝ ʟʥʘʪʥʦ ʙʨʞʠ, ʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʠʤʘʿʫ ʧʦʪʝʥʮʠʿʘʣ ʜʘ ʧʦʩʪʘʥʫ ʟʥʘʪʥʦ ʿʝʬʪʠʥʠʿʠ. 

 

1.4. ʄʝʪʦʜʝ ʢʦʿʝ ˂ʝ ʩʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʠʤʝˁʠʚʘʪʠ 

 

ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠ˂ʝ ʦʧʠʩʘʥʘ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ɱʝʜʘʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ 

ʢʦʿʠ ʠʤʘ ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ ʫ ʨʘʥʦʤ ʦʪʢʨʠʚʘˁʫ ʢʘʥʮʝʨʘ ʜʦʿʢʝ. ɼʨʫʛʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʘʣʛʦʨʠʪʘʤ 

ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʫ ʮʠˀʫ ˁʠʭʦʚʝ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ. ʊʨʝ˂ʠ ʘʣʛʦʨʠʪʘʤ ʿʝ ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ 

ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʜʦʙʠʿʝʥʠʭ ʧʨʦʮʝʩʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ, ʪʘʢʦʹʝ ʫ ʮʠˀʫ 

ˁʠʭʦʚʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ. 

ʊʘʢʦʹʝ, ʙʠ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʠ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ ʢʘʦ ʧʦʩʝʙʘʥ 

ʘʣʘʪ ʢʦʿʠ ʜʦʟʚʦˀʘʚʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ ʘʣʛʦʨʠʪʘʤʘ ʥʘ ʟʥʘʪʥʦ ʚʠʰʝʤ ʥʠʚʦʫ, ʦʜʥʦʩʥʦ ʨʘʟʚʦʿ 

ʘʣʛʦʨʠʪʘʤʘ ʫ ʧʨʦʩʪʦʨʫ, ʘ ʥʝ ʫ ʚʨʝʤʝʥʫ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʩʘ ʨʘʯʫʥʘʨʠʤʘ ʚʠʩʦʢʠʭ 

ʧʝʨʬʦʨʤʘʥʩʠ. ʂʘʦ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʟʘ ʜʠʟʘʿʥʠʨʘˁʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʭʘʨʜʚʝʨʩʢʝ 

ʧʣʘʪʬʦʨʤʝ ʙʠ˂ʝ ʢʦʨʠʰ˂ʝʥ Ăʄʘʭɱñ. ʊʘʢʦʹʝ, ʙʠ˂ʝ ʜʘʪ ʠ ʜʝʪʘˀʘʥ ʦʧʠʩ ʧʨʝʙʘʮʠʚʘˁʘ 

ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ ʩʘ ʨʘʯʫʥʘʨʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ 
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ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ, ʧʦʰʪʦ ʩʘʤʦ ʝʬʠʢʘʩʥʦ ʧʨʝʙʘʮʠʚʘˁʝ ʛʘʨʘʥʪʫʿʝ ʠ ʫʙʨʟʘˁʝ 

ʘʣʛʦʨʠʪʘʤʘ. 

 

1.5. ɿʥʘʯʘʿ ʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ 

ʘʢʪʫʝʣʥʦʩʪʠ ʫ ʦʜʨʝʹʝʥʦʿ ʥʘʫʯʥʦʿ ʦʙʣʘʩʪʠ 

 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʟʘʭʪʝʚʝ ʪʨʞʠʰʪʘ ʟʘ ʩʚʝ ʚʝ˂ʠʤ ʩʢʫʧʦʚʠʤʘ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʩʘ 

ʩʚʝ ʚʝ˂ʦʤ ʨʝʟʦʣʫʮʠʿʦʤ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʘʢʪʫʝʣʥʦʩʪ ʪʝʤʝ ʟʘ ʫʙʨʟʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ʟʘ 

ʩʝʛʤʝʥʪʘʮʠʿʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʠʟʫʟʝʪʥʦ ʠʟʨʘʞʝʥʘ. ʆʩʥʦʚʥʠ ʮʠˀʝʚʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʝʬʠʢʘʩʥʦ ʧʨʝʙʘʮʠʚʘˁʝ ʘʣʛʦʨʠʪʘʤʘ ʠ ʪʦʢʘ ʧʦʜʘʪʘʢʘ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ 

ʭʘʨʜʚʝʨʩʢʝ ʧʣʘʪʬʦʨʤʝ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ˁʠʭʦʚʠʭ ʧʝʨʬʦʨʤʘʥʩʠ, ʧʨʠʢʘʟ ʠ ʘʥʘʣʠʟʘ 

ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʠʩʪʝ ʧʣʘʪʬʦʨʤʝ ʢʘʦ ʠ ʧʨʠʢʘʟ ʠ ʘʥʘʣʠʟʘ ʧʦʩʪʠʛʥʫʪʠʭ ʨʝʟʫʣʪʘʪʘ. 

ʋ ʦʢʚʠʨʫ ʠʟʨʘʜʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʜʘʪ ʿʝ ʦʧʠʩ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʟʘ 

ʩʝʛʤʝʥʪʘʮʠʿʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ɱʝʜʘʥ ʘʣʛʦʨʠʪʘʤ ʚʨʰʠ ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʘʤʦʛʨʘʬʩʢʠʭ 

ʩʣʠʢʘ ʛʨʫʜʠ, ʘ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʚʨʰʝ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʢʫʧʘ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦ ʨʝʢʦʥʩʪʨʫʠʩʘˁʝ. ɱʝʜʘʥ ʩʢʫʧ ʩʣʠʢʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ, ʘ ʜʨʫʛʠ ʩʢʫʧ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʜʦʙʠʿʝʥʠʭ ʧʨʦʮʝʩʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ. ʉʚʘ ʪʨʠ 

ʘʣʛʦʨʠʪʤʘ ʚʨʰʝ ʦʙʨʘʜʫ ʩʣʠʢʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʨʝʘʣʥʦʿ ʙʠʦʤʝʜʠʮʠʥʩʢʦʿ ʧʨʘʢʩʠ. 

 

1.6. ʇʨʝʛʣʝʜ ʩʘʜʨʞʘʿʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 

 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʫʢʫʧʥʦ ʩʘʜʨʞʠ ʜʝʩʝʪ ʧʦʛʣʘʚˀʘ. ʋ ʦʢʚʠʨʫ ʧʨʚʦʛ ʧʦʛʣʘʚˀʘ 

ʧʨʠʢʘʟʘʥʘ ʩʫ ʫʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʨʝʜʤʝʪ ʨʘʜʘ, ʦʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʢʦʿʝ ʩʫ 

ʢʦʨʠʰ˂ʝʥʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ, ʧʨʝʛʣʝʜ ʪʨʝʥʫʪʥʦʛ ʩʪʘˁʘ, ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʧʨʠʤʝˁʠʚʘʥʝ ʫ 

ʠʩʪʨʘʞʠʚʘˁʫ ʢʘʦ ʠ ʥʘ ʮʠˀ ʠ ʟʥʘʯʘʿ ʩʘʤʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʋ ʦʢʚʠʨʫ ʜʨʫʛʦʛ ʧʦʛʣʘʚˀʘ ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʝʛʣʝʜ ʤʦʛʫ˂ʠʭ ʧʣʘʪʬʦʨʤʠ ʟʘ ʫʙʨʟʘˁʝ 

ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ɼʘʪ ʿʝ ʜʝʪʘˀʘʥ ʦʧʠʩ ʧʨʦʮʝʩʦʨʘ ʦʧʰʪʝ 

ʥʘʤʝʥʝ, ʦʙʿʘʰˁʝʥʝ ʩʫ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ ʧʨʠʢʘʟʘʥʘ ʿʝ ʘʥʘʣʠʟʘ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʘʢʘ 
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ʫʧʦʪʨʝʙʝ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʮʝʩʦʨʝ ʦʧʰʪʝ ʥʘʤʝʥʝ, ʢʘʦ ʠ ʪʨʝʥʜ ʨʘʟʚʦʿʘ ʠ 

ʿʝʜʥʝ ʠ ʜʨʫʛʝ ʧʣʘʪʬʦʨʤʝ. ʅʘ ʢʨʘʿʫ ʿʝ ʜʘʪ ʫʚʦʜʥʠ ʦʧʠʩ ʧʣʘʪʬʦʨʤʠ ʙʘʟʠʨʘʥʠʭ ʥʘ ĂFPGAñ 

ʯʠʧʦʚʠʤʘ. 

ʋ ʦʢʚʠʨʫ ʪʨʝ˂ʝʛ ʧʦʛʣʘʚˀʘ ʜʘʪ ʿʝ ʦʧʠʩ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʭʘʨʜʚʝʨʩʢʝ ʧʣʘʪʬʦʨʤʝ. 

ĂFPGAñ ʯʠʧʦʚʠ ʩʫ ʦʧʠʩʘʥʠ ʜʦ ʜʝʪʘˀʘ ʩʘ ʩʚʠʤ ˁʠʭʦʚʠʤ ʭʘʨʜʚʝʨʩʢʠʤ ʨʝʩʫʨʩʠʤʘ. ɼʘʪ ʿʝ 

ʦʧʠʩ ʬʣʠʧ-ʬʣʦʧʦʚʘ, ʤʫʣʪʠʧʣʝʢʩʝʨʘ, ʣʫʢʘʧ ʪʘʙʝʣʘ, ʜʠʛʠʪʘʣʥʠʭ ʧʨʦʮʝʩʦʨʘ ʩʠʛʥʘʣʘ ʠ 

ʤʥʦʞʘʯʘ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥ ʿʝ ʜʝʪʘˀʘʥ ʦʧʠʩ ʘʨʭʠʪʝʢʪʫʨʘ ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ 

ʧʣʘʪʬʦʨʤʝ, ʢʘʦ ʠ ʦʧʠʩ ʨʘʯʫʥʘˁʘ ʙʘʟʠʨʘʥ ʥʘ ʧʨʦʪʦʢʫ ʧʦʜʘʪʘʢʘ ʧʨʝʤʘ ʢʦʤ ĂMaxelerñ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘʩʥʠʚʘ ʩʚʦʿ ʨʘʜ. 

ʋ ʦʢʚʠʨʫ ʯʝʪʚʨʪʦʛ ʧʦʛʣʘʚˀʘ ʿʝ ʜʘʪ ʦʧʠʩ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʩʣʠʢʘ. ɼʘʪʦ ʿʝ ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝˁʝ ʧʦʿʤʘ ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ, ʦʧʠʩʘʥʝ ʩʫ ʪʝʨʤʦʚʠʟʠʿʩʢʝ 

ʢʘʤʝʨʝ, ʫʣʪʨʘʟʚʫʯʥʠ ʩʠʩʪʝʤʠ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ, ʢʘʦ ʠ ʩʠʩʪʝʤʠ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ 

ʙʘʟʠʨʘʥʠ ʥʘ ʪʦʤʦʛʨʘʬʠʿʠ. ʋʧʨʘʚʦ ʩʫ ʩʝ ʩʠʩʪʝʤʠ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʙʘʟʠʨʘʥʠ ʥʘ 

ʪʦʤʛʨʘʬʠʿʠ ʠ ʢʦʨʠʩʪʠʣʠ ʫ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʢʘʢʦ ʙʠ ʠʟʚʨʰʠʣʠ ʩʥʠʤʘˁʘ ʩʣʠʢʘ 

ʥʘʜ ʢʦʿʠʤʘ ʩʫ ʩʝ ʢʘʩʥʠʿʝ ʠʟʚʨʰʘʚʘʣʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ. 

ʋ ʦʢʚʠʨʫ ʧʝʪʦʛ ʧʦʛʣʘʚˀʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʘʣʛʦʨʠʪʤʠ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ʇʨʚʦ ʩʫ ʦʧʠʩʘʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʨʝʪʧʨʦʮʝʩʠʨʘˁʝ ʩʣʠʢʘ ʫ ʢʦʿʘ 

ʩʧʘʜʘʿʫ ʨʘʟʥʠ ʬʠʣʪʝʨʠ. ʅʘʢʦʥ ʪʦʛʘ ʿʝ ʜʘʪ ʦʧʠʩ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ 

ʙʘʟʠʨʘʥʠʤ ʥʘ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ, ʠʚʠʮʘʤʘ, ʨʝʛʠʦʥʠʤʘ, ʛʨʘʜʠʿʝʥʪʠʤʘ ʠ ʢʣʘʩʠʬʠʢʘʮʠʿʠ. ʋ 

ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʠʤʝʥʫ ʩʫ ʥʘʰʣʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʬʠʣʪʨʠʨʘˁʝ ʩʣʠʢʘ 

ʧʨʠʤʝʥʦʤ ʫʩʨʝʜˁʘʚʘˁʘ, ʢʘʦ ʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ ʥʘ ʙʘʟʠ ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ. 

ʋ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ ʰʝʩʪ, ʩʝʜʘʤ ʠ ʦʩʘʤ ʜʘʪ ʿʝ ʦʧʠʩ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʩʣʠʢʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʠ ʫʙʨʟʘʚʘʥʠ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʊʠ ʘʣʛʦʨʠʪʤʠ 

ʩʫ ʘʣʛʦʨʠʪʤʠ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʝ, ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ 

ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʠ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʜʦʙʠʿʝʥʠʭ ʧʨʦʮʝʩʦʤ 

ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ. ɼʘʪ ʿʝ ʜʝʪʘˀʘʥ ʦʧʠʩ ʩʚʘʢʦʛ ʦʜ ʘʣʛʦʨʠʪʘʤʘ ʠ ʧʨʠʢʘʟʘʥʠ ʩʫ 

ʨʝʟʫʣʪʘʪʠ ʦʙʨʘʜʝ ʩʣʠʢʘ ʧʨʠʤʝʥʦʤ ʪʠʭ ʘʣʛʦʨʠʪʘʤʘ. 
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ʋ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ ʜʝʚʝʪ ʜʘʪ ʿʝ ʦʧʠʩ ʧʦʩʪʫʧʢʘ ʧʨʝʙʘʮʠʚʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ʥʘ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ. ɼʦ ʜʝʪʘˀʘ ʿʝ ʦʙʿʘʰˁʝʥ ʪʦʢ ʧʦʜʘʪʘʢʘ ʢʨʦʟ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ ʠ ʥʘ ʢʨʘʿʫ ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʦʩʪʚʘʨʝʥʠʭ ʨʝʟʫʣʪʘʪʘ. 

ʋ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ ʜʝʩʝʪ ʩʫ ʧʨʠʢʘʟʘʥʘ ʟʘʢˀʫʯʥʘ ʨʘʟʤʘʪʨʘˁʘ, ʘ ʧʦʛʣʘʚˀʝ ʿʝʜʘʥʘʝʩʪ 

ʩʘʜʨʞʠ ʩʧʠʩʘʢ ʢʦʨʠʰ˂ʝʥʝ ʣʠʪʝʨʘʪʫʨʝ. 
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2. 
              

 

2. ʇʨʝʛʣʝʜ ʧʣʘʪʬʦʨʤʠ ʟʘ ʫʙʨʟʘˁʝ ʘʣʛʦʨʠʪʘʤʘ 

ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ 

 

ʆʙʨʘʜʘ ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʫʯʥʦ ʧʦˀʝ ʢʦʿʝ ʩʝ ʠʟʫʟʝʪʥʦ ʙʨʟʦ ʨʘʟʚʠʿʘ ʟʘʭʚʘˀʫʿʫ˂ʠ 

ʢʘʢʦ ʧʦʙʦˀʰʘˁʫ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʪʘʢʦ ʠ ʥʘʿʥʦʚʠʿʠʤ ʜʦʩʪʠʛʥʫ˂ʠʤʘ ʠʟ ʦʙʣʘʩʪʠ 

ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ. ʊʘʢʦʹʝ, ʢʚʘʣʠʪʝʪ ʦʙʨʘʜʝ ʩʣʠʢʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʠ ʦʜ ʩʘʤʠʭ 

ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ. ɸʧʣʠʢʘʮʠʿʝ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʦʙʨʘʜʫ ʩʣʠʢʘ ʩʫ ʨʘʟʥʦʣʠʢʝ. 

ʆʙʨʘʜʫ ʩʣʠʢʘ ʟʘʭʪʝʚʘʿʫ ʢʘʢʦ ʦʙʠʯʥʝ ʜʠʛʠʪʘʣʥʝ ʢʘʤʝʨʝ, ʪʘʢʦ ʠ ʘʧʣʠʢʘʮʠʿʝ ʢʦʿʝ ʘʥʘʣʠʟʠʨʘʿʫ 

ʘʩʪʨʦʥʦʤʩʢʝ ʧʦʜʘʪʢʝ ʜʦʙʠʿʝʥʝ ʩʘ ʠʟʣʘʟʘ ʪʝʣʝʩʢʦʧʘ, ʘʧʣʠʢʘʮʠʿʝ ʟʘ ʦʙʨʘʜʫ ĂMRIñ ʠ ĂCTñ  

ʩʣʠʢʘ ʢʘʦ ʠ ʙʠʦʣʦʰʢʝ ʘʧʣʠʢʘʮʠʿʝ ʢʦʿʝ ʨʘʜʝ ʩʘ ʦʧʪʠʯʢʠʤ ʤʠʢʨʦʩʢʦʧʠʤʘ. ʂʦʨʠʩʥʠʮʠ 

ʟʘʭʪʝʚʘʿʫ ʩʚʝ ʙʦˀʠ ʠ ʙʦˀʠ ʢʚʘʣʠʪʝʪ ʩʣʠʢʘ ʫ ʧʦʛʣʝʜʫ ʨʝʟʦʣʫʮʠʿʝ ʩʣʠʢʘ ʠ ʦʜʥʦʩʫ ʩʠʛʥʘʣʘ ʠ 

ʰʫʤʘ. ʋ ʮʠˀʫ ʠʩʧʫˁʝˁʘ ʢʦʨʠʩʥʠʯʢʠʭ ʟʘʭʪʝʚʘ ʧʨʝʜʤʝʪ ʤʥʦʛʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ 

ʧʦʙʦˀʰʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʠ ʫʥʘʧʨʝʹʝˁʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʦʙʨʘʜʫ ʩʣʠʢʘ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʦʤʧʣʝʢʩʥʝ ʤʝʪʦʜʝ ʟʘ ʦʙʨʘʜʫ ʩʣʠʢʘ ʦʜʫʟʠʤʘʿʫ ʜʦʩʪʘ ʚʨʝʤʝʥʘ ʠ 

ˁʠʭʦʚʦ ʧʨʦʮʝʩʠʨʘˁʝ ʤʦʞʝ ʙʠʪʠ ʠʟʫʟʝʪʥʦ ʟʘʭʪʝʚʥʦ ʯʘʢ ʠ ʟʘ ʥʘʿʥʦʚʠʿʝ ʭʘʨʜʚʝʨʩʢʝ 

ʧʣʘʪʬʦʨʤʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʠʟʚʨʰʠʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʦʙʨʘʜʫ 

ʩʣʠʢʘ ʢʘʢʦ ʙʠ ʩʝ ʠʩʪʠ ʤʦʛʣʠ ʠʟʚʨʰʠʪʠ ʫ ʟʘ ʢʦʨʠʩʥʠʢʘ ʧʨʠʭʚʘʪˀʠʚʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʠʥʪʝʨʚʘʣʫ. ʅʘ ʧʨʠʤʝʨ, ʫʢʦʣʠʢʦ ʧʘʮʠʿʝʥʪ ʠʜʝ ʥʘ ʤʘʛʥʝʪʩʢʫ ʨʝʟʦʥʘʥʮʫ ʠʣʠ ʫʣʪʨʘʟʚʫʯʥʦ 

ʠʩʧʠʪʠʚʘˁʝ ʚʘʞʥʦ ʿʝ ʟʘʚʨʰʠʪʠ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ ʫ ʨʦʢʫ ʦʜ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ ʢʘʢʦ ʙʠ 

ʤʝʜʠʮʠʥʩʢʠ ʨʘʜʥʠʢ ʤʦʛʘʦ ʜʘ ʧʨʝʛʣʝʜʘ ʨʝʟʫʣʪʘʪʝ ʠʩʧʠʪʠʚʘˁʘ ʠ ʧʨʝʜʣʦʞʠ ʩʣʝʜʝ˂ʝ ʢʦʨʘʢʝ ʫ 
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ʣʝʯʝˁʫ ʧʘʮʠʿʝʥʪʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʧʦʩʝʪʝ. ʋ ʥʝʢʠʤ ʜʨʫʛʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ ʛʜʝ ʩʝ 

ʩʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʢʦʨʠʩʪʠ ʟʘ ʘʩʠʩʪʝʥʮʠʿʫ ʢʦʨʠʩʥʠʢʫ ʧʦʜʘʮʠ ʤʦʨʘʿʫ ʙʠʪʠ ʦʙʨʘʹʝʥʠ ʫ 

ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. 

ʇʣʘʪʬʦʨʤʝ ʢʦʿʝ ʩʝ ʜʘʥʘʩ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʟʘ ʦʙʨʘʜʫ ʩʣʠʢʝ ʩʫ ʧʨʦʮʝʩʦʨʠ ʦʧʰʪʝ 

ʥʘʤʝʥʝ, ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ ĂFPGAñ ʯʠʧʦʚʠ. 

 

2.1. ʇʨʦʮʝʩʦʨʠ ʦʧʰʪʝ ʥʘʤʝʥʝ 

 

ʅʘʿʚʘʞʥʠʿʠ ʜʝʦ ʨʘʯʫʥʘʨʩʢʦʛ ʭʘʨʜʚʝʨʘ ʧʨʝʜʩʪʘʚˀʘ ʮʝʥʪʨʘʣʥʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʜʠʥʠʮʘ. 

ɻʦʜʠʥʝ 1971. ʧʨʦʠʟʚʝʜʝʥ ʿʝ 4-ʙʠʪʥʠ ĂIntel 4004ñ ʧʨʦʮʝʩʦʨ. ʊʦ ʿʝ ʙʠʦ ʧʨʚʠ ʢʦʤʝʨʮʠʿʘʣʥʦ 

ʜʦʩʪʫʧʘʥ ʯʠʧ. ʄʘʢʩʠʤʘʣʥʘ ʬʨʝʢʚʝʥʮʠʿʘ ʥʘ ʢʦʿʦʿ ʿʝ ʦʚʘʿ ʨʝʚʦʣʫʮʠʦʥʘʨʥʠ ʭʘʨʜʚʝʨ ʤʦʛʘʦ ʜʘ 

ʨʘʜʠ ʿʝ ʠʟʥʦʩʠʣʘ 740 kHz ʰʪʦ ʿʝ ʙʠʣʦ ʠʟʫʟʝʪʥʦ ʜʦʩʪʠʛʥʫ˂ʝ ʟʘ ʪʦ ʚʨʝʤʝ. ʆʚʘʿ ʯʠʧ ʿʝ ʪʘʢʦʹʝ 

ʤʦʛʘʦ ʜʘ ʠʟʚʨʰʠ 92000 ʠʥʩʪʨʫʢʮʠʿʘ ʫ ʩʝʢʫʥʜʠ ʠ ʧʦʩʝʜʦʚʘʦ ʿʝ 2300 ʪʨʘʥʟʠʩʪʦʨʘ. ʆʚʘʿ 

ʫʨʝʹʘʿ ʿʝ ʧʦʧʣʦʯʘʦ ʧʫʪ ʟʘ ʤʥʦʛʝ ʠʥʦʚʘʮʠʿʝ ʢʦʿʝ ˂ʝ ʜʦ˂ʠ ʫ ʥʘʨʝʜʥʠʤ ʛʦʜʠʥʘʤʘ. 

ʂʦʤʧʘʥʠʿʘ ĂIntelñ ʿʝ ʜʦʤʠʥʠʨʘʣʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʮʝʥʪʨʘʣʥʠʭ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ. 

ʀʟʙʘʮʠʣʘ ʿʝ ʥʝʢʦʣʠʢʦ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʮʝʩʦʨʘ ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʧʦʟʥʘʪʠʿʠ 8086 ʠʟ 1978. 

ʛʦʜʠʥʝ, 8088 ʠʟ 1979. ʛʦʜʠʥʝ, 80186 ʠʟ 1980. ʛʦʜʠʥʝ. ɸ ʦʥʜʘ ʩʝ 1993. ʛʦʜʠʥʝ ʧʦʿʘʚʠʣʦ 

ʤʦʞʜʘ ʠ ʥʘʿʟʚʫʯʥʠʿʝ ʠʤʝ ʫ ʩʚʝʪʫ ʧʨʦʮʝʩʦʨʘ, ʯʫʚʝʥʠ ĂIntel Pentiumñ ʧʨʦʮʝʩʦʨ. ʆʥ ʿʝ ʨʘʜʠʦ 

ʥʘ ʬʨʝʢʚʝʥʮʠʿʠ ʦʜ 60 MHz ʠ ʩʘ 100 000 000 ĂMIPSñ. 

ʉʣʝʜʝ˂ʝ ʚʝʣʠʢʦ ʜʦʩʪʠʛʥʫ˂ʝ ʫ ʠʩʪʦʨʠʿʠ ʧʨʦʮʝʩʦʨʘ ʿʝ ʧʦʿʘʚʘ ʧʨʚʦʛ ʧʨʦʮʝʩʦʨʘ ʢʦʿʠ ʿʝ 

ʨʘʜʠʦ ʥʘ ʬʨʝʢʚʝʥʮʠʿʠ ʦʜ 1 GHz. ʆʚʦ ʿʝ ʧʨʚʦ ʫʚʝʜʝʥʦ ʥʘ ʧʨʦʮʝʩʦʨʫ ĂAMD Athlonñ ʛʦʜʠʥʝ 

1999. ʘ ʩʘʤʦ ʜʚʘ ʜʘʥʘ ʢʘʩʥʠʿʝ ʠ ʥʘ ĂIntel Pentium IIIñ ʧʨʦʮʝʩʦʨʫ.  ʋ ʜʘʥʘʰˁʝ ʚʨʝʤʝ ʿʝ 

ʩʘʩʚʠʤ ʥʦʨʤʘʣʥʦ ʜʘ ʧʨʦʮʝʩʦʨʠ ʨʘʜʝ ʥʘ ʬʨʝʢʚʝʥʮʠʿʠ ʚʝ˂ʦʿ ʦʜ 1 GHz ʯʘʢ ʠ ʫ ʤʘʣʠʤ 

ʫʨʝʹʘʿʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʪʦ ʤʦʙʠʣʥʠ ʪʝʣʝʬʦʥʠ. ɿʘ ʤʘˁʝ ʦʜ ʧʦʣʘ ʚʝʢʘ ʧʨʦʰʘʦ ʩʝ ʧʫʪ ʦʜ 

740 kHz ʜʦ ʥʝʢʦʣʠʢʦ GHz ʢʘʦ ʠ ʧʦʚʝ˂ʘˁʝ ʫ ʙʨʦʿʫ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʯʠʧʫ ʦʜ 2300 ʜʦ ʨʝʜʘ 

ʩʪʦʪʠʥʘ ʤʠʣʠʦʥʘ.  

ʇʨʝʤʘ ʄʫʨʦʚʦʤ ʟʘʢʦʥʫ [1] ʙʨʦʿ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʯʠʧʫ ʩʝ ʫʜʚʦʩʪʨʫʯʫʿʝ ʥʘ ʩʚʘʢʠʭ 18 

ʜʦ 24 ʤʝʩʝʮʠ, ʘ ʩʘʤʠʤ ʪʠʤ ʩʝ ʧʦʙʦˀʰʘʚʘʿʫ ʠ ʧʝʨʬʦʨʤʘʥʩʝ ĂCPU-ʘñ. ʄʝʹʫʪʠʤ, ʦʚʘʿ ʪʨʝʥʜ 

ʩʝ ʫ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ ʩʚʝ ʚʠʰʝ ʠ ʚʠʰʝ ʫʩʧʦʨʘʚʘ ʟʘʪʦ ʰʪʦ ʿʝ ʠʥʜʫʩʪʨʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 
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ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʜʦʩʪʠʛʣʘ ʩʚʦʿʝ ʬʠʟʠʯʢʝ ʣʠʤʠʪʝ. ʋʩʢʦʨʦ ʥʝ˂ʝ ʚʠʰʝ ʙʠʪʠ ʤʦʛʫ˂ʝ ʩʤʘˁʠʪʠ 

ʚʝʣʠʯʠʥʫ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʪʠʤʝ ʧʦʚʝ˂ʘʚʘʪʠ ʬʨʝʢʚʝʥʮʠʿʫ ʨʘʜʘ ʧʨʦʮʝʩʦʨʘ. ɿʙʦʛ ʪʦʛʘ, 

ʧʨʦʠʟʚʦʹʘʯʠ ʪʨʘʛʘʿʫ ʟʘ ʥʦʚʠʤ ʥʘʯʠʥʠʤʘ ʟʘ ʧʦʚʝ˂ʘˁʝ ʙʨʟʠʥʝ ʮʝʥʪʨʘʣʥʝ ʧʨʦʮʝʩʦʨʩʢʝ 

ʿʝʜʠʥʠʮʝ. ʅʘʿʟʥʘʯʘʿʥʠʿʠ ʪʨʝʥʜʦʚʠ ʟʘ ʧʦʙʦˀʰʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʮʝʥʪʨʘʣʥʝ ʧʨʦʮʝʩʦʨʩʢʝ 

ʿʝʜʠʥʠʮʝ ʩʫ ʧʨʦʰʠʨʝˁʝ ˁʝʥʠʭ ʤʦʛʫ˂ʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʚʠʰʝ ʟʘʜʘʪʘʢʘ ʠʟʚʨʰʘʚʘʣʦ 

ʧʘʨʘʣʝʣʥʦ. ʊʦ ʩʝ ʧʦʩʪʠʞʝ ʫʚʦʹʝˁʝʤ ʚʝʢʪʦʨʩʢʝ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʠ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ.  

ʇʨʦʮʝʩʦʨʠ ʩʘ ʚʠʰʝ ʿʝʟʛʘʨʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʥʪʝʛʨʠʩʘʥʘ ʢʦʣʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʠ ʜʚʘ 

ʠʣʠ ʚʠʰʝ ʧʨʦʮʝʩʦʨʘ ʯʠʿʦʤ ʩʝ ʫʧʦʪʨʝʙʦʤ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʧʘʨʘʣʝʣʠʟʘʮʠʿʘ ʟʘʜʘʪʘʢʘ ʯʠʤʝ ʩʝ 

ʧʦʙʦˀʰʘʚʘʿʫ ʧʝʨʬʦʨʤʘʥʩʝ ʩʘʤʠʭ ʧʨʦʮʝʩʦʨʘ. ʇʘʨʘʣʝʣʥʦ ʧʨʦʮʝʩʠʨʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʪʠʧ 

ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ ʛʜʝ ʩʝ ʚʝ˂ʠ ʙʨʦʿ ʨʘʯʫʥʘˁʘ ʦʙʘʚˀʘ ʩʠʤʫʣʪʘʥʦ. ʆʚʘʿ ʤʝʪʦʜ ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ 

ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʠʥʮʠʧʫ ʜʘ ʩʝ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʚʝʣʠʢʠ ʧʨʦʙʣʝʤʠ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ 

ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʤʘˁʠʭ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʨʝʰʘʚʘʪʠ ʢʦʥʢʫʨʝʥʪʥʦ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʦʚʦʤ 

ʧʨʠʥʮʠʧʫ ʧʨʦʮʝʩʦʨʠ ʩʘ ʚʠʰʝ ʿʝʟʛʘʨʘ ʩʫ ʧʦʩʪʘʣʠ ʜʦʤʠʥʘʥʪʘʥ ʩʪʘʥʜʘʨʜ ʫ ʨʘʯʫʥʘʨʩʢʦʿ 

ʘʨʭʠʪʝʢʪʫʨʠ.  

ʋ ʥʝ ʪʘʢʦ ʜʘʚʥʦʿ ʧʨʦʰʣʦʩʪʠ, ʧʘʨʘʣʝʣʥʦ ʨʘʯʫʥʘˁʝ ʩʝ ʦʜʥʦʩʠʣʦ ʫʛʣʘʚʥʦʤ ʥʘ 

ʨʝʰʘʚʘˁʝ ʢʦʤʧʣʝʢʩʥʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ ʧʨʦʙʣʝʤʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʥʘʫʯʥʠʤ ʦʙʣʘʩʪʠʤʘ, ʢʘʦ 

ʰʪʦ ʩʫ ʘʪʤʦʩʬʝʨʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʬʠʟʠʢʘ, ʩʝʠʟʤʦʣʦʛʠʿʘ ʠ ʤʘʰʠʥʩʢʦ ʠ ʝʣʝʢʪʨʦ 

ʠʥʞʝˁʝʨʩʪʚʦ. ʇʘʨʘʣʝʣʥʦ ʨʘʯʫʥʘʨʩʪʚʦ ʩʝ ʥʘʨʘʚʥʦ ʠ ʜʘˀʝ ʢʦʨʠʩʪʠ ʫ ʪʠʤ ʦʙʣʘʩʪʠʤʘ, ʘʣʠ 

ʧʦʨʘʩʪ ʙʨʦʿʘ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʿʝ ʥʘʿʚʠʰʝ ʜʦʧʨʠʥʝʦ ʧʦʪʨʝʙʠ ʟʘ ʙʨʞʠʤ ʨʘʯʫʥʘˁʝʤ 

ʠ ʫʧʦʪʨʝʙʦʤ ʧʘʨʘʣʝʣʥʦʛ ʨʘʯʫʥʘˁʘ ʫ ʝʣʝʢʪʨʦʥʩʢʠʤ ʫʨʝʹʘʿʠʤʘ ʦʧʰʪʝ ʥʘʤʝʥʝ ʢʘʦ ʰʪʦ ʩʫ 

ʪʝʣʝʬʦʥʠ, ʨʘʯʫʥʘʨʠ, ʣʘʧʪʦʧʦʚʠ ʠ ʩʣʠʯʥʦ. ʅʝʢʝ ʦʜ ʘʧʣʠʢʘʮʠʿʘ ʢʦʿʝ ʥʘʿʚʠʰʝ ʢʦʨʠʩʪʝ 

ʧʘʨʘʣʝʣʥʦ ʨʘʯʫʥʘˁʝ ʩʫ ʙʘʟʝ ʧʦʜʘʪʘʢʘ, ʧʨʝʪʨʘʛʘ ʠʥʪʝʨʥʝʪʘ, ʤʝʜʠʮʠʥʩʢʘ ʩʥʠʤʘˁʘ ʠ 

ʥʘʧʨʝʜʥʘ ʛʨʘʬʠʢʘ.  

 

2.2. ɻʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ 

 

ʆʩʥʦʚʥʘ ʬʫʥʢʮʠʿʘ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʿʝ ʜʘ ʫʙʨʟʘʿʫ ʦʙʨʘʜʫ ʩʣʠʢʘ. ɼʦ ʜʘʥʘʰˁʠʭ 

ʜʘʥʘ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʩʫ ʝʚʦʣʫʠʨʘʣʝ ʜʦ ʪʘʯʢʝ ʛʜʝ ʩʝ ʤʦʛʫ ʣʘʢʦ ʢʦʨʠʩʪʠʪʠ ʟʘ ʜʦʩʪʘ 
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ʨʝʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʠ ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʟʥʘʯʘʿʥʦ ʫʙʨʟʘˁʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʦʮʝʩʦʨʦʤ. 

ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ˂ʝ ʩʝ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʩʚʝ ʚʠʰʝ ʢʦʨʠʩʪʠʪʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤʠ ʩʘʩʪʘʚˀʝʥʠ 

ʦʜ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ ʧʨʦʮʝʩʦʨʘ ʩʘ ʚʠʰʝ ʿʝʟʛʘʨʘ. 

ʉʣʠʯʥʦ ʢʘʦ ʠ ʧʨʦʮʝʩʦʨʠ, ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʩʫ ʩʝ ʥʘʛʣʦ ʨʘʟʚʠʣʝ ʫ ʧʦʩʣʝʜˁʠʭ 

ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ. ʂʘʢʦ ʩʫ ʩʝ ʛʦʜʠʥʘʤʘ ʨʘʟʚʠʿʘʣʝ ˁʠʭʦʚʘ ʦʩʥʦʚʥʘ ʬʫʥʢʮʠʿʘ ʿʝ ʦʩʪʘʣʘ 

ʫʙʨʟʘˁʝ ʠ ʦʙʨʘʜʘ ʩʣʠʢʘ. 

ʈʘʥʠʭ 80-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʧʦʿʘʚʠʣʝ ʩʫ ʩʝ ʧʨʚʝ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʢʘʜʘ ʩʫ 

ʢʦʤʧʘʥʠʿʝ ĂIntelñ ʠ ĂIBMñ ʧʨʝʜʩʪʘʚʠʣʝ ʧʨʚʝ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʧʨʦʠʟʚʦʜʝ. ɼʨʫʛʝ ʢʦʤʧʘʥʠʿʝ 

ʢʘʦ ʰʪʦ ʩʫ ĂCommodoreñ ʠ ĂTexas Instrumentsñ ʩʫ ʪʘʢʦʹʝ ʜʦʜʘʣʝ ʧʨʦʩʪʝ ʛʨʘʬʠʯʢʝ 

ʤʦʛʫ˂ʥʦʩʪʠ ʠʣʠ ʥʘ ʯʠʧ ʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʝʢʩʪʝʨʥʠʭ ʢʘʨʪʠʮʘ. ʆʚʝ ʢʘʨʪʠʮʝ ʩʫ ʠʤʘʣʝ ʚʝʦʤʘ 

ʧʨʦʩʪʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʠ ʙʠʣʝ ʩʫ ʨʝʣʘʪʠʚʥʦ ʩʢʫʧʝ. ʌʫʥʢʮʠʿʝ ʢʘʦ ʰʪʦ ʩʫ ʠʩʧʫˁʘʚʘˁʝ 

ʧʨʦʩʪʦʨʘ, ʮʨʪʘˁʝ ʦʙʣʠʢʘ ʠ ʤʦʜʠʬʠʢʘʮʠʿʘ ʧʨʦʩʪʠʭ ʩʣʠʢʘ ʿʝ ʙʠʣʦ ʩʚʝ ʰʪʦ ʩʫ ʦʚʠ ʨʘʥʠ 

ʧʨʦʮʝʩʦʨʠ ʤʦʛʣʠ ʜʘ ʧʦʜʨʞʝ. 

ɻʦʜʠʥʝ 1991. ʢʦʤʧʘʥʠʿʘ ĂS3ñ ʿʝ ʠʟʙʘʮʠʣʘ ʩʚʦʿ ʤʦʜʝʣ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʥʘʟʚʘʥ 

Ă86C911ñ. ʆʥ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʧʨʚʠʭ ʩʪʘʥʜʘʨʜʘ ʟʘ ĂGPUñ ʠʥʜʫʩʪʨʠʿʫ. 

ɼʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦ  ʛʨʘʬʠʯʢʦ ʧʨʦʮʝʩʠʨʘˁʝ ʿʝ ʧʨʦʥʘʰʣʦ ʩʚʦʿ ʧʫʪ ʜʦ ʩʢʦʨʦ ʩʚʘʢʦʛ ʩʠʩʪʝʤʘ 

ʜʦ ʩʨʝʜʠʥʝ 90-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʠ ʦʪʧʦʯʝʣʘ ʿʝ ʪʨʢʘ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦ 

ʧʨʦʮʝʩʠʨʘˁʝ. ɼʦ ʢʘʩʥʠʭ 90-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦ ʧʨʦʮʝʩʠʨʘˁʝ ʿʝ 

ʚʨʰʝʥʦ ʫʟ ʧʦʤʦ˂ ʮʝʥʪʨʘʣʥʠʭ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ, ʰʪʦ ʿʝ ʪʘʢʦʹʝ ʧʦʟʥʘʪʦ ʠ ʢʘʦ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʛʨʘʬʠʢʘ ʧʦʪʧʦʤʦʛʥʫʪʘ ʩʘ ʭʘʨʜʚʝʨʦʤ. ʆʚʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʛʨʘʬʠʢʘ 

ʧʦʪʧʦʤʦʛʥʫʪʘ ʭʘʨʜʚʝʨʦʤ ʩʝ ʠ ʜʘʥʘʩ ʤʦʞʝ ʩʨʝʩʪʠ ʫ ʣʘʧʪʦʧʦʚʠʤʘ ʣʦʰʠʿʝʛ ʢʚʘʣʠʪʝʪʘ. 

ʂʘʩʥʠʭ 90-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʜʠʟʘʿʥʠʨʘʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʟʘ 

ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʫʢˀʫʯʫʿʫ˂ʠ ʠ ĂOpenGLñ ʠ ĂDirectñ. ɼʦ ʢʨʘʿʘ 90-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ 

ʦʚʘ ʜʚʘ ĂAPI-ʘñ ʩʫ ʫʚʝʣʘ ʧʦʜʨʰʢʫ ʟʘ ĂT&Lñ ʢʦʿʘ ʿʝ ʦʙʝʟʙʝʜʠʣʘ ʦʛʨʦʤʘʥ ʩʢʦʢ ʫ ĂGPUñ 

ʧʨʦʮʝʩʠʨʘˁʫ. ĂT&Lñ ʿʝ ʜʦʟʚʦʣʠʦ ʣʘʢʰʝ ʤʘʧʠʨʘˁʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʩʣʠʢʝ ʫ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʘʚʘʥ ʧʨʠʧʘʿʘʿʫ˂ʠ ʠ ʦʩʚʝʪˀʝˁʝ. ʋ ʪʦ ʚʨʝʤʝ ʿʝ ʧʦʩʪʦʿʘʣʦ ʩʘʤʦ ʥʝʢʦʣʠʢʦ 

ʢʦʤʧʘʥʠʿʘ ʢʘʦ ʰʪʦ ʩʫ ĂNVIDIAñ, ĂATIñ, Ă3dfxñ ʠ ĂS3ñ. ʂʨʘʿʝʤ 90-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ĂNVIDIA GeForce 256ñ ʛʨʘʬʠʯʢʘ ʢʘʨʪʠʮʘ ʢʦʿʘ ʿʝ ʙʠʣʘ ʧʨʚʘ ʜʦʩʪʫʧʥʘ 

ʢʦʤʝʨʮʠʿʘʣʥʘ ʢʘʨʪʠʮʘ ʢʦʿʘ ʿʝ ʜʦʥʝʣʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʛʨʘʬʠʢʫ. 
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ʉʚʝ ʜʦ ʜʘʥʘʰˁʠʭ ʜʘʥʘ ʥʘʩʪʘʚʠʣʦ ʩʝ ʩʘ ʟʥʘʯʘʿʥʠʤ ʫʥʘʧʨʝʹʝˁʝʤ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ 

ʨʝʥʜʝʨʦʚʘˁʘ ʧʦʤʦ˂ʫ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ. ʂʦʤʧʘʥʠʿʝ ĂATIñ ʠ ĂNVIDIAñ ʜʘʥʘʩ ʜʨʞʝ 

ʤʦʥʦʧʦʣ ʥʘʜ ʧʨʦʠʟʚʦʜˁʦʤ ʠ ʧʨʦʜʘʿʦʤ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʠ ʩʪʦʛʘ ʩʫ ʦʥʝ ʠ ʛʣʘʚʥʠ 

ʧʦʢʨʝʪʘʯʠ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʢʘʢʦ ˂ʝ ʩʝ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʨʘʟʚʠʿʘʪʠ ʫ ʙʫʜʫ˂ʥʦʩʪʠ. 

ɱʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʜʦʩʪʠʛʥʫ˂ʘ ʧʨʦʰʣʝ ʜʝʮʝʥʠʿʝ ʿʝ ʦʤʦʛʫ˂ʘʚʘˁʝ ʫʧʦʪʨʝʙʝ ʛʨʘʬʠʯʢʠʭ 

ʢʘʨʪʠʮʘ ʟʘ ʨʘʯʫʥʘˁʝ ʦʧʰʪʝ ʥʘʤʝʥʝ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʚʠʩʦʢʦʿ ʤʦʛʫ˂ʥʦʩʪʠ ʧʘʨʘʣʝʣʠʟʘʮʠʿʝ 

ʤʦʜʝʨʥʝ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʩʫ ʩʧʦʩʦʙʥʝ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʤʥʦʛʘ ʢʦʤʧʣʝʢʩʥʘ ʨʘʯʫʥʘˁʘ ʢʦʿʘ 

ʩʫ ʚʨʝʤʝʥʩʢʠ ʟʘʭʪʝʚʥʘ. ʂʦʤʧʘʥʠʿʘ ĂNVIDIAñ ʿʝ ʫʚʝʣʘ ĂCUDAñ ʧʣʘʪʬʦʨʤʫ ʟʘ ʧʘʨʘʣʝʣʥʫ 

ʦʙʨʘʜʫ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ  ʟʘ ʢʦʤʧʣʝʢʩʥʘ ʨʘʯʫʥʘˁʘ. ʊʘʢʦʹʝ ʿʝ ʫʚʝʜʝʥ ʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ 

ĂOpenCLñ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʠʩʘˁʝ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʨʘʯʫʥʘ ʥʘ ʛʨʘʬʠʯʢʠʤ 

ʢʘʨʪʠʮʘʤʘ. ĂCUDAñ ʿʝ ʥʘʿʟʘʩʣʫʞʥʠʿʘ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʧʨʝʙʘʮʠʪʠ ʨʘʯʫʥʘˁʝ ʚʠʩʦʢʠʭ 

ʧʝʨʬʦʨʤʘʥʩʠ ʩʘ ʧʨʦʮʝʩʦʨʘ ʩʘ ʚʠʰʝ ʿʝʟʛʘʨʘ ʥʘ ʙʨʞʠ ʧʘʨʘʣʝʣʘʥ ʩʢʫʧ ʨʘʯʫʥʘˁʘ ʩʘ ʭʠˀʘʜʘʤʘ 

ʥʠʪʠ ʫʤʝʩʪʦ ʜʝʩʝʪʠʥʘ ʥʠʪʠ ʢʦʿʝ ʦʙʝʟʙʝʹʫʿʫ ʧʨʦʮʝʩʦʨʠ. 

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʨʘʟʣʦʛʘ ʟʘ ʫʚʦʹʝˁʝ ʧʘʨʘʣʝʣʥʦʛ ʨʘʯʫʥʘˁʘ ʧʦʨʝʜ ʩʘʤʦʛ ʫʙʨʟʘˁʘ 

ʘʣʛʦʨʠʪʘʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠ ʦʛʨʘʥʠʯʝˁʘ ʫ ʩʥʘʟʠ. ʆʧʰʪʝ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʩʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ 

ʬʨʝʢʚʝʥʮʠʿʘ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʢʫʙʠʯʥʦ ʧʦʚʝ˂ʘʚʘ ʠ ʝʣʝʢʪʨʠʯʥʘ ʩʥʘʛʘ, ʘ 

ʩʘʤʠʤ ʪʠʤ ʠ ʦʩʣʦʙʦʹʝʥʘ ʪʦʧʣʦʪʥʘ ʝʥʝʨʛʠʿʘ. ɿʙʦʛ ʧʨʘʢʪʠʯʥʠʭ ʨʘʟʣʦʛʘ ʟʘ ʨʘʩʭʣʘʹʠʚʘˁʝ 

ʯʠʧʦʚʘ ʩʢʦʨʦ ʩʘʚ ʭʘʨʜʚʝʨ ʩʝ ʜʘʥʘʩ ʦʛʨʘʥʠʯʘʚʘ ʥʘ ʩʥʘʛʫ ʦʜ 250 W ʜʦ 300 W. 

ʋ ʜʘˀʝʤ ʪʝʢʩʪʫ ʿʝ ʧʨʠʢʘʟʘʥʘ ʘʥʘʣʠʟʘ ʧʦʨʝʹʝˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʠ ʮʝʥʪʨʘʣʥʠʭ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ. ʉʚʠ ʧʦʜʘʮʠ ʢʦʨʠʰ˂ʝʥʠ ʫ ʦʚʦʿ 

ʘʥʘʣʠʟʠ ʩʫ ʧʨʝʫʟʝʪʠ ʩʘ ʦʬʠʮʠʿʘʣʥʠʭ ʩʘʿʪʦʚʘ ʧʨʦʠʟʚʦʹʘʯʘ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʠ ʮʝʥʪʨʘʣʥʠʭ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ [2,3,4]. 

ʅʘ ʩʣʠʮʠ 2.1 ʧʨʠʢʘʟʘʥʦ ʿʝ ʧʦʨʝʹʝˁʝ ĂTDP-ʘñ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ 

ʢʘʨʪʠʮʘ. ʇʨʦʮʝʩʦʨʠ ʩʫ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʜʠʟʘʿʥʠʨʘʥʠ ʪʘʢʦ ʜʘ ʨʘʜʝ ʥʘ ʧʦʣʦʚʠʥʠ ĂTDP-ʘñ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʛʨʘʬʠʯʢʠʤ ʢʘʨʪʠʮʘʤʘ, ʪʘʢʦ ʜʘ ʙʠ ʧʦʰʪʝʥʠʿʝ ʙʠʣʦ ʧʦʨʝʜʠʪʠ ʧʨʦʮʝʩʦʨʝ ʩʘ ʜʚʘ 

ʩʦʢʝʪʘ ʠ ʛʨʘʬʠʯʢʫ ʢʘʨʪʠʮʫ. ʊʘʢʦʹʝ, ʪʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʫ ʧʠʢʫ ĂTDPñ ʤʦʞʝ ʟʥʘʯʘʿʥʦ 

ʧʨʝ˂ʠ ʧʨʝʢʦ ʛʦʨˁʝ ʛʨʘʥʠʮʝ. 

ʊʝʭʥʠʢʝ ʜʠʥʘʤʠʯʢʝ ʬʨʝʢʚʝʥʮʠʿʝ ʢʦʿʝ ʩʝ ʫʚʝʣʠʢʦ ʢʦʨʠʩʪʝ ʢʦʜ ʧʨʦʮʝʩʦʨʘ ʩʫ ʦʜ ʩʢʦʨʘ 

ʘʜʘʧʪʠʨʘʥʝ ʠ ʟʘ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ ʦʥʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʢʨʘʪʢʦʪʨʘʿʥʦʛ ʧʦʚʝ˂ʘˁʘ ʩʥʘʛʝ. 
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ɿʙʦʛ ʪʦʛʘ, ĂTDPñ ˂ʝ ʦʩʪʘʪʠ ʥʘ ʩʚʦʤ ʥʠʚʦʫ, ʜʦʢ ʥʘʧʘʿʘˁʝ ʤʦʨʘ ʜʘ ʦʙʝʟʙʝʜʠ ʜʦʚʦˀʥʦ ʩʥʘʛʝ ʫ 

ʧʠʢʫ. ĂXeon Phiñ ʧʨʦʮʝʩʦʨʠ ʩʝ ʥʝ ʨʘʟʣʠʢʫʿʫ ʧʫʥʦ ʦʜ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʫ ʩʤʠʩʣʫ 

ʧʦʪʨʦʰˁʝ ʩʥʘʛʝ ʠ ʪʘʢʦʹʝ ʙʠ ʙʠʣʦ ʧʦʰʪʝʥʦ ʧʦʨʝʜʠʪʠ ʠʭ ʩʘ ʧʨʦʮʝʩʦʨʠʤʘ ʩʘ ʜʚʘ ʩʦʢʝʪʘ.  

 

ʉʣʠʢʘ 2.1 ï ʇʦʨʝʹʝˁʝ ĂTDP-ʘñ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ 

ɻʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʩʫ ʧʦʟʥʘʪʝ ʧʦ ʪʦʤʝ ʰʪʦ ʠʤʘʿʫ ʦʜʣʠʯʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʧʦʛʣʝʜʫ 

ʙʨʦʿʘ ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʥʠʿʝ ʠʟʥʝʥʘʹʝˁʝ ʰʪʦ 

ʧʨʦʠʟʚʦʹʘʯʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʯʝʩʪʦ ʚʦʣʝ ʜʘ ʧʦʨʝʜʝ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʩʘ ʦʩʪʘʣʠʤ 

ʧʣʘʪʬʦʨʤʘʤʘ ʩʘʤʦ ʧʦʨʝʜʝ˂ʠ ʦʜʥʦʩ ĂFLOPSñ ʠ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʦʚʦ ʤʦʞʝ ʙʠʪʠ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʧʦʛʨʝʰʥʘ ʤʝʪʨʠʢʘ. 

ʂʘʢʦ ʥʘ ʧʨʠʤʝʨ ʢʦʤʧʘʥʠʿʘ ĂNVIDIAñ ʧʨʦʠʟʚʦʜʠ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʢʦʿʝ ʩʫ 

ʧʦʩʚʝ˂ʝʥʝ ʠʣʠ ʿʝʜʥʦʩʪʨʫʢʦʿ ʠʣʠ ʜʚʦʩʪʨʫʢʦʿ ʘʨʠʪʤʝʪʠʯʢʦʿ ʧʨʝʮʠʟʥʦʩʪʠ ʨʘʮʠʦʥʘʣʥʠʭ 

ʙʨʦʿʝʚʘ, ʦʚʝ ʜʚʝ ʧʨʝʮʠʟʥʦʩʪʠ ʩʫ ʧʦʩʤʘʪʨʘʥʝ ʦʜʚʦʿʝʥʦ ʠ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʢʘʤʘ 2.2 ʠ 2.3 
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ʨʝʩʧʝʢʪʠʚʥʦ. ʀ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʿʝ ʭʘʨʜʚʝʨ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʧʦʩʚʝ˂ʝʥʠʭ ʠ ʿʝʜʥʦʩʪʨʫʢʦʿ ʠ 

ʜʚʦʩʪʨʫʢʦʿ ʧʨʝʮʠʟʥʦʩʪʠ ʨʘʮʠʦʥʘʣʥʠʭ ʙʨʦʿʝʚʘ ʚʝʦʤʘ ʩʣʠʯʘʥ, ʮʝʥʝ ʩʝ ʠʧʘʢ ʨʘʟʣʠʢʫʿʫ.  

 

ʉʣʠʢʘ 2.2 ï ʇʦʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʟʘ ʦʧʝʨʘʮʠʿʝ 

ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ 

ʇʦʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʟʘ ʦʧʝʨʘʮʠʿʝ ʥʘʜ 

ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʧʨʠʢʘʟʫʿʝ 5 ʜʦ 15 ʧʫʪʘ ʙʦˀʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʥʘʿʿʘʯʠʭ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʩʚʦʿʝ ʛʝʥʝʨʘʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʿʿʘʯʝ ʧʨʦʮʝʩʦʨʝ 

ʩʚʦʿʝ ʛʝʥʝʨʘʮʠʿʝ. ɱʘʟ ʠʟʤʝʹʫ ʙʨʟʠʥʘ ʿʝ ʥʘʿʚʝ˂ʠ 2009. ʛʦʜʠʥʝ ʢʘʜʘ ʩʝ ʠ ʧʦʿʘʚʠʣʦ ʨʘʯʫʥʘˁʝ 

ʦʧʰʪʝ ʥʘʤʝʥʝ ʥʘ ʛʨʘʬʠʯʢʠʤ ʢʘʨʪʠʮʘʤʘ.  

ʋʚʦʹʝˁʝ ʬʘʤʠʣʠʿʝ ĂXeonñ ʧʨʦʮʝʩʦʨʘ ʙʘʟʠʨʘʥʠʤ ʥʘ ĂSandy Bridgeñ ʘʨʭʠʪʝʢʪʫʨʠ 

2012. ʛʦʜʠʥʝ ʠ ĂDual-Issueñ ʿʝʜʠʥʠʮʝ ʟʘ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʦʜ ʩʪʨʘʥʝ 

ĂHaswellñ 2014. ʛʦʜʠʥʝ ʜʦʚʝʣʦ ʿʝ ʜʦ ʩʤʘˁʝˁʘ ʦʚʦʛ ʿʘʟʘ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ 

ʢʘʨʪʠʮʘ. ʋʚʦʹʝˁʝ ĂNVIDIA Pascalñ ʘʨʭʠʪʝʢʪʫʨʝ ʿʝ ʦʧʝʪ ʧʨʦʰʠʨʠʣʦ ʦʚʘʿ ʿʘʟ. ʆʥʦ ʰʪʦ ʥʠʿʝ 

ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʨʠʢʘʟʘʥʦ ʥʘ ʦʚʠʤ ʜʠʿʘʛʨʘʤʠʤʘ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʩʫ ʨʝʘʣʥʝ ʧʝʨʬʦʨʤʘʥʩʝ 
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ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʯʝʩʪʦ ʩʣʘʙʠʿʝ ʦʜ ʪʝʦʨʝʪʩʢʠʭ, ʜʦʢ ʪʦ ʥʠʿʝ ʫ ʪʦʿ ʤʝʨʠ ʟʘʩʪʫʧˀʝʥʦ ʢʦʜ 

ʧʨʦʮʝʩʦʨʘ. ɸʣʠ ʠ ʢʘʜʘ ʙʠ ʩʝ ʠ ʪʦ ʫʟʝʣʦ ʫ ʦʙʟʠʨ ʠ ʜʘˀʝ ʙʠ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʙʠʣʝ ʟʘ 

ʥʠʿʘʥʩʫ ʙʨʞʝ. ʌʘʤʠʣʠʿʘ ĂXeon Phiñ ʧʨʦʮʝʩʦʨʘ ʩʝ ʧʦ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʥʘʣʘʟʠ ʠʟʤʝʹʫ 

ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʠ ʧʨʦʮʝʩʦʨʘ ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ 

ʿʝʜʥʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ, ʜʦʢ ʿʝ ʟʘ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ 

ʧʨʝʮʠʟʥʦʩʪʠ ĂXeon Phiñ ʜʦʩʪʘ ʙʣʠʞʠ ʧʦ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʛʨʘʬʠʯʢʠʤ ʢʘʨʪʠʮʘʤʘ. 

 

ʉʣʠʢʘ 2.3 ï ʇʦʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʟʘ ʦʧʝʨʘʮʠʿʝ 

ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ 

ʈʘʟʣʠʢʘ ʫ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʠʟʤʝʹʫ ʙʨʟʠʥʘ ʠʟʚʨʰʘʚʘˁʘ ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ 

ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʠ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʢʦʜ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʤʦʞʝ ʙʠʪʠ ʠ ʨʝʜʘ 

ʬʘʢʪʦʨʘ 32. ʆʚʦ ʩʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʨʘʟʣʠʢʫʿʝ ʦʜ ʧʨʦʮʝʩʦʨʘ ʛʜʝ ʪʘ ʨʘʟʣʠʢʘ ʤʦʞʝ ʙʠʪʠ ʨʝʜʘ 

ʬʘʢʪʦʨʘ 2. ʇʨʦʮʝʩʦʨʠ ʧʦ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʧʨʠʙʣʠʞʘʚʘʿʫ ʛʨʘʬʠʯʢʠʤ 

ʢʘʨʪʠʮʘʤʘ ʢʘʜʘ ʩʝ ʧʦʨʝʜʝ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ 

ʦʜ 2014. ʛʦʜʠʥʝ ʠ ʧʦʿʘʚʝ ĂHaswellñ ʘʨʭʠʪʝʢʪʫʨʝ. 
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ɱʦʰ ʿʝʜʥʘ ʟʘʥʠʤˀʠʚʘ ʯʠˁʝʥʠʮʘ ʿʝ ʜʘ 2008. ʛʦʜʠʥʝ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʥʠʩʫ ʙʠʣʝ 

ʩʧʦʩʦʙʥʝ ʜʘ ʩʝ ʠʟʙʦʨʝ ʩʘ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʠ ʙʠʣʦ ʿʝ 

ʧʦʪʨʝʙʥʦ 2 ʛʦʜʠʥʝ ʢʘʢʦ ʙʠ ʩʝ ʫʚʠʜʝʣʘ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʦʮʝʩʦʨʦʤ. ʊʘʢʦʹʝ, 

ĂAMDñ ʿʝ ʠʤʘʦ ʟʥʘʯʘʿʥʫ ʧʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ĂNVIDIAñ ʫ ʪʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ.  

ɼʘʥʘʩ ʩʫ ʧʨʦʮʝʩʦʨʠ ʩʘ ʜʚʘ ʩʦʢʝʪʘ ʦʢʦ 3 ʧʫʪʘ ʩʧʦʨʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ 

ĂXeon Phiñ ʢʘʜʘ ʩʝ ʧʦʨʝʜʝ ʪʝʦʨʝʪʩʢʝ ʙʨʟʠʥʝ ʠʟʚʨʰʘʚʘˁʘ ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ 

ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ. ʉʚʝ ʪʨʠ ʘʨʭʠʪʝʢʪʫʨʝ ĂAMD GPUñ, ĂNVIDIA GPUñ ʠ 

ĂINTEL Xeon Phiñ ʜʘʿʫ ʧʨʠʙʣʠʞʥʦ ʩʣʠʯʥʝ ʪʝʦʨʝʪʩʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʢʘʜʘ ʩʝ ʧʦʨʝʜʝ 

ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ, ʧʘ ʿʝ ʟʘʪʦ ʚʘʞʥʦ ʥʘʧʨʘʚʠʪʠ 

ʨʘʟʣʠʢʫ ʫ ʫʣʦʞʝʥʦʤ ʪʨʫʜʫ ʟʘ ʨʘʟʚʦʿ, ʦʜʨʞʘʚʘˁʝ ʠ ʧʦʨʪʘʙʠʣʥʦʩʪ ʩʘʤʝ ʘʧʣʠʢʘʮʠʿʝ. 

 

ʉʣʠʢʘ 2.4 ï ʇʦʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʟʘ ʦʧʝʨʘʮʠʿʝ 

ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʪʘʯʥʦʩʪʠ ʧʦ ʿʝʜʠʥʠʮʠ ʫʪʨʦʰʝʥʝ ʩʥʘʛʝ 

ʂʘʢʦ ʿʝ ʫ ʜʘʥʘʰˁʝ ʚʨʝʤʝ ʧʦʪʨʦʰˁʘ ʩʥʘʛʝ ʣʠʤʠʪʠʨʘʿʫ˂ʠ ʬʘʢʪʦʨ ʫ ʨʘʯʫʥʘʨʩʪʚʫ ʥʘ 

ʩʣʠʢʘʤʘ 2.4 ʠ 2.5 ʿʝ ʧʨʠʢʘʟʘʥʦ ʧʦʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ 
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ʢʘʨʪʠʮʘ ʟʘ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʩʘ ʿʝʜʥʦʩʪʨʫʢʦʤ ʠ ʜʚʦʩʪʨʫʢʦʤ 

ʧʨʝʮʠʟʥʦʰ˂ʫ ʧʦ ʿʝʜʠʥʠʮʠ ʫʪʨʦʰʝʥʝ ʩʥʘʛʝ ʨʝʩʧʝʢʪʠʚʥʦ. 

 

ʉʣʠʢʘ 2.5 ï ʇʦʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʟʘ ʦʧʝʨʘʮʠʿʝ 

ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʧʦ ʿʝʜʠʥʠʮʠ ʫʪʨʦʰʝʥʝ ʩʥʘʛʝ 

ʂʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʤʘʩʠʚʥʠʿʠ ʧʘʨʘʣʝʣʥʠ ʘʣʛʦʨʠʪʤʠ ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ ʬʠʥʦʛ 

ʧʘʨʘʣʝʣʠʟʤʘ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʩʘ ʤʥʦʞʝˁʝʤ ʛʫʩʪʠʭ ʤʘʪʨʠʮʘ, ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ ĂXeon 

Phiñ ʧʨʦʮʝʩʦʨʠ ʜʘʿʫ 3 ʜʦ 4 ʧʫʪʘ ʙʦˀʠ ʦʜʥʦʩ ĂFLOPSñ ʠ ʩʥʘʛʝ ʥʝʛʦ ʧʨʦʮʝʩʦʨʠ ʦʧʰʪʝ 

ʥʘʤʝʥʝ. ɱʘʟ ʫ ʠʩʢʦʨʠʰ˂ʝʥʦʩʪʠ ʩʥʘʛʝ ʿʝ 2016. ʛʦʜʠʥʝ ʤʘˁʠ ʥʝʛʦ ʫ ʧʝʨʠʦʜʫ ʦʜ 2007. ʜʦ 2009. 

ʛʦʜʠʥʝ. ʊʦ ʿʝ ʟʘʪʦ ʰʪʦ ʿʝ ĂIntelñ 2016. ʛʦʜʠʥʝ ʧʦʯʝʦ ʜʘ ʢʦʨʠʩʪʠ ʰʠʨʝ ʚʝʢʪʦʨʩʢʝ ʿʝʜʠʥʠʮʝ, 

ʜʦ 512 ʙʠʪʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʥʘʧʨʘʚʠʦ ʩʚʦʿʫ ʘʨʠʪʤʝʪʠʯʢʫ ʿʝʜʠʥʠʮʫ ʩʣʠʯʥʫ ʦʥʦʿ ʫ ʛʨʘʬʠʯʢʠʤ 

ʢʘʨʪʠʮʘʤʘ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʩʝ ʥʝ ʦʯʝʢʫʿʝ ʜʘ ʩʝ ʦʚʘʿ ʿʘʟ ʧʦʚʝ˂ʘʚʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ. 

ʆʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ ʢʘʢʦ ʜʝʬʠʥʠʩʘʪʠ ʠ ʧʦʨʝʜʠʪʠ ʿʝʟʛʨʘ ʫ ʧʨʦʮʝʩʦʨʫ ʠ ʛʨʘʬʠʯʢʦʿ 

ʢʘʨʪʠʮʠ ʥʠʿʝ ʣʘʢʦ ʜʘʪʠ ʟʘʪʦ ʰʪʦ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʢʦʜ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʥʠʩʫ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʥʝʟʘʚʠʩʥʝ ʿʝʜʥʘ ʦʜ ʜʨʫʛʝ.  ʆʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʘʤʝʪʥʫ ʝʢʩʪʝʥʟʠʿʫ ʪʝʭʥʦʣʦʛʠʿʝ 
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ʢʦʿʘ ʿʝ ʙʠʣʘ ʜʝʦ ʚʝʢʪʦʨʩʢʠʭ ʨʘʯʫʥʘʨʘ. ɿʙʦʛ ʪʦʛʘ, ʫʤʝʩʪʦ ʧʦʨʝʜʠʪʠ ʥʘ ʭʠˀʘʜʝ ʩʢʘʣʘʨʥʠʭ 

ʿʝʟʛʘʨʘ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʢʦʿʝ ʩʫ ʜʝʦ ʚʝʣʠʢʦʛ ĂSIMT/SIMDñ ʿʝʟʛʨʘ ʩʘ ʧʨʦʮʝʩʦʨʩʢʠʤ 

ĂSIMDñ ʿʝʟʛʨʠʤʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʨʝʜʠʪʠ ĂNVIDIAñ ʤʫʣʪʠʧʨʦʮʝʩʦʨʝ ʠ ĂAMDñ ʨʘʯʫʥʘʨʩʢʝ 

ʿʝʜʠʥʠʮʝ ʩʘ ʧʨʦʮʝʩʦʨʩʢʠʤ ʿʝʟʛʨʠʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2.6. 

 

ʉʣʠʢʘ 2.6 ï ʇʦʨʝʹʝˁʝ ʙʨʦʿʘ ʬʠʟʠʯʢʠʭ ʿʝʟʛʘʨʘ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ 

ʉʪʨʘʪʝʛʠʿʘ ʢʦʤʧʘʥʠʿʝ ĂNVIDIAñ ʫ ʧʝʨʠʦʜʫ ʠʟʤʝʹʫ 2010. ʠ 2014. ʛʦʜʠʥʝ ʥʠʿʝ ʙʠʣʘ 

ʜʘ ʧʦʚʝ˂ʘ ʙʨʦʿ ʤʫʣʪʠʧʨʦʮʝʩʦʨʘ, ʯʘʢ ʩʝ ʪʘʿ ʙʨʦʿ ʟʥʘʪʥʦ ʩʤʘˁʠʦ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤʝ ʚʠʰʝ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʩʫ ʫʛˁʝʞʜʝʥʝ ʫ ʿʝʜʠʥʩʪʚʝʥ ʤʫʣʪʠʧʨʦʮʝʩʦʨ. ʆʚʦ ʿʝ ʠʤʘʣʦ ʢʘʦ 

ʨʝʟʫʣʪʘʪ ʧʦʙʦˀʰʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʿʝʜʥʦʛ ʤʫʣʪʠʧʨʦʮʝʩʦʨʘ ʰʪʦ ʿʝ ʙʠʣʦ ʢʦʨʠʩʥʦ ʟʘ 

ʘʣʛʦʨʠʪʤʝ ʢʦʿʝ ʥʠʿʝ ʙʠʣʦ ʣʘʢʦ ʩʢʘʣʠʨʘʪʠ ʥʘ ʚʠʰʝ ʤʫʣʪʠʧʨʦʮʝʩʦʨʘ. 

ʂʦʨʠʩʪʝ˂ʠ ʛʦʨˁʫ ʜʝʬʠʥʠʮʠʿʫ ʿʝʟʛʨʘ ʟʘ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʥʘ ʩʣʠʢʘʤʘ 2.7 ʠ 2.8 ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʧʦʨʝʹʝˁʝ ʙʨʦʿʘ ĂFLOPSñ ʥʘʜ ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʠ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ 

ʧʦ ʬʠʟʠʯʢʦʤ ʿʝʟʛʨʫ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʨʝʩʧʝʢʪʠʚʥʦ. ʅʘ ʜʠʿʘʛʨʘʤʠʤʘ 

ʟʘ ʙʨʦʿʝʚʝ ʿʝʜʥʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʚʝʦʤʘ ʠʥʪʝʨʝʩʘʥʪʥʘ ʘʨʭʠʪʝʢʪʦʥʩʢʘ 
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ʦʜʣʫʢʘ. ɼʦʢ ʩʝ ʦʚʘʿ ʧʘʨʘʤʝʪʘʨ ʢʦʜ ĂAMDñ ʧʨʘʢʪʠʯʥʦ ʥʠʿʝ ʤʥʦʛʦ ʤʝˁʘʦ ʪʦʢʦʤ ʛʦʜʠʥʘ 

ʨʘʟʚʦʿʘ, ʢʦʜ ĂNVIDIAñ ĂFermiñ ʘʨʭʠʪʝʢʪʫʨʝ (ʧʝʨʠʦʜ ʦʜ 2010. ʜʦ 2011. ʛʦʜʠʥʝ) ʠ ĂKeplerñ 

ʘʨʭʠʪʝʢʪʫʨʝ (ʧʝʨʠʦʜ ʦʜ 2012. ʜʦ 2015. ʛʦʜʠʥʝ) ʧʨʠʢʘʟʫʿʫ ʟʥʘʯʘʿʘʥ ʨʘʩʪ ʦʚʦʛ ʧʘʨʘʤʝʪʨʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʛʝʥʝʨʘʮʠʿʝ. ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʿʘʩʥʦ ʫʦʯʠʪʠ ʜʘ ʿʝ ĂKeplerñ ʘʨʭʠʪʝʢʪʫʨʘ 

ʦʧʪʠʤʠʟʦʚʘʥʘ ʟʘ ʚʠʩʦʢʝ ĂFLOPSñ ʢʦʜ ʿʝʜʠʥʩʪʚʝʥʦʛ ʤʫʣʪʠʧʨʦʮʝʩʦʨʘ. ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʠ ʜʘ 

ʩʫ ĂMaxwellñ ʠ ĂPascalñ ʘʨʭʠʪʝʢʪʫʨʝ ʩʤʘˁʠʣʝ ʧʝʨʬʦʨʤʘʥʩʝ  ʧʦʿʝʜʠʥʘʯʥʦʛ ʤʫʣʪʠʧʨʦʮʝʩʦʨʘ 

ʠ ʬʦʢʫʩʠʨʘʣʝ ʩʝ ʥʘ ʦʤʦʛʫ˂ʘʚʘˁʫ ʚʝ˂ʝʛ ʙʨʦʿ ʤʫʣʪʠʧʨʦʮʝʩʦʨʘ ʧʦ ʛʨʘʬʠʯʢʦʿ ʢʘʨʪʠʮʠ. 

 

ʉʣʠʢʘ 2.7 ï ʇʦʨʝʹʝˁʝ ʙʨʦʿʘ ĂFLOPSñ ʥʘʜ ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʧʦ 

ʬʠʟʠʯʢʦʤ ʿʝʟʛʨʫ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ 

ʇʨʦʤʝʥʝ ʫ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʧʦ ʿʝʟʛʨʫ ʢʦʜ ĂIntelñ ʧʨʦʮʝʩʦʨʘ ʩʫ ʣʘʢʦ ʫʦʯˀʠʚʝ. ʇʦʿʘʚʘ 

ʜʦʜʘʪʥʝ ʚʝʢʪʦʨʩʢʝ ʠʥʩʪʨʫʢʮʠʿʝ ʩʘ  ĂAVXñ ʢʦʜ ĂSandy-Bridgeñ ʘʨʭʠʪʝʢʪʫʨʝ 2012. ʛʦʜʠʥʝ ʠ 

ʜʨʫʛʝ ʿʝʜʠʥʠʮʝ ʟʘ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʢʦʜ ĂHaswellñ ʘʨʭʠʪʝʢʪʫʨʝ 2014. 

ʛʦʜʠʥʝ ʩʫ ʧʦʙʦˀʰʘʣʝ ʧʝʨʬʦʨʤʘʥʩʝ ʧʨʦʮʝʩʦʨʘ ʜʚʘ ʧʫʪʘ. ɼʦʙʨʝ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʿʝ ʿʝ 
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ʧʨʠʢʘʟʘʦ ĂXeon Phiñ ʧʨʦʮʝʩʦʨ ʤʦʛʫ ʙʠʪʠ ʤʘʣʦ ʠʟʥʝʥʘʹʝˁʝ, ʘʣʠ ʪʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʩʫ ʩʝ 

ʪʨʘʥʟʠʩʪʦʨʠ ʧʦʪʨʦʰʠʣʠ ʥʘ ʘʨʠʪʤʝʪʠʯʢʝ ʿʝʜʠʥʠʮʝ ʘ ʥʝ ʥʘ ʢʝʰʠʨʘˁʝ ʠ ʩʣʠʯʥʦ. 

 

ʉʣʠʢʘ 2.8 ï ʇʦʨʝʹʝˁʝ ʙʨʦʿʘ ĂFLOPSñ ʥʘʜ ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʧʦ ʬʠʟʠʯʢʦʤ 

ʿʝʟʛʨʫ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ 

ʂʘʢʦ ʙʠ ʩʝ ʝʬʠʢʘʩʥʦ ʢʦʨʠʩʪʠʣʝ ʘʨʠʪʤʝʪʠʯʢʝ ʿʝʜʠʥʠʮʝ ʧʦʜʘʮʠ ʤʦʨʘʿʫ ʙʠʪʠ 

ʜʦʩʪʫʧʥʠ ʫ ʨʝʛʠʩʪʨʠʤʘ. ʋʢʦʣʠʢʦ ʧʦʜʘʮʠ ʥʠʩʫ ʜʦʩʪʫʧʥʠ ʫ ʨʝʛʠʩʪʨʠʤʘ ʠʣʠ ʢʝʰʫ ʦʥʠ ʩʝ 

ʤʦʨʘʿʫ ʫʯʠʪʘʪʠ ʠʟ ʦʧʝʨʘʪʠʚʥʝ ʤʝʤʦʨʠʿʝ ʠ ʥʘ ʢʨʘʿʫ ʦʧʝʪ ʫʧʠʩʘʪʠ ʫ ʠʩʪʫ. ʆʚʘ ʫʯʠʪʘʚʘˁʘ ʠ 

ʫʧʠʩʠ, ʦʜʥʦʩʥʦ ʢʦʤʫʥʠʢʘʮʠʿʘ ʩʘ ʦʧʝʨʘʪʠʚʥʦʤ ʤʝʤʦʨʠʿʦʤ ʩʫ ʫʩʢʦ ʛʨʣʦ ʟʘ ʤʥʦʛʝ ʦʧʝʨʘʮʠʿʝ 

ʢʦʿʝ ʧʨʦʮʝʩʦʨʠ ʜʦ ʦʜʨʝʹʝʥʝ ʤʝʨʝ ʧʨʝʚʘʟʠʣʘʟʝ ʩʘ ʚʝ˂ʠʤ ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ. ʅʘ ʩʣʠʮʠ 2.9 ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʧʦʨʝʹʝˁʝ ʙʨʟʠʥʘ ʦʧʝʨʘʪʠʚʥʝ ʤʝʤʦʨʠʿʝ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ 

ʧʨʠ ʯʝʤʫ ʢʝʰʠʨʘˁʝ ʥʠʿʝ ʫʟʝʪʦ ʫ ʦʙʟʠʨ.  

ʉʘ ʜʠʿʘʛʨʘʤʘ ʩʝ ʿʘʩʥʦ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʩʝ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʙʨʟʠʥʘ ʤʝʤʦʨʠʿʝ ʛʦʜʠʥʘʤʘ 

ʧʦʚʝ˂ʘʚʘʣʘ. ɻʦʜʠʥʝ 2007. ʙʨʟʠʥʘ ʤʝʤʦʨʠʿʝ ʢʦʜ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʿʝ ʙʠʣʘ ʦʢʦ 3 ʧʫʪʘ ʚʝ˂ʘ 

ʥʝʛʦ ʢʦʜ ʧʨʦʮʝʩʦʨʘ, ʜʦʢ ʿʝ ʜʘʥʘʩ ʪʘ ʙʨʟʠʥʘ ʦʢʦ ʜʝʩʝʪ ʧʫʪʘ ʚʝ˂ʘ. ʋʧʨʘʚʦ ʿʝ ʦʚʘ ʙʨʟʠʥʘ 
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ʧʨʠʩʪʫʧʘ ʤʝʤʦʨʠʿʠ ʢʦʜ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʠ ĂXeon Phiñ ʧʨʦʮʝʩʦʨʘ ʿʝʜʥʘ ʦʜ ʛʣʘʚʥʠʭ 

ʧʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʮʝʩʦʨʝ ʦʧʰʪʝ ʥʘʤʝʥʝ. 

 

ʉʣʠʢʘ 2.9 ï ʇʦʨʝʹʝˁʝ ʙʨʟʠʥʘ ʦʧʝʨʘʪʠʚʥʝ ʤʝʤʦʨʠʿʝ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ 

ʂʘʜʘ ʛʦʜ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʧʦʜʘʮʠ ʫʯʠʪʘʿʫ ʩʘ ʦʧʝʨʘʪʠʚʥʝ ʤʝʤʦʨʠʿʝ ʢʘʢʦ ʙʠ 

ʥʘʭʨʘʥʠʣʠ ʘʨʠʪʤʝʪʠʯʢʫ ʿʝʜʠʥʠʮʫ ʧʦʿʘʚʠ ʩʝ ʟʥʘʯʘʿʥʘ ʥʝʨʘʚʥʦʪʝʞʘ ʢʦʿʘ ʩʝ ʯʝʩʪʦ ʥʘʟʠʚʘ ʠ 

ʟʠʜ ʤʝʤʦʨʠʿʝ. ʅʘ ʧʨʠʤʝʨ, ʫʢʦʣʠʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʦʧʝʨʘʮʠʿʫ ʩʘʙʠʨʘˁʘ ʥʘʜ ʜʚʘ 

ʙʘʬʝʨʘ ʜʫʞʠʥʝ N ʠ ʫʧʠʩʘʪʠ ʨʝʟʫʣʪʘʪ ʫ ʪʨʝ˂ʠ ʙʘʬʝʨ, ʘ ʩʚʝ ʢʦʨʠʩʪʝ˂ʠ ʙʨʦʿʝʚʝ ʜʚʦʩʪʨʫʢʝ 

ʧʨʝʮʠʟʥʦʩʪʠ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʯʠʪʘʪʠ 2N*8=16N ʙʘʿʪʦʚʘ ʧʦʜʘʪʘʢʘ ʠʟ ʤʝʤʦʨʠʿʝ ʠ ʫʧʠʩʘʪʠ 8N 

ʙʘʿʪʦʚʘ ʧʦʜʘʪʘʢʘ ʫ ʤʝʤʦʨʠʿʫ, ʢʦʨʠʩʪʝ˂ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʫʢʫʧʥʦ N ʘʨʠʪʤʝʪʠʯʢʠʭ ʦʧʝʨʘʮʠʿʘ. 

ɸʢʦ ʩʝ ʠʛʥʦʨʠʰʝ ʤʘʥʠʧʫʣʘʮʠʿʘ ʥʘʜ ʘʜʨʝʩʘʤʘ ʧʨʠʣʠʢʦʤ ʫʯʠʪʘʚʘˁʘ ʠ ʫʧʠʩʘ ʧʦʜʘʪʘʢʘ ʠʟ ʠ ʫ 

ʦʧʝʨʘʪʠʚʥʫ ʤʝʤʦʨʠʿʫ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ 1/24 ĂFLOPSñ ʧʦ ʧʨʝʥʝʪʦʤ ʙʘʿʪʫ ʧʦʜʘʪʘʢʘ. 

ʏʘʢ ʠ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʨʝʪʢʠʤ ʠ ʛʫʩʪʠʤ ʤʘʪʨʠʮʘʤʘ ʩʫ ʚʨʣʦ ʯʝʩʪʦ ʠʩʧʦʜ  1 ĂFLOPSñ ʧʦ 

ʧʨʝʥʝʪʦʤ ʙʘʿʪʫ ʧʦʜʘʪʘʢʘ. 
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ɻʦʨʝ ʥʘʚʝʜʝʥʦ ʟʥʘʯʠ ʜʘ ʰʪʦ ʿʝ ʚʝ˂ʠ ʦʜʥʦʩ ĂFLOPSñ ʧʦ ʧʨʝʥʝʪʦʤ ʙʘʿʪʫ ʧʦʜʘʪʘʢʘ 

ʩʘʤʦ ʤʘʣʠ ʙʨʦʿ ʘʣʛʦʨʠʪʘʤʘ ʤʦʞʝ ʟʘʩʠʪʠʪʠ ʨʘʯʫʥʘʨʩʢʫ ʿʝʜʠʥʠʮʫ.  ʂʘʢʦ ʙʠ ʩʚʠ ʘʣʛʦʨʠʪʤʠ 

ʧʦʩʪʘʣʠ ʦʛʨʘʥʠʯʝʥʠ ʙʨʟʠʥʦʤ ʨʘʯʫʥʘˁʘ ʙʠʣʦ ʙʠ ʧʦʪʨʝʙʥʦ ʠʤʘʪʠ ʪʝʦʨʠʿʩʢʠ ʙʝʩʢʦʥʘʯʥʫ 

ʙʨʟʠʥʫ ʤʝʤʦʨʠʿʝ. ʀʤʘʿʫ˂ʠ ʪʦ ʫ ʚʠʜʫ ʥʘ ʩʣʠʢʘʤʘ 2.10 ʠ 2.11 ʩʫ ʧʨʠʢʘʟʘʥʘ ʧʦʨʝʹʝˁʘ ʙʨʦʿʘ 

ĂFLOPSñ ʥʘʜ ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʠ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʜʘʪʘʢʘ 

ʨʝʩʧʝʢʪʠʚʥʦ. 

 

ʉʣʠʢʘ 2.10 ï ʇʦʨʝʹʝˁʝ ʙʨʦʿʘ ĂFLOPSñ ʥʘʜ ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʧʦ 

ʿʝʜʠʥʠʮʠ ʧʦʜʘʪʘʢʘ 

ʉʘ ʜʠʿʘʛʨʘʤʘ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʠ ʧʨʦʮʝʩʦʨʠ ʠ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠʤʘʿʫ ʚʝʦʤʘ ʚʠʩʦʢ 

ʦʜʥʦʩ ĂFLOPSñ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʜʘʪʘʢʘ. ʀʧʘʢ ʧʨʦʮʝʩʦʨʠ ʠʤʘʿʫ ʧʦʥʘʿʚʝ˂ʠ ʦʜʥʦʩ ĂFLOPSñ ʧʦ 

ʿʝʜʠʥʠʮʠ ʧʦʜʘʪʘʢʘ. ʆʚʦ ʿʝ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʟʙʦʛ ʨʝʣʘʪʠʚʥʦ ʩʧʦʨʠʭ ĂDDR3/DDR4ñ 

ʤʝʤʦʨʠʿʩʢʠʭ ʢʘʥʘʣʘ, ʜʦʢ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ ĂXeon Phiñ ʧʨʦʮʝʩʦʨʠ ʢʦʨʠʩʪʝ 

ĂGDDR5/GDDR5Xñ ʤʝʤʦʨʠʿʫ ʢʦʿʘ ʠʤʘ ʟʥʘʪʥʦ ʚʝ˂ʫ ʙʨʟʠʥʫ. ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʪʦ ʪʨʝʥʜ ʚʝʣʠʢʦʛ 

ʦʜʥʦʩʘ ĂFLOPSñ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʜʘʪʘʢʘ ʿʝ ʣʘʢʦ ʫʦʯˀʠʚ. ʏʘʢ ʠ ʚʝʣʠʢʝ ʙʨʟʠʥʝ ʤʝʤʦʨʠʿʝ ʥʠʩʫ 
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ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʤʘˁʝ ʪʘʿ ʦʜʥʦʩ, ʟʘʪʦ ʰʪʦ ʩʝ ʩʘ ʩʚʘʢʠʤ ʜʦʜʘʪʥʠʤ GB/s ʤʝʤʦʨʠʿʩʢʝ ʙʨʟʠʥʝ 

ʜʦʜʘʿʝ ʫ ʥʘʿʤʘˁʝʤ ʩʣʫʯʘʿʫ ʠʩʪʦ ʪʦʣʠʢʦ ʧʦʚʝ˂ʘˁʝ ʫ ʘʨʠʪʤʝʪʠʯʢʠʤ ʿʝʜʠʥʠʮʘʤʘ. 

 

ʉʣʠʢʘ 2.11 ï ʇʦʨʝʹʝˁʝ ʙʨʦʿʘ ĂFLOPSñ ʥʘʜ ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʧʦ ʿʝʜʠʥʠʮʠ 

ʧʦʜʘʪʘʢʘ 

ʂʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʧʘʨʘʣʝʣʠʟʤʫ ʦʙʠʯʥʦ ʩʝ ʤʠʩʣʠ ʥʘ ʙʨʦʿ ʿʝʟʛʘʨʘ. ʅʘ ʧʨʠʤʝʨ 22 ʿʝʟʛʨʘ 

ʢʦʿʝ ʧʦʩʝʜʫʿʝ ʥʝʢʠ ʧʨʦʮʝʩʦʨ ʟʚʫʯʝ ʢʘʦ ʧʨʠʣʠʯʥʦ ʚʝʣʠʢʠ ʙʨʦʿ, ʘʣʠ ʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʠʰʪʘ 

ʧʦʩʝʙʥʦ ʘʢʦ ʩʝ ʧʦʨʝʜʝ ʩʘ 3584 ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ. ɱʦʰ ʿʝʜʥʘ 

ʤʝʪʨʠʢʘ ʟʘ ʧʘʨʘʣʝʣʠʟʘʤ ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ĂFLOPSñ ʧʦ ʿʝʜʥʦʤ ʪʘʢʪʫ.  ʅʘ ʩʣʠʢʘʤʘ 2.12 ʠ 2.13 

ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʧʦʨʝʹʝˁʘ ʙʨʦʿʘ ĂFLOPSñ ʥʘʜ ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʠ ʜʚʦʩʪʨʫʢʝ 

ʧʨʝʮʠʟʥʦʩʪʠ ʧʦ ʿʝʜʠʥʠʮʠ ʪʘʢʪʘ ʨʝʩʧʝʢʪʠʚʥʦ. 

ɼʠʿʘʛʨʘʤʠ ʠ ʟʘ ʙʨʦʿʝʚʝ ʿʝʜʥʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʠ ʟʘ ʙʨʦʿʝʚʝ ʜʚʦʩʪʨʫʢʝ 

ʧʨʝʮʠʟʥʦʩʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ ʧʨʦʮʝʩʦʨʠ 2016. ʛʦʜʠʥʝ ʜʦʩʪʠʛʣʠ ʧʦ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʛʨʘʬʠʯʢʝ 

ʢʘʨʪʠʮʝ ʠʟ 2007. ʠ 2008. ʛʦʜʠʥʝ. ʋʚʦʹʝˁʝʤ ĂAVX512ñ ʫ ʜʦʣʘʟʝ˂ʝʤ ĂSkylake Xeonñ 
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ʧʨʦʮʝʩʦʨʫ ʦʯʝʢʫʿʝ ʩʝ ʜʘ ʩʝ ʦʚʝ ʧʝʨʬʦʨʤʘʥʩʝ ʜʫʧʣʠʨʘʿʫ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʨʘʢʪʠʯʥʦ ʟʘʪʚʦʨʠ 

ʿʘʟ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ, ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʠ ĂXeon Phiñ ʬʘʤʠʣʠʿʝ ʧʨʦʮʝʩʦʨʘ. 

 

ʉʣʠʢʘ 2.12 ï ʇʦʨʝʹʝˁʝ ʙʨʦʿʘ ĂFLOPSñ ʥʘʜ ʙʨʦʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʧʦ 

ʿʝʜʠʥʠʮʠ ʪʘʢʪʘ 

 ʇʦʨʝʹʝˁʝ ʛʣʘʚʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʦʧʰʪʝ ʥʘʤʝʥʝ, 

ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʠ ĂXeon Phiñ ʧʨʦʮʝʩʦʨʘ ʿʝ ʜʘʣʦ ʦʯʝʢʠʚʘʥʝ ʨʝʟʫʣʪʘʪʝ. ɻʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ 

ʠ ĂXeon Phiñ ʧʨʦʮʝʩʦʨʠ ʩʫ ʙʦˀʠ ʟʘ ʘʧʣʠʢʘʮʠʿʝ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʦʧʝʨʘʮʠʿʘ ʥʘʜ 

ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ. 

ɻʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ ʤʥʦʛʠʤ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ɱʝʜʥʦ 

ʠʩʪʨʘʞʠʚʘˁʝ [5] ʩʝ ʙʘʚʠʣʦ ʧʦʙʦˀʰʘˁʝʤ ʝʬʠʢʘʩʥʦʩʪʠ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ. ʋʩʧʝʰʥʦ ʿʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʠ ʧʨʝʧʦʟʥʘʚʘˁʝ ʣʠʮʘ [6]. ʊʘʢʦʹʝ ʩʫ ʧʦʛʦʜʥʝ ʟʘ ʨʘʟʥʝ ʚʠʟʫʘʣʠʟʘʮʠʿʝ 

ʧʦʜʘʪʘʢʘ [7, 8], ʨʝʛʠʩʪʨʘʮʠʿʫ ʩʣʠʢʘ [9], ʢʘʦ ʠ ʟʘ ʨʘʟʥʝ ʘʣʛʦʨʠʪʤʝ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ [10, 

11, 12, 13, 14, 15]. 
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ʉʣʠʢʘ 2.13 ï ʇʦʨʝʹʝˁʝ ʙʨʦʿʘ ĂFLOPSñ ʥʘʜ ʙʨʦʿʝʚʠʤʘ ʜʚʦʩʪʨʫʢʝ ʧʨʝʮʠʟʥʦʩʪʠ ʧʦ ʿʝʜʠʥʠʮʠ 

ʪʘʢʪʘ 

 

2.3. ĂFPGAñ ʧʣʘʪʬʦʨʤʘ 

 

 ĂFPGAñ ʧʨʝʜʩʪʘʚˀʘ ʠʥʪʝʛʨʠʩʘʥʦ ʢʦʣʦ ʢʦʿʝ ʿʝ ʜʠʟʘʿʥʠʨʘʥʦ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ ʜʘ ʩʝ 

ʤʦʞʝ ʨʝʢʦʥʬʠʛʫʨʠʩʘʪʠ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ. ʉʘʩʪʦʿʠ ʩʝ ʠʟ ʥʠʟʘ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʣʦʛʠʯʢʠʭ 

ʙʣʦʢʦʚʘ ʠ ʯʠʪʘʚʝ ʭʠʿʝʨʘʨʭʠʿʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʭ ʤʝʹʫʚʝʟʘ ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʦʚʝʟʠʚʘˁʝ 

ʠʟʤʝʹʫ ʙʣʦʢʦʚʘ. ɼʝʪʘˀʥʠʿʠ ʦʧʠʩ ʘʨʭʠʪʝʢʪʫʨʝ ĂFPGAñ ʯʠʧʦʚʘ ʙʠ˂ʝ ʧʨʠʢʘʟʘʥ ʫ ʩʣʝʜʝ˂ʝʤ 

ʧʦʛʣʘʚˀʫ. 

ʇʨʚʠ  ĂFPGAñ ʿʝ ʥʘʩʪʘʦ 80-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʨʘʜʘ ʈʦʩʘ 

ʌʨʠʤʘʥʘ ʠ ɹʝʨʥʘʨʜʘ ɺʦʥʜʝʨʰʤʠʪʘ [16]. ʋ ʪʦ ʚʨʝʤʝ ʦʥʠ ʩʫ ʨʘʜʠʣʠ ʟʘ ʢʦʤʧʘʥʠʿʝ ĂZilogñ 

ʢʦʿʦʿ ʩʫ ʠ ʦʩʪʘʚʠʣʠ ʧʘʪʝʥʪ. ʅʘʢʦʥ ʪʦʛʘ ʩʫ ʦʪʚʦʨʠʣʠ ʩʚʦʿʫ ʢʦʤʧʘʥʠʿʫ ĂXilinxñ ʢʦʿʘ ʜʘʥʘʩ 
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ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦʛ ʦʜ ʚʦʜʝ˂ʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ĂFPGAñ ʯʠʧʦʚʘ. ʇʨʚʠ ʢʦʤʝʨʮʠʿʘʣʥʠ ĂFPGAñ 

ʯʠʧʦʚʠ ʩʫ ʙʨʦʿʘʣʠ ʩʚʝʛʘ ʥʝʢʦʣʠʢʦ ʭʠˀʘʜʘ ʣʦʛʠʯʢʠʭ ʢʘʧʠʿʘ ʠ ʠʤʘʣʠ ʩʫ ʥʝʢʦʣʠʢʦ 

ʥʝʜʦʩʪʘʪʘʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʦʛ ʢʦʥʢʫʨʝʥʪʘ ĂASICñ ʯʠʧʦʚʝ. ɹʠʣʠ ʩʫ ʩʧʦʨʠʿʠ, ʟʘʭʪʝʚʘʣʠ ʩʫ 

ʚʠʰʝ ʩʥʘʛʝ ʠ ʠʤʘʣʠ ʩʫ ʣʠʤʠʪʠʨʘʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ.  

ʀʥʜʫʩʪʨʠʿʘ ĂFPGAñ ʯʠʧʦʚʘ ʩʝ ʧʦʣʘʢʦ ʨʘʟʚʠʿʘʣʘ ʪʦʢʦʤ 90-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ. 

ɻʦʜʠʥʝ 1992. ĂNaval Surface Warfareñ ʮʝʥʪʘʨ ʿʝ ʟʘʚʨʰʠʦ ʧʨʦʿʝʢʘʪ ʢʦʿʠ ʿʝ ʦʤʦʛʫ˂ʠʦ ʜʘ 

ʠʤʘʤʦ ĂFPGAñ ʯʠʧ ʩʘ 600 000 ʣʦʛʠʯʢʠʭ ʢʘʧʠʿʘ. ʋ ʪʦʤ ʧʝʨʠʦʜʫ ĂFPGAñ ʯʠʧʦʚʠ ʩʫ ʩʝ 

ʥʘʿʚʠʰʝ ʢʦʨʠʩʪʠʣʠ ʫ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ ʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘʤʘ. ɼʦ ʢʘʩʥʠʭ 90-ʠʭ 

ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʙʨʦʿ ʣʦʛʠʯʢʠʭ ʢʘʧʠʿʘ ʥʘ ĂFPGAñ ʯʠʧʦʚʠʤʘ ʿʝ ʧʦʨʘʩʪʘʦ ʜʦ ʨʝʜʘ 

ʤʠʣʠʦʥʘ ʯʠʤʝ ʩʫ ʥʝʩʪʘʣʠ ʤʥʦʛʠ ʥʝʜʦʩʪʘʮʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ĂASICñ ʯʠʧʦʚʠʤʘ. ɻʦʜʠʥʝ 2013. 

ʿʝ ʠʟʘʰʘʦ ʯʣʘʥʘʢ ʢʦʿʠ ʪʚʨʜʠ ʜʘ ĂXilinx UltraScale FPGAñ ʧʦʩʝʜʫʿʝ 50 ʤʠʣʠʦʥʘ 

ʝʢʚʠʚʘʣʝʥʪʥʠʭ ĂASICñ ʣʦʛʠʯʢʠʭ ʢʘʧʠʿʘ [17]. 

ɼʘʥʘʩ ʩʝ ĂFPGAñ ʯʠʧʦʚʠ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʘʧʣʠʢʘʮʠʿʘ ʢʘʦ ʰʪʦ ʩʫ 

ʦʙʨʘʜʘ ʩʣʠʢʘ, ʙʘʟʝ ʧʦʜʘʪʘʢʘ, ʨʦʙʦʪʠʢʘ, ʚʠʜʝʦ ʟʘʧʠʩʠ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʠ ʩʣʠʯʥʦ. 

ʈʘʟʣʠʯʠʪʝ ʩʝʨʠʿʝ ĂFPGAñ ʯʠʧʦʚʘ ʩʫ ʧʨʝʜʦʜʨʝʹʝʥʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʘʧʣʠʢʘʮʠʿʝ ʪʘʢʦ ʰʪʦ ʠʤ ʩʝ 

ʧʨʠʣʘʛʦʹʘʚʘʣʘ ʢʦʣʠʯʠʥʘ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʘ ʥʘ ʩʘʤʦʤ ʯʠʧʫ. 

ʋ ʮʠˀʫ ʧʦʨʝʹʝˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʠʟʤʝʹʫ ʜʚʘ ĂFPGAñ ʯʠʧʘ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʨʝʜʠʪʠ 

ʢʦʣʠʯʠʥʫ ʨʝʩʫʨʩʘ ʥʘ ʩʘʤʠʤ ʯʠʧʦʚʠʤʘ. ʅʝ ʙʠ ʙʠʣʦ ʧʦʰʪʝʥʦ ʧʦʨʝʜʠʪʠ ʙʨʦʿ ʦʧʝʨʘʮʠʿʘ ʥʘʜ 

ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ, ʛʜʝ ʙʠ ĂFPGAñ ʯʠʧʦʚʠ ʩʚʘʢʘʢʦ ʙʠʣʠ ʟʥʘʪʥʦ 

ʩʣʘʙʠʿʠ ʦʜ ʩʚʦʿʠʭ ʢʦʥʢʫʨʝʥʘʪʘ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʠ ʧʨʦʮʝʩʦʨʘ, ʟʘʪʦ ʰʪʦ ʩʝ ʟʘ ʨʘʯʫʥʘˁʝ ʥʘ 

ĂFPGAñ ʯʠʧʦʚʠʤʘ ʚʨʣʦ ʨʝʪʢʦ ʢʦʨʠʩʪʝ ʨʘʮʠʦʥʘʣʥʠ ʙʨʦʿʝʚʠ. ʈʘʟʣʦʛ ʪʦʤʝ ʿʝ ʰʪʦ ʦʧʝʨʘʮʠʿʝ 

ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʦʜʫʟʠʤʘʿʫ ʚʝʣʠʢʫ ʢʦʣʠʯʠʥʫ ʭʘʨʜʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ ʩʘ ʩʘʤʦʛ 

ĂFPGAñ ʯʠʧʘ. ʂʘʢʦ ʙʠ ʩʝ ʪʦ ʧʨʝʚʘʟʠʰʣʦ, ʦʜʥʦʩʥʦ ʢʘʢʦ ʙʠ ʩʝ ʥʘʧʨʘʚʠʣʘ ʢʦʥʢʫʨʝʥʪʥʘ 

ʘʧʣʠʢʘʮʠʿʘ ʢʦʿʘ ˂ʝ ʩʝ ʠʟʚʨʰʘʚʘʪʠ ʥʘ ĂFPGAñ ʯʠʧʫ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʘʥʘʣʠʟʠʨʘʪʠ 

ʩʘʤʫ ʘʧʣʠʢʘʮʠʿʫ ʠ ʦʜʨʝʜʠʪʠ ʢʦʿʫ ʧʨʝʮʠʟʥʦʩʪ ʦʥʘ ʟʘʭʪʝʚʘ. ʅʘʢʦʥ ʪʦʛʘ ʪʨʝʙʘ ʪʫ ʧʨʝʮʠʟʥʦʩʪ 

ʧʨʝʩʣʠʢʘʪʠ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʙʨʦʿʝʚʝ ʩʘ ʬʠʢʩʥʠʤ ʟʘʨʝʟʦʤ, ʧʦʰʪʦ ʦʧʝʨʘʮʠʿʝ ʥʘʜ ʙʨʦʿʝʚʠʤʘ 

ʩʘ ʬʠʢʩʥʠʤ ʟʘʨʝʟʦʤ ʢʦʨʠʩʪʝ ʟʥʘʪʥʦ ʤʘˁʝ ʨʝʩʫʨʩʘ ʥʘ ĂFPGAñ ʯʠʧʫ. 

ʇʦʨʝʜʝ˂ʠ ĂFPGAñ ʯʠʧʦʚʝ ʩʘ ʛʨʘʬʠʯʢʠʤ ʢʘʨʪʠʮʘʤʘ ʠ ʧʨʦʮʝʩʦʨʠʤʘ ʤʦʞʝʤʦ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ĂFPGAñ ʯʠʧʦʚʠ ʠʤʘʿʫ ʟʥʘʪʥʦ ʣʦʰʠʿʝ ʧʝʨʬʦʨʤʘʥʩʝ ʘʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʙʨʦʿ 

ʦʧʝʨʘʮʠʿʘ ʥʘʜ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ. ʊʘʢʦʹʝ, ʜʠʟʘʿʥʠ ʟʘ ĂFPGAñ 
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ʯʠʧʦʚʝ ʥʠʩʫ ʪʦʣʠʢʦ ʢʦʤʧʘʪʠʙʠʣʥʠ ʢʘʦ ʜʠʟʘʿʥʠ ʟʘ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ ʧʨʦʮʝʩʦʨʝ, ʦʜʥʦʩʥʦ 

ʧʦʪʨʝʙʥʦ ʿʝ ʫʣʦʞʠʪʠ ʟʥʘʪʥʦ ʚʠʰʝ ʪʨʫʜʘ ʢʘʢʦ ʙʠ ʩʝ ʘʧʣʠʢʘʮʠʿʘ ʢʦʿʘ ʿʝ ʨʘʜʠʣʘ ʥʘ ʿʝʜʥʦʤ 

ʤʦʜʝʣʫ ĂFPGAñ ʯʠʧʘ ʧʨʝʙʘʮʠʣʘ ʜʘ ʨʘʜʠ ʥʘ ʜʨʫʛʦʤ ʤʦʜʝʣʫ. ʇʦʨʝʜ ʪʦʛʘ ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʠ ʜʘ 

ʿʝ ʩʘʤ ʨʘʟʚʦʿ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ĂFPGAñ ʯʠʧʦʚʝ ʪʝʞʠ ʥʝʛʦ ʟʘ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʠ ʧʨʦʮʝʩʦʨʝ. 

ʀʧʘʢ ʩʘ ʧʦʿʘʚʦʤ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʢʘʦ ʰʪʦ ʿʝ ĂMaxJñ ʪʘʿ ʿʘʟ ʩʝ ʩʚʝ ʚʠʰʝ ʩʤʘˁʫʿʝ. ʅʘ 

ʢʨʘʿʫ ʠ ʮʝʥʘ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ ʿʝ ʟʥʘʪʥʦ ʥʠʞʘ ʥʝʛʦ ʮʝʥʘ ĂFPGAñ ʯʠʧʦʚʘ. 

ʀ ʧʦʨʝʜ ʛʦʨʝ ʥʘʚʝʜʝʥʠʭ ʥʝʜʦʩʪʘʪʘʢʘ ĂFPGAñ ʯʠʧʦʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ 

ʠ ʧʨʦʮʝʩʦʨʝ ʦʥʠ ʠʤʘʿʫ ʠ ʥʠʟ ʧʨʝʜʥʦʩʪʠ ʢʦʿʝ ʠʤ ʦʤʦʛʫ˂ʘʚʘʿʫ ʪʘʢʦ ʰʠʨʦʢʫ ʫʧʦʪʨʝʙʫ. 

ɸʣʛʦʨʠʪʤʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʥʘ ĂFPGAñ ʯʠʧʦʚʠʤʘ ʠʤʘʿʫ ʟʥʘʪʥʦ ʤʘˁʫ ʣʘʪʝʥʮʠʿʫ ʢʦʿʫ ʿʝ 

ʣʘʢʦ ʠ ʦʜʨʝʜʠʪʠ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʩʘʤʝ ʘʧʣʠʢʘʮʠʿʝ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ 

ĂFPGAñ ʯʠʧʦʚʠ ʜʦʩʪʘ ʢʦʨʠʩʪʝ ʫ ʤʨʝʞʥʦʿ ʦʧʨʝʤʠ ʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʫʨʝʹʘʿʠʤʘ. 

ʊʘʢʦʹʝ, ʦʜʥʦʩ ĂFLOPSñ ʧʦ ʫʪʨʦʰʝʥʦʿ ʿʝʜʠʥʠʮʠ ʩʥʘʛʝ ʿʝ 3-4 ʧʫʪʘ ʙʦˀʠ ʢʦʜ ĂFPGAñ ʯʠʧʦʚʘ 

ʥʝʛʦ ʢʦʜ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ. ĂFPGAñ ʯʠʧʦʚʠ ʤʦʛʫ ʠ ʜʘ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʠ ʟʥʘʪʥʦ ʚʝ˂ʠ ʙʨʦʿ 

ʠʥʪʝʨʬʝʿʩʘ ʥʝʛʦ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʢʦʿʝ ʨʘʜʝ ʩʘʤʦ ʧʨʝʢʦ ĂPCIeñ ʤʘʛʠʩʪʨʘʣʝ. ʆʥʠ ʪʘʢʦʹʝ 

ʤʦʛʫ ʨʘʜʠʪʠ ʧʨʝʢʦ ĂPCIeñ ʤʘʛʠʩʪʨʘʣʝ ʘʣʠ ʪʝʦʨʠʿʩʢʠ ʤʦʛʫ ʦʩʪʚʘʨʠʪʠ ʠ ʢʦʥʝʢʮʠʿʫ ʧʨʝʤʘ 

ʙʠʣʦ ʢʦʤ ʜʨʫʛʦʤ ʫʨʝʹʘʿʫ ʢʦʿʠ ʠʤʘ ʦʜʨʝʹʝʥʠ ʩʪʘʥʜʘʨʜ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ. ʅʘ ʢʨʘʿʫ ʠ 

ʜʠʤʝʥʟʠʿʝ ʩʘʤʠʭ ʧʣʘʪʬʦʨʤʠ ʩʘ ĂFPGAñ ʯʠʧʦʚʠʤʘ ʩʫ ʟʥʘʪʥʦ ʤʘˁʝ, ʧʦʰʪʦ ʦʥʠ ʨʘʜʝ ʥʘ 

ʟʥʘʪʥʦ ʥʠʞʦʿ ʬʨʝʢʚʝʥʮʠʿʠ ʧʘ ʩʝ ʩʘʤʠʤ ʪʠʤ ʠ ʟʥʘʪʥʦ ʤʘˁʝ ʛʨʝʿʫ ʠ ʟʙʦʛ ʪʦʛʘ ʥʠʿʝ ʧʦʪʨʝʙʥʦ 

ʧʨʝʜʫʟʠʤʘʪʠ ʚʝʣʠʢʝ ʜʦʜʘʪʥʝ ʤʝʨʝ ʟʘ ˁʠʭʦʚʦ ʭʣʘʹʝˁʝ. 

ĂFPGAñ ʯʠʧʦʚʠ ʩʫ ʠ ʧʨʝʜʤʝʪ ʤʥʦʛʠʭ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. ʅʘ ˁʠʤʘ ʿʝ ʤʦʛʫ˂ʝ 

ʫʩʧʝʰʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʣʠʮʘ [18]. ʋʩʧʝʰʥʦ ʿʝ ʜʠʟʘʿʥʠʨʘʥ 

ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʘʦ ʠʟ ĂFPGAñ ʯʠʧʘ ʠ ʮʝʥʪʨʘʣʥʝ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʢʦʿʠ 

ʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ ʚʨʰʠʦ ʧʦʚʨʘ˂ʘʿ ʰʠʬʨʠ [19]. ʊʘʢʦʹʝ, ʦʚʠ ʯʠʧʦʚʠ ʩʝ ʚʨʣʦ 

ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʠ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ [20, 21, 22, 23]. 

 

2.4. ɿʘʢˀʫʯʘʢ 

 

 ʉʚʘʢʘ ʦʜ ʧʦʤʝʥʫʪʠʭ ʧʣʘʪʬʦʨʤʠ ʟʘ ʫʙʨʟʘʚʘˁʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘʭʪʝʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʧʦʟʥʘʚʘˁʝ ʠʩʪʝ ʢʘʢʦ ʙʠ ʩʝ ʤʦʛʣʘ ʦʩʪʚʘʨʠʪʠ ʞʝˀʝʥʘ ʧʦʙʦˀʰʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ. ɿʘ ʥʝʢʝ ʦʜ 
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ˁʠʭ ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʮʝʩʦʨʠ ʦʧʰʪʝ ʥʘʤʝʥʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʜʦʙʨʦ ʧʦʟʥʘʪʠ ʧʨʦʛʨʘʤʩʢʠ 

ʿʝʟʠʮʠ, ʜʦʢ ʩʫ ĂFPGAñ ʯʠʧʦʚʠ ʤʦʞʜʘ ʠ ʥʘʿʪʝʞʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ, ʧʦʰʪʦ ʟʘʭʪʝʚʘʿʫ ʢʘʢʦ 

ʧʦʟʥʘʚʘˁʝ ʭʘʨʜʚʝʨʩʢʠʭ ʿʝʟʠʢʘ ʪʘʢʦ ʠ ʧʦʟʥʘʚʘˁʝ ʩʘʤʦʛ ʭʘʨʜʚʝʨʘ. 

ʄʦʛʫ˂ʥʦʩʪ ʫʙʨʟʘʚʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ʧʦʤʦ˂ʫ ʩʚʘʢʝ ʦʜ ʛʦʨʝ ʥʘʚʝʜʝʥʠʭ ʧʣʘʪʬʦʨʤʠ ʩʝ 

ʪʝʰʢʦ ʤʦʛʫ ʧʦʨʝʜʠʪʠ. ʇʦʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʨʠʰ˂ʝˁʝʤ ʙʨʦʿʘ ʦʧʝʨʘʮʠʿʘ ʥʘʜ 

ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ ʧʦ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʩʘʤʦ ʜʘʿʫ ʥʘʛʦʚʝʰʪʘʿ. ʄʦʛʫ˂ʥʦʩʪ ʧʦʨʪʦʚʘˁʘ 

ʦʨʠʛʠʥʘʣʥʦʛ ʩʦʬʪʚʝʨʘ ʢʘʦ ʠ ʧʨʦʤʝʥʝ ʩʪʨʫʢʪʫʨʝ ʠ ʪʦʢʘ ʧʦʜʘʪʘʢʘ ʩʫ ʚʘʞʥʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʩʝ 

ʪʘʢʦʹʝ ʤʦʨʘʿʫ ʫʟʝʪʠ ʫ ʨʘʟʤʘʪʨʘˁʝ. ʂʦʜ ĂFPGAñ ʯʠʧʦʚʘ ʧʘʨʘʣʝʣʠʟʘʤ ʥʘ ʥʠʚʦʫ ʧʘʿʧʣʘʿʥʘ 

ʦʙʝ˂ʘʚʘ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ, ʘʣʠ ʠʩʪʦ ʪʘʢʦ ʟʘʭʪʝʚʘ ʘʜʘʧʪʠʨʘˁʝ ʪʠʧʦʚʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʫ ʧʨʦʛʨʘʤʫ ʠ ʰʘʙʣʦʥʘ ʧʦ ʢʦʿʠʤʘ ʩʝ ʧʨʠʩʪʫʧʘ ʧʦʜʘʮʠʤʘ. ʂʦʜ ʛʨʘʬʠʯʢʠʭ ʢʘʨʪʠʮʘ 

ʘʣʛʦʨʠʪʘʤ ʩʝ ʥʘʿʙʦˀʝ ʫʙʨʟʘʚʘ ʫʧʦʪʨʝʙʦʤ ʤʘʩʠʚʥʠʭ ʚʝʢʪʦʨʩʢʠʭ ʧʘʨʘʣʝʣʠʟʘʮʠʿʘ. ʇʨʦʮʝʩʦʨ 

ĂXeon Phiñ ʢʦʿʠ ʿʝ ʨʝʣʘʪʠʚʥʦ ʤʣʘʜ ʿʝ ʚʝ˂ ʥʘʰʘʦ ʩʚʦʿʝ ʤʝʩʪʦ ʤʝʹʫ ʘʢʮʝʣʝʨʘʪʦʨʠʤʘ 

ʘʧʣʠʢʘʮʠʿʘ ʠ ʤʦʞʝ ʧʦʩʪʘʪʠ ʧʠʦʥʠʨ ʙʫʜʫ˂ʝ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʦʮʝʩʦʨʘ. 

ʉʘ ʪʘʯʢʝ ʛʣʝʜʠʰʪʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʪʦʢʦʤ ʨʘʟʚʦʿʘ ʘʧʣʠʢʘʮʠʿʝ ʦʚʝ ʪʨʠ ʧʣʘʪʬʦʨʤʝ 

ʜʘʿʫ ʚʝʦʤʘ ʨʘʟʣʠʯʠʪʝ ʧʨʠʩʪʫʧʝ. ʉʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʠʤʘʤʦ ʧʨʦʮʝʩʦʨʝ ʠ ʛʨʘʬʠʯʢʝ ʢʘʨʪʠʮʝ ʢʦʿʝ 

ʩʫ ʨʝʣʘʪʠʚʥʦ ʚʝʦʤʘ ʬʣʝʢʩʠʙʠʣʥʝ ʪʦʢʦʤ ʨʘʟʚʦʿʘ ʧʨʦʛʨʘʤʩʢʦʛ ʢʦʜʘ, ʧʦʰʪʦ ʢʦʨʠʩʪʝ ʜʦʙʨʦ 

ʧʦʟʥʘʪʝ ʠ ʥʘ ʰʠʨʦʢʦ ʧʨʠʭʚʘ˂ʝʥʝ ʧʨʦʛʨʘʤʩʢʝ ʿʝʟʠʢʝ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ ʠʤʘʤʦ ĂFPGAñ ʯʠʧʦʚʝ 

ʢʦʿʠ ʥʫʜʝ ʥʘʿʚʝ˂ʫ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʭʘʨʜʚʝʨʘ. 
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3. 
              

 

3. ʈʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ 

 

ʂʦʤʙʠʥʫʿʫ˂ʠ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʪʝʭʥʠʢʝ ĂHPCñ ʩʠʩʪʝʤʘ ʩʘ ĂRDCñ ʩʠʩʪʝʤʠʤʘ ʤʦʛʫ ʩʝ 

ʧʦʩʪʠ˂ʠ ʦʛʨʦʤʥʘ ʫʙʨʟʘˁʘ ʫ ʠʟʚʨʰʘʚʘˁʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʘʣʛʦʨʠʪʘʤʘ [24]. ʋʧʦʟʥʘʚʘˁʝʤ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ ʧʣʘʪʬʦʨʤʠ ʠ ʩʭʚʘʪʘˁʝʤ ˁʠʭʦʚʠʭ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ 

ʫʙʨʟʘʚʘˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʘʣʛʦʨʠʪʘʤʘ ʤʦʛʫ ʩʝ ʧʦʩʪʠ˂ʠ ʜʦʜʘʪʥʘ ʧʦʙʦˀʰʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʦʩʪʘʣʠʤ ʭʘʨʜʚʝʨʩʢʠʤ ʧʣʘʪʬʦʨʤʘʤʘ. ʈʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʭʘʨʜʚʝʨʩʢʝ 

ʧʣʘʪʬʦʨʤʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʤʙʠʥʘʮʠʿʫ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʣʦʛʠʢʝ ʠ ʧʨʦʮʝʩʦʨʘ ʦʧʰʪʝ 

ʥʘʤʝʥʝ ʠ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʘ ʩʫ ʙʘʟʠʨʘʥʝ ʥʘ ĂFPGAñ ʘʨʭʠʪʝʢʪʫʨʠ. ɳʠʭʦʚʘ ʦʩʥʦʚʥʘ 

ʨʘʟʣʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʮʝʩʦʨʩʢʘ ʨʝʰʝˁʘ ʿʝʩʪʝ ʫ ʧʨʦʤʝʥʠ ʧʨʦʪʦʢʘ ʧʦʜʘʪʘʢʘ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ˁʠʭʦʚʘ ʦʩʥʦʚʥʘ ʨʘʟʣʠʢʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʣʠʯʥʠʤ ʭʘʨʜʚʝʨʩʢʠʤ ʨʝʰʝˁʠʤʘ ʢʘʦ ʰʪʦ ʿʝ 

ʪʦ ʥʘ ʧʨʠʤʝʨ ĂASICñ  ʿʝʩʪʝ ʤʦʛʫ˂ʥʦʩʪ ʜʠʥʘʤʠʯʢʝ ʨʝʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʘʨʜʚʝʨʘ ʫʯʠʪʘʚʘˁʝʤ 

ʥʦʚʦʛ ʜʠʟʘʿʥʘ ʥʘ ʩʘʤ ʭʘʨʜʚʝʨ. 

ʂʦʥʮʝʧʪ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʛ ʨʘʯʫʥʘʨʩʪʚʘ ʧʦʩʪʦʿʠ ʿʦʰ ʦʜ 60-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ 

ʚʝʢʘ ʢʘʜʘ ʿʝ ɷʝʨʘʣʜ ɽʩʪʨʠʥ ʫ ʩʚʦʤ ʨʘʜʫ ʧʨʝʜʣʦʞʠʦ ʢʦʥʮʝʧʪ ʨʘʯʫʥʘʨʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʠʟ 

ʧʨʦʮʝʩʦʨʘ ʦʧʰʪʝ ʥʘʤʝʥʝ ʠ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʛ ʭʘʨʜʚʝʨʘ [25]. ʇʦ ˁʝʛʦʚʦʿ ʠʜʝʿʠ, ʮʝʥʪʨʘʣʥʘ 

ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʜʠʥʠʮʘ ʙʠ ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ ʠ ʢʦʥʪʨʦʣʠʩʘʣʘ ʧʦʥʘʰʘˁʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʛ 

ʭʘʨʜʚʝʨʘ ʥʘ ʪʘʿ ʥʘʯʠʥ ʰʪʦ ʙʠ ʤʫ ʧʨʦʩʣʝʹʠʚʘʣʘ ʥʘ ʠʟʚʨʰʘʚʘˁʝ ʨʘʯʫʥʘʨʩʢʠ ʪʝʞʝ ʟʘʜʘʪʢʝ 

ʢʘʦ ʰʪʦ ʿʝ ʥʘ ʧʨʠʤʝʨ ʦʙʨʘʜʘ ʩʣʠʢʘ ʢʦʿʝ ʙʠ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʿʝʜʠʥʠʮʘ ʠʟʚʨʰʘʚʘʣʘ ʠʩʪʦʤ 

ʙʨʟʠʥʦʤ ʢʘʦ ʠ ʭʘʨʜʚʝʨ ʩʧʝʮʠʿʘʣʥʝ ʥʘʤʝʥʝ. ʆʥʦʛ ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʩʝ ʿʝʜʘʥ ʟʘʜʘʪʘʢ ʟʘʚʨʰʠ 
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ʮʝʥʪʨʘʣʥʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʜʠʥʠʮʘ ʙʠ ʧʨʠʣʘʛʦʜʠʣʘ ʭʘʨʜʚʝʨ ʜʨʫʛʦʤ ʟʘʜʘʪʢʫ. ʆʚʦ ʙʠ ʢʘʦ 

ʨʝʟʫʣʪʘʪ ʜʘʣʦ ʭʠʙʨʠʜʥʠ ʨʘʯʫʥʘʨ ʯʠʿʘ ʙʠ ʩʪʨʫʢʪʫʨʘ ʙʠʣʘ ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʝʢʩʠʙʠʣʥʦʛ 

ʩʦʬʪʚʝʨʘ ʠ ʙʨʟʦʛ ʭʘʨʜʚʝʨʘ. 

ʇʨʘʚʘ ʨʝʥʝʩʘʥʩʘ ʩʝ ʜʦʛʦʜʠʣʘ 80-ʠʭ ʠ 90-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʢʘʜʘ ʩʫ ʨʘʟʚʠʿʝʥʝ 

ʤʥʦʛʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʘʨʭʠʪʝʢʪʫʨʝ ʢʘʢʦ ʫ ʘʢʘʜʝʤʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʪʘʢʦ ʠ ʫ 

ʠʥʜʫʩʪʨʠʿʠ. ʊʘʢʚʠ ʜʠʟʘʿʥʠ ʩʫ ʙʠʣʠ ʠʟʚʦʜˀʠʚʠ ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʪʘʣʥʦʤ ʨʘʟʚʦʿʫ ʩʠʣʠʢʦʥʩʢʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʿʠ ʿʝ ʦʤʦʛʫ˂ʘʚʘʦ ʜʘ ʩʝ ʠ ʢʦʤʧʣʝʢʩʥʠ ʜʠʟʘʿʥʠ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʥʘ ʿʝʜʥʦʤ 

ʯʠʧʫ. ʇʨʚʠ ʧʨʦʠʟʚʝʜʝʥʠ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠ ʨʘʯʫʥʘʨ ĂAlgotronix CHS2X4ñ ʿʝ ʟʘʚʨʰʝʥ 

1991. ʛʦʜʠʥʝ. ʀ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʥʠʿʝ ʜʦʞʠʚʝʦ ʢʦʤʝʨʮʠʿʘʣʥʠ ʫʩʧʝʭ, ʙʠʦ ʿʝ ʜʦʚʦˀʥʦ ʜʦʙʘʨ 

ʜʘ ʥʘʪʝʨʘ ʢʦʤʧʘʥʠʿʫ ĂXilinxñ ʜʘ ʛʘ ʢʫʧʠ. 

ʉʪʘʣʥʠʤ ʧʦʚʝ˂ʘʚʘˁʝʤ ʙʨʦʿʘ ʣʦʛʠʯʢʠʭ ʿʝʜʠʥʠʮʘ ʥʘ ĂFPGAñ ʯʠʧʦʚʠʤʘ ʦʤʦʛʫ˂ʝʥʦ ʿʝ 

ʜʘ ʩʝ ʯʘʢ ʠ ʚʝʣʠʢʠ ʠ ʢʦʤʧʣʝʢʩʥʠ ʘʣʛʦʨʠʪʤʠ ʧʦʨʪʫʿʫ ʥʘ ʩʘʤ ĂFPGAñ ʯʠʧ. ʇʨʠʢˀʫʯʠʚʘˁʝ 

ʪʘʢʚʦʛ ĂFPGAñ ʯʠʧʘ ʥʘ ʤʦʜʝʨʥʝ ʧʨʦʮʝʩʦʨʝ ʧʨʝʢʦ ʤʘʛʠʩʪʨʘʣʝ ʚʝʣʠʢʝ ʙʨʟʠʥʝ ʢʘʦ ʰʪʦ ʿʝ ʪʦ 

ĂPCIeñ ʤʘʛʠʩʪʨʘʣʘ ʦʤʦʛʫ˂ʠʣʦ ʿʝ ʜʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʘʥ ʭʘʨʜʚʝʨ ʜʝʣʫʿʝ ʚʠʰʝ ʢʘʦ 

ʢʦʧʨʦʮʝʩʦʨ ʥʝʛʦ ʢʘʦ ʧʝʨʠʬʝʨʥʠ ʫʨʝʹʘʿ. ʆʚʦ ʿʝ ʜʦʚʝʣʦ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦ ʨʘʯʫʥʘʨʩʪʚʦ ʫ 

ʦʙʣʘʩʪ ʨʘʯʫʥʘʨʩʪʚʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ.  

ʆʚʘ ʪʝʭʥʠʢʘ ʭʝʪʝʨʦʛʝʥʠʭ ʩʠʩʪʝʤʘ ʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʙʠʣʘ ʧʨʝʜʤʝʪ ʨʘʟʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʘ ʧʦʛʦʪʦʚʫ ʫ ʦʙʣʘʩʪʠ ʩʫʧʝʨ-ʨʘʯʫʥʘʨʩʪʚʘ. ɻʦʜʠʥʝ 2008. ʿʝ ʦʙʿʘʚˀʝʥ ʨʘʜ [26] ʫ 

ʢʦʤʝ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫʙʨʟʘˁʝ ʦʜ 4 ʧʫʪʘ ʠ ʫʰʪʝʜʘ ʝʥʝʨʛʠʿʝ ʦʜ ʪʘʢʦʹʝ 4 ʧʫʪʘ ʢʦʨʠʰ˂ʝˁʝʤ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʧʣʘʪʬʦʨʤʝ. 

 

3.1. ɸʨʭʠʪʝʢʪʫʨʘ ĂFPGAñ ʯʠʧʦʚʘ 

 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʝʯʝʥʦ ĂFPGAñ ʯʠʧʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʥʪʝʛʨʠʩʘʥʦ ʢʦʣʦ ʢʦʿʝ ʿʝ 

ʜʠʟʘʿʥʠʨʘʥʦ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ ʜʘ ʩʝ ʤʦʞʝ ʨʝʢʦʥʬʠʛʫʨʠʩʘʪʠ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ ʥʘʢʦʥ 

ʠʟʣʘʩʢʘ ʠʟ ʧʨʦʠʟʚʦʜˁʝ. ʉʚʘʢʠ ĂFPGAñ ʯʠʧ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʥʠʟʘ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʣʦʛʠʯʢʠʭ 

ʙʣʦʢʦʚʘ ʠ ʯʠʪʘʚʝ ʭʠʿʝʨʘʨʭʠʿʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʭ ʤʝʹʫʚʝʟʘ ʯʠʿʦʤ ʩʝ ʢʦʥʬʠʛʫʨʘʮʠʿʦʤ 

ʦʤʦʛʫ˂ʘʚʘ ʧʦʚʝʟʠʚʘˁʝ ʠʟʤʝʹʫ ʙʣʦʢʦʚʘ. ʀʜʝʿʘ ʟʘ ʥʘʩʪʘʥʘʢ ĂFPGAñ ʯʠʧʦʚʘ ʧʦʪʠʯʝ ʦʜ ʜʚʘ 



ʀʚʘʥ ʃ. ʄʠʣʘʥʢʦʚʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

32 
 

ʫʨʝʹʘʿʘ: ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʣʦʛʠʯʢʠʭ ʥʠʟʦʚʘ (ĂPLAñ) ʠ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ 

ʣʦʛʠʯʢʠʭ ʫʨʝʹʘʿʘ (ĂCPLDñ). 

ʇʨʦʛʨʘʤʘʙʠʣʥʠ ʣʦʛʠʯʢʠ ʥʠʟʦʚʠ ʩʫ ʩʝ ʧʦʿʘʚʠʣʠ 70-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʢʘʦ 

ʿʝʜʥʦʢʨʘʪʥʦ ʧʨʦʛʨʘʤʘʙʠʣʥʠ ʯʠʧʦʚʠ ʯʠʿʠ ʿʝ ʟʘʜʘʪʘʢ ʙʠʦ ʜʘ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ 

ʢʦʤʙʠʥʘʮʠʦʥʫ ʣʦʛʠʯʢʫ ʬʫʥʢʮʠʿʫ. ɳʠʭʦʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 3.1. ʉʘʩʪʦʿʝ 

ʩʝ ʦʜ ʥʠʟʘ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ Ăʀñ ʣʦʛʠʯʢʠʭ ʢʦʣʘ ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʥʠʟʦʤ Ăʀʃʀñ ʣʦʛʠʯʢʠʭ 

ʢʦʣʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʨʦʛʨʘʤʠʨʘʪʠ ʩʘʛʦʨʝʚʘˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʦʩʠʛʫʨʘʯʘ ʢʘʢʦ ʙʠ 

ʠʤʧʣʝʤʝʥʪʠʨʘʣʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʪʘʙʝʣʫ ʩʪʘˁʘ.  

 

ʉʣʠʢʘ 3.1 ï ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʣʦʛʠʯʢʠʭ ʥʠʟʦʚʘ 

ɿʘ ĂNñ ʫʣʘʟʘ ʩʚʘʢʠ ĂPLAñ ʪʨʝʙʘ ʜʘ ʧʦʩʝʜʫʿʝ Ă2
N
ñ Ăʀñ ʣʦʛʠʯʢʠʭ ʢʦʣʘ, ʜʦʢ ʟʘ Ăʄñ 

ʠʟʣʘʟʘ  ʩʚʘʢʠ ĂPLAñ ʪʨʝʙʘ ʜʘ ʧʦʩʝʜʫʿʝ Ăʄñ Ăʀʃʀñ ʣʦʛʠʯʢʠʭ ʢʦʣʘ. ʀʟ ʦʚʦʛʘ ʩʝ ʿʘʩʥʦ ʤʦʞʝ 
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ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʛʣʘʚʥʠ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʣʦʛʠʯʢʠʭ ʥʠʟʦʚʘ ʫʧʨʘʚʦ 

ʙʠʦ ʙʨʦʿ ʫʣʘʟʘ, Ăʀñ ʠ Ăʀʃʀñ ʣʦʛʠʯʢʠʭ ʢʦʣʘ. 

 

ʉʣʠʢʘ 3.2 ï ɸʨʭʠʪʝʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʣʦʛʠʯʢʠʭ ʫʨʝʹʘʿʘ 

ʂʦʤʧʣʝʢʩʥʠ ʧʨʦʛʨʘʤʘʙʠʣʥʠ ʣʦʛʠʯʢʠ ʫʨʝʹʘʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʥʪʝʛʨʠʩʘʥʘ ʢʦʣʘ ʢʦʿʠ 

ʩʫ ʧʦ ʩʚʦʿʦʿ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʩʣʦʞʝʥʠʿʠ ʦʜ ĂSPLDñ ʯʠʧʦʚʘ ʘʣʠ ʩʫ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʧʨʦʩʪʠʿʠ 

ʦʜ ĂFPGAñ ʯʠʧʦʚʘ. ɳʠʭʦʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 3.2. ʆʥʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʛʨʫʧʝ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʙʣʦʢʦʚʘ. ʋʣʘʟʠ ʠ ʠʟʣʘʟʠ ʦʚʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʙʣʦʢʦʚʘ ʩʫ ʤʝʹʫʩʦʙʥʦ 

ʧʦʚʝʟʘʥʠ ʠ ʛʨʘʜʝ ʤʘʪʨʠʮʫ ʤʝʹʫʚʝʟʘ. ʊʘ ʤʘʪʨʠʮʘ ʿʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʤʝˁʘˁʝ 

ʚʝʟʘ ʠʟʤʝʹʫ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʙʣʦʢʦʚʘ. 
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ʉʚʘʢʠ ʦʜ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʙʣʦʢʦʚʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʤʦʞʝ ʠʤʘʪʠ ʘʨʭʠʪʝʢʪʫʨʫ 

ʩʣʠʯʥʫ ʘʨʭʠʪʝʢʪʫʨʠ ĂPLAñ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʘʨʭʠʪʝʢʪʫʨʘ ĂCPLDñ ʫʨʝʹʘʿʘ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ 

ʢʘʦ ʩʢʫʧ ĂPLAñ ʫʨʝʹʘʿʘ ʧʦʚʝʟʘʥʠʭ ʤʘʪʨʠʮʦʤ ʤʝʹʫʚʝʟʘ. ʊʘʢʦʹʝ, ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʚʘʢʠ 

ʧʨʦʠʟʚʦʹʘʯ ʠʤʘ ʩʚʦʿ ʥʘʯʠʥ ʨʘʟʤʠʰˀʘˁʘ ʢʘʢʦ ʜʠʟʘʿʥʠʨʘʪʠ ʿʝʜʘʥ ʬʫʥʢʮʠʦʥʘʣʘʥ ʙʣʦʢ. 

 

ʉʣʠʢʘ 3.3 ï ʀʥʪʝʨʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ĂFPGAñ ʯʠʧʘ 

ʉʣʠʯʥʦ ʢʘʦ ʢʦʜ ĂPLAñ ʠ ĂCPLDñ ʫʨʝʹʘʿʘ ʠ ĂFPGAñ ʯʠʧʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʫʨʝʹʘʿʝ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʤʥʦʰʪʚʘ ʣʦʛʠʯʢʠʭ ʙʣʦʢʦʚʘ ʩʘ 
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ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʤ ʤʝʹʫʚʝʟʘʤʘ ʠʟʤʝʹʫ ˁʠʭ. ʅʘ ʩʣʠʮʠ 3.3 ʿʝ ʧʨʠʢʘʟʘʥʘ ʦʧʰʪʘ ʠʥʪʝʨʥʘ 

ʘʨʭʠʪʝʢʪʫʨʘ ĂFPGAñ ʯʠʧʦʚʘ ʥʘ ʢʦʿʦʿ ʩʫ ʧʣʘʚʦʤ ʙʦʿʦʤ ʦʟʥʘʯʝʥʠ ʢʦʥʬʠʛʫʨʘʙʠʣʥʠ ʣʦʛʠʯʢʠ 

ʙʣʦʢʦʚʠ (ĂCLBñ) ʘ ʮʨʚʝʥʦʤ ʙʦʿʦʤ ʦʟʥʘʯʝʥʝ ʤʝʹʫʚʝʟʝ ʠʟʤʝʹʫ ˁʠʭ ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʦʩʤʘʪʨʘʪʠ 

ʢʘʦ ʢʘʥʘʣʠ ʟʘ ʨʫʪʠʨʘˁʝ. ʆʚʠ ʢʘʥʘʣʠ ʩʫ ʧʨʦʛʨʘʤʘʙʠʣʥʠ ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʨʘʟʣʠʯʠʪʠ 

ʣʦʛʠʯʢʠ ʙʣʦʢʦʚʠ ʢʦʤʫʥʠʮʠʨʘʿʫ ʤʝʹʫʩʦʙʥʦ. 

ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʚʝ ʚʠʰʝ ʠ ʚʠʰʝ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʩʧʝʮʠʬʠʯʥʘ ʢʦʣʘ ʥʘ ʩʘʤʦʤ 

ĂFPGAñ ʯʠʧʫ ʢʦʿʘ ʩʫ ʩʚʨʩʠʩʭʦʜʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ. ʋ ʪʘ ʢʦʣʘ ʩʧʘʜʘʿʫ 

ʜʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨʠ ʩʠʛʥʘʣʘ ʢʦʿʠ ʫʙʨʟʘʚʘʿʫ ʚʨʝʤʝ ʧʨʦʮʝʩʠʨʘˁʘ ʪʠʭ ʘʧʣʠʢʘʮʠʿʘ.  

ɻʣʘʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩʚʘʢʦʛ ĂFPGAñ ʯʠʧʘ ʿʝʩʪʝ ʢʦʥʬʠʛʫʨʘʙʠʣʘʥ ʣʦʛʠʯʢʠ ʙʣʦʢ. 

ʄʠʣʠʦʥʠ ʦʚʘʢʚʠʭ ʙʣʦʢʦʚʘ ʩʝ ʥʘʣʘʟʝ ʧʦ ʜʘʥʘʰˁʠʤ ĂFPGAñ ʯʠʧʦʚʠʤʘ. ɳʠʭʦʚʘ ʥʘʤʝʥʘ ʿʝ 

ʜʘ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʣʦʛʠʯʢʫ ʬʫʥʢʮʠʿʫ. ʉʚʘʢʠ ʢʦʥʬʠʛʫʨʘʙʠʣʘʥ ʣʦʛʠʯʢʠ ʙʣʦʢ 

ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʢʦʥʘʯʥʦʛ ʙʨʦʿʘ ʬʣʠʧ-ʬʣʦʧʦʚʘ, ʤʫʣʪʠʧʣʝʢʩʝʨʘ ʠ ʣʫʢʘʧ ʪʘʙʝʣʘ. ʇʦʨʝʜ 

ʢʦʥʬʠʛʫʨʘʙʠʣʥʠʭ ʣʦʛʠʯʢʠʭ ʙʣʦʢʦʚʘ ʥʘ ĂFPGAñ ʯʠʧʦʚʠʤʘ ʩʝ ʤʦʞʝ ʥʘʣʘʟʠʪʠ ʠ ʦʜʨʝʹʝʥʠ 

ʙʨʦʿ ʜʠʛʠʪʘʣʥʠʭ ʧʨʦʮʝʩʦʨʘ ʩʠʛʥʘʣʘ.  

ʌʣʠʧ-ʬʣʦʧʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʣʝʢʪʨʠʯʥʘ ʢʦʣʘ ʩʘ ʜʚʘ ʩʪʘʙʠʣʥʘ ʩʪʘˁʘ, ʧʘ ʩʝ ʯʝʩʪʦ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʤʦʞʝ ʥʘ˂ʠ ʠ ʥʘʟʠʚ ʙʠʩʪʘʙʠʣʥʦ ʢʦʣʦ. ʊʘ ʜʚʘ ʩʪʘˁʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʯʫʚʘˁʝ 

ʙʠʥʘʨʥʠʭ ʧʦʜʘʪʘʢʘ, ʛʜʝ ʿʝʜʥʦ ʩʪʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʣʦʛʠʯʢʫ ʿʝʜʠʥʠʮʫ, ʘ ʜʨʫʛʦ ʣʦʛʠʯʢʫ ʥʫʣʫ. 

ʌʣʠʧ-ʬʣʦʧʦʚʠ ʩʧʘʜʘʿʫ ʫ ʛʨʫʧʫ ʩʠʥʭʨʦʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʢʦʜ ˁʠʭ ʩʝ ʩʪʘˁʝ ʥʘ ʠʟʣʘʟʫ, ʫʟ 

ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʨʦʤʝʥʫ ʫʣʘʟʥʠʭ ʩʠʛʥʘʣʘ, ʤʝˁʘ ʧʦʜ ʜʝʿʩʪʚʦʤ ʪʘʢʪʥʦʛ ʩʠʛʥʘʣʘ, ʦʜʥʦʩʥʦ ʩʘ 

ʜʦʣʘʩʢʦʤ ʘʢʪʠʚʥʦʛ ʪʘʢʪ ʩʠʛʥʘʣʘ. ʋ ʩʫʧʨʦʪʥʦʤ, ʠʘʢʦ ʙʠ ʩʝ ʧʨʦʤʝʥʠʣʠ ʫʣʘʟʥʠ ʩʠʛʥʘʣʠ, 

ʠʟʣʘʟ ʙʠ ʦʩʪʘʦ ʥʝʧʨʦʤʝˁʝʥ. ʇʦʩʪʦʿʝ ʯʝʪʠʨʠ ʦʩʥʦʚʥʘ ʪʠʧʘ ʬʣʠʧ-ʬʣʦʧʦʚʘ: ĂSRñ, ĂJKñ, ĂDñ, 

ĂTñ. ʇʦʥʘʰʘˁʝ ʩʚʘʢʦʛ ʦʜ ʦʚʝ ʯʝʪʠʨʠ ʚʨʩʪʝ ʬʣʠʧ-ʬʣʦʧʦʚʘ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʤ ʿʝʜʥʘʯʠʥʦʤ ʢʦʿʘ ʜʘʿʝ ʩʣʝʜʝ˂ʠ ʠʟʣʘʟ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʣʘʟʥʠʭ ʩʠʛʥʘʣʘ 

ʠ/ʠʣʠ ʪʨʝʥʫʪʥʦʛ ʠʟʣʘʟʘ. ʇʦʨʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʿʝʜʥʘʯʠʥʝ ʟʘ ʦʧʠʩ ʬʣʠʧ-ʬʣʦʧʦʚʘ ʩʝ ʤʦʞʝ 

ʢʦʨʠʩʪʠʪʠ ʠ ʪʘʙʝʣʘ ʩʪʘˁʘ ʢʘʦ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʜʠʿʘʛʨʘʤʠ ʩʘ ʦʩʥʦʚʥʠʤ ʣʦʛʠʯʢʠʤ 

ʝʣʝʤʝʥʪʠʤʘ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʜʠʿʘʛʨʘʤʠ ʧʨʘʚʝ ʧʦʤʦ˂ʫ Ăʅʀñ ʠʣʠ Ăʅʀʃʀñ ʣʦʛʠʯʢʠʭ ʝʣʝʤʝʥʘʪʘ, 

ʧʨʠ ʯʝʤʫ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʩʘʤʦ Ăʅʀñ ʣʦʛʠʯʢʠ ʝʣʝʤʝʥʪʠ. ʌʣʠʧ-ʬʣʦʧʦʚʠ ʩʫ 

ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʙʣʦʢʦʚʠ ʦʜ ʢʦʿʠʭ ʩʫ ʠʟʛʨʘʹʝʥʠ ʜʠʛʠʪʘʣʥʠ ʝʣʝʢʪʨʦʥʩʢʠ ʩʠʩʪʝʤʠ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʫ ʨʘʯʫʥʘʨʩʪʚʫ, ʢʦʤʫʥʠʢʘʮʠʿʘʤʘ ʠ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʧʦˀʠʤʘ. ʆʥʠ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʢʦʨʠʩʪʝ ʢʘʦ ʝʣʝʤʝʥʪʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʧʦʜʘʪʘʢʘ.  
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ʄʫʣʪʠʧʣʝʢʩʝʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʨʝʹʘʿe ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ ʥʝʢʦʣʠʢʦ ʘʥʘʣʦʛʥʠʭ ʠʣʠ 

ʜʠʛʠʪʘʣʥʠʭ ʫʣʘʟʥʠʭ ʩʠʛʥʘʣʘ ʠ ʧʨʦʩʣʝʹʫʿʝ ʠʭ ʫ ʿʝʜʠʥʩʪʚʝʥʠ ʠʟʣʘʟ [27]. ʄʫʣʪʠʧʣʝʢʩʠʨʘˁʝ 

ʿʝ ʦʧʰʪʠ ʪʝʨʤʠʥ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʜʘ ʦʧʠʰʝ ʦʧʝʨʘʮʠʿʫ ʩʣʘˁʘ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʘʥʘʣʦʛʥʠʭ 

ʠʣʠ ʜʠʛʠʪʘʣʥʠʭ ʩʠʛʥʘʣʘ ʢʨʦʟ ʟʘʿʝʜʥʠʯʢʝ ʪʨʘʥʩʤʠʩʠʦʥʝ ʣʠʥʠʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʠʥʪʝʨʚʘʣʠʤʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʙʨʟʠʥʘʤʘ. ʋʨʝʹʘʿ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ ʪʫ ʩʚʨʭʫ ʩʝ ʥʘʟʠʚʘ 

ʤʫʣʪʠʧʣʝʢʩʝʨ. ʆʥ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʙʠʥʘʮʠʦʥʦ ʣʦʛʠʯʢʦ ʢʦʣʦ ʜʠʟʘʿʥʠʨʘʥʦ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ ʜʘ 

ʤʦʞʝ ʜʘ ʙʠʨʘ ʿʝʜʥʫ ʦʜ ʥʝʢʦʣʠʢʦ ʫʣʘʟʥʠʭ ʣʠʥʠʿʘ ʠ ʰʘˀʝ ʿʝ ʥʘ ʠʟʣʘʟ ʧʨʠ ʯʝʤʫ ʩʝ ʩʚʝ ʪʦ 

ʢʦʥʪʨʦʣʠʰʝ ʧʦʤʦ˂ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʢʦʥʪʨʦʣʥʦʛ ʩʠʛʥʘʣʘ. ʄʫʣʪʠʧʣʝʢʩʝʨ ʨʘʜʠ ʢʘʦ ʚʝʦʤʘ ʙʨʟ 

ʨʦʪʠʨʘʿʫ˂ʠ ʧʨʝʢʠʜʘʯ ʩʘ ʚʠʰʝ ʧʦʟʠʮʠʿʘ ʧʦʚʝʟʫʿʫ˂ʠ ʚʠʰʝ ʫʣʘʟʥʠʭ ʢʘʥʘʣʘ ʿʝʜʘʥ ʧʦ ʿʝʜʘʥ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʠʟʣʘʟ. ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʩʝʣʝʢʮʠʿʘ ʫʣʘʟʥʦʛ ʢʘʥʘʣʘ ʫ ʤʫʣʪʠʧʣʝʢʩʝʨʫ ʿʝ 

ʢʦʥʪʨʦʣʠʩʘʥʘ ʦʜ ʩʪʨʘʥʝ ʜʦʜʘʪʥʦʛ ʩʢʫʧʘ ʢʦʥʪʨʦʣʥʠʭ ʫʣʘʟʘ, ʢʦʿʠ ʩʝ ʿʦʰ ʥʘʟʠʚʘʿʫ ʠ 

ʩʝʣʝʢʮʠʦʥʠ ʫʣʘʟʠ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʠʥʘʨʥʦʛ ʩʪʘˁʘ ʦʚʠʭ ʩʝʣʝʢʮʠʦʥʠʭ ʫʣʘʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʫʣʘʟʥʠ ʢʘʥʘʣ ʩʝ ʧʦʚʝʟʫʿʝ ʜʠʨʝʢʪʥʦ ʥʘ ʠʟʣʘʟ. ʄʫʣʪʠʧʣʝʢʩʝʨ ʢʦʿʠ ʠʤʘ Ă2
n
ñ ʫʣʘʟʘ ʧʦʩʝʜʫʿʝ 

Ănñ ʩʝʣʝʢʮʠʦʥʠʭ ʣʠʥʠʿʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʢʘʢʦ ʙʠ ʩʝʣʝʢʪʦʚʘʣʝ ʢʦʿʠ ʦʜ ʫʣʘʟʘ ʩʝ ʧʨʦʩʣʝʹʫʿʝ ʥʘ 

ʠʟʣʘʟ [28]. ɽʣʝʢʪʨʦʥʩʢʠ ʤʫʣʪʠʧʣʝʢʩʝʨ ʩʝ ʤʦʞʝ ʨʘʟʫʤʝʪʠ ʢʘʦ ʫʨʝʹʘʿ ʩʘ ʚʠʰʝ ʫʣʘʟʘ ʠ 

ʿʝʜʠʥʩʪʚʝʥʠʤ ʠʟʣʘʟʦʤ [29]. ʄʫʣʪʠʧʣʝʢʩʝʨʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʢʘʢʦ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ 

ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʰʘˀʝ ʢʨʦʟ ʥʝʢʫ ʤʨʝʞʫ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʤʝ ʠ 

ʰʠʨʠʥʫ ʬʨʝʢʚʝʥʪʥʦʛ ʧʦʿʘʩʘ.  

 

3.1.1. ʃʫʢʘʧ ʪʘʙʝʣʝ 

 

ʆʧʰʪʝ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʩʝ ʙʠʣʦ ʢʦʿʝ ʨʘʯʫʥʘˁʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʧʦʤʦ˂ʫ ɹʫʣʦʚʠʭ 

ʿʝʜʥʘʯʠʥʘ. ʊʘʢʦʹʝ, ʩʚʘʢʘ ɹʫʣʦʚʘ ʿʝʜʥʘʯʠʥʘ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʧʦʤʦ˂ʫ ʪʘʙʝʣʝ ʩʪʘˁʘ. 

ʂʦʨʠʩʪʝ˂ʠ ʩʝ ʦʚʠʤ ʤʦʛʫ˂ʝ ʿʝ ʠʟʛʨʘʜʠʪʠ ʢʦʤʧʣʝʢʩʥʝ ʩʪʨʫʢʪʫʨʝ ʢʦʿʝ ʤʦʛʫ ʠʤʘʪʠ ʤʦʛʫ˂ʥʦʩʪ 

ʨʘʯʫʥʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʘʨʠʪʤʝʪʠʯʢʠʭ ʦʧʝʨʘʮʠʿʘ ʢʘʦ ʰʪʦ ʩʫ ʥʘ ʧʨʠʤʝʨ ʩʘʙʠʨʘʯʠ ʠ ʤʥʦʞʘʯʠ. 

ʂʦʨʠʩʪʝ˂ʠ ʩʝ ʩʘʤʦ ʪʘʙʝʣʘʤʘ ʩʪʘˁʘ ʤʦʛʫ˂ʝ ʿʝ ʦʧʠʩʘʪʠ ʯʠʪʘʚ ʘʣʛʦʨʠʪʘʤ. 

ʊʘʙʝʣʘ ʩʪʘˁʘ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʨʘʯʫʥʘʨʩʢʠʤ ʿʝʟʛʨʦʤ ĂFPGAñ ʯʠʧʘ. ɱʝʜʘʥ 

ʭʘʨʜʚʝʨʩʢʠ ʝʣʝʤʝʥʪ ʢʦʿʠ ʤʦʞʝ ʣʘʢʦ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʪʘʙʝʣʫ ʩʪʘˁʘ  ʿʝʩʪʝ ʣʫʢʘʧ ʪʘʙʝʣʘ. 

ʃʫʢʘʧ ʪʘʙʝʣʘ ʜʦʟʚʦˀʘʚʘ ʨʘʯʫʥʘʨʫ ʜʘ ʘʧʨʦʢʩʠʤʠʨʘ ʬʫʥʢʮʠʿʫ ʠʣʠ ʿʝʜʥʘʯʠʥʫ ʙʝʟ 

ʠʟʚʨʰʘʚʘˁʘ ʢʦʤʧʣʝʢʩʥʦʛ ʨʘʯʫʥʘˁʘ ʠʣʠ ʜʨʫʛʠʭ ʥʘʧʨʝʜʥʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ ʦʧʝʨʘʮʠʿʘ. ʆʥʘ 
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ʧʨʝʜʩʪʘʚˀʘ ʥʠʟ ʢʦʿʠ ʟʘʤʝˁʫʿʝ ʨʘʯʫʥʘˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʩʘ ʧʨʦʩʪʠʿʠʤ ʥʠʟʦʤ 

ʠʥʜʝʢʩʠʨʘʥʠʭ ʦʧʝʨʘʮʠʿʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʙʠ ʪʨʝʙʘʣʦ ʦʩʪʚʘʨʠʪʠ ʚʝʣʠʢʫ ʫʰʪʝʜʫ ʫ ʚʨʝʤʝʥʫ 

ʧʨʦʮʝʩʠʨʘˁʘ ʧʦʰʪʦ ʿʝ ʜʦʭʚʘʪʘˁʝ ʚʨʝʜʥʦʩʪʠ ʠʟ ʤʝʤʦʨʠʿʝ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʙʨʞʝ 

ʦʜ ʨʝʣʘʪʠʚʥʦ ʩʢʫʧʦʛ ʨʘʯʫʥʘˁʘ ʠ ʫʣʘʟʥʦ ʠʟʣʘʟʥʠʭ ʦʧʝʨʘʮʠʿʘ. 

ʊʘʙʝʣʘ ʩʪʘˁʘ ʢʦʿʦʤ ʿʝ ʦʧʠʩʘʥʘ ʣʫʢʘʧ ʪʘʙʝʣʘ ʤʦʞʝ ʙʠʪʠ ʫʥʘʧʨʝʜ ʠʟʨʘʯʫʥʘʪʘ ʠ 

ʫʧʠʩʘʥʘ ʫ ʩʪʘʪʠʯʢʫ ʤʝʤʦʨʠʿʫ, ʤʦʞʝ ʩʝ ʨʘʯʫʥʘʪʠ ʧʨʠʣʠʢʦʤ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ ʩʘʤʦʛ 

ʧʨʦʛʨʘʤʘ ʠʣʠ ʯʘʢ ʤʦʞʝ ʙʠʪʠ ʩʤʝʰʪʝʥʘ ʥʘ ʭʘʨʜʚʝʨʫ ʫ ʧʣʘʪʬʦʨʤʠ ʢʦʿʘ ʿʝ ʩʧʝʮʠʬʠʯʥʘ 

ʦʜʨʝʹʝʥʦʿ ʘʧʣʠʢʘʮʠʿʠ. ʃʫʢʘʧ ʪʘʙʝʣʝ ʩʝ ʪʘʢʦʹʝ ʜʦʩʪʘ ʢʦʨʠʩʪʝ ʠ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʪʘʢʦ 

ʰʪʦ ʩʝ ʧʦʜʘʮʠ ʠʟ ʣʫʢʘʧ ʪʘʙʝʣʝ ʧʦʨʝʜʝ ʩʘ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʩʝ ʚʘʣʠʜʠʨʘʿʫ. ĂFPGAñ ʯʠʧʦʚʠ 

ʪʘʢʦʹʝ ʜʦʩʪʘ ʢʦʨʠʩʪʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ, ʭʘʨʜʚʝʨʩʢʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʣʫʢʘʧ ʪʘʙʝʣʝ ʢʘʢʦ 

ʙʠ ʦʤʦʛʫ˂ʠʣʠ ʧʨʦʛʨʘʤʘʙʠʣʥʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʭʘʨʜʚʝʨʘ. 

 

ʉʣʠʢʘ 3.4 ï ʃʫʢʘʧ ʪʘʙʝʣʘ 

ʉʘ ʪʘʯʢʝ ʛʣʝʜʠʰʪʘ ʣʦʛʠʯʢʠʭ ʢʦʣʘ, ʣʫʢʘʧ ʪʘʙʝʣʝ ʩʝ ʤʦʛʫ ʬʦʨʤʠʨʘʪʠ ʦʜ N ʥʘ 1 

ʤʫʣʪʠʧʣʝʢʩʝʨʘ ʠ N-ʙʠʪʥʝ ʤʝʤʦʨʠʿʝ. ʅʘ ʩʣʠʮʠ 3.4 ʜʘʪ ʿʝ ʧʨʠʢʘʟ ʪʠʧʠʯʥʦʛ ʠʟʛʣʝʜʘ ʣʫʢʘʧ 

ʪʘʙʝʣʝ ʩʘ 3 ʫʣʘʟʘ. ɺʝ˂ʠʥʘ ʜʘʥʘʰˁʠʭ ĂFPGAñ ʯʠʧʦʚʘ ʿʝ ʧʦʯʝʣʘ ʜʘ ʢʦʨʠʩʪʠ ʣʫʢʘʧ ʪʘʙʝʣʝ ʢʘʦ 
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ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʝʣʝʤʝʥʪ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ ʣʫʢʘʧ ʪʘʙʝʣʝ ʩʘ 4 ʠʣʠ 6 ʫʣʘʟʘ, ʘʣʠ ʟʙʦʛ 

ʿʝʜʥʦʩʪʘʚʥʠʿʝʛ ʦʙʿʘʰˁʝˁʘ ʥʘ ʩʣʠʮʠ 3.4 ʿʝ ʧʨʠʢʘʟʘʥʘ ʣʫʢʘʧ ʪʘʙʝʣʘ ʩʘ 3 ʫʣʘʟʘ. ʇʨʠʥʮʠʧ 

ʨʘʜʘ ʚʝ˂ʠʭ ʣʫʢʘʧ ʪʘʙʝʣʘ ʿʝ ʠʩʪʠ. 

ʊʘʙʝʣʘ ʩʪʘˁʘ ʟʘ ʣʫʢʘʧ ʪʘʙʝʣʫ ʩʘ ʩʣʠʢʝ 3.4 ʿʝ ʧʨʠʢʘʟʘʥʘ ʫ ʪʘʙʝʣʠ 3.1. ʋ ʤʝʤʦʨʠʿʩʢʝ 

ʣʦʢʘʮʠʿʝ Ăañ, Ăbñ ʜʦ Ăhñ ʩʫ ʫʧʠʩʘʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʠ ʦʥʝ ʩʝ ʠʰʯʠʪʘʚʘʿʫ ʠ 

ʧʨʦʩʣʝʹʫʿʫ ʥʘ ʠʟʣʘʟ ʟʘʚʠʩʥʦ ʦʜ ʫʣʘʟʥʠʭ ʩʠʛʥʘʣʘ. 

ʊʘʙʝʣʘ 3.1 ï ʊʘʙʝʣʘ ʩʪʘˁʘ ʣʫʢʘʧ ʪʘʙʝʣʝ 

i2 i1 i0 Q 

0 0 0 a 

0 0 1 b 

0 1 0 c 

0 1 1 d 

1 0 0 e 

1 0 1 f 

1 1 0 g 

1 1 1 h 

ʀ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʩʝ ʣʫʢʘʧ ʪʘʙʝʣʝ ʩʤʘʪʨʘʿʫ ʥʘʿʤʘˁʠʤ ʿʝʜʠʥʠʮʘʤʘ ʢʦʤʝʨʮʠʿʘʣʥʠʭ 

ĂFPGAñ ʯʠʧʦʚʘ, ʚʝʣʠʯʠʥʘ ʣʫʢʘʧ ʪʘʙʝʣʝ ʫ ʩʚʘʢʦʤ ʣʦʛʠʯʢʦʤ ʙʣʦʢʫ ʿʝ ʜʝʪʘˀʥʦ ʠʩʪʨʘʞʠʚʘʥʘ 

[30]. ʉʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʚʝ˂ʝ ʣʫʢʘʧ ʪʘʙʝʣʝ ʙʠ ʦʤʦʛʫ˂ʠʣʝ ʜʘ ʩʝ ʚʠʰʝ ʢʦʤʧʣʝʢʩʥʝ ʣʦʛʠʢʝ 

ʩʤʝʩʪʠ ʧʦ ʿʝʜʥʦʤ ʣʦʛʠʯʢʦʤ ʙʣʦʢʫ, ʰʪʦ ʙʠ ʟʘ ʨʝʟʫʣʪʘʪ ʠʤʘʣʦ ʩʤʘˁʠʚʘˁʝ ʢʘʰˁʝˁʘ ʠʟʤʝʹʫ 

ʣʦʛʠʯʢʠʭ ʙʣʦʢʦʚʘ ʧʦʰʪʦ ʙʠ ʠʭ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʟʥʘʪʥʦ ʤʘˁʝ. ʄʝʹʫʪʠʤ, ʪʦ ʙʠ ʪʘʢʦʹʝ ʜʦʚʝʣʦ 

ʠ ʜʦ ʩʧʦʨʠʿʝʛ ʨʘʜʘ ʣʫʢʘʧ ʪʘʙʝʣʝ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʙʠ ʦʥʘ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʟʘʭʪʝʚʘʣʘ ʚʝ˂ʝ 

ʤʫʣʪʠʧʣʝʢʩʝʨʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʤʘˁʝ ʣʫʢʘʧ ʪʘʙʝʣʝ ʙʠ ʟʘʭʪʝʚʘʣʝ ʜʘ ʜʠʟʘʿʥ ʢʦʨʠʩʪʠ ʚʝ˂ʠ 

ʙʨʦʿ ʣʦʛʠʯʢʠʭ ʢʦʣʘ ʰʪʦ ʙʠ ʧʦʚʝ˂ʘʣʦ ʢʘʰˁʝˁʝ ʠʟʤʝʹʫ ˁʠʭ ʜʦʢ ʙʠ ʫ ʠʩʪʦ ʚʨʝʤʝ ʩʤʘˁʠʣʦ 

ʢʘʰˁʝˁʝ ʫʥʫʪʘʨ ʩʘʤʦʛ ʣʦʛʠʯʢʦʛ ʙʣʦʢʘ. ʊʨʝʥʫʪʥʦ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʣʫʢʘʧ ʪʘʙʝʣʝ ʩʘ 4 ʠ 

6 ʫʣʘʟʘ ʧʦʰʪʦ ʦʥʝ ʜʘʿʫ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʛʦʨˁʘ ʧʦʨʝʹʝˁʘ. 

ɱʦʰ ʿʝʜʥʦ ʚʘʞʥʦ ʧʠʪʘˁʝ ʢʦʿʝ ʿʝ ʜʝʪʘˀʥʦ ʧʨʦʫʯʝʥʦ ʿʝʩʪʝ ʠ ʢʦʣʠʯʠʥʘ ʣʫʢʘʧ ʪʘʙʝʣʘ ʧʦ 

ʣʦʛʠʯʢʦʤ ʙʣʦʢʫ [31]. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʣʫʢʘʧ ʪʘʙʝʣʘ ʧʦ ʣʦʛʠʯʢʦʤ ʙʣʦʢʫ ʤʦʞʝ ʩʝ ʫ 
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ʚʝʣʠʢʦʿ ʤʝʨʠ ʩʤʘˁʠʪʠ ʣʘʪʝʥʮʠʿʘ. ɺʝ˂ʠʥʘ ʜʘʥʘʰˁʠʭ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ĂFPGAñ ʯʠʧʦʚʘ 

ʩʘʜʨʞʠ ʚʝʣʠʢʠ ʙʨʦʿ ʣʫʢʘʧ ʪʘʙʝʣʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʦʛ ʣʦʛʠʯʢʦʛ ʙʣʦʢʘ.  

 

3.1.2. ɼʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨʠ ʩʠʛʥʘʣʘ 

 

ɼʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚˀʘ ʤʠʢʨʦʧʨʦʮʝʩʦʨ ʯʠʿʘ ʿʝ ʘʨʭʠʪʝʢʪʫʨʘ 

ʦʧʪʠʤʠʟʦʚʘʥʘ ʟʘ ʧʦʪʨʝʙʝ ʜʠʛʠʪʘʣʥʝ ʦʙʨʘʜʝ ʩʠʛʥʘʣʘ. ʆʥʠ ʥʘ ʫʣʘʟ ʜʦʙʠʿʘʿʫ ʜʠʛʠʪʘʣʠʟʦʚʘʥʝ  

ʨʝʘʣʥʝ ʩʠʛʥʘʣʝ ʢʘʦ ʰʪʦ ʩʫ ʥʘ ʧʨʠʤʝʨ ʛʦʚʦʨ, ʘʫʜʠʦ, ʚʠʜʝʦ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʪʠʩʘʢ ʠ ʩʣʠʯʥʦ 

ʠ ʚʨʰʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʘʪʝʤʘʪʠʯʢʝ ʤʘʥʠʧʫʣʘʮʠʿʝ ʥʘʜ ˁʠʤʘ. ɼʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨʠ ʩʠʛʥʘʣʘ 

ʩʫ ʪʘʢʦ ʜʠʟʘʿʥʠʨʘʥʠ ʜʘ ʦʩʥʦʚʥʝ ʤʘʪʝʤʘʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʢʘʦ ʰʪʦ ʩʫ ʩʘʙʠʨʘˁʝ, ʦʜʫʟʠʤʘˁʝ, 

ʤʥʦʞʝˁʝ ʠ ʜʝˀʝˁʝ ʦʙʘʚˀʘʿʫ ʚʝʦʤʘ ʙʨʟʦ. 

 

ʉʣʠʢʘ 3.5 ï ɸʨʭʠʪʝʢʪʫʨʘ ʜʠʛʠʪʘʣʥʦʛ ʧʨʦʮʝʩʦʨʘ ʩʠʛʥʘʣʘ 

ɻʣʘʚʥʠ ʮʠˀ ʜʠʛʠʪʘʣʥʦʛ ʧʨʦʮʝʩʦʨʘ ʩʠʛʥʘʣʘ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʿʝ ʜʘ ʤʝʨʠ, 

ʬʠʣʪʨʠʨʘ ʠʣʠ ʢʦʤʧʨʝʩʫʿʝ ʦʜʨʝʹʝʥʠ ʨʝʘʣʥʠ ʢʦʥʪʠʥʫʘʣʥʠ ʩʠʛʥʘʣ. ɺʝ˂ʠʥʘ ʤʠʢʨʦʧʨʦʮʝʩʦʨʘ 

ʦʧʰʪʝ ʥʘʤʝʥʝ ʙʠ ʪʘʢʦʹʝ ʤʦʛʣʘ ʜʘ ʠʟʚʨʰʠ ʜʠʛʠʪʘʣʥʫ ʦʙʨʘʜʫ ʩʠʛʥʘʣʘ ʫʩʧʝʰʥʦ, ʘʣʠ 

ʚʝʨʦʚʘʪʥʦ ʥʝ ʙʠ ʤʦʛʣʘ ʜʘ ʪʦ ʠʟʚʨʰʠ ʜʦʚʦˀʥʦ ʙʨʟʦ ʪʘʢʦ ʜʘ ʠʩʧʫʥʠ ʟʘʭʪʝʚʝ ʘʧʣʠʢʘʮʠʿʘ. 

ʊʘʢʦʹʝ, ʜʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨʠ ʩʠʛʥʘʣʘ ʠʤʘʿʫ ʙʦˀʫ ʠʩʢʦʨʠʰ˂ʝʥʦʩʪ ʩʥʘʛʝ, ʧʘ ʩʫ ʩʘʤʠʤ ʪʠʤ 
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ʙʦˀʝ ʨʝʰʝˁʝ ʟʘ ʧʦʨʪʘʙʠʣʥʝ ʫʨʝʹʘʿʝ ʢʘʦ ʰʪʦ ʩʫ ʪʦ ʥʘ ʧʨʠʤʝʨ ʤʦʙʠʣʥʠ ʪʝʣʝʬʦʥʠ. 

ɼʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨʠ ʩʠʛʥʘʣʘ ʚʨʣʦ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʠ ʩʧʝʮʠʿʘʣʥʫ ʤʝʤʦʨʠʿʩʢʫ ʘʨʭʠʪʝʢʪʫʨʫ 

ʢʦʿʘ ʠʤ ʜʦʟʚʦˀʘʚʘ ʜʘ ʜʦʭʚʘʪʘʿʫ ʚʠʰʝ ʧʦʜʘʪʘʢʘ ʠʣʠ ʠʥʩʪʨʫʢʮʠʿʘ ʫ ʿʝʜʥʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʪʨʝʥʫʪʢʫ. 

ʇʦʿʝʜʥʦʩʪʘʚˀʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʜʠʛʠʪʘʣʥʦʛ ʧʨʦʮʝʩʦʨʘ ʩʠʛʥʘʣʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 

3.5. ʂʘʦ ʰʪʦ ʩʝ ʩʘ ʩʣʠʢʝ ʤʦʞʝ ʫʦʯʠʪʠ ʦʥ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʨʘʯʫʥʘʨʩʢʦʛ ʿʝʟʛʨʘ, ʧʨʦʛʨʘʤʩʢʝ 

ʤʝʤʦʨʠʿʝ ʠ ʤʝʤʦʨʠʿʝ ʟʘ ʧʦʜʘʪʢʝ ʠ ʫʣʘʟʥʦ ï ʠʟʣʘʟʥʦʛ ʩʝʛʤʝʥʪʘ. ʈʘʯʫʥʘʨʩʢʦ ʿʝʟʛʨʦ ʿʝ 

ʮʝʥʪʨʘʣʥʠ ʝʣʝʤʝʥʪ ʜʠʛʠʪʘʣʥʦʛ ʧʨʦʮʝʩʦʨʘ ʩʠʛʥʘʣʘ. ʆʥʦ ʠʤʘ ʟʘ ʟʘʜʘʪʘʢ ʜʘ ʠʟʚʨʰʘʚʘ 

ʤʘʪʝʤʘʪʠʯʢʝ ʦʧʝʨʘʮʠʿʝ, ʨʘʟʣʠʯʠʪʘ ʨʘʯʫʥʘˁʘ ʠ ʧʨʦʮʝʩʝ ʪʘʢʦ ʰʪʦ ˂ʝ ʠʥʩʪʨʫʢʮʠʿʝ 

ʧʨʠʢʫʧˀʘʪʠ ʠʟ ʧʨʦʛʨʘʤʩʢʝ ʤʝʤʦʨʠʿʝ ʘ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʠʟ ʤʝʤʦʨʠʿʝ ʟʘ ʧʦʜʘʪʢʝ. ʄʝʤʦʨʠʿʘ 

ʟʘ ʧʦʜʘʪʢʝ ʩʢʣʘʜʠʰʪʠ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʥʘʜ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʦʙʨʘʜʘ. ʇʨʦʛʨʘʤʩʢʘ ʤʝʤʦʨʠʿʘ 

ʩʢʣʘʜʠʰʪʠ ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʜʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨ ʩʠʛʥʘʣʘ ʢʦʨʠʩʪʠ ʢʘʢʦ ʙʠ ʠʟʚʨʰʠʦ 

ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ. ʆʙʝ ʦʚʝ ʤʝʤʦʨʠʿʝ, ʧʨʦʛʨʘʤʩʢʘ ʠ ʤʝʤʦʨʠʿʘ ʟʘ ʧʦʜʘʪʢʝ, ʨʘʜʝ 

ʫ ʧʘʨʘʣʝʣʠ ʿʝʜʥʘ ʩʘ ʜʨʫʛʦʤ. ʋʣʘʟʥʦ ï ʠʟʣʘʟʥʠ ʩʝʛʤʝʥʪ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʩʪʚʘʨʠ ʟʘʚʠʩʥʦ ʦʜ ʦʙʣʘʩʪʠ ʫ ʢʦʿʦʿ ʿʝ ʧʨʠʤʝˁʝʥ ʜʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨ ʩʠʛʥʘʣʘ. ʄʦʞʝ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʝʢʩʪʝʨʥʠ ʧʦʨʪ, ʩʝʨʠʿʩʢʠ ʧʦʨʪ, ʪʘʿʤʝʨ, ʘʣʠ ʫʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ 

ʠʥʪʝʨʬʝʿʩ ʩʘ ʩʧʦˀʘʰˁʠʤ ʩʚʝʪʦʤ.  

 

3.1.3. ʄʥʦʞʘʯʠ 

 

ʄʥʦʞʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʠʿʘ ʢʦʜ ʦʛʨʦʤʥʝ ʚʝ˂ʠʥʝ ʘʧʣʠʢʘʮʠʿʘ. 

ʆʥʦ ʫ ʩʫʰʪʠʥʠ ʧʨʝʜʩʪʘʚˀʘ ʦʧʝʨʘʮʠʿʫ ʢʦʿʘ ʢʦʤʙʠʥʫʿʝ ʦʧʝʨʘʮʠʿʝ ʩʘʙʠʨʘˁʘ ʠ ʧʦʤʝʨʘˁʘ. 

ʋʨʝʹʘʿʠ ʢʦʿʠ ʚʨʰʝ ʦʧʝʨʘʮʠʿʫ ʤʥʦʞʝˁʘ ʩʝ ʥʘʟʠʚʘʿʫ ʤʥʦʞʘʯʠ. ʀʘʢʦ ʥʘ ʧʨʚʠ ʧʦʛʣʝʜ ʜʝʣʫʿʫ 

ʢʘʦ ʿʝʜʥʦʩʪʘʚʥʠ ʫʨʝʹʘʿʠ, ʦʥʠ ʤʦʛʫ ʜʘ ʢʦʨʠʩʪʝ ʧʦʧʨʠʣʠʯʘʥ ʙʨʦʿ ʣʦʛʠʯʢʠʭ ʢʦʣʘ ʪʘʢʦ ʜʘ 

ʧʦʩʪʦʿʠ ʜʦʩʪʘ ʚʘʨʠʿʘʮʠʿʘ ʥʘ ʪʝʤʫ ʢʘʢʦ ʠʭ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ.  

ʅʘ ʩʣʠʮʠ 3.6 ʿʝ ʧʨʠʢʘʟʘʥ ʩʢʘʣʠʨʘʿʫ˂ʠ ʘʢʫʤʫʣʘʪʦʨʩʢʠ ʤʥʦʞʘʯ. ʆʥ ʫʟʠʤʘ ʧʨʚʠ 

ʤʥʦʞʠʣʘʮ ʢʘʦ ʧʘʨʘʣʝʣʥʠ ʫʣʘʟ ʘ ʜʨʫʛʠ ʤʥʦʞʠʣʘʮ ʢʘʦ ʩʝʨʠʿʩʢʠ ʫʣʘʟ. ʇʨʚʦ ʚʨʰʠ ʣʦʛʠʯʢʫ 

Ăʀñ ʦʧʝʨʘʮʠʿʫ ʥʘʜ ʧʨʚʠʤ ʤʥʦʞʠʦʮʝʤ ʠ ʧʨʚʠʤ ʙʠʪʦʤ ʜʨʫʛʦʛ ʤʥʦʞʠʦʮʘ. ʈʝʟʫʣʪʘʪ ʦʚʝ 

ʦʧʝʨʘʮʠʿʝ ʩʝ ʠʪʝʨʘʪʠʚʥʦ ʧʦʤʝʨʘ ʟʘ ʿʝʜʘʥ ʙʠʪ ʠ ʩʘʙʠʨʘ ʩʘ ʧʨʝʪʭʦʜʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. 
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ʆʚʘʿ ʤʥʦʞʘʯ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʧʦʣʫ ʧʘʨʘʣʝʣʥʠʤ ʧʦʣʫ ʩʝʨʠʿʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ. ɿʘʭʪʝʚʘ 

ʤʘˁʝ ʣʦʛʠʢʝ ʥʝʛʦ ʥʝʢʠ ʯʠʩʪʦ ʧʘʨʘʣʝʣʥʠ ʘʣʛʦʨʠʪʤʠ. ʇʦʪʨʝʙʥʦ ʤʫ ʿʝ ĂNñ ʪʘʢʪʦʚʘ ʜʘ ʙʠ 

ʧʨʦʠʟʚʝʦ ʨʝʟʫʣʪʘʪ, ʛʜʝ ĂNñ ʧʨʝʜʩʪʘʚˀʘ ʰʠʨʠʥʫ ʤʥʦʞʠʣʘʮʘ. ɹʠʪ ʥʘʿʚʝ˂ʝ ʠʣʠ ʙʠʪ ʥʘʿʤʘˁʝ 

ʪʝʞʠʥʝ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʤʝʨʘ ʧʦʤʝʨʘʯʢʦʛ ʨʝʛʠʩʪʨʘ. 

 

ʉʣʠʢʘ 3.6 ï ʉʢʘʣʠʨʘʿʫ˂ʠ ʘʢʫʤʫʣʘʪʦʨʩʢʠ ʤʥʦʞʘʯ 

ʄʥʦʞʘʯʠ ʤʦʛʫ ʙʠʪʠ ʠʟʛʨʘʹʝʥʠ ʠ ʩʘʤʦ ʧʨʦʩʪʠʤ ʢʦʨʠʰ˂ʝˁʝʤ ʣʫʢʘʧ ʪʘʙʝʣʘ. ʋ ʪʦʤ 

ʩʣʫʯʘʿʫ ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʘʤʦ ʙʣʦʢ ʤʝʤʦʨʠʿʝ ʢʦʿʠ ʩʘʜʨʞʠ ʩʚʝ ʤʦʛʫ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ 

ʤʥʦʞʝˁʘ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʪʠʧ ʤʥʦʞʠʣʘʮʘ ʦʜʥʦʩʥʦ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʰʠʨʠʥʫ ʤʥʦʞʠʣʘʮʘ. 

ɱʝʜʥʘ ʪʘʢʚʘ ʪʘʙʝʣʘ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʣʫʢʘʧ ʪʘʙʝʣʫ ʩʘ 6 ʫʣʘʟʘ ʟʘ ʤʥʦʞʘʯʝ 3x3 ʙʠʪʘ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʫ ʪʘʙʝʣʠ 3.2. 

ʆʚʘ ʣʫʢʘʧ ʪʘʙʝʣʘ ʤʦʨʘ ʜʘ ʩʘʜʨʞʠ ʧʦ ʿʝʜʘʥ ʘʜʨʝʩʥʠ ʙʠʪ ʟʘ ʩʚʘʢʠ ʦʜ ʙʠʪʦʚʘ ʩʚʘʢʦʛ ʦʜ 

ʤʥʦʞʠʣʘʮʘ. ʆʩʥʦʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʦʚʝ ʚʨʩʪʝ ʤʥʦʞʘʯʘ ʿʝʩʪʝ ʰʪʦ ʚʝʣʠʯʠʥʘ ʣʫʢʘʧ ʪʘʙʝʣʝ ʨʘʩʪʝ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦ. ʀʧʘʢ, ʦʚʠ ʤʥʦʞʘʯʠ ʠʤʘʿʫ ʚʝʦʤʘ ʙʨʟ ʦʜʟʠʚ, ʧʦʰʪʦ ʩʝ ʯʠʪʘʚʦ ʨʘʯʫʥʘˁʝ 

ʩʚʦʜʠ ʥʘ ʧʨʠʩʪʫʧ ʿʝʜʥʦʿ ʤʝʤʦʨʠʿʩʢʦʿ ʣʦʢʘʮʠʿʠ. 

ĂLUTñ ʤʥʦʞʘʯʠ ʧʘʨʮʠʿʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʢʦʨʠʩʪʝ ʪʝʭʥʠʢʫ ʤʥʦʞʝˁʘ ʩʣʠʯʥʫ ʨʫʯʥʦʿ 

ʪʝʭʥʠʮʠ ʤʥʦʞʝˁʘ ʢʦʿʘ ʩʝ ʫʯʠ ʫ ʦʩʥʦʚʥʦʿ ʰʢʦʣʠ. ʀʟʚʦʜʝ˂ʠ ʤʥʦʞʝˁʝ ʿʝʜʥʝ ʧʦ ʿʝʜʥʝ ʮʠʬʨʝ 
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ʠ ʧʦʤʝʨʘʿʫ˂ʠ ʠ ʩʘʙʠʨʘʿʫ˂ʠ ʧʘʨʮʠʿʘʣʥʝ ʧʨʦʠʟʚʦʜʝ ʚʝʣʠʯʠʥʘ ʣʫʢʘʧ ʪʘʙʝʣʘ ʩʝ ʟʥʘʯʘʿʥʦ 

ʩʤʘˁʫʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʪʝʭʥʠʢʫ.  

ʊʘʙʝʣʘ 3.2 ï ʃʫʢʘʧ ʪʘʙʝʣʘ 3x3 ʙʠʪ ʤʥʦʞʝˁʘ 

 000 001 010 011 100 101 110 111 

000 000000 000000 000000 000000 000000 000000 000000 000000 

001 000000 000001 000010 000011 000100 000101 000110 000111 

010 000000 000010 000100 000110 001000 001010 001100 001110 

011 000000 000011 000110 001001 001100 001111 010010 010101 

100 000000 000100 001000 001100 010000 010100 011000 011100 

101 000000 000101 001010 001111 010100 011001 011110 100011 

110 000000 000110 001100 010010 011000 011110 100100 101010 

111 000000 000111 001110 010101 011100 100011 101010 110001 

ʅʘ ʩʣʠʮʠ 3.7 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ĂLUTñ ʤʥʦʞʘʯʘ ʧʘʨʮʠʿʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʛʜʝ ʩʫ 

ʢʦʨʠʰ˂ʝʥʠ ʫʣʘʟʠ ʰʠʨʠʥʝ 6 ʙʠʪʘ ʧʦʤʦ˂ʫ ʣʫʢʘʧ ʪʘʙʝʣʘ 3x3 ʙʠʪʘ ʧʨʠʢʘʟʘʥʠʭ ʫ ʧʨʝʪʭʦʜʥʦʤ 

ʧʨʠʤʝʨʫ. ʃʫʢʘʧ ʪʘʙʝʣʝ ʩʫ ʜʫʧʣʠʨʘʥʝ ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʠʩʪʦʚʨʝʤʝʥʦ ʨʘʯʫʥʘˁʝ 

ʧʘʨʮʠʿʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ. ʇʘʨʮʠʿʘʣʥʠ ʧʨʦʠʟʚʦʜʠ ʩʝ ʟʘʪʠʤ ʧʦ ʧʦʪʨʝʙʠ ʧʦʤʝʨʘʿʫ ʢʦʨʠʰ˂ʝˁʝʤ 

ʧʦʤʝʨʘʯʢʦʛ ʨʝʛʠʩʪʨʘ ʠ ʤʝʹʫʩʦʙʥʦ ʩʘʙʠʨʘʿʫ. ʂʘʢʦ ʙʠ ʩʝ ʩʘʙʠʨʘˁʝ ʠʟʚʨʰʠʣʦ ʩʘ 

ʤʠʥʠʤʘʣʥʠʤ ʢʘʰˁʝˁʝʤ ʢʦʨʠʩʪʠ ʩʝ ʩʪʘʙʣʦ ʟʘ ʩʘʙʠʨʘˁʝ. 

 

ʉʣʠʢʘ 3.7 ï ĂLUTñ ʤʥʦʞʘʯ ʧʘʨʮʠʿʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ 
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ʃʫʢʘʧ ʪʘʙʝʣʘ ʠʟ ʦʚʦʛ ʧʨʠʤʝʨʘ ʩʝ ʤʦʞʝ ʟʘʤʝʥʠʪʠ ʙʠʣʦ ʢʦʿʦʤ ʜʨʫʛʦʤ ʚʨʩʪʦʤ 

ʤʥʦʞʘʯʘ ʧʦʰʪʦ ʩʝ ʦʥʘ ʫʧʨʘʚʦ ʢʦʨʠʩʪʠ ʢʘʢʦ ʙʠ ʠʟʚʨʰʠʣʘ ʧʘʨʮʠʿʘʣʥʦ ʤʥʦʞʝˁʝ. ʆʚʦ ʜʘʿʝ ʠ 

ʫʚʠʜ ʫ ʪʦ ʢʘʢʦ ʿʝ ʤʦʛʫ˂ʝ ʢʦʤʙʠʥʦʚʘʪʠ ʤʥʦʞʘʯʝ ʧʨʦʠʟʚʦˀʥʝ ʰʠʨʠʥʝ ʤʥʦʞʠʣʘʮʘ ʫ ʮʠˀʫ 

ʧʨʘʚˀʝˁʘ ʚʝʣʠʢʠʭ ʤʥʦʞʘʯʘ. 

ʂʘʢʦ ʿʝ ʚʝ˂ ʨʝʯʝʥʦ ʜʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨʠ ʩʠʛʥʘʣʘ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫ ʮʠˀʫ ʙʨʞʝʛ 

ʠʟʚʨʰʘʚʘˁʘ ʦʧʝʨʘʮʠʿʘ ʩʘʙʠʨʘˁʘ, ʦʜʫʟʠʤʘˁʘ, ʤʥʦʞʝˁʘ ʠʣʠ ʜʝˀʝˁʘ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʚʨʣʦ 

ʯʝʩʪʦ ʩʝ ʜʠʛʠʪʘʣʥʠ ʧʨʦʮʝʩʦʨʠ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʩʘʤʦʤ ĂFPGAñ ʯʠʧʫ ʢʦʨʠʩʪʝ 

ʫʧʨʘʚʦ ʢʘʦ ʤʥʦʞʘʯʠ. 

 

3.2. ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ 

 

ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ ʨʘʜʠ ʥʘ ʧʨʠʥʮʠʧʫ ʧʨʦʪʦʢʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʨʝʚʦʣʫʮʠʦʥʘʨʥʠ ʥʘʯʠʥ ʠʟʚʨʰʘʚʘˁʘ ʨʘʯʫʥʘˁʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʘʟʣʠʯʠʪʦʛ ʦʜ 

ʥʘʯʠʥʘ ʨʘʯʫʥʘˁʘ ʢʦʜ ʧʨʦʮʝʩʦʨʘ ʦʧʰʪʝ ʥʘʤʝʥʝ ʢʦʿʠ ʨʘʜʝ ʥʘ ʧʨʠʥʮʠʧʫ ʢʦʥʪʨʦʣʝ ʧʨʦʪʦʢʘ. 

ʎʝʥʪʨʘʣʥʠ ʜʝʦ ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʧʣʘʪʬʦʨʤʝ ʧʨʝʜʩʪʘʚˀʘ ĂFPGAñ ʯʠʧ. 

 

3.2.1. ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʯʫʥʘʨʘ ʙʘʟʠʨʘʥʘ ʥʘ ʢʦʥʪʨʦʣʠ 

ʧʨʦʪʦʢʘ 

 

 ʈʘʯʫʥʘʨʠ ʢʦʿʠ ʨʘʜʝ ʥʘ ʧʨʠʥʮʠʧʫ ʬʦʥ ʅʦʿʤʘʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʝ, ʦʜʥʦʩʥʦ ʘʨʭʠʪʝʢʪʫʨʝ 

ʙʘʟʠʨʘʥʝ ʥʘ ʢʦʥʪʨʦʣʠ ʧʨʦʪʦʢʘ, ʜʦʭʚʘʪʘʿʫ ʠʥʩʪʨʫʢʮʠʿʝ ʠ ʧʦʜʘʪʢʝ ʠʟ ʤʝʤʦʨʠʿʝ, ʠʟʚʨʰʘʚʘʿʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʦʧʝʨʘʮʠʿʝ ʦʧʠʩʘʥʝ ʠʥʩʪʨʫʢʮʠʿʘʤʘ ʠ ʫʧʠʩʫʿʫ ʨʝʟʫʣʪʘʪʝ ʥʘʟʘʜ ʫ ʤʝʤʦʨʠʿʫ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʯʫʥʘʨʘ ʙʘʟʠʨʘʥʘ ʥʘ ʢʦʥʪʨʦʣʠ ʧʨʦʪʦʢʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 3.8.  

ʂʦʜ ʩʦʬʪʚʝʨʩʢʠʭ ʘʧʣʠʢʘʮʠʿʘ ʧʨʦʛʨʘʤʩʢʠ ʢʦʜ ʩʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʣʠʩʪʫ ʠʥʩʪʨʫʢʮʠʿʘ 

ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʨʦʮʝʩʦʨ. ʊʘ ʣʠʩʪʘ ʠʥʩʪʨʫʢʮʠʿʘ ʩʝ ʟʘʪʠʤ ʫʯʠʪʘʚʘ ʫ ʤʝʤʦʨʠʿʫ ʢʦʿʘ ʩʝ 

ʥʘʣʘʟʠ ʧʦʨʝʜ ʧʨʦʮʝʩʦʨʘ. ʇʦʜʘʮʠ ʠ ʠʥʩʪʨʫʢʮʠʿʝ ʩʝ ʯʠʪʘʿʫ ʠʟ ʤʝʤʦʨʠʿʝ ʫ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ 

ʫ ʢʦʤʝ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʦʧʝʨʘʮʠʿʝ ʠ ˁʠʭʦʚ ʨʝʟʫʣʪʘʪ ʩʝ ʫʧʠʩʫʿʝ ʥʘʟʘʜ ʫ ʤʝʤʦʨʠʿʫ. ʄʦʜʝʨʥʠ 

ʧʨʦʮʝʩʦʨʠ ʜʘʥʘʩ ʧʦʩʝʜʫʿʫ ʚʠʰʝ ʥʠʚʦʘ ʢʝʰʠʨʘˁʘ ʠ ʧʨʝʜʠʢʮʠʦʥʫ ʣʦʛʠʢʫ ʢʘʢʦ ʙʠ 



ʀʚʘʥ ʃ. ʄʠʣʘʥʢʦʚʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

44 
 

ʫʥʘʧʨʝʜʠʣʠ ʝʬʠʢʘʩʥʦʩʪ ʘʨʭʠʪʝʢʪʫʨʝ ʙʘʟʠʨʘʥʝ ʥʘ ʢʦʥʪʨʦʣʠ ʧʨʦʪʦʢʘ ʘʣʠ ʠ ʧʦʨʝʜ ʪʦʛʘ 

ʛʣʘʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʦʚʝ ʘʨʭʠʪʝʢʪʫʨʝ ʿʝ ʜʘ ʩʚʘʢʦ ʠʟʚʨʰʘʚʘˁʝ ʠʥʩʪʨʫʢʮʠʿʝ ʟʘʭʪʝʚʘ ʮʠʢʣʠʯʥʦ 

ʧʨʠʩʪʫʧʘˁʝ ʤʝʤʦʨʠʿʠ ʰʪʦ ʟʘ ʨʝʟʫʣʪʘʪ ʠʤʘ ʚʝʣʠʢʠ ʙʨʦʿ ʪʨʘʥʩʬʝʨʘ ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ 

ʮʝʥʪʨʘʣʥʝ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʠ ʤʝʤʦʨʠʿʝ.  

 

ʉʣʠʢʘ 3.8 ï ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʯʫʥʘʨʘ ʙʘʟʠʨʘʥʘ ʥʘ ʢʦʥʪʨʦʣʠ ʧʨʦʪʦʢʘ 

 

3.2.2. ɸʨʭʠʪʝʢʪʫʨʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʦʪʦʢʫ ʧʦʜʘʪʘʢʘ 

 

ʇʘʨʘʜʠʛʤʘ ʫ ʨʘʯʫʥʘʨʩʪʚʫ ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʦʪʦʢʫ ʧʦʜʘʪʘʢʘ ʿʝ ʬʫʥʜʘʤʝʥʪʘʣʥʦ 

ʨʘʟʣʠʯʠʪʘ ʦʜ ʧʘʨʘʜʠʛʤʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʢʦʥʪʨʦʣʠ ʧʨʦʪʦʢʘ. ɸʨʭʠʪʝʢʪʫʨʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʦʪʦʢʫ 

ʧʦʜʘʪʘʢʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 3.9. ʂʦʜ ʦʚʝ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʦʛʨʘʤʩʢʠ ʢʦʜ ʘʧʣʠʢʘʮʠʿʝ ʩʝ 

ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʢʦʥʬʠʛʫʨʘʮʠʦʥʠ ʬʘʿʣ, ʦʜʥʦʩʥʦ ʛʨʘʬ, ʢʦʿʠ ʦʧʠʩʫʿʝ ʦʧʝʨʘʮʠʿʝ, ʠʟʛʣʝʜ ʠ 

ʢʦʥʝʢʮʠʿʝ ʫ ʦʢʚʠʨʫ ʿʝʟʛʨʘ ʟʘ ʧʨʦʪʦʢ ʧʦʜʘʪʘʢʘ. ʉʚʘʢʠ ʯʚʦʨ ʫ ʪʦʤ ʛʨʘʬʫ ʠʟʚʨʰʘʚʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʦʧʝʨʘʮʠʿʫ ʠ ʨʝʟʫʣʪʘʪ ʪʝ ʦʧʝʨʘʮʠʿʝ ʧʨʦʩʣʝʹʫʿʝ ʩʣʝʜʝ˂ʝʤ ʯʚʦʨʫ ʫ ʛʨʘʬʫ ʯʠʤʝ 

ʩʝ ʠʟʙʝʛʘʚʘ ʮʠʢʣʠʯʥʠ ʧʨʠʩʪʫʧ ʤʝʤʦʨʠʿʠ. 
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ɸʨʭʠʪʝʢʪʫʨʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʦʪʦʢʫ ʧʦʜʘʪʘʢʘ ʠʤʘ ʥʝʢʝ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʢʝ ʥʝʜʦʩʪʘʪʢʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʙʘʟʠʨʘʥʫ ʥʘ ʢʦʥʪʨʦʣʠ ʧʨʦʪʦʢʘ. ɻʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʿʝ ʰʪʦ ʩʝ 

ʠʥʩʪʨʫʢʮʠʿʝ ʠʟʚʨʰʘʚʘʿʫ ʫ ʧʨʠʨʦʜʥʦʿ ʩʝʢʚʝʥʮʠ, ʢʘʢʦ ʧʦʜʘʮʠ ʧʨʦʧʘʛʠʨʘʿʫ ʢʨʦʟ ʘʣʛʦʨʠʪʘʤ. 

ʊʘʢʦʹʝ ʩʤʘˁʫʿʝ ʩʝ ʠ ʝʬʝʢʘʪ ʤʝʤʦʨʠʿʩʢʝ ʣʘʪʝʥʮʠʿʝ ʧʦʰʪʦ ʧʦʜʘʮʠ ʧʫʪʫʿʫ ʢʨʦʟ ʛʨʘʬ ʠ ʚʝʟʘʥʠ 

ʩʫ ʟʘ ʦʥʘʿ ʯʚʦʨ ʫ ʛʨʘʬʫ ʢʦʤʝ ʩʫ ʠ ʧʦʪʨʝʙʥʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʛʣʘʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʿʝʩʪʝ 

ʛʫʙʠʪʘʢ ʮʝʥʪʨʘʣʥʝ ʢʦʥʪʨʦʣʝ ʧʦʰʪʦ ʿʝ ʩʚʘʢʠ ʯʚʦʨ ʫ ʛʨʘʬʫ ʘʢʪʠʚʠʨʘʥ ʩʘʤʦ ʢʘʜʘ ʩʫ ʤʫ 

ʜʦʩʪʫʧʥʠ ʩʚʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ. ʊʘʢʦʹʝ, ʯʚʦʨʦʚʠ ʫ ʛʨʘʬʫ ʤʦʨʘʿʫ ʜʘ ʢʦʨʠʩʪʝ ʧʦʜʘʪʢʝ ʦʥʦʛʘ 

ʪʨʝʥʫʪʢʘ ʢʘʜʘ ʩʫ ʠʤ ʜʦʩʪʫʧʥʠ ʠʘʢʦ ʠʤ ʦʥʠ ʫ ʪʦʤ ʪʨʝʥʫʪʢʫ ʤʦʞʜʘ ʥʠʩʫ ʥʠ ʧʦʪʨʝʙʥʠ. 

 

ʉʣʠʢʘ 3.9 ï ɸʨʭʠʪʝʢʪʫʨʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʦʪʦʢʫ ʧʦʜʘʪʘʢʘ 

ɸʨʭʠʪʝʢʪʫʨʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʦʪʦʢʫ ʧʦʜʘʪʘʢʘ ʩʝ ʜʘʥʘʩ ʢʦʨʠʩʪʠ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ 

ʘʧʣʠʢʘʮʠʿʘ. ʆʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝ ʩʘʤʦ ʜʘ ʫʙʨʟʘʚʘ ʘʧʣʠʢʘʮʠʿʝ, ʚʝ˂ ʠʭ ʧʨʘʚʠ ʠ ʝʥʝʨʛʝʪʩʢʠ 

ʝʬʠʢʘʩʥʠʿʠʤ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʘʨʭʠʪʝʢʪʫʨʦʤ ʨʘʯʫʥʘʨʘ ʙʘʟʠʨʘʥʦʤ ʥʘ ʢʦʥʪʨʦʣʠ ʧʨʦʪʦʢʘ. ʊʦ ʩʝ 

ʧʦʩʪʠʞʝ ʟʘʭʚʘˀʫʿʫ˂ʠ ʥʠʩʢʦʿ ʧʦʪʨʦʰˁʠ ʩʥʘʛʝ ʿʝʟʛʘʨʘ ʟʘ ʧʨʦʪʦʢ ʧʦʜʘʪʘʢʘ. ɱʝʟʛʨʘ ʟʘ ʧʨʦʪʦʢ 

ʧʦʜʘʪʘʢʘ ʠʤʘʿʫ ʥʠʩʢʫ ʧʦʪʨʦʰˁʫ ʩʥʘʛʝ ʟʘʪʦ ʰʪʦ ʨʘʜʝ ʥʘ ʥʠʩʢʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ, ʘ ʦʧʰʪʝ ʿʝ 

ʧʦʟʥʘʪʦ ʜʘ ʿʝ ʧʦʪʨʦʰˁʘ ʩʥʘʛʝ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʿʘʣʥʘ ʚʝʣʠʯʠʥʠ ʬʨʝʢʚʝʥʮʠʿʝ. 
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ʌʨʝʢʚʝʥʮʠʿʘ ʦʚʠʭ ʿʝʟʛʘʨʘ ʤʦʞʝ ʠ˂ʠ ʜʦ ʥʝʢʦʣʠʢʦ ʩʪʦʪʠʥʘ MHz, ʜʦʢ ʜʘʥʘʰˁʠ ʧʨʦʮʝʩʦʨʠ 

ʨʘʜʝ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘʤʘ ʨʝʜʘ ʥʝʢʦʣʠʢʦ GHz. 

ʆʚʘ ʨʘʯʫʥʘʨʩʢʘ ʧʘʨʘʜʠʛʤʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʦʪʦʢʫ ʧʦʜʘʪʘʢʘ ʿʝ ʥʘʰʣʘ ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ 

ʠ ʧʨʝʜʤʝʪ ʿʝ ʤʥʦʛʠʭ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. ʂʦʨʠʩʪʠ ʩʝ ʫ ʘʧʣʠʢʘʮʠʿʘʤʘ ʟʘ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ 

[32], ʢʦʜ ʜʠʛʠʪʘʣʥʠʭ ʧʨʦʮʝʩʦʨʘ ʩʠʛʥʘʣʘ [33, 34], ʫ ʤʘʪʝʤʘʪʠʮʠ ʟʘ ʨʝʰʘʚʘˁʝ ʩʠʩʪʝʤʘ 

ʿʝʜʥʘʯʠʥʘ [35] ʢʘʦ ʠ ʤʥʦʞʝˁʫ ʤʘʪʨʠʮʘ ʩʘ ʨʘʮʠʦʥʘʣʥʠʤ ʙʨʦʿʝʚʠʤʘ [36]. ʅʘʰʣʘ ʿʝ ʧʨʠʤʝʥʫ 

ʠ ʫ ʬʠʥʘʥʩʠʿʘʤʘ [37], ʚʝʰʪʘʯʢʠʤ ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ [38] ʠ ʫ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʦʙʣʘʩʪʠʤʘ. 

ʊʘʢʦʹʝ ʩʝ ʢʦʨʠʩʪʠ ʠ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʥʘ ʧʨʠʤʝʨ ʧʨʦʿʝʢʘʪ 

ĂMORPHEUSñ [39]. 

 

3.2.3. ɸʨʭʠʪʝʢʪʫʨʘ ĂMaxelerñ ʢʘʨʪʠʮʘ 

 

 ĂMaxelerñ ʿʝ ʨʘʟʚʠʦ ʩʚʦʿʫ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ ʢʦʿʘ ʢʦʨʠʩʪʠ 

ĂFPGAñ ʯʠʧ ʢʘʦ ʮʝʥʪʨʘʣʥʠ ʜʝʦ ʢʦʿʠ ʿʝ ʟʘʜʫʞʝʥ ʟʘ ʨʘʯʫʥʘˁʝ. ʆʧʰʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ĂMaxelerñ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʧʣʘʪʬʦʨʤʝ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 3.10. ʂʘʦ ʰʪʦ ʩʝ ʩʘ ʩʣʠʢʝ ʤʦʞʝ 

ʫʦʯʠʪʠ ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ 

ʢʝʨʥʝʣʘ, ʤʝʥʘ˅ʝʨʘ, ĂFMemñ ʠ ĂLMemñ ʤʝʤʦʨʠʿʘ ʠ ʧʦʚʝʟʘʥʘ ʿʝ ʩʘ ʮʝʥʪʨʘʣʥʦʤ 

ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʜʠʥʠʮʦʤ ʧʨʝʢʦ ĂPCIeñ ʤʘʛʠʩʪʨʘʣʝ. 

ʂʝʨʥʝʣ ʧʨʝʜʩʪʘʚˀʘ ʭʘʨʜʚʝʨʩʢʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʘʣʛʦʨʠʪʤʘ ʠ ˁʝʛʦʚ ʛʣʘʚʥʠ ʟʘʜʘʪʘʢ 

ʿʝ ʜʘ ʦʙʘʚˀʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʨʘʯʫʥʘˁʘ ʢʘʢʦ ʧʦʜʘʮʠ ʧʨʦʣʘʟʝ ʢʨʦʟ ʛʨʘʬ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ 

ʤʝʥʘ˅ʝʨ ʠʤʘ ʟʘ ʟʘʜʘʪʘʢ ʜʘ ʜʝʬʠʥʠʰʝ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ ʧʦʜʘʮʠ ʢʨʝ˂ʫ ʠʟʤʝʹʫ ʢʝʨʥʝʣʘ, 

ʤʝʤʦʨʠʿʝ ʠ ʮʝʥʪʨʘʣʥʝ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ. ʇʦʩʪʦʿʝ ʠ ʜʚʘ ʪʠʧʘ ʤʝʤʦʨʠʿʝ: ʙʨʟʘ ʤʝʤʦʨʠʿʘ 

ʠʣʠ ĂFMemñ ʠ ʚʝʣʠʢʘ ʤʝʤʦʨʠʿʘ ʠʣʠ ĂLMemñ. 

ĂFMemñ ʤʝʤʦʨʠʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʩʘʤʦʤ ʯʠʧʫ ʠ ʤʦʞʝ ʜʘ ʩʢʣʘʜʠʰʪʠ ʢʦʣʠʯʠʥʫ 

ʧʦʜʘʪʘʢʘ ʨʝʜʘ ʥʝʢʦʣʠʢʦ ʤʝʛʘʙʘʿʪʘ. ɹʨʟʠʥʘ ʧʨʠʩʪʫʧʘ ĂFMemñ ʤʝʤʦʨʠʿʠ ʿʝ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢʘ, 

ʨʝʜʘ ʪʝʨʘʙʘʿʪʘ ʧʦ ʩʝʢʫʥʜʠ. ʀʟʨʘʹʝʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ĂSRAMñ ʪʝʭʥʦʣʦʛʠʿʝ.  

ĂLMemñ ʤʝʤʦʨʠʿʘ ʿʝ ʝʢʩʪʝʨʥʘ ʤʝʤʦʨʠʿʘ ʠ ʦʥʘ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʝʛ ʢʘʧʘʮʠʪʝʪʘ. ʆʥʘ ʤʦʞʝ 

ʜʘ ʩʢʣʘʜʠʰʪʠ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʛʠʛʘʙʘʿʪʘ ʧʦʜʘʪʘʢʘ. ʀʟʨʘʹʝʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ĂDRAMñ 

ʪʝʭʥʦʣʦʛʠʿʝ.  ʄʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʿʝʜʘʥ ʤʦʥʦʣʠʪʘʥ ʤʝʤʦʨʠʿʩʢʠ ʙʣʦʢ ʰʪʦ ʿʝ ʠ 
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ʫʦʙʠʯʘʿʝʥʘ ʫʧʦʪʨʝʙʘ, ʘʣʠ ʤʦʞʝ ʠ ʜʘ ʩʝ ʧʦʜʝʣʠ ʥʘ ʚʠʰʝ ʥʝʟʘʚʠʩʥʠʭ ʤʝʤʦʨʠʿʘ ʩʘ 

ʥʝʟʘʚʠʩʥʠʤ ʘʜʨʝʩʥʠʤ ʧʨʦʩʪʦʨʦʤ. ʄʦʞʝ ʩʝ ʢʦʥʬʠʛʫʨʠʩʘʪʠ ʪʘʢʦ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʩʚʠ 

ʨʘʩʧʦʣʦʞʠʚʠ ʤʝʤʦʨʠʿʩʢʠ ʢʘʥʘʣʠ ʘʣʠ ʩʝ ʤʦʞʝ ʠ ʢʦʥʬʠʛʫʨʠʩʘʪʠ ʪʘʢʦ ʜʘ ʩʝ ʦʥʠ ʢʦʨʠʩʪʝ 

ʦʜʚʦʿʝʥʦ. ʂʘʧʘʮʠʪʝʪ ʩʚʘʢʦʛ ʥʝʟʘʚʠʩʥʦʛ ĂLMemñ ʤʦʜʫʣʘ ʿʝ ʦʜʨʝʹʝʥ ʚʝʣʠʯʠʥʦʤ 

ʤʝʤʦʨʠʿʩʢʦʛ ʯʠʧʘ ʦʜʥʦʩʥʦ ʚʝʣʠʯʠʥʦʤ ʿʝʜʥʦʛ ĂDIMMñ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʰʪʦ ʟʘʚʠʩʠ ʦʜ 

ʤʦʜʝʣʘ ʠ ʛʝʥʝʨʘʮʠʿʝ ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʧʣʘʪʬʦʨʤʝ. 

 

ʉʣʠʢʘ 3.10 ï ɸʨʭʠʪʝʢʪʫʨʘ ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʧʣʘʪʬʦʨʤʝ 

ʀʥʪʝʨʬʝʿʩ ʢʘ ĂLMemñ ʤʝʤʦʨʠʿʠ ʿʝ ʦʩʪʚʘʨʝʥ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʤʦʨʠʿʩʢʦʛ ʢʦʥʪʨʦʣʝʨʘ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʤʝʤʦʨʠʿʩʢʦʛ ʢʦʥʪʨʦʣʝʨʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 3.11. ʄʝʤʦʨʠʿʩʢʠ ʛʝʥʝʨʘʪʦʨ 

ʢʦʤʘʥʜʠ ʛʝʥʝʨʠʰʝ ʢʦʤʘʥʜʝ  ʢʦʿʝ ʜʘʿʫ ʠʥʩʪʨʫʢʮʠʿʝ ʤʝʤʦʨʠʿʩʢʦʤ ʢʦʥʪʨʦʣʝʨʫ ʜʘ ʣʠ ʜʘ ʯʠʪʘ 

ʠʣʠ ʫʧʠʩʫʿʝ ʩʘ/ʥʘ ĂLMemñ. ʄʝʤʦʨʠʿʩʢʠ ʢʦʥʪʨʦʣʝʨ ʯʠʪʘ ʢʦʤʘʥʜʝ ʠʟ ʨʝʜʘ ʟʘ ʢʦʤʘʥʜʝ ʠ ʥʘ 

ʦʩʥʦʚʫ ˁʠʭ ʠʣʠ ʯʠʪʘ ʧʦʜʘʪʢʝ ʠʟ ʙʘʬʝʨʘ ʠ ʫʧʠʩʫʿʝ ʠʭ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʤʝʤʦʨʠʿʩʢʫ ʣʦʢʘʮʠʿʫ 

ʫʥʫʪʘʨ ĂLMemñ ʤʦʜʫʣʘ ʠʣʠ ʯʠʪʘ ʧʦʜʘʪʢʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʣʦʢʘʮʠʿʝ ʫʥʫʪʘʨ ĂLMemñ ʠ 

ʫʧʠʩʫʿʝ ʠʭ ʫ ʙʘʬʝʨ. ʂʘʜʘ ʩʝ ʢʦʨʠʩʪʝ ʥʝʟʘʚʠʩʥʠ ĂLMemñ ʤʦʜʫʣʠ, ʢʦʨʠʩʪʝ ʩʝ ʠ ʥʝʟʘʚʠʩʥʠ 

ʤʝʤʦʨʠʿʩʢʠ ʢʦʥʪʨʦʣʝʨʠ ʠ ʩʚʘʢʠ ʦʜ ˁʠʭ ʿʝ ʜʦʜʝˀʝʥ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ĂLMemñ ʤʦʜʫʣʫ. 

ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ ʪʘʢʦʹʝ ʧʦʜʨʞʘʚʘ ʠ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʤʘʰʠʥʘ ʩʪʘˁʘ. ʄʘʰʠʥʝ ʩʪʘˁʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʢʦʥʪʨʦʣʥʠʭ 

ʙʣʦʢʦʚʘ ʢʦʿʠ ʠʤʘʿʫ ʟʘ ʟʘʜʘʪʘʢ ʜʘ ʢʦʥʪʨʦʣʠʰʫ ʧʨʦʪʦʢ ʧʦʜʘʪʘʢʘ ʢʨʦʟ ʢʝʨʥʝʣ ʠ ʤʝʥʘ˅ʝʨ 

ʘʧʣʠʢʘʮʠʿʝ. ʆʥʝ ʜʦʟʚʦˀʘʚʘʿʫ ʢʦʥʪʨʦʣʫ ʪʦʢʘ ʧʦʜʘʪʘʢʘ ʥʘ ʥʠʞʝʤ ʥʠʚʦʫ ʦʜ ʢʝʨʥʝʣʘ. ʅʘ 

ʩʣʠʮʠ 3.12 ʿʝ ʜʘʪ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʤʘʰʠʥʝ ʩʪʘˁʘ ʥʘ ĂMaxelerñ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ ʭʘʨʜʚʝʨʩʢʦʿ ʧʣʘʪʬʦʨʤʠ.  
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ʋʣʘʟʥʠ ʠ ʠʟʣʘʟʥʠ ʩʪʨʠʤʦʚʠ ʩʫ ʧʦʚʝʟʘʥʠ ʥʘ ʫʣʘʟʝ ʠ ʠʟʣʘʟʝ ʤʘʰʠʥʝ ʩʪʘˁʘ. 

ʇʦʥʘʰʘˁʝ ʤʘʰʠʥʝ ʩʪʘˁʘ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʿʝ ʦʧʠʩʘʥʦ ʧʦʤʦ˂ʫ ʜʚʝ ʬʫʥʢʮʠʿʝ: ʬʫʥʢʮʠʿʝ 

ʩʣʝʜʝ˂ʝʛ ʩʪʘˁʘ ʠ ʠʟʣʘʟʥʝ ʬʫʥʢʮʠʿʝ. ʌʫʥʢʮʠʿʘ ʩʣʝʜʝ˂ʝʛ ʩʪʘˁʘ ʠʤʘ ʟʘ ʟʘʜʘʪʘʢ ʜʘ ʨʘʯʫʥʘ 

ʩʣʝʜʝ˂ʝ ʩʪʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʨʝʥʫʪʥʦʛ ʩʪʘˁʘ ʠ ʪʨʝʥʫʪʥʠʭ ʫʣʘʟʘ, ʦʜʥʦʩʥʦ ʫʣʘʟʥʠ ʧʦʜʘʮʠ 

ʫ ʬʫʥʢʮʠʿʫ ʩʣʝʜʝ˂ʝʛ ʩʪʘˁʘ ʩʫ ʪʨʝʥʫʪʥʠ ʫʣʘʟʠ ʠ ʪʨʝʥʫʪʥʦ ʩʪʘˁʝ, ʘ ʥʘ ʠʟʣʘʟ ʩʝ ʩʪʨʠʤʫʿʝ 

ʩʣʝʜʝ˂ʝ ʩʪʘˁʝ. ʀʟʣʘʟʥʘ ʬʫʥʢʮʠʿʘ ʠʤʘ ʟʘ ʟʘʜʘʪʘʢ ʜʘ ʠʟʨʘʯʫʥʘ ʠʟʣʘʟ ʠʟ ʤʘʰʠʥʝ ʩʪʘˁʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʨʝʥʫʪʥʦʛ ʩʪʘˁʘ ʠ ʪʨʝʥʫʪʥʠʭ ʫʣʘʟʘ. ʊʝʨʤʠʥ ʩʪʘˁʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʚʝ ʧʦʜʘʪʢʝ 

ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʠʟʤʝʹʫ ʜʚʘ ʮʠʢʣʫʩʘ. ʌʫʥʢʮʠʿʘ ʩʣʝʜʝ˂ʝʛ ʩʪʘˁʘ ʠ ʠʟʣʘʟʥʘ ʬʫʥʢʮʠʿʘ ʩʝ 

ʠʟʚʨʰʘʚʘʿʫ ʫ ʧʘʨʘʣʝʣʠ ʿʝʜʥʘ ʩʘ ʜʨʫʛʦʤ ʠ ʩʚʘʢʦʿ ʦʜ ˁʠʭ ʿʝ ʧʦʪʨʝʙʘʥ ʿʝʜʘʥ ʮʠʢʣʫʩ ʢʘʢʦ ʙʠ ʩʝ 

ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʚʨʰʠʣʝ. ʉʣʝʜʝ˂ʝ ʩʪʘˁʝ ʩʝ ʩʢʣʘʜʠʰʪʠ ʠ ʧʦʩʪʘʿʝ ʪʨʝʥʫʪʥʦ ʩʪʘˁʝ ʫ ʩʣʝʜʝ˂ʝʤ 

ʮʠʢʣʫʩʫ. 

 

ʉʣʠʢʘ 3.11 ï ɸʨʭʠʪʝʢʪʫʨʘ ʤʝʤʦʨʠʿʩʢʦʛ ʢʦʥʪʨʦʣʝʨʘ 

ʄʘʰʠʥʝ ʩʪʘˁʘ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʢʘʢʦ ʫ ʢʝʨʥʝʣʫ ʪʘʢʦ ʠ ʫ ʤʝʥʘ˅ʝʨʫ. ʋ ʢʝʨʥʝʣʫ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʢʘʜʘ ʩʝ ʟʘʭʪʝʚʘ ʜʘ ʩʝ ʠʟʚʨʰʠ ʢʦʤʧʣʝʢʩʥʘ ʢʦʥʪʨʦʣʘ ʧʨʦʪʦʢʘ ʧʦʜʘʪʘʢʘ. ʋ 

ʪʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʣʘʢʰʝ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʤʘʰʠʥʫ ʩʪʘˁʘ ʥʝʛʦ ʢʦʨʠʩʪʠʪʠ ʧʦʤʦ˂ʥʝ ʙʨʦʿʘʯʝ 
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ʠ ʢʦʥʪʨʦʣʥʝ ʩʪʨʠʤʦʚʝ. ʋ ʤʝʥʘ˅ʝʨʫ ʩʝ ʤʘʰʠʥʝ ʩʪʘˁʘ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʢʘʜʘ ʦʩʥʦʚʥʠ ʤʦʜʝʣ 

ʧʨʦʪʦʢʘ ʧʦʜʘʪʘʢʘ ʥʠʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ. ʋ ʪʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʙʣʦʢ ʤʘʰʠʥʝ ʩʪʘˁʘ ʦʤʦʛʫ˂ʘʚʘ 

ʜʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʣʦʛʠʢʘ ʤʘʰʠʥʘ ʩʪʘˁʘ ʫ ʤʝʥʘ˅ʝʨʫ. 

 

ʉʣʠʢʘ 3.12 ï ʄʘʰʠʥʝ ʩʪʘˁʘ ʥʘ ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ ʧʣʘʪʬʦʨʤʠ 

ʄʘʰʠʥʝ ʩʪʘˁʘ ʫ ʢʝʨʥʝʣʫ ʠ ʤʝʥʘ˅ʝʨʫ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʥʘ ʛʦʨʝ ʦʧʠʩʘʥ ʥʘʯʠʥ, ʘʣʠ 

ʧʦʩʪʦʿʝ ʜʚʝ ʢˀʫʯʥʝ ʨʘʟʣʠʢʝ ʫ ˁʠʭʦʚʦʤ ʠʟʚʨʰʘʚʘˁʫ. ʄʘʰʠʥʘ ʩʪʘˁʘ ʫ ʢʝʨʥʝʣʫ ʩʝ ʠʟʚʨʰʘʚʘ 

ʥʘ ʩʚʘʢʠ ʪʘʢʪʥʠ ʠʤʧʫʣʩ, ʜʦʢ ʩʝ ʫ ʤʝʥʘ˅ʝʨʫ ʠʟʚʨʰʘʚʘ ʫ ʦʢʚʠʨʫ ʩʚʘʢʦʛ ʮʠʢʣʫʩʘ. ʄʘʰʠʥʘ 

ʩʪʘˁʘ ʫ ʢʝʨʥʝʣʫ ʧʨʠʤʘ ʫʣʘʟʝ ʠ ʧʨʦʠʟʚʦʜʠ ʠʟʣʘʟʝ ʫ ʦʢʚʠʨʫ ʩʚʘʢʦʛ ʮʠʢʣʫʩʘ, ʜʦʢ ʤʘʰʠʥʘ 

ʩʪʘˁʘ ʫ ʤʝʥʘ˅ʝʨʫ ʤʦʨʘ ʜʘ ʠʤʧʣʝʤʝʥʪʠʨʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʦʪʦʢʦʣʝ ʟʘ ʩʚʘʢʠ ʫʣʘʟ ʠ ʠʟʣʘʟ 

ʢʘʢʦ ʙʠ ʤʦʛʣʘ ʜʘ ʧʨʠʤʘ ʠ ʰʘˀʝ ʧʦʜʘʪʢʝ. 

ʅʘ ʩʣʠʮʠ 3.13 ʿʝ ʧʨʠʢʘʟʘʥ ʦʧʰʪʠ ʠʟʛʣʝʜ ĂMaxelerñ ʩʫʧʝʨ-ʨʘʯʫʥʘʨʩʢʦʛ ʩʠʩʪʝʤʘ. ʆʥ 

ʩʝ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʤʦʞʝ ʩʘʩʪʦʿʘʪʠ ʦʜ ʿʝʜʥʝ ʠʣʠ ʚʠʰʝ ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʭ 

ʧʣʘʪʬʦʨʤʠ. ʋʢʦʣʠʢʦ ʠʭ ʠʤʘ ʚʠʰʝ ʦʥʜʘ ʩʫ ʦʥʝ ʠʟʤʝʹʫ ʩʝʙʝ ʧʦʚʝʟʘʥʝ ʫ ʢʨʫʛ ʧʦʤʦ˂ʫ 

ĂMaxRingñ ʧʨʦʪʦʢʦʣʘ. ʆʚʘʿ ʧʨʦʪʦʢʦʣ ʧʦʩʝʜʫʿʝ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢʫ ʙʨʟʠʥʫ ʧʨʝʥʦʩʘ ʧʦʜʘʪʘʢʘ ʠ 

ʦʤʦʛʫ˂ʘʚʘ ʘʧʣʠʢʘʮʠʿʘʤʘ ʜʘ ʩʝ ʣʠʥʝʘʨʥʦ ʩʢʘʣʠʨʘʿʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ĂMaxelerñ 
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ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠʭ ʧʣʘʪʬʦʨʤʠ ʫ ʯʠʪʘʚʦʤ ʩʠʩʪʝʤʫ. ʉʚʘʢʘ ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ 

ʧʣʘʪʬʦʨʤʘ ʦʩʪʚʘʨʫʿʝ ʜʠʨʝʢʪʥʫ ʢʦʥʝʢʮʠʿʫ ʩʘ ʜʚʝ ʩʫʩʝʜʥʝ ʧʫʪʝʤ ĂMaxRingñ ʧʨʦʪʦʢʦʣʘ. 

 

ʉʣʠʢʘ 3.13 ï ʆʧʰʪʠ ʠʟʛʣʝʜ ĂMaxelerñ ʩʫʧʝʨ-ʨʘʯʫʥʘʨʩʢʦʛ ʩʠʩʪʝʤʘ 

 

3.2.4. ĂMaxelerñ ʧʨʦʠʟʚʦʜʠ ʠ ˁʠʭʦʚʘ ʫʧʦʪʨʝʙʘ 

 

ɻʦʜʠʥʘʤʘ ʿʝ ĂMaxelerñ ʨʘʟʚʠʿʘʦ ʠ ʫʩʘʚʨʰʘʚʘʦ ʩʚʦʿʝ ʢʘʨʪʠʮʝ ʠ ʜʘʥʘʩ ʧʦʩʪʦʿʠ 5 

ʛʝʥʝʨʘʮʠʿʘ ĂMaxelerñ ʢʘʨʪʠʮʘ. ʉʚʘʢʘ ʦʜ ʪʠʭ 5 ʛʝʥʝʨʘʮʠʿʘ ʢʦʨʠʩʪʠ ĂFPGAñ ʯʠʧ ʿʝʜʥʦʛ ʦʜ 

ʜʚʘ ʥʘʿʚʝ˂ʘ ʧʨʦʠʟʚʦʹʘʯʘ: ĂXilinxñ ʠʣʠ ĂAlterañ. ʅʘ ʩʣʠʮʠ 3.14 ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʬʠʟʠʯʢʦʛ 

ʠʟʛʣʝʜʘ ʿʝʜʥʝ ĂMaxelerñ ʢʘʨʪʠʮʝ [40]. 

ĂMaxelerñ ʧʦʨʝʜ ʢʘʨʪʠʮʘ ʧʨʦʠʟʚʦʜʠ ʠ ʩʠʩʪʝʤʝ ʟʘ ʨʘʯʫʥʘˁʝ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ 

ʢʘʦ ʰʪʦ ʩʫ ĂMPC-Cñ ʠ ĂMPC-Xñ. ʅʘ ʩʣʠʮʠ 3.15 ʿʝ ʧʨʠʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ĂMPC-Cñ 

ʩʠʩʪʝʤʘ. ʆʥ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʧʨʦʮʝʩʦʨʘ ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʿʝʟʛʘʨʘ ʠ ʚʝʣʠʢʦʤ ʢʦʣʠʯʠʥʦʤ 

ʦʧʝʨʘʪʠʚʥʝ ʤʝʤʦʨʠʿʝ, ʢʘʦ ʠ ʥʝʢʦʣʠʢʦ ĂMaxelerñ ʢʘʨʪʠʮʘ ʫʩʢʦ ʧʦʚʝʟʘʥʠʭ ʩʘ ʧʨʦʮʝʩʦʨʦʤ. 

ĂMPC-Cñ ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʦʤʦʛʫ˂ʠ ʧʝʨʬʦʨʤʘʥʩʝ 20-50 ʧʫʪʘ ʙʦˀʝ ʦʜ ʩʪʘʥʜʘʨʜʥʠʭ ʩʝʨʚʝʨʘ ʘ 
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ʢʦʨʠʩʪʠ ʩʚʝʛʘ 500W ʩʥʘʛʝ ʰʪʦ ʜʨʘʤʘʪʠʯʥʦ ʩʥʠʞʘʚʘ ʮʝʥʫ ʩʘʤʦʛ ʨʘʯʫʥʘˁʘ. ʉʚʘʢʘ ĂMaxelerñ 

ʢʘʨʪʠʮʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʧʨʦʮʝʩʦʨʦʤ ʧʫʪʝʤ ĂPCIeñ ʤʘʛʠʩʪʨʘʣʝ ʘ ʩʘʤʝ ʢʘʨʪʠʮʝ ʩʫ ʠʟʤʝʹʫ ʩʝʙʝ 

ʧʦʚʝʟʘʥʝ ʧʫʪʝʤ ĂMaxRingñ ʧʨʦʪʦʢʦʣʘ. ʆʚʘʿ ʩʠʩʪʝʤ ʪʘʢʦʹʝ ʦʤʦʛʫ˂ʘʚʘ ʠʥʬʠʥʠʙʝʥʜ ʠʣʠ 

ʝʪʝʨʥʝʪ ʤʨʝʞʥʫ ʢʦʥʝʢʮʠʿʫ ʢʘ ʦʩʪʘʪʢʫ ʩʚʝʪʘ. 

 

ʉʣʠʢʘ 3.14 ï ʀʟʛʣʝʜ ʿʝʜʥʝ ĂMaxelerñ ʢʘʨʪʠʮʝ 

ʅʘ ʩʣʠʮʠ 3.16 ʿʝ ʧʨʠʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ĂMPC-Xñ ʩʠʩʪʝʤʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ĂMPC-Cñ 

ʩʠʩʪʝʤʦʤ, ĂMPC-Xñ ʧʦʩʝʜʫʿʝ ʚʝ˂ʠ ʙʨʦʿ ĂMaxelerñ ʢʘʨʪʠʮʘ ʢʦʿʝ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʝ 

ʧʫʪʝʤ ĂMaxRingñ ʧʨʦʪʦʢʦʣʘ, ʠʤʘ ʚʝ˂ʠ ʢʘʧʘʮʠʪʝʪ ʦʧʝʨʘʪʠʚʥʝ ʤʝʤʦʨʠʿʝ, ʘʣʠ ʥʝ ʧʦʩʝʜʫʿʝ 

ʧʨʦʮʝʩʦʨ ʦʧʰʪʝ ʥʘʤʝʥʝ, ʚʝ˂ ʩʘʤʦ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʤʨʝʞʥʫ ʪʦʧʦʣʦʛʠʿʫ ʢʦʿʘ ʧʦʚʝʟʫʿʝ ʩʚʝ 

ʢʘʨʪʠʮʝ ʧʨʝʢʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʤʨʝʞʥʦʛ ʧʨʝʢʠʜʘʯʘ. ĂMPC-Xñ ʩʠʩʪʝʤ ʦʤʦʛʫ˂ʘʚʘ ʫʜʘˀʝʥ 

ʧʨʠʩʪʫʧ ʢʘʨʪʠʮʘʤʘ ʧʫʪʝʤ ʠʥʬʠʥʠʙʝʥʜ ʤʨʝʞʝ ʢʦʤʙʠʥʦʚʘʥʝ ʩʘ ʿʝʜʠʥʩʪʚʝʥʦʤ ĂRDMAñ 

ʪʝʭʥʦʣʦʛʠʿʦʤ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʠʨʝʢʪʘʥ ʪʨʘʥʩʬʝʨ ʧʦʜʘʪʘʢʘ ʩʘ ʦʧʝʨʘʪʠʚʥʝ ʤʝʤʦʨʠʿʝ 

ʢʣʠʿʝʥʪʩʢʦʛ ʨʘʯʫʥʘʨʘ ʥʘ ʫʜʘˀʝʥʫ ĂMaxelerñ ʢʘʨʪʠʮʫ ʠʟʙʝʛʘʚʘʿʫ˂ʠ ʥʝʝʬʠʢʘʩʥʘ ʤʝʤʦʨʠʿʩʢʘ 

ʢʦʧʠʨʘˁʘ. 

ĂMaxelerñ ʿʝ ʨʘʟʚʠʦ ʠ ʩʚʦʿ ʿʝʟʠʢ ʟʘ ʦʧʠʩ ʭʘʨʜʚʝʨʘ (ĂHDLñ) ʠ ʥʘʟʚʘʦ ʛʘ ĂMaxJñ. ʆʚʘʿ 

ʿʝʟʠʢ ʧʨʝʜʩʪʘʚˀʘ ʝʢʩʪʝʥʟʠʿʫ ĂJavañ ʧʨʦʛʨʘʤʩʢʦʛ ʿʝʟʠʢʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʢʦʨʠʩʥʠʮʠʤʘ ʙʝʟ 

ʚʝʣʠʢʦʛ ʧʨʝʜʟʥʘˁʘ ʦ ʭʘʨʜʚʝʨʫ ʜʘ ʜʠʟʘʿʥʠʨʘʿʫ ʘʧʣʠʢʘʮʠʿʝ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʿʝ ˂ʝ ʩʝ 

ʠʟʚʨʰʘʚʘʪʠ ʥʘ ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ ʧʣʘʪʬʦʨʤʠ. ĂMaxCompilerñ ʢʦʨʠʩʪʠ ĂMaxJñ 

ʢʦʜ ʢʘʢʦ ʙʠ ʠʟʛʝʥʝʨʠʩʘʦ ʢʦʥʬʠʛʫʨʘʮʠʦʥʠ ʬʘʿʣ ʧʦʤʦ˂ʫ ʢʦʛʘ ʩʝ ʨʝʢʦʥʬʠʛʫʨʠʰʝ ʩʘʤʘ 

ĂMaxelerñ ʧʣʘʪʬʦʨʤʘ. ʅʘ ʧʨʠʤʝʨʫ Ăgzipñ ʘʧʣʠʢʘʮʠʿʝ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ĂMaxJñ 
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ʧʨʦʛʨʘʤʩʢʦʛ ʿʝʟʠʢʘ ʿʝʜʥʦʿ ʦʩʦʙʠ ʧʦʪʨʝʙʘʥ ʿʝʜʘʥ ʤʝʩʝʮ ʜʘ ʨʘʟʚʠʿʝ ʪʘʢʚʫ ʘʧʣʠʢʘʮʠʿʫ ʠ 

ʧʦʩʪʠʛʥʝ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʘʧʣʠʢʘʮʠʿʘ ʧʠʩʘʥʠʭ ʧʦʤʦ˂ʫ ĂVerilogñ ʠ 

ĂOpenCLñ ʭʘʨʜʚʝʨʩʢʠʭ ʿʝʟʠʢʘ [41]. ĂMaxelerñ ʿʝ ʪʘʢʦʹʝ ʦʙʝʟʙʝʜʠʦ ʠ ʘʣʘʪʝ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʠ 

ʜʝʙʘʛʦʚʘˁʝ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʩʝ ʜʠʟʘʿʥ ʪʝʩʪʠʨʘ ʧʨʝ ʢʦʤʧʘʿʣʠʨʘˁʘ. ʆʚʠʤ ʩʝ ʜʦʙʠʿʘ 

ʤʥʦʛʦ ʙʨʞʝ ʨʘʟʚʦʿʥʦ ʦʢʨʫʞʝˁʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʢʦʨʠʰ˂ʝˁʝʤ ʭʘʨʜʚʝʨʩʢʠ ʦʧʠʩʥʠʭ ʿʝʟʠʢʘ ʢʘʦ 

ʰʪʦ ʩʫ ĂVerilogñ ʠ ĂVHDLñ. 

 

ʉʣʠʢʘ 3.15 ï ɸʨʭʠʪʝʢʪʫʨʘ ĂMPC-Cñ ʩʠʩʪʝʤʘ 

ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ ʿʝ ʥʘ ʰʠʨʦʢʦ ʢʦʨʠʰ˂ʝʥʘ ʘʣʠ ʿʝ 

ʠ ʧʨʝʜʤʝʪ ʤʥʦʛʠʭ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. ʂʦʨʠʰ˂ʝʥʘ ʿʝ ʫ ʛʝʦʣʦʛʠʿʠ ʜʘ ʦʙʝʟʙʝʜʠ ʙʦˀʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʨʝʰʘʚʘˁʫ ʨʘʟʥʠʭ ʧʨʦʙʣʝʤʘ [42]. ĂMaxelerñ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʧʣʘʪʬʦʨʤʘ 

ʧʨʠʤʝˁʝʥʘ ʥʘ ʣʦʢʘʣʠʟʘʮʠʦʥʫ ʤʠʢʨʦʩʢʦʧʠʿʫ ʿʝ ʫʩʧʝʣʘ ʜʘ ʧʦʩʪʠʛʥʝ ʫʙʨʟʘˁʝ ʦʜ 200 ʧʫʪʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ĂIntel i5 450ñ ʧʨʦʮʝʩʦʨʦʤ ʠ ʫʙʨʟʘˁʝ ʦʜ 5 ʧʫʪʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ĂNvidia Tesla 

C1060ñ ʢʘʨʪʠʮʦʤ ʧʨʠʣʠʢʦʤ ʨʝʰʘʚʘˁʘ ʝʣʝʢʪʨʦʥʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ [43]. ɱʝʜʥʦ ʠʩʪʨʘʞʠʚʘˁʝ 

[44] ʩʝ ʙʘʚʠʣʦ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʧʨʠʣʠʢʦʤ ʨʝʰʘʚʘˁʘ ʛʣʦʙʘʣʥʝ ʧʦʚʨʰʥʝ ʚʦʜʝʥʝ ʿʝʜʥʘʯʠʥʝ 

ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʿʝʜʥʘʯʠʥʘ ʟʘ ʦʧʠʩʠʚʘˁʝ ʘʪʤʦʩʬʝʨʩʢʝ ʜʠʥʘʤʠʢʝ. 

ʆʥʠ ʩʫ ʫʩʧʝʣʠ ʜʘ ʧʦʩʪʠʛʥʫ ʫʙʨʟʘˁʝ ʦʜ 20 ʧʫʪʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʪʧʫʥʦ ʦʧʪʠʤʠʟʦʚʘʥʠʤ 

ʜʠʟʘʿʥʦʤ ʢʦʿʠ ʩʝ ʠʟʚʨʰʘʚʘʦ ʥʘ ʨʝʢʫ ʩʘ 2 ʧʨʦʮʝʩʦʨʘ ʩʘ ʧʦ 8 ʿʝʟʛʘʨʘ. ʊʘʢʦʹʝ, ʦʩʪʚʘʨʠʣʠ ʩʫ 
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ʫʙʨʟʘˁʝ ʦʜ 8 ʧʫʪʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʪʧʫʥʦ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʜʠʟʘʿʥʦʤ ʥʘ ĂKeplerñ ʛʨʘʬʠʯʢʠʤ 

ʢʘʨʪʠʮʘʤʘ. ɱʝʜʥʦ ʠʩʪʨʘʞʠʚʘˁʝ [37] ʿʝ ʫʩʧʝʣʦ ʜʘ ʦʩʪʚʘʨʠ ʫʙʨʟʘˁʝ ʄʦʥʪʝ ʂʘʨʣʦ ʤʦʜʝʣʘ ʦʜ 

270 ʧʫʪʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʦʮʝʩʦʨʦʤ ʩʘ ʿʝʜʥʠʤ ʿʝʟʛʨʦʤ. 

 

ʉʣʠʢʘ 3.16 ï ɸʨʭʠʪʝʢʪʫʨʘ ĂMPC-Xñ ʩʠʩʪʝʤʘ 
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4. 
              

 

4. ʉʠʩʪʝʤʠ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʩʣʠʢʘ 

 

ɸʢʚʠʟʠʮʠʿʘ ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʢʨʝʠʨʘˁʝ ʜʠʛʠʪʘʣʥʦ ʝʥʢʦʜʠʨʘʥʝ ʨʝʧʨʝʟʝʥʪʘʮʠʿʝ 

ʚʠʟʫʝʣʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʢʦʛ ʦʙʿʝʢʪʘ. ʂʘʜʘ ʩʝ ʢʘʞʝ ʘʢʚʠʟʠʮʠʿʘ ʩʣʠʢʝ ʯʝʩʪʦ ʩʝ ʤʠʩʣʠ ʠ 

ʥʘ ʧʨʦʮʝʩʠʨʘˁʝ, ʢʦʤʧʨʝʩʠʿʫ, ʩʢʣʘʜʠʰʪʝˁʝ, ʰʪʘʤʧʘˁʝ ʠ ʧʨʠʢʘʟʠʚʘˁʝ ʩʣʠʢʘ. ɻʣʘʚʥʘ 

ʧʨʝʜʥʦʩʪ ʜʠʛʠʪʘʣʥʠʭ ʩʣʠʢʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʘʥʘʣʦʛʥʠʤ, ʢʘʦ ʰʪʦ ʩʫ ʦʥʝ ʥʘ ʬʦʪʦʘʧʘʨʘʪʠʤʘ ʩʘ 

ʬʠʣʤʦʤ, ʿʝʩʪʝ ʤʦʛʫ˂ʥʦʩʪ ʧʨʘʚˀʝˁʘ ʢʦʧʠʿʘ ʠ ʢʦʧʠʿʘ ʦʜ ʢʦʧʠʿʘ ʠ ʪʘʢʦ ʫ ʙʝʩʢʦʥʘʯʥʦʩʪ ʙʝʟ 

ʛʫʙʠʪʘʢʘ ʫ ʢʚʘʣʠʪʝʪʫ ʩʘʤʝ ʩʣʠʢʝ.  

ʉʣʠʢʝ ʥʘʩʪʘʿʫ ʧʦʜ ʜʝʿʩʪʚʦʤ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʟʨʘʯʝˁʘ ʠ ʫ ʚʠʜˀʠʚʦʤ ʠ ʫ 

ʥʝʚʠʜˀʠʚʦʤ ʩʧʝʢʪʨʫ, ʯʠʿʘ ʧʨʦʤʝʥˀʠʚʘ ʩʣʘʙˀʝˁʘ, ʜʦʢ ʧʨʦʣʘʟʝ ʠʣʠ ʩʝ ʦʜʙʠʿʘʿʫ ʦʜ ʦʙʿʝʢʪʘ, 

ʬʦʨʤʠʨʘʿʫ ʠʥʬʦʨʤʘʮʠʿʫ ʠʟ ʢʦʿʝ ʩʝ ʤʦʞʝ ʢʦʥʩʪʨʫʠʩʘʪʠ ʩʣʠʢʘ. ɽʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠ ʟʨʘʮʠ 

ʧʫʪʫʿʫ ʧʨʦʩʪʦʨʦʤ ʙʨʟʠʥʦʤ ʩʚʝʪʣʦʩʪʠ ʫ ʬʦʨʤʠ ʩʠʥʫʩʦʠʜʥʠʭ ʪʘʣʘʩʘ ʧʦʟʥʘʪʝ ʪʘʣʘʩʥʝ 

ʜʫʞʠʥʝ. ʅʘ ʩʣʠʮʠ 4.1 ʿʝ ʧʨʠʢʘʟʘʥ ʩʧʝʢʪʘʨ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʟʨʘʯʝˁʘ. 

ɻʘʤʘ ʟʨʘʮʠ ʩʘ ʪʘʣʘʩʥʦʤ ʜʫʞʠʥʦʤ ʤʘˁʦʤ ʦʜ 0.1 nm ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʨʘʯʝˁʘ ʩʘ 

ʥʘʿʤʘˁʦʤ ʪʘʣʘʩʥʦʤ ʜʫʞʠʥʦʤ ʫ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʤ ʩʧʝʢʪʨʫ. ʆʥʘ ʩʫ ʦʜ ʟʥʘʯʘʿʘ ʟʘ 

ʤʝʜʠʮʠʥʩʢʝ ʠ ʘʩʪʨʦʥʦʤʩʢʝ ʩʣʠʢʝ ʠ ʜʦʚʝʣʘ ʩʫ ʜʦ ʨʘʟʚʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʩʠʩʪʝʤʘ ʟʘ 

ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʢʘʦ ʰʪʦ ʩʫ ĂCTñ, ĂMRIñ, ĂSPECTñ ʠ ĂPETñ. ɿʨʘʯʝˁʘ ʩʘ ʥʘʿʚʝ˂ʦʤ 

ʪʘʣʘʩʥʦʤ ʜʫʞʠʥʦʤ ʩʫ ʨʘʜʠʦ-ʪʘʣʘʩʠ ʯʠʿʘ ʜʫʞʠʥʘ ʜʦʩʝʞʝ ʚʝʣʠʢʠ ʙʨʦʿ ʢʠʣʦʤʝʪʘʨʘ. ʋ 

ʩʨʝʜʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʩʧʝʢʪʨʘ ʩʝ ʥʘʣʘʟʝ ʚʠʜˀʠʚʘ ʟʨʘʯʝˁʘ ʛʜʝ ʟʨʘʯʝˁʘ ʦʜ 400 nm 
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ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʣʘʚʫ ʙʦʿʫ, ʘ ʟʨʘʯʝˁʘ ʜʫʞʠʥʝ 700 nm ʮʨʚʝʥʫ ʙʦʿʫ. ʇʦʧʫʣʘʨʥʝ ĂCCDñ ʢʘʤʝʨʝ 

ʨʘʜʝ ʫ ʦʚʦʤ ʩʧʝʢʪʨʫ ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ. ʀʟʤʝʹʫ ʚʠʜˀʠʚʦʛ ʩʧʝʢʪʨʘ ʠ ʤʠʢʨʦʪʘʣʘʩʘ ʥʘʣʘʟʝ ʩʝ 

ʠʥʬʨʘʮʨʚʝʥʘ ʟʨʘʯʝˁʘ. ʂʘʦ ʠ ʢʦʜ ʚʠʜˀʠʚʠʭ ʟʨʘʯʝˁʘ ʠ ʠʥʬʨʘʮʨʚʝʥʘ ʠʤʘʿʫ ʜʝʦ ʩʘ ʢʨʘ˂ʦʤ ʠ 

ʜʝʦ ʩʘ ʚʝ˂ʦʤ ʪʘʣʘʩʥʦʤ ʜʫʞʠʥʦʤ. ɼʝʦ ʠʥʬʨʘʮʨʚʝʥʠʭ ʟʨʘʯʝˁʘ ʩʘ ʚʝ˂ʦʤ ʪʘʣʘʩʥʦʤ ʜʫʞʠʥʦʤ 

ʧʨʠʧʘʜʘʿʫ ʪʝʨʤʠʯʢʦʤ ʨʝʛʠʦʥʫ ʠ ʢʦʨʠʩʪʝ ʩʝ ʫ ʘʧʣʠʢʘʮʠʿʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʥʘ ʧʨʠʤʝʨ ʪʝʨʤʘʣʥʝ 

ʢʘʤʝʨʝ ʠ ʩʣʠʯʥʦ. ʋʣʪʨʘˀʫʙʠʯʘʩʪʦ ʟʨʘʯʝˁʝ ʠʤʘ ʤʘˁʫ ʪʘʣʘʩʥʫ ʜʫʞʠʥʫ ʦʜ ʚʠʜˀʠʚʦʛ 

ʟʨʘʯʝˁʘ. ʉʣʠʯʥʦ ʢʘʦ ʢʦʜ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ ʠ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʫ 

ʪʨʠ ʨʝʛʠʦʥʘ: ʙʣʠʩʢʦ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦ (ʫ ʙʣʠʟʠʥʠ 300 nm), ʜʘʣʝʢʦ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦ (ʦʢʦ 30 

nm) ʠ ʝʢʩʪʨʝʤʥʦ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦ (ʦʢʦ 3 nm). ɹʣʠʩʢʦ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦ ʟʨʘʯʝˁʝ ʿʝ ʥʘʿʙʣʠʞʝ 

ʚʠʜˀʠʚʦʤ ʜʝʣʫ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʟʨʘʯʝˁʘ. ʅʘʩʫʧʨʦʪ ˁʝʤʫ, ʝʢʩʪʨʝʤʥʦ 

ʫʣʪʨʘˀʫʙʠʯʘʩʪʦ ʟʨʘʯʝˁʝ ʿʝ ʥʘʿʜʘˀʝ ʚʠʜˀʠʚʦʤ ʜʝʣʫ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʟʨʘʯʝˁʘ ʠ 

ʥʘʿʙʣʠʞʝ Ăʍñ ʟʨʘʮʠʤʘ, ʜʦʢ ʜʘʣʝʢʦ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦ ʟʨʘʯʝˁʝ ʣʝʞʠ ʠʟʤʝʹʫ ʙʣʠʩʢʦʛ ʠ 

ʝʢʩʪʨʝʤʥʦʛ  ʠ ʦʥʦ ʿʝ ʥʘʿʤʘˁʝ ʠʩʪʨʘʞʝʥʦ ʦʜ ʩʚʘ ʪʨʠ ʨʝʛʠʦʥʘ. 

 

ʉʣʠʢʘ 4.1 ï ʉʧʝʢʪʘʨ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʟʨʘʯʝˁʘ ʠʟʨʘʞʝʥ ʫ Õm 

ʂʘʢʦ ʝʥʝʨʛʠʿʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʪʘʣʘʩʘ ʨʘʩʪʝ, ʪʘʢʦ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʧʘʜʘ. ʅʘ ʪʘʿ 

ʥʘʯʠʥ ʛʘʤʘ ʟʨʘʮʠ, ʢʦʿʠ ʠʤʘʿʫ ʥʘʿʤʘˁʫ ʪʘʣʘʩʥʫ ʜʫʞʠʥʫ ʠʤʘʿʫ ʠ ʥʘʿʚʠʰʝ ʝʥʝʨʛʠʿʝ ʦʜ ʩʚʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʭ ʟʨʘʯʝˁʘ. ʆʚʦ ʦʙʿʘʰˁʘʚʘ ʟʘʰʪʦ ʛʘʤʘ ʟʨʘʮʠ ʤʦʛʫ ʣʘʢʦ ʜʘ ʧʫʪʫʿʫ ʢʨʦʟ 
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ʚʝ˂ʠʥʫ ʦʙʿʝʢʘʪʘ. ʅʘʩʫʧʨʦʪ ʛʘʤʘ ʟʨʘʮʠʤʘ, ʨʘʜʠʦ-ʪʘʣʘʩʠ ʠʤʘʿʫ ʥʘʿʚʝ˂ʫ ʪʘʣʘʩʥʫ ʜʫʞʠʥʫ ʠ 

ʩʘʤʠʤ ʪʠʤ ʠ ʥʘʿʤʘˁʫ ʝʥʝʨʛʠʿʫ. ɿʙʦʛ ʪʦʛʘ ʿʝ ˁʠʭʦʚʘ ʧʨʦʜʦʨʥʘ ʤʦ˂ ʥʘʿʤʘˁʝ ʭʠˀʘʜʫ ʧʫʪʘ 

ʤʘˁʘ ʦʜ ʛʘʤʘ ʠ Ăʍñ ʟʨʘʢʘ. ʇʦʨʝʜ ʪʦʛʘ ʛʘʤʘ ʠ Ăʍñ ʟʨʘʮʠ ʧʫʪʫʿʫ ʧʨʘʚʦʣʠʥʠʿʩʢʠ ʠ ʥʘ ˁʠʭʦʚʝ 

ʧʫʪʘˁʝ ʥʝ ʫʪʠʯʫ ʦʙʿʝʢʪʠ ʢʨʦʟ ʢʦʿʝ ʧʨʦʣʘʟʝ. ʆʚʦ ʿʝ ʧʦʟʥʘʪʦ ʢʘʦ ʝʬʝʢʘʪ ʿʘʢʦʛ ʧʦˀʘ. 

ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʨʘʜʠʦ-ʪʘʣʘʩʠ ʥʝ ʧʫʪʫʿʫ ʧʨʘʚʦʣʠʥʠʿʩʢʠ ʠ ˁʠʭʦʚʝ ʧʫʪʘˁʝ ʚʝʦʤʘ ʟʘʚʠʩʝ ʦʜ 

ʤʝʜʠʿʫʤʘ ʢʨʦʟ ʢʦʿʠ ʧʨʦʣʘʟʝ. ʆʚʦ ʿʝ ʧʦʟʥʘʪʦ ʢʘʦ ʝʬʝʢʘʪ ʩʣʘʙʦʛ ʧʦˀʘ. ʀ ʝʬʝʢʘʪ ʿʘʢʦʛ ʠ 

ʩʣʘʙʦʛ ʧʦˀʘ ʠʤʘʿʫ ʜʠʨʝʢʪʘʥ ʫʪʠʮʘʿ ʥʘ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ. ɽʬʝʢʘʪ ʩʣʘʙʦʛ ʧʦˀʘ 

ʫʟʨʦʢʫʿʝ ʤʥʦʛʝ ʥʝʞʝˀʝʥʝ ʘʨʪʠʬʘʢʪʝ ʢʘʦ ʰʪʦ ʿʝ ʟʘʤʫ˂ʝˁʝ ʩʣʠʢʝ. ɿʙʦʛ ʪʦʛʘ ʩʣʠʢʝ 

ʧʨʦʠʟʚʝʜʝʥʝ ʧʦʤʦ˂ʫ ʛʘʤʘ ʟʨʘʢʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʠʤʘʿʫ ʟʥʘʪʥʦ ʙʦˀʠ ʢʚʘʣʠʪʝʪ. 

ɱʦʰ ʿʝʜʘʥ ʚʘʞʘʥ ʘʪʨʠʙʫʪ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʿʝ ʨʝʟʦʣʫʮʠʿʘ ʩʣʠʢʝ. ʋ 

ʪʝʦʨʠʿʠ, ʨʝʟʦʣʫʮʠʿʘ ʩʣʠʢʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʢʘʢʦ ʩʝ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʩʤʘˁʫʿʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ 

ʨʝʟʦʣʫʮʠʿʘ ʩʣʠʢʝ ʜʦʙʠʿʝʥʝ ʧʦʤʦ˂ʫ ʛʘʤʘ ʟʨʘʢʘ ʤʘˁʘ ʦʜ 0.05 nm ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʦʚʦʤ ʪʠʧʫ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʟʨʘʯʝˁʘ ʜʘ ʚʠʜʠ ʝʢʩʪʨʝʤʥʦ ʤʘʣʝ ʦʙʿʝʢʪʝ ʢʘʦ ʰʪʦ ʩʫ ʥʘ ʧʨʠʤʝʨ 

ʤʦʣʝʢʫʣʠ.  ʋ ʩʫʰʪʠʥʠ, ʦʚʠ ʘʪʨʠʙʫʪʠ, ʟʘʿʝʜʥʦ ʩʘ ʬʠʟʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʩʝʥʟʦʨʩʢʠʭ 

ʤʘʪʝʨʠʿʘʣʘ, ʬʦʨʤʠʨʘʿʫ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʝ ʬʘʢʪʦʨʝ ʢʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʘʢʚʠʟʠʮʠʿʠ ʩʣʠʢʘ. 

ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʩʣʠʢʝ ʩʝ ʬʦʨʤʠʨʘʿʫ ʪʘʢʦ ʰʪʦ ʩʚʝʪʣʦʩʪ ʠʟ ʚʠʜˀʠʚʦʛ ʩʧʝʢʪʨʘ 

ʧʘʜʥʝ ʥʘ ʜʝʣʠʤʠʯʥʦ ʨʝʬʣʝʢʪʫʿʫ˂ʫ ʠ ʜʝʣʠʤʠʯʥʦ ʫʧʠʿʘʿʫ˂ʫ ʧʦʚʨʰʠʥʫ ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʨʘʩʫʪʠ 

ʬʦʪʦʥʠ ʩʢʫʧˀʘʿʫ ʫ ʩʦʯʠʚʫ ʢʘʤʝʨʝ ʠ ʢʦʥʚʝʨʪʫʿʫ ʫ ʝʣʝʢʪʨʠʯʥʠ ʩʠʛʥʘʣ  ʧʦʤʦ˂ʫ ʥʘ ʧʨʠʤʝʨ 

ĂCCDñ ʫʨʝʹʘʿʘ. ʋ ʧʨʘʢʩʠ ʦʚʦ ʿʝ ʩʘʤʦ ʿʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʘʢʚʠʟʠʮʠʿʝ ʩʣʠʢʘ. ʇʦʩʪʦʿʝ ʤʥʦʛʝ 

ʪʝʭʥʠʢʝ ʢʘʦ ʰʪʦ ʩʫ ʪʝʨʤʘʣʥʝ, ʫʣʪʨʘʩʦʥʠʯʥʝ, Ăʍñ ʟʨʘʮʠ, ʨʘʜʠʦ-ʪʘʣʘʩʠ ʢʦʿʝ ʤʦʛʫ ʜʘ 

ʛʝʥʝʨʠʰʫ ʩʣʠʢʫ. 

 

4.1. ʈʘʯʫʥʘʨʩʢʘ ʚʠʟʠʿʘ 

 

ʆʩʥʦʚʥʘ ʭʘʨʜʚʝʨʩʢʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʦʧʰʪʝʛ ʩʠʩʪʝʤʘ ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʥʘ ʩʣʠʮʠ 4.2. ʉʘʩʪʦʿʠ ʩʝ ʠʟ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʜʘ ʦʩʚʝʪʣʠ ʦʙʿʝʢʘʪ ʢʦʿʠ ʩʝ 

ʩʥʠʤʘ, ʢʘʤʝʨʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʜʘ ʠʟʚʨʰʠ ʘʢʚʠʟʠʮʠʿʫ ʩʘʤʝ ʩʣʠʢʝ ʠ ʰʘˀʝ ʿʝ ʜʘˀʝ ʨʘʯʫʥʘʨʫ 

ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʩʢʣʘʜʠʰʪʝˁʝ ʩʣʠʢʝ ʠ ʩʧʦʩʦʙʥʦʩʪ ʜʠʛʠʪʘʣʥʝ ʦʙʨʘʜʝ ʠ ʧʨʠʢʘʟ ʩʣʠʢʝ ʧʦʤʦ˂ʫ 
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ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʘʧʣʠʢʘʮʠʿʝ. ʈʘʯʫʥʘʨʩʢʘ ʘʧʣʠʢʘʮʠʿʘ ʰʘˀʝ ʜʘˀʝ ʩʣʠʢʫ ʥʘ ʤʦʥʠʪʦʨ ʚʠʩʦʢʝ 

ʨʝʟʦʣʫʮʠʿʝ. 

 

ʉʣʠʢʘ 4.2 ï ʆʩʥʦʚʥʠ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʘ ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ  

ʀ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʩʫ ʩʠʩʪʝʤʠ ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ ʝʢʩʪʨʝʤʥʦ ʪʨʠʚʠʿʘʣʥʠ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ, ʨʘʟʚʦʿ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʦʙʨʘʜʫ ʠ ʚʠʟʫʘʣʠʟʘʮʠʿʫ ʩʣʠʢʝ ʤʦʞʝ ʙʠʪʠ ʧʦʧʨʠʣʠʯʥʦ 

ʢʦʤʧʣʝʢʩʘʥ. ʆʩʦʙʘ ʢʦʿʘ ʨʘʟʚʠʿʘ ʘʧʣʠʢʘʮʠʿʫ ʪʨʝʙʘ ʜʘ ʟʥʘ ʪʘʯʥʦ ʰʪʘ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʘ 

ʪʦʤ ʘʧʣʠʢʘʮʠʿʦʤ ʢʘʢʦ ʙʠ ʦʙʝʟʙʝʜʠʣʘ ʫʩʧʝʰʥʫ ʧʨʠʤʝʥʫ ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ. 

ɺʘʞʥʦʩʪ ʚʠʩʦʢʦ-ʢʚʘʣʠʪʝʪʥʦʛ ʦʩʚʝʪˀʝˁʘ ʫ ʤʥʦʛʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ 

ʿʝ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢʘ. ʋʧʨʢʦʩ ʥʘʧʨʝʪʢʫ ʫ ʭʘʨʜʚʝʨʫ ʠ ʝʣʝʢʪʨʦʥʠʮʠ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʨʘʯʫʥʘʨʩʢʦʿ ʚʠʟʠʿʠ, ʦʩʚʝʪˀʝˁʝ ʪʘʢʦʹʝ ʠʤʘ ʚʝʦʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ. ʀʥʞʝˁʝʨʠ ʠ ʢʦʨʠʩʥʠʮʠ 

ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ ʩʫ ʦʜʘʚʥʦ ʧʨʝʧʦʟʥʘʣʠ ʦʩʚʝʪˀʝˁʝ ʢʘʦ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ. ʄʝʹʫʪʠʤ, ʦʜʘʙʠʨ ʧʨʘʚʠʣʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʦʩʚʝʪˀʝˁʝ ʧʨʝʜʩʪʘʚˀʘ 

ʩʣʦʞʝʥ ʧʨʦʙʣʝʤ ʧʦʰʪʦ ʥʝ ʧʦʩʪʦʿʠ ʧʨʘʚʠʣʥʠʢ ʧʦ ʢʦʤʝ ʙʠ ʩʝ ʠʥʪʝʛʨʠʩʘʣʠ ʦʩʚʝʪˀʝˁʝ ʠ 

ʘʧʣʠʢʘʮʠʿʝ ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʧʦʩʪʦʿʝ ʦʜʨʝʹʝʥʘ ʧʨʘʚʠʣʘ. ʋ ʦʧʰʪʝʤ 

ʩʣʫʯʘʿʫ ʪʨʠ ʦʙʣʘʩʪʠ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʟʥʘʚʘʪʠ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʥʠʚʦ 
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ʦʩʚʝʪˀʝˁʘ. ʊʝ ʦʙʣʘʩʪʠ ʩʫ: ʨʘʟʫʤʝʚʘˁʝ ʫʣʦʛʝ ʦʩʚʝʪˀʝˁʘ ʫ ʩʘʤʦʿ ʘʧʣʠʢʘʮʠʿʠ ʨʘʯʫʥʘʨʩʢʝ 

ʚʠʟʠʿʝ, ʧʦʟʥʘʚʘˁʝ ʧʦʥʘʰʘˁʘ ʦʩʚʝʪˀʝˁʘ ʥʘ ʦʜʨʝʹʝʥʦʿ ʧʦʚʨʰʠʥʠ ʠ ʨʘʟʫʤʝʚʘˁʝ ʜʦʩʪʫʧʥʠʭ 

ʪʝʭʥʠʢʘ ʟʘ ʦʩʚʝʪˀʝˁʝ. ʋ ʚʝ˂ʠʥʠ ʘʧʣʠʢʘʮʠʿʘ ʨʘʯʫʥʘʨʩʢʝ ʚʠʟʠʿʝ, ʘʢʚʠʟʠʮʠʿʘ ʩʣʠʢʘ ʩʝ 

ʩʫʩʨʝ˂ʝ ʩʘ ʨʝʬʣʝʢʪʫʿʫ˂ʦʤ ʩʚʝʪʣʦʰ˂ʫ ʠʘʢʦ ʩʫ ʥʘʜʘʣʝʢʦ ʧʦʟʥʘʪʝ ʪʝʭʥʠʢʝ ʩʘ ʧʦʟʘʜʠʥʩʢʠʤ 

ʦʩʚʝʪˀʝˁʝʤ. ʀʤʘʿʫ˂ʠ ʪʦ ʫ ʚʠʜʫ, ʥʘʿʚʘʞʥʠʿʠ ʘʩʧʝʢʘʪ ʧʨʠʣʠʢʦʤ ʦʩʚʝʪˀʘʚʘˁʘ ʦʙʿʝʢʪʘ 

ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʫʤʝʚʘˁʝ ʰʪʘ ʩʝ ʜʝʰʘʚʘ ʢʘʜʘ ʩʝ ʩʚʝʪʣʦʩʪ ʦʜʙʠʿʝ ʦʜ ʧʦʚʨʰʠʥʝ ʦʙʿʝʢʪʘ, 

ʦʜʥʦʩʥʦ ʢʘʢʦ ʢʦʥʪʨʦʣʠʩʘʪʠ ʨʝʬʣʝʢʩʠʿʫ ʪʘʢʦ ʜʘ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ ʦʩʪʘʥʝ ʥʘ ʚʠʩʦʢʦʤ ʥʠʚʦʫ. 

ʇʦʨʝʜ ʪʦʛʘ, ʛʝʦʤʝʪʨʠʿʘ ʧʦʚʨʰʠʥʝ ʦʙʿʝʢʪʘ ʧʨʝʜʩʪʘʚˀʘ ʪʘʢʦʹʝ ʚʘʞʘʥ ʬʘʢʪʦʨ 

ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʦʩʚʝʪˀʝˁʘ. ʂˀʫʯʥʠ ʬʘʢʪʦʨ ʿʝ ʦʜʨʝʜʠʪʠ ʜʘ ʣʠ ʿʝ ʧʦʚʨʰʠʥʘ ʦʙʿʝʢʪʘ 

ʨʝʬʣʝʢʪʫʿʫ˂ʘ ʠʣʠ ʜʠʬʫʟʥʘ. ʉʚʝʪʣʦʩʪ ʢʦʿʘ ʧʦʛʘʹʘ ʜʠʬʫʟʥʫ ʧʦʚʨʰʠʥʫ ʩʝ ʨʘʩʠʧʘ ʟʙʦʛ 

ʤʥʦʰʪʚʘ ʫʛʣʦʚʘ ʥʘ ʩʘʤʦʿ ʧʦʚʨʰʠʥʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʚʝʪʣʦʩʪ ʢʦʿʘ ʧʦʛʘʹʘ ʛʣʘʪʢʫ 

ʧʦʚʨʰʠʥʫ ʩʝ ʨʝʬʣʝʢʪʫʿʝ ʧʦʜ ʫʛʣʦʤ ʧʦʜ ʢʦʿʠʤ ʜʦʣʘʟʠ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʟʠʮʠʿʘ ʠʟʚʦʨʘ 

ʩʚʝʪʣʦʩʪʠ ʚʝʦʤʘ ʚʘʞʥʘ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʘ ʩʣʠʢʘ ʚʠʩʦʢʦʛ ʢʦʥʪʨʘʩʪʘ. ʇʦʩʪʦʿʝ ʜʚʝ ʥʘʿʯʝʰ˂ʝ 

ʢʦʨʠʰ˂ʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ: ʧʨʩʪʝʥʘʩʪʘ ʠ ʜʠʬʫʟʥʘ. ʆʚʝ ʜʚʝ ʛʝʦʤʝʪʨʠʿʝ ʩʫ 

ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 4.3. 

 

ʉʣʠʢʘ 4.3 ï ʄʦʛʫ˂ʝ ʛʝʦʤʝʪʨʠʿʝ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ: (ɸ) ʧʨʩʪʝʥʘʩʪʘ ʠ (ɹ) ʜʠʬʫʟʥʘ   

ʇʨʩʪʝʥʘʩʪʠ ʠʟʚʦʨ ʩʚʝʪʣʦʩʪʠ ʿʝ ʤʦʞʜʘ ʠ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʦʙʣʠʢ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ. 

ʆʥ ʿʝ ʥʘʤʝˁʝʥ ʟʘ ʘʧʣʠʢʘʮʠʿʝ ʦʧʰʪʝ ʥʘʤʝʥʝ, ʘ ʧʦʩʝʙʥʦ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʦʙʿʝʢʘʪʘ ʛʣʘʪʢʝ 

ʧʦʚʨʰʠʥʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʜʠʬʫʟʥʠ ʠʟʚʦʨ ʩʚʝʪʣʦʩʪʠ ʦʤʦʛʫ˂ʘʚʘ ʛʦʪʦʚʦ 180 ʩʪʝʧʝʥʠ 

ʜʠʬʫʟʥʦʛ ʦʩʚʝʪˀʘʚʘˁʘ ʠ ʦʥ ʩʝ ʢʦʨʠʩʪʠ ʢʦʜ ʟʘʭʪʝʚʥʠʭ ʨʝʬʣʝʢʪʫʿʫ˂ʠʭ ʦʙʿʝʢʘʪʘ. 
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4.2. ʊʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ 

 

ʊʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ ʧʨʝʜʩʪʘʚˀʘ ʫʨʝʹʘʿ ʢʦʿʠ ʬʦʨʤʠʨʘ ʩʣʠʢʫ ʧʦ ʟʦʥʘʤʘ ʟʘʛʨʝʚʘˁʘ 

ʢʦʨʠʩʪʝ˂ʠ ʩʝ ʠʥʬʨʘʮʨʚʝʥʠʤ ʟʨʘʯʝˁʝʤ ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʢʘʦ ʰʪʦ ʢʘʤʝʨʝ ʦʧʰʪʝ ʥʘʤʝʥʝ 

ʬʦʨʤʠʨʘʿʫ ʩʣʠʢʫ ʢʦʨʠʩʪʝ˂ʠ ʚʠʜˀʠʚʫ ʩʚʝʪʣʦʩʪ. ʊʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʨʘʜʝ ʥʘ ʪʘʣʘʩʥʠʤ 

ʜʫʞʠʥʘʤʘ ʜʦ 14 Õm. ʆʥʝ ʩʚʦʿ ʨʘʜ ʟʘʩʥʠʚʘʿʫ ʥʘ ʯʠˁʝʥʠʮʠ ʜʘ ʩʚʠ ʦʙʿʝʢʪʠ ʝʤʠʪʫʿʫ ʦʜʨʝʹʝʥʫ 

ʢʦʣʠʯʠʥʫ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ ʫ ʬʫʥʢʮʠʿʠ ʦʜ ˁʠʭʦʚʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʐʪʦ ʿʝ ʚʝ˂ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʦ ʩʝ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ ʝʤʠʪʫʿʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʨʘʯʫʥʘʨʩʢʝ 

ʚʠʟʠʿʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʥʝ ʟʘʭʪʝʚʘʿʫ ʙʠʣʦ ʢʘʢʘʚ ʠʟʚʦʨ ʩʚʝʪʣʦʩʪʠ. ʆʚʦ ʠʭ ʧʨʘʚʠ 

ʠʟʫʟʝʪʥʦ ʢʦʨʠʩʥʠʤ ʟʘ ʩʧʘʩʠʣʘʯʢʝ ʤʠʩʠʿʝ ʢʦʿʝ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʥʦ˂ʫ ʢʘʜʘ ʥʝʤʘ ʦʩʚʝʪˀʝˁʘ. 

ɻʣʘʚʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʠ ʦʧʪʠʯʢʠʭ ʢʘʤʝʨʘ ʿʝ ʪʘ ʰʪʦ ʩʝ ʟʘ 

ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʩʦʯʠʚʘ ʟʘ ʬʦʢʫʩʠʨʘˁʝ ʥʝ ʤʦʛʫ ʥʘʧʨʘʚʠʪʠ ʦʜ ʩʪʘʢʣʘ ʧʦʰʪʦ ʩʪʘʢʣʦ 

ʙʣʦʢʠʨʘ ʠʥʬʨʘʮʨʚʝʥʦ ʟʨʘʯʝˁʝ ʚʝʣʠʢʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʟʘ ʠʟʨʘʜʫ ʩʦʯʠʚʘ 

ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʢʘʤʝʨʘ ʤʦʨʘʿʫ ʢʦʨʠʩʪʠʪʠ ʩʧʝʮʠʿʘʣʥʠ ʤʘʪʝʨʠʿʘʣʠ ʢʘʦ ʰʪʦ ʩʫ ʛʝʨʤʘʥʠʿʫʤ 

ʠʣʠ ʩʘʬʠʨʥʠ ʢʨʠʩʪʘʣ. ɻʝʨʤʘʥʠʿʫʤʩʢʘ ʩʦʯʠʚʘ ʩʫ ʧʦʧʨʠʣʠʯʥʦ ʢʨʭʢʘ ʪʘʢʦ ʜʘ ʯʝʩʪʦ ʠʤʘʿʫ 

ʨʘʟʥʝ ʧʨʝʩʚʣʘʢʝ ʢʦʿʝ ʠʭ ʰʪʠʪʝ ʦʜ ʩʣʫʯʘʿʥʠʭ ʢʦʥʪʘʢʘʪʘ. ɺʝʣʠʢʘ ʮʝʥʘ ʦʚʠʭ ʩʦʯʠʚʘ ʯʠʥʠ ʠ 

ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʧʦʧʨʠʣʠʯʥʦ ʩʢʫʧʠʤ ʫʨʝʹʘʿʠʤʘ. 

ʉʣʠʢʝ ʜʦʙʠʿʝʥʝ ʧʦʤʦ˂ʫ ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʢʘʤʝʨʘ ʠʤʘʿʫ ʩʢʣʦʥʦʩʪ ʜʘ ʙʫʜʫ 

ʤʦʥʦʭʨʦʤʘʪʩʢʝ ʟʘʪʦ ʰʪʦ ʦʚʝ ʢʘʤʝʨʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʝ ʩʝʥʟʦʨ ʩʣʠʢʝ ʢʦʿʠ ʥʝ ʨʘʟʣʠʢʫʿʝ 

ʨʘʟʣʠʯʠʪʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ. ʉʝʥʟʦʨʠ ʩʣʠʢʝ ʫ ʙʦʿʠ ʟʘʭʪʝʚʘʿʫ 

ʢʦʤʧʣʝʢʩʥʫ ʢʦʥʩʪʨʫʢʮʠʿʫ ʢʘʢʦ ʙʠ ʨʘʟʣʠʢʦʚʘʣʠ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ. ʊʘʢʦʹʝ, ʙʦʿʘ ʠʤʘ ʟʥʘʪʥʦ 

ʤʘˁʠ ʟʥʘʯʘʿ ʠʟʚʘʥ ʚʠʜˀʠʚʦʛ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʟʨʘʯʝˁʘ ʟʘʪʦ ʰʪʦ ʩʝ ʨʘʟʣʠʢʦʚʘˁʝ 

ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ ʥʝ ʤʘʧʠʨʘ ʫʥʠʬʦʨʤʥʦ ʫ ʩʠʩʪʝʤ ʙʦʿʘ ʢʦʿʝ ʢʦʨʠʩʪʠ ʯʦʚʝʢ. 

ʇʦʥʝʢʘʜ ʩʝ ʦʚʝ ʤʦʥʦʭʨʦʤʘʪʩʢʝ ʩʣʠʢʝ ʧʨʠʢʘʟʫʿʫ ʧʦʤʦ˂ʫ ʧʩʝʫʜʦ ʙʦʿʘ ʛʜʝ ʩʝ ʧʨʦʤʝʥʘ 

ʫ ʙʦʿʠ ʢʦʨʠʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʧʨʠʢʘʟʘʣʘ ʧʨʦʤʝʥʘ ʫ ʠʥʪʝʥʟʠʪʝʪʫ ʧʨʠʢʘʟʘ ʧʨʦʤʝʥʝ ʩʠʛʥʘʣʘ. ʆʚʘ 

ʪʝʭʥʠʢʘ ʿʝ ʢʦʨʠʩʥʘ ʠ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ˀʫʜʠ ʠʤʘʿʫ ʚʝ˂ʠ ʜʠʥʘʤʠʯʢʠ ʦʢʚʠʨ ʟʘ ʜʝʪʝʢʮʠʿʫ 

ʠʥʪʝʥʟʠʪʝʪʘ ʥʝʛʦ ʙʦʿʝ. ʆʥʘ ʠʤ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʚʠʜʝ ʬʠʥʝ ʨʘʟʣʠʢʝ ʫ ʠʥʪʝʥʟʠʪʝʪʫ ʢʦʿʝ ʧʦʤʦ˂ʫ 

ʧʨʦʤʝʥʝ ʦʩʚʝʪˀʝʥʦʩʪʠ ʥʠʩʫ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʚʠʜʝ. 
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ʇʨʠʣʠʢʦʤ ʢʦʨʠʰ˂ʝˁʘ ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʢʘʤʝʨʘ ʟʘ ʤʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʿʩʚʝʪʣʠʿʠ 

ʦʜʥʦʩʥʦ ʥʘʿʪʦʧʣʠʿʠ  ʜʝʣʦʚʠ ʩʣʠʢʝ ʩʫ ʦʙʦʿʝʥʠ ʙʝʣʦʤ ʙʦʿʦʤ, ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ 

ʩʫ ʦʙʦʿʝʥʝ ʮʨʚʝʥʦʤ ʠ ʞʫʪʦʤ ʙʦʿʦʤ, ʘ ʥʘʿʭʣʘʜʥʠʿʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫ ʦʙʦʿʝʥʝ ʮʨʥʦʤ ʙʦʿʦʤ. 

ʇʦʨʝʜ ʩʚʘʢʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʩʣʠʢʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʪʦʿʠ ʩʢʘʣʘ ʢʘʦ ʥʘ ʩʣʠʮʠ 4.4 ʢʦʿʘ ˂ʝ ʜʘ 

ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʞʝ ʟʘʚʠʩʥʦʩʪ ʙʦʿʝ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

ʉʣʠʢʘ 4.4 ï ʉʢʘʣʘ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ 

ʈʝʟʦʣʫʮʠʿʘ ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʢʘʤʝʨʘ ʿʝ ʟʥʘʪʥʦ ʤʘˁʘ ʦʜ ʨʝʟʦʣʫʮʠʿʝ ʦʧʪʠʯʢʠʭ ʢʘʤʝʨʘ. 

ɳʠʭʦʚʘ ʨʝʟʦʣʫʮʠʿʘ ʦʙʠʯʥʦ ʠʟʥʦʩʠ 160ʭ120 ʠʣʠ 320ʭ240 ʧʠʢʩʝʣʘ, ʜʦʢ ʧʦʩʪʦʿʝ ʠ ʩʢʫʧˀʠ 

ʤʦʜʝʣʠ ʩʘ ʨʝʟʦʣʫʮʠʿʦʤ ʠ ʜʦ 1280ʭ1024 ʧʠʢʩʝʣʘ.. ʊʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʜʝʣʝ ʫ 

ʜʚʘ ʪʠʧʘ: ʩʘ ʜʝʪʝʢʪʦʨʠʤʘ ʠʥʬʨʘʮʨʚʝʥʝ ʩʣʠʢʝ ʢʦʿʠ ʩʝ ʭʣʘʜʝ ʠ ʢʦʿʠ ʩʝ ʥʝ ʭʣʘʜʝ. 

 

4.2.1. ʀʥʬʨʘʮʨʚʝʥʠ ʜʝʪʝʢʪʦʨʠ ʢʦʿʠ ʩʝ ʭʣʘʜʝ 

 

ʀʥʬʨʘʮʨʚʝʥʠ ʜʝʪʝʢʪʦʨʠ ʢʦʿʠ ʩʝ ʭʣʘʜʝ ʩʝ ʦʙʠʯʥʦ ʥʘʣʘʟʝ ʫ ʚʘʢʫʤʩʢʠ ʟʘʪʚʦʨʝʥʦʿ ʙʦʮʠ 

ʯʠʿʠ ʿʝ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʜʘʪ ʥʘ ʩʣʠʮʠ 4.5. ʉʝʥʟʦʨ ʿʝ ʩʤʝʰʪʝʥ ʜʠʨʝʢʪʥʦ ʥʘ ʭʣʘʜʥʦʿ 
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ʧʦʚʨʰʠʥʠ ʩʘ ʭʣʘʜʥʠʤ ʰʪʠʪʦʤ ʠ ʥʘʩʧʨʘʤ ʧʨʦʧʫʩʥʦʛ ʧʨʦʟʦʨʘ ʠʥʬʨʘʮʨʚʝʥʠʭ ʟʨʘʢʘ. 

ʅʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʠ ʪʝʯʥʠ ʛʘʩ ʟʘ ʭʣʘʹʝˁʝ ʿʝ ʥʠʪʨʦʛʝʥ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʪʝʤʧʝʨʘʪʫʨʫ ʦʜ  

-196
°
C. 

 

ʉʣʠʢʘ 4.5 ï ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʚʘʢʫʤʩʢʠ ʟʘʪʚʦʨʝʥʝ ʙʦʮʝ  

ʍʣʘʹʝˁʝ ʢʦʜ ʦʚʠʭ ʜʝʪʝʢʪʦʨʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʢʘʢʦ ʙʠ ʩʝ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ 

ʤʦʛʣʠ ʧʨʘʚʠʣʥʦ ʢʦʨʠʩʪʠʪʠ. ʊʠʧʠʯʥʘ ʨʘʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʚʠʭ ʜʝʪʝʢʪʦʨʘ ʠʜʝ ʦʜ -269
°
C ʧʘ 

ʩʚʝ ʜʦ ʩʦʙʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʝʭʥʦʣʦʛʠʿʝ ʜʝʪʝʢʪʦʨʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ. ʅʘʿʚʝ˂ʠ 

ʙʨʦʿ ʤʦʜʝʨʥʠʭ ʜʝʪʝʢʪʦʨʘ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ ʩʘ ʭʣʘʹʝˁʝʤ ʨʘʜʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʜ -173
°
C ʜʦ -213

°
C. 

ʋʢʦʣʠʢʦ ʥʝ ʙʠ ʠʤʘʣʠ ʭʣʘʹʝˁʝ ʦʚʠ ʩʝʥʟʦʨʠ ʙʠ ʚʨʘ˂ʘʣʠ ʧʦʛʨʝʰʥʝ ʚʨʝʜʥʦʩʪʠ ʟʙʦʛ 

ʩʦʧʩʪʚʝʥʦʛ ʟʨʘʯʝˁʘ. ɻʣʘʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʦʚʠʭ ʢʘʤʝʨʘ ʿʝʩʪʝ ʰʪʦ ʩʫ ʦʥʝ ʩʢʫʧʝ ʢʘʢʦ ʜʘ ʩʝ 

ʧʨʦʠʟʚʝʜʫ ʪʘʢʦ ʠ ʜʘ ʩʝ ʢʦʨʠʩʪʝ. ʉʘʤʦ ʭʣʘʹʝˁʝ ʦʚʠʭ ʢʘʤʝʨʘ ʿʝ ʠʟʫʟʝʪʥʦ ʝʥʝʨʛʝʪʩʢʠ 

ʟʘʭʪʝʚʥʦ ʘ ʠ ʪʨʦʰʠ ʜʦʩʪʘ ʚʨʝʤʝʥʘ. ʂʘʤʝʨʠ ʤʦʞʝ ʙʠʪʠ ʧʦʪʨʝʙʥʦ ʠ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ ʜʘ ʩʝ 

ʦʭʣʘʜʠ ʠ ʧʦʯʥʝ ʜʘ ʨʘʜʠ. ʀ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʩʫ ʩʠʩʪʝʤʠ ʟʘ ʭʣʘʹʝˁʝ ʩʢʫʧʠ ʠ ʛʘʙʘʨʠʪʥʠ ʦʥʠ 

ʜʘʿʫ ʩʣʠʢʝ ʟʥʘʪʥʦ ʙʦˀʝʛ ʢʚʘʣʠʪʝʪʘ ʦʜ ʩʠʩʪʝʤʘ ʙʝʟ ʭʣʘʹʝˁʘ. 
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4.2.2. ʀʥʬʨʘʮʨʚʝʥʠ ʜʝʪʝʢʪʦʨʠ ʢʦʿʠ ʩʝ ʥʝ ʭʣʘʜʝ 

 

ʀʥʬʨʘʮʨʚʝʥʠ ʜʝʪʝʢʪʦʨʠ ʢʦʿʠ ʩʝ ʥʝ ʭʣʘʜʝ ʢʦʨʠʩʪʝ ʩʝʥʟʦʨ ʢʦʿʠ ʨʘʜʠ ʥʘ ʩʦʙʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʠʣʠ ʩʝʥʟʦʨ ʢʦʿʠ ʿʝ ʩʪʘʙʠʣʠʩʘʥ ʜʘ ʨʘʜʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʩʢʦʿ ʩʦʙʥʦʿ 

ʢʦʨʠʰ˂ʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʥʪʨʦʣʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʄʦʜʝʨʥʠ ʜʝʪʝʢʪʦʨʠ 

ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʠ ʩʝ ʥʝ ʭʣʘʜʝ ʢʦʨʠʩʪʝ ʩʝʥʟʦʨʝ ʢʦʿʠ ʨʘʜʝ ʥʘ ʧʨʠʥʮʠʧʫ ʧʨʦʤʝʥʝ 

ʦʪʧʦʨʥʦʩʪʠ, ʥʘʧʦʥʘ ʠʣʠ ʿʘʯʠʥʝ ʩʪʨʫʿʝ ʢʘʜʘ ʩʫ ʧʦʛʦʹʝʥʠ ʠʥʬʨʘʮʨʚʝʥʠʤ ʟʨʘʯʝˁʝʤ. ʆʚʝ 

ʧʨʦʤʝʥʝ ʩʝ ʟʘʪʠʤ ʤʝʨʝ ʠ ʧʦʨʝʜʝ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ  ʨʘʜʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝʥʟʦʨʘ. 

ʀʥʬʨʘʮʨʚʝʥʠ ʜʝʪʝʢʪʦʨʠ ʢʦʿʠ ʩʝ ʥʝ ʭʣʘʜʝ ʩʝ ʤʦʛʫ ʩʪʘʙʠʣʠʩʘʪʠ ʥʘ ʦʜʨʝʹʝʥʫ ʨʘʜʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʘʢʦ ʙʠ ʩʤʘˁʠʣʠ ʰʫʤ ʩʣʠʢʝ, ʘʣʠ ʩʝ ʦʥʠ ʥʝ ʭʣʘʜʝ ʥʘ ʥʠʩʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝ 

ʟʘʭʪʝʚʘʿʫ ʛʘʙʘʨʠʪʥʝ, ʩʢʫʧʝ ʠ ʝʥʝʨʛʝʪʩʢʠ ʟʘʭʪʝʚʥʝ ʨʘʩʭʣʘʹʠʚʘʯʝ. ʆʚʦ ʯʠʥʠ ʦʚʫ ʚʨʩʪʫ 

ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʢʘʤʝʨʘ ʤʘˁʠʤ ʠ ʿʝʬʪʠʥʠʿʠʤ ʢʘʢʦ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʪʘʢʦ ʠ ʟʘ ʢʦʨʠʰ˂ʝˁʝ. 

ʄʝʹʫʪʠʤ, ˁʠʭʦʚʘ ʨʝʟʦʣʫʮʠʿʘ ʠ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʙʫʜʫ ʥʠʞʝ ʦʜ 

ʠʥʬʨʘʮʨʚʝʥʠʭ ʜʝʪʝʢʪʦʨʘ ʢʦʿʠ ʩʝ ʭʣʘʜʝ. ʆʚʦ ʿʝ ʧʨʝʚʘʩʭʦʜʥʦ ʟʙʦʛ ʨʘʟʣʠʢʝ ʫ ʥʘʯʠʥʠʤʘ 

ˁʠʭʦʚʝ ʧʨʦʠʟʚʦʜˁʝ ʢʦʿʠ ʩʫ ʣʠʤʠʪʠʨʘʥʠ ʩʘ ʪʨʝʥʫʪʥʦ ʜʦʩʪʫʧʥʦʤ ʪʝʭʥʦʣʦʛʠʿʦʤ. ʊʘʢʦʹʝ, 

ʪʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ ʢʦʿʘ ʩʝ ʥʝ ʭʣʘʜʠ ʪʨʝʙʘ ʜʘ ʫʟʤʝ ʫ ʨʘʯʫʥ ʠ ʩʦʧʩʪʚʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʿʫ 

ʧʨʦʠʟʚʦʜʠ ʧʨʠʣʠʢʦʤ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ. 

ɺʝ˂ʠʥʘ ʜʝʪʝʢʪʦʨʘ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʠ ʩʝ ʥʝ ʭʣʘʜʝ ʩʫ ʙʘʟʠʨʘʥʠ ʥʘ 

ʧʠʨʦʝʣʝʢʪʨʠʮʠʤʘ ʠʣʠ ʤʠʢʨʦʙʦʣʦʤʝʪʘʨ ʪʝʭʥʦʣʦʛʠʿʠ. ʇʠʨʦʝʣʝʢʪʨʠʯʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ 

ʩʚʦʿʩʪʚʦ ʤʘʪʝʨʠʿʘʣʘ ʜʘ ʛʝʥʝʨʠʰʝ ʝʣʝʢʪʨʠʯʥʠ ʧʦʪʝʥʮʠʿʘʣ ʢʘʜʘ ʩʝ ʛʨʝʿʝ ʠʣʠ ʭʣʘʜʠ. ʇʨʚʦ ʿʝ 

ʦʪʢʨʠʚʝʥ ʫ ʤʠʥʝʨʘʣʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʢʚʘʨʮ, ʪʫʨʤʘʣʠʥ ʠ ʜʨʫʛʠ ʿʦʥʩʢʠ ʢʨʠʩʪʘʣʠ. ʉʘ ʨʘʟʚʦʿʝʤ 

ʪʝʭʥʦʣʦʛʠʿʝ ʜʦʰʣʦ ʩʝ ʜʦ ʪʦʛʘ ʜʘ ʿʝ ʜʘʥʘʩ ʤʦʛʫ˂ʝ ʧʨʦʠʟʚʝʩʪʠ ʜʝʪʝʢʪʦʨʝ ʠʥʬʨʘʮʨʚʝʥʦʛ 

ʟʨʘʯʝˁʘ ʙʘʟʠʨʘʥʝ ʥʘ ʧʠʨʦʝʣʝʢʪʨʠʮʠʤʘ ʨʝʟʦʣʫʮʠʿʝ ʜʦ 320ʭ240 ʧʠʢʩʝʣʘ.  

ʄʠʢʨʦʙʦʣʦʤʝʪʘʨ ʧʨʝʜʩʪʘʚˀʘ ʤʦʥʦʣʠʪʩʢʠ ʩʝʥʟʦʨ ʢʦʿʠ ʠʤʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʜʝʪʝʢʪʫʿʝ 

ʠʥʬʨʘʮʨʚʝʥʦ ʟʨʘʯʝˁʝ ʢʨʦʟ ʜʠʨʝʢʪʥʦ ʠʣʠ ʠʥʜʠʨʝʢʪʥʦ ʛʨʝʿʘˁʝ ʬʠʣʤʘ ʢʦʿʠ ʠʤʘ ʪʝʨʤʠʯʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ɼʝʪʝʢʪʦʨʠ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ ʙʘʟʠʨʘʥʠ ʥʘ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʤʘ ʠʤʘʿʫ 

ʪʘʢʦʹʝ ʨʝʟʦʣʫʮʠʿʫ ʜʦ 320 ʭ 240 ʧʠʢʩʝʣʘ. 
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4.3. ʋʣʪʨʘʟʚʫʯʥʘ ʘʢʚʠʟʠʮʠʿʘ ʩʣʠʢʘ 

 

ʋʣʪʨʘʟʚʫʢ ʧʨʝʜʩʪʘʚˀʘ ʟʚʫʯʥʠ ʪʘʣʘʩ ʯʠʿʘ ʿʝ ʬʨʝʢʚʝʥʮʠʿʘ ʟʥʘʪʥʦ ʚʝ˂ʘ ʦʜ ʬʨʝʢʚʝʥʮʠʿʝ 

ʟʚʫʢʘ ʢʦʿʫ ˀʫʜʩʢʦ ʫʭʦ ʤʦʞʝ ʜʘ ʯʫʿʝ. ʋʣʪʨʘʟʚʫʢ ʩʝ ʧʦ ʩʚʦʿʠʤ ʬʠʟʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʥʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʥʦʨʤʘʣʥʦʛ ʟʚʫʢʘ ʢʦʿʝ ˀʫʜʩʢʦ ʫʭʦ ʤʦʞʝ ʜʘ ʯʫʿʝ, ʦʩʠʤ ʰʪʦ ʠʤʘ ʟʥʘʪʥʦ ʚʝ˂ʫ 

ʬʨʝʢʚʝʥʮʠʿʫ. ʌʨʝʢʚʝʥʮʠʿʘ ʟʚʫʢʘ ʢʦʿʫ ˀʫʜʩʢʦ ʫʭʦ ʤʦʞʝ ʜʘ ʯʫʿʝ ʟʘʚʠʩʠ ʦʜ ʯʦʚʝʢʘ ʜʦ ʯʦʚʝʢʘ 

ʘʣʠ ʿʝ ʦʙʠʯʥʦ ʦʢʦ 20 KHz. ʋʣʪʨʘʟʚʫʯʥʠ ʫʨʝʹʘʿʠ ʨʘʜʝ ʥʘ ʟʥʘʪʥʦ ʚʠʰʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ ʦʜ 

20 KHz ʠ ˁʠʭʦʚʝ ʬʨʝʢʚʝʥʮʠʿʝ ʤʦʛʫ ʠ˂ʠ ʠ ʜʦ ʥʝʢʦʣʠʢʦ GHz. 

ʋʣʪʨʘʩʦʥʦʛʨʘʬʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʨʠʰ˂ʝˁʝ ʟʚʫʢʘ ʚʠʩʦʢʝ ʬʨʝʢʚʝʥʮʠʿʝ ʟʘ ʘʢʚʠʟʠʮʠʿʫ 

ʩʣʠʢʘ. ʆʚʘ ʤʝʪʦʜʘ ʩʧʘʜʘ ʫ ʛʨʫʧʫ ʥʝʠʥʚʘʟʠʚʥʠʭ ʤʝʪʦʜʘ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʿʝ ʨʝʣʘʪʠʚʥʦ 

ʙʝʟʙʝʜʥʘ ʧʦʩʪʘʣʘ ʿʝ ʚʨʣʦ ʢʦʨʠʩʪʘʥ ʜʠʿʘʛʥʦʩʪʠʯʢʠ ʘʣʘʪ ʫ ʤʝʜʠʮʠʥʠ. ʀʧʘʢ, ˁʝʥ ʦʩʥʦʚʥʠ 

ʥʝʜʦʩʪʘʪʘʢ ʿʝ ʰʪʦ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ ʜʦʩʪʘ ʟʘʚʠʩʠ ʦʜ ʨʘʜʥʠʢʘ ʢʦʿʠ ʚʨʰʠ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʝ. 

ʌʨʝʢʚʝʥʮʠʿʘ ʠ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʟʚʫʢʘ ʩʫ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʿʘʣʥʝ. ʊʦ ʟʥʘʯʠ ʜʘ ʰʪʦ ʿʝ 

ʚʝ˂ʘ ʬʨʝʢʚʝʥʮʠʿʘ ʟʚʫʢʘ, ʪʦ ʿʝ ʤʘˁʘ ˁʝʛʦʚʘ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ. ʆʚʘʿ ʦʜʥʦʩ ʫʪʠʯʝ ʥʘ ʠʟʙʦʨ 

ʬʨʝʢʚʝʥʮʠʿʝ ʫʣʪʨʘʟʚʫʢʘ ʢʘʜʘ ʩʝ ʩʘ ˁʠʤ ʠʩʧʠʪʫʿʝ ʦʜʨʝʹʝʥʠ ʧʘʮʠʿʝʥʪ. ʋʣʪʨʘʟʚʫʢ ʚʠʰʝ 

ʬʨʝʢʚʝʥʮʠʿʝ ʧʨʘʚʠ ʩʣʠʢʝ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ, ʘʣʠ ʟʙʦʛ ʤʘˁʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʫʣʪʨʘʟʚʫʢʫ ʿʝ 

ʦʥʝʤʦʛʫ˂ʝʥʦ ʜʘ ʧʨʦʜʨʝ ʜʫʙˀʝ ʢʨʦʟ ʪʢʠʚʦ. ʂʦʨʠʰ˂ʝˁʝʤ ʥʠʞʠʭ ʬʨʝʢʚʝʥʮʠʿʘ ʫʣʪʨʘʟʚʫʢʘ 

ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʜʫʙˀʝ ʧʨʦʜʠʨʘˁʝ ʢʨʦʟ ʪʢʠʚʦ, ʘʣʠ ʟʙʦʛ ʚʝ˂ʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʜʦʙʠʿʝʥʝ ʩʣʠʢʝ 

ʩʫ ʣʦʰʠʿʝ ʨʝʟʦʣʫʮʠʿʝ. ɺʘʛʘˁʝ ʠʟʤʝʹʫ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ ʩʣʠʢʝ ʠ ʜʫʙˀʝʛ ʧʨʦʜʠʨʘˁʘ 

ʫʣʪʨʘʟʚʫʢʘ ʢʨʦʟ ʪʢʠʚʦ ʫʚʝʢ ʧʨʝʜʩʪʘʚˀʘ ʪʝʞʘʢ ʠʟʙʦʨ ʧʨʠʣʠʢʦʤ ʟʘʜʘʚʘˁʘ ʬʨʝʢʚʝʥʮʠʿʝ 

ʪʨʘʥʩʜʫʢʪʦʨʘ. 

ɹʨʟʠʥʘ ʫʣʪʨʘʟʚʫʢʘ ʿʝ ʥʝʟʘʚʠʩʥʘ ʦʜ ʬʨʝʢʚʝʥʮʠʿʝ. ʄʝʹʫʪʠʤ ʦʥʘ ʩʝ ʤʝˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ 

ʦʜ ʤʝʜʠʿʫʤʘ ʢʨʦʟ ʢʦʿʠ ʫʣʪʨʘʟʚʫʢ ʧʨʦʣʘʟʠ. ʅʘ ʧʨʠʤʝʨ, ʙʨʟʠʥʘ ʟʚʫʢʘ ʢʨʦʟ ʚʘʟʜʫʭ ʠʟʥʦʩʠ 

331 m/s, ʜʦʢ ʢʨʦʟ ʢʦʩʪ ʠʟʥʦʩʠ 4.080 m/s [45]. ʆʚʘ ʟʘʚʠʩʥʦʩʪ ʙʨʟʠʥʝ ʟʚʫʢʘ ʦʜ ʤʝʜʠʿʫʤʘ ʢʨʦʟ 

ʢʦʿʠ ʧʨʦʣʘʟʠ ʪʘʢʦʹʝ ʫʪʠʯʝ ʥʘ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ. 

ɼʚʘ ʦʩʥʦʚʥʘ ʧʨʠʥʮʠʧʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʨʘʟʫʤʝʪʠ ʢʘʢʦ ʙʠ ʩʝ ʩʭʚʘʪʠʣʦ ʢʘʢʦ ʩʝ ʚʨʰʠ 

ʘʢʚʠʟʠʮʠʿʘ ʩʣʠʢʘ ʧʦʤʦ˂ʫ ʫʣʪʨʘʟʚʫʢʘ ʩʫ ʧʠʝʟʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ ʠ ʧʫʣʩ-ʝʭʦ ʧʨʠʥʮʠʧ. 

ʇʠʝʟʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ ʧʨʝʜʩʪʘʚˀʘ ʝʣʝʢʪʨʠʯʥʦ ʧʫˁʝˁʝ ʢʦʿʝ ʩʝ ʘʢʫʤʫʣʠʨʘ ʫ ʥʝʢʠʤ 

ʤʘʪʝʨʠʿʘʣʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʢʨʠʩʪʘʣʠ, ʢʝʨʘʤʠʢʘ ʠ ʩʣʠʯʥʦ ʧʦʜ ʜʝʿʩʪʚʦʤ ʤʝʭʘʥʠʯʢʦʛ ʩʪʨʝʩʘ. 
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ʇʠʝʟʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ ʧʨʝʜʩʪʘʚˀʘ ʨʝʚʝʨʟʠʙʠʣʘʥ ʧʨʦʮʝʩ, ʦʜʥʦʩʥʦ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʠʤʘʿʫ 

ʩʚʦʿʩʪʚʦ ʧʠʝʟʦʝʣʝʢʪʨʠʢʘ ʠʤʘʿʫ ʪʘʢʦʹʝ ʠ ʩʚʦʿʩʪʚʦ ʠʥʚʝʨʟʥʦʛ ʧʠʝʟʦʝʣʝʢʪʨʠʢʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ 

ʧʦʜ ʜʝʿʩʪʚʦʤ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ ʥʘ ʪʝ ʤʘʪʝʨʠʿʘʣʝ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ˁʠʭʦʚʘ ʜʝʬʦʨʤʘʮʠʿʘ, 

ʦʜʥʦʩʥʦ ʚʠʙʨʘʮʠʿʘ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 4.6. 

 

ʉʣʠʢʘ 4.6 ï ʀʥʚʝʨʟʥʠ ʧʠʝʟʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ 

ʇʠʝʟʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ ʦʙʿʘʰˁʘʚʘ ʢʘʢʦ ʩʝ ʫʣʪʨʘʟʚʫʢ ʛʝʥʝʨʠʰʝ  ʧʦʤʦ˂ʫ 

ʢʝʨʘʤʠʯʢʦʛ ʢʨʠʩʪʘʣʘ ʫ ʪʨʘʥʩʜʫʢʪʦʨʫ. ɽʣʝʢʪʨʠʯʥʘ ʩʪʨʫʿʘ ʧʨʦʣʘʟʠ ʢʨʦʟ ʢʘʙʣ ʠ ʜʦʣʘʟʠ ʜʦ 

ʪʨʘʥʩʜʫʢʪʦʨʘ ʛʜʝ ʜʝʣʫʿʝ ʥʘ ʢʨʠʩʪʘʣ ʫʩʣʝʜ ʯʝʛʘ ʩʝ ʢʨʠʩʪʘʣ ʜʝʬʦʨʤʠʰʝ ʠ ʧʦʯʠˁʝ ʜʘ 

ʚʠʙʨʠʨʘ. ʊʝ ʚʠʙʨʘʮʠʿʝ ʧʨʦʠʟʚʦʜʝ ʫʣʪʨʘʟʚʫʯʥʠ ʩʥʦʧ. ʌʨʝʢʚʝʥʮʠʿʘ ʫʣʪʨʘʟʚʫʢʘ ʢʦʿʘ ʩʝ ʪʘʢʦ 

ʧʨʦʠʟʚʝʜʝ ʿʝ ʦʜʨʝʹʝʥʘ ʚʨʩʪʦʤ ʢʨʠʩʪʘʣʘ ʫ ʪʨʘʥʩʜʫʢʪʦʨʫ. 

ʋʣʪʨʘʟʚʫʯʥʠ ʪʘʣʘʩʠ ʩʝ ʧʨʦʠʟʚʦʜʝ ʫ ʧʫʣʩʝʚʠʤʘ ʟʘʪʦ ʰʪʦ ʩʝ ʠʩʪʠ ʢʨʠʩʪʘʣʠ ʢʦʨʠʩʪʝ 

ʜʘ ʛʝʥʝʨʠʰʫ ʠ ʜʘ ʧʨʠʤʝ ʟʚʫʯʥʝ ʪʘʣʘʩʝ ʠ ʦʥʠ ʥʝ ʤʦʛʫ ʜʘ ʨʘʜʝ ʦʙʝ ʦʧʝʨʘʮʠʿʝ ʫ ʠʩʪʦ ʚʨʝʤʝ. ʋ 

ʚʨʝʤʝ ʠʟʤʝʹʫ ʜʚʘ ʧʫʣʩʘ ʫʣʪʨʘʟʚʫʯʥʠ ʩʥʦʧ ʫʣʘʟʠ ʫ ʪʝʣʦ ʧʘʮʠʿʝʥʪʘ ʠ ʦʜʙʠʿʘ ʩʝ ʠʣʠ 

ʨʝʬʣʝʢʪʫʿʝ ʥʘʟʘʜ ʜʦ ʪʨʘʥʩʜʫʢʪʦʨʘ. ʆʚʠ ʨʝʬʣʝʢʪʦʚʘʥʠ ʫʣʪʨʘʟʚʫʯʥʠ ʪʘʣʘʩʠ ʠʣʠ ʝʭʦʠ 

ʠʟʘʟʠʚʘʿʫ ʜʘ ʩʝ ʢʨʠʩʪʘʣ ʫ ʪʨʘʥʩʜʫʢʪʦʨʫ ʜʝʬʦʨʤʠʰʝ ʠ ʧʨʦʠʟʚʝʜʝ ʝʣʝʢʪʨʠʯʥʠ ʩʠʛʥʘʣ ʢʦʿʠ ʩʝ 

ʟʘʪʠʤ ʢʦʥʚʝʨʪʫʿʝ ʫ ʩʣʠʢʫ ʢʦʿʘ ʩʝ ʧʨʠʢʘʟʫʿʝ ʥʘ ʤʦʥʠʪʦʨʫ. ʆʚʦ ʿʝ ʧʦʟʥʘʪʦ ʢʘʦ ʧʫʣʩ-ʝʭʦ 
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ʝʬʝʢʘʪ ʠ ʛʨʘʬʠʯʢʠ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 4.7. ʊʨʘʥʩʜʫʢʪʦʨ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʛʝʥʝʨʠʰʝ 

ʫʣʪʨʘʟʚʫʢ ʩʘʤʦ 1% ʚʨʝʤʝʥʘ, ʘ ʦʩʪʘʪʘʢ ʧʨʦʚʦʜʠ ʫ ʧʨʠʤʘˁʫ ʝʭʦʘ [46]. 

 

ʉʣʠʢʘ 4.7 ï ʇʫʣʩ-ʝʭʦ ʧʨʠʥʮʠʧ 

ʅʘ ʩʣʠʮʠ 4.8 ʿʝ ʧʨʠʢʘʟʘʥ ʦʧʰʪʠ ʙʣʦʢ ʜʠʿʘʛʨʘʤ ʫʣʪʨʘʟʚʫʯʥʦʛ ʫʨʝʹʘʿʘ. ʅʘʿʢʨʠʪʠʯʥʠʿʘ 

ʢʦʤʧʦʥʝʥʪʘ ʦʚʦʛ ʫʨʝʹʘʿʘ ʿʝʩʪʝ ʪʨʘʥʩʜʫʢʪʦʨ.  ʇʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʟʣʠʯʠʪʠʭ ʪʨʘʥʩʜʫʢʪʦʨʘ 

ʢʦʿʠ ʩʫ ʦʧʪʠʤʠʟʦʚʘʥʠ ʟʘ ʨʘʟʣʠʯʠʪʫ ʧʨʠʤʝʥʫ. ʅʘ ʜʠʿʘʛʨʘʤʫ ʤʦʞʝʤʦ ʫʦʯʠʪʠ ʜʚʘ ʛʣʘʚʥʘ 

ʤʦʜʫʣʘ: ʪʨʘʥʩʜʫʢʪʦʨʩʢʠ ʤʦʜʫʣ ʟʘ ʜʘʚʘˁʝ ʧʫʣʩʘ ʠ ʤʦʜʫʣ ʟʘ ʧʨʦʮʝʩʠʨʘˁʝ ʘʥʘʣʦʛʥʦʛ 

ʩʠʛʥʘʣʘ. ʊʨʘʥʩʜʫʢʪʦʨʩʢʠ ʤʦʜʫʣ ʟʘ ʜʘʚʘˁʝ ʧʫʣʩʘ ʿʝ ʜʠʟʘʿʥʠʨʘʥ ʪʘʢʦ ʜʘ ʤʦʞʝ ʜʘ ʦʙʝʟʙʝʜʠ 

ʧʨʝʮʠʟʘʥ ʧʫʣʩ ʚʠʩʦʢʦʛ ʥʘʧʦʥʘ ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʘʥ ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʫʜʠʦ ʩʝʥʟʦʨ. ʋ ʠʩʪʦ ʚʨʝʤʝ 

ʦʥ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʨʦʙʫʩʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʤʦʛʘʦ ʢʦʥʪʨʦʣʠʩʘʪʠ ʧʦʤʦ˂ʫ 

ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ.  

ʄʦʜʫʣ ʟʘ ʧʨʦʮʝʩʠʨʘˁʝ ʘʥʘʣʦʛʥʦʛ ʩʠʛʥʘʣʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʧʦʿʘʯʘʚʘʯʘ ʠ ʘʥʘʣʦʛʥʦ 

ʜʠʛʠʪʘʣʥʦʛ ʢʦʥʚʝʨʪʦʨʘ. ĂLNAñ ʧʦʿʘʯʘʚʘʯ ʠʤʘ ʟʘ ʟʘʜʘʪʘʢ ʜʘ ʧʦʿʘʯʘ ʩʠʛʥʘʣ ʤʘʣʝ ʩʥʘʛʝ ʙʝʟ 

ʟʥʘʯʘʿʥʦʛ ʜʝʛʨʘʜʠʨʘˁʘ ʦʜʥʦʩʘ ʩʠʛʥʘʣ - ʰʫʤ. ʆʚʠ ʧʦʿʘʯʘʚʘʯʠ ʩʫ ʜʠʟʘʿʥʠʨʘʥʠ ʪʘʢʦ ʜʘ 

ʤʠʥʠʤʠʟʫʿʫ ʜʦʜʘʪʘʥ ʰʫʤ. ĂVGAñ ʧʦʿʘʯʘʚʘʯ ʩʣʫʞʠ ʜʘ ʢʦʥʪʨʦʣʠʩʘʥʦ ʧʦʿʘʯʘ ʩʠʛʥʘʣ. 
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ʂʦʥʪʨʦʣʘ ʧʦʿʘʯʘˁʘ ʩʠʛʥʘʣʘ ʩʝ ʚʨʰʠ ʧʦʤʦ˂ʫ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ʧʨʦʤʝʥʦʤ ʢʦʥʪʨʦʣʥʦʛ 

ʥʘʧʦʥʘ ʥʘ ʩʘʤʦʤ ʧʦʿʘʯʘʚʘʯʫ. ʅʘ ʢʨʘʿʫ ʘʥʘʣʦʛʥʦ-ʜʠʛʠʪʘʣʥʠ ʢʦʥʚʝʨʪʦʨ ʠʤʘ ʟʘ ʟʘʜʘʪʘʢ ʜʘ 

ʢʦʥʚʝʨʪʫʿʝ ʘʥʘʣʦʛʥʠ ʩʠʛʥʘʣ ʫ ʜʠʛʠʪʘʣʥʫ ʩʣʠʢʫ ʢʦʿʘ ʩʝ ʧʨʠʢʘʟʫʿʝ ʥʘ ʤʦʥʠʪʦʨʫ.  

 

ʉʣʠʢʘ 4.8 ï ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʫʣʪʨʘʟʚʫʯʥʦʛ ʫʨʝʹʘʿʘ 

ʋʣʪʨʘʟʚʫʯʥʘ ʤʝʪʦʜʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʧʘʪʠ ʦʜ ʪʨʠ ʦʩʥʦʚʥʘ ʥʝʜʦʩʪʘʪʢʘ: ʤʘʣʘ 

ʨʝʟʦʣʫʮʠʿʘ ʩʣʠʢʘ, ʥʠʟʘʢ ʦʜʥʦʩ ʩʠʛʥʘʣ-ʰʫʤ ʠ ʧʦʩʪʦʿʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʥʝʞʝˀʝʥʠʭ 

ʘʨʪʠʬʘʢʪʘ ʥʘ ʩʘʤʦʿ ʩʣʠʮʠ. ʅʠʩʢʘ ʨʝʟʦʣʫʮʠʿʘ ʩʣʠʢʝ ʿʝ ʫʟʨʦʢʦʚʘʥʘ ʪʘʣʘʩʥʦʤ ʜʫʞʠʥʦʤ 

ʦʜʥʦʩʥʦ ʬʨʝʢʚʝʥʮʠʿʦʤ ʫʣʪʨʘʟʚʫʢʘ ʢʦʿʘ ʥʝ ʜʦʟʚʦˀʘʚʘ ʩʣʠʢʝ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ ʫʢʦʣʠʢʦ ʩʝ 

ʞʝʣʠ ʧʨʦʜʨʝʪʠ ʜʫʙˀʝ ʢʨʦʟ ʪʢʠʚʦ. ʅʠʟʘʢ ʦʜʥʦʩ ʩʠʛʥʘʣ-ʰʫʤ ʠ ʧʦʩʪʦʿʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʥʝʞʝˀʝʥʠʭ ʘʨʪʠʬʘʢʪʘ ʥʘ ʩʘʤʦʿ ʩʣʠʮʠ ʩʫ ʫʟʨʦʢʦʚʘʥʠ ʟʙʦʛ ʩʘʤʝ ʧʨʠʨʦʜʝ ʫʣʪʨʘʟʚʫʯʥʠʭ 

ʪʘʣʘʩʘ ʠ ʬʠʟʠʢʝ ʨʝʬʣʝʢʩʠʿʝ. 

 

4.4. ʊʦʤʦʛʨʘʬʩʢʘ ʘʢʚʠʟʠʮʠʿʘ ʩʣʠʢʘ 

 

ʊʦʤʦʛʨʘʬʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʧʦ ʩʣʦʿʝʚʠʤʘ ʢʦʨʠʰ˂ʝˁʝʤ ʥʝʢʝ ʚʨʩʪʝ 

ʪʘʣʘʩʘ ʢʦʿʠ ʧʨʦʜʠʨʝ ʢʨʦʟ ʤʘʪʝʨʠʿʘʣʝ. ʆʚʘʿ ʤʝʪʦʜ ʘʢʚʠʟʠʮʠʿʝ ʩʣʠʢʘ ʿʝ ʢʦʨʠʰ˂ʝʥ ʫ 
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ʨʘʜʠʦʣʦʛʠʿʠ, ʘʨʭʝʦʣʦʛʠʿʠ, ʙʠʦʣʦʛʠʿʠ, ʛʝʦʬʠʟʠʮʠ, ʘʩʪʨʦʬʠʟʠʮʠ, ʙʠʦʤʝʜʠʮʠʥʠ ʠ ʤʥʦʛʠʤ 

ʜʨʫʛʠʤ ʥʘʫʯʥʠʤ ʦʙʣʘʩʪʠʤʘ. ʋʨʝʹʘʿ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʙʠ ʠʟʚʨʰʠʦ ʪʦʤʦʛʨʘʬʩʢʫ 

ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʩʝ ʥʘʟʠʚʘ ʪʦʤʦʛʨʘʬ, ʜʦʢ ʩʝ ʩʣʠʢʘ ʥʘʩʪʘʣʘ ʫʧʦʪʨʝʙʦʤ ʪʦʤʦʛʨʘʬʘ ʥʘʟʠʚʘ 

ʪʦʤʦʛʨʘʤ. 

ʋ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʧʨʦʠʟʚʦʜˁʘ ʩʣʠʢʝ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʤʘʪʝʤʘʪʠʯʢʠʤ 

ʧʨʦʮʝʜʫʨʘʤʘ ʪʦʤʦʛʨʘʬʩʢʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ. ʇʦʩʪʦʿʠ ʤʥʦʰʪʚʦ ʘʣʛʦʨʠʪʘʤʘ ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ. ɺʝ˂ʠʥʘ ʘʣʛʦʨʠʪʘʤʘ ʧʘʜʘ ʫ ʿʝʜʥʫ ʦʜ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ: ʬʠʣʪʨʠʨʘˁʝ 

ʧʦʟʘʜʠʥʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʠʣʠ ʠʪʝʨʘʪʠʚʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ. ʆʚʝ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ ʘʣʛʦʨʠʪʘʤʘ 

ʦʙʠʯʥʦ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʪʘʯʥʦʩʪʠ ʠ ʚʨʝʤʝʥʘ ʫʪʨʦʰʝʥʦʛ ʥʘ ʨʘʯʫʥʘˁʝ. 

ʌʠʣʪʨʠʨʘˁʝ ʧʦʟʘʜʠʥʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʟʘʭʪʝʚʘ ʤʘˁʝ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ ʜʦʢ ʠʪʝʨʘʪʠʚʥʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʜʘʿʝ ʩʣʠʢʝ ʙʦˀʝʛ ʢʚʘʣʠʪʝʪʘ ʩʘ ʤʘˁʝ ʥʝʞʝˀʝʥʠʭ 

ʘʨʪʠʬʘʢʪʘ ʧʦ ʮʝʥʠ ʚʝ˂ʝʛ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ [47]. 

ɸʣʛʦʨʠʪʘʤ ʟʘ ʬʠʣʪʨʠʨʘˁʝ ʧʦʟʘʜʠʥʩʢʝ ʧʨʦʿʝʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʘʥʘʣʠʪʠʯʢʠ 

ʘʣʛʦʨʠʪʘʤ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʣʠʢʘ ʢʦʿʠ ʿʝ ʜʠʟʘʿʥʠʨʘʥ ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʘ ʦʛʨʘʥʠʯʝˁʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʧʦʟʘʜʠʥʩʢʝ ʧʨʦʿʝʢʮʠʿʝ. ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʧʨʠʤʝˁʫʿʝ 

ʢʦʥʚʦʣʫʮʠʦʥʠ ʬʠʣʪʝʨ ʢʘʢʦ ʙʠ ʫʢʣʦʥʠʦ ʟʘʤʫ˂ʝˁʘ. ɼʦ ʩʢʦʨʘ ʿʝ ʦʚʦ ʙʠʦ ʧʨʠʤʘʨʥʠ ʘʣʛʦʨʠʪʘʤ 

ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʣʠʢʘ. ɻʣʘʚʥʠ ʥʝʜʦʩʪʘʮʠ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʩʫ ʰʫʤ ʠ ʧʨʫʛʘʩʪʠ ʘʨʪʠʬʘʢʪʠ. 

ʆʚʠ ʥʝʜʦʩʪʘʮʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʥʘʧʨʝʪʢʦʤ ʨʘʯʫʥʘʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʩʫ ʛʣʘʚʥʠ ʨʘʟʣʦʟʠ 

ʟʘʰʪʦ ʠʪʝʨʘʪʠʚʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʣʠʢʝ ʧʦʣʘʢʦ ʟʘʤʝˁʫʿʫ ʘʣʛʦʨʠʪʤʝ ʟʘ 

ʬʠʣʪʨʠʨʘˁʝ ʧʦʟʘʜʠʥʩʢʝ ʧʨʦʿʝʢʮʠʿʝ. 

ʀʪʝʨʘʪʠʚʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʠʪʝʨʘʪʠʚʥʝ ʘʣʛʦʨʠʪʤʝ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʜʦʙʠʿʝʥʠʭ ʧʨʠʤʝʥʦʤ ʦʜʨʝʹʝʥʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ. ʋ ʥʦʚʠʿʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʥʘʫʯʥʠʮʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ 

ʨʘʯʫʥʘʨʩʪʚʦ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʩʘ ʤʘʩʠʚʥʠʤ ʧʘʨʘʣʝʣʠʟʤʦʤ ʩʧʦʩʦʙʥʦ ʜʘ ʠʟʚʨʰʠ 

ʠʪʝʨʘʪʠʚʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ, ʰʪʦ ʿʝ ʯʠʥʠ ʧʨʘʢʪʠʯʥʦʤ ʟʘ ʢʦʤʝʨʮʠʿʘʣʠʟʘʮʠʿʫ [48]. ʇʦʩʪʦʿʠ 

ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʘʣʛʦʨʠʪʘʤʘ ʙʘʟʠʨʘʥʠʭ ʥʘ ʠʪʝʨʘʪʠʚʥʦʿ ʨʝʢʦʥʩʪʨʫʢʮʠʿʠ, ʘʣʠ ʩʚʘʢʠ ʧʦʯʠˁʝ 

ʩʘ ʥʝʢʦʤ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʠʟʛʣʝʜʘ ʩʣʠʢʝ, ʟʘʪʠʤ ʨʘʯʫʥʘ ʧʨʦʿʝʢʮʠʿʫ ʩʣʠʢʝ, ʧʦʨʝʜʠ ʿʝ ʩʘ 

ʧʦʜʘʮʠʤʘ ʦʨʠʛʠʥʘʣʥʝ ʧʨʦʿʝʢʮʠʿʝ ʠ ʘʞʫʨʠʨʘ ʩʣʠʢʫ ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʠʟʨʘʯʫʥʘʪʝ ʠ 

ʩʪʚʘʨʥʝ ʧʨʦʿʝʢʮʠʿʝ.  
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ʇʦʩʪʦʿʠ ʚʠʰʝ ʪʠʧʦʚʘ ʪʦʤʦʛʨʘʬʠʿʝ ʘ ʥʝʢʠ ʦʜ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʠʭ ʩʫ ʨʘʯʫʥʘʨʩʢʘ 

ʪʦʤʦʛʨʘʬʠʿʘ Ăʍñ ʟʨʘʮʠʤʘ, ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʪʥʘ ʪʦʤʦʛʨʘʬʠʿʘ, ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʿʘ ʙʘʟʠʨʘʥʘ 

ʥʘ ʩʠʥʭʨʦʪʨʦʥʩʢʦʤ ʟʨʘʯʝˁʫ, ʝʣʝʢʪʨʠʯʥʘ ʪʦʤʦʛʨʘʬʠʿʘ, ʧʦʟʠʪʨʦʥʩʢʘ ʝʤʠʩʠʦʥʘ ʪʦʤʦʛʨʘʬʠʿʘ, 

ʿʝʜʥʦʬʦʪʦʥʩʢʘ ʝʤʠʩʠʦʥʘ ʨʘʯʫʥʘʨʩʢʘ ʪʦʤʦʛʨʘʬʠʿʘ. 

 

4.4.1. ʈʘʯʫʥʘʨʩʢʘ ʪʦʤʦʛʨʘʬʠʿʘ Ăʍñ ʟʨʘʮʠʤʘ 

 

ʈʘʯʫʥʘʨʩʢʘ ʪʦʤʦʛʨʘʬʠʿʘ Ăʍñ ʟʨʘʮʠʤʘ ʢʦʨʠʩʪʠ ʢʦʤʙʠʥʘʮʠʿʫ ʨʘʯʫʥʘʨʩʢʝ ʧʨʦʮʝʩʥʝ 

ʤʦ˂ʠ ʠ ʤʝʨʝˁʝ Ăʍñ ʟʨʘʢʘ ʩʥʠʤˀʝʥʠʭ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʫʛʣʦʚʘ ʢʘʢʦ ʙʠ ʧʨʦʠʟʚʝʣʘ ʩʣʠʢʝ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʦʜʨʝʹʝʥʦʛ ʜʝʣʘ ʦʙʿʝʢʪʘ ʢʦʿʠ ʩʝ ʩʢʝʥʠʨʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʘʚʘ 

ʢʦʨʠʩʥʠʮʠʤʘ ʜʘ ʥʝʠʥʚʘʟʠʚʥʦʤ ʤʝʪʦʜʦʤ ʩʘʛʣʝʜʘʿʫ ʫʥʫʪʨʘʰˁʦʩʪ ʦʙʿʝʢʪʘ. ɼʠʛʠʪʘʣʥʘ 

ʛʝʦʤʝʪʨʠʿʩʢʘ ʦʙʨʘʜʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʜʘˀʝ ʛʝʥʝʨʠʩʘʣʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ 

ʤʦʜʝʣʠ ʫʥʫʪʨʘʰˁʦʩʪʠ ʩʢʝʥʠʨʘʥʦʛ ʦʙʿʝʢʪʘ ʥʘʩʪʘʣʠ ʦʜ ʤʥʦʰʪʚʘ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ 

ʩʥʠʤˀʝʥʠʭ ʪʦʢʦʤ ʩʢʝʥʠʨʘˁʘ. 

ʅʘʿʚʝ˂ʫ ʧʨʠʤʝʥʫ ĂCTñ ʩʢʝʥʝʨʠ ʥʘʰʣʠ ʩʫ ʫ ʘʢʚʠʟʠʮʠʿʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. 

ʉʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʢʦʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʦʚʦʤ ʤʝʪʦʜʦʤ ʢʦʨʠʩʪʝ ʩʝ ʫ ʤʥʦʛʠʤ  

ʜʠʿʘʛʥʦʩʪʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʘʚʠʣʥʦ ʦʜʨʝʜʠʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʪʝʨʘʧʠʿʘ ʧʘʮʠʿʝʥʪʫ.  

ʅʘ ʩʣʠʮʠ 4.9 ʿʝ ʧʨʠʢʘʟʘʥʘ ʛʝʦʤʝʪʨʠʿʘ ĂCTñ ʩʢʝʥʝʨʘ. ʆʥ ʩʝ ʜʘʢʣʝ ʩʘʩʪʦʿʠ ʠʟ ʠʟʚʦʨʘ ʠ 

ʜʝʪʝʢʪʦʨʘ Ăʍñ ʟʨʘʢʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʟʘʿʝʜʥʠʯʢʦʿ ʧʦʢʨʝʪʥʦʿ ʢʨʫʞʥʦʿ ʦʩʦʚʠʥʠ ʥʘ 

ʩʫʧʨʦʪʥʠʤ ʩʪʨʘʥʘʤʘ ʠ ʢʨʫʞʝ ʦʢʦ ʧʘʮʠʿʝʥʪʘ. Ăʍñ ʟʨʘʮʠ ʩʘ ʠʟʚʦʨʘ ʧʨʦʣʘʟʝ ʢʨʦʟ ʧʘʮʠʿʝʥʪʘ ʠ 

ʧʘʜʘʿʫ ʥʘ ʜʝʪʝʢʪʦʨ. ɼʝʪʝʢʪʦʨ Ăʍñ ʟʨʘʢʘ ʤʝʨʠ ʿʘʯʠʥʫ ʧʨʠʩʧʝʣʠʭ ʟʨʘʢʘ ʠ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʩʝ 

ʜʦʙʠʿʘ ʩʣʠʢʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʦʙʿʝʢʪʘ ʢʦʿʠ ʩʝ ʩʢʝʥʠʨʘʦ. ʉʣʠʢʘ ʩʝ ʛʝʥʝʨʠʰʝ ʥʘ ʙʘʟʠ 

ʩʣʘʙˀʝˁʘ ʠʥʪʝʥʟʠʪʝʪʘ Ăʍñ ʟʨʘʢʘ ʧʨʠʣʠʢʦʤ ʧʨʦʣʘʩʢʘ ʢʨʦʟ ʦʙʿʝʢʘʪ. ʅʘʠʤʝ, ʩʚʘʢʠ ʤʘʪʝʨʠʿʘʣ 

ʠʤʘ ʨʘʟʣʠʯʠʪʠ ʢʦʝʬʠʮʠʿʝʥʪ ʘʧʩʦʨʧʮʠʿʝ Ăʍñ ʟʨʘʢʘ ʠ ʟʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤ ʧʦʥʘʰʘˁʫ ĂCTñ 

ʩʢʝʥʝʨ ʿʝ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʛʝʥʝʨʠʰʝ ʩʣʠʢʫ. 

ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʿʝʜʥʦʛ ĂCTñ ʩʢʝʥʝʨʘ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 4.10. ʀʟʚʦʨ ʚʠʩʦʢʦʛ 

ʥʘʧʦʥʘ ʧʦʢʨʝ˂ʝ ʩʦʥʜʫ Ăʍñ ʟʨʘʢʘ ʢʦʿʘ ʩʝ ʦʢʨʝ˂ʝ ʧʦ ʦʙʠʤʫ ʧʦʢʨʝʪʥʦʛ ʧʦʩʪʦˀʘ. ʇʘʮʠʿʝʥʪ 

ʣʝʞʠ ʫ ʮʝʥʪʨʫ ʧʦʢʨʝʪʥʦʛ ʧʦʩʪʦˀʘ. ʆʚʦ ʧʦʢʨʝʪʥʦ ʧʦʩʪʦˀʝ ʪʘʢʦʹʝ ʤʦʞʝ ʜʘ ʩʝ ʢʨʝ˂ʝ ʥʘʧʨʝʜ 

ʥʘʟʘʜ ʯʠʤʝ ʩʝ ʤʦʞʝ ʦʤʦʛʫ˂ʠʪʠ ʩʧʠʨʘʣʥʦ ʩʢʝʥʠʨʘˁʝ ʧʘʮʠʿʝʥʪʘ. Ăʍñ ʟʨʘʮʠ ʧʨʦʣʘʟʝ ʢʨʦʟ 
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ʧʘʮʠʿʝʥʪʘ ʠ ʜʝʪʝʢʪʦʨ Ăʍñ ʟʨʘʢʘ ʛʝʥʝʨʠʰʝ ʜʠʛʠʪʘʣʥʫ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʠʥʪʝʥʟʠʪʝʪʫ Ăʍñ 

ʟʨʘʢʘ. ɼʝʪʝʢʪʦʨ ʩʢʝʥʝʨ ʩʢʝʥʠʨʘ ʩʚʝ ʜʝʪʝʢʪʦʨʝ Ăʍñ ʟʨʘʢʘ ʠ ʧʨʠʢʫʧˀʝʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʰʘˀʝ 

ʩʠʩʪʝʤʫ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʧʦʜʘʪʘʢʘ ʠ ʜʘˀʝ ʩʠʩʪʝʤʫ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʣʠʢʝ. ʉʠʩʪʝʤ ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʣʠʢʝ ʜʦʙʠʿʘ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʧʦʣʦʞʘʿʫ ʩʦʥʜʝ Ăʍñ ʟʨʘʢʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʦʢʨʝʪʥʦ ʧʦʩʪʦˀʝ ʠ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʢʦʿʝ ʿʝ ʜʦʙʠʦ ʦʜ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʧʦʜʘʪʘʢ 

ʛʝʥʝʨʠʰʝ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʩʣʠʢʫ ʿʝʜʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʧʘʮʠʿʝʥʪʘ. 

 

ʉʣʠʢʘ 4.9 ï ɻʝʦʤʝʪʨʠʿʘ ĂCTñ ʩʢʝʥʝʨʘ 

ʀʘʢʦ ʩʫ ʩʣʠʢʝ ʢʦʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʧʦʤʦ˂ʫ ĂCTñ ʩʢʝʥʝʨʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʚʝʨʥʘ 

ʧʨʝʟʝʥʪʘʮʠʿʘ ʩʢʝʥʠʨʘʥʦʛ ʦʙʿʝʢʪʘ ʦʥʝ ʪʘʢʦʹʝ ʧʘʪʝ ʦʜ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʥʝʞʝˀʝʥʠʭ 

ʘʨʪʠʬʘʢʪʘ. ʇʨʫʛʘʩʪʠ ʘʨʪʠʬʘʢʪʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʿʘʚˀʘʿʫ ʫ ʦʢʦʣʠʥʠ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʥʘʿʚʠʰʝ 

ʙʣʦʢʠʨʘʿʫ Ăʍñ ʟʨʘʢʝ ʢʘʦ ʰʪʦ ʩʫ ʤʝʪʘʣ ʠʣʠ ʢʦʩʢʘ ʠ ʥʘʿʠʟʨʘʞʝʥʠʿʠ ʩʫ ʧʨʠʣʠʢʦʤ ʩʢʝʥʠʨʘˁʘ 

ʟʘʜˁʝʛ ʜʝʣʘ ʤʦʟʛʘ ʠʣʠ ʫ ʩʣʫʯʘʿʫ ʜʘ ʫ ʥʝʢʠʤ ʜʝʣʦʚʠʤʘ ʪʝʣʘ ʠʤʘ ʤʝʪʘʣʥʠʭ ʠʤʧʣʘʥʪʘʪʘ. ʆʚʠ 

ʘʨʪʠʬʘʢʪʠ ʩʝ ʤʦʛʫ ʩʤʘˁʠʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʥʦʚʠʿʠʭ ʪʝʭʥʠʢʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʣʠʢʝ [49, 

50] ʠʣʠ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʢʘʦ ʰʪʦ ʿʝ ʨʝʜʫʢʮʠʿʘ ʤʝʪʘʣʥʠʭ ʘʨʪʠʬʘʢʪʘ [51]. 

ɼʝʣʠʤʠʯʘʥ ʝʬʝʢʘʪ ʩʢʝʥʠʨʘʥʦʛ ʦʙʿʝʢʪʘ ʿʝ ʿʦʰ ʿʝʜʘʥ ʪʠʧ ʥʝʞʝˀʝʥʠʭ ʘʨʪʠʬʘʢʪʘ. ʆʥ 

ʩʝ ʿʘʚˀʘ ʢʘʦ ʟʘʤʫ˂ʝˁʝ ʠʚʠʮʘ ʩʣʠʢʝ. ɱʘʚˀʘ ʩʝ ʟʘʪʦ ʰʪʦ ʩʢʝʥʝʨ ʥʠʿʝ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ 

ʥʘʧʨʘʚʠ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʤʘʪʝʨʠʿʘʣʘ ʚʝʣʠʢʝ ʛʫʩʪʠʥʝ ʢʘʦ ʰʪʦ ʿʝ ʥʘ ʧʨʠʤʝʨ 

ʢʦʩʢʘ ʠ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʤʘʪʝʨʠʿʘʣʘ ʤʘʣʝ ʛʫʩʪʠʥʝ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʥʘ ʧʨʠʤʝʨ ʭʨʩʢʘʚʠʮʘ. 
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ɸʣʛʦʨʠʪʤʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʦʙʠʯʥʦ ʩʤʘʪʨʘʿʫ ʜʘ ʿʝ ʧʨʠʛʫʰʝˁʝ Ăʍñ ʟʨʘʢʘ ʫʥʫʪʘʨ ʩʚʘʢʦʛ 

ʚʦʢʩʝʣʘ ʭʦʤʦʛʝʥ, ʤʝʹʫʪʠʤ ʦʚʦ ʥʝ ʤʦʨʘ ʙʠʪʠ ʪʘʯʥʦ ʢʦʜ ʦʰʪʨʠʭ ʠʚʠʮʘ. ʆʚʘ ʚʨʩʪʘ ʘʨʪʠʬʘʢʪʘ 

ʩʝ ʜʝʣʠʤʠʯʥʦ ʤʦʞʝ ʠʟʙʝ˂ʠ ʢʦʨʠʩʪʝ˂ʠ ʩʢʝʥʝʨʝ ʢʦʿʠ ʩʥʠʤʘʿʫ ʪʘˁʝ ʧʦʧʨʝʯʥʝ ʧʨʝʩʝʢʝ. 

 

ʉʣʠʢʘ 4.10 ï ɹʣʦʢ ʜʠʿʘʛʨʘʤ ĂCTñ ʩʢʝʥʝʨʘ 

ɸʨʪʠʬʘʢʪʠ ʫ ʦʙʣʠʢʫ ʧʨʩʪʝʥʘ ʩʫ ʤʦʞʜʘ ʠ ʥʘʿʯʝʰ˂ʠ ʦʙʣʠʢ ʘʨʪʠʬʘʢʪʘ ʢʦʜ ĂCTñ 

ʩʢʝʥʝʨʘ. ʂʦʜ ʦʚʠʭ ʘʨʪʠʬʘʢʪʘ ʩʣʠʢʘ ʦʜ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʧʨʩʪʝʥʦʚʘ ʩʝ ʧʦʿʘʚˀʫʿʝ ʫʥʫʪʘʨ ʩʘʤʝ 

ʩʣʠʢʝ. ʆʥʠ ʩʫ ʥʘʿʯʝʰ˂ʝ ʫʟʨʦʢʦʚʘʥʠ ʚʘʨʠʿʘʮʠʿʦʤ ʫ ʦʜʛʦʚʦʨʫ ʠʥʜʠʚʠʜʫʘʣʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʜʝʪʝʢʪʦʨʘ Ăʍñ ʟʨʘʢʘ ʟʙʦʛ ʣʦʰʝ ʢʘʣʠʙʨʘʮʠʿʝ [52].  ɽʬʝʢʘʪ ʧʨʩʪʝʥʘ ʩʝ ʫ 

ʚʝʣʠʢʦʿ ʤʝʨʠ ʤʦʞʝ ʥʝʫʪʨʘʣʠʩʘʪʠ ʥʦʨʤʘʣʠʟʘʮʠʿʦʤ ʠʥʪʝʥʟʠʪʝʪʘ, ʦʜʥʦʩʥʦ ʧʨʠʤʝʥʦʤ 

ʢʦʨʝʢʮʠʿʝ ʨʘʚʥʦʛ ʧʦˀʘ [53]. ʂʦʤʧʘʨʘʪʠʚʥʘ ʝʚʘʣʫʘʮʠʿʘ ʩʤʘˁʝˁʘ ʝʬʝʢʪʘ ʧʨʩʪʝʥʘ  ʿʝ 

ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʉʠʿʙʝʨʩʘ ʠ ʇʦʩʪʥʦʚʘ [54] ʤʦʞʝ ʧʨʘʢʪʠʯʥʦ ʥʝʫʪʨʘʣʠʩʘʪʠ 

ʝʬʝʢʘʪ ʧʨʩʪʝʥʘ. 

ʐʫʤ ʿʝ ʿʦʰ ʿʝʜʘʥ ʚʠʜ ʥʝʞʝˀʝʥʦʛ ʘʨʪʠʬʘʢʪʘ. ʆʥ ʩʝ ʥʘ ʩʣʠʮʠ ʧʦʿʘʚˀʫʿʝ ʫ ʦʙʣʠʢʫ 

ʟʨʥʘ ʠ ʫʟʨʦʢʦʚʘʥ ʿʝ ʥʠʩʢʠʤ ʦʜʥʦʩʦʤ ʩʠʛʥʘʣ-ʰʫʤ. ʐʫʤ ʩʝ ʥʘʿʯʝʰ˂ʝ ʿʘʚˀʘ ʢʘʜʘ ʩʝ ʩʥʠʤʘʿʫ 

ʪʘˁʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʮʠ. ʊʘʢʦʹʝ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʠ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʩʦʥʜʘ Ăʍñ ʟʨʘʢʘ ʥʘʧʘʿʘ 

ʩʘ ʠʟʚʦʨʦʤ ʤʘʣʝ ʩʥʘʛʝ ʢʦʿʠ ʥʠʿʝ ʜʦʚʦˀʥʦ ʿʘʢ ʜʘ ʙʠ ʟʨʘʮʠ ʧʨʦʰʣʠ ʢʨʦʟ ʧʨʚʝ ʩʣʦʿʝʚʝ ʦʙʿʝʢʪʘ 

ʢʦʿʠ ʩʝ ʩʢʝʥʠʨʘ. 

ɱʝʜʘʥ ʚʘʞʘʥ ʧʨʦʙʣʝʤ ʢʦʜ ĂCTñ ʩʢʝʥʝʨʘ ʿʝʩʪʝ ʠ ʢʘʢʦ ʩʤʘˁʠʪʠ ʜʦʟʫ ʟʨʘʯʝˁʘ ʘ ʜʘ ʩʝ 

ʥʝ ʫʪʠʯʝ ʥʘ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ. ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʚʝ˂ʝ ʟʨʘʯʝˁʝ ʜʘʿʝ ʩʣʠʢʝ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ 
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[55], ʜʦʢ ʤʘˁʝ ʜʦʟʝ ʟʨʘʯʝˁʘ ʦʙʠʯʥʦ ʚʦʜʝ ʜʦ ʧʦʚʝ˂ʘˁʘ ʰʫʤʘ ʫ ʩʣʠʢʘʤʘ ʠ ʩʤʘˁʝˁʘ ʦʰʪʨʠʥʝ 

ʩʣʠʢʝ. ʄʝʹʫʪʠʤ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʜʦʟʝ ʟʨʘʯʝˁʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʠ ʰʪʝʪʥʦʩʪ ʫʪʠʮʘʿʘ ĂCTñ ʩʢʝʥʝʨʘ 

ʥʘ ʩʘʤʦʛ ʧʘʮʠʿʝʥʪʘ. ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʤʝʪʦʜʘ ʢʦʿʝ ʫʩʧʝʰʥʦ ʩʤʘˁʫʿʫ ʜʦʟʫ ʟʨʘʯʝˁʘ ʙʝʟ 

ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ [56]. ʂʦʨʠʰ˂ʝˁʝʤ ʥʦʚʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʿʘ 

ʩʝ ʟʥʘʪʥʦ ʤʦʞʝ ʩʤʘˁʠʪʠ ʧʦʪʨʝʙʥʘ ʜʦʟʘ ʟʨʘʯʝˁʘ. ʅʦʚʠ ʠʪʝʨʘʪʠʚʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʦʙʝʟʙʝʹʫʿʫ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʫ ʨʝʟʦʣʫʮʠʿʫ ʙʝʟ ʫʧʦʪʨʝʙʝ ʚʠʩʦʢʝ ʜʦʟʝ ʟʨʘʯʝˁʘ. 

ʊʘʢʦʹʝ, ʦʜ ʠʟʫʟʝʪʥʦʛ ʿʝ ʟʥʘʯʘʿʘ ʟʥʘʪʠ ʢʦʿʠ ʩʝ ʜʝʦ ʪʝʣʘ ʧʦʜʣʝʞʝ ʩʢʝʥʠʨʘˁʫ ʠ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ 

ʦʜʨʝʜʠʪʠ ʧʦʪʨʝʙʥʫ ʜʦʟʫ ʟʨʘʯʝˁʘ, ʧʦʰʪʦ ʨʘʟʣʠʯʠʪʠ ʦʨʛʘʥʠ ʠ ʜʝʣʦʚʠ ʪʝʣʘ ʟʘʭʪʝʚʘʿʫ 

ʨʘʟʣʠʯʠʪʝ ʢʦʣʠʯʠʥʝ ʟʨʘʯʝˁʘ. 

 

4.4.2. ʄʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʪʥʘ ʪʦʤʦʛʨʘʬʠʿʘ 

 

ʄʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʪʥʘ ʪʦʤʦʛʨʘʬʠʿʘ ʿʝ ʪʝʭʥʠʢʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʥʘʿʯʝʰ˂ʝ  

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ ʢʦʿʘ ʩʝ ʜʦʩʪʘ ʢʦʨʠʩʪʠ ʫ ʨʘʜʠʦʣʦʛʠʿʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʩʣʠʢʝ ʘʥʘʪʦʤʠʿʝ 

ʠ ʬʠʟʠʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ ʫʥʫʪʘʨ ʪʝʣʘ ʢʘʢʦ ʟʜʨʘʚʠʭ ʪʘʢʦ ʠ ʙʦʣʝʩʥʠʭ ʦʩʦʙʘ. ĂMRIñ ʩʢʝʥʝʨʠ 

ʢʦʨʠʩʪʝ ʿʘʢʦ ʤʘʛʥʝʪʥʦ ʧʦˀʝ, ʛʨʘʜʠʿʝʥʪ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʠ ʨʘʜʠʦ ʪʘʣʘʩʝ ʢʘʢʦ ʙʠ ʛʝʥʝʨʠʩʘʣʠ 

ʩʣʠʢʫ ʦʨʛʘʥʘ ʫʥʫʪʘʨ ʪʝʣʘ ʠʩʧʠʪʘʥʠʢʘ. ʆʚʘ ʤʝʪʦʜʘ ʥʝ ʢʦʨʠʩʪʠ Ăʍñ ʟʨʘʢʝ ʠ ʢʦʜ ˁʝ ʥʝʤʘ 

ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʫ ʨʘʟʣʠʢʫ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʪʦʜʝ ʨʘʯʫʥʘʨʩʢʝ 

ʪʦʤʦʛʨʘʬʠʿʝ Ăʍñ ʟʨʘʮʠʤʘ.  

ĂMRIñ ʩʢʝʥʝʨʠ ʫ ʤʥʦʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʤʦʛʫ ʙʠʪʠ ʙʦˀʠ ʠʟʙʦʨ ʦʜ ĂCTñ ʩʢʝʥʝʨʘ. ʆʥʠ 

ʩʝ ʥʘ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝ ʫ ʤʝʜʠʮʠʥʩʢʠʤ ʫʩʪʘʥʦʚʘʤʘ ʫ ʩʠʩʪʝʤʠʤʘ ʟʘ ʜʠʿʘʛʥʦʩʪʠʢʫ ʠ 

ʦʜʨʝʹʠʚʘˁʘ ʪʨʝʥʫʪʥʦʛ ʩʪʘˁʘ ʦʜʨʝʹʝʥʝ ʙʦʣʝʩʪʠ ʙʝʟ ʠʟʣʘʛʘˁʘ ʧʘʮʠʿʝʥʘʪʘ ʟʨʘʯʝˁʫ. 

ʄʝʹʫʪʠʤ, ĂMRIñ ʩʢʝʥʠʨʘˁʝ ʤʦʞʝ ʩʘ ʩʦʙʦʤ ʥʦʩʠʪʠ ʠ ʦʜʨʝʹʝʥʝ ʥʝʫʜʦʙʥʦʩʪʠ. ʋ ʧʦʨʝʹʝˁʫ 

ʩʘ ĂCTñ ʩʢʝʥʠʨʘˁʝʤ ĂMRIñ ʩʢʝʥʠʨʘˁʝ ʪʨʘʿʝ ʟʥʘʪʥʦ ʜʫʞʝ ʠ ʟʥʘʪʥʦ ʿʝ ʙʫʯʥʠʿʝ ʠ ʦʜ 

ʠʩʧʠʪʘʥʠʢʘ ʩʝ ʟʘʭʪʝʚʘ ʜʘ ʫʹʫ ʫ ʫʩʢʫ ʟʘʪʚʦʨʝʥʫ ʪʫʙʫ. ʊʘʢʦʹʝ, ˀʫʜʠ ʩʘ ʦʜʨʝʹʝʥʠʤ 

ʤʝʜʠʮʠʥʩʢʠʤ ʠʤʧʣʘʥʪʘʪʠʤʘ ʠʣʠ ʥʝʢʠʤ ʜʨʫʛʠʤ ʫʛʨʘʹʝʥʠʤ ʤʝʪʘʣʠʤʘ ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ 

ʫʢʣʦʥʠʪʠ ʤʦʛʫ ʙʠʪʠ ʦʥʝʤʦʛʫ˂ʝʥʠ ʜʘ ʩʝ ʙʝʟʙʝʜʥʦ ʧʦʜʚʨʛʥʫ ʧʨʦʮʝʜʫʨʠ ĂMRIñ ʩʢʝʥʠʨʘˁʘ. 

ʋ ʦʨʠʛʠʥʘʣʥʦʤ ʥʘʟʠʚʫ ʦʚʘ ʧʨʦʮʝʜʫʨʘ ʩʝ ʟʚʘʣʘ ʥʫʢʣʝʘʨʥʘ ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʪʥʘ 

ʪʦʤʦʛʨʘʬʠʿʘ. ɺʨʝʤʝʥʦʤ ʩʝ ʦʚʘʿ ʘʢʨʦʥʠʤ Ăʥʫʢʣʝʘʨʥʘñ ʠʟʙʘʮʠʦ ʠʟ ʥʘʟʠʚʘ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʝ 
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ʥʝʛʘʪʠʚʥʝ ʘʩʦʮʠʿʘʮʠʿʝ ʥʘ ʪʫ ʨʝʯ [57]. ʆʜʨʝʹʝʥʘ ʘʪʦʤʩʢʘ ʿʝʟʛʨʘ ʩʫ ʩʧʦʩʦʙʥʘ ʜʘ ʘʧʩʦʨʙʫʿʫ ʠ 

ʝʤʠʪʫʿʫ ʨʘʜʠʦ ʬʨʝʢʚʝʥʮʠʿʩʢʫ ʝʥʝʨʛʠʿʫ ʢʘʜʘ ʩʝ ʩʤʝʩʪʝ ʫ ʝʢʩʪʝʨʥʦ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ. ɸʪʦʤʠ 

ʚʦʜʦʥʠʢʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʜʘ ʛʝʥʝʨʠʰʫ ʜʝʪʝʢʪʘʙʠʣʘʥ ʨʘʜʠʦ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʩʠʛʥʘʣ ʢʦʿʠ 

ʩʝ ʧʨʠʤʘ ʧʦʤʦ˂ʫ ʘʥʪʝʥʘ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʘʥʘʪʦʤʠʿʝ ʢʦʿʘ ʩʝ ʠʩʧʠʪʫʿʝ. 

ɸʪʦʤʠ ʚʦʜʦʥʠʢʘ ʩʝ ʫ ʦʙʠʣʥʠʤ ʢʦʣʠʯʠʥʘʤʘ ʥʘʣʘʟʝ ʫ ˀʫʜʩʢʦʤ ʦʨʛʘʥʠʟʤʫ ʘ ʥʘʨʦʯʠʪʦ ʫ ʚʦʜʠ 

ʠ ʤʘʩʪʠʤʘ. ʉʚʘʢʠ ʤʦʣʝʢʫʣ ʚʦʜʝ ʿʝ ʩʘʯʠˁʝʥ ʦʜ ʜʚʘ ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ ʠ ʿʝʜʥʦʛ ʘʪʦʤʘ 

ʢʠʩʝʦʥʠʢʘ. ʉʚʘʢʠ ʘʪʦʤ ʚʦʜʦʥʠʢʘ ʧʦʩʝʜʫʿʝ ʧʦ ʿʝʜʘʥ ʧʨʦʪʦʥ. ʉʚʠ ʝʣʝʤʝʥʪʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ 

ʚʦʜʦʥʠʢ, ʯʠʿʘ ʘʪʦʤʩʢʘ ʿʝʟʛʨʘ ʧʦʩʝʜʫʿʫ ʥʝʧʘʨʘʥ ʙʨʦʿ ʧʨʦʪʦʥʘ ʠʣʠ ʥʝʫʪʨʦʥʘ ʠʤʘʿʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʧʠʥ ʠ ˁʝʤʫ ʧʨʠʜʨʫʞʝʥʠ ʤʘʛʥʝʪʥʠ ʤʦʤʝʥʪ. 

ʂʘʜʘ ʩʝ ʠʩʧʠʪʘʥʠʢ ʥʘʹʝ ʫʥʫʪʘʨ ĂMRIñ ʩʢʝʥʝʨʘ ʦʥ ʩʝ ʥʘʣʘʟʠ ʧʦʜ ʜʝʿʩʪʚʦʤ ʿʘʢʦʛ 

ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ʊʘʜʘ ʩʝ ʩʚʠ ˁʝʛʦʚʠ ʧʨʦʪʦʥʠ ʩʣʘʞʫ ʫ ʩʤʝʨʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ʋ ʠʩʪʦ 

ʚʨʝʤʝ ʧʨʦʪʦʥʠ ʪʘʢʦʹʝ ʨʦʪʠʨʘʿʫ ʫ ʩʤʝʨʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ʊʝʣʦ ʠʩʧʠʪʘʥʠʢʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʧʦʩʪʘʿʝ ʥʘʤʘʛʥʝʪʠʩʘʥʦ. ʇʦʨʝʜ ʜʝʿʩʪʚʘ ʿʘʢʦʛ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʥʘ ʠʩʧʠʪʘʥʠʢʝ ʩʝ ʜʝʣʫʿʝ ʠ 

ʨʘʜʠʦ ʪʘʣʘʩʠʤʘ ʢʦʿʠ ʜʝʣʫʿʫ ʥʘ ʧʨʦʪʦʥʝ ʪʘʢʦ ʜʘ ʩʝ ʦʥʠ ʦʜʤʘʢʥʫ ʦʜ ʛʣʘʚʥʝ ʨʘʚʥʠ ʠ ʟʘʧʦʯʥʫ 

ʨʦʪʘʮʠʿʫ ʦʢʦ ʨʘʚʥʠ. ʂʘʢʦ ʙʠ ʩʝ ʦʚʘ ʨʦʪʘʮʠʿʘ ʜʦʛʦʜʠʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʬʨʝʢʚʝʥʮʠʿʘ ʨʘʜʠʦ 

ʪʘʣʘʩʘ ʢʦʿʠʤʘ ʩʝ ʜʝʣʫʿʝ ʥʘ ʧʨʦʪʦʥʝ ʙʫʜʝ ʿʝʜʥʘʢʘ ʬʨʝʢʚʝʥʮʠʿʠ ʧʨʦʪʦʥʘ ʰʪʦ ʿʝ ʧʦʟʥʘʪʦ ʢʘʦ 

ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʮʘ, ʧʦ ʯʝʤʫ ʿʝ ĂMRIñ ʤʝʪʦʜʘ ʠ ʜʦʙʠʣʘ ʥʘʟʠʚ. 

ɱʘʯʠʥʘ ʥʘʤʘʛʥʝʪʠʩʘʥʦʩʪʠ ʪʝʣʘ ʠʩʧʠʪʘʥʠʢʘ ʟʘʚʠʩʠ ʦʜ ʛʫʩʪʠʥʝ ʧʨʦʪʦʥʘ ʫʥʫʪʘʨ ʪʢʠʚʘ. 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʫ ˀʫʜʩʢʦʤ ʪʝʣʫ ʧʦʩʪʦʿʠ ʜʦʩʪʘ ʧʨʦʪʦʥʘ ʩʪʚʘʨʘ ʩʝ ʿʘʢʘ ʤʘʛʥʝʪʩʢʘ 

ʠʥʜʫʢʮʠʿʘ. ʆʚʘ ʤʘʛʥʝʪʩʢʘ ʠʥʜʫʢʮʠʿʘ ʩʪʚʘʨʘ ʝʣʝʢʪʨʠʯʥʫ ʩʪʨʫʿʫ ʫ ʥʘʤʦʪʘʿʠʤʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ 

ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʜʝʣʘ ˀʫʜʩʢʦʛ ʪʝʣʘ ʢʦʿʠ ʩʫ ʧʦʜ ʜʝʿʩʪʚʦʤ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. ɱʘʯʠʥʘ 

ʛʝʥʝʨʠʩʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ ʟʘʚʠʩʠ ʦʜ ʛʫʩʪʠʥʝ ʧʨʦʪʦʥʘ ʫ ʪʢʠʚʫ. ʊʢʠʚʘ ʢʦʿʘ ʠʤʘʿʫ ʚʝ˂ʫ 

ʛʫʩʪʠʥʫ ʧʨʦʪʦʥʘ ʜʘ˂ʝ ʝʣʝʢʪʨʠʯʥʫ ʩʪʨʫʿʫ ʚʝ˂ʝʛ ʠʥʪʝʥʟʠʪʝʪʘ ʠ ʦʙʨʥʫʪʦ, ʪʢʠʚʘ ʩʘ ʤʘˁʦʤ 

ʛʫʩʪʠʥʦʤ ʧʨʦʪʦʥʘ ʜʘ˂ʝ ʝʣʝʢʪʨʠʯʥʫ ʩʪʨʫʿʫ ʤʘˁʝʛ ʠʥʪʝʥʟʠʪʝʪʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʥʘʩʪʘʿʝ 

ʢʦʥʪʨʘʩʪʥʘ ʨʝʟʦʣʫʮʠʿʘ, ʦʜʥʦʩʥʦ ʤʦʛʫ˂ʝ ʿʝ ʨʘʟʣʠʢʦʚʘʪʠ ʪʢʠʚʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʿʘʯʠʥʝ 

ˁʠʭʦʚʝ ʥʘʤʘʛʥʝʪʠʩʘʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʿʘʯʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ ʢʦʿʘ ʩʝ 

ʛʝʥʝʨʠʰʝ ʫ ʥʘʤʦʪʘʿʠʤʘ. 

ʅʘ ʩʣʠʮʠ 4.11 ʿʝ ʧʨʠʢʘʟʘʥ ʙʣʦʢ ʜʠʿʘʛʨʘʤ ʫʦʧʰʪʝʥʦʛ ĂMRIñ ʩʢʝʥʝʨʘ. ʆʥ ʩʝ ʩʘʩʪʦʿʠ 

ʠʟ ʩʢʝʥʝʨʘ ʢʦʿʠ ʠʤʘ ʧʨʝʯʥʠʢ ʦʪʚʦʨʘ ʨʝʜʘ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʮʝʥʪʠʤʝʪʘʨʘ. ʉʪʘʪʠʯʢʦ 

ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʩʝ ʛʝʥʝʨʠʰʝ ʧʦʤʦ˂ʫ ʩʫʧʝʨ-ʧʨʦʚʦʜʥʦʛ ʢʘʣʝʤʘ. ʈʘʜʠʦ-ʬʨʝʢʚʝʥʮʠʿʩʢʠ 
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ʥʘʤʦʪʘʿʠ ʩʝ ʢʦʨʠʩʪʝ ʢʘʢʦ ʙʠ ʪʨʘʥʩʤʠʪʦʚʘʣʠ ʨʘʜʠʦ ʪʘʣʘʩʝ ʢʦʿʠ ʧʦʙʫʹʫʿʫ ʦʙʿʝʢʘʪ ʢʦʿʠ ʩʝ 

ʩʢʝʥʠʨʘ. ʈʘʜʠʦ-ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʧʨʠʿʝʤʥʠʢ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʙʠ ʧʨʠʢʫʧʠʦ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʥʘʩʪʘʣʦʿ ʥʘʤʘʛʥʝʪʠʩʘʥʦʩʪʠ ʦʙʿʝʢʪʘ ʢʦʿʠ ʩʝ ʩʢʝʥʠʨʘ. ʇʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʧʦʰʘˀʫ ʥʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʣʠʢʝ ʩʠʛʥʘʣʠ ʩʝ ʪʨʘʥʩʜʫʢʫʿʫ ʠ ʢʦʥʜʠʮʠʦʥʠʨʘʿʫ.  

 

ʉʣʠʢʘ 4.11 ï ɹʣʦʢ ʜʠʿʘʛʨʘʤ ĂMRIñ ʩʢʝʥʝʨʘ 

ʀ ĂMRIñ ʩʢʝʥʝʨʠ ʩʫ ʠʟʣʦʞʝʥʠ ʦʜʨʝʹʝʥʠʤ ʥʝʞʝˀʝʥʠʤ ʘʨʪʠʬʘʢʪʠʤʘ. ʇʨʫʛʘʩʪʠ 

ʘʨʪʠʬʘʢʪʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʿʘʚˀʘʿʫ ʢʘʜʘ ʩʝ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʧʦʨʝʤʝʪʠ ʩʘ ʥʝʢʠʤ ʬʝʨʦʤʘʛʥʝʪʥʠʤ 

ʦʙʿʝʢʪʦʤ. ɼʨʫʛʠ ʘʨʪʠʬʘʢʪʠ ʢʘʦ ʰʪʦ ʩʫ ʥʘ ʧʨʠʤʝʨ ʧʨʩʪʝʥʦʚʠ ʩʝ ʿʘʚˀʘʿʫ ʫʩʣʝʜ 

ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʣʠʢʝ. 

 

4.4.3. ʄʠʢʨʦʪʦʤʦʛʨʘʬʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʩʠʥʭʨʦʪʨʦʥʩʢʦʤ 

ʟʨʘʯʝˁʫ 

 

ʉʠʥʭʨʦʪʨʦʥʩʢʦ ʟʨʘʯʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦ ʟʨʘʯʝˁʝ ʢʦʿʝ ʥʘʩʪʘʿʝ ʢʘʜʘ ʩʝ 

ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ ʫʙʨʟʘʿʫ ʨʘʜʠʿʘʣʥʦ, ʦʜʥʦʩʥʦ ʢʘʜʘ ʩʫ ʦʥʝ ʧʨʝʜʤʝʪ ʫʙʨʟʘˁʘ 
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ʥʦʨʤʘʣʥʦʛ ʥʘ ˁʠʭʦʚʫ ʙʨʟʠʥʫ. ʆʚʦ ʟʨʘʯʝˁʝ ʩʝ ʧʨʦʠʟʚʦʜʠ ʫ ʩʠʥʭʨʦʪʨʦʥʠʤʘ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʨʝʹʘʿʝ ʟʘ ʫʙʨʟʘˁʝ ʯʝʩʪʠʮʘ. ʂʦʜ ʩʠʥʭʨʦʪʨʦʥʘ ʩʝ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ 

ʢʨʝ˂ʫ ʫ ʭʦʤʦʛʝʥʦʤ ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ ʢʨʫʞʥʠʤ ʧʫʪʘˁʘʤʘ ʙʨʟʠʥʘʤʘ ʢʦʿʝ ʩʫ ʢʦʥʩʪʘʥʪʥʝ. 

ɻʫʙʠʮʠ ʝʥʝʨʛʠʿʝ ʢʦʜ ʦʚʠʭ ʯʝʩʪʠʮʘ ʢʦʿʝ ʩʝ ʢʨʝ˂ʫ ʦʛʨʦʤʥʠʤ ʙʨʟʠʥʘʤʘ ʨʝʜʘ ʙʨʟʠʥʝ ʩʚʝʪʣʦʩʪʠ 

ʩʫ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢʠ ʧʦʰʪʦ ʩʫ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʯʝʪʚʨʪʦʤ ʩʪʝʧʝʥʫ ʝʥʝʨʛʠʿʝ ʯʝʩʪʠʮʘ. ʂʘʢʦ ʙʠ 

ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʯʝʩʪʠʮʘ ʫ ʩʠʥʭʨʦʪʨʦʥʫ ʦʩʪʘʣʘ ʢʦʥʩʪʘʥʪʥʘ ʧʦʪʨʝʙʥʦ ʿʝ 

ʥʝʧʨʝʢʠʜʥʦ ʥʘʜʦʢʥʘʹʠʚʘʪʠ ʛʫʙʠʪʢʝ ʝʥʝʨʛʠʿʝ. ʀʟ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʟʘ 

ʠʩʧʨʘʚʘʥ ʨʘʜ ʩʠʥʭʨʦʪʨʦʥʘ ʧʦʪʨʝʙʥʦ ʦʙʝʟʙʝʜʠʪʠ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ. 

ʂʦʥʩʪʨʫʢʮʠʿʦʤ ʩʠʥʭʨʦʪʨʦʥʘ ʪʨʝ˂ʝ ʛʝʥʝʨʘʮʠʿʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʠʟʫʟʝʪʥʠʤ 

ʥʘʧʨʝʪʢʦʤ ʫ ʪʝʭʥʦʣʦʛʠʿʠ ʜʝʪʝʢʪʦʨʘ, ʩʢʣʘʜʠʰʪʝˁʘ ʧʦʜʘʪʘʢʘ ʠ ʨʘʯʫʥʘʨʩʢʠʤ ʤʦʛʫ˂ʥʦʩʪʠʤʘ 

ʜʦʰʣʦ ʩʝ ʜʦ ʧʦʿʘʚʝ ʩʠʥʭʨʦʪʨʦʥʩʢʝ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʿʝ. ʅʝʢʦʣʠʢʦ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʘ ʿʝ ʫʩʧʝʰʥʦ ʧʫʰʪʝʥʦ ʫ ʢʦʤʝʨʮʠʿʘʣʥʫ ʧʨʦʠʟʚʦʜˁʫ ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ 

ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ, ʘʣʠ ʥʘʿʙʦˀʝ ʩʣʠʢʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʨʝʟʦʣʫʮʠʿʝ ʠ ʦʜʥʦʩʘ ʩʠʛʥʘʣ-ʰʫʤ ʩʝ 

ʜʦʙʠʿʘʿʫ ʫʧʦʪʨʝʙʦʤ ʩʠʥʭʨʦʪʨʦʥʩʢʦʛ ʟʨʘʯʝˁʘ [58].  

ʋʧʦʪʨʝʙʘ ʩʠʥʭʨʦʪʨʦʥʩʢʦʛ ʟʨʘʯʝˁʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʦʙʠʯʥʠʤ Ăʍñ ʟʨʘʮʠʤʘ ʠʤʘ 

ʥʝʢʦʣʠʢʦ ʧʨʝʜʥʦʩʪʠ ʢʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʿʠ. ʀʟʚʦʨ ʩʠʥʭʨʦʪʨʦʥʩʢʦʛ ʟʨʘʯʝˁʘ 

ʧʨʦʠʟʚʦʜʠ ʤʦʥʦʭʨʦʤʘʪʩʢʠ ʩʥʦʧ ʟʨʘʯʝˁʘ ʚʝ˂ʝʛ ʠʥʪʝʥʟʠʪʝʪʘ ʰʪʦ ʜʦʟʚʦˀʘʚʘ ʘʢʚʠʟʠʮʠʿʫ 

ʩʣʠʢʘ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʩʘ ʚʠʩʦʢʠʤ ʦʜʥʦʩʦʤ ʩʠʛʥʘʣ-ʰʫʤ [59]. ʊʘʢʦʹʝ, ʢʘʦ 

ʧʦʩʣʝʜʠʮʫ ʦʚʦʤʝ ʠʤʘʤʦ ʠ ʟʥʘʪʥʦ ʤʘˁʝ ʚʨʝʤʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ. ɼʨʫʛʘ 

ʚʝʣʠʢʘ ʧʨʝʜʥʦʩʪ ʫʧʦʪʨʝʙʝ ʩʠʥʭʨʦʪʨʦʥʩʢʦʛ ʟʨʘʯʝˁʘ ʿʝʩʪʝ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʿʫ ʫʧʦʪʨʝʙʦʤ ʤʦʥʦʭʨʦʤʘʪʩʢʦʛ ʩʥʦʧʘ ʟʨʘʯʝˁʘ ʟʘ ʦʜʘʙʨʘʥʫ ʝʥʝʨʛʠʿʫ. ʅʘ 

ʩʠʥʭʨʦʪʨʦʥʠʤʘ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʜʝʩʠʚʘ ʠ ʤʦʞʝ ʙʠʪʠ ʦʧʪʠʤʠʟʦʚʘʥʘ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʦʙʿʝʢʘʪ 

ʠʣʠ ʩʝʨʠʿʫ ʦʙʿʝʢʘʪʘ. ʅʘ ʢʨʘʿʫ, ʢʦʜ ʦʚʦʛ ʩʠʩʪʝʤʘ ʘʢʚʠʟʠʮʠʿʝ ʩʣʠʢʝ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ 

ʧʘʨʘʣʝʣʥʫ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ. 

ʄʠʢʨʦʪʦʤʦʛʨʘʬʠ ʢʦʿʠ ʨʘʜʝ ʥʘ ʙʘʟʠ ʩʠʥʭʨʦʪʨʦʥʩʢʦʛ ʟʨʘʯʝˁʘ ʩʝ ʚʝ˂ ʢʦʨʠʩʪʝ ʟʘ 

ʧʨʦʫʯʘʚʘˁʝ ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʝ ʪʨʘʙʝʢʫʣʘ, ˁʝʥʦ ʨʝʤʦʜʝʣʠʨʘˁʝ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʿʫ [60]. ʆʚʘ 

ʪʝʭʥʠʢʘ ʩʝ ʪʘʢʦʹʝ ʢʦʨʠʩʪʠ ʠ ʟʘ ʧʨʦʫʯʘʚʘˁʝ ʧʨʦʧʘʛʘʮʠʿʝ ʜʫʛʘʯʢʠʭ ʣʠʥʝʘʨʥʠʭ ʧʫʢʦʪʠʥʘ ʠʣʠ 

ʤʠʢʨʦ-ʧʫʢʦʪʠʥʘ ʧʨʠʣʠʢʦʤ ʜʝʣʦʚʘˁʘ ʦʜʨʝʹʝʥʦʛ ʤʝʭʘʥʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ [61, 62, 63, 64]. 
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4.4.4. ʄʘʤʦʛʨʘʬʠʿʘ 

 

ʄʘʤʦʛʨʘʬʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʝʠʥʚʘʟʠʥʫ ʤʝʪʦʜʫ ʟʘ ʨʘʥʫ ʜʝʪʝʢʮʠʿʫ ʢʘʥʮʝʨʘ ʜʦʿʢʝ. ʆʥʘ 

ʟʘ ʩʚʦʿ ʨʘʜ ʢʦʨʠʩʪʠ Ăʍñ ʟʨʘʢʝ ʢʘʢʦ ʙʠ ʠʟʚʨʰʠʣʘ ʠʩʧʠʪʠʚʘˁʝ ʩʪʨʫʢʪʫʨʝ ʜʦʿʢʝ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʜʦʟʘ ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ ʟʥʘʪʥʦ ʥʠʞʘ ʦʜ ʦʥʝ ʢʦʜ ʥʘ ʧʨʠʤʝʨ ĂCTñ ʩʢʝʥʝʨʘ. ʄʘʤʦʛʨʘʬʠʿʘ ʩʝ 

ʢʦʨʠʩʪʠ ʢʘʢʦ ʫ ʩʠʩʪʝʤʠʤʘ ʟʘ ʜʠʿʘʛʥʦʩʪʠʢʫ ʪʘʢʦ ʠ ʫ ʩʠʩʪʝʤʠʤʘ ʟʘ ʩʢʨʠʥʠʥʛ.  

 

ʉʣʠʢʘ 4.12 ï ʇʨʠʥʮʠʧ ʨʘʜʘ ʤʘʤʦʛʨʘʤʘ 

ɿʘ ʚʨʝʤʝ ʚʨʰʝˁʘ ʧʨʦʮʝʜʫʨʝ ʤʘʤʦʛʨʘʬʠʿʝ, ʜʦʿʢʘ ʧʘʮʠʿʝʥʪʘ ʿʝ ʧʦʩʪʘʚˀʝʥʘ ʥʘ ʨʘʚʥʦʿ 

ʧʦʚʨʰʠʥʠ ʠ ʢʦʤʧʨʝʩʦʚʘʥʘ ʩʘ ʜʚʝ ʧʘʨʘʣʝʣʥʝ ʧʦʚʨʰʠʥʝ, ʦʜʥʦʩʥʦ ʧʝʜʘʣʝ ʢʘʦ ʰʪʦ ʿʝ ʪʦ 

ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 4.12. ʄʘʰʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ Ăʍñ ʟʨʘʢʘ ʛʝʥʝʨʠʰʝ ʤʘʣʝ ʜʦʟʝ Ăʍñ ʟʨʘʢʘ 

ʢʦʿʝ ʧʨʦʣʘʟʝ ʢʨʦʟ ʜʦʿʢʫ ʜʦ ʜʝʪʝʢʪʦʨʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʥʘ ʩʫʧʨʦʪʥʦʿ ʩʪʨʘʥʠ. ɼʝʪʝʢʪʦʨ ʤʦʞʝ 

ʙʠʪʠ ʠʣʠ ʬʦʪʦʛʨʘʬʩʢʘ ʪʨʘʢʘ ʢʦʿʘ ʩʥʠʤʘ ʩʣʠʢʫ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠ ʬʠʣʤ ʠʣʠ ʝʣʝʢʪʨʦʥʩʢʠ 

ʜʝʪʝʢʪʦʨ ʢʦʿʠ ʧʨʦʩʣʝʹʫʿʝ ʩʠʛʥʘʣ ʨʘʯʫʥʘʨʫ ʫ ʮʠˀʫ ʩʥʠʤʘˁʘ ʜʠʛʠʪʘʣʥʝ ʩʣʠʢʝ. 

ʂʦʤʧʨʝʩʠʿʘ ʜʦʿʢʝ ʿʝ ʧʦʪʨʝʙʥʘ ʢʘʢʦ ʙʠ ʩʝ ʦʥʘ ʜʨʞʘʣʘ ʫ ʤʝʩʪʫ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ 

ʝʣʠʤʠʥʠʩʘʣʘ ʩʣʫʯʘʿʥʝ ʧʦʢʨʝʪʝ ʧʘʮʠʿʝʥʪʘ ʢʦʿʠ ʢʘʦ ʨʝʟʫʣʪʘʪ ʜʘʿʫ ʟʘʤʫ˂ʝʥʫ ʩʣʠʢʫ. ʊʘʢʦʹʝ, 

ʢʦʤʧʨʝʩʠʿʦʤ ʜʦʿʢʝ Ăʍñ ʟʨʘʮʠ ʧʨʝʣʘʟʝ ʤʘˁʫ ʧʫʪʘˁʫ ʧʨʠʣʠʢʦʤ ʜʦʣʘʩʢʘ ʜʦ ʜʝʪʝʢʪʦʨʘ. ʆʚʠʤ 

ʩʝ ʩʤʘˁʫʿʝ ʧʦʪʨʝʙʥʘ ʜʦʟʘ ʟʨʘʯʝˁʘ ʠ ʧʦʙʦˀʰʘʚʘ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ. ʅʘ ʢʨʘʿʫ ʢʦʤʧʨʝʩʠʿʦʤ 
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ʜʦʿʢʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʩʚʘ ʪʢʠʚʘ ʩʥʠʤʝ ʫ ʿʝʜʥʦʿ ʨʘʚʥʠ, ʯʠʤʝ ʦʩʪʘʿʝ ʤʘˁʘ ʰʘʥʩʘ ʜʘ ʩʝ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʘʙʥʦʨʤʘʣʥʦʩʪʠ ʥʝ ʧʨʠʤʝʪʝ. 

ʅʘ ʤʘʤʦʛʨʘʬʩʢʦʿ ʩʣʠʮʠ ʪʢʠʚʘ ʤʘˁʝ ʛʫʩʪʠʥʝ, ʢʘʦ ʰʪʦ ʩʫ ʥʘ ʧʨʠʤʝʨ ʤʘʩʪʠ, ʩʝ 

ʧʨʠʢʘʟʫʿʫ ʜʝʣʠʤʠʯʥʦ ʧʨʦʚʠʜʥʠʤ, ʜʦʢ ʩʝ ʛʫʰ˂ʘ ʪʢʠʚʘ ʢʘʦ ʰʪʦ ʩʫ ʪʫʤʦʨʠ ʧʦʿʘʚˀʫʿʫ ʢʘʦ 

ʿʘʢʘ ʙʝʣʘ ʙʦʿʘ. ʂʦʜ ʩʪʘʥʜʘʨʜʥʝ ʤʘʤʦʛʨʘʬʠʿʝ ʫʟʠʤʘ ʩʝ ʩʥʠʤʘʢ ʜʦʿʢʝ ʦʜʦʟʛʦ ʠ ʩʘ ʩʪʨʘʥʝ, ʘ ʧʦ 

ʧʦʪʨʝʙʠ, ʫʢʦʣʠʢʦ ʪʦ ʟʜʨʘʚʩʪʚʝʥʠ ʨʘʜʥʠʢ ʟʘʭʪʝʚʘ, ʤʦʞʝ ʩʝ ʫʟʝʪʠ ʩʥʠʤʘʢ ʠʟ ʿʦʰ ʥʝʢʠʭ 

ʫʛʣʦʚʘ.  
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5. 
              

 

5. ɸʣʛʦʨʠʪʤʠ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ 

 

ʋʩʣʝʜ ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʝ, ʩʥʠʤˀʝʥʝ ʩʣʠʢʝ ʧʦʩʝʜʫʿʫ ʜʦʩʪʘ 

ʜʝʬʝʢʘʪʘ ʟʙʦʛ ʢʦʿʠʭ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʜʦʜʘʪʥʫ ʦʙʨʘʜʫ ʩʣʠʢʝ. ʆʚʠ ʜʝʬʝʢʪʠ ʩʝ ʫ 

ʦʜʨʝʹʝʥʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʤʦʛʫ ʠʩʧʨʘʚʠʪʠ ʧʨʠʣʘʛʦʹʘʚʘˁʝʤ ʭʘʨʜʚʝʨʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ 

ʘʧʣʠʢʘʮʠʿʠ. ʆʚʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʩʝ ʤʦʛʫ ʦʜʥʦʩʠʪʠ ʥʘ ʧʨʠʤʝʨ ʥʘ ʧʦʚʝ˂ʘʚʘˁʝ ʙʨʦʿʘ 

ʩʥʠʤˀʝʥʠʭ ʩʣʠʢʘ ʟʘ ʠʩʪʫ ʩʮʝʥʫ ʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʠʥʩʪʨʫʤʝʥʘʪʘ ʙʦˀʝʛ ʢʚʘʣʠʪʝʪʘ. 

ʄʝʹʫʪʠʤ, ʨʝʰʝˁʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʠʣʘʛʦʹʘʚʘˁʫ ʭʘʨʜʚʝʨʘ ʯʝʩʪʦ ʟʘʭʪʝʚʘʿʫ ʜʦʩʪʘ ʚʨʝʤʝʥʘ ʠ 

ʠʤʘʿʫ ʚʠʩʦʢʫ ʮʝʥʫ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʞʝˀʥʦ ʜʘ ʩʝ ʢʦʨʝʢʮʠʿʘ ʩʣʠʢʘ ʠʟʚʨʰʘʚʘ ʥʘ ʨʘʯʫʥʘʨʫ 

ʢʦʨʠʰ˂ʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʩʫ ʙʨʟʠ ʠ ʟʥʘʪʥʦ ʤʘˁʝ ʢʦʰʪʘʿʫ. ʆʚʦ 

ʠʩʧʨʘʚˀʘˁʝ ʜʝʬʝʢʘʪʘ ʥʘ ʩʣʠʢʘʤʘ ʩʝ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʥʘʟʠʚʘ ʧʨʝʪʧʨʦʮʝʩʠʨʘˁʝ ʩʣʠʢʝ.  

ʅʘ ʩʣʠʮʠ 5.1 ʿʝ ʧʨʠʢʘʟʘʥ ʫʦʧʰʪʝʥʠ ʙʣʦʢ ʜʠʿʘʛʨʘʤ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʘ. ʉʣʠʢʘ 

ʜʦʙʠʿʝʥʘ ʧʦʤʦ˂ʫ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʝ ʰʘˀʝ ʿʝʜʠʥʠʮʠ ʟʘ ʧʨʝʪʧʨʦʮʝʩʠʨʘˁʝ ʩʣʠʢʘ ʛʜʝ 

ʩʝ ʤʦʞʝ ʚʨʰʠʪʠ ʬʠʣʪʨʠʨʘˁʝ ʩʣʠʢʝ ʫ ʮʠˀʫ ʦʪʢʣʘˁʘˁʘ ʰʫʤʘ, ʧʦʙʦˀʰʘˁʘ ʢʦʥʪʨʘʩʪʘ ʩʣʠʢʝ 

ʠ ʩʣʠʯʥʦ. ʅʘʢʦʥ ʧʨʝʪʧʨʦʮʝʩʠʨʘˁʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʝ ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʠ ʧʨʚʠ ʢʦʨʘʢ ʫ ʘʥʘʣʠʟʠ ʩʣʠʢʘ. 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʧʨʦʮʝʜʫʨʘ ʧʨʠʤʝˁʝʥʠʭ ʫ 

ʘʥʘʣʠʟʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʣʠʢʘ. ʆʥʘ ʿʝ ʪʘʢʦʹʝ ʠ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʟʘʜʘʪʘʢʘ ʫ ʩʘʤʦʤ 

ʧʨʦʮʝʩʫ ʦʙʨʘʜʝ ʩʣʠʢʘ [65]. ʋ ʨʘʯʫʥʘʨʩʢʦʿ ʚʠʟʠʿʠ, ʩʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ 
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ʜʝˀʝˁʘ ʩʣʠʢʝ ʥʘ ʚʠʰʝ ʩʝʛʤʝʥʘʪʘ. ʆʚʘ ʪʝʭʥʠʢʘ, ʦʜʥʦʩʥʦ ʛʨʫʧʘ ʪʝʭʥʠʢʘ, ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʜʝˀʝˁʝ ʩʣʠʢʘ ʫ ʨʝʛʠʦʥʝ ʩʘ ʩʣʠʯʥʠʤ ʘʪʨʠʙʫʪʠʤʘ. ɸʪʨʠʙʫʪʠ ʤʦʛʫ ʙʠʪʠ ʥʘ ʧʨʠʤʝʨ ʥʠʚʦ ʩʠʚʝ 

ʙʦʿʝ, ʙʦʿʝ, ʠʚʠʮʝ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʝʢʩʪʫʨʝ ʠʣʠ ʥʝʢʘ ʩʧʝʢʪʨʘʣʥʘ ʩʚʦʿʩʪʚʘ. ɻʣʘʚʥʠ ʠ ʦʩʥʦʚʥʠ 

ʮʠˀ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʘ ʿʝʩʪʝ ʜʘ ʫʧʨʦʩʪʠ ʧʨʝʟʝʥʪʘʮʠʿʫ ʩʣʠʢʝ ʫ ʥʝʰʪʦ ʰʪʦ ʿʝ ʟʥʘʪʥʦ 

ʨʘʟʫʤˀʠʚʠʿʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʠ ʣʘʢʰʫ ʘʥʘʣʠʟʫ ʩʣʠʢʝ ʫ ʧʨʦʮʝʩʫ ʦʙʨʘʜʝ ʩʣʠʢʘ. 

 

ʉʣʠʢʘ 5.1 ï ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʘ 

ʇʨʦʮʝʩ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʘ ʿʝ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʜʝʣʦʚʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʘʧʣʠʢʘʮʠʿʘ ʩʘ 

ʧʨʠʤʝʥʘʤʘ ʫ ʙʠʦʤʝʜʠʮʠʥʩʢʦʿ ʜʠʿʘʛʥʦʩʪʠʮʠ. ɸʣʛʦʨʠʪʤʠ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ ʩʫ 

ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʜʝʪʝʢʮʠʿʫ ʤʠʢʨʦʢʣʘʩʠʬʠʢʘʮʠʿʘ ʫ ʤʘʤʦʛʨʘʬʩʢʠʤ ʩʣʠʢʘʤʘ [66] ʯʠʿʘ ʿʝ ʛʣʘʚʥʘ 

ʫʧʦʪʨʝʙʘ ʫ ʙʣʘʛʦʚʨʝʤʝʥʦʿ ʜʠʿʘʛʥʦʩʪʠʮʠ ʠ ʪʨʝʪʤʘʥʫ ʣʝʟʠʿʝ. ʂʘʣʝʨʛʠ [67] ʿʝ ʢʨʝʠʨʘʦ 

ʘʫʪʦʤʘʪʠʟʦʚʘʥʠ ʨʘʯʫʥʘʨʩʢʠ ʘʣʘʪ ʟʘ ʜʝʪʝʢʮʠʿʫ ʤʠʢʨʦʢʣʘʩʠʬʠʢʘʮʠʿʘ ʙʘʟʠʨʘʥ ʥʘ 

ʬʠʣʪʨʠʨʘˁʫ ʪʘʣʘʩʠ˂ʠʤʘ ʠ ʫʧʦʪʨʝʙʠ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ. ɿʘ ʝʢʩʪʨʘʢʮʠʿʫ ʨʝʛʠʿʝ 
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ʩʘ ʪʫʤʦʨʦʤ ʠ ʧʦʙʦˀʰʘˁʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʦʧʝʨʘʪʦʨʠ 

ʢʦʿʠ ʜʝʪʝʢʪʫʿʫ ʠʚʠʮʝ [68]. ʋ ʮʠˀʫ ʩʝʛʤʝʥʪʘʮʠʿʝ ʛʫʩʪʠʭ ʦʙʣʘʩʪʠ ʩʣʠʢʘ ʛʨʫʜʠ ʠ ʧʦʩʪʦʿʘˁʘ 

ʤʘʩʝ, ʢʘʦ ʠ ʚʠʟʫʘʣʠʟʘʮʠʿʝ ʦʩʪʘʣʠʭ ʨʝʛʠʦʥʘ ʫ ʛʨʫʜʠʤʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʪʝʭʥʠʢʘ ʩʝʛʤʝʥʪʘʮʠʿʝ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʩʝʯʝˁʫ ʛʨʘʬʦʚʘ [69]. ʊʘʢʦʹʝ, ʿʝʜʥʦ ʠʩʪʨʘʞʠʚʘˁʝ [70] ʿʝ ʧʨʝʜʣʦʞʠʣʦ 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ ʟʘ ʝʢʩʪʨʘʢʮʠʿʫ ʛʨʘʥʠʮʘ ʜʦʿʢʝ ʠʟ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ. 

ɼʝʪʝʢʮʠʿʘ ʤʠʢʨʦʢʣʘʩʠʬʠʢʘʮʠʿʘ ʩʝ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʚʨʰʠ ʩʘ 

ʧʨʝʪʧʨʦʮʝʩʫʠʨʘʥʠʤ ʩʣʠʢʘʤʘ. ʆʣʠʚʝʨ [71] ʿʝ ʬʠʣʪʨʠʨʘʦ ʩʣʠʢʝ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ 

ʬʠʣʪʝʨʘ ʫ ʮʠˀʫ ʢʨʝʠʨʘˁʘ ʚʝʣʠʢʝ ʙʘʟʝ. ʅʦʚʝ ʩʣʠʢʝ ʩʫ ʫʧʦʨʝʹʠʚʘʥʝ ʩʘ ʙʘʟʦʤ ʛʜʝ ʿʝ ʩʚʘʢʠ 

ʧʠʢʩʝʣ ʩʣʠʢʝ ʜʦʿʢʝ ʮʝʥʪʘʨ ʟʘʢʨʧʝ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʩʝ ʜʦʙʠʿʘʿʫ ʩʣʠʢʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʛʜʝ ʚʝ˂ʘ 

ʦʩʚʝʪˀʝʥʦʩʪ ʧʠʢʩʝʣʘ ʦʜʛʦʚʘʨʘ ʚʝ˂ʦʿ ʚʝʨʦʚʘʪʥʦ˂ʠ ʤʠʢʨʦʢʣʘʩʠʬʠʢʘʮʠʿʝ.  

ʌʠʥʘʣʥʠ ʨʝʟʫʣʪʘʪ ʧʨʦʮʝʩʘ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʫʥʠʬʦʨʤʥʠ ʨʝʛʠʦʥ. 

ʂʚʘʣʠʪʝʪ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʝ ʦʮʝˁʫʿʝ ʥʘ ʦʩʥʦʚʫ ʦʜʥʦʩʘ ʫʥʠʬʦʨʤʥʦʩʪʠ ʠ ʭʦʤʦʛʝʥʦʩʪʠ  

ʠʩʧʠʪʠʚʘʥʠʭ ʨʝʛʠʦʥʘ [72]. ʈʝʛʠʦʥʠ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʙʝʟ ʦʢʣʦʧʘ ʘ ʠʚʠʮʝ ʨʝʛʠʦʥʘ ʛʣʘʪʢʝ ʠ 

ʧʨʦʩʪʦʨʥʦ ʪʘʯʥʝ. 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʠʤʘ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢʫ ʠ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʜʠʛʠʪʘʣʥʦʿ 

ʤʘʤʦʛʨʘʬʠʿʠ. ɻʣʘʚʥʠ ʮʠˀʝʚʠ ʥʘʫʯʥʠʢʘ ʠ ʠʩʪʨʘʞʠʚʘʯʘ ʩʫ ʨʘʟʚʠʿʘˁʝ ʩʦʬʠʩʪʠʮʠʨʘʥʦʛ ʘʣʘʪʘ 

ʟʘ ʘʥʘʣʠʟʫ ʩʣʠʢʘ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʘʫʪʦʤʘʪʩʢʠ ʜʘ ʦʪʢʨʠʿʫ ʩʫʤˁʠʚʝ ʨʝʛʠʦʥʝ ʥʘ ʩʣʠʢʘʤʘ ʛʨʫʜʠ. 

ʆʚʘʿ ʧʨʦʮʝʩ ʟʘʧʦʯʠˁʝ ʝʢʩʪʨʘʢʮʠʿʦʤ ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ ʠʟ ʩʣʠʢʝ ʜʦʿʢʝ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ 

ʚʨʰʠ ʜʝʪʝʢʮʠʿʘ ʩʫʤˁʠʚʠʭ ʨʝʛʠʦʥʘ ʠ ˁʠʭʦʚʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ. ʅʘ ʢʨʘʿʫ ʩʝ ʚʨʰʠ ʧʦʨʝʹʝˁʝ ʩʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʙʘʟʘʤʘ ʩʣʠʢʘ. 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʘ ʠʤʘ ʜʠʨʝʢʪʘʥ ʫʪʠʮʘʿ ʥʘ ʩʣʝʜʝ˂ʝ ʢʦʨʘʢʝ ʫ ʘʥʘʣʠʟʠ ʩʣʠʢʘ, ʢʦʿʠ 

ʚʝʦʤʘ ʟʘʚʠʩʝ ʦʜ ʢʚʘʣʠʪʝʪʘ ʩʘʤʝ ʩʝʛʤʝʥʪʘʮʠʿʝ. ʅʘʫʯʥʠʮʠ ʠ ʠʩʪʨʘʞʠʚʘʯʠ ʫʣʘʞʫ ʜʦʩʪʘ ʪʨʫʜʘ 

ʢʘʢʦ ʙʠ ʨʘʟʚʠʣʠ ʝʬʝʢʪʠʚʥʝ ʪʝʭʥʠʢʝ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ. ʅʝʢʝ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʩʫ 

ʪʝʭʥʠʢʝ ʙʘʟʠʨʘʥʝ ʥʘ ʛʨʘʥʠʯʥʠʢʫ, ʠʚʠʮʘʤʘ, ʨʝʛʠʦʥʠʤʘ, ʛʨʘʜʠʿʝʥʪʫ, ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʠ 

ʩʣʠʯʥʦ. ʄʝʹʫʪʠʤ, ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʥʠʿʝʜʥʘ ʦʜ ʦʚʠʭ ʪʝʭʥʠʢʘ ʥʠʿʝ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ 

ʠʟʚʨʰʠ ʩʝʛʤʝʥʪʘʮʠʿʫ ʚʠʩʦʢʝ ʪʘʯʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʯʝʩʪʦ ʚʨʰʠ ʠ 

ʢʦʤʙʠʥʘʮʠʿʘ ʜʚʝ ʠʣʠ ʚʠʰʝ ʪʝʭʥʠʢʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʠ ʙʦˀʠ ʨʝʟʫʣʪʘʪʠ. 
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5.1. ʇʨʝʪʧʨʦʮʝʩʠʨʘˁʝ ʩʣʠʢʝ 

 

ʇʨʝʪʧʨʦʮʝʩʠʨʘˁʝ ʩʣʠʢʝ ʧʨʝʜʩʪʘʚˀʘ ʦʧʝʨʘʮʠʿʫ ʥʘʜ ʩʣʠʢʘʤʘ ʩʘ ʥʘʿʥʠʞʠʤ ʥʠʚʦʦʤ 

ʘʧʩʪʨʘʢʮʠʿʝ. ʂʦʜ ʧʨʝʪʧʨʦʮʝʩʠʨʘˁʘ ʩʣʠʢʘ, ʩʣʠʢʝ ʢʦʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʩʘ ʠʟʣʘʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʝ ʧʦʩʝʜʫʿʫ ʦʜʨʝʹʝʥʝ ʛʨʝʰʢʝ. ʊʝ ʛʨʝʰʢʝ ʩʝ ʠʩʧʨʘʚˀʘʿʫ 

ʫʧʦʪʨʝʙʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ. ɻʣʘʚʥʠ ʮʠˀ ʧʨʝʪʧʨʦʮʝʩʠʨʘˁʘ ʩʣʠʢʘ ʿʝ ʜʘ 

ʩʝ ʫʥʘʧʨʝʜʠ ʠʟʛʣʝʜ ʩʣʠʢʝ ʢʦʿʘ ʩʘʜʨʞʠ ʥʝʢʝ ʥʝʞʝˀʝʥʝ ʜʠʩʪʦʨʟʠʿʝ ʠʣʠ ʜʘ ʩʝ ʧʦʙʦˀʰʘ 

ʢʚʘʣʠʪʝʪ ʥʝʢʠʭ ʦʩʦʙʠʥʘ ʩʣʠʢʝ ʢʦʿʝ ʩʫ ʚʘʞʥʝ ʟʘ ʜʘˀʝ ʧʨʦʮʝʩʠʨʘˁʝ. ɼʚʝ ʛʣʘʚʥʝ ʪʝʭʥʠʢʝ 

ʧʨʝʪʧʨʦʮʝʩʠʨʘˁʘ ʩʣʠʢʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʫʢʣʘˁʘˁʝ ʰʫʤʘ ʠ ʧʦʙʦˀʰʘˁʝ ʢʦʥʪʨʘʩʪʘ.  

 

5.1.1. ʋʢʣʘˁʘˁʝ ʰʫʤʘ ʩʘ ʩʣʠʢʝ 

 

ʉʣʠʢʝ ʢʦʿʝ ʩʝ ʩʥʠʤʘʿʫ ʧʦʤʦ˂ʫ ʨʘʟʣʠʯʠʪʠʭ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʤʦʛʫ ʩʘʜʨʞʘʪʠ 

ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʰʫʤʘ. ʐʫʤ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʜʦʢ ʩʝ ʯʠʪʘʿʫ ʠʥʬʦʨʤʘʮʠʿʝ ʩʘ ʢʘʤʝʨʘ, 

ʧʨʠʣʠʢʦʤ ʪʨʘʥʩʬʝʨʘ ʩʠʛʥʘʣʘ ʦʜ ʢʘʤʝʨʝ ʜʦ ʨʘʯʫʥʘʨʘ, ʧʨʠʣʠʢʦʤ ʜʠʛʠʪʘʣʠʟʘʮʠʿʝ ʩʠʛʥʘʣʘ ʠ 

ʩʣʠʯʥʦ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʚʨʣʦ ʚʘʞʥʦ ʫʢʣʦʥʠʪʠ ʰʫʤ ʥʘʢʦʥ ʜʠʛʠʪʘʣʠʟʘʮʠʿʝ ʩʣʠʢʝ. ɱʝʜʘʥ ʦʜ 

ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ ʥʘʯʠʥʘ ʜʘ ʩʝ ʫʢʣʦʥʠ ʰʫʤ ʩʘ ʩʣʠʢʝ ʿʝʩʪʝ ʜʘ ʩʝ ʩʣʠʢʘ ʫʩʨʝʜˁʠ ʩʘʤʘ ʩʘ 

ʩʦʙʦʤ. 

ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʤʝʪʦʜ ʜʘ ʩʝ ʩʣʠʢʘ ʫʩʨʝʜˁʠ ʩʘʤʘ ʩʘ ʩʦʙʦʤ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʣʠʥʝʘʨʥʦʛ ʬʠʣʪʝʨʘ. ʂʦʜ ʦʚʦʛ ʪʠʧʘ ʬʠʣʪʝʨʘ ʚʨʝʜʥʦʩʪ ʠʥʪʝʥʟʠʪʝʪʘ ʧʠʢʩʝʣʘ ʩʝ ʫʩʨʝʜˁʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʚʨʝʜʥʦʩʪʠ ʠʥʪʝʥʟʠʪʝʪʘ ˁʝʤʫ ʩʫʩʝʜʥʠʭ ʧʠʢʩʝʣʘ ʫ ʤʘʣʦʤ ʨʝʛʠʦʥʫ. ʃʠʥʝʘʨʥʦ 

ʬʠʣʪʨʠʨʘˁʝ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

Ὢᴂὼȟώ
В ȟ ȟ

В ȟ

    (5.1) 

ʋ ʛʦʨˁʦʿ ʿʝʜʥʘʯʠʥʠ x ʠ y ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʦʨʜʠʥʘʪʝ ʧʠʢʩʝʣʘ ʫ ʩʣʠʮʠ, f(x, y) 

ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʜʥʦʩʪ ʧʠʢʩʝʣʘ ʥʘ ʢʦʦʨʜʠʥʘʪʠ (x, y), ʄ ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʯʠʥʫ ʬʠʣʪʝʨʘ ʠ w 

ʧʨʝʜʩʪʘʚˀʘ ʰʠʨʠʥʫ ʬʠʣʪʝʨʘ. ɺʝʣʠʯʠʥʘ ʠ ʰʠʨʠʥʘ ʬʠʣʪʝʨʘ ʩʝ ʤʦʛʫ ʧʦʜʝʰʘʚʘʪʠ ʢʘʢʦ ʙʠ ʩʝ 

ʫʢʣʦʥʠʣʠ ʨʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʰʫʤʘ. ʅʘ ʧʨʠʤʝʨ, ʧʦʚʝ˂ʘʚʘˁʝʤ ʰʠʨʠʥʝ ʮʝʥʪʨʘʣʥʦʛ ʧʠʢʩʝʣʘ 
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ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʪʦʛʘ ʜʘ ʮʝʥʪʨʘʣʥʠ ʧʠʢʩʝʣ ʜʦʤʠʥʠʨʘ ʫ ʫʩʨʝʜˁʘʚʘˁʫ, ʜʦʢ ʧʦʚʝ˂ʘʚʘˁʝʤ 

ʚʝʣʠʯʠʥʝ ʬʠʣʪʝʨʘ ʤʦʞʝ ʨʝʟʫʣʪʠʨʘʪʠ ʫ ʫʛʣʘʹʝʥʦʿ ʩʣʠʮʠ ʩʘ ʤʘˁʝ ʰʫʤʘ ʘʣʠ ʫ ʠʩʪʦ ʚʨʝʤʝ ʠ 

ʢʚʘʣʠʪʝʪ ʜʝʪʘˀʘ ʫʥʫʪʘʨ ʩʣʠʢʝ ʤʦʞʝ ʙʠʪʠ ʩʤʘˁʝʥ. 

ɻʘʫʩʠʿʘʥʦʚ ʬʠʣʪʝʨ ʩʧʘʜʘ ʫ ʛʨʫʧʫ ʣʠʥʝʘʨʥʠʭ ʬʠʣʪʘʨʘ. ɳʝʛʦʚ ʠʤʧʫʣʩʥʠ ʦʜʛʦʚʦʨ 

ʧʨʝʜʩʪʘʚˀʘ ɻʘʫʩʠʿʘʥʦʚʫ ʬʫʥʢʮʠʿʫ ʠʣʠ ʥʝʢʫ ˁʝʥʫ ʘʧʨʦʢʩʠʤʘʮʠʿʫ. ʆʙʣʠʢ ʠʤʧʫʣʩʥʦʛ 

ʦʜʛʦʚʦʨʘ ʪʠʧʠʯʥʦʛ ɻʘʫʩʠʿʘʥʦʚʦʛ ʬʠʣʪʝʨʘ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 5.2. ɻʘʫʩʠʿʘʥʦʚ ʬʠʣʪʝʨ ʠʤʘ 

ʦʩʦʙʠʥʫ ʜʘ ʥʝ ʧʦʩʝʜʫʿʝ ʧʨʝʩʢʘʢʘˁʝ ʥʘ ʫʣʘʟʥʫ ʩʪʝʧ ʬʫʥʢʮʠʿʫ ʜʦʢ ʫ ʠʩʪʦ ʚʨʝʤʝ ʩʤʘˁʫʿʝ 

ʚʨʝʤʝ ʨʘʩʪʘ ʠ ʧʘʜʘˁʘ. ʆʥ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʙʠ ʟʘʤʫʪʠʦ ʩʣʠʢʫ ʠʣʠ ʢʘʢʦ ʙʠ ʩʤʘˁʠʦ 

ʰʫʤ ʥʘ ʩʣʠʮʠ. ʊʘʢʦʹʝ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʧʨʚʠ ʢʦʨʘʢ ʫ ʦʪʢʨʠʚʘˁʫ ʠʚʠʮʘ ʥʘ ʩʣʠʮʠ. 

 

ʉʣʠʢʘ 5.2 ï ʀʤʧʫʣʩʥʠ ʦʜʛʦʚʦʨ ʪʠʧʠʯʥʦʛ ɻʘʫʩʠʿʘʥʦʚʦʛ ʬʠʣʝʪʨʘ 

ɺʠʩʦʢʦʧʨʦʧʫʩʥʠ ʠ ʥʠʩʢʦʧʨʦʧʫʩʥʠ ʬʠʣʪʝʨʠ ʩʫ ʪʘʢʦʹʝ ʣʠʥʝʘʨʥʠ ʬʠʣʪʝʨʠ ʢʦʿʠ 

ʧʨʦʧʫʰʪʘʿʫ ʚʠʩʦʢʫ ʠ ʥʠʩʢʫ ʬʨʝʢʚʝʥʮʠʿʩʢʫ ʢʦʤʧʦʥʝʥʪʫ ʠ ʩʣʘʙʝ ʢʦʤʧʦʥʝʥʪʫ ʩʘ 

ʬʨʝʢʚʝʥʮʠʿʦʤ ʥʠʞʦʤ ʠ ʚʠʰʦʤ ʦʜ ʟʘʜʘʪʝ ʬʨʝʢʚʝʥʮʠʿʝ. ɺʠʩʦʢʦʧʨʦʧʫʩʥʠ ʬʠʣʪʝʨ ʩʝ ʤʦʞʝ 

ʢʦʨʠʩʪʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʦʰʪʨʠʥʘ ʩʣʠʢʝ. ʅʠʩʢʦʧʨʦʧʫʩʥʠ ʬʠʣʪʝʨ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ 

ʟʘ ʛʣʘʹʝˁʝ ʠ ʟʘʤʫ˂ʠʚʘˁʝ ʩʣʠʢʝ. 

ɱʦʰ ʿʝʜʥʘ ʚʨʩʪʘ ʬʠʣʪʝʨʘ ʢʦʿʘ ʿʝ ʚʝʦʤʘ ʧʦʧʫʣʘʨʥʘ ʩʫ ʤʝʜʠʿʘʥ ʬʠʣʪʝʨʠ. ʀʜʝʿʘ ʢʦʿʘ 

ʣʝʞʠ ʠʟʘ ʦʚʠʭ ʬʠʣʪʝʨʘ ʿʝʩʪʝ ʜʘ ʦʥ ʧʨʦʹʝ ʢʨʦʟ ʮʝʣʫ ʩʣʠʢʫ ʧʠʢʩʝʣ ʧʦ ʧʠʢʩʝʣ ʠ ʜʘ ʩʚʘʢʠ 

ʧʠʢʩʝʣ ʟʘʤʝʥʠ ʩʘ ʩʨʝʜˁʦʤ ʚʨʝʜʥʦʰ˂ʫ ˁʝʤʫ ʩʫʩʝʜʥʠʭ ʧʠʢʩʝʣʘ. ʅʘʠʤʝ, ʢʦʜ ʦʚʠʭ ʬʠʣʪʝʨʘ 

ʚʨʝʜʥʦʩʪ ʧʠʢʩʝʣʘ ʫ ʥʝʢʦʤ ʤʘˁʝʤ ʨʝʛʠʦʥʫ ʢʦʿʠ ʿʝ ʦʜʨʝʹʝʥ ʚʝʣʠʯʠʥʦʤ ʬʠʣʪʝʨʘ ʩʝ ʠʩʧʠʪʫʿʝ, 

ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʚʨʝʜʥʦʩʪ ʮʝʥʪʨʘʣʥʦʛ ʧʠʢʩʝʣʘ ʟʘʤʝʥʠ ʩʘ ʩʨʝʜˁʦʤ ʚʨʝʜʥʦʰ˂ʫ ʠʩʧʠʪʠʚʘʥʠʭ 
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ʧʠʢʩʝʣʘ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 5.3. ʆʚʠ ʬʠʣʪʝʨʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʜʘ ʩʝ 

ʫʢʣʦʥʠ ʰʫʤ ʥʘ ʩʣʠʮʠ ʙʝʟ ʫʤʘˁʝˁʘ ʦʩʚʝʪˀʝʥʦʩʪʠ ʩʣʠʢʝ. ɱʦʰ ʿʝʜʥʘ ʦʩʦʙʠʥʘ ʦʚʦʛ ʬʠʣʪʝʨʘ 

ʿʝʩʪʝ ʜʘ ʥʝ ʧʦʤʝʨʘ ʠʚʠʮʝ ʩʣʠʢʝ. 

 

ʉʣʠʢʘ 5.3 ï ʀʟʛʣʝʜ ʤʝʜʠʿʘʥ ʬʠʣʪʝʨʘ 

ʍʠʙʨʠʜʥʠ ʤʝʜʠʿʘʥ ʬʠʣʪʝʨ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʠʬʠʢʦʚʘʥʫ ʚʝʨʟʠʿʫ ʤʝʜʠʿʘʥ ʬʠʣʪʝʨʘ ʠ 

ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʟʘ ʦʪʢʣʘˁʘˁʝ ʠʤʧʫʣʩʥʦʛ ʰʫʤʘ ʙʝʟ ʛʫʙʠʪʢʘ ʠʚʠʮʘ. ʋ ʩʫʰʪʠʥʠ 

ʭʠʙʨʠʜʥʠ ʤʝʜʠʿʘʥ ʬʠʣʪʝʨ ʟʘʜʨʞʘʚʘ ʠʚʠʮʝ ʤʥʦʛʦ ʙʦˀʝ ʥʝʛʦ ʩʪʘʥʜʘʨʜʥʠ ʤʝʜʠʿʘ ʬʠʣʪʝʨ. 

ʂʘʢʦ ʙʠ ʩʝ ʠʟʨʘʯʫʥʘʣʘ ʚʨʝʜʥʦʩʪ ʧʠʢʩʝʣʘ ʧʨʠʤʝʥʦʤ ʦʚʦʛ ʬʠʣʪʝʨʘ ʨʝʛʠʦʥ ʢʦʿʠ ʩʝ ʧʦʩʤʘʪʨʘ 

ʩʝ ʜʝʣʠ ʥʘ 3 ʩʝʛʤʝʥʪʘ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 5.4. ʇʨʚʠ ʩʝʛʤʝʥʪ ʯʠʥʝ ʪʘʢʦʟʚʘʥʠ 

Ă+ñ ʩʫʩʝʜʠ, ʜʨʫʛʠ ʩʝʛʤʝʥʪ ʯʠʥʝ ʪʘʢʦʟʚʘʥʠ Ăʍñ ʩʫʩʝʜʠ ʠ ʪʨʝ˂ʠ ʩʝʛʤʝʥʪ ʧʨʝʜʩʪʘʚˀʘ 

ʦʨʠʛʠʥʘʣʥʠ ʧʠʢʩʝʣ. ɺʨʝʜʥʦʩʪ ʥʦʚʦʛ ʩʝʛʤʝʥʪʘ ʩʝ ʨʘʯʫʥʘ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʨʝʜˁʠʭ 

ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʦʜ ʦʚʘ ʪʨʠ ʩʝʛʤʝʥʪʘ.  

ɸʜʘʧʪʠʚʥʠ ʤʝʜʠʿʘʥ ʬʠʣʪʨʠ ʩʫ ʿʦʰ ʿʝʜʥʘ ʚʘʨʠʿʘʮʠʿʘ ʤʝʜʠʿʘʥ ʬʠʣʪʝʨʘ. ʆʥʠ ʩʝ 

ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʝ ʜʘ ʥʘʧʨʘʚʝ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʣʦʰʠʭ ʠ ʜʦʙʨʠʭ ʧʠʢʩʝʣʘ, ʧʨʠ ʯʝʤʫ ʣʦʰʝ 

ʧʠʢʩʝʣʝ ʟʘʤʝʥʝ ʩʘ ʤʝʜʠʿʘʥ ʚʨʝʜʥʦʰ˂ʫ ʘ ʜʦʙʨʝ ʧʠʢʩʝʣʝ ʥʝ ʤʝˁʘʿʫ. ʆʥʠ ʩʝ ʥʘʿʙʦˀʝ 

ʧʦʥʘʰʘʿʫ ʫ ʩʣʠʢʘʤʘ ʩʘ ʥʠʩʢʦʤ ʛʫʩʪʠʥʦʤ ʰʫʤʘ, ʘʣʠ ʤʦʛʫ ʚʨʣʦ ʫʩʧʝʰʥʦ ʜʘ ʦʪʢʣʦʥʝ ʰʫʤ ʠ 

ʢʦʜ ʩʣʠʢʘ ʩʘ ʚʠʩʦʢʦʤ ʛʫʩʪʠʥʦʤ ʰʫʤʘ ʥʘʢʦʥ ʰʪʦ ʜʦʚʦˀʥʦ ʧʦʚʝ˂ʘʿʫ ʚʝʣʠʯʠʥʫ ʧʨʦʟʦʨʘ ʢʦʿʠ 
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ʩʝ ʧʦʩʤʘʪʨʘ, ʰʪʦ ˂ʝ ʨʝʟʫʣʪʠʨʘʪʠ ʫ ʤʘˁʦʿ ʢʦʨʝʣʘʮʠʿʠ ʠʟʤʝʹʫ ʣʦʰʝʛ ʧʠʢʩʝʣʘ ʠ ʤʝʜʠʿʘʥ 

ʧʠʢʩʝʣʘ ʢʦʿʠ ʛʘ ʟʘʤʝˁʫʿʝ. 

 

ʉʣʠʢʘ 5.4 ï ʀʟʛʣʝʜ ʭʠʙʨʠʜʥʦʛ ʤʝʜʠʿʘʥ ʬʠʣʪʝʨʘ 

 

5.1.2. ʇʦʙʦˀʰʘʚʘˁʝ ʢʦʥʪʨʘʩʪʘ ʩʣʠʢʝ 

 

ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʩʥʠʤˀʝʥʝ ʩʣʠʢʝ ʤʦʛʫ ʠʤʘʪʠ ʣʦʰ ʢʦʥʪʨʘʩʪ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ 

ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ ʫ ʩʣʠʢʘʤʘ ʩʫ ʩʝ ʦʢʫʧʠʣʝ ʠ ʣʦʮʠʨʘʣʝ ʫ ʤʘˁʠʤ ʛʨʫʧʘʤʘ ʧʦ ʥʠʚʦʠʤʘ. ʂʘʦ 

ʨʝʟʫʣʪʘʪ ʪʦʤʝ ʜʝʰʘʚʘ ʩʝ ʜʘ ʩʝ ʧʠʢʩʝʣʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʥʝ ʤʦʛʫ ʜʦʙʨʦ 

ʨʘʟʣʠʢʦʚʘʪʠ ʿʝʜʘʥ ʦʜ ʜʨʫʛʦʛ. ʅʘ ʧʨʠʤʝʨ ʥʘ ʩʣʠʮʠ 5.5 ʿʝ ʧʨʠʢʘʟʘʥʘ ʩʣʠʢʘ ʯʠʿʝ ʩʝ ʚʨʝʜʥʦʩʪʠ 

ʧʠʢʩʝʣʘ ʥʘʣʘʟʝ ʫ ʦʧʩʝʛʫ ʦʜ 100 ʜʦ 109. ʅʘ ʦʚʦʿ ʩʣʠʮʠ ʛʦʪʦʚʦ ʜʘ ʿʝ ʥʝʤʦʛʫ˂ʝ ʫʦʯʠʪʠ 

ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʧʠʢʩʝʣʘ. ʉʚʨʭʘ ʧʦʙʦˀʰʘʚʘˁʘ ʢʦʥʪʨʘʩʪʘ ʩʣʠʢʝ ʿʝʩʪʝ ʜʘ ʧʦʚʝ˂ʘ ʨʘʟʣʠʢʫ 

ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ ʪʘʢʦ ʜʘ ʩʝ ʦʥʘ ʿʘʩʥʦ ʤʦʞʝ ʫʦʯʠʪʠ. ɺʝ˂ʠʥʘ ʘʣʛʦʨʠʪʘʤʘ ʟʘ 
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ʧʦʚʝ˂ʘˁʝ ʢʦʥʪʨʘʩʪʘ ʩʣʠʢʝ ʢʦʨʠʩʪʠ ʭʠʩʪʦʛʨʘʤʝ ʢʦʿʠ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟʫʿʫ ʧʦʿʘʚˀʠʚʘˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ ʫʥʫʪʘʨ ʩʣʠʢʝ. 

 

ʉʣʠʢʘ 5.5 ï ʀʣʫʩʪʨʘʮʠʿʘ ʩʣʠʢʝ ʩʘ ʤʘʣʠʤ ʢʦʥʪʨʘʩʪʦʤ  

ʂʦʜ ʪʝʭʥʠʢʝ ʩʢʘʣʠʨʘˁʘ ʭʠʩʪʦʛʨʘʤʘ, ʦʨʠʛʠʥʘʣʥʠ ʭʠʩʪʦʛʨʘʤ ʩʝ ʧʨʝʙʘʮʫʿʝ ʠʟ 

ʩʦʧʩʪʚʝʥʝ ʩʢʘʣʝ ʫ ʥʝʢʫ ʜʨʫʛʫ ʩʢʘʣʫ. ʋ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʦʨʠʛʠʥʘʣʥʠ ʭʠʩʪʦʛʨʘʤ ʩʝ 

ʧʨʝʙʘʮʫʿʝ ʠʟ ʤʘˁʝ ʫ ʚʝ˂ʫ ʩʢʘʣʫ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤʝ ʚʨʝʜʥʦʩʪ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ 

ʚʨʝʜʥʦʩʪʠ ʩʝ ʧʦʚʝ˂ʘʚʘ, ʯʠʤʝ ʩʝ ʠ ʧʦʚʝ˂ʘʚʘ ʢʦʥʪʨʘʩʪ ʩʣʠʢʝ. ʅʘ ʩʣʠʮʠ 5.6 ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʩʣʠʢʘ ʢʦʿʘ ʿʝ ʥʘʩʪʘʣʘ ʧʨʠʤʝʥʦʤ ʪʝʭʥʠʢʝ ʩʢʘʣʠʨʘˁʘ ʭʠʩʪʦʛʨʘʤʘ ʥʘʜ ʩʣʠʢʦʤ 5.5. ʅʘʠʤʝ 

ʭʠʩʪʦʛʨʘʤ ʦʨʠʛʠʥʘʣʥʝ ʩʣʠʢʝ ʢʦʿʠ ʿʝ ʠʰʘʦ ʦʜ 100 ʜʦ 109 ʿʝ ʩʢʘʣʠʨʘʥ ʪʘʢʦ ʜʘ ʥʘ 

ʥʦʚʦʜʦʙʠʿʝʥʦʿ ʩʣʠʮʠ ʦʥ ʠʜʝ ʦʜ 0 ʜʦ 200. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ 

ʚʨʝʜʥʦʩʪʠ ʦʨʠʛʠʥʘʣʥʝ ʩʣʠʢʝ ʧʦʚʝ˂ʘʣʘ ʩʘ 1 ʥʘ 20, ʰʪʦ ʩʝ ʿʘʩʥʦ ʤʦʞʝ ʫʦʯʠʪʠ. 

 

ʉʣʠʢʘ 5.6 ï ʀʣʫʩʪʨʘʮʠʿʘ ʩʣʠʢʝ ʩʘ ʚʝʣʠʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʜʦʙʠʿʘʥʝ ʪʝʭʥʠʢʦʤ ʩʢʘʣʠʨʘˁʘ 

ʭʠʩʪʦʛʨʘʤʘ 
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ɺʝ˂ʠʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʩʢʘʣʠʨʘˁʘ ʭʠʩʪʦʛʨʘʤʘ ʩʫ ʠʧʘʢ ʦʛʨʘʥʠʯʝʥʝ ʥʘ 

ʛʦʨˁʠ ʩʣʫʯʘʿ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʝ ʚʘʞʥʦʩʪʠ ʨʘʟʚʠʪʠ ʬʣʝʢʩʠʙʠʣʥʫ ʠ ʦʧʪʠʤʘʣʥʫ 

ʬʫʥʢʮʠʿʫ ʢʦʿʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʚʝ˂ʠ ʙʨʦʿ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʩʣʠʢʘ. ʀʤʘʿʫ˂ʠ ʦʚʦ ʫ 

ʚʠʜʫ, ʨʘʟʚʠʿʝʥʦ ʿʝ ʠʟʿʝʜʥʘʯʘʚʘˁʝ ʭʠʩʪʦʛʨʘʤʘ ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʩʝ ʛʝʥʝʨʠʰʝ ʫʥʠʬʦʨʤʥʠʿʠ 

ʭʠʩʪʦʛʨʘʤ ʦʜ ʦʨʠʛʠʥʘʣʥʦʛ ʭʠʩʪʦʛʨʘʤʘ ʪʘʢʦ ʰʪʦ ʩʝ ʨʘʰʠʨʝ ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ ʥʘ 

ʭʠʩʪʦʛʨʘʤʩʢʠʤ ʤʘʢʩʠʤʫʤʠʤʘ ʘ ʩʢʫʧʝ ʥʘ ʭʠʩʪʦʛʨʘʤʩʢʠʤ ʤʠʥʠʤʫʤʠʤʘ [73]. ʀʟʿʝʜʥʘʯʘʚʘˁʝ 

ʭʠʩʪʦʛʨʘʤʘ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

Ὦᴂ       (5.2) 

ʋ ʛʦʨˁʦʿ ʿʝʜʥʘʯʠʥʠ H ʧʨʝʜʩʪʘʚˀʘ ʦʨʠʛʠʥʘʣʥʠ ʭʠʩʪʦʛʨʘʤ, l ʠ L ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʤʠʥʠʤʫʤ ʠ ʤʘʢʩʠʤʫʤ ʭʠʩʪʦʛʨʘʤʘ ʨʝʩʧʝʢʪʠʚʥʦ, i ʧʨʝʜʩʪʘʚˀʘ ʨʝʜʥʠ ʙʨʦʿ ʚʨʝʜʥʦʩʪʠ ʫ 

ʭʠʩʪʦʛʨʘʤʫ ʜʦʢ j ʠ jô ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʝʜʥʦʩʪʠ ʫ ʦʨʠʛʠʥʘʣʥʦʤ ʭʠʩʪʦʛʨʘʤʫ ʠ ʠʟʿʝʜʥʘʯʝʥʦʤ 

ʭʠʩʪʦʛʨʘʤʫ ʨʝʩʧʝʢʪʠʚʥʦ. ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʢʦʥʪʨʘʩʪ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʢʦʥʩʪʨʫʠʩʘʥ ʧʦ 

ʦʛʨʘʥʠʯʝʥʠʤ ʨʝʛʠʦʥʠʤʘ ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʞʘʣʘ ʚʠʟʫʝʣʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʦʙʿʝʢʘʪʘ ʫʥʫʪʘʨ ʩʣʠʢʝ, 

ʘ ʧʦʛʦʪʦʚʫ ʦʥʠʭ ʩʘ ʭʦʤʦʛʝʥʦʤ ʨʘʩʧʦʜʝʣʦʤ ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ.  

 

5.2. ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ 

 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ 

ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠʭ ʤʝʪʦʜʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ. ʂʦʨʠʰ˂ʝˁʝʤ ʦʚʝ ʤʝʪʦʜʝ ʤʦʛʫ˂ʝ ʿʝ 

ʠʟʚʝʩʪʠ ʙʠʥʘʨʠʟʘʮʠʿʫ ʮʨʥʦ-ʙʝʣʝ ʩʣʠʢʝ ʩʘ ʚʠʰʝ ʥʠʿʘʥʩʠ ʩʠʚʝ ʙʦʿʝ [74]. ɸʢʦ ʩʝ ʧʦʩʤʘʪʨʘ 

ʮʨʥʦ-ʙʝʣʘ ʩʣʠʢʘ ʩʘ ʜʦʩʪʘ ʥʠʿʘʥʩʠ ʩʠʚʝ ʙʦʿʝ ʢʦʜ ʢʦʿʝ ʿʝ ʪʘʤʥʠʿʠʤ ʥʠʿʘʥʩʘʤʘ ʩʠʚʝ ʙʦʿʝ 

ʦʟʥʘʯʝʥ ʦʙʿʝʢʘʪ ʜʦʢ ʿʝ ʩʚʝʪʣʠʿʠʤ ʥʠʿʘʥʩʘʤʘ ʩʠʚʝ ʙʦʿʝ ʦʟʥʘʯʝʥʘ ʧʦʟʘʜʠʥʘ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ ʜʘ 

ʩʫ ʧʠʢʩʝʣʠ ʦʙʿʝʢʪʘ ʠ ʧʦʟʘʜʠʥʝ ʛʨʫʧʠʩʘʥʠ ʫ ʜʚʘ ʜʦʤʠʥʘʥʪʥʘ ʥʠʚʦʘ ʩʠʚʝ ʙʦʿʝ, ʦʥʜʘ ʩʝ 

ʦʙʿʝʢʘʪ ʤʦʞʝ ʠʟʚʫ˂ʠ ʠʟ ʩʣʠʢʝ ʪʘʢʦ ʰʪʦ ʙʠ ʩʝ ʥʘʰʣʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʨʘʟʜʚʘʿʘ ʦʚʘ 

ʜʚʘ ʜʦʤʠʥʘʥʪʥʘ ʥʠʚʦʘ ʩʠʚʝ ʙʦʿʝ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʙʠ ʩʝ ʩʚʠ ʧʠʢʩʝʣʠ ʯʠʿʠ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʚʝ˂ʠ 

ʦʜ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʣʠ ʢʘʦ ʧʠʢʩʝʣʠ ʦʙʿʝʢʪʘ ʘ ʩʚʠ ʦʩʪʘʣʠ ʧʠʢʩʝʣʠ ʯʠʿʠ ʿʝ 

ʠʥʪʝʥʟʠʪʝʪ ʤʘˁʠ ʦʜ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʣʠ ʢʘʦ ʧʠʢʩʝʣʠ ʧʦʟʘʜʠʥʝ. ʀʟ ʦʚʦʛʘ ʩʝ 

ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʩʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ 
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ʨʘʜʠ ʪʘʢʦ ʰʪʦ ʩʝ ʩʚʘʢʠ ʧʠʢʩʝʣ ʫ ʩʣʠʮʠ ʟʘʤʝˁʫʿʝ ʩʘ ʮʨʥʠʤ ʧʠʢʩʝʣʦʤ ʘʢʦ ʿʝ ˁʝʛʦʚʘ 

ʚʨʝʜʥʦʩʪ ʤʘˁʘ ʦʜ ʟʘʜʘʪʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ, ʘ ʫ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ˁʝʛʦʚʘ ʚʨʝʜʥʦʩʪ ʚʝ˂ʘ ʦʜ 

ʟʘʜʘʪʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘʤʝˁʫʿʝ ʩʝ ʙʝʣʠʤ ʧʠʢʩʝʣʦʤ. 

 

ʉʣʠʢʘ 5.7 ï ʆʜʨʝʹʠʚʘˁʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʂʦʜ ʩʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʝ ʥʘ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ ʭʠʩʪʦʛʨʘʤ ʩʣʠʢʝ ʩʝ ʤʦʞʝ 

ʧʦʜʝʣʠʪʠ ʥʘ ʜʚʝ ʜʦʤʠʥʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʩʝ ʢʦʨʠʩʪʠ ʩʘʤʦ ʿʝʜʥʘ ʛʨʘʥʠʯʥʘ 

ʚʨʝʜʥʦʩʪ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʝ. ʆʚʘ ʚʨʩʪʘ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʝ ʙʘʟʠʨʘʥʝ ʥʘ ʛʨʘʥʠʯʥʦʿ 

ʚʨʝʜʥʦʩʪʠ ʩʝ ʥʘʟʠʚʘ ʠ ʩʝʛʤʝʥʪʘʮʠʿʘ ʩʘ ʜʚʘ ʥʠʚʦʘ  ʠ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 5.7. ʍʠʩʪʦʛʨʘʤ 

ʩʣʠʢʝ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʠ ʥʘ ʚʠʰʝ ʜʦʤʠʥʘʥʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠ ʪʘʜʘ ʩʝ ʩʝʛʤʝʥʪʘʮʠʿʘ ʥʘʟʠʚʘ 

ʩʝʛʤʝʥʪʘʮʠʿʘ ʩʘ ʚʠʰʝ ʥʠʚʦʘ. ʋ ʛʨʘʥʠʯʥʦʿ ʩʝʛʤʝʥʪʘʮʠʿʠ ʩʘ ʜʚʘ ʥʠʚʦʘ ʧʠʢʩʝʣʠ ʯʠʿʝ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʥʠʞʝ ʦʜ ʛʨʘʥʠʯʥʝ ʦʟʥʘʯʘʚʘʿʫ ʥʘʿʯʝʰ˂ʝ ʧʦʟʘʜʠʥʫ ʩʣʠʢʝ, ʘ ʧʠʢʩʝʣʠ ʯʠʿʝ ʩʫ 
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ʚʨʝʜʥʦʩʪʠ ʚʠʰʝ ʦʜ ʛʨʘʥʠʯʥʝ ʦʟʥʘʯʘʚʘʿʫ ʦʙʿʝʢʘʪ ʥʘ ʩʣʠʮʠ. ʂʦʜ ʛʨʘʥʠʯʥʝ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʘ 

ʚʠʰʝ ʥʠʚʦʘ ʧʦʩʪʦʿʠ ʚʠʰʝ ʟʘʜʘʪʠʭ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠ ʦʙʠʯʥʦ ʩʝ ʧʠʢʩʝʣʠ ʯʠʿʝ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʜʚʝ ʩʫʢʮʝʩʠʚʥʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʤʘʪʨʘʿʫ ʜʘ ʧʨʠʧʘʜʘʿʫ ʿʝʜʥʦʿ ʢʣʘʩʠ. 

ʂʦʜ ʛʨʘʥʠʯʥʝ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʘ ʪʨʠ ʥʠʚʦʘ ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʜʚʝ ʢʣʘʩʝ. ɱʝʜʥʦʿ ʢʣʘʩʠ 

ʧʨʠʧʘʜʘʿʫ ʩʚʠ ʧʠʢʩʝʣʠ ʯʠʿʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʛʨʘʥʠʯʥʠʭ, ʘ ʜʨʫʛʦʿ ʢʣʘʩʠ ʧʨʠʧʘʜʘʿʫ ʩʚʠ 

ʦʩʪʘʣʠ ʧʠʢʩʝʣʠ ʯʠʿʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʠʟʚʘʥ ʛʨʘʥʠʯʥʠʭ. ʋ ʪʝʦʨʠʿʠ ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʧʦʩʪʦʿʠ 

ʙʝʩʢʦʥʘʯʘʥ ʙʨʦʿ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʦʿʘ ʦʙʿʝʢʘʪʘ ʥʘ ʩʣʠʮʠ ʢʦʿʘ ʩʝ 

ʘʥʘʣʠʟʠʨʘ, ʧʨʠ ʯʝʤʫ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʯʫʥʘʨʘ ʨʘʩʪʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦ.  ʅʘ ʧʨʠʤʝʨ, ʢʦʜ 

ʛʨʘʥʠʯʥʝ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʘ ʯʝʪʠʨʠ ʥʠʚʦʘ ʚʨʝʤʝʥʩʢʘ ʩʣʦʞʝʥʦʩʪ ʙʠ ʙʠʣʘ ĂO(L
3
)ñ ʛʜʝ ĂLñ  

ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʥʠʚʦʘ ʩʠʚʝ ʙʦʿʝ ʫ ʮʨʥʦ-ʙʝʣʦʿ ʩʣʠʮʠ, ʢʦʿʠ ʿʝ ʦʙʠʯʥʦ 256. ʆʚʦ ʢʘʦ ʨʝʟʫʣʪʘʪ 

ʠʤʘ ʜʘ ʩʚʝ ʛʨʘʥʠʯʥʝ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʘ ʚʠʰʝ ʦʜ 3 ʥʠʚʦʘ ʥʠʩʫ ʧʦʛʦʜʥʝ ʟʘ ʘʧʣʠʢʘʮʠʿʝ, ʧʘ ʩʝ ʫ 

ʧʨʘʢʩʠ ʥʘʿʯʝʰ˂ʝ ʤʦʛʫ ʩʨʝʩʪʠ ʛʨʘʥʠʯʥʝ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʘ 2 ʠʣʠ 3 ʥʠʚʦʘ. 

 

ʉʣʠʢʘ 5.8 ï ʇʨʠʤʝʨ ʭʠʩʪʦʛʨʘʤʘ ʩʣʠʢʝ ʛʜʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʛʣʦʙʘʣʥʠ ʛʨʘʥʠʯʥʠʢ 

ɱʘʩʥʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʫ ʛʦʨˁʝʤ ʧʨʠʤʝʨʫ ʛʦʚʦʨʠʣʦ ʦ ʛʨʘʥʠʯʥʦʿ 

ʩʝʛʤʝʥʪʘʮʠʿʠ ʧʨʠ ʯʝʤʫ ʿʝ ʛʨʘʥʠʯʥʠʢ ʠʤʘʦ ʬʠʢʩʥʫ ʚʨʝʜʥʦʩʪ ʜʫʞ ʮʝʣʝ ʩʣʠʢʝ. ʆʚʘʢʚʠ 

ʛʨʘʥʠʯʥʠʮʠ ʩʝ ʥʘʟʠʚʘʿʫ ʠ ʛʣʦʙʘʣʥʠ ʛʨʘʥʠʯʥʠʮʠ. ʄʝʹʫʪʠʤ, ʩʝʛʤʝʥʪʘʮʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ 

ʛʣʦʙʘʣʥʦʿ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ ʥʠʿʝ ʫʚʝʢ ʤʦʛʫ˂ʘ.  

ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʣʠʢʘ ʠʤʘ ʭʠʩʪʦʛʨʘʤ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 5.8, ʛʜʝ ʤʦʞʝ 

ʧʦʩʪʦʿʘʪʠ ʜʦʩʪʘ ʦʙʿʝʢʘʪʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʩʠʚʝ ʙʦʿʝ ʠʣʠ ʛʜʝ ʧʦʟʘʜʠʥʘ ʥʝʤʘ 
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ʿʝʜʠʥʩʪʚʝʥʫ ʥʠʿʘʥʩʫ ʩʠʚʝ ʠʣʠ ʫ ʩʣʫʯʘʿʫ ʜʘ ʧʦʩʪʦʿʠ ʜʦʩʪʘ ʰʫʤʘ ʥʘ ʩʣʠʮʠ, ʩʝʛʤʝʥʪʘʮʠʿʘ 

ʙʘʟʠʨʘʥʘ ʥʘ ʛʣʦʙʘʣʥʦʿ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ ʥʠʿʝ ʤʦʛʫ˂ʘ. ʊʘʜʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʣʦʢʘʣʥʘ 

ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʣʘʛʦʜˀʠʚʫ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʩʝ ʦʜʨʝʹʫʿʝ ʥʘ ʦʩʥʦʚʫ 

ʣʦʢʘʣʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʠʢʩʝʣʘ. ɼʘ ʙʠ ʩʝ ʢʦʨʠʩʪʠʦ ʣʦʢʘʣʥʠ ʛʨʘʥʠʯʥʠʢ ʧʦʪʨʝʙʥʦ ʿʝ ʮʝʣʫ 

ʩʣʠʢʫ ʧʦʜʝʣʠʪʠ ʥʘ ʨʝʛʠʦʥʝ ʠ ʦʜʨʝʜʠʪʠ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʟʘ ʩʚʘʢʠ ʨʝʛʠʦʥ ʥʝʟʘʚʠʩʥʦ ʠ 

ʟʘʪʠʤ ʧʨʠʤʝʥʠʪʠ ʩʝʛʤʝʥʪʘʮʠʿʫ ʧʦ ʨʝʛʠʦʥʫ. ʂʦʜ ʘʜʘʧʪʠʚʥʝ ʩʝʛʤʝʥʪʘʮʠʿʝ ʥʘ ʙʘʟʠ ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʠ ʧʠʢʩʝʣ ʫ ʩʣʠʮʠ ʩʝ ʦʜʨʝʹʫʿʝ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʦʩʥʦʚʫ ʭʠʩʪʦʛʨʘʤʘ 

ˁʝʤʫ ʩʫʩʝʜʥʠʭ ʧʠʢʩʝʣʘ. 

ʆʜʘʙʠʨ ʚʨʝʜʥʦʩʪʠ ʛʨʘʥʠʯʥʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʝʙʥʫ ʧʨʦʙʣʝʤʘʪʠʢʫ ʧʨʠʣʠʢʦʤ 

ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʣʠʢʘ ʥʘ ʙʘʟʠ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ. ʈʫʯʥʠ ʦʜʘʙʠʨ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʫ ʪʝʭʥʠʢʫ ʠ ʠʤʘ ʧʨʠʤʝʥʫ ʢʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʢʦʤʝʨʮʠʿʘʣʥʠʭ 

ʩʦʬʪʚʝʨʘ. ʀ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʿʝ ʦʚʘʿ ʤʝʪʦʜ ʧʦʧʨʠʣʠʯʥʦ ʿʝʜʥʦʩʪʘʚʘʥ ʠ ʣʘʢ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʦʥ 

ʥʠʿʝ ʧʨʠʣʘʛʦʜˀʠʚ ʟʘ ʘʧʣʠʢʘʮʠʿʝ ʛʜʝ ʿʝ ʧʦʪʨʝʙʥʦ ʘʫʪʦʤʘʪʩʢʠ ʠʟʚʨʰʠʪʠ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ 

ʙʝʟ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʦʨʠʩʥʠʢʦʤ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʨʘʟʚʠʪʠ ʘʣʛʦʨʠʪʤʝ ʢʦʿʠ ʩʫ ʩʧʦʩʦʙʥʠ 

ʜʘ ʘʫʪʦʤʘʪʩʢʠ ʦʜʨʝʜʝ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ. 

ɱʝʜʘʥ ʦʜ ʧʨʚʠʭ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʿʝ ʤʦʛʘʦ ʜʘ ʘʫʪʦʤʘʪʩʢʠ ʦʜʨʝʜʠ ʧʦʪʨʝʙʥʫ ʛʨʘʥʠʯʥʫ 

ʚʨʝʜʥʦʩʪ ʿʝ ʧʨʝʜʣʦʞʝʥ ʦʜ ʩʪʨʘʥʝ ʈʠʜʣʝʨʘ ʠ ʂʘʣʚʘʨʜʘ [75] ʠ ʥʘʟʚʘʥ ʿʝ ʠʟʦʜʘʪʘ ʘʣʛʦʨʠʪʘʤ. 

ʇʦ ʦʚʦʤ ʘʣʛʦʨʠʪʤʫ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʩʝ ʧʨʚʦ ʧʨʝʪʧʦʩʪʘʚʠ ʠʣʠ ʩʝ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ 

ʧʦʩʪʘʚʠ ʥʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʩʚʠʭ ʧʠʢʩʝʣʘ ʫ ʩʣʠʮʠ. ɿʘʪʠʤ ʩʝ ʦʚʘ ʚʨʝʜʥʦʩʪ ʢʦʨʠʩʪʠ ʜʘ 

ʧʦʜʝʣʠ ʭʠʩʪʦʛʨʘʤ ʩʣʠʢʝ ʥʘ ʜʚʝ ʢʣʘʩʝ Ăɸñ ʠ Ăɺñ. ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʠʥʪʝʥʟʠʪʝʪʘ ʦʙʝ ʢʣʘʩʝ ʩʝ 

ʟʘʪʠʤ ʨʘʯʫʥʘ ʠ ʜʦʙʠʿʘʿʫ ʩʝ ʚʨʝʜʥʦʩʪʠ Ămañ ʠ Ămbñ.  ʅʦʚʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʩʝ ʟʘʪʠʤ 

ʨʘʯʫʥʘ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ Ămañ ʠ Ămbñ. ʅʦʚʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʩʝ ʠʪʝʨʘʪʠʚʥʦ ʘʞʫʨʠʨʘ 

ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʠʩʧʫʥʠ ʫʩʣʦʚ ʢʦʥʚʝʨʛʝʥʪʥʦʩʪʠ.  

ʌʫʥʢʮʠʿʘ ʮʠˀʘ ʩʝ ʪʘʢʦʹʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʣʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ. ʇʨʚʦ ʩʝ 

ʠʟʚʨʰʠ ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʭʠʩʪʦʛʨʘʤʘ ʠ ʦʥ ʩʝ ʧʦʩʤʘʪʨʘ ʢʘʦ ʜʠʩʪʨʠʙʫʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ: 

ὬὮ ὌὮ В ὌὭϳ      (5.3) 

ɼʠʩʪʨʠʙʫʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʝ ʢʣʘʩʠʬʠʢʫʿʝ ʫ ʜʚʘ ʩʢʫʧʘ, ʥʘ ʧʨʠʤʝʨ ʦʙʿʝʢʘʪ ʠ 

ʧʦʟʘʜʠʥʘ, ʢʦʨʠʰ˂ʝˁʝʤ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʚʨʝʜʥʦʩʪ ʠʥʪʝʥʟʠʪʝʪʘ 
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ʧʠʢʩʝʣʘ ʠʪʝʨʘʪʠʚʥʦ ʩʝʣʝʢʪʦʚʘʥʘ ʦʜ ʤʠʥʠʤʘʣʥʝ ʜʦ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʠʥʪʝʥʟʠʪʝʪʘ. 

ʆʧʪʠʤʘʣʥʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʿʝ ʦʜʨʝʹʝʥʘ ʢʘʦ ʦʥʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʤʘʢʩʠʤʠʟʫʿʝ 

ʬʫʥʢʮʠʿʫ ʮʠˀʘ. ʌʫʥʢʮʠʿʝ ʮʠˀʘ ʙʘʟʠʨʘʥʝ ʥʘ ʚʘʨʠʿʘʥʩʠ ʠ ʝʥʪʨʦʧʠʿʠ ʩʫ ʜʚʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ 

ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ. 

ʂʦʜ ʬʫʥʢʮʠʿʝ ʮʠˀʘ ʟʘʩʥʦʚʘʥʝ ʥʘ ʚʘʨʠʿʘʥʩʠ ʦʧʪʠʤʘʣʥʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʩʝ 

ʧʨʝʪʨʘʞʫʿʝ ʪʘʢʦ ʜʘ ʟʘʜʦʚʦˀʠ ʚʘʨʠʿʘʥʩʫ ʠʟʤʝʹʫ ʩʢʫʧʦʚʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ 

ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ: 

„      (5.4) 

ʋ ʛʦʨˁʦʿ ʿʝʜʥʘʯʠʥʠ ɤ ʠ Õ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʫʣʪʠ ʠ ʧʨʚʠ ʢʫʤʫʣʘʪʠʚ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʜʠʩʪʨʠʙʫʮʠʿʝ ʨʝʩʧʝʢʪʠʚʥʦ. ʂʦʜ ʬʫʥʢʮʠʿʝ ʮʠˀʘ ʟʘʩʥʦʚʘʥʝ ʥʘ ʝʥʪʨʦʧʠʿʠ ʦʧʪʠʤʘʣʥʘ 

ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʩʝ ʦʜʨʝʹʫʿʝ ʢʘʦ ʚʨʝʜʥʦʩʪ ʠʥʪʝʥʟʠʪʝʪʘ ʧʠʢʩʝʣʘ ʢʦʿʘ ʤʘʢʩʠʤʠʟʫʿʝ ʩʫʤʫ 

ʝʥʪʨʦʧʠʿʘ ʜʚʘ ʩʢʫʧʘ. ʂʦʨʠʰ˂ʝˁʝ ʬʫʥʢʮʠʿʝ ʮʠˀʘ ʙʘʟʠʨʘʥʝ ʥʘ ʚʘʨʠʿʘʥʩʠ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʫ 

ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʦʩʠʤ ʢʘʜʘ ʿʝ ʧʦʧʫʣʘʮʠʿʘ ʿʝʜʥʦʛ ʩʢʫʧʘ ʟʥʘʪʥʦ ʚʝ˂ʘ ʦʜ ʧʦʧʫʣʘʮʠʿʝ ʜʨʫʛʦʛ 

[76], ʧʦʰʪʦ ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʙʘʟʠʨʘʥʘ ʥʘ ʝʥʪʨʦʧʠʿʠ ʟʘʜʨʞʘʚʘ ʩʪʘʙʠʣʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʢʘʜʘ ʩʝ 

ʦʙʨʘʹʫʿʫ ʩʣʠʢʝ  ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʦʜʥʦʩʠʤʘ ʧʦʧʫʣʘʮʠʿʝ. ʂʘʜʘ ʿʝ ʜʠʩʪʨʠʙʫʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʿʝʜʥʝ ʚʨʝʜʥʦʩʪʠ ʠʥʪʝʥʟʠʪʝʪʘ ʧʠʢʩʝʣʘ ʧʨʝʚʠʰʝ ʤʘʣʘ ʪʘʜʘ ʿʝ ʝʥʪʨʦʧʠʿʘ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦ 

ʚʝ˂ʘ ʦʜ ʜʨʫʛʠʭ ʚʨʝʜʥʦʩʪʠ ʰʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʝʣʠʢʠʭ ʛʨʝʰʘʢʘ ʫ ʨʘʯʫʥʫ 

[77]. ɿʙʦʛ ʪʦʛʘ ʩʝ ʤʦʞʝ ʜʝʩʠʪʠ ʜʘ ʦʜʘʙʨʘʥʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʙʫʜʝ ʤʘˁʝ ʧʦʫʟʜʘʥʘ. 

ʂʣʘʩʪʝʨʠʟʘʮʠʿʘ ʭʠʩʪʦʛʨʘʤʘ ʿʝ ʿʦʰ ʿʝʜʥʘ ʤʝʪʦʜʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ. ʂʣʘʩʪʝʨʠʟʘʮʠʿʘ ʤʝʪʦʜʦʤ ʂ-ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ 

ʩʝ ʢʦʨʠʩʪʠ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ. ɱʝʜʥʘ ʚʨʝʜʥʦʩʪ ʠʥʪʝʥʟʠʪʝʪʘ ʫ ʨʘʩʧʦʥʫ ʦʜ Ălñ ʜʦ ĂLñ 

ʩʝ ʙʠʨʘ ʢʘʦ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʢʘʢʦ ʙʠ ʩʝ ʭʠʩʪʦʛʨʘʤ ʧʦʜʝʣʠʦ ʥʘ ʜʚʘ ʩʢʫʧʘ Ăɸñ ʠ Ăɺñ, ʦʜ 

ʢʦʿʠʭ ʿʝʜʘʥ ʧʨʝʜʩʪʘʚˀʘ ʦʙʿʝʢʘʪ ʘ ʜʨʫʛʠ ʧʦʟʘʜʠʥʫ, ʩʘ ʩʨʝʜˁʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠʥʪʝʥʟʠʪʝʪʘ  

Ămañ ʠ Ămbñ. 

ʋʢʦʣʠʢʦ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘʜʦʚʦˀʘʚʘ ʢʨʠʪʝʨʠʿʫʤ ʜʘ ʿʝ ʩʚʘʢʘ ʚʨʝʜʥʦʩʪ 

ʠʥʪʝʥʟʠʪʝʪʘ ʩʢʫʧʘ Ăɸñ ʙʣʠʞʘ Ămañ ʠ ʜʘ ʿʝ ʩʚʘʢʘ ʚʨʝʜʥʦʩʪ ʠʥʪʝʥʟʠʪʝʪʘ ʩʢʫʧʘ Ăɺñ ʙʣʠʞʘ 

Ămbñ, ʦʥʜʘ ʩʝ ʪʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʫʟʠʤʘ ʢʘʦ ʢʘʥʜʠʜʘʪ ʟʘ ʬʠʥʘʣʥʫ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ. 

ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʨʘʯʫʥʘ ʛʨʝʰʢʘ ʩʚʘʢʦʛ ʢʘʥʜʠʜʘʪʘ ʟʘ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʧʦʤʦ˂ʫ ʜʦˁʝ 
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ʿʝʜʥʘʯʠʥʝ ʠ ʦʥʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʙʫʜʝ ʠʤʘʣʘ ʥʘʿʤʘˁʫ ʛʨʝʰʢʫ ʩʝ ʙʠʨʘ ʢʘʦ 

ʦʧʪʠʤʘʣʥʘ. 

Ὡ В ὌὭὭ ‘ὸ      (5.5) 

ʇʦʨʝʜ ʛʦʨʝ ʥʘʙʨʦʿʘʥʠʭ ʤʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʩʣʠʢʘ ʧʦʩʪʦʿʝ ʠ ʤʥʦʛʝ ʜʨʫʛʝ ʢʘʦ ʰʪʦ ʩʫ ʪʝʭʥʠʢʘ ʥʘʿʤʘˁʝ ʛʨʝʰʢʝ [78], ʪʝʭʥʠʢʘ ʦʯʫʚʘˁʘ 

ʪʨʝʥʫʪʢʘ [79], ʪʝʭʥʠʢʘ ʰʠʨʝˁʘ ʧʨʦʟʦʨʘ [80], ʬʘʟʠ ʪʝʭʥʠʢʘ [81] ʠ ʩʣʠʯʥʝ. ʄʝʹʫʪʠʤ, ʦʥʝ ʩʫ 

ʟʥʘʪʥʦ ʤʘˁʝ ʧʦʧʫʣʘʨʥʝ ʠ ʜʦʩʪʘ ʢʦʤʧʣʝʢʩʥʠʿʝ ʦʜ ʛʦʨʝ ʦʙʿʘʰˁʝʥʠʭ ʪʝʭʥʠʢʘ. 

 

5.3. ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʠʚʠʮʘʤʘ 

 

ʂʘʢʦ ʩʚʘʢʘ ʩʣʠʢʘ ʫ ʩʝʙʠ ʩʘʜʨʞʠ ʜʦʩʪʘ ʨʝʜʫʥʜʘʥʪʥʠʭ ʧʦʜʘʪʘʢʘ ʠʩʪʨʘʞʠʚʘʯʠ ʩʫ 

ʦʪʢʨʠʣʠ ʜʘ ʩʝ ʚʝ˂ʠʥʘ ʧʦʜʘʪʘʢʘ ʥʘʣʘʟʠ ʫ ʠʚʠʮʘʤʘ. ʇʦʜ ʠʚʠʮʘʤʘ ʩʝ ʤʦʞʝ ʤʠʩʣʠʪʠ ʥʘ 

ʛʨʘʥʠʮʝ ʦʙʿʝʢʘʪʘ ʢʘʦ ʠ ʧʨʦʤʝʥʝ ʫ ʦʨʠʿʝʥʪʘʮʠʿʠ ʨʘʚʥʠ ʠ ʪʝʢʩʪʫʨʘʤʘ. ʀʚʠʮʝ ʦʙʠʯʥʦ 

ʦʜʛʦʚʘʨʘʿʫ ʤʝʩʪʠʤʘ ʥʘ ʩʣʠʮʠ ʛʜʝ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʩʠʚʝ ʙʦʿʝ ʟʥʘʪʥʦ ʨʘʟʣʠʢʫʿʝ ʠʟʤʝʹʫ ʜʚʘ 

ʨʝʛʠʦʥʘ. 

ɼʝʪʝʢʮʠʿʘ ʠʚʠʮʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʣʦʮʠʨʘˁʘ ʠʚʠʮʘ ʥʘ ʩʣʠʮʠ. ɼʝʪʝʢʮʠʿʘ ʠʚʠʮʘ ʥʘ 

ʩʣʠʮʠ ʧʨʝʜʩʪʘʚˀʘ ʚʨʣʦ ʚʘʞʘʥ ʢʦʨʘʢ ʫ ʨʘʟʫʤʝʚʘˁʫ ʩʣʠʢʝ. ɼʝʪʝʢʮʠʿʦʤ ʠʚʠʮʘ ʩʝ ʟʥʘʪʥʦ 

ʩʤʘˁʫʿʝ ʚʝʣʠʯʠʥʘ ʩʣʠʢʝ ʠ ʬʠʣʪʨʠʨʘ ʜʝʦ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʥʠʩʫ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʠ 

ʟʘʜʨʞʘʚʘ ʩʝ ʩʘʤʦ ʜʝʦ ʢʦʿʠ ʥʦʩʠ ʛʣʘʚʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʪʨʫʢʪʫʨʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʩʣʠʢʝ. 

ʇʦʰʪʦ ʩʝ ʠʚʠʮʝ ʯʝʩʪʦ ʧʦʿʘʚˀʫʿʫ ʥʘ ʣʦʢʘʮʠʿʘʤʘ ʥʘ ʩʣʠʢʘʤʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʥʠʮʝ 

ʥʝʢʦʛ ʦʙʿʝʢʪʘ, ʜʝʪʝʢʮʠʿʘ ʠʚʠʮʘ ʩʝ ʜʦʩʪʘ ʢʦʨʠʩʪʠ ʫ ʩʝʛʤʝʥʪʘʮʠʿʠ ʩʣʠʢʘ ʢʘʜʘ ʩʫ ʩʣʠʢʝ 

ʧʦʜʝˀʝʥʝ ʫ ʦʙʣʘʩʪʠ ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʿʝʢʪʠʤʘ. ɼʝʪʝʢʮʠʿʘ ʠʚʠʮʘ ʩʝ ʧʦʩʝʙʥʦ 

ʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʞʘʚʘˁʝ ʜʝʣʦʚʘ ʪʫʤʦʨʘ ʥʘ ʤʘʤʦʛʨʘʬʩʢʠʤ ʩʥʠʤʮʠʤʘ ʢʘʦ ʠ ʜʘ ʧʨʠʢʘʞʫ 

ʦʜʨʝʹʝʥʝ ʘʙʥʦʨʤʘʣʥʦʩʪʠ ʥʘ ĂMRIñ ʩʥʠʤʮʠʤʘ. 

ɼʝʪʝʢʮʠʿʘ ʠʚʠʮʘ ʩʝ ʚʨʣʦ ʯʝʩʪʦ ʚʨʰʠ ʧʦʤʦ˂ʫ ʦʧʝʨʘʪʦʨʘ ʠʚʠʮʘ ʢʦʿʠ ʪʨʝʙʘ ʜʦ ʦʪʢʨʠʿʝ 

ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʝ ʠ ʣʦʮʠʨʘ ʪʘʯʢʝ ʩʘ ʥʘʛʣʠʤ ʧʨʦʤʝʥʘʤʘ ʩʠʚʝ ʙʦʿʝ. ʇʦʩʪʦʿʠ ʜʦʩʪʘ ʤʝʪʦʜʘ ʟʘ 

ʜʝʪʝʢʪʦʚʘˁʝ ʠʚʠʮʘ ʘ ʚʝ˂ʠʥʘ ˁʠʭ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʤʝʪʦʜʠ ʛʨʘʜʠʿʝʥʪʘ ʠ ʃʘʧʣʘʩʦʚʦʿ ʤʝʪʦʜʠ. 

ʄʝʪʦʜʘ ʛʨʘʜʠʿʝʥʪʘ ʜʝʪʝʢʪʫʿʝ ʠʚʠʮʫ ʪʘʢʦ ʰʪʦ ʪʨʘʞʠ ʤʘʢʩʠʤʫʤ ʠ ʤʠʥʠʤʫʤ ʫ ʧʨʚʦʤ 
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ʜʝʨʠʚʘʪʫ ʩʣʠʢʝ. ʅʘ ʧʨʠʤʝʨ ʈʦʙʝʨʪʦʚ, ʇʨʝʚʠʪʦʚ ʠ ʉʦʙʝʣʦʚ ʦʧʝʨʘʪʦʨ ʜʝʪʝʢʪʫʿʝ ʚʝʨʪʠʢʘʣʥʝ 

ʠ ʭʦʨʠʟʦʥʪʘʣʥʝ ʠʚʠʮʝ, ʜʦʢ ʩʝ ʦʰʪʨʝ ʠʚʠʮʝ ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʧʨʠʤʝʥʦʤ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʛʨʘʥʠʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ. ʃʘʧʣʘʩʦʚ ʤʝʪʦʜ ʪʨʘʞʠ ʥʫʣʪʝ ʧʨʝʣʘʟʝ ʫ ʜʨʫʛʦʤ 

ʜʝʨʠʚʘʪʫ ʩʣʠʢʝ ʢʘʢʦ ʙʠ ʥʘʰʘʦ ʠʚʠʮʝ. 

 

5.4. ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʨʝʛʠʦʥʠʤʘ 

 

ʇʦʩʪʦʿʝ ʜʚʝ ʦʩʥʦʚʥʝ ʪʝʭʥʠʢʝ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ ʙʘʟʠʨʘʥʝ ʥʘ ʨʝʛʠʦʥʠʤʘ: ʪʝʭʥʠʢʘ 

ʨʘʩʪʘ ʠ ʩʧʘʿʘˁʘ ʠ ʪʝʭʥʠʢʘ ʨʘʟʜʚʘʿʘˁʘ ʠ ʩʧʘʿʘˁʘ. ʂʦʜ ʪʝʭʥʠʢʝ ʨʘʩʪʘ ʠ ʩʧʘʿʘˁʘ, ʧʠʢʩʝʣ ʩʝ 

ʠʥʠʮʠʿʘʣʥʦ ʦʜʘʙʝʨʝ ʢʘʦ ʨʝʛʠʦʥ ʢʦʿʠ ʨʘʩʪʝ. ʉʫʩʝʜʥʠ ʧʠʢʩʝʣʠ ʨʝʛʠʦʥʘ ʩʝ ʠʪʝʨʘʪʠʚʥʦ 

ʩʧʘʿʘʿʫ, ʦʜʥʦʩʥʦ ʫʧʘʜʘʿʫ ʫ ʨʝʛʠʦʥ, ʫʢʦʣʠʢʦ ʧʦʩʝʜʫʿʫ ʩʣʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʦ ʰʪʦ ʩʫ ʥʘ 

ʧʨʠʤʝʨ ʠʥʪʝʥʟʠʪʝʪ ʠʣʠ ʪʝʢʩʪʫʨʘ. ʆʚʦ ʠʪʝʨʘʪʠʚʥʦ ʩʧʘʿʘˁʝ ʩʝ ʚʨʰʠ ʩʚʝ ʜʦʢ ʥʝʤʘ ʚʠʰʝ 

ʧʠʢʩʝʣʘ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʫʧʘʩʪʠ ʫ ʨʝʛʠʦʥ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʦʚʘ ʧʨʦʮʝʜʫʨʘ ʧʦʥʘʚˀʘ ʩʘ ʥʝʢʠʤ 

ʜʨʫʛʠʤ ʧʠʢʩʝʣʦʤ ʢʦʿʠ ʧʨʝʪʭʦʜʥʦ ʥʠʿʝ ʫʧʘʦ ʫ ʥʝʢʠ ʜʨʫʛʠ ʨʝʛʠʦʥ. ʊʦ ʩʝ ʧʦʥʘʚˀʘ ʩʚʝ ʜʦʢ 

ʩʚʠ ʧʠʢʩʝʣʠ ʥʝ ʧʦʩʪʘʥʫ ʜʝʦ ʥʝʢʦʛ ʨʝʛʠʦʥʘ. ʇʨʠʤʝʥʦʤ ʦʚʝ ʪʝʭʥʠʢʝ ʩʝ ʯʝʩʪʦ ʜʦʙʠʿʘʿʫ ʩʣʠʢʝ 

ʢʦʿʝ ʩʫ ʧʨʝʚʠʰʝ ʠʟʜʝˀʝʥʝ ʥʘ ʨʝʛʠʦʥʝ ʫʩʣʝʜ ʧʦʩʪʦʿʘˁʘ ʰʫʤʘ ʫ ʩʣʠʮʠ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʥʘʢʦʥ 

ʦʚʝ ʧʨʦʮʝʜʫʨʝ ʚʨʣʦ ʯʝʩʪʦ ʚʨʰʠ ʠ ʧʦʩʪ-ʧʨʦʮʝʩʠʨʘˁʝ ʢʘʢʦ ʙʠ ʩʝ ʤʘʣʠ ʩʝʛʤʝʥʪʠ ʩʣʠʢʝ 

ʩʧʦʿʠʣʠ ʩʘ ˁʠʭʦʚʠʤ ʩʫʩʝʜʥʠʤ ʨʝʛʠʦʥʠʤʘ ʢʦʿʠ ʟʘʫʟʠʤʘʿʫ ʚʝʣʠʢʫ ʧʦʚʨʰʠʥʫ. 

ʂʦʜ ʪʝʭʥʠʢʝ ʨʘʟʜʚʘʿʘˁʘ ʠ ʩʧʘʿʘˁʘ ʯʠʪʘʚʘ ʩʣʠʢʘ ʩʝ ʠʥʠʮʠʿʘʣʥʦ ʧʦʩʤʘʪʨʘ ʢʘʦ ʿʝʜʘʥ 

ʨʝʛʠʦʥ ʢʦʿʠ ʩʝ ʠʪʝʨʘʪʠʚʥʦ ʨʘʟʜʚʘʿʘ ʫ ʤʘˁʝ ʨʝʛʠʦʥʘ ʩʘ ʫʥʠʬʦʨʤʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʢʘʦ 

ʰʪʦ ʩʫ ʥʘ ʧʨʠʤʝʨ ʙʦʿʘ, ʛʨʘʜʠʿʝʥʪ ʠʣʠ ʪʝʢʩʪʫʨʘ. ʇʨʦʮʝʩ ʩʝʛʤʝʥʪʘʮʠʿʝ ʩʝ ʟʘʚʨʰʘʚʘ ʢʘʜʘ 

ʚʠʰʝ ʥʝ ʧʦʩʪʦʿʠ ʥʠʪʠ ʿʝʜʘʥ ʨʝʛʠʦʥ ʩʘ ʥʝʫʥʠʬʦʨʤʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʢʦʿʠ ʙʠ ʩʝ ʤʦʛʘʦ 

ʨʘʟʜʚʦʿʠʪʠ. ʉʣʠʯʥʦ ʢʘʦ ʠ ʢʦʜ ʪʝʭʥʠʢʝ ʨʘʩʪʘ ʠ ʩʧʘʿʘˁʘ, ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʘʦ ʧʨʦʙʣʝʤ 

ʧʨʝʚʝʣʠʢʝ ʧʦʜʝˀʝʥʦʩʪʠ ʥʘ ʤʘʣʝ ʩʝʛʤʝʥʪʝ, ʦʚʠ ʤʘʣʠ ʨʝʛʠʦʥʠ ʩʝ ʩʧʘʿʘʿʫ ʩʘ ˁʠʭʦʚʠʤ 

ʩʫʩʝʜʥʠʤ ʨʝʛʠʦʥʠʤʘ ʢʦʿʠ ʠʤʘʿʫ ʜʦʚʦˀʥʦ ʚʝʣʠʢʫ ʧʦʚʨʰʠʥʫ ʜʘ ʙʠ ʩʝ ʤʦʛʣʠ ʩʤʘʪʨʘʪʠ 

ʥʝʟʘʚʠʩʥʠʤ ʨʝʛʠʦʥʠʤʘ.  

ɸʣʛʦʨʠʪʤʠ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ ʙʘʟʠʨʘʥʠ ʥʘ ʨʝʛʠʦʥʠʤʘ ʩʝ ʦʙʠʯʥʦ ʧʨʝʧʦʨʫʯʫʿʫ  ʟʘ 

ʩʝʛʤʝʥʪʘʮʠʿʫ ʢʦʤʧʣʝʢʩʥʠʭ ʩʣʠʢʘ ʫ ʢʦʿʠʤʘ ʿʝ ʙʨʦʿ ʩʢʫʧʦʚʘ ʚʝʣʠʢʠ ʠ ʥʝʦʜʨʝʹʝʥ. ʆʚʠ 
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ʘʣʛʦʨʠʪʤʠ ʩʫ ʪʘʢʦʹʝ ʚʝʦʤʘ ʟʘʭʪʝʚʥʠ ʟʘ ʨʘʯʫʥʘʨ ʠ ʚʨʣʦ ʯʝʩʪʦ ʟʘʭʪʝʚʘʿʫ ʜʦʩʪʘ ʚʨʝʤʝʥʘ ʟʘ 

ʧʨʦʮʝʩʠʨʘˁʝ. 

 

5.5. ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʛʨʘʜʠʿʝʥʪʠʤʘ 

 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʛʨʘʜʠʿʝʥʪʠʤʘ ʿʝʩʪʝ ʿʝʜʥʘ ʦʜ ʦʤʠˀʝʥʠʭ 

ʩʝʛʤʝʥʪʘʮʠʿʘ ʠʟ ʧʨʦʩʪʦʛ ʨʘʟʣʦʛʘ ʰʪʦ ʩʝ ʛʨʘʥʠʮʝ ʣʦʢʘʣʥʦʛ ʢʦʥʪʨʘʩʪʘ ʣʘʢʦ ʤʦʛʫ ʫʦʯʠʪʠ ʠ ʥʘ 

ʪʘʿ ʥʘʯʠʥ ʩʝ ʤʦʛʫ ʣʘʢʦ ʜʝʪʝʢʪʦʚʘʪʠ ʠ ʠʚʠʮʝ ʦʙʿʝʢʪʘ. ʂʦʜ ʦʚʝ ʚʨʩʪʝ ʩʝʛʤʝʥʪʘʮʠʿʝ ʛʨʘʜʠʿʝʥʪ 

ʩʣʠʢʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʨʘʯʫʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʢʦʥʚʦʣʫʮʠʦʥʦʛ ʦʧʝʨʘʪʦʨʘ ʛʨʘʜʠʿʝʥʪʘ, ʘ ʛʨʘʥʠʯʥʘ 

ʚʨʝʜʥʦʩʪ ʩʝ ʧʦʩʪʘʚˀʘ ʪʘʢʦ ʜʘ ʩʝ ʦʪʢʨʠʿʫ ʝʬʝʢʪʠʚʥʝ ʠʚʠʮʝ ʯʠʿʠ ʿʝ ʛʨʘʜʠʿʝʥʪ ʚʝ˂ʠ ʦʜ 

ʛʨʘʥʠʯʥʠʢʘ. ɻʨʘʥʠʯʥʠʢ ʩʝ ʤʦʞʝ ʦʜʘʙʨʘʪʠ ʥʘ ʦʩʥʦʚʫ ʢʫʤʫʣʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʛʨʘʜʠʿʝʥʪʘ 

ʭʠʩʪʦʛʨʘʤʘ ʩʣʠʢʝ ʧʨʝʤʘ ʰʝʤʠ ʢʦʿʘ ʢʘʞʝ ʜʘ ʩʝ 5-10% ʧʠʢʩʝʣʘ ʩʘ ʥʘʿʚʝ˂ʠʤ ʛʨʘʜʠʿʝʥʪʦʤ 

ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʠʚʠʮʘʤʘ [82]. ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʩʣʠʢʫ ʢʘʦ ʬʫʥʢʮʠʿʫ ñfò ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ 

ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ (x, y) ʛʨʘʜʠʿʝʥʪ g ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ. 

Ὣ      (5.6) 

ʂʦʜ ʜʠʛʠʪʘʣʥʠʭ ʩʣʠʢʘ ʦʧʝʨʘʪʦʨ ʛʨʘʜʠʿʝʥʪʘ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʘʥʘʣʦʛʥʠʤ 

ʦʧʝʨʘʪʦʨʦʤ ʫʩʨʝʜˁʘʚʘˁʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʫʢʣʘˁʘˁʝ ʰʫʤʘ. ʄʝʹʫʪʠʤ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ 

ʦʧʝʨʘʪʦʨʘ ʫʩʨʝʜˁʘʚʘˁʘ, ʰʠʨʠʥʝ ʦʧʝʨʘʪʦʨʘ ʛʨʘʜʠʿʝʥʪʘ ʥʠʩʫ ʝʢʩʢʣʫʟʠʚʥʦ ʧʦʟʠʪʠʚʥʠ ʮʝʣʠ 

ʙʨʦʿʝʚʠ. ʅʘʿʤʘˁʝ ʿʝʜʘʥ ʥʝʛʘʪʠʚʘʥ ʮʝʦ ʙʨʦʿ ʿʝ ʧʨʠʩʫʪʘʥ ʫ ʰʠʨʠʥʘʤʘ ʢʘʢʦ ʙʠ ʩʝ ʚʨʝʜʥʦʩʪ 

ʠʥʪʝʥʟʠʪʝʪʘ ʮʝʥʪʨʘʣʥʦʛ ʧʠʢʩʝʣʘ ʤʦʛʣʘ ʦʜʫʟʝʪʠ ʦʜ ʚʨʝʜʥʦʩʪʠ ʩʫʩʝʜʥʠʭ ʧʠʢʩʝʣʘ ʫ ʮʠˀʫ 

ʧʦʚʝ˂ʘˁʘ ʢʦʥʪʨʘʩʪʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʧʠʢʩʝʣʘ ʟʘ ʨʘʯʫʥʘˁʝ ʛʨʘʜʠʿʝʥʪʘ.  

ɻʨʘʜʠʿʝʥʪʠ ʩʝ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ ʫ ʫʢʫʧʥʦ 8 ʧʨʘʚʘʮʘ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʩʣʠʮʠ 5.9. ʉʫʤʘ ʰʠʨʠʥʘ ʦʧʝʨʘʪʦʨʘ ʛʨʘʜʠʿʝʥʪʘ ʿʝ ʥʘʿʯʝʰ˂ʝ 0. ʅʝʢʠ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ 

ʦʧʝʨʘʪʦʨʘ ʛʨʘʜʠʿʝʥʪʘ ʢʦʿʠ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʩʫ ʉʦʙʝʣʦʚʝ ʦʧʝʨʘʪʦʨ, ʇʨʝʚʠʪʦʚ ʦʧʝʨʘʪʦʨ, 

ʈʦʙʝʨʪʦʚ ʦʧʝʨʘʪʦʨ ʠ ʂʠʨʰ ʦʧʝʨʘʪʦʨ [83]. 
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ʉʣʠʢʘ 5.9 ï ʆʩʘʤ ʤʦʛʫ˂ʠʭ ʧʨʘʚʘʮʘ ʟʘ ʨʘʯʫʥʘˁʝ ʛʨʘʜʠʿʝʥʪʘ 

 

5.6. ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʠ 

 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʧʨʝʜʩʪʘʚˀʘ ʤʝʪʦʜʫ ʦʨʿʝʥʪʠʩʘʥʫ ʢʘ 

ʧʠʢʩʝʣʠʤʘ ʫ ʢʦʿʦʿ ʩʝ ʩʚʘʢʠ ʧʠʢʩʝʣ ʧʦʩʤʘʪʨʘ ʢʘʦ ʮʝʣʠʥʘ ʟʘ ʩʝʙʝ ʠ ʢʦʿʠ ʠʤʘ ʚʨʝʜʥʦʩʪ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʝʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʣʠʢʝ ʢʘʦ ʰʪʦ ʪʦ ʤʦʛʫ ʙʠʪʠ ʙʦʿʘ, ʦʙʣʠʢ ʠ ʪʝʢʩʪʫʨʘ. 

ɿʘʪʠʤ ʩʝ ʬʦʨʤʠʨʘ ʤʘʪʨʠʮʘ ʢʦʿʘ ʩʘʜʨʞʠ ʩʚʝ ʧʠʢʩʝʣʝ ʠ ʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʫʣʘʟʥʠ ʩʢʫʧ 

ʧʦʜʘʪʘʢʘ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ. ʉʚʘʢʠ ʧʠʢʩʝʣ ʩʝ ʟʘʪʠʤ ʢʣʘʩʠʬʠʢʫʿʝ ʫ ʦʜʨʝʹʝʥʠ ʩʢʫʧ ʧʨʝʤʘ 

ˁʝʛʦʚʦʿ ʚʨʝʜʥʦʩʪʠ, ʘ ʢʦʨʠʩʪʝ˂ʠ ʤʦʜʝʣ ʟʘ ʫʯʝˁʝ [84]. ʊʠ ʩʢʫʧʦʚʠ ʤʦʛʫ ʙʠʪʠ ʦʙʿʝʢʘʪ ʠ 

ʧʦʟʘʜʠʥʘ ʠʣʠ ʜʝʬʝʢʪʥʠ ʧʠʢʩʝʣ ʠ ʧʠʢʩʝʣ ʙʝʟ ʥʝʜʦʩʪʘʪʘʢʘ ʠ ʩʣʠʯʥʦ.  

ʉʢʫʧ ʩʣʠʢʘ ʢʦʿʠ ʿʝ ʫʩʧʝʰʥʦ ʨʫʯʥʦ ʩʝʛʤʝʥʪʠʨʘʥ ʦʜ ʩʪʨʘʥʝ ʯʦʚʝʢʘ ʩʝ ʧʨʦʩʣʝʹʫʿʝ ʢʘʦ 

ʩʢʫʧ ʟʘ ʪʨʝʥʠʨʘˁʝ ʦʜʥʦʩʥʦ ʫʯʝˁʝ. ʂʦʝʬʠʮʠʿʝʥʪʠ ʤʦʜʝʣʘ ʟʘ ʫʯʝˁʝ ʩʫ ʜʦʙʠʿʝʥʠ ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʜʘ ʩʝ ʩʢʫʧ ʩʣʠʢʘ ʟʘ ʪʝʩʪʠʨʘˁʝ ʤʦʞʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʠʩʪʦʛ ʤʦʜʝʣʘ ʩʘ 

ʟʘʜʘʪʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ. ɱʝʜʘʥ ʧʨʠʤʝʨ ʢʦʿʠ ʧʨʠʢʘʟʫʿʝ ʦʚʫ ʚʨʩʪʫ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʿʝ 

ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 5.10. ʀʘʢʦ ʿʝ ʩʢʫʧ ʩʣʠʢʘ ʟʘ ʫʯʝˁʝ ʠʟʫʟʝʪʥʦ ʧʦʞʝˀʘʥ, ʦʥ ʠʧʘʢ ʥʠʿʝ 
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ʦʙʘʚʝʟʘʥ, ʧʦʰʪʦ ʧʦʩʪʦʿʝ ʦʜʨʝʹʝʥʝ ʪʝʭʥʠʢʝ ʫʯʝˁʘ ʙʝʟ ʥʘʜʟʦʨʘ, ʢʘʦ ʰʪʦ ʩʫ ʪʦ ʥʘ ʧʨʠʤʝʨ 

ʢʣʘʩʪʝʨʠʟʘʮʠʿʘ  ʠʣʠ ʩʘʤʦ-ʦʨʛʘʥʠʟʘʮʠʿʩʢʘ ʤʘʧʘ, ʢʦʜ ʢʦʿʠʭ ʧʠʢʩʝʣʠ ʤʦʛʫ ʙʠʪʠ 

ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʫ ʨʘʟʣʠʯʠʪʝ ʩʢʫʧʦʚʝ ʙʝʟ ʠʢʘʢʚʦʛ ʧʨʝʜʟʥʘˁʘ. ʀʧʘʢ, ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ, 

ʪʨʝʥʠʥʛ ʙʝʟ ʥʘʜʟʦʨʘ ʥʝʤʘ ʪʘʢʦ ʚʠʩʦʢʫ ʪʘʯʥʦʩʪ ʢʘʦ ʪʨʝʥʠʥʛ ʩʘ ʥʘʜʟʦʨʦʤ. ɿʙʦʛ ʪʦʛʘ ʿʝ 

ʧʦʞʝˀʥʦ ʦʙʝʟʙʝʜʠʪʠ ʩʢʫʧ ʩʣʠʢʘ ʟʘ ʪʨʝʥʠʨʘˁʝ. 

 

ʉʣʠʢʘ 5.10 ï ʉʝʛʤʝʥʪʘʮʠʿʘ ʩʣʠʢʝ ʙʘʟʠʨʘʥʘ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʠ 

ɱʝʜʥʘ ʦʜ ʤʘʥʘ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʿʝ ʥʘ ʙʘʟʠ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʿʝʩʪʝ ʪʦ ʰʪʦ ʿʝ ʧʨʝ 

ʧʦʯʝʪʢʘ ʩʝʛʤʝʥʪʘʮʠʿʝ ʧʦʪʨʝʙʥʦ ʟʥʘʪʠ ʮʠˀ ʩʝʛʤʝʥʪʘʮʠʿʝ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʙʨʦʿ ʩʢʫʧʦʚʘ ʫ 

ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʜʝʣʠʪʠ ʩʣʠʢʫ ʿʝ ʧʦʪʨʝʙʥʦ ʫʥʘʧʨʝʜ ʟʥʘʪʠ. ɱʦʰ ʿʝʜʘʥ ʥʝʜʦʩʪʘʪʘʢ ʦʚʝ 

ʤʝʪʦʜʝ ʿʝʩʪʝ ʜʘ ˁʝʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʝ ʦʜ ʜʚʘ ʢˀʫʯʥʘ ʬʘʢʪʦʨʘ: ʤʦʜʝʣʘ 

ʟʘ ʫʯʝˁʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʣʠʢʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʧʨʦʤʝʥˀʠʚʝ. 

ʇʦʰʪʦ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʧʠʢʩʝʣʘ ʧʨʠʤʘʨʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʧʠʢʩʝʣʫ, ʦʥʘ 

ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʧʦʧʫʣʘʨʥʠʿʫ ʠ ʥʘʿʚʠʰʝ ʢʦʨʠʰ˂ʝʥʫ ʠʥʬʦʨʤʘʮʠʿʫ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ. 
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ʀʥʪʝʥʟʠʪʝʪ ʩʚʘʢʦʛ ʧʠʢʩʝʣʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʚʨʝʜʥʦʩʪ ʢʦʜ ʮʨʥʦ-ʙʝʣʠʭ ʩʣʠʢʘ ʩʘ ʥʠʚʦʠʤʘ 

ʩʠʚʝ ʙʦʿʝ ʠʣʠ ʪʨʠ ʚʨʝʜʥʦʩʪʠ ʢʦʜ ʩʣʠʢʘ ʫ ʙʦʿʠ. ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʢʘʢʦ ʙʠ ʩʝ ʠʟʚʫʢʣʦ 

ʚʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʧʠʢʩʝʣʫ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʠʢʩʝʣʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʠʟ ʤʘʣʦʛ ʨʝʛʠʦʥʘ 

ʯʠʿʠ ʿʝ ʪʘʿ ʧʠʢʩʝʣ ʮʝʥʪʘʨ. ʇʨʝʤʘ ʪʦʤʝ, ʧʦʨʝʜ ʚʨʝʜʥʦʩʪʠ ʠʥʪʝʥʟʠʪʝʪʘ ʧʠʢʩʝʣʘ, ʪʝʢʩʪʫʨʘ 

ʩʣʠʢʝ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʢʣʘʩʠʬʠʢʘʮʠʦʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ [85]. 
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6. 
              

 

6. ɸʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʘʤʦʛʨʘʬʩʢʠʭ 

ʩʣʠʢʘ ʜʦʿʢʝ 

 

ɱʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʤʝʪʦʜʘ ʫ ʤʝʜʠʮʠʥʩʢʦʿ ʜʠʿʘʛʥʦʩʪʠʮʠ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʪʫʤʦʨʘ 

ʜʦʿʢʝ ʿʝʩʪʝ ʫʧʦʪʨʝʙʘ ʜʠʛʠʪʘʣʥʝ ʤʘʤʦʛʨʘʬʠʿʝ. ʄʘʤʦʛʨʘʬʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʩʥʠʤʘˁʘ 

ʛʨʫʜʠ ʧʨʠʣʠʢʦʤ ʢʦʛʘ ʩʝ ʢʦʨʠʩʪʝ Ăʍñ ʟʨʘʮʠ ʩʣʘʙʦʛ ʟʨʘʯʝˁʘ ʫ ʮʠˀʫ ʠʩʧʠʪʠʚʘˁʘ ʫʥʫʪʨʘʰˁʝ 

ʩʪʨʫʢʪʫʨʝ ʜʦʿʢʝ. ʂʘʦ ʠ ʩʚʝ ʤʝʪʦʜʝ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʢʦʿʝ ʢʦʨʠʩʪʝ Ăʍñ ʟʨʘʢʝ ʠ 

ʤʘʤʦʛʨʘʬʠʿʘ ʢʦʨʠʩʪʠ ʿʦʥʠʟʫʿʫ˂ʝ ʟʨʘʯʝˁʝ ʢʘʢʦ ʙʠ ʩʥʠʤʠʣʘ ʩʣʠʢʝ. ʄʝʹʫʪʠʤ, ʦʚʦ ʟʨʘʯʝˁʝ ʿʝ 

ʜʦʩʪʘ ʤʘˁʝ ʥʝʛʦ ʢʦʜ ʜʨʫʛʠʭ ʤʝʪʦʜʘ ʠ ʥʝʤʘ ʪʘʢʦ ʚʝʣʠʢʠ ʰʪʝʪʘʥ ʫʪʠʮʘʿ ʥʘ ʟʜʨʘʚʩʪʚʝʥʦ 

ʩʪʘˁʝ ʠʩʧʠʪʘʥʠʢʘ. ʅʘʢʦʥ ʘʢʚʠʟʠʮʠʿʝ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʝ, ʦʥʝ ʩʝ ʜʘˀʝ ʘʥʘʣʠʟʠʨʘʿʫ. 

ʇʨʠʣʠʢʦʤ ʪʝ ʘʥʘʣʠʟʝ ʩʝ ʥʘ ʤʘʤʦʛʨʘʬʩʢʦʿ ʩʣʠʮʠ ʜʦʿʢʝ ʪʨʘʞʝ ʩʚʠ ʩʫʤˁʠʚʠ ʨʝʛʠʦʥʠ ʢʦʿʠ ʙʠ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʣʠ ʧʨʝʜʩʪʘʚˀʘʪʠ ʪʫʤʦʨ. ʋʧʦʪʨʝʙʦʤ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʤʦʛʫ˂ʝ ʦʪʢʨʠʪʠ ʪʫʤʦʨ 

ʫ ʚʝʦʤʘ ʨʘʥʦʿ ʬʘʟʠ ˁʝʛʦʚʦʛ ʨʘʟʚʦʿʘ, ʿʦʰ ʧʨʝ ʥʝʛʦ ʰʪʦ ʧʘʮʠʿʝʥʪ ʙʠʣʦ ʰʪʘ ʠ ʧʨʠʤʝʪʠ, ʠ 

ʟʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤʝ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ ʫʩʧʝʰʥʦ ʣʝʯʝˁʝ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ 

ʧʨʝʚʝʥʪʠʚʥʦ ʧʦʜʚʨʛʘʚʘˁʝ ʤʘʤʦʛʨʘʬʠʿʠ. ʇʦʞʝˀʥʦ ʿʝ ʜʘ ʩʝ ʥʘʢʦʥ ʯʝʪʨʜʝʩʝʪʝ ʛʦʜʠʥʝ ʞʠʚʦʪʘ 

ʚʝ˂ ʧʦʯʥʝ ʩʘ ʧʨʝʚʝʥʪʠʚʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ. 

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʮʠˀʝʚʘ ʥʘʫʯʥʠʢʘ ʠ ʠʩʪʨʘʞʠʚʘʯʘ ʿʝʩʪʝ ʨʘʟʚʦʿ ʩʦʬʠʩʪʠʮʠʨʘʥʦʛ 

ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʜʝʪʝʢʮʠʿʫ ʩʫʤˁʠʚʠʭ ʨʝʛʠʦʥʘ ʥʘ ʤʘʤʦʛʨʘʬʩʢʦʿ ʩʣʠʮʠ ʜʦʿʢʝ. ʅʘ ʫʣʘʟ 

ʦʚʦʛ ʩʠʩʪʝʤʘ ʙʠ ʜʦʣʘʟʠʣʝ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʠ ʠ ʘʣʘʪ ʙʠ ʪʨʝʙʘʦ ʜʘ ʠʤʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ 

ʫʩʧʝʰʥʦ ʘʥʘʣʠʟʠʨʘ ʩʣʠʢʝ ʠ ʟʘʦʢʨʫʞʠ ʩʚʝ ʨʝʛʠʦʥʝ ʥʝ ʩʣʠʮʠ ʢʦʿʠ ʙʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʣʠ ʜʘ 
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ʦʜʨʝʹʫʿʫ ʪʫʤʦʨ. ʅʘ ʩʣʠʮʠ 6.1 ʿʝ ʧʨʠʢʘʟʘʥ ʫʦʧʰʪʝʥʠ ʙʣʦʢ ʜʠʿʘʛʨʘʤ ʩʠʩʪʝʤʘ ʟʘ ʨʘʥʦ 

ʦʪʢʨʠʚʘˁʝ ʪʫʤʦʨʘ ʜʦʿʢʝ. 

 

ʉʣʠʢʘ 6.1 ï ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʩʠʩʪʝʤʘ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʪʫʤʦʨʘ ʜʦʿʢʝ 

ʂʘʢʦ ʙʠ ʦʚʘʢʘʚ ʩʠʩʪʝʤ ʫʩʧʝʰʥʦ ʨʘʜʠʦ ʧʨʚʦ ʛʘ ʪʨʝʙʘ ʠʩʪʨʝʥʠʨʘʪʠ ʦʜʥʦʩʥʦ 

ʥʘʧʨʘʚʠʪʠ ʙʘʟʫ ʟʥʘˁʘ. ɹʘʟʘ ʟʥʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʙʘʟʫ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʠ ʢʦʿʝ ʩʫ 

ʛʨʫʧʠʩʘʥʝ ʫ ʜʚʘ ʩʢʫʧʘ ʧʨʝʤʘ ʪʦʤʝ ʜʘ ʣʠ ʩʫ ʟʜʨʘʚʝ ʠʣʠ ʠʤʘʿʫ ʪʫʤʦʨ. ʋ ʮʠˀʫ ʤʦʜʝʣʠʨʘˁʘ 

ʙʘʟʝ ʟʥʘˁʘ ʚʝʣʠʢʠ ʙʨʦʿ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʠ ʩʝ ʧʨʝʛʣʝʜʘ ʠ ʢʘʜʘ ʩʝ ʫʩʧʦʩʪʘʚʠ 
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ʢʣʠʥʠʯʢʘ ʜʠʿʘʛʥʦʟʘ ʦʥʝ ʩʝ ʢʣʘʩʠʬʠʢʫʿʫ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʢʫʧ. ʅʘʢʦʥ ʤʦʜʝʣʠʨʘˁʘ ʜʦʚʦˀʥʦ 

ʚʝʣʠʢʝ ʙʘʟʝ ʟʥʘˁʘ ʤʦʞʝ ʩʝ ʧʦʯʝʪʠ ʩʘ ʢʦʨʠʰ˂ʝˁʝʤ ʩʠʩʪʝʤʘ.  

ʅʘ ʫʣʘʟ ʩʠʩʪʝʤʘ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʪʫʤʦʨʘ ʜʦʿʢʝ ʜʦʚʦʜʝ ʩʝ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ. 

ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʠʟ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʝʢʩʪʨʘʢʪʫʿʝ ʨʝʛʠʦʥ ʦʜ ʠʥʪʝʨʝʩʘ, ʦʜʥʦʩʥʦ ʩʘ ʩʣʠʢʘ ʩʝ 

ʫʢʣʘˁʘʿʫ ʩʚʠ ʥʝʧʦʪʨʝʙʥʠ ʩʝʛʤʝʥʪʠ. ʈʝʛʠʦʥ ʦʜ ʠʥʪʝʨʝʩʘ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʠ ʩʝ 

ʧʨʦʩʣʝʹʫʿʝ ʤʦʜʫʣʫ ʟʘ ʜʝʪʝʢʪʦʚʘˁʝ ʩʫʤˁʠʚʠʭ ʨʝʛʠʦʥʘ. ʆʚʘʿ ʤʦʜʫʣ ʚʨʰʠ ʘʥʘʣʠʟʫ ʩʣʠʢʝ ʠ 

ʠʟʚʣʘʯʠ ʩʚʝ ʨʝʛʠʦʥʝ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʧʦʩʪʦʿʘˁʘ ʪʫʤʦʨʘ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʚʨʰʠ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʨʝʛʠʦʥʘ ʠ ʧʦʨʝʹʝˁʝ ʩʘ ʙʘʟʦʤ ʟʥʘˁʘ. ʈʝʟʫʣʪʘʪ ʪʦʛ ʧʦʨʝʹʝˁʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʜʘ ʘʥʘʣʠʟʠʨʘʥʠ ʨʝʛʠʦʥ ʤʦʞʝ ʠʤʘʪʠ ʪʫʤʦʨ. 

 

ʉʣʠʢʘ 6.2 ï ʄʘʤʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʜʦʿʢʝ ʩʘ ʘʨʪʠʬʘʢʪʠʤʘ 

ɱʝʜʥʘ ʦʜ ʦʪʝʞʘʚʘʿʫ˂ʠʭ ʩʪʘʚʢʠ ʟʘ ʨʘʟʚʦʿ ʦʚʘʢʚʦʛ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚˀʘ ʪʦ ʰʪʦ ʩʝ ʥʘ 

ʤʘʤʦʛʨʘʬʩʢʠʤ ʩʣʠʢʘʤʘ ʜʦʿʢʝ ʚʨʣʦ ʯʝʩʪʦ ʥʘʣʘʟʝ ʨʘʟʥʠ ʘʨʪʠʬʘʢʪʠ. ʇʨʠʤʝʨ ʦʚʠʭ ʘʨʪʠʬʘʢʪʘ 

ʤʦʛʫ ʜʘ ʙʫʜʫ ʧʝʢʪʦʨʘʣʥʠ ʤʠʰʠ˂ ʠʣʠ ʧʦʟʘʜʠʥʩʢʠ ʘʨʪʠʬʘʢʪʠ. ʅʘ ʩʣʠʮʠ 6.2 ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʿʝʜʥʘ ʤʘʤʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʜʦʿʢʝ. ʅʘ ˁʦʿ ʩʝ ʿʘʩʥʦ ʤʦʛʫ ʫʦʯʠʪʠ ʧʦʟʘʜʠʥʩʢʠ ʘʨʪʠʬʘʢʪʠ ʢʦʿʠ ʩʫ 
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ʥʘʩʪʘʣʠ ʦʟʥʘʯʘʚʘˁʝʤ ʧʘʮʠʿʝʥʘʪʘ. ʅʘ ʣʝʚʦʿ ʩʪʨʘʥʠ ʩʣʠʢʝ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʠ ʧʝʢʪʦʨʘʣʥʠ 

ʤʠʰʠ˂ ʢʦʿʠ ʪʘʢʦʹʝ ʥʝ ʩʘʜʨʞʠ ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ ʦʜ ʢʦʨʠʩʪʠ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ 

ʪʫʤʦʨʘ ʜʦʿʢʝ. 

ʇʦʩʪʦʿʘˁʝ ʦʚʠʭ ʘʨʪʠʬʘʢʪʘ ʫʥʦʩʠ ʚʠʰʘʢ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʠ 

ʢʦʿʝ ʤʦʛʫ ʧʦʚʝ˂ʘʪʠ ʢʦʤʧʣʝʢʩʥʦʩʪ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʘʥʘʣʠʟʫ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʠ, ʢʘʦ ʠ 

ʚʨʝʤʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʪʠ ʘʣʛʦʨʠʪʤʠ ʠʟʚʨʰʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʞʝˀʥʦ ʫʢʣʦʥʠʪʠ ʩʚʝ 

ʥʝʞʝˀʝʥʝ ʘʨʪʠʬʘʢʪʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʩʚʝ ʩʫʚʠʰʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʩʘ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ 

ʜʦʿʢʠ. ʋʧʨʘʚʦ ʿʝ ʪʦ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʨʘʟʣʦʛʘ ʟʘʰʪʦ ʩʝʛʤʝʥʪʘʮʠʿʘ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ 

ʜʦʿʢʠ ʠʤʘ ʚʝʦʤʘ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʜʠʛʠʪʘʣʥʦʿ ʤʘʤʦʛʨʘʬʠʿʠ. 

 

ʉʣʠʢʘ 6.3 ï ʍʠʩʪʦʛʨʘʤ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ ʩʘ ʘʨʪʠʬʘʢʪʠʤʘ 

ʋ ʮʠˀʫ ʫʢʣʘˁʘˁʘ ʘʨʪʠʬʘʢʪʘ ʩʘ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ, ʦʜʥʦʩʥʦ ʫ ʮʠˀʫ 

ʝʢʩʪʨʘʢʪʦʚʘˁʘ ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ ʧʨʚʦ ʩʝ ʧʨʠʩʪʫʧʘ ʘʥʘʣʠʟʠ ʩʘʤʝ ʩʣʠʢʝ. ʇʨʚʠ ʢʦʨʘʢ ʫ 

ʘʥʘʣʠʟʠ ʿʝ ʭʠʩʪʦʛʨʘʤ ʩʣʠʢʝ. ʅʘ ʩʣʠʮʠ 6.3 ʿʝ ʧʨʠʢʘʟʘʥ ʭʠʩʪʦʛʨʘʤ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ 

ʩʘ ʘʨʪʠʬʘʢʪʠʤʘ ʩʘ ʩʣʠʢʝ 6.2. ʅʘ ʩʘʤʦʤ ʭʠʩʪʦʛʨʘʤʫ ʩʝ ʤʦʛʫ ʫʦʯʠʪʠ 3 ʜʦʤʠʥʘʥʪʥʘ ʜʝʣʘ. 

ʂʨʘʿˁʝ ʣʝʚʠ ʜʝʦ ʭʠʩʪʦʛʨʘʤʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʟʘʜʠʥʫ, ʩʨʝʜˁʠ ʥʦʩʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʜʦʿʮʠ, ʘ 

ʢʨʘʿˁʝ ʜʝʩʥʠ ʜʝʦ ʥʦʩʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʘʨʪʠʬʘʢʪʠʤʘ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ ʤʦʞʝ ʩʝ ʧʦʤʠʩʣʠʪʠ ʜʘ 

ʩʝ ʧʨʦʩʪʠʤ ʟʘʜʘʚʘˁʝʤ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʝʣʠʤʠʥʠʩʘˁʝʤ ʢʨʘʿˁʝʛ ʜʝʩʥʦʛ ʠ ʢʨʘʿˁʝʛ 
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ʣʝʚʦʛ ʩʝʛʤʝʥʪʘ ʤʦʞʝ ʫʢʣʦʥʠʪʠ ʘʨʪʠʬʘʢʪ ʩʘ ʩʣʠʢʝ ʠ ʠʟʚʫ˂ʠ ʨʝʛʠʦʥ ʦʜ ʠʥʪʝʨʝʩʘ. ʅʘ ʩʣʠʮʠ 

6.4 ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʩʣʠʢʝ ʥʘʜ ʢʦʿʦʤ ʿʝ ʠʟʚʨʰʝʥʘ ʩʝʛʤʝʥʪʘʮʠʿʘ ʥʘ ʙʘʟʠ ʛʣʦʙʘʣʥʝ ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ ʠʟʙʘʮʠʚʘˁʝʤ ʢʨʘʿˁʝ ʣʝʚʦʛ ʠ ʢʨʘʿˁʝʛ ʜʝʩʥʦʛ ʜʦʤʠʥʘʥʪʥʦʛ ʩʝʛʤʝʥʪʘ ʭʠʩʪʦʛʨʘʤʘ 

ʦʨʠʛʠʥʘʣʥʝ ʩʣʠʢʝ. 

 

ʉʣʠʢʘ 6.4 ï ʄʘʤʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʜʦʿʢʝ ʥʘʢʦʥ ʩʝʛʤʝʥʪʘʮʠʿʝ ʥʘ ʙʘʟʠ ʛʣʦʙʘʣʥʝ ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʅʘ ʩʣʠʮʠ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʩʝ ʘʨʪʠʬʘʢʪʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʢʣʦʥʠʣʠ. ʄʝʹʫʪʠʤ, 

ʫʢʣʘˁʘˁʝ ʘʨʪʠʬʘʢʪʘ ʿʝ ʠʤʘʣʦ ʟʘ ʮʝʥʫ ʠ ʥʘʨʫʰʘʚʘˁʝ ʩʧʦˀʘʰˁʠʭ ʛʨʘʥʠʮʘ ʜʦʿʢʝ. ɿʙʦʛ ʪʦʛʘ 

ʿʝ ʜʦʰʣʦ ʜʦ ʛʫʙʠʪʢʘ ʠʟʫʟʝʪʥʦ ʚʘʞʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ, ʧʦʰʪʦ ʩʝ ʤʦʞʝ ʜʝʩʠʪʠ ʜʘ ʩʝ ʪʫʤʦʨ 

ʥʘʣʘʟʠʦ ʙʘʰ ʥʘ ʫʢʣʦˁʝʥʦʤ ʜʝʣʫ ʜʦʿʢʝ. ʊʘʢʦʹʝ, ʥʠ ʘʨʪʠʬʘʢʪʠ ʥʠʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʫʢʣʦˁʝʥʠ. 

ʅʘ ʩʣʠʮʠ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʩʫ ʿʦʰ ʫʚʝʢ ʦʩʪʘʣʝ ˁʠʭʦʚʝ ʠʚʠʮʝ. 
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ʉʚʝ ʦʚʦ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʦʜʘʙʠʨʘ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ. ʋʢʦʣʠʢʦ ʙʠ ʩʝ 

ʧʨʠʣʠʢʦʤ ʙʠʨʘˁʘ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʚʦʜʠʣʦ ʚʠʰʝ ʨʘʯʫʥʘ ʦ ʪʦʤʝ ʜʘ ʩʝ ʥʝ ʥʘʨʫʰʝ 

ʩʧʦˀʘʰˁʝ ʠʚʠʮʝ ʜʦʿʢʝ ʦʥʜʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʩʣʠʢʘ ʩʘ ʚʝ˂ʠʤ ʦʩʪʘʪʢʦʤ ʘʨʪʠʬʘʢʪʘ. ɸʢʦ ʙʠ ʩʝ 

ʠʰʣʦ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ, ʦʜʥʦʩʥʦ ʘʢʦ ʙʠ ʩʝ ʚʦʜʠʣʦ ʨʘʯʫʥʘ ʜʘ ʩʝ ʘʨʪʠʬʘʢʪ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʫʢʣʦʥʠ, ʦʥʜʘ ʙʠ ʪʦ ʜʦʚʝʣʦ ʜʘ ʪʦʛʘ ʜʘ ʙʠ ʥʝʩʪʘʦ ʠ ʜʦʙʘʨ ʜʝʦ ʜʦʿʢʝ ʩʘ ʩʣʠʢʝ, ʰʪʦ ʩʝ ʥʠʢʘʢʦ 

ʥʝ ʞʝʣʠ ʧʦʩʪʠ˂ʠ. ʉʚʝ ʦʚʦ ʩʝ ʜʝʰʘʚʘ ʟʘʪʦ ʰʪʦ ʩʧʝʢʪʘʨ ʩʠʚʝ ʙʦʿʝ ʘʨʪʠʬʘʢʪʘ ʥʝ ʣʝʞʠ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʫ ʢʨʘʿˁʝʤ ʜʝʩʥʦʤ ʜʦʤʠʥʘʥʪʥʦʤ ʜʝʣʫ ʭʠʩʪʦʛʨʘʤʘ, ʚʝ˂ ʩʝ ʦʥ ʧʦʤʘʣʦ ʤʝʰʘ ʠ ʩʘ 

ʩʣʠʢʦʤ. 

 

ʉʣʠʢʘ 6.5 ï ʄʘʤʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʜʦʿʢʝ ʥʘʢʦʥ ʩʝʛʤʝʥʪʘʮʠʿʝ ʥʘ ʙʘʟʠ ʣʦʢʘʣʥʝ ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ɱʦʰ ʿʝʜʥʘ ʤʝʪʦʜʘ ʩʝʛʤʝʥʪʘʮʠʿʝ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʝ ʢʦʿʘ ʙʠ ʤʦʛʣʘ ʜʘ ʩʝ ʧʨʦʙʘ 

ʿʝʩʪʝ ʩʝʛʤʝʥʪʘʮʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʣʦʢʘʣʥʦʿ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ. ʅʘ ʩʣʠʮʠ 6.5 ʿʝ ʧʨʠʢʘʟʘʥ 
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ʨʝʟʫʣʪʘʪ ʧʨʠʤʝʥʝ ʩʝʛʤʝʥʪʘʮʠʿʝ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ ʩʘ ʩʣʠʢʝ 6.2 ʥʘ ʙʘʟʠ ʣʦʢʘʣʥʝ 

ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ. ʅʘ ʩʣʠʮʠ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʜʦʿʢʘ ʟʘʜʨʞʘʣʘ ʩʚʦʿ ʦʙʣʠʢ ʦʜʥʦʩʥʦ ʜʘ 

ʿʦʿ ʩʝ ʥʠʩʫ ʧʨʦʤʝʥʠʣʝ ʛʨʘʥʠʮʝ, ʘʣʠ ʿʝ ʫʥʫʪʨʘʰˁʘ ʩʪʨʫʢʪʫʨʘ ʜʦʿʢʝ ʧʦʩʪʘʣʘ ʟʥʘʪʥʦ ʨʝʹʘ. 

ʊʘʢʦʹʝ, ʘʨʪʠʬʘʢʪʠ ʩʫ ʧʦʩʪʘʣʠ ʟʥʘʯʘʿʥʦ ʨʝʹʠ, ʘʣʠ ʩʫ ʠ ʜʘˀʝ ʫʦʯˀʠʚʠ. ʅʘ ʠʟʛʣʝʜ ʩʣʠʢʝ ʩʝ 

ʤʦʞʝ ʫʪʠʮʘʪʠ ʧʨʦʤʝʥʦʤ ʚʝʣʠʯʠʥʝ ʧʨʦʟʦʨʘ ʣʦʢʘʣʥʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʪʘʢʦ ʰʪʦ ʙʠ ʩʝ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʧʨʦʟʦʨʘ ʟʘʜʨʞʘʣʘ ʛʫʰ˂ʘ ʩʪʨʫʢʪʫʨʘ ʜʦʿʢʝ, ʘʣʠ ʙʠ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʠ ʘʨʪʠʬʘʢʪʠ 

ʧʦʩʪʘʣʠ ʠʟʨʘʞʝʥʠʿʠ. ʋʢʦʣʠʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʘ ʚʝʣʠʯʠʥʝ ʧʨʦʟʦʨʘ ʣʦʢʘʣʥʝ ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ ʘʨʪʠʬʘʢʪʠ ʙʠ ʙʠʣʠ ʩʚʝ ʤʘˁʝ ʠʟʨʘʞʝʥʠ, ʘʣʠ ʙʠ ʩʝ ʠ ʛʫʩʪʠʥʘ ʜʦʿʢʝ ʩʤʘˁʠʣʘ, ʰʪʦ 

ʙʠ ʜʦʚʝʣʦ ʜʦ ʟʥʘʯʘʿʥʦʛ ʛʫʙʠʪʢʘ ʠʥʬʦʨʤʘʮʠʿʘ. 

 

ʉʣʠʢʘ 6.6 ï ʄʘʤʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʜʦʿʢʝ ʥʘʢʦʥ ʩʝʛʤʝʥʪʘʮʠʿʝ ʥʘ ʙʘʟʠ ʠʚʠʮʘ 

ʉʝʛʤʝʥʪʘʮʠʿʘ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʠ ʙʘʟʠʨʘʥʘ ʥʘ ʠʚʠʮʘʤʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ 

ʩʣʠʮʠ 6.6. ʅʘ ʩʣʠʮʠ ʩʝ ʿʘʩʥʦ ʫʦʯʘʚʘʿʫ ʠʚʠʮʝ ʘʨʪʠʬʘʢʪʘ, ʘʣʠ ʩʝ ʪʦ ʥʝ ʤʦʞʝ ʣʘʢʦ 
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ʠʩʢʦʨʠʩʪʠʪʠ ʫ ʮʠˀʫ ʜʘˀʝ ʦʙʨʘʜʝ ʩʣʠʢʝ ʠ ʦʪʢʣʘˁʘˁʘ ʘʨʪʠʬʘʢʪʘ, ʦʜʥʦʩʥʦ ʝʢʩʪʨʘʢʪʦʚʘˁʘ 

ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ. 

ʅʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʛʦʨʝ ʥʘʚʝʜʝʥʦʛ ʤʦʞʝ ʩʝ ʠʟʚʝʩʪʠ ʿʘʩʘʥ ʟʘʢˀʫʯʘʢ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ 

ʥʝʢʠʭ ʦʜ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʝ ʥʝ ʤʦʞʝ ʝʢʩʪʨʘʢʪʦʚʘʪʠ ʨʝʛʠʦʥ ʦʜ 

ʠʥʪʝʨʝʩʘ ʚʝʣʠʢʦʛ ʢʚʘʣʠʪʝʪʘ ʠʟ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʠ. ʂʘʢʦ ʙʠ ʩʝ ʪʦ ʧʦʩʪʠʛʣʦ 

ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʟʚʠʪʠ ʧʦʩʝʙʘʥ ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʙʠ ʩʝ ʧʨʠʤʝˁʠʚʘʦ ʩʘʤʦ ʫ ʪʫ ʩʚʨʭʫ.  

ɸʣʛʦʨʠʪʘʤ ʟʘ ʝʢʩʪʨʘʢʪʦʚʘˁʝ ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ ʠʟ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʝ [86, 

87] ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʜʝʣʘ. ʇʨʚʠ ʜʝʦ ʧʨʝʜʩʪʘʚˀʘ ʫʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʨʘʟʫʤʝʪʠ 

ʢʘʦ ʙʠʣʦ ʢʦʿʠ ʥʝʞʝˀʝʥʠ ʘʨʪʠʬʘʢʪ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʠʟʚʘʥ ʦʙʣʘʩʪʠ ʜʦʿʢʝ ʢʘʦ ʰʪʦ ʩʫ ʥʘ 

ʧʨʠʤʝʨ ʤʘʨʢʝʨʠ ʧʘʮʠʿʝʥʘʪʘ  [88]. ʆʧʰʪʝ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʧʦʩʪʦʿʝ ʜʚʘ ʧʦʛʣʝʜʘ ʥʘ ʤʘʤʦʛʨʘʬʩʢʫ 

ʩʣʠʢʫ ʜʦʿʢʝ ʟʘʚʠʩʥʦ ʦʜ ʥʘʯʠʥʘ ʩʥʠʤʘˁʘ. ʊʘ ʜʚʘ ʧʦʛʣʝʜʘ ʩʫ ʧʦʛʣʝʜ ʩʘ ʣʝʚʝ ʠ ʧʦʛʣʝʜ ʩʘ 

ʜʝʩʥʝ ʩʪʨʘʥʝ. ʋ ʮʠˀʫ ʫʧʨʦʰ˂ʘʚʘˁʘ ʦʙʿʘʰˁʝˁʘ ʦʙʘ ʘʣʛʦʨʠʪʤʘ ʦʥʠ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥʠ ʟʘ 

ʧʦʛʣʝʜ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ. ɸʣʛʦʨʠʪʘʤ ʟʘ ʧʦʛʣʝʜ ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʿʝ ʚʝʦʤʘ ʩʣʠʯʘʥ ʘʣʛʦʨʠʪʤʫ ʟʘ 

ʧʦʛʣʝʜ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʠ ʟʙʦʛ ʪʦʛʘ ʥʝʤʘ ʧʦʪʨʝʙʝ ʦʙʿʘʰˁʘʚʘʪʠ ʦʙʘ. 

 

ʉʣʠʢʘ 6.7 ï ʈʝʟʫʣʪʘʪ ʘʣʛʦʨʠʪʘʤ ʟʘ ʫʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʩʢʦʛ ʘʨʪʠʬʘʢʪʘ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ 

ʜʦʿʢʝ 

ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʢʦʿʘ ʣʝʞʠ ʠʟʘ ʘʣʛʦʨʠʪʤʘ ʟʘ ʫʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʩʢʦʛ ʘʨʪʠʬʘʢʪʘ ʩʘ 

ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ ʿʝʩʪʝ ʜʘ ʩʝ ʥʘʹʝ ʥʘʿʚʝ˂ʠ ʤʦʛʫ˂ʠ ʨʝʛʠʦʥ ʧʦʚʝʟʘʥʠʭ ʧʠʢʩʝʣʘ ʢʦʿʠ 

ʥʠʩʫ ʮʨʥʝ ʙʦʿʝ ʠ ʜʘ ʩʝ ʥʘʢʦʥ ʪʦʛʘ ʩʚʠ ʦʩʪʘʣʠ ʧʠʢʩʝʣʠ ʦʟʥʘʯʝ ʮʨʥʦʤ ʙʦʿʦʤ ʦʜʥʦʩʥʦ ʜʘ ʩʝ 

ʠʟʿʝʜʥʘʯʝ ʩʘ ʙʦʿʦʤ ʧʦʟʘʜʠʥʝ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ. ʆʚʠʤ ʩʝ ʚʨʰʠ ʙʨʠʩʘˁʝ 
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ʧʦʟʘʜʠʥʩʢʠʭ ʘʨʪʠʬʘʢʪʘ ʩʘ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ. ʆʧʠʩ ʘʣʛʦʨʠʪʤʘ ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʪʘʙʣʠ 

6.1, ʨʝʟʫʣʪʘʪ ʘʣʛʦʨʠʪʤʘ, ʦʜʥʦʩʥʦ ʤʘʤʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʜʦʿʢʝ ʙʝʟ ʧʦʟʘʜʠʥʩʢʠʭ ʘʨʪʠʬʘʢʪʘ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 6.7. ʅʘ ʩʣʠʮʠ ʩʝ ʿʘʩʥʦ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʿʝ ʠʟʚʨʰʝʥʦ ʩʘʤʦ ʫʢʣʘˁʘˁʝ 

ʧʦʟʘʜʠʥʩʢʠʭ ʘʨʪʠʬʘʢʪʘ ʙʝʟ ʰʪʝʪʥʦʛ, ʦʜʥʦʩʥʦ ʙʝʟ ʠʢʘʢʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʦʩʪʘʪʘʢ ʤʘʤʦʛʨʘʬʩʢʝ 

ʩʣʠʢʝ ʜʦʿʢʝ. 

ʊʘʙʝʣʘ 6.1 ï ɸʣʛʦʨʠʪʘʤ ʟʘ ʫʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʩʢʦʛ ʘʨʪʠʬʘʢʪʘ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ 

ʂʦʨʘʢ 1: ɿʘʧʦʯʝʪʠ ʩʘ ʧʨʚʠʤ ʨʝʜʦʤ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ; 

ʂʦʨʘʢ 2: ʉʢʝʥʠʨʘʪʠ ʩʘ ʣʝʚʝ ʥʘ ʜʝʩʥʫ ʩʪʨʘʥʫ; 

ʂʦʨʘʢ 3: ɼʦʢ ʿʝ ʧʠʢʩʝʣ ʮʨʥʝ ʙʦʿʝ ʠ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʩʫʩʝʜʥʠ ʧʠʢʩʝʣ ʠ ʥʘʢʦʥ ʪʦʛʘ ʠ˂ʠ 

ʥʘ ʢʦʨʘʢ 4: 

ʂʦʨʘʢ 4: ɼʦʢ ʧʠʢʩʝʣ ʥʠʿʝ ʮʨʥʝ ʙʦʿʝ ʠ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʩʫʩʝʜʥʠ ʧʠʢʩʝʣ ʠ ʥʘʢʦʥ ʪʦʛʘ 

ʠ˂ʠ ʥʘ ʢʦʨʘʢ 5; 

ʂʦʨʘʢ 5: ʋʢʦʣʠʢʦ ʧʠʢʩʝʣ ʧʨʠʧʘʜʘ ʧʨʚʦʤ ʨʝʜʫ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ ʦʥʜʘ 

ʧʦʩʪʘʚʠʪʠ ʩʚʝ ʦʩʪʘʣʝ ʧʠʢʩʝʣʝ ʫ ʪʦʤ ʨʝʜʫ ʥʘ ʮʨʥʫ ʙʦʿʫ ʠ ʧʨʝ˂ʠ ʥʘ ʢʦʨʘʢ 7, 

ʘ ʫ ʩʫʧʨʦʪʥʦʤ ʩʣʫʯʘʿʫ ʧʨʝ˂ʠ ʥʘ ʢʦʨʘʢ 6; 

ʂʦʨʘʢ 6: ʋʢʦʣʠʢʦ ʿʝ ʧʠʢʩʝʣ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʠʟʥʘʜ ʪʨʝʥʫʪʥʦʛ ʧʠʢʩʝʣʘ ʮʨʥʝ ʙʦʿʝ ʦʥʜʘ 

ʧʦʩʪʘʚʠʪʠ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʥʘ ʮʨʥʫ ʙʦʿʫ ʠ ʠ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʧʠʢʩʝʣ ʠ ʥʘʜ 

ˁʠʤ ʧʦʥʦʚʠʪʠ ʢʦʨʘʢ 6. ʋʢʦʣʠʢʦ ʧʠʢʩʝʣ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʠʟʥʘʜ ʪʨʝʥʫʪʥʦʛ 

ʧʠʢʩʝʣʘ ʥʠʿʝ ʮʨʥʝ ʙʦʿʝ ʠ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʧʠʢʩʝʣ ʠ ʧʦʥʦʚʠʪʠ ʢʦʨʘʢ 6. 

ʋʢʦʣʠʢʦ ʥʝʤʘ ʚʠʰʝ ʧʠʢʩʝʣʘ ʫ ʪʨʝʥʫʪʥʦʤ ʨʝʜʫ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ 

ʠ˂ʠ ʥʘ ʢʦʨʘʢ 7: 

ʂʦʨʘʢ 7: ʇʦʥʦʚʠʪʠ ʢʦʨʘʢʝ ʦʜ 2 ʜʦ 6 ʟʘ ʩʣʝʜʝ˂ʠ ʨʝʜ. 

 

ʅʘʢʦʥ ʫʢʣʘˁʘˁʘ ʧʦʟʘʜʠʥʩʢʦʛ ʘʨʪʠʬʘʢʪʘ ʩʘ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ ʧʨʝʣʘʟʠ ʩʝ ʥʘ 

ʫʢʣʘˁʘˁʝ ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ. ʊʢʠʚʦ ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ ʿʝ ʦʙʠʯʥʦ ʟʥʘʪʥʦ ʛʫʰ˂ʝ 

ʩʪʨʫʢʪʫʨʝ ʦʜ ʦʩʪʘʪʢʘ ʜʦʿʢʝ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʝ ʯʠˁʝʥʠʮʝ ʧʝʢʪʦʨʘʣʥʠ ʤʠʰʠ˂ ʩʝ ʩʘ 
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ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ ʤʦʞʝ ʫʢʣʦʥʠʪʠ ʧʨʠʤʝʥʦʤ ʣʦʢʘʣʥʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ. 

ɸʣʛʦʨʠʪʘʤ ʟʘ ʫʢʣʘˁʘˁʝ ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʪʘʙʝʣʠ 6.2. 

ʊʘʙʝʣʘ 6.2 ï ɸʣʛʦʨʠʪʘʤ ʟʘ ʫʢʣʘˁʘˁʝ ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ ʩʘ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ 

ʂʦʨʘʢ 1: ɿʘʧʦʯʝʪʠ ʩʘ ʧʨʚʠʤ ʨʝʜʦʤ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ; 

ʂʦʨʘʢ 2: ʉʢʝʥʠʨʘʪʠ ʩʘ ʣʝʚʝ ʥʘ ʜʝʩʥʫ ʩʪʨʘʥʫ; 

ʂʦʨʘʢ 3: ɼʦʢ ʿʝ ʚʨʝʜʥʦʩʪ ʧʠʢʩʝʣʘ ʤʘˁʘ ʦʜ ʟʘʜʘʪʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʠ˂ʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʧʠʢʩʝʣ ʠ ʥʘʢʦʥ ʪʦʛʘ ʧʨʝ˂ʠ ʥʘ ʢʦʨʘʢ 4; 

ʂʦʨʘʢ 4: ʋʢʦʣʠʢʦ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʧʨʠʧʘʜʘ ʧʨʚʦʿ ʜʝʩʝʪʠʥʠ ʩʣʠʢʝ ʠ ʘʢʦ ʿʝ ʚʨʝʜʥʦʩʪ 

ʧʠʢʩʝʣʘ ʚʝ˂ʘ ʠʣʠ ʿʝʜʥʘʢʘ ʦʜ ʟʘʜʘʪʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʩʪʘʚʠʪʠ 

ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʥʘ ʮʨʥʦ ʠ ʠ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʧʠʢʩʝʣ ʠ ʧʦʥʦʚʠʪʠ ʢʦʨʘʢ 4. ʋ 

ʩʫʧʨʦʪʥʦʤ ʩʣʫʯʘʿʫ ʠ˂ʠ ʥʘ ʢʦʨʘʢ 6; 

ʋʢʦʣʠʢʦ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʥʝ ʧʨʠʧʘʜʘ ʧʨʚʦʿ ʜʝʩʝʪʠʥʠ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ 

ʜʦʿʢʝ ʠ˂ʠ ʥʘ ʢʦʨʘʢ 5; 

ʂʦʨʘʢ 5: ʋʢʦʣʠʢʦ ʿʝ ʚʨʝʜʥʦʩʪ ʪʨʝʥʫʪʥʦʛ ʧʠʢʩʝʣʘ ʚʝ˂ʘ ʠʣʠ ʿʝʜʥʘʢʘ ʦʜ ʟʘʜʘʪʝ 

ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʧʠʢʩʝʣ ʠʟʥʘʜ ʪʨʝʥʫʪʥʦʛ ʧʠʢʩʝʣʘ ʿʝ ʮʨʥʝ ʙʦʿʝ, 

ʧʦʩʪʘʚʠʪʠ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʥʘ ʮʨʥʦ ʠ ʠ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʧʠʢʩʝʣ ʠ ʧʦʥʦʚʠʪʠ 

ʢʦʨʘʢ 5. ʋ ʩʫʧʨʦʪʥʦʤ ʠ˂ʠ ʥʘ ʢʦʨʘʢ 6; 

ʂʦʨʘʢ 6: ʇʦʥʦʚʠʪʠ ʢʦʨʘʢʝ ʦʜ 2 ʜʦ5 ʟʘ ʩʣʝʜʝ˂ʠ ʨʝʜ. 

 

ʅʘ ʩʣʠʮʠ 6.8 ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʨʝʟʫʣʪʘʪʘ ʘʣʛʦʨʠʪʤʘ ʟʘ ʫʢʣʘˁʘˁʝ ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ 

ʜʦʿʢʝ. ʉʘ ʩʣʠʢʝ ʩʝ ʿʘʩʥʦ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʿʝ ʧʝʢʪʦʨʘʣʥʠ ʤʠʰʠ˂ ʫʩʧʝʰʥʦ ʦʜʩʪʨʘˁʝʥ, ʙʝʟ 

ʥʝʛʘʪʠʚʥʦʛ, ʦʜʥʦʩʥʦ ʙʝʟ ʠʢʘʢʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʦʩʪʘʪʘʢ ʩʣʠʢʝ. ʆʚʠʤ ʿʝ ʧʨʦʮʝʩ ʝʢʩʪʨʘʢʮʠʿʝ 

ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʝ ʟʘʚʨʰʝʥ. ʄʘʤʦʛʨʘʬʩʢʘ ʩʣʠʢʘ ʜʦʿʢʝ 

ʜʦʙʠʿʝʥʘ ʦʚʦʤ ʤʝʪʦʜʦʤ ʿʝ ʟʘʜʨʞʘʣʘ ʦʨʠʛʠʥʘʣʘʥ ʢʚʘʣʠʪʝʪ ʠ ʫʢʣʦˁʝʥʠ ʩʫ ʠʩʢˀʫʯʠʚʦ ʦʥʠ 

ʜʝʣʦʚʠ ʩʣʠʢʝ ʢʦʿʠ ʩʫ ʥʦʩʠʣʠ ʚʠʰʘʢ ʠʥʬʦʨʤʘʮʠʿʘ, ʯʠʤʝ ʿʝ ʜʦʙʠʿʝʥʘ ʩʣʠʢʘ ʢʦʿʘ ʿʝ ʜʘʣʝʢʦ 

ʙʦˀʘ ʟʘ ʜʘˀʫ ʦʙʨʘʜʫ. 
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ʉʣʠʢʘ 6.8 ï ʈʝʟʫʣʪʘʪ ʘʣʛʦʨʠʪʤʘ ʟʘ ʫʢʣʘˁʘˁʝ ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ 

ʜʦʿʢʝ 

ʅʘ ʩʣʠʮʠ 6.9 ʿʝ ʧʨʠʢʘʟʘʥ ʭʠʩʪʦʛʨʘʤ ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ 

ʩʘ ʨʝʟʫʣʪʫʿʫ˂ʝ ʩʣʠʢʝ 6.8. ʅʘ ʦʚʦʿ ʩʣʠʮʠ ʩʝ ʿʘʩʥʦ ʚʠʜʠ ʜʘ ʩʝ ʦʥ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʜʦʤʠʥʘʥʪʥʘ 

ʜʝʣʘ ʘ ʥʝ ʪʨʠ ʢʘʦ ʰʪʦ ʿʝ ʙʠʦ ʩʣʫʯʘʿ ʥʘ ʩʣʠʮʠ 6.3. ʊʘ ʜʚʘ ʜʦʤʠʥʘʥʪʥʘ ʜʝʣʘ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʤʘʤʦʛʨʘʬʩʢʫ ʩʣʠʢʫ ʜʦʿʢʝ ʠ ʧʦʟʘʜʠʥʫ. 

 

ʉʣʠʢʘ 6.9 ï ʍʠʩʪʦʛʨʘʤ ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ 
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7. 
              

 

7. ɸʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ 

 

ʅʘʫʯʥʠʮʠ ʠ ʠʩʪʨʘʞʠʚʘʯʠ ʚʨʣʦ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʤʠʢʨʦʪʦʤʦʛʨaʬʩʢʝ ʩʣʠʢʝ ʤʠʰʿʠʭ 

ʧʣʫ˂ʘ ʫ ʩʚʦʿʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ [89]. ʄʠʢʨʦʪʦʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʩʫ ʚʨʣʦ ʩʣʠʯʥʝ 

ʪʦʤʦʛʨʘʬʩʢʠʤ ʫʟ ʦʩʥʦʚʥʫ ʨʘʟʣʠʢʫ ʜʘ, ʟʙʦʛ ʜʦʩʪʘ ʢʚʘʣʠʪʝʪʥʠʿʠʭ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʠ 

ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʩʣʠʢʝ, ʠʤʘʿʫ ʟʥʘʪʥʦ ʚʝ˂ʠ ʢʚʘʣʠʪʝʪ ʠ ʧʦʩʪʠʞʫ ʟʥʘʪʥʦ ʙʦˀʫ 

ʨʝʟʦʣʫʮʠʿʫ. ɳʠʭʦʚʘ ʨʝʟʦʣʫʮʠʿʘ ʿʝʜʥʝ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʦʙʿʝʢʪʘ ʢʦʿʠ ʩʝ ʩʥʠʤʘ ʿʝ 

ʨʝʜʘ ʥʝʢʦʣʠʢʦ ʤʠʢʨʦʤʝʪʘʨʘ. ʊʘʢʦʹʝ, ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʜʚʘ ʩʫʩʝʜʥʘ ʧʦʧʨʝʯʥʘ ʧʨʝʩʝʢʘ ʦʜʥʦʩʥʦ 

ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʩʣʠʢʝ ʠʟʥʦʩʠ ʩʚʝʛʘ ʥʝʢʦʣʠʢʦ ʤʠʢʨʦʤʝʪʘʨʘ. 

ʄʠʢʨʦʪʦʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʢʘʢʦ ʙʠ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ˁʠʭ ʨʝʢʦʥʩʪʨʫʠʩʘʦ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʤʠʰʿʠʭ ʧʣʫ˂ʘ. ʊʘʢʘʚ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ 

ʤʦʜʝʣ ʦʤʦʛʫ˂ʘʚʘ ʥʘʫʯʥʠʮʠʤʘ ʠ ʠʩʪʨʘʞʠʚʘʯʠʤʘ ʜʘ ʩʘʛʣʝʜʘʿʫ ʩʪʨʫʢʪʫʨʫ ʤʠʰʿʠʭ ʧʣʫ˂ʘ. 

ʇʦʤʦ˂ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʿʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ 

ʤʦʜʝʣʘ ʤʦʞʝ ʩʝ ʛʣʝʜʘʪʠ ʤʦʜʝʣ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʠʟ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʫʛʣʦʚʘ, ʤʝʨʠʪʠ 

ʨʘʟʜʘˀʠʥʝ ʠʟʤʝʹʫ ʘʣʚʝʦʣʘ, ʦʜʨʝʹʠʚʘʪʠ ˁʠʭʦʚʘ ʟʘʧʨʝʤʠʥʘ ʠ ʩʣʠʯʥʦ. ʊʘʢʦʹʝ, ʧʦʩʪʦʿʠ 

ʤʦʛʫ˂ʥʦʩʪ ʠ ʫʣʘʩʢʘ ʫ ʩʘʤ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʠ ʩʘʛʣʝʜʘʚʘˁʝ ˁʠʭʦʚʝ 

ʫʥʫʪʨʘʰˁʦʩʪʠ. 

ʂʘʢʦ ʙʠ ʩʝ ʩʚʝ ʦʚʦ ʛʦʨʝ ʥʘʚʝʜʝʥʦ ʤʦʛʣʦ ʠʟʚʝʩʪʠ ʥʘ ʢʚʘʣʠʪʝʪʘʥ ʠ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ 

ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʘʤʝ ʩʣʠʢʝ ʢʦʿʝ ʩʫ ʧʨʠʢʫʧˀʝʥʝ ʧʦʩʪʫʧʢʦʤ ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʝ ʘʢʚʠʟʠʮʠʿʝ 
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ʙʫʜʫ ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ. ɹʠʣʦ ʢʘʢʘʚ ʰʫʤ ʫ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʩʣʠʢʘʤʘ ʧʦʧʨʝʯʥʠʭ 

ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʤʦʞʝ ʢʘʩʥʠʿʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʥʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ 

ʚʠʟʫʘʣʠʟʘʮʠʿʝ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʩʝ ʞʝʣʝ ʜʦʙʠʪʠ ʩʣʠʢʝ ʰʪʦ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ, ʚʨʣʦ ʯʝʩʪʦ ʩʝ 

ʜʝʰʘʚʘ ʜʘ ʦʥʝ ʧʦʩʝʜʫʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʰʫʤʘ ʢʦʿʠ ʠʤ ʦʥʝʤʦʛʫ˂ʘʚʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʠ ʜʘˀʫ ʦʙʨʘʜʫ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʨʝʜʤʝʪ ʤʥʦʛʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫʧʨʘʚʦ 

ʬʠʣʪʨʠʨʘˁʝ ʠ ʩʝʛʤʝʥʪʘʮʠʿʘ ʦʚʘʢʚʠʭ ʩʣʠʢʘ. 

 

ʉʣʠʢʘ 7.1 ï ʉʢʫʧ ʦʨʠʛʠʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ 

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʿʝ ʢʦʨʠʰ˂ʝʥ ʩʢʫʧ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ 

ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʩʪʘʨʠʭ 12 ʜʘʥʘ ʦʟʥʘʢʝ ĂC5B1/6ñ [90]. ʆʚʝ ʩʣʠʢʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ 

ʮʠˀʫ ˁʠʭʦʚʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ. ɸʢʚʠʟʠʮʠʿʘ ʦʚʠʭ ʩʣʠʢʘ ʿʝ ʠʟʚʝʜʝʥʘ ʫ 

ʇʘʫʣ-ʐʝʨʝʨ ʠʥʩʪʠʪʫʪʫ ʫ ʐʚʘʿʮʘʨʩʢʦʿ. ɿʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʩʫ ʢʦʨʠʰ˂ʝʥʠ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠ ʙʘʟʠʨʘʥʠ ʥʘ ʩʠʥʭʨʦʪʨʦʥʩʢʦʤ ʟʨʘʯʝˁʫ. 

ʅʘ ʩʣʠʮʠ 7.1 ʿʝ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟʘʥ ʠʟʛʣʝʜ ʩʢʫʧʘ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ 

ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʜʦʙʠʿʝʥʠʭ ʧʦʤʦ˂ʫ ʤʠʢʨʦʪʦʤʦʛʨʘʬʘ ʥʘ ʙʘʟʠ 

ʩʠʥʭʨʦʪʨʦʥʩʢʦʛ ʟʨʘʯʝˁʘ. ʋ ʦʚʦʤ ʩʢʫʧʫ ʩʣʠʢʘ ʿʝ ʫʢʫʧʥʦ ʩʥʠʤˀʝʥʦ 2160 ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ 
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ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ. ʈʝʟʦʣʫʮʠʿʘ ʩʚʘʢʝ ʩʣʠʢʝ ʿʝ ʙʠʣʘ 2560 ʭ 2560 ʧʠʢʩʝʣʘ. ʉʚʘʢʠ ʧʠʢʩʝʣ 

ʥʘ ʩʣʠʮʠ ʿʝ ʦʜʛʦʚʘʨʘʦ ʧʦʚʨʰʠʥʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʜʠʤʝʥʟʠʿʘ 

0.65 ʭ 0.65 µm. ʈʘʟʜʘˀʠʥʘ ʠʟʤʝʹʫ ʩʚʘʢʝ ʜʚʝ ʩʫʩʝʜʥʝ ʩʣʠʢʝ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʨʘʟʜʘˀʠʥʠ ʩʚʘʢʘ 

ʜʚʘ ʩʫʩʝʜʥʘ ʩʥʠʤˀʝʥʘ ʧʦʧʨʝʯʥʘ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʠʟʥʦʩʠʣʘ ʿʝ 0.65 Õm. ʅʘ ʦʩʥʦʚʫ 

ʦʚʠʭ ʜʠʤʝʥʟʠʿʘ ʤʦʞʝ ʩʝ ʣʘʢʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʫʢʫʧʘʥ ʜʝʦ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʢʦʿʠ ʿʝ ʩʥʠʤˀʝʥ 

ʠʤʘʦ ʜʠʤʝʥʟʠʿʝ 1664 ʭ 1664 ʭ 1404 Õm. ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʟʘʧʨʝʤʠʥʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʢʦʿʘ ʿʝ 

ʩʥʠʤˀʝʥʘ ʠʟʥʦʩʠʣʘ ʧʨʠʙʣʠʞʥʦ 3888 mm
3
.  

 

ʉʣʠʢʘ 7.2 ï ʆʨʠʛʠʥʘʣʥʘ ʩʣʠʢʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʥʘʢʦʥ ʩʥʠʤʘˁʘ 

ʂʘʢʦ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʧʨʝʮʠʟʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʦʚʦʛ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʩʢʫʧʘ 

ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʫ ʪʨʠ ʜʠʤʝʥʟʠʿʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʪʘʿ ʩʢʫʧ ʩʣʠʢʘ ʠʤʘ 

ʚʠʩʦʢ ʦʜʥʦʩ ʩʠʛʥʘʣ-ʰʫʤ. ʅʘ ʩʣʠʮʠ 7.2 ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʿʝʜʥʝ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʩʣʠʢʝ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ  ʢʦʿʫ ʿʝ ʩʥʠʤʠʦ ʩʠʩʪʝʤ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʙʘʟʠʨʘʥ ʥʘ 
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ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʿʠ ʙʘʟʠʨʘʥʦʿ ʥʘ ʩʠʥʭʨʦʪʨʦʥʩʢʦʤ ʟʨʘʯʝˁʫ. ʂʘʦ ʰʪʦ ʩʝ ʥʘ ʩʣʠʮʠ ʤʦʞʝ 

ʫʦʯʠʪʠ ʦʥʘ ʩʘʜʨʞʠ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢ ʥʠʚʦ ʰʫʤʘ ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʥʦ ʫʢʣʦʥʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʤʦʛʣʘ 

ʠʟʚʨʰʠʪʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ.  

  

ʉʣʠʢʘ 7.3 ï ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʘʣʛʦʨʠʪʤʘ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʚʠʟʫʘʣʠʟʘʮʠʿʫ ʤʠʰʿʠʭ ʧʣʫ˂ʘ 

ʋ ʮʠˀʫ ʫʢʣʘˁʘˁʘ ʰʫʤʘ ʠʟ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ 

ʧʣʫ˂ʘ ʠ ʦʙʝʟʙʝʹʠʚʘˁʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ ʨʘʟʚʠʿʝʥ ʿʝ 

ʘʣʛʦʨʠʪʘʤ [90] ʯʠʿʠ ʿʝ ʙʣʦʢ ʜʠʿʘʛʨʘʤ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 7.3. ʆʚʘʿ ʘʣʛʦʨʠʪʘʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 
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ʪʨʠ ʦʩʥʦʚʥʘ ʜʝʣʘ. ʇʨʚʦ ʩʝ ʥʘ ʩʢʫʧ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ 

ʧʣʫ˂ʘ ʧʨʠʤʝˁʫʿʝ ʩʝʛʤʝʥʪʘʮʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ, ʟʘʪʠʤ ʩʝ ʚʨʰʠ 

ʙʠʥʘʨʠʟʘʮʠʿʘ ʩʣʠʢʘ ʠ ʥʘ ʢʨʘʿʫ ʩʝ ʧʨʠʤʝˁʫʿʝ ʬʠʣʪʝʨ ʟʘ ʫʩʨʝʜˁʘʚʘˁʝ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʚʨʰʠ 

ʧʨʦʚʝʨʘ ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʝʥʝ ʩʣʠʢʝ ʠ ʫʢʦʣʠʢʦ ʦʥʘ ʥʠʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʥʠʚʦʘ ʮʝʦ ʧʦʩʪʫʧʘʢ 

ʩʝ ʧʦʥʘʚˀʘ. ʇʦʥʘʚˀʘˁʝ ʯʠʪʘʚʦʛ ʧʨʦʮʝʩʘ ʩʝ ʚʨʰʠ ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʜʦʙʠʿʝ ʩʣʠʢʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʢʚʘʣʠʪʝʪʘ. ʂʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ʦʜʨʝʹʫʿʝ ʜʘ ʣʠ ʿʝ ʥʝʢʘ ʩʣʠʢʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ 

ʢʚʘʣʠʪʝʪʘ ʠʣʠ ʥʝ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʦʚʝʨʠ ʜʘ ʩʫ ʩʚʠ ʧʨʦʚʦʜʥʠ ʟʠʜʦʚʠ ʜʠʩʘʿʥʠʭ ʧʫʪʝʚʘ 

ʛʣʘʪʢʠ ʢʦʣʠʢʦ ʛʦʜ ʜʘ ʿʝ ʪʦ ʤʦʛʫ˂ʝ, ʢʘʦ ʠ ʜʘ ʿʝ ʧʣʝʫʨʘʣʥʘ ʧʦʚʨʰʠʥʘ ʟʘʪʚʦʨʝʥʘ. 

 

ʉʣʠʢʘ 7.4 ï ʀʟʛʣʝʜ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʥʘʢʦʥ ʩʝʛʤʝʥʪʘʮʠʿʝ ʛʨʘʥʠʯʥʦʤ 

ʚʨʝʜʥʦʰ˂ʫ ʠ ʙʠʥʘʨʠʟʘʮʠʿʝ 

ʇʨʚʠ ʜʝʦ ʫ ʦʙʨʘʜʠ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ 

ʿʝʩʪʝ ʩʝʛʤʝʥʪʘʮʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ ʠ ʙʠʥʘʨʠʟʘʮʠʿʘ. ʆʚʝ ʤʝʪʦʜʝ 
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ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʨʘʿˁʝ ʪʨʠʚʠʿʘʣʥʝ ʘʣʛʦʨʠʪʤʝ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʧʦʿʘʩ ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ ʢʦʿʠ ˂ʝ 

ʙʠʪʠ ʧʨʠʢʘʟʘʥ ʙʝʣʦʤ ʙʦʿʦʤ ʠ ʧʦʩʪʘʚˀʘʿʫ ʩʚʝ ʧʨʝʦʩʪʘʣʝ ʧʠʢʩʝʣʝ ʥʘ ʮʨʥʫ ʙʦʿʫ. ʅʘ ʦʚʘʿ 

ʥʘʯʠʥ ʩʝ ʩʚʘʢʦʤ ʧʠʢʩʝʣʫ ʠʣʠ ʜʦʜʝˀʫʿʝ ʩʚʦʿʩʪʚʦ ʦʙʿʝʢʪʘ, ʢʦʿʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʙʝʣʦʤ ʙʦʿʦʤ, 

ʠʣʠ ʩʚʦʿʩʪʚʦ ʧʦʟʘʜʠʥʝ ʩʣʠʢʝ, ʢʦʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʮʨʥʦʤ ʙʦʿʦʤ. ɻʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʩʝ 

ʦʜʨʝʹʫʿʝ ʝʤʧʠʨʠʿʩʢʠ ʪʘʢʦ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʫ ʩʚʠ ʧʨʦʚʦʜʥʠ ʟʠʜʦʚʠ ʜʠʩʘʿʥʠʭ ʧʫʪʝʚʘ 

ʛʣʘʪʢʠ ʢʦʣʠʢʦ ʛʦʜ ʜʘ ʿʝ ʪʦ ʤʦʛʫ˂ʝ, ʢʘʦ ʠ ʜʘ ʿʝ ʧʣʝʫʨʘʣʥʘ ʧʦʚʨʰʠʥʘ ʟʘʪʚʦʨʝʥʘ. ʅʘ ʩʣʠʮʠ 7.4 

ʿʝ ʧʨʠʢʘʟʘʥ ʠʟʛʣʝʜ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʥʘʢʦʥ ʩʝʛʤʝʥʪʘʮʠʿʝ ʛʨʘʥʠʯʥʦʤ 

ʚʨʝʜʥʦʰ˂ʫ ʠ ʙʠʥʘʨʠʟʘʮʠʿʝ. ʉʘ ʩʣʠʢʝ ʩʝ ʿʘʩʥʦ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʿʝ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ ʩʘʜʘ ʜʦʩʪʘ 

ʙʦˀʠ, ʘʣʠ ʥʠʿʝ ʜʦʚʦˀʥʦ ʜʦʙʘʨ ʜʘ ʠʩʧʫʥʠ ʢʨʠʪʝʨʠʿʫʤ ʢʚʘʣʠʪʝʪʘ. 

 

ʉʣʠʢʘ 7.5 ï ʌʠʣʪʨʠʨʘˁʝ ʫʩʨʝʜˁʘʚʘˁʝʤ 

ʇʦʰʪʦ ʩʝ ʧʨʠʤʝʥʦʤ ʩʝʛʤʝʥʪʘʮʠʿʝ ʛʨʘʥʠʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʠ ʙʠʥʘʨʠʟʘʮʠʿʝ ʥʘ ʩʢʫʧ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʥʝ ʜʦʙʠʿʘʿʫ ʩʣʠʢʝ 
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ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʢʚʘʣʠʪʝʪʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʥʘʢʥʘʜʥʦ ʬʠʣʪʨʠʨʘˁʝ ʠʩʪʠʭ. ʋ ʪʫ ʩʚʨʭʫ 

ʿʝ ʢʦʨʠʰ˂ʝʥʦ ʬʠʣʪʨʠʨʘˁʝ ʫʩʨʝʜˁʘʚʘˁʝʤ ʯʠʿʠ ʿʝ ʧʨʠʥʮʠʧ ʨʘʜʘ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 7.5. 

ʇʠʢʩʝʣʠ Ăʊñ ʠ Ăʈñ ʥʘ ʦʚʦʿ ʩʣʠʮʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʨʝʥʫʪʥʠ ʠ ʨʝʟʫʣʪʫʿʫ˂ʠ ʧʠʢʩʝʣ. ʇʠʢʩʝʣʠ 

ʦʟʥʘʯʝʥʠ ʩʣʦʚʦʤ Ăʇñ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʫʩʝʜʥʝ ʧʠʢʩʝʣʝ ʪʨʝʥʫʪʥʦʤ ʧʠʢʩʝʣʫ ʢʦʿʠ ʤʫ ʧʨʝʪʭʦʜʝ, 

ʘ ʧʠʢʩʝʣʠ ʦʟʥʘʯʝʥʠ ʩʣʦʚʦʤ Ăʉñ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʫʩʝʜʥʝ ʧʠʢʩʝʣʝ ʪʨʝʥʫʪʥʦʤ ʧʠʢʩʝʣʫ ʢʦʿʠ ʛʘ 

ʩʣʝʜʝ. ʈʝʟʫʣʪʫʿʫ˂ʠ ʧʠʢʩʝʣ ʩʝ ʜʦʙʠʿʘ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʪʨʝʥʫʪʥʦʛ ʠ ʩʚʠʭ ˁʝʤʫ ʩʫʩʝʜʥʠʭ 

ʧʠʢʩʝʣʘ. ʆʚʘʢʦ ʨʘʯʫʥʘˁʝ ʨʝʟʫʣʪʫʿʫ˂ʝʛ ʧʠʢʩʝʣʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʠʪʝʨʘʪʠʚʥʦ ʟʘ ʩʚʝ ʧʠʢʩʝʣʝ ʥʘ 

ʩʣʠʮʠ. 

 

ʉʣʠʢʘ 7.6 ï ʀʟʛʣʝʜ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʥʘʢʦʥ ʬʠʣʪʨʠʨʘˁʘ 

ʫʩʨʝʜˁʘʚʘˁʝʤ  

ʅʘ ʩʣʠʮʠ 7.6 ʿʝ ʧʨʠʢʘʟʘʥ ʨʝʟʫʣʪʫʿʫ˂ʠ ʠʟʛʣʝʜ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ 

ʧʣʫ˂ʘ ʥʘʢʦʥ ʬʠʣʪʨʠʨʘˁʘ ʫʩʨʝʜˁʘʚʘˁʝʤ. ʉʘ ʩʣʠʢʝ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ 
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ʫʢʣʦˁʝʥ ʰʫʤ ʧʨʠʤʝʥʦʤ ʬʠʣʪʨʠʨʘˁʘ ʫʩʨʝʜˁʘʚʘˁʝʤ ʠ ʜʘ ʦʚʘ ʩʣʠʢʘ ʠʩʧʫˁʘʚʘ ʢʨʠʪʝʨʠʿʫʤ 

ʢʚʘʣʠʪʝʪʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤʝ, ʤʦʞʝ ʩʝ ʧʨʠʩʪʫʧʠʪʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʿ ʨʝʢʦʥʩʪʨʫʢʮʠʿʠ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʩʢʫʧʘ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ. 

 

ʉʣʠʢʘ 7.7 ï ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʚʠʟʫʘʣʠʟʘʮʠʿʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ 

ʅʘ ʩʣʠʮʠ 7.7 ʿʝ ʧʨʠʢʘʟʘʥʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʚʠʟʫʘʣʠʟʘʮʠʿʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʠʟ ʚʠʰʝ 

ʫʛʣʦʚʘ ʧʨʠʤʝʥʦʤ ʛʦʨʝ ʦʧʠʩʘʥʦʛ ʘʣʛʦʨʠʪʤʘ. ʄʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʿʝ ʧʦʩʪʠʛʥʫʪʘ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʚʠʟʫʘʣʠʟʘʮʠʿʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ. 
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8. 
              

 

8. ɸʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ ʢʦʣʝʥʘ 

ʜʦʙʠʿʝʥʠʭ ʧʨʦʮʝʩʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ 

 

ʋ ʨʘʟʥʠʤ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʢʘʦ ʠ ʫ ʩʠʩʪʝʤʠʤʘ ʟʘ ʤʝʜʠʮʠʥʩʢʫ ʜʠʿʘʛʥʦʩʪʠʢʫ 

ʚʨʣʦ ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʩʣʠʢʝ ʜʦʙʠʿʝʥʝ ʧʨʦʮʝʩʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ. ʊʘʢʦʹʝ, ʩʣʠʢʝ 

ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʜʦʙʠʿʝʥʝ ʤʝʪʦʜʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ ʠʤʘʿʫ ʠʟʫʟʝʪʥʦ 

ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ ʢʘʢʦ ʫ ʢʣʠʥʠʯʢʦʿ ʧʨʘʢʩʠ, ʪʘʢʦ ʠ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ɱʝʜʥʦ 

ʠʩʪʨʘʞʠʚʘˁʝ [91] ʿʝ ʢʦʨʠʩʪʠʣʦ ʠʤʧʣʘʥʪʝ ʫ ʢʦʣʝʥʠʤʘ ʢʘʢʦ ʙʠ ʦʜʨʝʜʠʣʦ ʧʨʠʪʠʩʘʢ ʪʦʢʦʤ 

ʜʥʝʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ɼʨʫʛʘ ʩʪʫʜʠʿʘ [92] ʩʝ ʟʘʩʥʠʚʘʣʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʿʠ ʬʣʦʫʨʦʩʢʦʧʩʢʠʭ 

ʩʣʠʢʘ ʠ ʨʘʯʫʥʘʨʩʢʦʤ ʤʦʜʝʣʫ ʢʦʣʝʥʘ. ʅʘʿʥʦʚʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ [93, 94] ʩʫ ʢʦʨʠʩʪʠʣʠ ʩʥʠʤʢʝ 

ʜʦʙʠʿʝʥʝ ʤʝʪʦʜʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ ʠ ʧʦʢʨʝʪʝ ʧʘʮʠʿʝʥʘʪʘ ʜʦʙʠʿʝʥʝ ʩʘ ʠʟʣʘʟʘ 

ʠʥʬʨʘʮʨʚʝʥʠʭ ʩʝʥʟʦʨʘ ʧʦʢʨʝʪʘ.  

ɺʨʣʦ ʯʝʩʪʦ ʩʝ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʩʣʠʢʝ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʢʦʨʠʩʪʝ ʢʘʢʦ ʙʠ 

ʩʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʨʝʢʦʥʩʪʨʫʠʩʘʦ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʢʦʣʝʥʘ. ʊʘʢʘʚ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʦʤʦʛʫ˂ʘʚʘ ʤʝʜʠʮʠʥʩʢʠʤ ʨʘʜʥʠʮʠʤʘ ʜʘ ʘʥʘʣʠʟʠʨʘʿʫ ʩʪʨʫʢʪʫʨʫ 

ʢʦʣʝʥʘ ʠ ʜʠʿʘʛʥʦʩʪʠʢʫʿʫ ʤʦʛʫ˂ʝ ʜʝʬʦʨʤʠʪʝʪʝ. ʊʘʢʦʹʝ, ʦʥ ʤʦʞʝ ʙʠʪʠ ʠ ʦʜ ʠʟʫʟʝʪʥʝ ʧʦʤʦ˂ʠ 

ʠ ʫ ʨʘʟʥʠʤ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. 

ʂʘʢʦ ʙʠ ʩʝ ʩʚʝ ʦʚʦ ʛʦʨʝ ʥʘʚʝʜʝʥʦ ʤʦʛʣʦ ʠʟʚʝʩʪʠ ʥʘ ʢʚʘʣʠʪʝʪʘʥ ʠ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ 

ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʘʤʝ ʩʣʠʢʝ ʢʦʿʝ ʩʫ ʩʥʠʤˀʝʥʝ ʧʦʩʪʫʧʢʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ ʙʫʜʫ 

ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ. ɹʠʣʦ ʢʘʢʘʚ ʰʫʤ ʫ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʩʣʠʢʘʤʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ 
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ʢʦʣʝʥʘ ʤʦʞʝ ʢʘʩʥʠʿʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʥʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʚʠʟʫʘʣʠʟʘʮʠʿʝ, ʰʪʦ ʤʦʞʝ 

ʫʟʨʦʢʦʚʘʪʠ ʧʦʛʨʝʰʥʝ ʟʘʢˀʫʯʢʝ ʧʨʠʣʠʢʦʤ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʘ ʧʦʚʨʝʜʝ ʠ ʩʣʠʯʥʦ. ʄʝʹʫʪʠʤ, 

ʫʢʦʣʠʢʦ ʩʝ ʞʝʣʝ ʜʦʙʠʪʠ ʩʣʠʢʝ ʰʪʦ ʚʝ˂ʝ ʨʝʟʦʣʫʮʠʿʝ, ʚʨʣʦ ʯʝʩʪʦ ʩʝ ʜʝʰʘʚʘ ʜʘ ʦʥʝ ʧʦʩʝʜʫʿʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʰʫʤʘ ʢʦʿʠ ʠʤ ʦʥʝʤʦʛʫ˂ʘʚʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʠ ʜʘˀʫ 

ʦʙʨʘʜʫ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʨʝʜʤʝʪ ʤʥʦʛʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫʧʨʘʚʦ ʬʠʣʪʨʠʨʘˁʝ ʠ ʩʝʛʤʝʥʪʘʮʠʿʘ 

ʦʚʘʢʚʠʭ ʩʣʠʢʘ. 

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʿʝ ʢʦʨʠʰ˂ʝʥ ʩʢʫʧ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ 

ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʩʥʠʤˀʝʥʠʭ ʧʦʩʪʫʧʢʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ [95]. ʆʚʝ ʩʣʠʢʝ ʩʫ 

ʢʦʨʠʰ˂ʝʥʝ ʫ ʮʠˀʫ ˁʠʭʦʚʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ. ɸʢʚʠʟʠʮʠʿʘ ʦʚʠʭ ʩʣʠʢʘ ʿʝ 

ʠʟʚʝʜʝʥʘ ʫ ʂʣʠʥʠʯʢʦʤ ʮʝʥʪʨʫ ʫ ʂʨʘʛʫʿʝʚʮʫ.  

 

ʉʣʠʢʘ 8.1 ï ʉʢʫʧ ʦʨʠʛʠʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ 

ʅʘ ʩʣʠʮʠ 8.1 ʿʝ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟʘʥ ʠʟʛʣʝʜ ʩʢʫʧʘ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ 

ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʜʦʙʠʿʝʥʠʭ ʧʦʤʦ˂ʫ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʙʘʟʠʨʘʥʦʤ ʥʘ 

ʨʘʯʫʥʘʨʩʢʦʿ ʪʦʤʦʛʨʘʬʠʿʠ. ʋ ʦʚʦʤ ʩʢʫʧʫ ʩʣʠʢʘ ʿʝ ʫʢʫʧʥʦ ʩʥʠʤˀʝʥʦ 511 ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ 

ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ. ʈʝʟʦʣʫʮʠʿʘ ʩʚʘʢʝ ʩʣʠʢʝ ʿʝ ʙʠʣʘ 512 ʭ 512 ʧʠʢʩʝʣʘ. ʉʚʘʢʠ ʧʠʢʩʝʣ ʥʘ ʩʣʠʮʠ 

ʿʝ ʦʜʛʦʚʘʨʘʦ ʧʦʚʨʰʠʥʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʜʠʤʝʥʟʠʿʘ 0.892 ʭ 0.892 mm. 
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ʈʘʟʜʘˀʠʥʘ ʠʟʤʝʹʫ ʩʚʘʢʝ ʜʚʝ ʩʫʩʝʜʥʝ ʩʣʠʢʝ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʨʘʟʜʘˀʠʥʠ ʩʚʘʢʘ ʜʚʘ ʩʫʩʝʜʥʘ 

ʩʥʠʤˀʝʥʘ ʧʦʧʨʝʯʥʘ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʠʟʥʦʩʠʣʘ ʿʝ 0.3 mm. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʜʠʤʝʥʟʠʿʘ ʤʦʞʝ ʩʝ 

ʣʘʢʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʫʢʫʧʘʥ ʜʝʦ ʢʦʣʝʥʘ ʢʦʿʠ ʿʝ ʩʥʠʤˀʝʥ ʠʤʘʦ ʜʠʤʝʥʟʠʿʝ 

456.704 ʭ 456.704 ʭ 165.3 mm. ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʟʘʧʨʝʤʠʥʘ ʢʦʣʝʥʘ ʢʦʿʘ ʿʝ ʩʥʠʤˀʝʥʘ ʠʟʥʦʩʠʣʘ 

ʧʨʠʙʣʠʞʥʦ 34478.033 cm
3
. 

 

ʉʣʠʢʘ 8.2 ï ʆʨʠʛʠʥʘʣʥʘ ʩʣʠʢʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʥʘʢʦʥ ʩʥʠʤʘˁʘ 

ʂʘʢʦ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʧʨʝʮʠʟʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʦʚʦʛ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʩʢʫʧʘ 

ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʫ ʪʨʠ ʜʠʤʝʥʟʠʿʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʪʘʿ ʩʢʫʧ ʩʣʠʢʘ ʠʤʘ ʚʠʩʦʢ 

ʦʜʥʦʩ ʩʠʛʥʘʣ-ʰʫʤ. ʅʘ ʩʣʠʮʠ 8.2 ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʿʝʜʥʝ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʢʦʿʫ ʿʝ ʩʥʠʤʠʦ ʩʠʩʪʝʤ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʙʘʟʠʨʘʥ ʥʘ ʨʘʯʫʥʘʨʩʢʦʿ ʪʦʤʦʛʨʘʬʠʿʠ. 

ʂʘʦ ʰʪʦ ʩʝ ʥʘ ʩʣʠʮʠ ʤʦʞʝ ʫʦʯʠʪʠ ʦʥʘ ʩʘʜʨʞʠ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢ ʥʠʚʦ ʰʫʤʘ ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʥʦ 

ʫʢʣʦʥʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʤʦʛʣʘ ʠʟʚʨʰʠʪʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ. 
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ʋ ʮʠˀʫ ʫʢʣʘˁʘˁʘ ʰʫʤʘ ʠʟ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ 

ʧʣʫ˂ʘ ʠ ʦʙʝʟʙʝʹʠʚʘˁʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ ʨʘʟʚʠʿʝʥ ʿʝ 

ʘʣʛʦʨʠʪʘʤ ʯʠʿʠ ʿʝ ʙʣʦʢ ʜʠʿʘʛʨʘʤ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 8.3. ʅʘ ʫʣʘʟ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʩʝ ʜʦʚʦʜʠ 

ʩʢʫʧ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ, ʘ ʥʘ ʠʟʣʘʟ ʩʝ ʜʦʙʠʿʘ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʨʝʢʦʥʩʪʨʫʠʩʘʥ ʥʘ ʦʩʥʦʚʫ ʩʢʫʧʘ ʫʣʘʟʥʠʭ ʩʣʠʢʘ. ʀʟʤʝʹʫ 

ʩʘʤʦʛ ʫʣʘʟʘ ʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʚʠʟʫʘʣʠʟʘʮʠʿʝ ʥʘʣʘʟʠ ʩʝ ʿʝʜʠʥʠʮʘ ʢʦʿʘ ʿʝ ʦʜʛʦʚʦʨʥʘ ʟʘ 

ʧʨʝʪʧʨʦʮʝʩʠʨʘˁʝ ʩʣʠʢʘ. 

 

ʉʣʠʢʘ 8.3 ï ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʘʣʛʦʨʠʪʤʘ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʚʠʟʫʘʣʠʟʘʮʠʿʫ ʢʦʣʝʥʘ 
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ɱʝʜʠʥʠʮʘ ʟʘ ʧʨʝʪʧʨʦʮʝʩʠʨʘˁʝ ʩʣʠʢʘ ʠʤʘ ʟʘ ʟʘʜʘʪʘʢ ʜʘ ʧʨʦʠʟʚʝʜʝ ʩʣʠʢʝ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʢʚʘʣʠʪʝʪʘ ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʪʨʠ ʦʩʥʦʚʥʘ ʜʝʣʘ. ʇʨʚʦ ʩʝ ʥʘ ʩʢʫʧ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʧʨʠʤʝˁʫʿʝ ʩʝʛʤʝʥʪʘʮʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ 

ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ, ʟʘʪʠʤ ʩʝ ʚʨʰʠ ʙʠʥʘʨʠʟʘʮʠʿʘ ʩʣʠʢʘ ʠ ʥʘ ʢʨʘʿʫ ʩʝ ʧʨʠʤʝˁʫʿʝ 

ʬʠʣʪʨʠʨʘˁʝ ʜʦˁʝ ʧʝʪʠʥʝ ʩʣʠʢʝ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʚʨʰʠ ʧʨʦʚʝʨʘ ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʝʥʝ ʩʣʠʢʝ ʠ 

ʫʢʦʣʠʢʦ ʦʥʘ ʥʠʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʥʠʚʦʘ ʮʝʦ ʧʦʩʪʫʧʘʢ ʩʝ ʧʦʥʘʚˀʘ. ʇʦʥʘʚˀʘˁʝ ʯʠʪʘʚʦʛ 

ʧʨʦʮʝʩʘ ʩʝ ʚʨʰʠ ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʜʦʙʠʿʝ ʩʣʠʢʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʢʚʘʣʠʪʝʪʘ. ʂʨʠʪʝʨʠʿʫʤ ʢʦʿʠ 

ʦʜʨʝʹʫʿʝ ʜʘ ʣʠ ʿʝ ʥʝʢʘ ʩʣʠʢʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʢʚʘʣʠʪʝʪʘ ʠʣʠ ʥʝ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʦʚʝʨʠ ʜʘ 

ʩʫ ʩʚʠ ʟʠʜʦʚʠ ʭʨʩʢʘʚʠʮʝ ʢʦʣʝʥʘ ʛʣʘʪʢʠ ʢʦʣʠʢʦ ʛʦʜ ʜʘ ʿʝ ʪʦ ʤʦʛʫ˂ʝ, ʘʣʠ ʜʘ ʫ ʠʩʪʦ ʚʨʝʤʝ 

ʥʝʤʘʿʫ ʥʝʢʠʭ ʰʫʧˀʠʥʘ. 

 

ʉʣʠʢʘ 8.4 ï ʀʟʛʣʝʜ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʥʘʢʦʥ ʩʝʛʤʝʥʪʘʮʠʿʝ ʛʨʘʥʠʯʥʦʤ 

ʚʨʝʜʥʦʰ˂ʫ ʠ ʙʠʥʘʨʠʟʘʮʠʿʝ 
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ʇʨʚʠ ʜʝʦ ʫ ʦʙʨʘʜʠ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʿʝʩʪʝ 

ʩʝʛʤʝʥʪʘʮʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʛʨʘʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ ʠ ʙʠʥʘʨʠʟʘʮʠʿʘ. ʆʚʝ ʤʝʪʦʜʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʢʨʘʿˁʝ ʪʨʠʚʠʿʘʣʥʝ ʘʣʛʦʨʠʪʤʝ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʧʦʿʘʩ ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥ 

ʙʝʣʦʤ ʙʦʿʦʤ ʠ ʧʦʩʪʘʚˀʘʿʫ ʩʚʝ ʧʨʝʦʩʪʘʣʝ ʧʠʢʩʝʣʝ ʥʘ ʮʨʥʫ ʙʦʿʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʩʚʘʢʦʤ 

ʧʠʢʩʝʣʫ ʠʣʠ ʜʦʜʝˀʫʿʝ ʩʚʦʿʩʪʚʦ ʦʙʿʝʢʪʘ, ʢʦʿʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʙʝʣʦʤ ʙʦʿʦʤ, ʠʣʠ ʩʚʦʿʩʪʚʦ 

ʧʦʟʘʜʠʥʝ ʩʣʠʢʝ, ʢʦʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʮʨʥʦʤ ʙʦʿʦʤ. ɻʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʩʝ ʦʜʨʝʹʫʿʝ 

ʝʤʧʠʨʠʿʩʢʠ ʪʘʢʦ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʫ ʩʚʠ ʟʠʜʦʚʠ ʭʨʩʢʘʚʠʮʝ ʢʦʣʝʥʘ ʛʣʘʪʢʠ ʢʦʣʠʢʦ ʛʦʜ ʜʘ ʿʝ 

ʪʦ ʤʦʛʫ˂ʝ, ʘʣʠ ʜʘ ʫ ʠʩʪʦ ʚʨʝʤʝ ʥʝʤʘʿʫ ʥʝʢʠʭ ʰʫʧˀʠʥʘ.  

ʅʘ ʩʣʠʮʠ 8.4 ʿʝ ʧʨʠʢʘʟʘʥ ʠʟʛʣʝʜ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ ʥʘʢʦʥ 

ʩʝʛʤʝʥʪʘʮʠʿʝ ʛʨʘʥʠʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʠ ʙʠʥʘʨʠʟʘʮʠʿʝ. ʉʘ ʩʣʠʢʝ ʩʝ ʿʘʩʥʦ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʿʝ 

ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ ʩʘʜʘ ʜʦʩʪʘ ʙʦˀʠ, ʦʜʥʦʩʥʦ ʰʫʤ ʩʘ ʜʝʣʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʢʦʣʝʥʦ ʿʝ ʩʢʨʦʟ 

ʦʯʠʰ˂ʝʥ, ʘʣʠ ʿʝ ʦʩʪʘʦ ʿʝʜʘʥ ʜʝʦ ʩʣʠʢʝ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʦʪʧʨʠʣʠʢʝ ʜʦˁʫ ʧʝʪʠʥʫ, ʢʦʿʠ 

ʩʘʜʨʞʠ ʥʝʞʝˀʝʥʠ ʘʨʪʠʬʘʢʪ ʢʦʿʠ ʿʝ ʪʘʢʦʹʝ ʧʦʪʨʝʙʥʦ ʫʢʣʦʥʠʪʠ.  

ʊʘʙʝʣʘ 8.1 ï ɸʣʛʦʨʠʪʘʤ ʟʘ ʬʠʣʪʨʠʨʘˁʝ ʜʦˁʝ ʧʝʪʠʥʝ ʩʣʠʢʝ 

ʂʦʨʘʢ 1: ɿʘʧʦʯʝʪʠ ʩʘ ʧʨʚʠʤ ʨʝʜʦʤ ʩʣʠʢʝ ʢʦʣʝʥʘ; 

ʂʦʨʘʢ 2: ʉʢʝʥʠʨʘʪʠ ʦʜʦʟʜʦ ʥʘ ʛʦʨʝ; 

ʂʦʨʘʢ 3: ʋʢʦʣʠʢʦ ʿʝ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʮʨʥʝ ʙʦʿʝ ʧʨʝ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʧʠʢʩʝʣ ʠ 

ʧʦʥʦʚʠʪʠ ʢʦʨʘʢ 3, ʘ ʫʢʦʣʠʢʦ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʥʠʿʝ ʮʨʥʝ ʙʦʿʝ ʧʨʝ˂ʠ ʥʘ 

ʢʦʨʘʢ 4; 

ʂʦʨʘʢ 4: ʋʢʦʣʠʢʦ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʧʨʠʧʘʜʘ ʜʦˁʦʿ ʧʝʪʠʥʠ ʩʣʠʢʝ ʦʟʥʘʯʠʪʠ ʛʘ ʮʨʥʦʤ 

ʙʦʿʦʤ, ʦʜʥʦʩʥʦ ʦʟʥʘʯʠʪʠ ʛʘ ʢʘʦ ʧʦʟʘʜʠʥʫ ʠ ʧʨʝ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʧʠʢʩʝʣ ʠ 

ʧʦʥʦʚʠʪʠ ʢʦʨʘʢ 3; 

ʂʦʨʘʢ 5: ʋʢʦʣʠʢʦ ʥʝʤʘ ʚʠʰʝ ʧʠʢʩʝʣʘ ʫ ʪʨʝʥʫʪʥʦʤ ʨʝʜʫ ʧʨʝ˂ʠ ʥʘ ʩʣʝʜʝ˂ʠ ʨʝʜ ʠ 

ʧʨʝ˂ʠ ʥʘ ʢʦʨʘʢ 3; 

ʂʦʨʘʢ 6: ʇʦʥʘʚˀʘʪʠ ʢʦʨʘʢʝ ʦʜ 3-5 ʩʚʝ ʜʦʢ ʧʦʩʪʦʿʠ ʥʦʚʠʭ ʨʝʜʦʚʘ. 
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ɸʣʛʦʨʠʪʘʤ ʟʘ ʬʠʣʪʨʠʨʘˁʝ ʜʦˁʝ ʧʝʪʠʥʝ ʩʣʠʢʝ ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʪʘʙʝʣʠ 8.1. ʆʥ ʩʝ ʫ 

ʩʫʰʪʠʥʠ ʟʘʩʥʠʚʘ ʥʘ ʟʘʦʢʨʫʞʠʚʘˁʫ ʜʦˁʝ ʧʝʪʠʥʝ ʩʣʠʢʝ ʠ ˁʝʥʦʿ ʦʙʨʘʜʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʘ ʩʝ 

ʩʚʠ ʧʠʢʩʝʣʠ ʢʦʿʠ ʦʟʥʘʯʘʚʘʿʫ ʥʝʢʠ ʦʙʿʝʢʘʪ, ʦʜʥʦʩʥʦ ʥʝʞʝˀʝʥʠ ʘʨʪʠʬʘʢʪ, ʧʨʝʙʘʮʫʿʫ ʫ 

ʧʦʟʘʜʠʥʫ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʩʚʝ ʧʠʢʩʝʣʝ ʫ ʜʦˁʦʿ ʧʝʪʠʥʠ ʩʣʠʢʝ ʦʟʥʘʯʠʪʠ ʮʨʥʦʤ 

ʙʦʿʦʤ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʫʢʣʦʥʠʪʠ ʥʝʞʝˀʝʥʠ ʘʨʪʠʬʘʢʪ ʩʘ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʜʦʙʠʿʝʥʝ ʤʝʪʦʜʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ.  

 

ʉʣʠʢʘ 8.5 ï ʀʟʛʣʝʜ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʥʘʢʦʥ ʫʢʣʘˁʘˁʘ ʜʦˁʝ ʧʝʪʠʥʝ ʩʣʠʢʝ 

ʅʘ ʩʣʠʮʠ 8.5 ʿʝ ʧʨʠʢʘʟʘʥ ʨʝʟʫʣʪʫʿʫ˂ʠ ʠʟʛʣʝʜ ʩʣʠʢʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʥʘʢʦʥ 

ʬʠʣʪʨʠʨʘˁʘ ʜʦˁʝ ʧʝʪʠʥʝ ʩʣʠʢʝ. ʉʘ ʩʣʠʢʝ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʫʢʣʦˁʝʥ 

ʥʝʞʝˀʝʥʠ ʘʨʪʠʬʘʢʪ ʧʨʠʤʝʥʦʤ ʦʚʦʛ ʬʠʣʪʨʘ ʠ ʜʘ ʦʚʘ ʩʣʠʢʘ ʠʩʧʫˁʘʚʘ ʢʨʠʪʝʨʠʿʫʤ ʢʚʘʣʠʪʝʪʘ. 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤʝ, ʤʦʞʝ ʩʝ ʧʨʠʩʪʫʧʠʪʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʿ ʨʝʢʦʥʩʪʨʫʢʮʠʿʠ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʩʢʫʧʘ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ. 
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ʉʣʠʢʘ 8.6 ï ʄʦʜʝʣ ʨʘʩʧʦʜʝʣʘ ʌʦʥ ʄʠʟʝʩʦʚʦʛ ʥʘʧʦʥʘ [Pa] 

ʂʦʨʠʰ˂ʝˁʝʤ ʦʚʘʢʦ ʦʙʨʘʹʝʥʠʭ ʩʣʠʢʘ ʨʝʢʦʥʩʪʨʫʠʩʘʥ ʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʥʘ 

ʢʦʿʠ ʩʝ ʜʘˀʝ ʧʨʠʤʝʥʠʣʘ ʤʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ [95]. ʂʘʦ ʨʝʟʫʣʪʘʪ ʪʦʛʘ ʜʦʙʠʿʝʥ ʿʝ 

ʤʦʜʝʣ ʨʘʩʧʦʜʝʣʝ ʩʪʨʝʩʘ, ʦʜʥʦʩʥʦ ʌʦʥ ʄʠʟʝʩʦʚʦʛ ʥʘʧʦʥʘ ʥʘ ʟʛʣʦʙ ʢʦʣʝʥʘ ʧʨʠʢʘʟʘʥ ʥʘ 

ʩʣʠʮʠ 8.6, ʢʘʦ ʠ ʤʦʜʝʣ ʨʘʩʧʦʜʝʣʘ ʩʪʨʝʩʘ, ʦʜʥʦʩʥʦ ʌʦʥ ʄʠʟʝʩʦʚʦʛ ʥʘʧʦʥʘ ʥʘ ʭʨʩʢʘʚʠʮʠ 

ʢʦʣʝʥʘ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 8.7. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʤʦʜʝʣʘ ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ ʤʦʞʝ ʩʝ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʫʩʧʝʰʥʦ ʠʟʚʨʰʝʥʘ ʩʝʛʤʝʥʪʘʮʠʿʘ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʩʣʠʢʘ ʧʦʧʨʝʯʥʠʭ 

ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʩʥʠʤˀʝʥʠʭ ʩʠʩʪʝʤʦʤ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʙʘʟʠʨʘʥʦʤ ʥʘ ʨʘʯʫʥʘʨʩʢʦʿ 

ʪʦʤʦʛʨʘʬʠʿʠ. 
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ʉʣʠʢʘ 8.7 ï ʄʦʜʝʣ ʨʘʩʧʦʜʝʣʘ ʌʦʥ ʄʠʟʝʩʦʚʦʛ ʥʘʧʦʥʘ ʥʘ ʭʨʩʢʘʚʠʮʠ [Pa] 
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9. 
              

 

9. ʇʨʝʙʘʮʠʚʘˁʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʩʣʠʢʘ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ ʭʘʨʜʚʝʨʩʢʫ 

ʧʣʘʪʬʦʨʤʫ ʩʘ ʧʦʩʪʠʛʥʫʪʠʤ ʨʝʟʫʣʪʘʪʠʤʘ 

 

ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʩʪʦʿʘʣʘ ʩʫ ʪʨʠ ʩʢʫʧʘ ʩʣʠʢʘ. ɱʝʜʘʥ ʩʢʫʧ ʿʝ ʯʠʥʠʦ ʩʢʫʧ 

ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ ʥʘʜ ʢʦʿʠʤʘ ʿʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʩʝʛʤʝʥʪʘʮʠʿʫ ʫ ʮʠˀʫ 

ʫʢʣʘˁʘˁʘ ʥʝʞʝˀʝʥʠʭ ʘʨʪʠʬʘʢʪʘ ʩʘ ʩʘʤʝ ʩʣʠʢʝ. ʊʠ ʘʨʪʠʬʘʢʪʠ ʩʫ ʩʝ ʦʜʥʦʩʠʣʠ ʥʘ ʧʦʟʘʜʠʥʫ 

ʠ ʧʝʢʪʦʨʘʣʥʠ ʤʠʰʠ˂. ʂʘʢʦ ʦʚʠ ʩʢʫʧʦʚʠ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ, ʧʦʛʦʪʦʚʫ ʦʥʠ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʟʘ ʪʨʝʥʠʨʘˁʝ ʤʦʜʝʣʘ ʟʘ ʦʜʣʫʯʠʚʘˁʝ, ʤʦʛʫ ʙʠʪʠ ʚʝʦʤʘ ʚʝʣʠʢʠ, ʦʜʥʦʩʥʦ ʤʦʛʫ 

ʙʨʦʿʘʪʠ ʠ ʧʦ ʥʝʢʦʣʠʢʦ ʭʠˀʘʜʘ ʩʣʠʢʘ, ʪʦ ʿʝ ʚʨʣʦ ʚʘʞʥʦ ʠ ʚʨʝʤʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʩʚʝ ʪʝ 

ʩʣʠʢʝ ʦʙʨʘʜʝ. ʊʘʢʦʹʝ, ʚʨʣʦ ʯʝʩʪʦ ʩʫ ʦʚʝ ʩʣʠʢʝ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʰʪʦ ʠʭ ʯʠʥʠ ʿʦʰ 

ʪʝʞʠʤ ʟʘ ʝʬʠʢʘʩʥʫ ʠ ʢʚʘʣʠʪʝʪʥʫ ʦʙʨʘʜʫ.  

ɿʙʦʛ ʩʚʝʛʘ ʛʦʨʝ ʥʘʚʝʜʝʥʦʛ ʦʜ ʠʟʫʟʝʪʥʦʛ ʿʝ ʟʥʘʯʘʿʘ ʨʘʟʚʠʪʠ ʝʬʠʢʘʩʥʝ ʘʣʛʦʨʠʪʤʝ ʟʘ 

ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ ʠ ʧʦʢʫʰʘʪʠ ʠʭ ʫʙʨʟʘʪʠ ʢʦʣʠʢʦ ʛʦʜ ʜʘ ʿʝ ʪʦ 

ʤʦʛʫ˂ʝ. ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʩʝ ʚʨʰʠʣʦ ʧʨʝʙʘʮʠʚʘˁʝ ʘʣʛʦʨʠʪʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ ʫ ʮʠˀʫ 

ʧʦʩʪʠʟʘˁʘ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʙʦˀʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. 

ɼʨʫʛʠ ʩʢʫʧ ʩʣʠʢʘ ʯʠʥʠʣʝ ʩʫ ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʤʠʰʿʠʭ 

ʧʣʫ˂ʘ ʯʠʿʫ ʿʝ ʩʝʛʤʝʥʪʘʮʠʿʫ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʫʢʣʦʥʠʦ ʥʝʞʝˀʝʥʠ ʰʫʤ ʩʘ 
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ʩʣʠʢʘ ʠ ʜʦʙʠʣʝ ʯʠʩʪʠʿʝ ʩʣʠʢʝ ʙʦˀʝʛ ʢʚʘʣʠʪʝʪʘ ʢʦʨʠʰ˂ʝˁʝʤ ʢʦʿʠʭ ʙʠ ʩʝ ʤʦʛʣʘ ʠʟʚʨʰʠʪʠ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʤʠʰʿʠʭ ʧʣʫ˂ʘ. ʂʘʢʦ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠ ʪʘʢʦʹʝ ʜʘʿʫ ʩʣʠʢʝ 

ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʠ ʢʘʢʦ ʿʝ, ʫ ʮʠˀʫ ʰʪʦ ʢʚʘʣʠʪʝʪʥʠʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʚʠʟʫʘʣʠʟʘʮʠʿʝ, 

ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʜʚʘ ʧʦʧʨʝʯʥʘ ʧʨʝʩʝʢʘ ʠʟʫʟʝʪʥʦ ʤʘʣʠ, ʪʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝʜʘʥ ʩʢʫʧ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʤʦʞʝ ʙʨʦʿʘʪʠ ʚʝʣʠʢʠ ʙʨʦʿ ʩʣʠʢʘ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ.  

ʊʦ ʪʘʢʦʹʝ ʦʚʫ ʛʨʫʧʫ ʩʣʠʢʘ ʯʠʥʠ ʠʟʫʟʝʪʥʦ ʟʘʭʪʝʚʥʦʤ ʟʘ ʦʙʨʘʜʫ, ʧʘ ʿʝ ʧʨʝʜʤʝʪ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʠ ʫʙʨʟʘˁʝ ʘʣʛʦʨʠʪʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʤʠʢʨʦʪʦʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʧʣʫ˂ʘ. 

ʂʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʦ ʰʪʦ ʿʝ ʚʝ˂ʝ ʤʦʛʫ˂ʝ ʫʙʨʟʘˁʝ, ʦʚʘʿ ʘʣʛʦʨʠʪʘʤ ʩʝ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ 

ʧʨʝʙʘʮʠʦ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ. 

ʊʨʝ˂ʠ ʩʢʫʧ ʩʣʠʢʘ ʯʠʥʠʣʝ ʩʫ ʩʣʠʢʝ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʢʦʣʝʥʘ ʜʦʙʠʿʝʥʠʭ ʧʦʩʪʫʧʢʦʤ 

ʘʢʚʠʟʠʮʠʿʝ ʩʣʠʢʘ ʥʘ ʙʘʟʠ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ. ʉʝʛʤʝʥʪʘʮʠʿʘ ʦʚʠʭ ʩʣʠʢʘ ʿʝ ʙʠʣʘ 

ʧʦʪʨʝʙʥʘ ʫ ʮʠˀʫ ʦʪʢʣʘˁʘˁʘ ʰʫʤʘ ʠ ʥʝʞʝˀʝʥʠʭ ʘʨʪʠʬʘʢʪʘ ʩʘ ʩʣʠʢʘ, ʘ ʩʚʝ ʪʦ ʢʘʢʦ ʙʠ ʩʝ 

ʜʦʙʠʣʝ ʩʣʠʢʝ ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ ʢʦʿʝ ʙʠ ʩʝ ʤʦʛʣʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʤʦʜʝʣʘ ʢʦʣʝʥʘ. 

 ʉʣʠʢʝ ʢʦʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʧʦʤʦ˂ʫ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʩʣʠʢʘ ʙʘʟʠʨʘʥʠʭ ʥʘ 

ʨʘʯʫʥʘʨʩʢʦʿ ʪʦʤʦʛʨʘʬʠʿʠ ʥʠʩʫ ʪʘʢʦ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʢʘʦ ʩʣʠʢʝ ʜʦʙʠʿʝʥʝ ʧʦʩʪʫʧʢʦʤ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʿʝ. ʊʘʢʦʹʝ, ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʩʣʠʢʝ, ʦʜʥʦʩʥʦ ʜʚʘ ʧʦʧʨʝʯʥʘ 

ʧʨʝʩʝʢʘ ʢʦʜ ʤʝʪʦʜʝ ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʠ ʦʜ ʠʩʪʦʛ ʨʘʟʤʘʢʘ ʢʦʜ ʤʝʪʦʜʝ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʿʝ, ʰʪʦ ʨʝʟʫʣʪʫʿʝ ʫ ʤʘˁʝʤ ʙʨʦʿʫ ʩʣʠʢʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʦʙʨʘʜʠʪʠ ʢʘʢʦ ʙʠ 

ʩʝ ʚʠʟʫʘʣʠʟʦʚʘʦ ʦʜʨʝʹʝʥʠ ʦʙʿʝʢʘʪ.  

ʄʝʹʫʪʠʤ ʠ ʧʦʨʝʜ ʪʦʛʘ ʦʙʨʘʜʘ ʦʚʠʭ ʩʣʠʢʘ ʿʝ ʧʦʧʨʠʣʠʯʥʦ ʟʘʭʪʝʚʥʘ ʠ ʪʨʦʰʠ ʜʦʩʪʘ 

ʧʨʦʮʝʩʦʨʩʢʦʛ ʚʨʝʤʝʥʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʞʝˀʥʦ ʠʟʚʨʰʠʪʠ ʠ ʫʙʨʟʘʚʘˁʝ ˁʠʭʦʚʝ ʦʙʨʘʜʝ. ʋ 

ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʩʝ ʘʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʩʣʠʢʘ ʢʦʣʝʥʘ ʜʦʙʠʿʝʥʠʭ ʤʝʪʦʜʦʤ 

ʨʘʯʫʥʘʨʩʢʝ ʪʦʤʦʛʨʘʬʠʿʝ ʧʨʝʙʘʮʠʦ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ ʫ ʮʠˀʫ 

ʧʦʩʪʠʟʘˁʘ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʙʦˀʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. 

ʂʘʦ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʨʝʰʝˁʝ ʢʦʤʧʘʥʠʿʝ 

ĂMaxelerñ. ʂʦʨʠʰ˂ʝʥʘ ʿʝ ʢʘʨʪʠʮʘ ʠʟ ʨʝʜʘ ĂMaxelerñ ʢʘʨʪʠʮʘ ʜʨʫʛʝ ʛʝʥʝʨʘʮʠʿʝ ʩʘ ʦʟʥʘʢʦʤ 

ĂMAX2336Bñ. ʆʚʘ ĂMaxelerñ ʢʘʨʪʠʮʘ ʢʘʦ ĂFPGAñ ʯʠʧ ʢʦʨʠʩʪʠ ʯʠʧ ʢʦʤʧʘʥʠʿʝ ĂXilinxñ 

ʦʟʥʘʢʝ ĂVirtex5 XC5VLX330Tñ. 
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9.1. ʇʨʝʙʘʮʠʚʘˁʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ 

ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʫ 

ʭʘʨʜʚʝʨʩʢʫ ʧʣʘʪʬʦʨʤʫ 

 

ɸʣʛʦʨʠʪʘʤ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ ʩʝ 

ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʜʝʣʘ: ʫʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʩʢʠʭ ʘʨʪʠʬʘʢʪʘ ʠ ʫʢʣʘˁʘˁʝ ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ. 

ʅʘ ʩʣʠʮʠ 9.1 ʿʝ ʧʨʠʢʘʟʘʥ ʙʣʦʢ ʜʠʿʘʛʨʘʤ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ ʭʘʨʜʚʝʨʩʢʦʿ ʧʣʘʪʬʦʨʤʠ. 

 

ʉʣʠʢʘ 9.1 ï ɹʣʦʢ ʜʠʿʘʛʨʘʤ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʘʣʛʦʨʠʪʤʘ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ 

ʠʟ ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʛʨʫʜʠ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ ʭʘʨʜʚʝʨʩʢʦʿ ʧʣʘʪʬʦʨʤʠ 

ʂʘʦ ʰʪʦ ʩʝ ʩʘ ʩʣʠʢʝ ʤʦʞʝ ʚʠʜʝʪʠ, ʯʠʪʘʚ ʜʠʟʘʿʥ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʦʩʥʦʚʥʘ ʢʝʨʥʝʣʘ 

ʦʟʥʘʯʝʥʘ ʩʘ Ăʂɸñ ʠ Ăʂɺñ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʦʪʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʩʢʠʭ ʘʨʪʠʬʘʢʪʘ ʠ 

ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ ʨʝʩʧʝʢʪʠʚʥʦ. ʄʝʥʘ˅ʝʨ ʿʝ ʟʘʜʫʞʝʥ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʦ 

ʤʘʤʦʛʨʘʬʩʢʠʤ ʩʣʠʢʘʤʘ ʜʦʿʢʝ ʦʜ ʮʝʥʪʨʘʣʥʝ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ, ʩʪʨʠʤʦʚʘˁʝ ʪʠʭ 

ʧʦʜʘʪʘʢʘ ʢʝʨʥʝʣʫ ʟʘ ʫʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʩʢʠʭ ʘʨʪʠʬʘʢʪʘ, ʧʨʝʫʟʠʤʘˁʝ ʠʟʣʘʟʘ ʠʟ ʪʦʛ ʢʝʨʥʝʣʘ 

ʠ ʧʦʚʝʟʠʚʘˁʝ ʪʦʛ ʠʟʣʘʟʘ ʥʘ ʫʣʘʟ ʢʝʨʥʝʣʘ ʟʘ ʫʢʣʘˁʘˁʝ ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ ʠ ʥʘ ʢʨʘʿʫ 
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ʧʨʝʫʟʠʤʘˁʝ ʧʦʜʘʪʘʢʘ ʩʘ ʠʟʣʘʟʘ ʪʦʛ ʢʝʨʥʝʣʘ ʠ ʩʣʘˁʝ ʪʠʭ ʧʦʜʘʪʘʢʘ ʥʘʟʘʜ ʮʝʥʪʨʘʣʥʦʿ 

ʧʨʦʮʝʩʦʨʩʢʦʿ ʿʝʜʠʥʠʮʠ.  

ʅʘʢʦʥ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʦʚʦʛ ʜʠʟʘʿʥʘ, ʘʥʘʣʠʟʦʤ ʠʩʢʦʨʠʰ˂ʝʥʦʩʪʠ ʨʝʩʫʨʩʘ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʭʘʨʜʚʝʨʩʢʝ ʧʣʘʪʬʦʨʤʝ ʫʦʯʝʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʿʦʰ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ 

ʭʘʨʜʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ ʢʦʿʘ ʥʠʿʝ ʠʩʢʦʨʠʰ˂ʝʥʘ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʿʝ ʦʚʘʿ ʜʠʟʘʿʥ ʫʤʥʦʞʝʥ 8 

ʧʫʪʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ ʭʘʨʜʚʝʨʩʢʦʿ ʧʣʘʪʬʦʨʤʠ ʜʘ ʤʦʞʝ ʜʘ 

ʦʙʨʘʹʫʿʝ 8 ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʫ ʧʘʨʘʣʝʣʠ. ɼʠʟʘʿʥ ʥʠʿʝ ʤʦʛʫ˂ʝ ʫʤʥʦʞʠʪʠ ʚʠʰʝ ʦʜ 8 ʧʫʪʘ, 

ʟʘʪʦ ʰʪʦ ʿʝ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ ʦʛʨʘʥʠʯʝʥʘ ʥʘ ʦʩʘʤ ʫʣʘʟʥʠʭ ʠ ʦʩʘʤ 

ʠʟʣʘʟʥʠʭ ʩʪʨʠʤʦʚʘ.  

ʎʝʥʪʨʘʣʥʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʜʠʥʠʮʘ ʩʪʨʠʤʫʿʝ ʧʦʜʘʪʢʝ ʦ ʿʝʜʥʦʿ ʠʣʠ ʚʠʰʝ, ʘʣʠ ʥʘʿʚʠʰʝ 

8, ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʦʟʥʘʯʝʥʠʭ ʩʘ Ăʄ1ñ ʜʦ Ăʄ8ñ ʢʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ ʭʘʨʜʚʝʨʩʢʦʿ 

ʧʣʘʪʬʦʨʤʠ. ʄʝʥʘ˅ʝʨ ʩʘʢʫʧˀʘ ʪʝ ʧʦʜʘʪʢʝ ʠ ʩʪʨʠʤʫʿʝ ʠʭ ʢʝʨʥʝʣʠʤʘ ʦʟʥʘʯʝʥʠʤ ʩʘ Ăʂ1ñ ʜʦ 

Ăʂ8ñ. ʂʝʨʥʝʣʠ ʚʨʰʝ ʦʙʨʘʜʫ ʥʘʜ ʧʦʜʘʮʠʤʘ ʠ ʢʘʦ ʨʝʟʫʣʪʘʪ ʩʪʨʠʤʫʿʫ ʤʝʥʘ˅ʝʨʫ ʨʝʛʠʦʥʝ ʦʜ 

ʠʥʪʝʨʝʩʘ ʦʟʥʘʯʝʥʠʭ ʩʘ ĂROI1ñ ʜʦ ĂROI8ñ. ʄʝʥʘ˅ʝʨ ʩʘʢʫʧˀʘ ʦʚʝ ʠʟʣʘʟʥʝ ʧʦʜʘʪʢʝ ʠ ʰʘˀʝ ʠʭ 

ʮʝʥʪʨʘʣʥʦʿ ʧʨʦʮʝʩʦʨʩʢʦʿ ʿʝʜʠʥʠʮʠ, ʢʦʿʘ ʠʭ ʫʧʠʩʫʿʝ ʫ ʤʝʤʦʨʠʿʫ, ʯʠʤʝ ʿʝ ʧʨʦʮʝʩ 

ʩʝʛʤʝʥʪʘʮʠʿʝ ʨʝʛʠʦʥʘ ʦʜ ʠʥʪʝʨʝʩʘ ʩʘ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ ʥʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʦʿ 

ʭʘʨʜʚʝʨʩʢʦʿ ʧʣʘʪʬʦʨʤʠ ʟʘʚʨʰʝʥ. 

ʅʘ ʙʣʦʢʫ ʜʠʿʘʛʨʘʤʫ ʢʦʿʠ ʦʧʠʩʫʿʝ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʭʘʨʜʚʝʨʩʢʝ 

ʧʣʘʪʬʦʨʤʝ ʧʦʩʪʦʿʠ 8 ʢʝʨʥʝʣʘ ʦʟʥʘʯʝʥʠʭ ʩʘ Ăʂ1ñ ʜʦ Ăʂ8ñ ʢʦʿʠ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʦʙʨʘʜʝ 8 

ʤʘʤʦʛʨʘʬʩʢʠʭ ʩʣʠʢʘ ʜʦʿʢʝ ʫ ʧʘʨʘʣʝʣʠ. ʉʚʘʢʠ ʦʜ ʪʠʭ ʢʝʨʥʝʣʘ ʩʝ ʠʥʪʝʨʥʦ ʩʘʩʪʦʿʠ ʦʜ 2 

ʢʝʨʥʝʣʘ ʦʟʥʘʯʝʥʠʭ ʩʘ Ăʂɸñ ʠ Ăʂɺñ. ʂʝʨʥʝʣ Ăʂɸñ ʿʝ ʟʘʜʫʞʝʥ ʟʘ ʫʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʩʢʠʭ 

ʘʨʪʠʬʘʢʪʘ, ʜʦʢ ʿʝ ʢʝʨʥʝʣ Ăʂɺñ ʟʘʜʫʞʝʥ ʟʘ ʫʢʣʘˁʘˁʝ ʧʝʢʪʦʨʘʣʥʦʛ ʤʠʰʠ˂ʘ. 

ʆʙʘ ʦʚʘ ʢʝʨʥʝʣʘ ʩʫ ʜʝʬʠʥʠʩʘʥʘ ʛʨʘʬʦʚʠʤʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ˁʠʭʦʚʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ. 

ʋʧʨʦʰ˂ʝʥʝ ʚʝʨʟʠʿʝ ʪʠʭ ʛʨʘʬʦʚʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʢʘʤʘ 9.2 ʠ 9.3. ʅʘ ʦʚʠʤ ʩʣʠʢʘʤʘ ʥʝʢʝ 

ʧʨʦʤʝʥˀʠʚʝ, ʢʘʦ ʰʪʦ ʩʫ ʪʦ ʥʘ ʧʨʠʤʝʨ ʧʨʦʤʝʥˀʠʚʝ ʦʟʥʘʯʝʥʝ ʩʘ Ăfirst_whiteñ ʠ 

Ăabove_pixelñ, ʩʫ ʟʙʦʛ ʿʝʜʥʦʩʪʘʚʥʠʿʝʛ ʧʨʠʢʘʟʘ ʜʝʬʠʥʠʩʘʥʝ ʢʘʦ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ ʘʣʠ ʩʝ 

ʦʥʝ ʫ ʩʪʚʘʨʥʠʤ ʛʨʘʬʦʚʠʤʘ ʨʘʯʫʥʘʿʫ. 

ʋ ʮʠˀʫ ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʘ ʛʨʘʬʘ, ʦʚʝ ʧʨʦʤʝʥˀʠʚʝ ʩʝ ʤʦʛʫ ʧʨʠʢʘʟʘʪʠ ʢʘʦ ʫʣʘʟʠ, ʟʘʪʦ 

ʰʪʦ ˁʠʭʦʚʦ ʨʘʯʫʥʘˁʝ ʥʝʤʘ ʫʪʠʮʘʿ ʥʘ ʦʩʪʘʪʘʢ ʛʨʘʬʘ, ʘ ˁʠʭʦʚʦ ʠʤʝ ʿʘʩʥʦ ʛʦʚʦʨʠ ʟʘ ʰʪʘ ʩʝ 
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ʦʥʝ ʢʦʨʠʩʪʝ. ʇʨʦʤʝʥˀʠʚʘ ʦʟʥʘʯʝʥʘ ʩʘ Ăfirst_whiteñ ʩʝ ʢʦʨʠʩʪʠ ʜʘ ʦʜʨʝʜʠ ʧʨʚʦ 

ʧʦʿʘʚˀʠʚʘˁʝ ʧʦʚʝʟʘʥʠʭ ʧʠʢʩʝʣʘ ʢʦʿʠ ʥʠʩʫ ʮʨʥʝ ʙʦʿʝ, ʦʜʥʦʩʥʦ ʧʨʚʦ ʧʦʿʘʚˀʠʚʘˁʝ ʧʠʢʩʝʣʘ 

ʢʦʿʠ ʥʝ ʧʨʠʧʘʜʘʿʫ ʧʦʟʘʜʠʥʠ ʩʣʠʢʝ, ʫ ʪʨʝʥʫʪʥʦʤ ʨʝʜʫ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ. 

ʇʨʦʤʝʥˀʠʚʘ ʦʟʥʘʯʝʥʘ ʩʘ Ăabove_pixelñ ʩʘʜʨʞʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʠʥʪʝʥʟʠʪʝʪʫ ʧʠʢʩʝʣʘ ʢʦʿʠ 

ʩʝ ʥʘʣʘʟʠ ʫ ʠʩʪʦʿ ʢʦʣʦʥʠ ʢʘʦ ʠ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ, ʘʣʠ ʫ ʛʦʨˁʝʤ ʨʝʜʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʫ 

ʜʦʙʠʿʝʥʠ ʤʥʦʛʦ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʠ ʿʘʩʥʠʿʠ ʛʨʘʬʦʚʠ. 

ʊʘʢʦʹʝ, ʦʙʘ ʦʚʘ ʛʨʘʬʘ ʪʨʝʙʘ ʜʘ ʠʩʧʫʥʝ ʥʝʢʝ ʫʩʣʦʚʝ ʢʦʿʝ ʧʦʩʪʘʚˀʘ ʩʘʤʘ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʣʘʪʬʦʨʤʘ. ʇʦʪʨʝʙʥʦ ʠʭ ʿʝ ʜʠʟʘʿʥʠʨʘʪʠ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ ʜʘ 

ʢʦʨʠʩʪʝ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʤʘˁʝ ʭʘʨʜʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʝ ʭʘʨʜʚʝʨʩʢʝ 

ʧʣʘʪʬʦʨʤʝ ʢʘʢʦ ʙʠ ʤʦʛʣʠ ʜʘ ʩʪʘʥʫ ʥʘ ʩʘʤʫ ʧʣʘʪʬʦʨʤʫ, ʘʣʠ ʫ ʠʩʪʦ ʚʨʝʤʝ ʤʦʨʘʿʫ ʜʘ 

ʠʩʧʫˁʘʚʘʿʫ ʠ ʫʩʣʦʚʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʫʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʩʢʠʭ ʘʨʪʠʬʘʢʪʘ ʠ ʧʝʢʪʦʨʘʣʥʦʛ 

ʤʠʰʠ˂ʘ. 

ʅʘ ʩʣʠʮʠ 9.2 ʿʝ ʧʨʠʢʘʟʘʥ ʛʨʘʬ ʟʘ ʫʢʣʘˁʘˁʝ ʧʦʟʘʜʠʥʩʢʠʭ ʘʨʪʠʬʘʢʪʘ. ɳʝʛʦʚ ʛʣʘʚʥʠ 

ʟʘʜʘʪʘʢ ʿʝʩʪʝ ʫʧʨʘʚʦ ʫʢʣʘˁʘˁʝ ʥʝʞʝˀʝʥʠʭ ʧʦʟʘʜʠʥʩʢʠʭ ʘʨʪʠʬʘʢʪʘ ʢʘʦ ʰʪʦ ʩʫ ʪʦ ʥʘ 

ʧʨʠʤʝʨ ʤʘʨʢʝʨʠ ʧʘʮʠʿʝʥʘʪʘ ʠ ʩʣʠʯʥʦ. ʆʚʘʿ ʛʨʘʬ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʘ ʤʫʣʪʠʧʣʝʢʩʝʨʘ, ʥʝʢʦʣʠʢʦ 

ʘʨʠʪʤʝʪʠʯʢʠʭ ʯʚʦʨʦʚʘ, ʿʝʜʥʦʛ ʙʨʦʿʘʯʘ ʢʦʿʠ ʙʨʦʿʠ ʦʜ 0 ʜʦ ʙʨʦʿʘ ʨʝʜʦʚʘ ʫ ʤʘʤʦʛʨʘʬʩʢʦʿ 

ʩʣʠʮʠ ʜʦʿʢʝ ʫʤʘˁʝʥʦʛ ʟʘ ʿʝʜʘʥ ʩʘ ʢʦʨʘʢʦʤ 1, ʥʝʢʦʣʠʢʦ ʫʣʘʟʥʠʭ ʩʪʨʠʤʦʚʘ ʠ ʩʢʘʣʘʨʥʠʭ ʫʣʘʟʘ 

ʠ ʿʝʜʥʦʛ ʠʟʣʘʟʥʦʛ ʩʪʨʠʤʘ. 

ɻʣʘʚʥʠ ʜʝʣʦʚʠ ʦʚʦʛ ʛʨʘʬʘ ʩʫ ʫʧʨʘʚʦ ʜʚʘ ʧʦʤʝʥʫʪʘ ʤʫʣʪʠʧʣʝʢʩʝʨʘ ʦʟʥʘʯʝʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʠʤ ʙʨʦʿʝʚʠʤʘ 22 ʠ 37. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʜʨʝʹʝʥʠʭ ʫʩʣʦʚʘ ʦʥʠ ʠʣʠ ʥʘ ʠʟʣʘʟ 

ʩʪʨʠʤʫʿʫ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʢʦʿʠ ʩʝ ʦʙʨʘʹʫʿʝ ʠʣʠ ˁʝʛʦʚʫ ʚʨʝʜʥʦʩʪ ʧʨʦʤʝʥʝ ʥʘ ʮʨʥʫ ʙʦʿʫ ʠ ʪʦ 

ʰʘˀʫ ʥʘ ʠʟʣʘʟ. 

ʄʫʣʪʠʧʣʝʢʩʝʨ ʦʟʥʘʯʝʥ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʠʤ ʙʨʦʿʝʤ 22 ʧʨʦʚʝʨʘʚʘ ʜʚʘ ʫʩʣʦʚʘ. ʇʨʚʠ 

ʫʩʣʦʚ ʿʝ ʜʘ ʣʠ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʧʨʠʧʘʜʘ ʧʨʚʦʤ ʨʝʜʫ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ ʜʦʿʢʝ. ɼʨʫʛʠ ʫʩʣʦʚ 

ʿʝ ʜʘ ʣʠ ʪʨʝʥʫʪʥʠ ʧʠʢʩʝʣ ʥʝ ʧʨʠʧʘʜʘ ʧʨʚʦʿ ʧʦʚʝʟʘʥʦʿ ʮʝʣʠʥʠ ʧʠʢʩʝʣʘ ʢʦʿʠ ʥʠʩʫ ʮʨʥʝ ʙʦʿʝ ʫ 

ʧʨʚʦʤ ʨʝʜʫ. ʋʢʦʣʠʢʦ ʩʫ ʦʙʘ ʫʩʣʦʚʘ ʠʩʧʫˁʝʥʘ, ʤʫʣʪʠʧʣʝʢʩʝʨ ʧʦʩʪʘʚˀʘ ʩʚʦʿ ʠʟʣʘʟ ʥʘ ʮʨʥʫ 

ʙʦʿʫ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʫʢʣʘˁʘ ʿʝʜʘʥ ʧʠʢʩʝʣ ʧʦʟʘʜʠʥʩʢʦʛ ʘʨʪʠʬʘʢʪʘ. ʋ ʩʫʧʨʦʪʥʦʤ ʩʣʫʯʘʿʫ, ʘʢʦ 

ʙʘʨ ʿʝʜʘʥ ʠʣʠ ʦʙʘ ʫʩʣʦʚʘ ʥʠʩʫ ʠʩʧʫˁʝʥʘ, ʤʫʣʪʠʧʣʝʢʩʝʨ ʧʨʦʩʣʝʹʫʿʝ ʥʝʧʨʦʤʝˁʝʥʫ ʚʨʝʜʥʦʩʪ 

ʧʠʢʩʝʣʘ ʥʘ ʜʘˀʫ ʦʙʨʘʜʫ, ʧʦʰʪʦ ʦʥ ʥʝ ʧʨʠʧʘʜʘ ʧʦʟʘʜʠʥʩʢʦʤ ʘʨʪʠʬʘʢʪʫ ʤʘʤʦʛʨʘʬʩʢʝ ʩʣʠʢʝ 

ʜʦʿʢʝ. 
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