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The monograph is another attempt to identify ways to develop high-speed passenger services 
on Ukrainian railways. Several typical concepts of the organization of high-speed traffic on the 
world's railways are analyzed. The main concepts are: the concept of a separate special system 
of high-speed traffic on the example of Japan and Spain and the concept of joint use of tracks 
for high-speed and freight traffic on the example of Germany, Italy and Poland. The advantages 
and disadvantages of each of the concepts are shown. The regularities of degradation processes 
in the rail track during operation on the lines of high-speed movement of freight rolling stock 
with normative and excessive deviations of the technical condition are determined. The influence 
of deviations of geometrical parameters of running gear of freight cars on track condition is 
investigated. Some requirements for the design of tracks designed for high-speed passenger traf-
fic combined with freight are defined. 
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ɺʉʊʋʇ 

 

ʇʠʪʘʥʥʷ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ ʰʚʠʜʢʽʩʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʫʭʫ ʪʘ ʟʘʧʨʦʚʘ-

ʜʞʝʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ ʪʽʩʥʦ ʧʦʚóʷʟʘʥʦ ʽʟ ʽʥʪʝʛ-

ʨʘʮʽʻʶ ʋʢʨʘʾʥʠ ʫ ʻʚʨʦʧʝʡʩʴʢʫ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ. ʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷ ʥʘ ʩʴʦ-

ʛʦʜʥʽ ʦʩʪʘʪʦʯʥʦ ʥʝ ʚʠʟʥʘʯʠʣʘʩʷ ʽʟ ʢʦʥʮʝʧʮʽʻʶ ʧʦʙʫʜʦʚʠ ʤʘʡʙʫʪʥʴʦʾ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ. ʅʘʮʽʦʥʘʣʴʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʥʘ 

ʧʝʨʽʦʜ ʜʦ 2030 ʨ. [1] ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʽ ʨʘʤʦʯʥʽ ʟʘʚʜʘʥʥʷ ʨʦʟʚʠʪʢʫ, ʟʦʢʨʝʤʘ ʰʚʠ-

ʜʢʽʩʥʦʛʦ ʪʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʽ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ 

ʝʢʦʥʦʤʽʯʥʦʛʦ, ʩʦʮʽʘʣʴʥʦʛʦ, ʪʝʭʥʽʯʥʦʛʦ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʇʝʨʰʠʤ ʽ ʥʘʡʛʦʣʦʚʥʽʰʠʤ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʪʘ ʤʘʩʰʪʘʙʽʚ ʾʾ ʨʦʟʰʠʨʝʥʥʷ.  

ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʋʢʨʘʾʥʠ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʦʶ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ 

ʋʢʨʘʾʥʠ. ʄʘʡʙʫʪʥʻ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʧʦʚôʷʟʘʥʝ ʟ ʨʝʘʣʽʟʘʮʽʻʶ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʩʝʨʝʜ ʷʢʠʭ ï ʨʝʬʦʨʤʫʚʘʥʥʷ ʛʘʣʫʟʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦ-

ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʦʻʢʪʽʚ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩ-

ʪʝʤʠ ʰʚʠʜʢʽʩʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʩʧʦʣʫʯʝʥʥʷ, ʥʘ ʩʴʦʛʦʜʥʽ çʋʢʨʟʘʣʽʟʥʠʮʷè ʥʝ 

ʤʘʻ ʟʘʪʚʝʨʜʞʝʥʦʾ ʢʦʥʮʝʧʮʽʾ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ, ʟʦʢʨʝʤʘ, 

ʜʦ ʧʨʠʥʮʠʧʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʰʚʠʜʢʽʩʥʠʭ ʪʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽ-

ʩʪʨʘʣʝʡ [2].  

ɺʠʩʦʢʽ ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ ʰʚʠʜʢʽʩʥʦʛʦ ʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʫ ʙʘ-

ʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʦʙʫʤʦʚʣʝʥʽ ʟʥʘʯʥʠʤ ʧʦʧʠʪʦʤ ʥʘ ʮʝʡ ʚʠʜ ʧʝʨʝʚʝʟʝʥʴ, ʡʦʛʦ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɿ ʤʝʪʦʶ ʘʜʘʧʪʘʮʽʾ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ 

ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʫ ʩʬʝʨʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʟʘ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ, ʂʦʤʽʪʝʪʫ 

ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘ ʫʯʘʩʪʽ ʙʽʟʥʝʩʫ 

ʪʘ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟʘʢʦʥʦʧʨʦʝʢʪ çʇʨʦ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩ-

ʧʦʨʪ ʋʢʨʘʾʥʠè, ʷʢʠʡ 06.09.2019 ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʟʘ   ̄1196-1 ʫ ɺʝʨʭʦʚʥʽʡ ʈʘʜʽ 
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ʋʢʨʘʾʥʠ ʟʘ ʧʦʜʘʥʥʷʤ ʛʨʫʧʠ ʥʘʨʦʜʥʠʭ ʜʝʧʫʪʘʪʽʚ ʋʢʨʘʾʥʠ1. 

ʇʽʩʣʷ ʧʨʠʡʥʷʪʪʷ ɿʘʢʦʥʫ ʥʘʧʨʘʮʴʦʚʫʻʪʴʩʷ ʥʦʚʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘ ʙʘʟʘ 

ʱʦʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʘʣʫʟʽ, ʘ ʩʘʤʝ: ʧʨʘʚʠʣʘ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʥʦʚʽ 

ʧʨʦʮʝʜʫʨʠ ʜʦʩʪʫʧʫ ʜʦ ʨʠʥʢʫ ï ʣʽʮʝʥʟʫʚʘʥʥʷ, ʩʝʨʪʠʬʽʢʘʮʽʷ ʙʝʟʧʝʢʠ, ʜʦʧʫʩʢ ʤʘ-

ʰʠʥʽʩʪʽʚ ʣʦʢʦʤʦʪʠʚʽʚ ʪʦʱʦ. 

ʅʠʥʽ ʄʽʥʽʩʪʝʨʩʪʚʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ ʚʞʝ ʧʨʘʮʶʻ ʥʘʜ ʨʦʟʨʦʙʣʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʻʢʪʽʚ ʘʢʪʽʚ: ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʻʢʪ ʣʽʮʝʥʟʽʡʥʠʭ ʫʤʦʚ, ʪʨʠʚʘʻ ʨʦʟʨʦʙ-

ʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʪʠ ʟʘ ʜʦʩʪʫʧ ʜʦ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʤʝ-

ʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʣʽʟʥʠʯʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ, ʧʨʘʚʠʣ ʨʽʚʥʦʧʨʘʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢ-

ʪʫʨʠ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʚʯʝʥʥʷ ʜʦʩʚʽʜʫ ʟ ʧʠʪʘʥʴ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʟʦ-

ʙʦʚôʷʟʘʥʴ ʜʝʨʞʘʚʠ ʱʦʜʦ ʟʘʤʦʚʣʝʥʥʷ ʩʫʩʧʽʣʴʥʦ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʝʟʝʥʴ (Public Ser-

vice Obligations). ʋ ʨʘʤʢʘʭ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚ ʦʢʨʝʤʠʭ ʦʙʣʘʩʪʷʭ ʋʢʨʘʾʥʠ (ɼʥʽʧʨʦ-

ʧʝʪʨʦʚʩʴʢʘ ʪʘ ɿʘʧʦʨʽʟʴʢʘ ʦʙʣʘʩʪʽ) ʧʽʣʦʪʥʦʛʦ ʧʨʦʝʢʪʫ ɭʚʨʦʧʝʡʩʴʢʠʡ ʽʥʚʝʩʪʠʮʽʡ-

ʥʠʡ ʙʘʥʢ ʥʘʜʘʻ ʪʝʭʥʽʯʥʫ ʜʦʧʦʤʦʛʫ ʟ ʮʴʦʛʦ ʧʠʪʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʪʨʠʚʘʻ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʟ ɭʚʨʦʧʝʡʩʴʢʠʤ ʟʘʣʽʟʥʠʯʥʠʤ ʘʛʝʥʪʩʪʚʦʤ 

(ERA) ʟ ʧʠʪʘʥʴ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʡ (ʩʠʩʪʝʤʘ ʧʨʦʩʪʦʨʫ 1520 

ʤʤ), ʟʦʢʨʝʤʘ, ʫʪʚʦʨʝʥʦ ʂʦʥʪʘʢʪʥʫ ʛʨʫʧʫ, ʷʢʦʶ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ ʱʦʜʦ ʚʥʝ-

ʩʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʦʣʽʾ ʧʨʦʩʪʦʨʫ 1520 ʜʦ ʊʝʭʥʽʯʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ ʽʥʪʝʨʦʧʝʨʘʙʝ-

ʣʴʥʦʩʪʽ ɭʉ. 

ʇʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ ʱʦʜʦ ʧʝʨʝʛʣʷʜʫ ʬʫʥʢʮʽʡ ʜʝʨʞʘʚʥʦʛʦ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ʈʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 30 ʪʨʘʚʥʷ 2018 ʨ. 

 ̄430 ʩʭʚʘʣʝʥʦ ʅʘʮʽʦʥʘʣʴʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʩʪʨʘʪʝʛʽʶ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 

ʨʦʢʫ [1]. ʉʧʽʣʴʥʦ ʟ ʝʢʩʧʝʨʪʘʤʠ ʧʨʦʝʢʪʫ ʪʝʭʥʽʯʥʦʾ ʜʦʧʦʤʦʛʠ ɭʉ çʇʽʜʪʨʠʤʢʘ ʽʤʧ-

ʣʝʤʝʥʪʘʮʽʾ ʋʛʦʜʠ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʪʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʚ ʋʢʨʘ-

ʾʥʽè [3] ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʝʢʪ ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʟ ʨʝʘʣʽʟʘʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨ. 

                                           
1 http://w1.c1.rada.gov.ua/pls/zweb2/webproc4_1?pf3511=66498  

https://zakon.rada.gov.ua/laws/show/430-2018-%D1%80
https://zakon.rada.gov.ua/laws/show/430-2018-%D1%80
https://mtu.gov.ua/content/mizhnarodna-tehnichna-dopomoga-es-u-sferi-transportu.html
https://mtu.gov.ua/content/mizhnarodna-tehnichna-dopomoga-es-u-sferi-transportu.html
https://mtu.gov.ua/content/mizhnarodna-tehnichna-dopomoga-es-u-sferi-transportu.html
http://w1.c1.rada.gov.ua/pls/zweb2/webproc4_1?pf3511=66498
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ʇʨʦʝʢʪ ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʥʘ 2019-2021 ʨʦʢʠ ʟ ʨʝʘʣʽʟʘʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè ʦʧʫʙʣʽʢʦʚʘʥʦ ʥʘ ʦʬʽʮʽʡʥʦʤʫ ʚʝʙ-ʩʘʡʪʽ ʄʽʥʽʥ-

ʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ [4] ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʥʩʫʣʴʪʘʮʽʡ ʟ ʛʨʦʤʘʜʩʴ-

ʢʽʩʪʶ. 

ʉʪʘʥʦʤ ʥʘ 01.09.2019 ʇʨʦʛʨʘʤʘ ʬʽʥʘʥʩʫʚʘʥʥʷ çUkraine Indicative TEN-T 

Investment Action Plan Projectsè ʦʭʦʧʣʶʻ 39 ʧʨʦʻʢʪʽʚ ʟʘʛʘʣʴʥʦʶ ʚʘʨʪʽʩʪʶ 

4378,9 ʤʣʥ ʻʚʨʦ. ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʧʨʦʻʢʪʽʚ ʻ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤʠ (14 ʧʨʦʻʢʪʽʚ, 56% ʚʘ-

ʨʪʦʩʪʽ) ʟʽ ʩʪʨʦʢʦʤ ʨʝʘʣʽʟʘʮʽʾ ʜʦ 2030 ʨ., ʱʝ ʪʨʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʽ ʧʦ ʜʚʘ ʟʘʣʽʟʥʠʯ-

ʥʠʭ ʪʘ ʘʚʽʘʮʽʡʥʠʭ ʧʨʦʻʢʪʽʚ ʥʘ 1,3 ʤʣʨʜ ʻʚʨʦ (30%) ʥʘʨʘʟʽ ʚʠʢʦʥʫʶʪʴʩʷ. ɼʦ ʨʝʘʣʽ-

ʟʘʮʽʾ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʛʦʪʫʶʪʴʩʷ 18 ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ ʧʨʦʻʢʪʽʚ (14% ʚʘʨʪʦʩʪʽ 

ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʧʨʦʛʨʘʤʠ TEN-T). 
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1. ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʊɸ ʂʆʅʎɽʇʎɯɰ ʆʈɻɸʅɯɿɸʎɯɰ ʐɺʀɼʂɯʉʅʆɻʆ 

ʊɸ ɺʀʉʆʂʆʐɺʀɼʂɯʉʅʆɻʆ ʈʋʍʋ ʇʆɰɿɼɯɺ ʅɸ ɿɸʃɯɿʅʀʎʗʍ ʉɺɯʊʋ 

 

1.1. ʉʫʯʘʩʥʘ ʤʝʨʝʞʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʘʣʽʟʥʠʮʴ ʩʚʽʪʫ 

 

ʅʦʚʘ ʭʚʠʣʷ ʽʥʪʝʨʝʩʫ ʜʦ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʘʢʪʫʘʣʴʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʜʦ ʷʢʠʭ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʨʠ-

ʯʝʪʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ. ʁʦʛʦ ʯʘʩʪʢʘ ʫ ʟʘʙʨʫʜʥʝʥʥʽ ʘʪʤʦʩʬʝʨʠ ʚ ʤʝʛʘ-

ʧʦʣʽʩʘʭ ʽ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 90%. ɹʝʟʣʽʯ ʥʝʛʘʪʠʚʥʠʭ ʚʠʜʽʚ ʚʧʣʠ-

ʚʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʝʨʝʥʘʩʠʯʝʥʥʷʤ ʜʣʷ ʟʘʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ (ʧʨʦ-

ʙʢʠ, ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʨʫʭʫ ʪʦʱʦ), ʟʤʫʰʫʶʪʴ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯ-

ʥʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʘʢʪʠʚʽʟʫʚʘʚʩʷ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʛʣʦ-

ʙʘʣʴʥʦʾ ʟʘʣʽʟʥʠʯʥʦʾ ʧʦʣʽʪʠʢʠ. ʋ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʩʦʶʟʽ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʶ ʨʦʣʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʷʢ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦʛʦ, ʤʘʩʦʚʦʛʦ ʽ 

ʙʝʟʧʝʯʥʦʛʦ ʩʧʦʩʦʙʫ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʽ ʧʘʩʘʞʠʨʽʚ/ ʊʘʢ, ʚ ɭʚʨʦʧʽ ʧʦʩʪʘʚʣʝʥʦ 

ʟʘʚʜʘʥʥʷ ï ʧʝʨʝʢʣʶʯʠʪʠ ʟ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʥʘ ʟʘʣʽʟʥʠʯʥʠʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʚʦʜʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʜʦ 2030 ʨ. ʥʘ 30% ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʥʘ ʚʽʜʩʪʘʥʴ ʧʦʥʘʜ 300 ʢʤ, ʘ ʜʦ 

2050 ʨ. ï ʥʘ 50% [5]. 

ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʤʘʛʽʩʪʨʘʣʽ, ʱʦ ʦʜʝʨʞʘʣʠ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʚ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥʘʭ ʩʚʽʪʫ (ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ, ʌʨʘʥʮʽʾ, ʅʽʤʝʯʯʠʥʠ, ɹʝʣʴʛʽʾ, ɻʦʣʣʘʥʜʽʾ, ɯʩʧʘʥʽʾ, 

ɯʪʘʣʽʾ, ʗʧʦʥʽʾ, ʂʠʪʘʾ), ʫʩʧʽʰʥʦ ʢʦʥʢʫʨʫʶʪʴ ʟʘ ʙʘʛʘʪʴʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʰʚʠʜ-

ʢʽʩʪʴ, ʙʝʟʧʝʢʘ, ʢʦʤʬʦʨʪ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʨʝʛʫʣʷʨʥʽʩʪʴ) ʥʝ ʪʽʣʴʢʠ ʟ ʘʚʪʦʤʦʙʽʣʴʥʠʤ, 

ʘʣʝ ʡ ʟ ʘʚʽʘʮʽʡʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʦʩʦʙʣʠʚʦ ʚ ʩʝʛʤʝʥʪʽ ʜʘʣʴʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʥʘ 

400ï800 ʢʤ. 

ʆʩʦʙʣʠʚʦ ʙʫʨʭʣʠʚʠʤ ʻ ʨʦʟʚʠʪʦʢ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʚ ʂʠʪʘʾ. ɿʘ ʧʨʦʪʷ-

ʞʥʽʩʪʶ ʟʘʣʽʟʥʠʮʴ ʂʠʪʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʨʝʪʴʦʤʫ ʤʽʩʮʽ ʫ ʩʚʽʪʽ. ɿʘʛʘʣʴʥʘ ʧʨʦʪʷʞ-

ʥʽʩʪʴ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʡ ʂʠʪʘʶ ʩʴʦʛʦʜʥʽ ʧʝʨʝʚʠʱʫʻ 48 ʪʠʩ. ʢʤ, 

ʱʦ ʚʠʚʝʣʦ ʡʦʛʦ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʚ ʩʚʽʪʽ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ [6]. ɿ ʧʝʨʰʦʛʦ ʤʽʩʮʷ 
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ʂʠʪʘʡ ʧʦʪʽʩʥʠʚ ʈʦʩʽʶ, ʚ ʷʢʽʡ ʧʨʦʪʷʞʥʽʩʪʴ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʟʘʣʽʟʥʠʮʴ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 43 ʪʠʩ. ʢʤ. ʋ ʧʝʨʰʫ ʪʨʽʡʢʫ ʟʘʨʘʟ ʚʭʦʜʠʪʴ ʪʘʢʦʞ ʅʽʤʝʯʯʠʥʘ (ʧʦʥʘʜ 21 

ʪʠʩ. ʢʤ). 

ɿʘ ʦʩʪʘʥʥʽ ʜʚʘ ʜʝʩʷʪʢʠ ʨʦʢʽʚ ʂʅʈ ʧʦʙʫʜʫʚʘʣʘ ʥʘʡʙʽʣʴʰʫ ʚ ʩʚʽʪʽ ʤʝʨʝʞʫ ʰʚʠ-

ʜʢʽʩʥʠʭ ʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʘʣʽʟʥʠʮʴ, ʷʢʘ ʟʘ ʧʨʦʪʷʞʥʽʩʪʶ ʚʞʝ ʧʝʨʝʚʝʨʰʫʻ ʷʧʦ-

ʥʩʴʢʫ ʽ ʻʚʨʦʧʝʡʩʴʢʫ ʨʘʟʦʤ ʫʟʷʪʽ [7]. ʇʝʨʰʘ ʧʨʦʛʨʘʤʘ ʨʦʟʚʠʪʢʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ 

ʟʘʣʽʟʥʠʮʴ ʚ ʂʅʈ, ʟʘ ʜʘʥʠʤʠ ʉʽʥʴʭʫʘ, ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 2004 ʨ. ʏʝʨʝʟ 10 ʨʦʢʽʚ 

ʪʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ ʚʞʝ ʦʭʦʧʠʣʘ 28 ʧʨʦʚʽʥʮʽʡ, ʘʚʪʦʥʦʤʥʠʭ ʨʘʡʦʥʽʚ ʽ ʤʽʩʪ ʮʝʥʪ-

ʨʘʣʴʥʦʛʦ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʥʘ ʤʘʪʝʨʠʢʦʚʦʤʫ ʂʠʪʘʾ. ɺ ʦʩʥʦʚʫ ʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ 

ʟ ʙʫʜʽʚʥʠʮʪʚʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʘʣʽʟʥʠʮʴ ʥʘ 2006-2016 ʨʨ. ʣʷʛʣʘ ʬʦʨʤʫʣʘ çʯʦ-

ʪʠʨʠ +ʯʦʪʠʨʠè. ʌʦʨʤʫʣʘ ʜʝʤʦʥʩʪʨʫʻ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʤʘʛʽʩʪʨʘʣʝʡ, ʱʦ ʙʫʜʫ-

ʶʪʴʩʷ. ʏʝʨʝʟ ʚʩʶ ʢʨʘʾʥʫ ʧʦʙʫʜʦʚʘʥʦ ʚʽʩʽʤ ʥʦʚʠʭ ʤʘʛʽʩʪʨʘʣʝʡ: ʯʦʪʠʨʠ ï ʫ ʥʘʧʨʷ-

ʤʢʫ çʧʽʚʥʽʯ - ʧʽʚʜʝʥʴè ʽ ʯʦʪʠʨʠ ï ʫ ʥʘʧʨʷʤʢʫ çʩʭʽʜïʟʘʭʽʜè [8]. 

ɿʘʣʽʟʥʠʮʶ ʚʽʜ ʇʝʢʽʥʘ ʜʦ ʧʽʚʥʽʯʥʦ-ʢʠʪʘʡʩʴʢʦʛʦ ʤʝʛʘʧʦʣʽʩʫ ʍʘʨʙʽʥʘ ʧʦʙʫʜʫ-

ʚʘʣʠ ʚʩʴʦʛʦ ʟʘ 7 ʨʦʢʽʚ (2007ï2014). ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʫ ʤʘʛʽʩʪʨʘʣʴ ʤʘʡʞʝ ʚ 1,5 ʪʠ-

ʩʷʯʽ ʢʽʣʦʤʝʪʨʽʚ ʤʽʞ ʇʝʢʽʥʦʤ ʽ ʐʘʥʭʘʻʤ ï ʟʘ 4 ʨʦʢʠ (2008ï2012). ʊʘʢ ʟʚʘʥʠʡ ʚʝʨ-

ʪʠʢʘʣʴʥʠʡ ʢʦʨʠʜʦʨ ʟ ʇʝʢʽʥʘ ʜʦ ɻʦʥʢʦʥʛʫ (ʯʝʨʝʟ ɻʫʘʥʯʞʦʫ ʽ ʐʝʥʴʯʞʝʥʴ) ʧʦʙʫ-

ʜʦʚʘʥʦ ʟʘ 10 ʨʦʢʽʚ [9].  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʛʘʣʴʥʘ ʧʨʦʪʷʞʥʽʩʪʴ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ (ɺʐʄ) ʚ 

ʂʠʪʘʾ ʩʴʦʛʦ ʜʥʽ ʜʦʩʷʛʣʘ ʚ ʢʨʘʾʥʽ ʧʝʨʝʚʠʱʠʣʘ 38 ʪʠʩ. ʢʤ., ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʨʦʪʷʞ-

ʥʽʩʪʴ ɺʐʄ ʫʩʽʭ ʽʥʰʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʚʟʷʪʠʭ ʨʘʟʦʤ. ɿʘʛʘʣʴʥʘ ʧʨʦʪʷʞʥʦʩʪʽ ʟʘʣʽʟʥʠʮʴ 

ʂʠʪʘʶ ʩʢʣʘʜʘʻ 145 ʪʠʩ. ʢʤ. [10, 11]. ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ 

ʂʠʪʘʶ ʩʪʘʙʽʣʴʥʦ ʟʘʡʤʘʻ ʣʽʜʠʨʫʶʯʽ ʧʦʟʠʮʽʾ ʫ ʩʚʽʪʽ ʟʘ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʢʽ-

ʣʴʢʽʩʪʶ ʚʚʝʜʝʥʠʭ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʣʽʥʽʡ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʧʘʩʘʞʠʨʦʧʦ-

ʪʦʢʫ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʫ, ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ, ʩʪʘʚʰʠ ʷʩʢʨʘʚʦʶ ʚʽʟʠʪʥʦʶ 

ʢʘʨʪʢʦʶ ʢʨʘʾʥʠ ʥʘ ʩʚʽʪʦʚʽʡ ʘʨʝʥʽ [12]. 

ʌʨʘʥʮʫʟʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʟʘʣʽʟʥʠʮʷ ʻ ʩʚʽʪʦʚʠʤ ʨʝʢʦʨʜʩʤʝʥʦʤ ʟʽ ʰʚʠʜʢʦʩʪʽ ʽʟ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦʶ ʰʚʠʜʢʽʩʪʶ 575 ʢʤ/ʛʦʜ ʥʘ ʧʦʢʘʟʦʚʦʤʫ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʧʦʾʟʜʘ 

TGV-V150 [13] ʧʦ ʣʽʥʽʾ LGV-Est ʫ 2007 ʨ. ʤʽʞ ʇʘʨʠʞʝʤ ʪʘ ʉʪʨʘʩʙʫʨʛʦʤ. ɺʠʩʦ-

ʢʦʰʚʠʜʢʽʩʥʽ ʣʽʥʽʾ LGV ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʜʣʷ ʜʝʥʥʠʭ ʧʝʨʝʚʝʟʝʥʴ 
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ʰʚʠʜʢʽʩʥʠʤʠ ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʧʦʾʟʜʘʤʠ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ 

ʚʽʩʴ. ʈʫʭ ʧʦʾʟʜʽʚ ʚʥʦʯʽ ʚʽʜʩʫʪʥʽʡ. ʅʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʣʽʥʽʷʭ ʟʘʟʚʠʯʘʡ ʥʝʤʘʻ ʚʘ-

ʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɸʣʝ ʻ ʧʦʦʜʠʥʦʢʽ ʚʠʧʘʜʢʠ ʣʝʛʢʠʭ, ʥʘʧʨʠʢʣʘʜ ʧʦʰʪʦʚʠʭ ʚʘʥ-

ʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʩʴ ʩʫʤʽʩʥʝ ʟ ʧʘʩʘʞʠʨʩʴ-

ʢʠʤʠ ʧʦʪʷʛʘʤʠ, ʽ ʜʦʟʚʦʣʷʻʪʴʩʷ ʥʘ ʮʠʭ ʟʘʣʽʟʥʠʮʷʭ. 

ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʨʦʟʚʠʪʢʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʟʘʩʥʦʚʘʥʠʡ ʧʦʝʪʘʧʥʦʤʫ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʽʚ [14]. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʽʜ ʰʚʠʜʢʽʩʥʠʡ ʨʫʭ 

ʨʝʢʦʥʩʪʨʫʶʶʪʴʩʷ ʽʩʥʫʶʯʽ ʟʘʣʽʟʥʠʯʥʽ ʤʘʛʽʩʪʨʘʣʽ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜ-

ʢʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 160ï200 ʢʤ/ʛʦʜ. ɸ ʚʞʝ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ, ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʧʝʚʥʠʭ ʫʤʦʚ ʩʪʚʦʨʶʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʟʘʣʽʟʥʠʯʥʽ 

ʤʘʛʽʩʪʨʘʣʽ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʥʘʜ 200 ʢʤ/ʛʦʜ. 

ʗʢ ʧʨʘʚʠʣʦ ʨʝʘʣʽʟʘʮʽʶ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʧʝʨʰʠʡ ʝʪʘʧ ʜʦ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ. ʆʜʥʘʢ ʧʽʩʣʷ ʩʧʦʨʫʜʞʝʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩ-

ʥʦʾ ʤʘʛʽʩʪʨʘʣʽ ʚʩʽ ʰʚʠʜʢʽʩʥʽ ʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʧʘʩʘʞʠʨʩʴʢʽ ʧʦʾʟʜʠ ʧʨʷʤʫʚʘʪʠ-

ʤʫʪʴ ʧʦ ʥʦʚʽʡ ʤʘʛʽʩʪʨʘʣʽ, ʘ ʥʘ ʽʩʥʫʶʯʽʡ ʙʫʜʫʪʴ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʘʥ-

ʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ. 

ʋʢʨʘʾʥʘ ʤʘʻ ʜʦʩʠʪʴ ʨʦʟʚʠʥʝʥʫ ʤʝʨʝʞʫ ʟʘʣʽʟʥʠʯʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ. ɿ ʾʾ ʟʘʛʘʣʴ-

ʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ï 19,8 ʪʠʩ. ʢʤ ï 67,5 % ʩʪʘʥʦʚʣʷʪʴ ʦʜʥʦʢʦʣʽʡʥʽ 

ʜʽʣʷʥʢʠ, 32,5 % ï ʜʚʦʢʦʣʽʡʥʽ ʽ ʪʨʠʢʦʣʽʡʥʽ [15]. ʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷ ʧʦʩʽʜʘʻ 6-ʝ 

ʤʽʩʮʝ ʚ ɭʚʨʦʧʽ ʠ 12-ʝ ʤʽʩʮʝ ʫ ʩʚʽʪʽ ʟʘ ʟʘʛʘʣʴʥʦʾ ʧʨʦʪʷʞʥʽʩʪʶ ʢʦʣʽʡ. ɽʣʝʢʪʨʠʬʽʢʦ-

ʚʘʥʠʤʠ ʻ 9,9 ʪʠʩ. ʢʤ, ʘʙʦ 47,2 % ʟʘʛʘʣʴʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ. 

ʈʦʟʚʠʥʝʥʘ ʟʘʣʽʟʥʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ï ʦʜʥʘ ʟ ʥʝʙʘʛʘʪʴʦʭ ʧʝʨʝʚʘʛ, ʷʢʠʤʠ ʚʦ-

ʣʦʜʽʻ ʋʢʨʘʾʥʘ. ɿʛʽʜʥʦ ʟʽ ʟʚʽʪʦʤ ʧʨʦ ʛʣʦʙʘʣʴʥʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ (The 

Global Competitiveness Report 2020 [16]), ʟʘ ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘ-

ʩʪʨʫʢʪʫʨʠ ʥʘʰʘ ʢʨʘʾʥʘ ʟʘʡʤʘʻ 25-ʪʝ ʤʽʩʮʝ ʚ ʩʚʽʪʽ, ʚʠʧʝʨʝʜʞʘʶʯʠ ʩʫʩʽʜʥʶ ʈʦʩʽʶ 

(31-ʰʝ) ʽ ʇʦʣʴʱʫ (70-ʪʝ). ɸʣʝ ʭʨʦʥʽʯʥʘ ʥʝʩʪʘʯʘ ʛʨʦʰʝʡ ʥʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʟ ʢʦʞ-

ʥʠʤ ʨʦʢʦʤ ʨʦʙʠʪʴ ʚʽʪʯʠʟʥʷʥʽ ʟʘʣʽʟʥʠʯʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʩʝ ʤʝʥʰ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦ-

ʤʦʞʥʠʤʠ.  

ɿʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʯʝʨʝʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʪʘʢ ʟʚʘʥʦʛʦ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʫʭʫ 
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(ʜʦ 160 ʢʤ/ʛʦʜ) ʥʘ ʙʘʟʽ ʥʘʷʚʥʠʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ [17]. 

ɿʘʣʽʟʥʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʽʥʚʝʩʪʠʮʽʡʥʦ 

ʧʨʠʚʘʙʣʠʚʠʭ ʩʝʛʤʝʥʪʽʚ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥ-

ʩʧʦʨʪ ʚʞʝ ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʩʪʘʥʝ ʣʽʜʠʨʫʶʯʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ ʟʘ 

ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʷʢʽʩʪʶ ʧʦʩʣʫʛ ʪʘ ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ, ʟʦʢʨʝʤʘ 

ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ɸʥʘʣʽʟʫʶʯʠ ʛʣʦʙʘʣʴʥʽ ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʨʦʟʨʽʟʥʷ-

ʶʪʴ ʪʨʠ ʤʦʜʝʣʽ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʠʥʢʫ, ʟʛʽʜʥʦ ʟ ̫ ʢʠʤʠ ʤʘʻ ʧʨʦʭʦʜʠʪʠ ʨʝ-

ʬʦʨʤʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʢʨʘʾʥʘʭ, ʷʢʽ ʻ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʚʩʪʫʧ ʜʦ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ: ʄʦʜʝʣʴ ʨʦʟʜʽʣʝʥʥʷ; ɯʥʪʝʛʨʘʮʽʡʥʘ ʤʦʜʝʣʴ; ʍʦʣʜʠʥʛʦʚʘ 

ʤʦʜʝʣʴ [18]. 

ɺ çʄʦʜʝʣʽ ʨʦʟʜʽʣʝʥʥʷè ï ʽʥʩʪʠʪʫʮʽʡʥʦ ʨʦʟʜʽʣʷʶʪʴʩʷ ʦʧʝʨʘʪʦʨʠ ʽʥʬʨʘʩʪʨʫʢ-

ʪʫʨʠ ʽ ʢʦʤʧʘʥʽʾ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʟʘʣʽʟʥʠʯʥʽ ʧʝʨʝʚʝʟʝʥʥʷ. 

çɯʥʪʝʛʨʘʮʽʡʥʘ ʤʦʜʝʣʴè, ʘʙʦ ʤʦʜʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʾ ʽʥʪʝʛʨʘʮʽʾ, ï ʟʘ ʜʘʥʦʾ ʤʦ-

ʜʝʣʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ (ʢʨʽʤ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢ-

ʪʫʨʦʶ) ʫʧʨʘʚʣʷʶʪʴʩʷ ʟ ʨʽʟʥʠʭ ʮʝʥʪʨʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʤʘʶʪʴ ʚʣʘʩʥʽ ʙʘʣʘ-

ʥʩʠ, ʧʨʦʪʝ ʚʦʥʠ ʥʝ ʻ ʩʘʤʦʩʪʽʡʥʠʤʠ ʶʨʠʜʠʯʥʠʤʠ ʦʩʦʙʘʤʠ. 

çʍʦʣʜʠʥʛʦʚʘ ʤʦʜʝʣʴè ï ʤʦʜʝʣʴ ʧʨʠ ʷʢʽʡ ʚʩʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʛʘʣʫʟʽ ʪʨʘʥʩʬʦ-

ʨʤʫʶʪʴʩʷ ʚ ʻʜʠʥʠʡ ʭʦʣʜʠʥʛ, ʩʫʙôʻʢʪʠ ʜʽʷʣʴʥʦʩʪʽ ʭʦʣʜʠʥʛʫ ̒  ʶʨʠʜʠʯʥʦ ʥʝʟʘʣʝʞ-

ʥʠʤʠ ʪʘ ʟ ʦʢʨʝʤʠʤʠ ʙʘʣʘʥʩʘʤʠ, ʧʨʦʪʝ ʩʪʨʘʪʝʛʽʷ ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʧ-

ʨʘʚʣʽʥʥʷʤ ʭʦʣʜʠʥʛʫ .  

ʋʢʨʘʾʥʘ ʚʠʙʨʘʣʘ ʽʥʪʝʛʨʘʮʽʡʥʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ɼʘʥʘ ʤʦʜʝʣʴ ʫʞʝ ʧʦʯʘʣʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʷ ʚ ʞʠʪʪʷ. ʊʘʢ, ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ ʚʞʝ 

ʽʩʥʫʻ ʯʽʪʢʘ ʢʘʨʪʠʥʘ,  ̫ ʢʫ ʩʪʨʫʢʪʫʨʫ ʤʘʪʠʤʝ ʨʦʟʧʦʜʽʣ ʨʦʙʦʪʠ ʧʦ ʦʢʨʝʤʠʭ ʜʝʧʘʨʪʘ-

ʤʝʥʪʘʭ, ʧʨʦʪʝ ʜʦʩʽ ʥʝ ʜʦ ʢʽʥʮʷ ʻ ʟʨʦʟʫʤʽʣʦʶ ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ʜʽʷʣʴʥʦʩʪʽ 

ʬʽʣʽʡ, ʜʠʨʝʢʮʽʡ ʪʘ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. 

ɯʩʥʫʻ ʱʝ ʦʜʥʘ ʤʦʜʝʣʴ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʠʥʢʫ ï ʧʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥ-

ʩʴʢʘ [19]. ʆʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥʩʴʢʦʾ ʤʦʜʝʣʽ ʧʦ-

ʣʷʛʘʻ ʚ ʜʦʤʽʥʫʚʘʥʥʽ ʧʨʠʚʘʪʥʠʭ ʽʥʪʝʛʨʦʚʘʥʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʠʤ ʥʘʣʝʞʘʪʴ ʰʣʷʭʠ ʪʘ 

ʦʙ'ʻʢʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʘʨʢ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʽ ʣʦʢʦʤʦʪʠʚʽʚ, ʤʝʨʝʞʘ 
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ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʡ ʽ ʜʝʧʦ, ʪʦʙʪʦ ʚʩʽ ʦʩʥʦʚʥʽ ʘʢʪʠʚʠ. ɿʛʽʜʥʦ ʧʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥʩʴ-

ʢʦʾ ʤʦʜʝʣʽ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʢʦʥʢʫʨʝʥʪʥʘ ʙʦʨʦʪʴʙʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʽʞ ʷʢ 

ʤʽʥʽʤʫʤ ʜʚʦʤʘ ʥʝʟʘʣʝʞʥʠʤʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ ʥʘʜʘʚʘʪʠ ʷʢʽʩʥʽ ʘʣʴʪʝ-

ʨʥʘʪʠʚʥʽ ʧʦʩʣʫʛʠ. 

ʋ ʪʘʙʣ. 1.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʴʦʛʦʜʥʽʰʥʽʡ ʩʪʘʥ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʟʘʣʽʟʥʠʯʥʦʾ 

ʤʝʨʝʞʽ ʟʘ ʧʨʦʪʷʞʥʽʩʪʶ [31]. 

 

ʊʘʙʣʠʮʷ 1.1 ï ʇʨʦʪʷʞʥʽʩʪʴ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʫ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʄʽʩʮʝ ʂʨʘʾʥʘ ʇʨʦʪʷʞʥʽʩʪʴ ɺʐʄ ʚ  ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʤ 

1 ʂʠʪʘʡ 37 900 

ʈʘʟʦʤ ʫ ʩʚʽʪʽ 

 

58 500 

2 ɯʩʧʘʥʽʷ 3 900 

ʈʘʟʦʤ ʫ 

ʗʧʦʥʽʾ ʽ 

ɭʚʨʦʧʽ 

 

20 600 

3 ʗʧʦʥʽʷ 3 170 

4 ʌʨʘʥʮʽʷ 3 050 

5 ʅʽʤʝʯʯʠʥʘ 2 900 

6 ʊʫʨʮʽʷ 1 850 

7 ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ 1 360 

8 ɯʪʘʣʽʷ 1 020 

9 ʉʐɸ 710 

10 ɸʚʩʪʨʽʷ 510 

11 ʉʘʫʜʽʚʩʴʢʘ ɸʨʘʚʽʷ  415 

12 ɹʝʣʴʛʽʷ 330 

13 ʊʘʡʚʘʥʴ 320 

14 ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 315 

15 ʇʦʣʴʱʘ 300 

16 ʅʽʜʝʨʣʘʥʜʠ 160 

17 ʅʦʨʚʝʛʽʷ 110 

18 ʐʚʝʡʮʘʨʽʷ 105 

19 ɼʘʥʽʷ 60 

 

 

1.2. ʂʦʥʮʝʧʮʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʤʝʨʝʞʽ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʩʚʽʪʫ 

 

ʐʚʠʜʢʽʩʥʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʨʫʭ ʚʠʟʥʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚ ʫʩʽʭ ʧʨʦʚʽʜʥʠʭ ʢʨʘ-

ʾʥʘʭ ʩʚʽʪʫ, ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʡʦʛʦ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʚ ʯʘʩʪʠʥʽ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʾʟʜʽʚ ʪʘ ʧʝʨʝʚʽʟʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ. ʈʦʟʚʠʪʦʢ 
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ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʫ ʩʚʽʪʽ ʻ ʧʨʽʦʨʠʪʝʪʦʤ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ ʪʨʘʥʩʧʦʨʪʫ, 

ʪʘ ʡʦʛʦ ʨʦʟʚʠʪʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ, ʷʢ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʪʘʢ ʽ 

ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ. ʐʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʽʩʪʘʣʦ ʜʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʝ ʧʘʨ-

ʪʥʝʨʩʪʚʦ ʫ ʩʬʝʨʽ ʨʦʟʚʠʪʢʫ ʰʚʠʜʢʽʩʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ. ɺʘʞʣʠʚʦʶ ʩʢʣʘ-

ʜʦʚʦʶ ʨʦʟʚʠʪʢʫ ʰʚʠʜʢʽʩʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʻ ʪʝ, ʱʦ ʧʨʽʦʨʠʪʝʪʦʤ ʻ ʙʫ-

ʜʽʚʥʠʮʪʚʦ ʤʘʛʽʩʪʨʘʣʝʡ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʤʽʞ ʩʦʙʦʶ ʥʘʮʽʦʥʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʤʝ-

ʨʝʞʽ ʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʤʽʞʥʘʨʦʜʥʝ ʩʧʦʣʫʯʝʥʥʷ [32]. 

ɼʦʩʚʽʜ ʢʨʘʾʥ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ, ʂʠʪʘʶ ʽ ʗʧʦʥʽʾ ʜʦʚʽʚ, ʱʦ ʥʘʜʽʡʥʦʛʦ ʩʧʦʣʫ-

ʯʝʥʥʷ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ ʙʽʣʴʰʠʤʠ ʟʘ 250 ʢʤ/ʛʦʜ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʢʣʶʯʥʦ ʥʘ ʚʽʜʦ-

ʢʨʝʤʣʝʥʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽʩʪʨʘʣʷʭ [20ï22].  

ʗʢ ʚʽʜʦʤʦ, ʾʭ ʙʫʜʽʚʥʠʮʪʚʦ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ï ʫ ʤʽʣʴʷʨʜʠ 

ʜʦʣʘʨʽʚ. ʗʢ ʧʦʯʘʪʢʦʚʠʭ ʚʘʨʽʘʥʪ, ʥʘʡʯʘʩʪʽʰʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷ ʰʚʠʜʢʽʩ-

ʥʦʛʦ ʨʫʭʫ ʥʘ ʣʽʥʽʷʭ ʟʽ ʟʤʽʰʘʥʠʤ ʨʫʭʦʤ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ, ʟʚʠʯʘʡʥʠʭ ʧʘʩʘʞʠʨ-

ʩʴʢʠʭ ʧʦʾʟʜʽʚ ʥʘ ʰʚʠʜʢʦʩʪʷʭ ʜʦ 140 (ʧʦʾʟʜʠ InterCity) ʽ ʜʦ 160 ʢʤ/ʛʦʜ (ʧʦʾʟʜʠ 

InterCity+), ʘ ʯʘʩʪʦ ʽ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ. 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʝʘʣʽʟʘʮʽʶ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʧʨʦʧʦʥʫʶʪʴ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʧʝʨʰʠʡ ʝʪʘʧ ʧʝʨʝʜ ʦʨʛʘʥʽʟʘʮʽʻʶ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʥʘ-

ʧʨʷʤʢʫ. ʆʜʥʘʢ, ʧʽʩʣʷ ʩʧʦʨʫʜʞʝʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʤʘʛʽʩʪʨʘʣʽ ʚʩʽ ʰʚʠʜʢʽʩʥʽ ʽ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʧʘʩʘʞʠʨʩʴʢʽ ʧʦʾʟʜʠ ʩʣʽʜʫʚʘʪʠʤʫʪʴ ʧʦ ʟʥʦʚʫ ʩʧʦʨʫʜʞʝʥʦʾ ʤʘʛʽʩ-

ʪʨʘʣʽ, ʘ ʥʘ ʽʩʥʫʶʯʽʡ ʙʫʜʫʪʴ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ. 

 

1.2.1. ʗʧʦʥʩʴʢʦ-ʽʩʧʘʥʩʴʢʘ ʢʦʥʮʝʧʮʽʷ 

ʋʤʦʚʥʦ ʽʩʥʫʶʪʴ ʯʦʪʠʨʠ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʚʠʩʦ-

ʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ. 

ʗʢ ʚʽʜʦʤʦ, ʧʝʨʰʘ ʚ ʩʚʽʪʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʤʝʨʝʞʘ ʟʘʣʽʟʥʠʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ, 

ʧʦʙʫʜʦʚʘʥʘ ʚ 1964 ʨ. ʚ ʗʧʦʥʽʾ ï ʉʽʥʢʘʥʩʝʥ ï ʙʫʣʘ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʨʫʭʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 

ɺʦʥʘ ʤʘʻ ʢʦʣʽʶ (1435 ʤʤ) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʾ ʢʦʣʽʾ ʷʧʦʥʩʴʢʦʾ ʟʘʣʽʟʥʠʮʽ 

(1067 ʤʤ). ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʉʽʥʢʘʥʩʝʥ ʻʚʨʦʧʝʡʩʴʢʦʾ ʢʦʣʽʾ ʤʘʣʦ ʜʚʽ ʤʝʪʠ: ʧʦ-

ʧʝʨʰʝ, ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʫʩʪʘʣʝʥʦʩʪʽ ʨʫʭʫ, ʱʦ ʤʘʻ ʢʨʘʱʽ ʫʤʦʚʠ ʥʘ 
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ʙʽʣʴʰ ʰʠʨʦʢʽʡ ʢʦʣʽʾ. ʇʦ-ʜʨʫʛʝ, ï ʩʧʦʜʽʚʘʥʥʷ ʥʘ ʤʘʡʙʫʪʥʶ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʜʘʚʘʪʠ 

ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʜʣʷ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʫʪʦʾ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ 1435 ʤʤ. ɼʦ ʨʝʯʽ, ʮʽ 

ʩʧʦʜʽʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠʩʷ. ʉʴʦʛʦʜʥʽ ʛʨʫʧʘ ʷʧʦʥʩʴʢʠʭ ʢʦʤʧʘʥʽʡ ʥʘ ʯʦʣʽ ʽʟ ʢʦʥʮʝ-

ʨʥʦʤ Hitachi, ʘ ʪʘʢʦʞ Kawasaki Heavy Industries ʽ Nippon Sharyo, ʚʭʦʜʠʪʴ ʜʦ ʜʝ-

ʩʷʪʢʠ ʣʽʜʝʨʽʚ ï ʚʠʨʦʙʥʠʢʽʚ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ʩʚʽʪʫ [23].  

ʄʝʨʝʞʘ ʉʽʥʢʘʥʩʝʥ ʻ ʧʨʠʢʣʘʜʦʤ ʩʧʝʮʽʘʣʴʥʦʾ ʚʽʜʦʢʨʝʤʣʝʥʦʾ ʚʠʩʦʢʦʰʚʠʜʢʽ-

ʩʥʦʾ ʤʘʛʽʩʪʨʘʣʽ, ʜʝ ʢʦʣʽʡʥʘ ʩʠʩʪʝʤʘ ʧʦʚʥʽʩʪʶ ʽʟʦʣʴʦʚʘʥʘ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʟʘʣʽʟʥʠʯʥʦʾ 

ʤʝʨʝʞʽ (ʨʠʩ. 1.1ʘ). 

ɺ ɯʩʧʘʥʽʾ ʨʝʡʢʦʚʘ ʩʠʩʪʝʤʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʥʦʨʤʘʣʴʥʦʾ ʢʦʣʽʾ 

1435 ʤʤ ʪʘʢʦʞ ʚʽʜʦʢʨʝʤʣʝʥʘ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ (ʢʦʣʽʾ ʟ ʰʠʨʠʥʦʶ 

1668 ʤʤ).  

ɺʽʜʤʽʥʥʽʩʪʶ ʩʠʪʫʘʮʽʾ ʚ ɯʩʧʘʥʽʾ ʟʘʛʘʣʴʥʽʡ ʧʨʠ ʩʭʦʞʦʩʪʽ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʻ ʪʝ, ʱʦ ʥʘ ʥʠʭ ʚʠʭʦʜʷʪʴ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʧʦʾʟʜʠ 

ʪʠʧʫ Talgo, ʚʘʛʦʥʠ ʷʢʠʭ ʤʘʶʪʴ ʧʨʠʩʪʨʽʡ ʢʦʣʽʩʥʠʭ ʧʘʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʫʭʘʪʠʩʷ ʧʦ 

ʢʦʣʽʾ ʟ ʨʽʟʥʦʶ ʰʠʨʠʥʦʶ ʢʦʣʽʾ (1668 ʽ 1435 ʤʤ). 

ʋ ʗʧʦʥʽʾ ʪʘ ɯʩʧʘʥʽʾ ʥʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽʩʪʨʘʣʷʭ ʧʦʙʫʜʦʚʘʥʦ ʩʧʝʮʽʘʣʴʥʽ 

ʩʪʘʥʮʽʾ. ɸʣʝ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʾʭ ʢʦʣʽʾ ʧʽʜʚʝʜʝʥʽ ʜʦ ʧʣʘʪʬʦʨʤ ʽʩʥʫʶʯʠʭ ʟʘʣʽʟʥʠʯʥʠʭ 

ʚʦʢʟʘʣʽʚ.  

ʆʩʦʙʣʠʚʽʩʪʴ ʽʩʧʘʥʩʴʢʦʾ ʤʝʨʝʞʽ ï ʮʝ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʩʪʘʥʜʘʨʪʽʚ ʰʠʨʠʥʠ ʢʦʣʽʾ 

ï 1668 ʤʤ ʥʘ ʟʚʠʯʘʡʥʠʭ ʣʽʥʽʷʭ ʽ 1435 ʤʤ ʥʦʚʽ ʣʽʥʽʾ ɺʐʄ. ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʣʽʥʽʾ 

ʚ ɯʩʧʘʥʽʾ ʧʨʠʟʥʘʯʝʥʽ ʪʽʣʴʢʠ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʧʦʾʟʜʽʚ, ʦʜʥʘʢ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʧʦʾʟʜʽʚ Talgo ʟ ʨʦʟʩʫʚʥʠʤʠ ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʫʭʫ 

ʧʦ ʮʠʭ ʣʽʥʽʷʭ ʽ ʟʚʠʯʘʡʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ. 

 

1.2.2. ʌʨʘʥʮʫʟʴʢʘ ʢʦʥʮʝʧʮʽʷ 

ʌʨʘʥʮʫʟʴʢʘ ʢʦʥʮʝʧʮʽʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʤʝʨʝʞʽ ʧʝʨʝʜʙʘʯʘʻ ʙʫʜʽʚʥʠʮʪʚʦ 

ʥʦʚʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟʘʣʽʟʥʠ-

ʯʥʦʾ ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʚʠʥʷʪʢʦʚʦ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫ-

ʭʦʤʦʛʦ ʩʢʣʘʜʫ (ʨʠʩ. 1.1ʙ). ʋ ʌʨʘʥʮʽʾ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʧʦʙʫʜʦʚʘʥʦ 

ʩʧʝʮʽʘʣʴʥʽ ʤʘʛʽʩʪʨʘʣʽ. ʆʩʢʽʣʴʢʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʤʘʛʽʩʪʨʘʣʴ ʽ ʤʝʨʝʞʘ ʟʚʠʯʘʡʥʠʭ 
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ʟʘʣʽʟʥʠʮʴ ʤʘʶʪʴ ʪʫ ʩʘʤʫ ʢʦʣʽʶ ʰʠʨʠʥʦʶ 1435 ʤʤ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʧʦʾʟʜʠ ʤʦ-

ʞʫʪʴ ʚʠʭʦʜʠʪʠ ʥʘ ʟʚʠʯʘʡʥʽ ʣʽʥʽʾ, ʱʦ ʟʙʽʣʴʰʫʻ ʟʦʥʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

 

 

ʘ)                                                                   ʙ) 

 

ʚ)                                                                    ʛ) 

ʈʠʩʫʥʦʢ 1.1 ï ʂʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʘʣʽʟʥʠʮʴ ʩʚʽʪʫ 

 

ʆʜʥʘʢ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʟʚʠʯʘʡʥʠʭ ʟʘʣʽʟʥʠʮʴ ʥʽʢʦʣʠ ʥʝ ʟʘʭʦʜʠʪʴ ʥʘ ʚʠʩʦʢʦʰ-

ʚʠʜʢʽʩʥʽ ʣʽʥʽʾ. 

ʌʨʘʥʮʫʟʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʟʘʣʽʟʥʠʮʷ (SNCF) ʚʚʘʞʘʻʪʴʩʷ ʽʜʝʦʣʦʛʦʤ ʚʠʩʦʢʦʰ-

ʚʠʜʢʽʩʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʩʠʩʪʝʤ ʚ ɭʚʨʦʧʽ. SNCF ʧʝʨʰʦʶ ʚ ɭʚʨʦʧʽ ʨʦʟʨʦʙʠʣʘ ʢʦʥ-

ʮʝʧʮʽʶ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 1976 ʨʦʮʽ 

ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʝʢʪ ʧʝʨʰʦʾ ʬʨʘʥʮʫʟʴʢʦʾ ɺʐʄ çʇʽʚʜʝʥʴïʉʭʽʜè ʇʘʨʠʞïʃʽʦʥ 

(410 ʢʤ), ʷʢʠʡ ˇʨʫʥʪʫʚʘʚʩʷ ʥʘ ʪʘʢʠʭ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʘʭ: ʥʦʚʘ ʣʽʥʽʷ ʧʨʠʟ-

ʥʘʯʝʥʘ ʪʽʣʴʢʠ ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʨʫʭʫ; ʩʫʤʽʩʥʽʩʪʴ ʟ ʽʩʥʫʶʯʦʶ ʤʝʨʝʞʝʶ; 
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18  ¶ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʝʣʠʢʽʡ ʯʘʩʪʦʪʽ ʧʦʾʟʜʽʚ ʡ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʩʘ-

ʜʦʢ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ TGV ʚʝʣʦʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʦʾʟʜʠ ʤʦʛʣʠ ʢʫʨʩʫ-

ʚʘʪʠ ʧʦ ʥʦʚʽʡ ʣʽʥʽʾ ʟʽ ʰʚʠʜʢʽʩʪʶ 270 ʢʤ/ʛʦʜ ʽ ʧʝʨʝʭʦʜʠʪʠ ʥʘ ʟʚʠʯʘʡʥʫ ʟʘʣʽʟʥʠʯʥʫ 

ʤʝʨʝʞʫ. ʋ ʚʝʨʝʩʥʽ 1981 ʨʦʢʫ ʙʫʚ ʚʽʜʢʨʠʪʠʡ ʨʫʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʧʦʾʟʜʘ TGV. 

ɺ ʜʘʥʠʡ ʯʘʩ ʧʦʾʟʜʠ TGV ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʛʦ ʥʘʧʨʷʤʢʫ ʦʙʩʣʫʛʦʚʫʶʪʴ ʧʦʥʘʜ 50 ʥʘ-

ʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʚ ʷʢʠʭ ʧʨʦʞʠʚʘʻ 56% ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ. ʈʽʟʢʦ ʟʨʦʩʣʘ ʤʘʨʰʨʫʪʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ. ʋ ʩʧʦʣʫʯʝʥʥʽ ʇʘʨʠʞ ï ʃʽʦʥ ʚʦʥʘ ʩʪʘʥʦʚʠʣʘ 213 ʢʤ/ʛʦʜ, ʘ ʯʘʩ ʫ 

ʜʦʨʦʟʽ ʤʽʞ ʮʠʤʠ ʤʽʩʪʘʤʠ ʩʢʦʨʦʪʠʚʩʷ ʜʦ 2-ʭ ʛʦʜʠʥ. 

ɹʘʟʫʶʯʠʩʴ ʥʘ ʧʝʨʰʠʭ ʫʩʧʽʭʘʭ, ʫʨʷʜ ʧʨʠʡʥʷʚ ʨʽʰʝʥʥʷ ʧʨʦ ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʦʾ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʣʽʥʽʾ TGV-ɸʪʣʘʥʪʠʢ. ɼʣʷ ʘʪʣʘʥʪʠʯʥʦʾ ʣʽʥʽʾ ʩʪʚʦʨʝʥʦ ʥʦʚʝ ʧʦ-

ʢʦʣʽʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʧʦʾʟʜʽʚ TGV - ɸʪʣʘʥʪʠʢ, ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʷʢʠʭ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʥʦʚʦʟʙʫʜʦʚʘʥʠʭ ʜʽʣʷʥʢʘʭ ʩʪʘʥʦʚʠʪʴ 300, ʘ ʥʘ ʟʚʠʯʘʡʥʠʭ ʟʘ-

ʣʽʟʥʠʯʥʠʭ ʣʽʥʽʷʭ ï 220 ʢʤ/ʛʦʜ [25]. 

 

1.2.3. ɯʪʘʣʽʡʩʴʢʘ ʽ ʥʽʤʝʮʴʢʘ ʢʦʥʮʝʧʮʽʾ 

ɯʪʘʣʽʡʩʴʢʘ ʪʘ ʥʽʤʝʮʴʢʘ ʢʦʥʮʝʧʮʽʾ ʧʦʣʷʛʘʶʪʴ ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʘ-

ʣʽʟʥʠʯʥʠʭ ʥʘʧʨʷʤʢʽʚ, ʧʨʠ ʷʢʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʫʜʽʚʥʠʮʪʚʦ ʦʢʨʝʤʠʭ ʚʠʩʦʢʦʰʚʠʜ-

ʢʽʩʥʠʭ ʜʽʣʷʥʦʢ ʽ ʤʦʜʝʨʥʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʣʽʥʽʡ, ʚʠʧʨʷʤʣʝʥʥʷ ʛʦʣʦʚʥʠʭ ʢʦʣʽʡ ʟ ʤʝ-

ʪʦʶ ʦʨʛʘʥʽʟʘʮʽʾ ʰʚʠʜʢʽʩʥʦʛʦ ʡ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ. 

ɺ ɯʪʘʣʽʾ ʪʘ ʅʽʤʝʯʯʠʥʽ ʥʘ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʥʘʧʨʷʤʢʘʭ ʟʜʽʡʩʥʶ-

ʻʪʴʩʷ ʟʤʽʰʘʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʽ ʟʚʠʯʘʡʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟ-

ʜʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʩʢʦʨʝʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʄʽʞʥʘ-

ʨʦʜʥʦʛʦ ʩʦʶʟʫ ʟʘʣʽʟʥʠʮʴ (UIC) ʽʪʘʣʽʡʩʴʢʦ-ʥʽʤʝʮʴʢʘ ʢʦʥʮʝʧʮʽʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ 

ʪʠʧʠ: ʢʦʣʠ ʜʦʟʚʦʣʷʻʪʴʩʷ ʚʠʭʽʜ ʟʚʠʯʘʡʥʠʭ ʧʦʾʟʜʽʚ ʥʘ ʣʽʥʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ 

ʨʫʭʫ (ʨʠʩ. 1.1ʚ); ʢʦʣʠ ʜʦʟʚʦʣʷʻʪʴʩʷ ʚʟʘʻʤʥʠʡ ʚʠʭʽʜ ʧʦʾʟʜʽʚ ï ʟʚʠʯʘʡʥʠʭ ʧʦʾʟʜʽʚ ʥʘ 

ʣʽʥʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʪʘ ʰʚʠʜʢʽʩʥʠʭ ʧʦʾʟʜʽʚ ï ʥʘ ʟʚʠʯʘʡʥʽ ʤʘʛʽʩʪʨʘʣʽ 

(ʨʠʩ. 1.1ʛ). 

ʇʝʨʰʽ ʧʨʦʝʢʪʠ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ ʚ ʅʽʤʝʯʯʠʥʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʽʤʝʮʴʢʠʤ ʚʯʝʥʠʤ ɸʚʛʫʩʪʦʤ ʐʝʨʣʽ ʱʝ ʥʘ ʧʦʯʘʪʢʫ XX ʩʪʦʣʽʪʪʷ. 

ʇʝʨʰʽ ɺʐʄ ʄʘʥʛʝʡʤïʐʪʫʪʛʘʨʪ (99 ʢʤ) ʽ ɻʘʥʥʦʚʝʨïɺʘʨʮʙʫʨʛ (326 ʢʤ) ʙʫʣʠ 
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ʚʚʝʜʝʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 1991 ʨ. ʋ 1998 ʨ. ʨʦʟʧʦʯʘʪʦ ʨʫʭ ʥʘ ʣʽʥʽʾ ɻʘʥʥʦʚʝʨïɹʝʨ-

ʣʽʥ (265 ʢʤ), ʥʘ ʷʢʽʡ ʬʫʥʢʮʽʦʥʫʻ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʜʽʣʷʥʢʘ (170 ʢʤ). 

ʉʴʦʛʦʜʥʽ ʥʽʤʝʮʴʢʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʣʽʥʽʾ ʚ ʥʽʯʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘ-

ʢʦʞ ʽ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʨʫʭʫ. ɺʠʥʷʪʢʦʤ ʻ ʣʽʥʽʷ ʂʝʣʴʥïʌʨʘʥʢʬʫʨʪ-ʥʘ-ʄʘʡʥʽ, ʱʦ 

ʯʝʨʝʟ ʢʨʫʪʽ ʫʢʣʦʥʠ (ʜʦ 40ă) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʧʘ-

ʩʘʞʠʨʩʴʢʦʛʦ ʨʫʭʫ. 

ɻʝʦʛʨʘʬʽʷ ʅʽʤʝʯʯʠʥʠ ʪʘʢʘ, ʱʦ ʚʝʣʠʢʽ ʘʛʣʦʤʝʨʘʮʽʾ ʯʘʩʪʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʥʝ-

ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ. ɿʦʥʠ ʟʘʩʝʣʝʥʥʷ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʬʨʘʥʮʫʟʴʢʠʭ, ʽ ʚʠʩʦ-

ʢʦʰʚʠʜʢʽʩʥʽ ʧʦʾʟʜʠ ʚ ʅʽʤʝʯʯʠʥʽ ʟʫʧʠʥʷʶʪʴʩʷ ʥʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ. ɿʘ ʧʨʦʪʷʞʥʽʩʪʶ 

ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ (42 ʪʠʩ. ʢʤ) ʅʽʤʝʯʯʠʥʘ ʧʦʩʽʜʘʻ ʧʝʨʰʝ ʤʽʩʮʝ ʚ ɿʘʭʽʜʥʽʡ ɭʚʨʦʧʽ 

(6 ʤʽʩʮʝ ʚ ʩʚʽʪʽ). ʇʦ ʛʫʩʪʦʪʽ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ ʫ ʅʽʤʝʯʯʠʥʠ ï ʧʝʨʰʝ ʤʽʩʮʝ ʚ ʩʚʽʪʽ 

(117 ʢʤ ʥʘ 1000 ʢʤ2). 

ʇʣʘʥ ʨʦʟʚʠʪʢʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʫʭʫ ʚ ɯʪʘʣʽʾ, ʟʘʪʚʝʨʜʞʝ-

ʥʠʡ ʫ 1962 ʨ., ʧʝʨʝʜʙʘʯʘʚ ʩʧʦʨʫʜʞʝʥʥʷ ʤʽʞ ʈʠʤʦʤ ʽ ʌʣʦʨʝʥʮʽʻʶ ʣʽʥʽʾ çʅʦʚʘ ɼʠ-

ʨʝʪʪʠʩʠʤʘè, ʨʦʟʨʘʭʦʚʘʥʦʾ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 250 ʢʤ/ʛʦʜ. 

ʇʝʨʰʘ ʜʽʣʷʥʢʘ ʜʦʚʞʠʥʦʶ 122 ʢʤ ʙʫʣʘ ʟʜʘʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 1976 ʨʦʮʽ. ɹʫ-

ʜʽʚʥʠʮʪʚʦ ʨʝʰʪʠ ʰʣʷʭʫ ʜʦʚʞʠʥʦʶ 115 ʢʤ ʜʦ ʤʽʩʪʘ ʌʣʦʨʝʥʮʽʾ ʪʨʠʚʘʣʦ ʙʣʠʟʴʢʦ 

16 ʨʦʢʽʚ ʽ ʧʦʚʥʽʩʪʶ ʤʘʛʽʩʪʨʘʣʴ ʙʫʣʘ ʚʚʝʜʝʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʣʠʰʝ ʚ 1992 ʨ. ʃʽʥʽʷ 

ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʰʚʠʜʢʽʩʪʴ 250 ʢʤ/ʛʦʜ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʽ ʚʘʥ-

ʪʘʞʥʠʭ ʧʦʾʟʜʽʚ. ɼʨʫʛʦʶ ʯʝʨʛʦʶ ʙʫʜʽʚʥʠʮʪʚʘ ʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʙʫʣʠ ʣʽʥʽʾ 

ʈʠʤïʅʝʘʧʦʣʴ (277 ʢʤ) ʪʘ ʈʠʤïʄʽʣʘʥïʊʫʨʠʥïɺʝʥʝʮʽʷ, ʌʣʦʨʝʥʮʽʷï ɹʦʣʦʥʴʷïʄʽ-

ʣʘʥ ʅʘ ʥʦʚʠʭ ɺʐʄ ʧʝʨʝʜʙʘʯʝʥʦ ʨʫʭ ʧʦʾʟʜʽʚ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ 300 ʢʤ/ʛʦʜ.  

ʑʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʟʤʽʰʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʻ ʟʘʣʽʟ-

ʥʠʮʷ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ. ʇʦʣʦʚʠʥʫ ʦʙʩʷʛʫ ʨʫʭʫ ʧʦ ʪʫʥʝʣʶ ʯʝʨʝʟ ʃʘ-ʄʘʥʰ ʩʢʣʘʜʘ-

ʶʪʴ ʨʝʡʩʠ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʬʨʘʥʮʫʟʴʢʠʭ ʽ ʙʨʠʪʘʥʩʴʢʠʭ ʟʘʣʽʟʥʠʮʴ. ɿ ʬʨʘʥ-

ʮʫʟʴʢʦʾ ʩʪʦʨʦʥʠ ʮʝ ʧʦʾʟʜʘ TGV, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ 300 ʢʤ/ʛʦʜ. ʆʜʥʘʢ 

ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʪʫʥʝʣʶ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʤʝʞʝʥʘ ʜʦ 160 ʢʤ/ʛʦʜ. ɼʨʫʛʫ 

ʧʦʣʦʚʠʥʫ ʧʦʪʦʢʫ ʩʢʣʘʜʘʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʚʘʥʪʘʞʥʽ ʧʦʾʟʜʠ, ʚ ʷʢʠʭ ʧʝʨʝʚʦʟʷʪʴʩʷ ʣʝʛ-

ʢʦʚʽ ʽ ʚʘʥʪʘʞʥʽ ʘʚʪʦʤʦʙʽʣʽ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚ ʛʦʜʠʥʫ ʧʽʢ ʨʦʟʤʽʨʠ ʨʫʭʫ ʙʫʜʫʪʴ 

ʜʦʚʝʜʝʥʽ ʜʦ 10 ʧʘʨ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʥʘ ʛʦʜ. ʽ 6 ʧʘʨ ʚʘʥʪʘʞʥʠʭ. 
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ʇʨʠʢʣʘʜʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʪʘʣʽʡʩʴʢʦ-ʥʽʤʝʮʴʢʦʾ ʢʦʥʮʝʧʮʽʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʧʦʣʴʩʴʢʽ ʟʘʣʽʟʥʠʮʽ. ʅʘ ʢʦʣʽʷʭ ʟʘʛʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʤʽʰʘʥʦʤʫ ʨʫʩʽ ʚʘʥʪʘ-

ʞʥʠʭ ʽ ʰʚʠʜʢʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʚʜʘʣʦʩʷ ʜʦʩʷʛʥʫʪʠ ʰʚʠʜʢʦʩʪʝʡ ʫ ʨʝʛʫ-

ʣʷʨʥʦʤʫ ʨʫʩʽ ʜʦ 200 ʢʤ/ʛʦʜ. ʅʘ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʰʚʠʜʢʦʩʪʽ 291 

ʢʤ/ʛʦʜ [94]. ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʘʛʦʥʽʚ ʟ ʥʘʭʠʣʦʤ ʢʫʟʦʚʘ 

ʪʠʧʫ çPendolinoè [95].  
 

 

1.3. ʈʦʟʚʠʪʦʢ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʚ ʋʢʨʘʾʥʽ 

 

ɸʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʰʚʠʜʢʽʩʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʫʭʫ ʚ ʋʢʨʘʾʥʽ ʜʦʙʨʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʽ [26]. ɺʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʦʩʦʙʣʠʚʽʩʪʶ ʫʢʨʘʾʥʩʴʢʦʾ ʟʘʣʽʟʥʠʮʽ 

ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʣʘʥʽʚ ʨʦʟʚʠʪʢʫ ʰʚʠʜʢʽʩʥʦʛʦ ʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩ-

ʥʦʛʦ ʨʫʭʫ.  

ɼʦʮʽʣʴʥʽʩʪʴ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʤʝʨʝʞʽ ʜʝʥʥʠʭ ʰʚʠʜʢʽʩʥʠʭ 

ʤʘʨʰʨʫʪʽʚ ʧʦʾʟʜʽʚ ʩʪʘʣʘ ʦʯʝʚʠʜʥʦʶ ʚʞʝ ʚ 2002 ʨʦʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʧʫʩʢʫ ʚ ʧʦ-

ʩʪʽʡʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʝʥʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʧʽʜ ʙʨʝʥʜʦʤ çʉʪʦʣʠʯʥʠʡ ʝʢʩ-

ʧʨʝʩè, ʷʢʽ ʫʩʧʽʰʥʦ ʝʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʜʦ ʪʨʘʚʥʷ 2012 ʨʦʢʫ. ʎʝ ʙʫʚ ʧʝʨʰʠʡ ʽ ʫʩʧʽ-

ʰʥʠʡ ʝʪʘʧ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʤʝʨʝʞʽ ʰʚʠʜʢʽʩʥʦʛʦ ʜʝʥʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʩʧʦʣʫʯʝʥʥʷ. 

ʋʢʨʘʾʥʘ ʜʘʚʥʦ ʧʨʠʡʥʷʣʘ ʢʦʥʮʝʧʮʽʶ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʤʝʨʝʞʽ ʜʝʥʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʤʘʨʰʨʫʪʽʚ ʧʦʾʟʜʽʚ. ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ 

ʢʦʥʮʝʧʮʽʾ ʙʫʚ ʟʘʧʫʩʢ ʚ ʧʦʩʪʽʡʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʦʾʟʜʽʚ çʉʪʦʣʠʯʥʠʡ ʝʢʩʧʨʝʩè ʥʘ 

ʤʘʨʰʨʫʪʘʭ ʂʠʾʚ-ʍʘʨʢʽʚ ʽ ʂʠʾʚ-ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ (2002 ʨ.).  

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʝʥʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʣʘʥʫʚʘʚʩʷ ʥʘ ʙʘʟʽ 

ʤʽʞʨʝʛʽʦʥʘʣʴʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʨʦʬʽʣʶ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ, ʘ ʩʘʤʝ ï ʚʝʣʠʢʦʾ ʯʘʩʪʢʠ ʢʨʠʚʠʭ ʤʘʣʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ 

ʨʘʜʽʫʩʽʚ, ʨʦʟʛʣʷʜʘʣʠʩʷ ʚʘʨʽʘʥʪʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟ ʥʘʭʠʣʦʤ ʢʫʟʦʚʘ. ʎʝ ʦʙʽʮʷʣʦ 

ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚ ʢʨʠʚʠʭ ʥʘ 20-30% ʙʝʟ ʩʫʪʪʻʚʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʡ-

ʥʦʾ ʤʝʨʝʞʽ. ʇʨʦʨʦʙʣʷʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ʽʟ 
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ʩʠʩʪʝʤʦʶ ʘʢʪʠʚʥʦʛʦ ʥʘʭʠʣʫ ʢʫʟʦʚʘ (X2000 ï Bombardier [27], Pendalino ï 

ALSTOM [28]), ʘ ʪʘʢʦʞ ʽʟ ʧʘʩʠʚʥʠʤ ʥʘʭʠʣʦʤ ʢʫʟʦʚʘ ʚ ʢʨʠʚʠʭ (Talgo series 7 [29], 

Talgo-350 [31]). ʇʨʦʪʝ, ʯʝʨʝʟ ʥʠʟʢʫ ʧʨʠʯʠʥ ʫ ʮʝʡ ʧʝʨʽʦʜ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʤʽʞ 

çʋʢʨʟʘʣʽʟʥʠʮʝʶè ʪʘ ʟʘʨʫʙʽʞʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʙʫʣʦ ʧʨʠʟʫʧʠʥʝʥʦ. 

ʅʦʚʠʡ ʝʪʘʧ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʫʭʫ ʧʦʾʟʜʽʚ ʧʦʯʘʚʩʷ ʫ 2007 ʨ., ʧʽ-

ʩʣʷ ʪʦʛʦ, ʷʢ ʋʢʨʘʾʥʘ ʦʪʨʠʤʘʣʘ ʧʨʘʚʦ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʟʘʢʣʶʯʥʦʾ ʯʘʩʪʠʥʠ ʯʝʤʧʽʦ-

ʥʘʪʫ ɭʚʨʦʧʠ ʟ ʬʫʪʙʦʣʫ ɭʚʨʦ-2012. ʋ ʮʝʡ ʧʝʨʽʦʜ ʧʽʜ ʯʘʩ ʚʽʜʚʽʜʫʚʘʥʥʷ ʫʨʷʜʦʚʦʶ 

ʜʝʣʝʛʘʮʽʻʶ ʋʢʨʘʾʥʠ ʇʘʨʠʞʘ ʙʫʣʦ ʟʘʷʚʣʝʥʦ ʧʨʦ ʙʘʞʘʥʥʷ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʻʢʪ ʽʟ ʧʦ-

ʩʪʘʯʘʥʥʷ ʚ ʋʢʨʘʾʥʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʢʦʤʧʘʥʽʾ çALSTOMè, ʘ ʩʘʤʝ ï 7 ʧʦʾʟʜʽʚ ʟ 

ʧʨʠʤʫʩʦʚʠʤ ʥʘʭʠʣʦʤ ʢʫʟʦʚʘ ʚ ʢʨʠʚʠʭ ʪʠʧʫ Pendolino. ʎʝʡ ʧʨʦʻʢʪ ʪʘʢʦʞ ʥʝ ʙʫʣʦ 

ʨʝʘʣʽʟʦʚʘʥʦ. 

ʋ 2010 ʨ. çʋɿè ʘʢʪʠʚʽʟʫʚʘʣʘ ʨʦʙʦʪʫ ʟ ʚʠʙʦʨʫ ʧʘʨʪʥʝʨʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʧʦʩʪʘʯʘʥʥʷ ʜʚʦʩʠʩʪʝʤʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ. ɺ ʷʢʦʩʪʽ ʧʦʪʝʥʮʽʡʥʠʭ ʚʠ-

ʨʦʙʥʠʢʽʚ ʨʦʟʛʣʷʜʘʣʠʩʷ ʧóʷʪʴ ʢʦʤʧʘʥʽʡ: çSkoda Transportationè (ʏʝʭʽʷ), ʍʂ çʃʫ-

ʛʘʥʩʴʢʪʝʧʣʦʚʦʟè (ʋʢʨʘʾʥʘ), çHyundai Rotem ï HRCS2è (ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ), ɸʊ 

çʇɽʉɸè (ʇʦʣʴʱʘ) ʽ ʇɸʊ çʂʨʶʢʽʚʩʴʢʠʡ ʚʘʛʦʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜè (ʋʢʨʘʾʥʘ).  

ʏʝʨʝʟ ʜʦʩʽ ʥʝʟʨʦʟʫʤʽʣʠʭ ʧʨʠʯʠʥ, ʷʢ ʚʽʜʦʤʦ, ʚʠʙʽʨ ʧʘʚ ʥʘ ʢʦʤʧʘʥʽʶ çHyundai 

Rotemè. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʇɸʊ çʂʨʶʢʽʚʩʴʢʠʡ ʚʘʛʦʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜè ʥʘ ʩʚʽʡ ʨʠ-

ʟʠʢ, ʟʘʚʜʷʢʠ ʘʢʪʠʚʥʽʡ ʨʦʙʦʪʽ ʩʪʚʦʨʠʣʠ ʜʚʦʩʠʩʪʝʤʥʠʡ ʝʣʝʢʪʨʦʧʦʾʟʜ ɽʂʨ1 çʊʘʨ-

ʧʘʥè. ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʝʨʝʚʽʨʝʥʫ ʢʦʥʮʝʧʮʽʶ ʧʦʾʟʜʽʚ ʟ ʜʚʦʤʘ 

ʛʦʣʦʚʥʠʤʠ ʧʨʠʚʦʜʥʠʤʠ ʚʘʛʦʥʘʤʠ ʽ ʩʽʤʦʤʘ ʧʨʦʤʽʞʥʠʤʠ ʧʨʠʯʽʧʥʠʤʠ ʟʘ ʘʥʘʣʦʛʽʻʶ 

ʟ ʧʦʾʟʜʘʤʠ TGV ʬʨʘʥʮʫʟʴʢʦʾ ʢʦʤʧʘʥʽʾ çAlstomè ʪʘ Talgo ʽʩʧʘʥʩʴʢʦʾ ʢʦʤʧʘʥʽʾ 

çPatentes Talgoè. ʇʨʦʻʢʪ ʙʫʚ ʪʘʢʦʞ ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʨʝʡʩʴʢʦʶ 

ʢʦʤʧʘʥʽʻʶ çHyundai Rotemè, ʦʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʾʟʜʘ HRCS2, ʜʣʷ ʷʢʦʛʦ ʧʝ-

ʨʝʜʙʘʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 160 ʢʤ/ʛʦʜ, çʊʘʨʧʘʥè ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʤʦʜʠʬʽ-

ʢʘʮʽʾ ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʰʚʠʜʢʽʩʪʴ ʜʦ 250 ʢʤ/ʛʦʜ. 

ɿ ʛʨʫʜʥʷ 2011 ʧʦ ʩʽʯʝʥʴ 2012 ʨ. ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʦʾʟ-

ʜʽʚ HRCS2 ʚ ʂʦʨʝʾ, ʘ ʫ ʙʝʨʝʟʥʽïʪʨʘʚʥʽ 2012 ʨ. ï ʚ ʋʢʨʘʾʥʽ. ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʽ ʚʽʜʤʦʚ, ʙʫʣʦ 

https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BD%D1%8C_%D0%B4%D0%B8%D0%BA%D0%B8%D0%B9
https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BD%D1%8C_%D0%B4%D0%B8%D0%BA%D0%B8%D0%B9
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22  ¶ 

ʥʘʜʘʥʦ ʜʦʟʚʽʣ ʥʘ ʪʠʤʯʘʩʦʚʫ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ ʧʘʩʘʞʠʨʘʤʠ ʩʧʦʯʘʪʢʫ ʥʘ ʧʝʨʽʦʜ ʚ 

ʪʨʠ ʤʽʩʷʮʽ. 

ʑʦʜʦ çʊʘʨʧʘʥʘè, ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʚʞʝ 

ʧʨʦʚʝʜʝʥʦ ʜʦ ʙʝʨʝʟʥʷ 2012 ʨ., ʘ ʥʝʟʥʘʯʥʽ ʥʝʜʦʣʽʢʠ ʙʫʜʦ ʫʩʫʥʫʪʦ. ʇʦʚʥʠʡ ʮʠʢʣ 

ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ʙʫʣʦ ʟʘʚʝʨʰʝʥʦ ʚ ʣʠʩʪʦʧʘʜʽ 2012 ʨ. ɼʦ ʢʚʽʪʥʷ 2013 ʨ. 

ʟʘʭʦʜʠ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ʚʠʢʦʥʘʥʽ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʽ ʜʚʘ ʧʦʾʟʜʠ 

çʊʘʨʧʘʥè ï ɽʂʨ1 ˉ001 ʽ 002 ï ʦʪʨʠʤʘʣʠ ʜʦʟʚʽʣ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ ʧʘʩʘʞʠʨʘʤʠ, ʘ 

ʇɸʊ çʂʨʶʢʽʚʩʴʢʠʡ ʚʘʛʦʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜè ï ʧʨʘʚʦ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʦʾ 

ʧʘʨʪʽʾ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ çʊʘʨʧʘʥè ʚ ʢʽʣʴʢʦʩʪʽ 10 ʦʜʠʥʠʮʴ.  

ʆʜʥʘʢ, ʯʝʨʝʟ ʥʠʟʢʫ ʜʘʣʝʢʦ ʥʝ ʪʝʭʥʽʯʥʠʭ, ʘ ʩʢʦʨʽʰʝ ʧʦʣʽʪʠʯʥʠʭ ʧʨʠʯʠʥ, ʝʣʝ-

ʢʪʨʦʧʦʾʟʜʠ çʊʘʨʧʘʥè ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʽʣʴʢʠ ʫ ʯʝʨʚʥʽ 2014 ʨ.  

ʉʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʩʬʦʨʤʦʚʘʥʦ ʦʩʥʦʚʥʫ ʤʝʨʝʞʫ ʰʚʠʜʢʽʩʥʠʭ ʤʘʨʰʨʫʪʽʚ 

çInterCity+è, ʢʦʤʧʣʝʢʩʥʫ ʩʠʩʪʝʤʫ ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʤʽʞʨʝ-

ʛʽʦʥʘʣʴʥʠʭ ʜʚʦʩʠʩʪʝʤʥʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ. ɼʝʩʷʪʴ ʤʽʞʨʝʛʽʦʥʘʣʴʥʠʭ ʝʣʝʢʪʨʦʧʦʾʟ-

ʜʽʚ HRCS2 ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ çHyundai Rotemè ʪʘ ʜʚʘ ʤʽʞʨʝʛʽʦʥʘʣʴʥʽ ʝʣʝʢʪ-

ʨʦʧʦʾʟʜʠ ɽʂʨ1 çʊʘʨʧʘʥè ʚʠʨʦʙʥʠʮʪʚʘ ʇɸʊ çʂɺɹɿè ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʩʪʽʡʥʽʡ, 

ʩʪʽʡʢʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʧʨʦʙʽʛʦʤ ʢʦʞʥʦʛʦ ʧʦ 3 ʤʣʥ ʢʤ. ʈʽʯʥʠʡ ʧʨʦʙʽʛ ʢʦʞʥʦʛʦ ʝʣʝ-

ʢʪʨʦʧʦʾʟʜʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 300 ʜʦ 350 ʪʠʩ. ʢʤ. ɹʘʛʘʪʦʨʽʯʥʘ ʫʩʧʽʰʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʤʽʞʨʝʛʽʦʥʘʣʴʥʠʭ ʜʚʦʩʠʩʪʝʤʥʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ʧʽʜʚʠʱʝʥʦʾ ʢʦʤʬʦʨʪʥʦʩʪʽ ʜʦʚʝʣʘ 

ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʘʪʨʝʙʫʚʘʥʽʩʪʴ ʫ ʧʘʩʘʞʠʨʽʚ. 

ɺʽʪʯʠʟʥʷʥʘ ʛʘʣʫʟʴ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʦʙʫʜʫʚʘʥʥʷ (ʧʦʥʘʜ 160 ʧʽʜʧʨʠʻʤʩʪʚ 

ʽ ʦʨʛʘʥʽʟʘʮʽʡ) ʛʦʪʦʚʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʝʙʠ çʋʢʨʟʘʣʽʟʥʠʮʽè ʚ ʪʘʢʦʤʫ ʨʫʭʦʤʦʤʫ 

ʩʢʣʘʜʽ. 

ɺ ʋʢʨʘʾʥʽ ʩʢʣʘʣʠʩʷ ʫʤʦʚʠ, ʢʦʣʠ ʤʽʞʨʝʛʽʦʥʘʣʴʥʽ ʰʚʠʜʢʽʩʥʽ ʝʣʝʢʪʨʦʧʦʾʟʜʠ ʽ 

ʚʘʥʪʘʞʥʽ ʚʘʛʦʥʠ, ʧʘʨʢ ʷʢʠʭ ʢʨʠʪʠʯʥʦ ʟʥʦʰʝʥʠʡ, ʽ ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʨʦʟʙʠʚʘʶʪʴ ʚʝʨ-

ʭʥʶ ʙʫʜʦʚʫ ʢʦʣʽʾ, ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʜʽʣʷʥʢʘʭ ʟʘʣʽʟʥʠʮʴ. ʂʨʽʤ 

ʪʦʛʦ, ʧʨʦʬʽʣʴ ʢʦʣʽʾ ʥʘ ʤʘʨʰʨʫʪʘʭ ɯʥʪʝʨʉʽʪʽ+ ʩʢʨʽʟʴ ʤʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʨʠʚʠʭ ʽ 

ʜʽʣʷʥʦʢ ʟ ʦʙʤʝʞʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ. ʎʝ ʚʞʝ ʩʴʦʛʦʜʥʽ ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʧʦʜʘ-

ʣʴʰʝ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʜʣʷ ʤʽʞʨʝʛʽʦʥʘʣʴʥʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʙʝʟʧʝʢʠ ʥʝʤʦʞʣʠʚʦ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʨʫʛʠʡ ʝʪʘʧ 
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23  ¶ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʜʝʥʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫʞʝ ʩʴʦ-

ʛʦʜʥʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʯʝʨʧʘʚ ʩʚʽʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɼʘʥʘ 

ʩʠʪʫʘʮʽʷ ʚʠʤʘʛʘʻ ʘʢʪʠʚʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʨʦʙʽʪ ʽʟ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ, ʥʘʡʙʽʣʴʰ 

ʚʠʪʨʘʪʥʦʛʦ, ʘʣʝ ʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʝʪʘʧʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʧʝʨʝ-

ʚʝʟʝʥʴ. 

ɺ ʩʪʘʪʪʽ [26] ʢʦʥʩʪʘʪʫʻʪʴʩʷ, ʱʦ çʪʨʝʪʽʡ ʝʪʘʧ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʧʘ-

ʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʽ ʟʥʘʯʥʠʤ ʩʢʦʨʦʯʝʥʥʷʤ ʯʘʩʫ ʚ ʜʦʨʦʟʽ ʥʘ ʤʘʨʰʨʫʪʘʭ 

çInterCity+è ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʰʚʠʜ-

ʢʦʩʪʷʤʠ 200 ʢʤ/ʛʦʜ ʽ ʚʠʱʝ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫ-

ʢʪʫʨʠ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʪʘ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ ʟ ʚʠʜʽʣʝʥʥʷʤ ʦʢʨʝʤʠʭ ʣʽ-

ʥʽʡ ʜʣʷ ʰʚʠʜʢʽʩʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʽ ʚʘʥʪʘʞʥʦʛʦ ʨʫʭʫè.  

ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʩʪʘʪʪʽ [26], ʫʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷ, ʜʦʩʽ ʙʫʣʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʨʦʟʚʠʪʦʢ ʰʚʠʜʢʽʩʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʥʘ ʤʘʨʰʨʫʪʘʭ InterCity+ ʟʘ ʨʘ-

ʭʫʥʦʢ ʟʘʢʫʧʢʠ ʽʤʧʦʨʪʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʢʫʧʫʻʪʴʩʷ ʥʘ ʢʨʝ-

ʜʠʪʥʽ ʢʦʰʪʠ ʟʘ ʟʥʘʯʥʦ ʟʘʚʠʱʝʥʠʤʠ ʥʝ ʢʦʥʢʫʨʝʥʪʥʠʤʠ ʮʽʥʘʤʠ.  

ɿʘ ʥʝʟʘʣʝʞʥʠʤʠ ʦʮʽʥʢʘʤʠ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ (ʥʘʜʽʡʥʽʩʪʴ, ʚʘʨʪʽʩʪʴ ʧʨʦʾ-

ʟʜʫ, ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʨʽʚʝʥʴ ʽ ʚʘʨʪʽʩʪʴ ʩʝʨʚʽʩ-

ʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʧʘʩʥʠʤʠ ʯʘʩʪʠʥʘʤʠ, ʷʢʽʩʪʴ ʜʽʘ-

ʛʥʦʩʪʠʢʠ ʪʦʱʦ) ʩʢʣʘʚʩʷ ʥʘʩʪʫʧʥʠʡ ʨʝʡʪʠʥʛ ʤʽʞʨʝʛʽʦʥʘʣʴʥʠʭ ʜʚʦʩʠʩʪʝʤʥʠʭ ʝʣʝ-

ʢʪʨʦʧʦʾʟʜʽʚ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʚʞʝ ʙʽʣʷ 10 ʨʦʢʽʚ: 

1-ʝ ʤʽʩʮʝ ï ɽʂʨ1 çʊʘʨʧʘʥè (ʇɸʊ çʂɺɹɿè); 

2-ʝ ʤʽʩʮʝ ï HRCS2 (çHyundai Rotemè); 

3-ʝ ʤʽʩʮʝ ï EJ 675 ( çSkodaè). 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʩʪʦʨʽʥʮʽ çʅʦʚʠʥʠè ʩʚʦʻʤʫ ʦʬʽʮʽʡʥʦʛʦ ʩʘʡʪʽ 

22 ʣʶʪʦʛʦ 2021ʨ. ʨʦʟʤʽʩʪʠʣʦ ʧʦʚʽʜʦʤʣʝʥʥʷ [227] ʧʨʦ ʩʪʘʨʪ ʧʨʦʻʢʪʫ ʚʠʩʦʢʦʰʚʠ-

ʜʢʽʩʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʚ ʋʢʨʘʾʥʽ. ʇʨʦʻʢʪ ʧʝʨʝʜʙʘʯʘʪʠʤʝ ʥʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʙʫʜʽʚʥʠʮʪʚʦ ʟʘʣʽʟʥʠʯʥʦʾ ʣʽʥʽʾ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʜʦ 250 ʢʤ/ʛʦʜ ʪʘ ʩʫʯʘʩʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ InterCity ʪʘ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʥʘ-

ʧʨʷʤʢʫ ɭʉ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ ʙʫʣʠ ʦʙʨʘʥʽ ʥʘʩʪʫʧʥʽ ʥʘʧʨʷʤʢʠ: ʂʠʾʚïʃʴʚʽʚïʄʝʜʠʢʘ 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

24  ¶ 

(ʜʝʨʞʢʦʨʜʦʥ ʽʟ ʇʦʣʴʱʝʶ); ʂʠʾʚïʆʜʝʩʘ, ʂʠʾʚïʍʘʨʢʽʚ, ʂʠʾʚïɼʥʽʧʨʦïɿʘʧʦʨʽʞʞʷ 

(ʨʠʩ. 1.2).  

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʦʻʢʪ ʨʦʟʚʠʪʢʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʣʽʥʽʡ ʋʢʨʘʾʥʠ 

 

ʇʣʘʥʫʻʪʴʩʷ, ʱʦ ʧʝʨʰʘ ʟʘʣʽʟʥʠʯʥʘ ʣʽʥʽʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʜʦ 250 ʢʤ/ʛʦʜ 

ʟôʻʜʥʘʻ ʜʝʨʞʘʚʥʠʡ ʢʦʨʜʦʥ ʟ ʇʦʣʴʱʝʶ ʪʘ ʤʽʩʪʦ ʃʴʚʽʚ (ʩʪʘʥʮʽʷ ʉʢʥʠʣʽʚ) ʟ ʤʦʞʣʠ-

ʚʽʩʪʶ ʧʨʦʜʦʚʞʝʥʥʷ ʣʽʥʽʾ ʜʦ ʂʠʻʚʘ ʽ ʧʦʜʘʣʴʰʦʶ ʨʦʟʙʫʜʦʚʦʶ ʧʦ ʊʨʘʥʩôʻʚʨʦʧʝʡʩʴ-

ʢʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ ʤʝʨʝʞʽ TENT-T. ʇʨʦʻʢʪ ʧʝʨʝʜʙʘʯʘʻ ʙʫʜʽʚʥʠʮʪʚʦ ʽʥʬʨʘʩʪʨʫʢ-

ʪʫʨʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʾʟʜʽʚ ʪʠʧʫ InterCity ʪʘ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʥʘ-

ʧʨʷʤʢʫ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ. ɿʘ ʧʨʦʻʢʪʦʤ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʙʫʜʽʚʥʠʮʪʚʦ ʣʽʥʽʡ ʢʦ-

ʣʽʾ 1435 ʤʤ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʩʦʢʦʰ-

ʚʠʜʢʽʩʥʠʭ ʣʽʥʽʡ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʥʦʨʤʘʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʪʘʢʠʭ 

ʜʣʷ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʘʣʝ, ʷʢʽ ʱʝ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʨʦʟʨʦʙʣʷʪʠ. 

ʃʽʥʽʾ ʞ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʟʤʽʰʘʥʦʛʦ ʨʫʭʫ ʰʚʠʜʢʽʩʥʠʭ ʽ ʚʘʥʪʘʞ-

ʥʠʭ ʧʦʾʟʜʽʚ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʩʴʦʛʦʜʥʽ ʽ ʙʫʜʫʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʱʝ ʜʦʚʛʦ. 
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1.4. ɸʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ  

ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʋʢʨʟʘʣʽʟʥʠʮʽ 

 

ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʧʨʦʚʽʜʥʦʶ ʛʘʣʫʟʟʶ ʋʢʨʘʾʥʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʡʞʝ 

82% ʚʘʥʪʘʞʥʠʭ ʽ 36% ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʽʜ ʦʙʩʷʛʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʚʩʽʤʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʤʝʨʝʞʘ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻ 

ʤʘʡʞʝ 19,8 ʪʠʩ. ʢʤ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʦʢʫʧʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʤʝʨʝʞʘ ʷʢʠʭ ʥʘ ʩʴʦ-

ʛʦʜʥʽ ʥʝ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ), ʟ ʷʢʠʭ ʧʦʥʘʜ 47,2% ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʦ [15]. ɿʘ ʦʙʩʷʛʘʤʠ 

ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʘʣʽʟʥʠʮʽ ʋʢʨʘʾʥʠ ʟʘʡʤʘʶʪʴ ʯʝʪʚʝʨʪʝ ʤʽʩʮʝ ʥʘ ɭʚʨʘʟʽʡʩʴ-

ʢʦʤʫ ʢʦʥʪʠʥʝʥʪʽ, ʧʦʩʪʫʧʘʶʯʠʩʴ ʣʠʰʝ ʟʘʣʽʟʥʠʮʷʤ ʂʠʪʘʶ, ʈʦʩʽʾ ʪʘ ɯʥʜʽʾ. ɺʘʥʪʘʞʦ-

ʥʘʧʨʫʞʝʥʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ ʟʘʣʽʟʥʠʮʴ (ʨʽʯʥʠʡ ʦʙʩʷʛ ʧʝʨʝʚʝʟʝʥʴ ʥʘ 1 ʢʤ) ʚ 3ï5 ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʻ ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʢʘʟʥʠʢ ʨʦʟʚʠʥʝʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ. 

ɺʘʞʣʠʚʽʩʪʴ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʩʠʩʪʝʤʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ 

ʋʢʨʘʾʥʠ ʧʦʩʠʣʶʻʪʴʩʷ ʽ ʪʠʤ, ʱʦ ʯʝʨʝʟ ʪʝʨʠʪʦʨʽʶ ʜʝʨʞʘʚʠ ʧʨʦʣʷʛʘʶʪʴ ʦʩʥʦʚʥʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʪʨʘʥʩ'ʻʚʨʦʧʝʡʩʴʢʽ ʢʦʨʠʜʦʨʠ: ʉʭʽʜ ï ɿʘʭʽʜ, ɹʘʣʪʠʢʘ ï ʏʦʨʥʝ ʤʦʨʝ. 

ʋʢʨʘʾʥʩʴʢʽ ʟʘʣʽʟʥʠʮʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʝʞʫʶʪʴ ʽ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʟʘʣʽʟʥʠʮʷʤʠ 

ʈʦʩʽʾ, ɹʽʣʦʨʫʩʽ, ʄʦʣʜʦʚʠ, ʇʦʣʴʱʽ, ʈʫʤʫʥʽʾ, ʉʣʦʚʘʯʯʠʥʠ, ʋʛʦʨʱʠʥʠ ʡ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴ ʨʦʙʦʪʫ ʽʟ ʩʦʨʦʢʘ ʤʽʞʥʘʨʦʜʥʠʤʠ ʟʘʣʽʟʥʠʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʘ ʪʘʢʦʞ ʦʙʩʣʫʛʦ-

ʚʫʶʪʴ 18 ʫʢʨʘʾʥʩʴʢʠʭ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ ʏʦʨʥʦʤʦʨʩʴʢʦ-ɸʟʦʚʩʴʢʦʛʦ ʙʘʩʝʡʥʫ 

ʊʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ ʧʨʦʭʦʜʷʪʴ 3 ʟʘʣʽʟʥʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʠ ï ˉ 

3, 5, 9. ʏʝʨʝʟ ʫʢʨʘʾʥʩʴʢʽ ʧʦʨʪʠ ɯʟʤʘʾʣ ʽ ʈʝʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʟ ʧʘʥôʻʚʨʦ-

ʧʝʡʩʴʢʠʤ ʢʦʨʠʜʦʨʦʤ ˉ 7, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʨʽʯʢʦʶ ɼʫʥʘʡ. ʉʴʦʛʦʜʥʽ ʜʦʚʞʠʥʘ ʥʘ-

ʮʽʦʥʘʣʴʥʦʾ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʯʥʠʭ ʪʨʘʥʟʠʪʥʠʭ ʢʦʨʠʜʦʨʽʚ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʻ 3162 ʢʤ. 

ʎʝ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʚʦʢʦʣʽʡʥʽ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʽ, ʦʙʣʘʜʥʘʥʽ ʘʚʪʦʙʣʦʢʫʚʘʥʥʷʤ ʤʘ-

ʛʽʩʪʨʘʣʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. 

ʆʢʨʽʤ ʪʦʛʦ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʦ ʤʽʞʥʘʨʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʢʦʨʠ-

ʜʦʨʫ ʊʈɸʉɽʂɸ (ɭʚʨʦʧʘ ï ʂʘʚʢʘʟ ï ɸʟʽʷ). 

ʅʘʡʙʽʣʴʰʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʛʘʣʫʟʽ ʻ ʋʢʨʟʘʣʽʟʥʠʮʷ (ɸʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ 

"ʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷ"), ʷʢʘ ʟʜʽʡʩʥʶʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʧʝ-

ʨʝʚʝʟʝʥʴ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʡ ʤʽʞʜʝʨʞʘʚʥʦʤʫ ʩʧʦʣʫʯʝʥʥʷʭ ʪʘ ʨʝʛʫʣʶʻ ʚʠʨʦʙʥʠʯʦ-
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ʛʦʩʧʦʜʘʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ ʟʘʣʽʟʥʠʮʴ. 

ɼʦ ʩʬʝʨʠ ʋʢʨʟʘʣʽʟʥʠʮʽ ʚʭʦʜʷʪʴ ɼʦʥʝʮʴʢʘ, ʃʴʚʽʚʩʴʢʘ, ʆʜʝʩʴʢʘ, ʇʽʚʜʝʥʥʘ, 

ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʘ ʪʘ ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʟʘʣʽʟʥʠʮʽ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʦʨ-

ʛʘʥʽʟʘʮʽʾ ʻʜʠʥʦʛʦ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝ-

ʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʽ ʧʘʩʘʞʠʨʽʚ. 

ɯʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʩʪʘʥʦʚʠʪʴ  4,3 

ʪʠʩ. ʦʜʠʥʠʮʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʦʙʦʯʠʡ ʧʘʨʢ ï 3,1 ʪʠʩ. ʚʘʛʦʥʽʚ. ʊʘʢʦʞ ʚ ʥʘʷʚʥʦʩʪʽ 

ʰʚʠʜʢʽʩʥʽ ʝʣʝʢʪʨʦʧʦʾʟʜʠ çHyundaiè - 10 ʦʜ.; ʰʚʠʜʢʽʩʥʽ ʝʣʝʢʪʨʦʧʦʾʟʜʠ çʊʘʨʧʘʥè 

- 2 ʦʜ.; ʤʽʞʨʝʛʽʦʥʘʣʴʥʽ ʧʦʾʟʜʠ ʣʦʢʦʤʦʪʠʚʥʦʾ ʪʷʛʠ ï 2 ʦʜ. (ʧʦ 5 ʧʘʩ. ʚʘʛʦʥʽʚ). 

ɿʘʛʘʣʴʥʠʡ ʧʘʨʢ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʩʪʘʥʦʚʠʪʴ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʻ 174 ʪʠʩ., ʮʝ 

ʚʣʘʩʥʽʩʪʴ ʟʘʣʽʟʥʠʮʽ ʽ ʧʨʠʚʘʪʥʽ. ɹʽʣʴʰʽʩʪʴ ï 95 ʪʠʩʷʯ ï ʚʞʝ ʜʘʚʥʦ ʚʠʯʝʨʧʘʣʠ ʥʦʨ-

ʤʘʪʠʚʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ʋ ʩʝʨʝʜʥʴʦʤʫ ʫʢʨʘʾʥʩʴʢʠʤ ʚʘʛʦʥʘʤ ï ʜʦ 40 ʨʦʢʽʚ, ʭʦʯʘ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ï 20, ʤʘʢʩʠʤʫʤ 30 ʨʦʢʽʚ  [38]. 

ɯʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʣʦʢʦʤʦʪʠʚʽʚ ʩʪʘʥʦʚʠʪʴ 3589 ʦʜ., ʚ ʪʦʤʫ ʯʠʩʣʽ: ʝʣʝʢʪʨʦʚʦ-

ʟʽʚ ï 1628 ʦʜ.; ʪʝʧʣʦʚʦʟʽʚ ï 1961 ʦʜ. 

ɿʘʣʽʟʥʠʮʽ ʋʢʨʘʾʥʠ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʦʪʨʝʙʠ ʝʢʦʥʦʤʽʢʠ ʽ 

ʥʘʩʝʣʝʥʥʷ ʫ ʧʝʨʝʚʝʟʝʥʥʷʭ. ɼʦʩʷʛʘʣʦʩʴ ʮʝ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟʘʚʜʷʢʠ ʥʘʜʣʠʰʢʫ ʪʝʭʥʽ-

ʯʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʩʪʚʦʨʝʥʠʭ ʟʘ ʯʘʩʽʚ ʉʈʉʈ ʟʘ ʨʘʭʫʥʦʢ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʙʶʜʞʝ-

ʪʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ. ɿʘ ʦʩʪʘʥʥʽ ʙʽʣʴʰ ʥʽʞ 25 ʨʦʢʽʚ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʚ ʦʥʦʚ-

ʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʙʫʚʘʣʠʩʴ ʚʠʢʣʶʯʥʦ ʟʘ ʨʘʭʫʥʦʢ ʚʣʘʩʥʠʭ ʢʦʰʪʽʚ ʟʘʣʽʟ-

ʥʠʮʴ, ʷʢʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʚʽʪʴ ʥʦʨʤʘʣʴʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘ-

ʩʦʙʽʚ, ʦʩʦʙʣʠʚʦ ʾʭ ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ï ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ʅʘ ʩʴʦʛʦʜʥʽ ʪʝʭʥʽʯʥʠʡ 

ʨʝʩʫʨʩ ʟʘʣʽʟʥʠʮʴ ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʥʦ. ɯʩʥʫʻ ʟʘʛʨʦʟʘ ʥʝʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʣʽʟʥʠʯ-

ʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʦʪʨʝʙ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʫ ʧʝʨʝʚʝʟʝʥʥʷʭ. 

ʋ ʧʝʨʽʦʜ 1992-2019 ʨʦʢʽʚ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʩʧʦʞʠʚʘʥʫ ʧʨʦʜʫʢʮʽʶ ʧʝ-

ʨʝʚʠʱʫʚʘʣʠ ʟʨʦʩʪʘʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʣʦ ʦʥʦʚʣʶʚʘʪʠ ʨʫ-

ʭʦʤʠʡ ʩʢʣʘʜ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʨʘʭʫʥʦʢ ʚʣʘʩʥʠʭ ʢʦʰʪʽʚ ʟʘʣʽʟʥʠʮʴ. ʇʝʨʝʜʙʘ-

ʯʝʥʽ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪè (ʧʦʩʪʘʥʦʚʘ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ 

ʋʢʨʘʾʥʠ ˉ 274/96-ɺʈ ʚʽʜ 04.07.96) ʢʦʰʪʠ ʟ ʙʶʜʞʝʪʫ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʽ ʤʦʜʝʨʥʽʟʘ-

ʮʽʶ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʣʽʥʽʡ ʪʘ ʧʨʠʜʙʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʠʭ 
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ʧʝʨʝʚʝʟʝʥʴ ʥʝ ʚʠʜʽʣʷʣʠʩʴ. ʇʨʘʢʪʠʯʥʦ ʥʝ ʚʠʜʽʣʷʣʠʩʴ ʢʦʰʪʠ ʟ ʤʽʩʮʝʚʠʭ ʙʶʜʞʝʪʽʚ 

ʥʘ ʧʨʠʜʙʘʥʥʷ ʝʣʝʢʪʨʦ- ʪʘ ʜʠʟʝʣʴ-ʧʦʾʟʜʽʚ ʜʣʷ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʫ ʧʨʠʤʽʩʴʢʦʤʫ 

ʩʧʦʣʫʯʝʥʥʽ, ʟʙʠʪʢʠ ʚʽʜ ʩʦʮʽʘʣʴʥʦ-ʥʝʦʙʭʽʜʥʠʭ ʧʨʠʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝ-

ʟʝʥʴ ʧʦʚʥʽʩʪʶ ʥʝ ʚʽʜʰʢʦʜʦʚʫʚʘʣʠʩʴ. 

ʇʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʦʢʨʝʤʠʭ ʜʽʣʴʥʠʮʴ ʪʘ ʥʘʧʨʷʤʢʽʚ ʟʘʣʽʟʥʠʮʴ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʥʘ ʢʨʠʪʠʯʥʽʡ ʤʝʞʽ. ɿ ʤʝʪʦʶ ʣʽʢʚʽʜʘʮʽʾ çʚʫʟʴʢʠʭ ʤʽʩʮʴè ʥʘ ʤʝʨʝʞʽ ʟʘʣʽʟ-

ʥʠʮʴ ʋʢʨʘʾʥʠ, ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʦʙôʻʢʪʽʚ ʽʥ-

ʬʨʘʩʪʨʫʢʪʫʨʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʾʭ ʪʝʭʥʽʯʥʝ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʶ. 

 

ʊʘʙʣʠʮʷ 1.2 ï ʉʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʜʦʚʞʠʥʘ ʛʦʣʦʚʥʠʭ ʢʦʣʽʡ 19,8 ʪʠʩ. ʢʤ 

ɽʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʢʦʣʽʡ 9,3 ʪʠʩ. ʢʤ 

ʂʽʣʴʢʽʩʪʴ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ 1402 ʦʜ. 

ʂʽʣʴʢʽʩʪʴ ʧʝʨʝʾʟʜʽʚ ʥʘ ʛʦʣʦʚʥʠʭ ʽ ʩʪʘʥʮʽʡʥʠʭ 4198 ʦʜ.  

ɯʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 85,2 ʪʠʩ. ʦʜ 

ɯʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ 4,32 ʪʠʩ. ʦʜ. 

ɯʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʪʝʧʣʦʚʦʟʽʚ 1944 ʦʜ. 

ɯʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʝʣʝʢʪʨʦʚʦʟʽʚ 1627 ʦʜ. 

ɯʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʜʠʟʝʣʴ-ʧʦʾʟʜʽʚ 301 ʩʝʢʮʽʷ 

ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ 266,3 ʪʠʩ. ʦʩʽʙ 

ɺʽʜʧʨʘʚʣʝʥʦ ʧʘʩʘʞʠʨʽʚ ʟʘ 2019 ʨʽʢ 149,6 ʤʣʥ ʧʘʩ. 

ʇʝʨʝʚʝʟʝʥʦ ʚʘʥʪʘʞʽʚ ʟʘ 2019 ʨʽʢ 312,4 ʤʣʥ ʪʦʥ 

* ɼʘʥʽ ʥʘʚʝʜʝʥʦ ʢʨʽʤ ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ɸʚʪʦʥʦʤʥʦʾ ʨʝʩʧʫʙʣʽʢʠ ʂʨʠʤ, ʤ. ʉʝʚʘ-

ʩʪʦʧʦʣʴ ʪʘ ɼʦʥʙʘʩʫ 

 

ʏʝʨʝʟ ʢʘʪʘʩʪʨʦʬʽʯʥʫ ʟʥʦʰʝʥʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʧʨʠ-

ʜʙʘʥʥʷʤ ʽ ʩʧʠʩʘʥʥʷʤ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʪʘ ʣʦʢʦʤʦʪʠʚʽʚ ʽʩʥʫʻ ʟʘʛʨʦʟʘ ʥʝʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʧʦʪʨʝʙ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʫ ʧʝʨʝʚʝʟʝʥʥʷʭ ʚʘʥʪʘʞʽʚ, ʟ ʚʽʜʧʦ-

ʚʽʜʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʜʝʨʞʙʶʜʞʝʪʫ, ʟʥʠʞʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟ-

ʚʠʪʢʫ ʢʨʘʾʥʠ. 
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2. ɼɽɻʈɸɼɸʎɯʁʅɯ ʇʈʆʎɽʉʀ ɺ ʈɽʁʂʆɺɯʁ ʂʆʃɯɰ ʇʈʀ  

ɿʄɯʐɸʅʆʄʋ ʈʋʉɯ ʐɺʀɼʂɯʉʅʀʍ ɯ ɺɸʅʊɸɾʅʀʍ ʇʆɰɿɼɯɺ 

 

2.1. ʆʨʛʘʥʽʟʘʮʽʷ ʟʤʽʰʘʥʦʛʦ ʨʫʭʫ ʰʚʠʜʢʽʩʥʠʭ ʽ ʚʘʥʪʘʞʥʠʭ  

ʧʦʾʟʜʽʚ ʥʘ ʫʢʨʘʾʥʩʴʢʽʡ ʟʘʣʽʟʥʠʮʽ 

 

ʆʩʦʙʣʠʚʽʩʪʴ ʋʢʨʘʾʥʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʛʘʪʴʦʭ ʜʝʨʞʘʚ, ʱʦ 

ʤʘʶʪʴ ʰʚʠʜʢʽʩʥʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʚ ʋʢʨʘʾʥʽ ʧʘʨʘʣʝʣʴʥʦ ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʝʣʝʢʪʨʦʧʦʾʟʜʠ ʪʨʴʦʭ ʚʠʨʦʙʥʠʢʽʚ ï ʢʦʨʝʡʩʴʢʽ çHyundai Rotemï 

HRCS2è, ʯʝʩʴʢʽ ʢʦʤʧʘʥʽʾ çSkodaïEJ 675è ̔  ʫʢʨʘʾʥʩʴʢʽ çʊʘʨʧʘʥè. ʇʝʨʰʽ ʨʦʢʠ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʧʝʚʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʝʨʝʚʘʛʠ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʡʦʛʦ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʩʪʽ ʚ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʝʩʴ ʥʘʙʫʪʠʡ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʧʨʦʙʽʛ ʥʝ ʤʝʥʰʝ 1 

ʤʣʥ ʢʤ ʽ ʙʫʚ ʧʽʜʜʘʥʠʡ ʨʽʟʥʠʤ ʚʠʜʘʤ ʨʝʛʣʘʤʝʥʪʥʠʭ ʨʝʤʦʥʪʽʚ.  

ʇʝʨʰʽ ʤʽʩʷʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʾʟʜʽʚ ʋʢʨʘʾʥʩʴʢʦʶ ʟʘʣʽʟʥʠʯʥʦʶ ʰʚʠʜʢʽʩʥʦʶ 

ʢʦʤʧʘʥʽʻʶ (ʋɿʐʂ) ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʨʝʡʩʴʢʽ çHyundai Rotemï HRCS2è ʤʘʶʪʴ ʥʠ-

ʟʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʘ ʦʢʨʝʤʽ ʩʠʩʪʝʤʠ ʽ ʚʫʟʣʠ ʧʦʪʨʝʙʫʶʪʴ ʩʫʪʪʻʚʦʛʦ 

ʜʦʦʧʨʘʮʶʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʦʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘ-

ʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ï ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʥʘ ʚʽʜʤʦʚʫ ʝʣʝʢʪʨʦʧʦʾʟʜʘ HRCS2 ʥʝ ʚʽʜ-

ʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʅʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʤʘʶʪʴ ʥʘ-

ʩʪʫʧʥʽ ʩʠʩʪʝʤʠ: ʛʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ; ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʘʥʪʦʛʨʘʬʦʤ; ʩʠʩʪʝʤʘ 

ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʢʘʙʽʥʠ ʤʘʰʠʥʽʩʪʘ; ʩʠʩʪʝʤʘ ʦʯʠʱʝʥʥʷ ʣʦʙʦʚʦʛʦ 

ʩʢʣʘ ʢʘʙʽʥʠ ʤʘʰʠʥʽʩʪʘ; ʩʠʩʪʝʤʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʘʛʦʥʽʚ ʪʦʱʦ. 

ɽʣʝʢʪʨʦʧʦʾʟʜʠ EJ675 ʯʝʩʴʢʦʾ ʢʦʤʧʘʥʽʾ çSkodaè ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʚ ʋʢʨʘʾʥʽ ʚ ʪʨʘʚʥʽ 2012 ʨʦʢʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʾʭ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʪʷʛʦʚʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʛʦʣʦʚʥʠʡ ʚʠʤʠʢʘʯ, ʽʥʚʝʨʪʦʨ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʠʚʦʜʫ, ʙʣʦʢ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʘʛʨʝʛʘʪ ʢʦʤʧʨʝʩʦʨʘ ʟʘ ʩʚʦʻʶ ʥʘʜʽʡʥʽʩʪʶ ʪʘʢʦʞ ʥʝ ʚʽʜʧʦʚʽʜʘ-

ʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ɽʂʨ1 çʊʘʨʧʘʥè ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʦʢʘʟʘʣʘ, ʱʦ 
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29  ¶ 

ʨʽʚʝʥʴ ʾʭ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʽ ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫ-

ʤʝʥʪʘʮʽʾ. ʅʘ ʧʦʯʘʪʢʫ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʝʟʥʘʯʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚóʷʟʘʥʽ 

ʽʟ ʥʘʜʽʡʥʽʩʪʶ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʟ ʦʜʥʦʛʦ ʚʠʜʫ 

ʩʪʨʫʤʫ ʥʘ ʽʥʰʠʡ. ʎʶ ʧʨʦʙʣʝʤʫ ʚʜʘʣʦʩʷ ʫʩʧʽʰʥʦ ʨʦʟʚôʷʟʘʪʠ. ɿʜʽʡʩʥʝʥʦ ʦʧʪʠʤʽ-

ʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ʧʝʨʝʭʽʜʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠ  

ɺʽʜʟʥʘʯʘʻʪʴʩʷ, ʝʣʝʢʪʨʦʧʦʾʟʜʠ çʊʘʨʧʘʥè ʝʢʩʧʣʫʘʪʫʶʪʴ ʥʘ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ 

ʽʟ ʪʦʯʢʠ ʟʦʨʫ ʚʧʣʠʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʘʨʰʨʫʪʘʭ ʚ ʥʘʧʨʷʤʢʘʭ ɿʘʧʦʨʽʞʞʷ ʪʘ 

ʆʜʝʩʠ (ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʢʨʠʚʠʭ ʽ ʧʦʩʪʽʡʥʽ ʩʫʪʪʻʚʽ ʢʦʣʠʚʘʥʥʷ ʥʘʧʨʫʛʠ ʪʷʛʦʚʦʾ ʤʝ-

ʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ). 

ɼʚʘ ʝʣʝʢʪʨʦʧʦʾʟʜʠ EJ 675 ʧʦʩʪʘʚʣʝʥʦ ʥʘ ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ. 

ʆʩʥʦʚʥʽ ʟʘʫʚʘʞʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʾʟʜʽʚ HRCS2: 

- ʟʙʦʾ ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤ ʧʝʨʝʤʠʢʘʥʥʷ ʚʠʜʫ ʩʪʨʫʤʫ; 

- ʤʘʩʦʚʠʡ ʚʠʭʽʜ ʟ ʣʘʜʫ ʢʦʤʧʨʝʩʦʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ɹʫʣʦ ʟʜʽʡʩʥʝʥʦ ʢʦʤʧʣʝ-

ʢʪʥʫ ʟʘʤʽʥʫ ʢʦʤʧʨʝʩʦʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʫ ʟʚ'ʷʟʢʫ ʟ ʚʠʭʦʜʦʤ ʽʟ ʣʘʜʫ ʽ ʥʝʜʦʩʪʘʪ-

ʥʽʤ ʧʦʚʽʪʨʷ-ʧʨʦʜʫʢʫʚʘʥʥʷʤ; 

- ʥʝʥʘʜʽʡʥʘ ʨʦʙʦʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʦʙʤʝʨʟʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʠʩ-

ʪʝʤʠ); 

- ʥʝʩʧʨʘʚʥʦʩʪʽ ʜʘʭʦʚʦʛʦ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

- ʟʙʦʾ ʚ ʨʦʙʦʪʽ ʜʚʝʨʝʡ; 

- ʧʦʧʘʜʘʥʥʷ ʚʦʣʦʛʠ ʚ ʝʣʝʢʪʨʠʯʥʽ ʨʦʟ'ʻʤʠ ʘʚʪʦʟʯʽʧʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʨʦ-

ʟʝʪʢʠ ʤʽʞʚʘʛʦʥʥʠʭ ʟ'ʻʜʥʘʥʴ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʘʤʠʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ; 

- ʥʝʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʚʘʛʦʥʽʚ; 

- ʟʘʤʝʨʟʘʥʥʷ ʧʽʩʢʫ ʚ ʚʘʛʦʥʥʠʭ ʙʫʥʢʝʨʘʭ ʜʣʷ ʧʽʩʢʫ; 

- ʚʽʜʤʦʚʠ ʪʷʛʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

- ʤʘʩʦʚʽ ʨʫʡʥʫʚʘʥʥʷ ʢʨʦʥʰʪʝʡʥʽʚ ʢʨʽʧʣʝʥʥʷ ʩʪʨʫʤʦʧʨʠʡʤʘʯʽʚ (ʧʘʥʪʦʛʨʘʬʽʚ) 

ʟʽ ʟʨʠʚʦʤ ʤʝʪʘʣʝʚʦʾ ʦʙʰʠʚʢʠ ʜʘʭʫ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʘʛʦʥʽʚ: ʚʽʜ-

ʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʧʫʩʢʘʥʥʷ ʧʘʥʪʦʛʨʘʬʽʚ ʧʨʠ ʫʜʘʨʽ; ʤʝʥʰʦʾ ʜʦʚ-

ʞʠʥʠ ʧʦʣʦʟʘ ʩʪʨʫʤʦʧʨʠʡʤʘʯʘ; ʤʘʣʦʾ ʪʦʚʱʠʥʠ ʦʙʰʠʚʢʠ ʜʘʭʫ; ʢʨʽʧʣʝʥʥʷ ʢʨʦʥ-

ʰʪʝʡʥʽʚ ʩʪʨʫʤʦʧʨʠʡʤʘʯʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʦʙʰʠʚʢʠ ʜʘʭʫ ʧʦʟʘ ʟʦʥʦʶ 
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30  ¶ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʽ ʧʦʧʝʨʝʯʥʠʭ ʧʽʜʩʠʣʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʜʘʭʫ. 

ʅʘʡʙʽʣʴʰ ʩʝʨʡʦʟʥʠʤ ʜʝʬʝʢʪʦʤ ʩʪʘʣʦ ʚʠʷʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʥʠʭ ʢʫʟʦʚʥʠʭ ʯʘʩ-

ʪʠʥʘʭ ʨʘʤʠ ʚʘʛʦʥʘ ʚ ʨʘʡʦʥʽ ʰʢʚʦʨʥʝʚʠʭ ʚʫʟʣʽʚ, ʦʙʚ'ʷʟʢʠ ʢʫʟʦʚʘ, ʝʣʝʤʝʥʪʘʭ ʭʨʝʙ-

ʪʦʚʦʾ ʙʘʣʢʠ ʚ ʣʶʪʦʤʫ 2014 ʨ. ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ.  

ʋʩʫʥʝʥʥʷ ʜʘʥʦʛʦ ʜʝʬʝʢʪʫ ʚʠʤʘʛʘʣʦ ʧʨʠʟʫʧʠʥʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʩʽʭ ʜʝʩʷʪʠ 

ʢʦʨʝʡʩʴʢʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ʟ ʣʶʪʦʛʦ 2014 ʨ. ʥʘ ʪʝʨʤʽʥ ʚʽʜ 4-ʭ ʜʦ 6-ʪʠ ʤʽʩʷʮʽʚ. 

ʂʨʽʤ ʚʠʜʠʤʠʭ ʪʨʽʱʠʥ ʫ ʰʢʚʦʨʥʝʚʦʾ ʙʘʣʮʽ, ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʤʽʢʨʦʪʨʽʱʠʥʠ ʚ ʭʨʝʙʪʦ-

ʚʦʾ ʙʘʣʮʽ ʚʘʛʦʥʽʚ. ʇʨʠʯʦʤʫ ʙʫʜʴ-ʷʢʽ ʟʘʭʦʜʠ ʱʦʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʘʛʦʥʽʚ ʚ ʮʽʡ ʯʘʩ-

ʪʠʥʽ ʥʝ ʟʜʽʡʩʥʶʚʘʣʠʩʷ. ʋ 2012ï2016 ʨʨ. ʥʘ ʢʦʨʝʡʩʴʢʠʭ ʧʦʾʟʜʘʭ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʨʦ-

ʙʦʪʠ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʠʟʢʠ ʚʫʟʣʽʚ ʽ ʩʠʩʪʝʤ. ʋʩʴʦʛʦ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 23 ʤʦʜʝʨʥʽʟʘʮʽʾ. 

ɯʟ ʥʠʭ 11 ʚʠʟʥʘʥʽ ʬʘʭʽʚʮʷʤʠ çʋɿʐʂè ʝʬʝʢʪʠʚʥʠʤʠ, 10 ï ʯʘʩʪʢʦʚʦ ʝʬʝʢʪʠʚʥʠʤʠ, 

1 ï ʥʝʝʬʝʢʪʠʚʥʦʶ ʽ ʧʦ ʦʜʥʽʡ ʧʦʟʠʮʽʾ ʧʦʪʨʽʙʝʥ ʥʘʛʣʷʜ ʯʝʨʝʟ ʚʪʦʤʥʽ ʪʨʽʱʠʥʠ ʥʘ 

ʝʣʝʤʝʥʪʘʭ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ. 

ɺʠʟʥʘʥʦ ʪʘʢʦʞ, ʱʦ ʛʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʧʦʰʢʦʜʞʝʥʴ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ (ʧʦ-

ʷʚʠ ʪʨʽʱʠʥ) ʻ ʥʝʚʽʜʧʦʚʽʜʥʠʡ ʩʪʘʥ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʫ ʟʤʽʰʘʥʦʤʫ ʨʫʩʽ ʰʚʠʜʢʽʩʥʠʭ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʽ ʟʚʠʯʘʡʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ [35, 36]. ʇʨʦʙʣʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ 

ʨʦʟʣʘʜʽʚ ʢʦʣʽʾ ʪʽʩʥʦ ʧʦʚóʷʟʘʥʘ ʽʟ ʩʪʘʥʦʤ ʚʘʥʪʘʞʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ɹʽʣʴʰʝ 

50%, ʘ ʮʝ ï 95 ʪʠʩ. ʚʘʛʦʥʽʚ ʚʠʯʝʨʧʘʣʠ ʥʦʨʤʘʪʠʚʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ʋ ʩʝʨʝʜʥʴʦʤʫ 

ʫʢʨʘʾʥʩʴʢʠʤ ʚʘʛʦʥʘʤ ï ʜʦ 40 ʨʦʢʽʚ, ʭʦʯʘ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ï 20, ʤʘʢʩʠʤʫʤ 30 

ʨʦʢʽʚ  [38]. ɹʽʣʴʰʽʩʪʴ ʣʽʥʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʴʦʛʦʜʥʽ ʜʣʷ 

ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ, ʧʨʦʻʢʪʫʚʘʣʠʩʷ  ʽʟ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʽʥʰʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɺʠʩʦʢʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʧʨʦʧʫʩʢʫ ʥʘ ʚʝʣʠʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʧʦʾʟʜʽʚ ʟ ʚʘʛʦʥʽʚ ʟ ʚʝʣʠʢʠʤʠ ʦʩʴʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʤʘʶʪʴ ʟʥʘ-

ʯʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽ ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʫʜʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʣʠʚʘʥʴ ʢʦʣʽʩ ʽ ʨʝʡʦʢ, ʘ ʪʘʢʦʞ ʚʽʜ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦ-

ʪʥʘ. ʏʘʩʪʦ ʮʝ ʚʠʢʣʠʢʘʻ ʥʘʜʤʽʨʥʫ ʜʝʬʦʨʤʘʮʽʶ ʪʘ ʜʝʛʨʘʜʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʢʦʣʽʾ. 

ɿʘʣʽʟʥʠʯʥʘ ʢʦʣʽʷ ʪʘ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʩʢʣʘʜʥʠʭ 

ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘ-

ʚʘʥʪʘʞʝʥʴ ʚʽʜ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʧʦʾʟʜʽʚ. ʇʝʨʝʣʽʯʝʥʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ 

ʩʪʘʥ ˇʨʫʥʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʰʘʨʽʚ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʚʝʥʴ 
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31  ¶ 

ʥʘʜʽʡʥʦʩʪʽ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʫʭʫ, ʧʨʠ ʷʢʦʤʫ 

ʘʤʧʣʽʪʫʜʘ ʪʘ ʯʘʩʪʦʪʘ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʫʞʝ ʚʠʩʦʢʽ. 

ʉʪʫʧʽʥʴ ʜʝʛʨʘʜʘʮʽʾ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʝʣʠʢʦʚʘʛʦʚʦʛʦ 

ʧʦʾʟʜʘ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ˇʨʫʥʪʽʚ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ, 

ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʽ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʰʚʠʜʢʦʾ ʟʤʽʥʠ 

ʟ ʯʘʩʦʤ. 

ʇʨʠ ʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʝʤʣʷʥʝ ʧʦʣʦʪʥʦ ʩʭʠʣʴʥʝ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʚʧʣʠʚʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʜʘ ʪʘ ʽʥ.), ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ 

ʟʛʦʜʦʤ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ (ʬʽʟʠʢʦ-ʤʝʭʘ-

ʥʽʯʥʠʭ: ʚʦʣʦʛʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ) ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʽʥʶʻʪʴʩʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘ-

ʥʠʡ ʩʪʘʥ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʟʘʛʘʣʦʤ. ɺʦʜʥʦʯʘʩ ʟʘʣʽʟʥʠʯʥʘ ʢʦʣʽʷ, ʷʢʘ ʙʫʣʘ ʩʪʘʙʽ-

ʣʴʥʦʶ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ, ʤʦʞʝ ʧʦʯʘʪʠ ʜʝʬʦʨʤʫʚʘʪʠʩʷ ʧʽʩʣʷ ʧʨʦʧʫʩʢʫ ʚʘ-

ʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʧʽʜʚʠʱʝʥʦʾ ʤʘʩʠ ʪʘ ʜʦʚʞʠʥʠ, ʱʦ, ʙʝʟʩʫʤʥʽʚʥʦ, ʩʧʨʠʯʠʥʠʪʴ ʚʠ-

ʥʠʢʥʝʥʥʷ ʟʙʦʾʚ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʚʘʥʪʘʞʦʦʙʽʛʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʩʷʛʥʫʪʦ ʚʝʣʠʢʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʩʧʨʷ-

ʤʦʚʘʥʠʭ ʥʘ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ˇʨʫʥʪʘʭ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʙʨʦʜʠ-

ʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʘʞʢʠʭ ʧʦʾʟʜʽʚ. ʆʪʨʠʤʘʥʦ ʚʝʣʠʢʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʚʠʤʘʛʘʻ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ.  

ʅʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʣʽʥʽʷʭ ʟʤʽʰʘʥʦʛʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʪʘ ʚʝ-

ʣʠʢʦʚʘʛʦʚʦʛʦ ʨʫʭʫ, ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʩʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʰʘʨʠ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ 

ʪʘ ʾʾ ʦʩʥʦʚʫ. ʊʨʘʜʠʮʽʡʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʥʝ ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽ-

ʜʧʦʚʽʜʥʫ ʥʘʜʽʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʧʽʜʚʠʱʝʥʠʭ ʦʩʴʦʚʠʭ ʥʘʚʘ-

ʥʪʘʞʝʥʴ ʪʘ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʧʦʾʟʜʽʚ [40] ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʪʘ ʜʝʬʦʨʤʘ-

ʮʽʡ ʝʣʝʤʝʥʪʽʚ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ. ɿʨʦʩʪʘʥʥʷ ʦʩʴʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʚʝʜʝ ʜʦ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʩʫ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʪʘ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ, ʘ 

ʪʘʢʦʞ ʙʽʣʴʰ ʰʚʠʜʢʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʭʠʣʝʥʴ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚʩʴʦʛʦ ʟʘʣʽʟʥʠʯʥʦʾ 

ʢʦʣʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʨʠʟʠʢʠ ʧʦʨʫʰʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ, ʘ 

ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʫʪʨʠʤʘʥʥʷ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ. ʇʨʦʙʣʝʤʠ ʜʠʥʘʤʽʯʥʦʛʦ 

ʚʧʣʠʚʫ ʚʝʣʠʢʦʚʘʛʦʚʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ ʝʣʝʤʝʥʪʠ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʪʘ 

ʟʝʤʣʷʥʝ ʧʦʣʦʪʥʦ ʙʫʣʠ ʚʠʩʚʽʪʣʝʥʽ ʫ ʨʦʙʦʪʘʭ [40ï42].  
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2.1.1. ʊʠʧʦʚʽ ʚʽʜʭʠʣʝʥʥʷ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʚ ʧʨʦʮʝʩʽ ʾʾ ʜʝʛʨʘʜʘʮʽʾ 

ʗʢ ʚʽʜʦʤʦ, ʥʝʨʽʚʥʦʩʪʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʻ ʦʩʥʦʚʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʚʝʨʭʥʴʦʾ 

ʙʫʜʦʚʠ ʢʦʣʽʾ ʧʽʜ ʜʽʻʶ ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʬʨʠʢʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʘʞʢʦʛʦ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʦʥʠ ʻ ʜʞʝʨʝʣʘʤʠ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘʜʨʝʩʦʨʥʦʾ ʙʫʜʦʚʠ 

ʣʦʢʦʤʦʪʠʚʽʚ ʽ ʚʘʛʦʥʽʚ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʾʭ ʝʣʝʤʝʥʪʠ. ʋ ʨʦʙʦʪʽ [233] 

ʦʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʩʪʘʥʫ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʧʨʠ ʚʽʜʩʪʫʧʘʭ ʚʽʜ ʥʦʨʤ ʫʪʨʠʤʘʥʥʷ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʣʘʚʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ. ɺ ʦʩʥʦʚʫ ʦʮʽ-

ʥʢʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʧʦʢʣʘʜʝʥʦ ʚʧʣʠʚ ʚʽʜʩʪʫʧʽʚ ʥʘ ʜʠ-

ʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʟʘʻʤʦʜʽʾ ʢʦʣʽʾ ʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ʂʦʞʥʝ ʚʽʜʭʠʣʝʥʥʷ ʤʘʻ ʩʚʦʶ 

ʩʪʫʧʽʥʴ  ʚʧʣʠʚʫ ʥʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʻʤʦʜʽ ʾʢʦʣʽʾ ʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʴ ʟʘʣʠʰʢʦʚʠʭ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʢʦʣʽʾ. ɸʚʪʦʨʠ 

[233] ʧʨʦʧʦʥʫʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʽʾ ʫ ʚʠʛʣʷʜʽ 

ʧôʷʪʠ ʩʪʫʧʝʥʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʾ ʚʝʣʠʯʠʥʠ ʽ ʜʦʚʞʠʥʠ (ʪʘʙʣ. 7.1) ʟ ʦʮʽʥʢʦ ʩʪʫ-

ʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʫ ʙʘʣʘʭ. 

ɺ̔ ʜʭʠʣʝʥʥʷ ɯ ʩʪʫʧʝʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʢʽʚ, ʧʨʠ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴʩʷ ʙʝʟʧʝʢʘ ʽ ʧʣʘʚʥʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʽʚ. ʇʨʠ ʪʘʢʠʭ ʚʽʜʩʪʫʧʘʭ ʚʩʪʘʥʦʚʣʝʥʽ ʰʚʠʜ-

ʢʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʝ ʟʤʝʥʰʫʶʪʴʩʷ ʪʘ ʥʝ ʚʠʤʘʛʘʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʱʦʜʦ ʫʩʫ-

ʥʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʢʦʣʽʾ. 

ɼʦ ʚʽʜʭʠʣʝʥʴ ɯɯ ʩʪʫʧʝʥʷ ʥʘʣʝʞʘʪʴ ʚʽʜʩʪʫʧʠ ʷʢʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʟʤʝʥʰʝʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʥʝ ʟʘʛʨʦʞʫʶʪʴ ʙʝʟʧʝʮʽ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʘʣʝ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʣʘʚʥʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʽʚ. ɺʦʥʠ  ̒ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʣʘ-

ʥʦʚʦ-ʟʘʧʦʙʽʞʥʠʭ ʨʦʙʽʪ. 

 

ʊʘʙʣʠʮʷ 7.1 ï ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʟʘ ʨʽʚʥʝʤ 

ʉʪʫʧʽʥʴ 

ʚʽʜʭʠʣʝʥʥʷ 

ʇʣʘʚʥʽ ʚʽʜʭʠ-

ʣʝʥʥʷ, ʤʤ 

ʇʝʨʝʢʽʩ ʥʘ ʜʦʚʞʠʥʽ ʜʦ 20 

ʤ, ʤʤ 

ɼʦʧʫʩʪʠʤʘ 

ʰʚʠʜʢʽʩʪʴ, ʢʤ/ʛʦʜ. 

ɯ 0ï6  0ï8 

ʚʩʪʘʥʦʚʣʝʥʘ ɯɯ φï12 8ï12 

ɯɯɯ 12ï20 12ï16 

ɯV 20ï25 16ï20 120/80 

V 

25ï30 20ï30 60 

30ï35 30ï40 40 

35ï50 40ï50 15 

 50  50 ʨʫʭ ʟʘʢʨʠʚʘʻʪʴʩʷ 
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ɼʦ ʧʦʦʜʠʥʦʢʠʭ ʚʽʜʭʠʣʝʥʴ ɯɯɯ ʩʪʫʧʝʥʷ ʥʘʣʝʞʘʪʴ ʚʽʜʩʪʫʧʠ ʷʢʽ ʥʝ ʚʠʤʘʛʘʶʪʴ 

ʟʤʝʥʰʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʥʝ ʟʘʛʨʦʞʫʶʪʴ ʙʝʟʧʝʮʽ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʘʣʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʣʘʚʥʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʽʚ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʢʦʣʽʾ. ɺʦʥʠ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʣʘʥʦʚʦ-ʟʘ-

ʧʦʙʽʞʥʠʭ ʨʦʙʽʪ. 

ɼʦ IV ʩʪʫʧʝʥʷ ʥʘʣʝʞʘʪʴ ʚʽʜʭʠʣʝʥʥʷ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʷʢʠʭ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʧʦʛʽʨʰʫʻʪʴʩʷ ʧʣʘʚʥʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʢʦʣʽʾ. ʎ ̔ʚʽʜʩʪʫʧʠ ʫʩʫʚʘʶʪʴʩʷ ʚ ʧʝʨʰʦʯʝ-

ʨʛʦʚʦʤʫ ʧʦʨʷʜʢʫ. 

ɼʦ V ʩʪʫʧʝʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʟʨʦʩʪʘʥʥʷ ʩʠʣ ʚʟʘʻ-

ʤʦʜʽʾ ʢʦʣʽʾ ʟ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ ʜʦ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʽ ʧʨʠ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʧʦʻʜ-

ʥʘʥʥʷʭ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʚ ʫʪʨʠʤʘʥʥʽ ʽ ʩʪʘʥʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʧʦʨʫʰʝʥʥʷʤʠ ʨʝ-

ʞʠʤʫ ʚʦʜʽʥʥʷ ʧʦʾʟʜʘ ʪʘ ʽʥʰʠʤʠ ʫʤʦʚʘʤʠ, ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʰʚʠʜʢʦʛʦ ʥʘʢʦ-

ʧʠʯʝʥʥʷ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ̔  ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʟʘʛʨʦʟʠ ʙʝʟʧʝʮʽ ʨʫʭʫ ʧʦʾʟʜʽʚ.  

 

 

2.2. ʂʦʣʽʷ ʜʣʷ ʰʚʠʜʢʽʩʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 

 

2.2.1. ɺʠʟʥʘʯʝʥʥʷ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ ʙʝʟʧʝʢʠ ʪʘ ʢʦʤʬʦʨʪʫ ʨʫʭʫ  

ʰʚʠʜʢʽʩʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʱʦʜʦ ʛʨʘʥʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʝʛʨʘʜʘʮʽʾ ʢʦʣʽʾ 

ʆʩʥʦʚʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ ï ʙʝʟʩʪʠʢʦʚʘ 

ʢʦʣʽʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʘʧʨʫʞʝʥʦʛʦ ʪʠʧʫ ʙʝʟ ʩʝʟʦʥʥʦʾ ʨʦʟʨʷʜʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘ-

ʧʨʫʞʝʥʴ. ʅʘ ʨʠʩ. 2.1 ʥʘʚʝʜʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʪʷʞʥʦʩʪʽ ʙʝʟʩʪʠʢʦʚʦʾ ʪʘ ʣʘʥ-

ʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʥʘ ʤʘʨʰʨʫʪʘʭ ʰʚʠʜʢʽʩʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʨʫʭʫ ʚ ʋʢʨʘ-

ʾʥʽ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʣʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟ ʯʘʩʫ ʟʘ-

ʩʥʫʚʘʥʥʷ ʋʢʨʟʘʣʽʟʥʠʮʽ ʧʦʣʷʛʘʻ ʚ ʨʦʟʰʠʨʝʥʥʽ ʧʦʣʽʛʦʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟʩʪʠʢʦʚʦʾ 

ʢʦʣʽʾ, ʷʢʘ ʻ ʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʣʘʥʢʦʚʦʶ. ɸʣʝ ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.1 

ʣʘʥʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʣʽʾ ʥʘ ʜʘʥʠʡ ʯʘʩ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʥʘ ʯʝʪʚʝʨʪʽʡ ʯʘʩʪʠʥʽ ʨʦʟ-

ʛʦʨʥʫʪʦʾ ʜʦʚʞʠʥʠ ʛʦʣʦʚʥʠʭ ʢʦʣʽʡ ʽ ʩʢʣʘʜʘʻ 6,5 ʪʠʩ. ʢʤ. 
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34  ¶ 

 
ʈʠʩʫʥʦʢ 2.1 ï ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʪʷʞʥʦʩʪʽ ʙʝʟʩʪʠʢʦʚʦʾ ʪʘ ʣʘʥʢʦʚʦʾ ʢʦʣʽʾ ʥʘ ʤʘʨʰʨʫʪʘʭ  

ʰʚʠʜʢʽʩʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʨʫʭʫ 

 

ʗʢ ʚʽʜʦʤʦ, ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʣʽʾ ʪʘ ʨʫ-

ʭʦʤʦʛʦ ʝʢʽʧʘʞʫ ʻ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʩʪʠʢʽʚ. ʊʦʤʫ ʥʘʩʪʫʧʥʠʡ ʥʘʧʨʷ-

ʤʦʢ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʣʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʧʦʣʽʛʦʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟʩʪʠʢʦʚʦʾ ʢʦʣʽʾ ʟ ʨʝʡʢʦʚʠʤʠ ʧʣʽʪʷʤʠ ʜʦʚʞʠʥʦʶ ʚ ʙʣʦʢ-ʜʽʣʷʥʢʫ ʯʠ 

ʧʝʨʝʛʽʥ. ʅʘ ʨʠʩ. 2.2 ʥʘʚʝʜʝʥʦ ʧʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʜʦ-

ʚʞʠʥ ʙʝʟʩʪʠʢʦʚʠʭ ʧʣʽʪʝʡ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.2 ʧʝʨʝʚʘʞʘʻ ʢʦʥʩʪʨʫʢʮʽʷ ʙʝʟʩʪʠʢʦʚʦʾ 

ʢʦʣʽʾ ʟ ʜʦʚʞʠʥʘʤʠ ʙʝʟʩʪʠʢʦʚʠʭ ʧʣʽʪʝʡ ʤʝʥʰʫ ʟʘ ʜʦʚʞʠʥʫ ʙʣʦʢ-ʜʽʣʷʥʢʠ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʈʦʟʧʦʜʽʣ ʙʝʟʩʪʠʢʦʚʠʭ ʧʣʽʪʝʡ ʟʘ ʚʽʜʥʦʩʥʦʶ ʜʦʚʞʠʥʦʶ 
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ʆʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʨʝʡʦʢ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʪʘ ʫʢʣʘʜʘʶʪʴʩʷ ʚ ʢʦʣʽʶ ʟʘ-

ʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ, ʻ ʨʝʡʢʠ ʚʽʪʯʠʟʥʷʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ 4344:2004, ʪʠʧʽʚ ʈ65, 

ʈ50, 60ɽ1 (UIC60). ʅʘ ʦʢʨʝʤʠʭ ʚʘʥʪʘʞʦʥʘʧʨʫʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ 

ʨʝʡʢʠ ʪʠʧʫ ʈ75. ʅʘ ʜʽʣʷʥʢʘʭ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʟ ʤʘʣʦʶ ʚʘʥʪʘʞʦʥʘʧʨʫʞʝʥʽʩʪʶ ʪʘ 

ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ ʧʦʾʟʜʽʚ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʨʝʡʢʠ ʪʠʧʫ ʈ43 ʜʦ ʟʘʤʽʥʠ ʥʘ ʙʽʣʴʰ 

ʚʘʞʢʽ ʪʠʧʠ. ɿʘʛʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ ʨʝʡʦʢ ʥʘ ʛʦ-

ʣʦʚʥʠʭ ʢʦʣʽʷʭ ʋʢʨʘʾʥʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ 2.3. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.3, ʦʩʥʦʚʥʠʡ ʪʠʧ ʨʝʡʢʠ ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʥʘ ʟʘʣʽʟʥʠʮʷʭ 

ʋʢʨʘʾʥʠ ʈ65 ʟ ʧʦʛʦʥʥʦʶ ʚʘʛʦʶ 65 ʢʛ/ʤ. ɺ ʤʝʥʰʽʡ ʤʽʨʽ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʨʝʡʢʘ ʪʠʧʫ 

ʈ50 ʟ ʧʦʛʦʥʥʦʶ ʚʘʛʦʶ 50 ʢʛ/ʤ.  

ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʝ ʤʦʞʣʠʚʝ ʙʝʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʫʞ-

ʥʠʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ ʷʢʽ ʧʨʫʞʥʦ ʩʧʨʠʡʤʘʶʪʴ ʪʘ ʧʝʨʝʨʦʙʣʷʶʪʴ ʜʠʥʘʤʽʯʥʽ ʩʠʣʠ 

ʚʽʜ ʨʫʭʦʤʦʛʦ ʝʢʽʧʘʞʫ. ʊʦʤʫ ʧʨʦʚʦʜʷʯʠ ʤʦʜʝʨʥʽʟʘʮʽʶ ʢʦʣʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʶ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʫʞʥʠʭ ʨʝʡʢʦ-

ʚʠʭ ʩʢʨʽʧʣʝʥʴ.  

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʾ ʜʦʚʞʠʥʠ ʨʝʡʦʢ ʨʽʟʥʠʭ ʪʠʧʽʚ 

 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʪʠʧʠ ʙʝʟʧʽʜʢʣʘʜ-

ʢʦʚʠʡ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʨʽʧʣʝʥʴ: ʂʇʇ, ʉɹ-3, ɯʄɽʊ-1, ʌʦʩʩʣʦ, ʇʘʥʜʨʦʣ, ʂʇ-22, ɹʇ. 
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36  ¶ 

ʅʘ ʨʠʩ. 2.4 ʥʘʚʝʜʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ ʨʽʟʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʣʘʰʪʫʚʘʥʥʷ.ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʩʪʨʽʤʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʨʫʞʥʠʭ ʙʝʟʧʽʜʢʣʘʜʢʦʚʠʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ, ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ 

ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʧʨʦʪʷʞʥʽʩʪʴ ʛʦʣʦʚʥʠʭ ʢʦʣʽʡ ʽʟ ʢʣʘʩʠʯʥʦʶ ʧʽʜʢʣʘʜʢʦʚʦʶ ʢʦʥʩʪʨʫ-

ʢʮʽʻʶ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʪʠʧʫ ʂɹ ʽʟ ʞʦʨʩʪʢʦʶ ʢʣʝʤʦʶ.  

ʅʘʡʢʨʘʱʽ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʟʘʻʤʦʜʽʾ ʟ ʨʫʭʦʤʠʤ ʝʢʽʧʘʞʝʤ,  

ʤʘʻ ʢʦʣʽʷ ʥʘ ʜʝʨʝʚôʷʥʽʡ ʧʽʜʨʝʡʢʦʚʽʡ ʦʩʥʦʚʽ. ɸʣʝ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʣʽʾ ʽʟ ʜʝʨʝʚôʷʥʠʤʠ 

ʰʧʘʣʘʤʠ ʤʘʻ ʦʩʥʦʚʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʥʝʜʦʣʽʢ ï ʥʝʚʝʣʠʢʠʡ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʽʟ-ʟʘ 

ʰʚʠʜʢʦʛʦ ʛʥʠʪʪʷ ʜʝʨʝʚʠʥʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʦʩʦʙʣʠʚʦ ʥʘ ʚʘʥʪʘʞʦʥʘʧ-

ʨʫʞʝʥʠʭ ʪʘ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʝʨʝʚôʷʥʠʭ ʰʧʘʣ ʚ ʷʢʦʩʪʽ ʧʽʜ-

ʨʝʡʢʦʚʦʾ ʦʩʥʦʚʠ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʚʠʨʫʙʮʽ ʚʝʣʠʢʠʭ ʧʣʦʱ ʣʽʩʽʚ, ʱʦ ʩʫʧʝʨʝ-

ʯʠʪʴ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʽʡ ʪʝʥʜʝʥʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʟʝʣʝʥʦʾ ʟʦʥʠ ʧʣʘʥʝʪʠ. 

 

ʈʠʩʫʥʦʢ 2.4 ï ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ ʨʽʟʥʠʭ ʪʠʧʽʚ 

 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʨʝʚôʷʥʦʾ ʧʽʜʨʝʡʢʦʚʦʾ ʦʩ-

ʥʦʚʠ ʋʢʨʟʘʣʽʟʥʠʮʷ ʧʦʯʠʥʘʶʯʠ ʟ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʨʥʽʟʘʮʽʶ ʢʦ-

ʣʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟʘʤʽʥʶʶʯʠ ʜʝʨʝʚôʷʥʫ ʧʽʜʨʝʡʢʦʚʫ ʦʩʥʦʚʫ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʫ. 

ʅʘ ʨʠʩ. 2.5 ʥʘʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʨʝʚôʷʥʦʾ ʪʘ 
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ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʽʜʨʝʡʢʦʚʦʾ ʦʩʥʦʚʠ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʘ ʛʦʣʦʚʥʠʭ 

ʢʦʣʽʷʭ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ 10% ʜʝʨʝʚôʷʥʦʾ ʧʽʜʨʝʡʢʦʚʦʾ ʦʩʥʦʚʠ, ʱʦ ʩʪʘʥʦʚʠʪʴ 2509,9 

ʢʤ. ʎʝ ʧʝʨʝʚʘʞʥʦ ʢʨʠʚʽ ʜʽʣʷʥʢʠ ʢʦʣʽʾ ʨʘʜʽʫʩʽʚ ʤʝʥʰʝ 350 ʤ ʪʘ ʜʽʣʷʥʢʠ ʢʦʣʽʾ ʟ 

çʭʚʦʨʠʤè ʟʝʤʣʷʥʠʤ ʧʦʣʦʪʥʦʤ. 

 
ʈʠʩʫʥʦʢ 2.5 ï ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʜʨʝʡʢʦʚʦʾ ʦʩʥʦʚʠ ʨʽʟʥʠʭ ʪʠʧʽʚ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʚʘʥʪʘʞʦʥʘʧʨʫʞʝʥʦʩʪʽ ʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʫʩʪʘʥʦʚʣʝʥʠʭ ʰʚʠʜʢʦ-

ʩʪʝʡ ʨʫʭʫ ʧʦʾʟʜʽʚ ʟʘʣʽʟʥʠʯʥʽ ʢʦʣʽʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 7 ʢʘʪʝʛʦʨʽʡ. ɼʣʷ ʢʦʞʥʦʾ ʢʘʪʝʛʦ-

ʨʽʾ ʢʦʣʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʽ ʩʪʘʨʦʧʨʠʜʘʪʥʠʭ ʤʘʪʝ-

ʨʽʘʣʽʚ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ. ʅʘ ʨʠʩ. 2.6 ʥʘʚʝʜʝʥʦ ʚʽʜʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʦʞʥʦʾ ʢʘʪʝʛʦʨʽʾ ʢʦʣʽʾ. ʅʘʡʙʽʣʴʰʫ ʧʨʦʪʷʞʥʽʩʪʴ ï 5300 ʢʤ (20%) ï ʤʘʶʪʴ ʢʦʣʽʾ ɯV 

ʢʘʪʝʛʦʨʽʾ.  

ʂʦʣʽʾ ɯV ʢʘʪʝʛʦʨʽʾ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʘʥʪʘʞʦ-

ʥʘʧʨʫʞʝʥʽʩʪʴ ʚʽʜ 5 ʜʦ 30 ʤʣʥ. ʪ*ʢʤ ʙʨʫʪʪʦ/ʢʤ ʟʘ ʨʽʢ; ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴ-

ʢʠʭ ʧʦʾʟʜʽʚ ʚʽʜ 60 ʜʦ 100 ʢʤ/ʛʦʜ; ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʚʽʜ 6 ʜʦ 80 

ʢʤ/ʛʦʜ.  

ʅʘʡʤʝʥʰʫ ʧʨʦʪʷʞʥʽʩʪʴ ʟʘʡʤʘʶʪʴ ʢʦʣʽʾ ɯ ʢʘʪʝʛʦʨʽʾ. ɺʦʥʠ ʤʘʶʪʴ ʪʘʢʽ ʝʢʩ-

ʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʘʥʪʘʞʦʥʘʧʨʫʞʝʥʽʩʪʴ ʙʽʣʴʰʝ 5 ʤʣʥ. ʪ*ʢʤ ʙʨʫʪʪʦ/ʢʤ 

ʟʘ ʨʽʢ; ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʚʽʜ 120 ʜʦ 160 ʢʤ/ʛʦʜ; ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʙʽʣʴʰʝ 60 ʢʤ/ʛʦʜ. 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

38  ¶ 

 

ʈʠʩʫʥʦʢ 2.6 ï ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʛʦʣʦʚʥʠʭ ʢʦʣʽʡ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʪʠʥʫ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʡ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʜʦʨʦʛʘʤʠ ʚ 

ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʥʘ ʛʦʣʦʚʥʠʭ ʽ ʩʪʘʥʮʽʡʥʠʭ ʢʦʣʽʷʭ ʚʣʘʰʪʦʚʘʥʦ 

4150 ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʾʟʜʽʚ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘʣʽʟʥʠʯʥʽ 

ʧʝʨʝʾʟʜ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʯʦʪʠʨʠ ʢʘʪʝʛʦʨʽʾ. ʅʘ ʨʠʩ. 2.7 ʥʘʚʝʜʝʥʦ ʧʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷ ʧʝʨʝʾʟʜʽʚ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ. ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʛʦ ʛʨʘʬʽʢʘ 70 % (2920 

ʰʪ.) ʧʝʨʝʾʟʜʽʚ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ, ʤʘʶʪʴ 4 ʢʘʪʝʛʦʨʽʶ, ʪʦʙʪʦ ʥʝ ʤʘʶʪʴ ʰʣʘʛʙʘʫ-

ʤʽʚ ʽ ʩʚʽʪʣʦʬʦʨʽʚ. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘʣʽʟʥʠʯʥʽ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʽ ʟʥʘʢʠ. 

 

 
ʈʠʩʫʥʦʢ 2.7 ï ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʾʟʜʽʚ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ 
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2.3. ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ ʜʝʛʨʘʜʘʮʽʡʥʽ ʧʨʦʮʝʩʠ  

ʫ ʨʝʡʢʦʚʽʡ ʢʦʣʽʾ 

 

ʈʫʭʦʤʠʡ ʩʢʣʘʜ ʟʘʣʽʟʥʠʮʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʽʜʛʨʫʧʠ ʥʘʟʝʤʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʷʢʽ ʢʝʨʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʙʽʯʥʦʤʫ ʩʧʨʷʤʫʚʘʥʥʶ ʨʝʡʢʘʤʠ. ʇʠʪʘʥʥʷ ʢʝʨʦʚʘ-

ʥʦʩʪʽ ʨʝʡʢʦʚʠʭ ʝʢʽʧʘʞʽʚ ʨʦʟʛʣʷʥʫʪʦ ʫ ʩʝʨʽʾ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʘʚʪʦʨʽʚ ʜʘʥʦʛʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ [49ï62].  

ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʨʝʘʛʫʻ ʥʘ ʪʦʧʦʣʦʛʽʶ ʢʦʣʽʾ, ʱʦʙ ʩʣʽʜʫʚʘʪʠ 

ʪʨʘʻʢʪʦʨʽʻʶ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʦ  ʁʢʦʣʽʻʶ. ʈʝʡʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʪʽʣʴʢʠ ʚʝʨʪʠʢʘ-

ʣʴʥʫ ʧʽʜʪʨʠʤʢʫ, ʘʣʝ ʡ ʙʽʯʥʝ ʩʧʨʷʤʫʚʘʥʥʷ ʢʦʣʽʩ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɽʬʝʢʪʠʚʥʘ 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʽ ʢʦʣʽʻʶ ʤʦʞʝ ʚʠʪʨʠʤʫʚʘʪʠ ʜʫʞʝ ʚʝʣʠʢʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʩʴ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʩʠʣ ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʽ 

çʢʦʣʝʩʦïʨʝʡʢʘè ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʰʚʠʜʢʦʾ ʜʝʛʨʘʜʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʣʽʡʥʦʾ 

ʩʠʩʪʝʤʠ.  

ʗʢ ʟʚʽʩʥʦ, ʯʠʩʪʝ ʢʦʯʝʥʥʷ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʦʥʘ ʚʽ-

ʣʴʥʦ ʢʦʪʠʪʴʩʷ ʧʦ ʨʝʡʢʘʭ ʽ ʥʝ ʟʚôʷʟʘʥʘ ʟ ʨʘʤʦʶ ʚʽʟʢʘ. ʋ ʨʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ 

ʨʫʩʽ ʢʦʣʽʩʥʦʾ ʧʘʨʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʚ ʨʘʤʽ, ʥʘ ʥʝʾ ʟʘʚʞʜʠ ʜʽʶʪʴ ʙʫʢʩʦʚʽ ʨʝʘʢʮʽʾ. ʇʦ-

ʚʦʨʦʪ ʦʢʨʝʤʦʾ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʤʠ ʚʽʟʢʘ, ʨʫʭ ʷʢʦʾ ʚ ʩʚʦʶ ʯʝʨʛʫ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ ʽ ʟ ʢʫʟʦʚʦʤ, ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʜʦ-

ʜʘʪʢʦʚʠʭ ʢʦʚʟʘʥʥʷʭ ʢʦʣʽʩ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʧʨʦʪʠʣʝʞʥʦ ʩʧʨʷʤʦʚʘʥʽ ʬʨʠʢʮʽʡʥʽ 

ʦʧʽʨʠ. ʇʦʜʦʣʘʥʥʷ ʮʠʭ ʦʧʦʨʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʤʦʚʫʶʯʠʭ ʟʫʩʠʣʴ, ʷʢʽ 

ʟʘʚʞʜʠ ʧʦʚôʷʟʘʥʽ ʟ ʦʧʦʨʦʤ ʨʫʭʫ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʢʦʣʽʶ ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʩʫʤʘʨʥʘ ʜʽʷ ʚʩʽʭ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʟ ʨʝʡʢʘʤʠ.  

ʇʝʚʥʦʛʦ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʢʦʣʽʶ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʥʘʧʨʠʢʣʘʜ, ʫʩʪʘʥʦʚʢʦʶ 

ʢʦʥʪʨʨʝʡʦʢ ʚ ʢʨʫʪʠʭ ʢʨʠʚʠʭ; ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʨʝʙʥʝ- ̔  ʨʝʡʢʦ-ʟʤʘʱʫʚʘʯʽʚ; ʚʧʨʦʚʘ-

ʜʞʝʥʥʷʤ ʥʦʚʠʭ ʧʨʦʬʽʣʽʚ ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ ʢʦʣʽʩ; ʦʧʪʠʤʽʟʘʮʽʻʶ ʧʘʨʘʤʝʪʨʽʚ ʭʦ-

ʜʦʚʠʭ ʯʘʩʪʠʥ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʦʱʦ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʢʨʠʚʽ ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 

30% ʟʘʛʘʣʴʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ, ʽ ʱʦ ʚʧʣʠʚ ʭʦʜʦʚʠʭ ʯʘʩʪʠʥ ʥʘ ʢʦ-

ʣʽʶ ʚ ʢʨʠʚʠʭ ʙʽʣʴʰʠʡ, ʥʽʞ ʥʘ ʪʽʡ ʞʝ ʰʚʠʜʢʦʩʪʽ ʚ ʧʨʷʤʠʭ, ʮʽʣʢʦʤ ʦʯʝʚʠʜʥʠʤ ʩʪʘʻ 
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40  ¶ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ, ʟʦʢʨʝʤʘ, ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʚʧʠʩʫʚʘʥʥʷʤ ʝʢʽ-

ʧʘʞʽʚ ʚ ʢʨʠʚʽ ʜʽʣʷʥʢʠ ʢʦʣʽʾ. 

ʇʠʪʘʥʥʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʝʢʽʧʘʞʽʚ ʽ ʢʦʣʽʾ ʧʨʠʩʚʷʯʝʥʦ ʜʝʢʽʣʴʢʘ ʪʠ-

ʩʷʯ ʨʦʙʽʪ, ʪʦʤʫ ʧʦʚʥʠʡ ʾʭ ʦʛʣʷʜ ʥʝʤʦʞʣʠʚʠʡ.  

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ ʨʝʡʢʦʚʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʫ ʧʦʯʘʣʠ ʟʘʢʣʘʜʘʪʠʩʷ ʱʝ ʚ ʢʽʥʮʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ.  

ɼʣʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʚʧʠʩʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʝʪʦʜʠ ʈʫʘ, ʇʫʰʠ, ʖʙʝ-

ʣʘʢʢʝʨʘ, ʌʦʛʝʣʷ, ʄʝʩʪʨʘ, ʇʣʷʩʝ, ʗʢʦʙʽ ʪʘ ʽʥʰ,̔ ʷʢʽ ʙʫʣʠ ʚʜʦʩʢʦʥʘʣʝʥʽ ʂ. ʂʦʨʦ-

ʣʴʦʚʠʤ, ɯ. ʅʽʢʦʣʘʻʚʠʤ, ɺ. ʇʘʥʩʴʢʠʤ, ɸ. ʉʣʦʤʷʥʩʴʢʠʤ.  

ʆʩʥʦʚʠ ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʠʩʫʚʘʥʥʷ ʝʢʽʧʘʞʽʚ ʚ ʢʨʠʚʽ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʉ. ʉʤʠʨ-

ʥʦʚʠʤ. ɺʦʥʠ ʦʩʥʦʚʘʥʽ ʥʘ ʧʦʣʦʞʝʥʥʽ ʧʨʦ ʟʥʘʭʦʜʞʝʥʥʷ ʮʝʥʪʨʫ ʧʦʚʦʨʦʪʫ ʝʢʽʧʘʞʫ 

ʥʘ ʧʝʨʝʪʠʥʽ ʡʦʛʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʦʧʫʱʝʥʦʛʦ ʟ ʮʝʥʪʨʘ ʢʨʠʚʦʾ. 

ʇʨʠʥʮʠʧʠ ʥʘʡʤʝʥʰʦʛʦ ʦʧʦʨʫ ʧʦʚʦʨʦʪʫ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʠʭ ʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʩʠʣʠ ʥʘʞʘʪʪʷ ʛʨʝʙʥʽʚ ʢʦʣʽʩ ʥʘ ʨʝʡʢʠ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ɸ. ʍʦʣʦʜʝʮʴʢʠʤ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦʛʦ ʨʫʭʫ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʂ. ʎʝʛʣʽʥʩʴʢʦʛʦ, ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʂ. ʂʦʨʦʣʴʦʚʠʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʨʠ ʨʦʟʨʘʭʫ-

ʥʢʘʭ ʙʽʯʥʠʭ ʩʠʣ ʧʨʫʞʥʽʩʪʴ ʢʦʣʽʾ ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ. 

ɻʨʘʬʦʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʍ. ʍʝʡʤʘʥʘ ʦʩʥʦʚʘʥʠʡ ʥʘ ʤʽʥʽʤʽʟʘʮʽʾ ʤʦʤʝʥʪʽʚ 

ʦʧʦʨʫ ʦʙʝʨʪʘʥʥʷ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʽʡ, ʥʝ ʦʪʨʠʤʘʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʮʽ ʨʦʟ-

ʨʘʭʫʥʢʽʚ ʯʝʨʝʟ ʡʦʛʦ ʩʢʣʘʜʥʽʩʪʴ [68]. ʍ. ʍʝʡʤʘʥ ʨʦʟʛʣʷʜʘʻ ʧʦʚʝʜʽʥʢʫ ʚ ʢʨʠʚʽʡ ʚʽ-

ʟʢʽʚ ɹʽʩʩʝʣ, ɻʝʣʴʤʛʦʣʴʮʘ, ʃʦʪʪʝʨʘ, ɽʢʢʘʨʜʘ ʽ ʟʘʟʥʘʯʘʻ, ʱʦ ʥʘʧʨʷʤʥʘ ʢʦʣʽʩʥʘ ʧʘʨʘ, 

ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʧʝʨʝʜʫ ʚʽʟʢʘ, ʥʘʡʯʘʩʪʽʰʝ ʥʘʙʽʛʘʻ ʥʘ ʟʦʚʥʽʰʥʶ ʨʝʡʢʫ ʽ ʥʽʢʦʣʠ ʥʝ 

ʤʘʻ ʫʩʪʘʥʦʚʢʠ ʚʽʣʴʥʦʛʦ ʭʦʜʫ, ʪʦʤʫ ʱʦ ʦʩʪʘʥʥʷ ʻ ʥʝʩʪʽʡʢʦʶ. ɿʘʜʥʷ ʥʘʧʨʷʤʥʘ ʢʦ-

ʣʽʩʥʘ ʧʘʨʘ, ʥʘʧʨʦʪʠ, ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʤʘʻ ʫʩʪʘʥʦʚʢʫ ʚʽʣʴʥʦʛʦ ʭʦʜʫ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ ʍ. ʍʝʡʤʘʥ ʚʢʘʟʫʻ ʥʘ ʚʘʞʣʠʚʫ ʨʦʣʴ ʟʚʦʨʦʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘʧʨʷʤʥʠʭ ʢʦʣʽʩʥʠʭ 

ʧʘʨ, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʡ ʟʚʦʨʦʪʥʠʡ ʤʦʤʝʥʪ ʜʣʷ ʥʘʜʽʡʥʦʾ ʫʩʪʘʥʦ-

ʚʢʠ ʙʝʟ ʟʘʢʣʠʥʶʚʘʥʥʷ ʚ ʢʦʣʽʾ.  

ʉ. ʂʫʮʝʥʢʦ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʠʩʫʚʘʥʥʷ ʝʢʽʧʘʞʫ ʚ 

ʢʨʠʚʫ ʨʦʟʛʣʷʜʘʚ ʫʪʦʯʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʬʽʣʽʚ ʢʦʣʽʩ, ʨʦʟʧʦʜʽʣʝʥʥʷ ʢʦʚʟʘʥʴ 

ʚ ʢʦʥʪʘʢʪʘʭ ʽ ʩʠʣ ʦʧʦʨʫ ʨʫʭʫ ʚ ʢʨʠʚʽʡ [69].  
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41  ¶ 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ ʚ ʢʨʠʚʠʭ, ʨʦʟʨʦʙʣʝʥʠʡ ʆ. 

ɭʨʰʢʦʚʠʤ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷ ʙʽʯʥʠʭ ʩʠʣ 

ʚʽʜ ʥʝʧʦʛʘʰʝʥʦʛʦ ʜʦʮʝʥʪʨʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʦʙ'ʻʜʥʫʻ ʪʨʠ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʨʘʜʽʫʩ ʢʨʠʚʦʾ ʽ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ [70]. 

ʇʨʠ ʘʥʘʣʽʟʽ ʨʫʭʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚ ʢʨʠʚʠʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʚʘ-

ʟʽʩʪʘʪʠʯʥʽ ʤʝʪʦʜʠ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʥʠʭ ʽʜʝʘʣʽʟʘʮʽʷʤʠ: ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʽʜʝʘʣʴʥʘ 

ʢʨʠʚʘ ʽ ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʟ ʨʝʡʢʘʤʠ. 

ɸʥʘʣʽʟʫʶʯʠ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʧʨʠʥʮʠʧʠ ʜʽʾ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʟʚʦʨʦʪʥʠʭ ʧʨʠ-

ʩʪʨʦʾʚ, ɼ. ʄʽʥʦʚ ʟʘʧʨʦʧʦʥʫʚʘʚ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʘ ʟʚʦʨʦʪʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦʚʠʥʥʘ ʤʘʪʠ ʚʠʩʦʢʫ ʞʦʨʩʪʢʽʩʪʴ ʧʨʠ ʤʘʣʠʭ ʚʽʜʭʠʣʝʥ-

ʥʷʭ ʚʽʟʢʽʚ ʘʙʦ ʥʘʧʨʷʤʥʠʭ ʢʦʣʽʩʥʠʭ ʧʘʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ 

ʚ ʧʨʷʤʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʽ ʬʽʢʩʘʮʽʶ ʥʘʧʨʷʤʥʦʾ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦʣʦ-

ʞʝʥʥʽ. ʇʨʠ ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʚʽʟʢʘ ʟʥʘʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦʚʠʥʥʦ ʨʽ-

ʟʢʦ ʟʤʝʥʰʫʚʘʪʠʩʷ [71]. 

ʗʢ ʧʨʘʚʠʣʦ, ʚʠʤʦʛʠ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʢʽʧʘʞʽʚ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʫʤʫ 

ʚʧʣʠʚʫ ʥʘ ʢʦʣʽʶ ʚ ʧʨʷʤʠʭ ʽ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʩʫʧʝʨʝʯʣʠʚʽ. ʆʙʛʦʚʦʨʝʥʥʷ ʮʠʭ 

ʧʠʪʘʥʴ ʧʨʠʟʚʝʣʦ ʜʦ ʚʠʟʥʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʝʨʦʚʘʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʝʢʽʧʘʞʽʚ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʻʶ. ʆ. ʂʨʘʚʯʝʥʢʦ ʩʬʦʨʤʫʣʶʚʘʚ ʧʨʠʥʮʠʧʠ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʧʨʷʤʥʠʭ 

ʩʠʣ ʰʣʷʭʦʤ ʫʧʨʘʚʣʽʥʥʷ ʤʦʤʝʥʪʦʤ ʢʫʪʦʚʦʛʦ ʚ ʧʣʘʥʽ ʟʚ'ʷʟʢʫ ʢʫʟʦʚʘ ʟ ʚʽʟʢʦʤ ʽ ʥʘ-

ʤʽʪʠʚ ʦʩʥʦʚʥʽ ʰʣʷʭʠ ʨʝʘʣʽʟʘʮʽʾ ʽʜʝʾ ʢʝʨʦʚʘʥʦʛʦ ʨʫʭʫ [72]. 

ɼʦʢʣʘʜʥʠʡ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ ʢʝʨʦʚʘʥʦʛʦ ʨʫʭʫ ʨʝʡʢʦʚʠʭ ʝʢʽʧʘʞʽʚ, ʚʠʢʦ-

ʥʘʥʠʡ ɺ.ʄ. ʂʘʰʥʽʢʦʚʠʤ [73ï75], ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʥʠʞʝʥʥʷ ʥʘʧʨʷʤʥʠʭ ʟʫʩʠʣʴ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ 

ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʥʽ ʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠ-

ʩʪʝʤ ʢʝʨʦʚʘʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʨʫʭʦʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʦʚʘʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʜʽʣʝʥʽ ʥʘ ʘʢʪʠʚʥʽ ʽ ʧʘʩʠʚʥʽ. ɼʦ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʢʝʨʦʚʘʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʘ ʧʦʚʦʨʦʪʫ ʚʽʟʢʘ ʥʘʟʘʜ ʽ ʟʤʝʥʰʝʥʥʷ, ʟʘ ʨʘʭʫ-

ʥʦʢ ʮʴʦʛʦ, ʥʘʧʨʷʤʥʠʭ ʟʫʩʠʣʴ ʥʘʙʽʛʘʶʯʦʾ ʦʩʽ [76]; 

- ʨʘʜʽʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʦʩʝʡ ʚʽʟʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ 
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42  ¶ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʧʦʛʘʰʝʥʽ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ [77]; 

- ʟʤʽʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʘʜʽʫʩʘ ʢʨʠʚʦʾ çʥʘʧʨʷʤʥʦʾ ʜʦʚʞʠʥʠè ʝʢʽʧʘʞʫ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʧʥʝʚʤʘʪʠʯʥʠʭ ʮʠʣʽʥʜʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʽʛʫʥʢʦʚʽ ʦʩʽ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʟʢʽʚ ʟ ʧʦʚʦʨʦʪʥʠʤʠ ʚ ʧʣʘʥʽ ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʤʽʞʚʽʟʢʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʪʦʤʫ, ʱʦ 

ʟʫʩʠʣʣʷ ʟʯʣʝʥʫʚʘʥʥʷ ʜʣʷ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʚʽʟʢʽʚ ʩʪʚʦʨʶʻ ʤʦʤʝʥʪ, ʩʧʨʷʤʦ-

ʚʘʥʠʡ ʧʨʦʪʠʣʝʞʥʦ ʤʦʤʝʥʪʫ ʩʠʣ ʪʝʨʪʷ ʢʦʣʽʩ ʧʦ ʨʝʡʢʘʭ; 

- ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʦʩʝʡ. 

ʋ ʩʠʩʪʝʤʘʭ ʘʢʪʠʚʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠʥʮʠʧʠ, ʚʽʜʤʽʥʥʦʶ ʨʠ-

ʩʦʶ ʷʢʠʭ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʠʣʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʽ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʚʽʟʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʠʭ ʱʦ ʩʪʚʦʨʶʶʪʴ ʢʫʪʦʚʠʡ ʚ ʧʣʘʥʽ 

ʟʚ'ʷʟʦʢ ʚʽʟʢʘ ʟ ʢʫʟʦʚʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʥʝʚʤʘʪʠʯʥʠʭ, ʛʽʜʨʘʚʣʽʯʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ 

ʘʙʦ ʽʥʰʠʭ ʧʨʠʚʦʜʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʧʨʘʚʣʝʥʽʩʪʶ ʜʘʥʦʾ ʨʦʙʦʪʠ, ʪʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʝʨʫʚʘʥʥʷ 

ʩʧʨʷʤʫʚʘʥʥʷʤ ʝʢʽʧʘʞʽʚ ʨʝʡʢʦʚʦʶ ʢʦʣʽʻʶ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʟʥʘʯʥʦʛʦ ʟʤʝ-

ʥʰʝʥʥʷ ʦʧʦʨʫ ʨʫʭʫ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʚ ʢʦʥʪʘ-

ʢʪʘʭ ʢʦʣʽʩ ʟ ʨʝʡʢʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ ʧʨʠ ʨʝʡʢʦʚʦʤʫ ʫʧʨʘʚʣʽʥʥʽ, ʚ ʪʦʤʫ ʚʠʛʣʷʜʽ, ʷʢ ʚʦʥʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʪʝʦʨʽʾ ʨʫʭʫ ʢʦʣʽʩʥʠʭ ʤʘʰʠʥ, ʽ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʫʧʨʘʚʣʽʥʥʷ, ʻ ʪʨʠʚʽʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʪʦʤʫ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʫʧʨʘʚʣʽʥʥʷ ʤʘʡʞʝ ʟʘʚ-

ʞʜʠ (ʟʘ ʚʠʥʷʪʢʦʤ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ) ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʡ, ʪʦʤʫ ʱʦ ʤʠ ʤʘʻʤʦ 

ʩʧʨʘʚʫ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʧʦ ʞʦʨʩʪʢʽʡ ʧʨʦʛʨʘʤʽ.  

ʆʜʥʽʻʶ ʟ ʧʦʜʽʙʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ, ʟʦʢʨʝʤʘ, ʦʙʝʨʪʘʣʴʥʽʩʪʴ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ ʨʘʜʽʫʩʦʤ ʢʨʠʚʦʾ, ʚ ʷʢʫ ʤʦʞʣʠʚʦ ʚʧʠʩʫʚʘʥʥʷ ʝʢʽʧʘʞʫ 

ʧʨʠ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʷʭ ʙʽʯʥʠʭ ʩʠʣ. ʊʝʨʤʽʥ ʦʙʝʨʪʘʣʴʥʽʩʪʴ ʘʥʘʣʦʛʽʯʥʠʡ ʚʧʠʩʫ-

ʚʘʥʥʶ ʟʘ ʎʝʛʣʠʥʩʴʢʠʤ ʽ ʂʦʨʦʣʝʚʠʤ [78, 79]. 

ɸʚʪʦʨʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʢʝʨʦʚʘʥʦʩʪʽ ʨʫʭʦʤ ʨʝʡ-

ʢʦʚʠʭ ʝʢʽʧʘʞʽʚ, ʷʢʠʭ ʥʝʤʘʻ ʚ ʟʛʘʜʘʥʽʡ ʪʝʦʨʽʾ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʦʮʽ-

ʥʶʚʘʪʠ ʟʘ ʨʽʚʥʝʤ ʜʦʜʘʪʢʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʽʧʘʞ ʟ ʙʦʢʫ ʢʦʣʽʾ. 

ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ï ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʢʦʣʽʶ. ʉʣʽʜ ʨʦʟʨʽʟʥʷʪʠ ʜʚʘ 
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ʨʝʞʠʤʠ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʨʫʭʫ ʧʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ ʝʢʽʧʘʞʫ ʨʝʡʢʦʚʦʶ ʢʦʣʽʻʶ:  

1) ʨʝʞʠʤ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʚʧʠʩʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʞʦʜʥʘ ʟ ʢʦʣʽʩʥʠʭ ʧʘʨ 

ʝʢʽʧʘʞʫ ʥʝ ʤʘʻ ʛʨʝʙʝʥʝʚʦʛʦ ʢʦʥʪʘʢʪʫ ʢʦʣʽʩ ʟ ʨʝʡʢʘʤʠ;  

2) ʨʝʞʠʤ ʩʠʣʦʚʦʛʦ ʚʧʠʩʫʚʘʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʩʧʨʷʤʫʚʘʥʥʷ 

ʢʦʣʽʩʥʠʭ ʧʘʨ ʟ ʛʨʝʙʝʥʝʚʠʤ ʪʦʨʢʘʥʥʷʤ.  

ʆʯʝʚʠʜʥʦ, ʚ ʨʝʞʠʤʽ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʚʧʠʩʫʚʘʥʥʷ ʨʽʚʝʥʴ ʚʧʣʠʚʫ ʝʢʽʧʘʞʫ ʥʘ ʢʦ-

ʣʽʶ ʙʫʜʝ ʟʥʘʯʥʦ ʥʠʞʯʽʤ, ʥʽʞ ʚ ʨʝʞʠʤʽ ʩʠʣʦʚʦʛʦ ʚʧʠʩʫʚʘʥʥʷ.  

ʇʨʠ ʨʫʩʽ ʝʢʽʧʘʞʫ ʚ ʢʨʫʛʦʚʽʡ ʢʨʠʚʽʡ ʛʦʣʦʚʥʽ ʚʝʢʪʦʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʠʣʦʚʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʢʦʣʽʩʥʽ ʧʘʨʠ, ʘ ʩʘʤʝ ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʩʠʣ (&ᴆ) ʽ ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʤʦʤʝ-

ʥʪʽʚ (-ᴆ), ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ 

 

Ὂᴆ Ὂᴆ Ὂᴆ Ƞ         ὓᴆ ὓᴆ ὓᴆ ,                                      (2.1)   

  

ʜʝ &ᴆ ï ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʠʣ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʝʢʽʧʘʞ; 

-ᴆ ï ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʤʦʤʝʥʪʽʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʠʣ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʝʢʽʧʘʞ; 

&ᴆ ï ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʠʣ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʟ ʨʝʡʢʘʤʠ; 

-ᴆ ï ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʤʦʤʝʥʪʽʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʠʣ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽ ʨʝʡʦʢ. 

 

ɺ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ ʩʪʘʣʦʤʫ ʨʫʩʽ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʽʡ ʥʘ ʨʽʚʥʦʚʘʞʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʢʦʣʽʶ ʤʘʻ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤ, ʦʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ 

ʚʽʥ ʤʘʻ ʤʽʩʮʝ ʟʘʚʞʜʠ.  

ɿʥʘʯʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʨʝʘʢʮʽʡ ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʦʩʪʽ ʢʝʨʦʚʘʥʦ-

ʩʪʽ. 

ɼʨʫʛʠʤ ʷʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʢʝʨʦʚʘʥʦʩʪʽ ʻ ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ ʨʫʭʫ, ʧʦʚ'ʷʟʘʥʠʡ 

ʟ ʫʧʨʘʚʣʽʥʥʷʤ, ʪʦʙʪʦ ʩʧʨʷʤʫʚʘʥʥʷʤ ʢʦʣʽʩʥʠʭ ʧʘʨ ʨʝʡʢʦʚʦʶ ʢʦʣʽʻʶ. ʋ ʧʨʦʮʝʩʽ 

ʩʧʨʷʤʫʚʘʥʥʷ ʝʢʽʧʘʞʫ ʨʝʡʢʦʚʦʶ ʢʦʣʽʻʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʝ ʷʚʠʱʝ, ʷʢ ʮʠʨʢʫʣʷ-

ʮʽʷ ʩʠʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʟʘʤʢʥʫʪʠʭ ʢʦʥʪʫʨʘʭ, ʫʪʚʦʨʝʥʠʭ ʝʣʝʤʝʥʪʘʤʠ ʭʦʜʦʚʦʾ ʯʘʩ-

ʪʠʥʠ, ʧʨʠʚʦʜʫ ʽ ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ. ʎʠʨʢʫʣʶʶʯʽ ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʥʽ, ʭʦʯʘ ʽ ʧʦ-

ʚ'ʷʟʘʥʽ ʟ ʥʘʧʨʘʚʣʷʶʯʦʶ ʬʫʥʢʮʽʻʶ ʢʦʣʽʩʥʠʭ ʧʘʨ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʧʘʨʘʟʠʪʥʠʤʠ, 
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ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʢʦʚʟʫʚʘʥʴ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʟ ʨʝʡʢʘʤʠ, 

ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʶ ʦʧʦʨʫ ʨʫʭʫ, ʦʩʦʙʣʠʚʦ ʚ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ.  

ɸʚʪʦʨʘʤʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʪʝʦʨʽʾ ʟʘʤʢʥʫʪʠʭ ʩʠ-

ʣʦʚʠʭ ʢʦʥʪʫʨʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʩʧʨʷʤʫʚʘʥʥʷ ʝʢʽʧʘʞʽʚ ʨʝʡʢʦʚʦʶ ʢʦʣʽʻʶ [80]. 

ʂʨʽʤ ʪʦʛʦ, ʙʫʜʴ-ʷʢʽ ʜʦʜʘʪʢʦʚʽ ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʥʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʪʷ-

ʛʦʚʦʛʦ ʟʫʩʠʣʣʷ, ʨʽʟʢʦ ʟʥʠʞʫʶʪʴ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ, ʪʦʙʪʦ 

ʧʦʛʽʨʰʫʶʪʴ ʪʷʛʦʚʦ-ʜʠʥʘʤʽʯʥʽ ʽ ʛʘʣʴʤʽʚʥʽ ʷʢʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ.  

ʄʝʪʦʶ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʻ ʦʧʠʩ ʩʠʣʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʜʽʶʪʴ ʤʽʞ ʨʝʡʢʦʶ ʽ ʢʦ-

ʣʝʩʦʤ, ʽ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʮʽ ʤʝʭʘʥʽʟʤʠ.  

ɿʘʣʽʟʥʠʯʥʘ ʢʦʣʽʩʥʘ ʧʘʨʘ ʪʨʘʜʠʮʽʡʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʪʘʣʝʚʠʭ ʢʦʣʽʩ, ʷʢʽ 

ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʟʘʛʘʣʴʥʽʡ ʦʩʽ (ʨʠʩ. 2.8).  

ʂʦʣʽʩʥʽ ʧʘʨʠ ʟ ʢʦʣʝʩʘʤʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʙ-

ʤʝʞʝʥʦʶ ʤʽʨʦʶ ʥʘ ʜʝʷʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ, ʘʣʝ 

ʥʝ ʫ ʚʘʞʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ.  

 

 
 

ʈʠʩʫʥʦʢ 2.8 ï ʂʦʣʽʩʥʘ ʧʘʨʘ 

 

ʄʽʞ ʛʨʝʙʥʷʤʠ ʢʦʣʽʩ ʽ ʛʦʣʦʚʢʘʤʠ ʨʝʡʦʢ ʟʘʚʞʜʠ ʻ ʟʘʟʦʨ (ʨʠʩ. 2.9). ʗʢʱʦ ʙ ʡʦʛʦ 

ʥʝ ʙʫʣʦ, ʢʦʣʽʩʥʘ ʧʘʨʘ ʟʘʢʣʠʥʶʚʘʣʘʩʷ ʙ ʤʽʞ ʨʝʡʢʘʤʠ.  

ɿʘʟʦʨ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʢʦʣʽʾ ʻ ʩʫʤʦʶ ʟʘʟʦʨʽʚ ʤʽʞ ʛʨʝʙʥʷʤʠ ʽ ʨʝʡʢʘʤʠ ʧʨʘʚʦʛʦ 

ʽ ʣʽʚʦʛʦ ʢʦʣʝʩʘ, ʪʦʤʫ ʯʘʩʪʦ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʩʫʤʘʨʥʠʤ ʟʘʟʦʨʦʤ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ 

ʢʦʣʽʾ.  

ɿʘʟʦʨ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʢʦʣʽʾ ʚʠʤʽʨʶʻʪʴʩʷ ʤʽʞ ʪʦʯʢʘʤʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʢʦʯʝʥʥʷ 

ʢʦʣʽʩ (ʙʘʥʜʘʞʽʚ) ʽ ʨʝʡʦʢ ʥʘ ʚʠʩʦʪʽ 13 ʤʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʨʝʡʢʠ. ɺʝʣʠʯʠʥʘ ʟʘʟʦʨʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʦʨʤ ʽ ʜʦʧʫʩʢʽʚ ʨʦʟʤʽʨʽʚ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʽ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʪʘ ʾʭ ʟʥʦʩʫ.  
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ʈʠʩʫʥʦʢ 2.9 ï ʇʦʣʦʞʝʥʥʷ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʨʝʡʢʦʚʽʡ ʢʦʣʽʾ 

 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʟʘʟʦʨ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʢʦʣʽʾ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʤʦʞʣʠʚʠʡ ʩʫʤʘʨ-

ʥʠʡ ʟʘʟʦʨ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʢʦʣʽʾ:  ‏ Ὓ ὄ ςὦ ςЎ ‬ , 

ʜʝ Ὓ  ï ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʟʚʦʣʝʥʘ ʰʠʨʠʥʘ ʢʦʣʽʾ (ʫ ʧʨʷʤʽʡ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʦʧʫʩʢʫ (+ 6 ʤʤ), ʚʽʜʧʦʚʽʜʥʦ ʜʦ çɯʥʩʪʨʫʢʮʽʾ ʽʟ ʫʢʣʘʜʢʠ ʪʘ ʫʪʨʠʤʘʥʥʷ ʢʦʣʽʾ ʟʘʣʽʟ-

ʥʠʮʴ ʋʢʨʘʾʥʠè (ʎʇ-0269) [63]:   Ὓ ρυςπψ ρυςψ ̍ ;̍ 

ὄ ï ʤʽʥʽʤʘʣʴʥʘ ʤʽʞʙʘʥʜʘʞʥʘ ʚʽʜʩʪʘʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʧʫʩʢʫ (- 3 ʤʤ):    

  ὄ ρττπσ ρτσχ ̍ Ƞ̍ 

ὦ  ï ʤʽʥʽʤʘʣʴʥʘ ʜʦʟʚʦʣʝʥʘ ʪʦʚʱʠʥʘ ʛʨʝʙʥʷ ʟʘ çɯʥʩʪʨʫʢʮʽʻʶ ʟ ʬʦʨʤʫʚʘʥʥʷ, 

ʨʝʤʦʥʪʫ ʪʘ ʫʪʨʠʤʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʪʷʛʦʚʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘʣʽʟʥʠʮʴ ʢʦʣʽʾ 

1520 ʤʤè (ɺʅɼ 32.0.007.001-2001) [64]:   ὦ ςυ ̍ ;̍ 

Ў ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʦʟʚʦʣʝʥʠʡ ʙʦʢʦʚʠʡ ʟʥʦʩ ʛʦʣʦʚʢʠ ʨʝʡʢʠ; 

‬ ï ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʟʚʦʣʝʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʞʘʪʪʷ ʨʝʡʢʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ çɯʥʩʪʨʫʢʮʽʾ ʽʟ ʫʢʣʘʜʢʠ ʪʘ ʫʪʨʠʤʘʥʥʷ ʢʦʣʽʾ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠè 

(ʎʇ-0269):  

Ў ρυ ̍ ;̍           ‬ χ̍Ȣ̍ 

 

ʄʽʥʽʤʘʣʴʥʠʡ ʟʘʟʦʨ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʢʦʣʽʾ. ʄʽʥʽʤʘʣʴʥʠʡ ʤʦʞʣʠʚʠʡ ʩʫʤʘʨʥʠʡ 

ʟʘʟʦʨ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʢʦʣʽʾ: ‏ Ὓ ὄ ςὦ  , 

ʜʝ Ὓ  ï ʤʽʥʽʤʘʣʴʥʘ ʜʦʟʚʦʣʝʥʘ ʰʠʨʠʥʘ ʢʦʣʽʾ (ʫ ʧʨʷʤʽʡ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦ-

ʧʫʩʢʫ (ï 4 ʤʤ), ʚʽʜʧʦʚʽʜʥʦ ʜʦ çɯʥʩʪʨʫʢʮʽʾ ʽʟ ʫʢʣʘʜʢʠ ʪʘ ʫʪʨʠʤʘʥʥʷ ʢʦʣʽʾ ʟʘʣʽʟʥʠʮʴ 

ʋʢʨʘʾʥʠè (ʎʇ-0269):   Ὓ ρυςπτ ρυρφ ̍ ;̍ 

ὄ   ï ʤʘʢʩʠʤʘʣʴʥʘ ʤʽʞʙʘʥʜʘʞʥʘ ʚʽʜʩʪʘʥʴ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʧʫʩʢʫ (+ 3 
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ʤʤ):    ὄ ρττπσ ρττσ ̍ Ƞ̍ 

b ï ʥʦʤʽʥʘʣʴʥʘ ʪʦʚʱʠʥʘ ʛʨʝʙʥʷ ʥʦʚʦʛʦ ʙʘʥʜʘʞʘ:  

ʜʣʷ ʧʨʦʬʽʣʶ ɻʆʉʊ 11018 ï  ὦ σρȟψ ̍ ;̍  ʜʣʷ ʧʨʦʬʽʣʶ ɼʤʝʊɯ ï   ὦ ςω ̍ .̍ 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣ: 

‏ χφ ̍ ‏        ̍; ωȟτȣρυ ̍ .̍ 

ʇʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʟʘʟʦʨʫ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʢʦʣʽʾ. ʇʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ 

ʟʘʟʦʨʫ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʢʦʣʽʾ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʤʝʞʘʭ: ‏

‏ ‏  

ɺʠʟʥʘʯʠʪʠ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʟʘʟʦʨʫ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʢʦʣʽʾ ʤʦʞʥʘ 

ʟʘ ʬʦʨʤʫʣʦʶ: ‏ Ὓ ὄ ὦ ὦ Ў Ў ‬ ‬ , 

ʜʝ Ὓ ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʢʦʣʽʾ; 

ὄ ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʤʽʞʙʘʥʜʘʞʥʦʾ ʚʽʜʩʪʘʥʽ ʢʦʣʽʩʥʦʾ ʧʘʨʠ; 

 ὦȟὦ ï ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʛʨʝʙʝʥʽʚ ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʢʦʣʽʩ; 

ЎȟЎ ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʙʦʢʦʚʠʡ ʟʥʦʩ ʛʦʣʦʚʦʢ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʨʝʡʢʠ; 

 ‬ȟ‬ ï ʬʘʢʪʠʯʥʝ ʚʽʜʞʘʪʪʷ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʨʝʡʢʠ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʟʘʟʦʨʫ ʢʦʣʽʩʥʦʾ 

ʧʘʨʠ ʚ ʨʝʡʢʦʚʽʡ ʢʦʣʽʾ ʤʦʞʝ ʙʫʪʠ ʫ ʤʝʞʘʭ ʚʽʜ 9,4 ʜʦ 76 ʤʤ. 

 

 

2.4. ʇʦʧʝʨʝʯʥʘ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ  

ʧʨʠ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ 

 

ʇʦʧʝʨʝʯʥʽ ʩʠʣʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʚʽʜ ʛʨʝʙʥʽʚ 

ʢʦʣʽʩ ʥʘ ʨʝʡʢʠ, ʤʦʞʫʪʴ ʜʦʩʪʠʛʘʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʪʘ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʢʦʣʽʾ ʚ ʧʣʘʥʽ ʪʘ ʧʦ ʰʠ-

ʨʠʥʽ, ʪʦʙʪʦ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʾʾ ʜʝʛʨʘʜʘʮʽʾ  [100]. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʮʽ ʩʠʣʠ ʤʦʞʫʪʴ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ. ɺʨʘʭʫʚʘʥʥʷ ʜʽʾ ʧʦʧʝʨʝ-

ʯʥʠʭ ʩʠʣ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʽʡʢʦʩʪʽ ʙʝʟʩʪʠʢʦʚʦʾ ʢʦʣʽʾ ʪʘ 

ʨʦʟʧʠʨʘʥʥʷ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ [101].  

ʇʠʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʝʢʽʧʘʞʽʚ ʚʽʜ ʩʭʦʜʫ ʟ ʨʝʡʦʢ ʪʘ ʧʦʧʝʨʝʯʥʽ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʽʾ ʚʽʜ ʩʠʣ ʩʧʨʷʤʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʨʝʡʢʦʚʦʶ ʢʦʣʽʻʶ ʜʦʩʣʽʜʞʫʚʘ-

ʣʠʩʷ ʫ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [52, 55, 57ï59, 11, 177, 179, 181, 182, 

185, 189, 194, 196, 202]. 

 

2.4.1. ʈʦʟʨʘʭʫʥʢʠ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʧʨʦʪʠ ʙʦʢʦʚʦʛʦ  

ʟʜʚʠʛʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʇʦʧʝʨʝʯʥʘ ʩʪʽʡʢʽʩʪʴ ʢʦʣʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ, ʾʾ 

ʩʪʘʥʫ, ʚʝʣʠʯʠʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʣʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ ʛʦʨʠʟʦʥʪʘ-

ʣʴʥʽʡ ʧʣʦʱʠʥʽ ʪʘ ʦʧʦʨʫ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʧʦʧʝʨʝʯʥʦʤʫ ʟʜʚʠʛʫ. ʆʧʽʨ ʨʝ-

ʰʽʪʢʠ ʟʩʫʚʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʩʪʘʥʫ ʧʦʚʝʨʭʦʥʴ ʧʽʜʨʝʡʢʦʚʠʭ ʦʧʦʨ, 

ʩʪʫʧʝʥʷ ʫʱʽʣʴʥʝʥʦʩʪʽ ʽ ʨʦʜʫ ʙʘʣʘʩʪʫ, ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʜʘʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʦʨʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [102] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʽʨ ʦʜʠʥʦʯʥʦʾ ʥʝ 

ʟʘʚʘʥʪʘʞʝʥʦʾ ʰʧʘʣʠ ʾʾ ʧʝʨʝʤʽʱʝʥʥʶ ʥʘ 1ʩʤ ʧʦʧʝʨʝʢ ʢʦʣʽʾ ʩʢʣʘʜʘʻ 2ï6 ʢʅ. ʆʧʽʨ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣʘʭ ʥʘ 25-30 % ʙʽʣʴʰʠʡ ʧʦʨʽʚ-

ʥʷʥʦ ʟ ʜʝʨʝʚôʷʥʠʤʠ. 

ʉʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʫʤʘʨʥʦʛʦ ʦʧʦʨʫ ʧʦʧʝʨʝʯʥʦʛʦ ʟʩʫʚʫ ʨʝʡʢʦ-

ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʚʧʣʠʚʘʻ ʙʦʢʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʧʦʚʦʨʦʪʫ ʨʝʡʢʠ ʫ ʚʫʟʣʽ ʨʝʡʢʦʚʦʛʦ 

ʩʢʨʽʧʣʝʥʥʷ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʧʦʨʫ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʥʘ ʢʦʣʽʶ ʧʦʾʟ-

ʥʦʛʦ ʢʦʣʽʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʷʢ ʧʦʯʘʪʢʦʚʠʡ ʦʧʽʨ ʰʧʘʣ ʧʦʧʝ-

ʨʝʯʥʠʤ ʟʤʽʱʝʥʥʷʤ W0, ʪʘʢ ʽ ʩʠʣʠ ʪʝʨʪʷ ʰʧʘʣ ʧʦ ʙʘʣʘʩʪʫ ʧʽʜ ʚʧʣʠʚʦʤ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 2ʈ. ɻʨʘʥʠʯʥʠʡ ʦʧʽʨ ʧʝʨʝʤʽʱʝʥʥʶ ʛʨʫʧʠ ʰʧʘʣ ʚ ʙʘ-

ʣʘʩʪʽ W ,h ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʨʘʤʥʦʾ ʩʠʣʠ Yʨ ʽ ʚʝʨʪʠʢʘ-

ʣʴʥʦʛʦ ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ [103] ʟ ʬʦʨʤʫʣʠ: 

 

0 2ʰ ʰ ʦʩW W f P= + ,                                               (2.2) 

 

ʜʝ 2 ʦʩP  ï ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʩʣʽʜ ʙʨʘʪʠ 

ʨʽʚʥʠʤ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ (ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ ʪʝʨʪʷ ʚʽʜ 
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ʜʠʥʘʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʠʣ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʟʘʧʘʩʫ ʩʪʽʡ-

ʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ); 

ʰf  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʰʧʘʣ ʧʦ ʙʘʣʘʩʪʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʧʦʚʝʨʭʦʥʴ ʷʢʽ 

ʪʨʫʪʴʩʷ, ʤʘʪʝʨʽʘʣʫ ʙʘʣʘʩʪʫ, ʡʦʛʦ ʱʽʣʴʥʦʩʪʽ, ʚʦʣʦʛʦʩʪʽ, ʟʘʩʤʽʯʝʥʦʩʪʽ. ʇʨʠʡʤʘʻʪʴʩʷ 

ʜʣʷ ʢʦʣʽʾ ʟʽ ʱʝʙʝʥʝʚʠʤ ʙʘʣʘʩʪʦʤ ʰf = 0,3-0,5, ʜʣʷ ʢʦʣʽʾ ʟ ʧʽʱʘʥʦ-ʛʨʘʚʽʡʥʠʤ ʙʘʣʘ-

ʩʪʦʤ ʰf = 0,3-0,45; 

0W  ï ʧʦʯʘʪʢʦʚʠʡ ʦʧʽʨ ʛʨʫʧʠ ʧʝʨʝʤʽʱʫʚʘʥʠʭ ʰʧʘʣ, ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʚʝʨʪʠʢʘ-

ʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʦʟʨʘʭʫʥʢʠ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʚ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʜʽʾ ʙʦʢʦʚʠʭ ʩʠʣ ʚʽʜ ʢʦʣʽʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʦʙʦʪʽ 

ʘʢʪʠʚʥʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʪʽʣʴʢʠ 6-7 ʩʫʤʽʞʥʠʭ ʰʧʘʣ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʮʠʤ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷʤ. ʅʘ ʦʩʥʦʚʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ɹʶʨʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʄʽʞʥʘ-

ʨʦʜʥʦʛʦ ʩʦʶʟʫ ʟʘʣʽʟʥʠʮʴ (ʄʉɿ) ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ 0W  = 10 ʢʅ ʜʣʷ ʢʦʣʽʾ ʟ ʜʝ-

ʨʝʚôʷʥʠʤʠ ʰʧʘʣʘʤʠ ʽ 0W  = 15 ʢʅ ʜʣʷ ʢʦʣʽʾ ʟ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤʠ ʰʧʘʣʘʤʠ.  

ɿʛʽʜʥʦ [102], ʫʤʦʚʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʙʫʜʝ ʚʠ-

ʢʦʥʫʚʘʪʠʩʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʘʢʩʠʤʘʣʴʥʘ ʨʘʤʥʘ ʩʠʣʘ, 
max
pY , ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ 

ʚʽʜ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʥʘ ʨʝʡʢʠ ʥʝ ʙʫʜʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʨʘʥʠʯʥʦʛʦ ʦʧʦʨʫ ʨʝʡʢʦ-ʰʧʘ-

ʣʴʥʦʾ ʨʝʰʽʪʢʠ ʧʦʧʝʨʝʯʥʦʤʫ ʟʩʫʚʫ W ,h ʪʦʙʪʦ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʝʨʽʚʥʽʩʪʴ: 

 

[]max
ʨ ʰY W e< Ö ,                                                    (2.3) 

 

ʜʝ []e ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽ ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʟʩʫʚʫ ʟʤʽʱʝʥʥʶ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʨʝʤʦʥʪʫ ʢʦʣʽʾ. 

ɿʚʠʯʘʡʥʦ ʧʨʠʡʤʘʶʪʴ []e = 0,85 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʽʩʣʷ ʨʝʤʦʥʪʫ ʦʧʽʨ ʟʨʫ-

ʰʝʥʥʶ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥʠ, ʱʦ ʩʢʣʘʜʘʻ 70-80% ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʽ ʚʽʥ ʚʽʜ-

ʥʦʚʣʶʻʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʧʨʦʧʫʩʢʫ 1,0-1,5 ʤʣʥ. ʪ ʚʘʥʪʘʞʫ ʙʨʫʪʪʦ. 

ʉʠʣʦʚʘ ʚʟʘʻʤʦʜʽʷ ʝʢʽʧʘʞʫ ʽ ʢʦʣʽʾ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʨʠ ʨʫʩʽ ʚ ʢʨʠʚʠʭ 

ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʭʝʤʠ ʚʧʠʩʫʚʘʥʥʷ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʫ. ʇʨʠ ʜʠʥʘʤʽʯʥʦʤʫ 

ʚʧʠʩʫʚʘʥʥʽ ʩʣʽʜ ʨʦʟʨʽʟʥʷʪʠ ʪʨʠ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʽ ʩʭʝʤʠ ʚʧʠʩʫʚʘʥʥʷ ʝʢʽʧʘʞʽʚ ʚ 
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ʢʨʠʚʽʡ: ʚʽʣʴʥʝ, ʧʝʨʝʢʽʩʥʝ ʽ ʭʦʨʜʦʚʝ (ʨʠʩ. 4.3), ʱʦ ʜʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʭʝʤʠ ʩʠʣʦ-

ʚʦʾ ʚʟʘʻʤʦʜʽʾ. ɺʝʣʠʯʠʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʧʝʨʝʯʥʠʭ, ʜʽʶʯʠʭ ʥʘ ʢʦʣʽʶ ʩʠʣ, ʤʦ-

ʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʩʭʝʤʠ ʚʧʠʩʫʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʟʥʘ-

ʯʝʥʥʷ ʾʭ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʧʦʚʦʨʦʪʫ ʝʢʽʧʘʞʫ ʽ ʚʽʜ-

ʩʪʘʥʽ ʚʽʜ ʥʴʦʛʦ ʜʦ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʦʩʽ, ʚʽʜ ʚʝʣʠʯʠʥʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʩʴʦʚʦʛʦ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʢʦʣʽʩ ʧʦ ʨʝʡʮʽ. ɺʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʣʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʣʽʾ ʪʘ ʨʫʭʦʤʦʛʦ ʝʢʽʧʘʞʫ ʚʨʘ-

ʭʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʙʦʢʦʚʠʭ ʩʠʣ.  

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʙʣʠʟʥʫ ʩʭʝʤʫ ʧʝʨʝ-

ʢʽʩʥʦʛʦ ʚʧʠʩʫʚʘʥʥʷ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʫ ʥʘ ʨʠʩ. 2.10 ʽ ʩʭʝʤʫ ʨʦʟʧʦʜʽʣʝʥʥʷ ʩʠʣ ʥʘ ʢʦ-

ʣʽʩʥʽʡ ʧʘʨʽ ʥʘ ʨʠʩ. 2.11. (ɺʽʜʤʽʪʠʤʦ ʧʨʠ ʮʴʦʤʫ, ʱʦ ʚ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʢʦʥʢʨʝʪʥʫ ʩʭʝʤʫ ʚʧʠʩʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣ ʚʟʘʻʤʦʜʽʾ ʚʝ-

ʩʪʠ ʚʠʭʦʜʷʯʠ ʟ ʥʝʾ). 

ʇʦʧʝʨʝʯʥʽ ʩʠʣ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʶ ʨʝʡʢʫ ʯʝʨʝʟ ʟʦʚʥʽʰʥʻ ʢʦʣʝʩʦ 

ʧʝʨʝʜʥʴʦʾ ʧʦ ʭʦʜʫ ʦʩʽ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʢʽʧʘʞʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʥʘʙʣʠʞʝ-

ʥʠʤʠ ʬʦʨʤʫʣʘʤʠ [104]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʝʨʮʽʡʥʦʾ ʜʽʾ 

ʢʦʣʠʚʘʥʥʷ ʯʘʩʪʠʥ ʨʫʭʦʤʦʛʦ ʝʢʽʧʘʞʫ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʙʦʢʦʚʦʾ 

ʜʠʥʘʤʽʢʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʧʨʦʬ. ʂʦʨʦʣʴʦʚʘ [105] ʽ ʜʘʶʪʴ ʜʦ-

ʩʪʘʪʥʶ ʟʙʽʞʥʽʩʪʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘ-

ʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʙʦʢʦʚʠʭ ʽ ʨʘʤʥʠʭ ʩʠʣ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

                                ( ). 1 'ʙʜʠʥ ʙY V Ya= + Ö, 

                                                                                                           (2.4) 

                                ( ). 1ʨʜʠʥ ʨ pY V Ya= + Ö, 

 

ʜʝ ʙY  ʽ ʨY  ï ʚʽʜʧʦʚʽʜʥʦ ʙʦʢʦʚʘ ʪʘ ʨʘʤʥʘ ʩʠʣʠ; 

'a ʽ ʨa  ï ʢʦʝʬʽʮʽʻʥʪʠ ʙʦʢʦʚʦʾ ʜʠʥʘʤʽʢʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʦʢʦʚʠʭ ʽ ʨʘʤʥʠʭ 

ʩʠʣ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.1 (ʧʨʠ V, ʤ/ʩ). 
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50  ¶ 
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ʈʠʩʫʥʦʢ 2.10 ï ʉʭʝʤʘ ʧʝʨʝʢʽʩʥʦʛʦ ʚʧʠʩʫʚʘʥʥʷ 2-ʚʽʩʥʦʛʦ ʚʽʟʢʘ ʚ ʢʨʠʚʫ 

 

F1H Y1

Yp

F1 Hɺ

 
 

ʈʠʩʫʥʦʢ 2.11 ï ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ ʥʘ ʢʦʣʽʩʥʽʡ ʧʘʨʽ ʧʨʠ ʨʫʩʽ ʚ ʢʨʠʚʽʡ 

 

 

ʈʘʟʦʤ ʽʟ ʧʝʨʝʨʘʭʦʚʘʥʠʤʠ ʧʦʧʝʨʝʯʥʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʩʠʣʘʤʠ ʚʟʘʻʤʦʜʽʾ 

ʢʦʣʽʾ ʪʘ ʨʫʭʦʤʦʛʦ ʝʢʽʧʘʞʫ ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ.  

ɼʦʜʘʪʢʦʚʽ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʫʩʽ ʧʦʾʟʜʘ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʪʷʛʫʚʘʥʴ 

ʪʘ ʩʪʠʩʢʘʥʴ ʧʦʾʟʜʘ ʥʘ ʧʨʷʤʠʭ ʪʘ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ. ʇʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʮʠʭ ʩʠʣ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʟʘʢʨʽʧʣʝʥʥʷ ʭʚʦʩʪʦʚʠʢʘ ʘʚʪʦʟʯʝʧʣʝʥʥʷ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (ʨʠʩ 2.12). ɿʥʘʯʝʥʥʷ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ 

ʦʙʫʤʦʚʣʝʥʝ ʚʽʜʭʠʣʝʥʥʷʤ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ (ʧʨʦʝʢʪʥʦʛʦ) ʧʦʣʦʞʝʥʥʷ ʭʚʦʩʪʦʚʠʢʘ 

ʘʚʪʦʟʯʝʧʣʝʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʢʽʧʘʞʫ ʥʘ ʟʘʚʦʜʽ, ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʚʘʛʦʥʫ, ʟʥʦ-

ʩʦʤ ʢʦʣʽʩ, ʩʪʠʩʢʘʥʥʷʤ ʧʦʾʟʜʘ.  
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51  ¶ 

ʊʘʙʣʠʮʷ 2.1 ï ʂʦʝʬʽʮʽʻʥʪʠ ʙʦʢʦʚʦʾ ʜʠʥʘʤʽʢʠ 

ʊʠʧ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 'a ʊʠʧ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 'a 

ɽʣʝʢʪʨʦʚʦʟ ɺʃ80 0,011-0,014*1 ɼʠʟʝʣʴ ʧʦʾʟʜ ɼ 0,014-0,022*4 

ɺʃ41 0,018*1 ɼʈ 0,007-0,014*1 

ʏʉ2 

ɺʃ60 

0,014-0,018 

0,011 

ʏʦʪʠʨʠʚʽʩʥʠʡ ʚʘʥʪʘʞʥʠʡ 

ʚʘʛʦʥ ʥʘ ʚʽʟʢʘʭ ʎʅɯɯ ʍɿ-

ʆ 

0,011-0,013 

ʏʉ4 0,011-0,014 

ɽʣʝʢʪʨʦʧʦʾʟʜ  

ɽʈ1, ɽʈ2 0,011 ʐʝʩʪʠʚʽʩʥʠʡ ʚʘʥʪʘʞʥʠʡ 

ʚʘʛʦʥ ʋɺɿ-9ʄ 

0,013 

ɽʈ22 0,011 

ʊʝʧʣʦʚʦʟ ʊɽʇ60 0,011-0,014*2 ʇʘʩʘʞʠʨʩʴʢʠʡ ʚʘʛʦʥ ʥʘ 

ʚʽʟʢʘʭ ʂɺɿ-ʎʅɯɯ 

0,011 

ʊɽ7 

ʊɽ3, ʊɽ1 

0,011-0,018*3 

0,022 

*1ʇʨʠ V ʙʽʣʴʰʝ 1,11 ʤ/ʩ (40 ʢʤ/ʛʦʜ). 

*2ʇʝʨʰʝ ʟʥʘʯʝʥʥʷ ʧʨʠ V ʙʽʣʴʰʝ 19,4 ʤ/ʩ (70 ʢʤ/ʛʦʜ), ʜʨʫʛʝ ʧʨʠ V ʤʝʥʰʝ 19,4 ʤ/ʩ. 

*3ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʧʨʫʞʥʠʭ ʫʧʦʨʽʚ ʚ ʙʫʢʩʘʭ ʧʝʨʰʝ ʟʥʘʯʝʥʥʷ ʧʨʠ V ʙʽʣʴʰʝ, ʘ ʜʨʫʛʝ ï ʧʨʠ V ʤʝʥʰʝ 

27,7 ʤ/ʩ (100 ʢʤ/ʛʦʜ). 

*4ʇʝʨʰʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʨʘʜʽʫʩʽ ʢʨʠʚʦʾ ʙʽʣʴʰʝ 600 ʤ, ʘ ʜʨʫʛʝ ï ʧʨʠ ʨʘʜʽʫʩʽ ʤʝʥʰʝ 600 ʤ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ: ʟʥʘʯʝʥʥʷ pa ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ pa = (0,7-0,8) 'a. 

 

ʇʨʠ ʢʚʘʟʽʩʪʘʪʠʯʥʦʤʫ ʩʪʠʩʢʘʥʥʽ ʧʦʾʟʜʘ ʡʦʛʦ ʣʘʥʢʠ L ʪʘ 2ʘ (ʨʠʩ. 2.12) ʧʽʜ ʯʘʩ 

ʨʫʭʫ ʥʘʤʘʛʘʶʪʴʩʷ ʧʝʨʝʢʦʩʠʪʠʩʷ. ʋʪʨʠʤʫʶʪʴ ʾʭ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʦʧʝʨʝ-

ʯʥʽ ʟʚôʷʟʢʠ, ʨʦʣʴ ʷʢʠʭ ʚʽʜʽʛʨʘʶʪʴ ʚʽʟʢʠ ʟ ʨʝʩʦʨʘʤʠ ʪʘ ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ.  

ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʚʘʟʽʩʪʘʪʠʯʥʦʛʦ ʩʪʠʩʢʘʥʥʷ ʧʦʾʟʜʘ ʧʦʢʘʟʘʥʽ ʧʝʨʝʢʦʩʠ ʟʙʽʣʴ-

ʰʫʶʪʴʩʷ, ʚʠʢʣʠʢʘʶʯʠ ʟʙʽʣʴʰʝʥʥʷ ʙʦʢʦʚʦʾ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʛʨʫʧʦʚʦʾ ʜʽʾ ʢʦʣʽʩ ʚʽ-

ʟʢʘ ʥʘ ʢʦʣʽʶ.  

ʎʽ ʜʦʜʘʪʢʦʚʽ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʚʽʟʢʘ ʪʘ ʫʪʚʦʨʶʶʪʴ ʚ ʛʦʨʠʟʦʥʪʘ-

ʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦʜʘʪʢʦʚʽ ʙʦʢʦʚʽ ʚʟʘʻʤʦʜʽʾ ʢʦʣʽʩ ʚʽʟʢʘ ʥʘ ʢʦʣʽʶ.  

ʇʨʠ ʮʴʦʤʫ ʢʦʣʝʩʘ ʩʫʤʽʞʥʠʭ ʚʽʟʢʽʚ ʜʽʶʪʴ ʥʘ ʨʽʟʥʽ ʨʝʡʢʦʚʽ ʥʠʪʢʠ, ʥʘʤʘʛʘʶʯʠ 

ʨʦʟʪʠʩʥʫʪʠ ʢʦʣʽʶ ʯʠ ʟʜʚʠʥʫʪʠ ʾʾ ʩʫʤʽʞʥʠʤʠ ʚʽʟʢʘʤʠ ʚ ʨʽʟʥʽ ʩʪʦʨʦʥʠ. 

 

ʘ)  

ʙ)  
 

ʈʠʩʫʥʦʢ 2.12 ï ʉʭʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʝʢʽʧʘʞʫ ʥʘ ʧʨʷʤʽʡ ʜʽʣʷʥʮʽ ʢʦʣʽʾ: 

ʘ) ï ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʽ ʟʘʢʨʽʧʣʝʥʥʷ ʭʚʦʩʪʦʚʠʢʘ ʘʚʪʦʟʯʝʧʣʝʥʥʷ;   

ʙ) ï ʚ ʩʪʠʩʥʫʪʦʤʫ ʧʦʾʟʜʽ ʧʨʠ ʧʝʨʝʢʦʩʽ ʝʢʽʧʘʞʫ ʧʦ ʩʭʝʤʽ çʷʣʠʥʢʘè 
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52  ¶ 

ɺ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʅR  ʛʨʫʧʦʚʦʾ ʙʦʢʦʚʦʾ ʜʽʾ ʢʦ-

ʣʽʩ ʥʘ ʢʦʣʽʶ (ʨʠʩ. 2.13) ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ʧʦʾʟʜʘ ʢʚʘʟʽʩʪʘʪʠʯʥʦʶ ʩʠʣʦʶ F ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʮʽʻʾ ʩʠʣʠ, ʨʘʜʽʫʩʘ ʢʨʠʚʦʾ, ʜʦʚʞʠʥʠ ʝʢʽʧʘʞʫ ʤʽʞ ʦʩʷʤʠ ʱʝʧʣʝʥʥʷ ʘʚʪʦʟ-

ʯʝʧʣʝʥʴ ʪʘ ʟʛʽʜʥʦ [106] ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

90 ( 2 )
sinR ʨʦʟ

L a
H F

Rp

¯ +
= Ö

Ö
,                                           (2.5) 

 

ʜʝ ʨʦʟF  ï ʢʚʘʟʽʩʪʘʪʠʯʥʘ ʨʦʟʪʷʛʫʶʯʘ ʩʠʣʘ ʚ ʧʦʾʟʜʽ; 

L  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʭʚʦʩʪʘʤʠ ʘʚʜʦʟʯʝʧʦʢ ʨʫʭʦʤʦʾ ʦʜʠʥʠʮʽ; 

a ï ʜʦʚʞʠʥʘ ʘʚʪʦʟʯʝʧʢʠ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.13, ʩʠʣʘ RH  ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʝʨʝʜʠʥʫ ʢʨʠʚʦʾ ʧʨʠ ʨʦʟʪʷʛʫʶ-

ʯʠʭ ʩʠʣʘʭ F. ɿ ʬʦʨʤʫʣʠ (2.5) ʩʣʽʜʫʻ, ʱʦ ʚ ʧʨʷʤʠʭ ʧʨʠ R=¤ ï 0RH = .  

ɺ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʘ ʜʦʜʘʪʢʦʚʘ ʛʨʫʧʦʚʘ ʙʦʢʦʚʘ ʚʟʘʻʤʦ-

ʜʽʷ ʢʦʣʽʩ ʚʽʟʢʘ ʥʘ ʢʦʣʽʶ ʦʙʫʤʦʚʣʝʥʘ ʢʚʘʟʽʩʪʘʪʠʯʥʦʶ ʨʦʟʪʷʛʫʶʯʦʶ ʩʠʣʦʶ ʚ ʧʦʾʟʜʽ, 

ʯʠʤ ʤʝʥʰʠʡ ʨʘʜʽʫʩ ʢʨʠʚʦʾ R ʪʘ ʯʠʤ ʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʭʚʦʩʪʦʚʠʢʘʤʠ ʘʚʪʦʟʯʝ-

ʧʣʝʥʥʷ.  

 

ʈʠʩʫʥʦʢ 2.13 ï ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʽʡ 

 

ʇʨʠ ʢʚʘʟʽʩʪʘʪʠʯʥʦʤʫ ʩʪʠʩʢʘʥʥʽ ʨʫʭʦʤʦʛʦ ʧʦʾʟʜʘ ʩʠʣʦʶ F ʥʘ ʧʨʷʤʠʭ ʜʽʣʷʥ-

ʢʘʭ ʢʦʣʽʾ ʚʠʥʠʢʘʻ ʛʨʫʧʦʚʘ ʙʦʢʦʚʘ ʜʽʷ ʢʦʣʽʩ ʚʽʟʢʘ ʥʘ ʢʦʣʽʶ ʝH , ʦʙʫʤʦʚʣʝʥʘ 
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ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ e ʟʘʢʨʽʧʣʝʥʥʷ ʭʚʦʩʪʦʚʠʢʽʚ ʘʚʪʦʟʯʝʧʣʝʥʥʷ (ʨʠʩ. 2.12ʘ), ʪʘ ʛʨʫ-

ʧʦʚʦʾ ʙʦʢʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʥʘ ʢʦʣʽʶ dH , ʦʙʫʤʦʚʣʝʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʧʦʧʝʨʝʯʥʠʤ 

ʧʝʨʝʤʽʱʝʥʥʷʤ d ʢʫʟʦʚʘ ʚ ʟʦʥʽ ʚʽʟʢʘ ʽʟ-ʟʘ ʧʝʨʝʢʦʩʽʚ ʧʦ ʩʭʝʤʽ çʷʣʠʥʢʘè (ʨʠʩ. 2.12ʙ). 

ɺʢʘʟʘʥʽ ʩʠʣʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

 

ʩʪʠʩ
e

e F L
H

a l

Ö Ö
=

Ö
,                                                       (2.6) 

2
ʩʪʠʩF L

H
a l

d
dÖ å õ
= Öæ ö

ç ÷
.                                                    (2.7) 

 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʩʠʣʠ eH  ̔  Hd ʥʘʧʨʘʚʣʝʥʽ ʚ ʩʪʦʨʦʥʫ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ ʢʨʠʚʦʾ, 

ʱʦ ʚʘʞʣʠʚʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʩʪʽʡʢʦʩʪʽ ʢʦʣʽʾ ʚ ʢʨʠʚʠʭ. 

ʋ ʬʦʨʤʫʣʘʭ (2.6) ʪʘ (2.7) ʧʦʟʥʘʯʝʥʦ:  

l ï ʜʦʚʞʠʥʘ ʢʫʟʦʚʘ ʤʽʞ ʮʝʥʪʨʘʤʠ ʧʦʚʦʨʦʪʫ (ʰʚʦʨʥʷʤʠ) ʚʽʟʢʽʚ; 

e ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʢʨʽʧʣʝʥʥʷ ʘʚʪʦʟʯʝʧʣʝʥʥʷ; 

d ï ʧʦʧʝʨʝʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʢʫʟʦʚʘ ʚ ʟʦʥʽ ʚʽʟʢʘ ʽʟ-ʟʘ ʧʝʨʝʢʦʩʫ ʧʦ ʩʭʝʤʽ çʷʣʠ-

ʥʢʘè; 

ʩʪʠcF  ï ʢʚʘʟʽʩʪʘʪʠʯʥʘ ʩʪʠʩʢʘʶʯʘ ʩʠʣʘ ʚ ʧʦʾʟʜʽ. ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʢʚʘ-

ʟʽʩʪʘʪʠʯʥʘ ʩʪʠʩʢʘʶʯʘ ʩʠʣʘ ʚ ʘʚʪʦʟʯʝʧʣʝʥʥʽ, ʟôʻʜʥʫʶʯʘ ʣʦʢʦʤʦʪʠʚ ʟ ʧʦʾʟʜʦʤ, ʧʨʠ 

ʨʫʩʽ ʧʦ ʧʨʷʤʽʡ ʧʣʦʱʘʜʮʽ ʜʦʨʽʚʥʶʻ ʩʠʣʽ ʱʝʧʣʝʥʥʷ ʣʦʢʦʤʦʪʠʚʥʠʭ ʢʦʣʽʩ ʟ ʨʝʡʢʘʤʠ 

ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

.ʩʮʦ ʦʣ ʩʮF n P f= Ö Ö,                                                       (2.8) 

 

ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʦʩʝʡ ʚ ʣʦʢʦʤʦʪʠʚʽ; 

ʦʣP  ï ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʽʜ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʣʦʢʦʤʦʪʠʚʘ ʥʘ ʨʝʡʢʠ; 

ʩʮf  ï ʢʦʝʬʽʮʽʻʥʪ ʱʝʧʣʝʥʥʷ ʢʦʣʽʩ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʟ ʨʝʡʢʘʤʠ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 

0,22-0,25. 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

54  ¶ 

ʇʨʠ ʨʫʩʽ ʧʦʾʟʜʘ ʧʦ ʫʭʠʣʫ ʪʘ ʚ ʢʨʠʚʽʡ, ʤʘʢʩʠʤʘʣʴʥʘ ʢʚʘʟʽʩʪʘʪʠʯʥʘ ʩʠʣʘ ʩʪʠʩ-

ʢʘʥʥʷ ʚ ʘʚʪʦʟʯʝʧʣʝʥʥʽ, ʟôʻʜʥʫʶʯʘ ʣʦʢʦʤʦʪʠʚ ʟ ʧʦʾʟʜʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫ-

ʣʦʶ: 

.ʩʮʦ ʦʣ ʩʮ i RF n P f F F= Ö Ö °D +D,                                             (2.9) 

 

ʜʝ iFD  ï ʜʦʜʘʪʢʦʚʘ ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ ʧʦʟʜʦʚʞʥʽʡ ʢʚʘʟʽʩʪʘʪʠʯʥʽʡ ʩʠʣʽ ʚ 

ʘʚʪʦʟʯʝʧʣʝʥʥʽ ʜʣʷ ʝʢʽʧʘʞʽʚ ʾʜʫʯʠʭ ʧʦ ʫʭʠʣʫ ;̔ 

RFD  ï ʜʦʜʘʪʢʦʚʘ ʩʢʣʘʜʦʚʘ ʧʦʟʜʦʚʞʥʽʡ ʢʚʘʟʽʩʪʘʪʠʯʥʽʡ ʩʠʣʽ ʚ ʘʚʪʦʟʯʝʧʣʝʥʥʽ 

ʝʢʽʧʘʞʫ ʾʜʫʯʦʛʦ ʧʦ ʢʨʠʚʽʡ. 

ʇʦʚʟʜʦʚʞʥʷ ʢʚʘʟʽʩʪʘʪʠʯʥʘ ʩʠʣʘ ʚ ʘʚʪʦʟʯʝʧʣʝʥʥʽ ʜʣʷ ʝʢʽʧʘʞʽʚ, ʾʜʫʯʠʭ ʧʦ 

ʫʭʠʣʫ  ̔ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

i ʣ ʽ ʧ ʽF Q Qv vD = Ö + Ö,                                                (2.10) 

 

ʜʝ ʣQ  ï ʤʘʩʘ ʣʦʢʦʤʦʪʠʚʘ; 

ʧQ  ï ʚʘʛʘ ʧʦʾʟʜʘ; 

v̔  ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʨʫʭʫ ʧʦ ʢʨʠʚʽʡ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

i i gv= Ö,                                                     (2.11) 

 

ʜʝ ̔ ï ʫʭʠʣ ʢʦʣʽʾ; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ. 

ʇʦʟʜʦʚʞʥʷ ʢʚʘʟʽʩʪʘʪʠʯʥʘ ʩʠʣʘ ʚ ʘʚʪʦʟʯʝʧʣʝʥʥʽ ʝʢʽʧʘʞʫ ʾʜʫʯʦʛʦ ʧʦ ʢʨʠʚʽʡ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

R ʣ r n rF Q Qv vD = Ö + Ö,                                                (2.12) 

 

ʜʝ rv  ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʨʫʭʫ ʚʽʜ ʢʨʠʚʠʟʥʠ ʟʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ɺʅɯɯɾʊʘ 
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ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ:  

- ʷʢʱʦ ʜʦʚʞʠʥʘ ʧʦʾʟʜʘ ʨʽʚʥʘ ʘʙʦ ʤʝʥʰʘ ʜʦʚʞʠʥʠ ʢʨʠʚʦʾ: 

 

0

3,5 1,5r

ʢʨ

ʘ
S

a
v = + Ö                                               (2.13) 

 

- ʷʢʱʦ ʜʦʚʞʠʥʘ ʧʦʾʟʜʘ ʙʽʣʴʰʘ ʜʦʚʞʠʥʽ ʢʨʠʚʦʾ: 

 

0

(3,5 1,5 )
ʢʨ

r
ʢʨ ʧ

S
ʘ

S l

a
v = Ö + Ö Ö;                                        (2.14) 

 

ʜʝ ʢpS  ï ʜʦʚʞʠʥʘ ʢʨʠʚʦʾ, 

0a  ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʢʨʠʚʦʾ ʚ ʨʘʜʽʘʥʘʭ, 

a ï ʜʽʯʁʘ ʚʝʣʠʯʠʥʘ ʥʝʧʦʛʘʰʝʥʦʛʦ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʢʨʠʚʽʡ, ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ. 

 

ʌʦʨʤʫʣʠ (2.6) ʪʘ (2.7) ʤʦʞʥʘ ʦʙôʻʜʥʘʪʠ: 

 

2

( )cʪʠʩ
e

F L L e l
H

a l
d

dÖ Ö Ö + Ö
=

Ö
.                                           (2.15) 

 

ʅʘʡʛʽʨʰʽ ʫʤʦʚʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʨʽʟʢʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʧʦʾʟʜʘ ʚ ʢʨʠʚʽʡ ʜʽʣʷʥʮʽ ʢʦʣʽʾ, ʪʘʢ 

ʷʢ ʟôʷʚʣʷʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʛʨʫʧʦʚʘ ʙʦʢʦʚʘ ʜʽʷ ʢʦʣʽʩ ʝʢʽʧʘʞʫ ʥʘ ʢʦʣʽʶ ʚʽʜ ʩʪʠʩʢʘʶ-

ʯʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʢʚʘʟʽʩʪʘʪʠʯʥʦʾ ʩʠʣʠ [107].  

ʎʷ ʩʠʣʘ ʙʫʜʝ ʜʽʷʪʠ ʟʘ ʤʝʞʘʤʠ ʣʦʢʦʤʦʪʠʚʘ ʫ ʧʦʾʟʜʽ ʽ ʥʘʧʨʘʚʣʝʥʘ ʚ ʟʦʚʥʽʰʥʶ 

ʩʪʦʨʦʥʫ ʢʨʠʚʦʾ. ɿʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʙʦʢʦʚʦʾ ʛʨʫʧʦʚʦʾ ʩʠʣʠ, ʨʦʟʨʘʭʦʚʘʥʦʾ ʟʘ ʬʦ-

ʨʤʫʣʦʶ (2.15) ʚʘʥʪʘʞʥʦʛʦ ʪʘ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ, ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʪʘʙʣ. 2.2.  

 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

56  ¶ 

ʊʘʙʣʠʮʷ 2.2 ï ɼʦʜʘʪʢʦʚʽ ʙʦʢʦʚʽ ʩʠʣʠ ʚʽʜ ʜʽʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʩʪʠʩʢʘʶʯʦʾ ʢʚʘʟʽʩʪʘʪʠʯʥʦʾ ʩʠʣʠ 

            

                       ʉʠʣʠ 

 

      ʇʦʾʟʜ 

R = 300 ʤ R = 600 ʤ R = 1000 ʤ 
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ʩ
ʪ
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ʢ
ʅ
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ŭ
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ʢ
ʅ

 

ʃʦʢʦʤʦʪʠʚ ɺʃ80, ʚʘʥ-

ʪʘʞʥʽ ʚʘʛʦʥʠ ʥʘ ʚʽʟʢʘʭ 

ʎʅɯɯ-ʍ3, ʤʘʩʘ ʧʦʾʟʜʘ 

4500 ʪ  

50 90 620 27 35250 90 605 26 29 90 600 26 

ʃʦʢʦʤʦʪʠʚ ɺʃ80, ʚʘʥ-

ʪʘʞʥʽ ʚʘʛʦʥʠ ʥʘ ʚʽʟʢʘʭ 

ʎʅɯɯ-ʍ3, ʤʘʩʘ ʧʦʾʟʜʘ 

2500 ʪ  

28 50 558 24 19583 50 550 24 16 50 546 24 

ʃʦʢʦʤʦʪʠʚ ʏʉ-8, ʚʘʥ-

ʪʘʞʥʽ ʚʘʛʦʥʠ ʥʘ ʚʽʟʢʘʭ 

ʂɺɿ-ʎʅɯɯ, ʤʘʩʘ ʧʦʾʟʜʘ 

1600 ʪ  

27 32 489 18 22133 32 485 18 20 32 482 18 

 

ʇʦʧʝʨʝʯʥʘ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʧʨʦʪʠ ʙʦʢʦʚʦʛʦ ʟʜʚʠʛʫ ʚ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʟʘ ʤʝʞʘʤʠ ʣʦʢʦʤʦʪʠʚʫ ʚ ʧʦʾʟʜʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʬʦʨʤʫʣʦʶ: 

 

[]max
ʨ e ʰY H Wd e+ < Ö.                                                     (2.16) 

 

ʇʦʧʝʨʝʯʥʫ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʩʪʽʡʢʦʩʪʽ ʬʦʨʤʫʣʦʶ: 

 

[]
max

ʨ ʰ ʰ
ʩʪ

ʨ e

W
K

Y Hd

e- Ö
=

+
,                                              (2.17) 

 

ʜʝ ʨ ʰ
ʩʪK -  ï ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ- ʧhʘʣʴʥʦʾ ʨʝʰʽʪʢʠ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ. 

 ɿʘ ʥʘʚʝʜʝʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʧʨʦʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʟʩʫʚʫ ʚ 
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ʢʨʠʚʽʡ ʜʽʣʷʥʮʽ ʢʦʣʽʾ ʨʘʜʽʫʩʽʚ: 300 ʤ, 600 ʤ, 1000 ʤ.  

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʣʘʩʴ ʧʽʜʢʣʘʜʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʣʽʾ ʟ ʪʠʧʦʚʠʤʠ ʩʢʨʽ-

ʧʣʝʥʥʷʤʠ ʂɹ ʪʘ ʙʝʟʧʽʜʢʣʘʜʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʣʽʾ ʟ ʧʨʫʞʥʠʤʠ ʩʢʨʽʧʣʝʥʥʷʤʠ 

ʂʇʇ-5. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʪʽʡʢʦʩʪʽ ʥʘʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣ. 2.2.  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʘʤʥʠʭ ʩʠʣ ʧʨʠʡʤʘʣʘʩʷ ʚʝʣʠʯʠʥʘ ʥʝʧʦʛʘʰʝʥʦʛʦ ʧʨʠʩʢʦ-

ʨʝʥʥʷ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ 0,3 ʤ/ʩ2 , ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 0,7 ʤ/ʩ2. ɿʘʣʝʞʥʽʩʪʴ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʽʜ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʪʘ ʢʨʠʚʠʟʥʠ ʢʨʠʚʦʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.14 ï 2.17.  

 

 

ʈʠʩʫʥʦʢ 2.14 ï ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʚʽʜ ʧʦʧʝʨʝʯʥʦʾ 

ʩʠʣʦʚʦʾ ʜʽʾ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ ʎʅɯɯ-ʍ3 

 

 
ʈʠʩʫʥʦʢ 2.15 ï ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʚʽʜ ʧʦʧʝʨʝʯʥʦʾ 

ʩʠʣʦʚʦʾ ʜʽʾ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ 68-7013 
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ʈʘʜʽʫʩ ʢʨʠʚʦʾ, ʤ

ʂɹ, 1840 ʰʪ/ʢʤ, ʙʝʟ 

ʛʘʣʴʤʫʚʘʥʥʷ
ʂɹ, 1680 ʰʪ/ʢʤ, ʙʝʟ 

ʛʘʣʴʤʫʚʘʥʥʷ
ʂʇʇ-5, 1840 ʰʪ/ʢʤ, ʙʝʟ 

ʛʘʣʴʤʫʚʘʥʥʷ
ʂʇʇ-5, 1680 ʰʪ/ʢʤ, ʙʝʟ 

ʛʘʣʴʤʫʚʘʥʥʷ
ʂɹ, 1840 ʰʪ/ʢʤ, ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ
ʂɹ, 1680 ʰʪ/ʢʤ, ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ
ʂʇʇ-5, 1840 ʰʪ/ʢʤ, ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ
ʂʇʇ-5, 1680 ʰʪ/ʢʤ, ʧʨʠ 

ʛʘʣʴʤʫʚʘʥʥʽ
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ʈʘʜʽʫʩ ʢʨʠʚʦʾ, ʤ

ʂɹ, 1840 ʰʪ/ʢʤ, ʙʝʟ ʛʘʣʴʤʫʚʘʥʥʷ

ʂɹ, 1680 ʰʪ/ʢʤ, ʙʝʟ ʛʘʣʴʤʫʚʘʥʥʷ

ʂʇʇ-5, 1840 ʰʪ/ʢʤ, ʙʝʟ ʛʘʣʴʤʫʚʘʥʥʷ

ʂʇʇ-5, 1680 ʰʪ/ʢʤ, ʙʝʟ ʛʘʣʴʤʫʚʘʥʥʷ

ʂɹ, 1840 ʰʪ/ʢʤ, ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ

ʂɹ, 1680 ʰʪ/ʢʤ, ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ

ʂʇʇ-5, 1840 ʰʪ/ʢʤ, ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ

ʂʇʇ-5, 1680 ʰʪ/ʢʤ, ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ
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58  ¶ 

ʊʘʙʣʠʮʷ 2.3 ï ʂʦʝʬʽʮʽʻʥʪʠ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ 

 

ʈʘʜʽʫʩ ʢʨʠʚʦʾ, ʤ 
ʂɹ, ʝʧʶʨʘ 1840 

ʰʪ/ʢʤ 

ʂɹ, ʝʧʶʨʘ 1680 

ʰʪ/ʢʤ 

ʂʇʇ-5, ʝʧʶʨʘ 

1840 ʰʪ/ʢʤ 

ʂʇʇ-5, ʝʧʶʨʘ 

1680 ʰʪ/ʢʤ 

ɽʣʝʢʪʨʦʚʦʟ ɺʃ 80  

300 2,26 2,16 2,17 2,13 

600 2,41 2,3 2,31 2,33 

1000 2,62 2,56 2,53 2,47 

ɺʘʥʪʘʞʥʠʡ ʚʘʛʦʥ ʥʘ 4-ʭ ʚʽʩʥʠʭ ʚʽʟʢʘʭ ʤʦʜʝʣʽ ʎʅʀʀ-ʍɿ  

(ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ) 

300 1,89 1,8 1,81 1,78 

600 2,06 1,96 1,97 1,94 

1000 2,29 2,24 2,21 2,16 

ɺʘʥʪʘʞʥʠʡ ʚʘʛʦʥ ʥʘ 4-ʭ ʚʽʩʥʠʭ ʚʽʟʢʘʭ ʤʦʜʝʣʽ ʎʅʀʀ-ʍɿ  

 (ʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ) 

300 1,32 1,26 1,27 1,24 

600 1,42 1,35 1,36 1,34 

1000 1,53 1,5 1,48 1,44 

ɽʣʝʢʪʨʦʚʦʟ ʏʉ8 

300 1,43 1,36 1,37 1,34 

600 1,51 1,43 1,44 1,42 

1000 1,54 1,5 1,48 1,44 

ʇʘʩʘʞʠʨʩʴʢʠʡ ʚʘʛʦʥ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ 68-7013  

(ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ) 

300 1,59 1,47 1,49 1,44 

600 2 1,85 1,87 1,82 

1000 2,32 2,23 2,19 2,11 

ʇʘʩʘʞʠʨʩʴʢʠʡ ʚʘʛʦʥ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ 68-7013  

 (ʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ) 

300 1,3 1,28 1,22 1,2 

600 1,48 1,37 1,38 1,34 

1000 1,65 1,59 1,56 1,5 
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59  ¶ 

 
ʈʠʩ. 2.16 ï ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʚʽʜ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʦ-

ʚʦʾ ʜʽʾ ʣʦʢʦʤʦʪʠʚʘ ɺʃ80 

 
ʈʠʩʫʥʦʢ 2.17 ï ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʚʽʜ ʧʦʧʝʨʝʯʥʦʾ 

ʩʠʣʦʚʦʾ ʜʽʾ ʣʦʢʦʤʦʪʠʚʘ ʏʉ-8 

 

2.4.2. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ [108], ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʨʠʩ. 2.18. ʋʤʦʚʘ ʥʝʜʦʧʫʱʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʟʩʫʚʽʚ ʨʝʡʢʦʚʦʾ 

ʥʠʪʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ, ʪʦʙʪʦ ʫʤʦʚʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ (ʟʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʬ. ʄ.ʌ. ɺʝʨʠʛʦ [109]) 

ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʝʨʽʚʥʦʩʪʽ: 

2
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ʈʘʜʽʫʩ ʢʨʠʚʦʾ, ʤ

ʂɹ, 1840 ʰʪ/ʢʤ 

ʂɹ, 1680 ʰʪ/ʢʤ

ʂʇʇ-5, 1840 ʰʪ/ʢʤ

ʂʇʇ-5, 1680 ʰʪ/ʢʤ
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60  ¶ 

[ ]
max

1
ʛ ʧʽʜ

ʚʝʨʪ

H

Q
a- ¢ ,                                                 (2.18) 

 

ʜʝ max
ʧʽʜʛH -  ï ʥʘʡʙʽʣʴʰʘ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʙʦʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ 

ʚʽʜ ʧʽʜʦʰʚʠ ʨʝʡʢʠ ʯʝʨʝʟ ʰʧʘʣʫ; 

Qʚ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝ-

ʜʘʻʪʴʩʷ ʚʽʜ ʨʝʡʢʠ ʥʘ ʰʧʘʣʫ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [109]: 

 

ʈ
lk

Q ʰʚ
ʚ Ö

Ö
=

2
,                                                          (2.19) 

 

ʜʝ ʈ ï ʩʪʘʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʢʦʣʝʩʘ ʥʘ ʨʝʡʢʫ; 

ʰl  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʰʧʘʣ; 

ʚʢ ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʩʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʨʝʡʢʦʚʦʾ ʦʩʥʦʚʠ ʪʘ ʨʝʡʢʠ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

4
4

z
ʚ

ʚ

U
k

EI
= ,                                                    (2.20) 

 

ʜʝ 
zU  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʽʜʰʧʘʣʴʥʦʾ ʦʩʥʦʚʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽ ʧʣʦʱʠʥʽ; 

ʚI  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʝʡʢʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; 

ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʨʝʡʢʦʚʦʾ ʩʪʘʣʽ, 2,1Ŀ105 ʄʇʘ. 

 

Qʚ1 Qʚ2

Qʛ2Qʛ1

Y1

ʈ1 ʈ2

ʈ f
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[ ]1a  ï ʩʣʽʜ ʧʨʠʡʤʘʪʠ: ʜʣʷ ʢʦʣʽʾ ʥʘ ʱʝʙʝʥʝʚʦʤʫ ʙʘʣʘʩʪʽ ʧʨʠ ʟʚʠʯʘʡʥʠʭ ʰʚʠʜ-

ʢʦʩʪʷʭ ʨʫʭʫ (V¢120 ʢʤ/ʛʦʜ) [ ]1a =1,4; ʧʨʠ V¢160 ʢʤ/ʛʦʜ [ ]1a =1,1; ʧʨʠ 

V¢200 ʢʤ/ʛʦʜ [ ]1a =1,05; ʜʣʷ ʢʦʣʽʾ ʥʘ ʧʽʱʘʥʦ-ʛʨʘʚʽʡʥʦʤʫ ʙʘʣʘʩʪʽ ʧʨʠ V¢120 ʢʤ/ʛʦʜ 

[ ]1a =1,1. 

ʗʢʱʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʤʝʪʦʜʠʢʦʶ [109] ʚʠʨʘʟʠʪʠ max
ʧʽʜʛH -  ʯʝʨʝʟ ʙʦʢʦʚʫ ʩʠʣʫ, 

ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʛʦʣʦʚʢʫ ʨʝʡʢʠ, ʪʦ ʦʪʨʠʤʘʻʤʦ: 

 

0,25,0max -º- ʙʦʢʧʽʜʛ YH .                                                          (2.21) 

 

Yʙʦʢ ï ʙʦʢʦʚʘ ʩʠʣʘ,ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʢʦʣʝʩʘ ʥʘ ʨʝʡʢʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʤʝ-

ʪʦʜʠʢʦʶ ʥʘʚʝʜʝʥʦʶ [110, 111].  

ʇʽʜʩʪʘʚʣʷʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ max

ʧʽʜʛH -  ʫ ʬʦʨʤʫʣʫ (2.18) ʦʪʨʠʤʘʻʤʦ: 

 

[ ]1
max

5,0

0,25,0
a¢

ÖÖ

-

ʈlk

Y

ʰ

ʙʦʢ
.                                                (2.22) 

 

ʋʤʦʚʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʠʣʠ eHd, ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʬʦʨʤʫʣʦʶ: 

 

[]1
max

5,0

0,2)(5,0
ad ¢

ÖÖ

-+

ʈlk

HY

ʰ

eʙʦʢ .                                         (2.23) 

 

ʇʦʧʝʨʝʯʥʫ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʪʽʡʢʦ-

ʩʪʽ ʬʦʨʤʫʣʦʶ: 

 

[]

ʨʦʟ

ʨʝʡʢ

ʩʪK
a

a1= ,                                                      (2.24) 

 

ʨʦʟa  ï ʨʦʟʨʘʭʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘ ʬʦʨʤʫʣʦʶ (2.24). 
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62  ¶ 

ɿʘ ʥʘʚʝʜʝʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʚ ʢʨʠʚʽʡ ʜʽʣʷʥʮʽ ʢʦʣʽʾ ʨʘʜʽʫʩʽʚ: 300 ʤ, 

600 ʤ, 1000 ʤ.  

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʣʘʩʴ ʧʽʜʢʣʘʜʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʣʽʾ ʟ ʪʠʧʦʚʠʤʠ ʩʢʨʽʧ-

ʣʝʥʥʷʤʠ ʂɹ ʪʘ ʙʝʟʧʽʜʢʣʘʜʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʣʽʾ ʟ ʧʨʫʞʥʠʤʠ ʩʢʨʽʧʣʝʥʥʷʤʠ ʂʇʇ-

5. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʪʽʡʢʦʩʪʽ ï ʚ ʪʘʙʣ. 2.4.  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʙʦʢʦʚʠʭ ʩʠʣ ʧʨʠʡʤʘʣʘʩʷ ʚʝʣʠʯʠʥʘ ʥʝʧʦʛʘʰʝʥʦʛʦ ʧʨʠʩʢʦ-

ʨʝʥʥʷ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ 0,3 ʤ/ʩ2 , ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ï 0,7 ʤ/ʩ2.  

ɿʘʣʝʞʥʽʩʪʴ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʪʘ ʢʨʠʚʠʟʥʠ ʢʨʠʚʦʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.19 ï 

2.21. 

ʊʘʙʣʠʮʷ 2.4 ïɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ 

ʈʘʜʽʫʩ ʢʨʠʚʦʾ, ʤ 
ʂɹ, ʝʧʶʨʘ 1840 

ʰʪ/ʢʤ 
ʂʇʇ-5, ʝʧʶʨʘ 1840 ʰʪ/ʢʤ 

ɽʣʝʢʪʨʦʚʦʟ ɺʃ 80 ʙʝʟ ʩʯʣʝʥʫʚʘʥʥʷ ʚʽʟʢʽʚ 

300 1,5 1,36 

600 1,7 1,55 

1000 1,91 1,76 

ɺʘʥʪʘʞʥʠʡ ʚʘʛʦʥ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ ʎʅʀʀ-ʍɿ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ) 

300 1,4 1,27 

600 1,6 1,46 

1000 1,86 1,67 

ɺʘʥʪʘʞʥʠʡ ʚʘʛʦʥ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ ʎʅʀʀ-ʍɿ  (ʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ) 

300 1,22 1,1 

600 1,43 1,28 

1000 1,64 1,5 

ɽʣʝʢʪʨʦʚʦʟ ʏʉ8 

300 1,31 1,22 

600 1,4 1,33 

1000 1,52 1,4 

ʇʘʩʘʞʠʨʩʴʢʠʡ ʚʘʛʦʥ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ 68-7013 (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ) 

300 1,45 1,28 

600 1,6 1,46 

1000 1,79 1,66 

ʇʘʩʘʞʠʨʩʴʢʠʡ ʚʘʛʦʥ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ 68-7013 (ʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ) 

300 1,2 1,08 

600 1,42 1,26 

1000 1,63 1,48 
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ʈʠʩʫʥʦʢ 2.19 ï ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʚʽʜ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʦʚʦʾ ʜʽʾ 

ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ ʎʅɯɯ-ʍ3 

 
ʈʠʩʫʥʦʢ 2.20 ï ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʚʽʜ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʦʚʦʾ ʜʽʾ 

ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ 68-7013 

 

 

ʈʠʩ. 2.21. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʚʽʜ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʦʚʦʾ 

ʜʽʾ ʣʦʢʦʤʦʪʠʚʘ ɺʃ80 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

64  ¶ 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʽʜʢ-

ʣʘʜʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʪʠʧʦʚʠʤʠ ʩʢʨʽʧʣʝʥʥʷʤʠ ʂɹ ʪʘ ʙʝʟ ʧʽʜʢʣʘʜʢʦʚʦʶ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʟ ʧʨʫʞʥʠʤʠ ʩʢʨʽʧʣʝʥʥʷʤʠ ʂʇʇ-5, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ:  

1.  ʇʦʧʝʨʝʯʥʘ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ, ʷʢʘ ʥʝ ʧʨʦʧʫʩʪʠʣʘ 1,0ï1,5 

ʤʣʥ. ʪ. ʚʘʥʪʘʞʫ ʙʨʫʪʪʦ, ʪʦʙʪʦ ʧʽʩʣʷ ʨʝʤʦʥʪʫ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟ ʨʝʡʢʦʚʠʤʠ ʩʢʨʽʧ-

ʣʝʥʥʷʤʠ ʂɹ ʪʘ ʂʇʇ-5 ʧʨʠ ʝʧʶʨʽ ʫʢʣʘʜʘʥʥʷ ʰʧʘʣ 1840 ʰʪ/ʢʤ ʪʘ 1680 ʰʪ/ʢʤ ʚ 

ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʨʘʜʽʫʩʽʚ 300 ʤ, 600 ʤ, 1000 ʤ. 

2. ʅʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʤʘʻ 

ʧʽʜʢʣʘʜʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʣʽʾ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣʘʭ ʟ ʪʠʧʦʚʠʤʠ ʩʢʨʽʧʣʝʥ-

ʥʷʤʠ ʂɹ. ɹʝʟʧʽʜʢʣʘʜʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʣʽʾ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣʘʭ ʽʟ ʨʝʡʢʦ-

ʚʠʤ ʩʢʨʽʧʣʝʥʥʷʤʠ ʂʇʇ-5 ʤʘʻ ʥʘ 8 % ʤʝʥʰʫ ʧʦʧʝʨʝʯʥʫ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ 

ʨʝʰʽʪʢʠ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʢʨʽʧʣʝʥʥʷʤ ʂɹ. 

3. ɺ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʧʝ-

ʨʝʯʥʘ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ. ʇʨʠ ʨʫʩʽ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʫ ʥʘ ʚʽʟʢʘʭ 

ʤʦʜʝʣʽ ʎʅɯɯ-ʍɿ ʧʦ ʢʦʣʽʾ ʟ ʨʝʡʢʦʚʠʤ ʩʢʨʽʧʣʝʥʥʷʤ ʂʇʇ-5 ʧʨʠ ʝʧʶʨʽ ʫʢʣʘʜʘʥʥʷ 

ʰʧʘʣ 1840 ʰʪ/ʢʤ ʚ ʢʨʠʚʽʡ ʨʘʜʽʫʩʘ 300 ʤ, ʧʦʧʝʨʝʯʥʘ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 10 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʨʠʚʦʶ ʨʘʜʽʫʩʘ 600 ʤ ʪʘ ʥʘ 20 % ʧʦʨʽʚ-

ʥʷʥʦ ʟ ʢʨʠʚʦʶ ʨʘʜʽʫʩʘ 1000 ʤ.  

 4. ɼʦʜʘʪʢʦʚʘ ʜʽʷ ʧʦʧʝʨʝʯʥʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʠʣʠ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʨʽʟʢʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ ʧʦʾʟʜʘ, ʟʤʝʥʰʫʻ ʧʦʧʝʨʝʯʥʫ ʩʪʽʡʢʽʩʪʴ ʢʦʣʽʾ ʚ ʮʽʣʦʤʫ ʥʘ 30%.  

ʇʨʠ ʮʴʦʤʫ, ʧʨʠ ʨʽʟʢʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʧʦʧʝʨʝʯʥʘ ʩʪʽʡ-

ʢʽʩʪʴ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ:  

- ʧʨʠ ʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʪʠʧʦʚʠʤ ʩʢʨʽʧʣʝʥʥʷʤ ʂɹ ʥʘ 

128%;  

- ʧʨʠ ʙʝʟʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʩʫʯʘʩʥʠʤ ʧʨʫʞʥʠʤ ʩʢʨʽʧ-

ʣʝʥʥʷʤ ʂʇʇ-5 ʥʘ 120%. 

 5. ʇʦʧʝʨʝʯʥʘ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ, 

ʚʠʥʠʢʘʶʯʦʾ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʾʟʜʘ, ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ:  

- ʧʨʠ ʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʪʠʧʦʚʠʤ ʩʢʨʽʧʣʝʥʥʷʤ ʂɹ ʥʘ 

120%;  
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- ʧʨʠ ʙʝʟʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʩʫʯʘʩʥʠʤ ʧʨʫʞʥʠʤ ʩʢʨʽʧʣʝʥ-

ʥʷʤ ʂʇʇ-5 ʥʘ 108%.  

 

2.5. ʈʦʟʨʘʭʫʥʢʠ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  

ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʧʨʠ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ 

 

2.5.1. ɺʧʣʠʚ ʫʛʦʥʫ ʨʝʡʦʢ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʠʣ ʥʘ ʧʦʚʟʜʦʚʞʥʶ ʩʪʽʡʢʽʩʪʴ ʢʦʣʽʾ 

ʋʛʦʥ ʨʝʡʦʢ ʘʙʦ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʚʠʢʣʠʢʘʻ ʩʫʪʪʻʚʽ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦ-

ʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ, ʘ ʩʘʤʝ ï ʚʠʥʠʢʥʝʥʥʷ ʚ ʩʪʠʢʘʭ ʦʜʥʦʛʦ ʢʽʥʮʷ ʜʽʣʷʥʢʠ ʢʦʣʽʾ 

ʥʫʣʴʦʚʠʭ ʟʘʟʦʨʽʚ, ʘ ʚ ʩʪʠʢʘʭ ʽʥʰʦʛʦ ï ʤʘʢʩʠʤʘʣʴʥʦ ʨʦʟʪʷʛʥʫʪʠʭ. ʅʘ ʪʠʭ ʜʽʣʷʥʢʘʭ 

ʢʦʣʽʾ, ʜʝ ʟʘʟʦʨʠ ʚʽʜʩʫʪʥʽ, ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʨʝʡʢʘʭ ʟ'ʷʚʣʷ-

ʶʪʴʩʷ ʚʝʣʠʢʽ ʧʦʚʟʜʦʚʞʥʽ ʩʪʠʩʢʘʶʯʽ ʟʫʩʠʣʣʷ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʘʙʦ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ. ɺ ʟʦʥʽ ʤʘʢʩʠʤʘʣʴʥʦ ʨʦʟ-

ʪʷʛʥʫʪʠʭ ʟʘʟʦʨʽʚ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ (ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ) ʚ ʨʝʡʢʘʭ ʟ'ʷʚʣʷ-

ʶʪʴʩʷ ʟʥʘʯʥʽ ʨʦʟʪʷʛʫʶʯʠ ʟʫʩʠʣʣʷ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ: ʟʨʽʟʠ ʩʪʠʢʦʚʠʭ 

ʙʦʣʪʽʚ ʪʘ ʨʦʟ'ʻʜʥʘʥʥʷ ʩʪʠʢʽʚ, ʟʩʫʚʠ ʽ ʧʝʨʝʢʦʩʠ ʰʧʘʣ, ʧʦʩʣʘʙʣʝʥʥʷ ʢʣʝʤ ʨʝʡʢʦʚʠʭ 

ʩʢʨʽʧʣʝʥʴ ʪʦʱʦ. 

ɿʩʫʚ ʰʧʘʣ ʟʽ ʩʚʦʾʭ ʫʱʽʣʴʥʝʥʠʭ ʧʦʩʪʝʣʝʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʩʽʜʘʥʥʷ ʢʦʣʽʾ. 

ʆʩʦʙʣʠʚʦ ʩʫʪʪʻʚʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʟôʷʚʣʷʶʪʴʩʷ ʧʽʩʣʷ ʟʩʫʚʽʚ ʟʽ ʩʚʦʾʭ 

ʤʽʩʮʴ ʩʪʠʢʦʚʠʭ ʰʧʘʣ, ʪʘʢ ʷʢ ʚ ʩʪʠʢʘʭ ʜʠʥʘʤʽʯʥʘ ʜʽʷ ʢʦʣʽʩ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ 

ʢʦʣʽʶ ʟʥʘʯʥʦ ʙʽʣʴʰʝ. ʇʝʨʝʢʦʩʠ ʰʧʘʣ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʥʝʦʜʥʘʢʦʚʦʤʫ ʧʝʨʝʤʽ-

ʱʝʥʥʽ ʢʦʞʥʦʾ ʟ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʚʠʢʣʠʢʘʶʪʴ ʟʚʫʞʝʥʥʷ ʢʦʣʽʾ. ʅʘ ʜʽʣʷʥʢʘʭ ʙʝʟʩʪʠ-

ʢʦʚʦʾ ʢʦʣʽʾ ʧʦʩʣʘʙʣʝʥʥʷ ʢʣʝʤ ʧʨʦʤʽʞʥʠʭ ʩʢʨʽʧʣʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʟʜʦʚʞ-

ʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʢʨʝʤʠʭ ʚʽʜʨʽʟʢʽʚ ʜʦʚʛʦʾ ʟʚʘʨʥʦʾ ʧʣʽʪʽ (ʪʘʤ ʜʝ ʮʽ ʢʣʝʤʠ ʦʩʣʘ-

ʙʣʝʥʽ) ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʦʧʝʨʝʜʫ ʜʘʥʦʾ ʜʽʣʷʥʢʠ ʟʦʥʠ ʚʠʩʦʢʦʛʦ ʩʪʠʩʢʘʥʥʷ ʨʝʡʦʢ (ʱʦ 

ʧʨʠ ʟʥʘʯʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ çʚʠʢʠʜ ʢʦʣʽʾè), ʘ ʧʦʟʘʜʫ ʫʪʚʦʨʝʥʥʷ ʨʦ-

ʟʪʷʛʥʫʪʦʾ ʟʦʥʠ, ʥʘ ʷʢʽʡ ʚʟʠʤʢʫ ʥʝ ʚʠʢʣʶʯʘʻʪʴʩʷ ʨʦʟʨʠʚ ʨʝʡʦʢ. 

ʗʢʱʦ ʢʣʝʤʠ ʦʩʣʘʙʣʝʥʽ ʧʦ ʚʩʽʡ ʧʣʽʪʽ, ʪʦ ʚʥʘʩʣʽʜʦʢ ʫʛʦʥʫ, ʢʨʽʤ ʧʦʷʚʠ ʟʦʥ ʩʪʠ-

ʩʢʘʥʥʷ ʪʘ ʨʦʟʪʷʛʥʝʥʥʷ ʚʠʥʠʢʘʻ ʧʦʚʟʜʦʚʞʥʻ ʧʝʨʝʤʽʱʝʥʥʷ ʚʩʽʡ ʧʣʽʪʽ ʟ ʧʦʨʫʰʝʥ-

ʥʷʤʠ ʩʪʘʥʫ ʢʦʣʽʾ ʚ ʟʦʥʘʭ ʟʨʽʚʥʶʚʘʣʴʥʠʭ ʧʨʦʣʴʦʪʽʚ.   
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66  ¶ 

ʅʘ ʛʘʣʴʤʽʚʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʦʬʽʣʶ ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʩʠʣʠ 

ʚʽʜ ʪʝʨʪʷ ʛʘʣʴʤʫʚʘʥʥʷ. ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʦʣʦʜʦʢ ʥʘ ʦʙʽʜ ʢʦʣʝʩʘ, ʘ ʪʘʢʦʞ ʫ ʚʠʧʘʜʢʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʚʠʥʠʢʘʻ ʧʨʫʞʥʝ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʢʦʣʽʩ ʧʦ ʨʝʡʢʘʤ, ʫ 

ʟʚôʷʟʢʫ ʟ ʯʠʤ ʧʦ ʧʦʚʝʨʭʥʷʤ ʢʦʥʪʘʢʪʥʠʭ ʧʣʦʱʘʜʦʢ ʤʽʞ ʢʦʣʝʩʘʤʠ ʪʘ ʨʝʡʢʘʤʠ ʚʠ-

ʥʠʢʘʶʪʴ ʧʽʜʚʠʱʝʥʽ ʧʦʟʜʦʚʞʥʽ ʩʠʣʠ, ʥʘʧʨʘʚʣʝʥʽ ʚ ʩʪʦʨʦʥʫ ʨʫʭʫ ʧʦʾʟʜʘ. ɹʽʣʴʰ 

ʩʢʣʘʜʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʣʽʾ ʧʨʦʩʣʽ-

ʜʢʦʚʫʶʪʴʩʷ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʨʫʭʦʤ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʧʦʾʟʜʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʝʢʫʧʝ-

ʨʘʪʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʜʝ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʤʘʣʽʡ ʜʦʚʞʠʥʽ. 

ʊʘʢʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʪʨʝʙʫʚʘʣʠ ʧʨʠʡʥʷʪʠ ʜʦʜʘʪʢʦʚʠʭ ʤʽʨ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ 

ʫʛʦʥʫ ʢʦʣʽʾ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʘʧʨʫʞʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʟʩʪʠʢʦʚʦʾ ʢʦʣʽʾ ʧʨʠʟ-

ʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʧʦʟʜʦʚʞʥʽʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʠʣ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʨʝʡʦʢ ʚʽʜʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʢʨʽʧʣʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦ-

ʟʜʦʚʞʥʶ ʩʪʽʡʢʽʩʪʴ ʢʦʣʽʾ. ʊʦʤʫ ʫʤʦʚʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʦʩʦʙ-

ʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʘ ʙʝʟʩʪʠʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʪʘ ʙʽʣʴʰ ʩʫʚʦʨʽ ʚʠʤʦʛʠ 

ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʚʫʟʣʘ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ.  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʯʠ ʚʠʙʦʨʽ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧ-

ʣʝʥʴ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʝʣʠʯʠʥʠ ʜʽʶʯʠʭ ʫʛʘʥʷʶʯʠʭ 

ʩʠʣ ʜʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʪʦʯʥʦ ʤʦ-

ʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʩʠʣʠ ʫʛʦʥʫ ʚ ʨʝʡʢʦʚʠʭ ʧʣʽʪʷʭ ʙʝʟʩʪʠʢʦʚʦʾ ʢʦʣʽʾ, ʷʢʘ ʻ ʦʜʥʽʻʶ 

ʽʟ ʩʢʣʘʜʦʚʠʭ ʫʩʽʻʾ ʩʫʤʠ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʢʦʣʽʾ, ʟʘ-

ʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʩʪʽʡʢʦʩʪʽ, ʪʦʙʪʦ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ. 

 

2.5.2. ɺʭʽʜʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʦʟʜʦʚʞʥʴʦʾ  

ʩʪʽʡʢʦʩʪʽ ʢʦʣʽʾ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʟʛʽʜʥʦ [112] 

ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: 1) ʱʦʙ ʜʽʶʯʽ ʥʘ ʨʝʡʢʦʚʫ ʧʣʽʪʴ ʧʦʟʜʦʚʞʥʽ 

ʩʠʣʠ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ ʩʠʣ ʦʧʦʨʫ ʧʝʨʝʤʽʱʝʥʥʶ ʰʧʘʣ ʚ ʙʘʣʘʩʪʽ; 2) ʱʦʙ ʪʽ ʞ ʩʠʣʠ 

ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ ʩʠʣ ʦʧʦʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʨʝʡʢʦʚʠʤʠ ʩʢʨʽʧʣʝʥʥʷʤʠ.  
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ʊʦʙʪʦ ʧʦʟʜʦʚʞʥʷ ʩʪʽʡʢʽʩʪʴ ʢʦʣʽʾ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ, ʷʢʱʦ ʥʝ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ 

ʩʧʽʣʴʥʝ ʧʦʟʜʦʚʞʥʻ ʧʝʨʝʤʽʱʝʥʥʷ ʨʝʡʦʢ ʟ ʦʧʦʨʘʤʠ ʽ ʥʝ ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʧʦʟʜʦʚʞʥʻ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʽʜʦʰʚʠ ʨʝʡʢʠ ʧʦ ʦʧʦʨʘʭ. 

ʇʝʨʰʘ ʫʤʦʚʘ (ʧʦʟʜʦʚʞʥʷ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ) ʙʫʜʝ ʟʘʙʝʟʧʝ-

ʯʝʥʘ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʨʫʞʥʘ ʧʦʟʜʦʚʞʥʷ ʨʝʘʢʮʽʷ ʢʦʞʥʦʾ ʦʧʦʨʠ ʥʝ ʙʫʜʝ ʧʝ-

ʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʦʛʦ ʦʧʦʨʫ ʧʝʨʝʤʽʱʝʥʥʶ ʮʽʻʾ ʦʧʦʨʠ ʚʟʜʦʚʞ ʢʦʣʽʾ, ʪʦʙʪʦ ʧʦ-

ʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʝʨʽʚʥʽʩʪʴ: 

ʟʂ

W

lplpp

ʧʨ

ʨʦʟ

t

ʩʨ

ʛʘʣʴʤ

ʧʨ
ʟʛ ʰʰ

ùú
ø

éê
è

¢Ö+Öö
÷
õæ

ç
å +

0

max ,                                 (2.25) 

 

ʜʝ ʧʨʟʛp  ï ʧʦʛʦʥʥʘ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ ʚʽʜ ʧʨʫʞʥʦʛʦ ʟʛʠʥʫ ʨʝʡʢʠ, ʢʅ/ʤ; 

ʩʨ

ʛʘʣʴʤp  ï ʨʦʟʧʦʜʽʣʝʥʘ ʛʘʣʴʤʽʚʥʘ ʩʠʣʘ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʢʦʣʽʩ ʨʫʭʦʤʦʛʦ ʧʦ-

ʪʷʛʘ ʥʘ ʨʝʡʢʦʚʫ ʥʠʪʢʫ, ʢʅ/ʤ; 

ʰl  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʰʧʘʣ, (ʰʠʨʠʥʘ 1-ʛʦ ʰʧʘʣʴʥʦʛʦ ʧʨʦʣʴʦʪʫ) ʤ; 

ʨʦʟ

t
p  ï ʨʦʟʧʦʜʽʣʝʥʘ ʧʦʟʜʦʚʞʥʷ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʨʝʡʢʫ (ʧʨʠ ʣʘʥ-

ʢʦʚʽʡ ʢʦʣʽʾ) ʘʙʦ ʥʘ ʨʝʡʢʦʚʫ ʧʣʽʪʴ (ʧʨʠ ʙʝʟʩʪʠʢʦʚʽʡ ʢʦʣʽ), ʢʅ/ʤ; 

[ ]ʧʨW0  ï ʜʦʧʫʩʪʠʤʠʡ ʦʧʽʨ ʧʝʨʝʤʽʱʝʥʥʶ ʰʧʘʣʠ ʚʟʜʦʚʞ ʢʦʣʽʾ (ʚʽʜʥʝʩʝʥʠʡ ʜʦ 

ʦʜʥʽʻʾ ʨʝʡʢʦʚʦʾ ʥʠʪʢʠ), ʢʅ; 

ʟʂ  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʥʘ ʧʦʟʜʦʚʞʥʶ ʩʪʽʡʢʽʩʪʴ (ʧʨʠʡʤʘʻʪʴʩʷ ʟK =1,15). 

ɺʝʣʠʯʠʥʠ ʜʦʧʫʩʪʠʤʦʛʦ ʦʧʦʨʫ ʧʝʨʝʤʽʱʝʥʥʶ ʥʝ ʟʘʚʘʥʪʘʞʝʥʦʾ ʰʧʘʣʠ ʚʟʜʦʚʞ 

ʢʦʣʽʾ [ ]ʧʨW0 , ʚʽʜʥʝʩʝʥʦʛʦ ʜʦ ʦʜʥʽʻʾ ʨʝʡʢʦʚʦʾ ʥʠʪʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʧʦ ʜʘʥʠʤ [109], ʽ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.5. 

ɼʨʫʛʘ ʫʤʦʚʘ (ʧʦʟʜʦʚʞʥʷ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ) ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʩʫʤʘʨʥʽ ʧʦʟʜʦʚʞʥʽ ʩʠʣʠ ʫʛʦʥʫ ʨʝʡʢʠ (ʨʘʟʦʤ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʧʦ-

ʟʜʦʚʞʥʽʤʠ ʩʠʣʘʤʠ) ʥʝ ʙʫʜʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʩʠʣʠ ʦʧʦʨʫ ʧʦʟʜʦʚʞʥʴʦʤʫ  ʧʝʨʝʤʽ-

ʱʝʥʥʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʨʝʡʢʦʚʠʤʠ ʩʢʨʽʧʣʝʥʥʷʤʠ: 

 

[ ]
ʙʧʟ

ʥʧʦʛ

ʩʢʨ

ʨʦʟ

t

ʩʨ

ʛʘʣʴʤ

ʧʨ

ʟʛʪʝʤʧʫʛʦʥ
lK

R
rʨʨpp

Ö

Ö
+¢++=ä +

'2
)max( ,                        (2.26) 
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ʜʝ [ ]
3K

r
r ʧʦʛʩʢʨ=  ï ʜʦʧʫʩʪʠʤʠʡ ʧʦʛʦʥʥʠʡ ʦʧʽʨ ʨʝʡʢʦʚʦʾ ʥʠʪʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʩʢʨʽʧʣʝʥʥʷʤ (ʢʅ/ʤ).  

 

ʊʘʙʣʠʮʷ 2.5 ï ɼʦʧʫʩʪʠʤʠʡ ʦʧʽʨ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʥʝʥʘʚʘʥʪʘʞʝʥʦʾ ʰʧʘʣʠ 

ʊʠʧ ʰʧʘʣ ʽ ʨʽʜ ʙʘʣʘʩʪʫ [ ]ʧʨW0 , ʢʥ. 

ʇʨʠ ʜʝʨʝʚ'ʷʥʠʭ ʰʧʘʣʘʭ 

ʙʘʣʘʩʪ ʧʽʱʘʥʠʡ 6-6,5 

ʙʘʣʘʩʪ ʱʝʙʝʥʝʚʠʡ ʥʦʨʤʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ 
7,0 

ʙʘʣʘʩʪ ʱʝʙʝʥʝʚʠʡ ʟʣʝʞʘʥʠʡ 8-9 

ʇʨʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣʘʭ 

ʙʘʣʘʩʪ ʱʝʙʝʥʝʚʠʡ ʥʦʨʤʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ 
13-14 

ʙʘʣʘʩʪ ʱʝʙʝʥʝʚʠʡ ʟʣʝʞʘʥʠʡ 15-16 

 

ɺʝʣʠʯʠʥʠ r ï ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʦʛʦʥʥʦʛʦ ʦʧʦʨʫ ʧʦʟʜʦʚʞʥʴʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʧʽ-

ʜʦʰʚʠ ʨʝʡʢʠ ʧʦ ʦʩʥʦʚʽ ʜʣʷ ʩʫʯʘʩʥʠʭ ʪʠʧʽʚ ʩʢʨʽʧʣʝʥʴ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.6 (ʟʘ 

ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ). 

 

 ʢʩʥ MAnR ÖÖÖÖÖ= - y1' 1024,8 ,                                            (2.27) 

 

ʜʝ ʄʢʩ ï ʢʨʫʪʠʣʴʥʠʡ ʤʦʤʝʥʪ, ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʛʘʡʢʠ ʩʪʠʢʦʚʦʛʦ ʙʦʣʪʘ, ʅĿʤ; 

 ʧ ï ʯʠʩʣʦ ʙʦʣʪʽʚ ʥʘ ʜʘʥʦʤʫ ʢʽʥʮʽ ʨʝʡʢʠ; 

y - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʥʘʢʣʘʜʢʠ ʧʦ ʨʝʡʮʽ (y=0,2); 

ɸ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʙʦʣʪʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ, ʧʨʠʡʤʘ-

ʻʪʴʩʷ ʜʣʷ ʈ50 ɸ=1,7; ʜʣʷ ʈ65, ʈ75 ɸ=1,4; 

ʙʧl  ï ʜʦʚʞʠʥʘ ʙʝʟʩʪʠʢʦʚʦʾ ʧʣʽʪʽ, ʤ; 

'
ʥR  ï ʚʝʣʠʯʠʥʘ ʦʧʦʨʫ ʧʦʟʜʦʚʞʥʴʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʨʝʡʢʦʚʦʾ ʧʣʽʪʽ ʚ ʥʘʢʣʘʜ-

ʢʘʭ ʩʪʠʢʫ, ʢʅ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ 
'
ʥR  ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʨʝʡʢʠ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʩʪʠʢʦʚʠʭ ʙʦʣʪʽʚ ʥʘ ʦʜʥʦʤʫ ʢʽʥʮʽ ʨʝʡʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʧʦ ʜʘʥʠʤ [108]. 
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ʊʘʙʣʠʮʷ 2.6 ï ʇʦʟʜʦʚʞʥʷ ʞʦʨʩʪʢʽʩʪʴ ʚʫʟʣʘ ʩʢʨʽʧʣʝʥʥʷ ʪʘ ʧʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦʟʜʦʚʞʥʴʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʶ ʧʽʜʦʰʚʠ ʨʝʡʢʠ ʧʦ ʦʩʥʦʚʽ ʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʨʽʧʣʝʥʥʷ 

ʉʢʨ̔ʧʣʝʥʥʷ ʫʟC , 

ʅ/ʤʤ 

r (ʜʣʷ ʝʧʶʨʠ 

1840), ʢʅ/ʤ 

r (ʜʣʷ ʝʧʶʨʠ 

1680), ʢʅ/ʤ 

ɿ
ʘ
ʣ
ʽ
ʟ
ʦ
ʙ
ʝ
ʪ
ʦ
ʥ
ʥ
ʽ
 
ʰ
ʧ
ʘ
ʣ
ʠ

 ʂɹmax (ʧʨʠ ʱʽʣʴʥʦʤʫ 

ʟʘʪʷʛʫʚʘʥʥʽ) 

ʧ
ʽ
ʜ
ʢ
ʣ
ʘ
ʜ
ʦ
-

ʯ
ʥ
ʽ

 11300 20,8 18,8 

ʂɹmin  (ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʩʪʘʥʽ) 
8000 14,7 13,3 

SKL-14 (ʌʦʩʩʣʦ) 

ɹ
ʝ
ʟ
ʧ
ʽ
ʜ
ʢ
ʣ
ʘ

-

ʜ
ʦ
ʯ
ʥ
ʽ

 

11500 21,2 19,2 

ʇʝʥʜʨʦʣ 13000 23,9 21,7 

ʉɹ-3, ʂʇʇ-1 8320 15,3 13,9 

ʂʇʇ-5 9700 17,9 16,2 

ɼʆ (ʜʝʨ., ʩʝʨʝʜʥʴʦʾ ʟʥʦʰʝʥʦʩʪʽ) ʙʝʟ 

ʧʨʦʪʠʫʛʦʥʽʚ 
2000 3,75 3,0 

ɼʆ (ʜʝʨ., ʥʦʚʽ) ʧʨʠ ʧʦʚʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʪʠʫʛʦʥʽʚ (44 ʰʪ. ʥʘ ʣʘʥʢʫ 25,0 ʤ 

ʧʨʠ ʝʧʶʨʽ 1840 ʰʧ/ʢʤ) 

4000-5000 8,3 7,5 

 

2.5.3. ɺʠʟʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʫʛʦʥʫ ʚʽʜ ʜʽʾ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʽʩʥʠʭ  

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧʨʫʞʥʦʛʦ ʚʠʛʠʥʫ ʨʝʡʦʢ 

ʗʚʠʱʝ ʫʛʦʥʫ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʛʣʷʜʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʙʘʣʢʠ, 

ʷʢʘ ʣʝʞʠʪʴ ʥʘ ʩʫʮʽʣʴʥʽʡ ʦʩʥʦʚʽ, ʧʨʫʞʥʽʡ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʥʝʜʝʬʦʨ-

ʤʦʚʘʥʽʡ (ʧʦ ʥʝʡʪʨʘʣʴʥʽʡ ʦʩʽ ʨʝʡʢʠ) ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (ʨʠʩ. 2.22).  

 

 

 

ʘ) 

 

 

 

ʙ) 

 

 

 

ʚ) 

 

ʈʠʩʫʥʦʢ 2.22 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʫʪʚʦʨʝʥʥʷ ʫʛʦʥʫ ʚʽʜ ʧʨʫʞʥʦʛʦ ʚʠʛʠʥʫ ʨʝʡʢʠ ʽ ʧʦʩʪʫʧʦ-

ʚʦʛʦ ʥʘʢʦʯʫʚʘʥʥʷ ʢʦʣʝʩʘ ʥʘ ʨʝʡʢʫ, ʷʢʘ ʣʝʞʠʪʴ ʧʦʧʝʨʝʜʫ: ʘ) ï ʩʭʝʤʘ ʚʠʛʠʥʫ ʨʝʡʢʠ ʽ ʜʝʧʣʘʥʘʮʽʾ 

ʾʾ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ; ʙ) ï ʝʧʶʨʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ ʨʝʡʢʠ; ʚ) ï ʝʧʶʨʘ ʨʦʟʧʦʜʽʣʫ ʧʦʟ-

ʜʦʚʞʥʽʭ ʚʽʜʭʠʣʝʥʴ xDʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʧʨʫʞʥʦʛʦ ʚʠʛʠʥʫ ς“ȾὯ 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

70  ¶ 

ʊʘʢʘ ʩʭʝʤʘ ʨʦʟʛʣʷʜʘʣʘʩʷ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ ʽ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʴʥʘ ʜʣʷ ʟʠ-

ʤʦʚʠʭ ʫʤʦʚ, ʢʦʣʠ ʙʘʣʘʩʪʥʠʡ ʰʘʨ ʟʤʝʨʟʣʠʡ, ʘʙʦ ʚ ʚʠʧʘʜʢʫ ʩʧʠʨʘʥʥʷ ʨʝʡʢʠ ʥʘ ʩʫ-

ʮʽʣʴʥʫ ʙʝʪʦʥʥʫ ʧʽʜʨʝʡʢʦʚʫ ʦʩʥʦʚʫ ʙʝʟ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʨʝʡʢʦʶ ʽ ʦʩʥʦʚʦʶ.  

ʇʨʠ ʨʫʩʽ ʢʦʣʽʩ ʧʦ ʨʝʡʮʽ ʚʠʥʠʢʘʻ ʾʾ ʚʠʛʠʥ ʚ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʽ ʚ ʨʝʟʫʣʴ-

ʪʘʪʽ ʧʨʫʞʥʦʛʦ ʧʦʚʦʨʦʪʫ ʧʝʨʝʨʽʟʫ ʨʝʡʢʠ ʚʠʥʠʢʘʶʪʴ ʧʦʟʜʦʚʞʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦ-

ʯʦʢ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʘ ʦʩʥʦʚʽ ʨʝʡʢʠ.  

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʜʽʡʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʢʨʽʧʣʝʥʥʷ, ʧʽʜ ʯʘʩ ʧʨʫʞʥʦʛʦ ʧʦʚʦ-

ʨʦʪʫ ʧʝʨʝʨʽʟʫ ʨʝʡʢʠ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʽʜʦʰʚʠ ʨʝʡʢʠ ʧʦ ʦʩʥʦʚʽ. 

ʈʦʟʧʦʜʽʣʝʥʫ ʧʦʟʜʦʚʞʥʶ ʩʠʣʫ ʚʽʜ ʚʠʛʠʥʫ ʨʝʡʢʠ ʥʘ ʦʜʠʥʠʮʶ ʾʾ ʜʦʚʞʠʥʠ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

XxUʨʧʨʟʛ DÖÖ= 310 ,                                           (2.28) 

 

ʜʝ 
x

U  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʢʦʣʽʾ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʄʇʘ; 

CD  ï ʧʦʟʜʦʚʞʥʻ ʚʽʜʭʠʣʝʥʥʷ ʧʽʜʦʰʚʠ ʨʝʡʢʠ, ʚʽʜʥʦʩʥʦ ʩʚʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦ-

ʣʦʞʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʧʦʚʦʨʦʪʦʤ ʧʝʨʝʨʽʟʫ ʨʝʡʢʠ ʧʨʠ ʡʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʚʠʛʠʥʽ. 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʢʦʣʽʾ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʟʛʽʜʥʦ [112] ʟʥʘʭʦʜʠʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦ :ʁ  

ʰl

ʩʫʤ
ʦʧʉ

xU
Ö

=

-310
 ,                                              (2.29) 

 

ʜʝ 
ʰ

l  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʰʧʘʣ, ʤ; 

ʩʫʤ

ʦʧ
ʉ  ï ʩʫʤʘʨʥʘ ʧʦʟʜʦʚʞʥʷ ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʨʝʡʢʦʚʦʾ ʦʩʥʦʚʠ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʦʜ-

ʥʽʻʾ ʦʧʦʨʠ (
ʤ

ʢʅ

ʤʤ

ʅ
= ), ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

ʫʟ
ʉ

ʙʰ
ʉ

ʫʟ
ʉ

ʙʰ
ʉ

ʩʫʤ
ʦʧ
ʉ

+
-

Ö

Ö
-

Ö

=
5,0

5,0

 ,                                         (2.30) 

 

ʜʝ 
ʙʰ

ʉ
-

Ö5,0  ï ʧʦʟʜʦʚʞʥʷ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ ʰʧʘʣʘïʙʘʣʘʩʪ, ʚʽʜʥʝʩʝʥʘ ʜʦ 
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ʦʜʥʽʻʾ ʨʝʡʢʦʚʦʾ ʥʠʪʢʠ (
ʤ

ʢʅ

ʤʤ

ʅ
= ). ɿʛʽʜʥʦ [112] ʧʦʟʜʦʚʞʥʷ ʞʦʨʩʪʢʽʩʪʴ ʜʣʷ ʚʩʽʻʾ 

ʰʧʘʣʠ, ʪʦʙʪʦ ʜʣʷ 2-ʭ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ, ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

 

ʜʠʥQ
ʙʰ

ɸʦ
ʙʰ

ʉ
ʙʰ

ʉ Ö
-

+
-

=
-

 ,                                   (2.31) 

 

 

ʜʝ ʦ
ʙʰ

ʉ
-

 ï ʧʦʟʜʦʚʞʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʦʩʥʦʚʠ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʦʜʥʽʻʾ 

ʰʧʘʣʠ (ʜʚʽ ʨʝʡʢʦʚʽ ʥʠʪʢʠ) ʙʝʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 
ʤ

ʢʅ

ʤʤ

ʅ
= . ɿʥʘʯʝʥʥʷ 

 ʦ
ʙʰ

ʉ
-

 ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʣʽʾ ʟʘ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. ɺ.ɻ. ɸʣʴʙʨʝʭʪʘ [112].  

ʙʰ
ɸ
-

 ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʙʘʣʘʩʪʫ, ʤʤ-1 [112], ʚ ʪʘʙʣ. 2.7;  

0,5 ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʧʝʨʝʚʦʜʠʪʴ ʧʦʟʜʦʚʞʥʶ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ ʰʧʘʣʘ-

ʙʘʣʘʩʪ, ʚʽʜʥʝʩʝʥʫ ʜʦ ʦʜʥʽʻʾ ʰʧʘʣʠ, ʚ ʧʦʟʜʦʚʞʥʶ ʞʦʨʩʪʢʽʩʪʴ ʚʽʜʥʝʩʝʥʫ ʜʦ ʦʜʥʽʻʾ 

ʨʝʡʢʦʚʦʾ ʥʠʪʢʠ; 

ʜʠʥQ  ï ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʰʧʘʣʫ ʚʽʜ ʨʝʡʢʠ ï ʧʦ-

ʧʝʨʝʯʥʘ ʜʠʥʘʤʽʯʥʘ ʩʠʣʘ ʟ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʣʽʾ ʥʘ ʤʽʮʥʽʩʪʴ, ʅ; 

ʫʟ
ʉ  ï ʧʦʟʜʦʚʞʥʷ ʞʦʨʩʪʢʽʩʪʴ ʚʫʟʣʘ ʩʢʨʽʧʣʝʥʥʷ, (

ʤ

ʢʅ

ʤʤ

ʅ
= ), ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ 

ʜʦʚʽʜʢʦʚʠʤʠ ʜʘʥʠʤʠ [111] ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʩʢʨʽʧʣʝʥʥʷ ʽ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2.6. 

ɼʣʷ ʩʢʨʽʧʣʝʥʴ ʉɹ-3, ʂʇʇ-1, ʂʇʇ-5, ʪʘ ʂɹ ʧʦʟʜʦʚʞʥʷ ʞʦʨʩʪʢʽʩʪʴ ʚʫʟʣʘ ʩʢʨʽʧ-

ʣʝʥʥʷ ʚʠʟʥʘʯʘʣʘʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ [108]. 

ɿʥʘʯʝʥʥʷ CD  ʟʛʽʜʥʦ [108] ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

dx

zd
hʧ=CD  ,                                                (2.32) 

 

ʜʝ nh  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʜʦ ʧʽʜʦʰʚʠ ʨʝʡʢʠ, ʤ. 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

72  ¶ 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʬʦʨʤʫʣʫ (2.32) ʚʽʜʦʤʦʛʦ ʟ ʪʝʦʨʽʾ ʚʠʛʠʥʫ ʙʘʣʦʢ ʥʘ ʚʝʨʪʠ-

ʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʯʝʥʥʷ dz/dx ʪʘ ʧʝʨʝʚʽʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ, ʦʪʨʠʤʘʻʤʦ ʚʠ-

ʨʘʟ ʜʣʷ ʧʦʟʜʦʚʞʥʴʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʧʽʜʦʰʚʠ ʨʝʡʢʠ XD : 

 

( )xk
xâk

Pe
U

kh
X â

z

âï Öä
Ö-

-=
-

D sin
210 6

 ,                              (2.33) 

 

ʜʝ 
zU  ï ʚʝʨʪʠʢʘʣʴʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʽʜʨʝʡʢʦʚʦʾ ʦʩʥʦʚʠ, ʄʇʘ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ ʘʙʦ ʟʘ ʜʦʚʽʜʢʦʚʠʤʠ ʜʘʥʠʤʠ [112]; 

ʝ ï ʦʩʥʦʚʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʫ; 

x  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʝʨʽʟʫ, ʤ; 

P  ï ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʢʦʣʝʩʘ ʥʘ ʨʝʡʢʫ, ʅ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʦ-

ʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʝʡʦʢ ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ 

ʨʽʚʥʠʤ ʩʝʨʝʜʥʴʦʜʠʥʘʤʽʯʥʦʤʫ ʢʦʣʽʩʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ 
ʜʠʥʈʈ= . 

ʉʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ XD  ʙʫʜʝ ʤʘʪʠ ʧʣʶʩʦʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʣʶʩʦʚʠʭ ʭ (ʚʽʜ-

ʨʘʭʦʚʘʥʠʭ ʚʽʜ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʢʦʣʽʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʪʦʨʦʥʫ ʨʫʭʫ ʢʦ-

ʣʝʩʘ), ʽ ʥʘʚʧʘʢʠ XD  ʙʫʜʝ ʚʽʜôʻʤʥʠʤ ʧʨʠ ʚʽʜôʻʤʥʠʭ ʭ.  

ʄʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʧʦʟʜʦʚʞʥʴʦʛʦ ʚʽʜʭʠʣʝʥʥʷ XD ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʚ ʧʝ-

ʨʝʨʽʟʽ III, ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʢʦʣʝʩʘ 
k

x
4

3

p
=  (ʨʠʩ. 2.22ʙ). 
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D .        (2.34) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʥʷ XD  ʧʦ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʧʨʫʞ-

ʥʦʛʦ ʚʠʛʠʥʫ ʨʝʡʢʠ (ʨʠʩ. 2.22ʚ), ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʨʫʞʥʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ ʧʨ

ʟʛp  ʪʘ-

ʢʦʞ ʙʫʜʝ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʧʦ ʜʦʚʞʠʥʽ.  

ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʧʨ

ʟʛp  ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʚ ʪʦʤʫ ʧʝʨʝʨʽʟʽ, ʜʝ ʚʝʣʠʯʠʥʘ ʚʽʜʭʠ-

ʣʝʥʥʷ ʙʫʜʝ ʨʽʚʥʘ 
max

XD , ʪʦʙʪʦ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʢʦʣʝʩʘ 
k

x
4

3

p
= : 
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73  ¶ 

 

max
310)max( XUp x

ʧʨ
ʟʛ DÖÖ=                                         (2.35) 

 

2.5.4. ɺʠʟʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʫʛʦʥʫ ʚʽʜ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʾʟʜʘ 

ʈʦʟʧʦʜʽʣʝʥʘ ʛʘʣʴʤʽʚʥʘ ʩʠʣʘ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʢʦʣʽʩ ʨʫʭʦʤʦʛʦ ʧʦʾʟʜʘ ʥʘ 

ʦʜʥʫ ʨʝʡʢʦʚʫ ʥʠʪʢʫ, ʢʅ/ʤ, ʟʛʽʜʥʦ [108] ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

L

ʪ
ɺ

ʩʨ
ʛʘʣʴʤ
ʨ

2
=  ,                                             (2.36) 

 

ʜʝ L  ï ʜʦʚʞʠʥʘ ʧʦʾʟʜʘ, ʤ. 

ɻʘʣʴʤʽʚʥʘ ʩʠʣʘ, ʢʅ, ʟʛʽʜʥʦ [108] ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ù
ú

ø
é
ê

è
-Ö+

-
Ö

+
ÖÖ= -

ʧ

ʊ

kʥ
m i

L

VV

g
QB v

g
10

)(

2

)1(
1010

22

43  ,                     (2.37) 

 

ʜʝ Q  ï ʤʘʩʘ ʧʦʾʟʜʘ, ʪ; 

i  - ʫʢʣʦʥ ʢʦʣʽʾ, ʥʘ ʷʢʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʘʣʴʤʫʚʘʥʥʷ, 0/00; 

ʧv  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʧʦʾʟʜʘ ʧʨʠ ʩʝʨʝʜʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʥʘ ʜʽʣʷʥʮʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʅ/ʪ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ri

cʣʦʢ

ocxʣʦʢ

ʧ
QP

QP
vv

vv
v ++

+

Ö+Ö
= ,                           (2.38) 

 

ʜʝ ʣʦʢP  ï ʤʘʩʘ ʣʦʢʦʤʦʪʠʚʘ, ʪ; 

cQ  ï ʤʘʩʘ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʪ; 

0, vvʭ  ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʨʫʭʫ (ʅ/ʪ) ʚʽʜʧʦʚʽʜʥʦ ʣʦʢʦʤʦʪʠʚʘ (ʚ ʨʝʞʠʤʽ ʛʘʣʴʤʫ-

ʚʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʧʨʠ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ) ʽ ʚʘʛʦʥʘ. ɼʘʥʽ ʚʝʣʠʯʠʥʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʘʤʠ (2.47ï 2.50); 
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74  ¶ 

ʥV  ï ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʾʟʜʘ, ʤ/ʩ, ʟ ʷʢʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʘʣʴʤʫʚʘʥʥʷ; 

ʢV  ï ʢʽʥʮʝʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʾʟʜʘ, ʤ/ʩ, ʥʘ ʜʽʣʷʥʮʽ ʛʘʣʴʤʫʚʘʥʥʷ; 

g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʤ/ʩ2;  

g ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʤʘʩ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʥʘ ʚʪʨʘʪʫ ʢʽʥʝʪʠʯ-

ʥʦʾ ʝʥʝʨʛʽʾ ʧʦʾʟʜʘ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ: ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʠʭ 4-ʠ ʚʽʩʥʠʭ ʚʘʛʦʥʽʚ g= 0,028, 

ʜʣʷ ʧʦʨʦʞʥʽʭ 4-ʠ ʚʽʩʥʠʭ ʚʘʛʦʥʽʚ g=0,084, ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ g= 0,04. 

ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʛʘʣʴʤʫʚʘʥʥʷ,
ʊ

L  ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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= ,                                   (2.39) 

 

ʜʝ ʪb  ï ʧʠʪʦʤʘ ʛʘʣʴʤʽʚʥʘ ʩʠʣʘ ʧʦʾʟʜʘ, ʅ/ʪ, ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

- ʜʣʷ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 

 

ʨʢʨʪ
b uj Ö= ,                                                                           (2.40) 

 

- ʜʣʷ ʩʣʫʞʙʦʚʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 

 

ʨʢʨʪb uÖj= 5,0 ,                                           (2.41) 

 

ʜʝ 
ʨ
u  ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʛʘʣʴʤʽʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʅ/ʪ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨ-

ʤʫʣʦʶ: 

c
Qʈ

ʂʂ

ʨ
ʣʦʢ

ʣʚ

+

ää +
=u ,                                              (2.42) 

 

ä ä Ö=Ö= ʛʢʣʣʣʛʢʚʚʚ ʈnKʈnK ; ,                            (2.43) 

 

ʜʝ ä ʚʂ , ä ʣʂ  ï ʩʫʤʘʨʥʘ ʩʠʣʘ ʥʘʪʠʩʢʘʥʥʷ ʢʦʣʦʜʦʢ ʚʘʛʦʥʽʚ ʫ ʩʢʣʘʜʽ ʧʦʾʟʜʘ ʪʘ 
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75  ¶ 

ʣʦʢʦʤʦʪʠʚʘ, ʅ; 

ʚn  ï ʢʽʣʴʢʽʩʪʴ ʦʩʝʡ ʚʘʛʦʥʽʚ ʫ ʧʦʾʟʜʽ;  

ʣn  ï ʢʽʣʴʢʽʩʪʴ ʦʩʝʡ ʣʦʢʦʤʦʪʠʚʘ ʚ ʧʦʾʟʜʽ; 

ʛʢʚʈ , ʛʢʣʈ  ï ʩʠʣʘ ʥʘʪʠʩʢʘʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʢʦʣʦʜʦʢ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʚʽʩʴ ʚʘʛʦʥʫ 

ʪʘ ʣʦʢʦʤʦʪʠʚʫ, ʅ; 

ʢʨ
j  ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʛʘʣʴʤʽʚʥʠʭ ʢʦʣʦʜʦʢ, ʟʛʽʜʥʦ [112] ʜʣʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʢʦʣʦʜʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

1502

150
36,0

+

+
=

V

V

ʢʨ
j ,                                         (2.44) 

 

ʜʝ V  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʘ, ʢʤ/ʛʦʜ; 

ʇʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʨʦʟʧʦʜʽʣʝʥʘ ʛʘʣʴʤʽʚʥʘ ʩʠʣʘ, (ʢʅ/ʤ), ʟʥʘ-

ʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [112]: 

 

Lʣ

ʪʤ
ɺ

ʩʨ
ʛʘʣʴʤ
ʨ

2
=  ,                                           (2.45) 

 

ʜʝ ʣL  ï ʜʦʚʞʠʥʘ ʣʦʢʦʤʦʪʠʚʘ, ʤ; 

ʪʤ
ɺ  ï ʚʝʣʠʯʠʥʘ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ, ʢʅ, ʟʛʽ-

ʜʥʦ [112] ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

ʩQ
o

wiʈ
x

wi
ʪʤ
ɺ

ʣʦʢ
)10(10)10(10 33 -Ö+-Ö= --

 ,                   (2.46) 

 

ʜʝ: 
x
v  ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʝʣʝʢʪʨʦʚʦʟʘ ʥʘ ʙʝʟʩʪʠʢʦʚʽʡ ʢʦʣʽʾ, ʅ/ʪ, (ʚ ʨʝʞʠʤʽ ʛʘ-

ʣʴʤʫʚʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʜʣʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ), ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

20034,0088,054,23 VV
ʭ

Ö+Ö+=v  ,                        (2.47) 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

76  ¶ 

 

ʜʝ V  - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʘ, ʢʤ/ʛʦʜ. 

ʦ
v  ï ʦʩʥʦʚʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʫ, ʅ/ʪ, ʥʘ ʧʽ-

ʜʰʠʧʥʠʢʘʭ ʢʦʯʝʥʥʷ ʽ ʙʝʟʩʪʠʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ, ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

229,43 0,88 0,0196
6,87o

o

V V
w

q

+ Ö + Ö
= + .                       (2.48) 

 

ʦ
v  ï ʦʩʥʦʚʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʟʘʚʘʥʪʘʞʝʥʦʾ ʮʠʩʪʝʨʥʠ (ʅ/ʪ) ʥʘ ʧʽʜʰʠʧʥʠʢʘʭ 

ʢʦʯʝʥʥʷ ʽ ʙʝʟʩʪʠʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ, ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ,: 

 

o
q

VV

o
w

20167,0255,09,58
87,6

Ö+Ö+
+=                        (2.49) 

 

ʦ
v  ï ʦʩʥʦʚʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʫ, ʅ/ʪ, ʥʘ ʧʽʜʰʠʧʥʠʢʘʭ 

ʢʦʯʝʥʥʷ ʽ ʙʝʟʩʪʠʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

o
q

VV

o
w

200226,057,148,78
87,6

Ö+Ö+
+= .                     (2.50) 

 

 ʋ ʬʦʨʤʫʣʘʭ (2.48ï 2.50) ʧʨʠʡʥʷʪʦ: 

 0q  ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʩʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʘʛʦʥʘ, ʪ/ʚʽʩʴ. 

 

2.5.5. ɺʠʟʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʠʣ ʚ ʨʝʡʢʦʚʠʭ  

ʥʠʪʢʘʭ ʙʝʟʩʪʠʢʦʚʦʾ ʢʦʣʽʾ 

ʈʦʟʧʦʜʽʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʠʣʘ, ʢʅ/ʤ, ʥʘ ʜʽʣʷʥʮʽ ʢʦʣʽʾ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ            

ʦʜʥʽʻʾ ʨʝʡʢʦʚʦʾ ʥʠʪʢʠ ʙʝʟʩʪʠʢʦʚʦʾ ʧʣʽʪʽ ʟʛʽʜʥʦ [108] ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

X

t
P

ʨʦʟ
t
ʨ

2
= ,                                                      (2.51) 
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77  ¶ 

ʜʝ tP  - ʧʦʟʜʦʚʞʥʷ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʠʣʘ, ʢʅ, ʷʢʘ ʚʠʥʠʢʘʻ ʚ ʦʜʥʽʡ ʨʝʡʢʦʚʽʡ ʥʠʪʮʽ 

ʙʝʟʩʪʠʢʦʚʦʾ ʧʣʽʪʽ.  

ʇʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʡʢʠ ʚʽʜʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ ʚʝʣʠ-

ʯʠʥʫ tD  ʩʠʣʘ tP  ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

FtEtʈ ÖDÖÖaÖ= 310  ,                                        (2.52) 

 

ʜʝ Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʨʝʡʢʦʚʦʾ ʩʪʘʣʽ, Ŭ = 0,0000118 1/ʛʨʘʜ; 

E  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʨʝʡʢʦʚʦʾ ʩʪʘʣʽ, E= 2,1Ĭ105 ʄʇʘ; 

F  ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʨʝʡʢʠ, ʤ2; 

tDï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʨʝʡʢʠ ʚʽʜʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʢʨʽʧʣʝʥʥʷ, Áʉ; 

ʍ ï ʜʦʚʞʠʥʘ ʢʽʥʮʝʚʠʭ ʜʽʣʷʥʦʢ, ʤ, ʥʘ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦʟʜʦʚʞʥʽ ʜʝʬʦʨʤʘ-

ʮʽʾ ʨʝʡʢʦʚʦʾ ʧʣʽʪʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʥʘ ʧʝʚʥʝ ʯʠʩʣʦ ʛʨʘʜʫʩʽʚ tD, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦ-

ʨʤʫʣʦʶ: 

r

FtEa
X

ÖDÖÖÖ
=

310
 ,                                      (2.53) 

 

ʜʝ r  ï ʧʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦʟʜʦʚʞʥʴʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʧʽʜʦʰʚʠ ʨʝʡʢʠ ʧʦ ʦʩʥʦʚʽ, ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʪʠʧʫ ʧʨʦʤʽʞʥʠʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ ʽ ʝʧʶʨʠ ʰʧʘʣ, ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

[112]: 

ʰ

ʫʟ

l

C
r

'

= ,                                               (2.54) 

 

ʜʝ 'ʫʟC  ï ʦʧʽʨ ʚʫʟʣʘ ʩʢʨʽʧʣʝʥʥʷ ʩʠʣʘʤ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʝʡʢʠ, ʢʅ. 

ʇʨʠʡʤʘʻʪʴʩʷ ʫʟʫʟ CC ='  (ʪʘʙʣ. 2.6).  

ʇʦʟʜʦʚʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʢʽʥʮʽʚ ʨʝʡʢʦʚʦʾ ʧʣʽʪʽ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʽʟ ʨʦʟʛʣʷʜʫ 

ʝʧʶʨʠ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʚ ʙʝʟʩʪʠʢʦʚʽʡ ʧʣʽʪʽ ʥʘ (ʨʠʩ. 2.23). 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

78  ¶ 

x x

Pt

lʙ.ʧ.  

ʈʠʩʫʥʦʢ 2.23 ï ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʦʧʦʨʫ ʥʘ ʢʽʥʮʷʭ ʙʝʟʩʪʠʢʦʚʦʾ ʧʣʽʪʽ  

 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʢʽʥʮʝʚʠʭ ʜʽʣʷʥʦʢ ʍ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

r

tFE
X

DÖÖÖaÖ
=

310
.                                           (2.55) 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʠʚʝʜʝʥʦʾ ʚʠʱʝ ʤʝʪʦʜʠʢʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʚʟʜʦʚʞʥʴʦʾ 

ʩʪʽʡʢʦʩʪʽ ʢʦʣʽʾ ʜʣʷ ʨʝʡʦʢ ʈ65 ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣʘʭ ʪʘ ʱʝʙʝʥʝʚʦʤʫ ʙʘʣʘʩʪʽ ʟ ʥʘʩʪʫʧ-

ʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʪʘ ʨʝʡʢʦʚʠʤʠ ʩʢʨʽʧʣʝʥʥʷʤʠ: 

 

ɺʘʨʽʘʥʪ ɽʧʶʨʘ ʰʧʘʣ ʈʝʡʢʦʚʝ ʩʢʨʽʧʣʝʥʥʷ 

1 

1840 

ʂɹmax 

2 ʂɹmin 

3 ʂʇʇ-1 

4 ʂʇʇ-5 

5 ʇʝʥʜʨʦʣ 

6 ʌʦʩʩʣʦ 

7 

1680 

ʂɹmax 

8 ʂɹmin 

9 ʂʇʇ-1 

10 ʂʇʇ-5 

11 ʇʝʥʜʨʦʣ 

12 ʌʦʩʩʣʦ 

 

ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʥʘʩʪʫʧʥʠʭ ʢʘʪʝʛʦʨʽʡ ʧʦʾʟʜʽʚ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ: 

- ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʦʢʦʤʦʪʠʚʘ ɺʃ 80 ʪʘ ʯʦʪʠʨʴʦʭ ʚʽ-

ʩʥʠʭ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ ʤʘʩʦʶ 4500 ʪ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 110 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ ʪʘ ʚʽʜ 90 ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; 

- ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʦʢʦʤʦʪʠʚʘ ɺʃ 80 ʪʘ ʯʦʪʠʨʴʦʭ ʚʽ-

ʩʥʠʭ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ ʤʘʩʦʶ 2500 ʪ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 110 
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79  ¶ 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ  ʪʘ ʚʽʜ 90 ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; 

- ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʦʢʦʤʦʪʠʚʘ ʏʉ 8 ʪʘ ʯʦʪʠʨʴʦʭ 

ʚʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ ʤʘʩʦʶ 1600 ʪ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 160 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ  ʪʘ ʚʽʜ 140 ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʣʽʾ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣ. 2.7 

ï 2.18.  

ʊʘʙʣʠʮʷ 2.7 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 4500 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4-ʚʽʩʥʠ ʚʘ-

ʛʦʥʽʚ ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʽʩʴ 235 ʢʅ/ʚʽʩʴ ʪʘ ʣʦʢʦʤʦʪʠʚʘ ɺʃ-80 ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 110 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1840  ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 49906,5 48930,85 52447,35 50473,95 47063,4 46181,35 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ʩʫʤ

ʦʧ
ʉ , ʅ/ʤʤ 7778 6029 6316 7007 8374 7677 

zU , ʄʇʘ 14 11 12 13 15 14 

max
XD , ʤ 0,000082 0,000085 0,000075 0,000080 0,000091 0,000095 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,2 0,9 0,9 1 1,4 1,3 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 2,1 2,1 2,1 2,1 2,1 2,1 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 4,2 4,2 4,2 4,2 4,2 4,2 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 9,2 9,2 9,2 9,2 9,2 9,2 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 10,4 7,4 7,7 8,9 12 10,6 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

13,7 10,4 10,7 12 15,5 14 

ä +òåìïóãîíp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

15,8 12,5 12,8 14,1 17,6 16,1 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘ-

ʣʴʤʫʚʘʥʥʽ , ʢʅ/ʤ        

20,8 17,5 17,8 19,1 22,6 21,1 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  18,1 12,8 13,3 15,5 20,8 18,4 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʦʧʦʨʫ ʚ ʥʘʢʣʘʜ-

ʢʘʭ, ʢʅ/ʤ  

18,9 13,6 14,1 16,3 21,6 19,2 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

80  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

13,7<18,9 10,4<13,6 10,7<14,1 12<16,3 15,5<21,6 14<19,2 

15,8<18,9 12,5<13,6 12,8<14,1 14,1<16,3 17,6<21,6 16,1<19,2 

20,8>18,9 17,5>13,6 17,8>14,1 19,1>16,3 22,6>21,6 21,1>19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

7,7<14 5,9<14 6<14 6,78<14 8,7<14 7,98<14 

8,9<14 7,1<14 7,2<14 7,98<14 9,9<14 9,18<14 

8,7<14 6,9<14 6,96<14 7,74<14 9,66<14 8,94<14 

 
ʊʘʙʣʠʮʷ 2.8 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 4500 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4-ʚʽʩʥʠ ʚʘ-

ʛʦʥʽʚ ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʽʩʴ 235 ʢʅ/ʚʽʩʴ ʪʘ ʣʦʢʦʤʦʪʠʚʘ ɺʃ-80 ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 110 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1680 ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 53544,55 52598,15 56414,95 54006,05 50596,8 49534,7 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ʩʫʤ

ʦʧ
ʉ , ʅ/ʤʤ 7946 6134 6425 7136 8587 7853 

zU , ʄʇʘ 13 10 11 12 14 13 

max
XD , ʤ 0,000086 0,000089 0,000078 0,000085 0,000095 0,000100 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,1 0,9 0,9 1 1,3 1,3 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 2,1 2,1 2,1 2,1 2,1 2,1 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 4,2 4,2 4,2 4,2 4,2 4,2 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 9,2 9,2 9,2 9,2 9,2 9,2 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 9,5 6,7 7 8,1 10,9 9,7 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

12,7 9,7 10 11,2 14,3 13,1 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

14,8 11,8 12,1 13,3 16,4 15,2 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ , ʢʅ/ʤ        

19,8 16,8 17,1 18,3 21,4 20,2 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  16,5 11,7 12,2 14,2 19 16,8 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʦʧʦʨʫ ʚ 

17,3 12,5 13 15 19,8 17,6 

ʫʧʨʨ



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 2 
 

81  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʥʘʢʣʘʜʢʘʭ, ʢʅ/ʤ  

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

12,7<17,3 9,7<12,5 10<13 11,2<15 14,3<19,8 13,1<17,6 

14,8<17,3 11,8<12,5 12,1<13 13,3<15 16,4<19,8 15,2<17,6 

19,8>17,3 16,8>12,5 17,1>13 18,3>15 21,4>19,8 20,2>17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ 

ʨʝʰʽʪʢʠ  

7,62<14 5,82<14 6<14 6,72<14 8,6<14 7,9<14 

8,88<14 7,08<14 7,26<14 7,98<14 9,8<14 9,1<14 

11,9<14 10,1<14 10,3<14 11<14 13<14 12<14 

 
 

ʊʘʙʣʠʮʷ 2.9 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 4500 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4-ʚʽʩʥʠ ʚʘ-

ʛʦʥʽʚ ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʽʩʴ 235 ʢʅ/ʚʽʩʴ ʪʘ ʣʦʢʦʤʦʪʠʚʘ ɺʃ-80 ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 90 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1840  ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 47776,45 46885,3 50091,75 48293,2 45179,05 44371,75 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ʩʫʤ

ʦʧ
ʉ , ʅ/ʤʤ 7671 5965 6245 6920 8251 7574 

zU , ʄʇʘ 14 11 11 13 15 14 

max
XD , ʤ 0,000080 0,000083 0,000073 0,000078 0,000089 0,000093 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,1 0,9 0,8 1 1,3 1,3 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 1,6 1,6 1,6 1,6 1,6 1,6 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 3,3 3,3 3,3 3,3 3,2 3,2 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 9,1 9,1 9,1 9,1 9,1 9,1 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 10,4 7,4 7,7 8,9 12 10,6 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ ʩʣʫ-

ʞʙʦʚʦʤʫ ʛʘʣʴʤʫ-

ʚʘʥʥʽ , ʢʅ/ʤ        

13,1 9,9 10,1 11,5 14,9 13,5 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʝʢʩ-

ʪʨʝʥʦʤʫ  ʛʘʣʴʤʫ-

ʚʘʥʥʽ , ʢʅ/ʤ        

14,8 11,6 11,8 13,2 16,5 15,1 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

20,6 17,4 17,6 19 22,4 21 

ʫʧʨʨ



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

82  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  18,1 12,8 13,3 15,5 20,8 18,4 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ ʧʽ-

ʜʦʰʚʽ ʨʝʡʦʢ ʨʝʡʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʦʨʫ ʚ 

ʥʘʢʣʘʜʢʘʭ, ʢʅ/ʤ  

18,9 13,6 14,1 16,3 21,6 19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟʜʦ-

ʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡ-

ʢʦʚʦʾ ʢʦʣʽʾ 

13,1<18,9 9,9<13,6 10,1<14,1 11,5<16,3 14,9<21,6 13,5<19,2 

14,8<18,9 11,6<13,6 11,8<14,1 13,2<16,3 16,5<21,6 15,1<19,2 

20,6>18,9 17,4>13,6 17,6>14,1 19>16,3 22,4>21,6 21>19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟʜʦ-

ʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

7,07<14 5,35<14 5,45<14 6,21<14 8,05<14 7,29<14 

7,99<14 6,26<14 6,37<14 7,13<14 8,91<14 8,15<14 

11,1<14 9,4<14 9,5<14 10,3<14 12,1<14 11,34<14 

 

 
ʊʘʙʣʠʮʷ 2.10 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 4500 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4-ʚʽʩʥʠ 

ʚʘʛʦʥʽʚ ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʽʩʴ 235 ʢʅ/ʚʽʩʴ ʪʘ ʣʦʢʦʤʦʪʠʚʘ ɺʃ-80 ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 90 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1680 ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 51112,9 50252,3 53718,75 51532,15 48431 47463,15 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ʩʫʤ

ʦʧ
ʉ , ʅ/ʤʤ 7835 6068 6352 7047 8459 7746 

zU , ʄʇʘ 13 10 11 12 14 13 

max
XD , ʤ 0,000084 0,000087 0,000076 0,000083 0,000093 0,000098 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,1 0,9 0,8 1 1,3 1,3 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 1,6 1,6 1,6 1,6 1,6 1,6 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 3,3 3,3 3,3 3,3 3,2 3,2 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 9,1 9,1 9,1 9,1 9,1 9,1 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 9,5 6,7 7 8,1 10,9 9,7 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

12,2 9,2 9,4 10,7 13,8 12,6 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

13,9 10,9 11,1 12,4 15,4 14,2 

ʫʧʨʨ



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 2 
 

83  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ 

ʛʘʣʴʤʫʚʘʥʥʽ , ʢʅ/ʤ        

19,7 16,7 16,9 18,2 21,3 20,1 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  16,5 11,7 12,2 14,2 19 16,8 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʦʧʦʨʫ ʚ ʥʘʢʣʘ-

ʜʢʘʭ, ʢʅ/ʤ  

17,3 12,5 13 15 19,8 17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

12,2<17,3 9,2<12,5 9,4<13 10,7<15 13,8<19,8 12,6<17,6 

13,9<17,3 10,9<12,5 11,1<13 12,4<15 15,4<19,8 14,2<17,6 

19,7>17,3 16,7>12,5 16,9>13 18,2>15 21,3>19,8 20,1>17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ 

ʨʝʰʽʪʢʠ  

7,32<14 5,5<14 5,64<14 6,4<14 8,3<14 7,56<14 

8,34<14 6,5<14 6,66<14 7,4<14 9,2<14 8,52<14 

11,8<14 10<14 10,1<14 11<14 13<14 12,1<14 

 
 

ʊʘʙʣʠʮʷ 2.11 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 2500 ʪ: 4-ʚʽʩʥ ̔ʚʘʛʦʥʠ (235 ʢʅ/ʚʽʩʴ) 

ʪʘ ʣʦʢʦʤʦʪʠʚ ɺʃ-80 ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 110 ʢʤ/ʛʦʜ ʜʦ ʟʫʧʠʥʢʠ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1840  

ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 49906,5 48930,85 52447,35 50473,95 47063,4 46181,35 

óç
Ñ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ñóì

îï
Ñ , ʅ/ʤʤ 7778 6029 6316 7007 8374 7677 

zU , ʄʇʘ 14 11 12 13 15 14 

max
XD , ʤ 0,000082 0,000085 0,000075 0,000080 0,000091 0,000095 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,2 0,9 0,9 1 1,4 1,3 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 1,8 1,8 1,8 1,8 1,8 1,8 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 3,5 3,5 3,5 3,5 3,5 3,5 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 5,1 5,1 5,1 5,1 5,1 5,1 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 10,4 7,4 7,7 8,9 12 10,6 

ä +òåìïóãîíp ʧʨʠ ʩʣʫ-

ʞʙʦʚʦʤʫ ʛʘʣʴʤʫ-

ʚʘʥʥʽ , ʢʅ/ʤ        

13,4 10,1 10,4 11,7 15,2 13,7 

ʫʧʨʨ



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

84  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʝʢʩ-

ʪʨʝʥʦʤʫ  ʛʘʣʴʤʫ-

ʚʘʥʥʽ , ʢʅ/ʤ        

15,1 11,8 12,1 13,4 16,9 15,4 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

16,7 13,4 13,7 15 18,5 17 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  18,1 12,8 13,3 15,5 20,8 18,4 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ ʧʽ-

ʜʦʰʚʽ ʨʝʡʦʢ ʨʝʡʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʦʨʫ ʚ 

ʥʘʢʣʘʜʢʘʭ, ʢʅ/ʤ  

18,9 13,6 14,1 16,3 21,6 19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟʜʦ-

ʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡ-

ʢʦʚʦʾ ʢʦʣʽʾ 

13,4<18,9 10,1<13,6 10,4<14,1 11,7<16,3 15,2<21,6 13,7<19,2 

15,1<18,9 11,8<13,6 12,1<14,1 13,4<16,3 16,9<21,6 15,4<19,2 

16,7<18,9 13,4<13,6 13,7<14,1 15<16,3 18,5<21,6 17<19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟʜʦ-

ʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

7,2<14 5,5<14 5,62<14 6,32<14 8,21<14 7,4<14 

8,2<14 6,4<14 6,53<14 7,24<14 9,13<14 8,32<14 

9<14 7,2<14 7,4<14 8,1<14 9,99<14 9,18<14 

 

 

ʊʘʙʣʠʮʷ 2.12 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 2500 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4-ʚʽʩʥʠ 

ʚʘʛʦʥʽʚ ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʽʩʴ 235 ʢʅ/ʚʽʩʴ ʪʘ ʣʦʢʦʤʦʪʠʚʘ ɺʃ-80 ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 110 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1680  ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

áø
Ñ
-
, ʅ/ʤʤ 53544,55 52598,15 56414,95 54006,05 50596,8 49534,7 

óç
Ñ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ñóì

îï
Ñ , ʅ/ʤʤ 7946 6134 6425 7136 8587 7853 

zU , ʄʇʘ 13 10 11 12 14 13 

max
XD , ʤ 0,000086 0,000089 0,000078 0,000085 0,000095 0,000100 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,1 0,9 0,9 1 1,3 1,3 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 1,8 1,8 1,8 1,8 1,8 1,8 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 3,5 3,5 3,5 3,5 3,5 3,5 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 5,1 5,1 5,1 5,1 5,1 5,1 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 9,5 6,7 7 8,1 10,9 9,7 



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 2 
 

85  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

12,4 9,4 9,7 10,9 14 12,8 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

14,1 11,1 11,4 12,6 15,7 14,5 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘ-

ʣʴʤʫʚʘʥʥʽ , ʢʅ/ʤ        

15,7 12,7 13 14,2 17,3 16,1 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  16,5 11,7 12,2 14,2 19 16,8 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʦʧʦʨʫ ʚ ʥʘʢʣʘʜ-

ʢʘʭ, ʢʅ/ʤ  

17,3 12,5 13 15 19,8 17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

12,4<17,3 9,4<12,5 9,7<13 10,9<15 14<19,8 12,8<17,6 

14,1<17,3 11,1<12,5 11,4<13 12,6<15 15,7<19,8 14,5<17,6 

15,7<17,3 12,7>12,5 13=13 14,2<15 17,3<19,8 16,1<17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

7,4<14 5,6<14 5,82<14 6,54<14 8,4<14 7,7<14 

8,5<14 6,7<14 6,84<14 7,56<14 9,42<14 8,7<14 

9,4<14 7,6<14 7,8<14 8,52<14 10,4<14 9,7<14 

 

 

ʊʘʙʣʠʮʷ 2.13 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 2500 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4-ʚʽʩʥʠ 

ʚʘʛʦʥʽʚ ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʽʩʴ 235 ʢʅ/ʚʽʩʴ ʪʘ ʣʦʢʦʤʦʪʠʚʘ ɺʃ-80 ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 90 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1840  ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 47776,45 46885,3 50091,75 48293,2 45179,05 44371,75 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ʩʫʤ

ʦʧ
ʉ , ʅ/ʤʤ 7671 5965 6245 6920 8251 7574 

zU , ʄʇʘ 14 11 11 13 15 14 

max
XD , ʤ 0,000080 0,000083 0,000073 0,000078 0,000089 0,000093 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,1 0,9 0,8 1 1,3 1,3 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 1,3 1,3 1,3 1,3 1,3 1,3 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 2,6 2,6 2,6 2,6 2,6 2,6 

ʫʧʨʨ



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

86  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 5,1 5,1 5,1 5,1 5,1 5,1 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 10,4 7,4 7,7 8,9 12 10,6 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

12,8 9,6 9,8 11,2 14,6 13,2 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

14,1 10,9 11,1 12,5 15,9 14,5 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘ-

ʣʴʤʫʚʘʥʥʽ , ʢʅ/ʤ        

16,6 13,4 13,6 15 18,4 17 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  18,1 12,8 13,3 15,5 20,8 18,4 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʦʧʦʨʫ ʚ ʥʘʢʣʘʜ-

ʢʘʭ, ʢʅ/ʤ  

18,9 13,6 14,1 16,3 21,6 19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

12,8<18,

9 
9,6<13,6 9,8<14,1 11,2<16,3 14,6<21,6 13,2<19,2 

14,1<18,

9 
10,9<13,6 11,1<14,1 12,5<16,3 15,9<21,6 14,5<19,2 

16,6<18,

9 
13,4<13,6 13,6<14,1 15<16,3 18,4<21,6 17<19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

6,91<14 5,18<14 5,29<14 6,05<14 7,9<14 7,13<14 

7,61<14 5,89<14 5,99<14 6,75<14 8,6<14 7,83<14 

8,96<14 7,24<14 7,34<14 8,1<14 9,9<14 9,18<14 

 

 

ʊʘʙʣʠʮʷ 2.14 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 4500 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4-ʚʽʩʥʠ 

ʚʘʛʦʥʽʚ ʽʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʽʩʴ 235 ʢʅ/ʚʽʩʴ ʪʘ ʣʦʢʦʤʦʪʠʚʘ ɺʃ-80 ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ 90 

ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1680 ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 51112,9 50252,3 53718,75 51532,15 48431 47463,15 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ñóì

îï
Ñ , ʅ/ʤʤ 7835 6068 6352 7047 8459 7746 

zU , ʄʇʘ 13 10 11 12 14 13 

max
XD , ʤ 0,000084 0,000087 0,000076 0,000083 0,000093 0,000098 

ʫʧʨʨ



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 2 
 

87  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 
ʧʨ

ʟʛp , ʢʅ/ʤ 1,1 0,9 0,8 1 1,3 1,3 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 1,3 1,3 1,3 1,3 1,3 1,3 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 2,6 2,6 2,6 2,6 2,6 2,6 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 5,1 5,1 5,1 5,1 5,1 5,1 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 9,5 6,7 7 8,1 10,9 9,7 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

11,9 8,9 9,1 10,4 13,5 12,3 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

13,2 10,2 10,4 11,7 14,8 13,6 

ä +òåìïóãîíp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘ-

ʣʴʤʫʚʘʥʥʽ , ʢʅ/ʤ        

15,7 12,7 12,9 14,2 17,3 16,1 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  16,5 11,7 12,2 14,2 19 16,8 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʦʧʦʨʫ ʚ ʥʘʢʣʘʜ-

ʢʘʭ, ʢʅ/ʤ  

17,3 12,5 13 15 19,8 17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

11,9<17,3 8,9<12,5 9,1<13 10,4<15 13,5<19,8 12,3<17,6 

13,2<17,3 10,2<12,5 10,4<13 11,7<15 14,8<19,8 13,6<17,6 

15,7<17,3 12,7>12,5 12,9<13 14,2<15 17,3<19,8 16,1<17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

7,14<14 5,3<14 5,46<14 6,24<14 8,1<14 7,38<14 

7,92<14 6,1<14 6,24<14 7,02<14 8,88<14 8,16<14 

9,42<14 7,6<14 7,74<14 8,52<14 10,4<14 9,66<14 

 

 

ʊʘʙʣʠʮʷ 2.15 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 1600 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʦʢʦ-

ʤʦʪʠʚʘ ʏʉ 8 ʪʘ ʯʦʪʠʨʴʦʭ ʚʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʥʘ ʚʽʟʢʘʭ ʂɺɿ-ʎʅɯɯ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 

ʚʽʜ 160 ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1840 ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 54996,65 53863,05 57952,2 55675,25 51695,3 50672,85 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ñóì

îï
Ñ , ʅ/ʤʤ 8009 6168 6464 7193 8650 7910 

ʫʧʨʨ



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

88  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

zU , ʄʇʘ 15 11 12 13 16 15 

max
XD , ʤ 0,000093 0,000096 0,000085 0,000091 0,000103 0,000108 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,4 1,1 1 1,2 1,7 1,6 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 2,7 2,7 2,7 2,7 2,7 2,7 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 5,5 5,5 5,5 5,5 5,5 5,5 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 3,8 3,8 3,8 3,8 3,8 3,8 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 10,4 7,4 7,7 8,9 12 10,6 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

14,5 11,2 11,4 12,8 16,4 14,9 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

17,3 14 14,2 15,6 19,2 17,7 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘ-

ʣʴʤʫʚʘʥʥʽ , ʢʅ/ʤ        

15,6 12,3 12,5 13,9 17,5 16 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  18,1 12,8 13,3 15,5 20,8 18,4 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʦʧʦʨʫ ʚ ʥʘʢʣʘʜ-

ʢʘʭ, ʢʅ/ʤ  

18,9 13,6 14,1 16,3 21,6 19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

14,5<18,9 11,2<13,6 11,4<14,1 12,8<16,3 16,4<21,6 14,9<19,2 

17,3<18,9 14>13,6 14,2>14,1 15,6<16,3 19,2<21,6 17,7<19,2 

15,6<18,9 12,3<13,6 12,5<14,1 13,9<16,3 17,5<21,6 16<19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

7,83<14 6<14 6,16<14 6,91<14 8,86<14 8,05<14 

9,34<14 7,6<14 7,67<14 8,42<14 10,4<14 9,56<14 

8,42<14 6,6<14 6,75<14 7,51<14 9,45<14 8,64<14 

 
ʊʘʙʣʠʮʷ 2.16 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 1600 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʦʢʦ-

ʤʦʪʠʚʘ ʏʉ 8 ʪʘ ʯʦʪʠʨʴʦʭ ʚʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʥʘ ʚʽʟʢʘʭ ʂɺɿ-ʎʅɯɯ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 

ʚʽʜ 160 ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1680 ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 59206,7 59477,1 64230,55 61560,35 56960,3 55773,4 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ʫʧʨʨ



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 2 
 

89  ¶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʩʫʤ

ʦʧ
ʉ , ʅ/ʤʤ 8178 6304 6608 7376 8926 8142 

zU , ʄʇʘ 14 11 11 12 15 14 

max
XD , ʤ 0,000098 0,000101 0,000089 0,000096 0,000108 0,000114 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,4 1,1 1 1,2 1,6 1,6 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 2,7 2,7 2,7 2,7 2,7 2,7 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 5,5 5,5 5,5 5,5 5,5 5,5 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 3,8 3,8 3,8 3,8 3,8 3,8 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 9,5 6,7 7 8,1 10,9 9,7 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

13,6 10,5 10,7 12 15,2 14 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

16,4 13,3 13,5 14,8 18 16,8 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘ-

ʣʴʤʫʚʘʥʥʽ ,ʢʅ/ʤ        

14,7 11,6 11,8 13,1 16,3 15,1 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  16,5 11,7 12,2 14,2 19 16,8 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʦʧʦʨʫ ʚ ʥʘʢʣʘʜ-

ʢʘʭ, ʢʅ/ʤ  

17,3 12,5 13 15 19,8 17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

13,6<17,3 10,5<12,5 10,7<13 12<15 15,2<19,8 14<17,6 

16,4<17,3 13,3>12,5 13,5>13 14,8<15 18<19,8 16,8<17,6 

14,7<17,3 11,6<12,5 11,8<13 13,1<15 16,3<19,8 15,1<17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

8,16<14 6,3<14 6,42<14 7,2<14 9,12<14 8,4<14 

9,84<14 7,98<14 8,1<14 8,88<14 10,8<14 10,1<14 

8,82<14 6,96<14 7,08<14 7,86<14 9,78<14 9,06<14 

ʫʧʨʨ



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

90  ¶ 

ʊʘʙʣʠʮʷ 2.17 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 1600 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʦʢʦ-

ʤʦʪʠʚʘ ʏʉ 8 ʪʘ ʯʦʪʠʨʴʦʭ ʚʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʥʘ ʚʽʟʢʘʭ ʂɺɿ-ʎʅɯɯ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 

ʚʽʜ 140 ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1840 ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 54996,65 53863,05 57952,2 55675,25 51695,3 50672,85 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ñóì

îï
Ñ , ʅ/ʤʤ 8009 6168 6464 7193 8650 7910 

zU , ʄʇʘ 15 11 12 13 16 15 

max
XD , ʤ 0,000089 0,000091 0,000080 0,000086 0,000098 0,000103 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,3 1 1 1,1 1,6 1,5 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 2,1 2,1 2,1 2,1 2,1 2,1 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 4,1 4,1 4,1 4,1 4,1 4,1 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 3,7 3,7 3,7 3,7 3,7 3,7 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 10,4 7,4 7,7 8,9 12 10,6 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

13,8 10,5 10,8 12,1 15,7 14,2 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

15,8 12,5 12,8 14,1 17,7 16,2 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘ-

ʣʴʤʫʚʘʥʥʽ , ʢʅ/ʤ        

15,4 12,1 12,4 13,7 17,3 15,8 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  18,1 12,8 13,3 15,5 20,8 18,4 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʦʧʦʨʫ ʚ ʥʘʢʣʘ-

ʜʢʘʭ, ʢʅ/ʤ  

18,9 13,6 14,1 16,3 21,6 19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

13,8<18,9 10,5<13,6 10,8<14,1 12,1<16,3 15,7<21,6 14,2<19,2 

15,8<18,9 12,5<13,6 12,8<14,1 14,1<16,3 17,7<21,6 16,2<19,2 

15,4<18,9 12,1<13,6 12,4<14,1 13,7<16,3 17,3<21,6 15,8<19,2 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

7,45<14 5,7<14 5,83<14 6,5<14 8,5<14 7,66<14 

 8,53<14 6,8<14 6,91<14 7,6<14 9,6<14 8,74<14 

8,32<14 6,5<14 6,7<14 7,4<14 9,3<14 8,53<14 

ʫʧʨʨ



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 2 
 

91  ¶ 

ʊʘʙʣʠʮʷ 2.18 ï ʉʠʣʘ ʫʛʦʥʫ ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 1600 ʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʦʢʦ-

ʤʦʪʠʚʘ ʏʉ 8 ʪʘ ʯʦʪʠʨʴʦʭ ʚʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʥʘ ʚʽʟʢʘʭ ʂɺɿ-ʎʅɯɯ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ 

ʚʽʜ 140 ʢʤ/ʛʦʜ ʜʦ 0 ʢʤ/ʛʦʜ; ʨʝʡʢʠ ʈ65, ʝʧʶʨʘ ʰʧʘʣ 1680 ʰʪ/ʢʤ, ʱʝʙʝʥʝʚʠʡ ʙʘʣʘʩʪ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʉʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ʙʰ
ʉ
-
, ʅ/ʤʤ 59206,7 59477,1 64230,55 61560,35 56960,3 55773,4 

ʫʟ
ʉ , ʅ/ʤʤ 11300 8000 8320 9700 13000 11500 

ʩʫʤ

ʦʧ
ʉ , ʅ/ʤʤ 8178 6304 6608 7376 8926 8142 

zU , ʄʇʘ 14 11 11 12 15 14 

max
XD , ʤ 0,000093 0,000096 0,000084 0,000091 0,000103 0,000108 

ʧʨ

ʟʛp , ʢʅ/ʤ 1,3 1,1 0,9 1,1 1,5 1,5 

ʩʨ

ʩʣʫʞʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 2,1 2,1 2,1 2,1 2,1 2,1 

ʩʨ

ʝʢʩʪʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 4,1 4,1 4,1 4,1 4,1 4,1 

ʩʨ

ʨʝʢʫʧʛʘʣʴʤ
ʨ

..
, ʢʅ/ʤ 3,7 3,7 3,7 3,7 3,7 3,7 

ʨʦʟ

t
ʨ , ʢʅ/ʤ 9,5 6,7 7 8,1 10,9 9,7 

ä +ʪʝʤʧʫʛʦʥp ʧʨʠ 

ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

12,9 9,9 10 11,3 14,5 13,3 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ 

ʝʢʩʪʨʝʥʦʤʫ  ʛʘʣʴ-

ʤʫʚʘʥʥʽ , ʢʅ/ʤ        

14,9 11,9 12 13,3 16,5 15,3 

ä +ʪʝʤʧʫʛʦʥp  ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘ-

ʣʴʤʫʚʘʥʥʽ ,ʢʅ/ʤ        

14,5 11,5 11,6 12,9 16,1 14,9 

[ ]ʧʦʛ

ʩʢʨr , ʢʅ/ʤ  16,5 11,7 12,2 14,2 19 16,8 

ʇʦʛʦʥʥʠʡ ʦʧʽʨ ʧʦ 

ʧʽʜʦʰʚʽ ʨʝʡʦʢ 

ʨʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥ-

ʥʤ̫ ʦʧʦʨʫ ʚ ʥʘʢʣʘʜ-

ʢʘʭ, ʢʅ/ʤ  

17,3 12,5 13 15 19,8 17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

12,9<17,3 9,9<12,5 10<13 11,3<15 14,5<19,8 13,3<17,6 

14,9<17,3 11,9<12,5 12<13 13,3<15 16,5<19,8 15,3<17,6 

14,5<17,3 11,5<12,5 11,6<13 12,9<15 16,1<19,8 14,9<17,6 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ  

7,7<14 5,9<14 6<14 6,78<14 8,7<14 7,98<14 

8,9<14 7,1<14 7,2<14 7,98<14 9,9<14 9,18<14 

8,7<14 6,9<14 6,96<14 7,74<14 9,66<14 8,94<14 

ʫʧʨʨ
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 ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʧʦʟʜʦʚʞʥʽʭ ʫʛʘʥʷʶʯʠʭ ʩʠʣ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ, 

ʨʝʞʠʤʽʚ ʚʝʜʝʥʥʷ ʧʦʾʟʜʘ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʧʨʠʚʦʜʠʪʴʩʷ ʥʘ               

ʨʠʩ. 2.24 ï 2.29.  

 

ʈʠʩ. 2.24. ɼʽʶʯʠ ʫʛʘʥʷʶʯʠ ʩʠʣʠ ʧʨʠ ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ 

 

 

ʈʠʩ. 2.25. ɼʽʶʯʠ ʫʛʘʥʷʶʯʠ ʩʠʣʠ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ 

1
3

,7

1
0

,4

1
0

,7

1
2

1
5

,5

1
4

1
2

,7

9
,7 1
0

1
1

,2

1
4

,3

1
3
,1

1
3

,1

9
,9 1
0

,1

1
1

,5

1
4

,9

1
3

,5

1
2
,2

9
,2 9
,4

1
0

,7

1
3

,8

1
2

,61
3

,4

1
0

,1

1
0

,4

1
1

,7

1
5

,2

1
3

,7

1
2

,4

9
,4 9
,7

1
0

,9

1
4

1
2

,8

1
2

,8

9
,6 9
,8

1
1

,2

1
4
,6

1
3

,2

1
1

,9

8
,9 9
,1

1
0

,4

1
3

,5

1
2

,3

8

9

10

11

12

13

14

15

16

ʂʙmax ʂʙmin ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣʌʦʩʩʣʦ

ʋ
ʛ
ʘ
ʥ
ʷ
ʶ
ʯ
ʘ
 
ʩ
ʠ
ʣ
ʘ

ʂʦʥʩʪʨʫʢʮʽʷ ʩʢʨʽʧʣʝʥʥʷ

1840 ʰʪ/ʢʤ, 110ʢʤ/ʛʦʜ, 4500ʪ1680 ʰʪ/ʢʤ, 110 ʢʤ/ʛʦʜ, 4500ʪ1840 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 4500 ʪ

1680 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 4500 ʪ1840 ʰʪ/ʢʤ, 110 ʢʤ/ʛʦʜ, 2500 ʪ1680 ʰʪ/ʢʤ, 110 ʢʤ/ʛʦʜ, 2500 ʪ

1840 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 2500 ʪ1680 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 2500 ʪ
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ʩ
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ʂʦʥʩʪʨʫʢʮʽʷ ʩʢʨʽʧʣʝʥʥʷ

1840 ʰʪ/ʢʤ, 110ʢʤ/ʛʦʜ, 4500ʪ1680 ʰʪ/ʢʤ, 110 ʢʤ/ʛʦʜ, 4500ʪ1840 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 4500 ʪ

1680 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 4500 ʪ1840 ʰʪ/ʢʤ, 110 ʢʤ/ʛʦʜ, 2500 ʪ1680 ʰʪ/ʢʤ, 110 ʢʤ/ʛʦʜ, 2500 ʪ

1840 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 2500 ʪ1680 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 2500 ʪ
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ʈʠʩ. 2.26. ɼʽʶʯʠ ʫʛʘʥʷʶʯʠ ʩʠʣʠ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ 

 

 

ʈʠʩ. 2.27. ɼʽʶʯʠ ʫʛʘʥʷʶʯʠ ʩʠʣʠ ʧʨʠ ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ  ʧʦʾʟʜʘ 

2
0

,8

1
7

,5

1
7

,8 1
9

,1

2
2

,6

2
1

,1

1
9

,8

1
6

,8

1
7

,1 1
8

,3

2
1

,4

2
0

,2

2
0

,6

1
7

,4

1
7

,6 1
9

2
2

,4

2
1

1
9
,7

1
6

,7

1
6

,9 1
8

,2

2
1

,3

2
0

,1

1
6

,7

1
3

,4

1
3

,7 1
5

1
8

,5

1
7

1
5

,7

1
2

,7

1
3

1
4

,2

1
7

,3

1
6

,1

1
6

,6

1
3

,4

1
3
,6 1

5

1
8

,4

1
7

1
5

,7

1
2

,7

1
2

,9 1
4

,2

1
7

,3

1
6

,1

8

10

12

14

16

18

20

22

24

ʂʙmax ʂʙmin ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣʌʦʩʩʣʦ
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ʩ
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ʣ
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ʂʦʥʩʪʨʫʢʮʽʷ ʩʢʨʽʧʣʝʥʥʷ

1840 ʰʪ/ʢʤ, 110ʢʤ/ʛʦʜ, 4500ʪ1680 ʰʪ/ʢʤ, 110 ʢʤ/ʛʦʜ, 4500ʪ

1840 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 4500 ʪ1680 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 4500 ʪ

1840 ʰʪ/ʢʤ, 110 ʢʤ/ʛʦʜ, 2500 ʪ1680 ʰʪ/ʢʤ, 110 ʢʤ/ʛʦʜ, 2500 ʪ

1840 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 2500 ʪ1680 ʰʪ/ʢʤ, 90 ʢʤ/ʛʦʜ, 2500 ʪ
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ʂʦʥʩʪʨʫʢʮʽʷ ʩʢʨʽʧʣʝʥʥʷ

1840 ʰʪ/ʢʤ, 160 ʢʤ/ʛʦʜ, 1600 ʪ1680 ʰʪ/ʢʤ, 160 ʢʤ/ʛʦʜ, 1600 ʪ

1840 ʰʪ/ʢʤ, 140 ʢʤ/ʛʦʜ, 1600 ʪ1680 ʰʪ/ʢʤ, 140 ʢʤ/ʛʦʜ, 1600 ʪ
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ʈʠʩ. 2.28. ɼʽʶʯʠ ʫʛʘʥʷʶʯʠ ʩʠʣʠ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ 

 

 

ʈʠʩ. 2.29. ɼʽʶʯʠ ʫʛʘʥʷʶʯʠ ʩʠʣʠ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ  

ʧʦʾʟʜʘ 
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ʂʦʥʩʪʨʫʢʮʽʷ ʩʢʨʽʧʣʝʥʥʷ

1840 ʰʪ/ʢʤ, 160 ʢʤ/ʛʦʜ, 1600 ʪ1680 ʰʪ/ʢʤ, 160 ʢʤ/ʛʦʜ, 1600 ʪ

1840 ʰʪ/ʢʤ, 140 ʢʤ/ʛʦʜ, 1600 ʪ1680 ʰʪ/ʢʤ, 140 ʢʤ/ʛʦʜ, 1600 ʪ
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1840 ʰʪ/ʢʤ, 160 ʢʤ/ʛʦʜ, 1600 ʪ1680 ʰʪ/ʢʤ, 160 ʢʤ/ʛʦʜ, 1600 ʪ

1840 ʰʪ/ʢʤ, 140 ʢʤ/ʛʦʜ, 1600 ʪ1680 ʰʪ/ʢʤ, 140 ʢʤ/ʛʦʜ, 1600 ʪ
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2.5.6. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʣʽʾ ʜʣʷ 

ʧʨʠʡʥʷʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʣʽʾ 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʧʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʫʛʘʥʷʶʯʠʭ ʩʠʣ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʚʝʣʠʯʠʥʫ ʩʫʤʘʨʥʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʫʛʘʥʷʶʯʦʾ 

ʩʠʣʠ ʧʨʠ ʨʫʩʽ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 4500 ʪ ʽʟ ʰʚʠʜʢʽʩʪʶ 90 ʢʤ/ʛʦʜ (ʨʠʩ. 2.30).  

 

ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 2.30 ï ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʦʨʤʫʶʯʠʭ ʩʫʤʘʨʥʫ ʧʦʟʜʦʚʞʥʶ ʫʛʘʥʷʶʯʫ ʩʠʣʫ ʧʨʠ ʙʝʟʧʽʜʢ-

ʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʨʝʡʢʦʚʠʤʠ ʩʢʨʽʧʣʝʥʥʷʤʠ ʂʇʇ-5 ʪʘ ʝʧʶʨʦʤ ʫʢʣʘʜʘʥʥʷ ʰʧʘʣ 

1840 ʰʪ/ʢʤ: ʘ) ï ʧʨʠ ʩʣʫʞʙʦʚʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ; ʙ) ï ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ; ʚ) ï ʧʨʠ ʨʝ-

ʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ; 1 ï ʩʠʣʘ ʚʽʜ ʧʨʫʞʥʦʛʦ ʚʠʛʠʥʫ ʨʝʡʢʠ; 2 ï ʛʘʣʴʤʽʚʥʘ ʩʠʣʘ; 3 ï ʪʝʤ-

ʧʝʨʘʪʫʨʥʘ ʩʠʣʘ 
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96  ¶ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ 2.30 ʧʦʟʜʦʚʞʥʷ ʫʛʘʥʷʶʯʘ ʩʠʣʘ ʚʽʜ ʧʨʫʞʥʦʛʦ ʚʠʛʠʥʫ ʨʝʡʢʠ 

ʤʘʻ ʥʝ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʩʫʤʘʨʥʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ ʪʘ ʚ 

ʧʨʦʮʝʥʪʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʧʨʠ ʙʝʟʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʤʝʞʘʭ 5ï9%.  

ʇʦʟʜʦʚʞʥʽ ʛʘʣʴʤʽʚʥʽ ʩʠʣʠ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʝʣʠ-

ʯʠʥʠ ʩʫʤʘʨʥʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ ʫʛʦʥʫ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʩʠ ʨʫʭʦʤʦʛʦ ʝʢʽʧʘʞʫ ʽ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ (ʪʘʙʣ. 2.7ï2.18). ʇʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʚʽʜ 

ʩʫʤʘʨʥʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ ʫʛʦʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʚʝʜʝʥʥʷ ʧʦʾʟʜʘ (ʨʠʩ. 2.30) 

ʪʘ ʜʦʩʪʠʛʘʻ ʥʘʡʙʽʣʴʰʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ï 48 %, ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫ-

ʚʘʥʥʽ. ʅʘ ʚʝʣʠʯʠʥʫ ʧʦʟʜʦʚʞʥʴʦʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫ-

ʚʘʥʥʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʧʣʠʚʘʻ ʧʦʟʜʦʚʞʥʽʡ ʫʭʠʣ ʧʨʘʩʠ. ʇʨʠ ʨʫʩʽ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ 

ʽʟ ʰʚʠʜʢʦʩʪʷʤʠ 110 ʢʤ/ʛʦʜ, 90 ʢʤ/ʛʦʜ ʪʘ ʤʘʩʦʶ 4500 ʪ ʥʘ ʩʧʫʩʢ ʟ ʢʨʫʪʠʤ ʫʭʠʣʦʤ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʚʪʨʘʯʘʻʪʴʩʷ ʧʦʟʜʦʚʞʥʷ ʩʪʽʡʢʽʩʪʴ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ (ʪʘʙʣ. 2.7 ï 2.10), ʷʢ ʧʨʠ ʧʽʜʢʣʘʜʢʦʚʽʡ ʪʘʢ ʽ ʧʨʠ ʙʝʟʧʽʜʢʣʘʜʢʦʚʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʝʧʶʨʘʤʠ ʫʢʣʘʜʘʥʥʷ ʰʧʘʣ 1840 ʰʪ/ʢʤ, 1680 ʰʪ/ʢʤ. ʅʘ ʨʠʩ. 

2.31 ʧʨʠʚʦʜʠʪʴʩʷ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʫʤʘʨʥʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʫʛʘʥʷʶʯʦʾ ʩʠʣʠ ʧʨʠ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʚʽʜ ʫʭʠʣʫ ʪʨʘʩʠ.  

 

ʈʠʩʫʥʦʢ 2.31 ï ɿʘʣʝʞʥʽʩʪʴ ʩʫʤʘʨʥʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʫʛʘʥʷʶʯʦʾ ʩʠʣʠ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ  

ʛʘʣʴʤʫʚʘʥʥʽ 
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97  ¶ 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ ʧʦʟʜʦʚʞʥʷ ʩʪʽʡʢʽʩʪʴ ʢʦʣʽʾ ʙʫʜʝ ʚʪʨʘʯʝʥʘ ʧʨʠ ʨʫʩʽ ʚʘʥʪʘ-

ʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 4500 ʪ ʟ ʰʚʠʜʢʽʩʪʴ 90 ʢʤ/ʛʦʜ ʥʘ ʩʧʫʩʢ ʟ ʫʭʠʣʦʤ 10 ă ʧʨʠ 

ʢʦʞʥʽʡ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ.  

ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʩʫʤʘʨʥʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʫʛʘʥʷʶ-

ʯʦʾ ʩʠʣʠ ʚʧʣʠʚʘʻ ʧʦʟʜʦʚʞʥʷ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʠʣʘ (ʨʠʩ. 2.30), ʷʢʘ ʷʚʣʷʻʪʴʩʷ ʬʫʥʢ-

ʮʽʻʶ ʚʽʜ ʚʝʣʠʯʠʥʠ ʽʥʪʝʨʚʘʣʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʡʢʠ ʚʽʜʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ-

ʢʨʽʧʣʝʥʥʷ ʪʘ ʧʦʟʜʦʚʞʥʴʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʫʟʣʘ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ),( óçCtf
t

Ð D= .  

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʧʽʜʢʣʘʜʢʦʚʦʾ ʪʘ ʙʝʟʧʽʜʢʣʘʜʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʝʧʶ-

ʨʘʤʠ ʫʢʣʘʜʘʥʥʷ ʰʧʘʣ 1840 ʰʪ/ʢʤ ʽ 1680 ʰʪ/ʢʤ (ʪʘʙʣ. 2.7 ï 2.18) ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: ʟʤʽʥʘ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʣʽʾ ʪʘ ʨʝʡʢʦ-ʰʧʘʣʴ-

ʥʦʾ ʨʝʰʽʪʢʠ ʧʨʠ ʟʤʽʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʧʽʜʢʣʘʜʢʦʚʦʾ ʥʘ ʙʝʟʧʽʜʢʣʘʜʢʦʚʫ; ʟʤʽʥʠ 

ʚʝʣʠʯʠʥʠ ʧʦʛʦʥʥʦʛʦ ʦʧʦʨʫ ʨʝʡʢʦʚʦʾ ʥʠʪʢʠ ʧʦ ʧʽʜʦʰʚʽ ʨʝʡʢʠ rD  ʧʨʠ ʟʤʽʥʽ ʢʦʥʩ-

ʪʨʫʢʮʽʾ ʢʦʣʽʾ ʪʘ ʝʧʶʨʠ ʰʧʘʣ; ʟʤʽʥʠ ʜʽʶʯʠʭ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʫʛʦʥʫ ʧʨʠ ʨʽʟʥʠʭ ʨʝ-

ʞʠʤʘʭ ʛʘʣʴʤʫʚʘʥʥʷ: ʩʣʫʞʙʦʚʦʤʫ .ʩʣʫʛʦʥʫ
ʈD , ʝʢʩʪʨʝʥʦʤʫ .ʝʢʫʛʦʥʫ

ʈD , ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ 

.ʨʝʢʫʛʦʥʫ
ʈD . 

ɸʥʘʣʽʟ ʧʦʨʽʚʥʷʥʥʷ ʚʢʘʟʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠ-

ʩʥʦʚʢʠ: 

- ʧʦʟʜʦʚʞʥʷ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʧʨʠ ʙʝʟʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ 

ʧʨʠ ʨʫʩʽ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 4500 ʪ ʽʟ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ 90 ʢʤ/ʛʦʜ ʪʘ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ ʮʽʣʦʤʫ ʥʘ 5% ʤʘʻ ʙʽʣʴʰʫ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ (ʪʘʙʣ. 2.19) 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʽʜʢʣʘʜʢʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʢʦʣʽʾ; 

- ʚʝʣʠʯʠʥʘ ʧʦʛʦʥʥʦʛʦ ʦʧʦʨʫ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʧʨʠ ʟʤʽʥʽ ʝʧʶʨʠ ʰʧʘʣ ʟ 

1840 ʰʪ/ʢʤ ʜʦ 1680 ʰʪ/ʢʤ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʫʩʽʭ ʚʠʜʘʭ ʩʢʨʽʧʣʝʥʴ ʧʨʠʙʣʠʟʥʦ ʥʘ 

8ï9%; 

- ʩʫʤʘʨʥʽ ʜʽʶʯʽ ʧʦʟʜʦʚʞʥʽ ʩʠʣʠ ʫʛʦʥʫ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ (ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʽʜ ʚʠ-

ʛʠʥʫ ʽ ʛʘʣʴʤʫʚʘʥʥʷ) ʧʨʠ ʩʣʫʞʙʦʚʦʤʫ ʪʘ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥ̔ ʧʘʩʘʞʠʨʩʴʢʠʭ ʽ 

ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 2500ï4500 ʪ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʩʠʣ 

ʧʦʛʦʥʥʦʛʦ ʦʧʦʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʢʨʽʧʣʝʥʥʷʤʠ ʧʨʠ ʚʩʽʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʢʦʣʽʾ, 
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98  ¶ 

ʷʢʽ ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ. ʇʦʟʜʦʚʞʥʷ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʤʦʞʝ ʙʫʪʠ ʚʪʨʘ-

ʯʝʥʘ ʧʨʠ ʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʟ ʩʢʨʽʧʣʝʥʥʷ ʂɹ ʟ ʩʝʨʝʜʥʽʤ ʟʫ-

ʩʠʣʣʷʤ ʟʘʪʠʩʢʘʥʥʷ ʢʣʝʤ ʪʘ ʙʝʟʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʟ ʩʢʨʽʧʣʝʥʥʷʤ 

ʂʇʇ-1 ʧʨʠ ʨʫʩʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 1600 ʪ ʽʟ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ 160 ʢʤ/ʛʦʜ 

ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ (ʪʘʙʣ. 2.15ï2.16);  

 

ʊʘʙʣʠʮʷ 2.19 ï ʇʨʦʮʝʥʪʥʘ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

ʋʤʦʚʠ ʩʪʽʡʢʦʩʪʽ 

ʈʝʞʠʤʠ 

ʛʘʣʴʤʫ-

ʚʘʥʥʷ 

ʇʽʜʢʣʘʜʢʦʚʘ ʢʦʥ-

ʩʪʨʫʢʮʽʷ ʢʦʣʽʾ 
ɹʝʟʧʽʜʢʣʘʜʢʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʣʽʾ 

ʈʝʡʢʦʚʽ ʩʢʨʽʧʣʝʥʥʷ 

ʂɹ max ʂɹ nim ʂʇʇ-1 ʂʇʇ-5 ʇʝʥʜʨʦʣ ʌʦʩʩʣʦ 

ɽʧʶʨʘ ʰʧʘʣ 1840 ʰʪ/ʢʤ 

ʇʨʦʮʝʥʪʥʘ ʟʘ-

ʙʝʟʧʝʯʝʥʽʩʪʴ 

ʧʦʟʜʦʚʞʥʴʦʾ 

ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-

ʚʦʾ ʢʦʣʽʾ, % 

ʩʣʫʞʙʦʚʝ 131 127 128,4 129 131 130 

ʝʢʩʪʨʝʥʝ 122 115 116,3 119 124 121 

ʨʝʢʫʧʝʨʘ-

ʪʠʚʥʝ 
91 72,1 75,18 83,4 96,3 90,6 

ʇʨʦʮʝʥʪʥʘ ʟʘ-

ʙʝʟʧʝʯʝʥʽʩʪʴ 

ʧʦʟʜʦʚʞʥʴʦʾ 

ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-

ʰʧʘʣʴʥʦʾ ʨʝʰʽ-

ʪʢʠ, % 

ʩʣʫʞʙʦʚʝ 149 162 161 156 143 148 

ʝʢʩʪʨʝʥʝ 143 155 154,5 149 136 142 

ʨʝʢʫʧʝʨʘ-

ʪʠʚʥʝ 
121 133 132,1 127 114 119 

ɽʧʶʨʘ ʰʧʘʣ 1680 ʰʪ/ʢʤ 

ʇʨʦʮʝʥʪʥʘ ʟʘ-

ʙʝʟʧʝʯʝʥʽʩʪʴ 

ʧʦʟʜʦʚʞʥʴʦʾ 

ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-

ʚʦʾ ʢʦʣʽʾ, % 

ʩʣʫʞʙʦʚʝ 129 126 128 129 130 128 

ʝʢʩʪʨʝʥʝ 120 113 115 117 122 119 

ʨʝʢʫʧʝʨʘ-

ʪʠʚʥʝ 
86 66,4 70 79 92,4 85,8 

ʇʨʦʮʝʥʪʥʘ ʟʘ-

ʙʝʟʧʝʯʝʥʽʩʪʴ 

ʧʦʟʜʦʚʞʥʴʦʾ 

ʩʪʽʡʢʦʩʪʽ ʨʝʡʢʦ-

ʰʧʘʣʴʥʦʾ ʨʝʰʽ-

ʪʢʠ, % 

ʩʣʫʞʙʦʚʝ 148 161 160 154 141 146 

ʝʢʩʪʨʝʥʝ 140 153 152 147 134 139 

ʨʝʢʫʧʝʨʘ-

ʪʠʚʥʝ 
116 128 128 122 109 114 

 

- ʚʠʥʠʢʘʶʯʘ ʧʨʫʞʥʘ ʧʦʟʜʦʚʞʥʷ ʨʝʘʢʮʽʷ ʢʦʞʥʦʾ ʦʧʦʨʠ ʧʨʠ ʧʽʜʢʣʘʜʢʦʚʽʡ ʪʘ 

ʙʝʟʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʥʪʘʞʥʦʛʦ ʪʘ ʧʘʩʘ-

ʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ ʜʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʨʝʡʢʦʚʦʾ ʩʢʨʽʧʣʝʥʴ ʟ 
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ʝʧʶʨʘʤʠ ʫʢʣʘʜʢʠ ʰʧʘʣ 1840 ʰʧ/ʢʤ ʽ 1680 ʰʧ/ʢʤ ʟʥʘʯʥʦ ʤʝʥʰʘ ʜʦʧʫʩʪʠʤʦʛʦ 

ʦʧʦʨʫ ʧʝʨʝʤʽʱʝʥʥʷ ʰʧʘʣʠ ʚʟʜʦʚʞ ʢʦʣʽʾ (ʪʘʙʣ. 2.7ï2.18);  

- ʥʘʡʛʽʨʰʽ ʫʤʦʚʠ ʜʣʷ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʧʦ ʜʽʶʯʠʤ ʧʦʟʜʦʚʞʥʽʤ ʩʠʣʘʤ ʫʛʦʥʫ 

ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʩʫʤʽʩʥʽʡ ʜʽʾ ʚʠʛʠʥʫ ʨʝʡʦʢ ʚʽʜ ʢʦʣʽʩ-

ʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʠʣ ʽ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ; 

- ʧʨʦʤʽʞʥʝ ʨʝʡʢʦʚʝ ʩʢʨʽʧʣʝʥʥʷ ʪʠʧʫ ʂʇʇ-1 ʥʝ ʚ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʟʜʦʚʞʥʶ ʩʪʽʡʢʽʩʪʴ ʢʦʣʽʾ ʚ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ ʧʦʨʷʜ ʽʟ ʧʨʫʞʥʠʤʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʩʠʣʘʤʠ ʜʽʶʪʴ ʛʘʣʴʤʽʚʥʽ ʩʠʣʠ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʪʘ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ 

ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʯʠ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 160 

ʢʤ/ʛʦʜ; 

- ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʤʘʻ ʧʦʟʜʦʚʞʥʽʡ 

ʫʭʠʣ ʢʦʣʽʾ ʥʘ ʷʢʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ ʛʘʣʴʤʫʚʘʥʥʷ. ʊʘʢ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚʘʥʪʘʞʥʦʛʦ 

ʧʦʾʟʜʘ ʚʘʛʦʶ 4500 ʪ ʥʘ ʫʭʠʣʽ 10 ă ʧʦʟʜʦʚʞʥʷ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʙʫʜʝ ʚʪʨʘ-

ʯʝʥʘ ʧʨʠ ʢʦʞʥʽʡ ʟ ʨʦʟʛʣʷʜʫʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ; 

- ʩʢʨʽʧʣʝʥʥʷ ʪʠʧʫ ʂɹ ʧʨʠ ʩʝʨʝʜʥʽʡ ʚʝʣʠʯʠʥʽ ʟʘʪʷʛʫʚʘʥʥʷ ʢʣʝʤʥʠʭ ʙʦʣʪʽʚ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʚ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʧʦʟʜʦʚʞʥʶ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦʚʠʭ ʧʣʽʪʝʡ ʚʽʜ ʩʫʤʽʩʥʦʾ ʜʽʾ 

ʧʦʟʜʦʚʞʥʽʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ, ʛʘʣʴʤʽʚʥʠʭ ʪʘ ʧʨʫʞʥʠʭ ʩʠʣ ʧʨʠ ʚʧʣʠʚʽ ʝʢʩʪʨʝʥʦʛʦ ʪʘ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʽ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʘʩʦʶ 4500 ʪ; 

- ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʟʘʛʘʣʴʥʫ ʫʛʘʥʷʶʯʫ ʩʠʣʫ ʷʚʣʷʻ ʧʦʟʜʦʚʞʥʷ ʨʦʟʧʦʜʽʣʝʥʘ ʛʘʣʴ-

ʤʽʚʥʘ ʩʠʣʘ ʧʦʾʟʜʘ ʪʦʤʫ ʥʘʷʚʥʽʩʪʴ ʫʛʦʥʫ ʢʦʣʽʾ ʧʝʨʰ ʟʘ ʚʩʝ ʙʫʜʝ ʧʨʦʩʣʽʜʢʦʚʫʚʘʪʠʩʷ 

ʥʘ ʛʘʣʴʤʽʚʥʠʭ ʜʽʣʷʥʢʘʭ; 

- ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʧʦʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʢʦʣʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʨʠ ʟʘʩʪʦ-

ʩʫʚʘʥʥʽ ʧʨʫʞʥʠʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ Pandrol ʪʘ Vossloh ʜʝ ʧʨʠ ʩʠʣʽ ʧʨʠʪʠʩʢʘʥʥʷ 

ʦʜʥʽʻʾ ʢʣʝʤʠ ʚ ʤʝʞʘʭ 13ï14 ʢʅ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʽʜʨʝʡʢʦʚʽ ʧʨʦʢʣʘʜʢʠ ʟ ʜʦʩʠʪʴ 

ʚʝʣʠʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ʧʦ ʧʽʜʦʰʚʽ ʨʝʡʢʠ; 

- ʧʦʟʜʦʚʞʥʷ ʩʪʽʡʢʽʩʪʴ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝʰʽʪʢʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʥʪʘʞʥʦʛʦ ʪʘ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ ʧʨʠ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥ-

ʩʪʨʫʢʮʽʷʭ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ  ʟ ʝʧʶʨʘʤʠ ʫʢʣʘʜʢʠ ʰʧʘʣ 1840 ʰʧ/ʢʤ ʽ 1680 ʰʧ/ʢʤ. 
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2.6. ʉʪʘʙʽʣʴʥʽʩʪʴ ʰʠʨʠʥʠ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʧʨʠ ʧʽʜʢʣʘʜʢʦʚʽʡ ʪʘ  

ʙʝʟʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʷʭ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ 

 

ʂʦʥʩʪʨʫʢʮʽʷ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ ʙʫʜʦʚʠ ʚʽʜʥʦ-

ʩʠʪʴʩʷ ʜʦ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠ-

ʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʩʢʣʘʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʨʫʭʦʤʠʤ ʝʢʽʧʘʞʝʤ. ɺʦʥʘ ʷʚ-

ʣʷʻ ʩʦʙʦʶ ʥʝ ʯʠʩʪʦ ʧʨʫʞʥʫ, ʘ ʧʨʫʞʥʦʚôʷʟʢʫ ʪʘ ʧʨʫʞʥʦʜʠʩʝʧʘʪʠʚʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. 

ɺʥʫʪʨʽʰʥʷ ʚôʷʟʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʪʘ ʩʠʣʠ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʚ 

ʟʝʤʣʷʥʦʤʫ ʧʦʣʦʪʥʽ, ʙʘʣʘʩʪʥʦʤʫ ʰʘʨʽ ʩʣʫʞʘʪʴ ʜʞʝʨʝʣʦʤ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʘ 

ʟʥʘʯʠʪʴ ʽ ʧʝʨʰʦʜʞʝʨʝʣʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ [113].  

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ: ʚʝʣʠʯʠʥʠ ʟʘʟʦʨʫ ʤʽʞ ʛʨʝʙʥʷʤʠ ʢʦʣʽʩ ʪʘ ʨʦʙʦʯʦʶ 

ʛʨʘʥʥʶ ʨʝʡʢʠ, ʚʘʥʪʘʞʦʥʘʧʨʫʞʝʥʦʩʪʽ ʜʽʣʷʥʢʠ, ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʚʽʩʴ, ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʧʦʾʟʜʽʚ, ʞʦʨʩʪʢʦʩʪʽ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ ʪʘ ʽʥʰ. ʅʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʰʠʨʠʥʠ 

ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʫʛʦʥʫ ʨʝʡʢʦʚʠʭ ʧʣʽʪʝʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʢʦʥʩʪʨʫʢʮʽʷ 

ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ. 

ɼʣʷ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ ʧʽʜʢʣʘʜʢʦʚʦʾ ʪʘ ʙʝʟʧʽʜʢʣʘʜʢʦʚʦʾ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʚ ʫʤʦʚʘʭ ʟʤʽʰʘʥʦʛʦ ʨʫʭʫ (ʧʦʻʜʥʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʽ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝ-

ʟʝʥʴ) ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦ-

ʩʪʽ ʤʽʞ ʢʦʥʩʪʨʫʢʮʽʻʶ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰ-

ʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘ ʰʠʨʠʥʦʶ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʫʤʦʚʘʤʠ. 

ɿ ʧʦʩʪʫʧʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʫ ʧʽʜʨʝʡʢʦʚʫ ʦʩ-

ʥʦʚʫ (ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʪʘ ʾʾ ʧʨʦʩʪʦʨʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ), ʟʙʽʣʴ-

ʰʝʥʥʷ ʚʘʛʠ ʥʝ ʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ ʝʢʽʧʘʞʫ ʪʘ ʥʝʜʦʩʪʘʪʥʷ ʧʨʫʞʥʽʩʪʶ ʨʝʩʦʨʥʦʛʦ ʧʽ-

ʜʚʽʰʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʧʣʠʚʫ ʨʫʭʦ-

ʤʦʛʦ ʝʢʽʧʘʞʫ ʥʘ ʢʦʣʽʶ, ʱʦ ʚʠʢʣʠʢʘʻ ʜʦʩʠʪʴ ʩʧʝʮʠʬʽʯʥʠʡ ʩʧʝʢʪʨ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʨʦʙʦʪʠ ʚʫʟʣʘ ʧʨʦʤʽʞʥʦʛʦ ʨʝʡʢʦʚʦʛʦ 

ʩʢʨʽʧʣʝʥʥʷ ʪʘ ʤʦʞʝ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʩʧʨʠʯʠʥʠʪʠ ʪʘʢʝ ʷʚʠʱʝ, ʷʢ ʩʭʽʜ ʨʫʭʦ-

ʤʦʛʦ ʩʢʣʘʜʫ. ɼʦ 1996ï1997 ʨʨ. ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ʟʘʣʽʟʥʠʮʷʭ ʥʘ ʛʦʣʦʚʥʠʭ ʢʦʣʽʷʭ ʥʘ 
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ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣʘʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʪʽʣʴʢʠ ʧʽʜʢʣʘʜʢʦʚʽ ʨʝʡʢʦʚʽ ʩʢʨʽʧʣʝʥʥʷ 

ʪʠʧʫ ʂɹ ʟ ʞʦʨʩʪʢʦʶ ʢʣʝʤʦʶ ʽ 2-ʚʠʪʢʦʚʠʤʠ ʧʨʫʞʥʠʤʠ ʰʘʡʙʘʤʠ. ɹʝʟʧʽʜʢʣʘʜʢʦʚʽ 

ʩʢʨʽʧʣʝʥʥʷ ʩʪʘʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʽʚ ɾɹ ʽ ɾɹʈ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʟʘʩʪʦ-

ʩʦʚʫʚʘʣʠʩʴ ʜʫʞʝ ʨʽʜʢʦ ʽ ʣʠʰʝ ʥʘ ʢʦʣʽʷʭ ʟ ʤʘʣʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʫʭʫ. ɹʽʣʴʰ ʰʠ-

ʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʟʥʘʣʠ ʙʝʟʧʽʜʢʣʘʜʢʦʚʽ ʩʢʨʽʧʣʝʥʥʷ ʟ ʧʦʷʚʦʶ ʧʨʫʞʥʠʭ ʧʨʫʪʢʦ-

ʚʠʭ ʢʣʝʤ ʧʽʩʣʷ 1996ï1997 ʨʨ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʩʢʨʽʧʣʝʥʴ ʥʘ ʋʢʨʘʾʥʽ ʧʦʯʘʣʦʩʴ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʣʴʩʴʢʠʭ ʧʨʫʞʥʠʭ ʩʢʨʽʧʣʝʥʴ ʪʠʧʫ ʉɹ-3. ʇʽʩʣʷ 2000 ʨ. ʥʘ ʚʽʪ-

ʯʠʟʥʷʥʠʭ ʟʘʣʽʟʥʠʮʷʭ ʧʦʯʘʣʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʙʝʟʧʽʜʢʣʘʜʢʦʚʽ ʩʢʨʽʧʣʝʥʥʷ 

ʪʠʧʫ ʂʇʇ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʙʝʟʧʽʜʢʣʘʜʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ ʟ 

ʧʨʫʞʥʠʤʠ ʢʣʝʤʘʤʠ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣʘʭ, ʷʢʽ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʧʽʜʢʣʘʜʢʦ-

ʚʠʤ ʢʦʥʩʪʨʫʢʮʽʷʤ, ʻ ʦʙôʻʢʪʠʚʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ, ʦʙˇʨʫʥʪʦʚʘʥʦʶ ʥʘʩʘʤʧʝʨʝʜ ʝʢʦ-

ʥʦʤʽʯʥʦʶ ʥʝʜʦʮʽʣʴʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʧʦʚʦʾ ʧʽʜʢʣʘʜʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʨʽʧ-

ʣʝʥʥʷ ʪʠʧʫ ʂɹ ʥʘ ʰʚʠʜʢʽʩʥʠʭ ʜʽʣʷʥʢʘʭ ʪʘ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʧʦʤʽʨʥʦʶ ʚʘʥʪʘʞʦʥʘʧ-

ʨʫʞʝʥʽʩʪʶ. ɸʣʝ, ʨʘʟʦʤ ʟ ʪʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʪʘʢʠʭ ʜʽʣʷʥʢʘʭ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ 

ʙʝʟʧʽʜʢʣʘʜʢʦʚʠʭ ʧʨʫʞʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ, ʷʢʽ ʻ ʤʘʣʦʤʝʪʘʣʦʻʤ-

ʥʠʤʠ ʪʘ ʤʘʣʦʦʙʩʣʫʛʦʚʫʚʘʥʠʤʠ, ʚʠʤʘʛʘʻ ʥʝʦʙʭʽʜʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʩʪʦʩʦʚʥʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʨʦʙʦʪʠ ʧʨʠ ʩʫʯʘʩʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫ-

ʘʪʘʮʽʾ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ. 

ʅʘʜʽʡʥʽʩʪʴ ʚʩʽʻʾ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʜʽʡʥʦʛʦ 

ʟʚôʷʟʢʫ ʨʝʡʢʠ ʟ ʦʩʥʦʚʦʶ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʟʥʘʯʘʻ ʙʝʟʧʝʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ. ʇʦʨʫ-

ʰʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʨʝʡʢʠ ʟ ʦʩʥʦʚʦʶ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʰʠʨʠʥʠ ʢʦʣʽʾ  

ʪʘ ʫʛʦʥʫ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ. 

ɿʤʽʥʘ ʰʠʨʠʥʠ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʢʣʠʢʘʥʘ ʥʘ ʩʘʤ ʧʝʨʝʜ 

ʜʽʻʶ ʙʦʢʦʚʠʭ ʩʠʣ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʢʦʣʝʩʘ ʽ ʨʝʡʢʦʚʦʾ ʥʠʪʢʠ. ʅʘʚʽʪʴ 

ʥʘ  ʽʜʝʘʣʴʥʦ ʨʽʚʥʠʭ ʧʨʷʤʠʭ ʜʽʣʷʥʢʘʭ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʧʨʠ ʢʦʯʝʥʥʽ ʢʦʣʽʩʥʠʭ ʧʘʨ 

ʧʦ ʨʝʡʢʘʭ ʚʠʥʠʢʘʶʪʴ ʾʭ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʟʚʠʚʠʩʪʠʡ ʨʫʭ 

ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʪʘ ʝʢʽʧʘʞʫ ʚ ʮʽʣʦʤʫ. 

ɿʘʣʠʰʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʤʦʞʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʜʦʩʠʪʴ ʪʨʠʚʘ-

ʣʠʡ ʯʘʩ, ʽʥʪʝʥʩʠʚʥʦ ʯʠ ʧʨʦʷʚʣʷʪʠʩʷ ʤʠʪʪʻʚʦ ʫ ʚʠʛʣʷʜʽ ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ 
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ʧʨʦʝʢʪʥʠʭ ʧʦʣʦʞʝʥʴ. ʇʘʨʘʣʝʣʴʥʦ ʽʟ ʮʠʤ ʧʨʦʮʝʩʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʥʘʢʦʧʠ-

ʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʚ ʤʘʪʝʨʽʘʣʽ ʝʣʝʤʝʥʪʽʚ ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʚʪʦʤʠ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɺ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʪʘʢʽ ʚʽʜʭʠʣʝʥʥʷ ʤʦʞʥʘ 

ʧʨʦʛʥʦʟʫʚʘʪʠ.  

ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʩʠʣ, ʘ ʦʪʞʝ ʽ ʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʧʦʰʢʦʜʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʫʤʦʚʠ ʢʦ-

ʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʣʽʾ ʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢ-

ʪʦʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʬʽʢʩʫʚʘʪʠ 

ʧʦʰʢʦʜʞʝʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʫʩʽʤ ʾʾ ʧʝʨʝʨʽʟʦʤ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʛʝʦʤʝʪʨʽʾ ʝʣʝʤʝʥʪʽʚ ʟʘ-

ʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩ-

ʧʣʫʘʪʘʮʽʡʥʠʭ  ʘʙʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʩʢʣʘʜʥʽʩʪʶ ʙʫʜʦʚʠ 

ʢʦʣʽʾ [114]. ʍʦʯʘ ʽʟ ʨʦʟʚʠʪʢʦʤ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟôʷʚʣʷʶʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚôʷʟʘʥʽ ʽʟ ʜʘʥʦʶ ʧʨʦʙʣʝʤʘʪʠʢʦʶ ʟʦʢʨʝʤʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ [115]. 

ɹʝʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʽʜʤʦʚʠ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ, ʚʠ-

ʷʚʠʪʠ ʥʝʜʦʣʽʢʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʾ ʪʘ ʾʾ ʫʪʨʠʤʘʥʥʽ, ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʥʘ ʥʘʜʽʡ-

ʥʽʩʪʴ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʥʘ ʮʴʦʤʫ ʧʽʜˇʨʫʥʪʽ ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʦʜʘʣʴʰʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʢʦʣʽʾ. ʆʩʢʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʥʘʜʽʡ-

ʥʽʩʪʴ ʝʣʝʤʝʥʪʘ ʯʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʽʜʤʦʚʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʣʷ ʧʨʦʚʝ-

ʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ.  

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʩʽ ʝʣʝʤʝʥʪʠ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʛʝʥʝʨʘʣʴʥʫ ʩʫʢʫʧʥʽʩʪʴ ï ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʯʝʥʴ ʦʟʥʘʢ ʫʩʽʭ ʦʙôʻʢʪʽʚ ʜʘ-

ʥʦʛʦ ʪʠʧʫ (Ng), ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʧʘʜʢʦʚʫ ʚʠʙʽʨʢʫ No, ʪʦʙʪʦ ʯʘʩʪʠʥʫ ʛʝʥʝ-

ʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʦʙʨʘʥʽ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ 

ʫʩʽʭ ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʣʝʞʘʪʴ ʫ ʢʦʣʽʾ ʜʘʥʦʾ ʤʝʨʝʞʽ, ʟʘʣʽʟʥʠʮʽ. ʏʠʤ 
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ʙʽʣʴʰʝ NgŸNo, ʪʠʤ ʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʝ ʩʫʜʞʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘ ʦʩʥʦʚʽ ʚʠ-

ʙʽʨʢʠ ʩʪʦʩʦʚʥʦ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ. ɺʠʙʽʨʢʘ ʜʘʻ ʥʘʡʧʦʚʥʽʰʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʛʝʥʝʨʘʣʴʥʫ ʩʫʢʫʧʥʽʩʪʴ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʴ, ʱʦ ʫʪ-

ʚʦʨʶʶʪʴ ʚʠʙʽʨʢʫ, ʻ ʥʝʟʘʣʝʞʥʠʤʠ. ɺʠʙʽʨʢʘ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʝʧʨʝʟʝʥ-

ʪʘʪʠʚʥʦʶ, ʪʦʙʪʦ ʪʘʢʦʶ, ʫ ʷʢʽʡ ʫʩʽ ʦʩʥʦʚʥʽ ʦʟʥʘʢʠ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʟ ʷʢʦʾ 

ʦʪʨʠʤʘʥʘ ʜʘʥʘ ʚʠʙʽʨʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʨʠʙʣʠʟʥʦ ʚ ʪʽʡ ʩʘʤʽʡ ʧʨʦʧʦʨʮʽʾ ʘʙʦ ʟ ʪʽʻʶ 

ʩʘʤʦʶ ʯʘʩʪʦʪʦ ʟ ʷʢʦʶ ʜʘʥʘ ʦʟʥʘʢʘ ʪʨʘʧʣʷʻʪʴʩʷ ʚ ʮʽʡ ʛʝʥʝʨʘʣʴʥʽʡ ʩʫʢʫʧʥʦʩʪʽ. 

ʅʘʜʽʡʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ (ʰʠʨʠʥʠ, ʧʽʜʫʢʣʦʥʢʠ, 

ʧʦʣʦʞʝʥʥʷ ʨʝʡʦʢ ʚ ʧʣʘʥʽ, ʧʨʦʬʽʣʽ ʪʘ ʟʘ ʨʽʚʥʝʤ) ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʙʝʟʧʝʯʫ-

ʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʶ ʨʦʙʦʪʠ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʣʘʜʽʚ ʟʚôʷʟʢʫ 

ʨʝʡʢʠ ʟ ʦʩʥʦʚʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʨʝʡʢʦ-ʰʧʘʣʴʥʦʾ ʨʝ-

ʰʽʪʢʠ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ ʙʘʣʘʩʪʥʠʤ ʰʘʨʦʤ ʧʨʠ ʜʽʾ ʨʫʭʦʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʨʠʥʮʠʧʦʚʦʶ ʦʩʥʦʚʦʶ ʚʝʜʝʥʥʷ ʢʦʣʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ  ̒ʥʝ ʫʩʫʥʝʥʥʷ ʚʽʜ-

ʤʦʚ, ʘ ʾʭ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʚ ʫʩʪʘʥʦʚʣʝʥʽ 

ʩʪʨʦʢʽʚ. ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ 

ʨʝʡʦʢ ʟ ʦʩʥʦʚʦʶ ʙʫʜʝ ʷʚʣʷʪʠʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ )(tP , ʪʦʙʪʦ ʡʤʦ-

ʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ Tt¢  (ʯʠ ʚ ʤʝʞʘʭ ʥʘʧʨʘʮʶʚʘʥʥʷ ʚ 

ʤʣʥ. ʪ ʙʨʫʪʪʦ ʚʘʥʪʘʞʫ) ʥʝ ʚʠʥʠʢʘʻ ʚʽʜʤʦʚ ʩʠʩʪʝʤʠ. ɿʥʘʯʝʥʥʷ )(tP  ʤʦʞʝ ʟʥʘʭʦʜʠ-

ʪʠʩʴ ʚ ʤʝʞʘʭ 1)(0 ¢¢ tP . 

ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʨʠʚʥʦʾ ʨʦʙʦʪʠ )(tP  ̔  ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚ )(tF  ʫʪʚʦʨʶʶʪʴ 

ʧʦʚʥʫ ʧʣʦʱʠʥʫ ʧʦʜʽʡ: 

 

1)()( =+ tFtP                          (2.56) 

 

ɼʣʷ ʟʥʘʯʝʥʥʷ ʊ ʤʦʞʥʘ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʫ ʡʤʦʚʽʨ-

ʥʽʩʪʴ )(tP  ʪʘʢ ʷʢ ʧʘʨʘʤʝʪʨʠ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 
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dttftP )()( ,                           (2.57) 
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ʜʝ )(tf  ï ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ (ʥʘʧʨʘʮʶʚʘʥʥʷ) ʦʙôʻʢʪʘ 

ʧʦ ʜʘʥʦʤʫ ʚʠʭʽʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ. 

ʌʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ï ̔ ʥʪʝʛʨʘʣʴʥʘ )(tF  ̔  ʱʽʣʴʥʽʩʪʴ )(tf  ï ʧʦʚʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʴ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ. ɼʣʷ ʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ ʜʦʩʪʘʪʥʴʦ ʟʥʘʪʴ ʟʥʘ-

ʯʝʥʥʷ ʪʽʣʴʢʠ ʜʝʢʽʣʴʢʘ ʤʦʤʝʥʪʽʚ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ.  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʽʞ ʢʦʥʩʪʨʫʢʮʽʻʶ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘ ʰʠʨʠʥʦʶ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʫʤʦʚʘʤʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʦʣʽʾ ʧʨʠ ʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʂɹ ʪʘ 

ʙʝʟʧʽʜʢʣʘʜʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʂʇʇ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʨʘʥʠʭ ʜʽʣʷʥʦʢ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 2.20.  

 

ʊʘʙʣʠʮʷ 2.20 ï ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʣʷʥʦʢ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʥʘ 

ʷʢʠʭ ʧʨʦʚʦʜʠʣʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 ̄

ʈʦʟʪʘʰʫ-

ʚʘʥʥʷ ʜʽʣʷ-

ʥʢʠ 

ɺʩʪʘʥʦʚʣʝʥʘ 

ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ (ʧʘʩʘ-

ʞʠʨʩʴʢʽ/ʚʘʥʪʘ-

ʞʥʽ), ʢʤ/ʛʦʜ 

ʉʝʨ̫̔   

ʣʦʢʦʤʦʪʠʚʘ 

ʇʣʘʥ 

ʢʦʣʽʾ 

ʊʠʧ 

ʩʢʨʽʧ-

ʣʝʥʥʷ 

ɽʧʶʨʘ 

ʫʢʣʘ-

ʜʘʥʥʷ 

ʰʧʘʣ 

ʰʪ/ʢʤ 

ɺʘʥʪʘʞʦʥʘʧ-

ʨʫʞʝʥʽʩʪʴ/ 

ʧʨʦʧʫʱʝʥʠʡ 

ʪʦʥʥʘʞ (ʤʣʥ. 

ʪ ʢʤ ʙʨ./ʢʤ ʟʘ 

ʨʽʢ)/(ʤʣʥ. ʪ 

ʙʨ./ʢʤ) 

1 

ʌʘʩʪʽʚïʂʦ-

ʟʷʪʠʥ 

1008ʂʄ 

100/70 
ʏʉ 4   

ɺʃ 80 
ʧʨʷʤʘ ʂʇʇ 1840 62,6/61,8 

2 

ʌʘʩʪʽʚïʂʦ-

ʟʷʪʠʥ 

1008ʂʄ 

100/70 
ʏʉ 4  

ɺʃ 80 
ʧʨʷʤʘ ʂɹ-65 1840 62,6/61,8 

 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʤʽʞʥʦʛʦ ʨʝʡʢʦʚʦʛʦ 

ʩʢʨʽʧʣʝʥʥʷ ʥʘ ʨʦʙʦʪʫ ʢʦʣʽʾ ʚ ʮʽʣʦʤʫ ʙʘʟʫʚʘʣʠʩʷ ʥʘ ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʚʽʨʢʠ 

ʢʦʣʽʾ ʢʦʣʽʻʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʚʘʛʦʥʘʤʠ ʟʘ ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʆʩʢʽʣʴʢʠ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʚʫʟʣʘ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʽʟ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʰʠʨʠʥʠ ʢʦʣʽʾ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʪʦ ʾʭ ʤʘʪʝʤʘʪʠ-

ʯʥʽ ʤʦʜʝʣʽ ʧʦʚʠʥʥʽ ʧʦʢʘʟʘʪʠ, ʷʢ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʮʽ ʧʦʢʘʟʥʠʢʠ ʟʘʣʝʞʥʦ ʚʽʜ 



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 2 
 

105  ¶ 

ʧʨʦʧʫʱʝʥʦʛʦ ʪʦʥʥʘʞʫ. ʊʘʢʠʤʠ ʤʦʜʝʣʷʤʠ ʻ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠ-

ʯʠʥ. ɿʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʶʪʴ ʙʫʜʴ-ʷʢʝ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʤʦʞʣʠʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʾʤ ʽʤʦʚʽʨʥʦʩʪʷʤʠ. ʇʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʥʘʜʽʡʥʦʩʪʽ ʦʙôʻʢʪʽʚ 

ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʦʙʦʪʠ ʩʣʫʞʠʪʴ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ 

ʨʦʙʦʪʠ. 

ʗʢ ʪʝʦʨʝʪʠʯʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʦ ʚʽʜʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠ-

ʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʙʝʟʧʝʨʝʨʚʥʽ ʨʦʟʧʦʜʽʣʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ. 

ɺʽʜʭʠʣʝʥʥʷ ʰʠʨʠʥʠ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʚʽʜ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʤʦʞʥʘ ʦʧʠ-

ʩʘʪʠ ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ (ʨʦʟʧʦʜʽʣʦʤ ɻʘʫʩʘ) ʪʦʙʪʦ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ (ʚʽʜ-

ʭʠʣʝʥʥʷ) ʤʘʻ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ: 

 

)22/(2)(

2

1
)(

s

sp

Ö--

ÖÖ
=

ax
exf  .                   (2.58) 

 

ʎʝʡ ʟʘʢʦʥ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ, ʟʘ ʷʢʠʭ ʚʽ-

ʜʤʦʚʠ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʜʝʢʽʣʴʢʦʭ ʨʽʚʥʦʧʨʘʚʥʠʭ ʯʠʥʥʠʢʽʚ. ʅʘ ʨʠʩ. 

2.32 ʥʘʚʝʜʝʥʠʡ ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʽʜʭʠʣʝʥʴ ʰʠʨʠʥʠ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

ʧʨʠ ʙʝʟʧʽʜʢʣʘʜʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʂʇʇ. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽ-

ʨʥʦʩʪʝʡ: ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ, ʤʦʜʘ, ʜʠʩʧʝʨʩʽʷ ʪʘ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠ-

ʣʝʥʥʷ ʬʦʨʤʫʣʠ (2.59ï2.62). 

 

ñÖ=
b

a
dxxfxXM )()(      (2.59) 

 

( ) maxf Mo =           (2.60) 

 

ñ Ö-=

b

a

dxxfXMxXD )())(()( 2             (2.61) 
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)()( XDX =s       (2.62) 

 

 

ʈʠʩʫʥʦʢ 2.32 ï ʅʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʽʜʭʠʣʝʥʴ ʰʠʨʠʥʠ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʧʨʠ ʩʢʨʽʧ-

ʣʝʥʥʽ ʂʇʇ  

 

ɿ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʟʘʣʝʞʥʦ-

ʩʪʽ ʟʤʽʥʠ ʰʠʨʠʥʠ ʢʦʣʽʾ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʧʽʜʢʣʘʜʢʦʚʽʡ ʪʘ ʙʝʟʧʽʧʢʣʘʜ-

ʢʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ (ʨʠʩ. 2.33, 2.34). 

 

 

ʈʠʩʫʥʦʢ 2.33 ï ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʰʠʨʠʥʠ ʢʦʣʽʾ 
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ʈʠʩʫʥʦʢ 2.34 ï ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʰʠʨʠʥʠ ʢʦʣʽʾ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫ-

ʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʣʘʜʥʘʥʥʷ ʰʠʨʠʥʠ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʤʽʞʥʦʛʦ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʪʘ ʤʽʮʥʦʩʪʽ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

2. ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʦʜʠʪʴ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʩʪʘ-

ʙʽʣʴʥʽʩʪʴ ʰʠʨʠʥʠ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʧʨʦ-

ʤʽʞʥʦʛʦ ʨʝʡʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʂʇʇ, ʜʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʰʠʨʠʥʠ ʨʝʡʢʦʚʦʾ ʢʦ-

ʣʽʾ ʩʢʣʘʜʘʻ 0,13 ʪʘ 0,14 ʤʤ ʥʘ 1 ʤʣʥ. ʪ ʙʨʫʪʪʦ ʧʨʦʧʫʱʝʥʦʛʦ ʚʘʥʪʘʞʫ. 

3. ʅʘʡʙʽʣʴʰʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʰʠʨʠʥʠ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʧʨʦʛʣʷʜʘʣʘʩʴ ʥʘ 

ʜʽʣʷʥʢʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʢʨʽʧʣʝʥʥʷ ʪʠʧʫ ʂɹ. 

4. ɿ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʙʝʟʧʽʜʢʣʘʜʢʦʚʦʤʫ ʩʢʨʽʧʣʝʥʥʽ 

ʂʇʇ ʛʝʦʤʝʪʨʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʤʘʶʪʴ ʤʝʥʰʫ ʘʤʧʣʽʪʫʜʫ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʢʨʽʧʣʝʥʥʷʤ ʂɹ ʧʨʠ ʚʘʥʪʘʞʦʥʘʧʨʫʞʝʥʦʩʪʽ ʜʦ 60 ʤʣʥ ʪ ʙʨʫʪʪʦ ʢʤ/ʢʤ 

ʥʘ ʨʽʢ. ʊʦʤʫ ʧʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʙʝʟʧʽʜʢʣʘʜʢʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʩʢʨʽʧʣʝʥʥʷ ʪʠʧʫ ʂʇʇ. 
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3. ɼʆʉʃɯɼɾɽʅʅʗ ʉʀʃ ʂʆʅʊɸʂʊʅʆɰ ʌʈʀʂʎɯʁʅʆɰ ɺɿɸɭʄʆɼɯɰ  

ʂʆʃɯʉʅʀʍ ʇɸʈ ʈʋʍʆʄʆɻʆ ʉʂʃɸɼʋ ɯ ʂʆʃɯɰ 

 

3.1. ɺʝʨʪʠʢʘʣʴʥʽ ʩʠʣʠ ʤʽʞ ʢʦʣʝʩʦʤ ʽ ʨʝʡʢʦʶ 

 

ʄʽʥʽʤʘʣʴʥʘ ʚʝʨʪʠʢʘʣʴʥʘ ʩʠʣʘ ʤʽʞ ʢʦʣʝʩʦʤ ʽ ʨʝʡʢʦʶ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʩʪʚʦ-

ʨʝʥʥʷ ʥʘʧʨʘʚʣʷʶʯʠʭ ʩʠʣ, ʦʧʠʩʘʥʠʭ ʚʠʱʝ. ʅʝʜʦʪʨʠʤʘʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʭʦʜʫ ʟ ʨʝʡʦʢ. ʉʭʽʜ ʟ ʨʝʡʦʢ ʻ 

ʧʝʨʰʠʤ ʽ ʥʘʡʙʽʣʴʰ ʢʘʪʘʩʪʨʦʬʽʯʥʠʤ ʦʟʥʘʢʦʶ ʥʝʘʜʝʢʚʘʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʨʘʥʩʧʦʨʪ-

ʥʦʛʦ ʟʘʩʦʙʫ ʟ ʢʦʣʽʻʶ. ʄʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢ ʧʨʘ-

ʚʠʣʦ, ʥʘʚʦʜʷʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʴ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʟʘʣʽʟʥʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʙʽʯʥʠʤʠ ʪʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʟʫ-

ʩʠʣʣʷʤʠ ʦʜʥʦʛʦ ʢʦʣʝʩʘ (ʚʽʜʦʤʝ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʣ Y/Q) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʤʽʨʘ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʩʭʦʜʞʝʥʥʷ ʟ ʨʝʡʦʢ. ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʅʘʜʘʣʝʤ (Nadal) [65]. ʋʪʦʯʥʝʥʥʷ ʢʨʠʪʝʨʽʶ ʅʘʜʘʣʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ɺʘʡʥʩʪʦ-

ʢʦʤ (Weinstock) [66], ʊʢʘʯʝʥʢʦʤ [67]. 

 

3.2. ʉʠʣʠ ʟʯʝʧʣʝʥʥʷ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽ ʨʝʡʦʢ 

 

ʉʠʣʠ, ʱʦ ʜʽʶʪʴ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽʟ ʨʝʡʢʘʤʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʤʘ-

ʶʪʴ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ. 

 

3.2.1. ʉʠʣʠ ʟʯʝʧʣʝʥʥʷ 

ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʟʘʩʦʙʦʤ ʩʧʨʷʤʫʚʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʨʝʡʢʦʚʦʶ ʢʦʣʽʻʶ ʤʦ-

ʛʣʠ ʙ ʙʫʪʠ ʧʦʚʟʜʦʚʞʥʽ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʚ ʢʦʣʽʩʥʦ-ʨʝʡʢʦʚʠʭ ʢʦʥʪʘʢʪʘʭ. ɿʫʩʠʣʣʷ 

ʟʯʝʧʣʝʥʥʷ, ʘʙʦ ʩʠʣʠ ʂʨʽʧʘ (Creep) ï ʮʝ ʩʠʣʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʢʦʯʝʥʥʷ 

ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʟ ʢʦʥʫʩʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʧʦ ʢʦʣʽʾ. ɿʘ ʮʠʭ ʫʤʦʚ ʧʦʚ-

ʟʫʯʽʩʪʴ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʙʽʥʘʮʽʾ ʘʜʛʝʟʽʾ ʪʘ ʤʽʢʨʦʢʦʚʟʘʥʥʷ ʚ ʢʦʥʪʘʢʪʽ ʨʝʡʢʠ 
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ʽ ʢʦʣʝʩʘ. ʆʜʥʘ ʽʟ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ ï [81]. 

ʉʠʣʠ ʢʨʽʧʘ ʚʠʥʠʢʘʶʪʴ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʢʦʣʽʩʥʘ ʧʘʨʘ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʩʪʘʥʫ ʯʠʩ-

ʪʦʛʦ ʢʦʯʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʢʽʥʝʤʘʪʠʯʥʠʤ ʨʫʭʦʤ, ʽ ʚ ʢʦʥʪʘʢʪʘʭ ʟóʷʚʣʷʶʪʴʩʷ 

ʧʦʚʟʜʦʚʞʥʽ ʧʨʦʢʦʚʟʫʚʘʥʥʷ.  

 

3.2.2. ʈʦʣʴ ʛʨʝʙʝʥʝʚʠʭ ʨʝʘʢʮʽʾ ʫ ʧʨʦʮʝʩʽ ʩʧʨʷʤʫʚʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ  

ʽ ʜʝʛʨʘʜʘʮʽʾ ʢʦʣʽʾ 

ʂʦʣʠ ʩʧʨʷʤʫʚʘʥʥʷ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʘʢ-

ʪʥʠʭ ʩʠʣ ʟʯʝʧʣʝʥʥʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʪʘʢʪ ʟ ʛʨʝʙʥʝʤ, ʽ ʙʦʢʦʚʽ ʛʨʝʙʝʥʝʚʽ ʟʫʩʠʣʣʷ 

ʫʪʨʠʤʫʶʪʴ ʢʦʣʽʩʥʫ ʧʘʨʫ ʚʽʜ ʩʭʦʜʞʝʥʥʷ ʟ ʨʝʡʦʢ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [82] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʩʭʦʜʞʝʥʥʷ ʟ ʨʝʡʦʢ ʟʘ-

ʣʽʟʥʠʯʥʠʭ ʨʝʡʢʦʚʠʭ ʝʢʽʧʘʞʽʚ. ʊʨʠ ʟ ʥʠʭ ʧʦʚ'ʷʟʘʥʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʡʢʦʚʦʾ 

ʢʦʣʽʾ, ʘ ʜʚʘ ï ʟ ʬʦʨʤʦʶ ʧʨʦʬʽʣʶ ʢʦʣʝʩʘ ʽ ʨʝʡʢʠ. ɼʦʚʝʜʝʥʦ, ʱʦ ʢʫʪ ʥʘʭʠʣʫ ʛʨʝʙʥʷ 

ʢʦʣʝʩʘ ʻ ʦʩʥʦʚʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʩʭʦ-

ʜʞʝʥʥʷ ʟ ʨʝʡʦʢ. ɺ [83] ʥʘʚʦʜʠʪʴʩʷ ʩʪʘʪʠʩʪʠʢʘ ʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʨʠʯʠʥʠ ʤʘʩʰʪʘʙ-

ʥʠʭ ʘʚʘʨʽʡ ʥʘ ʟʘʣʽʟʥʠʮʽ. ʇʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʛʨʝʙʝʥʝʚʦʛʦ ʢʦ-

ʥʪʘʢʪʫ, ʷʢ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʫ ʙʝʟʧʝʢʠ. ɺ ʨʦʙʦʪʽ [84] ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʦʮʽʥʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʝʩʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʚʽʜʭʠʣʝʥʥʷ ʛʝ-

ʦʤʝʪʨʽʾ ʪʨʘʻʢʪʦʨʽʾ ʽ ʜʝʬʦʨʤʘʮʽʾ ʚʪʦʨʠʥʥʦʛʦ ʧʽʜʚʽʰʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ ʪʨʘʥʩʧʦʨ-

ʪʥʠʭ ʟʘʩʦʙʽʚ. ɹʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʪʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʙʝʟ-

ʧʝʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʫʪʘ ʥʘʙʽʛʘʥʥʷ ʢʦʣʝʩʘ ʥʘ ʨʝʡʢʫ ʽ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [85] ʘʥʘʣʽʟʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʪʘʢʪʫ ʟ ʢʦʣʝʩʘ ʟ ʨʝʡʢʦʶ: 

¶ ʪʨʠʚʠʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʨʝʘʢʮʽʡ ʚ ʢʦʥʪʘʢʪʽ ʢʦʣʝʩʘ ʟ ʨʝʡʢʦʶ; 

¶ ʦʩʦʙʣʠʚʦʩʪʽ ʢʽʥʝʤʘʪʠʢʠ ʜʚʫʭʪʦʯʝʯʥʦʛʦ ʢʦʥʪʘʢʪʫ; 

¶ ʧʝʨʝʨʦʟʧʦʜʽʣ ʩʠʣʠ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʞ ʢʦʥʪʘʢʪʘʤʠ ʧʨʠ ʧʝ-

ʨʝʢʣʘʜʢʠ ʢʦʥʪʘʢʪʫ; 

¶ ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʷʤʢʫ ʩʠʣʠ ʚ ʛʨʝʙʝʥʝʚʦʤʫ ʢʦʥʪʘʢʪʽ ʚʽʜ ʢʫʪʘ ʥʘʙʽʛʘʥʥʷ ʽ 

ʨʝʞʠʤʫ ʨʫʭʫ ʢʦʣʽʩʥʠʭ ʧʘʨ ʣʦʢʦʤʦʪʠʚʽʚ (ʪʷʛʘ, ʚʠʙʽʛ ʘʙʦ ʛʘʣʴʤʫʚʘʥʥʷ); 

¶ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʪʝʨʪʷ ʚ ʛʨʝʙʝʥʝʚʦʤʫ 

ʢʦʥʪʘʢʪʽ. 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

110  ¶ 

ɯʩʥʫʻ ʟʘʛʘʣʴʥʘ ʜʫʤʢʘ, ʱʦ ʥʝʙʝʟʧʝʯʥʠʡ ʢʫʪ ʛʨʝʙʥʷ ʟʘʣʽʟʥʠʯʥʦʛʦ ʢʦʣʝʩʘ ʻ ʛʦ-

ʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʜʝʛʨʘʜʘʮʽʾ ʢʦʣʽʾ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɸʚʪʦʨʠ ʧʫʙʣʽʢʘʮʽʾ 

[86] ʦʮʽʥʶʶʪʴ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚ ʢʦʥʪʘʢʪʽ ʛʨʝʙʥʷ ʟ ʨʝʡʢʦʶ ʥʘ ʮʽ ʷʚʠʱʘ.  

ɻʨʝʙʝʥʝʚʠʡ ʢʦʥʪʘʢʪ ʯʘʩʪʦ ʤʘʻ ʤʽʩʮʝ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʢʫʪʦʤ ʘʪʘʢʠ, ʪʦʙʪʦ ʧʨʠ 

ʥʘʷʚʥʽʩʪʴ ʙʽʯʥʦʾ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ. ɼʘʣʽ ʨʦʟʛʣʷʥʫʪʦ ʢʘʨʪʠʥʫ ʩʠʣʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦ-

ʣʽʩʥʦʾ ʧʘʨʠ ʟ ʨʝʡʢʘʤʠ ʧʨʠ ʛʨʝʙʝʥʝʚʦʤʫ ʢʦʥʪʘʢʪʫʚʘʥʥʽ ʦʜʥʦʛʦ ʟ ʢʦʣʽʩ. ʄʦʜʝʣʶ-

ʻʪʴʩʷ ʨʫʭ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʧʦʣʦʞʝʥʥʽ ʧʝʨʝʢʦʩʫ ʚ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʟ ʢʫʪʦʤ ʥʘʙʽʛʘʥʥʷ 

ɣ. ʅʘ ʨʠʩ. 3.1 ʧʦʢʘʟʘʥʦ ʧʣʘʥʠ ʰʚʠʜʢʦʩʪʝʡ (ʩʠʥʽ ʚʝʢʪʦʨʠ) ʽ ʩʠʣʠ (ʯʝʨʚʦʥʽ ʚʝʢʪʦʨʠ) 

ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʟ ʨʝʡʢʘʤʠ.  

 

  

ʘ)                                                            ʙ) 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʝʡ (ʩʠʥʽʡ ʢʦʣʽʨ) ʠ ʩʠʣ (ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ) ʚ ʢʦʥʪʘʢʪʘʭ 

ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʟ ʨʝʡʢʘʤʠ: ʘ) ï ʧʨʦʝʢʮʽʾ ʰʚʠʜʢʦʩʪʝʡ ʽ ʩʠʣ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʟ ʨʝʡʢʘʤʠ 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ Oxy; ʙ) ï ʧʨʦʩʪʦʨʦʚʘ ʢʘʨʪʠʥʘ ʰʚʠʜʢʦʩʪʝʡ ʠ ʩʠʣ ʚ ʛʨʝʙʝʥʝʚʦʤʫ 

ʢʦʥʪʘʢʪʽ ʢʦʣʝʩʘ, ʱʦ ʥʘʙʽʛʘʻ [50] 

 

ʂʦʣʝʩʦ ʱʦ ʥʘʙʽʛʘʻ (2) ʤʘʻ ʜʚʦʭ-ʪʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ ʟ ʨʝʡʢʦʶ ʚ ʪʦʯʢʘʭ K21 (ʦʩ-

ʥʦʚʥʠʡ ʢʦʥʪʘʢʪ) ʽ K22 (ʛʨʝʙʝʥʝʚʠʡ ʢʦʥʪʘʢʪ). ʂʦʣʝʩʦ ʱʦ ʟʙʽʛʘʻ (1) ʧʨʠ ʮʴʦʤʫ ʤʘʻ 

ʦʜʥʦ-ʪʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ ʚ ʪʦʯʮʽ K11. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʢʦʣʝʩʦ, ʱʦ ʥʘ-

ʙʽʛʘʻ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʩʭʦʜʫ ʟ ʨʝʡʦʢ. ʗʢ ʫʤʦʚʘ ʩʭʦʜʫ ʧʨʠʡʥʷʪʦ ʨʽʚʥʽʩʪʴ ʥʫʣʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʢʦʥʪʘʢʪʽ ʢʦʣʝʩʘ, ʱʦ ʥʘʙʽʛʘʻ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʘʢʪʫ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʟ 
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111  ¶ 

ʨʝʡʢʘʤʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʾʭ ʧʦʟʥʘʯʝʥʥʷ: 

V ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʮʝʥʪʨʫ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʫʟʜʦʚʞ ʦʩʽ ʢʦʣʽʾ; 

Vű11 ï ʦʢʨʫʞʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʣʝʩʘ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ K11, ʧʦʚ'ʷʟʘʥʘ ʟ ʦʙʝʨʪʘʥ-

ʥʷʤ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʱʦʜʦ ʚʣʘʩʥʦʾ ʦʩʽ; 

V11 ï ʰʚʠʜʢʽʩʪʴ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʢʦʣʝʩʘ ʧʦ ʨʝʡʮʽ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ K11; 

V11x, V11y ï ʧʨʦʝʢʮʽʾ ʰʚʠʜʢʦʩʪʽ V11, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʦʩʽ Ox ʽ Oy; 

Vű22xy ï ʧʨʦʝʢʮʽʷ ʦʢʨʫʞʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʣʝʩʘ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ K22, ʥʘ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ Oxy; 

V22xy ï ʧʨʦʝʢʮʽʷ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʢʦʣʝʩʘ ʧʦ ʨʝʡʮʽ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ K22, ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ Oxy; 

V22x, V22y ï ʧʨʦʝʢʮʽʾ ʰʚʠʜʢʦʩʪʽ V22, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʦʩʽ Ox ʽ Oy; 

V22xz ï ʧʨʦʝʢʮʽʷ ʰʚʠʜʢʦʩʪʽ V22 ʥʘ ʧʦʟʜʦʚʞʥʶ ʚʝʨʪʠʢʘʣʴʥʫ ʧʣʦʱʠʥʫ Oxz; 

Y f  ï ʦʩʴʦʚʘ ʨʝʘʢʮʽʷ ʚ ʙʫʢʩʦʚʦʤʫ ʚʫʟʣʽ, ʜʽʶʯʘ ʥʘ ʢʦʣʽʩʥʫ ʧʘʨʫ ï ʨʘʤʥʘ ʩʠʣʘ; 

S11y, S22y ï ʧʨʦʝʢʮʽʾ ʩʠʣ ʪʝʨʪʷ S22 ʚ ʢʦʥʪʘʢʪʘʭ K11, K22 ʥʘ ʚʽʩʴ Oy; 

S22xz, S22x, S22z  ï ʧʨʦʝʢʮʽʾ ʩʠʣʠ ʪʝʨʪʷ S22 ʚ ʢʦʥʪʘʢʪʽ K22, ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʧʦʟʜʦ-

ʚʞʥʶ ʚʝʨʪʠʢʘʣʴʥʫ ʧʣʦʱʠʥʫ Oxz, ʚʽʩʴ Ox ʽ ʚʽʩʴ Oz; 

ɓ ï ʢʫʪ ʥʘʭʠʣʫ ʛʨʝʙʥʷ. 

ɺʝʢʪʦʨʥʽ ʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʚ ʢʦʥʪʘʢʪʘʭ K11, K22 ʦʪʨʠʤʘʥʽ 

ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʽʾ ʷʢ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʝʨ-

ʭʦʥʴ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʽ ʨʝʡʦʢ: 

 

1111 VVV j+=
;             xy22xy22 VVV j+=

.                                  (3.1) 

 

yz22xz22xy2222 VVVV ++=
.                                        (3.2) 

 

ʅʘ ʨʠʩ. 3.2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ ʚ ʛʨʝʙʝʥʝʚʦʤʫ ʢʦʥʪʘʢʪʽ ʚ ʧʨʦʝʢ-

ʮʽʷʭ ʥʘ ʧʦʟʜʦʚʞʥʶ ʚʝʨʪʠʢʘʣʴʥʫ ʧʣʦʱʠʥʫ Oxz ʽ ʧʦʧʝʨʝʯʥʫ ʚʝʨʪʠʢʘʣʴʥʫ ʧʣʦʱʠʥʫ 

Oyz. ʅʘ ʨʠʩ. 3.2 ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ:  

ɕ  ï ʢʫʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʚʝʢʪʦʨʫ S22xz ʱʦʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ; 

ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ; 

N22 ï ʥʦʨʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʨʝʙʝʥʝʚʦʤʫ ʢʦʥʪʘʢʪʽ K22; 

K0 ï ʤʠʪʪʻʚʠʡ ʮʝʥʪʨ ʦʙʝʨʪʘʥʥʷ ʢʦʣʝʩʘ; 

R0 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʢʦʣʝʩʘ ʜʦ ʤʠʪʪʻʚʦʛʦ ʮʝʥʪʨʫ ʦʙʝʨʪʘʥʥʷ ʢʦʣʝʩʘ K0; 
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R1, R2 ï ʨʘʜʽʫʩʠ ʢʦʣʝʩʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʦʩʥʦʚʥʦʤʫ ʽ ʛʨʝʙʝʥʝʚʦʤʫ ʢʦʥʪʘʢʪʘʭ; 

P2 ï ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʨʝʙʝʥʝʚʦʤʫ ʢʦʥʪʘʢʪʽ K22. 

 

  

ʘ                                                        ʙ 

ʈʠʩʫʥʦʢ 3.2 ï ʉʭʝʤʘ ʧʨʦʝʢʮʽʡ ʩʠʣ ʚ ʛʨʝʙʝʥʝʚʦʤʫ ʢʦʥʪʘʢʪʽ: ʘ ï ʧʨʦʝʢʮʽʾ ʥʘ ʧʦʚʟʜʦʚʞʥʶ ʚʝʨʪʠ-

ʢʘʣʴʥʫ ʧʣʦʱʠʥʫ Oxz; ʙ ï ʧʨʦʝʢʮʽʾ ʥʘ ʧʦʧʝʨʝʯʥʫ ʚʝʨʪʠʢʘʣʴʥʫ ʧʣʦʱʠʥʫ Oyz 

 

ʉʫʤʘʨʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʙʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʛʨʝʙʝʥʝʚʦʤʫ ʢʦʥʪʘʢʪʽ Y ʜʦʨʽ-

ʚʥʶʻ ʩʫʤʽ ʨʘʤʥʦʾ ʩʠʣʠ Yf ʽ ʩʠʣ ʚʽʜʚʝʜʝʥʥʷ S11y, S22y ʚ ʢʦʥʪʘʢʪʘʭ K11, K22: 

 

y22y11f SSYY ++=
.                                                  (3.3) 

 

ʌʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ S11y, S22y ʚ ʢʦʥʪʘʢʪʘʭ K11, K22 ʚ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʣʽʩʥʠʭ ʤʘʰʠʥ ʥʘʟʠʚʘʶʪʴ ʩʠʣʘʤʠ ʚʽʜʚʝʜʝʥʥʷ. ʉʠʣʠ ʚʽʜʚʝʜʝʥʥʷ S11y, S22y ʻ ʩʠ-

ʣʘʤʠ ʪʝʨʪʷ ʽ ʩʧʨʷʤʦʚʘʥʽ ʧʨʦʪʠʣʝʞʥʦ ʚʽʜʧʦʚʽʜʥʠʤ ʚʝʢʪʦʨʘʭ ʰʚʠʜʢʦʩʪʝʡ ʢʦʚʟʘʥʥʷ 

V11y, V22y. ʉʠʣʠ S11y, S22y ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʙʣʠʞʝʥʦ ʚʠʟʥʘʯʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ ʟʘʢʦʥʫ 

ʂʫʣʦʥʘ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʡ ʱʦʜʦ ʩʭʦʜʫ ʟ ʨʝʡʦʢ ʚʠʧʘ-

ʜʦʢ, ʢʦʣʠ ʢʫʪ ɕ = 0. 

 

mÖ= 1y11 PS
;                 

bÖmÖ= cosNS 22y22 ,                           (3.4) 

 

ʜʝ 1P  ï ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʦʥʪʘʢʪʝ 11K ; 

m ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʟ ʨʝʡʢʘʤʠ. 

ʊʦʜʽ  
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( ) f221 YcosNPY +bÖ+m= .                                               (3.5) 

 

ʈʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʚʠʛʣʷʜʽ ʩʫʤʠ ʧʨʦʝʢʮʽʡ ʥʘ 

ʦʩʽ Oy ʽ Oz (ʨʠʩ. 3.2 ʙ): 

 

îí

î
ì
ë

=

=

ä

ä
    :0F

  :0F

z

y

í
ì
ë

=-bÖ+bÖmÖ

=bÖ-

.0PcosNsinN

;0sinNY

22222

22
                   (3.6) 

 

ɿ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ (3.4)  

 

b+bÖm
=

cossin

P
N 2

22 .                                            (3.7) 

 

ɿ ʦʛʣʷʜʫ ʥʘ, ʱʦ ʧʝʨʰʝ ʢʦʣʝʩʦ ʥʝ ʤʘʻ ʛʨʝʙʝʥʝʚʦʛʦ ʢʦʥʪʘʢʪʫ, ʘ ʦʩʥʦʚʥʠʡ ʢʦʥ-

ʪʘʢʪ ʜʨʫʛʦʛʦ ʢʦʣʝʩʘ ʧʦʚʥʽʩʪʶ ʨʦʟʚʘʥʪʘʞʝʥʠʡ, ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ P1 = P2 = P. 

ʊʦʜʽ ʟ ʧʝʨʰʦʛʦ ʨʽʚʥʷʥʥʷ (3.4) ʦʪʨʠʤʘʻʤʦ: 

 

0
cossin

sin
PY

cossin

cos
1P f =

b+bÖm

b
-+ö

÷

õ
æ
ç

å

b+bÖm

b
+ÖÖm .                   (3.8) 

 

ɺʝʨʪʠʢʘʣʴʥʽ ʩʠʣʠ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽʟ ʨʝʡʢʘʤʠ, ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʪʘ ʛʨʝʙʝʥʝʚʽ 

ʩʠʣʠ (ʨʝʘʢʮʽʾ) ʚʽʜʽʛʨʘʶʪʴ ʥʘʡʩʫʪʪʻʚʽʰʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ ʜʝʛʨʘʜʘʮʽʾ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ. 

ɯʥʰʽ ʩʠʣʠ, ʪʘʢʽ ʷʢ ʦʙʝʨʪʦʚʝ ʟʯʝʧʣʝʥʥʷ (ʩʧʽʥ) ʽ ʛʨʘʚʽʪʘʮʽʡʥʽ ʩʠʣʠ, ʜʽʡʩʥʦ ʜʽʶʪʴ 

ʥʘ ʨʝʡʢʠ, ʘʣʝ ʥʘʡʯʘʩʪʽʰʝ ʤʘʶʪʴ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩʠ ʨʦʟʣʘʜʫ ʢʦʣʽʾ, ʥʽʞ 

ʦʧʠʩʘʥʽ ʚʠʱʝ. ʅʘʧʨʠʢʣʘʜ, ʩʧʠʥʥʘ ʩʠʣʘ ʟʯʝʧʣʝʥʥʷ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʨʽʟʥʽ ʯʘʩʪʠʥʠ 

ʢʦʥʪʘʢʪʫ ʢʦʪʷʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʨʘʜʽʫʩʘʭ ʚʽʜʥʦʩʥʦ ʦʩʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʝʨʪʘʣʴʥʘ 

çʦʯʠʱʫʚʘʣʴʥʘè ʜʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʝʣʠʢʠʭ ʢʫʪʘʭ ʢʦʥʪʘʢʪʫ. ʎʝ ʙʫʣʦ ʧʦʚôʷʟʘʥʦ, 

ʨʘʟʦʤ ʟ ʚʠʩʦʢʠʤʠ ʢʦʥʪʘʢʪʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ, ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʛʦʣʦʚʦʢ. ɺʚʘʞʘ-

ʻʪʴʩʷ, ʱʦ ʧʘʨʘ, ʧʦʚôʷʟʘʥʘ ʟ ʦʙʝʨʪʘʥʥʷʤ, ʤʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʟʫʩʠʣʣʷ ʨʝʡʢʠ 

ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽʟ ʨʝʡʢʘʤʠ.  
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4. ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʅɸʄɯʏʅʆɻʆ ɺʇʀʉʋɺɸʅʅʗ 

ʈʋʍʆʄʆɻʆ ʉʂʃɸɼʋ ʈɯɿʅʀʍ ʊʀʇɯɺ ʋ ʂʈʀɺɯ ɼɯʃʗʅʂʀ ʂʆʃɯɰ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʚʽʟʢʘ ʚʘʥʪʘʞʥʦʛʦ 

ʚʘʛʦʥʘ ʚ ʢʨʠʚʽʡ ʜʽʣʷʥʮʽ ʢʦʣʽʾ. ʄʦʜʝʣʴ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʤʝ-

ʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʘʭ ʥʘ ʧʦʢʘʟʥʠʢʠ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʾ ʜʠʥʘʤʽʢʠ ʝʢʽʧʘʞʫ ʪʘ ʟʥʦʩʫ ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ ʢʦʣʽʩ, ʟʦʢʨʝʤʘ ï ʧʽʜʨʽʟʫ ʛʨʝʙ-

ʥʽʚ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʚʧʠʩʫʚʘʥʥʷ ʚ ʢʨʠʚʫ ʚʽʟʢʘ 18-7055 ʥʘʧʽ-

ʚʚʘʛʦʥʫ ʤʦʜʝʣʽ 12-7023 ʚʠʨʦʙʥʠʮʪʚʘ ʂʨʶʢʽʚʩʴʢʦʛʦ ʚʘʛʦʥʦʙʫʜʽʚʥʦʛʦ ʟʘʚʦʜʫ 

(ʨʠʩ.4.1) [87].  

 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ʅʘʧʽʚʚʘʛʦʥ ʤʦʜʝʣʽ 12-7023 (12-7023-01 ʠ 12-7023-02)2  

                                           
2 ʈʠʩʫʥʦʢ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣʘ http://www.kvsz.com/index.php/ua/golovna/pro-virobnitstvo/tekhnichni-

mozhlivosti 

http://www.kvsz.com/index.php/ua/golovna/pro-virobnitstvo/tekhnichni-mozhlivosti
http://www.kvsz.com/index.php/ua/golovna/pro-virobnitstvo/tekhnichni-mozhlivosti
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ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʯʦʪʠʨʠʚʽʩʥʠʡ, ʩʫʮʽʣʴʥʦʤʝʪʘʣʝʚʠʡ ʚʘʛʦʥ ʟʽ ʟʚʘʨʥʠʤ ʢʫʟʦʚʦʤ 

ʟʙʽʣʴʰʝʥʦʛʦ ʦʙ'ʻʤʫ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʟʽ ʩʪʘʣʽ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ ï 10ʍʉʅɼ, 

10ʍʅɼʇ, 12ɻ2ʌ, 12ɻ2ʌɼ. ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʰʪʫʯʥʠʭ, ʩʠʧʢʠʭ ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʜʨʽʙʥʦʰʤʘʪʢʦʚʠʭ ʽ ʧʘʢʝʪʦʚʘʥʠʭ ʚʘʥʪʘʞʽʚ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʘʭʠʩʪʫ 

ʚʽʜ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʧʦ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ ʟ ʰʠʨʠʥʦʶ ʢʦʣʽʾ 1520 ʤʤ ʟ ʤʦʞʣʠ-

ʚʽʩʪʶ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʣʶʢʠ ʨʦʟʤʽʱʝʥʽ ʚ ʧʽʜʣʦʟʽ ʚʘʛʦʥʘ 

ʘʙʦ ʥʘ ʚʘʛʦʥʦʧʝʨʝʢʠʜʘʯʽ. ɺʽʜʢʨʠʪʠʡ ʟʚʝʨʭʫ ʢʫʟʦʚ ʤʘʻ ʯʦʪʠʨʥʘʜʮʷʪʴ ʨʦʟʚʘʥʪʘʞʫ-

ʚʘʣʴʥʠʭ ʣʶʢʽʚ, ʢʨʠʰʢʠ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴ ʧʽʜʣʦʛʫ. ʈʦʟʚʘʥʪʘʞʝʥʥʷ ʚʘʛʦʥʘ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʪʘʢʦʞ ʚʘʛʦʥʦʧʝʨʝʢʠʜʘʯʝʤ. ɻʘʣʴʤʘ ï ʘʚʪʦʤʘʪʠʯʥʝ ʧʥʝʚʤʘʪʠʯʥʝ ʪʘ 

ʩʪʦʷʥʢʦʚʝ. ʍʦʜʦʚʘ ʯʘʩʪʠʥʘ ï ʥʘʧʽʚʚʘʛʦʥʠ 12-7023 ï ʜʚʘ ʜʚʦʚʽʩʥʠʭ ʚʽʟʢʠ ʤʦʜ. 18-

7055 ʪʠʧ 2 ɻʆʉʊ 9246 (ʨʠʩ. 4.2). 

 

 

 

ʈʠʩʫʥʦʢ 4.2 ï ɺʘʥʪʘʞʥʠʡ ʚʽʟʦʢ ʤʦʜʝʣʽ 18-70553 

                                           
3 ʈʠʩʫʥʦʢ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣʘ:  http://www.kvsz.com/index.php/ua/golovna/pro-virobnitstvo/tekhnichni-

mozhlivosti.  

http://www.kvsz.com/index.php/ua/golovna/pro-virobnitstvo/tekhnichni-mozhlivosti
http://www.kvsz.com/index.php/ua/golovna/pro-virobnitstvo/tekhnichni-mozhlivosti
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ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ, ʥʝ ʙʽʣʴʰʝ, ʪ ï 70,3; 

- ʦʙ'ʻʤ ʢʫʟʦʚʘ, ʤ3 ï 90; 

- ʤʘʩʘ ʪʘʨʠ, ʥʝ ʙʽʣʴʰʝ, ʪ ï 23,7; 

- ʩʪʘʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʥʘ ʨʝʡʢʠ, ʢʅ (ʪʩ)  ï 230,5 (23,5); 

- ʙʘʟʘ ʚʘʛʦʥʘ, ʤʤ ï 8650; 

- ʜʦʚʞʠʥʘ ʚʘʛʦʥʘ ʧʦ ʦʩʷʤ ʘʚʪʦʟʯʝʧʣʝʥʴ, ʤʤ ï 13920; 

- ʛʘʙʘʨʠʪ ʧʦ ɻʆʉʊ 9238 ï 1-BM; 

- ʚʥʫʪʨʽʰʥʽ ʨʦʟʤʽʨʠ ʢʫʟʦʚʘ, ʤʤ: 12 790 ʭ 2 990 ʭ 2 362; 

- ʚʽʟʦʢ ï 18-7055; 

- ʤʽʞʨʝʤʦʥʪʥʠʡ ʧʨʦʙʽʛ, ʨʦʢʽʚ (ʪʠʩ. ʢʤ) ï 500; 

- ʢʦʥʩʪʨʫʢʮʽʡʥʘ ʰʚʠʜʢʽʩʪʴ, ʢʤ/ʛʦʜ ï 120. 

 

 

4.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʧʠʩʫʚʘʥʥʷ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʫ ʜʽʣʷʥʢʫ ʢʦʣʽʾ 

 

4.1.1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʧʠʩʫʚʘʥʥʷ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʫ ʜʽʣʷʥʢʫ ʢʦʣʽʾ 

ʂʣʘʩʠʯʥʠʡ ʤʝʪʦʜ ʚʧʠʩʫʚʘʥʥʷ ʝʢʽʧʘʞʽʚ ʚ ʢʨʠʚʽ ʜʽʣʷʥʢʠ ʢʦʣʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʥʘʩʪʫʧʥʠʡ ʧʨʠʡʦʤ. ʇʨʦʮʝʩ ʚʧʠʩʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ, ʷʢ ʨʫʭ ʚʽʜʨʽʟʢʘ ʧʨʷʤʦʾ 

ʜʦʚʞʠʥʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʙʘʟʽ ʚʽʟʢʘ, ʤʽʞ ʜʚʦʤʘ ʢʦʥʮʝʥʪʨʠʯʥʠʤʠ ʦʢʨʫʞʥʦʩʪʷʤʠ ʟ 

ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʥʠʤʠ, ʱʦ ʜʦʨʽʚʥʶʻ ʩʫʤʘʨʥʦʤʫ ʟʘʟʦʨʫ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʨʝʡʢʦʚʽʡ 

ʢʦʣʽʾ ‏, ʪʦʙʪʦ ʩʫʤʘʨʥʦʤʫ ʟʘʟʦʨʫ ʤʽʞ ʛʨʝʙʥʷʤʠ ʢʦʣʽʩ ʽ ʨʦʙʦʯʠʤʠ ʛʨʘʥʷʤʠ ʨʝʡʦʢ. 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʙʘʟʘ ʚʽʟʢʘ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʚʽʜʩʪʘʥʝʡ ὅ ὅ (ʨʠʩ. 4.3).  

ʅʘ ʨʠʩ.4.3 ʧʦʢʘʟʘʥʦ ʩʭʝʤʠ ʤʦʞʣʠʚʠʭ ʫʩʪʘʥʦʚʦʢ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʽʡ ʜʽʣʷʥʮʽ ʢʦ-

ʣʽʾ. ɺʠʜ ʫʩʪʘʥʦʚʢʠ ʝʢʽʧʘʞʫ ʚ ʢʦʣʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ, ʩʢʦʨʦʩʪʽ ʨʫʭʫ, 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʽʾ, ʩʪʫʧʝʥʶ ʟʥʦʩʫ ʛʨʝʙʥʽʚ ʽ ʨʝʡʦʢ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʧʝ-

ʨʝʜʥʴʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʨʘʤʽ ʚʽʟʢʘ ʽ ʟʦʚʥʽʰʥʽʭ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ, ʱʦ ʜʽ-

ʶʪʴ ʥʘ ʝʢʽʧʘʞ.  

ɿʦʚʥʽʰʥʽʤʠ ʩʠʣʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʚ ʢʨʠʚʽʡ ʧʨʠ ʚʧʠʩʫʚʘʥʥʽ 

ʝʢʽʧʘʞʫ, ʻ ʚʽʜʮʝʥʪʨʦʚʘ ʽ ʜʦʮʝʥʪʨʦʚʘ ʩʠʣʠ, ʧʦʚóʷʟʘʥʽ ʽʟ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ, ʨʘʜʽʫʩʦʤ 

http://www.kvsz.com/index.php/ua/produktsiya/vantazhne-vagonobuduvannya/napivvagoni/item/1974


 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 4 
 

117  ¶ 

ʢʨʠʚʦʾ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ.   

 

    
ʘ)                                                 ʙ) 

    
ʚ)                                                  ʛ) 

    
ʜ)                                                  ʝ) 

ʈʠʩʫʥʦʢ 4.3 ï ʉʭʝʤʠ ʤʦʞʣʠʚʠʭ ʫʩʪʘʥʦʚʦʢ ʝʢʽʧʘʞʫ ʚ ʢʨʠʚʽʡ ʜʽʣʷʥʮʽ ʢʦʣʽʾ: ʘ) ï ʭʦʨʜʦʚʘ ʧʦ  

ʟʦʚʥʽʰʥʽʡ ʨʝʡʮʽ; ʙ) ï ʭʦʨʜʦʚʘ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ʨʝʡʮʽ; ʚ), ʛ) ï ʧʝʨʝʢʽʩʥʽ ʟʘʢʣʠʥʝʥʽ ʫʩʪʘʥʦʚʢʠ;  

ʜ), ʝ) ï ʧʝʨʝʢʽʩʥʽ ʚʽʣʴʥʽ ʫʩʪʘʥʦʚʢʠ 

 

ʄʦʜʝʣʶʻʪʴʩʷ ʫʩʪʘʣʝʥʠʡ ʨʫʭ ʚʽʟʢʘ ʚ ʢʨʫʛʦʚʽʡ ʢʨʠʚʽʡ ʧʽʜ ʜʽʻʶ ʥʘʩʪʫʧʥʠʭ ʟʦ-

ʚʥʽʰʥʽʭ ʩʠʣ: 

¶ ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʻ ʚ ʮʝʥʪʨʽ ʤʘʩ ʚʽʟʢʘ ʽ ʩʧʨʷʤʦʚʘʥʘ ʨʘʜʽ-

ʘʣʴʥʦ ʚʽʜ ʮʝʥʪʨʫ ʢʨʠʚʦʾ. ɺʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʽ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ; 

¶ ʜʦʮʝʥʪʨʦʚʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʚ ʮʝʥʪʨʽ ʤʘʩ ʚʽʟʢʘ ʽ ʩʧʨʷʤʦʚʘʥʘ ʨʘʜʽʘʣʴʥʦ ʜʦ 

ʮʝʥʪʨʫ ʢʨʠʚʦʾ. ɼʦʮʝʥʪʨʦʚʘ ʩʠʣʘ ʻ ʩʢʣʘʜʦʚʦʶ ʚʘʛʠ ʧʨʠ ʥʘʭʠʣʽ ʚʽʟʢʘ 

ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ;   

¶ ʩʢʣʘʜʦʚʘ ʩʢʦʯʫʚʘʥʥʷ ʚʘʛʠ ʚʽʟʢʘ, ʧʦʚôʷʟʘʥʘ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʟʦʚʥʽʰ-

ʥʴʦʾ ʨʝʡʢʠ ʢʦʣʽʾ, ʱʦ ʜʽʻ ʚ ʮʝʥʪʨʽ ʤʘʩ ʚʽʟʢʘ ʽ ʩʧʨʷʤʦʚʘʥʘ ʨʘʜʽʘʣʴʥʦ ʜʦ 
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118  ¶ 

ʮʝʥʪʨʫ ʢʨʠʚʦʾ; 

¶ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽʟ ʨʝʡʢʘʤʠ ï ʧʦʚʟʜʦʚʞʥʽ ʽ ʧʦʧʝʨʝ-

ʯʥʽ ʩʢʣʘʜʦʚʽ; 

¶ ʩʢʣʘʜʦʚʽ ʩʢʦʯʫʚʘʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽʟ ʨʝʡ-

ʢʘʤʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʢʦʥʫʩʥʽʩʪʶ ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ ʢʦʣʽʩ; 

¶ ʩʠʣʘ ʦʧʦʨʫ ʨʫʭʫ ʪʘ ʧʦʚʝʨʪʘʶʯʠʡ ʤʦʤʝʥʪ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʽʟʦʢ ʟ ʙʦʢʫ 

ʢʫʟʦʚʘ ʫ ʰʚʦʨʥʝʚʦʤʫ ʚʫʟʣʽ ʚʽʜ ʢʫʟʦʚʘ; 

¶ ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ ʪʷʛʦʚʠʭ ʜʚʠʛʫʥʽʚ ʢʦʣʽʩʥʠʭ ʧʘʨ. 

ʈʫʭ ʚʽʟʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢ ʧʩʝʚʜʦ-ʩʪʘʪʠʯʥʠʡ ʧʨʦʮʝʩ ʽʟ ʫʩʪʘʣʝʥʠʤʠ ʟʥʘʯʝʥ-

ʥʷʤʠ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʽʟʦʢ.  

ʅʘ ʨʠʩ. 4.4 ʧʦʢʘʟʘʥʦ ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʦʙʝʨʪʘʥʥʷ ʚʽʟʢʘ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ ʚ 

ʢʨʫʛʦʚʽʡ ʢʨʠʚʽʡ.  

 
ʈʠʩʫʥʦʢ 4.4 ï ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʝʡ ʫ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʽʚ ʢʦʣʽʩ ʽʟ ʨʝʡʢʘʤʠ 

ʧʨʠ ʨʫʩʽ ʚʽʟʢʘ ʚ ʢʨʫʛʦʚʽʡ ʢʨʠʚʽʡ 

 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʜʝʷʢʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪ-

ʨʽʚ ʨʫʭʫ. ʃʽʪʝʨʘ Ὥ ʚ ʽʥʜʝʢʩʘʭ ʚʝʣʠʯʠʥ ʦʟʥʘʯʘʻ ʥʦʤʝʨ ʢʦʣʝʩʘ, ʘ Ὦ ï ʥʦʤʝʨ ʢʦʣʽʩʥʦʾ 

ʧʘʨʠ.  

ὠ ȟ  ï ʦʢʨʫʞʥʽ ʰʚʠʜʢʦʩʪʽ, ʧʦʚóʷʟʘʥʽ ʽʟ ʦʙʝʨʪʘʥʥʷʤ ʮʝʥʪʨʽʚ ʢʦʣʽʩ ʚ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʢʨʠʚʦʾ: 



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 4 
 

119  ¶ 

 i
ijV V

r

r
= Ö ;                                                   (4.1) 

 

ὠ ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʣʦʢʦʤʦʪʠʚʘ ʚ ʢʨʫʛʦʚʽʡ ʢʨʠʚʽʡ; 

”ȟ”  ï ʨʘʜʽʫʩʠ, ʚʽʜʧʦʚʽʜʥʦ ʦʩʽ ʢʦʣʽʾ ʪʘ ʨʝʡʦʢ: ʟʦʚʥʽʰʥʴʦʾ Ὥ ρ ʽ ʚʥʫʪʨʽʰ-

ʥʴʦʾ Ὥ ς; 

                                        ” ” ὃ ;      ” ” ὃ;                        (4.2) 

 

ςὃ ï ʝʬʝʢʪʠʚʥʘ ʰʠʨʠʥʘ ʢʦʣʽʾ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʪʦʯʢʘʤʠ ʢʦʥʪʘʢʪʽʚ ʢʦʣʽʩ ʢʦʣʽʩʥʦʾ ʧʘʨʠ, ʧʨʠʡʤʘʻʪʴʩʷ ʪʘʢʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ 

1560 ʤʤ.  

ʉʢʣʘʜʦʚʽ ʰʚʠʜʢʦʩʪʝʡ ὠ ȟȠ ȟ  ï ʧʨʦʝʢʮʽʾ ʥʘ ʦʩʽ † ώ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦ-

ʣʽʩʥʠʭ ʧʘʨ: 

ὠ ὠώ ὠ† ;                                                (4.3) 

 

ὠ† ὠ Ͻὧέί‌;                                               (4.4) 

 

ὠώ ὠ ϽίὭὲ‌,                                               (4.5) 

 

ʜʝ ‌ ȟ  ï ʢʫʪʠ ʥʘʙʽʛʘʥʥʷ (ʢʫʪʠ ʘʪʘʢʠ) ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʣʽʩʥʠʭ ʧʘʨ ʥʘ 

ʨʝʡʢʠ; 

‌ ‎ ‍ ‮ 

(4.6) 

‌ ‎ ‍ ‮ 

 

ʜʝ ‎ ï ʢʫʪ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ; 

 

 1 2C C
g

r

+
= ,                                                   (4.7) 

 

ὅȟὅ ï ʚʽʜʩʪʘʥʽ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʝʡ ʢʦʣʽʩʥʠʭ ʧʘʨ ʜʦ ʦʩʽ ʰʚʦʨʥʷ; 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

120  ¶ 

‍ȟ‍ ï ʢʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜ ʥʦʨʤʘʣʴ-

ʥʦʛʦ (ʧʘʨʘʣʝʣʴʥʦʛʦ) ʧʦʣʦʞʝʥʥʷ ʚ ʚʽʟʢʫ; 

-ʩʽʣʦʢ ʠʤʷʥʥʝʱʽʤʝʨʝʧ ʠʤʠʥʯʝʨʝʧʦʧ ʟʽ ʡʠʥʘʟʷôʚʦʧ ,ʘʢʟʽʚ ʫʩʦʢʝʨʝʧ ʪʫʢ ï ‮

ʥʠʭ ʧʘʨ; 

 1 2

1 2

y y

C C
J

-
=
+

,                                                     (4.8) 

 

ώȟώ ï ʙʦʢʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ; 

ʇʦʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩ. 4.4: 

‫ϽὙ  ï ʦʢʨʫʞʥʽ ʰʚʠʜʢʦʩʪʽ ʪʦʯʦʢ ʢʦʥʪʘʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʷʭ ʢʦʯʝʥʥʷ ʚ ʧʣʦ-

ʱʠʥʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ: 

ï ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜʥʦʩʥʦ ʚʣʘʩʥʠʭ ‫ 

ʦʩʝʡ; 

Ὑ  ï ʨʘʜʽʫʩʠ ʢʨʫʛʽʚ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʫ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʽʚ ʟ ʨʝʡʢʘʤʠ.  

ʈʘʜʽʫʩʠ Ὑ  ʻ ʬʫʥʢʮʽʷʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʣʽʩʥʦʾ ʧʘʨʠ 

ʚ ʨʝʡʢʦʚʽʡ ʢʦʣʽʾ  Ὑ ώ .                                              

 

4.1.2. ʇʨʦʬʽʣʽ ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʽ ʨʝʡʦʢ 

ʗʢ ʚʽʜʦʤʦ, ʩʧʨʷʤʫʚʘʥʥʷ ʝʢʽʧʘʞʽʚ ʨʝʡʢʦʚʦʾ ʢʦʣʽʻʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʨʘ-

ʜʠʮʽʡʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʩʥʠʭ ʧʘʨ ʽ ʦʩʦʙʣʠʚʦʤʫ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ ʢʦ-

ʣʽʩ, ʱʦ ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʠʡ ʜʽʣʷʥʢʫ (ʧʦʚʝʨʭʥʷ ʢʦʯʝʥʥʷ), ʷʢʘ ʧʣʘʚʥʦ ʧʝʨʝʡʰʦʚ ʚ 

ʨʝʙʦʨʜʫ, ʘʙʦ ʛʨʝʙʽʥʴ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʨʦʬʽʣʽʚ ʢʦʣʽʩ ʥʘ ʟʘʣʽ-

ʟʥʠʮʷʭ ʩʚʽʪʫ, ʬʦʨʤʘ ʾʭ ʛʨʝʙʥʽʚ ʤʘʻ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ. ʇʨʠ ʨʫʩʽ ʝʢʽʧʘʞʫ ʧʦ ʨʝʡʢʦ-

ʚʽʡ ʢʦʣʽʾ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʱʦʜʦ ʧʦʟʜʦʚʞʥʴʦʾ 

ʦʩʽ ʢʦʣʽʾ, ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʪʨʠ ʚʘʨʽʘʥʪʠ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʢʦʣʽʩ ʽʟ ʨʝʡʢʘʤʠ: ʦʜʥʦ-

ʪʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ ʧʦ ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ (ʦʩʥʦʚʥʠʡ ʢʦʥʪʘʢʪ) ʙʝʟ ʛʨʝʙʝʥʝʚʦʛʦ ʪʦʨ-

ʢʘʥʥʷ, ʜʚʦʪʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ ʟ ʦʜʥʦʯʘʩʥʠʤ ʦʧʝʨʪʷʤ ʧʦ ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ ʽ ʧʦ ʛʨʝ-

ʙʥʶ ʽ ʦʜʥʦʪʦʯʢʦʚʠʡ ʛʨʝʙʝʥʝʚʠʡ ʢʦʥʪʘʢʪ. 

ʆʜʥʦʪʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ ʧʦ ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʨʝʞʠʤʽʚ ʨʫʭʫ 

ʟ ʤʘʣʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʚ ʧʨʷʤʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʽ ʢʨʠʚʠʭ ʚʝʣʠʢʦʛʦ ʨʘʜʽʫʩʫ. 
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ɼʚʦʪʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʧʨʠ ʨʫʩʽ ʚ ʧʨʷʤʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʽ ʚ ʢʨʠ-

ʚʠʭ ʚʝʣʠʢʦʛʦ ʨʘʜʽʫʩʘ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ ʚʠʱʝ ʢʨʠʪʠʯʥʠʭ ʧʦ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ, ʫ ʚʠ-

ʛʣʷʜʽ ʫʜʘʨʥʦʛʦ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩ ʥʘ ʨʝʡʢʠ ʧʦʯʝʨʛʦʚʦ ʜʣʷ ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʢʦʣʽʩ ʥʘ-

ʙʽʛʘʶʯʠʭ ʢʦʣʽʩʥʠʭ ʧʘʨ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʫʩʽ ʚ ʢʨʠʚʠʭ ʤʘʣʦʛʦ ʨʘʜʽʫʩʘ ʧʨʦʪʷʛʦʤ ʪʨʠ-

ʚʘʣʦʛʦ ʯʘʩʫ. ʊʨʠʚʘʣʠʡ ʜʚʦʪʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʪʘʢʦʞ ʧʨʠ ʙʫʜʴ-

ʷʢʠʭ ʨʝʞʠʤʘʭ ʨʫʭʫ, ʷʢ ʚ ʢʨʠʚʠʭ, ʪʘʢ ʽ ʚ ʧʨʷʤʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʧʨʠ ʧʦʨʫʰʝʥʥʽ 

ʛʝʦʤʝʪʨʽʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʨʘʤʘʭ ʚʽʟʢʽʚ ʽ ʧʨʠ ʚʝʣʠʢʽʡ ʨʽʟʥʠʮʽ ʜʽʘʤʝʪʨʽʚ 

ʢʦʣʽʩ ʢʦʣʽʩʥʦʾ ʧʘʨʠ. ʇʨʠ ʜʚʦʪʦʯʢʦʚʦʤʫ ʢʦʥʪʘʢʪʽ, ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʘʙʦ ʪʨʠʚʘʣʦʤʫ, 

ʚ ʢʦʥʪʘʢʪʘʭ ʤʘʻ ʤʽʩʮʝ ʩʢʣʘʜʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚʝʨʪʠʢʘʣʴʥʠʭ, 

ʥʦʨʤʘʣʴʥʠʭ ʽ ʜʦʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʰʚʠʜʢʦʩʪʝʡ ʢʦʚʟʘʥʥʷ. ʏʠʩʪʠʡ ʛʨʝʙʝʥʝʚʠʡ 

ʢʦʥʪʘʢʪ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʪʽʣʴʢʠ ʧʨʠ ʚʽʜʨʠʚʽ ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʚʽʜ ʨʝʡʢʠ, 

ʪʦʙʪʦ ʚ ʨʘʟʽ ʩʭʦʜʫ ʢʦʣʝʩʘ ʟ ʨʝʡʢʠ, ʽ ʻ ʘʚʘʨʽʡʥʠʤ ʚʠʧʘʜʢʦʤ ʚʟʘʻʤʦʜʽʾ ʢʦʣʝʩʘ ʟ ʨʝʡ-

ʢʦʶ. 

               

ʘ)                                                      ʙ) 

ʈʠʩʫʥʦʢ 4.5 ï ʇʨʦʬʽʣʴ ʢʦʣʝʩʘ ʚʘʛʦʥʘ ʟʘ ɻʆʉʊ 9036-88 (ʘ) ʽ ʛʦʣʦʚʢʠ ʨʝʡʢʠ ʈ65 ʟʘ ɼʉʊʋ 

4344:2004 (ʟ ʥʘʭʠʣʦʤ 1:20 ï ʣʽʚʘ ʨʝʡʢʘ) (ʙ) 

 

4.1.2.1. ʈʘʜʽʫʩʠ ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ï ʬʫʥʢʮʽʾ  Ὑ ώ . 

ʌʫʥʢʮʽʾ ʨʘʜʽʫʩʽʚ ʢʨʫʛʽʚ ʢʦʯʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʢʦʣʽʩ ʫ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʽʚ ʟ ʨʝʡ-

ʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ:  
 

   Ὑ ώ Ὑ ЎὙ ЎὙ ώ ,                                  (4.9) 

 

ʜʝ Ὑ ï ʥʦʤʽʥʘʣʴʥʠʡ ʨʘʜʽʫʩ ʢʨʫʛʫ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ï ʫʤʦʚʥʠʡ ʨʘʜʽʫʩ ʢʦʣʝʩʘ; 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

122  ¶ 

ЎὙ  ï ʚʽʜʭʠʣʝʥʥʷ ʨʘʜʽʫʩʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʣʝʩʘ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ Ὑ. ɺʽʜʭʠ-

ʣʝʥʥʷ ЎὙ  ʚʚʝʜʝʥʦ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʮʽ ʨʘʜʽʫʩʽʚ ʢʦʣʽʩ 

ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ ʝʢʽʧʘʞʫ ʪʘ ʟʥʦʩʫ ʛʨʝʙʥʽʚ 

ʢʦʣʽʩ;  

 ЎὙ ώ  ï ʧʦʪʦʯʥʘ ʜʦʙʘʚʢʠ ʨʘʜʽʫʩʫ ʢʦʣʝʩʘ, ʧʦʚôʷʟʘʥʘ ʽʟ ʢʦʥʫʩʥʽʩʪʶ ʧʦʚʝʨ-

ʭʥʽ ʢʦʯʝʥʥʷ ʪʘ ʙʦʢʦʚʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʦʣʽʾ  ώ (ʨʠʩ. 4.5).  

 

          

ʘ)                                                  ʙ) 

ʈʠʩʫʥʦʢ 4.5 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ЎὙ  (ʧʨʠʢʣʘʜ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʧʝʨ-

ʰʦʛʦ ʢʦʣʝʩʘ ʟ ʨʝʡʢʦʶ): ʘ)  ώ ςπ; ʙ)  ώ ρυ 

 

ɺʽʜʥʦʩʥʝ ʧʦʧʝʨʝʯʥʝ ʧʦʣʦʞʝʥʥʷ ʧʨʦʬʽʣʽʚ ʢʦʣʽʩ ʽ ʨʝʡʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʦʨʜʠ-

ʥʘʪʘʤʠ ώ.  

ɺ ʪʘʙʣ. 4.1 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ώ ̔  ЎὙ ώ  ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʢʦʣʽʩ 

ʟ ʧʨʦʬʽʣʝʤ ɻʆʉʊ 9036-88 ʽ ʨʝʡʦʢ ʈ75. 

 

ʊʘʙʣʠʮʷ 4.1 ï ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ЎὙ ώ  

ώ ï25 ï20 ï15 ï10 -5 0 5 10 15 20 25 

ЎὙ ώ  31,9 30,8 29,0 25,8 19,2 1,24 0,70 0,20 ï0,29 ï0,78 ï1,28 

 

ɸʧʨʦʢʩʠʤʘʮʽʶ ʬʫʥʢʮʽʾ ЎὙ ώ  ʚʠʢʦʥʘʥʦ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʢʣʘʜʥʦʛʦ ʧʘʢʝʪʘ MNK Free. ʌʫʥʢʮʽʶ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʴʦʤʘ ʛʽ-

ʣʢʘʤʠ: ЎὙ ώ , ЎὙ ώ , ЎὙ ώ  ʟ ʧʝʨʝʪʠʥʦʤ ʚ ʥʘʩʪʫʧʥʠʭ ʪʦʯʢʘʭ: ʜʣʷ ʧʝʨ-

ʰʠʭ ʢʦʣʽʩ ώ ρȟυυχψςρ ʪʘ ώ σȟτυχτωυ; ʜʣʷ ʜʨʫʛʠʭ ʢʦʣʽʩ ώ σȟτυχυωυ 
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ʪʘ ώ ρȟυυχψςρ.  

ʊʦʯʢʠ ʧʝʨʝʪʠʥʫ ʨʦʟʨʘʭʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʽ MathCAD ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʘʥʜ 

Given ʽ Find. ʌʫʥʢʮʽʾ ЎὙ ώ  ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.2.  

 
ʊʘʙʣʠʮʷ 4.2 ï ʌʫʥʢʮʽʾ ЎὙ ώ  

ɼʽʘʧʘʟʦʥ ώ ʌʫʥʢʮʽʷ ЎὙ ώ  

ʇʝʨʰʽ ʢʦʣʝʩʘ: Ὥ ρ 

ώ ὥ ώ          ЎὙ ώ ὥ πȟπτωωϽώ ὥ  

ώ ώ ὥ ώ          ЎὙ ώ ὥ ςȟπχυττ ώ ὥ ρȟτφρς  

ώ ὥ ώ          ЎὙ ρφȟςϽώ ὥ υτȟπυχχ  

ɼʨʫʛʽ ʢʦʣʝʩʘ: Ὥ ς 

ώ ὥ ώ          ЎὙ ώ ὥ πȟπτωωϽώ ὥ 

ώ ώ ὥ ώ         ЎὙ ώ ὥ ςȟπχυττ ώ ὥ ρȟτφρς 

ώ ὥ ώ          ЎὙ ρφȟςϽώ ὥ υτȟπυχχ  

 

ɺ ʪʘʙʣ. 4.2:  ὥ ï ʧʘʨʘʤʝʪʨ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʫʤʘʨʥʦʛʦ ʟʘʟʦʨʫ ʢʦʣʽʩʥʦʾ ʧʘʨʠ 

ʚ ʨʝʡʢʦʚʽʡ ʢʦʣʽʾ ï ‏: 

 int
2

ja y
d
= - ,                                                (4.10) 

 

ʜʝ ‏ ï ʩʫʤʘʨʥʠʡ ʟʘʟʦʨ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʨʝʡʢʦʚʽʡ ʢʦʣʽʾ. 

ώὭὲὸ ï ʧʘʨʘʤʝʪʨ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞʙʘʥʜʘʞʥʦʾ ʚʽʜʩʪʘʥʽ ʢʦʣʽ-

ʩʥʦʾ ʧʘʨʠ ʪʘ ʰʠʨʠʥʠ ʢʦʣʽʾ ʚʽʜ ʥʦʤʽʥʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ.  

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ώὭὲὸ ʧʨʠʡʤʘʻʪʴʩʷ ʪʘʢʠʤ, ʱʦ ʜʦʨʽʚʥʶʻ ʢʦʦʨʜʠ-

ʥʘʪʽ ʧʝʨʝʪʠʥʫ ʧʝʨʰʦʾ ʽ ʪʨʝʪʴʦʾ ʛʽʣʦʢ ʬʫʥʢʮʽʾ ЎὙ ώ .  

 

4.1.2.2. ʂʫʪʠ ʥʘʭʠʣʫ (ʫʢʣʦʥʠ) ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ï ʌʫʥʢʮʽʾ ‗ ώ . 

ʂʫʪʠ ʥʘʭʠʣʫ ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʽʚ  ‗  ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʢʦʥʪʘʢʪʽʚ ʽ ʻ ʬʫʥʢʮʽʷʤʠ ʙʦʢʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ 

ʢʦʣʽʾ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ  ï ώ. ʌʫʥʢʮʽʾ ‗ ώ  ʦʪʨʠʤʘʥʦ, ʷʢ ʧʦʭʽ-

ʜʥʽ ʚʽʜ ʬʫʥʢʮʽʡ ЎὙ ώ. ʌʫʥʢʮʽʾ  ‗ ώ  ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.3. 

ɻʨʘʥʠʯʥʽ ʪʦʯʢʠ ʛʽʣʦʢ ʬʫʥʢʮʽʡ ‗ ώ  ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚ ʧʨʦʛʨʘʤʽ MathCAD 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʘʥʜ Given ʽ Find. 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

124  ¶ 

ʊʘʙʣʠʮʷ 4.3 ï ʌʫʥʢʮʽʾ ‗ ώ  

ɼʽʘʧʘʟʦʥ ώ ʌʫʥʢʮʽʷ ‗ ώ  

ʇʝʨʰʽ ʢʦʣʝʩʘ: Ὥ ρ 

σπ ώ ὥ ςȟπσχ         ‗ρρ ώ πȟπτωω 

ςȟπσχ ώ ὥ ςȟτπψ         ‗ρς ώ ςυώ ὥ υπȟψχυ 

ςȟτπψ ώ ὥ ςπ ‗ρσ ώ πȟππτψώ ὥ  

πȟςςωυώ ὥ σȟτπχψώ ὥ ρφȟςφσς 

ɼʨʫʛʽ ʢʦʣʝʩʘ: Ὥ ς 

ςπ ώ ὥ ςȟπσχ           ‗ςρ ώ 0,0499 

ςȟσπχ ώ ὥ ςȟτπψ           ‗ςς ώ ςυώ ὥ υπȟψχυ 

ςȟτπψ ώ ὥ σπ 
‗ςσώ πȟππτψώ ὥ  

πȟςςωυώ ὥ σȟτπχψώ ὥ ρφȟςφσς 

 

4.1.3. ʐʚʠʜʢʦʩʪʽ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʫ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽʟ ʨʝʡʢʘʤʠ 

ʐʚʠʜʢʦʩʪʽ ʧʨʦʢʦʚʟʫʚʘʥʴ ʫ ʢʦʥʪʘʢʪʽ ʢʦʞʥʦʛʦ ʢʦʣʝʩʘ ʟ ʨʝʡʢʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʦʢʨʝʤʦ ʜʣʷ ʜʚʦʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ: ʫ ʧʣʦʱʠʥʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ (ὠί) ʪʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʱʠʥʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ, ʪʦʙʪʦ ʚʟʜʦʚʞ ʦʩʽ ʢʦʣʽʩʥʦʾ ʧʘʨʠ 

(ὠώ .  

ʐʚʠʜʢʦʩʪʽ ʧʨʦʢʦʚʟʫʚʘʥʴ ʫ ʧʣʦʱʠʥʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ ὠί (ʨʠʩ. 4.4): 

 

ὠί ‫ϽὙ ώ ὠ†.                                          (4.11) 

 

ʐʚʠʜʢʦʩʪʽ ʧʨʦʢʦʚʟʫʚʘʥʴ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʣʦʱʠʥʽ ʦʙʝʨ-

ʪʘʥʥʷ ʢʦʣʽʩ  ï ὠώ  ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʨʽʚʥʷʥʥʷʤʠ (4.5). 

ɺʽʜʥʦʩʥʽ ʧʦʚʟʜʦʚʞʥʽ ʽ ʧʦʧʝʨʝʯʥʽ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽʟ ʨʝʡ-

ʢʘʤʠ: 

‐ί
ὠί

ὠ
 Ƞ                ‐ώ

ὠώ

ὠ
Ȣ                                   τȢρς   

 

4.1.4. ʉʠʣʠ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽʟ ʨʝʡʢʘʤʠ 

ʅʘ ʨʠʩ. 4.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʭʝʤʫ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʽʟʦʢ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ ʨʫʩʽ 

ʫ ʢʨʫʛʦʚʽʡ ʢʨʠʚʽʡ.  
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ʈʠʩʫʥʦʢ 4.6 ï ʉʭʝʤʘ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʽʟʦʢ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ ʨʫʩʽ ʫ ʢʨʫʛʦʚʽʡ ʢʨʠʚʽʡ 

(ʧʨʦʝʢʮʽʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ) 

 

ʅʘ ʨʠʩ. 4.6 ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ ʩʠʣ: 

ὣ  ï ʛʨʘʚʽʪʘʮʽʡʥʽ ʩʢʣʘʜʦʚʽ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʨʝʡʦʢ ʥʘ ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ; 

Ὂί ï ʧʦʚʟʜʦʚʞʥʽ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʫ ʧʣʦʱʠʥʘʭ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ; 

Ὂώ ï ʧʦʧʝʨʝʯʥʽ (ʙʦʢʦʚʽ) ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦ-

ʱʠʥʘʤ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ; 

Ὂ  ï ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʻ ʚ ʮʝʥʪʨʽ ʤʘʩ ʚʽʟʢʘ ʽ ʩʧʨʷʤʦʚʘʥʘ ʨʘʜʽʘ-

ʣʴʥʦ ʚʽʜ ʮʝʥʪʨʫ ʢʨʠʚʦʾ. ɺʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʽ ʨʘʜʽʫʩʫ 

ʢʨʠʚʦʾ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

Ὂ
άϽὠ

”
ȟ                                                            τȢρσ   

 

ʜʝ ά ï ʤʘʩʘ ʚʽʟʢʘ; 

ὠ ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ; 

” ï ʨʘʜʽʫʩ ʢʨʠʚʦʾ. 
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126  ¶ 

 

ʈʠʩʫʥʦʢ 4.7 ï ʉʭʝʤʘ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʽʟʦʢ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ ʨʫʩʽ ʫ ʢʨʫʛʦʚʽʡ ʢʨʠʚʽʡ 

(ʧʨʦʝʢʮʽʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʧʦʧʝʨʝʯʥʫ ʧʣʦʱʠʥʫ) 

 

Ὂ ï ʜʦʮʝʥʪʨʦʚʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʚ ʮʝʥʪʨʽ ʤʘʩ ʚʽʟʢʘ ʽ ʩʧʨʷʤʦʚʘʥʘ ʨʘʜʽʘʣʴʥʦ ʜʦ 

ʮʝʥʪʨʫ ʢʨʠʚʦʾ.  

ɼʦʮʝʥʪʨʦʚʘ ʩʠʣʘ ʻ ʩʢʣʘʜʦʚʦʶ ʚʘʛʠ ʧʨʠ ʥʘʭʠʣʽ ʚʽʟʢʘ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽ-

ʰʥʴʦʾ ʨʝʡʢʠ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
2

g

h
F P

A
= Ö ,                                                   (4.14) 

ʜʝ Ὤ ï ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ. 

 

4.1.5. ʉʠʣʠ ʟʯʝʧʣʝʥʥʷ ʚ ʢʦʥʪʘʢʪʘʭ 

ʉʠʣʠ ʟʯʝʧʣʝʥʥʷ ʫ ʢʦʥʪʘʢʪʘʭ ʻ ʬʫʥʢʮʽʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʽʜʥʦʩʥʠʭ ʧʨʦʢʦʚʟʫ-

ʚʘʥʴ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣ ʟʯʝʧʣʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʬ. ʊʢʘʯʝʥʢʘ ɺ.ʇ., 

ʚʠʢʣʘʜʝʥʫ ʫ [88].  

 

Ὂί ‪ Ͻὔ ϽὯί‐ί;                                                 (4.15) 

 

Ὂώ ‪ Ͻὔ ϽὯώ‐ώ,                                                (4.16) 

 

ʜʝ ‪  ï ʬʽʟʠʯʥʠʡ (ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʠʡ ʫ ʜʘʥʠʭ ʫʤʦʚʘʭ) ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧ-

ʣʝʥʥʷ; 
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 ὔ  ï ʥʦʨʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʢʦʥʪʘʢʪʽ (ʨʠʩ. 4.7): 

 

ὔ
ὖ

ÃÏÓ ὥὶὧὸὫ‗
ȟ                                                 τȢρχ   

  

ʜʝ ὖ ï ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʝʩʘ ʥʘ ʨʝʡʢʫ; 

‗  ï ʢʫʪʠ ʤʽʞ ʥʦʨʤʘʣʷʤʠ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʽʚ ʽ ʚʝʨʪʠʢʘʣʣʶ, ʘʙʦ ʢʫʪʠ ʥʘʭʠʣʫ 

ʧʨʦʬʽʣʽʚ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʽʚ; 

Ὧί‐ί, Ὧώ‐ώ ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʯʝʧʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʫ 

ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʽ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. ʂʦʝʬʽʮʽʻʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʯʝʧʣʝʥʥʷ 

Ὧί‐ί, Ὧώ‐ώ ʻ ʬʫʥʢʮʽʷʤʠ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʚʟʜʦʚʞʥʽʭ (‐ί ʽ ʧʦʧʝʨʝʯʥʠʭ 

ʧʨʦʢʦʚʟʫʚʘʥʴ (‐ώ, ʚʠʟʥʘʯʝʥʠʭ ʫ (4.13).  

ʋ [88] ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʧʠʩʫʚʘʪʠ ʬʫʥʢʮʽʾ Ὧί‐ί, Ὧώ‐ώ ʥʘʩʪʫʧʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ: 

Ὧί
‐ί

ὥίϽ‐ί ὦίϽ‐ί ὧί

Ὠί

ὩίϽ‐ί Ὢί
ὫίȠ 

(4.18) 

Ὧώ
‐ώ

ὥώϽ‐ώ ὦώϽ‐ώ ὧώ

Ὠώ

ὩώϽ‐ώ
Ὣώȟ 

 

  ὥίȟὦίȟὧίȟὨίȟὩίȟὪίȟὫίȟὥώȟὦώȟὧώȟὨώȟὩώȟὫώ ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢ ʟʯʝʧʣʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʚ [88]. 

 

4.1.6. ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʚʽʟʢʘ ʚ ʢʨʫʛʦʚʽʡ ʢʨʠʚʽʡ 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʧʠʩʫʚʘʥʥʷ ʚʽʟʢʘ ʚ ʢʨʠʚʫ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ 

ʨʽʚʥʦʚʘʛʠ ï ʨʽʚʥʷʥʴ ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʽʟʦʢ. 

ʉʫʤʘ ʧʨʦʝʢʮʽʡ ʩʠʣ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʟʜʦʚʞʥʶ ʚʽʩʴ ʢʦʦʨʜʠʥʘʪ OX: 

 

Ὂὼ ὡ Ὂί Ὂί Ͻὧέί‏ Ὂί Ὂί ϽÃÏÓ ‏   

                       Ὂώ ὣ Ὂώ ὣ ϽίὭὲ‏                       (4.19) 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

128  ¶ 

Ὂώ ὣ Ὂώ ὣ ϽίὭὲ‏ π. 

 

ʉʫʤʘ ʧʨʦʝʢʮʽʡ ʩʠʣ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʧʝʨʝʯʥʫ ʚʽʩʴ ʢʦʦʨʜʠʥʘʪ OY: 

 

                Ὂώ ὊὭὲὊὫ Ὂώ ὣ Ὂώ ὣ ϽÃÏÓ‏  

 Ὂώ ὣ Ὂώ ὣ Ͻὧέί‏                                      (4.20) 

Ὂί Ὂί ϽÓÉÎ ‏ Ὂί Ὂί ϽÓÉÎ ‏ πȢ 

 

ʋ (4.19), (4.20):  ‏ ,‏ ï ʢʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʦʩʝʡ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʦʩʽ OY.  ʂʫʪʠ  ‏ ,‏ ʚʨʘʭʦʚʫʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʚʽʜ-

ʧʦʚʽʜʥʠʭ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ (ʧʘʨʘʣʝʣʴʥʦʛʦ) ʧʦʣʦʞʝʥʥʷ ʚ ʚʽʟʢʫ ï ʢʫʪʠ 

‍, ‍ ï ʽ ʧʝʨʝʢʽʩ ʚʽʟʢʘ ʚ ʮʽʣʦʤʫ ï ʢʫʪ  :‮ 

 

‏ ‍ ρςȢτ                                                     Ȣ‮  

 

 ʉʫʤʘ ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ὕ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ: 

 

             ὓέ ὃ ὅϽίὭὲ‍ ϽὊί ὃ ὅϽίὭὲ‍ϽὊί  

                               ὃ ὅϽίὭὲ‍ ϽὊί ὃ ὅϽÓÉÎ‍ ϽὊί  

                              ὅϽÃÏÓ‍ ϽὊώ Ὂώ ὣ ὣ  

    ὅϽὧέί‍ Ͻ Ὂώ Ὂώ ὣ ὣ π.                          (4.22) 

ʉʭʝʤʫ ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʣʽʩʥʽ ʧʘʨʠ ʫ ʧʦʚʟʜʦʚʞʥʽʡ ʚʝʨʪʠʢʘʣʴ-

ʥʽʡ ʧʣʦʱʠʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.9. 

 
 
ʈʠʩʫʥʦʢ 4.9 ï ʉʠʣʠ ʽ ʤʦʤʝʥʪʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʽʩʴ, ʚʽʜʥʦʩʥʦ ʾʾ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 
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ʈʽʚʥʷʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʫʤ ʤʦʤʝʥʪʽʚ ʽ ʤʦʤʝʥʪʽʚ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʞʥʫ ʚʽʩʴ, 

ʚʽʜʥʦʩʥʦ ʾʾ ʦʩʽ ʦʙʝʨʪʘʥʥʷ: 

 

ВὓὩ ὊίϽὙ Ὂί ϽὙ ὓὨ π;  

  ВὓὩ ὊίϽὙ ὊίϽὙ ὓὨ πȢ                      (4.23) 

 

 

4.2. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʚʧʠʩʫʚʘʥʥʷ ʚʽʟʢʘ 18-7055 ʚ ʢʨʠʚʫ 

 

4.2.1. ɺʠʟʥʘʯʝʥʥʷ ʧʦʣʽʚ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʇʦʣʷ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʘʨʽʘʥʪʘʤʠ ʢʦʤʙʽʥʘʮʽʡ ʟʥʘ-

ʯʝʥʴ ʥʘʩʪʫʧʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʪʘ ʢʦʣʽʾ: 

- ʨʘʜʽʫʩ ʢʨʠʚʦʾ ï ” (ʤ); 

- ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ï ὠ (ʤ/ʩ); 

- ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ ʢʦʣʽʾ ï Ὤ (ʤ); 

- ʥʝʧʦʛʘʰʝʥʝ ʙʽʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ï ὥ (ʤ/ʩ2). 

ʅʝʧʦʛʘʰʝʥʝ ʙʽʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʢʨʠʚʽʡ ʜʽʣʷʥʮʽ ʢʦʣʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ [89]: 

 

 
2

2
y

V g h
a

Ar

Ö
= - .                                                (4.24) 

 

ɿʘ ʫʤʦʚʘʤʠ ʙʝʟʧʝʢʠ ʨʫʭʫ ʽ ʢʦʤʬʦʨʪʫ ʧʘʩʘʞʠʨʽʚ ʛʨʘʥʠʯʥʦ ʜʦʟʚʦʣʝʥʽ ʟʥʘ-

ʯʝʥʥʷ ʥʝʧʦʛʘʰʝʥʦʛʦ ʙʽʯʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘ ʫʢʨʘʾʥʩʴʢʽʡ ʟʘʣʽʟʥʠʮʽ ʚʠʟʥʘʯʝʥʦ 

ʇʘʤôʷʪʢʦʶ ʆ+ʈ 782/4 çʆʧʪʠʤʽʟʘʮʽʷ ʚʣʘʰʪʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ 

ʚ ʢʨʠʚʠʭ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʧʦʻʜʥʘʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤè ʆʨʛʘʥʽʟʘʮʽʾ ʩʧʽʚ-

ʨʦʙʽʪʥʠʮʪʚʘ ʟʘʣʽʟʥʠʮʴ (OSJD) [90]. ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʝ-

ʧʦʛʘʰʝʥʦʛʦ ʙʽʯʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ὥ  ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ: 

- ʫ ʥʘʧʨʷʤʢʫ ʟʦʚʥʽ ʢʨʠʚʦʾ ὥ ρȟπ ʤ/ʩ2; ʫ ʥʘʧʨʷʤʢʫ ʚʩʝʨʝʜʠʥʫ ʢʨʠʚʦʾ 

ï ὥ  = ï 0,4 ʤ/ʩ2. ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʟʚʦʣʝʥʽ ʟʥʘʯʝʥʥʷ ʥʝʧʦʛʘʰʝʥʦʛʦ ʙʽʯ-

ʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʣʝʞʘʪʴ ʫ ʧʦʣʽ ρȟπ ὥ πȟτ ʤ/ʩ2; 

- ʚhʠʜʢʽʩʪʴ ʥʘʨʦʩʪʘʥʥʷ ʥʝʧʦʛʘʰʝʥʦʛʦ ʙʽʯʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ‪ = 
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0,45 ʤ/ʩ3;  

- ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʢʦʣʝʩʘ ʧʦ ʚʽʜʚʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ 

Ὢ = 45 ʤʤ/ʩ;  

- ʢʨʫʪʠʟʥʘ ʚʽʜʚʦʜʫ Ὥ = 0,5 ʤʤ/ʤ (ă). 

 

4.2.2. ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʽʚ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜ ʟʘʟʦʨʫ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʨʝʡʢʦʚʽʡ 

ʢʦʣʽʾ, ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʦʣʽʾ ʽ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ. 

ʗʢ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʠʱʝ, ʩʫʤʘʨʥʠʡ ʟʘʟʦʨ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʨʝʡʢʦʚʽʡ ʢʦʣʽʾ 

ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ 14ï74 ʤʤ. ʅʘ ʨʠʩ. 4.10 ʧʦʢʘʟʘʥʦ ʨʦʟʨʘʭʫʥ-

ʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʽʚ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ‌ ʚʽʜ ʟʘʟʦʨʫ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʚ ʨʝʡʢʦ-

ʚʽʡ ʢʦʣʽʾ ‏ ʜʣʷ ʨʘʜʽʫʩʽʚ ʢʨʠʚʦʾ 200, 300, 600, 1000, 1500 ʪʘ 2000 ʤ. ʅʘ ʨʠʩ. 4.11, 

4.12 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʽʚ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ‌ (ʨʘʜ) ʚʽʜ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʦʣʽʾ ʜʣʷ ʨʘʜʽʫʩʽʚ ʢʨʠʚʦʾ ” σφπ ̨ ρςππ ʤ. 

 

ʘ)                                                      ʙ) 

 

ʚ)                                                  ʛ) 

20 30 40 50 60
0.03-

0.02-

0.01-

0

a1 d( )

a2 d( )

d

20 30 40 50 60
0.03-

0.02-

0.01-

0

a1 d( )

a2 d( )

d

20 30 40 50 60
0.03-

0.02-

0.01-

0

a1 d( )

a2 d( )

d

20 30 40 50 60
0.03-

0.02-

0.01-

0

a1 d( )

a2 d( )

d



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 4 
 

131  ¶ 

 

ʜ)                                                ʝ) 

ʈʠʩʫʥʦʢ 4.10 ï ɿʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʢʫʪʽʚ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ‌ (ʨʘʜ) ʚʽʜ ʟʘʟʦʨʫ ʢʦ-

ʣʽʩʥʦʾ ʧʘʨʠ ʚ ʨʝʡʢʦʚʽʡ ʢʦʣʽʾ ‏ (ʤʤ) ʽ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ” (ʤ):  

ʘ) ” ςππ ̍;   ʙ) ” σππ ̍;    ʚ) ” φππ ̍;    ʛ) ” ρπππ ̍;  

ʜ) ” ρυππ ̍;    ʝ) ” ςπππ ̍ 
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a)                                                      ʙ) 

ʈʠʩʫʥʦʢ 4.11 ï ɿʘʣʝʞʥʦʩʪʽ ʢʫʪʽʚ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ‌ (ʨʘʜ) ʚʽʜ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʢʦʣʽʩʥʠʭ ʧʘʨ y1, y2 (ʤʤ) ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʦʣʽʾ ʜʣʷ ʨʘʜʽʫʩʘ ʢʨʠʚʦʾ ” σφπ ʤ: ʘ) ʧʝʨʰʘ ʢʦʣʽʩʥʘ 

ʧʘʨʘ; ʙ) ʜʨʫʛʘ ʢʦʣʽʩʥʘ ʧʘʨʘ 
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y2, ʤʤ 
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a)                                                      ʙ) 

ʈʠʩʫʥʦʢ 4.12 ï ɿʘʣʝʞʥʦʩʪʽ ʢʫʪʽʚ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ‌ (ʨʘʜ) ʚʽʜ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʢʦʣʽʩʥʠʭ ʧʘʨ y1, y2 (ʤʤ) ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʦʣʽʾ ʜʣʷ ʨʘʜʽʫʩʘ ʢʨʠʚʦʾ ” ρςππ ʤ: ʘ) ʧʝʨʰʘ ʢʦʣʽʩʥʘ 

ʧʘʨʘ; ʙ) ʜʨʫʛʘ ʢʦʣʽʩʥʘ ʧʘʨʘ 

 

 

ʈʠʩʫʥʦʢ 4.13 ï ʉʭʝʤʘ ʧʝʨʝʢʦʩʫ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʫ ʧʨʠ ʟʘʙʽʛʘʥʥʽ ʙʦʢʦʚʠʭ ʨʘʤ 

 

4.2.3. ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʽʚ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ  

ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʫ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʅʘʡʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʻ ʚʽʟʢʠ ʩʝʨʽʾ 18: 18-100, 18-

100ʄ, 18-101, 18-102, 18-115, 18-1711, 18-578, 18-7020, 18-7055 ʪʦʱʦ. 

M1 M2



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 4 
 

133  ¶ 

ɺʽʜʭʠʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʻ ʪʠʧʦʚʠʤ ʜʣʷ 

ʚʽʟʢʽʚ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʥʘ ʚʽʟʢʘʭ ʤʦʜʝʣʽ 18 [92].  

ɿʘ ʟʘʛʘʣʴʥʦʶ ʜʫʤʢʦʶ, ʥʝʜʦʣʽʢʦʤ ʚʽʟʢʽʚ ʤʦʜʝʣʽ 18 ʻ ʪʝ, ʱʦ ʙʦʢʦʚʽ ʨʘʤʠ ʚʽʟʢʘ 

ʥʝ ʧʦʚ'ʷʟʘʥʽ ʞʦʨʩʪʢʦ ʤʽʞ ʩʦʙʦʶ ʥʘʜʨʝʩʦʨʥʦʶ ʙʘʣʢʦʶ ʪʘ ʨʝʩʦʨʥʠʤʠ ʢʦʤʧʣʝʢ-

ʪʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ, ʚʠʥʠʢʘʶʪʴ ʧʦʜʦʚʞʥʽ ʟʘʙʽʛʘʥʥʷ ʨʘʤ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜ-

ʥʦʛʦ, ʱʦ ʜʦʩʷʛʘʶʪʴ ‐ 15ï20 ʤʤ [93].  

ɺʝʣʠʯʠʥʘ ʾʭ ʦʙʫʤʦʚʣʝʥʘ ʟʘʟʦʨʘʤʠ ʚ ʙʫʢʩʘʭ ʪʘ ʚʝʣʠʯʠʥʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʠʥ. ɼʦ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʪʨʝʙʘ ʜʦʙʘʚʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʽʜʭʠʣʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʙʦʢʦʚʠʭ ʨʘʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦ ʜʦʜʘʻ ʱʝ 2-3 ʤʤ. ʅʝʨʽʚʥʦʤʽʨʥʠʭ ʟʥʦʩ 

ʢʣʠʥʽʚ ʬʨʠʢʮʽʡʥʦʛʦ ʛʘʩʥʠʢʘ ʢʦʣʠʚʘʥʴ ʪʘ ʥʘʜʨʝʩʦʨʥʦʾ ʙʘʣʢʠ ʜʦʜʘʪʢʦʚʦ ʜʘʻ ʧʝʨʝ-

ʢʽʩ ʢʦʣʽʩʥʠʭ ʧʘʨ. ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʨʘʟʦʤ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʧʝʨʝʢʽʩ ‍ ʜʦ 0,015 ʨʘʜ 

(0,85 ʛʨʘʜ). ʅʘ ʨʠʩ. 4.13 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʧʝʨʝʢʦʩʫ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʫ ʧʨʠ ʟʘʙʽ-

ʛʘʥʥʽ ʙʦʢʦʚʠʭ ʨʘʤ. 

ʂʫʪ ʧʝʨʝʢʦʩʫ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʧʨʦʩʪʦʶ ʬʦʨʤʫʣʦʶ: 

‍ ‐Ⱦὄ, ʜʝ ‐ ï ʚʝʣʠʯʠʥʘ ʟʘʙʽʛʫ ʙʦʢʦʚʠʭ ʨʘʤ ʚʽʟʢʘ ʫ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ 

ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʾ (ʨʠʩ. 4.13); ὄ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʦʚʟʜʦʚʞʥʽʤʠ ʦʩʷʤʠ ʙʦʢʦʚʠʭ 

ʨʘʤ. ɼʣʷ ʚʽʟʢʽʚ ʤʦʜʝʣʽ 18-100 ʽ ʾʭ ʤʦʜʠʬʽʢʘʮʽʡ ʧʨʠʡʤʘʻʤʦ ὄ ςπσφ ʤʤ.   

ʅʘ ʨʠʩ. 4.14 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʽʚ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ‌ (ʨʘʜ) ʚʽʜ 

ʢʫʪʽʚ ʚʽʜʭʠʣʝʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʫ ʚʽʜ ʥʦʨʤʘʣʴʥʠʭ ʦʩʝʡ ‍ ̑ ́ȡ̅ ʜʣʷ ʟʘʟʦʨʽʚ 

ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʦʣʽʾ ρυ ̨ φυ ̍  ̍ʚ ʢʨʠʚʠʭ ʨʘʜʽʫʩʽʚ 200, 600 ʽ 1200 ʤ.  

ʅʘ ʨʠʩ. 4.15 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ: ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ (h), ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ (V), ʨʘʜʽʫʩ ʢʨʠʚʦʾ 

(”) ʽ ʥʝʧʦʛʘʰʝʥʝ ʙʽʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ (ay). 

ʂʨʠʚʽ ὠρὬ é ὠτὬ ʥʘ ʨʠʩ. 4.15 ʧʦʢʘʟʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʧʨʠ ʷʢʽʡ ʚ 

ʢʨʠʚʽʡ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʘʜʽʫʩʫ (”) ʽʟ ʧʝʚʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ (h) 

ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʧʝʚʥʝ ʥʝʧʦʛʘʰʝʥʝ ʙʽʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ (ay). 

ʇʨʠ ʮʴʦʤʫ: ʛʨʘʬʽʢ ʥʘ ʨʠʩ 4.15ʘ ʚʽʜʧʦʚʽʜʘʻ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ” ςυππ ʤ; ʥʘ 

ʨʠʩ. 4.15ʙ ï ”  1500 ʤ; ʥʘ ʨʠʩ. 4.15ʚ ï ”  1000 ʤ; ʥʘ ʨʠʩ. 4.15ʛ ï ”  600 ʤ; ʥʘ 

ʨʠʩ. 4.15ʜ ï ”  300 ʤ; ʥʘ ʨʠʩ. 4.15ʝ ï ”  200 ʤ. ʂʨʠʚʘ ὠρὬ ʚʽʜʧʦʚʽʜʘʻ 
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ʥʝʧʦʛʘʰʝʥʦʤʫ ʙʽʯʥʦʤʫ ʧʨʠʩʢʦʨʝʥʥʶ ὥ ρ ̍Ⱦὧ;  ὠςὬ ï ὥ πȟχυ ̍Ⱦὧ;  

ὠσὬ ï ὥ π ̍Ⱦὧ;  ὠτὬ ï ὥ πȟτ ̍Ⱦὧ; ὠυὬ ï ὥ ρ ̍Ⱦὧ. 

ɼʦʜʘʪʢʦʚʦ ʥʘ ʛʨʘʬʽʢʘʭ ʨʠʩ. 4.15 ʧʦʢʘʟʘʥʦ ʣʽʥʽʾ: 

Å Ὤ ρυπ ̍  ̍ ï ʤʘʢʩʠʤʘʣʴʥʦ-ʧʨʠʧʫʩʪʠʤʝ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ 

ʨʝʡʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɯʥʩʪʨʫʢʮʽʾ ʽʟ ʫʢʣʘʜʢʠ ʪʘ ʫʪʨʠʤʘʥʥʷ ʢʦʣʽʾ ʟʘʣʽʟ-

ʥʠʮʴ ʋʢʨʘʾʥʠ (ʎʇ-0269) [63]; 

Å ὠὬ ςχ ̍Ⱦ̒ ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʙʽʣʴʰʦʩʪʽ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟ-

ʜʽʚ (100 ʢʤ/ʛʦʜ);  

Å ὠὬ ττ ̍Ⱦ̒ (160 ʢʤ/ʛʦʜ) ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ InterCity+.  

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʨʠʩ. 4.15 ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠ-

ʩʥʦʚʢʠ. ɺ ʢʨʠʚʠʭ ʨʘʜʽʫʩʦʤ ʙʽʣʴʰʝ 2500 ʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʾʟʜʽʚ 

InterCity+ ʙʝʟ ʧʝʨʝʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ-ʜʦʟʚʦʣʝʥʦʛʦ ʥʝʧʦʛʘʰʝʥʦʛʦ ʙʽʯʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʧʽʜʥʝʩʝʥʥʽ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ (ʚʽʜ 0 ʜʦ 150 ʤʤ).  
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ʜ)                                                 ʝ) 

ʈʠʩʫʥʦʢ 4.14 ï ɿʘʣʝʞʥʦʩʪʽ ʢʫʪʽʚ ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ‌ (ʨʘʜ) ʚʽʜ ʢʫʪʽʚ ʚʽʜʭʠʣʝʥʥʷ ʢʦʣʽʩʥʠʭ 

ʧʘʨ ʫ ʚʽʟʢʫ ʚʽʜ ʾʭ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ‍ ̑ ́ȡ̅ ʘ) ‏ ρυ ̍ ȟ̍” ςππ ̍; ʙ) ‏

φυ ̍ ȟ̍” ςππ ̍; ʚ) ‏ ρυ ̍ ȟ̍” φππ ̍; ʛ) ‏ φυ ̍ ȟ̍” φππ ̍; ʜ) ‏ ρυ ̍ ȟ̍”

ρςππ ̍; ʝ) ‏ φυ ̍ ȟ̍” ρςππ ̍ 
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                                                                   ʜ)                                                                  ʝ) 

ʈʠʩʫʥʦʢ 4.15 ï ɿʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʽʜʚʠʱʝʥʥʷʤ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ (h), ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ (V),  

ʨʘʜʽʫʩʦʤ ʢʨʠʚʦʾ (”) ʽ ʥʝʧʦʛʘʰʝʥʠʤ ʙʽʯʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ (ay) 

 

ɺ ʢʨʠʚʠʭ ʟ ʨʘʜʽʫʩʦʤ ” ρυππ ʤ ʨʫʭ ʽʟ ʰʚʠʜʢʽʩʪʶ 44 ʤ/ʩ (160 ʢʤ/ʛʦʜ) ʤʦʞ-

ʣʠʚʠʡ ʪʽʣʴʢʠ ʧʨʠ ʧʽʜʚʠʱʝʥʥʷʭ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ Ὤ τχ ʤʤ; ʚ ʢʨʠʚʽʡ ” ρπππ 

ʤ ï ʧʨʠ Ὤ ρυπ ʤʤ, ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʫʭ ʧʦʾʟʜʽʚ InterCity+ ʽʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ 160 

ʢʤ/ʛʦʜ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʚ ʢʨʠʚʠʭ ʨʘʜʽʫʩʦʤ ʙʽʣʴʰʠʤ ʟʘ 1000 ʤ. 

ɺ ʢʨʠʚʠʭ ” φππȟ 300 ʽ 250 ʤ ʰʚʠʜʢʽʩʪʴ ʧʦʾʟʜʽʚ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ, 

ʚʽʜʧʦʚʽʜʥʦ 34, 24 ʽ 22 ʤ/ʩ, ʘʙʦ 122, 86 ʽ 79 ʢʤ/ʛʦʜ.  

ʅʘ ʨʠʩ. 4.16 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʝʥʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ ʚʽʜ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ὠ” ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʧʽʜʚʠʱʝʥʥʷ ʟʦ-

ʚʥʽʰʥʴʦʾ ʨʝʡʢʠ: Ὤ πȟρυπ ʽ Ὤ πȟςππ ʤ ʽ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʥʝʧʦʛʘʰʝʥʦʛʦ ʙʦʢʦ-

ʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ὥ: 1,0; 0,75; 0,0; ï0,4 ʽ ï1,0 ʤ/ʩ2. 

 

 

ʈʠʩʫʥʦʢ 4.16 ï ɿʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʝʥʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ 

ʚʽʜ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ὠ” ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ: ʘ)  Ὤ πȟρυπ ʤ; ʙ) 

Ὤ πȟςππ ʤ; ὠρ” ï ʜʣʷ ὥ ρȟπ ʤ/ʩ2; ὠς” ï ὥ πȟχυ ʤ/ʩ2; ὠσ” ï ὥ πȟπ ʤ/ʩ2; ὠτ” 

ï ὥ ɀπȟτ ʤ/ʩ2; ὠυ” ï ὥ ɀρȟπ ʤ/ʩ2 
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4.2.4. ɿʘʣʝʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʛʨʝʙʝʥʝʚʠʭ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʽʟ ʨʝʡʢʘʤʠ ʚʽʜ 

ʚʽʜʭʠʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʫ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʄʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

ʛʨʝʙʝʥʝʚʦʤʫ ʢʦʥʪʘʢʪʽ, ʘʙʦ ʩʧʨʷʤʦʚʫʶʯʦʛʦ ʟʫʩʠʣʣʷ, Y ʚʠʢʣʘʜʝʥʦ ʫ ʨʦʟʜʽʣʽ 3 ï ʬʦ-

ʨʤʫʣʠ (3.3)ï(3.8).  

ʅʘ ʨʠʩ. 4.17 ʧʦʢʘʟʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʩʧʨʷʤʦʚʫʶʯʦʛʦ ʛʨʝʙʝʥʝʚʦʛʦ 

ʟʫʩʠʣʣʷ ὣ‍ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʫ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ï ʢʫʪʽʚ ʧʝʨʝʢʦʩʫ ‍ h ʚʠʜʢʦʩʪʽ ʨʫʭʫ ʽ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ʜʽʣʷʥʢʠ ʢʦʣʽʾ. ɸʥʘ-

ʣʽʟ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʚʽʜʭʠʣʝʥʥʷ 

ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʫ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʧʽʜ-

ʨʦʟʜʽʣʽ 4.2.3, ʢʫʪ ʧʝʨʝʢʦʩʫ ʢʦʣʽʩʥʠʭ ʧʘʨ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʜʦ 0,015 ʨʘʜ (0,85 ʛʨʘʜ).  

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʽʚ ʧʝʨʝʢʦʩʫ ʙʦʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʝʡʢʠ 

ʥʘ 35ï50% ʧʝʨʝʚʠʱʫʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ʥʘ ʙʫʜʴ-ʷʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʽ ʚ ʢʨʠʚʠʭ ʙʫʜʴ-ʷʢʦʛʦ ʨʘʜʽʫʩʫ. 
 

   
                                                            ʘ)                                                                                ʙ) 

   
                                                             ʚ)                                                                                  ʛ) 

ʈʠʩʫʥʦʢ  4.17 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʩʧʨʷʤʦʚʫʶʯʦʛʦ ʛʨʝʙʝʥʝʚʦʛʦ ʟʫʩʠʣʣʷ ὣ‍ (ʢʅ) ʚʽʜ 

ʢʫʪʽʚ ʧʝʨʝʢʦʩʫ ʢʦʣʽʩʥʠʭ ʧʘʨ ‍ (ʨʘʜ), ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʽ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ: ὣρ‍ ï ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ 20 ʤ/ʩ (72 ʢʤ/ʛʦʜ); ὣς‍ ï 27 ʤ/ʩ (100 ʢʤ/ʛʦʜ); ʘ) ʜʣʷ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ” σφπ ʤ; ʙ) ”

φππ ʤ; ʚ) ” ρπππ ʤ; ʛ) ” ρυππ ʤ 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

138  ¶ 

 

5. ɺʇʃʀɺ ɺɸʅʊɸɾʅʀʍ ʇʆɰɿɼɯɺ ʅɸ ʇʈʆʎɽʉʀ ɼɽɻʈɸɼɸʎɯɰ  

ʈɽʁʂʆɺʆɰ ʂʆʃɯɰ 

 

5.1. ɺʽʟʢʠ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʤʦʜʝʣʽ 18-100 ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ 

 

ɺ ʫʤʦʚʘʭ ʟʤʽʰʘʥʦʛʦ ʨʫʭʫ ʰʚʠʜʢʽʩʥʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ʽ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 

ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ ʜʝʛʨʘʜʘʮʽʾ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʚʽʜʽʛʨʘʶʪʴ ʚʘʥʪʘʞʥʽ ʚʘʛʦʥʠ, ʾʭ 

ʢʦʥʩʪʨʫʢʮʽʷ ʽ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ. 90 % ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ ʤʘ-

ʶʪʴ ʚʽʟʢʠ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʤʦʜʝʣʽ 18-100.  

ɼʦ 1972ʨ. ʚʽʟʦʢ ʤʘʚ ʥʘʟʚʫ ʎʅɯɯ-ʍ3. ɺʽʟʦʢ ʤʦʜʝʣʽ 18-100 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘ-

ʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 5.1): 

¶ ʜʚʦʭ ʢʦʣʽʩʥʠʭ ʧʘʨ (1); 

¶ 4-ʭ ʙʫʢʩʦʚʠʭ ʚʫʟʣʽʚ (5); 

¶ ʜʚʦʭ ʢʦʤʧʣʝʢʪʽʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʩʦʨʥʦʛʦ ʧʽʜʚʽʰʫʚʘʥʥʷ (3); 

¶ ʣʠʪʦʾ ʥʘʜ ʨʝʩʦʨʥʦʾ ʙʘʣʢʠ (4); 

¶ ʛʘʣʴʤʽʚʥʦʾ ʚʘʞʽʣʴʥʦʾ ʧʝʨʝʜʘʯʽ (6). 

 

 
ʈʠʩʫʥʦʢ 5.1 ï ɺʽʟʦʢ ʤʦʜʝʣʽ 18-1004 

 

                                           
4 ʈʠʩʫʥʦʢ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣʘ: https://studfile.net/preview/2912277/page:3/.  

https://studfile.net/preview/2912277/page:3/
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ɻʘʣʴʤʦ ʚʽʟʢʘ ï ʢʦʣʦʜʦʯʥʝ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʥʘʪʠʩʢʘʥʥʷʤ ʢʦʣʦʜʦʢ.  

ɿʚôʷʟʦʢ ʨʘʤʠ ʟ ʙʫʢʩʘʤʠ ï ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʱʝʣʝʧʥʠʡ (ʯʝʣʶʩʥʠʡ), ʦʧʦʨʘ ʢʫ-

ʟʦʚʘ ʥʘ ʚʽʟʦʢ ʯʝʨʝʟ ʧʽʜʧôʷʪʥʠʢ (7) ʥʘʜ ʨʝʩʦʨʥʦʾ ʙʘʣʢʠ, ʘ ʧʨʠ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ï ʜʦ-

ʜʘʪʢʦʚʦ ʯʝʨʝʟ ʢʦʚʟʫʥʠ (8). ɺʽʟʦʢ ʜʦʧʫʩʢʘʻ ʦʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 230 ʢʅ (23,5 

ʪʩ) ʧʨʠ 120 ʢʤ/ʛʦʜ, ʪʘ 235 ʢʅ (24 ʪʩ) ʧʨʠ 100 ʢʤ/ʛʦʜ. 

ɹʦʢʦʚʘ ʨʘʤʘ ʪʘ ʥʘʜʨʝʩʦʨʥʘ ʙʘʣʢʘ ʚʽʜʣʠʪʽ ʟ ʥʠʟʴʢʦʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 20 

ɻʃ; 20 ɻ1ʌʃ. ʅʘʜʨʝʩʦʨʥʘ ʙʘʣʢʘ (ʨʠʩ. 5.2) ʤʘʻ ʧʽʜʧôʷʪʥʠʢ (1), ʧʦʣʢʫ (7) ʜʣʷ ʢʨʽ-

ʧʣʝʥʥʷ ʢʨʦʥʰʪʝʡʥʘ (2) ʤʝʨʪʚʦʾ ʪʦʯʢʠ ʚʘʞʽʣʴʥʦʾ ʧʝʨʝʜʘʯʽ ʛʘʣʴʤʘ, ʦʧʦʨʠ (3) ʜʣʷ 

ʢʦʚʟʫʥʽʚ, ʚʠʡʦʤʢʠ (ʛʥʽʟʜʘ) (6) ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʬʨʠʢʮʽʡʥʠʭ ʢʣʠʥʽʚ, ʙʫʨʪʠ (5), ʷʢʽ 

ʦʙʤʝʞʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʨʫʞʠʥ ʨʝʩʦʨʥʦʛʦ ʢʦʤʧʣʝʢʪʫ, ʪʘ ʚʠʩʪʫʧʠ 

(4), ʷʢʽ ʫʪʨʠʤʫʶʪʴ ʟʦʚʥʽʰʥʽ ʧʨʫʞʠʥʠ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʨʫʩʽ ʚʽʟʢʘ. 

ʅʘ ʧʽʜʧôʷʪʥʠʢ (1) ʦʧʠʨʘʻʪʴʩʷ ʧôʷʪʥʠʢ ʢʫʟʦʚʘ ʚʘʛʦʥʘ, ʯʝʨʝʟ ʮʝʥʪʨʠ ʷʢʠʭ 

ʧʨʦʭʦʜʠʪʴ ʰʚʦʨʝʥʴ. ʆʧʦʨʦʶ ʜʣʷ ʰʚʦʨʥʷ ʻ ʧʽʜʜʦʥ (11), ʷʢʠʡ ʨʦʟʤʽʱʫʻʪʴʩʷ ʧʽʜ 

ʧʽʜʧôʷʪʥʠʢʦʤ ʧʦʩʝʨʝʜʠʥʽ ʥʘʜ ʨʝʩʦʨʥʦʾ ʙʘʣʢʠ. 

 

 

ʈʠʩʫʥʦʢ 5.2 ï ʅʘʜʨʝʩʦʨʥʘ ʙʘʣʢʘ ʪʘ ʢʦʚʟʫʥ ʚʽʟʢʘ ʤʦʜʝʣʽ 18-1005 

                                           
5 ʈʠʩʫʥʦʢ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣʘ: https://studfile.net/preview/2912277/page:3/.  

https://studfile.net/preview/2912277/page:3/
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ʐʚʦʨʝʥʴ ʩʣʫʞʠʪʴ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʚʽʟʢʘ ʚʽʜʥʦʩʥʦ ʢʫʟʦʚʘ ʚʘʛʦʥʘ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʜʘʻ ʪʷʛʦʚʽ ʪʘ ʛʘʣʴʤʦʚʽ ʟʫʩʠʣʣʷ ʚʽʜ ʚʽʟʢʘ ʜʦ ʢʫʟʦʚʘ ʪʘ ʥʘʚʧʘʢʠ. 

ʂʦʚʟʫʥ ʚʽʟʢʘ ï ʻ ʙʦʢʦʚʦʶ ʦʧʦʨʦʶ ʢʫʟʦʚʘ ʚʘʛʦʥʘ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʦʨʠ(3), ʱʦ 

ʚʽʜʣʠʪʘ ʨʘʟʦʤ ʟ ʥʘʜʨʝʩʦʨʥʦʶ ʙʘʣʢʦʶ, ʢʦʚʧʘʢʘ (8), ʥʘʜʽʪʦʛʦ ʥʘ ʦʧʦʨʫ, ʧʨʦʢʣʘʜʦʢ 

(9) ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʟʦʨʽʚ ʤʽʞ ʢʦʚʟʫʥʘʤʠ ʨʘʤʠ ʚʘʛʦʥʘ ʪʘ ʚʽʟʢʘ, ʛʚʠʥʪʘ (10), ʱʦ 

ʫʪʨʠʤʫʻ ʢʦʚʧʘʢ ʚʽʜ ʧʘʜʽʥʥʷ. ɿʘʟʦʨ ʤʽʞ ʢʦʚʟʫʥʘʤʠ ʜʣʷ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ 4-ʭ ʚʽʩʥʠʭ 

ʚʘʛʦʥʽʚ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʤʝʞʘʭ 6-16 ʤʤ. 

ʈʝʩʦʨʥʝ ʧʽʜʚʽʰʫʚʘʥʥʷ (ʨʠʩ. 5.3) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʣʝʢʪʽʚ, ʱʦ ʨʦʟʤʽ-

ʱʫʶʪʴʩʷ ʚ ʨʝʩʦʨʥʠʭ ʧʨʦʤʽʞʢʘʭ ʣʽʚʦʾ ʪʘ ʧʨʘʚʦʾ ʙʦʢʦʚʠʭ ʨʘʤ. ɺ ʢʦʞʥʠʡ ʢʦʤ-

ʧʣʝʢʪ (ʨʠʩ 5.3 ʘ) ʚʭʦʜʠʪʴ ʧôʷʪʴ, ʰʽʩʪʴ ʘʙʦ ʩʽʤ ʜʚʦʨʷʜʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʨʫʞʠʥ 

(2) ; (3) ʪʘ ʜʚʘ ʢʣʠʥʦʚʠʭ (1) ʬʨʠʢʮʽʡʥʠʭ ʛʘʩʠʪʝʣʷ ʢʦʣʠʚʘʥʴ. 

 

 

ʈʠʩʫʥʦʢ 5.3 ï ʈʝʩʦʨʥʠʡ ʢʦʤʧʣʝʢʪ ʚʽʟʢʘ ʤʦʜʝʣʽ 18-1006 

 

ʂʦʞʥʘ ʜʚʦʨʷʜʥʘ ʧʨʫʞʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʨʫʞʠʥ, 

ʱʦ ʤʘʶʪʴ ʨʽʟʥʫ ʥʘʚʠʚʢʫ ï ʚʽʜʧʦʚʽʜʥʦ ʧʨʘʚʫ ʪʘ ʣʽʚʫ. 

ʂʽʣʴʢʽʩʪʴ ʜʚʦʨʷʜʥʠʭ ʧʨʫʞʠʥ ʚ ʢʦʤʧʣʝʢʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 

ʚʘʛʦʥʘ: 5 ʧʨʫʞʠʥ ï ʧʽʜʢʦʯʫʶʪʴʩʷ ʧʽʜ ʚʘʛʦʥʠ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ ʜʦ 50 ʪ. 

(ʨʠʩ.5.3 ʛ); 6 ʧʨʫʞʠʥ ï ʧʽʜʢʦʯʫʶʪʴʩʷ ʧʽʜ ʚʘʛʦʥʠ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ ʜʦ 60 ʪ. 

(ʨʠʩ.5.3 ʚ); 7 ʧʨʫʞʠʥï ʧʽʜʢʦʯʫʶʪʴʩʷ ʧʽʜ ʚʘʛʦʥʠ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ ʧʦʥʘʜ 60 

ʪ.(ʨʠʩ.5.3 ʙ). ʂʨʘʡʥʽ ʧʨʫʞʠʥʠ ʢʦʤʧʣʝʢʪʫ ʧʽʜʪʨʠʤʫʶʪʴ ʬʨʠʢʮʽʡʥʠʡ ʢʣʠʥ ʛʘʩʠʪʝʣʷ 

ʢʦʣʠʚʘʥʴ 

ʌʨʠʢʮʽʡʥʽ ʢʣʠʥʠ ʚʽʜʣʠʚʘʶʪʴ ʟʽ ʩʪʘʣʽ ʤʘʨʢʠ 20ʃ. ʇʨʫʞʠʥʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟʽ 

ʩʪʘʣʽ 55ʉ2, ʘ ʬʨʠʢʮʽʡʥʽ ʧʣʘʥʢʠ ï ʟʽ ʩʪʘʣʽ ʤʘʨʦʢ 45, 30ʍɻʉɸ ʘʙʦ 40ʍ. 

                                           
6 ʈʠʩʫʥʦʢ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣʘ: https://studfile.net/preview/2912277/page:3/.  

https://studfile.net/preview/2912277/page:3/
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ʉʪʘʪʝʚʠʡ ʧʨʦʛʠʥ ʨʝʩʦʨʥʦʛʦ ʧʽʜʚʽʰʫʚʘʥʥʷ ʚʽʜ ʪʘʨʠ ï 8ʤʤ, ʚʽʜ ʤʘʩʠ ʙʨʫʪʪʦ ï 

46-50ʤʤ. ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʩʥʦʛʦ ʪʝʨʪʷ ʛʘʩʠʪʝʣʷ ʢʦʣʠʚʘʥʴ ï 0,08-0,10. 

ʇʝʨʝʚʘʛʘʤʠ  ʚʽʟʢʘ ʤʦʜʝʣʽ 18-100 ʚʚʘʞʘʻʪʴʩʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ; ʪʝʭʥʦʣʦ-

ʛʽʯʥʽʩʪʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʽ ʨʝʤʦʥʪʽ; ʨʝʤʦʥʪʦʧʨʠʜʘʪ-

ʥʽʩʪʴ ʚʫʟʣʽʚ ʪʘ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʧʝʨʝʚʽʨʝʥʘ ʚʝʣʠʢʠʤ ʜʦʩʚʽʜʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʽʟʢʘ ʤʦʜʝʣʽ 18-100 ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ: 

- ʥʠʟʴʢʘ ʧʘʨʘʣʝʣʦʛʨʘʤʥʘ ʞʦʨʩʪʢʽʩʪʴ ʩʢʣʘʜʝʥʦʾ ʨʘʤʠ ʚʽʟʢʘ ʫ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʽʡ ʧʣʦʱʠʥʽ. ʎʝ ʤʘʻ ʤʽʩʮʝ ʯʝʨʝʟ  ʥʝʞʦʨʩʪʢʠʡ ʟʚóʷʟʦʢ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ 

ʥʘʜʨʝʩʦʨʥʫ ʙʘʣʢʫ ʪʘ ʨʝʩʦʨʥʽ ʢʦʤʧʣʝʢʪʠ ʙʦʢʦʚʠʭ ʨʘʤ. ʏʝʨʝʟ ʮʝ ʚ ʨʫʩʽ ʚʠ-

ʥʠʢʘʶʪʴ ʧʦʚʟʜʦʚʞʥʽ ʟʘʙʽʛʘʥʥʷ ʙʦʢʦʚʠʭ ʨʘʤ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ ʥʘ ʚʽ-

ʜʩʪʘʥʴ ʜʦ 15-20 ʤʤ [93] ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, - ʧʝʨʝʢʽʩ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʽʜʥʦʩʥʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ.  

- ʥʝʜʦʣʽʢʦʤ ʨʝʩʦʨʥʦʛʦ ʧʽʜʚʽʰʫʚʘʥʥʷ ʻ ʚʝʣʠʢʘ ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʠʥ ʜʣʷ ʧʦ-

ʨʦʞʥʴʦʛʦ ʪʘ ʤʘʣʦ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚʘʛʦʥʘ, ʘ ʪʘʢʦʞ ʚʝʣʠʢʽ 

ʩʠʣʠ ʪʝʨʪʷ ʧʦʢʦʶ, ʥʠʟʴʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʥʝʜʦʩʪʘʪʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʜʝ-

ʤʧʬʝʨʥʘ ʟʜʽʙʥʽʩʪʴ ʛʘʩʠʪʝʣʽʚ ʢʦʣʠʚʘʥʴ. ɺʝʣʠʢʽ ʩʠʣʠ ʪʝʨʪʷ ʧʦʢʦʶ ʢʣʠʥʦ-

ʚʠʭ ʬʨʠʢʮʽʡʥʠʭ ʛʘʩʠʪʝʣʽʚ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʨʝʩʦʨʥʽ ʢʦʤ-

ʧʣʝʢʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʘʮʶʶʪʴ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʜʦ 60-70 ʢʤ/ʛʦʜ. 

ʄʦʜʝʣʴ ʚʽʟʢʘ 18-100 ʻ ʙʘʟʦʚʦʶ ʜʣʷ ʩʝʨʽʾ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʡ. ɯʩʥʫʻ ʙʽʣʴʰʝ 50 

ʾʾ ʤʦʜʠʬʽʢʘʮʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʩʪʚʦʨʶʚʘʣʘʩʴ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʝʢʩ-

ʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʛʦʥʽʚ. ʅʘ ʫʢʨʘʾʥʩʴʢʽʡ ʟʘʣʽʟʥʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦ-

ʜʠʬʽʢʘʮʽʾ ʚʽʟʢʽʚ ʤʦʜʝʣʽ 18-100 ʨʦʟʨʦʙʢʠ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʢʽʣʴʢʦʭ ʬʽʨʤ:  

- ʇɸʊ çɸʟʦʚʤʘʰè7 (ʋʢʨʘʾʥʘ) (ʨʠʩ. 5.4);  

-  çʆʢʨʝʤʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʙʶʨʦ ʚʘʛʦʥʦʙʫʜʫʚʘʥʥʷè8 (ʤ. ʂʨʝʤʝʥ-

ʯʫʢ, ʋʢʨʘʾʥʘ) (ʨʠʩ. 5.5);  

-  ɸʆ çʅʇʂ çʋʨʘʣʚʘʛʦʥʟʘʚʦʜè9 (ʈʦʩʽʷ) (ʨʠʩ. 5.6);  

-  ʇɸʊ çɼʥʽʧʨʦʚʘʛʦʥʤʘʰè10 (ʋʢʨʘʾʥʘ) (ʨʠʩ. 5.7);  

                                           
7  http://www.azovmash.com/ua.  
8  https://okb.at.ua/index/razrabotki/0-4. 
9  http://uralvagonzavod.ru/product/105/46.  
10  http://dvmash.biz/ru/novosti.html.   

http://www.azovmash.com/ua
https://okb.at.ua/index/razrabotki/0-4
http://uralvagonzavod.ru/product/105/46
http://dvmash.biz/ru/novosti.html
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-  ʂʨʶʢʽʚʩʴʢʦʛʦ ʚʘʛʦʥʦʙʫʜʽʚʥʦʛʦ ʟʘʚʦʜʫ11 (ʋʢʨʘʾʥʘ) (ʨʠʩ. 5.8);  

-  ʊʠʭʚʠʥʩʴʢʦʛʦ ʚʘʛʦʥʦʙʫʜʽʚʥʦʛʦ ʟʘʚʦʜʫ12, ʨʦʟʨʦʙʢʠ ʅɺʎ çɺʘʛʦʥʠè13 

(ʈʦʩʽʷ) (ʨʠʩ. 5.9).  

 

 

ʈʠʩʫʥʦʢ 5.4 ï ɺʽʟʦʢ 18-1711 ʇɸʊ çɸʟʦʚʤʘʰè (ʋʢʨʘʾʥʘ) [97] 

 

  

ɺʽʟʦʢ ʤʦʜʝʣʽ 18-9817                          ɺʽʟʦʢ ʤʦʜʝʣʽ 18-9902 

   

ɺʽʟʦʢ ʤʦʜʝʣʽ 18-4129                           ɺʽʟʦʢ ʤʦʜʝʣʽ 18-9844 

ʈʠʩʫʥʦʢ 5.5 ï ɺʽʟʢʠ ʨʦʟʨʦʙʢʠ çʆʢʨʝʤʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʙʶʨʦ ʚʘʛʦʥʦʙʫʜʫʚʘʥʥʷè  

(ʋʢʨʘʾʥʘ) [124] 

                                           
11  https://www.kvsz.com/index.php/ua/.    
12  https://www.tvsz.ru/.  
13  http://www.nvc-vagon.ru/services/advanced_developments/service1_1.html.  

https://www.kvsz.com/index.php/ua/
https://www.tvsz.ru/
http://www.nvc-vagon.ru/services/advanced_developments/service1_1.html


 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 5 
 

143  ¶ 

ʅʘ ʨʠʩ. 5.4ï5.9 ʥʘʚʝʜʝʥʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʫʯʘʩʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʚʽʟʢʽʚ 

ʤʦʜʝʣʽ 18-100. ʈʠʩʫʥʢʠ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣ [96ï99, 150ï154].  

ʅʘʡʙʽʣʴʰ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʤʦʜʠʬʽʢʘʮʽʷʤʠ ʚʽʟʢʘ 18-100 ʚʚʘʞʘʶʪʴʩʷ ʚʽʟʢʠ ʤʦ-

ʜʝʣʝʡ 18-4129 ʽ 18-9817 [125].  

ɺʽʟʦʢ ʤʦʜʝʣʽ 18-9817 ʻ ʩʧʽʣʴʥʦʶ ʨʦʟʨʦʙʢʦʶ ʢʦʤʧʘʥʽʾ ASF Keystone (ʉʐɸ)  

ʽ ʇʨʦʤʠʩʣʦʚʦ-ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʛʨʫʧʠ çɯʥʪʝʨ-ʂʘʨ-ɻʨʫʧè (ʋʢʨʘʾʥʘ). ʋ ʚʽʟʢʫ ʙʫʣʠ ʚʠ-

ʢʦʨʠʩʪʘʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʚʽʟʢʫ ʤʦʜʝʣʽ Motion 

Control (ʨʠʩ. 5.9), ʷʢʘ ʫʩʧʽʰʥʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʉʐɸ ʽ ʂʘʥʘʜʠ. ɿʦ-

ʢʨʝʤʘ, ʫ ʙʫʢʩʦʚʠʭ ʦʪʚʦʨʘʭ ʙʽʯʥʦʾ ʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʽ ʘʜʘʧʪʝʨʠ çAdapterPlusè ʟ ʧʦ-

ʣʽʤʝʨʥʦʾ ʧʨʦʢʣʘʜʘʥʥʷʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʝʨʽʚ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʟʥʦʩ ʢʦʣʽʩ ʽ 

ʨʝʡʦʢ.  

 

   

ɺʽʟʦʢ ʤʦʜʝʣʽ 18-522                             ɺʽʟʦʢ ʤʦʜʝʣʽ 18-555 

 

   

ɺʽʟʦʢ ʤʦʜʝʣʽ 18-578                              ɺʽʟʦʢ ʤʦʜʝʣʽ 18-194-1 

 

ʈʠʩʫʥʦʢ 5.6 ï ɺ̔ ʟʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ɸʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ  

çʋʨʘʣʚʘʛʦʥʟʘʚʦʜè (ʈʦʩʽʷ) [122] 
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ʈʠʩʫʥʦʢ 5.7 ï ɺʽʟʦʢ ʤʦʜʝʣʽ 1750  ʇɸʊ "ɼʥʽʧʨʦʚʘʛʦʥʤʘʰ"  [98] 

 

 

ʈʠʩʫʥʦʢ 5.8 ï ɺʽʟʦʢ ʤʦʜʝʣʽ 18-7020 ʇɸʊ ʂʨʶʢʽʚʩʴʢʠʡ ʚʘʛʦʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ (ʋʢʨʘʾʥʘ) [123] 

 

       

ɺʽʟʦʢ ʤʦʜʝʣʽ 18-9810                                ɺʽʟʦʢ ʤʦʜʝʣʽ 18-9750 

 

ɺʽʟʦʢ ʤʦʜʝʣʽ 18-574                                 ɺʽʟʦʢ ʤʦʜʝʣʽ Barber S-2-R 

ʈʠʩʫʥʦʢ 5.9 ï ɺʽʟʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʊʠʭʚʠʥʩʴʢʦʛʦ ʚʘʛʦʥʦʙʫʜʽʚʥʦʛʦ ʟʘʚʦʜʫ, ʨʦʟʨʦʙʢʠ ʅʘʫʢʦʚʦ-

ʚʠʨʦʙʥʠʯʦʛʦ ʮʝʥʪʨʫ çɺʘʛʦʥʠè (ʈʦʩʽʷ) [121] 
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ʈʠʩʫʥʦʢ 5.7 ï ɺʽʟʦʢ ʤʦʜʝʣʽ 18-9771 ʚʠʨʦʙ-

ʥʠʮʪʚʘ ʆʆʆ çʂɺɿè (ʈʦʩʽʷ) [99] 

 
ʈʠʩʫʥʦʢ 5.8 ï ɺʽʟʦʢ ʤʦʜʝʣʽ 18-9800 ʨʦʟʨʦʙʢʠ 

ɸʊ çʅɼʂʊɯʈʉè (ʂʦʣʦʤʥʘ, ʈʦʩʽʷ) [120] 

 

 

ʈʠʩʫʥʦʢ 5.10 ï ɺʽʟʦʢ ʤʦʜʝʣʽ Motion Control (ʉʐɸ) 

 

ɺʽʟʦʢ ʤʦʜʝʣʽ 18-4129 ʨʦʟʨʦʙʣʝʥʦ ʊʆɺ çʉʦʬʽʷ ɯʥʚʝʩʪè (ʋʢʨʘʾʥʘ). ʈʘʤʘ ʚʽʟʢʘ 

ʚʠʢʦʥʘʥʘ ʣʠʪʠʡ ʥʝʟʘʤʢʥʝʥʦʶ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʙʽʛʘʥʥʷ ʙʽʯʥʠʭ ʨʘʤ 

ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʟʢʘ ʟʘʩʪʦʩʦʚʘʥʽ ʜʽʘʛʦʥʘʣʴʥʽ ʟʚ'ʷʟʢʫ ʐʝʬʬʝʣʷ, ʱʦ ʟʤʝʥʰʫʶʪʴ ʢʫʪ 

ʥʘʙʽʛʘʥʥʷ ʢʦʣʽʩ ʥʘ ʨʝʡʢʠ ʽ, ʟʘʚʜʷʢʠ ʮʴʦʤʫ ï ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʩʽʚ ʛʨʝʙʥʽʚ ʢʦʣʽʩ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʛʦʥʘ ʥʘ ʚʽʟʢʘʭ 18-9817 ʽ 

18-4129 ʢʨʘʱʽ ʥʽʞ ʜʣʷ ʚʽʟʢʽʚ 18-100 [125].  

 

 

5.2. ɼʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ  

ʧʨʦʮʝʩʠ ʜʝʛʨʘʜʘʮʽʾ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

 

ʋ ʨʦʙʦʪʽ [125] ʚʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʷʢʦʩʪʝʡ ʚʘʥʪʘ-

ʞʥʠʭ ʚʘʛʦʥʽʚ, ʟʦʢʨʝʤʘ ʽʟ ʚʽʟʢʘʤʠ 18-100, 18-4129, 18-9817. ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʠʥʘ-

ʤʽʯʥʽ ʭʦʜʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʜʽʶʯʠʭ ʣʽʥʽʷʭ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʟʘʣʽʟʥʠʮʽ. 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
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ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʚ: 

Å ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʛʦʥʘ ʥʘ ʚʽʟʢʘʭ 18-4129 ʪʘ 18-9817 ʚ ʦʩʥʦʚʥʦʤʫ 

ʢʨʘʱʽ ʟʘ ʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʘʛʦʥʽʚ ʟ ʚʽʟʢʘʤʠ 18-100; 

Å ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʱʦʜʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ ʢʫʟʦʚʘ ʪʘ ʥʝ-

ʦʙʨʝʩʦʨʝʥʠʭ ʯʘʩʪʠʥ ʤʘʶʪʴ ʚʘʛʦʥʠ ʟ ʚʽʟʢʘʤʠ 18-9817; 

Å ʥʘʡʢʨʘʱʠʡ ʧʦʢʘʟʥʠʢ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ, ʘ ʪʘʢʦʞ ʤʝʥʰʽ 

ʨʘʤʥʽ ʩʠʣʠ ʤʘʶʪʴ ʚʽʟʢʠ 18-4129; 

 Å ʧʨʠʩʢʦʨʝʥʥʷ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʜʣʷ ʚʽʟʢʽʚ 18-9817 ̔  

18-4129 ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ, ʘ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ï ʤʝʥʰ̔ ʜʣʷ ʚʽʟʢʘ 18-4129 ʟʘ ʚʠ-

ʥʷʪʢʦʤ ʰʚʠʜʢʦʩʪʝʡ ʧʦʥʘʜ 100 ʢʤ/ʛʦʜ; 

Å ʥʘʡʢʨʘʱʠʡ ʧʦʢʘʟʥʠʢ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ ʢʦʣʝʩʘ ʚʽʜ ʩʭʦʜʫ ʟ ʨʝʡʦʢ 

ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʝʞʠʤʫ ʤʘʻ ʚʽʟʦʢ 18-4129 ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ, ʘ ʚ 

ʧʦʨʦʞʥʴʦʤʫ ʩʪʘʥʽ ʜʣʷ ʰʚʠʜʢʦʩʪʝʡ ʤʝʥʰʝ 90 ʢʤ/ʛʦʜ. 

ʅʘ ʨʠʩ. 5.11 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʨʘʤʥʠʭ ʩʠʣ ʚʽʜ ʰʚʠ-

ʜʢʦʩʪʽ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʽ ʧʦʨʦʞʥʴʦʛʦ ʨʝʞʠʤʽʚ ʨʫʭʫ.  

 

 

5.3. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ. 

 

 ʋ ʨʦʙʦʪʽ ʘʚʪʦʨʽʚ ʜʦʩʣʽʜʞʝʥʥʷ [204] ʧʨʦʧʦʥʫʶʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ 

ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ. ɯʩʥʫʶʯʘ ʤʝʪʦʜʠʢʘ ʪʝʭʥʽʯʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʥʦʶ ʤʽʨʦʶ ʦʮʽʥʠʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʘʛʦʥʘ, ʪʦʤʫ ʷʢ ʥʝ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʦʰʢʦʜʞʝʥʴ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʦ-

ʩʣʽʜʦʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʨʘʤʠ ʢʫʟʦʚʘ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘ-

ʛʦʥʫ ʧʦʙʫʜʦʚʠ ʂɺɿ ʥʘ ʦʩʥʦʚʽ ʪʠʧʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɿʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ [204] 

ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʨʘʤʠ ʢʫʟʦʚʘ ʧʘʩʘ-

ʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʫ ʧʦʙʫʜʦʚʠ ʂɺɿ (ʂʨʶʢʽʚʩʴʢʦʛʦ ʚʘʛʦʥʦʙʫʜʽʚʥʦʛʦ ʟʘʚʦʜʫ)  ̔ ʟ ʩʪʨʦ-

ʢʦʤ ʩʣʫʞʙʠ, ʱʦ ʧʝʨʝʪʥʫʚ 41 ʨʽʢ ʚʽʜ ʜʘʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʤʽ-

ʮʥʦʩʪʽ ʪʘ ʦʧʦʨʫ ʚʪʦʤʽ ʤʝʪʦʜʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʪʠʧʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥ.ɹ 
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ʈʠʩʫʥʦʢ 5.11 ï ɿʘʣʝʞʥʦʩʪʽ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʨʘʤʥʠʭ ʩʠʣ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʦʛʦ 

ʽ ʧʦʨʦʞʥʴʦʛʦ ʨʝʞʠʤʽʚ ʨʫʭʫ ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʽʟ ʚʽʟʢʘʤʠ 18-100, 18-4129, 18-9817 14 

 

ʋ ʟʚôʷʟʢʫ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʽʥʚʝʥʪʘʨʥʦʛʦ ʧʘʨʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʧʽʩʣʷ ʜʦ-

ʩʛ̫ʥʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ, ʟʘʢʫʧʽʚʣʝʶ ʚ ʥʝʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʥʦʚʠʭ 

ʚʘʛʦʥʽʚ, ʙʫʚ ʚʠʢʣʠʢʘʥʠʡ ʜʝʬʽʮʠʪ ʧʘʨʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ. ʂʦʤʧʣʝʢʩ ʨʦʙʽʪ ʟ 

ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʧʝʨʝʜʙʘʯʝʥʠʡ ʤʝʪʦʜʠʢʦʶ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ, ʱʦ ʚʠʩʣʫʞʠʣʠ ʧʨʠʟʥʘʯʝʥʠʡ ʪʝʨʤʽʥ, ʪʘ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫ-

ʤʝʥʪʘʤʠ. ɸʣʝ ʽʩʥʫʶʯʘ ʤʝʪʦʜʠʢʘ ʥʝ ʚʨʘʭʦʚʫʻ ʜʝʷʢʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʰʢʦʜʞʝʥʴ ʝʣʝ-

ʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʟʚʠʯʘʡʥʽ ʟʘʩʦʙʠ ʪʝʭ-

ʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʛʽʜʥʦ ʟ [67] ʥʝ ʜʘʶʪʴ ʟʤʦʛʫ ʧʦʚʥʦʶ ʤʽʨʦʶ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨ-

ʥʽʩʪʴ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʘʛʦʥʘ. ɻʨʘʥʠʯʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʩʘ-

ʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʪʘ ʚʽʟʢʽʚ (41 ʨʽʢ ʟ ʜʘʪʠ ʧʦʙʫʜʦʚʠ), ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʨʦʟʧʦʨʷʜʯʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ɸʊ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè, ʻ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʤ. 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ ʤʦʞʥʘ ʚʚʘ-

ʞʘʪʠ ʧʦʚʥʽʩʪʶ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʣʠʰʝ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙˇʨʫʥʪʦʚʘʥʠʤ  ̒ʚʠ-

ʟʥʘʯʝʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʟʘʪʚʝʨʜʞʝ-

ʥʠʡ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʦʟʧʦʨʷʜʯʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʋʢʨʟʘʣʽʟʥʠʮʽ ʛʨʘʥʠʯʥʠʡ ʪʝʨʤʽʥ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ ʜʣʷ ʚʘʛʦʥʽʚ ʜʘʥʦʛʦ ʪʠʧʫ. ɿʘʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʢʦ-

ʞʥʦʛʦ ʪʠʧʫ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʪʘ ʚʽʟʢʘ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʛʨʘʥʠʯʥʠʡ 

                                           
14 ɯʥʬʦʨʤʘʮʽʶ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣʘ [125] 
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ʪʝʨʤʽʥ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʧʦʚʠʥʥʽ ʩʢʣʘʜʘʪʠʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ:  

- ʘʥʘʣʽʟ ʧʦʰʢʦʜʞʝʥʴ ʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʢʦʨʦʟʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟ ʚʠʷʚʣʝʥ-

ʥʷʤ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ ʢʫʟʦʚʽʚ ʘʙʦ ʚʽʟʢʽʚ ʟʘ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʦʙʩʪʝʞʝʥʥʷ ʚʘʛʦʥʽʚ, ɦ ʦ ʚʠʩʣʫʞʠʣʠ ʧʨʠʟʥʘʯʝʥʠʡ ʪʝʨʤʽʥ, ʟʘ 

ʦʩʪʘʥʥʽ 5 ʨʦʢʽʚ;  

- ʨʝʩʫʨʩʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ (ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ) ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ 

ʢʫʟʦʚʘ, ʨʘʤʠ ʪʘ ʥʘʜʨʝʩʦʨʥʦʾ ʙʘʣʢʠ ʚʽʟʢʘ ʜʦ ʧʦʯʘʪʢʫ ʨʫʡʥʫʚʘʥʥʷ ʦʩʥʦ-

ʚʥʠʭ ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ;  

- ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʛʨʘʥʠʯʥʦʛʦ 

ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʞʥʦʛʦ ʪʠʧʫ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʪʘ ʚʽʟʢʘ. 

ɺ ʨʦʙʦʪʘʭ [220, 221] ʜʣʷ ʦʮʽʥʢʠ ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʩʢʽʥ-

ʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʶʻʪʴʩʷ ʟʽʪʢʥʝʥʥʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ ʟ ʪʚʝʨʜʦʶ ʩʪʽ-

ʥʦʶ. ʋ ʘʥʘʣʽʟʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʚʥʦʨʦʟʤʽʨʥʘ ʜʝʪʘʣʴʥʘ ʤʦʜʝʣʴ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʚʘʛʦʥʫ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʚʦʜʷʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʘʥʘʣʽʟʫ ʟʽʪʢʥʝʥʥʷ ʧʘʩʘʞʠʨʩʴ-

ʢʦʛʦ ʚʘʛʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʥʠʢʠ ʦʪʨʠʤʫʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ ʧʘ-

ʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʫ ʟ ʢʨʘʱʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ. ɺ ʨʦʙʦʪʘʭ [222ï224] 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʧʨʦʙʣʝʤʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʚʘʛʦʥʽʚ. ɸ ʚ [225, 226], ʚʠʢʦʥʫʚʘʣʠʩʴ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʙʘʟʽ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥ-

ʪʥʦʾ ʤʦʜʝʣʽ ʟ ʦʮʽʥʢʦʶ ʤʽʮʥʦʩʪʽ ʧʦ ɯ ʪʘ ɯɯɯ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʝʞʠʤʘʭ. ɼʘʣʽ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʫʚʘʣʠʩʴ ʨʦʟʨʘʭʫʥʢʠ ʚʪʦʤʥʦʾ ʧʦʰʢʦʜʞʝʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ʂʨʽʤ ʪʦʛʦ, ʚ [225] 

ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʥʦʚʠʭ ʚʘʛʦʥʽʚ ʽ ʚʘʛʦʥʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʪʦʚʱʠʥʘʤʠ 

ʝʣʝʤʝʥʪʽʚ (ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ) ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʩʫʪʪʻ-

ʚʠʡ ʚʧʣʠʚ ʤʝʭʘʥʽʯʥʠʭ ʘʙʦ ʟʚʘʨʥʠʭ ʧʦʰʢʦʜʞʝʥʴ (ʧʽʜʨʽʟʽʚ), ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʦʩʪʘʥʥʽʭ, ʥʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʚʘʛʦʥʽʚ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫʪʦʯʥʝʥʥʷ ʪʝʨ-

ʤʽʥʫ ʧʨʦʜʦʚʞʝʥʥʷ ʢʦʨʠʩʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʨʦʟʛʣʷʜʘʣʠʩʷ ʷʢ 

ʚ ʋʢʨʘʾʥʽ ʪʘʢ ʽ ʚ ʟʘʢʦʨʜʦʥʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ [195, 221, 224]. ɺ ʙʽʣʴʰʦʩʪʽ ʧʝʨʝʨʘʭʦ-

ʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ h ʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾ ʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
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[220]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʪʘ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʧʘʩʘ-

ʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʚ ʋʢʨʟʘʣʽʟʥʠʮʽ ʧʨʦʚʦʜʠʪʴʩʷ ʬʽʣʽʻʶ çʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʪʘ ʢʦʥʩ-

ʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè (ʅɼʂʊɯ) ʧʫʙʣʽʯ-

ʥʦʛʦ ʘʢʮʽʦʥʝʨʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè ʪʘ ʋʢʨʘʾʥʩʴʢʠʤ ʥʘʫʢʦʚʦ-ʜʦ-

ʩʣʽʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʚʘʛʦʥʦʙʫʜʫʚʘʥʥʷ (ʋʢʨʅɼɯɺ) ʟ ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ ʤʝʪʦʜʠʢ ʡʦʛʦ 

ʧʨʦʜʦʚʞʝʥʥʷ ʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ [226]. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚʘʛʦʥʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝ-

ʨʝʚʝʟʝʥʥʷʭ ̒  ʚʘʛʦʥʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʧʦʙʫʜʦʚʠ ʂɺɿ. 

ʈʘʤʘ ʚʘʛʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ 

ʢʫʟʦʚʘ, ʜʚʦʭ ʰʚʦʨʥʝʚʠʭ, ʪʨʴʦʭ ʧʦʧʝʨʝʯʥʠʭ ʽ ʜʚʦʭ ʢʽʥʮʝʚʠʭ ʙʘʣʦʢ. ʍʨʝʙʪʦʚʘ ʙʘʣʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ: ʩʝʨʝʜʥʷ ʧʦʣʝʛʰʝʥʘ ʟʨʦʙʣʝʥʘ ʟ ʰʚʝʣʝʨʘ ˉ30 (ɻʆʉʊ 

8240-72), ʘ ʢʽʥʮʝʚʽ ʧʦʩʠʣʝʥʽ ï ʟ ʰʚʝʣʝʨʘ ˉ 30 ɺ-1 (ɻʆʉʊ 5267-63).  

ʉʪʠʢʠ ʯʘʩʪʠʥ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ ʰʚʦʨʥʝʚʦʶ ʽ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʧʦʙʣʠʟʫ ʥʠʭ ʧʦʧʝʨʝʯʥʠʤʠ ʙʘʣʢʘʤʠ. ʉʪʠʢʠ ʢʦʩʽ ʽ ʚʠʢʦʥʘʥʽ ʚ ʨʽʟʥʠʭ ʧʦʧʝʨʝʯʥʠʭ 

ʧʣʦʱʠʥʘʭ ʨʘʤʠ. ʐʚʦʨʥʝʚʽ ʙʘʣʢʠ ʟʚʘʨʝʥʽ ʟ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʽʥʦʢ, ʧʝʨʝʢʨʠʪʠʭ ʚʝʨ-

ʭʥʽʤʠ ̔  ʥʠʞʥʽʤʠ ʣʠʩʪʘʤʠ ʪʦʚʱʠʥʦʶ 10 ʤʤ. ʉʧʽʣʴʥʦ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʟʘʢʨʠʪʝ ʢʦ-

ʨʦʙʯʘʪʠʡ ʟʤʽʥʥʠʡ ʧʝʨʝʪʠʥ. ɺʩʽ ʧʦʧʝʨʝʯʥʽ ʙʘʣʢʠ ʰʪʘʤʧʦʚʘʥʽ ʟ ʣʠʩʪʘ ʪʦʚʱʠʥʦʶ 6 

ʤʤ. ɼʣʷ ʢʽʥʮʝʚʠʭ ʙʘʣʦʢ ʟʘʩʪʦʩʦʚʘʥʠʡ ʰʚʝʣʝʨ, ʯʘʩʪʠʥʠ ʷʢʦʛʦ ʟʥʠʟʫ ʽ ʟʚʝʨʭʫ ʧʽʜ-

ʩʠʣʶʶʪʴ ʣʠʩʪʘʤʠ, ʧʽʜʢʨʽʧʣʝʥʠʤʠ ʢʦʩʠʥʮʷʤʠ ʽ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ. ʅʘʩʪʠʣ ʧʽʜ-

ʣʦʛʠ ʧʦʢʣʘʜʝʥʠʡ ʥʘʜ ʨʘʤʦʶ  ̔ʧʨʠʚʘʨʝʥʠʡ ʜʦ ʥʝʾ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʟʚʘʨʶʚʘʥʥʷʤ. 

ʅʘʩʪʠʣ ʚʢʣʶʯʘʻ ʪʨʠ ʤʝʪʘʣʝʚʠʭ ʣʠʩʪʘ, ʦʜʠʥ ʟ ʷʢʠʭ, ʤʘʻ ʪʦʚʱʠʥʫ 2 ʤʤ  ̔ʜʣʷ ʟʙʽʣʴ-

ʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʘʻ ʧʦʟʜʦʚʞʥʽ ʛʦʬʨʠ. ʂʽʥʮʝʚʽ ʣʠʩʪʠ ʛʣʘʜʢʽ, ʾʭ ʪʦʚʱʠʥʘ ï 3 ʤʤ. 

ɹʽʯʥʠʤʠ ʦʙʚôʷʟʢʘʤʠ ʨʘʤʠ ʩʣʫʞʘʪʴ ʛʘʨʷʯʝʢʘʪʘʥʠʡ ʟʝʪ-ʧʦʜʽʙʥʠʡ ʧʨʦʬʽʣʴ 

(100ʭ75ʭ75ʭ6,5 ʤʤ). 

ɺ ʨʦʙʦʪʽ ʘʚʪʦʨʽʚ ʜʦʩʣʽʜʞʝʥʥʷ [197] ʚʠʟʥʘʯʝʥʦ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʩʧʝʮʽʘ-

ʣʴʥʠʭ ʚʘʛʦʥʽʚ. ɺʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʤʝʪʦʜʦʤ ʪʠʧʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʦ-

ʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [226].   

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʨʘʤʠ ʢʫʟʦʚʘ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ ʨʦ-

ʟʛʣʷʥʫʪʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʝʨʽʟ ʢʫʟʦʚʘ (ʨʠʩ. 5.12). ɿʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʤʦʤʝʥʪʫ 
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ʽʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ ʚʽʜʦʙʨʘʟʠʤʦ ʚ ʪʘʙʣ. 5.1. 

 

 

ʈʠʩʫʥʦʢ 5.12 ï ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʝʨʽʟ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ: 

1 ï ʭʨʝʙʪʦʚʘ ʙʘʣʢʘ; 2 ï ʛʦʬʨ ʦʙʰʠʚʠ ʧʦʣʘ, ʥʠʞʥʷ ʦʙʚôʷʟʢʘ ʢʫʟʦʚʘ; 4 ï ʛʦʬʨ ʥʠʞʥʴʦʾ ʧʘʥʝʣʽ; 5 

ï ʧʽʜʚʽʢʦʥʥʠʡ ʧʦʷʩ; 6 ï ʥʘʜʚʽʢʦʥʥʠʡ ʧʦʷʩ; 7 ï ʛʦʬʨ ʚʝʨʭʥʴʦʾ ʧʘʥʝʣʽ; 8 ï ʛʦʬʨ ʜʘʭʫ 

 

ʊʘʙʣʠʮʷ 5.1. ʈʦʟʨʘʭʫʥʦʢ ʤʦʤʝʥʪʫ ̔ ʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ 

ˉ  ̄ Fi Ji yi ai Si J2 J3 

1.  87,28 12948,89 -14,11 76,46 -1231,83 510218,04 523166,93 

2.  3,90 6,00 0,00 62,34 0,00 15 158,45 15 164,45 

3.  3,90 6,00 0,00 62,34 0,00 15 158,45 15 164,45 

4.  3,90 6,00 0,00 62,34 0,00 15 158,45 15 164,45 

5.  3,90 6,00 0,00 62,34 0,00 15 158,45 15 164,45 

6.  3,90 6,00 0,00 62,34 0,00 15 158,45 15 164,45 

7.  3,90 6,00 0,00 62,34 0,00 15 158,45 15 164,45 

8.  19,80 331,00 4,00 58,34 79,20 67 399,78 67 730,78 

9.  3,90 58,60 26,00 36,34 101,40 5 151,47 5 210,07 

10.  3,90 58,60 46,00 16,34 179,40 1 041,80 1 100,40 

11.  3,90 58,60 64,00 1,66 249,60 10,69 69,29 

12.  3,90 58,60 80,00 17,66 312,00 1 215,76 1 274,36 

13.  3,90 58,60 94,00 31,66 366,60 3 908,18 3 966,78 

14.  10,98 91,80 108,00 45,66 1 185,84 22 887,43 22 979,23 

15.  13,02 167,00 210,00 147,66 2 734,20 283 865,65 284032,65 
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ˉ  ̄ Fi Ji yi ai Si J2 J3 

16.  3,90 6,00 230,00 167,66 897,00 109 623,21 109  629,21 

17.  3,90 6,00 320,00 257,66 1 248,00 258 907,68 258 913,68 

18.  3,90 6,00 324,00 261,66 1 263,60 267 008,94 267 014,94 

19.  3,90 6,00 328,00 265,66 1 279,20 275 235,01 275 241,01 

20.  3,90 6,00 330,00 267,66 1 287,00 279 394,84 279 400,84 

21.  3,90 6,00 332,00 269,66 1 294,80 283 585,88 283 591,88 

22.  3,90 6,00 334,00 271,66 1 302,60 287 808,11 287 814,11 

ʉʫʤʘ 201 13 910 2 816 2 567 12 549 2 748 213 2 762 123 

 

ʇʦʟʥʘʯʝʥʥʷ ʚ ʪʘʙʣ. 5.1:  

Fi ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʝʣʝʤʝʥʪʘ;  

Ji ï ʚʣʘʩʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʝʣʝʤʝʥʪʘ;  

ʫi ï ʮʝ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʽʚ ʚʘʛʠ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʨʽʟʫ ʧʦ ʦʩʽ y;  

Si ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦ ʚʩʽʡ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ;  

ai ï ʚʽʜʩʪʘʥʴ ʜʦ ʦʩʽ xʮ (ʮʝʥʪʨʫ ʤʘʩ);  

J2 ï ʜʦʜʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ;  

J3 ï ʧʦʚʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ;  

J4 ï ʧʦʚʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ.  

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʫʟʦʚʘ ʟʚʦʜʠʪʠʩʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʙʘʣʢʠ ʥʘ ʜʚʦʭ ʦʧʦʨʘʭ 

(ʨʠʩ. 5.13): 

ʈʠʩʫʥʦʢ 5.13 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʫʟʦʚʘ ʚʘʛʦʥʘ 

 

ʅʘʡʙʽʣʴʰʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʥʫʪʴ ʚ ʧʝʨʝʪʠʥʽ ɸ-ɸ ʘʙʦ ɹ-ɹ (ʨʠʩ. 5.14).  

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ 

(ʪʘʙʣ. 5.2). ʆʮʽʥʝʥʦ ʥʘʧʨʫʞʝʥʽʩʪʴ ʭʨʝʙʪʦʚʦ ʾʙʘʣʢʠ ̔ ʥʠʞʥɹʦʾ ʦʙʚôʷʟʢʠ ʢʫʟʦʚʘ ʚ 

ʧʝʨʝʨʽʟʽ ɹ-ɹ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʮʠʭ ʙʘʣʢʘʭ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʾʭ ʞʦʨʩʪ-

ʢʦʩʪʷʤ. 
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ʈʠʩʫʥʦʢ 5.14 ï ɽʧʶʨʠ ʧʝʨʝʪʠʥʘʶʯʠʭ ʩʠʣ  ̔ʤʦʤʝʥʪʽʚ 

 

ʊʘʙʣʠʮʷ 5.2 ï ʇʘʨʘʤʝʪʨʠ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ 
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ʄʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʭʨʝʙʪʦʚʽʡ ʙʘʣʮʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʥʠʞʥʽʡ ʙʦʢʦʚʽʡ ʦʙʚôʷʟʮʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʚʣʘʩʥʠʭ ʩʠʣ ʪʷʞʽʥʥʷ, ʩʠʣ ʱʦ ʚʠʥʠʢʘ-

ʶʪʴ ʧʽʜ ʯʘʩ ʨʫʭʫ ʚʘʛʦʥʘ, ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʘʛʦʥʘʤʠ, ʚʘʛʦʥʦʤ ʪʘ ʣʦʢʦʤʦʪʠʚʦʤ, 

ʛʘʣʴʤʫʚʘʥʥʷʤ, ʩʧʽʚʫʜʘʨʦʤ, ʜʘʶʪʴ ʟʤʦʛʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ 

ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʪʘ ʦʧʦʨʫ ʚʪʦʤʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʚʘʛʦʥʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʘʚʪʦʨʘʤʠ ʚ ʨʦʙʦʪʽ [204] ʜʦʩʣʽʜʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ 

ʨʘʤʠ ʢʫʟʦʚʘ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʚʘʛʦʥʫ ʪʘ ʦʧʦʨʫ ʚʪʦʤʽ, ʚʽ-

ʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʧʨʘʢʪʠʯʥʽ 

ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʜʦʚʞʫʚʘʪʠ ʩʪʨʦʢ ʩʣʫʞʙʠ ʧʘʩʘ-

ʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʧʦʙʫʜʦʚʠ ʂɺɿ ʧʦʥʘʜ 41 ʨʽʢ ʚʽʜ ʧʦʙʫʜʦʚʠ ʟ ʚʠʢʦʥʘʥʥʷʤ ʧʝʨʽʦ-

ʜʠʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
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6. ɺʀɿʅɸʏɽʅʅʗ ʂʈʀʊɽʈɯɰɺ ʆʎɯʅʂʀ ʂʆʄʌʆʈʊʋ ɯ ɹɽɿʇɽʂʀ  

ʈʋʍʋ ʐɺʀɼʂɯʉʅʀʍ ʇʆɰɿɼɯɺ ʋʂʈɿɸʃɯɿʅʀʎɯ 

 

6.1. ɼʝʷʢʽ ʥʦʨʤʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʣʽʥʽʡ ʚ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

 

ʄʽʥʽʤʘʣʴʥʽ ʨʘʜʽʫʩʠ ʢʨʠʚʠʭ ʥʘ ʬʨʘʥʮʫʟʴʢʠʭ LGV ï 4000 ʤ. ʅʘ ʥʦʚʠʭ ʤʘʛʽʩʪ-

ʨʘʣʷʭ, ʱʦ ʙʫʜʫʶʪʴʩʷ ï 6000 ʤ. ʋ ʪʘʙʣ. 6.1 ʧʦʢʘʟʘʥʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʩʦʢʦʰ-

ʚʠʜʢʽʩʥʠʭ ʣʽʥʽʡ ʚ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ.  

 

ʊʘʙʣʠʮʷ 6.1 ï ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʣʽʥʽʡ ʚ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʇʘʨʘʤʝʪʨʠ 

ɯʪʘʣʽʷ ʂʨʘʾʥʠ ɭʉ ʗʧʦʥʽʷ 

ʄʘʢʩʠʤʘʣʴʥʽ ʜʦʟʚʦʣʝʥʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʢʤ/ʛʦʜ 

250 300 350 260 350 

Ὤ , ʤʤ 125 150; 105*  180; 130*  180 200 

ὥ , ʤ/ʩ2 0,85 0,84; 0,55*  0,73; 0,42*  0,5 0,52 

” , ʤ 3000 6000; 4000* 7250; 6250* 3000 4000 

* ʟʥʘʯʝʥʥʷ ʜʣʷ ʣʽʥʽʡ ʽʟ ʟʤʽʰʘʥʠʤ ʨʫʭʦʤ ʰʚʠʜʢʽʩʥʠʭ ʽ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ 

 

ɺʽʜʤʽʥʥʽʩʪʶ ʥʦʚʠʭ ʰʚʠʜʢʽʩʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ, ʱʦ ʧʨʻʢʪʫʶʪʴʩʷ ʫ ʈʦʩʽʾ ʻ ʜʠʩ-

ʢʨʝʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʦʨʤʠ ʥʝʧʦʛʘʰʝʥʦʛʦ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʨʽʚʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ (ʪʘʙʣ. 6.2). 

 

ʊʘʙʣʠʮʷ 6.2 ï ʅʦʨʤʠ ʥʝʧʦʛʘʰʝʥʦʛʦ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʰʚʠʜʢʦʩʪʽ  

ʨʫʭʫ ʥʘ ʣʽʥʽʾ ʄʦʩʢʚʘïʂʘʟʘʥʴ, ʱʦ ʧʨʦʻʢʪʫʻʪʴʩʷ15 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʢʤ/ʛʦʜ 250 300 350 400 

ʄʘʢʩʠʤʘʣʴʥʝ ʜʦʧʫʩʪʠʤʝ ʥʝʧʦʛʘʰʝʥʝ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʤ/ʩ2 
0,7 0,6 0,5 0,4 

                                           
15 ʉʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʄʦʩʢʚʘïʂʘʟʘʥʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʞʝ-

ʣʝʟʥʦ-ʜʦʨʦʞʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʄʦʩʢʚʘïʂʘʟʘʥʴïɽʢʘʪʝʨʠʥʙʫʨʛ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʚʠʞʝʥʠʷ ʜʦ 400 ʢʤ/ʯè: ʨʝʰʝ-

ʥʠʝ ʅʊʉ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʌ No 32 (ʚʭ. 59889/ʄʉ) 
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6.2. ʅʦʨʤʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʣʽʥʽʡ ʽʟ ʟʤʽʰʘʥʠʤ ʨʫʭʦʤ ʰʚʠʜʢʽʩʥʠʭ ʽ  

ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʫʢʨʘʾʥʩʴʢʦʾ ʟʘʣʽʟʥʠʮʽ 

 

ʃʽʥʽʾ ʽʟ ʟʤʽʰʘʥʠʤ ʨʫʭʦʤ ʰʚʠʜʢʽʩʥʠʭ ʽ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʥʠʮʽ ʢʦʣʽʾ 1520 ʤʤ (ɼɹʅ ɺ.2.3-19:2018) [228] ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʢʘʪʝʛʦʨʽʾ çʐʚʠʜʢʽʩʥʽè. ɺʦʥʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʟʘʪʚʝʨʜʞʝʥʽ ʚʠʤʦʛʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʙʝʟʧʝʢʠ, ʧʣʘʚʥʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʽ ʾʟʜʠ (ʪʘʙʣ. 6.1). 

 

ʊʘʙʣʠʮʷ 6.3 ï  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʽʾ ʢʘʪʝʛʦʨʽʾ çʐʚʠʜʢʽʩʥʽè ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʙʝʟʧʝʢʠ,  

ʧʣʘʚʥʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʽ ʾʟʜʠ [228] 

 ̄ ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

1  ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ, ʢʤ/ʛʦʜ 200 

2  ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʝʨʽʚʥʠʡ ʫʭʠʣ, 0/00 20 *  

3  ʈʘʜʽʫʩʠ ʢʨʠʚʠʭ, ʤ  

-  ʨʝʢʦʤʝʥʜʦʚʘʥʽ 4000ï3000 

- ʜʦʧʫʩʪʠʤʽ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ 2500 

- ʜʦʧʫʩʪʠʤʽ ʫ ʦʩʦʙʣʠʚʦ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʟʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫ-

ʥʪʫʚʘʥʥʷ 
1200 

- ʜʦʧʫʩʪʠʤʽ ʟʘ ʧʦʛʦʜʞʝʥʥʷʤ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè 800 

4  ʄʘʢʩʠʤʘʣʴʥʝ ʜʦʧʫʩʪʠʤʝ ʥʝʧʦʛʘʰʝʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ὥ , ʤ/ʩ2  

 - ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ 0,7** 

 - ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ 0,3 

5  ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʥʝʧʦʛʘʰʝʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ‪, 

ʤ/ʩ3 
0,5 

6  ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʢʦʣʝʩʘ ʧʦ ʚʽʜʚʦʜʫ ʧʽʜʚʠ-

ʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ Ὢ, ʤʤ/ʩ 
30 

7  ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʧʫʩʪʠʤʘ ʢʨʫʪʠʟʥʘ ʚʽʜʚʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ 

Ὥ̃, 0/00 
0,67 

8  ʄʽʥʽʤʘʣʴʥʘ ʜʦʧʫʩʪʠʤʘ ʜʦʚʞʠʥʘ ʧʨʷʤʦʾ ʚʩʪʘʚʢʠ ʤʽʞ ʧʝʨʝʭʽʜʥʠʤʠ ʢʨʠ-

ʚʠʤʠ, ʤ 

150***  

9  ʇʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (6.1) 

* ʜʦʧʫʩʢʘʻʪʴʩʷ ʤʽʩʮʝʚʝ ʧʝʨʝʚʠʱʝʥʥʷ ʢʝʨʽʚʥʦʛʦ ʫʭʠʣʫ; 

** ʜʦʟʚʦʣʷʻʪʴʩʷ ʚ ʦʢʨʝʤʠʭ ʢʨʠʚʠʭ ʜʦ 1,0 ʤ/ʩ2; 

*** ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʜʦʧʫʩʢʘʻʪʴʩʷ 100 ʤ. 
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ʅʘʡʚʘʞʣʠʚʽʰʠʡ ʧʦʢʘʟʥʠʢ, ʱʦ ʚʠʟʥʘʯʘʻ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʫ ʢʨʠʚʽʡ 

ï ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ ï ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ:  

 

Ὤ
ὃ

Ὣ

ὠ

”
ὥ ȟ                                                   φȢρ 

 

ʜʝ h ï ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ, ʤ; 

   ɟ ï ʨʘʜʽʫʩ ʢʨʠʚʦʾ, ʤ; 

   Ὣ ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, g = 9,8 ʤ/c2; 

   A ï ʘʢʪʠʚʥʘ ʰʠʨʠʥʘ ʢʦʣʽʾ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʨʝʡʦʢ, ʤ. ɼʣʷ ʢʦʣʽʾ 1520 

ʤʤ ὃ ρφππ ʤʤ; 

ὥ  ï ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʟʚʦʣʝʥʝ ʥʝʧʦʛʘʰʝʥʝ ʙʦʢʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘ ʫʤʦʚʘʤʠ 

ʢʦʤʬʦʨʪʫ ʧʘʩʘʞʠʨʽʚ. 

 

ʅʦʨʤʠ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 6.1 ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʰʚʠʜʢʽʩ-

ʥʠʭ ʣʽʥʽʡ (ʚʠʜʘʥʥʷ ɼɹʅ ï 2018ʨ.) ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ, ʥʘʚʽʪʴ ʫ ʧʝʨʩʧʝʢʪʠʚʽ, ʤʦʞʣʠ-

ʚʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʣʽʥʽʡ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʢʦʣʽʡ ʜʣʷ ʩʫʤʽʱʝʥʦʛʦ ʨʫʭʫ ʰʚʠʜʢʽʩʥʠʭ ʽ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʥʝ-

ʛʘʪʠʚʥʠʤ ʥʝʧʦʛʘʰʝʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ (ὥ πȟσ ʤ/ʩ2), 

ʷʢʝ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʟʫʧʠʥʮʽ ʧʦʾʟʜʘ ʚ ʢʨʠʚʽ ʽ ʜʦʨʽʚʥʶʻ:  Ὤ ὥ υπ ʤʤ. 

ʗʢʱʦ ʚʠʢʦʥʫʚʘʪʠ ʮʶ ʚʠʤʦʛʫ, ʪʦ, ʥʘʧʨʠʢʣʘʜ, ʰʚʠʜʢʽʩʪʴ ʫ 160 ʢʤ/ʛʦʜ ï ʤʘʢ-

ʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʧʦʾʟʜʽʚ InterCity+ ï  ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʪʽʣʴʢʠ ʫ ʢʨʠʚʠʭ ʨʘʜʽ-

ʫʩʦʤ ʧʦʥʘʜ 1510 ʤ ʜʣʷ ὥ ρȟπ ʤ/ʩ2, ʘʙʦ ʧʦʥʘʜ 1960 ʤ ʜʣʷ ὥ πȟχ ʤ/ʩ2 (ʪʘʙʣ. 

6.4).  

ʎʷ ʦʙʩʪʘʚʠʥʘ ʻ ʩʫʪʪʻʚʠʤ ʩʪʨʠʤʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ 

ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʩʠʩʪʝʤʽ ʩʫʤʽʱʝʥʦʛʦ ʨʫʭʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʽ 

ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ. 
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156  ¶ 

ʊʘʙʣʠʮʷ 6.4 ï ʄʽʥʽʤʘʣʴʥʽ ʨʘʜʽʫʩʠ ʢʨʠʚʠʭ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʟʘ ʫʤʦʚʘʤʠ 

ʢʦʤʬʦʨʪʫ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ 

ʄʽʥʽʤʘʣʴʥʽ ʨʘʜʽʫʩʠ ʢʨʠʚʠʭ ʜʽʣʷʥʦʢ ʢʦʣʽʾ, ʤ 

ʄʘʢʩʠʤʘʣʴʥʘ  

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ,  

ʢʤ/ʛʦʜ 

ʇʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ, ʤʤ 

50 100 150 

ʅʝʧʦʛʘʰʝʥʝ ʚʽʜʮʝʥʪʨʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ, ʤ/ʩ2 

1,0 0,7 1,0 0,7 1,0 0,7 

100 600 770 475 590 400 480 

160 1510 1960 1225 1500 1000 1220 

200 2400 3100 1915 2350 1610 1910 
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7. ɼʆʉʃɯɼɾɽʅʅʗ ʇʆʂɸɿʅʀʂɯɺ ɻʆʈʀɿʆʅʊɸʃʔʅʆɰ ɼʀʅɸʄɯʂʀ ʊɸ 

ʇʆʂɸɿʅʀʂɯɺ ɺʇʃʀɺʋ ʅɸ ʂʆʃɯʖ ʈʋʍʆʄʆɻʆ ʉʂʃɸɼʋ ɿ ʅʆɺɯʊ-

ʅɯʄʀ ʂʆʅʉʊʈʋʂʊʀɺʅʀʄʀ ʈɯʐɽʅʅʗʄʀ ʍʆɼʆɺʆɰ ʏɸʉʊʀʅʀ 

 

7.1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘʙʫʪʠʭ ʚʽʜʭʠʣʝʥʴ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʝʢʽʧʘʞʥʦʾ  

ʯʘʩʪʠʥʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ ʜʠʥʘʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ 

 

7.1.1. ʊʠʧʦʚʽ ʚʽʜʭʠʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʝʢʽʧʘʞʥʦʾ ʯʘʩʪʠʥʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʤʘʡʞʝ 90% ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʧʨʠʟʥʘʯʝʥʦʛʦ ʟʘʚʦʜʦʤ- ʚʠʨʦʙʥʠʢʦʤ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫ-

ʘʪʘʮʽʾ ʪʘ ʤʘʶʪʴ ʧʨʦʜʦʚʞʝʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ʏʝʨʝʟ ʮʝ ʽʩʥʫʻ ʟʘʪʚʝʨʜʞʝʥʘ ʩʠʩʪʝʤʘ 

ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ [208, 209]. ʄʝʪʦʶ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ 

ʻ ʛʘʨʘʥʪʽʷ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʷʢʠʡ ʚʠʯʝʨʧʘʚ ʩʚʽʡ ʧʨʠʟʥʘʯʝ-

ʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʨʽʚʝʥʴ ʙʝʟ-

ʧʝʢʠ ʟʥʠʞʫʻʪʴʩʷ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʩʠʣʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʣʽʩ-

ʥʠʭ ʧʘʨ ʟ ʢʦʣʽʻʶ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 

ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ: 

ï ʟʥʦʩ ʚʫʟʣʽʚ ̔  ʜʝʪʘʣʝʡ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʾ ʭ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ; 

ï ʧʨʠʨʦʜʥʝ ʩʪʘʨʽʥʥʷ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʦʷʚʘ ʤʽʢʨʦʪʨʽʱʠʥ, ʢʦʨʦʟʽʷ 

ʪʦʱʦ); 

ï ʥʘʢʦʧʠʯʝʥʥʷ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʪʦʤʥʠʭ ʟʤʽʥ ʩʪʘʥʫ ʥʝʩʫʯʠʭ ʤʝʪʘʣʝ-

ʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʧʽʜ ʜʽʻʶ ʮʠʢʣʽʯʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ ʥʝ-

ʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘ ʧʝʚʥʽʡ ʩʪʘʜʽʾ ʧʦʯʠʥʘʶʪʴʩʷ ʷʚʠʱʘ ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʤʝʪʘʣʫ 

ʨʫʡʥʫʚʘʥʥʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ, ʷʢ ʚʪʦʤʥʽ ʫʰʢʦʜʞʝʥʥʷ.  

ʉʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʤʝʪʘʣʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʘʚʠʣʴ-

ʥʦ ʁʧʝʨʽʦʜʠʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʠʭ ʚʫʟʣʽʚ  ̔ʜʝʪʘʣʝʡ 

ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 
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158  ¶ 

ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ.  

ʇʠʪʘʥʥʷ, ʧʦʚóʷʟʘʥʽ ʽʟ ʚʽʜʭʠʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʝʢʽʧʘʞʥʦʾ ʯʘʩʪʠʥʠ ʨʫʭʦ-

ʤʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʢʦʣʽʾ, ʨʦʟʛʣʷʥʫʪʦ ʫ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʽʚ [158ï

204].  

 

7.1.2. ɸʥʘʣʽʟ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ɺ ʩʪʘʪʪʽ [171] ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦ-

ʤʦʛʦ ʩʢʣʘʜʫ (ʜʫʤʧʢʘʨʠ-ʩʘʤʦʩʢʠʜʠ ʪʘ ʚʘʛʦʥʠ ʭʦʧʝʨ-ʜʦʟʘʪʦʨʠ) ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʫ-

ʤʧʢʘʨʠ-ʩʘʤʦʩʢʠʜʠ (ɼɺ) ʪʘ ʚʘʛʦʥʠ ʭʦʧʝʨ-ʜʦʟʘʪʦʨʠ (ʍɼɺ) ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʚ ʢʦʣʽʡʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ ʤʘʶʪʴ ʩʝ-

ʟʦʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʪʘʥʦʤ ʥʘ 01.05.2021 ʨʦʢʫ ʧʨʠʧʠʩʥʠʡ ʧʘʨʢ ʚʘʛʦʥʽʚ ʭʦʧʝʨ-

ʜʦʟʘʪʦʨʽʚ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʩʢʣʘʜʘʻ 1454 ʦʜʠʥʠʮʽ, ʩʝʨʝʜʥʽʡ ʚʽʢ ʚʘʛʦʥʽʚ ʩʪʘʥʦ-

ʚʠʪʴ 44 ʨʦʢʠ, ʧʨʠ ʥʦʨʤʘʪʠʚʥʦʤʫ ʪʝʨʤʽʥʽ ʩʣʫʞʙʠ 25 ʨʦʢʽʚ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ʟʥʦʩʽ 

98%. ɼʫʤʧʢʘʨʠ (ʩʘʤʦʩʢʠʜʠ) ʥʘʣʽʯʫʶʪʴ 942 ʦʜʠʥʠʮʴ, ʩʝʨʝʜʥʽʡ ʚʽʢ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 

35 ʨʦʢʽʚ, ʧʨʠ ʥʦʨʤʘʪʠʚʥʦʤʫ ʪʝʨʤʽʥʽ ʩʣʫʞʙʠ 22 ʨʦʢʠ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ʟʥʦʩʽ 100%.  

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʽʟʠʯʥʝ ʪʘ ʤʦʨʘʣʴʥʝ ʟʥʦʰʝʥʥʷ ʧʘʨʢʫ 

ʚʘʛʦʥʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʨʦʙʦʪʠ ʡʦʛʦ ʚʫʟʣʽʚ ʪʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʟʘʪʨʠʤʦʢ ʚ 

ʧʝʨʝʚʽʟʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʫʪʨʠʤʘʥʥʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʥʘʣʝʞʥʦʤʫ ʩʪʘʥʽ. 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʚʘʛʦʥʽʚ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

1 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʢʦʣʽʩʥʦʾ ʧʘʨʠ;  

2 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʚʽʟʢʘ;  

3 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʘʚʪʦʟʯʝʧʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ;  

4 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʘʚʪʦʛʘʣʴʤʽʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ;  

5 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʢʫʟʦʚʘ ʚʘʛʦʥʘ;  

6 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʨʘʤʠ ʚʘʛʦʥʘ;  

8 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʢʫʟʦʚʘ, ʱʦ ʚʝʜʝ ʜʦ ʚʠʢʣʶʯʝʥʥʷ ʚʘʛʦʥʘ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ;  

9 ï ʩʣʫʞʙʦʚʽ ʢʦʜʠ, ʥʝ ʧʦʚôʷʟʘʥʽ ʟ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʚʘʛʦʥʘ. 
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159  ¶ 

ʊʘʙʣʠʮʷ 7.1 ï ʅʝʩʧʨʘʚʥʦʩʪʽ ʚʘʛʦʥʽʚ ʟʘ ʧʝʨʽʦʜ ʟ 2018 ʧʦ 2020 ʨʦʢʫ 

ʂʦʜ ʛʨʫʧʠ ʂʦʜ ʪʘ ʥʘʟʚʘ ʥʝʩʧʨʘʚʥʦʩʪʽ 

ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ, 

ʦʜʠʥʠʮʴ 

1ʭʭ ï ʢʦʣʽʩʥʘ 

ʧʘʨʘ 

102 ï ʪʦʥʢʠʡ ʛʨʝʙʽʥʴ;  

106 ï ʧʦʚʟʫʥ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ;  

107 ï ʚʠʱʝʨʙʠʥʘ ʦʙʦʜʫ ʢʦʣʝʩʘ;  

109 ï ʛʦʩʪʨʦʢʽʥʮʝʚʠʡ ʥʘʢʘʪ ʛʨʝʙʥʷ;  

111 ï ʪʦʥʢʠʡ ʦʙʽʜ;  

157 ï ʥʘʛʨʽʚ ʧʽʜʰʠʧʥʠʢʘ ʚ ʢʦʨʧʫʩʽ ʙʫʢʩʠ;  

160 ï ʧʨʦʩʪʨʦʯʝʥʠʡ ʩʪʨʦʢ ʩʝʨʝʜʥʴʦʛʦ ʨʝʤʦʥʪʫ ʢʦʣʽʩʥʦʾ 

ʧʘʨʠ 

12 

2ʭʭ ï ʚʽʟʦʢ 218 ï ʪʨʽʱʠʥʘ (ʟʣʘʤ) ʢʣʠʥʫ ʛʘʩʥʠʢʘ ʢʦʣʠʚʘʥʴ;  

219 ï ʟʘʚʠʱʝʥʥʷ (ʟʘʥʠʞʝʥʥʷ) ʬʨʠʢʮʽʡʥʦʛʦ ʢʣʠʥʫ ʚʽʜʥʦ-

ʩʥʦ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʜʨʝʩʦʨʥʦʾ ʙʘʣʢʠ;  

227 ï ʦʩʣʘʙʣʝʥʥʷ ʟʘʢʣʝʧʦʢ ʧʣʘʥʢʠ ʬʨʠʢʮʽʡʥʦʛʦ ʛʘʩʠʪʝʣʷ 

ʢʦʣʠʚʘʥʴ 

7 

3ʭʭ ï ʘʚʪʦʟʯʝʧʥʝ 

ʦʙʣʘʜʥʘʥʥʷ 

302 ï ʧʨʦʚʠʩʘʥʥʷ ʘʚʪʦʟʯʝʧʫ;  

304 ï ʪʨʽʱʠʥʘ ʢʦʨʧʫʩʫ ʘʚʪʦʟʯʝʧʫ;  

348 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʧʦʛʣʠʥʘʶʯʦʛʦ ʘʧʘʨʘʪʫ;  

363 ï ʟʣʘʤ ʚʘʞʝʣʷ ʨʦʟʯʽʧʥʦʛʦ ʧʨʠʚʦʜʫ 

8 

4ʭʭ ï ʘʚʪʦʛʘʣʴʤʽ-

ʚʥʝ ʦʙʣʘʜʥʘʥʥʷ 

403 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʶʚʘʯʘ;  

443 ï ʟʣʘʤ ʚʘʞʝʣʽʚ ʪʘ ʪʷʛ ʛʘʣʴʤʽʚʥʦʾ ʚʘʞʽʣʴʥʦʾ ʧʝʨʝʜʘʯʽ; 

 444 ï ʟʥʦʰʫʚʘʥʥʷ ʚʪʫʣʦʢ ʪʨʽʘʥʛʝʣʶ;  

445 ï ʟʘʚʘʨʶʚʘʥʥʷ ʙʘʰʤʘʢʫ 

5 

5ʭʭ ï ʢʫʟʦʚ 503 ï ʦʙʨʠʚ ʟʚʘʨʥʦʛʦ ʰʚʘ ʩʪʽʡʢʠ;  

549 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʚʘʥʪʘʞʥʦ-ʨʦʟʧʦʜʽʣʶʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽ-

ʟʤʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʘʛʦʥʽʚ;  

575 ï ʜʦʩʪʨʦʢʦʚʘ ʧʦʩʪʘʥʦʚʢʘ ʚ ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ ʟʘ 

ʪʝʭʥʽʯʥʠʤ ʩʪʘ ʥʦʤ 

196 

6ʭʭ ï ʨʘʤʘ 616 ï ʟʣʦʤ/ʪʨʽʱʠʥʘ ʧʨʦʤʽʞʥʠʭ ʩʪʽʡʦʢ 3 

8ʭʭ ï ʥʝʩʧʨʘʚ-

ʥʽʩʪʴ,  ɦ ʦ ʚʝʜʝ ʜʦ 

ʚʠʢʣʶʯʝ ʥ ̫

- 0 

9ʭʭ ï ʩʣʫʞʙʦʚʽ 

ʢʦʜʠ 

- 0 

 

ɿʘ ʧʝʨʽʦʜ ʟ 02.03.2021 ʧʦ 30.04.2021 (60 ʜʙ̔)  ʪʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʭʥʽʯʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʛʦʣʦʚʥʦʾ ʥʘʫʢʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʟʘ ʧʝʨʽʦʜ ʟ 2018 

ʧʦ 2020 ʨʦʢʫ. ʉʬʦʨʤʦʚʘʥʽ ʜʘʥʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʟʛʽʜʥʦ ʜʦʚʽʜʢʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 

7.1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚʠʢʦ-

ʥʘʥʦ ʨʦʟʧʦʜʽʣ ʟʘ ʛʨʫʧʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʘʥʠʭ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʨʠʩ. 7.1). 

ɿ 2400 ʚʘʛʦʥʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘ ʦʩʪʘʥʥʽ 60 ʜʽʙ, 230 ʚʘʛʦʥ ʙʫʣʦ 

ʚʽʜʯʝʧʣʝʥʦ ʫ ʧʦʟʘʧʣʘʥʦʚʠʡ ʨʝʤʦʥʪ (ʊʆʚ-1, ʊʆʚ-2), ʱʦ ʩʪʘʥʦʚʠʪʴ 7% ʚʽʜ 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

160  ¶ 

ʟʘʛʘʣʴʥʦʛʦ ʧʘʨʢʫ.  

ɸʥʘʣʽʟ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʭʥʽ-

ʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʘ ʧʝʨʽʦʜ ʟ 2018 ʜʦ 2020 ʨʦʢʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 7.2. ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʚʘʛʦʥʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʙʫʣʦ ʧʨʦʜʽʘʛʥʦʩʪʦʚʘʥʦ ʚ ʟʘ-

ʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ, ʩʢʣʘʣʘ 1581 ʦʜʠʥʠʮʴ. 

 

 

ʈʠʩʫʥʦʢ 7.1 ï ʈʦʟʧʦʜʽʣ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘ ʢʦʜʘʤʠ ʛʨʫʧ  

ʟʘ ʜʘʥʠʤʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

 

ʇʽʜ ʯʘʩ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʛʣʷʜʫ ʧʽʜʣʷʛʘʣʠ ʪʽʣʴʢʠ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫ-

ʢʮʽʾ ʚʘʛʦʥʽʚ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʦ ʫʚʘʛʠ ʙʫʣʦ ʚʟʷʪʦ ʣʠʰʝ ʥʝʩʧʨʘʚʥʦʩʪʽ ʛʨʫʧ 5, 6, 8.  

ɺʠʙʽʨʢʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʧʘʨʢʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚʣʘʩʥʦʩʪʽ ɸʊ 

çʋʢʨʟʘʣʽʟʥʠʮʷè ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʜʦʚʽʜʢʠ ɻʦʣʦʚʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʮʝʥʪʨʫ (ɻɯʆʎ). ɸʥʘʣʽʟ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʩʧʝʮʽʘʣʴ-

ʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟ ʨʦʟʧʦʜʽʣʦʤ ʟʘ ʢʦʜʘʤʠ ʛʨʫʧ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 7.2. ʂʦʜʠ 

ʛʨʫʧ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʚʝʜʝʥʠʤ ʫ ʪʘʙʣ. 7.3. 

 

ʊʘʙʣʠʮʷ 7.2 ï ʅʝʩʧʨʘʚʥʦʩʪʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘ ʜʘʥʠʤʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫ-

ʚʘʥʥʷ ʫ ʧʝʨʽʦʜ ʟ 2018 ʧʦ 2020 ʨʨ. 

ʂʦʜ ʛʨʫʧʠ ʂʦʜ ʪʘ ʥʘʟʚʘ ʥʝʩʧʨʘʚʥʦʩʪʽ 

ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ, 

ʦʜ. 

5 ï ʢʫʟʦʚ 503 ï ʦʙʨʠʚ ʟʚʘʨʥʦʛʦ ʰʚʘ ʩʪʽʡʢʠ;  

549 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʚʘʥʪʘʞʥʦ-ʨʦʟʧʦʜʽʣʶʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʘʛʦʥʽʚ 

261 
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161  ¶ 

ʂʦʜ ʛʨʫʧʠ ʂʦʜ ʪʘ ʥʘʟʚʘ ʥʝʩʧʨʘʚʥʦʩʪʽ 

ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ, 

ʦʜ. 

6 ï ʨʘʤʘ 603 ï ʪʨʽʱʠʥʘ ʚ ʟôʻʜʥʘʥʥʽ ʰʢʚʦʨʥʝʚʦʾ ʪʘ ʭʨʝʙʪʦʚʦʾ ʙʘʣʦʢ;  

609 ï ʪʨʽʱʠʥʘ, ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʣʮʽ ʙʘʣʦʢ;  

616 ï ʟʣʦʤ/ʪʨʽʱʠʥʘ ʧʨʦʤʽʞʥʠʭ ʩʪʽʡʦʢ;  

621 ï ʪʨʽʱʠʥʘ ʢʽʥʮʝʚʦʾ ʙʘʣʢʠ 
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8 ï ʥʝʩʨʘʚʥʽʩʪʴ, 

ʱʦ ʚʝʜʝ ʜʦ ʚʠ-

ʢʣʶʯʝʥʥʷ 

820 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʨʘʤʠ, ʷʢʘ ʚʝʜʝ ʜʦ ʚʠʢʣʶʯʝʥʥʷ 49 

 

 

ʈʠʩʫʥʦʢ 7.2 ï ʈʦʟʧʦʜʽʣ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ  

ʟʘ ʢʦʜʘʤʠ ʛʨʫʧ ʟʘ ʜʘʥʠʤʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʦʚʦʛʦ ʧʨʦʤʽʞʢʫ ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ ʩʧʝʮʽ-

ʘʣʴʥʦʤʫ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ, ɼɺ ʪʘ ʍɼɺ ʙʫʣʦ ʨʦʟʧʦʜʽʣʝʥʦ ʥʘ 3 ʛʨʫʧʠ ʟʘ ʪʝʨʤʽʥʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ: 

1 ï ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʧʨʠʟʥʘʯʝʥʠʡ ʟʘʚʦʜʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ (ʜʣʷ ɼɺ ʚʽʜ 0 ʜʦ 22 

ʨʦʢʽʚ, ʜʣʷ ʍɼɺ ʚʽʜ 0 ʜʦ 25 ʨʦʢʽʚ); 

2 ï ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʧʨʠʟʥʘʯʝʥʦʛʦ ʟʘʚʦʜʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʦ ʧʦʣʫʪʦʨʥʦʛʦ ʪʝʨʤʽ- ʥʫ ʩʣʫʞʙʠ (ʜʣʷ ɼɺ ʚʽʜ 22 ʜʦ 33 ʨʦʢʽʚ, ʜʣʷ ʍɼɺ ʚʜ̔ 25 ʜʦ 

37,5 ʨʦʢʽʚ); 

3 ï ʧʦʥʘʜ ʧʦʣʫʪʦʨʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ (ʜʣʷ ɼɺ ʧʦʥʘʜ 33 ʨʦʢʠ, ʜʣʷ ʍɼɺ ʧʦʥʘʜ 

37,5 ʨʦʢʽʚ). 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥ-

ʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʥʘʜ 95% ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠʧʘʜʘʶʪʴ ʥʘ 

ʚʘʛʦʥʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 2 ʛʨʫʧʠ, ʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʜʦ 3 ʛʨʫʧʠ. 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠʧʘʜʘʻ ʥʘ 

ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʘʤʘ ʪʘ ʢʫʟʦʚ ʚʘʛʦʥʘ), ʢʦʣʽʩʥʽ ʧʘʨʠ. ʊʘʢʘ ʩʠʪʫʘʮʽ ̫ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʧʨʦʻʢʪʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʣʷ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ 

ʚʞʝ ʚʠʯʝʨʧʘʣʠ ʧʨʠʟʥʘʯʝʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ, ʘʜʞʝ ʜʽʶʯʘ ʨʝʤʦʥʪʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ 

ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʫʩʫʥʝʥʥʷ ʪʘʢʠʭ ʜʝʬʝʢʪʽʚ. 

ɼʣʷ ʟʤʽʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʽ-

ʜʧʦʚʽʜʥʽ ʟʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʾʭ ʚʽʜʤʦʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʧʨʦʙʣʝʤʥʽ ʚʫʟʣʠ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʟʘʭʦʜʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ (ʚʜʦʩʢʦʥʘ-

ʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫ-

ʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ). 

ɺ ʩʪʘʪʪʽ [174] ʧʨʦʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʫʜʦʩʢʦʥʘ-

ʣʝʥʦʾ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ 

ʪʘ ʚʝʜʝʥʥʷ ʚʦʛʥʶ ʧʽʜ ʯʘʩ ʨʫʭʫ. ʅʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤ ʪʠʧʦʤ ʚʘʛʦʥʘ ʜʣʷ ʧʝʨʝ-

ʚʝʟʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ  ̒ʚʘʛʦʥʠ-ʧʣʘʪʬʦʨʤʠ. ʄʦʞʣʠʚʽʩʪʴ ʚʝʜʝʥʥʷ ʟ ʥʠʭ ʚʦʛ-

ʥʝʚʠʭ ʜʽʡ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʪʘʢʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʠʣʦ ʙ ʧʽʜʚʠʱʝʥʥʷ ʮʠʚʽʣʴ-

ʥʦʾ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ. ʇʽʜ ʯʘʩ ʜʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ ʪʘʢʽ ʚʽʡʩʴʢʦʚʽ ʦʧʝʨʘʮʽʾ ʧʨʘʢ-

ʪʠʢʫʚʘʣʠʩʷ. ɺ ʩʪʘʪʪʽ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʨʫʭʦ-

ʤʠʡ ʩʢʣʘʜ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʧʨʦʝʢʪʫʶʪʴ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʪʘʢʦʾ 

ʤʦʞʣʠʚʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʯʘ ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ ʥʝ ʚʠʩʚʽʪʣʶʻ ʪʘʢʠʭ ʧʠʪʘʥʴ. ʎʝ 

ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʘʛʦʥʽʚ ʧʨʠ ʧʝ-

ʨʝʚʝʟʝʥʥʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʚʝʜʝʥʥʽ ʚʦʛʥʝʚʠʭ ʜʽʡ ʟ ʥʝʾ, ʘ ʪʘʢʦʞ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʘʛʦʥʽʚ. 

ʇʦʣʽʧʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘ-

ʣʝʥʥʷ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ [116]. ɺ ʨʦʙʦʪʽ ʧʨʠʚʦʜʷʪʴʩʷ ʤʘʪʝʤʘʪʠ-

ʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʽʢʠ ʪʘ ʤʽʮʥʦʩʪʽ ʚʘ-

ʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʝʢʽʧʘʞʽʚ ʤʝʪʦ-

ʜʘʤʠ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʪʽʣ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʥʘʫʢʦʚʽʡ ʩʪʘʪʪʽ [117]. ʈʦʟʛʣʷʥʫʪʘ 
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ʤʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʜʠʥʘʤʽʯʥʦʾ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʪʘ ʚʪʦʤʥʦʾ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʘʤʠ ʜʦʚʛʦʙʘʟʥʦʛʦ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʢʦʥʪʝʡʥʝ-

ʨʽʚ. 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʥʘʚʝʜʝʥʠʡ ʫ ʩʪʘʪʪʽ 

[118]. ʆʩʦʙʣʠʚʽʩʪʶ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʨʠʩʥʦʾ ʜʦʚ-

ʞʠʥʠ ʟʘʣʝʞʥʦ ʚʽʜ ʛʘʙʘʨʠʪʽʚ ʚʘʥʪʘʞʫ, ɦ ʦ ʧʝʨʝʚʦʟʠʪʴʩʷ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʘʛʦʥʽʚ ʥʝ ʚʨʘʭʦʚʘʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʷʢʽ ʤʦʞʫʪʴ ʜʽʷʪʠ ʥʘ ʥʠʭ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʚʝʜʝʥʥʽ ʚʦʛʥʝʚʠʭ 

ʜʽʡ ʟ ʥʠʭ. 

ʇʠʪʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʚʘʥ-

ʪʘʞʽʚ ʨʦʟʛʣʷʥʫʪʽ ʫ ʥʘʫʢʦʚʽʡ ʧʫʙʣʽʢʘʮʽʾ [119]. ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʪʘ ʤʽʮʥʦʩʪʽ 

ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ProMechanica ʪʘ CosmosWorks. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟ ʨʽʟʥʦʪʠʧʥʠʭ ʤʘʪʝʨʽ-

ʘʣʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʘʛʦʥʘ ʟ ʚʽʜʢʨʠʪʦʶ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ 

ʧʣʘʪʬʦʨʤʦʶ ʥʘʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ [205]. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʦ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦ-

ʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ MSC Adams. ʂʦʥʩʪʨʫʢʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʘʛʦʥʘ ʜʣʷ ʽʥʪʝ-

ʨʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʨʦʟʛʣʷʥʫʪʽ ʫ ʥʘʫʢʦʚʽʡ ʧʫʙʣʽʢʘʮʽʾ [206]. ɺʘʛʦʥ ʤʘʻ ʧʦʥʠ-

ʞʝʥʫ ʩʝʨʝʜʥʶ ʯʘʩʪʠʥʫ, ʘ ʥʘʚ̫ʥʽʩʪʴ ʦʙʦʨʦʪʥʦʾ ʯʘʩʪʠʥʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶ-

ʚʘʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʪʝʭʥʽʢʠ ʩʘʤʦʢʘʪʦʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘʪʬʦ-

ʨʤʠ ʧʦʜʘʥʽ ʫ ʨʦʙʦʪʽ [207]. ʅʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʪʘ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʽ, ʷʢʽ ʜʦ-

ʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ, ʟʘʚʘʥʪʘ-

ʞʝʥʦʾ ʜʚʦʤʘ ʢʦʥʪʝʡʥʝʨʘʤʠ-ʮʠʩʪʝʨʥʘʤʠ. ʇʦʢʘʟʘʥʦ ʦʩʦʙʣʠʚʦʩʪ ̔ʜʠʥʘʤʽʯʥʦʾ ʥʘʚʘʥ-

ʪʘʞʝʥʦʩʪʽ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʚʠʟʥʘʯʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʋʜʦʩʢʦʥʘʣʠʪʠ ʥʝʩʫʯʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʟ ʤʝʪʦʶ ʤʦʞʣʠ-

ʚʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʚʝʜʝʥʥʷ ʚʦʛʥʝʚʠʭ ʜʽʡ ʟ ʥʴʦʛʦ; 
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2. ɺʠʟʥʘʯʠʪʠ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʥʝʩʫʯʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʘʛʦʥʘ-ʧʣʘʪ-

ʬʦʨʤʠ ʧʨʠ ʚʝʜʝʥʥʽ ʚʦʛʥʝʚʠʭ ʜʽʡ ʟ ʥʴʦʛʦ; 

3. ɺʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘ-

ʪʬʦʨʤʠ ʧʨʠ ʚʝʜʝʥʥʽ ʚʦʛʥʝʚʠʭ ʜʽʡ ʟ ʥʴʦʛʦ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʚʦʛʥʝʚʠʭ ʜʽʡ ʟ 

ʥʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 7.3). ʗʢ ʧʨʦʪʦʪʠʧ 

ʙʫʣʦ ʦʙʨʘʥʦ ʚʘʛʦʥ-ʧʣʘʪʬʦʨʤʫ ʤʦʜʝʣʽ 13-401. 

 

ʈʠʩʫʥʦʢ 7.3 ï ɺʘʛʦʥ-ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʚʝʜʝʥʥʷ ʚʦʛʥʝʚʠʭ ʜʽʡ 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʥʝʩʫʯʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʧʦ-

ʚʦʨʦʪʥʠʭ ʩʝʢʪʦʨʽʚ ʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚôʷʟʢʠʤ ʘʙʦ ʧʨʫʞʥʦ-ʚôʷʟʢʠʤ ʟʚôʷʟ-

ʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʛʣʠʥʘʪʠ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʨʘʤʫ ʧʨʠ 

ʚʝʜʝʥʥʽ ʚʦʛʥʶ ʟ ʚʘʛʦʥʘ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʥʘʚʝʜʝʥʫ ʫ 

ʨʦʙʦʪʽ [210]. ɼʘʥʘ ʤʦʜʝʣʴ ʜʦʦʧʨʘʮʴʦʚʘʥʘ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʩʪʫ-

ʧʝʥʷ ʚʽʣʴʥʦʩʪʽ ï ʢʦʣʠʚʘʥʴ ʧʦʩʤʠʢʫʚʘʥʥʷ. ɺʨʘʭʦʚʘʥʦ, ʱʦ ʚʘʛʦʥ-ʧʣʘʪʬʦʨʤʘ ʟʘʚʘ-

ʥʪʘʞʝʥʠʡ ʜʚʦʤʘ ʟʝʥʽʪʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʟ ʜʫʣʴʥʦʶ ʝʥʝʨʛʽʻʶ 89 ʢɼʞ ʢʦʞʥʘ. ʇʨʠ 

ʮʴʦʤʫ ʧʨʠʡʥʷʪʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʟʝʥʽʪʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʧʦʩʪʨʽʣʽ 

ʚʽʜʩʫʪʥʻ. ʈʦʟʨʘʭʦʚʘʥʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʘʛʦʥ-ʧʣʘʪʬʦʨʤʠ ʧʨʠ ʚʝʜʝʥʥʽ ʚʦʛʥʶ ʧʨʠ ʨʽ-

ʟʥʠʭ ʢʫʪʘʭ ʧʦʩʪʽʣʫ. ʆʪʨʠʤʘʥʦ ʤʘʢʩʠʤʘʣʴʥ ̔ʧʨʠʩʢʦʨʝʥʥʷ ï ʙʽʣʷ 3,8 ʤ/ʩ2 (ʨʠʩ. 7.4) 

ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʧʽʜʩʢʘʢʫʚʘʥʥʷ ʪʘ 3,9 ʤ/ʩ2 ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʛʘʣʦʧʫʚʘʥʥʷ (ʨʠʩ. 7.5).  
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ʈʠʩʫʥʦʢ 7.4 ï ʇʨʠʩʢʦʨʝʥʥʷ ʚ ʮʝʥʪʨʽ ʤʘʩ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ     

ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʧʽʜʩʢʘʢʫʚʘʥʥʷ 

 

 

ʈʠʩʫʥʦʢ 7.5 ï ʇʨʠʩʢʦʨʝʥʥʷ ʚ ʮʝʥʪʨʽ ʤʘʩ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ   

ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʛʘʣʦʧʫʚʘʥʥʷ 

 

ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʟóʷʩʦʚʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ 

ʧʦʩʪʨʽʣʫ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʛʦ ʦʧʦʨʫ ʤʽʞ ʧʦʚʦʨʦʪʥʠʤ ʩʝʢʪʦʨʦʤ ʪʘ 

ʥʝʩʫʯʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 50ï

130 ʢʅϽʩ/ʤ, ʘ ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ï 60ï200 ʢʅ/ʤ. 

ʆʪʞʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʫʞʥʦ-ʚôʷʟʢʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʧʦʚʦʨʦʪʥʠʤ 

ʩʝʢʪʦʨʦʤ ʪʘ ʥʝʩʫʯʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʥʠʟʠʪʠ 

ʜʠʥʘʤʽʯʥʫ ʥʘʚʘʥʪʘʞʝʥʽʩʪʴ ʧʨʠ ʧʦʩʪʨʽʣʽ ʟ ʟʝʥʽʪʥʠʭ ʫʩʪʘʥʦʚʦʢ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦ-

ʱʠʥʽ ʤʘʡʞʝ ʥʘ 30% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʧʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠ-

ʪʠʯʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʘ-

ʣʴʥʠʡ ʘʥʘʣʽʟ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ CosmosWorks. ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʝʥʦ ʧʨʦ-

ʩʪʦʨʦʚʫ ʤʦʜʝʣʴ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ. 
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ʈʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʝʥʠʡ ʟʘ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʥʘ-

ʚʝʜʝʥʘ ʥʘ ʨʠʩ. 7.6. 

 

ʈʠʩʫʥʦʢ 7.6 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ 

 

ɺʨʘʭʦʚʘʥʦ, ʱʦ ʥʘ ʧʝʨʝʜʥʽ ʫʧʦʨʠ ʘʚʪʦʟʯʝʧʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʽʻ ʧʦʚʟʜʦʚʞʥʻ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʈʧ = 2,5 ʄʅ. ʅʘ ʥʝʩʫʯʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʘʛʦʥʘ-ʧʣʘʪʬʦʨʤʠ ʜʽʻ ʚʝʨʪʠʢʘ-

ʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʈʚ ʚʽʜ ʚʘʛʠ-ʙʨʫʪʪʦ ʟʝʥʽʪʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʦʞ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʟʦʥʘʭ ʟʘʢʨʽʧʣʝʥʥʷ ʫʩʪʘʥʦʚʦʢ ʈʟ, ʷʢʝ ʨʦʟʢʣʘʜʘʣʦʩʷ ʥʘ ʩʢʣʘʜʦʚʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷ ʢʫʪʽʚ ʨʦʟʤʽʱʝʥʥʷ ʟʘʩʦʙʽʚ ʟʘʢʨʽʧʣʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ. ɿʘʢʨʽʧʣʝʥʥʷ ʤʦʜʝʣʽ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚ ʟʦʥʘʭ ʦʙʧʠʨʘʥʥʷ ʥʘ ʭʦʜʦʚʽ ʯʘʩʪʠʥʠ. 

 

7.1.3. ʄʝʪʦʜʠ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 

ʋ ʩʪʘʪʪʽ [186] ʨʦʟʛʣʷʥʫʪʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʤʝʪʦʜʠ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ 

ʩʣʫʞʙʠ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ. ʄʝʪʦʶ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʷʢʠʡ ʚʠʯʝʨʧʘʚ ʩʚʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʟ ʥʝʦʙʭʽʜʥʠʤ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ.  

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʟʥʠʞʫ-

ʻʪʴʩʷ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʪʘʢʠʭ ʦʩʥʦʚ-

ʥʠʭ ʯʠʥʥʠʢʽʚ: 
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ï ʟʥʦʩ ʚʫʟʣʽʚ ̔  ʜʝʪʘʣʝʡ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʾ ʭ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ; 

ï ʧʨʠʨʦʜʥʝ ʩʪʘʨʽʥʥʷ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʢʦʨʦʟʽʷ ̔  ʪ.ʽ.); 

ï ʥʘʢʦʧʠʯʝʥʥʷ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʪʦʤʥʠʭ ʟʤʽʥ ʩʪʘʥʫ ʥʝʩʫʯʠʭ ʤʝʪʘʣʝ-

ʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʧʽʜ ʜʽʻʶ ʮʠʢʣʽʯʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ ʥʝ-

ʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘ ʧʝʚʥʽʡ ʩʪʘʜʽʾ ʧʦʯʠʥʘʶʪʴʩʷ ʷʚʠʱʘ ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʤʝʪʘʣʫ 

ʨʫʡʥʫʚʘʥʥʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ, ʷʢ ʚʪʦʤʥʽ ʫʰʢʦʜʞʝʥʥʷ. 

ʉʧʦʯʘʪʢʫ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʤʝʪʘʣʫ ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʢʨʦʪʨʽʱʠʥʠ, ʷʢʽ 

ʥʘ ʧʦʜʘʣʴʰʠʭ ʩʪʘʜʽʷʭ ʧʝʨʝʨʦʩʪʘʶʪʴ ʚ ʤʘʢʨʦʪʨʽʱʠʥʠ ʽ ʧʨʠ ʥʝʩʚʦʻʯʘʩʥʦʤʫ ʚʠʷʚ-

ʣʝʥʥʽ ʪʘ ʫʩʫʥʝʥʥʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʫ [180]. 

ʉʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʤʝʪʘʣʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʘʚʠʣʴ-

ʥʦ ʁʧʝʨʽʦʜʠʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʠʭ ʚʫʟʣʽʚ  ̔ʜʝʪʘʣʝʡ 

ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ. ɿʘ ʪʘʢʠʭ ʦʙʩʪʘʚʠʥ ʥʘ ʧʝʨʰʫ ʨʦʣʴ ʚʠʭʦʜʷʪʴ ʤʝʪʦʜʠ ʧʨʦʜʦʚ-

ʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ. 

ʄʝʪʦʶ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥ ̫  ̒ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʦʚʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʧʨʠʟʥʘʯʝʥʦʛʦ ʟʘʚʦʜʦʤ-ʚʠʨʦʙʥʠʢʦʤ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʝ-

ʣʠʯʠʥʠ ʧʨʦʜʦʚʞʝʥʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ, ʧʨʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʮʴʦʛʦ ʚʠʜʫ 

ʡ ʦʙʩʷʛʫ ʨʝʤʦʥʪʫ (ʜʝʧʦʚʩʴʢʠʡ ʯʠ ʢʘʧʽʪʘʣʴʥʠʡ) ʘʙʦ ʚʠʢʣʶʯʝʥʥʷ.  

ɿʘʚʜʘʥʥʷʤ ʦʙʩʪʝʞʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʘʛʦʥʽʚ  ̒ʚʠʷʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ 

ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʤʝʭʘʥʽʯʥʦʛʦ ʘʙʦ ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ, ʟʘʣʠʰʢʦʚʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʪʨʽʱʠʥ, ʢʦʥʪʨʦʣʴ ʪʦʚʱʠʥʠ ʩʪʽʥʦʢ ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʢʫʟʦʚʘ ʪʘ ʨʘʤʠ.  

 

 

7.2. ʂʦʥʪʨʦʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

 

ɿʘʚʜʘʥʥʷʤ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ  ̒ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʚʽʜʧʦ-

ʚʽʜʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʛʦʥʫ ʚʠʤʦʛʘʤ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ. 
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ʂʦʥʪʨʦʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ: 

ï ʩʪʘʪʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʚʽʜ ʜʽʾ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ï ʩʢʠʜʘʥʥʷ ʟ ʢʣʠʥʽʚ; 

ï ʪʠʧʦʚʽ ʪʘ ʨʝʩʫʨʩʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʟʽʪʢʥʝʥʥʽ. 

ʉʪʘʪʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ï ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʜʝʬʦ-

ʨʤʘʮʽʡ, ʩʪʽʡʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ, ʨʘʤʠ ʚʘʛʦʥʘ ʪʘ ʨʘʤʠ ʚʽʟʢʘ ʟ ʨʝʘ-

ʣʴʥʦ ʥʘʷʚʥʠʤʠ ʪʦʚʱʠʥʘʤʠ ʥʘ ʧʝʨʽʦʜ ʦʙʩʪʝʞʝʥʥʷ ʧʨʠ ʜʽʾ ʩʪʘʪʠʯʥʦ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʉʢʠʜʘʥʥʷ ʟ ʢʣʠʥʽʚ ï ʦʮʽʥʢʘ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫ-

ʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʨʘʤʠ ̔  ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʪʘ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚʽʟʢʘ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʦ ʩʢʠʜʘʥʥʶ ʟ ʢʣʠʥʽʚ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʟʘʚʘʥ-

ʪʘʞʝʥʠʡ ʚʘʛʦʥ, ʥʘʢʦʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʢʦʤʦʪʠʚʘ ʥʘ ʢʣʠʥʠ (ʚʠʩʦʪʘ ʢʣʠʥʽʚ 

ʩʢʣʘʜʘʻ ʥʝ ʤʝʥʰʝ 25 ʤʤ, ʜʦʚʞʠʥʘ ï 350 ʤʤ, ʰʠʨʠʥʘ ï 50 ʤʤ).  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʢʣʠʥʽʚ ʽ ʤʽʩʮʷ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʜ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʣʝʩʘʤʠ ʚʘʛʦʥʘ ʚʠʟʥʘʯʘʶʪʴ ʚʠʜʠ ʢʦʣʠʚʘʥʥʷ ʧʨʠ ʧʨʦʭʦʜʽ ʽ ʩʢʠ-

ʜʘʥʥʽ ʚʘʛʦʥʘ ʟ ʢʣʠʥʽʚ. ʂʽʣʴʢʽʩʪʴ ʩʢʠʜʘʥʴ ʟ ʢʣʠʥʽʚ ʟʘ ʢʦʞʥʦʶ ʩʭʝʤʦʶ ʾʭ ʚʩʪʘʥʦʚ-

ʣʝʥʥʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʥʝ ʤʝʥʰʝ 3 ʨʘʟʽʚ. 

ʊʠʧʦʚʽ ʪʘ ʨʝʩʫʨʩʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ï ʚʠʟʥʘʯʝʥʥʷ ʽ ʦʮʽ-

ʥʢʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʚ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʨʘʤʠ ʪʘ ʢʫʟʦʚʘ 

ʚʘʛʦʥʘ ʧʨʠ ʧʨʠʢʣʘʜʘʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʫʜʘʨʥʠʭ ʩʠʣ ʯʝʨʝʟ ʘʚʪʦʟʯʝʧʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʪʠʧʦʚʠʭ ʪʘ ʨʝʩʫʨʩʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʩʧʽʚʫʜʘʨ ʧʦʣʷʛʘʻ 

ʫ ʪʘʢʦʤʫ: 

ï ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʘʛʦʥʘ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ; 

ï ʟʚʘʞʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʛʦʥʘ; 

ï ʦʙʣʘʰʪʫʚʘʥʥʷ ʚʘʛʦʥʘ ʩʧʝʮʽʘʣʴʥʠʤ ʘʚʪʦʟʯʝʧʦʤ-ʜʠʥʘʤʦʤʝʪʨʦʤ; 

ï ʫʩʪʘʥʦʚʢʘ ʚʘʛʦʥʘ ʥʘ ʜʽʣʷʥʢʫ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʪʘʢʦʞ 

ʧʽʢʝʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʢʦʯʫʚʘʥʥʷ ʚʘʛʦʥʘ-ʙʦʡʢʘ; 

ï ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʧʽʚʫʜʘʨ; 

ï ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ, ʰʚʠʜʢʦʩʪʽ ʥʘʢʦʯʫʚʘʥʥʷ ʪʘ ʩʠʣʠ ʫʜʘʨʫ ʚʘʛʦʥʘ-

ʙʦʡʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ; 

ï ʦʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʪʠʧʦʚʠʭ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʧʨʦʚʦʜʠʪʴʩ ̫ʧʽʩʣʷ 
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ʢʦʞʥʠʭ 3-5 ʫʜʘʨʽʚ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʽʪʢʥʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ h ʣʷʭʦʤ ʥʘʢʦʯʫʚʘʥʥʷ ʣʦʢʦʤʦʪʠʚʦʤ 

ʚʘʛʦʥʘ-ʙʦʡʢʘ ʥʘ ʜʦʩʣʽʜʥʠʡ ʚʘʛʦʥ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʽʜʧʝʨʪʦʤʫ (ʧʨʠ ʦʜʥʦ ʫʜʘ-

ʨʥʽʡ ʩʭʝʤʽ) ʪʘ ʚʽʣʴʥʦʤʫ (ʧʨʠ ʜʚʦʭ ʫʜʘʨʥʽʡ ʩʭʝʤʽ ʚʠʧʨʦʙʫʚʘʥʴ) ʩʪʘʥʘʭ. ʇʽʩʣʷ ʢʦ-

ʞʥʦʾ ʩʝʨʽʾ ʩʧʽʚʫʜʘʨʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʘʛʦʥʘ ʪʘ ʡʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ. ʇʨʦʮʝʩ ʚʠʥʠʢʥʝʥʥʷ  ̔ʨʦʟʚʠʪʢʫ ʜʝʬʝʢʪʫ ʜʝʪʘʣʝʡ, ʚʫʟʣʽʚ  ̔ʫʩʪʘʪʢʫ-

ʚʘʥʥʷ ʚʘʛʦʥʘ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʨʠ ʮʴʦʤʫ ʚʠʷʚʣʷʶʪʴʩʷ 

ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ. ʋʜʘʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠ-

ʪʠʩʷ ʟ ʦʜʠʥʦʯʥʠʤ ʚʘʛʦʥʦʤ, ʷʢʠʡ ʫʜʘʨʷʻʪʴʩʷ ʚ ʛʨʫʧʫ ʟʘʛʘʣʴʤʦʚʘʥʠʭ ʚʘʛʦʥʥʠʤʠ 

ʙʘʰʤʘʢʘʤʠ ʟʘʚʘʥʪʘʞʝʥʠʭ ʚʘʛʦʥʽʚ, ʱʦ ʩʪʦʷʪʴ ʥʘ ʧʨʷʤʽʡ ʜʽʣʷʥʮʽ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ, 

ʘʙʦ ʚ ʷʢʠʡ ʫʜʘʨʷʻʪʴʩʷ ʟʘʚʘʥʪʘʞʝʥʠʡ ʚʘʛʦʥ-ʙʦʡʦʢ ʧʨʠ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʫʭʫ. 

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʦʜʠʥʦʯʥʦʛʦ ʚʘʛʦʥʫ ʟʘʚʘʥʪʘʞʝʥʠʡ ʚʘʛʦʥ-ʙʦʡʦʢ ʥʘʢʦʯʫ-

ʻʪʴʩʷ ʥʘ ʚʘʛʦʥ ʫʩʪʘʥʦʚʣʝʥʠʡ ʫ ʛʨʫʧʽ ʚʘʛʦʥʽʚ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ ʣʦʢʦʤʦʪʠʚʦʤ, 

ʷʢʠʡ ʚʽʜʯʽʧʣʶʻʪʴʩʷ ʚʽʜ ʚʘʛʦʥʘ-ʙʦʡʢʘ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʠʤ ʧʨʠʙʣʠʟʥʦ ʟʘʜʘʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʩʧʽʚʫʜʘʨʷʥʥʷ ʟʘ GPS ʤʦʜʫʣʝʤ. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʚʘʛʦʥʽʚ (ʨʠʩ. 7.7) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʚʘʛʦʥʽʚ. 

 

 

ʈʠʩʫʥʦʢ 7.7 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ: 1 ï ʣʦʢʦʤʦʪʠʚ; 2 ï ʚʘʛʦʥ-ʙʦʡʦʢ; 3 ï ʚʘʛʦʥ, ʷʢʠʡ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ; 4, 5, 5*, 

6, 6* ï ʚʘʛʦʥ ʧʽʜʧʦʨʫ; 7 ï ʧʨʠʩʪʨʽʡ ʚʠʤʽʨʶʚʘʥʥʷ h ʚʠʜʢʦʩʪʽ; 8 ï ʪʝʥʟʦʤʝʪʨʠʯʥʠʡ ʘʚʪʦʟʯʝʧʥʠʡ 

ʧʨʠʩʪʨʽʡ 

 

 

7.3. ʅʝʨʫʡʥʽʚʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ 

 

ʄʝʪʦʜʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʽʜʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʝʚ'ʷʪʴ ʚʠʜʽʚ: ʤʘʛʥʽʪʥʠʡ, 

ʝʣʝʢʪʨʠʯʥʠʡ, ʚʠʭʨʦʩʪʨʫʤʦʚʠʡ, ʨʘʜʽʦʭʚʠʣʴʦʚʠʡ, ʪʝʧʣʦʚʠʡ, ʦʧʪʠʯʥʠʡ, ʨʘʜʽʘʮʽʡ-

ʥʠʡ, ʘʢʫʩʪʠʯʥʠʡ ʽ ʧʨʦʥʠʢʘʶʯʠʭ ʨʝʯʦʚʠʥ [211]. ʋ ʢʦʞʥʦʤʫ ʤʝʪʦʜʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

170  ¶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʠʭ ʧʨʠʡʦʤʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, ʟʘ ʚʠʢʦʥʘʥʥʷʤ ʷʢʠʭ ʥʝ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦʨʫʰʝʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʦʙóʻʢʪʫ ʱʦʜʦ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʄʝʪʦʜʠ 

ʥʝʨʫʡʥʫʶʯʦʛʦ ʢʦʥʪʨʦʣʶ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ: 

ï ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʻʤʦʜʽʾ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʯʠ ʨʝʯʦʚʠʥ ʟ ʦʙ'ʻʢʪʦʤ ɦ ʦ ʢʦʥʪʨʦʣʶ-

ʻʪʴʩʷ; 

ï ʧʝʨʚʠʥʥʠʤʠ ̔ ʥʬʦʨʤʘʪʠʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ; 

ï ʩʧʦʩʦʙʘʤʠ ʦʜʝʨʞʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ̔ ʥʬʦʨʤʘʮʽʾ. 

ɼʦʜʘʪʢʦʚʘ ʫʤʦʚʘ ʚʠʢʦʥʘʥʥʷ ʥʝʨʫʡʥʫʶʯʦʛʦ ʢʦʥʪʨʦʣʶ ʮʝ ʪʝ, ɦ ʦ ʦʧʝʨʘʪʦʨ ʧʦ-

ʚʠʥʝʥ ʙʫʪʠ ʩʝʨʪʠʬʽʢʦʚʘʥʠʡ [212]. 

ɺʠʙʽʨ ʤʝʪʦʜʫ ʪʘ ʟʘʩʦʙʫ ʥʝʨʫʡʥʫʶʯʦʛʦ ʢʦʥʪʨʦʣʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʜʝ-

ʬʝʢʪʦʩʢʦʧʽʾ, ʪʝʭʥʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʡ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝ-

ʪʨʽʚ ʦʙóʻʢʪʘ ʢʦʥʪʨʦʣʶ ʽ ʫʤʦʚ ʡʦʛʦ ʦʙʩʪʝʞʝʥʥʷ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʚʫʟʣʽʚ ʪʘ ʜʝʪʘʣʝʡ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʥʘʡʙʽʣʴʰ h ʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ 

4 ʤʝʪʦʜʠ ʥʝʨʫʡʥʫʶʯʦʛʦ ʢʦʥʪʨʦʣʶ: ʚʽʟʫʘʣʴʥʠʡ, ʢʘʧʽʣʷʨʥʠʡ, ʤʘʛʥʽʪʦʧʦʨʦʰʢʦʚʠʡ 

ʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ.  

ɺʽʟʫʘʣʴʥʠʡ ʤʝʪʦʜ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ [213] (ʜʘʣʽ ï VT). 

ɼʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʠʭ ʚʫʟʣʽʚ ʪʘ ʜʝʪʘʣʝʡ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 

ʪʘ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʜʝʬʝʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ VT ʤʝʪʦʜ, ʷʢʠʡ ʦʩʥʦʚʘʥʠʡ 

ʥʘ ʜʽʾ ʥʘ ʚʠʨʽʙ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʫ ʪʘ ʥʘʜʘʥʥʽ 

ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʧʝʨʘʪʦʨʫ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʆʂ. 

ʂʘʧʽʣʷʨʥʠʡ ʤʝʪʦʜ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ [214] (ʜʘʣʽ ï PT). 

ʄʝʪʦʜ PT ʦʩʥʦʚʘʥʠʡ ʥʘ ʢʘʧʽʣʷʨʥʦʤʫ ʧʨʦʥʠʢʥʝʥʥʽ ʽʥʜʠʢʘʪʦʨʥʦʾ ʨʽʜʠʥʠ (ʧʝ-

ʥʝʪʨʘʥʪʘ) ʚ ʧʦʨʦʞʥʠʥʠ ʜʝʬʝʢʪʽʚ ʤʝʪʘʣʫ, ʱʦ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʦʙóʻʢʪʘ ʢʦʥ-

ʪʨʦʣʶ, ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʮʠʭ ʜʝʬʝʢʪʽʚ (ʚʽʟʫʘʣʴʥʦ ʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘ-

ʜʽʚ), ʷʢʽ ʩʪʚʦʨʶʻ ʽʥʜʠʢʘʪʦʨʥʘ ʨʽʜʠʥʘ, ʱʦ ʚʠʡʰʣʘ ʽʟ ʧʦʨʦʞʥʠʥ ʜʝʬʝʢʪʽʚ ʽ ʥʘʜʘʻ 

ʢʽʣʴʢʽʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʝʬʝʢʪ (ʰʠʨʠʥʘ, ʛʣʠʙʠʥʘ  ̔ʪ.ʽ.) ʪʘ, ʟʨʝʰʪʦʶ, ʧʨʦ ʥʝʙʝ-

ʟʧʝʢʫ ʮʴʦʛʦ ʜʝʬʝʢʪʫ ʜʣʷ ʙʝʟʘʚʘʨʽʡʥʦʾ ʨʦʙʦʪʠ ʚʫʟʣʘ ʽ ʤʝʭʘʥʽʟʤʫ ʈʊ ʚ ʮʽʣʦʤʫ. ɯʥ-

ʜʠʢʘʪʦʨʥʠʤ ʧʝʥʝʪʨʘʥʪʦʤ ʥʘʟʠʚʘʶʪʴ ʢʘʧʽʣʷʨʥʽʡ ʜʝʬʝʢʪʦʩʢʦʧʽʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ 

ʚʦʣʦʜʽʻ ʟʜʘʪʥʽʩʪʶ ʧʨʦʥʠʢʘʪʠ ʚ ʥʝʱʽʣʴʥʦʩʪʽ ʦʙóʻʢʪʘ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʧʦʚʥʶʚʘʪʠ ʮʽ 

ʥʝʱʽʣʴʥʦʩʪʽ. ʇʝʥʝʪʨʘʥʪ ʤʽʩʪʠʪʴ ʬʘʨʙʫʚʘʣʴʥʽ ʨʝʯʦʚʠʥʠ (ʢʦʣʴʦʨʦʚʠʡ ʤʝʪʦʜ) ʘʙʦ 
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171  ¶ 

ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʜʦʙʘʚʢʠ (ʣʶʤʽʥʝʩʮʝʥʪʥʠʡ ʤʝʪʦʜ), ʘʙʦ ʾ ʭ ʢʦʤʙʽʥʘʮʽʶ. ɼʦʙʘʚʢʠ ʜʦ-

ʟʚʦʣʷʶʪʴ ʚʽʜʨʽʟʥʷʪʠ ʟʤʦʯʝʥʫ ʧʝʥʝʪʨʘʥʪʦʤ ʦʙʣʘʩʪʴ ʰʘʨʫ ʧʨʦʷʚʥʠʢʘ ʥʘʜ ʪʨʽʱʠ-

ʥʦ ʁʚʽʜ ʦʩʥʦʚʥʦʛʦ (ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʙʽʣʦʛʦ) ʩʫʮʽʣʴʥʦʛʦ, ʙʝʟ ʜʝʬʝʢʪʽʚ ʤʘʪʝʨʽʘʣʫ 

ʦʙóʻʢʪʘ (ʬʦʥ) ʢʦʥʪʨʦʣʶ.  

ʇʨʦʷʚʥʠʢʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʜʝʬʝʢʪʦʩʢʦʧʽʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʜʣʷ ʚʠʪʷʛʥʝʥʥʷ ʧʝʥʝʪʨʘʥʪʘ ʟ ʥʝʱʽʣʴʥʦʩʪʽ ʥʘ ʟʦʚʥʽʰʥʽ ʧʦʚʝʨʭʥʽ ʆʂ, ʟ ʤʝʪʦʶ 

ʩʪʚʦʨʝʥʥʷ ʯʽʪʢʦʛʦ ̔ ʥʜʠʢʘʪʦʨʥʦʛʦ ʨʠʩʫʥʢʫ ʪʘ ʢʦʥʪʨʘʩʪʥʦʛʦ ʟ ʥʠʤ ʬʦʥʫ (ʨʠʩ. 7.8). 

 

 

ʈʠʩʫʥʦʢ 7.8 ï ɼʝʬʝʢʪʠ ʥʝʩʫʯʠʭ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʚʠʷʚʣʝʥʽ 

 ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʊ ʤʝʪʦʜʫ 

 

ɹʝʟʧʝʨʝʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʢʘʧʽʣʷʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʚʣʷʻʪʴʩʷ ʪʝ, ʱʦ ʟ ʡʦʛʦ ʜʦ-

ʧʦʤʦʛʦʶ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʣʷʪʠ ʧʦʚʝʨʭʥʝʚʽ ʜʝʬʝʢʪʠ, ʘʣʝ ʧʦ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʶ, 

ʧʨʦʪʷʞʥʦʩʪʽ, ʬʦʨʤʽ ʽ ʦʨʽʻʥʪʘʮʽʾ ʧʦ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʭʘʨʘʢʪʝʨ ʜʝʬʝʢʪʫ ʽ ʥʘʚʽʪʴ ʚʠʟʥʘʯʠʪʠ ʜʝʷʢʽ ʧʨʠʯʠʥʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ (ʢʦʥʮʝʥʪ-

ʨʘʮʽʷ ʥʘʧʨʫʛʠ, ʥʝʜʦʪʨʠʤʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʦʱʦ). ʉʣʽʜ ʜʝʬʝʢʪʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʽʥʜʠʢʘʪʦʨʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʫʪʚʦʨʝʥʝ ʽʥʜʠʢʘʪʦʨʥʦʶ ʨʽʜʠʥʦʶ ʚ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʜʝʬʝʢʪʫ  ̔ʧʦʜʽʙʥʠʡ ʬʦʨʤʽ ʡʦʛʦ ʧʝʨʝʪʠʥʫ ʙʽʣʷ ʚʠʭʦʜʫ ʥʘ ʧʦʚʝʨʭʥʶ ʆʂ. ɿʘʟʚʠ-

ʯʘʡ ʩʣʽʜ ʧʦ ʩʚʦʾʡ ʚʝʣʠʯʠʥʽ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʨʦʟʢʨʠʪʪʷ (ʰʠʨʠʥʠ) ʜʝʬʝʢʪʫ ʥʘ ʧʦʚʝʨ-

ʭʥʽ, ʱʦ ʽ ʜʦʟʚʦʣʷʻ ʫʧʝʚʥʝʥʦ ʚʠʷʚʣʷʪʠ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ ʡʦʛʦ ʤʽʩʮʝ ʨʦʟʪʘʰʫ-

ʚʘʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ PT ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ ʪʘʢʠʭ ̫ ʢ: 

ï ʚʠʜ ʜʝʬʝʢʪʦʩʢʦʧʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ̔  ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʧʽʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʽ ʆʂ; 

ï ʭʘʨʘʢʪʝʨ ʜʝʬʝʢʪʫ; 

ï ʜʦʪʨʠʤʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ; 

ɯʥʜʠʢʘ-
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ï ʢʚʘʣʽʬʽʢʘʮʽʷ ʬʘʭʽʚʮʷ, ɦ ʦ ʚʠʢʦʥʫʻ ʅʂ. 

ʄʘʛʥʽʪʦʧʦʨʦʰʢʦʚʠʡ ʤʝʪʦʜ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ [215] (ʜʘʣʽ ï MT). 

ʄʝʪʦʜ MT ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ʧʨʠʪʷʛʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʢ (ʬʝʨʦʤʘʛʥʽʪ-

ʥʦʛʦ ʧʦʨʦʰʢʫ) ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʨʦʟʩʽʶʚʘʥʥʷ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʠ-

ʩʪʨʦʻʤ ʥʘʜ ʜʝʬʝʢʪʦʤ, ʧʨʠ ʥʘʤʘʛʥʽʯʫʚʘʥʥʽ ʜʝʪʘʣʽ ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ MT ʚʠʷʚʣʷʶʪʴʩʷ ʧʦʚʝʨʭʥʝʚʽ ʜʝʬʝʢʪʠ ʪʠʧʫ ʧʦʨʫ-

ʰʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʤʝʪʘʣʫ, ʥʘʧʨʠʢʣʘʜ: ʪʨʽʱʠʥʠ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʬʣʦ-

ʢʝʥʠ, ʟʘʢʘʪʠ, ʥʘʜʨʠʚʠ, ʚʦʣʦʩʦʚʠʥʠ, ʨʦʟʰʘʨʫʚʘʥʥʷ, ʜʝʬʝʢʪʠ ʟʚʘʨʶʚʘʣʴʥʠʭ ʟ'ʻʜ-

ʥʘʥʴ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʩʶ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʘʙʦ ʦʢʨʝʤʽ ʾʾ ʜʽʣʷʥʢʠ 

(ʨʠʩ. 7.9). 

 

     

ʈʠʩʫʥʦʢ 7.9 ï ɼʝʬʝʢʪʠ ʥʝʩʫʯʠʭ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʚʠʷʚʣʝʥʽ  

ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʊ ʤʝʪʦʜʫ 

 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʟʘʩʦʙʘʤʠ MT  ̒ʜʝʬʝʢʪʦʩʢʦʧʠ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʤʠ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʘʙʦ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʤʘʛʥʽʯʫ-

ʚʘʥʥʷ ʜʽʣʷʥʦʢ ʢʦʥʪʨʦʣʶ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ 

ʬʦʨʤʠ, ʷʢʱʦ ʚʠʟʥʘʯʝʥʽ ʟʦʥʠ ʢʦʥʪʨʦʣʶ ʪʘ ʥʘʧʨʷʤʢʠ ʤʦʞʣʠʚʠʭ ʜʝʬʝʢʪʽʚ. ɼʣʷ ʥʘ-

ʤʘʛʥʽʯʫʚʘʥʥʷ ʆʂ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ MT ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʤʘ-

ʛʥʽʪʥʦʛʦ ʧʦʣʷ: ʧʦʟʜʦʚʞʥʽʡ (ʧʦʣʶʩʥʠʡ)  ̔ʮʠʨʢʫʣʷʨʥʠʡ. 

MT ʤʘʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʥʘʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ̔  ʚʠʩʦʢʫ ʯʫ-

ʪʣʠʚʽʩʪʴ. ʇʨʠ ʧʨʘʚʠʣʴʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ ʜʝʪʘʣʝʡ, ʮʠʤ ʤʝʪʦʜʦʤ ʤʦʞʣʠʚʦ 
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ʚʠʷʚʠʪʠ ʚʪʦʤʥʽ ʪʨʽʱʠʥʠ  ̔ʽʥʰʽ ʜʝʬʝʢʪʠ ʚ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʾʭ ʧʦʷʚʠ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʤʝʪʦʜ ʥʝʨʫʡʥʫʶʯʦʛʦ ʢʦʥʪʨʦʣʶ [216] (ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʪʦʚʱʠʥʦ-

ʤʝʪʨʽʷ) (ʜʘʣʽ ï UT). ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʢʦʥʪʨʦʣʴ  ̒ʦʜʥʠʤ ʟ ʘʢʫʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʅʂ 

 ̔ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʥʘʧʨʠʢʣʘʜ ʪʦʚʱʠʥʫ ʧʨʠ ʦʜʥʦʩ-

ʪʦʨʦʥʥʴʦʤʫ ʜʦʩʪʫʧʽ ʜʦ ʚʠʨʦʙʫ, ʚʠʷʚʣʷʪʠ ʧʨʠʭʦʚʘʥʽ ʚʥʫʪʨʽʰʥʽ ʜʝʬʝʢʪʠ ʚ ʆʂ, ʘ 

ʪʘʢʦʞ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ ʾ ʭ ʨʫʡʥʫʚʘʥʥʷ ʘʙʦ ʨʦʟʜʽʣʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 7.10 ï ʇʨʠʢʣʘʜ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ UT ʤʝʪʦʜʦʤ ʤʝʪʘʣʝʚʠʭ  

ʢʦʥʩʪʨʫʢʮʽʡ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʘ ʜʝʬʝʢʪʦʩʢʦʧʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʜʘʪʥʦʩʪʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠ-

ʚʘʥʴ ʚʽʜʙʠʚʘʪʠʩʷ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʤʝʪʦʜʠ 

ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʽ ʚʠʟʥʘʯʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʜʝʬʝʢʪʽʚ 

ʪʠʧʫ ʪʨʽʱʠʥ, ʨʘʢʦʚʠʥ, ʨʦʟʰʘʨʫʚʘʥʴ, ʧʦʨʠʩʪʦʩʪʽ ʪʦʱʦ, ʚ ʜʝʪʘʣʷʭ, ʚʠʢʦʥʘʥʠʭ ʟ ʤʝ-

ʪʘʣʽʚ ʽ ʜʝʷʢʠʭ ʥʝʤʝʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʤʝʪʦʜ ʅʂ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʽʥʴʦʚʠʡ, ʜʟʝʨʢʘʣʴʥʦ-ʪʽʥʴʦʚʠʡ, 

ʝʭʦ-ʤʝʪʦʜ, ʝʭʦ-ʜʟʝʨʢʣʴʥʠʡ, ʜʝʣʴʪʘ-ʤʝʪʦʜ ʪʘ ̔ ʥʰʽ, ʘʣʝ ʜʣʷ ʜʝʬʝʢʪʦʩʢʦʧʽʶʚʘʥʥʷ ʜʝ-

ʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ ʈʉ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʣʠʰʝ ʪʨʠ: ʝʭʦ-ʤʝʪʦʜ; ʪʽʥʴʦʚʠʡ; ʜʟʝʨʢʘʣʴʥʦ-ʪʽ-

ʥʴʦʚʠʡ ʤʝʪʦʜ. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʪʦʚʱʠʥʦʤʽʨʠ ʚʠʤʽʨʶʶʪʴ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʚʽʜ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʜʦ ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʫ ʢʦʥʪ-

ʨʦʣʶ ʽ ʥʘʟʘʜ ʜʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ ʚʠʤʽʨʽʚ ʜʦʩʪʫʧ ʜʦ 
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ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʫ ʢʦʥʪʨʦʣʶ ʥʝ ʧʦʪʨʽʙʝʥ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʷʢʱʦ ʧʨʦ-

ʪʠʣʝʞʥʘ ʧʦʚʝʨʭʥʷ ʦʙ'ʻʢʪʫ ʢʦʥʪʨʦʣʶ ʻ ʚʘʞʢʦʜʦʩʪʫʧʥʦʶ ʘʙʦ ʧʦʚʥʽʩʪʶ ʥʝʜʦʩʪʫʧ-

ʥʦʶ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʽʟʘʪʠ ʦʙ'ʻʢʪ ʢʦʥʪʨʦʣʶ (ʱʦ ʧʦʪʨʽʙʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽ-

ʢʨʦʤʝʪʨʘ ʘʙʦ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ) ʚʽʜʩʫʪʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʥʝʨʫʡʥʫʶʯʦʛʦ 

ʢʦʥʪʨʦʣʶ ʧʽʜ ʯʘʩ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʙʝʟʣʽʯ ʜʝʬʝʢʪʽʚ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʥʘ ʚʘʛʦʥʘʭ- ʭʦʧʝʨʘʭ ʜʣʷ ʟʝ-

ʨʥʘ ʪʘ ʭʦʧʝʨ-ʜʦʟʘʪʦʨʘʭ ʚʠʷʚʠʪʠ ʩʠʩʪʝʤʘʪʠʯʥʽ ʪʠʧʦʚʽ ʜʝʬʝʢʪʠ (ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩ-

ʪʠʯʥʠʭ ʜʘʥʠʭ ʬʽʣʽʾ çʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥ-

ʩʪʠʪʫʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè ɸʊ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè), ʘ ʩʘʤʝ: 

ï ʪʨʽʱʠʥʘ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ ʚʘʛʦʥʘ ʚ ʨʘʡʦʥʽ ʢʣʝʧʘʥʦʛʦ ʟóʻʜʥʘʥʥʷ (ʨʠʩ. 7.11); 

ï ʪʨʽʱʠʥʘ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ ʭʦʧʝʨ-ʜʦʟʘʪʦʨʘ ʨʝʙʨʘ ʞʦʨʩʪʢʦʩʪʽ ʚ ʨʘʡʦʥʽ ʨʦʟ-

ʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ (ʨʠʩ. 7.12). 

ï  

 

ʈʠʩʫʥʦʢ 7.11 ï ʊʠʧʦʚʠʡ ʜʝʬʝʢʪ ʫ ʚʠʛʣʷʜʽ 

ʪʨʽʱʠʥʠ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ ʚʘʛʦʥʘ-ʭʦʧʝʨʘ ʜʣʷ 

ʟʝʨʥʘ ʚ ʨʘʡʦʥʽ ʢʣʝʧʘʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

 

ʈʠʩʫʥʦʢ 7.12 ï ʊʠʧʦʚʠʡ ʜʝʬʝʢʪ ʫ ʚʠʛʣʷʜʽ 

ʪʨʽʱʠʥʘ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ ʭʦʧʝʨ-ʜʦʟʘʪʦʨʘ ʨʝ-

ʙʨʘ ʞʦʨʩʪʢʦʩʪʽ ʚ ʨʘʡʦʥʽ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴ-

ʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʘʛʦʥʽʚ-ʭʦʧʝʨʽʚ ʜʣʷ ʟʝʨʥʘ ʪʘ ʭʦʧʝʨ- 

ʜʦʟʘʪʦʨʽʚ ʟʘ ʧʝʨʽʦʜ 2016-2018 ʨʨ. ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 7.3. 

ʂʨʽʤ ʮʴʦʛʦ, ʟʘ 2016-2018 ʨʨ. ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʭʥʽʯʥʝ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʙʽʣʴʰ 

ʥʽʞ 20 ʪʠʩ. ʚʘʛʦʥʽ ʽʥʰʠʭ ʪʠʧʽʚ (ʥʘʧʽʚʚʘʛʦʥʠ, ʧʣʘʪʬʦʨʤʠ, ʚʘʛʦʥʠ-ʭʦʧʝʨʠ ʜʣʷ ʮʝ-

ʤʝʥʪʫ, ʚʘʛʦʥʠ-ʭʦʧʝʨʠ ʜʣʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʪʘ ̔ ʥ.). ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʙʽʣʴʰ ʥʽʞ 5 ʪʠʩ. ʜʝʬʝʢʪʽʚ ʥʘ ʦʛʣʷʥʫʪʠʭ 

ʚʘʛʦʥʘʭ. 
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ʊʘʙʣʠʮʷ 7.3 ï ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʘʛʦʥʽʚ- ʟʝʨʥʦʚʦʟʽʚ ʪʘ ʭʦʧʝʨ-

ʜʦʟʘʪʦʨʽʚ ʟʘ 2016-2018 ʨʨ. 

 ̄
ʊʠʧ ʚʘʥʪʘʞʥʦʛʦ 

ʚʘʛʦʥʘ 

ʂʽʣʴʢʽʩʪʴ ʧʨʦʜʽʘʛʥʦʩʪʦ-

ʚʘʥʠʭ ʚʘʛʦʥʽʚ ʟʘ 2016-

2018 ʨʨ. 

ʂʽʣʴʢʽʩʪʴ ʚʠʷʚʣʝ-

ʥʠʭ ʜʝʬʝʢʪʽʚ ʟʘ 

2016-2018 ʨʨ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʷʚʣʝ-

ʥʠʭ ʜʝʬʝʢʪʽʚ ʜʦ 

ʧʨʦʜʽʘʛʥʦʩʪʦʚʘʥʠʭ  

ʚʘʛʦʥʽʚ, % 

1 
ɺʘʛʦʥ-ʭʦʧʝʨ ʜʣʷ 
ʟʝʨʥʘ 

3366 310 9,2 

2 ʍʦʧʝʨ-ʜʦʟʘʪʦʨ 749 94 12,6 

 

 

ʆʩʥʦʚʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʙʫʣʠ:  

- ʥʘʩʢʨʽʟʥʘ ʢʦʨʦʟʽʷ ʜʚʦʪʘʚʨʘ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ (ʥʘʧʽʚʚʘʛʦʥʠ),  

- ʥʘʩʢʨʽʟʥʘ ʢʦʨʦʟʽʷ ʩʪʦʡʦʢ ʢʽʥʮʝʚʠʭ (ʥʘʧʽʚʚʘʛʦʥʠ),  

- ʚʽʜʨʠʚ ʧʨʦʤʽʞʥʠʭ ʩʪʦʡʦʢ ʚʽʜ ʧʦʧʝʨʝʯʥʠʭ ʙʘʣʦʢ (ʥʘʧʽʚʚʘʛʦʥʠ),  

- ʥʘʩʢʨʽʟʥʘ ʢʦʨʦʟʽʷ ʪʘ ʪʨʽʱʠʥʠ ʰʢʚʦʨʥʝʚʠʭ ʙʘʣʦʢ (ʚʩʽ ʪʠʧʠ ʚʘʛʦʥʽʚ),  

- ʪʨʽʱʠʥʠ ʢʽʥʮʝʚʠʭ ʙʘʣʦʢ (ʚʩʽ ʪʠʧʠ ʚʘʛʦʥʽʚ),  

- ʥʘʩʢʨʽʟʥʘ ʢʦʨʦʟʽʷ ʦʙʰʠʚʠ ʢʫʟʦʚʘ (ʚʩʽ ʪʠʧʠ ʚʘʛʦʥʽʚ).  

ɹʽʣʴʰʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʜʝʬʝʢʪʽʚ ʙʫʣʦ ʫʩʫʥʫʪʦ ʟʛʽʜʥʦ ʟ ʜʽʶʯʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ ʥʘ ʜʝʧʦʚʩʴʢʠʡ ʪʘ ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪʠ ʚ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʪʘ ʩʠʩʪʝʤʘ-

ʪʠʯʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʪʚʝʨʜʠʪʠ ʪʠʧʦʚʽʩʪʴ ʚʞʝ ʚʽʜʦ-

ʤʠʭ ʜʝʬʝʢʪʽʚ ʢʦʞʥʦʛʦ ʪʠʧʫ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ (ʪʨʽʱʠʥʠ ʪʘ ʥʘʩʢʨʽʟʥʘ ʢʦʨʦʟʽʷ 

ʰʢʚʦʨʥʝʚʠʭ ʙʘʣʦʢ, ʜʝʬʦʨʤʘʮʽʷ ʢʽʥʮʝʚʠʭ ʙʘʣʦʢ, ʥʘʩʢʨʽʟʥʘ ʢʦʨʦʟʽʷ ʦʙʰʠʚʠ ʢʫʟʦʚʘ 

ʪʦʱʦ) ʪʘ ʚʠʷʚʠʪʠ ʥʦʚʽ (ʪʨʽʱʠʥʘ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ ʚʘʛʦʥʘ-ʭʦʧʝʨʘ ʜʣʷ ʟʝʨʥʘ ʚ ʨʘʡʦʥʽ 

ʢʣʝʧʘʥʦʛʦ ʟóʻʜʥʘʥʥʷ, ʪʨʽʱʠʥʘ ʭʨʝʙʪʦʚʦʾ ʙʘʣʢʠ ʭʦʧʝʨ-ʜʦʟʘʪʦʨʘ ʨʝʙʨʘ ʞʦʨʩʪʢʦʩʪʽ 

ʚ ʨʘʡʦʥʽ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ). 

ɿʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤ ʫ ʜʦʩʣʽʜʞʝʥʥʽ [186] ʘʥʘʣʽʟʦʤ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʧʨʦʙʫ-

ʚʘʥʴ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʝʜʦʣʽʢʠ ʡ ʧʝʨʝʚʘʛʠ ʤʝʪʦʜʫ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. ɼʦ 

ʛʦʣʦʚʥʦʾ ʧʝʨʝʚʘʛʠ ʪʨʝʙʘ ʚʽʜʥʝʩʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʥʘ ʧʘʨʪʽʶ ʚʘʛʦʥʽʚ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʪʘ ʨʦʢʫ ʧʦʙʫʜʦʚʠ, ʛʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ï 

ʮʝ ʜʦʩʠʪʴ ʪʨʠʚʘʣʝ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷ (1ï2 ʤʽʩʷʮʽ) ʪʘ ʦʙʨʦ-

ʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (2ï3 ʤʽʩʷʮʽ).  
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ʄʝʪʦʜʠ ʥʝʨʫʡʥʫʶʯʦʛʦ ʢʦʥʪʨʦʣʶ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʚʠʟʥʘʯʠʪʠ ʪʝʭ-

ʥʽʯʥʠʡ ʩʪʘʥ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʪʘ ʨʦʟʨʦʙʠʪʠ ʟʘʭʦʜʠ ʱʦʜʦ ʧʨʦʜʦʚʞʝʥʥʷ ʡʦʛʦ ʪʝ-

ʨʤʽʥʫ ʩʣʫʞʙʠ ʯʠ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʢʣʶʯʝʥʥʷ ʡʦʛʦ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʥʝʚʠʙʘʛʣʠʚʠʤ ʤʝʪʦʜʦʤ ʥʝʨʫʡʥʫʶʯʦʛʦ ʢʦʥʪʨʦʣʶ 

ʻ ʤʘʛʥʽʪʦʧʦʨʦʰʢʦʚʠʡ ʤʝʪʦʜ, ʱʦ ʚʽʥ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʧʽʣʷʨʥʦʛʦ ʤʝʪʦʜʫ, ʚʠʷʚʣʷʻ 

ʜʝʬʝʢʪʠ ʥʘ ʛʣʠʙʠʥʽ ʜʦ  2 ʤʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʪʘ ʥʝ ʤʘʻ ʚʠʤʦʛ ʜʦ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʦʙóʻʢʪʫ ʢʦʥʪʨʦʣʶ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʥʝ ʚʠʤʘʛʘʻ ʚʽʜ ʦʧʝʨʘʪʦʨʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪ-

ʨʦʣʶ ʚʠʟʥʘʯʝʥʥʷ ʭʠʙʥʠʭ ʜʝʬʝʢʪʽʚ. 

 

 

7.4. ʅʦʚʽʪʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʜʣʷ ʣʽʥʽʡ  

ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 

 

7.4.1. ɽʢʽʧʘʞʽ ʽʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʨʠʚʠʭ 

ʗʢ ʚʽʜʦʤʦ, ʢʦʣʽʩʥʽ ʧʘʨʠ ʪʨʘʜʠʮʽʡʥʠʭ ʚʽʟʢʽʚ ʥʝ ʤʘʶʪʴ ʤʝʭʘʥʽʟʤʫ ʢʝʨʫʚʘʥʥʷ 

ʧʦʚʦʨʦʪʦʤ ʦʩʝʡ ʚ ʧʣʘʥʽ. ɺ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʟʘʻʤʦʜʽʾ ʢʦʣʽʩʥʠʭ ʧʘʨ ʽ ʢʦʣʽʾ ʧʨʠ 

ʨʫʩʽ ʛʨʝʙʥʽ ʢʦʣʽʩ ʥʝ ʧʦʚʠʥʥʽ ʪʦʨʢʘʪʠʩʷ ʨʝʡʦʢ. ɻʨʝʙʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʧʦʙʽʞʥʠʤ 

ʟʘʩʦʙʦʤ ʱʦʜʦ ʩʭʦʜʫ ʢʦʣʽʩ ʟ ʨʝʡʦʢ. ʂʦʣʽʩʥʽ ʧʘʨʠ ʤʘʶʪʴ ʜʦʚʦʣʽ ʞʦʨʩʪʢʠʡ ʟʚ'ʷʟʦʢ ʟ 

ʨʘʤʘʤʠ ʚʽʟʢʽʚ ʱʦʜʦ ʧʦʚʦʨʦʪʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ.  

ɯʜʝʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʦʨʦʪʥʠʭ ʚ ʧʣʘʥʽ ʢʦʣʽʩʥʠʭ ʧʘʨ ʽ ʾʭ ʫʩʪʘʥʦʚʢʠ ʚ ʚʽʟʢʫ ʧʦ 

ʨʘʜʽʫʩʘʭ ʜʦ ʮʝʥʪʨʫ ʢʨʠʚʦʾ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʧʨʠʡʰʣʘ ʥʘ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʟʚʠ-

ʯʘʡʥʦ ʞ, ʟ ʘʚʪʦʤʦʙʽʣʷ. ʄʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʪʨʘʻʢʪʦʨʽʻʶ ʨʫʭʫ ʚ ʤʝʞʘʭ ʟʘʟʦʨʫ 

ʚ ʢʦʣʽʾ ʽ ʨʫʭʘʪʠʩʷ ʥʘ ʙʫʜʴ-ʷʢʠʭ ʨʝʞʠʤʘʭ ʙʝʟ ʪʦʨʢʘʥʥʷ ʛʨʝʙʥʽʚ ʽ ʨʝʡʦʢ ʚʠʷʚʠʣʘʩʷ 

ʜʫʞʝ ʧʨʠʚʘʙʣʠʚʦʶ. ʎʝ ʜʘʣʦ ʙ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʙʽʯʥʽ ʢʦʚʟʘʥʥʷ ʪʘ 

ʟʥʦʩ ʫ ʢʦʥʪʘʢʪʘʭ ʽ ʟʥʠʟʠʪʠ ʦʧʽʨ ʨʫʭʫ. ʇʝʨʝʚʘʛʦʶ ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʣʽʩʥʠʭ ʧʘʨ, ʚʚʘ-

ʞʘʻʪʴʩʷ ʾʭ ʟʜʘʪʥʽʩʪʴ ʩʘʤʦʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʱʦʜʦ ʦʩʽ ʢʦʣʽʾ ʽ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʨʫ-

ʭʘʪʠʩʷ ʙʝʟ ʪʦʨʢʘʥʥʷ ʛʨʝʙʥʽʚ ʜʦ ʨʝʡʦʢ (ʨʠʩ. 7.13). ɿʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʜʫʤʢʦʶ 

ʚʽʟʢʠ ʽʟ ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʢʨʠʚʠʭ ʨʘʜʽʘʣʴʥʦ, ʤʘʶʪʴ ʥʠʟʢʫ 

ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʚʽʟʢʘʤʠ ʽʟ ʟʚʠʯʘʡʥʠʤʠ çʞʦʨʩʪʢʠʤʠè ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ. ʆʩʪʘʥʥʽ 

ʩʪʚʦʨʶʶʪʴ ʧʦʤʽʪʥʦ ʙʽʣʴʰʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʝʡʢʠ.  
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ɼʣʷ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʢʦʣʽʾ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ: 

‗
˞
 , ʜʝ 2ʉ ï ʙʘʟʘ ʚʽʟʢʘ; r ï ʨʘʜʽʫʩ ʢʨʠʚʦʾ.  

ʅʘ ʨʠʩ. 7.14 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʨʠʚʽʡ ʪʘ 

ʟʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʽʜ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ.  

 

 
ʘ)                                                 ʙ) 

ʈʠʩʫʥʦʢ 7.13 ï ɺ̔ ʟʢʠ ʪʨʘʜʠʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (ʘ) ʽ ʟ ʨʘʜʽʘʣʴʥʠʤʠ ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ (ʙ) 16 

 

ɿʘ 2016-2018ʨʨ. ʧʦ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʭʥʽʯʥʝ ʜʽʘʛʥʦʩʪʫ-

ʚʘʥʥʷ ʙʽʣʴʰ ʥʽʞ 20 ʪʠʩ. ʚʘʛʦʥʽ ʽʥʰʠʭ ʪʠʧʽʚ (ʥʘʧʽʚʚʘʛʦʥʠ, ʧʣʘʪʬʦʨʤʠ, ʚʘʛʦʥʠ-ʭʦ-

ʧʝʨʠ ʜʣʷ ʮʝʤʝʥʪʫ, ʚʘʛʦʥʠ-ʭʦʧʝʨʠ ʜʣʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʪʘ ʽʥ.). ʇʽʩʣʷ ʧʨʦʚʝʜʝ-

ʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʙʽʣʴʰ ʥʽʞ 5 ʪʠʩ. ʜʝʬʝʢʪʽʚ ʥʘ 

ʦʛʣʷʥʫʪʠʭ ʚʘʛʦʥʘʭ. 

 

 

ʈʠʩʫʥʦʢ 7.14 ï ʈʘʜʽʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʨʠʚʽʡ: ʩʭʝʤʘ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ  

ʪʘ ʟʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʽʜ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ  

                                           
16 ʈʠʩʫʥʦʢ ʟʘʧʦʟʠʯʝʥʦ ʟ ʜʞʝʨʝʣʘ [156] 

https://www.quora.com/why-dont-the-wheels-of-a-train-skid-while-carrying-so-much-weight-even-though-the-rail-wheel-friction-is-low
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7.4.1.1. ʈʘʜʽʘʣʴʥʽ ʚʽʟʢʠ ʬʽʨʤʠ Swiss Locomotive & Machine Works 

ʇʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʴ ʦʜʥʽʻʶ ʟ ʧʨʦʚʽʜʥʠʭ ʚ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʝ-

ʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʣʦʢʦʤʦʪʠʚʽʚ ʽ ʤʦʪʦʨʚʘʛʦʥʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʻ ʰʚʝʡʮʘʨʩʴʢʘ 

ʬʽʨʤʘ Swiss Locomotive & Machine Works (SLM). SLM ʤʘʻ ʬʽʣʽʾ ʫ ʅʽʤʝʯʯʠʥʽ ï 

Schweizerische  Lokomotiv und Maschinenfabrik ï ʪʘ ʫ ʌʨʘʥʮʽʾ ï Suisse.  ɻʦʣʦʚʥʠʡ 

ʟʘʚʦʜ SLM ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ɺʽʥʪʝʨʪʫʨʽ (ʐʚʝʡʮʘʨʽʷ). ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʛʽʨʩʴʢʦʾ ʟʘ-

ʣʽʟʥʠʯʥʦʾ ʪʝʭʥʽʢʠ ʚ ʩʚʽʪʽ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʮʽʻʶ ʢʦʤʧʘʥʽʻʶ. 

 

 

ʈʠʩʫʥʦʢ 7.15 ï ʇʘʨʦʚʦʟ çPadarnè (SLM 0-4-2T 2838) ï ʥʘʡʚʽʜʦʤʽʰʠʡ ʫ ʩʚʽʪʽ ʣʦʢʦʤʦʪʠʚ ʜʣʷ 

ʛʽʨʩʴʢʠʭ ʟʘʣʽʟʥʠʮʴ ʟ ʟʫʙʯʘʩʪʦ-ʨʝʡʢʦʚʠʤ ʧʨʠʚʦʜʦʤ (1922ʨ.) [157] 

 

 

ʈʠʩʫʥʦʢ 7.16 ï ɽʣʝʢʪʨʦʚʦʟ ʢʣʘʩʫ Re-465 ʩʽʤʝʡʩʪʚʘ Lok2000 ʟ ʨʘʜʽʘʣʴʥʠʤʠ ʚʽʟʢʘʤʠ [158] 

 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʬʽʨʤʘ ʧʨʠʜʽʣʷʻ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʩʪʚʦʨʝʥʥʶ ʚʽʟʢʽʚ ʟ ʨʘʜʽʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʨʠʚʠʭ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʫʭʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ 

200 ʢʤ/ʛʦʜ ʧʦ ʩʢʣʘʜʥʠʤ ʚ ʧʣʘʥʽ ʣʽʥʽʷʭ.  

ʊʘʢʽ ʚʽʟʢʠ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʩʝʨʽʡʥʠʭ ʝʣʝʢʪʨʦʚʦʟʘʭ ʩʽʤʝʡʩʪʚʘ 

Lok2000 ʚ ʨʷʜʽ ʢʨʘʾʥ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ. ʉʝʨʽʷ Lok 2000 ï ʮʝ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʩʘʞʠʨʩʴʢʽ ʝʣʝʢʪʨʦʚʦʟʠ, ʧʦʙʫʜʦʚʘʥʽ ʚ ʐʚʝʡʮʘʨʽʾ ʰʚʝʡʮʘʨʩʴʢʠʤʠ 

https://en.wikipedia.org/wiki/Swiss_Locomotive_and_Machine_Works
https://en.wikipedia.org/wiki/Swiss_Locomotive_and_Machine_Works
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ʣʦʢʦʤʦʪʠʚʥʠʤʠ ʪʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʤʠ ʟʘʚʦʜʘʤʠ (SLM) ʜʣʷ Schweizerische 

Bundesbahnen (Swiss Federal Railways) ʫ 1991-2003ʨʨ.  

ʉʝʨʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʢʣʘʩʽʚ:  

- ʩʝʨʽʾ Re 460, Re 465 ï ʌʝʜʝʨʘʣʴʥʽ ʟʘʣʽʟʥʠʮʽ ʐʚʝʡʮʘʨʽʾ;  

- Sr2 ʟʘʣʽʟʥʠʮʴ ʌʽʥʣʷʥʜʽʾ;  

- EL18 ʟʘʣʽʟʥʠʮʴ ʅʽʜʝʨʣʘʥʜʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʚʽʟʢʽʚ ʨʦʟʨʦʙʢʠ SLM ï ʩʘʤʦʦʨʽʻʥʪʫʚʘʥʥʷ ʦʩʝʡ ʢʦʣʽʩʥʠʭ 

ʧʘʨ ʧʦ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ʚ ʧʣʘʥʽ ʢʦʣʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʩʝʚʜʦ-ʢʦʥʽʯ-

ʥʠʡ ʧʨʦʬʽʣʴ ʢʦʣʽʩ, ʧʨʠ ʷʢʦʤʫ ʥʝʟʥʘʯʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʢʦʣʽʩʥʦʾ ʧʘʨʠ 

ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʟʦʚʥʽʰʥʻ ʢʦʣʝʩʦ ʚ ʢʨʠʚʽʡ ʚʩʪʘʥʦʚʠʣʦʩʷ ʥʘ ʙʽʣʴʰʠʡ ʜʽʘʤʝʪʨ ʢʦ-

ʯʝʥʥʷ, ʚʥʫʪʨʽʰʥʽʡ ï ʥʘ ʤʝʥʰʠʡ. ɿʘ ʨʘʭʫʥʦʢ ʮʽʻʾ ʨʽʟʥʠʮʽ ʜʽʘʤʝʪʨʽʚ ʢʦʣʽʩʥʘ ʧʘʨʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʦʨʽʻʥʪʫʻʪʴʩʷ ʧʦ ʨʘʜʽʫʩʫ. ʆʙʠʜʚʽ ʢʦʣʽʩʥʽ ʧʘʨʠ ʚʽʟʢʘ ʟ'ʻʜʥʘʥʽ ʤʝʭʘʥʽʟ-

ʤʦʤ ʟʚ'ʷʟʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʦʨʦʪ ʦʩʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚ ʧʨʦʪʠʣʝʞ-

ʥʠʭ ʥʘʧʨʷʤʢʘʭ ʽ ʧʦʣʝʛʰʫʻ ʨʘʜʽʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʢʦʣʽʩʥʠʭ ʧʘʨ. 

 

7.4.1.2. ʃʦʢʦʤʦʪʠʚʥʽ ʚʽʟʢʠ HTCR-II Trucks, ʨʦʟʨʦʙʢʠ ʢʦʤʧʘʥʽʾ  

Electro-Motive Diesel 

ʆʜʥʽʻʶ ʟ ʩʫʯʘʩʥʠʭ ʨʦʟʨʦʙʦʢ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟ ʢʝʨʦʚʘʥʠʤ ʩʧʨʷʤʫʚʘʥʥʷʤ 

ʚʽʟʢʽʚ ʨʝʡʢʦʚʦʶ ʢʦʣʽʻʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʨʠʚʽʩʥʽ ʣʦʢʦʤʦʪʠʚʥʽ ʚʽʟʢʠ HTCR-II 

Trucks, ʨʦʟʨʦʙʢʠ ʢʦʤʧʘʥʽʾ Electro-Motive Diesel (EMD) [159]. EMD ï ʧʽʜʨʦʟʜʽʣ 

ʚʩʝʩʚʽʪʥʴʦ ʚʽʜʦʤʦʾ ʢʦʨʧʦʨʘʮʽʾ Caterpillar ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʚʦʟʽʚ ʪʘ ʝʣʝʢʪʨʦʚʦ-

ʟʽʚ ï Progress Rail Services Corporation. ʃʽʪʝʨʘ R ʫ ʽʥʜʝʢʩʘʮʽʾ ʚʽʟʢʘ ʚʢʘʟʫʻ ʥʘ ʤʦ-

ʜʠʬʽʢʘʮʽʶ ʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʨʠʚʽʡ. 

 

 

ʈʠʩʫʥʦʢ 7.17 ï ʊʨʠʚʽʩʥʠʡ ʣʦʢʦʤʦʪʠʚʥʠʡ ʚʽʟʦʢ HTCR-II Trucks ʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ  

ʢʦʣʽʩʥʠʭ ʧʘʨ 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

180  ¶ 

7.4.1.3. ɼʦʩʣʽʜʥʠʡ ʚʽʟʦʢ ʪʝʧʣʦʚʦʟʘ 2ʊɽ25ʢ 

ʑʝ ʦʜʠʥ ʧʨʠʢʣʘʜ ʚʽʟʢʘ ʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ ï ʜʦʩʣʽʜʥʠʡ 

ʚ̔ ʟʦʢ ʪʝʧʣʦʚʦʟʘ 2ʊɽ25ʢ, ʨʦʟʨʦʙʣʝʥʠʡ ɺʅɼʂʊɯ (ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʡ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ) ʽ 

ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ɹʄɿ (ɹʨʷʥʩʢʠʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ) [161]. 

ɺʽʟʢʠ ʪʝʧʣʦʚʦʟʘ 2ʊɽ25ʢ ʦʙʣʘʜʥʘʥʽ ʤʝʭʘʥʽʟʤʦʤ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩ-

ʥʠʭ ʧʘʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʝʡ ʢʦʣʽʩʥʠʭ ʧʘʨ ʧʨʠ ʨʫʩʽ ʚʽʟʢʘ 

ʚ ʧʨʷʤʠʭ ʽ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʪʠʜʽʻ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ 

ʨʝʛʫʣʷʨʥʠʭ ʢʦʣʠʚʘʥʴ ʚʠʣʷʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ. ʄʝʭʘʥʽʟʤ ʨʦʟʪʘʰʦʚʘʥʠʡ ʟ ʦʙʦʭ ʙʦ-

ʢʦʚʠʭ ʩʪʦʨʽʥ ʚʽʟʢʘ ʽ ʟʚ'ʷʟʫʻ ʢʽʥʮʽ ʧʦʧʝʨʝʯʥʠʭ ʙʘʣʘʥʩʠʨʽʚ ʨʘʤʠ ʚʽʟʢʠ ʦʜʠʥ ʟ ʦʜʥʠʤ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʪʷʛ 3 ʽ 5 ʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʞʝʣʷ 4 (ʨʠʩ. 7.18).  

 

 

                                                   8 

 
              2          3                                   4        5         6      7 
ʈʠʩʫʥʦʢ 7.18 ï ʂʦʥʩʪʨʫʢʮʽʷ ʚʽʟʢʘ ʪʝʧʣʦʚʦʟʘ 2ʊɽ25ʢ ʟ ʢʝʨʦʚʘʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ 

ʢʨʠʚʠʭ 

 

ʄʝʭʘʥʽʟʤ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʢʣʶʯʘʻ: ʧʦʚʽʜʮʽ 1 ʽ 7 ʢʨʘʡʥʽʭ 

ʙʫʢʩ ʟ'ʻʜʥʘʥʽ ʟ ʧʦʧʝʨʝʯʥʠʤʠ ʙʘʣʘʥʩʠʨʘʤʠ 2 ʽ 6. ɼʦ ʢʽʥʮʽʚ ʙʘʣʘʥʩʠʨʽʚ ʰʘʨʥʽʨʥʦ 

ʧʨʠʻʜʥʘʥʽ ʪʷʛʠ 3 ʽ 5, ʷʢʽ ʽʥʰʠʤʠ ʢʽʥʮʷʤʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ ʜʚʦʧʣʝʯʠʤ 
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ʚʘʞʝʣʝʤ 4. ɼʦ ʧʦʜʦʚʞʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʢʽʥʮʷ ʚʘʞʝʣʷ ʧʨʠʻʜʥʘʥʦ ʛʽʜʨʘʚʣʽʯʥʠʡ ʛʘ-

ʩʠʪʝʣʴ ʢʦʣʠʚʘʥʴ 8. ɺʽʟʢʠ ʟ ʨʘʜʽʘʣʴʥʦ ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥ-

ʰʠʡ ʦʧʽʨ ʨʫʭʫ ʽ ʤʝʥʰʠʡ ʟʥʦʩ ʛʨʝʙʥʽʚ ʚ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ.  

 

7.4.1.4. ʂʦʣʽʩʥʽ ʙʣʦʢʠ ʰʚʠʜʢʽʩʥʠʭ ʽʩʧʘʥʩʴʢʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ Talgo 

ʅʘʡʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʦʶ ʨʝʘʣʽʟʘʮʽʶ ʧʨʠʥʮʠʧʫ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩ-

ʥʠʭ ʧʘʨ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʢʦʣʽʩʥʽ ʙʣʦʢʠ ʰʚʠʜʢʽʩʥʠʭ ʽʩʧʘʥʩʴʢʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ 

Talgo. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʦʾʟʜʘʭ Talgo ʩʠʩʪʝʤʠ ʤʘʷʪʥʠʢʦʚʦʛʦ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʨʘʟʦʤ 

ʽʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʧʦʾʟʜʘ ʚ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ. ʇʨʠ ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʝʧʦʛʘʰʝʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘ ʢʦʤʬʦʨʪ ʧʨʦʾʟʜʫ ʧʘʩʘʞʠʨʽʚ.  

Talgo ï ʻ ʻʜʠʥʠʤ ʚʠʨʦʙʥʠʢʦʤ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʠʩʪʝʤʫ ʟ 

ʚʽʣʴʥʠʤ ʦʙʝʨʪʘʥʥʷʤ ʢʦʣʽʩ, ʢʦʣʠ ʢʦʞʥʝ ʢʦʣʝʩʦ ʥʘ ʦʩʽ ʤʦʞʝ ʦʙʝʨʪʘʪʠʩʷ ʟ ʨʽʟʥʦʶ 

ʰʚʠʜʢʽʩʪʶ. ʎʝ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʫʻ ʢʦʤʬʦʨʪ ʧʘʩʘʞʠʨʽʚ ʫ ʚʘʛʦʥʘʭ, ʘʣʝ ʡ ʤʽʥʽʤʽʟʫʻ 

ʟʥʦʩ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʩʧʨʠʯʠʥʝʥʠʡ ʥʘʰʠʤʠ ʧʦʾʟʜʘʤʠ. 

ɿʘ ʦʩʪʘʥʥʽ 200 ʨʦʢʽʚ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʚʠʨʦʙʥʠʢʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠ ʦʩʽ, ʚ ʷʢʠʭ ʦʙʠʜʚʘ ʢʦʣʝʩʘ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʦʜʥʽʡ ʦʩʽ ʽ ʦʙʝʨʪʘʶʪʴʩʷ ʟ ʦʜʥʘʢʦ-

ʚʦʶ ʰʚʠʜʢʽʩʪʶ.  

ʍʦʜʦʚʘ ʯʘʩʪʠʥʘ Talgo ʫʩʫʚʘʻ ʦʙʠʜʚʽ ʮʽ ʧʨʦʙʣʝʤʠ, ʨʦʟʜʽʣʷʶʯʠ ʦʙʝʨʪʘʥʥʷ ʥʘ 

ʢʦʞʥʦʤʫ ʢʦʣʝʩʽ. ɼʣʷ ʡʦʛʦ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʽ ʥʝ ʦʩʽ, ʘ ʚʘʥʪʘʞʽʚʢʠ rodals ʘʙʦ ʚʘʥʪʘ-

ʞʽʚʢʠ Talgo, ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʘʤʦʥʘʧʨʘʚʣʷʶʯʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʛʘʨʘʥʪʫʻ, ʱʦ ʬʣʘ-

ʥʮʽ ʢʦʣʽʩ ʟʘʚʞʜʠ ʧʘʨʘʣʝʣʴʥʽ ʛʫʩʝʥʠʮʷʤ. ʆʪʞʝ, ʧʦʚʦʨʦʪ ʥʘ ʢʨʠʚʽʡ ʻ ʙʽʣʴʰ ʧʣʘʚʥʠʤ 

ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʥʰʝ ʪʝʨʪʷ, ʘ ʥʝʟʨʫʯʥʝ, ʘ ʽʥʦʜʽ ʡ ʥʝʙʝʟʧʝʯʥʝ, ʢʦʣʠʚʘʥʥʷ ʜʣʷ ʧʦ-

ʣʶʚʘʥʥʷ ʫʩʫʚʘʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʧʦ ʧʨʷʤʽʡ. 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʪʝ, ʱʦ ʥʘʭʠʣ ʢʫʟʦʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜ 

ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ ʽ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʽ ʥʝ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʩʝʨ-

ʚʦʧʨʠʚʦʜʫ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ, ʙʦʨʪʦʚʠʭ ʛʽʨʦʩʢʦʧʽʚ, ʷʢ ʫ ʩʠʩʪʝʤʘʭ ʧʨʠ-

ʤʫʩʦʚʦʛʦ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 
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182  ¶ 

 

ʈʠʩʫʥʦʢ 7.19 ï ʂʦʣʽʩʥʠʡ ʙʣʦʢ ʚʘʛʦʥʘ Talgo-35017 

 

ʍʦʜʦʚʘ ʯʘʩʪʠʥʘ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ Talgo ʧʦʙʫʜʦʚʘʥʘ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʣʘʩʠʯʥʦʾ ʚʘʛʦʥʥʦʾ ʚʽʟʢʠ ʽ ʢʦʣʽʩʥʦʾ ʧʘʨʠ. ɼʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʢʦʣʽʩʥʦʤʫ ʙʣʦʮʽ ʢʦʥʩʪʨʫʢʮʽʾ Talgo. ɾʦʨʩʪʢʘ ʩʪʘʣʝʚʘ ʨʘʤʘ ʢʦʣʽʩʥʦʛʦ ʙʣʦʢʫ ʚʠʢʦ-

ʥʘʥʘ ʚ ʬʦʨʤʽ ʷʨʤʘ, ʚ ʷʢʦʤʫ ʟʘʢʨʽʧʣʝʥʦ ʢʦʣʽʩʥʽ ʚʫʟʣʠ. ʇʨʠ ʮʴʦʤʫ ʢʦʣʝʩʘ, ʥʝ ʟ'ʻʜ-

ʥʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ ʞʦʨʩʪʢʦʶ ʚʽʩʩʶ, ʤʦʞʫʪʴ ʦʙʝʨʪʘʪʠʩʷ ʟ ʨʽʟʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜ-

ʢʽʩʪʶ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʧʨʦʩʣʠʟʘʥʥʷ ʢʦʣʽʩ ʧʨʠ ʨʫʩʽ ʚ ʢʨʠʚʽʡ, ʷʢ ʮʝ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʧʨʠ ʪʨʘʜʠʮʽʡʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʽʩʥʠʭ ʧʘʨ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ çʨʘʜʽʘʣʴ-

ʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʦʛʦ ʙʣʦʢʫè ʚ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʨʝ-

ʩʫʨʩ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʧʦʾʟʜʘ ʧʨʠ ʟʥʠʞʝʥʥʽ ʟʥʦʩʫ ʢʦʣʽʡʥʦʾ ʽʥ-

ʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʉʠʩʪʝʤʘ çʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʦʛʦ ʙʣʦʢʫè ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʚʩʽʭ ʢʦ-

ʣʽʩʥʠʭ ʙʣʦʢʘʭ (ʢʨʽʤ ʢʽʥʮʝʚʠʭ ʚʘʛʦʥʽʚ) ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʩʪʝʤʠ ʧʦʟʜʦʚʞʥʽʭ ʽ 

                                           
17 ʈʠʩʫʥʦʢ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣʘ [134] 
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ʧʦʧʝʨʝʯʥʠʭ ʪʷʛ ʽ ʙʘʣʘʥʩʠʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʫ ʨʘʜʽʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ 

ʢʦʣʽʩʥʦʛʦ ʙʣʦʢʫ ʧʨʠ ʚʭʦʜʽ ʚ ʢʨʠʚʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʥʝʚʤʦʧʦʜʚʝʰʽʚʘʥʽʷ ʚ ʩʫʢʫʧʥʦ-

ʩʪʽ ʟ ʩʠʩʪʝʤʘʤʠ ʤʘʷʪʥʠʢʦʚʦʛʦ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʽ çʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʣʽʩʥʦʛʦ 

ʙʣʦʢʫè ʚ ʢʨʠʚʠʭ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ ʽ, ʚ ʥʘʩʣʽ-

ʜʦʢ ʯʦʛʦ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʧʨʦʾʟʜʫ ʧʘʩʘʞʠʨʽʚ. 

 

 

ʈʠʩʫʥʦʢ 7.20 ï ɽʣʝʢʪʨʦʧʦʾʟʜ Talgo 250 

 

7.4.1.5. ʈʦʟʚʠʪʦʢ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʟʢʽʚ ʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ 

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʦʞʝʥ-

ʥʷʤ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʚʽʟʢʘʭ. ɼʝʷʢʽ ʟ ʥʠʭ ʟʜʽʡʩʥʝʥʦ ʫ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʙʽʣʴ-

ʰʽʩʪʴ ʞʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʧʘʧʝʨʽ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʚʦ-

ʨʦʪʫ ʢʦʣʽʩʥʠʭ ʧʘʨ ʾʭ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ. 

ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʚʽʟʢʠ, ʫ ʷʢʠʭ ʫʩʪʘʥʦʚʢʘ ʢʦʣʽʩʥʠʭ ʧʘʨ, ʚ ʧʦʣʦ-

ʞʝʥʥʷ, ʙʣʠʟʴʢʝ ʜʦ ʨʘʜʽʘʣʴʥʦʛʦ, ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʤʦʚʫʶʯʠʭ ʩʠʣ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʢʦʥʪʘʢʪʘʭ ʢʦʣʽʩ ʟ ʨʝʡʢʘʤʠ. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʝʨʫʶʯʽʡ ʜʽʾ ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ. ɺ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʧʨʠʤʫʩʦʚʦʛʦ ʧʦʚʦʨʦʪʫ ʢʦʣʽʩʥʠʭ ʧʘʨ, ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ 

ʚʧʠʩʫʚʘʥʥʷ ʚ ʢʨʠʚʽ ʜʽʣʷʥʢʠ ʢʦʣʽʾ. 

ʇʝʨʰʠʤ ʚ ʩʚʽʪʽ ʣʦʢʦʤʦʪʠʚʦʤ, ʦʩʥʘʱʝʥʠʤ ʚʽʟʢʘʤʠ ʟ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʦʶ 

ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʨʠʚʠʭ, ʙʫʚ ʝʣʝʢʪʨʦʚʦʟ Re 4/4-46 ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʦʾ ʟʘʣʽʟʥʠʮʽ 

ʐʚʝʡʮʘʨʽʾ ʥʘ ʣʽʥʽʾ ɹʦʜʝʥʟʝʻ-ʊʦʛʝʥʙʫʨʛ, ʜʝ ʙʘʛʘʪʦ ʢʨʠʚʠʭ ʤʘʣʦʛʦ ʨʘʜʽʫʩʫ. 

ʉʭʦʞʘ ʩʭʝʤʘ ʦʧʠʩʘʥʘ ʫ ʧʘʪʝʥʪʽ çɼʚʦʚʽʩʥʠʡ ʚʽʟʦʢ ʟʘʣʽʟʥʠʯʥʦʛʦ ʝʢʽʧʘʞʫè 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

184  ¶ 

(ʨʠʩ. 7.21)[134]. ɼʚʦʚʽʩʥʠʡ ʩʘʤʦ-ʚʩʪʘʥʦʚʣʶʚʘʣʴʥʠʡ ʚʽʟʦʢ ʤʽʩʪʠʪʴ ʨʘʤʫ 1 ʢʨʦʥ-

ʰʪʝʡʥʠ 2 ʽ ʪʷʛʦʚʽ ʜʚʠʛʫʥʠ 4. ʂʦʞʝʥ ʜʚʠʛʫʥ 4 ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʘʤʦʶ 1 ʯʦʪʠʨʤʘ ʧʨʫ-

ʞʥʠʤʠ ʪʷʛʘʤʠ 3, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʧʽʜ ʥʘʭʠʣʦʤ ʚ ʩʪʦʨʦʥʫ ʮʝʥʪʨʫ ʤʘʩ ʚʽʟʢʘ. ʇʨʠ-

ʯʦʤʫ, ʪʷʛʠ 3 ʫʪʚʦʨʶʶʪʴ ʰʘʨʥʽʨʥʫ ʫʩʽʯʝʥʫ ʧʽʨʘʤʽʜʫ, ʩʠʤʝʪʨʠʯʥʫ ʜʦ ʮʴʦʛʦ ʮʝʥʪʨʫ 

ʤʘʩ.  

 

ʈʠʩʫʥʦʢ 7.21 ï ɼʚʦʚʽʩʥʠʡ ʚʽʟʦʢ ʟʘʣʽʟʥʠʯʥʦʛʦ ʝʢʽʧʘʞʫ ʽʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ  

ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʨʠʚʠʭ [165] 

 

ʇʽʜ ʯʘʩ ʨʫʭʫ ʚʽʟʢʘ, ʪʷʛʠ ʠ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʦʧʝʨʝʯʥʠʭ ʩʧʨʷʤʦʚʫʶ-

ʯʠʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʣʽʩʥʽ ʧʘʨʠ. ʇʨʠ ʮʴʦʤʫ ʮʝʥʪʨ ʤʘʩ ʢʦʣʽʩʥʦ-ʤʦʪʦʨʥʦʛʦ ʙʣʦʢʫ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʱʦ ʚʠʢʣʶʯʘʻ ʧʝʨʝʢʽʩ ʢʦʣʽʩʥʠʭ ʧʘʨ. 

ʇʨʠ ʨʫʩʽ ʚ ʢʨʠʚʽʡ, ʢʦʣʽʩʥʘ ʧʘʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʢʦʥʪʘʢʪʥʠʭ ʩʠʣ ʽ ʩʠʣ ʽʥʝʨʮʽʾ ʝʣʝ-

ʤʝʥʪʽʚ ʝʢʽʧʘʞʫ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʧʦʣʦʞʝʥʥʷ, ʙʣʠʟʴʢʝ ʜʦ ʨʘʜʽʘʣʴʥʦʤʫ.  

ɼʦ ʮʽʻʾ ʞ ʛʨʫʧʠ ʥʘʣʝʞʠʪʴ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʟʢʘ ʃʽʭʪʽ (ʨʠʩ. 7.22) [136].  

 

 

ʈʠʩʫʥʦʢ 7.22 ï ʉʭʝʤʘ ʚʽʟʢʘ ʃʽʭʪʽ 
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185  ¶ 

ʂʦʣʽʩʥʽ ʧʘʨʠ 1 ʻ ʪʘʢʠʤʠ, ʱʦ ʚʽʜʭʠʣʷʶʪʴʩʷ ʨʘʟʦʤ ʟ ʢʝʨʫʶʯʠʤʠ ʚʦʜʠʣʘʤʠ 2. 

ɺʦʜʠʣʘ ʘ ʤʦʞʫʪʴ ʧʦʚʝʨʪʘʪʠʩʷ ʱʦʜʦ ʨʘʤʠ ʚʽʟʢʘ 7 ʥʘʚʢʦʣʦ ʰʚʦʨʥʽʚ 3. ʆʙʠʜʚʘ ʚʦ-

ʜʠʣʠ 7 ʩʧʦʣʫʯʘʶʪʴʩʷ ʚ ʩʝʨʝʜʥʽʡ ʪʦʯʮʽ 4 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʪʦʚʦʛʦ ʚʘʞʝʣʷ 5 ʟ ʢʨʦʥ-

ʰʪʝʡʥʦʤ 6 ʢʫʟʦʚʘ 8.  

ɼʚʦʚʽʩʥʠʡ ʚʽʟʦʢ ʟ ʨʘʜʽʘʣʴʥʦ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ ʟ ʧʝʨʝʭʨʝʩ-

ʥʠʤ ʟóʻʜʥʘʥʥʷʤ ʟʘ ʻʚʨʦʧʝʡʩʴʢʠʤ ʧʘʪʝʥʪʦʤ EP 2157007 A1 (ʨʠʩ. 7.23) [137]. ɺʽʟʦʢ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʘʤʫ, ʜʚʽ, ʘʙʦ ʙʽʣʴʰʝ ʢʦʣʽʩʥʠʭ ʧʘʨ ʪʘ ʨʫʣʴʦʚʽ ʟʚ'ʷʟʢʠ, ʱʦ ʟ'ʻʜʥʫ-

ʶʪʴ ʢʦʣʽʩʥʽ ʧʘʨʪʽʾ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ.  

ɼʚʦʚʽʩʥʠʡ ʚʽʟʦʢ ʜʣʷ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʨʘʜʽʘʣʴʥʦ ʨʝʛʫʣʴʦ-

ʚʘʥʠʤʠ ʢʦʣʽʩʥʠʤʠ ʧʘʨʪʘʤʠ ʟ ʧʝʨʝʭʨʝʩʥʠʤ ʟóʻʜʥʘʥʥʷʤ ʢʦʣʽʩʥʠʭ ʧʘʨ, ʱʦ ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʟ ʜʚʦʭ ʧʝʨʝʭʨʝʩʥʠʭ ʜʨʦʪʽʚ, ʷʢʽ ʜʽʘʛʦʥʘʣʴʥʦ ʟ'ʻʜʥʫʶʪʴ ʦʙʠʜʚʘ ʢʦʣʽʩʥʽ ʧʘʨʠ 

ʚʽʟʢʘ; ʤʽʩʪʠʪʴ L-ʦʙʨʘʟʥʽ ʨʦʟʤʽʨʥʽ ʘʜʘʧʪʝʨʠ 3 (ʨʠʩ. 7.23), ʱʦ ʟ'ʻʜʥʘʥʽ ʜʚʦʤʘ ʩʭʨʝ-

ʱʝʥʠʤʠ ʪʷʛʘʤʠ 4 ʽ 7, ʷʢʽ ʤʽʮʥʦ ʟ'ʻʜʥʘʥʽ ʟ ʦʩʴʦʚʠʤ ʷʱʠʢʦʤ 1 ʯʝʨʝʟ ʥʦʩʽʡ ʢʦʨʦʙʦʢ 

ʦʩʝʡ 2, ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʛʦ ʨʦʟʤʽʨʥʽ ʘʜʘʧʪʝʨʥʽ ʢʨʦʥʰʪʝʡʥʠ 3 ʥʝ ʣʝʞʘʪʴ ʚ ʦʜʥʽʡ 

ʧʣʦʱʠʥʽ, ʘ ʪʦʤʫ ʨʦʟʤʽʨʥʠʡ ʘʜʘʧʪʝʨ 3 ʤʽʩʪʠʪʴ ʱʦʥʘʡʤʝʥʰʝ ʱʝ ʦʜʠʥ ʚʠʛʠʥ, ʯʝʨʝʟ 

ʷʢʠʡ ʡʦʛʦ ʪʦʯʢʠ ʟ'ʻʜʥʘʥʥʷ ʟ ʥʦʩʽʻʤ ʢʦʨʦʙʢʠ ʦʩʽ 2 ʪʘ ʪʷʛʦʶ 4 ʪʘ / ʘʙʦ 7 ʧʦʪʨʘʧʣʷʪʴ 

ʫ ʧʦʪʨʽʙʥʝ ʧʦʣʦʞʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 7.23 ï ɺʽʟʦʢ ʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʦʩʝʡ ʟʘ ʧʘʪʝʥʪʦʤ EP 2157007 A1 [136] 

 

ɺʽʟʦʢ ʤʘʻ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʶ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ. ɺʠʭʽʜʥʠʡ ʩʠ-

ʛʥʘʣ ʜʘʪʯʠʢʘ ʦʙʨʦʙʣʷʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʚʠʟʥʠ ʢʦʣʽʾ ʽ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦ-

ʩʪʽ ʨʫʭʫ ʧʦʾʟʜʽʚ ʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʢʫʟʦʚʘ.  



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

186  ¶ 

ʇʨʦʮʝʩʦʨ ʟʘʧʫʩʢʘʻ ʚʠʨʽʚʥʷʣʴʥʽ ʙʘʨʠ, ʱʦʙ ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʪʽʣʘ ʚʽ-

ʜʥʦʩʥʦ ʨʘʤʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʢʨʠʚʠʟʥʫ ʢʦʣʽʾ ʪʘ ʧʦʪʦʯʥʫ ʧʦʟʠʮʽʶ ʨʘʤʠ, ʱʦʙ ʟʙʽʣʴ-

ʰʠʪʠ ʩʪʽʡʢʽʩʪʴ ʢʦʣʽʩʥʠʭ ʧʘʨ.  

ʂʝʨʦʚʘʥʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʚʽʟʦʢ ʟʘ ʧʘʪʝʥʪʦʤ US 8276522 [137] ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

7.24. ʇʦʢʘʟʘʥʦ ʚʘʨʽʘʥʪ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʦʰʘʨʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʚʽʟʢʘ ʟ ʢʫʟʦʚʦʤ 10, ʱʦ 

ʤʘʻ ʨʘʤʫ 11 ʪʘ ʢʦʣʽʩʥʽ ʧʘʨʠ 12 ʽ 13. ʇʝʨʝʜʥʷ ʢʦʣʽʩʥʘ ʧʘʨʘ 12 ʽ ʟʘʜʥʷ ʢʦʣʽʩʥʘ ʧʘʨʘ 

13 ʚʢʣʶʯʘʶʪʴ ʦʩʽ 15, ʢʦʥʽʯʥʽ ʢʦʣʝʩʘ 16 ʽ ʢʦʣʽʩʥʽ ʙʫʢʩʠ 18. ʇʝʨʝʜʥʷ ʢʦʣʽʩʥʘ ʧʘʨʘ 

12 ʟôʻʜʥʘʥʘ ʽʟ ʧʦʚʦʨʦʪʥʦʶ ʨʘʤʢʦʶ 21, ʯʝʨʝʟ ʙʫʢʩʠ 18.  

 

  

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 7.24 ï ɺʽʟʦʢ ʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʨʠʚʽʡ  

ʟʘ ʧʘʪʝʥʪʦʤ US 8276522 [137] 

 

ʇʦʚʦʨʦʪʥʘ ʨʘʤʢʘ 21 ʟ'ʻʜʥʫʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʦʨʦʪʥʠʡ ʝʣʝʤʝʥʪ 24 ʟ ʩʝʨʝʜʥʴʦʶ 

ʨʘʤʢʦʶ 25. ʉʝʨʝʜʥʷ ʨʘʤʢʘ 25 ʻ, ʧʦ ʩʫʪʽ, ʧʨʷʤʦʢʫʪʥʦʶ ʽ ʪʘʢʦʞ ʟ'ʻʜʥʫʻʪʴʩʷ ʜʨʫʛʦʶ 
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187  ¶ 

ʧʦʚʦʨʦʪʥʦʶ ʨʘʤʢʦʶ 26 ʯʝʨʝʟ ʦʙʝʨʪʘʶʯʠʡ ʝʣʝʤʝʥʪ 27. ʇʦʚʦʨʦʪʥʘ ʨʘʤʢʘ 26 ʧʨʠ-

ʻʜʥʫʻʪʴʩʷ ʜʦ ʙʫʢʩ 18 ʜʨʫʛʦʾ ʢʦʣʽʩʥʦʾ ʧʘʨʠ 13. ʉʝʨʝʜʥʷ ʨʘʤʢʘ 25 ʟ'ʻʜʥʘʥʘ ʟ ʢʫʟʦ-

ʚʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ'ʻʜʥʘʥʥʷʤ 28. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʣʽʩʥʽ ʧʘʨʠ 12, 13 ʩʧʦ-

ʣʫʯʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʨʽʻʥʪʘʮʽʷ ʧʝʨʝʜʥʴʦʾ ʢʦʣʽʩʥʦʾ ʧʘʨʠ 12 ʚʧʣʠʚʘʻ ʥʘ 

ʦʨʽʻʥʪʘʮʽʶ ʟʘʜʥʴʦʾ ʢʦʣʽʩʥʦʾ ʧʘʨʠ 13.   

ʂʦʣʠ ʚʽʟʦʢ 10 ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʨʠʚʽʡ ʢʦʣʽʾ, ʢʦʣʽʩʥʽ ʧʘʨʪʽʾ 12, 13 ʨʫʭʘʶʪʴʩʷ ʪʘʢ 

ʱʦ ʢʦʣʝʩʘ 16 ʢʦʣʽʩʥʠʭ ʧʘʨ 12, 13 ʪʦʨʢʘʶʪʴʩʷ ʛʨʝʙʥʽʚ ʚ ʦʜʥʘʢʦʚʠʭ ʧʦʣʦʞʝʥʥʷʭ. 

ʂʦʣʠ ʧʝʨʝʜʥʷ ʢʦʣʽʩʥʘ ʧʘʨʘ 12 ʨʫʭʘʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʨʘʤʢʦʶ 21, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʪʦʛʦ, ʱʦ ʩʝʨʝʜʥʷ ʨʘʤʢʘ 25 ʦʙʝʨʪʘʻʪʴʩʷ ʽ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʨʘʤʢʘ 26 ʦʙʝʨʪʘʻʪʴʩʷ ʽ ʦʨʽʻʥʪʫʻ ʜʨʫʛʫ ʢʦʣʽʩʥʫ ʧʘʨʫ 13 ʫ ʧʦʣʦʞʝʥʥʽ, ʷʢʠʡ ʻ, ʩʠʤʝ-

ʪʨʠʯʥʠʤ ʜʦ ʧʦʣʦʞʝʥʥʷ ʧʝʨʰʦʾ ʢʦʣʽʩʥʦʾ ʧʘʨʠ 12 ʚʽʜʥʦʩʥʦ ʧʦʧʝʨʝʯʥʦʾ ʦʩʽ ʨʘʤʠ 11. 

ʉʝʨʝʜʥʷ ʨʘʤʢʘ 25 ʚʽʜʭʠʣʷʻʪʴʩʷ ʧʦʧʝʨʝʯʥʦ ʯʝʨʝʟ ʟ'ʻʜʥʘʥʥʷ ʟ ʢʫʟʦʚʦʤ 28, ʢʦʣʠ ʧʝ-

ʨʝʜʥʷ ʢʦʣʽʩʥʘ ʧʘʨʘ 12 ʩʣʽʜʫʻ ʧʦ ʢʨʠʚʽʡ ʜʽʣʷʥʮʽ ʢʦʣʽʾ. 

ʂʨʽʤ ʪʦʛʦ ʚʽʟʦʢ 10 ʤʘʻ ʪʷʛʠ 30, ʱʦ ʟôʻʜʥʫʶʪʴ ʨʘʤʫ ʚʽʟʢʘ 11 ʟ ʢʫʟʦʚʦʤ. ʊʷʛʠ 

30 ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʟʜʦʚʞʥʴʦ ʥʘ ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʦʥʘʭ ʨʘʤʠ 11. ʊʷʛʠ 30 ʤʦʞʫʪʴ 

ʚʢʣʶʯʘʪʠ ʧʥʝʚʤʘʪʠʯʥʠʡ, ʛʽʜʨʘʚʣʽʯʥʠʡ ʘʙʦ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʚʽʜ, ʱʦ ʨʝʘʛʫʻ ʥʘ ʚʠ-

ʭʽʜʥʽ ʩʠʛʥʘʣʠ ʜʘʪʯʠʢʽʚ ʧʦʣʦʞʝʥʥʷ ʚʽʟʢʘ ʫ ʢʨʠʚʽʡ. ʂʦʣʠ ʚʽʟʦʢ 10 ʚʭʦʜʠʪʴ ʚ ʢʨʠʚʫ 

ʜʽʣʷʥʢʫ ʢʦʣʽʾ , ʧʨʦʮʝʩʦʨ ʦʙʨʦʙʣʷʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ ʟʛʽʜʥʦ ʟ ʧʨʦʛʨʘʤʦʶ ʽ 

ʟʘʧʫʩʢʘʻ ʨʦʙʦʪʫ ʪʷʛ 30 ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʧʦʨʠ ʜʣʷ ʙʘʣʘʥʩʠʨʘ 30 ʩʧʽʚʧʘʜʘʶʪʴ, 

ʱʦʙ ʟʤʝʥʰʠʪʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʥʘ ʢʦʣʝʩʘʭ 16. ʂʦʣʠ ʚʽʟʦʢ 10 ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʨʠʚʽʡ, 

ʚʥʫʪʨʽʰʥʷ ʪʷʛʘ 30 ʩʢʦʨʦʯʫʻʪʴʩʷ, ʘ ʟʦʚʥʽʰʥʷ ʧʦʜʦʚʞʫʻʪʴʩʷ. ʂʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʩʧʨʷʤʫʚʘʥʥʷ ʢʦʣʽʩ 16 ʢʦʣʽʻʶ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʨʽʚʥʷʭ ʟʥʦʩʫ ʢʦʣʽʩ ʽ 

ʨʝʡʦʢ ʽ ʦʧʦʨʫ ʨʫʭʫ. ʊʷʛʠ 30 ʚʽʟʢʘ ʨʝʘʛʫʶʪʴ ʥʘ ʦʮʽʥʢʫ ʢʨʠʚʠʟʥʠ ʢʦʣʽʾ. ɺʠʢʦʨʠʩ-

ʪʘʥʥʷ ʪʷʛ 30 ʫ ʮʴʦʤʫ ʨʝʞʠʤʽ ʻ ʥʘʧʽʚ-ʘʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʢʦʣʽʩ-

ʥʠʭ ʧʘʨ.  

ʅʘ ʨʠʩ. 7.25 ʧʦʢʘʟʘʥʦ ʚʘʨʽʘʥʪ 2 ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʠʚʽʩʥʦʛʦ ʚʽʟʢʘ ʟʘ ʧʘʪʝʥʪʦʤ US 

8276522.  
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ʘ                                                                                ʙ 

ʈʠʩʫʥʦʢ 7.25 ï ɺʽʟʦʢ ʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʢʨʠʚʽʡ  

ʟʘ ʧʘʪʝʥʪʦʤ US 8276522 (ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ) [137] 

 

ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʪʷʛʠ 30 ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʚʝʜʝʥʽ ʚ ʜʽʶ ʢʝʨʫʶʯʠʤ ʤʝʭʘʥʽʟ-

ʤʦʤ ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʣʽʚ ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʧʦʾʟʜʘ ʟ ʙʘʟʠ ʜʘʥʠʭ GPS ʧʨʦ ʢʨʠʚʠʟʥʫ 

ʢʦʣʽʾ, ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ ʪʘ ʨʽʟʥʠʮʶ ʚʽʜʭʠʣʝʥʴ ʚʽʟʢʽʚ 10. ʊʷʛʠ 30 ʨʝʘʛʫʶʪʴ ʥʘ ʨʦʟ-

ʨʘʭʫʥʢʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʟʢʘ 10 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʚʠʟʥʠ ʢʦʣʽʾ. ʎʝʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʻ ʧʦʚʥʠʤ ʘʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʫʧʨʘʚʣʽʥʥʷ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʨʫʭʦʤ ʚʽʟʢʽʚ 10 ʫ ʢʨʠʚʽʡ. ɺʽʟʦʢ 50 ʤʘʻ ʨʘʤʫ 51 ʽ ʢʦʣʽʩʥʽ ʧʘʨʠ 52, 53, 54. ɺʽʟʦʢ 50 

ʟʚôʷʟʘʥʠʡ ʟ ʢʫʟʦʚʦʤ ʯʝʨʝʟ ʪʷʛʠ 70. ʂʦʣʽʩʥʽ ʧʘʨʠ 52, 53, 54 ʤʘʶʪʴ ʦʩʽ 56, ʢʦʥʽʯʥʽ 

ʢʦʣʝʩʘ 57 ʽ ʙʫʢʩʦʚʽ ʚʫʟʣʠ 58. ʇʝʨʝʜʥʷ ʢʦʣʽʩʥʘ ʯʘʩʪʠʥʘ 51 ʤʘʻ ʨʫʭʦʤʫ ʨʘʤʢʫ 61, 

ʟ'ʻʜʥʘʥʫ ʧʦʚʦʨʦʪʥʠʤ ʤʝʭʘʥʽʟʤʦʤ 62 ʟ ʩʝʨʝʜʥʴʦʶ ʨʘʤʢʦʶ 63. ʉʝʨʝʜʥʷ ʨʘʤʢʘ 63 
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ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʜʨʫʛʦʾ ʧʦʚʦʨʦʪʥʦʾ ʨʘʤʢʠ 65. ʈʫʭʦʤʘ ʨʘʤʢʠ 61, ʩʝʨʝʜʥʷ ʨʘʤʢʘ 63 

ʽ ʜʨʫʛʘ ʨʫʭʦʤʘ ʨʘʤʢʘ 65 ʟôʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʰʘʨʥʽʨʥʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ 62.  

ɺʽʟʦʢ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʨʘʜʽʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʢʦʣʽʩ-

ʥʠʭ ʧʘʨ ʦʧʠʩʘʥʦ ʫ ʘʤʝʨʠʢʘʥʩʴʢʦʤʫ ʧʘʪʝʥʪʽ US5375533 (ʨʠʩ. 7.26) [138]. ɿʘʧʨʦ-

ʧʦʥʦʚʘʥʦ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʪʨʠʚʽʩʥʦʛʦ ʚʽʟʢʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘ-

ʥʦʚʢʠ ʢʦʣʽʩʥʠʭ ʧʘʨ. ʂʨʘʡʥʽ ʢʦʣʽʩʥʽ ʧʘʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʨʘʜʽʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʟʜʦʚʞʥʽʭ ʥʘʧʨʘʚʣʷʶʯʠʭ ʩʪʨʠʞʥʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ ʥʘʭʠʣʦʤ ʜʦ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʥʘʧʨʷʤʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ.  

ʉʝʨʝʜʥʷ ʢʦʣʽʩʥʘ ʧʘʨʘ ʟʤʽʱʫʻʪʴʩʷ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʦʢ ʚʥʘʩʣʽʜʦʢ ʚʽʜʮʝ-

ʥʪʨʦʚʦʾ ʩʠʣʠ ʚ ʢʨʠʚʽʡ. ʇʦʭʠʣʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʟʜʦʚʞʥʴʦʛʦ ʥʘʧʨʘʚʣʷʶʯʦʛʦ ʩʪʝ-

ʨʞʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʦʟʜʦʚʞʥʻ ʟʤʽʱʝʥʥʷ ʙʫʢʩʦʚʦʛʦ ʚʫʟʣʘ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦ-

ʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ ʣʽʚʦʨʫʯ ʽ ʧʨʘʚʦʨʫʯ.  

ʇʨʦʪʝ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʩʝʨʝʜʥʷ ʢʦʣʽʩʥʘ ʧʘʨʘ ʥʝ ʚʭʦʜʠʪʴ ʚ ʫʧʨʘʚʣʽʥʥʷ.  

ɺʦʥʘ ʦʢʨʝʤʦ ʩʧʨʷʤʦʚʘʥʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʨʘʡʥʽʭ 

ʢʦʣʽʩʥʠʭ ʧʘʨ. ɹʽʣʴʰ ʪʦʛʦ, ʪʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʽʻ ʚ ʩʝʥʩʽ ʨʘʜʽʘʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʢʦʣʽ-

ʩʥʠʭ ʧʘʨ ʪʽʣʴʢʠ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʤʽʪʥʘ ʥʘʜʣʠʰʢʫ ʚʽʜʮʝʥ-

ʪʨʦʚʦʾ ʩʠʣʠ.  

ʇʨʠ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʫʭʫ ʧʦʤʽʪʥʠʡ ʝʬʝʢʪ ʙʫʜʝ ʚʽʜʩʫʪʥʽʡ. 

ʅʘ ʨʠʩ. 7.26 ʟʦʙʨʘʞʝʥʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʩʭʝʤ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʪʨʠʚʽʩʥʦʛʦ ʚʽʟʢʘ 

ʟʘ ʧʘʪʝʥʪʦʤ ʧʘʪʝʥʪʫ US5375533.  

ʂʦʣʠ ʚʽʟʦʢ ʚʭʦʜʠʪʴ ʫ ʢʨʠʚʫ, ʩʝʨʝʜʥʷ ʢʦʣʽʩʥʘ ʧʘʨʘ 3 ʟʤʽʱʫʻʪʴʩʷ ʫ ʧʦʧʝʨʝʯ-

ʥʦʤʫ. ɺʘʞʝʣʽ 4 ʩʝʨʝʜʥʽʭ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʦʧʦʨ 6, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʨʘʤʽ ʭʦʜʦʚʦʾ 

ʯʘʩʪʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʢʨʘʡʥʽ ʢʦʣʽʩʥʽ ʧʘʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʽʜ ʢʫʪʦʤ 1 ʜʦ ʧʦʧʝʨʝ-

ʯʥʦʾ ʦʩʽ ʚʽʟʢʘ, ʘ ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʽ ʦʨʽʻʥʪʫʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʫ ʥʘʧʨʷʤʢʫ ʜʦ ʮʝʥʪʨʫ 

ʢʨʠʚʦʾ.  

ʇʽʜ ʯʘʩ ʧʝʨʝʩʫʚʘʥʥʷ ʧʨʠ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʽʜ-

ʥʦʩʥʦ ʚʠʩʦʢʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʨʠʩʢʦʨʝʥʥʽ, ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, 

ʱʦ ʨʘʤʢʘ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʚʽʜʯʫʚʘʻ ʩʠʣʫ ʟʩʫʚʫ, ʦʨʽʻʥʪʦʚʘʥʫ ʥʘ ʟʦʚʥʽʰʥʶ ʩʪʦʨʦʥʫ 

ʢʨʠʚʦʾ.  
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ʘ                                                                                       ʙ 

ʈʠʩʫʥʦʢ 7.26 ï ʉʭʝʤʘ ʪʨʠʚʽʩʥʦʛʦ ʚʽʟʢʘ ʟ ʨʘʜʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʢʦʣʽʩʥʠʭ ʧʘʨ  

ʟʘ ʧʘʪʝʥʪʦʤ US5375533 [138] 

 

ɺʽʟʦʢ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʦʧʠʩʘʥʦ ʫ ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʧʘʪʝʥʪ ̔

EP 0161729 A1 (ʨʠʩ. 7.27) [139]. ʋ ʚʽʟʢʫ ʟʘ ʧʘʪʝʥʪʦʤ EP 0161729 A1 ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʢʝʨʫʚʘʪʠ ʢʦʣʠʚʘʥʥʷʤʠ ʚʠʣʷʥʥʷ ʢʦʣʽʩʥʠʭ ʧʘʨ ʫ ʧʨʷʤʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ ʢʦʣʽʩʥʽ 

ʧʘʨʠ ʚʟʘʻʤʥʦ ʟʚôʷʟʘʥʽ ʯʝʨʝʟ ʜʚʘ ʢʨʽʧʣʝʥʥʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʩʧʦʣʫʯʝʥʠʡ ʟ ʤʝʭʘʥʽʟ-

ʤʦʤ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ. ɺʽʟʦʢ 1 ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʘʛʦʥʫ ʤʽʩʪʠʪʴ ʨʘʤʫ 2 ʪʘ ʜʚʽ ʢʦʣʽʩʥʽ ʧʘʨʠ 

3. ʂʦʣʽʩʥʽ ʧʘʨʠ ʦʙʝʨʪʘʶʪʴʩʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ 4. ʂʦʣʝʩʘ 5 ʢʦʣʽʩʥʠʭ ʧʘʨ 3 ʨʫʭʘʶʪʴʩʷ 

ʧʦ ʨʝʡʢʘʭ 6. ʂʦʞʥʘ ʙʘʨʘ 4 ʤʘʻ ʧʦʚʦʨʦʪʥʠʡ ʢʨʦʥʰʪʝʡʥ 7, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʬʝ-

ʨʠʯʥʦʾ ʦʩʽ 8 ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ 9 ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʞʝʣʷ 10. 

ɺʝʨʭʥʽʡ ʢʽʥʝʮʴ ʚʘʞʝʣʷ 10 ʰʘʨʥʽʨʥʦ ʧʨʠʟʫʧʠʥʝʥʠʡ ʜʦ ʛʦʨʣʦʚʠʥʠ 13 ʢʘʨʢʘʩʫ 2 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʬʝʨʠʯʥʦʛʦ ʩʪʝʨʞʥʷ 12. ɻʦʨʣʦʚʠʥʠ 13 ʩʧʠʨʘʶʪʴʩʷ ʯʝʨʝʟ ʧʨʫʞʠʥʥʠʡ 

ʧʘʢʝʪ 14 ʥʘ ʙʫʢʩʦʚʽ ʚʫʟʣʠ 4. ʅʠʞʥʽʡ ʢʽʥʝʮʴ 15 ʢʦʞʥʦʛʦ ʚʘʞʝʣʷ 10 ʟ'ʻʜʥʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʬʝʨʠʯʥʦʛʦ ʦʩʽʥʥʷ 16 ʽʟ ʧʦʧʝʨʝʯʥʠʤʠ ʩʪʝʨʞʥʷʤʠ 17. 
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ʈʠʩʫʥʦʢ 7.27 ï ɺʽʟʦʢ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʢʝʨʦʚʘʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʦʩʝʡ 

ʟʘ ʧʘʪʝʥʪʦʤ EP 0161729 [139] 

 

ʉʪʨʠʞʥʽ 17 ʧʝʨʝʪʠʥʘʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʽ ʟ'ʻʜʥʫʶʪʴ ʚʘʞʝʣʽ 10, ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʦ ʜʽʘʛʦʥʘʣʽ ʥʘʚʧʨʦʪʠ ʦʜʠʥ ʦʜʥʦʛʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ, ʪʘʢ ʟʚʘʥʠʡ, ʧʝʨʝʭʨʝʩʥʠʡ ʷʢʽʨ. ʉʬʝʨʠʯʥʽ ʦʩʽ 

16 ʤʦʞʫʪʴ ʚʠʪʽʩʥʷʪʠ ʦʜʠʥ ʦʜʥʦʛʦ ʫ ʥʘʧʨʷʤʢʫ ʩʪʨʽʣʦʢ 18. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʫ-

ʶʪʴ ʩʪʽʡʢʠʡ ʧʦʚʦʨʦʪ ʢʦʣʽʩʥʠʭ ʧʘʨ 3 ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʍʨʝʩʪʦʚʠʥʠ 17 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʧʨʠʥʘʡʤʥʽ ʥʘ ʟʥʘʯʥʦ ʥʠʞʯʦʤʫ ʨʽʚʥʽ, ʥʽʞ ʨʽʚʝʥʴ 

ʦʩʝʡ 19 ʢʦʣʽʩʥʠʭ ʧʘʨ 3.  

ɿʘʣʽʟʥʠʯʥʠʡ ʚʽʟʦʢ ʟ ʢʝʨʦʚʘʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʦʩʝʡ ʟʘ ʧʘʪʝʥʪʦʤ EP 0387744 A2 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.28 [140]. ɺʽʟʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʘʤʠ 10 ʪʘ ʜʚʦʭ ʢʝʨʦʚʘʥʠʭ ʦʩʝʡ 

20, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʨʘʤʮʽ 30. ʂʦʞʥʘ ʚʽʩʴ ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʧʘʨʫ ʦʩʴʦ-

ʚʠʭ ʢʦʨʦʙʦʢ-ʙʫʢʩ 25, ʟ'ʻʜʥʘʥʠʭ ʟ ʨʘʤʦʶ ʯʝʨʝʟ ʧʝʨʚʠʥʥʽ ʧʨʫʞʠʥʠ ʧʽʜʚʽʩʢʠ 40 ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʟ'ʻʜʥʫʚʘʣʴʥʠʡ ʩʪʨʠʞʝʥʴ 50.  



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

192  ¶ 

 

 

ʈʠʩʫʥʦʢ 7.28 ï ɿʘʣʽʟʥʠʯʥʠʡ ʚʽʟʦʢ ʟ ʢʝʨʦʚʘʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʦʩʝʡ  

ʟʘ ʧʘʪʝʥʪʦʤ EP 0387744 A2 [140] 

 

ʆʙʠʜʚʽ ʨʘʤʠ ʟ'ʻʜʥʘʥʽ ʜʚʦʤʘ ʜʽʘʛʦʥʘʣʴʥʠʤʠ ʩʪʝʨʞʥʷʤʠ 71, 72. ʇʦʧʝʨʝʯʥʽ 

ʰʪʘʥʛʠ 32 ʟôʻʜʥʫʶʪʴʩʷ ʧʘʨʦʶ ʣʘʥʦʢ 55 ʮʝʥʪʨʘʣʴʥʠʤʠ ʚʘʞʝʣʷʤʠ  60. ɺʘʞʝʣʽ 60 

ʰʘʨʥʽʨʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʨʘʤʽ 11. ʇʨʠ ʧʦʚʦʨʦʪʽ ʚʘʞʝʣʽʚ 60 ʜʦʩʷʛʘʻʪʴʩʷ ʚʽʜʥʦʩʥʠʡ 

ʧʦʚʦʨʦʪ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʜʣʷ ʾʭ ʨʘʜʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚ 

ʢʦʣʽʾ.  

 

7.5. ʉʠʩʪʝʤʠ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʧʨʠ ʨʫʩʽ ʧʦ  ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ 

 

7.5.1. ʇʨʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʥʘʭʠʣʫ ʢʫʟʦʚʘ 

ʇʝʨʰʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʫʩʫʥʝʥʥʷʤ ʚʽʜʯʫʪʪʷ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʥʘ ʧʘʩʘ-

ʞʠʨʘ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʉʐɸ ʱʝ ʚ 1938 ʥʘ ʧʦʾʟʜʘʭ San Diegan ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʤʧʘʥʽʾ 

Atchison, Topeka and Santa Fe Railway [141], ʘʣʝ ʙʫʣʠ ʥʝʚʜʘʣʠʤʠ. 

ɺ 1956 ʧʦʜʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʘ ʬʨʘʥʮʫʟʴʢʘ SNCF. ʇʝʨʰʠʤ ʫʩʧʽʰ-

ʥʠʤ ʨʽʰʝʥʥʷʤ ʧʦʾʟʜʽʚ ʚ ɭʚʨʦʧʽ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʽʩʧʘʥʩʴʢʦʾ ʢʦʤʧʘʥʽʾ Talgo ʚ 1970-

ʭ ʨʦʢʘʭ ʥʘ ʽʩʧʘʥʩʴʢʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʟʘʣʽʟʥʠʮʷʭ (Spanish National Railway) ʩʧʦʯʘ-

ʪʢʫ ʪʽʣʴʢʠ ʥʘ ʇʽʨʝʥʝʡʩʴʢʦʤʫ ʧʽʚʦʩʪʨʦʚʽ.  
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ʇʝʨʰʠʡ ʧʦʾʟʜ ʟ ʧʘʩʠʚʥʠʤ ʥʘʭʠʣʦʤ ʢʫʟʦʚʽʚ ʚʘʛʦʥʽʚ, ʱʦ ʙʫʚ ʚʚʝʜʝʥʠʡ ʚ ʢʦʤʝ-

ʨʮʽʡʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 1973 ʨʦʮʽ ï ʝʢʩʧʨʝʩ ʩʝʨʽʾ 381 ʢʦʤʧʘʥʽʾ Shinano ʗʧʦʥʩʴʢʠʭ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʟʘʣʽʟʥʠʮʴ (Japanese National Railways), ʱʦ ʢʫʨʩʫʚʘʚ ʤʽʞ ʅʘʛʦʻʶ ʽ 

ʅʘʛʘʥʦ ʥʘ ʣʽʥʽʾ ʊʶʦ.  

ʋ 1984ï1985 ʨʨ. ʚ ɸʥʛʣʠʠ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʠʥʮʠʧ ʘʢʪʠʚʥʦʛʦ ʥʘʭʠʣʫ ʢʫ-

ʟʦʚʘ ʥʘ ʧʦʾʟʜʽ Advanced Passenger Train [142, 143] ʥʘ ʛʦʣʦʚʥʽʡ ʣʽʥʽ ʾʟʘʭʽʜʥʦʛʦ ʫʟ-

ʙʝʨʝʞʞʷ West Coast ï ʥʘ ʤʘʨʰʨʫʪ ̔ʧʨʦʪʷʞʥʽʩʪʶ 642 ʢʤ ʤʽʞ ʃʦʥʜʦʥʦʤ ʽ ɻʣʘʟʛʦ, 

ʷʢʠʡ ʟ'ʻʜʥʫʻ ʚʝʣʠʢʽ ʤʽʩʪʘ ï ɹʽʨʤʽʥʛʝʤ, ʃʽʚʝʨʧʫʣʴ ʽ ʄʘʥʯʝʩʪʝʨ. 

 

   

ʈʠʩʫʥʦʢ 7.29 ï ɽʣʝʢʪʨʦʧʦʾʟʜ Advanced Passenger Train ʥʘ ʤʘʨʰʨʫʪʽ ʃʦʥʜʦʥïɹʽʨʤʽʥʛʝʤ 18 

 

ʋ 2002ï2008 ʨʨ. ʢʦʤʧʘʥʽʷ Network Rail ʟʜʽʡʩʥʠʣʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʛʦʣʦʚʥʦʾ ʣʽ-

ʥʽʾ West Coast. ʄʦʜʝʨʥʽʟʘʮʽʷ ʪʦʨʢʥʫʣʘʩʷ ʪʘʢʦʞ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ɹʫʣʦ ʩʪʚʦʨʝʥʦ 

ʥʦʚʠʡ ʧʘʨʢ ʽʟ 56 ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʷʛʽʚ Pendolino ʢʣʘʩʫ 390, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʰʚʠ-

ʜʢʽʩʪʴ ʜʦ 250 ʢʤ/ʛʦʜ. 

ʇʝʨʰʝ ʢʦʤʝʨʮʽʡʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʾʟʜʽʚ ʟ ʧʘʩʠʚʥʠʤ ʥʘʭʠʣʦʤ ʚ ɯʩʧʘʥʽʾ ʧʦʯʘ-

ʣʦʩʷ ʥʘ ʧʦʯʘʪʢʫ 1980-ʭ ʨʦʢʽʚ ʟ ʧʦʷʚʦʶ ʧʦʾʟʜʽʚ ʩʽʤʝʡʩʪʚʘ Talgo Pendular (Talgo IV, 

Talgo V, Talgo VI, Talgo 200) ʢʦʤʧʘʥʽʾ çPatentes Talgo, SAUè [144, 145]. ʇʦʾʟʜʠ 

ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ, ʚʘʛʦʥʠ ʷʢʠʭ ʟʘʙʘʨʚʣʝʥʽ ʚ ʙʽʣʦ-ʙʣʘʢʠʪʥʽ ʢʦʣʴʦʨʠ, ʥʠʥʽ ʝʢʩʧʣʫʘ-

ʪʫʶʪʴʩʷ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʷʢ ɯʩʧʘʥʽʾ, ʽ ʽʥʰʠʭ ʢʨʘʾʥ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ ʥʘ ʧʦʚʽʜʦʤʣʝʥʥʷʭ 

ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ, ʟʦʢʨʝʤʘ ʫ ʤʽʞʥʘʨʦʜʥʠʭ; ʾʭ, ʟʦʢʨʝʤʘ, ʬʦʨʤʫʶʪʴʩʷ ʧʦʪʷʛʠ-ʛʦʪʝʣʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ. ʆʢʨʽʤ ɭʚʨʦʧʠ, ʧʦʪʷʛʠ Talgo 

                                           
18 ʌʦʪʦ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʚʽʜʢʨʠʪʦʛʦ ʜʞʝʨʝʣʘ [142] 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

194  ¶ 

ʨʽʟʥʠʭ ʧʦʢʦʣʽʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ Talgo Pendular ʧʨʦʜʘʶʪʴʩʷ ʜʦ ʢʨʘʾʥ 

ʽʥʰʠʭ ʢʦʥʪʠʥʝʥʪʽʚ. ɿ 1994 ʨ. ʪʘʢʽ ʧʦʾʟʜʠ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʨʷʜʽ ʤʘʨʰʨʫʪʽʚ ʫ 

ʉʐɸ, ʜʝ ʽʩʥʫʻ ʬʽʣʽʷ çPatentes Talgo, SAUè ï çTalgo Americaè . 

 

7.5.2. Pendolino 

ʊʝʨʤʽʥ çPendolinoè ʧʦʭʦʜʠʪʴ ʚʽʜ ʽʪʘʣʽʡʩʴʢʦʛʦ ʩʣʦʚʘ çpendoloè ï ʤʘʷʪʥʠʢ. ʎʝ 

ʧʨʽʟʚʠʩʴʢʦ ʦʪʨʠʤʘʥʦ ʧʦʾʟʜʘʤʠ ɭʚʨʦʩʪʘʨ ʟʘ ʟʘʩʪʦʩʦʚʘʥʫ ʚ ʥʠʭ ʩʠʩʪʝʤʫ, ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʚʘʛʦʥʘʤ ʥʘʭʠʣʷʪʠʩʷ ʫ ʧʦʚʦʨʦʪʽ ʱʦʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ. ʊʝʭʥʦʣʦʛʽʷ Pendolino 

ʜʦʟʚʦʣʷʻ ʥʘʭʠʣʷʪʠ ʢʫʟʦʚ ʜʦ 8 ʛʨʘʜʫʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʾʟʜʦʤ 

ʧʦʚʦʨʦʪʽʚ ʥʝ ʟʥʠʞʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ (ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʟʚʠʯʘʡʥʠʤʠ ʧʦʾʟʜʘʤʠ) 

ʪʘ ʥʽʚʝʣʶʚʘʪʠ ʜʽʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ. ʇʦʾʟʜʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʚʠʧʫʩʢʘʣʠʩʷ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʢʦʣʠʰʥʴʦʾ Fiat Ferroviaria ʫ ʤʽʩʪʽ ʉʘʚʽʣʴʷʥʦ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘʣʝ-

ʞʘʪʴ ʢʦʤʧʘʥʽʾ Alstom. 

Pendolino (ʇʝʥʜʦʣʠʥʦ) ï ʪʦʨʛʦʚʘ ʤʘʨʢʘ, ʱʦ ʦʙóʻʜʥʫʻ ʩʝʨʽʶ ʰʚʠʜʢʽʩʥʠʭ ʪʘ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ, ʱʦ ʚʠʨʦʙʣʷʶʪʴʩʷ ʢʦʤʧʘʥʽʻʶ Alstom ʥʘ ʟʘʚʦ-

ʜʘʭ ʫ ʤʽʩʪʽ ʉʘʚʽʣʴʷʥʦ ʚ ɯʪʘʣʽʾ ʪʘ ʋʦʰʚʫʜ-ʍʽʪʽ (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ) [146]. ʆʩʦʙʣʠʚʽ-

ʩʪʶ ʩʝʨʽʾ ʻ ʚʘʛʦʥʠ ʟ ʢʫʟʦʚʦʤ, ʱʦ ʥʘʭʠʣʷʻʪʴʩʷ ʚ ʢʨʠʚʠʭ. ɽʣʝʢʪʨʦʧʦʾʟʜʠ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʚ ɯʪʘʣʽʾ (ʦʧʝʨʘʪʦʨ Eurostar Italia), ɯʩʧʘʥʽʾ, ʇʦʨʪʫʛʘʣʽʾ, ʉʣʦʚʝʥʽʾ, ʌʽʥ-

ʣʷʥʜʽʾ (ʦʧʝʨʘʪʦʨ Suomen Valtion Rautatiet (VR)), ʈʦʩʽʾ, ʏʝʭʽʾ, ʉʣʦʚʘʯʯʠʥʽ, ɺʝʣʠ-

ʢʽʡ ɹʨʠʪʘʥʽʾ, ʐʚʝʡʮʘʨʽʾ, ʂʠʪʘʾ, ʇʦʣʴʱʽ [147, 148]. ʇʣʘʥʫʻʪʴʩʷ ʟʘʧʫʩʢ ʧʦʾʟʜʽʚ 

Pendolino ʈʫʤʫʥʽʻʶ ʪʘ ʚ ʋʢʨʘʾʥʽ. 

ʇʦʾʟʜʠ çPendolinoè ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚ ʢʽʥʮʽ 1960-ʭ ʨʦʢʽʚ ʟʘʚʜʷʢʠ ʜʦʩʚʽʜʫ, 

ʦʪʨʠʤʘʥʦʤʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʦʧʦʨ ʚʽʟʢʽʚ ʜʣʷ ʧʨʦʝʢʪʫ Ale 668, ʱʦ ʢʦʣʠʚʘʶʪʴʩʷ. ʅʘ 

ʧʦʯʘʪʢʫ 1970-ʭ ʨʦʢʽʚ ʧʦ ʚʩʽʡ ɭʚʨʦʧʽ ʨʦʙʠʣʠʩʷ ʩʧʨʦʙʠ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʟʘʣʽ-

ʟʥʠʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʟ ʚʽʟʢʘʤʠ, ʪʝʦʨʽʾ ʧʦʚʠʥʥʽ ʙʫʣʠ 

ʟʥʠʟʠʪʠ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʫ ʢʨʫʪʠʭ ʧʦʚʦʨʦʪʘʭ ʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʣʽʥʽʷʭ. ʇʝʨʰʠʤ ʚʘ-

ʛʦʥʦʤ, ʜʝ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʮʝʡ ʧʨʠʥʮʠʧ, ʩʪʘʚ ʧʨʦʪʦʪʠʧ ETR Y 0160, ʚʠʧʨʦʙʫʚʘʥʠʡ 

Fiat ʫ 1969 ʨʦʮʽ. ɺʽʥ ʦʪʨʠʤʘʚ ʧʨʽʟʚʠʩʴʢʦ çPendolinoè, ʷʢʝ ʥʘ ʪʦʡ ʯʘʩ ʱʝ ʥʝ ʤʘʣʦ 

ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʨʦʝʢʪ ʙʫʚ ʨʦʟʚʠʥʝʥʠʡ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʫʚ ʩʢʦʥʩʪʨʫ-

ʡʦʚʘʥʠʡ ETR 401, ʧʝʨʰʠʡ ʩʧʨʘʚʞʥʽʡ Pendolino, ʟʘʤʦʚʣʝʥʠʡ ʚ 1974 ʽ 



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 7 
 

195  ¶ 

ʧʦʙʫʜʦʚʘʥʠʡ ʚ 1975 ʨʦʮʽ. ʉʧʦʯʘʪʢʫ ʩʢʣʘʜ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ ʣʽʥʽʾ 

ʈʠʤïɸʥʢʦʥʘ (ʟʛʦʜʦʤ ʈʠʤïɸʥʢʦʥʘïʈʽʤʽʥʽ) ʚ 1976 (ʟ 90-ʭ ʥʘ ʨʝʛʫʣʷʨʥʠʭ ʣʽʥʽʷʭ ʚʽʥ 

ʥʝ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ɸʥʢʦʥʽ ʽ ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʯʘʨʪʝʨʥʠʡ 

ʧʦʾʟʜ). ʉʢʣʘʜ ʚʢʣʶʯʘʚ 4 ʚʘʛʦʥʠ ʽ ʪʨʠʚʘʣʠʡ ʯʘʩ ʩʣʫʞʠʚ ʱʝ ʡ çʧʝʨʝʩʫʚʥʦʶ ʣʘʙʦ-

ʨʘʪʦʨʽʻʶè ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ çʤʘʷʪʥʠʢʦʚʦʾè ʩʠʩʪʝʤʠ ʥʘʭʠʣʫ ʚ ʧʦ-

ʚʦʨʦʪʽ. 

ʅʘ ʤʦʤʝʥʪ ʟʘʧʫʩʢʫ ETR 401 ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʢʦʥʢʫʨʫʶʯʠʡ ʘʥʛʣʽʡʩʴʢʠʡ ʧʨʦ-

ʝʢʪ Advanced Passenger Train ʱʝ ʪʽʣʴʢʠ ʚʭʦʜʠʚ ʫ ʬʘʟʫ ʧʨʦʪʦʪʠʧʫ, ʽ ʪʦʤʫ ʧʦʰʠ-

ʨʝʥʘ ʜʫʤʢʘ, ʱʦ ʽʪʘʣʽʡʩʴʢʠʡ ʧʨʦʝʢʪ ʻ ʧʦʭʽʜʥʦʶ ʘʥʛʣʽʡʩʴʢʦʛʦ ʧʨʦʝʢʪʫ, ʻ ʧʦʤʠʣʢʦ-

ʚʠʤ. ʊʠʤ ʥʝ ʤʝʥʰ, ʜʽʡʩʥʦ, ʧʽʩʣʷ ʟʘʢʨʠʪʪʷ ʧʨʦʝʢʪʫ Advanced Passenger Train ʚ 

1982 ʨʦʮʽ ʌʽʘʪ ʧʨʠʜʙʘʚ ʢʽʣʴʢʘ ʧʘʪʝʥʪʽʚ ʥʘ ʚʽʟʦʢ ʫ ʢʦʤʧʘʥʽʾ British Rail. ɼʘʥʠʡ 

ʥʝʚʜʘʣʠʡ ʘʥʛʣʽʡʩʴʢʠʡ ʜʦʩʚʽʜ ʨʘʟʦʤ ʟ ʜʦʩʚʽʜʦʤ, ʦʪʨʠʤʘʥʠʤ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ETR ʫ ʩʝʨʝʜʠʥʽ 70-ʭ, ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʽʥʞʝʥʝʨʽʚ ʌʽʘʪʘ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʜʦ-

ʩʢʦʥʘʣʝʥʥʽ ʩʠʩʪʝʤʠ ʥʘʭʠʣʫ ʚʘʛʦʥʘ ʚ ʢʨʠʚʽʡ. 

 

 

ʈʠʩʫʥʦʢ 7.30 ï ʅʘʡʚʽʜʦʤʽʰʠʡ ʟ ʽʪʘʣʽʡʩʴʢʠʭ ʰʚʠʜʢʽʩʥʠʭ ʧʦʾʟʜʽʚ ï ETR 45019  

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ 1985 ʨʦʮʽ ʟ'ʷʚʠʚʩʷ ʥʘʡʚʽʜʦʤʽʰʠʡ ʟ ʽʪʘʣʽʡʩʴʢʠʭ ʰʚʠʜʢʽʩʥʠʭ 

ʧʦʾʟʜʽʚ ï ETR 450 [146]. ʇʨʦʪʷʛʦʤ ʜʚʦʭ ʨʦʢʽʚ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 15 ʧʦʚʥʠʭ ʧʦʾʟʜʽʚ 

ʚ ʦʜʥʘʢʦʚʽʡ ʢʦʤʧʣʝʢʪʘʮʽʾ ʟ 9 ʚʘʛʦʥʽʚ, ʚʩʴʦʛʦ 135 ʦʜʠʥʠʮʴ. 

ʋ 1988 ʨʦʮʽ ʮʽ ʩʢʣʘʜʠ ʚʠʡʰʣʠ ʥʘ ʣʽʥʽʶ ʄʽʣʘʥïʈʠʤ (~600 ʢʤ), ʜʦʣʘʶʯʠ 

                                           
19 ʌʦʪʦ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣʘ [146] 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

196  ¶ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʽʩʪʘʤʠ ʤʝʥʰ ʥʽʞ ʟʘ 4 ʛʦʜʠʥʠ. ɿ 1988 ʧʦ 1995 ʨʽʢ (ʮʴʦʛʦ ʨʦʢʫ ʧʦʯʘ-

ʣʦʩʷ ʟʘʤʽʱʝʥʥʷ ʾʭʥʽʤʠ ʧʦʾʟʜʘʤʠ ʥʦʚʠʭ ʩʝʨʽʡ) ETR 450 ʧʨʦʡʰʣʠ 26 ʤʣʥ. ʢʤ. 

ɿ 1992 ʨʦʢʫ ʧʦʾʟʜʠ çPendolinoè ʧʦʯʘʣʠ ʧʨʘʮʶʚʘʪʠ ʚ ʅʽʤʝʯʯʠʥʽ ʚ ʜʠʟʝʣʴ-ʝʣʝ-

ʢʪʨʠʯʥʽʡ ʚʝʨʩʽʾ. ʇʨʠ ʮʴʦʤʫ ʜʠʟʘʡʥ ʢʘʙʽʥʠ ʣʦʢʦʤʦʪʠʚʘ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʚʩʷ ʚʽʜ ʢʣʘ-

ʩʠʯʥʦʛʦ ʽʪʘʣʽʡʩʴʢʦʛʦ, ʟ ʙʽʣʦ-ʘʢʚʘʤʘʨʠʥʦʚʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ. ɹʫʣʦ ʟʘʤʦʚʣʝʥʦ 20 

ʧʦʾʟʜʽʚ ʧʦ 2 ʚʘʛʦʥʠ ʚ ʢʦʞʥʦʤʫ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʘ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭʥʴʦʛʦ 

ʟʯʝʧʣʝʥʥʷ ʚ ʙʫʜʴ-ʷʢʽʡ ʢʽʣʴʢʦʩʪʽ. ɽʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʥʘ ʣʽʥʽʷʭ, ʱʦ ʟ'ʻʜʥʫʶʪʴ ʅʶʨʥ-

ʙʝʨʛ, ʍʦʬ, ɺʘʡʜʝʥ ʪʘ ʌʫʨʪ-ʽʤ-ɺʘʣʴʜ. ʉʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ ʢʦʞʥʦʛʦ ʚʘʛʦʥʘ ʩʢʣʘʜʘ-

ʣʘʩʷ ʟ ʪʫʨʙʦʜʠʟʝʣʷ ʟ ʽʥʪʝʨʢʫʣʝʨʦʤ, ʱʦ ʦʙʝʨʪʘʚ ʩʠʥʭʨʦʥʥʠʡ ʪʨʠʬʘʟʥʠʡ ʛʝʥʝʨʘʪʦʨ 

ʥʘ 460 ʢɺɸ, ʚʽʜ ʷʢʦʛʦ ʞʠʚʠʣʠʩʷ 3 ʝʣʝʢʪʨʦʤʦʪʦʨʠ ʧʦ 250 ʢɺʪ, ʚʩʪʘʥʦʚʣʝʥʽ ʧʽʜ 

ʚʘʛʦʥʦʤ. ʎʷ ʛʽʙʨʠʜʥʘ ʩʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ ʧʦʢʘʟʘʣʘ ʩʝʙʝ ʷʢ ʜʫʞʝ ʝʢʦʥʦʤʽʯʥʘ ʽ ʥʘ-

ʜʽʡʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʽ ʛʘʣʴʤʘ ʟʘʤʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ. ʅʽ-

ʤʝʮʴʢʘ ʚʝʨʩʽʷ ʤʘʣʘ ʚʝʣʠʢʠʡ ʫʩʧʽʭ ï ʯʘʩ ʫ ʜʦʨʦʟʽ ʩʢʦʨʦʪʠʚʩʷ ʥʘ 25%, ʘ ʧʘʩʘʞʠʨʦ-

ʧʦʪʽʢ ʥʘ ʣʽʥʽʷʭ ʟʨʽʩ ʥʘ 40%. 

ʋ 1994 ʨʦʮʽ ʚ ʧʨʦʝʢʪ çPendolinoè ʙʫʣʦ ʚʥʝʩʝʥʦ ʥʠʟʢʫ ʪʝʭʥʽʯʥʠʭ ʫʜʦʩʢʦʥʘ-

ʣʝʥʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʟʘʧʫʱʝʥʦ ʪʘʢ ʟʚʘʥʝ ʪʨʝʪʻ ʧʦʢʦʣʽʥʥʷ ʩʝʨʽʾ ETR 460 [149]. 

ɹʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 7 ʧʦʾʟʜʽʚ (63 ʚʘʛʦʥʠ) ʜʣʷ ʢʦʤʧʘʥʽʾ FS ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽ-

ʩʪʶ 250 ʢʤ/ʛʦʜ., ʪʘ 3 ʧʦʾʟʜʠ (27 ʚʘʛʦʥʽʚ) ʜʣʷ FS/SNCF, ʟ ʦʙʤʝʞʝʥʥʷʤ ʫ 200 ʢʤ/ʛʦʜ. 

ETR 460 ʩʪʘʣʠ ʥʘʡʥʝʱʘʩʥʽʰʦʶ ʤʦʜʝʣʣʶ ʩʽʤʝʡʩʪʚʘ ʯʝʨʝʟ ʥʠʟʢʫ ʪʝʭʥʽʯʥʠʭ ʥʝʜʦ-

ʣʽʢʽʚ, ʷʢʽ ʚʨʝʰʪʽ-ʨʝhʪ ʩʪʘʣʠ ʧʨʠʯʠʥʦʶ ʽʥʮʠʜʝʥʪʫ, ʱʦ ʩʪʘʚʩʷ ʟ ʮʠʤ ʢʣʘʩʦʤ ʧʦʾʟʜʽʚ 

[150]. ʉʪʨʫʢʪʫʨʥʦ ʧʦʾʟʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 9 ʚʘʛʦʥʽʚ, ʟ ʷʢʠʭ 6 ï ʤʦʪʦʨʥʠʭ ʪʘ 3 ʥʝʤʦ-

ʪʦʨʥʠʭ. ɼʠʟʘʡʥ ʨʝʪʝʣʴʥʦ ʦʧʨʘʮʴʦʚʘʥʠʡ ʟ ʧʦʛʣʷʜʫ ʥʘ ʘʝʨʦʜʠʥʘʤʽʢʫ. ʋ ʩʠʩʪʝʤʫ 

ʥʘʭʠʣʫ ʙʫʣʦ ʚʥʝʩʝʥʦ ʥʠʟʢʫ ʟʤʽʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʤʽʥʝʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʢʨʽʧʣʝʥʥʷ 

ʧʦʨʰʥʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʥʘʭʠʣ ʚʘʛʦʥʘ ʱʦʜʦ ʚʽʟʢʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʨʦʟʰʠʨʠʪʠ ʢʦ-

ʨʠʩʥʠʡ ʧʨʦʩʪʽʨ ʜʣʷ ʧʘʩʘʞʠʨʽʚ ʫʩʝʨʝʜʠʥʽ ʚʘʛʦʥʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ETR 450. ʂʨʽʤ ʪʦʛʦ, 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʦʚʫ ʘʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʨʦʟʛʦʡʜʫʚʘʥʥʷ ʚʘʛʦʥʘ, ʱʦ ʜʦ-

ʧʦʚʥʶʻ ʢʣʘʩʠʯʥʽ ʘʤʦʨʪʠʟʘʪʦʨʠ. ɺʩʝ ʦʙʣʘʜʥʘʥʥʷ ʙʫʣʦ ʧʝʨʝʥʝʩʝʥʦ ʜʦ ʧʽʜʚʘʛʦʥ-

ʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʩʴ ʟʨʦʩʣʦ ʜʦ 14 ʪʦʥ, ʱʦ, ʧʨʦʪʝ, ʟʥʘʯʥʦ ʤʝʥʰʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ. 

 



 

ʄʦʥʦʛʨʘʬʽʷ  |  ʈʦʟʜʽʣ 7 
 

197  ¶ 

 

ʈʠʩʫʥʦʢ 7.40 ï ɽʣʝʢʪʨʦʧʦʾʟʜ ETR 46020  

 

ʋ 1996 ʨʦʮʽ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʽʪʘʣʦ-ʰʚʝʡʮʘʨʩʴʢʦʾ ʢʦʤʧʘʥʽʾ Cisalpino ETR 460 

ʙʫʣʠ ʟʥʦʚʫ ʤʦʜʝʨʥʽʟʦʚʘʥʽ. ʄʦʜʝʨʥʽʟʦʚʘʥʘ ʩʝʨʽʷ ʦʜʝʨʞʘʣʘ ʧʦʟʥʘʯʝʥʥʷ ETR 470. 

ɹʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 9 ʩʢʣʘʜʽʚ ʧʦ 9 ʚʘʛʦʥʽʚ ʫ ʢʦʞʥʦʤʫ. ʇʦʾʟʜʠ ʧʨʠʟʥʘʯʘʣʠʩʷ ʜʦ ʨʦ-

ʙʦʪʠ ʥʘ ʰʚʠʜʢʽʩʥʠʭ ʤʽʞʤʽʩʴʢʠʭ ʣʽʥʽʷʭ ʫ ʛʽʨʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ɼʘʣʽ, ʜʣʷ FS (ʜʝʨ-

ʞʘʚʥʽ ʽʪʘʣʽʡʩʴʢʽ ʟʘʣʽʟʥʠʮʽ) ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ETR 480 (15 ʧʦʾʟʜʽʚ ʧʦ 9 ʚʘʛʦʥʽʚ). 

ɽʣʝʢʪʨʦʩʠʩʪʝʤʠ ʧʦʾʟʜʽʚ ʩʝʨʽʡ ETR 460 ʪʘ 480 ʫʥʽʬʽʢʦʚʘʥʽ ʤʽʞ ʩʦʙʦʶ. ɺ ʜʘʥʠʡ ʯʘʩ 

ʯʘʩʪʠʥʘ ʩʢʣʘʜʽʚ ʮʠʭ ʩʝʨʽʡ ʜʦʦʙʣʘʜʥʘʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʪʘ ʥʦʩʠʪʴ ʽʥʜʝʢʩ ETR 

485 [151]. 

ʋ 2000 ʨʦʮʽ ʟʘʧʫʱʝʥʘ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʩʝʨʽʷ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ S220 ʜʣʷ ʌʽʥʣʷʥ-

ʜʽʾ, ʟ ʛʽʙʨʠʜʥʦʶ ʜʠʟʝʣʴ-ʝʣʝʢʪʨʠʯʥʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʝʢʩʧʣʫ-

ʘʪʘʮʽʾ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟ ʛʝʨʤʝʪʠʯʥʠʤʠ ʩʢʣʦʧʘʢʝʪʘʤʠ ʪʘ ʩʠʩʪʝʤʦʶ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʷ çPendolinoè ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʪʘʢʦʞ ʚ ʽʥʰʠʭ ʧʦʾʟʜʘʭ, ʟʦʢʨʝʤʘ: 

- ʯʝʩʴʢʠʡ CDT680 [152]; 

- ʽʩʧʘʥʩʴʢʠʡ IC2000 Alaris [153]; 

- ʧʦʨʪʫʛʘʣʴʩʴʢʠʡ Alfa Pendular [154]; 

- ʩʣʦʚʝʥʩʴʢʠʡ ETR 310 (2000) [155]; 

- ʘʥʛʣʽʡʩʴʢʠʡ Virgin 390 (2003) [156].  

ʅʘ ʪʣʽ ʽʥʰʠʭ ʽʪʘʣʽʡʩʴʢʽ "Pendolino" Eurostar ʚʠʜʽʣʷʶʪʴʩʷ: 

- ʧʦʪʫʞʥʽʩʪʶ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ, 5880 ʢɺʪ, ʧʨʦʪʠ 2000 ʢɺʪ ʫ Virgin 

                                           
20 ʌʦʪʦ ʟʘʧʦʟʠʯʝʥʦ ʽʟ ʜʞʝʨʝʣʘ [150] 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

198  ¶ 

390 ʪʘ ETR 310 ʘʙʦ 4000 ʢɺʪ ʫ CDT680 ʪʘ S220; 

- ʥʠʞʯʠʤ ʮʝʥʪʨʦʤ ʪʷʞʢʦʩʪʽ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʚʘ-

ʞʢʠʭ ʛʽʨʩʴʢʠʭ ʜʽʣʷʥʢʘʭ ʽʟ ʢʨʫʪʠʤʠ ʧʦʚʦʨʦʪʘʤʠ. 

ʋ 2015 ʨʦʮʽ ʇʦʣʴʱʘ ʨʦʟʧʦʯʘʣʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʰʚʠʜʢʽʩʥʠʭ ʧʦʾʟʜʽʚ Pendolino 

7-ʛʦ ʧʦʢʦʣʽʥʥʷ ED250 ʟʘ ʤʘʨʰʨʫʪʦʤ ɺʘʨʰʘʚʘïɻʜʠʥʷïʂʨʘʢʽʚïʂʘʪʦʚʽʮʝïɺʨʦʮʣʘʚ 

[147]. ʅʘʨʘʟʽ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʮʠʭ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ʥʘ ʤʘʨʰʨʫʪʘʭ ʚʩʪʘʥʦʚ-

ʣʝʥʦ 200 ʢʤ/ʛʦʜ, ʘʣʝ ʪʝʭʥʽʯʥʦ ʮʽ ʧʦʾʟʜʠ ʩʝʨʪʠʬʽʢʦʚʘʥʽ ʥʘ ʰʚʠʜʢʽʩʪʴ 250 ʢʤ/ʛʦʜ. 

ɼʽʩʪʘʪʠʩʴ ʟʽ ʩʪʦʣʠʮʽ ʇʦʣʴʱʽ ʜʦ ɺʨʦʮʣʘʚʘ ʤʦʞʥʘ ʟʘ 3 ʛʦʜ. 42 ʭʚ. 

 

 

7.6. ɺʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ  

ʟʘ ʢʨʠʪʝʨʽʻʤ ʢʦʤʬʦʨʪʫ ʧʘʩʘʞʠʨʽʚ 

 

ʄʘʢʩʠʤʘʣʴʥʦ ʽ ʤʽʥʽʤʘʣʴʥʦ ʜʦʟʚʦʣʝʥʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʟʚʠʯʘʡʥʦʛʦ ʧʦʾʟʜʘ (ʙʝʟ 

ʥʘʭʠʣʫ ʢʫʟʦʚʘ) ʟʘ ʢʨʠʪʝʨʽʻʤ ʢʦʤʬʦʨʪʫ ʧʘʩʘʞʠʨʽʚ (ʫ ʢʤ/ʛʦʜ). 

 

ὠάὥὼσȟφ ”ὫϽὬȾί ὥ  ;                                (7.1) 

 

ὠάὭὲσȟφ ”ὫϽὬȾί ὥ ,                                  (7.2) 

 

ʜʝ ɟ ï ʨʘʜʽʫʩ ʢʨʠʚʦʾ, ʤ; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, g = 9,8 ʤ/c2; 

h ï ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ, ʤ; 

s ï ʘʢʪʠʚʥʘ ʰʠʨʠʥʘ ʢʦʣʽʾ, ʤ; 

ὥ  ï ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʟʚʦʣʝʥʝ ʥʝʧʦʛʘʰʝʥʝ ʙʦʢʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘ ʫʤʦʚʘʤʠ 

ʢʦʤʬʦʨʪʫ ʧʘʩʘʞʠʨʽʚ, ʚ ʋʢʨʘʾʥʽ ʧʨʠʡʥʷʪʦ ὥ   = 0,7ï1,0 ʤ/ʩ2 [228]. 

ɿʘʟʚʠʯʘʡ, ʥʘ ʣʽʥʽʷʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ  ὠάὭὲ = 0. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʟʚʦʣʝʥʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʘ ʟ ʩʠʩʪʝʤʦʶ ʧʨʠʤʫʩʦʚʦʛʦ 
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ʥʘʭʠʣʫ ʢʫʟʦʚʘ Pendolino ʟʘ ʢʨʠʪʝʨʽʻʤ ʢʦʤʬʦʨʪʫ ʧʘʩʘʞʠʨʽʚ (ʫ ʢʤ/ʛʦʜ): 

 

ὠὴὩὲὨσȟφ ”ὫϽὸὫὥὶὧὸὫ ‍ ὥ  ,                            (7.3) 

 

ʜʝ   ɓ ï ʢʫʪ ʧʨʠʤʫʩʦʚʦʛʦ ʥʘʭʠʣʫ ʢʫʟʦʚʫ, ʨʘʜ.  

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ὠάὥὼ, ὠάὭὲ, ὠὴὩὲὨ ʚʽʜ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ʧʨʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʤʫ ʟʥʘʯʝʥʥʽ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ, h = 0,150 ʤ/ 

ɼʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʪʨʝʙʘ ʦʙʣʘʜʥʘʪʠ ʚʘʛʦʥ ʩʧʝʮʽʘʣʴʥʠʤʠ ʩʠʩʪʝ-

ʤʘʤʠ, ʷʢʽ ʧʦʜʽʣʷʶʪʴ ʥʘ çʧʘʩʠʚʥʽè, çʧʘʩʠʚʥʦ-ʘʢʪʠʚʥʽè ʪʘ çʘʢʪʠʚʥʽè. 

ʇʘʩʠʚʥʽ ʩʠʩʪʝʤʠ ʩʪʚʦʨʶʶʪʴ ʥʘʭʠʣ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʚʽʜʥʦʩʥʦ ʚʽʟʢʽʚ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʨʽʟʥʠʮʽ ʤʽʞ ʚʽʜʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ Fʚ ̔  ʛʨʘʚʽʪʘʮʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ Hʛ (ʨʠʩ. 7.42). 

 

 

ʈʠʩʫʥʦʢ 7.41 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʘ 

ʚʽʜ ʨʘʜʽʫʩʫ ʢʨʠʚʦʾ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʤʫ ʟʥʘʯʝʥʥʽ ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʨʝʡʢʠ 

 

ʅʘ ʨʠʩ. 7.42 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʧʘʩʠʚʥʦʾ ʩʠʩʪʝʤʠ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʚʽʜʥʦ-

ʩʥʦ ʚʽʟʢʽʚ ʰʚʠʜʢʽʩʥʦʛʦ ʧʦʪʷʛʘ Talgo 350, ʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠʩʪʨʽʡ ʤʘʷʪʥʠʢʦʚʦʛʦ 

ʪʠʧʫ. ɺʽʩʴ ʦʙʝʨʪʘʥʥʷ ʢʫʟʦʚʘ 1 ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ, ʜʝ ʚʽʥ ʩʧʠʨʘʻʪʴʩʷ 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

200  ¶ 

ʥʘ ʧʥʝʚʤʘʪʠʯʥʽ ʙʘʣʦʥʠ 2, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʢʦʣʦʥʘʭ 3, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʨʘʤʫ 

ʚʽʟʢʘ 4. ɹʘʣʦʥʠ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʪʨʫʙʦʶ  ̔ʟʘʧʦʚʥʝʥʽ ʧʦʚʽʪʨʷʤ, ʷʢʝ ʩʚʦʾʤ ʪʠʩ-

ʢʦʤ ʫʨʽʚʥʦʚʘʞʫʻ ʚʘʛʫ ʢʫʟʦʚʘ. ʎʝʥʪʨ ʤʘʩ ʢʫʟʦʚʘ ʟʥʘʭʦʜʠʪʩʷ ʥʠʞʯʝ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʭʠʣ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʭʦʜʞʝʥʥʽ ʚ ʢʨʠʚʫ ʜʽ-

ʣʷʥʢʫ ʢʦʣʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ. ʇʨʠ ʮʴʦʤʫ ʚʥʫʪʨʽʰʥʽʡ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʘ ʢʨʠʚʦʾ ʙʘʣʦʥ ʩʪʠʩʢʘʻʪʩʷ ʽ ʧʦʚʽʪʨʷ ʟ ʥʴʦʛʦ ʧʝʨʝʪʽʢʘʻ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʙʘ-

ʣʦʥʘ, ʪʦʙʪʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʽʙʠʪʦ h ʘʨʥʽʨ, ʥʘ ̫ ʢʦʤʫ ʚʠʩʠʪʴ ʢʫʟʦʚ. ʇʘʩʠʚʥʘ ʩʠʩʪʝʤʘ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʫʪ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʜʦ 3Á. 

 

 

ʈʠʩʫʥʦʢ 7.42 ï ʇʘʩʠʚʥʘ ʩʠʩʪʝʤʘ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʚʘʛʦʥʘ ʚʽʜʥʦʩʥʦ ʚʽʟʢʽʚ:  

1 ï ʢʫʟʦʚ; 2 ï ʧʥʝʚʤʘʪʠʯʥʽ ʙʘʣʦʥʠ; 3 ï ʢʦʣʦʥʠ; 4 ï ʨʘʤʘ ʚʽʟʢʘ; 5 ï ʢʦʣʽʩʥʘ ʧʘʨʘ 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʮʝʥʪʨ ʤʘʩ  ̔ʧʽʜʣʦʛʘ ʚʘʛʦʥʘ ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʟʴʢʦ ʚʽʜ-

ʥʦʩʥʦ ʰʘʨʥʽʨʘ, ʪʦ ʮʴʦʛʦ ʜʦʩʠʪʴ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʙʽʯʥʦʛʦ ʥʝ-

ʧʦʛʘʰʝʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʜʦʩʠʪʴ ʧʨʦʩʪʘ  ̔ʥʘʜʽʡʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ɺʘʞ-

ʣʠʚʦ, ʱʦ ʢʫʟʦʚ ʚʘʛʦʥʘ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʢʨʠʚʦʾ ʜʽʣʷʥʢʠ ʢʦʣʽʾ, ʜʝ ʚʽʥ ʙʫʚ ʥʘʭʠʣʝ-

ʥʠʡ, ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘʟʘʜ ʧʽʜ ʜʽʻʶ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʩʠʣʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʧʦʪʷʛʘ ʫ ʢʨʠʚʽʡ ʨʘʜʽʫʩʦʤ 700 ʤ ʟ 133 ʢʤ/ʛʦʜ ʜʦ 155 ʢʤ/ʛʦʜ. 

ʅʝʜʦʣʽʢʦʤ ʧʘʩʠʚʥʦʾ ʩʠʩʪʝʤʠ ʻ ʪʝ, ʱʦ ʢʫʪ ʧʦʚʦʨʦʪʫ ʢʫʟʦʚʘ, ʷʢʠʡ ʩʠʩʪʝʤʘ 
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ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ, ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʟʘ ʧʦʪʨʽʙʥʠʡ. ʎʝ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʦʜʘʣʴʰʝ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʪʷʛʽʚ ʧʦ ʢʨʠʚʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʽʾ. 

ʇʘʩʠʚʥʦ-ʘʢʪʠʚʥʘ ʩʠʩʪʝʤʘ, ̫ ʢʘ ̒  ʨʦʟʚʠʪʢʦʤ ʧʘʩʠʚʥʦʾ, ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʠʤ ʩʪʫʧʝʥʝʤ ʨʝʩʦʨʥʦʛʦ ʧʽʜʚʽʰʫʚʘʥʥʷ, ʜʝ ʚʠʢʦ-

ʨʠʩʪʘʥʦ ʧʥʝʚʤʘʪʠʯʥʽ ʨʝʩʦʨʠ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʟʘʩʪʦʩʦʚʘʥʘ ʥʘ ʷʧʦʥʩʴʢʦʤʫ ʰʚʠʜʢʽʩ-

ʥʦʤʫ ʧʦʾʟʜʽ N700. 

ʅʘ ʨʠʩ. 7.43 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʧʘʩʠʚʥʦ-ʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʚʘ-

ʛʦʥʘ ʚʽʜʥʦʩʥʦ ʚʽʟʢʽʚ ʰʚʠʜʢʽʩʥʦʛʦ ʧʦʪʷʛʘ N700. ʂʫʟʦʚ ʚʘʛʦʥʘ 1 ʥʘʭʠʣʷʻʪʴʩʷ ʚʽʜ-

ʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ ʽ ʥʘʭʠʣʷʻʪʴʩʷ  ʚʽʜʥʦʩʥʦ ʚʽʟʢʘ 2 ʥʘ ʢʫʪ ʜʦ 2Á ʟʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʽʡ 

ʧʦʜʘʯʽ  ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʚ ʦʜʥʫ ʟ ʧʥʝʚʤʘʪʠʯʥʠʭ ʨʝʩʦʨ 3 ʚʽʜ ʢʦʤʧʨʝʩʦʨʘ ʯʝʨʝʟ 

ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʠʡ ʚʝʥʪʠʣ ɹ5, ʘʙʦ ʟ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 4,  ̔ʚʠʧʫʩʢʫ ʯʘʩ-

ʪʠʥʠ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟ ʧʨʦʪʠʣʝʞʥʦʾ ʧʥʝʚʤʘʪʠʯʥʦʾ ʨʝʩʦʨʠ ʯʝʨʝʟ ʝʣʝʢʪʨʦʧʥʝʚ-

ʤʘʪʠʯʥʠʡ ʚʝʥʪʠʣ ɹ6. ɽʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʠʤʠ ʚʝʥʪʽʣʷʤʠ ʢʝʨʫʻ ʢʦʤʧôʶʪʝʨ. 

 

    

ʈʠʩʫʥʦʢ 7.43 ï ʇʘʩʠʚʥʦ-ʘʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʚʘʛʦʥʘ: 1 ï ʢʫʟʦʚ; 2 ï ʚʽʟʦʢ; 3 ï ʧʥʝʚ-

ʤʘʪʠʯʥʽ ʨʝʩʦʨʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʽʜʚʽʰʫʚʘʥʥʷ ʢʫʟʦʚʘ; 4 ï ʜʦʜʘʪʢʦʚʠʡ ʨʝʟʝʨʚʫʘʨ; 5, 6 ï ʝʣʝʢʪʨʦʧ-

ʥʝʚʤʘʪʠʯʥʽ ʚʝʥʪʝʣʽ; 7 ï ʢʦʣʽʩʥʘ ʧʘʨʘ  

 

ʊʘʢʘ ʩʠʩʪʝʤʘ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʪʷʛʫ N700 ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʫ 

ʢʨʠʚʠʭ ʨʘʜʽʫʩʦʤ 2500 ʤ ʟ 250 ʜʦ 270 ʢʤ/ʛʦʜ, ʪʦʙʪʦ ʚʦʥʘ ʜʝʱʦ ʝʬʝʢʪʠʚʥʽʰʘ, ʥʽʞ 

ʧʦʧʝʨʝʜʥʷ. 

ʆʜʥʘʢ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʯʠʥʠʚ ʧʦʷʚʫ ʱʝ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ çʘʢʪʠʚʥʽè. ɸʢʪʠʚʥʘ ʩʠʩʪʝʤʘ 
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ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʚʧʝʨʰʝ ʨʝʘʣʽʟʦʚʘʥʘ ʚ 1957 ʨʦʮʽ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʚʘʛʦʥʽ ʫ ʌʨʘʥʮʽʾ. 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʨʦʟʚʠʪʢʫ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʧʦ-

ʪʷʛʽʚ Pendolino ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʤʝʭʘʥʽʟʤʫ ʥʘʭʠʣʫ ʢʫʟʦʚʘ  ̔h ʚʠʜʢʽʩʪʶ 

ʨʫʭʫ ʟʘ 200 ʢʤ/ʛʦʜ. ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʩʪʝʤʠ Pendolino ʧʦʯʘʣʦʩʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ 

ʦʪʨʠʤʘʣʠ ʧʝʚʥʠʡ ʨʦʟʚʠʪʦʢ ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʩʠʩʪʝʤʠ  

ʢʝʨʫʚʘʥʥʷ, ̫ ʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ. ʅʘʭʠʣ ʢʫʟʦʚʽʚ ʚʘʛʦʥʽʚ ʧʦʪʷʛʘ ʩʠ-

ʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʯʠʥʘʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʟʘʟʜʘʣʝʛʽʜʴ, ʟ ʜʝʷʢʠʤ ʫʧʝʨʝʜʞʝʥʥʷʤ, 

ʱʦʙ ʚʦʥʠ ʤʘʣʠ ʫʚʽʡʪʠ ʫ ʢʨʠʚʫ ʜʽʣʷʥʢʫ ʢʦʣʽʾ ʚʞʝ ʟ ʥʝʦʙʭʽʜʥʠʤ ʥʘʭʠʣʦʤ. ʎʝ ʧʦ-

ʣʽʧʰʫʻ ʚʽʜʯʫʪʪʷ ʢʦʤʬʦʨʪʫ ʧʘʩʘʞʠʨʽʚ. 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʚʽʚ, ʱʦ ʜʦʩʷʛʪʠ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʦʛʦ ʢʫʪʘ ʥʘʭʠʣʫ ʢʫ-

ʟʦʚʘ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʚʦʥʠ ʦʪʨʠʤʘʣʠ 

ʥʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. 

ɼʦ ʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʚʭʦʜʷʪʴ ʢʫʟʦʚ, ʨʘʤʘ ʚʽʟʢʘ, ʧʨʦʤʽʞʥʘ 

ʙʘʣʢʘ, ʩʠʩʪʝʤʘ ʧʽʜʚʽʩʫ, ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ ʥʘ ʙʘʟʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ, ʧʥʝʚʤʘʪʠʯ-

ʥʦʛʦ ʘʙʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʦʜʽʚ  ̔ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʘʢʪʠʚʥʫ ʩʠ-

ʩʪʝʤʫ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʥʘ ʧʨʠʢʣʘʜʽ ʰʚʠʜʢʽʩʥʠʭ ʧʦʪʷʛʽʚ ETR 470, ʷʢʽ ʦʙʣʘʜʥʘʥʦ ʛʽ-

ʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʤʝʭʘʥʽʟʤʫ ʥʘʭʠʣʫ ʢʫʟʦʚʘ (ʨʠʩ. 27.44ʘ). ɺʦʥʠ ʤʘʶʪʴ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 200 ʢʤ/ʛʦʜ, ʘ ʢʫʪ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʜʦʩʷʛʘʻ 8ʦ. ʉʭʝʤʘ ʩʠ-

ʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 7.44ʙ, 7.44ʚ. 

 

             

ʈʠʩʫʥʦʢ 7.44 ï ɸʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʥʘʭʠʣʫ ʢʫʟʦʚʘ ʧʦʪʷʛʘ ETR 470: 

1 ï ʧʨʦʤʽʞʥʘ ʙʘʣʢʘ; 2 ï ʚʘʞʽʣʴ ʧʽʜʚʽʩʢʠ; 3 ï ʢʫʟʦʚ; 4 ï ʩʠʣʦʚʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʮʠʣʽʥʜʨ; 5 ï ʨʘʤʘ 

ʚʽʟʢʘ; 6 ï ʨʝʩʦʨʘ ʧʽʜʚʽʰʫʚʘʥʥʷ ʢʫʟʦʚʘ; 7 ï ʢʦʣʽʩʥʘ ʧʘʨʘ 
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ɺʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ ʩʪʚʦʨʶʶʪʴ ʟʘ ʪʘʢʠʤʠ ʩʭʝʤʘʤʠ: 

ï ʚʘʞʽʣʴʥʠʡ ʧʽʜʚʽʩ ʢʫʟʦʚʘ ʜʦ ʧʨʦʤʽʞʥʦʾ ʙʘʣʢʠ, ʧʨʠ ʷʢʦʤʫ ʢʫʟʦʚ ʚʘʛʦʥʘ 

ʩʧʠʨʘʻʪʴʩʷ ʯʝʨʝʟ ʚʘʞʝʣʽ ʧʽʜʚʽʩʫ ʥʘ ʧʨʦʤʽʞʥʫ ʙʘʣʢʫ, ʷʢʘ ʯʝʨʝʟ ʧʥʝʚʤʘʪʠʯʥʽ ʨʝ-

ʩʦʨʠ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʨʘʤʫ ʚʽʟʢʘ; ʢʫʟʦʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʣʦʚʠʭ ʮʠʣʽʥʜʨʽʚ ʥʘʭʠʣʷ-

ʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʨʦʤʽʞʥʦʾ ʙʘʣʢʠ; 

ï ʚʘʞʽʣʴʥʠʡ ʧʽʜʚʽʩ ʧʨʦʤʽʞʥʦʾ ʙʘʣʢʠ ʜʦ ʨʘʤʠ ʚʽʟʢʘ, ʧʨʠ ̫ ʢʦʤʫ ʢʫʟʦʚ ʚʘ-

ʛʦʥʘ ʩʧʠʨʘʻʪʴʩʷ ʯʝʨʝʟ ʧʥʝʚʤʘʪʠʯʥʽ ʨʝʩʦʨʠ ʥʘ ʧʨʦʤʽʞʥʫ ʙʘʣʢʫ, ʷʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʘʞʝʣʽʚ ʧʽʜʚʽʰʝʥʘ ʜʦ ʨʘʤʠ ʚʽʟʢʘ; ʢʫʟʦʚ ʨʘʟʦʤ ʟ ʧʨʦʤʽʞʥʦʶ ʙʘʣʢʦʶ ʥʘʭʠʣʷʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʣʦʚʠʭ ʮʠʣʽʥʜʨʽʚ ʚʽʜʥʦʩʥʦ ʨʘʤʠ ʚʽʟʢʘ; 

ï ʩʧʠʨʘʥʥʷ ʢʫʟʦʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʥʝʚʤʘʪʠʯʥʠʭ ʨʝʩʦʨ ʥʘ ʧʨʦʤʽʞʥʫ ʙʘ-

ʣʢʫ, ̫ ʢʘ ʯʝʨʝʟ ʪʽʣʘ ʢʦʯʝʥʥʷ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʨʘʤʫ ʚʽʟʢʘ, ʚʠʢʦʥʘʥʫ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʠʥʠ 

ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ; ʢʫʟʦʚ ʨʘʟʦʤ ʟ ʧʨʦʤʽʞʥʦʶ ʙʘʣʢʦʶ ʥʘʭʠʣʷʻʪʴʩʷ ʥʘ ʟʘʜʘ-

ʥʠʡ ʢʫʪ ʚʽʜʥʦʩʥʦ ʦʩʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʣʦʚʠʭ ʮʠʣʽʥʜʨʽʚ. 

ɼʚʽ ʧʝʨʰʽ ʩʭʝʤʠ ʙʽʣʴʰ ʧʦʰʠʨʝʥʽ, ʙʦ ʚʦʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʧʨʦʩʪʽʰʝ, ʘ ʪʨʝʪʷ ʩʭʝʤʘ ʤʘʻ ʧʝʨʝʚʘʛʫ ʚ ʪʦʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʤʽʩʪʠʪʠ ʮʝʥʪʨ ʦʙʝ-

ʨʪʘʥʥʷ ʢʫʟʦʚʘ ʥʘ ʨʽʚʥʽ ʫʩʝʨʝʜʥʝʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩ ʧʘʩʘʞʠʨʽʚ ʚʘʛʦʥʘ, ɦ ʦ ʩʧʨʠʷʻ ʧʦ-

ʣʽʧʰʝʥʥʶ ʾʭ ʩʘʤʦʧʦʯʫʪʪʷ ʧʨʠ ʥʘʭʠʣʘʭ ʢʫʟʦʚʘ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ  ̒ʛʽʜʨʘʚʣʽʯʥʠʡ ʩʠʣʦʚʠʡ  ʧʨʠʚʦʜ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʽ-

ʜʨʘʚʣʽʯʥʦʛʦ ʥʘʩʦʩʘ, ʛʜ̔ʨʦʘʢʫʤʫʣʷʪʦʨʘ, ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʢʦʤʧôʶʪʝʨʘ  ̔ʘʧʘʨʘʪʫʨʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʭʠʣʫ ʢʫʟʦʚʘ, ʢʝʨʦʚʘʥʠʭ ʢʣʘʧʘʥʽʚ  ̔ʩʠʣʦʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʮʠʣʽʥʜ-

ʨʽʚ ʥʘ ʢʦʞʥʦʤʫ ʚʽʟʢʫ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʥʘʩʦʩ ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʩʠʩ-

ʪʝʤʠ ʪʠʩʢ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʪʘ ʩʧʨʷʤʦʚʫʻ ʾʾ ʜʦ ʛʽʜʨʦʘʢʫʤʫʣʷʪʦʨʘ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ 

ʨʽʚʝʥʴ ʪʠʩʢʫ ʧʨʠ ʚʽʜʤʦʚʘʭ ʫ ʨʦʙʦʪʽ ʥʘʩʦʩʘ. 

ʂʦʤʧôʶʪʝʨ  ̔ʘʧʘʨʘʪʫʨʘ ʨʝʛʫʣʶʚʘʥʥʷ ʢʝʨʫʶʪʴ ʨʦʙʦʪʦʶ ʢʣʘʧʘʥʽʚ, ʯʝʨʝʟ ʷʢʽ 

ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʥʘʜʭʦʜʠʪʴ ʜʦ ʩʠʣʦʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʮʠʣʽʥʜʨʽʚ. 

ʉʠʣʦʚʽ ʛʽʜʨʘʚʣʽʯʥʽ ʮʠʣʽʥʜʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʦ ʦʜʥʦʤʫ ʘʙʦ ʧʦ ʜʚʘ ʥʘ ʢʦ-

ʞʥʦʤʫ ʚʽʟʢʫ. ɺʦʥʠ ʥʘʭʠʣʷʶʪʴ ʢʫʟʦʚ, ʫʪʨʠʤʫʶʪʴ ʡʦʛʦ ʚ ʥʘʭʠʣʝʥʦʤʫ ʩʪʘʥʽ, ʜʝʤʧ-

ʬʽʨʫʶʪʴ ʡʦʛʦ ʢʫʪʦʚʝ ʢʦʣʠʚʘʥʥʷ, ʙʣʦʢʫʶʪʴ ʡʦʛʦ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʧʨʠ ʚʽʜʤʦʚʘʭ 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

204  ¶ 

ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʠʩʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʜʦ ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʨʽ-

ʚʥʷ, ʘ ʪʘʢʦʞ ʧʦʚʝʨʪʘʶʪʴ ʢʫʟʦʚ ʜʦ ʚʠʭʽʜʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʩʠʣʦʚʠʡ ʧʨʠʚʦʜ ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ ʪʠʩʢʘʭ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (15 

ï 20 ʄʇʘ) ʤʘʻ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ  ̔ ʚ ʪʦʡ ʞʝ ʯʘʩ ʤʦʞʝ ʨʦʟʚʠʚʘʪʠ ʥʝʦʙʭʽʜʥʽ 

ʟʫʩʠʣʣʷ ʜʣʷ ʥʘʭʠʣʽʚ ʢʫʟʦʚʘ. ʆʜʥʘʢ ʚʽʥ ʤʘʻ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʚʽʜʥʦʩʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʤʦʞʣʠʚʽʩʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʯʝʨʝʟ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦ-

ʯʦʾ ʨʽʜʠʥʠ. 

ʇʥʝʚʤʘʪʠʯʥʠʡ ʩʠʣʦʚʠʡ ʧʨʠʚʦʜ ʥʝ ʤʽʩʪʠʪʴ ʪʘʢʠʭ ʥʝʜʦʣʽʢʽʚ, ʘʣʝ ʡʦʛʦ ʰʚʠʜ-

ʢʦʜʽʷ ʤʝʥʰʘ, ʥʽʞ ʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ, ʘ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʟʥʘʯʥʦ ʙʽʣʴʰʝ. 

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʩʠʣʦʚʠʡ ʧʨʠʚʦʜ ʩʢʣʘʜʘʻʪʴʩʷ  ʟ ʢʨʦʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠ-

ʛʫʥʘ, ʟʫʙʯʘʩʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʟ ʛʚʠʥʪʦʚʦʶ ʧʘʨʦʶ, ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ ʦʙʝʨʪʘʥʥʷ ʡʦʛʦ 

ʚʠʭʽʜʥʦʛʦ ʚʘʣʘ ʚ ʣʽʥʽʡʥʝ ʟʤʽʱʝʥʥʷ ʰʪʦʢʘ, ʱʦ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʢʫʟʦʚʦʤ ʽ ʦʙʝʨʪʘʻ 

ʡʦʛʦ. ʊʘʢʠʡ ʧʨʠʚʦʜ ʤʘʡʞʝ ʥʝ ʧʦʪʨʝʙʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ  ̔  ̒ʝʢʦʣʦ-

ʛʽʯʥʦ ʜʦʩʠʪʴ ʯʠʩʪʠʤ. 

 

 

7.7. ʈʦʟʨʦʙʢʠ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʜʣʷ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ  

ʇɸʊ çʂʨʶʢʽʚʩʴʢʠʡ ʚʘʛʦʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜè 

 

7.7.1. ʐʚʠʜʢʽʩʥʠʡ ʝʣʝʢʪʨʦʧʦʾʟʜ ɽʂʨ-1 çʊʘʨʧʘʥè 

ʇʫʙʣʽʯʥʝ ʘʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ çʂʨʶʢʽʚʩʴʢʠʡ ʚʘʛʦʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜè ʨʦʟ-

ʨʦʙʠʚ, ʧʦʙʫʜʫʚʘʚ ʽ ʟʘʧʫʩʪʠʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʚʘ ʜʚʦʩʠʩʪʝʤʥʠʭʽʚ ʝʣʝʢʪʨʦʧʦʾʟʜ 

ɽʂʨ1 çʊʘʨʧʘʥè ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 200 ʢʤ/ʛʦʜ (ʚ ʧʝʨʩʧʝʢ-

ʪʠʚʽ ï ʜʦ 250 ʢʤ/ʛʦʜ). ʇʦʚʥʠʡ ʮʠʢʣ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ʙʫʣʦ ʟʘʚʝʨʰʝʥʦ ʚ 

ʣʠʩʪʦʧʘʜʽ 2012 ʨ. ɿʘ ʥʝʟʘʣʝʞʥʠʤʠ ʦʮʽʥʢʘʤʠ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ (ʥʘʜʽʡʥʽʩʪʴ, 

ʚʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ, ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʨʽʚʝʥʴ ʽ ʚʘ-

ʨʪʽʩʪʴ ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʧʘʩʥʠʤʠ ʯʘʩʪʠ-

ʥʘʤʠ, ʷʢʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʪʦʱʦ) ʝʣʝʢʪʨʦʧʦʾʟʜ ɽʂʨ1 çʊʘʨʧʘʥè (ʇɸʊ çʂɺɹɿè) ʚʠ-

ʟʥʘʥʦ ʢʨʘʱʠʤ ʥʽʞ ʡʦʛʦ ʢʦʥʢʫʨʝʥʪʠ: HRCS2 (çHyundai Rotemè) ʽ EJ 675 

(çSkodaè). 

https://uk.wikipedia.org/wiki/%D0%9A%D1%96%D0%BD%D1%8C_%D0%B4%D0%B8%D0%BA%D0%B8%D0%B9
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205  ¶ 

ɺʽʟʦʢ  ʛʦʣʦʚʥʦʛʦ ʚʘʛʦʥʘ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ɽʂʨ-1 çʊʘʨʧʘʥè ʤʦʜʝʣʽ 68-7072 (ʨʠʩ. 

7.46) ï ʜʚʦʚʽʩʥʠʡ ʤʦʪʦʨʥʠʡ ʚʽʟʦʢ ʙʝʟʣʶʣʝʯʥʦʛʦ ʪʠʧʫ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʢʘʜʢʠ 

ʧʽʜ ʚʘʛʦʥʠ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ ʢʦʣʽʾ 1520 ʤʤ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʟ ʢʦʥʩʪʨʫʢʮʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ 160ï200 ʢʤ/ʛʦʜ.  

 

ʈʠʩʫʥʦʢ 7.45 ï ʋʢʨʘʾʥʩʴʢʠʡ ʰʚʠʜʢʽʩʥʠʡ ʝʣʝʢʪʨʦʧʦʾʟʜ ɽʂʨ-1 çʊʘʨʧʘʥè 

 

7.7.2. ɼʠʟʝʣʴ-ʧʦʾʟʜ ɼʇʂʨ-2 

ʑʝ ʦʜʥʦʶ ʨʦʟʨʦʙʢʦʶ ʇɸʊ çʂʨʶʢʽʚʩʴʢʠʡ ʚʘʛʦʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜè ʻ ʜʠʟʝʣʴ-

ʧʦʾʟʜ ɼʇʂʨ-2. ʋ ʧʫʙʣʽʢʘʮʽʾ [229] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʾ ʝʢʽʧʘʞʥʦʾ ʯʘʩʪʠʥʠ 

ʚʘʛʦʥʘ ʜʠʟʝʣʴ-ʧʦʾʟʜʘ ɼʇʂʨ-2. ʆʩʥʦʚʥʽ ʚʫʟʣʠ ʧʨʠʚʦʜʥʦʛʦ ʽ ʥʝʧʨʠʚʦʜʥʦʛʦ ʚʽʟʢʘ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7.48, 7.49. 

ɺʽʟʢʠ ʤʘʶʪʴ ʜʚʦʩʪʫʧʝʥʝʚʝ ʨʝʩʦʨʥʝ ʧʽʜʚʽʰʫʚʘʥʥʷ: ʧʝʨʚʠʥʥʝ, ʙʫʢʩʦʚʝ ï ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʨʫʞʠʥ; ʚʪʦʨʠʥʥʝ ï ʟ ʧʥʝʚʤʘʪʠʯʥʠʭ ʨʝʩʦʨ. 

ɺʽʟʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʦʩʴʦʚʠʭ ʨʝʜʫʢʪʦʨʽʚ (ʪʽʣʴʢʠ ʜʣ̫ 

ʧʨʠʚʦʜʥʠʭ ʚʽʟʢʽʚ); ʢʦʣʽʩʥʠʭ ʧʘʨ; ʨʘʤʠ; ʙʫʢʩʦʚʦʛʦ (ʧʝʨʚʠʥʥʦʛʦ) ʨʝʩʦʨʥʦʛʦ ʧʽʜʚʽ-

ʰʫʚʘʥʥʷ; ʮʝʥʪʨʘʣʴʥʦʛʦ (ʚʪʦʨʠʥʥʦʛʦ) ʨʝʩʦʨʥʦʛʦ ʧʽʜʚʽʰʫʚʘʥʥʷ; ʛʽʜʨʘʚʣʽʯʥʠʭ ʛʘʩ-

ʥʠʢʽʚ ʢʦʣʠʚʘʥʴ; ʚʫʟʣʘ ʟôʻʜʥʘʥʥʷ ʚʽʟʢʘ ʟ ʢʫʟʦʚʦʤ ʚʘʛʦʥʘ ̔  ʧʝʨʝʜʘʯʽ ʧʦʟʜʦʚʞʥʽʭ 

ʟʫʩʠʣʴ; ʝʣʝʤʝʥʪʽʚ ʟôʻʜʥʘʥʥ ̫ʙʫʢʩʦʚʠʭ ʚʫʟʣʽʚ ʢʦʣʽʩʥʦʾ ʧʘʨʠ ʟ ʨʘʤʦʶ ʚʽʟʢʘ; ʩʪʘʙʽ-

ʣʽʟʘʪʦʨʘ ʙʦʢʦʚʦʛʦ ʢʦʣʠʚʘʥʥʷ. ɹʫʢʩʦʚʝ ʨʝʩʦʨʥʝ ʧʽʜʚʽʰʫʚʘʥʥʷ ʚʽʟʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʦʤʧʣʝʢʪʫ ʟ ʪʨʴʦʭ ʧʨʫʞʠʥ ʟ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʝʣʘʩʪʠʯʥʠʤʠ ʝʣʝʤʝʥ-

ʪʘʤʠ, ʘ ʪʘʢʦʞ ʛʘʩʥʠʢʽʚ ʢʦʣʠʚʘʥʴ (ʨʠʩ. 7.50). ʎʝʥʪʨʘʣʴʥʝ ʨʝʩʦʨʥʝ ʧʽʜʚʽʰʫʚʘʥʥʷ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʨʝʩʦʨ, ʜʚʦʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ ʜʚʦʭ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʠʭ ʛʘʩʥʠʢʽʚ ʢʦʣʠʚʘʥʴ (ʨʠʩ. 7.51). 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

206  ¶ 

 

 

ʈʠʩʫʥʦʢ 7.46 ï ɺʽʟʦʢ ʛʦʣʦʚʥʦʛʦ ʚʘʛʦʥʘ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ɽʂʨ-1 çʊʘʨʧʘʥè ï ʤʦʜʝʣʴ 68-7072  
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207  ¶ 

 

 

ʈʠʩʫʥʦʢ 7.47 ï ɺʽʟʦʢ ʧʨʦʤʽʞʥʦʛʦ ʚʘʛʦʥʘ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ɽʂʨ-1 çʊʘʨʧʘʥè ï ʤʦʜʝʣʴ 69-7049 



 

ɼʠʥʘʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽ ʢʦʣʽʾ ʥʘ ʣʽʥʽʷʭ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʩʫʤʽʱʝʥʦʛʦ ʟ ʚʘʥʪʘʞʥʠʤ 
 

208  ¶ 

 

ʈʠʩʫʥʦʢ 7.48 ï ʆʩʥʦʚʥʽ ʚʫʟʣʠ ʧʨʠʚʦʜʥʦʛʦ ʚʽʟʢʘ 

 

 

 

 

 

ʈʠʩʫʥʦʢ 7.49 ï ʆʩʥʦʚʥʽ ʚʫʟʣʠ ʥʝʧʨʠʚʽʜʥʦʛʦ ʚʽʟʢʘ 

 










































