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ʃʝʞʠʰʪʝ ʫʛˀʘ ɫʫʨʹʝʚʠʢ ʧʨʝʜʩʪʘʚˀʘ ʠʩʪʦʯʥʠ ʜʝʦ ɹʘʥʦʚʠ˂ʢʦʛ ʫʛˀʝʥʦʛ 

ʙʘʩʝʥʘ ʠ ʧʨʠʧʘʜʘ ʩʝʚʝʨʥʦʿ ʩʪʨʘʥʠ ʙʦʩʘʥʩʢʝ ʦʬʠʦʣʠʪʩʢʝ ʟʦʥʝ ʫʥʫʪʨʘʰˁʠʭ ɼʠʥʘʨʠʜʘ 

ʫ ʯʠʿʠ ʩʘʩʪʘʚ ʫʣʘʟʝ ʩʪʝʥʝ ʧʘʣʝʦʟʦʿʩʢʝ, ʤʝʟʦʟʦʿʩʢʝ ʠ ʢʝʥʦʟʦʿʩʢʝ ʩʪʘʨʦʩʪʠ. ɱʝʟʝʨʩʢʘ 

ʜʦˁʦʤʠʦʮʝʥʩʢʘ ʫʛˀʦʥʦʩʥʘ ʩʝʨʠʿʘ ʠʟʛʨʘʹʝʥʘ ʿʝ ʦʜ ʣʘʧʦʨʦʚʠʪʦ-ʛʣʠʥʦʚʠʪʠʭ 

ʩʝʜʠʤʝʥʘʪʘ ʩʘ ʿʝʜʥʠʤ ʩʣʦʿʝʤ ʤʨʢʦʛ ʫʛˀʘ. ɼʝʙˀʠʥʘ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʢʨʝ˂ʝ ʩʝ ʫ 

ʠʥʪʝʨʚʘʣʫ ʦʜ 5 ʜʦ 25 m ʩʘ ʛʝʥʝʨʘʣʥʠʤ ʧʨʘʚʮʝʤ ʧʨʫʞʘˁʘ ʉɿ - ɱʀ ʠ ʧʘʜʦʤ ʧʨʝʤʘ ɱɿ. 

ʋ ʟʦʥʠ ʦʙʫʭʚʘ˂ʝʥʦj ʛʝʦʬʠʟʠʯʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠʟʨʘʞʝʥʘ je ʧʦʩʪʨʫʜʥʘ ʪʝʢʪʦʥʠʢʘ 

ʫ ʚʠʜʫ ʨʘʩʝʜʘ ʤʘˁʝʛ ʠ ʚʝ˂ʝʛ ʩʢʦʢʘ ʢʦʿʠ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʢʦʥʪʠʥʫʠʪʝʪ ʧʨʦʩʪʠʨʘˁʘ 

ʫʛʝˀʥʝ ʩʝʨʠʿʝ. ɼʫʙʠʥʘ ʥʘ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ ʫʛˀʝʥʘ ʩʝʨʠʿʘ, ʫ ʦʢʚʠʨʫ ʧʨʦʩʪʦʨʘ ʢʦʿʠ ʿʝ 

ʙʠʦ ʟʘʭʚʘ˂ʝʥ ʛʝʦʬʠʟʠʯʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʢʨʝ˂ʝ ʩʝ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 320 m ʜʦ 350 

m ʦʜ ʧʦʚʨʰʠ ʪʝʨʝʥʘ. ʎʠˀ ʧʨʠʤʝʥʝ ʛʝʦʬʠʟʠʯʢʠʭ ʤʝʪʦʜʘ ʿʝ ʜʝʬʠʥʠʩʘˁʝ ʧʦʟʠʮʠʿʝ 

ʫʛˀʝʥʝ ʩʝʨʠʿʝ ʫ ʧʨʦʩʪʦʨʫ ʪʘʢʦ ʜʘ ʿʝ ʨʝʬʣʝʢʪʠʚʥʘ ʩʝʠʟʤʠʢʘ ʦʜʘʙʨʘʥʘ ʢʘʦ 

ʥʘʿʧʨʠʤʝʨʝʥʠʿʘ ʤʝʪʦʜʘ ʟʘ ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ. 

ʉʠʥʪʝʪʠʯʢʠ ʤʦʜʝʣ ʩʨʝʜʠʥʝ ʥʘ ʢʦʤʝ ʩʫ ʚʨʰʝʥʝ ʨʘʯʫʥʘʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ 

ʪʘʣʘʩʥʦʛ ʦʜʟʠʚʘ ʫʨʘʹʝʥ ʿʝ ʥʘ ʦʩʥʦʚʫ ʧʨʦʛʥʦʟʥʦʛ ʛʝʦʣʦʰʢʦʛ ʧʨʦʬʠʣʘ ʠ ʧʦʜʘʪʘʢʘ 

ʠʩʪʨʘʞʥʠʭ ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʨʘʜʦʚʘ. ʅʘʿʧʨʝ ʿʝ ʤʦʜʝʣ ʩʘʯʠˁʝʥ ʫ ʚʠʩʦʢʦʿ 

ʨʝʟʦʣʫʮʠʿʠ ʢʦʿʘ ʿʝ ʧʦʪʦʤ ʜʝʛʨʘʜʠʨʘʥʘ ʜʦ ʥʠʚʦʘ ʥʘ ʢʦʤʝ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʫ ʫʛˀʝʥʝ ʩʝʨʠʿʝ ʫʟ ʤʠʥʠʤʘʣʥʝ ʘʢʚʠʟʠʮʠʦʥʝ 

ʨʝʩʫʨʩʝ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʜʦʙʨʦʤ ʩʝʠʟʤʠʯʢʦʤ ʢʦʥʪʨʘʩʪʫ ʠʟʤʝʹʫ ʫʛˀʝʥʝ ʩʝʨʠʿʝ ʠ 

ʩʝʜʠʤʝʥʘʪʘ ʩʘ ʢʦʿʠʤʘ ʩʝ ʛʨʘʥʠʯʠ ʫ ʧʦʚʣʘʪʠ ʠ ʧʦʜʠʥʠ, ʘʢʚʠʟʠʮʠʦʥʠ ʩʠʩʪʝʤ ʿʝ 

ʫʩʧʝʰʥʦ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥ. ʇʨʦʬʠʣʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʫ ʛʫʩʪʦʿ ʤʨʝʞʠ, ʪʘʢʦ ʜʘ ʿʝ ʥʘ 

ʦʩʥʦʚʫ ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ 2D ʧʨʦʿʝʢʮʠʿʘ ʫʛˀʝʥʝ ʩʝʨʠʿʝ ʫʟ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʜʦʩʪʫʧʥʠʤ 

ʧʦʜʘʮʠʤʘ ʠʩʪʨʘʞʥʦ-ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʨʘʜʦʚʘ ʙʠʣʦ ʤʦʛʫ˂ʝ ʫʨʘʜʠʪʠ ʧʨʦʩʪʦʨʥʫ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ, ʢʘʦ ʠ ʧʦʫʟʜʘʥʠ 3D ʤʦʜʝʣ ʫʛˀʝʥʝ ʩʝʨʠʿʝ. 
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THE SPATIAL POSITION OF ņURņEVIK COAL BASEIN: 

GEOPHYSICAL-GEOLOGICAL MODEL 
 
 

Abstract 

Coal deposit ņurĽevik represents the eastern part of the Banoviĺ coal basin and 

belongs to the northern side of the Bosnian ophiolite zone of the Inner Dinarides, that 

consists of the rocks of the Palaeozoic, Mesozoic and Cenozoic age. The Lower Miocene 

freshwater series consist of marl-clay sediment with one sub-bituminous coal seam. The 

thickness of the coal seam ranges from 5 to 25 m. The general direction of coal seam is 

NW-SE while dipping to the SW. Within the zone covered by geophysical research, a 

post-ore tectonics is expressed as a fault from that directly affects the spreading continuity 

of the coal series. Within the investigated area, a depth of coal series was estimated in 

interval of 320 and 350 m. The aim of the application of geophysical methods was to 

define the spatial position of the coal and the reflective seismic was chosen as the most 

suitable method for this research. 

The synthetic model of the area on which the computer simulations of the wave 

response were carried out was based on the forecast geological profile and the data of the 

exploration and exploitation processes. The first model was made in high resolution, 

which was then degraded to the level at which it is possible to carry out the interpretation 

and reconstruction of the coal series with minimal acquisition resources. Due to a good 

seismic contrast between the coal series and the overlying and underlying sediments, the 

acquisition system has been successfully simplified. The profiles were placed in a dense 

network so that, based on the interpretation of the 2D projection of the coal series in 

correlation with the available data of other exploration-exploitation works, it was possible 

to make a spatial interpretation as well as a reliable 3D model of the coal series. 
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1. ʋɺʆɼ 

ʇʨʠʤʝʥʘ ʩʝʠʟʤʠʯʢʝ ʨʝʬʣʝʢʪʠʚʥʝ ʤʝʪʦʜʝ ʢʦʜ ʠʩʪʨʘʞʠʚʘˁʘ ʫʛˀʝʥʠʭ ʙʘʩʝʥʘ 

ʠ ʣʝʞʠʰʪʘ ʫʛˀʝʚʘ ʧʨʠʩʫʪʥʘ ʿʝ ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ ʠ ɿʘʧʘʜʥʦʿ ʅʝʤʘʯʢʦʿ ʿʦʰ ʦʜ 

ʩʝʜʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ (Ziolkowski, 1979). ɱʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʮʠˀʝʚʘ 

ʛʝʦʬʠʟʠʯʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʫʥʘʧʨʝʹʝˁʝ ʩʘʟʥʘˁʘ ʦ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʰʢʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʣʝʞʠʰʪʘ, ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʝʬʠʢʘʩʥʠʿʠ ʧʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ ʫ 

ʩʣʦʞʝʥʠʤ ʤʦʥʪʘʥ-ʛʝʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ (Clarke, 1976; Walton et al., 2000; Arsenoviĺ 

et al., 2016). ʇʨʝʛʣʝʜ ʛʝʦʬʠʟʠʯʢʠʭ ʤʝʪʦʜʘ, ʟʥʘʯʘʿʥʠʭ ʧʨʠ ʠʩʪʨʘʞʠʚʘˁʫ ʫʛˀʝʚʘ, 

ʦʙʿʘʚˀʝʥ ʿʝ ʦʜ ʩʪʨʘʥʝ ʫʜʨʫʞʝˁʘ Society of Exploration Geophysicists (Buchanan and  

Jackson 1986). ʊʦʤʘʩ (Thomas, 2013) ʫ ʩʚʦʿʦʿ ʢˁʠʟʠ ʢʦʿʘ ʪʨʝʪʠʨʘ ʧʨʦʙʣʝʤʘʪʠʢʫ 

ʛʝʦʣʦʛʠʿʝ ʫʛˀʝʚʘ, ʪʘʢʦʹʝ, ʜʘʿʝ ʧʨʠʢʘʟ ʧʨʠʤʝʥʝ ʨʘʟʣʠʯʠʪʠʭ ʛʝʦʬʠʟʠʯʢʠʭ ʤʝʪʦʜʘ ʢʦʜ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫʛˀʝʚʘ ʩʘ ʧʨʠʤʝʨʠʤʘ ʠʟ ʧʨʘʢʩʝ. ʈʝʬʣʝʢʪʠʚʥʘ ʩʝʠʟʤʠʢʘ ʩʝ ʧʦʢʘʟʘʣʘ 

ʢʘʦ ʧʦʫʟʜʘʥʘ ʤʝʪʦʜʘ ʢʦʜ ʠʩʪʨʘʞʠʚʘˁʘ ʣʝʞʠʰʪʘ ʫʛˀʝʚʘ (Riel, 1965; Ziolkowski and 

Lerwill , 1979; Palmer, 1987; Hearn, 2004; Zhao and Wu, 2005; Gochioco et al., 2012; 

Gordon et al., 2012; Zhou et al., 2013; Qianoling et al., 2015), ʿʝʨ ʧʨʫʞʘ ʜʦʚʦˀʥʦ 

ʚʘʣʠʜʥʝ ʧʦʜʘʪʢʝ ʢʦʿʠ ʟʘʿʝʜʥʦ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʩʪʘʣʠʭ ʠʩʪʨʘʞʥʠʭ ʨʘʜʦʚʠʤʘ ʤʦʛʫ 

ʧʨʝʜʩʪʘʚˀʘʪʠ ʦʩʥʦʚʫ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ (Gochioco, 1990; Lamb et 

al., 1992; Poole et al., 1995; Pesowski and Larson, 2000; Jingbin et al., 2016). 

ʈʘʜ ʦʙʿʘʚˀʝʥ ʦʜ ʩʪʨʘʥʝ Walton et al. (2000)  ʧʨʝʜʩʪʘʚˀʘ ʦʜʣʠʯʘʥ ʧʨʠʤʝʨ 

ʫʧʦʪʨʝʙʝ ʩʝʠʟʤʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʫʛˀʝʥʝ ʩʝʨʠʿʝ, ʛʜʝ ʿʝ ʥʘʿʧʨʝ ʨʘʹʝʥʦ 

ʠʩʪʨʘʞʥʦ ʙʫʰʝˁʝ, ʟʘʪʠʤ ʨʝʚʝʨʩʥʦ ʩʝʠʟʤʠʯʢʦ ʧʨʦʬʠʣʠʩʘˁʝ, ʧʘ ʿʝ ʥʘʢʦʥ ʪʝ ʤʝʪʦʜʝ 

ʠʟʚʨʰʝʥʦ ʜʝʬʠʥʠʩʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʘʢʚʠʟʠʮʠʿʝ ʟʘ 2D ʠ 3D ʩʝʠʟʤʠʯʢʘ 

ʠʩʪʨʘʞʠʚʘˁʘ. ʇʨʠʤʝʥʦʤ ʘʢʚʠʟʠʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʜʦʰʣʦ ʩʝ ʜʦ 

ʪʘʣʘʩʥʝ ʩʣʠʢʝ ʧʦʛʦʜʥʝ ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ ʨʘʩʝʜʘ ʠ ʨʘʩʝʜʥʠʭ ʩʠʩʪʝʤʘ ʤʘˁʝʛ ʠ ʩʢʦʢʘ 

ʚʝ˂ʝʛ ʦʜ 5 m, ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʿʝ ʠʟʚʨʰʝʥʘ ʧʨʦʩʪʦʨʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʫʛˀʝʥʝ ʩʝʨʠʿʝ  

ʩʘ ʥʘʟʥʘʢʘʤʘ ʥʝʦʧʭʦʜʥʠʤ ʟʘ ʘʜʝʢʚʘʪʥʦ ʧʣʘʥʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʧʨʠʤʝʥʦʤ 

ʰʠʨʦʢʦʯʝʦʥʝ ʤʝʪʦʜʝ ʧʦʜʟʝʤʥʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʋ ʦʚʦʤ ʨʘʜʫ ʿʝ ʿʘʩʥʦ ʧʨʝʜʩʪʘʚˀʝʥʘ 

ʤʦʛʫ˂ʥʦʩʪ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʦʙʿʝʢʘʪʘ ʥʝʧʨʘʚʠʣʥʦʛ ʦʙʣʠʢʘ, ʫ ʚʠʜʫ ʨʘʩʝʜʥʠʭ ʩʠʩʪʝʤʘ, 

ʜʠʨʝʢʪʥʠʤ ʧʨʠʩʪʫʧʦʤ, ʦʜʥʦʩʥʦ ʙʝʟ ʠʥʪʝʨʧʦʣʘʮʠʿʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ 

ʥʘʿʚʝʨʦʜʦʩʪʦʿʥʠʿʠ ʧʦʜʘʪʘʢ ʩʘ ʥʘʿʚʝ˂ʠʤ ʩʪʝʧʝʥʦʤ ʧʦʫʟʜʘʥʦʩʪʠ ʟʘ ʧʨʦʮʝʩ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ ʩʝʠʟʤʠʯʢʠʭ ʧʦʜʘʪʘʢʘ.  



2 

 

 

ʇʨʠʤʘʨʥʠ ʟʘʜʘʪʘʢ ʨʝʬʣʝʢʪʠʚʥʝ ʩʝʠʟʤʠʢʝ ʧʨʠ ʠʩʪʨʘʞʠʚʘˁʫ ʫʛˀʝʚʘ ʦʜʥʦʩʠ 

ʩʝ ʥʘ ʜʝʬʠʥʠʩʘˁʝ ʝʣʝʤʝʥʘʪʘ ʧʨʦʩʪʠʨʘˁʘ ʨʘʩʝʜʘ ʠ ʫʛˀʝʥʠʭ ʩʣʦʿʝʚʘ (Harman, 1984; 

Zhou and Hatherly, 2000; Bates et al., 2009; Wu and Hale, 2015). ʆʩʠʤ ʪʦʛʘ, ʜʦʢʘʟʘʥʦ 

ʿʝ ʜʘ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʨʝʬʣʝʢʪʠʚʥʦʤ ʩʝʠʟʤʠʢʦʤ ʤʦʛʫ ʧʨʝʜʩʪʘʚˀʘʪʠ ʧʦʫʟʜʘʥ ʘʣʘʪ ʫ 

ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ (Hearn, 2004; Hatherly et al., 2013), 

ʥʘʨʦʯʠʪʦ ʢʦʜ ʠʟʜʚʘʿʘˁʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʭ ʟʦʥʘ ʫ ʢʦʿʠʤʘ ˂ʝ ʩʝ ʚʨʰʠʪʠ 

ʝʢʩʧʣʦʘʪʘʮʠʿʘ. ʇʦʜʨʫʯʿʝ ʣʝʞʠʰʪʘ ɫʫʨʹʝʚʠʢ ʠʟʘʙʨʘʥʦ ʿʝ ʟʙʦʛ ʢʦʤʧʣʝʢʩʥʠʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʩʢʠʭ ʦʜʥʦʩʘ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʦʙʘʨ ʧʦʣʠʛʦʥ ʟʘ ʪʝʩʪʠʨʘˁʝ 

ʤʦʛʫ˂ʥʦʩʪʠ ʨʝʬʣʝʢʪʠʚʥʝ ʩʝʠʟʤʠʢʝ ʫ ʢʦʤʧʣʝʢʩʥʠʤ ʤʦʥʪʘʥ-ʛʝʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ.  
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2. ʆʇʐʊʀ ɼɽʆ 

2.1. ɻʝʦʛʨʘʬʩʢʦ-ʝʢʦʥʦʤʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ 

ɹʘʩʝʥ ʤʨʢʦʛ ʫʛˀʘ ɹʘʥʦʚʠ˂ʠ ʥʘʣʘʟʠ ʩʝ 30 km ʿʫʞʥʦ ʦʜ ʊʫʟʣe ʫ ɹʦʩʥʠ ʠ 

ʍʝʨʮʝʛʦʚʠʥʠ (ʉʣʠʢʘ 2.1) ʠ ʟʘʭʚʘʪʘ ʧʦʚʨʰʠʥʫ ʦʜ ʦʢʦ 65 km2. ʇʦʜʝˀʝʥ ʿʝ ʥʘ ʪʨʠ 

ʣʝʞʠʰʪʘ ʫʛˀʘ/ʤʘˁʘ ʙʘʩʝʥʘ: 1) ɫʫʨʹʝʚʠʢ, ʫ ʠʩʪʦʯʥʦʤ ʜʝʣʫ, 2) ɹʘʥʦʚʠ˂ʠ, ʫ 

ʮʝʥʪʨʘʣʥʦʤ ʜʝʣʫ ʠ 3) ʉʝʦʥʝ, ʫ ʟʘʧʘʜʥʦʤ ʜʝʣʫ ʙʘʩʝʥʘ. ɹʘʩʝʥ ʤʨʢʦʛ ʫʛˀʘ ɫʫʨʹʝʚʠʢ 

ʿʝ ʪʝʢʪʦʥʩʢʘ ʜʝʧʨʝʩʠʿʘ ʧʦʚʨʰʠʥʝ ʦʢʦ 15 km2, ʯʠʿʘ ʜʫʞʘ ʦʩʘ ʠʟʥʦʩʠ 5,5 km ʫ ʧʨʘʚʮʫ 

ʟʘʧʘʜ-ʠʩʪʦʢ, ʘ ʢʨʘ˂ʘ 3 km ʫ ʧʨʘʚʮʫ ʩʝʚʝʨ-ʿʫʛ. 

 

ʉʣʠʢʘ 2.1 ï ʇʨʝʛʣʝʜʥʘ ʛʝʦʛʨʘʬʩʢʘ ʢʘʨʪʘ ʩʘ ʧʦʣʦʞʘʿʝʤ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ 

(ʮʨʚʝʥʠ ʧʨʘʚʦʫʛʘʦʥʠʢ) 

 



4 

 

ʇʨʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʧʨʦʩʪʦʨʫ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ ʧʦʯʝʣʘ ʩʫ ʪʨʠʜʝʩʝʪʠʭ 

ʛʦʜʠʥʘ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ, ʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʿʝ ʦʪʧʦʯʝʪʘ 1936. ʛʦʜʠʥʝ ʫ ʩʢʣʦʧʫ 

ʘʢʮʠʦʥʘʨʩʢʦʛ ʜʨʫʰʪʚʘ ''ʂʨʦʘʮʠʿʘ'' ʠʟ ɾʠʚʠʥʠʮʘ. ɽʢʩʧʣʦʘʪʘʮʠʿʘ ʿʝ ʫ ʧʦʯʝʪʥʦʿ ʬʘʟʠ 

ʚʨʰʝʥʘ ʧʨʠʤʠʪʠʚʥʦ, ʦ ʯʝʤʫ ʛʦʚʦʨʝ ʠ ʧʦʜʘʮʠ ʦ ʫʯʠʥʢʫ, ʛʜʝ ʿʝ ʝʢʩʧʣʦʘʪʘʮʠʿʦʤ ʫ 

ʧʝʨʠʦʜʫ ʦʜ 1939-1949. ʛʦʜʠʥʝ ʧʨʦʠʟʚʝʜʝʥʦ ʩʚʝʛʘ 286 640 ʪʦʥʘ ʫʛˀʘ. ʋ ʪʦʢʫ ɼʨʫʛʦʛ 

ʩʚʝʪʩʢʦʛ ʨʘʪʘ, ʧʦʜ ʅʝʤʘʯʢʦʤ ʦʢʫʧʘʮʠʿʦʤ, ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʿʝʜʥʝ ʦʜ ʩʪʨʘʪʝʰʢʠʭ 

ʩʠʨʦʚʠʥʘ ʟʘ ʚʦʿʥʫ ʠʥʜʫʩʪʨʠʿʫ ʥʠʿʝ ʦʙʫʩʪʘʚˀʘʥʘ ʥʝʛʦ ʿʝ ʠʟʚʦʹʝʥʘ ʩʘ ʤʘʢʩʠʤʘʣʥʠʤ 

ʫʯʠʥʢʦʤ ʫʟ ʧʨʠʤʝʥʫ ʥʝʘʜʝʢʚʘʪʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʿʘ ʿʝ ʦʩʪʘʚʠʣʘ ʢʘʪʘʩʪʨʦʬʘʣʥʝ 

ʧʦʩʣʝʜʠʮʝ ʿʝʨ ʿʝ ʦʪʢʦʧʘʚʘˁʝ ʚʨʰʝʥʦ ʧʫʪʝʤ ʧʨʝʯʥʠʭ ʤʝʪʦʜʘ, ʛʜʝ ʿʝ ʫʤʝʩʪʦ ʦʙʣʦʛʘ 

ʧʨʝʤʘ ʩʪʘʨʦʤ ʨʘʜʫ ʦʩʪʘʚˀʘʥ ʩʪʫʧ ʫʛˀʘ ʩʘ ʥʘʧʨʝʪʢʦʤ ʦʪʢʦʧʘ. ʉʪʫʧʦʚʠ ʙʠ ʪʨʝʙʘʣʦ 

ʙʠʪʠ ʚʘʹʝʥʠ ʧʨʠʣʠʢʦʤ ʧʦʚʣʘʯʝˁʘ, ʘʣʠ ʜʦ ʪʦʛʘ ʥʠʿʝ ʜʦʣʘʟʠʣʦ ʚʝ˂ ʿʝ ʪʘʿ ʫʛʘˀ ʦʩʪʘʿʘʦ 

ʟʘʨʦʙˀʝʥ ʫ ʨʫʰʝʚʠʥʘʤʘ ʦʪʢʦʧʘ. ʇʦʩʣʝʜʠʮʝ ʪʘʢʚʦʛ ʧʨʠʩʪʫʧʘ ʙʠʣʝ ʩʫ ʢʘʪʘʩʪʨʦʬʘʣʥʝ 

ʠ ʜʦʣʘʟʠʣʦ ʿʝ ʜʦ ʯʝʩʪʠʭ ʧʦʞʘʨʘ. ʇʨʝʤʘ ʜʦʩʪʫʧʥʠʤ ʧʦʜʘʮʠʤʘ ʤʝʩʝʯʥʘ ʧʨʦʠʟʚʦʜˁʘ 

ʟʘ ʘʧʨʠʣ 1942. ʛʦʜʠʥʝ ʠʟʥʦʩʠʣʘ ʿʝ 11 074 ʪʦʥʝ ʫʛˀʘ. ʅʘʢʦʥ ʦʢʫʧʘʮʠʿʝ ʜʦʣʘʟʠ ʜʦ 

ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʠ ʚʨʰʝ ʩʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʫʣʘʛʘˁʘ, ʪʘʢʦ ʜʘ ʦʧʪʠʤʘʣʥʘ ʧʨʦʠʟʚʦʜˁʘ 

ʨʘʩʪʝ ʫʟ ʧʨʠʤʝʥʫ ʘʜʝʢʚʘʪʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʦʪʢʦʧʘʚʘˁʘ. ʈʝʢʦʨʜʥʘ ʧʨʦʠʟʚʦʜˁʘ 1968. 

ʛʦʜʠʥʝ ʠʟʥʦʩʠ 453 651 ʪʦʥʘ ʫʛˀʘ. ʎʠˀ ʜʥʝʚʥʝ ʧʨʦʠʟʚʦʜˁʝ ʪʝʞʠ ʢʘ 2000 ʪʦʥʘ 

(http://www.rudnikdjurdjevik.ba ).  

ʋʢʫʧʥʘ ʧʨʦʠʟʚʦʜˁʘ ʫ ʧʝʨʠʦʜʫ 1951-2017. ʛʦʜʠʥʝ ʠʟʥʦʩʠʣʘ ʿʝ 42 688 138 ʪʦʥʘ 

ʫʛˀʘ. ʈʝʩʫʨʩʠ ʠ ʨʝʟʝʨʚʝ ʫʛˀʘ ʧʨʦʮʝˁʫʿʫ ʩʝ ʥʘ 59 ʤʠʣʠʦʥʘ ʪʦʥʘ (ʄʝʰʠ˂, 2014), ʩʘ 

ʧʨʦʩʝʯʥʠʤ ʩʘʜʨʞʘʿʝʤ: ʫʢʫʧʥʝ ʚʣʘʛʝ ʦʜ 10%, ʧʝʧʝʣʘ 27%, ʠʩʧʘʨˀʠʚʠʭ ʤʘʪʝʨʠʿʘ 

34%, ʫʢʫʧʥʦʛ ʩʫʤʧʦʨʘ 1,75% ʠ ʜʦˁʝ ʪʦʧʣʦʪʝ ʩʘʛʦʨʝʚʘˁʘ 17,6 ʄɱ/kg (ʥʘ ʫʢʫʧʥʫ 

ʚʣʘʛʫ). 
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2.2. ʊʝʢʪʦʥʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʘʩʝʥʘ 

ɫʫʨʹʝʚʠʯʢʠ ʙʘʩʝʥ ʢʘʦ ʠ ʦʩʪʘʣʠ ʤʠʦʮʝʥʩʢʠ ʙʘʩʝʥʠ ʧʨʠʧʘʜʘ ʛʝʦʪʝʢʪʦʥʩʢʦʿ 

ʿʝʜʠʥʠʮʠ ʫʥʫʪʨʘʰˁʠʭ ɼʠʥʘʨʠʜʘ ʢʦʿʘ ʿʝ ʫ ʪʦʢʫ ʤʝʟʦʟʦʠʢʘ ʠ ʢʘʩʥʠʿʝ ʧʨʝʪʨʧʝʣʘ 

ʩʥʘʞʥʝ ʪʝʢʪʦʥʩʢʝ ʧʦʢʨʝʪʝ, ʢʦʿʠ ʩʫ ʧʨʝʜʠʩʧʦʥʠʨʘʣʠ ʠ ʤʣʘʹʝ ʪʝʢʪʦʥʩʢʝ ʧʦʢʨʝʪʝ, ʢʦʿʠ 

ʩʫ ʜʦʚʝʣʠ ʜʦ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʤʣʘʹʠʭ ʥʘʩʣʘʛʘ, ʦʜʥʦʩʥʦ ʫʛˀʝʚʠʪʝ ʩʝʨʠʿʝ. 

ʋʛˀʝʚʠʪʘ ʩʝʨʠʿʘ ʿʝ ʩʘʤʦ ʨʫʧʪʫʨʥʦ ʜʝʬʦʨʤʠʩʘʥʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʩʪʘʨʠʿʠʭ 

ʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʠ ʨʫʧʪʫʨʥʦ ʠ ʧʣʠʢʘʪʠʚʥʦ ʜʝʬʦʨʤʠʩʘʥʝ. ʅʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʩʫ 

ʨʘʩʝʜʠ ʜʠʥʘʨʩʢʦʛ ʧʨʘʚʮʘ ʧʨʫʞʘˁʘ ʉɿ - ɱʀ ʠ ɱɿ - ʉʀ (ʉʣʠʢʘ 2.2). ʆʚʜʝ ʩʝ ʫʛʣʘʚʥʦʤ 

ʨʘʜʠ ʦ ʥʦʨʤʘʣʥʠʤ ʨʘʩʝʜʠʤʘ ʩʘ ʠʟʨʘʟʠʪʠʤ ʥʘʛʠʙʦʤ ʩʝʨʠʿʝ ʢʘ ʿʫʛʫ. 

ʇʦʢʨʝʪʠ ʢʦʿʠ ʩʫ ʜʦʚʝʣʠ ʜʦ ʧʦʩʪʘʥʢʘ ʩʘʤʦʛ ʙʘʩʝʥʘ, ʫ ʢʦʤʝ ʿʝ ʜʦʰʣʦ ʜʦ 

ʩʪʚʘʨʘˁʘ ʧʨʦʜʫʢʪʠʚʥʝ ʫʛˀʝʥʝ ʩʝʨʠʿʝ, ʚʝʨʦʚʘʪʥʦ ʧʨʠʧʘʜʘʿʫ ʰʪʘʿʝʨʩʢʦʿ ʦʨʦʛʝʥʦʿ 

ʬʘʟʠ (ʄʝʰʠ˂, 2014). ʇʨʚʠ ʧʦʢʨʝʪʠ ʢʦʿʠ ʩʫ ʜʝʬʦʨʤʠʩʘʣʠ ʫʛˀʝʥʫ ʩʝʨʠʿʫ ʚʝʨʦʚʘʪʥʦ 

ʦʜʛʦʚʘʨʘʿʫ ʧʠʨʠʥʝʿʩʢʦʿ ʦʨʦʛʝʥʦʿ ʬʘʟʠ (ʜʠʩʣʦʢʘʮʠʿʝ ʜʠʥʘʨʩʢʦʛ ʧʨʘʚʮʘ ʉɿ - ɱʀ ʠ ɱɿ - 

ʉʀ), ʜʦʢ ʤʣʘʹʠ ʢʦʿʠ ʜʘʣʠ ʩʝʨʠʿʠ ʦʨʠʿʝʥʪʘʮʠʿʫ ʀ - ɿ, ʚʝʨʦʚʘʪʥʦ ʦʜʛʦʚʘʨʘʿʫ ʘʪʠʯʢʦʿ 

ʦʨʦʛʝʥʦʿ ʬʘʟʠ. ʄʝʹʫ ʨʘʩʝʜʠʤʘ ʧʨʘʚʮʘ ʀ - ɿ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʿʝ ʨʘʩʝʜ ʢʦʿʠ ʧʨʦʣʘʟʠ 

ʩʨʝʜʠʥʦʤ ʧʨʦʜʫʢʪʠʚʥʦʛ ʧʨʦʩʪʦʨʘ, ʠʟʣʦʤˀʝʥ ʿʝ ʮʠʢ - ʮʘʢ ʥʘ ʥʝʢʦʣʠʢʦ ʤʝʩʪʘ, ʘ ʜʫʞ 

ˁʝʛʘ ʿʝ ʜʦʰʣʦ ʜʦ ʩʧʫʰʪʘˁʘ ʩʝʚʝʨʥʦʛ ʢʨʠʣʘ ʙʘʩʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʿʫʞʥʦ. 

ʋ ɫʫʨʹʝʚʠʯʢʦʤ ʙʘʩʝʥʫ ʤʣʘʹʝ ʩʪʝʥʝ ʩʫ ʠʩʧʨʝʩʝʮʘʥʝ ʨʘʩʝʜʠʤʘ, ʰʪʦ ʙʠ ʩʝ 

ʤʦʛʣʦ ʧʨʠʧʠʩʘʪʠ ʦʨʦʛʝʥʠʤ ʬʘʟʘʤʘ ʚʝʨʦʚʘʪʥʦ ʧʦʩʪ ʤʠʦʮʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. ʄʝʹʫʪʠʤ, 

ʠʤʘ ʜʦʩʪʘ ʤʘˁʠʭ ʨʫʧʪʫʨʘ ʢʦʿʝ ʿʝ ʪʝʰʢʦ ʦʨʠʿʝʥʪʠʩʘʪʠ ʠ ʦʜʨʝʜʠʪʠ ʢʦʿʦʿ ʬʘʟʠ 

ʧʨʠʧʘʜʘʿʫ. ʊʦʢʦʤ ʠʟʨʘʜʝ ʿʘʤʩʢʦʛ ʭʦʜʥʠʢʘ ʫ ʿʘʤʠ ɫʫʨʹʝʚʠʢ, ʥʘ ʤʘʣʦʤ 

ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʨʘʩʪʦʿʘˁʫ ʥʘʠʣʘʟʠʣʦ ʩʝ ʥʘ ʧʦʨʝʤʝ˂ʘʿʝ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʫ ʜʫʞʠʥʠ ʦʜ 5 

m. ʅʘ ʦʚʘʢʦ ʤʘʣʠʤ ʦʜʩʪʦʿʘˁʠʤʘ ʩʢʦʢ ʠʟʥʦʩʠ 1-2 m. ʄʝʹʫʪʠʤ, ʪʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ ʠʤʘ 

ʠ ʜʫʞʠʭ ʢʦʥʪʠʥʫʠʪʝʪʘ (100 m) ʙʝʟ ʧʦʨʝʤʝ˂ʘʿʘ. 
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2.3. ɻʝʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ 

ʇʦʜʨʫʯʿʝ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ ʧʨʠʧʘʜʘ ʩʝʚʝʨʥʦʿ ʩʪʨʘʥʠ ʙʦʩʘʥʩʢʝ ʦʬʠʦʣʠʪʩʢʝ 

ʟʦʥʝ ʫʥʫʪʨʘʰˁʠʭ ɼʠʥʘʨʠʜʘ,  ʫ ʯʠʿʠ ʩʘʩʪʘʚ ʫʣʘʟʝ ʩʪʝʥʝ ʧʘʣʝʦʟʦʿʩʢʝ, ʤʝʟʦʟʦʿʩʢʝ ʠ 

ʢʝʥʦʟʦʿʩʢʝ ʩʪʘʨʦʩʪʠ (ʉʣʠʢʘ 2.2 ʠ 2.3). 

2.3.1. ʇʘʣʝʦʟʦʠʢ  

ʅʘʿʩʪʘʨʠʿʝ ʩʪʝʥʝ ʠ ʧʘʣʝʦʨʝˀʝʬ ʙʘʩʝʥʘ ʫ ʩʝʚʝʨʥʦʤ, ʟʘʧʘʜʥʦʤ ʠ ʿʫʞʥʦʤ ʦʙʦʜʫ 

ɫʫʨʹʝʚʠʯʢʦʛ ʙʘʩʝʥʘ ʠʟʛʨʘʹʫʿʫ ʘʤʬʠʙʦʣʠʪʠ ʠ ʢʦʤʧʣʝʢʩ ʫʣʪʨʘʙʘʟʠʯʥʦ-

ʧʝʨʠʜʦʪʠʪʩʢʠʭ ʩʪʝʥʘ, ʚʝʨʦʚʘʪʥʦ ʧʘʣʝʦʟʦʿʩʢʝ (PZ) ʩʪʘʨʦʩʪʠ. ʇʦʣʦʞʘʿ ʢʦʿʠ ʜʘʥʘʩ 

ʟʘʫʟʠʤʘʿʫ ʨʝʟʫʣʪʘʪ ʿʝ ʠʥʪʝʥʟʠʚʥʦʛ ʠʟʜʠʟʘˁʘ, ʥʘʨʦʯʠʪʦ ʫ ʪʦʢʫ ʘʣʧʩʢʝ ʦʨʦʛʝʥʝʟʝ. 

ɼʫʞ ʦʙʦʜʘ ʢʘʦ ʠ ʫ ʟʦʥʘʤʘ ʚʝ˂ʠʭ ʪʝʢʪʦʥʩʢʠʭ ʣʠʥʠʿʘ ʧʝʨʠʜʦʪʠʪʩʢʝ ʤʘʩʝ ʩʫ 

ʩʝʨʧʝʥʪʠʥʠʩʘʥʝ. ɻʦʨˁʝʧʝʨʤʩʢʠ ʙʠʪʫʤʠʥʦʟʥʠ ʢʨʝʯˁʘʮʠ ʠ ʰʢʨʠˀʮʠ ʿʘʚˀʘʿʫ ʩʝ ʜʫʞ 

ʿʫʞʥʦʛ ʦʙʦʜʘ ʙʘʩʝʥʘ.  

2.3.2. ʄʝʟʦʟʦʠʢ  

ʄʝʟʦʟʦʠʢ (MZ) ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʩʪʝʥʘʤʘ ʪʨʠʿʘʩʢʝ ʠ ʿʫʨʩʢʝ ʩʪʘʨʦʩʪʠ. 

ʊʨʠʿʘʩ (ʊ) 

ʅʘ ʰʠʨʝʤ ʧʦʜʨʫʯʿʫ ʙʘʩʝʥʘ ʨʘʟʚʠʿʝʥ ʿʝ ʢʦʤʧʣʝʪʘʥ ʪʨʠʿʘʩ. ɼʦˁʠ ʪʨʠʿʘʩ 

ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʙʝʣʠʤ, ʧʝʰʯʘʨʠʤʘ, ʢʚʘʨʮʠʪʠʤʘ ʠ ʢʚʘʨʮʥʠʤ ʢʦʥʛʣʦʤʝʨʘʪʠʤʘ, 

ʜʝʙˀʠʥʝ ʜʦ 200 m. ʆʚʠ ʩʝʜʠʤʝʥʪʠ ʠʟʛʨʘʹʫʿʫ ʿʫʛʦʟʘʧʘʜʥʠ ʦʙʦʜ ʙʘʩʝʥʘ. ʊʚʦʨʝʚʠʥʝ 

ʩʨʝʜˁʝʛ ʠ ʛʦʨˁʝʛ ʪʨʠʿʘʩʘ ʨʘʟʚʠʿʝʥʝ ʩʫ ʫ ʿʫʞʥʦʤ ʦʙʦʜʥʦʤ ʜʝʣʫ ʙʘʩʝʥʘ, ʘ ʠʟʛʨʘʹʝʥʝ 

ʩʫ ʦʜ ʢʨʝʯˁʘʢʘ, ʢʨʝʯˁʘʢʘ ʩʘ ʨʦʞʥʘʮʠʤʘ, ʤʝʩʪʠʤʠʯʥʦ ʦʜ ʯʠʩʪʠʭ ʨʦʞʥʘʮʘ, ʜʝʙˀʠʥʝ 

800 ʜʦ 1000 m. ʃʝʞʝ ʪʨʘʥʩʛʨʝʩʠʚʥʦ ʧʨʝʢʦ ʩʪʘʨʠʿʠʭ ʩʪʝʥʘ, ʜʦʢ ʿʝ ʫ ʜʦʣʠʥʠ ʆʩʢʦʚʝ 

ʦʚʘ ʩʝʨʠʿʘ ʥʘʚʫʯʝʥʘ ʧʨʝʢʦ ʿʫʨʩʢʝ ʬʦʨʤʘʮʠʿʝ. 
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ʉʣʠʢʘ 2.2 ï ʇʨʝʛʣʝʜʥʘ ʛʝʦʣʦʰʢʘ ʢʘʨʪʘ ʰʠʨʝ ʦʢʦʣʠʥʝ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ 

(ʧʨʝʤʘ ʆɻʂ ʉʌʈɱ ʣʠʩʪ ʊʫʟʣʘ) 

ɱʫʨʘ (ɱ) 

ɱʫʨʠ ʧʨʠʧʘʜʘ ʚʨʣʦ ʭʝʪʝʨʦʛʝʥʘ ʩʝʨʠʿʘ ʛʣʠʥʘʮʘ, ʧʝʰʯʘʨʘ, ʨʦʞʥʘʮʘ ʩʘ 

ʠʟʣʠʚʠʤʘ ʩʧʠʣʠʪʘ, ʨʝʹʝ ʜʠʿʘʙʘʟʘ ʠ "ʧʠʣʦʫ ʣʘʚʘ". ɿʘ ʦʚʫ ʩʝʨʠʿʫ ʿʝ ʧʨʠʭʚʘ˂ʝʥ ʪʝʨʤʠʥ 

"ʚʫʣʢʘʥʦʛʝʥʦ - ʩʝʜʠʤʝʥʪʥʘ ʬʦʨʤʘʮʠʿʘ", ʘ ʧʘʣʝʦʥʪʦʣʦʰʢʠ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʿʝ ʿʫʨʩʢʝ 

ʩʪʘʨʦʩʪʠ. 
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ʉʣʠʢʘ 2.3 ï ɻʝʦʣʦʰʢʠ ʩʪʫʙ ʰʠʨʝ ʦʢʦʣʠʥʝ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ  
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2.3.3. ʂʝʥʦʟʠʦʢ  

ʊʚʦʨʝʚʠʥʝ ʢʝʥʦʟʦʠʢʘ (KZ) ʪʨʘʥʩʛʨʝʩʠʚʥʦ ʣʝʞʝ ʧʨʝʢʦ ʧʘʣʝʦʟʦʿʩʢʠʭ ʠ 

ʤʝʟʦʟʦʿʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ, ʘ ʠʟʛʨʘʹʝʥʝ ʩʫ ʦʜ (ɻʣʠʰʠ˂ ʠ ʜʨ., 1990):  

1. ɱʝʟʝʨʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ ʛʦʨˁʝʛ ʦʣʠʛʦʮʝʥʘ-ʜʦˁʝʛ ʤʠʦʮʝʥʘ, ʧʦʜʠʥʘ ʫʛˀʝʥʦʛ 

ʩʣʦʿʘ, 

2. ɼʦeˁʤʠʦʮʝʥʩʢʘ ʣʘʧʦʨʦʚʠʪʦ - ʛʣʠʥʦʚʠʪʘ ʩʝʨʠʿʘ ʩʘ ʫʛˀʝʤ, 

3. ɼʦeˁ-ʩʨʝʜˁʝ ʤʠʦʮʝʥʩʢʠʭ ʢʨʦʚʠʥʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ, 

4. ʇʣʦʮʝʥʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ ʠ 

5. ʂʚʘʨʪʘʨʥʠʭ ʩʝʜʠʤʝʥʘʪʘ. 

ʋʢʫʧʥʘ ʜʝʙˀʠʥʘ ʢʝʥʦʟʦʿʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ ʠʟʥʦʩʠ ʦʢʦ 500 m. ʃʝʞʠʰʪʝ ʫʛˀʘ 

ʠ ʙʘʩʝʥ ɫʫʨʹʝʚʠʢ ʬʦʨʤʠʨʘʥ ʿʝ ʫ ʧʣʠʪʢʠʤ ʿʝʟʝʨʠʤʘ, ʜʝʣʪʥʠʤ ʨʘʚʥʠʮʘʤʘ ʠ 

ʬʣʫʚʠʿʘʣʥʠʤ ʩʨʝʜʠʥʘʤʘ ʪʦʢʦʤ ʛʦʨˁʝʛ ʦʣʠʛʦʮʝʥʘ ʠ ʜʦˁʝʛ ʤʠʦʮʝʥʘ.  

2.3.3.1. ʇʦʜʠʥʘ ʫʛˀʝʥʦʛ ʩʣʦʿʘ (Ol3, M1) 

ʇʦʜʠʥʩʢʝ ʩʣʘʪʢʦʚʦʜʥʝ ʩʪʝʥʝ, ʠʟʛʨʘʹʝʥʝ ʩʫ ʦʜ ʛʨʫʙʦʛ ʢʣʘʩʪʠʯʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, 

ʢʦʥʛʣʦʤʝʨʘʪʘ ʩʘ ʪʘʥʢʠʤ ʧʨʦʩʣʦʿʮʠʤʘ ʫʛˀʘ, ʜʝʙˀʠʥʝ 35 ʜʦ 40 m. ʅʘʚʠʰʝ ʧʨʝʣʘʟʝ ʫ 

ʩʝʜʠʤʝʥʪʝ ʬʠʥʠʿʝ ʛʨʘʥʫʣʘʮʠʿʝ ʫ ʢʦʿʠʤʘ ʧʨʝʦʚʣʘʜʘʚʘʿʫ ʧʝʰʯʘʨʠ, ʛʣʠʥʝ, ʣʘʧʦʨʮʠ 

ʣʘʧʦʨʦʚʠʪʝ ʛʣʠʥʝ, ʥʝʢʘʜ ʮʨʥʝ, ʧʝʩʢʦʚʠʪʝ ʠ ʪʘʥʢʦ ʩʣʦʿʝʚʠʪʝ. ɼʠʨʝʢʪʥʫ ʧʦʜʠʥʫ 

ʫʛˀʝʥʦʤ ʩʣʦʿʫ ʯʠʥʝ ʫʛˀʝʚʠʪʝ ʛʣʠʥʝ, ʮʨʥʝ ʪʨʘʢʘʩʪʝ, ʥʝʢʘʜ ʧʝʩʢʦʚʠʪʝ. ɼʝʙˀʠʥʘ ʦʚʠʭ 

ʩʝʜʠʤʝʥʘʪʘ ʚʘʨʠʨʘ ʦʜ 80 ʜʦ 100 m. 

2.3.3.2. ʋʛˀʝʥʠ ʩʣʦʿ (ʄ1) 

ʅʘ ʧʨʦʩʪʦʨʫ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ ʨʘʟʚʠʿʝʥ ʿʝ ʿʝʜʘʥ ʫʛˀʝʥʠ ʩʣʦʿ ʠ ʿʘʩʥʦ ʿʝ ʦʜʚʦʿʝʥ 

ʦʜ ʢʨʦʚʠʥʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ. ʋʛʘˀ ʿʝ ʮʨʥʝ ʙʦʿʝ, ʤʨʢʦʛ ʦʛʨʝʙʘ, ʩʪʘʢʣʘʩʪʝ ʩʿʘʿʥʦʩʪʠ, ʠ 

ʧʨʝʤʘ ʢʚʘʣʠʪʝʪʫ ʧʨʠʧʘʜʘ ʩʿʘʿʥʠʤ ʤʨʢʠʤ ʫʛˀʝʚʠʤʘ. ɼʝʙˀʠʥʘ ʩʣʦʿʘ ʫ ʿʘʤʠ ɫʫʨʹʝʚʠʢ 

II   ʩʝ ʢʨʝ˂ʝ ʦʜ 5 - 25 m, ʧʨʦʩʝʯʥʦ 18 m, ʩʘ ʛʝʥʝʨʘʣʥʠʤ ʧʨʘʚʮʝʤ ʧʨʫʞʘˁʘ ʩʝʚʝʨʦʟʘʧʘʜ 

- ʿʫʛʦʠʩʪʦʢ ʠ ʧʘʜʦʤ ʧʨʝʤʘ ʿʫʛʦʟʘʧʘʜʫ. ɼʦʢ ʿʝ ʫ ʩʝʚʝʨʥʦʤ ʜʝʣʫ ɫʫʨʹʝʚʠʯʢʦʛ ʙʘʩʝʥʘ 

ʟʘʣʝʛʘˁʝ ʧʣʠʪʢʦ (ʧʦʜʨʫʯʿʝ ʢʦʧʦʚʘ) ʠʜʫ˂ʠ ʧʨʝʤʘ ʿʫʛʫ ʿʝ ʜʫʙˀʝ (ʧʦʜʨʫʯʿʝ ʿʘʤʘ) ʧʘ ʩʝ 

ʠ ʥʦʚʘ ʿʘʤʘ ɫʫʨʹʝʚʠʢ II ʧʣʘʥʠʨʘ ʫ ʜʫʙˀʠʤ ʜʝʣʦʚʠʤʘ ʫʛˀʝʥʦʛ ʩʣʦʿʘ. 
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2.3.3.3. ʂʨʦʚʠʥʘ ʫʛˀʝʥʦʛ ʩʣʦʿʘ (ʄ1-2) 

ʇʨʝʣʘʟʘʢ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʫ ʢʨʦʚʠʥʩʢʝ ʩʪʝʥʝ ʿʝ ʦʰʪʘʨ ʠ ʿʘʩʘʥ. ɼʠʨʝʢʪʥʫ 

ʢʨʦʚʠʥʫ ʯʠʥʝ ʪʚʨʜʠ ʣʘʧʦʨʮʠ ʢʦʿʠ ʢʦʥʢʦʨʜʘʥʪʥʦ ʣʝʞʝ ʥʘ ʫʛˀʝʥʦʤ ʩʣʦʿʫ, ʜʝʙˀʠʥʝ 

60 ʜʦ 80 m. ʉʨʝʜˁʠ ʜʝʦ ʢʨʦʚʠʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʿʝ ʧʦ ʧʦʿʘʚʘʤʘ ʪʨʘʢʘʩʪʦʛ ʣʘʧʦʨʮʘ 

ʫ ʢʦʤʝ ʩʝ ʩʤʝˁʫʿʫ ʩʚʝʪʣʝ ʠ ʪʘʤʥʝ ʥʠʿʘʥʩʝ, ʜʦʢ ʿʝ ʚʠʰʘ ʢʨʦʚʠʥʘ ʦʜ ʣʘʧʦʨʮʘ ʢʦʿʠ 

ʠʤʘʿʫ ʛʣʠʥʦʚʠʪʠʿʠ ʢʘʨʘʢʪʝʨ ʠ ʥʝʰʪʦ ʿʝ ʤʝʢʰʘ. ɼʝʙˀʠʥʘ ʩʨʝʜˁʝʛ ʠ ʚʠʰʝʛ ʜʝʣʘ 

ʢʨʦʚʠʥʝ ʢʨʝ˂ʝ ʩʝ ʦʜ 150 ʜʦ 200 m. 

2.3.3.4. ʇʣʠʦʮʝʥ (Pl) 

ʇʣʠʦʮʝʥʩʢʠ, ʘʣʫʚʠʿʘʣʥʠ ʢʦʥʛʣʦʤʝʨʘʪʠ ʠ ʧʝʩʢʦʚʠʪʦ-ʛʣʠʥʦʚʠʪʠ ʩʝʜʠʤʝʥʪʠ, 

ʣʝʞʝ ʪʨʘʥʩʛʨʝʩʠʚʥʦ ʧʨʝʢʦ ʤʠʦʮʝʥʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ, ʜʝʙˀʠʥʝ 20 ʜʦ 30 m.  

2.3.3.5. ʂʚʘʨʪʘʨ (Q) 

ʂʚʘʨʪʘʨʥʠ ʩʝʜʠʤʝʥʪʠ ʠʟʛʨʘʹʝʥʠ ʩʫ ʦʜ ʘʣʫʚʠʿʘʣʥʠʭ ʢʦʥʛʣʦʤʝʨʘʪʘ ʠ 

ʧʝʩʢʦʚʠʪʦ-ʛʣʠʥʦʚʠʪʠʭ ʩʝʜʠʤʝʥʘʪʘ, ʜʝʙˀʠʥʝ 20 - 30 m. 
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2.4. ʂʚʘʣʠʪʝʪ ʫʛˀʘ 

ʋ ɫʫʨʹʝʚʠʯʢʦʤ ʫʛˀʝʥʦʤ ʙʘʩʝʥʫ ʿʝ ʫʪʚʨʹʝʥ ʿʝʜʘʥ ʫʛˀʝʥʠ ʩʣʦʿ ʧʨʦʩʝʯʥʝ 

ʜʝʙˀʠʥʝ ʦʢʦ 18 m. ʇʨʝʤʘ ʢʚʘʣʠʪʝʪʫ ʫʛʘˀ ʧʨʠʧʘʜʘ ʩʿʘʥʿʠʤ ʪʚʨʜʠʤ ʤʨʢʠʤ ʫʛˀʝʚʠʤʘ. 

ɼʫʙʠʥʩʢʠʤ ʠʩʪʨʘʞʥʠʤ ʙʫʰʝˁʝʤ ʠ ʢʘʨʪʠʨʘˁʝʤ ʦʪʚʦʨʝʥʠʭ ʝʪʘʞʘ ʠ ʨʫʜʘʨʩʢʠʭ 

ʨʘʜʦʚʘ ʫ ʦʢʚʠʨʫ ʫʛˀʝʥʦʛ ʩʣʦʿʘ, ʤʘʢʨʦʩʢʦʧʩʢʠ ʩʝ ʤʦʛʫ ʠʟʜʚʦʿʠʪʠ ʪʨʠ ʮʝʣʠʥʝ:         

- ʋ ʧʦʜʠʥʩʢʦʤ ʜʝʣʫ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʧʨʝʦʚʣʘʹʫʿʝ ʪʨʘʢʘʩʪʠ, ʪʘʥʢʦ 

ʩʣʦʿʝʚʠʪʠ ʫʛʘˀ (ʢʣʘʨʝʥ) ʫ ʦʢʚʠʨʫ ʢʦʛʘ ʩʝ ʫʦʯʘʚʘʿʫ ʪʘʥʢʠ ʧʨʦʩʣʦʿʮʠ 

ʫʛˀʝʚʠʪʠʭ ʣʘʧʦʨʘʮʘ. ɺʠʰʠ ʩʘʜʨʞʘʿ ʧʝʧʝʣʘ ʧʦʪʚʨʹʫʿʝ ʧʨʠʩʫʩʪʚʦ 

ʥʝʦʨʛʘʥʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ, ʘʣʠ ʠ ʠʤʧʣʠʮʠʨʘ ʜʘ ʿʝ ʦʚʘʿ ʜʝʦ ʫʛˀʝʥʦʛ 

ʩʣʦʿʘ ʩʪʚʘʨʘʥ ʫ ʟʦʥʠ ʨʠʪʩʢʝ ʤʦʯʚʘʨʝ, ʛʜʝ ʿʝ ʜʦʣʘʟʠʣʦ ʜʦ ʯʝʩʪʦʛ 

ʢʦʣʝʙʘˁʘ ʚʦʜʝʥʦʛ ʩʪʫʙʘ ʠ ʧʨʠʣʠʚʘ ʥʝʦʨʛʘʥʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ;  

- ʎʝʥʪʨʘʣʥʠ ʜʝʦ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʠʟʛʨʘʹʝʥ ʿʝ ʧʨʝʪʝʞʥʦ ʦʜ ʤʘʪ 

ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʪʘʥʢʠʤ ʧʨʦʩʣʦʿʮʠʤʘ ʩʿʘʿʥʠʭ - ʚʠʪʨʝʥʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʫʛˀʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʮʝʥʪʨʘʣʥʠ ʜʝʦ ʩʣʦʿʘ ʠʟʛʨʘʹʝʥ ʦʜ 

ʚʠʪʨʦʢʣʘʨʝʥʘ. ʋʥʫʪʘʨ ʫʛˀʘ ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʧʨʠʩʫʩʪʚʦ ʪʘʥʢʠʭ 

ʧʨʦʩʣʦʿʘʢʘ ʣʘʧʦʨʦʚʠʪʠʭ ʧʝʰʯʘʨʘ ʠ ʩʠʣʠʬʠʢʦʚʘʥʠʭ ʫʛˀʝʚʠʪʠʭ 

ʧʝʰʯʘʨʘ. ʄʘʢʨʦʩʢʦʧʩʢʠ ʠʟʛʣʝʜ ʮʝʥʪʨʘʣʥʦʛ ʜʝʣʘ ʫʛˀʝʥʦʛ ʩʣʦʿʘ 

ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʩʪʚʘʨʘʥ ʫ ʜʝʣʫ ʤʦʯʚʘʨʝ ʩʘ ʥʠʞʠʤ ʚʦʜʝʥʠʤ ʩʪʫʙʦʤ ʪʿ., ʥʘ 

ʧʨʝʣʘʟʫ ʠʟʤʝʹʫ ʟʦʥʝ ʨʠʪʩʢʝ ʠ ʰʫʤʩʢʝ ʤʦʯʚʘʨʝ. ʉʿʘʿʥʝ ʧʘʨʪʠʿʝ ʫʢʘʟʫʿʫ 

ʥʘ ʪʘʣʦʞʝˁʝ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ ʫ ʟʦʥʠ ʰʫʤʩʢʝ ʤʦʯʚʘʨʝ, ʩʘ 

ʧʦʚʨʝʤʝʥʠʤ ʢʨʘʪʢʠʤ ʧʨʠʣʠʚʦʤ ʥʝʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ;  

- ɻʦʨˁʠ, ʧʦʚʣʘʪʥʠ ʜʝʦ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʠʟʛʨʘʹʝʥ ʿʝ ʦʜ ʚʠʪʨʝʥʘ ï ʮʨʥʦʛ 

ʠʟʨʘʟʠʪʦ ʩʿʘʿʥʦʛ ʣʠʪʦʪʠʧʘ, ʢʦʿʠ ʚʦʜʠ ʧʦʨʝʢʣʦ ʦʜ ʿʘʢʦ ʛʝʣʠʬʠʮʠʨʘʥʦʛ 

ʜʨʚʝʥʘʩʪʦʛ ʪʢʠʚʘ. ʆʚʘʿ ʜʝʦ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʩʪʚʘʨʘʥ ʿʝ ʫ ʟʦʥʠ ʰʫʤʩʢʝ 

ʤʦʯʚʘʨʝ ʫ ʢʦʿʦʿ ʩʫ ʜʦʤʠʥʠʨʘʣʠ ʯʝʪʠʥʘʨʠ ʠ ʧʨʝʤʘ ʢʚʘʣʠʪʝʪʫ 

ʧʨʝʜʩʪʘʚˀʘ ˁʝʛʦʚ ʥʘʿʢʚʘʣʠʪʝʪʥʠʿʠ ʜʝʦ.         

ʇʨʝʣʘʟ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʫ ʧʦʜʠʥʩʢʝ ʛʣʠʥʝ ʿʝ ʧʦʩʪʝʧʝʥ ʪʘʢʦ ʜʘ ʿʝ ʛʨʘʥʠʮʘ ʠʟʤʝʹʫ 

ʫʛˀʘ ʠ ʧʦʜʠʥʝ ʯʝʩʪʦ ʥʝʿʘʩʥʘ. ɿʙʦʛ ʩʣʦʿʘ ʩʠʪʥʝ ʜʨʦʙʠʚʦʩʪʠ ʠ ʚʝʣʠʢʝ ʧʦʚʨʰʠʥʝ 

ʦʪʚʦʨʝʥʦʩʪʠ ʠ ʜʦʜʠʨʘ ʩʘ ʢʠʩʝʦʥʠʢʦʤ ʠʟ ʚʘʟʜʫʭʘ ʧʦʜʠʥʩʢʠ ʜʝʦ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʿʝ 

ʩʢʣʦʥ ʩʘʤʦʟʘʧʘˀʝˁʫ . 



12 

 

ʀʩʪʦʚʨʝʤʝʥʦ ʩʘ ʠʩʪʨʘʞʥʠʤ ʨʘʜʦʚʠʤʘ ʫ ʦʚʦʤ ʙʘʩʝʥʫ ʚʨʰʝʥʘ ʩʫ ʠ ʠʩʧʠʪʠʚʘˁʘ 

ʢʚʘʣʠʪʝʪʘ ʤʨʢʦʛ ʫʛˀʘ. ʀʟ ʠʩʪʨʘʞʥʠʭ ʿʘʤʩʢʠʭ ʙʫʰʦʪʠʥʘ ʫ ʪʦʢʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʫʟʠʤʘʥʠ ʩʫ ʫʟʦʨʮʠ ʫʛˀʘ, ʢʦʿʠ ʩʫ ʠʩʧʠʪʠʚʘʥʠ ʫ  ʣʘʙʦʨʘʪʦʨʠʿʠ ʨʫʜʥʠʢʘ 

ɫʫʨʹʝʚʠʢ. ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʩʨʘʯʫʥʘʪʝ ʩʫ ʥʘ ʦʩʥʦʚʫ ʩʚʠʭ 

ʜʦʩʘʜʘʰˁʠʭ ʧʦʜʘʪʘʢʘ (ʩʪʘʨʠ ʠ ʥʦʚʠ ʠʩʪʨʘʞʥʠ ʨʘʜʦʚʠ ʠ ʿʘʤʩʢʠ ʠʩʪʨʘʞʥʠ ʨʘʜʦʚʠ) ʠ 

ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 2.1. ʋʛʘˀ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ ʠʤʘ ʥʠʟʘʢ ʩʘʜʨʞʘʿ ʚʣʘʛʝ, ʧʦʚʠʰʝʥ 

ʩʘʜʨʞʘʿ ʧʝʧʝʣʘ ʠ ʩʫʤʧʦʨʘ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʜʝʧʦʥʦʚʘˁʘ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ ʫ ʙʣʘʛʦ 

ʘʣʢʘʣʥʦʿ, ʨʝʜʫʢʮʠʦʥʦʿ ʩʨʝʜʠʥʠ. ʉʘʜʨʞʘʿ ʠʩʧʘʨˀʠʚʠʭ ʤʘʪʝʨʠʿʘ ʿʝ ʨʝʣʘʪʠʚʥʦ ʥʠʟʘʢ, 

ʜʦʢ ʜʦˁʘ ʪʦʧʣʦʪʘ ʩʘʛʦʨʝʚʘˁʘ ʦʜʛʦʚʘʨʘ ʤʨʢʠʤ ʫʛˀʝʚʠʤʘ ʩʘ ʥʝʰʪʦ ʚʠʰʠʤ ʩʘʜʨʞʘʿʝʤ 

ʧʝʧʝʣʘ. ʉʝʧʘʨʠʩʘʥʠ ʫʛʘˀ ʠʤʘ ʙʦˀʠ ʢʚʘʣʠʪʝʪ, ʦʜʥʦʩʥʦ ʥʝʰʪʦ ʥʠʞʠ ʩʘʜʨʞʘʿ ʧʝʧʝʣʘ 

(14,67-15,55%) ʠ ʚʠʰʫ ʜʦˁʫ ʪʦʧʣʦʪʫ ʩʘʛʦʨʝʚʘˁʘ (22,56-23,93 ʄJ/kg) (ʄʝʰʠ˂, 

2014). 

ʊʘʙʝʣʘ 2.1 ï ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʫʛˀʘ ʥʘ ʫʢʫʧʥʫ 

ʚʣʘʛʫ (ʧʨʝʤʘ ʄʝʰʠ˂, 2014) 

ʇʘʨʘʤʝʪʘʨ ʉʘʜʨʞʘʿ 

ɺʣʘʛʘ, % 9,42 

ʇʝʧʝʦ, % 25,77 

ʀʩʧʘʨˀʠʚʝ ʤʘʪʝʨʠʿʝ, %  36,47 

ʉʘʛʦʨˀʠʚʝ ʤʘʪʝʨʠʿʝ, % 65,19 

C-fix (ʬʠʢʩʥʠ ʫʛˀʝʥʠʢ), % 30,93 

ʂʦʢʩ, % 54,57 

ʋʢʫʧʥʠ ʩʫʤʧʦʨ, % 2,30 

ɼʦˁʘ ʪʦʧʣʦʪʘ ʩʘʛʦʨʝʚʘˁʘ, ʄJ/kg 17,95 
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2.5. ʀʥʞʝˁʝʨʩʢʦ-ʛʝʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ 

ɹʘʩʝʥ ɫʫʨʹʝʚʠʢ ʧʨʠʧʘʜʘ ʨʘʚʥʠʯʘʨʩʢʦʤ ʪʝʨʝʥʫ ʩʘ ʙʣʘʛʠʤ ʥʘʛʠʙʦʤ ʧʨʝʤʘ 

ʩʝʚʝʨʫ. ʋ ʪʦʤ ʧʨʘʚʮʫ ʠ ʪʝʢʫ ʤʘˁʠ ʧʦʪʦʮʠ ʤʝʹʫ ʢʦʿʠʤʘ ʿʝ ʥʝʰʪʦ ʚʝ˂ʘ ʨʝʢʘ ɺʠʰ˂ʘ. 

ɿʘʚʨʰʥʠ ʩʝʜʠʤʝʥʪʠ ʩʫ ʪʝʨʘʩʥʦ-ʢʚʘʨʪʘʨʥʦʛ ʢʘʨʘʢʪʝʨʘ ʩʘ ʜʝʙʝʣʠʤ ʧʦʢʨʠʚʘʯʝʤ 

ʦʙʨʘʜʠʚʦʛ ʪʣʘ, ʢʦʿʠ ʫ ʧʨʠʨʦʜʥʠʤ ʫʩʣʦʚʠʤʘ ʩʪʦʿʠ ʩʪʘʙʠʣʥʦ. ʊʘʢʚʫ ʧʨʠʨʦʜʥʫ 

ʨʘʚʥʦʪʝʞʫ ʨʝʤʝʪʝ ʨʫʜʘʨʩʢʠ ʨʘʜʦʚʠ, ʢʦʿʠ ʰʠʨʦʢʦ ʟʘʩʝʮʘʿʫ ʩʪʝʥʝ ʠʟʥʘʜ ʫʛˀʘ. 

ʅʘʨʦʯʠʪʦ ʰʠʨʦʢ ʬʨʦʥʪ ʟʘʩʝʮʘˁʘ ʿʝ ʫ ʝʪʘʞʥʠʤ ʨʘʜʦʚʠʤʘ ʥʘ ʧʦʚʨʰʠʥʩʢʦʤ ʢʦʧʫ. 

ʆʩʠʤ ʪʦʛʘ ʪʨʝʙʘʣʦ ʙʠ ʠʤʘʪʠ ʥʘ ʫʤʫ ʜʘ ʩʝ ʠ ʦʜʣʘʛʘˁʝʤ ʿʘʣʦʚʠʥʝ ʩʪʚʘʨʘʿʫ ʥʦʚʠ 

ʤʦʨʬʦʣʦʰʢʠ ʦʙʣʠʮʠ ʥʘ ʪʝʨʝʥʫ. ʋ ʿʘʤʩʢʠʤ ʧʨʦʩʪʦʨʠʿʘʤʘ ʩʝ ʜʝʰʘʚʘʿʫ ʤʦʨʬʦʣʦʰʢʝ 

ʧʨʦʤʝʥʝ ʫʩʣʝʜ ʟʘʨʫʰʘʚʘˁʘ ʢʨʦʚʠʥʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ ʫ ʧʨʦʩʪʦʨ ʦʪʢʦʧʘʥʦʛ ʫʛˀʘ, ʜʦʢ  

ʧʦʜʨʫʯʿʝ ʩʪʘʨʠʭ ʿʘʤʩʢʠʭ ʨʘʜʦʚʘ ʩʣʫʞʠ ʢʘʦ ʦʜʣʘʛʘʣʠʰʪʝ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʢʦʧʦʚʘ, 

ʧʦʚʝ˂ʘʚʘʿʫ˂ʠ ʜʝʙˀʠʥʫ ʤʘʩʝ ʠʟʥʘʜ ʩʝʙʝ. ʉʚʝ ʪʦ ʩʢʫʧʘ ʨʝʤʝʪʠ ʧʨʚʦʙʠʪʥʫ ʧʨʠʨʦʜʥʫ 

ʨʘʚʥʦʪʝʞʫ. ʊʘʿ ʧʨʦʮʝʩ ʿʝ ʦʯʝʢʠʚʘʥ ʠ ʜʦʩʘʜ ʿʝ ʙʠʦ ʫ ʛʨʘʥʠʮʘʤʘ ʙʝʟʙʝʜʥʦʩʪʠ ʟʘ ˀʫʜʝ 

ʠ ʟʘ ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩ ʜʦʙʠʿʘˁʘ ʫʛˀʘ. 

ʉʚʠ ʿʘʤʩʢʠ ʨʫʜʘʨʩʢʠ ʨʘʜʦʚʠ ʩʝ ʦʙʘʚˀʘʿʫ ʫ ʪʨʠ ʛʝʦʣʦʰʢʝ ʩʨʝʜʠʥʝ: ʧʦʜʠʥʠ, 

ʫʛˀʝʥʦʤ ʩʣʦʿʫ ʠ ʢʨʦʚʠʥʠ. ɿʘ ʫʩʧʝʰʥʦ ʚʦʹʝˁʝ ʨʘʜʦʚʘ ʫʨʘʹʝʥʘ ʩʫ ʛʝʦʤʝʭʘʥʠʯʢʘ 

ʠʩʧʠʪʠʚʘˁʘ ʯʠʿʠ ʩʫ ʧʘʨʘʤʝʪʨʠ ʫʛʨʘʹʝʥʠ ʫ ʧʨʦʮʝʩ ʦʧʰʪʝʛ ʨʘʜʘ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʿʠ. 

ʊʦʢʦʤ ʠʟʚʦʹʝˁʘ ʨʘʜʦʚʘ ʫ ʿʘʤʠ ɫʫʨʹʝʚʠʢ ʨʝʜʦʚʥʦ ʩʫ ʚʨʰʝʥʘ ʠʩʧʠʪʠʚʘˁʘ ʬʠʟʠʯʢʦ-

ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʫʛˀʘ ʠ ʧʨʘʪʝ˂ʠʭ ʩʝʜʠʤʝʥʘʪʘ (ʉʪʝʚʠ˂, 1985; 1988; 1989; 

ʉʪʝʚʠ˂ ʠ ʜʨ, 1989). ɻʝʦʤʝʭʘʥʠʯʢʘ ʠʩʧʠʪʠʚʘˁʘ ʚʨʰʝʥʘ ʩʫ ʥʘ ʧʝʪ ʙʫʰʦʪʠʥʘ. 

ʈʝʟʫʣʪʘʪʠ ʥʘʚʝʜʝʥʠʭ ʛʝʦʤʝʭʘʥʠʯʢʠʭ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʪʘʙʝʣʠ 2.2.  
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ʊʘʙʝʣʘ 2.2 ï ʈʝʟʫʣʪʘʪʠ ʛʝʦʤʝʭʘʥʠʯʢʠʭ ʠʩʧʠʪʠʚʘˁʘ (ʧʨʝʤʘ ʄʝʰʠ˂, 2014) 

ʋʛʘˀ:  

- ɿʘʧʨʝʤʠʥʩʢʘ ʪʝʞʠʥʘ 14,1 kN/m3 

- ʂʦʭʝʟʠʿʘ C 1098 kPa  

- ʋʛʘʦ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ 32,5 o 

- ʏʚʨʩʪʦ˂ʘ ʥʘ ʩʘʚʠʿʘˁʝ 0,607 MPa  

ʇʨʦʩʣʦʿʮʠ ʩʝʜʠʤʝʥʘʪʘ ʫ ʜʦˁʝʤ ʜʝʣʫ ʫʛˀʝʥʦʛ ʩʣʦʿʘ: 

- ɿʘʧʨʝʤʠʥʩʢʘ ʪʝʞʠʥʘ 26,2 kN/m3 

- ʏʚʨʩʪʦ˂ʘ ʥʘ ʩʘʚʠʿʘˁʝ 1,905 MPa 

- ʏʚʨʩʪʦ˂ʘ ʥʘ ʧʨʠʪʠʩʘʢ 19310 kPa  

- ʂʦʭʝʟʠʿʘ C  2569 kPa  

- ʋʛʘʦ ʫʥʫʪʨʘʰˁʝʛ ʪʨʝˁʘ 36 o 

ʇʦʜʠʥʩʢʘ ʛʣʠʥʘ ʥʘ ʢʦʥʪʘʢʪʫ ʩʘ ʫʛˀʝʤ:  

- ʅʘʧʦʥ ʙʫʙʨʝˁʘ 88 - 118  kPa  

- ʉʠʣʘ ʚʨʘ˂ʘˁʘ ʜʝʬʦʨʤʘʮʠʿʘ ʥʘ 0. 6962 - 9315 kPa 
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2.6. ʍʠʜʨʦʛʝʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ 

ʋ ʥʝʧʦʨʝʤʝ˂ʝʥʦʤ ʩʪʘˁʫ, ʢʨʦʚʠʥʩʢʠ ʩʝʜʠʤʝʥʪʠ ʧʨʝʩʪʘʚˀʘʿʫ ʣʦʰʝ ʢʦʣʝʢʪʦʨʝ 

ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ, ʘ ʢʨʝʪʘˁʝ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʩʘ ʭʠʜʨʦʛʝʦʣʦʰʢʦʛ ʘʩʧʝʢʪʘ ʫ ʦʚʦʿ ʟʦʥʠ 

ʥʝ ʧʦʩʪʦʿʠ. ʄʝʹʫʪʠʤ, ʫ ʧʦʨʝʤʝ˂ʝʥʦʤ ʩʪʘˁʫ ʜʦʣʘʟʠ ʜʦ ʟʥʘʪʥʝ ʧʨʦʤʝʥʝ 

ʭʠʜʨʦʛʝʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʦʚʠʥʩʢʠʭ ʩʝʜʠʤʝʥʘʪʘ. ʅʘʢʦʥ ʧʘʜʘʚʠʥʘ, 

ʧʦʚʨʰʠʥʩʢʝ ʚʦʜʝ ʙʠʚʘʿʫ ʧʨʠʭʚʘ˂ʝʥʝ ʧʫʪʝʤ ʧʫʢʦʪʠʥʩʢʠʭ ʩʠʩʪʝʤʘ, ʢʘʚʝʨʥʠ, ʧʨʩʣʠʥʘ 

ʠ ʨʘʩʝʜʘ ʠ ʚʦʜʘ ʛʨʘʚʠʪʘʮʠʦʥʦ ʥʘʩʪʘʚˀʘ ʠʥʬʠʣʪʨʘʮʠʿʫ ʜʦ ʚʦʜʦʥʝʧʨʦʧʫʩʥʠʭ ʩʨʝʜʠʥʘ 

ʢʘʦ ʠ ʜʦ ʨʫʜʘʨʩʢʠʭ ʨʘʜʦʚʘ. ʊʠʤʝ ʜʦʣʘʟʠ ʜʦ ʠʥʬʠʣʪʨʘʮʠʿʝ ʚʝ˂ʠʭ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ 

ʿʘʤʩʢʝ ʧʨʦʩʪʦʨʠʿʝ.  

ʍʠʜʨʦʛʝʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʘʩʝʥʘ ɫʫʨʹʝʚʠʢ ʠʩʪʨʘʞʠʚʘʥʝ ʩʫ ʫ ʦʢʚʠʨʫ 

ʩʪʫʜʠʿʘ ʠʟ 1985. ʠ 1989. ʛʦʜʠʥʝ. ʅʘ ʦʩʥʦʚʫ ʜʚʝ ʭʠʜʨʦʛʝʦʣʦʰʢʝ ʙʫʰʦʪʠʥʝ ʩʘ 

ʫʛʨʘʹʝʥʠʤ ʧʠʿʝʟʦʤʝʪʨʠʤʘ ʧʨʠʢʫʧˀʝʥʠ ʩʫ ʙʘʟʥʠ ʧʦʜʘʮʠ. ʂʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʢʨʝʪʘˁʝ 

ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʠ ʝʚʠʜʝʥʪʠʨʘʥʝ ʩʫ ʢʘʚʝʨʥʝ ʨʘʟʣʠʯʠʪʠʭ ʜʠʤʝʥʟʠʿʘ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʥʘʿʚʝ˂ʘ ʥʘ ʜʫʙʠʥʠ ʦʜ 60 m, ʩʘ ʧʦʚʨʰʠʥʝ ʪʝʨʝʥʘ ʠ ʧʨʝʯʥʠʢʘ ʿʝ 0,6 m. ʅʘʢʦʥ ʙʫʰʝˁʘ, 

ʙʫʰʦʪʠʥʝ ʩʫ ʟʘʮʝʚˀʝʥʝ ʠ ʧʨʝʪʚʦʨʝʥʝ ʫ ʦʩʤʘʪʨʘʯʢʝ ʩʘ ʮʠˀʝʤ ʧʨʘ˂ʝˁʘ ʦʩʮʠʣʘʮʠʿʘ 

ʥʠʚʦʘ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ. ɽʣʘʙʦʨʘʪʦʤ (Marsden, 1993; Masjukov, Murzov, 2013) ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥ ʫʪʚʨʹʝʥʠ ʢʘʧʘʮʠʪʝʪ ʧʨʦʜʦʨʘ ʧʦʜʟʝʤʥʠʭ ʚʦʜʘ ʩʘ ʧʦʚʨʰʠʥʩʢʦʛ ʪʦʢʘ 

ʉʪʫʧʥʠʮʘ. ʋʢʫʧʘʥ ʜʦʪʦʢ ʚʦʜʝ ʿʝ ʝʚʠʜʝʥʪʠʨʘʥ ʥʘ ʦʩʥʦʚʫ ʨʘʜʘ ʧʫʤʧʠ ʠ ʜʦʢʘʟʘʥʦ ʿʝ 

ʜʘ ʿʝ ʫ ʜʠʨʝʢʪʥʦʿ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʥʪʝʥʟʠʪʝʪʘ ʧʘʜʘʚʠʥʘ. ʅʠʚʦ ʿʝ ʥʘʿʚʠʰʠ ʫ ʧʝʨʠʦʜʫ 

ʤʘʨʪ - ʤʘʿ ʘ ʥʘʿʥʠʞʠ ʿʝ ʫ ʦʢʪʦʙʨʫ. ʄʘʢʩʠʤʘʣʥʠ ʜʦʪʦʢ ʚʦʜʝ ʫ ʿʘʤʠ ʿʝ 4,83  ʘ 

ʤʠʥʠʤʘʣʥʠ ʿʝ 1,7. ʇʠʿʝʟʦʤʝʪʨʠ ʠʟ 1985. ʠ 1989. ʛʦʜʠʥʝ ʪʨʝʥʫʪʥʦ ʥʠʩʫ ʫ 

ʬʫʥʢʮʠʿʠ.  
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3. ʄɽʊʆɼʆʃʆɻʀɱɸ ʀʉʊʈɸɾʀɺɸɳɸ 

 

ʄʝʪʦʜʦʣʦʛʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʜʨʘʟʫʤʝʚʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠ ʧʨʠʩʪʫʧ ʫ 

ʩʦʬʪʚʝʨʩʢʦʤ ʠ ʨʝʘʣʥʦʤ ʦʢʨʫʞʝˁʫ. ʄʝʪʦʜʦʣʦʛʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʠʥʪʝʟʫ ʧʦʩʪʦʿʝ˂ʠʭ 

ʧʦʜʘʪʢʘ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ ʘʥʘʣʦʛʥʠʭ ʧʦʜʘʪʘʢʘ ʠ 

ʧʦʟʠʮʠʦʥʠʨʘˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʥʦʚʦ ʚʠʨʪʫʝʣʥʦ ʦʢʨʫʞʝˁʝ, ʠʟʨʘʜʫ 

ʢʦʥʮʝʧʪʘ ʥʘ ʦʩʥʦʚʫ ʢʦʛʘ ˂ʝ ʩʝ ʧʨʠʢʫʧʠʪʠ ʪʝʨʝʥʩʢʠ ʧʦʜʘʮʠ ʫʟ ʦʧʪʠʤʘʣʘʥ ʦʜʘʙʠʨ 

ʘʢʚʠʟʠʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʫ ʢʦʤʧʿʫʪʝʨʩʢʠʭ ʩʠʤʫʣʘʮʠʿʘ, ʠʟʛʨʘʜˁʫ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʢʦʤʝ ˂ʝ ʩʝ ʩʚʠ ʥʦʚʠ ʧʦʜʘʮʠ ʫʟ ʢʦʨʝʣʘʮʠʿʫ ʩʘ 

ʧʨʝʪʭʦʜʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫʚʨʩʪʠʪʠ ʫ ʤʦʜʝʣ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʠ ʩʪʝʧʝʥʘ 

ʧʦʫʟʜʘʥʦʩʪʠ ʢʦʿʠ ʿʝ ʧʦʛʦʜʘʥ ʟʘ ʜʘˀʫ ʫʧʦʪʨʝʙʫ ʫ ʧʨʦʮʝʩʫ ʧʣʘʥʠʨʘˁʘ ʠ ʠʟʚʦʹʝˁʘ 

ʠʩʪʨʘʞʥʦ-ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʨʘʜʦʚʘ.  

ʀʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ ʩʝ ʦʜʚʠʿʘʦ ʧʦ ʜʝʬʠʥʠʩʘʥʦʤ ʨʘʩʧʦʨʝʜʫ ʢʦʨʘʢʘ ʰʝʤʘʪʩʢʠ 

ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʩʣʠʮʠ 3.1. ʇʨʚʘ ʬʘʟʘ ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʿʝ ʜʝʬʠʥʠʩʘˁʝ ʮʠˀʝʚʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʧʨʠʤʝʥˀʠʚʠʭ ʛʝʦʬʠʟʠʯʢʠʭ ʤʝʪʦʜʘ ʠ 

ʪʝʭʥʠʢʘ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʫʛˀʝʚʘ. ʎʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʩʪʘʚˀʝʥʠ ʩʫ ʪʘʢʦ ʜʘ 

ʟʘʜʦʚʦˀʝ ʧʨʠʥʮʠʧʝ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʧʨʠʩʪʫʧʘ ʧʨʦʙʣʝʤʘʪʠʮʠ, ʢʘʦ ʠ ʜʘ ʜʘʿʫ 

ʜʨʘʛʦʮʝʥʝ ʧʦʜʘʪʢʝ ʟʘ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ ʠ ʫʩʤʝʨʘʚʘˁʘ ʧʨʦʮʝʩʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʫʛˀʘ 

ʫ ʦʢʚʠʨʫ ʿʘʤʩʢʠʭ ʧʨʦʩʪʦʨʠʿʘ ʨʫʜʥʠʢʘ ʤʨʢʦʛ ʫʛˀʘ ''ɫʫʨʹʝʚʠʢ''. ɼʨʫʛʠ ʢʦʨʘʢ 

ʧʦʜʨʘʟʫʤʝʚʘʦ ʿʝ ʦʙʿʝʜʠˁʘʚʘˁʝ ʧʦʩʪʦʿʝ˂ʠʭ ʧʦʜʘʪʘʢʘ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ 

ʟʦʥʠ ʠʩʪʨʘʞʥʦʛ ʧʨʦʩʪʦʨʘ ʢʘʦ ʠ ʰʠʨʝʤ ʛʝʦʣʦʰʢʦʤ ʧʨʦʩʪʦʨʫ, ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ 

ʰʪʘʤʧʘʥʠʭ ʢʘʨʘʪʘ, ʧʦʜʘʪʘʢʘ ʠʩʪʨʘʞʥʠʭ ʙʫʰʝˁʘ ʠ ʦʩʪʘʣʠʭ ʠʩʪʨʘʞʥʠʭ ʨʘʜʦʚʘ, ʪʝ 

ʬʦʨʤʘʪʠʨʘˁʝ ʧʦʩʪʦʿʝ˂ʠʭ ʧʦʜʘʪʘʢʘ ʠ ʫʯʠʪʘʚʘˁʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʠʨʪʫʝʣʥʦ 

ʦʢʨʫʞʝˁʝ ʫ ʢʦʤʝ ʿʝ ʚʨʰʝʥʦ ʤʦʜʝʣʠʨʘˁʝ. ʊʨʝ˂ʠ ʢʦʨʘʢ ʧʦʜʨʘʟʫʤʝʚʘ ʠʟʨʘʜʫ 

ʠʥʠʮʠʿʘʣʥʦʛ ʛʝʦʣʦʰʢʦʛ ʤʦʜʝʣʘ ʢʦʿʠ ʿʝ ʢʦʨʠʰʝ˂ʥ ʟʘ ʯʝʪʚʨʪʠ ʢʦʨʘʢ ʫ ʢʦʤʝ ʿʝ ʚʨʰʝʥʦ 

ʩʠʤʫʣʠʨʘˁʝ ʪʘʣʘʩʥʦʛ ʦʜʟʠʚʘ ʩʘ ʮʠˀʝʤ ʜʝʬʠʥʠʩʘˁʘ ʦʧʪʠʤʘʣʥʦʛ ʧʨʠʩʪʫʧʘ 

ʘʢʚʠʟʠʮʠʦʥʦʤ ʩʠʩʪʝʤʫ.  
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ʉʣʠʢʘ 3.1 ï ɸʣʛʦʨʠʪʘʤ ʤʝʪʦʜʦʣʦʛʠʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʨʘʜʫ 

ʂʦʤʧʿʫʪʝʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʦʯʝʢʠʚʘʥʦʛ ʪʘʣʘʩʥʦʛ ʦʜʟʠʚʘ ʛʝʦʣʦʰʢʝ ʩʨʝʜʠʥʝ 

ʚʨʰʝʥʝ ʩʫ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʢʦʿʝ ʿʝ ʯʠʥʠʣʘ ʢʦʤʙʠʥʘʮʠʿʘ ʣʠʪʝʨʘʪʫʨʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʠ ʩʪʚʘʨʥʠʭ ʧʦʜʘʪʘʢʘ ʠʟ ʠʩʪʨʘʞʥʦ-ʝʢʩʧʣʦʘʪʘʮʠʦʥʝ ʬʘʟʝ. ʉʠʥʪʝʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʮʠˀ 

ʿʝ ʠʤʘʦ ʧʨʝʜʩʪʘʚˀʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʠʥʠʮʠʿʘʣʥʦʛ ʛʝʦʣʦʰʢʦʛ ʧʨʦʬʠʣʘ 

ʧʫʪʝʤ ʜʚʘ ʘʢʚʠʟʠʮʠʦʥʘ ʧʨʠʩʪʫʧʘ. ʇʨʚʠ ʿʝ ʩʠʩʪʝʤ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʢʦʿʠ ʿʝ 

ʬʦʨʤʠʨʘʦ ʪʘʣʘʩʥʫ ʩʣʠʢʫ ʢʦʿʫ ʿʝ ʛʦʪʦʚʦ ʤʦʛʫ˂ʝ ʜʠʨʝʢʪʥʦ ʠʥʪʝʨʧʨʝʪʠʨʘʪʠ. ɼʨʫʛʠ 

ʧʨʠʩʪʫʧ ʘʢʚʠʟʠʮʠʿʠ ʦʜʥʦʩʠ ʩʝ ʥʘ ʩʠʩʪʝʤ ʜʝʛʨʘʜʠʨʘʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʿʠ ʿʝ 

ʜʦʚʦˀʥʦ ʧʦʫʟʜʘʥ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʛʣʘʚʥʦʛ ʫʛˀʝʥʦʛ ʩʣʦʿʘ, ʫʟ 

ʤʠʥʠʤʘʣʥʝ ʧʨʠʧʨʝʤʥʝ ʨʘʜʦʚʝ ʠ ʦʧʪʠʤʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʨʝʩʫʨʩʘ. ʈʝʟʫʣʪʘʪʠ ʦʚʦʛ 

ʧʦʩʪʫʧʢʘ  ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʫ ʚʠʜʫ ʩʠʤʫʣʠʨʘʥʝ ʪʘʣʘʩʥʝ ʩʣʠʢʝ, ʢʦʿʘ ʿʝ ʠʟʚʝʟʝʥʘ ʫ ʚʠʜʫ 

ʩʝʠʟʤʠʯʢʝ ʩʝʢʮʠʿʝ ʠ ʫʧʦʨʝʹʝʥʘ ʩʘ ʧʦʟʥʘʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʧʦʜʘʪʘʢʘ ʠʟ ʠʩʪʨʘʞʥʦ-

ʝʢʩʧʣʦʘʪʘʮʠʦʥʝ ʬʘʟʝ. ʇʦʩʪʠʟʘˁʝʤ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʧʦʜʫʜʘʨʘˁʘ ʚʨʰʠ ʩʝ ʢʦʥʘʯʥʠ 

ʜʠʟʘʿʥ ʤʨʝʞʝ ʧʨʦʬʠʣʘ ʠ ʦʜʘʙʠʨ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʪʝʨʝʥʩʢʘ ʤʝʨʝˁʘ, ʰʪʦ ʯʠʥʠ ʩʣʝʜʝ˂ʠ 
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ʢʦʨʘʢ. ʅʘʢʦʥ ʘʢʚʠʟʠʮʠʿʝ ʚʨʰʠ ʩʝ ʥʘʿʧʨʝ ʠʥʠʮʠʿʘʣʥʘ ʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ (ʢʦʥʚʝʨʟʠʿʘ 

ʧʦʜʘʪʘʢʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʬʦʨʤʘʪ ʟʘ ʦʙʨʘʜʫ ʩʝʠʟʤʠʯʢʠʭ ʧʦʜʘʪʘʢʘ, ʜʝʬʠʥʠʩʘˁʝ 

ʛʝʦʤʝʪʨʠʿʝ, ʩʠʨʦʚʦ ʫʢʣʘˁʘˁʝ ʩʤʝʪˁʠ - ʣʦʰʠʭ ʢʘʥʘʣʘ), ʘ ʟʘʪʠʤ ʠ ʬʠʥʘʣʥʘ ʦʙʨʘʜʘ 

ʧʦʜʘʪʘʢʘ. ʆʙʨʘʹʝʥʠ ʧʦʜʘʮʠ ʩʫ ʫʧʦʨʝʹʝʥʠ ʩʘ ʧʦʟʥʘʪʠʤ ʧʦʜʘʮʠʤʘ ʪʘʢʦ ʜʘ ʩʝ ʜʦʙʠʿʝ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʪʘʣʘʩʥʘ ʩʣʠʢʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʚʨʰʠ ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʧʦʜʘʪʘʢʘ. 

ʀʥʪʝʨʧʨʝʪʠʨʘʥʠ ʧʦʜʘʮʠ ʩʝ ʠʥʪʝʛʨʠʰʫ ʫ ʧʨʦʩʪʦʨʥʠ ʤʦʜʝʣ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʦʢʨʫʞʝˁʫ 

ʠ ʬʦʨʤʠʨʘʿʫ ʤʦʜʝʣ ʫʛˀʝʥʝ ʩʝʨʠʿʝ ʩʘ ʩʚʠʤ ʦʩʪʘʣʠʤ ʠʥʪʝʨʧʨʝʪʠʨʘʥʠʤ ʘʪʨʠʙʫʪʠʤʘ 

ʢʘʦ ʰʪʦ ʩʫ ʟʜʨʦʙˀʝʥʝ - ʢʘʪʘʢʣʘʟʠʨʘʥʝ ʟʦʥʝ ʠ ʝʣʝʤʝʥʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʩʢʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 

 

3.1 ʄʦʜʝʣʠʨʘˁʝ ʩʘ 2D ʪʘʣʘʩʥʦʤ ʿʝʜʥʘʯʠʥʦʤ 

ʄʦʜʝʣʠʨʘˁʝ ʪʘʣʘʩʥʝ ʿʝʜʥʘʯʠʥʝ ʧʦ FD (Finite Difference) ʧʨʠʥʮʠʧʫ 

ʤʦʜʝʣʠʨʘˁʘ ʿʝ ʦʜʘʙʨʘʥʦ ʢʘʦ ʥʘʿʦʧʪʠʤʘʣʥʠʿʠ ʧʨʠʥʮʠʧ ʟʙʦʛ ʩʣʝʜʝ˂ʠʭ ʦʩʦʙʠʥʘ ʢʦʿʝ 

ʦʚʘʿ ʧʨʠʥʮʠʧ ʤʦʜʝʣʠʨʘˁʘ ʧʦʩʝʜʫʿʝ, ʘ ʪʦ ʩʫ: 

- ʿʝʜʥʦʩʪʘʚʥʘ ʤʘʪʝʤʘʪʠʯʢʘ ʝhʤʘ; 

- ʤʦʛʫ˂ʥʦʩʪ ʿʝʜʥʦʩʪʘʚʥʝ ʤʘʥʠʧʫʣʘʮʠʿʝ ʥʘʜ ʙʨʟʠʥʘʤʘ ʠ 

ʛʝʦʤʝʪʨʠʿʦʤ ʘʢʚʠʟʠʮʠʿʝ, 

- ʤʦʛʫ˂ʥʦʩʪʠ ʩʨʘʯʫʥʘʚʘˁʘ ʩʚʠʭ ʩʪʘˁʘ; ʠ 

- ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʩʝ ʪʘʣʘʩʥʦ ʢʨʝʪʘˁʝ ʧʨʝʜʩʪʘʚʠ ʩʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠʤ ʥʠʚʦʦʤ ʢʦʤʧʣʝʢʩʥʦʩʪʠ, ʧʦʧʫʪ ʨʝʘʣʥʦʛ 

ʨʘʩʧʨʦʩʪʠʨʘˁʘ ʫ ʩʪʚʘʨʥʦʤ ʦʢʨʫʞʝˁʫ.  

ʄʦʜʝʣʠʨʘˁʝ ʪʘʣʘʩʥʝ ʿʝʜʥʘʯʠʥʝ ʧʨʠʤʝʥʦʤ ʧʨʠʥʮʠʧʘ ʢʦʥʘʯʥʠʭ ʨʘʟʣʠʢʘ 

ʧʦʯʠˁʝ ʩʘ ʘʢʫʩʪʠʯʥʦʤ ʪʘʣʘʩʥʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

Ћ0

ЋÔ
#
Ћ0

ЋØ

Ћ0

ЋÚ
 (3.1) 

ɹʨʟʠʥʘ ʧʨʦʧʘʛʠʨʘˁʘ # ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʤʦʜʫʣʘ ʝʣʘʩʪʠʯʥʦʩʪʠ (ʄ) ʠ 

ʛʫʩʪʠʥʝ ʩʨʝʜʠʥʝ (ɟ): 

#
-

ʍ
 (3.2) 

ʇʦʨʝʜ ʪʦʛʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʦʜʘʪʠ ʠ ʬʫʥʢʮʠʿʫ, ʧʦʧʫʪ ʩʧʘʿʢ ʨʝʧʨʝʟʝʥʪʘʮʠʿʝ 

ʙʝʩʢʦʥʘʯʥʦʛ ʬʨʝʢʚʝʥʪʥʦʛ ʩʧʝʢʪʨʘ ʠʣʠ ʥʝʢʝ ʜʨʫʛʝ ʬʫʥʢʮʠʿʝ (ʧʦʧʫʪ 

ʪʨʠʛʦʥʦʤʝʪʨʠʿʩʢʝ, ɻʘʫʩʦʚʝ ʠʣʠ ˁʝʥʦʛ ʠʟʚʦʜʘ). ʊʘʣʘʩʥʘ ʿʝʜʥʘʯʠʥʘ ʙʠ˂ʝ: 

Ћ0

ЋÔ
#
Ћ0

ЋØ

Ћ0

ЋÚ
#Ͻ& (3.3) 

ʛʜʝ ʿʝ: &Ô 2ẗÎɝÔẗÅ ẗ, M ʠ R ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʥʩʪʘʥʪʝ. ʀʥʠʮʠʿʘʣʥʠ, 

ʦʜʥʦʩʥʦ ʠʟʚʦʨʥʠ ʪʘʣʘʩ ʩʝ ʥʘʿʯʝʰ˂ʝ ʥʘʟʠʚʘ ʪʘʣʘʩʠ˂ ʠ ʧʨʝʜʩʪʘʚˀʘ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦʤ 

ʬʫʥʢʮʠʿʦʤ ʢʦʿʘ ʠʟʨʘʞʘʚʘ ʨʘʩʧʦʨʝʜ ʧʨʠʪʠʩʘʢʘ ʧʨʠ ʛʝʥʝʨʠʩʘˁʫ ʪʘʣʘʩʘ ʧʫʪʝʤ ʠʟʚʦʨʘ 

ʩʝʠʟʤʠʯʢʠʭ ʪʘʣʘʩʘ ʢʘʦ ʰʪʦ ʩʫ ʝʢʩʧʣʦʟʠʚ ʠʣʠ ʚʘʟʜʫʰʥʠ ʪʦʧ, ʛʜʝ ʿʝ ʚʝ˂ʠʥʘ ʝʥʝʨʛʠʿʝ 

ʩʢʦʥʮʝʥʪʨʠʩʘʥʘ ʫ ʧʦʯʝʪʥʦʤ ʧʝʨʠʦʜʫ (ʤʠʥʠʤʘʣʥʘ ʬʘʟʘ). ʆʙʠʯʥʦ ʿʝ ʪʦ ʧʨʚʠ ʠʟʚʦʜ 
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ʬʫʥʢʮʠʿʝ F ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʿʝʜʥʘʯʠʥʠ 3.3. ʇʨʝʜʩʪʘʚˀʘˁʝʤ ʪʘʣʘʩʥʝ ʿʝʜʥʘʯʠʥʝ ʧʫʪʝʤ 

FD ʿʝʜʥʘʯʠʥʝ ʫ ʢʦʿʦʿ ʧʨʠʪʠʩʘʢ  ʠʟʨʘʞʘʚʘʤʦ ʢʘʦ 0ȟȟ , ʘ Ô ʿʝ ʚʨʝʤʝ, ʙʠ˂ʝ: 

0ȟ ςϽ0ȟ 0ȟ

ɝÔ
#
0 ȟ ςϽ0ȟ 0

ɝØ

0 ȟ ςϽ0ȟ 0

ɝÚ
&  (3.4) 

ʛʜʝ ʩʝ ʚʨʝʤʝ ʜʝʬʠʥʠʰʝ ʢʘʦ 0 ʟʘ ʩʘʜʘʰˁʝ, -1 ʟʘ ʧʨʦʰʣʦ ʠ 1 ʟʘ ʙʫʜʫ˂ʝ.  

ʄʦʜʝʣʠʨʘˁʝ ʩʝ ʦʜʚʠʿʘ ʪʘʢʦ ʰʪʦ ʩʝ, ʥʘʿʧʨʝ ʟʘ ʜʝʬʠʥʠʩʘʥʫ ʛʝʦʣʦʛʠʿʫ ʧʫʪʝʤ 

ʬʫʥʢʮʠʿʝ F ʜʝʬʠʥʠʰʝ ʠʥʠʮʠʿʘʣʥʠ ʧʨʠʪʠʩʘʢ (ʉʣʠʢʘ 3.2). 

 

 

 

ʉʣʠʢʘ 3.2 ï ʄʦʜʝʣʠʨʘˁʝ 2D ʪʘʣʘʩʥʝ ʿʝʜʥʘʯʠʥʝ 
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ʈʘʟʚʦʿ ʿʝʜʥʘʯʠʥʝ ʩʘ ʚʨʝʤʝʥʩʢʠʤ ʠʥʢʨʝʤʝʥʪʦʤ ʢʦʿʠ ʧʦʯʠˁʝ ʦʜ ʥʫʣʝ ʙʠ˂ʝ: 

0ȟ ςϽ0ȟ 0ȟ
#ɝÔ

ɝ(
0 ȟ 0ȟ 0 ȟ 0ȟ τϽ0ȟ ÃẗɝÔẗ& (3.5) 

 

ɹʫʜʫ˂ʠ ʜʘ ʿʝ 
ẗ

ɻ ʠ ÃẗɝÔ ɼ    , ʙʠ˂ʝ 

0ȟ ς0ȟ ρ ɻ 0ȟ ɻ! " τ0ȟ ɻ ɼ& (3.6) 

 

ɹʫʜʫ˂ʠ ʧʨʠʪʠʩʘʢ ʤʦʞʝʤʦ ʠʟʨʘʟʠʪʠ ʠ ʢʘʦ: 

0ȟ ς0ȟ ρ ɻ 0ȟ ɻ! " ɼ& (3.7) 

 

ɸʣʛʦʨʠʪʘʤ ʩʝ ʦʜʚʠʿʘ ʫ ʬʘʟʘʤʘ: 

- ʀʥʠʮʠʿʘʣʥʦ: ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ 0ȟ π ʘ 0ȟ Çȟ Ͻ& Ͻ#ϽɝÔ, 

ʛʜʝ ʿʝ & 2ẗɾẗÅ ẗ 

- ʈʝʰʘʚʘˁʝ ʟʘ ʚʨʝʜʥʦʩʪ 0ȟ  

- ɼʝʬʠʥʠʩʘˁʝ ʥʦʚʠʭ ʧʦʣʘʟʥʠʭ ʫʩʣʦʚʘ: 

0ȟ 0ȟ  

0ȟ 0ȟ  

0ȟ - ʛʝʥʝʨʠʩʘˁʝ ʩʥʝʧʰʦʪʘ1 

- ʇʦʩʪʘʚˀʘˁʝ ʛʝʦʬʦʥʘ ʥʘ ʧʦʚʨʰʠʥʫ, ʛʜʝ ˂ʝ ʦʥʠ ʟʘʙʝʣʝʞʠʪʠ: 

0ȟ ̘̒̆̉̈̍̉̋́ ̓̑́̒́ 

 ʇʨʦʛʨʘʤʩʢʠ ʩʝ ʧʝʪˀʘ ʦʜʚʠʿʘ ʫ ʠʪʝʨʘʮʠʿʘʤʘ ʦʜ ʜʨʫʛʦʛ ʢʦʨʘʢʘ ʢʘ ʢʨʘʿˁʝʤ.  

ʄʦʜʝʣʠʨʘˁʝ ʿʝ ʤʦʛʫ˂ʝ ʚʨʰʠʪʠ ʠ ʧʫʪʝʤ ʧʨʠʥʮʠʧʘ ʫ ʢʦʤʝ ʩʝ ʚʨʰʠ ʧʦʤʝʨʘˁʝ 

ʬʘʟʝ. ʀʥʠʮʠʿʘʣʥʠ ʩʠʛʥʘʣ  ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 3.3, ʠ ʜʝʬʠʥʠʩʘʥ ʩʘ: 

ÙØ !ẗÃÏÓʃ !ẗÃÏÓËØ, ʟʘ ʥʫʣʪʦ ʚʨʝʤʝ. 

ɿʘ ʚʨʝʤʝ ʩʘ ʦʜʨʝʹʝʥʠʤ ʠʥʢʨʝʤʝʥʪʦʤ ʫʜʘˀʝʥʦʩʪ ʢʦʿʫ ʧʨʦʧʫʪʫʿʝ ʪʘʣʘʩ ʙʠ˂ʝ 

(ʉʣʠʢʘ 3.4):  

                                                 
1 Snapshot ï ʝʢʨʘʥʠʟʘʮʠʿʘ ʩʨʘʯʫʥʘʪʠʭ ʚʨʝʜʥʦʩʪʠ ʧʫʪʝʤ ʢʦʤʧʿʫʪʝʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ 
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 Ø 6ẗÔ  

 

 

ʉʣʠʢʘ 3.3 ï ʀʥʠʮʠʿʘʣʥʠ ʩʠʛʥʘʣ 

 

ʉʣʠʢʘ 3.4 ï ʊʘʣʘʩ ʩʘ ʧʦʤʝʨʝʥʦʤ ʬʘʟʦʤ 

ɱʝʜʥʘʯʠʥʘ ˂ʝ ʧʦʧʨʠʤʠʪʠ ʦʙʣʠʢʝ: 

- Ù !ẗÃÏÓ ËØ Ø   , 

- Ù !ẗÃÏÓË 

Ø

6ϽÔ
, 

- Ù !ϽÃÏÓ ËϽØ ËϽ6ϽÔ . 

 

ʌʘʟʥʠ ʫʛʘʦ ʿʝ ʧʨʦʤʝˁʝʥ ʟʘ: 

ה ÈẗØ Ëẗ6ẗÔ (3.8) 

 

 

 

 



23 

 

3.2  ʀʟʨʘʜʘ ʩʠʥʪʝʪʠʯʢʦʛ ʛʝʦʣʦʰʢʦʛ ʤʦʜʝʣʘ 

ʀʟʨʘʜʘ ʩʠʥʪʝʪʠʯʢʦʛ ʤʦʜʝʣʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʦʜʘʮʠʤʘ ʧʨʠʢʫʧˀʝʥʠʤ ʠʟ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʠ ʨʝʬʣʝʢʪʠʚʥʦ-ʩʝʠʟʤʠʯʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʜʫʞ ʧʦʟʥʘʪʦʛ 

ʛʝʦʣʦʰʢʦʛ ʧʨʦʬʠʣʘ. ʄʦʜʝʣ ʿʝ ʫʟʨʘʹʝʥ ʥʘ ʦʩʥʦʚʫ ʜʚʘ ʧʨʠʩʪʫʧʘ ʘʢʚʠʟʠʮʠʿʠ, ʫ ʜʦʤʝʥʫ 

ʨʝʟʦʣʫʮʠʿʝ ʠ ʥʘʯʠʥʘ ʩʧʨʦʚʦʹʝˁʘ ʘʢʚʠʟʠʮʠʿʝ: 

1. ʇʨʠʤʝʥʘ ʘʢʚʠʟʠʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ: ʩʥʠʤʘˁʘ ʩʘ ʤʘʣʠʤ 

ʛʝʦʬʦʥʩʢʠʤ ʨʘʟʤʘʢʦʤ ʧʨʠ ʢʦʤʝ ʩʫ ʘʢʪʠʚʥʠ ʩʚʠ ʢʘʥʘʣʠ ʟʘ ʩʚʘʢʫ ʧʦʟʠʮʠʿʫ ʠʟʚʦʨʘ 

ʩʝʠʟʤʠʯʢʠʭ ʪʘʣʘʩʘ ʜʫʞ ʜʠʩʧʦʟʠʪʠʚʘ. ʉʝʠʟʤʠʯʢʘ ʪʨʘʩʘ  ʿʝ ʫ ʮʝʣʦʩʪʠ ʧʦʢʨʠʚʝʥʘ 

ʧʨʠʿʝʤʥʠʮʠʤʘ (ʛʝʦʬʦʥʠʤʘ); 

2. ɼʨʫʛʠ ʩʝ ʪʝʤʝˀʠ ʥʘ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʦʤ ʘʢʚʠʟʠʮʠʦʥʦʤ ʩʠʩʪʝʤʫ: ʩʘ ʤʘˁʠʤ ʙʨʦʿʝʤ 

ʢʘʥʘʣʘ, ʚʝ˂ʝʤ ʛʝʦʬʦʥʩʢʦʤ ʨʘʟʤʘʢʫ ʠ ʩʘʤʠʤ ʪʠʤ ʤʘˁʝʤ ʥʠʚʦʫ ʧʨʝʢʨʠʚʘˁʘ ʰʪʦ 

ʜʦʚʦʜʠ ʜʦ ʫʤʘˁʝʥʝ ʨʝʟʦʣʫʮʠʿʝ ʪʘʣʘʩʥʝ ʩʣʠʢʝ ʠ ʦʙʠʤʘ ʪʝʨʝʥʩʢʠʭ ʤʝʨʝˁʘ. 

ʋʧʨʦʰ˂ʘʚʘˁʝ ʘʢʚʠʟʠʮʠʿʝ ʚʨʰʝʥʦ ʿʝ ʩʘ ʮʠˀʝʤ ʦʜʨʝʹʠʚʘˁʘ ʤʠʥʠʤʘʣʥʦʛ 

ʥʠʚʦʘ ʧʨʝʢʨʠʚʘˁʘ ʠ ʨʝʟʦʣʫʮʠʿʝ ʩʝʠʟʤʠʯʢʝ ʩʝʢʮʠʿʝ ʢʦʿʘ ʤʦʞʝ ʟʘʜʦʚʦˀʠʪʠ ʧʦʪʨʝʙʝ 

ʧʦʫʟʜʘʥʦʛ ʠʜʝʥʪʠʬʠʢʦʚʘˁʘ ʛʝʦʣʦʰʢʠʭ ʿʝʜʠʥʠʮʘ ʦʜ ʟʥʘʯʘʿʘ ʟʘ ʦʚʘʿ ʪʠʧ 

ʠʩʪʨʘʞʠʚʘˁʘ. ʂʦʤʧʣʝʢʩʥʠ ʫʩʣʦʚʠ ʣʝʞʠʰʪʘ, ʠʟʨʘʞʝʥʘ ʪʝʢʪʦʥʠʢʘ ʠ ʧʘʨʢʝʪʥʘ 

ʩʪʨʫʢʪʫʨʘ ʣʝʞʠʰʪʘ, ʦʪʝʞʘʚʘʣʠ ʩʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʫʛˀʝʥʝ ʩʝʨʠʿʝ ʥʘ ʩʝʠʟʤʠʯʢʦʿ 

ʩʝʢʮʠʿʠ. ɿʙʦʛ ʠʟʨʘʞʝʥʝ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʞʝˀʥʘ ʿʝ ʧʨʠʤʝʥʘ ʤʘˁʝ ʨʦʙʫʩʥʠʭ 

ʘʢʚʠʟʠʮʠʦʥʠʭ ʩʠʩʪʝʤʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʜʦʜʘʪʥʠ ʨʘʟʣʦʛ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʘʢʚʠʟʠʮʠʦʥʦʛ ʩʠʩʪʝʤʘ. ʋʧʨʦʰ˂ʘʚʘˁʝ ʘʢʚʠʟʠʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʜʦʚʦʜʠ ʜʦ ʜʝʛʨʘʜʘʮʠʿʝ 

ʨʝʟʦʣʫʮʠʿʝ ʠ ʪʘʿ ʧʨʦʮʝʩ ʿʝ ʧʨʠʭʚʘʪˀʠʚ ʩʘʤʦ ʫ ʤʝʨʠ ʢʦʿʘ ʥʝ˂ʝ ʜʦʚʝʩʪʠ ʫ ʧʠʪʘˁʝ 

ʧʦʫʟʜʘʥʦʩʪ ʧʦʜʘʪʘʢʘ, ʦʜʥʦʩʥʦ ʫ ʤʝʨʠ ʢʦʿʘ ʿʝ ʜʦʢʘʟʘʥʘ ʢʘʦ ʦʧʪʠʤʘʣʥʘ ʥʘ ʦʩʥʦʚʫ 

ʠʟʚʝʜʝʥʠʭ ʪʝʩʪʦʚʘ ʥʘ ʩʠʥʪʝʪʠʯʢʦʤ ʤʦʜʝʣʫ.  

ʀʩʪʘ ʛʝʦʣʦʰʢʘ ʧʦʜʣʦʛʘ, ʦʜʥʦʩʥʦ ʛʝʦʣʦʰʢʠ ʧʨʦʬʠʣ (ʉʣʠʢʘ 3.5) ʢʦʨʠʰʝ˂ʥ ʿʝ 

ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʫ ʚʠʩʦʢʦʿ ʨʝʟʦʣʫʮʠʿʠ ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʫʤʘˁʝʥʝ ʨʝʟʦʣʫʮʠʿʝ. ɺʨʝʜʥʦʩʪʠ 

ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ ʚʨʰʝʥʦ ʤʦʜʝʣʠʨʘˁʝ, ʜʘʪʝ ʩʫ ʫ ʪʘʙʝʣʠ 3.1, ʘ 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 3.5 ʠ ʥʘʟʥʘʯʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʥʫʤʝʨʘʮʠʿʦʤ. ʆʜʘʙʠʨ 

ʚʨʝʜʥʦʩʪʠ ʩʘʯʠˁʝʥ ʿʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʢʘʦ ʠ 

ʣʠʪʝʨʘʪʫʨʥʠʭ ʚʨʝʜʥʦʩʪʠ (Haneberg, 2014) ʟʘ ʜʘʪʝ ʩʨʝʜʠʥʝ ʧʨʦʩʪʠʨʘˁʘ ʝʣʘʩʪʠʯʥʠʭ 

ʪʘʣʘʩʘ, ʩʘ ʮʠˀʝʤ ʰʪʦ ʚʝʨʦʜʦʩʪʦʿʥʠʿʝʛ ʦʧʦʥʘʰʘˁʘ ʩʪʚʘʨʥʦʛ ʦʜʟʠʚʘ ʠʩʪʨʘʞʥʦʛ 

ʧʨʦʩʪʦʨʘ. ʇʦʟʠʮʠʿʘ ʫʛˀʝʥʦʛ ʩʣʦʿʘ ʧʦʟʥʘʪʘ ʿʝ ʥʘ ʜʝʩʥʦʿ ʩʪʨʘʥʠ ʧʨʦʬʠʣʘ, ʪʘʢʦ ʜʘ ʿʝ 
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ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʫʩʤʝʨʝʥʦ  ʦʜ ʧʦʟʥʘʪʦʛ ʢʘ ʥʝʧʦʟʥʘʪʦʤ. ʊʦʧʦʛʨʘʬʠʿʘ 

ʦʜʛʦʚʘʨʘ ʩʪʚʘʨʥʦʤ ʩʪʘˁʫ ʥʘ ʪʝʨʝʥʫ, ʩ ʪʠʤ ʜʘ ʿʝ ʜʘʪʫʤ ʧʨʦʬʠʣʘ ʩʚʝʜʝʥ ʥʘ ʥʫʣʫ ʠʟ 

ʧʨʘʢʪʠʯʥʠʭ ʨʘʟʣʦʛʘ, ʝʿʨ ʿʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʘʢʚʠʟʠʮʠʿʝ ʚʨʰʝʥʘ ʦʜ ʥʫʣʪʦʛ ʚʨʝʤʝʥʘ.  

 

 

ʉʣʠʢʘ 3.5 ï ʀʥʠʮʠʿʘʣʥʠ ʛʝʦʣʦʰʢʠ ʧʨʦʬʠʣ ʢʦʨʠʰʝ˂ʥ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʪʘʣʘʩʥʦʛ 

ʦʜʟʠʚʘ (ʦʧʠʩ ʢʘʪʨʠʨʘʥʠʭ ʿʝʜʠʥʠʮʘ ʜʘʪ ʿʝ ʫ ʪʘʙʝʣʠ 3.1)  
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ʊʘʙʝʣʘ 3.1 ï ɺʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ ʚʨʰʝʥʦ ʤʦʜʝʣʠʨʘˁʝ 

ʙʨ. ʉʣʦʿ, ʦʧʠʩ 
Vp 
Í

Ó
 

Vs 
Í

Ó
 

ɻʫʩʪʠʥʘ 

ρπ
ËÇ

Í
 

1 ʐˀʫʥʘʢ, ʧʝʩʘʢ 500 200 1,3 

2 ʐˀʫʥʘʢ, ʧʝʩʘʢ, ʘʣʝʚʨʠʪ, ʛʣʠʥʘ 550 300 1,4 

3 ɻʣʠʥʦʚʠʪʠ ʠ ʧʝʩʢʦʚʠʪʠ ʣʘʧʦʨʮʠ ʩʘ 

ʪʘʥʢʠʤ ʧʨʦʩʣʦʿʮʠʤʘ ʫʛˀʘ 
1800 800 1,7 

4 ʃʘʧʦʨʦʚʠʪʠ ʢʨʝʯˁʘʮʠ ʠ ʣʘʧʦʨʮʠ 2800 1500 2,3 

5 ɻʣʘʚʥʠ ʫʛˀʝʥʠ ʩʣʦʿ 2200 100 1,3 

6 ɻʣʠʥʮʠ, ʧʝʰʯʘʨʠ, ʧʝʩʢʦʚʠʪʠ 

ʢʨʝʯˁʘʮʠ, ʣʘʧʦʨʮʠ ʠ ʰˀʫʥʢʦʚʠ 
300 1600 2,2 

7 ʐˀʫʥʘʢ ʩʘ ʧʨʦʩʣʦʿʮʠʤʘ ʫʛˀʘ 2500 1000 1,8 

 

ʄʦʜʝʣʠʨʘˁʝ ʿʝ ʚʨʰʝʥʦ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ ʊʝʩʝʨʘʣ ʧʨʦ, ʢʘʥʘʜʩʢʦʛ 

ʧʨʦʠʟʚʦʹʘʯʘ Tesseral Technologies Inc. ʅʘʿʧʨʝ ʿʝ ʩʘʯʠˁʝʥ ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʛʝʦʤʝʪʨʠʿʦʤ 

ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʦʜʛʦʚʘʨʘʦ ʛʝʦʣʦʰʢʦʤ ʧʨʦʬʠʣʫ ʦʧʠʩʘʥʦʤ ʫ ʧʦʛʣʘʚˀʫ  2 ʠ 

ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʩʣʠʮʠ 2.3, ʦʜʥʦʩʥʦ ʠʤʘʦ ʿʝ ʟʘʜʘʪʘʢ ʜʘ ʛʘ ʦʧʦʥʘʰʘ ʧʨʠ ʩʠʤʫʣʘʮʠʿʘʤʘ 

ʪʘʣʘʩʥʦʛ ʦʜʟʠʚʘ. ʂʘʦ ʧʦʜʣʦʛʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʧʦʣʠʛʦʥʠ, ʦʜʥʦʩʥʦ 

ʩʣʦʿʝʚʠ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʢʦʨʠʰʝ˂ʥʘ ʿʝ ʛʝʦʣʦʰʢʘ ʛʨʘʹʘ ʩʘ ʧʦʟʥʘʪʦʛ ʛʝʦʣʦʰʢʦʛ 

ʧʨʦʬʠʣʘ ʢʦʿʘ ʿʝ ʫʚʝʟʝʥʘ ʫ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ʫ ʚʠʜʫ .jpg ʜʘʪʦʪʝʢʝ.  

ʇʨʦʮʝʩ ʢʨʝʠʨʘˁʘ ʩʣʦʿʘ ʟʘʧʦʯʠˁʘʦ ʿʝ ʜʝʬʠʥʠʩʘˁʝʤ ʧʘʨʘʤʝʪʘʨʘ ʧʦʣʠʛʦʥʘ, 

ʦʜʥʦʩʥʦ ʥʦʚʝ ʿʝʜʠʥʠʮʝ. ʇʨʦʟʦʨ (ʩʣʠʢʘ 3.6 ʘ) ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʥʘʟʠʚʫ ʠ ʪʠʧʫ 

ʧʦʣʠʛʦʥʘ, ʢʘʦ ʠ  ʦʧʮʠʿʫ ʟʘ ʦʜʘʙʠʨ ʪʠʧʘ ʛʨʘʥʠʮʘ ʧʦʣʠʛʦʥʘ ʥʘ ʦʩʥʦʚʫ ʢʦʛʘ ʩʝ ʚʨʰʠ 

ʦʜʘʙʠʨ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʪʫʨʘ ʧʦʣʠʛʦʥʘ, ʦʜʥʦʩʥʦ ʜʘ ʣʠ ˂ʝ ʩʝ ʧʨʠʤʝʥʠʪʠ 

ʘʣʛʦʨʠʪʘʤ ʛʣʘʯʘˁʘ ʠʚʠʮʘ ʧʦʣʠʛʦʥʘ ʠʣʠ ˂ʝ ʟʘʜʨʞʘʪʠ ʢʘʨʘʢʪʝʨ ʦʰʪʨʠʭ ʠʚʠʮʘ. 

ɻʝʦʤʝʪʨʠʿʝ ʧʦʣʠʛʦʥʘ ʢʦʿʠ ʤʦʞʝ ʙʠʪʠ ʜʝʬʠʥʠʩʘʥ ʥʘʥʦʰʝˁʝʤ: 

- ʛʦʨˁʝ ʠ ʜʦˁʝ ʩʣʦʿʥʝ ʛʨʘʥʠʮʝ (top&bottom); 

- ʩʘʤʦ ʛʦʨˁʝ (top); 

- ʩʘʤʦ ʜʦˁʝ (botom); 

- ʟʘʪʚʦʨʝʥʝ ʧʫʪʘˁʝ (ʢʨʝʠʨʘˁʝ ʦʙʿʝʢʪʘ, closed loop) ʠ  

- ʣʠʥʠʿʝ (line). 
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ʘ.     ʙ.  

ʉʣʠʢʘ 3.6 ï ʘ. ʇʨʦʟʦʨ ʟʘ ʜʦʜʘʚʘˁʝ ʥʦʚʦʛ ʧʦʣʠʛʦʥʘ,  

ʙ. ʜʝʬʠʥʠʩʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʣʦʿʘ (ʢʨʝʠʨʘʥʦʛ ʧʦʣʠʛʦʥʘ) 

 

ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʛʝʦʤʝʪʨʠʿʝ ʧʦʣʠʛʦʥʘ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝ ʪʦ ʨʘʹʝʥʦ ʥʘ 

ʛʦʪʦʚʦʿ ʧʦʜʣʦʟʠ, ʦʜʥʦʩʥʦ ʜʠʛʠʪʘʣʠʟʘʮʠʿʦʤ ʧʦʩʪʦʿʝ˂ʝʛ ʛʝʦʣʦʰʢʦʛ ʧʨʦʬʠʣʘ, 

ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʝʦʣʦʰʢʝ ʿʝʜʠʥʠʮʝ ʫ ʚʠʜʫ ʝʣʘʩʪʠʯʥʠʭ ʩʚʦʿʩʪʘʚʘ 

(ʉʣʠʢʘ 3.6 ʙ). ʇʦʜʘʮʠ ʩʝ ʦʜʥʦʩʝ ʥʘ: 

- ʧʨʦʩʝʯʥʫ ʙʨʟʠʥʫ P ʪʘʣʘʩʘ ʫ ʜʘʪʦʤ ʩʣʦʿʫ, ʠʟʨʘʞʝʥʫ ʫ 
Í

Ó
; 

- ʧʨʦʩʝʯʥʫ ʛʫʩʪʠʥʫ ʜʘʪʦʛ ʩʣʦʿʘ, ʠʟʨʘʞʝʥʫ ʫ  
ËÇ

Íσ
; ʠ 

- ʧʨʦʩʝʯʥʫ ʙʨʟʠʥʫ S ʪʘʣʘʩʘ ʫ ʜʘʪʦʤ ʩʣʦʿʫ, ʠʟʨʘʞʝʥʫ ʫ 
Í

Ó
. 

ʇʦʨʝʜ ʦʩʥʦʚʥʠʭ ʧʦʜʘʪʘʢʘ, ʤʦʛʫ˂ʝ ʿʝ ʙʠʣʦ ʫʥʝʪʠ ʠ ʦʩʪʘʣʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʢʨʝʠʨʘʥʦʛ ʩʣʦʿʘ ʫ ʚʠʜʫ ʘʥʠʟʦʪʨʦʧʠʿʝ ʠ ʧʦʨʦʟʥʦʩʪʠ. ʇʦʜʘʮʠ ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ, ʥʘ 

ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ ʚʨʰʝʥʦ ʤʦʜʝʣʦʚʘˁʝ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 3.1, ʘ ʢʦʥʘʯʘʥ ʠʟʛʣʝʜ 

ʢʨʝʠʨʘʥʦʛ ʩʣʦʿʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 3.7. 
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ʉʣʠʢʘ 3.7 ï ʂʨʝʠʨʘˁʝ ʩʣʦʿʘ ʠ ʜʝʬʠʥʠʩʘˁʝ ʢʘʨʘʢʪʝʨʘ ʢʨʝʠʨʘʥʦʛ ʩʣʦʿʘ 

ʅʘʢʦʥ ʰʪʦ ʩʫ ʢʨʝʠʨʘʥʠ ʩʚʠ ʧʦʣʠʛʦʥʠ, ʧʨʠʩʪʫʧʠʣʦ ʩʝ ʦʜʘʙʠʨʫ ʛʝʦʤʝʪʨʠʿʝ, 

ʦʜʥʦʩʥʦ ʪʠʧʘ ʘʢʚʠʟʠʮʠʿʝ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʧʨʠʤʝˁʝʥ (ʉʣʠʢʘ 3.8).  

 

 
 

ʉʣʠʢʘ 3.8 ï ɸʧʨʦʢʩʠʤʘʮʠʿʘ ʛʝʦʣʦʰʢʦʛ ʧʨʦʬʠʣʘ ʟʘ ʧʦʪʨʝʙʝ ʤʦʜʝʣʠʨʘˁʘ ʫ 

ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ ʊʝʩʝʨʘʣ ʇʨʦ 




































































































































































