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ʆʇʈɽɼɽʃɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

ɸʚʘʨʠʷ ʈʘʟʨʫʰʝʥʠʝ ʩʦʦʨʫʞʝʥʠʡ ʠ\ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʤʦʨʩʢʦʡ ʜʦʙʳʯʝʡ ʥʝʬʪʠ 

ɹʠʦʤʘʩʩʘ ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʝʨʘ ʩ ʝʜʠʥʦʡ ʰʢʘʣʦʡ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ 

ʙʠʦʪʳ, ʦʪʨʘʞʘʶʱʘʷ ʠʭ çʚʝʩè 

ɹʠʦʨʘʟʥʦʙʨʘʟʠʝ ʈʘʟʥʦʦʙʨʘʟʠʝ ʞʠʟʥʠ ʚʦ ʚʩʝʭ ʝʝ ʧʨʦʷʚʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ 

ʧʦʢʘʟʘʪʝʣʴ ʩʣʦʞʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʨʘʟʥʦʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ɹʠʦʪʘ  ʄʥʦʞʝʩʪʚʦ ʙʠʦʧʦʧʫʣʷʮʠʡ (ʠʣʠ ʚʠʜʦʚ ʙʠʦʪʳ) 

ɺʝʙ-ʩʝʨʚʝʨ ʉʝʨʚʝʨ, ʧʨʠʥʠʤʘʶʱʠʡ HTTP-ʟʘʧʨʦʩʳ ʦʪ ʢʣʠʝʥʪʦʚ, 

ʦʙʳʯʥʦ ʚʝʙ-ʙʨʘʫʟʝʨʦʚ, ʠ ʚʳʜʘʶʱʠʡ ʠʤ HTTP-ʦʪʚʝʪʳ 

ɺʝʙ-ʩʝʨʚʠʩ ʀʜʝʥʪʠʬʠʮʠʨʫʝʤʘʷ ʚʝʙ-ʘʜʨʝʩʦʤ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʩʦ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʢʣʘʩʪʝʨ 

ɻʨʫʧʧʘ ʢʦʤʧʴʶʪʝʨʦʚ, ʦʙʲʝʜʠʥʸʥʥʳʭ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩʚʷʟʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʜʠʥʳʡ ʘʧʧʘʨʘʪʥʳʡ ʨʝʩʫʨʩ 

ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʆʙʦʙʱʝʥʥʦʝ ʧʦʥʷʪʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʧʨʠʨʦʜʥʳʝ 

ʫʩʣʦʚʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ 

ʇʦʨʪʘʣ ʂʨʫʧʥʳʡ ʩʘʡʪ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʨʘʟʣʠʯʥʳʝ ʩʝʨʚʠʩʳ 

ʇʨʦʮʝʜʫʨʘ ʅʝʟʘʚʠʩʠʤʘʷ ʠʤʝʥʦʚʘʥʥʘʷ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʫʶ 

ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʞʥʦ ʤʥʦʛʦʢʨʘʪʥʦ 

ʚʳʟʚʘʪʴ ʧʦ ʠʤʝʥʠ ʠʟ ʧʦʩʣʝʜʫʶʱʠʭ ʯʘʩʪʝʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʚr ʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ 

ʉʝʨʚʝʨ ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʠ/ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘ 

ʥʝʤ ʩʝʨʚʠʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʉʫʧʝʨʢʦʤʧʴʶʪʝʨ ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʱʘʷ ʧʦ ʩʚʦʠʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʠ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʤʠʨʝ ʢʦʤʧʴʶʪʝʨʦʚ 

ʊʠʧ ʘʚʘʨʠʠ ʇʘʨʘʤʝʪʨ ʘʚʘʨʠʠ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʢʘʣʳ, 

ʦʪʨʘʞʘʶʱʠʡ ʩʠʣʫ ʠʣʠ ʤʦʱʥʦʩʪʴ ʘʚʘʨʠʠ 

ʌʨʝʡʤʚʦʨʢ ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʙʣʝʛʯʘʶʱʝʝ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʦʣʴʰʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʝʢʪʘ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʙʠʦʪʳ 

ʇʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʠʩʫʱʠʡ ʢ ʢʘʞʜʦʤʫ ʚʠʜʫ 

ʙʠʦʪʳ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ 

ʙʠʦʤʘʩʩʳ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʝʚʳʰʘʶʱʝʡ ʩʘʥʠʪʘʨʥʳʝ 

ʥʦʨʤʳ 
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ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

 

AJAX Asynchronous Javascript and XML 

API Application Programming Interface 

ASCII American Standard Code for Information Interchange 

CFD Computational Fluid Dynamics 

DHI Danish Hydraulic Institute 

ECMWF European Centre for Medium-Range Weather Forecasts 

ESI Environmental Sensitivity Index 

FTP File Transfer Protocol 

GDAL Geospatial Data Abstraction Library 

GML Geography Markup Language 

GMT Greenwich Mean Time 

GNOME General NOAA Operational Modeling Environment 

GRIB GRIdded Binary 

HD Hydro Dynamics 

HTTP HyperText Transfer Protocol 

KML  Keyhole Markup Language 

MARETEC Marine and Environmental Technology Research Center 

MODIS The Moderate-resolution Imaging Spectroradiometer 

NASA National Aeronautics and Space Administration 

OGC Open Geospatial Consortium 

OS Oil Spill 

OSGeo Open Source Geospatial Foundation 

OWM Oil Weathering Model 

RANDOM Risk Assessment of Nature Detriment due to Oil spill Migration 

SNAP Standard Nomenclature for Air Pollution 

SOA Service Oriented Architecture 

SOAP Simple Object Access Protocol 

UML Unified Modeling Language 

UTM Universal Transverse Mercator 

WFS Web Feature Service 

WMS Web Map Service 

WRF Weather Research and Forecasting 

ɻʀʉ ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ɼɿɿ ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ 

ʅʇɿ ʅʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ 

ʆɺʆʉ ʆʮʝʥʢʘ ɺʦʟʜʝʡʩʪʚʠʷ ʥʘ ʆʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʇɸɺ ʇʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ 

ʇɼʂ ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʇʆ ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʇʃɸʈʅ ʇʣʘʥ ʃʠʢʚʠʜʘʮʠʠ ɸʚʘʨʠʡʥʳʭ ʈʘʟʣʠʚʦʚ ʅʝʬʪʠ 

ʉʋɹɼ ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ 

ɿʝʤʣʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʦʩʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʩ ʧʨʠʨʦʜʦʡ. ʇʨʝʥʝʙʨʝʛʘʷ ʟʘʢʦʥʘʤʠ ʧʨʠʨʦʜʳ 

ʠ ʥʘʨʫʰʘʷ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, 

ʥʘʩʝʣʝʥʠʝ ɿʝʤʣʠ ʦʢʘʟʘʣʦʩʴ ʚ ʙʦʣʴʰʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʝʤ 

ʨʘʥʝʝ. ɼʣʷ ʧʨʠʥʷʪʠʷ ʧʨʘʚʠʣʴʥʳʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʱʝʩʪʚʘ ʩ ʧʨʠʨʦʜʦʡ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩʪʘʣʦ ʥʝʦʙʭʦʜʠʤʳʤ 

ʠʟʫʯʝʥʠʝ ɿʝʤʣʠ, ʢʘʢ ʮʝʣʦʩʪʥʦʡ ʩʠʩʪʝʤʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʘʢʝʪʘ ʟʥʘʥʠʡ ʦ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʦ ʧʨʦʮʝʩʩʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʘʥʘʣʠʟʝ ʠ ʦʮʝʥʢʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʷʚʣʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ.  

ɺʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ ʠʛʨʘʝʪ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ. ʅʘ ʦʩʥʦʚʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ, ʙʝʟʫʩʣʦʚʥʦ, ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʂʘʩʧʠʡ 

ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʚʦʜʦʝʤʦʤ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʉʝʚʝʨʥʦʤ 

ʂʘʩʧʠʠ, ʛʜʝ ʤʝʣʢʦʚʦʜʴʝ, ʧʨʠʪʦʢʠ ʢʨʫʧʥʳʭ ʨʝʢ ɺʦʣʛʠ ʠ ʋʨʘʣʘ, ʤʦʨʬʦʣʦʛʠʷ 

ʙʝʨʝʛʦʚ, ʣʝʜʦʚʳʡ ʨʝʞʠʤ, ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʣʠ 

ʫʥʠʢʘʣʴʥʫʶ ʵʢʦʩʠʩʪʝʤʫ. ʕʪʠ ʞʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʦʩʦʙʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʜʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɺʳʩʦʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʫʨʦʚʥʷ ʤʦʨʷ, ʙʘʪʠʤʝʪʨʠʠ, ʩʦʣʝʥʦʩʪʠ ʠ ʜʨʫʛʠʭ 

ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ) ʩʬʦʨʤʠʨʦʚʘʣʠ ʵʢʦʩʠʩʪʝʤʫ ʚ ʩʚʦʝʦʙʨʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʙʠʦʮʝʥʦʟʘ), ʥʘʨʫʰʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʚʩʣʝʜʩʪʚʠʝ, ʥʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʦʙʨʘʪʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ʀʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʘʢʪʠʚʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʥʘ ʂʘʟʘʭʩʪʘʥʩʢʦʤ 

ʩʝʢʪʦʨʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʚʳʰʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʂʘʩʧʠʷ. ʄʝʣʢʦʚʦʜʴʝ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʩʦʟʜʘʝʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʦʙʫʩʪʨʦʡʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ 

ʛʘʟʘ, ʟʘʧʘʩʳ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʯʝʥʴ ʚʥʫʰʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ (ʥʘʧʨʠʤʝʨ, 

ʪʦʣʴʢʦ ʜʣʷ ʤ/ʨ ʂʘʰʘʛʘʥ ʟʘʧʘʩʳ ʥʝʬʪʠ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 4,5 ʤʠʣʣʠʘʨʜʘ ʪʦʥʥ). 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʜʣʷ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ 

ʘʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʠ, ʦʩʦʙʝʥʥʦ ʚʳʩʦʢ ʨʠʩʢ ʪʘʢʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ ʚ ʨʘʡʦʥʘʭ, 

ʛʜʝ ʚʝʜʝʪʩʷ ʧʨʦʤʳʩʝʣ ʥʝʬʪʠ ʠʣʠ ʝʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ. ʄʥʦʛʦʢʨʘʪʥʳʝ ʨʘʟʣʠʚʳ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝ 

ʪʦʣʴʢʦ ʚ ʤʝʩʪʝ ʨʘʟʣʠʚʘ, ʥʦ ʠ ʙʣʠʟʣʝʞʘʱʠʭ ʨʘʡʦʥʘʭ. ʇʨʠ ʵʪʦʤ ʪʠʧ ʙʝʨʝʛʘ ʠ 

ʤʝʩʪʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʝʜʝʥʠʝ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ ʠ 

ʩʪʝʧʝʥʴ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʪʝʨʨʠʪʦʨʠʶ. ʋʥʠʢʘʣʴʥʦʩʪʴ ʠ 

ʟʘʤʢʥʫʪʦʩʪʴ ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʚ ʩʣʫʯʘʝ ʢʨʫʧʥʦʡ 

ʥʝʬʪʷʥʦʡ ʘʚʘʨʠʠ ʢ ʤʘʩʰʪʘʙʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʝ ʮʝʣʦʛʦ ʨʝʛʠʦʥʘ, ʧʨʠ 

ʵʪʦʤ ʫʱʝʨʙ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʫʱʝʨʙ ʦʪ ʘʥʘʣʦʛʠʯʥʦʡ ʘʚʘʨʠʠ ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ 

ʟʘʣʠʚʝ. ʇʦʵʪʦʤʫ ʢʘʨʪʳ ʨʠʩʢʦʚʳʭ ʟʦʥ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʧʝʨʘʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʨʠʦʨʠʪʝʪʳ 

ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʨʘʟʣʠʚʘʤʠ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʫʱʝʨʙ, ʚʦʟʤʦʞʥʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʦʩʦʚ ʥʝʬʪʠ ʥʘ ʧʦʙʝʨʝʞʴʝ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʥʘʤʠʢʦʡ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʘʵʨʦʟʦʣʝʡ ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ 

ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ: 

- ɸʵʨʦʟʦʣʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʢʦʤʧʦʥʝʥʪ ʘʪʤʦʩʬʝʨʳ, ʚʣʠʷʶʱʠʡ ʥʘ ʝʝ 
ʨʘʜʠʘʮʠʦʥʥʳʡ ʨʝʞʠʤ; 

- ɸʵʨʦʟʦʣʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʣʘʯʥʦʩʪʠ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʘʪʤʦʩʬʝʨʳ ʚ ʮʝʣʦʤ; 

- ʂʦʥʚʝʨʩʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ 
ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʲʝʤʝ ʯʘʩʪʠʮ ʦʩʥʦʚʥʳʝ ʧʫʪʠ ʦʯʠʱʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ; 

- ɺ ʩʦʩʪʘʚ ʘʵʨʦʟʦʣʝʡ ʚʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɸʪʤʦʩʬʝʨʘ ʢʨʫʧʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥʪʨʘ ʟʘʛʨʷʟʥʷʝʪʩʷ ʚʳʭʣʦʧʘʤʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʚʳʙʨʦʩʘʤʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ. ʏʘʱʝ ʚʩʝʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ 

ʩʣʝʜʫʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʷʚʣʷʶʪʩʷ ʧʳʣʴ, ʩʘʞʘ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ CO, ʜʠʦʢʩʠʜ ʩʝʨʳ 

SO2, ʦʟʦʥ, ʜʠʦʢʩʠʜ ʘʟʦʪʘ NO2, ʦʢʩʠʜ ʘʟʦʪʘ NO, ʩʝʨʦʚʦʜʦʨʦʜ H2S, ʬʝʥʦʣ CH, 

ʬʪʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ HF, ʘʤʤʠʘʢ NH3, ʬʦʨʤʘʣʴʜʝʛʠʜ CH2O ʠ ʜʨ. 

ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʥʘʤʠʢʦʡ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʠ ʜʨʫʛʠʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ, ʘ ʪʘʢʞʝ ʛʘʟʦʚ, ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʞʝ ʠʤʝʝʪʩʷ 

ʨʷʜ ʦʪʢʨʳʪʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʘʵʨʦʟʦʣʝʡ ʤʝʞʜʫ ʩʦʙʦʶ. 

ʐʠʨʦʢʠʡ ʢʣʘʩʩ ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʦʣʦʛʠʝʡ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʨʘʟʣʠʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʩʭʦʞʝʡ 

ʩʪʨʫʢʪʫʨʦʡ ï ʦʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʠ ʩʨʝʜʩʪʚʘ ʨʘʙʦʪʳ ʩ ʥʝʡ, 

ʧʦʜʩʠʩʪʝʤʫ ʠʤʧʦʨʪʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʜʩʠʩʪʝʤʳ, 

ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʠʭ ʦʙʨʘʙʦʪʢʫ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʘʞʜʦʡ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʨʦʝʢʪʘ ʠʤʝʝʪ ʦʯʝʚʠʜʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ: 

- ʅʘʧʠʩʘʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʙʣʠʟʢʦʛʦ ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ ʢʦʜʘ. 

- ʉʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʠʤʳʭ 

ʢʘʞʜʦʡ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʦʡ ʜʘʥʥʳʭ. 

- ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ. 

ʉʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʫʯʝʪʦʤ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦ 

ʦʮʝʥʠʚʘʪʴ ʧʨʦʙʣʝʤʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ) 

ʥʘʤʥʦʛʦ ʦʙʣʝʛʯʘʶʪ ʨʘʙʦʪʫ ʩ ʦʛʨʦʤʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ, ʟʥʘʥʠʡ ʠ 

ʠʥʬʦʨʤʘʮʠʡ, ʥʘʢʦʧʣʝʥʥʳʝ ʣʶʜʴʤʠ ʟʘ ʤʥʦʛʦ ʣʝʪ. ʆʜʥʦ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ɻʀʉ ï ɻ ʪʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʠʥʪʝʛʨʠʨʫʝʪ ʨʘʟʥʦʨʦʜʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʦʩʪʫʧʘʶʱʫʶ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ɻʀʉ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ 

ʬʘʢʪʦʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʳ ʠ ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʦʮʝʥʢʫ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʝʥʴ 

ʰʠʨʦʢ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪ ʚ ʚʠʜʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ 

ʥʘʩʪʨʦʡʢʘʤʠ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʚʩʪʨʦʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʙʦʩʥʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ɻʀʉ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʚʢʣʶʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʢ 

ʤʦʞʥʦ ʙʦʣʝʝ ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. ʉʦʟʜʘʥʠʝ ʝʜʠʥʦʡ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʩʭʦʞʠʝ ʧʦ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ ʩʧʦʩʦʙʳ 

ʦʙʨʘʙʦʪʢʠ, ʘʥʘʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʝʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʜʘ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʟʠʪ ʪʨʫʜʦʚʳʝ ʠ 

ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ, ʨʘʩʰʠʨʷʝʤʦʡ ʠ ʛʠʙʢʦʡ, ʩʠʩʪʝʤʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʦʮʝʥʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʨʠʩʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʨʠʨʦʜʫ, ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʠʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʦʨʠʠ ʨʠʩʢʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʟʘʜʘʯ ʨʠʩʢʦʚʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʚʘʨʠʡ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʢʝʪʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʦʜʝʣʠ ʨʠʩʢʘ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʢʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʩ ʧʦʤʦʱʴʶ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MIKE 21 HD; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MIKE-21 SA ʜʣʷ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ ʥʘ ʚʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʢʝʪʘ ʢʘʨʪ ʦʙʠʪʘʥʠʷ ʠ ʫʷʟʚʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʠ ʧʨʠʚʝʜʝʥʠʝ ʢ ʝʜʠʥʦʡ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʝ;  

- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʠʩʢʦʚʦʡ ʤʦʜʝʣʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʦʛʦ ʨʝʩʫʨʩʘ ʦʪ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ; 

- ʫʯʝʪ ʙʦʣʴʰʦʛʦ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʨʠʩʢʦʚʦʡ ʢʘʨʪʳ ʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʪʨʫʜʦʝʤʢʠʭ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ; 

- ʨʘʟʨʘʙʦʪʢʘ ʩʝʨʚʠʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʤʦʜʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʣʘʪʬʦʨʤʳ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ; 
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- ʧʨʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʨʠʩʢʫ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʝʭʥʦʛʝʥʥʦʡ ʘʚʘʨʠʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʙ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʘʢ ʩʨʝʜʩʪʚʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʧʨʠ ʘʚʘʨʠʷʭ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʧʦ ʦʮʝʥʢʝ ʨʠʩʢʦʚ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ, 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ, ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʛʝʦʵʢʦʣʦʛʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ 

ʤʦʜʝʣʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ.  

ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ: 

- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʶ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ;  

- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʘʨʘʣʣʠʚʘʥʠʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʠʩʢ ʤʦʜʝʣʠ ʨʠʩʢʘ, ʩ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ 

ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ; 

- ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʜʣʷ ʜʨʫʛʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʥʦʚʳʝ ʨʘʩʯʝʪʥʳʝ ʤʦʜʫʣʠ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʨʘʥʝʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʜ. 

- ʠʥʪʝʛʨʘʮʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʨʠʩʢʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʝʨʚʠʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ; 

- ʨʘʟʨʘʙʦʪʘʥʥʘ̫ ʧʣʘʪʬʦʨʤʘ ʘʛʨʝʛʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʚʝʙ ʧʨʠʣʦʞʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ɻʀʉ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʚʠʜʝ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʙ-ʩʝʨʚʠʩʦʚ; 

- ʫʜʦʙʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʧʫʩʢʘʪʴ ʨʘʩʯʝʪʳ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, 

ʦʪʦʙʨʘʞʝʥʥʳʝ ʥʘ ʢʘʨʪʝ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ʩʣʝʜʫʶʱʠʝ: 

- ɸʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʨʘʟʣʠʚʝ ʥʝʬʪʠ. 

- ɸʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ 

ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʨʘʟʣʠʚʝ ʥʝʬʪʠ. 

- ʇʘʨʘʣʣʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʨʠʩʢʦʚʳʭ ʢʘʨʪ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. 
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- ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʝʨʚʠʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʫʣʝʡ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ. 

- ɺʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʦʚ 

ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʢʘʨʪʝ, ʚ ʚʠʜʝ ʝʜʠʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩ ʦʨʠʝʥʪʘʮʠʝʡ 

ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

- ʉʝʨʠʷ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. 

ʉʚʷʟʴ ʪʝʤʳ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʅɸʆ ʂʘʟʅʀʊʋ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 

çʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ ʤʝʪʦʜʠʢʠ ʨʠʩʢʦʚʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʫ ʘʚʘʨʠʠ ʥʘ ʦʙʲʝʢʪʘʭ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʠʥʜʫʩʪʨʠʠè, ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ˉ 0112PK02004 ʚ 

ʧʝʨʠʦʜ 2012-2014 ʛʛ. ʠ ʚ ʊʆʆ ñEcoRiskò ʧʦ ʧʨʦʝʢʪʫ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʛʨʫʧʧ ʩʪʘʨʰʠʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ çʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ 

ʨʠʩʢʦʚʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʨʘʞʝʥʠʷ ʤʦʨʩʢʦʡ ʙʠʦʪʳ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʨʘʟʣʠʚʝ 

ʥʝʬʪʠ ʥʘ ʰʝʣʴʬʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷè ʚ ʧʝʨʠʦʜ 2014-2015 ʛʛ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʂʘʟʘʭʩʪʘʥʘ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʇʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 23 ʩʪʘʪʝʡ, ʠʟ ʥʠʭ 7 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʂʂʉʆʅ ʄʆʅ ʈʂ, 1 ʩʪʘʪʴʷ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʞʫʨʥʘʣʝ 

çGeoinformatikaè (Russia), ʚʭʦʜʷʱʘʷ ʚ ʙʘʟʫ ʈʀʅʎ, 1 ʩʪʘʪʴʷ ʚ ʤʘʪʝʨʠʘʣʘʭ 

ʢʦʥʬʝʨʝʥʮʠʡ çInternational Conference on Application of Information and 

Communication Technologiesè (USA), ʚʦʰʝʜʰʘʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ Web of Science, 1 

ʩʪʘʪʴʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ çElektroenergetikaè (Slovakia), ʚʢʣʶʯʝʥʥʘʷ ʚ 

ʙʘʟʫ ʜʘʥʥʳʭ Scopus ʠ 1 ʩʪʘʪʴ ̫ʚ ʞʫʨʥʘʣʝ çInternational Journal on Advanced 

Science, Engineering and Information Technologyè (Indonesia), ʚʭʦʜʷʱʘʷ ʚ ʙʘʟʫ 

ʜʘʥʥʳʭ Scopus. ʊʘʢʞʝ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʤʦʥʦʛʨʘʬʠʷ çʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʧʨʠ ʥʝʬʪʷʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʘʢʚʘʪʦʨʠʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ 

ʂʘʩʧʠʷè ʩʣʝʜʫʶʱʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ: ɿʘʢʘʨʠʥ ʕ.ɸ., ɹʘʣʘʢʘʡ ʃ.ɸ., 

ɹʦʩʪʘʥʙʝʢʦʚ ʂ.ɸ., ɼʝʜʦʚʘ ʊ.ɺ., ʂʠʤ ɼ.ʂ., ʂʦʙʝʛʝʥʦʚʘ ʉ.ʉ., ʄʠʨʢʘʨʠʤʦʚʘ ɹ.ʄ., 

ʅʫʨʩʝʠʪʦʚ ɼ.ɹ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ, ʛʜʝ ʩʦʠʩʢʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʩʦʘʚʪʦʨʦʤ, 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ çʉʧʦʩʦʙ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ˉ31877 ʦʪ 29.05.2015 ʚʳʜʘʥʥʘʷ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʖʩʪʠʮʠʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʇʨʠʣʦʞʝʥʠʝ ɸ). 

ʆʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʨʘʟʜʝʣʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ 31 ʧʦʜʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠʟ 108 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 2 ʧʨʠʣʦʞʝʥʠʡ. 
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1 ʆɹɿʆʈ ʀ ɸʅɸʃʀɿ ɿɸɼɸʏ ʈʀʉʂʆɺʆɻʆ ʂɸʈʊʀʈʆɺɸʅʀʗ 

ʕʂʆʃʆɻʀʏɽʉʂʀʍ ɸɺɸʈʀʁ 

1.1 ʆʙʟʦʨ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ 

ɸʥʘʣʠʟ ʨʠʩʢʦʚ ï ʵʪʦ ʯʘʩʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʠʥʷʪʠʶ 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʨʦʮʝʜʫʨ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʨ ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʜʣʷ ʞʠʟʥʠ ʣʶʜʝʡ, ʙʦʣʝʟʥʝʡ ʠʣʠ ʪʨʘʚʤ, 

ʫʱʝʨʙʘ ʠʤʫʱʝʩʪʚʫ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʥʘʣʠʟ ʨʠʩʢʦʚ ʠʣʠ ʘʥʘʣʠʟ 

ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʝʛʫʣʷʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʶʱʝʡʩʷ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʨʦʟ ʠ ʦʮʝʥʢʠ ʨʠʩʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʠʮ ʠʣʠ 

ʛʨʫʧʧ ʣʶʜʝʡ, ʩʨʝʜʩʪʚ ʠʣʠ ʧʨʠʨʦʜʳ. ɸʥʘʣʠʟ ʨʠʩʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʨʠʩʢʘ ʠ 

ʦʧʨʝʜʝʣʝʥʠʠ (ʠʜʝʥʪʠʬʠʢʘʮʠʠ) ʦʧʘʩʥʦʩʪʝʡ. ʆʧʘʩʥʦʩʪʴ ï ʵʪʦ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʢʘʢʘʷ-ʪʦ ʥʝʞʝʣʘʪʝʣʴʥʘʷ ʩʠʪʫʘʮʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʱʝʨʙʘ, ʘ 

ʨʠʩʢ ʠʣʠ ʫʨʦʚʝʥʴ ʨʠʩʢʘ ï ʵʪʦ ʩʦʯʝʪʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʠʣʠ ʯʘʩʪʦʪʳ ʠ ʧʦʩʣʝʜʩʪʚʠʡ 

ʚʳ̫ʚʣʝʥʥʦʛʦ ʦʧʘʩʥʦʛʦ ʩʦʙʳʪʠʷ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʨʠʩʢ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ: 

ʯʘʩʪʦʪʳ ʦʧʘʩʥʦʛʦ ʩʦʙʳʪʠʷ ʠ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʦʪʨʝʙʣʝʥʠʝ 

ʧʦʥʷʪʠʷ ʨʠʩʢʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʝʩʪʠ ʦʧʘʩʥʦʩʪʴ ʚ ʢʘʪʝʛʦʨʠʶ ʠʟʤʝʨʷʝʤʳʭ. 

ʈʠʩʢ, ʬʘʢʪʠʯʝʩʢʠ, ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʦʧʘʩʥʦʩʪʠ.  

ʆʮʝʥʢʘ ʨʠʩʢʘ ï ʚʳʷʚʣʝʥʠʝ ʦʧʘʩʥʦʩʪʠ ʚʣʠʷʥʠʷ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʝʶʱʝʡʩʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʦʛʥʦʟʦʚ.  

ɺ ʧʦʥʠʤʘʥʠʠ ʨʠʩʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ. 

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʨʠʩʢʘ ʚʦʟʤʦʞʥʦ ʚʳʷʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʩʦʮʠʘʣʴʥʦʛʦ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʠʩʢʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʷʚʣʝʥʠʷ. ʇʨʦʮʝʜʫʨʳ ʜʣʷ ʘʥʘʣʠʟʘ ʨʠʩʢʘ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʥʳʤʠ, ʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʦʩʪʝʡ, ʦʮʝʥʢʘ ʨʠʩʢʘ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. 

ʂʨʠʪʝʨʠʠ ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʥʘʭʦʜʷʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺ ʵʪʠʭ ʦʮʝʥʢʘʭ ʫʨʦʚʝʥʴ ʨʠʩʢʘ ʜʝʣʠʪʩʷ ʥʘ ʛʨʫʧʧʳ ʩ 

ʚʳʩʦʢʠʤ, ʧʨʦʤʝʞʫʪʦʯʥʳʤ, ʥʠʟʢʠʤ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʪʝʧʝʥʷʤ ʨʠʩʢʘ. ʇʨʠ ʵʪʦʤ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʷʚʣʷʝʪʩʷ 

ʧʨʠʝʤʣʝʤʦʡ, ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʨʝʙʫʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ, ʘ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʯʠʪʘʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ. 

ʆʮʝʥʢʘ ʨʠʩʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʧʦʩʣʝʜʩʪʚʠʡ, ʘʥʘʣʠʟ ʯʘʩʪʦʪʳ ʠ ʘʥʘʣʠʟ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ. ɽʩʣʠ ʧʦʩʣʝʜʩʪʚʠʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳ ʠʣʠ ʯʘʩʪʦʪʘ ʢʨʘʡʥʝ ʤʘʣʘ, 

ʭʚʘʪʠʪ ʦʮʝʥʢʘ ʚʩʝʛʦ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʡ. 

ʉʚʷʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ ʨʠʩʢʘ ʝʩʪʴ ʤʥʦʛʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ. ʇʨʠ ʦʮʝʥʢʝ 

ʨʠʩʢʘ ʘʥʘʣʠʟ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʯʘʩʪʴʶ. ʆʙʳʯʥʦ, 

ʛʣʘʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ 

ʥʘʜʝʞʥʦʩʪʠ, ʦʰʠʙʢʘʤ ʠ ʜʦʧʫʱʝʥʠʷʤ ʘʚʘʨʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʝʣʠʯʠʥʳ ʨʠʩʢʘ ʪʨʝʙʫʝʪʩʷ ʷʩʥʦʝ ʧʦʥʠʤʘʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ 

ʠʭ ʧʨʠʯʠʥʳ. ɸʥʘʣʠʟ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʚʦʜʦʤ ʠʩʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʝʜʣʦʞʝʥʠʡ ʦʮʝʥʢʠ ʨʠʩʢʘ ʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʫʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [1]. 
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ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʤʘʩʰʪʘʙ ʫʛʨʦʟ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʩʚʦʝʥʠʠ 

ʰʝʣʴʬʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʯʝʪʢʦʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʠʨʦʜʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠʭ ʦʮʝʥʢʠ. ɺ ʢʘʢʦʡ-ʪʦ 

ʩʪʝʧʝʥʠ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʝʥʥʳʡ ʦʙʟʦʨ ʠʤʝʶʱʠʭʩʷ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ. 

ʉʪʘʪʴʷ [2] ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʠʚʘʥʠʶ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ 

ɸʕʉ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ 

ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɸʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʜʥʦʛʦ ʠʟ ʩʮʝʥʘʨʠʝʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʚ ʚʠʜʝ, ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʠʩʢʘ, ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʠʩʢʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʟʘʢʦʥʫ ɻʘʫʩʘ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʛʠʧʝʨʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʦʮʝʥʠʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʕʉ.  

ɺ ʨʘʙʦʪʝ [3] ʪʝʭʥʦʛʝʥʥʳʡ ʨʠʩʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʦʞʠʜʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪ ʩʚʝʨʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʩʦʙʳʪʠʡ, ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ 
ʠ ʤʝʨʘ ʫʱʝʨʙʘ ʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ. ɸʚʪʦʨʘʤʠ ʙʳʣʘ 
ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʠ 
ʧʦʣʥʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʨʠʩʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʨʤʘʣʴʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʨʠʩʢʘ.  

ɺ ʧʦʩʦʙʠʠ [4] ʠ ʚ ʨʘʙʦʪʝ [5] ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, 

ʜʝʪʘʣʴʥʳʡ ʦʙʟʦʨ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʦʮʝʥʢʝ ʨʠʩʢʘ. 
ʆʧʠʩʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʦʮʝʥʢʘʭ ʨʠʩʢʦʚ ʦʪ 

ʥʘʙʣʶʜʘʝʤʳʭ ʠʣʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʧʨʠʚʦʜʷʪʩʷ ʚ [6].  
ɺ ʤʦʥʦʛʨʘʬʠʠ [7] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʩʪʝʡʰʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʠʩʢʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. ɿʜʝʩʴ 

ʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʦʪ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ 

ʧʷʪʥʘ ʧʦ ʚʦʜʥʦʡ ʠ ʪʚʝʨʜʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. ʊʘʢʞʝ ʦʭʚʘʪʳʚʘʝʪ ʧʨʦʙʣʝʤʳ ʧʨʠ 

ʧʦʞʘʨʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʩʞʠʞʝʥʥʳʭ ʥʝʬʪʷʥʳʭ ʛʘʟʦʚ. ɺ ʧʦʩʣʝʜʥʝʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪ ʨʘʩʯʝʪʳ ʧʣʘʪʝʞʝʡ ʟʘ 

ʥʘʨʫʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [8] ʦʮʝʥʢʘ ʫʱʝʨʙʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʦʣʦʛʠʠ ʦʮʝʥʢʠ ʨʠʩʢʘ, ʤʝʨʦʡ 
ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ. ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʘʚʪʦʨ ʧʦʜ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʨʠʩʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 
ʫʱʝʨʙʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʜʣʷ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʠ çʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 
ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʦʙʨʘʙʦʪʢʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ ʘʚʘʨʠʷʭè. ɺʝʨʦʷʪʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʱʝʨʙ 
ʦʧʨʝʜʝʣʷʝʪʩʷ çʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠè. ʇʨʠ ʛʠʙʝʣʠ 
ʣʶʜʝʡ ʦʮʝʥʢʘ ʫʱʝʨʙʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ çʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʪʦʠʤʦʩʪʠ 
ʞʠʟʥʠè, ʚʳʨʘʞʝʥʥʦʡ ʚ ʜʝʥʝʞʥʳʭ ʝʜʠʥʠʮʘʭ.  

ɸʛʝʥʪʩʪʚʦ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʉʐɸ ʦʧʫʙʣʠʢʦʚʘʣʦ ʦʪʯʝʪ, ʚ 

ʢʦʪʦʨʦʤ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ 
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ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ [9]. ɺ ʦʪʯʝʪʝ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʧʨʘʢʪʠʢʠ ʦʮʝʥʠʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʚʦʟʤʦʞʥʦ 

ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʦʣʝʝ 

ʧʦʣʥʦʛʦ ʦʭʚʘʪʘ ʬʠʟʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʘʩʧʝʢʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʙʣʝʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʜʝʪʘʣʠʟʘʮʠʠ, ʫʯʝʪʝ 

ʩʣʦʞʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʨʝʘʢʮʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʝʜʠʥʠʯʥʳʭ ʠʣʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.  

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʠ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʟʘʛʨʷʟʥʝʥʠʝʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʟʫʯʘʣʠʩʴ ʚ [10, 11]. ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ 

ʵʢʦʩʠʩʪʝʤ ɸʟʦʚʩʢʦʛʦ ʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʝʡ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ, 

ʦʟʝʨʘ ɹʘʡʢʘʣ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [12-17]. ʀʤʠʪʘʮʠʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʤʦʨʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʧʨʠʤʝʨʝ ʂʘʩʧʠʷ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [18]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʬʠʪʦ- ʠ ʟʦʦʧʣʘʥʢʪʦʥʘ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʩʪʘʪʴʷʭ [19-21] ʤʦʥʦʛʨʘʬʠʠ [18]. ʈʠʩʢ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʤʦʨʝ ʠʟʫʯʘʣʩʷ 

ʚ ʨʷʜʝ ʨʘʙʦʪ [22-29]. ʇʦʜʭʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʙʣʠʟʦʢ ʢ ʨʘʙʦʪʘʤ [22, 28]. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʬʪʷʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʨʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʝʢʦʤʝʥʜʫʝʪ ʩʦʟʜʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʢʘʨʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ [30] ʢ ʥʝʬʪʷʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʨʘʙʦʪʘʥʳ ʤʝʨʳ ʨʝʘʛʠʨʦʚʘʥʠʷ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʛʦ 

ʫʱʝʨʙʘ ʜʣʷ ʵʢʦʣʦʛʠʠ. ʂʘʨʪʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʙʠʦʪʳ ʠ ʦʙʲʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʢ ʥʝʬʪʷʥʦʤʫ 

ʟʘʛʨʷʟʥʝʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʜʝʢʩ ESI (Environmental Sensitivity Index), 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [31], ʢʦʪʦʨʳʡ ʨʘʥʞʠʨʫʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʝʨʝʛʘ ʚ ʚʠʜʝ 

ʙʘʣʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʧʝʩʯʘʥʳʡ ʠʣʠ 

ʩʢʘʣʠʩʪʳʡ ʙʝʨʝʛ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɼʣʷ ʦʪʨʘʞʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ ʠʣʠ ʦʙʲʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʟʜʘʶʪʩʷ ʢʘʨʪʳ ʩ ʠʥʜʠʢʘʮʠʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʚʠʜʝ 

ʪʦʯʝʢ ʠʣʠ ʧʦʣʠʛʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʤʚʦʣʦʚ ʠʣʠ ʩʭʝʤ, ʥʦ ʩʘʤʦ ʧʦʥʷʪʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʯʝʪʢʦ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʨʘʥʞʠʨʦʚʘʪʴ ʧʦ ʩʪʝʧʝʥʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʥʜʠʢʘʪʦʨʦʚ ʥʘ ʦʙʣʘʩʪʠ ʩ ʥʠʟʢʦʡ, ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝ ʧʨʠʭʦʜʠʪʩʷ ʛʦʚʦʨʠʪʴ ʦ ʢʘʢʦʡ-ʣʠʙʦ ʦʙʱʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʝʜʠʥʦʡ ʰʢʘʣʳ ʜʣʷ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʙʝʨʝʛʘ, ʙʠʦʪʳ ʠ ʦʙʲʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪ.ʝ. ʧʦ 

ʩʫʪʠ ʵʪʦ ʨʘʟʣʠʯʥʳʝ, ʭʦʪʷ ʠ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʲʝʢʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʦʙʱʝʡ ʪʝʤʘʪʠʢʦʡ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ [32] ʨʠʩʢ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʧʨʠ ʥʝʬʪʷʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ P, ʚʝʣʠʯʠʥʳ 

ʚʦʟʜʝʡʩʪʚʠʷ (result of exposure) E ʠ ʫʷʟʚʠʤʦʩʪʠ (vulnerability) V: ὖ Ὁ ὠ, 

ʧʨʠʯʝʤ ʧʘʨʘʤʝʪʨ E ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʣʠʯʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʪʘʢʠʤʠ, ʢʘʢ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʪʠʧ ʥʝʬʪʠ 



 14 

ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʝʡ, ʘ ʧʘʨʘʤʝʪʨ V ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʙʦʪʳ [33]. ɺ ʨʘʙʦʪʝ 

[32] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ 3-ʭ ʬʘʢʪʦʨʦʚ (ʚʝʨʦʷʪʥʦʩʪʴ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʫʷʟʚʠʤʦʩʪʴ ʤʝʩʪʘ) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʩʪʘʪʴʝ [34] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠʥʜʝʢʩʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʭ ʚʠʜʦʚ ʙʠʦʪʳ ʚ ʩʣʫʯʘʝ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʚʝʣʠʯʠʥʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʤʝʨʪʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʨʫʧʧ 

ʙʠʦʪʳ. 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʯʝʪʦʚ ʧʦ ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥʠʤʘʥʠʷ ʥʘ ʧʦʧʫʣʷʮʠʠ 

ʠ ʵʢʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʦʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʧʦʜʛʨʫʧʧ/ʚʠʜʦʚ, ʯʝʪʢʦʝ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʠ ʨʘʟʲʷʩʥʝʥʠʝ 

ʥʝʦʯʝʚʠʜʥʳʭ ʛʠʧʦʪʝʟ.  

ɺ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʙʳʣʦ ʥʝ ʤʘʣʦ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʣʠ ʢ ʫʞʘʩʘʶʱʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɼʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ 

ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ ʚ ʠʩʪʦʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʬʪʴʶ, ʯʪʦ 

ʜʦʢʘʟʳʚʘʝʪ ʩʝʨʴʸʟʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʘʚʘʨʠʡ. 

6 ʠʶʣʷ 1988 ʛʦʜʘ ʧʨʦʠʟʦʰʸʣ ʧʦʞʘʨ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʝʬʪʷʥʦʡ 

ʧʣʘʪʬʦʨʤʝ çʇʘʡʧʝʨ-ɸʣʴʬʘè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʛʠʙʣʠ 167 ʯʝʣʦʚʝʢ. ʕʪʦ 

ʙʳʣʘ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʘʚʘʨʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʦʙʳʯʝʡ ʥʝʬʪʠ ʥʘ ʰʝʣʴʬʝ. 

6 ʤʘʨʪʘ 1978 ʛʦʜʘ ʪʘʥʢʝʨ çɸʤʦʢʦ ʂʘʜʠʩè ʠʟ-ʟʘ ʥʝʧʦʣʘʜʦʢ ʚ ʨʫʣʝʚʦʤ 

ʫʧʨʘʚʣʝʥʠʠ ʥʘʣʝʪʝʣ ʥʘ ʩʢʘʣʳ ʠ ʨʘʟʙʠʣʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʤʦʨʝ ʚʳʣʠʣʦʩʴ ʦʢʦʣʦ 

230 ʪʳʩʷʯ ʪʦʥʥ ʥʝʬʪʠ. ɺʦ ʚʨʝʤʷ ʵʪʦʡ ʢʘʪʘʩʪʨʦʬʳ ʧʦʩʪʨʘʜʘʣʦ 360 ʢʠʣʦʤʝʪʨʦʚ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʌʨʘʥʮʠʠ. ʕʪʘ ʘʚʘʨʠʷ ʩʪʘʣʘ ʧʨʠʯʠʥʦʡ ʛʠʙʝʣʠ 

ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʨʳʙ ʠ ʧʪʠʮ ʠ ʥʘʥʝʩʣʘ ʥʝʧʦʧʨʘʚʠʤʳʡ ʫʱʝʨʙ ʉʨʝʜʠʟʝʤʥʦʤʫ ʤʦʨʶ. 

3 ʠʶʥʷ 1979 ʛʦʜʘ ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ ʧʦʩʣʝ ʚʳʙʨʦʩʘ ʠʟ-ʧʦʜ ʙʫʨʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ çʀʩʪʦʢ-1è ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʦʙʨʘʟʦʚʘʣʦʩʴ ʥʝʬʪʷʥʦʝ ʧʷʪʥʦ, 

ʢʦʪʦʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʠʣʦʩʴ ʥʘ 640 ʢʠʣʦʤʝʪʨʦʚ. 24 ʤʘʨʪʘ 1980 ʛʦʜʘ ʩʢʚʘʞʠʥʘ ʙʳʣʘ 

ʟʘʢʨʳʪʘ. ʅʘ ʪʦʪ ʤʦʤʝʥʪ ʚ ʦʢʝʘʥ ʫʩʧʝʣʦ ʚʳʣʠʪʴʩʷ ʧʦʣʤʠʣʣʠʦʥʘ ʪʦʥʥ ʥʝʬʪʠ. 

25 ʤʘʨʪʘ 1989 ʛʦʜʘ ʫ ʙʝʨʝʛʦʚ ɸʣʷʩʢʠ ʧʨʦʠʟʦʰʣʘ ʘʚʘʨʠʷ, ʥʘʥʸʩʰʘʷ 

ʥʘʠʙʦʣʴʰʠʡ ʫʱʝʨʙ ʵʪʦʤʫ ʧʦʙʝʨʝʞʴʶ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʪʘʥʢʝʨ çʕʢʩʦʥ ɺʘʣʴʜʝʟè 

24 ʤʘʨʪʘ 1989 ʛʦʜʘ ʥʘʣʝʪʝʣ ʥʘ ɹʣʘʡʪ-ʨʠʬ, ʚ ʚʦʜʫ ʚʳʣʠʣʦʩʴ, ʧʦ ʦʬʠʮʠʘʣʴʥʳʤ 

ʜʘʥʥʳʤ, ʦʢʦʣʦ 40 ʤʠʣʣʠʦʥʦʚ ʣʠʪʨʦʚ ʥʝʬʪʠ. ʅʦ ʟʘʱʠʪʥʠʢʠ ʧʨʠʨʦʜʳ ʩ ʵʪʦʡ 

ʮʠʬʨʦʡ ʥʝ ʩʦʛʣʘʩʥʳ ʠ ʧʨʠʚʦʜʷʪ ʜʘʥʥʳʝ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʛʦ ʧʦʨʷʜʢʘ. ʆʢʦʣʦ 2400 

ʢʠʣʦʤʝʪʨʦʚ ʧʦʙʝʨʝʞʴʷ ʧʦʩʪʨʘʜʘʣʦ ʦʪ ʵʪʦʡ ʘʚʘʨʠʠ. 

13 ʥʦʷʙʨʷ 2002 ʛʦʜʘ ʪʘʥʢʝʨ çʇʨʝʩʪʠʞè ʧʦʧʘʣ ʚ ʩʠʣʴʥʳʡ ʰʪʦʨʤ ʚʦʟʣʝ 

ʙʝʨʝʛʦʚ ɻʘʣʠʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚ ʩʫʜʥʝ ʦʙʨʘʟʦʚʘʣʘʩʴ ʪʨʝʱʠʥʘ ʜʣʠʥʦʡ 35 

ʤʝʪʨʦʚ, ʠ ʪʘʥʢʝʨ ʥʘʯʘʣ ʜʘʚʘʪʴ ʫʪʝʯʢʫ ʥʝʬʪʠ ð ʦʢʦʣʦ 1000 ʪʦʥʥ ʚ ʩʫʪʢʠ. ɹʳʣʠ 

ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʩʧʘʩʪʠ çʇʨʝʩʪʠʞè, ʥʦ ʠʩʧʘʥʩʢʠʝ ʙʝʨʝʛʦʚʳʝ ʚʣʘʩʪʠ 

ʟʘʧʨʝʪʠʣʠ ʟʘʭʦʜʠʪʴ ʚ ʙʣʠʞʘʡʰʠʝ ʧʦʨʪʳ, ʇʦʨʪʫʛʘʣʠʷ ʥʝ ʨʘʟʨʝʰʠʣʘ ʚʭʦʜ 

ʥʝʠʩʧʨʘʚʥʦʛʦ ʪʘʥʢʝʨʘ ʚ ʩʚʦʠ ʚʦʜʳ. ʀ ʘʚʘʨʠʡʥʦʝ ʩʫʜʥʦ ʙʳʣʦ ʨʝʰʝʥʦ 

ʦʪʙʫʢʩʠʨʦʚʘʪʴ ʚ ʤʦʨʝ. 19 ʥʦʷʙʨʷ 2002 ʛʦʜʘ çʇʨʝʩʪʠʞè ʨʘʩʢʦʣʦʣʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ ʠ 

ʟʘʪʦʥʫʣ ʚ 210 ʢʠʣʦʤʝʪʨʘʭ ʦʪ ɻʘʣʠʩʠʠ. ɺ ʤʦʨʝ ʚʳʣʠʣʦʩʴ ʙʦʣʝʝ 20 ʤʠʣʣʠʦʥʦʚ 

ʛʘʣʣʦʥʦʚ ʥʝʬʪʠ, ʯʪʦ ʥʘʥʝʩʣʦ ʥʝʧʦʧʨʘʚʠʤʳʡ ʫʱʝʨʙ ʚʩʝʡ ʤʦʨʩʢʦʡ ʠ ʙʝʨʝʛʦʚʦʡ 

ʬʘʫʥʝ ʠ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [35]. 
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ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʫʙʣʠʢʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʇʦʥʷʪʠʝ ʨʠʩʢʘ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʦʪʨʘʞʘʝʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ, ʦʥʘ ʥʝʟʘʚʠʩʠʤʘ ʦʪ ʚʠʜʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʮʝʩʩʦʚ. ʆʮʝʥʢʘ ʨʠʩʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʪʦʯʥʦʡ, ʪʘʢ ʢʘʢ ʨʠʩʢ 

ʚʩʝʛʜʘ ʥʦʩʠʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ, ʘʧʨʠʦʨʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʨʠʩʢʦʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʤʦʛʫʪ ʨʘʟʥʠʪʴʩʷ. ʂ ʩʝʛʦʜʥʷʰʥʝʤʫ 

ʚʨʝʤʝʥʠ ʥʝʪ ʝʜʠʥʦʡ ʪʝʦʨʠʠ ʨʠʩʢʘ ʠ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʦʣʦʛʠʠ. 

ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʨʠʩʢʘ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʦʮʝʥʦʢ, ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʠʞʠʤʳ ʜʣʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʢʫʤʫʣʷʪʠʚʥʳʡ ʵʬʬʝʢʪ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ɺ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʠ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʪʨʝʙʫʝʪʩʷ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʩʙʦʨʫ 

ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ (ʚ 

ʪ. ʯ. ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ) ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʕʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʯʠʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʠ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ, ʣʠʙʦ ʦʩʣʘʙʣʷʪʴ ʵʬʬʝʢʪ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

 

1.2 ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʂʘʩʧʠʷ ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʫʶ 

ʦʟʘʙʦʯʝʥʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʚ ʰʝʣʴʬʦʚʦʡ, ʤʝʣʢʦʚʦʜʥʦʡ ʟʦʥʝ ʤʦʨʷ [36]. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʵʪʦ ʢʘʩʘʝʪʩʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ, ʛʜʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ: 

1. ʈʝʢʠ, ʚʧʘʜʘʶʱʠʝ ʚ ʤʦʨʝ ʠ ʥʝʩʫʱʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʩ ʦʛʨʦʤʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 
ʟʘʥʷʪʳʭ ʧʨʦʤʳʰʣʝʥʥʳʤ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʂʦʥʝʯʥʦ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʯʴ ʠʜʝʪ ʦ ʨʝʢʘʭ ɺʦʣʛʘ ʠ ʋʨʘʣ, ʚʦʜʦʩʙʦʨʥʳʝ ʙʘʩʩʝʡʥʳ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʶʪ 1380 ʪʳʩ. ʠ 273 ʪʳʩ. ʢʚ. ʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2. ɻʦʨʦʜʘ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ. 
ʅʘ ʙʝʨʝʛʘʭ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ, ʚ ʨʦʩʩʠʡʩʢʦʡ ʠ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʯʘʩʪʠ ʠʤʝʶʪʩʷ 

ʜʦʚʦʣʴʥʦ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʛʦʨʦʜʩʢʠʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

3. ʆʙʲʝʢʪʳ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʥʘ ʤʦʨʝ. ʅʘ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ 
ʠʜʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʢʣʘʜʢʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʯʪʦ 

ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʙʨʦʩʦʤ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

4. ɿʘʪʦʧʣʝʥʥʳʝ ʠ ʧʦʜʪʦʧʣʷʝʤʳʝ, ʧʣʦʭʦ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʝ ʦʙʲʝʢʪʳ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʜʦʙʳʯʠ. ʕʪʠ ʦʙʲʝʢʪʳ ʚʦʟʥʠʢʣʠ ʚʩʣʝʜʩʪʚʠʝ ʤʥʦʛʦʣʝʪʥʠʭ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ.  

ʇʨʠʙʨʝʞʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʨʝʯʥʳʝ ʚʦʜʳ çʩʥʘʙʞʘʶʪè ʤʦʨʩʢʠʝ ʚʦʜʳ, 

ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʪʢʘʥʠ ʠ ʦʨʛʘʥʳ ʧʪʠʮ, ʨʳʙ ʠ ʪʶʣʝʥʝʡ ʧʦʚʳʰʝʥʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ: ʭʨʦʤʘ, ʤʝʜʠ, ʩʚʠʥʮʘ, ʨʪʫʪʠ, ʮʠʥʢʘ ʠ ʪ.ʜ. ɺ 

ʤʦʨʩʢʠʭ ʚʦʜʘʭ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʫʚʝʣʠʯʠʣʠʩʴ ʧʦʯʪʠ ʚ 5 ʨʘʟ, ʤʝʜʠ ʠ ʮʠʥʢʘ ï ʚ 10 ʨʘʟ. ɺʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʅʘʙʣʶʜʘʝʪʩʷ 
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ʫʚʝʣʠʯʝʥʠʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ. ɺ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ, ʭʨʦʤʘ, ʥʠʢʝʣʷ ʜʦʩʪʠʛʘʣʠ 

ʫʨʦʚʥʝʡ, ʚ 1,5-2 ʨʘʟʘ ʧʨʝʚʳʰʘʶʱʠʭ ʇɼʂ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʜʦʩʪʠʛʘʣʠ 3-5 

ʇɼʂ). ʍʦʪʷ ʚ ʩʨʝʜʥʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʦʢʘ ʇɼʂ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ, ʥʦ ʫʞʝ ʩʝʡʯʘʩ, ʥʘ ʩʪʘʜʠʠ 

ʦʙʫʩʪʨʦʡʩʪʚʘ ʤʦʨʩʢʦʡ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʝè (ʀɿɺ ʦʢʦʣʦ 

ʝʜʠʥʠʮʳ, 3 ʢʣʘʩʩ).  

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʥʝʩʫʪ ʦʪʭʦʜʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʙʣʠʟʠ ʫʩʪʴʝʚ ʨʝʢ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʫʢʨʘʪʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1986 ʛʦʜʦʤ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʝʩʪʠʮʠʜʦʚ ʠ ʭʣʦʨʠʩʪʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʰʪʘʙʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʨʦʩʪ ʦʙʲʝʤʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʚʳʟʚʘʣʠ 

ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ.  

ʅʝʩʦʤʥʝʥʥʦ, ʦʩʥʦʚʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʤʦʨʩʢʦʡ ʚʦʜʳ (ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, 

ʪʘʢ ʠ ʧʨʠʜʦʥʥʳʭ ʩʣʦʝʚ) ʷʚʣʷʶʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʇʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʝʞʝʛʦʜʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ ʚ ʧʨʝʜʝʣʘʭ 1,1 ï 

1,3 ʇɼʂ. ʂʨʦʤʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʨʝʛʫʣʷʨʥʦ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ - ʬʝʥʦʣʦʚ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2 ʜʦ 9 ʇɼʂ. ʅʝʩʦʤʥʝʥʥʦ, ʩ ʥʘʯʘʣʦʤ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ ʜʦʙʳʯʠ 

ʥʝʬʪʠ ʢʘʯʝʩʪʚʦ ʤʦʨʩʢʦʡ ʚʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʠʪʴʩʷ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʵʢʦʩʠʩʪʝʤʝ ʤʦʨʷ ʠ ʨʝʛʠʦʥʝ ʚ ʮʝʣʦʤ [37].  

ʆʩʦʙʫʶ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʚʳʟʳʚʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ (ʚʩʣʝʜʩʪʚʠʝ ʚʝʪʨʦʚʦʛʦ 

ʥʘʛʦʥʘ) ʠ ʧʦʩʪʦʷʥʥʦʝ (ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʲʸʤʘ ʫʨʦʚʥʷ ʤʦʨʷ) ʦʙʚʦʜʥʝʥʠʝ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʣʥʦʩʪʴʶ ʟʘʪʦʧʣʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʦʩʪʦʯʥʘʷ 

ʂʦʢʘʨʥʘ, ʊʘʞʠʛʘʣʠ, ʇʨʠʙʨʝʞʥʦʝ, ʇʫʩʪʳʥʥʦʝ, ʄʦʨʩʢʦʝ. ʂʦʥʩʝʨʚʘʮʠʷ ʠ 

ʣʠʢʚʠʜʘʮʠʷ ʟʘʪʦʧʣʝʥʥʳʭ ʩʢʚʘʞʠʥ ʚʳʧʦʣʥʝʥʳ ʙʝʟ ʫʯʝʪʘ ʚʦʟʤʦʞʥʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʣʝʜʦʚʳʤʠ ʧʦʜʚʠʞʢʘʤʠ, ʙʝʟ ʠʟʦʣʷʮʠʠ ʦʪ ʤʦʨʩʢʠʭ ʘʛʨʝʩʩʠʚʥʳʭ ʚʦʜ, 

ʧʦʨʦʡ ʧʨʦʩʪʳʤ ʟʘʢʨʳʪʠʝʤ ʟʘʛʣʫʰʝʢ ʩʢʚʘʞʠʥ. ʊʘʢʠʝ ʩʢʚʘʞʠʥʳ ʷʚʣʷʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ ʠ ʚ ʥʝʜʘʣʝʢʦʤ ʙʫʜʫʱʝʤ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʢʨʫʧʥʳʤ 

ʨʘʟʣʠʚʘʤ ʥʝʬʪʠ ʩ ʪʨʫʜʥʦ ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʜʣʷ ʙʠʦʪʳ ʤʦʨʷ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʠʭ ʣʠʢʚʠʜʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʤʘʨʪʝ 2001-ʛʦ ʛʦʜʘ 

ʚʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʣʴʜʦʚ ʧʨʦʠʟʦʰʝʣ ʧʨʦʨʳʚ ʥʝʬʪʠ ʥʘ ʪʨʝʭ ʩʢʚʘʞʠʥʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʠʙʨʝʞʥʦʝ, ʯʪʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ 

(ʨʠʩʫʥʦʢ 1). 

ʆʜʥʘʢʦ ʛʣʘʚʥʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʨʫʧʥʦʛʦ ʘʚʘʨʠʡʥʦʛʦ 

ʨʘʟʣʠʚʘ ʥʘ ʘʢʚʘʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ. ʊʘʢʦʡ ʩʮʝʥʘʨʠʡ ʥʝ ʷʚʣʷʝʪʩʷ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʨʝʘʣʴʥʳʤ. ʆʩʦʙʫʶ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʚʳʟʳʚʘʝʪ ʢʨʫʧʥʝʡʰʝʝ ʧʦ 

ʤʠʨʦʚʳʤ ʤʘʩʰʪʘʙʘʤ ʂʘʰʘʛʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ɺ ʥʝʤ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʧʦ 

ʜʘʥʥʳʤ ʦʧʝʨʘʪʦʨʘ ʧʨʦʝʢʪʘ ʜʦ 6 ʤʣʨʜ ʪʦʥʥ ʘʛʨʝʩʩʠʚʥʳʭ ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 770 ʘʪʤʦʩʬʝʨ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪ 110 ï 1200ʉ. ɼʣʷ ʟʘʧʦʚʝʜʥʦʡ ʟʦʥʳ ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʯʘʩʪʠ 

ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʘʚʘʨʠʷ ʥʘ ʪʘʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʦ ʚʨʝʤʷ ʜʦʙʳʯʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ [38]. 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ QuickBird ʟʘ 13 ʘʚʛʫʩʪʘ 2002 ʛ (ʩʣʝʚʘ) ʠ 

ʟʘ 10 ʤʘʷ 2002 ʛʦʜʘ (ʩʧʨʘʚʘ) 

 
ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ 

ʥʘ ʤʦʨʩʢʫʶ ʙʠʦʪʫ: 

- ʇʦʩʪʫʧʘʶʱʘʷ ʚ ʤʦʨʝ ʥʝʬʪʴ, ʙʫʜʫʯʠ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ 
(ʇɸɺ), ʨʘʩʪʝʢʘʝʪʩʷ ʚ ʚʠʜʝ ʧʣʝʥʢʠ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʧʦ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʥʘʨʫʰʘʝʪʩʷ ʵʥʝʨʛʦ- ʠ ʤʘʩʩʦʦʙʤʝʥ ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʘʪʤʦʩʬʝʨʦʡ. ʇʣʝʥʢʘ 

ʥʝʬʪʠ ʜʘʞʝ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʦʪ 0,05 ʜʦ 2,5 ʤʠʢʨʦʥ ʚʜʚʦʝ ʫʤʝʥʴʰʘʝʪ 

ʧʦʩʪʫʧʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʪʦʣʱʫ ʚʦʜʳ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʠʮʠʪ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ ʥʘʨʫʰʘʶʪ ʥʦʨʤʘʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʚ ʚʦʜʦʝʤʘʭ ʠ ʧʨʠʚʦʜʷʪ ʢ ʛʠʙʝʣʠ ʥʝʧʦʜʚʠʞʥʳʭ ʠ ʤʘʣʦʧʦʜʚʠʞʥʳʭ ʤʦʨʩʢʠʭ 

ʧʦʧʫʣʷʮʠʡ. 

- ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʬʪʴ ʚ ʚʠʜʝ 

ʵʤʫʣʴʛʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʧʨʦʥʠʢʘʝʪ ʚ ʪʦʣʱʫ ʚʦʜʳ, ʟʘʤʝʜʣʷʷ ʨʦʩʪ ʚʦʜʦʨʦʩʣʝʡ, 

ʫʛʥʝʪʘʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʨʳʙ ʠ ʤʦʨʩʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʟʘ ʩʯʝʪ ʧʨʷʤʦʡ 

ʠʥʪʦʢʩʠʢʘʮʠʠ ʠ ʧʨʦʜʚʠʞʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʢʦʨʤʦʚʦʡ ʮʝʧʦʯʢʝ. ʕʪʦ 

ʚʳʟʳʚʘʝʪ ʥʝʦʙʨʘʪʠʤʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʩʦʩʪʘʚʝ ʙʠʦʮʝʥʦʟʦʚ, ʥʘʨʫʰʘʝʪ ʧʠʱʝʚʳʝ ʠ 

ʜʨʫʛʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ. ɹʦʣʝʝ ʚʩʝʛʦ ʩʪʨʘʜʘʶʪ 

ʧʨʠʙʨʝʞʥʳʝ ʚʦʜʳ ʙʦʛʘʪʳʝ ʟʘʨʦʜʳʰʘʤʠ, ʣʠʯʠʥʢʘʤʠ ʠ ʤʦʣʦʜʴʶ, ʠ, ʦʩʦʙʝʥʥʦ, 

ʢʘʤrh ʦʚʳʝ ʟʘʨʦʩʣʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ çʠʥʢʫʙʘʪʦʨʘʤʠè 

ʤʥʦʛʠʭ ʚʠʜʦʚ ʤʦʨʩʢʠʭ ʞʠʚʦʪʥʳʭ. 

- ʊʷʞʝʣʳʝ ʬʨʘʢʮʠʠ ʥʝʬʪʠ, ʦʩʝʜʘʷ ʥʘ ʜʥʦ, ʚʳʟʳʚʘʶʪ ʚʪʦʨʠʯʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʝʤʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʝ ʙʠʦʮʝʥʦʟʘ ʙʝʥʪʦʩʘ, 

ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʘ ʯʘʩʪʦ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʛʠʜʨʦʙʠʦʥʪʦʚ ï ʙʝʥʪʦʩʘ, ʥʝʢʪʦʙʝʥʪʦʩʘ, ʧʣʝʡʩʪʦʥʘ ʠ ʜʨ. ʃʠʰʴ 

ʝʜʠʥʠʯʥʳʝ ʚʠʜʳ ʚʦʜʦʨʦʩʣʝʡ ʠ ʤʰʘʥʦʢ ʚʳʥʦʩʷʪ ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʥʦ ʜʘʞʝ 

ʵʪʠ ʚʠʜʳ ʚʳʞʠʚʘʶʪ ʧʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

- ʇɸɺ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʯʠʩʪʦ ʤʝʭʘʥʠʯʝʩʢʦʤ ʦʙʚʦʣʘʢʠʚʘʥʠʠ 

ʧʨʝʜʤʝʪʦʚ ʠ ʪʝʣ ʦʨʛʘʥʠʟʤʦʚ. ʇʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, ʜʘʞʝ ʝʩʣʠ 

ʦʥʠ ʥʝ ʚʳʟʦʚʫʪ ʥʝʤʝʜʣʝʥʥʦʡ ʩʤʝʨʪʠ ʧʦʩʣʝʜʥʠʭ, ʥʝʠʟʙʝʞʥʦ ʩʪʘʚʷʪ ʦʨʛʘʥʠʟʤʳ ʠ 

ʙʠʦʮʝʥʦʟʳ ʚ ʫʩʣʦʚʠʷ ʢʠʩʣʦʨʦʜʥʦʛʦ ʛʦʣʦʜʘʥʠʷ ʠ ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʨʦʜʫʢʪʘʤʠ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʝʬʪʷʥʘʷ ʧʣʝʥʢʘ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʠʝ ʙʝʜʩʪʚʠʷ ʤʦʨʩʢʠʤ 
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ʧʪʠʮʘʤ: ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʧʦʧʘʜʘʷ ʥʘ ʧʪʠʮʫ, ʣʠʰʘʶʪ ʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʪʘʪʴ, ʘ 

ʪʘʢʞʝ ʨʘʩʪʚʦʨʷʶʪ ʞʠʨʦʚʫʶ ʩʤʘʟʢʫ ʧʝʨʴʝʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʦʭʣʘʞʜʝʥʠʶ ʧʪʠʮ 

ʠ ʠʭ ʛʠʙʝʣʠ. 

ɿʜʝʩʴ ʧʝʨʝʯʠʩʣʝʥʳ ʪʦʣʴʢʦ ʧʨʷʤʳʝ ʚʠʜʳ ʫʱʝʨʙʘ, ʥʘʥʦʩʠʤʦʛʦ ʥʝʬʪʷʥʳʤ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʥʘ ʤʦʨʩʢʫʶ ʙʠʦʪʫ. ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʥʠʢʘʝʪ 

ʩʣʦʞʥʘʷ ʮʝʧʴ ʧʦʩʣʝʜʩʪʚʠʡ ʟʘʛʨʷʟʥʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʥʦʡ ʩʨʝʜʳ ʥʘʨʫʰʘʝʪ ʩʣʦʞʠʚʰʫʶʩʷ ʚ ʚʦʜʦʝʤʝ ʘʜʘʧʪʘʮʠʶ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʢ ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʦʨʛʘʥʠʟʤʳ ʧʦʩʪʝʧʝʥʥʦ ʚʳʤʠʨʘʶʪ, ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʫʱʝʩʪʚʫʶʪ ʚ 

ʧʦʜʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʜʥʝʥʠʶ ʠ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ 

ʙʠʦʮʝʥʦʟʦʚ, ʨʘʟʚʠʪʠʶ ʯʫʞʝʨʦʜʥʳʭ, ʚʨʝʜʥʳʭ ʠ, ʯʘʩʪʦ, ʦʧʘʩʥʳʭ ʜʣʷ ʩʣʦʞʠʚʰʝʡʩʷ 

ʙʠʦʪʳ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʵʥʜʝʤʠʢʦʚ ʠ ʧʦʷʚʣʝʥʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʟʘʥʝʩʝʥʥʳʭ ʚʠʜʦʚ [39]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʵʢʦʩʠʩʪʝʤʫ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ, ʪʝʤ ʙʦʣʝʝ, ʚ ʩʦʩʪʦʷʥʠʠ ʩʪʨʝʩʩʘ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʷʭ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ, ʥʘʩʪʦʣʴʢʦ ʩʣʦʞʥʳ, ʤʥʦʛʦʦʙʨʘʟʥʳ ʠ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʳ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʨʘʟʚʠʪʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʬʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʉʪʦʭʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʯʝʚʠʜʝʥ. ʀʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʝʩʣʫʯʘʡʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ 

ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʝʜʠʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʦʮʝʥʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʘ 

ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʫʷʟʚʠʤʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʥʝʬʪʷʥʦʤʫ 

ʟʘʛʨʷʟʥʝʥʠʶ. ʂʦʥʝʯʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʝʥʳ ʥʘ 

ʠʥʪʫʠʪʠʚʥʦʤ ʫʨʦʚʥʝ, ʦʜʥʘʢʦ ʠʭ ʩʪʨʦʛʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʚ ʨʘʤʢʘʭ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʪ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʦ ʦʮʝʥʠʪʴ ʨʠʩʢʠ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʧʨʠ 

ʘʚʘʨʠʡʥʳʭ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʘʭ.  

 

ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʤʫ ʨʘʟʜʝʣʫ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ 

ʠ ʦʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʂʘʩʧʠʷ. ɹʳʣʠ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʢʨʫʧʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʩʪʴ ʠ 

ʤʘʩʰʪʘʙʳ ʚʣʠʷʥʠʷ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʥʘ ʧʨʠʨʦʜʫ. ʆʮʝʥʝʥʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ ʥʘ ʤʦʨʩʢʫʶ ʙʠʦʪʫ. 
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2 ʄʆɼɽʃʀ, ʄɽʊʆɼʓ ʀ ʊɽʍʅʆʃʆɻʀʀ ɼʃʗ ʆʎɽʅʂʀ 

ɺʆɿɼɽʁʉʊɺʀʗ ɿɸɻʈʗɿʅɽʅʀʗ ʅɸ ʇʈʀʈʆɼʅʋʖ ʉʈɽɼʋ 

 

2.1 ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ 

ʆʩʥʦʚʥʘʷ ʜʦʣʷ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʮʝʥʥʦʩʪʝʡ ʦʮʝʥʠʚʘʝʪ ʨʠʩʢʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʪʦʣʴʢʦ 

ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ 

ʘʜʝʢʚʘʪʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ ʨʠʩʢʦʚ. ʇʨʠ ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʠ 

ʦʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʮʝʧʦʯʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ. ʂ 

ʪʘʢʠʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤ ʦʪʥʦʩʷʪʩʷ ï ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʝʩʪʘ, ʚʨʝʤʝʥʠ, 

ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʪʦʡ ʘʚʘʨʠʠ. ʂ ʪʦʤʫ ʞʝ, ʥʝʷʩʥʦ ʢʘʢ ʧʦʚʣʠʷʝʪ 

ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʦʙʱʝʩʪʚʦ ʠ ʧʦʚʣʠʷʝʪ ʣʠ 

ʚʦʦʙʱʝ [40].  

ɺ ʨʘʙʦʪʝ [41] ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʨʠʩʢʦʚ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʟʷʪʘ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʤʦʜʝʣʠ ʫʱʝʨʙʘ ʙʠʦʪʳ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʠ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚʳʚʦʜʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʫʜʠʚʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ, ʚ ʨʘʙʦʪʝ 

[41] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʭʝʤʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʙʠʦʪ)r ʬʣʦʨʳ 

ʠ ʬʘʫʥʳ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʠ ʩʪʨʦʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ 

ʙʠʦʪʳ. ʂ ʪʦʤʫ ʞʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʦʜʝʣʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʝʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɸʚʪʦʨʳ ʥʝ ʦʛʨʘʥʠʯʠʣʠ ʩʚʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘ ʧʦʩʪʨʦʠʣʠ ʯʠʩʣʝʥʥʫʶ ʤʦʜʝʣʴ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʚ 

ʩʣʫʯʘʝ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʥʘ ʰʝʣʴʬʝ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ.  

ʈʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʨʠʩʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [41] 

ʷʚʣʷʶʪʩʷ ʨʠʩʢʦʚʘʷ ʢʘʨʪʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʠʩʢʦʚʘʷ ʢʘʨʪʘ 

ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ. ɼʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʠʩʢʦʚʳʭ ʢʘʨʪ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ.  

ʈʠʩʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʝʝ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʤʦʤʝʥʪʘ ʘʚʘʨʠʠ ʜʦ ʢʦʥʮʘ 

ʧʝʨʠʦʜʘ. ɽʩʣʠ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʨʠʩʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 

ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʫʯʘʝʤʦʡ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʮʠʬʨʦʚʘʷ ʢʘʨʪʘ, ʢʦʪʦʨʘ ̫ʥʘʟʳʚʘʝʪʩ ̫

ʨʠʩʢʦʚʦʡ ʢʘʨʪʦʡ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʇʦʜ ʢʘʨʪʦʡ ʙʠʦʨʘʟʥʦʙʨʘʟʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʟʳʚʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʥʘʷ 

ʢʘʨʪʘ ʘʨʝʘʣʦʚ ʦʙʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ʇʦʜ ʢʘʨʪʦʡ ʫʷʟʚʠʤʦʩʪʴʶ ʙʠʦʪʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʥʘʷ ʢʘʨʪʘ 

ʘʨʝʘʣʦʚ ʦʙʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʩ ʫʯʝʪʦʤ ʨʝʘʢʮʠʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʟʘʛʨʷʟʥʝʥʠʷ. 
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ɼʣʷ ʩʪʨʦʛʦʛʦ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʫʷʟʚʠʤʦʩʪʠ ʙʠʦʪʳ ʚ ʨʘʙʦʪʝ [42] ʙʳʣʘ ʦʧʠʩʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʠʦʪʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ ʠʟ ʥʠʭ. ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ 

ʝʜʠʥʘʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʠ ʧʦʜ ʙʠʦʪʦʡ ʧʦʥʠʤʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʫʷʟʚʠʤʦʩʪʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʚʳʙʦʨʦʯʥʳʝ ʠʟ ʥʠʭ. ʇʦʥʷʪʥʦ, ʯʪʦ ʝʩʣʠ ʯʠʩʣʦ 

ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʠ ʦʥʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦ 

ʦʪʨʘʞʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʠʦʪʳ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʠʭ ʦʧʠʩʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʦʮʝʥʢʦʡ ʩʦʩʪʦʷʥʠʷ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʳ.  

ɹʠʦʪʘ, ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚʦ ʚʨʝʤʝʥʠ, ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚ 

ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʩʪ ʦʙʠʪʘʥʠʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʚʪʦʨʷʝʪʩʷ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʠ ʧʦʩʪʦʷʥʥʦ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ 

ʤʝʩʷʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʯʝʪʘ ʩʝʟʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʠʦʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʦʜʘ ʥʘ ʧʝʨʠʦʜʳ (ʤʝʩʷʮʳ), ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʚʦʠʭ ʤʝʩʪʘʭ ʦʙʠʪʘʥʠʷ.   

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʚʣʠʷʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʘʚʘʨʠʠ, ʪ.ʝ. ʟʘʛʨʷʟʥʠʪʝʣʷ, ʥʘ 

ʙʠʦʪʫ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʘʚʘʨʠʠ ʠ ʩʦʩʪʦʷʥʠʷ ʙʠʦʪʳ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʨʝʘʛʠʨʫʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʚʝʣʠʯʠʥʳ ʟʘʛʨʷʟʥʝʥʠʷ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʝʣʠʯʠʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʘʚʘʨʠʠ ʥʘ ʙʠʦʪʫ ʚ ʢʘʯʝʩʪʚʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʪʳ ʧʦʩʣʝ ʘʚʘʨʠʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʢʦʩʠʩʪʝʤʘ, ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʧʦʩʣʝ ʘʚʘʨʠʠ ʤʦʞʝʪ 

ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʠʣʠ ʧʝʨʝʡʪʠ ʚ ʜʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ, ʥʘʧʨʠʤʝʨ, ʧʦʣʥʦʡ 

ʛʠʙʝʣʠ ʤʥʦʛʠʭ ʙʠʦʧʦʧʫʣʷʮʠʡ.  

ʈʠʩʢʦʤ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʥʘʟʳʚʘʝʪʩʷ 

ʦʮʝʥʢʘ ʜʣʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʩʣʝ ʘʚʘʨʠʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʜʣʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʙʲʝʢʪʘ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʩ ʧʝʨʠʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 10 ʣʝʪ ʧʦʩʣʝ ʘʚʘʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʨʝʜʥʝʤ 30% ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʪʦ ʝʛʦ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʩʣʝ ʜʘʥʥʦʡ ʘʚʘʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʥʠʤʠ, ʪ.ʝ. 

3 ʛʦʜʘ. ɽʩʣʠ ʞʝ ʧʦʩʣʝ ʘʚʘʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʨʝʜʥʝʤ 80% ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʪʦ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʞʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 8 

ʛʦʜʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚʩʝʡ ʙʠʦʪʳ ʧʦʩʣʝ ʘʚʘʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʝʨʭʥʷʷ ʦʮʝʥʢʘ, ʢʦʪʦʨʘʷ 

ʥʘʟʳʚʘʝʪʩʷ ʨʠʩʢʦʤ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

ɽʩʣʠ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʠ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʠʟʫʯʘʝʤʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʮʠʬʨʦʚʘ ̫ ʢʘʨʪʘ, 

ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩ ̫ʨʠʩʢʦʚʦʡ ʢʘʨʪʦʡ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠʣʠ ʢʘʨʪʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ ʢ ʟʘʛʨʷʟʥʝʥʠʶ [41].   
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2.2 ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ 

ʦʧʠʩʘʪʴ ʠʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʜʚʠʞʝʥʠʝ ʚʦʜʳ. ɼʦ ʧʦʷʚʣʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʬʘʢʪʠʯʝʩʢʠ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʩʜʝʣʘʥʥʫʶ ʚ ʤʘʩʰʪʘʙʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʮʠʬʨʦʚʳʤʠ ʤʦʜʝʣʷʤʠ. 

ʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʣʦ ʯʘʩʪʴʶ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʦʙʣʘʩʪʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (Computational Fluid Dynamics (CFD)). 

ʇʦʵʪʦʤʫ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʢʚʘʪʦʨʠʡ ʤʦʨʝʡ ʠ 

ʦʢʝʘʥʦʚ, ʩʚʷʟʘʥʳ ʩ ʤʦʜʝʣʷʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʜʣʷ ʤʝʪʝʦʨʦʣʦʛʠʠ, 

ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʛʦ ʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ, ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʠ ʪʘʢ ʜʘʣʝʝ. ʆʙʱʝʡ 

ʦʩʥʦʚʦʡ ʜʣʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ ʤʘʩʩʳ [43]. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ CFD ʪʝʤ, ʯʪʦ ʦʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʜʳ.  

ɺ ʋʧʨʘʚʣʝʥʠʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ 

ʈɻʇ çʂʘʟʛʠʜʨʦʤʝʪè ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴ Hydrodynamic ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

MIKE 21 (ʚʝʨʩʠʷ 1999 ʛ.), ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ɼʘʪʩʢʦʤ ɻʠʜʨʘʚʣʠʯʝʩʢʦʤ 

ʀʥʩʪʠʪʫʪʝ (DHI Group) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʦʪʢʨʳʪʳʭ ʧʦʪʦʢʦʚ ʚ 

ʦʟʝʨʘʭ, ʟʘʣʠʚʘʭ, ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ ʠ ʤʦʨʷʭ. ʄʦʜʫʣʴ Hydrodynamic, 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʤʦʜʝʣʴ Flow Model, ʙʳʣ ʘʜʘʧʪʠʨʦʚʘʥ ʈɻʇ çʂʘʟʛʠʜʨʦʤʝʪè ʢ 

ʫʩʣʦʚʠʷʤ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ 10 ʥʘ 10 ʢʤ ʜʣʷ 

ʚʩʝʛʦ ʂʘʩʧʠʷ, ʠ 2 ʥʘ 2 ʢʤ ʜʣʷ ʝʛʦ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ [44, 45].  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʜʫʣʴ Hydrodynamic ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

MIKE 21 ʙʳʣ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʚʩʝʛʦ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʦʡ ʩʝʪʢʝ (1 

ʢʤ ʥʘ 1 ʢʤ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʯʝʪʢʫʶ ʢʘʨʪʠʥʫ ʥʘʛʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ [46, 47]. ɽʱʝ ʦʜʥʦ ʥʝ ʤʘʣʦʚʘʞʥʦʝ 

ʜʦʩʪʦʠʥʩʪʚʦ ï ɻ ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦʚʨʝʤʝʥʥʦʡ ʚʝʨʩʠʠ ʇʆ MIKE 

21 2014 ʛ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ DHI ʠʩʧʨʘʚʠʣʠ 

ʦʰʠʙʢʠ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʝʣʠʟʘʭ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʜʫʣʴ Hydrodynamic ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ MIKE 

21 ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʜʚʫʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʤʦʨʝʡ, ʦʟʝʨ, ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʡ ʠ 

ʰʝʣʴʬʦʚʳʭ ʟʦʥ. ʄʦʜʝʣʴ Flow Model, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ Hydrodynamic, 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʚʝʨʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʜʢʨʝʧʣʝʥʥʳʝ 

ʫʩʧʝʰʥʳʤ 25-ʣʝʪʥʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʦʨʩʢʠʭ ʠ ʧʨʠʙʨʝʞʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʠʙʢʦʩʪʴ, ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʧʦʣʥʫʶ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [48, 49].  

 

2.3 ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʅʝʬʪʴ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʩʤʝʩʴ ʁ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʚ 

ʦʩʥʦʚʥʦʤ ʞʠʜʢʠʭ, 80-90% ʧʦ ʤʘʩʩʝ), ʥʘʬʪʝʥʦʚʳʭ ʢʠʩʣʦʪ, ʘʩʬʘʣʴʪʝʥʦʚ, ʩʤʦʣ ʠ 
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ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [50]. ʆʥʘ ʚʢʣʶʯʘʝʪ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʩʝʨʫ 

(ʤʝʨʢʘʧʪʘʥʳ, ʪʠʦʬʝʥʳ, ʜʠʩʫʣʴʬʠʜʳ, ʪʠʦʬʘʥʳ ʠ ʜʨ.), ʘʟʦʪ (ʛʦʤʦʣʦʛʠ ʧʠʨʠʜʠʥʘ, 

ʘʢʨʠʜʠʥʘ, ʛʠʜʨʦʭʠʥʦʣʠʥʘ ʠ ʜʨ.) ʠ ʢʠʩʣʦʨʦʜ. ʉʳʨʘʷ ʥʝʬʪʴ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʜʦ 10% 

ʚʦʜʳ, ʨʘʩʪʚʦʨʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ (ʜʦ 4%), ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʣʦʨʠʜʳ - ʜʦ 4 ʛ/ʣ) ʠ ʤʥʦʛʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʥʝʬʪʠ. ʉʨʝʜʠ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ: 

- ʘʣʢʘʥʳ - ʧʘʨʘʬʠʥʦʚʳʝ (ʘʮʠʢʣʠʯʝʩʢʠʝ) ʥʘʩʳʱʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ 

ʧʨʷʤʦʡ ʠʣʠ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʴʶ ʘʪʦʤʦʚ ʉ (40-50% ʧʦ ʦʙʲʝʤʫ); 

- ʥʘʬʪʝʥʳ (ʮʠʢʣʦʧʘʨʘʬʠʥʳ) - ʥʘʩʳʱʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʠ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʱʝʥʳ 

ʘʣʢʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (25-75%); 

- ʘʨʝʥʳ - ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʥʝʥʘʩʳʱʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʷʜʘ 

ʙʝʥʟʦʣʘ, ʛʜʝ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʟʘʤʝʱʝʥʳ ʘʣʢʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

(ʦʙʳʯʥʦ ʜʦ 10-20, ʨʝʞʝ ʜʦ 35%); 

- ʘʣʢʝʥʳ (ʦʣʝʬʠʥʳ) - ʥʝʥʘʩʳʱʝʥʥʳʝ ʥʝʮʠʢʣʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ 

ʧʨʷʤʦʡ ʠʣʠ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʴʶ ʠ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʉ=ʉ (ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʛʦ ʨʷʜʘ 

ʥʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʳʨʦʡ ʥʝʬʪʠ, ʥʦ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʝʝ ʢʨʝʢʠʥʛʘ). 

ʅʝʬʪʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʘʛʨʝʛʘʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ: ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʝʥʦʢ (ʩʣʠʢʦʚ); ʨʘʩʪʚʦʨʝʥʥʳʭ ʬʦʨʤ; ʵʤʫʣʴʩʠʡ (ʪʠʧʘ 

çʥʝʬʪʴ ʚ ʚʦʜʝè ʠ çʚʦʜʘ ʚ ʥʝʬʪʠè); ʚʟʚʝʰʝʥʥʳʭ ʬʦʨʤ (ʧʣʘʚʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʚ ʪʦʣʱʝ ʚʦʜʳ ʤʘʟʫʪʥʦ-ʥʝʬʪʷʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʥʘ ʚʟʚʝʩʷʭ 

ʥʝʬʪʷʥʳʝ ʬʨʘʢʮʠʠ); ʦʩʘʞʜʝʥʥʳʭ ʥʘ ʜʥʝ ʪʚʝʨʜʳʭ ʠ ʚʷʟʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʛʠʜʨʦʙʠʦʥʪʘʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʉ ʧʝʨʚʳʭ ʞʝ ʩʝʢʫʥʜ ʢʦʥʪʘʢʪʘ ʥʝʬʪʠ ʠ ʝʝ ʧʨʦʜʫʢʪʦʚ ʩ ʤʦʨʩʢʦʡ ʩʨʝʜʦʡ 

ʨʘʟʚʠʚʘʝʪʩʷ ʩʣʦʞʥʝʡʰʘʷ ʢʘʨʪʠʥʘ ʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʭʦʜ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ ʩʘʤʦʡ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʦʪ 

ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʨʠʩʫʥʦʢ 2).  

ɻʣʘʚʥʳʤʠ ʯʝʨʪʘʤʠ ʵʪʦʡ ʢʘʨʪʠʥʳ ʷʚʣʷʶʪʩʷ: ʜʠʥʘʤʠʟʤ (ʦʩʦʙʝʥʥʦ ʥʘ ʧʝʨʚʳʭ 

ʩʪʘʜʠʷʭ) ʠ ʪʝʩʥʦʝ ʧʝʨʝʧʣʝʪʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʨʘʩʩʝʷʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʠ (ʚʧʣʦʪʴ ʜʦ ʠʭ 

ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʢʘʢ ʠʩʭʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʠ ʠ ʝʝ ʧʨʦʜʫʢʪʦʚ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ 

ʌʦʪʦ
ʦʢʠʩʣʝʥʠʝ

ʀʩʧʘʨʝʥʠʝ

ʈʘʩʪʝʢʘʥʠʝ

ʌʦʨʤʠʨʦʚʘʥʠʷ
ʘʵʨʦʟʦʣʷ

ʌʦʨʤʠʨʦʚʘʥʠʝ  
ʵʤʫʣʴʩʠʠ ʥʝʬʪʴ-ʚʦʜʘ

ʈʘʩʪʚʦʨʝʥʠʝ

ɼʠʩʧʝʨʩʠʷ
ʇʦʛʣʦʱʝʥʠʝ
 ʞʠʚʦʪʥʳʤʠ

ʉʦʨʙʮʠʷ

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʧʘʜ

ʇʦʛʣʦʱʝʥʠʝ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ɺʳʜʝʣʝʥʠʝ

ʇʨʦʥʠʢʥʦʚʝʥʠʝ 

ɹʝʨʝʛʦʚʘʷ ʣʠʥʠʷ



 23 

ʉʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, ʦʪʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2, ʚ ʪʦʤ, ʯʪʦ 

ʥʝʬʪʴ ʙʳʩʪʨʦ ʪʝʨʷʝʪ ʩʚʦʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʛʨʫʧʧʳ ʠ 

ʬʨʘʢʮʠʠ ʨʘʟʥʳʭ ʬʦʨʤ, ʩʦʩʪʘʚ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʨʘʜʠʢʘʣʴʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʧʘʜʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʝʷʥʠʷ ʠ ʨʘʟʣʦʞʝʥʠʷ 

ʚʧʣʦʪʴ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʠʩʭʦʜʥʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʦʜʳ.  

ɺ ʤʦʜʝʣʠ DHI MIKE 21 Oil Spill [51, 52] ʥʝʬʪʴ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʜʠʩʢʨʝʪʥʳʭ ʯʘʩʪʠʮ ʧʦ 

ʩʣʫʯʘʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʪ.ʝ. ʩʤʝʱʝʥʠʝ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ 

ʘʜʚʝʢʪʠʚʥʦʛʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʥʝʟʘʚʠʩʠʤʦʡ ʩʣʫʯʘʡʥʦʡ 

ʬʣʫʢʪʫʘʮʠʠ ʪʠʧʘ ʄʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ 

ʜʠʩʢʨʝʪʥʳʭ ʯʘʩʪʠʮ ʃʘʛʨʘʥʞʘ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʯʘʩʪʠʮʳ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ ʝʝ 

ʪʨʘʝʢʪʦʨʠʷ ʠ ʤʘʩʩʘ ʟʘʧʠʩʳʚʘʶʪʩʷ, ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ 

ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ, ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʦʜʥʦʨʦʜʥʦʡ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʩʨʝʜʝ ʧʨʠʤʝʥʷʶʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʧʦ ʛʣʫʙʠʥʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ 

ʤʘʩʩʳ. ʇʦʣʦʞʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʚ ʩʣʫʯʘʡʥʦʡ ʤʦʜʝʣʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʃʘʥʞʝʚʝʥʘ [53, 54]. 

ʉʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʘʜʚʝʢʮʠʷ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ. ʇʦʣʷ ʪʝʯʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ- ʠʣʠ ʪʨʝʭʤʝʨʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (HD MIKE 21 ʠʣʠ MIKE 3). ʇʦʣʷ ʪʝʯʝʥʠʡ ʚ MIKE 21 

HD ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʧʦ ʛʣʫʙʠʥʝ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʨʘʚʥʳ 

ʥʫʣʶ, ʘ ʟʥʘʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʫʩʨʝʜʥʷʶʪʩʷ ʧʦ ʛʣʫʙʠʥʝ. 

ɿʘʛʨʷʟʥʠʪʝʣʴ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ɼʠʬʬʫʟʠʷ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ, ʪʘʢ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʨʘʩʯʝʪʝ ʦʩʘʞʜʝʥʠʷ ʥʝʬʪʠ ʥʘ ʤʦʨʩʢʦʝ ʜʥʦ. ʀʤʝʥʥʦ ʦʥʘ 

ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʩʯʝʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʦʩʘʜʢʘ.  

ɺ ʤʦʜʝʣʠ DHI Oil Spill ʥʝʬʪʴ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʬʨʘʢʮʠʠ:  

1) ʃʝʛʢʘʷ ʬʨʘʢʮʠʷ ʥʝʬʪʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʪʠ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʤʝʥʝʝ 160 

ʛ/ʤʦʣʴ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʥʠʞʝ 300ÁC; 

2) ʊʷʞʝʣʘʷ ʬʨʘʢʮʠʷ ʥʝʬʪʠ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʙʦʣʝʝ 160 ʛ/ʤʦʣʴ ʠ 
ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʚʳʰʝ 250Áʉ - 300ÁC; 

3) ɸʩʬʘʣʴʪʝʥʳ; 

4) ʇʘʨʘʬʠʥʳ. 

5) ɼʚʝ ʧʦʩʣʝʜʥʠʝ ʬʨʘʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʮʠʘʣʴʥʳʭ. ɺ 

ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʩʬʘʣʴʪʝʥʳ ʠ ʧʘʨʘʬʠʥʳ ʥʝ ʠʩʧʘʨʷʶʪʩʷ, ʥʝ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ ʠ ʥʝ ʜʝʛʨʘʜʠʨʫʶʪ. 

ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʪʦʡ ʥʝʬʪʠ ʢʘʢ ʩʫʤʤʫ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʪʨʝʢʦʚ ʜʠʩʢʨʝʪʥʳʭ ʯʘʩʪʠʮ ʥʝʬʪʠ. ʕʪʠ ʥʝʬʪʷʥʳʝ ʪʨʝʢʠ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʪʘʢʠʤʠ ʢʘʢ: ʨʘʩʪʝʢʘʥʠʝ, ʠʩʧʘʨʝʥʠʝ, 
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ʨʘʩʪʚʦʨʝʥʠʝ, ʵʤʫʣʴʩʠʬʠʢʘʮʠʷ, ʦʩʘʞʜʝʥʠʝ, ʙʠʦʜʝʛʨʘʜʘʮʠʷ, ʬʦʪʦʦʢʠʩʣʝʥʠʝ ʠ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ. 

ʈʘʩʪʝʢʘʥʠʝ ï ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʧʦʚʝʜʝʥʠʝ ʨʘʟʣʠʪʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ 

ʥʝʬʪʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʷʞʝʩʪʠ, ʝʝ ʚʷʟʢʦʩʪʴʶ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʥʘʪʷʞʝʥʠʝʤ. ʇʣʦʱʘʜʴ ʩʣʠʢʘ ʚ ʤʦʜʝʣʠ DHI Oil Spill ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʣʦʱʘʜʴ 

ʥʝʬʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ʆʥʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʧʣʦʱʘʜʠ ʩʣʠʢʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʝʬʪʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʦʠʭ ʩʣʫʯʘʡʥʳʭ ʪʨʝʢʦʚ. 

ʀʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʚʦ ʚʨʝʤʝʥʠ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [55]. 

ʀʩʧʘʨʝʥʠʝ ï ʧʨʦʮʝʩʩ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʡ ʜʣʷ ʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤʳʭ 

ʥʘʩʳʱʝʥʥʳʭ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʘʢ ʢʘʢ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʫʣʝʪʫʯʠʚʘʥʠʝ ʥʝʬʪʠ ʚ ʘʪʤʦʩʬʝʨʫ. ɺ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʧʦʩʣʝ 

ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ 75, 40 ʠ 5% ʝʝ ʣʝʛʢʠʭ, ʩʨʝʜʥʠʭ ʠ ʪʷʞʝʣʳʭ 

ʬʨʘʢʮʠʡ ʧʝʨʝʭʦʜʠʪ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʠʩʧʘʨʝʥʠʝ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʥʝʬʪʠ, ʚʦ ʚʪʦʨʫʶ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ, ʧʣʦʱʘʜʴ ʨʘʟʣʠʚʘ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʩʦʣʥʝʯʥʘʷ 

ʨʘʜʠʘʮʠʷ ʠ ʪʦʣʱʠʥʘ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ.  

ʇʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ʥʝʬʪʠ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ (ʚ ʧʨʝʜʝʣʘʭ 5 ʩʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ), ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʈʠʜʘ (Model of Reed) [56, 57]. 

ʈʘʩʪʚʦʨʝʥʠʝ ï ʧʨʦʮʝʩʩ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʩʩʳ ʥʝʬʪʠ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʥʝʬʪʝʛʘʟʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʘʠʙʦʣʝʝ 

ʨʘʩʪʚʦʨʠʤʳ ʠ ʘʢʪʠʚʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ. ʅʘʬʪʝʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʚʦʜʝ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ.  

ʕʤʫʣʴʩʠʬʠʢʘʮʠʷ ï ʧʨʦʮʝʩʩ, ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʟʘ ʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʤʦʨʩʢʫʶ ʩʨʝʜʫ ʥʝʬʪʝʛʘʟʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʚʠʜʝ 

ʵʤʫʣʴʩʠʡ ʠ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʩʦʩʪʘʚʝ ʥʝʬʪʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʵʤʫʣʴʩʠʡ. ɺ ʤʦʜʝʣʠ DHI Oil Spill 

ʵʤʫʣʴʩʠʬʠʢʘʮʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʨʘʚʥʦʚʝʩʥʳʡ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ 

ʵʤʫʣʴʩʠʡ: ʚʦʜʘ-ʚ-ʥʝʬʪʠ ʠ ʥʝʬʪʴ-ʚ-ʚʦʜʝ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʤʫʣʴʩʠʬʠʢʘʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [58, 59]. ɺ ʤʦʜʝʣʠ 

DHI Oil Spill ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʜʝʢʩ ʵʤʫʣʴʩʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [60]. 

ʆʩʘʞʜʝʥʠʝ ï ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʜʦ 10-30% ʥʝʬʪʠ ʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʚʟʚʝʩʠ ʠ 

ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʜʥʦ. ʉʝʜʠʤʝʥʪʘʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʠ 

ʥʘ ʤʝʣʢʦʚʦʜʴʝ, ʛʜʝ ʤʥʦʛʦ ʚʟʚʝʩʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʦʜʥʳʭ 

ʤʘʩʩ.  

ɹʠʦʜʝʛʨʘʜʘʮʠʷ ï ʧʨʦʮʝʩʩ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʦʥʝʯʥʫʶ ʩʫʜʴʙʫ ʥʝʬʪʠ ʚ ʤʦʨʩʢʦʡ 

ʩʨʝʜʝ. ɼʦ 100 ʚʠʜʦʚ ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʦʚ ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʬʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʙʠʦʤʘʩʩʳ.  

ʌʦʪʦʦʢʠʩʣʝʥʠʝ ï ʧʨʦʮʝʩʩ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʣʠʰʴ ʩʧʫʩʪʷ 

ʩʫʪʢʠ ʧʦʩʣʝ ʧʦʩʪʫʧʣʝʥʠʷ ʥʝʬʪʠ ʚ ʤʦʨʝ. ʏʘʩʪʦ ʝʝ ʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʯʘʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ.  
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ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʤʦʨʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʣʱʫ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ. ɺ ʤʦʜʝʣʠ DHI Oil 

Spill ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ ʨʘʙʦʪʝ [61, 62]. 

 

2.4 ɸʥʘʣʠʟ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ (ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷʭ). ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʪʘʙʣʠʮʳ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʜʘʥʥʳʝ ʦ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ, ʥʘʧʨʠʤʝʨ, ʣʠʥʠʠ 

ʜʣʷ ʜʦʨʦʛ, ʪʦʯʢʠ ʜʣʷ ʜʝʨʝʚʴʝʚ ʠ ʧʦʣʠʛʦʥʳ ʜʣʷ ʟʜʘʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʦ ɻʀʉ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʳ ʤʦʞʝʪʝ ʟʘʧʨʘʰʠʚʘʪʴ ʚʩʝ ʪʘʙʣʠʮʳ ʠ ʩʣʦʠ, ʟʘʪʝʤ ʚʳʧʦʣʥʷʪʴ 

ʘʥʘʣʠʟ ʚʩʝʭ ʵʪʠʭ ʬʦʨʤ ʜʘʥʥʳʭ. ɻʀʉ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʚʠʟʫʘʣʴʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʟ ʧʨʦʩʪʳʭ ʪʘʙʣʠʮ ʜʘʥʥʳʭ. 

ɻʀʉ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʤʥʦʛʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʟʤʝʥʠʚʰʠʡ 

ʩʧʦʩʦʙʳ, ʢʦʪʦʨʳʤʠ ʛʝʦʛʨʘʬʳ ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʦʙʱʝʩʪʚʦ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʘʣʠ ʦʛʨʦʤʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʤʝʪʦʜʳ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʛʝʦʛʨʘʬʠʠ, ʘ ʪʘʢʞʝ ʥʘ 

ʦʙʱʠʝ ʩʧʦʩʦʙʳ ʦʙʱʝʥʠʷ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʫʯʝʥʳʭ. ɻʀʉ ʧʦʟʚʦʣʷʶʪ ʛʝʦʛʨʘʬʘʤ 

ʩʦʙʠʨʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʵʪʦ ʚʦʟʤʦʞʥʦ ʩ 

ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɻʀʉ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʠʥʪʝʛʨʠʨʫʶʱʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʛʝʦʛʨʘʬʳ ʜʦʣʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʥʳʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ɺʘʞʥʦʩʪʴ ɻʀʉ ʢʘʢ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ ʦʯʝʚʠʜʥʘ ʚ ʝʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ. ʈʘʟʚʠʪʠʝ ɻʀʉ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʥʥʦʚʘʮʠʷʭ, ʩʜʝʣʘʥʥʳʭ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ: ʛʝʦʛʨʘʬʠʷ, ʢʘʨʪʦʛʨʘʬʠʷ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ, 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, ʛʝʦʜʝʟʠʷ, ʩʪʘʪʠʩʪʠʢʘ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʥʘʫʢʠ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʜʝʤʦʛʨʘʬʠʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʦʪʨʘʩʣʠ ʥʘʫʢʠ.  

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʪʨʠ ʟʘʤʝʯʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʷʤ ɻʀʉ: 

ɺʦ-ʧʝʨʚʳʭ, ɻʀʉ ʩʚʷʟʘʥʘ ʩ ʜʨʫʛʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʙʘʟ ʜʘʥʥʳʭ, ʥʦ ʩ ʚʘʞʥʳʤ 

ʦʪʣʠʯʠʝʤ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ɻʀʉ ʩʚʷʟʘʥʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʠʚʷʟʢʦʡ. 

ɼʨʫʛʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʣʦʢʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʥʘʧʨʠʤʝʨ, 

ʫʣʠʯʥʳʝ ʘʜʨʝʩʘ ʠʣʠ ʧʦʯʪʦʚʳʝ ʠʥʜʝʢʩʳ), ʥʦ ʙʘʟʘ ʜʘʥʥʳʭ ɻʀʉ ʠʩʧʦʣʴʟʫʝʪ ʛʝʦ-

ʩʩʳʣʢʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʨʝʜʩʪʚʘ ʭʨʘʥʝʥʠʷ ʠ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʦ-ʚʪʦʨʳʭ, ɻʀʉ ʦʙʲʝʜʠʥʷʝʪ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ ʘʥʘʣʠʟʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʠ ʩʧʫʪʥʠʢʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʣʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ, 

ʚʩʝ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʚʤʝʩʪʝ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʡ ɻʀʉ. 

ɺ-ʪʨʝʪʴʠʭ, ɻʀʉ ʩ ʝʝ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʮʝʩʩ, 

ʘ ʥʝ ʢʘʢ ʧʨʦʩʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʠʣʠ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɻʀʉ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʉʧʦʩʦʙ ʚʚʦʜʘ, ʭʨʘʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ɻʀʉ ʜʦʣʞʝʥ 

ʦʪʨʘʞʘʪʴ ʪʦ, ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ɺʠʜʝʪʴ ɻʀʉ ʢʘʢ ʧʨʦʩʪʦ ʧʨʦʛʨʘʤʤʥʫʶ ʠʣʠ 
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ʘʧʧʘʨʘʪʥʫʶ ʩʠʩʪʝʤʫ - ʟʥʘʯʠʪ ʫʧʫʩʪʠʪʴ ʪʫ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʢʦʪʦʨʫʶ ʦʥʘ ʤʦʞʝʪ 

ʩʳʛʨʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʚʩʝʦʙʲʝʤʣʶʱʠʭ ʨʝʰʝʥʠʡ. 

ɺ ʧʝʨʚʳʝ ʜʝʩʷʪʠʣʝʪʠʷ ɻʀʉ ʩʧʝʮʠʘʣʠʩʪʳ ʩʦʩʨʝʜʦʪʦʯʠʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʢʦʤʧʠʣʷʮʠʠ ʜʘʥʥʳʭ ʠ ʧʨʦʝʢʪʘʭ ʮʝʣʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʟʘʪʨʘʯʠʚʘʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʩʦʟʜʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ɻʀʉ ʠ ʨʘʟʨʘʙʦʪʢʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʟʥʘʥʠʡ. ʇʦʩʪʝʧʝʥʥʦ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ɻʀʉ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʵʪʠ ʩʢʦʧʣʝʥʠʷ ʟʥʘʥʠʡ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʷʭ 

ɻʀʉ ʜʣʷ ʩʙʦʨʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʧʦʪʦʢʦʚ ʜʣʷ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʠʭ ʨʘʙʦʪʳ ʠ ʤʝʪʦʜʦʚ. 

ʕʪʦ ʫʢʨʝʧʠʣʦ ʪʨʘʜʠʮʠʦʥʥʳʡ ʚʟʛʣʷʜ ʧʦʣʴʟʦʚʘʪʝʣʷ ɻʀʉ ʥʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʥʘʫʯʥʫʶ ʨʘʙʦʯʫʶ ʩʪʘʥʮʠʶ, ʢʦʪʦʨʘʷ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʥʘʙʦʨʘʤ 

ʜʘʥʥʳʭ ʠ ʙʘʟʘʤ ʜʘʥʥʳʭ. ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʠʤʝʣʘ ʢʦʤʧʣʝʢʩʥʦʝ ɻʀʉ-ʧʨʠʣʦʞʝʥʠʝ 

ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʣʦʛʠʢʦʡ ɻʀʉ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ. 

ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɻʀʉ ʦʢʘʟʘʣʘʩʴ ʥʝʦʮʝʥʠʤʦʡ ʠ 

ʙʳʣʘ ʰʠʨʦʢʦ ʧʨʠʥʷʪʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɻʀʉ ʧʦʯʪʠ ʚ 200 000 ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʘ ʤʦʜʝʣʴ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʦʢʘʟʘʣʘʩʴ 

ʥʘʩʪʦʣʴʢʦ ʫʩʧʝʰʥʦʡ, ʯʪʦ ʤʥʦʛʠʝ ʜʫʤʘʶʪ ʪʦʣʴʢʦ ʦ ɻʀʉ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ. ʆʜʥʘʢʦ 

ʚʠʜʝʥʠʝ ɻʀʉ ʨʘʩʰʠʨʷʝʪʩʷ. ʇʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ï ʨʦʩʪ ʀʥʪʝʨʥʝʪʘ, ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʉʋɹɼ, ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʤʦʙʠʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʰʠʨʦʢʦʝ 

ʚʥʝʜʨʝʥʠʝ ɻʀʉ ʧʨʠʚʝʣʠ ʢ ʵʚʦʣʶʮʠʠ ʚʠʜʝʥʠʷ ʠ ʨʦʣʠ ɻʀʉ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʥʘʩʪʦʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ɻʀʉ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ɻʀʉ 

ʤʦʞʝʪ ʙʳʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ ʥʘ ʩʝʨʚʝʨʘʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʚʝʙ-ʩʝʨʚʝʨʘʭ ʜʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ɻʀʉ ʣʶʙʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʩʝʪʷʤ. 

ʌʦʢʫʩʠʨʦʚʘʥʥʳʝ ʥʘʙʦʨʳ ɻʀʉ-ʣʦʛʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʠ ʨʘʟʚʝʨʥʫʪʳ ʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ.  

ʇʝʨʝʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ 

ʧʣʘʪʬʦʨʤ, ʩʨʝʜʩʪʚʘʤʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ 

ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ɻʀʉ. ɺ ʚʳʙʦʨʝ ɻʀʉ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʝʙ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʘʢ MapServer, MapFish, GeoMixer, ʠ ArcGIS  

(ʪʘʙʣʠʮʘ 1) [63].  

MapServer - ʵʪʦ ʩʝʨʚʝʨʥʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C. ʇʦʤʠʤʦ 

ʧʨʦʩʤʦʪʨʘ ʜʘʥʥʳʭ ɻʀʉ, MapServer ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ çʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ 

ʠʟʦʙʨʘʞʝʥʠʡè, ʪʦ ʝʩʪʴ ʢʘʨʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʧʨʘʚʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ 

ʢʦʥʪʝʥʪʫ. ʅʘʧʨʠʤʝʨ, Minnesota DNR Recreation Compass ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʦʣʝʝ 10 000 ʚʝʙ-ʩʪʨʘʥʠʮ, ʦʪʯʝʪʦʚ ʠ ʢʘʨʪ ʯʝʨʝʟ ʦʜʥʦ ʧʨʠʣʦʞʝʥʠʝ. 

ʕʪʦ ʞʝ ʧʨʠʣʦʞʝʥʠʝ ʩʣʫʞʠʪ çʜʚʠʞʢʦʤ ʢʘʨʪʳè ʜʣʷ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʩʘʡʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʢʦʥʪʝʢʩʪ.  

MapServer ʙʳʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʇʨʦʝʢʪʦʤ ForNet ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʄʠʥʥʝʩʦʪʳ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ NASA ʠ ʄʠʥʥʝʩʦʪʩʢʠʤ ʦʪʜʝʣʦʤ ʧʨʠʨʦʜʥʳʭ 
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ʨʝʩʫʨʩʦʚ (ʄʆʇʈ). ʇʦʟʜʥʝʝ ʦʥ ʙʳʣ ʨʘʟʤʝʱʝʥ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ TerraSIP, 

ʩʧʦʥʩʠʨʫʝʤʦʛʦ NASA ʧʨʦʝʢʪʘ ʤʝʞʜʫ ʋʥʠʚʝʨʩʠʪʝʪʘ ʄʠʥʥʝʩʦʪʳ ʠ ʢʦʥʩʦʨʮʠʫʤʦʤ 

ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

MapServer ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʨʦʝʢʪʦʚ ʬʦʥʜʘ OSGeo ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʘʩʪʫʱʠʤ ʯʠʩʣʦʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. ɽʛʦ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʬʠʥʘʥʩʠʨʫʶʪ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʫʧʨʘʚʣʷʶʪʩʷ ʚ ʨʘʤʢʘʭ 

OSGeo ʨʫʢʦʚʦʜʷʱʠʤ ʢʦʤʠʪʝʪʦʤ ʧʨʦʝʢʪʘ MapServer, ʩʦʩʪʦʷʱʠʤ ʠʟ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ.  

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʚʳʚʦʜ MapServer: 

- ʆʪʨʠʩʦʚʢʘ ʟʘʚʠʩʠʤʳʭ ʦʪ ʤʘʩʰʪʘʙʘ ʬʫʥʢʮʠʡ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʠʣʦʞʝʥʠʡ 

- ʄʘʨʢʠʨʦʚʢʘ ʩʣʦʝʚ 

- ʇʦʣʥʦʩʪʴʶ ʥʘʩʪʨʘʠʚʘʝʤʳʡ, ʫʧʨʘʚʣʷʝʤʳʡ ʰʘʙʣʦʥʘʤʠ ʚʳʭʦʜ 

- ʐʨʠʬʪʳ TrueType 

- ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʢʘʨʪʳ (ʤʘʩʰʪʘʙʥʘʷ ʰʢʘʣʘ, ʩʧʨʘʚʦʯʥʘʷ ʢʘʨʪʘ 
ʠ ʣʝʛʝʥʜʘ) 

- ʊʝʤʘʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʷʭ 

- ʇʦʜʜʝʨʞʠʚʘʝʪ ʧʦʧʫʣʷʨʥʳʝ ʷʟʳʢʠ ʠ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʢʘʢ PHP, Python, 

Perl, Ruby, Java ʠ .NET. 

- ʀʤʝʝʪ ʧʦʜʜʝʨʞʢʫ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Linux, Windows, Mac OS X, 

Solaris ʠ ʜʨʫʛʠʝ. 

- ʀʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʤʥʦʞʝʩʪʚʘʤʠ ʨʘʩʪʨʦʚʳʭ ʠ ʚʝʢʪʦʨʥʳʭ 

ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ ʢʘʢ TIFF/GeoTIFF, NetCDF, MrSID, ECW ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩ 

ʧʦʤʦʱʴʶ GDAL. ʊʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʘʥʥʳʝ ESRI shapefiles, PostGIS, 

SpatiaLite, ESRI ArcSDE, Oracle Spatial, MySQL ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩ ʧʦʤʦʱʴʶ OGR 

[64].  

MapFish ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʙʢʠʡ ʠ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʬʨʝʡʤʚʦʨʢ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʝʙ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʥ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʨʘʟʚʠʪʠʷ. 

MapFish ʦʩʥʦʚʘʥ ʥʘ Python ʚʝʙ-ʬʨʝʡʤʚʦʨʢʝ Pylons. MapFish ʨʘʩʰʠʨʷʝʪ 

Pylons ʩ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ. MapFish ʜʘʝʪ ʢʦʥʢʨʝʪʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʩʝʨʚʠʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʨʘʰʠʚʘʪʴ ʠ 

ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. MapFish ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʥʳʡ 

RIA-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ JavaScript ʠʥʩʪʨʫʤʝʥʪʳ, ʩʨʝʜʫ ʪʝʩʪʠʨʦʚʘʥʠʷ JavaScript, ʘ 

ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʞʘʪʠʷ JavaScript ʢʦʜʘ. ʀʥʩʪʨʫʤʝʥʪʳ JavaScript ʩʦʩʪʦʠʪ 

ʠʟ ExtJS, OpenLayers, GeoExt JavaScript ʠʥʩʪʨʫʤʝʥʪʘʨʠʠ. 

MapFish ʩʦʚʤʝʩʪʠʤ ʩ Open Geospatial Consortium ʩʪʘʥʜʘʨʪʘʤʠ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ OpenLayers ʠʣʠ GeoExt, ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʥʦʨʤ 

OGC, ʢʘʢ WMS, WFS, WMC, KML , GML ʠ ʪ.ʜ. MapFish ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʜ ʣʠʮʝʥʟʠʝʡ BSD [65]. 

GeoMixer ï ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʀʊʎ ʉʂɸʅʕʂʉ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʚ 

ʀʥʪʝʨʥʝʪʝ. ʋ GeoMixer ʠʤʝʝʪʩʷ Web-GIS ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 
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ʨʘʙʦʪʘʪʴ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʠʣʠ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʥʘ ʜʦʤʘʰʥʝʤ 

ʢʦʤʧʴʶʪʝʨʝ. 

GeoMixer WEB-GIS ï ʵʪʦ ʚʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʛʝʦʜʘʥʥʳʤʠ ʠ ʛʝʦʩʝʨʚʠʩʘʤʠ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ 

ʧʨʦʝʢʪʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʨʦʚʳʭ ʠ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʢʣʶʯʘʪʴ ʢ ʩʠʩʪʝʤʝ 

ʩʪʦʨʦʥʥʠʝ ʩʝʨʚʠʩʳ, ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʦʩʪʫʧ ʢ ʵʪʠʤ ʜʘʥʥʳʤ ʜʨʫʛʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʦʩʤʦʪʨʘ ʛʝʦʜʘʥʥʳʭ. ʀʤʝʝʪʩʷ 

GeoMixer API ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʝʙ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʢʘʨʪʫ ʚ ʚʠʜʝ ʪʦʧʦʦʩʥʦʚʳ, ʩʦʜʝʨʞʘʱʫʶ ʢʦʩʤʠʯʝʩʢʠʝ 

ʩʥʠʤʢʠ ʩʝʨʚʝʨʘ kosmosnimki.ru. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

GeoMixer API ʚʤʝʩʪʝ ʩ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʰʠʚʘʪʴ ʥʘʙʦʨʳ ʛʝʦʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, 

ʩ ʩʝʨʚʝʨʘ kosmosnimki.ru ʠ ʩ ʣʦʢʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʘ ʢʦʪʦʨʦʤ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʣʦʞʝʥʠʝ çGeoMixerè) [66].  

ArcGIS ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ɻʀʉ ʜʣʷ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʤʥʦʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʥʘʩʪʦʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʘʭ, ʩʝʨʚʝʨʘʭ, ʚ ʀʥʪʝʨʥʝʪʝ ʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ArcGIS - ʵʪʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ɻʀʉ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ɻʀʉ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ɻʀʉ: 

- ArcGIS Desktop - ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ɻʀʉ-

ʧʨʠʣʦʞʝʥʠʡ 

- ArcGIS Engine - ʚʩʪʨʘʠʚʘʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʘʟʨʘʙʦʪʯʠʢʘ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ɻʀʉ-ʧʨʠʣʦʞʝʥʠʡ 

- ʉʝʨʚʝʨʥʳʝ ɻʀʉ - ArcSDE, ArcIMS ʠ ArcGIS Server 

- ʄʦʙʠʣʴʥʳʝ ɻʀʉ - ArcPad, ʘ ʪʘʢʞʝ ArcGIS Desktop ʠ Engine ʜʣʷ 

ʧʣʘʥʰʝʪʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

ʅʘʩʪʦʣʴʥʘʷ ɻʀʉ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʧʝʮʠʘʣʠʩʪʳ 

ɻʀʉ ʩʦʙʠʨʘʶʪ ʠ ʠʩʧʦʣʴʟʫʶʪ ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʟʥʘʥʠʷ. 

ʉʧʝʮʠʘʣʠʩʪʳ ɻʀʉ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʙʦʯʠʡ ʩʪʦʣ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʫʧʨʘʚʣʝʥʠʠ ʠ ʧʫʙʣʠʢʘʮʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. 

ArcGIS Desktop ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʧʝʨʝʜʦʚʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ɻʀʉ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʝʨʠʶ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ Windows 

(ʥʘʧʨʠʤʝʨ, ArcMap, ArcCatalog, ArcToolbox ʠ ArcGlobe) ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ArcGIS Desktop ʜʦʩʪʫʧʝʥ ʥʘ ʪʨʝʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʨʦʚʥʷʭ - ArcView, ArcEditor ʠ ArcInfo - ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥ 

ʠ ʨʘʩʰʠʨʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ArcGIS Desktop Developers, 

ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʢʦʤʧʣʝʢʪ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ɻʀʉ ʨʘʟʚʝʨʪʳʚʘʶʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʝʨʚʝʨʥʳʝ ɻʀʉ, ʯʪʦʙʳ 

ʧʫʙʣʠʢʦʚʘʪʴ ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ ʚ ʢʨʫʧʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʠ ʫ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʀʥʪʝʨʥʝʪʝ. ʉʝʨʚʝʨʥʦʝ ɻʀʉ-

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʶʙʦʛʦ ʚʠʜʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ 

ʨʘʟʤʝʱʘʝʤʳʭ ɻʀʉ-ʚʳʯʠʩʣʝʥʠʡ ʠ ʨʘʩʰʠʨʷʝʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ ɻʀʉ ʠ ʛʝʦʦʙʨʘʙʦʪʢʠ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʢʘʨʪ ʠ ʜʘʥʥʳʭ, 
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ɻʀʉ-ʩʝʨʚʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ 

ɻʀʉ ʥʘ ʦʙʱʝʤ ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʨʚʝʨʝ, ʚʢʣʶʯʘʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ, ʩʣʦʞʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʧʨʦʩʳ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʫʶ ʩʙʦʨʢʫ ʜʘʥʥʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ, 

ʧʘʢʝʪʥʫʶ ʛʝʦʦʙʨʘʙʦʪʢʫ, ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʪ.ʜ. 

ʉʝʨʚʝʨʳ ɻʀʉ ʩʦʚʤʝʩʪʠʤʳ ʩ ʀʊ ʠ ʦʪʣʠʯʥʦ ʨʘʙʦʪʘʶʪ ʩ ʜʨʫʛʠʤʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʝʙ-ʩʝʨʚʝʨʳ, ʉʋɹɼ ʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʚʢʣʶʯʘʷ .NET ʠ Java 2 Platform Enterprise Edition. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ɻʀʉ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ArcGIS Server - ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʱʫʶ 

ʙʠʙʣʠʦʪʝʢʫ ʦʙʲʝʢʪʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɻʀʉ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʦʨʦʥʥʠʭ 

ɻʀʉ-ʧʨʠʣʦʞʝʥʠʡ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ ʚʝʙ-ʩʨʝʜʘʭ. ArcGIS Server - ʵʪʦ ʥʦʚʳʡ 

ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ɻʀʉ, ʚʝʙ-ʩʣʫʞʙ ʥʘ ʦʩʥʦʚʝ SOAP ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

ɺʩʪʨʦʝʥʥʘʷ ɻʀʉ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ɻʀʉ-

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ɻʀʉ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʷʤ ɻʀʉ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʪʳʭ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʤʥʦʛʠʤʠ ʠʟ ʪʝʭ, ʢʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʷʪʴ ɻʀʉ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʚʦʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʨʘʙʦʪʝ. 

ArcGIS Engine ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʷʜ ʚʩʪʨʘʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ArcGIS, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʥʝ ʧʨʠʣʦʞʝʥʠʷ ArcGIS Desktop (ʥʘʧʨʠʤʝʨ, ʦʙʲʝʢʪʳ 

ʦʪʦʙʨʘʞʝʥʠʷ ʫʧʨʘʚʣʷʶʪʩʷ ʢʘʢ ʯʘʩʪʴ ArcGIS Engine, ʘ ʥʝ ʚ ArcMap). ʀʩʧʦʣʴʟʫʷ 

ArcGIS Engine, ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʦʟʜʘʶʪ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʝ ɻʀʉ-ʨʝʰʝʥʠʷ ʩ 

ʧʨʦʩʪʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʣʶʙʦʤʫ ʥʘʙʦʨʫ ʬʫʥʢʮʠʡ ɻʀʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ C ++, COM, .NET ʠ Java. 

ɹʘʟʘ ʛʝʦʜʘʥʥʳʭ, ʩʦʢʨʘʱʝʥʥʦʝ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ 

ʙʘʟʦʚʦʡ ʤʦʜʝʣʴʶ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ɻʀʉ ʚ 

ʪʝʤʘʪʠʯʝʩʢʠʭ ʩʣʦʷʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ. ɹʘʟʘ ʛʝʦʜʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ɻʀʉ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. ʃʦʛʠʢʘ ʧʨʠʣʦʞʝʥʠʷ ʙʘʟʳ ʛʝʦʜʘʥʥʳʭ 

ʜʦʩʪʫʧʥʘ ʚ ʢʣʠʝʥʪʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ (ʪʘʢʠʭ ʢʘʢ ArcGIS Desktop), ʢʦʥʬʠʛʫʨʘʮʠʷʭ 

ʩʝʨʚʝʨʦʚ (ʪʘʢʠʭ ʢʘʢ ArcGIS Server) ʠ ʚʩʪʨʦʝʥʥʳʭ ʚ ʟʘʢʘʟʥʳʝ ʧʨʠʣʦʞʝʥʠʷ (ArcGIS 

Engine) [67]. 

ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʚʳʷʚʠʣ ʧʦʜʭʦʜʷʱʠʤ ʚʘʨʠʘʥʪʦʤ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ArcGIS. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʢʘʨʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ArcGIS for Desktop, ʘ 

ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʵʪʠʭ ʢʘʨʪ ʥʘ ʚʝʙ ʧʦʨʪʘʣʝ ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ArcGIS for 

Server. 



 30 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ɻʀʉ ʩʠʩʪʝʤ 

 
ʇʘʨʘʤʝʪʨʳ 

ʩʨʘʚʥʝʥʠʷ 

MapServer MapFish GeoMixer ArcGIS 

1 2 3 4 5 

ʉʪʨʘʥʘ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʉʐɸ ʌʨʘʥʮʠʷ, ʐʚʝʡʮʘʨʠʷ ʈʌ ʉʐɸ 

ʂʦʤʧʘʥʠʷ 

ʨʘʟʨʘʙʦʪʯʠʢ 

University of Minnesota Camptocamp SA ʀʊʎ ʉʂɸʅʕʂʉ ESRI 

ɼʦʢʫʤʝʥʪʘʮʠʷ ʗʟʳʢʠ: ʘʥʛʣ. 

ʋʨʦʚʝʥʴ: ʧʦʣʴʟʦʚʘʪʝʣʴ, 

ʨʘʟʨʘʙʦʪʯʠʢ 

ʗʟʳʢʠ: ʘʥʛʣ., ʬʨʘʥʮ. 

ʋʨʦʚʝʥʴ: ʧʦʣʴʟʦʚʘʪʝʣʴ, 

ʨʘʟʨʘʙʦʪʯʠʢ 

ʗʟʳʢʠ: ʨʫʩ. 

ʋʨʦʚʝʥʴ: ʧʦʣʴʟʦʚʘʪʝʣʴ, 

ʨʘʟʨʘʙʦʪʯʠʢ 

ʗʟʳʢʠ: ʘʥʛʣ., ʨʫʩ. 

ʋʨʦʚʝʥʴ: ʧʦʣʴʟʦʚʘʪʝʣʴ, 

ʨʘʟʨʘʙʦʪʯʠʢ 

ʂʦʤʤʝʥʪʘʨʠʠ ɹʘʟʦʚʳʝ ʬʫʥʢʮʠʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ 

ʥʘʚʠʛʘʮʠʠ, ʣʝʛʝʥʜʘ. 

ʇʦʜʜʝʨʞʠʚʘʝʪ SLD. 

ʈʘʩʰʠʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

HTML-ʰʘʙʣʦʥʦʚ ʠ 

MapScript. ʇʦʜʜʝʨʞʠʚʘʝʪ 

ʩʠʤʚʦʣʳ (ʪʦʯʢʠ, ʣʠʥʠʠ) ʠ 

ʧʦʜʧʠʩʠ. ʅʝʪ AJAX. 

ʌʨʝʡʤʚʦʨʢ. ʅʘʧʨʘʚʣʝʥ ʥʘ 

ʩʦʟʜʘʥʠʝ RIA. ʆʩʥʦʚʘʥ ʥʘ 

Pylons. ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ 

ʠʩʧʦʣʴʟʫʝʪ ʜʦʧʦʣʥʝʥʥʳʝ 

ʚʝʨʩʠʠ OpenLayers, GeoExt 

ʠ ExtJS. ɽʩʪʴ ʠʥʪʝʨʬʝʡʩ 

'Studio' ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷʤʠ. 

ʅʫʞʝʥ ʙʨʘʫʟʝʨ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ flash. 

API ð ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ð ʧʦʟʚʦʣʷʝʪ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʨʦʝʢʪʳ, 

ʩʦʟʜʘʥʥʳʝ ʚ Web-GIS, ʚ 

ʩʪʦʨʦʥʥʠʝ ʩʘʡʪʳ, 

ʧʦʜʢʣʶʯʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʠ 

ʩʝʨʚʠʩʳ. 

ArcGIS 

ʩʦʩʪʦʠʪʠʟʩʣʝʜʫʶʱʠʭʙʣʦʢ

ʦʚ: ArcGIS for Desktop 

(ArcView, ArcReader, 

ArcInfo, ArcEditor) ArcGIS 

for Server, ArcGIS Engine, 

ArcPad, ArcObjects. 

ʈʘʟʨʘʙʦʪʯʠʢʘʤ ArcGIS 

ʜʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤ. 

ʅʘ ʢʘʢʦʤ ʷʟʳʢʝ 

ʥʘʧʠʩʘʥ 

C/C++ Javascript; Python .NET, Flash C#, Visual Basic, Python 

ʗʟʳʢ API Java, .NET, Perl, PHP, Python, 

Ruby 

Java; JavaScript; PHP; 

Python; Ruby 

JavaScript JavaScript; Flex; Silverlight 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 
 

1 2 3 4 5 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʩʝʨʚʠʩʳ OGC 

WMS; WFS WMS; WFS WMS WMS, WCS, WFS, WPS ʠ 

WMTS 

ʈʘʙʦʪʘ ʩ ʪʘʡʣʘʤʠ ʥʝʪ ʜʘ ʜʘ ʜʘ 

ʉʢʨʠʥʰʦʪ 
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http://www.mapserver.org http://www.mapfish.org http://geomixer.ru/ http://www.esri.com 
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ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʤʫ ʨʘʟʜʝʣʫ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ 

ʤʦʜʝʣʠ, ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɹʳʣʠ ʜʘʥʳ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʝ 

ʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʦʮʝʥʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʤʠʨʘ (ʙʠʦʪʳ). ʊʘʢ ʢʘʢ ʚ ʦʩʥʦʚʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʣʝʞʠʪ 

ʧʨʦʛʥʦʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ, ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ ʠ ʨʘʩʯʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʠ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʨʝʣʴʝʬ ʤʦʨʩʢʦʛʦ ʜʥʘ, 

ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ. 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʥʝʬʪʠ ʚ ʤʦʨʩʢʫʶ ʩʨʝʜʫ ʧʨʦʠʩʭʦʜʷʪ ʚʘʞʥʝʡʰʠʝ ʧʨʦʮʝʩʩʳ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʬʪʠ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʪʝʢʘʥʠʝ, ʠʩʧʘʨʝʥʠʝ, ʨʘʩʪʚʦʨʝʥʠʝ, 

ʵʤʫʣʴʩʠʬʠʢʘʮʠʷ, ʦʩʘʞʜʝʥʠʝ, ʙʠʦʜʝʛʨʘʜʘʮʠʷ, ʬʦʪʦʦʢʠʩʣʝʥʠʝ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʜʠʩʧʝʨʩʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʠ ʪʨʝʙʫʶʪʩʷ, ʧʦʤʠʤʦ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʤʦʨʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ, ʦʩʘʜʢʠ ʠ ʠʩʧʘʨʝʥʠʷ, 

ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʬʪʠ. 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʚʳʙʨʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʵʪʦʤʫ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠ ʚʳʷʚʣʝʥʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ʩʨʝʜʘ. 
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3 ɺʓʏʀʉʃʀʊɽʃʔʅʓʁ ʇʈʆʎɽʉʉ ʄʆɼɽʃɽʁ ʈɸʉʏɽʊɸ ʀ 

ʆʎɽʅʂʀ ʈʀʉʂʆɺ 

3.1 ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʷʤʳʭ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʂʘʩʧʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ HD (Hydrodynamic) ʠ 

OS (Oil Spill) ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ MIKE 21, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ɼʘʪʩʢʠʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ (DHI). ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʂʘʟɻʠʜʨʦʄʝʪ) ʜʣʷ ʘʥʘʣʠʟʘ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ ʚ 

ʰʝʣʴʬʦʚʳʭ ʨʘʡʦʥʘʭ ʨʘʟʣʠʯʥʳʭ ʤʦʨʝʡ. ʂʦʤʧʣʝʢʩ MIKE 21 ʙʳʣ ʘʜʘʧʪʠʨʦʚʘʥ ʢ 

ʫʩʣʦʚʠʷʤ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʩ ʫʯʝʪʦʤ ʤʝʣʢʦʚʦʜʴʷ, ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʷʚʣʝʥʠʡ, 

ʨʝʯʥʳʭ ʧʨʠʪʦʢʦʚ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ.  

ʆʩʥʦʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʜʠʥʠʮʝʡ ʷʚʣʷʝʪʩʷ ʢʘʨʪʘ, ʢʘʢ ʜʠʩʢʨʝʪʥʘʷ 

ʬʫʥʢʮʠʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʫʟʣʦʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ, ʥʘʣʦʞʝʥʥʦʡ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʘʢʚʘʪʦʨʠʶ ʤʦʨʷ. ʕʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜʳ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʠʥʩʪʨʫʤʝʥʪʳ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ, ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʠʩʢ ï ʤʦʜʝʣʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʩʙʦʨʝ ʠ 

ʢʘʨʪʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ ʞʠʚʦʪʥʦʤʫ ʠ ʨʘʩʪʠʪʝʣʴʥʦʤʫ ʤʠʨʫ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ. 

ɺ ʮʝʣʦʤ ʯʠʩʣʝʥʥʘʷ ʨʠʩʢ-ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʴʰʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʙʦʣʴʰʠʝ 

ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʩʣʦʞʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɺ 

ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʧʠʰʝʤ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʘʣʝʝ (ʨʠʩʫʥʦʢ 3). 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʨʘʟʜʝʣʘʭ.  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɸʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʨʠʩʢ-ʤʦʜʝʣʠ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʭʝʤʳ, ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʨʦʮʝʜʫʨʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʩʪʳʢʫʶʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ 

ʙʠʦʪʳ ʚʩʣʝʜʩʪʚʠʝ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ. ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʚ ʧʣʘʥʝ 

ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʘʷ ʮʝʧʦʯʢʘ çʤʝʪʝʦè-çʛʠʜʨʦʜʠʥʘʤʠʢʘè-

çʥʝʬʪʴè. 

ʅʘ ʵʪʘʧʝ çʤʝʪʝʦè ʬʦʨʤʠʨʫʝʪʩʷ ʧʘʢʝʪ ʤʝʪʝʦʩʠʪʫʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ 

ʜʘʥʥʳʭ ERA Interim, ʛʜʝ ʩʦʙʨʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʘʥʘʣʠʟʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʟʘ 40-ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ 

ʙʦʣʴʰʦʤʫ ʦʙʲʝʤʫ ʜʘʥʥʳʭ ʫʜʘʣʦʩʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʧʘʢʝʪ 

ʤʝʪʝʦʩʠʪʫʘʮʠʡ. ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʧʦʣʝʡ ʤʝʪʝʦʵʣʝʤʝʥʪʦʚ ʠʟ ʙʘʟʳ ERA Interim 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʢʝʪʘ ʤʝʪʝʦʩʠʪʫʘʮʠʡ ʠʟʣʦʞʝʥ ʚ ʨʘʟʜʝʣʝ 3.2.1. 

ʇʦʣʷ ʚʝʪʨʘ, ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʤʝʪʝʦʧʘʢʝʪʘ 

ʧʦʩʪʫʧʘʣʠ ʜʘʣʝʝ ʚ ʨʘʩʯʝʪʥʳʡ ʙʣʦʢ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʂʘʩʧʠʷ. ɿʜʝʩʴ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʝʣʠ MIKE 21 HD ʜʣʷ ʢʘʞʜʦʡ ʤʝʪʝʦʩʠʪʫʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ, ʠ ʬʦʨʤʠʨʦʚʘʣʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʢʝʪ ʚ ʚʠʜʝ 

ʥʘʙʦʨʘ ʢʘʨʪ. ʕʪʘ ʩʣʦʞʥʘʷ ʨʘʩʯʝʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʙʦʣʴʰʠʤ 

ʦʙʲʝʤʦʤ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʙʘʪʠʤʝʪʨʠʠ ʤʦʨʷ, ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ, ʧʨʠʪʦʢʘʤ ʨʝʢ 

ɺʦʣʛʘ ʠ ʋʨʘʣ. ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʪʝʩʪʦʚʳʭ ʨʘʩʯʝʪʦʚ ʩ ʧʦʜʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʤ ʂʘʩʧʠʷ. ʇʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʟʜʝʣʝ 3.3.1.  

ʉʣʝʜʫʶʱʠʡ ʚʘʞʥʳʡ ʵʪʘʧ ʩʚʷʟʘʥ ʩ ʨʘʩʯʝʪʦʤ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ 

ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʦʡ ʘʚʘʨʠʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ MIKE 

21 OS ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʘʢʝʪ ʢʘʨʪ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʧʘʢʝʪʫ. ɺ ʦʩʥʦʚʫ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʘʚʘʨʠʠ ʠʟʚʝʩʪʥʳ, ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʚʨʝʤʷ ʘʚʘʨʠʠ. ɿʘʢʘʟʯʠʢ ʟʘʜʘʝʪ ʧʝʨʠʦʜ ʚʦʟʤʦʞʥʦʡ ʘʚʘʨʠʠ, ʟʥʘʷ ʚʨʝʤʷ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʦʧʘʩʥʘʷ ʥʝʬʪʷʥʘʷ ʦʧʝʨʘʮʠʠ. ɿʜʝʩʴ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ï ʤʦʤʝʥʪʳ ʘʚʘʨʠʠ ʥʘ ʟʘʜʘʥʥʦʤ ʧʝʨʠʦʜʝ ʷʚʣʷʶʪʩʷ 

ʥʘʯʘʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʤʝʪʝʦʩʠʪʫʘʮʠʡ. ʅʘʙʦʨ ʩʠʪʫʘʮʠʡ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

(ʧʦʜ ʩʠʪʫʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʩ ʥʘʯʘʣʴʥʦʛʦ ʜʦ ʢʦʥʝʯʥʦʛʦ ʤʦʤʝʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʪʝʦʩʠʪʫʘʮʠʠ) ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠ 

ʚʳʜʘʝʪʩʷ ʟʘʢʘʟʯʠʢʫ ʚ ʚʠʜʝ ʢʘʨʪʳ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ï ʦʮʝʥʢʠ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ 

ʙʠʦʪʳ ʧʨʠ ʥʝʬʪʷʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ - ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʜʫʣʴ ʧʝʨʝʜʘʝʪʩʷ ʚʝʩʴ 

ʧʘʢʝʪ, ʛʜʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʩʠʪʫʘʮʠʠ. 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʘʥʘʣʠʟʦʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ 

ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ ʂʘʩʧʠʷ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʯʝʤ ʦʙʨʘʙʦʪʢʘ ʚʳʧʦʣʥʷʣʘʩʴ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ, ʩʣʝʜʫʷ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʫʷʟʚʠʤʦʩʪʠ (ʩʤ. ʨʘʟʜʝʣ 3.2.2). ʈʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ 

ʢʘʨʪʳ ʤʝʩʪ ʦʙʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, 

ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. 
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ɼʘʣʝʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʫʷʟʚʠʤʦʩʪʠ. ʕʪʠ ʜʦʩʪʘʪʦʯʥʦ 

ʠʥʪʫʠʪʠʚʥʳʝ ʧʦʥʷʪʠʷ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 3.2.2. 

ʀʪʦʛʦʤ ʚʩʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʣʩʷ ʨʘʩʯʝʪ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ 

ʙʠʦʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʬʪʠ. ɿʜʝʩʴ ʩʦʚʤʝʩʪʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 

ʢʘʨʪʳ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʢʘʨʪʳ ʟʦʥ ʦʙʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩ 

ʫʯʝʪʦʤ ʠʭ ʫʷʟʚʠʤʦʩʪʠ. ʅʘ ʩʭʝʤʝ ʵʪʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦʤ ʪʦʯʝʢ 

ʧʝʨʝʩʝʯʝʥʠʷ ʥʝʬʪʷʥʳʭ ʢʘʨʪ ʠ ʢʘʨʪ ʟʦʥ ʦʙʠʪʘʥʠʷ. ʆʪʤʝʪʠʤ, ʨʠʩʢ ʧʦʨʘʞʝʥʠʷ 

ʙʠʦʪʳ ʧʦ ʩʤʳʩʣʫ ʬʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʥʷʪʠʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ ʢ 

ʥʝʬʪʷʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʆʜʥʘʢʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʦ ʠʥʪʫʠʪʠʚʥʦʝ ʧʦʥʷʪʠʝ 

ʠʤʝʝʪ ʯʝʪʢʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʩʣʝʜʫʷ 

ʢʦʥʢʨʝʪʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʥʷʪʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʫʷʟʚʠʤʦʩʪʠ 

ʪʘʢʞʝ ʧʦʣʫʯʠʣʠ ʪʘʢʞʝ ʩʪʨʦʛʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

 

3.2 ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʠʩʘʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ 

ʧʦʩʪʫʧʘʶʪ ʚ ʩʠʩʪʝʤʫ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʝʨʚʠʩʦʚ ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ. 

 

3.2.1 ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʘʢʝʪʘ ʤʝʪʝʦʩʠʪʫʘʮʠʡ 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ RANDOM, 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʝ ʠ ʧʨʦʛʥʦʟʥʳʝ. ʀʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ERA Interim, ʩʦʟʜʘʥʥʦʡ ɽʚʨʦʧʝʡʩʢʠʤ 

ʎʝʥʪʨʦʤ ʉʨʝʜʥʝʩʨʦʯʥʳʭ ʇʨʦʛʥʦʟʦʚ ʇʦʛʦʜʳ (ECMWF) ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʝʛʦ 

ʩʝʨʚʝʨʝ [68]. ʇʨʦʛʥʦʟʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ECMWF ʧʦʩʪʫʧʘʶʪ ʥʘ ftp-

ʩʝʨʚʝʨ ʊʆʆ çEcoRiskè.  

ʆʙʘ ʚʠʜʘ ʜʘʥʥʳʭ ʧʦʩʪʫʧʘʶʪ ʚ ʙʠʥʘʨʥʦʤ ʬʦʨʤʘʪʝ GRIB ʠ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ 

ʥʘ ʚʳʜʝʣʝʥʥʦʤ ʩʝʨʚʝʨʝ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʇʘʨʘʤʝʪʨʳ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠʣʣʶʩʪʨʠʨʫʝʪ ʪʘʙʣʠʮʘ 2. 

ʇʨʦʛʥʦʟʥʳʝ ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʩʝʨʚʝʨ ʝʞʝʜʥʝʚʥʦ. ʏʝʪʳʨʝʭʩʨʦʯʥʳʡ 

ʧʨʦʛʥʦʟ ʤʝʪʝʦʩʠʪʫʘʮʠʡ ʜʘʝʪʩʷ ʥʘ 10 ʜʥʝʡ ʚʧʝʨʝʜ ʩ ʠʥʪʝʨʚʘʣʦʤ 6 ʯʘʩʦʚ (40 

ʬʘʡʣʦʚ). ʄʝʪʝʦʜʘʥʥʳʝ ʟʘ ʜʘʪʫ ʥʘʯʘʣʘ ʦʪʯʝʪʘ ʥʘ ʩʨʦʢ 00:00 GMT ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʘʥʘʣʠʟʘ (1 ʬʘʡʣ). ʀʪʦʛʦ, ʝʞʝʜʥʝʚʥʦ ʥʘ ʩʝʨʚʝʨ ʧʦʩʪʫʧʘʝʪ 41 ʬʘʡʣ 

ʚ ʬʦʨʤʘʪʝ GRIB, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʨʦʛʥʦʟʥʳʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʤʝʪʝʦʜʘʥʥʳʝ ʨʝʘʥʘʣʠʟʘ ERA Interim ʜʦʩʪʫʧʥʳ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʩ 

ʩʘʡʪʘ ECMWF ʥʘ ʧʝʨʠʦʜ ʩ 1 ʷʥʚʘʨʷ 1979 ʛ. ʧʦ ʩʝʛʦʜʥʷʰʥʠʝ ʜʥʠ 

(http://apps.ecmwf.int/datasets/).  

 

ʊʘʙʣʠʮʘ 2 ï ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

 

ʅʘʟʚʘʥʠʝ ʂʨʘʪʢʦʝ 

ʥʘʟʚʘʥʠʝ 

ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ U ʥʘ ʚʳʩʦʪʝ 10 ʤ 10U ʤ/ʩ 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ V ʥʘ ʚʳʩʦʪʝ 10 ʤ 10V ʤ/ʩ 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SP ʇʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

 

ʅʘʟʚʘʥʠʝ ʂʨʘʪʢʦʝ 

ʥʘʟʚʘʥʠʝ 

ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ ʚʳʩʦʪʝ 2 ʤ 2T ʂ 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʦʨʷ SST ʂ 

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ TP ʤ 

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʘʨʝʥʠʷ E ʤ 

ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ SSRD ɼʞ/ʤ2 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʨʘʩʯʝʪʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʝʛʦ ʘʢʚʘʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ 

ʤʝʪʝʦʜʘʥʥʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʬʦʨʤʘʪʝ ʇʆ MIKE21 DFS2 [69]. ɼʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʭʦʜʘ ʧʨʦʛʥʦʟʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʬʦʨʤʘʪʘ 

GRIB ʚ DFS2 ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʮʝʜʫʨʳ: 

ʂʦʧʠʨʦʚʘʥʠʝ ʩ FTP ʩʝʨʚʝʨʘ GRIB ʬʘʡʣʦʚ ʟʘ ʫʢʘʟʘʥʥʫʶ ʜʘʪʫ. ʕʪʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ DownloadGrib(). 

ʂʦʥʚʝʨʪʘʮʠʷ ʬʘʡʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʬʦʨʤʘʪʝ GRIB, ʚ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ 

XYZ ʜʣʷ ʢʘʞʜʦʛʦ ʩʨʦʢʘ ʠ ʤʝʪʝʦʧʘʨʘʤʝʪʨʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɼʘʥʥʘʷ ʢʦʥʚʝʨʪʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʜʫʨʳ Grib2Txt(), ʟʘʧʫʩʢʘʶʱʠʡ ʩʢʨʠʧʪ 

grib2txt.sh, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ API, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ECMWF ʧʦʜ 

ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ Linux [70]. ʉʦʟʜʘʥʥʳʡ ʩʢʨʠʧʪ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʝ 

Cygwin, ʷʚʣʷʶʱʝʡʩʷ UNIX-ʧʦʜʦʙʥʦʡ ʩʨʝʜʦʡ ʠ ʠʤʝʶʱʝʡ ʠʥʪʝʨʬʝʡʩ ʢʦʤʘʥʜʥʦʡ 

ʩʪʨʦʢʠ ʜʣʷ Microsoft Windows. ʈʝʘʣʠʟʘʮʠʷ ʩʢʨʠʧʪʘ ʚ ʜʘʥʥʦʡ ʩʨʝʜʝ ʚʳʟʚʘʥʘ ʪʝʤ, 

ʯʪʦ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ ʧʦ ʢʦʥʚʝʨʪʘʮʠʠ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʆʉ Windows.  

ʂʦʥʚʝʨʪʘʮʠʷ ʬʘʡʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ ʜʘʥʥʳʭ XYZ, ʚ 

ʬʦʨʤʘʪ ASCII GRID, ʥʘʟʥʘʯʝʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ UTM-39 ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʥʚʝʨʪʘʮʠʷ ʚ ʬʦʨʤʘʪ DFS2. ɺʳʙʦʨ ʬʦʨʤʘʪʘ ASCII GRID 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʇʆ MIKE ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʫʢʘʟʘʥʥʦʛʦ 

ʬʦʨʤʘʪʘ ʚ DFS2 ï ʢʦʥʝʯʥʳʡ ʬʦʨʤʘʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʂʦʥʚʝʨʪʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦʮʝʜʫʨʳ Txt2Dfs(), ʢʦʪʦʨʘʷ 

ʟʘʧʫʩʢʘʝʪ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʷʟʳʢʝ Python ʩʢʨʠʧʪ txt2dfsArc10.py, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʙʠʙʣʠʦʪʝʢʠ ʇʆ ArcGIS ʠ MIKE. ʇʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʤʝʪʝʦʜʘʥʥʳʝ ʧʨʦʭʦʜʷʪ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ: 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ MakeXYEventLayer ʬʘʡʣʳ ʬʦʨʤʘʪʘ XYZ 

ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ ʩʣʦʠ ʪʦʯʝʯʥʳʭ ʜʘʥʥʳʭ ArcGIS; 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ PointToRaster ʩʣʦʠ ʪʦʯʝʯʥʳʭ ʜʘʥʥʳʭ 

ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ ʨʘʩʪʨʦʚʳʝ ʩʣʦʠ GRID ʬʦʨʤʘʪʘ, ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʣʦʝʚ ʠʟ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

UTM-39; 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ RasterToASCII ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʚʝʨʪʘʮʠʷ 

ʨʘʩʪʨʦʚʳʭ ʩʣʦʝʚ ʚ ʬʘʡʣʳ ʬʦʨʤʘʪʘ ASCII GRID. 
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ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ GRID2DFS ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ MIKE 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʤʧʦʨʪ ʤʝʪʝʦʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪ DFS2; 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʝʯʥʳʭ ʬʘʡʣʦʚ ʚ ʬʦʨʤʘʪʝ DFS2. ɼʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ JoinDfs() ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ MIKE. ʇʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʤʝʪʝʦʜʘʥʥʳʝ ʧʨʦʭʦʜʷʪ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ: 

ʉʣʠʷʥʠʝ ʚ ʦʜʠʥ DFS2-ʬʘʡʣ ʚʩʝʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʩʝʭ 

ʩʨʦʢʦʚ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʛʥʦʟʫ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ 240 ʯʘʩʦʚ; 

ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ SP, 2T, SSTK, TP, E, SSRD 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʭʦʜʘ ʦʪ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ECMWF ʢ ʝʜʠʥʠʮʘʤ ʠʟʤʝʨʝʥʠʷ, 

ʟʘʧʨʘʰʠʚʘʝʤʳʤ ʇʆ MIKE; 

ʀʥʪʝʨʧʦʣʷʮʠʷ DFS2-ʬʘʡʣʘ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʝʪʢʫ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ 

1000 ʥʘ 1000 ʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʬʦʨʤʳ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʘʡʣʘ ʚ ʬʦʨʤʘʪʝ DFS0, ʩʦʜʝʨʞʘʱʝʛʦ ʫʩʨʝʜʥʝʥʥʳʝ ʜʣʷ 

ʘʢʚʘʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ɺʳʯʠʩʣʝʥʠʝ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʢʘʞʜʳʡ ʩʨʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ 

AverageSSRD() ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ MIKE. 

ʂʦʥʚʝʨʪʘʮʠʷ ʚ ʚʝʢʪʦʨʥʳʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ RANDOM. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ XYZ, ʚ ʚʝʢʪʦʨʥʳʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʳʭ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʢʨʠʧʪʘ 

txt2shpArc10.py ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ArcGIS, 

ʢʦʪʦʨʳʡ ʟʘʧʫʩʢʘʝʪʩʷ ʚʳʟʦʚʦʤ ʧʨʦʮʝʜʫʨʳ Txt2Shp(). 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʙʳʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚʦʝʜʠʥʦ, ʠ ʪʝʧʝʨʴ ʦʥʠ 

ʠʤʝʶʪ ʦʜʥʫ ʪʦʯʢʫ ʟʘʧʫʩʢʘ. ʀʥʪʝʛʨʠʨʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. ɺ ʥʝʡ ʨʝʘʣʠʟʦʚʘʥʳ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʮʝʜʫʨʳ, 

ʟʘʧʫʩʢʘʝʤʳʝ ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ ʧʦʨʷʜʢʝ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʠʟ 

ʬʦʨʤʘʪʘ GRIB ʚ DFS2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʜʫʨ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʮʝʜʫʨʘʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʟʘʛʨʫʟʢʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʩ ʩʝʨʚʝʨʘ ECMWF. ʉʢʘʯʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ 

DownloadGrib(), ʟʘʧʫʩʢʘʶʱʝʡ ʩʢʨʠʧʪ ecmwfdownload.py. 

ʈʠʩʫʥʦʢ 4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʦʢʠ ʬʘʡʣʦʚ ʧʨʦʛʥʦʟʥʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʟ ʠʩʭʦʜʥʦʛʦ ʬʦʨʤʘʪʘ GRIB ʚ ʬʦʨʤʘʪʳ: DFS2, 

DFS0 ʜʣʷ ʤʝʪʝʦʧʘʨʘʤʝʪʨʘ SSRD ʠ SHP ʜʣʷ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ 10U, 10V, SP, 2T, 

SST. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʝʞʝʜʥʝʚʥʦ ʠʟ ɽʚʨʦʧʝʡʩʢʦʛʦ ʎʝʥʪʨʘ ʉʨʝʜʥʝʩʨʦʯʥʳʭ 

ʇʨʦʛʥʦʟʦʚ ʇʦʛʦʜʳ ʧʦʩʪʫʧʘʝʪ 41 ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ GRIB, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪʩʷ 328 ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ (XYZ ʬʦʨʤʘʪ), ʪʦ ʝʩʪʴ 1 ʬʘʡʣ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʚʦʩʴʤʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (10U, 10V, SP, 2T, SST, TP, E, 

SSRD) ʠ ʢʘʞʜʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ ʩʨʦʢʘ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ Txt2Dfs() 328 ʬʘʡʣʦʚ XYZ ʬʦʨʤʘʪʘ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʚ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚ ʚ ʬʦʨʤʘʪʝ GRID, ʟʘʪʝʤ ï 
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ASCII GRID, ʚ ʢʦʥʮʝ  ʚ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚ ʚ ʬʦʨʤʘʪʝ DFS2. ʉʣʠʷʥʠʝ 

328 DFS2-ʬʘʡʣʦʚ ʚ ʦʜʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ JoinDfs().  

ʆʩʨʝʜʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʤʫ ʧʘʨʘʤʝʪʨʫ SSRD 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʦʡ AverageSSRD, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 1 dfs0 ʬʘʡʣ 

ʥʘ 41 ʩʨʦʢ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʘʡʣʦʚ ʚ ʬʦʨʤʘʪʝ SHP ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʜʫʨʝ 

Txt2Shp(). ɺʝʢʪʦʨʠʟʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ: 10U, 10V, SP, 2T, SST. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʠʟ ʬʦʨʤʘʪʘ GRIB ʚ ʬʦʨʤʘʪʳ, 

ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ  

 

ɼʣʷ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ (10U, 10V), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʨʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʯʝʯʥʳʝ SHP ʬʘʡʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʨʠʙʫʪʠʚʥʳʝ 

ʧʦʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ɼʣʷ ʤʝʪʝʦʧʘʨʘʤʝʪʨʘ SP ʜʣʷ ʢʘʞʜʦʛʦ ʩʨʦʢʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʣʠʛʦʥʘʣʴʥʳʝ SHP ʬʘʡʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʨʠʙʫʪʠʚʥʦʝ ʧʦʣʝ, 

ʩʦʜʝʨʞʘʱʝʝ ʟʥʘʯʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ 2T, SST, 

ʩʦʜʝʨʞʘʱʠʭ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʷ ʢʘʞʜʦʛʦ 
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ʩʨʦʢʘ ʬʦʨʤʠʨʫʶʪʩʷ ʣʠʥʝʡʥʳʝ SHP ʬʘʡʣʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʘʪʨʠʙʫʪʠʚʥʳʝ 

ʧʦʣʷ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ ʩʨʦʢʘ. ʂʦʣʠʯʝʩʪʚʦ 

SHP ʬʘʡʣʦʚ ʫʢʘʟʘʥʥʳʭ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 164 [71]. 

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʧʘʢʝʪ ʤʝʪʝʦʩʠʪʫʘʮʠʠ ʜʣʷ ʧʝʨʠʦʜʘ ʩ 16 ʧʦ 26 ʤʘʨʪʘ 2015 

ʛ. ɼʣʷ ʵʪʦʛʦ ʚʠʟʫʘʣʠʟʠʨʫʝʤ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʇʆ MIKE Zero, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʘʨʪʫ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʝʝ ʚ ʨʘʩʪʨʦʚʳʡ ʬʦʨʤʘʪ 

ʜʘʥʥʳʭ.  

ʈʠʩʫʥʦʢ 5 ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʘʨʪʳ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘ 

ʚʳʩʦʪʝ 10 ʤ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʧʝʨʚʦʛʦ ʜʥʷ (16 ʤʘʨʪʘ 2015 ʛ.) 

ʚʳʙʨʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʩ ʰʘʛʦʤ 6 ʯʘʩʦʚ. ʀʟ ʧʦʜʧʠʩʝʡ ʧʦʜ ʧʨʠʚʝʜʝʥʥʳʤʠ 

ʯʝʪʳʨʴʤʷ ʢʘʨʪʘʤʠ ʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 0,1,2,3 ʠʟ 40 ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ ʜʣʷ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʩ 16 ʧʦ 26 ʤʘʨʪʘ 2015 ʛ. ʉʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʥʘ 

ʜʘʥʥʳʭ ʢʘʨʪʘʭ ʧʦʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ 

ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʣʦʰʥʦʡ ʟʘʣʠʚʢʦʡ 

ʦʪ ʪʝʤʥʦ-ʩʠʥʝʛʦ ʜʦ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʦʪ ʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢ ʙʦʣʴʰʝʤʫ. 

ʈʠʩʫʥʦʢ 6 ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʘʨʪʳ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʟʘ 25 ʤʘʨʪʘ 2015 ʛ. ʩ 

ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ, ʨʘʚʥʳʤ 6 ʯʘʩʦʚ.  
 

         

         
 

ʈʠʩʫʥʦʢ 5 ï ʂʘʨʪʳ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘ 16 ʤʘʨʪʘ 2015 ʛ ʩ ʰʘʛʦʤ 6 ʯ 
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ʈʠʩʫʥʦʢ 6 ï ʂʘʨʪʳ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʜʣʷ 24 ʤʘʨʪʘ 2015 ʛ. ʩ ʚʨʝʤʝʥʥʳʤ ʰʘʛʦʤ 

6 ʯʘʩʦʚ 

 

3.2.2 ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʪ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ 

ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ 

ɺʠʜʦʚʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʙʠʦʪʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʫʷʟʚʠʤʦʩʪʠ, ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

(ɻʀʉ). 
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʰʘʙʣʦʥʥʳʝ ʢʘʨʪʳ ʩ ʥʘʥʝʩʝʥʥʳʤ 

ʦʯʝʨʪʘʥʠʝʤ ʢʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʙʘʪʠʤʝʪʨʠʠ ʜʣʷ ʵʢʩʧʝʨʪʥʦʡ ʦʪʨʠʩʦʚʢʠ ʢʘʨʪ 

ʦʙʠʪʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʠʥʜʠʢʘʪʠʚʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠʣʠ ʦʙʲʝʢʪʦʚ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

ɼʘʣʝʝ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʨʝʘʣʘʭ ʦʙʠʪʘʥʠʷ ʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʟʘʥʦʩʠʣʘʩʴ ʚ ʚʠʜʝ ʚʝʢʪʦʨʥʦʡ ʮʠʬʨʦʚʦʡ 

ʢʘʨʪʳ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʦʮʠʬʨʦʚʢʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʥʳʭ ʩʣʦʝʚ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ArcGIS for Desktop ʚ ʚʠʜʝ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʰʝʡʧ-

ʬʘʡʣʦʚ. ʇʦʣʠʛʦʥʘʣʴʥʳʡ ʰʝʡʧ-ʬʘʡʣ ʠʣʠ ʪʝʤʘʪʠʯʝʩʢʠʡ ʩʣʦʡ ʛʝʦʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩʦʟʜʘʚʘʣʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢʘʨʪʠʨʦʚʘʥʳ ʤʝʩʪʘ ʦʙʠʪʘʥʠʷ ʜʣʷ 132 

ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʚʢʣʶʯʘʷ ʤʦʨʩʢʠʭ (24 ʚʠʜʘ), ʧʨʦʭʦʜʥʳʭ ʠ ʧʦʣʫʧʨʦʭʦʜʥʳʭ (31 

ʚʠʜʦʚ), ʜʚʫʩʪʚʦʨʯʘʪʳʭ (17 ʚʠʜʦʚ ʠ ʧʦʜʚʠʜʦʚ) ʠ ʙʨʶʭʦʥʦʛʠʭ (8 ʚʠʜʦʚ) 

ʤʦʣʣʶʩʢʦʚ, ʨʘʢʦʦʙʨʘʟʥʳʭ (18 ʚʠʜʦʚ), ʯʝʨʚʝʡ (5 ʚʠʜʘ), ʤʰʘʥʦʢ (1 ʚʠʜ) ʠ 

ʦʢʦʣʦʚʦʜʥʳʭ ʥʘʟʝʤʥʳʭ ʧʦʟʚʦʥʦʯʥʳʭ ï ʨʝʧʪʠʣʠʡ (3 ʚʠʜʘ), ʧʪʠʮ (22 ʚʠʜʘ), 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʢʘʩʧʠʡʩʢʠʡ ʪʶʣʝʥʴ, ʦʥʜʘʪʨʘ ʠ ʚʦʜʷʥʘʷ ʧʦʣʝʚʢʘ). ɺʠʜʦʚʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʦʨʩʢʦʡ ʠ ʧʨʠʙʨʝʞʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘʤʠ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ. ʊʘʢ 

ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘʤʠ ʥʘ ʧʦʣʦʚʦʟʨʝʣʳʭ ʠ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ 

ʦʩʦʙʝʡ, ʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʩʪʘʚʠʣʦ 175, 

ʢʘʨʪʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʤʝʩʷʯʥʦ ʜʣʷ ʫʯʝʪʘ ʛʦʜʦʚʦʡ 

ʜʠʥʘʤʠʢʠ, ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ 1, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʨʘʟʜʝʣʝ 2.1. ɸʨʝʘʣ ʦʙʠʪʘʥʠʷ 

ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʦʢ ʠʣʠ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [72-78]), ʟʘʜʘʚʘʣʩʷ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. 

ɺʩʝ ʦʙʲʝʢʪʳ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ 

çʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤè: 

- ɿʦʦʙʝʥʪʦʩ. ɺ ʮʝʣʦʤ ʚ ʛʨʫʧʧʝ ʟʦʦʙʝʥʪʦʩ ʙʳʣʦ ʟʘʥʝʩʝʥʦ 85 ʦʙʲʝʢʪʦʚ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠʟ ʥʠʭ ʨʳʙʳ (36), ʯʝʨʚʠ (5), ʤʦʣʣʶʩʢʠ (26) ʨʘʢʦʦʙʨʘʟʥʳʝ (18). 

- ɿʦʦʧʣʘʥʢʪʦʥ. ɺ ʛʨʫʧʧʝ ɿʦʦʧʣʘʥʢʪʦʥ ʙʳʣʦ ʚʥʝʩʝʥʦ 18 ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʠʟ ʥʠʭ ʧʝʣʘʛʠʯʝʩʢʠʭ ʨʳʙ 15 ʦʙʲʝʢʪʦʚ ʠ ʤʦʣʣʶʩʢʦʚ ï 3 ʦʙʲʝʢʪʘ. 

- ʄʣʝʢʦʧʠʪʘʶʱʠʝ. ɺ ʛʨʫʧʧʫ ʤʣʝʢʦʧʠʪʘʶʱʠʝ ʙʳʣʦ ʚʥʝʩʝʥʦ 3 ʦʙʲʝʢʪʘ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

- ʇʨʦʭʦʜʥʳʝ ʠ ʇʦʣʫʧʨʦʭʦʜʥʳʝ ʨʳʙʳ. ɺ ʨʘʤʢʘʭ ʛʨʫʧʧʳ ʧʨʦʭʦʜʥʳʭ ʠ 

ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʨʳʙ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʠ ʟʘʥʝʩʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ 42 ʦʙʲʝʢʪʘʤ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

- ʇʨʝʩʤʳʢʘʶʱʠʝʩʷ. ɺ ʛʨʫʧʧʝ ʧʨʝʩʤʳʢʘʶʱʠʭʩʷ ʙʳʣʦ ʟʘʥʝʩʝʥʦ 3 ʦʙʲʝʢʪʘ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ.  

- ʇʪʠʮʳ. ɺ ʛʨʫʧʧʝ ʧʪʠʮʳ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 22 ʦʙʲʝʢʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

- ʈʘʩʪʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʢʣʘʩʩʝ ʙʳʣʦ ʚ ʮʝʣʦʤ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘʟʝʤʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʬʠʪʦʧʣʘʥʢʪʦʥ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʨʠʩʫʥʦʢ 7) ʧʨʠʚʝʜʝʥʳ ʢʘʨʪʳ ʘʨʝʘʣʦʚ 

ʦʙʠʪʘʥʠʷ ʪʶʣʝʥʷ (ʤʫʣʴʪʠʢʣʘʩʩ çʤʣʝʢʦʧʠʪʘʶʱʠʝè) ʚ ʟʠʤʥʠʡ ʠ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ 

ʧʝʨʠʦʜʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʜʫʨʳ ʚʠʜʦʚʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʞʠʚʦʪʥʳʭ, ʢʘʞʜʳʡ ʟʘʥʝʩʝʥʥʳʡ ʧʦʣʠʛʦʥ ʦʪʨʘʞʘʣ ʘʨʝʘʣ ʦʙʠʪʘʥʠʷ ʜʘʥʥʦʛʦ 

ʦʙʲʝʢʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʩʷʮ, ʯʝʨʝʟ ʟʘʧʦʣʥʝʥʠʝ 
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ʘʪʨʠʙʫʪʠʚʥʳʭ ʧʦʣʝʡ. ʇʨʠ ʵʪʦʤ ʘʪʨʠʙʫʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʩʝʟʦʥʥʦʩʪʴ ʦʙʠʪʘʥʠʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʨʘʟʨʝʟʝ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ 

ʟʘʧʦʣʥʷʣʘʩʴ ʚ ʚʠʜʝ ʠʥʜʠʢʘʪʠʚʥʳʭ ʧʦʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʠʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʥʘʟʚʘʥʠʠ ʙʠʦʛʨʫʧʧʳ, ʪʠʧʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʠ ʧʨ. ʪʘʢʞʝ ʟʘʥʦʩʠʣʘʩʴ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʚ 

ʢʘʯʝʩʪʚʝ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 8).  

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʂʘʨʪʘ ʘʨʝʘʣʦʚ ʦʙʠʪʘʥʠʷ ʂʘʩʧʠʡʩʢʦʛʦ ʪʶʣʝʥʷ 

 

 
 

 
 

ʈʠʩʫʥʦʢ 8 ï ʇʨʠʤʝʨʳ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
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ʉ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʣʠʛʦʥʘʣʴʥʳʝ ʩʣʦʠ ʠʣʠ, 

ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʝʢʪʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʚ ʨʘʩʪʨʦʚʳʝ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʧʨʠʚʷʟʘʥʥʳʝ ʬʘʡʣʳ (ʛʨʠʜ-ʬʘʡʣʳ), ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʨʝʛʫʣʷʨʥʦʡ 

ʩʝʪʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʫʣʷ GRID ʧʘʢʝʪʘ ArcGIS for Desktop. 

ʄʘʪʨʠʮʳ ʛʨʠʜ-ʜʘʥʥʳʭ - ʦʩʥʦʚʥʦʡ ʬʦʨʤʘʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ʇʨʠ ʨʘʩʪʨʦʚʦʡ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʷʯʝʡʢʠ ʨʘʩʪʨʘ, ʚʩʝʛʜʘ ʠʤʝʶʱʠʝ ʥʝʢʦʪʦʨʫʶ ʧʣʦʱʘʜʴ. 

ʈʘʩʪʨʦʚʳʡ ʛʨʠʜ-ʬʘʡʣ ʩʥʘʙʞʝʥ ʘʪʨʠʙʫʪʠʚʥʳʤʠ ʜʘʥʥʳʤʠ, ʭʨʘʥʷʱʠʤʠʩʷ ʚ VAT 

ʪʘʙʣʠʮʝ, ʚ ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʥʘʯʝʥʠʷʭ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʤʘʪʨʠʮʳ 

ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝʤ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨ ʥʘʣʠʯʠʷ 

ʦʙʲʝʢʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʄʦʜʫʣʴ GRID ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʘʥʠʧʫʣʷʮʠʠ ʤʘʪʨʠʮʘʤʠ ʜʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʘʪʨʠʮʘʤʠ, ʨʘʟʜʝʣʝʥʠʝ ʤʘʪʨʠʮ ʧʦ 

ʟʦʥʘʤ ʠ ʧʨ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʦʧʠʨʘʷʩʴ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ [42], ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ, ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʮʠʬʨʦʚʳʭ ʢʘʨʪ ʦʙʠʪʘʥʠʷ ʦʙʲʝʢʪʦʚ ʙʠʦʨʘʟʥʦʦʦʙʨʘʟʠʷ (ʨʠʩʫʥʦʢ 9). ɼʘʥʥʘʷ ʩʝʨʠʷ 

ʢʘʨʪ ʥʘʛʣʷʜʥʦ ʦʪʨʘʞʘʝʪ ʩʝʟʦʥʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʩʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ, ʯʝʨʝʟ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʦʚʦʛʦ ʨʝʰʝʥʠʷ 

ʢʘʨʪʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʚʝʪʣʦ-ʟʝʣʸʥʳʡ ʦʪʪʝʥʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʤʫ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʶ, ʘ ʩ ʫʩʠʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʚʝʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ 

ʚʦʟʨʘʩʪʘʝʪ ʢ ʤʘʢʩʠʤʫʤʫ, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʘʚʛʫʩʪʝ.  

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʷ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʚʠʜʝ ʧʝʨʠʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʯʝʨʝʟ ʫʤʥʦʞʝʥʠʝ ʯʠʩʣʘ ʥʘ 

ʤʘʪʨʠʮʫ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘ 

ʢʘʞʜʳʡ ʤʝʩʷʮ ʛʦʜʘ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ ʢʘʨʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʫʷʟʚʠʤʦʩʪʠ ʙʠʦʪʳ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʚ ʨʘʟʨʝʟʝ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ (ʨʠʩʫʥʦʢ 10). ɺ 

ʜʘʥʥʦʡ ʩʝʨʠʠ ʢʘʨʪ ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʷʟʚʠʤʦʩʪʴ ʧʦʢʘʟʘʥʘ ʢʨʘʩʥʳʤ 

ʮʚʝʪʦʤ ʠ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʫʷʟʚʠʤʦʩʪʠ ʞʝʣʪʳʤ ʠ ʥʘʢʦʥʝʮ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. ʂʘʢ 

ʠ ʚ ʩʣʫʯʘʝ ʢʘʨʪ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʷʟʚʠʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʢʦʥʮʝ 

ʣʝʪʘ.  
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ʈʠʩʫʥʦʢ 9 ï ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʘʨʪʳ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ ʤʝʩʷʮʘʤ 
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ʈʠʩʫʥʦʢ 10 ï ʂʘʨʪʳ ʫʷʟʚʠʤʦʩʪʠ ʙʠʦʪʳ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ 
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3.3 ʆʩʥʦʚʥʳʝ ʨʘʩʯʝʪʥʳʝ ʤʦʜʫʣʠ ʩʠʩʪʝʤʳ 

  

3.3.1 ʄʦʜʫʣʴ ʨʘʩʯʝʪʘ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ 

ʈʘʩʯʝʪ ʨʘʩʯʝʪʘ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ ʂʘʩʧʠʷ ʚʳʧʦʣʥʝʥ ʧʦ ʤʦʜʝʣʠ MIKE-21, 

ʤʦʜʫʣʴ HD (HydroDynamics), ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ɼʘʪʩʢʦʤ ɻʠʜʨʦʣʦʛʠʯʝʩʢʦʤ 

ʀʥʩʪʠʪʫʪʝ (DHI). ʕʪʘ ʤʦʜʝʣʴ ʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʤʝʣʢʦʚʦʜʥʦʡ 

ʯʘʩʪʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʧʦʩʢʦʣʴʢʫ ʦʧʠʨʘʝʪʩʷ ʥʘ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʤʝʣʢʦʡ ʚʦʜʳ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ HD MIKE 21 ʢ ʫʩʣʦʚʠʷʤ ʂʘʩʧʠʷ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʜʘʧʪʘʮʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1) ʅʘʠʣʫʯʰʠʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʰʘʛ, ʨʘʚʥʳʡ 180 ʩ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʯʠʩʣʦ ʂʫʨʘʥʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 20 ʠ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ; 

2) ɺʧʘʜʘʶʱʠʝ ʚ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ʨʝʢʠ ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ 
ʫʨʦʚʝʥʴ, ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʡ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ, ʠʟʤʝʥʷʷ ʧʦʩʣʝʜʥʠʝ 

ʣʠʰʴ ʚʙʣʠʟʠ ʫʩʪʴʷ ʨʝʢ, ʧʦʵʪʦʤʫ ʚ ʩʠʩʪʝʤʝ ʨʝʯʥʦʡ ʩʪʦʢ ʫʯʠʪʳʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ; 

3) ʇʨʦʮʝʩʩʳ ʠʩʧʘʨʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʶʪ ʧʨʠʪʦʢʠ ʚʦʜʳ ʟʘ ʩʯʝʪ ʦʩʘʜʢʦʚ ʠ 
ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʨʘʩʯʝʪʘ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʪʝʨʠ ʠ 

ʧʨʠʪʦʢʘ ʚʦʜʳ ʥʝ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʦʣʝʡ 

ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ ʠ ʫʨʦʚʥʷ ʤʦʨʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ.  

4) ʄʦʜʝʣʴ MIKE 21 HD ʦʩʥʦʚʘʥʘ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʤʝʣʢʦʡ ʚʦʜʳ, ʧʦʵʪʦʤʫ ʚ 
ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʨʘʚʜʦʧʦʜʦʙʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ.  ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʷ ʥʘʜ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʨʘʡʦʥʘʤʠ ʂʘʩʧʠʷ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ, ʪʘʢʠʭ ʢʘʢ ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ ʠ ʧʘʨʘʤʝʪʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʝ 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʵʪʦʪ ʵʬʬʝʢʪ.  

5) ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘ 
ʤʝʣʢʦʚʦʜʥʦʡ ʘʢʚʘʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ, ʪʦ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʧʘʨʘʤʝʪʨʳ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʜʨ. ʟʘʜʘʥʥʳʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʕʪʦ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʤʝʣʢʦʚʦʜʥʦʤ ʉʝʚʝʨʥʦʤ 

ʂʘʩʧʠʠ. 

6) ʊʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ MIKE 21 HD ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʬʘʡʣ 
ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʢʠ ʫʨʦʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʯʝʥʠʡ ʂʘʩʧʠʡʩʢʦʛʦ 

ʤʦʨʷ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʘ 

MIKE 21 HD ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ ʩʥʠʤʢʘʤʠ, ʢʦʛʜʘ ʙʳʣ ʩʠʣʴʥʳʡ ʥʘʛʦʥ ʥʘ ʚʦʩʪʦʯʥʦʝ 

ʧʦʙʝʨʝʞʴʝ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʦ ʩʧʫʪʥʠʢʦʚ Suomi NPP/VIIRS, Aqua/MODIS, 

Terra/MODIS ʠ Sentinel-1A ʚ ʧʝʨʠʦʜ ʩ 13 ʧʦ 22 ʤʘʨʪʘ 2016 ʛ. ʥʘʙʣʶʜʘʣʦʩʴ 

ʟʘʪʦʧʣʝʥʠʝ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ, ʚʳʟʚʘʥʥʦʝ ʚʝʪʨʦʚʳʤ 

ʥʘʛʦʥʦʤ. ɼʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʘ ʧʝʨʠʦʜ ʩ 28.02.2016 ʧʦ 

12.04.2016 ʠʣʣʶʩʪʨʠʨʫʶʪ ʈʠʩʫʥʢʠ 11-16. ʅʘ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘʭ ʣʠʥʠʝʡ ʢʨʘʩʥʦʛʦ 

ʮʚʝʪʘ ʧʦʢʘʟʘʥʘ ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ, ʘ 

ʢʦʥʪʫʨʘʤʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ï ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʝʥʛʠʟ, ʄʦʨʩʢʦʝ ʠ ɿʘʧʘʜʥʘʷ ʇʨʦʨʚʘ. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ 28 ʬʝʚʨʘʣʷ ʧʦ 20 ʤʘʨʪʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʦʥ ʥʘ 

ʚʦʩʪʦʯʥʦʝ ʧʦʙʝʨʝʞʴʝ, ʵʪʦ ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ ʙʣʘʛʦʜʘʨʷ ʢʦʥʪʫʨʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 
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ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʦʩʪʦʯʥʝʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. ʅʘʠʙʦʣʴʰʝʝ ʟʘʪʦʧʣʝʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʩʥʠʤʢʝ ʟʘ 20 ʤʘʨʪʘ. ɺʦ ʚʨʝʟʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ 

ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʨʠʩʫʥʦʢ 13), ʚʠʜʥʦ, ʯʪʦ ʤʦʨʩʢʦʡ ʚʦʜʦʡ ʟʘʪʦʧʣʝʥʘ ʚʦʩʪʦʯʥʘʷ 

ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʦʨʩʢʦʝ. 22 ʤʘʨʪʘ ʥʘʯʠʥʘʝʪʩʷ ʩʛʦʥ, ʢʦʪʦʨʳʡ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʜʦ 12 ʘʧʨʝʣʷ 2016 ʛ. (ʨʠʩʫʥʢʠ 14 ï 16). 

 

 
 

ʈʠʩʫʥʦʢ 11 ï ʉʥʠʤʦʢ Terra/MODIS ʟʘ 28.02.2016 

 

 
 

ʈʠʩʫʥʦʢ 12ï ʉʥʠʤʦʢ Suomi NPP/VIIRS ʟʘ 13.03.2016 

 

 
 

ʈʠʩʫʥʦʢ 13 ï ʉʥʠʤʦʢ Sentinel-1A ʟʘ 20.03.2016 
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ʈʠʩʫʥʦʢ 14 ï ʉʥʠʤʦʢ Aqua/MODIS ʟʘ 22.03.2016 

 

 
 

ʈʠʩʫʥʦʢ 15 ï ʉʥʠʤʦʢ Aqua/MODIS ʟʘ 08.04.2016 

 

 
 

ʈʠʩʫʥʦʢ 16 ï ʉʥʠʤʦʢ Aqua/MODIS ʟʘ 12.04.2016 
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ʈʠʩʫʥʦʢ 17 ʠʣʣʶʩʪʨʠʨʫʝʪ ʜʝʰʠʬʨʠʨʦʚʘʥʥʫʶ ʧʦ ʜʘʥʥʳʤ ɼɿɿ ʚ ʧʝʨʠʦʜ ʩ 

28.02.2016 ʧʦ 12.04.2016 ʙʝʨʝʛʦʚʫʶ ʣʠʥʠʶ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ, ʢʦʪʦʨʳʝ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʩʥʠʤʢʝ MODIS ʟʘ 22.03.2016. 

 

 
 

ʈʠʩʫʥʦʢ 17 ï ɼʝʰʠʬʨʠʨʦʚʘʥʥʘʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ 

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ 

 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ HD MIKE 21, 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʫʩʣʦʚʠʷʤ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ, ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʘ ʧʝʨʠʦʜ ʩ 16 ʤʘʨʪʘ ʧʦ 13 ʘʧʨʝʣʷ 2016 ʛ. 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʦʧʠʩʳʚʘʝʪ ʪʘʙʣʠʮʘ 3, ʧʨʠʚʝʜʝʥʥʘʷ ʥʠʞʝ.  

 

ʊʘʙʣʠʮʘ 3 ï ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ  

ɹʘʪʠʤʝʪʨʠʷ ɼʘʥʥʳʝ 2004 ʛ., ʫʪʦʯʥʝʥʥʳʝ ʧʦ ʩʥʠʤʢʘʤ 

Sentinel-1A ʟʘ ʤʘʨʪ 2016 ʛ., ʨʘʟʤʝʨ ʷʯʝʡʢʠ 

1000 ʤ ʥʘ 1000 ʤ 

ʇʝʨʠʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ c 16.03.2016 00:00 GMT ʧʦ 13.04.2016 00:00 

GM 

ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ 180 ʩ 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

13440 

ʀʩʪʦʯʥʠʢʠ ʠ ʩʪʦʢʠ ʅʝ ʫʯʠʪʳʚʘʣʠʩʴ 

ɻʣʫʙʠʥʘ ʧʨʠ ʟʘʪʦʧʣʝʥʠʠ ʷʯʝʡʢʠ 0,2 ʤ 

ɻʣʫʙʠʥʘ ʧʨʠ ʦʩʫʰʝʥʠʠ ʷʯʝʡʢʠ 0,3 ʤ 

ʅʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ -0,9 ʤ 

ʀʩʧʘʨʝʥʠʝ ʅʝ ʫʯʠʪʳʚʘʣʦʩʴ 

ʆʩʘʜʢʠ ʅʝ ʫʯʠʪʳʚʘʣʠʩʴ 

Eddy Viscosity Smagirinsky formula, Flux based, 0,0 

Resistance Manning Number, const, 32,0 

ɺʝʪʝʨ ʠ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ .dfs2 ï 3 ʯʝʪʳʨʝʭʩʨʦʯʥʳʝ ʜʘʥʥʳʝ ECWMF 
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ʈʠʩʫʥʢʠ 18 ï 21 ʠʣʣʶʩʪʨʠʨʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʘʥʥʳʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘʭ ʧʨʠʚʝʜʝʥʳ 

ʛʣʫʙʠʥʘ ʚʦʜʳ ʠ ʤʦʨʩʢʠʝ ʪʝʯʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʩʦʚʤʝʱʝʥʥʳʝ 

ʩ: 

- ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ, ʦʮʠʬʨʦʚʘʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ɼɿɿ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ),  

- ʥʘʯʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʤʦʨʷ (-28) (ʩʠʥʷʷ ʣʠʥʠʷ),  

- ʢʦʥʪʫʨʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʦʨʘʥʞʝʚʘʷ ʣʠʥʠʷ).  

 

 
 

ʈʠʩʫʥʦʢ 18 ï ɻʣʫʙʠʥʘ ʚʦʜʳ ʠ ʪʝʯʝʥʠʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʥʘ 20.03.2016 14:00 

GMT ʩʦʚʤʝʱʝʥʥʳʝ ʩ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ, ʦʮʠʬʨʦʚʘʥʥʦʡ ʧʦ ʜʘʥʥʳʤ Sentinel 1A 

 

 
 

ʈʠʩʫʥʦʢ 19 ï ɻʣʫʙʠʥʘ ʚʦʜʳ ʠ ʪʝʯʝʥʠʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʥʘ 22.03.2016 9:00 

GMT ʩʦʚʤʝʱʝʥʥʳʝ ʩ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ, ʦʮʠʬʨʦʚʘʥʥʦʡ ʧʦ ʜʘʥʥʳʤ 

Aqua/MODIS 
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ʈʠʩʫʥʦʢ 20 ï ɻʣʫʙʠʥʘ ʚʦʜʳ ʠ ʪʝʯʝʥʠʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʥʘ 8.04.2016 10:00 

GMT ʩʦʚʤʝʱʝʥʥʳʝ ʩ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ, ʦʮʠʬʨʦʚʘʥʥʦʡ ʧʦ ʜʘʥʥʳʤ 

Aqua/MODIS 

 

 
 

ʈʠʩʫʥʦʢ 21 ï ɻʣʫʙʠʥʘ ʚʦʜʳ ʠ ʪʝʯʝʥʠʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʥʘ 12.04.2016 

10:00 GMT ʩʦʚʤʝʱʝʥʥʳʝ ʩ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ, ʦʮʠʬʨʦʚʘʥʥʦʡ ʧʦ ʜʘʥʥʳʤ 

Aqua/MODIS 

 

ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʧʦʚʪʦʨʷʶʪ 

ʜʝʪʘʣʴʥʦ ʜʘʥʥʳʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚʦ-

ʧʝʨʚʳʭ, ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʠ ʯʘʩʪʦ ʤʝʥʷʶʱʝʛʦʩʷ 

ʤʠʢʨʦʨʝʣʴʝʬʘ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʘʩʧʠʷ, ʚʦ-ʚʪʦʨʳʭ, ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ MIKE 21 HD ʘʣʛʦʨʠʪʤʘ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʅʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʩ ʭʦʨʦʰʝʡ 
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ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʫʝʪ ʚʝʪʨʦʚʳʝ ʥʘʛʦʥʳ ʠ ʩʛʦʥʳ ʥʘ ʢʘʟʘʭʩʪʘʥʩʢʦʤ 

ʧʦʙʝʨʝʞʴʝ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ. 

 

3.3.2 ʄʦʜʫʣʴ ʨʘʩʯʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʠ 

ɺ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʛʥʦʟʘ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʨʘʟʚʠʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʠ ʧʦʩʪʦʷʥʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʥʝʬʪʷʥʳʭ ʧʣʝʥʦʢ ʥʘ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʠʰʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

OILMAP ï ʠʥʩʪʨʫʤʝʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʳʭ ʧʣʝʥʦʢ ʚ 

ʤʦʨʩʢʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʥ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥ RPS ASA (ʉʐɸ) [79, 80, 81]. 

ʈʠʩʫʥʦʢ 22 ʠʣʣʶʩʪʨʠʨʫʝʪ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ OILMAP ʩ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʪʝʢʘʥʠʷ ʥʝʬʪʠ ʦʪ 

ʩʢʚʘʞʠʥʳ. 

OILMAP ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʬʝʡʩ, ʠ ʧʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʦʚ ʥʝ 

ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ OILMAP ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʚʝʨʪʠʨʦʚʘʥʳ ʚʦ 

ʚʥʝʰʥʠʝ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ .shp ʠ .kml, ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ɻʀʉ ʧʨʠʣʦʞʝʥʠʷʭ. ʆʩʥʦʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ OILMAP ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʤʦʜʝʣʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʛʥʦʟ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʳʭ ʩʣʠʢʦʚ, ʥʦ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʠ ʤʦʜʝʣʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʠʣʠ ʫʯʘʩʪʢʦʚ ʢ ʥʝʬʪʷʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʂ ʛʣʘʚʥʦʤʫ 

ʥʝʜʦʩʪʘʪʢʫ ʤʦʜʝʣʠ OILMAP ʦʪʥʦʩʠʪʴʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʫʯʠʪʳʚʘʝʪ ʥʝ ʚʩʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʥʝʬʪʴʶ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʤʦʨʩʢʫʶ ʩʨʝʜʫ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʥʘ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʨʘʩʪʚʦʨʝʥʠʝ, ʬʦʪʦʦʢʠʩʣʝʥʠʝ, ʚʝʨʪʠʢʘʣʴʥʫʶ ʜʠʩʧʝʨʩʠʶ ʠ 

ʙʠʦʜʝʛʨʘʜʘʮʠʶ ʥʝʬʪʠ.  

 

 
 

ʈʠʩʫʥʦʢ 22 ï ʀʥʪʝʨʬʝʡʩ OILMAP ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʪʝʢʘʥʠʷ 

ʥʝʬʪʠ 
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SpillMod ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʩʦʟʜʘʥʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ 

ʩʦʪʨʫʜʥʠʢʦʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʈʦʩʩʠʷ, ʄʦʩʢʚʘ) 

ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʪʝʢʘʥʠʷ ʥʝʬʪʠ ʧʨʠ ʝʝ ʧʦʧʘʜʘʥʠʠ ʚ 

ʤʦʨʩʢʫʶ ʩʨʝʜʫ [82]. SpillMod ʫʯʠʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ 

ʥʝʬʪʴʶ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʨʘʩʪʝʢʘʥʠʝ, ʧʝʨʝʥʦʩ ʠ 

ʜʝʬʦʨʤʘʮʠʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ ʠ ʪʝʯʝʥʠʡ, ʠʩʧʘʨʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʣʠʚʘ, 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʨʘʟʣʠʚʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ.  

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ SpillMod ʩʦʜʝʨʞʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʨʠʩʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʣʠʚʦʚ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ: (1) ʦʮʝʥʢʫ ʛʨʘʥʠʮʳ ʚʦʟʤʦʞʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʣʠʚʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʪʫʘʮʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʧʨʝʜʝʣʴʥʦʡ ʪʦʣʱʠʥʝ, (2) ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʦʣʱʠʥ ʨʘʟʣʠʚʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʘʢʚʘʪʦʨʠʡ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʚʘ, (3) ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʮ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ ʟʘ 

ʟʘʜʘʥʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, (4) ʚʳʯʠʩʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʨʘʞʝʥʠʷ ʘʢʚʘʪʦʨʠʡ, 

ʧʦʙʝʨʝʞʠʡ ʠ ʜʨʫʛʠʭ ʟʘʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʟʘ ʟʘʜʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ.  

MOHID ï ʵʪʦ ʙʝʩʧʣʘʪʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʮʝʥʪʨʦʤ MARETEC (Marine and Environmental 

Technology Research Center), ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʊʝʭʥʠʯʝʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ 

ʃʠʩʩʘʙʦʥʘ [83, 84, 85]. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

FORTRAN (ANSI FORTRAN 95) ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩ ʦʪʢʨʳʪʳʤʠ 

ʢʦʜʘʤʠ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʣʝʜʫʶʱʠʝ 3 ʠʥʩʪʨʫʤʝʥʪʘ: MOHID Water, MOHID 

Land, MOHID Soil, ʢʦʪʦʨʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʪʦʢʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ; ʧʦʪʦʢʦʚ ʚ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ 

ʙʘʩʩʝʡʥʘʭ ʠ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ; ʧʦʪʦʢʦʚ ʚʦʜʳ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ. 

ʉʠʩʪʝʤʘ MOHID ʩʦʜʝʨʞʠʪ ʤʦʜʫʣʴ OWM (Oil Weathering Model), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʪʝʢʘʥʠʷ ʥʝʬʪʠ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʘʢʠʭ, ʢʘʢ ʠʩʧʘʨʝʥʠʝ, ʵʤʫʣʴʩʠʬʠʢʘʮʠʷ, ʜʠʩʧʝʨʩʠʷ, 

ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʦʩʘʞʜʝʥʠʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʜʫʣʴ ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʥʝʬʪʷʥʦʡ ʨʘʟʣʠʚ, ʥʘʧʨʠʤʝʨ, ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʯʠʩʪʢʫ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ, ʚ ʤʦʜʫʣʝ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʥʝʬʪʷʥʦʛʦ 

ʨʘʟʣʠʚʘ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʤʦʜʝʣʠ MOHID OWM ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠ 

ʨʘʩʯʝʪʝ 3-D ʛʠʜʨʦʜʠʥʘʤʠʢʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʫʶ ʚ MOHID Water. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ MOHID OWM ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʚʝʨʪʠʨʦʚʘʥʳ ʚʦ ʚʥʝʰʥʠʝ 

ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ɻʀʉ ʧʨʠʣʦʞʝʥʠʷʭ. ʄʦʜʝʣʴ MOHID ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ. ʄʦʜʫʣʴ OWM, ʷʚʣʷʶʱʠʡʩʷ ʯʘʩʪʴʶ MOHID, ʧʨʦʨʘʙʦʪʘʥ ʩ 

ʤʝʥʴʰʝʡ ʜʦʩʢʦʥʘʣʴʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʥʝʬʪʴʶ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ. ɽʱʝ ʦʜʠʥ ʚʘʞʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ʤʦʜʝʣʠ ï ʵʪʦ ʪʦ, ʯʪʦ ʦʥʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʥʝʬʪʠ, 

ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ.  

ɹʝʩʧʣʘʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ GNOME (General NOAA Operational 

Modeling Environment) ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʉʐɸ ʚ ʆʪʜʝʣʝ ʧʦ ʣʠʢʚʠʜʘʮʠʠ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ (ERD) ɼʝʧʘʨʪʘʤʝʥʪʘ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʠ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠ ʅʘʮʠʦʥʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (NOAA) ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ [86, 87, 88]. 

GNOME ʷʚʣʷʝʪʩʷ ʪʨʘʝʢʪʦʨʥʦʡ ʤʦʜʝʣʴʶ ʕʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ, ʢʦʪʦʨʘʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ ʩ ʫʯʝʪʦʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.  

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ GNOME ʚʦʟʤʦʞʥʦ: 

1. ʇʨʝʜʩʢʘʟʳʚʘʪʴ, ʢʘʢ ʚʝʪʝʨ, ʤʦʨʩʢʠʝ ʪʝʯʝʥʠʷ ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʚʣʠʷʶʪ ʥʘ 
ʨʘʩʪʝʢʘʥʠʝ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ; 

2. ʀʟʫʯʘʪʴ, ʢʘʢ ʥʝʬʪʷʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʟʘʚʠʩʷʪ ʦʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʚ 
ʥʘʙʣʶʜʝʥʠʷʭ ʠ/ʠʣʠ ʧʨʦʛʥʦʟʘʭ ʚʝʪʨʘ ʠ ʪʝʯʝʥʠʡ; 

3. ʋʚʠʜʝʪʴ, ʢʘʢ ʫ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ ʠʟʤʝʥʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ. 

ʈʠʩʫʥʦʢ 23 ʠʣʣʶʩʪʨʠʨʫʝʪ ʠʥʪʝʨʬʝʡʩ ʤʦʜʝʣʠ GNOME ʩ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʪʝʢʘʥʠʷ ʥʝʬʪʠ ʧʦ 

ʘʢʚʘʪʦʨʠʠ ʃʦʥʛ-ɸʡʣʝʥʜ. ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ, ʠ ʚ ʨʘʟʜʝʣʝ Spills->Splot Mass Balance ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʪʝʢʫʱʠʡ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʡ ʰʘʛ. 

 

 
 

ʈʠʩʫʥʦʢ 23 ï ʀʥʪʝʨʬʝʡʩ GNOME ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʪʝʢʘʥʠʷ 

ʥʝʬʪʠ 

 

ʂ ʛʣʘʚʥʦʤʫ ʥʝʜʦʩʪʘʪʢʫ GNOME ʦʪʥʦʩʠʪʩʷ ʪʦ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʌʘʡʣʘ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʂʘʩʧʠʡʩʢʦʤ 

ʤʦʨʝ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʚʦʟʥʠʢʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ, ʪʘʢ ʢʘʢ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ ʥʝ ʩʦʜʝʨʞʘʪ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʠ ʟʘʛʨʫʟʢʘ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʤʦʜʝʣʴ GNOME. ʆʥʠ ʟʘʛʨʫʞʘʶʪʩʷ ʩ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ.  

MEDSLIK-II ï ʤʦʜʝʣʴ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʜʣʷ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ ʠ ʏʝʨʥʦʛʦ 

ʤʦʨʷ, ʨʘʟʨʘʙʦʪʘʥʘ ʚ INGV (ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʥʩʪʠʪʫʪ ɻʝʦʬʠʟʠʢʠ ʠ ɺʫʣʢʘʥʦʣʦʛʠʠ) 

ʛ. ɹʦʣʦʥʴʝ (ʀʪʘʣʠʷ) [89, 90]. MEDSLIK-II ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʛʨʘʥʞʝʚʦʡ 
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ʤʦʜʝʣʠ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ. ʆʥʘ ʤʦʜʝʣʠʨʫʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʷʪʥʘ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʯʝʥʠʡ ʠ ʚʝʪʨʘ.  

ʄʦʜʝʣʴ MEDSLIK-II ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʟʘʧʨʘʰʠʚʘʝʪ ʜʘʥʥʳʝ ʦ ʨʘʟʣʠʚʝ 

ʥʝʬʪʠ, ʧʦʣʝ ʚʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʠ ʜʘʥʥʳʝ ʧʦ ʤʦʨʩʢʠʤ 

ʪʝʯʝʥʠʷʤ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ. ʄʦʜʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʭ 

ʧʦʪʦʢʦʚ ʠ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʣʝʡ (ʪ.ʝ. ʪʝʯʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ) ʠʟ ʨʘʟʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ MEDSLIK-II ʷʚʣʷʝʪʩʷ (1) ʧʦʣʦʞʝʥʠʝ ʠ ʦʙʲʝʤ 

ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ ʩ ʧʦʯʘʩʦʚʳʤ ʰʘʛʦʤ, (2) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ 

ʥʝʬʪʠ, (3) ʧʨʦʮʝʥʪ ʥʝʬʪʠ ʜʦʩʪʠʛʰʝʡ ʧʦʙʝʨʝʞʴʷ, (4) ʚʷʟʢʦʩʪʴ ʵʤʫʣʴʩʠʠ ʥʝʬʪʴ-

ʚʦʜʘ, (5) ʚʷʟʢʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʠ, (6) ʜʦʣʷ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʚʦʜʦʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʠ, (7) ʜʦʣʷ ʠʩʧʘʨʠʚʰʝʡʩʷ ʥʝʬʪʠ ʠ (8) ʧʨʦʮʝʥʪ ʥʝʬʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʈʠʩʫʥʦʢ 24 ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʪʝʢʘʥʠʷ ʥʝʬʪʠ ʧʦ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʇʆ MEDSLIK-II. 

 

 
 

ʈʠʩʫʥʦʢ 24 ï ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʬʪʠ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʇʆ MEDSLIK-

II  

 

ʅʝʜʦʩʪʘʪʢʘʤʠ MEDSLIK-II ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʳʤʠ ʟʥʘʥʠʷʤʠ ʠ ʥʘʚʳʢʘʤʠ ʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ Linux. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪʩʷ ʧʦʣʷ ʚʝʪʨʘ ʠ ʪʨʸʭʤʝʨʥʳʝ 

ʧʦʣʷ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ, ʢʦʪʦʨʳʭ ʜʣʷ ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʚ ʥʘʣʠʯʠʠ ʥʝ 

ʠʤʝʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ 

ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʪʠʧʦʚ ʥʝʬʪʠ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʝ ʠ ʏʝʨʥʦʤ ʤʦʨʝ. ɼʣʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʝʪ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʜʫʣʴ Oil Spill (OS) ʇʆ MIKE 

(ʚʝʨʩʠʷ 2014) ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɼʘʪʩʢʠʤ 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʤ ʀʥʩʪʠʪʫʪʦʤ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʤʦʜʝʣʠ DHI Oil Spill, 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʜʘʥʥʦʤ ʤʦʜʫʣʝ ʷʚʣʷʶʪʩʷ: 

1) ʋʯʝʪ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʥʝʬʪʴʶ ʧʨʠ ʝʝ ʧʦʧʘʜʘʥʠʠ ʚ 
ʚʦʜʥʫʶ ʩʨʝʜʫ, ʚ ʯʘʩʪʥʦʩʪʠ: ʨʘʩʪʝʢʘʥʠʝ, ʠʩʧʘʨʝʥʠʝ, ʵʤʫʣʴʩʠʬʠʢʘʮʠʷ, 
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ʚʝʨʪʠʢʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ, ʨʘʩʪʚʦʨʝʥʠʝ, ʦʩʘʞʜʝʥʠʝ, ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʠ 

ʬʦʪʦʦʢʠʩʣʝʥʠʝ; 

2) ʋʯʝʪ ʜʘʥʥʳʭ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʜʘʥʥʳʝ ʧʦ 
ʤʦʨʩʢʠʤ ʪʝʯʝʥʠʷʤ, ʚʝʪʨʫ, ʠʩʧʘʨʝʥʠʶ, ʦʩʘʜʢʘʤ, ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ; 

3) ʋʯʝʪ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ; 

4) ʋʯʝʪ ʜʘʥʥʳʭ ʧʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʨʘʟʣʠʚʘ, ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 
ʢʦʣʠʯʝʩʪʚʫ ʚʳʣʠʚʰʝʡʩʷ ʥʝʬʪʠ; 

5) ɺʢʣʶʯʝʥʠʝ ʚ ʨʘʩʯʝʪ ʜʠʩʧʝʨʩʘʥʪʦʚ, ʩʢʠʤʝʨʦʚ ʠ ʙʦʥʥ; 

6) ɺʢʣʶʯʝʥʠʝ ʚ ʨʘʩʯʝʪ ʚʦʣʥʦʚʳʭ ʜʘʥʥʳʭ; 

7) ɺʢʣʶʯʝʥʠʝ ʚ ʨʘʩʯʝʪ ʜʘʥʥʳʭ ʧʦ ʣʝʜʦʚʦʤʫ ʧʦʢʨʦʚʫ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

8) ʄʦʜʝʣʴ ʥʝ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʯʘʩʪʦʢ ʤʦʨʷ ʠʣʠ ʦʢʝʘʥʘ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʫʩʣʦʚʠʷʤ ʣʶʙʦʡ ʘʢʚʘʪʦʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʥʘ ʙʳʣʘ 

ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʫʩʣʦʚʠʷʤ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʠ ʫʯʪʝʥʳ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʙʘʪʠʤʝʪʨʠʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʥʝʬʪʠ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. 

ʄʦʜʫʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ ʧʦ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʩʪʦʯʥʠʢʦʚ ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʝʬʪʠ. ʈʘʩʯʝʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʤʦʜʝʣʠ ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʟʜʝʣʝ 2.3, ʛʜʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʥʝʬʪʠ (ʵʤʫʣʴʩʠʬʠʢʘʮʠʠ, ʦʩʘʞʜʝʥʠʷ, ʠʩʧʘʨʝʥʠʷ, ʜʠʩʧʝʨʩʠʠ, ʨʘʩʪʚʦʨʝʥʠʷ, 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠ ʪ.ʜ.). ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʩʨʝʜʩʪʚʘʤʠ ɻʀʉ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʝʬʪʠ ʥʘ MIKE 21 OS ʩ ʜʘʥʥʳʤʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʦ ʩʧʫʪʥʠʢʘ RADARSAT-1 25 ʠʶʣʷ 2012 

ʛ. ʚ 02:43 GMT ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ, ʥʝʜʘʣʝʢʦ ʦʪ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʂʘʣʘʤʢʘʩ-ʤʦʨʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʣʠʢ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʫʜʦʚʦʛʦ ʨʘʟʣʠʚʘ. ʆʥ ʨʘʩʧʦʣʘʛʘʣʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʪʨʘʩʩʝ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ, ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 20-28 ʢʤ. ʂʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʩʣʠʢʘ  50,752395 ɺ.ɼ. 45,833638 ʉ.ʐ. 

ʇʣʦʱʘʜʴ ʩʣʠʢʘ ʥʘ ʤʦʤʝʥʪ ʩʲʝʤʢʠ ʩʦʩʪʘʚʠʣʘ 10,96 ʤ2, ʜʣʠʥʘ  57 ʢʤ. ʈʠʩʫʥʦʢ 25 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʥʠʤʦʢ RADARSAT-1 ʠ ʜʝʰʠʬʨʠʨʦʚʘʥʥʳʡ ʩʣʠʢ. ɺʝʨʦʷʪʥʳʡ 

ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʝ (ʩʫʜʥʦ) ʦʙʦʟʥʘʯʝʥʦ ʥʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʦʢʨʫʞʥʦʩʪʴʶ 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʦʥʦ ʧʝʨʝʤʝʩʪʠʣʦʩʴ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʦʪ ʩʣʠʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠʤʝʨʥʦ 

30 ʢʤ.  
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ʈʠʩʫʥʦʢ 25 ï ʉʫʜʦʚʦʡ ʨʘʟʣʠʚ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʥʘ ʩʥʠʤʢʝ RADARSAT-1 ʟʘ 

25 ʠʶʣʷ 2012 ʛ. 

 

ʉ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʜʘʥʥʦʛʦ 

ʩʣʠʢʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʤʦʜʫʣʝ OS ʇʆ MIKE 21 ʟʘ 

ʧʝʨʠʦʜ ʩ 25 ʧʦ 29 ʠʶʣʷ 2012 ʛ. ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ ʨʘʚʥʳʤ 3 ʤʠʥʫʪʳ. ʆʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʘʙʣʠʮʘ 4.  

 

ʊʘʙʣʠʮʘ 4 ï ʆʩʥʦʚʥʳʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʨʘʩʯʝʪʘ ʦʪ 25.07.2012 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʇʝʨʠʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 24.07.2012 12:00 GMT ï 29.07.2012 12:00 

GMT 

ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ 180 ʩ 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

1200 

ɼʘʥʥʳʝ ʧʦ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʈʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ MIKE 21 HD ʠ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʬʘʡʣ .dfs2 ʩ ʚʳʭʦʜʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ Water Depth, P Flux, Q Flux 

ɻʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʤ3/ʤʦʣ ʂ 8.206e-005 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʜʳ ʧʨʠ 

20Á ʉ (ʩʈ) 

1.002 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ (Á ʉ) .dfs2   ʯʝʪʳʨʝʭʩʨʦʯʥʳʝ ʜʘʥʥʳʝ ERA Interim 

ʇʣʦʪʥʦʩʪʴ ʚʦʜʳ (ʛ/ʤ3) 1010 

ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ  .dfs0 ï ʯʝʪʳʨʝʭʩʨʦʯʥʳʝ ʜʘʥʥʳʝ ERA 

Interim, ʦʩʨʝʜʥʝʥʥʳʝ ʜʣʷ ʘʢʚʘʪʦʨʠʠ 

ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ 

ʂʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʘ (UTM-39, 

WGS84) 

ʇʦʣʠʛʦʥʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ, 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʡ 46 ʪʦʯʢʘʤʠ 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ About bed, 0 

ʄʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ 0,0013237 ʤ3/ʩ 

ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʘ 25.07.2012 ʩ 02:42 GMT ʧʦ 02:45 GMT 

ʏʠʩʣʦ ʯʘʩʪʠʮ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 10 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʥʘ ʩʝʪʢʫ ʨʘʟʤʝʨʦʤ 1000 ʤ ʥʘ 

1000 ʤ.  

ʈʠʩʫʥʦʢ 26 ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ 

ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʷ ʥʘ ʧʝʨʠʦʜ ʩ 25 ʧʦ 29 ʠʶʣʷ 2012 ʛ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ ʠ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʚ 

ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 29.07.2012 12:00 GMT, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʦʥʯʘʥʠʶ ʨʘʩʯʝʪʘ, ʥʝʬʪʷʥʘʷ ʧʣʝʥʢʘ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʦʪ ʩʚʦʝʛʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ 20 ʢʤ ʚ ʶʞʥʦʤ ʠ 20 ʢʤ ʚ 

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

 

 
25.07.2012 03:00 GMT 

 
25.07.2012 12:00 GMT 

 

ʈʠʩʫʥʦʢ 26 ï ʂʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʟʘ 

ʧʝʨʠʦʜ ʩ 25 ʧʦ 29 ʠ ʣʁʷ 2012 ʛ., ʣʠʩʪ 1 
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26.07.2012 12:00 GMT 

 
27.07.2012 12:00 GMT 

  

 
28.07.2012 12:00 GMT 

 
29.07.2012 12:00 GMT 

 

ʈʠʩʫʥʦʢ 26, ʣʠʩʪ 2 

 

3.3.3 ʄʦʜʫʣʴ ʨʘʩʯʝʪʘ ʢʘʨʪʳ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ 

ʈʠʩʢʦʚʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʦʩʥʦʚʘʥʦ ʥʝ ʦʙʨʘʙʦʪʢʝ 

ʤʥʦʞʝʩʪʚʘ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. ɼʘʥʥʳʝ ʧʦ ʨʘʟʣʠʚʫ ʥʝʬʪʠ ʭʨʘʥʷʪʩʷ ʚ ʬʘʡʣʘʭ ʬʦʨʤʘʪʘ 

dfs2. ʀʥʬʦʨʤʘʮʠʷ ʚ ʵʪʠʭ ʬʘʡʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʫʭʤʝʨʥʳʭ ʤʘʪʨʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʱʠʥʫ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʚʨʝʤʝʥʥʦʤ 

ʨʷʜʝ. ɿʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʦʪ 0 ʜʦ 120 ʯʘʩʦʚ ʩ ʰʘʛʦʤ 1 ʯʘʩ. ʆʙʨʘʙʦʪʢʘ ʵʪʠʭ 

ʬʘʡʣʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

- ɺ ʢʘʞʜʦʤ ʫʟʣʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨʢʘ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ 
ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʟʣʠʚʘ 

ʥʝʬʪʠ. 

- ɺ ʢʘʞʜʦʤ ʫʟʣʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʩʪʨʦʠʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 
ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ ʩʘʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ.  

- ɺ ʢʘʞʜʦʤ ʫʟʣʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ ʇɼʂ, ʪ.ʝ. 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ. 
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- ʆʙʲʝʜʠʥʷʶʪʩʷ ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʨʳ ʨʠʩʢʘ ʚ ʫʟʣʘʭ ʩʝʪʢʠ ʚ 
ʝʜʠʥʫʶ ʢʘʨʪʫ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʚʳʰʝ ʇɼʂ.  

ʅʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʨʠʩʢʦʚʦʡ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʧʦ ʨʘʟʣʠʚʫ, ʧʨʦʛʨʘʤʤʘ ʧʦʦʯʝʨʝʜʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʬʘʡʣʳ, ʠʩʧʦʣʴʟʫʷ 

ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MIKE 21, ʛʜʝ ʜʘʥʥʳʝ ʠʟ dfs2 ʬʦʨʤʘʪʘ 

ʢʦʥʚʝʨʪʠʨʦʚʘʣʠʩʴ ʚ shape ʬʘʡʣʳ, ʠʟʚʝʩʪʥʳʡ ʬʦʨʤʘʪ ESRI ArcGIS. ʇʦʩʣʝ 

ʢʦʥʚʝʨʪʘʮʠʠ, ʠʟ ʦʜʥʦʛʦ ʬʘʡʣʘ ʨʘʟʣʠʚʘ ʬʦʨʤʘʪʘ dfs2 ʧʦʣʫʯʘʶʪʩʷ 120 shape 

ʬʘʡʣʦʚ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʨʘʟʣʠʚʘ ʯʝʨʝʟ ʢʘʞʜʳʡ ʯʘʩ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʥʝʦʙʭʦʜʠʤʦ ʦʯʝʥʴ ʤʥʦʛʦ ʧʨʦʩʯʠʪʘʥʥʳʭ ʬʘʡʣʦʚ ʨʘʟʣʠʚʘ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʟʘ ʚʳʙʨʘʥʥʳʡ ʤʝʩʷʮ ʥʫʞʥʦ 30 ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʠ 

ʨʘʟʣʠʚʘ ʩ 1979 ʧʦ 2015 ʛʦʜʳ, ʠʪʦʛʦ ʥʫʞʥʦ ʦʙʨʘʙʦʪʘʪʴ 36 ʣʝʪ ʭ 30 ʜʥʝʡ ʭ 120 ʯ = 

129600 ʬʘʡʣʦʚ. ʆʙʨʘʙʦʪʢʘ ʚʩʝʭ ʵʪʠʭ ʬʘʡʣʦʚ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʟʘʛʨʫʞʘʝʪ ʬʘʡʣʦʚʫʶ ʩʠʩʪʝʤʫ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʥʘʡʪʠ ʩʧʦʩʦʙ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʧʨʷʤʫʶ ʨʘʙʦʪʘʪʴ ʩ ʬʘʡʣʘʤʠ ʪʠʧʘ dfs2, ʚʤʝʩʪʦ 120 shape ʬʘʡʣʦʚ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʥʘʡʜʝʥ ʠʥʩʪʨʫʤʝʥʪ ñDHIMatlabToolboxò, ʜʣʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Matlab, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ dfs2 

ʬʘʡʣʦʚ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ñDHIMatlabToolboxò ʨʠʩʢʦʚʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʚ ʩʨʝʜʝ Matlab. ʇʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ Matlab, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦ 

ʚʨʝʤʷ ʨʘʩʯʝʪʘ. ʅʦ ʠ ʵʪʦʛʦ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʦʵʪʦʤʫ, ʚʦʟʥʠʢ ʚʦʧʨʦʩ 

ʨʝʘʣʠʟʦʚʘʪʴ ʨʠʩʢʦʚʫʶ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ. ʅʦ ʧʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʩʨʝʜʝ Matlab ʤʦʛʣʘ ʨʘʙʦʪʘʪʴ ʩ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ MIKE 21 ʪʦʣʴʢʦ ʩ ʚʝʨʩʠʝʡ 2011 ʛʦʜʘ, ʘ ʜʣʷ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʩʠʶ 2012 ʛʦʜʘ. ʀʟ-ʟʘ ʵʪʠʭ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʝʡ ʚʝʨʩʠʡ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʙʠʦʪʫ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʙʳʣ ʚʳʙʨʘʥ 

ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#, ʪʘʢ ʢʘʢ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʘʪʴ ʩ ʙʠʙʣʠʦʪʝʢʦʡ DHI.Generic.MikeZero.DFS, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʜʦʩʪʫʧ ʢ ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʬʘʡʣʘ ʬʦʨʤʘʪʘ dfs2.  

ɺ ʠʪʦʛʝ ʜʣʷ ʨʠʩʢ-ʤʦʜʫʣʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ C#, ʥʘʟʚʘʥʥʘʷ PrepareRiskApp (ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʩʤʦʪʨʠʪʝ 

ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ). ʅʘ ʨʠʩʫʥʢʝ 27 ʧʨʠʚʝʜʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʨʝʘʣʠʟʦʚʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʨʠʩʢʘ. ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʤʦʜʫʣʷ PrepareRiskApp 

ʷʚʣʷʶʪʩʷ: ʧʫʪʴ ʢ ʬʘʡʣʘʤ ʨʘʟʣʠʚʘ (Oil_Spill), ʧʫʪʴ ʢ ʬʘʡʣʫ ʛʣʫʙʠʥʳ ʚʦʜʳ 

(Water_Depth) ʠ ʟʥʘʯʝʥʠʝ ʇɼʂ (MPC). ʇʨʦʛʨʘʤʤʘ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʟ ʬʘʡʣʦʚ 

ʨʘʟʣʠʚʦʚ, ʚʳʯʠʩʣʷʝʪ ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ (x, y) ʪʨʠ ʥʦʚʳʭ ʧʦʣʷ: (1) Prob ï 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʥʝʬʪʠ ʚ ʜʘʥʥʫʶ ʷʯʝʡʢʫ ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, (2) 

TotalOilMPC ï ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʙʳʣʦ ʧʨʝʚʳʰʝʥʦ ʇɼʂ ʚ ʜʘʥʥʦʡ ʷʯʝʡʢʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, (3) VolatileOilMPC ï ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʙʳʣʦ 

ʧʨʝʚʳʰʝʥʦ ʇɼʂ ʣʝʛʢʦʡ ʬʨʘʢʮʠʝʡ ʥʝʬʪʠ ʚ ʜʘʥʥʦʡ ʷʯʝʡʢʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ.  
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ʈʠʩʫʥʦʢ 27 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʠʣʦʞʝʥʠʷ PrepareRiskApp.exe ʜʣʷ 

ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʬʘʡʣ ʨʘʟʣʠʚʘ ʚ ʬʦʨʤʘʪʝ dfs2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

Dfs2FileOpen(string filename) ʢʣʘʩʩʘ DHI.Generic.MikeZero.DFS.DfsFileFactory. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ReadItemTimeStep(int itemNumber, int 

timestepIndex) ʩʯʠʪʳʚʘʶʪʩʷ ʜʘʥʥʳʝ ʧʦʣʷ ʟʘ ʫʢʘʟʘʥʥʳʡ ʰʘʛ ʚʨʝʤʝʥʠ, ʘ ʤʝʪʦʜʦʤ 
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Data.GetValue(int index) ʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʥʝʬʪʠ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʠ ʚ ʷʯʝʡʢʝ (ʚ ʙʣʦʢ-ʩʭʝʤʝ Toil) ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ 

ʚʩʝʭ ʯʝʪʳʨʝʭ ʬʨʘʢʮʠʠ ʥʝʬʪʠ ʩʫʤʤʠʨʫʶʪʩʷ ʠ ʜʝʣʠʪʩʷ ʥʘ ʦʙʲʝʤ ʚʦʜʳ ʚ ʜʘʥʥʦʡ 

ʷʯʝʡʢʝ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʚʦʜʳ ʥʘ 

ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ (106 ʤ2). ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʥʝʬʪʠ ʚ ʷʯʝʡʢʝ (ʚ 

ʙʣʦʢ-ʩʭʝʤʝ Voil) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʘʢʞʝ, ʥʦ ʪʦʣʴʢʦ ʜʣʷ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ. ʇʦʩʣʝ 

ʩʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʘʜʘʥʠʷ ʥʝʬʪʠ ʚ ʷʯʝʡʢʫ ʠ ʧʨʝʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʬʪʠ ʇɼʂ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʡʢʘʭ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ 

ʧʦʣʷ ʜʝʣʷʪʩʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʠʤʝʶʱʠʭʩʷ ʥʘʙʦʨʦʚ ʨʘʟʣʠʚʘ ʥʝʬʪʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʘʝʤ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʣʷ 

ʜʝʣʷʪʩʷ ʥʘ ʇɼʂ ʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʤ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʙʳʣʦ ʧʨʝʚʳʰʝʥʦ ʇɼʂ ʚ 

ʢʘʞʜʦʡ ʷʯʝʡʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʝʡ Prob, TotalOilMPC ʠ VolatileOilMPC 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ dfs2 ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Data.SetValue(object value, 

int index). ʊʘʢ ʢʘʢ ʬʘʡʣʦʚ ʨʘʟʣʠʚʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦ ʵʪʦʤʫ ʘʣʛʦʨʠʪʤʫ ʦʯʝʥʴ 

ʤʥʦʛʦ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʩʯʝʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʝʙ-ʩʝʨʚʠʩ HPCRiskModel, 

ʢʦʪʦʨʳʡ ʨʘʩʧʨʝʜʝʣʷʝʪ ʩʮʝʥʘʨʠʠ ʨʘʟʣʠʚʘ ʧʦ ʫʟʣʘʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʜʨʦʙʥʦ ʚʝʙ-ʩʝʨʚʠʩ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʨʘʩʯʝʪʦʚ ʥʘ ʫʟʣʘʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʧʨʦʛʨʘʤʤʘ RiskApp 

(ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʩʤʦʪʨʠʪʝ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ) ʦʙʲʝʜʠʥʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʜʠʥ 

ʬʘʡʣ ʠ ʩʦʭʨʘʥʷʝʪ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ dfs2, ʥʘʟʳʚʘʝʤʘʷ Risk.dfs2 (ʨʠʩʫʥʦʢ 28). 

 

 
 

ʈʠʩʫʥʦʢ 28 ï ʌʘʡʣ Risk.dfs2 ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ 
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3.3.4 ʄʦʜʫʣʴ ʨʘʩʯʝʪʘ ʢʘʨʪʳ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ   

ʅʘʧʦʤʥʠʤ, ʯʪʦ (Ŭ,ɓ,Ű) ï ʘʚʘʨʠʷ, Ŭ ï ʤʦʤʝʥʪ ʘʚʘʨʠʠ, ɓ ï ʤʦʱʥʦʩʪʴ ʘʚʘʨʠʠ, Ű 

ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʚʘʨʠʠ. ʇʦʜ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʪʦʯʢʝ 

ʧʦʥʠʤʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ɝ(t), ʛʜʝ t ï ʚʨʝʤʷ. ʇʦʜ 

ʙʠʦʪʦʡ ʚ ʪʦʯʢʝ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ 

ʤʠʨʘ (ʧʦʧʫʣʷʮʠʡ) ʚ ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ. ɹʠʦʪʘ ʚʦ ʚʩʝʡ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʦʠʪ ʠʟ 

n > 0 ʧʦʧʫʣʷʮʠʡ BM1(t), BM2(t), . . . , BMn(t). 

ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʙʠʦʪʳ ʠʤʝʝʪʩʷ ʘʨʝʘʣ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʩʤ. ʢʘʨʪʫ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʵʣʝʤʝʥʪʦʚ ʙʠʦʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʚ ʨʘʟʜʝʣʝ 3.2.2). ʂʨʦʤʝ ʪʦʛʦ, 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʞʜʦʤʫ i-ʤʫ ʵʣʝʤʝʥʪʫ ʙʠʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ í (ʩʤ. ʢʘʨʪʫ ʫʷʟʚʠʤʦʩʪʠ ʙʠʦʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʚ 

ʨʘʟʜʝʣʝ 3.2.2). ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʛʦ ʯʠʩʣʘ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʣʥʦʤ 

ʫʥʠʯʪʦʞʝʥʠʠ i-ʛʦ ʵʣʝʤʝʥʪʘ ʙʠʦʪʳ ʚ ʪʦʯʢʝ ʝʛʦ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʡʤʝʪ í 

ʢʘʣʝʥʜʘʨʥʳʭ ʣʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠ ʥʝʧʦʣʥʦʤ 

ʫʥʠʯʪʦʞʝʥʠʠ ʙʠʦʪʳ ʚʨʝʤʷ ʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʦʮʝʥʪʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʛʠʙʝʣʠ ʙʠʦʪʳ, ʪ.ʝ. ʝʩʣʠ ʧʦʛʠʙʣʦ ŭ% ʙʠʦʤʘʩʩʳ, ʪʦ ʚʨʝʤʷ ʧʦʣʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʡʤʝʪ ŭ/100 z  í. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʙʠʦʪʳ ʠʤʝʝʪʩʷ ʬʫʥʢʮʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, 

ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʦʪʨʘʞʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʙʠʦʤʘʩʩʳ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʟʘʛʨʷʟʥʝʥʠʷ. ʌʦʨʤʘʣʠʟʫʝʤ ʜʘʥʥʦʝ ʧʦʥʷʪʠʝ: ʧʫʩʪʴ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t  ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʪʦʯʢʝ )(tx  ʠ 

ʙʠʦʤʘʩʩʘ i -ʛʦ ʵʣʝʤʝʥʪʘ ʙʠʦʪʳ ʚ ʪʦʯʢʝ 
).(tBM i  ʊʦʛʜʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1+t   
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ʈʠʩʢʦʤ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʝʨʭʥʶʶ ʦʮʝʥʢʫ 

ʜʣʷ ʚʨʝʤʝʥʠ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʪʳ 
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ʛʜʝ 
0,>ia

 ib
 ï ʧʘʨʘʤʝʪʨʳ ʜʣʷ i -ʛʦ ʚʠʜʘ ʙʠʦʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ, x ï ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, iʇɼʂ
 ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ i -ʛʦ ʚʠʜʘ ʙʠʦʪʳ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ (ʥʘ 

ʨʠʩʫʥʢʝ 29 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ): 

1. ɺʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʙʠʦʪʝ: ʢʘʨʪʳ ʫʷʟʚʠʤʦʩʪʠ, ʧʘʨʘʤʝʪʨʳ iʇɼʂ
, 

0,>ia
 

.ib
 

ʇʨʠʤʝʯʘʥʠʝ: ʇʘʨʘʤʝʪʨʳ iʇɼʂ
, 

0,>ia
 

.ib
ʙʝʨʫʪʩʷ ʠʟ ʬʘʡʣʘ (ʨʠʩʫʥʦʢ 29), 

ʩʦʩʪʘʚʣʝʥʥʘʷ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʪʳ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ. ʇʘʨʘʤʝʪʨʳ ʇɼʂi, 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʦʣʙʮʝ ñminʇɼʂò. ʇʘʨʘʤʝʪʨʳ ai > 0 ʠ bi ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʣʝʜ. 

ʬʦʨʤʫʣʝ: 

 

ὥ
ώ ώ

ά ά
 

 

ὦ
ώ ώ ὥά ά

ς
 

 

ʛʜʝ yi
(1) - ʵʪʦ ʩʪʦʣʙʝʮ ñ% ʧʦʛʠʙʰʠʭ ʦʩʦʙʝʡ ʧʨʠ minʇɼʂò, yi

(2) - ʵʪʦ ʩʪʦʣʙʝʮ 

ñ% ʧʦʛʠʙʰʠʭ ʦʩʦʙʝʡ ʧʨʠ maxʇɼʂò, mi
(1) - ʵʪʦ ʩʪʦʣʙʝʮ ñminʇɼʂò ʠ mi

(2) - ʵʪʦ 

ʩʪʦʣʙʝʮ ñmaxʇɼʂò. 

2. ɺʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʘʚʘʨʠʠ: ʤʝʩʷʮ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʚʘʨʠʠ ʚ ʯʘʩʘʭ, 

ʤʦʱʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʠʶʥʴ, 24 ʯʘʩʘ, 100 ʪʦʥʥ. 
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3. ɿʘʧʫʩʢʘʝʪʩʷ ʮʠʢʣ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʧʦʣʝʡ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʢʘʞʜʦʛʦ 

ʜʥʷ ʤʝʩʷʮʘ ʠ ʛʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʨʝʘʥʘʣʠʟʘ ʤʝʪʝʦʜʘʥʥʳʭ. 

4. ɿʘʧʫʩʢʘʝʪʩʷ ʮʠʢʣ ʜʣʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʷ ʥʘ ʩʣʝʜʫʶʱʠʝ 120 

ʯʘʩʦʚ ʧʨʦʛʥʦʟʘ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ.  

5. ɿʘʧʫʩʢʘʝʪʩʷ ʮʠʢʣ ʧʨʦʭʦʜʷʱʘʷ ʧʦ ʚʩʝʤ ʷʯʝʡʢʘʤ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

6. ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʠ ʚ ʪʦʯʢʝ k ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

t: 

 

‚
ὕὭὰὓὥίί

ὡὥὸὩὶὈὩὴὸὬ ρzπ
 

 

7. ɼʣʷ ʢʘʞʜʦʛʦ i-ʛʦ ʚʠʜʘ ʙʠʦʪʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʨʦʮʝʥʪʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʡ ʙʠʦʪʳ: 

 

Ὠ ρ Ὢ‚  

 

8. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʫʤʤʘ ʧʨʦʮʝʥʪʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ i-ʛʦ ʚʠʜʘ ʙʠʦʪʳ ʧʦ ʚʩʝʤ 

ʤʝʪʝʦʩʠʪʫʘʮʠʷʤ: 

Ὣ Ὠ 

 

9. ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʪʳ: 

 

ὙὭίὯ “ ρ
Ὣ

Ὑ
 

 

10. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʢʘʨʪʫ ʨʠʩʢʘ 

ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ. 
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ʈʠʩʫʥʦʢ 29 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ 

 

 

 

 

 

 

 

                    
    
  

  
  

 
 
 
 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ˤͻͦ͒ͤ·͔ ͨ͊ͪ͊ͣ ͔ͭͪ·Υ  

ͺ͚͊͡· ͙͍͍ͪ͊ͦ͘͡Σ ͎͙ͯ͋ͤ͊͡ ͍ͦ͒·Σ  

͔ͣͫΎͼΣ ͔͊ͪ͊͡ ͙͙ͦ͋ͭ͊ͤΎ ͙͋ͦͭ·Σ 

͔ͨ͊ͪ͊ͣͭͪ· ˽˨˴Σ ͨ ͔͙ͪͦ͒ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ 

˾͊ͫ;͔ͭ ͔͍ͨ͊ͪ͊ͣͭͪͦ: 

ὥὭ=
ώὭ

(2)
ώὭ

(1)

άὭ
(2)

άὭ
(1)

 

ὦὭ=
ώὭ

(2)
+ ώὭ

1
ὥὭ(άὭ

2
+ άὭ

1
)

2
 

 

͙̇͟͡ ͨͦ ͺ͚͊͊ͣ͡ ͙͍ͪ͊͊͘͡ ͙ͨͪ 

͙ͪ͊͘͡;ͤ·ͻ ͔͔͙ͣͭͦͫͭͯ͊ͼ͙Ύͻ, OS = 0, R  

͙̇͟͡ ͨͦ ͍͔ͫͣ Ύ;͔͚͊ͣ͟ ͊ͪͭ͟· 

͙͍ͪ͊͊͘͡, k = 0, n 

˾͊ͫ;͔ͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͔ͤͺ͙ͭ: 

‚Ὧ
ὸ=

ὕὭὰὓὥίίὯ
ὸ

ὡὥὸὩὶὈὩὴὸὬὯ
ὸ 1z06

 

˾͊ ͫ;͔ͭ ͨͪͦͼ͔͎ͤͭͤͦͦ ͔ͯͣͤΈ΄͔͙ͤΎ i-͎ͦ 

͍͙͒͊ ͙͋ͦͭ·: 

ὨὯ
Ὥ= (1 ὪὭ‚Ὧ

ὸ )

120

ὸ=0

 

 

ˤ·ͻͦ͒Υ Risk -

͊͟ ͪͭ͊ ͙ͪͫ͊͟ 

͔͙ͨͦͪ͊͗ͤΎ 

͙͋ͦͭ· 

͙̇͟͡ ͨͦ ͍͔͔͙ͪͣͤ,  

t = 0, 120 

 

͙̇͟͡ ͨͦ ͍͙͒͊ͣ ͙͋ͦͭ·, i = 0, B  

˿ͯͣͣ͊ ͨ ͪͦͼ͔͎ͤͭͤͦͦ 

͔ͯͣͤΈ΄͔͙ͤΎ i-͎ͦ 

͍͙͒͊ ͙͋ͦͭ· ͨ ͦ ͍͔ͫͣ 

͔͔͙ͣͭͦͫͭͯ͊ͼ͙Ύͣ: 

ὫὯ
Ὥ= ὨὯ

Ὥ

Ὑ

ὕὛ= 0

 

 

ώὭ
(1)

 - ҈ ͎͙ͨͦ͋΄͙ͻ ͔͚ͦͫͦ͋ ͙ͨͪ min˽˨ ˴

ώὭ
(2)

 - ҈ ͎͙ͨͦ͋΄͙ͻ ͔͚ͦͫͦ͋ ͙ͨͪ max˽ ˨ ˴

άὭ
(1)

min ˜ˑ ̠

άὭ
(2)

mὥὼ̃ ˑ ̠

 

˾͊ ͫ;͔ͭ ͍͔͔͙ͪͣͤ ͎ͨͦͤͦͦ͡ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͙͋ͦͭ·: 

ὙὭίὯὯ= “Ὥ(1
ὫὯ
Ὥ

Ὑ

ὄ

Ὥ= 0

) 
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ʈʠʩʫʥʦʢ 29 ï ʌʘʡʣ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʙʠʦʪʳ, 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 3.2.1 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʠʩʢ-ʤʦʜʫʣʷ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ, ʥʘʟʚʘʥʥʦʛʦ 

PrepareBiotaRiskApp (ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʩʤʦʪʨʠʪʝ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ), ʪʘʢʞʝ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ 

DHI.Generic.MikeZero.DFS. ʅʘ ʨʠʩʫʥʢʝ 30 ʧʨʠʚʝʜʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʨʝʘʣʠʟʦʚʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ. ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 

ʧʨʦʛʨʘʤʤʳ PrepareBiotaRiskApp ʷʚʣʷʶʪʩʷ: ʬʘʡʣʳ ʨʘʟʣʠʚʘ (OilSpill), ʬʘʡʣ 

ʛʣʫʙʠʥʳ ʚʦʜʳ (WaterDepth), ʚʳʙʨʘʥʥʳʡ ʤʝʩʷʮ (Month), ʬʘʡʣʳ ʙʠʦʪʳ (BiotaArea) 

ʠ ʧʘʨʘʤʝʪʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ (RecovYear, MinCon, MaxCon, 

DeadMinCon, DeadMaxCon). ʂ ʬʘʡʣʘʤ ʙʠʦʪʳ ʦʪʥʦʩʷʪʩʷ ʢʘʨʪʳ ʤʝʩʪ ʦʙʠʪʘʥʠʷ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʤʝʩʷʮʘʤ, ʪʘʙʣʠʮʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʝʨʠʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʇɼʂ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʦʮʝʥʪʘ ʧʦʛʠʙʰʠʭ ʦʩʦʙʝʡ 

ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʙʠʦʪʳ. ʕʪʠ ʟʥʘʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʪʨʘʞʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʙʠʦʤʘʩʩʳ. ʇʨʦʛʨʘʤʤʘ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʟ ʬʘʡʣʦʚ ʨʘʟʣʠʚʦʚ ʠ ʬʘʡʣʦʚ ʙʠʦʪʳ, 

ʚʳʯʠʩʣʷʝʪ ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ (x, y) ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʪʳ, 

ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʨʠʩʢ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʦʪ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ.   
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ʈʠʩʫʥʦʢ 30 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʠʣʦʞʝʥʠʷ PrepareBiotaRiskApp.exe ʜʣʷ 

ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʬʘʡʣ ʨʘʟʣʠʚʘ ʚ ʬʦʨʤʘʪʝ dfs2 ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

Dfs2FileOpen(string filename) ʢʣʘʩʩʘ DHI.Generic.MikeZero.DFS.DfsFileFactory. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ReadItemTimeStep(int itemNumber, int 

timestepIndex) ʩʯʠʪʳʚʘʶʪʩʷ ʜʘʥʥʳʝ ʧʦʣʷ ʟʘ ʫʢʘʟʘʥʥʳʡ ʰʘʛ ʚʨʝʤʝʥʠ, ʘ ʤʝʪʦʜʦʤ 

Data.GetValue(int index) ʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʥʝʬʪʠ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ. 

ɼʣʷ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʬʪʠ ʪʦʣʴʢʦ ʜʣʷ 

ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʥʝʬʪʠ (ʚ ʙʣʦʢ-ʩʭʝʤʝ Voil), ʛʜʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ 

ʥʝʬʪʠ ʜʝʣʠʪʩʷ ʥʘ ʦʙʲʝʤ ʚʦʜʳ ʚ ʜʘʥʥʦʡ ʷʯʝʡʢʝ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 
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ʫʤʥʦʞʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʚʦʜʳ ʥʘ ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ (106 ʤ2). ɿʘʪʝʤ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʙʠʦʤʘʩʩʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʧʘʨʘʤʝʪʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʫʩʨʝʜʥʷʶʪʩʷ ʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʢʘʨʪʦʡ ʦʙʠʪʘʥʠʷ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ 

ʧʝʨʠʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʯʪʦ ʜʘʝʪ ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʪʳ 

(RiskBiota). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ RiskBiota ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ dfs2 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Data.SetValue(object value, int index). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 

ʢʘʨʪʘ ʧʦʨʘʞʝʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʚʠʜʘ ʙʠʦʪʳ. ʊʘʢ ʢʘʢ ʬʘʡʣʦʚ ʨʘʟʣʠʚʘ ʠ ʙʠʦʪʳ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦ ʵʪʦʤʫ ʘʣʛʦʨʠʪʤʫ ʦʯʝʥʴ ʤʥʦʛʦ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʩʯʝʪʘ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʚʝʙ-ʩʝʨʚʠʩ HPCRiskModel, ʢʦʪʦʨʳʡ ʨʘʩʧʨʝʜʝʣʷʝʪ ʢʘʞʜʳʡ ʚʠʜ ʙʠʦʪʳ 

(175 ʚʠʜʦʚ) ʧʦ ʫʟʣʘʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʚʝʙ-ʩʝʨʚʠʩʘ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʨʘʩʯʝʪʦʚ ʥʘ 

ʫʟʣʘʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʧʨʦʛʨʘʤʤʘ RiskBiotaApp (ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʩʤʦʪʨʠʪʝ 

ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ) ʦʙʲʝʜʠʥʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʜʠʥ ʬʘʡʣ ʠ ʩʦʭʨʘʥʷʝʪ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ 

dfs2, ʥʘʟʚʘʥʥʘʷ BiotaRisk.dfs2, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʨʠʩʢ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ (ʨʠʩʫʥʦʢ 

31) [91]. 

 

 
 

ʈʠʩʫʥʦʢ 31 ï ʌʘʡʣ BiotaRisk.dfs2 ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʨʠʩʢʘ  

ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ 

 

ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʤʫ ʨʘʟʜʝʣʫ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥ ʚʝʩʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦ ʨʘʩʯʝʪʘ ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʧʦʩʪʫʧʘʶʪ ʚ ʩʠʩʪʝʤʫ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʝʨʚʠʩʦʚ ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ.  
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ɸʪʤʦʩʬʝʨʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʠʟʤʝʥʯʠʚʘʷ ʩʨʝʜʘ ʠ ʢʘʢ ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ, 

ʬʦʨʤʠʨʫʶʱʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʤʝʣʢʦʚʦʜʥʦʛʦ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ, ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʚ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʩʪʦʯʥʠʢʦʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ERA Interim.  

ʏʪʦʙʳ ʧʦʩʪʨʦʠʪ ʢʘʨʪ rʟʦʥ ʫʷʟʚʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ 

ʙʳʣ ʩʦʙʨʘʥ ʠ ʧʨʠʚʝʜʝʥ ʢ ʝʜʠʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʦʛʨʦʤʥʳʡ ʠ 

ʫʥʠʢʘʣʴʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʠ ʠ ʟʦʥʘʭ ʦʙʠʪʘʥʠʷ ʤʥʦʛʠʭ 

ʚʠʜʦʚ ʙʠʦʪʳ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʘʜʘʧʪʘʮʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɼʘʪʩʢʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ MIKE 21 HD 

ʢ ʫʩʣʦʚʠʷʤ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʤʦʜʫʣʷ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ 

MIKE 21 OS (Oil Spill), ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʝʬʪʠ ʠ ʪʘʢʠʝ ʚʘʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʧʝʨʝʥʦʩ, ʠʩʧʘʨʝʥʠʝ, ʵʤʫʣʴʩʠʬʠʢʘʮʠʷ, 

ʦʩʘʞʜʝʥʠʝ ʥʝʬʪʠ ʠ ʝʝ ʨʘʩʪʝʢʘʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʚ 

ʤʦʜʝʣʷʭ ʨʘʩʯʝʪʦʚ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʨʘʟʣʠʚʘ ʥʝʬʪʠ. ʀʟ ʙʘʟʳ ʜʘʥʥʳʭ ERA Interim 

ʙʳʣʠ ʟʘʢʘʯʘʥʳ 8 ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʞʜʳʡ ʜʝʥʴ ʩ 1979 ʧʦ 2014 ʛʦʜʳ ʠ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʣʷ ʨʘʩʯʝʪʦʚ ʬʦʨʤʘʪ (ʚʩʝʛʦ 52 596 ʬʘʡʣʦʚ). ʅʘ MIKE 21 HD, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʳʭ ʟʘʧʫʩʢʦʚ, ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ (13 149 ʬʘʡʣʦʚ), ʥʘ ʚʩʝ ʜʥʠ ʩ 1979 ʧʦ 2014 

ʛʦʜʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʦʚ. 

ʀʪʦʛʦʚʳʤ ʵʪʘʧʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ 

ʨʠʩʢʦʚʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠ ̫ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʦʦʙʱʝʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʩʯʝʪʥʳʝ ʤʦʜʫʣʠ ʨʝʘʣʠʟʫʶʱʠʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ.  

  



71 

4 ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ RANDOM 

 

4.1 ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ 4-ʭ ʫʨʦʚʥʝʚʘʷ ʩʝʨʚʠʩ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʝʪʘ ʨʠʩʢʦʚʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ. ɺʳʙʦʨ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ (SOA) ʩʚʷʟʘʥ ʩ ʪʝʤ, 

ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʥʦ-

ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʯʪʦ ʠ 

ʪʨʝʙʦʚʘʣʦʩʴ, ʚ ʩʚʷʟʠ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʩʠʩʪʝʤʫ ʤʥʦʞʝʩʪʚʘ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʥʦ-ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ RANDOM ʚ ʚʠʜʝ 4-ʭ 

ʫʨʦʚʥʝʚʦʡ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ (SOA) ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ ʚʝʙ-

ʩʣʫʞʙ W3C. ʉʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʜʫʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ, ʟʘʤʝʥʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʩʥʘʱʝʥʥʳʭ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ 

ʧʨʦʪʦʢʦʣʘʤ. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʥʦ-ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʄʦʜʫʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʫʩʣʫʛʠ, ʛʜʝ ʢʘʞʜʘʷ ʫʩʣʫʛʘ ʦʙʣʘʜʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʊʝʤ ʩʘʤʳʤ ʜʦʩʪʠʛʘʝʪʩʷ ʛʠʙʢʦʩʪʴ ʩʠʩʪʝʤʳ [92].  

ʈʠʩʫʥʦʢ 32 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ. 

ʅʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 4 ʫʨʦʚʥʷ ʩʠʩʪʝʤʳ: ʢʣʠʝʥʪʩʢʠʡ, ʠʥʪʝʨʬʝʡʩʥʳʡ, 

ʫʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʡ ʠ ʫʨʦʚʝʥʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ.  

ʂʣʠʝʥʪʩʢʠʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ. ʆʙʨʘʱʝʥʠʝ ʢ ʩʠʩʪʝʤʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʢʘʢ ʩ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʪʘʢ ʠ ʩ ʤʦʙʠʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʝʟʝʥʪʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʚʝʙ-ʩʝʨʚʝʨʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʚʝʨʥʫʪʘ 

ʧʣʘʪʬʦʨʤʘ Microsoft SharePoint Server 2013 ʜʣʷ ɼʝʤʦ ʚʝʨʩʠʠ ʧʦʨʪʘʣʘ ʠ ʨʘʙʦʯʠʡ 

ʧʦʨʪʘʣ RANDOM ʥʘ Microsoft ASP.NET, ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʝ IIS. 

ɺʳʙʦʨ ʧʣʘʪʬʦʨʤʳ Microsoft ASP.NET ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʧʨʠʥʮʠʧ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ.  

ʋʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʚʝʙ-ʩʝʨʚʠʩʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʧʨʘʚʣʷʶʱʠʝ ʩʣʫʞʙʳ ʥʘʜ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʠ ʚʳʧʦʣʥʷʶʱʠʭ ʨʘʩʯʝʪʳ ʨʘʟʣʠʚʦʚ 

ʠ ʘʥʘʣʠʟ ʨʠʩʢʘ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʷʜʨʦ ʩʠʩʪʝʤʳ. 

ʅʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʙʫʜʝʪ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʣʘʩʪʝʨ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʪ ʙʳʩʪʨʫʶ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. ʅʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ 

ʢʣʘʩʪʝʨʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ: Mike 21 SA, Mike 
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21 HD, Risk Biota, Meteo. ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʷʚʣʷʝʪʩʷ ʟʘʢʨʳʪʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʠʩʪʝʤʦʡ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʘʢʝʪʘʤʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʝʙ-ʩʝʨʚʠʩʳ Preprocessing, ProxyService, HPCRiskModel, 

MapConverter ʠ ʤʦʜʫʣʴ Task Controller. 

ʋʨʦʚʝʥʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʪ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 32 ï ʆʙʱʘʷ ʩʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ RANDOM 

 

ʇʦʣʴʟʦʚʘʪʝʣʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʟʘʢʘʟʯʠʢ, ʦʙʨʘʱʘʝʪʩʷ ʢ ʩʠʩʪʝʤʝ 

ʯʝʨʝʟ ʚʝʙ-ʙʨʘʫʟʝʨ. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʚʠʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ 

ʙʫʜʝʪ ʧʨʦʡʪʠ ʧʨʦʮʝʩʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʝ. ʇʦʩʣʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ 

ʚʝʙ-ʩʝʨʚʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʧʘʜʘʝʪ ʥʘ ʚʝʙ-ʧʦʨʪʘʣ ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ Microsoft 

ASP.NET. ʂʣʠʝʥʪʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ ʩʦʩʪʘʚʣʝʥʠʶ ʟʘʷʚʦʢ ʥʘ ʨʘʩʯʝʪ. ɺ 

ʩʠʩʪʝʤʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʣʝʜʠʪʴ ʟʘ ʭʦʜʦʤ ʨʘʩʯʝʪʘ, ʠ 

ʫʢʘʟʳʚʘʪʴʩʷ ʧʨʠʤʝʨʥʦʝ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʘ. ʅʘ ʧʦʨʪʘʣʝ ʨʝʘʣʠʟʦʚʘʥ 

ʚʩʪʨʦʝʥʥʳʡ ɻʀʉ ʤʦʜʫʣʴ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢʞʝ 

ʢʣʠʝʥʪʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʪʯʝʪ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 
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ʜʦʢʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʫʜʝʪ ʩʢʘʯʘʪʴ ʠʣʠ ʨʘʩʧʝʯʘʪʘʪʴ. ɺ ʩʠʩʪʝʤʝ ʚʝʜʝʪʩʷ 

ʞʫʨʥʘʣ ʨʘʥʝʝ ʧʦʩʯʠʪʘʥʥʳʭ ʟʘʜʘʯ [93]. 

UML-ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʩʝʨʠʠ ʜʠʘʛʨʘʤʤ, ʪʘʢʠʭ ʢʘʢ 

ʜʠʘʛʨʘʤʤʳ ʧʨʝʮʝʜʝʥʪʦʚ, ʢʣʘʩʩʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʘʢʪʠʚʥʦʩʪʠ, ʢʦʤʧʦʥʝʥʪʦʚ 

ʠ ʪ.ʜ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʭ. 

ʅʘ ʨʠʩʫʥʢʝ 33 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʛʜʝ ʜʣʷ ʥʘʙʦʨʘ 

ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʝʜʠʥʦʡ 

ʚʨʝʤʝʥʥʦʡ ʦʩʠ. ʆʙʲʝʢʪʳ ʚ ʜʠʘʛʨʘʤʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʦʟʥʘʯʝʥʳ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʩ ʥʘʟʚʘʥʠʷʤʠ ʦʙʲʝʢʪʦʚ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʡ ï 

ʵʪʦ çʣʠʥʠʷ ʞʠʟʥʠè, ʦʪʦʙʨʘʞʘʶʱʠʝ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʣʠ ʬʫʥʢʮʠʠ 

ʦʙʲʝʢʪʦʚ ʦʪʨʘʞʘʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʥʘ ʧʫʥʢʪʠʨʥʦʡ çʣʠʥʠʠ ʞʠʟʥʠè, ʠ 

ʩʪʨʝʣʢʠ, ʧʦʢʘʟʳʚʘʶʪ ʦʙʤʝʥ ʩʠʛʥʘʣʘʤʠ ʠʣʠ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ.  

ɺ ʥʘʯʘʣʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚ ʙʨʘʫʟʝʨʝ ʟʘʧʦʣʥʷʝʪ ʟʘʷʚʢʫ ʥʘ ʨʘʩʯʝʪ. ɼʘʥʥʳʝ ʩ 

ʙʨʘʫʟʝʨʘ ʧʦʧʘʜʘʶʪ ʚ ʧʣʘʥʠʨʦʚʱʠʢ ʟʘʜʘʯ, ʢʦʪʦʨʳʡ ʚ ʪʝʯʝʥʠʠ ʚʩʝʡ ʣʠʥʠʠ ʞʠʟʥʠ 

ʫʧʨʘʚʣʷʝʪ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʟʘʧʫʩʢʠ ʨʘʩʯʝʪʥʳʭ ʤʦʜʫʣʝʡ. ʇʝʨʚʳʤ ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣ 

ʦʙʲʝʢʪ Pre-processing, ʛʜʝ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʚ MIKE 21 HD ʠ MIKE 21 OS, ʠ ʬʘʡʣʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ɿʘʪʝʤ ʟʘʧʫʩʢʘʝʪʩʷ MIKE 21 HD ʜʣ̫ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʇʦ ʦʢʦʥʯʘʥʠʶ 

ʩʩʳʣʢʘ ʢ ʨʘʩʩʯʠʪʘʥʥʳʤ ʬʘʡʣʘʤ ʧʝʨʝʜʘʝʪʩʷ ʚ MIKE 21 OS, ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪ 

ʧʨʦʛʥʦʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ʇʦʩʣʝ ʥʝʦʜʥʦʢʨʘʪʥʦʛʦ 

ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʟʘʧʫʩʢʘʝʪʩʷ RiskApp, ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʘʩʩʯʠʪʳʚʘʝʪ 

ʨʠʩʢʠ, ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʠ ʢʘʨʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʠʦʪʳ. 

ʇʦʩʣʝʜʥʠʡ ʩʠʛʥʘʣ ʧʣʘʥʠʨʦʚʱʠʢʘ ʧʝʨʝʜʘʝʪʩʷ ʦʙʲʝʢʪʫ ConvertApp, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʠʩʢʦʚʳʭ ʢʘʨʪ ʠʟ ʮʠʬʨʦʚʳʭ 

ʜʘʥʥʳʭ ʚ ʧʨʝʟʝʥʪʘʙʝʣʴʥʳʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʠʚʷʟʘʥʥʳʝ ʢ ʤʝʩʪʥʦʩʪʠ ʩʣʦʠ ʢʘʨʪ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʪʦʙʨʘʞʝʥʳ ʚ ʙʨʘʫʟʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʢʘʨʪʳ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʚʠʜʝ ʩʝʨʚʠʩʦʚ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʩʠʩʪʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʝʨʰʝʥʥʦʩʪʴ ʚʩʝʭ ʨʘʩʯʝʪʦʚ ʠ ʚʳʜʘʝʪ ʩʩʳʣʢʫ ʥʘ 

ʧʨʦʩʤʦʪʨ ʢʘʨʪʳ. ʇʦ ʧʝʨʝʭʦʜʫ ʧʦ ʵʪʦʡ ʩʩʳʣʢʝ ʚ ʙʨʘʫʟʝʨʝ ʦʪʢʨʳʚʘʝʪʩʷ ʢʘʨʪʘ ʨʠʩʢʘ 

ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ, ʦʪʦʙʨʘʞʘʝʤʘʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷʤʠ ɻʀʉ. 
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˽ͦ͡Έͦ͘-
͍͔͊ͭ͡Έ

ˣ͔ͪ͊ͯͪ͘ˣ͔ͪ͊ͯͪ͘

͔͙͔͊ͨͦͤͤ͘͡ ͊͘Ύ͍͙͟

˽͙͍͊ͤͪͦ͡΅͙͟
Pre-

processing
MIKE 21 

HD
MIKE 21 

OS
Risk 
App

Convert 
App

ˣ͊͊͘ 
͒͊ͤͤ·ͻ

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͦ;͔͔͙ͪ͒

͔͙͔͊ͨͦͤͤ͘͡ ͊͘Ύ͍͙͟

͔͍͔ͤͪͤ·͔ ͔ͨ͊ͪ͊ͣͭͪ·

͙͔ͫͦ͒͊ͤ͘ ͦͤ͟ͺ. ͅ ͚͍͊ͦ͡ ͒͡Ύ HD ͙  OS
ͫͦͻ͔͙͔ͪ͊ͤͤ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙ͦͤͤ·ͻ ͺ͚͍͊ͦ͡

͍͔ͨͪͦͪ͊͟ ͤ͊ ͙ͤ͊͡;͙͔ ͨͪͦͫ;͙͚ͭ͊ͤͤͦ ͎͙͙͙͙͒ͪͦ͒ͤ͊ͣ͟ ͤ͊ ͊͒͊ͤͤ͘·͚ ͔͙ͨͪͦ͒

ͫͫ·͊͟͡ ͤ͊ ͺ͚͊͡· ͎͙͙͙͙͒ͪͦ͒ͤ͊ͣ͟

ͫͫ·͊͟͡ ͤ͊ ͦͤ͟ͺ. ͅ ͚͊͡· ͒͡Ύ ͪ͊ͫ;͔ͭ͊ ͎͙͙͙͙͒ͪͦ͒ͤ͊ͣ͟
ͫͦͻ͔͙͔ͪ͊ͤͤ ͺ͚͍͊ͦ͡ ͪ͊ͫ;͙͚ͭ͊ͤͤͦ ͎͙͙͙͙͒ͪͦ͒ͤ͊ͣ͟

͍͍ͦͪ͊ͭ͘ ͫͭ͊ͭͯͫ͊ ͙ 
ͫͫ·͊͟͡ ͤ͊ ͺ͚͊͡· ͎ ͙͙͙͙͒ͪͦ͒ͤ͊ͣ͟

ͫͫ·͊͟͡ ͤ͊ ͦͤ͟ͺ. ͅ ͚͊͡· ͒͡Ύ ͪ͊ͫ;͔ͭ͊ ͙͍ͪ͊͊͘͡ ͔ͤͺ͙ͭ
ͫͦͻ͔͙͔ͪ͊ͤͤ ͺ͚͍͊ͦ͡ ͪ͊ͫ;͙͎ͭ͊ͤͤͦͦ ͙͍ͪ͊͊͘͡ ͔ͤͺ͙ͭ

͍͍ͦͪ͊ͭ͘ ͫͭ͊ͭͯͫ͊ ͙ 
ͫͫ·͊͟͡ ͤ͊ ͺ͚͊͡· ͪ ͙͍͊͊͘͡ ͔ͤͺ͙ͭ

͍͍ͦͪ͊ͭ͘ ͫͭ͊ͭͯͫ͊ ͙ 
ͫͫ·͊͟͡ ͤ͊ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙ͦͤͤ·͔ ͺ͚͊͡·

ͫͫ·͊͟͡ ͤ͊ ͺ͚͊͡· ͙͍ͪ͊͊͘͡
͊ͨͪͦͫ͘ ͺ͚͍͊ͦ͡ ͙͋ͦͭ· ͙ ͙͍͍ͪ͊ͦ͘͡

ͫͫ·͊͟͡ ͤ͊ ͺ͚͊͡· ͙͋ͦͭ· ͙ ͙͍͍ͪ͊ͦ͘͡

ͫͦͻ͔͙͔ͪ͊ͤͤ ͪ͊ͫ;͙ͭ͊ͤͤ·ͻ ͺ͚͍͊ͦ͡ ͙͍ͪͫͦ͟

ͫͫ·͊͟͡ ͤ͊ ͺ͚͊͡· ͙͍ͪͫͦ͟
͍͍ͦͪ͊ͭ͘ ͫͭ͊ͭͯͫ͊ ͙ 

ͫͫ·͊͟͡ ͤ͊ ͺ͚͊͡· ͪ ͙͍ͫͦ͟

ͫͫ·͊͟͡ ͤ͊ ͺ͚͊͡· ͙ͪͫ͊͟
ͫͦͻ͔͙͔ͪ͊ͤͤ ͊ͪͭ͟·

͍͍ͦͪ͊ͭ͘ ͫͭ͊ͭͯͫ͊ ͙ 
ͫͫ·͊͟͡ ͤ͊ ͊ͪͭ͟· ͙͍ͪͫͦ͟

ͫͫ·͊͟͡ ͤ͊ ͊ͪͭ͟·
͍͔͔͙͔ͯ͒ͦͣͤ͡

͙ͦͭͦ͋ͪ͊ͭ͘Έ ͊ͪͭͯ͟
͊ͨͪͦͫ͘ ͤ͊ ͊ͪͭ͟· ͙͍ͪͫͦ͟

͎͊ͪͯ͊͘͘͟ ͊ͪͭ͟· ͙͍ͪͫͦ͟
͔͙͔ͦͭͦ͋ͪ͊͗ͤ ͊ͪͭ͟·

 
ʈʠʩʫʥʦʢ 33 ï ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
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ʉʣʝʜʫʶʱʝʡ ʜʠʘʛʨʘʤʤʦʡ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʨʠʩʫʥʢʦʤ 34 ʷʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʵʪʦʡ ʜʠʘʛʨʘʤʤʝ ʦʪʦʙʨʘʞʝʥʳ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ. ʆʜʥʦ ʩʦʩʪʦʷʥʠʝ, ʙʫʜʫʯʠ ʥʘʯʘʣʴʥʳʤ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʦʙʳʪʠʷ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʜʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ [94].  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ: 

1) Workflow Initial State ï ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʧʝʨʝʭʦʜ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʦʤʝʥʪʘ ʜʦʙʘʚʣʝʥʠʷ ʟʘʷʚʢʠ ʚ ʩʧʠʩʦʢ ʟʘʷʚʦʢ. 

2) ApprovalState ï ʉʦʩʪʦʷʥʠʝ ʫʪʚʝʨʞʜʝʥʠʝ ʟʘʷʚʢʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ ʚʨʝʤʝʥʥʳʭ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʘ 

ʥʘʣʠʯʠʷ ʬʘʡʣʦʚ ʙʘʪʠʤʝʪʨʠʠ, ʙʠʦʪʳ, ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʚʝʪʨʘ. ʇʦʩʣʝ ʯʝʛʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʜʘʯʘ, ʝʩʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʪʨʝʙʫʝʤʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ, 

ʠʥʘʯʝ ʩʠʩʪʝʤʘ ʦʪʢʣʦʥʷʝʪ ʟʘʷʚʢʫ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʩʦʦʙʱʝʥʠʝ, ʯʪʦ ʝʛʦ 

ʟʘʷʚʢʘ ʙʳʣʘ ʦʪʢʣʦʥʝʥʘ, ʩʪʘʪʫʩ ʟʘʷʚʢʠ ʟʘʜʘʝʪʩʷ ʢʘʢ çʆʪʤʝʥʝʥè, ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ 

ʧʝʨʝʭʦʜʠʪ ʚ ʬʠʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ (Finalize State). 

3) PrepareState ï ʉʦʩʪʦʷʥʠʝ ʧʨʦʚʝʨʢʠ ʪʠʧʘ ʨʘʩʯʝʪʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʟʥʘʯʝʥʠʷ ʪʠʧʘ ʨʘʩʯʝʪʘ çʉʪʘʥʜʘʨʪʥʳʡè ʠʣʠ 

çʅʝʩʪʘʥʜʘʨʪʥʳʡè. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʪʠʧ ʨʘʩʯʝʪʘ ʫʢʘʟʘʥʦ ʢʘʢ çʉʪʘʥʜʘʨʪʥʳʡè 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʩ ʩʦʩʪʦʷʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʬʘʡʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ (Prepare 

SA State), ʝʩʣʠ çʅʝʩʪʘʥʜʘʨʪʥʳʡè ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʩʦʩʪʦʷʥʠʝ ʧʦʜʛʦʪʦʚʢʠ 

ʬʘʡʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (Prepare HD State). 

4) PrepareSAState ï ʉʦʩʪʦʷʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʬʘʡʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ. ʅʘ 

ʵʪʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʙ-ʩʝʨʚʠʩ (Preprocessing Service), ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʛʝʥʝʨʘʮʠʷ ʬʘʡʣʦʚ ʠʩʪʦʯʥʠʢʘ (çsource[id].dfs0è). ɺʝʙ-ʩʝʨʚʠʩʫ ʧʝʨʝʜʘʶʪʩʷ ʜʘʥʥʳʝ 

ʩʦʩʪʘʚʘ ʥʝʬʪʠ ʠ ʢʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʘ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ 

ʬʘʡʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ (çsource[id]_sa[ddmmyyyy].npaè). 

5) PrepareHDState ï ʉʦʩʪʦʷʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʬʘʡʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʙ-ʩʝʨʚʠʩ (Preprocessing Service), 

ʧʨʦʠʟʚʦʜʠʪ ʛʝʥʝʨʘʮʠʠ ʬʘʡʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

(çlevel1km[ddmmyyyy].dfs2è). 

6) CalculateWindState ï ʉʦʩʪʦʷʥʠʝ ʨʘʩʯʝʪʘ ʚʝʪʨʘ. 

7) CalculateWindAreaState ï ʉʦʩʪʦʷʥʠʝ ʨʘʩʯʝʪʘ ʚʝʪʨʘ ʜʣʷ ʨʘʩʯʝʪʘ ʈʘʟʣʠʚʘ. 

8) CalculateHDState ï ʉʦʩʪʦʷʥʠʝ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʙ-ʩʝʨʚʠʩ (Proxy HD Service) ʟʘʧʫʩʢʘʝʪʩʷ ʨʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ. 

9) CalculateSAState - ʉʦʩʪʦʷʥʠʝ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʙ-ʩʝʨʚʠʩ (Proxy SA Service) ʟʘʧʫʩʢʘʝʪʩʷ ʨʘʩʯʝʪ ʨʘʟʣʠʚʘ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ. 

10) PreRiskState ï ʉʦʩʪʦʷʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʬʘʡʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʨʠʩʢʘ. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʙ-ʩʝʨʚʠʩ (Proxy Risk Service). 

11) RiskState ï ʉʦʩʪʦʷʥʠʝ ʨʘʩʯʝʪʘ ʨʠʩʢʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʙ-

ʩʝʨʚʠʩ (Proxy Risk Service). 

12) ConvertState ï ʉʦʩʪʦʷʥʠʝ ʢʦʥʚʝʨʪʘʮʠʠ ʬʘʡʣʦʚ ʚ ʚʝʢʪʦʨʥʳʡ ʩʣʦʡ. ʅʘ 

ʵʪʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʙ-ʩʝʨʚʠʩ (Map Convert Service) ʠʥʪʝʨʧʦʣʷʮʠʷ ʪʦʯʝʢ ʚ 

ʨʘʩʪʨ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʮʚʝʪʘʤ. 

13) PublishState ï ʉʦʩʪʦʷʥʠʝ ʧʫʙʣʠʢʘʮʠʠ (ʦʪʦʙʨʘʞʝʥʠʷ ʢʘʨʪʳ ʥʘ ʧʦʨʪʘʣʝ). 
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14) FinalizeState ï ʉʦʩʪʦʷʥʠʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

 
WorkflowInitialS

tate
ApprovalState

PrepareHDState

CalculateWindSt
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CalculateHDState

PrepareSAState

CalculateWindAr

eaState

CalculateSAState

RiskState

ConvertState

PublishState Publish map on the portal

Create Approval 

Task

PreProcessing 

Service
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Proxy HD 

Service

Proxy SA 

Service

Proxy Risk 

Service

Map Converter 
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Calculate Hydrodynamic

Prepare configuration SA files

Calculate wind area(North Caspian Sea)

Calculate risk

Create  map
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Calculate oil spill

FinalizeState 

PrepareState
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Nonstandard Prepare configuration HD files

PreRiskState 

 
 

ʈʠʩʫʥʦʢ 34 ï ɼʠʘʛʨʘʤʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

ʉʨʝʜʠ UML ʜʠʘʛʨʘʤʤ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʜʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʨʠʩʫʥʦʢ 35). ʕʪʘ ʜʠʘʛʨʘʤʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʮʝʣʝʡ: 

- ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ; 

- ʩʧʝʮʠʬʠʢʘʮʠʷ ʠʩʧʦʣʥʠʤʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ; 

- ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʩʭʝʤ ʙʘʟ ʜʘʥʥʳʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʬʘʡʣʳ, ʙʠʙʣʠʦʪʝʢʠ, 

ʤʦʜʫʣʠ, ʠʩʧʦʣʥʷʝʤʳʝ ʬʘʡʣʳ, ʧʘʢʝʪʳ ʠ ʪ.ʧ. ʂʦʤʧʦʥʝʥʪʳ ʩʚʷʟʳʚʘʶʪʩʷ ʯʝʨʝʟ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʛʜʘ ʩʦʝʜʠʥʷʝʪʩʷ ʪʨʝʙʫʝʤʳʡ ʠʥʪʝʨʬʝʡʩ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ 

ʠʤʝʶʱʠʤʩʷ ʠʥʪʝʨʬʝʡʩʦʤ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʊʝʤ ʩʘʤʳʤ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ 

ʦʪʥʦʰʝʥʠʷ ʢʣʠʝʥʪ-ʠʩʪʦʯʥʠʢ ʤʝʞʜʫ ʚʩʝʤʠ ʧʘʨʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ.  
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ʈʠʩʫʥʦʢ 35 ï ɼʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ 

 

ʂʦʤʧʦʥʝʥʪ Web Browser ï ɻ ʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʚʝʙ 

ʩʘʡʪʦʚ. ɺʝʙ-ʙʨʘʫʟʝʨ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʢʣʠʝʥʪʘ. ʆʥ ʦʙʨʘʱʘʝʪʩʷ ʢ GIS 

ʧʦʨʪʘʣʫ ʯʝʨʝʟ HTTP ʧʦʨʪ. 

ʂʦʤʧʦʥʝʥʪ Web Portal ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʙ-ʩʝʨʚʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ 

ʨʘʟʚʝʨʥʫʪʘ ʉʠʩʪʝʤʘ RANDOM, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʧʣʘʪʬʦʨʤʝ Microsoft ASP.NET. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ ʯʝʨʝʟ ʚʝʙ-ʙʨʘʫʟʝʨ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʢ 

ʩʠʩʪʝʤʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʥʘ ʚʝʙ-

ʩʝʨʚʝʨʝ. ɺʝʙ-ʩʝʨʚʝʨ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʚʩʝʭ ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʂʦʤʧʦʥʝʥʪ Orders ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʨʘʥʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʘʷʚʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʂʦʤʧʦʥʝʥʪ Publish Map Web-Part ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʩʣʦʝʚ ʥʘ ʢʘʨʪʝ, 

ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ. 

ʂʦʤʧʦʥʝʥʪ Users Data ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʨʘʥʝʥʠʝ ʨʠʩʢʦʚʳʭ ʢʘʨʪ ʠ 

ʧʨʠʣʘʛʘʶʱʠʡʩʷ ʢ ʥʠʤ ʦʪʯʝʪʦʚ. 

ʂʦʤʧʦʥʝʥʪ Scheduler ʦʪʚʝʯʘʝʪ ʟʘ ʦʯʝʨʝʜʥʦʩʪʴ ʟʘʧʫʩʢʘ ʟʘʷʚʦʢ ʥʘ ʨʘʩʯʝʪ, 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʯʝʪʘ ʨʠʩʢʦʚʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʯʝʨʝʜʥʦʩʪʠ ʟʘʷʚʦʢ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʚʝʨʢʠ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ ʠ ʪ.ʧ.). ʇʨʦʠʟʚʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʶ ʨʘʩʯʝʪʦʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʳʙʨʘʥʥʦʡ ʫʩʣʫʛʠ, ʧʝʨʝʜʘʯʫ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʟʜʘʥʠʝ 

ʧʦʜʟʘʜʘʯ. 

ʂʦʤʧʦʥʝʥʪ ArcGIS Server ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʨʘʥʝʥʠʝ ʢʘʨʪ ʚ ʚʠʜʝ ʩʝʨʚʠʩʦʚ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʚ Publish Map Web-Part. 
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ʂʦʤʧʦʥʝʥʪ Pre-processing Module ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʥʝʨʘʮʠʶ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʪʨʘ, ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ 

ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ. 

ʂʦʤʧʦʥʝʥʪ Mike 21 HD ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʯʝʪ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʧʦʥʝʥʪʘ Mike 21 

HD ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ DHI MIKE 21 HD, ʘ ʫʧʨʘʚʣʷʶʱʘʷ ʯʘʩʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚʝʙ-ʩʝʨʚʠʩʦʤ ProxyHD, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʣʘʥʠʨʦʚʱʠʢʘ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʴʶ ʢʦʤʧʦʥʝʥʪʘ. 

ʂʦʤʧʦʥʝʥʪ Mike 21 SA ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʯʝʪ ʨʘʟʣʠʚʘ 

ʥʝʬʪʠ ʥʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʧʦʥʝʥʪʘ Mike 21 SA 

ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ DHI MIKE 21 SA, ʘ ʫʧʨʘʚʣʷʶʱʘʷ ʯʘʩʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚʝʙ-ʩʝʨʚʠʩʦʤ ProxySA, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʣʘʥʠʨʦʚʱʠʢʘ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʴʶ ʢʦʤʧʦʥʝʥʪʘ. 

ʂʦʤʧʦʥʝʥʪ RiskApp ʚʳʯʠʩʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʨʠʩʢ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʤʦʨʷ ʠ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʡ. 

ʂʦʤʧʦʥʝʥʪ ConvertApp ʧʨʝʦʙʨʘʟʫʝʪ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʩ Mike 

21 ʠ RiskApp ʚ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʮʚʝʪʘʤ ʩʣʦʠ ʢʘʨʪʳ.   

ʂʦʤʧʦʥʝʥʪ PublishApp ʦʪʚʝʯʘʝʪ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʙʦʨ 

ʩʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʩʝʨʚʠʩ ʠ ʜʘʣʴʥʝʡʰʫʶ 

ʧʫʙʣʠʢʘʮʠʶ ʥʘ ʩʝʨʚʝʨʝ ArcGIS, ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʠʩʦʚ ArcMap [95]. 

 

4.2 ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʯʝʪʥʳʤʠ ʤʦʜʫʣʷʤʠ 

ʩʠʩʪʝʤʳ 

 

4.2.1 ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʨʘʩʯʝʪʘ 

ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʠ 

ɺʝʙ-ʩʝʨʚʠʩ Preprocessing ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ 

ʠ ʟʘʧʫʩʢ ʨʘʩʯʝʪʦʚ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ. ɺʝʙ-ʩʝʨʚʠʩ Preprocessing 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʙ-ʩʝʨʚʠʩʳ SOAP, ʚʳʧʦʣʥʷʶʱʠʝ ʧʦʜʛʦʪʦʚʢʫ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʟʘʧʫʩʢ ʟʘʜʘʯ ʥʘ ʨʘʩʯʝʪ ʠ ʚʳʧʦʣʥʷʶʱʠʝ 

ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ. ʄʦʜʫʣʴ Preprocessing ʧʨʝʜʩʪʘʚʣʝʥ 3 

ʠʥʪʝʨʬʝʡʩʘʤʠ: IPreProcessing, IProxyService ʠ IServiceController. 

IPreProcessing ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʨʘʩʯʝʪʦʚ. ʉʝʨʚʠʩ PreProcessing ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 3 ʢʣʘʩʩʘ ʢʦʥʪʨʘʢʪʘ ʜʘʥʥʳʭ 

(DataContract), ʠʥʢʘʧʩʫʣʠʨʫʶʱʠʭ ʚ ʩʝʙʝ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʘʩʯʝʪʦʚ: 

SAParams, HDParams, SourceParameters (ʨʠʩʫʥʦʢ 36). 
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ʈʠʩʫʥʦʢ 36 ï ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ. ɺʝʙ-ʩʝʨʚʠʩ Preprocessing. ʂʣʘʩʩʳ ʠ 

ʧʝʨʝʯʠʩʣʝʥʠʷ 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ PrepareHD. ɼʣʷ ʟʘʧʫʩʢʘ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ 

ʜʘʥʥʳʝ: 

- ʧʝʨʠʦʜ, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʘ ʘʚʘʨʠʷ; (ʧʝʨʠʦʜ ʫʢʘʟʘʥʥʳʡ ʚ 
ʟʘʷʚʢʝ); 

- ʬʘʡʣ ʚʝʪʨʘ ʥʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ; (ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʚʝʪʨʘ ʥʘ ʧʝʨʠʦʜ 

ʚʦʟʤʦʞʥʦʡ ʘʚʘʨʠʠ); 

- ʬʘʡʣ ʙʘʪʠʤʝʪʨʠʠ; (ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʙʘʪʠʤʝʪʨʠʠ). 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʤʝʪʦʜʘ PrepareHD ̫ ʚʣʷʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ 

ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ m21. ɺ ʜʘʥʥʳʭ ʬʘʡʣʘʭ ʭʨʘʥʷʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʘʢʝʪʝ MIKE 21 HD. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʬʘʡʣ ʠʩʪʦʯʥʠʢʘ, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

PrepareSourceFiles. 

ɼʣʷ ʟʘʧʫʩʢʘ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ ʠʩʪʦʯʥʠʢʘ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʜʘʪʘ, ʢʦʛʜʘ ʚʦʟʤʦʞʥʘ ʘʚʘʨʠʷ; (ʜʘʪʘ, ʫʢʘʟʘʥʥʘʷ ʚ ʟʘʷʚʢʝ); 

- ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ; (ʟʥʘʯʝʥʠʝ, ʫʢʘʟʘʥʥʦʝ ʚ ʟʘʷʚʢʝ); 
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- ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʚʘʨʠʠ; (ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʚʘʨʠʠ, ʫʢʘʟʘʥʥʘʷ ʚ ʟʘʷʚʢʝ); 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʝʪʦʜʘ PrepareSourceFiles: ʌʘʡʣ ʠʩʪʦʯʥʠʢʘ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ dfs0. ɺ ʜʘʥʥʳʭ ʬʘʡʣʘʭ ʭʨʘʥʠʪʩʷ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʚʘʨʠʠ. 

ɼʣʷ ʟʘʧʫʩʢʘ ʤʝʪʦʜʘ PrepareSA ʩʦʟʜʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ ʨʘʟʣʠʚʘ 

ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʜʘʪʘ, ʢʦʛʜʘ ʚʦʟʤʦʞʥʘ ʘʚʘʨʠʷ; (ʜʘʪʘ, ʫʢʘʟʘʥʥʘʷ ʚ ʟʘʷʚʢʝ); 

- ʜʘʥʥʳʝ ʧʦ ʥʝʬʪʠ; (ʜʘʥʥʳʝ ʧʦ ʥʝʬʪʠ ʫʢʘʟʘʥʥʳʝ ʚ ʟʘʷʚʢʝ); 

- ʬʘʡʣʳ ʚʝʪʨʘ ʥʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ; (ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʚʝʪʨʘ); 

- ʬʘʡʣʳ ʛʠʜʨʦʜʠʥʘʤʠʢʠ; (ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʢʠ); 

- ʬʘʡʣʳ ʠʩʪʦʯʥʠʢʘ. (ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʝʪʦʜʘ PrepareSourceFiles). 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʤʝʪʦʜʘ PrepareSA ʷʚʣʷʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ 

ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ npa. ɺ ʜʘʥʥʳʭ ʬʘʡʣʘʭ ʭʨʘʥʷʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MIKE 21 SA. 

IProxyService ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʦʚ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ. ɼʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʥʘʩʣʝʜʫʝʪ ʤʝʪʦʜʳ IProxy 

(ʨʠʩʫʥʦʢ 37), ʚ ʢʦʪʦʨʦʤ ʜʦʩʪʫʧʥʳ ʤʝʪʦʜʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ.  

ɼʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ CalculateHD, 

ʢʦʪʦʨʳʡ ʟʘʧʫʩʢʘʝʪ ʨʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʧʨʠʣʦʞʝʥʠʠ MIKE21 HD. ʕʪʦʪ 

ʤʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʝʙ-ʩʝʨʚʠʩʝ Preprocessing, ʫʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 37. ɼʣʷ 

ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ:  

- ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʢʠ; (ʨʝʟʫʣʴʪʘʪ 

ʨʘʙʦʪʳ ʤʝʪʦʜʘ Prepare HD) 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʤʝʪʦʜʘ CalculateHD ʷʚʣʷʶʪʩʷ ʬʘʡʣʳ ʧʦʩʯʠʪʘʥʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʬʦʨʤʘʪʝ dfs2. ɺ ʜʘʥʥʳʭ ʬʘʡʣʘʭ ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʚʠʞʝʥʠʠ ʚʦʜʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ. ɼʘʥʥʳʝ ʬʘʡʣʳ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʬʘʡʣʦʚ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 

ɼʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ CalculateSA, ʢʦʪʦʨʳʡ 

ʟʘʧʫʩʢʘʝʪ ʨʘʩʯʝʪ ʨʘʟʣʠʚʘ ʚ ʧʨʠʣʦʞʝʥʠʠ MIKE 21 SA. ʕʪʦʪ ʤʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ 

ʚʝʙ-ʩʝʨʚʠʩʝ Preprocessing, ʫʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 37. ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ 

ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ:  

- ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʟʣʠʚʘ; (ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʝʪʦʜʘ 
PrepareSA) 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʤʝʪʦʜʘ CalculateSA ʷʚʣʷʶʪʩʷ ʬʘʡʣʳ ʧʦʩʯʠʪʘʥʥʳʭ 

ʨʘʟʣʠʚʦʚ ʚ ʬʦʨʤʘʪʝ dfs2. ɺ ʜʘʥʥʳʭ ʬʘʡʣʘʭ ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʣʱʠʥʝ 

ʧʣʝʥʢʠ ʥʝʬʪʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚʦʜʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɸʣʛʦʨʠʪʤ ʧʦʣʫʯʝʥʠʷ ʬʘʡʣʘ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: 

1) ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʙʘʪʠʤʝʪʨʠʠ ʠ ʛʠʧʩʦʤʝʪʨʠʠ ʂʘʩʧʠʷ 
(bathimetry_1km.dfs2); 

2) ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʘʥʥʳʭ ʧʦ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ ʠ ʩʢʦʨʦʩʪʷʤ ʚʝʪʨʘ ʥʘ 

ʩʝʪʢʫ 1ʢʤ*1ʢʤ (ʬʘʡʣ wind1km.dfs2); 

3) ʚʚʦʜ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

4) ʨʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʂʘʩʧʠʷ (ʬʘʡʣ level1km.dfs2); 

5) ʦʙʨʝʟʢʘ ʬʘʡʣʘ ʧʨʦʛʥʦʟʘ ʚʝʪʨʘ wind1km.dfs2 (wind1km_area.dfs2); 
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6) ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ (source.dfs0); 

7) ʚʚʦʜ ʜʘʥʥʳʭ ʧʦ ʫʨʦʚʥʶ ʧʦʚʝʨʭʥʦʩʪʠ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ (Initial Surface 

Elevation); 

8) ʨʘʩʯʝʪ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʥʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ (oil.dfs2); 

IServiceController ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʷʚʦʢ ʥʘ ʨʘʩʯʝʪ, ʠ ʠʭ 

ʠʩʧʦʣʥʝʥʠʝ (ʨʠʩʫʥʦʢ 37). ʂ ʜʘʥʥʦʤʫ ʩʝʨʚʠʩʫ ʦʙʨʘʱʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʝʙ-

ʧʦʨʪʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʦʚ. ɺʝʙ-ʩʝʨʚʠʩʳ ProxyService ʠ 

PreProcessing ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʫʣʝʤ TaskController [96].  

 

 
 

ʈʠʩʫʥʦʢ 37 ï ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ. ɺʝʙ-ʩʝʨʚʠʩ Preprocessing. ʀʥʪʝʨʬʝʡʩʳ ʠ ʚʝʙ-

ʩʝʨʚʠʩʳ 

 

4.2.2 ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʠ ʨʠʩʢʘ 

ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ 

ɺʝʙ-ʩʝʨʚʠʩ HPCRiskModel ï ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʣʘʥʠʨʦʚʱʠʢ 

ʤʦʛ ʫʧʨʘʚʣʷʪʴ ʤʦʜʫʣʝʤ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʠ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ 

ʙʠʦʪʳ. ɺʝʙ-ʩʝʨʚʠʩ ʧʨʠʥʠʤʘʝʪ ʦʪ ʧʣʘʥʠʨʦʚʱʠʢʘ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʟʘʧʫʩʢʘʝʪ ʨʘʩʯʝʪ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚʝʙ-ʩʝʨʚʠʩ 

ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʘʪʫʩʝ ʚʳʧʦʣʥʝʥʠʷ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʨʚʘʪʴ 

ʨʘʩʯʝʪ.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʝʙ-ʩʝʨʚʠʩʘ HPCRiskModel ʥʘʯʘʣʦʩʴ ʩ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʚʘ ʠʥʪʝʨʬʝʡʩʘ 

IPreRiskMod ʠ IRiskMod ʜʣʷ ʣʦʛʠʢʠ ʨʘʙʦʪʳ ʚʝʙ-ʩʝʨʚʠʩʘ HPCRiskModel, ʢʦʪʦʨʳʡ 
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ʨʝʘʣʠʟʫʝʪ ʟʘʧʫʩʢ ʨʘʩʯʝʪʘ ʨʠʩʢʘ. ʂʘʞʜʳʡ ʠʥʪʝʨʬʝʡʩ ʙʳʣ ʠʤʧʣʝʤʝʥʪʠʨʦʚʘʥ ʚ 

ʦʪʜʝʣʴʥʦʤ ʢʣʘʩʩʝ PreRiskMod ʠ RiskMod (ʨʠʩʫʥʦʢ 38). 

 

 
 

ʈʠʩʫʥʦʢ 38 ï ʀʥʪʝʨʬʝʡʩʳ ʠ ʢʣʘʩʩʳ ʚʝʙ-ʩʝʨʚʠʩʘ HPCRiskModel. 

 

ɺʝʙ-ʩʝʨʚʠʩ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ: 

ï ʤʝʪʦʜʳ PreRiskModel ʠ PreBiotaRiskModel ʟʘʧʫʩʢʘʶʪ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʢʣʘʩʪʝʨʝ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ; 

ï ʤʝʪʦʜʳ RiskModel ʠ BiotaRiskModel ʟʘʧʫʩʢʘʶʪ ʧʨʦʛʨʘʤʤʳ ʥʘ ʢʣʘʩʪʝʨʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʨʠʩʢʘ; 

ï ʤʝʪʦʜ GetCurrentProgress ʧʦʣʫʯʘʝʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚʳʧʦʣʥʝʥʥʦʩʪʠ 

ʨʘʩʯʝʪʘ; 

ï ʤʝʪʦʜ ReturnStatus ʧʦʣʫʯʘʝʪ ʩʪʘʪʫʩ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ; 

ï ʤʝʪʦʜ Cancel ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʩʯʝʪʳ. 

ʄʝʪʦʜ PreRiskModel ʟʘʧʫʩʢʘʝʪ ʧʨʦʛʨʘʤʤʫ PrepareRiskApp.exe ʥʘ ʨʘʩʯʝʪ. ʀʟ-

ʟʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘ ʟʘʧʫʩʢʘʝʪʩʷ ʥʘ 

ʉʫʧʝʨʢʦʤʧʴʶʪʝʨʝ. PreRiskModel ʚ ʮʠʢʣʝ ʦʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʫ ʤʝʥʝʜʞʝʨʫ ʟʘʜʘʯ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʥʘ ʨʘʩʯʝʪ, ʧʨʠ 

ʵʪʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʧʨʦʛʨʘʤʤʳ ʧʝʨʝʜʘʝʪʩʷ ʢʘʢ ʚʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ ʛʦʜ, 

ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʩ ʬʘʡʣʘʤʠ ʨʘʟʣʠʚʘ, ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʩ ʬʘʡʣʦʤ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʪʘʢ 

ʠ ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ ʟʥʘʯʝʥʠʝ ʇɼʂ. 

ʕʢʟʝʤʧʣʷʨʳ PrepareRiskApp.exe ʧʘʨʘʣʣʝʣʴʥʦ ʟʘʧʫʩʢʘʶʪʩʷ ʥʘ 36 ʷʜʨʘʭ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʣʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʩʝ 

ʵʢʟʝʤʧʣʷʨʳ ʧʨʦʛʨʘʤʤʳ ʟʘʢʦʥʯʘʪ ʨʘʩʯʝʪʳ ʥʘ ʫʟʣʘʭ, ʬʘʡʣʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʦʚ ʧʦʤʝʱʘʶʪʩʷ ʚ ʫʢʘʟʘʥʥʳʡ ʢʘʪʘʣʦʛ ʠ ʩʪʘʪʫʩ ʦ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʣʘʥʠʨʦʚʱʠʢʫ. 
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ʇʣʘʥʠʨʦʚʱʠʢ, ʧʦʣʫʯʠʚ ʩʪʘʪʫʩ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʦʪ PreRiskModel, 

ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ RiskModel, ʢʦʪʦʨʳʡ ʟʘʧʫʩʢʘʝʪ ʧʨʦʛʨʘʤʤʫ RiskApp.exe. ʄʝʪʦʜ 

ʧʝʨʝʜʘʝʪ ʧʨʦʛʨʘʤʤʝ RiskApp.exe ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ 

PrepareRiskApp.exe, ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʜʣʷ ʚʳʚʦʜʘ ʬʘʡʣʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ ʟʥʘʯʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʘʚʘʨʠʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʩʯʝʪʘ ʧʣʘʥʠʨʦʚʱʠʢʫ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʩʪʘʪʫʩ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʠ ʚ ʢʘʪʘʣʦʛʝ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʷʚʣʷʝʪʩʷ ʬʘʡʣ ʬʦʨʤʘʪʘ 

dfs2, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʫ PreRiskModel ʤʝʪʦʜ PreBiotaRiskModel ʟʘʧʫʩʢʘʝʪ 

ʧʨʦʛʨʘʤʤʫ PrepareBiotaRiskApp.exe ʥʘ ʨʘʩʯʝʪ. PreBiotaRiskModel ʪʘʢʞʝ ʚ ʮʠʢʣʝ 

ʦʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʫ ʤʝʥʝʜʞʝʨʫ ʟʘʜʘʯ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʟʘʧʫʩʢʘ, ʧʨʠ ʵʪʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʧʨʦʛʨʘʤʤʳ ʧʝʨʝʜʘʝʪʩʷ 

ʪʝ ʞʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʜʣʷ PrepareRiskApp.exe ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʫʪʴ ʢ ʬʘʡʣʘʤ 

ʙʠʦʪʳ ʠ ʚʳʙʨʘʥʥʳʡ ʜʣʷ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʤʝʩʷʮ. ʕʢʟʝʤʧʣʷʨʳ 

PrepareBiotaRiskApp.exe ʧʘʨʘʣʣʝʣʴʥʦ ʟʘʧʫʩʢʘʶʪʩʷ ʥʘ 151 ʷʜʨʘʭ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʙʠʦʨʘʟʥʦʙʨʘʟʠʶ ʚʠʜʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʩʯʝʪʘ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʨʦʛʨʘʤʤʘ ʟʘʢʦʥʯʠʪ ʨʘʩʯʝʪʳ, ʬʘʡʣʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʘʞʜʦʛʦ 

ʵʢʟʝʤʧʣʷʨʘ ʧʦʤʝʱʘʶʪʩʷ ʚ ʫʢʘʟʘʥʥʳʡ ʢʘʪʘʣʦʛ ʠ ʩʪʘʪʫʩ ʦ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʣʘʥʠʨʦʚʱʠʢʫ. 

ʇʣʘʥʠʨʦʚʱʠʢ, ʧʦʣʫʯʠʚ ʩʪʘʪʫʩ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʦʪ PreBiotaRiskModel, 

ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ RiskBiotaModel, ʢʦʪʦʨʳʡ ʟʘʧʫʩʢʘʝʪ ʧʨʦʛʨʘʤʤʫ BiotaRiskApp.exe. 

ʄʝʪʦʜ ʧʝʨʝʜʘʝʪ ʧʨʦʛʨʘʤʤʝ BiotaRiskApp.exe ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʘ PrepareBiotaRiskApp.exe, ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʜʣʷ ʚʳʚʦʜʘ ʬʘʡʣʘ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ ʧʫʪʴ ʢ ʬʘʡʣʘʤ ʙʠʦʪʳ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʩʯʝʪʘ ʧʣʘʥʠʨʦʚʱʠʢʫ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʩʪʘʪʫʩ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʠ ʚ ʢʘʪʘʣʦʛʝ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʷʚʣʷʝʪʩʷ 

ʬʘʡʣ ʬʦʨʤʘʪʘ dfs2, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ. 

 

4.2.3 ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʢʦʥʚʝʨʪʘʮʠʠ ʠ ʧʫʙʣʠʢʘʮʠʠ ʢʘʨʪ 

ɺʝʙ-ʩʝʨʚʠʩ MapConverter ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʬʘʡʣʦʚ 

ʬʦʨʤʘʪʘ dfs2 (DHI MIKE 21) ʚ ʚʝʢʪʦʨʥʳʝ ʢʘʨʪʳ ʧʨʦʛʨʘʤʤʳ ESRI ArcGIS ʠ 

ʧʫʙʣʠʢʘʮʠʠ ʵʪʠʭ ʢʘʨʪ ʚ ArcGIS Server. ɺʝʙ-ʩʝʨʚʠʩ ʧʨʠʥʠʤʘʝʪ ʦʪ ʧʣʘʥʠʨʦʚʱʠʢʘ 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʟʘʧʫʩʢʘʝʪ ʩʦʦʪʚʝʪʩʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʢʦʥʪʨʦʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʝʙ-ʩʝʨʚʠʩ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʘʪʫʩʝ ʚʳʧʦʣʥʝʥʠʷ ʠ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʨʚʘʪʴ ʨʘʩʯʝʪ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʝʙ-ʩʝʨʚʠʩʘ MapConverter ʥʘʯʘʣʦʩʴ ʩ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʨʬʝʡʩʘ IMapConvert, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʤ ʢʦʥʚʝʨʪʘʮʠʠ ʠ 

ʧʫʙʣʠʢʘʮʠʠ ʢʘʨʪ. ʀʥʪʝʨʬʝʡʩ ʙʳʣ ʠʤʧʣʝʤʝʥʪʠʨʦʚʘʥ ʚ ʦʪʜʝʣʴʥʦʤ ʢʣʘʩʩʝ 

MapConvert, ʠʥʪʝʨʬʝʡʩ ʠ ʢʣʘʩʩ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʦʢ 39. 

ɺʝʙ-ʩʝʨʚʠʩ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ: 

ï ʤʝʪʦʜʳ ConvertHD, ConvertOS, Convert ʠ ConvertBiotaRisk ʟʘʧʫʩʢʘʶʪ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʢʦʥʚʝʨʪʘʮʠʠ ʢʘʨʪ; 

ï ʤʝʪʦʜʳ PublishHD, PublishOS, Publish ʠ PublishBiotaRisk ʟʘʧʫʩʢʘʶʪ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʢʘʨʪ; 

ï ʤʝʪʦʜ GetCurrentProgress ʧʦʣʫʯʘʝʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚʳʧʦʣʥʝʥʥʦʩʪʠ 

ʨʘʩʯʝʪʘ; 

ï ʤʝʪʦʜ ReturnStatus ʧʦʣʫʯʘʝʪ ʩʪʘʪʫʩ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ; 
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ï ʤʝʪʦʜ Cancel ʧʨʦʠʟʚʦʜʠʪ ʦʩʪʘʥʦʚʢʫ ʨʘʩʯʝʪʦʚ. 

ʂ ʤʝʪʦʜʘʤ ConvertHD, ConvertOS, Convert ʠ ConvertBiotaRisk ʧʝʨʝʜʘʶʪʩʷ id 

ʟʘʷʚʢʠ, ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ ʧʫʪʴ ʢ ʢʘʪʘʣʦʛʫ ʜʣʷ ʚʳʚʦʜʘ 

ʩʢʦʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʬʘʡʣʘ. ʂʘʞʜʳʡ ʤʝʪʦʜ ʩʦʦʪʚʝʪʩʚʝʥʥʦ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʩʢʨʠʧʪ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʜʘʥʥʳʝ ʩ ʬʦʨʤʘʪʘ dfs2 ʚ 

ʚʝʢʪʦʨʥʳʝ ʩʣʦʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʥʚʝʨʪʘʮʠʠ, ʚʝʙ-ʩʝʨʚʠʩ 

ʚʦʟʚʨʘʱʘʝʪ ʧʣʘʥʠʨʦʚʱʠʢʫ ʩʪʘʪʫʩ ʦ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʘʙʦʪʳ. ʇʣʘʥʠʨʦʚʱʠʢ, 

ʧʦʣʫʯʠʚ ʩʪʘʪʫʩ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʦʜʘ, ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʤʝʪʦʜ PublishHD, PublishOS, Publish ʠʣʠ PublishBiotaRisk, 

ʢʦʪʦʨʳʡ ʧʫʙʣʠʢʫʝʪ ʢʘʨʪʳ ʚ ArcGIS Server. ʇʦʩʣʝ ʯʝʛʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʢʘʨʪʳ 

ʙʫʜʫʪ ʜʦʩʪʫʧʥʳ ʚ ʩʠʩʪʝʤʝ RANDOM.  

 

 
 

ʈʠʩʫʥʦʢ 39 ï ʀʥʪʝʨʬʝʡʩ ʠ ʢʣʘʩʩ ʚʝʙ-ʩʝʨʚʠʩʘ MapConverter. 

 

4.2.4 ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʙ-ʩʝʨʚʠʩʘʤʠ  

ʄʦʜʫʣʴ TaskController (ʜʘʣʝʝ ʢʦʥʪʨʦʣʣʝʨ) ï ɻ ʪʦ ʧʨʠʣʦʞʝʥʠʝ, ʦʪʚʝʯʘʶʱʝʝ ʟʘ 

ʟʘʧʫʩʢ, ʚʳʧʦʣʥʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʟʘʧʫʱʝʥʥʳʭ ʟʘʜʘʯ ʧʦ ʨʘʩʯʝʪʘʤ; ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ Windows x64. ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ 

TaskController ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʨʠʩʫʥʦʢ 40). ʇʨʠ ʟʘʧʫʩʢʝ ʧʦʣʫʯʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʷʚʢʠ ʨʘʩʯʝʪʘ. 

ʇʨʠʤʝʨ ʟʘʧʫʩʢʘ: 

TaskController.exe 1052 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʢʦʥʪʨʦʣʣʝʨ ʟʘʧʨʘʰʠʚʘʝʪ ʜʘʥʥʳʝ ʦ ʟʘʷʚʢʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ. 

ɿʘʷʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʡ ʠʟ ʯʝʪʳʨʝʭ ʜʦʩʪʫʧʥʳʭ ʪʠʧʦʚ (ʧʝʨʝʯʠʩʣʝʥʠʝ OrderType 

ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʨʠʩʫʥʦʢ 40): ʨʘʩʯʝʪ ʤʦʜʝʣʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (hd), ʨʘʩʯʝʪ ʤʦʜʝʣʠ 

ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ (sa), ʨʘʩʯʝʪ ʤʦʜʝʣʠ ʨʠʩʢʦʚʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ (risk), ʨʘʩʯʝʪ 

ʤʦʜʝʣʠ ʨʠʩʢʦʚ ʧʦʨʘʞʝʥʠʷ ʙʠʦʪʳ (biota). ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʟʘʷʚʢʠ 
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ʢʦʥʪʨʦʣʣʝʨ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʫ ʧʦ ʩʦʟʜʘʥʠʶ ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʯ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʘʥʥʦʤʫ ʪʠʧʫ ʟʘʷʚʢʠ. ɿʘ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʦʪʚʝʯʘʝʪ ʢʣʘʩʩ 

CalculationController, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʤʝʪʦʜʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʘ 

ʟʘʷʚʦʢ: ControlHdCalculation, ControlSaCalculation, ControlRiskCalculation, 

ControlBiota. ɼʘʣʝʝ, ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʪʠʧʘ ʟʘʷʚʦʢ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ: 

1) ʇʦʜʛʦʪʦʚʢʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʜʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʚʭʦʜʥʳʝ ʬʘʡʣʳ Mike21 ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

*.m21 ʥʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ. ɼʘʥʥʳʝ ʬʘʡʣʳ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ ʦ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ 

ʤʦʜʝʣʠ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʭʦʜʥʳʭ ʬʘʡʣʦʚ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ PrepareHD ʢʣʘʩʩʘ 

CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ PreProcessing 

ʚʳʟʳʚʘʷ ʦʜʥʦʠʤʝʥʥʳʡ ʤʝʪʦʜ PrepareHD.  

2) ɿʘʧʫʩʢ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ï ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʚʭʦʜʥʳʭ 

ʬʘʡʣʦʚ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ RunHDCalculation ʢʣʘʩʩʘ CalculationController, 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ ProxyService ʠ ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ 

CalculateHD. 

3) ɿʘʚʝʨʰʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʢʠ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʦʚ ʟʘʷʚʢʘ 
ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ ʟʘʚʝʨʰʝʥʥʘʷ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ: 

1) ʇʦʜʛʦʪʦʚʢʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʜʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʬʘʡʣʳ Mike21 ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ *.noil, ʩʦʜʝʨʞʘʱʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ (ʜʘʪʘ, ʚʨʝʤʷ, 

ʢʦʦʨʜʠʥʘʪʳ, ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʬʘʡʣʳ ʠʩʪʦʯʥʠʢʘ ʨʘʟʣʠʚʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.dfs0, 

ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʪʦʯʥʠʢʝ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ (ʦʙʲʝʤ, ʩʦʩʪʘʚ ʠ ʪ.ʜ.). 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʭʦʜʥʳʭ ʬʘʡʣʦʚ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ PrepareSA ʢʣʘʩʩʘ 

CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ PreProcessing 

ʚʳʟʳʚʘʷ ʦʜʥʦʠʤʝʥʥʳʡ ʤʝʪʦʜ PrepareSA. 

2) ɿʘʧʫʩʢ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ï ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʚʭʦʜʥʳʭ 

ʬʘʡʣʦʚ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ RunSaCalculation ʢʣʘʩʩʘ CalculationController, ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ ProxyService ʠ ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ CalculateSA. 

3) ʂʦʥʚʝʨʪʘʮʠʷ ʚ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ï ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʚʝʨʪʘʮʠʷ ʚʳʭʦʜʥʳʭ ʬʘʡʣʦʚ ʚ ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ. ɼʣʷ ʵʪʦ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ RunSaMapConverter ʢʣʘʩʩʘ 

CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ MapConverter 

ʚʳʟʳʚʘʷ ʤʝʪʦʜ ConvertOS. 

4) ʇʫʙʣʠʢʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ ï ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʧʫʙʣʠʢʫʶʪʩʷ ʥʘ ʩʝʨʚʝʨʝ ArcGis. ɼʣʷ ʵʪʦʛʦ 

ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ PublishSaMap ʢʣʘʩʩʘ CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ MapConverter ʚʳʟʳʚʘʷ ʤʝʪʦʜ PublishOS. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʨʠʩʢʦʚ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ: 

1) ʇʦʜʛʦʪʦʚʢʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʜʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʬʘʡʣʳ Mike21 ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ *.noil, ʩʦʜʝʨʞʘʱʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ (ʜʘʪʘ, ʚʨʝʤʷ, 
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ʢʦʦʨʜʠʥʘʪʳ, ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʬʘʡʣʳ ʠʩʪʦʯʥʠʢʘ ʨʘʟʣʠʚʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.dfs0, 

ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʪʦʯʥʠʢʝ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ (ʦʙʲʝʤ, ʩʦʩʪʘʚ ʠ ʪ.ʜ.). 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʭʦʜʥʳʭ ʬʘʡʣʦʚ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ PrepareSA ʢʣʘʩʩʘ 

CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ PreProcessing 

ʚʳʟʳʚʘʷ ʦʜʥʦʠʤʝʥʥʳʡ ʤʝʪʦʜ PrepareSA. 

2) ɿʘʧʫʩʢ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ï ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʚʭʦʜʥʳʭ 

ʬʘʡʣʦʚ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ RunSaCalculation ʢʣʘʩʩʘ CalculationController, ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ ProxyService ʠ ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ CalculateSA. 

3) ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʨʠʩʢʦʚ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ï 

ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ RunPreRisk ʢʣʘʩʩʘ CalculationController, ʜʣʷ ʵʪʦʛʦ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ PreRiskMod ʚʳʟʳʚʘʷ ʤʝʪʦʜ PreRiskModel. 

4) ʈʘʩʯʝʪ ʤʦʜʝʣʠ ʨʠʩʢʦʚ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ï ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ 

RunRiskModel ʢʣʘʩʩʘ CalculationController, ʜʣʷ ʵʪʦʛʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ 

ʢ ʚʝʙ-ʩʝʨʚʠʩʫ RiskMod ʠ ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ RiskModel. 

5) ʂʦʥʚʝʨʪʘʮʠʷ ʚ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ï ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʚʝʨʪʘʮʠʷ ʚʳʭʦʜʥʳʭ ʬʘʡʣʦʚ ʚ ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ. ɼʣʷ ʵʪʦ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ RunRiskMapConverter ʢʣʘʩʩʘ 

CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ MapConverter 

ʚʳʟʳʚʘʷ ʤʝʪʦʜ Convert. 

6) ʇʫʙʣʠʢʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ ï ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʧʫʙʣʠʢʫʶʪʩʷ ʥʘ ʩʝʨʚʝʨʝ ArcGis. ɼʣʷ ʵʪʦʛʦ 

ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ PublishRiskMap ʢʣʘʩʩʘ CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ MapConverter ʚʳʟʳʚʘʷ ʤʝʪʦʜ Publish. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʨʠʩʢʦʚ ʧʦʨʘʞʝʥʠʷ 

ʙʠʦʪʳ: 

1) ʇʦʜʛʦʪʦʚʢʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʜʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʬʘʡʣʳ Mike21 ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ *.noil, ʩʦʜʝʨʞʘʱʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ (ʜʘʪʘ, ʚʨʝʤʷ, 

ʢʦʦʨʜʠʥʘʪʳ, ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʬʘʡʣʳ ʠʩʪʦʯʥʠʢʘ ʨʘʟʣʠʚʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.dfs0, 

ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʪʦʯʥʠʢʝ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ (ʦʙʲʝʤ, ʩʦʩʪʘʚ ʠ ʪ.ʜ.). 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʭʦʜʥʳʭ ʬʘʡʣʦʚ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ PrepareSA ʢʣʘʩʩʘ 

CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ PreProcessing 

ʚʳʟʳʚʘʷ ʦʜʥʦʠʤʝʥʥʳʡ ʤʝʪʦʜ PrepareSA. 

2) ɿʘʧʫʩʢ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ï ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʚʭʦʜʥʳʭ 

ʬʘʡʣʦʚ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ RunSaCalculation ʢʣʘʩʩʘ CalculationController, ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ ProxyService ʠ ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ CalculateSA. 

3) ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʨʠʩʢʦʚ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ï 

ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ RunPreBiota ʢʣʘʩʩʘ CalculationController, ʜʣʷ ʵʪʦʛʦ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ PreRiskMod ʚʳʟʳʚʘʷ ʤʝʪʦʜ PreBiotaRiskModel. 

4) ʈʘʩʯʝʪ ʤʦʜʝʣʠ ʨʠʩʢʦʚ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ï ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ 

RunBiotaModel ʢʣʘʩʩʘ CalculationController, ʜʣʷ ʵʪʦʛʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ 

ʢ ʚʝʙ-ʩʝʨʚʠʩʫ RiskMod ʠ ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ BiotaRiskModel. 

5) ʂʦʥʚʝʨʪʘʮʠʷ ʚ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ï ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʚʝʨʪʘʮʠʷ ʚʳʭʦʜʥʳʭ ʬʘʡʣʦʚ ʚ ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ. ɼʣʷ ʵʪʦ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ RunBiotaMapConverter ʢʣʘʩʩʘ 
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CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ MapConverter 

ʚʳʟʳʚʘʷ ʤʝʪʦʜ ConvertBiotaRisk. 

6) ʇʫʙʣʠʢʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ ï ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʧʫʙʣʠʢʫʶʪʩʷ ʥʘ ʩʝʨʚʝʨʝ ArcGis. ɼʣʷ ʵʪʦʛʦ 

ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ PublishBiotaMap ʢʣʘʩʩʘ CalculationController, ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʝʙ-ʩʝʨʚʠʩʫ MapConverter ʚʳʟʳʚʘʷ ʤʝʪʦʜ PublishBiotaRisk [96]. 

 

 
 

ʈʠʩʫʥʦʢ 40 ï ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʤʦʜʫʣʷ TaskController 

 

4.3 ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʟʘʧʫʩʢʘ ʟʘʜʘʯ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ 
ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ RANDOM (ʨʠʩʫʥʦʢ 41). ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʝ ASP.NET ʢʦʤʧʘʥʠʠ Microsoft. ɸ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʢʘʨʪʝ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ArcGIS for Server 

ʢʦʤʧʘʥʠʠ ESRI. 

ɺ ʩʠʩʪʝʤʝ RANDOM ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʝʨʚʠʩʳ [97]: 

1) ʇʦʩʪʦʙʨʘʙʦʪʢʘ ʤʝʪʝʦʜʘʥʥʳʭ (ʩʝʨʚʠʩ Meteo); 

2) ʇʨʦʛʥʦʟ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ (ʩʝʨʚʠʩ Hydro ); 



88 

3) ʇʨʦʛʥʦʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ (ʩʝʨʚʠʩ Oil  Migration ); 

4) ʈʠʩʢʦʚʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ (ʩʝʨʚʠʩ Risk Oil ); 

5) ʈʠʩʢʦʚʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʨʘʞʝʥʠʝ ʤʦʨʩʢʦʡ ʙʠʦʪʳ (ʩʝʨʚʠʩ Risk Biota). 

ʆʧʠʰʝʤ ʧʦʜʨʦʙʥʦ ʢʘʞʜʳʡ ʠʟ ʩʝʨʚʠʩʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 41 ï ʉʝʨʚʠʩʳ ʩʠʩʪʝʤʳ RANDOM 

 

ʉʝʨʚʠʩ Meteo 

ɼʘʥʥʳʡ ʩʝʨʚʠʩ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʝʦʧʨʦʛʥʦʟʝ, ʨʝʛʫʣʷʨʥʦ ʧʦʣʫʯʘʝʤʦʤ ʠʟ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʎʝʥʪʨʘ ʉʨʝʜʥʝʩʨʦʯʥʳʭ ʇʨʦʛʥʦʟʦʚ ʇʦʛʦʜʳ (European Centre for 

Medium-Range Weather Forecasts (ECMWF)). ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ 

ʧʨʦʛʥʦʟʥʳʝ (ʥʘ ʙʣʠʞʘʡʰʠʝ 120 ʯʘʩʦʚ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʘʨʭʠʚʥʳʝ (ʟʘ 36-ʣʝʪʥʠʡ ʧʝʨʠʦʜ) ʜʘʥʥʳʝ ʧʨʠʟʝʤʥʳʭ ʧʦʣʝʡ ʚʝʪʨʘ, ʜʘʚʣʝʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʮʠʬʨʦʚʦʡ ʠ 

ʚʝʢʪʦʨʥʳʡ ʬʦʨʤʘʪʳ. ɹʣʘʛʦʜʘʨʷ ʧʦʩʣʝʜʥʝʤʫ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ 

ʠʤʠ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ. 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ RANDOM, 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʝ ʠ ʧʨʦʛʥʦʟʥʳʝ. ʀʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ERA Interim, ʩʦʟʜʘʥʥʦʡ ECMWF. 

ʇʨʦʛʥʦʟʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ECMWF ʧʦʩʪʫʧʘʶʪ ʥʘ ftp-ʩʝʨʚʝʨ. 

ʈʠʩʫʥʦʢ 42 ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʠʤʝʨ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʠʩʪʝʤʝ RANDOM.  
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ʈʠʩʫʥʦʢ 42 ï ʆʢʥʦ ʩʠʩʪʝʤʳ RANDOM ʩ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʤʝʪʝʦʧʘʨʘʤʝʪʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʝʪʝʨ) ʟʘ 17.06.2015 

00:00 GMʉ 

 

ʉʝʨʚʠʩ Hydro 

ʉʝʨʚʠʩ ʧʦ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ ʥʘ ʂʘʩʧʠʠ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʝʪʨʘ, ʨʝʣʴʝʬʘ ʜʥʘ 

(ʙʘʪʠʤʝʪʨʠʠ) ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ, ʧʨʠʩʫʱʠʭ ʠʤʝʥʥʦ ʵʪʦʤʫ ʤʦʨʶ. ʈʘʩʯʝʪ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʤʦʜʫʣʝ MIKE 21 Hydrodynamic (HD) ɼʘʪʩʢʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʳʡ ʘʜʘʧʪʠʨʦʚʘʥ ʥʘʤʠ ʢ ʩʣʦʞʥʳʤ ʫʩʣʦʚʠʷʤ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʮʠʬʨʦʚʦʤ ʠ ʚʝʢʪʦʨʥʦʤ ʬʦʨʤʘʪʘʭ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʛʥʦʟʝ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʷʚʣʝʥʠʡ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ, ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʘʱʠʪʥʳʭ ʜʘʤʙ ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʥʦʛʦʣʝʪʥʠʭ ʨʷʜʦʚ ʤʦʨʩʢʠʭ ʪʝʯʝʥʠʡ ʠ ʪ.ʜ. 

ʊʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʦʣʝʡ ʫʨʦʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ MIKE 21 HD 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ: ʪʦʯʥʳʤʠ 

ʤʝʪʝʦʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʦʩʦʙʝʥʥʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʘʨʪʦʛʨʘʬʠʝʡ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʂʘʩʧʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʜʫʨʳ ʧʦʜʛʦʪʦʚʢʠ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ MIKE 21 HD 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; 

2. ʇʦʜʛʦʪʦʚʢʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; 

3. ʈʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʤʦʨʷ ʧʦ ʤʦʜʝʣʠ MIKE-21 HD; 

4. ʇʨʦʚʝʜʝʥʠʝ ʪʝʩʪʦʚʳʭ ʨʘʩʯʝʪʦʚ ʠ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʩ ʥʘʪʫʨʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ; 

5. ʇʫʙʣʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʠʩʪʝʤʝ RANDOM  
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ɼʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʧʠʩʘʪʴ ʥʘʟʚʘʥʠʝ ʠ ʚʳʙʨʘʪʴ ʜʘʪʫ ʥʘʯʘʣʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʧʨʦʛʥʦʟ ʥʘ 10 ʜʥʝʡ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠ 

ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʡ ʠ ʛʣʫʙʠʥʳ ʤʦʨʷ (ʨʠʩʫʥʦʢ 43). 

 

 
 

ʈʠʩʫʥʦʢ 43 ï ʆʢʥʦ ʩʠʩʪʝʤʳ RANDOM ʩ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʠ ʛʣʫʙʠʥʘ) ʟʘ 19.06.2013 06:00 GMʉ 
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ʉʝʨʚʠʩ Oil Migration 
ʉʝʨʚʠʩ çʇʨʦʛʥʦʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘè ʵʪʦ ʩʝʨʚʠʩ ʧʦ 

ʨʘʩʯʝʪʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʡ 

ʧʣʝʥʢʠ ʧʦ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʩʪʦʯʥʠʢʦʚ ʩ ʫʯʝʪʦʤ 

ʚʚʝʜʝʥʥʳʭ ʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʬʪʠ. ʈʘʩʯʝʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ 

ʤʦʜʝʣʠ MIKE 21 Oil Spill, ʛʜʝ ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʝʬʪʠ (ʵʤʫʣʴʩʠʬʠʢʘʮʠʠ, ʦʩʘʞʜʝʥʠʷ, 

ʠʩʧʘʨʝʥʠʷ, ʜʠʩʧʝʨʩʠʠ, ʨʘʩʪʚʦʨʝʥʠʷ, ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠ ʪ.ʜ.). ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʚʝʢʪʦʨʥʦʤ ʬʦʨʤʘʪʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ, ʨʘʟʤʝʱʝʥʠʶ 

ʙʦʥʦʚʳʭ ʟʘʛʨʘʞʜʝʥʠʡ, ʟʘʱʠʪʝ ʙʝʨʝʛʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʜʨ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʠʩʘ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ 

ʨʘʟʣʠʚʘ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ: 

1) ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; 

2) ʈʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʤʦʨʷ ʧʦ ʤʦʜʝʣʠ MIKE-21 HD ʥʘ ʚʳʙʨʘʥʥʫʶ ʜʘʪʫ; 

3) ʈʘʩʯʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʤʦʜʝʣʠ MIKE21 OS; 

4) ʇʦʩʪʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʫʙʣʠʢʘʮʠʷ ʚ ʩʠʩʪʝʤʝ RANDOM; 

5) ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 
ʝʛʦ ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʠʩʪʝʤʝ RANDOM. 

ʈʠʩʫʥʦʢ 44 ʠʣʣʶʩʪʨʠʨʫʝʪ ʬʦʨʤʫ ʩ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʧʨʠʤʝʨ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʚ ʩʠʩʪʝʤʝ 

RANDOM. ɼʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʥʘʟʚʘʥʠʝ, ʜʘʪʫ ʠ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʨʘʟʣʠʚʘ, ʢʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʤʝʪʨʘʭ (UTM-39), 

ʤʦɦʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʚ ʢʠʣʦʛʨʘʤʤʘʭ (ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʣʠʚʰʝʡʩʷ ʥʝʬʪʠ), 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʨʠʩʢ ʚ ʧʨʦʮʝʥʪʘʭ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʚʘ ʚ ʯʘʩʘʭ ʠ ʪʠʧ ʥʝʬʪʠ 

ʩ ʫʢʘʟʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ʈʠʩʫʥʦʢ 44 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʬʪʷʥʦʛʦ ʨʘʟʣʠʚʘ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʘʡʨʘʥ 10.06.2010 ʚ ʩʠʩʪʝʤʝ RANDOM 
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ɺ ʜʘʥʥʦʤ ʩʝʨʚʠʩʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ. ʂʘʨʪʘ ʟʦʥʠʨʫʝʪʩʷ ʧʦ ʩʪʝʧʝʥʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʘʚʘʨʠʠ 

(ʢʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʘ, ʚʨʝʤʷ ʘʚʘʨʠʠ, ʤʦʱʥʦʩʪʴ ʨʘʟʣʠʚʘ, ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ) ʠʣʠ 

ʚʳʙʨʘʪʴ ʠʟ ʧʨʠʣʦʞʝʥʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʢʘʨʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʦʢʫʤʝʥʪʦʚ ʆɺʆʉ (ʆʮʝʥʢʘ 

ɺʦʟʜʝʡʩʪʚʠʷ ʥʘ ʆʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ) ʠ ʇʃɸʈʅ (ʇʣʘʥ ʃʠʢʚʠʜʘʮʠʠ ɸʚʘʨʠʡʥʳʭ 

ʈʘʟʣʠʚʦʚ ʅʝʬʪʠ), ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʙʦʨʝ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ ʦʧʘʩʥʳʭ ʥʝʬʪʷʥʳʭ 

ʦʧʝʨʘʮʠʡ (ʠʩʧʳʪʘʥʠʡ ʩʢʚʘʞʠʥ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʫʩʪʘʥʦʚʦʢ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʥʝʬʪʠ). 

ʊʝʭʥʦʣʦʛʠʷ ʨʠʩʢʦʚʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1) ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʘʢʝʪʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 
ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʢʘʞʜʳʡ ʜʝʥʴ ʚʳʙʨʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʤʝʩʷʮʘ ʟʘ 

ʧʝʨʠʦʜ ʩ 1979 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ; 

2) ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʤʦʨʷ ʧʦ ʤʦʜʝʣʠ MIKE-21 HD ʥʘ ʢʘʞʜʳʡ 

ʜʝʥʴ ʚʳʙʨʘʥʥʦʛʦ ʤʝʩʷʮʘ; 

3) ʈʘʩʪʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʤʦʜʝʣʠ MIKE21 OS 

ʥʘ ʢʘʞʜʳʡ ʜʝʥʴ ʚʳʙʨʘʥʥʦʛʦ ʤʝʩʷʮʘ; 

4) ʈʘʩʯʝʪ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ; 

5) ʇʦʩʪʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʫʙʣʠʢʘʮʠʷ ʚ ʩʠʩʪʝʤʝ RANDOM; 

6) ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʝʛʦ ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʠʩʪʝʤʝ RANDOM. 

ʈʠʩʫʥʦʢ 45 ʠʣʣʶʩʪʨʠʨʫʝʪ ʬʦʨʤʫ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʠ ʨʝʟʫʣʴʪʘʪ ʢʘʨʪʳ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʥʘ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ 96 ʯ ʧʨʠ ʚʦʟʤʦʞʥʦʡ ʘʚʘʨʠʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʘʣʘʤʢʘʩ-ʤʦʨʝ. ɼʣʷ 

ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʚʦʠʪʴ ʥʘʟʚʘʥʠʝ, ʚʳʙʨʘʪʴ ʤʝʩʷʮ, ʫʢʘʟʘʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʤʝʪʨʘʭ (UTM-39), ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʚ 

ʢʠʣʦʛʨʘʤʤʘʭ (ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʣʠʚʰʝʡʩʷ ʥʝʬʪʠ), ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʨʠʩʢ ʚ 

ʧʨʦʮʝʥʪʘʭ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʚʘ ʚ ʯʘʩʘʭ ʠ ʪʠʧ ʥʝʬʪʠ ʩ ʫʢʘʟʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ʈʠʩʫʥʦʢ 45 ïɺʠʟʫʘʣʠʟʘʮʠʷ ʢʘʨʪʳ ʨʠʩʢʘ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʷ ʥʘ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ 96 ʯ 

 


























































