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i. Ɋɶʂʋɼɸʉɸ 
Ɂ ʁɲʂʀʎʄɲ ɵɺʁɼʊɽɲʅɺɻʕ ɶʂɴɲʄʋɲ ɲʄʈʀɼɶʋʅɲɺ ɽɶ ʅɸɾ ɲʂɺɹɽɸʅɺɻʕ,  ʄʆɾʀʁʅɺɻʕ ɻɲɺ

ɵʆɾɲɽɺɻʕɽɶɼʔʅɸ ʅʀʆ ʔɾʅʀɾʀʆ ʇɲɺɾʀɽʔɾʀʆ ʈɺʀɾʑʁʅʊʄɸʃ ʁʀʆ ʄʆɾʔɳɸ ʄʅɸɾ ȿɼɼʓɵɲ ʄʅɺʃ ʵʷ- 17 
ɏɶɳʂʀʆɲʂʋʀʆ ʅʀʆ ʶʴʶʵ ɻɲɺ ʀɾʀɽʓʄʅɸɻɶ ˣɆʕɵɶɺɲˤːȼɲʄɺɻʑʃ ʄʅʑʈʀʃ ʅɸʃ ɶʂɴɲʄʋɲʃ ʕʅɲɾ ɻɲɺ ɸ
ɽɶɼʔʅɸ ʅɸʃ ɶʁɺʂʂʀʕʃ ʅʊɾ ɶʁɺʇɲɾɶɺɲɻʒɾ ɹɶʂɽʀɻʂɲʄɺʒɾʅɸʃɹʓɼɲʄʄɲʃʄʅɸɾ ɶɽʇʓɾɺʄɸ ɻɲɺ
ʔɾʅɲʄʕ ʅʀʆː ɍʀ ʇɲɺɾʑɽɶɾʀ ˣɆʕɵɶɺɲˤ ʕʅɲɾ ʔɾɲ ɲʁʑ ʅɲ ʁɺʀ ʔɾʅʀɾɲ ʇɲɺɾʑɽɶɾɲ ʈɺʀɾʑʁʅʊʄɸʃ ʅɸʃ
ʅɶɼɶʆʅɲʋɲʃ ʶʴɶʅʋɲʃ ɴɺɲ ʅɸɾ ȿɼɼʓɵɲː Ɋʂʀɻʓɼɶʄɶ ʅɸɾ ɲʁʒɼɶɺɲ ʅɸʃ ɷʊʕʃ ʅʂɺʒɾ ɲʅʑɽʊɾˋ ʅɸɾ
ɻɲʅɲʄʅʂʀʇʕ ʁɶʂɺʀʆʄʋɲʃˋʅɸ ɵɺɲɻʀʁʕ ɸɼɶɻʅʂɺʄɽʀʎˋ ɹʔʂɽɲɾʄɸʃˋ ʅɸɼɶʇʊɾʋɲʃ ɻɲɺ ʋɾʅɶʂɾɶʅˋ ɻɲɹʒʃ
ɻɲɺ ʅɸɾ ʁɲʂɲɻʒɼʆʄɸ ʅʊɾ ʄʆɴɻʀɺɾʊɾɺʒɾ ʑɼʊɾ ʅʊɾ ɶɺɵʒɾ ˜ɲʆʅʀɻɺɾɸʅʑɵʂʀɽʀɺˋ ɹɲɼʓʄʄɺɶʃ
ʄʆɴɻʀɺɾʊɾʋɶʃ ɻɲɺ ɲɻʆʂʒʄɶɺʃ ʁʅʕʄɶʊɾ˝ː ɍʀ ʇɲɺɾʑɽɶɾʀ ɶʁɸʂʔɲʄɶ ʁʀɼɼʓ ɽʔʂɸ ʅɸʃ ʈʒʂɲʃ, ɲɼɼʓ
ɻʆʂʋʊʃ ʅɸɾ ʁʂʊʅɶʎʀʆʄɲ ʁʀʆ ɵɶɾ ɶʋʈɶ ʅɺʃ ʆʁʀɵʀɽʔʃ ɾɲ ɵɺɲʈɶɺʂɺʄʅɶʋ ʔɾɲ ʅʑʄʀ ʔɾʅʀɾʀ ʇɲɺɾʑɽɶɾʀ
ʈɺʀɾʑʁʅʊʄɸʃː 

Ɂ ɶʂɴɲʄʋɲ ɲʆʅʕ ɶʋɾɲɺ ʁʂʊʅʀʁʑʂɲ ʄʅɸ ɽɶɼʔʅɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ
ʅɸʃ ɹʓɼɲʄʄɲʃ ˜ɴɾʊʄʅʑ ʄʅɸɾ ɵɺɶɹɾʕ ɳɺɳɼɺʀɴʂɲʇʋɲ ʊʃ«lake/sea effect snow») ʄʅɸɾ ȿɼɼɸɾɺɻʕ
ʁɶʂɺʀʈʕɻɲɺʄʅɸɾ ɶʁɺʂʂʀʕ ʅʀʆ Ȼɺɴɲʋʀʆ ʁɶɼʓɴʀʆʃ ɻɲɺ ʅʊɾɶʁɺʇɲɾɶɺɲɻʒɾɹɶʂɽʀɻʂɲʄɺʒɾ ʅʀʆ ʄʅɲ
ʔɾʅʀɾɲ ʇɲɺɾʑɽɶɾɲ ɻɲɺ ʅɺʃ ʈɺʀɾʀʁʅʒʄɶɺʃ ʄʅɸɾ ȿɼɼʓɵɲː ȿʁʋʄɸʃˋʁʂʀʄʁɲɹɶʋ ɾɲɻɲɼʎʉɶɺʅʀ ɻɶɾʑ
ʁʀʆ ʆʁʓʂʈɶɺ ʄʅɸ ɵɺɶɹɾʕ ɳɺɳɼɺʀɴʂɲʇʋɲʄʅɸ ɽɶɼʔʅɸ ʅɸʃ ɶʁɺʂʂʀʕʃ ʅʊɾ ɶʁɺʇɲɾɶɺɲɻʒɾ
ɹɶʂɽʀɻʂɲʄɺʒɾ ɹʓɼɲʄʄɲʃ ʄɶ ʈɺʀɾʀʁʅʒʄɶɺʃ ʄʅɸɾ Ȼɾɲʅʀɼɺɻʕ Ɇɶʄʑɴɶɺʀː 

Ɍʅʀ ʁɼɲʋʄɺʀ ʅɸʃ ɶʂɴɲʄʋɲʃ ɲʆʅʕʃɲʂʈɺɻʓʁʂɲɴɽɲʅʀʁʀɺʕɹɸɻɶ ʄʆɾʀʁʅɺɻʕ ɻɲɺ ɵʆɾɲɽɺɻʕ
ɲɾʓɼʆʄɸ ʅʀʆ ɶʁɶɺʄʀɵʋʀʆ ɻɲɺ ʄʅɸ ʄʆɾʔʈɶɺɲ ʔɴɺɾɲɾ ʁɶɺʂʓɽɲʅɲ ɴɺɲ ʅɸ ɳʔɼʅɺʄʅɸ ʁʂʀʄʀɽʀʋʊʄɸ ʅʀʆ
ʇɲɺɾʀɽʔɾʀʆ ɽɶ ʈʂʕʄɸ ʅʀʆɽɸ-ʆɵʂʀʄʅɲʅɺɻʀʎɲʂɺɹɽɸʅɺɻʀʎ ɽʀɾʅʔɼʀʆ ʁʂʑɴɾʊʄɸʃ ɻɲɺʂʀʎ µÙÀġëÙĖ
ÀĀÓ vÙĚÙÀĖÎë EĆĖÙÎÀĚġíĀç ˜µvE˝ː ȿʁʋʄɸʃˋ ʁʂɲɴɽɲʅʀʁʀɺʕɹɸɻɶ ɽɺɲ ʄɶɺʂʓ ʁɶɺʂɲɽʓʅʊɾ ɽɶ ʅʀʁɺɻʔʃ
ɲɾʊɽɲɼʋɶʃ ɻɲɺ ɽɶ ɻɼɺɽɲʅɺɻʔʃ ʅɺɽʔʃʅʊɾ ɶʁɺʇɲɾɶɺɲɻʒɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɹʓɼɲʄʄɲʃ ʁʂʀɻɶɺɽʔɾʀʆ ɾɲ
ɽɶɼɶʅɸɹɶʋ ɸ ɶʁɺʂʂʀʕʅʀʆʃ ʄʅʀ ʔɾʅʀɾʀ ɶʁɶɺʄʑɵɺʀ ʈɺʀɾʑʁʅʊʄɸʃː ɍɲ ɵɶɵʀɽʔɾɲ ʁʀʆ
ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ ɴɺɲ ʅɸɾ ɲɾʓɼʆʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ʁʂʀʕɼɹɲɾ ɲʁʑɽɶʅʂʕʄɶɺʃ ɶʁɺʇɲɾɶʋɲʃ ɻɲɺ
ɲɾʒʅɶʂɸʃ ɲʅɽʑʄʇɲɺʂɲʃ ʅʊɾ ɵɺɲɹʔʄɺɽʊɾ ɽɶʅɶʊʂʀɼʀɴɺɻʒɾ ʄʅɲɹɽʒɾ ʅɸʃȿɹɾɺɻʕʃ
Ɇɶʅɶʊʂʀɼʀɴɺɻʕʃ Ɏʁɸʂɶʄʋɲʃ(ȿɆɎ)ˋ ʄʆɼɼʀɴʕ ɵɶɵʀɽʔɾʊɾ ɲʁʑʅɲ ɆʔʄɲɆɲɷɺɻʕʃȿɾɸɽʔʂʊʄɸʃˋ 
ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ ʅʀʆ ȿʆʂʊʁɲʌɻʀʎ Ʉʔɾʅʂʀʆ Ɇɶʄʀʁʂʑɹɶʄɽʊɾ Ɋʂʀɴɾʒʄɶʊɾ ˜8-_µE˝ 
ɻɲɺ ʈʓʂʅɶʃ ɻɲɺʂʀʎʅɸʃ ȿɹɾɺɻʕʃ Ɇɶʅɶʊʂʀɼʀɴɺɻʕʃ Ɏʁɸʂɶʄʋɲʃ ʅʀʆ Ɂɾʊɽʔɾʀʆ ȼɲʄɺɼɶʋʀʆ ˜¦W_Ùġ˝ː
ɉɺ ɶʁɺʇɲɾɶɺɲɻʔʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ʅɸʃ ɹʓɼɲʄʄɲʃ ʁʂʀʕɼɹɲɾ ɲʁʑ ʆʉɸɼʕʃ ɲɾʓɼʆʄɸʃɸɽɶʂʕʄɺɲ
ʁɼɶɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲ ʅʊɾ ȿɹɾɺɻʒɾ Ʉʔɾʅʂʊɾ Ɋɶʂɺɳɲɼɼʀɾʅɺɻʕʃ Ɋʂʑɴɾʊʄɸʃ ʅʊɾ ɁːɊːȻː ˜`-8s˝
ɻɲɺ ɲʁʑ ɻɼɺɽɲʅɺɻʓ ʁɼɶɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲ ʈɲɽɸɼʕʃ ɲɾʓɼʆʄɸʃ. 

ɍʀ ʇɲɺɾʑɽɶɾʀ ɲʆʅʑ ʁʂʀʄɵɺʀʂʋʄɹɸɻɶ ʊʃ ɽɺɲ ʁɶʂʋʁʅʊʄɸ ʇɲɺɾʑɽɶɾʀʆ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ
ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃː Ⱦɺɲʁɺʄʅʒɹɸɻɶ ʑʅɺ ɽɶʅʓ ʅɸ ʄʎɴɻʂɺʄɸ ʅʊɾ ʁɶɺʂɲɽʓʅʊɾ ɸ ɳʔɼʅɺʄʅɸ
ʁʂʀʄʀɽʀʋʊʄɸ ʅʀʆ ɽʀɾʅʔɼʀʆ µvE ɴɺɲ ʅʀ ʇɲɺɾʑɽɶɾʀ ʕʅɲɾ ɲʆʅʕ ʁʀʆ ɵɶɾ ʄʆɽʁɶʂɺɼʓɽɳɲɾɶ
ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸ ɲɾʊɽɶʅɲʇʀʂʓʃ ɻɲɺ ʔɻɲɾɶ ʈʂʕʄɸ ʅʀʆ ʄʈʕɽɲʅʀʃ ʅʀʆ ·ĆĀĚÙí ¦ĀíıÙĖĚíġĴ ɴɺɲ ʅɸɾ
ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸ ʅʀʆ ʁɼɲɾɸʅɺɻʀʎ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃː Ɍʅʀʅɶɼɶʆʅɲʋʀ ʄɻʔɼʀʃ ʅɸʃ ɶʂɴɲʄʋɲʃˋ ʀɺ
ɽɶʅɲɳʀɼʔʃ ʄʅɺʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ɶʁɺʇʓɾɶɺɲʃ ʅɸʃ ɹʓɼɲʄʄɲʃ ɻɲʅʓ ʔʊʃ ɻɲɺ ̣ʷ-̄ ɵɶʋʈɾʀʆɾ ɾɲ ɽɸɾ
ɶʋɾɲɺ ɺɻɲɾʔʃ ɾɲ ɶʁɸʂɶʓʄʀʆɾ ʄɶ ɽɶɴʓɼʀ ɳɲɹɽʑ ʔɾɲ ʇɲɺɾʑɽɶɾʀ ʑʁʊʃ ɸ˨Ɇʕɵɶɺɲ˩ː Ɋɲʂʑɼɲ ɲʆʅʓ ɸ
ɽɶʋʊʄɸ ʅʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɹʓɼɲʄʄɲʃ ˜ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ɻɲɺ ʄʅɸɾ ɶɺɻʑɾɲ ʅʊɾ ɻɼɺɽɲʅɺɻʒɾ
ɵɶɵʀɽʔɾʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɹʓɼɲʄʄɲʃ˝ ʅɶʋɾɶɺ ɾɲ ɽɶɺʒʄɶɺ ʅɸɾ ʔɾʅɲʄɸ ʅʀʆ ʇɲɺɾʑɽɶɾʀʆ ɽɶ
ɽɺɻʂʑʅɶʂɲ ʎʉɸ ʆɶʅʀʎ ɻɲɺ ʈɺʀɾɺʀʎː Ȼɾʅʋɹɶʅɲ ɸ ɲʎɿɸʄɸ ʅʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɹʓɼɲʄʄɲʃ ɶɾɺʄʈʎɶɺ ʄɶ
ɽɺɻʂʑ ɳɲɹɽʑ ʅʀ ʇɲɺɾʑɽɶɾʀː 
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ii. Abstract  
This thesis deals with the numerical, synoptic and dynamic analysis of the intense 

snowfall event that occurred in Greece on February 13- 17, 2021, and was named "Medea". A major 

aim of this work was th e study of its sensitivity to the sea surface temperatures. This event was 

one of the most intense snowfall phenomena of the last 20 years in Greece. It caused the loss 

of three lives, the destruction of property, the interruption of electricity, heating, telephony, and 

the Internet, as well as the obstruction of all kinds of transport (highways, sea transport and 

flight cancellations). The phenomenon affected many parts of the country, but mainly the capital, 

which did not have the infrastructure to manage  such an intense snowfall.  

This work is pioneer in the study of the phenomenon of snowfall with the influence of the 

sea in the Greek region and especially the influence of the Aegean Sea and its surface 

temperatures on the intense phenomena and snowfall i n Greece. It also attempts to fill the gap 

that exists in the international literature in the study of the influence of sea surface 

temperatures on snowfall in the Eastern Mediterranean.  

The synoptic and dynamic analysis of the snowfall event was initially  performed. 

Secondly, experiments were carried out for the optimal simulation of the phenomenon using the 

nonhydrostatic Weather and Research Forecasting (WRF) numerical model. Also, a series of 

experiments were carried out to study the influence of sea su rface temperatures on the intense 

snowfall event. The data used for the analysis of the phenomenon included the available surface 

and upper air observations from the meteorological stations of the Hellenic National 

Meteorological Service (HNMS), data collection from the media, operational gridded analyses of 

the European Centre for Medium- Range Weather Forecasts (ECMWF) and weather charts from 

the United Kingdom Meteorological Office (UKMet). Furthermore, the sea surface temperatures 

were based on the high- resolution daily gridded analyses of the National Centers for 

Environmental Prediction (NCEP) and lower resolution gridded climatology.  

The synoptic/dynamic analysis showed that this phenomenon can be considered as a 

case of lake/sea effect snow. The optimum WRF simulation of the event was produced by the 

combination of the Yonsei University boundary layer parameterization with explicitly resolved 

cumulus convection. In the last part of this thesis, it was shown that local sea surface 

temperature anomalies up to ±3°C in the Aegean Sea are not able to greatly affect a phenomenon 

like "Medea". Nevertheless, the decrease in sea temperatures (which also corresponds to the 

climatic data of sea surface temperatures) tends to reduce the intensity of the phenomenon with 

smaller precipitation and snowfall amounts. On the contrary, the increase in sea surface 

temperatures amplifies the phenomenon to a small extent.  
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iii. ɊɋɉɅɉȽɉɌ 

 
Ɂ ʁɲʂʀʎʄɲ ɽɶɼʔʅɸ ɲʁʀʅɶɼɶʋ ʅɸɾ ɵɺʁɼʊɽɲʅɺɻʕ ɵɺɲʅʂɺɳʕˋ ʁʀʆ ʁʂɲɴɽɲʅʀʁʀɺʕɹɸɻɶ

ɽɶ ʄʅʑʈʀ ʅɸɾɲʁʑɻʅɸʄɸ Ɇɶʅɲʁʅʆʈɺɲɻʀʎ Ⱦɺʁɼʒɽɲʅʀʃ ȿɺɵʋɻɶʆʄɸʃ ʄʅʀɾ ʅʀɽʔɲ ʅɸʃ
Ɇɶʅɶʊʂʀɼʀɴʋɲʃˋ ɴɺɲ ʅʀ Ɇɶʅɲʁʅʆʈɺɲɻʑ ʁʂʑɴʂɲɽɽɲ ʄʁʀʆɵʒɾ ˨Ɇɶʅɶʊʂʀɼʀɴʋɲˋ
Ʉɼɺɽɲʅʀɼʀɴʋɲ ɻɲɺ Ȼʅɽʀʄʇɲɺʂɺɻʑ Ɋɶʂɺɳʓɼɼʀɾ˩ˋ ʅʀʆ ʅɽʕɽɲʅʀʃ Ƚɶʊɼʀɴʋɲʃ ʅʀʆ
Ȼʂɺʄʅʀʅɶɼɶʋʀʆ Ɋɲɾɶʁɺʄʅɸɽʋʀʆ ɂɶʄʄɲɼʀɾʋɻɸʃː Ɂ ɶʂɴɲʄʋɲ ʁʂɲɴɽɲʅʀʁʀɺʕɹɸɻɶ ʆʁʑ ʅɸɾ
ɶʁʋɳɼɶʉɸ ɻɲɺ ɻɲɹʀɵʕɴɸʄɸ ʅʀʆ Ȼɾɲʁɼɸʂʊʅʕ Ʉɲɹɸɴɸʅʕ Ⱦʂː Ƀʊʓɾɾɸ Ɋʆɹɲʂʀʎɼɸː 

ɉ ɲɾʅɺɻɶɺɽɶɾɺɻʑʃ ʄɻʀʁʑʃ ʅɸʃ ʁɲʂʀʎʄɲʃ ɶʂɴɲʄʋɲʃ ʕʅɲɾ ɸɲʂɺɹɽɸʅɺɻʕ ɽɶɼʔʅɸ ɻɲɺ
ɸ ʄʆɾʀʁʅɺɻʕ ɻɲɺ ɵʆɾɲɽɺɻʕ ɲɾʓɼʆʄɸ ʅʀʆ ʔɾʅʀɾʀʆ ʇɲɺɾʀɽʔɾʀʆ ʈɺʀɾʑʁʅʊʄɸʃ ʁʀʆ ʄʆɾʔɳɸ
ʅɸɾ ʁɶʂʋʀɵʀ ʵ3-ʵʻ ɏɶɳʂʀʆɲʂʋʀʆ ʅʀʆ ʶʴʶʵ ʄʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ ȿɼɼʓɵɲʃˋ ɻɲɺ ʅʀ ʀʁʀʋʀ
ʀɾʀɽʓʄʅɸɻɶɆ˨ʕɵɶɺɲ ˩ɲʁʑ ʅʀȿɹɾɺɻʑ Ȼʄʅɶʂʀʄɻʀʁɶʋʀ Ȼɹɸɾʒɾ˖ÿÙġÙĆːçĖː Ɍʅɸɾ ʄʆɾʔʈɶɺɲ
ʅʀ ʄʎɴʈʂʀɾʀ ɽʀɾʅʔɼʀ ɽʔʄɸʃ ɻɼʋɽɲɻɲʃWeather Research and Forecasting (WRF), 
ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɶ ɲʂʈɺɻʓˋ ɴɺɲ ʅɸɾ ʁʂʀʄʀɽʀʋʊʄɸ ʅʊɾ ʄʆɾɹɸɻʒɾ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆˋ ɽɶ ʅɸɾ
ɵɺɶɾʔʂɴɶɺɲ ʁɶɺʂɲɽʓʅʊɾ ɽɶ ɵɺɲʇʀʂɶʅɺɻʕ ɵʑɽɸʄɸ ʅʀʆ ɽʀɾʅʔɼʀʆ ʀʎʅʊʃ ʒʄʅɶ ɾɲ
ɶʁɺʅɶʆʈɹɶʋ ɸ ɳʔɼʅɺʄʅɸ ʁʂʀʄʀɽʀʋʊʄɸ ɴɺɲ ʅɺʃ ʁʂɲɴɽɲʅɺɻʔʃ ʄʆɾɹʕɻɶʃ ɽɶʅʓ ɲʁʑ
ʄʅɲʅɺʄʅɺɻʕ ɲɾʓɼʆʄɸ ʅʊɾ ɲʁʀʅɶɼɶʄɽʓʅʊɾː Ɍɶ ɵɶʎʅɶʂɸ ʇʓʄɸ ʅʀ ɽʀɾʅʔɼʀ
ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɶ ɴɺɲ ɾɲ ɽɶɼɶʅɸɹɶʋ ɸ ɶʁɺʂʂʀʕ ʅɸʃ ɽɶʅɲɳʀɼʕʃ ʅʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ
ɹʓɼɲʄʄɲʃ ʄʅʀ ʇɲɺɾʑɽɶɾʀ ʁʀʆ ɽɶɼɶʅʓʅɲɺː ɍʔɼʀʃ ʅʀ ʇɲɺɾʑɽɶɾʀ ʄʆɴɻʂʋɹɸɻɶ ɽɶ ɻɼɺɽɲʅɺɻʓ
ɵɶɵʀɽʔɾɲ ʅɸʃ ʁɶʂɺʀʈʕʃː 

Ɂ ɶʂɴɲʄʋɲ ʁʀʆ ʁʂʀʔɻʆʉɶ ɵʀɽʕɹɸɻɶ ʊʃ ɶɿʕʃ: Ɍʅʀ ʁʂʒʅʀ ɻɶʇʓɼɲɺʀ ʁɲʂʀʆʄɺʓɷɶʅɲɺ
ʅʀ ɹɶʊʂɸʅɺɻʑ ʆʁʑɳɲɹʂʀ ʁʀʆɲʁʀʅɶɼɶʋ ɲɾɲɴɻɲʋɲ ɴɾʒʄɸ ɴɺɲ ʅɸɾ ɻɲʅɲɾʑɸʄɸ ʅʊɾ ʑʄʊɾ
ɲɾɲʇʔʂʀɾʅɲɺ ʄʅɸɾ ɼʀɺʁʕ ɶʂɴɲʄʋɲ ʑʁʊʃ ɻɲɺ ɸ ɲɾʓɼʆʄɸ ʅʀʆ ʄɻʀʁʀʎ ʅɸʃ ɽɶɼʔʅɸʃ ɲʆʅʕʃː
Ɍʅʀ ɵɶʎʅɶʂʀ ɻɶʇʓɼɲɺʀ ɲʁɲʂɺɹɽʀʎɾʅɲɺ ɻɲɺ ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʅʀ ɲʂɺɹɽɸʅɺɻʑ ɽʀɾʅʔɼʀ ɻɲɺ ɸ 
ɽɶɹʀɵʀɼʀɴʋɲ ɲɿɺʀɼʑɴɸʄɸʃ ʁʀʆ ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ ʄɶ ʑɼʀ ʅʀ ɶʎʂʀʃ ʅɸʃ ɶʂɴɲʄʋɲʃː Ɍʅʀ
ʅʂʋʅʀ ɻɶʇʓɼɲɺʀ ɴʋɾɶʅɲɺ ɸ ʄʆɾʀʁʅɺɻʕ ɻɲɺ ɵʆɾɲɽɺɻʕ ɲɾʓɼʆʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ʅɸʃ Ɇʕɵɶɺɲ
ɽʔʄʊ ʅʊɾ ɵɶɵʀɽʔɾʊɾ ʁʀʆ ɼʕʇɹɸɻɲɾ ɲʁʑ ʁʀɺɻʋɼɶʃ ʁɸɴʔʃː Ɍʅʀ ʅʔʅɲʂʅʀ ɻɶʇʓɼɲɺʀ
ʁɶʂɺɴʂʓʇʀɾʅɲɺ ʅɲ ʁɶɺʂʓɽɲʅɲ ʁʀʆ ʁʂɲɴɽɲʅʀʁʀɺʕɹɸɻɲɾ ɴɺɲ ɾɲ ɶʁɺɼɶʈɹɶʋ ɸ ɳʔɼʅɺʄʅɸ
ʁʂʀʄʀɽʀʋʊʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɻɲɹʒʃ ɻɲɺ ɸ ʄʅɲʅɺʄʅɺɻʕ ɲɾʓɼʆʄɸ ʁʀʆ ʀɵʕɴɸʄɶ ʄʅɸɾ
ɶʁɺɼʀɴʕ ɲʆʅʕː Ɍʅʀ ʁʔɽʁʅʀ ɻɶʇʓɼɲɺʀ ʁɶʂɺɴʂʓʇɶʅɲɺ ɸ ɵɶʎʅɶʂɸ ʄɶɺʂʓ ʁɶɺʂɲɽʓʅʊɾ ʁʀʆ
ʁʂɲɴɽɲʅʀʁʀɺʕɹɸɻɲɾˋ ʁʀʆ ɶʋʈɲɾ ʄɻʀʁʑ ʅɸɾ ɽɶɼʔʅɸ ʅɸʃ ɶʁɺʂʂʀʕʃ ʅɸʃ ɽɶʅɲɳʀɼʕʃ ʅʊɾ
ɹɶʂɽʀɻʂɲʄɺʒɾ ɹʓɼɲʄʄɲʃ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆˋ ʑʁʊʃ ɶʁʋʄɸʃ ɻɲɺ ʅɸɾ ʄʎɴɻʂɺʄɸ ʅʀʆ
ʇɲɺɾʀɽʔɾʀʆ ɽɶ ʅʀ ʅɺ ɹɲ ʄʆɾʔɳɲɺɾɶ ɽɶ ʅɸɾ ɶʁɺɼʀɴʕ ʅʊɾ ɻɼɺɽɲʅɺɻʒɾ ɹɶʂɽʀɻʂɲʄɺʒɾ
ɹʓɼɲʄʄɲʃ ɴɺɲ ʅɸɾ ʁɶʂɺʀʈʕː Ɍʅʀ ʔɻʅʀ ɻɶʇʓɼɲɺʀ ʁɲʂɲʅʋɹɶɾʅɲɺ ʅɲ ʄʆɽʁɶʂʓʄɽɲʅɲ ʄʅɲ
ʀʁʀʋɲ ɻɲʅʔɼɸɿɶ ɸ ɽɶɼʔʅɸˋ ʑʁʊʃ ɻɲɺ ɻʓʁʀɺʀɺ ʁʂʀɳɼɸɽɲʅɺʄɽʀʋ ɻɲɺ ʄʆɷʕʅɸʄɸ ɴʎʂʊ ɲʁʑ
ʅʀ ɹʔɽɲː ɍʔɼʀʃ ʄʅɲ ɻɶʇʓɼɲɺɲ ʻ ɻɲɺ ʼ ɻɲʅɲɴʂʓʇɶʅɲɺ ɸ ɳɺɳɼɺʀɴʂɲʇʋɲ ɻɲɺ ʅʀ ʁɲʂʓʂʅɸɽɲ
ɽɶ ɶʁɺʁʂʑʄɹɶʅʀ ʆɼɺɻʑ ɲɾʅʋʄʅʀɺʈɲː 
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ɂɲ ʕɹɶɼɲ ʅʒʂɲ ɾɲ ɲʇɺɶʂʒʄʊ ɼʋɴɶʃ ɲʂʓɵɶʃ ɴɺɲ ɾɲ ɶʆʈɲʂɺʄʅʕʄʊ ʅɲ ʓʅʀɽɲ ʈʊʂʋʃ
ʅɲ ʀʁʀʋɲ ɸ ɶʂɴɲʄʋɲ ɲʆʅʕ ɵɶɾ ɹɲ ɽʁʀʂʀʎʄɶ ʁʀʅʔ ɾɲ ɶʁɺʅɶʆʈɹɶʋː Ȼʂʈɺɻʓ ɻɲɺ ɻʆʂɺʑʅɶʂɲ ɾɲ 
ɶʆʈɲʂɺʄʅʕʄʊ ʅʀɾ ʆʁɶʎɹʆɾʀ ɻɲɹɸɴɸʅʕ ɽʀʆ Ⱦʂː Ƀʊʓɾɾɸ Ɋʆɹɲʂʀʎɼɸ ɴɺɲ ʅɸɾ ɲɽʔʂɺʄʅɸ 
ʄʅʕʂɺɿɸ, ɴɺɲ ʅɸɾ ʆʁʀɽʀɾʕ ɻɲɺ ʅʀ ɽɶʂʓɻɺ ʅʀʆ ɾɲ ɽɶ ɳʀɸɹʕʄɶɺ ɾɲ ɽʓɹʊ ʑʄɶʃ ʁɶʂɺʄʄʑʅɶʂɶʃ
ɾʔɶʃ ɴɾʒʄɶɺʃ ʕʅɲɾ ɵʆɾɲʅʑɾ ʄʅɸɾ ɵɺʓʂɻɶɺɲ ʅɸʃ ʄʆɾɶʂɴɲʄʋɲʃ ɽɲʃ ʄʅo ʁɼɲʋʄɺo ʅɸʃ
ɶʂɴɲʄʋɲʃ ɲʆʅʕʃː Ɍɲʃ ɶʆʈɲʂɺʄʅʒ ʁʀʆ ʕʄɲʄʅɲɾ ɶɻɶʋ ɴɺɲ ɾɲ ɼʎʄɶʅɶ ʑɼɶʃ ɽʀʆ ʅɺʃ ɲʁʀʂʋɶʃ
ɻɲɺ ʁʂʀɳɼɸɽɲʅɺʄɽʀʎʃ ɻɲɺ ɾɲ ɽɶ ʀɵɸɴʕʄɶʅɶ ʄʅɸɾ ʄʊʄʅʕ ɻɲʅɶʎɹʆɾʄɸ ʑʁʀʅɶ ʈɲɾʑɽʀʆɾ
ɻɲɺɵʆʄɻʀɼɶʆʑɽʀʆɾ ʄɶ ʄʈʔʄɸ ɽɶ ʅɸɾ ɵɺɲʅʂɺɳʕ ɽʀʆː ȿʁʋʄɸʃ ɹɲ ʕɹɶɼɲ ɾɲ ɶʆʈɲʂɺʄʅʕʄʊ ʅɲ
ʓɼɼɲ ɵʎʀ ɽʔɼɸ ʅɸʃ ʅʂɺɽɶɼʀʎʃ ɶʁɺʅʂʀʁʕʃˋ ʅʀɾ Ⱦʂː ɀʓɾɸ Ɋʂʑɵʂʀɽʀ ɻɲɺ ʅʀɾ Ⱦʂː
Ɇʁɲɽʁɷʔɼɸ Ⱦɸɽʕʅʂɺʀ ɴɺɲ ʅɸɾ ʄʅʕʂɺɿɸ ɻɲɺ ʅɸɾ ɳʀʕɹɶɺɲ ʅʀʆʃ ɻɲɹʒʃ ɻɲɺ ɴɺɲ ʅɸɾ ʆʁʀɽʀɾʕ
ʅʀʆʃː Ȼɻʑɽɸ ɹɲ ʕɹɶɼɲ ɾɲ ɶʆʈɲʂɺʄʅʕʄʊ ʅʀʆʃ Ⱦʂː Ƀʊʓɾɾɸ ɍɶɴʀʎɼɺɲ ɻɲɺ Ⱦʂː Ɍʅʔʂɴɺʀ
Ʉʓʂʅʄɺʀ ɴɺɲ ʅɺʃ ʒʂɶʃ ʁʀʆ ɲʇɺʔʂʊʄɲɾ ɴɺɲ ɾɲ ɽɶ ɳʀɸɹʕʄʀʆɾ ʄʅɸɾ ɽɶɼʔʅɸ ɽʀʆ ɻɲɺ ʄʅɸɾ
ɲɽʔʂɺʄʅɸ ʁʂʀʄʇʀʂʓ ʁʀʆ ɶʋʈɲɾ ʄɶ ɲʆʅʕɾː Ɍʅɸɾ ʄʆɾʔʈɶɺɲ ɹɲ ʕɹɶɼɲ ɾɲ ɶʆʈɲʂɺʄʅʕʄʊ ʑɼʀ 
ʅʀ ɵɺɵɲɻʅɺɻʑ ʁʂʀʄʊʁɺɻʑ ʅʀʆ ɽɶʅɲʁʅʆʈɺɲɻʀʎɆ˨ɶʅɶʊʂʀɼʀɴʋɲʃˋ Ʉɼɺɽɲʅʀɼʀɴʋɲʃ ɻɲɺ
Ȼʅɽʀʄʇɲɺʂɺɻʀʎ Ɋɶʂɺɳʓɼɼʀɾʅʀʃ ˩ɴɺɲ ʅɺʃ ɴɾʒʄɶɺʃ ʁʀʆ ɽʀʆ ʈʓʂɺʄɲɾ ɻɲɺ ɴɺɲ ʅʀ ʕʂɶɽʀ ɻɲɺ
ɶʁɲɴɴɶɼɽɲʅɺɻʑ ɲɼɼʓ ɻɲɺ ʁʂʀʄʇɺɼʔʃ ʁɶʂɺɳʓɼɼʀɾ ʁʀʆ ɵɸɽɺʀʎʂɴɸʄɲɾ ɻɲʅʓ ʅɲ ʈʂʑɾɺɲ ʅɸʃ
ʇʀʋʅɸʄɸʃ ɽʀʆː Ƀɵɺɲʋʅɶʂɲ ɹɲ ʕɹɶɼɲ ɾɲ ɵʒʄʊ ʔɾɲ ɽɶɴʓɼʀ ɶʆʈɲʂɺʄʅʒ ʄʅʀɾ ɉɽʑʅɺɽʀ
Ʉɲɹɸɴɸʅʕ ɻʎʂɺʀ ɂɶʑɵʊʂʀ Ʉɲʂɲɻʒʄʅɲˋ ʈʊʂʋʃ ʅɸɾ ɻɲɹʀɵʕɴɸʄɸ ɻɲɺ ʅɸɾ ʔɽʁɾɶʆʄɸ ʁʀʆ
ɽʀʆ ʈʓʂɺʄɶ ɽʔʄʊ ʅɸʃ ɲɿɺʀʄɸɽɶʋʊʅɸʃ ɵɺɵɲɻʅɺɻʕʃ ʅʀʆ ɺɻɲɾʑʅɸʅɲʃ ʄɶ ʁʂʀʁʅʆʈɺɲɻʑ ɲɼɼʓ
ɻɲɺ ɽɶʅɲʁʅʆʈɺɲɻʑ ɶʁʋʁɶɵʀˋ ɲɼɼʓ ɻɲɺ ʅɸʃ ʔɻɵɸɼɸʃ ɲɴʓʁɸʃ ʅʀʆ ʄʅɸɾ ɽɶʅɶʊʂʀɼʀɴʋɲ ɵɶɾ
ɹɲ ɶʋʈɲ ɵɺɲɼʔɿɶɺ ʅɸɾ ʁʀʂɶʋɲ ʁʀʆ ɲɻʀɼʀʎɹɸʄɲ ɴɺɲ ʅɸɾ ɲɻɲɵɸɽɲʌɻʕ ɽʀʆ ɷʊʕ ɻɲɺ ɵɶɾ ɹɲ
ʔʁɲɺʂɾɲ ʑɼɶʃ ʅɺʃ ɶɾɵɺɲʇʔʂʀʆʄɶʃ ɴɾʒʄɶɺʃ ɻɲɺ ɶɽʁɶɺʂʋɶʃː Ɍʅɸɾ ʄʆɾʔʈɶɺɲ ɹɲ ʕɹɶɼɲ ɾɲ ʁʊ 
ʔɾɲ ɽɶɴʓɼʀ ȿɎɐȻɋɃɌɍɒ ʄʅʀʆʃ ɴʀɾɶʋʃ ɽʀʆˋ ʀɺ ɻʑʁʀɺ ɻɲɺ ʀɺ ɲɴʒɾɶʃ ʅʊɾ ʀʁʀʋʊɾ ɽʀʆ ʔɵʊʄɲɾ
ʅɸɾ ɶʆɻɲɺʂʋɲ ɾɲ ɶʋɽɲɺ ʄʅɸɾ ɹʔʄɸ ʁʀʆ ɶʋɽɲɺ ʄʕɽɶʂɲ ɻɲɺ ɾɲ ɴʂʓʇʊ ʅɸɾ ɶʂɴɲʄʋɲ ɲʆʅʕː ɔɾɲ 
ɶʆʈɲʂɺʄʅʒ ɲɻʑɽɲ ɹɲ ʕɹɶɼɲ ɾɲ ʁʊ ʄʅɸɾ ɲɵɶʂʇʕ ɽʀʆ ɻɲɺ ʄʅʀʆʃ ʇʋɼʀʆʃ ɽʀʆ ˋ ʁʀʆ ɽɶ
ʄʅʕʂɺɿɲɾ ʉʆʈʀɼʀɴɺɻʓ ɻɲɺ ɵɶɾ ɽɶ ʓʇɸʄɲɾ ɾɲ ɼʆɴʋʄʊ ʄʅɺʃ ɵʎʄɻʀɼɶʃ ʁɶʂɺʑɵʀʆʃ ʁʀʆ
ɽɶʄʀɼʓɳɸʄɲɾ ʅɸʃ ʁʂɲɴɽɲʅʀʁʀʋɸʄɸʃ ʅɸʃ ɶʂɴɲʄʋɲʃ(ɔɾɲ ɵɺʁɼʑ ɶʆʈɲʂɺʄʅʒ ʄʅɸɾ ɓɾɾɲ
ʁʀʆ ʕʅɲɾ ʁʓɾʅɲ ɶɻɶʋ ʑʅɲɾ ɵɶɾ ʕɽʀʆɾ ɻɲɼʓ ɲɼɼʓ ɻɲɺ ʑʅɲɾ ʕɽʀʆɾ)ː ɍʔɼʀʃ ɹɲ ʕɹɶɼɲ ɾɲ 
ɶʆʈɲʂɺʄʅʕʄʊ ɲʁʑ ɻɲʂɵɺʓʃ ʄʅʀɾ ʁʂʒɸɾ ʄʎɾʅʂʀʇʀ ɽʀʆ Ɋɲʎɼʀ ɻɲɺ ʅɸɾ ɽɺɻʂʕ ɽʀʆ
Ɇʁʀʆɻɺʓˋ ʈʊʂʋʃ ʅɺʃ ɴɾʒʄɶɺʃˋ ʅɸɾ ʉʆʈʂɲɺɽʋɲ ɻɲɺ ʅɸɾ ʄʅʕʂɺɿɸ ʅʀʆ ʁʂʒʅʀʆ ɻɲɺ ʅɲ
ɾɺɲʀʆʂʋʄɽɲʅɲ ɻɲɺ ʅɲ ɸʂɶɽɺʄʅɺɻʓ ɴʀʆʂɴʀʆʂʋʄɽɲʅɲ ʅɸʃ ɵɶʎʅɶʂɸʃ ɵɶɾ ɹɲ ɶʋʈɲ ɻɲʅɲʇʔʂɶɺ
ɾɲ ʅɶɼɶɺʒʄʊ ʅɸɾ ɶʂɴɲʄʋɲ ɲʆʅʕ ɻɲɺ ɾɲ ɳɲɵʋʄʊ ʄʅʀ ɶʁʑɽɶɾʀ ɳʕɽɲ ʅɸʃ ɲɻɲɵɸɽɲʌɻʕʃ ɽʀʆ
ɻɲʂɺʔʂɲʃ ɻɲɺ ʅɸʃ ɷʊʕʃ ɽʀʆː 

 

 

 

 

˨M ĲĆĀder if the snow  loves the trees and fields, that it kisses them so gently  ? And then 
it covers them up snug, you know, with a white quilt; and perhaps it says, "Go to sleep, 
darlings, till the summer comes again  ː˩ -  Lewis Carroll, Alice's Adventures in 
Wonderland / Through the Looking- Glass 
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iv. Ɋʋɾɲɻɲʃ Ȼɻʂʊɾʎɽɺʊɾ 
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Ʉɶʇʓɼɲɺʀ ʵ ȿɺʄɲɴʊɴʕ 
 

1.1 ɐɺʀɾʀʁʅʒʄɶɺʃ ʄʅɸɾ ȿɼɼʓɵɲ ɻɲɺ ʄʅɸɾ Ȼʅʅɺɻʕ 
ɍʀ ɻɼʋɽɲ ʅɸʃ ȿɼɼʓɵɲʃ ʈɲʂɲɻʅɸʂʋɷɶʅɲɺ ʊʃ ɽɶʄʀɴɶɺɲɻʑ ɻɲɺ ʄʅɸɾ ɻɲʅʓʅɲɿɸ

Köppen-GÙíçÙĖ ɻɲʅɲʅʓʄʄɶʅɲɺ ʄʅɸɾ ɻɲʅɸɴʀʂʋɲʁʂʒʅɸ ɻɲʅɸɴʀʂʋɲ ʅʀʆ Ɇɶʄʀɴɶɺɲɻʀʎ
Ʉɼʋɽɲʅʀʃ ɽɶ ɹɶʂɽʓ ɻɲɼʀɻɲʋʂɺɲ ˜ɴɾʊʄʅʑ ɻɲɺ ʊʃ ʅʆʁɺɻʑ ɽɶʄʀɴɶɺɲɻʑ ɻɼʋɽɲ ˟ Csa) 
(Kottek et al., 2006), ɸ ʀʁʀʋɲ ɲʁʀʅɶɼɶʋʅɲɺ ɲʁʑ ɹɶʂɽʓ ɻɼʋɽɲʅɲ ɽɶ ʕʁɺɲ ɻɲɺ ɿɸʂʓ
ɻɲɼʀɻɲʋʂɺɲ ɻɲɺ ʆɴʂʀʎʃ ʈɶɺɽʒɾɶʃː ɍɲ ɻɼʋɽɲʅɲ ɲʆʅʓ ɵɶɾ ʈɲʂɲɻʅɸʂʋɷʀɾʅɲɺ ʄʆɾʕɹʊʃ
ɲʁʑ ʔɾʅʀɾɶʃ ʈɺʀɾʀʁʅʒʄɶɺʃ ɻɲɺ ʔʅʄɺ ʅɲ ʇɲɺɾʑɽɶɾɲ ɲʆʅʓ ʔʈʀʆɾ ɺɵɺɲʋʅɶʂʀ ɶɾɵɺɲʇʔʂʀɾ
ɴɺɲ ɽɶɼʔʅɸː Ɍʅɸɾ ȿɼɼʓɵɲˋ ʀɺ ɶʆɾʀʌɻʔʃ ʄʆɾʀʁʅɺɻʔʃ ɻɲʅɲʄʅʓʄɶɺʃ ɴɺɲ ʅɸɾ ʈɺʀɾʑʁʅʊʄɸ
ʁɲʂɲʅɸʂʀʎɾʅɲɺ ʄʆɾʕɹʊʃ ʑʅɲɾ ʆʁʓʂɿʀʆɾ ʆʉɸɼʔʃ ʁɺʔʄɶɺʃ ʄʅɲ ɳʑʂɶɺɲ ɻɲɺ ʔɾɲ
ɳɲʂʀɽɶʅʂɺɻʑ ʈɲɽɸɼʑ ʄʅɸɾ ɻɶɾʅʂɺɻʕ Ɇɶʄʑɴɶɺʀˋ ʁʀʆ ɻɺɾɶʋʅɲɺ ʄɶ ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʕ
ɻɲʅɶʎɹʆɾʄɸ˜ɀɺɲɻʑʁʀʆɼʀʃ ̪ ɏʂɲɴɻʀʎɼɸˋ ʶʴʵʹ˝ː Ɂ ɹʔʄɸ ʅʀʆ ɳɲʂʀɽɶʅʂɺɻʀʎ ʈɲɽɸɼʀʎ
ʁʂʀʄɵɺʀʂʋɷɶɺ ɻɲɺ ʅʀ ʁʀʆ ɹɲ ʁɲʂɲʅɸʂɸɹɶʋ ɸ ɶɾʅʀɾʑʅɶʂɸ ʈɺʀɾʑʁʅʊʄɸˋ ɴɺɲ ʁɲʂʓɵɶɺɴɽɲ
ʔɾɲ ʈɲɽɸɼʑ ʁʀʆ ɳʂʋʄɻɶʅɲɺ ɾʀʅɺʑʅɶʂɲ ɹɲ ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ɽɺɲ ɷʒɾɸ ʄʎɴɻɼɺʄɸʃ ʄʅɸɾ
ɻɶɾʅʂɺɻʕ ȿɼɼʓɵɲ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʈɺʀɾʀʁʅʒʄɶɺʃ ɻʆʂʋʊʃ ʄʅɸɾ ʁɶʂɺʀʈʕ ɶɻɶʋɾɸ
˜ɀɺɲɻʑʁʀʆɼʀʃˋ ʶʴʴʽ˝.  

Ƀɵɺɲʋʅɶʂʀ ɶɾɵɺɲʇʔʂʀɾ ɵʋɾɶʅɲɺ ʄʅɺʃ ʈɺʀɾʀʁʅʒʄɶɺʃ ʁʀʆ ɶʁɸʂɶʓɷʀʆɾ ʅɸɾ Ȼʅʅɺɻʕ
ɻɲɺ ɺɵɺɲʋʅɶʂɲ ʅɸɾ Ȼɹʕɾɲˋ ɻɲɹʒʃ ʊʃ ʁʂʊʅɶʎʀʆʄɲ ʅɸʃ ʈʒʂɲʃ ʀɺ ɻɲɺʂɺɻʔʃ ʄʆɾɹʕɻɶʃ ʁʀʆ
ʁɲʂɲʅɸʂʀʎɾʅɲɺ ʄɶ ɲʆʅʕ ɶʁɸʂɶʓɷʀʆɾ ʅɸɾ ɷʊʕˋ ʅɸɾ ɶʂɴɲʄʋɲ ɻɲɺ ɴɶɾɺɻʑʅɶʂɲ ʅɺʃ
ɵʂɲʄʅɸʂɺʑʅɸʅɶʃ ɽɶɴʓɼʀʆ ɽʔʂʀʆʃ ʅʀʆ ʁɼɸɹʆʄɽʀʎː ɉɺ ʄʆɾʀʁʅɺɻʔʃ ʄʆɾɹʕɻɶʃ ʁʀʆ
ʈɲʂɲɻʅɸʂʋɷʀɾʅɲɺ ʊʃ ɶʆɾʀʌɻʔʃ ɴɺɲ ʅɸɾ ɶɽʇʓɾɺʄɸ ʈɺʀɾʀʁʅʒʄɶʊɾ ʄʅɸɾ Ȼɹʕɾɲ
ʈʊʂʋɷʀɾʅɲɺ ʄɶ ɵʎʀ ɻʎʂɺʀʆʃ ʅʎʁʀʆʃ(Prezerakos & Angouridakis, 1984). (Ɍʈʕɽɲ ʵːʵ) 

ɍʎʁʀʃ Ȼ ˊ ɍʀ ɻʔɾʅʂʀ ɵʂʓʄɸʃ ʄʅʀɾ ʅʎʁʀ ɲʆʅʑ ʁʂʀʄɵɺʀʂʋɷɶʅɲɺ ɲʁʑ ʔɾɲɾ
ɲɾʅɺɻʆɻɼʒɾɲ ʁʀʆ ɳʂʋʄɻɶʅɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ ɳʀʂɶɺʀɵʆʅɺɻʕ ȿʆʂʒʁɸˋ ʑʁʊʃ ɻɲɺ ʔɾɲ
ɲɻʑɽɲ ɳɲʂʀɽɶʅʂɺɻʑ ʆʉɸɼʑ ʄʅɲ ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʓ ʅɸʃ ɸʁɶʋʂʀʆː ɐɲʂɲɻʅɸʂɺʄʅɺɻʔʃ ʅʀʆ
ʅʎʁʀʆ ɲʆʅʀʎ ɶʋɾɲɺ ɶʁʋʄɸʃ ʀɺ ʈɲɽɸɼʔʃ ʁɺʔʄɶɺʃ ʄʅɸɾɾʀʅɺʀɲɾɲʅʀɼɺɻʕ ɽɶʄʑɴɶɺʀ ʁʀʆ
ʁʂʀɻɲɼʀʎɾʅɲɺ ɼʑɴʊ ɶɾʑʃ ɻʆɻɼʒɾɲ ʁʀʆ ɻɺɾɶʋʅɲɺ ɲʁʑ ʅɲ ɵʆʅɺɻʓː Ɍʅʀɾ ʅʎʁʀ ɲʆʅʑ ʀɺ
ʉʆʈʂʔʃ ɲʔʂɺɶʃ ɽʓɷɶʃ ʁʀʆ ʁʂʀɻɲɼʀʎɾ ʅɸɾ ʈɺʀɾʑʁʅʊʄɸ ʁʂʀʔʂʈʀɾʅɲɺ ɲʁʑ ʅɺʃ ɳʑʂɶɺɶʃ
Ɍɻɲɾɵɺɾɲɳɺɻʔʃ ʈʒʂɶʃ ʕ ɲɻʑɽɲ ɻɲɺ ɳʀʂɶɺʑʅɶʂɲ ɲʁʑ ʅʀɾ ȼʑʂɶɺʀ ʁʑɼʀ ʕ ɻɲɺ ʅɸɾ Ȼʂɻʅɺɻʕː 
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ɍʎʁʀʃ ȼ ˊ ɉ ʅʎʁʀʃ ɲʆʅʑʃ ʈɲʂɲɻʅɸʂʋɷɶʅɲɺ ɲʁʑ ʔɾɲ ʁʀɼʎ ɺʄʈʆʂʑ ɳɲʂʀɽɶʅʂɺɻʑ ʆʉɸɼʑ
ʄʅɸɾ Ȼɾɲʅʀɼɺɻʕ ȿʆʂʒʁɸˋ ɳʀʂɶɺʑʅɶʂɲ ʅʀʆ ȿɼɼɸɾɺɻʀʎ ʈʒʂʀʆ ɻɲɺ ʈɲɽɸɼʔʃ ʁɺʔʄɶɺʃ ʁʀʆ
ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ Ȼɾɲʅʀɼɺɻʕ Ɇɶʄʑɴɶɺʀˋ ʄʆɽʁɶʂɺɼɲɽɳɲɾʀɽʔɾɸʃ ɻɲɺ ʅɸʃ
ɲɾɲʅʀɼɺɻʕʃ ȿɼɼʓɵɲʃː ɉ ʄʆɾɵʆɲʄɽʑʃ ʅʊɾ ɵʎʀ ɲʆʅʒɾ ʄʆʄʅɸɽʓʅʊɾ ʁʂʀɻɲɼɶʋ ʁʀɼʎ
ɺʄʈʆʂʀʎʃ ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʀʎʃ ɲɾʔɽʀʆʃ ʄʅɸɾ ɲɾɲʅʀɼɺɻʕ ȿɼɼʓɵɲ ʑʁʊʃ ɻɲɺ ʔɾʅʀɾɶʃ
ʈɺʀɾʀʁʅʒʄɶɺʃ ɶɾʒ ʀɺ ɻɲɺʂɺɻʔʃ ʄʆɾɹʕɻɶʃ ʄʅɲ ɵʆʅɺɻʓ ʅɸʃ ʈʒʂɲʃ ɶʋɾɲɺ ɸʁɺʑʅɶʂɶʃː ɍʀ
ʄʎʄʅɸɽɲ ʁʀʆ ɿɶʈʊʂʋɷɶɺ ʅʀɾ ʅʎʁʀ ɲʆʅʑ ɻɲɺ ɶʋɾɲɺ ʈɲʂɲɻʅɸʂɺʄʅɺɻʑ ʅʀʆ, ɶʋɾɲɺ ʀ ɹɶʂɽʀʎ
ʅʎʁʀʆ ɲɾʅɺɻʆɻɼʒɾɲʃ ʁʓɾʊ ɲʁʑ ʅɸɾ Ɍɻɲɾɵɺɾɲɳɺɻʕ ʈɶʂʄʑɾɸʄʀ ʄʅʀ ʎʉʀʃ ʅʊɾ ʹʴʴ ësÀˋ
ʁʀʆ ɲɾʕɻɶɺ ʄʅʀ ʄʎʄʅɸɽɲɶɽʁʀɵɺʄɽʀʎ ʅʎʁʀʆ ˨ɒɽʔɴɲ˩ ʁʀʆ ɶɽʇɲɾʋɷɶʅɲɺ ʄʅɸɾ ʁɶʂɺʀʈʕː
ɍʀ ɽʔɴɺʄʅʀ ʅʀʆ ʄʅʂʀɳɺɼɺʄɽʀʎ ɴɺɲ ʅɸɾ ʁɶʂʋʁʅʊʄɸ ɲʆʅʕ ɻɺɾɶʋʅɲɺ ɲʁʑ ʅɲ ɳʑʂɶɺɲ ʁʂʀʃ
ʅɲ ɾʑʅɺɲˋ ɴɶɴʀɾʑʃ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʁʀɼʎ ʔɾʅʀɾɲ ʇɲɺɾʑɽɶɾɲ ʑʅɲɾ ʅʀ ɽʔɴɺʄʅʀ ɲʆʅʑ
ʁɶʂʓʄɶɺ ʁʓɾʊ ɲʁʑ ʅɸɾ ȿɼɼʓɵɲ ɻɲɺ ɵɸɽɺʀʆʂɴɸɹʀʎɾ ʔɾʅʀɾɶʃ ɻɲɹʀɵɺɻʔʃ ɻɺɾʕʄɶɺʃ 
ʄʆɾʀʁʅɺɻʕʃ ɻɼʋɽɲɻɲʃ ɼʑɴʊ ʅʀʆ ɲɾʅɺɻʆɻɼʒɾɲ ɻɲɺ ʅɸʃ ʉʆʈʂʕʃ ʀʂɺɷʑɾʅɺɲʃ ɽɶʅɲʇʀʂʓʃː
ɍʀ ʁɶɵʋʀ ʅʊɾ ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʒɾɲɾʔɽʊɾ ʁʀʆ ɵɸɽɺʀʆʂɴɶʋʅɲɺ ʁɶʂɾʓ ʁʓɾʊ ɲʁʑ ʅɸɾ
Ɇɲʎʂɸ ɂʓɼɲʄʄɲ ɻɲɺ ʅʀ Ȼɺɴɲʋʀ ʁʔɼɲɴʀʃˋ ʁʀʆ ʀɵɸɴɶʋ ʅʑʄʀ ʄʅɸɾ ɹʔʂɽɲɾʄɸ ʅʊɾ
ɻɺɾʀʎɽɶɾʊɾ ɲɶʂʋʊɾ ɽɲɷʒɾ ʑʄʀ ɻɲɺ ʄʅʀɾ ɶɽʁɼʀʆʅɺʄɽʑ ʅʀʆʃ ʄɶ ʆɴʂɲʄʋɲː ɉɺ ɽɶʅɲɳʀɼʔʃ
ɲʆʅʔʃ ʀɵɸɴʀʎɾ ʄɶ ɲʄʅʓɹɶɺɲ ʄʅɸɾ ʈɲɽɸɼʑʅɶʂɸ ʅʂʀʁʑʄʇɲɺʂɲ ʁʀʆɶʆɾʀʀʎɾ ʅɸɾ
ɶɽʇʓɾɺʄɸ ʔɾʅʀɾʊɾ ʇɲɺɾʀɽʔɾʊɾ ʄʅɸɾ ʁɶʂɺʀʈʕː 

Ɍʈʕɽɲ ʵː ɻɐʓʂʅɶʃ ɶʁɺʇɲɾɶʋɲʃˋġëíÎ÷ĀÙĚĚ 500- 1000 _+ ɻɲɺ ʹʴʴ_+ ɴɺɲ ʅɺʃ ɵʎʀ ɻɲʅɸɴʀʂʋɶʃ ʈɺʀɾʑʁʅʊʄɸʃ ʄʅʀɾ
ȿɼɼɸɾɺɻʑ ʈʒʂʀː ɍɲ ʄʈʕɽɲʅɲ ʄʅɲ ɲʂɺʄʅɶʂʓ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄʅɸɾ ɸɽʔʂɲ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɴɺɲ ʅʀɾ ʅʎʁʀ Ȼˋ ɶɾʒ
ʅɲ ʄʈʕɽɲʅɲ ʄʅɲ ɵɶɿɺʓ ʄʅɸɾ ɸɽʔʂɲ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɴɺɲ ʅʀɾ ʅʎʁʀ ȼː(Prezerakos & Angouridakis, 1984) 
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1.2 ɏɲɺɾʑɽɶɾʀ ɶʁʋɵʂɲʄɸʃ ɹʓɼɲʄʄɲʃ ˜ ɻɲɺ ɴɶɾɺɻʑʅɶʂɲ

ʆɵʓʅɺɾʊɾ ɶʁɺʇɲɾɶɺʒɾ˝ ʄɶ ʔɾʅʀɾɶʃ ʈɺʀɾʀʁʅʒʄɶɺʃ 
                   

ɍʀ ʇɲɺɾʑɽɶɾʀ ʁʀʆ ʄʅɸɾ ɿʔɾɸ ɳɺɳɼɺʀɴʂɲʇʋɲ ɲɾɲʇʔʂɶʅɲɺ ʊʃ úÀ÷Ù effect ɻɲɺ ɶɵʒ
ɹɲ ɲɾɲʇʔʂɶʅɲɺ ʊʃʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ(lake (sea) 
effect snow)ˋ ʅɲɺʂɺʓɷɶɺ ʁɶʂɺʄʄʑʅɶʂʀ ɽɶ ʅʀɾ ʅʎʁʀ ȼ ʁʀʆ ʁɶʂɺɴʂʓʇɸɻɶ ʁɲʂɲʁʓɾʊ ɴɺɲ
ʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ Ȼʅʅɺɻʕʃ ɻɲɺ ʅɸɾ ɶʁɺʂʂʀʕ ʅʀʆ Ȼɺɴɲʋʀʆ ʊʃ ˣɻɼɶɺʄʅʕˤ ʆɵʓʅɺɾɸ
ɶʁɺʇʓɾɶɺɲ ʄʅɺʃ ʈɺʀɾʀʁʅʒʄɶɺʃː (Prezerakos & Angouridakis , 1984). ɍʀ ʇɲɺɾʑɽɶɾʀ ɲʆʅʑ
ʈɲʂɲɻʅɸʂʋɷɶʅɲɺ ɲʁʑ  ʉʆʈʂʕ ɲʔʂɺɲ ɽʓɷɲ ɲʂɻʅɺɻʕʃ ʕ ʁʀɼɺɻʕʃ ʁɸɴʕʃ ʁʀʆ ʁɶʂɾʓ ʁʓɾʊ
ɲʁʑ ʄʈɶʅɺɻʓ ɹɶʂɽʑʅɶʂɶʃ ʆɵʓʅɺɾɶʃ ɶʁɺʇʓɾɶɺɶʃˋʀɵɸɴʒɾʅɲʃ ʄʅʀɾɶɽʁɼʀʆʅɺʄɽʑ ʅɸʃ ɽɶ
ʆɵʂɲʅɽʀʎʃ ɻɲɺ ɶɾɺʄʈʎʀɾʅɲʃ ʅɺʃ ɲɾʀɵɺɻʔʃ ɻɺɾʕʄɶɺʃ ʁʀʆ ʔʅʄɺɻɲʅɲɼʕɴʀʆɾ ʄʅɸɾ
ɵɸɽɺʀʆʂɴʋɲ ɷʊɾʒɾ ʈɺʀɾɺʀʎ ʁʓɾʊ ɲʁʑ ʅɸɾ ʁʂʀʄʕɾɶɽɸ ʁɶʂɺʀʈʕ(Laird et al., 2003; 
Sousounis, 2003; Topics in Lake Effect Snow Forecasting 
(https:// www .meted.ucar.edu/norlat /snow/ lake_effect/navmenu.php)). Ɋɺʀ
ʄʆɴɻɶɻʂɺɽʔɾɲ ʀ ʉʆʈʂʑʃ ɲʔʂɲʃ ʁʀʆ ʁɶʂɾʓ ʁʓɾʊ ɲʁʑ ʅɸɾ ʆɵʓʅɺɾɸ ɶʁɺʇʓɾɶɺɲ
ɹɶʂɽɲʋɾɶʅɲɺ ɻɲɺ ɶɽʁɼʀʆʅʋɷɶʅɲɺ ɽɶ ʆɵʂɲʅɽʀʎʃˋɼʑɴʊ ʅʊɾ ɶʁɺʇɲɾɶɺɲɻʒɾ ʂʀʒɾ 
ɲɺʄɹɸʅʕʃ ɹɶʂɽʑʅɸʅɲʃɻɲɺ ɼɲɾɹʓɾʀʆʄɲʃ ɹɶʂɽʑʅɸʅɲʃːɁ ɲʄʅʓɹɶɺɲ ʄʅɸɾ ʁɶʂɺʀʈʕ
ɲʆɿʓɾɶʅɲɺ ɻɲɺ ɵɸɽɺʀʆʂɴʀʎɾʅɲɺ ɾʔʇɸ ɲɾʊɽɶʅɲʇʀʂʓʃ ʁʀʆ ʀɵɸɴʀʎɾ ʄʅɸɾ ʁɲʂʀʆʄʋɲ
ʈɺʀɾɺʀʎ ʄʅɸɾ ʆʁʕɾɶɽɸ ʁɼɶʆʂʓ ʅɸʃ ʆɵʓʅɺɾɸʃ ɶʁɺʇʓɾɶɺɲʃː Ɂ ɴɶɾɺɻʕ ɶɺɻʑɾɲ ʁʀʆ
ʁɲʂʀʆʄɺʓɷɶɺ ʅʀ ʇɲɺɾʑɽɶɾʀ ʁɲʂʀʆʄɺʓɷɶʅɲɺ ɴʂɲʇɺɻʓ ʄʅʀɌʈʕɽɲ ʵː2.  

ɍʀ ʇɲɺɾʑɽɶɾʀ ɲʆʅʑ ɻɲʅɸɴʀʂɺʀʁʀɺʕɹɸɻɶ ɲʂʈɺɻʓ ɴɺɲ ʅɺʃ Ɇɶɴʓɼɶʃ Ʌʋɽɾɶʃ ˜GĖÙÀġ 
Lakes) ʄʅɺʃ ɁːɊːȻː(Schmidlin, 1989) ɻɲɺ ʄʅɸɾ ʄʆɾʔʈɶɺɲ ʁɲʂʀʆʄɺʓʄʅɸɻɶ ɻɲɺ ʄɶ ʓɼɼɶʃ
ʁɶʂɺʀʈʔʃː Ɋɲʂʑʅɺ ʅʀ ʇɲɺɾʑɽɶɾʀ ɵɶɾ ʔʈɶɺ ɽɶɼɶʅɸɹɶʋ ʁʂʀɴɶɾʔʄʅɶʂɲ ʅɸʃ ʁɲʂʀʎʄɲʃ
ɶʂɴɲʄʋɲʃ ɴɺɲ ʅɸɾ ȿɼɼʓɵɲ ɻɲɺ ʅɸɾ ɶʁɺʂʂʀʕ ʅʀʆ Ȼɺɴɲʋʀʆ ʊʃ ʆɵʓʅɺɾɸ ɶʁɺʇʓɾɶɺɲˋ ɽɶɼʔʅɶʃ
ʔʈʀʆɾ ʁʂɲɴɽɲʅʀʁʀɺɸɹɶʋ ɴɺɲ ʅɸɾ Ɇɲʎʂɸ ɂʓɼɲʄʄɲ˜2ÙÿíĖġÀĝˋ ʶʴʶʶ˕ WíĀÓÀēˋ ʶʴʵʴ˕
Yavuz et al., 2021) ɻɲɺ ʅɸɾ Ʉɲʄʁʋɲ ɂʓɼɲʄʄɲ(Ghafarian et al., 2018, 2021). ɉɺ ʁɶʂɺʀʈʔʃ
ɲʆʅʔʃ ɳʂʋʄɻʀɾʅɲɺ ʄɶ ʁɲʂʑɽʀɺɲ ɴɶʊɴʂɲʇɺɻʓ ɽʕɻɸ ɽɶ ʅɸɾ ʁɶʂɺʀʈʕ ɶɾɵɺɲʇʔʂʀɾʅʀʃ ʅɸʃ
ʁɲʂʀʎʄɲʃ ɶʂɴɲʄʋɲʃ ɻɲɺ ʔʅʄɺ ɻʓɾʀʆɾ ɶɽʇɲɾʕ ʅɸɾ ɵʆɾɲʅʑʅɸʅɲ ʎʁɲʂɿɸʃ ɲʆʅʀʎ ʅʀʆ
ʇɲɺɾʀɽʔɾʀʆ ʄʅɺʃ ʁɶʂɺʀʈʔʃ ɲʆʅʔʃː 

ɍʀ ʇɲɺɾʑɽɶɾʀˋ ʑʁʊʃ ʁɶʂɺɴʂʓʇɸɻɶ ʁɲʂɲʁʓɾʊ ɽʁʀʂɶʋ ɾɲ ɶɽʇɲɾɺʄʅɶʋ ʄɶ
ˣɻɼɶɺʄʅʔʃˤ ʆɵʓʅɺɾɶʃ ɶʁɺʇʓɾɶɺɶʃ ɲɾɶɿʓʂʅɸʅɲ ʅʀʆ ʅʎʁʀʆ ʅʀʆʃ ˜ɼʋɽɾɶʃˋ ɹʓɼɲʄʄɶʃˋ
ʊɻɶɲɾʀʎʃ ɻːʅːɼː˝ˋ ʁɲʂʑɼɲ ɲʆʅʓ ʄʆɾɸɹʋɷɶʅɲɺ ɾɲ ɲɾɲʇʔʂɶʅɲɺ ʄʅɸɾ ɳɺɳɼɺʀɴʂɲʇʋɲ ʊʃ
lake effect ʈʓʂɺʃ ʅʊɾ Ɇɶɴʓɼʊɾ Ʌɺɽɾʒɾ ʁʀʆ ɲʁʀʅɶɼʀʎɾ ʅɸɾ ʁɺʀ ʈɲʂɲɻʅɸʂɺʄʅɺɻʕ
ʁɶʂɺʀʈʕɶɽʇʓɾɺʄɸʃ ʅʀʆː Ɍʅɸɾ ʄʆɾʔʈɶɺɲ ʅɸʃ ʁɲʂʀʎʄɲʃ ɶʂɴɲʄʋɲʃ ɹɲ ɲɾɲʇʔʂɶʅɲɺ ʊʃ
ʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜úÀ÷Ù ˜ĚÙÀ˝ ÙææÙÎġ ĚĀĆĲ˝ ʈʓʂɺɾ
ʄʆɾʅʀɽʋɲʃ ɻɲɺ ɲʁʀʄɲʇʕɾɺʄɸʃ ʅʀʆ ʑʂʀʆː 
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Ɍʈʕɽɲ ʵː ʁɉʁʅɺɻʕ ɲɾɲʁɲʂʓʄʅɲʄɸ ʅɸʃ ɵɺɶʂɴɲʄʋɲʃ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆúÀ÷Ù (ĚÙÀ) ÙææÙÎġ. Ɋɸɴʕˊ
https://www.weather.gov/jetstream/  , 
ëġġēĚ://ĲĲĲ.ÿÙġÙÓ.ĥÎÀĖ.ÙÓĥ/ĀĆĖúÀġ/ĚĀĆĲ/úÀ÷Ù_ÙææÙÎġ/ĀÀıÿÙĀĥ.ēëē  

https://www.weather.gov/jetstream/
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Ƚɺɲ ɾɲ ʈɲʂɲɻʅɸʂɺʄʅɶʋ ʔɾɲ ʇɲɺɾʑɽɶɾʀ ʊʃʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ
ʅɸʃ ɹʓɼɲʄʄɲʃ ˜ʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜úÀ÷Ù ˜ĚÙÀ˝ ÙææÙÎġ
snow) ɹɲ ʁʂʔʁɶɺ ɾɲ ɲɻʀɼʀʆɹɶʋ ɻʓʁʀɺɶʃ ʁʂʀɵɺɲɴʂɲʇʔʃ ʊʃ ʁʂʀʃ ʅɸɾ ɴɶʊɽʀʂʇʀɼʀɴʋɲ
ʅɸʃ ʁɶʂɺʀʈʕʃ ˋ ʅɸɾ ʅɲʈʎʅɸʅɲ ʅʀʆ ɲɾʔɽʀʆˋ ʅɸɾ ʄʅʂʀʇʕ ʅʀʆ ɲɾʔɽʀʆ ɻɲʅʓ ʅʀ ʎʉʀʃ ʅɸʃ
ɲʅɽʑʄʇɲɺʂɲʃˋ ʅɸɾ ɻɲʅɶʎɹʆɾʄɸ ʅʀʆ ɲɾʔɽʀʆ ʁʓɾʊ ɲʁʑ ʅɸɾ ʆɵʓʅɺɾɸ ɶʁɺʇʓɾɶɺɲˋ ʅʀ
ɽʔɴɺʄʅʀ ʎʉʀʃ ʅʀʆ ʁɼɲɾɸʅɺɻʀʎ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ɻɲɺ ʅɺʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ʅɸʃ
ʆɵʓʅɺɾɸʃ ɶʁɺʇʓɾɶɺɲʃ ɻɲɺ ʅɸʃ ʆʁɶʂʓɾʊ ɲʔʂɺɲʃ ɽʓɷɲʃː Ȼɾɲɼʆʅɺɻʑʅɶʂɲ ʅɲ ʑʂɺɲ ʄʅɲ
ʀʁʀʋɲ ɹɲ ʁʂʔʁɶɺ ɾɲ ɶɽʁʋʁʅɶɺ ʔɾɲ ʇɲɺɾʑɽɶɾʀ ɴɺɲ ɲʆʅʓ ʅɲ ʈɲʂɲɻʅɸʂɺʄʅɺɻʓ
ɲɾɲʇʔʂʀɾʅɲɺʄʅɸɾ ʄʆɾʔʈɶɺɲː.  

Ɍɶ ʄʆɾɵʆɲʄɽʑ ɽɶɼʔʅɸʃ ʅʀʆ ʔʂɴʀʆ ʅʊɾLaird et al. (2003) ɻɲɺ  Norris et al. 

(2013), Niziol (1987) , Savijärvi (2015) ɻɲɺ Sousounis (2003) ʅɲ ʀʁʀʋɲ ʄʆɾɵʆʓʄʅɸɻɲɾ 

ɴɺɲ ʔɾɲ ɲɾʅʋʄʅʀɺʈʀ ʇɲɺɾʑɽɶɾʀ ʄʅɸɾ Ɇɲʎʂɸ ɂʓɼɲʄʄɲ ɲʁʑ ʅɸɾ 2ÙÿíĖġÀĝ ˜ʶʴʶʶ˝ . ɍɲ 

ʁɲʂɲʁʓɾʊ ʑʂɺɲ ʀʂʋɷʀɾʅɲɺ ʊʃ ɶɿʕʃ: 

 

¶ Ɂ ɵɺɲʇʀʂʓ ʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ɲʁʑ ʅɸɾ

ɹɶʂɽʀɻʂɲʄʋɲ ʄʅɲ ʼʹʴ ësÀ ʄʅʀ ʄɸɽɶʋʀ ɽɶ ʅʀ ʋɵɺʀ ɴɶʊɴʂɲʇɺɻʑ ʁɼʓʅʀʃ

ɻɲɺ ɽʕɻʀʃ ɹɲ ʁʂʔʁɶɺ ɾɲ ɶʋɾɲɺ ʅʀʆɼʓʈɺʄʅʀɾ ʵʷo- ʄɶ ʑɼɸ ʅɸɾ ʁɶʂɺʀʈʕ

ɶɾɵɺɲʇʔʂʀɾʅʀʃː 

¶ ɉ ʓɾɶɽʀʃ ɻʀɾʅʓ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲ ʁʂʔʁɶɺ ɾɲ ɶʋɾɲɺ ʅʀʆɼʓʈɺʄʅʀɾ ʵʴ ÿ˖Ě ʄɶ

ʑɼɸ ʅɸɾ ʁɶʂɺʀʈʕ ɶɾɵɺɲʇʔʂʀɾʅʀʃː 

¶ ɍʀ ʎʉʀʃ ʅʀʆ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ɾɲ ɶʋɾɲɺ ʅʀʆɼʓʈɺʄʅʀɾ ʋʄʀ ɽɶ ʵ ÷ÿː 

¶ Ɂ ʄʅʂʀʇʕ ʅʀʆ ɲɾʔɽʀʆ ɲʁʑ ʅɸɾ ɶʁɺʇʓɾɶɺɲ ʄʅɲ ʼʹʴ ësÀ ɾɲ ɶʋɾɲɺ

ɽɺɻʂʑʅɶʂɸ ʅʊɾ60ʀ . 
¶ ɉ ɼʑɴʀʃ ʅɸʃ ʅɲʈʎʅɸʅɲʃ ɲɾʔɽʀʆ ʁʂʀʃʅʀ ɽʕɻʀʃ ʅɸʃ ɹɲɼʓʄʄɺɲʃ ʁɶʂɺʀʈʕʃ

ʁʀʆ ʀ ʓɾɶɽʀʃ ɵɺʔʂʈɶʅɲɺ ʈʊʂʋʃ ɶɽʁʑɵɺɲ (fetch) ʅʀʆ ɲɾʔɽʀʆ ˜ ɲʁʑʄʅɲʄɸ

ʁʀʆ ʀ ʓɾɶɽʀʃ ɻɲɼʎʁʅɶɺ ʁʓɾʊ ɲʁʑ ʅɸɾ ʆɵʓʅɺɾɸ ɶʁɺʇʓɾɶɺɲ˝ ɾɲ ʁɲʋʂɾɶɺ

ʅɺɽʔʃ ɲʁʑ ʴːʴʶ ʔʊʃ ʴːʴʽ ÿĚ- 1km- 1 ː ɉɺ ʅɺɽʔʃ ɲʆʅʔʃ ɶʁɺɼʔɴʀɾʅɲɺ ɴɺɲ

ʆɵʓʅɺɾɸ ɶʁɺʇʓɾɶɺɲ ʁʀʆ ɹɶʊʂɶʋʅɲɺ ɻʆɻɼɺɻʕ ɻɲɺ ʔʈɶɺ ɵɺʓɽɶʅʂʀ

ʄʆɴɻʂʋʄɺɽɸ ɽɶ ɲʆʅʕ ʅʀʆ ɳʀʂɶʋʀʆ Ȼɺɴɲʋʀʆː 
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1.3 ȿʁɺʂʂʀʕ ɹɶʂɽʀɻʂɲʄɺʒɾ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ʄʅʀ

ʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ

(lake (sea) effect snow) .  
                   

Ɍʅɸɾ ʁɲʂʀʎʄɲ ɶʂɴɲʄʋɲ ʔɾɲʃ ɲʁʑ ʅʀʆ ɻʎʂɺʀʆʃ ʄʅʑʈʀʆʃ ɶʋɾɲɺ ɾɲ ɽɶɼɶʅɸɹɶʋ ɸ
ɶʁʋɵʂɲʄɸʅʊɾ ɶʁɺʇɲɾɶɺɲɻʒɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɹʓɼɲʄʄɲʃʄʅʀ ʇɲɺɾʑɽɶɾʀ ˓Ɇʕɵɶɺɲ ˩
ɻɲɹʒʃ ɻɲɺ ʄʅʀʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜ʇɲɺɾʑɽɶɾʀ
ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜úÀ÷Ù ˜ĚÙÀ˝ ÙææÙÎġ ĚĀĆĲ˝. Ɇɶɼʔʅɶʃ ɴɺɲ ʅɸɾ
ɶʁɺʂʂʀʕ ʅʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ʔʈʀʆɾ ʁʂɲɴɽɲʅʀʁʀɺɸɹɶʋ ʄɶ
ʇɲɺɾʑɽɶɾɲ ʄʅɸɾ ʁɶʂɺʀʈʕ ɽɶɼʔʅɸʃˋ ʑʁʊʃ ɸ ɶʂɴɲʄʋɲ ʅʀʆPytharoulis (2018) ʁʀʆ ɽɶɼɶʅʓ
ʅɸɾ ɶʆɲɺʄɹɸʄʋɲɶɾʑʃ ɽɶʄʀɴɶɺɲɻʀʎʈɲɽɸɼʀʎ ɽɶ ʈɲʂɲɻʅɸʂɺʄʅɺɻʓ ʅʂʀʁɺɻʀʎ ɻʆɻɼʒɾɲ 
ʄʅɺʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ɶʁɺʇʓɾɶɺɲʃ ɹʓɼɲʄʄɲʃ. ȿʁʋʄɸʃ ɶʂɴɲʄʋɶʃ ɴɺɲ ʅɸɾ ɶʁɺʂʂʀʕ ʅʊɾ
ɹɶʂɽʀɻʂɲʄɺʒɾ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ʄʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ ɽɶʄʀɴɶʋʀʆ ʔʈʀʆɾ
ʁʂɲɴɽɲʅʀʁʀɺɸɹɶʋ ɴɺɲʇɲɺɾʑɽɶɾɲ ɶɻʂɸɻʅɺɻʕʃɻʆɻɼʀɴʔɾɶʄɸʃ ʄʅɸɾ Ɇɶʄʑɴɶɺʀ
(Katsafados et al., 2011)̀ ɴɺɲ ɽɶʄʀɴɶɺɲɻʀʎʃɻʆɻɼʒɾɶʃ ʁʓɾʊ ɲʁʑ ʅɸɾ ɾʑʅɺɲ Ƀʅɲɼʋɲ
(Miglietta et al., 2011) ɻɲɹʒʃ ɻɲɺ ɴɺɲ ʅʀɾ ʆɶʅʑ ʄɶ ʁɶʂɺʀʈʔʃ ɽɶ ʁʀɼʎʁɼʀɻɸ ʅʀʁʀɴʂɲʇʋɲ
ɻɲɺ ɲɻʅʀɴʂɲɽɽʔʃ ˜ʑʁʊʃ ɸ Ʉɲɼɲɳʂʋɲ ʅɸʃ Ƀʅɲɼʋɲʃ˝(Senatore et al., 2014).  Ɍʅɲ
ʁɲʂɲʁʓɾʊ ʁɲʂɲʅɸʂɶʋʅɲɺ ʑʅɺ ʀɺ ɲɼɼɲɴʔʃ ʄʅɺʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ
ɶʁɸʂɶʓɷʀʆɾ ʅɲ ɶɻʓʄʅʀʅɶ ʇɲɺɾʑɽɶɾɲ ʓɼɼʀʅɶ ʄɶ ʁʀɼʎ ɽɺɻʂʑ ɳɲɹɽʑ ɻɲɺ ʓɼɼʀʅɶ ʄɶ
ɽɶɴɲɼʎʅɶʂʀ ɲɾʓɼʀɴɲ ɻɲɺ ɽɶ ʅɸɾ ʆʁʑɼʀɺʁɸ ʄʆɾʀʁʅɺɻʕ ɻɲʅʓʄʅɲʄɸ ɻʓɹɶ ʁɶʂʋʁʅʊʄɸʃː
Ɋɺʀ ʄʆɴɻɶɻʂɺɽʔɾɲ ʄʅɸɾ ɶʂɴɲʄʋɲ ʅʊɾSenatore et al. (2014) ʁʀʆ ɶʋɾɲɺ ɲʆʅʕ ʁʀʆ
ʁʂʀʄɶɴɴʋɷɶɺ ɻɲɼʎʅɶʂɲ ʅɸɾ ʁɲʂʀʎʄɲ ɶʂɴɲʄʋɲ, ɻɲɹʒʃ ɽɶɼɶʅʓ ʅɸɾ ɶʁɺʂʂʀʕ ʅʊɾ
ɹɶʂɽʀɻʂɲʄɺʒɾ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ʄʅʀɾ ʆɶʅʑ, ɵɶʋʈɾɶʅɲɺ ʑʅɺ ɽɺɻʂʔʃɲɾʊɽɲɼʋɶʃ ʄʅɺʃ
ɹɶʂɽʀɻʂɲʄʋɶʃ ɶʁɺʇʓɾɶɺɲʃ ɹʓɼɲʄʄɲʃ ɵɶɾ ɶʁɸʂɶʓɷʀʆɾ ʄɶ ɴɶɾɺɻʑʅɶʂʀ ɳɲɹɽʑ ɻɲʅʓ
ɽɶɴʓɼʀ ʁʀʄʀʄʅʑ ʅʀ ʎʉʀʃ ʅʀʆ ʆɶʅʀʎ ʁɲʂʓ ɽʑɾʀɾ ʄɶ ʄʆɴɻɶɻʂɺɽʔɾɶʃ ʁɶʂɺʁʅʒʄɶɺʃ ˜ɽɶ
ɻɲʅʓɼɼɸɼɶʃ ʄʆɾʀʁʅɺɻʔʃ ʄʆɾɹʕɻɶʃ ɻɲɺ ʅʀ ɻʔɾʅʂʀ ʅʀɾ ʈɲɽɸɼʒɾ ʁɺʔʄɶʊɾ ʄɶ ʀʂɺʄɽʔɾɸ
ɹʔʄɸ)ː ɏʆʄɺɻʓˋ ɸ ɲɾʓɼʆʄɸ ɲʆʅʕ ʔɴɺɾɶ ʄʆɴɻɶɻʂɺɽʔɾɲ ɴɺɲ ʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ Ʉɲɼɲɳʂʋɲʃ
ɻɲɺ ɵɶɾ ɽʁʀʂɶʋ ɾɲ ɽɶʅɲʇɶʂɹɶʋ ɽɶ ɲɻʂʋɳɶɺɲ ʄʅɸɾ ʁɶʂɺʀʈʕ ɶɾɵɺɲʇʔʂʀɾʅʀʃ ʅɸʃ
ʁɲʂʀʎʄɲʃ ɶʂɴɲʄʋɲʃː 

 Ɋɲʂʑʅɺ ɵɶɾ ʔʈɶɺ ʁʂɲɴɽɲʅʀʁʀɺɸɹɶʋ ɶʂɴɲʄʋɲ ɴɺɲ ʅɸɾ ɶʁɺʂʂʀʕ ʅʊɾ
ɹɶʂɽʀɻʂɲʄɺʒɾ ɹʓɼɲʄʄɲʃ ʄʅɺʃ ʁɶʂɺʁʅʒʄɶɺʃ ʅʀɾ ʈɺʀɾʀʁʅʒʄɶʊɾ ʅʀʆʇɲɺɾʑɽɶɾʀ
ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜ʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ
ɹʓɼɲʄʄɲʃ ˜úÀ÷Ù ˜ĚÙÀ˝ ÙææÙÎġ ĚĀĆĲ˝ ʄʅɸ ʁɶʂɺʀʈʕ ʅɸʃ ȿɼɼʓɵɲʃ ɻɲɺ ɴɶɾɺɻʓ ʅɸʃ
ɽɶʄʀɴɶʋʀʆ ˜ɻɲʅʓ ʅɸɾ ʄʆɴɴʂɲʇʕ ʅɸʃ ʁɲʂʀʎʄɲʃ ɶʂɴɲʄʋɲʃ˝ˋ ɲɾʅʋʄʅʀɺʈɶʃ ɶʂɴɲʄʋɶʃ
ʔʈʀʆɾ ʁʂɲɴɽɲʅʀʁʀɺɸɹɶʋ ɴɺɲ ɵɺɲʇʀʂɶʅɺɻʔʃ ʁɶʂɺʀʈʔʃː ɐɲʂɲɻʅɸʂɺʄʅɺɻʑ ʁɲʂʓɵɶɺɴɽɲ
ɲʁʑ ʅɺʃ ɶʂɴɲʄʋɶʃ ɲʆʅʔʃ ɲʁʀʅɶɼɶʋ ɸ ɶʂɴɲʄʋɲ ʅʊɾ(Ghafarian et al., 2021)̀ ʁʀʆ ɽɶɼɶʅʓ
ʅɸɾ ɶʁɺʂʂʀʕ ʅʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ʅɸʃ Ʉɲʄʁʋɲʃ ɂʓɼɲʄʄɲʃ ʄʅʀ ʈɺʑɾɺ ʅʀʆʇɲɺɾʑɽɶɾʀ
ʈɺʀɾʑʁʅʊʄɸʃɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜ʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ
ɹʓɼɲʄʄɲʃ ˜úÀ÷Ù ˜ĚÙÀ˝ ÙææÙÎġ ĚĀĆĲ˝ ʄʅɺʃ ɾʀʅɺʀɵʆʅɺɻʔʃ ɲɻʅʔʃ ʅɸʃ Ʉɲʄʁʋɲʃˋ ʁʀʆ ɶʋɾɲɺ ɸ
ɶʂɴɲʄʋɲ ʁʀʆ ʔʈɶɺ ʁʂɲɴɽɲʅʀʁʀɺɸɹɶʋ ʄʅɸɾ ɻʀɾʅɺɾʑʅɶʂɸ ʁɶʂɺʀʈʕ ʄʅɺʃ ɴɶʊɴʂɲʇɺɻʔʃ
ʄʆɾʅɶʅɲɴɽʔɾɶʃ ʁʀʆɽɶɼɶʅɺʀʎɾʅɲɺ ʄʅɸɾ ʁɲʂʀʎʄɲ ɶʂɴɲʄʋɲː Ɂ ɶʂɴɲʄʋɲ ɲʆʅʕ ɻɲʅɲɼʕɴɶɺ
ʄʅʀ ʄʆɽʁʔʂɲʄɽɲ ʁʊʃ ɸ ɲʎɿɸʄɸ ʅʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ɻɲʅʓ ʶʀC 
ʀɵɸɴɶʋ ʄʅɸɾ ɽʔɴɺʄʅɸ ɲʎɿɸʄɸ ʅʀʆ ʎʉʀʆʃ ʅʀʆ ʆɶʅʀʎ ʁʂʀɶʂʈʑɽɶɾʀʆ ɲʁʑ ʅʀʇɲɺɾʑɽɶɾʀ



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
7 

 
 

ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜ʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶɶʁɺʂʂʀʕ ʅɸʃ
ɹʓɼɲʄʄɲʃ ˜úÀ÷Ù ˜ĚÙÀ˝ ÙææÙÎġ ĚĀĆĲ˝ ɻɲʅʓ ʵʽˋʸʵ̧ː Ȼɾʓɼʀɴɶʃ ɶʂɴɲʄʋɶʃ ʔʈʀʆɾ
ʁʂɲɴɽɲʅʀʁʀɺɸɹɶʋ ɻɲɺ ɲʁʑ ʄʅɺʃ Ɂɾʊɽʔɾɶʃ ʁʀɼɺʅɶʋɶʃ ʅɸʃ Ȼɽɶʂɺɻʕʃ ʑʁʊʃ ɲʆʅʔʃ ʅʊɾ
zëí ̪ ¶ĥÙ ˜ʶʴʵʽ˝ ɻɲɺ ¢ëÙÙĥĲÙĚ Ùġ Àúː ˜ʶʴʵʴ˝ː ɍɲ ɲʁʀʅɶɼʔʄɽɲʅɲ ɵɶʋʈɾʀʆɾ ɻɲɺ ʁʓɼɺ ʁʊʃ
ɸ ɲʎɿɸʄɸ ʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ʅɸʃ ɶʁɺʇʓɾɶɺɲʃ ʅɸʃ ɼʋɽɾɸʃ ʀɵɸɴɶʋ ʄʅɸɾ ɲʎɿɸʄɸ ʅʀʎ
ʎʉʀʆʃ ʅʀʆ ʆɶʅʀʎ ɼʑɴʊ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆː 

Ɍʎɽʇʊɾɲ ɽɶ ʅʀʆʃZhang & Song (2006) ɻɲɺ ʅɲ ɲʁʀʅɶɼʔʄɽɲʅɲ ʅʊɾ -_Msʹ
ɽʀɾʅʔɼʊɾʀɺ ɹɶʂɽʀɻʂɲʄʋɶʃ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ɲɾɲɽʔɾʀɾʅɲɺ ɾɲ ʄʆɾɶʈʋɷʀʆɾ ɾɲ
ɲʆɿʓɾʀɾʅɲɺ ɻɲʅʓ ʅʀɾ ɶɺɻʀʄʅʑ ʁʂʒʅʀ ɲɺʒɾɲː ȿʁʋʄɸʃ ɲʁʑ ʅɸɾ ɶʂɴɲʄʋɲ ʅʀʆzÀ÷Àúúî
(2017) ɲɾɲɽʔɾɶʅɲɺ ɲʎɿɸʄɸ ʅʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ɽʔʈʂɺ ʅʀ ʶʵʴʴ
ɻɲɺ ɴɺɲ ʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ Ɇɶʄʀɴɶʋʀʆː Ɍʎɽʇʊɾɲ ɽɶ ʅɲʁɲʂɲʁʓɾʊ ɸ ɲʎɿɸʄɸ ʅʊɾ
ɹɶʂɽʀɻʂɲʄɺʒɾ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ʁʀʆ ɲɾɲɽʔɾɶʅɲɺ ɾɲ ʁɲʂɲʅɸʂɸɹɶʋ ɹɲ ʀɵɸɴʕʄɶɺ 
ɻɲɺ ʄɶ ɲʎɿɸʄɸ ʅʀʆ ʁʀʄʀʎ ʅʀʆ ʆɶʅʀʎ ʁʀʆ ʁʂʀʔʂʈɶʅɲɺ ɲʁʑ ʇɲɺɾʑɽɶɾɲʇɲɺɾʑɽɶɾʀ
ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜úÀ÷Ù ˜ĚÙÀ˝ ÙææÙÎġ ĚĀĆĲ˝, ʄʅɺʃ ʁɶʂɺʀʈʔʃ ɴɺɲ
ʅɺʃ ʀʁʀʋɶʃ ʔɾɲ ʅʔʅʀɺʀ ʇɲɺɾʑɽɶɾʀ ʄʆɽɳɲʋɾɶɺː 

 

 

1.4  Ɍɻʀʁʑʃ ʅɸʃ ȿʂɴɲʄʋɲʃ 
ɉɺ ʈɺʀɾʀʁʅʒʄɶɺʃ ʄʅʀɾ ȿɼɼɸɾɺɻʑ ʈʒʂʀ ɻɲɺ ɺɵɺɲʋʅɶʂɲ ʀɺ ʔɾʅʀɾɶʃ ʈɺʀɾʀʁʅʒʄɶɺʃ

ʁʀʆ ɶʁɸʂɶʓɷʀʆɾ ʅɸɾ ɷʊʕ ɻɲɺ ʅɺʃ ʄʆɾʕɹɶɺɶʃ ʅʊɾ ʁʀɼɺʅʒɾ ɶʋɾɲɺʄʈɶʅɺɻʓ ʄʁʓɾɺɶʃ ɻɲɺ
ɴɺ˫ ɲʆʅʑ ɲʁʀʅɶɼʀʎɾ ɺɵɺɲʋʅɶʂɲ ɶɾɵɺɲʇʔʂʀɾʅɲ ʇɲɺɾʑɽɶɾɲ ʁʂʀʃ ɽɶɼʔʅɸː Ɂ ʁɲʂʀʎʄɲ
ɶʂɴɲʄʋɲ ʔʈɶɺ ʄɻʀʁʑ ʅɸɾ ʄʆɾʀʁʅɺɻʕ ɻɲɺ ɵʆɾɲɽɺɻʕ ɲɾʓɼʆʄɸ ɶɾʑʃ ʇɲɺɾʀɽʔɾʀʆ ʁʀʆ
ʁɲʂʀʆʄɺʓʄʅɸɻɶ ʄʅʀɾ ȿɼɼɸɾɺɻʑ ʈʒʂʀ ɻɲʅʓ ʅɸɾ ʁɶʂʋʀɵʀ ʵʷ ʔʊʃ ʵʻ ɏɶɳʂʀʆɲʂʋʀʆ ʶʴʶʵˋ
ʀɾʀɽʓʄʅɸɻɶ ˨Ɇʕɵɶɺɲ˩ ɲʁʑ ʅʀ ȿɹɾɺɻʑ Ȼʄʅɶʂʀʄɻʀʁɶʋʀ Ȼɹɸɾʒɾ ɻɲɺ ʁɶʂɺɴʂʓʇɸɻɶ ʊʃ ɽɺɲ
ʉʆʈʂʕ ɶɺʄɳʀɼʕˋ ɽɶ ʔɾʅʀɾɶʃ ʈɺʀɾʀʁʅʒʄɶɺʃ ʁʀʆ ɶʁɸʂʔɲʄɲɾ ɻʆʂʋʊʃʅɸɾ Ɍʅɶʂɶʓ ȿɼɼʓɵɲ
ɻɲɺ ʅʀ ɻɶɾʅʂɺɻʑ Ȼɺɴɲʋʀˋ ʑʁʊʃ ɻɲɺ ʅɸɾ Ʉʂʕʅɸ ɻɲɺ ʅɸɾ Ȼʅʅɺɻʕ
(https://www.meteo.gr/namedstorms.cfm ˝ː Ɂ ɲɾʓɼʆʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɳɲʄʋʄʅɸɻɶ ʄɶ
ɵɶɵʀɽʔɾɲ ʅʑʄʀ ʅɸʃ ȿɹɾɺɻʕʃ ɆɶʅɶʊʂʀɼʀɴɺɻʕʃɎʁɸʂɶʄʋɲʃ ˜ȿɆɎ˝ ʑʄʀ ɻɲɺ ɵɶɵʀɽʔɾʊɾ
ɲɾʓɼʆʄɸʃ ʅʀʆ ȿʆʂʊʁɲʌɻʀʎɄʔɾʅʂʀʆɆɶʄʀʁʂʑɹɶʄɽʊɾ Ɋʂʀɴɾʒʄɶʊɾ ̃ 8-_µE˝ ˋ ʑʁʊʃ
ɶʁʋʄɸʃ ɻɲɺʈʓʂʅɶʃ ɻɲɺʂʀʎ ɲʁʑʅɸɾ ȿɹɾɺɻʕ Ɇɶʅɶʊʂʀɼʀɴɺɻʕ Ɏʁɸʂɶʄʋɲ ʅʀʆɁɾʊɽʔɾʀʆ
ȼɲʄɺɼɶʋʀʆ ˜UKMet)ː ɍʔɼʀʃ ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ ɻɲɺ ɵɶɵʀɽʔɾɲ ɲʁʑ ʁɸɴʔʃ ʅʊɾ Ɇʔʄʊɾ
ȿɾɸɽʔʂʊʄɸʃ ʑʁʊʃ ɶʇɸɽɶʂʋɵɶʃ ɻɲɺ ɶɺɵɸʄɶʀɴʂɲʇɺɻʔʃ ʄɶɼʋɵɶʃ ʅʀʆ ɵɺɲɵɺɻʅʎʀʆ ɴɺɲ ɽɺɲ
ɶʆʂɶʋɲ ɶɺɻʑɾɲ ʅɸʃ ʔɻʅɲʄɸʃ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆː 

Ɍʅɸɾ ʄʆɾʔʈɶɺɲ ɴʋɾɶʅɲɺ ɽɶɼʔʅɸ ɴɺɲ ʅɸɾ ʁʂʀʄʀɽʀʋʊʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɽʔʄʊ ʅʀʆ
ʄʎɴʈʂʀɾʀʆ ɲʂɺɹɽɸʅɺɻʀʎ ɽʀɾʅʔɼʀʆ ʁʂʑɴɾʊʄɸʃ ɻɲɺʂʀʎWeather Research and 
Forecasting ɽɶ ʅʀɾ ɵʆɾɲɽɺɻʑ ʁʆʂʕɾɲAdvanced Research (WRF- ARW)ˋ ɶʁɺɼʔɴʀɾʅɲʃ
ɲʂʈɺɻʓɵɶɵʀɽʔɾɲ ʅʀʆ ȿʆʂʊʁɲʌɻʀʎ Ʉʔɾʅʂʀʆ ɽɶʅɶʊʂʀɼʀɴɺɻʒɾ ʁʂʀɳɼʔʉɶʊɾ ɽɶʄɲʋʀʆ
ɶʎʂʀʆʃ ˜8-_µE˝ ɻɲɺ ʅʀ ɲʂʈɶʋʀ ʅʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɶʁɺʇɲɾɶʋɲʃ ʅɸʃ ɹʓɼɲʄʄɲʃ ɲʁʑ ʅʀ
ʆʉɸɼʕʃ ɲɾʓɼʆʄɸʃ ɽʀɾʅʔɼʀ ʅɸʃ ȿɹɾɺɻʕʃ Ɇɶʅɶʊʂʀɼʀɴɺɻʕʃ Ɏʁɸʂɶʄʋɲʃ ʅʊɾ ɁːɊːȻː
(NCEP) (https://www.nco.ncep.noaa.gov/pmb/products/sst/ ˝ ɴɺɲ ʁɲɴɻʑʄɽɺɶʃ
ɹɶʂɽʀɻʂɲʄʋɶʃ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃ ʄɶ ʁʂɲɴɽɲʅɺɻʑ ʈʂʑɾʀ ɽɶ ɲɾʓɼʆʄɸ ʵ˖ʵʶ ʅɸʃ
ɽʀʋʂɲʃ ɴɺɲ ʑɼɲ ʅɲ ʁɶɺʂʓɽɲʅɲ ʁʀʆ ɹɲ ʁʂɲɴɽɲʅʀʁʀɺɸɹʀʎɾˋ ʁʔʂɲɾ ʅʀʆ ʁɶɺʂʓɽɲʅʀʃ ɽɶ

https://www.meteo.gr/namedstorms.cfm
https://www.nco.ncep.noaa.gov/pmb/products/sst/
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ʅɲ ɻɼɺɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲ ɹɶʂɽʀɻʂɲʄʋɲʃ ɶʁɺʇʓɾɶɺɲʃ ɹʓɼɲʄʄɲʃ ʁʀʆ ʔʈʀʆɾ ɲɾʓɼʆʄɸ ʵ
ɽʀʋʂɲʃː Ɋʂɲɴɽɲʅʀʁʀɺʕɹɸɻɲɾ ʁɶɺʂʓɽɲʅɲ ɽɶ ʄʅʑʈʀ ʅɸɾ ɶʁɺɼʀɴʕ ʅɸʃ ɳʔɼʅɺʄʅɸʃ
ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸʃ ʅʀʆ ɽʀɾʅʔɼʀʆˋ ʁʀʆ ʀɵʕɴɸʄɶ ʄʅɸɾ ʁɼɸʄɺʔʄʅɶʂɸ ɵʆɾɲʅʕ
ʁʂʀʄʀɽʀʋʊʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɽʔʄʊ ʅʀʆ ɽʀɾʅʔɼʀʆː ɍɲ ʁɶɺʂʓɽɲʅɲ ʄʆɴɻʂʋɹɸɻɲɾ ɽɶ
ʄʅɲʅɺʄʅɺɻʔʃɽɶɹʑɵʀʆʃˋ ʅʑʄʀ ɽɶʅɲɿʎ ʅʀʆʃ ʑʄʀ ɻɲɺ ɽɶ ʅɲ ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲ
ʁɲʂɲʅʕʂɸʄɸʃː 

ɍʔɼʀʃˋ ʁʂɲɴɽɲʅʀʁʀɺʕɹɸɻɶ ɽɶɼʔʅɸ ʅɸʃ ɶʁɺʂʂʀʕʃ ʅʊɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ɂʓɼɲʄʄɲʃ
ʄʅʀ ʇɲɺɾʑɽɶɾʀ ɲʆʅʑˋ ɽɶ ʅɸɾ ʁʂʀʄɹʕɻɸ GÀĥĚĚ ɲɾʊɽɲɼɺʒɾ ʄɶ ɲʆʅʔʃː ɉɺ ɹɶʂɽʀɻʂɲʄʋɶʃ
ɹɲɼʓʄʄɸʃ ɽɶʅɲɳɼʕɹɸɻɲɾ ɻɲʅʓ ʵˋ ʶ ɻɲɺ ʷ ɳɲɹɽʀʎʃ Ʉɶɼʄʋʀʆ ʅʑʄʀ ɽɶ ɹʔʂɽɲɾʄɸ ʑʄʀ ɻɲɺ
ɽɶ ʉʎɿɸ ɻɲɺ ʅɲ ɲʁʀʅɶɼʔʄɽɲʅɲ ʁʀʆ ʀɺ ɲɼɼɲɴʔʃ ɲʆʅʔʃ ɶʁɺʇʔʂɲɾ ʄʅʀ ʇɲɺɾʑɽɶɾʀ
ɽɶɼɶʅʕɹɸɻɲɾ ɻɲɺ ʄʆɴɻʂʋɹɸɻɲɾ ʅʑʄʀ ɽɶʅɲɿʎ ʅʀʆʃ ʑʄʀ ɻɲɺ ɽɶ ʅɸɾ ɲʂʈɺɻʕ
ʁʂʀʄʀɽʀʋʊʄɸ ʁʀʆ ɻɲʅɲʄɻɶʆʓʄʅɸɻɶ ʄʅʀ ʁʂʀɸɴʀʎɽɶɾʀ ʄɻʔɼʀʃ ʅɸʃ ʁɲʂʀʎʄɲʃ
ɵɺʁɼʊɽɲʅɺɻʕʃ ɵɺɲʅʂɺɳʕʃː Ɍʅɸɾ ʄʆɾʔʈɶɺɲ ʅɲ ɲʁʀʅɶɼʔʄɽɲʅɲ ʄʆɴɻʂʋɹɸɻɲɾ ɻɲɺ ɽɶ ɲʆʅʓ
ʁʀʆ ʔɵʊʄɶ ʅʀ ɽʀɾʅʔɼʀ ɴɺɲ ʅɺʃ Ʉɼɺɽɲʅɺɻʔʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ɹʓɼɲʄʄɲʃ ʅɸʃ ʁɶʂɺʀʈʕʃː 
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Ʉɶʇʓɼɲɺʀ ʶ Ȼʂɺɹɽɸʅɺɻʑ ɽʀɾʅʔɼʀ ɻɲɺ

ɽɶɹʀɵʀɼʀɴʋɲ ɲɿɺʀɼʑɴɸʄɸʃ 
2.1  Ȼʂɺɹɽɸʅɺɻʑ Ɇʀɾʅʔɼʀ Ɋʂʑɴɾʊʄɸʃ µvE -  ARW 

 ɍʀ ɽʀɾʅʔɼʀ ʁʂʀɸɴɽʔɾɸʃ ʔʂɶʆɾɲʃ ˜ ÓıÀĀÎÙd Research  Model) WRF  ˟ARW 

ʈʂɸʄɺɽʀʁʀɺɶʋ ʔɾɲ ɲʁʑ ʅʀʆʃ ɵʎʀ ɵʆɾɲɽɺɻʀʎʃ ʁʆʂʕɾɶʃ ʅʀʆ ʁɶʂɺʀʈɺɻʀʎ ʅʂɺʄɵɺʓʄʅɲʅʀʆ

ɲʂɺɹɽɸʅɺɻʀʎ ɽʀɾʅʔɼʀʆ ʁʂʑɴɾʊʄɸʃ µÙÀġëÙĖ Research and Forecasting (WRF) ɻɲɺ

ɶʋɾɲɺ ɲʆʅʑ ʁʀʆʈʂɸʄɺɽʀʁʀɺʕɹɸɻɶ ɴɺɲ ʅɸɾ ɲɾʓɼʆʄɸ ʅɸʃ ʁɲʂʀʎʄɲʃ ɶʂɴɲʄʋɲʃː ɍʀ µvE 

 ˟ ARW ɶʋɾɲɺ ʔɾɲ ɽʀɾʅʔɼʀ ʁʀʆ ʈʂɸʄɺɽʀʁʀɺɶʋʅɲɺ ɴɺɲ ʁɼɸɹʒʂɲ ʈʂʕʄɶʊɾˋ ʑʁʊʃ ɴɺɲ

ɶʁɺʄʅɸɽʀɾɺɻʕ ʔʂɶʆɾɲˋ ɴɺɲ ɲɻɲɵɸɽɲʌɻʀʎʃ ʄɻʀʁʀʎʃ ɲɼɼʓ ɻɲɺ ɴɺɲ ɶʁɺʈɶɺʂɸʄɺɲɻʕ ʈʂʕʄɸː 

 Ȼɾ ɻɲɺ ʅʀ ɽʀɾʅʔɼʀ ɲʂʈɺɻʓ ʄʈɶɵɺʓʄʅɸɻɶɲʁʑ ʅʀ ȿɹɾɺɻʑ Ʉʔɾʅʂʀ ɔʂɶʆɾɲʃ ʅɸʃ

Ȼʅɽʑʄʇɲɺʂɲʃ ʅʊɾ ɁːɊːȻ ˜`- v), ɸ ɳɶɼʅʋʊʄɸ ɻɲɺ ɸ ɶɿʔɼɺɿʕ ʅʀʆ ɽɶ ʅʀɾ ʈʂʑɾʀ

ʀʇɶʋɼɶʅɲɺ ʄʅɸɾ ɻʀɺɾʑʅɸʅɲ ʁʀʆ ʔʈɶɺ ɵɸɽɺʀʆʂɴɸɹɶʋ ɴʎʂʊ ʅʀʆˋ ɻɲɹʒʃ ɲʁʑ ʅɸɾ ʁʂʒʅɸ

ɻɺʑɼɲʃ ʔɻɵʀʄɸ ʅʀʆ ʅʀ ɇʀʔɽɳʂɺʀ ʅʀʆ ʶʴʴʴ ˜µvE version  1.0) ɵɺɲʅʔɹɸɻɶ ʊʃ ɶɼɶʎɹɶʂʀ

ɼʀɴɺʄɽɺɻʑ ɲɾʀɺʈʅʀʎ ɻʒɵɺɻɲ ɽʔʄʊ ʅɸʃ ɺʄʅʀʄɶɼʋɵɲʃ ʅʀʆ

(https://www.mmm.ucar.edu/models/wrf ˝ː Ʌʑɴʊ ʅʊɾ ʁʂʀʄʁɲɹɶɺʒɾ ɳɶɼʅʋʊʄɸʃ ʁʀʆ

ɴʋɾʀɾʅɲɺ ɻɲɹɸɽɶʂɺɾʓ ʅʀ ɽʀɾʅʔɼʀ ʄʆɾɶʈʋɷɶɺɾɲ ɶɿɶɼʋʄʄɶʅɲɺ ɻɲɺ ɻɲɺɾʀʎʂɴɺɶʃ ɶɻɵʑʄɶɺʃ

ʅʀʆ ɵɺɲʅʋɹɶɾʅɲɺ ɲɾʓ ʅɲɻʅʓ ʈʂʀɾɺɻʓ ɵɺɲʄʅʕɽɲʅɲː Ɂ ʔɻɵʀʄɸ ʁʀʆ ɹɲ ʈʂɸʄɺɽʀʁʀɺɸɹɶʋ

ʄʅɸɾ ʁɲʂʀʎʄɲ ɽɶɼʔʅɸ ɶʋɾɲɺ ɸ ʔɻɵʀʄɸVersion 4.2  ɸ ʀʁʀʋɲ ɶʋʈɶ ʅɸɾ ʅɶɼɶʆʅɲʋɲ ʅɸʃ

ɶɾɸɽʔʂʊʄɸ ʄʅɺʃ ʶʷ Ȼʁʂɺɼʋʀʆ ʅʀʆ ʶʴʶʴ

(https://www2.mmm.ucar.e du/wrf/users/docs/user_guide_v4/v4.2/contents.html ) . 

Ƚɶɾɺɻʑʅɶʂɲ ʀɺ ɲɾɲɳɲɹɽʋʄɶɺʃ ɻɲɺ ɸ ʁɶʂɺɴʂɲʇʕ ʅɸʃ ʸɸʃ ʔɻɵʀʄɸʃ ʅʀʆ ɽʀɾʅʔɼʀʆ

ʁɶʂɺɴʂʓʇʀɾʅɲɺ ʅʑʄʀ ɲʁʑ ʅʀɾ ʀɵɸɴʑ ʈʂʕʄʅɸ ʁʀʆ ʁɲʂʔʈɶʅɲɺ ɲʁʑ ʅɸɾ ʄɶɼʋɵɲ ʅʀʆ

ɽʀɾʅʔɼʀʆ(µvE ¦ĚÙĖĚ˫ GĥíÓÙ, 2020) ʑʄʀ ɻɲɺ ɲʁʑ ʅɸɾ ɶʂɴɲʄʋɲ ʅʊɾSkamarock et al. 

(2019).  

 ɍʀ ɽʀɾʅʔɼʀ ɶʋɾɲɺ ɴʂɲɽɽʔɾʀ ʄɶ ɴɼʒʄʄɲ ʁʂʀɴʂɲɽɽɲʅɺʄɽʀʎ Efv¢v ` ʽʴ ɻɲɺ

ɳɲʄʋɷɶʅɲɺ ʄɶ ʔɾɲ ʄʎʄʅɸɽɲɵɺɲʇʀʂɺɻʒɾ ɶɿɺʄʒʄɶʊɾ ɽɶ ɽɶʂɺɻʔʃ ʁɲʂɲɴʒɴʀʆʃ ʊʃ ʁʂʀʃ

ʅʀɾ ʈʂʑɾʀˋ ʁʀʆ ʄʅʀʈɶʎʀʆɾ ʄʅɸɾ ʁʂʑɳɼɶʉɸ ʅʊɾ ɻɺɾʕʄɶʊɾ ʅɸʃ ɲʔʂɺɲʃ ɽʓɷɲʃ ʅɸʃ

ɲʅɽʑʄʇɲɺʂɲʃ ʄʆɾʆʁʀɼʀɴʋɷʀɾʅɲʃ ʅɺʃ ɲʂʈʔʃ ɵɺɲʅʕʂɸʄɸʃ ʅɸʃ ʀʂɽʕʃˋ ʅɸʃ ɽʓɷɲʃ ɻɲɺ ʅɸʃ

ɶɾʔʂɴɶɺɲʃː˜Ɋʆɹɲʂʀʎɼɸʃˋ ʶʴʶʴb). Ɂ ɵʀɽʕ ʅʀʆ ʄʆʄʅʕɽɲʅʀʃ µvE ʁɲʂʀʆʄɺʓɷɶʅɲɺ ʄʅʀ

ʄʈʕɽɲ ʶːʵ. ɍʀ ʄʎʄʅɸɽɲ ɲʁʀʅɶɼɶʋʅɲɺ ɲʁʑ ʔɾɲ ʄʎʄʅɸɽɲ ʁʂʀ-ɶʁɶɿɶʂɴɲʄʋɲʃ(WPS),  ʅʀ

ʀʁʀʋʀ ɽɶʅɲʄʈɸɽɲʅʋɷɶɺ ʅɲ ɽɶɴʓɼɸʃ ɻɼʋɽɲɻɲʃ ɵɶɵʀɽʔɾɲ ʁʀʆ ʆʁʓʂʈʀʆɾ ʄʅɲ ɲʂʈɺɻʓ

ɲʂʈɶʋɲ ʅʎʁʀʆ GvM+ ʄɶ ɽʋɲ ɶɾɵɺʓɽɶʄɸ ɽʀʂʇʕ ʁʀʆ ɽʁʀʂɶʋ ʄʅɸɾ ʄʆɾʔʈɶɺɲ ɾɲ

ʈʂɸʄɺɽʀʁʀɺɸɹɶʋ ɲʁʑ ʅʀɾ ɻʆʂʋʊʃ ɻʒɵɺɻɲ ʅʀʆ µvE-  ARW. ɍʀ ɶɾɵɺʓɽɶʄʀ ɲʆʅʑ ɲʂʈɶʋʀˋ

ʁɲʂʔʈɶɺ ʄʅʀ vµ ɶɺʄɲɴʊɴɺɻʓ ɵɶɵʀɽʔɾɲ ʁʀʆ ɶʋɾɲɺ ɻɲɼʓ ʁʂʀʄɲʂɽʀʄɽʔɾɲ ʅʑʄʀ ʄʅʀ

ɻɲʅɲɻʑʂʆʇʀ ʑʄʀ ɻɲɺ ʄʅʀ ʀʂɺɷʑɾʅɺʀ ʁɼʔɴɽɲ ɻɲɺ ʈʂɸʄɺɽʀʁʀɺʀʎɾʅɲɺ ʄɶ ʄʆɾɵʆɲʄɽʑ ɽɶ

ɵɶɵʀɽʔɾɲ ʁʀʆ ʁʂʀʄɵɺʀʂʋɷʀʆɾ ʅɲ ʇʆʄɺɻʓ ʈɲʂɲɻʅɸʂɺʄʅɺɻʓ ɻɲɺ ʁɼɸʂʀʇʀʂʋɶʃ ɴɺɲ ʅɺʃ

ʇʆʄɺɻʔʃ ɵɺɶʂɴɲʄʋɶʃ ʁʀʆ ɹɲ ɼɸʇɹʀʎɾ ʆʁʑʉɺɾ ɻɲʅʓ ʅɸɾ ʀɼʀɻɼʕʂʊʄɸʅʀʆ ɽʀɾʅʔɼʀʆː

https://www.mmm.ucar.edu/models/wrf
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Ƚɺɲ ʅɸɾ ʁɲʂʀʎʄɲ ɶʂɴɲʄʋɲ ʅɲ ʁʂɲɴɽɲʅɺɻʓ ɶɺʄɲɴʊɴɺɻʓ ɵɶɵʀɽʔɾɲ ɼɲɽɳʓɾʀɾʅɲɺ ɲʁʑ ʅɸɾ

ɲɾʓɼʆʄɸ ʅʀʆ 8-_µEː 

 Ɍʅɸɾ ʄʆɾʔʈɶɺɲ ɸ ɵʀɽʕ ʅʀʆ ɽʀɾʅʔɼʀʆ ʀɵɸɴɶʋ ʄʅʀ ɵʆɾɲɽɺɻʑ ʅɽʕɽɲ

ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸʃ ʅʊɾ ʇʆʄɺɻʒɾ ɵɺɶʂɴɲʄɺʒɾˋ ʁʀʆ ɲʁʀʅɶɼʀʎɾ ɻɲɺ ʅʀɾ ʁʆʂʕɾɲ ʅʀʆ

ɽʀɾʅʔɼʀʆː ȿɵʒ ɴʋɾɶʅɲɺ ɸ ʈʂʕʄɸ ʅʀʆ µvE  ˟ vµˋ ʅʀ ʀʁʀʋʀ ɶʋɾɲɺ ʔɾɲ ʁɼʕʂʊʃ

ʄʆɽʁɺʔʄɺɽʀ ˜æĥúúĴ compressible ) ɽɸ ʆɵʂʀʄʅɲʅɺɻʑ ɽʀɾʅʔɼʀ ˜ɽɶ ɵɺɲɹʔʄɺɽɸ ɶʁɺɼʀɴʕ ɴɺɲ

ʆɵʂʀʄʅɲʅɺɻʔʃ ʁʂʀʄʀɽʀɺʒʄɶɺʃ˝ˋ ɽɶ ʆɳʂɺɵɺɻʔʃ ɻɲʅɲɻʑʂʆʇɶʃ ʄʆɾʅɶʅɲɴɽʔɾɶʃ ʅʎʁʀʆ

Ɍʋɴɽɲʄɶ ʹʵ ɶʁʋʁɶɵɲ ɽʔʈʂɺ ʅɲ ʶʹʴʴhPa, ʁʀʆ ɼɲɽɳʓɾʀʆɾ ʆʁʑʉɺɾ ʅɸɾ ʅʀʁʀɴʂɲʇʋɲ ɻɲɺ

ɽɶ ʅʀɾ ʅʂʑʁʀ ɲʆʅʑɶʁɺʅʂʔʁɶɺ ʄʅɲ ʄʆɾɶʈʕ ʁɶɵʋɲˋ ʑʁʊʃ ɸ ɹɶʂɽʀɻʂɲʄʋɲˋ ɾɲ

ɲɾɲʁɲʂʋʄʅɲɾʅɲɺ ɺɵɺɲʋʅɶʂɲ ʀɽɲɼʓ ʄʅɲ ʈɲɽɸɼʑʅɶʂɲ ʄʅʂʒɽɲʅɲ ʅʀʆ ɽʀɾʅʔɼʀʆ (Ɍʈʕɽɲ

2.2).  

 

 

 

Ɍʈʕɽɲ ʶː ɻ Ⱦʀɽʕ ʅʀʆ ʄʆʄʅʕɽɲʅʀʃµvE (z÷ÀÿÀĖĆÎ÷ Ùġ Àú., 2019) 
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ɉɺ ɵɺɲʇʀʂʔʃ ɽɶʅɲɳɼɸʅʔʃ ʅʀʁʀɹɶʅʀʎɾʅɲɺ ʄʅʀ ʀʂɺɷʑɾʅɺʀ ʄɶ 3-ɵɺʓʄʅɲʅɶʃ

ɻʆʉɶɼʋɵɶʃ ɽɶ ʅɸɾ ɽʔɹʀɵʀ ʅʊɾȿɾɲɼɼɲʄʄʑɽɶɾʊɾ Ɋɼɶɴɽʓʅʊɾ ʅʀʆ ĖÀ÷ÀĲÀ ʅʎʁʀʆ - 

(Arakawa & Lamb, 1977). 

ɍʀ ɽʀɾʅʔɼʀ ʔʈɶɺ ʅɸɾ ɵʆɾɲʅʑʅɸʅɲ ɾɲ ʀɼʀɻɼɸʂʊɹɶʋ ʄɶ ʁɼʔɴɽɲʅɲ ˜ʅɸɼɶʄɻʀʁɺɻʓ

ʕ ɽɸ˝ ɴɺɲ ɲʎɿɸʄɸ ʅɸʃ ʈʊʂɺɻʕʃ ɲɾʓɼʆʄɸʃː Ɋɲʂʑɼɲ ɲʆʅʓ ɴɺɲ ʅɸɾ ʁɲʂʀʎʄɲ ɶʂɴɲʄʋɲ ɵɶɾ

ɶʁɺɼʔʈɹɸɻɲɾ ʁɼʔɴɽɲʅɲ ɲɼɼʓ ʀɺ ʁʂʀʄʀɽʀɺʒʄɶɺʃ ʔɴɺɾɲɾ ʄɶ ɽʋɲ ʁɶʂɺʀʈʕ ʀɼʀɻɼʕʂʊʄɸʃ

ɽɶ ʀʂɺɷʑɾʅɺɲ ʈʊʂɺɻʕ ɵɺɲɻʂɺʅʀʁʀʋɸʄɸ6km x 6km ʄɶ ʁʂʀɳʀɼʕ ZÀÿÌÙĖġː ˜Ɍʈʕɽɲ ʶː3˝ː Ɂ

ʁɶʂɺʀʈʕ ʀɼʀɻɼʕʂʊʄɸʃ ɻɲɼʎʁʅɶɺ ʄʈɶɵʑɾ ʑɼɸ ʅɸ ɼɶɻʓɾɸ ʅɸʃ Ɇɶʄʀɴɶʋʀʆˋ

ʄʆɽʁɶʂɺɼɲɽɳʓɾʀɾʅɲʃ ʅɸɾ Ʉɶɾʅʂɺɻʕ ɻɲɺ ɾʑʅɺɲ ȿʆʂʒʁɸ ɻɲɺ ʅɸ ɳʑʂɶɺɲ Ȼʇʂɺɻʕː 

 

Ɍʈʕɽɲ ʶː ʁɊɲʂʓɵɶɺɴɽɲ ʀʂɺɷʑɾʅɺʊɾ ʄʆɾʅɶʅɲɴɽʔɾʊɾ ʅʎʁʀʆzíçÿÀ (Ɋʆɹɲʂʀʎɼɸʃˋ ʶʴʶʴÌ) 

Ɍʈʕɽɲ ʶː3 Ɂ ʁɶʂɺʀʈʕ ʀɼʀɻɼʕʂʊʄɸʃ ʁʀʆ ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɶ ʄʅɸɾ ʁɲʂʀʎʄɲ ɶʂɴɲʄʋɲː 
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 ɍʔɼʀʃˋ ʅʀ ɽʀɾʅʔɼʀ ɻɲʅɲɼʕɴɶɺ ʄʅʀ ʄʎʄʅɸɽɲ ɽɶʅ-ɶʁɶɿɶʂɴɲʄʋɲʃ ɻɲɺ

ʀʁʅɺɻʀʁʀʋɸʄɸʃ ʅʊɾ ɲʁʀʅɶɼɶʄɽʓʅʊɾ ʅʀʆ ɽʀɾʅʔɼʀʆ ˜sĆĚġ Processors  Verification ). 

Ɍʅɸɾ ʁɲʂʀʎʄɲ ɶʂɴɲʄʋɲ ʄʅʀ ɳʕɽɲ ɲʆʅʑ ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ ʅɲ ʁʂʀɴʂʓɽɽɲʅɲ `-Z 

(NCAR Command Language) ɻɲɺ GĖ 2z ( Grid Analysis and Display System˝ː ɍʀ `-Z 

ɶʋɾɲɺ ɽɺɲ ɴɼʒʄʄɲ ʁʀʆʄʈɶɵɺʓʄʅɸɻɶ ɽɶ ʄɻʀʁʑ ʅɸɾ ɲɾʓɼʆʄɸ ɻɲɺ ʀʁʅɺɻʀʁʀʋɸʄɸ

ɶʁɺʄʅɸɽʀɾɺɻʒɾ ɵɶɵʀɽʔɾʊɾ ɻɲɺ ɶʋɾɲɺ ɽɺɲ ɶɼɶʎɹɶʂɸ ɻɲɺ ɶʆʔɼɺɻʅɸ ɴɼʒʄʄɲ ʁʀʆ

ʆʁʀʄʅɸʂʋɷɶɺ ʅɸɾ ɲɾʓɼʆʄɸ ʅʑʄʀ `Ùġ-2E ʑʄʀ ɻɲɺ GvM+ ɲʂʈɶʋʊɾː Ɋɲʂʔʈɶɺ ʅɸɾ

ɵʆɾɲʅʑʅɸʅɲ ɵɸɽɺʀʆʂɴʋɲʃ ʆʉɸɼʕʃ ɲɾʓɼʆʄɸʃ ɴʂɲʇɺɻʒɾ ɽɶ ʁʀɼɼʔʃ ɵɺɲʇʀʂɶʅɺɻʔʃ

ɽɶɹʑɵʀʆʃ ˜https://www.ncl.ucar.edu/index.shtml ˝ː Ɂ `-Z ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɶ ɴɺɲ ʅɸɾ

ʁɲʂɲɴʊɴʕ ʅʊɾ ʁɶʂɺʄʄʑʅɶʂʊɾ ɴʂɲʇɺɻʒɾ ʄʅɸɾ ʁɲʂʀʎʄɲ ɶʂɴɲʄʋɲː ɍʀ GĖ 2z ɶʋɾɲɺ ʔɾɲ

ɵɺɲɵʂɲʄʅɺɻʑ ɶʂɴɲɼɶʋʀ ɽɶ ɶʎɻʀɼɸ ʁʂʑʄɳɲʄɸ ɻɲɺ ʈʂʕʄɸˋ ɴɺɲ ʅɸɾ ɶʁɶɿɶʂɴɲʄʋɲ ɻɲɺ ʅɸɾ

ʀʁʅɺɻʀʁʀʋɸʄɸ ɵɶɵʀɽʔɾʊɾ ʅʊɾ ɴɶʊɼʀɴɺɻʒɾ ɶʁɺʄʅɸɽʒɾː ȿʁʋʄɸʃ ʆʁʀʄʅɸʂʋɷɶɺ ʅɸɾ

ɲɾʓɼʆʄɸ ɵɶɵʀɽʔɾʊɾ ʅʑʄʀ `Ùġ-2E ʑʄʀ ɻɲɺ GvM+ ɽʀʂʇʕʃ ɻɲɺ ɵɺɲʅʋɹɶʅɲɺ ɵʊʂɶʓɾ

(http://cola.gmu.edu/grads/ ).  

 

 

 ɗʁʊʃ ɲɾɲʇʔʂɹɸɻɶ ɻɲɺ ʄɶ ʁʂʀɸɴʀʎɽɶɾʀ ɻɶʇʓɼɲɺʀˋ ʀɺ ɲʂʈɺɻʔʃ ɻɲɺ ʀʂɺɲɻʔʃ

ʄʆɾɹʕɻɶʃ ʁʀʆ ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ ɴɺɲ ʅʀ ʅʂʔɿɺɽʀ ʅʀʆ ʁʂʀʔʂʈʀɾʅɲɺ ɲʁʑ ʅʀ 8-_µE ɽɶ

ʈʊʂɺɻʕ ɲɾʓɼʆʄɸ ʴˋʵʀx0,1ʀ ˜ɴɶʊɴʂɲʇɺɻʑ ʁɼʓʅʀʃ ɻɲɺ ɽʕɻʀʃ˝ ɻɲɺ ʈʂʀɾɺɻʑ ɳʕɽɲ ʺ ʊʂʒɾː

ɉ ɲʂʈɺɻʑʃ ʈʂʑɾʀʃ ʁʂʀʄʀɽʀʋʊʄɸʃ ɶʋɾɲɺ ʄʅɺʃ ʵʷ˖ʴʶ˖ʶʴʶʵ ʵʶˊʴʴ ¦¢- ɻɲɺ ʀɺ

ʁʂʀʄʀɽʀɺʒʄɶɺʃ ʅɶɼɶɺʒɾʀʆɾ ʄʅɺʃ ʵʻ˖ʴʶ˖ʶʴʶʵ ʵʶˊʴʴ ¦¢-ˋ ɵɸɼɲɵʕ ɽɶʅʓ ɲʁʑ ʸ ɸɽʔʂɶʃ ʕ

ʽʺ ʒʂɶʃː ɍɲ ɲʁʀʅɶɼʔʄɽɲʅɲ ʁʀʆ ɶɿʓɴʀɾʅɲɺ ʔʈʀʆɾ ʈʂʀɾɺɻʕ ɲɾʓɼʆʄɸ ɽɺɲʃ ʒʂɲʃː Ɍʅʀɾ

ʁʋɾɲɻɲ ʶːʵ ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʀɺ ʁɲʂɲɽɶʅʂʀʁʀɺʕʄɶɺʃ ʁʀʆ ɶʁɺɼʔʈɹɸɻɲɾ ɴɺɲ ʅʀ ɽʀɾʅʔɼʀˋ

ɽɶ ɶɿɲʋʂɶʄɸ ʅɲ ʄʈʕɽɲʅɲ ɲɾʊɽɶʅɲʇʀʂʓʃ ˜ÎĥÿĥúĥĚ schemes) ɻɲɺ ʅɲ ʄʈʕɽɲʅɲ ʅʀʆ

ʁɼɲɾɸʅɺɻʀʎ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ˜ēúÀĀÙġÀĖĴ boundary layer   schemes)ˋ ɴɺɲ ʅɲ ʀʁʀʋɲ

ʔɴɺɾɶ ɽɶɼʔʅɸ ɻɲɺ ɹɲ ʁɶʂɺɴʂʓʇʀʆɾ ʄʅɸɾ ʄʆɾʔʈɶɺɲ ɲɾɲɼʆʅɺɻʑʅɶʂɲː  
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ɉʂɺɷʑɾʅɺɲ ʈʊʂɺɻʕ ɲɾʓɼʆʄɸ 6 km

Ʉɲʅɲɻʑʂʆʇɸ ɲɾʓɼʆʄɸ ʹʵ ɶʁʋʁɶɵɲ ɽʔʈʂɺ ʅʀ ɶʁʋʁɶɵʀ ʅʊɾ ʶʹ ësÀ

ɐʂʀɾɺɻʕ Ȼɾʓɼʆʄɸ 36 sec

Ʉʓɼʆʉɸ Ƚɸʃ ˜ZÀĀÓ -ĆıÙĖ˝ Vegetated - MODIS (NASA)

ɐʂʕʄɶɺʃ Ƚɸʃ ˜ ZÀĀÓ ¦ĚÙ˝ IGBP

Ȼʂʈɺɻʔʃ ʄʆɾɹʕɻɶʃ ECMWF

ɉʂɺɲɻʔʃ ʄʆɾɹʕɻɶʃ ECMWF

Ɍʈʕɽɲ ɽɺɻʂʀʇʆʄɺɻʕʃ
Ɍʈʕɽɲ µvE zíĀçúÙˡ_ĆÿÙĀġ ʺˡÎúÀĚĚ

˜ʄʆɽʁɶʂɺɼɲɽɳʓɾɶɺ ʁʓɴʀˋ ʈɺʑɾɺ ɻɲɺ ʈɺʀɾʀʈɲɼʓɷɺ˝ ˜KĆĀç ̪ Zíÿˋ ʶʴʴʺ˝

Ɍʈʕɽɲ ɽɺɻʂʀʎ ɽʕɻʀʆʃ ɲɻʅɺɾʀɳʀɼʋɲʃɌʈʕɽɲ vv¢_G ˜MÀÎĆĀĆ Ùġ Àúːˋ ʶʴʴʼ˝

Ɍʈʕɽɲ ɽɶɴʓɼʀʆ ɽʕɻʀʆʃ ɲɻʅɺɾʀɳʀɼʋɲʃɌʈʕɽɲ vv¢_G ˜MÀÎĆĀĆ Ùġ Àúːˋ ʶʴʴʼ˝

Ɍʈʕɽɲ ɶʁɺʇɲɾɶʋɲʃ ˜ZÀĀÓ zĥĖæÀÎÙ˝

ʵ˝ Ɍʈʕɽɲ vÙıíĚÙÓ __ʹ ˜EÀíĖÀúú Ùġ Àúː ʶʴʴʷ˝

ʶ˝ Ɍʈʕɽɲ 8ġÀ ĚíÿíúÀĖíġĴˋ Ɇʑɾʀ ɴɺɲ s+Z ̠ _ÙúúĆĖˡ·ÀÿÀÓÀˡVÀĀöíÎ

(based on  Monin-Obukhov with Zilitinkevich thermal roughness)

Ɍʅʂʒɽɲ ȿʁɺʇɲɾɶʋɲʃ ˜zĥĖæÀÎÙ ZÀĴÙĖ˝ Noah Land Surface Model ( Chen & Dudhia, 2001)

Ⱦɶɵʀɽʔɾɲ ɂɶʂɽʀɻʂɲʄʋɲʃ ȿʁɺʇʓɾɶɺɲʃ ɂʓɼɲʄʄɲʃ

ʵ˝ vÙÀúˡ ¢íÿÙ GúĆÌÀú zÙÀ zĥĖæÀÎÙ ¢ÙÿēÙĖÀġĥĖÙ ˜v¢G˗zz¢˝ ɽɶ ɲɾʓɼʆʄɸ

ʵ˖ʵʶ ʅɸʃ ɽʀʋʂɲʃ

ʶ˝ Ʉɼɺɽɲʅʀɼʀɴɺɻʓ ɵɶɵʀɽʔɾɲ ɂɶʂɽʀɻʂɲʄɺʒɾ ɹʓɼɲʄʄɲʃ ɴɺɲ ʅʀ ʁɶʋʂɲɽɲ

CLIMA

Ɋʋɾɲɻɲʃ ʶː ɻɄʎʂɺɲ ʈɲʂɲɻʅɸʂɺʄʅɺɻʓ ʅʀʆ ɽʀɾʅʔɼʀʆµvE - vµ ʑʁʊʃ ɶʁɺɼʔʈɹɸɻɲɾ ɾɲ ʁɲʂɲɽɶʅʂʀʁʀɺɸɹʀʎɾ ɴɺɲ
ʅɸɾ ɵɺɶɿɲɴʊɴʕ ʅɸʃ ʁɲʂʀʎʄɲʃ ɽɶɼʔʅɸʃː 
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Ɂ ʁɶʂɺɴʂɲʇʕ ʅʊɾ ʄʈɸɽʓʅʊɾ ɳɲʄʋɷɶʅɲɺ ʄʅɺʃ ɶʂɴɲʄʋɶʃ ʅʊɾSkamarock et al. (2008), 

Tegoulias (2020) ɶɻʅʑʃ ɻɲɺ ɲɾ ɲɾɲʇʔʂɶʅɲɺ ɻʓʅɺ ɵɺɲʇʀʂɶʅɺɻʑː 

 

2.1.1 ȿʁʋɵʂɲʄɸ ʄʈɸɽʓʅʊɾ ɲɾʊɽɶʅɲʇʀʂʓʃ 
 ɍɲ ʄʈʕɽɲʅɲ ʅɸʃ ɲɾʊɽɶʅɲʇʀʂʓʃ ˜ -ĥÿĥúĥĚ ĚÎëÙÿÙĚ˝ ʈʂɸʄɺɽʀʁʀɺʀʎɾʅɲɺ ɴɺɲ ʅɺʃ

ʄʅʕɼɶʃ ʅʀʆ ʁɼʔɴɽɲʅʀʃ ʅʀʆ ɽʀɾʅʔɼʀʆ ʁʀʆ ʁɶʂɺʔʈʀʆɾ ɾʔʇɸɻɲʅɲɻʑʂʆʇɸʃ ɲɾʓʁʅʆɿɸʃ ɻɲɺ

ʔʈʀʆɾ ɵɺɲʄʅʓʄɶɺʃ ɽɺɻʂʑʅɶʂɶʃ ɲʁʑ ɲʆʅʕ ʅʀʆ ʀʂɺʄɽʔɾʀʆ ʁɼʔɴɽɲʅʀʃ ˜ĚĥÌ çĖíÓ ĚcÀúÙ˝ː ɉ ɼʑɴʀʃ

ʎʁɲʂɿɸʃ ʅʊɾ ʄʈɸɽʓʅʊɾ ɲʆʅʒɾ ɶʋɾɲɺ ɾɲ ɲʁɶɼɶʆɹɶʂʒʄʀʆɾ ʅɸɾ ɲʄʅʓɹɶɺɲ ʁʀʆ ɵɸɽɺʀʆʂɴɶʋʅɲɺ

ʄɶ ɻɼʋɽɲɻɶʃ ɽɺɻʂʑʅɶʂɶʃ ɲʁʑ ʅʀ ʁɼʔɴɽɲ ʅʀʆ ɽʀɾʅʔɼʀʆː ɍɲ ʄʈʕɽɲʅɲ ɶɾɶʂɴʀʁʀɺʀʎɾʅɲɺ ɽʑɾʀ ʄɶ 

ɽɶɽʀɾʊɽʔɾɶʃ ʄʅʕɼɶʃ ʅʀʆ ɽʀɾʅʔɼʀʆˋ ʑʁʀʆ ɻɲɺ ʁɲʂʔʈʀʆɾ ʅɲ ɻʓɹɶʅɲ ʁʂʀʇʋɼ ʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ

ɻɲɺ ʅɸʃ ʆɴʂɲʄʋɲʃˋ ʑʅɲɾ ʆʁʓʂɿʀʆɾ ʀɺ ɻɲʅʓɼɼɸɼɶʃ ʄʆɾɹʕɻɶʃ ɲʄʅʓɹɶɺɲʃː Ʉʓʁʀɺɲ ɲʁʑ ʅɲ

ʄʈʕɽɲʅɲ ʁɲʂʔʈʀʆɾ ɶʁʋʄɸʃ ʅʓʄɶɺʃ ɾɶʇʒɾ ɻɲɺ ʆɶʅʀʎ ʄʅɸɾ ɻʓɹɶʅɸ ʄʅʕɼɸ ɻɲɺ ʑɼɲ ʅɲ ʄʈʕɽɲʅɲ

ʁɲʂʔʈʀʆɾ ʅʀɾ ʆɶʅʑ ɶʁɺʇɲɾɶʋɲʃ ʁʀʆ ɵɸɽɺʀʆʂɴɶʋʅɲɺ ɼʑɴʊ ɻɲʅɲɻʑʂʆʇɸʃ ɽɶʅɲʇʀʂʓʃː Ɂ

ɶɾɶʂɴʀʁʀʋɸʄɸ ʅʊɾ ʄʈɸɽʓʅʊɾ ɲʆʅʒɾ ɲʁʀʅʂʔʁɶɺ ʅɸɾ ɵɸɽɺʀʆʂɴʋɲ ɽɶɴʓɼɸʃ ɻɼʋɽɲɻɲʃ

ɻɲʅɲɻʑʂʆʇɸʃ ɲʄʅʓɹɶɺɲʃ ʁʀʆ ɹɲ ʕʅɲɾ ɽɸ ʂɶɲɼɺʄʅɺɻʕ ʄʅɲ ɻɲʅʒʅɶʂɲ ɶʁʋʁɶɵɲ ʅʀʆ ɽʀɾʅʔɼʀʆ

˜Ɋʆɹɲʂʀʎɼɸʃˋ ʶʴʶʴ˝ Ƚɺɲ ʁɲʂɲɽɶʅʂʀʁʀɺʕʄɶɺʃ ɽʀɾʅʔɼʀʆ ɽɶ ɽʔɴɶɹʀʃ ʁɼʔɴɽɲʅʀʃ ɽɺɻʂʑʅɶʂʀ ʅʊɾ

ʷ ʈɺɼɺʀɽʔʅʂʊɾˋ ɸ ʈʂʕʄɸ ʅʊɾ ʄʈɸɽʓʅʊɾ ɲʆʅʒɾ ɵɶɾ ʁʂʀʅɶʋɾɶʅɲɺ ɽɺɲʃ ɻɲɺ ʅʑʅɶ ʅʀ ɽʀɾʅʔɼʀ

ɽʁʀʂɶʋ ɾɲ ʆʁʀɼʀɴʋʄɶɺ ʅɺʃ ˣɽɺɻʂʔʃˤ ɲʆʅʔʃ ʁɶʂɺʀʈʔʃ ɽɶ ɻɲʅɲɻʑʂʆʇɶʃ ɻɺɾʕʄɶɺʃ ʈʊʂʋʃ ʅɸɾ

ɳʀʕɹɶɺɲ ʅʊɾ ʄʈɸɽʓʅʊɾː ȿʁʋʄɸʃ ʅɲ ʄʈʕɽɲʅɲ ɶʁɺɼʔɴʀɾʅɲɺ ʄʆɾʕɹʊʃ ɴɺɲ ʁɼʔɴɽɲʅɲ ʁʀʆ

ʆʁɶʂɳɲʋɾʀʆɾ ʅɲ ʵʴ ʈɺɼɺʑɽɶʅʂɲː Ɏʁʓʂʈʀʆɾ ʑɽʊʃ ɻɲɺ ɶɿɲɺʂʔʄɶɺʃ ʑʁʀʆ ɸ ɶɾɶʂɴʀʁʀʋɸʄɸ ʅʊɾ

ʄʈɸɽʓʅʊɾ ɵʋɾɶɺ ɻɲɼʎʅɶʂɲ ɲʁʀʅɶɼʔʄɽɲʅɲ ɻɲɺ ɴɺɲ ɽɺɻʂʑʅɶʂɲ ɽɶɴʔɹɸ ʁɼʔɴɽɲʅʀʃ ɲɾʓɼʀɴɲ ɽɶ

ʅɸɾ ʁɶʂʋʁʅʊʄɸː ɍʀ ɶʎʂʀʃ ʅʊɾ ɽɶɴɶɹʒɾ ʁɼɶɴɽʓʅʊɾ ʷ ʔʊʃ ɻɲɺ ʻ ʈɺɼɺʑɽɶʅʂɲ ɹɶʊʂɶʋʅɲɺ ɴɻʂʋɷɲ

ɷʒɾɸ (gray zone) ɻɲɺ ɸ ɽɶɼʔʅɸ ʁʂʔʁɶɺ ɾɲ ɴʋɾɶʅɲɺ ɲɾʓ ʁɶʂʋʁʅʊʄɸ ɴɺɲ ʅɸɾ ɶʁɺɼʀɴʕ ɶɾʑʃ

ʄʈʕɽɲʅʀʃ ʕ ʑʈɺˋ ʑʁʊʃ ɴʋɾɶʅɲɺ ɻɲɺ ʄʅɸɾ ʁɶʂʋʁʅʊʄɸ ʅɸʃ ʁɲʂʀʎʄɲʃ ɶʂɴɲʄʋɲʃ ʑʁʀʆ ʅʀ ʁɼʔɴɽɲ

ɶʋɾɲɺ ʻ ʈɺɼɺʑɽɶʅʂɲ ɻɲɺ ʓʂɲ ɲɾʕɻɶɺ ʄɶ ɲʆʅʔʃ ʅɺʃ ʈʊʂɺɻʔʃ ɻɼʋɽɲɻɶʃː Ⱦɺɲʇʀʂɶʅɺɻʓ ʄʈʕɽɲʅɲ

ʁʂʀɻɲɼʀʎɾ ʅɸɾ ɶɽʇʓɾɺʄɸ ɵɺɲʇʀʂɶʅɺɻʒɾ ʁʀʄʒɾ ʆɶʅʀʎ ɻɲɺ ɵɺɲʇʀʂɶʅɺɻʕʃ ɹʔʂɽɲɾʄɸʃ ʅɸʃ

ɲʅɽʑʄʇɲɺʂɲʃˋ ɲɾʓɼʀɴɲ ɽɶ ʅɺʃ ɵɺɶʂɴɲʄʋɶʃ ʁʀʆ ɵʔʈʀɾʅɲɺ ɴɺɲ ʅʀ ʁʊʃ ɸ ɲʅɽʑʄʇɲɺʂɲ

ɹɶʂɽɲʋɾɶʅɲɺ ɻɲɺ ʉʎʈɶʅɲɺ(Kain & Fritsch, 1990). 

 

2.1.2 Ɋɲʂɲɽɶʅʂʀʁʀʋɸʄɸ ʁɼɲɾɸʅɺɻʀʎ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ 
  ɍɲ ʄʈʕɽɲʅɲʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸʃ ʅʀʆ ʁɼɲɾɸʅɺɻʀʎ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ˜ ēúÀĀÙġÀĖĴ

ÌĆĥĀÓÀĖĴ úÀĴÙĖ˝ ɶʋɾɲɺ ʆʁɶʎɹʆɾɲ ɴɺɲ ʅɺʃ ɻʓɹɶʅɶʃ ʂʀʔʃ ɽɶ ʈʊʂɺɻʑ ɶʎʂʀʃ ɽɺɻʂʑʅɶʂʀ ʅʀʆ

ʁɼʔɴɽɲʅʀʃ ʅʀʆ ɽʀɾʅʔɼʀʆ ʁʀʆ ʁʂʀɻɲɼʀʎɾʅɲɺ ɼʑɴʊ ʅʊɾ ɽɶʅɲʇʀʂʒɾ ʅʊɾ ʄʅʂʀɳʋɼʊɾ ˜ÙÓÓíÙĚ˝

ʄɶ ʑɼɸ ʅɸɾ ɲʅɽʀʄʇɲɺʂɺɻʕ ʄʅʕɼɸ ɻɲɺ ʑʈɺ ɽʑɾʀ ʄʅʀ ɶʁʋʁɶɵʀ ʅʀʆ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃː ɔʅʄɺ

ʑʅɲɾ ʔɾɲ ʅʔʅʀɺʀ ʄʈʕɽɲ ɶɾɶʂɴʀʁʀɺɶʋʅɲɺˋ ɸ ɻɲʅɲɻʑʂʆʇɸ ɵɺʓʈʆʄɸ ˣɲʁɶɾɶʂɴʀʁʀɺɶʋʅɲɺˤ ɻɲɹʒʃ

ɹɶʊʂɶʋʅɲɺ ʁʊʃ ʅʀ ʄʈʕɽɲ ɹɲ ɶʋɾɲɺ ɲʆʅʑ ʁʀʆ ɹɲ ɼʓɳɶɺ ʆʁʑʉɺɾ ʅɺʃ ɵɺɶʂɴɲʄʋɶʃ ɲʆʅʔʃ ʄʅɸɾ ʄʅʕɼɸ

ɲʅɽʀʄʇɲɺʂɺɻʀʎ ɲʔʂɲː ɍɲ ʄʈʕɽɲʅɲ ɲʆʅʓ ʁɲʋʂɾʀʆɾʅɺʃ ʂʀʔʃ ɶʁɺʇɲɾɶʋɲʃ ɲʁʑ ʅɲ ʄʈʕɽɲʅɲʅʀʆ

ɶʁɺʇɲɾɶɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ˜ĚĥĖæÀÎÙ úÀĴÙĖ˝ ɻɲɹʒʃ ɻɲɺ ɲʁʑ ʅʀ ʄʈʕɽɲʅɲ ʅɸʃ ɶʁɺʇɲɾɶʋɲʃ ɿɸʂʓʃ

˜úÀĀÓ ĚĥĖæÀÎÙ˝ ʁʀʆ ʄʆɾɵʔɶʅɲɺ ɽɶ ʅɲ ʄʈʕɽɲʅɲ ʅʀʆ ʆɶʅʀʎ ɻɲɺ ʅʀʆ ɺʄʀɷʆɴʋʀʆ ɲɻʅɺɾʀɳʀɼʋɲʃː ɍɲ

ʄʈʕɽɲʅɲ ʅʀʆ ʁɼɲɾɸʅɺɻʀʎ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ɻɲɹʀʂʋɷʀʆɾ ʅɲ ʁʂʀʇʋɼ ʅʊɾ ʂʀʒɾ ɽʔʄɲ ʄʅʀ
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ɻɲɼʓ ɲɾɲɽɶɽɶɺɴɽʔɾʀ ʁɼɲɾɸʅɺɻʑ ʀʂɺɲɻʑ ʄʅʂʒɽɲ ɻɲɹʒʃ ɻɲɺ ʄʅʀ ʄʅʂʒɽɲ ɶʆʄʅʓɹɶɺɲʃ

ʁɲʂʔʈʀɾʅɲʃ ʔʅʄɺ ʁɼɸʂʀʇʀʂʋɲ ɴɺɲ ʅɸɾ ɹɶʂɽʀɻʂɲʄʋɲˋ ʅɸɾ ʆɴʂɲʄʋɲ ˜ʄʆɽʁɶʂɺɼɲɽɳɲɾʀɽʔɾʊɾ

ʅʊɾ ɾɶʇʒɾ˝ ɻɲɺ ʅɸɾ ʀʂɺɷʑɾʅɺɲ ʀʂɽʕ ɴɺɲ ʑɼɸ ʅɸɾ ɲʅɽʀʄʇɲɺʂɺɻʕ ʄʅʕɼɸː ɍʔɼʀʃˋ ʅɲ ʄʈʕɽɲʅɲ

ɲʆʅʓ ɶʋɾɲɺ ɽʀɾʀɵɺʓʄʅɲʅɲ ɻɲɺ ɳɲʄʋɷʀɾʅɲɺ ʄʅɸɾ ʁʂʀʏʁʑɹɶʄɸ ʑʅɺ ʀɺ ʄʅʂʑɳɺɼʀɺ ˜ÙÓÓíÙĚ˝ ɽɶ

ʈʊʂɺɻʑ ɶʎʂʀʃ ɽɺɻʂʑʅɶʂʀ ʅʀʆ ʁɼʔɴɽɲʅʀʃ ʅʀʆ ɽʀɾʅʔɼʀʆ ɵɺɲʇʀʂʀʁʀɺʀʎɾʅɲɺ ɲʁʑ ʅɺʃ

ɽɶɴɲɼʎʅɶʂʀʆ ɶʎʂʀʆʃ ʄʅʂʀɳʋɼʀʆʃ ʁʀʆ ɲɾɲɴɾʊʂʋɷʀɾʅɲɺ ɲʁʑ ʅʀ ɽʀɾʅʔɼʀˋ ʄɶ ɻɼʋɽɲɻɲɽɶʂɺɻʒɾ

ɶɻɲʅʀɾʅʓɵʊɾ ɽʔʅʂʊɾː 

  

2.1.3 Ɋɶʂɺɴʂɲʇʕ ʅʊɾ ʄʈɸɽʓʅʊɾ ɲɾʊɽɶʅɲʇʀʂʓʃ ʁʀʆ

ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ 
 

 Ƚɺɲ ʅɸɾ ʁɶʂɺɴʂɲʇʕ ʑɼʊɾ ʅʊɾ ʄʈɸɽʓʅʊɾ ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ ʁɼɸʂʀʇʀʂʋɶʃ ɻɲɺ

ʁɶʂɺɴʂɲʇʔʃ ɲʁʑ ʅɺʃ ʁʂʀɲɾɲʇɶʂɹɶʋʄɶʃ ɶʂɴɲʄʋɶʃ ʄɶ ʄʆɾɵʆɲʄɽʑ ɽɶ ʅɺʃ ɶʂɴɲʄʋɶʃ ʅʊɾ

Mazarakis (2010) ɻɲɺ̃ɐɲʅɷʀʎɵɸʃˋ ʶʴʵʼ˝. 

 

2.1.3.1 Ɍʈʕɽɲ WÀíĀ ˟Fritsch  

 ɍʀ ʄʈʕɽɲ ʅʊɾ WÀíĀ ɻɲɺ EĖíġĚÎë(Kain & Fritsch, 1990, 1993) ɳɲʄʋʄʅɸɻɶ ʄʅɸɾ ʁɲʂɲɵʀʈʕ

ʑʅɺ ɸ ɻɲʅɲɻʑʂʆʇɸ ɽɶʅɲʇʀʂʓ ɲʇɲɺʂɶʋ ʅɸɾ Ⱦʆɾɸʅɺɻʓ ɵɺɲɹʔʄɺɽɸ ɶɾʔʂɴɶɺɲ ɻɲʅɲɻʑʂʆʇɸʃ

ɽɶʅɲʇʀʂʓʃ ˜- s8˝ ʄʅɸɾ ʈʂʀɾɺɻʕ ɻɼʋɽɲɻɲʅʊɾ ɾɶʇʒɾ ɻɲʅɲɻʑʂʆʇɸʃ ɲɾʓʁʅʆɿɸʃ (Fritsch & 

Chappell, 1980)ː ȿʁɶɿɶʂɴɲʄʋɲ ɻɲɺ ɳɶɼʅʋʊʄɸ ʅʀʆ ʄʈʕɽɲʅʀʃ ʔɻɲɾɶ ʀ WÀíĀ(Kain, 2004)̀ ɴɺɲ ɾɲ

ɽʁʀʂʔʄɶɺ ɾɲ ɳɶɼʅɺʒʄɶɺ ʅɸɾ ɶʁʋɵʀʄɸ ʅʀʆ ʄʈʕɽɲʅʀʃ ʄɶ ɵɺʓʇʀʂɶʃ ɻɲɺʂɺɻʔʃ ʄʆɾɹʕɻɶʃː Ɍʅʀ

ʄʈʕɽɲ ɲʆʅʑ ɸ ʂʀʕ ɽʓɷɲʃ ʄʅɸɾ ɳʓʄɸ ʅʀʆ ɾʔʇʀʆʃ ɻɲɹʀʂʋɷɶʅɲɺ ɲʁʑ ʅɸɾ - s8 ɻɲɺ ɲʁʀɳʓɼɼɶʅɲɺ

ʊʃ ʆɶʅʑʃ ʁʀʆ ʁɲʂʀʆʄɺʓɷɶʅɲɺ ɼʑɴʊ ʅʊɾ ɻɲʅɲɻʑʂʆʇʊɾ ɻɺɾʕʄɶʊɾː ɍʀ ʄʈʕɽɲ ʈʂɸʄɺɽʀʁʀɺɶʋ ɽɺɲ

ɲʁɼʕ ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸ ɾʔʇʀʆʃ ɽɶ ɲɾʀɵɺɻʔʃ ɻɲɺ ɻɲɹʀɵɺɻʔʃɻɺɾʕʄɶɺʃʁʀʆ ʄʆɽʁɶʂɺɼɲɽɳʓɾʀʆɾ

ɻɲɺ ʅɲ ɲʁʀʅɶɼʔʄɽɲʅɲ ʅɸʃ ɶɺʄʈʒʂɸʄɸʃ ˜ÙĀġĖÀíĀÿÙĀġ˝ ɲʅɽʀʄʇɲɺʂɺɻʀʎ ɲʔʂɲ ʄʅʀ ɾʔʇʀʃˋ ʅɸʃ

ɵɺʓʈʆʄɸʃ ˜ÓÙġĖÀíĀÿÙĀġ˝ ʅʀʆ ɲʔʂɲ ʅʀʆ ɾʔʇʀʆʃ ʄʅʀ ʁɶʂɺɳʓɼɼʀɾ ɻɲɹʒʃ ɻɲɺ ʅɸʃ ɲʁɼʕʃ

ɽɺɻʂʀʇʆʄɺɻʕʃː ɗʅɲɾ ʅʀ ʄʈʕɽɲ ɶɾɶʂɴʀʁʀɺɶʋʅɲɺ ɸ ʂʀʕ ʅʊɾ ɲɾʀɵɺɻʒɾ ʂɶʆɽʓʅʊɾ ɻɲɹʀʂʋɷɶʅɲɺ

ɲʁʑ ʅɸɾ - s8ˋ ɸ ʀʁʀʋɲ ɻɲɺ ɲʇɲɺʂɶʋʅɲɺ ɲʁʑ ʅɸɾ ɲʅɽʀʄʇɲɺʂɺɻʕ ʄʅʕɼɸː ɍɲ ɻɲɹʀɵɺɻʓ ʂɶʎɽɲʅɲ

ʅʀʆ ʄʈʕɽɲʅʀʃ ɿɶɻɺɾʀʎɾ ʵʹʴ- 200 hPÀ ʁʓɾʊ ɲʁʑ ʅɸɾ ɳʓʄɸ ʅʀʆ ɾʔʇʀʆʃ ɻɲɺ ʅʂʀʇʀɵʀʅʀʎɾʅɲɺ

ɽʔʄʊ ʅɸʃ ɶɿʓʅɽɺʄɸʃ ʄʅʀ ɾʔʇʀʃː ȿʁʋʄɸʃ ʄʅʀ ʄʈʕɽɲ ʅʋɹɶʅɲɺ ʔɾɲ ɶɼʓʈɺʄʅʀ ɻɲʅʒʇɼɺ ɴɺɲ ʅɸɾ

ɶɺʄʈʒʂɸʄɸ ɲʅɽʀʄʇɲɺʂɺɻʀʎ ɲʔʂɲ ʄʅʀ ɾʔʇʀʃ ʀʎʅʊʃ ʒʄʅɶ ɾɲ ʁɶʂɺʀʂɺʄʅʀʎɾ ʀɺ ɶɻʅɶʅɲɽʔɾɶʃ

ɻɲʅɲɻʑʂʆʇɶʃ ɻɺɾʕʄɶɺʃ ʄɶ ʄʈɶʅɺɻʓ ɲʄʅɲɹʕ ɿɸʂʓ ʁɶʂɺɳʓɼɼʀɾʅɲː ɍʀ ʄʈʕɽɲ ɶɾɶʂɴʀʁʀɺɶʋʅɲɺ ɽɶ

ɻʂɺʅʕʂɺʀ ɽʑɾʀ ʅɸɾ ɲɾʀɵɺɻʕ ɻʋɾɸʄɸ ɶɾʑʃ ɵɶʋɴɽɲʅʀʃ ɲʔʂɲ ɲʁʑ ʅʀ ɲɾʆʉʀʎɽɶɾʀ ɶʁʋʁɶɵʀ

ʄʆɽʁʎɻɾʊʄɸʃ ˜Z-Z˝ ʄʅʀ ɶʁʋʁɶɵʀ ɶɼɶʎɹɶʂɸʃ ɲɾʊɽɶʅɲʇʀʂʓʃ ˜ZE-˝ː 
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2.1.3.2 Ɍʈʕɽɲ +ÙġġĚ ˟Miller  ˟Janjic 

 

 ɍʀ ʄʈʕɽɲ ʅʊɾ +ÙġġĚˋ _íúúÙĖ ɻɲɺ VÀĀöíÎ˜VÀĀöíÏˋ ʵʽʽʸˋ ʶʴʴʴ˝ ɳɲʄʋɷɶʅɲɺ ʄʅʀ ʁʂʀʏʁʓʂʈʀɾ

ʄʈʕɽɲ ʅʊɾ +ÙġġĚ ɻɲɺ _íúúÙĖ(Betts, 1986; Betts & Miller, 1986) ɽɶ ʄɸɽɲɾʅɺɻʔʃ ʁʂʀʄɹʕɻɶʃ ʁʀʆ

ʔɴɺɾɲɾ ɲʁʑ ʅʀɾ VÀĀöíÎ˜VÀĀöíÏˋ ʵʽʽʸ˝ ɻɲɹʒʃ ɻɲɺ ɲʁʑ ʅɸɾ ɽɲɻʂʀʈʂʑɾɺɲ ɶʁɺʈɶɺʂɸʄɺɲɻʕ ʈʂʕʄɸ

ʄʅʀ̀-8s ɽɶ ʅʀ ɲʂɺɹɽɸʅɺɻʑ ɽɶʅɶʊʂʀɼʀɴɺɻʑ ɽʀɾʅʔɼʀ 8¢(JanjiÏˋ ʶʴʴʴ˕Mesinger et al., 2016). 

ɍʀ ɲʂʈɺɻʑ ʄʈʕɽɲ ʅʊɾ +ÙġġĚ ̪ _íúúÙĖ ɳɲʄʋɷɶʅɲɺ ʄʅɸɾ ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸ ɳɲɹʔʊʃ ʄʅʂʒɽɲʅʀʃ

ʁʀʆ ʄʈɶʅʋɷɶʅɲɺ ɽɶ ʅɸɾ ʁɲʂɲɵʀʈʕ ʑʅɺ ɸ - s8 ɵɸɽɺʀʆʂɴɶʋʅɲɺ ʄʅʀ ʁɶʂɺɳʓɼɼʀɾ ɽʔʄʊ ɽɶɴʓɼɸʃ

ɻɼʋɽɲɻɲʃ ɵɺɶʂɴɲʄɺʒɾ ɻɲɺ ɻɲʅɲɾɲɼʒɾɶʅɲɺ ɲʁʑ ʅɺʃ ɻɲʅɲɻʑʂʆʇɶʃ ɻɺɾʕʄɶɺʃː Ɂ ɳɲʄɺɻʕ ɺɵʔɲ ʁʓɾʊ

ʄʅɸɾ ʀʁʀʋɲ ɳɲʄʋɷɶʅɲɺ ʅʀ ɲʂʈɺɻʑ ʄʈʕɽɲ ɶʋɾɲɺ ʑʅɺ ʀɺ ʂɲɵɺʀɳʀɼʋʄɶɺʃ ʁʀʆ ʁʂɲɴɽɲʅʀʁʀɺʀʎɾʅɲɺ

ʄɶ ʅʂʀʁɺɻʕ ʁɶʂɺʀʈʕ ʁʀʆ ɶɽʇɲɾʋɷɶɺ ɻɲʅɲɻʑʂʆʇɸ ɲɾʓʁʅʆɿɸ ʁɲʂʀʆʄɺʓɷʀʆɾ ʁɲʂʑɽʀɺɲ ɵʀɽʕː

ȿɺɵɺɻʑʅɶʂɲ ɸ ɵʀɽʕ ʅʀʆʃ ʁʂʀʄʀɽʀɺʓɷɶɺ ʅɸɾ ɻɲɽʁʎɼɸ ʅɸʃ ʆɴʂʕʃ ɲɵɺɲɳɲʅɺɻʕʃ ɺʄʀɵʎɾɲɽɸʃ

ɵʆɾɸʅɺɻʕʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ɹeˋ ɽɶ ɽʑɾɸ ɲʁʑɻɼɺʄɸ ɽɺɲ ɽɺɻʂʕ ɵɺɲʇʀʂʓ ʄʅɸɾ ɽʔʄɸʅʂʀʁʑʄʇɲɺʂɲː

Ɍʅʀ ʄʈʕɽɲ ɲʆʅʑ ɴɺɲ ʅɸɾ ɽɶɼʔʅɸ ʅɸʃ ɲʔʂɺɲʃ ɽʓɷɲʃ ʈʂɸʄɺɽʀʁʀɺɶʋʅɲɺ ɸ ɽɶʅɲɳɼɸʅʕ ʅʀʆ ʄɸɽɶʋʀʆ

ɻʀʂɶʄɽʀʎ ˜ĚÀġĥĖÀġíĆĀ ēĆíĀġ˝ ˋ ʄʅɸɾ ɹʔʄɸ ʅʊɾ ɽɶʅɲɳɼɸʅʒɾ ʁʀʆ ʈʂɸʄɺɽʀʁʀɺʀʎɾʅɲɺ ʄɶ ʓɼɼɲ

ʄʈʕɽɲʅɲ ʑʁʊʃ ɸ ɹɶʂɽʀɻʂɲʄʋɲˋ ɸ ɲɾɲɼʀɴʋɲ ɽʋɴɽɲʅʀʃ ɻɲɺ ɸ ʁʋɶʄɸ ʄɶ ʑɼʀ ʅʀ ʎʉʀʃ ʅɸʃ

ɲʅɽʑʄʇɲɺʂɲʃː ɍʀ ʄɸɽɶʋʀ ɲʆʅʑ ʀʂʋɷɶʅɲɺ ʄʅʀ ɲɾʆʉʀʎɽɶɾʀ ɶʁʋʁɶɵʀ ʄʆɽʁʎɻɾʊʄɸʃ ˜Z-Z˝ː ɍʀ

ʄʈʕɽɲ ʅʊɾ +ÙġġĚˋ _íúúÙĖ ɻɲɺVÀĀöíÎ ʁɲʂʔʈɶɺ ʅʀɾ ʆɶʅʑ ʁʀʆ ʄʈɶʅʋɷɶʅɲɺ ɽɶ ʅɺʃ ɻɲʅɲɻʑʂʆʇɶʃ

ɻɺɾʕʄɶɺʃ ɻɲɹʒʃ ɻɲɺ ʅɺʃ ʅʓʄɶɺʃ ʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ɻɲɺ ʅɸʃ ʆɴʂɲʄʋɲʃ ɲɼɼʓ ʑʈɺ ʅʀ ɾɶʂʑ ʁʀʆ

ɶɽʁɶʂɺʔʈɶʅɲɺ ʄʅʀ ɾʔʇʀʃ ˜ÎúĆĥÓ ĲÀġÙĖ˝ ʄʅʀ ʈʊʂɺɻʑ ɶʎʂʀʃ ʅʀʆ ʁɼʔɴɽɲʅʀʃ ʅʀʆ ɽʀɾʅʔɼʀʆ

(Baldwin et al., 2002)ː ɍʀ ʁʂʀʇʋɼ ʅʊɾ ɻʓɹɶʅʊɾ ɻɺɾʕʄɶʊɾ ɻɲɹʒʃ ɻɲɺ ʀ ʈʂʑɾʀʃ ɵɺʓɼʆʄɸʃ ɲʆʅʒɾ

ɶɿɲʂʅʀʎɾʅɲɺ ɲʁʑ ɽɺɲ ɽɶʅɲɳɼɸʅʕ ʁʀʆ ʀɾʀɽʓɷɶʅɲɺ ˨ÎúĆĥÓÙææíÎíÙĀÎĴ˩ ɻɲɺ ɶʋɾɲɺ ɽɺɲ ɲɵɺʓʄʅɲʅɸ

ɽɶʅɲɳɼɸʅʕ ʁʀʆ ʈɲʂɲɻʅɸʂʋɷɶɺ ʅʀ ɶʋɵʀʃ ʅʊɾ ɻɲʅɲɻʑʂʆʇʊɾ ɻɺɾʕʄɶʊɾ˜VÀĀöíÏˋ ʵʽʽʸ˝ː Ɂ

ɽɶʅɲɳɼɸʅʕ ɲʆʅʕ ɶɿɲʂʅʓʅɲɺ ɲʁʑ ʅɸɾ ɽɶʅɲɳʀɼʕ ʅɸʃ ɶɾʅʂʀʁʋɲʃˋ ʅʀɾ ʆɶʅʑ ɻɲɺ ʅɸɾ ɽʔʄɸ

ɹɶʂɽʀɻʂɲʄʋɲ ʅʀʆ ɾʔʇʀʆʃː Ʉʓʁʀɺɶʃ ɲʁʑ ʅɺʃ ʅɶɼɶʆʅɲʋɶʃ ɳɶɼʅɺʒʄɶɺʃ ʁʀʆ ʔɴɺɾɲɾ ʄʅʀ ʄʈʕɽɲ

ɲʆʅʑ ɶʋɾɲɺ ʀɺ ɶɿʕʃː Ȼ˝ ɉʂʋʄʅɸɻɶ ʔɾɲ ɶɼʓʈɺʄʅʀ ɻɲʅʒʇɼɺ ʅɸʃ ɽɶʅɲɳʀɼʕʃ ʅɸʃ ɶɾʅʂʀʁʋɲʃ ʄʅʀ

ɾʔʇʀʃˋ ʁʓɾʊ ɲʁʑ ʅʀ ʀʁʀʋʀ ʀɺ ɳɲɹɺʔʃ ɻɲʅɲɻʑʂʆʇɶʃ ɻɺɾʕʄɶɺʃ ɶɾɶʂɴʀʁʀɺʀʎɾʅɲɺː ȼ˝ Ɍʅɸɾ

ɲɾɲɷʕʅɸʄɸ ʅʀʆ ʆʉɸɼʑʅɶʂʀʆ ʄɸɽɶʋʀʆ ʅʀʆ ɾʔʇʀʆʃˋ ʅʀ ɲɾɲɵʆʑɽɶɾʀ ɵɶʋɴɽɲ ɲʔʂɲ ɲɾɲɽɶɺɴɾʎɶʅɲɺ

ɽɶ ʅʀ ʁɶʂɺɳʓɼɼʀɾː Ƚ˝ ɍʀ ʔʂɴʀ ʅɸʃ ʓɾʊʄɸʃ ʅʀʆ ɲɾʆʉʀʎɽɶɾʀʆ ɵɶʋɴɽɲʅʀʃ ɲʔʂɲ ʆʁʀʈʂɶʀʎʅɲɺ ɾɲ

ʆʁɶʂɳɲʋɾɶɺ ʔɾɲ ʀʂɺʄɽʔɾʀ ɹɶʅɺɻʑ ɻɲʅʒʇɼɺː ɍʀ ʄʈʕɽɲ ɲʆʅʑ ʔʈɶɺ ʀʂɺʄɽʔɾɲ ɽɶɺʀɾɶɻʅʕɽɲʅɲˋ ʔɾɲ

ɲʁʑ ɲʆʅʓ ɶʋɾɲɺ ʑʅɺ ʔʈɶɺ ɺɵɺɲʋʅɶʂɲ ɽɶɴʓɼɸ ɶʆɲɺʄɹɸʄʋɲ ʄʅɸɾ ʆɴʂɲʄʋɲ ɻɲɺ ɲɻʑɽɲ ɻɲɺ ɽɺɻʂʔʃ

ɽɶʅɲɳʀɼʔʃ ɽʁʀʂɶʋ ɾɲ ʁɲʋɿʀʆɾ ʄɸɽɲɾʅɺɻʑ ʂʑɼʀ ʄʅɸɾ ɶɻʅɺɽʒɽɶɾɸ ʁʀʄʑʅɸʅɲ ʆɶʅʀʎː ɗɽʊʃ ɻɲɺ

ʅɲ ʁɼɶʀɾɶɻʅʕɽɲʅɲ ʅʀʆ ɶʋɾɲɺ ɲʂɻɶʅʓˋ ʑʁʊʃ ʅʀ ʑʅɺ ɵʋɾɶɺ ɲʂɻɶʅʓ ɺɻɲɾʀʁʀɺɸʅɺɻʓ ɲʁʀʅɶɼʔʄɽɲʅɲ

ɻɲɺ ʆʁʀɼʀɴʋɷɶɺ ɴʂʕɴʀʂɲ ɻɲɺ ɶʎɻʀɼɲ ɻɲɺ ʈɶɺʂʋɷɶʅɲɺ ʁʀɼʎ ɻɲɼʓ ʅɺʃ ɳɲɹɺʔʃ ɲɾʀɵɺɻʔʃ ɽɶʅɲʇʀʂʔʃː

ɍʀ ʄʈʕɽɲ ɲʆʅʑ ɶʋɾɲɺ ɺɵɺɲʋʅɶʂɲ ʈʂʕʄɺɽʀ ɻɲɺ ʈʂɸʄɺɽʀʁʀɺɶʋʅɲɺ ɺɵɺɲʋʅɶʂɲ ɴɺɲ ɲɾɲɼʎʄɶɺʃ

ʁɼʔɴɽɲʅʀʃ ɽɶɴɲɼʎʅɶʂɶʃ ʅʊɾ ʷʴ ʈɺɼɺʀɽʔʅʂʊɾ ɻɲɹʒʃ ɽɶɺʒɾɶɺ ʄɸɽɲɾʅɺɻʓ ʅʀɾ ʈʂʑɾʀ ʅɸʃ

ʁʂʀʄʀɽʀʋʊʄɸʃː ȿʁʋʄɸʃ ɼʑɴʊ ʅʀʆ ʑʅɺ ɳɲʄʋɷɶʅɲɺ ʄɶ ʂɲɵɺʀɳʀɼʋʄɶɺʃ ʁʀʆ ʁʂɲɴɽɲʅʀʁʀɺʕɹɸɻɲɾ

ʄɶ ʅʂʀʁɺɻʔʃ ʁɶʂɺʀʈʔʃ ʁʂʀʅɶʋɾɶʅɲɺ ɻʆʂʋʊʃ ɴɺɲ ʈʂʕʄɸ ʄɶ ʆɴʂʓ ʁɶʂɺɳʓɼɼʀɾʅɲː 
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2.1.3.3 Ɍʈʕɽɲ Grell  ˟Freitas 

 

 ɍʀ ʄʈʕɽɲ ʅʊɾ Grell & Freitas ( G. A. Grell & Freitas, 2014 a; G. Grell & Freitas, 2014 b 

ɻɲɹʒʃ ɻɲɺ ʀɺ ʅɶɼɶʆʅɲʋɶʃ ɳɶɼʅɺʒʄɶɺʃ ɲʁʑ ʅʀʆʃ EĖÙíġÀĚ Ùġ Àúːˋ ʶʴʵʻ˕ʶʴʶʵ˝ ɳɲʄʋɷɶʅɲɺ ʄʅɸɾ

ʄʅʀʈɲʄʅɺɻʕ ʁʂʀʄʔɴɴɺʄɸ ʁʀʆ ʁɲʂʀʆʄɺʓʄʅɸɻɶ ɲʁʑ ʅʀʆʃ GĖÙúú ɻɲɺ 2ÙıÙĀĴí(G. A. Grell & 

Dévényi, 2002) ʁʀʆ ɲʁʀʅɶɼɶʋ ɶʁʋʄɸʃ ʄʈʕɽɲ ɴɺɲ ʅɸɾ ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸ ʅʊɾ ɻɲʅɲɻʑʂʆʇʊɾ

ɻɺɾʕʄɶʊɾ ɻɲɹʒʃ ɻɲɺ ʅɸɾ ɽʔɹʀɵʀ ʁʀʆ ʁɲʂʀʆʄɺʓʄʅɸɻɶ ɲʁʑ ʅʀʆʃArakawa et al. (2011) ɴɺɲ ʅɸɾ

ɻɼʋɽɲɻɲː Ɍʅʀ ʄʆɴɻɶɻʂɺɽʔɾʀ ʄʈʕɽɲ ʄɶ ɻʓɹɶ ɽʔʂʀʃ ʅʀʆ ʁɼʔɴɽɲʅʀʃ ɶʁɺʅʂʔʁɶʅɲɺ ɸ ʎʁɲʂɿɸ ɽʑɾʀ

ɶɾʑʃ ɾʔʇʀʆʃˋ ɴɺɲ ʅʀ ʀʁʀʋʀ ɸ ɶɺʄʂʀʕ ɲʅɽʀʄʇɲɺʂɺɻʀʎ ɲʔʂɲ ɴʋɾɶʅɲɺ ɲʁʑ ʅɸɾ ɳʓʄɸ ɻɲɺ ɸ ɶɻʂʀʕ

ɲʁʑ ʅɸɾ ɻʀʂʆʇʕ ʅʀʆː Ɍʅɸɾ ʄʅʕɼɸ ɲʔʂɲ ɹɶʊʂɶʋʅɲɺ ʁʊʃ ʄʆɽɳɲʋɾɶɺ ɽɺɲ ɳɲɹɺʓ ɲɾʀɵɺɻʕ ɽɶʅɲʇʀʂʓ

˜ÓÙÙē ÎĆĀıÙÎġíĆĀ˝ ɽʔʄɲ ʄʅɸɾ ʀʁʀʋɲ ʆʁʀɼʀɴʋɷɶʅɲɺ ɸ ɽɶʅɲʇʀʂʓ ɼʑɴʊ ʄʅʂʀɳʋɼʊɾˋ ɸ ʆɴʂɲʄʋɲ

ɻɲɺ ʓɼɼɶʃ ɽɶʅɲɳɼɸʅʔʃː Ɂ ɶɾɶʂɴʀʁʀʋɸʄɸ ʅʀʆ ʄʈʕɽɲʅʀʃ ʄʆɽɳɲʋɾɶɺ ʑʅɲɾ ɸ - s8 ʁɲʋʂɾɶɺ

ɹɶʅɺɻʔʃ ʅɺɽʔʃ ʁʓɾʊ ɲʁʑ ʅʀ ʁɼʔɴɽɲː ɍʀ ʄʈʕɽɲ ɼɲɽɳʓɾɶɺ ʆʁʑʉɺɾ ʅɸɾ ɵɺɲɵɺɻɲʄʋɲ ʄʆɽʁʎɻɾʊʄɸʃ

ʅʊɾ ɲɶʂʀɼʆɽʓʅʊɾ (aerosol ) ɲɾʓɼʀɴɲ ɽɶ ʅɸɾ ʄʆɴɻʔɾʅʂʊʄɸ ʁʆʂʕɾʊɾ ʄʆɽʁʎɻɾʊʄɸʃ ɽʔʄɲ ʄʅʀ

ɾʔʇʀʃː 

 

2.1.4 Ɋɶʂɺɴʂɲʇʕ ʅʊɾ ʄʈɸɽʓʅʊɾ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ʁʀʆ

ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ 
 

2.1.4.1 Ɍʈʕɽɲ _ÙúúĆĖ ˟Yamada ˟  Janjic 

 

 ɍʀ ʄʈʕɽɲ ʅʊɾ _ÙúúĆĖˋ ·ÀÿÀÓÀ ɻɲɺ VÀĀöíÎ˜VÀĀöíÏˋ ʵʽʽʴˋ ʵʽʽʺˋ ʶʴʴʶ˝ ɶʋɾɲɺ ɽɺɲ

ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸ ɴɺɲ ʅʀ ʁɼɲɾɸʅɺɻʑ ʀʂɺɲɻʑ ʄʅʂʒɽɲ ɲɼɼʓ ɻɲɺ ɴɺɲ ʅɸɾ ɶɼɶʎɹɶʂɸ ɲʅɽʑʄʇɲɺʂɲ

ɻɲɺ ɳɲʄʋɷɶʅɲɺ ʄʅʀ ʁʂʀʏʁʓʂʈʀɾ ʄʈʕɽɲ ʅʊɾ _ÙúúĆĖ ɻɲɺ ·ÀÿÀÓÀ ˜ʵʽʼʶ˝ˋ ʅʀ ʀʁʀʋʀ ʄʅɸɾ ʄʆɾʔʈɶɺɲ

ɲɾɲɾɶʒɹɸɻɶ ɻɲɺ ɳɶɼʅɺʒɹɸɻɶ ɲʁʑ ʅʀɾ VÀĀöíÎ ˜ʵʽʽʴˋʵʽʽʸˋʶʴʴʶ˝ː ɍʀ ʄʈʕɽɲ ɲʆʅʑ ɳɲʄʋɷɶʅɲɺ ʄʅɸɾ

ɻɲʅɲɻʑʂʆʇɸ ɲɾʓɽɶɺɿɸ ʄʅɸɾ ʄʅʕɼɸ ʅʀʆ ɲʅɽʀʄʇɲɺʂɺɻʀʎ ɲʔʂɲ ɻɲɺ ʁʂʀɳɼʔʁɶɺ ʅɸɾ ɻɺɾɸʅɺɻʕ

ɶɾʔʂɴɶɺɲ ʅʊɾ ɲɾɲʅɲʂʓɿɶʊɾː ɍʀ ʄʈʕɽɲ ɲʆʅʑ ʁɶʂɺɴʂʓʇɶɺ ʅʀɾ ʄʆɾʅɶɼɶʄʅʕ ʅɸʃ ʅʆʂɳʒɵʀʆʃ

ɵɺʓʈʆʄɸʃ ɻɲɹʒʃ ɻɲɺ ʅʀ ɻɼɶʋʄɺɽʀ ʅʊɾ ɳɲʄɺɻʒɾ ɶɿɺʄʒʄɶʊɾ ˜úÙıÙú ʶːʹ ġĥĖÌĥúÙĀÎÙ ÎúĆĚĥĖÙ˝

ʈʂɸʄɺɽʀʁʀɺʒɾʅɲʃ ʅɸɾ ɶɿʋʄʊʄɸ ʅɸʃ ʅʆʂɳʒɵʀʆʃ ɻɺɾɸʅɺɻʕʃ ɶɾʔʂɴɶɺɲʃˋ ɻɲɺ ɵɶɾ ɵɺɲʈʊʂʋɷɶɺ ʅʀɾ

ʄʆɾʅɶɼɶʄʅʕ ʁʀʆ ʁʂʀɻʎʁʅɶɺ ɲʁʑ ɲʆʅʕɾ ɴɺɲ ʅʀ ʁɼɲɾɸʅɺɻʑ ʀʂɺɲɻʑ ʄʅʂʒɽɲ ɻɲɺ ʅɸɾ ɶɼɶʎɹɶʂɸ

ɲʅɽʑʄʇɲɺʂɲː ȿʁʋʄɸʃ ʅʀ ʄʈʕɽɲ ɵɶɾ ɵʔʈɶʅɲɺ ʅɸɾ ɲɾʓɽɶɺɿɸ ɲʅɽʀʄʇɲɺʂɺɻʒɾ ɲʔʂɺʊɾ ɽɲɷʒɾ

ɽɶʅɲɿʎ ʅʀʆ ʁɼɲɾɸʅɺɻʀʎ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ɻɲɺ ʅɸʃ ɶɼɶʎɹɶʂɸʃ ɲʅɽʑʄʇɲɺʂɲʃ ɻɲɺ ʔʅʄɺ

ʆʁʓʂʈɶɺ ɻɲɺ ɼɺɴʑʅɶʂɸ ɲɾʓɽɶɺɿɸ ɻɲɺ ɽɶʅɲɿʎ ʓɼɼʊɾ ʁɲʂɲɽʔʅʂʊɾ ʑʁʊʃ ɸ ʆɴʂɲʄʋɲˋ

ɶɽʁʀɵʋɷʀɾʅɲʃ ʔʅʄɺ ɴɺɲ ʁɲʂʓɵɶɺɴɽɲ ʅɸɾ ʆɴʂɲʄʋɲ ɾɲ ʇʅʓʄɶɺ ʄɶ ɲɾʒʅɶʂɲ ɶʁʋʁɶɵɲ ʅɸʃ

ɲʅɽʑʄʇɲɺʂɲʃ ɻɲɺ ɾɲ ˣɶɴɻɼʊɳʋɷɶʅɲɺˤ ɽʔʄɲ ʄʅʀ ʀʂɺɲɻʑ ʄʅʂʒɽɲ ˜ȿʆʄʅɲɹʋʀʆˋ ʶʴʵʷ˝. 
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2.1.4.2 Ɍʈʕɽɲ Yonsei University  

 

 ɍʀ ʄʈʕɽɲ ʅʀʆ Yonsei University  (Hong et al., 2006) ʁʀʆ ɲʁʀʅɶɼɶʋ ʔɾɲ ʄʈʕɽɲ 

ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸʃ ʅʀʆ ʁɼɲɾɸʅɺɻʀʎ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ɽɶ ɽɸʅʀʁɺɻʕ ʁʂʀʄʔɴɴɺʄɸ ʅʊɾ

ʅʆʂɳʊɵʒɾ ʂʀʒɾː  Ȼʁʀʅɶɼɶʋ  ɶʁʋʄɸʃ ɽɺɲ ɲɾɲɳɲɹɽɺʄɽʔɾɸ ʔɻɵʀʄɸ ʅʀʆ ʄʈʕɽɲʅʀʃ MRF PBL 

(Hong & Pan, 1996) ʁʀʆ ɶʋɾɲɺ ʔɾɲ ɶʆʂʔʊʃ ʈʂɸʄɺɽʀʁʀɺʀʎɽɶɾʀ ʄʈʕɽɲ ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸʃ ʅʀʆ

ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃˋ ʁʂʀʄɹʔʅʀɾʅɲʃ ʄɶ ɲʆʅʑ ʓɽɶʄɸ ɶɺʄʈʒʂɸʄɸ(entrainment ) ʅʀʆ

ɲʅɽʀʄʇɲɺʂɺɻʀʎ ʄʅʀ ɽʔɴɺʄʅʀ ʎʉʀʃ ʅʀʆ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃˋ ɼɲɽɳʓɾʀɾʅɲʃ ʔʅʄɺ ʆʁʑʉɺɾ ʅɸɾ

ɻʓɹɶʅɸ ɲɾʓɽɺɿɸː  Ɂ ɶɺʄʈʒʂɸʄɸ ɹɶʊʂɶʋʅɲɺ ɲɾʓɼʀɴɸ ʅɸʃ ʂʀʕʃ ʓɾʊʄɸʃ ʅɸʃ ɶʁɺʇʓɾɶɺɲʃˋ

ɲɻʀɼʀʆɹʒɾʅɲʃ ʅɲ ʄʆɽʁɶʂʓʄɽɲʅɲ ɶʂɴɲʄɺʒɾ ɴɺɲ ɽʀɾʅʔɼɲ ɽɶɴʓɼʀʆ ʄʅʂʀɳɺɼɺʄɽʀʎ(Noh et al., 

2003). ɍʀ ɽʔɴɺʄʅʀ ʎʉʀʃ ʅʀʆ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ʀʂʋɷɶʅɲɺ ɽɶ ʅɸɾ ɻʂʋʄɺɽɸ ʅɺɽʕ ʅʀʆ

ʄʆɾʅɶɼɶʄʅʕ -ĖíġíÎÀú Bulk Richardson (Vogelezang & Holtslag, 1996) ɾɲ ʀʂʋɷɶʅɲɺ ʅʀ ɽɸɵʔɾ ˜

ʄʅʀ _vE PBL ʕʅɲɾ ʴːʹ˝ˋ ɻɲɺ ʔʅʄɺ ʅʀ ɲɾʒʅɲʅʀ ʑʂɺʀ ʅʀʆ ʀʂɺɲɻʀʎ ʄʅʂʒɽɲʅʀʃ ʀʂʋɷɶʅɲɺ ʄʅʀ

ɶʁʋʁɶɵʀ ʅɸʃ ɽʔɴɺʄʅɸʃ ɶɺʄʈʒʂɸʄɸʃ ˜ ʄʅɸɾ ɹʔʄɸ ʅʀʆ ɶʁɺʁʔɵʀʆ ʑʁʀʆ ɸ ɵʆɾɲʅʑʅɸʅɲ ɵɺʓʈʆʄɸʃ

ɴʋɾɶʅɲɺ ɽɸɵɶɾɺɻʕ˝. ɍʀ ʄʈʕɽɲ ɲʆʅʑ ʔʈɶɺ ɽɶɼɶʅɸɹɶʋ ʄɶ ʁʂʀɸɴʀʎɽɶɾɶʃ ɶʂɴɲʄʋɶʃ ɻɲɺ ɵɶʋʈɾɶɺ ɾɲ

ʁʂʀʄʀɽʀɺʒɾɶɺ ɻɲɼʓ ʅɸɾ ɳʂʀʈʑʁʅʊʄɸ ɻɲɺ ʅɺʃ ʆʁʑɼʀɺʁɶʃ ɽɶʅɲɳɼɸʅʔʃ ʅʊɾ ʁʂɲɴɽɲʅɺɻʒɾ

ɵɶɵʀɽʔɾʊɾ ɴɺɲ ʇɲɺɾʑɽɶɾɲ ʅʑʄʀ ʄʅɸɾ ʁɶʂɺʀʈʕ ɶɾɵɺɲʇʔʂʀɾʅʀʃ ʅɸʃ ʁɲʂʀʎʄɲʃ ɶʂɴɲʄʋɲʃ

(Pytharoulis , 2018; Tegoulias̀ ʶʴʶʴ˕ Ȼɹɲɾɲʄʋʀʆˋ ʶʴʵʽ˝ˋ ʑʄʀ ɻɲɺ ɴɺɲ ʇɲɺɾʑɽɶɾɲ ʈɺʀɾʑʁʅʊʄɸʃ

(FernándezȤGonzález et al., 2015). 

 

 

2.2 Ɍʅɲʅɺʄʅɺɻʕ Ȼɾʓɼʆʄɸ 
 Ƚɺɲ ʅɸɾ ʄʅɲʅɺʄʅɺɻʕ ɲɾʓɼʆʄɸ ʅʊɾ ɲʁʀʅɶɼɶʄɽʓʅʊɾ ʅɸʃ ʁɲʂʀʎʄɲʃ ɶʂɴɲʄʋɲʃ

ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ ɵɺʓʇʀʂɶʃ ʄʅɲʅɺʄʅɺɻʔʃ ɽɶʅɲɳɼɸʅʔʃ ɻɲɺ ɽʔɹʀɵʀɺˋ ʀʎʅʊʃ ʒʄʅɶ ɾɲ

ɶʁɺʅɶʆʈɹɶʋ ɲʂʈɺɻʓ ɸ ɶʁɺɼʀɴʕ ʅʀʆ ɳʔɼʅɺʄʅʀʆ ʁɶɺʂʓɽɲʅʀʃ ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸʃ ʅʊɾ

ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾ ʅɸʃ ʄʆɾʀʁʅɺɻʕʃ ɻɲʅʓʄʅɲʄɸʃ ɴɺɲ ʅʀ ʇɲɺɾʑɽɶɾʀ ʅɸʃ

ˣɆʕɵɶɺɲˤ ɻɲɺ ʄʅɸɾ ʄʆɾʔʈɶɺɲ ɸ ɶʁɺʂʂʀʕ ʅɸʃ ɽɶʅɲɳʀɼʕʃ ʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ɶʁɺʇɲɾɶʋɲʃ

ɹʓɼɲʄʄɲʃ ʅʑʄʀ ʄʅɸɾ ʄʆɾʀʁʅɺɻʕ ɻɲʅʓʄʅɲʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ʑʄʀ ɻɲɺ ʄʅʀ ʈɺʑɾɺ ʁʀʆ

ʁʂʀʔʂʈɶʅɲɺ ɲʁʑ ʅʀ ʇɲɺɾʑɽɶɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜úÀ÷Ù ˜ĚÙÀ˝

effect snow) . Ɍʅɲ ɶʁʑɽɶɾɲ ɻɶʇʓɼɲɺɲ ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʅɲ ʄʅɲʅɺʄʅɺɻʓ ˣɶʂɴɲɼɶʋɲˤ ʁʀʆ

ɹɲ ʈʂɸʄɺɽʀʁʀɺɸɹʀʎɾː 

2.2.1 Ɍʅɲʅɺʄʅɺɻʔʃ Ɇɶʅɲɳɼɸʅʔʃ 
 Ƚɺɲ ʅɺʃ ʄʆɾɶʈɶʋʃ ɽɶʅɲɳɼɸʅʔʃ ʄʅɸɾ ɶʂɴɲʄʋɲ ɲʆʅʕ ɹɲ ʆʁʀɼʀɴɺʄʅʀʎɾ ɻʓʁʀɺɶʃ

ʄʅɲʅɺʄʅɺɻʔʃ ʁɲʂʓɽɶʅʂʀɺː ɉɺ ʁɲʂʓɽɶʅʂʀɺ ɲʆʅʀʋ ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʄʅɸɾ ʄʆɾʔʈɶɺɲː ɉɺ 

ʁɶʂɺɴʂɲʇʔʃ ʅʊɾ Nurmi  (2003), Wilks (2019), WWRP/WGNE Joint Working Group on 

Forecast Verification  Research (2015) ɻɲɺ Ʉʀɼʆɳʓ -  Ɇɲʈɲʋʂɲ & Ɇʁʑʂɲ -  Ɍʔɾʅɲ (2014) 
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ɹɲ ʈʂɸʄɺɽʀʁʀɺɸɹʀʎɾ ʊʃ ʁɸɴʔʃ ɴɺɲ ʅɸɾ ʁɶʂɺɴʂɲʇʕ ʅʊɾ ʄʅɲʅɺʄʅɺɻʒɾ ɽɶʅɲɳɼɸʅʒɾ ʅʀʆ 

ɻɶʇɲɼɲʋʀʆ ɲʆʅʀʎ.  

2.2.1.1 Ɇʔʄʀ ʄʇʓɼɽɲ 

 ɍʀ ɽʔʄʀ ʄʇʓɼɽɲ ˜ÿÙÀĀ error ) ʀʂʋɷɶʅɲɺ ʊʃ ʀ ɲʁɼʑʃ ɽʔʄʀʃ ʑʂʀʃ ʅɸʃ ɵɺɲʇʀʂʓʃ

ʅʊɾ ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾ ɲʁʑ ʅɲ ɵɶɵʀɽʔɾɲ ɻʓɹɶ ʁɶɺʂʓɽɲʅʀʃː ɍʀ ɽʔʄʀ ʄʇʓɼɽɲ

ʆʁʀɼʀɴʋɷɶʅɲɺ ɲʁʑ ʅʀɾʅʎʁʀ ˜2.1) 

ὓὉ ρ ὲ Ὢ έ Ȣ  

ˋ ʑʁʀʆn ʀ ɲʂɺɹɽʑʃ ʅʊɾ ʁɲʂɲʅɸʂʕʄɶʊɾˋ f i ʀɺ ʅɺɽʔʃ ʅɸʃ ɽɶʅɲɳɼɸʅʔʃ ɴɺɲ ʅɲ ʁɶɺʂʓɽɲʅɲ

ʅʀʆ ɽʀɾʅʔɼʀʆ ɻɲɺoi ʀɺ ʅɺɽʔʃ ʅʊɾ ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾ ɴɺɲ ʅɸɾ ʋɵɺɲ ɽɶʅɲɳɼɸʅʕː 

 ɍʀ ɶʎʂʀʃ ʅʊɾ ɲʁʀʅɶɼɶʄɽʓʅʊɾ ɶʋɾɲɺ ɲʁʑ ʅʀ ɽɶʋʀɾ ʓʁɶɺʂʀ ʔʊʃ ʅʀ ʄʆɾ ʓʁɶɺʂʀ

(-Ð,+Ð̋ ˋ ɽɶ ʅʀ ɲʁʀʅʔɼɶʄɽɲ ɾɲ ɹɶʊʂɶʋʅɲɺ ɳʔɼʅɺʄʅʀ ɴɺɲ ʅɸɾ ʅɺɽʕ Ɇȿ ̠ ʴː Ɋʂʔʁɶɺ ɾɲ

ɼɸʇɹɶʋ ʆʁʑʉɺɾ ɳʔɳɲɺɲˋ ʑʅɺ ʔɾɲ ʄʎɾʀɼʀ ʁɲʂɲʅɸʂʕʄɶʊɾ ɽʁʀʂɶʋ ɾɲ ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʁʀɼʎ

ɻɲɼʑ ɲʁʀʅʔɼɶʄɽɲ ɴɺɲ ʅɸɾ ʁɲʂʓɽɶʅʂʀ Ɇȿ ʔʈʀɾʅɲʃ ʁʀɼʎ ɽɶɴʓɼɲ ʄʇʓɼɽɲʅɲˋ ʑʅɲɾ ʅɲ

ʄʇʓɼɽɲʅɲ ɲʆʅʓ ɶʋɾɲɺ ɶʅɶʂʑʄɸɽɲː ɔʅʄɺ ɸ ʁɲʂʓɽɶʅʂʀʃ ɲʆʅʕ ʁʂʔʁɶɺ ɾɲ ʄʆɾɵʆɲʄʅɶʋ ɽɶ

ʓɼɼɲ ʄʅɲʅɺʄʅɺɻʓ ɽɶɴʔɹɸˋ ʑʁʊʃ ʅʀ Ɇʔʄʀ Ȼʁʑɼʆʅʀ Ɍʇʓɼɽɲˋ ɻɲɹʒʃ ɵɶɾ ʆʁʀɼʀɴʋɷɶɺ ʅʀ

ɽʔɴɶɹʀʃ ʅʊɾ ʄʇɲɼɽʓʅʊɾˋ ɲɼɼʓ ʅɸɾ ʎʁɲʂɿɸ ʄʆʄʅɸɽɲʅɺɻʕʃ ʆʁɶʂɶɻʅʋɽɸʄɸʃ ʕ

ʆʁʀɶɻʅʋɽɸʄɸʃ ʄʅɺʃ ʁʂʀʄʀɽʀɺʒʄɶɺʃː 

2.2.1.2 Ɇʔʄʀ Ȼʁʑɼʆʅʀ Ɍʇʓɼɽɲ 

 ɒʃ ɽʔʄʀ ɲʁʑɼʆʅʀ ʄʇʓɼɽɲ ʀʂʋɷɶʅɲɺ ʀ ɲʂɺɹɽɸʅɺɻʑʃ ɽʔʄʀʃ ʅɸʃ ɲʁʑɼʆʅɸʃ ʅɺɽʕʃ

ʅʊɾ ɵɺɲʇʀʂʒɾ ɻʓɹɶ ɷɶʎɴʀʆʃ ʁɲʂɲʅɸʂʕʄɶʊɾ ˟ʁʂʀʄʀɽʀɺʊɽʔɾʊɾ ʅɺɽʒɾː Ɂ ʅɺɽʕ ʅʀʆ

ɵʋɾɶʅɲɺ ɲʁʑ ʅʀɾʅʎʁʀ2.2  

ὓ΅Ὁ ρ ὲ ȿὪ έȿ Ȣ  

ʑʁʀʆ ɺʄʈʎʀʆɾ ʅɲ ʋɵɺɲ ʄʎɽɳʀɼɲ ʑʁʊʃ ɻɲɺ ʄʅʀ ɽʔʄʀ ʄʇʓɼɽɲː 

 Ɂ ʁɲʂʓɽɶʅʂʀʃ ɲʆʅʕ ʁɲʋʂɾɶɺ ʅɺɽʔʃ ɲʁʑ ɽɸɵʔɾ ʔʊʃ ʄʆɾʓʁɶɺʂʀ ˚ʴ,+Ð˝ˋ ɽɶ

ɳʔɼʅɺʄʅɸ ʅɺɽʕ ɾɲ ɶʋɾɲɺ ʅʀ ɆȻȿ̠ʴˋ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɸɾ ʅʔɼɶɺɲ ʁʂʑɴɾʊʄɸː ɍʀ ɆȻȿ

ɽʁʀʂɶʋ ɾɲ ʈʂɸʄɺɽʀʁʀɺɸɹɶʋ ʊʃ ɽʔʅʂʀ ʅʀʆ ʄʇʓɼɽɲʅʀʃ ʅʀʆ ɽʀɾʅʔɼʀʆ ʄɶ ʄʈʔʄɸ ɽɶ ʅɲ

ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲː Ɂ ɳɲʂʎʅɸʅɲ ʁʀʆ ɵʋɾɶʅɲɺ ʄʅɲ ɲʂɾɸʅɺɻʓ ɻɲɺ ɹɶʅɺɻʓ ʄʇʓɼɽɲʅɲ

ɶʋɾɲɺ ɻʀɺɾʕ ʄɶ ɲɾʅʋɹɶʄɸ ɽɶ ʅʀɾ ʆʁʀɼʀɴɺʄɽʑ ʅʀʆ ɽʔʄʀʆ ʄʇʓɼɽɲʅʀʃː 

2.2.1.3 ɍɶʅʂɲɴʊɾɺɻʕ ʂʋɷɲ ʅʀʆ ɽʔʄʀʆ ʅɶʅʂɲɴʊɾɺɻʀʎ ʄʇʓɼɽɲʅʀʃ 

 Ɂ ʅɶʅʂɲɴʊɾɺɻʕ ʂʋɷɲ ʅʀʆ ɽʔʄʀʆ ʅɶʅʂɲɴʊɾɺɻʀʎ ʄʇʓɼɽɲʅʀʃ ʆʁʀɼʀɴʋɷɶʅɲɺ ʊʃ ɸ

ʅɶʅʂɲɴʊɾɺɻʕ ʂʋɷɲ ʅʀʆ ɲʂɺɹɽɸʅɺɻʀʎ ɽʔʄʀʆ ʅʀʆ ʅɶʅʂɲɴʒɾʀʆ ʅʊɾ ɵɺɲʇʀʂʒɾ ɴɺɲ ɻʓɹɶ

ɷɶʎɴʀʃ ʁɲʂɲʅɸʂʕʄɶʊɾ ˟ʁʂʀʄʀɽʀɺʊɽʔɾʊɾ ʅɺɽʒɾː Ɂ ʅɺɽʕ ɵʋɾɶʅɲɺ ɲʁʑ ʅʀɾʅʎʁʀ2.3. 
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ὙὓὛὉ ρ ὲ Ὢ έ  Ȣ  

ʑʁʀʆ ɺʄʈʎʀʆɾ ʅɲ ʋɵɺɲ ʄʎɽɳʀɼɲ ʑʁʊʃ ɻɲɺ ʄʅʀ ɽʔʄʀ ʄʇʓɼɽɲː 

 Ɂ ʁɲʂʓɽɶʅʂʀʃ ɲʆʅʕ ʁɲʋʂɾɶɺ ʅɺɽʔʃ ʑʁʊʃ ɻɲɺ ʅʀ ɆȻȿ ɲʁʑ ɽɸɵʔɾ ʔʊʃ ʄʆɾ ʓʁɶɺʂʀ

[0,+Ð̋ ˋ ɽɶ ɳʔɼʅɺʄʅɸ ʅɺɽʕ ɻɲɺ ʁʓɼɺ ɾɲ ɶʋɾɲɺ v_z8̠ʴː Ɂ ʂʋɷɲ ʈʂɸʄɺɽʀʁʀɺɶʋʅɲɺ ɽɶ ʄʅʑʈʀ

ʅʀ ɲʁʀʅʔɼɶʄɽɲ ʅɸʃ ɽɶʅɲɳɼɸʅʕʃ ɾɲ ʔʈɶɺ ʅɺʃʋɵɺɶʃ ɽʀɾʓɵɶʃ ɽʔʅʂɸʄɸʃ ɽɶ ɲʆʅʔʃ ʅɸʃ

ɶɻʓʄʅʀʅɶ ɽɶʅɲɳɼɸʅʕʃː Ʌʑɴʊ ʅɸʃ ɵɶʎʅɶʂɸʃ ɵʎɾɲɽɸʃ ʅʀ v_z8 ɶʋɾɲɺ ɶʆɲʋʄɹɸʅʀ ʄʅɲ

ɽɶɴʓɼɲ ʄʇʓɼɽɲʅɲ ʅʀʆ ɽʀɾʅʔɼʀʆ ɻɲɹʒʃ ɻɲɺ ʄʅɲ ʓʅʆʁɲ ʄɸɽɶʋɲˋ ɶɺɵɺɻʓ ʄɶ ʄʈʔʄɸ ɽɶ ʅʀ

ɆȻȿː Ʌʑɴʊ ɲʆʅʀʎ ʅʀʆ ʁʂʀɳɼʕɽɲʅʀʃ ʅɲ ɲʁʀʅɶɼʔʄɽɲʅɲ ɽʁʀʂɶʋ ɾɲ ɽɸɾ ɶʋɾɲɺ ɺɵɲɾɺɻʓ

ɻɲɺ ɶɺɵɺɻʓ ɴɺɲ ɽɺɻʂʓ ʄʎɾʀɼɲ ʁʂʀʅɺɽʓʅɲɺ ɸ ʈʂʕʄɸ ʅʀʆ ɆȻȿː Ɂ ɽɶʅɲɳɼɸʅʕ ɲʆʅʕ ɲʁɲɾʅʓ

ʄʅɸɾ ɶʂʒʅɸʄɸ ʁʀɺʀ ɶʋɾɲɺ ʅʀ ɽʔʄʀ ɽʔɴɶɹʀʃ ʅʊɾ ʄʇɲɼɽʓʅʊɾ ʅʀʆ ɽʀɾʅʔɼʀʆː 

2.2.1.4 Ɍʆɾʅɶɼɶʄʅʕʃ Ɍʆʄʈʔʅɺʄɸʃ 

 Ɍʆɾʅɶɼɶʄʅʕʃ ʄʆʄʈʔʅɺʄɸʃ ʕ ʄʆɾʅɶɼɶʄʅʕʃ ʄʆɾʓʇɶɺɲʃ ʅʀʆ sÙÀĖĚĆĀ ɶʋɾɲɺ ɽɺɲ

ɽɶʅɲɳɼɸʅʕ ʁʀʆ ɲʁɲɾʅʓ ʄʅʀ ʁʑʄʀ ɻɲɼʓ ʀɺ ʅɺɽʔʃ ʅɸʃ ɽɶʅɲɳɼɸʅʕʃ ʅʀʆ ɽʀɾʅʔɼʀʆ

ʄʆʄʈɶʅʋɷʀɾʅɲɺ ɽɶ ʅɺʃ ʅɺɽʔʃ ʅɸʃ ɽɶʅɲɳɼɸʅʕʃ ɴɺɲ ʅɲ ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲː ɉ

ʄʆɾʅɶɼɶʄʅʕʃ ɲʆʅʑʃ ʀʂʋɷɶʅɲɺ ʊʃ ʀ ɼʑɴʀʃ ʅɸʃ ʄʆɽɽɶʅɲɳɼɸʅʑʅɸʅɲʃ ʅʊɾ ɵʎʀ ʄʆɾʑɼʊɾ

ɵɶɵʀɽʔɾʊɾ ʁʀʆ ʄʆɴɻʂʋɾʀɾʅɲɺ ʁʂʀʃ ʅʀ ɴɺɾʑɽɶɾʀ ʅʊɾ ʅʆʁɺɻʒɾ ɲʁʀɻɼʋʄɶʊɾ ɴɺɲ ʅʀ

ɻʓɹɶ ʔɾɲ ɲʁʑ ʅɲ ʄʎɾʀɼɲ ɽɶʅɲɳɼɸʅʒɾ ɲʆʅʒɾː Ɂ ʁɲʂʓɽɶʅʂʀʃ ɲʆʅʕ ʆʁʀɼʀɴʋɷɶʅɲɺ ɽʔʄʊ

ʅʀʆʅʎʁʀʆ2.4. 

ὶ
ВὪ ὪӶέ έӶ

ВὪ Ὢ Вέ έ 
 Ȣ  

ʑʁʀʆ ɺʄʈʎʀʆɾ ʅɲ ʋɵɺɲ ʄʎɽɳʀɼɲ ʑʁʊʃ ɻɲɺ ʄʅʀ ɽʔʄʀ ʄʇʓɼɽɲˋ ɽɶ ʅʀὪӶ ɾɲ ɲɾʅɺʄʅʀɺʈɶʋ

ʄʅɸɾ ɽʔʄɸ ʅɺɽʕ ʅʊɾ ʅɺɽʒɾ ʅʀʆ ɽʀɾʅʔɼʀʆ ɻɲɺ ʅʀέӶ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɸɾ ɽʔʄɸ ʅɺɽʕ ʅʊɾ

ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾː 

 ɉɺ ʅɺɽʔʃ ʁʀʆ ʁɲʋʂɾɶɺ ɸ ɽɶʅɲɳɼɸʅʕ ɲʆʅʕ ɳʂʋʄɻʀɾʅɲɺ ʄʅʀ ɶʎʂʀʃ ˚-ʵˋ̝ʵ˛ˋ ɽɶ ʅɸɾ

ɳʔɼʅɺʄʅɸ ʅɺɽʕ ɾɲ ɶʋɾɲɺ Ė=1ː ɉɺ ʄʈɶʅɺɻʓ ɽɶɴʓɼɶʃ ʅɺɽʔʃ ɵɸɼʒɾʀʆɾ ʅɸɾ ʎʁɲʂɿɸ ɽɺɲ

ɺʄʈʆʂʕʃ ʄʈʔʄɸʃ ɽɶʅɲɿʎ ʅʊɾ ʄʆɾʑɼʊɾː Ɂ ʅɺɽʕ ɲʆʅʕ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅʀ ʁʑʄʀ ˣɻʀɾʅʓˤ

ɶʋɾɲɺ ʅɲ ʄɸɽɶʋɲ ʅʀʆ ɵɺɲɴʂʓɽɽɲʅʀʃ ɵɺɲʄʁʀʂʓʃ ʄʅɸɾ ɵɺɲɴʒɾɺʀ ʁʀʆ ɹɶʊʂɶʋʅɲɺ ɸ

ɳʔɼʅɺʄʅɸ ʁɶʂʋʁʅʊʄɸː ɍʔɼʀʃˋ ɸ ɽɶʅɲɳɼɸʅʕ ɲʆʅʕ ɵɶɾ ɼɲɽɳʓɾɶɺ ʆʁʑʉɺɾ ʅɲ ʄʇʓɼɽɲʅɲ

ʅʀʆ ʄʆɾʑɼʀʆ ʅɸʃ ʁɲʂɲɽɶʅʂʀʁʀʋɸʄɸʃ ʅʀʆ ɽʀɾʅʔɼʀʆˋ ɻɲɺ ʔʅʄɺ ʔɾɲ ɽʀɾʅʔɼʀ ɽɶ ɽɶɴʓɼɲ

ʄʇʓɼɽɲʅɲ ɽʁʀʂɶʋ ɾɲ ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ɻɲɼʑ ʄʆɾʅɶɼɶʄʅʕ ʄʆʄʈʔʅɺʄɸʃˋ ɶʁʋʄɸʃ ʀ

ʄʆɾʅɶɼɶʄʅʕʃ ʄʆʄʈʔʅɺʄɸʃ ɶʋɾɲɺ ɶʆɲʋʄɹɸʅʀʃ ʄʅɺʃ ɽɶɴʓɼɶʃ ʅɺɽʔʃɻɲɺ ʄʅɲ ʓʅʆʁɲ ʄɸɽɶʋɲː 
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2.2.1.5 ɍʆʁɺɻʑ Ɍʇʓɼɽɲ 

 ȿɻʅɺɽʒɽɶɾʀ ʅʆʁɺɻʑ ʄʇʓɼɽɲ ʕ ɵɶɺɴɽɲʅɺɻʕ ʅʆʁɺɻʕ ɲʁʑɻɼɺʄɸ ʀɾʀɽʓɷɶʅɲɺ ɸ

ʅɶʅʂɲɴʊɾɺɻʕ ʂʋɷɲ ʅɸʃ ɵɶɺɴɽɲʅɺɻʕʃ ɵɺɲʄʁʀʂʓʃː Ƚɺɲ ɽɸ ʀɽɲɵʀʁʀɺɸɽʔɾʀ ʄʎɾʀɼʀ

ɵɶɵʀɽʔɾʊɾ ɵʋɾɶʅɲɺ ɲʁʑ ʅʀɾ ʅʎʁʀ 

ί ί
ρ

ὲ ρ
ὼ ὼӶ  ςȢ  

ɗʁʀʆn ɶʋɾɲɺ ʀ ɲʂɺɹɽʑʃ ʅʊɾ ʁɲʂɲʅɸʂʕʄɶʊɾˋxi ɶʋɾɲɺ ʀɺ ʅɺɽʔʃ ʅɸʃ ɽɶʅɲɳɼɸʅʕʃ ʅʀʆ

ɻʓɹɶ ʄʆɾʑɼʀʆ ɻɲɺὼӶ ɶʋɾɲɺ ɸ ɽʔʄɸ ʅɺɽʕ ʅʀʆ ʄʆɾʑɼʀʆː 

 ɍʀ ʄʅɲʅɺʄʅɺɻʑ ɽʔʅʂʀ ɲʆʅʑ ʆʁʀɼʀɴʋɷɶʅɲɺ ɴɺɲ ɻʓɹɶ ʁɶʋʂɲɽɲ ʈʊʂɺʄʅʓˋ ʑʁʊʃ ɻɲɺ

ɴɺɲ ʅɲ ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲː Ɍʅɸɾ ʄʆɾʔʈɶɺɲ ɽʁʀʂɶʋ ɾɲ ʄʆɴɻʂɺɹɶʋ ɽɶ ʅɲ ʓɼɼɲ

ʁɶɺʂʓɽɲʅɲ ɴɺɲ ɾɲ ɲɾɲɵɶʋɿɶɺ ʅʀ ʁʀɺʀ ɲʁʑ ʅɲ ʄʎɾʀɼɲ ʔʈɶɺ ɽɶɴɲɼʎʅɶʂɶʃ ɲʁʀɻɼʋʄɶɺʃ ɲʁʑ

ʅɸɾ ɽʔʄɸ ʅɺɽʕ ɻɲɺ ʓʂɲ ɽɶɴɲɼʎʅɶʂɶʃ ɲɻʂɲʋɶʃ ʅɺɽʔʃ ɻɲɺ ʓʅʆʁɲ ʄɸɽɶʋɲː Ɂ ʅɺɽʕ ʁʀʆ

ʁɲʋʂɾɶɺ ɶɿɲʂʅʓʅɲɺ ɲʁʑ ʅɺʃ ʅɺɽʔʃ ʅɸʃ ɶɻʓʄʅʀʅɶ ɽɶʅɲɳɼɸʅʕʃ ʁʀʆ ɽɶɼɶʅʓʅɲɺ ˜ʁːʈ ɸ ʅɺɽʕ

ʅɸʃ ʅʆʁɺɻʕʃ ɲʁʑɻɼɺʄɸʃ ʅɸʃ ʅɲʈʎʅɸʅɲʃ ɲɾʔɽʀʆ ʄɶ ÿ/s ɲɾɲɽʔɾɶʅɲɺ ɾɲ ɶʋɾɲɺ ɽɺɻʂʑʅɶʂɸ

ɲʁʑ ɲʆʅʕ ʅɸʃ ʄʈɶʅɺɻʕʃ ʆɴʂɲʄʋɲʃ ʄɶ ʁʀʄʀʄʅʑ ʅɲ ɶɻɲʅʑ˝ 

2.2.1.6 ȼɲɹɽʑʃ ɶʁɺʅʆʈʋɲʃ 

 ɉ ɳɲɹɽʑʃ ɶʁɺʅʆʈʋɲʃ(skill  scores) ɶʋɾɲɺ ɽɺɲ ɽʔɹʀɵʀʃ ʄʎɴɻʂɺʄɸʃ ɽɶʅɲɿʎ ɵʎʀ

ʁɶɺʂɲɽʓʅʊɾ ʅʀʆ ɽʀɾʅʔɼʀʆˋ ʁʀʆɲʁɲɾʅʓ ʄʅɸɾ ɶʂʒʅɸʄɸ ʅʀʆ ʁʑʄɸ ɳɶɼʅʋʊʄɸ

ʁɲʂʀʆʄɺʓɷɶʅɲɺ ɽɶ ʅɸɾ ɶʁɺɼʀɴʕ ɶɾʑʃ ʁɶɺʂʓɽɲʅʀʃ ɲɾʅʋ ɶɾʑʃ ɵɶʎʅɶʂʀʆ ˜ʄʆɾʕɹʊʃ ʄɶ

ʄʎɴɻʂɺʄɸ ɽɶ ʔɾɲ ʁɶʋʂɲɽɲ ʁʀʆ ʔʈɶɺ ʅɶɹɶʋ ʊʃ ʁɶʋʂɲɽɲ ɲɾɲʇʀʂʓʃ ˜ÎĆĀġĖĆú))ː ɉ ɳɲɹɽʑʃ

ɶʁɺʅʆʈʋɲʃ ʆʁʀɼʀɴʋɷɶʅɲɺ ɽɶ ʅʀʆʃ ʅʎʁʀʆʃ 2.6 - 2.7. 

ὛὛ ʗ

 ʗ  ʗ
ρ ςȢφ ˋɴɺɲ ʄʅɲʅɺʄʅɺɻʓ ɽʔʅʂɲ ɽɶ ɳʔɼʅɺʄʅɸ ʅɺɽʕ ʅʀ ʴ 

ɻɲɺὛὛ ρ ʗ

 ʗ  ʗ
 ςȢχ  ɴɺɲ ʄʅɲʅɺʄʅɺɻʓ ɽʔʅʂɲ ɽɶ ɳʔɼʅɺʄʅɸ ʅɺɽʕ ʅʀ ʵː 

ɗʁʀʆὃ ʗ  ɶʋɾɲɺ ɸ ʅɺɽʕ ɻʓʁʀɺʀʆ ʄʅɲʅɺʄʅɺɻʀʎ ɽʔʅʂʀʆ ˜ʁːʈː ɆȻȿ˝ ɴɺɲ ʅʀ ʁɶʋʂɲɽɲ

ʁʀʆ ʄʆɴɻʂʋɾɶʅɲɺˋ΅ ʗ  ʗ  ɶʋɾɲɺ ɸ ɲɾʅʋʄʅʀɺʈɸ ʅɺɽʕ ɴɺɲ ʅʀ ʁɶʋʂɲɽɲ

ɲɾɲʇʀʂʓʃː 

 Ɂ ʅɺɽʕ ʴ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɸ ɳʔɼʅɺʄʅɸ ʄʆʄʈʔʅɺʄɸ ɽɶ ʅʀ ʁɶʋʂɲɽɲ ɲɾɲʇʀʂʓʃˋ ʀɺ

ɹɶʅɺɻʔʃ ʅɺɽʔʃ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄɶ ʁɶʋʂɲɽɲ ɽɶ ʈɶɺʂʑʅɶʂʀ ʄɻʀʂ ɲʁʑ ʅʀ ʁɶʋʂɲɽɲ

ɲɾɲʇʀʂʓʃˋ ɻɲɺ ɲɾʅʋɹɶʅɲ ʀɺ ɲʂɾɸʅɺɻʔʃ ʅɺɽʔʃ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄɶ ʁɶʋʂɲɽɲ ɽɶ ɻɲɼʎʅɶʂʀ

ʄɻʀʂ ɲʁʑ ɲʆʅʑ ʅʀʆ ʁɶɺʂʓɽɲʅʀʃ ɲɾɲʇʀʂʓʃ ˜ʀɺ ɽɶɴɲɼʎʅɶʂɶʃ ʅɺɽʔʃ ʅʀʆ ɳɲɹɽʀʎ
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ɶʁɺʅʆʈʋɲʃ ɻɲʅ˫ ɲʁʑɼʆʅɸ ʅɺɽʕ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄɶ ɽɶɴɲɼʎʅɶʂɸ ɵɺɲʇʀʂʓ ʄɻʀʂ ɲʁʑ ɲʆʅʑ

ʅʀʆ ʁɶɺʂʓɽɲʅʀʃ ɲɾɲʇʀʂʓʃ˝ː 

 Ƚɺɲ ʅɸɾ ʁɲʂʀʎʄɲ ɶʂɴɲʄʋɲ ʅɲ ʁɲʂɲʁʓɾʊ ʄʅɲʅɺʄʅɺɻʓ ɽʔʅʂɲ ɳɲɹɽʀɼʀɴʀʎɾʅɲɺ

ɲʁʑ ʅʀ ʵ ʔʊʃ ʅʀɾ ɲʂɺɹɽʑ ʅʊɾ ʁɶɺʂɲɽʓʅʊɾ ʁʀʆ ʄʆɴɻʂʋɾʀɾʅɲɺ ˜Ā) ˋ ɽɶ ʅʀ ʵ ɾɲ

ɲɾʅɺʄʅʀɺʈɶʋ ʄʅʀ ʁɶʋʂɲɽɲ ʁʀʆ ʁʂʀʄʀɽʀʋʊʄɶ ɻɲɼʎʅɶʂɲ ʅɸɾ ɶɻʓʄʅʀʅɶ ɽɶʅɲɳɼɸʅʕ ɻɲɺ

ʅʀ(n) ɾɲ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅʀ ʁɶʋʂɲɽɲ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɸɾ ɼɺɴʑʅɶʂʀ ɻɲɼʕ

ʁʂʀʄʀɽʀʋʊʄɸː Ɍʅɸɾ ʄʆɾʔʈɶɺɲ ʆʁʀɼʀɴʋɷɶʅɲɺ ɽɺɲ ɽʔʄɸ ʅɺɽʕ ʅɸʃ ɳɲɹɽʀɼʑɴɸʄɸʃ ɲʆʅʕʃˋ

ʀʎʅʊʃ ʒʄʅɶ ɾɲ ɴʋɾɶɺ ʁɶʂɺʄʄʑʅɶʂʀ ɶɽʇɲɾʕʃ ɸ ʄʎɴɻʂɺʄɸ ɽɶʅɲɿʎ ʅʊɾ ʁɶɺʂɲɽʓʅʊɾ ɻɲɺ

ʁʀɺʀ ɲʁʑ ɲʆʅʓ ɽʁʀʂɶʋ ɾɲ ɹɶʊʂɸɹɶʋ ʅʀ ɳʔɼʅɺʄʅʀː 

 

2.2.2  Ⱦɺɲɻʂɺʅʔʃ Ɇɶʅɲɳɼɸʅʔʃ 
 

2.2.2.1  Ɋʋɾɲɻɲʃ Ɍʆɾʓʇɶɺɲʃ 

 

 Ƚɺɲ ʅɺʃ ɽɶʅɲɳɼɸʅʔʃʁʀʆ ɹɶʊʂʀʎɾʅɲɺ ɵɺɲɻʂɺʅʔʃ ɻɲɺ ʆʁʀɼʀɴʋɷʀɾʅɲɺ ɽɶ

ɲʁʀʅʔɼɶʄɽɲ ɇȻɃ˖ɉɐɃ ˜ʁɲʂɲɵɶʋɴɽɲʅʀʃ ʈʓʂɺɾ ɇȻɃ ˟ʁɲʂʀʆʄʋɲ ʈɺʀɾɺʀʎ ɻɲɺ ɉɐɃ ˟ɽɸ

ʁɲʂʀʆʄʋɲ ʈɺʀɾɺʀʎ˝ ɻɲɺ ɴɺɲ ɲʆʅʔʃ ʁʀʆ ʆʁʀɼʀɴʋɷʀɾʅɲɺ ʄɶ ɻɼʓʄɶɺʃ ˜ʁːʈː ɻɼʓʄɶɺʃ ʆɶʅʀʎ

ɻɲɺ ɲɾ ɇȻɃ ˟ʅʀ ʎʉʀʃ ʆɶʅʀʎ ɲɾʕɻɶɺ ʄʅɸɾ ɻɼʓʄɸ ɲʆʅʕ ɻɲɺ ɉɐɃ˟ ɵɶɾ ɲɾʕɻɶɺ˝ˋ

ʈʂɸʄɺɽʀʁʀɺʀʎɾʅɲɺ ʀɺ ʁʋɾɲɻɶʃ ʄʆɾʓʇɶɺɲʃː ɍʀ ʄʅɲʅɺʄʅɺɻʑ ɶʂɴɲɼɶʋʀ ɲʆʅʑ ɶʋɾɲɺ ʈʂʕʄɺɽʀ

ɴɺɲ ʅʀɾ ʆʁʀɼʀɴɺʄɽʑ ʅɸʃ ɶɽʇʓɾɺʄɸʃ ʕ ʑʈɺ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɴɺɲ ʅʀ ʁɶʋʂɲɽɲ ʅʀʆ

ɽʀɾʅʔɼʀʆ ɻɲɺ ʅʊɾ ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾ ɲɾʅʋʄʅʀɺʈɲː ɔɾɲ ʁɲʂʓɵɶɺɴɽɲ ʅʀʆ ʁʋɾɲɻɲ

ʄʆɾʓʇɶɺɲʃ ʁɲʂʀʆʄɺʓɷɶʅɲɺ ʄʅʀɾʁʋɾɲɻɲ ʶːʶ. 
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 Ƚɺɲ ʅʀɾ ʁʋɾɲɻɲ ʄʆɾʓʇɶɺɲʃ ɶɽʇɲɾʋɷʀɾʅɲɺ ʅʔʄʄɶʂɶɺʃ ʁɺɹɲɾʀʋ ʄʆɾɵʆɲʄɽʀʋˊ 

1. ȿʆʄʅʀʈʋɶʃ ˜KíġĚ) : ɍʀ ʇɲɺɾʑɽɶɾʀ ɶɽʇɲɾʋɷɶʅɲɺ ʅʑʄʀ ʄʅɲ ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲ

ʑʄʀ ɻɲɺ ʄʅʀ ɽʀɾʅʔɼʀː 

2. Ȼʄʅʀʈʋɶʃ ˜_íĚĚ) : ɍʀ ʇɲɺɾʑɽɶɾʀ ɶɽʇɲɾʋɷɶʅɲɺ ʄʅɲ ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲ ɲɼɼʓ

ʅʀ ʁɶʋʂɲɽɲ ʅʀʆ ɽʀɾʅʔɼʀʆ ɲʁʀʅʆɴʈʓɾɶɺ ʄʅɸɾ ʁʂʑɴɾʊʄɸ ʅʀʆː 

3. ɑɶʆɵɶʋʃ ʄʆɾɲɴɶʂɽʀʋ ˜EÀúĚÙ alarm ) : ɍʀ ʇɲɺɾʑɽɶɾʀ ɵɶɾ ɶɽʇɲɾʋɷɶʅɲɺ ʄʅɲ

ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲ ɲɼɼʓ ʅʀ ɽʀɾʅʔɼʀˋ ɼɲɾɹɲʄɽʔɾɲˋ ʆʁʀɼʀɴʋɷɶɺ ʅɸɾ

ɶɽʇʓɾɺʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆː 

4. Ȼɼɸɹʕ Ȼʂɾɸʅɺɻʓ ˜-ĆĖĖÙÎġ Negative) ˊ ɍʀ ʇɲɺɾʑɽɶɾʀ ɵɶɾ ʁɲʂʀʆʄɺʓɷɶʅɲɺ ʄʅɲ

ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲˋ ɻɲɺ ʅʀ ɽʀɾʅʔɼʀˋ ʀʂɹʒʃˋ ɵɶɾ ʁɲʂʀʆʄɺʓɷɶɺ ʅʀ ʇɲɺɾʑɽɶɾʀ

ɶʁʋʄɸʃː 

 

Ɇɶ ʈʂʕʄɸ ʅʊɾ ʅɺɽʒɾ ʅʀʆ ʁʋɾɲɻɲ ʄʆɾʓʇɶɺɲʃ ʆʁʀɼʀɴʋɷʀɾʅɲɺ ɻʓʁʀɺɲ ʄʅɲʅɺʄʅɺɻʓ

ɽʔʅʂɲ ɴɺɲ ɾɲ ʁɶʂɺɴʂʓʇɶɺ ɸ ɶʁʋɵʀʄɸ ʅʀʆ ʁɶɺʂʓɽɲʅʀʃ ʄɶ ʄʈʔʄɸ ɽɶ ʅɲ ʁʂɲɴɽɲʅɺɻʓ

ɵɶɵʀɽʔɾɲː ɍɲ ʄʅɲʅɺʄʅɺɻʓ ɽʔʅʂɲ ɲʆʅʓ ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʄʅɸɾ ʄʆɾʔʈɶɺɲː 

 

 

 

 

 

 

Ɋʋɾɲɻɲʃ ʶː ʁɊɲʂʓɵɶɺɴɽɲ Ɋʋɾɲɻɲ Ɍʆɾʓʇɶɺɲʃ 
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2.2.2.2 Ɍʅɲʅɺʄʅɺɻʓ Ɇɶɴʔɹɸ 

Ȼɻʂʋɳɶɺɲ ˜ ÎÎĥĖÀÎĴ˝ 

 Ȼɻʂʋɳɶɺɲ ˜ ÎÎĥĖÀÎĴ) ʀʂʋɷɶʅɲɺ ʅʀ ʄʅɲʅɺʄʅɺɻʑ ɽʔʅʂʀ ʁʀʆ ʆʁʀɼʀɴʋɷɶʅɲɺ ɲʁʑ ʅʀɾ

ʅʎʁʀ2.8 

΅‖”ʚ‍‐―‌ 
ῴ‡„†‛…ʚ‐‟΅‗–—ʙ ̈́”’–†―‖ʗ

 ʞ’‛‗‛
  Ȣ  

ɍʀ ʄʅɲʅɺʄʅɺɻʑ ɽʔɴɶɹʀʃ ɲʆʅʑ ɲʁɲɾʅʓ ʄʅɸɾɶʂʒʅɸʄɸ ˣɍɺ ʁʀʄʀʄʅʑ ʅʊɾ ʁʂʀɴɾʒʄɶʊɾ

ʅʀʆ ɽʀɾʅʔɼʀʆ ʕʅɲɾ ʀʂɹʔʃ˕ˤː Ɂ ɲɻʂʋɳɶɺɲ ʁɲʋʂɾɶɺ ʅɺɽʔʃ ʄʅʀ ɶʎʂʀʃ ˚ʴˋʵ˛ˋ ʑʁʀʆ ʅʀ ʵ

ɲʁʀʅɶɼɶʋ ʅɸɾ ɳʔɼʅɺʄʅɸ ʅɺɽʕː ɍʀ ʄʅɲʅɺʄʅɺɻʑ ɽʔɴɶɹʀʃ ɲʆʅʑ ɶʁɸʂɶʓɷɶʅɲɺ ʁʀɼʎ ɲʁʑ ʅɸɾ

ʄʆʈɾʕ ɲʁʀʆʄʋɲ ʅʀʆ ʄʁʓɾɺʀʆ ʇɲɺɾʀɽʔɾʀʆ ˜ʁːʈ ʈɺʀɾʑʁʅʊʄɸ ʄɶ ʁɶʂɺʀʈʕ ʈʊʂʋʃ ɶʆʂʎ

ʁɶɵʋʀ ʈɺʀɾʑʁʅʊʄɸʃ˝ 

 

 

Ⱦɶʋɻʅɸʃ Ɍʆʈɾʑʅɸʅɲʃ Ɇɶʂʀɼɸʉʋɲʃ ˜+M z ĚÎĆĖÙ˝ 

 ɉ ɵɶʋɻʅɸʃ ʄʆʈɾʑʅɸʅɲʃ ɽɶʂʀɼɸʉʋɲʃ ˜+M z˝ ʀʂʋɷɶʅɲɺ ɲʁʑ ʅʀɾʅʎʁʀ2.9 

ὄὍὃὛ 
ῴ‡„†‛…ʚ‐‟ ‐‡‏‐ʚ‟  ‡’‌‎‐”‘‛ʚ

ῴ‡„†‛…ʚ‐‟΅„†‛…ʚ‐‟
  Ȣ  

ˋɲʁɲɾʅʓ ʄʅɸɾ ɶʂʒʅɸʄɸ ˣɊʊʃ ʄʆɴɻʂʋɾɶʅɲɺ ɸ ʄʆʈɾʑʅɸʅɲ ʅʊɾ ʄʆɾʀɼɺɻʒɾ ˣɇȻɃˤ ɴɺɲ ʅʀ

ɽʀɾʅʔɼʀ ʄɶ ʄʈʔʄɸ ɽɶ ʅɲ ʄʆɾʀɼɺɻʓ ˣɇȻɃˤ ɴɺɲ ʅɲ ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲ˕ˤː ɉ ɵɶʋɻʅɸʃ

ɲʆʅʑʃ ʁɲʋʂɾɶɺ ʅɺɽʔʃ ʄʅʀ ɶʎʂʀʃ ˚ʴˋ̝Ð˝ˋ ɽɶ ʅʀ +M z =1 ɾɲ ɲʁʀʅɶɼɶʋ ʅɸɾ ɳʔɼʅɺʄʅɸ ʅɺɽʕː

Ƚɺɲ ʅɺʃ ʅɺɽʔʃ ɽɶɴɲɼʎʅɶʂɶʃ ʅʀʆ ʵˋ ʅɲ ɵɶɵʀɽʔɾɲ ʅʀʆ ɽʀɾʅʔɼʀʆ ʆʁɶʂɶɻʅɺɽʀʎɾ ʅɸ

ʄʆʈɾʑʅɸʅɲ ʅʀʆ ˣɇȻɃˤ ʅʀɾ ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾ ɻɲɺ ɲɾʅʋʄʅʀɺʈɲ ɴɺɲ ʅɺɽʔʃ

ɽɺɻʂʑʅɶʂɶʃ ʅʀʆ ʵˋ ʅɲ ɵɶɵʀɽʔɾɲ ʅʀʆ ɽʀɾʅʔɼɲ ʆʁʀɶɻʅɺɽʀʎɾ ʅɸ ʄʆʈɾʑʅɸʅɲ ʅʊɾ ˣɇȻɃˤ

ʅʊɾ ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾː ɉ ɵɶʋɻʅɸʃ ɲʆʅʑʃ ʑɽʊʃ ɵɶɾ ɵʋɾɶɺ ʁɼɸʂʀʇʀʂʋɶʃ ɴɺɲ ɻɲʅʓ

ʁʑʄʀ ʀɺ ʆʁʀɼʀɴɺʄɽʀʋ ʅʀʆ ɽʀɾʅʔɼʀʆ ɲɾʅɲʁʀɻʂʋɾʀɾʅɲɺ ʄʅɲ ʁʂɲɴɽɲʅɺɻʓ ɵɶɵʀɽʔɾɲː 

 

Ɋɺɹɲɾʑʅɸʅɲ Ȼɾʋʈɾɶʆʄɸʃ (Probability Of Detection) 

 Ɂ ʁɺɹɲɾʑʅɸʅɲ ɲɾʋʈɾɶʆʄɸʃ ( Probability  of Detection) ʀʂʋɷɶʅɲɺ ɽʔʄʊ ʅʀʆʅʎʁʀʆ

2.10 

ὖὕὈ 
ῴ‡„†‛…ʚ‐‟

ῴ‡„†‛…ʚ‐‟΅„†‛…ʚ‐‟
  ςȢ  
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ɻɲɺ ɲʁɲɾʅʓ ʄʅɸɾ ɶʂʒʅɸʄɸ ˣ ɍɺ ʁʀʄʀʄʅʑ ʅʊɾ ˣɇȻɃˤ ʅʊɾ ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾ

ʆʁʀɼʀɴʋʄɹɸɻɲɾ ʀʂɹʓ ʊʃ ˣɇȻɃˤ ɲʁʑ ʅʀ ɽʀɾʅʔɼʀ˕ˤː Ɂ sf2 ʁɲʋʂɾɶɺ ʅɺɽʔʃ ʄʅʀ ɶʎʂʀʃ

[0,+Ð̋ ˋ ˋɽɶ ɳʔɼʅɺʄʅɸ ʅɺɽʕ ʅʀ sf2 =1ː ɍʀʄʅɲʅɺʄʅɺɻʑ ɽʔʅʂʀ ɲʆʅʑ ɵɶʋʈɾɶɺ ɶʆɲɺʄɹɸʄʋɲ ʊʃ

ʁʂʀʃ ʅɺʃ ɶʆʄʅʀʈʋɶʃ ɻɲɺ ɲɴɾʀɶʋ ʅɲ ʉɶʆɵɶʋʃ ʄʆɾɲɴɶʂɽʀʋ ː 

Ʌʑɴʀʃ ɑɶʆɵʒɾ Ɋʂʀɴɾʒʄɶʊɾ ˜EÀúĚÙ úÀĖÿ vÀġíĆ˝ 

 ɉ ɼʑɴʀʃ ʉɶʆɵʒɾ ʁʂʀɴɾʒʄɶʊɾ ˜EÀúĚÙ Alarm  Ratio) ʀʂʋɷɶʅɲɺ ɽʔʄʊ ʅʀʆʅʎʁʀʆ

2.11 

ὊὃὙ 
ʚ‟  ‡’‌‎‐”‘‛ʚ‐‏‡‐ 

ῴ‡„†‛…ʚ‐‟ ‐‡‏‐ʚ‟  ‡’‌‎‐”‘‛ʚ
  Ȣ  

ɻɲɺ ɲʁɲɾʅʓ ʄʅɸɾ ɶʂʒʅɸʄɸ ˣɍɺ ʁʀʄʀʄʅʑ ʅʊɾ ˣɇȻɃˤ ɲʁʑ ʅɲ ɵɶɵʀɽʔɾɲ ʅʀʆ ɽʀɾʅʔɼʀʆˋ

ɵɶɾ ʄʆɾʔɳɸʄɲɾ ʄʅɸɾ ʁʂɲɴɽɲʅɺɻʑʅɸʅɲ˕ˤː ɉ FAR ʁɲʋʂɾɶɺ ʅɺɽʔʃ ʄʅʀ ɶʎʂʀʃ ˚ʴˋʵ˛ˋ ɽɶ

ɳʔɼʅɺʄʅɸ ʅɺɽʕ ɾɲ ɶʋɾɲɺ E v=ɹ ː ɉ E v ɶʋɾɲɺ ɶʆɲʋʄɹɸʅʀʃ ʄʅɲ ʉɶʆɵɶʋʃ ʄʆɾɲɴɶʂɽʀʋ ɻɲɺ

ɲɴɾʀɶʋ ʅɺʃ ɲʄʅʀʈʋɶʃː 

 

Ɋɺɹɲɾʑʅɸʅɲ ɑɶʆɵʒɾ Ɋʂʀɴɾʒʄɶʊɾ (Probability Of False Detection) 

 Ɂ ʁɺɹɲɾʑʅɸʅɲ ʉɶʆɵʒɾ ʁʂʀɴɾʒʄɶʊɾ  (Probability  of False Detection) ʀʂʋɷɶʅɲɺ

ɽʔʄʊ ʅʀʆʅʎʁʀʆ2.12 

ὖὕὊὈ 
 ʚ‟ „‡’‌‎‐”‘‛ʚ‐‏‡‐ 

΅‗–—ʙ ̈́”’–†―‖ʗ ʚ‟  ‡’‌‎‐”‘‛ʚ‐‏‡‐ 
  Ȣ  

ɻɲɺ ɲʁɲɾʅʓ ʄʅɸɾ ɶʂʒʅɸʄɸ ˣ ɍɺ ʁʀʄʀʄʅʑ ʅʊɾ ˣɉɐɃˤ ʅʊɾ ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾˋ

ɲɾʅɺʄʅʀɺʈʀʎɾ ʄɶ ʁɶʂɺʁʅʒʄɶɺʃ ʁʀʆ ɼɲɾɹɲʄɽʔɾɲ ʁʂʀɳɼʔʇɹɸɻɲɾ ɲʁʑ ʅʀ ɽʀɾʅʔɼʀ ʊʃ

ˣɇȻɃˤ˕ˤː Ɂ sfE2 ʁɲʋʂɾɶɺ ʅɺɽʔʃ ʄʅʀ ɶʎʂʀʃ ʅɺɽʒɾ ˚ʴˋʵ˛ ɽɶ ɳʔɼʅɺʄʅɸ ʅɺɽʕ sfE2=0.  Ɂ 

POFD ɶʋɾɲɺ ɶʆɲʋʄɹɸʅɸ ʄʅɸɾ ʁɲʂʀʆʄʋɲ ʉɶʆɵʒɾ ɹɶʅɺɻʒɾ ɻɲɺ ɵɶɾ ɼɲɽɳʓɾɶɺ ʆʁʑʉɺɾ ʅɺʃ

ɲʄʅʀʈʋɶʃː 

Ɋʀʄʀʄʅʑ ɶʁɺʅʆʈɺʒɾ ˜zĥÎÎÙĚĚ vÀġíĆ˝ 

 ɍʀʁʀʄʀʄʅʑ ɶʁɺʅʆʈɺʒɾ ˜ Success Ratio) ʀʂʋɷɶʅɲɺ ɲʁʑ ʅʀɾʅʎʁʀ2.13 

ὛὙ  
ῴ‡„†‛…ʚ‐‟

ῴ‡„†‛…ʚ‐‟ ‐‡‏‐ʚ‟ „‡’‌‎‐”‘‛ʚ
  Ȣ  

ɻɲɺ ɲʁɲɾʅʓ ʄʅɸɾ ɶʂʒʅɸʄɸ ˣɍɺ ʁʀʄʀʄʅʑ ʅʊɾ ˣɇȻɃˤ ʄʅʀ ʁɶʋʂɲɽɲ ʅʀʆ ɽʀɾʅʔɼʀʆ

ʁʂɲɴɽɲʅɺɻʓ ʁɲʂɲʅɸʂʕɹɸɻɲɾ˕ˤː ɍʀ zv ʁɲʋʂɾɶɺ ʅɺɽʔʃ ʄʅʀ ɶʎʂʀʃ ˚ʴˋʵ˛ˋ ʑʁʀʆ ʅʀ ɳʔɼʅɺʄʅʀ

ɲʁʀʅʔɼɶʄɽɲ ɶʋɾɲɺ zv=1. ɍʀ zv ɶʋɾɲɺ ɶʆɲʋʄɹɸʅʀ ʄʅɲ ʉɶʆɵɶʋʃ ʄʆɾɲɴɶʂɽʀʋ ɻɲɺ ɲɴɾʀɶʋ

ʅɺʃ ɲʄʅʀʈʋɶʃː Ɍɸɽɲɾʅɺɻʑ ɶʋɾɲɺ ɶʁʋʄɸʃ ɾɲ ʄɸɽɶɺʊɹɶʋ ʑʅɺ ɺʄʈʎɶɺ zv = 1 ˟  FAR. 
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Ⱦɶʋɻʅɸʃ ɶʁɺʅʆʈʋɲʃ ʅʀʆ KÙíÓ÷Ù ˜ KÙíÓ÷Ù z÷íúú zÎĆĖÙ˝ 

 ɉɵɶʋɻʅɸʃ ɶʁɺʅʆʈʋɲʃ KÙíÓ÷Ù (Doswell et al., 1990) ʆʁʀɼʀɴʋɷɶʅɲɺ ɲʁʑ ʅʀɾʅʎʁʀ

2.14 

ὌὛὛ 
ῴ‡„†‛…ʚ‐‟΅‗–—ʙ ̈́”’–†―‖ʗ ‌’‌‘‐’ʝ‘‐’‌ ‌‗–—ʙ ʚ

´  ‌’‌‘‐’ʝ‘‐’‌ ‌‗–—ʙ ʚ
  Ȣ   

ʝ“‛‡ ‌’‌‘‐’ʝ‘‐’‌ ‌‗–—ʙ ʚ

ρ

´

ῴ‡„†‛…ʚ‐‟΅„†‛…ʚ‐‟ῴ‡„†‛…ʚ‐‟ ‐‡‏ʙ Ὸ‐†―‖ʗ

΅‗–—ʙ ̈́”’–†―‖ʗ ΅„†‛…ʚ‐‟̈́ ‗–—ʙ ̈́”’–†―‖ʗ ʙ Ὸ‐†―‖ʗ‏‡‐ 
 

ɻɲɺ ɲʁɲɾʅʓ ʄʅɸɾ ɶʂʒʅɸʄɸ ˣɊʀɺɲ ɶʋɾɲɺ ɸ ɲɻʂʋɳɶɺɲ ʅʊɾ ɲʁʀʅɶɼɶʄɽʓʅʊɾ ʅʀʆ ɽʀɾʅʔɼʀʆ

ʄɶ ʄʈʔʄɸ ɽɶ ʅɸɾ ʅʆʈɲʋɲ ʁɺɹɲɾʑʅɸʅɲ˕ˤ ɉ HSS ʁɲʋʂɾɶɺ ʅɺɽʔʃ ʄʅʀ ɶʎʂʀʃ ˚- 1̀ ʵ˛ˋ ɽɶ ʅɸɾ

ʅɺɽʕ Kzz=1 ɶʋɾɲɺ ɸ ɳʔɼʅɺʄʅɸ ʅɺɽʕˋ ɶɾʒ ɸ ʅɺɽʕ Kzz=0 ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ɲʁʀʅʆʈʋɲ

ʁʂʑɴɾʊʄɸʃː ɒʃ ʅʆʈɲʋɲ ʁɺɹɲɾʑʅɸʅɲ ʀʂʋɷɶʅɲɺ ɸ ʁɺɹɲɾʑʅɸʅɲ ɽɺɲ ˣʁʂʑɴɾʊʄɸˤ ɾɲ ɶʋɾɲɺ

ʅʆʈɲʋɲ ʄʊʄʅʕː 

 

Ⱦɶʋɻʅɸʃ ɶʁɺʅʆʈʋɲʃ ʅʀʆ Gilbert ( Equitable Skill Score)  

 ɉ ɵɶʋɻʅɸʃɶʁɺʅʆʈʋɲʃ ʅʀʆ Gilbert (Gandin & Murphy, 1992) ʆʁʀɼʀɴʋɷɶʅɲɺ ɲʁʑ 

ʅʀɾ ʅʎʁʀ 2.15 

ὉὝὛ 
ῴ‡„†‛…ʚ‐‟ ῴ‡„†‛…ʚ‐‟ ʚ

ῴ‡„†‛…ʚ‐‟΅„†‛…ʚ‐‟ ‐‡‏‐ʚ‟  ‡’‌‎‐”‘‛ʚ ῴ‡„†‛…ʚ‐‟ ʚ 
  Ȣ  

ʝ“‛‡ ῴ‡„†‛…ʚ‐‟
†‡…‌ʚ‌

ρ

´
ῴ‡„†‛…ʚ‐‟΅„†‛…ʚ‐‟ῴ‡„†‛…ʚ‐‟ ‐‡‏ʙ Ὸ‐†―‖ʗ  

ɻɲɺ ɲʁɲɾʅʓ ʄʅɸɾ ɶʂʒʅɸʄɸ ˣɊʑʄʀ ɻɲɼʓ ʄʆʄʈɶʅʋɷʀɾʅɲɺ ʅɲ ˣɇȻɃˤ ʅʀʆ ɽʀɾʅʔɼʀʆ ʄʅɲ

ˣɇȻɃˤ ʅʊɾ ʁʂɲɴɽɲʅɺɻʒɾ ɵɶɵʀɽʔɾʊɾ ɼɲɽɳʓɾʀɾʅɲʃ ʆʁʑʉɺɾ ʅɸɾ ʁɺɹɲɾʑʅɸʅɲ ʅʆʈɲʋɲ

ʄʊʄʅʕʃ ˣʁʂʑɴɾʊʄɸʃˤ˕ˤːɉ ETS ʁɲʋʂɾɶɺ ʅɺɽʔʃ ʄʅʀ ɶʎʂʀʃ ˚ˋʵ˛ˋ ɽɶ ʅɸɾ ʅɺɽʕ 8¢z=1 ɶʋɾɲɺ

ɸ ɳʔɼʅɺʄʅɸ ʅɺɽʕˋ ɶɾʒ ɸ ʅɺɽʕ 8¢z=0 ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ɲʁʀʅʆʈʋɲ ʁʂʑɴɾʊʄɸʃː ɉ 8¢z

ɵɶʋʈɾɶɺ ɶʆɲɺʄɹɸʄʋɲ ʄʅɺʃ ɶʆʄʅʀʈʋɶʃˋ ɶɾʒ ɻɲɹʒʃ ɼɲɽɳʓɾɶɺ ʆʁʑʉɺɾ ʅɺʃ ɶʆʄʅʀʈʋɶʃ ɻɲɺ ʅɲ

ɑɶʆɵʕ ɲɼɸɹʕ ɻɲʅʓ ʅʀɾ ʋɵɺʀ ʅʂʑʁʀˋ ɵɶɾ ʁʂʀʄɵɺʀʂʋɷɶɺ ʅɸɾ ʁɸɴʕ ʅʀʆ ɼʓɹʀʆʃ ʁʀʆ

ʆʁʀɼʀɴʋɷɶɺː 
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Ʉɶʇʓɼɲɺʀ ʷ Ɍʆɾʀʁʅɺɻʕ ˖ Ⱦʆɾɲɽɺɻʕ ɲɾʓɼʆʄɸ

ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ 
 

 

3.1 ȿɺʄɲɴʊɴʕ 
ɍʀ ʇɲɺɾʑɽɶɾʀ ʁʀʆ ɶʁɸʂʔɲʄɶ ʅɸɾ ȿɼɼʓɵɲ ɻɲɺ ɻʆʂɺʑʅɶʂɲ ʅɲ ɸʁɶɺʂʊʅɺɻʓ ʅɸʃ

ʈʒʂɲʃˋ ʑʁʊʃ ɻɲɺ ɻʓʁʀɺɲ ɾɸʄɺʓ ʅʀʆ Ȼɺɴɲʋʀʆ ɲɼɼʓ ɻɲɺ ʅɸ Ʉʂʕʅɸ ɽɶ ɶʁʋɻɶɾʅʂʀ ʅɸɾ

Ȼʅʅɺɻʕˋ ȼʀɺʊʅʋɲ ɻɲɺ ȿʎɳʀɺɲ ʄʅɺʃ ʵʷ ɽɶ ʵʻ ɏɶɳʂʀʆɲʂʋʀʆ ʅʀʆ ʶʴʶʵ ʀɾʀɽʓʄʅɸɻɶ ɲʁʑ ʅʀ

Ȼʄʅɶʂʀʄɻʀʁɶʋʀ Ȼɹɸɾʒɾ ˣɆʕɵɶɺɲˤː ȿʋʈɶ ʈɲʂɲɻʅɸʂɺʄʅɺɻʔʃ ʔɾʅʀɾɶʃ ʈɺʀɾʀʁʅʒʄɶɺʃ ʄɶ

ɽɶɴʓɼʀ ɶʎʂʀʃ ʁɶʂɺʀʈʒɾ ʅɸʃ ʈʒʂɲʃ ɻɲɺ ɶʁɸʂʔɲʄɶ ʅʑʄʀ ʅɺʃ ɷʊʔʃ ʑʄʀ ɻɲɺ ʅɺʃ ɶʂɴɲʄʋɶʃ

ʅʊɾ ʁʀɼɺʅʒɾː Ɍʆɴɻɶɻʂɺɽʔɾɲ ʅʂɶɺʃ ʁʀɼʋʅɶʃ ʔʈɲʄɲɾ ʅɸ ɷʊʕ ʅʀʆʃ ɼʑɴʊ ʅɸʃ ɻɲɻʀɻɲɺʂʋɲʃ

(Welle (www.dw.com))ˋ ʇʂɲɴʕ ɵɸɽɺʀʆʂɴʕɹɸɻɶ ɲɻʑɽɲ ʄʅɺʃ ɹɲɼʓʄʄɺɶʃ ɻɲɺ ʀɵɺɻʔʃ

ʄʆɴɻʀɺɾʊɾʋɶʃˋ ɽɶ ɻʓʁʀɺʀʆʃ ɵʂʑɽʀʆʃ ɾɲ ʁɲʂɲɽʔɾʀʆɾ ɶɾʅɶɼʒʃ ɻɼɶɺʄʅʀʋ ɻɲɺ ʁʅʕʄɶɺʃ

ɾɲ ɲɻʆʂʒɾʀɾʅɲɺ ɼʑɴʊ ɻɲɺʂɺɻʒɾ ʄʆɾɹɸɻʒɾː ɍʔɼʀʃ ʁʂʀɻɼʕɹɸɻɶ ɵɺɲɻʀʁʕ ʂɶʎɽɲʅʀʃ ʄɶ

ɻʓʁʀɺɶʃ ʁɶʂɺʀʈʔʃ ɻɲɺ ʁʀɼɼʀʋ ʁʀɼʋʅɶʃ ɶɴɻɼʊɳʋʄɹɸɻɲɾ ʄʅɲ ʀʈʕɽɲʅɲ ʅʀʆʃː 

Ɍʎɽʇʊɾɲ ɽɶ ɵɶɵʀɽʔɾɲ ʅɸʃ ȿɹɾɺɻʕʃ Ɇɶʅɶʊʂʀɼʀɴɺɻʕʃ Ɏʁɸʂɶʄʋɲʃˋ ʑʁʊʃ ɻɲɺ ɲʁʑ

ɵɶɵʀɽʔɾɲ ʁʀʆ ʄʆɼɼʔʈɹɸɻɲɾ ɲʁʑ ʅʀɾ ʅʎʁʀ ɻɲɺ ʅɲ ɽʔʄɲ ɻʀɺɾʊɾɺɻʕʃ ɵɺɻʅʎʊʄɸʃ ʈɺʑɾɺʄɶ

ʄɶ ɽʋɲ ɶʆʂɶʋɲ ʁɶʂɺʀʈʕ ʅʀʆ ȿɼɼɸɾɺɻʀʎ ʈʒʂʀʆ ʑʁʊʃ ʇɲʋɾɶʅɲɺ ʄʅʀʄʈʕɽɲ ʷːʵ ɽɶ

ʈɺʀɾʀʁʅʒʄɶɺʃ ɾɲ ɶɽʇɲɾʋɷʀɾʅɲɺ ɲɻʑɽɲ ɻɲɺ ʄɶ ʁɶʂɺʀʈʔʃ ʑʁʊʃ ɸ Ʉʊʃ ɻɲɺ ɸ Ɍɻʎʂʀʃˋ ɸ

Ɍʓɽʀʃ ˋ ɸ Ɇʎɻʀɾʀʃ ɸ Ʉʂʕʅɸ ˜Ɍʅɲɹɽʑʃ ʅɸʃ Ɍʀʎɵɲʃ ɻɲɺ ʅʀʆ Ɂʂɲɻɼɶʋʀʆ˝ˋ ʁɶʂɺʀʈʔʃ ʁʀʆ

ʀɺ ʈɺʀɾʀʁʅʒʄɶɺʃ ɶʋɾɲɺ ʁʀɼʎ ʄʁʓɾɺɶʃ(Matzarakis et al., 2005)ː Ɍʅɺʃ ʵʹ ɻɲɺ16 

ɏɶɳʂʀʆɲʂʋʀʆ ʅɲ ʈɺʑɾɺɲ ʄɻʔʁɲʄɲɾ ʑɼʀ ʅʀ ɼɶɻɲɾʀʁʔɵɺʀ ˋ ɽɶ ʁʀɼʎ ɽɶɴʓɼɲ ʎʉɸ ʈɺʀɾɺʀʎ

ʄʅɸ ȼʀɺʊʅʋɲˋ ȿʎɳʀɺɲ ɻɲɺ Ȼʅʅɺɻʕˋ ɽɶ ʅɸɾ Ȼʅʅɺɻʕ ɾɲ ʔʈɶɺ ɻɲɼʆʇɹɶʋ ʄʅʀ ʈɺʑɾɺ ɽʔʈʂɺ ɻɲɺ

ʅɺʃ ɻɶɾʅʂɺɻʔʃ ɻɲɺ ʁɲʂɲɼɺɲɻʔʃ ʁɶʂɺʀʈʔʃː ɉɺ ɹɶʂɽʀɻʂɲʄʋɶʃ ʁɲʂʔɽɶɺɾɲɾ ʈɲɽɸɼʓ ɽɶ

ɲʁʀʅʔɼɶʄɽɲ ʅʀ ʈɺʑɾɺ ɾɲ ʁɲʂɲɽɶʋɾɶɺ ɲɾɲɼɼʀʋʊʅʀ ɶɺɵɺɻʓ ʄʅɲ ʁɺʀ ʀʂɶɺɾʓ ʄɸɽɶʋɲ ʅɸʃ

ʁɶʂɺʀʈʕʃː Ƚɶɾɺɻʑʅɶʂɲ ɸ ɵɺʓʂɻɶɺɲ ʅʊɾ ʈɺʀɾʀʁʅʒʄɶʊɾ ʕʅɲɾ ɽɶɴɲɼʎʅɶʂɸ ʄʅɺʃ ɳʑʂɶɺɶʃ

ɻɲɺ ɵʆʅɺɻʔʃ ʁɶʂɺʀʈʔʃ ɽɶ ɽʔɴɺʄʅʀ ʈʂʑɾʀ ʈɺʀɾʑʁʅʊʄɸʃ ɾɲ ɻɲʅɲɴʂʓʇɶʅɲɺ ʄʅɸ ɍɲɾʓɴʂɲ

ˋ ʑʁʀʆ ɻɲɺ ʈɺʑɾɺʄɶ ɴɺɲ ʸʶ ʒʂɶʃ ɲʁʑ ʅɺʃ ʵʹ ʔʊʃ ɻɲɺ ʅɺʃ ʵ6 ɏɶɳʂʀʆɲʂʋʀʆː˜Ɋɲʁɲʁʔʅʂʀʆ

̪ Ʉɲʂɲʅɲʂʓɻɸʃˋ ʶʴʶʵ˝.   

Ɍʅɸɾ ɲɾɲʇʀʂʓ ʅɸʃ ȿɆɎ ˜Ɋɲʁɲʁʔʅʂʀʆ ̪ Ʉɲʂɲʅɲʂʓɻɸʃˋ ʶʴʶʵ˝ ɲɾɲʇʔʂɶʅɲɺ ɲɻʑɽɲ ɻɲɺ ɸ

ɹɶʅɺɻʕ ɶʁʋɵʂɲʄɸ ʁʀʆɲɾɲɽʔɾɶʅɲɺ ɾɲ ʔʈɶɺ ʅʀ ʇɲɺɾʑɽɶɾʀˋ ɽɶ ʅɸ ʄʆɽɳʀɼʕ ʅʊɾ

ʈɺʀɾʀʁʅʒʄɶʊɾ ʄʅʀɾ ʆɵʂʀʇʑʂʀ ʀʂʋɷʀɾʅɲˋ ɻɲɹʒʃ ʑʁʊʃ ʁʂʀɲɾɲʇʔʂɹɸɻɶ ʅɲ ʈɺʑɾɺɲ ʄɶ

ʁʀɼɼʔʃ ʁɶʂɺʀʈʔʃ ʔɼɺʊʄɲɾ ɽɶ ʁʀɼʎ ɲʂɴʀʎʃ ʂʆɹɽʀʎʃˋ ɵʋɾʀɾʅɲʃ ʔʅʄɺ ʅɸɾ ɶʆɻɲɺʂʋɲ ʄʅʀ

ɾɶʂʑ ɲʁʑ ʅɸ ʅʕɿɸ ʅʀʆʃ ɾɲ ɵɺɶɺʄɵʎʄɶɺ ʄɶ ɽɶɴʓɼɲ ɳʓɹɸ ʄʅʀʆʃ ʆʁʑɴɶɺʀʆʃ ʆɵʂʀʇʀʂɶʋʃˋ

ɶɾɺʄʈʎʀɾʅɲʃ ʅɲ ʆɵʓʅɺɾɲ ɲʁʀɹʔɽɲʅɲ 
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3.2 ɏɲɺɾʑɽɶɾɲ ˜ɐɺʀɾʀʁʅʒʄɶɺʃ˝ 
ɍɲ ɵɶɵʀɽʔɾɲ ʁʀʆ ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ ɴɺɲ ʅʀɾ ʁʂʀʄɵɺʀʂɺʄɽʑ ɻɲɺ ʅɸ ɽɶɼʔʅɸ ʅʊɾ

ʈɺʀɾʀʁʅʒʄɶʊɾ ʁʂʀʕɼɹɲɾ ʅʑʄʀ ɲʁʑ ɵɶɵʀɽʔɾɲ ʅɸʃ ȿɆɎ ʑʄʀ ɻɲɺ ɲʁʑ ɵɶɵʀɽʔɾɲ ʁʀʆ

ʄʆɼɼʔʈɹɸɻɲɾ ʄʅɸ ʁɲʂʀʎʄɲ ɽɶɼʔʅɸ ɲʁʑ Ɇʔʄɲ Ɇɲɷɺɻʕʃ ɶɾɸɽʔʂʊʄɸʃ ˜ȿʇɸɽɶʂʋɵɶʃˋ

ɍɸɼɶʀʁʅɺɻʓ ʁʂʀɴʂʓɽɽɲʅɲˋ ɻːɲː˝ ɻɲɺ ɲʁʑ ʄɶɼʋɵɶʃ ɽʔʄʊɾ ɻʀɺɾʊɾɺɻʕʃ ɵɺɻʅʎʊʄɸʃː ɍɲ

ɵɶɵʀɽʔɾɲ ɵʋɾʀʆɾ ʅɸ ʁɲʂʀʆʄʋɲ ʈɺʀɾɺʀʎ ʄʅɺʃ ɶɻʓʄʅʀʅɶ ʁɶʂɺʀʈʔʃ ɻɲɺ ʑʈɺ ʅʀ ʎʉʀʃ ʅʊɾ

ʈɺʀɾʀʁʅʒʄɶʊɾ ɻɲɹʒʃ ɸ ȿɆɎ ɵɶɾ ɵɺʔɹɶʅɶ ɲʆʅʕ ʅɸ ʁɼɸʂʀʇʀʂʋɲ ɻɲɺ ɲʆʅʕ ʁʀʆ

ʄʆɼɼʔʈɹɸɻɶ ɲʁʑ ɺɵɺʒʅɶʃ ɻɲɺ ɻɲʅɲɴʂʓʇɸɻɶ ʄʅɺʃ ɶɾɲɼɼɲɻʅɺɻʔʃ ʁɸɴʔʃ ʁʀʆ

ɲɾɲʇʔʂɹɸɻɲɾ ɵɶɾ ɹɶʊʂʕɹɸɻɶ ɲɿɺʑʁɺʄʅɸ ɻɲɺ ʔʅʄɺ ɵɶɾ ʄʆɽʁɶʂɺɼʕʇɹɸɻɶ ʄʅɸ ʁɲʂʀʎʄɲ

ɶʂɴɲʄʋɲː 

ɉɺ ʈɺʀɾʀʁʅʒʄɶɺʃ ʁʀʆ ʁɲʂɲʅɸʂʕɹɸɻɲɾ ɻɲʅʓ ʅɸ ɵɺʓʂɻɶɺɲ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ʅɸʃ

Ɇʕɵɶɺɲ ɲɻʀɼʀʎɹɸʄɲɾ ʁʀʂɶʋɲ ɲʁʑ ʅɲ ȼʑʂɶɺɲ ʁʂʀʃ ʅɲ ɇʑʅɺɲ ʄʅɸ ʁʀʂɶʋɲ ʅʊɾ ʹ ɸɽɶʂʒɾ

ʁʀʆ ɵɺʕʂɻɸʄɶ ʅʀ ʇɲɺɾʑɽɶɾʀˋ ɽɶ ʅʀ ɽʔɴɺʄʅʀ ɴɶʊɴʂɲʇɺɻʑ ɶʎʂʀʃ ɾɲ ʁɲʂɲʅɸʂɶʋʅɲɺ ʅɺʃ

ɵʎʀ ʁʂʒʅɶʃ ɸɽʔʂɶʃ ʁʀʆ ʀɾʀɽʓʄʅɸɻɲɾ ɻɲɺ ʊʃ ˣʁʂʒʅɸ ʇʓʄɸˤ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɲʁʑ ʅʀ

Ɍʈʕɽɲ ʷː ɻɌʅɲɹɽʀʋ ʄʅʀʆʃ ʀʁʀʋʀʆʃ ɻɲʅɲɴʂʓʇɸɻɶ ʈɺʀɾʑʁʅʊʄɸ ʅɸɾ ʁɶʂʋʀɵʀ ʵʷ-ʵʻ˖ʴʶ˖ʶʴʶʵː ɉɺ ɽʊɳ ʈɺʀɾʀɾɺʇʓɵɶʃ ɲɾʅɺʄʅʀɺʈʀʎɾ
ʄɶ ɶʁʋʄɸɽʀʆʃ ʄʅɲɹɽʀʎʃ ʅɸʃ ȿɆɎ ʄʅʀʆʃ ʀʁʀʋʀʆʃ ʔʈɶɺ ɻɲʅɲɴʂɲʇɶʋ ʈɺʀɾʑʁʅʊʄɸˋ ɶɾʒ ʀɺ ɽʁɼɶ ʈɺʀɾʀɾɺʇʓɵɶʃ ɲɾʅɺʄʅʀɺʈʀʎɾ
ʄɶ ʈɺʀɾʑʁʅʊʄɸ ʁʀʆ ʔʈɶɺ ɻɲʅɲɴʂɲʇɶʋ ɲʁʑ ʅɸɾ ʁɲʂʀʎʄɲ ʔʂɶʆɾɲ ɽʔʄʊ ʅʊɾ_._.8. ɻɲɺ ʅʊɾ ɽʔʄʊɾ ɵɺɻʅʎʊʄɸʃː ɍʀ ʄɻʀʎʂʀ
ʁʂʓʄɺɾʀ ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʁɶʂɺʇʔʂɶɺɲ ʄʅɸɾ ʀʁʀʋɲ ɻɲʅɲɴʂʓʇɸɻɶ ʈɺʀɾʑʁʅʊʄɸː Ⱦɶɵʀɽʔɾɲ ˊ ȿɆɎ ̝ ɆɆȿ 
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Ȼʄʅɶʂʀʄɻʀʁɶʋʀ Ȼɹɸɾʒɾ˜Ʉɲʂɲɴɺɲɾɾʋɵɸʃ ̪ Ʌɲɴʀʆɳʓʂɵʀʃˋ ʶʴʶʵ˝ː Ɍʅɸ ɵɶʎʅɶʂɸ ʇʓʄɸ

ʁʀʆ ɶɻʅʆɼʋʈɹɸɻɶ ɻɲʅʓ ʅɺʃ ʅʂɶɺʃ ʅɶɼɶʆʅɲʋɶʃ ɸɽʔʂɶʃ ʅʀʆʇɲɺɾʀɽʔɾʀʆ ʀɺ ʈɺʀɾʀʁʅʒʄɶɺʃ

ɽɶʅɲɻɺɾʕɹɸɻɲɾ ɾʀʅɺʑʅɶʂɲ ɻɲɺ ɶʁɸʂʔɲʄɲɾ ɻɲɺ ʅɸ ʁʂʊʅɶʎʀʆʄɲː Ɍʅɸ ʇʓʄɸ ɲʆʅʕ

ʁɲʂɲʅɸʂʕɹɸɻɶ ɸ ɽɶɴɲɼʎʅɶʂɸ ʔɾʅɲʄɸ ʅʊɾ ʈɺʀɾʀʁʅʒʄɶʊɾ. ɍɲ ʇɲɺɾʑɽɶɾɲ ʄʅɸ ʇʓʄɸ

ɲʆʅʕ ʁɲʂɲʅɸʂʀʎɾʅɲɺ ɻʆʂʋʊʃ ʄʅɺʃ ʵʹ ɻɲɺ ʵʺ ɏɶɳʂʀʆɲʂʋʀʆː ɗɽʊʃ ʄʆɽʁɶʂɺɼɲɽɳʓɾɶʅɲɺ

ɻɲɺ ɸ ʵʻɸ ɏɶɳʂʀʆɲʂʋʀʆɻɲɹʒʃ ʄɶɽɶʂɺɻʔʃ ʁɶʂɺʀʈʔʃ ʀɺ ʈɺʀɾʀʁʅʒʄɶɺʃ ʄʆɾɶʈʋʄʅɸɻɲɾ

ɲɼɼʓ ɻɲɺ ʄɶ ʁʀɼɼʔʃ ʁɶʂɺʀʈʔʃ ʁɲʂʓ ʅɸɾ ʔɼɼɶɺʉɸ ʈɺʀɾʀʁʅʒʄɶʊɾ ɻɲʅɲɴʂʓʇɶʅɲɺ ɸ

ɵɺɲʅʕʂɸʄɸ ʅɸʃ ʈɺʀɾʀɻʓɼʆʉɸʃ ɼʑɴʊ ʈɲɽɸɼʒɾ ɹɶʂɽʀɻʂɲʄɺʒɾ ʁʀʆ ɵɶɾ ɶʁʔʅʂɶʉɲɾ ʄʅʀ

ʕɵɸ ʆʁʓʂʈʀɾ ʈɺʑɾɺ ɾɲ ɼɺʒʄɶɺː 

ɌʅʀɾɊʋɾɲɻɲ ʷːʵ  ʄʆɽɳʀɼʋɷʀɾʅɲɺ ɽɶ ʈɺʀɾʀɾɺʇʓɵɲ ʀɺ ʁɶʂɺʀʈʔʃ ʄʅʀʆʃ ʄʅɲɹɽʀʎʃ

ʅʊɾ ʀʁʀʋʊɾ ɸ ȿɆɎ ɻɲʅʔɴʂɲʉɶ ʈɺʀɾʑʁʅʊʄɸ ʄʅɺʃ ɲɾʅʋʄʅʀɺʈɶʃ ɸɽɶʂʀɽɸɾʋɶʃ ˜ʄʅʀ

ɶɻʓʄʅʀʅɶ ʶʸʊʂʀ ɲʁʑ ʴʴˊʴʴ ¦¢- ʔʊʃ ɻɲɺ ʶʷˊʹʽ ¦¢-˝ː ɉɺ ʄʅɲɹɽʀʋ ʄʅʀɾ ʁʋɾɲɻɲ ʔʈʀʆɾ

ɵɺɲʅɲʈɹɶʋ ɻɲʅʓ ʇɹʋɾʀɾ ɴɶʊɴʂɲʇɺɻʑ ʁɼʓʅʀʃˋʁʀʆ ɶʁɺʅʂʔʁɶɺ ɾɲ ʁɲʂɲʅɸʂɸɹɶʋ ɶʎɻʀɼɲ

ɸ ʁʂʀɲɾɲʇɶʂɹɶʋʄɲ ˣɽɶʅɲɻʋɾɸʄɸˤ ʅʊɾ ʇɲɺɾʀɽʔɾʊɾ ɲʁʑ ʅɲ ɳʑʂɶɺɲ ʁʂʀʃ ʅɲ ɾʑʅɺɲ ʅɸʃ

ʈʒʂɲʃ ʄʅɸ ɵɺʓʂɻɶɺɲ ʅɸʃ ɻɲɻʀɻɲɺʂʋɲʃː Ɋɲʂɲʅɸʂɶʋʅɲɺ ʑʅɺ ʀɼɺɻʑʃ ʁɲɴɶʅʑʃ

ʁɲʂʀʆʄɺʓɷɶʅɲɺ ɽʑɾʀ ʄʅɸɾ ʁʂʒʅɸ ʇʓʄɸ ʅʀʆ ɵɶɵʀɽʔɾʀʆ ʄʅɸɾ ɳʑʂɶɺɲ ȿɼɼʓɵɲ ɻɲɺ ɶɾʒ 

ʀɺ ɹɶʂɽʀɻʂɲʄʋɲ ʁɲʂɲɽʔɾɶɺ ʈɲɽɸɼʕ ˜ɻʓʅʊ ʅʊɾ ʼʀ C ˝ ɴɺɲ ʑɼɶʃ ʅɺʃ ʁɶʂɺʁʅʒʄɶɺʃˋ ʄʅɸɾ

ɾʑʅɺɲ ȿɼɼʓɵɲˋ ɴɺɲ ʅʀ ɵɶʎʅɶʂʀ ʄɻʔɼʀʃ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɵɶɾ ɻɲʅɲɴʂʓʇɸɻɶ ɻɲɾ ʁɲɴɶʅʑʃ

ɽɶ ʅɺʃ ɶɼʓʈɺʄʅɶʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ɾɲ ʁɲʂɲɽʔɾʀʆɾ ʓɾʊ ʅʊɾ ʴʀ C. 

 

 

Ɋʋɾɲɻɲʃ ʷː ɻ Ɍʅɲɹɽʀʋ ʅɸʃ ȿɆɎ ʄʅʀʆʃ ʀʁʀʋʀʆʃ ɻɲʅɲɴʂʓʇɸɻɶ ʈɺʀɾʑʁʅʊʄɸ ɻɲʅʓ ʅɸ ɵɺʓʂɻɶɺɲ ʅʀʆ
ʇɲɺɾʀɽʔɾʀʆ ˣɆʕɵɶɺɲˤ ɻɲɺ ɸ ɶɼʓʈɺʄʅɸ ɻɲɺ ɽʔɴɺʄʅɸ ɹɶʂɽʀɻʂɲʄʋɲ ʁʀʆ ɻɲʅɲɴʂʓʇɸɻɶː ɉɺ ʄʆɾʅɶʅɲɴɽʔɾɶʃ
ʅʊɾ ʄʅɲɹɽʒɾ ɲʆʅʒɾ ʈʂɸʄɺɽʀʁʀɺʕɹɸɻɲɾ ɻɲɺ ɴɺɲ ʅɸɾ ʄʆɾʀʁʅɺɻʕ ɲɾʓɼʆʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆː ɉɺ ɽʁɼɶ
ʈɺʀɾʀɾɺʇʓɵɶʃ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄɶ ʁɶʂɺʁʅʒʄɶɺʃ ʀɼɺɻʀʎ ʁɲɴɶʅʀʎˋ ʀɺ ɴɻʂɺ ʄɶ ʁɶʂɺʁʅʒʄɶɺʃ ʁɲɴɶʅʀʎˋ ɻɲɺ ʀɺ
ɻʑɻɻɺɾɶʃ ʄɶ ʁɶʂɺʁʅʒʄɶɺʃ ʑʁʀʆ ʀɺ ɹɶʂɽʀɻʂɲʄʋɶʃ ʁɲʂʔɽɶɺɾɲɾ ʓɾʊ ʅʊɾ ʴʀ- Ⱦɶɵʀɽʔɾɲ ˊ ȿɆɎ 
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Ɍʅʀʄʈʕɽɲ 3.1 ʇɲʋɾʀɾʅɲɺ ʀɺ ʁɶʂɺʀʈʔʃ ʄʅɺʃ ʀʁʀʋɶʃ ɻɲʅɲɴʂʓʇɸɻɶ ʈɺʀɾʑʁʅʊʄɸ

ɲɾɲ ɸɽʔʂɲ ɻɲɺ ʁʓɼɺ ʑʁʊʃ ɻɲɺ ʁʂɺɾ ɲɼɼʓ ɽɶ ɵɶɵʀɽʔɾɲ ɲʁʑ ʑɼɶʃ ʅɺʃ ɵɺɲɹʔʄɺɽɶʃ ʁɸɴʔʃ

ʁʀʆ ɽɶɼɶʅʕɹɸɻɲɾː Ɇɶ ɻʑɻɻɺɾɸ ʈɺʀɾʀɾɺʇʓɵɲ ʄʆɽɳʀɼʋɷʀɾʅɲɺ ʅɲ ɵɶɵʀɽʔɾɲ ʁʀʆ

ɻɲʅɲɴʂʓʇɸɻɲɾ ɲʁʑ ʅɸɾ ȿɆɎ ɶɾʒ ɽɶ ɽʁɼɶ ʈɺʀɾɺʇʓɵɲ ʅɲ ɵɶɵʀɽʔɾɲ ɲʁʑ ʅɺʃʆʁʑɼʀɺʁɶʃ

ʁɸɴʔʃː Ɍʅɺʃ ʵʷ ɏɶɳʂʀʆɲʂʋʀʆ ʀɺ ʁɶʂɺʄʄʑʅɶʂɶʃ ʁɲʂɲʅɸʂʕʄɶɺʃ ʄʆɴɻɶɾʅʂʒɾʀɾʅɲɺ ʄʅɸ

ȼʑʂɶɺɲ ȿɼɼʓɵɲ ɻɲɺ ɺɵɺɲʋʅɶʂɲ ʄʅɸ ʁɶʂɺʀʈʕ ʅɸʃ ɂɶʄʄɲɼʀɾʋɻɸʃ ɻɲɺ ʅɸʃ ʆʁʑɼʀɺʁɸʃ

Ɇɲɻɶɵʀɾʋɲʃː ɐɺʀɾʀʁʅʒʄɶɺʃ ʑɽʊʃ ɻɲʅɲɴʂʓʇʀɾʅɲɺ ɻɲɺ ʄʅʀɾ ɔɳʂʀˋ ʅɸɾ ɕʁɶɺʂʀˋ ʅɸ

ɂɶʄʄɲɼʋɲ ɲɼɼʓ ɽʔʈʂɺɻɲɺ ʅɸ ɳʀʂɶɺʑʅɶʂɸ ʁɶʂɺʀʈʕ ʅɸʃ Ɍʅɶʂɶʓʃ ȿɼɼʓɵɲʃː Ɍʅɺʃ ʵʸ

ɏɶɳʂʀʆɲʂʋʀʆ ɶʋɾɲɺ ɶɽʇɲɾʔʃ ʑʅɺ ʀɺ ʁɶʂɺʀʈʔʃ ɽɶ ʈɺʀɾʀʁʅʒʄɶɺʃ ɶʁɶɻʅʓɹɸɻɲɾ ɽɶ

ʁɶʂɺʄʄʑʅɶʂɶʃ ɻɲʅɲɴʂɲʇʔʃ ʈɺʀɾʀʁʅʒʄɶʊɾ ʄʅɺʃ ʁɶʂɺʀʈʔʃ ʑʁʀʆ ʈʋʀɾɺʄɶ ɻɲɺ ʄʅɺʃ ʵʷ

ɏɶɳʂʀʆɲʂʋʀʆ ɲɼɼʓ ɻɲɺ ɽɶ ɾʔɶʃ ʁɶʂɺʀʈʔʃ ɾɲ ɻɲʅɲɴʂʓʇʀʆɾ ʈɺʀɾʀʁʅʒʄɶɺʃ ʑʁʊʃ ɸ ɾʑʅɺɲ

Ɍʅɶʂɶʓ ȿɼɼʓɵɲˋ ɸ ȿʎɳʀɺɲ ɲɼɼʓ ɲɻʑɽɲ ɻɲɺ ɻʓʁʀɺɲ ɾɸʄɺʓ ʅʀʆ ɳʀʂɶʋʀʆ Ȼɺɴɲʋʀʆˋ ʑʁʊʃ ɸ

Ʌʕɽɾʀʃˋ ɸ Ɍɻɺʓɹʀʃ ɻɲɺ ɸ ɂʓʄʀʃː Ɍʅɺʃ ʵʹ ɏɶɳʂʀʆɲʂʋʀʆ ɿɶɻɺɾʓ ɸ ɵɶʎʅɶʂɸ ʇʓʄɸ ʅʀʆ

ʇɲɺɾʀɽʔɾʀʆ ɻɲɺ ɲʆʅʑ ɶʋɾɲɺ ʇɲɾɶʂʑ ɻɲɺ ʄʅʀʄʈʕɽɲ ʷːʵˋ ɼɺɴʑʅɶʂɶʃ ɻɲʅɲɴʂɲʇʔʃ 

ʈɺʀɾʀʁʅʒʄɶʊɾ ɴʋɾʀɾʅɲɺ ʄʅɸ ɳʑʂɶɺɲ ȿɼɼʓɵɲ ɲɾ ɻɲɺ ɲɻʑɽɲ ʆʁʓʂʈʀʆɾ ɻʓʁʀɺɶʃ

ɺɵɺɲʋʅɶʂɲ ʄʅɲ ɳʀʂɶɺʀɵʆʅɺɻʓː ɉɺ ʁɶʂɺʄʄʑʅɶʂɶʃ ʈɺʀɾʀʁʅʒʄɶɺʃ ɻɲʅɲɴʂʓʇʀɾʅɲɺ ʄʅɸɾ

Ȼʅʅɺɻʕˋ ʅɸ ȼʀɺʊʅʋɲ ɻɲɺ ʅɸɾ ȿʎɳʀɺɲː Ʉʓʁʀɺɶʃ ʈɺʀɾʀʁʅʒʄɶɺʃ ʑɽʊʃ ɻɲʅɲɴʂʓʇʀɾʅɲɺ ɻɲɺ

ɾʀʅɺʑʅɶʂɲˋ ʄʅɸɾ Ɋɶɼʀʁʑɾɾɸʄʀ ɲɼɼʓ ɲɻʑɽɲ ɻɲɺ ʄʅɸɾ Ʉʂʕʅɸː ȿʋɾɲɺ ʄɸɽɲɾʅɺɻʑ ʄɶ ɲʆʅʑ

ʅʀ ʄɸɽɶʋʀ ɾɲ ɻɲʅɲɴʂɲʇɶʋ ʑʅɺ ʀɺ ʄʅɲɹɽʀʋ ʅɸʃ ȿɆɎ ʄʅɸɾ Ʉʂʕʅɸ ɵɶɾ ɻɲʅʔɴʂɲʉɲɾ ɲɻʑɽɲ

ʈɺʀɾʀʁʅʒʄɶɺʃ ɻɲɺ ʅɲ ɵɶɵʀɽʔɾɲ ʁʂʀʔʂʈʀɾʅɲɺ ɽʑɾʀ ɲʁʑ ʅɺʃ ɶɾɲɼɼɲɻʅɺɻʔʃ ʁɸɴʔʃː Ɇʋɲ

ɲʁʑ ʅɺʃ ɻʆʂɺʑʅɶʂɶʃ ɲɺʅʋɶʃ ɴɺɲ ɲʆʅʑ ɶʋɾɲɺ ʑʅɺ ʀɺ ʈɺʀɾʀʁʅʒʄɶɺʃ ɲʆʅʔʃ ɻɲʅɲɴʂʓʇɸɻɲɾ

ɲʁʑ ɺɵɺʒʅɶʃ ʄɶ ʀʂɶɺɾʓ ʈʊʂʋɲ ɻɲɺ ʑʈɺ ʄʅɺʃ ɽɶɴʓɼɶʃ ʁʑɼɶɺʃ ʅʀʆ ɾɸʄɺʀʎː Ɍʅɺʃ ʵʺ

ɏɶɳʂʀʆɲʂʋʀʆ ʀɺ ʈɺʀɾʀʁʅʒʄɶɺʃ ʁɶʂɺʀʂʋɷʀɾʅɲɺ ʄɶ ʔɻʅɲʄɸ ɲɼɼʓ ʄʎɽʇʊɾɲ ɽɶ ʅɸɾ ȿɆɎ

˜Ɋɲʁɲʁʔʅʂʀʆ ̪ Ʉɲʂɲʅɲʂʓɻɸʃˋ ʶʴʶʵ˝ ɸ ʔɾʅɲʄɸ ʅʀʆʃ ɶʋɾɲɺ ɸ ɽʔɴɺʄʅɸː ɉɺ ʈɺʀɾʀʁʅʒʄɶɺʃ

ɻɲʅɲɴʂʓʇʀɾʅɲɺ ɻʆʂʋʊʃ ʄʅɸɾ Ȼʅʅɺɻʕ ɽɶ ɻʓʁʀɺɶʃ ɾɲ ɶɻʅɶʋɾʀɾʅɲɺʄʅɸ ȼʀɺʊʅʋɲ ɻɲɺ ʅɸɾ

ȿʎɳʀɺɲː Ɍʅɲ ɾɸʄɺʓ ʅɸʃ ʈʒʂɲʃ ʈɺʀɾʀʁʅʒʄɶɺʃʆʁʓʂʈʀʆɾ ʄʅʀ ɻɶɾʅʂɺɻʑ ɻɲɺ ʄʅʀ ɾʑʅɺʀ

Ȼɺɴɲʋʀ ˜Ɍɻʎʂʀʃˋ ɐʋʀʃˋ Ɇʎɻʀɾʀʃˋ Ʉʊʃ ɻɲɺ ɋʑɵʀʃ˝ˋ ʑʁʊʃ ɻɲɺ ʄʅɸɾ Ʉʂʕʅɸˋ ʑʁʀʆ

ʈɺʀɾʀʁʅʒʄɶɺʃ ɻɲʅɲɴʂʓʇʀɾʅɲɺ ʅʒʂɲ ɻɲɺ ɲʁʑ ʅʀʆʃ ʄʅɲɹɽʀʎʃ ʅɸʃ ȿɆɎˋ ɻɲɺ ɲɾɲʇʔʂɶʅɲɺ

ʑʅɺ ʆʁʕʂʈɶ ʈɺʀɾʑʁʅʊʄɸ ɻɲɺ ɽʔʄɲ ʄʅɺʃ ʁʑɼɶɺʃ ɻɲɺ ɻʀɾʅʓ ʄʅɸ ɹʓɼɲʄʄɲː ɍʔɼʀʃˋ ʄʅɺʃ ʵʻ

ɏɶɳʂʀʆɲʂʋʀʆˋ ʅɲ ɵɶɵʀɽʔɾɲ ʁʂʀʔʂʈʀɾʅɲɺ ɽʑɾʀ ɲʁʑ ʄʅɲɹɽʀʎʃ ʅɸʃ ȿɆɎ ɻɲɺ

ɻɲʅɲɴʂʓʇʀɾʅɲɺ ʈɺʀɾʀʁʅʒʄɶɺʃ ɽʑɾʀ ʄʅɸɾ Ȼʅʅɺɻʕ ɻɲɺ ʄʅɸɾ Ʉʂʕʅɸ(ʄʅɸɾ ʁɼɶɺʀɾʑʅɸʅɲ

ʅʀʆʃ ɽʔʈʂɺ ʅɺʃ ʴʺˊʴʴ ¦¢-).  

ȿʋɾɲɺ ʄɸɽɲɾʅɺɻʑ ɾɲ ʄɸɽɶɺʊɹɶʋ ɸ ʔɼɼɶɺʉɸ ʈɺʀɾʀʁʅʒʄɶʊɾ ʄʅɸ ɵʆʅɺɻʕ ȿɼɼʓɵɲ

ɻɲɺ ʄʅɲ ɾɸʄɺʓ ʅʀʆ Ƀʀɾʋʀʆˋ ʄʅɲ ʀʁʀʋɲ ʀɺ ɻɲʅɲɴʂɲʇʔʃ ʅʊɾ ɸɽɶʂʒɾ ɲɾʔʇɶʂɲɾ ʕʁɺʀ ʔʊʃ

ɻɲɺ ɲʋɹʂɺʀ ɻɲɺʂʑ. Ɂ ɲɺʅʋɲ ɲʆʅʀʎ ɹɲ ɴʋɾɶɺ ɻɲʅɲɾʀɸʅʕ ʄʅɸ ʄʆɾʔʈɶɺɲˋ ɽɶ ʅɸɾ ɲɾʓɼʆʄɸ

ʅʀʆ ʇɲɺɾʀɽʔɾʀʆː 
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Ɍʅɲʄʈʕɽɲʅɲ ʷːʶ ɻɲɺ ʷːʷ ɶɽʇɲɾʋɷʀɾʅɲɺ ʅɲ ɻʎʂɺɲ ʈɲʂɲɻʅɸʂɺʄʅɺɻʓ ʅʀʆ

ʇɲɺɾʑɽɶɾʀʆ ɴɺɲ ʅɸ ʁɶʂɺʀʈʕ ʅɸʃ ȿɼɼʓɵɲʃ ɻɲɺ ʅɲ ʎʉɸ ʈɺʀɾɺʀʎ ʁʀʆ ɽɶʅʂʕɹɸɻɲɾ ɲʁʑ

ɺɵɺʒʅɶʃ ʄʅɸ ʁɶʂɺʀʈʕ ʅɸʃȻʅʅɺɻʕʃː ɍɲ ʄʈʕɽɲʅɲ ɲʆʅʓ ɵʋɾʀʆɾ ɽɺɲ ɶɺɻʑɾɲ ɴɺɲ ʅɸɾ ʔɾʅɲʄɸ

ʅʀʆ ʇɲɺɾʀɽʔɾʀʆˋ ʁʀʆ ɵɶɾ ɽʁʀʂɶʋ ɾɲ ʁɲʂɲʈɹɶʋ ɲʁʑ ʅɲ ɶʁʋʄɸɽɲ ɵɶɵʀɽʔɾɲ ʅɸʃ ȿɆɎː ɉɺ

ɲɾɲʇʀʂʔʃ ʆʉʒɾ ʈɺʀɾɺʀʎ ʔɴɺɾɲɾ ɲʁʑ ʁʀɼʋʅɶʃ ɻɲɺ ɵɶɾɹɶʊʂʀʎɾʅɲɺ ɲʁʀɼʎʅʊʃɲɻʂɺɳɶʋʃ, 

ɴɺ˫ ɲʆʅʑ ɵɶɾ ɼɲɽɳʓɾʀɾʅɲɺ ʆʁʑʉɺɾ ʄʅɸɾ ɲɾʓɼʆʄɸ ɲɼɼʓ ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʊʃ ɽʋɲ ɴɶɾɺɻʕ

ɶɺɻʑɾɲ ɴɺɲ ʅɸ ɻɲʅɲɾʑɸʄɸ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ ɲʁʑ ʅʀɾ ɲɾɲɴɾʒʄʅɸː 

 

 

 

 

 

 

 

 

 

 

Ɍʈʕɽɲ ʷː ʁȼɲʄɺɻʓ ʈɲʂɲɻʅɸʂɺʄʅɺɻʓ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆ Ɇʕɵɶɺɲ ʄɶ ʑɼɸ ʅɸɾ ȿɼɼʓɵɲː Ɋɸɴʕˊ 
https://northmeteo.gr  
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 Ɋɲʂʑʅɺ ɵɶɾ ʆʁʓʂʈʀʆɾ ʄʅʀɺʈɶʋɲ ɴɺɲ ʅʀ ʎʉʀʃ ʈɺʀɾɺʀʎ ɻɲɺ ʅɸɾ ɻɲʅɲɾʀɽʕ ɲʆʅʀʎˋ

ʆʁʓʂʈʀʆɾ ʄʅʀɺʈɶʋɲ ɴɺɲ ʅʀɾ ʆɶʅʑ ʁʀʆ ʁɲʂʀʆʄɺʓɷɶʅɲɺ ɻɲʅʓ ʅʀ ʇɲɺɾʑɽɶɾʀ ʄʅʀʆʃ ʄʅɲɹɽʀʎʃ

ʅɸʃː ɉɺɵɺɲɹʔʄɺɽɶʃɽɶʅʂʕʄɶɺʃ ʅʀʆ ʆɶʅʀʎ ɵɺɲʈʊʂʋɷʀɾʅɲɺ ʄɶ ʼ ɻɼʓʄɶɺʃ ɻɲɺ ʆʁʀɼʀɴʋɷɶʅɲɺ ɸ

ʄʆʈɾʑʅɸʅɲ ɶɽʇʓɾɺʄɸʃ ɻʓɹɶ ɻɼʓʄɸʃ ʄʅɺʃ ʁɲʂɲʅɸʂʕʄɶɺʃ ʅɸʃ ȿɆɎ(ʄʈʕɽɲ ʷːʸ). ȿʋɾɲɺ ɶɽʇɲɾʔʃ

ʑʅɺ ʷʸʽ ɲʁʑ ʅɺʃ ʁɲʂɲʅɸʂʕʄɶɺʃ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄʅɸɾ ʔɼɼɶɺʉɸ ʆɶʅʀʎˋ ɶɾʒ ɸ ɽɶɴɲɼʎʅɶʂɸ

ʄʆʈɾʑʅɸʅɲ ʁɲʂɲʅɸʂʕʄɶʊɾ ɽɶ ʆɶʅʑ ɳʂʋʄɻɶʅɲɺ ʄʅɸɾ ɻɼʓʄɸ ˜ʴ.1 , 1] mm/ 3hr, ɽɶ ɽʑɾʀ ʵʵ

ʁɲʂɲʅɸʂʕʄɶɺʃ ɾɲ ʆʁʓʂʈʀʆɾ ʓɾʊ ʅʊɾ ʺÿÿ.   

 

 

 

 

 

 

 

 

Ɍʈʕɽɲ ʷː ̫Ɇʔɴɺʄʅɲ ʎʉɸ ʈɺʀɾɺʀʎ ʄʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ Ȼʅʅɺɻʕʃ ɴɺɲ ʅɺʃ ʵʹ˖ʴʶ˖ʶʴʶʵ ɲʁʑ ɵɶɵʀɽʔɾɲ
ʁʀɼɺʅʒɾː Ɋɸɴʕˊ https://northmeteo.gr  
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Ɍʈʕɽɲ ʷː yɃʄʅʑɴʂɲɽɽɲ ɴɺɲ ɻɲʅɲɾʀɽʕ ʅʀʆ ʆɶʅʀʎ ʅʂɺʒʂʀʆ(ÿÿ/3ëĖ) ʄɶ ʼ
ɻɼʓʄɶɺʃ ʅʀʆ ʆɶʅʀʎː Ʉʓɹɶ ʈʂʒɽɲ ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ɽɺɲ ɻɼʓʄɸ ʅʀʆ ʆɶʅʀʎː
Ⱦɶɵʀɽʔɾɲ ˊ ȿɆɎ 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

 
33 

 
 

3.3 Ɍʆɾʀʁʅɺɻʕ Ȼɾʓɼʆʄɸ 

3.3.1 13/02/2021 
 H ʵʷ ɏɶɳʂʀʆɲʂʋʀʆ ʅʀʆ ʶʴʶʵ ɶʋɾɲɺ ʁʂʒʅɸɸɽʔʂɲ ʁʀʆ ɲɾɲɼʎɶʅɲɺ ʄɶ

ʄʎɾɵɶʄɸ ɽɶ ʅʀ ʇɲɺɾʑɽɶɾʀ ɶɾɵɺɲʇʔʂʀɾʅʀʃ ʅɸʃ ɶʂɴɲʄʋɲʃ ɲʆʅʕʃː ɗʁʊʃ ʇɲʋɾɶʅɲɺ ʄʅʀ

ʄʈʕɽɲ ʷːʹ, ʄʅɸɾ ɲʂʈʕ ʅɸʃ ɸɽʔʂɲʃˋ ʁɲʂɲʅɸʂɶʋʅɲɺ ɻʔɾʅʂʀ ʈɲɽɸɼʒɾ ʁɺʔʄɶʊɾ ʄʅɲ ɵʆʅɺɻʓ

ʅɸʃ Ɇɶʄʀɴɶʋʀʆˋ ʅʀ ʀʁʀʋʀ ʄʅɸ ʄʆɾʔʈɶɺɲ ɻɺɾɶʋʅɲɺ ʁʂʀʃ ʅɲ Ȼɾɲʅʀɼɺɻʓˋ ʇɹʓɾʀɾʅɲʃ ʄʅʀ 

Ƀʑɾɺʀ ʄʅɺʃ ʵʼ:00 ¦¢- ɽɶɶɼʓʈɺʄʅɸ ʁʋɶʄɸʄʅɲ ʵʴʵ1  ësÀː Ɋʓɾʊ ɲʁʑʅɸ ȼʑʂɶɺɲ ȿʆʂʒʁɸ

ɻɲɺ ʅɸ Ɍɻɲɾɵɺɾɲɳʋɲ ɶɽʇɲɾʋɷɶʅɲɺʔɾɲʃ ɲɾʅɺɻʆɻɼʒɾɲʃ ɽɶ ʅʀ ɻʔɾʅʂʀ ʅʀʆ ʁʓɾʊ ɲʁʑ ʅɸ 

ɾʑʅɺɲ ɇʀʂɳɸɴʋɲˋ ʀ ʀʁʀʋʀʃ ɶʁɶɻʅɶʋɾɶʅɲɺ ɾʀʅɺʑʅɶʂɲʄʅɲ ȼɲɼɻʓɾɺɲː Ɂ ʂʀʕ ʁʓɾʊ ɲʁʑ

ʅɸɾ ȿɼɼʓɵɲ ɶʋɾɲɺ ɲɾɲʅʀɼɺɻʕ-  ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʕˋ ɽɶ ʔɾɲ ɹɶʂɽʑ ɽʔʅʊʁʀ ɾɲ ˣʈʊʂʋɷɶɺˤ

ʅɸ ʈʒʂɲ ʄʅɲ ɵʎʀ ʄʅɺʃ ʵʼ:00 ¦¢-ˋ ɽɶ ʈɲɽɸɼʔʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ʄʅɸ ɳʑʂɶɺɲ ȿɼɼʓɵɲ ɻɲɺ

ɶɺɵɺɻʓ ʄʅʀ ʀʂɶɺɾʓˋ ʑʁʊʃ ʇɲʋɾɶʅɲɺ ɻɲɺ ʄʅʀʄʈʕɽɲ ʷːʺ ˋ ɻɲɺ ʆʉɸɼʑʅɶʂɶʃ ɹɶʂɽʀɻʂɲʄʋɶʃ

ʄʅɸ ɾʑʅɺɲ ȿɼɼʓɵɲː  

Ɍʈʕɽɲ ʷː ́ɐʓʂʅɶʃ ʁʋɶʄɸʃ ɶʁɺʇɲɾɶʋɲʃ ɴɺɲ ʅɺʃ ʵʷ˖ʴʶ˖ʶʴʶʵː ˜ɲ˝ ʴʴˊʴʴ¦¢-, ̃ ɳ˝ʴʺ:00¦¢-, (ɴ1̋2:00¦¢-, ˜ɵ˝18:00¦¢-.                                            
Ɋɸɴʕˊhttps://www.wetter3.de/archiv_ukmet_en.html  
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Ɍʅʀʄʈʕɽɲ ʷːʻ ɲʁɶɺɻʀɾʋɷɶʅɲɺ ɸ ɶɺɻʑɾɲ ʅɸʃ ɲʅɽʑʄʇɲɺʂɲʃ ʄʅɲ ʼʹʴ ësÀˋ ʑʁʀʆ 

ɶɽʇɲɾʋɷʀɾʅɲɺ ʅɲ ʄʆʄʅʕɽɲʅɲ ʁʀʆ ɲɾɲʇʔʂɹɸɻɲɾʄʅʀʆʃ ʈʓʂʅɶʃ ɶʁɺʇɲɾɶʋɲʃ ɶʋɾɲɺːɉɺ

ɹɶʂɽʀɻʂɲʄʋɶʃ ʄʅɲ ʼʹʴ ësÀ ɶʋɾɲɺ ʆʁʑ ʅʀʆ ɽɸɵɶɾʑʃ ʄʅʀ ɶʎʂʀʃ ʅʊɾ-ʶ ʔʊʃ ɻɲɺ- 5 oC 

ʄʅɸ ɳʑʂɶɺɲ ȿɼɼʓɵɲ ɶɾʒ ʄʅɸ ɾʑʅɺɲ ʀɺ ɹɶʂɽʀɻʂɲʄʋɶʃ ʁɲʂɲɽʔɾʀʆɾ ʁʓɾʊ ɲʁʑ ʴoC.  

Ɍʅʀʄʈʕɽɲ ʷːʼ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɸɾ ɺʄʀɳɲʂɺɻʕ ɶʁɺʇʓɾɶɺɲ ʅʊɾ ʹʴʴ ësÀ

ʁɲʂɲʅɸʂɶʋʅɲɺ ʅʀ ɳʀʂɶɺʑʅɶʂʀ ʈɲɽɸɼʑ ʁʓɾʊ ɲʁʑ ʅɸ ɾʑʅɺɲ ɋʊʄʋɲ ɻɲɺʅɸɾ ɉʆɻʂɲɾʋɲ ɽɶ

ɻʔɾʅʂʀ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɲ ʹʵʹʴ çēmˋ ʅʀ ʀʁʀʋʀ ɶɻʅɶʋɾɶʅɲɺ ɻɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ

Ȼɾɲʅʀɼɺɻʕ ȿʆʂʒʁɸːɍʀ ʈɲɽɸɼʑ ʅʊɾ ʆʉʒɾ ʅɸʃ ɋʊʄʋɲʃ-ɉʆɻʂɲɾʋɲʃ ʄʅɲ850- 500 hPa 

ʁʂʀɻɲɼɶʋ ɳʑʂɶɺɲ ʂʀʕ ʄʅɲ ɵʆʅɺɻʓ ʅʀʆˋ ɸ ʀʁʀʋɲ ɽɶʅɲʇʔʂɶɺ ʉʆʈʂʔʃ ɲʔʂɺɶʃ ɽʓɷɶʃ ʁʂʀʃ

ʅɲ ȼɲɼɻʓɾɺɲ ɻɲɺ ʅɸɾ ȿɼɼʓɵɲː ȿɾʒ ʀ ɲʆɼʒɾɲʃ ʅɸʃ Ɇɶʄʀɴɶʋʀʆ ˜ɵʋʁɼɲ ʄʅɸɾ Ɍɲʂɵɸɾʋɲ ˟

ʄʈʕɽɲ ʷːʼ˝ ʄʆɾɵʔɶʅɲɺ ɽɶ ʅʀ ʈɲɽɸɼʑ ʅɸʃ ɶʁɺʇʓɾɶɺɲʃ ʁʀʆ ʇɲʋɾɶʅɲɺ ʄʅʀʆʃ ʈʓʂʅɶʃ

ɽʔʄɸʃ ʁʋɶʄɸʃ ɶʁɺʇɲɾɶʋɲʃ ɹʓɼɲʄʄɲʃː 

ɍʀʄʈʕɽɲ ʷːʽ, ʁʀʆ ɲʁʀʅʆʁʒɾɶɺ ʅʀɾ ʓɾɶɽʀ ʄʅɸɾ ɺʄʀɳɲʂɺɻʕ ɶʁɺʇʓɾɶɺɲ ʅʊɾ ʷʴʴ

hPa, ʇɲʋɾɶʅɲɺ ɸ ɶʁɺʂʂʀʕ ʅʊɾ ɲɶʂʀʈɶɺɽʓʂʂʊɾ ʄʅɸɾ ʁɶʂɺʀʈʕ ɶɾɵɺɲʇʔʂʀɾʅʀʃː Ɍʅɺʃ ʵʷ

ɏɶɳʂʀʆɲʂʋʀʆˋ ʀ ʁʀɼɺɻʑʃ ɲɶʂʀʈɶʋɽɲʂʂʀʃ ˣɻɲʅɶɳɲʋɾɶɺˤ ʁʓɾʊ ɲʁʑ ʅɸ ɵʆʅɺɻʕ ȿʆʂʒʁɸ

ɻɲɺ ɻɺɾɶʋʅɲɺ ɽɶ ɵʆʅɺɻʀʎʃ ɲɾʔɽʀʆʃ ʁʓɾʊ ɲʁʑ ʅɲ ȼɲɼɻʓɾɺɲˋ ɲɻʀɼʀʆɹʒɾʅɲʃ ʅɸ ʂʀʕ ʁʀʆ

ʀʂʋɷɶɺ ʅʀ ʈɲɽɸɼʑ ʁʓɾʊ ɲʁʑ ʅɸ ɵʆʅɺɻʕ ɋʊʄʋɲː ɍʀ ɽʔɴɺʄʅʀ ʅʊɾ ɲɾʔɽʊɾ ɳʂʋʄɻɶʅɲɺ ɻɲɺ

ɲʆʅʑ ʁʓɾʊ ɲʁʑ ʅɲ ȼɲɼɻʓɾɺɲ ɽɶʅɺʃʅɺɽʔʃ ʅʊɾ ɲɾʔɽʊɾ ɾɲ ɿɶʁɶʂɾʀʎɾ ʅɲ ʺʴ ÿ˖Ě ɻɲɺ

ɾɲ ɲʆɿʓɾʀɾʅɲɺ ɻɲʅʓ ʅɸ ɵɺʓʂɻɶɺɲ ʅɸʃ ɸɽʔʂɲʃ. 

Ɍʈʕɽɲ ʷː ̋ɐʓʂʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ʶ ɽʔʅʂʊɾ ɲʁʑ
ʅɸɾ ɶʁɺʇʓɾɶɺɲ ʄɶɳɲɹɽʀʎʃ Ʉɶɼʄʋʀʆː ʵʷ˖ʴʶ˖ʶʴʶʵ
12:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ
ɲɾɲɼʎʄɶɺʃ 
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Ɍʅʀɾ ʈʓʂʅɸʅɸʃɵʆɾɲɽɺɻʕʃ ʅʂʀʁʑʁɲʆʄɸʃ (2 PVU ɽɶ1 PVU = 10- 6Kkg- 1m2s- 1) 

(Ɍʈʕɽɲ ʷːʵʴ ɲ̋ ʁɲʂʀʆʄɺʓɷɶʅɲɺ ɵʆɾɲɽɺɻʕ ɲɾʊɽɲɼʋɲ ʅɸʃ ʅʂʀʁʑʁɲʆʄɸʃ ɻɲɹʒʃ

ɻɲʅɲɴʂʓʇʀɾʅɲɺ ɽɺɻʂʓ ɴɶʊɵʆɾɲɽɺɻʓ ʎʉɸ ʄʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ ȿʆʂʒʁɸʃ ɽɶ ʅʀ ɶɼʓʈɺʄʅʀ

ɾɲ ɶɽʇɲɾʋɷɶʅɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ ɉʆɻʂɲɾʋɲ ɽɶ ʸʴʴʴ çēÿˋ ɲɼɼʓɻɲɺʈɲɽɸɼʓ ʎʉɸ ʁʓɾʊ

ɲʁʑ ʅɸ ɻɶɾʅʂɺɻʕ ȿʆʂʒʁɸ ɻɲɺ ʅɸɾ Ƀʅɲɼʋɲ ʄʅʀ ɶʎʂʀʃ ʅʊɾ ʺʴʴʴ-ʼʴʴʴ çēÿː Ɋɲʂʓɼɼɸɼɲ, 

ʁɲʂɲʅɸʂɶʋʅɲɺ ɽɶɴʓɼɸ ɻɼʋʄɸ ʅɸʃ ʅʂʀʁʑʁɲʆʄɸʃ ʄɶ ʄʈʔʄɸ ɽɶ ʅɺʃ ɴʎʂʊ ʁɶʂɺʀʈʔʃ ʁʀʆ

ɳʂʋʄɻʀɾʅɲɺ ʄɶ ʎʉɸ ʓɾʊ ʅʊɾ ʵʵʴʴʴ çēÿː Ȼʆʅʑ ʄɸɽɲʋɾɶɺ ʑʅɺ ʄʅɺʃ ʁɶʂɺʀʈʔʃ ɽɶ ʈɲɽɸɼʓ

ɴɶʊɵʆɾɲɽɺɻʓ ʎʉɸˋʄʅʂɲʅʀʄʇɲɺʂɺɻʑʃ ɲʔʂɲʃ ɽɶ ɽɶɴʓɼɶʃ ʅɺɽʔʃ ɵʆɾɲɽɺɻʀʎ

ʄʅʂʀɳɺɼɺʄɽʀʎ ɵɺɶɺʄɵʎɶɺ ʄʅɸ ʅʂʀʁʑʄʇɲɺʂɲ˜Ɋʆɹɲʂʀʎɼɸʃˋ ʶʴʶʴÌ˝ˋ ʑʁʀʆ ʄɶ

ɻɲʅʓɼɼɸɼɶʃ ʄʆɾɹʕɻɶʃ ɳɲʂʀɻɼɺɾɺɻʀʎ ʁɶʂɺɳʓɼɼʀɾʅʀʃˋ ʆʁʓʂʈɶɺ ɵʆɾɲʅʑʅɸʅɲ ɾɲ

ʀɵɸɴʕʄɶɺ ʄɶ ʄʆɾɹʕɻɶʃ ɳɲʂʀɻɼɺɾɺɻʕʃ ɲʄʅʓɹɶɺɲʃ(Hoskins et al., 1985)ː ɔʅʄɺ ɻɲɺ ʄʅɸ

ʁɲʂʀʎʄɲ ʁɶʂʋʁʅʊʄɸˋ ɸ ɲɾʊɽɲɼʋɲ ɶɾɺʄʈʎɶɺ ʅʀɾ ɲʆɼʒɾɲ ʉʆʈʂʀʎ ʁʆʂʕɾɲ ʁʓɾʊ ɲʁʑ

ʅɸ ɾʀʅɺʀɵʆʅɺɻʕ ɋʊʄʋɲ ʁʀʆ ɶʆɹʎɾɶʅɲɺ ɴɺɲ ʅɸ ɽɶʅɲɻʋɾɸʄɸ ʉʆʈʂʒɾ ɲɶʂʋʊɾ ɽɲɷʒɾ ʁʓɾʊ

ɲʁʑ ʅɸ ʁɶʂɺʀʈʕ ɶɾɵɺɲʇʔʂʀɾʅʀʃː  
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Ɍʈʕɽɲ ʷː ̒ɐʓʂʅɶʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʼʹʴësÀː ɉɺ ɼɶʆɻʔʃ ɴʂɲɽɽʔʃʆʁʀɵɸɼʒɾʀʆɾ ɺʄʀʏʉɶʋʃ ɲɾʓ ʶʴçēÿ. ɍɲ ɳɶɼʓɻɺɲ
ɲɾʅɺʄʅʀɺʈʀʎɾ ʄʅʀɾ ʓɾɶɽʀ ɻɲɺ ʅɲ ʈʂʒɽɲʅɲ ʆʁʀɵɸɼʒɾʀʆɾ ʅɸɾ ɹɶʂɽʀɻʂɲʄʋɲ ɲɾʓ4Ć-. Ɂ ɻʑɻɻɺɾɸ ɴʂɲɽɽʕ ɶʋɾɲɺ ɸ ɺʄʑɹɶʂɽʀʃ
ʅʊɾ ʴ Ć-. Ɂɽɶʂʀɽɸɾʋɲˊ ʵʷ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, (ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µEɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʈʕɽɲ ʷː ̓ɐʓʂʅɶʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʹʴʴësÀː ɉɺ ɼɶʆɻʔʃ ɴʂɲɽɽʔʃ ʆʁʀɵɸɼʒɾʀʆɾ ɺʄʀʏʉɶʋʃ ɲɾʓ ʹʴçēÿ. ɍɲ
ʈʂʒɽɲʅɲ ʆʁʀɵɸɼʒɾʀʆɾ ʅɸ ɹɶʂɽʀɻʂɲʄʋɲ ʄɶ ɳɲɹɽʀʎʃ Ʉɶɼʄʋʀʆ ɲɾʓ ʷĆ-. Ɂɽɶʂʀɽɸɾʋɲˊ ʵʷ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, 
(ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʈʕɽɲ ʷː ̔ɐʓʂʅɶʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʷʴʴësÀ. ɍɲ ɽʊɳ ɳʔɼɸ (ÌÀĖÌĚ) ɶʋɾɲɺ ʀ ʓɾɶɽʀʃ ɽɶ ʅɸɾ ɽʋɲ ɴʂɲɽɽʕ ɾɲ
ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʵʴ ÿ/Ě. ɍɲ ʈʂʒɽɲʅɲ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄʅʀɾ ʓɾɶɽʀ ɽɶʅɲʈʎʅɸʅɲ ɽɶɴɲɼʎʅɶʂɸ ʅʊɾ ʷʴ ÿ/Ě. Ɂɽɶʂʀɽɸɾʋɲˊ
ʵʷ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, (ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʅɸɾ ɻʓɹɶʅɸ ʅʀɽʕ ʅɸʃ ɲʅɽʑʄʇɲɺʂɲʃ ʁʓɾʊ ɲʁʑ ʅɸ ʁɶʂɺʀʈʕ ɶɾɵɺɲʇʔʂʀɾʅʀʃ

(Ɍʈʕɽɲ ʷːʵʴ ɳ˝ ɴɺɲ ʅɺʃ ɽɶʅɲɳɼɸʅʔʃ ʅʀʆ ɵʆɾɲɽɺɻʀʎ ʄʅʂʀɳɺɼɺʄɽʀʎ ɻɲɺ ʅɸʃ ɵʆɾɲɽɺɻʕʃ

ɹɶʂɽʀɻʂɲʄʋɲʃ ʁɲʂɲʅɸʂɶʋʅɲɺ ʑʅɺ ɸ ɵʆɾɲɽɺɻʕ ʅʂʀʁʑʁɲʆʄɸ ɳʂʋʄɻɶʅɲɺ ʁʓɾʊ ɲʁʑ ʅʀ

ɺʄʀɳɲʂɺɻʑ ɶʁʋʁɶɵʀ ʅʊɾ ʶʴʴ ësÀː Ɍʅɸɾ ʆʁʑɼʀɺʁɸ ʅʂʀʁʑʄʇɲɺʂɲ ʀɺ ʅɺɽʔʃ ʅʀʆ

ɵʆɾɲɽɺɻʀʎ ʄʅʂʀɳɺɼɺʄɽʀʎ ʁɲʂɲɽʔɾʀʆɾ ʄʅʀ ɽɶɴɲɼʎʅɶʂʀ ɽʔʂʀʃ ɹɶʅɺɻʔʃ ɻɲɺ ɽɶ ɽɺɻʂʑ

ʄʈɶʅɺɻʓ ɽʔʅʂʀ ˜å 0,75PVŰ ː Ɍʅɲ ɴɶʊɴʂɲʇɺɻʓ ɽʕɻɸ ʶʵːʽ ˟ʶʶˋʻ ȿˋ ɵʆʅɺɻʓ ɵɸɼɲɵʕ ʅɸʃ

Ȼʅʅɺɻʕʃ ɻɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ ɳʑʂɶɺɲ Ɋɶɼʀʁʑɾɾɸʄʀ ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ɽɶɴʓɼɶʃ ʅɺɽʔʃ

ɵʆɾɲɽɺɻʀʎ ʄʅʂʀɳɺɼɺʄɽʀʎ ʁʀʆʀʇɶʋɼʀɾʅɲɺ ʄʅɸɾ ɶʁʋɵʂɲʄɸ ʅɸʃ ʅʀʁʀɴʂɲʇʋɲʃˋ ɽɶ

ɻʓʁʀɺɶʃ ɲʁʑ ʅɺʃ ʅɺɽʔʃ ɾɲ ɽɸɾ ɶʋɾɲɺ ʁʂɲɴɽɲʅɺɻʔʃ ɻɲɹʒʃ ɶʋɾɲɺ ʄɶ ʄɸɽɶʋɲ ɽʔʄɲ ʄʅɸɾ

ʅʀʁʀɴʂɲʇʋɲ.  Ⱦɶɾ ʁɲʂɲʅɸʂɶʋʅɲɺʔɾʅʀɾɸɻʓɹʀɵʀʃ ʅɸʃ ʅʂʀʁʑʁɲʆʄɸʃ ʄʅɸɾ ɻɲʅʒʅɶʂɸ

ʅʂʀʁʑʄʇɲɺʂɲː 

 

ɉ ʓɾɶɽʀʃ ʄʅɲ ʼʹʴ ësÀ ʔʈɶɺ ɽɺɻʂʔʃ ʄʈɶʅɺɻʓ ʅɺɽʔʃˋ ɴʎʂʊ ʄʅɲ ʹ ˟ʵʴ ÿ˖Ě ɻɲɺ ɸ

ɻɲʅɶʎɹʆɾʄɸ ʅʊɾ ɲɾʔɽʊɾɶʋɾɲɺ ɲʁʑ ɵʆʅɺɻʔʃɵɺɶʆɹʎɾʄɶɺʃ. (Ɍʈʕɽɲ ʷːʵʵ ˜ɲ˝ ̪ ˜ɳ˝˝ː ɉ

ʓɾɶɽʀʃ ɻʀɾʅʓ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲ ɻɲɺ ʄʆɴɻɶɻʂɺɽʔɾɲ ʄʅʀ ʎʉʀʃ ʅʊɾ ʵʴÿ ˜Ɍʈʕɽɲ ʷːʵʵ ˜ɴ˝ ̪

Ɍʈʕɽɲ ʷːʵ ɹ˜ɲ˝ɐʓʂʅɸʃ ɴɶʊɵʆɾɲɽɺɻʀʎ ʎʉʀʆʃ ˜çēÿ) ʅɸʃ ɶʁɺʇɲɾɶʋɲʃ ɽɶ ɵʆɾɲɽɺɻʑ ʄʅʂʀɳɺɼɺʄɽʑ ʋʄʀ ɽɶ2s²¦ ˜ɵʆɾɲɽɺɻʕ
ʅʂʀʁʑʁɲʆʄɸ˝ː˜ɳ˝ Ʉʓɹɶʅɸ ʅʀɽʕ ɵʆɾɲɽɺɻʀʎ ʄʅʂʀɳɺɼɺʄɽʀʎ ˜s²¦) ɻɲɺ ɵʆɾɲɽɺɻʕʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ˜Ć-) ɴɺɲ ɴɶʊɴʂɲʇɺɻʑ ʁɼʓʅʀʃ
38.1ʀ ɇ ˜ʑʁʊʃ ʇɲʋɾɶʅɲɺ ʄʅʀɾ ʆʁɶʂʓɾʊ ʈʓʂʅɸ˝ Ɂ ʔɾʅʀɾɸ ʁʂʓʄɺɾɸ ɴʂɲɽɽʕ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɸʅɺɽʕ ɵʆɾɲɽɺɻʀʎ ʄʅʂɺɳɺɼɺʄɽʀʎ ɽɶ
ʅɺɽʕs² = 2 s²¦  Ɂɽɶʂʀɽɸɾʋɲˊ ʵʷ˖ʴʶ˖ʶʴʶʵ12:00¦¢-.  Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ ˜ɴ˝ Ⱦʀʂʆʇʀʂɺɻʕ ɶɺɻʑɾɲ
ʄʅʀ ɻɲɾʓɼɺ ʅʊɾ ʆɵʂɲʅɽʒɾ_zG µ² 6.2 ɽÿ Ɂɽɶʂʀɽɸɾʋɲˊ ʵʷ˖ʴʶ˖ʶʴʶʵ12:00¦¢-.  ȾɶɵʀɽʔɾɲˊíÌú ˜ĲÙÀġëÙĖ ĚĆæġĲÀĖÙĚĆúĥġíĆĀĚ˝ 
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˜ɵ˝̋ɶʋɾɲɺɲʁʑ ɵʆʅɺɻʔʃ ɵɺɶʆɹʎɾʄɶɺʃ ʄʅɸɾ Ⱦʆʅɺɻʕ ȿɼɼʓɵɲˋ ɶɾʒ ɶʋɾɲɺ ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʑʃ

ʄʅɲ ɳʑʂɶɺɲ ɻɲɺ ɺɵɺɲʋʅɶʂɲ ʄʅʀ ɳʑʂɶɺʀ Ȼɺɴɲʋʀ ʑʁʀʆ ʁɲʋʂɾɶɺ ɻɲɺ ʅɺʃ ɽʔɴɺʄʅɶʃ ʅɺɽʔʃ ʅʀʆ

ɴɺɲ ʅɸɾ ɸɽʔʂɲ ʁʀʆ ʇɹʓɾʀʆɾ ʔʊʃ ɻɲɺ ʵʹ ÿ˖Ě ɽɶʅʓ ʅɺʃ ʵʼ:00 UTC ˜ɵɶɾ ɵɶʋʈɾɶʅɲɺ˝. 

Ɍʎɽʇʊɾɲ ɽɶ ʅʀʄʈʕɽɲ ʷːʵ1 (ɶ)  ɴɺɲ ʅɸ ʵʷɸ ɏɶɳʂʀʆɲʂʋʀʆ ʅʀʆ ʶʴʶʵ ɵɶɾ ʁɲʂɲʅɸʂɶʋʅɲɺ

ʔɾʅʀɾɸ ɲʁʑɻɼɺʄɸ ʁʓɾʊ ɲʁʑ ʅɸɾ Ȼʅʅɺɻʕˋ ʅɸɾ ȿʎɳʀɺɲ ɻɲɺ ʅɸ ȼʀɺʊʅʋɲˋ ɲɼɼʓ

ʁɲʂɲʅɸʂɶʋʅɲɺ ʁʀɼʎ ɽɺɻʂʕ ʅɺɽʕ ʄʎɴɻɼɺʄɸʃ ˜å - 0.5 ā10- 4 s- 1). 
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Ɍʅʀ ʅɶʇʋɴʂɲɽɽɲ ʅʀʆʄʈʕɽɲʅʀʃ ʷːʵʶ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɺʃ ʴʴˊʴʴ ¦¢- ɴɺɲ ʅɺʃ ʵʷ

ɏɶɳʂʀʆɲʂʋʀʆ ʅʀʆ ʶʴʶʵ ʁɲʂɲʅɸʂɶʋʅɲɺ ʑʅɺɸɹɶʂɽʀɻʂɲʄʋɲ ɶʋɾɲɺ ɼʋɴʀ ɽɶɴɲɼʎʅɶʂɸ ʅʀʆ

ɽɸɵɶɾʑʃ ɻʀɾʅʓ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲː Ɍɶ ɽɶɴɲɼʎʅɶʂɲ ʎʉɸ ʁɲʂɲʅɸʂɶʋʅɲɺ ɽɺɻʂʕ ɲɾɲʄʅʂʀʇʕ

ɹɶʂɽʀɻʂɲʄɺʒɾ ɲʁʑ ʅʀ ɶʁʋʁɶɵʀ ʅʊɾ ʵʴʴʴ ësÀ ʔʊʃ ɻɲɺ ʅɲ ʽʹʴ ësÀˋ ʑʁʊʃ ɶʁʋʄɸʃ ɻɲɺ

ʄʅʀ ɶʁʋʁɶɵʀ ʅʊɾ ʽʴʴ ʔʊʃ ɻɲɺ ʼʹʴ ësÀː Ȼʆɿɸɽʔɾɸ ʆɴʂɲʄʋɲ ʁɲʂɲʅɸʂɶʋʅɲɺ ʄʅʀ ɶʁʋʁɶɵʀ

ʅʊɾ ʺʷʴ ɽɶ ʺʹʴ ësÀː Ɍʅʀ ɶʁʋʁɶɵʀ ʅʊɾ ʼʹʴ ësÀ ʁɲʂɲʅɸʂɶʋʅɲɺ ʔɾʅʀɾʀ ˣÌÀÎ÷íĀçˤ ʅʊɾ

ɲɾʔɽʊɾˋ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʉʆʈʂʕ ɽɶʅɲʇʀʂʓ˜ɀɺɲɻʑʁʀʆɼʀʃ ̪ ɏʂɲɴɻʀʎɼɸˋ ʶʴʵʹ˝ː Ȼʁʑ

ʅɺʃ ɻɲʅɲɻʑʂʆʇɶʃ ʅɺɽʔʃ ʄʅɸ ɳʑʂɶɺɲ ȿɼɼʓɵɲ ʄɶ ɴɶʊɴʂɲʇɺɻʑ ʁɼʓʅʀʃ 40.9ʀɇ Ɍ̃ʈʕɽɲ ʷːʵʷ) 

ʁɲʂɲʅɸʂʀʎɾʅɲɺ ʅʑʄʀ ʀɺ ʈɲɽɸɼʔʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ʆʁʑ ʅʀʆ ɽɸɵɶɾʑʃ ɻʀɾʅʓ ʄʅɸɾ

ɶʁɺʇʓɾɶɺɲ ʑʄʀ ɻɲɺɸɲʎɿɸʄɸ ʅʀʆ ʁʀʄʀʄʅʀʎ ʅɸʃ ʄʈɶʅɺɻʕʃ ʆɴʂɲʄʋɲʃ ʄʅɲ ɻɲʅʒʅɶʂɲ

ʄʅʂʒɽɲʅɲ ʅɸʃ ɲʅɽʑʄʇɲɺʂɲʃ ɽɶ ʅɸ ʁʀʂɶʋɲ ʅɸʃ ɸɽʔʂɲʃ ʄɶ ʑɼʀ ʅʀ ɶʎʂʀʃ ʅɸʃ

ɻɲʅɲɻʑʂʆʇɸʃ ʅʀɽʕʃː 

  

( )ʁ 

Ɍʈʕɽɲ ʷːʵʵ ɐʓʂʅɶʃ ɲɾʔɽʀʆ ʄʅɲ ʼʹʴ ësÀ ( (ɲ˝ ɻɲɺ ˜ɳ˝ ˝ ɻɲɺ ʄʅɲ ʵʴÿ ɲʁʑ ʅɸɾ ɶʁɺʇʓɾɶɺɲ( (ɴ˝ ɻɲɺ ˜ɵ˝ ˝. Ɂ ɽɺɲ ɴʂɲɽɽʕ ʄʅɲ
ɳɶɼʓɻɺɲ ˜ÌÀĖÌĚ) ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʵʴ ÿ/Ě. Ɂɽɶʂʀɽɸɾʋɲˊ ʵʷ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝,(ɴ˝ ʴʴ:00¦¢-, (ɳ˝ˋ˜ɵ˝12:00¦¢-. ˜ɶ˝ ɐʓʂʅɸʃ ɲʁʑɻɼɺʄɸʃ
ɲɾʔɽʀʆ ʁʓɾʊ ɲʁʑ ʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ ɻɶɾʅʂɺɻʕʃ ȿɼɼʓɵɲʃ ɴɺɲ ʅɺʃ ʵʶˊʴʴ¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʈʕɽɲ ʷːʵ ʁɍɶʇʋɴʂɲɽɽɲ ɴɺɲ ʅʀɾ ʄʅɲɹɽʑ ʅʀʆɲɶʂʀɵʂʀɽʋʀʆ ɂɶʄʄɲɼʀɾʋɻɸʃ ˜ZG¢z). 
Ɂɽɶʂʀɽɸɾʋɲˊ ʵʷ˖ʴʶ˖ʶʴʶʵ ʴʴ:00¦¢-ː Ɋɸɴʕˊ 
https://weather.uwyo.edu/upperair/sounding.html  

Ɍʈʕɽɲ ʷːʵ ̫ɀʊɾɺɻʔʃ ɻɲʅɲɻʑʂʆʇɶʃ ʅʀɽʔʃ ʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ˜ʄɻʋɲʄɸ ɲɾʓ ʹʀ-̋ ɻɲɺ ʅɸʃʄʈɶʅɺɻʕʃ ʆɴʂɲʄʋɲʃ ˜ɺʄʀʁɼɸɹɶʋʃ
ɲɾʓ ʵʴ̧˝ ʄʅʀ ɴɶʊɴʂɲʇɺɻʑ ʁɼʓʅʀʃ ʸʴːʽʀɇ ʄʅɺʃ ʵʷ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴˊʴʴ¦¢- ˜ɳ˝12:00¦¢- Ⱦɶɵʀɽʔɾɲˊ8-_µE 
ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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3.3.2  14/02/2021 
ɍɸ ɵɶʎʅɶʂɸɸɽʔʂɲ ɽɶɼʔʅɸʃ ʁʀʆ ɲʁʀʅɶɼɶʋ ɻɲɺ ʅɸ ʅɶɼɶʆʅɲʋɲɸɽʔʂɲ ʅɸʃ ʁʂʒʅɸʃ

ʇʓʄɸʃ ʅʀʆ ʇɲɺɾʀɽʔɾʀʆˋ ʄʅʀʆʃ ʈʓʂʅɶʃ ʁʋɶʄɸʃ ɶʁɺʇɲɾɶʋɲʃ ˜Ɍʈʕɽɲ ʷːʵʸ˝ ʅʀ ʈɲɽɸɼʑ

ʁʓɾʊ ɲʁʑʅʀ ɾʑʅɺʀ Ƀʑɾɺʀ ʄʆɾɶʈʋɷɶɺ ɾɲ ɽɶʅɲɻɺɾɶʋʅɲɺ ʁʂʀʃ ʅɲɲɾɲʅʀɼɺɻʓ ɽɶ ʅʀ ɻʔɾʅʂʀ

ʅʀʆ ɾɲ ʁɶʂɾʓ ʁʓɾʊ ɲʁʑ ʅʀ ɾʀʅɺʑʅɶʂʀ ʓɻʂʀ ʅɸʃ ȿɼɼɸɾɺɻʕʃ ʁɶʂɺʀʈʕʃ ɻɲɺ ʅɸɾ Ʉʂʕʅɸ. 

Ɂ ɹɶʂɽʀɳɲɹɽʋɵɲ ɶɾɺʄʈʎɶʅɲɺ ʄʅʀɾ ȿɼɼɲɵɺɻʑ ʈʒʂʀː ɉɺ ɹɶʂɽʀɻʂɲʄʋɶʃɽɶɺʒɾʀɾʅɲɺʄɶ ʑɼʀ

ʅʀ ɶʎʂʀʃ ʅɸʃ ɸʁɶɺʂʊʅɺɻʕʃ ʈʒʂɲʃˋ ɽɶʅɺɽʔʃ ɲɻʑɽɲ ɻɲɺ ɻʓʅʊ ʅʊɾ- 10 o- ʄʅɲ ɳʑʂɶɺɲ

ʅɸʃ ʈʒʂɲʃ ˜Ɍʈʕɽɲ ʷːʵʹ). Ɍʆɴɻɶɻʂɺɽʔɾɲ ʄʅɸɾ Ʉʀɷʓɾɸ ɸ ɹɶʂɽʀɻʂɲʄʋɲ ɵɶɾ ʆʁɶʂɳɲʋɾɶɺ

ʅʀʆʃ- 10ʀC ɻɲɹ˫ ʑɼɸ ʅɸɾ ɸɽʔʂɲˋ ʑʁʊʃ ɶʁʋʄɸʃ- 10ʀ C ɻɲʅɲɴʂʓʇʀɾʅɲɺ ʄʅɸɾ ɏɼʒʂɺɾɲ

ʄʅɺʃ ʴʷˊʴʴUTC, ʄʅɸɾ Ʉɲʄʅʀʂɺʓ ʄʅɺʃ ʴʺˊʴʴ UTC ɻɲɺ ʄʅɸɾ ɔɵɶʄʄɲ ʄʅɺʃ ʶʵˊʴʴUTC.  ɍʀ

ɻʔɾʅʂʀ ʆʉɸɼʒɾ ʁɺʔʄɶʊɾ ʁʀʆ ɳʂɺʄɻʑʅɲɾ ʁʓɾʊ ɲʁʑ ʅɸ ɳʑʂɶɺɲ ȿʆʂʒʁɸ ɽɶʅɲɻɺɾʕɹɸɻɶ

ɾʀʅɺʑʅɶʂɲ ʄʅɸɾ ɻɶɾʅʂɺɻʕ ȿʆʂʒʁɸːɉ ʄʆɾɵʆɲʄɽʑʃ ʅʊɾ ʆʉɸɼʒɾ ʁɺʔʄɶʊɾ ʄʅɲ ɳʑʂɶɺɲ

ɽɶ ʅɺʃ ʈɲɽɸɼʔʃ ʁɺʔʄɶɺʃ ʄʅɸɾ ɲɾɲʅʀɼɺɻʕ Ɇɶʄʑɴɶɺʀ ʁʂʀɻɲɼɶʋɳʀʂɶɺʀɲɾɲʅʀɼɺɻʕ ʂʀʕ ʁʀʆ

ɶʆɾʀɶʋ ʅɸ ɽɶʅɲɻʋɾɸʄɸ ʉʆʈʂʒɾ ɲɶʂʋʊɾ ɽɲɷʒɾ ɲʁʑ ɽɶɴɲɼʎʅɶʂɲ ɴɶʊɴʂɲʇɺɻʓ ʁɼʓʅɸ. 

 

 

Ɍʈʕɽɲ ʷːʵ yɐʓʂʅɶʃ ʁʋɶʄɸʃ ɶʁɺʇɲɾɶʋɲʃ ɴɺɲ ʅɺʃ ʵʸ˖ʴʶ˖ʶʴʶʵː ˜ɲ˝ ʴʴ:00¦¢-ˋ ˜ɳ˝ʴʺ:00¦¢-ˋ ˜ɴ˝ʵʶ:00¦¢-ˋ ˜ɵ˝ʵʼ:00UTC.                                            
Ɋɸɴʕˊ ëġġēĚˊ˖˖ĲĲĲːĲÙġġÙĖʷːÓÙ˖ÀĖÎëíı˗ĥ÷ÿÙġ˗ÙĀːëġÿú 
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Ɍʅɲ850 hPa (Ɍʈʕɽɲ ʷːʵʺ˝ ʅʀ ʈɲɽɸɼʑ ʅʊɾ ʆʉʒɾ ɶɽʇɲɾʋɷɶʅɲɺ ʁʓɾʊ ɲʁʑ ʅɸ

ɳʑʂɶɺɲ ȿɼɼʓɵɲ. Ɂ ɹɶʂɽʀɻʂɲʄʋɲ ʄʅʀ ɶʁʋʁɶɵʀ ɲʆʅʑ ʔʈɶɺ ʁʅʊʅɺɻʕ ʅʓʄɸ ɲʁʑ ʅɸɾ ɲʂʈʕ

ʅɸʃ ɸɽʔʂɲʃˋ ɽɶ ʅɸɾ ɺʄʑɹɶʂɽʀ ʅʊɾ ʴo- ɾɲ ɽɶʅɲɻɺɾɶʋʅɲɺɾʑʅɺɲ ʅɸʃ Ɋɶɼʀʁʀɾɾʕʄʀʆ ɽɶʅʓ

ʅɺʃ ʵʶ:00 ¦¢- ɻɲɺ ʅɺʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ʁʓɾʊ ɲʁʑ ʅɸɾ ɳʑʂɶɺɲ ȿɼɼʓɵɲ ɾɲɽɶɺʒɾʀɾʅɲɺ ʔʊʃ

ɻɲɺ ʅʀʆʃ- 14 o-ː ȿɽʇɲɾʕʃ ɶʋɾɲɺʅʀ ʈɲɽɸɼʑ ʅʊɾ ɴɶʊɵʆɾɲɽɺɻʒɾ ʆʉʒɾ ʄʅɸɾ ɋʊʄʋɲʅʀ 

ʀʁʀʋʀ ɶʁɸʂɶʓɷɶɺ ʅɸɾ ʁɶʂɺʀʈʕ ɶɾɵɺɲʇʔʂʀɾʅʀʃ ɻɲɹʒʃ ʀ ʄʆɾɵʆɲʄɽʑʃ ʅʀʆ ɽɶ ʅɸɾ ʂʓʈɸ

ʄʅɸɾ Ʉɶɾʅʂɺɻʕ ȿʆʂʒʁɸ ʁʂʀɻɲɼɶʋ ɽɶʅɲʇʀʂʓ ʁʀɼʎ ʉʆʈʂʒɾ ɲɶʂʋʊɾ ɽɲɷʒɾ ˜ ɍ850 <- 16 

o-˝ ɲʁʑ ʅɲ ɳʑʂɶɺɲ. 

Ɍʅɸɾ ɶʁɺʇʓɾɶɺɲ ʅʊɾ ʹʴʴ ësÀ ˜Ɍʈʕɽɲ ʷːʵʻ) ʅɸɾ ȿɼɼɸɾɺɻʕ ʁɶʂɺʀʈʕ ɶʁɸʂɶʓɷɶɺ ʀ

ɲʆɼʒɾɲʃ ʁʀʆ ɶɻʅɶʋɾɶʅɲɺɲʁʑ ʅʀ ʈɲɽɸɼʑ ʅʊɾ ʆʉʒɾ ʅɸʃ ɋʊʄʋɲʃ ʁʂʀʃʅɲ ȼɲɼɻʓɾɺɲː ɍʀ

ɴɶʊɵʆɾɲɽɺɻʑ ʎʉʀʃ ʁʓɾʊ ɲʁʑ ʅɸɾ ȿɼɼʓɵɲ ʁɲʂɲɽʔɾɶɺ ɻʀɾʅʓ ʄʅɲ ʹʹʴʴ çēÿ ɽɶ ʅɸɾ

ʂʀʕ ɾɲ ɶʋɾɲɺ ɵʆʅɺɻʕ ɾʀʅɺʀɵʆʅɺɻʕː ɉɺ ʉʆʈʂʔʃ ɲʔʂɺɶʃ ɽʓɷɶʃ ɽɶʅɲʇʔʂʀɾʅɲɺ ɽʔʄʊ ʅɸʃ

ɻʆɻɼʊɾɺɻʕʃ ɻʋɾɸʄɸʃ ʁʓɾʊ ɲʁʑ ʅɸɾ ȿʆʂʒʁɸ ɲʁʑ ʅɲ ɳʑʂɶɺɲ ʁʂʀʃ ʅɸɾ ȿɼɼʓɵɲˋ

ʉʎʈʀɾʅɲʃ ʅɸɾ ʁɶʂɺʀʈʕ ʄʅʀ ɶʁʋʁɶɵʀ ʅʊɾ ʹʴʴ ësÀ ʄɶ ɹɶʂɽʀɻʂɲʄʋɶʃ-ʶʶ ʔʊʃ ɻɲɺ- 28 
o-ˋ ɽɶ ʅɺʃ ʈɲɽɸɼʑʅɶʂɶʃ ɲʁʑ ɲʆʅʔʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ɾɲ ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʄʅɸɾ ɳʑʂɶɺɲ

ȿɼɼʓɵɲː ɉ ʄʆɾɵʆɲʄɽʑʃ ʅʊɾ ʈɲʂʅʒɾ ʄʅɸɾ ɽʔʄɸ ʄʅʓɹɽɸ ɹʓɼɲʄʄɲʃ ɻɲɺ ʄʅɲ ʹʴʴhPa 

ʄʅɺʃ ʴʴˊʴʴ ɻɲɺ ʄʅɺʃ ʵʶˊʴʴUTC ɵɶʋʈɾɶɺ ʑʅɺ ʅʀ ɳɲʂʀɽɶʅʂɺɻʑ ʈɲɽɸɼʑ ʅɸʃ ȿɼɼʓɵɲʃ ʔʈɶɺ

ɻɼʋʄɸ ʁʂʀʃ ʅɲ ɵʆʅɺɻʓ ɽɶ ʅʀ ʎʉʀʃː Ȼʆʅʑ ʆʁʀɵɸɼʒɾɶɺ ʅʀɾ ɳɲʂʀɻɼɺɾɺɻʑ ʈɲʂɲɻʅʕʂɲ ʅʀʆ

ɻɲɺ ʑʅɺ ɶʋɾɲɺ ɲɻʑɽɲ ʄɶ ʇʓʄɸ ɲɾʓʁʅʆɿɸʃː 

Ɍʅʀɺʄʀɳɲʂɺɻʑ ɶʁʋʁɶɵʀ ʅʊɾ ʷʴʴ ësÀ ˜Ɍʈʕɽɲ ʷːʵʼ˝ ʁɲʂʀʆʄɺʓɷɶʅɲɺ ɸ ɶɺɻʑɾɲ ʅʊɾ

ɲɶʂʀʈɶɺɽʓʂʂʊɾːɌʅɺʃ ʵʸ ɏɶɳʂʀʆɲʂʋʀʆ ʅʀʆ ʶʴʶʵ ʀ ʁʀɼɺɻʑʃ ɲɶʂʀʈɶʋɽɲʂʂʀʃ ʄʅʂʔʇɶʅɲɺ

ʁʂʀʃ ʅɲ ɾʑʅɺɲ ʁʓɾʊ ɲʁʑ ʅɸɾ ɻɶɾʅʂɺɻʕ ȿʆʂʒʁɸ ɻɲɺ ʄʆɾɲɾʅʓ ʅʀɾ ʅʂʀʁɺɻʑ

Ɍʈʕɽɲ ʷːʵ ́ɐʓʂʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ʶ ɽʔʅʂʊɾ ɲʁʑ ʅɸɾ
ɶʁɺʇʓɾɶɺɲ ʄɶ ɳɲɹɽʀʎʃ Ʉɶɼʄʋʀʆː ʵ4/02/2021 12:00UTC. 
Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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ɲɶʂʀʈʔɺɽɲʂʂʀ ʁʓɾʊ ɲʁʑ ʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ ɽɶʄʀɴɶʋʀʆː ɉɺ ɽʔɴɺʄʅɶʃ ʅɲʈʎʅɸʅɶʃ ʅʀʆ

ɲɶʂʀʈɶɺɽʓʂʂʀʆ ɶɽʇɲɾʋɷʀɾʅɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ Ɋʀɼʊɾʋɲ ɻɲɺ ʅɸɾ Ƀʅɲɼʋɲ ɽɶ ʅɲʈʎʅɸʅɶʃ

ɲɾʔɽʀʆ ɾɲ ʇɹʓɾʀʆɾ ʁʓɾʊ ɲʁʑ ʺʴ ÿ˖Ěː ɉɺ ʅɲʈʎʅɸʅɶʃ ʁʓɾʊ ɲʁʑ ʅɸɾ ȿɼɼʓɵɲ

ɳʂʋʄɻʀɾʅɲɺ ʄʅʀ ɶʎʂʀʃ ʅʊɾ ʸʴ ÿ˖Ě. 

Ɍʅʀɾ ʈʓʂʅɸ ɶʁɺʇɲɾɶʋɲʃ ʶs²¦ ˜Ɍʈʕɽɲ ʷːʵʽ˝ ɴɺɲʅɺʃ ʵʸ˖ʴʶ ɸ ɵʆɾɲɽɺɻʕ ɲɾʊɽɲɼʋɲ

ʅɸʃ ʅʂʀʁʑʁɲʆʄɸʃ ʔʈɶɺ ɲɻʑɽɲ ʅʀ ɽʔɴɺʄʅʀ ʅɸʃ ʁʓɾʊ ɲʁʑ ʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ ɉʆɻʂɲɾʋɲʃ

ɲɼɼʓ ʄʅɸɾ ʁɶʂʋʁʅʊʄɸ ɲʆʅʕ ɶʁɶɻʅɶʋɾɶʅɲɺ ɻɲɺ ʁʓɾʊ ɲʁʑ ʅɲ ȼɲɼɻʓɾɺɲ ɻɲɺ ʅʀ Ƀʑɾɺʀ

ʁʔɼɲɴʀʃ. Tʀ ɶɼʓʈɺʄʅʀ ɴɶʊɵʆɾɲɽɺɻʑ ʎʉʀʃ ɾɲ ʇɹʓɾɶɺ ʄʅɲ ʸʴʴʴ çēÿ ɻɲɺ ʑʁʊʃ

ɲɾɲʇʔʂɹɸɻɶ ɻɲɺ ɴɺɲ ʅɺʃ ʵʷ˖ʴʶ. O ʄʅʂɲʅʀʄʇɲɺʂɺɻʑʃ ɲʔʂɲʃ ʁʀʆ ɵɺɶɺʄɵʎɶɺ ʄʅɸɾ

ʅʂʀʁʑʄʇɲɺʂɲ ɶɾɺʄʈʎɶɺ ʅʀ ɳɲʂʀɽɶʅʂɺɻʑ ʈɲɽɸɼʑ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲː Ɍɸɽɲɾʅɺɻʑ ɶʋɾɲɺ ɾɲ

ʄɸɽɶɺʊɹɶʋ ʁʊʃ ʅʀ ʎʉʀʃ ʅɸʃ ʅʂʀʁʑʁɲʆʄɸʃ ɽɶɺʒɾɶʅɲɺ ʅʒʂɲ ɻɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ ȿɼɼʓɵɲ

ʄɶ ʎʉʀʃ ʔʊʃ ɻɲɺ ʼʴʴʴ çēÿː 
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Ɍʈʕɽɲ ʷːʵ ̋ɐʓʂʅɶʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʼʹʴësÀː ɉɺ ɼɶʆɻʔʃ ɴʂɲɽɽʔʃ ʆʁʀɵɸɼʒɾʀʆɾ ɺʄʀʏʉɶʋʃ ɲɾʓ ʶʴçēÿ. 
ɍɲ ɳɶɼʓɻɺɲ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄʅʀɾ ʓɾɶɽʀ ɻɲɺ ʅɲ ʈʂʒɽɲʅɲ ʆʁʀɵɸɼʒɾʀʆɾ ʅɸɾ ɹɶʂɽʀɻʂɲʄʋɲ ɲɾʓ4Ć-. Ɂ ɻʑɻɻɺɾɸ
ɴʂɲɽɽʕ ɶʋɾɲɺ ɸ ɺʄʑɹɶʂɽʀʃ ʅʊɾ 0 Ć-. Ɂɽɶʂʀɽɸɾʋɲˊ ʵ4˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, (ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE
ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʈʕɽɲ ʷːʵ ̒ɐʓʂʅɶʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʹʴʴësÀː ɉɺ ɼɶʆɻʔʃ ɴʂɲɽɽʔʃ ʆʁʀɵɸɼʒɾʀʆɾ ɺʄʀʏʉɶʋʃ ɲɾʓ ʹʴçēÿ. ɍɲ
ʈʂʒɽɲʅɲ ʆʁʀɵɸɼʒɾʀʆɾ ʅɸ ɹɶʂɽʀɻʂɲʄʋɲ ʄɶ ɳɲɹɽʀʎʃ Ʉɶɼʄʋʀʆ ɲɾʓ ʷĆ-. Ɂɽɶʂʀɽɸɾʋɲˊ ʵ4˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, 
(ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʈʕɽɲ ʷːʵ ̓ɐʓʂʅɶʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʷʴʴësÀ. ɍɲ ɽʊɳ ɳʔɼɸ (ÌÀĖÌĚ) ɶʋɾɲɺ ʀ ʓɾɶɽʀʃ ɽɶ ʅɸɾ ɽʋɲ ɴʂɲɽɽʕ ɾɲ
ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʵʴ ÿ/Ě. ɍɲ ʈʂʒɽɲʅɲ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄʅʀɾ ʓɾɶɽʀ ɽɶ ʅɲʈʎʅɸʅɲ ɽɶɴɲɼʎʅɶʂɸ ʅʊɾ ʷʴ ÿ/Ě. Ɂɽɶʂʀɽɸɾʋɲˊ
14˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, (ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʅɸɾ ɻʓɹɶʅɸ ʅʀɽʕ ˜ʄʈʕɽɲ ʷːʵʽ ɳ˝ ʄʅɺʃ ʵʶˊʴʴ ¦¢- ʵʸ˖ʴʶ˖ʶʴʶʵ ʀ ɵʆɾɲɽɺɻʑʃ

ʄʅʂʀɳɺɼɺʄɽʑʃ ɵɶʋʈɾɶɺ ɽɶʅɲʅʑʁɺʄɸ ʅɸʃ ɵʆɾɲɽɺɻʕʃ ʅʂʀʁʑʁɲʆʄɸʃ ˜ʶ s²¦ ˝ ʈɲɽɸɼʑʅɶʂɲ

ʄʅɸɾ ʅʂʀʁʑʄʇɲɺʂɲː Ɍʆɴɻɶɻʂɺɽʔɾɲ ʇɹʓɾɶɺ ʔʊʃ ɻɲɺ ʅɲ ʷʴʴ ësÀ ʁʓɾʊ ɲʁʑ ʅɲ ɵʆʅɺɻʓ

ʅɸʃ ɻɲʅɲɻʑʂʆʇɸʃ ʅʀɽʕʃː Ɂ ɵʆɾɲɽɺɻʕ ɹɶʂɽʀɻʂɲʄʋɲ ɽɶɺʒɾɶʅɲɺ ʄɶ ʑɼɸ ʅɸɾ ɲʅɽʑʄʇɲɺʂɲ

ɻɲɺ ɻʆʂɺʑʅɶʂɲ ʄʅɲ ʈɲɽɸɼʓː ɔɾʅʀɾʀʃ ɵʆɾɲɽɺɻʑʃ ʄʅʂʀɳɺɼɺʄɽʑʃ ˜ʓɾʊ ʅʊɾ ʶːʹ s²¦˝

ʁɲʂɲʅɸʂɶʋʅɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ Ȼʅʅɺɻʕʃ ɻɲɺ ɲɾɲʅʀɼɺɻʑʅɶʂɲ ʁʓɾʊ ɲʁʑ ʅɸɾ

ɾʑʅɺɲ ȿʎɳʀɺɲː 

ɉ ʓɾɶɽʀʃ ʄʅɲ ʼʹʴ ësÀ ˜Ɍʈʕɽɲ ʷːʶʴ ˜ɲ˝ ̪ ˜ɳ˝˝ ʁɲʂɲɽʔɾɶɺ ʄɶ ʄʈɶʅɺɻʓ ʈɲɽɸɼʔʃ

ʅɺɽʔʃ ʄʅɲ ʹ-ʵʴ ÿ˖Ě ʁʓɾʊ ɲʁʑ ʀɼʑɻɼɸʂɸ ʅɸɾ ʈʒʂɲ ɽɶ ɻʆʂʋʊʃ ɵʆʅɺɻʕ  ˟ɾʀʅɺʀɵʆʅɺɻʕ

ɻɲʅɶʎɹʆɾʄɸ ʄʅɲ ɾʑʅɺɲː Ɍʅɲ ɳʑʂɶɺɲ ʅɸʃ ʈʒʂɲʃ ʅʀ ʁʔʂɲʄɽɲ ʅʀʆ ʈɲɽɸɼʀʎ ʄʅʂʔʇɶɺ ʅʀʆʃ

ɲɾʔɽʀʆʃ ʄɶ ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʀʎʃ ɼʑɴʊ ʅɸʃ ɻʆɻɼʊɾɺɻʕʃ ɻʋɾɸʄɸʃ ʁʀʆ ʁʂʀɻɲɼɶʋˋ

ɲʆɿʓɾʀɾʅɲʃ ɻɲɺ ʅɺʃ ʅɲʈʎʅɸʅɶʃ ʅʀʆ ɲɾʔɽʀʆ ɽʔʈʂɺ ɻɲɺ ʅɲ ʶʴ ÿ˖Ě ʄʅɸɾ ʁʀʂɶʋɲ ʅɸʃ

ɸɽʔʂɲʃː Ɍɸɽɶɺʒɾɶʅɲɺ ʑʅɺ ɶʁɺɻʂɲʅɶʋ ʄʈɶʅɺɻʕ ɾɸɾɶɽʋɲ ʁʓɾʊ ɲʁʑ ʅɲ ɵʆʅɺɻʓ ɸʁɶɺʂʊʅɺɻʓː

ɉ ʓɾɶɽʀʃ ɻʀɾʅʓ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲ ˜ʄʈʕɽɲ ʷːʶʴ ˜ɴ˝ ̪ ˜ɵ˝˝ ʔʈɶɺ ɳʑʂɶɺɲ ˟ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʕ

ɻɲʅɶʎɹʆɾʄɸ ʄʅɲ ɳʑʂɶɺɲˋ ɶɺɵɺɻʓ ʁʂʀʃ ʅʀ ʅʔɼʀʃ ʅɸʃ ɸɽʔʂɲʃː Ɂ ʅɲʈʎʅɸʅɲ ʅʊɾ ɲɾʔɽʊɾ

ʇɹʓɾɶɺ ʅʀ ɽʔɴɺʄʅʀ ʅʊɾ ʵʹ ÿ˖Ě ʁʓɾʊ ɲʁʑ ʅʀ Ȼɺɴɲʋʀːɉ ʓɾɶɽʀʃ ɻʀɾʅʓ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲ

(ʄʈʕɽɲ ʷːʶʴ ˜ɲ˝ ̪ ˜ɳ˝˝ ʔʈɶɺ ʄʆɾʀʈʕ ɽɶ ʅʀɾ ʓɾɶɽʀ ʄʅɲ ʼʹʴ ësÀˋ ɽɶ ɳʑʂɶɺɲ ˟

Ɍʈʕɽɲ ʷːʵ ̔˜ɲ˝ɐʓʂʅɸʃ ɴɶʊɵʆɾɲɽɺɻʀʎ ʎʉʀʆʃ ˜çēÿ) ʅɸʃ ɶʁɺʇɲɾɶʋɲʃ ɽɶ ɵʆɾɲɽɺɻʑ ʄʅʂʀɳɺɼɺʄɽʑ ʋʄʀ ɽɶ2s²¦ ˜ɵʆɾɲɽɺɻʕ
ʅʂʀʁʑʁɲʆʄɸ˝ː˜ɳ˝ Ʉʓɹɶʅɸ ʅʀɽʕ ɵʆɾɲɽɺɻʀʎ ʄʅʂʀɳɺɼɺʄɽʀʎ ˜s²¦) ɻɲɺ ɵʆɾɲɽɺɻʕʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ˜Ć-) ɴɺɲ ɴɶʊɴʂɲʇɺɻʑ
ʁɼʓʅʀʃ ʷʼːʵʀ ɇ ʑ̃ʁʊʃ ʇɲʋɾɶʅɲɺ ʄʅʀɾ ʆʁɶʂʓɾʊ ʈʓʂʅɸ˝ Ɂ ʔɾʅʀɾɸ ʁʂʓʄɺɾɸ ɴʂɲɽɽʕ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɸ ʅɺɽʕ ɵʆɾɲɽɺɻʀʎ
ʄʅʂɺɳɺɼɺʄɽʀʎ ɽɶ ʅɺɽʕs² = 2 s²¦  Ɂɽɶʂʀɽɸɾʋɲˊ ʵʸ˖ʴʶ˖ʶʴʶʵ12:00¦¢-.  Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ
˜ɴ˝ Ⱦʀʂʆʇʀʂɺɻʕ ɶɺɻʑɾɲ ʄʅʀ ɻɲɾʓɼɺ ʅʊɾ ʆɵʂɲʅɽʒɾ_zG µ² 6.2 ɽÿ Ɂɽɶʂʀɽɸɾʋɲˊ ʵʸ˖ʴʶ˖ʶʴʶʵ12:00¦¢-.  ȾɶɵʀɽʔɾɲˊíÌú 
(ĲÙÀġëÙĖ ĚĆæġĲÀĖÙ ĚĆúĥġíĆĀĚ) 
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ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʕ ɻɲʅɶʎɹʆɾʄɸ ʄʅɲ ɳʑʂɶɺɲˋ ɶɺɵɺɻʓ ʁʂʀʃ ʅʀ ʅʔɼʀʃ ʅɸʃ ɸɽʔʂɲʃː Ɂ

ʅɲʈʎʅɸʅɲ ʅʊɾ ɲɾʔɽʊɾ ʇɹʓɾɶɺ ʅʀ ɽʔɴɺʄʅʀ ʅʊɾ ʵʹ ÿ˖Ě ʁʓɾʊɲʁʑ ʅʀ Ȼɺɴɲʋʀː 

 

 

 Ɍʅʀ ʅɶʇʋɴʂɲɽɽɲ ʅʀʆ ʄʈʕɽɲʅʀʃ ʷːʶʵ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅʀɾ ʄʅɲɹɽʑ ʅʀʆ

ɲɶʂʀɵʂʀɽʋʀʆ ʅɸʃ ɂɶʄʄɲɼʀɾʋɻɸʃ ˜ZG¢z˝ ɴɺɲ ʅɺʃ ʴʴˊʴʴ ¦¢- ʄʅɺʃ ʵʸ ɏɶɳʂʀʆɲʂʋʀʆ ʅʀʆ

ʶʴʶʵˋ ʁɲʂɲʅɸʂɶʋʅɲɺ ʁʀɼʎ ɽɶɴʓɼɸ ʄʈɶʅɺɻʕ ʆɴʂɲʄʋɲ ɲʁʑ ʅɸɾ ɶʁɺʇʓɾɶɺɲ ʔʊʃ ɻɲɺ ʅɲ ʻʴʴ

ësÀˋ ɽɶ ʄʆɽʁʎɻɾʊʄɸ ʄʅʀ ɶʁʋʁɶɵʀ ɲʁʑ ʅɲ ʼʴʴ ʔʊʃ ʅɲ ʻʴʴ ësÀː Ɂ ɹɶʂɽʀɻʂɲʄʋɲ ɶʋɾɲɺ

ʁɲɾʅʀʎ ɻʓʅʊ ʅʊɾ ʴ ʀ-ː Ɍʅɸɾ ɻɲʅɲɻʑʂʆʇɸ ʅʀɽʕ ʄʅɲ ɳʑʂɶɺɲ ʅɸʃ ʈʒʂɲʃ ˜ʄʈʕɽɲ ʷːʶʶ˝

ɶʋɾɲɺ ɶɽʇɲɾʕʃ ɸ ʁʅʒʄɸ ʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ʆʁʑ ʅʀʆ ɽɸɵɶɾʑʃ ˋ ɻɲɹʒʃ ɻɲɺ ɸ ɲʎɿɸʄɸ

ʅɸʃ ʄʈɶʅɺɻʕʃ ʆɴʂɲʄʋɲʃ ʄʅɲ ʈɲɽɸɼʑʅɶʂɲ ɶʁʋʁɶɵɲ ʁʀʆ ɵɺɻɲɺʀɼʀɴɶʋ ɻɲɺ ʅɸɾ ɻɲʅɲɴʂɲʇʕ

ʅʊɾ ʇɲɺɾʀɽʔɾʊɾ ʈɺʀɾʑʁʅʊʄɸʃ ʅɸɾ ʄʆɴɻɶɻʂɺɽʔɾɸ ɸɽʔʂɲː 
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Ɍʈʕɽɲ ʷːʶ  ɹɐʓʂʅɶʃ ɲɾʔɽʀʆ ʄʅɲ ʼʹʴ ësÀ ( (ɲ˝ ɻɲɺ ˜ɳ˝ ˝ ɻɲɺ ʄʅɲ ʵʴÿ ɲʁʑ ʅɸɾ ɶʁɺʇʓɾɶɺɲ( (ɴ˝ ɻɲɺ ˜ɵ˝ ˝. Ɂ ɽɺɲ ɴʂɲɽɽʕ ʄʅɲ ɳɶɼʓɻɺɲ ˜ÌÀĖÌĚ) 
ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʵʴ ÿ/Ě. Ɂɽɶʂʀɽɸɾʋɲˊ ʵʸ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝,(ɴ˝ ʴʴ:00¦¢-, (ɳ˝ˋ˜ɵ˝12:00¦¢-. ˜ɶ˝ ɐʓʂʅɸʃ ɲʁʑɻɼɺʄɸʃ ɲɾʔɽʀʆ ʁʓɾʊ ɲʁʑ ʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ
ɻɶɾʅʂɺɻʕʃ ȿɼɼʓɵɲʃ ɴɺɲ ʅɺʃ ʵʶˊʴʴ¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 

˜ɶ˝ 
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 Ɍʅʀɾ ʈʓʂʅɸ ʅʀʆ ʄʈʕɽɲʅʀʃ ʷːʶʴ(ɶ)  ʁɲʂʀʆʄɺʓɷɶʅɲɺ ʅʀ ʁɶɵʋʀ ʅɸʃ ɲʁʑɻɼɺʄɸʃ ʄʅɸɾ

ɺʄʀɳɲʂɺɻʕ ɶʁɺʇʓɾɶɺɲ ʅʊɾ ʼʹʴ ësÀː ɗʁʊʃ ɶʋɾɲɺ ɶɽʇɲɾʔʃ ʅʑʄʀ ɸ ɲʁʑɻɼɺʄɸ ʑʄʀ ɻɲɺ ɸ ʄʎɴɻɼɺʄɸ

ɲʆɿʓɾʀɾʅɲɺ ʄɶ ʄʈʔʄɸ ɽɶ ʅɸɾ ʁʂʀɸɴʀʎɽɶɾɸ ɸɽʔʂɲ ʄʅɺʃ ʵʷ˖ʴʶ˖ʶʴʶʵː Ȼʆʅʑ ɲɾʅɺʄʅʀɺʈɶʋ ɽɶ ʅɸɾ

ɲʎɿɸʄɸ ʅɸʃ ɲʄʅʓɹɶɺɲʃ ʁʀʆ ʁɲʂɲʅɸʂɶʋʅɲɺ ʅɸ ʵʸɸ ɏɶɳʂʀʆɲʂʋʀʆː Ɍʆɴɻɶɻʂɺɽʔɾɲ ʀɺ ɽʔɴɺʄʅɶʃ

ʅɺɽʔʃ ʄʎɴɻɼɺʄɸʃ ˜ ɽɶɴɲɼʎʅɶʂɶʃ ʅʊɾ- 4Ā10- 4 s -1) ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ ʁɶʂɺʀʈʕ 

ɶɾɵɺɲʇʔʂʀɾʅʀʃ, ʁʓɾʊ ɲʁʑ ʅɸɾ Ȼʅʅɺɻʕ, ʅɸ ȼʀɺʊʅʋɲ ɻɲɺ ʅɸɾ ɾʑʅɺɲ ȿʎɳʀɺɲ. ȿɾʒ ʔɾʅʀɾɸ 

ɲʁʑɻɼɺʄɸʁɲʂʀʆʄɺʓɷɶʅɲɺ ʁʓɾʊ ɲʁʑ ʁɶʂɺʀʈʕ ʅʀʆ ɻɶɾʅʂɺɻʀʎ Ȼɺɴɲʋʀʆː Ɂ ɶɺɻʑɾɲ ɲʆʅʕ

ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɲ ʔɾʅʀɾɲ ʇɲɺɾʑɽɶɾɲ ʁʀʆ ɲʂʈʋɷʀʆɾ ɾɲ ɶɽʇɲɾʋɷʀɾʅɲɺ ʄʅɸɾ ʁɶʂɺʀʈʕ

ɶɾɵɺɲʇʔʂʀɾʅʀʃː. 

 

 

 

 

 

 

 

Ɍʈʕɽɲ ʷːʶ ɻɍɶʇʋɴʂɲɽɽɲ ɴɺɲ ʅʀɾ ʄʅɲɹɽʑ ʅʀʆ ɲɶʂʀɵʂʀɽʋʀʆ ɂɶʄʄɲɼʀɾʋɻɸʃ ˜ZG¢z˝ː
Ɂɽɶʂʀɽɸɾʋɲˊ ʵʸ˖ʴʶ˖ʶʴʶʵ ʴʴ:00¦¢-ː Ɋɸɴʕˊ ëġġēĚˊ˖˖ĲÙÀġëÙĖːĥĲĴĆːÙÓĥ˖ĥēēÙĖÀíĖ˖ĚĆĥĀÓíĀçːëġÿú 
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Ɍʈʕɽɲ ʷːʶ ʁɐʓʂʅɸʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʼʹʴësÀː ɉɺ ɼɶʆɻʔʃ ɴʂɲɽɽʔʃ ʆʁʀɵɸɼʒɾʀʆɾ ɺʄʀʏʉɶʋʃ ɲɾʓ ʶʴçēÿ. 
ɍɲɳɶɼʓɻɺɲ ˜ɲɾʅɺʄʅʀɺʈʀʎɾ ʄʅʀɾ ʓɾɶɽʀ ɻɲɺ ʅɲ ʈʂʒɽɲʅɲ ˜ÎĆĀġĆĥĖĚ) ʆʁʀɵɸɼʒɾʀʆɾ ʅɸɾ ɹɶʂɽʀɻʂɲʄʋɲ ɲɾʓ4Ć-. Ɂ
ɻʑɻɻɺɾɸ ɴʂɲɽɽʕ ɶʋɾɲɺ ɸ ɺʄʑɹɶʂɽʀʃ ʅʊɾ ʴ Ć-. Ɂɽɶʂʀɽɸɾʋɲˊ ʵʹ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, (ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ
8-_µEɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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3.3.3 15/02/2021 
Ɂ ʵʹɸ ɏɶɳʂʀʆɲʂʋʀʆ ɲʁʀʅɶɼɶʋ ʅɸɾ ʁʂʒʅɸ ɸɽʔʂɲ ʅɸʃ ɵɶʎʅɶʂɸʃ ʇʓʄɸʃ ʅʀʆ

ʇɲɺɾʀɽʔɾʀʆ ʁʀʆ ɶʋɾɲɺ ɻɲɺ ɸ ʇʓʄɸ ʁʀʆ ʔʈɶɺ ɽɶɴɲɼʎʅɶʂʀ ɶɾɵɺɲʇʔʂʀɾ ɴɺɲ ʅɸɾ ʁɲʂʀʎʄɲ

ɶʂɴɲʄʋɲ ɻɲɹʒʃ ʑʁʊʃ ɹɲ ɵɶɺʈɹɶʋ ɻɲɺ ʄʅʀ ɶʁʑɽɶɾʀ ʆʁʀɻɶʇʓɼɲɺʀ ɲʁʀʅɶɼɶʋ ʁɲʂʓɵɶɺɴɽɲ

ʇɲɺɾʀɽʔɾʀʆ ʈɺʀɾʑʁʅʊʄɸʃ ɽɶ ɶʁɺʂʂʀʕ ʅɸʃ ɹʓɼɲʄʄɲʃ ˜úÀ÷Ù (sea) effect snow).  

Ɍʅʀʆʃ ʈʓʂʅɶʃ ʁʋɶʄɸʃ ɶʁɺʇɲɾɶʋɲʃ ˜Ɍʈʕɽɲ ʷːʶʷ˝ˋ ʅʀ ʈɲɽɸɼʑ ʁʀʆ ʁʔʂɲʄɶ ɲʁʑ ʅɸɾ

ȿɼɼʓɵɲ ɽɶʅɲɻɺɾɶʋʅɲɺ ɲɾɲʅʀɼɺɻʑʅɶʂɲ ʁʓɾʊ ɲʁʑ ʅɸɾ ɾʀʅɺʀɵʆʅɺɻʕ ɍʀʆʂɻʋɲ ɽɶ ʅʀ

ɻʔɾʅʂʀ ʅʀʆ ɾɲ ʇʅʓɾɶɺ ʅɲ ʵʴʴʼ ësÀ ʄʅʀ ʅʔɼʀʃ ʅɸʃ ɸɽʔʂɲʃː ɉɲɾʅɺɻʆɻɼʒɾɲʃ ʅɸʃ

ɻɶɾʅʂɺɻʕʃ ȿʆʂʒʁɸʃ ɽɶʅɲʅʀʁʋɷɶʅɲɺ ɲɻʑɽɲ ɾʀʅɺʑʅɶʂɲˋ ɽɶ ʅʀ ɻʔɾʅʂʀ ʅʀʆ ɾɲ ʇɹʓɾɶɺ

ʁʓɾʊ ɲʁʑ ʅɸɾ Ȼʆʄʅʂʋɲ ɻɲɺ ʄʅɸ ʄʆɾʔʈɶɺɲ ʅɸʃ ɸɽʔʂɲʃˋ ɽɶʅʓ ʅɺʃ ʵʶˊʴʴ ¦¢- ʁʓɾʊ ɲʁʑ

ʅɸɾ Ƀʅɲɼʋɲ ɲɼɼʓ ɻɲɺ ʅɸɾ ɍʆʂʂɸɾɺɻʕ ɹʓɼɲʄʄɲ. 

 

Ɍʈʕɽɲ ʷːʶ  ̫ɐʓʂʅɶʃ ʁʋɶʄɸʃ ɶʁɺʇɲɾɶʋɲʃ ɴɺɲ ʅɺʃ ʵʹ˖ʴʶ˖ʶʴʶʵː ˜ɲ˝ ʴʴ:00¦¢-ˋ ˜ɳ˝ʴʺ:00¦¢-ˋ ˜ɴ˝ʵʶ:00¦¢-ˋ ˜ɵ˝ʵʼ:00UTC.                                            
Ɋɸɴʕˊ ëġġēĚˊ˖˖ĲĲĲːĲÙġġÙĖʷːÓÙ˖ÀĖÎëíı˗ĥ÷ÿÙġ˗ÙĀːëġÿú 
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        Ɂ ɵʀɽʕ ʁʀʆ ʄʈɸɽɲʅʋɷɶɺ ʅʀ ɷɶʎɴʀʃ ʅʀʆ ɻʆɻɼʒɾɲ ɻɲɺ ʅʀʆ ɲɾʅɺɻʆɻɼʒɾɲ ʁʀʆ

ɲɾɲʇʔʂɹɸɻɲɾ ɴʋɾɶʅɲɺ ʁɺʀ ɶɽʇɲɾʕʃ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲ ɻɲɺ ɲʁʀʅʆʁʒɾɶʅɲɺ ɽɶ ɶʆɻʂʋɾɶɺɲ

ʁʓɾʊ ɲʁʑ ʅɸɾ ȿɼɼʓɵɲˋ ʁʂʀɻɲɼʒɾʅɲʃ ɳʑʂɶɺɲ ˟ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʕ ʂʀʕː Ɍʆɴɻɶɻʂɺɽʔɾɲ

ʀɺ ɺʄʀɳɲʂɶʋʃ ʄʅʂʔʇʀɾʅɲɺ ʄɶ ɵɺɶʎɹʆɾʄɸ ȼȻ-ɇȾ ɻɲɺ ɴʋɾʀɾʅɲɺ ʁʆɻɾʑʅɶʂɶʃ ʁʓɾʊ ɲʁʑ

ʅɸɾ ɲɾɲʅʀɼɺɻʕ ȿɼɼʓɵɲ ɻʓʅɺ ʁʀʆ ʄʆɾʓɵɶɺ ɽɶ ʅɲ ʔɾʅʀɾɲ ʇɲɺɾʑɽɶɾɲ ʈɺʀɾʑʁʅʊʄɸʃ ʄʅɺʃ

ʁɶʂɺʀʈʔʃ ɲʆʅʔʃ ˜ɳɼː ȿʎɳʀɺɲˋ ȼʀɺʊʅʋɲˋ Ȼʅʅɺɻʕ ɻʅɼː˝ː 

 

 

Ɍʅʀɾ ʈʓʂʅɸ ʅɸʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʼʹʴ ësÀ ˜Ɍʈʕɽɲ ʷːʶʹ˝ ɶʋɾɲɺ

ɶɽʇɲɾʕʃ ɸ ɽɶʅɲɻʋɾɸʄɸ ʅʀʆ ʈɲɽɸɼʀʎ ɲʁʑ ʅɸɾ ȿɼɼʓɵɲ ʁʂʀʃ ʅɸ ɾʀʅɺʀɵʆʅɺɻʕ ɍʀʆʂɻʋɲ ˋ

ʑʁʊʃ ɻɲɺ ɸ ʂʓʈɸ ʁʓɾʊ ɲʁʑ ʅɸɾ Ƀʅɲɼʋɲ ɲɾʅɺʄʅʀɺʈɶʋ ɶɵʒ ʄɶ ɽɺɲ ʂʓʈɸ ʁʓɾʊ ɲʁʑʅɸɾ

Ƀʅɲɼʋɲ ɻɲɺ ʅɸ Ⱦʆʅɺɻʕ Ɇɶʄʑɴɶɺʀː ȿɽʇɲɾʕʃ ʁɲʂɲɽʔɾɶɺ ɲɻʑɽɲ ɻɲɺ ʅʀ ʈɲɽɸɼʑ ʅʊɾ ʆʉʒɾ

ʄʅɸ ɋʊʄʋɲˋ ʁʀʆ ɶʁɸʂɶʓɷɶɺ ʅɸɾ ɲɾɲʅʀɼɺɻʕ ɻɲɺ ɻɶɾʅʂɺɻʕ ȿʆʂʒʁɸ ɽɶʅɲʇʔʂʀɾʅɲʃ

ʉʆʈʂʔʃ ɲʔʂɺɶʃ ɽʓɷɶʃ ʁʂʀʃ ʅɲ ɾʑʅɺɲ ȼɲɼɻʓɾɺɲː ɍʔɼʀʃˋ ʁɲʂɲʅɸʂɶʋʅɲɺ ʑʅɺ ɸ ɺʄʑɹɶʂɽʀʃ

ʅʊɾ ʴ ʀ- ɻɲʅɶɳɲʋɾɶɺ ɾʑʅɺɲ ʅɸʃ Ʉʂʕʅɸʃ ɻɲɺ ʔʅʄɺ ʀɼʑɻɼɸʂɸ ɸ ʈʒʂɲ ɲʁʀɻʅʓ

ɹɶʂɽʀɻʂɲʄʋɶʃ ʆʁʑ ʅʀʆ ɽɸɵɶɾʑʃ ʄʅɲ ʼʹʴ ësÀˋ ɶɾʒ ɽɶɴʓɼʀ ɽʔʂʀʃ ʅɸʃ ʈʒʂɲʃ ɳʂʋʄɻɶʅɲɺ

ʆʁʑ ʅʀʆ ɽɸɵɶɾʑʃ ɲɻʑɽɲ ɻɲɺ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲ ˜Ɍʈʕɽɲ ʷːʶʸ ˝ː 

 Ɍʅɸɾ ɺʄʀɳɲʂɺɻʕ ɶʁɺʇʓɾɶɺɲ ʅʊɾ ʹʴʴ ësÀ ˜Ɍʈʕɽɲ ʷːʶʺ˝ ʀ ɲʆɼʒɾɲʃ ʄʅɲ ɳʑʂɶɺɲ

ʁʀʆ ɶɻʅɶɺɾʑʅɲɾ ɻɲɺ ʁʓɾʊ ɲʁʑ ʅɲ ȼɲɼɻʓɾɺɲ ɽɶʅɲɻɺɾɶʋʅɲɺ ɲɾɲʅʀɼɺɻʑʅɶʂɲ

ɽɶʅɲʇʔʂʀɾʅɲʃ ʈɲɽɸɼʔʃ ɹɶʂɽʀɻʂɲʄʋɶʃ ˜ ɍʹʴʴ ̢-ʷʸ ʀ-˝ ʁʓɾʊ ɲʁʑ ʅɸɾ ȿɼɼʓɵɲː

Ɍʈʕɽɲ ʷːʶ  yɐʓʂʅɸʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ʶ 
ɽʔʅʂʊɾ ɲʁʑ ʅɸɾ ɶʁɺʇʓɾɶɺɲ ʄɶ ɳɲɹɽʀʎʃ
Ʉɶɼʄʋʀʆː ʵʹ˖ʴʶ˖ʶʴʶʵ ʵʶ:00UTC 
Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ
ɲɾɲɼʎʄɶɺʃ. 
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Ȼɾɲɽʔɾɶʅɲɺ ɹɶʅɺɻʕ ɽɶʅɲʇʀʂʓ ʄʅʂʀɳɺɼɺʄɽʀʎ ɽʁʂʀʄʅʓ ɲʁʑ ʅʀɾ ɲʆɼʒɾɲ ɻɲɺ ʓʂɲ ʄʅɸɾ

ʁɶʂɺʀʈʕ ʅɸʃ ȿɼɼʓɵɲʃˋ ɻʓʅɺ ʁʀʆ ɶʆɾʀɶʋ ʅɸɾɶɻɵʕɼʊʄɸ ʇɲɺɾʀɽʔɾʊɾː 

 

            ɉ ʁʀɼɺɻʑʃ ɲɶʂʀʈɶʋɽɲʂʂʀʃ ʄʅɲ ʷʴʴ ësÀ ˜Ɍʈʕɽɲ ʷːʶʻ˝ ɶɾʒɾɶʅɲɺ ɽɶ ʅʀɾ

ʆʁʀʅʂʀʁɺɻʑ ʁʓɾʊ ɲʁʑ ʅɸɾ ɻɶɾʅʂɺɻʕ ɽɶʄʑɴɶɺʀ ɻɲɹʒʃ ʀ ʁʂʒʅʀʃ ɻɺɾɶʋʅɲɺ ɲʁʑ ʅɲ

ɽɶɴʓɼɲ ɴɶʊɴʂɲʇɺɻʓ ʁɼʓʅɸ ʄʈɶɵʑɾ ɻɲʅɲɻʑʂʆʇɲ ʁʂʀʃ ʅɲ ɽɺɻʂʑʅɶʂɲ ˋ ɲɻʀɼʀʆɹʒɾʅɲʃ

ʅɺʃ ɻʆɻɼʊɾɺɻʔʃ ɻɺɾʕʄɶɺʃ ʅʀʆ ɳʑʂɶɺʀʆ ɲʆɼʒɾɲ ʁʀʆ ʁʂʀɲɾɲʇʔʂɹɸɻɶː ɍʀ ɽʔɴɺʄʅʀ ʅʀʆ

ʁʀɼɺɻʀʎ ɲɶʂʀʈɶɺɽʓʂʂʀʆ ʁɲʂɲʅɸʂɶʋʅɲɺ ɻɲɺ ʁʓɼɺ ʁʓɾʊ ɲʁʑ ʅɸɾ Ɋʀɼʊɾʋɲ ɻɲɺ ʅɸɾ

Ƀʅɲɼʋɲ ˜ ĥʷʴʴ ̡ ʺʴ ÿ˖Ě˝ ʄʅɺʃ ʁʂʒʅɶʃ ʒʂɶʃ ʅɸʃ ʵʹɸʃ ɏɶɳʂʀʆɲʂʋʀʆ ɶɾʒ ɽɶʅʓ ʅɺʃ ʵʶˊʴʴ

¦¢- ɽɶʅɲɻɺɾɶʋʅɲɺ ɲɾɲʅʀɼɺɻʓ ʁʓɾʊ ɲʁʑ ʅɲ ɵʆʅɺɻʓ ȼɲɼɻʓɾɺɲ ɻɲɺ ʅʀ Ƀʑɾɺʀ ʁʔɼɲɴʀʃː Ɍʅɲ

ɾʑʅɺɲ ʅɸʃ ȿɼɼʓɵɲʃ ʀɺ ɵʎʀɲɶʂʀʈɶʋɽɲʂʂʀɺ  ɶɾʒɾʀɾʅɲɺ ɻɲɺ ɸ ʂʀʕ ɴʋɾɶʅɲɺ ɾʀʅɺʀɵʆʅɺɻʕ

ɽɶ ʔɾɲ ɵɶʎʅɶʂʀ ɽʔɴɺʄʅʀ ɲɾʔɽʊɾ ɾɲ ʁɲʂɲʅɸʂɶʋʅɲɺ ʁʓɾʊ ɲʁʑ ʅɸɾ Ɇɲʎʂɸ ɹʓɼɲʄʄɲ ˜

u300 > 60 m/s). 

             Ɍʅʀɾ ʈʓʂʅɸ ɶʁɺʇɲɾɶʋɲʃ ʶs²¦ ˜Ɍʈʕɽɲ ʷːʶʼ˝ ɴɺɲ ʅɺʃ ʵʹ˖ʴʶ ɸ ɲɾʊɽɲɼʋɲ ʅɸʃ

ɵʆɾɲɽɺɻʕʃ ʅʂʀʁʑʁɲʆʄɸʃ ɶɻʅɶʋɾɶʅɲɺ ɲʁʑ ʅɸ ɋʊʄʋɲ ʁʂʀʃ ʅɸɾ ȿɼɼʓɵɲː ɍʀ ʎʉʀʃ ʅɸʃ

ʅʂʀʁʑʁɲʆʄɸʃ ɶʋɾɲɺ ɶɼʓʈɺʄʅʀ ʁʓɾʊ ɲʁʑ ʅɸɾ ȿɼɼʓɵɲ ʇʅʓɾʀɾʅɲʃ ɻʓʅʊ ɲʁʑ ʅɲ ʸʴʴʴ-

ʹʴʴʴ çēÿː Ɂ ɹʔʄɸ ʅɸʃ ɲɾʊɽɲɼʋɲʃ ʅɸʃ ɵʆɾɲɽɺɻʕʃ ʅʂʀʁʑʁɲʆʄɸʃ ʄʆɾʓɵɶɺ ɽɶ ʅɲ ʔɾʅʀɾɲ

ʇɲɺɾʑɽɶɾɲ ʁʀʆ ɿɶɻɺɾʀʎɾ ʅɸɾ ʄʆɴɻɶɻʂɺɽʔɾɸ ɸɽʔʂɲː 
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Ɍʈʕɽɲ ʷːʶ  ́ɐʓʂʅɶʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʼʹʴësÀː ɉɺ ɼɶʆɻʔʃ ɴʂɲɽɽʔʃ ʆʁʀɵɸɼʒɾʀʆɾ ɺʄʀʏʉɶʋʃ ɲɾʓ ʶʴçēÿ. ɍɲ ɳɶɼʓɻɺɲ
ɲɾʅɺʄʅʀɺʈʀʎɾ ʄʅʀɾ ʓɾɶɽʀ ɻɲɺ ʅɲ ʈʂʒɽɲʅɲ ʆʁʀɵɸɼʒɾʀʆɾ ʅɸɾ ɹɶʂɽʀɻʂɲʄʋɲ ɲɾʓ4Ć-. Ɂ ɻʑɻɻɺɾɸ ɴʂɲɽɽʕ ɶʋɾɲɺ ɸ ɺʄʑɹɶʂɽʀʃ ʅʊɾ
0 Ć-. Ɂɽɶʂʀɽɸɾʋɲˊ ʵʹ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, (ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µEɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʈʕɽɲ ʷːʶ ̋ɐʓʂʅɶʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʹʴʴësÀː ɉɺɼɶʆɻʔʃ ɴʂɲɽɽʔʃ ʆʁʀɵɸɼʒɾʀʆɾ ɺʄʀʏʉɶʋʃ ɲɾʓ ʹʴçēÿ. ɍɲ ʈʂʒɽɲʅɲ
ʆʁʀɵɸɼʒɾʀʆɾ ʅɸ ɹɶʂɽʀɻʂɲʄʋɲ ʄɶ ɳɲɹɽʀʎʃ Ʉɶɼʄʋʀʆ ɲɾʓ ʷĆ-. Ɂɽɶʂʀɽɸɾʋɲˊ ʵʹ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, (ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE 
ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʈʕɽɲ ʷːʶ ̒ɐʓʂʅɶʃ ɺʄʀɳɲʂɺɻʕʃ ɶʁɺʇʓɾɶɺɲʃ ʅʊɾ ʷʴʴësÀ. ɍɲ ɽʊɳ ɳʔɼɸ (ÌÀĖÌĚ) ɶʋɾɲɺ ʀ ʓɾɶɽʀʃ ɽɶ ʅɸɾ ɽʋɲ ɴʂɲɽɽʕ ɾɲ
ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʵʴ ÿ/Ě. ɍɲ ʈʂʒɽɲʅɲ ɲɾʅɺʄʅʀɺʈʀʎɾ ʄʅʀɾ ʓɾɶɽʀ ɽɶ ʅɲʈʎʅɸʅɲ ɽɶɴɲɼʎʅɶʂɸ ʅʊɾ ʷʴ ÿ/Ě. Ɂɽɶʂʀɽɸɾʋɲˊ
ʵʹ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝ ʴʴ:00¦¢-, (ɳ1̋2:00¦¢-. Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 
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Ɍʅʀ ʄʈʕɽɲ ʷːʶʼɳ ɴʋɾɶʅɲɺ ɶɽʇɲɾʔʃ ʁʊʃ ɸ ɻɲɹʀɵɺɻʕ ʁʀʂɶʋɲ ʅɸʃ ɵʆɾɲɽɺɻʕʃ

ʅʂʀʁʑʁɲʆʄɸʃ ˜ʶ s²¦˝ ʄʅɲ ʈɲɽɸɼʑʅɶʂɲɺʄʀɳɲʂɺɻʓ ɶʁʋʁɶɵɲ ʅɸʃ ʅʂʀʁʑʄʇɲɺʂɲʃ ʁʀʆ

ʁɲʂɲʅɸʂʕɹɸɻɶ ʅɸɾ ʵʸɸ ɏɶɳʂʀʆɲʂʋʀʆ ʄʆɾɶʈʋɷɶʅɲɺ ɻɲɺ ʅɸɾ ʵʹɸ ɏɶɳʂʀʆɲʂʋʀʆ ɻɲɺ

ɻɲʅɶɳɲʋɾɶɺ ɲɻʑɽɸ ʈɲɽɸɼʑʅɶʂɲ ʄʅʀ ɶʁʋʁɶɵʀ ʅʊɾ ʸʹʴ ësÀˋ ɲʆɿʓɾʀɾʅɲʃ ʅɸɾ ɲʄʅʓɹɶɺɲ

ʁʓɾʊ ɲʁʑ ʅɸɾ ʁɶʂɺʀʈʕː Ɍʅɲ ʈɲɽɸɼʓ ʁɲʂɲʅɸʂɶʋʅɲɺ ʆʉɸɼʕ ʅɺɽʕ ɲɾʊɽɲɼʋɲʃʅʀʆ

ɵʆɾɲɽɺɻʀʎ ʄʅʂʀɳɺɼɺʄɽʀʎ ˜ʓɾʊ ʅʊɾ ʸ s²¦˝ ʁʓɾʊ ɲʁʑ ʅɸɾ Ȼʅʅɺɻʕː Ɂ ɶɺɻʑɾɲ ɲʆʅʕ

ɲɾʅɺʄʅʀɺʈɶʋ ɽɶ ʅɲ ʔɾʅʀɾɲ ʇɲɺɾʑɽɶɾɲ ʁʀʆ ʁɲʂɲʅɸʂʕɹɸɻɲɾ ʄʅɸɾ Ȼʅʅɺɻʕ ɻɲɺ ʅɺʃ ɴʎʂʊ

ʁɶʂɺʀʈʔʃ ɻɲʅʓ ʅɸɾ ʵʹɸ ɏɶɳʂʀʆɲʂʋʀʆˋ ɽɶ ʔɾʅʀɾɲ ʇɲɺɾʑɽɶɾɲ ɻɲɺ ʔɾʅʀɾɸ ʈɺʀɾʑʁʅʊʄɸː 

 

 

 

 

 

Ɍʈʕɽɲ ʷːʶ  ̓˜ɲ˝ɐʓʂʅɸʃ ɴɶʊɵʆɾɲɽɺɻʀʎ ʎʉʀʆʃ ˜çēÿ) ʅɸʃ ɶʁɺʇɲɾɶʋɲʃ ɽɶ ɵʆɾɲɽɺɻʑ ʄʅʂʀɳɺɼɺʄɽʑ ʋʄʀ ɽɶ2s²¦ ˜ɵʆɾɲɽɺɻʕ
ʅʂʀʁʑʁɲʆʄɸ˝ː˜ɳ˝ Ʉʓɹɶʅɸ ʅʀɽʕ ɵʆɾɲɽɺɻʀʎ ʄʅʂʀɳɺɼɺʄɽʀʎ ˜s²¦) ɻɲɺɵʆɾɲɽɺɻʕʃ ɹɶʂɽʀɻʂɲʄʋɲʃ ˜Ć-) ɴɺɲ ɴɶʊɴʂɲʇɺɻʑ ʁɼʓʅʀʃ
38.1ʀ ɇ ˜ʑʁʊʃ ʇɲʋɾɶʅɲɺ ʄʅʀɾ ʆʁɶʂʓɾʊ ʈʓʂʅɸ˝ Ɂ ʔɾʅʀɾɸ ʁʂʓʄɺɾɸ ɴʂɲɽɽʕ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅɸ ʅɺɽʕ ɵʆɾɲɽɺɻʀʎ ʄʅʂɺɳɺɼɺʄɽʀʎ ɽɶ
ʅɺɽʕs² = 2 s²¦  Ɂɽɶʂʀɽɸɾʋɲˊ ʵʹ˖ʴʶ˖ʶʴʶʵ12:00¦¢-.  Ⱦɶɵʀɽʔɾɲˊ8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ˜ɴ˝ Ⱦʀʂʆʇʀʂɺɻʕ ɶɺɻʑɾɲ
ʄʅʀ ɻɲɾʓɼɺ ʅʊɾ ʆɵʂɲʅɽʒɾ_zG µ² 6.2 ɽÿ Ɂɽɶʂʀɽɸɾʋɲˊ ʵʹ˖ʴʶ˖ʶʴʶʵ12:00¦¢-.  ȾɶɵʀɽʔɾɲˊíÌú (ĲÙÀġëÙĖ ĚĆæġĲÀĖÙ ĚĆúĥġíĆĀĚ) 
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ɉ ʓɾɶɽʀʃ ʄʅɲ ʼʹʴ ësÀ ˜Ɍʈʕɽɲ ʷːʶʽ ˜ɲ˝ ̪ ˜ɳ˝˝ ʄʅɺʃ ʁɶʂɺʀʈʔʃ ɶɾɵɺɲʇʔʂʀɾʅʀʃ ˜ȼː

Ȼɺɴɲʋʀˋ ȼʀɺʊʅʋɲˋ ȿʎɳʀɺɲˋ Ȼʅʅɺɻʕ˝ ɶʋɾɲɺ ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʑʃ ʁʀʆ ʅɶʋɾɶɺ ɾɲ ɴʋɾɶɺ ɳʑʂɶɺʀʃ

ʁʂʀʃ ʅʀ ʅʔɼʀʃ ʅɸʃ ɸɽʔʂɲʃː Ɋʓɾʊ ɲʁʑ ʅɸɾ ʆʁʑɼʀɺʁɸ ɸʁɶɺʂʊʅɺɻʕ ȿɼɼʓɵɲ ʀ ʓɾɶɽʀʃ

ʅɶʋɾɶɺ ɾɲ ɴʋɾɶɺ ɲʁʑ ɲɾɲʅʀɼɺɻʑʃˋ ɳʀʂɶɺʀɲɾɲʅʀɼɺɻʑʃ ʄʅɸɾ ʁʀʂɶʋɲ ʅɸʃ ɸɽʔʂɲʃː ɉɺ ʅɺɽʔʃ

ʅʀʆ ɲɾʔɽʀʆ ʁʓɾʊ ɲʁʑ ʅɸɾ ʁɶʂɺʀʈʕ ɶɾɵɺɲʇʔʂʀɾʅʀʃ ɻʆɽɲʋɾʀɾʅɲɺ ʄʅɲ ʵʹ-ʶʴ ÿ˖Ěˋ ɶɾʒ

ʁʂʀʃ ʅʀ ʅʔɼʀʃ ʅɸʃ ɸɽʔʂɲʃ ʆʁɶʂɳɲʋɾʀʆɾ ɲɻʑɽɲ ɻɲɺ ʅɲ ʶʴ ÿ˖Ěː Ȼɾʅʋʄʅʀɺʈɲ ʀ ʓɾɶɽʀʃ

ɻʀɾʅʓ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲ ˜ʄʈʕɽɲ ʷːʶʽ ˜ɴ˝ ̪ ˜ɵ˝˝ ɲɻʀɼʀʆɹɶʋ ʅɸɾ ɻɲʅɶʎɹʆɾʄɸ ʁʀʆ ʔʈɶɺ ʀ

ʓɾɶɽʀʃ ɻɲɺ ʄʅɲ ʼʹʴ ësÀ ɽɶ ʄʈɶʅɺɻʓ ɽɶɴʓɼɶʃ ʅɲʈʎʅɸʅɶʃ ʁʓɾʊ ɲʁʑ ʅʀ Ȼɺɴɲʋʀ ʁʀʆ

ʇɹʓɾʀʆɾ ʅɲ ʵʴ ˟15 m/s. 

               Ɍʅʀ ʅɶʇʋɴʂɲɽɽɲ ʁʀʆ ɲɾʅɺʄʅʀɺʈɶʋ ʄʅʀɾ ʄʅɲɹɽʑ ʅʀʆ ɲɶʂʀɵʂʀɽʋʀʆ Ȼɹɸɾʒɾ

˜ZG ¢˝ ɴɺɲ ʅɺʃ ʵʹ ɏɶɳʂʀʆɲʂʋʀʆ ʅʀʆ ʶʴʶʵ ɻɲɺ ʒʂɲ ʴʺˊʴʴ ¦¢- ˜Ɍʈʕɽɲ ʷːʷʴ ˜ɲ˝˝ˋ ɸ

ɹɶʂɽʀɻʂɲʄʋɲ ɶʋɾɲɺ ʁʓɾʊ ɲʁʑ ʅʀ ɽɸɵʔɾ ɽʑɾʀ ʄʅɸɾ ɶʁɺʇʓɾɶɺɲː Ɇɶɴʓɼɶʃ ʅɺɽʔʃ ʄʈɶʅɺɻʕʃ

ʆɴʂɲʄʋɲʃ ʆʁʓʂʈʀʆɾ ʄɶ ʑɼɸ ʅɸɾ ɻɲʅʒʅɶʂɸ ʅʂʀʁʑʄʇɲɺʂɲˋ ɽɶ ʄʆɽʁʎɻɾʊʄɸ ɾɲ

ʄʆɽɳɲʋɾɶɺ ʄʅɲ ʽʹʴ ësÀː Ɍʅɲ ʺʹʴ ësÀ ʇɲʋɾɶʅɲɺ ʔɾɲ ɺʄʈʆʂʑ ˨ÌÀÎ÷íĀç˩ ɲɾʔɽʊɾˋ ʁʀʆ

ɲʁʀʅɶɼɶʋ ʔɾɵɶɺɿɸ ʉʆʈʂʕʃ ɽɶʅɲʇʀʂʓʃ ɻɲɺ ɲʄʅʓɹɶɺɲʃ ˜Ɋʆɹɲʂʀʎɼɸʃˋ ʶʴʶʴÌ˝ː Ɍʅɸɾ

ʄʆɾʔʈɶɺɲ ʁɲʂʀʆʄɺʓɷɶʅɲɺ ʅʀ ʅɶʇʋɴʂɲɽɽɲ ɴɺɲ ʅʀɾ ʋɵɺʀ ʄʅɲɹɽʑ ʄʅɺʃ ʵʹ ɏɶɳʂʀʆɲʂʋʀʆ

ʅʀʆ ʶʴʶʵ ɻɲɺ ʒʂɲ ʵʶˊʴʴ ¦¢- ˜Ɍʈʕɽɲ ʷːʷʴ ˜ɳ˝˝ː ȿɵʒ ɸ ɹɶʂɽʀɻʂɲʄʋɲ ɻʀɾʅʓ ʄʅɸɾ

ɶʁɺʇʓɾɶɺɲ ɳʂʋʄɻɶʅɲɺ ɻʀɾʅʓ ʄʅʀʆʃ ʹ ʀ-ː Ɂ ʆɴʂɲʄʋɲ ɶʋɾɲɺ ɲʆɿɸɽʔɾɸ ɲʁʑ ʅɸɾ ɶʁɺʇʓɾɶɺɲ

ʔʊʃ ʅɲ ʻʹʴ ësÀˋ ʑʁʊʃ ɶʁʋʄɸʃ ɻɲɺ ʄʅɲ ʹʹʴ ësÀ ɽɶ ʄʆɽʁʎɻɾʊʄɸ ɾɲ ʁɲʂɲʅɸʂɶʋʅɲɺ ʄʅɲ

ʽʴʴ ɽɶ ʼʴʴ ësÀ. ȿʁʋʄɸʃ ɽʔʄʊ ʅɸʃ ɲʁɶɺɻʑɾɺʄɸʃ ʅʊɾ ɲɾʔɽʊɾ ʁɲʂɲʅɸʂɶʋʅɲɺ ɻɲɺ ɶɵʒ

ɺʄʈʆʂʑ ˨ÌÀÎ÷íĀç˩ ʄʅɲ ʺʹʴ ësÀˋ ʁʀʆ ʑʁʊʃ ɲɾɲʇʔʂɹɸɻɶ ɻɲɺ ɾʊʂʋʅɶʂɲ ʆʁʀɵɶɺɻɾʎɶɺ

ʉʆʈʂʕ ɽɶʅɲʇʀʂʓ ɻɲɺ ɲʄʅʓɹɶɺɲ ʄʅɸɾ ʁɶʂɺʀʈʕː Ʉɲɺ ʄʅɺʃ ɵʎʀ ʈʂʀɾɺɻʔʃ ʄʅɺɴɽʔʃ ɶʋɾɲɺ

ɶɽʇɲɾʕʃ ɸ ʎʁɲʂɿɸ ɿɸʂʀʎ ʄʅʂɲʅʀʄʇɲɺʂɺɻʀʎ ɲʔʂɲ ʁʀʆ ʇʅʓɾɶɺ ʅɸ ɽʔʄɸ ʅʂʀʁʑʄʇɲɺʂɲː 
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Ɍʈʕɽɲ ʷːʶ ̔ɐʓʂʅɶʃ ɲɾʔɽʀʆ ʄʅɲ ʼʹʴ ësÀ ( (ɲɻ̋ɲɺ ˜ɳ˝ ˝ ɻɲɺ ʄʅɲ ʵʴÿ ɲʁʑ ʅɸɾ ɶʁɺʇʓɾɶɺɲ( (ɴ˝ ɻɲɺ ˜ɵ˝ ˝. Ɂ ɽɺɲ
ɴʂɲɽɽʕ ʄʅɲ ɳɶɼʓɻɺɲ ˜ÌÀĖÌĚ) ɲɾʅɺʄʅʀɺʈɶʋ ʄɶ ʵʴ ÿ/Ě. Ɂɽɶʂʀɽɸɾʋɲˊ ʵʹ˖ʴʶ˖ʶʴʶʵ ˜ɲ˝,(ɴ˝ ʴʴ:00¦¢-, (ɳ˝ˋ˜ɵ˝12:00¦¢-. 
˜ɶ˝ ɐʓʂʅɸʃ ɲʁʑɻɼɺʄɸʃ ɲɾʔɽʀʆ ʁʓɾʊ ɲʁʑ ʅɸɾ ʁɶʂɺʀʈʕ ʅɸʃ ɻɶɾʅʂɺɻʕʃ ȿɼɼʓɵɲʃ ɴɺɲ ʅɺʃ ʵʶˊʴʴ¦¢-. Ⱦɶɵʀɽʔɾɲˊ
8-_µE ɶʁɺʈɶɺʂɸʄɺɲɻʔʃ ɲɾɲɼʎʄɶɺʃ 

˜ɶ
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Ɍʅʀ ʄʈʕɽɲ ʷːʶʽ˜ɶ˝ ʁɲʂʀʆʄɺʓɷɶʅɲɺ ʅʀ ʁɶɵʋʀ ʅɸʃ ɲʁʑɻɼɺʄɸʃ ʄʅʀ ɺʄʀɳɲʂɺɻʑ

ɶʁʋʁɶɵʀ ʅʊɾ ʼʹʴ ësÀː ɗʁʊʃ ɶʋɾɲɺ ɲɾɲɽɶɾʑɽɶɾʀ ɼʑɴʊ ʅʊɾ ʔɾʅʀɾʊɾ ʇɲɺɾʑɽɶɾʊɾ ʁʀʆ

ɶɽʇɲɾʋɷʀɾʅɲɺ ʄʅɸɾ ʁɶʂɺʀʈʕ ʅɸɾ ʵʹɸ ɏɶɳʂʀʆɲʂʋʀʆˋ ɸ ʄʎɴɻɼɺʄɸ ʁʓɾʊ ɲʁʑ ʅɸ

Ɋɶɼʀʁʑɾɾɸʄʀ ˋ ʅɸ ȼʀɺʊʅʋɲ ɻɲɺ ʅɸ ɻɶɾʅʂɺɻʕ ȿʎɳʀɺɲ ɻɲɺ ɽʔʂʀʃʅɸʃ Ȼʅʅɺɻʕʃ ʁɲʋʂɾɶɺ ʅɺʃ

ɽʔɴɺʄʅɶʃ ʅɺɽʔʃ ʅɸʃˋ ɽɶ ɲʁʑɼʆʅɸ ʅɺɽʕ ɽɶɴɲɼʎʅɶʂɸ ʅʊɾ ʸ10- 4 s - 1 ː Ɍɶ ʄʆɾɵʆɲʄɽʑ ɽɶɴʓɼɶʃ

ʅɺɽʔʃ ɲʁʑɻɼɺʄɸʃ ʁɲʂʀʆʄɺʓɷʀɾʅɲɺ ʁʓɾʊ ɲʁʑ ɽɶɴʓɼʀ ɽʔʂʀʃ ʅɸʃ Ȼʅʅɺɻʕʃˋ ʅɸʃ ɳʑʂɶɺɲʃ

ȼʀɺʊʅʋɲʃ ɻɲɺ ʅɸʃ ɲɾɲʅʀɼɺɻʕʃ Ɋɶɼʀʁʀɾɾʕʄʀʆː ɉ ʄʆɾɵʆɲʄɽʑʃ ɲʆʅʒɾ ʁʂʀɻɲɼɶʋ ʔɾʅʀɾɶʃ

ɲɾʀɵɺɻʔʃ ɻɺɾʕʄɶɺʃ ʄʅɸɾ ɲʅɽʑʄʇɲɺʂɲ ʁʀʆ ɲʁʀɵʋɵʀɾʅɲɺ ʊʃ ʔɾʅʀɾɲ ʇɲɺɾʑɽɶɾɲ ɻɲɺ

ʈɺʀɾʀʁʅʒʄɶɺʃ ʄʅɸɾ ʁɶʂɺʀʈʕː 

 

 

 

 

 

Ɍʈʕɽɲ ʷːʷ  ɹ ɍɶʇʋɴʂɲɽɽɲ ɴɺɲ ʅʀɾ ʄʅɲɹɽʑ ʅʀʆ ɲɶʂʀɵʂʀɽʋʀʆȻɹɸɾʒɾ (LGȻɍ̋ː Ɂɽɶʂʀɽɸɾʋɲˊ ʵʹ˖ʴʶ˖ʶʴʶʵ
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