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342.40.2Ȯ8ȮĺŇĻĺĔĶĶĴıĸńĚĚŅĬȮŐįĬȮĔȮŐĭĭȮĔȮ0ȮĶŃħńĭĮĶŇĠĠŅĴľŅĭńĦĤŇĨ 
ėŜŅĽŜŅėńĠ : ĝňĺĴĺĸ, ŏĪŀĶƢőĴœĞĲŀĬ, ĪŀĶňŐĲėĝńŗĬ, ŏĨŅĮĢŇĔĶĦƢ, ŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢ 

ĬŅĚĽŅĺ ĻĶňŀŋĴŅ ŏıĝĶĔĸƟŅ: ĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĪŅĚėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬ
ĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢ  : įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ. ĬŇĨŇıĚĻƢ őĽĳĦıĚĻƢ
ıŇıńĥĬƢ 

  
ŒĬĚŅĬĺŇěńĵĬňŘěŃĪŜŅĔŅĶĽĶƟŅĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĪňŗĮĶŃĔŀĭħƟĺĵ

ĪƞŀėĺŅĴĶƟŀĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬįƞŅĬľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĽŅĶĪŜŅĚŅĬŒĬ
ĶŃĭĭĽŋĠĠŅĔŅĻĽŜŅľĶńĭŒĝƟŒĬĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬěŅĔĪƞŀŏĪŀĶƢőĴœĞĲŀĬœĮĵńĚŏĨŅĮĢŇĔĶĦƢĳŅĵŒĨƟ
ĭĶĶĵŅĔŅĻĪňŗœĴƞĴňŀŀĔĞŇŏěĬŐĸŃĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴ
œĞĲŀĬŒĬĝƞĺĚĶŃĵŃŒľƟėĺŅĴĶƟŀĬěĬĩŉĚĶŃĵŃĪŜŅĶŃŏľĵ ĪňŗŀŋĦľĳŌĴŇŏĮƚŅľĴŅĵĕŀĚĝňĺĴĺĸĴňėƞŅ 493.15 K 
ŏĬŊŗŀĚěŅĔœĴƞĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŏĝŇĚŏėĴňŒĬĝƞĺĚŀŋĦľĳŌĴŇĬňŘ őħĵĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚ
ėĦŇĨĻŅĽĨĶƢěŃŀŅĻńĵĔġĕƟŀĪňŗľĬŉŗĚĪŅĚŏĪŀĶƢőĴœħĬŅĴŇĔĽƢĪňŗıŇěŅĶĦŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴŐĭĭ Uniform 
ů State, Uniform - Flow Process (USUF) ŒĝƟĺŇīňĔŅĶėŜŅĬĺĦĶŃŏĭňĵĭĺŇīňŏĝŇĚĨńĺŏĸĕŐĭĭĶŋĚŏĚ ů 
ėŋĨĨƟŅŀńĬħńĭ  ĪňŗĽňŗ (Runge - Kutta 4th order method for ordinary differential equations) 
ŐĸŃĪŜŅĔŅĶėŜŅĬĺĦħƟĺĵőĮĶŐĔĶĴ Matlab 2014 ıĶƟŀĴĪńŘĚĪŜŅĬŅĵĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅ
ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ œħƟŐĔƞ ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸ ĽŜŅľĶńĭŐľĸƞĚŒľƟ
ėĺŅĴĶƟŀĬėŊŀĔƠŅĞľŋĚĨƟĴ (LPG) įĸĪňŗœħƟěŅĔĔŅĶĺŇěńĵıĭĺƞŅ ĔŅĶĪŜŅĬŅĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅ
ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŀĵŌƞŒĬĝƞĺĚėĺŅĴėĸŅħŏėĸŊŗŀĬ Absolute average error ŐĸŃ 
Absolute bias error ŏĪƞŅĔńĭ ±8.98 %ŐĸŃ 1.38 % ĨŅĴĸŜŅħńĭ ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃ
ĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬŏĴŊŗŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅ
ĬƟŀĵŕ (0.5 ĩŉĚ 3.0 K/W) ŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃĸħĸĚŀĵƞŅĚĝƟŅŕŏĮƦĬŏĝŇĚŏĽƟĬŏĴŊŗŀ
ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅĴŅĔ (3.5 ĩŉĚ 10.0 K/W) ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃŏıŇŗĴĕŉŘĬ
ĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔŒĬ
ĝňĺĴĺĸŏıŇŗĴĕŉŘĬěŃĽƞĚįĸŒľƟŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬŏĝŇĚŏĽƟĬŒĬĶŃĵŃ
ŀŋƞĬĶƟŀĬŐĸŃŒĬĶŃĵŃĪŜŅĶŃŏľĵ ŏĴŊŗŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĴňėƞŅĬƟŀĵŕ (5 - 10 wt%) ŀńĨĶŅ
ĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŐĸŃŏĴŊŗŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĴňėƞŅ
ĴŅĔŕ (10 - 30 wt%) ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĝƟŅŕ 
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MISS SRIUMA PHECHGLAR : THERMAL MODELLING OF THERMOSYPHON 
TORREFACTION REACTOR THESIS ADVISOR :  NITIPONG SOPONPONGPIPAT 

Thermosyphon torrefaction reactor was created to torrefied rice straw 
and corncob under non ů oxidative torrefaction. A mathematical modelling was 
established to describe the behavior of a thermosyphon torrefaction reactor over 
heating and drying period. The target temperature of 493.15 K, due to the effect of 
decomposition chemical was not happened. To study temperature distribution within 
thermosyphon torrefaction reactor via the model is based on the first law of 
thermodynamic for control volume. The uniform state, uniform flow process is useful 
in the analysis of processes. The equations can be solved by using the runge ů kutta 
4th order method for ordinary differential equations and simulated by Matlab 2014. 
The model is compared to experimental data obtained from a thermosyphon 
torrefaction reactor. The heat transfer characteristics of heating rate of thermosyphon 
torrefaction reactor was predicted. The results indicate that the heating rate rapidly 
decreases with increasing the heat resistance. The increase the hot air in combustor 
results in increase the heating rate and the moisture content increase with 
decreasing the heating rate. 
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ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
  

ĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘĽŜŅŏĶŖěĸŋĸƞĺĚœĮħƟĺĵħň ħƟĺĵėĺŅĴĝƞĺĵŏľĸŊŀĪňŗœħƟĶńĭėĺŅĴĔĶŋĦŅěŅĔ įŌƟĝƞĺĵ
ĻŅĽĨĶŅěŅĶĵƢ ħĶ.ĬŇĨŇıĚĻƢ  őĽĳĦıĚĻƢıŇıńĥĬƢ ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢ ĞŉŗĚĪƞŅĬœħƟĮĶŃĽŇĪīŇśĮĶŃĽŅĪ
ĺŇĝŅėĺŅĴĶŌƟŐĔƞįŌƟĺŇěńĵ ŀňĔĪńŘĚĵńĚĝƞĺĵŐĔƟĮƤĠľŅĨƞŅĚ ŕ ĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚĔŅĶħŜŅŏĬŇĬĚŅĬĽƞĚįĸŒľƟĺŇĪĵŅĬŇıĬīƢ
ŏĸƞĴĬňŘĩŌĔĨƟŀĚŐĸŃĽĴĭŌĶĦƢĵŇŗĚĕŉŘĬ įŌƟĺŇěńĵĕŀĔĶŅĭĕŀĭıĶŃėŋĦŒĬėĺŅĴĔĶŋĦŅĕŀĚĪƞŅĬŏĮƦĬŀĵƞŅĚĽŌĚ 

ĕŀĕŀĭėŋĦ ŀŅěŅĶĵƢ ħĶ.Ħńģ  īńĝĵŃıĚļƢ ŀŅěŅĶĵƢ ħĶ.ĺňĶŃĬŋĝ  ŀŇĬĪŃĔńĬĤƢ ŀŅěŅĶĵƢ ħĶ.ĦńģĺŋĥŇ  
īŅĶŅĺħň ŐĸŃ ŀŅěŅĶĵƢ ħĶ.ĽŋĶŃ ĨńĬħň ĪňŗĔĶŋĦŅŒľƟĕƟŀŐĬŃĬŜŅ ėŜŅĮĶŉĔļŅŐĸŃėĺŅĴĝƞĺĵŏľĸŊŀŒĬĪŋĔ ŕ ħƟŅĬ
ŒĬĔŅĶĪŜŅĺŇěńĵ įŌƟĺŇěńĵĕŀĔĶŅĭĕŀĭıĶŃėŋĦŒĬėĺŅĴĔĶŋĦŅĕŀĚŀŅěŅĶĵƢĪŋĔĪƞŅĬŏĮƦĬŀĵƞŅĚĽŌĚ 

ĕŀĕŀĭėŋĦ ĳŅėĺŇĝŅĲƕĽŇĔĽƢ ėĦŃĺŇĪĵŅĻŅĽĨĶƢ ĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ ĽŜŅľĶńĭėĺŅĴĝƞĺĵŏľĸŊŀ
ŏĔňŗĵĺĔńĭĚŅĬĺŇěńĵŒĬĽƞĺĬħƟŅĬĔŅĶĮĶńĭĮĶŋĚŏėĶŊŗŀĚĴŊŀ ĳŅėĺŇĝŅŏėĴň ėĦŃĺŇĪĵŅĻŅĽĨĶƢ ĴľŅĺŇĪĵŅĸńĵ
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ĕŀĕŀĭėŋĦ ėŋĦŐĴƞ ĠŅĨŇıňŗĬƟŀĚĪŋĔėĬŒĬĨĶŃĔŌĸŏıĝĶĔĸƟŅŐĸŃĨĶŃĔŌĸĽƞŀĚĽŋĕĪňŗėŀĵĽĬńĭĽĬŋĬ
ŐĸŃŏĮƦĬĔŜŅĸńĚŒěĪŜŅŒľƟįŌƟĺŇěńĵĽŅĴŅĶĩħŜŅŏĬŇĬĔŅĶĺŇěńĵěĬĽŜŅŏĶŖěĸŋĸƞĺĚħƟĺĵħň įŌƟĺŇěńĵĕŀĔĶŅĭĕŀĭıĶŃėŋĦŒĬ
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ĬŀĔěŅĔĬňŘĕŀĕŀĭėŋĦ ėŋĦĸŋĚĨńŚĬ ėŋĦĸŋĚľĴŅĵ ıňŗĔƟŀĚ ıňŗĮƛŀĮ ıňŗŕľƟŀĚĳŅėĺŇĝŅ
ĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸĝńŘĬ 4 ŐĸŃľƟŀĚĭĶŇľŅĶĔŅĶĻŉĔļŅĝńŘĬ1 ŏıŊŗŀĬ ıňŗ ĬƟŀĚ ĪńŘĚĻŇļĵƢŏĔƞŅŐĸŃĮƤěěŋĭńĬŒĬľƟŀĚ
ĺŇěńĵĬĺńĨĔĶĶĴŐĸŃŏĝŊŘŀŏıĸŇĚ (LIFE LAB) ĪŋĔėĬĪňŗŏĮƦĬĔŜŅĸńĚŒěŐĸŃŒľƟėĺŅĴĝƞĺĵŏľĸŊŀŒĬĔŅĶĪŜŅ
ĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘ ĕŀĕŀĭėŋĦŏıŊŗŀĬŕ ĶŋƞĬıňŗ ĶŋƞĬĬƟŀĚ ĪňŗėŀĵŏĮƦĬĔŜŅĸńĚŒěŐĸŃŀĵŌƞħƟĺĵĔńĬĨĸŀħŏĺĸŅ ŐĸŃ
ĕŀĕŀĭėŋĦıňŗ Aya P. ĪňŗŏĮƦĬŐĶĚĭńĬħŅĸŒěŐĸŃĔŜŅĸńĚŒě įŌƟĺŇěńĵĕŀĔĶŅĭĕŀĭıĶŃėŋĦŒĬėĺŅĴĔĶŋĦŅĕŀĚĪŋĔ
ĪƞŅĬŏĮƦĬŀĵƞŅĚĽŌĚ 

ėŋĦėƞŅŐĸŃĮĶŃőĵĝĬƢĪňŗŏĔŇħěŅĔĺŇĪĵŅĬŇıĬīƢŏĸƞĴĬňŘĕŀĬƟŀĴŀŋĪŇĻŐħƞ ėŋĦıƞŀĽĴĭŌĶĦƢ ŏıĝĶĔĸƟŅ ŐĨƞ
ŏıňĵĚįŌƟŏħňĵĺ 
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ĭĪĪňŗȮ1 
ĭĪĬŜŅ 

 

/,/ȮėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽŜŅėńĠĕŀĚĮƤĠľŅ 

ȮȮȮȮȮȮȮȮ ŒĬĮƤěěŋĭńĬĪńŗĺőĸĔĴňŐľĸƞĚıĸńĚĚŅĬŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸĸħĸĚŏĬŊŗŀĚěŅĔĴňĮĶŇĴŅĦĔŅĶŒĝƟĚŅĬĪňŗ

ŏıŇŗĴĕŉŘĬěŉĚĽƞĚįĸŒľƟĴňĮĶŇĴŅĦĔŅĶĮĸħĮĸƞŀĵĔƠŅĞœŀŏĽňĵĽŌƞĝńŘĬĭĶĶĵŅĔŅĻŏıŇŗĴĽŌĚĕŉŘĬĔƞŀŒľƟŏĔŇħĽĳŅĺŃőĸĔ

ĶƟŀĬȮĪŜŅŒľƟľĸŅĵŕĮĶŃŏĪĻĪńŗĺőĸĔŒľƟėĺŅĴĽĬŒěŐĸŃıĵŅĵŅĴŀĵƞŅĚĵŇŗĚĪňŗěŃľŅŐľĸƞĚıĸńĚĚŅĬĪħŐĪĬ

ŏıŊŗŀĸħĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬŐĸŃĴĸıŇļĪňŗŏĔŇħĕŉŘĬěŅĔĔŅĶŒĝƟŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸȮıĸńĚĚŅĬĝňĺĴĺĸľĶŊŀ

ıĸńĚĚŅĬĝňĺĳŅıŏĮƦĬŐľĸƞĚıĸńĚĚŅĬĪħŐĪĬĪňŗĴňėĺŅĴĽŜŅėńĠŒĬőĸĔĴŅĔȮœħƟŐĔƞȮĞńĚĕƟŅĺőıħȮĔŃĸŅĴŃıĶƟŅĺȮ

ĔŅĭĴŃıĶƟŅĺȮĲŅĚĕƟŅĺȮĝŅĬŀƟŀĵȮœĴƟĵŅĚıŅĶŅȮĕŀĚŏľĸŊŀŒĝƟěŅĔŏĔļĨĶĔĶĶĴŐĸŃŀŋĨĽŅľĔĶĶĴȮŏĮƦĬĨƟĬȮȮ

ĝňĺĴĺĸĽŅĴŅĶĩĩŌĔŒĝƟĚŅĬĶƞĺĴĔńĬĔńĭĩƞŅĬľŇĬŒĬĔĶŃĭĺĬĔŅĶŏįŅœľĴƟȮĔĶŃĭĺĬĔŅĶŐĔƠĽĞŇĲƕŏėĝńŗĬŐĸŃȮ

ĔŅĶœıőĶœĸĞŇĽȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴȮėŋĦĽĴĭńĨŇĕŀĚĝňĺĴĺĸħŇĭĴňėĺŅĴŐĨĔĨƞŅĚěŅĔėŋĦĽĴĭńĨŇĕŀĚĩƞŅĬľŇĬ

ŀĵƞŅĚŏľŖĬœħƟĝńħȮĽŜŅľĶńĭĝňĺĴĺĸħŇĭĴňĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺȮ&Fixed carbon'ȮŐĸŃĽŅĶĶŃŏľĵőħĵĪńŗĺœĮ

ŀĵŌƞŒĬĝƞĺĚȮ0,5 ů 20 wt#ȮŐĸŃȮ0,9 ů 20 wt#ȮĨŅĴĸŜŅħńĭŐĸŃĮĶŇĴŅĦĕŀĚīŅĨŋėŅĶƢĭŀĬȮ&C'ȮŐĸŃ

ŀŀĔĞŇŏěĬȮ&O'ȮŀĵŌƞŒĬĝƞĺĚȮ39 ů 50 wt#ȮŐĸŃěŅĔȮ37 ů 50 wt#ȮĨŅĴĸŜŅħńĭȮŐĸŃĽŜŅľĶńĭĩƞŅĬľŇĬĴň

ĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺŐĸŃĽŅĶĶŃŏľĵŀĵŌƞŒĬĝƞĺĚȮ46 ů 92 wt#ȮŐĸŃȮ0,9 ů 50 wt#ȮĨŅĴĸŜŅħńĭŐĸŃ

ĮĶŇĴŅĦĕŀĚīŅĨŋėŅĶƢĭŀĬŐĸŃŀŀĔĞŇŏěĬŀĵŌƞŒĬĝƞĺĚȮ64 ů 92 wt#ȮŐĸŃȮ1 ů 25 wt#ȮĨŅĴĸŜŅħńĭȮȮȮȮȮȮ

ěŃŏľŖĬœħƟĺƞŅȮĝňĺĴĺĸħŇĭĴňĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺȮĮĶŇĴŅĦėŅĶƢĭŀĬŐĸŃėƞŅėĺŅĴĶƟŀĬĪňŗĨŗŜŅĔĺƞŅĩƞŅĬľŇĬȮ

őħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚėƞŅėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸħŇĭȮĞŉŗĚėƞŅėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸħŇĭŐĸŃĩƞŅĬľŇĬĴňėƞŅŀĵŌƞ

ŒĬĝƞĺĚȮ15 ů 20 MJ-kg ŐĸŃȮ25 ů 35 MJ-kg ĨŅĴĸŜŅħńĭȮħńĚĬńŘĬȮıĸńĚĚŅĬĝňĺĴĺĸěŉĚŏĮƦĬľĬŉŗĚŒĬ

ĨńĺŏĸŊŀĔĪňŗĬƞŅĽĬŒěĪňŗĽŋħĽŜŅľĶńĭĔŅĶěńħľŅŐľĸƞĚıĸńĚĚŅĬĪħŐĪĬĪňŗĵńŗĚĵŊĬĽŜŅľĶńĭŒĝƟŏĮƦĬŏĝŊŘŀŏıĸŇĚŒĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ŏĝŇĚŀŋĨĽŅľĔĶĶĴ [1] 

ȮȮȮȮȮȮȮȮ ĝňĺĴĺĸĽŅĴŅĶĩĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇŏľĸƞŅĬňŘŒľƟĔĸŅĵŏĮƦĬŏĝŊŘŀŏıĸŇĚŐĕŖĚĪňŗħňœħƟħƟĺĵĔĶŃĭĺĬĔŅĶ

ĔŅĶĽĸŅĵĨńĺŏĝŇĚėĺŅĴĶƟŀĬȮĞŉŗĚŏĮƦĬĪňŗĶŌƟěńĔĔńĬħňĺƞŅŏĮƦĬĔĶŃĭĺĬĔŅĶœıőĶœĸĞŇĽĪňŗĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬ

ĽŀĚĮĶŃŏĳĪĨŅĴŀŋĦľĳŌĴŇĕŀĚĔŅĶĽĸŅĵĨńĺėŊŀȮĔĶŃĭĺĬĔŅĶėŅĶƢĭŀœĬŏĞĝńĬŐĸŃĔĶŃĭĺĬĔŅĶȮȮȮȮȮȮȮȮȮȮ

ĪŀĶňŐĲėĝńŗĬȮĽŜŅľĶńĭĔĶŃĭĺĬĔŅĶėŅĶƢĭŀœĬŏĞĝńĬěŃħŜŅŏĬŇĬĔŅĶĪňŗŀŋĦľĳŌĴŇĴŅĔĔĺƞŅȮ573,15ȮKȮ

įĸŇĨĳńĦĤƢĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶĬňŘėŊŀĩƞŅĬľĶŊŀĝŅĶƢ [2] ŐĸŃĽŜŅľĶńĭĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬěŃ
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ħŜŅŏĬŇĬĔŅĶĪňŗŀŋĦľĳŌĴŇŒĬĝƞĺĚȮ473,15 ů 573,15ȮKȮĳŅĵŒĨƟĽĳŅĺŃĭĶĶĵŅĔŅĻȮĞŉŗĚĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬ

ĽŀĚĽĳŅĺŃĭĶĶĵŅĔŅĻėŊŀŐĭĭĳŅĵŒĨƟĭĶĶĵŅĔŅĻĪňŗœĴƞĴňŀŀĔĞŇŏěĬȮ&NonȮ-Ȯoxidative torrefaction 

characterization'ȮŐĸŃŐĭĭĳŅĵŒĨƟĭĶĶĵŅĔŅĻĪňŗĴňŀŀĔĞŇŏěĬȮ&Oxidative torrefaction 

characterization'ȮĽŜŅľĶńĭľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬĬňŘȮŐĭƞĚŀŀĔŏĮƦĬȮ4ȮĝƞĺĚ

ĶŃĵŃŏĺĸŅħƟĺĵĔńĬėŊŀȮĶŃĵŃŀŋƞĬĶƟŀĬȮĶŃĵŃĪŜŅĶŃŏľĵȮĶŃĵŃĪŀĶňŐĲėĝńŗĬŐĸŃĶŃĵŃĔŅĶĪŜŅŏĵŖĬȮȮȮȮȮȮ

ĽŜŅľĶńĭĶŃĵŃŀŋƞĬĶƟŀĬŀŋĦľĳŌĴŇěŃŏĶŇŗĴħŜŅŏĬŇĬĔŅĶĨńŘĚŐĨƞŀŋĦľĳŌĴŇľƟŀĚěĬĩŉĚŀŋĦľĳŌĴŇĔƞŀĬĬŘŜŅĶŃŏľĵŀŀĔ

ěŅĔĝňĺĴĺĸĞŉŗĚŀĵŌƞŒĬĝƞĺĚȮ307,15 ů 373,15ȮKȮŒĬĶŃĵŃĬňŘĝňĺĴĺĸěŃœĴƞĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮȮȮ

ŏĝŇĚŏėĴňŐĸŃĔŅĶĽŌĠŏĽňĵĬŘŜŅľĬńĔȮĽŜŅľĶńĭĶŃĵŃĪŜŅĶŃŏľĵŀŋĦľĳŌĴŇěŃŏĶŇŗĴĨńŘĚŐĨƞŏĴŊŗŀėĺŅĴĶƟŀĬĪŜŅŒľƟĴĺĸĬŘŜŅ

ŏĶŇŗĴĶŃŏľĵŀŀĔěŅĔĝňĺĴĺĸěĬĩŉĚŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬėŊŀŀĵŌƞŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ373,15 ů 473,15ȮKȮŒĬ

ĶŃĵŃĬňŘĝňĺĴĺĸěŃœĴƞĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŏĝŇĚŏėĴňŐĨƞŏĔŇħĔĶŃĭĺĬĔŅĶĽŌĠŏĽňĵĬŘŜŅľĬńĔŏĬŊŗŀĚěŅĔ

ĔŅĶĶŃŏľĵĕŀĚĴĺĸĬŘŜŅĪňŗŀĵŌƞŒĬĝňĺĴĺĸȮĽŜŅľĶńĭĶŃĵŃĪŀĶňŐĲėĝńŗĬŀĵŌƞŒĬĝƞĺĚŀŋĦľĳŌĴŇ 473,15 ů 573,15Ȯ

KȮĝňĺĴĺĸěŃŏĔŇħĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŏĝŇĚŏėĴňŐĸŃĽŌĠŏĽňĵĬŘŜŅľĬńĔȮœħƟŐĔƞȮŏŁĴŇŏĞĸĸŌőĸĽȮŏĞĸĸŌőĸĽ

ŐĸŃĸŇĔĬŇĬȮŐĸŃĽŋħĪƟŅĵĝƞĺĚĕŀĚĶŃĵŃĔŅĶĪŜŅŏĵŖĬėŊŀĪŜŅŒľƟŀŋĦľĳŌĴŇŏĵŖĬĸĚěĬĩŉĚŀŋĦľĳŌĴŇľƟŀĚȮĚŅĬĺŇěńĵ

ĔƞŀĬľĬƟŅĬňŘȮœħƟĴňĔŅĶħŜŅŏĬŇĬĔŅĶĪŀĶňŐĲėĝńŗĬĝňĺĴĺĸįƞŅĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħĬŇŗĚŒĬĶŃħńĭ

ľƟŀĚĮĢŇĭńĨŇĔŅĶȮœħƟŐĔƞȮRousset ŐĸŃėĦŃ [2] œħƟħŜŅŏĬŇĬĔŅĶĪŀĶňŐĲėĝńŗĬœĴƟĵŌėŅĸŇĮĨńĽȮĪňŗŀŋĦľĳŌĴŇȮ

513,15ȮŐĸŃȮ553,15ȮKȮŏĺĸŅȮ2ȮĝńŗĺőĴĚȮRatte ŐĸŃėĦŃ [3] œħƟħŜŅŏĬŇĬĔŅĶĪŀĶňŐĲėĝńŗĬœĴƟĪňŗĴňĶŌĮĶƞŅĚ

ĔĸĴŒĬĝƞĺĚŀŋĦľĳŌĴŇœıőĶœĸĞŇĽŀĵƞŅĚĝƟŅȮMedic ŐĸŃėĦŃȮY2[ȮœħƟħŜŅŏĬŇĬĔŅĶĪŀĶňŐĲėĝńŗĬĲŅĚĕƟŅĺ

ĭŅĶƢŏĸĵƢȮĪňŗŀŋĦľĳŌĴŇȮ503,15 ů 573,15ȮKȮĨƞŀĴŅœħƟĴňĔŅĶħŜŅŏĬŇĬĔŅĶĪŀĶňŐĲėĝńŗĬĝňĺĴĺĸįƞŅĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭœĴőėĶŏĺĲŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮœħƟŐĔƞȮWang ŐĸŃėĦŃȮY3[ȮœħƟħŜŅŏĬŇĬȮȮ

ĔŅĶĪŀĶňœĲĶƢĶŜŅĕƟŅĺŐĸŃĝŅĬŀƟŀĵȮőħĵĴňĔŜŅĸńĚœĲĲƚŅĕŀĚœĴőėĶŏĺĲĨńŘĚŐĨƞȮ150 ů 400 WȮĪňŗŀŋĦľĳŌĴŇȮȮȮ

ĪŀĶňŐĲėĝńŗĬȮ523,15ȮKȮĶŃĵŃŏĺĸŅȮ15 ĬŅĪňȮHuang ŐĸŃėĦŃȮY4[ȮĪŀĶňœĲĶƢĲŅĚĕƟŅĺŐĸŃıŊĝĬŘŜŅįƞŅĬ

ĔŜŅĸńĚœĲĲƚŅĕŀĚœĴőėĶŏĺĲĨńŘĚŐĨƞȮ150 ů 350 WȮĪňŗŀŋĦľĳŌĴŇľƟŀĚěĬĩŉĚȮ673,15ȮKȮŐĸŃȮRepellin ŐĸŃ

ėĦŃȮY5[ȮœħƟħŜŅŏĬŇĬĔŅĶĪŀĶňœĲĶƢœĴƟĭňĝŐĸŃœĴƟĽĬįƞŅĬŏĨŅĮĢŇĔĶĦƢĪĶňŐĲėĝńŗĬŐĭĭőĶĨŅĶňŗėĸŇĬŒĬĶŃħńĭȮ

ĔŉŗĚŀŋĨĽŅľĔĶĶĴȮħƟĺĵŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬĨńŘĚŐĨƞȮ453,15 ů 533,15ȮKȮĶŃĵŃŏĺĸŅȮ5 ů 60 ĬŅĪňȮıĭĺƞŅȮ

ĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢěŃĴňȮ3 ĶŃĵŃėŊŀȮĶŃĵŃŀŋƞĬĶƟŀĬȮĶŃĵŃĪŜŅĶŃŏľĵŐĸŃ

ĶŃĵŃĪŀĶňŐĲėĝńŗĬȮĽƞĺĬĶŅĵĚŅĬĕŀĚȮBasu ŐĸŃėĦŃȮY6[ȮœħƟĶŅĵĚŅĬĺƞŅĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬĴň

ĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬȮ4 ĶŃĵŃȮėŊŀȮĶŃĵŃŀŋƞĬĶƟŀĬȮĶŃĵŃĪŜŅĶŃŏľĵȮĶŃĵŃľĸńĚĪŜŅĶŃŏľĵŐĸŃĶŃĵŃȮȮȮ



  3 

ĪŀĶňŐĲėĝńŗĬȮĬŀĔěŅĔĬňŘŒĬľĸŅĵŕĚŅĬĺŇěńĵœħƟĪŜŅĔŅĶĻŉĔļŅĔŅĶĪŀĶňŐĲėĝńŗĬĝňĺĴĺĸĬňŘħƟĺĵĽĳŅĺŃĳŅĵŒĨƟ

ĭĶĶĵŅĔŅĻĪňŗĴňŀŀĔĞŇŏěĬȮőħĵȮWang ŐĸŃėĦŃȮY7[ȮœħƟĪŜŅĔŅĶĻŉĔļŅĪŀĶňŐĲėĝńŗĬĕňŘŏĸŊŗŀĵőħĵŒĝƟĮĶŇĴŅĦ

ĕŀĚĔƠŅĞŀŀĔĞŇŏěĬȮ0, 3 ŐĸŃȮ6Ȯvol#ȮŏĮƦĬĔƠŅĞĨńĺıŅŐĸŃĪŀĶňŐĲėĝńŗĬĪňŗŀŋĦľĳŌĴŇȮ523,15, 543,15Ȯ

ŐĸŃȮ563,15ȮKȮıĭĺƞŅȮėŋĦĽĴĭńĨŇĕŀĚĕňŘŏĸŊŗŀĵĪŀĶňœĲĶƢŒĔĸƟŏėňĵĚĔńĭŐĭĭĳŅĵŒĨƟĭĶĶĵŅĔŅĻĪňŗœĴƞĴň

ŀŀĔĞŇŏěĬȮœħƟŐĔƞȮėĺŅĴľĬŅŐĬƞĬȮėƞŅėĺŅĴĶƟŀĬŐĸŃįĸœħƟıĸńĚĚŅĬȮRoussetȮŐĸŃėĦŃȮY/.[ȮĻŉĔļŅ

ėŋĦĽĴĭńĨŇŏĝŇĚŏėĴňŐĸŃŏĝŇĚĔŅĵĳŅıĕŀĚĵŌėŅĸŇĮĨńĽĪŀĶňœĲĶƢĳŅĵŒĨƟĭĶĶĵŅĔŅĻŀŀĔĞŇŏěĬĪňŗĴňėĺŅĴŏĕƟĴĕƟĬȮ

2, 6, 10 ŐĸŃȮ21 vol#ȮȮĪňŗŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬȮ513,15ȮŐĸŃȮ553,15ȮKȮĶŃĵŃŏĺĸŅȮ1ȮĝńŗĺőĴĚȮıĭĺƞŅȮ

ĮĶŇĴŅĦĕŀĚŀŀĔĞŇŏěĬȮ21 vol#ȮĽƞĚįĸĨƞŀįĸœħƟĕŀĚĕŀĚŐĕŖĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠŐĸŃĽŜŅľĶńĭĳŅĵŒĨƟ

ĭĶĶĵŅĔŅĻĪňŗœĴƞĴňŀŀĔĞŇŏěĬĽƞĺĬŒľĠƞĴńĔěŃıĭĚŅĬĺŇěńĵĪňŗħŜŅŏĬŇĬĔŅĶőħĵŒĝƟĭĶĶĵŅĔŅĻŏĜŊŗŀĵŏĮƦĬȮȮȮȮȮȮ

ĔƠŅĞĨńĺıŅŀŀĔĞŇŏěĬŐĸŃĽŅĶĶŃŏľĵŀŀĔěŅĔĶŃĭĭŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶŏįŅœľĴƟȮĞŉŗĚĪŜŅŒľƟŏĔŇħȮȮȮȮȮȮ

ĔŅĶĽĸŅĵĨńĺĕŀĚŏĞĸĸŌőĸĽȮŏŁĴŇŏĞĸĸŌőĸĽŐĸŃĸŇĔĬŇĬȮőħĵŏĜıŅŃĔŅĶĽĸŅĵĨńĺĕŀĚŏŁĴŇŏĞĸĸŌőĸĽěŃĽƞĚįĸ

ŒľƟĔŅĶĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĝňĺĴĺĸħňĕŉŘĬėŊŀėƞŅėĺŅĴĶƟŀĬŏıŇŗĴĕŉŘĬěŅĔĝňĺĴĺĸħŇĭȮ40 wt#ȮŐĸŃĬŘŜŅľĬńĔ

ĽŌĠŏĽňĵȮ50 wt#ȮȮĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĸŃŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚŀŀĔĞŇŏěĬĨƞŀėŅĶƢĭŀĬĨŗŜŅĸĚȮĮĶŇĴŅĦ

ėŅĶƢĭŀĬėĚĨńĺŏıŇŗĴĕŉŘĬȮŏıŇŗĴėƞŅėĺŅĴľĬŅŐĬƞĬŐĸŃĸńĔļĦŃėĺŅĴœĴƞĝŀĭĬŘŜŅY//[ 

ȮȮȮȮȮȮȮȮ ĽŜŅľĶńĭĔŅĶıńĥĬŅŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬőħĵĪńŗĺœĮœħƟĴňĔŅĶŏĶŇŗĴıńĥĬŅŏĨŅĮĢŇĔĶĦƢĪńŘĚŒĬ

ĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮĶŃħńĭĔŉŗĚŀŋĨĽŅľĔĶĶĴȮĨĸŀħěĬĶŃħńĭŏĝŇĚıŅĦŇĝĵƢȮĶŌĮŐĭĭŏĨŅĽƞĺĬŒľĠƞěŃĴňȮȮ

ĔŅĶĽĶƟŅĚŐĸŃľĸńĔĔŅĶĪŜŅĚŅĬĪňŗŐĨĔĨƞŅĚĔńĬȮĽŜŅľĶńĭŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶħŜŅŏĬŇĬĔŅĶĽĶƟŅĚŏıŊŗŀ

ĨƟŀĚĔŅĶľŅĨńĺŐĮĶĪňŗŏľĴŅŃĽĴĨƞŀĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬěŉĚĬŜŅœĮĽŌƞĔŅĶĽĶƟŅĚŏĨŅĮĢŇĔĶĦƢĪňŗĩŌĔıńĥĬŅ

ŐĸƟĺŒĬĶŃħńĭĔŉŗĚŀŋĨĽŅľĔĶĶĴŐĸŃĶŃħńĭŏĝŇĚıŅĦŇĝĵƢȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲƕĔĞƢŏĭħŏĮƦĬȮȮȮȮȮȮȮ

ŏĨŅĮĢŇĔĶĦƢĪňŗĴňĔŅĶıńĥĬŅœĮĽŌƞĶŃħńĭĬŜŅĶƞŀĚŀŋĨĽŅľĔĶĶĴĔńĬŀĵƞŅĚŐıĶƞľĸŅĵȮŏĨŅĶŌĮŐĭĭĬňŘĴňĶŃĭĭœĴƞ

ĵŋƞĚĵŅĔĞńĭĞƟŀĬȮőħĵľĸńĔĔŅĶĪŜŅĚŅĬėŊŀĝňĺĴĺĸĩŌĔĬŜŅĴŅĺŅĚœĺƟŒĬŏĨŅĮĢŇĔĶĦƢŐĸŃĴňŐľĸƞĚŒľƟėĺŅĴĶƟŀĬ

őħĵĨĶĚŀŅěěŃĸƟŀĴĶŀĭľĶŊŀŒľƟėĺŅĴĶƟŀĬŒĬĽƞĺĬĸƞŅĚȮChen ŐĸŃėĦŃȮY/0[ȮœħƟĪŜŅĔŅĶĻŉĔļŅįĸĕŀĚ

ĔŅĶĪŀĶňŐĲėĝńŗĬœĴƟĽĬıŊŘĬŏĴŊŀĚĝĬŇħľĬŉŗĚȮ&Lauan'ȮĔńĭŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭ

ľƟŀĚĮĢŇĭńĨŇĔŅĶȮőħĵĴňŐľĸƞĚŒľƟėĺŅĴĶƟŀĬŏĮƦĬŏėĶŊŗŀĚĔŜŅŏĬŇħœĲĲƚŅĸƟŀĴĶŀĭȮıĭĺƞŅȮĝňĺĴĺĸĪňŗįƞŅĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ĔŅĶĪŀĶňŐĲėĝńŗĬĴňėƞŅėĺŅĴĶƟŀĬĪňŗĽŌĚĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭĝňĺĴĺĸħŇĭŏĨŅĮĢŇĔĶĦƢŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭĔŉŗĚ

ŀŋĨĽŅľĔĶĶĴĴňıŊŘĬģŅĬĕŀĚĔŅĶĽĶƟŅĚŐĸŃľĸńĔĔŅĶĪŜŅĚŅĬĴŅěŅĔĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮőħĵŐľĸƞĚȮȮȮ

ėĺŅĴĶƟŀĬĪňŗĮƚŀĬŏĕƟŅĶŃĭĭœħƟěŅĔĔŅĶŏįŅœľĴƟĝňĺĴĺĸħŇĭőħĵĨĶĚȮĞŉŗĚőħĵĮĔĨŇŐľĸƞĚŒľƟėĺŅĴĶƟŀĬĪňŗ
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ĮƚŀĬŏĕƟŅĽŌƞĶŃĭĭŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶěŃŏĮƦĬŏėĶŊŗŀĚŒľƟėĺŅĴĶƟŀĬœĲĲƚŅŐĸŃŏĨŅĮĢŇĔĶĦƢĝĬŇħĬňŘœĴƞ

ĽŅĴŅĶĩħŜŅŏĬŇĬĔŅĶŀĵƞŅĚĨƞŀŏĬŊŗŀĚœħƟȮĻŌĬĵƢĺŇěńĵıĸńĚĚŅĬĕŀĚĮĶŃŏĪĻŏĬŏīŀĶƢŐĸĬħƢœħƟŀŀĔŐĭĭŐĸŃĽĶƟŅĚ

ŏĨŅĮĢŇĔĶĦƢĝĬŇħĬňŘıĶƟŀĴĪŜŅĔŅĶĪŀĶňŐĲėĝńŗĬœĴƟĽĬıŊŘĬŏĴŊŀĚħƟĺĵĔŜŅĸńĚĔŅĶįĸŇĨȮ60 ĔŇőĸĔĶńĴĨƞŀĝńŗĺőĴĚȮ

Y/1[ȮŐĸŃŏĨŅĮĢŇĔĶĦƢŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭŏĝŇĚıŅĦŇĝĵƢěŃĴňĸńĔļĦŃĔŅĶĪŜŅĚŅĬėĸƟŅĵĔńĭŏĨŅĮĢŇĔĶĦƢ

ŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭĔŉŗĚŀŋĨĽŅľĔĶĶĴȮŒĬĮƖė,Ļ,2010 ĭĶŇļńĪŀŇĬŏĪőĔĶĲĸŌŏŀĸȮœħƟħŜŅŏĬŇĬĔŅĶĽĶƟŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ŏĨŅĮĢŇĔĶĦƢĶŌĮŐĭĭĬňŘȮőħĵĴňĔŜŅĸńĚĔŅĶįĸŇĨĝňĺĴĺĸĪŀĶňœĲĶƢȮ48,000 ĨńĬĨƞŀĮƖȮıĭĺƞŅĔŅĶĔĶŃěŅĵ

ŀŋĦľĳŌĴŇœĴƞĽĴŗŜŅŏĽĴŀĪńŗĺĪńŘĚŏĨŅĮĢŇĔĶĦƢȮY/2[ȮĚŅĬĺŇěńĵĬňŘěŉĚœħƟŏĸŖĚŏľŖĬĺƞŅȮėĺĶĴňĔŅĶĮĶńĭĮĶŋĚŏĨŅĮĢŇĔĶĦƢ

ĪŀĶňŐĲėĝńŗĬŒľƟĴňĔŅĶĪŜŅĚŅĬĪňŗĽŅĴŅĶĩĪŜŅŒľƟŏĔŇħĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇŀĵƞŅĚĽĴŗŜŅŏĽĴŀĪńŗĺĪńŘĚľƟŀĚĮĢŇĔĶĦƢ

ĪŀĶňŐĲėĝńŗĬȮĞŉŗĚěŅĔėĺŅĴĶŌƟŏĔňŗĵĺĔńĭĪķļġňĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĽŜŅľĶńĭĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮ

&Thermosyphon'ȮĪňŗŏĮƦĬŏėĶŊŗŀĚĴŊŀĕĬĽƞĚĪŅĚėĺŅĴĶƟŀĬĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚȮĪŜŅĚŅĬœħƟħňŒĬĪŇĻĪŅĚĨńŘĚ

ĜŅĔĔńĭŐĬĺĶŃħńĭȮĳŅĵŒĬĭĶĶěŋĽŅĶĪŜŅĚŅĬĪňŗĪŜŅľĬƟŅĪňŗŒĬĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬŒĬĽĳŅĺŃĽŋĠĠŅĔŅĻȮȮ

ĨńĺĪƞŀįĸŇĨħƟĺĵĺńĽħŋĪňŗĬŜŅėĺŅĴĶƟŀĬœħƟħňȮĞŉŗĚŏĮƦĬŏĪėőĬőĸĵňĪňŗĽŅĴŅĶĩĪŜŅŒľƟĔŅĶĔĶŃěŅĵėĺŅĴĶƟŀĬ

ĽĴŗŜŅŏĽĴŀĪńŗĺĪńŘĚĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬœħƟȮŐĨƞĪƞŀĝĬŇħĬňŘěŃĽŅĴŅĶĩĪŜŅĚŅĬœħƟħňŒĬŐĬĺĨńŘĚĜŅĔĔńĭȮȮȮȮȮ

ŐĬĺĶŃĬŅĭŐĭƞĚŀŀĔŏĮƦĬȮ2ȮĮĶŃŏĳĪėŊŀȮŐĭĭŏĮƕħŐĸŃŐĭĭĮƕħĽŀĚĽĩŅĬŃȮŏĪŀĶƢőĴœĞĲŀĬŐĭĭĮƕħȮȮ

ĽŀĚĽĩŅĬŃȮ&TwoȮ-Ȯphase closed thermosyphon'ȮĞŉŗĚĽŅĴŅĶĩĽƞĚįƞŅĬėĺŅĴĶƟŀĬœħƟĴŅĔĔĺƞŅȮȮȮȮȮȮȮȮȮ

ŏĪŀĶƢőĴœĞĲŀĬŐĭĭŏĮƕħȮŏĬŊŗŀĚěŅĔĪƞŀŏĪŀĶƢőĴœĞĲŀĬŐĭĭĮƕħĽŀĚĽĩŅĬŃěŃĩƞŅĵŏĪėĺŅĴĶƟŀĬŐİĚȮ

&Latent heat'ȮŒĬĕĦŃĪňŗŏĪŀĶƢőĴœĞĲŀĬŐĭĭŏĮƕħěŃĩƞŅĵŏĪėĺŅĴĶƟŀĬĽńĴįńĽȮ&Sensible heat'ȮY/3[Ȯ

ŒĬĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘȮœħƟĴňĔŅĶıńĥĬŅĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŏıŊŗŀĶŀĚĶńĭŐŀĮıĸŇŏėĝńŗĬĨƞŅĚŕȮĴň

ĔŅĶĻŉĔļŅŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬħƟĺĵĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŏıŊŗŀĻŉĔļŅ

ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬıĭĺƞŅŀŋĦľĳŌĴŇŒĬĽƞĺĬėĺĭŐĬƞĬȮ

&Condenser section'ȮĨŗŜŅĔĺƞŅŀŋĦľĳŌĴŇŒĬĽƞĺĬĪŜŅĶŃŏľĵȮ&Evaporator section'ȮŐĸŃėĺŅĴŐĨĔĨƞŅĚ

ĕŀĚŀŋĦľĳŌĴŇŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĬƟŀĵĴŅĔŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇĽĴŗŜŅŏĽĴŀĪńŗĺĪńŘĚĪƞŀȮȮȮȮȮ

ĞŉŗĚĽƞĚįĸŒľƟĮĶŃĽŇĪīŇĳŅıĕŀĚĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĬňŘĴňĮĶŃĽŇĪīŇĳŅıĪňŗħňY/4[ 

ȮȮȮȮȮȮȮȮ ħńĚĬńŘĬȮĽŜŅľĶńĭŒĬĚŅĬĺŇěńĵĬňŘěŃĪŜŅĔŅĶĽĶƟŅĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĪňŗ

ĮĶŃĔŀĭħƟĺĵĪƞŀėĺŅĴĶƟŀĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬįƞŅĬľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĽŅĶ

ĪŜŅĚŅĬŒĬĶŃĭĭĽŋĠĠŅĔŅĻĽŜŅľĶńĭŒĝƟŒĬĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬěŅĔĪƞŀŏĪŀĶƢőĴœĞĲŀĬœĮĵńĚŏĨŅĮĢŇĔĶĦƢ

ĳŅĵŒĨƟĭĶĶĵŅĔŅĻĪňŗœĴƞĴňŀŀĔĞŇŏěĬŐĸŃĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħ
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ŏĪŀĶƢőĴœĞĲŀĬŒĬĝƞĺĚĶŃĵŃŒľƟėĺŅĴĶƟŀĬěĬĩŉĚĶŃĵŃĪŜŅĶŃŏľĵȮĪňŗŀŋĦľĳŌĴŇŏĮƚŅľĴŅĵĕŀĚĝňĺĴĺĸĴňėƞŅȮ

493,15ȮKȮŏĬŊŗŀĚěŅĔœĴƞĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŏĝŇĚŏėĴňŒĬĝƞĺĚŀŋĦľĳŌĴŇĬňŘȮŏıŊŗŀĻŉĔļŅĔŅĶĔĶŃěŅĵĨńĺ

ĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮőħĵĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢ

ěŃŀŅĻńĵĔġĕƟŀĪňŗľĬŉŗĚĪŅĚŏĪŀĶƢőĴœħĬŅĴŇĔĽƢĪňŗıŇěŅĶĦŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴŐĭĭȮUniform ů State, 

Uniform -ȮFlow Process &USUF'ȮŒĝƟĺŇīňĔŅĶėŜŅĬĺĦĶŃŏĭňĵĭĺŇīňŏĝŇĚĨńĺŏĸĕŐĭĭĶŋĚŏĚȮů ėŋĨĨƟŅŀńĬħńĭȮȮ

ĪňŗĽňŗȮ&RungeȮ-ȮKutta 4th order methodȮfor ordinary differential equations'ȮŐĸŃĪŜŅĔŅĶ

ėŜŅĬĺĦħƟĺĵőĮĶŐĔĶĴȮMatlab 2014ȮıĶƟŀĴĪńŘĚĪŜŅĬŅĵĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢȮȮȮȮȮ

ĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮœħƟŐĔƞȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸȮĽŜŅľĶńĭŐľĸƞĚŒľƟėĺŅĴĶƟŀĬėŊŀ

ĔƠŅĞľŋĚĨƟĴȮ&LPG' 

/,0ȮĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 

ȮȮȮȮȮȮȮȮ /,0,/ȮŏıŊŗŀĽĶƟŅĚŐĭĭěŜŅĸŀĚĪŅĚėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮ

ŒĬĝƞĺĚĶŃĵŃŏĶŇŗĴŒľƟėĺŅĴĶƟŀĬěĬĩŉĚĶŃĵŃĪŜŅĶŃŏľĵ 

ȮȮȮȮȮȮȮȮ 1,2,2 ŏıŊŗŀĻŉĔļŅĸńĔļĦŃŏĝŇĚėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮ

œħƟŐĔƞȮŀńĨĶŅĔŅĶĪŜŅėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸȮőħĵŒĝƟŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ 

/,3ȮĽĴĴĨŇģŅĬĕŀĚĔŅĶĺŇěńĵ 

ȮȮȮȮȮȮȮȮ ĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬěŅĔŐľĸƞĚėĺŅĴĶƟŀĬœĮĵńĚĝňĺĴĺĸŒĬĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬĽŅĴŅĶĩ

ĪŜŅœħƟőħĵĔŅĶŒĝƟĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŏĮƦĬŀŋĮĔĶĦƢĽƞĚįƞŅĬėĺŅĴĶƟŀĬ 

/,2ȮĕŀĭŏĕĨĕŀĚĚŅĬĺŇěńĵ 

ȮȮȮȮȮȮȮȮ 1,4,1 ĝňĺĴĺĸĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅėŊŀȮĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħ 

ȮȮȮȮȮȮȮȮ 1,4,2 ĝňĺĴĺĸĪŜŅĔŅĶĪŀĶňŐĲėĝńŗĬħƟĺĵĔŅĶėĺĭėŋĴŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĪňŗŀŋĦľĳŌĴŇȮ

623,15, 648,15, 673,15ȮŐĸŃȮ698,15ȮKȮ 

ȮȮȮȮȮȮȮȮ 1,4,3 ĝňĺĴĺĸěŃĩŌĔŒľƟėĺŅĴĶƟŀĬěĬĔĶŃĪńŗĚĴňŀŋĦľĳŌĴŇȮ493,15ȮK 

ȮȮȮȮȮȮȮȮ 1,4,4ȮħŜŅŏĬŇĬĔŅĶĪŜŅĔŅĶĪŀĶňŐĲėĝńĬĝňĺĴĺĸőħĵŒĝƟŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħȮȮȮȮȮȮȮȮȮ

ŏĪŀĶƢőĴœĞĲŀĬőħĵŒĝƟĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĪňŗĴňěŜŅĬĺĬĪńŘĚľĴħȮ5 ĪƞŀȮŐĨƞĸŃĪƞŀĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ

5,5 ŏĞĬĨŇŏĴĨĶȮĪƞŀĵŅĺȮ110 ŏĞĬĨŇŏĴĨĶȮŐĭƞĚŏĮƦĬĽƞĺĬėĺĭŐĬƞĬȮ60 ŏĞĬĨŇŏĴĨĶȮ&ľƟŀĚĮĢŇĔĶĦƢ'ȮŐĸŃ
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ĽƞĺĬĪŜŅĶŃŏľĵȮ50 ŏĞĬĨŇŏĴĨĶȮ&ľƟŀĚŒľƟėĺŅĴĶƟŀĬ'ȮĳŅĵŒĬĭĶĶěŋĽŅĶĪŜŅĚŅĬȮDowtherm A ħƟĺĵ

ĮĶŇĴŅĨĶȮ50 #ȮĕŀĚĮĶŇĴŅĨĶŒĬĽƞĺĬĪŜŅĶŃŏľĵ 

ȮȮȮȮȮȮȮȮ 1,4,5ȮŏĝŊŘŀŏıĸŇĚĪňŗŒĝƟŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬėŊŀȮĔƠŅĞľŋĚĨƟĴȮ&LPG' 

ȮȮȮȮȮȮȮȮ 1,4,6ȮőĮĶŐĔĶĴĪňŗŒĝƟĽŜŅľĶńĭėŜŅĬĺĦėŊŀȮőĮĶŐĔĶĴȮMatlab 2014 

/,3ȮĕńŘĬĨŀĬĕŀĚĔŅĶĺŇěńĵ 
ȮȮȮȮȮȮȮȮ 1,5,1 ĻŉĔļŅŐĸŃĶĺĭĶĺĴĕƟŀĴŌĸŏıŊŗŀľŅŏĚŊŗŀĬœĕŐĸŃľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚŏĨŅĮĢŇĔĶĦƢȮȮȮȮȮȮȮȮ

ĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 

ȮȮȮȮȮȮȮȮ /,3,2ȮĻŉĔļŅŐĸŃĶĺĭĶĺĴĕƟŀĴŌĸŏıŊŗŀľŅŏĚŊŗŀĬœĕĽŜŅľĶńĭĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĕŀĚĔŅĶĔĶŃěŅĵ

ŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 

ȮȮȮȮȮȮȮȮ /,3,3ȮĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĨńŘĚŐĨƞ

ĶŃĵŃŒľƟėĺŅĴĶƟŀĬěĬĩŉĚĶŃĵŃĪŜŅĶŃŏľĵȮ 

ȮȮȮȮȮȮȮȮ /,3,2ȮħŜŅŏĬŇĬĔŅĶĪħĸŀĚĨŅĴŏĚŊŗŀĬœĕĕƟŅĚĨƟĬĔńĭŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞ

ĲŀĬ 

ȮȮȮȮȮȮȮȮ 1,5,5ȮŏĮĶňĵĭŏĪňĵĭįĸĕŀĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪŜŅĬŅĵħƟĺĵŐĭĭěŜŅĸŀĚ

ėĦŇĨĻŅĽĨĶƢĔńĭįĸĔŅĶĪħĸŀĚŏıŊŗŀĵŊĬĵńĬįĸĔŅĶĪħĸŀĚ 

ȮȮȮȮȮȮȮȮ /,3,6ȮĺŇŏėĶŅŃľƢŐĸŃŏĮĶňĵĭŏĪňĵĭįĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĔńĭĔŅĶĪŜŅĬŅĵħƟĺĵŐĭĭěŜŅĸŀĚ

ėĦŇĨĻŅĽĨĶƢ 

ȮȮȮȮȮȮȮȮ /,3,7ȮĽĶŋĮįĸĔŅĶĺŇŏėĶŅŃľƢŐĸŃŏĮĶňĵĭŏĪňĵĭįĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĔńĭĔŅĶĪŜŅĬŅĵħƟĺĵ

ŐĭĭěŜŅĸŀĚĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬıĶƟŀĴŏĕňĵĬ

ĶŅĵĚŅĬĽĶŋĮĔŅĶĺŇěńĵ 

/,4ȮĕƟŀĨĔĸĚŏĭŊŘŀĚĨƟĬĕŀĚĔŅĶĺŇěńĵ 
ȮȮȮȮȮȮȮȮ /,4,/ȮħŜŅŏĬŇĬĔŅĶĪħĸŀĚħƟĺĵŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮŒĬĶŃħńĭ

ľƟŀĚĮĢŇĭńĨŇĔŅĶȮ&Laboratory scale'ȮŐĸŃĪŜŅĔŅĶĪħĸŀĚĪňŗľƟŀĚĮĢŇĭńĨŇĔŅĶĺŇěńĵĕŀĚĳŅėĺŇĝŅ

ĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶȮȮȮȮȮ

ĺŇĪĵŅŏĕĨıĶŃĶŅĝĺńĚĽĬŅĴěńĬĪĶƢ 
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ȮȮȮȮȮȮȮȮ /,4,0ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲƕĔĞƢŏĭħĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĪňŗĽĶƟŅĚĕŉŘĬŀŅĻńĵľĸńĔȮȮȮ

ĔŅĶœıőĶœĸĞŇĽŐĭĭĳŅĵŒĨƟĭĶĶĵŅĔŅĻĪňŗœĴƞĴňŀŀĔĞŇŏěĬȮ&NonȮ-Ȯoxydative pyrolysis' 

/,5ȮėĺŅĴěŜŅĔńħĕŀĚĔŅĶĺŇěńĵ 
ȮȮȮȮȮȮȮȮ ĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŒĬĶŃħńĭ

ľƟŀĚĮĢŇĭńĨŇĔŅĶŏĪƞŅĬńŘĬ 

/,6ȮĬŇĵŅĴĻńıĪƢŏĜıŅŃ 
ȮȮȮȮȮȮȮȮ 1,6,1 ĝňĺĴĺĸȮ&Biomass'ȮėŊŀȮŏĻļĺńĽħŋŏľĸŊŀŒĝƟĪŅĚĔŅĶŏĔļĨĶȮŏĝƞĬȮŏľĚƟŅĴńĬȮĪŅĚĮŅĸƢĴȮȮȮ

ŒĭŐĸŃĵŀħŀƟŀĵȮĞńĚĕƟŅĺőıħȮŐĸŃĲŅĚĕƟŅĺȮŏĮƦĬĨƟĬȮŐĸŃĕŀĚŏĽňĵěŅĔĔĶŃĭĺĬĔŅĶįĸŇĨěŅĔőĶĚĚŅĬ

ŀŋĨĽŅľĔĶĶĴŐĸŃĝŋĴĝĬȮŏĝƞĬȮĔŅĔĬŘŜŅĨŅĸȮŐĔĸĭȮĴŌĸĽńĨĺƢȮŏĮƦĬĨƟĬ 

ȮȮȮȮȮȮȮȮ /,6,2ȮĪŀĶňŐĲėĝńŗĬȮ&Torrefaction'ȮėŊŀȮĔŅĶĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĕŀĚĝňĺĴĺĸĪňŗħŜŅŏĬŇĬĔŅĶ

ŀŋĦľĳŌĴŇŒĬĝƞĺĚȮ473,15 ů 573,15ȮKȮĳŅĵŒĨƟĽĳŅĺŃĭĶĶĵŅĔŅĻŏĜŊŗŀĵŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗĨŗŜŅ 

ȮȮȮȮȮȮȮȮ /,6,3ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮ&Torefaction reactor'ȮėŊŀȮŏĨŅĮĢŇĔĶĦƢĪňŗŒĝƟĽŜŅľĶńĭ

ĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬȮĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢěŃĴňŀŋĦľĳŌĴŇŀĵŌƞŒĬĝƞĺĚȮ473,15 ů 573,15ȮK 

ȮȮȮȮȮȮȮȮ /,6,4ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲƕĔĞƢŏĭħȮ&Fixed bed torefaction reactor'ȮėŊŀȮȮȮȮ

ŏĨŅĮĢŇĔĶĦƢĪňŗĴňĨŃĔĶńĭĺŅĚŀĵŌƞĬŇŗĚŐĸŃĴňŐľĸƞĚŒľƟėĺŅĴĶƟŀĬĸƟŀĴĶŀĭľĶŊŀĽƞĺĬĸƞŅĚĕŀĚŏĨŅ 

ȮȮȮȮȮȮȮȮ /,6,5ȮĽŅĶĶŃŏľĵȮ&Volatile'ȮėŊŀȮĽŅĶŒĬĔĸŋƞĴĕŀĚĔĶħĪňŗĩŌĔĮĸħĮĸƞŀĵŏĴŊŗŀıńĬīŃŏėĴňĩŌĔĪŜŅŒľƟ

ĽĸŅĵĨńĺħƟĺĵėĺŅĴĶƟŀĬ 

ȮȮȮȮȮȮȮȮ /,6,6ȮĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮ&TwoȮ-Ȯphase closed thermosyphon'ȮėŊŀȮŀŋĮĔĶĦƢ

ĩƞŅĵŏĪėĺŅĴĶƟŀĬĪňŗĴňĔŅĶĪŜŅĚŅĬőħĵŀŅĻńĵľĸńĔĔŅĶŏħŊŀħŐĸŃŀŅĻńĵŐĶĚőĬƟĴĩƞĺĚĕŀĚőĸĔŏĮƦĬĨńĺĝƞĺĵŒĬ

ĔŅĶœľĸŏĺňĵĬĕŀĚĽŅĶĪŜŅĚŅĬĳŅĵŒĬĪƞŀ 

ȮȮȮȮȮȮȮȮ /,6,7ȮĪƞŀėĺŅĴĶƟŀĬ &Heat pipe'ȮėŊŀ ŀŋĮĔĶĦƢĝĬŇħľĬŉŗĚĪňŗĽŅĴŅĶĩĩƞŅĵŏĪėĺŅĴĶƟŀĬœħƟőħĵ

ŀŅĻńĵľĸńĔĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬĕŀĚĽŅĶĪŜŅĚŅĬĳŅĵŒĬĪƞŀŐĸŃĳŅĵŒĬĴňĺńĽħŋıĶŋĬĝƞĺĵŒĬĔŅĶħŌħĞńĭȮȮȮ

ĽŅĶĪŜŅĚŅĬĬńŘĬ 

ȮȮȮȮȮȮȮȮ /,6,8ȮĽŅĶĪŜŅĚŅĬȮ&Working fluid'ȮėŊŀȮĽŅĶĪňŗŀĵŌƞŒĬĽĩŅĬŃŒħĽĩŅĬŃľĬŉŗĚĪŜŅľĬƟŅĪňŗŒĬĔŅĶ

ŏĮƦĬĨńĺıŅėĺŅĴĶƟŀĬěŅĔěŋħľĬŉŗĚœĮĵńĚŀňĔěŋħľĬŉŗĚ 
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ĭĪĪňŗȮ0 
ĪķļġňŐĸŃĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ 

 
2,1 ĝňĺĴĺĸ 
ȮȮȮȮȮȮȮȮ ĝňĺĴĺĸȮ&Biomass'ȮėŊŀĪĶńıĵŅĔĶĪŅĚĝňĺĳŅıěŜŅĬĺĬĴľŅĻŅĸĪňŗěńħľŅĚƞŅĵŐĸŃĴňĮĶŇĴŅĦ

ĴŅĔĪňŗĽŅĴŅĶĩěńħŏĮƦĬŐľĸƞĚıĸńĚĚŅĬĪħŐĪĬœħƟȮŏĝƞĬȮĺńĽħŋŏľĸŊŀŒĝƟĪŅĚĔŅĶŏĔļĨĶȮĕŀĚŏĽňĵěŅĔĽńĨĺƢȮĔŅĔ

ĨŃĔŀĬěŅĔĬŘŜŅŏĽňĵȮĶĺĴĩŉĚĕŀĚŏĽňĵěŅĔĔĶŃĭĺĬĔŅĶĪŅĚŀŋĨĽŅľĔĶĶĴȮĝňĺĴĺĸĽŅĴŅĶĩĬŜŅœĮŐĮĶĶŌĮŏĮƦĬ

ŐľĸƞĚıĸńĚĚŅĬœħƟȮĞŉŗĚĮƤěěŋĭńĬĝňĺĴĺĸĬňŘĽŅĴŅĶĩĬŜŅœĮŒĝƟĮĶŃőĵĝĬƢŏıŊŗŀŏĮƦĬŐľĸƞĚıĸńĚĚŅĬŒĬŏĝŇĚ

ŀŋĨĽŅľĔĶĶĴœħƟȮŏĬŊŗŀĚěŅĔĝňĺĴĺĸőħĵĽƞĺĬŒľĠƞěŃŏĮƦĬěŜŅıĺĔıŊĝȮőħĵıŊĝěŃŒĝƟĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢ

ŐĸŃĬŘŜŅŏıŊŗŀĬŜŅœĮŒĝƟŒĬĔĶŃĭĺĬĔŅĶĽńĚŏėĶŅŃľƢħƟĺĵŐĽĚěŃœħƟŐĮƚĚŐĸŃĬŘŜŅĨŅĸĪňŗĔńĔŏĔŖĭœĺƟĨŅĴĽƞĺĬĨƞŅĚŕ

ĕŀĚıŊĝȮŐĸŃŒĬĕĦŃŏħňĵĺĔńĬĵńĚĽŅĴŅĶĩįĸŇĨĔƠŅĞŀŀĔĞŇŏěĬœĮĵńĚĭĶĶĵŅĔŅĻȮĜŃĬńŘĬȮŏĴŊŗŀĬŜŅĝňĺĴĺĸŒĬ

ĶŌĮĕŀĚŏĝŊŘŀŏıĸŇĚĴŅŏįŅœľĴƟěŃĪŜŅŒľƟĴňĮĶŇĴŅĦĕŀĚĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢĪňŗĮĸƞŀĵĽŌƞĭĶĶĵŅĔŅĻĴňėƞŅ

ĬƟŀĵĴŅĔŐĸŃĽŅĴŅĶĩĪňŗěŃŏĮƦĬŐľĸƞĚıĸńĚĚŅĬœħƟ[17] 

2,2ȮȮĽŅĶĮĶŃĔŀĭĪńŗĺœĮĕŀĚĝňĺĴĺĸ 

ȮȮȮȮȮȮȮȮ ĽŅĶĮĶŃĔŀĭľĸńĔĕŀĚĝňĺĴĺĸȮœħƟŐĔƞȮŏĞĸĸŌőĸĽȮŏŁĴŇŏĞĸĸŌőĸĽȮĸŇĔĬŇĬȮŐĮƚĚȮőĮĶĨňĬȮŐĸŃ

ĽŅĶŀŇĬĪĶňĵƢŐĸŃŀĬŇĬĪĶňĵƢȮY/6[ 

ȮȮȮȮȮȮȮȮ 2,2,1 ŏĞĸĸŌőĸĽ 

ȮȮȮȮȮȮȮȮ őıĸňŐĞėėŅœĶħƢĪňŗħňĔĸŌőėĽĩŌĔŏĝŊŗŀĴĨƞŀĔńĬŏĮƦĬĽŅĵĵŅĺħƟĺĵıńĬīŃŏĭĨƟŅĔĸŌőėĞŇħŇĔĞŉŗĚĴňĽŌĨĶ

őĴŏĸĔŋĸŏĮƦĬȮ&C6H12O6'nnȮĬńŗĬėŊŀħňĔĶňĕŀĚőıĸŇŏĴŀĶƢœĶŏĞĝńŗĬĪňŗĴňėĺŅĴĔĺƟŅĚĨńŘĚŐĨƞľĸŅĵıńĬěĬĩŉĚľĸŅĵ

ľĴŊŗĬľĬƞĺĵȮěŜŅĬĺĬįĸĸńıīƢĕŀĚĔŅĶœŁőĶœĸĞŇĽŏĞĸĸŌőĸĽėŊŀȮħňĔĸŌőėĽȮ&őĴőĬŐĞėėŅœĶħƢ'ȮŐĨƞĭŅĚĽƞĺĬŒľƟ

įĸĸńıīƢŏĮƦĬœħŐĞėėŅœĶħƢȮ&ŏĞĸĸŌœĭőŀĽ'ȮŐĸŃőıĸňŐĞėėŅœĶħƢȮŐĸŃĴňŐĶĚĵŉħŏľĬňŗĵĺĶŃľĺƞŅĚĽŅĵȮ

ŏĞĸĸŌőĸĽĴňőėĶĚĽĶƟŅĚŏĮƦĬįĸŉĔŐĸŃĨƟŅĬĪŅĬĨƞŀĔĶħŐĸŃħƞŅĚ 

ȮȮȮȮȮȮȮȮ 2,2,2 ŏŁĴŇŏĞĸĸŌőĸĽȮ 

ȮȮȮȮȮȮȮȮ őıĸňŐĞėėŅœĶħƢĞŉŗĚĴňěŜŅĬĺĬĵŌĬŇĨėŅĶƢĭŀĬŏĪƞŅĔńĭ 5 őĴőĬŐĞėėŅœĶħƢĶĺĴĩŉĚħňœĞőĸĽŐĸŃ

ħňŀŃĶŅœĭőĬĽȮŐĸŃėŅĶƢĭŀĬŏĪƞŅĔńĭ 6 őĴőĬŐĞėėŅœĶħƢĶĺĴĩŉĚȮħňŐĴĬőĬĽȮħňĔŅŐĸėőĨĽŐĸŃħňĔĸŌőėĽȮőĴ

őĬŐĞėėŅœĶħƢĪňŗĴňėŅĶƢĭŀĬŏĪƞŅĔńĭȮ5 ĞŉŗĚĴňěŜŅĬĺĬĴŅĔĔĺƞŅȮőĴőĬŐĞėėŅœĶħƢĪňŗĴňėŅĶƢĭŀĬŏĪƞŅĔńĭ 6 ĜŃĬńŘĬȮ

ĽŌĨĶőĴŏĸĔŋĸėŊŀȮ&C5H8O4'nȮŏĬŊŗŀĚěŅĔħňĔĶňőıĸŇŏĴŀĶƢœĶŏĞĝńŗĬĕŀĚŏŁĴŇŏĞĸĸŌőĸĽŏĪƞŅĔńĭȮ50Ȯ-Ȯ200ȮőħĵĴň
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ĕĬŅħŏĸŖĔĔĺƞŅŏĞĸĸŌőĸĽěŉĚĽŅĴŅĶĩĽĸŅĵıńĬīŃœħƟĚƞŅĵĔĺƞŅŏĞĸĸŌőĸĽŐĸŃŏŁĴŇŏĞĸĸŌőĸĽěŜŅĬĺĬĴŅĔ

ĽŅĴŅĶĩĸŃĸŅĵœħƟŒĬĽŅĶĸŃĸŅĵŏĭĽȮőħĵŏŁĴŇŏĞĸĸŌőĸĽĪńŗĺœĮėŊŀœĞŐĸĬȮ 

ȮȮȮȮȮȮȮȮ 2,2,3 ĸŇĔĬŇĬ 

ȮȮȮȮȮȮȮȮ ĽŅĶĮĶŃĔŀĭĪňŗŏĝŊŗŀĴĔńĬħƟĺĵĵŌĬŇĨĲƖĬŇĸőıĶŏıĬŐĸŃŀĬŋıńĬīƢȮĞŉŗĚŏĮƦĬőėĶĚĽĶƟŅĚĪňŗĞńĭĞƟŀĬ

ĴŅĔĵŅĔĪňŗěŃĽĸŅĵőħĵěŋĸŇĬĪĶňĵƢŐĸŃĽŅĶŏėĴňȮĬŀĔěŅĔĬńŘĬĵńĚĴňėĺŅĴŐĕŖĚŐĶĚĪŅĚĔĸŐĸŃĔŅĶĮƚŀĚĔńĬ

ħńĺĵĸŇĔĬŇĬĩŌĔıĭŒĬĽŅĶĝňĺĴĺĸĝĬŇħĨƞŅĚŕŐĸŃŐľĸƞĚėŅĶƢĭŀĬīĶĶĴĝŅĨŇěŜŅĬĺĬĴŅĔĴŅĵĭĬőĸĔ 

ȮȮȮȮȮȮȮȮ 2,2,4ȮŐĮƚĚȮ 

ȮȮȮȮȮȮȮȮ őıĸňŐĞėėŅœĶħƢĪňŗĮĶŃĔŀĭħƟĺĵĵŌĬŇĨĕŀĚħňĔĸŌőėĽȮŐĨƞĩŌĔŏĝŊŗŀĴĔńĬőħĵıńĬīŃŐŀĸĲŅĔĸŌőėœĞ

ħŇĔȮŏĬŊŗŀĚěŅĔėĺŅĴĨƞŅĚĕŀĚőėĶĚĽĶƟŅĚıńĬīŃȮŏĞĸĸŌőĸĽĸŃĸŅĵĬŘŜŅȮŐĨƞĭŅĚĽƞĺĬĕŀĚŐĮƚĚěŃĸŃĸŅĵŒĬĬŘŜŅ

ĶƟŀĬŐĸŃĭŅĚĽƞĺĬěŃœĴƞĸŃĸŅĵȮŐĮƚĚĩŌĔıĭŒĬŏĴĸŖħȮĶŅĔŐĸŃĸŜŅĨƟĬ 

ȮȮȮȮȮȮȮȮ 2,2,5 őĮĶĨňĬȮ 

ȮȮȮȮȮȮȮȮ ŏĮƦĬĽŅĶĮĶŃĔŀĭőĴŏĸĔŋĸĕĬŅħŒľĠƞĞŉŗĚĔĶħŀŃĴŇőĬľĸŅĵĨńĺĩŌĔőıĸŇŏĴŀĶƢœĶĞƢŏĕƟŅħƟĺĵĔńĬȮ

ėŋĦĽĴĭńĨŇĨƞŅĚĔńĬĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚĔĶħŀŃĴŇőĬŐĸŃŀńĨĶŅĽƞĺĬĕŀĚŀĚėƢĮĶŃĔŀĭĕŀĚĔĶħŀŃĴŇőĬŐĸŃ

ĸŜŅħńĭĕŀĚőıĸŇŏĴŀĶƢœĶŏĞĝńŗĬ 

ȮȮȮȮȮȮȮȮ 2,2,6 ĽŅĶŀŇĬĪĶňĵƢŐĸŃŀĬŇĬĪĶňĵƢ 

ȮȮȮȮȮȮȮȮ ĮĶŇĴŅĦĕŀĚĽŅĶĮĶŃĔŀĭŀŇĬĪĶňĵƢŀŊŗĬŕĴňľĸŅĔľĸŅĵĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚĽŅĶŀŇĬĪĶňĵƢȮœħƟŐĔƞȮ

ĔĸňŏĞŀĶŀĸŐĸŃĞŌőėĶĽŒĬŀƟŀĵȮ 

2,3ȮĪķļĢňĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮ&Thermosyphon' 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮŏĪŀĶƢőĴœĞĲŀĬȮ&Thermosyphon'ȮŏĮƦĬĪƞŀėĺŅĴĶƟŀĬĝĬŇħľĬŉŗĚĪňŗŀŅĻńĵŐĶĚőĬƟĴĩƞĺĚĕŀĚ

őĸĔŏĮƦĬĨńĺĝƞĺĵŒĬĔŅĶœľĸŏĺňĵĬĕŀĚĽŅĶĪŜŅĚŅĬĳŅĵŒĬĪƞŀȮĪƞŀŏĪŀĶƢőĴœĞĲŀĬŏĮƦĬŀŋĮĔĶĦƢĩƞŅĵŏĪėĺŅĴ

ĶƟŀĬĪňŗĴňĮĶŃĽŇĪīŇĳŅıėĸƟŅĵĔńĭĪƞŀėĺŅĴĶƟŀĬȮ&Heat pipe'ȮȮĞŉŗĚŏĮƦĬŀŋĮĔĶĦƢĪňŗĬŜŅĴŅĮĶŃĵŋĔĨƢŒĝƟĚŅĬŏıŊŗŀ

ĮĶŃľĵńħıĸńĚĚŅĬŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŒĝƟıĸńĚĚŅĬĞŉŗĚĴňĔŅĶĬŜŅĴŅŒĝƟĚŅĬľĸŅĵĮĶŃŏĳĪħƟĺĵĔńĬ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮ2,3,1 őėĶĚĽĶƟŅĚĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  Ȯ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮĽƞĺĬĮĶŃĔŀĭĕŀĚĪƞŀĔŅĸńĔėĺŅĴĶƟŀĬȮŐĭƞĚœħƟȮ3ȮĽƞĺĬħńĚĬňŘ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ   2,3,1,1ȮĽƞĺĬĪŜŅĶŃŏľĵȮȮ&Evaporator section'ȮėŊŀĽƞĺĬĪňŗĽńĴįńĽĔńĭŐľĸƞĚŒľƟėĺŅĴ

ĶƟŀĬőħĵĪňŗėĺŅĴĶƟŀĬěŃĪŜŅŒľƟĽŅĶĪŜŅĚŅĬĳŅĵŒĬĬńŘĬŏĔŇħĔŅĶĶŃŏľĵŏĮĸňŗĵĬĽĩŅĬŃĔĸŅĵŏĮƦĬœŀ 
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ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ   2,3,1,2 ĽƞĺĬĜĬĺĬȮ&Adiabatic  section'ȮėŊŀĽƞĺĬĪňŗĽŅĶĪŜŅĚŅĬŏĔŇħŏėĸŊŗŀĬĪňŗįƞŅĬ

œĮőħĵœĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚėĺŅĴĶƟŀĬŒħŕŏĔŇħĕŉŘĬ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ   2,3,1,3ȮĽƞĺĬėĺĭŐĬƞĬȮ&Condenser  section'ȮėŊŀĽƞĺĬĪňŗĽŅĶĪŜŅĚŅĬŏĔŇħĔŅĶ

ėĺĭŐĬƞĬěŅĔĽĩŅĬŃœŀĔĸŅĵŏĮƦĬĽĩŅĬŃĕŀĚŏľĸĺ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮĳŅĵŒĬĪƞŀŏĪŀĶƢőĴœĞĲŀĬěŃĴňĽŅĶĪŜŅĚŅĬĭĶĶěŋŀĵŌƞȮĞŉŗĚĽŅĶĬňŘĪŜŅľĬƟŅĪňŗĽƞĚįƞŅĬėĺŅĴ

ĶƟŀĬěŅĔĽƞĺĬĪŜŅĶŃŏľĵœĮĵńĚĽƞĺĬėĺĭŐĬƞĬȮȮőħĵĽƞĺĬĕŀĚĜĬĺĬĪŜŅľĬƟŅĪňŗŏĮƦĬĝƞŀĚĕŀĚĔŅĶœľĸŒľƟœŀįƞŅĬ

ěŅĔĽƞĺĬĪŜŅĶŃŏľĵœĮĵńĚĽƞĺĬėĺĭŐĬƞĬȮőħĵĽƞĺĬĜĬĺĬĬňŘěŃĝƞĺĵĮƚŀĚĔńĬœĴƞŒľƟėĺŅĴĶƟŀĬĪňŗĽŅĶĪŜŅĚŅĬıŅ

ĴŅħƟĺĵĶńŗĺœľĸŀŀĔœĮŒĬĶŃľĺƞŅĚĪŅĚĔƞŀĬŏĕƟŅĽŌƞĽƞĺĬėĺĭŐĬƞĬȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,1 

 

 

 

ĶŌĮĪňŗ 2,1ȮŐĽħĚőėĶĚĽĶƟŅĚŐĸŃĽƞĺĬĮĶŃĔŀĭĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬ 
 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮ2,3,2 ľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮĔŅĶĪŜŅĚŅĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬįƞŅĬĽŅĶĪŜŅĚŅĬĪňŗŀĵŌƞĳŅĵŒĬĪƞŀŏĪŀĶƢőĴœĞĲŀĬĪňŗ

ŀŋĦľĳŌĴŇľƟŀĚȮőħĵŏĶŇŗĴěŅĔĽĳŅĺŃĪňŗĵńĚœĴƞŏĮƦĬĪƞŀŏĪŀĶƢőĴœĞĲŀĬħńĚŐĽħĚŒĬĶŌĮĪňŗ 2,2ȮěŅĔĶŌĮĽŅĶĪŜŅĚŅĬ

ĪňŗĭĶĶěŋŀĵŌƞĳŅĵŒĬĪƞŀĵńĚėĚĴňĽĩŅĬŃŏĮƦĬĕŀĚŏľĸĺŀńħĨńĺȮȮŏĬŊŗŀĚěŅĔŀŇĪīŇıĸĕŀĚėĺŅĴħńĬĭĶĶĵŅĔŅĻĪňŗŀĵŌƞ

ŏľĬŊŀĽŅĶĪŜŅĚŅĬĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬěŉĚœĴƞŏĔŇħĕŉŘĬ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮŏĴŊŗŀĬŜŅŏĪŀĶƢőĴœĞĲŀĬœĮĺŅĚœĺƟŒĬŐľĸƞĚĶńĭėĺŅĴĶƟŀĬŐĸŃŐľĸƞĚŒľƟėĺŅĴĶƟŀĬėĺŅĴ

ŐĨĔĨƞŅĚŀŋĦľĳŌĴŇĕŀĚŐľĸƞĚėĺŅĴĶƟŀĬĪńŘĚĽŀĚěŃĪŜŅŒľƟŏĔŇħĔŅĶœľĸŏĺňĵĬĕŀĚĽŅĶĪŜŅĚŅĬŒĬŐľĸƞĚŒľƟėĺŅĴ
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ĶƟŀĬŀŋĦľĳŌĴŇĪňŗĽŌĚĕŉŘĬĔĺƞŅĮĔĨŇěŃĪŜŅŒľƟĽŅĶĪŜŅĚŅĬŒĬĽĩŅĬŃĕŀĚŏľĸĺĪňŗŀĵŌƞŒĬĽƞĺĬĪŜŅĶŃŏľĵĕŀĚȮȮȮȮȮȮȮȮȮȮȮ

ŏĪŀĶƢőĴœĞĲŀĬĔŅĶŏħŊŀħľĶŊŀĶŃŏľĵĔĸŅĵŏĮƦĬœŀŐĸŃĴňėĺŅĴħńĬĽŌĚĕŉŘĬěŃıŅėĺŅĴĶƟŀĬěŅĔŐľĸƞĚŒľƟ

ėĺŅĴĶƟŀĬŀŀĔœĮŒĬĶŌĮĕŀĚėĺŅĴĶƟŀĬȮȮŒĬĕĦŃĪňŗĽŅĶĪŜŅĚŅĬŒĬĽĩŅĬŃœŀĪňŗŀĵŌƞŒĬĽƞĺĬėĺĭŐĬƞĬĞŉŗĚŏĵŖĬ

ĔĺƞŅěŃŏĔŇħĔŅĶėĺĭŐĬƞĬŏĮƦĬĕŀĚŏľĸĺŐĸŃĴňėĺŅĴħńĬĸħĸĚ 

 

ĶŌĮĪňŗȮ2,2ȮȮŐĽħĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬĔƞŀĬĺŅĚŒĬŐľĸƞĚėĺŅĴĶƟŀĬ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮŏĴŊŗŀœŀœľĸŏĕƟŅĽŌƞĽƞĺĬėĺĭŐĬƞĬŀŋĦľĳŌĴŇŐĸŃėĺŅĴħńĬěŃĸħĸĚŐĸŃėƞŀĵŕėĺĭŐĬƞĬ

ĔĸŅĵŏĮƦĬĕŀĚŏľĸĺȮȮėĺŅĴĶƟŀĬŐİĚěŅĔĔŅĶėĺĭŐĬƞĬĕŀĚĽŅĶĪŜŅĚŅĬěŃĩŌĔĽƞĚįƞŅĬŀŀĔœĮĵńĚŐľĸƞĚ

ėĺŅĴĶƟŀĬȮȮĕŀĚŏľĸĺĪňŗŏĔŇħĕŉŘĬěŅĔĔŅĶėĺĭŐĬƞĬěŃĽŃĽĴĶĺĴĔńĬĔĸŅĵŏĮƦĬĲƕĸƢĴĕŀĚŏľĸĺěŅĔĽƞĺĬĪňŗ

ėĺĭŐĬƞĬĔĸńĭĸĚĽŌƞĽƞĺĬĪŜŅĶŃŏľĵĪňŗŀĵŌƞħƟŅĬĸƞŅĚħƟĺĵŐĶĚőĬƟĴĩƞĺĚĕŀĚőĸĔȮȮŏĴŊŗŀĕŀĚŏľĸĺœľĸĔĸńĭŏĕƟŅĽŌƞ

ĽƞĺĬĪŜŅĶŃŏľĵěŃŏĔŇħĔŅĶŏĮƦĬœŀĕŉŘĬŀňĔėĶńŘĚŐĸŃœľĸĔĸńĭĕŉŘĬœĮĵńĚĽƞĺĬėĺĭŐĬƞĬŐĸŃėĺĭŐĬƞĬĔĸńĭĸĚœĮ

ĽƞĺĬĪŜŅĶŃŏľĵŏĮƦĬĺńĢěńĔĶœĮŏĶŊŗŀĵŕŏĬŊŗŀĚěŅĔĔŅĶėĺĭŐĬƞĬŐĸŃĶŃŏľĵĪňŗŏĔŇħĕŉŘĬŒĬŏĪŀĶƢőĴœĞĲŀĬĪŜŅŒľƟ

ŏĔŇħĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬœħƟĴŅĔŐĴƟěŃĴňŀŋĦľĳŌĴŇŐĨĔĨƞŅĚĶŃľĺƞŅĚŐľĸƞĚŒľƟėĺŅĴĶƟŀĬœħƟĴŅĔ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮħńĚĬńŘĬȮĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚŏĪŀĶƢőĴœĞĲŀĬŏĔŇħěŅĔĔŅĶĶŃŏľĵĔĸŅĵŏĮƦĬœŀĕŀĚĽŅĶ

ĪŜŅĚŅĬĪňŗŀĵŌƞŒĬĽƞĺĬĪŜŅĶŃŏľĵŐĸŃœľĸœĮĵńĚĽƞĺĬėĺĭŐĬƞĬĞŉŗĚĕĦŃĔĸŅĵŏĮƦĬœŀĴńĬěŃıŅėĺŅĴĶƟŀĬěŅĔ

ŐľĸƞĚŒľƟėĺŅĴĶƟŀĬœĮŒĬĶŌĮĕŀĚėĺŅĴĶƟŀĬŐİĚŐĸŃŏĴŊŗŀœŀœľĸŏĕƟŅĽŌƞĽƞĺĬėĺĭŐĬƞĬĴńĬěŃėŅĵėĺŅĴĶƟŀĬ

ŐİĚŒľƟĔńĭŐľĸƞĚĶńĭėĺŅĴĶƟŀĬŐĸƟĺėĺĭŐĬƞĬĔĸŅĵŏĮƦĬĕŀĚŏľĸĺŐĸŃœľĸĔĸńĭĽƞĺĬĪŜŅėĺŅĴĶƟŀĬŀňĔėĶńŘĚ 
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2,4ȮĶŅĵĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

2,4,1ȮĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńĬ 

ȮȮȮȮȮȮȮȮĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńĬėŊŀȮĔĶŃĭĺĬĔŅĶĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĕŀĚĝňĺĴĺĸőħĵĺŇīňŒĝƟėĺŅĴĶƟŀĬŏĝŇĚ

ŏėĴňȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĔŅĶœıőĶœĸĞŇĽŐĭĭŀƞŀĬěŃħŜŅŏĬŇĬĔŅĶĪňŗĝƞĺĚŀŋĦľĳŌĴŇȮ473,15ȮůȮ573,15ȮKȮĳŅĵŒĨƟ

ĽĳŅĺŃĭĶĶĵŅĔŅĻȮĞŉŗĚĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬĽŀĚĽĳŅĺŃĭĶĶĵŅĔŅĻėŊŀŐĭĭĳŅĵŒĨƟĭĶĶĵŅĔŅĻĪňŗĴň

ŀŀĔĞŇŏěĬȮ&OxidativeȮtorrefaction characterization'ȮŐĸŃŐĭĭĳŅĵŒĨƟĭĶĶĵŅĔŅĻĪňŗœĴƞĴňŀŀĔĞŇŏěĬȮ

&NonȮ-Ȯoxidative torrefaction characterization'ȮĞŉŗĚőħĵĪńŗĺœĮŏĮƦĬĭĶĶĵŅĔŅĻĕŀĚĔƠŅĞœĬőĨĶŏěĬ

ŐĸŃĴňŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗĨŗŜŅȮőħĵĔĶŃĭĺĬĔŅĶĮĶńĭĮĶŋĚĝňĺĴĺĸħƟĺĵėĺŅĴĶƟŀĬĪŅĚŏėĴňȮĪŜŅŒľƟŏĔŇħ

ĔŅĶĽĸŅĵĨńĺĕŀĚŀĚėƢĮĶŃĔŀĭŒĬĝňĺĴĺĸȮœħƟŐĔƞȮŏŁĴŇŏĞĸĸŌőĸĽȮŏĞĸĸŌőĸĽŐĸŃĸŇĔĬŇĬȮĞŉŗĚŏŁĴŇŏĞĸĸŌőĸĽěŃ

ĽĸŅĵĨńĺŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ498,15ȮůȮ508,15ȮKȮŏĞĸĸŌőĸĽěŃĽĸŅĵĨńĺŒĬĝƞĺĚŀŋĦľĳŌĴŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

578,15ȮůȮ648,15 KȮŐĸŃĸŇĔĬŇĬěŃėƞŀĵŕĽĸŅĵĨńĺŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ523,15ȮůȮ773,15ȮKȮĪŜŅŒľƟ

įĸŇĨĳńĦĤƢĪňŗœħƟĴňėƞŅėĺŅĴĶƟŀĬĪňŗĽŌĚĕŉŘĬȮėĺŅĴĝŊŘĬĨŗŜŅȮėĺŅĴľĬŅŐĬƞĬĶĺĴĽŌĚȮėƞŅėĺŅĴľĬŅŐĬƞĬĕŀĚ

ıĸńĚĚŅĬĽŌĚȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĭħħňŐĸŃĴňėĺŅĴœĴƞĝŀĭĬŘŜŅȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĝňĺĴĺĸĪňŗŏĮƦĬȮȮȮȮȮȮȮ

ĺńĽħŋħŇĭY/7[ 

 2,4,2 ľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńĬȮ 

ȮȮȮȮȮȮȮȮȮȮĕńŘĬĨŀĬĕŀĚĔŅĶĪŜŅĚŅĬħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,3ȮőħĵŏĶŇŗĴŐĶĔŏĮƦĬĕńŘĬĨŀĬĔŅĶĪŜŅėĺŅĴĶƟŀĬȮŀńĨĶŅ

ĔŅĶĪŜŅėĺŅĴĶƟŀĬėĺĶĨŗŜŅĔĺƞŅȮ50 K-minȮĪŜŅŒľƟĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬěĬĩŉĚĝƞĺĚŀŋĦľĳŌĴŇĕŀĚȮȮȮȮ 

 
ĶŌĮĪňŗ 2,3ȮŐĽħĚĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĔŅĶĕŀĚĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńĬȮ 
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ĔŅĶŀĭŐľƟĚĪňŗŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ363,15ȮůȮ378,15ȮKȮěŅĔĬńŘĬœħƟĴňĔŅĶŒľƟėĺŅĴĶƟŀĬŏıŇŗĴĕŉŘĬħƟĺĵŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬŐĸŃŀŋĦľĳŌĴŇėĚĪňŗėƞŅľĬŉŗĚĪňŗŀĵŌƞŒĬĝƞĺĚĕŀĚĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńĬĪňŗŀŋĦľĳŌĴŇȮȮȮȮȮȮȮȮȮȮȮ

473,15ȮůȮ573,15ȮKȮŐĸŃĽŋħĪƟŅĵĝƞĺĚĔŅĶĪŜŅŏĵŖĬĪŜŅŒľƟŀŋĦľĳŌĴŇŏĵŖĬĸĚěĬĩŉĚŀŋĦľĳŌĴŇľƟŀĚȮY0.[ 

 

 
 
 
 
 
 
 
 
 
 
ĶŌĮĪňŗȮ2,4 ŐĽħĚŀŋĦľĳŌĴŇŐĸŃĴĺĸĽŌĠŏĽňĵŒĬĔĶŃĭĺĬĪŀĶňŐĲėĝńŗĬȮ[8] 

 

ȮȮȮȮȮȮȮȮȮȮěŅĔĶŌĮĪňŗȮ2,4 Basu ŐĸŃėĦŃȮY6[ȮȮœħƟĶŅĵĚŅĬĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬĔĶŃĭĺĬĔŅĶĪŀĶň

ŐĲėĝńŗĬĪňŗĮĶŃĔŀĭħƟĺĵȮ4 ĕńŘĬĨŀĬħńĚĬňŘ 

ȮȮȮȮȮȮȮȮȮȮĶŃĵŃŒľƟėĺŅĴĶƟŀĬȮ&Heating zone'ȮėŊŀŏĮƦĬĕńŘĬĨŀĬŐĶĔĕŀĚĔĶŃĭĺĬĔŅĶȮŏĴŊŗŀĝňĺĴĺĸĩŌĔŒľƟ

ėĺŅĴĶƟŀĬěŅĔŀŋĦľĳŌĴŇľƟŀĚěĬĩŉĚŀŋĦľĳŌĴŇĔŅĶŀĭŐľƟĚȮ&~373,15ȮK'ȮŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸěŃŏıŇŗĴĕŉŘĬ

ŀĵƞŅĚĶĺħŏĶŖĺħƟĺĵėĺŅĴĶƟŀĬĽńĴįńĽěŅĔŏĨŅĮĢŇĔĶĦƢľĶŊŀŐľĸƞĚŒľƟėĺŅĴĶƟŀĬ 

ȮȮȮȮȮȮȮȮȮȮĶŃĵŃĪŜŅĶŃŏľĵȮ&Drying zone'ȮėŊŀěŃĩŌĔıĭŒĬĝňĺĴĺĸĪňŗĴňĮĶŇĴŅĦėĺŅĴĝŊŘĬĽŌĚȮŀŋĦľĳŌĴŇěŃŏĶŇŗĴ

ĨńŘĚŐĨƞŏĴŊŗŀĬŘŜŅŏĶŇŗĴĶŃŏľĵŀŀĔěŅĔĝňĺĴĺĸħƟĺĵėĺŅĴĶƟŀĬŐİĚ 

ȮȮȮȮȮȮȮȮȮȮĶŃĵŃľĸńĚĪŜŅĶŃŏľĵȮ&Postdrying zone'ȮėŊŀŏĴŊŗŀĝňĺĴĺĸĩŌĔŀĭŐľƟĚȮŀŋĦľĳŌĴŇŏĶŇŗĴĬńĭĨńŘĚŐĨƞŏĴŊŗŀ

ĬŘŜŅĶŃŏľĵěĬľĴħěĬĔĶŃĪńŗĚĩŉĚŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬȮ&473,15ȮK' 

ȮȮȮȮȮȮȮȮȮȮĶŃĵŃĪŀĶňŐĲėĝńŗĬȮ&Torrefaction zone'ȮėŊŀŀŋĦľĳŌĴŇěŃĩŌĔŒľƟėĺŅĴĶƟŀĬĨńŘĚŐĨƞȮ473,15 ů 

573,15ȮKȮ 
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ĶŌĮĪňŗȮ2,5 ŐĽħĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħĬŇŗĚ 

ŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮ 
 

 
ĶŌĮĪňŗȮ2,6 ŐĽħĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭœĴőėĶŏĺĲ 

ŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮ 
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ȮȮȮȮȮȮȮȮȮȮěŅĔĶŌĮĪňŗȮ2,5 ŐĽħĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭ

ŏĭħĬŇŗĚŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮěŅĔĚŅĬĺŇěńĵĕŀĚ Ratte ŐĸŃėĦŃȮY0/[ȮĪňŗœħƟħŜŅŏĬŇĬĔŅĶĪŀĶňœĲĶƢœĴƟĪĶĚ

ĔĸĴĪňŗŏľĸŊŀŒĝƟěŅĔŀŋĨĽŅľĔĶĶĴĶŃĵŃŏĺĸŅȮ60 ĬŅĪňŐĸŃĶŌĮĪňŗȮ2,6 ŐĽħĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇ

ĪŀĶňŐĲėĝńŗĬŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭœĴőėĶŏĺĲŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮěŅĔĚŅĬĺŇěńĵĕŀĚȮ

Huang ŐĸŃėĦŃȮY00[ȮĪňŗœħƟħŜŅŏĬŇĬĔŅĶĪŀĶňœĲĶƢĲŅĚĕƟŅĺŐĸŃıŊĝĬŘŜŅħƟĺĵĔŜŅĸńĚĕŀĚėĸŊŗĬœĴőėĶŏĺĲȮ150, 

200, 250, 300 ŐĸŃȮ350 W ĨŅĴĸŜŅħńĭȮĶŃĵŃŏĺĸŅȮ25 ĬŅĪňȮıĭĺƞŅȮŒĬĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬěŃĴň

ĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇŐėƞȮ3 ĶŃĵŃėŊŀȮĶŃĵŃŒľƟėĺŅĴĶƟŀĬȮĶŃĵŃĪŜŅĶŃŏľĵŐĸŃĶŃĵŃĪŀĶňŐĲėĝńŗĬ 

 

 2,4,3ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬ 

ȮȮȮȮȮȮȮȮ   2,4,3,1 ŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲƕĔĞƢŏĭħ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮȮȮ2,4,3,1,1,ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶ 

 

 
ĶŌĮĪňŗȮ2,7ȮŐĽħĚŐįĬĳŅıĔŅĶĪħĸŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶ 

 

ěŃŒĝƟĨŃĔĶńĭĺŅĚŒĬŐĬĺĬŀĬľĶŊŀŏŀňĵĚ,ĨŃĔĶńĭĪňŗĴňĔŅĶĪŇŘĚĕňŘŏĩƟŅŐĸŃĨŃĔĶńĭĪňŗĴňĬŘŜŅľĸƞŀŏĵŖĬȮĝňĺĴĺĸěŃĩŌĔ

ŏįŅœľĴƟĪňŗıŊŘĬįŇĺȮȮĺŇīňĔŅĶŏįŅœľĴƟŐĭĭĬňŘŏľĴŅŃĽĴĔńĭĝňĺĴĺĸĪňŗĴňĕňŘŏĩƟŅĬƟŀĵȮĽŜŅľĶńĭŏĨŅĪňŗŒĝƟėĺĶŏĮƦĬ

ŏĨŅŏįŅŐĭĭȮbatch őħĵĺńĽħŋŏĭħěŃŀĵŌƞĬŇŗĚŐĸŃĪŜŅĔŅĶŏįŅœľĴƟĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢȮŐĭĭȮTGA &TermoȮ-Ȯ

gravimeter analyzer'ȮœħƟĴňĔŅĶĪŜŅĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶĪŀĶňŐĲėĝńŗĬœĴƟĽĬıŊŘĬŏĴŊŀĚĝĬŇħľĬŉŗĚȮ

&Lauan'ȮĞńĚĕƟŅĺőıħȮœįƞȮĺŇĸőĸȮĽĬȮĕňŘŏĸŊŗŀĵĮŅĸƢĴĬŘŜŅĴńĬħƟĺĵĮĶŇĴŅĦȮ9,0 ů 15 ĔĶńĴȮĔńĭŏĨŅĮĢŇĔĶĦƢĝĬŇħ

ĬňŘȮőħĵĨńĺŏĨŅĮĢŇĔĶĦƢĪŜŅěŅĔĪƞŀŏľĸŖĔĪĶĚĔĶŃĭŀĔĳŅĵŒĬĭĶĶěŋĝňĺĴĺĸĪňŗĨƟŀĚĔŅĶĪŀĶňœĲĶƢĳŅĵĬŀĔĴň

ŐľĸƞĚŒľƟėĺŅĴĶƟŀĬŏĮƦĬŏėĶŊŗŀĚĔŜŅŏĬŇħœĲĲƚŅȮěŅĔĬńŘĬĪŜŅĔŅĶĮƚŀĬĔƠŅĞœĬőĨĶŏěĬĞŉŗĚŏĮƦĬĭĶĶĵŅĔŅĻĪŜŅ

ľĬƟŅĪňŗœĸƞĔƠŅĞŀŀĔĞŇŏěĬŀŀĔěŅĔĶŃĭĭȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶěŋħĨŇħœĲĳŅĵŒĬħƟĺĵŀńĨĶŅĔŅĶœľĸĕŀĚ
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œĬőĨĶŏěĬȮ0,05 ůȮ0,1 L-minȮőħĵįƞŅĬĴŅĨĶĔŅĶĺńħħƟĺĵŏėĶŊŗŀĚĴŊŀȮĔŅĶĺńħŀńĨĶŅĔŅĶœľĸĕŀĚœĬőĨĶŏěĬȮ

ěŅĔĬńŘĬȮħŜŅŏĬŇĬĔŅĶĪŀĶƢĶňŐĲėĝńŗĬħƟĺĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŀĵŌƞŒĬĝƞĺĚȮ10 -Ȯ30 K-min ěĬŀŋĦľĳŌĴŇĩŌĔ

ĵĔœĮĩŉĚŀŋĦľĳŌĴŇĪŀĶƢĶňŐĲėĝńŗĬĪňŗĨƟŀĚĔŅĶŀĵŌƞŒĬĝƞĺĚȮ493,15ȮůȮ553,15ȮKȮħƟĺĵĶŃĵŃŏĺĸŅĪŀĶňŐĲėĝńŗĬȮ

0,5 -Ȯ2 ĝńŗĺőĴĚȮıĭĺƞŅȮėƞŅėĺŅĴĶƟŀĬŀĵŌƞŒĬĝƞĺĚȮ/5Ȯů 03ȮMJ-kg ĞŉŗĚŏıŇŗĴĕŉŘĬěŅĔĝňĺĴĺĸħŇĭŒĬĝƞĺĚȮ5,2 -Ȯ

14,5ȮMJ-kgȮĨŅĴĸŜŅħńĭȮȮŏĮŀĶƢŏĞŖĬĨƢėĺŅĴľĬŅŐĬƞĬıĸńĚĚŅĬŏıŇŗĴĕŉŘĬȮ2 ů 19 wt#ȮįĸœħƟıĸńĚĚŅĬŐĸŃ

ĴĺĸĸħĸĚȮ3ȮůȮ45 wt#ȮŐĸŃȮ1ȮůȮ35Ȯwt#ȮĨŅĴĸŜŅħńĭȮY//, /0, /7[ȮŐĸŃŏĴŊŗŀėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĵŇŗĚĽŌĚ

ĽƞĚįĸŒľƟĴĺĸŐĸŃıĸńĚĚŅĬĽŌĠŏĽňĵŏıŇŗĴĕŉŘĬĨŅĴœĮħƟĺĵŐĸŃĽŅĴŅĶĩĸħĮĶŇĴŅĦĞńĸŏĲŀĶƢœħƟĩŉĚȮ33 wt#Ȯ

Y01[ȮŐĸŃĸħĮĶŇĴŅĦėĺŅĴĝŊŘĬœħƟħňħƟĺĵȮY5[ȮŐĸŃŐįĬĳŅıĔŅĶĪħĸŀĚĬňŘħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,7 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮȮȮ2,4,3,1,2,ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭĔŉŗĚŀŋĨĽŅľĔĶĶĴ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮȮȮĴňıŊŘĬģŅĬĕŀĚĔŅĶĽĶƟŅĚŐĸŃľĸńĔĔŅĶĪŜŅĚŅĬĴŅěŅĔĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮőħĵ

ŐľĸƞĚėĺŅĴĶƟŀĬĪňŗĮƚŀĬŏĕƟŅĶŃĭĭœħƟěŅĔĔŅĶŏįŅœľĴƟĝňĺĴĺĸħŇĭőħĵĨĶĚȮĞŉŗĚőħĵĮĔĨŇŐľĸƞĚŒľƟėĺŅĴĶƟŀĬĪňŗ

ĮƚŀĬŏĕƟŅĽŌƞĶŃĭĭŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶěŃŏĮƦĬŏėĶŊŗŀĚŒľƟėĺŅĴĶƟŀĬœĲĲƚŅŐĸŃŏĨŅĮĢŇĔĶĦƢĝĬŇħĬňŘœĴƞ

ĽŅĴŅĶĩħŜŅŏĬŇĬĔŅĶŀĵƞŅĚĨƞŀŏĬŊŗŀĚœħƟȮĻŌĬĵƢĺŇěńĵıĸńĚĚŅĬĕŀĚĮĶŃŏĪĻŏĬŏīŀĶƢŐĸĬħƢœħƟŀŀĔŐĭĭŐĸŃĽĶƟŅĚ

ŏĨŅĮĢŇĔĶĦƢĝĬŇħĬňŘıĶƟŀĴĪŜŅĔŅĶĪŀĶňŐĲėĝńŗĬœĴƟĽĬıŊŘĬŏĴŊŀĚȮħƟĺĵĔŜŅĸńĚĔŅĶįĸŇĨȮ60 ĔŇőĸĔĶńĴĨƞŀĝńŗĺőĴĚȮ

Y/2[ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮȮȮ2,4,3,1,3,ȮŏĨŅĮĢŇĔĶĦƢŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭŏĝŇĚŀŋĨĽŅľĔĶĶĴ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮȮȮěŃĴňĸńĔļĦŃĔŅĶĪŜŅĚŅĬėĸƟŅĵĔńĭŏĨŅĮĢŇĔĶĦƢŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭĔŉŗĚ

ŀŋĨĽŅľĔĶĶĴȮħŜŅŏĬŇĬĔŅĶőħĵĔŅĶŒĽƞĝňĺĴĺĸħŇĭľĶŊŀĝňĺĴĺĸĪňŗĨƟŀĚĔŅĶĪŀĶňœĲĶƢĪňŗħƟŅĬĭĬĽŋħĕŀĚŏĨŅ

ĮĢŇĔĶĦƢȮőħĵĝňĺĴĺĸĬńŘĬěŃįƞŅĬĔĶŃĭĺĬĔŅĶĪŜŅŐľƟĚŐĸŃĪŀĶňœĲĶƢĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢȮŒĬĶŃľĺƞŅĚ

ĔĶŃĭĺĬĔŅĶěŃĴňĽŅĶĶŃŏľĵȮœŀĬŘŜŅŐĸŃĔƠŅĞėŀĬŏħĬŏĞĽŀŊŗĬŕĪňŗŀŀĔĴŅŒĬĭĶŇŏĺĦħƟŅĬĭĬĕŀĚŏĨŅ

ĮĢŇĔĶĦƢŀŀĔěŅĔĽŌƞĽŇŗĚŐĺħĸƟŀĴŐĸŃěŃœħƟįĸŇĨĳńĦĤƢĪŀĶňœĲĶƢŒĬĭĶŇŏĺĦħƟŅĬŒĨƟĕŀĚŏĨŅĮĢŇĔĶĦƢȮȮĞŉŗĚŒĬĮƖ

ė,Ļ,2010 ĭĶŇļńĪŀŇĬŏĪőĔĶĲĸŌŏŀĸȮœħƟħŜŅŏĬŇĬĔŅĶĽĶƟŅĚŏĨŅĮĢŇĔĶĦƢĶŌĮŐĭĭĬňŘȮőħĵĴňĔŜŅĸńĚĔŅĶįĸŇĨĝňĺĴĺĸ

ĪŀĶňœĲĶƢȮ48,000 ĨńĬĨƞŀĮƖȮıĭĺƞŅĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇœĴƞĽĴŗŜŅŏĽĴŀĪńŗĺĪńŘĚŏĨŅĮĢŇĔĶĦƢȮY/2[ȮŐĸŃŒĬė,Ļ,Ȯ

2012 ĭĶŇļńĪıŅĶƢėŏĔŀĶƢŀŀőĨƟŏėĶĲŏŀĬěŇŏĬňĵȮ&Parker Autoclave Engineers'ȮY02[ŐĸŃĭĶŇļńĪĬŌŏŀŇĪĞƢ

ŀňőėŏĪėőĬőĸĵňȮ&New earth eco center'ȮĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮY03[ȮœħƟıńĥĬŅŐĸŃĮĶńĭĮĶŋĚŏĨŅ

ĮĢŇĔĶĦƢĮĶŃŏĳĪĬňŘĕŉŘĬĴŅŏĝƞĬĔńĬȮħńĚŐĽħĚŒĬĶŌĮĳŅıĪňŗȮ2,8Ȯ 

 



  17 

  
ĶŌĮĪňŗȮ2,8ȮŐĽħĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲƕĔĞƢŏĭħŒĬĶŃħńĭŏĝŇĚŀŋĨĽŅľĔĶĶĴȮőħĵĭĶŇļńĪıŅĶƢėŏĔŀĶƢ

ŀŀőĨƟŏėĶĲŏŀĬěŇŏĬňĵȮĪňŗĴŅȮhttp8--www,autoclaveengineers,com 
 

ȮȮȮȮȮȮȮȮ   2,4,3,2ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ Ȯ2,4,3,2,1,ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶ 

 
ĶŌĮĪňŗȮ2,9ȮŐĽħĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĽĔĶŌŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮěŃŒĝƟĨŃĔĶńĭĪňŗŏėĸŊŗŀĬĪňŗœĮĕƟŅĚľĬƟŅȮĨŃĔĶńĭĪňŗŏėĸŊŗŀĬĪňŗœĮĕƟŅĚľĸńĚȮĨŃĔĶńĭŐĭĭŏĮƦĬ

ĕńŘĬŐĸŃĨŃŐĔĶĚėĸƟŅĵĭŅĬŏĔĸŖħȮĽŜŅľĶńĭĔŅĶĪŜŅĚŅĬĕŀĚŏĨŅĪňŗĴňĺŇīňĔŅĶŏįŅœľĴƟŐĭĭĬňŘȮėŊŀĨŃĔĶńĭěŃ

ėƞŀĵŕŏėĸŊŗŀĬĪňŗŐĸŃĩŌĔŐĭƞĚŏĮƦĬőĞĬŏįŅœľĴƟŐĸŃőĞĬľĸńĚěŅĔŏįŅœľĴƟȮŏĬŊŗŀĚěŅĔĴňĔŅĶĮĸƞŀĵĕňŘŏĩƟŅŀĵƞŅĚ

ĨƞŀŏĬŊŗŀĚȮĪŜŅŒľƟĨŃĔĶńĭĴňĕĬŅħŒľĠƞȮŏıŊŗŀĸħĔŅĶĔňħĕĺŅĚĕŀĚĕňŘŏĩƟŅŒĬĔŅĶŏįŅœľĴƟȮĽŅĴŅĶĩŒĝƟœħƟĔńĭ

ŏĝŊŘŀŏıĸŇĚĪňŗĴňĕĬŅħŏĸŖĔěĬĩŉĚĕĬŅħŒľĠƞœħƟȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĽĔĶŌŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶ

ŏĮƦĬĝĬŇħľĬŉŗĚĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗȮœħƟĴňĔŅĶĪŜŅĔŅĶĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĔŅĶ

http://www.autoclaveengineers.com/
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ŏįŅœľĴƟȮĺńħėĺŅĴĶƟŀĬĮĸħĮĸƞŀĵŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńĬĶĺĴĪńŘĚĽĶƟŅĚŐĭĭěŜŅĸŀĚ

ėĦŇĨĻŅĽĨĶƢĕŀĚĝňĺĴĺĸœĴƟĭňĝȮœĴƟĞňħŅĶƢŐĸŃĺŇĸőĸȮĨŅĴĸŜŅħńĭȮħƟĺĵėĺŅĴŏĶŖĺŀĵŌƞŒĬĝƞĺĚȮ5 ů 10 rpmȮőħĵ

ĴňŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬŀĵŌƞĶŃľĺƞŅĚȮ523,15ȮŐĸŃȮ573,15ȮKȮĶŃĵŃŏĺĸŅŒĬĔŅĶĪŀĶňŐĲėĝńŗĬȮ20 ĩŉĚȮ60 

ĬŅĪňȮĞŉŗĚĴňĔŜŅĸńĚĔŅĶįĸŇĨŀĵŌƞĪňŗȮ3 -Ȯ8 ĔŇőĸĔĶńĴĨƞŀĝńŗĺőĴĚĳŅĵŒĨƟĭĶĶĵŅĔŅĻŏĜŊŗŀĵœĬőĨĶŏěĬȮĽĶŋĮœħƟĺƞŅȮ

ėĺŅĴĶƟŀĬĕŀĚĪŀĶňŐĲėĝńŗĬŀĵŌƞĶŃľĺƞŅĚȮ-199 ĩŉĚȮ148 kJ-kgȮY04[ȮŏĴŊŗŀŏıŇŗĴŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬĽƞĚįĸ

ŒľƟĸħĔŅĶŒĝƟıĸńĚĚŅĬĔŅĶĭħĕŀĚĝňĺĴĺĸĪŀĶňœĲĶƢȮŏĴŊŗŀŀńĨĶŅĔŅĶœľĸĕŀĚĔƠŅĞĔŌƟėŊĬĨŗŜŅĶŃĵŃŏĺĸŅĪŀĶň

ŐĲėĝńŗĬĽƞĚįĸĨƞŀįĸœħƟıĸńĚĚŅĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮŏıŇŗĴėƞŅėĺŅĴĶƟŀĬŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĭħĪňŗħňȮY05[Ȯ

ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,9 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ Ȯ2,4,3,2,2,ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŒĬĶŃħńĭĔŉŗĚŀŋĨĽŅľĔĶĶĴ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮěŃĴňĸńĔļĦŃĔŅĶĪŜŅĚŅĬħƟĺĵĔŅĶĪŜŅĔŅĶĪŀĶňŐĲėĝńŗĬĝňĺĴĺĸŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮRatte 

ŐĸŃėĦŃȮY1[ȮœħƟĪŜŅĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢŏıŊŗŀĵŊĬĵńĬĔŅĶŀŀĔŐĭĭŐĸŃėĺŅĴŏľĴŅŃĽĴĕŀĚ

ŏĨŅĮĢŇĔĶĦƢȮTORSPYD &Thermya company has developed and patented a biomass 

torrefaction-depolymerisation process'ȮĞŉŗĚĴňĔŜŅĸńĚĔŅĶįĸŇĨŀĵŌƞĪňŗȮȮ3 -Ȯ8 ĔŇőĸĔĶńĴĨƞŀĝńŗĺőĴĚȮħńĚ

ŐĽħĚŒĬĶŌĮĪňŗȮ2,10 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ Ȯ2,4,3,2,3,ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴ  

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘœħƟĪŜŅĔŅĶĻŉĔļŅĪŀĶňœĲĶƢįƞŅĬŏĨŅĮĢŇĔĶĦƢĝĬŇħĬňŘőħĵĴňĝňĺĴĺĸ

ĺŇĸőĸħƟĺĵĔŜŅĸńĚĔŅĶįĸŇĨȮ1,45 ĔŇőĸĔĶńĴĨƞŀĺŇĬŅĪňŐĸŃĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢŏıŊŗŀĮĶńĭĮĶŋĚŏĨŅ

ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĸŃŀŀĔŐĭĭĔĶŃĭĺĬĔŅĶȮįĸŐĽħĚŒľƟŏľŖĬĺƞŅȮŏĴŊŗŀŀńĨĶŅĔŅĶœľĸĕŀĚĔƠŅĞĔŌƟėŊĬĨŗŜŅ

ĶŃĵŃŏĺĸŅĪŀĶňŐĲėĝńŗĬĽƞĚįĸĨƞŀįĸœħƟıĸńĚĚŅĬȮŏıŇŗĴėƞŅėĺŅĴĶƟŀĬŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĭħĪňŗħňȮ[3]  
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ĶŌĮĪňŗȮ2,10ȮŐĽħĚœħŀŅŐĔĶĴŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗ 

ŒĬĶŃħńĭĔŉŗĚŀŋĨĽŅľĔĶĶĴȮ&TORSPYD' 

 

 
ĶŌĮĪňŗȮ2,11ȮŐĽħĚŐįĬĳŅıŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴ 
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ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŐĭĭőĶĨŅĶňŗħĶńĴŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴȮ

ŒĬĮƖė,Ļ,Ȯ2013 ĭĶŇļńĪŏĪŀĴŏĴŀĶƢȮ&Thamer'ȮœħƟĽĶƟŅĚŏĨŅĮĢŇĔĶĦƢĮĶŃŏĳĪĬňŘ 

 

 
ĶŌĮĪňŗȮ2,12ȮŐĽħĚŐįĬĳŅıŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŐĭĭőĶĨŅĶňŗħĶńĴ 

ŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴȮőħĵĭĶŇļńĪŏĪŀĴŏĴŀĶƢ 

 

ĕŉŘĬĴŅĞŉŗĚĽŅĴŅĶĩŒľƟėĺŅĴĶƟŀĬœħƟŐĭĭőħĵĨĶĚŐĸŃőħĵŀƟŀĴȮĴňĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬŀĵƞŅĚĽĴŗŜŅŏĽĴŀȮ

ĽŅĴŅĶĩħŜŅŏĬŇĬĔŅĶĪŀĶňŐĲėĝńŗĬœħƟŒĬĝňĺĴĺĸľĸŅĵĕĬŅħŐĸŃľĸŅĵĝĬŇħȮėĺŅĴĶƟŀĬĪňŗœħƟěŅĔĔŅĶŏįŅœľĴƟ

ĽŅĴŅĶĩĬŜŅĴŅľĴŋĬŏĺňĵĬŒĝƟŒľĴƞœħƟĳŅĵŏĨŅĮĢŇĔĶĦƢȮĔĶŃĭĺĬĔŅĶĽŅĴŅĶĩħŜŅŏĬŇĬĔŅĶœħƟőħĵĔŅĶėĺĭėŋĴ

ŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬȮėĺŅĴŏĶŖĺĔŅĶľĴŋĬĕŀĚħĶńĴȮŐĸŃŀĚĻŅĕŀĚħĶńĴĪňŗĪŜŅĔńĭŐĬĺĶŃħńĭȮıĭĺƞŅȮ

ŀńĨĶŅŏĶŖĺŒĬĔŅĶľĴŋĬĨŗŜŅěŃĪŜŅŒľƟĝňĺĴĺĸŀĵŌƞŒĬĽĩŅĬŃėŅĶƢĭŀĬœĬŏĞĝńĬĴŅĔĔĺƞŅĪňŗŏĮƦĬĝňĺĴĺĸŒĬĽĩŅĬŃ

ĪŀĶňŐĲėĝńŗĬȮŀĵƞŅĚœĶĔŖĨŅĴȮĩƟŅŀńĨĶŅŏĶŖĺŒĬĔŅĶľĴŋĬĕŀĚħĶńĴĽŌĚĴŅĔŏĔŇĬœĮĝňĺĴĺĸĪŀĶňœĲĶƢĪňŗœħƟĔŖěŃĴň

ėŋĦĳŅıĪňŗĨŗŜŅȮħńĚĬńŘĬȮěŉĚĨƟŀĚŒĝƟŀńĨĶŅŏĶŖĺŐĸŃėĺŅĴĶƟŀĬĪňŗŏľĴŅŃĽĴŒĬĔŅĶĪŀĶňœĲĶƢĽŜŅľĶńĭĝňĺĴĺĸħƟĺĵȮ

ŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŐĭĭőĶĨŅĶňŗħĶńĴŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴĽŅĴŅĶĩŐĽħĚœħƟħńĚȮȮ

ĶŌĮĪňŗȮ2,12ȮĬŀĔěŅĔĬňŘĵńĚĴňĭĶŇļńĪĪňŗĬŜŅŏĪėőĬőĸĵňĮĶŃŏĳĪĬňŘœĮĮĶńĭĮĶŋĚŐĸŃıńĥĬŅĨƞŀŒĬŏĝŇĚĔŅĶėƟŅœħƟŐĔƞȮȮȮȮȮȮȮ

ĭĶŇļńĪ AirlessȮĽľĶŅĝŀŅĦŅěńĔĶȮŒĝƟŏĪėőĬőĸĵňȮCDS ĪňŗĴňĔŜŅĸńĚĔŅĶįĸŇĨȮ50 ĔŇőĸĨńĬĨƞŀĮƖȮĭĶŇļńĪȮȮȮȮȮ

TorrȮ-Ȯcoal ĮĶŃŏĪĻŏĬŏīŀĶƢŐĸĬħƢŒĝƟŏĪėőĬőĸĵňĮĶŃŏĳĪĬňŘĪŀĶňŐĲėĝńŗĬĶƞĺĴĔńĭĩƞŅĬľŇĬĪňŗĴňĔŜŅĸńĚȮȮȮȮȮ

ĔŅĶįĸŇĨȮ35 ĔŇőĸĨńĬĨƞŀĮƖĭĶŇļńĪȮBIO3D ĽŅīŅĶĦĶńģİĶńŗĚŏĻĽȮĭĶŇļńĪȮEBES AG ŏėĶŊŀĶńģŀŀĽŏĨĶŏĸňĵȮ

ĭĶŇļńĪȮ4Energy Evest ĶŅĝŀŅĦŅěńĔĶŏĭĸŏĵňĵĴȮĴľŅĺŇĪĵŅĸńĵȮETPCȮ-ȮUmea UniversityȮ

ĶŅĝŀŅĦŅěńĔĶĽĺňŏħĬȮŒĝƟŏĪėőĬőĸĵňĮĶŃŏĳĪȮBioEndevȮĪňŗĴňĔŜŅĸńĚĔŅĶįĸŇĨȮ25 ů 35 ĔŇőĸĨńĬĨƞŀĮƖȮ

BioEndev-EȮŐĸŃĭĶŇļńĪAtmosclear ĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬĪňŗĴňĔŜŅĸńĚĔŅĶįĸŇĨȮ50 ĔŇőĸĨńĬĨƞŀĮƖȮ

ĮĶŃŏĪĻŀŀĽŏĨĶŏĸňĵȮĭĶŇļńĪȮAndritz ŒĝƟŏĪėőĬőĸĵňĮĶŃŏĳĪȮACB-ECNȮĪňŗĴňĔŜŅĸńĚĔŅĶįĸŇĨȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
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50 ĔŇőĸĨńĬĨƞŀĮƖŐĸŃĮĶŃŏĪĻĽŏĮĬȮĭĶŇļńĪ TorkapparaterȮĴňĔŜŅĸńĚĔŅĶįĸŇĨȮ100 ĔŇőĸĨńĬĨƞŀĮƖȮ[28]ȮȮȮȮȮȮȮȮ

 ȮȮȮȮȮȮȮȮ ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŐĭĭĽĔĶŌėŀĬŏĺŀĶƢŏĵŀĶƢŒĬĶŃħńĭ

ŀŋĨĽŅľĔĶĶĴȮŒĬĮƖȮė,Ļ,ŏħňĵĺĔńĬĭĶŇļńĪĞŇĚėƢőėȮ&Syncoal'ȮœħƟıńĥĬŅĞŉŗĚĽŅĴŅĶĩĽĶƟŅĚœħƟĪńŘĚŒĬŐĬĺĬŀĬ

ŐĸŃŐĬĺĨńŘĚȮŒĬĕĦŃĪňŗĽĔĶŌĪŜŅĔŅĶľĴŋĬĝňĺĴĺĸĳŅĵŒĬĶňŐŀėŏĨŀĶƢěŃĩŌĔľĴŋĬœĮħƟĺĵıĶƟŀĴŕĔńĬ 

 

 
ĶŌĮĪňŗȮ2,13ȮŐĽħĚŐįĬĳŅıŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŐĭĭĽĔĶŌėŀĬŏĺŀŏĵŀĶƢ 

ŒĬĶŃħńĭŀŋĨŅĽŅľĔĶĶĴőħĵĭĶŇļńĪĞŇĚėƢőė 

 

ĪńŘĚŒľƟėĺŅĴĶƟŀĬĶŃľĺƞŅĚįĬńĚĕŀĚĶňŐŀėŏĨŀĶƢŐĸŃĝňĺĴĺĸĪňŗĽŅĴŅĶĩŒľƟėĺŅĴĶƟŀĬœħƟőħĵĨĶĚȮĝňĺĴĺĸȮȮȮȮ

ĪŀĶňœĲĶƢĪňŗœħƟěŃĴňėŋĦĳŅıĽŌĚȮėĺŅĴľĬŅŐĬƞĬĨŗŜŅŐĸŃėĺŅĴĝŊŘĬěŃĩŌĔĮĶńĭĮĶŋĚĨńŘĚŐĨƞŏĶŇŗĴĨƟĬĬŜŅĝňĺĴĺĸŏĕƟŅȮ

ĶňŐŀėŏĨŀĶƢěĬĔĶŃĪńŗĚĩŌĔĽĔĶŌįĸńĔŀŀĔĴŅŏĮƦĬĝňĺĴĺĸĪŀĶňœĲĶƢȮY07[ȮĮĶŃŏĪĻŏĬŏīŀŐĸĬħƢĭĶŇļńĪȮ

BioLake BV-ATO ĭĶŇļńĪȮBTGȮŐĸŃĭĶŇļńĪȮFoxcoalȮœħƟŒĝƟŏĪėőĬőĸĵňĮĶŃŏĳĪĬňŘįĸŇĨĝňĺĴĺĸĪŀĶňœĲĶƢ

ŏĝŇĚĔŅĶėƟŅĪňŗĴňĔŜŅĸńĚĔŅĶįĸŇĨȮ5 ů 10 ĔŇőĸĨńĬĨƞŀĮƖȮ5 ĨńĬĨƞŀĝńŗĺőĴĚȮŐĸŃȮ35 ĔŇőĸĨńĬĨƞŀĮƖĨŅĴĸŜŅħńĭȮY1.[Ȯ

ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,13 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗŐĭĭŏĭĸĪƢħŅĵŏŀŀĶƢŒĬĶŃħńĭ

ŀŋĨĽŅľĔĶĶĴŏĮƦĬŏĨŅĮĢŇĔĶĦƢĪňŗėĺĭėŋĴŀŋĦľĳŌĴŇœħƟħňȮĪŜŅĔŅĶėĺĭėŋĴĝƞĺĚŏĺĸŅĪŀĶňŐĲėĝńŗĬħƟĺĵėĺŅĴŏĶŖĺ

ĕŀĚĽŅĵıŅĬȮĽŅĴŅĶĩĪŀĶňŐĲėĝńŗĬĝňĺĴĺĸœħƟľĸŅĵĕĬŅħȮĴňĨƟĬĪŋĬĨŗŜŅȮŒĬĮƤěěŋĭńĬĴňĭĶŇļńĪŏĝŇĚĔŅĶėƟŅ

ľĸŅĵĭĶŇļńĪĬŜŅŏĪėőĬőĸĵňĮĶŃŏĳĪĬňŘœĮĽĶƟŅĚŒĬŏĝŇĚĔŅĶėƟŅȮœħƟŐĔƞȮĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮĭĶŇļńĪȮAgriȮ-Ȯ

Tech producers LLC-RTFȮȮœħƟĪŜŅĔŅĶĽĶƟŅĚőħĵŒĝƟŏĪėőĬőĸĵňŏĨŅĮĢŇĔĶĦƢĝĬŇħĬňŘȮŏıŊŗŀŒĝƟŒĬ

ĔĶŃĭĺĬĔŅĶŏĪėőĬőĸĵňĪŀĶňœĲĶƢĝňĺĴĺĸȮĪňŗĴňĔŜŅĸńĚĔŅĶįĸŇĨȮ5 ĨńĬĨƞŀĝńŗĺőĴĚȮĭĶŇļńĪȮNew Earth Eco 

Technology œħƟĪŜŅĔŅĶĽĶƟŅĚőħĵŒĝƟŏĪėőĬőĸĵňȮEcoȮ-ȮPyrovacȮĪňŗĴňĔŜŅĸńĚȮĔŅĶįĸŇĨȮ2 ĨńĬĨƞŀĝńŗĺőĴĚȮ

ĮĶŃŏĪĻŏĭĸŏĵňĵĴȮĭĶŇļńĪȮ4 Energy Investe Amel Biocoal œħƟĪŜŅĔŅĶĽĶƟŅĚőħĵŒĝƟŏĪėőĬőĸĵň
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StramproyȮĪňŗĴňĔŜŅĸńĚĔŅĶįĸŇĨȮ38 ĔŇőĸĨńĬĨƞŀĮƖŐĸŃĮĶŃŏĪĻŏĬŏīŀŐĸĬħƢȮĭĶŇļńĪȮStramproy Green 

InvestmentȮœħƟĪŜŅĔŅĶĽĶƟŅĚőħĵŒĝƟŏĪėőĬőĸĵňȮStramproyȮĪňŗĴňĔŜŅĸńĚĔŅĶįĸŇĨ 45 ĔŇőĸĨńĬĨƞŀĮƖ 

ȮȮȮȮȮȮȮȮ   2,4,3,3 ŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲĸŌŀŇœħĞƢŏĭħ 

ȮȮȮȮȮȮȮȮ ȮȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲĸŌŀŇœħĞƢŏĭħŐĭƞĚŏĮƦĬĔŅĶŏįŅœľĴƟĶŃĭĭĲĸŌŀŇœħĞƢŏĭħŐĭĭ

ĲŀĚŀŅĔŅĻŐĸŃĔŅĶŏįŅœľĴƟĶŃĭĭĲĸŌŀŇŏĭħŐĭĭľĴŋĬŏĺňĵĬȮőħĵŒĝƟĪĶŅĵŏĮƦĬĺńĽħŋŏĭħȮĪĶŅĵŐĸŃ

ŏĝŊŘŀŏıĸŇĚĪňŗŀĵŌƞŒĬŏĨŅľĸŀĴĬńŘĬŀĵŌƞŒĬĽĳŅĺŃŏħŊŀħĪňŗĴňėĺŅĴħńĬĕŀĚŀŅĔŅĻŒĬĔŅĶŏįŅœľĴƟĽŌĚŐĸŃŏĔŇħĔŅĶ

ŏįŅœľĴƟįƞŅĬėĺŅĴĶƟŀĬĪňŗĔńĔŏĔŖĭŒĬĪĶŅĵŐĸŃįĸĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĪĶŅĵŏľĴŅŃĽŜŅľĶńĭŏĝŊŘŀŏıĸŇĚ

ĪňŗĴňėĺŅĴĝŊŘĬĽŌĚŐĸŃėŋĦĳŅıĨŗŜŅȮŏĨŅĮĢŇĔĶĦƢĝĬŇħĬňŘĪŜŅĚŅĬőħĵĬŜŅĝňĺĴĺĸĺŅĚœĺƟĪňŗŏĭħŏıŊŗŀŒľƟŀŅĔŅĻœľĸ

įƞŅĬȮĝňĺĴĺĸěŃĸŀĵĕŉŘĬȮĴňŐľĸƞĚŒľƟėĺŅĴĶƟŀĬěŅĔĳŅĵĬŀĔĽƞĚįĸŒľƟŏĭħœħƟĶńĭėĺŅĴĶƟŀĬȮĪŜŅŒľƟėĺŅĴĶƟŀĬ

ĪńŗĺĪńŘĚŏĨŅĮĢŇĔĶĦƢĴňėĺŅĴĽĴŗŜŅŏĽĴŀȮLi ŐĸŃėĦŃȮY1/[ȮœħƟĪŜŅĔŅĶĻŉĔļŅĪŀĶňŐĲėĝńŗĬĕňŘŏĸŊŗŀĵȮįƞŅĬŏĨŅ

ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲĸŌŀŇœħĞƢŏĭħŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮıĭĺƞŅȮĕňŘŏĸŊŗŀĵĪŀĶňœĲĶƢĴňėƞŅėĺŅĴĶƟŀĬĽŌĚȮ

ĴňėĺŅĴœĴƞĝŀĭĬŘŜŅȮĮĶŃĽŇĪīŇĳŅıĕŀĚŏĨŅĮĢŇĔĶĦƢĬňŘĽŅĴŅĶĩĪŜŅĚŅĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚœħƟȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ

2,14ȮŐĸŃȮRousset ŐĸŃėĦŃȮY0[ȮœħƟĪŜŅĔŅĶĻŉĔļŅıķĨŇĔĶĶĴĔŅĶĲĸŌŀŇœħŏĞĝńĬĕŀĚœĴƟĵŌėŅĸŇĮĨńĽȮŒĬŏĨŅ

ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲĸŌŀŇœħĞƢŏĭħŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮĪŜŅĔŅĶĺńħėĺŅĴħńĬĨĔėĶƞŀĴĕŀĚŏĭħĪňŗ

ŏĮƦĬĲƤĚĔƢĝńĬĕŀĚėĺŅĴŏĶŖĺŀŅĔŅĻıĭĺƞŅėĺŅĴħńĬĨĔėĶƞŀĴĽƞĚįĸĨƞŀĕĬŅħŀĬŋĳŅėőħĵĨĶĚ 

 

 
ĶŌĮĪňŗȮ2,14ȮŐĽħĚŐįĬĳŅıŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĲĸŌŀŇœħĞƢŏĭħŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶ 

 

 

ȮȮȮȮȮȮȮȮ   2,4,3,4ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭœĴőėĶŏĺĲ 
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ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮȮȮȮȮ2,4,3,4,1,ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭœĴőėĶŏĺĲŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮěŃħŜŅŏĬŇĬĔŅĶőħĵŒĝƟėĸŊŗĬœĴőėĶŏĺĲĪňŗŏĮƦĬėĸŊŗĬŐĴƞŏľĸŖĔœĲĲƚŅĪňŗĴňĝƞĺĚėĺŅĴĵŅĺ

ėĸŊŗĬȮ300 MHz ĩŉĚȮ300 GHzȮŐĨƞĪŅĚŀŋĨĽŅľĔĶĶĴőħĵĪńŗĺœĮŒĝƟĮĶŇĴŅĦĪňŗȮ2,45 GHz ĞŉŗĚĩŊŀŏĮƦĬėĺŅĴ

ĶƟŀĬĪňŗŏıňĵĚıŀŐĸƟĺȮĕƟŀħňĕŀĚŏĨŅĮĢŇĔĶĦƢĮĶŃŏĳĪĬňŘėŊŀĽŅĴŅĶĩŒľƟėĺŅĴĶƟŀĬœĮĽŌƞĝňĺĴĺĸœħƟĪńŘĚĶŃĭĭȮ

Y10[ȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,12 

 
ĶŌĮĪňŗȮ2,12ȮŐĽħĚŐįĬĳŅıŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭœĴőėĶŏĺĲŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴ 

 

 2,4,4ȮŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢ 

ȮȮȮȮȮȮȮȮȮȮȮŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĽŜŅľĶńĭŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŏĮƦĬĽŇŗĚěŜŅŏĮƦĬŏıŊŗŀĔŅĶĮĶńĭĮĶŋĚŐĸŃ

ıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĔńĭĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬȮĚŅĬĺŇěńĵĽƞĺĬŒľĠƞŀŅĻńĵŐĬĺėŇħĪŅĚĪķļĢňėĺŅĴ

ĶƟŀĬȮĔŜŅľĬħıŅĶŅĴŇŏĨŀĶƢħŜŅŏĬŇĬĔŅĶĨƞŅĚŕŏıŊŗŀĻŉĔļŅıķĨŇĔĶĶĴĕŀĚĨńĺŐĮĶĨƟĬĪňŗĽƞĚįĸĨƞŀĨńĺŐĮĶĨŅĴȮ

œħƟŐĔƞȮŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬȮĶŃĵŃŏĺĸŅĪŀĶňŐĲėĝńŗĬȮĮĶŃŏĳĪĺńĽħŋŐĸŃĝňĺĴĺĸȮĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĸŃ

ĕĬŅħŀĬŋĳŅėȮY1[ȮĴňĔŅĶĻŉĔļŅŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĽŜŅľĶńĭŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŏĝŇĚěĸĬĻŅĽĨĶƢ

ĕŀĚĮĢŇĔŇĶŇĵŅȮ&Reaction kinetic'ȮŏıŊŗŀĪŜŅĬŅĵĔŅĶŏĮĸňŗĵĬŐĮĸĚıķĨŇĔĶĶĴĕŀĚĕŀĚŐĕŖĚȮĞŉŗĚĕŀĚŐĕŖĚĪňŗ

ĪŜŅĔŅĶĪŀĶňŐĲėĝńŗĬėŊŀĺŇĸőĸȮœħƟħŜŅŏĬŇĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĔĸœĔŐĭĭĽŀĚĕńŘĬĨŀĬȮ&TwoȮ-Ȯstep 

torrefaction mechanism'ȮY11[ŐĸŃŒĬľĸŅĵŕĚŅĬĺŇěńĵœħƟĴňĔŅĶĮĶńĭĮĶŋĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢőħĵ

ŒĝƟŏĪėĬŇėĔŅĶĩħĩŀĵŏĝŇĚĽĩŇĨŇȮŏıŊŗŀėŜŅĬĺĦįĸœħƟĕŀĚŐĕŖĚőħĵŀŅĻńĵĨńĺŐĮĶħŜŅŏĬŇĬĔŅĶėŊŀȮŀŋĦľĳŌĴŇĪŀĶň

ŐĲėĝńŗĬȮĶŃĵŃŏĺĸŅĪňŗŒĝƟĪŀĶňŐĲėĝńŗĬȮŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬȮY12[ȮŀĵƞŅĚœĶĔŖĨŅĴȮœħƟĴňĔŅĶĽĶƟŅĚ

ŐĭĭěŜŅĸŀĚŏıŊŗŀĪŜŅĬŅĵŀĚėƢĮĶŃĔŀĭĕŀĚĽŅĶĶŃŏľĵŐĸŃĕŀĚŐĕŖĚŐĸŃĨĶĺěĽŀĭįĸĔŅĶĪħĸŀĚħƟĺĵ 

Bates and GhoniemȮY13[ȮĵńĚœħƟĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚĮĢŇĔŇĶŇĵŅŀŋĦľŏėĴňȮ&Reaction 

thermochemistry'ȮŏıŊŗŀĮĶŃŏĴŇĬŏŀĬĪŅĸĮƖĪŀĶňŐĲėĝńŗĬĪňŗĬŜŅœĮĽŌƞĔŅĶıŇěŅĶĦŅĽĴħŋĸıĸńĚĚŅĬĕŀĚŏĨŅ

ĮĢŇĔĶĦƢȮPeduzzi ŐĸŃėĦŃȮY14[ȮœħƟŏĽĬŀŐĭĭěŜŅĸŀĚŏıŊŗŀĮĶŃŏĴŇĬĽĴħŋĸĴĺĸŐĸŃıĸńĚĚŅĬĕŀĚ
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ĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬȮPark ŐĸŃėĦŃȮY15[ȮœħƟĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĽŜŅľĶńĭŏĨŅĮĢŇĔĶĦƢĪŀ

ĶňŐĲėĝńŗĬȮőħĵŀŅĻńĵŐĭĭěŜŅĸŀĚĔĸœĔŐĸŃŐĭĭěŜŅĸŀĚŀŋĦľŏėĴňŏıŊŗŀĮĶŃŏĴŇĬįĸœħƟĕŀĚŐĕŖĚŐĸŃŀŅĻńĵ

ŐĭĭěŜŅĸŀĚĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬŏıŊŗŀĮĶŃŏĴŇĬŀĚėƢĮĶŃĔŀĭĕŀĚĽŅĶĶŃŏľĵȮĻŉĔļŅĔŅĶėŜŅĬĺĦőĮĶœĲĸƢ

ŀŋĦľĳŌĴŇŒĬŏĨŅĮĢŇĔĶĦƢȮĴňĔŅĶıŇěŅĶĦŅĽĴħŋĸıĸńĚĚŅĬĶŃľĺƞŅĚĔƠŅĞıŅėĺŅĴĶƟŀĬŐĸŃĝňĺĴĺĸŒĬŏĨŅ

ĮĢŇĔĶĦƢȮĝňĺĴĺĸĪňŗŒĝƟŒĬĔŅĶĪŜŅĔŅĶĻŉĔļŅėŊŀĺŇĸőĸĸƢȮıĭĺƞŅĶŃĵŃŏĺĸŅĪŀĶňŐĲėĝńŗĬĽƞĚįĸĨƞŀįĸœħƟ

ıĸńĚĚŅĬŀĵƞŅĚŏĸŖĔĬƟŀĵŏĴŊŗŀŀńĨĶŅĔŅĶœľĸĕŀĚĔƠŅĞĔŌƟėŊĬĴňėƞŅĨŗŜŅ 

 2,4,5ȮĪķļġňĔŅĶĪŜŅĶŃŏľĵ 

ȮȮȮȮȮȮȮȮȮȮĔĶŃĭĺĬĔŅĶĪŜŅĶŃŏľĵěŃĕŉŘĬŀĵŌƞĔńĭŀŅĔŅĻŐĸŃėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋȮĮƤěěńĵľĸńĔĪňŗĽƞĚįĸĨƞŀ

ĔĶŃĭĺĬĔŅĶėŊŀŀŋĦľĳŌĴŇĕŀĚĽŇŗĚŐĺħĸƟŀĴŐĸŃėĺŅĴĝŊŘĬŒĬĺńĽħŋĬńŘĬŕȮĬńŗĬėŊŀīĶĶĴĝŅĨŇĕŀĚĺńĽħŋŏŀĚȮ

ĮĶŃĔŀĭħƟĺĵŀĚėƢĮĶŃĔŀĭŐĸŃőėĶĚĽĶƟŅĚȮŀŋĦľĳŌĴŇȮėĺŅĴħńĬȮŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬȮ[38] 

ȮȮȮȮȮȮȮȮȮȮĮĶŇĴŅĦėĺŅĴĝŊŘĬĕŀĚĺńĽħŋėŊŀĬŘŜŅľĬńĔĕŀĚĬŘŜŅĨƞŀĬŘŜŅľĬńĔĕŀĚĴĺĸľĶŊŀĬŘŜŅľĬńĔĕŀĚĬŘŜŅĨƞŀĬŘŜŅľĬńĔ

ĕŀĚĴĺĸŐľƟĚȮĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬĽŀĚĮĶŃŏĳĪėŊŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĭĭŏĮƖĵĔŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬ

ŐĭĭŐľƟĚȮőħĵĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĭĭŏĮƖĵĔȮ&
w

X 'ȮėŊŀĽńħĽƞĺĬĕŀĚĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĭĭŐľƟĚĨƞŀĮĶŇĴŅĦ

ėĺŅĴĝŊŘĬŐĭĭŐľƟĚĭĺĔľĬŉŗĚŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĭĭŐľƟĚȮ&X'ȮėŊŀĽńħĽƞĺĬĕŀĚĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĭĭ

ŏĮƖĵĔĨƞŀľĬŉŗĚĸĭħƟĺĵĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĭĭŏĮƖĵĔĽŅĴŅĶĩŐĽħĚŒĬĶŌĮĕŀĚĽĴĔŅĶœħƟħńĚĬňŘ 

1
w

X
X

X
=
+
ȮŐĸŃȮ

1

w

w

X
X

X
=
-

 

ȮȮȮȮȮȮȮȮȮȮĽńħĽƞĺĬėĺŅĴĝŊŘĬȮ&MR'ȮėŊŀȮĮĶŇĴŅĦėĺŅĴĝŊŘĬĕŀĚĺńĽħŋŒĬĶŃľĺƞŅĚĔŅĶĪŜŅŐľƟĚĕŀĚĮĶŇĴŅĦ

ėĺŅĴĝŊŘĬĪňŗŏĺĸŅŒħŕĸĭĮĶŇĴŅĦėĺŅĴĝŊŘĬĽĴħŋĸĨƞŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĸĭĮĶŇĴŅĦėĺŅĴĝŊŘĬĽĴħŋĸȮ

ĽŅĴŅĶĩŐĽħĚœħƟħńĚĬňŘ 

0

e

e

X X
MR

X X

-
=

-
 

ȮȮȮȮȮȮȮȮȮȮŐŀėĪňĺŇĨňŘĕŀĚĬŘŜŅȮ&Water activity'ȮėŊŀȮėƞŅėĺŅĴĝŊŘĬĪňŗĴňįĸĨƞŀŀńĨĶŅĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚ

ěŋĸŇĬĪĶňĵƢȮĽŅĴŅĶĩėŜŅĬĺĦœħƟħńĚĬňŘ 

0 100

w

w

w

P RH
a

P
= =  

ŏĴŊŗŀȮ
w

PėŊŀėĺŅĴħńĬĵƞŀĵĕŀĚœŀĬŘŜŅȮ0

w
P  ėŊŀėĺŅĴħńĬœŀŀŇŗĴĨńĺȮŐĸŃȮRHėŊŀĮĶŇĴŅĦėĺŅĴĝŊŘĬĽńĴıńĪīƢ 
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ȮȮȮȮȮȮȮȮȮȮĮĶŇĴŅĦėĺŅĴĝŊŘĬĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬĽŀĚĮĶŃŏĳĪėŊŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĔŅŃŏĔňŗĵĺŐĸŃ

ĮĶŇĴŅĦėĺŅĴĝŊŘĬĪňŗįŇĺŀŇĽĶŃȮĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĔŅŃŏĔňŗĵĺėŊŀĮĶŇĴŅĦėĺŅĴĝŊŘĬĪňŗĵŉħĔńĬħƟĺĵŐĶĚıńĬīŃ

ĳŅĵŒĬĺńĽħŋħƟĺĵĔŅĶħŌħĞńĭŏĝŇĚĔĸŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬĪňŗįŇĺŀŇĽĶŃėŊŀĮĶŇĴŅĦĕŀĚĬŘŜŅĪňŗįŇĺĪňŗĵŉħĔńĬħƟĺĵ

ŐĶĚėŅĮƕĸĸŅĸň 

ȮȮȮȮȮȮȮȮȮȮĮĶŇĴŅĦėĺŅĴĝŊŘĬĽĴħŋĸėŊŀĮĶŇĴŅĦėĺŅĴĝŊŘĬĕŀĚĺńĽħŋĪňŗĽńĴıńĬīƢĔńĭĽŇŗĚŐĺħĸƟŀĴĪňŗŀŋĦľĳŌĴŇľƟŀĚ

ŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢȮőħĵĪńŗĺœĮěŃıŇěŅĶĦŅěŅĔĔŅĶıĸŖŀĨĔĶŅĲĶŃľĺƞŅĚĮĶŇĴŅĦėĺŅĴĝŊŘĬĽĴħŋĸŐĸŃ

ĮĶŇĴŅĦėĺŅĴĝŊŘĬĽńĴıńĪīƢľĶŊŀŐŀėĨŇĺŇĨňŘĕŀĚĬŘŜŅĪňŗŀŋĦľĳŌĴŇėĚĪňŗ 

ȮȮȮȮȮȮȮȮȮȮěŅĔĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮœħƟĴňĔŅĶħŜŅŏĬŇĬĔŅĶĮĶńĭĮĶŋĚŏĨŅĮĢŇĔĶĦƢĪŀĶň

ŐĲėĝńŗĬŒĬĶŃħńĭĪňŗıńĥĬŅĴŅěŅĔŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶŏıŊŗŀŒľƟœħƟĮĶŃőĵĝĬƢ

ĽŌĚĽŋħŒĬŏĝŇĚŀŋĨĽŅľĔĶĶĴħƟĺĵĔŅĶĪŜŅŒľƟĝňĺĴĺĸŏėĸŊŗŀĬĪňŗŏıŊŗŀĔŅĶĶńĭėĺŅĴĶƟŀĬĪňŗĪńŗĺĪńŘĚŏĨŅĮĢŇĔĶĦƢħƟĺĵ

ŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħŏėĸŊŗŀĬĪňŗȮŐĨƞĽŜŅľĶńĭŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŒĬĶŃħńĭĔŉŗĚŀŋĨĽŅĔĶĶĴĪňŗ

ĴňĔŅĶıńĥĬŅĴŅěŅĔŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶĮĶŃŏĳĪŒľƟėĺŅĴĶƟŀĬħƟĺĵŐľĸƞĚŒľƟ

ėĺŅĴĶƟŀĬĳŅĵĬŀĔŒĬĸńĔļĦŃĕŀĚĝňĺĴĺĸŐĸŃŏĨŅĮĢŇĔĶĦƢĪňŗŀĵŌƞĬŇŗĚĨńŘĚĜŅĔĔńĭŐĬĺĶŃħńĭĬńŘĬȮıĭĺƞŅȮĔŅĶ

ĔĶŃěŅĵĕŀĚŀŋĦľĳŌĴŇĵńĚœĴƞĽĴŗŜŅŏĽĴŀĪńŗĺĪńŘĚŏĨŅĮĢŇĔĶĦƢŏĬŊŗŀĚěŅĔĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬœħƟœĴƞħňěŉĚ

ěŜŅŏĮƦĬĨƟŀĚĮĶńĭĮĶŋĚĕƟŀŏĽňĵĬňŘȮőħĵĬŜŅĪƞŀėĺŅĴĶƟŀĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĪňŗŀŅĻńĵľĸńĔĔŅĶĪŜŅĚŅĬȮȮȮȮȮȮȮȮ

ĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĽŅĶĪŜŅĚŅĬŒĬĶŃĭĭĽŋĠĠŅĔŅĻȮŏıŊŗŀĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĪńŗĺĪńŘĚŏĨŅĮĢŇĔĶĦƢȮ

ħńĚĬńŘĬȮĽŜŅľĶńĭŒĬĚŅĬĺŇěńĵĬňŘěŃĪŜŅĔŅĶĽĶƟŅĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĪňŗĮĶŃĔŀĭħƟĺĵ

ĪƞŀėĺŅĴĶƟŀĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬįƞŅĬľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĽŅĶĪŜŅĚŅĬŒĬ

ĶŃĭĭĽŋĠĠŅĔŅĻĽŜŅľĶńĭŒĝƟŒĬĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬěŅĔĪƞŀŏĪŀĶƢőĴœĞĲŀĬœĮĵńĚŏĨŅĮĢŇĔĶĦƢĳŅĵŒĨƟ

ĭĶĶĵŅĔŅĻĪňŗœĴƞĴňŀŀĔĞŇŏěĬŐĸŃĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴ

œĞĲŀĬŒĬĝƞĺĚĶŃĵŃŒľƟėĺŅĴĶƟŀĬěĬĩŉĚĶŃĵŃĪŜŅĶŃŏľĵȮĪňŗŀŋĦľĳŌĴŇŏĮƚŅľĴŅĵĕŀĚĝňĺĴĺĸĴňėƞŅȮ493,15 KȮ

ŏĬŊŗŀĚěŅĔœĴƞĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŏĝŇĚŏėĴňŒĬĝƞĺĚŀŋĦľĳŌĴŇĬňŘȮŏıŊŗŀĻŉĔļŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚ

ŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬőħĵĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢěŃ

ŀŅĻńĵĔġĕƟŀĪňŗľĬŉŗĚĪŅĚŏĪŀĶƢőĴœħĬŅĴŇĔĽƢĪňŗıŇěŅĶĦŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴŐĭĭȮUniform ů State, 

Uniform -ȮFlow Process &USUF'ȮŒĝƟĺŇīňĔŅĶėŜŅĬĺĦĶŃŏĭňĵĭĺŇīňŏĝŇĚĨńĺŏĸĕŐĭĭĶŋĚŏĚėŋĨĨƟŅŀńĬħńĭĪňŗĽňŗȮ

4 &RungeȮ-ȮKutta 4th order methodȮfor ordinary differential equations'ȮŐĸŃĪŜŅĔŅĶėŜŅĬĺĦ

ħƟĺĵőĮĶŐĔĶĴȮMatlab 2014ȮıĶƟŀĴĪńŘĚĪŜŅĬŅĵĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬ
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ĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮœħƟŐĔƞȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸȮĽŜŅľĶńĭŐľĸƞĚŒľƟėĺŅĴĶƟŀĬėŊŀĔƠŅĞľŋĚĨƟĴȮ

&LPG' 
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ĭĪĪňŗȮ1 
ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 

 
ȮȮȮȮȮȮȮȮ ĔŅĶĺŇěńĵŏĶŊŗŀĚȮŴĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĪŅĚėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħȮ

ŏĪŀĶƢőĴœĞĲŀĬŵȮĴňĶŅĵĸŃŏŀňĵħŏĔňŗĵĺĔńĭĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵȮħńĚĬňŘ 

3,/ȮŐįĬĔŅĶĺŇěńĵ 

3,0ȮŐįĬĔŅĶĪħĸŀĚ 

3,3 ŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢ 

3,4 ĺŇīňĔŅĶĪħĸŀĚ 

3,5 ĺńĨĩŋħŇĭŐĸŃŏėĶŊŗŀĚĴŊŀĽŜŅľĶńĭĚŅĬĺŇěńĵ 

3,6 ĶŃĵŃŏĺĸŅĔŅĶĪħĸŀĚ 

3,7 ĽĩŅĬĪňŗĪŜŅĔŅĶĪħĸŀĚ 

3,8 ĚĭĮĶŃĴŅĦĔŅĶĺŇěńĵ 

 

3,1 ŐįĬĔŅĶĺŇěńĵ 
         ĚŅĬĺŇěńĵœħƟĪŜŅĔŅĶĺŇěńĵĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħȮȮȮȮȮ

ŏĪŀĶƢőĴœĞĲŀĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵȮŏĬŊŗŀĚěŅĔĝňĺĴĺĸĵńĚœĴƞĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬ

ŏĝŇĚŏėĴňŒĬĝƞĺĚĬňŘȮĶŌĮĪňŗȮ3,1 ŐĽħĚŐįĬĔŅĶĺŇěńĵĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĽŅĴŅĶĩ

ŐĭƞĚĔŅĶĺŇěńĵœħƟŏĮƦĬĽŀĚĽƞĺĬėŊŀĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢŐĸŃĔŅĶĪħĸŀĚȮĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚ

ėĦŇĨĻŅĽĨĶƢĴňĽŀĚŐĭĭěŜŅĸŀĚėŊŀŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞ

ĲŀĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŒĬ

ĶŃĵŃĪŜŅĶŃŏľĵȮŏıŊŗŀĪŜŅĬŅĵĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮ

ĔŅĶĪħĸŀĚœħƟħŜŅŏĬŇĬĔŅĶĪŜŅĔŅĶĪħĸŀĚĪŀĶňŐĲėĝńŗĬĝňĺĴĺĸėŊŀĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħȮŏıŊŗŀĽńĚŏĔĨ
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ıķĨŇĔĶĶĴĕŀĚĔŅĶĔĶŃěŅĵĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŐĸŃŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬĨńŘĚŐĨƞĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵȮħńĚĬńŘĬȮĚŅĬĺŇěńĵĬňŘœħƟħŜŅŏĬŇĬĔŅĶĽĶƟŅĚ

ŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŏıŊŗŀĵŊĬĵńĬįĸĔŅĶĪħĸŀĚ 

 

 
 

ĶŌĮĪňŗȮ3,1 ŐĽħĚŐįĬĔŅĶĺŇěńĵĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 

 

3,2 ŐįĬĔŅĶĪħĸŀĚ 

ȮȮȮȮȮȮȮȮ ĶŌĮĪňŗȮ3,2 ŐĽħĚŐįĬĔŅĶĪħĸŀĚĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮĽŅĴŅĶĩ

ŐĭƞĚŀŀĔŏĮƦĬȮ2ȮĽƞĺĬėŊŀŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢŐĸŃĔŅĶĪħĸŀĚȮĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚ 
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ĶŌĮĪňŗȮ3,2 ŐĽħĚŐįĬĔŅĶĪħĸŀĚĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 

 

ŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮŏĬŊŗŀĚěŅĔĝňĺĴĺĸĵńĚœĴƞĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŏĝŇĚ

ŏėĴňŒĬĝƞĺĚĬňŘȮœħƟĪŜŅĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢőħĵŐĭƞĚŀŀĔŏĮƦĬȮ2 ĶŃĵŃėŊŀĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃȮ

ĶŃĵŃĪŜŅĶŃŏľĵȮŒĬĶŃĵŃŀŋƞĬĶƟŀĬŀŋĦľĳŌĴŇěŃŏĶŇŗĴĨńŘĚŐĨƞŀŋĦľĳŌĴŇľƟŀĚěĬĩŉĚŀŋĦľĳŌĴŇĔƞŀĬĬŘŜŅĶŃŏľĵŀŀĔ

ěŅĔĝňĺĴĺĸėŊŀŀĵŌƞŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ307,15 ů 373,15ȮKȮĶŃĵŃĪŜŅĶŃŏľĵěŃŏĶŇŗĴĨńŘĚŐĨƞŀŋĦľĳŌĴŇĪňŗĬŘŜŅŏĶŇŗĴ

ĶŃŏľĵŀŀĔěŅĔĝňĺĴĺĸěĬĩŉĚŀŋĦľĳŌĴŇŏĮƚŅľĴŅĵėŊŀŀĵŌƞŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ373,15 ů 493,15 KȮŏıŊŗŀěŜŅĸŀĚ

ĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŐĸŃėŜŅĬĺĦŀńĨĶŅĔŅĶŒľƟ

ėĺŅĴĶƟŀĬĬňŘħƟĺĵȮĽŜŅľĶńĭŏĚŊŗŀĬœĕŏĶŇŗĴĨƟĬŒĬĔŅĶěŜŅĸŀĚėŊŀĪňŗŏĺĸŅĪňŗĬŅĪňĪňŗȮ1ȮĪňŗŀŋĦľĳŌĴŇȮ307,15ȮK 

ĽŜŅľĶńĭŏĚŊŗŀĬœĕĪňŗŒĝƟŒĬĔŅĶěŜŅĸŀĚĪňŗŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬĕŀĚŀŅĔŅĻĶƟŀĬėŊŀȮ623,15, 648,15, 673,15Ȯ

ŐĸŃȮ698,15ȮKȮĽŜŅľĶńĭĔŅĶĪħĸŀĚȮœħƟħŜŅŏĬŇĬĔŅĶĪŜŅĔŅĶĪħĸŀĚĪŀĶňŐĲėĝńŗĬĝňĺĴĺĸėŊŀĲŅĚĕƟŅĺŐĸŃȮȮȮȮȮȮȮȮ

ĞńĚĕƟŅĺőıħőħĵĔŅĶėĺĭėŋĴŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬĪňŗŏĮƦĬŐľĸƞĚŒľƟėĺŅĴĶƟŀĬ 4ȮėƞŅħƟĺĵĔńĬėŊŀȮ623,15, 

648,15, 673,15 ŐĸŃȮ698,15 KȮĨŅĴĸŜŅħńĭȮŐĸŃěŃħŜŅŏĬŇĬĔŅĶŒľƟėĺŅĴĶƟŀĬĔńĭĝňĺĴĺĸĨńŘĚŐĨƞ

ŀŋĦľĳŌĴŇľƟŀĚěĬĩŉĚŀŋĦľĳŌĴŇŏĮƚŅľĴŅĵȮ493,15 KȮŒĬĕĦŃĪňŗėĺĭėŋĴŀŅĔŅĻĶƟŀĬĬńŘĬěŃĨƟŀĚĪŜŅĔŅĶĸħœĲ

ĸĚŏıŊŗŀŒľƟŀŋĦľĳŌĴŇėĚĪňŗěĬĔĶŃĪńŗĚŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸŏħŇĬĪŅĚœĮĩŉĚŀŋĦľĳŌĴŇŏĮƚŅľĴŅĵȮŏĬŊŗŀĚěŅĔȮȮȮȮȮ

ĔŅĶĽŃĽĴėĺŅĴĶƟŀĬĳŅĵŒĬľƟŀĚŒľƟėĺŅĴĶƟŀĬŐĸŃĪƞŀŏĪŀĶƢőĴœĞĲŀĬŒĬĽƞĺĬĪŜŅĶŃŏľĵħƟĺĵȮĪńŘĚĬňŘȮ

ĔĶŃĭĺĬĔŅĶŒľƟėĺŅĴĶƟŀĬĬňŘĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬĽŀĚĶŃĵŃėŊŀĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵȮ
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ħńĚĬńŘĬȮěŅĔŐįĬĔŅĶĪħĸŀĚěŃœħƟĶńĭŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħȮȮȮȮȮȮ

ŏĪŀĶƢőĴœĞĲŀĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵŏıŊŗŀĵŊĬĵńĬįĸĔŅĶĪħĸŀĚ 

1,3ȮŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢ 

 3,3,1 ĕńŘĬĨŀĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮ 

ȮȮȮȮȮȮȮȮȮȮȮĶŌĮĪňŗȮ3,3ȮŐĽħĚŀŋĦľĳŌĴŇŐĸŃĴĺĸĽŌĠŏĽňĵŒĬĔĶŃĭĺĬĪŀĶňŐĲėĝńŗĬȮY6[ȮıĭĺƞŅĸńĔļĦŃĔŅĶŒľƟ

ėĺŅĴĶƟŀĬŒĬĝƞĺĚŐĶĔĨńŘĚŐĨƞŏĶŇŗĴĔĶŃĭĺĬĔŅĶěŃĴňĸńĔļĦŃĪňŗŏıŇŗĴĕŉŘĬŀĵƞŅĚŏĮƦĬŏĝŇĚŏĽƟĬȮŏĬŊŗŀĚěŅĔŐĸŃĝňĺ

ĴĺĸĩŌĔŒľƟėĺŅĴĶƟŀĬıĶƟŀĴŕĔńĬŐĭĭėĺŅĴĶƟŀĬĽńĴįńĽŐĸŃĵńĚœĴƞŏĔŇħĔŅĶĽŌĠŏĽňĵĴĺĸ 

 

 

ĶŌĮĪňŗȮ3,3ȮŐĽħĚŀŋĦľĳŌĴŇŐĸŃĴĺĸĽŌĠŏĽňĵŒĬĔĶŃĭĺĬĪŀĶňŐĲėĝńŗĬȮ 
 

ŒĬĝƞĺĚĬňŘȮěŉĚŏĶňĵĔĝƞĺĚĬňŘĺƞŅȮĶŃĵŃŒľƟėĺŅĴĶƟŀĬȮľĸńĚěŅĔĬńŘĬȮŒĬĶŃĵŃĪŜŅĶŃŏľĵĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬ

ěŃĕĬŅĬĔńĭŐĬĺĶŃĬŅĭȮĴĺĸĬŘŜŅĩŌĔĶŃŏľĵħƟĺĵėĺŅĴĶƟŀĬŐİĚĽƞĚįĸŒľƟŀŋĦľĳŌĴŇėĚĪňŗȮŀŅěŏĮƦĬŏıĶŅŃĴň

ĔŅĶĶŃŏľĵĕŀĚĴĺĸĬŘŜŅĴŅĔěĬėĺŅĴĶƟŀĬĩŌĔĬŜŅœĮŒĝƟŒĬĔŅĶĶŃŏľĵěĬľĴħěŉĚœĴƞĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚ

ŀŋĦľĳŌĴŇĝňĺĴĸŒĬĝƞĺĚĬňŘŐĸŃŒĬĶŃĵŃľĸńĚĪŜŅĶŃŏľĵĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬěŃŏıŇŗĴĕŉŘĬŏĮƦĬŏĝŇĚŏĽƟĬŐĸŃ

ĝňĺĴĺĸěŃħŜŅŏĬŇĬĔŅĶŏĕƟŅĽŌƞĝƞĺĚĪŀĶňŐĲėĝńŗĬĨƞŀœĮȮĶŌĮĪňŗȮ3,4ȮŐĽħĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇȮȮȮȮȮȮȮȮȮ

ĪŀĶňŐĲėĝńŗĬŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭœĴőėĶŏĺĲŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶŐĸŃĶŌĮĪňŗȮ3,5ȮŐĽħĚȮ

ĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭőĶĨŅĶňŗėĸŇĬŒĬĶŃħńĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ĔŉŗĚŀŋĨĽŅľĔĶĶĴȮY05[ȮıĭĺƞŅȮĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬĝƞĺĚŐĶĔěŃŏıŇŗĴĕŉŘĬŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬŏĝŇĚŏĽƟĬ

ŐĸŃľĸńĚěŅĔĬńŘĬŀŋĦľĳŌĴŇĔŖěŃėƞŀĵŕŏıŇŗĴĕŉŘĬěĬĔĶŃĪńŗĚŀŋĦľĳŌĴŇĴňėƞŅėĚĪňŗŐĸŃŏĕƟŅĽŌƞĝƞĺĚĪŀĶňŐĲėĝńŗĬĨƞŀœĮȮ
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ŀŅěěŃŏĮƦĬŏıĶŅŃĬŘŜŅŒĬĝňĺĴĺĸĴňĔŅĶĶŃŏľĵĬƟŀĵľĶŊŀŏĔŇħĔŅĶĶŃŏľĵŀĵƞŅĚĝƟŅŕȮėĺŅĴĶƟŀĬĽƞĺĬŒľĠƞěŉĚĩŌĔ

ĬŜŅœĮŒĝƟŒĬĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸ 

 

 
ĶŌĮĪňŗȮ3,4ȮŐĽħĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭœĴőėĶŏĺĲ 

ŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮ 
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ĶŌĮĪňŗȮ3,5ȮŐĽħĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭőĶĨŅĶňŗėĸŇĬ 
ŒĬĶŃħńĭĔŉŗĚŀŋĨĽŅľĔĶĶĴȮ 

 

         ěŅĔĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗŐĨĔĨƞŅĚĔńĬħńĚĪňŗœħƟĔĸƞŅĺĴŅĬňŘȮŏĶŅěŉĚœħƟĪŜŅĔŅĶĪŀĶňŐĲėĝńŗĬ

ĝňĺĴĺĸįƞŅĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĨńŘĚŐĨƞĶŃĵŃŒľƟėĺŅĴĶƟŀĬěĬĩŉĚĝƞĺĚĔƞŀĬĪňŗŏĶŇŗĴ

ŏĕƟŅĽŌƞĝƞĺĚĪŀĶňŐĲėĝńŗĬȮŏıŊŗŀĻŉĔļŅıķĨŇĔĶĶĴĔŅĶĶŃŏľĵĬŘŜŅŒĬĝňĺĴĺĸěĬĩŉĚŀŋĦľĳŌĴŇŏĮƚŅľĴŅĵŐĸŃœĴƞ

ĪŜŅĔŅĶĻŉĔļŅŒĬĝƞĺĚĪŀĶňŐĲėĝńŗĬŏĬŊŗŀĚěŅĔĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŏĝŇĚŏėĴňŏĔŇħĕŉŘĬȮőħĵĔŜŅľĬħ

ŏĚŊŗŀĬœĕŏĶŇŗĴĨƟĬėŊŀĪňŗĬŅĪňĪňŗȮ1 ĴňŀŋĦľĳŌĴŇȮ307,15ȮKȮĳŅĵŒĨƟŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĴňėƞŅȮ

623,15, 648,15, 673,15 ŐĸŃȮ698,15 KȮĨŅĴĸŜŅħńĭȮĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĴňĬŘŜŅľĬńĔȮ2,4 ĔŇőĸĔĶńĴ

ŐĸŃȮ4,5 ĔŇőĸĔĶńĴĨŅĴĸŜŅħńĭȮĞŉŗĚĽŅĴŅĶĩħŜŅŏĬŇĬĔŅĶŏĮƦĬĽŀĚĶŃĵŃėŊŀȮĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵȮ

ĽŅĴŅĶĩŐĽħĚĶŅĵĸŃŏŀňĵħœħƟħńĚĨƞŀœĮĬňŘ 

3,3,1,1 ĝƞĺĚĪňŗȮ1ȮĶŃĵŃŒľƟėĺŅĴĶƟŀĬȮ&Heating period' 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ėŊŀĶŃĭĭĩŌĔħŜŅŏĬŇĬĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬĝƞĺĚĨńŘĚŐĨƞŀŋĦľĳŌĴŇľƟŀĚĩŉĚŀŋĦľĳŌĴŇĔƞŀĬĪňŗĬŘŜŅ

ŏĶŇŗĴĶŃŏľĵŀŀĔěŅĔĝňĺĴĺĸľĶŊŀŒĬĝƞĺĚŀŋĦľĳŌĴŇĨńŘĚŐĨƞȮ307,15Ȯ-Ȯ~Ȯ372,55ȮKȮőħĵĝňĺĴĺĸħŇĭŏĔŇħĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇħƟĺĵėĺŅĴĶƟŀĬĽńĴįńĽŏıňĵĚŀĵƞŅĚŏħňĵĺŐĸŃœĴƞŏĔŇħĔŅĶŏĮĸňŗĵĬĽĩŅĬŃěŅĔĔġĕƟŀ

ĪňŗȮ1 ĪŅĚŏĪŀĶƢőĴœħĬŅĴŇĔĽƢȮıŇěŅĶĦŅĽĴĔŅĶĶŌĮŐĭĭȮUniform state uniform flow 
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ĶŌĮĪňŗȮ3,6ȮŐĽħĚŐįĬĳŅıĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĳŅĵŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĶŃĵŃŀŋƞĬĶƟŀĬ 

 

cv
cv in in out out

dE
Q m h m h

dt
+ = +ä ä Ȯ       &1' 

ěŅĔĽĴĔŅĶĪňŗȮ1 ŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬœĮĽŌƞĮĶŇĴŅĨĶėĺĭėŋĴȮ&
cv

Q 'ȮĭĺĔĔńĭįĸĶĺĴĕŀĚĴĺĸĪňŗœľĸ

ŏĕƟŅȮ&
in

m 'ȮėŌĦĔńĭŏŀĬĪŅĸĮƖȮ&
in

h 'ȮŏĪƞŅĔńĭŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚıĸńĚĚŅĬĳŅĵŒĬŒĬĮĶŇĴŅĨĶėĺĭėŋĴȮȮȮȮȮȮ

&
cv

E 'ȮĭĺĔĔńĭįĸĶĺĴĕŀĚĴĺĸĪňŗœľĸŀŀĔȮ&
out

m 'ȮėŌĦĔńĭŏŀĬĪŅĸĮƖȮ&
out

h 'ȮěŅĔĽĴĔŅĶĪňŗȮ1 ĶŌĮĪňŗȮ3,6Ȯ

ŐĽħĚŐįĬĳŅıĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĳŅĵŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĶŃĵŃŀŋƞĬĶƟŀĬȮıŇěŅĶĦŅŐįĬĳŅı

ĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĳŅĵŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĶŃĵŃŀŋƞĬĶƟŀĬȮıĭĺƞŅȮŒĬĝƞĺĚŀŋĦľĳŌĴŇĬňŘœĴƞŏĔŇħȮȮ

ĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĕŀĚĽĽŅĶŐĸŃœĴƞĴňĴĺĸœľĸŏĕƟŅŐĸŃœľĸŀŀĔȮĽŅĴŅĶĩěńħĶŌĮŐĭĭĕŀĚĽĴĔŅĶœħƟħńĚĬňŘȮ 

cv
cv

dE
Q

dt
=           &2' 

ŏĴŊŗŀȮcv cv cvE m u= ȮŐĪĬĸĚŒĬĽĴĔŅĶĪňŗȮ2ȮěŃœħƟ 

( )cv cv

cv

d m u
Q

dt
=          &3' 

ŏĴŊŗŀȮcv cv cvu c T= ȮŐĪĬĸĚŒĬĽĴĔŅĶĪňŗȮ3 ěŃœħƟ 

cv cv cv
cv

dm c T
Q

dt
=          Ȯ&4' 

ěŅĔĽĴĔŅĶĪňŗȮ4 ĴĺĸĕŀĚĮĶŇĴŅĨĶėĺĭėŋĴȮ&
cv

m 'ȮœĴƞŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĸŃėƞŅėĺŅĴěŋėĺŅĴĶƟŀĬĕŀĚ

ĮĶŇĴŅĨĶėĺĭėŋĴȮ&cvc 'ȮŏĮĸňŗĵĬŐĮĸĚĬƟŀĵĴŅĔŏĬŊŗŀĚěŅĔŀŋĦľĳŌĴŇĪňŗŏĮĸňŗĵĬŐĮĸĚĬńŘĬŀĵŌƞŒĬĝƞĺĚĪňŗĽńŘĬȮY17[Ȯ

ěŉĚĩŊŀĺƞŅĽŀĚĨńĺŐĮĶĬňŘėĚĪňŗŐĸŃŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬœĮĽŌƞĮĶŇĴŅĨĶėĺĭėŋĴȮ&cvQ 'ȮŏĪƞŅĔńĭŀńĨĶŅĔŅĶ

rawm
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ĽƞĚįƞŅĬėĺŅĴĶƟŀĬěŅĔŏĪŀĶƢőĴœĞĲŀĬœĮĽŌƞĝňĺĴĺĸħŇĭȮ&
/T SQ 'ȮĴĺĸĕŀĚĮĶŇĴŅĨĶėĺĭėŋĴȮ&cvm 'ȮŏĪƞŅĔńĭ

ĴĺĸĕŀĚĝňĺĴĺĸħŇĭȮ&
,raw cvm 'ȮėƞŅėĺŅĴěŋėĺŅĴĶƟŀĬĕŀĚĮĶŇĴŅĨĶėĺĭėŋĴȮ&cvc 'ȮŏĪƞŅĔńĭėƞŅėĺŅĴěŋėĺŅĴ

ĶƟŀĬĕŀĚĝňĺĴĺĸħŇĭȮ&
,raw cvc 'ȮŐĸŃŀŋĦľĳŌĴŇĕŀĚĮĶŇĴŅĨĶėĺĭėŋĴȮ&cvT 'ȮŏĪƞŅĔńĭŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸħŇĭȮ&

,raw cvT 'ȮĽŅĴŅĶĩěńħĶŌĮŐĭĭĽĴĔŅĶĪňŗ 4 ŒľĴƞœħƟȮħńĚĬňŘ 

,

/ , ,

raw cv

T S raw cv raw cv

dT
nQ m c

dt
=         &5' 

ŏĴŊŗŀȮnȮėŊŀĽńĴĮĶŃĽŇĪīƢľĬƟŅŏĪŀĴĕŀĚŀńĨĶŅĔŅĶĽƞĚįƞŅĬĕŀĚŏĪŀĶƢőĴœĞĲŀĬœĮĽŌƞĝňĺĴĺĸȮĬńŗĬėŊŀěŜŅĬĺĬ

ĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮŒĬĪňŗĬňŗȮĴňĪƞŀŏĪŀĶƢőĴœĞĲŀĬěŜŅĬĺĬȮ5 ĪƞŀȮ&n  = 5'ȮŐĸŃĴĺĸĕŀĚĝňĺĴĺĸħŇĭȮ&

,raw cvm 'ȮėŊŀĴĺĸĕŀĚĝňĺĴĺĸŐľƟĚȮ&
,dry cvm 'ȮĶĺĴĔńĭĴĺĸĕŀĚĬŘŜŅȮ&

,w cvm Ȯ'ȮĬńŗĬėŊŀȮ

, , ,raw cv dry cv w cvm m m= + ȮŐĪĬėƞŅĸĚŒĬĽĴĔŅĶĪňŗȮ5 ŐĸŃěńħĶŌĮŐĭĭĕŀĚĽĴĔŅĶŒľĴƞœħƟŏĮƦĬĽĴĔŅĶĪňŗȮ6Ȯ

ħńĚĬňŘ 

, ,

/ , , , ,5
dry cv w cv

T S dry cv dry cv w cv w cv

dT dT
Q m c m c

dt dt

å õå õ
= +æ öæ ö

ç ÷ç ÷
     &6' 

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĪŀĶƢőĴœĞĲŀĬŏĪƞŅĔńĭĴĺĸĕŀĚĝňĺĴĺĸŐľƟĚėŌĦĔńĭėƞŅėĺŅĴěŋėĺŅĴĶƟŀĬĕŀĚ

ĝňĺĴĺĸŐľƟĚėŌĦĔńĭŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸŐľƟĚŏĪňĵĭĔńĭŏĺĸŅĭĺĔĴĺĸĬŘŜŅėŌĦĔńĭėƞŅėĺŅĴěŋėĺŅĴĶƟŀĬĕŀĚ

ĬŘŜŅėŌĦŀŋĦľĳŌĴŇĬŘŜŅŏĪňĵĭĔńĭŏĺĸŅ 

ŏĴŊŗŀȮ 

 /T SQ ȮȮȮėŊŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬěŅĔŏĪŀĶƢőĴœĞĲŀĬȮ&W' 

 ,dry cvT ȮȮėŊŀŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸŐľƟĚȮ&K' 

 tȮȮȮȮȮȮȮȮėŊŀŏĺĸŅȮ&min' 

 ,dry cvm ȮȮėŊŀĴĺĸĕŀĚĝňĺĴĺĸŐľƟĚȮ&kg' 

 ,dry cvc ȮȮėŊŀėƞŅėĺŅĴěŋĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸŐľƟĚȮ&kJ-kgK' 

 ,w cvm ȮȮėŊŀĴĺĸĕŀĚĬŘŜŅȮ&kg' 
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 ,w cvc ȮȮȮėŊŀėƞŅėĺŅĴěŋėĺŅĴĶƟŀĬĕŀĚĬŘŜŅȮ&kJ-kgK' 

 ,w cvT ȮȮėŊŀŀŋĦľĳŌĴŇĕŀĚĬŘŜŅȮ&K' 

ŒĬĶŃĵŃĬňŘȮŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸŐľƟĚŐĸŃĬŘŜŅĴňėƞŅŏĪƞŅĔńĬŏıĶŅŃŀĵŌƞŒĬĮĶŇĴŅĨĶėĺĭėŋĴŏħňĵĺĔńĬŐĸŃĵńĚœĴƞ

ŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĮĢŇĔŇĶŇĵŅĳŅĵŒĬȮŏıĶŅŃĜŃĬńŘĬȮĔŜŅľĬħŒľƟ 

, , ,

, , ,

dry cv w cv raw cv

dry cv w cv raw cv

dT dT dT

dt dt dt

å õå õ å õ
= =æ öæ ö æ öæ ö æ öæ ö
ç ÷ ç ÷ç ÷

 

ŏĴŊŗŀȮ 

 ,raw cvT ȮėŊŀȮŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸħŇĭȮ&K' 

 tȮȮȮȮȮȮȮėŊŀȮŏĺĸŅȮ&min' 

ěńħĶŌĮŐĭĭĽĴĔŅĶĪňŗȮ6ȮŒľĴƞȮěŃœħƟ 

( ) ,

/ , , , ,5
raw cv

T S dry cv dry cv w cv w cv

dT
Q m c m c

dt
= +       &7' 

ŐĸŃĴĺĸĕŀĚĬŘŜŅȮ&
,w cvm 'ȮėŜŅĬĺĦœħƟěŅĔĪķļġňĔŅĶľŅĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĭĭŏĮƖĵĔȮ&Wet basis,wbX ' 

ěŅĔĬŇĵŅĴȮĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĭĭŏĮƖĵĔėŊŀĽńħĽƞĺĬĶŃľĺƞŅĚĴĺĸĕŀĚĬŘŜŅĔńĭĴĺĸĶĺĴĕŀĚĝňĺĴĺĸȮħńĚĽĴĔŅĶ

ĪňŗȮ8 

,

,

100
w cv

wb

raw cv

m
X x

m
=          &8' 

ŏĴŊŗŀȮȮ 

 ,raw cvm ȮėŊŀĴĺĸĶĺĴĕŀĚĝňĺĴĺĸȮ&kg' 

ěńħĶŌĮŐĭĭĽĴĔŅĶĪňŗȮ8 ŒľĴƞȮěŃœħƟ 

,

,
100

raw cv wb

w cv

m X
m =          &9' 
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ŐĪĬėƞŅĽĴĔŅĶĪňŗȮ9 ĸĚŒĬĽĴĔŅĶĪňŗȮ7ȮȮěŃœħƟ 

, ,

/ , , ,5
100

raw cv wb raw cv

T S dry cv dry cv w cv

m X dT
Q m c c

dt

å õå õ
= +æ öæ ö

ç ÷ç ÷
     &10' 

ŐĸŃŏĬŊŗŀĚěŅĔĨƟŀĚĔŅĶĮĶńĭĽĴĔŅĶŏĪŀĴŐĶĔŒĬĨńĺŐĮĶĕŀĚȮ
,dry cvm ȮŒĬĽĴĔŅĶĪňŗȮ10 ŒľƟŀĵŌƞŒĬĶŌĮȮ

,raw cvm ȮěŉĚœħƟĬŜŅĽĴĔŅĶĔŅĶėŜŅĬĺĦėĺŅĴĝŊŘĬŐĭĭŏĮƖĵĔĴŅěńħĶŌĮŐĭĭŒľĴƞȮ 

ěŅĔĽĴĔŅĶĪňŗȮ8    Ȯ ,

,

100
w cv

wb

raw cv

m
X x

m
=  

ŏĴŊŗŀȮ
, , ,w cv raw cv dry cvm m m= - ȮŐĪĬėƞŅĸĚĽĴĔŅĶĪňŗȮ8ȮěŃœħƟ 

, ,

,

100
raw cv dry cv

wb

raw cv

m m
X x

m

-
=         &11' 

ěńħĶŌĮŐĭĭĽĴĔŅĶĪňŗȮ11 ŒľƟĽĴĔŅĶŀĵŌƞŒĬĶŌĮĕŀĚȮ
,dry cvm ȮěŃœħƟ 

( ), , , 100wb raw cv raw cv dry cvX m m m x= -        &12' 

,

, ,
100

wb raw cv

raw cv dry cv

X m
m m= -         &13' 

,

, ,
100

wb raw cv

dry cv raw cv

X m
m m

å õ
= -æ ö

ç ÷
       &14' 

, , 1
100

wb
dry cv raw cv

X
m m

å õ
= -æ ö

ç ÷
        &15' 

ěŅĔĽĴĔŅĶĪňŗȮ10 

, ,

/ , , ,5
100

raw cv wb raw cv

T S dry cv dry cv w cv

m X dT
Q m c c

dt

å õå õ
= +æ öæ ö

ç ÷ç ÷
     &10' 

ŐĪĬėƞŅĽĴĔŅĶĪňŗ 15 ĸĚŒĬĽĴĔŅĶĪňŗȮ10 ěŃœħƟ 

, ,

/ , , ,5 1
100 100

raw cv wb raw cvwb
T S raw cv dry cv w cv

m X dTX
Q m c c

dt

å õå õå õå õ
= - +æ öæ öæ öæ ö

ç ÷ç ÷ ç ÷ç ÷
   &16' 
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ěńħĶŌĮŐĭĭĽĴĔŅĶĪňŗȮ16 ěŃœħƟ 

,

/ , , ,5 1
100 100

raw cvwb wb
T S raw cv dry cv w cv

dTX X
Q m c c

dt

å õå õå õ
= - +æ öæ öæ ö

ç ÷ç ÷ç ÷
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&17' 

3,3,1,2 ĝƞĺĚĪňŗȮ2ȮĶŃĵŃĪŜŅĶŃŏľĵȮ&Dehydration period' 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮľĸńĚěŅĔĝňĺĴĺĸħŇĭȮ&
,raw cvm 'ȮĞŉŗĚĮĶŃĔŀĭħƟĺĵĴĺĸĝňĺĴĺĸŐľƟĚȮ&,dry cvm 'ȮĔńĭĴĺĸĬŘŜŅȮ&

,w cvm 'ȮœħƟĶńĭėĺŅĴĶƟŀĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬľĶŊŀŒĬĝƞĺĚĨńŘĚŐĨƞŀŋĦľĳŌĴŇľƟŀĚěĬĩŉĚŀŋĦľĳŌĴŇĪňŗĴĺĸĬŘŜŅĳŅĵŒĬ

ĝňĺĴĺĸŏĶŇŗĴŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚȮěŅĔĬńŘĬĶŃĭĭěŃĩŌĔħŜŅŏĬŇĬĔŅĶŒľƟėĺŅĴĶƟŀĬĨƞŀœĮĴĺĸĬŘŜŅĳŅĵŒĬĝňĺ

ĴĺĸŏĶŇŗĴŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚȮĞŉŗĚŏĮƦĬĝƞĺĚĪňŗėĺŅĴĶƟŀĬĪŜŅŒľƟĝňĺĴĺĸħŇĭĽŌĠŏĽňĵĬŘŜŅľĬńĔěŅĔĔŅĶĶŃŏľĵ

ĕŀĚėĺŅĴĝŊŘĬȮĴĺĸĬŘŜŅěŃŏĔŇħĔŅĶĶŃŏľĵěĬĔĶŃĪńŗĚĩŉĚĮĶŇĴŅĦėĺŅĴĝŊŘĬĽĴħŋĸȮőħĵĽĩŅĬŃĕŀĚĴĺĸĬŘŜŅ

ŏĮĸňŗĵĬěŅĔĕŀĚŏľĸĺĔĸŅĵœĮŏĮƦĬœŀȮŒĬĕĦŃĪňŗŒĬĝƞĺĚŀŋĦľĳŌĴŇĬňŘœĴƞĽŅĴŅĶĩĪŜŅŒľƟȮȮĝňĺĴĺĸŐľƟĚŏĔŇħĔŅĶ

ĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬœħƟ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮıŇěŅĶĦŅĶŌĮĪňŗȮ3,7ȮŐĽħĚŐįĬĳŅıĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĳŅĵŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶň

ŐĲėĝńŗĬĶŃĵŃĪŜŅŐľƟĚȮěŅĔĔġĕƟŀĪňŗľĬŉŗĚĕŀĚŏĪŀĶƢőĴœħĬŅĴŇĔĞƢȮĽŅĴŅĶĩŒĝƟĶŌĮĪńŗĺœĮĕŀĚȮ Uniform-

State, Uniform-Flow ProcessȮ&ȮUSUFȮ' 

 

Ȯ 

 

 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĔ,ĴĺĸĬŘŜŅŒĬĝňĺĴĺĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĕ,ĴĺĸĬŘŜŅĪňŗĶŃŏľĵŀŀĔěŅĔĝňĺĴĺĸ 

ĶŌĮĪňŗȮ3,7ȮŐĽħĚŐįĬĳŅıĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĳŅĵŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĶŃĵŃĪŜŅŐľƟĚ 

 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮȮȮȮŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬœĮĽŌƞĮĶŇĴŅĨĶėĺĭėŋĴĭĺĔĔńĭįĸĶĺĴĕŀĚĴĺĸĪňŗœľĸŏĕƟŅėŌĦ

ĔńĭŏŀĬĪŅĸĮƖŏĪƞŅĔńĭŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚıĸńĚĚŅĬĳŅĵŒĬŒĬĮĶŇĴŅĨĶėĺĭėŋĴĭĺĔĔńĭįĸĶĺĴĕŀĚĴĺĸ

ĪňŗœľĸŀŀĔėŌĦĔńĭŏŀĬĪŅĸĮƖȮħńĚŐĽħĚŒĬĽĴĔŅĶĪňŗȮ1 
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cv
cv in in out out

dE
Q m h m h

dt
+ = +ä ä Ȯ       &1' 

ěŅĔĽĴĔŅĶĪňŗȮ1 ıŇěŅĶĦŅŐįĬĳŅıĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĳŅĵŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĶŃĵŃĪŜŅŐľƟĚȮ

ıĭĺƞŅȮŒĬĝƞĺĚŀŋĦľĳŌĴŇĬňŘĴňĴĺĸĬŘŜŅœľĸŀŀĔȮ&,w gm 'ȮħƟĺĵŏŀĬĪŅĸĮƖȮ&
gh 'ȮŒĬĕĦŃĪňŗĝňĺĴĺĸŐľƟĚœĴƞŏĔŇħ

ĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĕŀĚĽĽŅĶŏĴŊŗŀŀŋĦľĳŌĴŇŏıŇŗĴĕŉŘĬĨŅĴŏĺĸŅȮĽŅĴŅĶĩěńħĶŌĮŐĭĭĕŀĚĽĴĔŅĶœħƟħńĚĬňŘ 

,
cv

cv w g g

dE
Q m h

dt
= +          &18' 

ŏĴŊŗŀȮcv cv cvE m u= ȮŐĪĬĸĚŒĬĽĴĔŅĶĪňŗȮ1ȮěŃœħƟ 

( ) ,w gcv cv

cv g

dmd m u
nQ h

dt dt
= +         &19' 

ŐĸŃŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬœĮĽŌƞĮĶŇĴŅĨĶėĺĭėŋĴȮ&
cvQ 'ȮŏĪƞŅĔńĭŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬěŅĔ

ŏĪŀĶƢőĴœĞĲŀĬœĮĽŌƞĝňĺĴĺĸħŇĭȮ&
/T SQ 'ȮȮn  ėŊŀĽńĴĮĶŃĽŇĪīƢľĬƟŅŏĪŀĴĕŀĚŀńĨĶŅĔŅĶĽƞĚįƞŅĬĕŀĚŏĪŀĶƢőĴ

œĞĲŀĬœĮĽŌƞĝňĺĴĺĸȮĬńŗĬėŊŀěŜŅĬĺĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮŒĬĪňŗĬňŗȮĴňĪƞŀŏĪŀĶƢőĴœĞĲŀĬěŜŅĬĺĬȮ5 ĪƞŀȮ&n  

= 5'ȮĴĺĸĕŀĚĮĶŇĴŅĨĶėĺĭėŋĴȮ&cvm 'ȮŏĪƞŅĔńĭĴĺĸĕŀĚĝňĺĴĺĸħŇĭĞŉŗĚėŊŀĴĺĸĝňĺĴĺĸŐľƟĚȮ&,dry cvm 'ȮŐĸŃ

ĴĺĸĬŘŜŅȮ&,w cvm 'ȮĬńŗĬėŊŀ, , ,raw cv dry cv w cvm m m= + ȮĽŅĴŅĶĩěńħĶŌĮŐĭĭĽĴĔŅĶĪňŗ 19ȮŒľĴƞœħƟȮħńĚĬňŘ 

( ) ( ), , , , ,

/5
dry cv dry cv w cv w cv w g

T S g

d m u d m u dm
Q h

dt dt dt
= + +      &20' 

ěńħĶŌĮŐĭĭĽĴĔŅĶĪňŗȮ20ȮěŃœħƟ 

, , ,, ,

/ , , , ,5
dry cv dry cv w gw cv w cv

T S dry cv dry cv w cv w cv g

du dm dmdu dm
Q m u m u h

dt dt dt dt dt
= + + + +   &21' 

ěŅĔĽĴĔŅĶĪňŗȮ21ȮŏĴŊŗŀĝňĺĴĺĸŐľƟĚŒĬĮĶŇĴŅĨĶėĺĭėŋĴȮ&
,dry cvm 'ȮœĴƞŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚȮěŃœħƟ 

, ,, ,

/ , , ,5
dry cv w gw cv w cv

T S dry cv w cv w cv g

du dmdu dm
Q m m u h

dt dt dt dt
= + + +     &22' 

ŏĴŊŗŀıĸńĚĚŅĬĳŅĵŒĬĕŀĚĝňĺĴĺĸŐľƟĚŒĬĮĶŇĴŅĨĶėĺĭėŋĴȮ&,dry cvu 'ȮŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚħƟĺĵėĺŅĴĶƟŀĬ

ĽńĴįńĽȮ&Sensible heat'ȮėŊŀŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸŐľƟĚŏĮĸňŗĵĬŐĮĸĚĨŅĴŏĺĸŅőħĵœĴƞŏĮĸňŗĵĬŐĮĸĚĽĩŅĬŃȮ
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ĜŃĬńŘĬȮ
, , ,dry cv dry cv dry cvu c T= ŏĴŊŗŀȮ

,dry cvc ȮŐĸŃȮ
,dry cvT ȮėŊŀėƞŅėĺŅĴěŋėĺŅĴĶƟŀĬŐĸŃŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸ

ŐľƟĚȮĨŅĴĸŜŅħńĭȮőħĵȮ
,dry cvc ŏĮĸňŗĵĬŐĮĸĚĨŅĴŀŋĦľĳŌĴŇŀĵƞŅĚĬƟŀĵĴŅĔȮĩŊŀĺƞŅŏĮƦĬėƞŅėĚĪňŗŐĸŃȮ

, , ,w cv w cv w cvu c T= ȮŏĬŊŗŀĚěŅĔıĸńĚĚŅĬĳŅĵŒĬĕŀĚĴĺĸĬŘŜŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴŒĬĽƞĺĬĬňŘŏĔŇħȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ĔŅĶŏĮĸňŗĵĬŐĮĸĚħƟĺĵėĺŅĴĶƟŀĬĽńĴįńĽŐĸŃŒĬĕĦŃŏħňĵĺĔńĬĴĺĸĬŘŜŅŀňĔĽƞĺĬľĬŉŗĚĪňŗŀĵŌƞŒĬŏĪŀĴĕŀĚȮȮȮȮȮȮȮȮȮȮȮ

ĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĴĺĸĬŘŜŅŏĪňĵĭĔńĭŏĺĸŅĬńŘĬȮȮ&,

,

w cv

w cv

dm
u

dt
'ȮŒĬĝƞĺĚŀŋĦľĳŌĴŇĬňŘĴĺĸĬŘŜŅŒĬĮĶŇĴŅĨĶ

ėĺĭėŋĴŀĵŌƞŒĬĽĩŅĬŃĕŀĚŏľĸĺŀŇŗĴĨńĺȮ&Saturated Liquid'ȮėŊŀĴĺĸĬŘŜŅĬňŘĵńĚœĴƞŏĮĸňŗĵĬŐĮĸĚĽĩŅĬŃ

ĔĸŅĵŏĮƦĬœŀȮŐĨƞıĶƟŀĴĪňŗěŃĶŀĔŅĶŏĮĸňŗĵĬĽĩŅĬŃȮĜŃĬńŘĬȮıĸńĚĚŅĬĳŅĵŒĬĕŀĚĴĺĸĬŘŜŅŏĪƞŅĔńĭıĸńĚĚŅĬ

ĳŅĵŒĬĕŀĚĴĺĸĬŘŜŅŒĬĽĩŅĬŃĕŀĚŏľĸĺŀŇŗĴĨńĺȮĬńŗĬėŊŀȮ
,w cv fu u= ěńħĶŌĮŐĭĭĽĴĔŅĶĪňŗȮ6 ŒľĴƞȮěŃœħƟ 

, ,, ,

/ , , , , ,5
dry cv w gw cv w cv

T S dry cv dry cv w cv w cv w cv g

dT dmdT dm
Q m c m c u h

dt dt dt dt
= + + +   &23' 

, ,, ,

/ , , , ,5
dry cv w gw cv w cv

T S dry cv dry cv w cv w cv f g

dT dmdT dm
Q m c m c u h

dt dt dt dt
= + + +    &24' 

ěŅĔĽĴĔŅĶĪňŗȮ8 ŒĬĶŃĵŃĬňŘŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸŐľƟĚŐĸŃŀŋĦľĳŌĴŇĕŀĚĬŘŜŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴŏĪňĵĭĔńĭ

ŏĺĸŅĴňėƞŅŏĪƞŅĔńĬȮŏĬŊŗŀĚěŅĔŏĮƦĬĝňĺĴĺĸĝĬŇħŏħňĵĺĔńĬȮĜŃĬńŘĬȮ, ,dry cv w cv raw
dT dT dT

dt dt dt
= = ȮěŃœħƟ 

( ) ,,

/ , , , ,5
w gw cvraw

T S dry cv dry cv w cv w cv f g

dmdmdT
Q m c m c u h

dt dt dt
= + + +    &25' 

ıŇěŅĶĦŅıěĬƢĴĺĸĬŘŜŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴĪňŗŏĺĸŅŒħŕȮ&,w cvdm

dt
'ȮěŅĔĔġĕƟŀĪňŗȮ1 ĕŀĚŏĪŀĶƢőĴœħĬŅĴŇĔĽƢĪňŗ

ıŇěŅĶĦŅĽĴħŋĸĴĺĸŐĸŃĮĶŇĴŅĨĶėĺĭėŋĴȮ&Conservation of mass and the control volume'Ȯ

ěŅĔĔġĕŀĚĽĴħŋĸĴĺĸĶŌĮĪňŗȮ3,8ȮŐĽħĚŐįĬĳŅıĽĴħŋĸĴĺĸĕŀĚĴĺĸĬŘŜŅŒĬĝňĺĴĺĸȮŏĴŊŗŀĴĺĸĕŀĚĬŘŜŅŏĶŇŗĴĨƟĬ

ŒĬĮĶŇĴŅĨĶėĺĭėŋĴȮ&
, ,w cv im 'ȮŏĪƞŅĔńĭĴĺĸĕŀĚĬŘŜŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴĪňŗŏĺĸŅŒħŕȮ&

, ,w cv tm 'ȮĭĺĔĔńĭĴĺĸ

ĕŀĚĬŘŜŅĪňŗĶŃŏľĵĔĸŅĵŏĮƦĬœŀȮ&
,w gm 'ȮĽŅĴŅĶĩŏĕňĵĬœħƟĺƞŅȮ, , , , ,w cv i w cv t w gm m m= +  
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Ȯ 

 

 

 

(a) ĪňŗŏĺĸŅŏĶŇŗĴĨƟĬ       &b'ȮĪňŗŏĺĸŅŒħŕ 

ĶŌĮĪňŗȮ3,8ȮŐĽħĚŐįĬĳŅıĽĴħŋĸĴĺĸĕŀĚĴĺĸĬŘŜŅŒĬĝňĺĴĺĸ 

ľŅŀĬŋıńĬīƢĕŀĚĽĴĔŅĶĕƟŅĚĭĬŏĪňĵĭĔńĭŏĺĸŅěŃœħƟ 

,, , , , w gw cv i w cv t
dmdm dm

dt dt dt
= +  

, , ,w g w cv t
dm dm

dt dt
- =  

ŏĴŊŗŀĴĺĸĕŀĚĬŘŜŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴĪňŗŏĺĸŅŒħŕėŊŀĴĺĸĕŀĚĬŘŜŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴȮĽŅĴŅĶĩŐĪĬėƞŅĸĚŒĬ

ĽĴĔŅĶĪňŗȮ25ȮěŃœħƟ 

( ) ( ) ,

/ , , , ,5
w graw

T S dry cv dry cv w cv w cv g f

dmdT
Q m c m c h u

dt dt
= + + -     &26' 

ıŇěŅĶĦŅıěĬƢĕŀĚĬŘŜŅĪňŗĶŃŏľĵŀŀĔěŅĔĮĶŇĴŅĨĶėĺĭėŋĴĪňŗŏĺĸŅŒħŕȮ&,w gdm

dt
'ȮěŅĔĽĴĔŅĶ PageȮ[38] 

nktMR e-=           &27' 

ŏĴŊŗŀMRȮėŊŀȮĽńħĽƞĺĬĕŀĚĮĶŇĴŅĦėĺŅĴĝŊŘĬĕŀĚĝňĺĴĺĸĪňŗĽŅĴŅĶĩėŜŅĬĺĦœħƟħńĚĽĴĔŅĶĪňŗȮ27ȮħńĚĬňŘȮ 

,

, ,

w g e

w g i e

m m
MR

m m

-
=

-
          

ŏĴŊŗŀȮ ,w gm ȮėŊŀĮĶŇĴŅĦėĺŅĴĝŊŘĬĪňŗŏĺĸŅŒħŕŏĪňĵĭĔńĭĝňĺĴĺĸŐľƟĚ 

 
, ,w g im ȮȮėŊŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŏĪňĵĭĔńĭĝňĺĴĺĸŐľƟĚ 

 em  ėŊŀĮĶŇĴŅĦėĺŅĴĝŊŘĬĽĴħŋĸŏĪňĵĭĔńĭĝňĺĴĺĸŐľƟĚ 

,w gm

, ,w cv im

,w gm

, ,w cv tm
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ŏĴŊŗŀĮĶŇĴŅĦėĺŅĴĝŊŘĬĽĴħŋĸ 

ŏĴŊŗŀȮ 

 tȮėŊŀŏĺĸŅĶŃĭĭľĶŊŀŏĺĸŅŏĶŇŗĴĨƟĬŒĬĶŃĵŃĪŜŅĶŃŏľĵȮ&ĶŃĵŃĪňŗȮ2'Ȯ&ĺŇĬŅĪň' 

 't ȮėŊŀŏĺĸŅŏĶŇŗĴĨƟĬŒĬĶŃĵŃĪŜŅĶŃŏľĵľĶŊŀŏĺĸŅĪňŗĬńĭěŅĔěŋħĽŋħĪƟŅĵĕŀĚĶŃĵŃŒľƟėĺŅĴĶƟŀĬȮ

&ĺŇĬŅĪň' 

ěŅĔĽĴĔŅĶĪňŗȮ&27'ȮŐĪĬėƞŅĸĚŒĬĽĴĔŅĶĬňŘěŃœħƟ 

( )

,

, , '

, ,

, ,

n

w g e

dry cv dry cv k t t

w g i e

dry cv dry cv

m m

m m
e

m m

m m

- -

å õ
-æ öæ ö

ç ÷=
å õ

-æ öæ ö
ç ÷

        &28' 

ěŅĔĽĴĔŅĶĪňŗȮ28ȮŒĬĪŅĚıňĝėĦŇĨĽŅĴŅĶĩħŉĚıěĬƢĕŀĚȮ,dry cvm ȮœħƟȮŏĬŊŗŀĚěŅĔŏĮƦĬıěĬƢŏħňĵĺĔńĬȮěŃœħƟ 

( )

,

, '

, ,

,

n

w g e

dry cv k t t

w g i e

dry cv

m m

m
e

m m

m

- -

å õ-
æ öæ ö
ç ÷=
å õ-
æ öæ ö
ç ÷

        &29' 

( ), '

, ,

n
w g e k t t

w g i e

m m
e

m m

- --
=

-
         &30' 

( ) ( )( )'

, , ,

n
k t t

w g e w g i em m m m e
- -

- = -        &31' 

ľŅŀĬŋıńĬīƢĕŀĚĽĴĔŅĶĪňŗȮ31ȮŏĪňĵĭĔńĭŏĺĸŅȮěŃœħƟ 

( )
( )( )'

,

, ,

n
k t t

w g

w g i e

d edm
m m

dt dt

- -

= -        &32' 

ěŅĔĽĴĔŅĶĪňŗȮ32ȮěŃœħƟ 

( ) ( )( )( )1, '

, , '
n nw g k t t

w g i e

dm
m m kne t t

dt

-- -
= - - -       &33' 
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ŐĪĬėƞŅĽĴĔŅĶĪňŗȮ&33'ȮĸĚŒĬĽĴĔŅĶĪňŗȮ&26'ȮěŃœħƟ 

( ) ( )( ) ( )( )( )( )1'

/ , , , , , ,5 '
n nk t traw

T S dry cv dry cv w cv w cv g f w g i e

dT
Q m c m c h u m m kne t t

dt

-- -
= + + - - - -

&34' 

ľĶŊŀ 

( )( ) ( )( )( )( )
( )

1'

/ , ,

, , , ,

5 '
n nk t t

T S g f w g i e

raw

dry cv dry cv w cv w cv

Q h u m m kne t t
dT

dt m c m c

-- -å õå õ- - - - -æ öæ ö
ç ÷ç ÷=

+
   &35' 

ěŅĔĽĴĔŅĶĪňŗȮ35ȮĨƟŀĚĔŅĶěńħĶŌĮȮ,dry cvm Ȯ,Ȯ ,w cvm Ȯ,Ȯ , ,w g im ȮŐĸŃȮemȮȮŒľƟŀĵŌƞŒĬĶŌĮėĺŅĴĝŊŘĬŐĭĭŏĮƖĵĔ

ŏıŊŗŀŒľƟĚƞŅĵĨƞŀĔŅĶĮƚŀĬėƞŅŒĬőĮĶŐĔĶĴȮMatlab ĽŅĴŅĶĩĪŜŅœħƟħńĚĬňŘȮ 

ěŅĔĬŇĵŅĴĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĭĭŏĮƖĵĔėŊŀĽńħĽƞĺĬĶŃľĺƞŅĚĴĺĸĕŀĚĬŘŜŅĔńĭĴĺĸĶĺĴĕŀĚĝňĺĴĺĸȮħńĚĽĴĔŅĶ

ĪňŗȮ36 

,

,

100
w cv

wb

raw cv

m
X x

m
=          &36' 

ŏĴŊŗŀȮȮ,raw cvm ȮėŊŀĴĺĸĶĺĴĕŀĚĝňĺĴĺĸ 

ŏĴŊŗŀȮ, , ,w cv raw cv dry cvm m m= - ȮŐĸŃŒĬĪňŗĬňŗĴňėƞŅŏĪƞŅĔńĭĴĺĸĕŀĚĬŘŜŅŏĶŇŗĴĨƟĬĪňŗĶŃŏľĵĔĸŅĵŏĮƦĬœŀȮȮȮȮȮȮȮȮȮȮȮȮȮ

& , ,w g im Ȯ'ȮŐĸŃĴĺĸĕŀĚĬŘŜŅĽĴħŋĸȮ&emȮ'ȮħƟĺĵȮŐĪĬėƞŅĸĚĽĴĔŅĶĪňŗȮ36ȮěŃœħƟ 

, ,

,

100
raw cv dry cv

wb

raw cv

m m
X x

m

-
=         &37' 

ěńħĶŌĮŐĭĭĽĴĔŅĶĪňŗȮ37ȮŒľƟĽĴĔŅĶŀĵŌƞŒĬĶŌĮĕŀĚȮ
,dry cvm ȮěŃœħƟ 

, ,
100

wb raw
dry cv raw cv

X m
m m

å õ
= -æ ö

ç ÷
        &38' 

, , 1
100

wb
dry cv raw cv

X
m m

å õ
= -æ ö

ç ÷
        &39' 

ěŅĔĽĴĔŅĶĪňŗ 36ȮĽŅĴŅĶĩěńħĶŌĮŒľƟŀĵŌƞŒĬĶŌĮĴĺĸĕŀĚĬŘŜŅŒĬĮĶŇĴŅĨĶėĺĭėŋĴœħƟȮħńĚĬňŘ 
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,

,
100

wb raw cv

w cv

X m
m =          &40' 

ŐĪĬėƞŅĽĴĔŅĶĪňŗȮ39ȮŐĸŃȮ40ȮĸĚŒĬĽĴĔŅĶĪňŗȮ34ȮěŃœħƟ 

( ) ( )( )( )

,

/ , , ,

1', , ,

5 1
100 100

'
100 100

n

wb raw cvwb raw

T S raw cv dry cv w cv

nk t twb raw cv wb e raw cv

g f

X mX dT
Q m c c

dt

X m X m
h u kne t t

-- -

å õå õ å õå õ
= - + +æ öæ ö æ öæ ö

ç ÷ç ÷ ç ÷ç ÷

å õå õ
- - - -æ öæ ö

ç ÷ç ÷

    &41' 

ľĶŊŀ 

( ) ( )( )( )1', , ,

/

,

, , ,

5 '
100 100

1
100 100

n nk t twb raw cv wb e raw cv

T S g f

raw

wb raw cvwb
raw cv dry cv w cv

X m X m
Q h u kne t t

dT

dt X mX
m c c

-- -
å õå õå õ
- - - - -æ öæ öæ öæ ö

ç ÷ç ÷ç ÷=
å õå õå õå õ

- +æ öæ ö æ öæ ö
ç ÷ç ÷ ç ÷ç ÷

 &42' 

ŐĸŃėĺŅĴĶƟŀĬěŅĔĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮ( )/T SQ  

ėŜŅĬĺĦěŅĔ 

/T S

total

T
Q

z

D
= -----------------------------------------------------Ȯ&43' 

őħĵ totalz ȮėŊŀȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬȮ&K-W' 

 TD ȮȮėŊŀȮėĺŅĴŐĨĔĨƞŅĚĕŀĚŀŋĦľĳŌĴŇĶŃľĺƞŅĚŀŋĦľĳŌĴŇĕŀĚŐľĸƞĚŒľƟėĺŅĴĶƟŀĬŐĸŃ

ŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸȮ&K' ĬńŗĬėŊŀȮso Bio hT T T TD = - -D 

őħĵ soT ȮȮȮėŊŀȮŀŋĦľĳŌĴŇĕŀĚŐľĸƞĚėĺŅĴĶƟŀĬȮ&K' 

 BioT ȮȮėŊŀȮŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸȮ&K' 

 hTD ȮȮėŊŀȮŀŋĦľĳŌĴŇŏĜĸňŗĵĪňŗŐĨĔĨƞŅĚĔńĬĕŀĚĽŅĶĪŜŅĚŅĬŀńĬŏĬŊŗŀĚĴŅěŅĔėĺŅĴħńĬĽĩŇĨĵƢȮ&K' 

ŒĬĪňŗĬňŗȮtotalz ȮľŅœħƟěŅĔėĺŅĴĨƟŅĬĪŅĬĶĺĴĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮěŅĔĶŌĮĪňŗȮ3,9ȮŐĸŃȮ3,10 
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ĶŌĮĪňŗȮ3,9ȮŐĽħĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬ 

 

ĶŌĮĪňŗȮ3,10ȮŐĽħĚŐįĬĳŅıėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬ 
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ŏĴŊŗŀȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1 2 3 4 5 6 7 8 9 10totalz z z z z z z z z z z= + + + + + + + + +   &44' 

őħĵȮ1zȮėŊŀȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬěŅĔŐľĸƞĚėĺŅĴĶƟŀĬĴŅĽŌƞįŇĺįĬńĚĪƞŀĽƞĺĬĪŜŅĶŃŏľĵȮ&K-W' 

őħĵȮ9zȮėŊŀȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬěŅĔįŇĺįĬńĚĪƞŀĽƞĺĬėĺĭŐĬƞĬœĮĽŌƞĝňĺĴĺĸȮ&K-W' 

( )0

9

log /

2 c bio

L L
z

l kt
=          &45' 

ŏĴŊŗŀȮ 0,L LȮȮȮȮėŊŀėĺŅĴľĬŅĕŀĚĝňĺĴĺĸŒĬľƟŀĚĪŀĶňœĲĶƢĳŅĵŒĬŐĸŃĳŅĵĬŀĔȮĨŅĴĸŜŅħńĭȮ&m' 

 biok       ȮėŊŀĽńĴĮĶŃĽŇĪīŇśĔŅĶĬŜŅėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸȮ&W-mK'ȮĽŅĴŅĶĩėŜŅĬĺĦœħƟěŅĔ 

( )

( )

2 2

2

s s air s air

bio

s air s air

k k k k k
k

k k k k

e

e

+ - -è øê ú=
+ + -

 [,  #170] 

 sk ȮȮȮȮȮȮȮȮėŊŀĽńĴĮĶŃĽŇĪīŇśĔŅĶĬŜŅėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸŐľƟĚȮ&W-mK'ȮĽŅĴŅĶĩėŜŅĬĺĦœħƟ

ěŅĔȮ ( )0.13 0.003s Biok T= + Ȯ 

 e         ėŊŀėƞŅėĚĪňŗȮ0.01 

 airk        ėŊŀĽńĴĮĶŃĽŇĪīŇśĔŅĶıŅėĺŅĴĶƟŀĬĕŀĚŀŅĔŅĻĴňėƞŅŏĪƞŅĔńĭȮ0.0395 &W-mK' 

őħĵȮ2zȮėŊŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĳŅĵŒĬįĬńĚĪƞŀŒĬĽƞĺĬĪŜŅĶŃŏľĵȮ&K-W' 

( )0

2

ln /

2 e x

D D
z

lp l
=          &46' 

ŏĴŊŗŀ 0,D DȮėŊŀŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĳŅĵĬŀĔŐĸŃĳŅĵŒĬĨŅĴĸŜŅħńĭȮ&m' 

 el ȮȮȮȮȮȮȮȮėŊŀėĺŅĴĵŅĺĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬĽƞĺĬĪŜŅĶŃŏľĵȮ&m' 

 xlȮȮȮȮȮȮȮėŊŀĽńĴĮĶŃĽŇĪīŇśĔŅĶĬŜŅėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮ&W-mK' 

őħĵȮ8zȮėŊŀȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĳŅĵŒĬįĬńĚĪƞŀŒĬĽƞĺĬėĺĭŐĬƞĬȮ&K-W' 
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( )0

8

ln /

2 c x

D D
z

lp l
=          &47'Ȯ 

őħĵȮ3 fz ȮėŊŀȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĳŅĵŒĬȮFilmȮĕŀĚĪƞŀĽƞĺĬĪŜŅĶŃŏľĵȮ&K-W' 

         &48' 

ŏĴŊŗŀȮ C ėŊŀȮ0,235 

ȮȮȮȮȮ D ėŊŀȮŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĳŅĵŒĬȮ&m' 

ȮȮȮȮȮ g ėŊŀȮ9,81 

  

őħĵȮ3pz ȮėŊŀȮėĺŅĴĨƟŅĬĪŅĬŏĝŇĚėĺŅĴĶƟŀĬĕŀĚěŋħŏħŊŀħȮ&K-W' 

        &49' 

ŏĴŊŗŀȮ  

őħĵȮ7zȮėŊŀȮėĺŅĴĨƟŅĬĪŅĬŏĝŇĚėĺŅĴĶƟŀĬĕŀĚȮFilm ĕŀĚȮCondensateȮ&K-W' 

         &50' 

4
Z ȮŐĸŃȮ

6
Z ȮȮėŊŀȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗŏĔŇħĕŉŘĬĭĶŇŏĺĦįŇĺĽńĴįńĽĶŃľĺƞŅĚœŀĔńĭĕŀĚŏľĸĺŒĬĽƞĺĬĪŜŅ

ĶŃŏľĵŐĸŃĽƞĺĬėĺĭŐĬƞĬĨŅĴĸŜŅħńĭȮĞŉŗĚĸŃĪŇŘĚœħƟŏĬŊŗŀĚěŅĔĴňėƞŅĬƟŀĵĴŅĔȮ&K-W' 

5
ZȮȮėŊŀȮėƞŅėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĮĶŃĽŇĪīŇįĸŏĬŊŗŀĚěŅĔėĺŅĴħńĬĨĔĕŀĚœŀĪňŗœľĸěŅĔĽƞĺĬĪŜŅĶŃŏľĵ

œĮĵńĚĽƞĺĬėĺĭŐĬƞĬȮ 

10
Z ȮȮėŊŀȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĨŅĴŐĬĺŐĔĬĕŀĚįĬńĚĪƞŀȮŒĬĪňŗĬňŘĽĴĴĨŇĺƞŅœĴƞŏĔŇħĕŉŘĬ 

ŏĴŊŗŀȮ1 2 3 4 5 6 7 8 9 10totalz z z z z z z z z z z= + + + + + + + + +----------------------------------------Ȯ&44' 

3/4

2

3/13/4

3/1

3
fe

f
lgD

QC
Z

#
=

( )
l

llL

m

rl
f

4/123

2 =

( )6.04.02.0

3

3

1

e

p
DlQg

Z
pf #

=

( )23.0

3 /63 av pp=f

3/4

2

3/13/4

3/1

7
fclgD

QC
Z

#
=
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ȮȮȮȮȮȮȮȮ ȮȮȮȮȮŏıĶŅŃĜŃĬńŘĬȮĬŜŅėƞŅȮ
1

ZȮĩŉĚȮ
10

Z ȮŐĪĬĸĚŒĬĽĴĔŅĶĪňŗȮ44ȮěŃœħƟėƞŅėĺŅĴĨƟŅĬĪŅĬ

ĪńŘĚľĴħȮěŅĔĬńŘĬȮĬŜŅĸĚŒĬŐĪĬėƞŅŒĬĽĴĔŅĶĪňŗȮ17 ŐĸŃȮ42 ĨƞŀœĮȮŏıŊŗŀħŜŅŏĬŇĬĔŅĶėŜŅĬĺĦŐĭĭěŜŅĸŀĚ

őħĵŒĝƟőĮĶŐĔĶĴȮMatlab 2014ȮŏıŊŗŀěŜŅĸŀĚĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħȮȮȮȮ

ŏĪŀĶƢőĴœĞĲŀĬŐĸŃėŜŅĬĺĦŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸ 

3,3,1,3 ĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚħƟĺĵőĮĶŐĔĶĴȮMatlab 2014 
ȮȮȮȮȮȮȮȮ ȮȮȮȮȮĽŜŅľĶńĭĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚħƟĺĵőĮĶŐĔĶĴȮMatlabȮ2014ĽŅĴŅĶĩŏĶŇŗĴĽĶƟŅĚœħƟħƟĺĵ

ĔŅĶŏĕňĵĬŐįĬĳŅıĸŜŅħńĭŒľƟĽŀħėĸŀĚĔńĭĔŅĶŏĕňĵĬőĮĶŐĔĶĴŏıŊŗŀĚƞŅĵĨƞŀȮȮėĺŅĴŏĕƟŅŒěȮĞŉŗĚĽŅĴŅĶĩŐĽħĚ

œħƟĨŅĴĶŌĮĪňŗȮ3,11ȮŐĸŃȮ3,12ȮħńĚĬňŘ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮěŅĔĶŌĮĪňŗȮ3,11ȮŐĸŃȮ3,12ȮŐĽħĚĕńŘĬĨŀĬĔŅĶėŜŅĬĺĦŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬőħĵŒĝƟ

őĮĶŐĔĶĴȮMatlab ŏĶŇŗĴĨƟĬőħĵĔŅĶėŜŅĬĺĦŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĪŀĶƢőĴœĞĲŀĬȮȮ&/T SQ 'ȮěŅĔ

ĲƤĚĔƢĝńĬĕŀĚėĺŅĴĨƟŅĬĪŅĬŏĝŇĚėĺŅĴĶƟŀĬĨŅĴĽĴĔŅĶĕŀĚȮ1 2 8 9, , ,Z Z Z ZȮĨŅĴĸŜŅħńĭŐĸŃĔŜŅľĬħ

ŀŋĦľĳŌĴŇĕŀĚŐľĸƞĚėĺŅĴĶƟŀĬȮ&SOT 'ȮȮŀŋĦľĳŌĴŇĝňĺĴĺĸȮ&bioT 'ȮőħĵĔŜŅľĬħŏĚŊŗŀĬœĕŏĶŇŗĴĨƟĬŏĴŊŗŀĺŇĬŅĪňĪňŗȮ0 

ĽƞĚįĸŒľƟŀŋĦľĳŌĴŇĝňĺĴĺĸŏĶŇŗĴĨƟĬĪňŗŀŋĦľĳŌĴŇľƟŀĚŒĬĪňŗĬňŗȮĔŜŅľĬħȮ307,15ȮK ėƞŅĪňŗœħƟěŃȮ
old

Q ĞŉŗĚěŃĩŌĔĬŜŅœĮ

ėŜŅĬĺĦ , ,
v h p

T T TŐĸŃȮ
ef

R ĩƟŅĴŅĔĔĺƞŅȮ50 ŏĮƦĬėƞŅĪňŗĽŅĴŅĶĩĵŀĴĶńĭœħƟŐĸŃĬŜŅœĮėŜŅĬĺĦȮ
3

ZȮŐĸŃȮ
7

Z

ĨƞŀœĮȮĽŜŅľĶńĭȮ
3

ZĩƟŅėŜŅĬĺĦȮ
3p

Z ĴňėƞŅĬƟŀĵĔĺƞŅȮ
ef

R ŒĬĔĶĦňĬňŘȮ
3

Z  ĴňėƞŅŏĪƞŅĔńĭ 
3p

Z ŐĨƞĩƟŅœĴƞŒĝƞŒĬĔĶĦňĬňŘȮ

3
ZĽŅĴŅĶĩėŜŅĬĺĦœħƟěŅĔȮ( )( )3 3 3

1
p f

Z Z F Z F= + - ȮĽŜŅľĶńĭȮ
7

Z ĩƟŅȮ
ef

R ĴŅĔĔĺƞŅȮ1,300 ŒĬĔĶĦňĬňŘȮ

7
Z ĽŅĴŅĶĩėŜŅĬĺĦœħƟěŅĔȮ( )( )( )

0.773

7 7,
191

sv ef
Z Z R

-

= ŐĨƞĩƟŅœĴƞŒĝƞȮ
7

Z ěŃĴňėƞŅŏĪƞŅĔńĭȮ
7,sv

Z ěŅĔ

ĔĶŃĭĺĬĔŅĶĔŅĶėŜŅĬĺĦħƟĺĵĝŋħėŜŅĬĺĦĬňŘěŃĽŅĴŅĶĩĪŜŅŒľƟĪĶŅĭėƞŅĕŀĚėƞŅėĺŅĴĨƟŅĬĪŅĬĪńŘĚľĴħľĶŊŀȮ

total
Z ĞŉŗĚěŃŏĮƦĬėĺŅĴĨƟŅĬĪŅĬĪńŘĚľĴħŒĬĔĶĦňŐĶĔȮěŅĔĬńŘĬȮĨƟŀĚĪŜŅĔŅĶėŜŅĬĺĦėƞŅėĺŅĴįŇħıĸŅħĕŀĚ

ŐĭĭěŜŅĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢȮĞŉŗĚŒĬĪŅĚĺŇĻĺĔĶĶĴœħƟĔŜŅľĬħėƞŅėĺŅĴįŇħıĸŅħĬňŘœĴƞŏĔŇĬȮ1 %ȮőħĵěŃĪŜŅ

ĔŅĶėŜŅĬĺĦėƞŅŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬľĶŊŀȮ
new

Q ŀňĔėĶńŘĚȮ 
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ĶŌĮĪňŗȮ3,11ȮŐĽħĚĕńŘĬĨŀĬĔŅĶėŜŅĬĺĦŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬ 

 

Start 

Calculate  

Calculate  /T S
Q

Calculate       from      
from  
 

old
Q

1 2 8 9
, , ,Z Z Z Z

1
,

so Bio
T T

, ,
v h p

T T T

Calculate  
 

ef
R

50
ef

R<
No suitable 

method available; 
 

   ȮȮȮȮȮȮȮȮȮȮCalculate 
 

3 7
,Z Z

Is 
 

3p ef
R R< Is 

 

1,300
ef

R >Ȯ 
 

( )( )3 3 3
1

p f
Z Z F Z F= + -

Ȯ 
 

3 3p
Z Z= Ȯ 

 

( )( )( )
0.773

7 7,
191

sv ef
Z Z R

-

=

Ȯ 
 

7 7,sv
Z Z=

 Recalculate          including        Ȯand   
 

total
Z total

Z
total

Z

yes 
 

yes 
 

yes 
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ĶŌĮĪňŗȮ3,12ȮŐĽħĚŐĽħĚĕńŘĬĨŀĬĔŅĶėŜŅĬĺĦŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ&Ĩƞŀ' 

Calculate  

Trial and error 
error 

new
Q

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ-ȮAccept 
/new T S

Q Q=

 Calculate          from                     by RK 
Method 

2Bio
T

/
, ,

T S Bio p
Q m c

 Calculate          from          at          and                                   1
K

/T S
Q 1Bio

T ,
Bio p

m c

 Calculate          from         at   
 

2
K

/T S
Q

1 1 1

1
, , ,

2
Bio Bio Bio p

T T hK m c K= +

 Calculate          from         at   
 

3
K

/T S
Q

1 2 2

1
, , ,

2
Bio Bio Bio p

T T hK m c K= +

 Calculate          from         at   
 

4
K

/T S
Q

1 3 3

1
, , ,

2
Bio Bio Bio p

T T hK m c K= +

 Calculate          from                      
 

 

 

2Bio
T

1 1 2 3 4
, , , , ,

Bio
T K K K K h

h 
convergent 
 

yes 

Input h 
 

<1# 
 

>1# 
 

Calculate  
 

3 7
,Z Z
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ĩƟŅėƞŅėĺŅĴįŇħıĸŅħĬňŘœĴƞŏĔŇĬȮ1 ŏĮŀĶƢŏĞŖĬĨƢěŃĴňįĸŒľƟŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĔŖėŊŀėƞŅĪňŗŐĭĭěŜŅĸŀĚ

ĪŅĚėĦŇĨĻŅĽĨĶƢėŜŅĬĺĦȮŐĨƞĩƟŅœĴƞŒĝƞěŃĨƟŀĚĬŜŅȮ
new

Q œĮėŜŅĬĺĦėƞŅȮ
3

ZŐĸŃȮ
7

Z ŀňĔėĶńŘĚ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮěŅĔĬńŘĬĬŜŅėƞŅŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĪňŗœħƟœĮėŜŅĬĺĦŀŋĦľĳŌĴŇĝňĺĴĺĸŒĬŏĺĸŅĩńħœĮȮ

ěŃħŜŅŏĬŇĬĔŅĶėŜŅĬĺĦőħĵĔŅĶŒĝƟĺŇīňĔŅĶėŜŅĬĺĦŐĭĭĶŋĚŏĚėŋĨĨŅŀńĬħńĭĪňŗĽňŗȮĔŜŅľĬħĕńŘĬĕŀĚŏĺĸŅȮ&h'ȮĞŉŗĚ

ĽŅĴŅĶĩėŜŅĬĺĦȮ
1 2 3
, ,K K K ŐĸŃȮ

4
K œħƟĨŅĴĽĴĔŅĶŒĬĶŌĮĪňŗȮ3,11ȮěŃĽŅĴŅĶĩėŜŅĬĺĦŀŋĦľĳŌĴŇĩńħœĮĪňŗ

ŏĺĸŅĨƞŀœĮŐĸŃĽŅĴŅĶĩŒĝƟĺŇīňĔŅĶĬňŘŏıŊŗŀėŜŅĬĺĦľŅŀŋĦľĳŌĴŇĩńħœĮœħƟ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮĶŌĮĪňŗȮ3,13ȮŐĽħĚœŀėŀĬĕŀĚőĮĶŐĔĶĴ Matlab 2014ȮĭĬľĬƟŅȮDesktopȮŐĸŃȮĶŌĮĪňŗ 

3,14ȮŐĽħĚľĬƟŅĨƞŅĚĕŀĚőĮĶŐĔĶĴȮMatlab 2014Ȯ 

 

 

ĶŌĮĪňŗȮ3,13ȮŐĽħĚœŀėŀĬĕŀĚőĮĶŐĔĶĴ Matlab 2014ȮĭĬľĬƟŅȮDesktop 

 

ŏĴŊŗŀŏĮƕħĔŅĶŒĝƟĚŅĬěŃĮĶŅĔĢľĬƟŅĨƞŅĚĕŀĚőĮĶŐĔĶĴȮŒĬĪňŗĬňŗȮěŃĶŃĭŋľĴŅĵĕŀĚľĬƟŅĨƞŅĚĵƞŀĵĪňŗĽŜŅėńĠȮĞŉŗĚ

ěŃœħƟĶńĭĔŅĶŀīŇĭŅĵĨƞŀœĮȮőĮĶŐĔĶĴȮMatlabȮ2014Ȯ&Matrix laboratory'ȮėŊŀĳŅļŅėŀĴıŇĺŏĨŀĶƢ

ĝńŘĬĽŌĚȮĽŜŅľĶńĭĔŅĶėŜŅĬĺĦŏĝŇĚĨńĺŏĸĕĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚȮŀĵŌƞĭĬıŊŘĬģŅĬĕŀĚĔŅĶėŜŅĬĺĦĪŅĚŏĴĨĶŇĔĞƢȮȮȮ

&Matrix manipulation and computation'ȮŒĬ Matlab ŏĶŅĽŅĴŅĶĩĽĶƟŅĚŐĸŃĔŜŅľĬħėƞŅĨńĺŐĮĶœħƟ

ĪńĬĪňȮőħĵœĴƞĨƟŀĚĮĶŃĔŅĻĨńĺŐĮĶĔƞŀĬȮĕƟŀĴŌĸĪňŗŏĮƦĬĨńĺŏĸĕŐĸŃĨńĺŀńĔļĶȮ&Strings'ȮĽŅĴŅĶĩĩŌĔěńħŏĔŖĭŒĬ

ĶŌĮŐĭĭĕŀĚŐĩĺŐĸŃľĸńĔľĶŊŀȮArrayȮĞŉŗĚĔŖėŊŀ Matrix ĬńŗĬŏŀĚȮŏĴŊŗŀŏĶŇŗĴĨƟĬĽĨŅĶƢĪőĮĶŐĔĶĴ MatlabȮěŃ

ĪŜŅĔŅĶŏĮƕħľĬƟŅĨƞŅĚȮ&Window'ȮĕŉŘĬĴŅȮĞŉŗĚľĬƟŅĨƞŅĚĬňŘěŃŒĝƟŏĮƦĬĨńĺĨŇħĨƞŀĽŊŗŀĽŅĶľĶŊŀ GUI &Graphic 

User Interface'ȮĽŜŅľĶńĭ MatlabȮŀŅěěŃŏľŖĬľĬƟŅĨƞŅĚĵƞŀĵľĸŅĵľĬƟŅĨƞŅĚȮĞŉŗĚŐĽħĚľĬƟŅĨƞŅĚĵƞŀĵľĸńĔ

ėŊŀȮCurrent folder, Editor, Command window, Workspace ŐĸŃȮCommand history 

ĨŅĴĸŜŅħńĭȮŏĴŊŗŀĨńĺőĮĶŐĔĶĴȮMatlab ıĶƟŀĴĶńĭėŜŅĽńŗĚěŅĔįŌƟŒĝƟȮľĬƟŅĨƞŅĚȮEditor ŐĸŃȮCommand 

window ěŃŏĮƦĬľĬƟŅĨƞŅĚĪňŗĩŌĔŒĝƟĴŅĔĪňŗĽŋħŐĸŃŏĮƦĬĽƞĺĬĽŜŅėńĠĽŜŅľĶńĭĔŅĶŏĕňĵĬőĮĶŐĔĶĴȮ 
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ĶŌĮĪňŗ 3,14ȮŐĽħĚľĬƟŅĨƞŅĚĕŀĚőĮĶŐĔĶĴȮMatlab 2014 

 

3,4 ĺŇīňĔŅĶĪħĸŀĚ 
         ĝňĺĴĺĸħŇĭėŊŀĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĪňŗįƞŅĬĔŅĶĸħĕĬŅħħƟĺĵŏėĶŊŗŀĚĽńĭľĵŅĭŐĸŃŏėĶŊŗŀĚ

ĽńĭĸŃŏŀňĵħȮįƞŅĬĨŃŐĔĶĚĕĬŅħȮ5 ĴŇĸĸŇŏĴĨĶȮıĶƟŀĴĪńŘĚįƞŅĬĔŅĶėĺĭėŋĴėĺŅĴĝŊŘĬŒľƟĴňĮĶŇĴŅĦœĴƞŏĔŇĬȮ

10#ȮőħĵĴĺĸȮĨŅĴĴŅĨĶģŅĬȮASTM ěŜŅĬĺĬȮ2,4ȮĔŇőĸĔĶńĴĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃȮ4,5 ĔŇőĸĔĶńĴĽŜŅľĶńĭȮ

ĞńĚĕƟŅĺőıħȮŐĸƟĺĬŜŅĴŅŒĽƞĸĚŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮĞŉŗĚĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħȮȮȮȮ

ŏĪŀĶƢőĴœĞĲŀĬĬňŘȮœħƟĪŜŅĔŅĶĨŇħĨńŘĚŏĪŀĶƢőĴėńĭŏĮƕĸĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3,15ȮŐĸŃĶŌĮĪňŗȮ3,16Ȯ

ħńĚĬňŘ 

Command window 

Editor Current folder 

Command history 

Workspace 
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ĶŌĮĪňŗȮ3,15ȮŐĽħĚĨŜŅŐľĬƞĚŏĪŀĶƢőĴėńĭŏĮƕĸĳŅĵŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬ 

 

 

ĶŌĮĪňŗȮ3,16ȮŐĽħĚĨŜŅŐľĬƞĚŏĪŀĶƢőĴėńĭŏĮƕĸĳŅĵŒĬľƟŀĚŒľƟėĺŅĴĶƟŀĬ 

 

         ěŅĔĶŌĮĪňŗȮ3,15ȮŐĽħĚĨŜŅŐľĬƞĚŏĪŀĶƢőĴėńĭŏĮƕĸĨƞŅĚŕȮĳŅĵŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮőħĵ

ĴňěŋħĮĶŃĽĚėƢŏıŊŗŀĺńħĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇŒĬŐĬĺĶŃĬŅĭĪňŗĶŃĵŃĝƞŀĚĺƞŅĚŏĪƞŅŕĔńĬȮȮőħĵŒĬľĬŉŗĚĶŃĬŅĭěŃ
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ĨŇħĨńŘĚŏĪŀĶƢőĴėńĭŏĮƕĸŏıŊŗŀĺńħŀŋĦľĳŌĴŇĝňĺĴĺĸȮ4 ĨŜŅŐľĬƞĚŐĸŃĺńħŀŋĦľĳŌĴŇįĬńĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮȮȮȮȮȮȮȮȮ

5 ĨŜŅŐľĬƞĚĶĺĴĪńŘĚĽŇŘĬȮ31 ĨŜŅŐľĬƞĚȮĶŌĮĪňŗȮ3,16ȮŐĽħĚĨŜŅŐľĬƞĚŏĪŀĶƢőĴėńĭŏĮƕĸĪňŗĨŜŅŐľĬƞĚĨƞŅĚŕŒĬľƟŀĚŒľƟ

ėĺŅĴĶƟŀĬȮȮŏıŊŗŀĺńħĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇŒĬŐĬĺĶŃĬŅĭĪňŗĶŃĵŃĝƞŀĚĺƞŅĚŏĪƞŅŕĔńĬȮőħĵŒĬľĬŉŗĚĶŃĬŅĭěŃ

ĨŇħĨńŘĚŏĪŀĶƢőĴėńĭŏĮƕĸŏıŊŗŀĺńħŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ4 ĨŜŅŐľĬƞĚŐĸŃĺńħŀŋĦľĳŌĴŇįĬńĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮȮȮȮ

5 ĨŜŅŐľĬƞĚȮĶĺĴĪńŘĚĽŇŘĬȮ29 ĨŜŅŐľĬƞĚȮěŅĔĬńŘĬȮĮƕħİŅŐĸŃĬŜŅŀŃĸŌĴŇŏĬňĵĴŏĪĮŐĮŃŏıŊŗŀĮƕħĨŅĴŐĬĺĶŀĵĨƞŀ

ĨƞŅĚŕŏıŊŗŀĮƚŀĚĔńĬŀŅĔŅĻŏĸŖħĸŀħŏĕƟŅĴŅŒĬŏĨŅĮĢŇĔĶĦƢȮěŅĔĬńŘĬȮŏĮƕħĺŅĸƢĺŏıŊŗŀœĸƞĬŘŜŅŐĸŃĽŅĶĶŃŏľĵŀŀĔȮ

ħŜŅŏĬŇĬĔŅĶŒľƟėĺŅĴĶƟŀĬěŅĔŐľĸƞĚŒľƟėĺŅĴĶƟŀĬħƟĺĵĔƠŅĞľŋĚĨƟĴȮěŃĩƞŅĵŏĪėĺŅĴĶƟŀĬěŅĔľƟŀĚŒľƟȮȮȮȮȮ

ėĺŅĴĶƟŀĬœĮĽŌƞĪƞŀŏĪŀĶƢőĴœĞĲŀĬĞŉŗĚŏĮƦĬĽƞĺĬĪŜŅĶŃŏľĵĕŉŘĬœĮĽŌƞľƟŀĚĪŀĶňŐĲėĝńŗĬĞŉŗĚŏĮƦĬĽƞĺĬėĺĭŐĬƞĬȮŒľƟ

ėĺŅĴĶƟŀĬőħĵėĺĭėŋĴŀŋĦľĳŌĴŇŀŅĔŅĻĕŀĚľƟŀĚŒľƟėĺŅĴĶƟŀĬĪňŗȮ623,15, 648,15, 673,15ȮŐĸŃȮȮȮ

698,15 KȮĨŅĴĸŜŅħńĭȮŒĬĔŅĶėĺĭėŋĴŀŅĔŅĻĶƟŀĬŒľƟėĚĪňŗĪŜŅœħƟőħĵĔŅĶĶňŗœĲĪňŗŏĮƦĬŐľĸƞĚŒľƟėĺŅĴĶƟŀĬȮ

ŏĬŊŗŀĚěŅĔŏĴŊŗŀĶŃĵŃŏĺĸŅŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬĵŅĺĬŅĬĕŉŘĬěŃŏĮƦĬįĸĪŜŅŒľƟŀŋĦľĳŌĴŇĕŀĚŐľĸƞĚŒľƟėĺŅĴĶƟŀĬ

ĽŌĚĕŉŘĬŏĬŊŗŀĚěŅĔĔŅĶĽŃĽĴėĺŅĴĶƟŀĬĳŅĵŒĬľƟŀĚŒľƟėĺŅĴĶƟŀĬĬńŗĬŏŀĚȮěĬĔĶŃĪńŗĚŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸŒĬ

ľƟŀĚĪŀĶňŐĲėĝńŗĬœĮĩŉĚŀŋĦľĳŌĴŇŏĮƚŅľĴŅĵėŊŀȮ493,15ȮKȮěŅĔĬńŘĬȮěŃėĺĭėŋĴŀŋĦľĳŌĴŇĪŀĶňŐĲėĝńŗĬŒľƟėĚĪňŗ

ĨƞŀœĮȮĝňĺĴĺĸĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬĬňŘěŃŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶĪŜŅŏĵŖĬĨŅĴŀŋĦľĳŌĴŇľƟŀĚȮőħĵıĸŇĔ

ŏĨŅĮĢŇĔĶĦƢĪŋĔŕėĶŉŗĚĝńŗĺőĴĚŏıŊŗŀŒľƟŏĔŇħĔŅĶėŅĵėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸĪňŗįƞŅĬĔŅĶĪŀĶňŐĲėĝńŗĬȮőħĵȮȮȮȮȮ

ĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬŐĸŃıķĨŇĔĶĶĴĕŀĚŀŋĦľĳŌĴŇĪńŘĚľĴħěŃĩŌĔĭńĬĪŉĔħƟĺĵŏėĶŊŗŀĚ

ħŅĨƟŅĸƟŀėŏĔŀĶƢȮ&Data logger' 

         ľĸńĚěŅĔĪŜŅĔŅĶĪħĸŀĚŐĸƟĺěŃœħƟĕƟŀĴŌĸĕŀĚĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇĪňŗĪŜŅĔŅĶĭńĬĪŉĔħƟĺĵ

ħŅĨƟŅĸŖŀėŏĔŀĶƢŐĸŃįĸŇĨĳńĦĤƢĪŀĶňœĲĶƢȮĽŜŅľĶńĭĕƟŀĴŌĸŀŋĦľĳŌĴŇŐĸŃŏĺĸŅěŅĔħŅĨƟŅĸŖŀėŏĔŀĶƢĽŅĴŅĶĩ

ĬŜŅĴŅėŜŅĬĺĦŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮŐĸŃĻŉĔļŅĸńĔļĦŃėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħ

ŏĪŀĶƢőĴœĞĲŀĬĽŜŅľĶńĭįĸŇĨĳńĦĤƢĪŀĶňœĲĶƢĽŅĴŅĶĩĬŜŅĴŅĨĶĺěĽŀĭėŋĦĽĴĭńĨŇĕŀĚįĸŇĨĳńĦĤƢĪŀĶňœĲĶƢ

ĨƞŀœĮœħƟ 

3,5ȮĺńĨĩŋħŇĭŐĸŃŏėĶŊŗŀĚĴŊŀĽŜŅľĶńĭĚŅĬĺŇěńĵ 

ȮȮȮȮȮȮȮȮ ŒĬĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵĬňŘȮįŌƟĺŇěńĵœħƟŒĝƟĺńĨĩŋħŇĭŐĸŃŏėĶŊŗŀĚĴŊŀĽŜŅľĶńĭĔŅĶĺŇěńĵȮħńĚĬňŘ 

ȮȮȮȮȮȮȮȮ 3,5,1 ĝňĺĴĺĸħŇĭȮėŊŀȮĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħ 

ȮȮȮȮȮȮȮȮ 1,5,0ȮŏėĶŊŗŀĚĴŊŀĽŜŅľĶńĭĔŅĶĺŇěńĵ 
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ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ3,5,2,1 ŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶŏĨĶňĵĴĝňĺĴĺĸ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮ3,5,2,1,1 ŏėĶŊŗŀĚĽńĭľĵŅĭŏĮƦĬŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶĸħĕĬŅħĕŀĚĝňĺĴĺĸħŇĭ

ěŅĔŐľĸƞĚĺńĨĩŋħŇĭĞŉŗĚŀŅěěŃĴňĕĬŅħŒľĠƞĩŉĚŒľĠƞĴŅĔŒľƟĴňĕĬŅħŏĸŖĔĸĚȮőħĵĝňĺĴĺĸĪňŗįƞŅĬŏėĶŊŗŀĚĽńĭľĵŅĭ

ěŃĴňĕĬŅħŒĬĝƞĺĚȮ1 ů 5 ŏĞĬĨŇŏĴĨĶȮŐĽħĚŒĬĶŌĮĪňŗȮ3,17 

 

 

ĶŌĮĪňŗȮ3,17ȮŐĽħĚŏėĶŊŗŀĚĽńĭľĵŅĭ 

 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮ3,5,2,1,2 ŏėĶŊŗŀĚĽńĭĸŃŏŀňĵħŏĮƦĬŀŋĮĔĶĦƢĪňŗŒĝƟĽŜŅľĶńĭŏĨĶňĵĴĝňĺĴĺĸħŇĭĪňŗ

įƞŅĬĔĶŃĭĺĬĔŅĶĔŅĶĽńĭľĵŅĭŐĸƟĺȮŒľƟĴňĕĬŅħŏĸŖĔĸĚȮőħĵįƞŅĬĨŃŐĔĶĚĪňŗŒĝƟėńħĕĬŅħĳŅĵŒĬŏėĶŊŗŀĚĽńĭ

ĸŃŏŀňĵħĴňĕĬŅħȮ5 ĴŇĸĸŇŏĴĨĶȮŐĽħĚŒĬĶŌĮĪňŗȮ3,18 
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ĶŌĮĪňŗ 3,18ȮŐĽħĚŏėĶŊŗŀĚĽńĭĸŃŏŀňĵħ 

 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ3,5,2,2 ŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚŒĬĚŅĬĺŇěńĵĬňŘ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮ3,5,2,2.1 ŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĨŅĴĶŌĮĪňŗȮ3,19 ŐĽħĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞ

ĲŀĬĪňŗŒĝƟĽŜŅľĶńĭĚŅĬĺŇěńĵĬňŘȮŏĮƦĬŏĨŅĮĢŇĔĶĦƢĪňŗıńĥĬŅĴŅěŅĔŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħĬŇŗĚŒĬ

ĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶĴŅŏĮƦĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŒĬĶŃħńĭĔŉŗĚŀŋĨĽŅľĔĶĶĴ

ĮĶŃĔŀĭħƟĺĵĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮĴňĕĬŅħĔĺƟŅĚȮ37 ŏĞĬĨŇŏĴĨĶȮĵŅĺȮ37 ŏĞĬĨŇŏĴĨĶȮŐĸŃĽŌĚȮ150Ȯ

ŏĞĬĨŇŏĴĨĶȮĮĶŃĔŀĭħƟĺĵĪƞŀŏĪŀĶƢőĴœĞĲŀĬȮŐĭƞĚŀŀĔŏĮƦĬȮ2 ĽƞĺĬėŊŀȮľƟŀĚĪŀĶňŐĲėĝńŗĬĽŌĚȮ65 

ŏĞĬĨŇŏĴĨĶȮŐĸŃľƟŀĚŒľƟėĺŅĴĶƟŀĬĽŌĚȮ85 ŏĞĬĨŇŏĴĨĶȮőħĵĴňĪƞŀŏĪŀĶƢŏĪŀĶƢőĴœĞĲŀĬěŜŅĬĺĬȮ5 ĪƞŀȮĪŜŅ

ěŅĔĪƞŀŏľĸŖĔĔĸĴĴňĨŃŏĕŖĭĪňŗĪŜŅľĬƟŅĪňŗŒĬĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇŒľƟĽĴŗŜŅŏĽĴŀĪńŗĺĪńŘĚŏĨŅĮĢŇĔĶĦƢĴňėĺŅĴĵŅĺȮ
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110 ŏĞĬĨŇŏĴĨĶȮŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĳŅĵĬŀĔȮ6 ŏĞĬĨŇŏĴĨĶȮŐĭƞĚŏĮƦĬĽƞĺĬėĺĭŐĬƞĬĪňŗĴňėĺŅĴĵŅĺȮ60 

ŏĞĬĨŇŏĴĨĶĺńħěŅĔħƟŅĬĭĬĕŀĚĪƞŀŐĸŃĽƞĺĬĪŜŅĶŃŏľĵȮ50 ŏĞĬĨŇŏĴĨĶŒĬĽƞĺĬĪňŗŏľĸŊŀȮĳŅĵŒĬĭĶĶěŋĽŅĶ

ĪŜŅĚŅĬȮDowntherm A ĪňŗĴňĮĶŇĴŅĨĶȮ50 #ȮĕŀĚĽƞĺĬĪŜŅĶŃŏľĵȮőħĵĴňŐľĸƞĚŒľƟėĺŅĴĶƟŀĬėŊŀĔƠŅĞľŋĚĨƟĴȮ

&LPG'Ȯ 

 

 

ĶŌĮĪňŗ 3,19ȮŐĽħĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 
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ĶŌĮĪňŗȮ3,20ȮŐĽħĚŐįĬĳŅıĨŜŅŐľĬƞĚĕŀĚĔŅĶĨŇħĨńŘĚĽŅĵŏĪŀĶƢőĴėńĲŏĮƕĸȮĝĬŇħŏėȮ 

ŏıŊŗŀĺńħĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪńŘĺĪńŘĚŏĨŅĮĢŇĔĶĦƢ 

 

 

ĶŌĮĪňŗȮ3,21ȮŐĽħĚĔŅĶĨŇħĨńŘĚĽŅĵŏĪŀĶƢőĴėńĲŏĮƕĸȮĝĬŇħŏėȮ 

ĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 
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ěŅĔĶŌĮĪňŗȮ3,16ȮŐįĬĳŅıŐĽħĚĨŜŅŐľĬƞĚĕŀĚĔŅĶĨŇħĨńŘĚĽŅĵŏĪŀĶƢőĴėńĲŏĮƕĸȮĝĬŇħŏėȮŏıŊŗŀĺńħĔŅĶĔĶŃěŅĵ

ĨńĺĕŀĚŀŋĦľĳŌĴŇĪńŗĺĪńŘĚŏĨŅĮĢŇĔĶĦƢŐĸŃĶŌĮĪňŗȮ3,20ȮŐĽħĚĔŅĶĨŇħĨńŘĚĽŅĵŏĪŀĶƢőĴėńĲŏĮƕĸȮĝĬŇħŏėȮŏıŊŗŀĺńħ

ĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪńŗĺĪńŘĚŏĨŅĮĢŇĔĶĦƢŐĸŃĶŌĮĪňŗȮ3,21ȮŐĽħĚĔŅĶĨŇħĨńŘĚĽŅĵŏĪŀĶƢőĴėńĲŏĮƕĸȮĝĬŇħ

ŏėȮĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŐĭƞĚŏĮƦĬȮ2 ĽƞĺĬėŊŀĺńħŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸŒĬ

ľƟŀĚĪŀĶňŐĲėĝńŗĬŐĸŃĺńħŀŋĦľĳŌĴŇįŇĺĪƞŀŏĪŀĶƢőĴœĞĲŀĬŒĬĽƞĺĬĪŜŅĶŃŏľĵȮĽŜŅľĶńĭĨŜŅŐľĬƞĚĔŅĶĨŇħĨńŘĚĽŅĵ

ŏĪŀĶƢőĴėńĭŏĮƕĸŒĬľƟŀĚĪŀĶňŐĲėĝńŗĬěŃĨŇħĨńŘĚĪńŘĚľĴħȮ27ȮĨŜŅŐľĬƞĚȮŏıŊŗŀĺńħŀŋĦľĳŌĴŇŒĬŐĬĺĶŃĬŅĭŐĸŃ

ŐĬĺħŇŗĚŐĸŃĽŜŅľĶńĭĨŜŅŐľĬƞĚĔŅĶĨŇħĨńŘĚĽŅĵŏĪŀĶƢőĴėńĭŏĮƕĸŒĬľƟŀĚŒľƟėĺŅĴĶƟŀĬěŃĨŇħĨńŘĚĪňŗĨŜŅŐľĬƞĚĔĸŅĚ

ĕŀĚįĬńĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬĽƞĺĬĪŜŅĶŃŏľĵĪňŗĶŃĵŃȮ25 ŏĞĬĨŇŏĴĨĶěŅĔĽƞĺĬĸƞŅĚĽŋħȮĞŉŗĚŀŋĦľĳŌĴŇĪńŘĚľĴħěŃ

ŐĽħĚįĸĪňŗŏėĶŊŗŀĚħŅĨƟŅĸŖŀėŏĔŀĶƢȮ&Data logger GL220 GRAPHTEC'ȮĪňŗĴňėĺŅĴŐĴƞĬĵŜŅĕŀĚĔŅĶĺńħ

ŒĬĝƞĺĚȮů1ȮĩŉĚȮ)1ȮK 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮ3,5,2,2.2 ŀŋĮĔĶĦƢĽŜŅľĶńĭĺńħŀŋĦľĳŌĴŇȮ&Temperature measurement' 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮŏıŊŗŀĺńħŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĞŉŗĚȮœħƟŐĔƞȮľƟŀĚĪŀĶňŐĲėĝńŗĬ

ŐĸŃľƟŀĚŒľƟėĺŅĴĶƟŀĬȮěŃŒĝƟĽŅĵŏĪŀĶƢőĴėńĭŏĮƕĸĝĬŇħŏėĪňŗĴňĽƞĺĬįĽĴĕŀĚőėĶŏĴĸȮ-ȮŀŃĸŌŏĴĸȮĵƞŅĬ

ŀŋĦľĳŌĴŇŒĝƟĚŅĬŒĬĝƞĺĚȮ-543,15ȮĩŉĚȮ1645,15ȮKȮŐĶĚŏėĸŊŗŀĬœĲĲƚŅĪňŗœħƟȮ-6,458 ĩŉĚȮ54,875 ĴňėĺŅĴ

ŐĴƞĬĵŜŅȮ275,35ȮKȮȮŐĸŃŀŋĦľĳŌĴŇěŃŐĽħĚįĸŐĸŃĭńĬĪŉĔħƟĺĵŏėĶŊŗŀĚĺńħŀŋĦľĳŌĴŇȮData logger ĵňŗľƟŀ 

GRAPHTEC ĶŋƞĬ midi LOGGER GL220ȮėƞŅȮERROR 0,1 KȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3,22 

 

 
ĶŌĮĪňŗȮ3,22 ŐĽħĚŏėĶŊŗŀĚȮData logger ĵňŗľƟŀ GRAPHTEC ĶŋƞĬ midi LOGGER GL220 
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ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮ3,5,2,2,3ȮŐľĸƞĚŒľƟėĺŅĴĶƟŀĬȮ&Heat souce' 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮĽŜŅľĶńĭŐľĸƞĚŒľƟėĺŅĴĶƟŀĬěŃŒĝƟĔƠŅĞľŋĚĨƟĴȮ&LPG'ȮĞŉŗĚĺŅĚœĺƟħƟŅĬĸƞŅĚĽŋħĕŀĚ

ŏĨŅȮĞŉŗĚĪŜŅľĬƟŅĪňŗŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬĽƞĺĬľƟŀĚŒľƟėĺŅĴĶƟŀĬȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3,23 

 

 
ĶŌĮĪňŗȮ3,23 ŐĽħĚĔƠŅĞĮƕőĨĶŏĸňĵĴŏľĸĺȮLPG &Liquefied Petroleum Gas' 

 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮ3,5,2,2,4ȮŏėĶŊŗŀĚĝńŗĚĬŘŜŅľĬńĔ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮĽŜŅľĶńĭĔŅĶĨĶĺěĺńħĬŘŜŅľĬńĔĕŀĚĝňĺĴĺĸĔƞŀĬŐĸŃľĸńĚĔĶŃĭĺĬĔŅĶĪŀĶƢĶň

ŐĲėĝńŗĬȮěŃœħƟĶńĭĔŅĶĝńŗĚĬŘŜŅľĬńĔőħĵŏėĶŊŗŀĚĝńŗĚĬŘŜŅľĬńĔħŇěŇĨŀĸȮĶŋƞĬȮAPTP-Ȯ230ȮĝńŗĚĬŘŜŅľĬńĔĺńĨĩŋĪňŗœĴƞŏĔŇĬȮ

/,...ȮĔĶńĴȮ-Ȯ.,./ȮĔĶńĴ 

 

1,6ȮĶŃĵŃŏĺĸŅĔŅĶĺŇěńĵ 
ȮȮȮȮȮȮȮȮ ŏĶŇŗĴĔŅĶĪħĸŀĚŏĔŖĭĕƟŀĴŌĸĽŜŅľĶńĭĔŅĶĺŇěńĵĨńŘĚŐĨƞŏħŊŀĬĴĔĶŅėĴȮ0338ȮĩŉĚŏħŊŀĬĴňĬŅėĴȮ

0360ȮŐĸŃĔŅĶĽĶŋĮįĸĔŅĶĪħĸŀĚıĶƟŀĴŏĕňĵĬĶŅĵĚŅĬĔŅĶĺŇěńĵěŃŐĸƟĺŏĽĶŖěĳŅĵŒĬŏħŊŀĬĴĔĶŅėĴȮ0361Ȯ

ĞŉŗĚĔŅĶħŜŅŏĬŇĬĔŅĶĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĺŇěńĵĽŅĴŅĶĩŏĕňĵĬŏĮƦĬĨŅĶŅĚĽĶŋĮ 
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ĨŅĶŅĚĪňŗȮ1,5ȮĶŃĵŃŏĺĸŅĕŀĚĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵ 

ĶŅĵĔŅĶĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
ĶŃĵŃŏĺĸŅĕŀĚĔŅĶ

ħŜŅŏĬŇĬĔŅĶĺŇěńĵ 

/,ȮĻŉĔļŅŐĸŃĶĺĭĶĺĴĕƟŀĴŌĸŏıŊŗŀľŅŏĚŊŗŀĬœĕŐĸŃľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚŏĨŅ

ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 

Ĩ,ė,Ȯ0336 

2,ȮĻŉĔļŅŐĸŃĶĺĭĶĺĴĕƟŀĴŌĸŏıŊŗŀľŅŏĚŊŗŀĬœĕĽŜŅľĶńĭĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĕŀĚ

ĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 

Ĩ,ė,Ȯ0336 

1,ȮĽĶƟŅĚŐĭĭěŜŅĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢ

őĴœĞĲŀĬĪńŘĚȮ2 ĶŃĵŃȮėŊŀȮĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃœĸƞĬŘŜŅ 

ı,ĵ,Ȯ0337 

2,ȮħŜŅŏĬŇĬĔŅĶĪħĸŀĚĨŅĴŏĚŊŗŀĬœĕĕƟŅĚĨƟĬĔńĭŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħ

ŏĪŀĶƢőĴœĞĲŀĬ 

Ĵ,ė,Ȯ0338Ȯů Ĵ,ė,Ȯ034. 

3,ȮŏĮĶňĵĭŏĪňĵĭįĸĕŀĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪŜŅĬŅĵħƟĺĵ

ŐĭĭěŜŅĸŀĚĔńĭįĸĔŅĶĪħĸŀĚŏıŊŗŀĵŊĬĵńĬįĸĔŅĶĪħĸŀĚ 

Ĕ,ı,Ȯ034.ȮůȮĴŇ,ĵ,Ȯ034. 

4,ȮĺŇŏėĶŅŃľƢŐĸŃŏĮĶňĵĭŏĪňĵĭįĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĔńĭĔŅĶĪŜŅĬŅĵħƟĺĵ

ŐĭĭěŜŅĸŀĚ 

Ĕ,ė,Ȯ034.Ȯů Ĕ,ĵ,Ȯ034. 

 

5,ȮĽĶŋĮįĸĔŅĶĺŇŏėĶŅŃľƢŐĸŃŏĮĶňĵĭŏĪňĵĭįĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĔńĭĔŅĶ

ĪŜŅĬŅĵħƟĺĵŐĭĭěŜŅĸŀĚĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬ

ĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮıĶƟŀĴŏĕňĵĬĶŅĵĚŅĬĽĶŋĮĔŅĶĺŇěńĵ 

Ĩ,ė,Ȯ034.Ȯů Ĵ,ė,Ȯ034/ 

 

3,7ȮĽĩŅĬĪňŗĪŜŅĔŅĶĺŇěńĵ 
ȮȮȮȮȮȮȮȮ ľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸȮĳŅėĺŇĝŅĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸȮėĦŃ

ĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶȮĺŇĪĵŅŏĕĨıĶŃĶŅĝĺńĚĽĬŅĴěńĬĪĶƢ 
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1,8ȮĚĭĮĶŃĴŅĦĔŅĶĺŇěńĵ 
ȮȮȮȮȮȮȮȮ ĽŜŅľĶńĭĔŅĶĺŇěńĵĬňŘěŃŒĝƟĚĭĮĶŃĴŅĦŏıŊŗŀħŜŅŏĬŇĬĔŅĶĻŉĔļŅŐĸŃĺŇěńĵŏĮƦĬěŜŅĬĺĬŏĚŇĬȮ200,000Ȯ
ĭŅĪȮ&ĽŀĚŐĽĬĭŅĪĩƟĺĬ' 
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ĭĪĪňŗȮ4 

įĸĔŅĶĺŇěńĵ 
 

4,1 ĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŐĸŃĔŅĶĮĶŃŏĴŇĬ
ėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸőħĵŒĝƟŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ 
ȮȮȮȮȮȮȮȮ ĶŌĮĪňŗȮ4,1ȮŐĽħĚĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬȮ&Heating characteristic'ȮĕŀĚŏĨŅĮĢŇĔĶĦƢȮȮȮȮȮȮȮȮ

ĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŒĬĔĶĦňĕŀĚĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĨŅĴĸŜŅħńĭ 

 

 

 
 

Ĕ,ĲŅĚĕƟŅĺ 
ĶŌĮĪňŗȮ4,1 ŐĽħĚĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 
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ŏĽƟĬĪŉĭŐĽħĚĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇŏĪňĵĭĔńĭŏĺĸŅŒĬĔŅĶĪŀĶňœĲĶƢĕŀĚĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĪňŗœħƟ

ěŅĔĔŅĶĪħĸŀĚŐĸŃŏĽƟĬĮĶŃŐĽħĚįĸĔŅĶĪŜŅĬŅĵěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬȮŀńĨĶŅĔŅĶŒľƟ

ėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĽŅĴŅĶĩľŅœħƟěŅĔėĺŅĴĝńĬĕŀĚ

ĔĶŅĲėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀŋĦľĳŌĴŇĔńĭŏĺĸŅ 

 

 

 
 

ĕ,ȮĞńĚĕƟŅĺőıħ 
ĶŌĮĪňŗȮ4,1 ŐĽħĚĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮ&Ĩƞŀ' 

 

ŒĬĔĶĦňĕŀĚĲŅĚĕƟŅĺıĭĺƞŅȮŒĬĝƞĺĚŀŋƞĬĶƟŀĬŀŋĦľĳŌĴŇĕŀĚĲŅĚĕƟŅĺŒĬŏĨŅĮĢŇĔĶĦƢěŃŏıŇŗĴĕŉŘĬŀĵƞŅĚ

ĶĺħŏĶŖĺŏĮƦĬŏĝŇĚŏĽƟĬȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĴňėƞŅȮ3,09, 3,76, 4,14 ŐĸŃȮ

4,79 K-min ŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬĴňėƞŅȮ
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3,78, 4,14, 4,49 ŐĸŃȮ4,85 K-minȮĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬȮ623,15, 648,15,Ȯ673,15ȮŐĸŃȮ

698,15 K ĨŅĴĸŜŅħńĭȮľĸńĚěŅĔĬńŘĬŒĬĝƞĺĚĪŜŅĶŃŏľĵŀŋĦľĳŌĴŇĕŀĚĲŅĚĕƟŅĺŒĬŏĨŅĮĢŇĔĶĦƢěŃŏıŇŗĴĕŉŘĬŀĵƞŅĚ

ĝƟŅŕŐĭĭœĴƞŏĮƦĬŏĝŇĚŏĽƟĬȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸŏĜĸňŗĵĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĴňėƞŅȮ1,88, 2,23, 

2,49 ŐĸŃȮ3,43 K-min ŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸŏĜĸňŗĵĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗ

ĽĶƟŅĚĕŉŘĬĴňėƞŅȮ1,69, 1,93, 2,19 ŐĸŃȮ2,47 K-minȮĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬȮ623,15, 648,15,Ȯ

673,15 ŐĸŃȮ698,15 K ĨŅĴĸŜŅħńĭȮěŃŏľŖĬœħƟĺƞŅȮĸńĔļĦŃĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇĕŀĚĲŅĚĕƟŅĺĳŅĵŒĬ

ŏĨŅĮĢŇĔĶĦƢĪňŗŏĺĸŅŒħŕĴňėĺŅĴĽŀħėĸƟŀĚĔńĭįĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚ 

ȮȮȮȮȮȮȮȮ ŒĬĔĶĦňĕŀĚĞńĚĕƟŅĺőıħıĭĺƞŅȮŒĬĝƞĺĚŀŋƞĬĶƟŀĬŀŋĦľĳŌĴŇĕŀĚĞńĚĕƟŅĺőıħŒĬŏĨŅĮĢŇĔĶĦƢěŃŏıŇŗĴĕŉŘĬ

ŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬŏĝŇĚŏĽƟĬŏĝƞĬŏħňĵĺĔńĭĪňŗıĭŒĬĲŅĚĕƟŅĺȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗœħƟěŅĔĔŅĶ

ĪħĸŀĚĴňėƞŅȮ2,05, 2,47, 2,55 ŐĸŃȮ2,91ȮK-minȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗœħƟěŅĔ

ŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬĴňėƞŅȮ2,09, 2,30, 2,51 ŐĸŃȮ2,71 K-minȮĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻ

ĶƟŀĬȮ623,15, 648,15,Ȯ673,15 ŐĸŃȮ698,15 K ĨŅĴĸŜŅħńĭȮľĸńĚěŅĔĬńŘĬŒĬĝƞĺĚĪŜŅĶŃŏľĵŀŋĦľĳŌĴŇĕŀĚ

ĞńĚĕƟŅĺőıħŒĬŏĨŅĮĢŇĔĶĦƢěŃŏıŇŗĴĕŉŘĬĝƟŅŕŀĵƞŅĚœĴƞėĚĪňŗȮŏĴŊŗŀıŇěŅĶĦŅėĺŅĴĝńĬŏĜĸňŗĵŒĬĝƞĺĚĬňŘěŃıĭĺƞŅĴň

ėĺŅĴĝńĬĪňŗŐĨĔĨƞŅĚĔńĬȮěŃıĭėĺŅĴĝńĬĪňŗĴňėƞŅĬƟŀĵŕȮ&0,59, 0,50, 0,76ȮŐĸŃȮ0,94ȮK-min ěŅĔĔŅĶ

ĪħĸŀĚŐĸŃȮ0,86,Ȯ0,99, 1,09ȮŐĸŃȮ1,28ȮK-min ěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬȮĪňŗŀŋĦľĳŌĴŇ

ĕŀĚŀŅĔŅĻĶƟŀĬȮ623,15, 648,15,Ȯ673,15 ŐĸŃȮ698,15 K ĨŅĴĸŜŅħńĭ'ȮľĸńĚěŅĔĬńŘĬėĺŅĴĝńĬěŃĴňėƞŅ

ŏıŇŗĴĕŉŘĬŀĵƞŅĚĶĺħŏĶŖĺȮ&1,44, 1,55, 2,24ȮŐĸŃȮ3,03ȮK-min ěŅĔĔŅĶĪħĸŀĚŐĸŃȮ1,04, 1,19, 1,33Ȯ

ŐĸŃȮȮȮȮȮȮȮȮȮȮȮȮ1,47ȮK-min ŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬȮĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬȮ623,15, 

648,15,Ȯ673,15 ŐĸŃȮ698,15 K ĨŅĴĸŜŅħńĭ'ȮěŃŏľŖĬœħƟĺƞŅȮŒĬĝƞĺĚŀŋƞĬĶƟŀĬĔŅĶĪŜŅĬŅĵŀŋĦľĳŌĴŇĕŀĚĞńĚ

ĕƟŅĺőıħĳŅĵŒĬȮȮŏĨŅĮĢŇĔĶĦƢĪňŗŏĺĸŅŒħŕĽŀħėĸƟŀĚĔńĭĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚŐĸŃŒĬĝƞĺĚĪŜŅĶŃŏľĵ

ĔŅĶĪŜŅĬŅĵŀŋĦľĳŌĴŇĕŀĚĞńĚĕƟŅĺőıħĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪňŗŏĺĸŅŒħŕěŃĽŌĚĔĺƞŅĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚ

ŏĸŖĔĬƟŀĵ 

ȮȮȮȮȮȮȮȮ ěŃŏľŖĬœħƟĺƞŅȮĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇĕŀĚĲŅĚĕƟŅĺŏĪňĵĭĔńĭŏĺĸŅĴňŐĬĺőĬƟĴĽŀħėĸƟŀĚĔńĭ

ĚŅĬĺŇěńĵĪňŗıĭŒĬĔĶĦňĕŀĚĔŅĶħŜŅŏĬŇĬĔŅĶĪŀĶňœĲĶƢĝňĺĴĺĸįƞŅĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪĶĚĔĶŃĭŀĔ

ŐĭĭŏĭħĬŇŗĚŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮY/0[,ȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħœĴőėĶŏĺĲŒĬĶŃħńĭ

ľƟŀĚĮĢŇĭńĨŇĔŅĶȮY4, 00[ȮŐĸŃŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħőĶĨŅĶňŗėĸŇĬŒĬĶŃħńĭĔŉŗĚŀŋĨĽŅľĔĶĶĴȮY2.[ȮĬńŗĬ

ėŊŀȮěŃıĭĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇĪňŗĝńħŏěĬŏıňĵĚĽŀĚĝƞĺĚȮŐĨƞıĭĺƞŅŐĨĔĨƞŅĚěŅĔĶŅĵĚŅĬĕŀĚȮȮȮBasu 
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ŐĸŃėĦŃȮY6[ȮĪňŗœħƟŀīŇĭŅĵĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬĝňĺĴĺĸįƞŅĬĔŅĶĪŀĶňŐĲėĝńŗĬŐĭƞĚŀŀĔŏĮƦĬĽŅĴĝƞĺĚ

ėŊŀĔŅĶŒľƟėĺŅĴĶƟŀĬȮ&Heating', ĔŅĶĪŜŅŐľƟĚȮ&Drying'ȮŐĸŃľĸńĚĔŅĶĪŜŅŐľƟĚȮ&Postdrying'ȮŀĵƞŅĚœĶĔŖħňȮ

ĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗĶŅĵĚŅĬőħĵȮBasu ŐĸŃėĦŃȮY6[ȮĴňėĺŅĴĽŀħėĸƟŀĚĔńĭĪňŗıĭŒĬĞńĚĕƟŅĺőıħȮ

ĬńŗĬėŊŀȮěŃıĭĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇĽŅĴĝƞĺĚȮŐĭĭěŜŅĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬĝňŘŒľƟŏľŖĬĺƞŅȮ

ĽŅŏľĨŋĪňŗıĭĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇĪňŗŐĨĔĨƞŅĚĔńĬĕŀĚĝňĺĴĺĸĪńŘĚĽŀĚĝĬŇħĬňŘŏĮƦĬįĸĴŅěŅĔėĺŅĴ

ŐĨĔĨƞŅĚĕŀĚĔŅĶĽŌĠŏĽňĵėĺŅĴĶƟŀĬŀŀĔěŅĔĝňĺĴĺĸŏĬŊŗŀĚěŅĔĔŅĶĶŃŏľĵĕŀĚĬŘŜŅŒĬĝňĺĴĺĸĪńŘĚĽŀĚȮ

ŒĬĕĦŃĪňŗĵńĚœĴƞĴňĔŅĶĶŃŏľĵĬŘŜŅȮėĺŅĴĶƟŀĬŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŃĩƞŅĵŏĪĽŌƞȮȮ

ĝňĺĴĺĸĪŜŅŒľƟŀŋĦľĳŌĴŇĽŌĚĕŉŘĬŀĵƞŅĚĶĺħŏĶŖĺȮŏĴŊŗŀŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸĴňėƞŅĽŌĚĕŉŘĬěĬĪŜŅŒľƟĬŘŜŅĶŃŏľĵŀŀĔěŅĔ

ĝňĺĴĺĸěŃŏĔŇħĔŅĶħŉĚėĺŅĴĶƟŀĬŀŀĔěŅĔĝňĺĴĺĸŒĬĶŌĮĕŀĚėĺŅĴĶƟŀĬŐİĚěŅĔĔŅĶĶŃŏľĵĕŀĚĬŘŜŅȮĽŇŗĚĬňŘ

ĕńħĕĺŅĚĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸȮħńĚĬńŘĬȮľŅĔĔŅĶĶŃŏľĵĬŘŜŅĴňėƞŅĴŅĔěĬėĺŅĴĶƟŀĬŒĬĝňĺĴĺĸĩŌĔħŉĚœĮ

ŒĝƟŒĬĔŅĶĶŃŏľĵĬŘŜŅěĬľĴħȮěŃœĴƞıĭĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŀŋĦľĳŌĴŇĝňĺĴĺĸȮĶŌĮĪňŗȮ4,2 ŐĽħĚŀńĨĶŅĔŅĶĶŃŏľĵ

ĬŘŜŅŒĬĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħěŅĔŐĭĭěŜŅĸŀĚĔŅĶĶŃŏľĵĬŘŜŅĕŀĚȮPage ŐĸŃėĦŃY16[ȮȮěŃıĭĺƞŅȮȮȮȮȮȮȮ

ĞńĚĕƟŅĺőıħĴňĔŅĶĶŃŏľĵĬŘŜŅĴŅĔĔĺƞŅĲŅĚĕƟŅĺőħĵŏĜĸňŗĵȮ4,34 ŏĪƞŅŐĸŃĴňĶŃĵŃŏĺĸŅŒĬĔŅĶĶŃŏľĵĬŘŜŅĪňŗĵŅĺ

ĔĺƞŅȮħńĚĬńŘĬȮěŉĚıĭĝƞĺĚŏĺĸŅĪňŗŀŋĦľĳŌĴŇĞńĚĕƟŅĺőıħŏıŇŗĴĕŉŘĬŒĬŀńĨĶŅĬƟŀĵĴŅĔȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĝƞĺĚȮȮȮȮȮȮȮ

ĔŅĶĪŜŅŐľƟĚĪňŗŀīŇĭŅĵőħĵȮBasuȮŐĸŃėĦŃȮY6[ȮŐĸŃœĴƞıĭĸńĔļĦŃŏĝƞĬĬňŘŒĬĲŅĚĕƟŅĺ 

ȮȮȮȮȮȮȮȮ ŐĴƟĺƞŅŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬěŃĽŅĴŅĶĩĪŜŅĬŅĵĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚȮȮȮ

ŏĨŅĮĢŇĔĶĦƢœħƟėƞŀĬĕƟŅĚěŃĽŀħėĸƟŀĚĔńĭĕƟŀĴŌĸĔŅĶĪħĸŀĚȮŐĨƞěŃıĭĺƞŅĔŅĶĪŜŅĬŅĵŒĬĝƞĺĚĪŜŅĶŃŏľĵĵńĚĴň

ėĺŅĴėĸŅħŏėĸŊŗŀĬŀĵŌƞȮėĺŅĴėĸŅħŏėĸŊŗŀĬĬňŘŏĔŇħěŅĔėĺŅĴĕŅħŐėĸĬŐĭĭěŜŅĸŀĚĪňŗŒĝƟŒĬĔŅĶĪŜŅĬŅĵȮȮ

ĔŅĶĶŃŏľĵĬŘŜŅŀŀĔěŅĔĝňĺĴĺĸȮĝňĺĴĺĸŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŃŏĶňĵĚĨńĺŒĬ

ĸńĔļĦŃŏĮƦĬĝńŘĬľĬŅŐĸŃŏĶňĵĚĨńĺĔńĬŐĬƞĬȮĔŅĶěńħŏĶňĵĚĨńĺŐĭĭĬňŘŐĨĔĨƞŅĚĔńĭĔŅĶŏĶňĵĚĨńĺŒĬĶŅĵĚŅĬĕŀĚȮ

Page ŐĸŃėĦŃȮY16[ȮĞŉŗĚœħƟħŜŅŏĬŇĬĔŅĶĪħĸŀĚőħĵĺŅĚĝňĺĴĺĸĭĬĩŅħĔĸĴĕĬŅħŏĸŖĔįƞŅĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ŏėĶŊŗŀĚȮThermogravimetrical analyzer ŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮěŉĚĽƞĚįĸŒľƟŐĭĭěŜŅĸŀĚĴňȮ

ėĺŅĴėĸŅħŏėĸŊŗŀĬŀĵŌƞĭƟŅĚȮĔŅĶĻŉĔļŅŏıŇŗĴŏĨŇĴŏıŊŗŀĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢŏıŊŗŀŒĝƟĽŜŅľĶńĭȮȮȮȮȮȮȮȮȮ

ĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĝňĺĴĺĸŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŉĚėĺĶŏĮƦĬĮĶŃŏħŖĬĪňŗėĺĶ

ħŜŅŏĬŇĬĔŅĶĨƞŀœĮȮŀĵƞŅĚœĶĔŖħňěŃıĭĺƞŅȮŐĭĭěŜŅĸŀĚĔŅĶĶŃŏľĵĬŘŜŅĕŀĚȮPage ŐĸŃėĦŃȮY16[ȮĵńĚŒľƟȮȮȮȮȮȮ

įĸĔŅĶĪŜŅĬŅĵĪňŗĬƞŅıŀŒě 
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ĶŌĮĪňŗȮ4,2ȮŐĽħĚŀńĨĶŅĔŅĶĶŃŏľĵĬŘŜŅŒĬĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħěŅĔ 
ŐĭĭěŜŅĸŀĚĔŅĶĶŃŏľĵĬŘŜŅĕŀĚȮPage ŐĸŃėĦŃȮY16[ 

 

ȮȮȮȮȮȮȮȮ ĶŌĮĪňŗȮ4,3ȮŐĽħĚįĸĔŅĶĪŜŅĬŅĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬ

ĝĬŇħŏĪŀĶƢőĴœĞĲŀĬőħĵŒĝƟŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬŒĬĔĶĦňĕŀĚĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħȮȮȮ

ŐĔĬĬŀĬŐĽħĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚŐĸŃŐĔĬĨńŘĚŐĽħĚŀńĨĶŅĔŅĶŒľƟ

ėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬȮ&K-min'ȮĪńŘĚŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃ

ĪŜŅĶŃŏľĵȮĔŜŅľĬħŒľƟĺĚĔĸĴėŊŀĶŃĵŃŀŋƞĬĶƟŀĬȮĽňŗŏľĸňŗĵĴėŊŀĶŃĵŃĪŜŅĶŃŏľĵȮěŋħĪŉĭėŊŀĲŅĚĕƟŅĺȮěŋħőĮĶƞĚ

ŐĽĚėŊŀĞńĚĕƟŅĺőıħŐĸŃĕĬŅħĕŀĚĽńĠĸńĔļĦƢėŊŀŀŋĦľĳŌĴŇĕŀĚŐľĸƞĚŒľƟėĺŅĴĶƟŀĬěŅĔĨŗŜŅœĮĽŌĚ 
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ĶŌĮĪňŗȮ4,3ȮŐĽħĚįĸĔŅĶĪŜŅĬŅĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 

ȮȮȮȮȮȮȮȮ ěŅĔĶŌĮěŃıĭĺƞŅȮĔŅĶĪŜŅĬŅĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬ

ĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĴňėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬȮAbsolute average error ŐĸŃȮAbsolute bias errorȮ

ŏĪƞŅĔńĭȮ±8,98Ȯ#ȮŐĸŃȮ1,38Ȯ#ȮĨŅĴĸŜŅħńĭŏĴŊŗŀŏĪňĵĭĔńĭįĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚȮŏĴŊŗŀıŇěŅĶĦŅĕƟŀĴŌĸŒĬ

ĶŃĵŃŀŋƞĬĶƟŀĬȮįĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬĴňėĺŅĴŏĕƟŅĔńĬœħƟħňĔńĭįĸĪňŗœħƟěŅĔȮȮȮȮȮȮȮȮ

ĔŅĶĪħĸŀĚȮĽƞĺĬŒĬĶŃĵŃĪŜŅĶŃŏľĵįĸĔŅĶĪŜŅĬŅĵěŃĽŅĴŅĶĩıĭœħƟĪńŘĚėƞŅĪňŗĽŌĚĔĺƞŅŐĸŃĨŗŜŅĔĺƞŅįĸĪňŗœħƟ

ěŅĔĔŅĶĪħĸŀĚȮŀŅěěŃŏĮƦĬœĮœħƟĺƞŅȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĬƞŅěŃĕŉŘĬŀĵŌƞĔńĭıķĨŇĔĶĶĴȮȮȮȮȮȮȮȮȮȮȮ

ĔŅĶĶŃŏľĵĬŘŜŅĕŀĚĝňĺĴĺĸȮŏĴŊŗŀıŇěŅĶĦŅŀńĨĶŅĔŅĶĶŃŏľĵĬŘŜŅĕŀĚĲŅĚĕƟŅĺĪňŗĴňĔŅĶĶŃŏľĵĬŘŜŅŀĵƞŅĚĝƟŅŕěŃ

ŒľƟįĸĔŅĶĪŜŅĬŅĵĨŗŜŅĔĺƞŅįĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚȮ&Under prediction'ȮŐĸŃŀńĨĶŅĔŅĶĶŃŏľĵĬŘŜŅĕŀĚȮȮȮ

ĞńĚĕƟŅĺőıħĪňŗĴňĔŅĶĶŃŏľĵĬŘŜŅĪňŗėƞŀĬĕƟŅĚĶĺħŏĶŖĺěŃŒľƟįĸĔŅĶĪŜŅĬŅĵĪňŗĽŌĚĔĺƞŅȮ&Over prediction'ȮĪńŘĚĬňŘȮ

ŀŅěěŃıĭįĸĔŅĶĪŜŅĬŅĵĪňŗĴňĸńĔļĦŃŏħňĵĺĔńĬŒĬĝňĺĴĺĸĝĬŇħŀŊŗĬŕĪňŗĴňıķĨŇĔĶĶĴĕŀĚĔŅĶĶŃŏľĵĬŘŜŅĪňŗ
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in'

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬěŅĔĔŅĶĪħĸŀĚ
&K/min'

RiceP1T350

RiceP1T375

RiceP1T400

RiceP1T425

RiceP2T350

RiceP2T375

RiceP2T400

RiceP2T425

CornP1T350

CornP1T375

CornP1T400

CornP1T425

CornP2T350

CornP2T375

CornP2T400

CornP2T425

45 degree

AAE ;Ȯ±8,98Ȯ# 

ABE ;ȮȮȮ1,38Ȯ# 
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ȮȮȮȮȮȮȮȮ ħńĚĬńŘĬĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħȮȮȮȮȮȮȮ

ŏĪŀĶƢőĴœĞĲŀĬěŃĮĶŃĔŀĭħƟĺĵĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬĽŀĚĝƞĺĚėŊŀĔŅĶŒľƟėĺŅĴĶƟŀĬŐĸŃĔŅĶĪŜŅĶŃŏľĵȮ

ŒĬĔĶĦňĕŀĚĲŅĚĕƟŅĺěŃĴňĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗĝńħŏěĬĽŀĚĝƞĺĚŐĸŃŒĬĔĶĦňĕŀĚĞńĚĕƟŅĺőıħěŃĴň

ĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬĽŅĴĝƞĺĚȮĞŉŗĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬœħƟĝňŘŒľƟŏľŖĬĺƞŅĽŅŏľĨŋĕŀĚ

ĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸĪńŘĚĽŀĚĝĬŇħĪňŗŐĨĔĨƞŅĚĔńĬŏĮƦĬįĸĴŅěŅĔĸńĔļĦŃĔŅĶĶŃŏľĵĬŘŜŅĪňŗ

ŐĨĔĨƞŅĚĔńĬĬńŗĬŏŀĚŐĸŃŏĶŅĽŅĴŅĶĩĮĶŃŏĴŇĬėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸőħĵ

ŒĝƟŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬıĭĺƞŅįĸĕŀĚĔŅĶĪŜŅĬŅĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢ

ĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŀĵŌƞŒĬĝƞĺĚėĺŅĴėĸŅħŏėĸŊŗŀĬȮAbsolute average error ŐĸŃȮ

Absolute bias errorȮŏĪƞŅĔńĭȮ±8,98Ȯ#ȮŐĸŃȮ1,38Ȯ#ȮĨŅĴĸŜŅħńĭȮĪńŘĚĬňŘȮįĸĔŅĶĪŜŅĬŅĵěŃĕŉŘĬŀĵŌƞĔńĭ

ŀńĨĶŅĔŅĶĶŃŏľĵĬŘŜŅĕŀĚĝňĺĴĺĸħƟĺĵ 

 

4,2ȮįĸĕŀĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵĕŀĚĪƞŀėĺŅĴĶƟŀĬĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴ
ĶƟŀĬŐĔƞĝňĺĴĺĸ 
 

ŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŀŅĻńĵĔĸœĔĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀȮȮȮȮȮ

ėĺŅĴĶƟŀĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮőħĵėĺŅĴĶƟŀĬěŅĔŐľĸƞĚŒľƟėĺŅĴĶƟŀĬěŃŏĕƟŅĽŌƞĪƞŀŏĪŀĶƢőĴœĞĲŀĬĪňŗĽƞĺĬ

ĪŜŅĶŃŏľĵȮ&Evaporator section'ȮĞŉŗĚĨŇħĨńŘĚŀĵŌƞŒĬĽƞĺĬŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢȮěŅĔĬńŘĬėĺŅĴĶƟŀĬ

ěŃĪŜŅŒľƟĽŅĶĪŜŅĚŅĬĳŅĵŒĬĪƞėĺŅĴĶƟŀĬŏĮĸňŗĵĬĽĩŅĬŃĔĸŅĵŏĮƦĬœŀŐĸŃœľĸœĮĵńĚĽƞĺĬėĺĭŐĬƞĬȮ

&Condenser section'ȮěŅĔĬńŘĬœŀěŃŏĔŇħĔŅĶėĺĭŐĬƞĬŐĸŃĩƞŅĵŏĪėĺŅĴĶƟŀĬœĮĵńĚĝňĺĴĺĸĪňŗŀĵŌƞĶŀĭŕ

ĕŀĚıŊŘĬįŇĺĕŀĚĽƞĺĬėĺĭŐĬƞĬȮėĺŅĴĶƟŀĬĬňŘĪŜŅŒľƟŀŋĦľĳŌĴŇĝňĺĴĺĸĽŌĚĕŉŘĬŏĮƦĬįĸŒľƟŏĔŇħĝƞĺĚŀŋƞĬĶƟŀĬŐĸŃĝƞĺĚ

ĪŜŅĶŃŏľĵĨŅĴĸŜŅħńĭȮěŃŏľŖĬœħƟĺƞŅȮėĺŅĴĶƟŀĬĪňŗŏĕƟŅĽŌƞŏĨŅĮĢŇĔĶĦƢěŃĕŉŘĬŀĵŌƞĔńĭĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗ

ĽŅĴŅĶĩĩƞŅĵŏĪŏĕƟŅĽŌƞĽƞĺĬĪŜŅĶŃŏľĵĕŀĚĪƞŀėĺŅĴĶƟŀĬľĶŊŀŀňĔĬńĵľĬŉŗĚėŊŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬ

ĪŜŅĶŃŏľĵĕŀĚĪƞŀėĺŅĴĶƟŀĬěŃŏĮƦĬĨńĺŐĮĶĪňŗĽŜŅėńĠŒĬĔŅĶĔŜŅľĬħŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸ 
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Ĕ,ȮȮĶŃĵŃŀŋƞĬĶƟŀĬ 

 
ĕ,ȮȮȮĶŃĵŃĪŜŅĶŃŏľĵ 

ĶŌĮĪňŗ 4,4 ŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵĕŀĚĪƞŀėĺŅĴĶƟŀĬŐĸŃ 

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623,15 K 
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Ĕ. ĶŃĵŃŀŋƞĬĶƟŀĬ 

 

 
ĕ,ȮȮȮĶŃĵŃĪŜŅĶŃŏľĵ 

ĶŌĮĪňŗȮ4,5ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵĕŀĚĪƞŀėĺŅĴĶƟŀĬŐĸŃ 

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673,15 K 
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ĶŌĮĪňŗȮ4,4ȮŐĸŃ 4,5ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵĕŀĚĪƞŀȮȮȮ

ėĺŅĴĶƟŀĬŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻ

ĶƟŀĬȮ623,15 K ŐĸŃȮ673,15 KȮĨŅĴĸŜŅħńĭȮĔŜŅľĬħŒľƟŏĽƟĬĮĶŃėŊŀĲŅĚĕƟŅĺŐĸŃŏĽƟĬĪŉĭėŊŀĞńĚĕƟŅĺőıħȮ

ěŅĔĶŌĮıĭĺƞŅŏĴŊŗŀėƞŅėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ0,5 K-W ŏĮƦĬȮ3,0 K-WȮȮĪňŗŀŋĦľĳŌĴŇ

ŀŅĔŅĻĶƟŀĬȮ623,15 KȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺěŅĔȮ6,85ȮK-min ŏĮƦĬȮ

3,78ȮK-min &ĲŅĚĕƟŅĺ'ȮŐĸŃĸħĸĚěŅĔȮ4,73ȮK-min ŏĮƦĬȮ2,09ȮK-min &ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃ

ŀŋƞĬĶƟŀĬŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺěŅĔȮ3,43ȮK-min ŏĮƦĬȮ         

1,69ȮK-min &ĲŅĚĕƟŅĺ'ȮŐĸŃĸħĸĚěŅĔȮ2,49ȮK-min ŏĮƦĬȮ0,99ȮK-min &ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃ

ĪŜŅĶŃŏľĵȮ&ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673,15 KȮĴňėƞŅĸħĸĚěŅĔȮ8,10 K-min ŏĮƦĬȮ4,49 K-minȮ&ĲŅĚĕƟŅĺ'Ȯ

ŐĸŃĸħĸĚěŅĔȮ5,60 K-minȮŏĮƦĬȮ2,51 K-minȮ&ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĴňėƞŅĸħĸĚ

ěŅĔȮ4,61 K-minȮŏĮƦĬȮ2,19 K-minȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃĸħĸĚěŅĔȮ3,36ȮK-minȮŏĮƦĬȮ1,18ȮK-minȮȮȮȮȮȮȮ

&ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃĪŜŅĶŃŏľĵ'ȮŏĴŊŗŀıŇěŅĶĦŅŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚŀńĨĶŅĔŅĶŒľƟ

ėĺŅĴĶƟŀĬŏĪňĵĭĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬěŃıĭĺƞŅȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ  

623,15 K ĴňėƞŅȮ1,211ȮW-min Ȯ&ĲŅĚĕƟŅĺ'ȮŐĸŃȮ1,030 W-min &ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃŀŋƞĬĶƟŀĬ

ŐĸŃĴňėƞŅȮ0,681ȮW-min &ĲŅĚĕƟŅĺ'ȮŐĸŃȮ0,574 W-min &ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃĪŜŅĶŃŏľĵȮ&Īňŗ

ŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673,15 KȮĴňėƞŅȮ1,419 W-minȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃȮ1,201 W-minȮ&ĞńĚĕƟŅĺőıħ'Ȯ

ĽŜŅľĶńĭŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĴňėƞŅȮ0,959 W-minȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃȮ0,827 W-minȮ&ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭ

ŒĬĶŃĵŃĪŜŅĶŃŏľĵ'ȮŏĴŊŗŀėƞŅėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ3,5 K-W ŏĮƦĬȮ10,0 K-WȮĪňŗ

ŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623,15 KȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚėƞŀĬĕƟŅĚŏĮƦĬŏĝŇĚŏĽƟĬěŅĔȮ

3,46ȮK-min ŏĮƦĬȮ1,53ȮK-min &ĲŅĚĕƟŅĺ'ȮŐĸŃĸħĸĚěŅĔȮ1,86ȮK-min ŏĮƦĬȮ0,71ȮK-min &ĞńĚ

ĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚěŅĔȮ1,54ȮK-min 

ŏĮƦĬȮ     0,81ȮK-min &ĲŅĚĕƟŅĺ'ȮŐĸŃĸħĸĚěŅĔȮ0,89ȮK-min ŏĮƦĬȮ0,44ȮK-min &ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭ

ŒĬĶŃĵŃĪŜŅĶŃŏľĵȮ&ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673,15 KȮĴňėƞŅĸħĸĚěŅĔȮ4,12 K-min ŏĮƦĬȮ1,89 K-min 

&ĲŅĚĕƟŅĺ'ȮŐĸŃĸħĸĚěŅĔȮ2,25ȮK-min ŏĮƦĬȮ0,89ȮK-min &ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĴň

ėƞŅĸħĸĚěŅĔȮ1,99ȮK-min ŏĮƦĬȮ0,98ȮK-min &ĲŅĚĕƟŅĺ'ȮŐĸŃȮ1,13ȮK-min ŏĮƦĬȮ0,53ȮK-min &ĞńĚ

ĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃĪŜŅĶŃŏľĵ'ȮŏĴŊŗŀıŇěŅĶĦŅŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴ

ĶƟŀĬŏĪňĵĭĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬěŃıĭĺƞŅȮĴňėƞŅȮ0,291ȮW-minȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃȮȮȮȮȮȮȮȮȮ
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0,172ȮW-minȮ&ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĴňėƞŅȮ0,377ȮW-minȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃȮ    

0,067ȮW-minȮ&ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃĪŜŅĶŃŏľĵȮ&ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673,15 KȮĴňėƞŅȮ   

0,338ȮW-minȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃȮ0,204ȮW-minȮ&ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĴňėƞŅȮȮȮȮȮȮ

0,151ȮW-minȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃȮ0,087ȮW-minȮ&ĞńĚĕƟŅĺőıħ'ȮĽŜŅľĶńĭŒĬĶŃĵŃĪŜŅĶŃŏľĵ'ȮěŃŏľŖĬœħƟ

ĝńħŏěĬĺƞŅȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴĨƟŅĬĪŅĬ

ėĺŅĴĶƟŀĬŏĴŊŗŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅĬƟŀĵŕȮ&0,5 ĩŉĚ 3,0 K-W'ȮŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞȮ

ĝňĺĴĺĸěŃĸħĸĚŀĵƞŅĚĝƟŅŕŏĮƦĬŏĝŇĚŏĽƟĬŏĴŊŗŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅĴŅĔȮ&3,5 ĩŉĚȮ10,0 K-W'Ȯ

ŐĬĺőĬƟĴĕŀĚĔŅĶŏĮĸňŗĵĬŐĮĸĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸŒĬĸńĔļĦŃĬňŘŒľƟįĸĪňŗėĸƟŅĵėĸŉĚĔńĬĔńĭ

ĚŅĬĺŇěńĵĪňŗĪŜŅĔŅĶĻŉĔļŅőħĵŒĝƟĪƞŀŏĪŀĶƢőĴœĞĲŀĬŒĬĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶĪňŗ

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬěŅĔȮ0,02 ů 0,09 K-W ěŃĴňŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬŀĵŌƞŒĬĝƞĺĚĪňŗĸħĸĚěŅĔȮ

150 ŏĮƦĬȮ50 WȮĨŅĴĸŜŅħńĭȮY2/, 20[ȮěŅĔŐĭĭěŜŅĸŀĚĔŅĶĪŜŅĬŅĵĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬȮESDU 81038 

[43]ȮěŃıĭĺƞŅŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬěŃŏĮƦĬĽńħĽƞĺĬįĔįńĬĔńĭȮȮėĺŅĴ

ĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴȮ&Inverse variation'ȮħńĚĬńŘĬȮŏĴŊŗŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬŏıŇŗĴĕŉŘĬěŃĽƞĚįĸŒľƟ

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŒĬĝƞĺĚĕŀĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĴňėƞŅ

ĬƟŀĵŕŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃĸħĸĚŀĵƞŅĚĝƟŅŕŒĬĝƞĺĚĕŀĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĴň

ėƞŅĴŅĔŕȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵěŃĽƞĚįĸŒľƟėĺŅĴ

ĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴŏıŇŗĴĕŉŘĬȮŐĨƞėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬŐĸŃȮȮȮȮȮȮėĺŅĴ

ĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬėĺĭŐĬƞĬěŃĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĬƟŀĵĴŅĔħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,7 ŐĸŃŏĴŊŗŀ

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴŏıŇŗĴĕŉŘĬěŃĽƞĚįĸŒľƟėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬŐĸŃ

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬėĺĭŐĬƞĬŏĮĸňŗĵĬŐĮĸĚœĮŀĵƞŅĚĬƟŀĵĴŅĔħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,8ȮĪńŘĚŒĬĶŃĵŃ

ŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵĨŅĴĸŜŅħńĭȮĽŅĴŅĶĩŏľŖĬœħƟŀĵƞŅĚĝńħŏěĬĺƞŅȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴěŃ

ĕŉŘĬŀĵŌƞĔńĭėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵĴŅĔĔĺƞŅėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞ

ĲŀĬŐĸŃėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬėĺĭŐĬƞĬĬńŗĬŏŀĚȮŏĴŊŗŀıŇěŅĶĦŅŒĬŐĚƞĕŀĚĔŅĶėĺĭėŋĴŏĨŅ

ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŃıĭĺƞŅȮĴňĽŀĚĮƤěěńĵŒĬĔŅĶĔŜŅľĬħėƞŅĕŀĚėĺŅĴĨƟŅĬĪŅĬ

ėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵȮœħƟŐĔƞȮėĺŅĴŏĶŖĺĕŀĚĔƠŅĞĶƟŀĬěŅĔĔŅĶŏįŅœľĴƟŏĝŊŘŀŏıĸŇĚŐĸŃĔŅĶŏĔŇħĨŃĔĶńĬĪňŗ

įŇĺĪƞŀŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬȮĮƤěěńĵĪńŘĚĽŀĚĬňŘěŃŏĮĸňŗĵĬŐĮĸĚœĮĨŅĴĝĬŇħĕŀĚŏĝŊŘŀŏıĸŇĚĪňŗĬŜŅĴŅŒĝƟŏĮƦĬ

ŐľĸƞĚŒľƟėĺŅĴĶƟŀĬȮħńĚĬńŘĬȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪňŗŀŀĔŐĭĭŒľƟėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬŏĶŇŗĴĨƟĬĴňėƞŅ
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ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵ(K/W)

ĲŅĚĕƟŅĺȮ401,/3ȮK 10 min

ĲŅĚĕƟŅĺȮ451,/3K 10 min

ĞńĚĕƟŅĺőıħȮ401,/3ȮK 10 min

ĞńĚĕƟŅĺőıħȮ451,/3ȮK 10 min

ĲŅĚĕƟŅĺȮ401,/3ȮK 5 min

ĲŅĚĕƟŅĺȮ451,/3ȮK 5 min

ĞńĚĕƟŅĺőıħȮ401,/3ȮK 5 min

ĞńĚĕƟŅĺőıħȮ451,/3ȮK 5 min
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ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵ(K/W)

ĲŅĚĕƟŅĺȮ401,/3ȮK 40 min
ĲŅĚĕƟŅĺȮ451,/3ȮK 40 min
ĞńĚĕƟŅĺőıħȮ401,/3ȮK 40 min
ĞńĚĕƟŅĺőıħȮ451,/3ȮK 40 min
ĲŅĚĕƟŅĺȮ401,/3ȮK 20 min
ĲŅĚĕƟŅĺȮ451,/3ȮK 20 min

ĬƟŀĵŏĴŊŗŀĨƟŀĚĔŅĶŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗĽŌĚĔŖĴňėĺŅĴěŜŅŏĮƦĬĪňŗěŃĨƟŀĚėĺĭėŋĴĝĬŇħĕŀĚŏĝŊŘŀŏıĸŇĚŐĸŃ

ľĴńŗĬĪŜŅėĺŅĴĽŃŀŅħėĶŅĭĨŃĔĶńĬŀŀĔěŅĔĽƞĺĬĪŜŅĶŃŏľĵĕŀĚĪƞŀėĺŅĴĶƟŀĬ 

 

 

 

 

 

 

 

 

 

 

Ĕ. ĶŃĵŃŀŋƞĬĶƟŀĬ 
 

 

 

 

 

 

 

 

 

 

 

ĕ. ĶŃĵŃĪŜŅĶŃŏľĵ 
ĶŌĮĪňŗȮ4,6ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵŐĸŃ 

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴȮ 
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)

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵ(K/W)

ĲŅĚĕƟŅĺȮ401,/3ȮK 40 min
ĲŅĚĕƟŅĺȮ451,/3ȮK 40 min
ĞńĚĕƟŅĺőıħȮ401,/3ȮK 40 min
ĞńĚĕƟŅĺőıħȮ451,/3ȮK 40 min
ĲŅĚĕƟŅĺȮ401,/3ȮK 20 min
ĲŅĚĕƟŅĺȮ451,/3ȮK 20 min
ĞńĚĕƟŅĺőıħȮ401,/3ȮK 20 min
ĞńĚĕƟŅĺőıħȮ451,/3ȮK 20 min

 
Ĕ. ĶŃĵŃŀŋƞĬĶƟŀĬ 

 
 
 
 
 
 
 
 
 
 
 
 
 

ĕ. ĶŃĵŃĪŜŅĶŃŏľĵ 
ĶŌĮĪňŗȮ4,7ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵŐĸŃėĺŅĴĨƟŅĬĪŅĬ
ėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬŐĸŃėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬėĺĭŐĬƞĬȮ&Z2, Z3, Z7, Z8, Z9' 
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ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵ(K/W)

ĲŅĚĕƟŅĺȮ401,/3ȮK 10 min
ĲŅĚĕƟŅĺȮ451,/3ȮK 10 min
ĞńĚĕƟŅĺőıħȮ401,/3ȮK 10 min
ĞńĚĕƟŅĺőıħȮ451,/3ȮK 10 min
ĲŅĚĕƟŅĺȮ401,/3ȮK 5 min
ĲŅĚĕƟŅĺȮ451,/3ȮK 5 min
ĞńĚĕƟŅĺőıħȮ401,/3ȮK 5 min
ĞńĚĕƟŅĺőıħȮ451,/3ȮK 5 min
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ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬ(&Z2,Z3,Z7,Z8,Z9',K/W)

ĲŅĚĕƟŅĺȮ401,/3ȮK 10 min
ĲŅĚĕƟŅĺȮ451,/3ȮK 10 min
ĞńĚĕƟŅĺőıħȮ401,/3ȮK 10 min
ĞńĚĕƟŅĺőıħȮ451,/3ȮK 10 min
ĲŅĚĕƟŅĺȮ401,/3ȮK 5 min
ĲŅĚĕƟŅĺȮ451,/3ȮK 5 min
ĞńĚĕƟŅĺőıħȮ401,/3ȮK 5 min
ĲŅĚĕƟŅĺȮ451,/3ȮK 5 min

 

 

 

 

 

 

 

 

 

 

 

 

Ĕ. ĶŃĵŃŀŋƞĬĶƟŀĬ 

 
ĕ. ĶŃĵŃĪŜŅĶŃŏľĵ 

ĶŌĮĪňŗȮ4,8ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬŐĸŃėĺŅĴ
ĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬėĺĭŐĬƞĬȮ&Z2, Z3, Z7, Z8, Z9'ȮŐĸŃėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴ 
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ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬ(&Z2,Z3,Z7,Z8,Z9',K/W)

ĲŅĚĕƟŅĺȮ401,/3ȮK 40 min

ĲŅĚĕƟŅĺȮ451,/3ȮK 40 min

ĞńĚĕƟŅĺőıħȮ401,/3ȮK 40 min

ĞńĚĕƟŅĺőıħȮ401,/3ȮK 40 min

ĲŅĚĕƟŅĺȮ401,/3ȮK 20 min

ĲŅĚĕƟŅĺȮ451,/3ȮK 20 min

ĞńĚĕƟŅĺőıħȮ401,/3ȮK 20 min

ĞńĚĕƟŅĺőıħȮ451,/3ȮK 20 min
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ħńĚĬńŘĬȮĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮįĸĕŀĚėĺŅĴĨƟŅĬĪŅĬĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵĕŀĚĪƞŀėĺŅĴĶƟŀĬĪňŗĴňĨƞŀ

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸȮıĭĺƞŅŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺĨŅĴĔŅĶ

ŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬŏĴŊŗŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅĬƟŀĵŕȮ&0,5 ĩŉĚ 3,0 K-W'ȮŐĸŃ

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃĸħĸĚŀĵƞŅĚĝƟŅŕŏĮƦĬŏĝŇĚŏĽƟĬŏĴŊŗŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅĴŅĔȮ

&3,5 ĩŉĚ 10,0ȮK-W'ȮĪńŘĚĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵ 

 

4,3ȮįĸĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸ 
 
 ĶŌĮĪňŗȮ4,9ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŐĸŃŀńĨĶŅĔŅĶŒľƟ

ėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵȮ

ĔŜŅľĬħŒľƟŏĽƟĬĮĶŃŐĸŃŏĽƟĬĪŉĭŐĽħĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħ

ĨŅĴĸŜŅħńĭ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ĕ. ĶŃĵŃŀŋƞĬĶƟŀĬ 

ĶŌĮĪňŗȮ4,9ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŐĸŃ 

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ 
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in'

ŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟȮ&K'
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ĲŅĚĕƟŅĺ
ĞńĚĕƟŅĺőıħ

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

ĕ,ȮȮȮĶŃĵŃĪŜŅĶŃŏľĵ 

 
ĶŌĮĪňŗȮ4,9ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŐĸŃ 
ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ &Ĩƞŀ' 

 

ŐĔĬĨńŘĚŐĽħĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸȮ&K-min'ȮŐĔĬĬŀĬŐĽħĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬȮ

ľƟŀĚŏįŅœľĴƟȮ&K'ȮěŅĔĶŌĮıĭĺƞŅĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟěŅĔȮ523,15 K œĮĵńĚȮ

773,15 K ěŃĽƞĚįĸŒľƟŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅŏıŇŗĴĕŉŘĬŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬŏĝŇĚŏĽƟĬŒĬĶŃĵŃȮ

ŀŋƞĬĶƟŀĬěŅĔȮ2,25 K-min ŏĮƦĬȮ5,90 K-min ĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃȮ1,17 K-min ŏĮƦĬȮ3,32 K-min 

ĽŜŅľĶńĭĞńĚĕƟŅĺőıħȮŐĸŃŒĬĶŃĵŃĪŜŅĶŃŏľĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃėƞŀĵŕŏıŇŗĴĕŉŘĬěĬŏĔŊŀĭ

ŏĮƦĬŏĝŇĚŏĽƟĬěŃĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ0,79 K-min ŏĮƦĬȮ3,34 K-min ĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃȮ0,48 K-min ŏĮƦĬȮ

1,86 K-min ĽŜŅľĶńĭĞńĚĕƟŅĺőıħȮŏĴŊŗŀıŇěŅĶĦŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸ

ıĭĺƞŅŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬĽŌĚĽŋħĴňėƞŅĴŅĔĔĺƞŅŀńĨĶŅĔŅĶŒľƟȮȮ

ėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬĨŗŜŅĽŋħȮ2,62 ŏĪƞŅŐĸŃȮ2,28 ŏĪƞŅĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃȮȮȮ

ĞńĚĕƟŅĺőıħŒĬĶŃĵŃŀŋƞĬĶƟŀĬĨŅĴĸŜŅħńĭŐĸŃȮ4,25 ŏĪƞŅŐĸŃȮ3,88 ŏĪƞŅĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħŒĬ

ĶŃĵŃĪŜŅĶŃŏľĵĨŅĴĸŜŅħńĭŐĸŃŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸŏĪňĵĭ
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ŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟȮ&K'

ĶŃĵŃŀŋƞĬĶƟŀĬ
ĶŃĵŃĪŜŅĶŃŏľĵ

ĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟıĭĺƞŅŒĬĶŃĵŃŀŋƞĬĶƟŀĬĴňėƞŅȮȮȮȮȮȮȮȮȮ

0,015 min-1ȮŐĸŃȮ0,009 min-1ȮĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĨŅĴĸŜŅħńĭȮŒĬĶŃĵŃĪŜŅĶŃŏľĵĴňėƞŅȮ

0,010 min-1ȮŐĸŃȮ0,005Ȯmin-1ȮĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĨŅĴĸŜŅħńĭȮěŃŏľŖĬœħƟĺƞŅŀńĨĶŅĔŅĶŒľƟ

ėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃŏıŇŗĴĕŉŘĬĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟȮĞŉŗĚŐĬĺőĬƟĴ

ŒĬĸńĔļĦŃĬňŘěŃėĸƟŅĵėĸŉĚĔńĬĔńĭĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘĪňŗıĭŒĬĔĶĦňĕŀĚĔŅĶĪŀĶňœĲĶƢĝňĺĴĺĸįƞŅĬŏĨŅ

ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭŏĭħħŇŗĚĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭĪĶĚĔĶŃĭŀĔĶŃħńĭ

ľƟŀĚĮĢŇĭńĨŇĔŅĶŐĸŃŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĭĭœĴőėĶŏĺĲĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶĪňŗŀŋĦľĳŌĴŇĕŀĚŐľĸƞĚ

ŒľƟėĺŅĴĶƟŀĬŀĵŌƞŒĬĝƞĺĚȮ523,15 ů 553,15 K , 493,15 ů 553,15 K ŐĸŃȮ200 ů 300 WȮěŃĴňŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬŏıŇŗĴĕŉŘĬěŅĔȮ8,33 ŏĮƦĬȮ9,33 K-min , ěŅĔȮ3,26 ŏĮƦĬȮ6,25 K-min ŐĸŃȮ41,67 ŏĮƦĬȮ

104,17 K-min ĨŅĴĸŜŅħńĭȮY/0, 22, 23[ 

 

 

 

 

 

 

 

 

 
 
 

ĶŌĮĪňŗȮ4,10ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŐĸŃ 
ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴ 

 
ĶŌĮĪňŗȮ4,10ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŐĸŃȮȮȮȮȮȮȮȮ

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬőħĵŒĝƟŐĭĭěŜŅĸŀĚ

ėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵȮŐĔĬĬŀĬŐĽħĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬ
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ľƟŀĚŏįŅœľĴƟȮ&K'ȮŐĸŃŐĔĬĨńŘĚŐĽħĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴȮ&K-W'ȮĔŜŅľĬħŒľƟŏĽƟĬĮĶŃėŊŀĶŃĵŃŀŋƞĬ

ĶƟŀĬŐĸŃŏĽƟĬĪŉĭėŊŀĶŃĵŃĪŜŅĶŃŏľĵȮěŅĔĶŌĮıĭĺƞŅŏĴŊŗŀıŇěŅĶĦŅėĺŅĴĝńĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬŏĴŊŗŀŏıŇŗĴ

ŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟěŃĽƞĚįĸŒľƟėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚ

ŀĵƞŅĚĬƟŀĵĴŅĔŐĸŃŒĬĶŃĵŃĪŜŅĶŃŏľĵŏĴŊŗŀŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĴňėƞŅĬƟŀĵŕȮȮȮȮȮȮȮȮȮ

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴěŃĴňėƞŅĴŅĔĕŉŘĬŐĸŃŏĴŊŗŀŀŋĦľĳŌĴŇĕŀĚėĺŅĴĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĴňėƞŅĴŅĔŕȮ

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴěŃĴňėĺŅĴĝńĬėƞŀĵŕĸħĸĚěĬŏĔŊŀĭĕĬŅĬĔńĭėƞŅĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻ

ĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟȮŏĴŊŗŀıŇěŅĶĦŅŐĭĭěŜŅĸŀĚĔŅĶĪŜŅĬŅĵĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬȮȮESDU 81038 ıĭĺƞŅ

ŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬěŃŏĮƦĬĽńħĽƞĺĬőħĵĨĶĚĔńĭŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬ

ľƟŀĚŏįŅœľĴƟȮ&Direct variation'ȮŐĸŃŏĮƦĬĽńħĽƞĺĬįĔįńĬĔńĭėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬȮħńĚĬńŘĬȮŒĬĶŃĵŃ

ŀŋƞĬĶƟŀĬĪňŗĝƞĺĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĴňėƞŅĬƟŀĵŕěŃĪŜŅŒľƟŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚĝňĺ

ĴĺĸĴňėƞŅĬƟŀĵŕĨŅĴœĮħƟĺĵŐĸŃĪňŗĝƞĺĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĴňėƞŅĴŅĔŕěŃĪŜŅŒľƟŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĴŅĔĨŅĴœĮħƟĺĵŏĮƦĬŏĝŇĚŏĽƟĬȮĞŉŗĚıĭŏĝƞĬŏħňĵĺĔńĬĔńĭŒĬĶŃĵŃĪŜŅĶŃŏľĵŐĨƞ

ėĺŅĴĝńĬĶŃľĺƞŅĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĔńĭŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĬńŘĬĴňėƞŅ

ėƞŀĬĕƟŅĚŏĔŊŀĭěŃŏĮƦĬŏĝŇĚŏĽƟĬȮŏĬŊŗŀĚěŅĔŏĴŊŗŀŏĺĸŅŒĬĔŅĶħŜŅŏĬŇĬĔŅĶŏįŅœľĴƟŏıŇŗĴĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĶĺĴŐĸŃėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬŐĸŃėĺŅĴĨƟŅĬĪŅĬ

ėĺŅĴĶƟŀĬĪňŗĽƞĺĬėĺĭŐĬƞĬĴňėƞŅŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĬƟŀĵĴŅĔŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃěŃĴňėƞŅėƞŀĵŕĸħĸĚŀĵƞŅĚ

ŏĮƦĬŏĝŇĚŏĽƟĬŒĬĶŃĵŃĪŜŅĶŃŏľĵħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,11ȮŐĸŃȮ4,12ȮĨŅĴĸŜŅħńĭȮĽŅĴŅĶĩŏľŖĬœħƟĺƞŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬěŃĽƞĚįĸĨƞŀŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŒĬĶŃĵŃĪŜŅĶŃŏľĵĴŅĔĔĺƞŅ

ŒĬĶŃĵŃŀŋƞĬĶƟŀĬĬńŗĬŏŀĚ 

ħńĚĬńŘĬĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮįĸĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟ

ėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬıĭĺƞŅŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃ

ŏıŇŗĴĕŉŘĬĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŐĸŃĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟ

ĽŌĚĽŋħĴŅĔĔĺƞŅŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĨŗŜŅĽŋħȮ     

2,62 ŏĪƞŅŐĸŃȮ2,28ȮŏĪƞŅĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĴňėƞŅȮ4,25 ŏĪƞŅŐĸŃȮ    

3,88 ŏĪƞŅĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħŒĬĶŃĵŃĪŜŅĶŃŏľĵŐĸŃŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸŏĪňĵĭĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŒĬ
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ŏĺĸŅȮ(min)

Ztot in case of 623.15 K

Ztot in case of 673.15 K

Z2-Z9 in case of 623.15 K

Z2-Z9 in case of 673.15 K

ĶŃĵŃŀŋƞĬĶƟŀĬĴňėƞŅȮ0,015 min-1ȮŐĸŃȮ0,009 min-1ȮȮĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĨŅĴĸŜŅħńĭȮŒĬ

ĶŃĵŃĪŜŅĶŃŏľĵĴňėƞŅȮ0,010 min-1ȮŐĸŃȮ0,005 min-1ȮĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĨŅĴĸŜŅħńĭȮ 
 

 

 

 

 

 

 

 

 

 

Ĕ. ĲŅĚĕƟŅĺ 

 

 

 

 

 

 

 

 

 

 

 

ĕ. ĞńĚĕƟŅĺőıħ 

ĶŌĮĪňŗȮ4,11ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŏĺĸŅŐĸŃėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬ 

 



  81 

0

1

2

3

4

5

6

0 20 40 60 80 100 120

ė
ĺ
Ņ
Ĵ
Ĩ
Ɵ
Ņ
Ĭ
Ī
Ņ
Ĭ
ė
ĺ
Ņ
Ĵ
Ķ
Ɵ
ŀ
Ĭ

&K
/W
'

ŏĺĸŅȮ(min)

Ztot in case of 623.15 K
Ztot in case of 673.15 K
Z2-Z9 in case of 623.15 K
Z2-Z9 in case of 673.15 K

0

1

2

3

4

5

6

0 20 40 60 80 100 120

ė
ĺ
Ņ
Ĵ
Ĩ
Ɵ
Ņ
Ĭ
Ī
Ņ
Ĭ
ė
ĺ
Ņ
Ĵ
Ķ
Ɵ
ŀ
Ĭ

&K
/W
'

ŏĺĸŅȮ(min)
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Z2-Z9 in case of 673.15 K

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ĕ. ĲŅĚĕƟŅĺ 

 

 

 

 

 

 

 

 

 

 

 

ĕ. ĞńĚĕƟŅĺőıħ 

ĶŌĮĪňŗȮ4,12ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŏĺĸŅŐĸŃėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬŒĬĶŃĵŃĪŜŅĶŃŏľĵ 
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ėĺŅĴĝŊŘĬŏĶŇŘĴĨƟĬŐĭĭŏĮƖĵĔȮ&wt%'

ĲŅĚĕƟŅĺ

ĞńĚĕƟŅĺőıħ

4,4ȮįĸĕŀĚĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔŐĭĭěŜŅĸŀĚ
ėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ 

 

ĶŌĮĪňŗȮ4,13ȮŐĽħĚĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔ

ŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵĨŅĴĸŜŅħńĭȮŐĔĬĬŀĬŐĽħĚ

ĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔȮ&wt#'ȮŐĔĬĨńŘĚŐĽħĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸȮ&K-min' 

ĔŜŅľĬħŒľƟŏĽƟĬĮĶŃŐĸŃŏĽƟĬĪŉĭŐĪĬŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħ

ĨŅĴĸŜŅħńĭ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ĕ. ĶŃĵŃŀŋƞĬĶƟŀĬ 
 

ĶŌĮĪňŗȮ4,13ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸ
ěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ 

 

 

 

 

 



  83 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ĕ,ȮȮȮĶŃĵŃĪŜŅĶŃŏľĵ 

 
ĶŌĮĪňŗȮ4,13ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔŐĸŃŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸ

ěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ 
 

ěŅĔĶŌĮıĭĺƞŅŒĬĶŃĵŃŀŋƞĬĶƟŀĬŏĴŊŗŀėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ5 wt#ȮŏĮƦĬȮ30 wt#Ȯ

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬŏĝŇĚŏĽƟĬěŅĔȮ4,86 K-min ŏĮƦĬȮ3,2 K-min 

ĽŜŅľĶńĭĲŅĚĕƟŅĺȮŐĸŃėƞŀĵŕĸħĸĚěŅĔȮ2,67 K-min ŏĮƦĬȮ2,49 K-min ĽŜŅľĶńĭĞńĚĕƟŅĺőıħȮŒĬĶŃĵŃȮȮȮ

ĪŜŅĶŃŏľĵěŃıĭėĺŅĴĝńĬŏĮƦĬĽŀĚĝƞĺĚėŊŀȮŏĴŊŗŀėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ5 wt#ȮŏĮƦĬȮ

10 wt#ȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺěŅĔȮ2,98 K-min ŏĮƦĬ 2,09 K-min 

ĽŜŅľĶńĭĲŅĚĕƟŅĺȮŐĸŃėƞŀĵŕĸħĸĚěŅĔȮȮ1,66 K-min ŏĮƦĬ 1,23 K-min ĽŜŅľĶńĭĞńĚĕƟŅĺőıħŐĸŃŏĴŊŗŀ

ėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ10 wt#ȮŏĮƦĬȮ30 wt#ȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴň

ėƞŅĸħĸĚŀĵƞŅĚĝƟŅŕěŅĔ 2,09 K-min ŏĮƦĬȮ1,25 K-min ĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃėƞŀĵŕĸħĸĚěŅĔȮȮȮȮȮȮȮȮȮ
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ėĺŅĴĝŊŘĬŏĶŇŘĴĨƟĬŐĭĭŏĮƖĵĔȮ&wt%'

ĲŅĚĕƟŅĺ

ĞńĚĕƟŅĺőıħ
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1,23 K-min ŏĮƦĬȮ0,83 K-min ĽŜŅľĶńĭĞńĚĕƟŅĺőıħȮŏĴŊŗŀıŇěŅĶĦŅŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸŏĪňĵĭĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔŒĬĶŃĵŃŀŋƞĬĶƟŀĬĴň

ėƞŅȮ0,06 K-wt#minȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃȮ0,03 K-wt#minȮ&ĞńĚĕƟŅĺőıħ'ȮŒĬĶŃĵŃĪŜŅĶŃŏľĵŀńĨĶŅȮȮȮȮȮȮȮ

ĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸŏĪňĵĭĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚėĺŅĴĝŊŘĬŏĶŇŗĴ

ĨƟĬŐĭĭŏĮƖĵĔěŅĔȮ5 wt#ȮĩŉĚȮ10 wt#ȮĴňėƞŅ 0,181 K-wt#minȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃȮ0,089 K-wt#minȮ

&ĞńĚĕƟŅĺőıħ'ȮŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸŏĪňĵĭĔńĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

ĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔěŅĔȮ10 wt#ȮĩŉĚȮ30 wt#ȮĴňėƞŅȮ0,042 K-wt#minȮ

&ĲŅĚĕƟŅĺ'ȮŐĸŃȮ0,020 K-wt#minȮ&ĞńĚĕƟŅĺőıħ'ȮěŃŏľŖĬœħƟĺƞŅȮŏĴŊŗŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŒĬĝňĺĴĺĸ

ŏıŇŗĴĕŉŘĬěŃĽƞĚįĸŒľƟĴňŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚȮŐĬĺőĬƟĴĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬ

ĸńĔļĦŃĬňŘŒľƟįĸĪňŗėĸƟŅĵėĸŉĚĔńĬĔńĭĚŅĬĺŇěńĵĕŀĚȮSadaka ŐĸŃėĦŃȮY24[ŐĸŃȮĚŅĬĺŇěńĵĕŀĚȮBeamishȮ

ŐĸŃȮHamiltonȮ[47] ĪňŗœħƟĶŅĵĚŅĬįĸĕŀĚĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŀĵŌƞŒĬĝƞĺĚȮ19,8715ȮĩŉĚ            

20,1766 wt# ŐĸŃȮ2 ĩŉĚ 10 wt# ěŃŒľƟŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĸħĸĚěŅĔȮ10 ŏĮƦĬȮ2 K/min ŐĸŃ

ĸħĸĚěŅĔȮ10 ŏĮƦĬȮ0.2 K/min ĨŅĴĸŜŅħńĭȮěŅĔĔŅĶıŇěŅĶĦŅŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢěŅĔĔġĕƟŀĪňŗȮ1 

ĪŅĚŏĪŀĶƢőĴœħĬŅĴŇĔĽƢıĭĺƞŅȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇĝňĺĴĺĸŏĪňĵĭĔńĭŏĺĸŅŏĮƦĬĽńħĽƞĺĬįĔįńĬĔńĭ

ĴĺĸȮħńĚĬńŘĬȮŒĬĶŃĵŃŀŋƞĬĶƟŀĬȮŒĬĝƞĺĚĪňŗĝňĺĴĺĸĴňĮĶŇĴŅĦėĺŅĴĝŊŘĬĬƟŀĵŕěŃĪŜŅŒľƟŀŋĦľĳŌĴŇĝňĺĴĺĸĴňėƞŅĴŅĔ

ŐĸŃŒĬĝƞĺĚĪňŗĝňĺĴĺĸĴňĮĶŇĴŅĦėĺŅĴĝŊŘĬĴŅĔŕěŃĪŜŅŒľƟŀŋĦľĳŌĴŇĝňĺĴĺĸĴňėƞŅĬƟŀĵŐĸŃŀńĨĶŅĔŅĶĽƞĚįƞŅĬ

ėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬěŃĩŌĔĬŜŅœĮŏıŇŗĴŀŋĦľĳŌĴŇŒľƟĔńĭĝňĺĴĺĸŐľƟĚŐĸŃŏıŇŗĴŀŋĦľĳŌĴŇŒľƟĔńĭĴĺĸ

ĬŘŜŅŒĬĝňĺĴĺĸıĶƟŀĴĔńĬœĮħƟĺĵȮőħĵĮĶŇĴŅĦėĺŅĴĝŊŘĬĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬĽŀĚĮĶŃŏĳĪėŊŀĮĶŇĴŅĦ

ėĺŅĴĝŊŘĬŏĔŅŃŏĔňŗĵĺŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬŀŇĽĶŃȮŏĬŊŗŀĚěŅĔĵńĚœĴƞĴňĔŅĶĽŌĠŏĽňĵĴĺĸĬŘŜŅŒĬĶŃĵŃĬňŘȮŏĴŊŗŀĴĺĸ

ĬŘŜŅœħƟĶńĭėĺŅĴĶƟŀĬĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĔŅŃŏĔňŗĵĺěŃĩŌĔĽĸŅĵıńĬīŃĪŜŅŒľƟŏĔŇħĔŅĶĩƞŅĵŏĪĕŀĚĴĺĸĬŘŜŅĬňŘœĮĵńĚ

ĭĶŇŏĺĦįŇĺľĬƟŅĕŀĚĝňĺĴĺĸŏıŊŗŀŏĨĶňĵĴĪňŗěŃŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶĪŜŅĶŃŏľĵľĶŊŀĔŅĶĽŌĠŏĽňĵĴĺĸȮěŉĚĪŜŅŒľƟȮȮ

ĝňĺĴĺĸĪňŗĴňĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĬƟŀĵŕȮ&5 ů 10 wt#'ȮŏĮƦĬœĮœħƟĺƞŅȮěŃŒĝƟŏĺĸŅĪňŗėƞŀĬĕƟŅĚĬƟŀĵŒĬȮȮ

ĔŅĶĩƞŅĵŏĪĴĺĸĬŘŜŅŐĸŃĝňĺĴĺĸĪňŗĴňĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĴŅĔŕȮ&20 ů 30 wt#'ȮĔŖěŃŒĝƟŏĺĸŅĪňŗĴŅĔĕŉŘĬ

ŒĬĔŅĶĩƞŅĵŏĪĴĺĸĬŘŜŅŏĝƞĬĔńĬŐĸŃŒĬĶŃĵŃĪŜŅĶŃŏľĵŏĬŊŗŀĚěŅĔŏĔŇħĔŅĶĽŌĠŏĽňĵĕŀĚĴĺĸĬŘŜŅĪňŗŏĔŇħěŅĔ

ĔĶŃĭĺĬĔŅĶĪŜŅĶŃŏľĵŒĬĶŃĵŃĬňŘȮĶŌĮĪňŗȮ4,14 ŐĽħĚŀńĨĶŅĔŅĶĶŃŏľĵĬŘŜŅŀŀĔěŅĔĝňĺĴĺĸěŅĔŐĭĭěŜŅĸŀĚ

ĔŅĶĶŃŏľĵĬŘŜŅĕŀĚȮPage ŐĸŃėĦŃȮY16[ȮŐĔĬĬŀĬŐĽħĚŏĺĸŅȮ&min'ȮŐĸŃŐĔĬĨńŘĚŐĽħĚĴĺĸĬŘŜŅĪňŗœľĸ

ŀŀĔȮ&kg' 
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ĶŌĮĪňŗȮ4,14ȮŐĽħĚŀńĨĶŅĔŅĶĶŃŏľĵĬŘŜŅŀŀĔěŅĔĝňĺĴĺĸěŅĔ 

ŐĭĭěŜŅĸŀĚĔŅĶĶŃŏľĵĬŘŜŅĕŀĚȮPage ŐĸŃėĦŃȮY16[ 

 

ěŅĔĶŌĮıĭĺƞŅȮĝňĺĴĺĸĪňŗĴňĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĬƟŀĵŕȮ&5 ů 10 wt#'ȮěŃŒĝƟŏĺĸŅĪňŗėƞŀĬĕƟŅĚĬƟŀĵŒĬ

ĔŅĶĩƞŅĵŏĪĴĺĸĬŘŜŅŏĬŊŗŀĚěŅĔĔŅĶĪŜŅĶŃŏľĵŐĸŃĝňĺĴĺĸĪňŗĴňĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĴŅĔŕȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

&20 ů 30 wt#'ȮěŃŒĝƟŏĺĸŅĪňŗĴŅĔĕŉŘĬŒĬĔŅĶĩƞŅĵŏĪĴĺĸĬŘŜŅŏĬŊŗŀĚěŅĔĔŅĶĪŜŅĶŃŏľĵĪňŗĴŅĔĕŉŘĬŏĮƦĬįĸĴŅ

ěŅĔŀńĨĶŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĪƞŀŏĪŀĶƢőĴœĞĲŀĬĪňŗĩŌĔĬŜŅœĮŒĝƟŒĬĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇŒľƟĔńĭĝňĺĴĺĸ

ŐĸŃĩŌĔĬŜŅĴŅŒĝƟŒĬĔŅĶĩƞŅĵŏĪĴĺĸŏĬŊŗŀĚěŅĔĔŅĶĪŜŅĶŃŏľĵĕŀĚĴĺĸĬŘŜŅŒĬĝňĺĴĺĸȮőħĵĮĶŇĴŅĦėĺŅĴĝŊŘĬ

ŀŇĽĶŃĪňŗŀĵŌƞĭĶŇŏĺĦįŇĺľĬƟŅĕŀĚĝňĺĴĺĸěŃĩŌĔĪŜŅŒľƟĶŃŏľĵĔƞŀĬȮěŅĔĬńŘĬĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĔŅŃŏĔňŗĵĺěŃĩŌĔ

ĽĸŅĵıńĬīŃħƟĺĵėĺŅĴĶƟŀĬŐĸŃėƞŀĵŕŏĔŇħĔŅĶĩƞŅĵŏĪĴĺĸĬŘŜŅĬńŘĬĴŅĪňŗįŇĺľĬƟŅŐĸŃĶŃŏľĵŀŀĔœĮ

ěĬĔĶŃĪńŗĚĝňĺĴĺĸĴňėĺŅĴĝŊŘĬĽĴħŋĸĔńĭėĺŅĴĝŊŘĬĽńĴıńĪīƢĕŀĚŀŅĔŅĻŒĬĕĦŃĬńŘĬȮěŉĚŏĮƦĬĪňŗĝńħŏěĬĺƞŅȮĪňŗ

ĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĬƟŀĵŕȮ&5 ů 10 wt#'ȮěŃĴňŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴŅĔŏıĶŅŃŒĝƟŏĺĸŅ

ŒĬĔŅĶĩƞŅĵŏĪĴĺĸĬŘŜŅĬƟŀĵŐĸŃĪňŗĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĴŅĔŕȮ&10 ů 30 wt#'ȮěŃĴňŀńĨĶŅĔŅĶŒľƟėĺŅĴ

ĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗĬƟŀĵŏıĶŅŃŒĝƟŏĺĸŅŒĬĔŅĶĩƞŅĵŏĪĴĺĸĬŘŜŅĪňŗėƞŀĬĕƟŅĚĬŅĬĔĺƞŅ 
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ěŅĔĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮįĸĕŀĚĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĪňŗĴňĨƞŀŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬȮıĭĺƞŅȮĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭ

ŏĮƖĵĔŒĬĝňĺĴĺĸŏıŇŗĴĕŉŘĬěŃĽƞĚįĸŒľƟŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬŏĝŇĚŏĽƟĬ

ŒĬĶŃĵŃŀŋƞĬĶƟŀĬȮŐĸŃŒĬĶŃĵŃĪŜŅĶŃŏľĵȮŏĴŊŗŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĴňėƞŅĬƟŀĵŕȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

&5Ȯ-Ȯ10 wt#'ȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŐĸŃŏĴŊŗŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴ

ĨƟĬŐĭĭŏĮƖĵĔĴňėƞŅĴŅĔŕȮ&10 -Ȯ30 wt#'ȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĝƟŅŕ 
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ĭĪĪňŗȮ5 

ĽĶŋĮįĸĔŅĶĺŇěńĵ 
 

  ĔŅĶĽĶƟŅĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬĪňŗĮĶŃĔŀĭħƟĺĵĪƞŀėĺŅĴĶƟŀĬĝĬŇħ

ŏĪŀĶƢőĴœĞĲŀĬįƞŅĬľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĽŅĶĪŜŅĚŅĬŒĬĶŃĭĭĽŋĠĠŅĔŅĻ

ĽŜŅľĶńĭŒĝƟŒĬĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬěŅĔĪƞŀŏĪŀĶƢőĴœĞĲŀĬœĮĵńĚŏĨŅĮĢŇĔĶĦƢĳŅĵŒĨƟĭĶĶĵŅĔŅĻĪňŗœĴƞĴň

ŀŀĔĞŇŏěĬŐĸŃĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ

ŒĬĝƞĺĚĶŃĵŃŒľƟėĺŅĴĶƟŀĬěĬĩŉĚĶŃĵŃĪŜŅĶŃŏľĵȮŏıŊŗŀĻŉĔļŅĸńĔļĦŃŏĝŇĚėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶň

ŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬȮœħƟŐĔƞȮŀńĨĶŅĔŅĶĪŜŅėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸȮőħĵŒĝƟŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗ

ĽĶƟŅĚĕŉŘĬ őħĵĽĴĴĨŇģŅĬĕŀĚĚŅĬĺŇěńĵĬňŘėŅħĺƞŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬěŅĔŐľĸƞĚėĺŅĴĶƟŀĬœĮĵńĚĝňĺĴĺĸŒĬ

ĔĶŃĭĺĬĔŅĶĪŀĶňŐĲėĝńŗĬĽŅĴŅĶĩĪŜŅœħƟőħĵĔŅĶŒĝƟĪƞŀĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŏĮƦĬŀŋĮĔĶĦƢĽƞĚįƞŅĬėĺŅĴĶƟŀĬ

ŐĸŃĴňĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħŏĮƦĬĝňĺĴĺĸŒĬĔŅĶĪŀĶňŐĲėĝńŗĬȮĔŜŅľĬħŒľƟĨńĺŐĮĶĪňŗĪŜŅĔŅĶĻŉĔļŅŒĬ

ĚŅĬĺŇěńĵĬňŘėŊŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸȮįĸĔŅĶĺŇěńĵĪňŗœħƟĽŅĴŅĶĩĽĶŋĮœħƟħńĚĨƞŀœĮĬňŘ 

5,1 ĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŐĸŃĔŅĶĮĶŃŏĴŇĬ
ėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬőħĵŒĝƟŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ 
 

ȮȮȮȮȮȮȮȮ ĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŃĮĶŃĔŀĭħƟĺĵ

ĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬĽŀĚĝƞĺĚėŊŀĔŅĶŒľƟėĺŅĴĶƟŀĬŐĸŃĔŅĶĪŜŅĶŃŏľĵȮŒĬĔĶĦňĕŀĚĲŅĚĕƟŅĺěŃĴň

ĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗĝńħŏěĬĽŀĚĝƞĺĚŐĸŃŒĬĔĶĦňĕŀĚĞńĚĕƟŅĺőıħěŃĴňĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬĽŅĴ

ĝƞĺĚȮĞŉŗĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬœħƟĝňŘŒľƟŏľŖĬĺƞŅĽŅŏľĨŋĕŀĚĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚȮȮȮȮȮȮ

ĝňĺĴĺĸĪńŘĚĽŀĚĝĬŇħĪňŗŐĨĔĨƞŅĚĔńĬŏĮƦĬįĸĴŅěŅĔĸńĔļĦŃĔŅĶĶŃŏľĵĬŘŜŅĪňŗŐĨĔĨƞŅĚĔńĬĬńŗĬŏŀĚŐĸŃŏĶŅ

ĽŅĴŅĶĩĮĶŃŏĴŇĬėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬőħĵŒĝƟŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚ

ĕŉŘĬıĭĺƞŅįĸĕŀĚĔŅĶĪŜŅĬŅĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬŀĵŌƞ

ŒĬĝƞĺĚėĺŅĴėĸŅħŏėĸŊŗŀĬȮAbsolute average error ŐĸŃȮAbsolute bias errorȮŏĪƞŅĔńĭȮ±8,98Ȯ#

ŐĸŃȮ1,38Ȯ#ȮĨŅĴĸŜŅħńĭȮĪńŘĚĬňŘȮįĸĔŅĶĪŜŅĬŅĵěŃĕŉŘĬŀĵŌƞĔńĭŀńĨĶŅĔŅĶĶŃŏľĵĬŘŜŅĕŀĚĝňĺĴĺĸħƟĺĵ 
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5,2 įĸĕŀĚėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵĕŀĚĪƞŀėĺŅĴĶƟŀĬĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴ
ĶƟŀĬŐĔƞĝňĺĴĺĸ 
 

ȮȮȮȮȮȮȮȮ įĸĕŀĚėĺŅĴĨƟŅĬĪŅĬĶƟŀĬĪňŗĽƞĺĬĪŜŅĶŃŏľĵĕŀĚĪƞŀėĺŅĴĶƟŀĬĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞ

ĝňĺĴĺĸȮıĭĺƞŅŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮȮȮȮȮȮȮȮȮȮȮȮ

ėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬŏĴŊŗŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅĬƟŀĵŕȮ&0,5 ĩŉĚ 3,0 K-W'ȮŐĸŃŀńĨĶŅĔŅĶŒľƟ

ėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃĸħĸĚŀĵƞŅĚĝƟŅŕŏĮƦĬŏĝŇĚŏĽƟĬŏĴŊŗŀėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬĴňėƞŅĴŅĔȮ&3,5 ĩŉĚȮȮȮȮȮȮȮȮȮ

10,0ȮK-W'ȮĪńŘĚĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵ 

5,3ȮįĸĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸ 
 

ȮȮȮȮȮȮȮȮ įĸĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔ

ŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬıĭĺƞŅŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŃŏıŇŗĴĕŉŘĬĨŅĴĔŅĶŏıŇŗĴĕŉŘĬ

ĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŐĸŃĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞȮȮȮȮȮȮ

ĝňĺĴĺĸĪňŗŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĽŌĚĽŋħĴŅĔĔĺƞŅŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĪňŗŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟĨŗŜŅĽŋħȮ2,62 ŏĪƞŅŐĸŃȮ2,28 ŏĪƞŅ

ĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĴňėƞŅȮ4,25 ŏĪƞŅŐĸŃȮ3,88 ŏĪƞŅĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃ

ĞńĚĕƟŅĺőıħŒĬĶŃĵŃĪŜŅĶŃŏľĵŐĸŃŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸ

ŏĪňĵĭĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻĶƟŀĬŒĬľƟŀĚŏįŅœľĴƟŒĬĶŃĵŃŀŋƞĬĶƟŀĬĴňėƞŅȮ0,015 

min-1ȮŐĸŃȮ0,009 min-1ȮȮĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĨŅĴĸŜŅħńĭȮŒĬĶŃĵŃĪŜŅĶŃŏľĵĴňėƞŅȮ0,010 

min-1ȮŐĸŃȮ0,005 min-1ȮĽŜŅľĶńĭĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĨŅĴĸŜŅħńĭȮ 

5.4 įĸĕŀĚĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔŐĭĭěŜŅĸŀĚ
ėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ 
 

ȮȮȮȮȮȮȮȮ įĸĕŀĚĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĪňŗĴňĨƞŀŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸěŅĔ

ŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬȮıĭĺƞŅȮĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔŒĬĝňĺĴĺĸŏıŇŗĴĕŉŘĬěŃĽƞĚįĸ

ŒľƟŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬŏĝŇĚŏĽƟĬŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃŒĬĶŃĵŃĪŜŅ

ĶŃŏľĵȮŏĴŊŗŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĴňėƞŅĬƟŀĵŕȮ&5Ȯ-Ȯ10 wt#'ȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞȮȮȮȮ

ĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŐĸŃŏĴŊŗŀĮĶŇĴŅĦėĺŅĴĝŊŘĬŏĶŇŗĴĨƟĬŐĭĭŏĮƖĵĔĴňėƞŅĴŅĔŕȮ&10 -Ȯ30 wt#'Ȯ

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŐĔƞĝňĺĴĺĸĴňėƞŅĸħĸĚŀĵƞŅĚĝƟŅŕ 
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5.5 ĕƟŀŏĽĬŀŐĬŃ 
ȮȮȮȮȮȮȮȮ 5.5.1 ĔŅĶĻŉĔļŅŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĕŀĚĔŅĶĶŃŏľĵĬŘŜŅ 

ȮȮȮȮȮȮȮȮ ŒĬĚŅĬĺŇěńĵĬňŘœħƟĪŜŅĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĪŅĚėĺŅĴĶƟŀĬĕŀĚŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢ

őĴœĞĲŀĬȮıĭĺƞŅȮŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬĽŅĴŅĶĩĪŜŅĬŅĵĸńĔļĦŃĔŅĶŒľƟėĺŅĴĶƟŀĬĕŀĚȮȮȮ

ŏĨŅĮĢŇĔĶĦƢœħƟėƞŀĬĕƟŅĚěŃĽŀħėĸƟŀĚĔńĭĕƟŀĴŌĸĔŅĶĪħĸŀĚȮŐĨƞěŃıĭĺƞŅĔŅĶĪŜŅĬŅĵŒĬĝƞĺĚĪŜŅĶŃŏľĵĵńĚĴň

ėĺŅĴėĸŅħŏėĸŊŗŀĬŀĵŌƞȮėĺŅĴėĸŅħŏėĸŊŗŀĬĬňŘŏĔŇħěŅĔėĺŅĴĕŅħŐėĸĬŐĭĭěŜŅĸŀĚĪňŗŒĝƟŒĬĔŅĶĪŜŅĬŅĵȮȮ

ĔŅĶĶŃŏľĵĬŘŜŅŀŀĔěŅĔĝňĺĴĺĸŏĬŊŗŀĚěŅĔĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĝňĺĴĺĸĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪňŗœħƟŀīŇĭŅĵŏŀŅœĺƟ

ŒĬľńĺĕƟŀȮ4.1 ěŉĚŏĮƦĬœĮœħƟĺƞŅȮĔŅĶĻŉĔļŅŏıŇŗĴŏĨŇĴŏıŊŗŀĽĶƟŅĚŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢŏıŊŗŀŒĝƟĽŜŅľĶńĭȮȮȮȮȮȮȮȮȮ

ĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĝňĺĴĺĸŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŉĚėĺĶŏĮƦĬĮĶŃŏħŖĬĪňŗėĺĶ

ħŜŅŏĬŇĬĔŅĶĻŉĔļŅĨƞŀœĮ 

ȮȮȮȮȮȮȮȮ 5.5.2 ĔŅĶĻŉĔļŅŏıŊŗŀĮĶńĭĮĶŋĚĮĶŃĽŇĪīŇĳŅıĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĕŀĚĶŃĭĭ 

ȮȮȮȮȮȮȮȮ ŒĬĚŅĬĺŇěńĵĬňŘœħƟĪŜŅĔŅĶĻŉĔļŅĔŅĶĽƞĚįƞŅĬėĺŅĴĶƟŀĬĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬőħĵŀŅĻńĵ

ĪƞŀŏĪŀĶƢőĴœĞĲŀĬŏĮƦĬŀŋĮĔĶĦƢŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬȮıĭĺƞŅȮĪƞŀŏĪŀĶƢőĴœĞĲŀĬĽŅĴŅĶĩ

ŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬœħƟħňŒĬĝƞĺĚŀŋĦľĳŌĴŇĕŀĚŐľĸƞĚėĺŅĴĶƟŀĬĪňŗĴňĝƞĺĚĔĺƟŅĚŕȮŐĨƞěŃıĭĺƞŅěŃŒĝƟŏĺĸŅĪňŗ

ėƞŀĬĕƟŅĚĵŅĺĬŅĬȮěŉĚŏĮƦĬœĮœħƟĺƞŅȮĩƟŅĴňĔŅĶĨŇħĨńŘĚėĶňĭĪňŗĭĶŇŏĺĦĕŀĚľƟŀĚŏįŅœľĴƟěŃŏĮƦĬĔŅĶĝƞĺĵŏıŇŗĴ

ĮĶŃĽŇĪīŇĳŅıŀĚĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĕŀĚĶŃĭĭœħƟ 
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ĳŅėįĬĺĔȮĔ 
ĸńĔļĦŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬ 
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ŀŋĦľĳŌĴŇĝňĺĴĺĸȮ&K'

ĬŅĪňĪňŗȮ/.

ĬŅĪňĪňŗȮ0.

ĬŅĪňĪňŗȮ1.

ĬŅĪňĪňŗȮ2.

ĬŅĪĪňŗȮ3.

ĬŅĪňĪňŗȮ4.

Ĕ,1 įĸĕŀĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĝňĺĴĺĸ 

ĳŅıįĬĺĔĔ,Ȯ1 ŐĸŃȮĔ,2 ŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀŋĦľĳŌĴŇĝňĺĴĺĸŐĸŃĶŃĵŃĕŀĚĝňĺĴĺĸŒĬ

ľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ 623.15 ŐĸŃȮ673.15 K ĕŀĚĲŅĚĕƟŅĺŐĸŃĞńĚĕƟŅĺőıħĪňŗ

ŏĺĸŅŒħŕŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵĨŅĴĸŜŅħńĭ 

 

 

 

 

 

 

 

 

ĳŅıįĬĺĔȮĔ,1Ȯ ŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀŋĦľĳŌĴŇĝňĺĴĺĸŐĸŃĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶň

ŐĲėĝńŗĬĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ 623.15 ŐĸŃȮ673.15 K ĕŀĚĲŅĚĕƟŅĺ 
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623.15K

673,15 K 
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ĳŅıįĬĺĔȮĔ,2 ŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀŋĦľĳŌĴŇĝňĺĴĺĸŐĸŃĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶň

ŐĲėĝńŗĬĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ 623.15 ŐĸŃȮ673.15 K ĕŀĚĞńĚĕƟŅĺőıħ 
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ěŅĔĶŌĮıĭĺƞŅȮĪňŗĶŃħńĭĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪňŗĨŜŅŐľĬƞĚěŅĔȮ65 ĩŉĚȮ80 cm ŒĬĶŃĵŃ

ŀŋƞĬĶƟŀĬĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K ŀŋĦľĳŌĴŇĝňĺĴĺĸĴňėƞŅĸħĸĚěŅĔȮ354.08 K ŏĮƦĬȮ353.38 K Īňŗ

ĬŅĪňĪňŗȮ10 &ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅĸħĸĚěŅĔȮ335.10 K ŏĮƦĬȮ334.63 K, 356.78 K ŏĮƦĬȮ356.70 K  ŐĸŃȮ

374.33 K ŏĮƦĬȮ371.95 K ĪňŗĬŅĪňĪňŗȮ10, 20 ŐĸŃȮ30 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ'ȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

673.15 KȮŀŋĦľĳŌĴŇĝňĺĴĺĸĴňėƞŅĸħĸĚěŅĔȮ358.05 K ŏĮƦĬȮ357.80 K ĪňŗĬŅĪňĪňŗȮ10 &ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅ

ŏıŇŗĴĕŉŘĬěŅĔȮ340.88 K ŏĮƦĬȮ342.70 K ĪňŗĬŅĪňĪňŗȮ10 ŐĸŃĴňėƞŅĸħĸĚěŅĔȮ368.85 K ŏĮƦĬȮ367.83 K Īňŗ

ĬŅĪňĪňŗȮ20Ȯ&ĞńĚĕƟŅĺőıħ'ȮŒĬĶŃĵŃĪŜŅĶŃŏľĵĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 KȮŀŋĦľĳŌĴŇĝňĺĴĺĸĴňėƞŅ

ŏıŇŗĴĕŉŘĬěŅĔȮ373.03 ŏĮƦĬȮ381.83 K, 404.825 K ŏĮƦĬȮ423.725 K, 441.9 K ŏĮƦĬ 457.9 K ŐĸŃȮ

488.275 K ŏĮƦĬȮ491.775 K ĪňŗĬŅĪňĪňŗȮ20, 40, 60 ŐĸŃȮ80 ĨŅĴĸŜŅħńĭȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ

378.50 K ŏĮƦĬȮ379.20 K, 384.95 K ŏĮƦĬȮ393.98 K, 405.93 K ŏĮƦĬȮ427.98 K ŐĸŃȮ448.60 K 

ŏĮƦĬȮ481.78 K ĪňŗĬŅĪňĪňŗȮ40, 80, 120 ŐĸŃȮ160 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ'ȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

673.15 KȮŀŋĦľĳŌĴŇĝňĺĴĺĸĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ380.18 K ŏĮƦĬȮ385.78 K, 415.13 K ŏĮƦĬȮ434.58 K 

ŐĸŃȮ471.28 K ŏĮƦĬȮ491.03 K ĪňŗĬŅĪňĪňŗȮ20, 40 ŐĸŃȮ60 ĨŅĴĸŜŅħńĭȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ

371.78 K ŏĮƦĬȮ379.73 K, 386.90 K ŏĮƦĬȮ419.25 K ŐĸŃȮ463.28 K ŏĮƦĬȮ498.55 K ĪňŗĬŅĪňĪňŗȮ40, 

80 ŐĸŃȮ120 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ'ȮŏĴŊŗŀıŇěŅĶĦŅŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚĝňĺĴĺĸŒĬľƟŀĚ

ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪňŗĨŜŅŐľĬƞĚěŅĔȮ65 ĩŉĚȮ80 cm ŒĬĶŃĵŃŀŋƞĬĶƟŀĬĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K 

ĴňėƞŅȮ2.14 cm/K ĬŅĪňĪňŗȮ10 &ĲŅĚĕƟŅĺ' ŐĸŃȮ0.32, 0.20 ŐĸŃȮ0.60 cm/K ĪňŗĬŅĪňĪňŗȮ10, 20 ŐĸŃȮ30 

ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ' ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673.15 K ĴňėƞŅȮ0.60 cm/K ĪňŗĬŅĪňĪňŗȮ10 &ĲŅĚĕƟŅĺ' 

ŐĸŃȮ0.82 ŐĸŃȮ0.14 cm/K ĪňŗĬŅĪňĪňŗȮ10 ŐĸŃȮ20 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ'ȮŒĬĶŃĵŃĪŜŅĶŃŏľĵĪňŗ

ŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 KȮĴňėƞŅȮ1.70, 0.79, 0.93 ŐĸŃȮ4.28 cm/K ĪňŗĬŅĪňĪňŗȮ20, 40, 60 ŐĸŃȮ

80 ĨŅĴĸŜŅħńĭȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅ 0.21, 1.66, 0.68 ŐĸŃȮ0.45 cm/K ĪňŗĬŅĪňĪňŗȮ40, 80, 120 ŐĸŃȮ

160 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ'ȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673.15 K ĴňėƞŅȮ2.67, 0.77 ŐĸŃȮ0.75 cm/K Īňŗ

ĬŅĪňĪňŗȮ20, 40 ŐĸŃȮ60 ĨŅĴĸŜŅħńĭȮ&ĲŅĚĕƟŅĺ' ŐĸŃĴňėƞŅȮ1.88, 0.46 ŐĸŃȮ0.42 cm/K ĪňŗĬŅĪňĪňŗȮ40, 80 

ŐĸŃȮ120 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ' ĪňŗĶŃħńĭĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪňŗĨŜŅŐľĬƞĚěŅĔȮ80 

ĩŉĚȮ95 cm ŒĬĶŃĵŃŀŋƞĬĶƟŀĬȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K ŀŋĦľĳŌĴŇĝňĺĴĺĸĴňėƞŅĸħĸĚěŅĔȮ353.38 

K ŏĮƦĬȮ322.42 KȮĪňŗĬŅĪňĪňŗȮ10 &ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅĸħĸĚěŅĔȮ334.62 KȮŏĮƦĬȮ321.12 KȮ, 356.70 K  

ŏĮƦĬȮ344.88 K ŐĸŃȮ371.95 K ŏĮƦĬȮ363.08 K ĪňŗĬŅĪňĪňŗȮ10, 20 ŐĸŃȮ30 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ'ȮĪňŗ
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ŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673.15 KȮŀŋĦľĳŌĴŇĝňĺĴĺĸĴňėƞŅĸħĸĚěŅĔȮ357.80 K ŏĮƦĬȮ345.43 K ĪňŗĬŅĪňĪňŗȮ10 

&ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅĸħĸĚěŅĔȮ342.7 K ŏĮƦĬȮ332.15 K ĪňŗĬŅĪňĪňŗȮ10 ŐĸŃĴňėƞŅĸħĸĚěŅĔȮ367.83 K 

ŏĮƦĬȮ361.43 ĪňŗĬŅĪňĪňŗȮ20Ȯ&ĞńĚĕƟŅĺőıħ'ȮŒĬĶŃĵŃĪŜŅĶŃŏľĵȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 KȮŀŋĦľĳŌĴŇ

ĝňĺĴĺĸĴňėƞŅĸħĸĚěŅĔȮ381.83 K ŏĮƦĬȮ360.27 K, 423.72 KȮŏĮƦĬȮ382.90 K, 457.90 K ŏĮƦĬ 408.63 

K ŐĸŃȮ491.77 K ŏĮƦĬȮ446.40 K ĪňŗĬŅĪňĪňŗȮ20, 40, 60 ŐĸŃȮ80 ĨŅĴĸŜŅħńĭȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅĸħĸĚ

ěŅĔȮ379.20 KȮŏĮƦĬȮ375.15 KȮĪňŗĬŅĪňĪňŗȮ40 ŐĸŃĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ393.975 KȮŏĮƦĬ 394.7 K, 

427.975 K ŏĮƦĬȮ441.05 KȮŐĸŃȮ481.775 K ŏĮƦĬ 510.68 KȮĪňŗĬŅĪňĪňŗȮ80, 120 ŐĸŃȮ160 ĨŅĴĸŜŅħńĭȮ

&ĞńĚĕƟŅĺőıħ'ȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673.15 KȮŀŋĦľĳŌĴŇĝňĺĴĺĸĴňėƞŅĸħĸĚěŅĔȮ385.77 KȮŏĮƦĬ 379.88 

K, 434.57 K ŏĮƦĬȮ424.08 K ŐĸŃȮ491.025 K ŏĮƦĬȮ481.85 K ĪňŗĬŅĪňĪňŗȮ20, 40 ŐĸŃȮ60 ĨŅĴĸŜŅħńĭȮ

&ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅĸħĸĚěŅĔȮ379.72 KȮŏĮƦĬȮ378.38 K ŐĸŃȮ419.25 K ŏĮƦĬȮ417.23 KȮĪňŗĬŅĪňĪňŗȮ40 

ŐĸŃȮ80 ŐĸŃĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ498.55 K ŏĮƦĬȮ507.98 K ĪňŗĬŅĪňĪňŗȮ120Ȯ&ĞńĚĕƟŅĺőıħ'ȮŏĴŊŗŀıŇěŅĶĦŅ

ŀńĨĶŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĜĸňŗĵĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪňŗĨŜŅŐľĬƞĚěŅĔȮ80 ĩŉĚȮ95 cm ŒĬ

ĶŃĵŃŀŋƞĬĶƟŀĬȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K ĴňėƞŅȮ0.48 cm/K ĬŅĪňĪňŗȮ10 &ĲŅĚĕƟŅĺ' ŐĸŃȮ2.66, 

5.61 ŐĸŃȮ7.89 cm/K ĪňŗĬŅĪňĪňŗȮ10, 20 ŐĸŃȮ30 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ' ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

673.15 K ĴňėƞŅȮ1.21 cm/K ĪňŗĬŅĪňĪňŗȮ10 &ĲŅĚĕƟŅĺ' ŐĸŃȮ1.42 ŐĸŃȮ2.34 cm/K ĪňŗĬŅĪňĪňŗȮ10 ŐĸŃȮ20 

ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ'ȮŒĬĶŃĵŃĪŜŅĶŃŏľĵĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 KȮĴňėƞŅȮ1.70, 0.79, 0.93 

ŐĸŃȮ4.28 cm/K ĪňŗĬŅĪňĪňŗȮ20, 40, 60 ŐĸŃȮ80 ĨŅĴĸŜŅħńĭȮ&ĲŅĚĕƟŅĺ'ȮŐĸŃĴňėƞŅ 0.69, 0.36, 0.30 

ŐĸŃȮ0.33 cm/K ĪňŗĬŅĪňĪňŗȮ40, 80, 120 ŐĸŃȮ160 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ'ȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

673.15 K ĴňėƞŅȮ2.54, 1.48 ŐĸŃȮ1.63 cm/K ĪňŗĬŅĪňĪňŗȮ20, 40 ŐĸŃȮ60 ĨŅĴĸŜŅħńĭȮ&ĲŅĚĕƟŅĺ' ŐĸŃĴň

ėƞŅȮ11.11, 7.41 ŐĸŃȮ1.59 cm/K ĪňŗĬŅĪňĪňŗȮ40, 80 ŐĸŃȮ120 ĨŅĴĸŜŅħńĭȮ&ĞńĚĕƟŅĺőıħ' ěŃŏľŖĬœħƟĺƞŅȮĪňŗ

ĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮ65 ů 80 cm ŒĬĶŃĵŃŀŋƞĬĶƟŀĬŀŋĦľĳŌĴŇĝňĺĴĺĸěŃĸħĸĚ

ĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬ ŐĨƞŒĬĶŃĵŃĪŜŅĶŃŏľĵŀŋĦľĳŌĴŇĝňĺĴĺĸ

ěŃŏıŇŗĴĕŉŘĬĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬŐĸŃĪňŗĶŃĵŃĕŀĚĝňĺĴĺĸŒĬ

ľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮ80 ů 95 cmȮŀŋĦľĳŌĴŇĝňĺĴĺĸěŃĸħĸĚĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĶŃĵŃĕŀĚĝňĺĴĺĸ

ŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪńŘĚŒĬĶŃĵŃŀŋƞĬĶƟŀĬŐĸŃĶŃĵŃĪŜŅĶŃŏľĵȮ&0 ů 100 min'ȮŐĨƞĨńŘĚŐĨƞĪňŗĬŅĪňĪňŗȮ

120 ĕŉŘĬœĮŀŋĦľĳŌĴŇĝňĺĴĺĸěŃŏıŇŗĴĕŉŘĬĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮ

ħńĚĬńŘĬȮĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĝňĺĴĺĸĳŅĵŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬěŃĸħĸĚĨŅĴĔŅĶŏıŇŗĴĕŉŘĬ
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ĕŀĚĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮ&0 ů 100 min'ȮŐĸŃěŃŏıŇŗĴĕŉŘĬĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚ

ĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮ&>120 min'  

 ħńĚĬńŘĬȮěŅĔĪňŗĔĸƞŅĺĴŅĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĝňĺĴĺĸĳŅĵŒĬľƟŀĚ

ĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬěŃĸħĸĚĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮ&0 ů 

100 min'ȮŐĸŃěŃŏıŇŗĴĕŉŘĬĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬȮ&>120 

min' 
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ĨŅĶŅĚįĬĺĔĔ1. ŀŋĦľĳŌĴŇĝňĺĴĺĸŐĸŃĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻ

ĶƟŀĬ 623.15 ŐĸŃȮ673.15 K ĕŀĚĲŅĚĕƟŅĺĨŅĴĸŜŅħńĭ 

ŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ&K) 
ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸ&K) 

95 80 65 

623.15 

10 322.425 353.375 354.075 

20 360.275 381.825 373.025 

30 374.425 403.875 388.45 

40 382.9 423.725 404.825 

50 393.85 441.025 422.125 

60 408.625 457.9 441.9 

70 426.2 474.65 464.1 

80 446.4 491.775 488.275 

673.15 

10 345.425 357.8 358.05 

20 379.875 385.775 380.175 

30 400.425 409.3 396.55 

40 424.075 434.575 415.125 

50 452.275 462.65 440.35 

60 481.85 491.025 471.275 
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ĨŅĶŅĚįĬĺĔĔ2. ŀŋĦľĳŌĴŇĝňĺĴĺĸŐĸŃĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻ

ĶƟŀĬ 623.15 ŐĸŃȮ673.15 K ĕŀĚĞńĚĕƟŅĺőıħĨŅĴĸŜŅħńĭ 

ŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ&K) ŏĺĸŅ&min) 
ŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸ&K) 

95 80 65 

 
 
 
 
 
 
 
 

623.15 
 
 
 
 
 
 
 
 

10 321.125 334.625 335.1 

20 344.875 356.7 356.775 

30 363.075 371.95 374.325 

40 375.15 379.2 378.5 

50 379.2 381.475 379.475 

60 383.1 384.675 380.9 

70 388.35 388.95 382.7 

80 394.7 393.975 384.95 

90 403.875 401.05 389.325 

100 414.95 408.75 393.925 

120 441.05 427.975 405.925 

130 457.125 439.825 415.75 

140 475.225 453.6 425.925 

160 510.675 481.775 448.6 
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ĨŅĶŅĚįĬĺĔĔ2. ŀŋĦľĳŌĴŇĝňĺĴĺĸŐĸŃĶŃĵŃĕŀĚĝňĺĴĺĸŒĬľƟŀĚĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻ

ĶƟŀĬ 623.15 ŐĸŃȮ673.15 K ĕŀĚĞńĚĕƟŅĺőıħĨŅĴĸŜŅħńĭ&Ĩƞŀ' 

ŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ&K) 
ŏĺĸŅ&min) 

ŀŋĦľĳŌĴŇĕŀĚĝňĺĴĺĸ&K) 

400 

95 80 65 

10 332.15 342.7 340.875 

20 361.425 367.825 368.85 

30 374.325 376.575 370.15 

40 378.375 379.725 371.775 

50 382.85 383.975 376.75 

60 390.625 392.175 379.95 

70 402.425 403.85 380.175 

80 417.225 419.25 386.9 

90 434.45 438.05 396.925 

100 456.65 458.5 415.325 

120 507.975 498.55 463.275 
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ĳŅėįĬĺĔȮĕ 
įĸĕŀĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŅĔĔŅĶ

ĪħĸŀĚŐĸŃŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬ 
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ĕ1. įĸĕŀĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŅĔ

ĔŅĶĪħĸŀĚŒĬĔĶĦňĕŀĚĲŅĚĕƟŅĺ 

ĨŅĶŅĚįĬĺĔĕ.1 įĸĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

623.15 K 

ŏĺĸŅ&min' ŀŋĦľĳŌĴŇ&K' ŏĺĸŅ&min' ŀŋĦľĳŌĴŇ&K' ŏĺĸŅ&min' ŀŋĦľĳŌĴŇ&K' ŏĺĸŅ&min' ŀŋĦľĳŌĴŇ&K' 
0 309.1917 0.533333 310.95 1.066667 312.7917 1.6 314.7917 

0.016667 309.2333 0.55 311.0667 1.083333 312.8667 1.616667 314.8333 
0.033333 309.3167 0.566667 311.1333 1.1 312.925 1.633333 314.9417 

0.05 309.3833 0.583333 311.15 1.116667 313.0083 1.65 315.0083 
0.066667 309.4167 0.6 311.2167 1.133333 313.0833 1.666667 315.0667 
0.083333 309.4583 0.616667 311.25 1.15 313.1583 1.683333 315.125 

0.1 309.4917 0.633333 311.3 1.166667 313.2333 1.7 315.2 
0.116667 309.55 0.65 311.3667 1.183333 313.3167 1.716667 315.2667 

0.133333 309.6 0.666667 311.4333 1.2 313.35 1.733333 315.375 
0.15 309.6667 0.683333 311.4917 1.216667 313.4083 1.75 315.45 

0.166667 309.75 0.7 311.55 1.233333 313.4667 1.766667 315.525 
0.183333 309.8417 0.716667 311.6083 1.25 313.5333 1.783333 315.5667 

0.2 309.9 0.733333 311.6167 1.266667 313.6167 1.8 315.6583 

0.216667 309.9667 0.75 311.675 1.283333 313.725 1.816667 315.7083 
0.233333 310.025 0.766667 311.7333 1.3 313.7917 1.833333 315.775 

0.25 310.0583 0.783333 311.8083 1.316667 313.825 1.85 315.85 
0.266667 310.05 0.8 311.875 1.333333 313.8917 1.866667 315.9 

0.283333 310.1167 0.816667 311.9667 1.35 313.95 1.883333 315.9833 
0.3 310.1667 0.833333 312.0333 1.366667 313.9083 1.9 316.075 

0.316667 310.225 0.85 312.0667 1.383333 313.9333 1.916667 316.1 
0.333333 310.2667 0.866667 312.1333 1.4 314 1.933333 316.1333 

0.35 310.3417 0.883333 312.2 1.416667 314.0417 1.95 316.2 

0.366667 310.5167 0.9 312.2833 1.433333 314.1083 1.966667 316.2667 
0.383333 310.55 0.916667 312.3583 1.45 314.1833 1.983333 316.3417 

0.4 310.6 0.933333 312.4083 1.466667 314.225 2 316.425 
0.416667 310.6583 0.95 312.4667 1.483333 314.2833 2.016667 316.525 
0.433333 310.7083 0.966667 312.5083 1.5 314.3417 2.033333 316.575 

0.45 310.6667 0.983333 312.5583 1.516667 314.425 2.05 316.65 
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ĨŅĶŅĚįĬĺĔĕ.1 įĸĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min' ŀŋĦľĳŌĴŇ&K' ŏĺĸŅ&min' ŀŋĦľĳŌĴŇ&K' ŏĺĸŅ&min' ŀŋĦľĳŌĴŇ&K' ŏĺĸŅ&min' ŀŋĦľĳŌĴŇ&K' 

2.133333 316.975 2.6 318.8917 3.116667 321.1333 3.633333 323.1333 

2.15 317.0333 2.616667 318.925 3.183333 321.2083 3.65 323.1917 

2.166667 317.0917 2.633333 318.9833 3.2 321.25 3.666667 323.175 

2.183333 317.1333 2.65 319.0917 3.216667 321.3417 3.683333 323.25 

2.2 317.225 2.666667 319.1667 3.233333 321.425 3.7 323.3 

2.216667 317.2833 2.683333 319.2083 3.25 321.5167 3.716667 323.4 

2.233333 317.3333 2.7 319.275 3.266667 321.5667 3.733333 323.4583 

2.25 317.4 2.716667 319.3417 3.283333 321.6417 3.75 323.5167 

2.266667 317.4583 2.733333 319.3917 3.3 321.7167 3.766667 323.6 

2.283333 317.5083 2.75 319.3333 3.316667 321.775 3.783333 323.6667 

2.3 317.5917 2.766667 319.4167 3.333333 321.8583 3.8 323.7583 

2.316667 317.675 2.783333 319.5 3.35 321.9667 3.816667 323.8167 

2.333333 317.7333 2.8 319.5667 3.366667 322 3.833333 323.875 

2.35 317.7917 2.816667 319.6333 3.383333 322.075 3.85 324 

2.366667 317.8667 2.833333 319.7083 3.4 322.1667 3.866667 324.0583 

2.383333 317.9 2.85 319.7917 3.416667 322.2333 3.883333 324.1167 

2.4 317.9833 2.866667 319.8917 3.433333 322.2667 3.9 324.175 

2.416667 318.05 2.883333 319.9667 3.45 322.3417 3.916667 324.2417 

2.433333 318.1167 2.9 320.025 3.466667 322.4083 3.933333 324.3417 

2.45 318.2083 2.916667 320.1083 3.483333 322.5083 3.95 324.4333 

2.466667 318.3083 2.933333 320.2833 3.5 322.575 3.966667 324.5 

2.483333 318.3583 2.95 320.3417 3.516667 322.6667 3.983333 324.6 

2.5 318.4417 2.966667 320.4 3.533333 322.7167 4 324.6667 

2.516667 318.5333 2.983333 320.4667 3.55 322.775 4.016667 324.7167 

2.533333 318.575 3 320.5333 3.566667 322.8417 4.033333 324.8083 

2.55 318.65 3.016667 320.5667 3.583333 322.9167 4.05 324.8667 

2.566667 318.7667 3.033333 320.6333 3.6 322.9917 4.066667 324.9583 
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ĨŅĶŅĚįĬĺĔĕ.1 įĸĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

4.1 325.06667 4.55 326.85 5 328.68333 5.45 330.70833 

4.1166667 325.20833 4.5666667 326.9 5.0166667 328.76667 5.4666667 330.76667 

4.1333333 325.24167 4.5833333 326.91667 5.0333333 328.9 5.4833333 330.85 

4.15 325.31667 4.6 326.975 5.05 328.96667 5.5 330.925 

4.1666667 325.33333 4.6166667 327.025 5.0666667 329.025 5.5166667 330.975 

4.1833333 325.40833 4.6333333 327.075 5.0833333 329.125 5.5333333 331.05 

4.2 325.48333 4.65 327.125 5.1 329.20833 5.55 331.125 

4.2166667 325.51667 4.6666667 327.25833 5.1166667 329.29167 5.5666667 331.175 

4.2333333 325.59167 4.6833333 327.33333 5.1333333 329.4 5.5833333 331.14167 

4.25 325.68333 4.7 327.50833 5.15 329.46667 5.6 331.2 

4.2666667 325.70833 4.7166667 327.55833 5.1666667 329.53333 5.6166667 331.25833 

4.2833333 325.75 4.7333333 327.66667 5.1833333 329.6 5.6333333 331.325 

4.3 325.74167 4.75 327.75 5.2 329.68333 5.65 331.39167 

4.3166667 325.8 4.7666667 327.89167 5.2166667 329.60833 5.6666667 331.46667 

4.3333333 325.88333 4.7833333 327.95 5.2333333 329.69167 5.6833333 331.5 

4.35 326.19167 4.8 328.04167 5.25 329.75 5.7 331.575 

4.3666667 326.26667 4.8166667 328.1 5.2666667 329.80833 5.7166667 331.63333 

4.3833333 326.35 4.8333333 328.175 5.2833333 329.85833 5.7333333 331.69167 

4.4 326.44167 4.85 328.18333 5.3 329.925 5.75 331.76667 

4.4166667 326.51667 4.8666667 328.23333 5.3166667 329.98333 5.7666667 331.9 

4.4333333 326.33333 4.8833333 328.28333 5.3333333 330.025 5.7833333 331.96667 

4.45 326.44167 4.9 328.36667 5.35 330.11667 5.8 332.03333 

4.4666667 326.51667 4.9166667 328.41667 5.3666667 330.225 5.8166667 332.1 

4.4833333 326.575 4.9333333 328.46667 5.3833333 330.28333 5.8333333 332.175 

4.5 326.65833 4.95 328.525 5.4 330.44167 5.85 332.20833 

4.5166667 326.725 4.9666667 328.58333 5.4166667 330.54167 5.8666667 332.25 



  107 

ĨŅĶŅĚįĬĺĔĕ.1 įĸĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

5.85 332.20833 6.3 334.00833 6.75 335.85833 7.2 337.55833 

5.8666667 332.25 6.3166667 334.13333 6.7666667 335.93333 7.2166667 337.61667 

5.8833333 332.30833 6.3333333 334.20833 6.7833333 335.975 7.2333333 337.7 

5.9 332.39167 6.35 334.25 6.8 336.06667 7.25 337.76667 

5.9166667 332.48333 6.3666667 334.33333 6.8166667 336.125 7.2666667 337.84167 

5.9333333 332.54167 6.3833333 334.40833 6.8333333 336.175 7.2833333 337.90833 

5.95 332.63333 6.4 334.475 6.85 336.25 7.3 337.975 

5.9666667 332.7 6.4166667 334.50833 6.8666667 336.29167 7.3166667 338.01667 

5.9833333 332.775 6.4333333 334.55 6.8833333 336.35833 7.3333333 338.125 

6 332.85 6.45 334.63333 6.9 336.45 7.35 338.24167 

6.0166667 332.91667 6.4666667 334.725 6.9166667 336.5 7.3666667 338.35833 

6.0333333 332.95833 6.4833333 334.76667 6.9333333 336.6 7.3833333 338.35833 

6.05 333.05833 6.5 334.81667 6.95 336.64167 7.4 338.35 

6.0666667 333.10833 6.5166667 334.925 6.9666667 336.68333 7.4166667 338.45833 

6.0833333 333.15833 6.5333333 334.95833 6.9833333 336.73333 7.4333333 338.525 

6.1 333.225 6.55 335.025 7 336.80833 7.45 338.58333 

6.1166667 333.275 6.5666667 335.1 7.0166667 336.88333 7.4666667 338.63333 

6.1333333 333.30833 6.5833333 335.18333 7.0333333 336.93333 7.4833333 338.68333 

6.15 333.35 6.6 335.30833 7.05 337.03333 7.5 338.73333 

6.1666667 333.45833 6.6166667 335.375 7.0666667 337.06667 7.5166667 338.69167 

6.1833333 333.54167 6.6333333 335.45 7.0833333 337.14167 7.5333333 338.78333 

6.2 333.59167 6.65 335.51667 7.1 337.225 7.55 338.85 

6.2166667 333.64167 6.6666667 335.59167 7.1166667 337.28333 7.5666667 338.925 

6.2333333 333.73333 6.6833333 335.66667 7.1333333 337.29167 7.5833333 338.975 

6.25 333.79167 6.7 335.725 7.15 337.325 7.6 339.06667 

6.2666667 333.88333 6.7166667 335.775 7.1666667 337.4 7.6166667 339.125 
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7.65 339.26667 8.1 340.85833 8.55 342.5 9 344.2 

7.6666667 339.35833 8.1166667 340.93333 8.5666667 342.56667 9.0166667 344.24167 

7.6833333 339.44167 8.1333333 340.99167 8.5833333 342.63333 9.0333333 344.33333 

7.7 339.525 8.15 341.05 8.6 342.70833 9.05 344.39167 

7.7166667 339.59167 8.1666667 341.11667 8.6166667 342.71667 9.0666667 344.38333 

7.7333333 339.65 8.1833333 341.2 8.6333333 342.76667 9.0833333 344.44167 

7.75 339.70833 8.2 341.25 8.65 342.85 9.1 344.50833 

7.7666667 339.775 8.2166667 341.29167 8.6666667 342.91667 9.1166667 344.56667 

7.7833333 339.84167 8.2333333 341.35833 8.6833333 342.94167 9.1333333 344.63333 

7.8 339.88333 8.25 341.525 8.7 343.00833 9.15 344.675 

7.8166667 339.93333 8.2666667 341.55833 8.7166667 343.08333 9.1666667 344.8 

7.8333333 339.99167 8.2833333 341.60833 8.7333333 343.15 9.1833333 344.825 

7.85 340.04167 8.3 341.68333 8.75 343.2 9.2 344.9 

7.8666667 340.09167 8.3166667 341.725 8.7666667 343.25 9.2166667 344.95833 

7.8833333 340.13333 8.3333333 341.71667 8.7833333 343.31667 9.2333333 344.98333 

7.9 340.21667 8.35 341.75 8.8 343.41667 9.25 345.04167 

7.9166667 340.26667 8.3666667 341.80833 8.8166667 343.45833 9.2666667 345.1 

7.9333333 340.33333 8.3833333 341.86667 8.8333333 343.5 9.2833333 345.13333 

7.95 340.35833 8.4 341.91667 8.85 343.56667 9.3 345.225 

7.9666667 340.48333 8.4166667 341.95833 8.8666667 343.66667 9.3166667 345.3 

7.9833333 340.53333 8.4333333 342.09167 8.8833333 343.65833 9.3333333 345.31667 

8 340.56667 8.45 342.125 8.9 343.74167 9.35 345.28333 

8.0166667 340.65 8.4666667 342.175 8.9166667 343.84167 9.3666667 345.36667 

8.0333333 340.74167 8.4833333 342.25 8.9333333 343.925 9.3833333 345.40833 

8.05 340.78333 8.5 342.30833 8.95 343.96667 9.4 345.48333 

8.0666667 340.75 8.5166667 342.35 8.9666667 344.05833 9.4166667 345.54167 
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9.45 345.6 9.9 347.2 10.35 348.55 10.8 349.925 

9.4666667 345.675 9.9166667 347.26667 10.366667 348.60833 10.816667 349.93333 

9.4833333 345.73333 9.9333333 347.325 10.383333 348.65 10.833333 350.01667 

9.5 345.81667 9.95 347.36667 10.4 348.70833 10.85 350.05833 

9.5166667 345.88333 9.9666667 347.41667 10.416667 348.75833 10.866667 350.11667 

9.5333333 345.975 9.9833333 347.45833 10.433333 348.80833 10.883333 350.18333 

9.55 346.04167 10 347.51667 10.45 348.8 10.9 350.21667 

9.5666667 346.06667 10.016667 347.55 10.466667 348.85 10.916667 350.26667 

9.5833333 346.13333 10.033333 347.60833 10.483333 348.90833 10.933333 350.33333 

9.6 346.16667 10.05 347.65833 10.5 348.95833 10.95 350.39167 

9.6166667 346.24167 10.066667 347.69167 10.516667 348.99167 10.966667 350.425 

9.6333333 346.28333 10.083333 347.69167 10.533333 349.14167 10.983333 350.49167 

9.65 346.33333 10.1 347.75 10.55 349.20833 11 350.55 

9.6666667 346.39167 10.116667 347.81667 10.566667 349.25833 11.016667 350.58333 

9.6833333 346.43333 10.133333 347.86667 10.583333 349.29167 11.033333 350.64167 

9.7 346.5 10.15 347.93333 10.6 349.35 11.05 350.64167 

9.7166667 346.59167 10.166667 347.975 10.616667 349.40833 11.066667 350.725 

9.7333333 346.61667 10.183333 348.03333 10.633333 349.475 11.083333 350.65 

9.75 346.69167 10.2 348.08333 10.65 349.50833 11.1 350.69167 

9.7666667 346.725 10.216667 348.15 10.666667 349.56667 11.116667 350.75833 

9.7833333 346.78333 10.233333 348.18333 10.683333 349.61667 11.133333 350.80833 

9.8 346.84167 10.25 348.21667 10.7 349.65833 11.15 350.83333 

9.8166667 346.88333 10.266667 348.30833 10.716667 349.65833 11.166667 350.88333 

9.8333333 346.925 10.283333 348.34167 10.733333 349.70833 11.183333 350.975 

9.85 346.98333 10.3 348.4 10.75 349.78333 11.2 351 

9.8666667 347.04167 10.316667 348.43333 10.766667 349.81667 11.216667 351.075 
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11.25 351.15833 11.7 352.49167 12.15 353.69167 12.6 355.04167 

11.266667 351.225 11.716667 352.56667 12.166667 353.75 12.616667 355.06667 

11.283333 351.26667 11.733333 352.63333 12.183333 353.91667 12.633333 355.13333 

11.3 351.3 11.75 352.65 12.2 353.975 12.65 355.20833 

11.316667 351.34167 11.766667 352.71667 12.216667 354.00833 12.666667 355.25 

11.333333 351.35 11.783333 352.75 12.233333 354.075 12.683333 355.325 

11.35 351.41667 11.8 352.81667 12.25 354.13333 12.7 355.375 

11.366667 351.45833 11.816667 352.79167 12.266667 354.18333 12.716667 355.4 

11.383333 351.51667 11.833333 352.83333 12.283333 354.24167 12.733333 355.325 

11.4 351.56667 11.85 352.86667 12.3 354.28333 12.75 355.35833 

11.416667 351.61667 11.866667 352.90833 12.316667 354.30833 12.766667 355.35833 

11.433333 351.675 11.883333 352.98333 12.333333 354.375 12.783333 355.325 

11.45 351.75 11.9 353.04167 12.35 354.41667 12.8 355.38333 

11.466667 351.8 11.916667 353.06667 12.366667 354.3 12.816667 355.475 

11.483333 351.85 11.933333 353.1 12.383333 354.34167 12.833333 355.59167 

11.5 351.9 11.95 353.14167 12.4 354.36667 12.85 355.63333 

11.516667 351.925 11.966667 353.175 12.416667 354.425 12.866667 355.725 

11.533333 351.975 11.983333 353.2 12.433333 354.45833 12.883333 355.75833 

11.55 351.95 12 353.3 12.45 354.5 12.9 355.81667 

11.566667 351.975 12.016667 353.35833 12.466667 354.53333 12.916667 355.80833 

11.583333 352.04167 12.033333 353.4 12.483333 354.575 12.933333 355.84167 

11.6 352.075 12.05 353.45833 12.5 354.60833 12.95 355.875 

11.616667 352.15 12.066667 353.50833 12.516667 354.65 12.966667 355.9 

11.633333 352.31667 12.083333 353.56667 12.533333 354.73333 12.983333 355.90833 

11.65 352.35 12.1 353.55833 12.55 354.86667 13 356 

11.666667 352.4 12.116667 353.61667 12.566667 354.90833 13.016667 356.05833 
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13.05 356.21667 13.5 357.4 13.95 358.6 14.4 359.58333 

13.066667 356.275 13.516667 357.48333 13.966667 358.64167 14.416667 359.59167 

13.083333 356.35 13.533333 357.48333 13.983333 358.7 14.433333 359.63333 

13.1 356.33333 13.55 357.51667 14 358.73333 14.45 359.675 

13.116667 356.375 13.566667 357.53333 14.016667 358.65833 14.466667 359.75 

13.133333 356.40833 13.583333 357.55 14.033333 358.68333 14.483333 359.78333 

13.15 356.46667 13.6 357.58333 14.05 358.71667 14.5 359.84167 

13.166667 356.46667 13.616667 357.63333 14.066667 358.73333 14.516667 359.875 

13.183333 356.45833 13.633333 357.7 14.083333 358.75833 14.533333 359.93333 

13.2 356.525 13.65 357.825 14.1 358.79167 14.55 360.00833 

13.216667 356.56667 13.666667 357.89167 14.116667 358.80833 14.566667 360.05833 

13.233333 356.60833 13.683333 357.95833 14.133333 358.90833 14.583333 360.09167 

13.25 356.68333 13.7 358 14.15 358.95833 14.6 360.14167 

13.266667 356.75 13.716667 358.05 14.166667 359.00833 14.616667 360.19167 

13.283333 356.85 13.733333 358.08333 14.183333 359.05 14.633333 360.225 

13.3 356.89167 13.75 358.10833 14.2 359.275 14.65 360.28333 

13.316667 356.93333 13.766667 358.14167 14.216667 359.30833 14.666667 360.39167 

13.333333 356.99167 13.783333 358.16667 14.233333 359.375 14.683333 360.40833 

13.35 357.01667 13.8 358.19167 14.25 359.425 14.7 360.45 

13.366667 357.01667 13.816667 358.20833 14.266667 359.325 14.716667 360.48333 

13.383333 356.975 13.833333 358.26667 14.283333 359.35833 14.733333 360.54167 

13.4 357.03333 13.85 358.28333 14.3 359.40833 14.75 360.40833 

13.416667 357.06667 13.866667 358.33333 14.316667 359.44167 14.766667 360.44167 

13.433333 357.14167 13.883333 358.39167 14.333333 359.49167 14.783333 360.49167 

13.45 357.16667 13.9 358.43333 14.35 359.525 14.8 360.55 

13.466667 357.29167 13.916667 358.51667 14.366667 359.53333 14.816667 360.56667 



  112 

ĨŅĶŅĚįĬĺĔĕ.1 įĸĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

623.15 K &Ĩƞŀ' 
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14.85 360.71667 15.3 361.90833 15.75 362.925 16.2 364.125 

14.866667 360.74167 15.316667 361.91667 15.766667 363.075 16.216667 364.06667 

14.883333 360.76667 15.333333 361.94167 15.783333 363.09167 16.233333 364.11667 

14.9 360.825 15.35 362.01667 15.8 363.11667 16.25 364.16667 

14.916667 360.85833 15.366667 362.05 15.816667 363.15 16.266667 364.225 

14.933333 360.90833 15.383333 362.08333 15.833333 363.20833 16.283333 364.23333 

14.95 360.95 15.4 362.175 15.85 363.2 16.3 364.29167 

14.966667 361.01667 15.416667 362.21667 15.866667 363.225 16.316667 364.38333 

14.983333 361.03333 15.433333 362.25 15.883333 363.26667 16.333333 364.41667 

15 361.05833 15.45 362.29167 15.9 363.30833 16.35 364.44167 

15.016667 361.09167 15.466667 362.34167 15.916667 363.36667 16.366667 364.46667 

15.033333 361.14167 15.483333 362.26667 15.933333 363.425 16.383333 364.53333 

15.05 361.2 15.5 362.30833 15.95 363.49167 16.4 364.45 

15.066667 361.23333 15.516667 362.36667 15.966667 363.53333 16.416667 364.5 

15.083333 361.275 15.533333 362.38333 15.983333 363.55 16.433333 364.55 

15.1 361.3 15.55 362.425 16 363.6 16.45 364.56667 

15.116667 361.35 15.566667 362.475 16.016667 363.625 16.466667 364.59167 

15.133333 361.41667 15.583333 362.55 16.033333 363.625 16.483333 364.65833 

15.15 361.44167 15.6 362.58333 16.05 363.7 16.5 364.725 

15.166667 361.5 15.616667 362.625 16.066667 363.70833 16.516667 364.76667 

15.183333 361.58333 15.633333 362.66667 16.083333 363.75833 16.533333 364.8 

15.2 361.6 15.65 362.69167 16.1 363.80833 16.55 364.825 

15.216667 361.66667 15.666667 362.68333 16.116667 363.83333 16.566667 364.875 

15.233333 361.73333 15.683333 362.71667 16.133333 363.95833 16.583333 364.96667 

15.25 361.76667 15.7 362.775 16.15 364.00833 16.6 364.98333 

15.266667 361.78333 15.716667 362.84167 16.166667 364.06667 16.616667 365.03333 
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16.65 365.11667 17.1 366.3 17.55 367.21667 18 368.30833 

16.666667 365.15 17.116667 366.33333 17.566667 367.24167 18.016667 368.39167 

16.683333 365.15833 17.133333 366.33333 17.583333 367.25833 18.033333 368.41667 

16.7 365.18333 17.15 366.36667 17.6 367.34167 18.05 368.51667 

16.716667 365.23333 17.166667 366.39167 17.616667 367.38333 18.066667 368.53333 

16.733333 365.24167 17.183333 366.44167 17.633333 367.40833 18.083333 368.55833 

16.75 365.29167 17.2 366.46667 17.65 367.41667 18.1 368.56667 

16.766667 365.43333 17.216667 366.48333 17.666667 367.46667 18.116667 368.625 

16.783333 365.5 17.233333 366.55833 17.683333 367.50833 18.133333 368.63333 

16.8 365.54167 17.25 366.6 17.7 367.525 18.15 368.625 

16.816667 365.56667 17.266667 366.60833 17.716667 367.59167 18.166667 368.65 

16.833333 365.6 17.283333 366.65 17.733333 367.61667 18.183333 368.68333 

16.85 365.675 17.3 366.68333 17.75 367.68333 18.2 368.725 

16.866667 365.68333 17.316667 366.65833 17.766667 367.70833 18.216667 368.76667 

16.883333 365.69167 17.333333 366.7 17.783333 367.70833 18.233333 368.8 

16.9 365.73333 17.35 366.71667 17.8 367.74167 18.25 368.85 

16.916667 365.80833 17.366667 366.8 17.816667 367.78333 18.266667 368.90833 

16.933333 365.83333 17.383333 366.84167 17.833333 367.85833 18.283333 368.93333 

16.95 365.88333 17.4 366.90833 17.85 367.875 18.3 368.975 

16.966667 365.93333 17.416667 366.925 17.866667 367.89167 18.316667 369.00833 

16.983333 365.95833 17.433333 366.98333 17.883333 367.94167 18.333333 369.08333 

17 366.01667 17.45 367.00833 17.9 367.98333 18.35 369.1 

17.016667 366.05 17.466667 367.04167 17.916667 368.08333 18.366667 369.13333 

17.033333 366.1 17.483333 367.09167 17.933333 368.11667 18.383333 369.19167 

17.05 366.175 17.5 367.11667 17.95 368.16667 18.4 369.21667 

17.066667 366.20833 17.516667 367.18333 17.966667 368.25833 18.416667 369.26667 
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18.45 369.29167 18.916667 370.175 19.366667 369.73333 19.816667 370.60833 

18.466667 369.33333 18.933333 370.225 19.383333 369.75833 19.833333 370.625 

18.483333 369.35833 18.95 370.24167 19.4 369.8 19.85 370.63333 

18.5 369.38333 18.966667 370.35 19.416667 369.825 19.866667 370.66667 

18.516667 369.40833 18.983333 370.35833 19.433333 369.9 19.883333 370.65833 

18.533333 369.45 19 370.44167 19.45 369.925 19.9 370.7 

18.55 369.45833 19.016667 370.48333 19.466667 369.975 19.916667 370.73333 

18.566667 369.51667 19.033333 370.50833 19.483333 369.95833 19.933333 370.76667 

18.583333 369.55833 19.05 370.55 19.5 369.99167 19.95 370.80833 

18.6 369.60833 19.066667 369.35833 19.516667 370.1 19.966667 370.83333 

18.616667 369.65 19.083333 369.36667 19.533333 370.125 19.983333 370.89167 

18.633333 369.69167 19.1 369.39167 19.55 370.125 20 370.90833 

18.65 369.74167 19.116667 369.39167 19.566667 370.13333 20.016667 370.925 

18.666667 369.78333 19.133333 369.40833 19.583333 370.15 20.033333 370.98333 

18.683333 369.825 19.15 369.44167 19.6 370.175 20.05 371 

18.7 369.84167 19.166667 369.44167 19.616667 370.13333 20.066667 371.00833 

18.716667 369.875 19.183333 369.5 19.633333 370.175 20.083333 371.025 

18.733333 369.90833 19.2 369.525 19.65 370.21667 20.1 371.04167 

18.75 369.90833 19.216667 369.475 19.666667 370.28333 20.116667 371.05833 

18.766667 369.93333 19.233333 369.50833 19.683333 370.325 20.133333 371.10833 

18.783333 369.96667 19.25 369.48333 19.7 370.35 20.15 371.11667 

18.8 370 19.266667 369.46667 19.716667 370.4 20.166667 371.15833 

18.816667 370.025 19.283333 369.51667 19.733333 370.41667 20.183333 371.175 

18.833333 370.025 19.3 369.56667 19.75 370.45 20.2 371.19167 

18.85 370.04167 19.316667 369.625 19.766667 370.475 20.216667 371.225 

18.866667 370.08333 19.333333 369.65833 19.783333 370.48333 20.233333 371.26667 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

20.266667 371.38333 20.716667 372.225 21.166667 372.925 21.616667 373.75 

20.283333 371.4 20.733333 372.25 21.183333 372.975 21.633333 373.725 

20.3 371.44167 20.75 372.28333 21.2 373 21.65 373.75 

20.316667 371.45833 20.766667 372.31667 21.216667 373.01667 21.666667 373.775 

20.333333 371.475 20.783333 372.34167 21.233333 373.05 21.683333 373.79167 

20.35 371.46667 20.8 372.325 21.25 373.05833 21.7 373.83333 

20.366667 371.48333 20.816667 372.34167 21.266667 373.05 21.716667 373.84167 

20.383333 371.50833 20.833333 372.35833 21.283333 373.06667 21.733333 373.875 

20.4 371.54167 20.85 372.39167 21.3 373.13333 21.75 373.88333 

20.416667 371.58333 20.866667 372.44167 21.316667 373.14167 21.766667 373.925 

20.433333 371.6 20.883333 372.46667 21.333333 373.21667 21.783333 373.93333 

20.45 371.65 20.9 372.55 21.35 373.225 21.8 373.975 

20.466667 371.66667 20.916667 372.58333 21.366667 373.25833 21.816667 374 

20.483333 371.69167 20.933333 372.60833 21.383333 373.275 21.833333 374.05 

20.5 371.71667 20.95 372.625 21.4 373.29167 21.85 374.075 

20.516667 371.76667 20.966667 372.63333 21.416667 373.35 21.866667 374.1 

20.533333 371.81667 20.983333 372.61667 21.433333 373.375 21.883333 374.15833 

20.55 371.85 21 372.64167 21.45 373.35833 21.9 374.28333 

20.566667 371.875 21.016667 372.68333 21.466667 373.41667 21.916667 374.29167 

20.583333 371.90833 21.033333 372.69167 21.483333 373.43333 21.933333 374.33333 

20.6 371.93333 21.05 372.70833 21.5 373.49167 21.95 374.4 

20.616667 371.91667 21.066667 372.73333 21.516667 373.50833 21.966667 374.45 

20.633333 371.93333 21.083333 372.8 21.533333 373.575 21.983333 374.46667 

20.65 371.95833 21.1 372.84167 21.55 373.6 22 374.48333 

20.666667 372.04167 21.116667 372.88333 21.566667 373.65 22.016667 374.51667 

20.683333 372.075 21.133333 372.88333 21.583333 373.69167 22.033333 374.525 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

22.066667 374.59167 22.516667 375.35 22.966667 376.06667 23.416667 376.88333 

22.083333 374.575 22.533333 375.39167 22.983333 376.075 23.433333 376.89167 

22.1 374.60833 22.55 375.45 23 376.1 23.45 376.90833 

22.116667 374.64167 22.566667 375.5 23.016667 376.125 23.466667 376.93333 

22.133333 374.68333 22.583333 375.49167 23.033333 376.13333 23.483333 376.975 

22.15 374.70833 22.6 375.50833 23.05 376.18333 23.5 376.99167 

22.166667 374.725 22.616667 375.55 23.066667 376.21667 23.516667 377 

22.183333 374.74167 22.633333 375.53333 23.083333 376.25 23.533333 377.05 

22.2 374.74167 22.65 375.55833 23.1 376.29167 23.55 377.05833 

22.216667 374.75833 22.666667 375.575 23.116667 376.31667 23.566667 377.125 

22.233333 374.78333 22.683333 375.6 23.133333 376.34167 23.583333 377.15 

22.25 374.8 22.7 375.61667 23.15 376.36667 23.6 377.16667 

22.266667 374.86667 22.716667 375.65 23.166667 376.41667 23.616667 377.18333 

22.283333 374.9 22.733333 375.68333 23.183333 376.44167 23.633333 377.225 

22.3 374.91667 22.75 375.7 23.2 376.475 23.65 377.29167 

22.316667 374.96667 22.766667 375.725 23.216667 376.525 23.666667 377.34167 

22.333333 374.99167 22.783333 375.75833 23.233333 376.575 23.683333 377.35833 

22.35 375.03333 22.8 375.76667 23.25 376.58333 23.7 377.39167 

22.366667 375.05833 22.816667 375.79167 23.266667 376.61667 23.716667 377.425 

22.383333 375.13333 22.833333 375.83333 23.283333 376.61667 23.733333 377.44167 

22.4 375.14167 22.85 375.875 23.3 376.63333 23.75 377.50833 

22.416667 375.2 22.866667 375.9 23.316667 376.65 23.766667 377.525 

22.433333 375.23333 22.883333 375.90833 23.333333 376.675 23.783333 377.55833 

22.45 375.225 22.9 375.94167 23.35 376.69167 23.8 378.45833 

22.466667 375.23333 22.916667 375.95833 23.366667 376.79167 23.816667 378.5 

22.483333 375.26667 22.933333 375.98333 23.383333 376.825 23.833333 378.50833 
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23.866667 378.6 24.316667 379.25833 24.766667 379.41667 25.216667 380.2 

23.883333 378.60833 24.333333 378.775 24.783333 379.425 25.233333 380.225 

23.9 378.625 24.35 378.675 24.8 379.45833 25.25 380.24167 

23.916667 378.65 24.366667 378.73333 24.816667 379.48333 25.266667 380.23333 

23.933333 378.675 24.383333 378.875 24.833333 379.56667 25.283333 380.24167 

23.95 378.7 24.4 378.89167 24.85 379.58333 25.3 380.25 

23.966667 378.74167 24.416667 378.91667 24.866667 379.6 25.316667 380.3 

23.983333 378.775 24.433333 378.95833 24.883333 379.64167 25.333333 380.3 

24 378.80833 24.45 378.98333 24.9 379.66667 25.35 380.34167 

24.016667 378.88333 24.466667 378.925 24.916667 379.7 25.366667 380.35833 

24.033333 378.90833 24.483333 378.95 24.933333 379.74167 25.383333 380.475 

24.05 378.91667 24.5 378.98333 24.95 379.8 25.4 380.48333 

24.066667 378.96667 24.516667 379.00833 24.966667 379.83333 25.416667 380.50833 

24.083333 378.99167 24.533333 379.04167 24.983333 379.86667 25.433333 380.54167 

24.1 378.95833 24.55 379.09167 25 379.88333 25.45 380.575 

24.116667 379 24.566667 379.1 25.016667 379.9 25.466667 380.60833 

24.133333 379.025 24.583333 379.125 25.033333 379.94167 25.483333 380.65833 

24.15 379.06667 24.6 379.15 25.05 379.96667 25.5 380.69167 

24.166667 379.075 24.616667 379.16667 25.066667 379.99167 25.516667 380.75 

24.183333 379.1 24.633333 379.19167 25.083333 380.025 25.533333 380.775 

24.2 379.225 24.65 379.28333 25.1 380.05833 25.55 380.80833 

24.216667 379.24167 24.666667 379.31667 25.116667 380.075 25.566667 380.85 

24.233333 379.20833 24.683333 379.34167 25.133333 380.10833 25.583333 380.875 

24.25 379.29167 24.7 379.35 25.15 380.13333 25.6 380.925 

24.266667 379.325 24.716667 379.39167 25.166667 380.15833 25.616667 380.93333 

24.283333 379.19167 24.733333 379.40833 25.183333 380.20833 25.633333 380.95833 
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25.666667 381.025 26.116667 381.69167 26.566667 382.55833 27.016667 383.28333 

25.683333 381.06667 26.133333 381.74167 26.583333 382.5 27.033333 383.275 

25.7 381.1 26.15 381.76667 26.6 382.525 27.05 383.30833 

25.716667 381.13333 26.166667 381.8 26.616667 382.53333 27.066667 383.35 

25.733333 381.15833 26.183333 381.825 26.633333 382.6 27.083333 383.35833 

25.75 381.125 26.2 381.85833 26.65 382.625 27.1 383.41667 

25.766667 381.14167 26.216667 381.88333 26.666667 382.66667 27.116667 383.475 

25.783333 381.175 26.233333 381.9 26.683333 382.68333 27.133333 383.49167 

25.8 381.2 26.25 381.93333 26.7 382.725 27.15 383.51667 

25.816667 381.21667 26.266667 381.95833 26.716667 382.75 27.166667 383.55 

25.833333 381.25 26.283333 382.00833 26.733333 382.79167 27.183333 383.575 

25.85 381.31667 26.3 382.01667 26.75 382.85 27.2 383.6 

25.866667 381.35833 26.316667 382.05 26.766667 382.9 27.216667 383.55833 

25.883333 381.38333 26.333333 382.09167 26.783333 382.93333 27.233333 383.6 

25.9 381.40833 26.35 382.10833 26.8 382.96667 27.25 383.625 

25.916667 381.44167 26.366667 382.14167 26.816667 382.98333 27.266667 383.69167 

25.933333 381.35 26.383333 382.19167 26.833333 383.025 27.283333 383.70833 

25.95 381.375 26.4 382.325 26.85 383.025 27.3 383.75 

25.966667 381.40833 26.416667 382.34167 26.866667 383.05833 27.316667 383.86667 

25.983333 381.43333 26.433333 382.35833 26.883333 383.05833 27.333333 383.89167 

26 381.46667 26.45 382.38333 26.9 383.09167 27.35 383.925 

26.016667 381.49167 26.466667 382.39167 26.916667 383.11667 27.366667 383.93333 

26.033333 381.575 26.483333 382.425 26.933333 383.13333 27.383333 383.95 

26.05 381.6 26.5 382.475 26.95 383.175 27.4 383.95 

26.066667 381.61667 26.516667 382.475 26.966667 383.21667 27.416667 383.95 

26.083333 381.65 26.533333 382.50833 26.983333 383.24167 27.433333 383.96667 
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27.466667 384 27.916667 384.825 28.366667 385.58333 28.816667 386.43333 

27.483333 384.05833 27.933333 384.875 28.383333 385.625 28.833333 386.45 

27.5 384.13333 27.95 384.89167 28.4 385.64167 28.85 386.45 

27.516667 384.15833 27.966667 384.91667 28.416667 385.58333 28.866667 386.49167 

27.533333 384.19167 27.983333 384.975 28.433333 385.625 28.883333 386.54167 

27.55 384.2 28 385 28.45 385.65833 28.9 386.59167 

27.566667 384.225 28.016667 385.025 28.466667 385.71667 28.916667 386.60833 

27.583333 384.275 28.033333 385.05833 28.483333 385.75833 28.933333 386.64167 

27.6 384.29167 28.05 385.13333 28.5 385.775 28.95 386.66667 

27.616667 384.31667 28.066667 385.15 28.516667 385.79167 28.966667 386.75 

27.633333 384.34167 28.083333 385.18333 28.533333 385.81667 28.983333 386.76667 

27.65 384.36667 28.1 385.20833 28.55 385.89167 29 386.80833 

27.666667 384.35833 28.116667 385.23333 28.566667 385.93333 30 389.73333 

27.683333 384.325 28.133333 385.21667 28.583333 385.95833 31 391.18333 

27.7 384.35 28.15 385.24167 28.6 386.09167 32 392.89167 

27.716667 384.38333 28.166667 385.25833 28.616667 386.10833 33 394.6 

27.733333 384.41667 28.183333 385.25833 28.633333 386.11667 34 395.7 

27.75 384.43333 28.2 385.31667 28.65 386.16667 35 397.44167 

27.766667 384.53333 28.216667 385.325 28.666667 386.18333 36 399.075 

27.783333 384.58333 28.233333 385.4 28.683333 386.15833 37 400.80833 

27.8 384.61667 28.25 385.40833 28.7 386.175 38 402.54167 

27.816667 384.65 28.266667 385.425 28.716667 386.2 39 404.29167 

27.833333 384.68333 28.283333 385.46667 28.733333 386.225 40 406.19167 

27.85 384.71667 28.3 385.49167 28.75 386.26667 41 407.93333 

27.866667 384.75 28.316667 385.51667 28.766667 386.26667 42 409.69167 

27.883333 384.78333 28.333333 385.53333 28.783333 386.35 43 411.51667 
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44 413.325 52 427.75 53 429.675 66 455.70833 

45 415.03333 52.016667 427.78333 54 431.61667 67 457.65 

46 416.91667 52.033333 427.80833 55 433.55 68 459.675 

47 420.10833 52.05 427.83333 56 435.48333 69 461.50833 

48 420.89167 52.066667 427.875 57 437.50833 70 463.425 

49 422.83333 52.083333 427.90833 58 439.39167 71 465.25 

50 423.9 52.1 427.95 59 441.35 72 467.4 

51 425.81667 52.116667 427.98333 60 443.34167 73 469.40833 

51.016667 425.88333 52.133333 428.025 61 445.34167 74 471.25833 

51.033333 425.90833 52.15 428.04167 62 447.28333 75 473.34167 

51.05 425.99167 52.166667 428.08333 63 449.35 76 475.19167 

51.066667 426.03333 52.183333 428.10833 64 451.38333 77 477.125 

51.083333 426.09167 52.2 428.15 65 453.8 77.866667 478.825 

51.1 426.14167 52.216667 428.2 65.016667 453.83333 77.883333 478.85 

51.116667 426.175 52.233333 428.23333 65.033333 453.85 77.9 478.89167 

51.133333 426.20833 52.25 428.2 65.05 453.89167 77.916667 478.925 

51.15 426.30833 52.266667 428.26667 65.066667 453.94167 77.933333 478.96667 

51.166667 426.325 52.283333 428.29167 65.083333 454.08333 77.95 478.98333 

51.183333 426.375 52.3 428.33333 65.1 454.125 77.966667 479.00833 

51.2 426.40833 52.316667 428.36667 65.116667 454.14167 77.983333 479.05833 

51.216667 426.45 52.333333 428.40833 65.133333 454.15 78 479.10833 

51.233333 426.275 52.35 428.4 65.15 454.19167 78.016667 479.15833 

51.25 426.275 52.366667 428.45833 65.166667 454.15 78.033333 479.18333 

51.266667 426.28333 52.383333 428.53333 65.183333 454.175 78.05 479.19167 

51.283333 426.31667 52.4 428.54167 65.2 454.25833 78.066667 479.21667 

51.3 426.34167 52.416667 428.575 65.216667 454.2 78.083333 479.25833 



  121 

ĨŅĶŅĚįĬĺĔĕ.1 įĸĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

623.15 K &Ĩƞŀ' 
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79 481.00833 82 486.575 83.066667 488.66667 84.616667 491.89167 

79.016667 481.09167 82.016667 486.61667 83.083333 488.73333 84.633333 491.925 

79.033333 481.10833 82.033333 486.75 83.1 488.775 84.65 491.98333 

79.05 481.125 82.05 486.79167 83.116667 488.8 84.666667 492.00833 

79.066667 481.16667 82.066667 486.80833 83.133333 488.83333 84.683333 492.05833 

79.083333 481.21667 82.083333 486.85 83.15 488.88333 84.7 492.025 

79.1 481.175 82.1 486.875 83.166667 488.925 84.716667 492.075 

79.116667 481.225 82.116667 486.90833 83.183333 488.95833 84.733333 492.1 

79.133333 481.25 82.133333 486.89167 83.2 488.98333 84.75 492.13333 

79.15 481.3 82.15 486.93333 83.216667 489.025 84.766667 492.19167 

79.166667 481.30833 82.166667 486.98333 83.233333 489.08333 84.783333 492.21667 

79.183333 481.34167 82.183333 487.01667 83.25 489.125 84.8 492.24167 

80 482.975 82.2 487.05 84 490.41667 84.816667 492.26667 

80.016667 482.99167 82.216667 487.13333 84.016667 490.41667 84.833333 492.31667 

80.033333 483.025 82.233333 487.175 84.033333 490.49167 84.85 492.35 

80.05 483.05833 82.25 487.225 84.05 490.48333 84.866667 492.38333 

80.066667 483.08333 82.266667 487.24167 84.066667 490.50833 84.883333 492.5 

80.083333 483.11667 82.283333 487.31667 84.083333 490.55833 84.9 492.53333 

80.1 483.16667 82.3 487.33333 84.1 490.6 84.916667 492.56667 

81 484.85 82.316667 487.35 84.116667 490.625 84.933333 492.59167 

81.016667 484.89167 82.333333 487.39167 84.133333 490.68333 84.95 492.64167 

81.033333 484.85 82.35 487.425 84.15 494.1 84.966667 492.58333 

81.05 484.93333 83 488.6 84.166667 494.13333 84.983333 492.59167 

81.066667 484.96667 83.016667 488.63333 84.183333 494.15833 85 492.61667 

81.083333 485.025 83.033333 488.64167 84.2 494.19167 85.016667 492.65 

81.1 485.05833 83.05 488.64167 84.216667 492.41667 85.033333 492.675 
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ĨŅĶŅĚįĬĺĔĕ.1 įĸĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

85.066667 492.73333 

85.083333 492.75833 

85.1 492.79167 

85.116667 492.80833 

85.133333 492.86667 

85.15 492.89167 

85.166667 492.90833 

85.183333 492.94167 

85.2 492.95833 

85.216667 492.99167 

85.233333 493 

85.25 493.075 

85.266667 493.11667 

85.283333 493.10833 

85.3 493.11667 

85.316667 493.16667 
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ĨŅĶŅĚįĬĺĔĕ2. įĸĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ

648.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.15 23 382.7417 46 428.8667 69 486.5833 

1 312.175 24 384.6833 47 431.275 70 489.1833 

2 315.6833 25 386.5083 48 433.6667 71 491.7667 

3 319.6667 26 388.5167 49 436.05 71.53333 493.15 

4 323.9083 27 390.3083 50 438.5417     

5 328.175 28 392.2417 51 439.425     

6 332.475 29 394.075 52 442.1     

7 336.6833 30 395.9167 53 444.5333     

8 340.8667 31 397.6083 54 447.0167     

9 344.975 32 399.5833 55 449.4833     

10 348.875 33 401.4333 56 452.0167     

11 352.5917 34 403.05 57 454.5667     

12 356.225 35 404.825 58 456.0083     

13 359.725 36 406.7167 59 458.6     

14 362.9667 37 409.1083 60 461.6667     

15 365.9417 38 411.1833 61 465.35     

16 368.6 39 412.1 62 467.8     

17 370.9167 40 415.425 63 471.2917     

18 373.05 41 416.8667 64 473.825     

19 375.0917 42 419.025 65 476.4833     

20 377.0083 43 421.9583 66 478.7917     

21 378.95 44 424.2917 67 481.55     

22 380.9333 45 426.5833 68 484.075     
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ĨŅĶŅĚįĬĺĔĕ4. įĸĪňŗœħƟěŅĔįĸĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.225 23 388.1167 46 440.45 

1 312.7167 24 390.05 47 443.325 

2 317.0917 25 391.95 48 446.1083 

3 321.8083 26 394.0083 49 449.025 

4 326.8333 27 396.0583 50 451.7583 

5 331.7583 28 398.0083 51 454.6583 

6 336.6333 29 400.0083 52 457.5417 

7 341.325 30 402.0917 53 460.4667 

8 345.8417 31 404.0333 54 463.5 

9 349.9833 32 406.1917 55 466.5083 

10 353.7583 33 408.2917 56 469.3667 

11 357.4833 34 410.375 57 472.4583 

12 361.0667 35 412.75 58 475.325 

13 364.2167 36 414.7917 59 478.5083 

14 367.275 37 417.225 60 481.3833 

15 370.2667 38 419.5833 61 484.4333 

16 372.7417 39 421.9667 62 487.5583 

17 375.325 40 424.5917 63 490.4417 

18 377.6917 41 427.0167 63.91667 493.15 

19 379.7833 42 429.625     

20 381.9417 43 432.225     

21 383.9917 44 435.0833     

22 386.1 45 437.625     
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ĨŅĶŅĚįĬĺĔĕ.3 įĸĕŀĚŀŋĦľĳŌĴŇĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ

698.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.2318 22 393.0136 44 471.05 

1 313.5227 23 395.7864 45 474.8591 

2 318.3409 24 398.6682 46 478.7136 

3 323.6227 25 401.5227 47 482.4045 

4 329.2682 26 404.5318 48 486.2136 

5 334.75 27 407.7864 49 490.0227 

6 340.15 28 411.05 49.83333 493.1591 

7 345.25 29 414.4409   

8 350.1682 30 418.0136   

9 354.8864 31 421.5773   

10 359.1045 32 425.25     

11 363.2045 33 428.8318     

12 366.8318 34 432.5955     

13 370.1045 35 436.3136     

14 373.2318 36 440.2227     

15 375.8864 37 443.9136     

16 378.4955 38 447.6955     

17 380.8318 39 451.6682     

18 383.1955 40 455.5864     

19 385.5682 41 459.4227     

20 387.95 42 463.3864     

21 390.5136 43 467.2591     
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ĕ2. įĸĕŀĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŅĔ

ŐĭĭěŜŅĸŀĚėĦŇĨĻŅĽĨĶƢĪňŗĽĶƟŅĚĕŉŘĬŒĬĔĶĦňĕŀĚĲŅĚĕƟŅĺ 

ĨŅĶŅĚįĬĺĔĕ,5Ȯ įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K)  ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

0 309.15 0.1125 309.61292  0.225 310.07539 0.3375 310.53741 

0.0041667 309.16715 0.1166667 309.63006  0.2291667 310.09251 0.3416667 310.55452 

0.0083333 309.18431 0.1208333 309.64719  0.2333333 310.10963 0.3458333 310.57162 

0.0125 309.20146 0.125 309.66433  0.2375 310.12675 0.35 310.58872 

0.0166667 309.21861 0.1291667 309.68146  0.2416667 310.14387 0.3541667 310.60582 

0.0208333 309.23576 0.1333333 309.6986  0.2458333 310.16099 0.3583333 310.62292 

0.025 309.25291 0.1375 309.71573  0.25 310.1781 0.3625 310.64002 

0.0291667 309.27006 0.1416667 309.73286  0.2541667 310.19522 0.3666667 310.65712 

0.0333333 309.28721 0.1458333 309.75  0.2583333 310.21233 0.3708333 310.67422 

0.0375 309.30436 0.15 309.76713  0.2625 310.22945 0.375 310.69132 

0.0416667 309.3215 0.1541667 309.78426  0.2666667 310.24656 0.3791667 310.70842 

0.0458333 309.33865 0.1583333 309.80139  0.2708333 310.26368 0.3833333 310.72552 

0.05 309.3558 0.1625 309.81852  0.275 310.28079 0.3875 310.74261 

0.0541667 309.37294 0.1666667 309.83565  0.2791667 310.2979 0.3916667 310.75971 

0.0583333 309.39009 0.1708333 309.85278  0.2833333 310.31502 0.3958333 310.7768 

0.0625 309.40723 0.175 309.8699  0.2875 310.33213 0.4 310.7939 

0.0666667 309.42438 0.1791667 309.88703  0.2916667 310.34924 0.4041667 310.81099 

0.0708333 309.44152 0.1833333 309.90416  0.2958333 310.36635 0.4083333 310.82809 

0.075 309.45866 0.1875 309.92128  0.3 310.38346 0.4125 310.84518 

0.0791667 309.47581 0.1916667 309.93841  0.3041667 310.40057 0.4166667 310.86227 

0.0833333 309.49295 0.1958333 309.95553  0.3083333 310.41767 0.4208333 310.87936 

0.0875 309.51009 0.2 309.97266  0.3125 310.43478 0.425 310.89645 

0.0916667 309.52723 0.2041667 309.98978  0.3166667 310.45189 0.4291667 310.91354 

0.0958333 309.54437 0.2083333 310.00691  0.3208333 310.46899 0.4333333 310.93063 

0.1 309.56151 0.2125 310.02403  0.325 310.4861 0.4375 310.94772 
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ĨŅĶŅĚįĬĺĔĕ,5Ȯ įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K&Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

0.45 310.99899 0.5625 311.46011 0.675 311.92079 0.7875 312.38101 

0.4541667 311.01607 0.5666667 311.47718 0.6791667 311.93784 0.7916667 312.39805 

0.4583333 311.03316 0.5708333 311.49425 0.6833333 311.95489 0.7958333 312.41509 

0.4625 311.05025 0.575 311.51132 0.6875 311.97194 0.8 312.43212 

0.4666667 311.06733 0.5791667 311.52839 0.6916667 311.989 0.8041667 312.44916 

0.4708333 311.08441 0.5833333 311.54546 0.6958333 312.00605 0.8083333 312.46619 

0.475 311.1015 0.5875 311.56252 0.7 312.0231 0.8125 312.48322 

0.4791667 311.11858 0.5916667 311.57959 0.7041667 312.04015 0.8166667 312.50026 

0.4833333 311.13566 0.5958333 311.59665 0.7083333 312.0572 0.8208333 312.51729 

0.4875 311.15275 0.6 311.61372 0.7125 312.07425 0.825 312.53432 

0.4916667 311.16983 0.6041667 311.63078 0.7166667 312.09129 0.8291667 312.55135 

0.4958333 311.18691 0.6083333 311.64785 0.7208333 312.10834 0.8333333 312.56838 

0.5 311.20399 0.6125 311.66491 0.725 312.12539 0.8375 312.58541 

0.5041667 311.22107 0.6166667 311.68197 0.7291667 312.14243 0.8416667 312.60244 

0.5083333 311.23814 0.6208333 311.69904 0.7333333 312.15948 0.8458333 312.61947 

0.5125 311.25522 0.625 311.7161 0.7375 312.17652 0.85 312.6365 

0.5166667 311.2723 0.6291667 311.73316 0.7416667 312.19357 0.8541667 312.65353 

0.5208333 311.28938 0.6333333 311.75022 0.7458333 312.21061 0.8583333 312.67055 

0.525 311.30645 0.6375 311.76728 0.75 312.22765 0.8625 312.68758 

0.5291667 311.32353 0.6416667 311.78434 0.7541667 312.2447 0.8666667 312.70461 

0.5333333 311.3406 0.6458333 311.8014 0.7583333 312.26174 0.8708333 312.72163 

0.5375 311.35768 0.65 311.81845 0.7625 312.27878 0.875 312.73866 

0.5416667 311.37475 0.6541667 311.83551 0.7666667 312.29582 0.8791667 312.75568 

0.5458333 311.39183 0.6583333 311.85257 0.7708333 312.31286 0.8833333 312.7727 

0.55 311.4089 0.6625 311.86962 0.775 312.3299 0.8875 312.78973 

0.5541667 311.42597 0.6666667 311.88668 0.7791667 312.34694 0.8916667 312.80675 

0.5583333 311.44304 0.6708333 311.90373 0.7833333 312.36398 0.8958333 312.82377 
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ĨŅĶŅĚįĬĺĔĕ,5Ȯ įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K&Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

0.9 312.84079 1.0125 313.30012 1.125 313.759 1.2375 314.21743 

0.9041667 312.85781 1.0166667 313.31712 1.1291667 313.77598 1.2416667 314.2344 

0.9083333 312.87483 1.0208333 313.33412 1.1333333 313.79297 1.2458333 314.25137 

0.9125 312.89185 1.025 313.35113 1.1375 313.80996 1.25 314.26834 

0.9166667 312.90887 1.0291667 313.36813 1.1416667 313.82694 1.2541667 314.2853 

0.9208333 312.92588 1.0333333 313.38513 1.1458333 313.84393 1.2583333 314.30227 

0.925 312.9429 1.0375 313.40213 1.15 313.86091 1.2625 314.31924 

0.9291667 312.95992 1.0416667 313.41913 1.1541667 313.87789 1.2666667 314.33621 

0.9333333 312.97693 1.0458333 313.43613 1.1583333 313.89488 1.2708333 314.35317 

0.9375 312.99395 1.05 313.45313 1.1625 313.91186 1.275 314.37014 

0.9416667 313.01096 1.0541667 313.47013 1.1666667 313.92884 1.2791667 314.3871 

0.9458333 313.02798 1.0583333 313.48712 1.1708333 313.94582 1.2833333 314.40407 

0.95 313.04499 1.0625 313.50412 1.175 313.9628 1.2875 314.42103 

0.9541667 313.062 1.0666667 313.52112 1.1791667 313.97978 1.2916667 314.43799 

0.9583333 313.07902 1.0708333 313.53811 1.1833333 313.99676 1.2958333 314.45496 

0.9625 313.09603 1.075 313.55511 1.1875 314.01374 1.3 314.47192 

0.9666667 313.11304 1.0791667 313.5721 1.1916667 314.03071 1.3041667 314.48888 

0.9708333 313.13005 1.0833333 313.58909 1.1958333 314.04769 1.3083333 314.50584 

0.975 313.14706 1.0875 313.60609 1.2 314.06467 1.3125 314.5228 

0.9791667 313.16407 1.0916667 313.62308 1.2041667 314.08164 1.3166667 314.53976 

0.9833333 313.18108 1.0958333 313.64007 1.2083333 314.09862 1.3208333 314.55672 

0.9875 313.19808 1.1 313.65706 1.2125 314.11559 1.325 314.57367 

0.9916667 313.21509 1.1041667 313.67405 1.2166667 314.13257 1.3291667 314.59063 

0.9958333 313.2321 1.1083333 313.69104 1.2208333 314.14954 1.3333333 314.60759 

1 313.2491 1.1125 313.70803 1.225 314.16651 1.3375 314.62454 

1.0041667 313.26611 1.1166667 313.72502 1.2291667 314.18348 1.3416667 314.6415 

1.0083333 313.28311 1.1208333 313.74201 1.2333333 314.20046 1.3458333 314.65845 
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ĨŅĶŅĚįĬĺĔĕ,5Ȯ įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K&Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

1.35 314.67541 1.4625 315.13294 1.575 315.59003 1.6875 316.04666 

1.3541667 314.69236 1.4666667 315.14988 1.5791667 315.60695 1.6916667 316.06356 

1.3583333 314.70932 1.4708333 315.16681 1.5833333 315.62387 1.6958333 316.08047 

1.3625 314.72627 1.475 315.18375 1.5875 315.64078 1.7 316.09737 

1.3666667 314.74322 1.4791667 315.20069 1.5916667 315.6577 1.7041667 316.11427 

1.3708333 314.76017 1.4833333 315.21762 1.5958333 315.67462 1.7083333 316.13117 

1.375 314.77712 1.4875 315.23455 1.6 315.69154 1.7125 316.14807 

1.3791667 314.79407 1.4916667 315.25149 1.6041667 315.70846 1.7166667 316.16497 

1.3833333 314.81102 1.4958333 315.26842 1.6083333 315.72537 1.7208333 316.18187 

1.3875 314.82797 1.5 315.28535 1.6125 315.74229 1.725 316.19877 

1.3916667 314.84492 1.5041667 315.30228 1.6166667 315.7592 1.7291667 316.21567 

1.3958333 314.86187 1.5083333 315.31921 1.6208333 315.77612 1.7333333 316.23257 

1.4 314.87881 1.5125 315.33615 1.625 315.79303 1.7375 316.24947 

1.4041667 314.89576 1.5166667 315.35307 1.6291667 315.80994 1.7416667 316.26636 

1.4083333 314.9127 1.5208333 315.37 1.6333333 315.82686 1.7458333 316.28326 

1.4125 314.92965 1.525 315.38693 1.6375 315.84377 1.75 316.30015 

1.4166667 314.94659 1.5291667 315.40386 1.6416667 315.86068 1.7541667 316.31705 

1.4208333 314.96354 1.5333333 315.42079 1.6458333 315.87759 1.7583333 316.33394 

1.425 314.98048 1.5375 315.43771 1.65 315.8945 1.7625 316.35083 

1.4291667 314.99742 1.5416667 315.45464 1.6541667 315.91141 1.7666667 316.36772 

1.4333333 315.01436 1.5458333 315.47157 1.6583333 315.92832 1.7708333 316.38462 

1.4375 315.03131 1.55 315.48849 1.6625 315.94522 1.775 316.40151 

1.4416667 315.04825 1.5541667 315.50541 1.6666667 315.96213 1.7791667 316.4184 

1.4458333 315.06519 1.5583333 315.52234 1.6708333 315.97904 1.7833333 316.43528 

1.45 315.08213 1.5625 315.53926 1.675 315.99595 1.7875 316.45217 

1.4541667 315.09907 1.5666667 315.55618 1.6791667 316.01285 1.7916667 316.46906 

1.4583333 315.116 1.5708333 315.5731 1.6833333 316.02976 1.7958333 316.48595 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

1.8 316.50283 1.9125 316.95847 2.025 317.41357 2.1375 317.86812 

1.8041667 316.51972 1.9166667 316.97534 2.0291667 317.43041 2.1416667 317.88495 

1.8083333 316.5366 1.9208333 316.9922 2.0333333 317.44726 2.1458333 317.90177 

1.8125 316.55349 1.925 317.00906 2.0375 317.4641 2.15 317.91859 

1.8166667 316.57037 1.9291667 317.02593 2.0416667 317.48094 2.1541667 317.93542 

1.8208333 316.58725 1.9333333 317.04279 2.0458333 317.49779 2.1583333 317.95224 

1.825 316.60413 1.9375 317.05965 2.05 317.51463 2.1625 317.96906 

1.8291667 316.62101 1.9416667 317.07651 2.0541667 317.53147 2.1666667 317.98588 

1.8333333 316.63789 1.9458333 317.09337 2.0583333 317.54831 2.1708333 318.0027 

1.8375 316.65477 1.95 317.11023 2.0625 317.56515 2.175 318.01952 

1.8416667 316.67165 1.9541667 317.12709 2.0666667 317.58198 2.1791667 318.03634 

1.8458333 316.68853 1.9583333 317.14395 2.0708333 317.59882 2.1833333 318.05315 

1.85 316.70541 1.9625 317.1608 2.075 317.61566 2.1875 318.06997 

1.8541667 316.72228 1.9666667 317.17766 2.0791667 317.6325 2.1916667 318.08679 

1.8583333 316.73916 1.9708333 317.19452 2.0833333 317.64933 2.1958333 318.1036 

1.8625 316.75603 1.975 317.21137 2.0875 317.66616 2.2 318.12042 

1.8666667 316.77291 1.9791667 317.22822 2.0916667 317.683 2.2041667 318.13723 

1.8708333 316.78978 1.9833333 317.24508 2.0958333 317.69983 2.2083333 318.15404 

1.875 316.80665 1.9875 317.26193 2.1 317.71666 2.2125 318.17086 

1.8791667 316.82352 1.9916667 317.27878 2.1041667 317.7335 2.2166667 318.18767 

1.8833333 316.8404 1.9958333 317.29563 2.1083333 317.75033 2.2208333 318.20448 

1.8875 316.85727 2 317.31248 2.1125 317.76716 2.225 318.22129 

1.8916667 316.87414 2.0041667 317.32933 2.1166667 317.78399 2.2291667 318.2381 

1.8958333 316.891 2.0083333 317.34618 2.1208333 317.80081 2.2333333 318.25491 

1.9 316.90787 2.0125 317.36303 2.125 317.81764 2.2375 318.27171 

1.9041667 316.92474 2.0166667 317.37988 2.1291667 317.83447 2.2416667 318.28852 

1.9083333 316.94161 2.0208333 317.39672 2.1333333 317.8513 2.2458333 318.30533 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

2.25 318.32213 2.3625 318.7756 2.475 319.22853 2.5875 319.68091 

2.2541667 318.33894 2.3666667 318.79239 2.4791667 319.24529 2.5916667 319.69766 

2.2583333 318.35574 2.3708333 318.80917 2.4833333 319.26206 2.5958333 319.7144 

2.2625 318.37255 2.375 318.82595 2.4875 319.27882 2.6 319.73114 

2.2666667 318.38935 2.3791667 318.84274 2.4916667 319.29558 2.6041667 319.74789 

2.2708333 318.40615 2.3833333 318.85952 2.4958333 319.31234 2.6083333 319.76463 

2.275 318.42295 2.3875 318.8763 2.5 319.3291 2.6125 319.78137 

2.2791667 318.43975 2.3916667 318.89308 2.5041667 319.34586 2.6166667 319.79811 

2.2833333 318.45655 2.3958333 318.90986 2.5083333 319.36262 2.6208333 319.81485 

2.2875 318.47335 2.4 318.92664 2.5125 319.37938 2.625 319.83159 

2.2916667 318.49015 2.4041667 318.94342 2.5166667 319.39614 2.6291667 319.84832 

2.2958333 318.50694 2.4083333 318.96019 2.5208333 319.4129 2.6333333 319.86506 

2.3 318.52374 2.4125 318.97697 2.525 319.42965 2.6375 319.8818 

2.3041667 318.54054 2.4166667 318.99374 2.5291667 319.44641 2.6416667 319.89853 

2.3083333 318.55733 2.4208333 319.01052 2.5333333 319.46316 2.6458333 319.91527 

2.3125 318.57413 2.425 319.02729 2.5375 319.47992 2.65 319.932 

2.3166667 318.59092 2.4291667 319.04407 2.5416667 319.49667 2.6541667 319.94873 

2.3208333 318.60771 2.4333333 319.06084 2.5458333 319.51343 2.6583333 319.96547 

2.325 318.62451 2.4375 319.07761 2.55 319.53018 2.6625 319.9822 

2.3291667 318.6413 2.4416667 319.09438 2.5541667 319.54693 2.6666667 319.99893 

2.3333333 318.65809 2.4458333 319.11115 2.5583333 319.56368 2.6708333 320.01566 

2.3375 318.67488 2.45 319.12792 2.5625 319.58043 2.675 320.03239 

2.3416667 318.69167 2.4541667 319.14469 2.5666667 319.59718 2.6791667 320.04912 

2.3458333 318.70846 2.4583333 319.16146 2.5708333 319.61393 2.6833333 320.06585 

2.35 318.72524 2.4625 319.17823 2.575 319.63067 2.6875 320.08258 

2.3541667 318.74203 2.4666667 319.195 2.5791667 319.64742 2.6916667 320.0993 

2.3583333 318.75882 2.4708333 319.21176 2.5833333 319.66417 2.6958333 320.11603 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

2.7 320.13275 2.8125 320.58405 2.925 321.03481 3.0375 321.48503 

2.7041667 320.14948 2.8166667 320.60076 2.9291667 321.05149 3.0416667 321.50169 

2.7083333 320.1662 2.8208333 320.61746 2.9333333 321.06818 3.0458333 321.51835 

2.7125 320.18292 2.825 320.63416 2.9375 321.08486 3.05 321.53502 

2.7166667 320.19965 2.8291667 320.65087 2.9416667 321.10154 3.0541667 321.55168 

2.7208333 320.21637 2.8333333 320.66757 2.9458333 321.11822 3.0583333 321.56834 

2.725 320.23309 2.8375 320.68427 2.95 321.1349 3.0625 321.585 

2.7291667 320.24981 2.8416667 320.70097 2.9541667 321.15158 3.0666667 321.60166 

2.7333333 320.26653 2.8458333 320.71767 2.9583333 321.16826 3.0708333 321.61832 

2.7375 320.28325 2.85 320.73437 2.9625 321.18494 3.075 321.63498 

2.7416667 320.29996 2.8541667 320.75106 2.9666667 321.20162 3.0791667 321.65164 

2.7458333 320.31668 2.8583333 320.76776 2.9708333 321.2183 3.0833333 321.66829 

2.75 320.3334 2.8625 320.78446 2.975 321.23497 3.0875 321.68495 

2.7541667 320.35011 2.8666667 320.80115 2.9791667 321.25165 3.0916667 321.7016 

2.7583333 320.36683 2.8708333 320.81785 2.9833333 321.26832 3.0958333 321.71826 

2.7625 320.38354 2.875 320.83454 2.9875 321.285 3.1 321.73491 

2.7666667 320.40026 2.8791667 320.85123 2.9916667 321.30167 3.1041667 321.75156 

2.7708333 320.41697 2.8833333 320.86793 2.9958333 321.31834 3.1083333 321.76822 

2.775 320.43368 2.8875 320.88462 3 321.33501 3.1125 321.78487 

2.7791667 320.45039 2.8916667 320.90131 3.0041667 321.35169 3.1166667 321.80152 

2.7833333 320.4671 2.8958333 320.918 3.0083333 321.36836 3.1208333 321.81817 

2.7875 320.48381 2.9 320.93469 3.0125 321.38502 3.125 321.83482 

2.7916667 320.50052 2.9041667 320.95138 3.0166667 321.40169 3.1291667 321.85147 

2.7958333 320.51723 2.9083333 320.96807 3.0208333 321.41836 3.1333333 321.86812 

2.8 320.53394 2.9125 320.98475 3.025 321.43503 3.1375 321.88476 

2.8041667 320.55064 2.9166667 321.00144 3.0291667 321.4517 3.1416667 321.90141 

2.8083333 320.56735 2.9208333 321.01813 3.0333333 321.46836 3.1458333 321.91806 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

3.6 323.72791 3.7125 324.17483 3.825 324.6212 3.9375 325.06702 

3.6041667 323.74447 3.7166667 324.19137 3.8291667 324.63772 3.9416667 325.08352 

3.6083333 323.76103 3.7208333 324.20791 3.8333333 324.65424 3.9458333 325.10002 

3.6125 323.77759 3.725 324.22445 3.8375 324.67076 3.95 325.11652 

3.6166667 323.79415 3.7291667 324.24099 3.8416667 324.68728 3.9541667 325.13302 

3.6208333 323.81071 3.7333333 324.25753 3.8458333 324.7038 3.9583333 325.14952 

3.625 323.82727 3.7375 324.27407 3.85 324.72032 3.9625 325.16602 

3.6291667 323.84383 3.7416667 324.29061 3.8541667 324.73684 3.9666667 325.18251 

3.6333333 323.86039 3.7458333 324.30714 3.8583333 324.75335 3.9708333 325.19901 

3.6375 323.87694 3.75 324.32368 3.8625 324.76987 3.975 325.21551 

3.6416667 323.8935 3.7541667 324.34022 3.8666667 324.78638 3.9791667 325.232 

3.6458333 323.91005 3.7583333 324.35675 3.8708333 324.8029 3.9833333 325.24849 

3.65 323.92661 3.7625 324.37328 3.875 324.81941 3.9875 325.26499 

3.6541667 323.94316 3.7666667 324.38982 3.8791667 324.83592 3.9916667 325.28148 

3.6583333 323.95971 3.7708333 324.40635 3.8833333 324.85244 3.9958333 325.29797 

3.6625 323.97627 3.775 324.42288 3.8875 324.86895 4 325.31446 

3.6666667 323.99282 3.7791667 324.43941 3.8916667 324.88546 4.0041667 325.33095 

3.6708333 324.00937 3.7833333 324.45594 3.8958333 324.90197 4.0083333 325.34744 

3.675 324.02592 3.7875 324.47247 3.9 324.91848 4.0125 325.36393 

3.6791667 324.04247 3.7916667 324.489 3.9041667 324.93498 4.0166667 325.38042 

3.6833333 324.05901 3.7958333 324.50553 3.9083333 324.95149 4.0208333 325.3969 

3.6875 324.07556 3.8 324.52205 3.9125 324.968 4.025 325.41339 

3.6916667 324.09211 3.8041667 324.53858 3.9166667 324.9845 4.0291667 325.42987 

3.6958333 324.10865 3.8083333 324.55511 3.9208333 325.00101 4.0333333 325.44636 

3.7 324.1252 3.8125 324.57163 3.925 325.01751 4.0375 325.46284 

3.7041667 324.14174 3.8166667 324.58815 3.9291667 325.03402 4.0416667 325.47933 

3.7083333 324.15829 3.8208333 324.60468 3.9333333 325.05052 4.0458333 325.49581 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

5.4 330.81289 5.5125 331.25109 5.625 331.68876 5.7375 332.12594 

5.4041667 330.82913 5.5166667 331.26731 5.6291667 331.70496 5.7416667 332.14212 

5.4083333 330.84537 5.5208333 331.28353 5.6333333 331.72116 5.7458333 332.1583 

5.4125 330.86161 5.525 331.29975 5.6375 331.73736 5.75 332.17448 

5.4166667 330.87784 5.5291667 331.31597 5.6416667 331.75355 5.7541667 332.19067 

5.4208333 330.89408 5.5333333 331.33218 5.6458333 331.76975 5.7583333 332.20685 

5.425 330.91032 5.5375 331.3484 5.65 331.78595 5.7625 332.22303 

5.4291667 330.92655 5.5416667 331.36461 5.6541667 331.80214 5.7666667 332.23921 

5.4333333 330.94278 5.5458333 331.38083 5.6583333 331.81834 5.7708333 332.25539 

5.4375 330.95902 5.55 331.39704 5.6625 331.83453 5.775 332.27156 

5.4416667 330.97525 5.5541667 331.41325 5.6666667 331.85073 5.7791667 332.28774 

5.4458333 330.99148 5.5583333 331.42947 5.6708333 331.86692 5.7833333 332.30392 

5.45 331.00771 5.5625 331.44568 5.675 331.88312 5.7875 332.32009 

5.4541667 331.02394 5.5666667 331.46189 5.6791667 331.89931 5.7916667 332.33627 

5.4583333 331.04017 5.5708333 331.4781 5.6833333 331.9155 5.7958333 332.35245 

5.4625 331.0564 5.575 331.49431 5.6875 331.93169 5.8 332.36862 

5.4666667 331.07263 5.5791667 331.51052 5.6916667 331.94788 5.8041667 332.38479 

5.4708333 331.08886 5.5833333 331.52672 5.6958333 331.96407 5.8083333 332.40097 

5.475 331.10509 5.5875 331.54293 5.7 331.98026 5.8125 332.41714 

5.4791667 331.12131 5.5916667 331.55914 5.7041667 331.99645 5.8166667 332.43331 

5.4833333 331.13754 5.5958333 331.57534 5.7083333 332.01264 5.8208333 332.44948 

5.4875 331.15376 5.6 331.59155 5.7125 332.02883 5.825 332.46565 

5.4916667 331.16999 5.6041667 331.60775 5.7166667 332.04501 5.8291667 332.48182 

5.4958333 331.18621 5.6083333 331.62395 5.7208333 332.0612 5.8333333 332.49799 

5.5 331.20243 5.6125 331.64016 5.725 332.07738 5.8375 332.51416 

5.5041667 331.21865 5.6166667 331.65636 5.7291667 332.09357 5.8416667 332.53033 

5.5083333 331.23487 5.6208333 331.67256 5.7333333 332.10975 5.8458333 332.5465 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

7.65 339.48857 7.7625 339.9176 7.875 340.34613 7.9875 340.77415 

7.6541667 339.50447 7.7666667 339.93346 7.8791667 340.36199 7.9916667 340.78999 

7.6583333 339.52037 7.7708333 339.94934 7.8833333 340.37785 7.9958333 340.80584 

7.6625 339.53626 7.775 339.96522 7.8875 340.39371 8 340.82168 

7.6666667 339.55216 7.7791667 339.9811 7.8916667 340.40957 8.0041667 340.83752 

7.6708333 339.56805 7.7833333 339.99698 7.8958333 340.42543 8.0083333 340.85336 

7.675 339.58395 7.7875 340.01285 7.9 340.44129 8.0125 340.86919 

7.6791667 339.59984 7.7916667 340.02873 7.9041667 340.45715 8.0166667 340.88503 

7.6833333 339.61573 7.7958333 340.04461 7.9083333 340.47301 8.0208333 340.90087 

7.6875 339.63163 7.8 340.06048 7.9125 340.48886 8.025 340.91671 

7.6916667 339.64752 7.8041667 340.07636 7.9166667 340.50472 8.0291667 340.93254 

7.6958333 339.66341 7.8083333 340.09223 7.9208333 340.52057 8.0333333 340.94838 

7.7 339.6793 7.8125 340.1081 7.925 340.53643 8.0375 340.96421 

7.7041667 339.69519 7.8166667 340.12398 7.9291667 340.55228 8.0416667 340.98004 

7.7083333 339.71108 7.8208333 340.13985 7.9333333 340.56813 8.0458333 340.99588 

7.7125 339.72697 7.825 340.15572 7.9375 340.58399 8.05 341.01171 

7.7166667 339.74285 7.8291667 340.17159 7.9416667 340.59984 8.0541667 341.02754 

7.7208333 339.75874 7.8333333 340.18746 7.9458333 340.61569 8.0583333 341.04337 

7.725 339.77463 7.8375 340.20333 7.95 340.63154 8.0625 341.0592 

7.7291667 339.79051 7.8416667 340.2192 7.9541667 340.64739 8.0666667 341.07503 

7.7333333 339.8064 7.8458333 340.23507 7.9583333 340.66323 8.0708333 341.09086 

7.7375 339.82228 7.85 340.25094 7.9625 340.67908 8.075 341.10668 

7.7416667 339.83817 7.8541667 340.2668 7.9666667 340.69493 8.0791667 341.12251 

7.7458333 339.85405 7.8583333 340.28267 7.9708333 340.71078 8.0833333 341.13834 

7.75 339.86993 7.8625 340.29854 7.975 340.72662 8.0875 341.15416 

7.7541667 339.88582 7.8666667 340.3144 7.9791667 340.74247 8.0916667 341.16998 

7.7583333 339.9017 7.8708333 340.33026 7.9833333 340.75831 8.0958333 341.18581 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

8.1 341.20163 8.2125 341.62855 8.325 342.05493 8.4375 342.48077 

8.1041667 341.21745 8.2166667 341.64435 8.3291667 342.07071 8.4416667 342.49653 

8.1083333 341.23327 8.2208333 341.66015 8.3333333 342.08649 8.4458333 342.51229 

8.1125 341.24909 8.225 341.67595 8.3375 342.10227 8.45 342.52805 

8.1166667 341.26491 8.2291667 341.69175 8.3416667 342.11805 8.4541667 342.54381 

8.1208333 341.28073 8.2333333 341.70755 8.3458333 342.13383 8.4583333 342.55957 

8.125 341.29655 8.2375 341.72335 8.35 342.14961 8.4625 342.57533 

8.1291667 341.31237 8.2416667 341.73915 8.3541667 342.16539 8.4666667 342.59108 

8.1333333 341.32818 8.2458333 341.75494 8.3583333 342.18116 8.4708333 342.60684 

8.1375 341.344 8.25 341.77074 8.3625 342.19694 8.475 342.6226 

8.1416667 341.35981 8.2541667 341.78653 8.3666667 342.21271 8.4791667 342.63835 

8.1458333 341.37563 8.2583333 341.80233 8.3708333 342.22849 8.4833333 342.65411 

8.15 341.39144 8.2625 341.81812 8.375 342.24426 8.4875 342.66986 

8.1541667 341.40725 8.2666667 341.83391 8.3791667 342.26003 8.4916667 342.68561 

8.1583333 341.42306 8.2708333 341.8497 8.3833333 342.2758 8.4958333 342.70136 

8.1625 341.43888 8.275 341.8655 8.3875 342.29158 8.5 342.71711 

8.1666667 341.45469 8.2791667 341.88129 8.3916667 342.30735 8.5041667 342.73286 

8.1708333 341.4705 8.2833333 341.89708 8.3958333 342.32312 8.5083333 342.74861 

8.175 341.4863 8.2875 341.91286 8.4 342.33888 8.5125 342.76436 

8.1791667 341.50211 8.2916667 341.92865 8.4041667 342.35465 8.5166667 342.78011 

8.1833333 341.51792 8.2958333 341.94444 8.4083333 342.37042 8.5208333 342.79586 

8.1875 341.53373 8.3 341.96023 8.4125 342.38619 8.525 342.8116 

8.1916667 341.54953 8.3041667 341.97601 8.4166667 342.40195 8.5291667 342.82735 

8.1958333 341.56534 8.3083333 341.9918 8.4208333 342.41772 8.5333333 342.8431 

8.2 341.58114 8.3125 342.00758 8.425 342.43348 8.5375 342.85884 

8.2041667 341.59695 8.3166667 342.02337 8.4291667 342.44925 8.5416667 342.87458 

8.2083333 341.61275 8.3208333 342.03915 8.4333333 342.46501 8.5458333 342.89033 
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8.55 342.90607 8.6625 343.33083 8.775 343.75505 8.8875 344.17872 

8.5541667 342.92181 8.6666667 343.34655 8.7791667 343.77075 8.8916667 344.1944 

8.5583333 342.93755 8.6708333 343.36227 8.7833333 343.78645 8.8958333 344.21009 

8.5625 342.95329 8.675 343.37799 8.7875 343.80215 8.9 344.22577 

8.5666667 342.96903 8.6791667 343.39371 8.7916667 343.81785 8.9041667 344.24144 

8.5708333 342.98477 8.6833333 343.40943 8.7958333 343.83354 8.9083333 344.25712 

8.575 343.00051 8.6875 343.42514 8.8 343.84924 8.9125 344.2728 

8.5791667 343.01624 8.6916667 343.44086 8.8041667 343.86494 8.9166667 344.28848 

8.5833333 343.03198 8.6958333 343.45658 8.8083333 343.88064 8.9208333 344.30415 

8.5875 343.04771 8.7 343.47229 8.8125 343.89633 8.925 344.31983 

8.5916667 343.06345 8.7041667 343.48801 8.8166667 343.91203 8.9291667 344.3355 

8.5958333 343.07918 8.7083333 343.50372 8.8208333 343.92772 8.9333333 344.35118 

8.6 343.09492 8.7125 343.51944 8.825 343.94341 8.9375 344.36685 

8.6041667 343.11065 8.7166667 343.53515 8.8291667 343.95911 8.9416667 344.38252 

8.6083333 343.12638 8.7208333 343.55086 8.8333333 343.9748 8.9458333 344.3982 

8.6125 343.14211 8.725 343.56657 8.8375 343.99049 8.95 344.41387 

8.6166667 343.15784 8.7291667 343.58228 8.8416667 344.00618 8.9541667 344.42954 

8.6208333 343.17357 8.7333333 343.59799 8.8458333 344.02187 8.9583333 344.44521 

8.625 343.1893 8.7375 343.6137 8.85 344.03756 8.9625 344.46088 

8.6291667 343.20503 8.7416667 343.62941 8.8541667 344.05325 8.9666667 344.47654 

8.6333333 343.22076 8.7458333 343.64511 8.8583333 344.06893 8.9708333 344.49221 

8.6375 343.23648 8.75 343.66082 8.8625 344.08462 8.975 344.50788 

8.6416667 343.25221 8.7541667 343.67653 8.8666667 344.10031 8.9791667 344.52354 

8.6458333 343.26793 8.7583333 343.69223 8.8708333 344.11599 8.9833333 344.53921 

8.65 343.28366 8.7625 343.70794 8.875 344.13167 8.9875 344.55487 

8.6541667 343.29938 8.7666667 343.72364 8.8791667 344.14736 8.9916667 344.57054 

8.6583333 343.3151 8.7708333 343.73934 8.8833333 344.16304 8.9958333 344.5862 
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9 344.60186 9.1125 345.02446 9.225 345.44651 9.3375 345.86802 

9.0041667 344.61752 9.1166667 345.0401 9.2291667 345.46213 9.3416667 345.88362 

9.0083333 344.63318 9.1208333 345.05574 9.2333333 345.47775 9.3458333 345.89922 

9.0125 344.64884 9.125 345.07138 9.2375 345.49337 9.35 345.91482 

9.0166667 344.6645 9.1291667 345.08702 9.2416667 345.50899 9.3541667 345.93042 

9.0208333 344.68016 9.1333333 345.10265 9.2458333 345.52461 9.3583333 345.94601 

9.025 344.69582 9.1375 345.11829 9.25 345.54022 9.3625 345.96161 

9.0291667 344.71147 9.1416667 345.13393 9.2541667 345.55584 9.3666667 345.97721 

9.0333333 344.72713 9.1458333 345.14956 9.2583333 345.57146 9.3708333 345.9928 

9.0375 344.74279 9.15 345.1652 9.2625 345.58707 9.375 346.0084 

9.0416667 344.75844 9.1541667 345.18083 9.2666667 345.60269 9.3791667 346.02399 

9.0458333 344.77409 9.1583333 345.19647 9.2708333 345.6183 9.3833333 346.03959 

9.05 344.78975 9.1625 345.2121 9.275 345.63391 9.3875 346.05518 

9.0541667 344.8054 9.1666667 345.22773 9.2791667 345.64952 9.3916667 346.07077 

9.0583333 344.82105 9.1708333 345.24337 9.2833333 345.66514 9.3958333 346.08636 

9.0625 344.8367 9.175 345.259 9.2875 345.68075 9.4 346.10195 

9.0666667 344.85235 9.1791667 345.27463 9.2916667 345.69636 9.4041667 346.11754 

9.0708333 344.868 9.1833333 345.29026 9.2958333 345.71197 9.4083333 346.13313 

9.075 344.88365 9.1875 345.30588 9.3 345.72757 9.4125 346.14872 

9.0791667 344.8993 9.1916667 345.32151 9.3041667 345.74318 9.4166667 346.16431 

9.0833333 344.91495 9.1958333 345.33714 9.3083333 345.75879 9.4208333 346.1799 

9.0875 344.93059 9.2 345.35277 9.3125 345.77439 9.425 346.19548 

9.0916667 344.94624 9.2041667 345.36839 9.3166667 345.79 9.4291667 346.21107 

9.0958333 344.96188 9.2083333 345.38402 9.3208333 345.80561 9.4333333 346.22665 

9.1 344.97753 9.2125 345.39964 9.325 345.82121 9.4375 346.24224 

9.1041667 344.99317 9.2166667 345.41526 9.3291667 345.83681 9.4416667 346.25782 

9.1083333 345.00881 9.2208333 345.43089 9.3333333 345.85241 9.4458333 346.2734 
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9.45 346.28898 9.5625 346.70941 9.675 347.12929 9.7875 347.54863 

9.4541667 346.30456 9.5666667 346.72497 9.6791667 347.14483 9.7916667 347.56416 

9.4583333 346.32015 9.5708333 346.74053 9.6833333 347.16037 9.7958333 347.57968 

9.4625 346.33572 9.575 346.75609 9.6875 347.17591 9.8 347.59519 

9.4666667 346.3513 9.5791667 346.77165 9.6916667 347.19145 9.8041667 347.61071 

9.4708333 346.36688 9.5833333 346.78721 9.6958333 347.20699 9.8083333 347.62623 

9.475 346.38246 9.5875 346.80276 9.7 347.22253 9.8125 347.64175 

9.4791667 346.39804 9.5916667 346.81832 9.7041667 347.23806 9.8166667 347.65726 

9.4833333 346.41361 9.5958333 346.83388 9.7083333 347.2536 9.8208333 347.67278 

9.4875 346.42919 9.6 346.84943 9.7125 347.26913 9.825 347.6883 

9.4916667 346.44476 9.6041667 346.86498 9.7166667 347.28467 9.8291667 347.70381 

9.4958333 346.46033 9.6083333 346.88054 9.7208333 347.3002 9.8333333 347.71932 

9.5 346.47591 9.6125 346.89609 9.725 347.31573 9.8375 347.73484 

9.5041667 346.49148 9.6166667 346.91164 9.7291667 347.33127 9.8416667 347.75035 

9.5083333 346.50705 9.6208333 346.92719 9.7333333 347.3468 9.8458333 347.76586 

9.5125 346.52262 9.625 346.94274 9.7375 347.36233 9.85 347.78137 

9.5166667 346.53819 9.6291667 346.95829 9.7416667 347.37786 9.8541667 347.79688 

9.5208333 346.55376 9.6333333 346.97384 9.7458333 347.39339 9.8583333 347.81239 

9.525 346.56933 9.6375 346.98939 9.75 347.40891 9.8625 347.8279 

9.5291667 346.5849 9.6416667 347.00494 9.7541667 347.42444 9.8666667 347.8434 

9.5333333 346.60046 9.6458333 347.02049 9.7583333 347.43997 9.8708333 347.85891 

9.5375 346.61603 9.65 347.03603 9.7625 347.45549 9.875 347.87442 

9.5416667 346.63159 9.6541667 347.05158 9.7666667 347.47102 9.8791667 347.88992 

9.5458333 346.64716 9.6583333 347.06712 9.7708333 347.48654 9.8833333 347.90543 

9.55 346.66272 9.6625 347.08267 9.775 347.50207 9.8875 347.92093 

9.5541667 346.67829 9.6666667 347.09821 9.7791667 347.51759 9.8916667 347.93643 

9.5583333 346.69385 9.6708333 347.11375 9.7833333 347.53311 9.8958333 347.95193 
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10.8 351.29841 10.9125 351.71236 11.025 352.12578 11.1375 352.53866 

10.804167 351.31375 10.916667 351.72768 11.029167 352.14108 11.141667 352.55394 

10.808333 351.32909 10.920833 351.743 11.033333 352.15638 11.145833 352.56922 

10.8125 351.34443 10.925 351.75832 11.0375 352.17168 11.15 352.5845 

10.816667 351.35977 10.929167 351.77364 11.041667 352.18698 11.154167 352.59978 

10.820833 351.37511 10.933333 351.78896 11.045833 352.20228 11.158333 352.61506 

10.825 351.39045 10.9375 351.80428 11.05 352.21758 11.1625 352.63034 

10.829167 351.40578 10.941667 351.8196 11.054167 352.23287 11.166667 352.64561 

10.833333 351.42112 10.945833 351.83491 11.058333 352.24817 11.170833 352.66089 

10.8375 351.43645 10.95 351.85023 11.0625 352.26346 11.175 352.67616 

10.841667 351.45179 10.954167 351.86554 11.066667 352.27876 11.179167 352.69144 

10.845833 351.46712 10.958333 351.88086 11.070833 352.29405 11.183333 352.70671 

10.85 351.48246 10.9625 351.89617 11.075 352.30935 11.1875 352.72199 

10.854167 351.49779 10.966667 351.91148 11.079167 352.32464 11.191667 352.73726 

10.858333 351.51312 10.970833 351.92679 11.083333 352.33993 11.195833 352.75253 

10.8625 351.52845 10.975 351.9421 11.0875 352.35522 11.2 352.7678 

10.866667 351.54378 10.979167 351.95741 11.091667 352.37051 11.204167 352.78307 

10.870833 351.55911 10.983333 351.97272 11.095833 352.3858 11.208333 352.79834 

10.875 351.57444 10.9875 351.98803 11.1 352.40109 11.2125 352.81361 

10.879167 351.58977 10.991667 352.00334 11.104167 352.41638 11.216667 352.82888 

10.883333 351.60509 10.995833 352.01865 11.108333 352.43167 11.220833 352.84415 

10.8875 351.62042 11 352.03395 11.1125 352.44695 11.225 352.85942 

10.891667 351.63575 11.004167 352.04926 11.116667 352.46224 11.229167 352.87468 

10.895833 351.65107 11.008333 352.06457 11.120833 352.47752 11.233333 352.88995 

10.9 351.66639 11.0125 352.07987 11.125 352.49281 11.2375 352.90521 

10.904167 351.68172 11.016667 352.09517 11.129167 352.50809 11.241667 352.92048 

10.908333 351.69704 11.020833 352.11048 11.133333 352.52338 11.245833 352.93574 
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11.7 354.59502 11.8125 355.00469 11.925 355.41383 12.0375 355.82243 

11.704167 354.6102 11.816667 355.01985 11.929167 355.42897 12.041667 355.83755 

11.708333 354.62539 11.820833 355.03502 11.933333 355.44411 12.045833 355.85267 

11.7125 354.64057 11.825 355.05018 11.9375 355.45925 12.05 355.86779 

11.716667 354.65575 11.829167 355.06534 11.941667 355.47439 12.054167 355.88292 

11.720833 354.67093 11.833333 355.0805 11.945833 355.48953 12.058333 355.89804 

11.725 354.68611 11.8375 355.09566 11.95 355.50467 12.0625 355.91316 

11.729167 354.70128 11.841667 355.11081 11.954167 355.51981 12.066667 355.92827 

11.733333 354.71646 11.845833 355.12597 11.958333 355.53495 12.070833 355.94339 

11.7375 354.73164 11.85 355.14113 11.9625 355.55009 12.075 355.95851 

11.741667 354.74681 11.854167 355.15628 11.966667 355.56522 12.079167 355.97363 

11.745833 354.76199 11.858333 355.17144 11.970833 355.58036 12.083333 355.98874 

11.75 354.77716 11.8625 355.18659 11.975 355.59549 12.0875 356.00386 

11.754167 354.79234 11.866667 355.20175 11.979167 355.61063 12.091667 356.01897 

11.758333 354.80751 11.870833 355.2169 11.983333 355.62576 12.095833 356.03408 

11.7625 354.82268 11.875 355.23205 11.9875 355.64089 12.1 356.0492 

11.766667 354.83785 11.879167 355.24721 11.991667 355.65602 12.104167 356.06431 

11.770833 354.85302 11.883333 355.26236 11.995833 355.67116 12.108333 356.07942 

11.775 354.86819 11.8875 355.27751 12 355.68629 12.1125 356.09453 

11.779167 354.88336 11.891667 355.29266 12.004167 355.70142 12.116667 356.10964 

11.783333 354.89853 11.895833 355.30781 12.008333 355.71654 12.120833 356.12475 

11.7875 354.9137 11.9 355.32295 12.0125 355.73167 12.125 356.13986 

11.791667 354.92887 11.904167 355.3381 12.016667 355.7468 12.129167 356.15497 

11.795833 354.94403 11.908333 355.35325 12.020833 355.76193 12.133333 356.17007 

11.8 354.9592 11.9125 355.36839 12.025 355.77705 12.1375 356.18518 

11.804167 354.97436 11.916667 355.38354 12.029167 355.79218 12.141667 356.20029 

11.808333 354.98953 11.920833 355.39868 12.033333 355.8073 12.145833 356.21539 
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12.15 356.2305 12.2625 356.63803 12.375 357.04507 12.4875 357.45167 

12.154167 356.2456 12.266667 356.65311 12.379167 357.06014 12.491667 357.46672 

12.158333 356.2607 12.270833 356.6682 12.383333 357.07521 12.495833 357.48177 

12.1625 356.2758 12.275 356.68328 12.3875 357.09027 12.5 357.49682 

12.166667 356.2909 12.279167 356.69836 12.391667 357.10534 12.504167 357.51186 

12.170833 356.306 12.283333 356.71344 12.395833 357.1204 12.508333 357.52691 

12.175 356.3211 12.2875 356.72852 12.4 357.13547 12.5125 357.54196 

12.179167 356.3362 12.291667 356.7436 12.404167 357.15053 12.516667 357.55701 

12.183333 356.3513 12.295833 356.75868 12.408333 357.16559 12.520833 357.57205 

12.1875 356.3664 12.3 356.77376 12.4125 357.18065 12.525 357.5871 

12.191667 356.3815 12.304167 356.78884 12.416667 357.19571 12.529167 357.60214 

12.195833 356.39659 12.308333 356.80392 12.420833 357.21078 12.533333 357.61719 

12.2 356.41169 12.3125 356.81899 12.425 357.22584 12.5375 357.63223 

12.204167 356.42678 12.316667 356.83407 12.429167 357.2409 12.541667 357.64727 

12.208333 356.44188 12.320833 356.84914 12.433333 357.25595 12.545833 357.66232 

12.2125 356.45697 12.325 356.86422 12.4375 357.27101 12.55 357.67736 

12.216667 356.47206 12.329167 356.87929 12.441667 357.28607 12.554167 357.6924 

12.220833 356.48715 12.333333 356.89437 12.445833 357.30113 12.558333 357.70744 

12.225 356.50224 12.3375 356.90944 12.45 357.31618 12.5625 357.72248 

12.229167 356.51733 12.341667 356.92451 12.454167 357.33124 12.566667 357.73752 

12.233333 356.53242 12.345833 356.93959 12.458333 357.3463 12.570833 357.75256 

12.2375 356.54751 12.35 356.95466 12.4625 357.36135 12.575 357.7676 

12.241667 356.5626 12.354167 356.96973 12.466667 357.3764 12.579167 357.78263 

12.245833 356.57769 12.358333 356.9848 12.470833 357.39146 12.583333 357.79767 

12.25 356.59277 12.3625 356.99987 12.475 357.40651 12.5875 357.81271 

12.254167 356.60786 12.366667 357.01494 12.479167 357.42156 12.591667 357.82774 

12.258333 356.62295 12.370833 357.03 12.483333 357.43662 12.595833 357.84278 
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12.6 357.85781 12.7125 358.26351 12.825 358.66876 12.9375 359.07357 

12.604167 357.87285 12.716667 358.27853 12.829167 358.68376 12.941667 359.08855 

12.608333 357.88788 12.720833 358.29355 12.833333 358.69876 12.945833 359.10353 

12.6125 357.90291 12.725 358.30856 12.8375 358.71376 12.95 359.11852 

12.616667 357.91794 12.729167 358.32358 12.841667 358.72876 12.954167 359.1335 

12.620833 357.93298 12.733333 358.33859 12.845833 358.74376 12.958333 359.14848 

12.625 357.94801 12.7375 358.35361 12.85 358.75876 12.9625 359.16346 

12.629167 357.96304 12.741667 358.36862 12.854167 358.77375 12.966667 359.17844 

12.633333 357.97807 12.745833 358.38363 12.858333 358.78875 12.970833 359.19342 

12.6375 357.9931 12.75 358.39864 12.8625 358.80375 12.975 359.2084 

12.641667 358.00812 12.754167 358.41366 12.866667 358.81874 12.979167 359.22338 

12.645833 358.02315 12.758333 358.42867 12.870833 358.83374 12.983333 359.23836 

12.65 358.03818 12.7625 358.44368 12.875 358.84873 12.9875 359.25334 

12.654167 358.0532 12.766667 358.45869 12.879167 358.86372 12.991667 359.26831 

12.658333 358.06823 12.770833 358.4737 12.883333 358.87872 12.995833 359.28329 

12.6625 358.08326 12.775 358.48871 12.8875 358.89371 13 359.29826 

12.666667 358.09828 12.779167 358.50371 12.891667 358.9087 13.004167 359.31324 

12.670833 358.1133 12.783333 358.51872 12.895833 358.92369 13.008333 359.32821 

12.675 358.12833 12.7875 358.53373 12.9 358.93868 13.0125 359.34319 

12.679167 358.14335 12.791667 358.54873 12.904167 358.95367 13.016667 359.35816 

12.683333 358.15837 12.795833 358.56374 12.908333 358.96866 13.020833 359.37313 

12.6875 358.17339 12.8 358.57875 12.9125 358.98365 13.025 359.3881 

12.691667 358.18842 12.804167 358.59375 12.916667 358.99864 13.029167 359.40308 

12.695833 358.20344 12.808333 358.60875 12.920833 359.01362 13.033333 359.41805 

12.7 358.21846 12.8125 358.62376 12.925 359.02861 13.0375 359.43302 

12.704167 358.23347 12.816667 358.63876 12.929167 359.0436 13.041667 359.44799 

12.708333 358.24849 12.820833 358.65376 12.933333 359.05858 13.045833 359.46295 
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13.495833 361.07598 13.608333 361.47812 13.720833 361.87982 13.833333 362.28106 

13.5 361.09088 13.6125 361.49301 13.725 361.89468 13.8375 362.29591 

13.504167 361.10579 13.616667 361.50789 13.729167 361.90955 13.841667 362.31077 

13.508333 361.12069 13.620833 361.52278 13.733333 361.92442 13.845833 362.32562 

13.5125 361.13559 13.625 361.53766 13.7375 361.93929 13.85 362.34047 

13.516667 361.15049 13.629167 361.55254 13.741667 361.95415 13.854167 362.35532 

13.520833 361.16539 13.633333 361.56743 13.745833 361.96902 13.858333 362.37017 

13.525 361.18028 13.6375 361.58231 13.75 361.98389 13.8625 362.38502 

13.529167 361.19518 13.641667 361.59719 13.754167 361.99875 13.866667 362.39986 

13.533333 361.21008 13.645833 361.61207 13.758333 362.01361 13.870833 362.41471 

13.5375 361.22498 13.65 361.62695 13.7625 362.02848 13.875 362.42956 

13.541667 361.23987 13.654167 361.64183 13.766667 362.04334 13.879167 362.4444 

13.545833 361.25477 13.658333 361.65671 13.770833 362.0582 13.883333 362.45925 

13.55 361.26966 13.6625 361.67159 13.775 362.07306 13.8875 362.47409 

13.554167 361.28456 13.666667 361.68646 13.779167 362.08792 13.891667 362.48894 

13.558333 361.29945 13.670833 361.70134 13.783333 362.10279 13.895833 362.50378 

13.5625 361.31434 13.675 361.71622 13.7875 362.11764 13.9 362.51863 

13.566667 361.32923 13.679167 361.73109 13.791667 362.1325 13.904167 362.53347 

13.570833 361.34413 13.683333 361.74597 13.795833 362.14736 13.908333 362.54831 

13.575 361.35902 13.6875 361.76084 13.8 362.16222 13.9125 362.56315 

13.579167 361.37391 13.691667 361.77572 13.804167 362.17708 13.916667 362.57799 

13.583333 361.3888 13.695833 361.79059 13.808333 362.19193 13.920833 362.59283 

13.5875 361.40369 13.7 361.80546 13.8125 362.20679 13.925 362.60767 

13.591667 361.41857 13.704167 361.82033 13.816667 362.22165 13.929167 362.62251 

13.595833 361.43346 13.708333 361.83521 13.820833 362.2365 13.933333 362.63735 

13.6 361.44835 13.7125 361.85008 13.825 362.25135 13.9375 362.65219 

13.604167 361.46324 13.716667 361.86495 13.829167 362.26621 13.941667 362.66702 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

14.395833 364.28015 14.508333 364.67841 14.620833 365.07613 14.733333 365.47332 

14.4 364.29491 14.5125 364.69315 14.625 365.09085 14.7375 365.48803 

14.404167 364.30967 14.516667 364.70788 14.629167 365.10557 14.741667 365.50273 

14.408333 364.32443 14.520833 364.72262 14.633333 365.12029 14.745833 365.51742 

14.4125 364.33919 14.525 364.73736 14.6375 365.13501 14.75 365.53212 

14.416667 364.35394 14.529167 364.7521 14.641667 365.14972 14.754167 365.54682 

14.420833 364.3687 14.533333 364.76683 14.645833 365.16444 14.758333 365.56152 

14.425 364.38345 14.5375 364.78157 14.65 365.17916 14.7625 365.57621 

14.429167 364.39821 14.541667 364.7963 14.654167 365.19387 14.766667 365.59091 

14.433333 364.41296 14.545833 364.81104 14.658333 365.20859 14.770833 365.60561 

14.4375 364.42771 14.55 364.82577 14.6625 365.2233 14.775 365.6203 

14.441667 364.44247 14.554167 364.84051 14.666667 365.23801 14.779167 365.63499 

14.445833 364.45722 14.558333 364.85524 14.670833 365.25273 14.783333 365.64969 

14.45 364.47197 14.5625 364.86997 14.675 365.26744 14.7875 365.66438 

14.454167 364.48672 14.566667 364.8847 14.679167 365.28215 14.791667 365.67907 

14.458333 364.50147 14.570833 364.89943 14.683333 365.29686 14.795833 365.69376 

14.4625 364.51622 14.575 364.91416 14.6875 365.31157 14.8 365.70845 

14.466667 364.53097 14.579167 364.92889 14.691667 365.32628 14.804167 365.72314 

14.470833 364.54571 14.583333 364.94361 14.695833 365.34099 14.808333 365.73783 

14.475 364.56046 14.5875 364.95834 14.7 365.35569 14.8125 365.75252 

14.479167 364.57521 14.591667 364.97307 14.704167 365.3704 14.816667 365.7672 

14.483333 364.58995 14.595833 364.98779 14.708333 365.3851 14.820833 365.78189 

14.4875 364.60469 14.6 365.00252 14.7125 365.39981 14.825 365.79657 

14.491667 364.61944 14.604167 365.01724 14.716667 365.41451 14.829167 365.81126 

14.495833 364.63418 14.608333 365.03196 14.720833 365.42922 14.833333 365.82594 

14.5 364.64892 14.6125 365.04669 14.725 365.44392 14.8375 365.84063 

14.504167 364.66366 14.616667 365.06141 14.729167 365.45862 14.841667 365.85531 
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ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

15.745833 369.02429 15.858333 369.4162 15.970833 369.80759 16.083333 370.19845 

15.75 369.03882 15.8625 369.43071 15.975 369.82207 16.0875 370.21291 

15.754167 369.05334 15.866667 369.44521 15.979167 369.83656 16.091667 370.22738 

15.758333 369.06786 15.870833 369.45972 15.983333 369.85104 16.095833 370.24184 

15.7625 369.08239 15.875 369.47422 15.9875 369.86553 16.1 370.25631 

15.766667 369.09691 15.879167 369.48872 15.991667 369.88001 16.104167 370.27077 

15.770833 369.11143 15.883333 369.50322 15.995833 369.89449 16.108333 370.28523 

15.775 369.12595 15.8875 369.51772 16 369.90897 16.1125 370.2997 

15.779167 369.14047 15.891667 369.53222 16.004167 369.92345 16.116667 370.31416 

15.783333 369.15499 15.895833 369.54672 16.008333 369.93793 16.120833 370.32862 

15.7875 369.16951 15.9 369.56122 16.0125 369.95241 16.125 370.34308 

15.791667 369.18402 15.904167 369.57572 16.016667 369.96689 16.129167 370.35754 

15.795833 369.19854 15.908333 369.59022 16.020833 369.98137 16.133333 370.37199 

15.8 369.21306 15.9125 369.60471 16.025 369.99585 16.1375 370.38645 

15.804167 369.22757 15.916667 369.61921 16.029167 370.01032 16.141667 370.40091 

15.808333 369.24209 15.920833 369.6337 16.033333 370.0248 16.145833 370.41536 

15.8125 369.2566 15.925 369.6482 16.0375 370.03927 16.15 370.42982 

15.816667 369.27111 15.929167 369.66269 16.041667 370.05375 16.154167 370.44427 

15.820833 369.28563 15.933333 369.67719 16.045833 370.06822 16.158333 370.45873 

15.825 369.30014 15.9375 369.69168 16.05 370.08269 16.1625 370.47318 

15.829167 369.31465 15.941667 369.70617 16.054167 370.09716 16.166667 370.48763 

15.833333 369.32916 15.945833 369.72066 16.058333 370.11164 16.170833 370.50208 

15.8375 369.34367 15.95 369.73515 16.0625 370.12611 16.175 370.51654 

15.841667 369.35818 15.954167 369.74964 16.066667 370.14058 16.179167 370.53099 

15.845833 369.37268 15.958333 369.76413 16.070833 370.15504 16.183333 370.54544 

15.85 369.38719 15.9625 369.77862 16.075 370.16951 16.1875 370.55988 

15.854167 369.4017 15.966667 369.7931 16.079167 370.18398 16.191667 370.57433 
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16.195833 370.58878 16.308333 370.97859 16.420833 371.36787 16.533333 371.75662 

16.2 370.60323 16.3125 370.99301 16.425 371.38228 16.5375 371.77101 

16.204167 370.61767 16.316667 371.00744 16.429167 371.39668 16.541667 371.7854 

16.208333 370.63212 16.320833 371.02187 16.433333 371.41109 16.545833 371.79979 

16.2125 370.64656 16.325 371.03629 16.4375 371.42549 16.55 371.81417 

16.216667 370.66101 16.329167 371.05072 16.441667 371.4399 16.554167 371.82856 

16.220833 370.67545 16.333333 371.06514 16.445833 371.4543 16.558333 371.84294 

16.225 370.68989 16.3375 371.07956 16.45 371.46871 16.5625 371.85733 

16.229167 370.70433 16.341667 371.09398 16.454167 371.48311 16.566667 371.87171 

16.233333 370.71877 16.345833 371.10841 16.458333 371.49751 16.570833 371.88609 

16.2375 370.73321 16.35 371.12283 16.4625 371.51191 16.575 371.90048 

16.241667 370.74765 16.354167 371.13725 16.466667 371.52631 16.579167 371.91486 

16.245833 370.76209 16.358333 371.15167 16.470833 371.54071 16.583333 371.92924 

16.25 370.77653 16.3625 371.16608 16.475 371.55511 16.5875 371.94362 

16.254167 370.79097 16.366667 371.1805 16.479167 371.56951 16.591667 371.958 

16.258333 370.8054 16.370833 371.19492 16.483333 371.58391 16.595833 371.97237 

16.2625 370.81984 16.375 371.20934 16.4875 371.59831 16.6 371.98675 

16.266667 370.83427 16.379167 371.22375 16.491667 371.6127 16.604167 372.00113 

16.270833 370.84871 16.383333 371.23817 16.495833 371.6271 16.608333 372.0155 

16.275 370.86314 16.3875 371.25258 16.5 371.64149 16.6125 372.02988 

16.279167 370.87758 16.391667 371.26699 16.504167 371.65589 16.616667 372.04425 

16.283333 370.89201 16.395833 371.28141 16.508333 371.67028 16.620833 372.05863 

16.2875 370.90644 16.4 371.29582 16.5125 371.68467 16.625 372.073 

16.291667 370.92087 16.404167 371.31023 16.516667 371.69906 16.629167 372.08737 

16.295833 370.9353 16.408333 371.32464 16.520833 371.71346 16.633333 372.10175 

16.3 370.94973 16.4125 371.33905 16.525 371.72785 16.6375 372.11612 

16.304167 370.96416 16.416667 371.35346 16.529167 371.74224 16.641667 372.13049 
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17.545833 373.71445 17.658333 373.82234 17.770833 373.93086 17.883333 374.04002 

17.55 373.71844 17.6625 373.82634 17.775 373.93489 17.8875 374.04408 

17.554167 373.72242 17.666667 373.83035 17.779167 373.93892 17.891667 374.04813 

17.558333 373.72641 17.670833 373.83436 17.783333 373.94296 17.895833 374.05219 

17.5625 373.7304 17.675 373.83837 17.7875 373.94699 17.9 374.05625 

17.566667 373.73438 17.679167 373.84239 17.791667 373.95103 17.904167 374.06031 

17.570833 373.73837 17.683333 373.8464 17.795833 373.95506 17.908333 374.06437 

17.575 373.74236 17.6875 373.85041 17.8 373.9591 17.9125 374.06843 

17.579167 373.74635 17.691667 373.85443 17.804167 373.96314 17.916667 374.07249 

17.583333 373.75034 17.695833 373.85844 17.808333 373.96718 17.920833 374.07655 

17.5875 373.75434 17.7 373.86246 17.8125 373.97122 17.925 374.08061 

17.591667 373.75833 17.704167 373.86647 17.816667 373.97526 17.929167 374.08468 

17.595833 373.76232 17.708333 373.87049 17.820833 373.9793 17.933333 374.08874 

17.6 373.76632 17.7125 373.87451 17.825 373.98334 17.9375 374.09281 

17.604167 373.77031 17.716667 373.87853 17.829167 373.98738 17.941667 374.09687 

17.608333 373.77431 17.720833 373.88255 17.833333 373.99143 17.945833 374.10094 

17.6125 373.77831 17.725 373.88657 17.8375 373.99547 17.95 374.10501 

17.616667 373.78231 17.729167 373.89059 17.841667 373.99952 17.954167 374.10908 

17.620833 373.7863 17.733333 373.89462 17.845833 374.00356 17.958333 374.11315 

17.625 373.7903 17.7375 373.89864 17.85 374.00761 17.9625 374.11722 

17.629167 373.79431 17.741667 373.90266 17.854167 374.01166 17.966667 374.12129 

17.633333 373.79831 17.745833 373.90669 17.858333 374.01571 17.970833 374.12536 

17.6375 373.80231 17.75 373.91072 17.8625 374.01976 17.975 374.12944 

17.641667 373.80631 17.754167 373.91474 17.866667 374.02381 17.979167 374.13351 

17.645833 373.81032 17.758333 373.91877 17.870833 374.02786 17.983333 374.13759 

17.65 373.81432 17.7625 373.9228 17.875 374.03191 17.9875 374.14166 

17.654167 373.81833 17.766667 373.92683 17.879167 374.03597 17.991667 374.14574 
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17.995833 374.14982 18.108333 374.26024 18.220833 374.3713 18.333333 374.48298 

18 374.1539 18.1125 374.26434 18.225 374.37542 18.3375 374.48713 

18.004167 374.15797 18.116667 374.26845 18.229167 374.37955 18.341667 374.49127 

18.008333 374.16205 18.120833 374.27255 18.233333 374.38368 18.345833 374.49542 

18.0125 374.16614 18.125 374.27666 18.2375 374.3878 18.35 374.49958 

18.016667 374.17022 18.129167 374.28076 18.241667 374.39193 18.354167 374.50373 

18.020833 374.1743 18.133333 374.28487 18.245833 374.39606 18.358333 374.50788 

18.025 374.17838 18.1375 374.28897 18.25 374.40019 18.3625 374.51203 

18.029167 374.18247 18.141667 374.29308 18.254167 374.40432 18.366667 374.51619 

18.033333 374.18656 18.145833 374.29719 18.258333 374.40845 18.370833 374.52034 

18.0375 374.19064 18.15 374.3013 18.2625 374.41259 18.375 374.5245 

18.041667 374.19473 18.154167 374.30541 18.266667 374.41672 18.379167 374.52866 

18.045833 374.19882 18.158333 374.30952 18.270833 374.42086 18.383333 374.53281 

18.05 374.20291 18.1625 374.31364 18.275 374.42499 18.3875 374.53697 

18.054167 374.207 18.166667 374.31775 18.279167 374.42913 18.391667 374.54113 

18.058333 374.21109 18.170833 374.32186 18.283333 374.43326 18.395833 374.54529 

18.0625 374.21518 18.175 374.32598 18.2875 374.4374 18.4 374.54945 

18.066667 374.21927 18.179167 374.33009 18.291667 374.44154 18.404167 374.55361 

18.070833 374.22336 18.183333 374.33421 18.295833 374.44568 18.408333 374.55778 

18.075 374.22746 18.1875 374.33833 18.3 374.44982 18.4125 374.56194 

18.079167 374.23155 18.191667 374.34245 18.304167 374.45396 18.416667 374.56611 

18.083333 374.23565 18.195833 374.34656 18.308333 374.45811 18.420833 374.57027 

18.0875 374.23975 18.2 374.35068 18.3125 374.46225 18.425 374.57444 

18.091667 374.24384 18.204167 374.35481 18.316667 374.46639 18.429167 374.5786 

18.095833 374.24794 18.208333 374.35893 18.320833 374.47054 18.433333 374.58277 

18.1 374.25204 18.2125 374.36305 18.325 374.47468 18.4375 374.58694 

18.104167 374.25614 18.216667 374.36717 18.329167 374.47883 18.441667 374.59111 
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20.245833 376.4745 20.358333 376.59696 20.470833 376.71999 20.583333 376.84359 

20.25 376.47903 20.3625 376.60151 20.475 376.72456 20.5875 376.84818 

20.254167 376.48356 20.366667 376.60606 20.479167 376.72913 20.591667 376.85277 

20.258333 376.48808 20.370833 376.6106 20.483333 376.7337 20.595833 376.85736 

20.2625 376.49261 20.375 376.61515 20.4875 376.73827 20.6 376.86195 

20.266667 376.49714 20.379167 376.6197 20.491667 376.74284 20.604167 376.86654 

20.270833 376.50167 20.383333 376.62425 20.495833 376.74741 20.608333 376.87114 

20.275 376.5062 20.3875 376.6288 20.5 376.75198 20.6125 376.87573 

20.279167 376.51073 20.391667 376.63336 20.504167 376.75656 20.616667 376.88032 

20.283333 376.51526 20.395833 376.63791 20.508333 376.76113 20.620833 376.88492 

20.2875 376.51979 20.4 376.64246 20.5125 376.7657 20.625 376.88951 

20.291667 376.52433 20.404167 376.64702 20.516667 376.77028 20.629167 376.89411 

20.295833 376.52886 20.408333 376.65157 20.520833 376.77486 20.633333 376.89871 

20.3 376.53339 20.4125 376.65613 20.525 376.77943 20.6375 376.90331 

20.304167 376.53793 20.416667 376.66068 20.529167 376.78401 20.641667 376.9079 

20.308333 376.54247 20.420833 376.66524 20.533333 376.78859 20.645833 376.9125 

20.3125 376.547 20.425 376.6698 20.5375 376.79317 20.65 376.9171 

20.316667 376.55154 20.429167 376.67436 20.541667 376.79775 20.654167 376.92171 

20.320833 376.55608 20.433333 376.67892 20.545833 376.80233 20.658333 376.92631 

20.325 376.56062 20.4375 376.68348 20.55 376.80691 20.6625 376.93091 

20.329167 376.56516 20.441667 376.68804 20.554167 376.81149 20.666667 376.93551 

20.333333 376.5697 20.445833 376.6926 20.558333 376.81608 20.670833 376.94012 

20.3375 376.57424 20.45 376.69717 20.5625 376.82066 20.675 376.94472 

20.341667 376.57878 20.454167 376.70173 20.566667 376.82525 20.679167 376.94933 

20.345833 376.58333 20.458333 376.70629 20.570833 376.82983 20.683333 376.95393 

20.35 376.58787 20.4625 376.71086 20.575 376.83442 20.6875 376.95854 

20.354167 376.59242 20.466667 376.71543 20.579167 376.839 20.691667 376.96315 
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20.695833 376.96776 20.808333 377.09249 20.920833 377.21778 21.033333 377.34363 

20.7 376.97237 20.8125 377.09712 20.925 377.22243 21.0375 377.34831 

20.704167 376.97698 20.816667 377.10175 20.929167 377.22709 21.041667 377.35298 

20.708333 376.98159 20.820833 377.10638 20.933333 377.23174 21.045833 377.35765 

20.7125 376.9862 20.825 377.11102 20.9375 377.23639 21.05 377.36233 

20.716667 376.99081 20.829167 377.11565 20.941667 377.24105 21.054167 377.367 

20.720833 376.99543 20.833333 377.12028 20.945833 377.2457 21.058333 377.37168 

20.725 377.00004 20.8375 377.12492 20.95 377.25036 21.0625 377.37635 

20.729167 377.00466 20.841667 377.12956 20.954167 377.25501 21.066667 377.38103 

20.733333 377.00927 20.845833 377.13419 20.958333 377.25967 21.070833 377.38571 

20.7375 377.01389 20.85 377.13883 20.9625 377.26433 21.075 377.39039 

20.741667 377.01851 20.854167 377.14347 20.966667 377.26899 21.079167 377.39507 

20.745833 377.02313 20.858333 377.14811 20.970833 377.27365 21.083333 377.39975 

20.75 377.02774 20.8625 377.15275 20.975 377.27831 21.0875 377.40443 

20.754167 377.03236 20.866667 377.15739 20.979167 377.28297 21.091667 377.40911 

20.758333 377.03698 20.870833 377.16203 20.983333 377.28763 21.095833 377.41379 

20.7625 377.04161 20.875 377.16667 20.9875 377.29229 21.1 377.41848 

20.766667 377.04623 20.879167 377.17131 20.991667 377.29696 21.104167 377.42316 

20.770833 377.05085 20.883333 377.17596 20.995833 377.30162 21.108333 377.42784 

20.775 377.05547 20.8875 377.1806 21 377.30629 21.1125 377.43253 

20.779167 377.0601 20.891667 377.18525 21.004167 377.31095 21.116667 377.43722 

20.783333 377.06472 20.895833 377.18989 21.008333 377.31562 21.120833 377.4419 

20.7875 377.06935 20.9 377.19454 21.0125 377.32029 21.125 377.44659 

20.791667 377.07398 20.904167 377.19919 21.016667 377.32495 21.129167 377.45128 

20.795833 377.0786 20.908333 377.20383 21.020833 377.32962 21.133333 377.45597 

20.8 377.08323 20.9125 377.20848 21.025 377.33429 21.1375 377.46066 

20.804167 377.08786 20.916667 377.21313 21.029167 377.33896 21.141667 377.46535 
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22.495833 379.02935 22.608333 379.16274 22.720833 379.29666 22.833333 379.43109 

22.5 379.03428 22.6125 379.16769 22.725 379.30163 22.8375 379.43608 

22.504167 379.03921 22.616667 379.17264 22.729167 379.3066 22.841667 379.44107 

22.508333 379.04414 22.620833 379.1776 22.733333 379.31157 22.845833 379.44606 

22.5125 379.04908 22.625 379.18255 22.7375 379.31654 22.85 379.45105 

22.516667 379.05401 22.629167 379.1875 22.741667 379.32152 22.854167 379.45605 

22.520833 379.05894 22.633333 379.19246 22.745833 379.32649 22.858333 379.46104 

22.525 379.06388 22.6375 379.19741 22.75 379.33146 22.8625 379.46603 

22.529167 379.06882 22.641667 379.20237 22.754167 379.33644 22.866667 379.47102 

22.533333 379.07375 22.645833 379.20732 22.758333 379.34141 22.870833 379.47602 

22.5375 379.07869 22.65 379.21228 22.7625 379.34639 22.875 379.48101 

22.541667 379.08363 22.654167 379.21724 22.766667 379.35137 22.879167 379.48601 

22.545833 379.08857 22.658333 379.2222 22.770833 379.35634 22.883333 379.49101 

22.55 379.09351 22.6625 379.22716 22.775 379.36132 22.8875 379.496 

22.554167 379.09845 22.666667 379.23212 22.779167 379.3663 22.891667 379.501 

22.558333 379.10339 22.670833 379.23708 22.783333 379.37128 22.895833 379.506 

22.5625 379.10833 22.675 379.24204 22.7875 379.37626 22.9 379.511 

22.566667 379.11328 22.679167 379.247 22.791667 379.38124 22.904167 379.516 

22.570833 379.11822 22.683333 379.25196 22.795833 379.38622 22.908333 379.521 

22.575 379.12316 22.6875 379.25693 22.8 379.39121 22.9125 379.526 

22.579167 379.12811 22.691667 379.26189 22.804167 379.39619 22.916667 379.53101 

22.583333 379.13305 22.695833 379.26686 22.808333 379.40117 22.920833 379.53601 

22.5875 379.138 22.7 379.27182 22.8125 379.40616 22.925 379.54101 

22.591667 379.14295 22.704167 379.27679 22.816667 379.41114 22.929167 379.54602 

22.595833 379.1479 22.708333 379.28175 22.820833 379.41613 22.933333 379.55102 

22.6 379.15284 22.7125 379.28672 22.825 379.42112 22.9375 379.55603 

22.604167 379.15779 22.716667 379.29169 22.829167 379.42611 22.941667 379.56103 
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22.945833 379.56604 23.058333 379.7015 23.170833 379.83747 23.283333 379.97395 

22.95 379.57105 23.0625 379.70653 23.175 379.84252 23.2875 379.97901 

22.954167 379.57606 23.066667 379.71156 23.179167 379.84756 23.291667 379.98408 

22.958333 379.58107 23.070833 379.71658 23.183333 379.85261 23.295833 379.98914 

22.9625 379.58608 23.075 379.72161 23.1875 379.85766 23.3 379.99421 

22.966667 379.59109 23.079167 379.72664 23.191667 379.86271 23.304167 379.99927 

22.970833 379.5961 23.083333 379.73167 23.195833 379.86775 23.308333 380.00434 

22.975 379.60111 23.0875 379.7367 23.2 379.8728 23.3125 380.00941 

22.979167 379.60612 23.091667 379.74174 23.204167 379.87785 23.316667 380.01448 

22.983333 379.61114 23.095833 379.74677 23.208333 379.88291 23.320833 380.01955 

22.9875 379.61615 23.1 379.7518 23.2125 379.88796 23.325 380.02462 

22.991667 379.62117 23.104167 379.75683 23.216667 379.89301 23.329167 380.02969 

22.995833 379.62618 23.108333 379.76187 23.220833 379.89806 23.333333 380.03476 

23 379.6312 23.1125 379.7669 23.225 379.90312 23.3375 380.03984 

23.004167 379.63622 23.116667 379.77194 23.229167 379.90817 23.341667 380.04491 

23.008333 379.64123 23.120833 379.77698 23.233333 379.91323 23.345833 380.04998 

23.0125 379.64625 23.125 379.78201 23.2375 379.91828 23.35 380.05506 

23.016667 379.65127 23.129167 379.78705 23.241667 379.92334 23.354167 380.06013 

23.020833 379.65629 23.133333 379.79209 23.245833 379.9284 23.358333 380.06521 

23.025 379.66131 23.1375 379.79713 23.25 379.93346 23.3625 380.07029 

23.029167 379.66633 23.141667 379.80217 23.254167 379.93851 23.366667 380.07536 

23.033333 379.67136 23.145833 379.80721 23.258333 379.94357 23.370833 380.08044 

23.0375 379.67638 23.15 379.81225 23.2625 379.94863 23.375 380.08552 

23.041667 379.6814 23.154167 379.81729 23.266667 379.9537 23.379167 380.0906 

23.045833 379.68643 23.158333 379.82234 23.270833 379.95876 23.383333 380.09568 

23.05 379.69145 23.1625 379.82738 23.275 379.96382 23.3875 380.10076 

23.054167 379.69648 23.166667 379.83243 23.279167 379.96888 23.391667 380.10584 
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23.845833 380.66411 23.958333 380.80371 24.070833 380.94383 24.183333 381.08447 

23.85 380.66927 23.9625 380.80889 24.075 380.94903 24.1875 381.08969 

23.854167 380.67443 23.966667 380.81408 24.079167 380.95423 24.191667 381.09491 

23.858333 380.6796 23.970833 380.81926 24.083333 380.95944 24.195833 381.10013 

23.8625 380.68476 23.975 380.82444 24.0875 380.96464 24.2 381.10535 

23.866667 380.68992 23.979167 380.82962 24.091667 380.96984 24.204167 381.11057 

23.870833 380.69509 23.983333 380.83481 24.095833 380.97504 24.208333 381.11579 

23.875 380.70025 23.9875 380.83999 24.1 380.98025 24.2125 381.12102 

23.879167 380.70542 23.991667 380.84518 24.104167 380.98545 24.216667 381.12624 

23.883333 380.71059 23.995833 380.85036 24.108333 380.99066 24.220833 381.13146 

23.8875 380.71576 24 380.85555 24.1125 380.99586 24.225 381.13669 

23.891667 380.72092 24.004167 380.86074 24.116667 381.00107 24.229167 381.14191 

23.895833 380.72609 24.008333 380.86593 24.120833 381.00628 24.233333 381.14714 

23.9 380.73126 24.0125 380.87112 24.125 381.01148 24.2375 381.15237 

23.904167 380.73643 24.016667 380.8763 24.129167 381.01669 24.241667 381.15759 

23.908333 380.7416 24.020833 380.8815 24.133333 381.0219 24.245833 381.16282 

23.9125 380.74678 24.025 380.88669 24.1375 381.02711 24.25 381.16805 

23.916667 380.75195 24.029167 380.89188 24.141667 381.03232 24.254167 381.17328 

23.920833 380.75712 24.033333 380.89707 24.145833 381.03753 24.258333 381.17851 

23.925 380.7623 24.0375 380.90226 24.15 381.04275 24.2625 381.18374 

23.929167 380.76747 24.041667 380.90746 24.154167 381.04796 24.266667 381.18898 

23.933333 380.77265 24.045833 380.91265 24.158333 381.05317 24.270833 381.19421 

23.9375 380.77782 24.05 380.91785 24.1625 381.05839 24.275 381.19944 

23.941667 380.783 24.054167 380.92304 24.166667 381.0636 24.279167 381.20468 

23.945833 380.78818 24.058333 380.92824 24.170833 381.06882 24.283333 381.20991 

23.95 380.79336 24.0625 380.93344 24.175 381.07404 24.2875 381.21515 

23.954167 380.79853 24.066667 380.93864 24.179167 381.07925 24.291667 381.22038 
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24.295833 381.22562 24.408333 381.36728 24.520833 381.50945 24.633333 381.65212 

24.3 381.23086 24.4125 381.37254 24.525 381.51472 24.6375 381.65741 

24.304167 381.2361 24.416667 381.37779 24.529167 381.52 24.641667 381.66271 

24.308333 381.24133 24.420833 381.38305 24.533333 381.52527 24.645833 381.668 

24.3125 381.24657 24.425 381.38831 24.5375 381.53055 24.65 381.6733 

24.316667 381.25181 24.429167 381.39357 24.541667 381.53583 24.654167 381.6786 

24.320833 381.25706 24.433333 381.39883 24.545833 381.54111 24.658333 381.68389 

24.325 381.2623 24.4375 381.40409 24.55 381.54639 24.6625 381.68919 

24.329167 381.26754 24.441667 381.40935 24.554167 381.55167 24.666667 381.69449 

24.333333 381.27278 24.445833 381.41461 24.558333 381.55695 24.670833 381.69979 

24.3375 381.27803 24.45 381.41987 24.5625 381.56223 24.675 381.70509 

24.341667 381.28327 24.454167 381.42514 24.566667 381.56751 24.679167 381.71039 

24.345833 381.28852 24.458333 381.4304 24.570833 381.57279 24.683333 381.71569 

24.35 381.29376 24.4625 381.43567 24.575 381.57808 24.6875 381.72099 

24.354167 381.29901 24.466667 381.44093 24.579167 381.58336 24.691667 381.7263 

24.358333 381.30426 24.470833 381.4462 24.583333 381.58865 24.695833 381.7316 

24.3625 381.3095 24.475 381.45147 24.5875 381.59393 24.7 381.7369 

24.366667 381.31475 24.479167 381.45673 24.591667 381.59922 24.704167 381.74221 

24.370833 381.32 24.483333 381.462 24.595833 381.60451 24.708333 381.74752 

24.375 381.32525 24.4875 381.46727 24.6 381.60979 24.7125 381.75282 

24.379167 381.3305 24.491667 381.47254 24.604167 381.61508 24.716667 381.75813 

24.383333 381.33575 24.495833 381.47781 24.608333 381.62037 24.720833 381.76344 

24.3875 381.34101 24.5 381.48308 24.6125 381.62566 24.725 381.76874 

24.391667 381.34626 24.504167 381.48835 24.616667 381.63095 24.729167 381.77405 

24.395833 381.35151 24.508333 381.49363 24.620833 381.63624 24.733333 381.77936 

24.4 381.35677 24.5125 381.4989 24.625 381.64153 24.7375 381.78467 

24.404167 381.36202 24.516667 381.50417 24.629167 381.64683 24.741667 381.78998 
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24.745833 381.7953 24.858333 381.93897 24.970833 382.08315 25.083333 382.22782 

24.75 381.80061 24.8625 381.94431 24.975 382.0885 25.0875 382.23319 

24.754167 381.80592 24.866667 381.94964 24.979167 382.09385 25.091667 382.23856 

24.758333 381.81124 24.870833 381.95497 24.983333 382.0992 25.095833 382.24393 

24.7625 381.81655 24.875 381.9603 24.9875 382.10455 25.1 382.2493 

24.766667 381.82187 24.879167 381.96564 24.991667 382.1099 25.104167 382.25467 

24.770833 381.82718 24.883333 381.97097 24.995833 382.11526 25.108333 382.26004 

24.775 381.8325 24.8875 381.97631 25 382.12061 25.1125 382.26541 

24.779167 381.83782 24.891667 381.98164 25.004167 382.12596 25.116667 382.27078 

24.783333 381.84313 24.895833 381.98698 25.008333 382.13132 25.120833 382.27616 

24.7875 381.84845 24.9 381.99231 25.0125 382.13668 25.125 382.28153 

24.791667 381.85377 24.904167 381.99765 25.016667 382.14203 25.129167 382.28691 

24.795833 381.85909 24.908333 382.00299 25.020833 382.14739 25.133333 382.29228 

24.8 381.86441 24.9125 382.00833 25.025 382.15275 25.1375 382.29766 

24.804167 381.86973 24.916667 382.01367 25.029167 382.1581 25.141667 382.30303 

24.808333 381.87506 24.920833 382.01901 25.033333 382.16346 25.145833 382.30841 

24.8125 381.88038 24.925 382.02435 25.0375 382.16882 25.15 382.31379 

24.816667 381.8857 24.929167 382.02969 25.041667 382.17418 25.154167 382.31917 

24.820833 381.89103 24.933333 382.03504 25.045833 382.17954 25.158333 382.32455 

24.825 381.89635 24.9375 382.04038 25.05 382.18491 25.1625 382.32993 

24.829167 381.90168 24.941667 382.04572 25.054167 382.19027 25.166667 382.33531 

24.833333 381.907 24.945833 382.05107 25.058333 382.19563 25.170833 382.34069 

24.8375 381.91233 24.95 382.05641 25.0625 382.20099 25.175 382.34607 

24.841667 381.91766 24.954167 382.06176 25.066667 382.20636 25.179167 382.35145 

24.845833 381.92299 24.958333 382.06711 25.070833 382.21172 25.183333 382.35684 

24.85 381.92831 24.9625 382.07245 25.075 382.21709 25.1875 382.36222 

24.854167 381.93364 24.966667 382.0778 25.079167 382.22246 25.191667 382.3676 
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25.195833 382.37299 25.308333 382.51865 25.420833 382.66479 25.533333 382.81143 

25.2 382.37838 25.3125 382.52405 25.425 382.67022 25.5375 382.81687 

25.204167 382.38376 25.316667 382.52946 25.429167 382.67564 25.541667 382.82231 

25.208333 382.38915 25.320833 382.53486 25.433333 382.68106 25.545833 382.82775 

25.2125 382.39454 25.325 382.54027 25.4375 382.68649 25.55 382.83319 

25.216667 382.39993 25.329167 382.54567 25.441667 382.69191 25.554167 382.83864 

25.220833 382.40532 25.333333 382.55108 25.445833 382.69734 25.558333 382.84408 

25.225 382.41071 25.3375 382.55649 25.45 382.70276 25.5625 382.84952 

25.229167 382.4161 25.341667 382.5619 25.454167 382.70819 25.566667 382.85497 

25.233333 382.42149 25.345833 382.56731 25.458333 382.71362 25.570833 382.86041 

25.2375 382.42688 25.35 382.57272 25.4625 382.71905 25.575 382.86586 

25.241667 382.43227 25.354167 382.57813 25.466667 382.72448 25.579167 382.87131 

25.245833 382.43767 25.358333 382.58354 25.470833 382.72991 25.583333 382.87675 

25.25 382.44306 25.3625 382.58895 25.475 382.73534 25.5875 382.8822 

25.254167 382.44845 25.366667 382.59437 25.479167 382.74077 25.591667 382.88765 

25.258333 382.45385 25.370833 382.59978 25.483333 382.7462 25.595833 382.8931 

25.2625 382.45925 25.375 382.60519 25.4875 382.75163 25.6 382.89855 

25.266667 382.46464 25.379167 382.61061 25.491667 382.75706 25.604167 382.904 

25.270833 382.47004 25.383333 382.61602 25.495833 382.7625 25.608333 382.90945 

25.275 382.47544 25.3875 382.62144 25.5 382.76793 25.6125 382.91491 

25.279167 382.48084 25.391667 382.62686 25.504167 382.77337 25.616667 382.92036 

25.283333 382.48624 25.395833 382.63228 25.508333 382.7788 25.620833 382.92581 

25.2875 382.49164 25.4 382.63769 25.5125 382.78424 25.625 382.93127 

25.291667 382.49704 25.404167 382.64311 25.516667 382.78967 25.629167 382.93672 

25.295833 382.50244 25.408333 382.64853 25.520833 382.79511 25.633333 382.94218 

25.3 382.50784 25.4125 382.65395 25.525 382.80055 25.6375 382.94763 

25.304167 382.51324 25.416667 382.65937 25.529167 382.80599 25.641667 382.95309 
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25.645833 382.95855 25.758333 383.10615 25.870833 383.25423 25.983333 383.40279 

25.65 382.964 25.7625 383.11162 25.875 383.25972 25.9875 383.4083 

25.654167 382.96946 25.766667 383.1171 25.879167 383.26521 25.991667 383.41381 

25.658333 382.97492 25.770833 383.12258 25.883333 383.27071 25.995833 383.41932 

25.6625 382.98038 25.775 383.12805 25.8875 383.27621 26 383.42483 

25.666667 382.98584 25.779167 383.13353 25.891667 383.2817 26.004167 383.43035 

25.670833 382.9913 25.783333 383.13901 25.895833 383.2872 26.008333 383.43586 

25.675 382.99677 25.7875 383.14449 25.9 383.2927 26.0125 383.44138 

25.679167 383.00223 25.791667 383.14997 25.904167 383.29819 26.016667 383.44689 

25.683333 383.00769 25.795833 383.15545 25.908333 383.30369 26.020833 383.45241 

25.6875 383.01316 25.8 383.16094 25.9125 383.30919 26.025 383.45793 

25.691667 383.01862 25.804167 383.16642 25.916667 383.31469 26.029167 383.46345 

25.695833 383.02409 25.808333 383.1719 25.920833 383.32019 26.033333 383.46896 

25.7 383.02955 25.8125 383.17738 25.925 383.3257 26.0375 383.47448 

25.704167 383.03502 25.816667 383.18287 25.929167 383.3312 26.041667 383.48 

25.708333 383.04049 25.820833 383.18835 25.933333 383.3367 26.045833 383.48552 

25.7125 383.04596 25.825 383.19384 25.9375 383.3422 26.05 383.49104 

25.716667 383.05142 25.829167 383.19933 25.941667 383.34771 26.054167 383.49657 

25.720833 383.05689 25.833333 383.20481 25.945833 383.35321 26.058333 383.50209 

25.725 383.06236 25.8375 383.2103 25.95 383.35872 26.0625 383.50761 

25.729167 383.06783 25.841667 383.21579 25.954167 383.36422 26.066667 383.51314 

25.733333 383.07331 25.845833 383.22128 25.958333 383.36973 26.070833 383.51866 

25.7375 383.07878 25.85 383.22677 25.9625 383.37524 26.075 383.52418 

25.741667 383.08425 25.854167 383.23226 25.966667 383.38075 26.079167 383.52971 

25.745833 383.08972 25.858333 383.23775 25.970833 383.38626 26.083333 383.53524 

25.75 383.0952 25.8625 383.24324 25.975 383.39176 26.0875 383.54076 

25.754167 383.10067 25.866667 383.24873 25.979167 383.39727 26.091667 383.54629 
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26.095833 383.55182 26.208333 383.70133 26.320833 383.85131 26.433333 384.00175 

26.1 383.55735 26.2125 383.70687 26.325 383.85687 26.4375 384.00734 

26.104167 383.56288 26.216667 383.71242 26.329167 383.86243 26.441667 384.01292 

26.108333 383.56841 26.220833 383.71797 26.333333 383.868 26.445833 384.0185 

26.1125 383.57394 26.225 383.72352 26.3375 383.87357 26.45 384.02408 

26.116667 383.57947 26.229167 383.72907 26.341667 383.87913 26.454167 384.02967 

26.120833 383.585 26.233333 383.73462 26.345833 383.8847 26.458333 384.03525 

26.125 383.59054 26.2375 383.74017 26.35 383.89027 26.4625 384.04084 

26.129167 383.59607 26.241667 383.74572 26.354167 383.89583 26.466667 384.04642 

26.133333 383.6016 26.245833 383.75127 26.358333 383.9014 26.470833 384.05201 

26.1375 383.60714 26.25 383.75682 26.3625 383.90697 26.475 384.05759 

26.141667 383.61267 26.254167 383.76237 26.366667 383.91254 26.479167 384.06318 

26.145833 383.61821 26.258333 383.76793 26.370833 383.91811 26.483333 384.06877 

26.15 383.62375 26.2625 383.77348 26.375 383.92369 26.4875 384.07436 

26.154167 383.62928 26.266667 383.77904 26.379167 383.92926 26.491667 384.07995 

26.158333 383.63482 26.270833 383.78459 26.383333 383.93483 26.495833 384.08554 

26.1625 383.64036 26.275 383.79015 26.3875 383.9404 26.5 384.09113 

26.166667 383.6459 26.279167 383.7957 26.391667 383.94598 26.504167 384.09672 

26.170833 383.65144 26.283333 383.80126 26.395833 383.95155 26.508333 384.10231 

26.175 383.65698 26.2875 383.80682 26.4 383.95713 26.5125 384.1079 

26.179167 383.66252 26.291667 383.81238 26.404167 383.9627 26.516667 384.1135 

26.183333 383.66806 26.295833 383.81794 26.408333 383.96828 26.520833 384.11909 

26.1875 383.67361 26.3 383.8235 26.4125 383.97386 26.525 384.12469 

26.191667 383.67915 26.304167 383.82906 26.416667 383.97944 26.529167 384.13028 

26.195833 383.68469 26.308333 383.83462 26.420833 383.98501 26.533333 384.13588 

26.2 383.69024 26.3125 383.84018 26.425 383.99059 26.5375 384.14147 

26.204167 383.69578 26.316667 383.84574 26.429167 383.99617 26.541667 384.14707 
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26.545833 384.15267 26.658333 384.30405 26.770833 384.45589 26.883333 384.60819 

26.55 384.15827 26.6625 384.30966 26.775 384.46152 26.8875 384.61384 

26.554167 384.16387 26.666667 384.31528 26.779167 384.46715 26.891667 384.61949 

26.558333 384.16947 26.670833 384.3209 26.783333 384.47279 26.895833 384.62514 

26.5625 384.17507 26.675 384.32651 26.7875 384.47842 26.9 384.63079 

26.566667 384.18067 26.679167 384.33213 26.791667 384.48406 26.904167 384.63644 

26.570833 384.18627 26.683333 384.33775 26.795833 384.48969 26.908333 384.64209 

26.575 384.19187 26.6875 384.34337 26.8 384.49533 26.9125 384.64775 

26.579167 384.19747 26.691667 384.34899 26.804167 384.50097 26.916667 384.6534 

26.583333 384.20308 26.695833 384.35461 26.808333 384.5066 26.920833 384.65906 

26.5875 384.20868 26.7 384.36023 26.8125 384.51224 26.925 384.66471 

26.591667 384.21429 26.704167 384.36585 26.816667 384.51788 26.929167 384.67037 

26.595833 384.21989 26.708333 384.37147 26.820833 384.52352 26.933333 384.67602 

26.6 384.2255 26.7125 384.3771 26.825 384.52916 26.9375 384.68168 

26.604167 384.2311 26.716667 384.38272 26.829167 384.5348 26.941667 384.68734 

26.608333 384.23671 26.720833 384.38835 26.833333 384.54044 26.945833 384.693 

26.6125 384.24232 26.725 384.39397 26.8375 384.54608 26.95 384.69866 

26.616667 384.24793 26.729167 384.3996 26.841667 384.55173 26.954167 384.70432 

26.620833 384.25354 26.733333 384.40522 26.845833 384.55737 26.958333 384.70998 

26.625 384.25915 26.7375 384.41085 26.85 384.56301 26.9625 384.71564 

26.629167 384.26476 26.741667 384.41648 26.854167 384.56866 26.966667 384.7213 

26.633333 384.27037 26.745833 384.42211 26.858333 384.5743 26.970833 384.72696 

26.6375 384.27598 26.75 384.42773 26.8625 384.57995 26.975 384.73262 

26.641667 384.28159 26.754167 384.43336 26.866667 384.5856 26.979167 384.73829 

26.645833 384.2872 26.758333 384.43899 26.870833 384.59124 26.983333 384.74395 

26.65 384.29282 26.7625 384.44462 26.875 384.59689 26.9875 384.74961 

26.654167 384.29843 26.766667 384.45026 26.879167 384.60254 26.991667 384.75528 
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26.995833 384.76095 27.108333 384.91416 27.220833 385.0678 27.333333 385.22186 

27 384.76661 27.1125 384.91984 27.225 385.0735 27.3375 385.22757 

27.004167 384.77228 27.116667 384.92552 27.229167 385.07919 27.341667 385.23328 

27.008333 384.77795 27.120833 384.93121 27.233333 385.08489 27.345833 385.239 

27.0125 384.78362 27.125 384.93689 27.2375 385.09059 27.35 385.24471 

27.016667 384.78928 27.129167 384.94258 27.241667 385.0963 27.354167 385.25043 

27.020833 384.79495 27.133333 384.94826 27.245833 385.102 27.358333 385.25615 

27.025 384.80062 27.1375 384.95395 27.25 385.1077 27.3625 385.26186 

27.029167 384.8063 27.141667 384.95964 27.254167 385.1134 27.366667 385.26758 

27.033333 384.81197 27.145833 384.96532 27.258333 385.1191 27.370833 385.2733 

27.0375 384.81764 27.15 384.97101 27.2625 385.12481 27.375 385.27902 

27.041667 384.82331 27.154167 384.9767 27.266667 385.13051 27.379167 385.28474 

27.045833 384.82898 27.158333 384.98239 27.270833 385.13622 27.383333 385.29046 

27.05 384.83466 27.1625 384.98808 27.275 385.14192 27.3875 385.29618 

27.054167 384.84033 27.166667 384.99377 27.279167 385.14763 27.391667 385.3019 

27.058333 384.84601 27.170833 384.99946 27.283333 385.15333 27.395833 385.30762 

27.0625 384.85168 27.175 385.00515 27.2875 385.15904 27.4 385.31335 

27.066667 384.85736 27.179167 385.01084 27.291667 385.16475 27.404167 385.31907 

27.070833 384.86304 27.183333 385.01654 27.295833 385.17046 27.408333 385.32479 

27.075 384.86872 27.1875 385.02223 27.3 385.17617 27.4125 385.33052 

27.079167 384.87439 27.191667 385.02792 27.304167 385.18187 27.416667 385.33624 

27.083333 384.88007 27.195833 385.03362 27.308333 385.18758 27.420833 385.34197 

27.0875 384.88575 27.2 385.03931 27.3125 385.19329 27.425 385.34769 

27.091667 384.89143 27.204167 385.04501 27.316667 385.19901 27.429167 385.35342 

27.095833 384.89711 27.208333 385.05071 27.320833 385.20472 27.433333 385.35914 

27.1 384.90279 27.2125 385.0564 27.325 385.21043 27.4375 385.36487 

27.104167 384.90848 27.216667 385.0621 27.329167 385.21614 27.441667 385.3706 
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27.445833 385.37633 27.558333 385.53122 27.670833 385.68652 27.783333 385.84222 

27.45 385.38206 27.5625 385.53696 27.675 385.69227 27.7875 385.848 

27.454167 385.38779 27.566667 385.54271 27.679167 385.69804 27.791667 385.85377 

27.458333 385.39352 27.570833 385.54845 27.683333 385.7038 27.795833 385.85955 

27.4625 385.39925 27.575 385.5542 27.6875 385.70956 27.8 385.86533 

27.466667 385.40498 27.579167 385.55994 27.691667 385.71532 27.804167 385.8711 

27.470833 385.41071 27.583333 385.56569 27.695833 385.72108 27.808333 385.87688 

27.475 385.41645 27.5875 385.57144 27.7 385.72684 27.8125 385.88266 

27.479167 385.42218 27.591667 385.57719 27.704167 385.73261 27.816667 385.88844 

27.483333 385.42791 27.595833 385.58294 27.708333 385.73837 27.820833 385.89422 

27.4875 385.43365 27.6 385.58869 27.7125 385.74414 27.825 385.9 

27.491667 385.43938 27.604167 385.59444 27.716667 385.7499 27.829167 385.90578 

27.495833 385.44512 27.608333 385.60019 27.720833 385.75567 27.833333 385.91156 

27.5 385.45085 27.6125 385.60594 27.725 385.76143 27.8375 385.91734 

27.504167 385.45659 27.616667 385.61169 27.729167 385.7672 27.841667 385.92312 

27.508333 385.46233 27.620833 385.61744 27.733333 385.77297 27.845833 385.9289 

27.5125 385.46806 27.625 385.6232 27.7375 385.77874 27.85 385.93469 

27.516667 385.4738 27.629167 385.62895 27.741667 385.78451 27.854167 385.94047 

27.520833 385.47954 27.633333 385.6347 27.745833 385.79027 27.858333 385.94625 

27.525 385.48528 27.6375 385.64046 27.75 385.79604 27.8625 385.95204 

27.529167 385.49102 27.641667 385.64621 27.754167 385.80181 27.866667 385.95782 

27.533333 385.49676 27.645833 385.65197 27.758333 385.80759 27.870833 385.96361 

27.5375 385.5025 27.65 385.65773 27.7625 385.81336 27.875 385.9694 

27.541667 385.50824 27.654167 385.66348 27.766667 385.81913 27.879167 385.97518 

27.545833 385.51399 27.658333 385.66924 27.770833 385.8249 27.883333 385.98097 

27.55 385.51973 27.6625 385.675 27.775 385.83067 27.8875 385.98676 

27.554167 385.52547 27.666667 385.68076 27.779167 385.83645 27.891667 385.99255 
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27.895833 385.99834 28.008333 386.15486 28.120833 386.31178 28.233333 386.4691 

27.9 386.00413 28.0125 386.16066 28.125 386.3176 28.2375 386.47493 

27.904167 386.00992 28.016667 386.16647 28.129167 386.32342 28.241667 386.48077 

27.908333 386.01571 28.020833 386.17227 28.133333 386.32924 28.245833 386.4866 

27.9125 386.0215 28.025 386.17808 28.1375 386.33506 28.25 386.49244 

27.916667 386.02729 28.029167 386.18388 28.141667 386.34088 28.254167 386.49827 

27.920833 386.03308 28.033333 386.18969 28.145833 386.3467 28.258333 386.50411 

27.925 386.03888 28.0375 386.1955 28.15 386.35252 28.2625 386.50995 

27.929167 386.04467 28.041667 386.20131 28.154167 386.35835 28.266667 386.51579 

27.933333 386.05046 28.045833 386.20712 28.158333 386.36417 28.270833 386.52162 

27.9375 386.05626 28.05 386.21293 28.1625 386.37 28.275 386.52746 

27.941667 386.06205 28.054167 386.21874 28.166667 386.37582 28.279167 386.5333 

27.945833 386.06785 28.058333 386.22455 28.170833 386.38165 28.283333 386.53914 

27.95 386.07365 28.0625 386.23036 28.175 386.38747 28.2875 386.54498 

27.954167 386.07944 28.066667 386.23617 28.179167 386.3933 28.291667 386.55083 

27.958333 386.08524 28.070833 386.24198 28.183333 386.39913 28.295833 386.55667 

27.9625 386.09104 28.075 386.2478 28.1875 386.40495 28.3 386.56251 

27.966667 386.09684 28.079167 386.25361 28.191667 386.41078 28.304167 386.56835 

27.970833 386.10264 28.083333 386.25942 28.195833 386.41661 28.308333 386.5742 

27.975 386.10844 28.0875 386.26524 28.2 386.42244 28.3125 386.58004 

27.979167 386.11424 28.091667 386.27105 28.204167 386.42827 28.316667 386.58589 

27.983333 386.12004 28.095833 386.27687 28.208333 386.4341 28.320833 386.59173 

27.9875 386.12584 28.1 386.28269 28.2125 386.43993 28.325 386.59758 

27.991667 386.13164 28.104167 386.2885 28.216667 386.44576 28.329167 386.60342 

27.995833 386.13744 28.108333 386.29432 28.220833 386.4516 28.333333 386.60927 

28 386.14325 28.1125 386.30014 28.225 386.45743 28.3375 386.61512 

28.004167 386.14905 28.116667 386.30596 28.229167 386.46326 28.341667 386.62097 
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28.345833 386.62681 28.458333 386.78493 28.570833 386.94343 28.683333 387.10233 

28.35 386.63266 28.4625 386.79079 28.575 386.94931 28.6875 387.10822 

28.354167 386.63851 28.466667 386.79665 28.579167 386.95519 28.691667 387.11411 

28.358333 386.64436 28.470833 386.80252 28.583333 386.96107 28.695833 387.12001 

28.3625 386.65021 28.475 386.80838 28.5875 386.96695 28.7 387.1259 

28.366667 386.65606 28.479167 386.81425 28.591667 386.97283 28.704167 387.1318 

28.370833 386.66192 28.483333 386.82012 28.595833 386.97871 28.708333 387.13769 

28.375 386.66777 28.4875 386.82598 28.6 386.98459 28.7125 387.14359 

28.379167 386.67362 28.491667 386.83185 28.604167 386.99047 28.716667 387.14948 

28.383333 386.67947 28.495833 386.83772 28.608333 386.99635 28.720833 387.15538 

28.3875 386.68533 28.5 386.84359 28.6125 387.00224 28.725 387.16128 

28.391667 386.69118 28.504167 386.84946 28.616667 387.00812 28.729167 387.16718 

28.395833 386.69704 28.508333 386.85532 28.620833 387.014 28.733333 387.17307 

28.4 386.70289 28.5125 386.8612 28.625 387.01989 28.7375 387.17897 

28.404167 386.70875 28.516667 386.86707 28.629167 387.02577 28.741667 387.18487 

28.408333 386.71461 28.520833 386.87294 28.633333 387.03166 28.745833 387.19077 

28.4125 386.72046 28.525 386.87881 28.6375 387.03755 28.75 387.19667 

28.416667 386.72632 28.529167 386.88468 28.641667 387.04343 28.754167 387.20257 

28.420833 386.73218 28.533333 386.89055 28.645833 387.04932 28.758333 387.20848 

28.425 386.73804 28.5375 386.89643 28.65 387.05521 28.7625 387.21438 

28.429167 386.7439 28.541667 386.9023 28.654167 387.0611 28.766667 387.22028 

28.433333 386.74976 28.545833 386.90817 28.658333 387.06698 28.770833 387.22618 

28.4375 386.75562 28.55 386.91405 28.6625 387.07287 28.775 387.23209 

28.441667 386.76148 28.554167 386.91993 28.666667 387.07876 28.779167 387.23799 

28.445833 386.76734 28.558333 386.9258 28.670833 387.08465 28.783333 387.2439 

28.45 386.7732 28.5625 386.93168 28.675 387.09055 28.7875 387.2498 

28.454167 386.77906 28.566667 386.93755 28.679167 387.09644 28.791667 387.25571 



  165 

ĨŅĶŅĚįĬĺĔĕ,5 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

28.795833 387.26161 28.908333 387.42128 29.020833 387.58134 29.133333 387.74178 

28.8 387.26752 28.9125 387.42721 29.025 387.58728 29.1375 387.74773 

28.804167 387.27343 28.916667 387.43313 29.029167 387.59321 29.141667 387.75368 

28.808333 387.27934 28.920833 387.43905 29.033333 387.59915 29.145833 387.75963 

28.8125 387.28524 28.925 387.44497 29.0375 387.60508 29.15 387.76558 

28.816667 387.29115 28.929167 387.4509 29.041667 387.61102 29.154167 387.77153 

28.820833 387.29706 28.933333 387.45682 29.045833 387.61696 29.158333 387.77748 

28.825 387.30297 28.9375 387.46274 29.05 387.6229 29.1625 387.78343 

28.829167 387.30888 28.941667 387.46867 29.054167 387.62884 29.166667 387.78939 

28.833333 387.31479 28.945833 387.47459 29.058333 387.63478 29.170833 387.79534 

28.8375 387.32071 28.95 387.48052 29.0625 387.64072 29.175 387.80129 

28.841667 387.32662 28.954167 387.48645 29.066667 387.64666 29.179167 387.80725 

28.845833 387.33253 28.958333 387.49237 29.070833 387.6526 29.183333 387.8132 

28.85 387.33844 28.9625 387.4983 29.075 387.65854 29.1875 387.81916 

28.854167 387.34436 28.966667 387.50423 29.079167 387.66448 29.191667 387.82512 

28.858333 387.35027 28.970833 387.51016 29.083333 387.67042 29.195833 387.83107 

28.8625 387.35619 28.975 387.51609 29.0875 387.67637 29.2 387.83703 

28.866667 387.3621 28.979167 387.52202 29.091667 387.68231 29.204167 387.84299 

28.870833 387.36802 28.983333 387.52795 29.095833 387.68826 29.208333 387.84895 

28.875 387.37393 28.9875 387.53388 29.1 387.6942 29.2125 387.8549 

28.879167 387.37985 28.991667 387.53981 29.104167 387.70015 29.216667 387.86086 

28.883333 387.38577 28.995833 387.54574 29.108333 387.70609 29.220833 387.86682 

28.8875 387.39169 29 387.55167 29.1125 387.71204 29.225 387.87278 

28.891667 387.39761 29.004167 387.5576 29.116667 387.71798 29.229167 387.87874 

28.895833 387.40352 29.008333 387.56354 29.120833 387.72393 29.233333 387.88471 

28.9 387.40944 29.0125 387.56947 29.125 387.72988 29.2375 387.89067 

28.904167 387.41536 29.016667 387.57541 29.129167 387.73583 29.241667 387.89663 



  166 

ĨŅĶŅĚįĬĺĔĕ,5 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

29.245833 387.90259 29.358333 388.06379 29.470833 388.22536 29.583333 388.3873 

29.25 387.90856 29.3625 388.06976 29.475 388.23135 29.5875 388.3933 

29.254167 387.91452 29.366667 388.07574 29.479167 388.23734 29.591667 388.39931 

29.258333 387.92048 29.370833 388.08172 29.483333 388.24333 29.595833 388.40531 

29.2625 387.92645 29.375 388.0877 29.4875 388.24932 29.6 388.41132 

29.266667 387.93242 29.379167 388.09368 29.491667 388.25532 29.604167 388.41733 

29.270833 387.93838 29.383333 388.09966 29.495833 388.26131 29.608333 388.42334 

29.275 387.94435 29.3875 388.10564 29.5 388.2673 29.6125 388.42934 

29.279167 387.95031 29.391667 388.11162 29.504167 388.2733 29.616667 388.43535 

29.283333 387.95628 29.395833 388.1176 29.508333 388.27929 29.620833 388.44136 

29.2875 387.96225 29.4 388.12358 29.5125 388.28529 29.625 388.44737 

29.291667 387.96822 29.404167 388.12957 29.516667 388.29129 29.629167 388.45338 

29.295833 387.97419 29.408333 388.13555 29.520833 388.29728 29.633333 388.45939 

29.3 387.98016 29.4125 388.14153 29.525 388.30328 29.6375 388.4654 

29.304167 387.98613 29.416667 388.14752 29.529167 388.30928 29.641667 388.47141 

29.308333 387.9921 29.420833 388.1535 29.533333 388.31528 29.645833 388.47743 

29.3125 387.99807 29.425 388.15949 29.5375 388.32128 29.65 388.48344 

29.316667 388.00404 29.429167 388.16547 29.541667 388.32728 29.654167 388.48945 

29.320833 388.01001 29.433333 388.17146 29.545833 388.33328 29.658333 388.49547 

29.325 388.01599 29.4375 388.17744 29.55 388.33928 29.6625 388.50148 

29.329167 388.02196 29.441667 388.18343 29.554167 388.34528 29.666667 388.50749 

29.333333 388.02793 29.445833 388.18942 29.558333 388.35128 29.670833 388.51351 

29.3375 388.03391 29.45 388.19541 29.5625 388.35728 29.675 388.51953 

29.341667 388.03988 29.454167 388.2014 29.566667 388.36328 29.679167 388.52554 

29.345833 388.04586 29.458333 388.20738 29.570833 388.36929 29.683333 388.53156 

29.35 388.05183 29.4625 388.21337 29.575 388.37529 29.6875 388.53758 

29.354167 388.05781 29.466667 388.21936 29.579167 388.38129 29.691667 388.54359 
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29.695833 388.54961 29.808333 388.71229 29.920833 388.87534 30.033333 389.03876 

29.7 388.55563 29.8125 388.71833 29.925 388.88139 30.0375 389.04482 

29.704167 388.56165 29.816667 388.72436 29.929167 388.88744 30.041667 389.05088 

29.708333 388.56767 29.820833 388.73039 29.933333 388.89348 30.045833 389.05694 

29.7125 388.57369 29.825 388.73643 29.9375 388.89953 30.05 389.063 

29.716667 388.57971 29.829167 388.74246 29.941667 388.90558 30.054167 389.06906 

29.720833 388.58573 29.833333 388.7485 29.945833 388.91163 30.058333 389.07512 

29.725 388.59175 29.8375 388.75453 29.95 388.91768 30.0625 389.08118 

29.729167 388.59778 29.841667 388.76057 29.954167 388.92372 30.066667 389.08725 

29.733333 388.6038 29.845833 388.7666 29.958333 388.92977 30.070833 389.09331 

29.7375 388.60982 29.85 388.77264 29.9625 388.93582 30.075 389.09937 

29.741667 388.61585 29.854167 388.77868 29.966667 388.94188 30.079167 389.10544 

29.745833 388.62187 29.858333 388.78472 29.970833 388.94793 30.083333 389.1115 

29.75 388.62789 29.8625 388.79075 29.975 388.95398 30.0875 389.11757 

29.754167 388.63392 29.866667 388.79679 29.979167 388.96003 30.091667 389.12363 

29.758333 388.63995 29.870833 388.80283 29.983333 388.96608 30.095833 389.1297 

29.7625 388.64597 29.875 388.80887 29.9875 388.97214 30.1 389.13577 

29.766667 388.652 29.879167 388.81491 29.991667 388.97819 30.104167 389.14183 

29.770833 388.65803 29.883333 388.82095 29.995833 388.98425 30.108333 389.1479 

29.775 388.66405 29.8875 388.82699 30 388.9903 30.1125 389.15397 

29.779167 388.67008 29.891667 388.83304 30.004167 388.99636 30.116667 389.16004 

29.783333 388.67611 29.895833 388.83908 30.008333 389.00241 30.120833 389.16611 

29.7875 388.68214 29.9 388.84512 30.0125 389.00847 30.125 389.17218 

29.791667 388.68817 29.904167 388.85117 30.016667 389.01452 30.129167 389.17825 

29.795833 388.6942 29.908333 388.85721 30.020833 389.02058 30.133333 389.18432 

29.8 388.70023 29.9125 388.86325 30.025 389.02664 30.1375 389.19039 

29.804167 388.70626 29.916667 388.8693 30.029167 389.0327 30.141667 389.19646 
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30.145833 389.20253 30.258333 389.36667 30.370833 389.53116 30.483333 389.696 

30.15 389.2086 30.2625 389.37275 30.375 389.53726 30.4875 389.70212 

30.154167 389.21468 30.266667 389.37884 30.379167 389.54336 30.491667 389.70823 

30.158333 389.22075 30.270833 389.38492 30.383333 389.54946 30.495833 389.71434 

30.1625 389.22683 30.275 389.39101 30.3875 389.55556 30.5 389.72046 

30.166667 389.2329 30.279167 389.3971 30.391667 389.56166 30.504167 389.72657 

30.170833 389.23897 30.283333 389.40319 30.395833 389.56776 30.508333 389.73268 

30.175 389.24505 30.2875 389.40928 30.4 389.57386 30.5125 389.7388 

30.179167 389.25113 30.291667 389.41537 30.404167 389.57996 30.516667 389.74491 

30.183333 389.2572 30.295833 389.42146 30.408333 389.58607 30.520833 389.75103 

30.1875 389.26328 30.3 389.42755 30.4125 389.59217 30.525 389.75715 

30.191667 389.26936 30.304167 389.43364 30.416667 389.59827 30.529167 389.76326 

30.195833 389.27544 30.308333 389.43973 30.420833 389.60438 30.533333 389.76938 

30.2 389.28151 30.3125 389.44582 30.425 389.61048 30.5375 389.7755 

30.204167 389.28759 30.316667 389.45191 30.429167 389.61659 30.541667 389.78162 

30.208333 389.29367 30.320833 389.45801 30.433333 389.62269 30.545833 389.78774 

30.2125 389.29975 30.325 389.4641 30.4375 389.6288 30.55 389.79386 

30.216667 389.30583 30.329167 389.47019 30.441667 389.63491 30.554167 389.79998 

30.220833 389.31191 30.333333 389.47629 30.445833 389.64102 30.558333 389.8061 

30.225 389.318 30.3375 389.48238 30.45 389.64712 30.5625 389.81222 

30.229167 389.32408 30.341667 389.48848 30.454167 389.65323 30.566667 389.81834 

30.233333 389.33016 30.345833 389.49457 30.458333 389.65934 30.570833 389.82446 

30.2375 389.33624 30.35 389.50067 30.4625 389.66545 30.575 389.83058 

30.241667 389.34233 30.354167 389.50677 30.466667 389.67156 30.579167 389.83671 

30.245833 389.34841 30.358333 389.51286 30.470833 389.67767 30.583333 389.84283 

30.25 389.3545 30.3625 389.51896 30.475 389.68378 30.5875 389.84895 

30.254167 389.36058 30.366667 389.52506 30.479167 389.68989 30.591667 389.85508 
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30.595833 389.8612 30.708333 390.02675 30.820833 390.19265 30.933333 390.3589 

30.6 389.86733 30.7125 390.03289 30.825 390.1988 30.9375 390.36506 

30.604167 389.87345 30.716667 390.03903 30.829167 390.20495 30.941667 390.37122 

30.608333 389.87958 30.720833 390.04517 30.833333 390.21111 30.945833 390.37739 

30.6125 389.88571 30.725 390.05131 30.8375 390.21726 30.95 390.38355 

30.616667 389.89183 30.729167 390.05745 30.841667 390.22341 30.954167 390.38972 

30.620833 389.89796 30.733333 390.06359 30.845833 390.22956 30.958333 390.39589 

30.625 389.90409 30.7375 390.06973 30.85 390.23572 30.9625 390.40205 

30.629167 389.91022 30.741667 390.07587 30.854167 390.24187 30.966667 390.40822 

30.633333 389.91635 30.745833 390.08201 30.858333 390.24803 30.970833 390.41439 

30.6375 389.92248 30.75 390.08816 30.8625 390.25418 30.975 390.42056 

30.641667 389.92861 30.754167 390.0943 30.866667 390.26034 30.979167 390.42672 

30.645833 389.93474 30.758333 390.10044 30.870833 390.26649 30.983333 390.43289 

30.65 389.94087 30.7625 390.10659 30.875 390.27265 30.9875 390.43906 

30.654167 389.947 30.766667 390.11273 30.879167 390.27881 30.991667 390.44523 

30.658333 389.95313 30.770833 390.11888 30.883333 390.28497 30.995833 390.4514 

30.6625 389.95926 30.775 390.12502 30.8875 390.29112 31 390.45757 

30.666667 389.9654 30.779167 390.13117 30.891667 390.29728 31.004167 390.46375 

30.670833 389.97153 30.783333 390.13731 30.895833 390.30344 31.008333 390.46992 

30.675 389.97766 30.7875 390.14346 30.9 390.3096 31.0125 390.47609 

30.679167 389.9838 30.791667 390.14961 30.904167 390.31576 31.016667 390.48226 

30.683333 389.98993 30.795833 390.15575 30.908333 390.32192 31.020833 390.48844 

30.6875 389.99607 30.8 390.1619 30.9125 390.32808 31.025 390.49461 

30.691667 390.0022 30.804167 390.16805 30.916667 390.33424 31.029167 390.50078 

30.695833 390.00834 30.808333 390.1742 30.920833 390.34041 31.033333 390.50696 

30.7 390.01448 30.8125 390.18035 30.925 390.34657 31.0375 390.51313 

30.704167 390.02061 30.816667 390.1865 30.929167 390.35273 31.041667 390.51931 
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31.045833 390.52548 31.158333 390.69242 31.270833 390.85969 31.383333 391.0273 

31.05 390.53166 31.1625 390.69861 31.275 390.86589 31.3875 391.03351 

31.054167 390.53784 31.166667 390.70479 31.279167 390.87209 31.391667 391.03973 

31.058333 390.54402 31.170833 390.71098 31.283333 390.87829 31.395833 391.04594 

31.0625 390.55019 31.175 390.71718 31.2875 390.8845 31.4 391.05216 

31.066667 390.55637 31.179167 390.72337 31.291667 390.8907 31.404167 391.05837 

31.070833 390.56255 31.183333 390.72956 31.295833 390.8969 31.408333 391.06459 

31.075 390.56873 31.1875 390.73575 31.3 390.90311 31.4125 391.07081 

31.079167 390.57491 31.191667 390.74194 31.304167 390.90931 31.416667 391.07702 

31.083333 390.58109 31.195833 390.74814 31.308333 390.91552 31.420833 391.08324 

31.0875 390.58727 31.2 390.75433 31.3125 390.92173 31.425 391.08946 

31.091667 390.59345 31.204167 390.76052 31.316667 390.92793 31.429167 391.09568 

31.095833 390.59963 31.208333 390.76672 31.320833 390.93414 31.433333 391.1019 

31.1 390.60582 31.2125 390.77291 31.325 390.94035 31.4375 391.10812 

31.104167 390.612 31.216667 390.77911 31.329167 390.94655 31.441667 391.11434 

31.108333 390.61818 31.220833 390.7853 31.333333 390.95276 31.445833 391.12056 

31.1125 390.62437 31.225 390.7915 31.3375 390.95897 31.45 391.12678 

31.116667 390.63055 31.229167 390.7977 31.341667 390.96518 31.454167 391.133 

31.120833 390.63673 31.233333 390.80389 31.345833 390.97139 31.458333 391.13922 

31.125 390.64292 31.2375 390.81009 31.35 390.9776 31.4625 391.14545 

31.129167 390.6491 31.241667 390.81629 31.354167 390.98381 31.466667 391.15167 

31.133333 390.65529 31.245833 390.82249 31.358333 390.99002 31.470833 391.15789 

31.1375 390.66148 31.25 390.82869 31.3625 390.99623 31.475 391.16412 

31.141667 390.66766 31.254167 390.83488 31.366667 391.00244 31.479167 391.17034 

31.145833 390.67385 31.258333 390.84108 31.370833 391.00866 31.483333 391.17656 

31.15 390.68004 31.2625 390.84729 31.375 391.01487 31.4875 391.18279 

31.154167 390.68623 31.266667 390.85349 31.379167 391.02108 31.491667 391.18902 
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31.495833 391.19524 31.608333 391.36352 31.720833 391.53213 31.833333 391.70107 

31.5 391.20147 31.6125 391.36976 31.725 391.53838 31.8375 391.70733 

31.504167 391.2077 31.616667 391.376 31.729167 391.54463 31.841667 391.7136 

31.508333 391.21392 31.620833 391.38224 31.733333 391.55089 31.845833 391.71986 

31.5125 391.22015 31.625 391.38848 31.7375 391.55714 31.85 391.72613 

31.516667 391.22638 31.629167 391.39472 31.741667 391.56339 31.854167 391.73239 

31.520833 391.23261 31.633333 391.40096 31.745833 391.56964 31.858333 391.73866 

31.525 391.23884 31.6375 391.4072 31.75 391.5759 31.8625 391.74492 

31.529167 391.24507 31.641667 391.41344 31.754167 391.58215 31.866667 391.75119 

31.533333 391.2513 31.645833 391.41969 31.758333 391.58841 31.870833 391.75746 

31.5375 391.25753 31.65 391.42593 31.7625 391.59466 31.875 391.76372 

31.541667 391.26376 31.654167 391.43217 31.766667 391.60092 31.879167 391.76999 

31.545833 391.26999 31.658333 391.43842 31.770833 391.60717 31.883333 391.77626 

31.55 391.27622 31.6625 391.44466 31.775 391.61343 31.8875 391.78253 

31.554167 391.28246 31.666667 391.45091 31.779167 391.61969 31.891667 391.7888 

31.558333 391.28869 31.670833 391.45715 31.783333 391.62595 31.895833 391.79507 

31.5625 391.29492 31.675 391.4634 31.7875 391.6322 31.9 391.80134 

31.566667 391.30116 31.679167 391.46964 31.791667 391.63846 31.904167 391.80761 

31.570833 391.30739 31.683333 391.47589 31.795833 391.64472 31.908333 391.81388 

31.575 391.31363 31.6875 391.48214 31.8 391.65098 31.9125 391.82015 

31.579167 391.31986 31.691667 391.48839 31.804167 391.65724 31.916667 391.82642 

31.583333 391.3261 31.695833 391.49463 31.808333 391.6635 31.920833 391.83269 

31.5875 391.33233 31.7 391.50088 31.8125 391.66976 31.925 391.83897 

31.591667 391.33857 31.704167 391.50713 31.816667 391.67602 31.929167 391.84524 

31.595833 391.34481 31.708333 391.51338 31.820833 391.68228 31.933333 391.85151 

31.6 391.35104 31.7125 391.51963 31.825 391.68855 31.9375 391.85779 

31.604167 391.35728 31.716667 391.52588 31.829167 391.69481 31.941667 391.86406 
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31.945833 391.87034 32.058333 392.03993 32.170833 392.20985 32.283333 392.38008 

31.95 391.87661 32.0625 392.04622 32.175 392.21615 32.2875 392.3864 

31.954167 391.88289 32.066667 392.05251 32.179167 392.22245 32.291667 392.39271 

31.958333 391.88917 32.070833 392.05879 32.183333 392.22875 32.295833 392.39902 

31.9625 391.89544 32.075 392.06508 32.1875 392.23505 32.3 392.40533 

31.966667 391.90172 32.079167 392.07137 32.191667 392.24135 32.304167 392.41164 

31.970833 391.908 32.083333 392.07766 32.195833 392.24765 32.308333 392.41796 

31.975 391.91428 32.0875 392.08395 32.2 392.25395 32.3125 392.42427 

31.979167 391.92055 32.091667 392.09024 32.204167 392.26025 32.316667 392.43059 

31.983333 391.92683 32.095833 392.09653 32.208333 392.26656 32.320833 392.4369 

31.9875 391.93311 32.1 392.10283 32.2125 392.27286 32.325 392.44322 

31.991667 391.93939 32.104167 392.10912 32.216667 392.27916 32.329167 392.44953 

31.995833 391.94567 32.108333 392.11541 32.220833 392.28547 32.333333 392.45585 

32 391.95195 32.1125 392.1217 32.225 392.29177 32.3375 392.46216 

32.004167 391.95823 32.116667 392.128 32.229167 392.29808 32.341667 392.46848 

32.008333 391.96452 32.120833 392.13429 32.233333 392.30438 32.345833 392.4748 

32.0125 391.9708 32.125 392.14058 32.2375 392.31069 32.35 392.48112 

32.016667 391.97708 32.129167 392.14688 32.241667 392.317 32.354167 392.48743 

32.020833 391.98336 32.133333 392.15317 32.245833 392.3233 32.358333 392.49375 

32.025 391.98965 32.1375 392.15947 32.25 392.32961 32.3625 392.50007 

32.029167 391.99593 32.141667 392.16576 32.254167 392.33592 32.366667 392.50639 

32.033333 392.00222 32.145833 392.17206 32.258333 392.34223 32.370833 392.51271 

32.0375 392.0085 32.15 392.17836 32.2625 392.34853 32.375 392.51903 

32.041667 392.01479 32.154167 392.18465 32.266667 392.35484 32.379167 392.52535 

32.045833 392.02107 32.158333 392.19095 32.270833 392.36115 32.383333 392.53167 

32.05 392.02736 32.1625 392.19725 32.275 392.36746 32.3875 392.538 

32.054167 392.03364 32.166667 392.20355 32.279167 392.37377 32.391667 392.54432 
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32.395833 392.55064 32.508333 392.72151 32.620833 392.8927 32.733333 393.0642 

32.4 392.55696 32.5125 392.72785 32.625 392.89905 32.7375 393.07056 

32.404167 392.56329 32.516667 392.73418 32.629167 392.9054 32.741667 393.07692 

32.408333 392.56961 32.520833 392.74052 32.633333 392.91174 32.745833 393.08328 

32.4125 392.57594 32.525 392.74686 32.6375 392.91809 32.75 393.08964 

32.416667 392.58226 32.529167 392.75319 32.641667 392.92444 32.754167 393.096 

32.420833 392.58859 32.533333 392.75953 32.645833 392.93079 32.758333 393.10236 

32.425 392.59491 32.5375 392.76587 32.65 392.93714 32.7625 393.10872 

32.429167 392.60124 32.541667 392.7722 32.654167 392.94349 32.766667 393.11508 

32.433333 392.60756 32.545833 392.77854 32.658333 392.94984 32.770833 393.12144 

32.4375 392.61389 32.55 392.78488 32.6625 392.95619 32.775 393.1278 

32.441667 392.62022 32.554167 392.79122 32.666667 392.96254 32.779167 393.13417 

32.445833 392.62655 32.558333 392.79756 32.670833 392.96889 32.783333 393.14053 

32.45 392.63287 32.5625 392.8039 32.675 392.97524 32.7875 393.14689 

32.454167 392.6392 32.566667 392.81024 32.679167 392.98159 32.791667 393.15325 

32.458333 392.64553 32.570833 392.81658 32.683333 392.98794 32.795833 393.15962 

32.4625 392.65186 32.575 392.82292 32.6875 392.9943 32.8 393.16598 

32.466667 392.65819 32.579167 392.82926 32.691667 393.00065 32.804167 393.17235 

32.470833 392.66452 32.583333 392.83561 32.695833 393.007 32.808333 393.17871 

32.475 392.67085 32.5875 392.84195 32.7 393.01336 32.8125 393.18508 

32.479167 392.67718 32.591667 392.84829 32.704167 393.01971 32.816667 393.19144 

32.483333 392.68352 32.595833 392.85463 32.708333 393.02607 32.820833 393.19781 

32.4875 392.68985 32.6 392.86098 32.7125 393.03242 32.825 393.20418 

32.491667 392.69618 32.604167 392.86732 32.716667 393.03878 32.829167 393.21054 

32.495833 392.70251 32.608333 392.87367 32.720833 393.04513 32.833333 393.21691 

32.5 392.70885 32.6125 392.88001 32.725 393.05149 32.8375 393.22328 

32.504167 392.71518 32.616667 392.88636 32.729167 393.05785 32.841667 393.22965 
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34.195833 395.32133 34.308333 395.49701 34.425 395.67949 34.5375 395.85575 

34.2 395.32783 34.3125 395.50352 34.429167 395.68602 34.541667 395.86228 

34.204167 395.33433 34.316667 395.51003 34.433333 395.69254 34.545833 395.86882 

34.208333 395.34084 34.320833 395.51655 34.4375 395.69906 34.55 395.87535 

34.2125 395.34734 34.325 395.52306 34.441667 395.70559 34.554167 395.88188 

34.216667 395.35384 34.329167 395.52957 34.445833 395.71211 34.558333 395.88842 

34.220833 395.36035 34.333333 395.53609 34.45 395.71864 34.5625 395.89495 

34.225 395.36685 34.3375 395.5426 34.454167 395.72516 34.566667 395.90149 

34.229167 395.37335 34.341667 395.54912 34.458333 395.73169 34.570833 395.90803 

34.233333 395.37986 34.345833 395.55563 34.4625 395.73821 34.575 395.91456 

34.2375 395.38636 34.35 395.56215 34.466667 395.74474 34.579167 395.9211 

34.241667 395.39287 34.354167 395.56866 34.470833 395.75127 34.583333 395.92764 

34.245833 395.39937 34.358333 395.57518 34.475 395.75779 34.5875 395.93417 

34.25 395.40588 34.3625 395.5817 34.479167 395.76432 34.591667 395.94071 

34.254167 395.41239 34.366667 395.58821 34.483333 395.77085 34.595833 395.94725 

34.258333 395.41889 34.370833 395.59473 34.4875 395.77738 34.6 395.95379 

34.2625 395.4254 34.375 395.60125 34.491667 395.78391 34.604167 395.96033 

34.266667 395.43191 34.379167 395.60777 34.495833 395.79044 34.608333 395.96687 

34.270833 395.43842 34.383333 395.61429 34.5 395.79697 34.6125 395.97341 

34.275 395.44493 34.3875 395.6208 34.504167 395.8035 34.616667 395.97995 

34.279167 395.45144 34.391667 395.62732 34.508333 395.81003 34.620833 395.98649 

34.283333 395.45794 34.395833 395.63384 34.5125 395.81656 34.625 395.99303 

34.2875 395.46445 34.4 395.64036 34.516667 395.82309 34.629167 395.99957 

34.291667 395.47096 34.404167 395.64689 34.520833 395.82962 34.633333 396.00611 

34.295833 395.47748 34.408333 395.65341 34.525 395.83615 34.6375 396.01265 

34.3 395.48399 34.4125 395.65993 34.529167 395.84268 34.641667 396.0192 

34.304167 395.4905 34.416667 395.66645 34.533333 395.84922 34.645833 396.02574 
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35.1 396.74118 35.2125 396.91908 35.325 397.09725 35.4375 397.27569 

35.104167 396.74776 35.216667 396.92567 35.329167 397.10386 35.441667 397.2823 

35.108333 396.75435 35.220833 396.93227 35.333333 397.11046 35.445833 397.28892 

35.1125 396.76093 35.225 396.93886 35.3375 397.11706 35.45 397.29553 

35.116667 396.76752 35.229167 396.94546 35.341667 397.12367 35.454167 397.30215 

35.120833 396.7741 35.233333 396.95205 35.345833 397.13028 35.458333 397.30876 

35.125 396.78069 35.2375 396.95865 35.35 397.13688 35.4625 397.31538 

35.129167 396.78727 35.241667 396.96525 35.354167 397.14349 35.466667 397.32199 

35.133333 396.79386 35.245833 396.97184 35.358333 397.15009 35.470833 397.32861 

35.1375 396.80045 35.25 396.97844 35.3625 397.1567 35.475 397.33523 

35.141667 396.80704 35.254167 396.98504 35.366667 397.16331 35.479167 397.34184 

35.145833 396.81362 35.258333 396.99164 35.370833 397.16992 35.483333 397.34846 

35.15 396.82021 35.2625 396.99823 35.375 397.17652 35.4875 397.35508 

35.154167 396.8268 35.266667 397.00483 35.379167 397.18313 35.491667 397.3617 

35.158333 396.83339 35.270833 397.01143 35.383333 397.18974 35.495833 397.36832 

35.1625 396.83998 35.275 397.01803 35.3875 397.19635 35.5 397.37494 

35.166667 396.84657 35.279167 397.02463 35.391667 397.20296 35.504167 397.38155 

35.170833 396.85316 35.283333 397.03123 35.395833 397.20957 35.508333 397.38817 

35.175 396.85975 35.2875 397.03783 35.4 397.21618 35.5125 397.39479 

35.179167 396.86634 35.291667 397.04443 35.404167 397.22279 35.516667 397.40141 

35.183333 396.87293 35.295833 397.05103 35.408333 397.2294 35.520833 397.40804 

35.1875 396.87952 35.3 397.05763 35.4125 397.23601 35.525 397.41466 

35.191667 396.88611 35.304167 397.06424 35.416667 397.24262 35.529167 397.42128 

35.195833 396.89271 35.308333 397.07084 35.420833 397.24924 35.533333 397.4279 

35.2 396.8993 35.3125 397.07744 35.425 397.25585 35.5375 397.43452 

35.204167 396.90589 35.316667 397.08404 35.429167 397.26246 35.541667 397.44114 

35.208333 396.91249 35.320833 397.09065 35.433333 397.26908 35.545833 397.44777 
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ĨŅĶŅĚįĬĺĔĕ,5 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

35.55 397.45439 35.6625 397.63336 35.775 397.81258 35.8375 397.91226 

35.554167 397.46101 35.666667 397.63999 35.779167 397.81922 35.841667 397.91891 

35.558333 397.46764 35.670833 397.64662 35.783333 397.82587 35.845833 397.92556 

35.5625 397.47426 35.675 397.65326 35.7875 397.83251 35.85 397.93221 

35.566667 397.48089 35.679167 397.65989 35.791667 397.83915 35.854167 397.93886 

35.570833 397.48751 35.683333 397.66653 35.795833 397.8458 35.858333 397.94551 

35.575 397.49414 35.6875 397.67316 35.8 397.85244 35.8625 397.95216 

35.579167 397.50076 35.691667 397.6798 35.804167 397.85909 35.866667 397.95881 

35.583333 397.50739 35.695833 397.68643 35.808333 397.86573 35.870833 397.96546 

35.5875 397.51402 35.7 397.69307 35.8125 397.87238 35.875 397.97211 

35.591667 397.52064 35.704167 397.6997 35.816667 397.87903 35.879167 397.97876 

35.595833 397.52727 35.708333 397.70634 35.820833 397.88567 35.883333 397.98541 

35.6 397.5339 35.7125 397.71298 35.825 397.89232 35.8875 397.99206 

35.604167 397.54053 35.716667 397.71962 35.829167 397.89897 35.891667 397.99872 

35.608333 397.54715 35.720833 397.72625 35.833333 397.90561 35.895833 398.00537 

35.6125 397.55378 35.725 397.73289 35.8375 397.91226 35.9 398.01202 

35.616667 397.56041 35.729167 397.73953 35.841667 397.91891 35.904167 398.01868 

35.620833 397.56704 35.733333 397.74617 35.845833 397.92556 35.908333 398.02533 

35.625 397.57367 35.7375 397.75281 35.85 397.93221 35.9125 398.03198 

35.629167 397.5803 35.741667 397.75945 35.854167 397.93886 35.916667 398.03864 

35.633333 397.58693 35.745833 397.76609 35.858333 397.94551 35.920833 398.04529 

35.6375 397.59356 35.75 397.77273 35.8625 397.95216 35.925 398.05195 

35.641667 397.60019 35.754167 397.77937 35.866667 397.95881 35.929167 398.0586 

35.645833 397.60683 35.758333 397.78601 35.870833 397.96546 35.933333 398.06526 

35.65 397.61346 35.7625 397.79265 35.875 397.97211 35.9375 398.07192 

35.654167 397.62009 35.766667 397.7993 35.879167 397.97876 35.941667 398.07857 

35.658333 397.62672 35.770833 397.80594 35.883333 397.98541 35.945833 398.08523 
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ĨŅĶŅĚįĬĺĔĕ,5 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

35.95 398.09189 36.0625 398.27177 36.175 398.45191 36.2875 398.6323 

35.954167 398.09855 36.066667 398.27844 36.179167 398.45858 36.291667 398.63898 

35.958333 398.1052 36.070833 398.28511 36.183333 398.46526 36.295833 398.64567 

35.9625 398.11186 36.075 398.29177 36.1875 398.47194 36.3 398.65236 

35.966667 398.11852 36.079167 398.29844 36.191667 398.47862 36.304167 398.65904 

35.970833 398.12518 36.083333 398.30511 36.195833 398.48529 36.308333 398.66573 

35.975 398.13184 36.0875 398.31178 36.2 398.49197 36.3125 398.67242 

35.979167 398.1385 36.091667 398.31845 36.204167 398.49865 36.316667 398.67911 

35.983333 398.14516 36.095833 398.32512 36.208333 398.50533 36.320833 398.68579 

35.9875 398.15182 36.1 398.33179 36.2125 398.51201 36.325 398.69248 

35.991667 398.15848 36.104167 398.33846 36.216667 398.51869 36.329167 398.69917 

35.995833 398.16514 36.108333 398.34513 36.220833 398.52537 36.333333 398.70586 

36 398.1718 36.1125 398.3518 36.225 398.53205 36.3375 398.71255 

36.004167 398.17847 36.116667 398.35847 36.229167 398.53873 36.341667 398.71924 

36.008333 398.18513 36.120833 398.36514 36.233333 398.54541 36.345833 398.72593 

36.0125 398.19179 36.125 398.37182 36.2375 398.55209 36.35 398.73262 

36.016667 398.19845 36.129167 398.37849 36.241667 398.55877 36.354167 398.73931 

36.020833 398.20512 36.133333 398.38516 36.245833 398.56546 36.358333 398.746 

36.025 398.21178 36.1375 398.39183 36.25 398.57214 36.3625 398.7527 

36.029167 398.21845 36.141667 398.39851 36.254167 398.57882 36.366667 398.75939 

36.033333 398.22511 36.145833 398.40518 36.258333 398.58551 36.370833 398.76608 

36.0375 398.23177 36.15 398.41186 36.2625 398.59219 36.375 398.77277 

36.041667 398.23844 36.154167 398.41853 36.266667 398.59887 36.379167 398.77947 

36.045833 398.24511 36.158333 398.4252 36.270833 398.60556 36.383333 398.78616 

36.05 398.25177 36.1625 398.43188 36.275 398.61224 36.3875 398.79285 

36.054167 398.25844 36.166667 398.43856 36.279167 398.61893 36.391667 398.79955 

36.058333 398.2651 36.170833 398.44523 36.283333 398.62561 36.395833 398.80624 
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ĨŅĶŅĚįĬĺĔĕ,5 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

36.4 398.81294 36.5125 398.99383 36.625 399.17496 36.7375 399.35635 

36.404167 398.81963 36.516667 399.00053 36.629167 399.18168 36.741667 399.36307 

36.408333 398.82633 36.520833 399.00724 36.633333 399.18839 36.745833 399.36979 

36.4125 398.83302 36.525 399.01394 36.6375 399.19511 36.75 399.37652 

36.416667 398.83972 36.529167 399.02065 36.641667 399.20182 36.754167 399.38324 

36.420833 398.84642 36.533333 399.02735 36.645833 399.20854 36.758333 399.38996 

36.425 398.85311 36.5375 399.03406 36.65 399.21525 36.7625 399.39669 

36.429167 398.85981 36.541667 399.04077 36.654167 399.22197 36.766667 399.40341 

36.433333 398.86651 36.545833 399.04747 36.658333 399.22868 36.770833 399.41014 

36.4375 398.87321 36.55 399.05418 36.6625 399.2354 36.775 399.41686 

36.441667 398.87991 36.554167 399.06089 36.666667 399.24211 36.779167 399.42359 

36.445833 398.8866 36.558333 399.06759 36.670833 399.24883 36.783333 399.43031 

36.45 398.8933 36.5625 399.0743 36.675 399.25555 36.7875 399.43704 

36.454167 398.9 36.566667 399.08101 36.679167 399.26227 36.791667 399.44377 

36.458333 398.9067 36.570833 399.08772 36.683333 399.26898 36.795833 399.45049 

36.4625 398.9134 36.575 399.09443 36.6875 399.2757 36.8 399.45722 

36.466667 398.9201 36.579167 399.10114 36.691667 399.28242 36.804167 399.46395 

36.470833 398.9268 36.583333 399.10785 36.695833 399.28914 36.808333 399.47068 

36.475 398.9335 36.5875 399.11456 36.7 399.29586 36.8125 399.4774 

36.479167 398.9402 36.591667 399.12127 36.704167 399.30258 36.816667 399.48413 

36.483333 398.94691 36.595833 399.12798 36.708333 399.3093 36.820833 399.49086 

36.4875 398.95361 36.6 399.13469 36.7125 399.31602 36.825 399.49759 

36.491667 398.96031 36.604167 399.1414 36.716667 399.32274 36.829167 399.50432 

36.495833 398.96701 36.608333 399.14811 36.720833 399.32946 36.833333 399.51105 

36.5 398.97372 36.6125 399.15483 36.725 399.33618 36.8375 399.51778 

36.504167 398.98042 36.616667 399.16154 36.729167 399.3429 36.841667 399.52451 

36.508333 398.98712 36.620833 399.16825 36.733333 399.34962 36.845833 399.53124 
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ĨŅĶŅĚįĬĺĔĕ,5 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

36.85 399.53797 36.9625 399.71984 37.075 399.90195 37.1875 400.08429 

36.854167 399.5447 36.966667 399.72658 37.079167 399.9087 37.191667 400.09105 

36.858333 399.55144 36.970833 399.73332 37.083333 399.91545 37.195833 400.09781 

36.8625 399.55817 36.975 399.74006 37.0875 399.9222 37.2 400.10457 

36.866667 399.5649 36.979167 399.7468 37.091667 399.92895 37.204167 400.11133 

36.870833 399.57163 36.983333 399.75355 37.095833 399.9357 37.208333 400.11809 

36.875 399.57837 36.9875 399.76029 37.1 399.94245 37.2125 400.12485 

36.879167 399.5851 36.991667 399.76703 37.104167 399.9492 37.216667 400.13161 

36.883333 399.59183 36.995833 399.77377 37.108333 399.95595 37.220833 400.13837 

36.8875 399.59857 37 399.78052 37.1125 399.9627 37.225 400.14513 

36.891667 399.6053 37.004167 399.78726 37.116667 399.96946 37.229167 400.15189 

36.895833 399.61204 37.008333 399.794 37.120833 399.97621 37.233333 400.15865 

36.9 399.61877 37.0125 399.80075 37.125 399.98296 37.2375 400.16541 

36.904167 399.62551 37.016667 399.80749 37.129167 399.98971 37.241667 400.17217 

36.908333 399.63224 37.020833 399.81424 37.133333 399.99647 37.245833 400.17894 

36.9125 399.63898 37.025 399.82098 37.1375 400.00322 37.25 400.1857 

36.916667 399.64572 37.029167 399.82773 37.141667 400.00998 37.254167 400.19246 

36.920833 399.65245 37.033333 399.83447 37.145833 400.01673 37.258333 400.19923 

36.925 399.65919 37.0375 399.84122 37.15 400.02349 37.2625 400.20599 

36.929167 399.66593 37.041667 399.84797 37.154167 400.03024 37.266667 400.21275 

36.933333 399.67267 37.045833 399.85471 37.158333 400.037 37.270833 400.21952 

36.9375 399.6794 37.05 399.86146 37.1625 400.04375 37.275 400.22628 

36.941667 399.68614 37.054167 399.86821 37.166667 400.05051 37.279167 400.23305 

36.945833 399.69288 37.058333 399.87495 37.170833 400.05726 37.283333 400.23981 

36.95 399.69962 37.0625 399.8817 37.175 400.06402 37.2875 400.24658 

36.954167 399.70636 37.066667 399.88845 37.179167 400.07078 37.291667 400.25334 

36.958333 399.7131 37.070833 399.8952 37.183333 400.07754 37.295833 400.26011 
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ĨŅĶŅĚįĬĺĔĕ,5 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ623.15 K &Ĩƞŀ' 

ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

37.3 400.26688 37.4125 400.44969 37.525 400.63274 37.6375 400.81602 

37.304167 400.27364 37.416667 400.45647 37.529167 400.63952 37.641667 400.82281 

37.308333 400.28041 37.420833 400.46324 37.533333 400.64631 37.645833 400.82961 

37.3125 400.28718 37.425 400.47002 37.5375 400.65309 37.65 400.8364 

37.316667 400.29394 37.429167 400.4768 37.541667 400.65988 37.654167 400.84319 

37.320833 400.30071 37.433333 400.48357 37.545833 400.66666 37.658333 400.84999 

37.325 400.30748 37.4375 400.49035 37.55 400.67345 37.6625 400.85678 

37.329167 400.31425 37.441667 400.49713 37.554167 400.68024 37.666667 400.86358 

37.333333 400.32102 37.445833 400.5039 37.558333 400.68702 37.670833 400.87037 

37.3375 400.32779 37.45 400.51068 37.5625 400.69381 37.675 400.87717 

37.341667 400.33456 37.454167 400.51746 37.566667 400.7006 37.679167 400.88396 

37.345833 400.34133 37.458333 400.52424 37.570833 400.70738 37.683333 400.89076 

37.35 400.3481 37.4625 400.53102 37.575 400.71417 37.6875 400.89755 

37.354167 400.35487 37.466667 400.5378 37.579167 400.72096 37.691667 400.90435 

37.358333 400.36164 37.470833 400.54458 37.583333 400.72775 37.695833 400.91115 

37.3625 400.36841 37.475 400.55136 37.5875 400.73453 37.7 400.91794 

37.366667 400.37518 37.479167 400.55814 37.591667 400.74132 37.704167 400.92474 

37.370833 400.38195 37.483333 400.56492 37.595833 400.74811 37.708333 400.93154 

37.375 400.38873 37.4875 400.5717 37.6 400.7549 37.7125 400.93834 

37.379167 400.3955 37.491667 400.57848 37.604167 400.76169 37.716667 400.94513 

37.383333 400.40227 37.495833 400.58526 37.608333 400.76848 37.720833 400.95193 

37.3875 400.40905 37.5 400.59204 37.6125 400.77527 37.725 400.95873 

37.391667 400.41582 37.504167 400.59883 37.616667 400.78206 37.729167 400.96553 

37.395833 400.42259 37.508333 400.60561 37.620833 400.78885 37.733333 400.97233 

37.4 400.42937 37.5125 400.61239 37.625 400.79565 37.7375 400.97913 

37.404167 400.43614 37.516667 400.61917 37.629167 400.80244 37.741667 400.98593 

37.408333 400.44292 37.520833 400.62596 37.633333 400.80923 37.745833 400.99273 
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ĨŅĶŅĚįĬĺĔĕ,8 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ648.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.15 23 384.0994 46 427.113 69 473.2395 

1 313.6091 24 385.7216 47 429.1368 70 475.1698 

2 318.0236 25 387.3766 48 431.1639 71 477.0897 

3 322.3924 26 389.0626 49 433.1933 72 478.9988 

4 326.7151 27 390.7781 50 435.2242 73 480.8967 

5 330.9923 28 392.5214 51 437.2559 74 482.7834 

6 335.2299 29 394.2908 52 439.2875 75 484.6601 

7 339.4262 30 396.0848 53 441.3184 76 486.5248 

8 343.5766 31 397.902 54 443.348 77 488.3772 

9 347.6811 32 399.7408 55 445.3779 77.96667 490.156 

10 351.7396 33 401.6007 56 447.4054     

11 355.7529 34 403.4825 57 449.4294     

12 359.726 35 405.3834 58 451.4491     

13 363.6568 36 407.3006 59 453.4639     

14 367.5422 37 409.2328 60 455.4732     

15 371.3823 38 411.1787 61 457.4765     

16 373.8425 39 413.1372 62 459.4732     

17 375.1774 40 415.1071 63 461.4628     

18 376.5582 41 417.0872 64 463.4452     

19 377.9827 42 419.0765 65 465.4217     

20 379.4504 43 421.0739 66 467.3899     

21 380.9608 44 423.0791 67 469.3492     

22 382.5117 45 425.0932 68 471.2992     
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ĨŅĶŅĚįĬĺĔĕ,7 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ673.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.225 23 389.146 46 439.4122 69 490.4476 

1 314.032 24 391.1375 47 441.6922 70 492.5468 

2 318.7909 25 393.1564 48 443.9733 70.29167 493.1565 

3 323.5017 26 395.2013 49 446.253     

4 328.1643 27 397.2703 50 448.53     

5 332.7842 28 399.3624 51 450.8036     

6 337.3574 29 401.4784 52 453.073     

7 341.8817 30 403.6149 53 455.3373     

8 346.3571 31 405.7695 54 457.596     

9 350.7835 32 407.9408 55 459.8483     

10 355.1633 33 410.1275 56 462.094     

11 359.4988 34 412.328 57 464.3339     

12 363.7856 35 414.5412 58 466.5658     

13 368.0238 36 416.7658 59 468.7891     

14 372.2135 37 419.0006 60 471.0032     

15 374.4302 38 421.245 61 473.2077     

16 376.1306 39 423.4997 62 475.4021     

17 377.8758 40 425.7613 63 477.5859     

18 379.6639 41 428.0284 64 479.7586     

19 381.4909 42 430.3 65 481.92     

20 383.3544 43 432.5752 66 484.0708     

21 385.2526 44 434.8529 67 486.2092     

22 387.1838 45 437.1322 68 488.3349     
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ĨŅĶŅĚįĬĺĔĕ,6 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĲŅĚĕƟŅĺĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ698.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.15 25 399.2588 49 459.3711 

1 314.3026 26 401.651 50 461.8849 

2 319.405 27 404.0627 51 464.392 

3 324.4574 28 406.4924 52 466.8911 

4 329.4632 29 408.9385 53 469.3813 

5 334.419 30 411.3996 54 471.8621 

7 344.1758 31 413.8742 55 474.3329 

8 348.9767 32 416.3609 56 476.7932 

9 353.7295 33 418.8585 57 479.2423 

10 358.4319 34 421.3677 58 481.6802 

11 363.0826 35 423.8853 59 484.1065 

12 367.6816 36 426.4096 60 486.5198 

13 372.2288 37 428.9396 61 488.9199 

14 374.7563 38 431.4741 62 491.3063 

15 376.8143 39 434.0119 62.77917 493.1559 

16 378.9122 40 436.552     

17 381.0477 41 439.0934     

18 383.219 42 441.6363     

19 385.4239 43 444.1792     

20 387.6606 44 446.7206     

21 389.9272 45 449.2594     

22 392.2219 46 451.7948     

23 394.5426 47 454.3257     

24 396.8881 48 456.8514     
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ĕ3. įĸĕŀĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŅĔ

ĔŅĶĪħĸŀĚŒĬĔĶĦňĞńĚĕƟŅĺőıħ 

ĨŅĶŅĚįĬĺĔĕ,9 įĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĞńĚĕƟŅĺőıħĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ 623.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.1917 24 360.1667 48 379.6333 72 387.375 

1 310.775 25 361.9583 49 379.7667 73 387.8333 

2 312.625 26 363.9917 50 380.05 74 388.225 

3 314.4833 27 365.6 51 380.2333 75 388.5 

4 316.5083 28 367.0167 52 380.5 76 389.1083 

5 318.7833 29 368.4667 53 380.725 77 389.6917 

6 320.9167 30 369.7833 54 380.95 78 390.1 

7 323.2417 31 370.7667 55 381.2583 79 389.625 

8 325.5417 32 372.2083 56 381.475 80 391.2083 

9 327.95 33 372.6167 57 381.725 81 391.9167 

10 330.2833 34 373.9417 58 382.1917 82 392.6083 

11 332.6333 35 374.6333 59 382.55 83 393.125 

12 334.9583 36 375.55 60 382.8917 84 393.7583 

13 337.4667 37 376.2583 61 383.2417 85 394.3083 

14 339.7833 38 376.7 62 383.125 86 394.9417 

15 342.1167 39 377.175 63 383.8417 87 395.6583 

16 344.4 40 377.6167 64 384.0333 88 396.3083 

17 346.6083 41 377.9083 65 384.3667 89 397.175 

18 348.8 42 378.175 66 384.8833 90 398.0833 

19 350.8667 43 378.5 67 385.2417 91 398.8333 

20 352.7833 44 378.725 68 385.525 92 399.5583 

21 354.9083 45 378.9583 69 386.2 93 399.325 
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ĨŅĶŅĚįĬĺĔĕ,9 įĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĞńĚĕƟŅĺőıħĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ 623.15 KȮ&Ĩƞŀ' 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

94 400.8333 118 422.9917 142 454.8333 166 489.5583 

95 401.6417 119 424.1583 143 455.85 167 491.0167 

96 402.525 120 424.9833 144 457.125 167.55 493.1583 

97 403.2667 121 426.5083 145 458.0417     

98 404.1583 122 427.35 146 459.0917     

99 405.1333 123 428.55 147 461.85     

100 405.875 124 430.05 148 463.4167     

101 406.825 125 431.3833 149 465     

102 407.55 126 432.55 150 466.5167     

103 408.4 127 433.6833 151 467.0833     

104 409.2583 128 435.025 152 469.575     

105 410.25 129 436.2333 153 471.1     

106 411.15 130 437.5667 154 470.5     

107 412.1417 131 438.7417 155 472.75     

108 412.8417 132 440.2833 156 475.4     

109 413.5667 133 441.5083 157 477.025     

110 414.6 134 442.6667 158 478.4833     

111 415.8 135 444.1333 159 479.95     

112 416.775 136 445.925 160 480.35     

113 417.8333 137 447.6083 161 482.2083     

114 418.8417 138 448.5833 162 483.3167     

115 419.8917 139 449.8833 163 485.3333     

116 420.8417 140 451.5833 164 486.6167     

117 421.9333 141 453.3167 165 488.2083     
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ĨŅĶŅĚįĬĺĔĕ,9 įĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĞńĚĕƟŅĺőıħĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ 648.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.1583 24 367.475 48 379.3917 72 389.5083 

1 310.8917 25 368.8833 49 380.6083 73 390.0417 

2 312.7667 26 370.1667 50 381.3083 74 390.825 

3 314.9417 27 372.0667 51 381.3833 75 391.4083 

4 317.3833 28 373.2167 52 381.4 76 392.0083 

5 319.6667 29 374.0917 53 381.6917 77 392.625 

6 322.2167 30 374.725 54 381.75 78 393.4333 

7 325.0083 31 375.3167 55 382.35 79 395.275 

8 327.65 32 376.025 56 382.675 80 396.0333 

9 330.6917 33 376.5 57 383.0833 81 396.7583 

10 333.025 34 376.9167 58 383.4917 82 397.5417 

11 336.0917 35 377.25 59 383.75 83 398.2167 

12 339.2667 36 377.525 60 384.1833 84 398.4 

13 342.2333 37 377.8 61 384.6917 85 399.2833 

14 344.7167 38 378.075 62 384.3917 86 400.1833 

15 347.2167 39 378.4583 63 385.0167 87 401.1417 

16 349.6833 40 377.5583 64 385.5417 88 402.1583 

17 352.3667 41 378 65 386.075 89 402.55 

18 355.5083 42 378.3333 66 386.4583 90 403.65 

19 357.475 43 379.4667 67 387.05 91 404.7417 

20 360.1417 44 379.7667 68 387.4 92 405.875 

21 361.4417 45 379.925 69 387.8917 93 407.5917 

22 363.65 46 378.4917 70 388.3333 94 409.0833 

23 365.4083 47 378.8917 71 388.8833 95 409.3917 
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ĨŅĶŅĚįĬĺĔĕ,9 įĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĞńĚĕƟŅĺőıħĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ 648.15 K &Ĩƞŀ' 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

96 410.6833 120 444.8917 144 484.5417 

97 412.1833 121 446.6417 145 486.425 

98 413.425 122 448.1667 146 488.2667 

99 414.65 123 449.825 147 489.7917 

100 415.9917 124 451.475 148 491.25 

101 417.5 125 453.0417 148.9833 493.1583 

102 420.225 126 454.6917     

103 421.45 127 456.4     

104 422.75 128 458.425     

105 424.925 129 460.7083     

106 425.2333 130 461.9417     

107 426.0333 131 465.225     

108 426.5583 132 465.9083     

109 428.8833 133 464.925     

110 430.625 134 466.4417     

111 432.1083 135 468.0083     

112 433.325 136 469.6417     

113 434.4167 137 471.375     

114 437.1417 138 473.0833     

115 437.4667 139 474.8083     

116 439.475 140 477.125     

117 440.475 141 479.2083     

118 443.9167 142 480.7333     

119 443.375 143 482.5333     
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ĨŅĶŅĚįĬĺĔĕ,9 įĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĞńĚĕƟŅĺőıħĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ 673.15 K  

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.1833 24 370.6583 48 379.575 72 397.6417 

1 311.4333 25 370.9 49 380.1083 73 398.9667 

2 313.8 26 371.4917 50 381.1917 74 400.0083 

3 316.525 27 372.3083 51 380.7333 75 401.1917 

4 319.325 28 372.825 52 381.3917 76 402.4 

5 322.2583 29 373.2917 53 381.7667 77 403.5917 

6 325.25 30 373.6833 54 382.2667 78 404.9167 

7 328.4833 31 373.7333 55 382.7667 79 406.475 

8 331.8667 32 374.1917 56 383.3917 80 407.7917 

9 335.4917 33 374.525 57 384.5 81 409.05 

10 338.575 34 375.0917 58 384.8917 82 410.4667 

11 341.7333 35 375.325 59 385.5333 83 411.9583 

12 344.7167 36 375.5167 60 387.5833 84 413.525 

13 347.6 37 376 61 387.225 85 415.0167 

14 350.5417 38 376.5 62 388.0833 86 416.5583 

15 353.0917 39 376.3083 63 388.7917 87 418.1833 

16 355.85 40 376.625 64 389.8083 88 419.8333 

17 358.2833 41 376.875 65 390.575 89 421.4667 

18 360.4833 42 377.625 66 391.85 90 423.1417 

19 362.825 43 378.0583 67 392.4667 91 424.8667 

20 366.0333 44 378.9167 68 393.4667 92 426.8083 

21 367.1333 45 378.775 69 394.3833 93 429.0167 

22 368.5667 46 379.6333 70 395.4833 94 430.7833 

23 369 47 379.45 71 396.575 95 432.825 
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ĨŅĶŅĚįĬĺĔĕ,9 įĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĞńĚĕƟŅĺőıħĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬ 673.15 KȮ&Ĩƞŀ' 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

96 434.8583 120 216.7833 489.9333 

97 436.4417 121 219.6917 492.8417 

98 438.8417 121.1167 220 493.15 

99 440.7417       

100 443.4917       

101 445.7583       

102 448.0083       

103 450.6917       

104 452.05       

105 454.075       

106 456.0083       

107 458.1083       

108 460.45       

109 462.8667       

110 464.825       

111 467.025       

112 469.5       

113 471.9083       

114 476.3917       

115 478.2667       

116 480.2083       

117 482.025       

118 484.5417       

119 487.0917       
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ĨŅĶŅĚįĬĺĔĕ,9 įĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĕŀĚĞńĚĕƟŅĺőıħĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ698.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ&K) 
ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ&K) 
ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ&K) ŏĺĸŅ&min) ŀŋĦľĳŌĴŇ&K) 

0 309.16667 26 373.9 52 384.825 78 424.68333 

1 311.39167 27 374.39167 53 385.65 79 426.45 

2 313.95833 28 374.925 54 387.3 80 429.98333 

3 316.79167 29 376.05833 55 388.275 81 432.30833 

4 319.825 30 376.33333 56 389.175 82 434.925 

5 323.06667 31 376.59167 57 390.025 83 437.58333 

6 326.41667 32 376.875 58 390.81667 84 440.45833 

7 329.96667 33 377.11667 59 391.78333 85 443.24167 

8 333.23333 34 377.36667 60 392.95833 86 446.21667 

9 336.81667 35 376.575 61 394.14167 87 449.06667 

10 340.35833 36 377.575 62 395.35833 88 452.26667 

11 343.675 37 378.05833 63 396.61667 89 455.20833 

12 347.04167 38 377.80833 64 397.475 90 458.325 

13 350.44167 39 378.78333 65 399.65 91 461.29167 

14 353.46667 40 379.125 66 401.225 92 464.33333 

15 356.73333 41 379.34167 67 402.69167 93 467.58333 

16 359.60833 42 379.84167 68 404.30833 94 470.5 

17 362.30833 43 380.38333 69 405.83333 95 473.64167 

18 364.85833 44 380.775 70 408.00833 96 476.56667 

19 366.75 45 380.78333 71 409.90833 97 479.65 

20 368.21667 46 381.63333 72 411.69167 98 482.875 

21 369.51667 47 382.20833 73 413.675 99 486.39167 

22 370.85 48 382.43333 74 415.1 100 489.45 

23 371.75833 49 382.71667 75 417.89167 101 492.85833 
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ĕ4. įĸĕŀĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅĮĢŇĔĶĦƢĪŀĶňŐĲėĝńŗĬĝĬŇħŏĪŀĶƢőĴœĞĲŀĬěŅĔ

ŐĭĭěŜŅĸŀĚłŒĬĔĶĦňĞńĚĕƟŅĺőıħ 

ĨŅĶŅĚįĬĺĔĕ,10 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĞńĚĕƟŅĺőıħĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ698.15 K 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

0 309.15 26 375.2688 52 405.6487 78 443.2058 

1 312.026 27 376.1963 53 407.0107 79 444.6964 

2 314.8899 28 377.1488 54 408.3822 80 446.1889 

3 317.7412 29 378.1246 55 409.7628 81 447.6825 

4 320.5772 30 379.1232 56 411.1533 82 449.1761 

5 323.3974 31 380.1439 57 412.5537 83 450.6694 

6 326.2016 32 381.186 58 413.9623 84 452.1622 

7 328.9902 33 382.2489 59 415.3782 85 453.6542 

8 331.7658 34 383.3318 60 416.801 86 455.1451 

9 334.529 35 384.4343 61 418.2302 87 456.6349 

10 337.2793 36 385.5556 62 419.6655 88 458.1232 

11 340.0152 37 386.6953 63 421.1066 89 459.6099 

12 342.7349 38 387.8526 64 422.553 90 461.0949 

13 345.4384 39 389.0271 65 424.0045 91 462.5789 

14 348.1255 40 390.218 66 425.4605 92 464.0614 

15 350.7964 41 391.4252 67 426.9208 93 465.5416 

16 353.4533 42 392.6492 68 428.3857 94 467.0193 

17 356.0972 43 393.8896 69 429.8561 95 468.4942 

18 358.7277 44 395.1457 70 431.3302 96 469.9663 

19 361.3422 45 396.4158 71 432.8074 97 471.4353 

20 363.9402 46 397.6991 72 434.2872 98 472.9011 

21 366.5219 47 398.9952 73 435.7693 99 474.3636 
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ĨŅĶŅĚįĬĺĔĕ,10 įĸĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚłĕŀĚĞńĚĕƟŅĺőıħĪŀĶňœĲĶƢĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻĶƟŀĬȮ698.15 K&

Ĩƞŀ' 

ŏĺĸŅ
&min) 

ŀŋĦľĳŌĴŇ
&K) 

104 481.6244 

105 483.065 

106 484.5013 

107 485.9331 

108 487.3602 

109 488.7827 

110 490.2004 

111 491.6131 

112 493.0208 

112.0958 493.1555 
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ĳŅėįĬĺĔȮė 
ėŌƞĴŊŀĔŅĶŒĝƟĚŅĬőĮĶŐĔĶĴȮMatlab2014 
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ė,1 őĮĶŐĔĶĴȮMatlab 2014 ŏĭŊŘŀĚĨƟĬ 
 őĮĶŐĔĶĴȮMatlab ŏĮƦĬőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĝĬŇħľĬŉŗĚĕŀĚȮThe Mathworks, Inc. 

(http://www.mathworks.com) ŏıŊŗŀŒĝƟĽŜŅľĶńĭĝƞĺĵŒĬĔŅĶėŜŅĬĺĦŏĝŇĚėĦŇĨĻŅĽĨĶƢŐĸŃŐĽħĚįĸœħƟ

ĪńŘĚĨńĺŏĸĕŐĸŃĶŌĮĳŅıĪňŗĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶėŜŅĬĺĦȮMatrix ĝŋħėŜŅĽńŗĚĕŀĚȮMatlab ŏĮƦĬ

ĳŅļŅėŀĴıŇĺŏĨŀĶƢȮĪŜŅĚŅĬŒĬĸńĔļĦŃĔŅĶĮƚŀĬĝŋħėŜŅĽńŗĚŐĸŃĮĶŃĴĺĸįĸȮĸńĔļĦŃĔŅĶŏĕňĵĬőĮĶŐĔĶĴȮ

Matlab ěŃėĸƟŅĵĔńĭĔŅĶŏĕňĵĬĽĴĔŅĶĪŅĚėĦŇĨĻŅĽĨĶƢȮěŉĚĴňĲƤĚĔƢĝńĬĪňŗŏľĴŅŃĽĴĽŜŅľĶńĭĔŅĶŒĝƟĚŅĬ

ŒĬĪŅĚĺŇĻĺĔĶĶĴȮĽŜŅľĶńĭĔŅĶĪŜŅĚŅĬĳŅĵŒĨĶŃĭĭĮĢŇĭńĨŇĔŅĶȮWindows ĽŅĴŅĶĩŏĶŇŗĴĔŅĶĪŜŅĚŅĬĕŀĚ 

Matlab œħőħĵĔŅĶėĸŇĔĪŊŗȮShortcut ĕŀĚȮMatlab ĪňŗĮĶŅĔĢŀĵŌĭĬȮDesktop ľĶŊŀėĸŇĔȮStart Őĸ

ĺŏĸŊŀĔȮMatlab ĽŜŅľĶńĭœŀėŀĬĕŀĚőĮĶŐĔĶĴȮMatlab ŐĽħĚħńĚĳŅıįĬĺĔȮė,1 

 
ĳŅıįĬĺĔȮė,1ȮŐĽħĚȮShort cut ĕŀĚȮMatlab 

 
ĳŅıįĬĺĔȮė,2 ŐĽħĚľĬƟŅĨƞŅĚĕŀĚőĮĶŐĔĶĴȮMatlab 

 

Current folder 

Command window 

Workspace 

Command history 


