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ĽŅĶĭńĠ 
  ľĬƟŅ 

ľĴĺħĪňŗȮ/Ȯ8Ȯ ĕƟŀĴŌĸĪńŗĺœĮ  
 1, ĶľńĽŐĸŃĝŊŗŀľĸńĔĽŌĨĶ / 
 0, ĝŊŗŀĮĶŇĠĠŅŐĸŃĽŅĕŅĺŇĝŅ / 
 1, ĝŊŗŀŐĕĬĚĺŇĝŅŏıŊŗŀĭńĬĪŉĔŒĬȮTranscript / 
 2, ěŜŅĬĺĬľĬƞĺĵĔŇĨĪňŗŏĶňĵĬĨĸŀħľĸńĔĽŌĨĶ / 
 3, ĶŌĮŐĭĭĕŀĚľĸńĔĽŌĨĶ / 
 4, ĽĩŅĬĳŅıĕŀĚľĸńĔĽŌĨĶŐĸŃĔŅĶıŇěŅĶĦŅŀĬŋĴńĨŇ-ŏľŖĬĝŀĭľĸńĔĽŌĨĶ 0 
 5, ėĺŅĴıĶƟŀĴŒĬĔŅĶŏįĵŐıĶƞľĸńĔĽŌĨĶĪňŗĴňėŋĦĳŅıŐĸŃĴŅĨĶģŅĬ 0 
 6, ŀŅĝňıĪňŗĽŅĴŅĶĩĮĶŃĔŀĭœħƟľĸńĚĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 0 
 7, ĝŊŗŀȮĨŜŅŐľĬƞĚȮŐĸŃėŋĦĺŋĥŇĔŅĶĻŉĔļŅĕŀĚŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶ 1 
 1., ĽĩŅĬĪňŗěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬ 1 
 1/, ŏľĨŋįĸĕŀĚĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶ 1 
 10, ėĺŅĴĽńĴıńĬīƢĔńĭľĸńĔĽŌĨĶŀŊŗĬĪňŗŏĮƕħĽŀĬŒĬėĦŃ-ĳŅėĺŇĝŅŀŊŗĬ-ľĸńĔĽŌĨĶŀŊŗĬ 

ĕŀĚĽĩŅĭńĬ 
2 

ľĴĺħĪňŗȮ0Ȯ8Ȯ ĕƟŀĴŌĸŏĜıŅŃĕŀĚľĸńĔĽŌĨĶ  
 1, ĮĶńĝĠŅȮĺńĨĩŋĮĶŃĽĚėƢĕŀĚľĸńĔĽŌĨĶȮŐĸŃįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚľĸńĔĽŌĨĶ 4 
 0, ėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅ 5 
 1, ŐįĬıńĥĬŅĮĶńĭĮĶŋĚ 6 
ľĴĺħĪňŗȮ1Ȯ8Ȯ ĶŃĭĭĔŅĶěńħĔŅĶĻŉĔļŅȮĔŅĶħŜŅŏĬŇĬĔŅĶȮŐĸŃőėĶĚĽĶƟŅĚĕŀĚľĸńĔĽŌĨĶ  
 1, ĶŃĭĭĔŅĶěńħĔŅĶĻŉĔļŅ 7 
 2, ĔŅĶħŜŅŏĬŇĬĔŅĶľĸńĔĽŌĨĶ 7 
 3, ľĸńĔĽŌĨĶŐĸŃŀŅěŅĶĵƢįŌƟĽŀĬ /0 
 4, ŀĚėƢĮĶŃĔŀĭŏĔňŗĵĺĔńĭĮĶŃĽĭĔŅĶĦƢĳŅėĽĬŅĴ 11 
 5, ĕƟŀĔŜŅľĬħŏĔňŗĵĺĔńĭĔŅĶĪŜŅőėĶĚĚŅĬľĶŊŀĚŅĬĺŇěńĵ 11 
ľĴĺħĪňŗȮ2Ȯ8Ȯ įĸĔŅĶŏĶňĵĬĶŌƟŐĸŃĔĸĵŋĪīƢĔŅĶĽŀĬŐĸŃĔŅĶĮĶŃŏĴŇĬįĸ  
 /, ĔŅĶıńĥĬŅėŋĦĸńĔļĦŃıŇŏĻļĕŀĚĬńĔĻŉĔļŅ 13 
 2, ĔŅĶıńĥĬŅįĸĔŅĶŏĶňĵĬĶŌƟŒĬŐĨƞĸŃħƟŅĬ 14 
 3, ŐįĬĪňŗŐĽħĚĔŅĶĔĶŃěŅĵėĺŅĴĶńĭįŇħĝŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟěŅĔ

ľĸńĔĽŌĨĶ&PLO'ȮĽŌƞĔĶŃĭĺĬĺŇĝŅȮ&Curriculum Mapping' 
16 

ľĴĺħĪňŗȮ3Ȯ8Ȯ ľĸńĔŏĔĦĤƢŒĬĔŅĶĮĶŃŏĴŇĬįĸĬńĔĻŉĔļŅ  
 /, ĔġĶŃŏĭňĵĭľĶŊŀľĸńĔŏĔĦĤƢŒĬĔŅĶŒľƟĶŃħńĭėŃŐĬĬ 26 
 2, ĔĶŃĭĺĬĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĽńĴķĪīŇśĕŀĚĬńĔĻŉĔļŅ 27 
 3, ŏĔĦĤƢĔŅĶĽŜŅŏĶŖěĔŅĶĻŉĔļŅĨŅĴľĸńĔĽŌĨĶ 48 
ľĴĺħĪňŗȮ4Ȯ8Ȯ ĔŅĶıńĥĬŅėĦŅěŅĶĵƢ  
 /, ĔŅĶŏĨĶňĵĴĔŅĶĽŜŅľĶńĭŀŅěŅĶĵƢŒľĴƞ 49 
 2, ĔŅĶıńĥĬŅėĺŅĴĶŌƟŐĸŃĪńĔļŃŒľƟŐĔƞėĦŅěŅĶĵƢ 49 
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ĽŅĶĭńĠȮ&Ĩƞŀ' 
  ľĬƟŅ 

ľĴĺħĪňŗȮ5Ȯ8Ȯ ĔŅĶĮĶŃĔńĬėŋĦĳŅıľĸńĔĽŌĨĶ  
 /, ĔŅĶĔŜŅĔńĭĴŅĨĶģŅĬ 30 
 2, ĭńĦĤŇĨ 30 
 3, ĬńĔĻŉĔļŅ 31 
 4, ŀŅěŅĶĵƢ 31 
 5, ľĸńĔĽŌĨĶȮĔŅĶŏĶňĵĬĔŅĶĽŀĬȮĔŅĶĮĶŃŏĴŇĬįŌƟŏĶňĵĬ 32 
 6, ĽŇŗĚĽĬńĭĽĬŋĬĔŅĶŏĶňĵĬĶŌƟ 32 
 7, ĨńĺĭƞĚĝňŘįĸĔŅĶħŜŅŏĬŇĬĚŅĬ 32 
ľĴĺħĪňŗȮ6Ȯ8Ȯ ĔĶŃĭĺĬĔŅĶĔŅĶĮĶŃŏĴŇĬŐĸŃĮĶńĭĮĶŋĚľĸńĔĽŌĨĶ  
 /, ĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇįĸĕŀĚĔŅĶĽŀĬ 34 
 2, ĔŅĶĮĶŃŏĴŇĬľĸńĔĽŌĨĶŒĬĳŅıĶĺĴ 34 
 3, ĔŅĶĮĶŃŏĴŇĬįĸĔŅĶħŜŅŏĬŇĬĚŅĬĨŅĴĶŅĵĸŃŏŀňĵħľĸńĔĽŌĨĶ 34 
 4, ĔŅĶĪĭĪĺĬįĸĔŅĶĮĶŃŏĴŇĬŐĸŃĺŅĚŐįĬĮĶńĭĮĶŋĚ 34 
ĳŅėįĬĺĔ   
 /, ėŜŅŀīŇĭŅĵĸńĔļĦŃĔĶŃĭĺĬĺŇĝŅ 35 
 2, ėŜŅĽńŗĚŐĨƞĚĨńŘĚėĦŃĔĶĶĴĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶ 53 
 3, įĸĚŅĬĪŅĚĺŇĝŅĔŅĶĕŀĚŀŅěŅĶĵƢ 54 
 4, ĨŅĶŅĚŏĮĶňĵĭŏĪňĵĭĕƟŀŐĨĔĨƞŅĚĶŃľĺƞŅĚľĸńĔĽŌĨĶŏħŇĴĔńĭľĸńĔĽŌĨĶĪňŗĮĶńĭĮĶŋĚŒľĴƞ /10 
 5, ĨŅĶŅĚŏĮĶňĵĭŏĪňĵĭĕƟŀŐĨĔĨƞŅĚĶŃľĺƞŅĚŐįĬĔŜŅľĬħĔŅĶĻŉĔļŅŏħŇĴ 

ĔńĭŐįĬĔŅĶĻŉĔļŅŒľĴƞ 
/39 

 4, ĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞĺƞŅħƟĺĵĔŅĶĻŉĔļŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮı,Ļ,
0337 

/4/ 

 5, ĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮĺƞŅħƟĺĵĔŅĶıŇěŅĶĦŅŏĔňĵĶĨŇŐĸŃĻńĔħŇśĕŀĚ
ĬńĔĻŉĔļŅĪňŗěŃœħƟĶńĭĔŅĶŏĽĬŀĝŊŗŀŒľƟœħƟĶńĭĮĶŇĠĠŅȮľĶŊŀĮĶŃĔŅĻĬňĵĭńĨĶ
ĭńĦĤŇĨȮľĶŊŀĮĶŃĔŅĻĬňĵĭńĨĶĭńĦĤŇĨĝńŘĬĽŌĚĕŀĚĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮı,Ļ,
033. 

/41 

 6, ĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŏĶŊŗŀĚȮŐĬĺĮĢŇĭńĨŇĔŅĶ
ŏĮĸňŗĵĬŐĭĭȮĔŅĶĻŉĔļŅȮĔŅĶĵƟŅĵĽŅĕŅĺŇĝŅȮĔŅĶĶńĭőŀĬĬńĔĻŉĔļŅŐĸŃĔŅĶ
ŏĪňĵĭőŀĬľĬƞĺĵĔŇĨȮĕŀĚĬńĔĻŉĔļŅĭńĦĤŇĨĻŉĔļŅ 

/44 

 
 
 
 

 



   
   

ĶŅĵĸŃŏŀňĵħĕŀĚľĸńĔĽŌĨĶ 
ľĸńĔĽŌĨĶĺŇĪĵŅĻŅĽĨĶĴľŅĭńĦĤŇĨ 

ĽŅĕŅĺŇĝŅŏėĴňȮ 
ȮľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0344 

 
ĝŊŗŀĽĩŅĭńĬŀŋħĴĻŉĔļŅȮ8ȮȮȮȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮĭńĦĤŇĨĺŇĪĵŅĸńĵȮŐĸŃėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĳŅėĺŇĝŅŏėĴňȮ 

 

ľĴĺħĪňŗȮ1,ȮĕƟŀĴŌĸĪńŗĺœĮ 
1. ĶľńĽŐĸŃĝŊŗŀľĸńĔĽŌĨĶ 
ĳŅļŅœĪĵ 8 ľĸńĔĽŌĨĶĺŇĪĵŅĻŅĽĨĶĴľŅĭńĦĤŇĨȮȮĽŅĕŅĺŇĝŅŏėĴň 
ĳŅļŅŀńĚĔķļ 8Ȯ Master ofȮScienceȮ Program in Chemistry 
 

2. ĝŊŗŀĮĶŇĠĠŅŐĸŃĽŅĕŅĺŇĝŅȮ 
 ĳŅļŅœĪĵ 8 ĝŊŗŀŏĨŖĴȮȮȮĺŇĪĵŅĻŅĽĨĶĴľŅĭńĦĤŇĨȮȮ&ŏėĴň' 
  8 ĝŊŗŀĵƞŀȮȮȮȮĺĪ,Ĵ,Ȯ&ŏėĴň' 
 ĳŅļŅŀńĚĔķļ 8 ĝŊŗŀŏĨŖĴȮȮȮMaster of Science &Chemistry' 
  8 ĝŊŗŀĵƞŀȮȮȮȮM,S,Ȯ&Chemistry' 
 

3. ĝŊŗŀŐĕĬĚĺŇĝŅŏıŊŗŀĭńĬĪŉĔŒĬȮTranscriptȮȮȮȮȮȮȮȮœĴƞĴň 

 

4. ěŜŅĬĺĬľĬƞĺĵĔŇĨĪňŗŏĶňĵĬĨĸŀħľĸńĔĽŌĨĶȮ 
ŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ/' ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶ ȮȮȮȮȮȮȮȮȮȮ14ȮľĬƞĺĵĔŇĨ 
ŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ0'Ȯ ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮœĴƞĬƟŀĵĔĺƞŅȮȮ 14ȮľĬƞĺĵĔŇĨȮ 
 

5. ĶŌĮŐĭĭĕŀĚľĸńĔĽŌĨĶ 
3,/ȮĶŌĮŐĭĭȮ 
ŏĮƦĬľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅőĪȮľĸńĔĽŌĨĶȮ2ȮĮƖȮȮŐĸŃŒĝƟŏĺĸŅĻŉĔļŅŀĵƞŅĚĴŅĔœĴƞŏĔŇĬȮ3ȮĮƖĔŅĶĻŉĔļŅȮ 

 3,0 ĮĶŃŏĳĪľĸńĔĽŌĨĶȮ 
 XȮ ĺŇĝŅĔŅĶȮȮȮ 
 ÄȮ ĺŇĝŅĝňı 
 ÄȮ ĮĢŇĭńĨŇĔŅĶ 
 3,1ȮĳŅļŅĪňŗŒĝƟȮ 

XȮĳŅļŅœĪĵȮ 
XȮĳŅļŅĨƞŅĚĮĶŃŏĪĻȮ&ŒĝƟŒĬĔŇěĔĶĶĴĽńĴĴĬŅȮĔŅĶěńħĪŜŅĮĶŇĠĠŅĬŇıĬīƢȮĽŊŗŀŐĸŃŏŀĔĽŅĶĔŅĶĽŀĬȮ
ĶĺĴĪńŘĚĔŅĶĽŀĭĕŀĚĔĶŃĭĺĬĺŇĝŅĨƞŅĚȮŕȮŐĸŃĔŅĶŏĶňĵĬĔŅĶĽŀĬĔĶŃĭĺĬĺŇĝŅȮ0.1531Ȯ0.1532Ȯ
203755 203756Ȯ0.157/Ȯ0.1570' 

 3,2ȮĔŅĶĶńĭŏĕƟŅĻŉĔļŅȮ 
Ä ĬńĔĻŉĔļŅœĪĵȮ 
ÄȮĬńĔĻŉĔļŅĨƞŅĚĝŅĨŇȮȮ 
XȮĬńĔĻŉĔļŅœĪĵŐĸŃĬńĔĻŉĔļŅĨƞŅĚĝŅĨŇȮȮ 
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ȮȮȮȮȮȮ3,3ȮȮėĺŅĴĶƞĺĴĴŊŀĔńĭĽĩŅĭńĬŀŊŗĬȮ 
X ŏĮƦĬľĸńĔĽŌĨĶŏĜıŅŃĕŀĚĽĩŅĭńĬłȮĪňŗěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬőħĵĨĶĚ 
ÄȮŏĮƦĬľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬ 
 ĝŊŗŀĽĩŅĭńĬȮȮźźźźźźźźźźźźź,ȮȮȮĮĶŃŏĪĻȮźźźźźź 
 ĶŌĮŐĭĭĕŀĚĔŅĶĶƞĺĴ 
 ÄȮĶƞĺĴĴŊŀĔńĬȮőħĵĽĩŅĭńĬłȮŏĮƦĬįŌƟŒľƟĮĶŇĠĠŅ 
 ÄȮĶƞĺĴĴŊŀĔńĬȮőħĵįŌƟĻŉĔļŅœħƟĶńĭĮĶŇĠĠŅěŅĔ 2 ĽĩŅĭńĬȮ 

ȮȮȮȮȮȮȮ3,4ȮȮĔŅĶŒľƟĮĶŇĠĠŅŐĔƞįŌƟĽŜŅŏĶŖěĔŅĶĻŉĔļŅȮ 
ĔĶĦňľĸńĔĽŌĨĶŏĜıŅŃĕŀĚĽĩŅĭńĬ 
XȮŒľƟĮĶŇĠĠŅŏıňĵĚĽŅĕŅĺŇĝŅŏħňĵĺ 
ÄȮŒľƟĮĶŇĠĠŅĴŅĔĔĺƞŅľĬŉŗĚĽŅĕŅĺŇĝŅȮ 
 +ȮėĦŃĪňŗŏĮƦĬįŌƟĶńĭįŇħĝŀĭľĸńĔȮ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 +ȮėĦŃĪňŗĶƞĺĴĶńĭįŇħĝŀĭȮ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
ĔĶĦňľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬȮ 
ÄȮľĸńĔĽŌĨĶĮĶŇĠĠŅėŌƞȮ&Double Degree' 
ÄȮľĸńĔĽŌĨĶĮĶŇĠĠŅĶƞĺĴȮ&Joint Degree'ȮȮȮȮ 
  

6. ĽĩŅĬĳŅıĕŀĚľĸńĔĽŌĨĶŐĸŃĔŅĶıŇěŅĶĦŅŀĬŋĴńĨŇ-ŏľŖĬĝŀĭľĸńĔĽŌĨĶ 
1. ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ2566ȮĮĶńĭĮĶŋĚĴŅěŅĔľĸńĔĽŌĨĶĺŇĪĵŅĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅŏėĴňȮ
&ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ034/'Ȯ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮŏĶŇŗĴŒĝƟľĸńĔĽŌĨĶĨńŘĚŐĨƞȮĮƖȮı,Ļ,Ȯ0317 
ȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮĴňįĸĭńĚėńĭŒĝƟĨńŘĚŐĨƞĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĮƖĔŅĶĻŉĔļŅȮ0344 
2. ĽĳŅĺŇĝŅĔŅĶŒľƟėĺŅĴŏľŖĬĝŀĭľĸńĔĽŌĨĶȮŒĬĔŅĶĮĶŃĝŋĴėĶńŘĚĪňŗȮ/.-0343ȮŏĴŊŗŀĺńĬĪňŗȮ0/ȮŏħŊŀĬȮ
ĔńĬĵŅĵĬȮı,Ļ,Ȯ0343 

3. ĽĳŅĴľŅĺŇĪĵŅĸńĵŀĬŋĴńĨŇľĸńĔĽŌĨĶȮŒĬĔŅĶĮĶŃĝŋĴėĶńŘĚĪňŗȮ/.-0343ȮŏĴŊŗŀĺńĬĪňŗȮ07ȮŏħŊŀĬȮĨŋĸŅėĴȮ
ı,Ļ,Ȯ0343 

 
7. ėĺŅĴıĶƟŀĴŒĬĔŅĶŏįĵŐıĶƞľĸńĔĽŌĨĶĪňŗĴňėŋĦĳŅıŐĸŃĴŅĨĶģŅĬ 

ľĸńĔĽŌĨĶěŃœħƟĶńĭĔŅĶŏįĵŐıĶƞĺƞŅŏĮƦĬľĸńĔĽŌĨĶĪňŗĴňėŋĦĳŅıŐĸŃĴŅĨĶģŅĬĨŅĴĔĶŀĭĴŅĨĶģŅĬ
ėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇȮı,Ļ,Ȯ0330ȮŒĬĮƖĔŅĶĻŉĔļŅȮ2567 

 
8. ŀŅĝňıĪňŗĽŅĴŅĶĩĮĶŃĔŀĭœħƟľĸńĚĽŜŅŏĶŖěĔŅĶĻŉĔļŅȮ&ĽńĴıńĬīƢĔńĭĽŅĕŅĺŇĝŅ'Ȯ 

1. ŀŅěŅĶĵƢ-ĬńĔĺŇěńĵ-ĬńĔĺŇĪĵŅĻŅĽĨĶƢ-ĬńĔĺŇĝŅĔŅĶ-ĕƟŅĶŅĝĔŅĶ-ŏěƟŅľĬƟŅĪňŗĨĶĺěĽŀĭėŋĦĳŅı-
ŏěƟŅľĬƟŅĪňŗĬńĔĺŇěńĵŐĸŃıńĥĬŅŒĬĽĩŅĭńĬľĶŊŀľĬƞĺĵĚŅĬĳŅėĶńģŐĸŃŏŀĔĝĬ 

2. ĪňŗĮĶŉĔļŅĪŅĚĺŇĝŅĔŅĶ-ĮĶŉĔļŅĪŅĚĔŅĶĺŇěńĵȮħƟŅĬŏėĴňȮŒĬĽĩŅĭńĬľĶŊŀľĬƞĺĵĚŅĬĳŅėĶńģŐĸŃ
ŏŀĔĝĬ 

3. ŏěƟŅĕŀĚĔŇěĔŅĶ-ŀŅĝňıŀŇĽĶŃ 
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9. ĝŊŗŀȮĨŜŅŐľĬƞĚȮŐĸŃėŋĦĺŋĥŇĔŅĶĻŉĔļŅĕŀĚŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶ 
 

ĝŊŗŀ+ĽĔŋĸ 
&ĶŃĭŋĨŜŅŐľĬƞĚĺŇĝŅĔŅĶ' 

ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮĶŃŏĪĻ,ȮĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

1,ȮĶĻ,ħĶ,ȮŀĳŇĬĳńĽȮĶŋěŇĺńĨĶƢ D,ȮPhil,Ȯ&Chemistry', Oxford University, UK, 2001 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2538 

0,ȮĶĻ,ħĶ,ȮĮƕĵĶńĨĬƢȮĬŇĴĴŅĬıŇĳńĔħŇś 
 

ĮĶ,ħ,Ȯ&ĲƕĽŇĔĽƢŏĝŇĚŏėĴň', ĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 2546 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 

1,ȮĶĻ,ħĶ,ȮĸŃŀŀĚĬĺĸȮĻĶňĽĴĭńĨŇ Ph,D,Ȯ&Chemistry',ȮUniversity of Houston,ȮUSA, 2008 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2545 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 

 
10. ĽĩŅĬĪňŗěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬȮ 
XȮŒĬĽĩŅĬĪňŗĨńŘĚȮ 
ÄȮĬŀĔĽĩŅĬĪňŗĨńŘĚȮœħƟŐĔƞȮ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 

11. ŏľĨŋįĸĕŀĚĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶ 
 ħƟĺĵĽĩŅĬĔŅĶĦƢĪŅĚŏĻĶļģĔŇěȮĽńĚėĴȮŐĸŃĺńĥĬīĶĶĴĪňŗŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĶĺħŏĶŖĺȮŀňĔĪńŘĚĶŌĮŐĭĭŐĸŃŐĬĺőĬƟĴ
ĕŀĚĔŅĶĻŉĔļŅĺŇěńĵŒĬĶŃħńĭŀŋħĴĻŉĔļŅĪňŗĺŇĺńĥĬƢŀĵƞŅĚĶĺħŏĶŖĺŐĸŃĶŋĬŐĶĚŀĵƞŅĚĪňŗœĴƞŏėĵĮĶŅĔĢĴŅĔƞŀĬȮĪŜŅŒľƟľĸńĔĽŌĨĶ
ĔŅĶĻŉĔļŅŒĬĮƤěěŋĭńĬĨƟŀĚœħƟĶńĭĔŅĶĮĶńĭĮĶŋĚŒľƟĪńĬĨƞŀĽĩŅĬĔŅĶĦƢȮŐĸŃĴňėĺŅĴĵŊħľĵŋƞĬŏıŊŗŀĨŀĭĽĬŀĚĨƞŀıĸĺńĨĕŀĚ
ĺŇĺńĥĬŅĔŅĶĪŅĚĔŅĶĻŉĔļŅĪňŗĔŜŅĸńĚŏĔŇħĕŉŘĬŒĬĻĨĺĶĶļĪňŗȮ21ȮĞŉŗĚĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶĜĭńĭĮƖȮ2566 œħƟĨŀĭĽĬŀĚĨƞŀ
ĬőĵĭŅĵŐĸŃĵŋĪīĻŅĽĨĶƢĝŅĨŇȮ20 ĮƖȮ&ı,Ļ,Ȯ2561+2580'ȮĽŀĚħƟŅĬȮėŊŀȮĔŅĶıńĥĬŅĪĶńıĵŅĔĶĴĬŋļĵƢĕŀĚĮĶŃŏĪĻȮ
őħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚŒĬĔĸŋƞĴĭŋėĸŅĔĶĪňŗĴňĪńĔļŃėĺŅĴĽŅĴŅĶĩĕńŘĬĽŌĚĪŅĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮőħĵĮĶńĭĶŃĭĭ
ĔŅĶŏĶňĵĬĶŌƟŒľƟŏŀŊŘŀĨƞŀĔŅĶıńĥĬŅĪńĔļŃĽŜŅľĶńĭĻĨĺĶĶļĪňŗȮ21 ŏĮƦĬľĸńĔĽŌĨĶĪňŗĶŀĚĶńĭĔŅĶŏĶňĵĬĶŌƟőħĵŒĝƟħŇěŇĪńĸ
ŐıĸĨĲŀĶƢĴŏıŊŗŀĔŅĶŏĶňĵĬȮĔŅĶĺŇěńĵŐĸŃıńĥĬŅȮŀńĬěŃĬŜŅœĮĽŌƞėĺŅĴıĶƟŀĴĕŀĚĭńĦĤŇĨŒĬĔŅĶŏĕƟŅĽŌƞĔŅĶĪŜŅĚŅĬŀĵƞŅĚĴŊŀ
ŀŅĝňıľĶŊŀĔŅĶŏĶňĵĬĨƞŀŒĬĶŃħńĭĪňŗĽŌĚĕŉŘĬȮőħĵŀĵŌƞŒĬĭĶŇĭĪĕŀĚėƞŅĬŇĵĴŐĸŃĺńĥĬīĶĶĴĪňŗıŉĚĮĶŃĽĚėƢěŅĔĳŅėīŋĶĔŇěȮ
ŐĸŃĳŅėĽńĚėĴȮŀňĔĪńŘĚěĶŇĵīĶĶĴŀńĬħňĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮĪňŗĽƞĚŏĽĶŇĴĔŅĶĶńĭįŇħĝŀĭĨƞŀĽƞĺĬĶĺĴŐĸŃĔŅĶĴňŀńĨĶĸńĔļĦƢŀńĬ
ıŉĚĮĶŃĽĚėƢĕŀĚĔŅĶŏĮƦĬıĸŏĴŊŀĚőĸĔȮĞŉŗĚĔŅĶıńĥĬŅĪĶńıĵŅĔĶĴĬŋļĵƢĪňŗĴňĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃ
ŏĪėőĬőĸĵňȮŏĮƦĬĽƞĺĬĽŜŅėńĠŀĵƞŅĚĵŇŗĚĵĺħĨƞŀĔŅĶŏıŇŗĴĕňħėĺŅĴĽŅĴŅĶĩŒĬŐĕƞĚĕńĬŐĸŃĔŅĶıńĥĬŅŏĻĶļģĔŇěĕŀĚĮĶŃŏĪĻȮ
ŏıŊŗŀĔŅĶľĸŋħěŅĔĔńĭħńĔĶŅĵœħƟĮŅĬĔĸŅĚȮĞŉŗĚŏĮƦĬĬőĵĭŅĵŐĸŃĵŋĪīĻŅĽĨĶƢĝŅĨŇĪňŗĽŜŅėńĠŀňĔĮĶŃĔŅĶľĬŉŗĚ 
 ĬŀĔŏľĬŊŀěŅĔĬőĵĭŅĵŐĸŃĵŋĪīĻŅĽĨĶƢĝŅĨŇȮ0.ȮĮƖȮ&ı,Ļ,Ȯ034/+036.'ȮŐĸƟĺȮĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶĵńĚĴň
ėĺŅĴěŜŅŏĮƦĬĨŅĴ ŴŏĮƚŅľĴŅĵĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬŵȮ&Sustainable Development GoalsȮľĶŊŀȮSDGs'ȮĺƞŅ
ħƟĺĵȮQuality EducationȮ&SG4'ȮőħĵĔŅĶĮĶńĭŒĝƟħŇěŇĪńĸŐıĸĨĲŀĶƢĴŏıŊŗŀĔŅĶŏĶňĵĬȮĔŅĶĺŇěńĵŐĸŃıńĥĬŅȮĪňŗĽŅĴŅĶĩ
ĪŜŅœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮŐĸŃĮĶŃĽŇĪīŇįĸĴŅĔĕŉŘĬȮĨŀĭĽĬŀĚĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚĬńĔĻŉĔļŅĪňŗĴňėĺŅĴıĶƟŀĴȮŐĸŃ
ėĺŅĴěŜŅŏĮƦĬȮĪňŗŐĨĔĨƞŅĚĔńĬŀŀĔœĮȮĨŅĴĽĩŅĬĔŅĶĦƢŒĬĮƤěěŋĭńĬȮŏĝƞĬȮŒĬĽĳŅĺŃĔŅĶĶŃĭŅħĕŀĚ COVID+19ȮĶĺĴĪńŘĚ 
POST+COVID ĪňŗĪŜŅŒľƟĨƟŀĚŒĝƟĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĭĭŀŀĬœĸĬƢĴŅĔĕŉŘĬȮľĶŊŀĔŅĶĮĶŃĝŋĴĽńĴĴĬŅŐĭĭŀŀĬœĸĬƢȮ
ĬŀĔěŅĔĬňŘŐĸƟĺħŇěŇĪńĸŐıĨĲŀĶƢĴĵńĚĽƞĚŏĽĶŇĴėĺŅĴĶƞĺĴĴŊŀĔńĭįŌƟŏĝňŗĵĺĝŅĠŒĬĽĩŅĭńĬĨƞŅĚĮĶŃŏĪĻŒľƟĽŅĴŅĶĩħŜŅŏĬŇĬĔŅĶ
œħƟĽŃħĺĔŐĸŃĶĺħŏĶŖĺȮőħĵœĴƞŏĽňĵėƞŅŒĝƟěƞŅĵĽŌĚȮŏĮƦĬĨƟĬȮőħĵŒĬĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶĬňŘœħƟĴŋƞĚŏĬƟĬœĮĽŌƞĔŅĶıńĥĬŅĪńĔļŃȮ
ėĺŅĴĽŅĴŅĶĩȮĪńŘĚȮsoft skills ŐĸŃȮhard skills ĕŀĚĭńĦĤŇĨĪňŗŏĮƦĬĪńĔļŃėĺŅĴĽŅĴŅĶĩĽŜŅėńĠĕŀĚĔŅĶŏĮƦĬıĸŏĴŊŀĚ
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őĸĔȮőħĵœĴƞĸŃĪŇŘĚėƞŅĬŇĵĴŐĸŃĺńĥĬīĶĶĴĪňŗıŉĚĮĶŃĽĚėƢěŅĔĳŅėīŋĶĔŇěŐĸŃĳŅėĽńĚėĴȮŀňĔĪńŘĚěĶŇĵīĶĶĴŀńĬħňĪŅĚ
ĺŇĪĵŅĻŅĽĨĶƢȮĬŀĔěŅĔĬňŘŐĸƟĺľĸńĔĽŌĨĶĵńĚœħƟĺŅĚőėĶĚĽĶƟŅĚŐĸŃŏĚŊŗŀĬœĕȮŀňĔĪńŘĚŐĬĺĪŅĚĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶȮĪňŗ
ĽĬńĭĽĬŋĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅĪŅĚĽŅĕŅŏėĴňȮĪňŗŏĔňŗĵĺŏĬŊŗŀĚĔńĭıľŋĽŅĕŅĺŇĝŅĪňŗĨŀĭĽĬŀĚĨƞŀĔŅĶŐĔƟĮƤĠľŅĪŅĚ
ŀŋĨĽŅľĔĶĶĴŐĸŃĽŇŗĚŐĺħĸƟŀĴŒĬĭĶŇĭĪĕŀĚĪƟŀĚĩŇŗĬȮĮĶŃŏĪĻĝŅĨŇȮŐĸŃĬŅĬŅĝŅĨŇȮŏĝƞĬȮĪŅĚħƟŅĬıĸńĚĚŅĬĪŅĚŏĸŊŀĔȮ
ŐĭĨŏĨŀĶňŗȮŏėĴňŏĝŇĚĺńĽħŋŏıŊŗŀĔŅĶĮĶŃĵŋĔĨƢĪŅĚĽŇŗĚŐĺħĸƟŀĴȮıŀĸŇŏĴŀĶƢĪŅĚħƟŅĬĔŅĶŐıĪĵƢȮŏĮƦĬĨƟĬȮĪńŘĚĬňŘőħĵĽŀħėĸƟŀĚ
ĔńĭėĺŅĴĝŜŅĬŅĠĔŅĶĕŀĚŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶȮŐĸŃĽŀħėĸƟŀĚĔńĭŏĮƚŅľĴŅĵĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬȮŏĝƞĬȮGood 
Health and Well+being &SG3', Industry, Innovation and Infrastructure &SG9', Affordable and 
Green Energy &SG7'ȮŐĸŃȮSustainable Cities and Communities &SG11' 
 őěĪĵƢĺŇěńĵŒĬĔŅĶĪŜŅĺŇĪĵŅĬŇıĬīƢĕŀĚĬńĔĻŉĔļŅĵńĚĴňėĺŅĴĽŀħėĸƟŀĚĔńĭĵŋĪīĻŅĽĨĶƢĔŅĶĭĶŇľŅĶ
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞħƟŅĬŐįĬıńĥĬŅĔŅĶĻŉĔļŅĶŃĵŃĪňŗȮ/1Ȯ&0344+035.'ȮŒĬĽƞĺĬĕŀĚĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬħƟŅĬ
ĬĺńĨĔĶĶĴĪŅĚĔŅĶŐıĪĵƢȮĽŋĕĳŅıŐĸŃĔŅĶħŌŐĸįŌƟĽŌĚŀŅĵŋȮ&SO0'ȮȮĽĶƟŅĚĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬħƟŅĬĸƟŅĬĬŅĽĶƟŅĚĽĶĶėƢȮ
&SO1'ȮĽĶƟŅĚĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬħƟŅĬĺŇěńĵŐĸŃĬĺńĨĔĶĶĴȮ&SO3'ȮŐĸŃĔĸĵŋĪīƢľĸńĔĕŀĚĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞħƟŅĬĔŅĶ
ıńĥĬŅĔĸœĔȮĔŅĶĺŇěńĵĕńŘĬŐĬĺľĬƟŅŐĸŃŏĪėőĬőĸĵňŏĝŇĚĸŉĔȮ&S/'ȮŐĸŃȮĽƞĚŏĽĶŇĴĔŅĶĬŜŅįĸĚŅĬĽĶƟŅĚĽĶĶėŐĸŃĬĺńĨĔĶĶĴĪňŗ
ĴňįĸĔĶŃĪĭĽŌĚœĮŒĝƟĮĶŃőĵĝĬƢŏıŊŗŀıńĥĬŅŏĻĶļģĔŇěȮĽńĚėĴȮĽŇŗĚŐĺħĸƟŀĴŐĸŃĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬȮ&S1' 
 ŀňĔĪńŘĚĵńĚĨŀĭĽĬŀĚĨƞŀįŌƟĴňĽƞĺĬœħƟĽƞĺĬŏĽňĵȮœħƟŐĔƞȮįŌƟŒĝƟĭńĦĤŇĨȮĴľŅĭńĦĤŇĨȮŐĸŃȮĬńĔĻŉĔļŅŒĬĮƤěěŋĭńĬȮĪňŗěŅĔĔŅĶ
ĽŜŅĶĺěıĭĺƞŅĴňĪńĔļŃĪňŗıŉĚĮĶŃĽĚėƢœħƟŐĔƞȮĪńĔļŃĪŅĚĺŇĝŅĔŅĶĪŅĚħƟŅĬŏėĴňȮĪńĔļŃėĺŅĴŏĮƦĬĴŊŀŀŅĝňıȮĪńĔļŃħƟŅĬ
ĔŅĶĽĶƟŅĚĽĶĶėƢĬĺńĨĔĶĶĴȮĪńĔļŃħƟŅĬėŀĴıŇĺŏĨŀĶƢȮŏĪėőĬőĸĵňȮĽŊŗŀĽŅĶĽŅĶĽĬŏĪĻȮĪńĔļŃĔŅĶŏĶňĵĬĶŌƟĪŅĚĺŇĝŅĝňı
ĪńĔļŃħƟŅĬĳŅļŅȮŐĸŃȮĪńĔļŃĪŅĚħƟŅĬĽńĚėĴ 
    

/0,ȮėĺŅĴĽńĴıńĬīƢĔńĭľĸńĔĽŌĨĶŀŊŗĬĪňŗŏĮƕħĽŀĬŒĬėĦŃ-ĳŅėĺŇĝŅŀŊŗĬ-ľĸńĔĽŌĨĶŀŊŗĬȮĕŀĚĽĩŅĭńĬȮȮ 
/0,/ ėĺŅĴĽńĴıńĬīƢĕŀĚĔĶŃĭĺĬĺŇĝŅŒĬľĸńĔĽŌĨĶĪňŗŏĮƕħĽŀĬŒĬėĦŃ-ĳŅėĺŇĝŅ-ľĸńĔĽŌĨĶŀŊŗĬȮȮȮ  

ľĴĺħĺŇĝŅ ĔĶŃĭĺĬĺŇĝŅ 
 

ŏĮƦĬĔĶŃĭĺĬĺŇĝŅĕŀĚ
ľĸńĔĽŌĨĶőħĵĨĶĚȮ 

ĳŅėĺŇĝŅŐĸŃėĦŃ 
ĪňŗŏĮƕħĽŀĬĔĶŃĭĺĬĺŇĝŅĬňŘ 

ȮľĴŅĵ
ŏľĨŋ 

ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ œĴƞĴň    
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ
ŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ 

œĴƞĴň 
   

ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ
ĬŀĔĽŅĕŅĺŇĝŅ
ŏĜıŅŃȮ 

ĨŅĴőėĶĚĽĶƟŅĚĕŀĚľĸńĔĽŌĨĶŐĭĭȮ2 &ŐįĬȮĔȮŐĭĭȮĔȮ0'ȮĶŃĭŋŒľƟĬńĔĻŉĔļŅŏĸŊŀĔŏĶňĵĬ
ĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĺŇĝŅĪňŗŏĔňŗĵĺĕƟŀĚȮĪňŗŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢŐĸŃ
ėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅŒľƟėĺŅĴŏľŖĬĝŀĭ 

 
/0,0Ȯ ėĺŅĴĽńĴıńĬīƢĕŀĚĔĶŃĭĺĬĺŇĝŅŒĬľĸńĔĽŌĨĶȮĪňŗŒľƟľĸńĔĽŌĨĶŀŊŗĬĴŅŏĶňĵĬħƟĺĵ 

ľĴĺħĺŇĝŅ ĔĶŃĭĺĬĺŇĝŅ ĽŅĕŅĺŇĝŅĪňŗŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĬňŘȮȮ 
ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ œĴƞĴň ĔĶĦňĪňŗĬńĔĻŉĔļŅĬŀĔľĸńĔĽŌĨĶĽĬŒěȮĽŅĴŅĶĩĸĚĪŃŏĭňĵĬŏĶňĵĬ

ŒĬĔĶŃĭĺĬĺŇĝŅĪňŗĽŅĕŅłŏĮƕħĽŀĬœħƟȮĪńŘĚĬňŘŒľƟĕŉŘĬĔńĭėĺŅĴŏľŖĬ
ĕŀĚįŌƟĽŀĬ 

ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬ
ĽŅĕŅĺŇĝŅŏĜıŅŃ 

œĴƞĴň 

ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ
ĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃ 

œĴƞĴň 
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/0,1Ȯ ĔŅĶĭĶŇľŅĶěńħĔŅĶȮȮ 
  

ĔĶŃĭĺĬĺŇĝŅŒĬľĸńĔĽŌĨĶĺŇĪĵŅĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅŏėĴňȮĴňĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŏĮƦĬĪńŘĚ
ĳŅļŅœĪĵŐĸŃĳŅļŅŀńĚĔķļĪňŗĽŀĬőħĵŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶȮŐĸŃįŌƟĪĶĚėŋĦĺŋĥŇĳŅĵĬŀĔĪňŗĴŅěŅĔ
ĽĩŅĭńĬĔŅĶĻŉĔļŅȮĽĩŅĭńĬĺŇěńĵȮľĶŊŀľĬƞĺĵĚŅĬŏŀĔĝĬȮĨŅĴőŀĔŅĽĪňŗŏľĴŅŃĽĴȮőħĵĶŅĵĸŃŏŀňĵħĕŀĚĔĶŃĭĺĬ
ĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬŐĨƞĸŃĳŅėĔŅĶĻŉĔļŅěŃĴňĔŅĶĮĶŃĔŅĻŏįĵŐıĶƞŒĬĶŃĭĭĔŅĶĸĚĪŃŏĭňĵĬĕŀĚĴľŅĺŇĪĵŅĸńĵŐĸŃ
ĳŅėĺŇĝŅŏıŊŗŀŀŜŅĬĺĵėĺŅĴĽŃħĺĔĨƞŀĔŅĶŏĕƟŅĩŉĚĕƟŀĴŌĸĕŀĚĬńĔĻŉĔļŅĪńŘĚŒĬŐĸŃĬŀĔľĸńĔĽŌĨĶȮŒĬĔĶĦňĪňŗĬńĔĻŉĔļŅ
ĬŀĔľĸńĔĽŌĨĶĴňėĺŅĴĮĶŃĽĚėƢĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬľĸńĔĽŌĨĶȮĽŅĴŅĶĩĸĚĪŃŏĭňĵĬŏĶňĵĬ
œħƟȮĪńŘĚĬňŘŒľƟŏĮƦĬœĮĨŅĴĔŅĶıŇěŅĶĦŅėĺŅĴŏľŖĬĝŀĭĕŀĚĕŀĚįŌƟĽŀĬ 
 ĔĶŃĭĺĬĺŇĝŅŒĬľĸńĔĽŌĨĶŐĭƞĚŀŀĔŏĮƦĬĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃȮ
ŐĸŃĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮĽŜŅľĶńĭŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔ0'ȮĞŉŗĚŏĮƦĬŐįĬĔŅĶĻŉĔļŅĪňŗĴňĔŅĶ
ŏĶňĵĬĔŅĶĽŀĬĪńŘĚŒĬĽƞĺĬĔŅĶŏĶňĵĬĔĶŃĭĺĬĺŇĝŅŐĸŃĔŅĶĪŜŅĺŇěńĵĬńŘĬȮĬńĔĻŉĔļŅĽŅĴŅĶĩŏĸŊŀĔŏĶňĵĬĔĶŃĭĺĬĺŇĝŅ
ŏĸŊŀĔĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅĪňŗŀŅěŏĮƕħĽŀĬŒĬėĦŃ-ĳŅėĺŇĝŅŀŊŗĬ-
ľĸńĔĽŌĨĶŀŊŗĬœħƟȮĪńŘĚĬňŘŏıŊŗŀŏĮƦĬĔŅĶŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬŒĬĔŅĶěńħŐįĬĔŅĶŏĶňĵĬĕŀĚĬńĔĻŉĔļŅŒľƟĴňėĺŅĴŏľĴŅŃĽĴ
ĨŅĴėĺŅĴĽĬŒěŐĸŃĽŅĶŃĕŀĚĔŅĶĻŉĔļŅĺŇěńĵĕŀĚĬńĔĻŉĔļŅŐĨƞĸŃėĬȮ&tailor+made study plan'ȮŀĵƞŅĚœĶĔŖ
ĨŅĴĔŅĶĺŅĚŐįĬĔŅĶĻŉĔļŅĕŀĚĬńĔĻŉĔļŅěŃŀĵŌƞĳŅĵŒĨƟĔŅĶŐĬŃĬŜŅŐĸŃėĺŅĴŏľŖĬĝŀĭĕŀĚĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢȮĶĺĴĩŉĚėĺŅĴĵŇĬĵŀĴĕŀĚįŌƟĽŀĬĔĶŃĭĺĬĺŇĝŅħńĚĔĸƞŅĺȮĽŜŅľĶńĭŐĭĭȮ1Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/'ȮĞŉŗĚŏĮƦĬ
ŐįĬĔŅĶĻŉĔļŅĪňŗĴňĔŅĶĪŜŅĺŇěńĵŏıňĵĚŀĵƞŅĚŏħňĵĺĬńŘĬȮěŃĴňĔĶŃĭĺĬĺŇĝŅĪňŗĔŜŅľĬħŒľƟŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕĕŀĚ
ĽŅĕŅĺŇĝŅĪňŗĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬŏĕƟŅĶƞĺĴȮŐĸŃįƞŅĬŏĚŊŗŀĬœĕĕŀĚĔĶŃĭĺĬĺŇĝŅȮ 
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ľĴĺħĪňŗȮ2,ȮĕƟŀĴŌĸŏĜıŅŃĕŀĚľĸńĔĽŌĨĶ 
 

1. ĮĶńĝĠŅȮĺńĨĩŋĮĶŃĽĚėƢĕŀĚľĸńĔĽŌĨĶȮŐĸŃįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚľĸńĔĽŌĨĶȮ 
ȮȮȮȮȮȮȮ 
ȮȮȮȮȮȮ/,/ȮĮĶńĝĠŅȮȮ 

ľĸńĔĽŌĨĶĺŇĪĵŅĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅŏėĴňȮŏĮƦĬľĸńĔĽŌĨĶĪňŗŏĬƟĬĔŅĶįĸŇĨĴľŅĭńĦĤŇĨĪňŗĴňėĺŅĴĶŌƟ
ŐĸŃĪńĔļŃĪŅĚŏėĴňȮĪňŗıĶƟŀĴĨƞŀĔŅĶıńĥĬŅĨƞŀĵŀħŒĬĕńŘĬĽŌĚĕŉŘĬȮĽŅĴŅĶĩĮĶŃĵŋĔĨƢŐĸŃŏĝŊŗŀĴőĵĚėĺŅĴĶŌƟŐĸŃ
ĪńĔļŃĪňŗĴňŀĵŌƞȮŏıŊŗŀĔŅĶĮĶŃŏĴŇĬŐĸŃŐĔƟœĕĮƤĠľŅĔŅĶĺŇěńĵĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŐĺħĸƟŀĴœħƟȮȮȮȮȮȮȮ
ĴňĪńĔļŃĪŅĚĽńĚėĴȮŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻȮĔŅĶĽŊŗŀĽŅĶȮėŋĦĸńĔļĦŃĔŅĶŏĮƦĬıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺĪŅĚĔŅĶ
ıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬȮ&Sustainable Development Goal'ȮŐĸŃĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨȮĬŀĔěŅĔĬňŘĵńĚŏĮƦĬ
ľĸńĔĽŌĨĶĪňŗěŃœħƟĴňĔŅĶįĬĺĔĪĶńıĵŅĔĶĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻȮŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĸŃĔŅĶ
ħŜŅŏĬŇĬĔŅĶĺŇěńĵŒĬĶŌĮŐĭĭĪňŗľĸŅĔľĸŅĵȮĳŅĵŒĨƟıĸĺńĨĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃ
ĽńĚėĴĪňŗħŜŅŏĬŇĬœĮŀĵƞŅĚĶĺħŏĶŖĺȮ 

 
/,0ȮĺńĨĩŋĮĶŃĽĚėƢȮȮŏıŊŗŀįĸŇĨĴľŅĭńĦĤŇĨĪňŗ8Ȯ 

1. ĴňėĺŅĴĶŌƟȮŐĸŃĪńĔļŃĪŅĚŏėĴňȮŐĸŃėĺŅĴıĶƟŀĴŒĬĔŅĶıńĥĬŅĪńĔļŃĪŅĚŏėĴňŒĬĕńŘĬĽŌĚĕŉŘĬ 
2. ĽŅĴŅĶĩĮĶŃĵŋĔĨƢȮĭŌĶĦŅĔŅĶėĺŅĴĶŌƟŐĸŃĪńĔļŃĪňŗĴňŀĵŌƞȮŏıŊŗŀĔŅĶĮĶŃŏĴŇĬŐĸŃŐĔƟœĕĮƤĠľŅŒĬĔŅĶ
ĺŇěńĵœħƟŀĵƞŅĚŏľĴŅŃĽĴ 

3. ĽŅĴŅĶĩŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃ
ĽŇŗĚŐĺħĸƟŀĴ 

4. ĽŅĴŅĶĩŒĝƟĪńĔļŃĪŅĚĽńĚėĴȮŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮœħƟŀĵƞŅĚŏľĴŅŃĽĴ 
5. ĽŅĴŅĶĩŐĽħĚĩŉĚŏěĨėĨŇĪňŗħňĨƞŀĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨ 
6. ĴňěĶĶĵŅĭĶĶĦĺŇĝŅĝňıȮŐĸŃĪńĔļŃėĺŅĴŏĮƦĬıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺĪŅĚĔŅĶıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬȮ 

 

/,1ȮįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚľĸńĔĽŌĨĶȮ&Program Learning Outcomes8ȮPLOs' 
 Ȯ 

PLO 18ȮŀīŇĭŅĵȮŒĝƟėĺŅĴĶŌƟĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚœħƟŀĵƞŅĚŏľĴŅŃĽĴȮ 
PLO 08ȮĮĶŃĵŋĔĨƢȮĭŌĶĦŅĔŅĶȮėĺŅĴĶŌƟŐĸŃĪńĔļŃŏėĴňȮŏıŊŗŀĔŅĶĮĶŃŏĴŇĬŐĸŃŐĔƟœĕĮƤĠľŅŒĬĔŅĶĺŇěńĵœħƟ 
PLO 18ȮŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŐĺħĸƟŀĴ 
PLO 28ȮĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶ ŊƝŐĸŃĪńĔļŃĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻŏıŊŗŀĔŅĶŏĶňĵĬĶŌƟŐĸŃĔŅĶĺŇěńĵŒĬĶŃħńĭ

ĭńĦĤŇĨĻŉĔļŅœħƟ 
PLO 58ȮŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮœħƟŀĵƞŅĚŏľĴŅŃĽĴȮ 
PLO 48ȮŐĽħĚĩŉĚĔŅĶĴňěĶĶĵŅĭĶĶĦĺŇĝŅĝňıȮĪńĔļŃėĺŅĴŏĮƦĬıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺĪŅĚĔŅĶıńĥĬŅŀĵƞŅĚ

ĵńŗĚĵŊĬȮŐĸŃĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨ 
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0, ėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅȮ 
 

 ľĸńĔĽŌĨĶȮŐĭĭ 1 &ŐįĬȮĔȮŐĭĭȮĔ1' 
 

ĮƖĪňŗ ėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅȮ&YLOs' 
1 ĽŜŅľĶńĭŐįĬĪňŗŏĮƦĬĔŅĶĺŇěńĵŏıňĵĚŀĵƞŅĚŏħňĵĺĬńŘĬȮĬńĔĻŉĔļŅȮ 

- ĽŅĴŅĶĩŀīŇĭŅĵĮĶŃĵŋĔĨƢėĺŅĴĶŌƟŐĸŃĪńĔļŃŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚœħƟŏıŊŗŀĔŅĶĮĶŃŏĴŇĬ
ŐĸŃŐĔƟœĕĮƤĠľŅŒĬĔŅĶĺŇěńĵœħƟȮȮ&PLO/ȮŐĸŃ PLO0'Ȯ 

- ĴňėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěŏĶŊŗŀĚėĺŅĴĮĸŀħĳńĵŐĸŃĔŅĶěńħĔŅĶĽŅĶŏėĴňŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ
ĺŇěńĵȮ&PLO1'Ȯ 

- ĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶŌƟŐĸŃĪńĔļŃĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻŏıŊŗŀĔŅĶĽŊĭėƟĬĕƟŀĴŌĸŏĝŇĚ
ĺŇĝŅĔŅĶĪňŗŏĮƦĬĮĶŃőĵĝĬƢĔńĭĔŅĶĺŇěńĵœħƟȮȮ&PLO2'ȮȮ 

- ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĨƞŅĚĮĶŃŏĪĻȮĽŅĴŅĶĩĨŇħĨƞŀŐĸŃĪŜŅĚŅĬĶƞĺĴĔńĭįŌƟĪňŗŏĔňŗĵĺĕƟŀĚœħƟŀĵƞŅĚ
ŏľĴŅŃĽĴȮ&PLO3'ȮȮ 

- ĺŅĚŐįĬĚŅĬĺŇěńĵŀĵƞŅĚŏĮƦĬĶŃĭĭȮőħĵįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢȮ&PLO4' 

2 ĬńĔĻŉĔļŅĽŅĴŅĶĩȮ 
- ĭŌĶĦŅĔŅĶȮėĺŅĴĶŌƟŐĸŃĪńĔļŃŏėĴňȮŏıŊŗŀĔŅĶĮĶŃŏĴŇĬŐĸŃŐĔƟœĕĮƤĠľŅŒĬĔŅĶĺŇěńĵœħƟħňĕŉŘĬȮ
&PLO/ȮŐĸŃ PLO0'Ȯ 

- ŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃ
ĽŇŗĚŐĺħĸƟŀĴȮįƞŅĬĔŅĶĪŜŅĺŇěńĵŐĸŃĔŅĶĬŜŅŏĽĬŀŒĬĶŅĵĺŇĝŅĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅŏėĴňȮ&PLO1' 

- ĴňĺŇĬńĵŐĸŃėĺŅĴĶńĭįŇħĝŀĭŒĬĔŅĶĪŜŅŒľƟĚŅĬĺŇěńĵŏĽĶŖěĸŋĸƞĺĚĨŅĴŐįĬĺŇěńĵŐĸŃŏĺĸŅĪňŗ
ĔŜŅľĬħȮ&PLO4'Ȯ 

- ŏĸŊŀĔŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻŐĸŃĬŜŅŏĽĬŀįĸĚŅĬŒĬĪňŗĮĶŃĝŋĴĺŇĝŅĔŅĶȮŐĸŃĔŅĶĨňıŇĴıƢ
įĸĚŅĬĺŇěńĵŒĬĺŅĶĽŅĶĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇœħƟȮ&PLO2ȮŐĸŃȮPLO5' 

 ľĸńĔĽŌĨĶȮŐĭĭ 2 &ŐįĬȮĔȮŐĭĭȮĔ2' 

ĮƖĪňŗ ėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅȮ&YLOs' 
1 ĽŜŅľĶńĭŐįĬĪňŗĴňĔŅĶŏĶňĵĬĔŅĶĽŀĬĪńŘĚŒĬĽƞĺĬĔŅĶŏĶňĵĬĔĶŃĭĺĬĺŇĝŅŐĸŃĔŅĶĪŜŅĺŇěńĵȮŒĬĮƖŐĶĔȮ
ĬńĔĻŉĔļŅȮ 
- ĽŅĴŅĶĩŒĝƟėĺŅĴĶŌƟĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚŒĬŐĔƟőěĪĵƢĕŀĚĺŇĝŅŏĶňĵĬœħƟŀĵƞŅĚ
ŏľĴŅŃĽĴȮ&PLO1'Ȯ 

- ĴňėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěŏĶŊŗŀĚėĺŅĴĮĸŀħĳńĵŐĸŃĔŅĶěńħĔŅĶĽŅĶŏėĴňŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ
ĺŇěńĵȮ&PLO1'Ȯ 

- ĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶŌƟŐĸŃĪńĔļŃĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻŏıŊŗŀĔŅĶĽŊĭėƟĬĕƟŀĴŌĸŏĝŇĚ
ĺŇĝŅĔŅĶĪňŗŏĮƦĬĮĶŃőĵĝĬƢĔńĭĔŅĶĺŇěńĵœħƟȮ&PLO2'ȮȮ 

- ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĨƞŅĚĮĶŃŏĪĻȮ&PLO3'ȮȮ 
- ĽŅĴŅĶĩĺŅĚŐįĬĔŅĶĻŉĔļŅœħƟŀĵƞŅĚŏľĴŅŃĽĴȮŐĸŃĺŅĚŐįĬĚŅĬĺŇěńĵŀĵƞŅĚŏĮƦĬĶŃĭĭȮőħĵ
įƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĳŅėĺŇĝŅŏėĴňȮ&PLO4' 
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ĮƖĪňŗ ėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅȮ&YLOs' 
- ĴňĺŇĬńĵŐĸŃėĺŅĴĶńĭįŇħĝŀĭĨƞŀĔĶŃĭĺĬĺŇĝŅĪňŗŏĶňĵĬőħĵįƞŅĬĔŅĶĮĶŃŏĴŇĬĕŀĚŐĨƞĸŃ
ĔĶŃĭĺĬĺŇĝŅȮ&PLO4'Ȯ 

2 ĬńĔĻŉĔļŅĽŅĴŅĶĩ 
- ĮĶŃĵŋĔĨƢȮĭŌĶĦŅĔŅĶȮėĺŅĴĶŌƟŐĸŃĪńĔļŃŏėĴňĪňœħƟĶńĭĔŅĶıńĥĬŅĴŅŏıŊŗŀĔŅĶĮĶŃŏĴŇĬŐĸŃ
ŐĔƟœĕĮƤĠľŅŒĬĔŅĶĺŇěńĵœħƟȮ&PLO2'Ȯ 

- ŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃ
ĽŇŗĚŐĺħĸƟŀĴȮįƞŅĬĔŅĶĪŜŅĺŇěńĵŐĸŃĔŅĶĬŜŅŏĽĬŀŒĬĶŅĵĺŇĝŅĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅŏėĴňȮ&PLO1' 

- ĴňĺŇĬńĵŐĸŃėĺŅĴĶńĭįŇħĝŀĭŒĬĔŅĶĪŜŅŒľƟĚŅĬĺŇěńĵŏĽĶŖěĸŋĸƞĺĚĨŅĴŐįĬĺŇěńĵŐĸŃŏĺĸŅĪňŗ
ĔŜŅľĬħȮ&PLO4'Ȯ 

- ĨŇħĨƞŀŐĸŃĪŜŅĚŅĬĶƞĺĴĔńĭįŌƟĪňŗŏĔňŗĵĺĕƟŀĚœħƟŀĵƞŅĚŏľĴŅŃĽĴȮ&PLO3'Ȯ 
- ŏĸŊŀĔŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻŐĸŃĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵŒĬĪňŗĽŅīŅĶĦŃȮŐĸŃĔŅĶĨňıŇĴıƢ
įĸĚŅĬĺŇěńĵŒĬĺŅĶĽŅĶĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇœħƟȮ&PLO2ȮŐĸŃȮPLO5' 

 

 
1,ȮȮȮŐįĬıńĥĬŅĮĶńĭĮĶŋĚ 
 

ŐįĬĔŅĶıńĥĬŅ-ŏĮĸňŗĵĬŐĮĸĚ ĔĸĵŋĪīƢ ľĸńĔģŅĬ-ĨńĺĭƞĚĝňŘ 
ĴňĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶĪŋĔȮ5 ĮƖ ĶĺĭĶĺĴĨŇħĨŅĴįĸĔŅĶ

ĮĶŃŏĴŇĬȮQA ĕŀĚľĸńĔĽŌĨĶ
ĶĺĴĳŅĵŒĬ 
5 ĮƖȮŒĬħƟŅĬėĺŅĴıŉĚıŀŒěȮ
ŐĸŃĳŅĺŃĔŅĶœħƟĚŅĬĕŀĚ
ĭńĦĤŇĨ 

1. ĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚĬŅĵěƟŅĚȮ
įŌƟĮĶŃĔŀĭĔŅĶȮŐĸŃįŌƟŒĝƟĴľŅĭńĦĤŇĨ 

2. įĸĚŅĬĕŀĚĬńĔĻŉĔļŅŐĸŃįŌƟĽŜŅŏĶŖě
ĔŅĶĻŉĔļŅĪňŗœħƟĶńĭĔŅĶĨňıŇĴıƢľĶŊŀ
ŏįĵŐıĶƞ 
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ľĴĺħĪňŗȮ3,ȮĶŃĭĭĔŅĶěńħĔŅĶĻŉĔļŅȮĔŅĶħŜŅŏĬŇĬĔŅĶȮŐĸŃőėĶĚĽĶƟŅĚĕŀĚľĸńĔĽŌĨĶ 
 

/,ȮĶŃĭĭĔŅĶěńħĔŅĶĻŉĔļŅȮ 
/,/ȮĶŃĭĭȮ 
ÃȮȮȮĶŃĭĭĔŅĶĻŉĔļŅĨĸŀħĮƖ 
XȮȮȮĶŃĭĭĪĺŇĳŅė ȮőħĵȮ/ȮĮƖĔŅĶĻŉĔļŅŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĳŅėĔŅĶĻŉĔļŅĮĔĨŇ 
ȮĳŅėĔŅĶĻŉĔļŅĮĔĨŇȮĴňĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅ œĴƞĬƟŀĵĔĺƞŅȮȮ/3ȮȮĽńĮħŅľƢȮ  

ÃȮȮȮĶŃĭĭľĬƞĺĵĔŅĶĻŉĔļŅȮ&Module'Ȯ 
 
/,0ȮĔŅĶěńħĔŅĶĻŉĔļŅĳŅėĔŅĶĻŉĔļŅıŇŏĻļȮ&ĳŅėķħŌĶƟŀĬ' 
ÃȮȮȮŐįĬĔŅĶĻŉĔļŅĔŜŅľĬħŒľƟĴňĳŅėĔŅĶĻŉĔļŅıŇŏĻļ 
XȮȮȮŐįĬĔŅĶĻŉĔļŅœĴƞĴňĳŅėĔŅĶĻŉĔļŅıŇŏĻļ 

 
/,1ȮĔŅĶŏĪňĵĭŏėňĵĚľĬƞĺĵĔŇĨŒĬĶŃĭĭĪĺŇĳŅėȮ 
  +ȮœĴƞĴň + 

0,ȮĔŅĶħŜŅŏĬŇĬĔŅĶľĸńĔĽŌĨĶȮȮ 
2,1 ĺńĬȮůȮŏĺĸŅŒĬĔŅĶħŜŅŏĬŇĬĔŅĶŏĶňĵĬĔŅĶĽŀĬ 
 ÃȮȮȮĶŃĭĭĔŅĶĻŉĔļŅĨĸŀħĮƖȮ&ŏħŊŀĬ,,,,,,,,,,,,,,,,,ĩŉĚ,,,,,,,,,,,,,,,,,,,,,,,' 

ÃȮȮȮŒĬŏĺĸŅĶŅĝĔŅĶ 
ÃȮȮȮĬŀĔŏĺĸŅĶŅĝĔŅĶȮ&ĶŃĭŋ',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 

ȮȮȮXȮĶŃĭĭĪĺŇĳŅė 
ȮȮȮȮȮȮȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĨńŘĚŐĨƞŏħŊŀĬĴŇĩŋĬŅĵĬȮĩŉĚŏħŊŀĬȮĨŋĸŅėĴ 
ȮȮȮȮȮȮȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ0ȮĨńŘĚŐĨƞŏħŊŀĬıķĻěŇĔŅĵĬȮĩŉĚŏħŊŀĬȮĴňĬŅėĴ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮXȮȮȮŒĬŏĺĸŅĶŅĝĔŅĶ 
ȮȮÃȮȮȮĬŀĔŏĺĸŅĶŅĝĔŅĶȮ&ĶŃĭŋ',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 

ÃȮȮȮĶŃĭĭľĬƞĺĵĔŅĶĻŉĔļŅȮ&Module'ȮȮ&ŏħŊŀĬ,,,,,,,,,,,,,,,,,ĩŉĚ,,,,,,,,,,,,,,,,,,,,,,,' 
ȮȮÃȮȮȮȮŒĬŏĺĸŅĶŅĝĔŅĶ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮÃȮȮȮȮĬŀĔŏĺĸŅĶŅĝĔŅĶȮ&ĶŃĭŋ',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 
0,0ȮėŋĦĽĴĭńĨŇĕŀĚįŌƟŏĕƟŅĻŉĔļŅȮ 

  ľĸńĔĽŌĨĶȮŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/' 
1. ŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŏĶŊŗŀĚȮĔŅĶĶńĭĬńĔĻŉĔļŅŒĬŐĨƞĸŃĮƖĔŅĶĻŉĔļŅ 
2. ĽŜŅŏĶŖěĔŅĶĻŉĔļŅĺŇĪĵŅĻŅĽĨĶĭńĦĤŇĨľĶŊŀŏĪňĵĭŏĪƞŅěŅĔĽĩŅĭńĬŀŋħĴĻŉĔļŅĪňŗĽŜŅĬńĔĚŅĬ
ĮĸńħĔĶŃĪĶĺĚĔŅĶŀŋħĴĻŉĔļŅȮĺŇĪĵŅĻŅĽĨĶƢȮĺŇěńĵŐĸŃĬĺńĨĔĶĶĴĶńĭĶŀĚȮőħĵĴňėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴ
ŏĜĸňŗĵĨĸŀħľĸńĔĽŌĨĶĨńŘĚŐĨƞȮ1,03ȮĕŉŘĬœĮȮľĶŊŀȮŏĮƦĬįŌƟĴňĮĶŃĽĭĔŅĶĦƢŒĬĽŅĕŅĺŇĝŅĪňŗŏĔňŗĵĺĕƟŀĚŐĸŃĴň
ıŊŘĬģŅĬėĺŅĴĶŌƟŐĸŃĻńĔĵĳŅıŏıňĵĚıŀĪňŗěŃĪŜŅĮĶŇĠĠŅĬŇıĬīƢ 
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3. ėŋĦĽĴĭńĨŇĬŀĔŏľĬŊŀěŅĔĬňŘȮŒľƟŀĵŌƞŒĬħŋĸĵıŇĬŇěĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĮĶŃěŜŅ
ĽŅĕŅĺŇĝŅŏėĴň 

 
  ľĸńĔĽŌĨĶȮŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔ0' 

1. ŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŏĶŊŗŀĚȮĔŅĶĶńĭĬńĔĻŉĔļŅŒĬŐĨƞĸŃĮƖĔŅĶĻŉĔļŅ 
2. ĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĺŇĪĵŅĻŅĽĨĶĭńĦĤŇĨľĶŊŀŏĪňĵĭŏĪƞŅěŅĔĽĩŅĭńĬŀŋħĴĻŉĔļŅĪňŗĽŜŅĬńĔĚŅĬ
ĮĸńħĔĶŃĪĶĺĚĔŅĶŀŋħĴĻŉĔļŅȮĺŇĪĵŅĻŅĽĨĶƢȮĺŇěńĵŐĸŃĬĺńĨĔĶĶĴĶńĭĶŀĚȮľĶŊŀȮįƞŅĬĔŅĶıŇěŅĶĦŅ
ĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĺƞŅŏĮƦĬįŌƟĪňŗĴňıŊŘĬėĺŅĴĶŌƟŐĸŃĻńĔĵĳŅıŏıňĵĚ
ıŀĪňŗěŃĪŜŅĮĶŇĠĠŅĬŇıĬīƢ 

3. ėŋĦĽĴĭńĨŇĬŀĔŏľĬŊŀěŅĔĬňŘȮŒľƟŀĵŌƞŒĬħŋĸĵıŇĬŇěĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĮĶŃěŜŅ
ĽŅĕŅĺŇĝŅŏėĴň 

   
0,1ȮĮƤĠľŅĕŀĚĬńĔĻŉĔļŅŐĶĔŏĕƟŅȮ 
XȮėĺŅĴĶŌƟħƟŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻœĴƞŏıňĵĚıŀ 
XȮėĺŅĴĶŌƟıŊŘĬģŅĬĪŅĚħƟŅĬėĦŇĨĻŅĽĨĶƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĺŇěńĵĪŅĚŏėĴňœĴƞŏıňĵĚıŀ 
XȮėĺŅĴĶŌƟıŊŘĬģŅĬĪŅĚħƟŅĬĔŅĶėĺŅĴĮĸŀħĳńĵŒĬĔŅĶŒĝƟȮĔŅĶěńħĔŅĶȮĔŅĶĔńĔŏĔŖĭĽŅĶŏėĴňȮŐĸŃĔŅĶ
ěńħĔŅĶĕŀĚŏĽňĵěŅĔľƟŀĚĮĢŇĭńĨŇĔŅĶœĴƞŏıňĵĚıŀ 
 

2,4ȮĔĸĵŋĪīƢŒĬĔŅĶħŜŅŏĬŇĬĔŅĶŏıŊŗŀŐĔƟœĕĮƤĠľŅȮ-ȮĕƟŀěŜŅĔńħĕŀĚĬńĔĻŉĔļŅŒĬĕƟŀȮ0,1 
X ěńħŀĭĶĴŏĽĶŇĴĪńĔļŃħƟŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻȮĶĺĴĪńŘĚŏĮƕħőŀĔŅĽŒľƟĬńĔĻŉĔļŅŒĝƟĳŅļŅĨƞŅĚĮĶŃŏĪĻȮ
ŏĝƞĬȮŒĬĔĶŃĭĺĬĺŇĝŅĽńĴĴĬŅȮ&0.157/ȮŐĸŃȮ0.1570'ȮŐĸŃĔŅĶŏĶňĵĬĔŅĶĽŀĬĔĶŃĭĺĬ
ĶŅĵĺŇĝŅĨƞŅĚŕȮœħƟŐĔƞȮ0.1531Ȯ&ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň'Ȯ
ĶĺĴĪńŘĚĽĬńĭĽĬŋĬŒľƟĬńĔĻŉĔļŅěńħĪŜŅőėĶĚĶƞŅĚĮĶŇĠĠŅĬŇıĬīƢȮŐĸŃĮĶŇĠĠŅĬŇıĬīƢőħĵŒĝƟ
ĳŅļŅĨƞŅĚĮĶŃŏĪĻ 

XȮěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔĶŅĵĺŇĝŅȮ0.1532Ȯ&ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵ
ĪŅĚŏėĴň'ȮŏıŊŗŀŏĮƦĬĔŅĶŏĨĶňĵĴĬńĔĻŉĔļŅĔƞŀĬŏĶŇŗĴĪŜŅĺŇěńĵȮŐĸŃĵńĚĴňĔŅĶŏĮƕħŒľĴƞĞŉŗĚŏĮƦĬĺŇĝŅŏĜıŅŃ
ľĸŅĵĺŇĝŅŏĮƦĬĺŇĝŅŏĸŊŀĔŒľƟĬńĔĻŉĔļŅœħƟŏĸŊŀĔŏĶňĵĬľńĺĕƟŀĪňŗĽŀħėĸƟŀĚĔńĭľńĺĕƟŀĺŇěńĵŏıŊŗŀŏĨĶňĵĴ
ėĺŅĴıĶƟŀĴĔƞŀĬĔŅĶĪŜŅĺŇěńĵ 

XȮěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅȮ0.1533Ȯ&ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴň
ŀĵƞŅĚĴŊŀŀŅĝňı'ȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĺŇĝŅĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ/ȮŏĮƦĬĺŇĝŅ
ĭńĚėńĭŒĬĽŅĕŅĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ0ȮŏıŊŗŀŏĮƦĬĔŅĶŏĨĶňĵĴėĺŅĴıĶƟŀĴĬńĔĻŉĔļŅĔƞŀĬĔŅĶĪŜŅ
ĔŅĶĺŇěńĵ 
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0,3ȮŐįĬĔŅĶĶńĭĬńĔĻŉĔļŅŐĸŃįŌƟĽŜŅŏĶŖěĔŅĶĻŉĔļŅŒĬĶŃĵŃȮ3ȮĮƖȮ 
 
ĮƖĔŅĶĻŉĔļŅ 2566 2567 2568 2569 2570 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 2 1 2 1 2 1 2 1 2 
ŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/'ȮȮ&ĳŅėĮĔĨŇ'           
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĶńĭ 1  1  3  3  3  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗĽŃĽĴŒĬľĸńĔĽŌĨĶ           
ĝńŘĬĮƖĪňŗȮ/ 1  1  3  3  3  
ĝńŘĬĮƖĪňŗȮ0   1  1  3  3  
 ĶĺĴ 1  4  6  /.  /.  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĽŜŅŏĶŖě
ĔŅĶĻŉĔļŅ 

   1  1  3  3 

ŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔ0'Ȯ&ĳŅėĮĔĨŇ'           
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĶńĭ 10  10  15  15  15  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗĽŃĽĴŒĬľĸńĔĽŌĨĶ           
ĝńŘĬĮƖĪňŗȮ/ 10  10  15  15  15  
ĝńŘĬĮƖĪňŗȮ0   10  10  15  15  
 ĶĺĴ 10  20  23  30  30  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĽŜŅŏĶŖě
ĔŅĶĻŉĔļŅ 

   10  10  15  15 

 

0,4ȮĚĭĮĶŃĴŅĦĨŅĴŐįĬȮ 
 1,ȮĶŅĵĚŅĬĕƟŀĴŌĸĚĭĮĶŃĴŅĦȮ3ȮĮƖȮĕŀĚėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮőħĵěŜŅŐĬĔ

ĶŅĵĸŃŏŀňĵħĨŅĴľńĺĕƟŀĔŅĶŏĽĬŀĨńŘĚĚĭĮĶŃĴŅĦĮƖȮ0344+0346  
 
ŐįĬĚŅĬ 

ĮƖĚĭĮĶŃĴŅĦ 
ĮƖ 2566 &ĮĶŃĴŅĦĔŅĶ' ĮƖ 2567 &ĮĶŃĴŅĦĔŅĶ' ĮƖ 2568 &ĮĶŃĴŅĦĔŅĶ' 
ĚĭĮĶŃĴŅĦ
ŐįƞĬħŇĬ 

ĚĭĮĶŃĴŅĦ
ŏĚŇĬĶŅĵœħƟ 

ĚĭĮĶŃĴŅĦ
ŐįƞĬħŇĬ 

ĚĭĮĶŃĴŅĦ
ŏĚŇĬĶŅĵœħƟ 

ĚĭĮĶŃĴŅĦ
ŐįƞĬħŇĬ 

ĚĭĮĶŃĴŅĦ
ŏĚŇĬĶŅĵœħƟ 

ĔŅĶŏĶňĵĬĔŅĶĽŀĬ 
474,017,400 70,804,600 436,036,100 

            
70,804,600  440,396,400 

            
70,804,600  

ĺŇěńĵ 2,180,500   0   0 0 
ĭĶŇĔŅĶĺŇĝŅĔŅĶŐĔƞĽńĚėĴ 

0 1,714,500 0 
              
1,628,800  0 

              
1,628,800  

ĔŅĶĪŜŅĬŋĭŜŅĶŋĚĻŅĽĬŅȮĻŇĸĮŃȮ
ĺńĥĬīĶĶĴŐĸŃĽŇŗĚŐĺħĸƟŀĴ 0 400,000 0 

                
360,000  0 

                
360,000  

ĽĬńĭĽĬŋĬĺŇĝŅĔŅĶ 
343,300 1,802,200 350,200 

              
1,712,100  357,200 

              
1,712,100  

ĭĶŇľŅĶĴľŅĺŇĪĵŅĸńĵ 
33,653,000 28,011,500 33,989,500 

            
24,650,100  34,329,400 

            
24,650,100  

ĶĺĴ 510,194,200 113,700,000 470,375,800 110,122,800 475,083,000 110,122,800 
ĶĺĴĪńŘĚĽŇŘĬ 623,894,200 580,498,600 585,205,800 
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2. ėƞŅīĶĶĴŏĬňĵĴĔŅĶĻŉĔļŅȮ&ĦĶľĥļĶłĒĻŊĦĴ'  

ŐĭĭȮȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ/' /..,000,00  ĭŅĪȮ&ĮƖĔŅĶĻŉĔļŅĸŃȮ3.,000 ĭŅĪ-ėĬ' 
ȮȮŐĭĭȮȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ0' /..,000,00  ĭŅĪȮ&ĮƖĔŅĶĻŉĔļŅĸŃȮ3.,000 ĭŅĪ-ėĬ' 
 

0,5ȮĶŃĭĭĔŅĶĻŉĔļŅ 
X ŐĭĭĝńŘĬŏĶňĵĬ 
Ä ŐĭĭĪŅĚœĔĸįƞŅĬĽŊŗŀĽŇŗĚıŇĴıƢŏĮƦĬľĸńĔ 
Ä ŐĭĭĪŅĚœĔĸįƞŅĬĽŊŗŀŐıĶƞĳŅıŐĸŃŏĽňĵĚŏĮƦĬĽŊŗŀľĸńĔ 
Ä ŐĭĭĪŅĚœĔĸĪŅĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢŏĮƦĬĽŊŗŀľĸńĔȮ&E+learning' 
Ä ŐĭĭĪŅĚœĔĸĪŅĚŀŇĬŏĨŀĶƢŏĬŖĨ 
Ä ŀŊŗĬŕȮ 
 

2,8 ĔŅĶŏĪňĵĭőŀĬľĬƞĺĵĔŇĨȮĶŅĵĺŇĝŅŐĸŃĔŅĶĸĚĪŃŏĭňĵĬŏĶňĵĬĕƟŅĴĴľŅĺŇĪĵŅĸńĵȮ 
/,ȮŏĮƦĬœĮĨŅĴĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮĺƞŅħƟĺĵĔŅĶĻŉĔļŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮı,Ļ,0337ȮȮȮ 
0,ȮŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŏĶŊŗŀĚȮŐĬĺĮĢŇĭńĨŇĔŅĶŏĮĸňŗĵĬ
ŐįĬĔŅĶĻŉĔļŅȮĔŅĶĵƟŅĵĽŅĕŅĺŇĝŅȮĔŅĶĶńĭőŀĬĬńĔĻŉĔļŅŐĸŃĔŅĶŏĪňĵĭőŀĬľĬƞĺĵĔŇĨĕŀĚ
ĬńĔĻŉĔļŅĭńĦĤŇĨĻŉĔļŅȮȮ 

 
1,ȮľĸńĔĽŌĨĶŐĸŃŀŅěŅĶĵƢįŌƟĽŀĬȮ 

3,1 ľĸńĔĽŌĨĶȮ 
 3,1,1 ěŜŅĬĺĬľĬƞĺĵĔŇĨȮ 

ȮȮȮȮȮȮȮȮ ľĸńĔĽŌĨĶȮŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/'ȮěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮȮȮȮȮȮȮȮȮȮȮȮȮȮ14Ȯ ľĬƞĺĵĔŇĨ 
  ľĸńĔĽŌĨĶȮŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔ0'ȮěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮœĴƞĬƟŀĵĔĺƞŅȮ14 ľĬƞĺĵĔŇĨ 
   

1,/,0ȮőėĶĚĽĶƟŅĚľĸńĔĽŌĨĶȮȮ 
 3,1,2,/ȮőėĶĚĽĶƟŅĚľĸńĔĽŌĨĶȮŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/'Ȯ 

 ȮȮȮȮȮȮȮȮ ěŜŅĬĺĬľĬƞĺĵĔŇĨȮĶĺĴĨĸŀħľĸńĔĽŌĨĶ   36 ľĬƞĺĵĔŇĨ 
  ȮȮȮȮȮȮȮȮȮȮĔ,ȮĮĶŇĠĠŅĬŇıĬīƢ     
      0.1797 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ    36  ľĬƞĺĵĔŇĨȮ 
 

 Ȯ    ĕ,ȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ 
1. ĬńĔĻŉĔļŅĨƟŀĚŏĕƟŅĶƞĺĴĽńĴĴĬŅȮĪŋĔėĶńŘĚĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅěĬĽŜŅŏĶŖěľĸńĔĽŌĨĶ 
2. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚ
ėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĳŅĵŒĬȮ0ȮĮƖĔŅĶĻŉĔļŅ 

3. įĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚĺŇĪĵŅĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚ
ĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀ
ŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier/ȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ
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/ȮŏĶŊŗŀĚȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶȮĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ2ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬ
ĶŃħńĭȮReadiness level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ3ȮĕŉŘĬœĮȮ 

4. ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇĪĵŅĬŇıĬīƢȮŀĵƞŅĚ
ĬƟŀĵȮ/ȮŏĶŊŗŀĚȮŒĬĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶŀĵƞŅĚĬƟŀĵĶŃħńĭĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮ 

5. ĨƟŀĚĶŅĵĚŅĬįĸĔŅĶĻŉĔļŅĨŅĴŐĭĭĶŅĵĚŅĬįĸĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵȮőħĵįƞŅĬėĺŅĴ
ŏľŖĬĝŀĭĕŀĚĮĶŃīŅĬĔĶĶĴĔŅĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅėĦŃŐĸŃĶĺĭĶĺĴĽƞĚĭńĦĤŇĨ
ĺŇĪĵŅĸńĵĪŋĔĳŅėĔŅĶĻŉĔļŅ 

 

  ȮȮȮȮȮȮȮȮȮȮė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
    ȮȮȮȮȮȮȮȮ1,ȮȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ ĳŅļŅĨƞŅĚĮĶŃŏĪĻ 

2,ȮȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮ  
Ȯ ĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬĔĶŃĭĺĬĺŇĝŅħńĚĬňŘȮŐĸŃœħƟĸŜŅħńĭĕńŘĬŏĮƦĬĪňŗıŀŒěȮ&S'Ȯ 
ȮȮȮȮ+Ȯ0.1533ȮȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀ

ŀŅĝňı 
 +Ȯ0.157/ȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ 
 +Ȯ0.1570ȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0ȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

Ȯ 
 3,1,2,0ȮőėĶĚĽĶƟŅĚľĸńĔĽŌĨĶȮŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔ0'Ȯ 

 ȮȮȮȮȮȮȮȮ ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮȮȮȮȮȮ  œĴƞĬƟŀĵĔĺƞŅȮȮȮȮȮȮ36ȮȮȮȮ ľĬƞĺĵĔŇĨ 
  Ĕ,ȮĔĶŃĭĺĬĺŇĝŅŏĶňĵĬ œĴƞĬƟŀĵĔĺƞŅȮȮȮȮȮ0/Ȯ ľĬƞĺĵĔŇĨ 
               1,ȮĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅ ȮȮœĴƞĬƟŀĵĔĺƞŅȮ 0/Ȯ   ľĬƞĺĵĔŇĨ 
  ȮȮȮ/,/ȮȮĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĺŇĝŅŏĜıŅŃȮ ȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ /3Ȯ   ľĬƞĺĵĔŇĨ 
   1,1,/ ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮȮȮ  Ȯ1Ȯ   ľĬƞĺĵĔŇĨ 
    203533ȮȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶ ȮȮȮ1  ľĬƞĺĵĔŇĨ 
     ŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 
    0.157/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ ȮȮȮȮȮȮȮ1 ľĬƞĺĵĔŇĨ 
   ȮȮȮȮȮȮȮȮȮȮȮȮȮ0.1572ȮȮȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2  1 ľĬƞĺĵĔŇĨ

  ȮȮȮȮ1,/,0ȮȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮ œĴƞĬƟŀĵĔĺƞŅȮ /0Ȯ ľĬƞĺĵĔŇĨȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
     őħĵŏĸŊŀĔěŅĔĔĶŃĭĺĬĺŇĝŅŏľĸƞŅĬňŘȮľĶŊŀȮěŅĔĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮ
ĽńĚĔńħĽŅĕŅĺŇĝŅŏėĴňȮ&203'ȮĪňŗŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢŒľƟėĺŅĴŏľŖĬĝŀĭȮȮ 
203701ȮȮȮ ŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸ ȮȮȮ 0  ľĬƞĺĵĔŇĨ 
203704  Ȯ ŏėĴňįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇ    2 ľĬƞĺĵĔŇĨ 
203705   ĔŅĶĺŇŏėĶŅŃľƢĽŅĶıķĔļŏėĴň ȮȮ 2  ľĬƞĺĵĔŇĨ 
203708ȮȮȮ ĔŅĶĽńĚŏėĶŅŃľƢĽŅĶŀŇĬĪĶňĵƢĕńŘĬĽŌĚ ȮȮ 3  ľĬƞĺĵĔŇĨ 
203709ȮȮȮ ĽŏĮĔőĪĶĽőĔĮƖĪŅĚŏėĴňŀŇĬĪĶňĵƢĕńŘĬĽŌĚ ȮȮȮ 3  ľĬƞĺĵĔŇĨ 
203713ȮȮȮ ĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚŀĬŇĬĪĶňĵƢ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203714ȮȮȮ ėĺŅĴĶŀĭĶŌƟĪŅĚŏėĴňŀĬŇĬĪĶňĵƢ  3 ľĬƞĺĵĔŇĨ 
203715ȮȮȮ ĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203717 ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĭĨŏĨŀĶňŗ 2 ľĬƞĺĵĔŇĨ 



14 

203718 ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚ 2 ľĬƞĺĵĔŇĨ 
203719ȮȮȮ ŏėĴňĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203721ȮȮȮ ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚŏėĴň Ȯ3 ľĬƞĺĵĔŇĨ 
203722ȮȮȮ ěĸĬıĸĻŅĽĨĶƢŏėĴň 3 ľĬƞĺĵĔŇĨ 
203723ȮȮȮ ŏėĴňœĲĲƚŅ ȮȮȮ 2 ľĬƞĺĵĔŇĨ 
0.1502 ŏėĴňĬŇĺŏėĸňĵĶƢŐĸŃŏėĴňĔńĴĴńĬĨĶńĚĽň 3 ľĬƞĺĵĔŇĨ 
203725ȮȮȮ ŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203732ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203734ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203735    ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸ ȮȮȮ 2 ľĬƞĺĵĔŇĨ 
0.1514ȮȮȮ ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 3 ľĬƞĺĵĔŇĨ
203737 œĭőŀŏĞĬŏĞŀĶƢ 2 ľĬƞĺĵĔŇĨ
0.1517ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 3 ľĬƞĺĵĔŇĨ
203741ȮȮȮ ıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢ 3 ľĬƞĺĵĔŇĨ 
203743    ŏŀĬœĞĴƢĺŇĪĵŅ 1  ľĬƞĺĵĔŇĨ 
203745ȮȮȮ ŏėĴňĕŀĚőĮĶĨňĬ 3 ľĬƞĺĵĔŇĨ 
0.1527ȮȮȮ ĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴň 4 ľĬƞĺĵĔŇĨ
203751ȮȮȮ ŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢ 3 ľĬƞĺĵĔŇĨ 
203752ȮȮȮ ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴň 3 ľĬƞĺĵĔŇĨ 

   203753 ȮȮȮȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň 2  ľĬƞĺĵĔŇĨȮ 
203754 ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň 2 ľĬƞĺĵĔŇĨ 
203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴň 1 ľĬƞĺĵĔŇĨ 
 įƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
203775ȮȮȮ ĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢ 3 ľĬƞĺĵĔŇĨ 
203776 ıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨ 3 ľĬƞĺĵĔŇĨ 
203777 ıŀĸŇŏĴŀĶƢŏĭĸĬħƢ 3 ľĬƞĺĵĔŇĨ 
203778 ĔŅĶŏĽŊŗŀĴĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟŏĽĩňĵĶ 3  ľĬƞĺĵĔŇĨ 
203803    ĽŏĨŀĶŇőŀŏėĴňŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŀĽĴĴŅĨĶ 2 ľĬƞĺĵĔŇĨ 
203804ȮȮ ŏėĴňĕŀĚĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔ 2 ľĬƞĺĵĔŇĨ 
203805    ŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬ ȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
203806    őĸľŃĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢĽńĚŏėĶŅŃľƢ ȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
0.16.5ȮȮȮȮŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸȮȮȮ 3 ľĬƞĺĵĔŇĨ 
0.16/2ȮȮȮ ŏėĴňőĸľŀŇĬĪĶňĵƢ 3 ľĬƞĺĵĔŇĨ 
0.16/3 őėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢ 2 ľĬƞĺĵĔŇĨ 
0.160/ȮȮȮȮȮŏėĴňėĺŀĬĨńĴȮȮ 3 ľĬƞĺĵĔŇĨ
0.1601 őėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸ 3 ľĬƞĺĵĔŇĨ 
203824ȮȮȮ įĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴň ȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203825    ĮĶŅĔĢĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢıŀĸŇŏĴŀĶƢ ȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203826   ȮŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇ ȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
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203827   ȮĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸ ȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
203828   ȮĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢ ȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203829   ȮĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭ ȮȮȮȮ3 ľĬƞĺĵĔŇĨ 

ȮȮȮȮȮȮȮȮȮȮȮ203831 ŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢȮȮȮ ȮȮ2 ȮȮȮȮȮȮľĬƞĺĵĔŇĨ 
 ĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢ  

203833   ȮĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚ ȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203838  ȮȮŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃ ȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
 ŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚ 
203841   ȮőĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴň ȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203842   ȮĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢ ȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203844  ȮȮĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔ ȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203869ȮȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň ȮȮȮȮ1 ľĬƞĺĵĔŇĨ 
203879   ȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň ȮȮȮȮ2 ľĬƞĺĵĔŇĨ 

 

1,2ȮĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮ&ĩƟŅĴň'ȮȮȮ ȮȮȮȮȮȮȮȮȮœĴƞŏĔŇĬȮȮ ȮȮȮ4ȮȮȮ ľĬƞĺĵĔŇĨ 
1,2,/ȮĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ  ȮȮœĴƞĴňȮ 
1,2,2 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮ&ĩƟŅĴň' ȮȮȮȮȮȮȮȮȮœĴƞŏĔŇĬ Ȯ4Ȯ ľĬƞĺĵĔŇĨȮ 

 ĬńĔĻŉĔļŅŀŅěŏĸŊŀĔŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃœħƟĨŅĴėĺŅĴŏľŖĬĝŀĭ
ĕŀĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢȮȮŐĸŃȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĪńŘĚĬňŘĬńĔĻŉĔļŅĽŅĴŅĶĩŒĝƟĔĶŃĭĺĬĺŇĝŅŒĬľĴĺħȮ/,/,0ȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ
ŒĬĽŅĕŅĺŇĝŅŏĜıŅŃĪħŐĪĬĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃœħƟ 

 2,ȮĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮȮȮ   
ĔĶĦňĪňŗĬńĔĻŉĔļŅĕŅħėĺŅĴĶŌƟıŊŘĬģŅĬĭŅĚĮĶŃĔŅĶĪňŗěŜŅŏĮƦĬĽŜŅľĶńĭĔŅĶĻŉĔļŅȮĬńĔĻŉĔļŅěŃĨƟŀĚ

ĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶ
ľĸńĔĽŌĨĶ 

ȮȮȮȮȮȮȮȮ ȮȮȮȮĕ,ȮĮĶŇĠĠŅĬŇıĬīƢ        
  ȮȮȮȮȮȮ 203799ȮȮȮĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ15   ľĬƞĺĵĔŇĨ 

 ȮȮȮȮė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 1,Ȯ ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ ĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
Ȯ     2,Ȯ ĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅ  œĴƞĴňȮ 
 

 Ě,ȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ 
/, ĬńĔĻŉĔļŅĨƟŀĚŏĽĬŀŐįĬĔŅĶĻŉĔļŅŐĽħĚĔĶŃĭĺĬĺŇĝŅĪňŗėĺĶěŃĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵȮŐĸŃ
įƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢȮĨƞŀėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĕŀĚĮƖĔŅĶĻŉĔļŅŐĶĔ 
0,ȮĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚ
ėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĳŅĵŒĬȮ0ȮĮƖĔŅĶĻŉĔļŅ 
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1,ȮȮįĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇĪĵŅĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞľĶŊŀŀĵƞŅĚ
ĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇĪňŗĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀ
ŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier/ȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮȮȮȮȮ/Ȯ
ŏĶŊŗŀĚȮľĶŊŀȮŏįĵŐıĶƞŏĮƦĬĭĪėĺŅĴĜĭńĭŏĨŖĴȮ&Full paper'ȮŒĬŏŀĔĽŅĶŏįĵŐıĶƞĔŅĶĮĶŃĝŋĴ
ĺŇĝŅĔŅĶȮ&Proceedings'ȮĶŃħńĭĬŅĬŅĝŅĨŇȮĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮȮőħĵĴňĬńĔĻŉĔļŅ
ŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶȮĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ2ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶ
ĮĶŃŏĴŇĬĶŃħńĭȮReadiness level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ3ȮĕŉŘĬœĮȮ 

 
 3,1,2,/ȮType 1Ȯ&Plan A Type A1'ȮȮȮȮȮȮ 
ȮȮȮȮDegree Requirements    ȮȮȮȮȮȮȮȮ  ȮȮȮȮȮȮȮȮȮ36    credits 
 A,Ȯ Thesis      
   203797 MasterŲs Thesis   36  credits 

ȮȮȮȮB,Ȯ Academic Activities 
1. A student has to attend seminar every semester throughout the program,Ȯ 
2. A student must present his-her masterŲs thesis proposal approved by the 

proposal committees and theȮGraduate Program Administrative Committee within 
2 academic years,Ȯ 

3. There must be at least one article relevant to a studentŲs thesis published or 
accepted for publication in anȮinternationalȮjournal with the student as the first 
author, or in a national journal listed in TCI Tier 1 database with the student as 
the first author,ȮAlternatively, an entire or a part of his-her thesis is granted either 
a patent filling number with an evaluation of the Readiness level &TRL-PRL-SRL'Ȯ
of 2, or classification as an innovation with the Readiness level &TRL-PRL-SRL'Ȯof 
3,Ȯ 

4. A student must present his-her work from his-her masterŲs thesis at least once in 
a well+acknowledged national conference,Ȯ 

5. A thesis progress report with an approval of the Graduate Program Administrative 
Committee must be submitted to the Graduate School every semester, 

 C,Ȯ Non+credit CoursesȮ 
  1,Ȯ Graduate School requirement 8 a foreign language 
  2,Ȯ Program requirement  
    The following courses must be enrolled and granted the SatisfactoryȮ&S'Ȯgrade,ȮȮȮ 

+Ȯ203533ȮProfessional Handling and Management of Chemical Hazards 
+Ȯ203791 Graduate Seminar in Chemistry 1 
+Ȯ203792ȮGraduate Seminar in Chemistry 2 
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 3,1,2,2  Type 2Ȯ&Plan A Type A2' 
ȮȮȮȮDegree RequirementsȮȮȮȮȮȮȮȮȮȮȮȮȮȮ a minimum of ȮȮ36 ȮȮcredits 
 A,Ȯ Coursework a minimum of 21 credits 
  1, Graduate Courses a minimum of 21 credits 
  ȮȮ1,1 Field of Specialization a minimum of 15 creditsȮȮ 
   1,1,/ȮRequired courses  3 credits 
    0.1533ȮȮProfessional Handling and Management of 1 credit 
     ȮȮȮȮChemical Hazards 
    203791  Graduate Seminar in Chemistry 1 1 credit   
    203792  Graduate Seminar in Chemistry 2 1 credit   
   Ȯ     
  ȮȮȮȮȮ1,/,2 Elective Courses a minimum of ȮȮ10 ȮȮȮcreditsȮ 

  ȮȮȮȮȮȮ Student can enroll the following courses or any otherȮgraduate coursesȮin 
chemistry &0.1'Ȯwith approval of his-her thesisȮadvisor, 

203701ȮȮȮCombinatorial Chemistry 0 credits 
203704  ȮNatural Products Chemistry 2 credits 
203705  ȮPhytochemical Analysis 2 credits 
203708   Advanced Organic Synthesis 3 credits 
203709ȮȮȮAdvanced Organic Spectroscopy 3 credits 
203713  ȮInorganic Reactions and Mechanisms 3 credits 
0.15/2   Comprehensive Inorganic Chemistry   1 credits 
203715ȮȮȮSpectroscopic Methods in Inorganic Chemistry 3 credits 
203717   Chemistry and Applications of Batteries 2 credits 
203718ȮȮȮChemistry and Applications of Photocatalysis 2  credits  
203719  ȮChemistry of Inorganic Materials 3 credits 
0.150/ȮȮȮChemical Thermodynamics 1 credits 
203722   Chemical Kinetics 3 credits 
203723  ȮElectrochemistry 2 credits 
203724   Nuclear and Radiochemistry 3 credits 
203725  ȮColloid and Surface Chemistry 3 credits 
203732   Electroanalysis 3 credits 
203734   Chemical Analysis by Chromatographic Methods 3 credits 
203735   Analysis of Foods and Nutraceuticals 2 credits 
0.1514   Essence in Analytical Chemistry 1 credits 
203737   Biosensors 2  credits 
0.1517  Advanced Chemical Analysis 1 credits 
203741  ȮPlant Biochemistry and Applications 3 credits 
0.1521   Enzymology 1 credits 
203745   Protein Chemistry 3 credits 
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0.1527   Research Methods in Biochemistry 2 credits 
203751  ȮComputational Chemistry 3 credits 
203752   Electronics of Analytical Instruments for Chemistry 3 credits 
203753   Critical ReadingȮand Writing, and Communication  2  credits 
 ȮȮȮȮȮȮȮin ChemistryȮ 
203754   Statistics and Computer Programs for 2 credits 
ȮȮȮȮȮȮȮȮȮȮȮȮȮChemical Research  
0.1534   Hard and Soft Skills for Chemists Through 1  Ȯcredit 
             Teaching Assistantship in Chemistry Laboratory  
203775   Polymer Characterization and Properties 3 credits 
203776   Polymer Composites 3 credits 
203777   Polymer Blends 3 credits 
203778   Polymer Degradation and Stabilisation 3 credits 
203803   Stereochemistry and Asymmetric Synthesis 2 credits 
203804   Chemistry of Heterocyclic Compounds 2 credits 
203805   Green Chemistry and Sustainability 2 credits 
203806   Organotransition Metals in Organic Synthesis 2 credits 
0.16.5   Physical Organic Chemistry 1 credits 
203814   Organometallic Chemistry 3 credits 
203815   Coordination Polymers and Metal Organic  2 credits  
 ȮFrameworks 
0.160/   Quantum Chemistry 1 credits 
203823   Molecular StructuresȮand Interactions 1 credits 
203824   Chemical Crystallography 3 credits 
203825   Molecular Phenomena in Polymer Science 3 credits 
203826   Statistical Thermodynamics 2 credits 
203827   Molecular Spectroscopy 2 credits 
203828   Polymer Synthesis and Characterization 3 credits 
203829   Polymer Properties and Testing 3 credits 
0.161/   Introductory Chemometrics for Scientific 2     credits 
             Data Analysis  
0.1611   Advanced Analytical Spectroscopy 3 credits 
0.1616   Analytical Techniques for Surface and Structural 2 credits 
             Characterization  
203841   Biochemical Aspects of Nutrition 3 credits 
203842   Biochemistry of Membranes 3 credits 
203844   Biochemistry of Nucleic Acids 3 credits 
203869ȮȮȮSelected Topics in Chemistry 1 credits 
203879   Selected Topics in Chemistry 2 credits 
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  1,2 Other courses &if any' ȮȮȮa maximum of         Ȯ6    credits 
   1,2,1 Required courses ȮȮȮȮȮȮnone 
   1,2,2 Elective courses &if any' ȮȮȮa maximum of         Ȯ6    credits 

The student may enroll other graduate courses&s' with approval of his-her thesis 
advisor and the Graduate Program Administrative Committee,ȮElective courses in 
field of specialization listed in /,1,2Ȯmay also be counted in this category,  
0,ȮAdvanced Undergraduate Courses    

In case the student lacks some basic knowledge which is necessary for 
education, the student must enroll some advanced undergraduate courses&s'Ȯ
under the recommendation of program administrative committee 

ȮȮȮ B, Thesis    
   203799ȮȮMasterŲs Thesis  ȮȮ15 Ȯcredits  

 C,Ȯ Non+credit Courses 
 1,Ȯ Graduate School requirement8 +Ȯa foreign languageȮ+ 
 2,Ȯ Program requirementȮ  + none 
 

 D,Ȯ Academic Activities 
1. A student has to submit his-her study plan with approval of his-her thesisȮadvisor 

to the Graduate Program Administrative Committee within the first semester of the 
program enrollment, 

2. A students must present his-her masterŲs thesis proposal approved by the 
proposal committees and the Graduate Program Administrative Committee within 2 
academic years,Ȯ 

3. There must be at least one article relevant to a studentŲs thesis published or 
accepted for publication either in anȮinternationalȮjournal with the student as the 
first author,Ȯor in a national journal listed in TCI Tier 1 database with the student 
as the first author,Ȯor in a well+acknowledged international conference proceeding 
&as a full paper'Ȯwith the student as the first author,ȮAlternatively, an entire or a 
part of his-her thesis is granted either a patent filling number with an evaluation 
of the Readiness level &TRL-PRL-SRL'Ȯof 4, or classification as an innovation with 
the Readiness level &TRL-PRL-SRL'Ȯof 5,Ȯ 
 

3,1,1ȮĔĶŃĭĺĬĺŇĝŅȮ 

&/'ȮľĴĺħĺŇĝŅĭńĚėńĭŒĬĽŅĕŅĺŇĝŅŏĜıŅŃȮ&ĽŜŅľĶńĭŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ0''Ȯ   
           ľĬƞĺĵĔŇĨ 
0.1533ȮȮȮȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňıȮ /&/+.+0' 
  Professional Handling and Management of Chemical Hazards 
0.157/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/      /&/+.+0' 
  &Graduate Seminar in Chemistry /' 
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0.1570 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0     /&/+.+0' 
  &Graduate Seminar in Chemistry 0' 

 ȮȮȮȮȮ 
&0'ȮľĴĺħĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ 
ȮȮȮȮȮ ŏĸŊŀĔŏĶňĵĬĔĶŃĭĺĬĺŇĝŅȮŒĬĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚĪňŗŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢŒľƟėĺŅĴŏľŖĬĝŀĭ 

203701ȮȮȮ ŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸ  2&2+0+4' 
 ȮȮȮ &Combinatorial Chemistry' 
203704  Ȯ ŏėĴňįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇ      2&2+0+4' 

 &Natural Products Chemistry'   
203705   ĔŅĶĺŇŏėĶŅŃľƢĽŅĶıķĔļŏėĴň  2&2+0+4' 
 ȮȮ &Phytochemical Analysis' 
203708ȮȮȮ ĔŅĶĽńĚŏėĶŅŃľƢĽŅĶŀŇĬĪĶňĵƢĕńŘĬĽŌĚ 3&3+0+6' 
  &Advanced Organic Synthesis' ȮȮ  
203709ȮȮȮ ĽŏĮĔőĪĶĽőĔĮƖĪŅĚŏėĴňŀŇĬĪĶňĵƢĕńŘĬĽŌĚ  3&3+0+6' 
  &Advanced Organic Spectroscopy' ȮȮȮ  
203713ȮȮȮ ĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚŀĬŇĬĪĶňĵƢ  3&3+0+6' 
  &Inorganic Reactions and Mechanisms' ȮȮȮ  
203714ȮȮȮ ėĺŅĴĶŀĭĶŌƟĪŅĚŏėĴňŀĬŇĬĪĶňĵƢ 3&3+0+6' 
  &Comprehensive Inorganic Chemistry'   
203715ȮȮȮ ĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢ  3&3+0+6' 
  &Spectroscopic Methods in Inorganic Chemistry' ȮȮȮ  
203717 ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĭĨŏĨŀĶňŗ 2&2+0+4'  
  &Chemistry and Applications of Batteries'  
203718 ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚ 2&2+0+4' 

 &Chemistry and Applications of Photocatalysis'ȮȮȮ 
203719ȮȮȮ ŏėĴňĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢ  3&3+0+6'  
  &Chemistry of Inorganic Materials' ȮȮȮ  
203721ȮȮȮ ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚŏėĴň 3&3+0+6' 
  &Chemical Thermodynamics' Ȯ 
203722ȮȮȮ ěĸĬıĸĻŅĽĨĶƢŏėĴň 3&3+0+6' 
  &Chemical Kinetics' ȮȮȮ 
203723ȮȮȮ ŏėĴňœĲĲƚŅ  2&2+0+4' 
  &Electrochemistry' 
203724 ŏėĴňĬŇĺŏėĸňĵĶƢŐĸŃŏėĴňĔńĴĴńĬĨĶńĚĽň     3&3+0+6' 
ȮȮȮȮȮȮȮȮȮȮȮȮ &Nuclear and Radiochemistry'  
203725ȮȮȮ ŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺ 3&3+0+6' 
  &Colloid and Surface Chemistry' ȮȮȮ 
203732ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅ 3&2+3+4' 
  &Electroanalysis' ȮȮȮ 
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203734ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖ 3&2+3+4' 
  &Chemical Analysis by Chromatographic Methods' ȮȮȮ 
203735    ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸ 2&2+0+4' 
  &Analysis of Foods and Nutraceuticals' ȮȮȮ 
0.1514ȮȮȮ ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢ 3&3+0+6'  
  &Essence in Analytical Chemistry'ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  
0.1515 œĭőŀŏĞĬŏĞŀĶƢ 2&2+0+4'  
  &Biosensors'  
0.1517ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚ 3&3+0+6' 
  &Advanced Chemical Analysis'ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  
0.152/ȮȮȮ ıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢ 3&3+0+6'  
  &Plant Biochemistry and Applications' 
0.1521ȮȮȮ ŏŀĬœĞĴƢĺŇĪĵŅ 3&3+0+6' 
  &Enzymology'  
0.1523ȮȮȮ ŏėĴňĕŀĚőĮĶĨňĬ 3&3+0+6' 
  &Protein Chemistry'  
0.1527ȮȮȮ ĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴň 4&2+6+4' 
  &Research Methods in Biochemistry'  
203751ȮȮȮ ŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢ 3&2+3+4' 

  &Computational Chemistry'  
203752ȮȮȮ ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴň 3&2+3+4' 
  &Electronics of Analytical Instruments for Chemistry'  
203753 ȮȮ ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň  2&2+0+4'  

  &Critical Reading and Writing, and Communication   
  in Chemistry'Ȯ 
203754 ȮȮȮȮ ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň 2&2+0+4'  

    &Statistics and Computer Programs for Chemical Research' 
203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴň 1&0+2+1' 
  įƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
  &Hard and Soft Skills for Chemists Through Teaching  
  Assistantship in ChemistryȮLaboratory' 
203775ȮȮȮ ĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢ 3&3+0+6'  
  &Polymer Characterization and Properties'  
203776 ıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨ 3&3+0+6' 
  &Polymer Composites'  
203777 ıŀĸŇŏĴŀĶƢŏĭĸĬħƢ 3&3+0+6' 
  &Polymer Blends'  
203778 ĔŅĶŏĽŊŗŀĴĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟŏĽĩňĵĶ 3&3+0+6' 
  &Polymer Degradation and Stabilisation'  
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203803    ĽŏĨŀĶŇőŀŏėĴňŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŀĽĴĴŅĨĶ 2&2+0+4'  
  &Stereochemistry and Asymmetric Synthesis'  
203804ȮȮ ŏėĴňĕŀĚĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔ 2&2+0+4' 
  &Chemistry of Heterocyclic Compounds'  
203805    ŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬ 2&2+0+4' 
  &Green Chemistry and Sustainability'  
203806    őĸľŃĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢĽńĚŏėĶŅŃľƢ 2&2+0+4' 
  &Organotransition Metals in Organic Synthesis' ȮȮȮ 
0.16.5ȮȮȮ ŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸ 3&3+0+6' 
  &Physical Organic Chemistry'ȮȮȮ  
0.16/2ȮȮȮ ŏėĴňőĸľŀŇĬĪĶňĵƢ 3&3+0+6' 
  &Organometallic Chemistry'  
0.16/3 őėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮ 2&2+0+4'  
  &Coordination Polymers and Metal Organic Frameworks' 
0.160/ȮȮȮ ŏėĴňėĺŀĬĨńĴ 3&3+0+6'  
  &Quantum Chemistry'ȮȮ  
0.1601 őėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸ 3&3+0+6' 
  &Molecular StructuresȮand Interactions'  
203824ȮȮȮ įĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴň 3&3+0+6' 
  &Chemical Crystallography' ȮȮȮ 
203825    ĮĶŅĔġĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢıŀĸŇŏĴŀĶƢ 3&3+0+6' ȮȮȮ 
  &Molecular Phenomena in Polymer Science' 
203826   Ȯ ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇ 2&2+0+4'  
  &Statistical Thermodynamics' ȮȮȮ 
203827   Ȯ ĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸ 2&2+0+4' 
  &Molecular Spectroscopy' ȮȮȮ 
203828   Ȯ ĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃ 3&3+0+6'  
  ĕŀĚıŀĸŇŏĴŀĶƢ 
  &Polymer Synthesis and Characterization' 
203829   Ȯ ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭ 3&3+0+6' 
  &Polymer Properties and Testing' ȮȮȮ 

ȮȮȮȮȮȮȮȮȮȮȮ203831 ŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 2&2+0+4'ȮȮȮ  
  &Introductory Chemometrics for ScientificȮData Analysis'  

203833   Ȯ ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚ 3&3+0+6' 
  &Advanced Analytical Spectroscopy' ȮȮȮ 
203838  ȮȮ ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃ 2&2+0+4' ȮȮȮ 
  ŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚ 
  &Analytical Techniques for Surface and Structural  
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮ Characterization'  
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203841   Ȯ őĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴň  3&3+0+6' 
 ȮȮȮ &Biochemical Aspects of Nutrition'Ȯ 
203842   Ȯ ĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢ  3&3+0+6' ȮȮȮ 
  &Biochemistry of Membranes'Ȯ 
203844  ȮȮ ĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔ 3&3+0+6' 
  &Biochemistry of Nucleic Acids'ȮȮȮ 
203869ȮȮȮȮ ľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň 1&1+0+2' 
  &Selected Topics in Chemistry' ȮȮȮ 
203879   Ȯ ľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň  2&2+0+4'  
  &Selected Topics in Chemistry'  

 
&1'ȮľĴĺħĺŇĝŅŏĸŊŀĔĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃ 

   ŀŅěŏĸŊŀĔŏĶňĵĬĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĺŇĪĵŅĬŇıĬīƢȮĪňŗŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅŒľƟėĺŅĴŏľŖĬĝŀĭȮ 

 

&2'ȮľĴĺħĮĶŇĠĠŅĬŇıĬīƢ 
203797  ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ     36 ľĬƞĺĵĔŇĨ 
   &MasterŲs Thesis' 
203799  ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ     15 ľĬƞĺĵĔŇĨ 
   &MasterŲsȮThesis' 

 

&3'ȮľĴĺħĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴȮ&ŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/'' 
 203755ȮȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı /&/+.+0' 
  ȮȮ&Professional Handling and Management of Chemical Hazards' 
 203791 ȮȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/     1&1+0+2' 

 &Graduate Seminar in Chemistry 1' 
 203792 ȮȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 2     1&1+0+2' 

Ȯ &Graduate Seminar in Chemistry 2' 
 

ľĴŅĵŏľĨŋȮȮĶľńĽĔĶŃĭĺĬĺŇĝŅĪňŗŒĝƟĔŜŅľĬħŏĮƦĬĨńĺŏĸĕȮ4ȮȮľĸńĔȮȮħńĚĨƞŀœĮĬňŘ 
 /, ŏĸĕȮ1ȮĨńĺŐĶĔȮȮȮŐĽħĚĩŉĚȮȮėĦŃȮŐĸŃĳŅėĺŇĝŅ-ĽŅĕŅĺŇĝŅĪňŗĔĶŃĭĺĬĺŇĝŅĬńŘĬĽńĚĔńħ 
 0, ŏĸĕľĸńĔĶƟŀĵ ȮŐĽħĚĩŉĚȮȮĔĶŃĭĺĬĺŇĝŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅ 
 1, ŏĸĕľĸńĔĽŇĭȮȮȮȮȮŐĽħĚĩŉĚȮȮȮľĴĺħľĴŌƞŒĬĽŅĕŅĺŇĝŅ 

ŏĸĕȮ0ȮėŊŀȮŐĕĬĚŏėĴňŀŇĬĪĶňĵƢ 
ŏĸĕȮ1ȮėŊŀȮŐĕĬĚŏėĴňŀĬŇĬĪĶňĵƢ 
ŏĸĕȮ2ȮėŊŀȮŐĕĬĚŏėĴňŏĝŇĚĲƕĽŇĔĽƢ 
ŏĸĕȮ3ȮėŊŀȮŐĕĬĚŏėĴňĺŇŏėĶŅŃľƢ 
ŏĸĕȮ5ȮėŊŀȮĔĶŃĭĺĬĺŇĝŅĔĸŅĚ 
ŏĸĕȮ9ȮėŊŀȮĔĶŃĭĺĬĺŇĝŅĽńĴĴĬŅŐĸŃĮĶŇĠĠŅĬŇıĬīƢ 

 2, ŏĸĕľĸńĔľĬƞĺĵȮȮŐĽħĚĩŉĚȮȮŀĬŋĔĶĴĕŀĚľĴĺħľĴŌƞĕŀĚĺŇĝŅ 
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1,/,2ȮŐĽħĚŐįĬĔŅĶĻŉĔļŅȮ 
1,/,2,/ȮŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/' 

ȮȮȮȮȮȮȮȮĮƖĪňŗ 1 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

0.1533 ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵ
ěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 
Professional Handling and Management 
of Chemical Hazards 

+ 203797 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 
MasterŲs Thesis 

12 

 ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
Pass foreign language examination 
requirement 

+ 203791 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ 
Graduate Seminar in Chemistry 1 

+ 

 ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend Graduate Seminar in Chemistry 

+  ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ 
Present thesis proposal 

+ 

 ĶĺĴ +  ĶĺĴ 12 
 

ȮȮȮȮȮȮȮȮĮƖĪňŗ 2 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

203575 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 
MasterŲs Thesis 

12 203797 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 
MasterŲs Thesis 

12 

203792 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0 
Graduate Seminar in Chemistry 2 

+  ĽŀĭĮĶŇĠĠŅĬŇıĬīƢ 
Thesis defense 

+ 

    ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend Graduate Seminar in 
Chemistry 

+ 

 ĶĺĴ 12  ĶĺĴ 12 

ĶĺĴľĬƞĺĵĔŇĨĨĸŀħľĸńĔĽŌĨĶ 36  ľĬƞĺĵĔŇĨ 
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1,/,2,0ȮȮŐĭĭȮ0ȮȮ&ŐįĬȮĔȮŐĭĭȮĔ2' 

        ĮƖĪňŗ 1 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

0.1533 ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵ
ěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 
Professional Handling and Management 
of Chemical Hazards 

1  ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔĽŅĕŅĺŇĝŅ
ŏĜıŅŃȮ 
Elective Courses 
 

12 

 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃ 
Elective Courses 

6  ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ 
Present thesis proposal 

+ 

 ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
Pass foreign language examination 
requirement 

+    

 ŏĽĬŀŐįĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĺŇĝŅ 
Present study plan 

+    

 ĶĺĴ 7  ĶĺĴ 12 
 

ȮȮȮȮȮȮȮȮĮƖĪňŗ 2 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

0.1577 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 
MasterŲs Thesis 

6 0.1577 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 
MasterŲs Thesis 

5 

203791 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1 
Graduate Seminar in Chemistry 1 

1 203792 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0 
Graduate Seminar in Chemistry 2 

/ 

    ĽŀĭĮĶŇĠĠŅĬŇıĬīƢ 
Thesis defense 

 

 ĶĺĴ 7  ĶĺĴ 8 

ĶĺĴľĬƞĺĵĔŇĨĨĸŀħľĸńĔĽŌĨĶœĴƞĬƟŀĵĔĺƞŅ 36  ľĬƞĺĵĔŇĨ 
 
1,/,3ȮėŜŅŀīŇĭŅĵĸńĔļĦŃĔĶŃĭĺĬĺŇĝŅȮ&ĪńŘĚĳŅļŅœĪĵŐĸŃĳŅļŅŀńĚĔķļ' 

  ĶŃĭŋœĺƟŒĬĳŅėįĬĺĔȮ 
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3,0ȮĝŊŗŀȮĨŜŅŐľĬƞĚŐĸŃėŋĦĺŋĥŇĕŀĚŀŅěŅĶĵƢȮ 
3,0,1 ŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶ-ȮŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶȮ-ȮŀŅěŅĶĵƢįŌƟĽŀĬ 

Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚ
ĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖ
ĸƞŅĽŋħ'Ȯ 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

/ ĶĻ,ħĶ,ŀĳŇĬĳńĽȮ 
ĶŋěŇĺńĨĶƢ( 

D,ȮPhil,Ȯ&Chemistry', Oxford University,ȮUK, 2001 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2538 

4 
 

4,53 4 4,53 53Ȯ&/5' 

0 ĶĻ,ħĶ,ĮƕĵĶńĨĬƢȮ 
ĬŇĴĴŅĬıŇĳńĔħŇś( 

ĮĶ,ħ,Ȯ&ĲƕĽŇĔĽƢŏĝŇĚŏėĴň', ĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 2546 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 

5,3 4,53 5,3 4,53 65Ȯ&00' 

1 ĶĻ,ħĶ,ĸŃŀŀĚĬĺĸȮ 
ĻĶňĽĴĭńĨŇ( 

Ph,D,Ȯ&Chemistry',ȮUniversity of Houston,ȮUSA, 2008 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2545 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 

/3 2,3 /3 2,3 22Ȯ&3' 

2 ĶĻ,ħĶ,ĔĶīńĝȮ 
ŀŋƞĬĬńĬĔŅĻ 
 

Ph,D,Ȯ&Chemistry',ȮUniversity of Wollongong, Australia, 
2010 
ĺĪ,Ĵ,Ȯ&ŏėĴňĲƕĽŇĔńĸ',ȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 2547 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2543 

/4,3 . /4,3 .,3 34Ȯ&04' 

3 ĶĻ,ħĶ,ĔƟŀĚŏĔňĵĶĨŇȮ 
œĨĶĽŋĺĶĶĦ 

ĮĶ,ħ,Ȯ&ŏėĴňŀŇĬĪĶňĵƢ', ĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ, 2553 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ, 2549 

0.,03 . 0.,03 .,3 1/Ȯ&3' 

4 įĻ,ħĶ,ĔŅĠěĬŅȮ 
ħŜŅĶŇľƢ 
 

Dr,Ȯrer,nat,Ȯ&Bioorganic Chemistry', Martin+Luther 
University Halle+Wittenberg, Germany, 2008 
ĺĪ,Ĵ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅı',ȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 2544 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2541 

/5,/ 4,.1 /5,/ 4,.1 /.Ȯ&1' 

5 įĻ,ħĶ,ĔŋĸĳŅȮ
ĝĬŃĺĶĶőĦ 
 

Ph,D,Ȯ&Chemistry', The University of Akron, USA,Ȯ0./4 
ĺĪ,Ĵ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ, 0353 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ, 0350 

01,47 . 01,47 .,3 32Ȯ&2' 

6 Ļ,ŏĔňĵĶĨŇėŋĦȮħĶ,ŏĔĨŋȮ 
ĔĶŋħıńĬīƢ 

Ph,D,Ȯ&Analytical Chemistry',ȮLiverpool John Moores 
University, UK, 1981 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2517 

+ 0,68 + 0,5 /77Ȯ&10' 

7 ĶĻ,ħĶ,ŏĔňĵĶĨŇėŋĦȮ 
ĴŃőĬŏėĶŊŗŀĚ 
 

Ph,D,Ȯ&Materials Science and Engineering', The 
Pennsylvania State University, USA, 2010 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2545 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2543 

/3 2,3 /3 2,3 7Ȯ&1' 

/. įĻ,ħĶ,ėĦŅĶńģȮ 
ĦȮĸŜŅĮŅĚ 
 

Ph,D,Ȯ&Chemistry', University of Leeds, UK, 2005 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2541 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2538 

/4,,3 7 /4,,3 7 //Ȯ&1' 

// ĶĻ,ħĶ,ěĶŌĠȮěńĔĶƢĴŋĦň 
 

ĺĪ,ħ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2540 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ, 2533 

2,3 02,53 2,3 02,53 177Ȯ&41' 

/0 įĻ,ħĶ,ěŇħŅĳŅȮ 
ĪŇĬƟŀĵ 
 

ĺĪ,ħ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅı', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2548 
ĺĪ,Ĵ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅı', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2543 
ĺĪ,ĭ,Ȯ&ĝňĺŏėĴňŐĸŃĝňĺŏėĴňŏĪėőĬőĸĵň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 
2540 

/4,54 . /4,54 .,3 7Ȯ&7' 
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Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚ
ĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖ
ĸƞŅĽŋħ'Ȯ 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

/1 įĻ,ħĶ,ĝĬŇħŅȮ
ıĺĚıŇĸŅ 
 

ĺĪ,ħ,Ȯ&ŏėĴňĺŇŏėĶŅŃľƢ', 
ěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵ, 2555 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ, 2549 

/6 4,53 /6 4,53 /.Ȯ&1' 

/2 ŀ,ħĶ,ĝĬŇĽĶȮ 
ŏľĚƟŅěŜŅĮŅ 
 

Ph,D,Ȯ&Pharmacy', 
The University of Nottingham, UK, 2014 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2551 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2550 

/0 //,03 /0 //,03 11Ȯ&1' 

/3 ĶĻ,ħĶ,ĝŜŅĬŅĠȮ
ĶŅĠġĶ 
 

Ph,D,Ȯ&Chemistry', University of St Andrews, UK, 2010 
ĺĪ,Ĵ,Ȯ&ŀĬŇĬĪĶňĵƢŏėĴň', ĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ, 2543 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ, 2539 

/2,03 . /2,03 .,3 20Ȯ&/5' 

/4 ĶĻ,ħĶ,ģĮĬňĵƢȮ 
ĽŅĶėĶĻĶň 
 

Ph,D,Ȯ&Material Science and Engineering', Michigan 
Technological University, USA, 2002 
M,S,Ȯ&Metallurgical Engineering'ȮMichigan 
Technological University, USA,Ȯ/777Ȯ  
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ, 2535 

7 4,53 7 4,53 5.Ȯ&0/' 

/5 įĻ,ħĶ,ĦĮĳŅȮ 
ıĶľĴĽĺĶĶėƢ 
 

Ph,D,Ȯ&Organic Chemistry', University of Bristol, UK, 2009 
ĺĪ,Ĵ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2545 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 

02,53 . 02,53 .,3 /1Ȯ&5' 

/6 įĻ,ħĶ,ĪŇĬĔĶȮ 
ĔńĬĵŅĬň 
 

ĮĶ,ħ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2551 
ĺĪ,Ĵ,Ȯ&ŏėĴňĺŇŏėĶŅŃľƢŐĸŃŀĬŇĬĪĶňĵƢŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 
2543 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2539 

00,3 . 00,3 .,3 /1Ȯ&7' 
 

/7 ĶĻ,ħĶ,īńĠĺħňȮ 
ĸŇŘĴīĶŅĔŋĸ 
 

Ph,D,Ȯ&Organic Chemistry',ȮUniversity of Wollongong, 
Australia, 2010 
ĺĪ,Ĵ,Ȯ&ŏėĴňŀŇĬĪĶňĵƢ',ȮĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ, 2545 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ, 2542 

03,52 . 03,52 .,3 34Ȯ&6' 

0. įĻ,ħĶ,ĬıĔŅĠěĬƢȮ 
ěńĬĪĶƢŏħĝ 
 

Ph,D,Ȯ&Engineering',ȮRitsumeikan University, Japan, 
2003 
ĺĪ,Ĵ,Ȯ&ĝňĺĺŇĪĵŅ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 
ĺĪ,ĭ,Ȯ&ěŋĸĝňĺĺŇĪĵŅ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2540 

/7,54 . /7,54 .,3 7Ȯ&6' 

0/ įĻ,ħĶ,ĬĶŇĬĪĶƢȮ 
ĸŅĺńĸĵƢ 
 

Ph,D,Ȯ&Chemistry',ȮUniversity of Bristol,ȮUK, 2010 
ĺĪ,Ĵ,Ȯ&ŏėĴňĲƕĽŇĔńĸ',ȮĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ, 2547 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ, 2544 

0/,53 . 0/,53 .,3 0.Ȯ&/1' 
 

00 ŀ,ħĶ,ĬńĪīĺńĥĬƢȮ 
ŏĽĴŅĔŌĸ 
 

Ph,D,Ȯ&Chemistry', Colorado State University, USA,Ȯ
2017 
M,S,Ȯ&Chemistry', Colorado State University, USA, 2015  
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2553 

5,3 . 5,3 .,3 /2Ȯ&/1' 

01 ĶĻ,ħĶ,ĬńĪīňȮȮĽŋĶňĵƢ 
 

Ph,D,Ȯ&Biochemistry and Molecular Biology', University 
of California, USA, 2009 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 

/5,03 0,03 /5,03 0,03 00Ȯ&5' 
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ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚ
ĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖ
ĸƞŅĽŋħ'Ȯ 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

02 ĶĻ,ħĶ,ĬŅĺňȮĔńĚĺŅĸĵƢ 
 

Ph,D,Ȯ&Physical Chemistry',ȮUniversity of Utah, USA, 
2007 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ, 2543 

/4,3 00,3 16,5 22,5 /44Ȯ&24' 

03 ĶĻ,ħĶ,ĭŌĶĳńĪĶƢȮ 
ŀŇĬĪĶňĵƢĽńĚĺĶ 
 

Ph,D,Ȯ&Chemistry and Chemical Engineering',ȮQueenŲs 
University of Belfast, UK, 2009 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2548 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2547 

/.,3 //,03 /.,3 //,03 43Ȯ&07' 

04 įĻ,ħĶ,ĮĶŃıŋĪīƢȮ 
ĩŅĺĶĵŋĨŇĔŅĶĨƢ 
 

Ph,D,Ȯ&Inorganic Chemistry', University of Missouri, 
USA, 2010 
ĺĪ,Ĵ,Ȯ&ŀĬŇĬĪĶňĵƢŏėĴň', ěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵ, 2547 
ĺĪ,ĭ,Ȯ&ŏėĴň', ěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵ, 2541 

0/,.7 0,03 0/,.7 0,03 //Ȯ&6' 

05 įĻ,ħĶ,ĮŃĶŅĸň 
ŐĺƞĬŐĔƟĺ 
 

ĺĪ,ħ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2550 
ĺĪ,Ĵ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2547 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2545 

/7,3 2,3 /7,3 2,3 /6Ȯ&8' 

06 įĻ,ħĶ,ĮƤĠĝŇĔŅȮ 
ĮĶńĚŏĕňĵĺ 
 

Ph,D,Ȯ&Biomedical Engineering',ȮUniversity of Michigan, 
USA, 2011 
M,S,Ȯ&Biomedical Engineering', University of Michigan, 
USA, 2006 
B,S,E,Ȯ&Biomedical Engineering'Ȯ&Minor8Chemistry', 
Duke University, USA, 2005 

/7,3 2,3 /7,3 2,3 /4Ȯ&2' 

07 įĻ,ħĶ,ıńĝĦň 
ŐĽĚĪŀĚ 
 

Ph,D,Ȯ&Biomolecular Science',ȮThe University of 
Manchester, UK, 2007 
ĺĪ,Ĵ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅı', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2544 
ĺĪ,ĭ,Ȯ&ĶńĚĽňŏĪėĬŇė', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2540 

/.,3 7 /.,3 7 00Ȯ&/1' 

1. įĻ,ħĶ,ıŇĝĠŅȮ 
ĴńĚĔĶŀńĻĺĔŋĸȮ 
 

ĺĪ,ħ,Ȯ&ĺŇĪĵŅĻŅĽĨĶƢĽŇŗĚŐĺħĸƟŀĴ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2547 
ĺĪ,Ĵ,Ȯ&ĺŇĪĵŅĻŅĽĨĶƢĽŇŗĚŐĺħĸƟŀĴ', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2544 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 

05,53 0,03 05,53 0,03 11Ȯ&/6' 

1/ ĶĻ,ħĶ,ıŋĥŇĬńĬĪƢȮ 
ĴňŏįƞŅıńĬīƢ 

ĮĶ,ħ,Ȯ&ŀŇĬĪĶňĵƢŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 2544 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 2538 

/3,4 2,3 /3,4 2,3 85Ȯ&31' 

10 ĶĻ,ħĶ,ĳńĪĶƢĬķĬ 
ĺĶěŇĨĨŇıĸ 
 

Ph,D,Ȯ&Nanoscience and Nanotechnology', University 
of Surrey, UK, 2011 
ĺĪ,Ĵ,Ȯ&ĺńĽħŋĻŅĽĨĶƢ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ,Ȯ2549 
ĺĪ,ĭ,Ȯ&ĲƕĽŇĔĽƢ',ȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ,Ȯ2547 

7,53 7 7,53 7 /7Ȯ&2' 

11 įĻ,ħĶ,ĳŌĴĬȮĽŋĕĺĚĻƢ 
 

Ph,D,Ȯ&Agricultural Science', Tohoku University, Japan, 
2009  
M,Agr,Sc,Ȯ&Bioscience and Biotechnology for Future 
Bioindustries', Tohoku University, Japan, 2006 
ĺĪ,ĭ,Ȯ&ĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňĔŅĶŀŅľŅĶ', 
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2546 
 

/1,3 /3,53 /1,3 /3,53 16Ȯ&/.' 
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ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚ
ĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖ
ĸƞŅĽŋħ'Ȯ 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

32 ŀ,ħĶ,ĳŌĴŇĻĶƢȮ 
ĪńĭĪŇĴŐħĚ 
 

ĺĪ,ħ,Ȯ&ĔŅĶěńħĔŅĶĽŇŗĚŐĺħĸƟŀĴ', ěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵ, 
0336Ȯ 
ĺĪ,Ĵ,Ȯ&ĔŅĶěńħĔŅĶĽŇŗĚŐĺħĸƟŀĴ',ȮěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵ, 
0330 
ĺĪ,ĭ,Ȯ&ĺŇĪĵŅĻŅĽĨĶƢĪńŗĺœĮ',ȮěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵ, 033. 

/7,22 0,03 /7,22 0,03 /1Ȯ&8' 

33 ĶĻ,ħĶ,ĴŋĔħŅȮ 
ĳńĪĶŅĺĶŅıńĬīƢ 
 

Ph,D,Ȯ&Chemistry',ȮTexas A&M University,ȮUSA, 2002  
M,S,Ȯ&Analytical Chemistry', Birkbeck College, UK, 1996 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2537 

00,3 0,03 00,3 0,03 70Ȯ&11' 

34 įĻ,ħĶ,ĶŋƟĚĸŅĺńĸĵƢȮ 
ĽĴĽŋĬńĬĪƢ 
 

Ph,D,Ȯ&Materials Engineering and Materials Design', The 
University of Nottingham, UK, 2009 
ĺĪ,Ĵ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ,Ȯ2544 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2539 

/1,3 2,3 /1,3 2,3 /6Ȯ&/0' 

35 ĶĻ,ħĶ,ĸĸŇħŅȮŐĝĚėƢ 
 

Ph,D,Ȯ&Biochemistry',ȮKansas State University, USA, 2002 
M,S,Ȯ&Biochemistry', Kansas State University, USA, 1998 

B,A,Ȯ&Biochemistry',ȮHood College,ȮUSA, 1995 

2,3 4,.1 2,3 4,.1 0/Ȯ&2' 
 
 

36 ĶĻ,ħĶ,ĺĚĻƢȮıŃőėħň 
 

ĺĪ,ħ,Ȯ&ŏėĴňŀŇĬĪĶňĵƢ',ȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 033. 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĻĶňĬėĶŇĬĪĶĺŇőĶĥ, 2540 

/1,3 //,03 /1,3 //,03 44Ȯ&9' 

37 įĻ,ħĶ,ĺĶŀĬĚėƢȮ 
ĸňŘĺńĥĬŅįŅĽŋĕ 
 

Ph,D,Ȯ&Microbiology',ȮUniversity of Kent,ȮUK, 2010 
ĺĪ,Ĵ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅı',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2546 
ĺĪ,ĭ,Ȯ&ŏĪėĬŇėĔŅĶŐıĪĵƢ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 

/0,53 2,3 /0,53 2,3 9 &1' 

40 įĻ,ħĶ,ĺƞŅĬȮĺŇĶŇĵŅ 
 

ĺĪ,ħ,Ȯ&ĺŇĪĵŅĻŅĽĨĶƢĽŇŗĚŐĺħĸƟŀĴ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2557 
ĺĪ,Ĵ,Ȯ&ĺŇĪĵŅĻŅĽĨĶƢĽŇŗĚŐĺħĸƟŀĴ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2551 
ĺĪ,ĭ,Ȯ&ĝňĺŏėĴňŐĸŃĝňĺŏėĴňŏĪėőĬőĸĵň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 
2546 

05,4 . 05,4 .,3 /4Ȯ&5' 

41 ĶĻ,ħĶ,ĺŇĬŇĨŅȮ 
ĭŋĦőĵħĴ 
 

Ph,D,Ȯ&Physical Chemistry',ȮUniversity of Leeds,ȮUK, 2000 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2537 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2533 

1,. 2,3 1,. 2,3 67Ȯ&11' 

20 įĻ,ħĶ,ĻĶńĠıĚĻƢȮ 
ĵŇŘĴĔĸńŗĬ 
 

Ph,D,Ȯ&Chemistry', The University of Liverpool, UK, 
2016 
ĺĪ,Ĵ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2553 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2550 

04,24 4,53 04,24 4,53 /4Ȯ&//' 

41 ĶĻ,ħĶ,ĻŇĸŅȮȮ 
ĔŇĨĨŇĺńĝĬŃ 
 

Ph,D,Ȯ&Chemistry',ȮUniversity of Bristol,ȮUK, 2010 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2549 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2547 

/4,3 4,53 /4,3 4,53 22Ȯ&0.' 

42 įĻ,ħĶ,ĽĴĝńĵȮ 
ĸŅĳŀĬńĬĨƢĬıėŋĦ 
 

ĺĪ,ħ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2544 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2538 
ĔĻ,ĭ,Ȯ&ĺŇĪĵŅĻŅĽĨĶƢŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĻĶňĬėĶŇĬĪĶĺŇőĶĥ, 2533 

0/ . 0/ .,3 17Ȯ&4' 

43 ĶĻ,ħĶ,ĽĴıĶȮ
ěńĬĪĶŃ 
 

Dr,Ȯrer,Ȯnat,Ȯ&Biogeography', Trier University, Germany, 2000 
ĺĪ,Ĵ,Ȯ&ĔŅĶĮĶŃŏĴŇĬėĺŅĴŏĽňŗĵĚĽŇŗĚŐĺħĸƟŀĴŒĬĶŃĭĭĬŇŏĺĻŏĕĨ
ĶƟŀĬ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2537 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2535 

/2,/7 0,03 /2,/7 0,03 80Ȯ&0/' 
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ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚ
ĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖ
ĸƞŅĽŋħ'Ȯ 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

44 įĻ,ħĶ,ĽĶıĚļƢȮ 
ěńĬĪĶƢľŀĴ 
 

ĺĪ,ħ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2548 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 0322 
ĺĪ,ĭ,Ȯ&ŏėĴňŀŋĨĽŅľĔĶĶĴ', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 

/6,53 2,3 /6,53 2,3 /0Ȯ&1' 

45 ĶĻ,ħĶ,ĽŋĔńĠĠŅȮ 
ĴľŅīňĶŅĬĬĪƢȮ 
 

Ph,D,Ȯ&Organic Chemistry',ȮUniversity of Wales College 
of Cardiff, UK, 2001 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2529 

4,44 . 4,44 .,3 37Ȯ&/0' 

46 ĶĻ,ħĶ,ĽŋĶŇĬĪĶƢȮ 
ĽŅĵĮƤĠĠŅ 
 

Ph,D,Ȯ&Physical Chemistry',ȮCardiff University, UK, 2008 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2523 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2520 

/0,53 2,3 /0,53 2,3 2/Ȯ&/2' 

47 ĶĻ,ħĶ,ĽŋĸŅĺńĸĵƢȮ 
ĕŅĺįƞŀĚ 
 

ĮĶ,ħ,Ȯ&ĺńĽħŋĻŅĽĨĶƢ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2552 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2548 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2543 

/5,03 7 /5,03 7 32Ȯ&00' 

3. ĶĻ,ħĶ,ŐĽĚĶĺňȮ 
ĻĶňĺŇĝńĵ 
 

ĮĶ,ħ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2551 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2548 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2546 

/3 7 /3 7 1.Ȯ&2' 

3/ įĻ,ħĶ,ŀĳŇĬńĬĪƢ 
ĔńĬŏĮƖĵĚŒě 
 

ĺĪ,ħ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅı', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2557 
ĺĪ,Ĵ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅı', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2551 
ĺĪ,ĭ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅıĪŅĚŀŋĨĽŅľĔĶĶĴŏĔļĨĶ', 
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2549 

/0,04 6,57 /0,04 6,57 1/Ȯ&/1' 

30 įĻ,ħĶ,ŀĶŋĦĜŅĵȮ 
ĽŅĵŀƟŅĵ 
 

Dr,Ȯrer,Ȯnat,Ȯ&Organic Chemistry', University of 
Cologne, Germany, 2012 
ĺĪ,Ĵ,Ȯ&ŏėĴňŀŇĬĪĶňĵƢ',ȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 0324 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 0322 

0.,27 . 0.,27 .,3 /2Ȯ&4' 

31 įĻ,ħĶ,ĺŇĴĸȮ 
ĬŅėĽŅĪŅ 

ĺĪ,ħ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2535 

/4,3 . /4,3 .,3 /2Ȯ&0' 

32 ĶĻ,ħĶ,ľĪńĵĝĬĔȮ 
ŏĬňĵĴĪĶńıĵƢ 
 

Ph,D,Ȯ&Biochemistry',ȮUniversity of Illinois at Urbana+
Champaign,ȮUSA, 1995 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2534 

/2,42 /,6 /2,42 /,6 02Ȯ&0' 

33 įĻ,ħĶ,ŀĳŇĺńĥĬƢȮ 
īňĶĺŋĥŇĔŋĸĶńĔļƢ 
 

Ph,D,Ȯ&Organic Chemistry', University of Manchester, 
UK, 1996 
M,Sc,Ȯ&Organic Chemistry', University of Manchester, 
UK, 1993 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2534 

04,/ . 04,/ .,3 /5Ȯ&/' 

ľĴŅĵŏľĨŋȮȮ /,ȮŀŅěŅĶĵƢĸŜŅħńĭĪňŗȮ1+3(ȮľĴŅĵĩŉĚȮŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2,ȮŀŅěŅĶĵƢĸŜŅħńĭĪňŗȮ/+30ȮėŊŀȮŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶ 

1,ȮŀŅěŅĶĵƢĸŜŅħńĭĪňŗȮ31+33ȮȮėŊŀȮŀŅěŅĶĵƢįŌƟĽŀĬ 
  

3,2,2ȮŀŅěŅĶĵƢıŇŏĻļȮ 
  œĴƞĴň 
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4,ȮŀĚėƢĮĶŃĔŀĭŏĔňŗĵĺĔńĭĮĶŃĽĭĔŅĶĦƢĳŅėĽĬŅĴ 
  œĴƞĴň 
 

3,ȮĕƟŀĔŜŅľĬħŏĔňŗĵĺĔńĭĔŅĶĪŜŅőėĶĚĚŅĬľĶŊŀĚŅĬĺŇěńĵȮȮ 
5,1 ėŜŅŀīŇĭŅĵőħĵĵƞŀȮ 
 ĚŅĬĺŇěńĵĶŃħńĭĴľŅĭńĦĤŇĨŒĬĽŅĕŅĺŇĝŅŏėĴňȮŏĮƦĬĚŅĬĺŇěńĵŏĨŖĴŏĺĸŅĨŅĴĪňŗĔŜŅľĬħŒĬľĬƞĺĵĔŇĨĕŀĚ

ĔĶŃĭĺĬĺŇĝŅĺŇĪĵŅĬŇıĬīƢȮľńĺĕƟŀĺŇĪĵŅĬŇıĬīƢĨƟŀĚŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĻŉĔļŅĺŇěńĵĪŅĚŏėĴňȮĞŉŗĚŀŅěĭŌĶĦŅĔŅĶĔńĭ
ĻŅĽĨĶƢŀŊŗĬȮŕȮĪňŗŏĔňŗĵĺĕƟŀĚȮŏıŊŗŀŒľƟŏĔŇħŀĚėƢėĺŅĴĶŌƟŒľĴƞĪŅĚħƟŅĬŏėĴňȮĞŉŗĚŀŅěĭŌĶĦŅĔŅĶĶƞĺĴĔńĭĻŅĽĨĶƢŀŊŗĬŕȮȮȮȮȮȮěĬ
ŏĔŇħŏĮƦĬįĸĚŅĬĺŇěńĵĪňŗŏĮƦĬĪňŗĵŀĴĶńĭȮĪńŘĚĬňŘĨƟŀĚŏĮƦĬœĮĨŅĴĶŃŏĭňĵĭĺŇīňĺŇěńĵĪňŗĩŌĔĨƟŀĚŏľĴŅŃĽĴȮĳŅĵŒĨƟĔŅĶħŌŐĸ
ĕŀĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢȮőħĵĺŇĪĵŅĬŇıĬīƢěŃĨƟŀĚŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴĽŅĴŅĶĩĕŀĚĬńĔĻŉĔļŅŒĬĔŅĶ
ŒĝƟĔĶŃĭĺĬĔŅĶėŇħĺŇŏėĶŅŃľƢŏıŊŗŀĔŅĶĺŇěńĵŒĬľńĺĕƟŀĮĶŇĠĠŅĬŇıĬīƢœħƟŀĵƞŅĚĩŌĔĨƟŀĚȮŏľĴŅŃĽĴȮȮ 

 

3,0ȮĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟȮ 
 ĬńĔĻŉĔļŅĽŅĴŅĶĩ 

- ĺŇŏėĶŅŃľƢŀĚėƢėĺŅĴĶŌƟĪňŗĴňŀĵŌƞľĶŊŀįĸĚŅĬĪňŗĴňĔŅĶĶŅĵĚŅĬĴŅĔƞŀĬȮŏıŊŗŀŒĝƟĨƞŀĵŀħŒĬĔŅĶ
ħŜŅŏĬŇĬĔŅĶĺŇěńĵĨŅĴľńĺĕƟŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮ 

- ĮĶŃĵŋĔĨƢȮĭŌĶĦŅĔŅĶȮėĺŅĴĶŌƟŐĸŃĪńĔļŃĪŅĚŏėĴňŏıŊŗŀĮĶŃŏĴŇĬŐĸŃŐĔƟœĕĮƤĠľŅŒĬĔŅĶĺŇěńĵ 
ěĬĬŜŅœĮĽŌƞĔŅĶĽĶƟŅĚįĸĚŅĬĺŇěńĵĪňŗŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇœħƟȮ 

- ŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŐĺħĸƟŀĴ 
- ĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶŌƟŐĸŃĪńĔļŃĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻœħƟŀĵƞŅĚŏľĴŅŃĽĴŒĬĔŅĶĽŊĭėƟĬĔŅĶ
ĺŇŏėĶŅŃľƢĕƟŀĴŌĸŐĸŃĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵŒĬĶŌĮŐĭĭĨƞŅĚŕȮ 

- ŒĝƟĪńĔļŃĪŅĚĽńĚėĴŐĸŃĔŅĶĽŊŗŀĽŅĶĨŅĴĽĩŅĬĔŅĶĦƢĨƞŅĚŕȮœħƟŀĵƞŅĚŏľĴŅŃĽĴŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶ
ŏĶňĵĬĶŌƟŐĸŃĔŅĶĺŇěńĵȮ 

- ŐĽħĚŀŀĔĩŉĚĔŅĶĴňěĶĶĵŅĭĶĶĦŒĬĔŅĶĪŜŅĚŅĬĺŇěńĵŐĸŃėĺŅĴŏĮƦĬıĸŏĴŊŀĚőĸĔȮȮ 
 

3,1ȮĝƞĺĚŏĺĸŅȮ 
ŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ/'ȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ2ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ1Ȯ+ȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ0ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ2 

- ĬńĔĻŉĔļŅėĺĶįƞŅĬĔŅĶĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ1 ĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ2ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ1 

 
ŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ0'ȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ2ȮůȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ0ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ2 

- ĬńĔĻŉĔļŅėĺĶįƞŅĬĔŅĶĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ1 ĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅĨƟŀĚŏĽĬŀŐįĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĺŇĝŅĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ1ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ2 ĮƖĔŅĶĻŉĔļŅĪňŗȮ1 

   

5,4 ěŜŅĬĺĬľĬƞĺĵĔŇĨȮ 
 ŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ/'Ȯ  14ȮľĬƞĺĵĔŇĨ 
 ŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ0'Ȯ  /3ȮľĬƞĺĵĒŅĦ 
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3,3ȮĔŅĶŏĨĶňĵĴĔŅĶȮ 
- ĔŜŅľĬħŒľƟĴňĶŃĭĭŒĬĔŅĶŐĨƞĚĨńŘĚŀŅěŅĶĵĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢȮėĦŃĔĶĶĴĔŅĶĨƞŅĚŕȮŏĔňŗĵĺĔńĭĔŅĶ
ĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮĪńŘĚĬňŘľńĺĕƟŀŐĸŃőėĶĚĶƞŅĚĕŀĚĬńĔĻŉĔļŅŐĨƞĸŃėĬȮěŃĨƟŀĚœħƟĶńĭėĺŅĴ
ŏľŖĬĝŀĭěŅĔėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮĮĶŃěŜŅĽŅĕŅĺŇĝŅŏėĴňȮĔƞŀĬŏĽĬŀ
ŒľƟėĦŃĔĶĶĴĔŅĶĭńĦĤŇĨĻŉĔļŅȮĮĶŃěŜŅėĦŃĺŇĪĵŅĻŅĽĨĶƢȮıŇěŅĶĦŅŒľƟėĺŅĴŏľŖĬĝŀĭ 

- ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīěńħŏĺĸŅŒľĬńĔĻŉĔļŅŏĕƟŅıĭŏıŊŗŀŒľƟėŜŅĮĶŉĔļŅȮŐĸŃŐĬŃĬŜŅĔŅĶ
ĪŜŅĚŅĬĺŇěńĵĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅȮěĬĽŜŅŏĶŖěŏĮƦĬĶŌĮŏĸƞĴĪňŗĽĴĭŌĶĦƢȮĨŅĴĕƟŀĔŜŅľĬħĕŀĚĭńĦĤŇĨ
ĺŇĪĵŅĸńĵȮĪńŘĚĬňŘĬńĔĻŉĔļŅĨƟŀĚĽƞĚĶŌĮŏĸƞĴĺŇĪĵŅĬŇıĬīƢħńĚĔĸƞŅĺŏĽĬŀįƞŅĬĳŅėĺŇĝŅŏėĴňȮŏıŊŗŀŏĽĬŀĝŊŗŀ
ĔĶĶĴĔŅĶĽŀĭĺŇĪĵŅĬŇıĬīƢȮŒľƟėĦŃĺŇĪĵŅĻŅĽĨĶƢȮŐĨƞĚĨńŘĚȮőħĵĔĶĶĴĔŅĶĽŀĭĺŇĪĵŅĬŇıĬīƢĨƟŀĚ
ŏĮƦĬœĮĨŅĴĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞĺƞŅħƟĺĵĔŅĶĻŉĔļŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅ 
 

3,4ȮĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬįĸ 
- ĶŅĵĚŅĬėĺŅĴĔƟŅĺľĬƟŅŒĬĔŅĶĪŜŅĺŇěńĵĨŅĴŐĭĭĶŅĵĚŅĬįĸĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵĞŉŗĚĨƟŀĚŏĽĬŀĪŋĔĳŅė
ĔŅĶĻŉĔļŅȮ&ĽŜŅľĶńĭŐĭĭȮ1 &ŐįĬȮĔȮŐĭĭȮĔ/'' 

- ĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵŒĬĔĶŃĭĺĬĺŇĝŅĽńĴĴĬŅĞŉŗĚěńħŏĮƦĬĳŅļŅŀńĚĔķļȮ 
- ĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇĪĵŅĬŇıĬīƢȮŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚȮŒĬĔŅĶ
ĮĶŃĝŋĴĺŇĝŅĔŅĶŀĵƞŅĚĬƟŀĵĶŃħńĭĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮ&ĽŜŅľĶńĭŐĭĭȮ1 &ŐįĬȮĔȮŐĭĭȮĔ/'' 

- ĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇȮőħĵĴň
ĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier/ȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀ
ŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶȮĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ2ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ3ȮĕŉŘĬœĮȮȮ&ĽŜŅľĶńĭŐĭĭȮ1 &ŐįĬȮĔȮŐĭĭȮĔ/''ȮȮ 

- ĔŅĶŏįĵŐıĶƞľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇȮőħĵĴň
ĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier/ȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀ
ŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮŏįĵŐıĶƞŏĮƦĬĭĪėĺŅĴĜĭńĭŏĨŖĴȮ&Full paper'ȮŒĬŏŀĔĽŅĶŏįĵŐıĶƞĔŅĶĮĶŃĝŋĴ
ĺŇĝŅĔŅĶȮ&Proceedings'ȮĶŃħńĭĬŅĬŅĝŅĨŇȮĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ
/ȮŏĶŊŗŀĚȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶȮĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level 
&TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ2ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ3ȮĕŉŘĬœĮȮ&ĽŜŅľĶńĭŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔȮ0'' 

- ĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ 
- ĔŅĶĽŀĭĮĔĮƚŀĚĺŇĪĵŅĬŇıĬīƢ 
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 ľĴĺħĪňŗȮ4,ȮįĸĔŅĶŏĶňĵĬĶŌƟŐĸŃĔĸĵŋĪīƢĔŅĶĽŀĬŐĸŃĔŅĶĮĶŃŏĴŇĬįĸ 
 
 

1. ĔŅĶıńĥĬŅėŋĦĸńĔļĦŃıŇŏĻļĕŀĚĬńĔĻŉĔļŅȮ 

ėŋĦĸńĔļĦŃıŇŏĻļ ĔĸĵŋĪīƢĔŅĶĽŀĬŐĸŃĔŇěĔĶĶĴĬńĔĻŉĔļŅ 
1,ȮĪńĔļŃĔŅĶŒĝƟĳŅļŅŀńĚĔķļ 1. ĔŜŅľĬħŒĝƟĳŅļŅŀńĚĔķļŒĬĔŅĶĽńĴĴĬŅȮŐĸŃĽƞĚŏĽĶŇĴ

ŒľƟĴňĔŅĶěńħĪŜŅĺŇĪĵŅĬŇıĬīƢŏĮƦĬĳŅļŅŀńĚĔķļ 
2. ĽƞĚŏĽĶŇĴŒľƟĴňĔŅĶŒĝƟĳŅļŅŀńĚĔķļĶƞĺĴŒĬĔŅĶŏĶňĵĬĔŅĶ
ĽŀĬȮŏĝƞĬĶŅĵĺŇĝŅȮ203753 ŐĸŃȮ203754 ĞŉŗĚěńħĔŅĶ
ŏĶňĵĬĔŅĶĽŀĬŏĮƦĬĳŅļŅŀńĚĔķļ 

3. ěńħĽńĴĴĬŅ-ĭĶĶĵŅĵıŇŏĻļőħĵŀŅěŅĶĵƢĝŅĺ
ĨƞŅĚĮĶŃŏĪĻŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

2,ȮĪńĔļŃĔŅĶėŇħĺŇŏėĶŅŃľƢȮĔŅĶŐĔƟĮƤĠľŅȮ 1. ĽƞĚŏĽĶŇĴŒľƟŏĔŇħĔŅĶİƗĔİĬĔŅĶŒĝƟĔĶŃĭĺĬĔŅĶėŇħ
ĺŇŏėĶŅŃľƢŒĬĔĶŃĭĺĬĺŇĝŅŏĶňĵĬŐĸŃĺŇĪĵŅĬŇıĬīƢ 

3,ȮĔŅĶĴňėŋĦīĶĶĴȮěĶŇĵīĶĶĴŒĬĺŇĝŅĝňıȮĶńĭįŇħĝŀĭĨƞŀ
ĨĬŏŀĚȮĺŇĝŅĝňıȮĽńĚėĴȮŐĸŃĽŇŗĚŐĺħĸƟŀĴ 

1. ĴňĔĶŃĭĺĬĺŇĝŅȮ0.1531ȮŏıŊŗŀİƗĔŒľƟĬńĔĻŉĔļŅœħƟĴň
ėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěŒĬŏĶŊŗŀĚěĶĶĵŅĭĶĶĦĕŀĚ
ĺŇĝŅĝňıȮ 

2. ĴňĺŇĝŅȮ0.1533ȮŏıŊŗŀİƗĔŒľƟĬńĔĻŉĔļŅĴňėĺŅĴĶŌƟȮėĺŅĴ
ŏĕƟŅŒěŐĸŃĽŅĴŅĶĩěńħĔŅĶĽŅĶŏėĴňŐĸŃĔŅĶĺŇěńĵœħƟ
ŀĵƞŅĚĮĸŀħĳńĵŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĺŇěńĵ 

2,ȮĪńĔļŃĔŅĶĪŜŅĚŅĬĶƞĺĴĔńĭįŌƟŀŊŗĬȮ /,ȮĽƞĚŏĽĶŇĴŒľƟĬńĔĻŉĔļŅœħƟĪŜŅĚŅĬĶƞĺĴĔńĭįŌƟŀŊŗĬŒĬĔĸŋƞĴĺŇěńĵȮ
ĶĺĴĪńŘĚĔŅĶĮĢŇĽńĴıńĬīƢĔńĭŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢ 
0,ȮĽƞĚŏĽĶŇĴŒľƟĬńĔĻŉĔļŅœħƟİƗĔĨŇħĨƞŀȮĮĶŃĽŅĬĚŅĬĔńĭįŌƟŀŊŗĬ
œĴƞĺƞŅěŃŏĮƦĬȮŏěƟŅľĬƟŅĪňŗīŋĶĔŅĶȮŏěƟŅľĬƟŅĪňŗįŌƟħŌŐĸ
ŏėĶŊŗŀĚĴŊŀĪńŘĚŒĬĽĩŅĬĭńĬŏħňĵĺĔńĬŐĸŃĨƞŅĚĽĩŅĭńĬȮ
ĶĺĴĩŉĚȮėĦŅěŅĶĵƢȮȮ 
1,ȮĴňĔĶŃĭĺĬĺŇĝŅȮ0.1534Ȯ&ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦ
ĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶ
ŏėĴň'ȮŏıŊŗŀŏĮƕħőŀĔŅĽŒľƟĬńĔĻŉĔļŅİƗĔĪńĔļŃŒĬĔŅĶŏĮƦĬ
įŌƟĬŜŅŒĬĝńŘĬŏĶňĵĬȮŐĸŃĔŅĶĪŜŅĚŅĬŏĮƦĬĪňĴĶƞĺĴĔńĭ
ėĦŅěŅĶĵƢįŌƟħŌŐĸĔĶŃĭĺĬĺŇĝŅȮįŌƟĝƞĺĵĽŀĬĮĢŇĭńĨŇĔŅĶ
ėĬŀŊŗĬŕȮȮŐĸŃŏěƟŅľĬƟŅĪňŗĮĶŃěŜŅľƟŀĚĮĢŇĭńĨŇĔŅĶȮįƞŅĬ
ĽĩŅĬĔŅĶĦƢěĶŇĚŒĬģŅĬŃįŌƟĝƞĺĵĽŀĬĺŇĝŅĮĢŇĭńĨŇĔŅĶ 

3,ȮĴňĪńĻĬŃėĨŇĪňŗħňĨƞŀĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨ ěńħŒľƟĬńĔĻŉĔļŅœħƟİƗĔĪńĔļŃĔŅĶŏĶňĵĬĶŌƟȮĔŅĶėƟĬėĺƟŅȮ
įƞŅĬĔĶŃĭĺĬĺŇĝŅĨƞŅĚŕȮŐĸŃĺŇĪĵŅĬŇıĬīƢȮ 
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2,ȮĔŅĶıńĥĬŅįĸĔŅĶŏĶňĵĬĶŌƟŒĬŐĨƞĸŃħƟŅĬȮȮ 
 

įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟ ĔĸĵŋĪīƢĔŅĶĽŀĬ ĔĸĵŋĪīƢĔŅĶĮĶŃŏĴŇĬ 
PLO 18ȮŀīŇĭŅĵȮŒĝƟėĺŅĴĶŌƟĪŅĚ
ŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚœħƟ
ŀĵƞŅĚŏľĴŅŃĽĴ 

ŒĝƟĔŇěĔĶĶĴĔŅĶĽŀĬľĸŅĔľĸŅĵĶŌĮŐĭĭȮ
įƞŅĬĔĶŃĭĺĬĺŇĝŅĨƞŅĚŕȮőħĵĽŀĬĪńŘĚ
ĳŅėĪķļġňȮŐĸŃĵĔĨńĺŀĵƞŅĚĔĶĦňĻŉĔļŅ
ěŅĔįĸĔŅĶĺŇěńĵĪňŗįƞŅĬĴŅȮŐĸƟĺŒľƟ
ĬńĔĻŉĔļŅœħƟĸŀĚİƗĔĮĢŇĭńĨŇŏŀĚįƞŅĬĔŅĶĪŜŅ
őěĪĵƢȮĶŅĵĚŅĬȮĔŅĶėƟĬėĺƟŅěŅĔįĸĺŇěńĵĪňŗ
ĴňĔŅĶĶŅĵĚŅĬĴŅȮȮŐĸŃĵńĚĽƞĚŏĽĶŇĴŒľƟĴň
ĔŅĶŀĳŇĮĶŅĵĔĸŋƞĴȮĔŅĶĬŜŅŏĽĬŀįĸĚŅĬ
ľĬƟŅľƟŀĚľĶŊŀŒĬĪňŗĮĶŃĝŋĴȮŏıŊŗŀ
ŐĸĔŏĮĸňŗĵĬėĺŅĴėŇħŏľŖĬ 

ĮĶŃŏĴŇĬľĸŅĔľĸŅĵĶŌĮŐĭĭĨŅĴ
ėĺŅĴŏľĴŅŃĽĴĕŀĚŐĨƞĸŃĶŅĵĺŇĝŅȮ
ŏĝƞĬȮĔŅĶĽŀĭĔĸŅĚĳŅė-ĮĸŅĵ
ĳŅė-įĸĚŅĬěŅĔĚŅĬĪňŗœħƟĶńĭ
ĴŀĭľĴŅĵ-ĶŅĵĚŅĬ-ĔŅĶĨŀĭĕƟŀ
ĞńĔĩŅĴŐĸŃĔŅĶŀĳŇĮĶŅĵŒĬ
ĶŅĵĺŇĝŅĨƞŅĚŕȮŐĸŃĶŅĵĺŇĝŅĽńĴĴĬŅȮ
ĶĺĴĩŉĚĔŅĶĮĶŃŏĴŇĬœħƟěŅĔįĸĔŅĶ
ĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ 

PLO 08ȮĮĶŃĵŋĔĨƢȮĭŌĶĦŅĔŅĶȮ
ėĺŅĴĶŌƟŐĸŃĪńĔļŃŏėĴňȮŏıŊŗŀĔŅĶ
ĮĶŃŏĴŇĬŐĸŃŐĔƟœĕĮƤĠľŅŒĬ
ĔŅĶĺŇěńĵœħƟ 

ȮŒĝƟĔŅĶĽŀĬŐĭĭĭŌĶĦŅĔŅĶįƞŅĬĔĶŃĭĺĬ
ĺŇĝŅĨƞŅĚŕȮőħĵĴňĔŅĶŏĝŊŗŀĴőĵĚĭĪŏĶňĵĬŒĬ
ĳŅėĪķļġňŐĸŃĳŅėĮĢŇĭńĨŇȮĔŅĶİƗĔĔŅĶ
ĺŇŏėĶŅŃľƢįĸŐĸŃĕƟŀĴŌĸĪňŗœħƟěŅĔŏėĶŊŗŀĚĴŊŀ
ĨƞŅĚŕȮĽƞĚŏĽĶŇĴŒľƟĴňĔŅĶŀĳŇĮĶŅĵĔĸŋƞĴȮĔŅĶ
ĬŜŅŏĽĬŀįĸĚŅĬľĬƟŅľƟŀĚľĶŊŀŒĬĪňŗĮĶŃĝŋĴȮ
ŏıŊŗŀŐĸĔŏĮĸňŗĵĬėĺŅĴėŇħŏľŖĬŐĸŃĨńŘĚ
ĮĶŃŏħŖĬĨƞŅĚŏıŊŗŀŀīŇĭŅĵĪńŘĚįĸĸńıīƢŐĸŃ
ĮƤĠľŅĪňŗŏĔŇħĕŉŘĬĕŀĚĔĶĦňĻŉĔļŅőħĵ
ŀƟŅĚŀŇĚěŅĔėĺŅĴĶŌƟĳŅėĪķļġňȮ 
ĬŀĔěŅĔĬňŘŒĬĶŅĵĺŇĝŅĺŇĪĵŅĬŇıĬīƢȮ
ĬńĔĻŉĔļŅěŃœħƟİƗĔİĬıńĥĬŅĔŅĶŏĶňĵĬĶŌƟŒĬ
ĔŅĶĮĶŃĵŋĔĨƢŐĸŃĭĶŌĦŅĔŅĶėĺŅĴĶŌƟŐĸŃ
ĪńĔļŃĪŅĚŏėĴňȮŏĝƞĬȮĔŅĶĨńŘĚőěĪĵƢĺŇěńĵȮ
ĔŅĶĺŅĚŐįĬĔŅĶĺŇěńĵȮĔŅĶŐĔƟĮƤĠľŅŐĸŃ
ĔŅĶĮĶńĭŐįĬĔŅĶĺŇěńĵŏıŊŗŀŐĔƟĮƤĠľŅŒĬ
ĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵȮ 

ȮĮĶŃŏĴŇĬěŅĔįĸĔŅĶĽŀĭőėĶĚĶƞŅĚ
ĺŇĪĵŅĬŇıĬīƢȮŐĸŃĔŅĶĽŀĭĮĔĮƚŀĚ
ĺŇĪĵŅĬŇıĬīƢ 

PLO 18ȮŐĽħĚĩŉĚėĺŅĴ
ĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢ
ĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮ
ŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŐĺħĸƟŀĴ 

 

ĴňĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŏĶŊŗŀĚ
ĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮ
ŏĪėőĬőĸĵňȮįƞŅĬĶŅĵĺŇĝŅĽńĴĴĬŅȮŐĸŃ
ĺŇĪĵŅĬŇıĬīƢȮŐĸŃĵńĚĴňĔŅĶĽŀĬĺŇĝŅŏĶŊŗŀĚ
ĽŇŗĚŐĺħĸƟŀĴįƞŅĬĺŇĝŅĭńĚėńĭȮȮ0.1533Ȯ
&ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶ
ŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı'ȮĞŉŗĚ
ŏĮƦĬĺŇĝŅĪňŗŏĔňŗĵĺĕƟŀĚĔŅĶėĺŅĴĮĸŀħĳńĵ
ŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶȮĔŅĶěńħĔŅĶĽŅĶŏėĴňȮ
ŐĸƟĺŒľƟĬńĔĻŉĔļŅœħƟĸŀĚĮĢŇĭńĨŇěĶŇĚįƞŅĬ
ĔŅĶĪŜŅĺŇěńĵĕŀĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĺŇěńĵ

ĮĶŃŏĴŇĬįƞŅĬĶŅĵĺŇĝŅĽńĴĴĬŅȮȮŐĸŃ
ĶŅĵĺŇĝŅȮ0.1533ȮĶĺĴĩŉĚĔŅĶȮ
ĮĶŃŏĴŇĬőħĵŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢěŅĔĔŅĶĪŜŅĺŇěńĵŐĸŃ
ĔŅĶěńħĔŅĶĽŅĶŏėĴňŒĬľƟŀĚĺŇěńĵĕŀĚ
ĬńĔĻŉĔļŅ 
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įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟ ĔĸĵŋĪīƢĔŅĶĽŀĬ ĔĸĵŋĪīƢĔŅĶĮĶŃŏĴŇĬ 
ĳŅĵŒĨƟĔŅĶħŌŐĸĕŀĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢȮ 

PLO 28ȮĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶŌƟ
ŐĸŃĪńĔļŃĪŅĚŏĪėőĬőĸĵň
ĽŅĶĽĬŏĪĻŏıŊŗŀĔŅĶŏĶňĵĬĶŌƟŐĸŃ
ĔŅĶĺŇěńĵŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅ
œħƟ 
 

ȮĴňĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŒĬĔŅĶŒĝƟ
ŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻȮįƞŅĬĶŅĵĺŇĝŅ
ĨƞŅĚŕȮőħĵŏĜıŅŃĶŅĵĺŇĝŅȮȮ0.1531Ȯ
&ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃ
ĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň'ȮȮŐĸŃȮȮ0.1532Ȯ
&ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭ
ĚŅĬĺŇěńĵĪŅĚŏėĴň'ȮȮŐĸƟĺĴňĔŅĶŒľƟĬńĔĻŉĔļŅ
œħƟİƗĔŒĝƟėĺŅĴĶŌƟĶĺĴĩŉĚĪńĔļŃĪňŗŏĶňĵĬĴŅ
ŒĬĔŅĶĸĚĴŊŀĮĢŇĭńĨŇěĶŇĚįƞŅĬĔŅĶĪŜŅ
ĺŇĪĵŅĬŇıĬīƢȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶ
ĽĬńĭĽĬŋĬŒľƟĬńĔĻŉĔļŅŏĕƟŅŀĭĶĴĔŅĶ
ėƟĬėĺƟŅȮŐĸŃĔŅĶŒĝƟőĮĶŐĔĶĴŒĬĔŅĶ
ėƟĬėĺƟŅȮŐĸŃěńħĪŜŅĕƟŀĴŌĸȮĞŉŗĚěńħőħĵ
ĽŜŅĬńĔľŀĽĴŋħȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ
ŏĮƦĬĮĶŃěŜŅĪŋĔĳŅėĔŅĶĻŉĔļŅȮ 

ĮĶŃŏĴŇĬįƞŅĬĶŅĵĺŇĝŅĽńĴĴĬŅȮ
0.1531ȮŐĸŃȮ0.1532Ȯ 
ĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮ
ĶĺĴĩŉĚĔŅĶĬŜŅŏĽĬŀŐĸŃŏįĵŐıĶƞ
įĸĚŅĬĺŇěńĵĪŅĚĺŇĝŅĔŅĶĪńŘĚŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶȮŐĸŃĽŇŗĚĨňıŇĴıƢŒĬ
ĶŌĮŐĭĭĨƞŅĚȮŕ 

PLO 58ȮŒĝƟĪńĔļŃ
ėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃ
ĔŅĶĽŊŗŀĽŅĶȮœħƟŀĵƞŅĚŏľĴŅŃĽĴȮ 
 

ŒĬĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵȮĬńĔĻŉĔļŅĨƟŀĚĴň
ĮĢŇĽńĴıńĬīƢĔńĭĭŋėėĸŀĵƞŅĚľĸŅĔľĸŅĵȮ
ĞŉŗĚŏĮƦĬĔŅĶİƗĔİĬŒĬĽĩŅĬĔŅĶĦƢěĶŇĚȮ
ŏĬŊŗŀĚěŅĔĨƟŀĚĴňĔŅĶŒĝƟŀŋĮĔĶĦƢŏėĶŊŗŀĚĴŊŀ
ŒĬľĸŅĔľĸŅĵĽĩŅĬĪňŗĪńŘĚĳŅĵŒĬĽĩŅĭńĬ
ŐĸŃĨƞŅĚĽĩŅĭńĬȮĞŉŗĚŒĬĔŅĶĬňŘěŃŏĮƦĬĔŅĶ
İƗĔėĺŅĴĶńĭįŇħĝŀĭĕŀĚĬńĔĻŉĔļŅœĮ
ıĶƟŀĴĔńĬȮĶĺĴĩŉĚĔŅĶĽĬńĭĽĬŋĬŒľƟ
ĬńĔĻŉĔļŅŏĕƟŅĶƞĺĴĽńĴĴĬŅŀĵƞŅĚĽĴŗŜŅŏĽĴŀȮ
ŐĸŃĴňĔŅĶŒĝƟĳŅļŅŀńĚĔķļŏıŊŗŀĔŅĶŏĶňĵĬ
ĔŅĶĽŀĬ 

ĮĶŃŏĴŇĬěŅĔėĺŅĴėŇħŏľŖĬěŅĔ
ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢȮĔŅĶ
ĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮĶŅĵĺŇĝŅ
ĽńĴĴĬŅȮĔŅĶĬŜŅŏĽĬŀŐĸŃŏįĵŐıĶƞ
įĸĚŅĬĺŇěńĵĪŅĚĺŇĝŅĔŅĶĪńŘĚŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶȮŐĸŃĽŇŗĚĨňıŇĴıƢŒĬ
ĶŌĮŐĭĭĨƞŅĚȮŕ 
 

PLO 48ȮŐĽħĚĩŉĚĔŅĶĴň
ěĶĶĵŅĭĶĶĦĺŇĝŅĝňıȮĪńĔļŃ
ėĺŅĴŏĮƦĬıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺ
ĪŅĚĔŅĶıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬȮŐĸŃ
ĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨ 
 

ĴňĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŏıŊŗŀŏįĵŐıĶƞȮ
ŐĸŃĽƞĚŏĽĶŇĴĔŅĶĮĢŇĭńĨŇĨŅĴěĶĶĵŅĭĶĶĦ
ĪŅĚĺŇĝŅĔŅĶȮŐĸŃĺŇĝŅĝňıőħĵįƞŅĬ
ĔĶŃĭĺĬĺŇĝŅĨƞŅĚŕȮőħĵŏĜıŅŃĺŇĝŅ
0.1531Ȯ&ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚ
ĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň'ȮŐĸŃȮ
ĺŇĝŅȮĽńĴĴĬŅȮőħĵĴňĔŅĶĔĶŃĨŋƟĬŒľƟŏĔŇħ
ĔŅĶŀĳŇĮĶŅĵȮĞńĔĩŅĴȮŐĸŃŏĽĬŀŐĬŃ
ĕƟŀėŇħŏľŖĬȮŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŀńĬěŃĪŜŅŒľƟ
ĬńĔĻŉĔļŅœħƟĨĶŃľĬńĔȮŏĶňĵĬĶŌƟȮŐĸŃİƗĔİĬ
ĔńĭĔŅĶŐĔƟĮƤĠľŅĽĩŅĬĔŅĶĦƢĪńŘĚĪŅĚ

ĔŅĶŀƟŅĚŀŇĚįĸĚŅĬĪŅĚĺŇĝŅĔŅĶŒĬ
őėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮĺŇĪĵŅĬŇıĬīƢ
ŐĸŃĔŅĶŏįĵŐıĶƞįĸĚŅĬ
ĺŇĪĵŅĬŇıĬīƢœħƟŀĵƞŅĚĩŌĔĨƟŀĚ
ŏľĴŅŃĽĴ 
ĮĶŃŏĴŇĬįƞŅĬĔĶŃĭĺĬĺŇĝŅĨƞŅĚŕȮ
őħĵŏĜıŅŃĶŅĵĺŇĝŅĽńĴĴĬŅȮŐĸŃȮ
0.1534Ȯ 
ŀňĔĪńŘĚĵńĚĮĶŃŏĴŇĬœħƟěŅĔėĺŅĴŏľŖĬ
ĕŀĚěŅĔŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢ 
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įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟ ĔĸĵŋĪīƢĔŅĶĽŀĬ ĔĸĵŋĪīƢĔŅĶĮĶŃŏĴŇĬ 
ĺŇĝŅĔŅĶŐĸŃĽńĚėĴȮėĺŅĴŐĨĔĨƞŅĚȮħƟĺĵ
ľĸńĔĔŅĶŐĸŃŏľĨŋįĸȮŀĵƞŅĚĵŋĨŇīĶĶĴȮ 
ĶĺĴĩŉĚĔĶŃĭĺĬĺŇĝŅȮ0.1534Ȯ&ĽĴĶĶĩĬ
ĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴň
įƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň'Ȯ
ĽŀĬĔŅĶĺŅĚŐįĬŐĸŃĔŅĶœħƟİƗĔĮĢŇĭńĨŇ
őħĵŏĮƦĬįŌƟĝƞĺĵĽŀĬŒĬĺŇĝŅĮĢŇĭńĨŇĔŅĶŏıŊŗŀ
İƗĔĔŅĶěńħĔŅĶŐĸŃĔŅĶŐĔƟœĕĮƤĠľŅŒĬ
ľƟŀĚŏĶňĵĬȮ 
ĬŀĔěŅĔĬňŘĵńĚœħƟĶńĭĔŅĶİƗĔĪńĔļŃėĺŅĴ
ŏĮƦĬıĸŏĴŊŀĚőĸĔȮŐĸŃěĶĶĵŅĭĶĶĦ
ĺŇĝŅĝňıįƞŅĬĔŅĶĪŜŅĺŇĪĵŅĬŇıĬīƢĳŅĵŒĨƟ
ĔŅĶĔŜŅĔńĭħŌŐĸĕŀĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢ 

 
1, ŐįĬĪňŗŐĽħĚĔŅĶĔĶŃěŅĵėĺŅĴĶńĭįŇħĝŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟěŅĔľĸńĔĽŌĨĶȮ&PLOs'ȮĽŌƞĔĶŃĭĺĬĺŇĝŅȮ
&Curriculum Mapping' 
įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚľĸńĔĽŌĨĶĴňėĺŅĴľĴŅĵħńĚĬňŘ 
ėŋĦĸńĔļĦŃĭńĦĤŇĨĪňŗıŉĚĮĶŃĽĚėƢȮĮĶŃĔŀĭħƟĺĵȮ 

PLO 18ȮŀīŇĭŅĵȮŒĝƟėĺŅĴĶŌƟĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚœħƟŀĵƞŅĚŏľĴŅŃĽĴȮ 
PLO 08ȮĮĶŃĵŋĔĨƢȮĭŌĶĦŅĔŅĶȮėĺŅĴĶŌƟŐĸŃĪńĔļŃŏėĴňȮŏıŊŗŀĔŅĶĮĶŃŏĴŇĬŐĸŃŐĔƟœĕĮƤĠľŅŒĬĔŅĶĺŇěńĵœħƟ 
PLO 18ȮŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŐĺħĸƟŀĴ 
PLO 28ȮĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶ ŊƝŐĸŃĪńĔļŃĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻŏıŊŗŀĔŅĶŏĶňĵĬĶŌƟŐĸŃĔŅĶĺŇěńĵŒĬĶŃħńĭ

ĭńĦĤŇĨĻŉĔļŅœħƟ 
PLO 58ȮŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮœħƟŀĵƞŅĚŏľĴŅŃĽĴȮ 
PLO 48ȮŐĽħĚĩŉĚĔŅĶĴňěĶĶĵŅĭĶĶĦĺŇĝŅĝňıȮĪńĔļŃėĺŅĴŏĮƦĬıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺĪŅĚĔŅĶıńĥĬŅŀĵƞŅĚ

ĵńŗĚĵŊĬȮŐĸŃĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨ 
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ŐįĬĪňŗŐĽħĚĔŅĶĔĶŃěŅĵėĺŅĴĶńĭįŇħĝŀĭĴŅĨĶģŅĬįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟěŅĔľĸńĔĽŌĨĶȮ&PLO'ȮĽŌƞĔĶŃĭĺĬĺŇĝŅȮ&Curriculum mapping' 
ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 

ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ  
0.1533Ȯ ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňıȮȮȮȮȮȮȮȮȮȮȮȮ 

Professional Handling and Management of Chemical Hazards 
x  x   x 

0.157/ȮȮ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ 
Graduate Seminar in Chemistry 1 

x x x x x x 

0.1570ȮȮ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0 
Graduate Seminar in Chemistry 2 

x x x x x x 

ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ  
203701 ŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸ 

Combinatorial Chemistry 
x  x x   

203704 ŏėĴňįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇ 
Natural Products Chemistry 

x  x    

203705 ĔŅĶĺŇŏėĶŅŃľƢĽŅĶıķĔļŏėĴňȮ 
Phytochemical Analysis 

x  x x x  

203708 ĔŅĶĽńĚŏėĶŅŃľƢĽŅĶŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮ 
Advanced Organic Synthesis 

x   x   

203709 ĽŏĮĔőĪĶĽőĔĮƖĪŅĚŏėĴňŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮ 
Advanced Organic Spectroscopy 

x   x   

203713 ĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚŀĬŇĬĪĶňĵƢȮ 
Inorganic Reactions and Mechanisms 

x  x    

203714 ėĺŅĴĶŀĭĶŌƟĪŅĚŏėĴňŀĬŇĬĪĶňĵƢȮ 
Comprehensive Inorganic Chemistry   

x  x x   
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ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203715 ĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢȮ 

Spectroscopic Methods in Inorganic Chemistry 
x      

203717 ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĭĨŏĨŀĶňŗ 
Chemistry and Applications of Batteries 

x  x    

203718 ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚ 
Chemistry and Applications of Photocatalysis 

x  x x   

203719 ŏėĴňĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢȮ 
Chemistry of Inorganic Materials 

x  x    

203721 ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚŏėĴňȮ 
Chemical Thermodynamics 

x  x x   

203722 ěĸĬıĸĻŅĽĨĶƢŏėĴňȮ 
Chemical Kinetics 

x  x x   

203723 ŏėĴňœĲĲƚŅȮ 
Electrochemistry 

x      

203724 ŏėĴňĬŇĺŏėĸňĵĶƢŐĸŃŏėĴňĔńĴĴńĬĨĶńĚĽňȮ 
Nuclear and Radiochemistry 

x  x x   

203725 ŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺȮ 
Colloid and Surface Chemistry 

x  x x   

203732 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅȮ 
Electroanalysis 

x  x x x  

203734 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖȮ 
Chemical Analysis by Chromatographic Methods 

x  x x   

203735 ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸȮ 
Analysis of Foods and Nutraceuticals 

x  x x   
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ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203736 ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢȮȮȮ 

Essence in Analytical Chemistry 
x  x x x  

203737 œĭőŀŏĞĬŏĞŀĶƢ 
Biosensors 

x      

203739 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚȮ 
Advanced Chemical Analysis 

x  x x x  

203741 ıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢ 
Plant BiochemistryȮand Applications 

x  x x x  

203743 ŏŀĬœĞĴƢĺŇĪĵŅȮ 
Enzymology 

x  x    

203745 ŏėĴňĕŀĚőĮĶĨňĬȮ 
Protein Chemistry 

x  x x   

203749 ĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴňȮ 
Research Methods in Biochemistry 

x  x x x  

203751 ŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢȮ 
Computational Chemistry 

x  x x   

203752 ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮ 
Electronics of Analytical Instruments for Chemistry 

x  x x x  

203753 ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴňȮ 
Critical Reading andȮWriting, and Communication in Chemistry 

x  x x x x 

203754 ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴňȮ 
Statistics and Computer Programs for Chemical Research 

x   x x  
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ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 

Hard and Soft Skills for Chemists Through Teaching Assistantship in 
Chemistry Laboratory 

x   x x x 

203775 ĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢȮ 
Polymer Characterizations and Properties 

x  x x   

203776 ıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨ 
Polymer Composites 

x  x x   

203777 ıŀĸŇŏĴŀĶƢŏĭĸĬħƢ 
Polymer Blends 

x    x  

203778 ĔŅĶŏĽŊŗŀĴĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟŏĽĩňĵĶ 
Polymer Degradation and Stabilisation 

x  x    

203803 ĽŏĨŀĶŇőŀŏėĴňŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŀĽĴĴŅĨĶȮ 
Stereochemistry and Asymmetric Synthesis 

x   x   

203804 ŏėĴňĕŀĚĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔȮ 
Chemistry of Heterocyclic Compounds 

x   x   

203805 ŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬ 
Green ChemistryȮand Sustainability 

x  x x   

203806 őĸľŃĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢĽńĚŏėĶŅŃľƢȮ 
Organotransition Metals in Organic Synthesis 

x   x   

203807 ŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸȮȮȮ 
Physical Organic Chemistry 

x   x   

203814 ŏėĴňőĸľŀŇĬĪĶňĵƢȮ 
Organometallic Chemistry 

x  x    

        



41 

ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203813 ȮȮőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢ 

ȮȮCoordination Polymers and Metal Organic Frameworks 
x  x x   

203821 ŏėĴňėĺŀĬĨńĴȮȮ 
Quantum Chemistry 

x      

0.1601 őėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸȮ 
Molecular Structures and Interactions 

x      

203824 įĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴň 
 Chemical Crystallography 

x   x   

203825 ĮĶŅĔĢĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢıŀĸŇŏĴŀĶƢȮ 
Molecular Phenomena in Polymer Science 

x  x    

203826 ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇȮ 
Statistical Thermodynamics 

x      

203827 ĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸȮ 
Molecular Spectroscopy 

x      

203828 ĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢȮ 
Polymer Synthesis and Characterization 

x  x    

203829 ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭȮ 
Polymer Properties and Testing 

x  x  x  

203831 ŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 
Introductory Chemometrics for Scientific Data Analysis 

x   x x  

203833 ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚȮ 
Advanced Analytical Spectroscopy 

x  x x x  

203838 ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚȮ 
Analytical Techniques for Surface and StructuralȮCharacterization 

x  x  x  
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ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203841 őĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴňȮ 

Biochemical Aspects of Nutrition 
x  x x x  

203842 ĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢȮ 
Biochemistry of Membranes 

x   x x  

203844 ĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔȮ 
Biochemistry of Nucleic Acids 

x  x    

203869 ľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮ 
Selected Topics in Chemistry 

x  x    

203879 ľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮ 
Selected Topics in Chemistry 

x  x    

ĮĶŇĠĠŅĬŇıĬīƢ  
203797 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 

MasterŲs Thesis 
x x x x x x 

201799ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 
MasterŲs Thesis 

x x x x x x 
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ėŜŅŀīŇĭŅĵįĸĔŅĶŏĶňĵĬĶŌƟĨŅĴĴŅĨĶģŅĬėŋĦĺŋĥŇĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮȮȮ 
ėŋĦīĶĶĴȮěĶŇĵīĶĶĴȮȮȮ 

&1,1'ȮĨĶŃľĬńĔŒĬėŋĦėƞŅŐĸŃėŋĦīĶĶĴȮěĶŇĵīĶĶĴȮŏĽňĵĽĸŃȮŐĸŃĞŊŗŀĽńĨĵƢĽŋěĶŇĨȮĴňěĶĶĵŅĭĶĶĦĪŅĚ 
ȮȮȮȮȮȮȮĺŇĝŅĔŅĶŐĸŃĺŇĝŅĝňı 
&1,2'ȮĴňĺŇĬńĵȮĨĶĚĨƞŀŏĺĸŅȮŐĸŃėĺŅĴĶńĭįŇħĝŀĭĨƞŀĨĬŏŀĚŐĸŃĽńĚėĴȮŏėŅĶıĔġĶŃŏĭňĵĭŐĸŃĕƟŀĭńĚėńĭ 
ȮȮȮȮȮȮȮĨƞŅĚŕȮĕŀĚŀĚėƢĔĶŐĸŃĽńĚėĴ 
&1,3'ȮĴňĳŅĺŃėĺŅĴŏĮƦĬįŌƟĬŜŅŐĸŃįŌƟĨŅĴȮĽŅĴŅĶĩĪŜŅĚŅĬŏĮƦĬĪňĴŐĸŃĽŅĴŅĶĩŐĔƟœĕĕƟŀĕńħŐĵƟĚŐĸŃĸŜŅħńĭ 
ȮȮȮȮȮȮȮėĺŅĴĽŜŅėńĠ 
&1,4'ȮŏėŅĶıĽŇĪīŇŐĸŃĶńĭĲƤĚėĺŅĴėŇħŏľŖĬĕŀĚįŌƟŀŊŗĬȮĶĺĴĪńŘĚŏėŅĶıŒĬėŋĦėƞŅŐĸŃĻńĔħŇśĻĶňĕŀĚėĺŅĴŏĮƦĬĴĬŋļĵƢ 

ėĺŅĴĶŌƟ 
&2,1'ȮĴňėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěŏĔňŗĵĺĔńĭľĸńĔĔŅĶŐĸŃĪķļġňĪňŗĽŜŅėńĠŒĬŏĬŊŘŀľŅĪňŗĻŉĔļŅ 
&2,2'ȮĽŅĴŅĶĩĺŇŏėĶŅŃľƢĮƤĠľŅȮĶĺĴĪńŘĚĮĶŃĵŋĔĨƢėĺŅĴĶŌƟĪńĔļŃȮŐĸŃĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĪňŗŏľĴŅŃĽĴĔńĭĔŅĶ 
ȮȮȮȮȮȮȮŐĔƟœĕĮƤĠľŅ 
&2,3'ȮĽŅĴŅĶĩĨŇħĨŅĴėĺŅĴĔƟŅĺľĬƟŅĪŅĚĺŇĝŅĔŅĶȮŐĸŃĴňėĺŅĴĶŌƟŒĬŐĬĺĔĺƟŅĚĕŀĚĽŅĕŅĺŇĝŅĪňŗĻŉĔļŅŏıŊŗŀŒľƟ 
ȮȮȮȮȮȮȮŏĸŖĚŏľŖĬĔŅĶŏĮĸňŗĵĬŐĮĸĚȮŐĸŃŏĕƟŅŒěįĸĔĶŃĪĭĕŀĚŏĪėőĬőĸĵňŒľĴƞŕ 
&2,4'ȮĽŅĴŅĶĩĭŌĶĦŅĔŅĶėĺŅĴĶŌƟŒĬĽŅĕŅĺŇĝŅĪňŗĻŉĔļŅĔńĭėĺŅĴĶŌƟŒĬĻŅĽĨĶƢŀŊŗĬŕȮĪňŗŏĔňŗĵĺĕƟŀĚ 

ĪńĔļŃĪŅĚĮƤĠĠŅ 
&3,1'ȮėŇħŀĵƞŅĚĴňĺŇěŅĶĦĠŅĦŐĸŃŀĵƞŅĚŏĮƦĬĶŃĭĭ 
&3,2'ȮĽŅĴŅĶĩĽŊĭėƟĬȮĶĺĭĶĺĴȮĻŉĔļŅȮĺŇŏėĶŅŃľƢȮŐĸŃĽĶŋĮĮĶŃŏħŖĬĮƤĠľŅȮŏıŊŗŀŒĝƟŒĬĔŅĶŐĔƟœĕĮƤĠľŅ 
ȮȮȮȮȮȮȮŀĵƞŅĚĽĶƟŅĚĽĶĶėƢ 
&3,3'ȮĽŅĴŅĶĩĮĶŃĵŋĔĨƢėĺŅĴĶŌƟŐĸŃĪńĔļŃĔńĭĔŅĶŐĔƟœĕĮƤĠľŅœħƟŀĵƞŅĚŏľĴŅŃĽĴ 

ĪńĔļŃėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĭŋėėĸŐĸŃėĺŅĴĶńĭįŇħĝŀĭ 
&4,1'ȮĴňĴĬŋļĵĽńĴıńĬīƢĪňŗħňȮĽŅĴŅĶĩĽŊŗŀĽŅĶĔńĭĔĸŋƞĴėĬľĸŅĔľĸŅĵĪńŘĚĳŅļŅœĪĵŐĸŃĳŅļŅŀńĚĔķļœħƟŀĵƞŅĚ 
ȮȮȮȮȮȮȮĴňĮĶŃĽŇĪīŇĳŅı 
&4,2'ȮĽŅĴŅĶĩŒĝƟėĺŅĴĶŌƟŒĬĻŅĽĨĶƢĴŅĝňŘĬŜŅĽńĚėĴŒĬĮĶŃŏħŖĬĪňŗŏľĴŅŃĽĴȮŐĸŃŏĮƦĬįŌƟĶŇŏĶŇŗĴŐĽħĚĮĶŃŏħŖĬŒĬ 
ȮȮȮȮȮȮȮĔŅĶŐĔƟœĕĽĩŅĬĔŅĶĦƢĪńŘĚĽƞĺĬĨńĺŐĸŃĽƞĺĬĶĺĴȮıĶƟŀĴĪńŘĚŐĽħĚěŋħĵŊĬŀĵƞŅĚıŀŏľĴŅŃĪńŘĚĕŀĚĨĬŏŀĚ 
ȮȮȮȮȮȮȮŐĸŃĕŀĚĔĸŋƞĴ 
&4,3'ȮĴňėĺŅĴĶńĭįŇħĝŀĭĔŅĶıńĥĬŅĔŅĶŏĶňĵĬĶŌƟĪńŘĚĕŀĚĨĬŏŀĚŐĸŃĪŅĚĺŇĝŅĝňıŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

ĪńĔļŃĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĨńĺŏĸĕȮĔŅĶĽŊŗŀĽŅĶȮŐĸŃĔŅĶŒĝƟŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻ 
&5,1'ȮĴňĪńĔļŃŒĬĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĪňŗěŜŅŏĮƦĬĪňŗĴňŀĵŌƞŒĬĮƤěěŋĭńĬĨƞŀĔŅĶĪŜŅĚŅĬĪňŗŏĔňŗĵĺĔńĭĔŅĶŒĝƟĽŅĶĽĬŏĪĻ 
ȮȮȮȮȮȮȮŐĸŃŏĪėőĬőĸĵňĽŊŗŀĽŅĶŀĵƞŅĚŏľĴŅŃĽĴ 
&5,2'ȮĽŅĴŅĶĩŐĔƟœĕĮƤĠľŅőħĵŒĝƟĽŅĶĽĬŏĪĻĪŅĚėĦŇĨĻŅĽĨĶƢȮľĶŊŀĬŜŅĽĩŇĨŇĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶŐĔƟ 
ȮȮȮȮȮȮȮĮƤĠľŅĪňŗŏĔňŗĵĺĕƟŀĚŀĵƞŅĚĽĶƟŅĚĽĶĶėƢ 
&5,3'ȮĽŅĴŅĶĩĽŊŗŀĽŅĶŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıĪńŘĚĮŅĔŏĮĸƞŅŐĸŃĔŅĶŏĕňĵĬȮŏĸŊŀĔŒĝƟĶŌĮŐĭĭĕŀĚĽŊŗŀĔŅĶĬŜŅ 
ȮȮȮȮȮȮȮŏĽĬŀŀĵƞŅĚŏľĴŅŃĽĴ 
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ĨŅĶŅĚŐĽħĚėĺŅĴŏĝŊŗŀĴőĵĚĶŃľĺƞŅĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĪňŗėŅħľĺńĚĕŀĚľĸńĔĽŌĨĶȮ&PLOs'ȮĔńĭįĸĔŅĶŏĶňĵĬĶŌƟĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇȮ&TQF' 
įĸĔŅĶŏĶňĵĬĶŌƟĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇȮ&TQF' PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 4 

1,ȮħƟŅĬėŋĦīĶĶĴȮěĶŇĵīĶĶĴ       
/,/ȮĨĶŃľĬńĔŒĬėŋĦėƞŅŏĶŊŗŀĚėŋĦīĶĶĴȮěĶŇĵīĶĶĴȮĴňĺŇĬńĵȮėĺŅĴĶńĭįŇħĝŀĭȮ
ėĺŅĴŏĽňĵĽĸŃȮėĺŅĴĞŊŗŀĽńĨĵƢĽŋěĶŇĨȮȮĴňěĶĶĵŅĭĶĶĦĪŅĚĺŇĝŅĔŅĶŐĸŃ
ĺŇĝŅĝňıȮ 

     V 

/,0ȮĴňĺŇĬńĵȮĨĶĚĨƞŀŏĺĸŅȮŐĸŃėĺŅĴĶńĭįŇħĝŀĭĨƞŀĨĬŏŀĚŐĸŃĽńĚėĴȮŏėŅĶı
ĔġĶŃŏĭňĵĭŐĸŃĕƟŀĭńĚėńĭĨƞŅĚŕȮĕŀĚŀĚėƢĔĶŐĸŃĽńĚėĴ 

    V V 

/,1ȮĴňĳŅĺŃėĺŅĴŏĮƦĬįŌƟĬŜŅŐĸŃįŌƟĨŅĴȮĽŅĴŅĶĩĪŜŅĚŅĬŏĮƦĬĪňĴŐĸŃĽŅĴŅĶĩ
ŐĔƟœĕĕƟŀĕńħŐĵƟĚŐĸŃĸŜŅħńĭėĺŅĴĽŜŅėńĠ 

    V V 

/,2ȮŏėŅĶıĽŇĪīŇŐĸŃĶńĭĲƤĚėĺŅĴėŇħŏľŖĬĕŀĚįŌƟŀŊŗĬȮĶĺĴĪńŘĚŏėŅĶıŒĬėŋĦėƞŅ
ŐĸŃĻńĔħŇśĻĶňĕŀĚėĺŅĴŏĮƦĬĴĬŋļĵƢ 

    V V 

2,ȮħƟŅĬėĺŅĴĶŌƟ       
2,1 ĴňėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěŏĔňŗĵĺĔńĭľĸńĔĔŅĶŐĸŃĪķļġňĪňŗĽŜŅėńĠŒĬŏĬŊŘŀľŅĪňŗ
ĻŉĔļŅ 

V V     

2,2 ĽŅĴŅĶĩĺŇŏėĶŅŃľƢĮƤĠľŅȮĶĺĴĪńŘĚĮĶŃĵŋĔĨƢėĺŅĴĶŌƟĪńĔļŃȮŐĸŃĔŅĶŒĝƟ
ŏėĶŊŗŀĚĴŊŀĪňŗŏľĴŅŃĽĴĔńĭĔŅĶŐĔƟœĕĮƤĠľŅ 

V V  V   

2,3 ĽŅĴŅĶĩĨŇħĨŅĴėĺŅĴĔƟŅĺľĬƟŅĪŅĚĺŇĝŅĔŅĶȮŐĸŃĴňėĺŅĴĶŌƟŒĬŐĬĺĔĺƟŅĚĕŀĚ
ĽŅĕŅĺŇĝŅĪňŗĻŉĔļŅŏıŊŗŀŒľƟŏĸŖĚŏľŖĬĔŅĶŏĮĸňŗĵĬŐĮĸĚȮŐĸŃŏĕƟŅŒěįĸĔĶŃĪĭĕŀĚ
ŏĪėőĬőĸĵňŒľĴƞŕ 

V V  V   

0,2 ĽŅĴŅĶĩĭŌĶĦŅĔŅĶėĺŅĴĶŌƟŒĬĽŅĕŅĺŇĝŅĪňŗĻŉĔļŅĔńĭėĺŅĴĶŌƟŒĬĻŅĽĨĶƢŀŊŗĬŕȮĪňŗ
ŏĔňŗĵĺĕƟŀĚ 

V V     

1,ȮħƟŅĬĪńĔļŃĪŅĚĮƤĠĠŅ       
3,1 ėŇħŀĵƞŅĚĴňĺŇěŅĶĦĠŅĦȮŐĸŃŀĵƞŅĚŏĮƦĬĶŃĭĭ  V     
3,2 ĽŅĴŅĶĩĽŊĭėƟĬȮĶĺĭĶĺĴȮĻŉĔļŅȮĺŇŏėĶŅŃľƢȮŐĸŃĽĶŋĮĮĶŃŏħŖĬĮƤĠľŅȮŏıŊŗŀ
ŒĝƟŒĬĔŅĶŐĔƟœĕĮƤĠľŅŀĵƞŅĚĽĶƟŅĚĽĶĶėƢ 

 V  V   

1,1 ĽŅĴŅĶĩĮĶŃĵŋĔĨƢėĺŅĴĶŌƟŐĸŃĪńĔļŃĔńĭĔŅĶŐĔƟœĕĮƤĠľŅœħƟŀĵƞŅĚŏľĴŅŃĽĴ  V     
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2,ȮħƟŅĬĪńĔļŃėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĭŋėėĸŐĸŃėĺŅĴĶńĭįŇħĝŀĭ       
4,1 ĴňĴĬŋļĵĽńĴıńĬīƢĪňŗħňȮĽŅĴŅĶĩĽŊŗŀĽŅĶĔńĭĔĸŋƞĴėĬľĸŅĔľĸŅĵĪńŘĚĳŅļŅœĪĵ
ŐĸŃĳŅļŅŀńĚĔķļœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 

    V  

4,2 ĽŅĴŅĶĩŒĝƟėĺŅĴĶŌƟŒĬĻŅĽĨĶƢĴŅĝňŘĬŜŅĽńĚėĴŒĬĮĶŃŏħŖĬĪňŗŏľĴŅŃĽĴȮŐĸŃŏĮƦĬ
įŌƟĶŇŏĶŇŗĴŐĽħĚĮĶŃŏħŖĬŒĬĔŅĶŐĔƟœĕĽĩŅĬĔŅĶĦƢĪńŘĚĽƞĺĬĨńĺŐĸŃĽƞĺĬĶĺĴȮ
ıĶƟŀĴĪńŘĚŐĽħĚěŋħĵŊĬŀĵƞŅĚıŀŏľĴŅŃĪńŘĚĕŀĚĨĬŏŀĚŐĸŃĕŀĚĔĸŋƞĴ 

  V   V 

4,3 ĴňėĺŅĴĶńĭįŇħĝŀĭĔŅĶıńĥĬŅĔŅĶŏĶňĵĬĶŌƟĪńŘĚĕŀĚĨĬŏŀĚŐĸŃĪŅĚĺŇĝŅĝňı
ŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

  V  V V 

3,ȮħƟŅĬĪńĔļŃŒĬĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĨńĺŏĸĕȮĔŅĶĽŊŗŀĽŅĶȮŐĸŃĔŅĶŒĝƟŏĪėőĬőĸĵň
ĽŅĶĽĬŏĪĻ 

      

5,1 ĴňĪńĔļŃŒĬĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĪňŗěŜŅŏĮƦĬĪňŗĴňŀĵŌƞŒĬĮƤěěŋĭńĬĨƞŀĔŅĶĪŜŅĚŅĬĪňŗ
ŏĔňŗĵĺĔńĭĔŅĶŒĝƟĽŅĶĽĬŏĪĻȮŐĸŃŏĪėőĬőĸĵňĽŊŗŀĽŅĶŀĵƞŅĚŏľĴŅŃĽĴ 

 V  V   

5,2 ĽŅĴŅĶĩŐĔƟœĕĮƤĠľŅőħĵŒĝƟĽŅĶĽĬŏĪĻĪŅĚėĦŇĨĻŅĽĨĶƢȮľĶŊŀĬŜŅĽĩŇĨŇĴŅ
ĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶŐĔƟĮƤĠľŅĪňŗŏĔňŗĵĺĕƟŀĚŀĵƞŅĚĽĶƟŅĚĽĶĶėƢ 

 V  V   

5,3 ĽŅĴŅĶĩĽŊŗŀĽŅĶŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıĪńŘĚĮŅĔŏĮĸƞŅŐĸŃĔŅĶŏĕňĵĬȮŏĸŊŀĔŒĝƟ
ĶŌĮŐĭĭĕŀĚĽŊŗŀĔŅĶĬŜŅŏĽĬŀŀĵƞŅĚŏľĴŅŃĽĴ 

    V  
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ľĴĺħĪňŗȮ5,ȮľĸńĔŏĔĦĤƢŒĬĔŅĶĮĶŃŏĴŇĬįĸĬńĔĻŉĔļŅ 
 
1,ȮĔġĶŃŏĭňĵĭľĶŊŀľĸńĔŏĔĦĤƢȮŒĬĔŅĶŒľƟĶŃħńĭėŃŐĬĬȮ 
 ŒĝƟĶŃĭĭŀńĔļĶĸŜŅħńĭĕńŘĬŐĸŃėƞŅĸŜŅħńĭĕńŘĬŒĬĔŅĶĺńħŐĸŃĮĶŃŏĴŇĬįĸĔŅĶĻŉĔļŅŒĬŐĨƞĸŃĔĶŃĭĺĬĺŇĝŅȮȮȮȮȮȮȮȮ
őħĵŐĭƞĚĔŅĶĔŜŅľĬħŀńĔļĶĸŜŅħńĭĕńŘĬŏĮƦĬȮ1ȮĔĸŋƞĴȮȮėŊŀȮŀńĔļĶĸŜŅħńĭĕńŘĬĪňŗĴňėƞŅĸŜŅħńĭĕńŘĬȮȮŀńĔļĶĸŜŅħńĭĕńŘĬĪňŗœĴƞĴňėƞŅ
ĸŜŅħńĭĕńŘĬȮŐĸŃŀńĔļĶĸŜŅħńĭĕńŘĬĪňŗĵńĚœĴƞĴňĔŅĶĮĶŃŏĴŇĬįĸ 
  1,1 ŀńĔļĶĸŜŅħńĭĕńŘĬȮŒľƟĔŜŅľĬħȮħńĚĬňŘ 
   ŀńĔļĶĸŜŅħńĭĕńŘĬȮȮȮȮȮȮȮėĺŅĴľĴŅĵ ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮėƞŅĸŜŅħńĭĕńŘĬ 
    A ħňŏĵňŗĵĴȮȮȮȮȮȮȮȮ &excellent' 4,00 
    B) ħňĴŅĔ &very good' 3,50 
    B ħň  &good'  1,.. 
    C) ħňıŀŒĝƟ &fairly good' 2,50 
    C ıŀŒĝƟ &fair'  2,00 

   D) ŀƞŀĬ &poor'  1,50 
    D ŀƞŀĬĴŅĔ &very poor'  1,00 
    F ĨĔ &failed'  0,00 
 
 1,2 ŀńĔļĶįĸĔŅĶĻŉĔļŅĪňŗœĴƞĴňėƞŅĸŜŅħńĭĕńŘĬȮŒľƟĔŜŅľĬħȮȮħńĚĬňŘ 
  ŀńĔļĶĸŜŅħńĭĕńŘĬ ėĺŅĴľĴŅĵ 
   S ŏĮƦĬĪňŗıŀŒě &satisfactory' 
   U œĴƞŏĮƦĬĪňŗıŀŒě &unsatisfactory' 
 
 1,3 ŀńĔļĶĽĩŅĬŃĔŅĶĻŉĔļŅĪňŗœĴƞĴňĔŅĶĮĶŃŏĴŇĬįĸľĶŊŀĵńĚœĴƞĴňĔŅĶĮĶŃŏĴŇĬįĸȮŒľƟĔŜŅľĬħȮħńĚĬňŘ 
  ŀńĔļĶĸŜŅħńĭĕńŘĬ ėĺŅĴľĴŅĵ 
   I ĔŅĶĺńħįĸĵńĚœĴƞĽĴĭŌĶĦƢ  &incomplete' 
   P ĔŅĶŏĶňĵĬĔŅĶĽŀĬĵńĚœĴƞĽŇŘĬĽŋħ &in progress' 
   V ŏĕƟŅĶƞĺĴĻŉĔļŅ   &visiting' 
   W ĩŀĬĔĶŃĭĺĬĺŇĝŅ   &withdrawn' 
   T ĮĶŇĠĠŅĬŇıĬīƢ   &thesis in progress' 
    ĵńĚŀĵŌƞŒĬĶŃľĺƞŅĚħŜŅŏĬŇĬĔŅĶ ȮȮȮȮȮȮȮȮȮȮȮ 

 
  ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭĕŀĚĽŅĕŅĺŇĝŅŏėĴňȮĬńĔĻŉĔļŅěŃĨƟŀĚœħƟėƞŅĸŜŅħńĭĕńŘĬœĴƞĨŗŜŅĔĺƞŅȮC ľĶŊŀȮS ĴŇĜŃĬńŘĬ
ěŃĨƟŀĚĸĚĪŃŏĭňĵĬŏĶňĵĬĞŘŜŅŀňĔ 
  ĔĶŃĭĺĬĺŇĝŅĪňŗĔŜŅľĬħŒľƟĺńħŐĸŃĮĶŃŏĴŇĬįĸħƟĺĵŀńĔļĶĸŜŅħńĭĕńŘĬȮS ľĶŊŀȮU œħƟŐĔƞȮĔĶŃĭĺĬĺŇĝŅȮȮ
203753, 203754, 203753, 203754, 203791, 203792, 203797ȮŐĸŃ 203799Ȯ 
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2,ȮĔĶŃĭĺĬĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĽńĴķĪīŇśĕŀĚĬńĔĻŉĔļŅȮ 
0,/ȮĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟĕĦŃĬńĔĻŉĔļŅĵńĚœĴƞĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 
0,/,/ȮĔŅĶĪĺĬĽŀĭŒĬĶŃħńĭĔĶŃĭĺĬĺŇĝŅȮ 
/'ȮĴňĔŅĶŒľƟĬńĔĻŉĔļŅĮĶŃŏĴŇĬĔŅĶŏĶňĵĬĔŅĶĽŀĬŒĬĶŃħńĭĶŅĵĺŇĝŅŐĸŃıŇěŅĶĦŅįĸĔŅĶĮĶŃŏĴŇĬŏıŊŗŀ
ŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚĔŅĶŏĶňĵĬĔŅĶĽŀĬĨƞŀœĮ 
0'ȮĔŅĶĪĺĬĽŀĭĔŅĶĮĶŃŏĴŇĬįĸĕŀĚŐĨƞĸŃĶŅĵĺŇĝŅőħĵȮĔĶĶĴĔŅĶĨĶĺěĽŀĭĔŅĶŒľƟĸŜŅħńĭĕńŘĬĕŀĚ
ĳŅėĺŇĝŅȮĔĶĶĴĔŅĶĮĶŃěŜŅĳŅėĺŇĝŅȮŐĸŃȮĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅȮĔƞŀĬĮĶŃĔŅĻ
įĸĽŀĭ 
1'ȮĴňėĦŃĔĶĶĴĔŅĶĪĺĬĽŀĭįĸĽńĴķĪīŇśĔŅĶŏĶňĵĬĶŌƟŐĨƞĸŃĔĶŃĭĺĬĺŇĝŅ 

 
 Ȯ0,/,0ȮĔŅĶĪĺĬĽŀĭŒĬĶŃħńĭľĸńĔĽŌĨĶȮ 

/'ȮĴňĔŅĶĮĶŃŏĴŇĬįĸĸńıīƢĕŀĚľĸńĔĽŌĨĶőħĵŒĝƟĔŅĶĮĶŃŏĴŇĬįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚĔĶŃĭĺĬĺŇĝŅ 
0'ȮĔŅĶĪĺĬĽŀĭŒĬĶŃħńĭľĸńĔĽŌĨĶȮĴňėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶȮĨŇħĨŅĴėĺĭėŋĴėŋĦĳŅıĕŀĚ
ľĸńĔĽŌĨĶȮĶĺĴĪńŘĚĴňĶŃĭĭĮĶŃĔńĬėŋĦĳŅıĳŅĵŒĬĽĩŅĭńĬĔŅĶĻŉĔļŅħŜŅŏĬŇĬĔŅĶĪĺĬĽŀĭ
ĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟĕŀĚĭńĦĤŇĨ 
1'ȮĴňĔŅĶĽŜŅĶĺěėĺŅĴıŉĚıŀŒěŐĸŃėĺŅĴŏľŖĬĕŀĚĬńĔĻŉĔļŅĮƤěěŋĭńĬŏıŊŗŀĭĶŇľŅĶěńħĔŅĶľĸńĔĽŌĨĶ 
2'ȮĴňĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĕŀĚľĸńĔĽŌĨĶőħĵĬńĔĻŉĔļŅĮƤěěŋĭńĬĮƖĽŋħĪƟŅĵŐĸŃĴľŅĭńĦĤŇĨěĭŒľĴƞ 
5'ȮĴňĔŅĶĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĕŀĚĴľŅĭńĦĤŇĨĪňŗěĭŒľĴƞőħĵįŌƟŒĝƟĭńĦĤŇĨ 

 

 0,/,1ȮŀŊŗĬŕȮ 
ĴňĔŅĶĽŀĭĮĶŃŏĴŇĬőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴĶŌƟȮėĺŅĴıĶƟŀĴȮŒĬĔŅĶĻŉĔļŅĺŇěńĵȮ

ŐĸŃėĺŅĴŏĮƦĬœĮœħƟĕŀĚĕƟŀŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮőħĵěńħŒľƟĴňėĦŃĔĶĶĴĔŅĶĽŀĭŏĮƦĬœĮĨŅĴ
ĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞĺƞŅħƟĺĵĔŅĶĻŉĔļŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮ 

 
0,0ȮĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟľĸńĚěŅĔĬńĔĻŉĔļŅĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

ĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟĕŀĚĬńĔĻŉĔļŅľĸńĚĽŜŅŏĶŖěĔŅĶĻŉĔļŅőħĵĔŅĶŀŀĔŐĭĭĽŀĭĩŅĴȮ
ŏıŊŗŀĬŜŅĴŅŒĝƟĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĸŃľĸńĔĽŌĨĶȮĔŜŅľĬħœĺƟȮħńĚĬňŘ 

1) įĸĚŅĬĕŀĚĭńĦĤŇĨȮŏĝƞĬȮěŜŅĬĺĬįĸĚŅĬĺŇěńĵĪňŗĨňıŇĴıƢȮĔŅĶŏįĵŐıĶƞįĸĚŅĬĺŇěńĵȮěŜŅĬĺĬȮȮȮȮȮȮȮȮȮȮȮ
ŀĬŋĽŇĪīŇĭńĨĶȮĽŇĪīŇĭńĨĶȮĶŅĚĺńĸȮŐĸŃįĸĚŅĬŀŊŗĬȮŕ 

2) ĮĶŃŏĴŇĬěŅĔĭńĦĤŇĨĪňŗěĭŒĬħƟŅĬėĺŅĴŏľŖĬĨƞŀėĺŅĴĶŌƟĕŀĚĭńĦĤŇĨŒĬĔŅĶĮĶŃĔŀĭĔŅĶĚŅĬ
ŀŅĝňıȮŐĸŃĔŅĶĪŜŅĚŅĬĨĶĚĽŅĕŅȮ 

3) ĮĶŃŏĴŇĬěŅĔįŌƟŒĝƟĭńĦĤŇĨȮőħĵĮĶŃŏĴŇĬěŅĔėĺŅĴıŉĚıŀŒěĕŀĚįŌƟŒĝƟĭńĦĤŇĨȮėĺŅĴėŅħľĺńĚ
ėŋĦĳŅıĕŀĚĴľŅĭńĦĤŇĨ Ȯ 
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3,ȮŏĔĦĤƢĔŅĶĽŜŅŏĶŖěĔŅĶĻŉĔļŅĨŅĴľĸńĔĽŌĨĶȮ 

 ľĸńĔĽŌĨĶȮŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/' 
1. ĽŀĭįƞŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ 
2. ĮĢŇĭńĨŇėĶĭĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅ 
3. ĽŀĭįƞŅĬĔŅĶĽŀĭĮĶŃŏĴŇĬįĸĮĶŇĠĠŅĬŇıĬīƢȮŐĸŃŏĮƕħőŀĔŅĽŒľƟįŌƟĽĬŒěŏĕƟŅĶƞĺĴĲƤĚĔŅĶĬŜŅŏĽĬŀįĸ
ĔŅĶĪŜŅĮĶŇĠĠŅĬŇıĬīƢȮŐĸŃ-ľĶŊŀȮĞńĔĩŅĴœħƟ 

4. ĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇĪĵŅĬŇıĬīƢȮŀĵƞŅĚĬƟŀĵȮ1ȮŏĶŊŗŀĚȮŒĬĔŅĶ
ĮĶŃĝŋĴĺŇĝŅĔŅĶŀĵƞŅĚĬƟŀĵĶŃħńĭĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅ 

5. įĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚĺŇĪĵŅĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭ
ĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮȮŏĶŊŗŀĚȮ ľĶŊŀȮ
ĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier /ȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮ ȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶȮȮȮȮȮ
ĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞ
ĶŃħńĭȮ2ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level &TRL-PRL-SRL'Ȯ
ĨńŘĚŐĨƞĶŃħńĭȮ3ȮĕŉŘĬœĮȮ 

6. ŏĮƦĬįŌƟĴňėŋĦĽĴĭńĨŇėĶĭĩƟĺĬĨŅĴĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮĺƞŅħƟĺĵĔŅĶıŇěŅĶĦŅŏĔňĵĶĨŇŐĸŃ
ĻńĔħŇśĕŀĚĬńĔĻŉĔļŅĪňŗěŃœħƟĶńĭĔŅĶŏĽĬŀŒľƟœħƟĶńĭĮĶŇĠĠŅȮĮĶŃĔŅĻĬňĵĭńĨĶȮĮĶŃĔŅĻĬňĵĭńĨĶĭńĦĤŇĨ
ĝńŘĬĽŌĚȮŀĬŋĮĶŇĠĠŅȮľĶŊŀȮĮĶŃĔŅĻĬňĵĭńĨĶĕŀĚĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮı,Ļ,033. 

ȮȮȮȮȮȮȮȮȮȮȮȮȮ 
ľĸńĔĽŌĨĶȮŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔ0' 

1. ĽŀĭįƞŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ 
2. ĻŉĔļŅĔĶŃĭĺĬĺŇĝŅȮŐĸŃĮĢŇĭńĨŇėĶĭĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅ 
3. ĴňįĸĔŅĶĻŉĔļŅœħƟėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴŏĜĸňŗĵĪńŘĚľĴħœĴƞĬƟŀĵĔĺƞŅȮȮ3,00  ŐĸŃėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴŏĜĸňŗĵȮȮȮ
ŒĬĽŅĕŅĺŇĝŅŏĜıŅŃœĴƞĬƟŀĵĔĺƞŅȮ3,00 

4. ĽŀĭįƞŅĬĔŅĶĽŀĭĮĶŃŏĴŇĬįĸĮĶŇĠĠŅĬŇıĬīƢȮŐĸŃŏĮƕħőŀĔŅĽŒľƟįŌƟĽĬŒěŏĕƟŅĶƞĺĴĲƤĚĔŅĶĬŜŅŏĽĬŀįĸ
ĔŅĶĪŜŅĮĶŇĠĠŅĬŇıĬīƢȮŐĸŃ-ľĶŊŀȮĞńĔĩŅĴœħƟ 

5. įĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇĪĵŅĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞľĶŊŀŀĵƞŅĚĬƟŀĵ
œħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮȮȮȮȮȮȮ
/ȮŏĶŊŗŀĚȮľĶŊŀȮĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier/ȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮ
ŏįĵŐıĶƞŏĮƦĬĭĪėĺŅĴĜĭńĭŏĨŖĴȮ&Full paper'ȮŒĬŏŀĔĽŅĶŏįĵŐıĶƞĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶȮ
&Proceedings'ȮĶŃħńĭĬŅĬŅĝŅĨŇȮĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮ
ľĶŊŀȮĴňĽŇĪīŇĭńĨĶȮĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level 
&TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ2ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ3ȮĕŉŘĬœĮȮ 

6. ŏĮƦĬįŌƟĴňėŋĦĽĴĭńĨŇėĶĭĩƟĺĬĨŅĴĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮĺƞŅħƟĺĵĔŅĶıŇěŅĶĦŅŏĔňĵĶĨŇŐĸŃ
ĻńĔħŇśĕŀĚĬńĔĻŉĔļŅĪňŗěŃœħƟĶńĭĔŅĶŏĽĬŀŒľƟœħƟĶńĭĮĶŇĠĠŅȮĮĶŃĔŅĻĬňĵĭńĨĶȮĮĶŃĔŅĻĬňĵĭńĨĶĭńĦĤŇĨ
ĝńŘĬĽŌĚȮŀĬŋĮĶŇĠĠŅȮľĶŊŀȮĮĶŃĔŅĻĬňĵĭńĨĶĕŀĚĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮı,Ļ,2550 
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ľĴĺħĪňŗȮ6,ȮĔŅĶıńĥĬŅėĦŅěŅĶĵƢ 

 
1,ȮĔŅĶŏĨĶňĵĴĔŅĶĽŜŅľĶńĭŀŅěŅĶĵƢŒľĴƞȮȮȮ 

1. ĴňĔŅĶĮģĴĬŇŏĪĻŐĬŃŐĬĺľĸńĔĽŌĨĶȮĮĶŃĔŅĻȮŐĸŃĕƟŀĭńĚėńĭĨƞŅĚȮŕȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭľĸńĔĽŌĨĶŐĔƞŀŅěŅĶĵƢ
ŒľĴƞȮŏıŊŗŀŒľƟĴňėĺŅĴĶŌƟŐĸŃŏĕƟŅŒěľĸńĔĽŌĨĶĪňŗĽŀĬȮĨĸŀħěĬĬőĵĭŅĵĕŀĚėĦŃȮŐĸŃĽĩŅĭńĬȮ 

2. ĽƞĚŏĽĶŇĴŀŅěŅĶĵƢŒľƟĴňĔŅĶŏıŇŗĴıŌĬėĺŅĴĶŌƟȮĽĶƟŅĚŏĽĶŇĴĮĶŃĽĭĔŅĶĦƢŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶĽŀĬŐĸŃĔŅĶĺŇěńĵŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚȮĔŅĶĽĬńĭĽĬŋĬħƟŅĬĔŅĶĻŉĔļŅĨƞŀȮİƗĔŀĭĶĴȮħŌĚŅĬĪŅĚĺŇĝŅĔŅĶŐĸŃĺŇĝŅĝňıŒĬŀĚėƢĔĶĨƞŅĚŕȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĔŅĶĮĶŃĝŋĴĪŅĚĺŇĝŅĔŅĶĪńŘĚŒĬĮĶŃŏĪĻŐĸŃ-ľĶŊŀĨƞŅĚĮĶŃŏĪĻȮľĶŊŀĔŅĶĸŅŏıŊŗŀŏıŇŗĴıŌĬĮĶŃĽĭĔŅĶĦƢ 

 

2,ȮĔŅĶıńĥĬŅėĺŅĴĶŌƟŐĸŃĪńĔļŃŒľƟŐĔƞėĦŅěŅĶĵƢȮ 
ȮȮȮȮȮ2,1 ĔŅĶıńĥĬŅĪńĔļŃĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬȮĔŅĶĺńħŐĸŃĔŅĶĮĶŃŏĴŇĬįĸȮȮ 

1. ĽƞĚŏĽĶŇĴŀŅěŅĶĵƢŒľƟĴňĔŅĶŏıŇŗĴıŌĬėĺŅĴĶŌƟȮĽĶƟŅĚŏĽĶŇĴĮĶŃĽĭĔŅĶĦƢŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶĽŀĬŐĸŃĔŅĶĺŇěńĵ
ŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĔŅĶĽĬńĭĽĬŋĬħƟŅĬĔŅĶĻŉĔļŅĨƞŀȮİƗĔŀĭĶĴȮħŌĚŅĬĪŅĚĺŇĝŅĔŅĶŐĸŃĺŇĝŅĝňıŒĬȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŀĚėƢĔĶĨƞŅĚŕȮĔŅĶĮĶŃĝŋĴĪŅĚĺŇĝŅĔŅĶĪńŘĚŒĬĮĶŃŏĪĻŐĸŃ-ľĶŊŀĨƞŅĚĮĶŃŏĪĻȮľĶŊŀĔŅĶĸŅŏıŊŗŀŏıŇŗĴıŌĬ
ĮĶŃĽĭĔŅĶĦƢ 

2. ĔŅĶŏıŇŗĴıŌĬĪńĔļŃĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĸŃĔŅĶĮĶŃŏĴŇĬįĸŒľƟĪńĬĽĴńĵ 
0,0ȮĔŅĶıńĥĬŅĺŇĝŅĔŅĶŐĸŃĺŇĝŅĝňıħƟŅĬŀŊŗĬŕ 
/,Ȯ ĽƞĚŏĽĶŇĴĔŅĶŏĕƟŅĶƞĺĴĮĶŃĝŋĴĺŇĝŅĔŅĶȮİƗĔŀĭĶĴŐĸŃĽńĴĴĬŅĪńŘĚŒĬŐĸŃĨƞŅĚĮĶŃŏĪĻŏıŊŗŀŒľƟėĦŅěŅĶĵƢ
œħƟĴňőŀĔŅĽŐĸĔŏĮĸňŗĵĬėĺŅĴĶŌƟŐĸŃĮĶŃĽĭĔŅĶĦƢĔŅĶĽŀĬȮĔŅĶĺŇěńĵȮŐĸŃĔŅĶĽĶƟŅĚŏėĶŊŀĕƞŅĵ 

0,Ȯ ĽƞĚŏĽĶŇĴĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĕŀĚėĦŅěŅĶĵƢŒĬĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶȮŐĸŃĔŅĶĨňıŇĴıƢŏıŊŗŀŏįĵŐıĶƞ
įĸĚŅĬŒĬĺŅĶĽŅĶĺŇĝŅĔŅĶĪńŘĚŒĬĶŃħńĭĝŅĨŇŐĸŃĬŅĬŅĝŅĨŇ 

1,Ȯ ĽƞĚŏĽĶŇĴĔŅĶĽĶƟŅĚŏėĶŊŀĕƞŅĵĶŃľĺƞŅĚľĬƞĺĵĺŇěńĵ-ĔĸŋƞĴĺŇěńĵĪńŘĚŒĬĮĶŃŏĪĻŐĸŃĨƞŅĚĮĶŃŏĪĻȮŏıŊŗŀĽĶƟŅĚ
ėĺŅĴŏĕƟĴŐĕŖĚŐĸŃŏĮƦĬĔŅĶıńĥĬŅĻńĔĵĳŅıħƟŅĬĔŅĶĺŇěńĵĕŀĚŀŅěŅĶĵƢ 

2,Ȯ ĽƞĚŏĽĶŇĴĔŅĶĴňĽƞĺĬĶƞĺĴŒĬĔŇěĔĶĶĴĭĶŇĔŅĶĺŇĝŅĔŅĶŐĔƞĝŋĴĝĬ 
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ľĴĺħĪňŗȮ5,ȮĔŅĶĮĶŃĔńĬėŋĦĳŅıľĸńĔĽŌĨĶ 
 

 

/,ȮȮĔŅĶĔŜŅĔńĭĴŅĨĶģŅĬȮ 
ĔŅĶĭĶŇľŅĶěńħĔŅĶľĸńĔĽŌĨĶŏĮƦĬœĮĨŅĴŏĔĦĤƢĴŅĨĶģŅĬľĸńĔĽŌĨĶĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮŐĸŃĔĶŀĭĴŅĨĶģŅĬ
ėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇ-ĴŅĨĶģŅĬėŋĦĺŋĥŇĽŅĕŅĺŇĝŅȮĨĸŀħĶŃĵŃŏĺĸŅĪňŗĴňĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬ
ŒĬľĸńĔĽŌĨĶ 
ȮȮȮȮȮȮ·ȮȮŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶȮȮ 

ěŜŅĬĺĬŀĵƞŅĚĬƟŀĵȮ1ȮėĬȮĴňėŋĦĺŋĥŇĮĶŇĠĠŅŏŀĔľĶŊŀŏĪňĵĭŏĪƞŅȮľĶŊŀĕńŘĬĨŗŜŅĮĶŇĠĠŅőĪľĶŊŀŏĪňĵĭŏĪƞŅĪňŗĴň
ĨŜŅŐľĬƞĚĶŀĚĻŅĽĨĶŅěŅĶĵƢȮŐĸŃĴňįĸĚŅĬĪŅĚĺŇĝŅĔŅĶĪňŗœĴƞŒĝƞĽƞĺĬľĬŉŗĚĕŀĚĔŅĶĻŉĔļŅŏıŊŗŀĶńĭĮĶŇĠĠŅȮ
ŐĸŃŏĮƦĬįĸĚŅĬĪňŗœħƟĶńĭĔŅĶŏįĵŐıĶƞĨŅĴľĸńĔŏĔĦĤƢĪňŗĔŜŅľĬħŒĬĔŅĶıŇěŅĶĦŅŐĨƞĚĨńŘĚŒľƟĭŋėėĸħŜŅĶĚ
ĨŜŅŐľĬƞĚĪŅĚĺŇĝŅĔŅĶŀĵƞŅĚĬƟŀĵȮ1ȮĶŅĵĔŅĶŒĬĶŀĭȮ3ȮĮƖĵƟŀĬľĸńĚȮőħĵŀĵƞŅĚĬƟŀĵȮ/ȮĶŅĵĔŅĶĨƟŀĚŏĮƦĬ
įĸĚŅĬĺŇěńĵ 

ȮȮȮȮȮȮ·ȮȮŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶȮ 
 ĴňėŋĦĺŋĥŇĕńŘĬĨŗŜŅĮĶŇĠĠŅőĪľĶŊŀŏĪňĵĭŏĪƞŅȮŐĸŃĴňįĸĚŅĬĪŅĚĺŇĝŅĔŅĶĪňŗœĴƞŒĝƞĽƞĺĬľĬŉŗĚĕŀĚĔŅĶĻŉĔļŅŏıŊŗŀĶńĭ
ĮĶŇĠĠŅȮŐĸŃŏĮƦĬįĸĚŅĬĪŅĚĺŇĝŅĔŅĶĪňŗœħƟĶńĭĔŅĶŏįĵŐıĶƞĨŅĴľĸńĔŏĔĦĤƢĪňŗĔŜŅľĬħŒĬĔŅĶıŇěŅĶĦŅ
ŐĨƞĚĨńŘĚŒľƟĭŋėėĸħŜŅĶĚĨŜŅŐľĬƞĚĪŅĚĺŇĝŅĔŅĶȮŀĵƞŅĚĬƟŀĵȮ1ȮĶŅĵĔŅĶŒĬĶŀĭȮ3ȮĮƖĵƟŀĬľĸńĚȮőħĵŀĵƞŅĚĬƟŀĵ 
/ȮĶŅĵĔŅĶĨƟŀĚŏĮƦĬįĸĚŅĬĺŇěńĵ 

ȮȮȮȮȮȮ·ȮȮĴňĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶŀĵƞŅĚĬƟŀĵĪŋĔȮ3ȮĮƖȮőħĵĬŜŅėĺŅĴėŇħŏľŖĬĕŀĚįŌƟĪĶĚėŋĦĺŋĥŇȮįŌƟŒĝƟĭńĦĤŇĨȮŐĸŃįŌƟĴň
ĽƞĺĬœħƟ+ĽƞĺĬŏĽňĵȮŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚŏĻĶļģĔŇěȮĽńĚėĴȮŐĸŃėĺŅĴĔƟŅĺľĬƟŅĪŅĚĺŇĝŅĔŅĶȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĴŅĮĶŃĔŀĭĔŅĶıŇěŅĶĦŅ 
 
  

2,ȮȮĭńĦĤŇĨ 
·ȮȮĴňĔŅĶĮĶŃŏĴŇĬėŋĦĳŅıĭńĦĤŇĨĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇȮŒĬĴŋĴĴŀĚĕŀĚįŌƟŒĝƟ
ĭńĦĤŇĨȮőħĵıŇěŅĶĦŅěŅĔėŋĦĸńĔļĦŃĪňŗıŉĚĮĶŃĽĚėƢĨŅĴĪňŗľĸńĔĽŌĨĶĔŜŅľĬħȮĞŉŗĚėĶŀĭėĸŋĴįĸĔŅĶŏĶňĵĬĶŌƟ
ŀĵƞŅĚĬƟŀĵȮ3ȮħƟŅĬȮėŊŀȮ/'ȮħƟŅĬėŋĦīĶĶĴȮěĶŇĵīĶĶĴȮ0'ȮħƟŅĬėĺŅĴĶŌƟȮ1'ȮħƟŅĬĪńĔļŃĪŅĚĮƤĠĠŅȮ2'ȮħƟŅĬ
ĪńĔļŃėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĭŋėėĸŐĸŃėĺŅĴĶńĭįŇħĝŀĭȮ3'ȮħƟŅĬĪńĔļŃĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĨńĺŏĸĕȮĔŅĶ
ĽŊŗŀĽŅĶȮŐĸŃĔŅĶŒĝƟŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻȮ 
·ȮȮĔŅĶŏįĵŐıĶƞįĸĚŅĬĮĶŇĠĠŅĬŇıĬīƢŐĸŃŏĔĦĤƢĔŅĶĽŜŅŏĶŖěĔŅĶĻŉĔļŅȮ 
ľĸńĔĽŌĨĶŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/' 
·ȮȮįĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚĺŇĪĵŅĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶ
ĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮ
ĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier/ȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶȮĪňŗ
œħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞ
ĶŃħńĭȮ2ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level &TRL-PRL-SRL'Ȯ
ĨńŘĚŐĨƞĶŃħńĭȮ3ȮĕŉŘĬœĮȮ 
·ȮȮĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇĪĵŅĬŇıĬīƢȮŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚȮŒĬĔŅĶ
ĮĶŃĝŋĴĺŇĝŅĔŅĶŀĵƞŅĚĬƟŀĵĶŃħńĭĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅ 
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ľĸńĔĽŌĨĶȮŐĭĭȮ0ȮȮ&ŐįĬȮĔȮŐĭĭȮĔ0'   
·ȮȮįĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇĪĵŅĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞľĶŊŀŀĵƞŅĚĬƟŀĵ
œħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/Ȯ
ŏĶŊŗŀĚȮľĶŊŀȮĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier/ȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮ
ŏįĵŐıĶƞŏĮƦĬĭĪėĺŅĴĜĭńĭŏĨŖĴȮ&Full paper'ȮŒĬŏŀĔĽŅĶŏįĵŐıĶƞĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶȮ
&Proceedings'ȮĶŃħńĭĬŅĬŅĝŅĨŇȮĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮ
ľĶŊŀȮĴňĽŇĪīŇĭńĨĶȮĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level 
&TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ2ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ3ȮĕŉŘĬœĮȮ 
·ȮȮĴňįĸĔŅĶĻŉĔļŅœħƟėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴŏĜĸňŗĵĪńŘĚľĴħœĴƞĬƟŀĵĔĺƞŅȮȮ1,..ȮȮŐĸŃėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴŏĜĸňŗĵ
ŒĬĽŅĕŅĺŇĝŅŏĜıŅŃœĴƞĬƟŀĵĔĺƞŅȮ1,.. 

1,ȮȮĬńĔĻŉĔļŅȮ 
·ȮȮĴňĔĶŃĭĺĬĔŅĶĶńĭĬńĔĻŉĔļŅĪňŗŏľĴŅŃĽĴȮőħĵĔŜŅľĬħŏĔĦĤƢĔŅĶėńħŏĸŊŀĔŐĸŃėŋĦĽĴĭńĨŇĕŀĚĬńĔĻŉĔļŅŒľƟ
ĽŀħėĸƟŀĚĔńĭĸńĔļĦŃĕŀĚľĸńĔĽŌĨĶȮŐĸŃĴňĔŅĶŏĨĶňĵĴėĺŅĴıĶƟŀĴĔƞŀĬŏĕƟŅĻŉĔļŅȮŏıŊŗŀŒľƟĬńĔĻŉĔļŅĴňėĺŅĴ
ıĶƟŀĴŒĬĔŅĶŏĶňĵĬŐĸŃĽŅĴŅĶĩĽŜŅŏĶŖěĔŅĶĻŉĔļŅœħƟĨŅĴĶŃĵŃŏĺĸŅĪňŗľĸńĔĽŌĨĶĔŜŅľĬħ 
·ȮȮĴňĔŅĶěńħĔŇěĔĶĶĴŏıŊŗŀıńĥĬŅėĺŅĴĶŌƟȮėĺŅĴĽŅĴŅĶĩȮŐĸŃĻńĔĵĳŅıĕŀĚĬńĔĻŉĔļŅŒĬĶŌĮŐĭĭĨƞŅĚŕȮ
ŏĽĶŇĴĽĶƟŅĚėĺŅĴŏĮƦĬıĸŏĴŊŀĚħňĪňŗĴňěŇĨĽŜŅĬŉĔĽŅīŅĶĦŃȮŐĸŃŏĽĶŇĴĽĶƟŅĚĪńĔļŃĔŅĶŏĶňĵĬĶŌƟŒĬĻĨĺĶĶļĪňŗȮ0/ 
·ȮȮĴňĔŅĶŐĨƞĚĨńŘĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĪńŗĺœĮŏıŊŗŀŒľƟėŜŅĮĶŉĔļŅħƟŅĬĺŇĝŅĔŅĶȮŐĸŃŐĬŃŐĬĺŒľƟŐĔƞĬńĔĻŉĔļŅĪŋĔėĬȮ
őħĵŀŅěŅĶĵƢěŃĨƟŀĚĔŜŅľĬħĝńŗĺőĴĚŒľƟėŜŅĮĶŉĔļŅȮ&Office Hours'ȮŏıŊŗŀŒľƟĬńĔĻŉĔļŅĽŅĴŅĶĩŏĕƟŅĮĶŉĔļŅœħƟȮ 
·ȮȮĴňĔŅĶĽŜŅĶĺěĕƟŀĴŌĸĔŅĶėĚŀĵŌƞĕŀĚĬńĔĻŉĔļŅȮŀńĨĶŅĔŅĶĽŜŅŏĶŖěĔŅĶĻŉĔļŅȮŏıŊŗŀĮĶŃŏĴŇĬŐĬĺőĬƟĴįĸĔŅĶ
ħŜŅŏĬŇĬĚŅĬ 
·ȮȮĴňĶŃĭĭĔŅĶěńħĔŅĶĕƟŀĶƟŀĚŏĶňĵĬĕŀĚĬńĔĻŉĔļŅĪňŗĴňĮĶŃĽŇĪīŇĳŅıȮőħĵĴňĔŅĶĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĕŀĚĔŅĶ
ĶńĭŐĸŃĔŅĶĽƞĚŏĽĶŇĴĔŅĶıńĥĬŅĬńĔĻŉĔļŅȮŐĸŃįĸĔŅĶěńħĔŅĶĕƟŀĶƟŀĚŏĶňĵĬȮ 

 
2,ȮȮŀŅěŅĶĵƢȮ 
·ȮȮĴňĶŃĭĭĔŅĶĶńĭŀŅěŅĶĵƢŒľĴƞĪňŗĽŀħėĸƟŀĚĔńĭĶŃŏĭňĵĭ-ĕƟŀĭńĚėńĭĕŀĚĴľŅĺŇĪĵŅĸńĵȮŐĸŃĨƟŀĚĴňėŃŐĬĬ
ĪħĽŀĭėĺŅĴĽŅĴŅĶĩĳŅļŅŀńĚĔķļĨŅĴŏĔĦĤƢĪňŗĴľŅĺŇĪĵŅĸńĵĔŜŅľĬħȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĮĶŃĔŅĻ
ėĦŃĔĶĶĴĔŅĶĔŅĶŀŋħĴĻŉĔļŅȮŏĶŊŗŀĚȮĴŅĨĶģŅĬėĺŅĴĽŅĴŅĶĩĳŅļŅŀńĚĔķļĕŀĚŀŅěŅĶĵƢĮĶŃěŜŅȮ 
·ȮȮĴňĶŃĭĭĔŅĶĭĶŇľŅĶȮŐĸŃĶŃĭĭĔŅĶĽƞĚŏĽĶŇĴŐĸŃıńĥĬŅŀŅěŅĶĵƢĪňŗŏľĴŅŃĽĴŐĸŃĽŀħėĸƟŀĚĔńĭĺŇĽńĵĪńĻĬƢ
ŐĸŃĬőĵĭŅĵĕŀĚĴľŅĺŇĪĵŅĸńĵȮŐĸŃŐĬĺĪŅĚĕŀĚľĸńĔĽŌĨĶ 
·ȮȮĴňĶŃĭĭĔŅĶıńĥĬŅėŋĦĳŅıŀŅěŅĶĵƢȮŏıŊŗŀŒľƟŀŅěŅĶĵƢĴňėĺŅĴĶŌƟėĺŅĴŏĝňŗĵĺĝŅĠŒĬĽŅĕŅĺŇĝŅĪňŗŏĮƕħĽŀĬȮŐĸŃ
ĴňėĺŅĴĔƟŅĺľĬƟŅŒĬĔŅĶįĸŇĨįĸĚŅĬĪŅĚĺŇĝŅĔŅĶŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 
·ȮȮĴňĔŅĶĽŜŅĶĺěĕƟŀĴŌĸŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶĪňŗĴňėŋĦĺŋĥŇĮĶŇĠĠŅŏŀĔȮĨŜŅŐľĬƞĚĪŅĚĺŇĝŅĔŅĶȮįĸĚŅĬ
ĪŅĚĺŇĝŅĔŅĶȮĔŅĶėĚŀĵŌƞĕŀĚŀŅěŅĶĵƢȮŐĸŃėĺŅĴıŉĚıŀŒěĨƞŀĔĶŃĭĺĬĔŅĶĶńĭŀŅěŅĶĵƢŐĸŃĔŅĶĭĶŇľŅĶĕŀĚ
ŀŅěŅĶĵƢȮŏıŊŗŀĮĶŃŏĴŇĬŐĬĺőĬƟĴįĸĔŅĶħŜŅŏĬŇĬĚŅĬ 
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3,ȮȮľĸńĔĽŌĨĶȮĔŅĶŏĶňĵĬĔŅĶĽŀĬȮĔŅĶĮĶŃŏĴŇĬįŌƟŏĶňĵĬȮ 
·ȮȮĴňĔĶŃĭĺĬĔŅĶŀŀĔŐĭĭ-ĮĶńĭĮĶŋĚľĸńĔĽŌĨĶŐĸŃĔĶŃĭĺĬĺŇĝŅŒľƟĴňŏĬŊŘŀľŅĪňŗĪńĬĽĴńĵȮœħƟĴŅĨĶģŅĬĪŅĚ
ĺŇĝŅĔŅĶ-ĺŇĝŅĝňıȮĽŀħėĸƟŀĚĔńĭėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħŐĶĚĚŅĬȮŐĸŃŐįĬıńĥĬŅŏĻĶļģĔŇěŐĸŃĽńĚėĴ
ŐľƞĚĝŅĨŇȮ 
·ȮȮĴňĶŃĭĭŐĸŃĔĸœĔĔŅĶıŇěŅĶĦŅŀĬŋĴńĨŇľńĺĕƟŀĮĶŇĠĠŅĬŇıĬīƢ 
·ȮȮĴňĔŅĶĔŜŅľĬħŀŅěŅĶĵƢįŌƟĽŀĬŒĬŐĨƞĸŃĔĶŃĭĺĬĺŇĝŅȮőħĵėŜŅĬŉĚĩŉĚėĺŅĴĶŌƟėĺŅĴĽŅĴŅĶĩŐĸŃėĺŅĴ
ŏĝňŗĵĺĝŅĠŒĬĔĶŃĭĺĬĺŇĝŅĪňŗĽŀĬȮŐĸŃĴňĔŅĶĔŜŅĔńĭȮĨŇħĨŅĴȮŐĸŃĨĶĺěĽŀĭĔŅĶěńħĪŜŅŐįĬĔŅĶŏĶňĵĬĶŌƟȮŐĸŃ
ĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬȮ&Ĵėŀ,1ȮŐĸŃȮĴėŀ,2' 
·ȮȮĴňĶŃĭĭŐĸŃĔĸœĔĔŅĶŐĨƞĚĨńŘĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĮĶŇĠĠŅĬŇıĬīƢȮŏıŊŗŀĝƞĺĵŏľĸŊŀĔŜŅĔńĭȮĨŇħĨŅĴŒĬĔŅĶĪŜŅ
ĮĶŇĠĠŅĬŇıĬīƢŐĸŃĔŅĶĨňıŇĴıƢįĸĚŅĬ 
·ȮȮĴňĔŅĶĮĶŃŏĴŇĬįŌƟŏĶňĵĬȮĔŜŅĔńĭŒľƟĴňĔŅĶĮĶŃŏĴŇĬĨŅĴĽĳŅıěĶŇĚȮŐĸŃĴňĺŇīňĔŅĶĮĶŃŏĴŇĬĪňŗľĸŅĔľĸŅĵȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&Ĵėŀ,3ȮȮĴėŀ,4ȮŐĸŃȮĴėŀ,5'Ȯ 
 

6,ȮȮĽŇŗĚĽĬńĭĽĬŋĬĔŅĶŏĶňĵĬĶŌƟȮ 
·ȮȮĴňĶŃĭĭĔŅĶħŜŅŏĬŇĬĚŅĬĕŀĚĳŅėĺŇĝŅ-ėĦŃ-ĴľŅĺŇĪĵŅĸńĵȮőħĵĔŅĶĴňĽƞĺĬĶƞĺĴĕŀĚŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭ
ľĸńĔĽŌĨĶȮŒĬĔŅĶěńħŏĨĶňĵĴĽŇŗĚĽĬńĭĽĬŋĬĔŅĶŏĶňĵĬĶŌƟĪňŗěŜŅŏĮƦĬĨƞŀĔŅĶŏĶňĵĬĔŅĶĽŀĬȮĪńŘĚĪŅĚħƟŅĬĔŅĵĳŅıȮ
ŀŋĮĔĶĦƢȮŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŀŜŅĬĺĵėĺŅĴĽŃħĺĔľĶŊŀĪĶńıĵŅĔĶĪňŗŏŀŊŘŀĨƞŀĔŅĶŏĶňĵĬĶŌƟȮȮŀĵƞŅĚŏıňĵĚıŀŐĸŃ
ŏľĴŅŃĽĴĨƞŀĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬȮĞŉŗĚěŃĽƞĚįĸŒľƟįŌƟŏĶňĵĬĽŅĴŅĶĩŏĶňĵĬĶŌƟœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇįĸ 
·ȮȮĴňĔŅĶĽŜŅĶĺěėĺŅĴıŉĚıŀŒěŐĸŃėĺŅĴĨƟŀĚĔŅĶĕŀĚŀŅěŅĶĵƢįŌƟĽŀĬŐĸŃĬńĔĻŉĔļŅĨƞŀĽŇŗĚĽĬńĭĽĬŋĬĔŅĶ
ŏĶňĵĬĶŌƟȮŐĸŃĬŜŅįĸĔŅĶĽŜŅĶĺěĴŅıńĥĬŅĮĶńĭĮĶŋĚ 

 
5, ĨńĺĭƞĚĝňŘįĸĔŅĶħŜŅŏĬŇĬĚŅĬȮ&Key Performance Indicators'ȮȮȮȮ 

ħńĝĬňĭƞĚĝňŘįĸĔŅĶħŜŅŏĬŇĬĚŅĬ ĮƖĪňŗȮ/ ĮƖĪňŗȮ0 ĮƖĪňŗȮ1 ĮƖĪňŗȮ2 ĮƖĪňŗȮ3 

1. ĴňĔŅĶĮĶŃĝŋĴľĸńĔĽŌĨĶŏıŊŗŀĺŅĚŐįĬȮĨŇħĨŅĴȮŐĸŃĪĭĪĺĬĔŅĶħŜŅŏĬŇĬĚŅĬľĸńĔĽŌĨĶ
ŀĵƞŅĚĬƟŀĵĮƖĔŅĶĻŉĔļŅĸŃĽŀĚėĶńŘĚȮőħĵĴňŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶŏĕƟŅĶƞĺĴ
ĮĶŃĝŋĴŀĵƞŅĚĬƟŀĵȮĶƟŀĵĸŃȮ6.ȮŐĸŃĴňĔŅĶĭńĬĪŉĔĔŅĶĮĶŃĝŋĴĪŋĔėĶńŘĚ 

 
x 

 
x 

 
x 

 
x 

 
x 

2. ĴňĶŅĵĸŃŏŀňĵħĕŀĚľĸńĔĽŌĨĶȮĨŅĴŐĭĭȮĴėŀ,2 ĪňŗĽŀħėĸƟŀĚĔńĭĔĶŀĭĴŅĨĶģŅĬ
ėŋĦĺŋĥŇŐľƞĚĝŅĨŇȮľĶŊŀȮĴŅĨĶģŅĬėŋĦĺŋĥŇĽŅĕŅ-ĽŅĕŅĺŇĝŅȮ 

x x x x x 

3. ĴňĶŅĵĸŃŏŀňĵħĕŀĚĔĶŃĭĺĬĺŇĝŅȮŐĸŃĶŅĵĸŃŏŀňĵħĕŀĚĮĶŃĽĭĔŅĶĦƢĳŅėĽĬŅĴȮ
&ĩƟŅĴň'ȮĨŅĴŐĭĭȮĴėŀ,1ȮŐĸŃȮĴėŀ, 2ȮŀĵƞŅĚĬƟŀĵĔƞŀĬĔŅĶŏĮƕħĽŀĬŒĬŐĨƞĸŃ
ĳŅėĔŅĶĻŉĔļŅŒľƟėĶĭĪŋĔĔĶŃĭĺĬĺŇĝŅ 

x x x x x 

4. ěńħĪŜŅĶŅĵĚŅĬįĸĔŅĶħŜŅŏĬŇĬĔŅĶĕŀĚĔĶŃĭĺĬĺŇĝŅȮŐĸŃĶŅĵĚŅĬįĸĔŅĶ
ħŜŅŏĬŇĬĔŅĶĕŀĚĮĶŃĽĭĔŅĶĦƢĳŅėĽĬŅĴȮĨŅĴŐĭĭȮĴėŀ,5 ŐĸŃȮĴėŀ,6  
ŒľƟėĶĭĪŋĔĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬľĸńĔĽŌĨĶȮĳŅĵŒĬ 30 ĺńĬȮ 
ľĸńĚĺńĬĮƕħĳŅėĔŅĶĻŉĔļŅȮ 

x x x x x 

5. ěńħĪŜŅĶŅĵĚŅĬįĸĔŅĶħŜŅŏĬŇĬĔŅĶĕŀĚľĸńĔĽŌĨĶȮĨŅĴŐĭĭȮĴėŀ,7 ĳŅĵŒĬ 60 ĺńĬȮ
ľĸńĚĽŇŘĬĽŋħĮƖĔŅĶĻŉĔļŅȮ 

x x x x x 



53 

ħńĝĬňĭƞĚĝňŘįĸĔŅĶħŜŅŏĬŇĬĚŅĬ ĮƖĪňŗȮ/ ĮƖĪňŗȮ0 ĮƖĪňŗȮ1 ĮƖĪňŗȮ2 ĮƖĪňŗȮ3 

6. ĴňĔŅĶĪĺĬĽŀĭįĸĽńĴķĪīŇśĕŀĚĬńĔĻŉĔļŅĨŅĴĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟȮ 
ĪňŗĔŜŅľĬħŒĬȮĴėŀ,1ȮŐĸŃĴėŀ,2Ȯ&ĩƟŅĴň'ȮŀĵƞŅĚĬƟŀĵĶƟŀĵĸŃȮ03 
ĕŀĚĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬŐĨƞĸŃĮƖĔŅĶĻŉĔļŅ 

x x x x x 

7. ĴňĔŅĶıńĥĬŅ-ĮĶńĭĮĶŋĚĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬȮĔĸĵŋĪīƢĔŅĶĽŀĬȮľĶŊŀȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĔŅĶĮĶŃŏĴŇĬįĸĔŅĶŏĶňĵĬĶŌƟȮěŅĔįĸĔŅĶĮĶŃŏĴŇĬĔŅĶħŜŅŏĬŇĬĚŅĬĪňŗĶŅĵĚŅĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŒĬȮĴėŀ,7 ĮƖĪňŗŐĸƟĺȮ 

 x x x x 

8. ŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶĪňŗœħƟĶńĭĔŅĶŐĨƞĚĨńŘĚŒľĴƞȮœħƟĶńĭėŜŅŐĬŃĬŜŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ħƟŅĬĔŅĶĭĶŇľŅĶěńħĔŅĶľĸńĔĽŌĨĶ 

x x x x x 

9. ŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶĪŋĔėĬœħƟĶńĭĔŅĶıńĥĬŅĪŅĚĺŇĝŅĔŅĶȮŐĸŃ-ľĶŊŀ
ĺŇĝŅĝňıŀĵƞŅĚĬƟŀĵĮƖĸŃľĬŉŗĚėĶńŘĚ 

x x x x x 

10. ěŜŅĬĺĬĭŋėĸŅĔĶĽĬńĭĽĬŋĬĔŅĶŏĶňĵĬĔŅĶĽŀĬȮ&ĩƟŅĴň'ȮœħƟĶńĭĔŅĶıńĥĬŅĺŇĝŅĔŅĶȮ
ŐĸŃ-ľĶŊŀĺŇĝŅĝňıȮœĴƞĬƟŀĵĔĺƞŅĶƟŀĵĸŃȮ3.ȮĨƞŀĮƖȮȮ 

+ + + + + 

11. ĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚĬńĔĻŉĔļŅĮƖĽŋħĪƟŅĵ-ĭńĦĤŇĨŒľĴƞĪňŗĴňĨƞŀėŋĦĳŅıľĸńĔĽŌĨĶȮ
ŏĜĸňŗĵœĴƞĬƟŀĵĔĺƞŅ 3,51 ěŅĔėŃŐĬĬŏĨŖĴ 5,0 

 x x x x 

12. ĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚįŌƟŒĝƟĭńĦĤŇĨĪňŗĴňĨƞŀĭńĦĤŇĨŒľĴƞȮŏĜĸňŗĵœĴƞĬƟŀĵĔĺƞŅ 3,51 
ěŅĔėŃŐĬĬŏĨŖĴ 5,0 

  x x x 

ĶĺĴĨńĺĭƞĚĝňŘȮ&ĕƟŀ'ȮŒĬŐĨƞĸŃĮƖ 6 /. // // // 
ĨńĺĭƞĚĝňŘĭńĚėńĭȮ&ĕƟŀĪňŗ' /+3 /+3 /+3 /+3 /+3 
ĨńĺĭƞĚĝňŘĨƟŀĚįƞŅĬĶĺĴȮ&ĕƟŀ'Ȯ 5 6 7 7 7 

ŏĔĦĤƢĮĶŃŏĴŇĬ8ȮľĸńĔĽŌĨĶœħƟĴŅĨĶģŅĬĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇłĨƟŀĚįƞŅĬŏĔĦĤƢĮĶŃŏĴŇĬħńĚĬňŘȮȮȮȮȮȮȮȮȮȮ 

ĨńĺĭƞĚĝňŘĭńĚėńĭȮ&ĨńĺĭƞĚĝňŘĪňŗ 1+5'ȮĴňįĸħŜŅŏĬŇĬĔŅĶĭĶĶĸŋĨŅĴŏĮƚŅľĴŅĵȮŐĸŃĴňěŜŅĬĺĬĨńĺĭƞĚĝňŘĪňŗĴňįĸħŜŅŏĬŇĬĔŅĶĭĶĶĸŋ
ŏĮƚŅľĴŅĵœĴƞĬƟŀĵĔĺƞŅ 80 #ȮĕŀĚĨńĺĭƞĚĝňŘĶĺĴȮőħĵıŇěŅĶĦŅěŅĔěŜŅĬĺĬĨńĺĭƞĚĝňŘĭńĚėńĭŐĸŃĨńĺĭƞĚĝňŘĶĺĴŒĬŐĨƞĸŃĮƖ 
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ľĴĺħĪňŗȮ8,ȮĔĶŃĭĺĬĔŅĶĔŅĶĮĶŃŏĴŇĬŐĸŃĮĶńĭĮĶŋĚľĸńĔĽŌĨĶ 

 
/,ȮȮĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇįĸĕŀĚĔŅĶĽŀĬ 
ȮȮȮȮ1,1 ĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬŐĸŃĮĶńĭĮĶŋĚŐįĬĔĸĵŋĪīƢĔŅĶĽŀĬ 
X ȮĴňĔŅĶĮĶŃŏĴŇĬįĸĔŅĶĽŀĬĕŀĚŀŅěŅĶĵƢőħĵĬńĔĻŉĔļŅȮŐĸŃĬŜŅįĸĔŅĶĮĶŃŏĴŇĬĴŅĺŇŏėĶŅŃľƢŏıŊŗŀľŅěŋħŀƞŀĬ
ŐĸŃěŋħŐĕŖĚŒĬĔŅĶĽŀĬĕŀĚŀŅěŅĶĵƢįŌƟĽŀĬȮŏıŊŗŀĮĶńĭĔĸĵŋĪīƢĔŅĶĽŀĬŒľƟŏľĴŅŃĽĴȮőħĵŀŅěŅĶĵƢŐĨƞĸŃĪƞŅĬ 

X ȮĴňĔŅĶĮĶŃŏĴŇĬįĸĔŅĶŏĶňĵĬĶŌƟĕŀĚĬńĔĻŉĔļŅőħĵĔŅĶĽŀĭȮ 
X ȮĴňĔŅĶĮĶŃŏĴŇĬįĸĔŅĶŏĶňĵĬĶŌƟĕŀĚĬńĔĻŉĔļŅőħĵĔŅĶĮĢŇĭńĨŇĚŅĬĔĸŋƞĴ 
X ȮĺŇŏėĶŅŃľƢŏıŊŗŀľŅěŋħŀƞŀĬŐĸŃěŋħŐĕŖĚŒĬĔŅĶŏĶňĵĬĶŌƟĕŀĚĬńĔĻŉĔļŅȮŏıŊŗŀĮĶńĭĔĸĵŋĪīƢĔŅĶĽŀĬŒľƟŏľĴŅŃĽĴ
ĔńĭĬŇĽŇĨŐĨƞĸŃĝńŘĬĮƖȮőħĵŀŅěŅĶĵƢŐĨƞĸŃĪƞŅĬ 

 
/,0ȮĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬĪńĔļŃĕŀĚŀŅěŅĶĵƢŒĬĔŅĶŒĝƟŐįĬĔĸĵŋĪīƢĔŅĶĽŀĬ 
X ȮŒľƟĬńĔĻŉĔļŅœħƟĮĶŃŏĴŇĬįĸĔŅĶĽŀĬĕŀĚŀŅěŅĶĵƢŒĬĪŋĔħƟŅĬȮĪńŘĚŒĬħƟŅĬĪńĔļŃȮĔĸĵŋĪīƢĔŅĶĽŀĬȮŐĸŃĔŅĶ
ŒĝƟĽŊŗŀŒĬĪŋĔĶŅĵĺŇĝŅ 
 

2,ȮĔŅĶĮĶŃŏĴŇĬľĸńĔĽŌĨĶŒĬĳŅıĶĺĴ 
X ĮĶŃŏĴŇĬőħĵĬńĔĻŉĔļŅĮƖĽŋħĪƟŅĵ 
X ĮĶŃŏĴŇĬőħĵĭńĦĤŇĨĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 
X ĮĶŃŏĴŇĬőħĵįŌƟŒĝƟĭńĦĤŇĨ-įŌƟĴňĽƞĺĬœħƟĽƞĺĬŏĽňĵŀŊŗĬŕ 

 
3,ȮĔŅĶĮĶŃŏĴŇĬįĸĔŅĶħŜŅŏĬŇĬĚŅĬĨŅĴĶŅĵĸŃŏŀňĵħľĸńĔĽŌĨĶ 
ĔŅĶĮĶŃŏĴŇĬėŋĦĳŅıĔŅĶĻŉĔļŅĮĶŃěŜŅĮƖȮĨŅĴħńĝĬňĭƞĚĝňŘįĸĔŅĶħŜŅŏĬŇĬĚŅĬĪňŗĶŃĭŋŒĬľĴĺħĪňŗ 7 ĕƟŀ 7 őħĵ

ėĦŃĔĶĶĴĔŅĶĮĶŃŏĴŇĬŀĵƞŅĚĬƟŀĵ 3 ėĬȮĮĶŃĔŀĭħƟĺĵįŌƟĪĶĚėŋĦĺŋĥŇŒĬĽŅĕŅĺŇĝŅŀĵƞŅĚĬƟŀĵ 1 ėĬȮĪňŗœħƟĶńĭĔŅĶ
ŐĨƞĚĨńŘĚěŅĔĴľŅĺŇĪĵŅĸńĵ 
 
2,ȮȮĔŅĶĪĭĪĺĬįĸĔŅĶĮĶŃŏĴŇĬŐĸŃĺŅĚŐįĬĮĶńĭĮĶŋĚ 

ŒľƟĔĶĶĴĔŅĶĺŇĝŅĔŅĶĮĶŃěŜŅĽŅĕŅĺŇĝŅ-ĳŅėĺŇĝŅȮĶĺĭĶĺĴĕƟŀĴŌĸěŅĔĔŅĶĮĶŃŏĴŇĬĔŅĶŏĶňĵĬĔŅĶĽŀĬĕŀĚ
ŀŅěŅĶĵƢȮĬńĔĻŉĔļŅȮĭńĦĤŇĨȮŐĸŃįŌƟŒĝƟĭńĦĤŇĨȮŐĸŃĕƟŀĴŌĸěŅĔȮĴėŀ,5, 6, 7ȮŏıŊŗŀĪĶŅĭĮƤĠľŅĕŀĚĔŅĶĭĶŇľŅĶ
ľĸńĔĽŌĨĶĪńŘĚŒĬĳŅıĶĺĴŐĸŃŒĬŐĨƞĸŃĶŅĵĺŇĝŅȮŐĸŃĬŜŅœĮĽŌƞĔŅĶħŜŅŏĬŇĬĔŅĶĮĶńĭĮĶŋĚĔĶŃĭĺĬĺŇĝŅŐĸŃľĸńĔĽŌĨĶ
ĨƞŀœĮȮĽŜŅľĶńĭĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶĬńŘĬěŃĔĶŃĪŜŅĪŋĔȮŕȮ5 ĮƖȮĪńŘĚĬňŘŏıŊŗŀŒľƟľĸńĔĽŌĨĶĴňėĺŅĴĪńĬĽĴńĵŐĸŃĽŀħėĸƟŀĚ
ĔńĭėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟŒĝƟĭńĦĤŇĨ 
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ĳŅėįĬĺĔ 
/,ȮėŜŅŀīŇĭŅĵĸńĔļĦŃĔĶŃĭĺĬĺŇĝŅȮ 

ĺ,ėĴ,Ȯ701 &203701' ŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸ      0&2+0+4' 
        Combinatorial Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸŏĭŊŘŀĚĨƟĬȮľĸńĔĔŅĶŀŀĔŐĭĭŐĸŃĔŅĶĽńĚŏėĶŅŃľƢȮĺŇīňĔŅĶĩŀħĶľńĽŐĸŃŒĽƞĶľńĽŒĬŏėĴňėŀĴ
ĭŇŏĬĪŀŏĶňĵĸȮľĸńĔĔŅĶŐĸŃŏĪėĬŇėĔŅĶĽńĚŏėĶŅŃľƢŐĭĭŏĲĽĕŀĚŐĕŖĚȮĔŅĶĽńĚŏėĶŅŃľƢőŀĸŇőĔŏĴŀĶƢŐĭĭŏĲĽĕŀĚŐĕŖĚȮȮȮȮȮȮĔŅĶ
ĽńĚŏėĶŅŃľƢĽŅĶőĴŏĸĔŋĸŏĸŖĔŐĭĭŏĲĽĕŀĚŐĕŖĚȮŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŅĶŒĬĔŅĶĽńĚŏėĶŅŃľƢŐĭĭŏĲĽĕŀĚŐĕŖĚȮĞńııŀĶƢĨĶňŏŀ
ŏěĬĨƢĽŜŅľĶńĭĔŅĶĽńĚŏėĶŅŃľƢŐĭĭĽŅĶĸŃĸŅĵȮĔĶĦňĻŉĔļŅŒĬŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸȮȮȮȮȮȮȮȮȮȮȮ 
 Introduction to combinatorial chemistry, principles in design and synthetic methodologies, 
deconvolution and encoding techniques, principles and techniques in solid+phase synthesis, solid+
phase synthesis of oligomers, solid+phase synthesis of small molecules, analytical methods in solid+
phase synthesis, supported reagents in solution phase synthesis, recent literatures on combinatorial 
chemistry 
 
ĺ,ėĴ,Ȯ5.2Ȯ&203704' ŏėĴňįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇ      0&2+0+4' 
        Natural Products Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ŏĴŐĪĭŀœĸĨƢĪŋĨŇĵĳŌĴŇȮĝňĺĽńĚŏėĶŅŃľƢȮĚŅĬĺŇěńĵįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇŒĬĮƤěěŋĭńĬŐĸŃĔŅĶĮĶŃĵŋĔĨƢ 
Secondary metabolites, biosynthesis,Ȯcurrent research in natural products and their 

applicationsȮ 
 
ĺ ,ėĴ, 705 &203705'Ȯ ĔŅĶĺŇŏėĶŅŃľƢĽŅĶıķĔļŏėĴň     0&2+0+4' 
        Phytochemical Analysis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ŐĬĺėŇħĕŀĚĔŅĶĺŇŏėĶŅŃľƢĽŅĶıķĔļŏėĴňȮĺŇīňĔŅĶĽĔńħĽŅĶĶŃŏľĵŒĬıŊĝȮĺŇīňĔŅĶĽĔńħĽŜŅľĶńĭĽŅĶĨńĺŀĵƞŅĚŒĬĬŘŜŅ
ĺŇīňĔŅĶĽĔńħĽŜŅľĶńĭĽŜŅľĶńĭĽŅĶĨńĺŀĵƞŅĚĕŀĚŐĕŖĚȮŏĪėĬŇėőėĶĴŅőĪĔĶŅĲƖĽŜŅľĶńĭĔŅĶŐĵĔĽŅĶĶŃŏľĵȮŏĪėĬŇėőėĶĴŅőĪĔ
ĶŅĲƖĽŜŅľĶńĭĔŅĶŐĵĔĽŅĶœĴƞĶŃŏľĵȮŏĪėĬŇėőėĶĴŅőĪĔĶŅĲƖĽŜŅľĶńĭĔŅĶŐĵĔĽŅĶĮĶŃĔŀĭœėĶńĸȮĺŇīňĔŅĶĽĶƟŅĚŀĬŋıńĬīƢ
ĽŜŅľĶńĭĔŅĶŐĵĔŐĸŃĺŇŏėĶŅŃľƢĽŅĶȮĔŅĶĶŃĭŋŏŀĔĸńĔļĦƢĽŅĶıķĔļŏėĴňħƟĺĵĽŏĮĔőĪĶĽőĔĮƖ 
 Concepts of phytochemical analysis, extraction methods for plant volatiles, extraction 
methods for aqueous samples, extraction methods for solid samples, chromatographic techniques 
for separation of volatiles, chromatographic techniques for separation of nonvolatiles, 
chromatographic techniques for separation of chiral compounds, derivatization methods for 
separation and analysis, spectroscopic identification of phytochemicals 
 
ĺ,ėĴ,Ȯ5.6Ȯ&0.15.6' ĔŅĶĽńĚŏėĶŅŃľƢĽŅĶŀŇĬĪĶňĵƢĕńŘĬĽŌĚ     3&3+0+6' 
   Advanced Organic Synthesis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶĺŅĚŐįĬĔŅĶĽńĚŏėĶŅŃľƢőĴŏĸĔŋĸŏĮƚŅľĴŅĵȮĽĶĶĽĳŅıŒĬĔŅĶĽńĚŏėĶŅŃľƢĪŅĚŏėĴňŀŇĬĪĶňĵƢȮĔŅĶĽĶƟŅĚıńĬīŃ
ėŅĶƢĭŀĬ+ėŅĶƢĭŀĬȮĮĢŇĔŇĶŇĵŅĕŀĚĽŅĶĮĶŃĔŀĭőĸľŃŀŇĬĪĶňĵƢĨƞŅĚŕȮĔĸŋƞĴĮĔĮƚŀĚŐĸŃĔĸŋƞĴŏĶƞĚĮĢŇĔŇĶŇĵŅȮĮĢŇĔŇĶŇĵŅ
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ŀŀĔĞŇŏħĝńĬŐĸŃĶňħńĔĝńĬȮœŁőħĶőĭŏĶĝńĬŐĸŃĽŅĶĮĶŃĔŀĭőĭĶŀĬŀŇĬĪĶňĵƢȮŐĸŃĮĢŇĔŇĶŇĵŅĔŅĶĽńĚŏėĶŅŃľƢĭŅĚĮĢŇĔŇĶŇĵŅ
ŏĸŊŀĔĽĶĶěŅĔĺŅĶĽŅĶĨƞŅĚŕȮŒĬĮƤěěŋĭńĬ 
 Synthetic plan of target molecule, selectivity in organic synthesis, formation of carbon+
carbon bonds, reaction of various organometallic compounds, protecting and activating groups, 
oxidation and reduction reactions, hydroboration and organoboron compounds, some synthetic 
reactions selected from current literature 
 
ĺ,ėĴ,Ȯ5.9Ȯ&203709' ĽŏĮĔőĪĶĽőĔĮƖĪŅĚŏėĴňŀŇĬĪĶňĵƢĕńŘĬĽŌĚ    3&3+0+6' 
   Advanced Organic Spectroscopy 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶľŅőėĶĚĽĶƟŅĚĕŀĚĽŅĶŀŇĬĪĶňĵƢȮŀńĸĨĶŅœĺőŀŏĸĨ+ĺŇĞŇŏĭŇĸĽŏĮĔőĪĶĽőĔĮƖȮŀŇĬĲĶŅŏĶħĽŏĮĔőĪĶĽőĔĮƖȮ
ĬŇĺŏėĸňĵĶƢŐĴĔŏĬĨŇĔŏĶőĞŐĬĬĞƢĽŏĮĔőĪĶĽőĔĮƖȮŐĸŃŐĴĽĽŏĮĔőĪĶŏĴĨĶň 

Structure determination of organic compounds, ultraviolet+visible spectroscopy, infrared 
spectroscopy, nuclear magnetic resonance spectroscopy, mass spectrometry 
 
ĺ,ėĴ,Ȯ713 &203713' ĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚŀĬŇĬĪĶňĵƢ     3&3+0+6' 
        Inorganic Reactions and Mechanisms 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ěĸĬıĸĻŅĽĨĶƢŏėĴňȮ ŐĸŃıŅĶŅĴŇŏĨŀĶƢĨƞŅĚŕȮĪňŗĽŜŅėńĠŒĬĔŅĶľŅĔĸœĔĮĢŇĔŇĶŇĵŅȮĝĬŇħĕŀĚĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚȮ
ŀĬŇĬĪĶňĵƢȮĮĢŇĔŇĶŇĵŅĔŅĶŐĪĬĪňŗĕŀĚĽŅĶŏĝŇĚĞƟŀĬŀŀĔĨŃŁňħĶńĸȮĮĢŇĔŇĶŇĵŅĔŅĶŐĪĬĪňŗĕŀĚĽŅĶŏĝŇĚĞƟŀĬĽŐėĺĶƢıĸŅĬŅĶƢȮĔŅĶ
ŏĶƞĚĮĢŇĔŇĶŇĵŅĪŅĚŏėĴňőħĵĽŅĶŏĝŇĚĞƟŀĬĕŀĚőĸľŃŐĪĶĬĞŇĝńĬȮĮĢŇĔŇĶŇĵŅŒĬĶŃĭĭĽŅĶĮĶŃĔŀĭőĸľŃŀŇĬĪĶňĵƢȮŐĸŃĮĢŇĔŇĶŇĵŅĪňŗĴň
ĔŅĶĵƟŅĵŀŇŏĸŖĔĨĶŀĬ 
 Chemical kinetics and other important parameters in the determination of mechanism, type 
of inorganic reactions and mechanisms,Ȯsubstitution reactions of octahedral complexes, substitution 
reactions of square planar complexes, chemical catalyses by transition metal complexes, reactions 
in organometallic systems, electron transfer reactions 
 
ĺ,ėĴ,Ȯ5/2Ȯ&0.15/2' ėĺŅĴĶŀĭĶŌƟĪŅĚŏėĴňŀĬŇĬĪĶňĵƢ     3&3+0+6' 
        Comprehensive Inorganic Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

őėĶĚĽĶƟŅĚŀŃĨŀĴȮȮőėĶĚĽĶƟŅĚŐĸŃıńĬīŃĕŀĚőĴŏĸĔŋĸȮŏėĴňĽĩŅĬŃĕŀĚŐĕŖĚȮĔĶħŐĸŃŏĭĽȮŀŀĔĞŇŏħĝńĬŐĸŃ
ĶňħńĔĝńĬȮĽĴĴŅĨĶőĴŏĸĔŋĸȮīŅĨŋŐĸŃĽŅĶĮĶŃĔŀĭĕŀĚīŅĨŋȮŐĬĺőĬƟĴĮƤěěŋĭńĬĕŀĚŏėĴňŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮ 
 Atomic structure, molecular structure and bonding, solid state chemistry, acids and bases, 
oxidation and reduction, molecular symmetry,  the elements and their compounds, current trends 
in inorganic chemistry 
 
ĺ,ėĴ,5/3Ȯ&0.15/3' ĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢ    3&3+0+6' 
        Spectroscopic Methods in Inorganic Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
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ĪķļġňĔĸŋƞĴŐĸŃĨŅĶŅĚĸńĔļĦŃŏĜıŅŃȮȮĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĽńŗĬȮȮĬŇĺŏėĸňĵĶƢŐĴĔŏĬĨŇĔŏĶőĞŐĬĬĞƢĽŏĮĔőĪĶĽ
őĔĮƖȮȮŀŇŏĸŖĔĨĶŀĬĽĮƕĬŏĶőĞŐĬĬĞƢĽŏĮĔőĪĶĽőĔĮƖȮŀŇŏĸŖĔĪĶŀĬŇĔĽƢĽŏĮĔĨĶńĴĕŀĚĽŅĶĮĶŃĔŀĭŀĬŇĬĪĶňĵƢȮĴŀĽĭŅĺŏŀŀĶƢ
ĽŏĮĔőĪĶĽőĔĮƖȮŐĴĽĽŏĮĔőĪĶŏĴĨĶňȮŐĸŃĺŇīňĔŅĶŏĸňŘĵĺŏĭĬ 
 Group theory and the character tables, vibrational spectroscopy, nuclear magnetic resonance 
spectroscopy, electron spin resonance spectroscopy, electronic spectra of inorganic compounds, 
Mössbauer spectroscopy, mass spectrometry, diffraction methods 
 
ĺ,ėĴ,5/5Ȯ&0.15/5' ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĭĨŏĨŀĶňŗ     2&2+0+4' 
        Chemistry and Applications of Batteries 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚŏĞĸĸƢœĲĲƚŅŏėĴňȮŐĭĨŏĨŀĶňŗĮģĴĳŌĴŇŐĸŃŐĭĨŏĨŀĶňŗĪŋĨŇĵĳŌĴŇȮŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬȮĔŅĶ
ĮĶŃĵŋĔĨƢŒĝƟŐĸŃĕƟŀėĺĶĶŃĺńĚħƟŅĬėĺŅĴĮĸŀħĳńĵĕŀĚŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬȮȮȮŐĸŃŐĭĨŏĨŀĶňŗŐľƞĚŀĬŅėĨȮ&ŐĭĨŏĨŀĶňŗőĞ
ĸŇħĽŏĨĨȮőĸľŃ+œŀŀŀĬȮőĸľŃ+ĞńĸŏĲŀĶƢȮőĸľŃ+ŀŅĔŅĻ'ȮȮȮȮ 

Overview of electrochemical cells, primary batteries and secondary batteries,Ȯlithium+ion 
batteries, applications and safety precautionsȮof lithium+ion batteries, next+generation batteries 
&solid+state,Ȯmetal+ion, metal+sulfur, metal+air batteries' 
 
ĺ,ėĴ,718 &203718' ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚ    2&2+0+4' 
        Chemistry and Applications of Photocatalysis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ıŊŘĬģŅĬĕŀĚĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚȮĔŅĶıńĥĬŅĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅŏĝŇĚŐĽĚȮĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚĮĢŇĔĶĦƢŏĝŇĚŐĽĚȮȮȮȮȮȮ
ĔŅĶĮĶŃĵŋĔĨƢĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚ 
 Fundamental of photocatalysis, development of photocatalysts, photoreactor design, 
photocatalytic applications 
 
ĺ,ėĴ,Ȯ5/7Ȯ&0.15/7' ŏėĴňĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢ      3&3+0+6' 
   Chemistry of Inorganic Materials 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĺńĽħŋŀĬŇĬĪĶňĵƢŐĸŃĮĶŃĵŋĔĨƢȮĔŅĶĽńĚŏėĶŅŃľƢĺńĽħŋŀĬŇĬĪĶňĵƢěŅĔĽŅĶĨńŘĚĨƟĬĽĩŅĬŃĨƞŅĚŕȮĔŅĶĭŌĶĦŅĔŅĶŏĪėĬŇė
ĨƞŅĚŕŏıŊŗŀĔŅĶĺŇŏėĶŅŃľƢőėĶĚĽĶƟŅĚȮőėĶĚĽĶƟŅĚȮŏĲĽȮĽńĦģŅĬŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢȮ 

Inorganic materials and their applications, synthesis of inorganic materials from reactants, in 
various statesȮintegration of various analytical techniques for structural, phase, morphological, 
thermal analysis of inorganic materials 
 
ĺ,ėĴ,Ȯ721 &203721' ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚŏėĴň      3&3+0+6' 
        Chemical Thermodynamics 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ŐĔƠĽŀŋħĴėĨŇȮıĸńĚĚŅĬĕŀĚĮĢŇĔŇĶŇĵŅŏėĴňȮĽŅĶĸŃĸŅĵŏěŊŀěŅĚĕŀĚĬŀĬŀŇŏĸŖĔőĪĶœĸĨƢȮĽŅĶĸŃĸŅĵŀŇŏĸŖĔőĪĶœĸĨƢŐĔƞȮ
ĔŅĶľŅėƞŅėĚĪňŗĽĴħŋĸĕŀĚĽŅĶĸŃĸŅĵŀŇŏĸŖĔőĪĶœĸĨƢŀƞŀĬȮľńĺĕƟŀĪňŗĬƞŅĽĬŒěŒĬĮƤěěŋĭńĬŐĸŃĔŅĶĮĶŃĵŋĔĨƢŏĪŀĶƢőĴœħĬŅĴŇĔĽƢ
ŒĬĔŅĶĺŇěńĵ 
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Ideal gases, chemical reaction energy, Ideal solutions, dilute solutions of non+electrolyte, 
solutions of strong electrolyte, determination of equilibrium constant of weak electrolyte solutions, 
topics of current interests and applications ofȮthermodynamics in research 

 
ĺ,ėĴ,Ȯ722 &203722' ěĸĬıĸĻŅĽĨĶƢŏėĴň      3&3+0+6' 
        Chemical Kinetics 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ŀńĨĶŅĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏėĴňȮĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŏĝŇĚěĸĬıĸĻŅĽĨĶƢȮĺŇīňĔŅĶĪħĸŀĚĽŜŅľĶńĭĮĢŇĔŇĶŇĵŅīĶĶĴħŅŐĸŃ
ĮĢŇĔŇĶŇĵŅŏĶŖĺȮĪķļġňěĸĬıĸĻŅĽĨĶƢĕŀĚŐĔƠĽȮĪķļġňŀńĨĶŅĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅȮĮĢŇĔŇĶŇĵŅŒĬĽĳŅĺŃŐĔƠĽĭŅĚĝĬŇħȮĮĢŇĔŇĶŇĵŅŒĬ
ĽŅĶĸŃĸŅĵȮĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅĺŇĺŇīıńĬīƢȮŐĸŃȮŏėĴňŏĝŇĚŐĽĚ 
 Rate of chemical reaction, analysis of kinetic data, experimental methods for fast and normal 
reactions, kinetic theory of gasses, reaction rate theories, some typical gas phase reactions, reactions 
in solution, heterogeneous catalysis andȮphotochemistry 
 
ĺ,ėĴ,Ȯ723 &203723' ŏėĴňœĲĲƚŅ       0&2+0+4' 
        Electrochemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔġıŊŘĬģŅĬĭŅĚĕƟŀĪŅĚŏėĴňœĲĲƚŅȮĻńĔĵƢŐĸŃŀŋĦľıĸĻŅĽĨĶƢĕŀĚŏĞĸĸƢȮĪķļġňŀńĬĨĶĔŇĶŇĵŅĕŀĚœŀŀŀĬȮĽĴĭńĨŇĔŅĶ
ĬŜŅœĲĲƚŅĕŀĚŀŇŏĸŖĔőĪĶœĸĨƢȮőıĸŅœĶŏĞĝńĬŏĝŇĚœĲĲƚŅŐĸŃěĸĬıĸĻŅĽĨĶƢĕŀĚĮĢŇĔŇĶŇĵŅĪňŗĕńŘĺœĲĲƚŅȮĔŅĶĮĶŃĵŋĔĨƢĕŀĚ
ĔĶŃĭĺĬĔŅĶŏėĴňœĲĲƚŅ 

Some fundamental laws in electrochemistry, potentials and thermodynamics of cells, theory 
of ionic interaction, the electrical conducting properties of electrolytes, electrical polarization and 
the kinetics of electrode reaction, applications of electrochemical processes 

 
ĺ,ėĴ,Ȯ724 &203724' ŏėĴňĬŇĺŏėĸňĵĶƢŐĸŃŏėĴňĔńĴĴńĬĨĶńĚĽň     1&1+0+4' 
        Nuclear and Radiochemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔńĴĴńĬĨĳŅıĶńĚĽňŐĸŃĬŇĺœėĸħƢĔńĴĴńĬĨĶńĚĽňȮĔŅĶĽĸŅĵĪŅĚĔńĴĴńĬĨĶńĚĽňȮĶŌĮŐĭĭĔŅĶĽĸŅĵŐĸŃĔŅĶŐįƞĶńĚĽň
ĬŇĺŏėĸňĵĶƢȮĔŅĶĺńħĔŅĶŐįƞĶńĚĽňĬŇĺŏėĸňĵĶƢȮĮĢŇĔŇĶŇĵŅĬŇĺŏėĸňĵĶƢȮįĸĪŅĚŏėĴňĕŀĚĮĢŇĔŇĶŇĵŅĬŇĺŏėĸňĵĶƢȮıĸńĚĚŅĬĬŇĺŏėĸňĵĶƢȮŏėĶŊŗŀĚ
ĮĢŇĔĶĦƢĬŇĺŏėĸňĵĶƢȮŏĝŊŘŀŏıĸŇĚĬŇĺŏėĸňĵĶƢŐĸŃĺńĢěńĔĶŏĝŊŘŀŏıĸŇĚȮĔŅĶįĸŇĨĬŇĺœėĸħƢĔńĴĴńĬĨĶńĚĽňŐĸŃĽŅĶĮĶŃĔŀĭĨŅĴĶŀĵȮ
œŀőĞőĪĮĔńĴĴńĬĨĶńĚĽňȮĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĔƞŀĔńĴĴńĬĨĳŅıĶńĚĽňȮĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėĪňŗŒĝƟĶńĚĽňŏŀŖĔĞƢȮĔŅĶĺŇŏėĶŅŃľƢĪňŗ
ŀŅĻńĵĔńĴĴńĬĨĳŅıĶńĚĽňŒĬĔŅĶĻŉĔļŅħƟŅĬĨƞŅĚŕ 

Radioactivity and radionuclides, radioactive decay, decay modes and nuclear radiation, 
measurement of nuclear radiation, nuclear reactions, chemical effects of nuclear reactions, nuclear 
energy, nuclear reactors, nuclear fuel and fuel cycles, production of radionuclides and labeled 
compounds, radioisotopes, activation analysis, analysis with X+rays techniques, analyses involving 
radioactivities in various fields 
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ĺ ,ėĴ, 725 &203725' ŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺ      3&3+0+6' 
   Colloid and Surface Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĭĪĬŜŅŏĔňŗĵĺĔńĭėŀĸĸŀĵħƢȮĽĴĭńĨŇŏĝŇĚěĸĬıĸĻŅĽĨĶƢȮĽĴĭńĨŇŏĝŇĚŐĽĚȮĽĴĭńĨŇěĸĬıĸĻŅĽĨĶƢŏĝŇĚœĲĲƚŅȮĶňőŀőĸĵňȮ
ĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚėŀĸĸŀĵħƢħƟĺĵŏĪėĬŇėĨƞŅĚŕȮŏĽĩňĵĶĳŅıėŀĸĸŀĵƢȮľĬƟŅĽńĴįńĽĕŀĚŏľĸĺ+ŐĔƠĽŐĸŃľĬƟŅĽńĴįńĽ
ĕŀĚŏľĸĺ+ĕŀĚŏľĸĺȮľĬƟŅĽńĴįńĽĶŃľĺƞŅĚĕŀĚŐĕŖĚ+ĕŀĚŏľĸĺȮľĬƟŅĽńĴįńĽĕŀĚŐĕŖĚ+ŐĔƠĽȮĔŅĶħŌħĞńĭĪŅĚŏėĴňȮĔŅĶŏĶƞĚ
ĮĢŇĔŇĶŇĵŅĺŇĺŇīıńĬīƢȮŐĸŃŏĪėĬŇėĔŅĶľŅĸńĔļĦŃŏĜıŅŃŏĝŇĚıŊŘĬįŇĺ 

Introduction to colloid, kinetic properties, optical properties, electrokinetic properties, 
rheology, characterizations of colloids using different techniques, colloid stability and its 
measurement, liquid+gas and liquid+liquid interfaces, liquid+solid interfaces, solid+gas interface, 
chemisorption, heterogeneous catalysis and surface characterization techniques 
 
ĺ,ėĴ,Ȯ732Ȯ&203732' ĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅ      3&2+3+4' 
   Electroanalysis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĪĭĪĺĬŏĔňŗĵĺĔńĭĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅȮėŀĬħńĔőĨŏĴĨĶňȮŏĞĸĸƢĔńĸĺŅĬŇĔŐĸŃőıŏĪĬĝŇőŀŏĴĨĶňȮŏĞĸĸƢŀŇŏĸŖĔőĪĶœĸ
ĨŇĔŐĸŃėŌĸŀĴŏĴĨĶňȮȮŐŀĴŏĮŀőĶŏĴĨĶňȮőıĸŅőĶĔĶŅĲƖŐĸŃőĺĸŐĪĴŏĴĨĶňȮĔŅĶĺŇŏėĶŅŃľƢŐĭĭĽĨĶŇııŇĚȮŀŇŏĸŖĔőĪĶŏėĴŇėŀĸ 
ŀŇĴıňŐħĬĞƢĽŏĮĔőĪĶĽőĔĮƖȮŐĸŃĚŅĬĺŇěńĵĮƤěěŋĭńĬħƟŅĬĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅȮĮĢŇĭńĨŇĔŅĶŏĔňŗĵĺĔńĭĔŅĶĪħĽŀĭŐĸŃ
ĮĶŃĵŋĔĨƢŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅĭŅĚŏĪėĬŇėŒĬĔŅĶĺŇŏėĶŅŃľƢĨƞŅĚȮŕ 

Review on electroanalysis, conductometry, galvanic cell and potentiometry, electrolytic cell 
and coulometry, amperometry, polarography and voltammetry, stripping analysis, electrochemical 
impedance spectroscopy, and current research on electroanalysis,ȮPractice in testing and applications 
of some electroanalytical techniques in various analyses  
 
ĺ,ėĴ,Ȯ734 &203734' ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖ    3&2+3+4' 
   Chemical Analysis by Chromatographic Methods 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĪķļġňŐĸŃĔŅĶľŅĽĳŅĺŃĪňŗŏľĴŅŃĽĴĕŀĚĔŅĶĺŇŏėĶŅŃľƢĪŅĚőėĶĴŅőĪĔĶŅĲƖȮŐĔƠĽőėĶĴŅőĪĔĶŅĲƖȮŐĔƠĽőėĶ
ĴŅőĪĔĶŅĲƖ+ŐĴĽĽŏĮĔőĪĶŏĴĨĶňȮĸŇėĺŇħőėĶĴŅőĪĔĶŅĲƖŐĭĭĽĴĶĶĩĬŃĽŌĚȮĸŇėĺŇħőėĶĴŅőĪĔĶŅĲƖ+ŐĴĽĽŏĮĔőĪĶŏĴĨĶňȮ
ĮĢŇĭńĨŇĔŅĶŏėĶŊŗŀĚĴŊŀĪŅĚőėĶĴŅőĪĔĶŅĲƖȮŐĸŃĔŅĶĮĶŃĵŋĔĨƢŏĪėĬŇėőėĶĴŅőĪĔĶŅĲƖĕŀĚĔŅĶĺŇŏėĶŅŃľƢĽŅĶĮĶŃĔŀĭĭŅĚ
ĝĬŇħŒĬĨńĺŀĵƞŅĚĨƞŅĚŕ 

Theory and optimization of chromatographic analysis, gas chromatography, gas 
chromatography+mass spectrometry,Ȯhigh performance liquid chromatography, and liquid 
chromatography+mass spectrometry,Ȯpractice in chromatographicȮinstruments and application of 
chromatographic techniques for the analysis of some compounds in various samples 
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ĺ,ėĴ,Ȯ735 &203735' ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸ ȮȮȮȮȮȮȮȮ   2&2+0+4' 
   Analysis of Foods and Nutraceuticals 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ŀĚėƢĮĶŃĔŀĭŀŅľŅĶȮĬŇĺĪĶŅĞŌĨŇėńĸȮŐĸŃĽŋĕĳŅıĕŀĚĴĬŋļĵƢȮĔŅĶĺŇŏėĶŅŃľƢĪńŗĺœĮĕŀĚœĕĴńĬȮőĮĶĨňĬȮ
ėŅĶƢőĭœŁŏħĶĨȮŏĽƟĬŒĵȮŐĸŃŏĩƟŅȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕŀĚĽŅĶŀŅľŅĶȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĶŊŗŀĚĴŊŀĕŀĚīŅĨŋŀŅľŅĶŏĽĶŇĴ
ŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸȮĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŏėĶňĵħŀŀĔĞŇŏħĝńĬŐĸŃĽŅĶŀŀĔķĪīŇśĪŅĚĝňĺĳŅıȮĔŅĶĮĶŃĵŋĔĨƢĪŅĚĽŋĕĳŅıȮ
őĳĝĬŅĔŅĶŐĸŃėĸŇĬŇĔ 

Composition of food, nutraceuticals and human health, general analysis of lipids, proteins, 
carbohydrates, fibers and ashes, chemical analysis of nutrient compounds, instrumental analysis of 
micronutrients and nutraceuticals, analysis of oxidative stress and bioactive compounds, 
applications for health, nutrition, and clinical purpose 
 
ĺ,ėĴ,Ȯ736Ȯ&203736' ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢ ȮȮȮȮȮȮȮȮ    3&3+0+6' 
   Essence in Analytical Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮĕńŘĬĨŀĬŒĬĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮŏĪėĬŇėĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚĽŜŅľĶńĭĔŅĶ
ĺŇŏėĶŅŃľƢĨńĺŀĵƞŅĚěĶŇĚȮĔŅĶěńħĔŅĶĕƟŀĴŌĸŒĬĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňħƟĺĵőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢȮĽĴħŋĸŏėĴň8ȮľĸńĔĔŅĶŐĸŃ
ĔŅĶĮĶŃĵŋĔĨƢŒĬĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮœĪŏĪĶĝńĬ8ȮľĸńĔĔŅĶŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĬĺŇīňĴŅĨĶģŅĬȮȮĔŅĶĺŇŏėĶŅŃľƢőħĵĺŇīňěĸĬƢ 
 OverviewȮofȮchemical analysis, steps in chemical analysis, sample preparation techniques 
for real sample analysis, data handling in chemical analysis using computer programs, chemical 
equilibria8Ȯprinciples and applications in chemical analysis, titration8Ȯprinciples and applications in 
standard methods, analysis by kinetic methods  
 
ĺ,ėĴ,Ȯ737 &203737' œĭőŀŏĞĬŏĞŀĶƢȮ       2&2+0+4' 
   Biosensors 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚœĭőŀŏĞĬŏĞŀĶƢȮĨńĺĨĶĺěěńĭĪŅĚĝňĺĳŅıȮĨńĺŐĮĸĚĽńĠĠŅĦŐĸŃĺŇīňĔŅĶĨĶĺěĺńħȮŏĪėĬŇėĪňŗŒĝƟľŅ
ĸńĔļĦŃŏĜıŅŃĕŀĚœĭőŀŏĞĬŏĞŀĶƢȮĺńĽħŋĬŅőĬĔńĭĔŅĶıńĥĬŅœĭőŀŏĞĬŏĞŀĶƢȮĔĶĦňĻŉĔļŅĕŀĚœĭőŀŏĞĬŏĞŀĶƢŒĬĚŅĬĺŇěńĵŐĸŃ
œĭőŀŏĞĬŏĞŀĶƢŏĝŇĚĔŅĶėƟŅŒĬĮƤěěŋĭńĬȮ 

Overview of biosensors, bioreceptors, transducers and detection methods, techniques for 
characterization of biosensor, nanomaterials and biosensor development, case studies on current 
research and commercialized biosensors  
 
ĺ,ėĴ,Ȯ739 &203739' ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚ      3&3+0+6' 
   Advanced Chemical Analysis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶĽĔńħĭĬıŊŘĬģŅĬĕŀĚŐĬĺėŇħĔŅĶŐĭƞĚĽƞĺĬȮőėĶĴŅőĪĔĶŅĲƖįŇĺĭŅĚŐĭĭĽĴĶĶĩĬŃĽŌĚȮ&ŏŀĝıňĪňŐŀĸĞň'ȮȮȮȮȮȮȮ
ĲƕĸħƢ+őĲĸŐĲĶĔĝńĬŏĬĝńĬȮ&ŏŀĲŏŀĲŏŀĲ'ȮŐėıŇĸĸŅĶňŀŇŏĸŖĔőĪĶĲŀĶŇĞŇĽȮ&Ğňŀň'ȮĔŅĶĪŜŅŒľƟŏĮƦĬŐĭĭŀńĨőĬĴńĨŇȮŏĪėĬŇėĪňŗ
ıńĥĬŅĕŉŘĬŒľĴƞŐĸŃĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĽŃŀŅħȮŐĸŃŏėĴňŏĔňŗĵĺĔńĭĝŋħĪħĽŀĭ 
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 Extraction based on partition concept, high performance thin layer chromatography &HPTLC', 
field+flow fractionation &FFF', capillary electrophoresis &CE', automation, newly developed techniques 
and green chemical analysis, chemistry in test kits 
 
ĺ,ėĴ,Ȯ52/Ȯ&0.152/' ıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢ     3&3+0+6'
 Plant Biochemistry and Applications 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĝňĺŏėĴňĕŀĚĔŅĶľŅĵŒěŐĸŃĽńĚŏėĶŅŃľƢŐĽĚȮĔŅĶĮĶńĭĨńĺĕŀĚıŊĝĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĽŇŗĚŐĺħĸƟŀĴȮ
ĔĶŃĭĺĬĔŅĶŏĴŐĪĭŀĸŇĞŉĴŐĸŃĔĸœĔĔŅĶėĺĭėŋĴĪňŗĽŜŅėńĠŒĬıŊĝȮŁŀĶƢőĴĬĕŀĚıŊĝœħƟŐĔƞȮŀŀĔĞŇĬȮœĞőĨœėĬŇĬȮěŇĭŏĭŀ
ŏĶĸĸŇĬȮĔĸœĔĪŅĚĝňĺŏėĴňĕŀĚıŊĝĝƞĺĚľĸńĚŏĔŖĭŏĔňŗĵĺȮıńĬīŋĺŇĻĺĔĶĶĴĕŀĚıŊĝ 

Biochemistry of respiration and photosynthesis, plant adaptation to changes in environment, 
essential features of plant metabolism and control mechanisms, plant hormones; auxins, cytokinins, 
gibberellins, biochemical mechanism of post+harvest plants, and genetic engineering of plants 
 
ĺ,ėĴ,Ȯ521Ȯ&0.1521' ŏŀĬœĞĴƢĺŇĪĵŅ       3&3+0+6' 
 Enzymology 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĸńĔļĦŃŏĜıŅŃĪŅĚŏėĴňĕŀĚŏŀĬœĞĴƢȮěĸĬıĸĻŅĽĨĶƢĕŀĚŏŀĬœĞĴƢȮĔĸœĔĔŅĶŏĶƞĚĕŀĚŏŀĬœĞĴƢȮĔŅĶŏĨĶňĵĴŐĸŃ
ĽĴĭńĨŇĕŀĚŏŀĬœĞĴƢĽńĚŏėĶŅŃľƢȮıńĬīŋĺŇĻĺĔĶĶĴĪňŗĽńĴıńĬīƢĔńĭŏŀĬœĞĴƢȮĔŅĶıńĥĬŅŏŀĬœĞĴƢŏĪėőĬőĸĵňŒĬŀĬŅėĨȮȮŏĪėĬŇėĔŅĶ
įĸŇĨŏŀĬœĞĴƢĶŃħńĭŀŋĨĽŅľĔĶĶĴĕĬŅħŒľĠƞȮĔŅĶĮĶŃĵŋĔĨƢŏŀĬœĞĴƢŒĬŀŋĨĽŅľĔĶĶĴĨƞŅĚŕȮȮėĺŅĴĮĸŀħĳńĵŏĔňŗĵĺĔńĭ
ŏĪėőĬőĸĵňŏŀĬœĞĴƢ 
 Chemical characteristics of enzymes, kinetics of enzyme, enzyme catalytic mechanisms, 
preparation and properties of synthetic enzymes, genetic engineering in relation to enzymes, future 
developments in enzyme technology, large scale industrial techniques of enzyme production, 
industrial application of enzymes, safety in enzyme technology  
 
ĺ,ėĴ,Ȯ523Ȯ&0.1523' ŏėĴňĕŀĚőĮĶĨňĬ       3&3+0+6' 
 Protein Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĪĭĪĺĬŏĔňŗĵĺĔńĭŏėĴňĕŀĚŏıĮœĪħƢŐĸŃőĮĶĨňĬȮőėĶĚĽĶƟŅĚĽŅĴĴŇĨŇȮĔŅĶĴƟĺĬĚŀĕŀĚőĮĶĨňĬȮĪķļġňŐĸŃĔŅĶĪħĸŀĚȮ
ĔŅĶĔĸńĭĽŌƞĽĳŅıīĶĶĴĝŅĨŇȮĺŇĩňĔŅĶĴƟĺĬĚŀȮŐĸŃĔŅĶĪŜŅĬŅĵőėĶĚĽĶƟŅĚĕŀĚőĮĶĨňĬȮĺŇīňĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚőĮĶĨňĬȮıĸĺńĨ
ĕŀĚőĮĶĨňĬȮėĺŅĴįńĬįĺĬĕŀĚŀŃĨŀĴȮĔŅĶŏėĸŊŗŀĬĪňŗŐĭĭėŀĸŏĸĔĨňĲȮŐĸŃĔŅĶŏĮĸňŗĵĬėŀĬĲŀĶƢĴŏĴĝńĬȮĺŇīňĔŅĶĻŉĔļŅ
ŀńĬĨĶĔŇĶŇĵŅŐĸŃıĸĺńĨĕŀĚőĮĶĨňĬȮĺŇĻĺĔĶĶĴőĮĶĨňĬĽĴńĵŒľĴƞŐĸŃĔĶĦňĻŉĔļŅȮĺŇīňĔŅĶĶŃħńĭőĴŏĸĔŋĸĕŀĚőĮĶĨňĬĪŅĚ
ĔŅĶŐıĪĵƢŐĸŃŀŋĨĽŅľĔĶĶĴȮŐĬĺőĬƟĴŒĬŀĬŅėĨĕŀĚŏėĴňőĮĶĨňĬŐĸŃĔŅĶĮĶŃĵŋĔĨƢ 

Reviews of chemistry of peptide and protein, three+dimensional structure, protein folding, 
theory and experiment, protein denaturation, folding pathway, and prediction of protein structure, 
methods applied to the study of protein structure, protein dynamics, atomic fluctuations, collective 
motions, and triggered conformational changes, methods applied to the study of protein interactions 
and dynamics, modern protein engineering and case studies, molecular approach of proteins used 
in medicine and industries, future trends of protein chemistry and applications 
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ĺ,ėĴ,Ȯ527Ȯ&0.1527' ĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴň      4&2+6+4' 
 Research Methods in Biochemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ȮȮȮĕńŘĬĨŀĬĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚĪŅĚĝňĺŏėĴňȮľĸńĔĔŅĶĕŀĚĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŏĝŇĚĽĩŇĨŇĽŜŅľĶńĭ
ŏĮĶňĵĭŏĪňĵĭĪŅĚĝňĺŏėĴňȮľĸńĔĔŅĶĕŀĚĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŏĝŇĚĽĩŇĨŇĽŜŅľĶńĭľŅĳŅĺŃĪňŗŏľĴŅŃĽĴĪŅĚĝňĺŏėĴňȮ
ŀĚėƢĮĶŃĔŀĭĪŅĚĝňĺŏėĴňĕŀĚŏĞĸĸƢŐĸŃĺŇīňĪŜŅŒľƟŏĞĸĸƢŐĨĔȮĽĴĭńĨŇĕŀĚőĮĶĨňĬŐĸŃĔŅĶŐĵĔőĮĶĨňĬŏĭŊŘŀĚĨƟĬȮĔŅĶĪŜŅĭĶŇĽŋĪīŇś
őĮĶĨňĬőħĵĺŇīňĪŅĚőėĶĴŅőĪĔĶŅĲƖȮĔŅĶĺŇŏėĶŅľƢőĮĶĨňĬŏĝŇĚĮĶŇĴŅĦŐĸŃŏĝŇĚėŋĦĳŅıȮĚŅĬĺŇěńĵĔŅĶŐĵĔŐĸŃĪŜŅĭĶŇĽŋĪīŇś
őĮĶĨňĬŒĬĮƤěěŋĭńĬȮĭĪĬŜŅĕŀĚŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏĴĪŅőĭőĸĴŇĔĽƢȮĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚŐĸŃŀĬŋıńĬīƢĽŜŅľĶńĭĔŅĶ
ĺŇŏėĶŅŃľƢȮŏĪėĬŇėĪŅĚŐĔƠĽŐĸŃĸŇėĺŇħőėĶĴŅőĪĔĶŅĲƖȮĔŅĶŀŀĔŐĭĭĔŅĶĺŇŏėĶŅŃľƢĨńĺŀĵƞŅĚĪŅĚĝňĺŏėĴňȮŐĸŃĮĢŇĭńĨŇĔŅĶŒĬ
ľńĺĕƟŀĪňŗŏĔňŗĵĺĕƟŀĚ 
 Experimental design steps in biochemistry, principle of statistical experimental design for 
comparison in biochemistry, principle of statistical experimental design for optimization in 
biochemistry, biochemical components of cells and cell lysis methods, properties of protein and 
initial separation, protein purification by chromatographic methods, quantitative and qualitative 
analysis of protein, current research on protein separation and purification, introduction of 
metabolomic analysis techniques, sample and derivatized preparation for analysis, gas-liquid 
chromatography techniques, analytical design of biochemical samples, and laboratory practice in 
related topics 
 
ĺ,ėĴ,Ȯ53/Ȯ&0.153/' ŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢ      3&2+3+4' 
 Computational Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶŀŀĔŐĭĭŏĝŇĚőĴŏĸĔŋĸŐĸŃĔŅĶėŜŅĬĺĦȮıŊŘĬįŇĺıĸńĚĚŅĬĻńĔĵƢȮŐĸŃĔŅĶľŅėƞŅıĸńĚĚŅĬĪňŗŏľĴŅŃĽĴĪňŗĽŋħȮĺŇīňĔŅĶ
ĪŅĚĔĸĻŅĽĨĶƢėĺŀĬĨńĴȮĪķļġňĲƤĚĔƢĝńĬĬńĸėĺŅĴľĬŅŐĬƞĬȮĔŅĶĮĶŃĵŋĔĨƢĔŅĶėŜŅĬĺĦőėĶĚĽĶƟŅĚŀŇŏĸŖĔĨĶŀĬȮĽĬŅĴŐĶĚ
ŐĸŃıŊŘĬįŇĺıĸńĚĚŅĬĻńĔĵƢȮĔĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇȮĔŅĶěŜŅĸŀĚőħĵĔĸĻŅĽĨĶƢŏĝŇĚőĴŏĸĔŋĸȮȮĔŅĶĮĶŃĵŋĔĨƢŒĬĔŅĶŀŀĔŐĭĭĺńĽħŋ
ŐĸŃĽŅĶĝňĺőĴŏĸĔŋĸȮŐĸŃĮĢŇĭńĨŇĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚȮ 
 Molecular modelling and calculation, potential energy surface and energy optimization, 
quantum mechanical methods, density functional theory, applications of electronic structure 
calculations, force fields and potential energy surfaces, statistical mechanics, simulations by 
molecular mechanical methods, applications for material and biomolecular design and practice in 
the related topics 
 
ĺ,ėĴ,Ȯ752 &203752'Ȯ ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴň    3&2+3+4' 
   Electronics of Analytical Instruments for Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢŒĬŏėĴňĺŇŏėĶŅŃľƢȮŀŋĮĔĶĦƢĪŅĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢĽŜŅľĶńĭŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢȮĔŅĶěńħĔŅĶ
ĽńĠĠŅĦěŅĔĪĶŅĬĽƢħŇĺŏĞŀĶƢŐĸŃŀŋĮĔĶĦƢĶńĭĶŌƟĪŅĚŏėĴňȮĔŅĶĭńĬĪŉĔĽńĠĠŅĦȮĔŅĶėĺĭėŋĴŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢőħĵĺŇīňĪŅĚ
œĲĲƚŅȮĨńĺŀĵƞŅĚĔŅĶĮĶŃĵŋĔĨƢŀŇŏĸŖĔĪĶŀĬŇĔĽƢŒĬŏėĴňĺŇŏėĶŅŃľƢȮŐĸŃĮĢŇĭńĨŇĔŅĶŏĔňŗĵĺĔńĭŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀ
ĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮĶĺĴĪńŘĚĔŅĶĽĶƟŅĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴňŀĵƞŅĚĚƞŅĵĭŅĚĝĬŇħ 
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 Overview of electronics in analytical chemistry, electronic devices for analytical instruments, 
processing of signal from transducers and chemical sensors, data recording, control of instruments 
by electrical methods, examples of applications of electronics in analytical chemistry,Ȯand practice 
on electronics of analytical instruments for chemistry and fabricating of some simple analytical 
instruments 
 
ĺ,ėĴ,Ȯ531Ȯ&0.1531' ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň  2&2+0+4' 
 Critical Reading and Writing, and Communication in Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĝĬŇħĕŀĚŐľĸƞĚĕƟŀĴŌĸŐĸŃĭĪėĺŅĴĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮŐĸŃėĺŅĴŏľĴŅŃĽĴĕŀĚĔŅĶŒĝƟĕƟŀĴŌĸȮ
őėĶĚĽĶƟŅĚĕŀĚĭĪėĺŅĴĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮŐĸŃĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŒĬŐĨƞĸŃĽƞĺĬĕŀĚĭĪėĺŅĴĪŅĚŏėĴňŐĸŃ
ĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮĔŅĶŐĵĔĕƟŀŏĪŖěěĶŇĚŒĬĶŃħńĭĨƞŅĚȮŕȮŀŀĔěŅĔėĺŅĴėŇħŏľŖĬȮĔŅĶĮĶŃŏĴŇĬėĺŅĴĬƞŅŏĝŊŗŀĩŊŀĕŀĚėĺŅĴ
ėŇħŏľŖĬȮĔŅĶŏĕňĵĬĭĪėĺŅĴĺŇĝŅĔŅĶĪŅĚŏėĴňŐĸŃĔŅĶŒĕƟŏŀĔĽŅĶŀƟŅĚŀŇĚȮĔŅĶŒĝƟĳŅļŅŀńĚĔķļŏıŊŗŀĔŅĶŏĕňĵĬĭĪėĺŅĴĪŅĚ
ĺŇĝŅĔŅĶȮĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵħƟĺĵĺŅěŅȮŐĸŃŐĭĭőĮĽŏĨŀĶƢȮěĶŇĵīĶĶĴĔńĭĔŅĶŏĕňĵĬĭĪėĺŅĴŐĸŃĔŅĶĬŜŅŏĽĬŀįĸĚŅĬ
ĪŅĚĺŇĝŅĔŅĶ 

Types of chemical information and literature, structure of chemical literature and critical 
reading, differentiation of facts and opinions, and evaluation of different types of opinions, English 
usage in chemical literature writing, writing of chemical literature with appropriate use of references, 
oral presentation of research works in English, poster presentation of research works, ethics in 
academic writing and presentationȮȮ 
 
ĺ,ėĴ,Ȯ532Ȯ&0.1532' ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň  2&2+0+4' 
   Statistics and Computer Programs for Chemical Research  
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ėĺŅĴĽŜŅėńĠĕŀĚĽĩŇĨŇĔńĭĔŅĶĺŇěńĵĪŅĚŏėĴňȮ ĽĩŇĨŇĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮ ĔŅĶĮĶŃĴŅĦėƞŅŐĭĭěŋħŐĸŃŐĭĭ
ĝƞĺĚȮĔŅĶĪħĽŀĭĽĴĴĨŇģŅĬőħĵŒĝƟĺŇīňĪŅĚĽĩŇĨŇȮĺŇĪĵŅĔŅĶĕƟŀĴŌĸŒĬĔŅĶĪŜŅĺŇěńĵĪŅĚŏėĴňȮĔŅĶŒĝƟĚŅĬĝŋħőĮĶŐĔĶĴĽŜŅĬńĔĚŅĬȮ
ĔŅĶŒĝƟĚŅĬőĮĶŐĔĶĴŏıŊŗŀĔŅĶėŜŅĬĺĦȮ ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŐĸŃĔŅĶĬŜŅŏĽĬŀįĸĔŅĶĺŇŏėĶŅŃľƢȮ ĔŅĶŒĝƟĚŅĬőĮĶŐĔĶĴŏıŊŗŀ
ŏĨĶňĵĴĳŅıŏıŊŗŀĔŅĶĬŜŅŏĽĬŀĕƟŀĴŌĸȮŐĸŃĔŅĶŒĝƟĚŅĬőĮĶŐĔĶĴĽŜŅľĶńĭĔŅĶŏĨĶňĵĴĔŅĶĬŜŅŏĽĬŀĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 
 Importance of statistics in chemical research, statistics for data analysis, point and interval 
estimations, hypothesis testing using statistical methods, data science in chemical research, using 
office computer program, using computer program&s'Ȯin calculation, data analysis and result 
presentation, using computer program&s'Ȯto prepare figures for scientific data presentation, and using 
computer program&s'Ȯfor preparation of scientific presentations 

 
ĺ,ėĴ,Ȯ533Ȯ&0.1533' ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴň             1&1+0+2' 

ŀĵƞŅĚĴŊŀŀŅĝňı 
   Professional Handling and Management of Chemical Hazards  
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴŏĔňŗĵĺĔńĭėĺŅĴĮĸŀħĳńĵŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏėĴňȮĔŅĶĺŅĚŐįĬŏľĨŋĜŋĔŏĜŇĬŐĸŃĔŅĶĨŀĭőĨƟŏľĨŋĜŋĔŏĜŇĬŒĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶŏėĴňȮĔŅĶĪŜŅĚŅĬŐĸŃĔŅĶěńħĔŅĶĽŅĶŏėĴňȮĔŅĶěńħĔŅĶĕŀĚŏĽňĵŏėĴňȮėĺŅĴĮĸŀħĳńĵŏĔňŗĵĺĔńĭĶńĚĽňȮŐĸŃėĺŅĴ
ĮĸŀħĳńĵĪŅĚĝňĺĳŅı 
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Overview ofȮchemical laboratory safety, emergency planning and emergency response in the 
chemical laboratory, managing and working with chemicals, management of waste, radiation and 
biosafety 
 
ĺ,ėĴ,Ȯ534Ȯ&0.1534'ȮȮȮȮĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬ Ȯ1&0+2+1' 

ȮȮȮȮȮȮȮȮȮĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
ȮHard and Soft Skills for Chemists Through Teaching  
Assistantship in Chemistry Laboratory  

ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
İƗĔŀŀĔŐĭĭĽŊŗŀĮĶŃĔŀĭĔŅĶĽŊŗŀĽŅĶŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚŏėĴňȮİƗĔĔŅĶĽŊŗŀĽŅĶŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏėĴňőħĵŒĝƟ

ĭĪĭŅĪĽĴĴŋĨŇȮİƗĔŏĪėĬŇėĪŅĚŏėĴňŏıŊŗŀŒĝƟŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏėĴňıŊŘĬģŅĬȮİƗĔĪńĔļŃĺŇĝŅĝňıŐĸŃĪńĔļŃĪŅĚĽńĚėĴőħĵĔŅĶ
ŏĮƦĬįŌƟĝƞĺĵĽŀĬŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏėĴňȮĔŅĶĺŇŏėĶŅŃľƢŐĸŃĔŅĶĩŀħĭĪŏĶňĵĬěŅĔĮĶŃĽĭĔŅĶĦƢĔŅĶĝƞĺĵĽŀĬŒĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶŏėĴň 

Media design for communication in chemistry laboratory, communication in chemistry 
laboratory through role playing, chemical techniques for use in chemistry laboratory, practice hard 
and soft skills through being teaching assistant in chemistry laboratory, analysis and extraction of 
lesson learned from experiences in being teaching assistant in chemistry laboratory 
 
ĺ,ėĴ,Ȯ553Ȯ&0.1553' ĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢ   3&3+0+6' 
   Polymer Characterization and Properties 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

īĶĶĴĝŅĨŇĕŀĚĺńĽħŋıŀĸŇŏĴŀĶƢȮĔŅĶĽńĚŏėĶŅŃľƢıŀĸŇŏĴŀĶƢȮ ĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢȮ ĽńĦģŅĬĺŇĪĵŅȮ
ŐĸŃőėĶĚĽĶƟŅĚěŋĸĳŅėĕŀĚıŀĸŇŏĴŀĶƢȮŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĕŀĚıŀĸŇŏĴŀĶƢȮĔŅĶŏĽŊŗŀĴĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶ
ĪŜŅŒľƟŏĽĩňĵĶȮĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢȮĔŅĶıńĥĬŅŐĭĭŒľĴƞŒĬıŀĸŇŏĴŀĶƢŏıŊŗŀŏĮƦĬĺńĽħŋĕńŘĬĽŌĚ 

The nature of polymeric materials, polymer synthesis, polymer characterization, polymer 
morphology and microstructure, temperature transitions in polymers, polymer degradation and 
stabilization, polymer mechanical properties, new developments in polymers as advanced materials 
 
ĺ,ėĴ,776Ȯ&0.1776' ıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨȮ      3&3+0+6' 

Polymer Composites 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ėĺŅĴĽŜŅėńĠŐĸŃĕƟŀħňĕŀĚıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨȮŏĴĪĶŇĔĞƢıŀĸŇŏĴŀĶƢȮĺńĽħŋŏĨŇĴŐĨƞĚȮĺŇīňŏĨĶňĵĴıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨȮ
ıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨŏĽĶŇĴŐĶĚħƟĺĵŏĽƟĬŒĵȮĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨȮĔŅĶĮĶŃĵŋĔĨƢĕŀĚıŀĸŇŏĴŀĶƢ
ėŀĴőıĽŇĨȮŐĸŃŐĬĺőĬƟĴĽĴńĵŒľĴƞĕŀĚıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨ 
 Importance and advantages of polymer composites, polymer matrix, additive materials, 
preparationȮmethod of polymer composites, fiber+reinforced polymer composites, characterization 
of polymer composites, applications of polymer composites, and modern trends of polymer 
composites 
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ĺ,ėĴ,555Ȯ&0.1555' ıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮ       3&3+0+6' 
Polymer Blends 

ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
ĳŅıĶĺĴĕŀĚŏĔňŗĵĺĔńĭıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮŐĭĭěŜŅĸŀĚĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢȮŀŋĦľıĸĻŅĽĨĶƢĕŀĚįĽĴĽŀĚĝĬŇħȮ

ıķĨŇĔĶĶĴĺńĢĳŅėĕŀĚĽŅĶĸŃĸŅĵıŀĸŇŏĴŀĶƢȮėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚıŀĸŇŏĴŀĶƢȮĔŅĶŐĭƞĚĺńĢĳŅėĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮĔŅĶ
ŏĨĶňĵĴŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢ 

Overview of related to polymer blends, models for polymer chains, thermodynamics of 
binary mixing, phase behavior of polymer solutions, polymer+polymer compatibility, phase 
separation of polymer blends, preparation and characterization of polymer blends 
 
ĺ,ėĴ,556Ȯ&0.1556' ĔŅĶŏĽŊŗŀĴĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟŏĽĩňĵĶȮ   3&3+0+6' 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮPolymer Degradation and Stabilisation 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚĔŅĶŏĽŊŗŀĴĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢȮĔŅĶŏĽŊŗŀĴĽĸŅĵőħĵėĺŅĴĶƟŀĬȮĔŅĶŏĽŊŗŀĴĽĸŅĵőħĵŐĽĚȮĔŅĶŏĽŊŗŀĴ
ĽĸŅĵŏĝŇĚĔĸȮĔŅĶŏĽŊŗŀĴĽĸŅĵĪŅĚĝňĺĳŅıȮȮȮ 

Overview of polymer degradation, thermal degradation, photodegradation, mechanical 
degradation, biological degradation 
 
ĺ,ėĴ,Ȯ57/Ȯ&0.157/' ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/     1&1+0+2' 
   Graduate Seminar in Chemistry 1 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ĔŅĶŀĳŇĮĶŅĵėĺŅĴĔƟŅĺľĬƟŅĪŅĚĚŅĬĺŇěńĵŒľĴƞŕȮŒĬľńĺĕƟŀĨƞŅĚŕȮĕŀĚĪŋĔŐĕĬĚĺŇĝŅĪŅĚŏėĴňȮŐĸŃĔŅĶĶŅĵĚŅĬ
ėĺŅĴĔƟŅĺľĬƟŅĚŅĬĺŇěńĵŐĸŃĮƤĠľŅŒĬĔŅĶĺŇěńĵőħĵĬńĔĻŉĔļŅ 
 Discussions of recent advances in various topics in respective branches of chemistry, and 
reports by graduate students on research problems 
 
ĺ,ėĴ,Ȯ570Ȯ&0.1570' ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0     1&1+0+2' 

Graduate Seminar in Chemistry 2 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ĔŅĶŀĳŇĮĶŅĵėĺŅĴĔƟŅĺľĬƟŅĪŅĚĚŅĬĺŇěńĵŒľĴƞŕȮŒĬľńĺĕƟŀĨƞŅĚŕȮĕŀĚĪŋĔŐĕĬĚĺŇĝŅĪŅĚŏėĴňȮŐĸŃĔŅĶĶŅĵĚŅĬ
ėĺŅĴĔƟŅĺľĬƟŅĚŅĬĺŇěńĵŐĸŃĮƤĠľŅŒĬĔŅĶĺŇěńĵőħĵĬńĔĻŉĔļŅ 
 Discussions of recent advances in various topics in respective branches of chemistry, and 
reports by graduate students on research problems 
 
ĺ,ėĴ,Ȯ803 &203803' ĽŏĨŀĶŇőŀŏėĴňŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŀĽĴĴŅĨĶ    0&2+0+4' 
        Stereochemistry and Asymmetric Synthesis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

őėĶĚĽĶƟŅĚŐĸŃœŀőĞŏĴŀĶŇĞŉĴȮĽŏĨŀĶŇőŀœŀőĞŏĴŀĶŇĞŉĴȮőĴŏĸĔŋĸœėĶńĸĪňŗĮĶŅĻěŅĔŒěĔĸŅĚȮœėĶńĸȮĽĴĭńĨŇĕŀĚĽŏĨŀĶŇ
őŀœŀőĞŏĴŀĶƢȮĔŅĶŐĭƞĚŐĵĔĽŏĨŀĶŇőŀœŀőĞŏĴŀĶƢȮĔŅĶľŅėŀĬĲƕĔŋŏĶĝńĬĽńĴĭŌĶĦƢȮľĸńĔĕŀĚĔŅĶĽńĚŏėĶŅŃľƢŐĭĭŏĸŊŀĔĽŏĨŀĶŇőŀȮȮ
ĔŅĶĽńĚŏėĶŅŃľƢŐĭĭŏĸŊŀĔœħŀŃĽŏĨŀĶŇőŀȮŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŐĭĭŏĸŊŀĔŏŀŐĬĬĪŇőŀȮ 
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  Structure and isomerism, stereoisomerism, chiral molecules devoid of chiral centers, 
properties of stereoisomers, discrimination of stereoisomers, determination of the absolute 
configuration, principle of stereoselective syntheses, diastereoselective syntheses and 
enantioselective syntheses 
 
ĺ,ėĴ,Ȯ804 &203804'  ŏėĴňĕŀĚĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔ    0&2+0+4' 
        Chemistry of Heterocyclic Compounds 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶěŜŅŐĬĔĮĶŃŏĳĪȮĔŅĶŏĶňĵĔĝŊŗŀȮŐĸŃĔŅĶĽńĚŏėĶŅŃľƢĺĚĕŀĚĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔȮĽŅĶĮĶŃĔŀĭŏŁŏĪŀ
őĶœĞėĸŇĔĕĬŅħĺĚľƟŅŀŃĨŀĴĪňŗĴňŏŁŏĪŀőĶŀŃĨŀĴľĬŉŗĚŀŃĨŀĴȮĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔĕĬŅħĺĚľƟŅŀŃĨŀĴĪňŗĴňŏŁŏĪŀ
őĶŀŃĨŀĴĽŀĚŀŃĨŀĴľĶŊŀĴŅĔĔĺƞŅȮĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔĕĬŅħĺĚľĔŀŃĨŀĴĪňŗĴňŏŁŏĪŀőĶŀŃĨŀĴľĬŉŗĚŀŃĨŀĴȮ
ĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔĕĬŅħĺĚľĔŀŃĨŀĴĪňŗĴňŏŁŏĪŀőĶŀŃĨŀĴĽŀĚŀŃĨŀĴľĶŊŀĴŅĔĔĺƞŅȮĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞ
ėĸŇĔĕĬŅħĺĚĽŅĴȮĽňŗȮŐĸŃŏěŖħŀŃĨŀĴȮĔŅĶĮĶŃĵŋĔĨƢŏĔňŗĵĺĔńĭĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔŒĬĚŅĬĺŇěńĵĮƤěěŋĭńĬ 
  Classification, nomenclature and ring synthesis of heterocyclic compound, five+membered 
heterocyclic compound with one heteroatom, five+membered heterocyclic compound with two or 
more heteroatoms, six+membered heterocyclic compound with one heteroatom, six+membered 
heterocyclic compound with two or more heteroatoms, three+, four+Ȯand seven+membered heterocyclic 
compounds, applications of heterocyclic compounds in current research 
 
ĺ,ėĴ,Ȯ805Ȯ&203805' ŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬȮȮ     0&2+0+4' 

Green Chemistry and Sustainability   
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬȮĽŅĶĨńŘĚĨƟĬľĴŋĬŏĺňĵĬȮĔŅĶĪħŐĪĬĶňŏŀŏěĬĨƢŐĸŃĨńĺĪŜŅĸŃĸŅĵŀŇĬĪĶňĵƢȮȮȮȮ
ĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅŒĬŏĝŇĚŏėĴňĽňŏĕňĵĺȮĺŇīňĪŅĚŏĸŊŀĔŒĬĔŅĶŒľƟıĸńĚĚŅĬŐĔƞĮĢŇĔŇĶŇĵŅ 

Overview ofȮgreen chemistry and sustainability, renewable starting materials, reagent and 
organic solvent replacement, catalysis in a green chemistry context, alternative methods to power 
reactions 
 
ĺ,ėĴ,Ȯ8.6Ȯ&203806' őĸľŃĪĶŅĬĞŇĞńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢĽńĚŏėĶŅŃľƢȮȮ ȮȮȮȮȮȮ  0&2+0+4' 
        Organotransition Metals in Organic Synthesis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

őėĶĚĽĶƟŅĚŐĸŃıńĬīŃŒĬĽŅĶĮĶŃĔŀĭőĸľŃĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢȮĮĢŇĔŇĶŇĵŅıŊŘĬģŅĬŒĬĽŅĶĮĶŃĔŀĭŏĝŇĚĞƟŀĬőĸľŃ
ĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢȮĮĢŇĔŇĶŇĵŅĲƤĚĔƢĝńĬĬŀĸœĸŏĞĝńĬĕŀĚŐŀĸėňĬŐĸŃĔŅĶĮĶŃĵŋĔĨƢȮĔŅĶĽĶƟŅĚıńĬīŃėŅĶƢĭŀĬ+ėŅĶƢĭŀĬŐĸŃ
ĔŅĶĮĶŃĵŋĔĨƢȮĔŅĶĽĶƟŅĚıńĬīŃėŅĶƢĭŀĬ+œĬőĨĶŏěĬŐĸŃĔŅĶĮĶŃĵŋĔĨƢȮĮĢŇĔŇĶŇĵŅőŀŏĸĲƕĬŏĴĪŅīňĞŇĽŐĸŃĔŅĶĮĶŃĵŋĔĨƢȮĶňŏŀ
ŏěĬĨƢőĸľŃĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢĝĬŇħŀŊŗĬȮŕȮŒĬĔŅĶĽńĚŏėĶŅŃľƢĪŅĚŏėĴňŀŇĬĪĶňĵƢ 

Structure and bonding in organotransition metal complexes, elementary reactions in 
organotransition metal complexes, alkene functionalizationȮand applications, carbon+carbon bond 
formationȮand applications, carbon+nitrogen bond formationȮand applications, olefin metathesis and 
applications, and miscellaneous organotransition metal reagentsȮin organic synthesis 
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ĺ,ėĴ,Ȯ807 &203807' ŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸ       3&3+0+6' 
   Physical Organic Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ĕƟŀĴŌĸĪŅĚŀŋĦľıĸĻŅĽĨĶƢȮĪŅĚěĸĬıĸĻŅĽĨĶƢȮȮįĸĕŀĚľĴŌƞŐĪĬĪňŗŐĸŃėĺŅĴĽńĴıńĬīƢŏĝŇĚŏĽƟĬĕŀĚıĸńĚĚŅĬŀŇĽĶŃȮ
ŐĬĺėŇħıŊŘĬģŅĬĕŀĚĔĸœĔȮȮȮįĸĕŀĚœŀőĞőĪĮȮȮȮœŀőĞőĪĮŒĬĔŅĶĪħĸŀĚĨŅĴĶŀĵȮȮĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚĽŅĶĴńīĵńĬĨĶƢ
ĕŀĚĮĢŇĔŇĶŇĵŅȮȮĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅőħĵĔĶħŐĸŃŏĭĽȮȮĨńĺŏĶƞĚĸŇĺŀŇĽĝĬŇħĔĶħȮįĸĕŀĚĨńĺĪŜŅĸŃĸŅĵȮȮįĸĕŀĚőėĶĚĽĶƟŅĚŒĬ
ĽĩŅĬŃŐĔƠĽȮȮŐĸŃĔŅĶŏĕňĵĬĔĸœĔĕŀĚĮĢŇĔŇĶŇĵŅŀŇĬĪĶňĵƢ 
  Thermodynamic data, kinetic data, substituent effects and linear free+energy relationships, 
basic mechanistic concepts, isotope effects, isotopes in labeling experiments, characterization of 
reaction intermediates, catalysis by acids and bases, lewis acid catalyst, solvent effects, structural 
effects in the gas phase and writing organic reaction mechanism, 
 
ĺ,ėĴ,Ȯ814 &203814' ŏėĴňőĸľŀŇĬĪĶňĵƢ       3&3+0+6' 
   Organometallic Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚŏėĴňőĸľŀŇĬĪĶňĵƢȮĸŇŐĔĬħƢŒĬĽŅĶĮĶŃĔŀĭőĸľŀŇĬĪĶňĵƢĕŀĚőĸľŃŐĪĶĬĞŇĝńĬȮĽŅĶőĸľŀŇĬĪĶňĵƢĕŀĚ
īŅĨŋľĸńĔȮĮĢŇĔŇĶŇĵŅĕŀĚĽŅĶĮĶŃĔŀĭőĸľŀŇĬĪĶňĵƢȮŐĸŃĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅĕŀĚĽŅĶĮĶŃĔŀĭőĸľŀŇĬĪĶňĵƢ 
 An overview of organometallic chemistry, ligands in organometallic compounds of transition 
metals, organometallic compounds of main group elements, organometallic reactions, 
organometallic catalysis 
 
ĺ,ėĴ,Ȯ6/3Ȯ&0.16/3' őėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮ   2&2+0+4' 
 Coordination polymers and metal organic frameworks 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮŏėĴňőėŀŀĶƢħŇŏĬĝńĬĪňŗĽŜŅėńĠĕŀĚőėŀŀĶƢħŇŏĬĝńĬ
ıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚőĴŏĸĔŋĸĕŀĚőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃ
ŀŇĬĪĶňĵƢŏėĶŊŗŀĚĴŊŀŒĬĔŅĶŀīŇĭŅĵŐĸŃĔŅĶŀŀĔŐĭĭőėĶĚĽĶƟŅĚőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮĺŇīňĔŅĶ
ĽńĚŏėĶŅŃľƢőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮŏĪėĬŇėĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇıŊŘĬģŅĬĕŀĚőė
ŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮĔĶĦňĻŉĔļŅ 
 Overview ofȮcoordination polymers &CPs'Ȯand metal organic frameworks &MOFs', important 
coordination chemistry of CPs and MOFs, intermolecular interactions of CPs and MOFs, tools for 
description and design of CPs and MOFs, synthesis methodologies of CPs and MOFs, techniques used 
in structural characterization and basic properties, case studies 
 
ĺ,ėĴ,Ȯ821 &203821' ŏėĴňėĺŀĬĨńĴ       3&3+0+6' 
        Quantum Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ėĦŇĨĻŅĽĨĶƢĪňŗŏĔňŗĵĺĕƟŀĚȮĪĭĪĺĬĔĸĻŅĽĨĶƢėĺŀĬĨńĴȮĔŅĶŏėĸŊŗŀĬĪňŗŏĝŇĚŏĽƟĬȮŐĸŃĨńĺŐĔĺƞĚĔĺńħŁŅĶƢĴŀĬŇĔȮȮȮȮȮȮ
ĔŅĶŏėĸŊŗŀĬĪňŗŐĭĭľĴŋĬȮőĴŏĴĬĨńĴŏĝŇĚĴŋĴȮĪķļġňĔĸŋƞĴȮŏĪėĬŇėĔŅĶĮĶŃĴŅĦȮĽŏĮĔĨĶńĴŀŃĨŀĴȮŐĸŃőėĶĚĽĶƟŅĚŀŃĨŀĴȮ
őėĶĚĽĶƟŅĚőĴŏĸĔŋĸȮĔŅĶėŜŅĬĺĦőėĶĚĽĶƟŅĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮ 
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Related mathematics, review on quantum mechanics, linear motion and harmonic oscillator, 
rotational motion, angular momentum, group theory, techniques of approximation, atomic spectra 
and atomic structure, molecular structure, calculation of electronic structure 

 
ĺ,ėĴ,823Ȯ&0.1823' őėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸȮ     3&3+0+6' 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮMolecular StructuresȮand Interactions 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĶŃĭĭıŇĔńħȮıŅĶŅĴŇŏĨŀĶƢőėĶĚĽĶƟŅĚȮŐĸŃĔŅĶŐĽħĚĳŅıőĴŏĸĔŋĸȮıńĬīŃőėŏĺŏĸĬĨƢȮıńĬīŃœŁőħĶŏěĬȮŐĸŃıńĬīŃ
ľĸŅĵĻŌĬĵƢĔĸŅĚȮŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚĕńŘĺȮŐĸŃŀńĬĨĶĔŇĶŇĵŅħŇĽŏıŀĶƢĝńĬȮŀńĬĨĶĔŇĶŇĵŅœĲĲƚŅĽĩŇĨȮėŀĬĲŀĶƢŏĴĝńĬŐĸŃĪŀ
ıŀőĸĵňĕŀĚőĴŏĸĔŋĸȮŐĴőėĶőĴŏĸĔŋĸȮőĴŏĸĔŋĸĪňŗĮĶŃĔŀĭĔńĬœħƟŏŀĚȮŐĸŃŀĬŋĳŅėĬŅőĬ 
 Coordinate systems, structural parameters and molecular visualization, covalent bonding, 
multi+centered bonding and hydrogen bonding, polar interactions and dispersion interactions, 
electrostatic interactions, molecular conformations and topologies, macromolecules, self+assembly 
and nanoparticles 
 
ĺ,ėĴ,Ȯ824 &203824' įĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴň      3&3+0+6' 
        Chemical Crystallography 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĪķļġňŐĸŃŐĬĺėŇħĪŅĚįĸŉĔĻŅĽĨĶƢŒĬĭĶŇĭĪĕŀĚĔŅĶĮĶŃĵŋĔĨƢĪŅĚŏėĴňȮŏĪėĬŇėŐĸŃŏėĶŊŗŀĚĴŊŀĪŅĚįĸŉĔĻŅĽĨĶƢȮ
ĔŅĶĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬĺŇěńĵŐĸŃŀŋĨĽŅľĔĶĶĴȮ 

Crystallography theory and conceptȮfor application in chemical aspect, crystallographic 
techniques and instrumentation, research and industrial applications 
 
ĺ,ėĴ,Ȯ825 &203825'ȮȮ ĮĶŅĔĢĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢıŀĸŇŏĴŀĶƢ   3&3+0+6' 
   Molecular Phenomena in Polymer Science 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ŀŋĦľıĸĻŅĽĨĶƢĕŀĚĔŅĶŏĔŇħıŀĸŇŏĴŀĶƢȮıķĨŇĔĶĶĴĺŇĽőėŀŇĸŅĽĨŇĔŒĬıŀĸŇŏĴŀĶƢĽĩŅĬŃĕŀĚŐĕŖĚȮŐĸŃĽŅĶĸŃĸŅĵ
ıŀĸŇŏĴŀĶƢŐĸŃıŀĸŇŏĴŀĶƢŏĭĸĬħƢ 

Thermodynamics of polymerization, viscoelastic behavior in solid polymers, polymer 
solutions and polymer blends 
 
ĺ,ėĴ,Ȯ826 &203826' ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇ      0&2+0+4' 
        Statistical Thermodynamics 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ŏŀĬőĪĶĮƖŏĝŇĚĽĩŇĨŇȮľĸńĔĔŅĶŏŀĬőĪĶĮƖĽŌĚĽŋħȮĪķļġňĔĸĻŅĽĨĶƢĽĩŇĨŇȮĔŅĶĮĶŃĵŋĔĨƢŒĬĶŃĭĭŀŋħĴėĨŇȮĔĸĻŅĽĨĶƢ
ĽĩŇĨŇŐĸŃĔŅĶěŜŅĸŀĚőĴŏĸĔŋĸȮĔŅĶĮĶŃĵŋĔĨƢŒĬĪŅĚŏėĴňŐĸŃĝňĺĺŇĪĵŅȮŐĸŃĔŅĶĮĶŃĵŋĔĨƢĶƞĺĴĽĴńĵŒĬħƟŅĬŀŊŗĬŕ 
 Statistical entropy, maximum entropy principle, statistical mechanics theories, applications 
to ideal systems, statistical mechanics and molecular modeling, applications in chemistry and 
biological systems and other contemporary fields 
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ĺ,ėĴ,Ȯ827 &203827' ĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸ      0&2+0+4' 
        Molecular Spectroscopy 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔĸĻŅĽĨĶƢŏĴĪĶŇĔĞƢȮĪķļġňĔĶŋĮȮĽŏĮĔőĪĶĽőĔĮƖŒĬĴŋĴĴŀĚĕŀĚĔĸĻŅĽĨĶƢėĸŊŗĬȮĬŇĺŏėĸňĵĶƢŐĴėŏĬĨŇĔŏĶőĞŐĬĬĞƢȮ
ŏĶőĞŐĬĬĞƢŐĴƞŏľĸŖĔĕŀĚŀŇŏĸŖĔĨĶŀĬȮĔŅĶľĴŋĬĕŀĚőĴŏĸĔŋĸȮĔŅĶĽńŗĬĕŀĚőĴŏĸĔŋĸȮŐĸŃŀŇŏĸŖĔĪĶŀĬŇĔĽŏĮĔĨĶńĴ 
 Matrix mechanics, group theory, spectroscopy in quantum mechanical view, nuclear 
magnetic resonance, electronic magnetic resonance, molecular rotations, molecular vibrations and 
electronic spectra 
 
ĺ,ėĴ,Ȯ828 &203828'ȮȮ ĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢ  3&3+0+6' 
   Polymer Synthesis and Characterization 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĕŀĚįŌƟĽŀĬ 

ĔĸœĔŐĸŃěĸĬıĸĻŅĽĨĶƢĕŀĚĮĢŇĔŇĶŇĵŅĔŅĶıŀĸŇŏĴŀœĶŏĞĝńĬȮĔĸœĔŐĸŃěĸĬıĸĻŅĽĨĶƢĕŀĚĮĢŇĔŇĶŇĵŅĔŅĶŏĔŇħőė
ıŀĸŇŏĴŀĶƢȮĔŅĶŏĔŇħıŀĸŇŏĴŀĶƢŐĭĭŀĬŋĴŌĸŀŇĽĶŃĩƞŅĵőŀĬŀŃĨŀĴȮĔŅĶŏĔŇħıŀĸŇŏĴŀĶƢŐĭĭĶĺĴĨńĺ+ŐĨĔŀŀĔ+įƞŅĬĔŅĶ
ŏėĸŊŗŀĬĵƟŅĵĽŅĵőĞƞŐĭĭįńĬĔĸńĭœħƟȮĔŅĶľŅĬŘŜŅľĬńĔőĴŏĸĔŋĸŏĜĸňŗĵĕŀĚıŀĸŇŏĴŀĶƢ 
ȮȮȮȮȮȮȮȮȮMechanisms and kinetics of polymerization, mechanisms and kinetics of copolymerization, 
atom transfer radical polymerization, reversible addition+fragmentation chain+transfer 
polymerization, average molecular weight determination of polymer 
 
ĺ,ėĴ,Ȯ829 &203829'ȮȮ ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭ    3&3+0+6' 
   Polymer Properties and Testing 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇŒĬıŀĸŇŏĴŀĶƢȮĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢȮĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃȮĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚ
ıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟŏĽĩňĵĶȮ 

Temperature transitions in polymers, polymer morphology, mechanical properties, polymer 
degradation and stabilization 

 
ĺ,ėĴ,Ȯ831Ȯ&203831' ŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚ   2&2+0+4' 

ĺŇĪĵŅĻŅĽĨĶƢ 
   Introductory Chemometrics for Scientific Data Analysis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚŏėĴňȮľĸńĔĔŅĶŏėőĴŏĴĨĶŇĔĽƢȮĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏėőĴŏĴĨĶŇĔĽƢȮĽĩŅĬŃĮƤěěŋĭńĬŐĸŃ
ŐĬĺőĬƟĴĕŀĚĔŅĶŒĝƟŏėőĴŏĴĨĶŇĔĽƢ 

Chemical data analyses, chemometric principle, applications of chemometrics, current 
status and trend of the use of chemometrics 
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ĺ,ėĴ,Ȯ833 &203833' ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚ    3&3+0+6' 
        Advanced Analytical Spectroscopy 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ŀńĸĨĶŅœĺőŀŏĸĨ+ĺŇĽŇŏĭŇĸĽŏĮĔőĪĶőĲőĨŏĴĨĶňŐĸŃĽŏĮĔőĪĶŏĴĨĶňŏĝŇĚŀĬŋıńĬīƢŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŒĬĶŃĭĭœĲ
ŏĭŀĶƢŀŀĲĨŇĔȮŏĬĲŏĲŀőĶŏĴĨĶňŐĸŃŏĪŀĭŇħŇŏĴĨĶňȮĲĸŌŀŀŏĶĽŏĞĬĽƢĽŏĮĔőĪĶĽőĔĮƖȮŏėĴňĸŌĴŇŏĬŏĞĬĨƢĽŏĮĔőĪĶĽőĔĮƖȮŏĬňĵĶƢŀŇĬ
ĲŅŏĶħĽŏĮĔőĪĶĽőĔĮƖȮŀŃĨŀĴĴŇėŐŀĲĞŀĭĝńĬŐĸŃŀŇĴŇĽĝńĬĽŏĮĔőĪĶŏĴĨĶňȮŀŇĬħńĔĪňĲĸňėńıŏıŇĸıĸŅĽĴŅ+ŀŀĮĨŇĔėńĸŀŇĴŇĽ
ĝńĬĽŏĮĔőĪĶŏĴĨĶňȮ&œŀĞňıň+őŀŀňŏŀĽ'ȮœĴőėĶŏĺĲıĸŅĽĴŅ+ŀŀĮĨŇĔėńĸŀňĴŇĽĝńĬĽŏĮĔőĪĶŏĴĨĶňȮ&ŏŀŖĴıň+őŀŀňŏŀĽ'ȮŀŇĬħńĔĪňĲ
ĸňėńıŏıŇĸıĸŅĽĴŅ+ŐĴĽĽŏĮĔőĪĶŏĴĨĶň&œŀĞňıň+ŏŀŖĴŏŀĽ'ȮŀŇĬħńĔĪňĲĸňėńıŏıŇĸıĸŅĽĴŅ+ŐĴĽĽŏĮĔőĪĶŏĴĨĶň-ŐĴĽĽŏĮĔőĪĶ
ŏĴĨĶň&œŀĞňıň+ŏŀŖĴŏŀĽ-ŏŀŖĴŏŀĽ'ȮĸŇėĺŇħőėĶĴŅőĪĶĔĶŅĲƖ+ŀŇĬħńĔĪňĲĸňėńıŏıŇĸıĸŅĽĴŅ+ŐĴĽĽŏĮĔőĪĶŏĴĨĶňȮ&ŐŀĸĞň+œŀĞňıň+
ŏŀŖĴŏŀĽ'ȮőĲőĨŏĴĨĶňŐĬĺŒľĴƞĔńĭĔŅĶĮĶŃĴĺĸĳŅı 

Ultraviolet+visible spectrophotometry andȮderivative spectrophotometryȮand applicationȮto 
fiber optic system,Ȯnephelometry and turbidimetry,ȮfluorescentȮspectroscopy,Ȯchemiluminescent 
spectroscopy,Ȯnear+infrared spectroscopy,Ȯatomic absorption and emission spectrometry,Ȯinductively 
coupled plasma+optical emission spectrometry &ICP+OES',Ȯmicrowave plasma+optical emission 
spectrometry &MP+OES',Ȯinductively coupled plasma+ mass spectrometry &ICP+MS',Ȯinductively 
coupled plasma+ mass spectrometry-Ȯmass spectrometryȮ&ICP+MS-MS',Ȯliquid chromatography+Ȯ
inductively coupled plasma+ mass spectrometryȮ&LC+ICP+MS',Ȯrecent photometric techniques with 
image processing  
 
ĺ,ėĴ,Ȯ838 &203838' ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃŏĜıŅŃ   0&2+0+4' 

ĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚȮȮȮ 
        Analytical Techniques for Surface and Structural  
        Characterization 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ĳŅıĶĺĴĕŀĚŏĪėĬŇėĪňŗŏĔňŗĵĺĕƟŀĚȮŏĪėĬŇėĔŅĶŏĸňŘĵĺŏĭĬĶńĚĽňŏŀĔĞƢȮŏĪėĬŇėĔŅĶŏĸňŘĵĺŏĭĬĬŇĺĨĶŀĬȮŏŀŖĔĞŏĶĵƢĲĸŌŀŀ
ŏĶĽŏĞĬĨƢĽŏĮĔőĪĶĽőĔĮƖȮŏŀŖĔĞŏĶĵƢőĲőĨŀŇŏĸŖĔĨĶŀĬŐĸŃŀńĸĨĶŅœĺőŀŏĸĨőĲőĨŀŇŏĸŖĔĨĶŀĬĽŏĮĔőĪĶĽőĔĮƖȮȮőŀŏě
ŀŇŏĸŖĔĨĶŀĬĽŏĮĔőĪĶĽőĔĮƖȮěŋĸĪĶĶĻĬĻŅĽĨĶƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚįƞŅĬŐĸŃŐĭĭĽƞŀĚĔĶŅħŐĴĽĽŏĮĔőĪĶĽőĔĮƖĕŀĚœŀŀŀĬ
ĪŋĨŇĵĳŌĴŇȮȮŐĸŃŏĪėĬŇėŀŊŗĬŕ 

Related techniques overview, X+ray diffraction technique, neutron diffraction technique, X+ray 
fluorescence spectroscopy, X+ray and ultraviolet photoelectron spectroscopy, auger electron 
spectroscopy, transmission and scanning electron microscopy, secondary ion mass spectroscopy and 
other techniques 
 
ĺ,ėĴ,Ȯ62/Ȯ&0.162/' őĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴň      3&3+0+6' 
   Biochemical Aspects of Nutrition 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ĭĪĬŜŅőĳĝĬŅĔŅĶŏĝŇĚĝňĺŏėĴňȮĽŅĶŀŅľŅĶĪňŗĶƞŅĚĔŅĵĨƟŀĚĔŅĶŐĸŃĕƟŀŐĬŃĬŜŅȮĔŅĶĮĶŃŏĴŇĬĽĳŅĺŃőĳĝĬŅĔŅĶŏĝŇĚ
ĝňĺŏėĴňȮıĸńĚĚŅĬěŅĔŏĴŐĪĭŀĸŇĞŉĴȮĔŅĶĺŇěńĵĪŅĚőĳĝĬŅĔŅĶȮŏĴŐĪĭŀĸŇĞŉĴŐĸŃėĺŅĴįŇħĮĔĨŇĪŅĚĝňĺŏėĴňȮįĸŏĝŇĚĝňĺŏėĴň
ĕŀĚŀŅľŅĶĪňŗŒľƟĪŅĚŏĽƟĬŏĸŊŀħĨƞŀĶŃĭĭĔŅĶĵƞŀĵŐĸŃŏĴŐĪĭŀĸŇĞŉĴőĳĝĬŅĔŅĶȮĔŅĶėĺĭėŋĴŏĴŐĪĭŀĸŇĞŉĴĕŀĚĽŅĶŀŅľŅĶ
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őħĵŁŀĶƢőĴĬȮėĺŅĴįŇħĮĔĨŇĕŀĚŏĴŐĪĭŀĸŇĞŉĴŏĬŊŗŀĚěŅĔĔŅĶĪŜŅĚŅĬĕŀĚŁŀĶƢőĴĬȮĮƤěěńĵěŅĔĔŅĶĔŇĬŀŅľŅĶĪňŗŏĮƦĬœĮœħƟ
ŐĸŃőĶėĴŃŏĶŖĚĪňŗĕŉŘĬĔńĭŁŀĶƢőĴĬ 

Introduction to biochemical nutrition, nutrient requirements and recommendations, 
biochemical assessment of nutritional status, metabolic energy, nutritional research, metabolism 
and biochemical disorders, biochemical effect of intravenous alimentation on digestive system and 
nutritional metabolism, hormonal control of metabolism of nutrients, disorder of metabolism due 
to hormone action, possible dietary factors and hormone dependent cancer 
 
ĺ,ėĴ,Ȯ620Ȯ&0.1620' ĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢ      3&3+0+6' 
   Biochemistry of Membranes 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňȮőėĶĚĽĶƟŅĚĕŀĚŏĵŊŗŀŏĞĸĸƢȮĽĴĭńĨŇĪŅĚŏėĴňĔŅĵĳŅıȮĭĪĭŅĪŐĸŃĮĶŃŏĳĪĕŀĚŏĵŊŗŀŏĞĸĸƢȮȮȮ
ĝňĺĽńĚŏėĶŅŃľƢĕŀĚŀĚėƢĮĶŃĔŀĭŏĵŊŗŀŏĞĸĸƢȮĔŅĶĕĬĽƞĚĽƞĚĽŅĶĝňĺőĴŏĸĔŋĸŐĸŃœŀŀŀĬĨƞŅĚȮŕȮįƞŅĬŏĵŊŗŀŏĞĸĸƢȮĭĪĭŅĪĕŀĚ
őĮĶĨňĬĨńĺĶńĭŐĸŃŏĵŊŗŀŏĞĸĸƢŏĔňŗĵĺĔńĭőĶėĭŅĚĝĬŇħȮŐĭĭěŜŅĸŀĚĕŀĚŏĵŊŗŀŏĞĸĸƢŐĸŃĺŇīňĔŅĶĻŉĔļŅŏĵŊŗŀŏĞĸĸƢ 

Chemical components and structureȮof cell membrane, physicochemical properties, roles 
and types of membranes, biosynthesis of membrane components, membrane transport of 
biomolecules and ions, roles of receptor proteins and membrane in some diseases, artificial 
membranes and methods for studies of membranes 
 
ĺ,ėĴ,Ȯ622Ȯ&0.1622' ĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔ      3&3+0+6' 
   Biochemistry of Nucleic Acids 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĕŀĚįŌƟĽŀĬ 

ĪĭĪĺĬŀĚėƢĮĶŃĔŀĭĕŀĚĔĶħĬŇĺėĸňŀŇĔȮĭĪĭŅĪĕŀĚĔĶħĬŇĺėĸňŀŇĔĪŅĚĽŋĕĳŅıŐĸŃőĶėĨƞŅĚȮŕȮȮĔĶħĬŇĺėĸňŀŇĔŒĬ
œĺĶńĽȮĬŇĺėĸňŏŀĽŐĸŃŏŀĬœĞĴƢŀŊŗĬĪňŗŏĔňŗĵĺĕƟŀĚȮĝňĺĽńĚŏėĶŅŃľƢĕŀĚħňŏŀŖĬŏŀȮŐĸŃŀŅĶƢŏŀŖĬŏŀȮĭĪĭŅĪĕŀĚħňŏŀŖĬŏŀŐĸŃŀŅĶƢŏŀŖĬ
ŏŀŒĬĝňĺĽńĚŏėĶŅŃľƢĕŀĚőĮĶĨňĬȮľĸńĔĔŅĶěńħĵňĬȮĶŃŏĭňĵĭĺŇīňĔŅĶĨƞŅĚŕȮ 

Review the components of nucleic acid, role of nucleic acids in health and diseases, nucleic 
acid in virus, nuclease and related enzymes, biosynthesis of DNA and RNA, role of DNA and RNA in 
protein biosynthesis, principle of gene manipulation, methodologies 

 
ĺ,ėĴ,Ȯ647Ȯ&0.1647' ľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň      1&1+0+2' 
   Selected Topics in Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ľńĺĕƟŀŏĸŊŀĔĽĶĶŏĔňŗĵĺĔńĭŏĬŊŘŀľŅŐĸŃŏĪėőĬőĸĵňĮƤěěŋĭńĬĪŅĚŏėĴňȮĔĶŃĭĺĬĺŇĝŅĬňŘĽŅĴŅĶĩĸĚĪŃŏĭňĵĬĞŘŜŅœħƟœĴƞŏĔŇĬȮ
4 ľĬƞĺĵĔŇĨŏĴŊŗŀľńĺĕƟŀĨƞŅĚŕȮŒĬĔĶŃĭĺĬĺŇĝŅĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮľńĺĕƟŀŒĬĔĶŃĭĺĬĺŇĝŅěŃĴňĮĶŃĔŅĻŒľƟĪĶŅĭȮ 

The course provides an arrangement of a lecture series on the present+day topics in 
chemistry,ȮIt may be repeated for a maximum of 4 credits if different topics are taken,ȮTopics are to 
be announced 
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ĺ,ėĴ,Ȯ657Ȯ&0.1657' ľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň      0&2+0+4' 
   Selected Topics in Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ľńĺĕƟŀŏĸŊŀĔĽĶĶŏĔňŗĵĺĔńĭŏĬŊŘŀľŅŐĸŃŏĪėőĬőĸĵňĮƤěěŋĭńĬĪŅĚŏėĴňȮĔĶŃĭĺĬĺŇĝŅĬňŘĽŅĴŅĶĩĸĚĪŃŏĭňĵĬĞŘŜŅœħƟœĴƞŏĔŇĬȮ
4 ľĬƞĺĵĔŇĨŏĴŊŗŀľńĺĕƟŀĨƞŅĚŕȮŒĬĔĶŃĭĺĬĺŇĝŅĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮľńĺĕƟŀŒĬĔĶŃĭĺĬĺŇĝŅěŃĴňĮĶŃĔŅĻŒľƟĪĶŅĭȮ 

The course provides an arrangement of a lecture series on the present+day topics in 
chemistry,ȮIt may be repeated for a maximum 4 credits if different topics are taken,ȮTopics are to be 
announced 
 
ĺ,ėĴ,Ȯ575Ȯ&0.1575' ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ     36Ȯ ľĬƞĺĵĔŇĨ 
 MasterŲsȮThesis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮȮȮȮœħƟĶńĭŀĬŋĴńĨŇľńĺĕƟŀőėĶĚĶƞŅĚŐĸƟĺȮľĶŊŀ 
 ĸĚĪŃŏĭňĵĬıĶƟŀĴĔńĭĔŅĶŏĽĬŀľńĺĕƟŀŐĸŃőėĶĚĶƞŅĚ 
 
ĺ,ėĴ,Ȯ799 &203799' ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ     15Ȯ ľĬƞĺĵĔŇĨ 
 MasterŲsȮThesis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮȮȮȮœħƟĶńĭŀĬŋĴńĨŇľńĺĕƟŀőėĶĚĶƞŅĚŐĸƟĺȮľĶŊŀ 
   ĸĚĪŃŏĭňĵĬıĶƟŀĴĔńĭĔŅĶŏĽĬŀľńĺĕƟŀŐĸŃőėĶĚĶƞŅĚ 
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2,ȮȮėŜŅĽńŗĚŐĨƞĚĨńŘĚėĦŃĔĶĶĴĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶ 
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3,ȮįĸĚŅĬĪŅĚĺŇĝŅĔŅĶĕŀĚŀŅěŅĶĵƢ 
 

ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮŀĳŇĬĳńĽȮĶŋěŇĺńĨĶƢȮ&H+index ;Ȯ//' 
ĚŅĬĺŇěńĵĶŃħńĭĬŅĬŅĝŅĨŇ 

1. Chuasaard, T,, Thammakan, S,, Semakul, N,, Konno, T,, Rujiwatra, A,, Structure and 
photoluminescence of two+dimensional lanthanide coordination polymers of mixed phthalate and 
azobenzene dicarboxylate, &2022'ȮJournal of Molecular Structure, 1251, 131940, 

2. Somsri, S,, Kuwamura, N,, Kojima, T,, Yoshinari, N,, Rujiwatra, A,, Konno, T,, Inclusion of cyclodextrins 
in a metallosupramolecular frameworkviastructural transformations, &2022'ȮCrystEngComm, 24 &1', 
pp,Ȯ33+37,Ȯ 

3. Thammakan, S,, Kuwamura, N,, Chiangraeng, N,, Nimmanpipug, P,, Konno, T,, Rujiwatra, A,, Highly 
disordering nanoporous frameworks of lanthanide+dicarboxylates for catalysis of CO2 cycloaddition 
with epoxides, &2021'ȮJournal of Solid State Chemistry, 303, 122464, 

4. Surinwong, S,, Kuwamura, N,, Kojima, T,, Yoshinari, N,, Rujiwatra, A,, Konno, T,, Highly Porous Ionic 
Solids Consisting of AuI3CoIII2Complex Anions and Aqua Metal Cations, &2021'ȮInorganic Chemistry, 
60 &16', pp,Ȯ12555+12564,Ȯ 

5. Itai, T,, Kuwamura, N,, Kojima, T,, Yoshinari, N,, Rujiwatra, A,, Konno, T,, Photoluminescent ionic solids 
of s+bridged gold&i'+gallium&iii'Ȯand gold&i'+indium&iii'Ȯhexanuclear complexes, &2021'ȮBulletin of the 
Chemical Society of Japan, 94 &8', pp,Ȯ2076+2078,Ȯ 

6. Tapala, W,, Chankaew, C,, Grudpan, K,, Rujiwatra, A,, Silver+miang nanocomposites8ȮA green, rapid 
and simple approach for selective determination of nitrite in water and meat samples, &2021'Ȯ
Microchemical Journal, 162, 105879, 

7. Sinchow, M,, Semakul, N,, Konno, T,, Rujiwatra, A,, Lanthanide Coordination Polymers through Design 
for Exceptional Catalytic Performances in CO2Cycloaddition Reactions, &2021'ȮACS Sustainable 
Chemistry and Engineering, pp,Ȯ8581+8591, 

8. Thammakan S,, Rodlamul P,, Semakul N,, Yoshinari N,, Konno T,, Ngamjarurojana A,, Rujiwatra A,ȮGas 
Adsorption, Proton Conductivity, and Sensing Potential of a Nanoporous Gadolinium Coordination 
Framework, &2020'ȮInorganic Chemistry, 59, pp,Ȯ3053+3061, 

9. Yotnoi B,, Sinchow M,, Ngamjarurojana A,, Rujiwatra A,ȮCrystal structures and photoluminescent 
properties of highly disordering lanthanide+2,5+pyridinedicarboxylate frameworks, &2020'ȮInorganica 
Chimica Acta, 500, 119236, 

10. Chuasaard T,, Ngamjarurojana A,, Konno T,, Rujiwatra A,ȮCrystal structures and temperature+dependent 
photoluminescence of lanthanide coordination frameworks of mixed+benzenedicarboxylates, &2020' 
Journal of Coordination Chemistry, 73, pp, 333+345, 

11. Tapangpan P,, Panyarat K,, Chankaew C,, Grudpan K,, Rujiwatra A,ȮTerbium metal organic framework8Ȯ
Microwave synthesis and selective sensing of nitrite, &2020'ȮInorganic Chemistry Communications, 
111, 107627, 

12. Thammakan S,, Panyarat K,, Rujiwatra A,ȮOrganically pillared layer framework of YEu&NH2+
BDC'&ox'&H3O'[, &2019'ȮActa Crystallographica Section E8ȮCrystallographic Communications, 75, pp,Ȯ
1833+1838, 

13. Sinchow M,, Chuasaard T,, Yotnoi B,, Rujiwatra A,ȮDiversity in framework architecture of lanthanide+
2,5+pyridinedicarboxylate+sulfate coordination polymers, &2019'ȮJournal of Solid State Chemistry, 
278, 120902, 
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14. Meundaeng N,, Prior T,J,, Rujiwatra A, Crystal structures and Hirshfeld surface analysis of transition+
metal complexes of 1,3+azolecarboxylic acids, &2019'ȮActa Crystallographica Section C8ȮStructural 
Chemistry, 75, pp,Ȯ1319+1326, 

15. Chankaew C,, Tapala W,, Grudpan K,, Rujiwatra A,ȮMicrowave synthesis of ZnO nanoparticles using 
longan seeds biowaste and their efficiencies in photocatalytic decolorization of organic dyes, &2019'Ȯ
Environmental Science and Pollution Research, 26, pp,Ȯ17548+17554, 

16. Panyarat K,, Ngamjarurojana A,, Rujiwatra A,ȮColorimetric analysis8ȮA new strategy to improve 
ratiometric temperature sensing performance of lanthanide benzenedicarboxylates, &2019'ȮJournal 
of Photochemistry and Photobiology A8ȮChemistry, 377, pp,Ȯ167+172, 

17. Meundaeng N,, Rujiwatra A,, Prior T,J,ȮCrystal structure of &1,3+thiazole+2+carboxylato+ˁN'&1,3+
thiazole+2+carboxylic acid+ˁN'silver&I', &2019'ȮActa Crystallographica Section E8ȮCrystallographic 
Communications, 75, pp,Ȯ185+188, 
 

ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĮƕĵĶńĨĬƢȮĬŇĴĴŅĬıŇĳńĔħŇśȮ&H+index ;Ȯ/1' 
ĚŅĬĺŇěńĵĶŃħńĭĬŅĬŅĝŅĨŇ 

1. Lim Chong, W,, Vao+soongnern, V,, Nimmanpipug, P,, Tayapiwatana, C,, Lin, J,+H,, Lin, Y,+L,, Yee Chee, 
H,, Md Zain, S,, Abd Rahman, N,, Sanghiran Lee, V,, Molecular dynamics simulations and Gaussian 
network model for designing antibody mimicking protein towards dengue envelope protein, &2022'Ȯ
Journal of Molecular Liquids, 346, 118086,Ȯ 

2. Al+Nema, M,, Gaurav, A,, Lee, V,S,, Gunasekaran, B,, Lee, M,T,, Okechukwu, P,, Nimmanpipug, P,, 
Structure+based discovery and bio+evaluation of a cyclopentaY4,5[thienoY2,3+8ȮD[Ȯpyrimidin+4+one as 
a phosphodiesterase 10A inhibitor, &2022'ȮRSC Advances, 12 &3', pp,Ȯ1576+1591,Ȯ 

3. Rithchumpon, P,, Intakaew, N,, Khamto, N,, Yimklan, S,, Nimmanpipug, P,, Thavornyutikarn, P,, 
Meepowpan, P,, Erratum8ȮSynthesis and application of methyl itaconate+anthracene adducts in 
configuration assignment of chiral secondary alcohols by 1H NMR &Org,ȮBiomol,ȮChem,, &2021'Ȯ
Organic and Biomolecular Chemistry, 19 &41', 9081,Ȯ 

4. Rithchumpon, P,, Intakaew, N,, Khamto, N,, Yimklan, S,, Nimmanpipug, P,, Thavornyutikarn, P,, 
Meepowpan, P,, Synthesis and application of methyl itaconate+anthracene adducts in configuration 
assignment of chiral secondary alcohols by1H NMR, &2021'ȮOrganic and Biomolecular Chemistry, 19 
&41', pp,Ȯ8955+8967,Ȯ 

5. Thammakan, S,, Kuwamura, N,, Chiangraeng, N,, Nimmanpipug, P,, Konno, T,, Rujiwatra, A,, Highly 
disordering nanoporous frameworks of lanthanide+dicarboxylates for catalysis of CO2 cycloaddition 
with epoxides, &2021'ȮJournal of Solid State Chemistry, 303, 122464,Ȯ 

6. Hoijang, S,, Kunakham, T,, Nonkumwong, J,, Faungnawakij, K,, Ananta, S,, Nimmanpipug, P,, Lee, T,R,, 
Srisombat, L,, Surface Modification of Magnesium Ferrite Nanoparticles for Selective and Sustainable 
Remediation of Congo Red, &2021'ȮACS Applied Nano Materials, 4 &10', pp,Ȯ10244+10256,Ȯ 

7. Chong, W,L,, Chupradit, K,, Chin, S,P,, Khoo, M,M,, Khor, S,M,, Tayapiwatana, C,, Nimmanpipug, P,, 
Thongkum, W,, Lee, V,S,, Proteinprotein interactions8ȮInsight from molecular dynamics simulations 
and nanoparticle tracking analysis, &2021'ȮMolecules, 26 &18', 5696,Ȯ 

8. Yana, J,, Chiangraeng, N,, Nimmanpipug, P,, Lee, V,S,, A theoretical study of supramolecular 
aggregation of polydopamine tetramer subunits in aqueous solution, &2021'ȮJournal of Molecular 
Graphics and Modelling, 107, 107946,Ȯ 
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9. Chiangraeng, N,, Armstrong, M,, Manokruang, K,, Lee, V,S,, Jiranusornkul, S,, Nimmanpipug, P,, 
Characteristic structural knowledge for morphological identification and classification in meso+scale 
simulations using principal component analysis, &2021'ȮPolymers, 13 &16', 2581,Ȯ 

10. Gautam, V,, Nimmanpipug, P,, Zain, S,M,, Rahman, N,A,, Lee, V,S,, Molecular dynamics simulations 
in designing darpins as phosphorylation+specific protein binders of erk2, &2021'ȮMolecules, 26 &15', 
4540,Ȯ 

11. Kodchakorn, K,, Nimmanpipug, P,, Phongtamrug, S,, Tashiro, K,, Experimental confirmation of proton 
conductivity predicted from intermolecular hydrogen+bonding in spatially+confined novel histamine 
derivatives, &2021'ȮJournal of Solid State Chemistry, 299, 122182,Ȯ 

12. Chiangraeng, N,, Keyen, U,, Yoshida, N,, Nimmanpipug, P,, Temperature+responsive morphology 
formation of a PS+b+PI copolymer8Ȯa dissipative particle dynamics simulation study, &2021'ȮSoft 
matter, 17 &25', pp,Ȯ6248+6258,Ȯ 

13. Panya, A,, Songprakhon, P,, Panwong, S,, Jantakee, K,, Kaewkod, T,, Tragoolpua, Y,, Sawasdee, N,, 
Sanghiran Lee, V,, Nimmanpipug, P,, Yenchitsomanus, P,+T,, Cordycepin inhibits virus replication in 
dengue virus+infected vero cells, &2021'ȮMolecules, 26 &11', 3118,Ȯ 

14. Wongrattanakamon, P,, Yooin, W,, Sirithunyalug, B,, Nimmanpipug, P,, Jiranusornkul, S,, Tentative 
peptide+lipid bilayer models elucidating molecular behaviors and interactions driving passive 
cellular uptake of collagen+derived small peptides, &2021'ȮMolecules, 26 &3', 710,Ȯ 

15. Nanthanasit, P,, Chattrapiban, N,, Jitvisate, M,, Nimmanpipug, P,, Rimjaem, S,, Theoretical study of 
intermolecular interactions in protic ionic liquids8ȮA single ion pair picture, &2021'ȮJournal of Physics8Ȯ
Conference Series, 1719 &1', 012023, 

16. Nimmanpipug P,, Lee V,S,, Kruanopparatana P,, Yu L,D,ȮGeant4+DNA simulation of radiation effects 
in DNA on strand breaks from ultra+low+energy particles, Nuclear Instruments and Methods in 
Physics Research, &2020'ȮSection B8ȮBeam Interactions with Materials and Atoms, 475, pp,Ȯ77+83, 

17. Keyen U,, Nimmanpipug P,, Lee V,S,ȮCrystal structures and pressure+induced phase transformations 
of LiAlH48ȮA first+principles study, &2020'ȮAIP Advances, 10, 25030, 

18. Chiangraeng N,, Chachvalvutikul A,, Choklap W,, Kaowphong S,, Nimmanpipug P,ȮSynthesis of BiVO4 
photocatalyst via cyclic microwave irradiation method, &2019'ȮFerroelectrics, 552, pp,Ȯ42+52, 

19. Chiangraeng N,, Lee V,S,, Nimmanpipug P,ȮCoarse+grained modelling and temperature effect on the 
morphology of PS+b+PI copolymer, &2019'ȮPolymers, 11, 1008, 

20. Wongrattanakamon P,, Nimmanpipug P,, Sirithunyalug B,, Chaiyana W,, Jiranusornkul S,ȮInvestigation 
of the Skin Anti+photoaging Potential of Swertia chirayita Secoiridoids Through the AP+1-Matrix 
Metalloproteinase Pathway by Molecular Modeling, &2019'ȮInternational Journal of Peptide Research 
and Therapeutics, 25, pp,Ȯ517+533, 

21. Wongrattanakamon P,, Nimmanpipug P,, Sirithunyalug B,, Saenjum C,, Jiranusornkul S,ȮMolecular 
modeling investigation of the potential mechanism for phytochemical+induced skin collagen 
biosynthesis by inhibition of the protein phosphatase 1 holoenzyme, &2019'ȮMolecular and Cellular 
Biochemistry, 454, pp,Ȯ45+56, 

22. Kodchakorn K,, Nimmanpipug P,, Phongtamrug S,, Tashiro K,ȮPH+induced conformational changes in 
histamine in the solid state, &2019' RSC Advances, 9, pp, 19375+19389, 
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ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĸŃŀŀĚĬĺĸȮĻĶňĽĴĭńĨŇȮ&H+index ;Ȯ/4' 
ĚŅĬĺŇěńĵĶŃħńĭĬŅĬŅĝŅĨŇ 

1. Hoijang, S,, Kunakham, T,, Nonkumwong, J,, Faungnawakij, K,, Ananta, S,, Nimmanpipug, P,, Lee, T,R,, 
Srisombat, L,, Surface Modification of Magnesium Ferrite Nanoparticles for Selective and Sustainable 
Remediation of Congo Red, &2021'ȮACS Applied Nano Materials, 4 &10', pp,Ȯ10244+10256, 

2. Hoijang S,, Wangkarn S,, Ieamviteevanich P,, Pinitsoontorn S,, Ananta S,, Randall Lee T,, Srisombat 
L,ȮSilica+coated magnesium ferrite nanoadsorbent for selective removal of methylene blue, &2020'Ȯ
Colloids and Surfaces A8ȮPhysicochemical and Engineering Aspects, 606, 12548, 

3. Hoijang S,, Nonkumwong J,, Singhana B,, Wangkarn S,, Ananta S,,ȮSrisombat L,ȮAdsorption of 2,4+
dichlorophenoxyacetic acid by magnesium ferrite magnetic nanoparticles modified with amine 
functional groups, &2020'ȮChiang Mai Journal of Science, 47, pp, 137+146, 

4. Aoopngan C,, Nonkumwong J,, Phumying S,, Promjantuek W,, Maensiri S,, Noisa P,, Pinitsoontorn S,, 
Ananta S,, Srisombat L,ȮAmine+Functionalized and Hydroxyl+Functionalized Magnesium Ferrite 
Nanoparticles for Congo Red Adsorption, &2019'ȮACS Applied Nano Materials, 2, pp, 5329+5341, 

5. Sriboonpeng C,, Nonkumwong J,, Srisombat L,, Pisitanusorn A,, Ananta S,ȮInfluence of sintering 
temperature on phase formation, microstructure and mechanical properties of the recycled 
ceramic body derived from CAD-CAM dental zirconia waste, &2019'ȮChiang Mai Journal of Science, 
46, pp, 370+386 
 

 
ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĔĶīńĝȮŀŋƞĬĬńĬĔŅĻȮ&H+index ; 15' 

ĚŅĬĺŇěńĵĶŃħńĭĬŅĬŅĝŅĨŇ 
1. Pothipor, C,, Bamrungsap, S,, Jakmunee, J,, Ounnunkad, K,, A gold nanoparticle+dye-poly&3+

aminobenzylamine'-two dimensional MoSe2-graphene oxide electrode towards label+free 
electrochemical biosensor for simultaneous dual+mode detection of cancer antigen 15+3 and 
microRNA+21, &2022'ȮColloids and Surfaces B8ȮBiointerfaces, 210,Ȯ112260,Ȯ 

2. Yaiwong, P,, Semakul, N,, Bamrungsap, S,, Jakmunee, J,, Ounnunkad, K,, Electrochemical detection 
of matrix metalloproteinase+7 using an immunoassay on a methylene blue-2D MoS2-graphene 
oxide electrode, &2021'ȮBioelectrochemistry, 142, 107944,Ȯ 

3. Phetsang, S,, Kidkhunthod, P,, Chanlek, N,, Jakmunee, J,, Mungkornasawakul, P,, Ounnunkad, K,, 
Copper-reduced graphene oxide film modified electrode for non+enzymatic glucose sensing 
application, &2021'ȮScientific Reports, 11 &1', 9302,Ȯ 

4. Kuntamung, K,, Jakmunee, J,, Ounnunkad, K,, A label+free multiplex electrochemical biosensor for 
the detection of three breast cancer biomarker proteins employing dye-metal ion+loaded and 
antibody+conjugated polyethyleneimine+gold nanoparticles, &2021'ȮJournal of Materials Chemistry 
B, 9 &33', pp,Ȯ6576+6585,Ȯ 

5. Yaiwong, P,, Lertvachirapaiboon, C,, Shinbo, K,, Kato, K,, Ounnunkad, K,, Baba, A,, Surface Plasmon 
Resonance Field+Enhanced Fluorescence Properties of Gold Quantum Dots on Polyelectrolyte 
Multilayers and Their H2O2 Sensor Application, &2021'ȮPlasmonics, 16 &4', pp,Ȯ1195+1202,Ȯ 

6. Pothipor, C,, Jakmunee, J,, Bamrungsap, S,, Ounnunkad, K,, An electrochemical biosensor for 
simultaneous detection of breast cancer clinically related microRNAs based on a gold 
nanoparticles-graphene quantum dots-graphene oxide film, &2021'ȮAnalyst, 146 &12', pp,Ȯ4000+4009,Ȯ 

7. Phetsang, S,, Khwannimit, D,, Rattanakit, P,, Chanlek, N,, Kidkhunthod, P,, Mungkornasawakul, P,, 
Jakmunee, J,, Ounnunkad, K,, A Redox Cu&II'+Graphene Oxide Modified Screen Printed Carbon 
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Electrode as a Cost+Effective and Versatile Sensing Platform for Electrochemical Label+Free 
Immunosensor and Non+enzymatic Glucose Sensor, &2021'ȮFrontiers in Chemistry, 9, 671173,Ȯ 

8. Chanarsa, S,, Jakmunee, J,, Ounnunkad, K,, A Bifunctional Nanosilver+Reduced Graphene Oxide 
Nanocomposite for Label+Free Electrochemical Immunosensing, &2021'ȮFrontiers in Chemistry, 9,Ȯ
631571,Ȯ 

9. Pothipor, C,, Aroonyadet, N,, Bamrungsap, S,, Jakmunee, J,, Ounnunkad, K,, A highly sensitive 
electrochemical microRNA+21 biosensor based on intercalating methylene blue signal amplification 
and a highly dispersed gold nanoparticles-graphene-polypyrrole composite, &2021'ȮAnalyst, 146 &8', 
pp,Ȯ2679+2688,Ȯ 

10. Kuntamung, K,, Sangthong, P,, Jakmunee, J,, Ounnunkad, K,, A label+free immunosensor for the 
detection of a new lung cancer biomarker, GM2 activator protein, using a phosphomolybdic 
acid-polyethyleneimine coated gold nanoparticle composite, &2021'ȮAnalyst, 146 &7', pp,Ȯ2203+2211,Ȯ 

11. Kuntamung, K,, Yaiwong, P,, Lertvachirapaiboon, C,, Ishikawa, R,, Shinbo, K,, Kato, K,, Ounnunkad, K,, 
Baba, A,, The effect of gold quantum dots-grating+coupled surface plasmons in inverted organic 
solar cells, &2021'ȮRoyal Society Open Science, 8 &3', 210022,Ȯ 

12. Phaya, M,, Chalom, S,, Ingkaninan, K,, Ounnunkad, K,, Chandet, N,, Pyne, S,G,, Mungkornasawakul, 
P,, Oxidative biotransformation of stemofoline alkaloids, &2021'ȮArtificial Cells, Nanomedicine and 
Biotechnology, 49 &1', pp,Ȯ166+172,Ȯ 

13. Upan J,, Banet P,, Aubert P,+H,, Ounnunkad K,, Jakmunee J,ȮSequential injection+differential pulse 
voltammetric immunosensor for hepatitis B surface antigen using the modified screen+printed 
carbon electrode, &2020'ȮElectrochimica Acta, 349, 136335, 

14. Phetsang S,, Nootchanat S,, Lertvachirapaiboon C,, Ishikawa R,, Shinbo K,, Kato K,, Mungkornasawakul 
P,, Ounnunkad K,, Baba A,ȮEnhancement of organic solar cell performance by incorporating gold 
quantum dots &AuQDs'Ȯon a plasmonic grating, &2020'ȮNanoscale Advances, 2, 2950+2957 

15. Pothipor C,, Lertvachirapaiboon C,, Shinbo K,, Kato K,, Ounnunkad K,, Baba A,ȮDetection of creatinine 
using silver nanoparticles on a poly&pyrrole'Ȯthin film+based surface plasmon resonance sensor, 
&2020'ȮJapanese Journal of Applied Physics, 59, SCCA02, 

16. Thunkhamrak C,, Chuntib P,, Ounnunkad K,, Banet P,, Aubert P,+H,, Saianand G,, Gopalan A,+I,, 
Jakmunee J,ȮHighly sensitive voltammetric immunosensor for the detection of prostate specific 
antigen based on silver nanoprobe assisted graphene oxide modified screen printed carbon 
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17. Chanarsa S,, Pothipor C,, Kungwan N,, Ounnunkad K,ȮA poly&Pyrrole+3+carboxylic acid'Ȯthin film 
modified screen printed carbon electrode as highly sensitive and selective label+free 
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18. Themsirimongkon S,, Waenkaew P,,ȮOunnunkad K,, Jakmunee J,, Fang L,, Saipanya S,ȮCatalytic 
electrooxidation of formic acid by noble metal nanoparticle catalysts on reduced graphene oxide, 
&2019'ȮFullerenes Nanotubes and Carbon Nanostructures, 27, pp,Ȯ830+845 

19. Robinson M,, Ounnunkad K,, Zhang J,, Gavaghan D,, Bond A,M,ȮModels and Their Limitations in the 
Voltammmetric Parameterization of the Six+Electron Surface+Confined Reduction of YPMo12O40[3 at 
Glassy Carbon and Boron+Doped Diamond Electrodes, &2019'ȮChemElectroChem, 6, pp,Ȯ5499+5510 

20. Pothipor C,, Wiriyakun N,, Putnin T,, Ngamaroonchote A,, Jakmunee J,, Ounnunkad K,, Laocharoensuk 
R,, Aroonyadet N,ȮHighly sensitive biosensor based on grapheneůpoly &3+aminobenzoic acid'Ȯ
modified electrodes and porous+hollowed+silver+gold nanoparticle labelling for prostate cancer 
detection, &2019'ȮSensors and Actuators, B8ȮChemical, 296, 126657, 
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21. Putnin T,, Nootchanat S,, Lertvachirapaiboon C,, Shinbo K,, Kato K,, Ounnunkad K,, Baba A,ȮEffect of 
Micro-Nanostructured P3HT8 PCBM Surfaces on the Performance of Organic Photovoltaic Devices, 
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ĺŇĪĵŅĬŇıĬīƢȮŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚȮŒĬĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶŀĵƞŅĚĬƟŀĵĶŃħńĭĝŅĨŇ
ĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅ 

ěŜŅĬĺĬľĬƞĺĵĔŇĨȮĶĺĴĨĸŀħľĸńĔĽŌĨĶȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ36 ľĬƞĺĵĔŇĨ 
Ĕ, ĮĶŇĠĠŅĬŇıĬīƢ  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
203797ȮĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ36  ľĬƞĺĵĔŇĨȮ 
 
ĕ,ȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ 
/,ȮŏľĴŊŀĬŏħŇĴ 
 
0,ȮĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴŏľŖĬĝŀĭ
ĕŀĚėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶ
ľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĳŅĵŒĬȮ0ȮĮƖĔŅĶĻŉĔļŅ 
 
1,ȮįĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚĺŇĪĵŅĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮ
ľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇȮőħĵĴň
ĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier/Ȯőħĵ
ĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶȮĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭ
ĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ2ȮĕŉŘĬœĮȮ
ľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level &TRL-PRL-SRL'Ȯ
ĨńŘĚŐĨƞĶŃħńĭȮ3ȮĕŉŘĬœĮȮ 
 
4,ȮŏľĴŊŀĬŏħŇĴ 
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ĮĶńĭĮĶŋĚĔĶŃĭĺĬĺŇĝŅőħĵŏıŇŗĴįĸĸńıīƢ 
ĔŅĶŏĶňĵĬĶŌƟĕŀĚĔĶŃĭĺĬĺŇĝŅ 
 
 
 
ŏıŊŗŀŒľƟŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕĔŅĶĮĶŃĔŅĻ
ĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵŏĶŊŗŀĚĔŅĶĽŀĭőėĶĚ
ĶƞŅĚĺŇĪĵŅĬŇıĬīƢŐĸŃĔŅĶĽŀĭ
ĺŇĪĵŅĬŇıĬīƢ 

 
ŏıŊŗŀŒľƟŏĮƦĬœĮĨŅĴėŋĦĳŅıĕŀĚ
ĚŅĬĺŇěńĵȮŐĸŃŒľƟŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕ
ĨŅĴĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵŏĶŊŗŀĚȮ
ŏĔĦĤƢŐĸŃŐĬĺĮĢŇĭńĨŇĔŅĶŏįĵŐıĶƞ
įĸĚŅĬĮĶŇĠĠŅĬŇıĬīƢ 
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ȮȮȮȮȮ 2,ȮȮĨƟŀĚĶŅĵĚŅĬįĸĔŅĶĻŉĔļŅĨŅĴŐĭĭĶŅĵĚŅĬįĸĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵȮőħĵįƞŅĬ
ėĺŅĴŏľŖĬĝŀĭĕŀĚĮĶŃīŅĬĔĶĶĴĔŅĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅėĦŃŐĸŃĶĺĭĶĺĴȮĽƞĚ
ĭńĦĤŇĨĺŇĪĵŅĸńĵĪŋĔĳŅėĔŅĶĻŉĔļŅ 

 
ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
1,ȮȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵȮȮȮȮȮȮȮȮȮȮȮȮ+ȮĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
2,ȮȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮȮĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬĔĶŃĭĺĬĺŇĝŅĽńĴĴĬŅȮ
ħńĚĬňŘ 
 
 
+Ȯ0.157/Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/' 
+Ȯ0.1570Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0' 
 
+Ȯ0.187/Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3' 

3,ȮŏľĴŊŀĬŏħŇĴ 
 
 
 
ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
/,ȮŏľĴŊŀĬŏħŇĴ 
0,ȮȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬĔĶŃĭĺĬĺŇĝŅħńĚĬňŘȮŐĸŃ
œħƟĸŜŅħńĭĕńŘĬŏĮƦĬĪňŗıŀŒěȮ&S' 
+Ȯ0.1533Ȯ&ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀ

ŀŅĝňı' 
+Ȯ0.157/Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/' 
+Ȯ0.1570Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0'ȮȮȮ 
 
ĵĔŏĸŇĔȮȮȮȮȮȮȮȮȮȮȮ 

 
 
 
 
 
 
ŏıŊŗŀŒľƟĭĶĶĸŋįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚ
ľĸńĔĽŌĨĶ 
 
 
203791 ŐĸŃȮ203792 ĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĺŇĝŅőħĵŏıŇŗĴįĸĸńıīƢ 
ĔŅĶŏĶňĵĬĶŌƟĕŀĚĔĶŃĭĺĬĺŇĝŅ 
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ŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔ0' 

 
ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮ&ı,Ļ,Ȯ0364' ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ36ȮľĬƞĺĵĔŇĨ 
Ĕ,ȮĔĶŃĭĺĬĺŇĝŅŏĶňĵĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ21ȮľĬƞĺĵĔŇĨ 
1,ȮĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ21ȮľĬƞĺĵĔŇĨ 
1,1 ĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĺŇĝŅŏĜıŅŃȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ/3ȮľĬƞĺĵĔŇĨ 
1,1,1ȮĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
 
 
0.157/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ
0.1572 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2 ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 
 
1,1,2ȮĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ4ȮľĬƞĺĵĔŇĨ 
őħĵŏĸŊŀĔěŅĔĔĶŃĭĺĬĺŇĝŅŏľĸƞŅĬňŘ 
203708ȮȮȮĔŅĶĽńĚŏėĶŅŃľƢĽŅĶŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
203714   ėĺŅĴĶŀĭĶŌƟĪŅĚŏėĴňŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
203721   ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨȮ
203736 ȮȮĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
203739   ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
203743   ŏŀĬœĞĴƢĺŇĪĵŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
203749   ĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203807   ŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
203812 ȮȮŏėĴňőėŀŀĶƢħŇŏĬĝńĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
203821   ŏėĴňėĺŀĬĨńĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ36ȮľĬƞĺĵĔŇĨ 
Ĕ,ȮĔĶŃĭĺĬĺŇĝŅŏĶňĵĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ21ȮľĬƞĺĵĔŇĨ 
1,ȮĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ21ȮľĬƞĺĵĔŇĨ 
1,1 ĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĺŇĝŅŏĜıŅŃȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ/3ȮľĬƞĺĵĔŇĨ 
1,1,/ȮĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.1533ȮȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňıȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
0.157/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ
0.1572 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮ 
 
ĵĔŏĸŇĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔ 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
ŏıŇŗĴĺŇĝŅĭńĚėńĭĞŉŗĚŏĮƦĬĔĶŃĭĺĬĺŇĝŅŒľĴƞȮŏıŊŗŀŒľƟĭĶĶĸŋ
įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚľĸńĔĽŌĨĶ 
 
 
 
 
 
 
ĵƟŅĵĺŇĝŅĭńĚėńĭŏĸŊŀĔœĮŏĮƦĬĺŇĝŅŏĸŊŀĔŏıŊŗŀŒľƟĽŅĴŅĶĩ
ŏĸŊŀĔŏĶňĵĬĔĶŃĭĺĬĪňŗĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵœħƟĴŅĔĕŉŘĬ 

 

 

 

 

 

 



133 

ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮ&ı,Ļ,Ȯ0364' ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

1,1,3  ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ ȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ5ȮľĬƞĺĵĔŇĨ 
őħĵŏĸŊŀĔěŅĔĔĶŃĭĺĬĺŇĝŅŒĬĕƟŀȮ/,/,0ȮľĶŊŀĔĶŃĭĺĬĺŇĝŅĨƞŀœĮĬňŘȮľĶŊŀ
ěŅĔĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮĽńĚĔńħĽŅĕŅĺŇĝŅŏėĴňȮ&203'ȮĪňŗ
ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢĕŀĚĬńĔĻŉĔļŅŏľŖĬĝŀĭ 
203701ȮȮȮŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
203704  ȮŏėĴňįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203705  ȮĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚıķĔļŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
 
203707ȮȮȮĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔĺńĨĩŋħŇĭŀŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 
 
 
203709ȮȮȮĽŏĮĔőĪĶĽőĔĮƖĪŅĚŏėĴňŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203712ȮȮȮıńĬīŃŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 
203713ȮȮȮĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 
 
203715ȮȮȮĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203716ȮȮȮŏėĴňįĸŉĔŐĭĭĭĶĶĵŅĵȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 
 
 
203719   ŏėĴňĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
 
 
203722ȮȮȮěĸĬıĸĻŅĽĨĶƢŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 

1,/,0ȮȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ  ȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ/0ȮľĬƞĺĵĔŇĨ 
őħĵŏĸŊŀĔěŅĔĔĶŃĭĺĬĺŇĝŅŏľĸƞŅĬňŘȮľĶŊŀȮěŅĔĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭȮ
ĭńĦĤŇĨĻŉĔļŅȮĽńĚĔńħĽŅĕŅĺŇĝŅŏėĴňȮ&203'ȮĪňŗŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢŒľƟėĺŅĴŏľŖĬĝŀĭȮȮ 
0.15./ȮȮȮŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.15.2ȮȮȮŏėĴňįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.15.3ȮȮȮĔŅĶĺŇŏėĶŅŃľƢĽŅĶıķĔļŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
 
ĮƕħĔĶŃĭĺĬĺŇĝŅ 
 
0.15.6ȮȮȮĔŅĶĽńĚŏėĶŅŃľƢĽŅĶŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 
203709   ĽŏĮĔőĪĶĽőĔĮƖĪŅĚŏėĴňŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨȮȮ 
ĮƕħĔĶŃĭĺĬĺŇĝŅ 
 
203713ȮȮȮĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.15/2ȮȮȮėĺŅĴĶŀĭĶŌƟĪŅĚŏėĴňŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 
0.15/3ȮȮȮĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ĮƕħĔĶŃĭĺĬĺŇĝŅ 
 
0.15/5ȮȮȮŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĭĨŏĨŀĶňŗȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.15/6ȮȮȮŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
203719   ŏėĴňĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203721   ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
 
203722ȮȮȮěĸĬıĸĻŅĽĨĶƢŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 

 
ŏıŇŗĴěŜŅĬĺĬĺŇĝŅŏĸŊŀĔĴŅĔĕŉŘĬŐĸŃĴňėĺŅĴľĸŅĔľĸŅĵ
ŏıŊŗŀŒľƟŏĸŊŀĔŏĶňĵĬœħƟĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵ 
 
0.15./Ȯ0.15.2ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
 
0.15.3ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵȮŐĸŃĝŊŗŀ
ĔĶŃĭĺĬĺŇĝŅŒľƟĽŀħėĸƟŀĚĔńĭŏĬŊŘŀľŅ 
0.15.5ȮĮƕħĔĶŃĭĺĬĺŇĝŅŏĬŊŗŀĚěŅĔœĴƞĴňĔŅĶħŜŅŏĬŇĬĔŅĶ
ĽŀĬĴŅĴŅĔĔĺƞŅȮ3ȮĮƖȮ 
0.15.6ȮĴŅěŅĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮĴňĔŅĶĮĶńĭ
ŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.15.7ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.15/0ȮĮƕħœĮĶĺĴĔńĭĺŇĝŅȮ0.1601ȮŏıŊŗŀĸħėĺŅĴ
ĞŘŜŅĞƟŀĬĕŀĚŏĬŊŘŀľŅĺŇĝŅ 
0.05/1ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.15/2ȮĵƟŅĵĴŅěŅĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮŐĸŃ
ĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.15/3ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.15/4ȮĮƕħœĮĶĺĴĔńĭĺŇĝŅȮ0.1602ȮŏıŊŗŀĸħėĺŅĴ
ĞŘŜŅĞƟŀĬĕŀĚŏĬŊŘŀľŅĺŇĝŅ 
0.15/5Ȯ0.15/6ȮŏĮƕħŒľĴƞŏıŊŗŀŏıŇŗĴőŀĔŅĽŒĬĔŅĶŏĸŊŀĔ
ĺŇĝŅĪňŗĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵ 
0.15/7ȮȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.150/ȮĵƟŅĵĴŅěŅĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮŐĸŃ
ĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.1500Ȯ0.1501ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
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203723ȮȮȮŏėĴňœĲĲƚŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
 
203725ȮȮȮŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203726ȮȮȮŏėĴňĬŇĺŏėĸňĵĶƢŐĸŃŏėĴňĔńĴĴńĬĨĶńĚĽňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203732ȮȮȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203734ȮȮȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ
203735ȮȮȮĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
 
 
 
 
 
 
203741ȮȮȮıķĔļĝňĺŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 
 
 
203745ȮȮȮŏėĴňĕŀĚőĮĶĨňĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 
 
203750ȮȮȮŏėĴňĺŇŏėĶŅŃľƢĪŅĚĽŇŗĚŐĺħĸƟŀĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
 
203751ȮȮȮŏėĴňėŀĴıŇĺŏĨŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 
203752ȮȮȮŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.1531ȮȮȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢĪŅĚŏėĴňȮȮȮ0ȮľĬƞĺĵĔŇĨ 
 

203723ȮȮȮŏėĴňœĲĲƚŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
0.1502ȮȮȮȮŏėĴňĬŇĺŏėĸňĵĶƢŐĸŃŏėĴňĔńĴĴńĬĨĶńĚĽňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨȮ 
203725ȮȮȮŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
ĮƕħĔĶŃĭĺĬĺŇĝŅ 
203732ȮȮȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203734ȮȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ
203735ȮȮȮĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203736   ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
 
0.1515ȮȮȮœĭőŀŏĞĬŏĞŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
 
203739   ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
 
003741ȮȮȮıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 
0.1521ȮȮȮŏŀĬœĞĴƢĺŇĪĵŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨȮ 
 
203745ȮȮȮŏėĴňĕŀĚőĮĶĨňĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.1527ȮȮȮĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
 
ĮƕħĔĶŃĭĺĬĺŇĝŅ 
 
203751ȮȮȮŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 
203752ȮȮȮŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.1531ȮȮȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň 

 
0.1502ȮŏıŇŗĴĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒľƟĴňėĺŅĴľĸŅĔľĸŅĵ
0.1503ȮȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.1504ȮĮƕħŏıŊŗŀĸħėĺŅĴĞŘŜŅĞƟŀĬĔńĭȮ0.1502 
0.1510ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.1512Ȯ0.1513ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
 
0.1514ȮĵƟŅĵĴŅěŅĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮŐĸŃ
ĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.1515ȮŏĮƕħŒľĴƞŏıŊŗŀŏıŇŗĴőŀĔŅĽŒĬĔŅĶŏĸŊŀĔĺŇĝŅĪňŗ
ĽŀħħėĸƟŀĚĔńĭĚŅĬĺŇěńĵ 
0.1517ȮĵƟŅĵĴŅěŅĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮŐĸŃ
ĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.152/ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵȮŐĸŃĝŊŗŀ
ĔĶŃĭĺĬĺŇĝŅŒľƟĽŀħėĸƟŀĚĔńĭŏĬŊŘŀľŅ 
0.1521ȮĵƟŅĵĴŅěŅĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮŐĸŃ
ĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.1523ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.1527ȮĵƟŅĵĴŅěŅĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮŐĸŃ
ĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.153.ȮĮƕħĔĶŃĭĺĬĺŇĝŅŏĬŊŗŀĚěŅĔœĴƞĴňĔŅĶħŜŅŏĬŇĬĔŅĶ
ĽŀĬĴŅĴŅĔĔĺƞŅȮ3ȮĮƖ 
0.153/ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵȮŐĸŃĝŊŗŀ
ĔĶŃĭĺĬĺŇĝŅŒľƟĽŀħėĸƟŀĚĔńĭŏĬŊŘŀľŅ 
0.1530ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.1531ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵȮŐĸŃĝŊŗŀ
ĔĶŃĭĺĬĺŇĝŅŒľƟĽŀħėĸƟŀĚĔńĭŏĬŊŘŀľŅ 
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ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮ&ı,Ļ,Ȯ0364' ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

0.1532ȮȮȮĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĚŅĬĺŇěńĵĪŅĚŏėĴň 
 
 
203775ȮȮȮĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 
 
 
 
 
203803   ĽŏĨŀĶŇőŀŏėĴňŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŀĽĴĴŅĨĶȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203804ȮȮȮŏėĴňĕŀĚĽŅĶĮĶŃĔŀĭĺĚĺŇĺŇīıńĬīƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
0.16.3ȮȮȮŏėĴňĽŃŀŅħȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.16.4ȮȮőĸľŃŀŀĶƢŐĔőĬŐĪĶĬĞŇĝńĬŒĬŀŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĽńĚŏėĶŅŃľƢ 
 
 
 
0.16/2ȮȮȮŏėĴňőĸľŀŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 
 
 
 
 
 
0.1602ȮȮȮįĸŉĔĻŅĽĨĶƢŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 

0.1532ȮȮȮĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĚŅĬĺŇěńĵĪŅĚŏėĴň 
0.1534ȮȮȮĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭȮȮȮȮȮȮȮ/ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
203775ȮȮȮĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢȮ3ȮľĬƞĺĵĔŇĨ 
 
203774ȮȮȮıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203775ȮȮȮıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203776ȮȮȮĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŏĽĩňĵĶȮȮ 
203803   ĽŏĨŀĶŇőŀŏėĴňŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŀĽĴĴŅĨĶȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203804ȮȮȮŏėĴňĕŀĚĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
0.16.3ȮȮŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.16.4ȮȮőĸľŃĪĶŅĬĞŇĞńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĽńĚŏėĶŅŃľƢ 
0.16.5ȮȮȮŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 
 
0.16/2ȮȮȮŏėĴňőĸľŀŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.16/3ȮȮȮőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŀŇĬĪĶňĵƢ 
0.160/ȮȮȮŏėĴňėĺŀĬĨńĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 
0.1601ȮȮőėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 
0.1602ȮȮȮįĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
 

0.1532ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
 
0.1534ȮŏĮƕħŒľĴƞŏıŊŗŀŏĮƕħőŀĔŅĽŒľƟİƗĔĪńĔļŃĺŇĝŅĝňı
ŐĸŃĪńĔļŃĪŅĚĽńĚėĴŒĬĽĩŅĬĔŅĶĦƢěĶŇĚ 
0.1553ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵȮŐĸŃĝŊŗŀ
ĔĶŃĭĺĬĺŇĝŅĳŅļŅŀńĚĔķļŒľƟŏľĴŅŃĽĴ 
0.1554Ȯ0.1555Ȯ0.1556ȮŏıŇŗĴŏĮƦĬĺŇĝŅŏĸŊŀĔŏıŊŗŀŒľƟĴň
ėĺŅĴľĸŅĔľĸŅĵȮŐĸŃĮĶńĭĝŊŗŀĔĶŃĭĺĬĺŇĝŅȮ0.1554Ȯ
ŒľƟŏľĴŅŃĽĴ 
 
0.16.1ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.16.2Ȯ0.16.3Ȯ0.16.4ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮ
ĪńĬĽĴńĵȮŐĸŃĝŊŗŀĔĶŃĭĺĬĺŇĝŅŒľƟŏľĴŅŃĽĴ 
 
 
0.16.5ȮĵƟŅĵĴŅěŅĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮŐĸŃ 
ĮĶńĭĮĶŋĚĔĶŃĭĺĬĺŇĝŅőħĵŏıŇŗĴįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟ 
ĕŀĚĔĶŃĭĺĬĺŇĝŅ 
0.16/2ȮȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.16/3ȮŏĮƕħŒľĴƞŏıŊŗŀŏıŇŗĴőŀĔŅĽŒĬĔŅĶŏĸŊŀĔĺŇĝŅĪňŗ
ĽŀħħėĸƟŀĚĔńĭĚŅĬĺŇěńĵ 
0.160/ȮĵƟŅĵĴŅěŅĔĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔȮŐĸŃ
ĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.1601ȮŏıŇŗĴŏĮƦĬĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŏıŊŗŀŒľƟĴňėĺŅĴ
ľĸŅĔľĸŅĵȮŐĸŃĮĶńĭĝŊŗŀĔĶŃĭĺĬĺŇĝŅ 
0.1602ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵȮŐĸŃĝŊŗŀ
ĔĶŃĭĺĬĺŇĝŅŒľƟŏľĴŅŃĽĴ 
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0.1603ȮȮȮĮĶŅĔĢĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮıŀĸŇŏĴŀĶƢ 
0.1604ȮȮȮŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ
0.1605ȮȮȮĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.1606ȮȮȮĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĕŀĚıŀĸŇŏĴŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
203829   ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.161/ȮȮȮȮŏėőĴŏĴĨĶŇĔĽƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
 
203833   ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203835   ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĔńĴĴńĬĨĳŅıĶńĚĽň 
203838   ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨȮȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
203841   őĳĝĬŅĔŅĶŏĝŇĚĝňĺŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203842   ĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203844   ĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203851  ıŇļĺŇĪĵŅĽŇŗĚŐĺħĸƟŀĴŐĸŃĔŅĶĺŇŏėĶŅŃľƢĽŅĶĨĔėƟŅĚȮ3ȮľĬƞĺĵĔŇĨ 
 
 
 
203879ȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
 
203889ȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 

 

0.1603ȮȮȮĮĶŅĔĢĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮıŀĸŇŏĴŀĶƢ 
0.1604ȮȮȮŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨȮȮȮ 
0.1605ȮȮȮĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.1606ȮȮȮĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĕŀĚıŀĸŇŏĴŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
203829   ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.161/ȮȮȮŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 
203833   ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
ĮƕħĔĶŃĭĺĬĺŇĝŅ 
 
203838   ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
203841   őĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203842   ĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203844   ĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
ĮƕħĔĶŃĭĺĬĺŇĝŅ 
 
0.1647ȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮľĬƞĺĵĔŇĨ 
 
203879ȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
 
ĵĔŏĸŇĔ 
ȮȮ 
 
 

 
 
0.1603Ȯ0.1604Ȯ0.1605Ȯ0.1606Ȯ0.1607ȮĮĶńĭ
ŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵȮŐĸŃȮ0.1606ȮĮĶńĭĝŊŗŀ
ĔĶŃĭĺĬĺŇĝŅĳŅļŅŀńĚĔķļėĺŅĴŏľĴŅŃĽĴ 

 
 
0.161/ĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵȮŐĸŃĝŊŗŀ
ĔĶŃĭĺĬĺŇĝŅŒľƟŏľĴŅŃĽĴ 
0.1611ȮĮĶńĭŏĬŊŘŀľŅŒľƟŏľĴŅŃĽĴȮĪńĬĽĴńĵ 
0.1613ȮĮƕħœĮĶĺĴĔńĭȮ0.1502ȮŏıŊŗŀĸħėĺŅĴĞŘŜŅĞƟŀĬ
ĕŀĚŏĬŊŘŀľŅ 
203838ȮĮĶńĭĮĶŋĚĔĶŃĭĺĬĺŇĝŅőħĵŏıŇŗĴįĸĸńıīƢ 
ĔŅĶŏĶňĵĬĶŌƟĕŀĚĔĶŃĭĺĬĺŇĝŅ 
0.162/Ȯ0.1620Ȯ0.1622ȮĮĶńĭŏĚŊŗŀĬœĕŒľƟĬńĔĻŉĔļŅ 
ĽŅĕŅŀŊŗĬŏĶňĵĬœħƟȮŐĸŃĮĶńĭŏĬŊŘŀľŅŒľƟĪńĬĽĴńĵȮ
ėĶŀĭėĸŋĴĴŅĔĕŉŘĬ 
0.163/ȮĮƕħŏĬŊŗŀĚěŅĔœĴƞĴňĔŅĶħŜŅŏĬŇĬĔŅĶĽŀĬĴŅ
ĴŅĔĔĺƞŅȮ3ȮĮƖ 
0.1647ȮŏĮƕħŒľĴƞŏıŊŗŀĶŀĚĶńĭľńĺĕƟŀĪňŗĬƞŅĽĬŒěŒĬ
ĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬ 
203879 ŏıŇŗĴįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚĔĶŃĭĺĬĺŇĝŅ 
ŐĸŃĮĶńĭĮĶŋĚėŜŅŀīŇĭŅĵĔĶŃĭĺĬĺŇĝŅ 
0.1667ȮĵĔŏĸŇĔŏĬŊŗŀĚěŅĔŏĮƕħĔĶŃĭĺĬĺŇĝŅȮ0.1647Ȯ
ŐĪĬȮŐĸŃĸħěŜŅĬĺĬĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔĽĶĶ 
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/,0ȮȮĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮ&ĩƟŅĴň'ȮȮȮȮȮȮȮȮȮœĴƞŏĔŇĬȮ4ȮľĬƞĺĵĔŇĨȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
/,0,/ȮȮĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮœĴƞĴň 
/,0,0ȮȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮ&ĩƟŅĴň'ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞŏĔŇĬȮ4ȮľĬƞĺĵĔŇĨ
ŒľƟŏĸŊŀĔŏĶňĵĬĔĶŃĭĺĬĺŇĝŅȮŒĬĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮĪňŗėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶ
ľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅŒľƟėĺŅĴŏľŖĬĝŀĭȮ ĪńŘĚĬňŘȮ ľŅĔ
ĬńĔĻŉĔļŅœĴƞŏĸŊŀĔěŅĔľĴĺħĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮ ĽŅĴŅĶĩ
ŏĸŊŀĔěŅĔľĴĺħĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĺŇĝŅŏĜıŅŃȮ&/,/,0ȮŐĸŃ-ľĶŊŀȮ/,/,1'Ȯ
œħƟ 
 
0,ȮĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮœĴƞĴň 
 
 
 
 
 
ĕ,ȮĺŇĪĵŅĬŇıĬīƢ  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
0.1577ȮȮȮĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/3ȮľĬƞĺĵĔŇĨ 
 
ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
/,ȮȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
0,ȮȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮœĴƞĴň 
 
Ě,ȮȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ 
/,ȮĬńĔĻŉĔļŅĨƟŀĚŏĽĬŀŐįĬĔŅĶĻŉĔļŅŐĽħĚĔĶŃĭĺĬĺŇĝŅĪňŗėĺĶěŃ
ĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵȮŐĸŃįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢȮĨƞŀėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅ
ĽŅĕŅĺŇĝŅȮĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ĕŀĚĮƖĔŅĶĻŉĔļŅŐĶĔ 

/,0ȮȮĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮ&ĩƟŅĴň'ȮȮȮȮȮȮȮœĴƞŏĔŇĬȮ4ȮľĬƞĺĵĔŇĨȮȮȮ 
/,0,/ȮȮĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮœĴƞĴň 
/,0,0ȮȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮ&ĩƟŅĴň'ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞŏĔŇĬȮ4ȮľĬƞĺĵĔŇĨ 
ĬńĔĻŉĔļŅŀŅěŏĸŊŀĔŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃœħƟĨŅĴ
ėĺŅĴŏľŖĬĕŀĭĕŀĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢŐĸŃėĦŃĔĶĶĴĔŅĶ
ĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮ ĪńŘĚĬňŘĬńĔĻŉĔļŅĽŅĴŅĶĩ
ŏĸŊŀĔŒĝƟĔĶŃĭĺĬĺŇĝŅŒĬľĴŅĺħȮ /,/,0ȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅ
ŏĜıŅŃĪħŐĪĬĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃœħƟ 
 
0,ȮĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
ĔĶĦňĪňŗĬńĔĻŉĔļŅĕŅħėĺŅĴĶŌƟıŊŘĬģŅĬĭŅĚĮĶŃĔŅĶĪňŗěŜŅŏĮƦĬĽŜŅľĶńĭ
ĔŅĶĻŉĔļŅȮĬńĔĻŉĔļŅěŃĨƟŀĚĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĶŃħńĭ
ĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶ
ľĸńĔĽŌĨĶ 
 
ĕ,ȮĮĶŇĠĠŅĬŇıĬīƢ  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
0.1577ȮȮȮĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/3ȮľĬƞĺĵĔŇĨ 
 
ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
1,ȮŏľĴŊŀĬŏħŇĴ 
2,ȮŏľĴŊŀĬŏħŇĴ 
 
Ě,ȮȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ 
/,ȮŏľĴŊŀĬŏħŇĴ 
 
 
Ȯ 

ĮĶńĭĕƟŀėĺŅĴŏıŊŗŀŒľƟĽŀħėĸƟŀĚĔńĭőėĶĚĽĶƟŅĚľĸńĔĽŌĨĶ
ĮĶńĭĮĶŋĚ 
 
 
 
 
 
 
 
ĮĶńĭŏıŊŗŀŏıŇŗĴŐĬĺĪŅĚŒĬĔŅĶĭĶŇľŅĶěńħĔŅĶľĸńĔĽŌĨĶ
ŏıŊŗŀŒľƟŏĔŇħĮĶŃőĵĝĬƢĔńĭĬńĔĻŉĔļŅ 
 
 
 
 
ĮĶńĭĮĶŋĚĔĶŃĭĺĬĺŇĝŅőħĵŏıŇŗĴįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟ 
ĕŀĚĔĶŃĭĺĬĺŇĝŅ 
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ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮ&ı,Ļ,Ȯ0364' ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

 
 
 
 
 
 
0,ȮįĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇĪĵŅĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶ
ŏįĵŐıĶƞľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĺŇĝŅĔŅĶ
ŀĵƞŅĚĬƟŀĵĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier1 őħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀ
ŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮŏįĵŐıĶƞŏĮƦĬĭĪėĺŅĴĜĭńĭŏĨŖĴȮ&Full paper'ȮŒĬ
ŏŀĔĽŅĶŏįĵŐıĶƞĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶȮ&Proceedings'ȮĶŃħńĭĬŅĬŅĝŅĨŇȮĪňŗ
ŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅĬńŘĬȮľĶŊŀȮĴňĔŅĶěħĽŇĪīŇĭńĨĶľĶŊŀŀĬŋĽŇĪīŇĭńĨĶ 

0,ȮĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴ
ŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃ
ėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĳŅĵŒĬȮ
0ȮĮƖĔŅĶĻŉĔļŅ 
 
 
1,Ȯ įĸĚŅĬĺŇĪĵŅĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇĪĵŅĬŇıĬīƢĨƟŀĚœħƟĶńĭ
ĔŅĶŏįĵŐıĶƞľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬ
ĺŅĶĽŅĶĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇĪňŗĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/ȮŏĶŊŗŀĚȮľĶŊŀȮ
ĶŃħńĭĝŅĨŇĪňŗŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮTCI Tier/ȮőħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/Ȯ
ŏĶŊŗŀĚȮľĶŊŀȮŏįĵŐıĶƞŏĮƦĬĭĪėĺŅĴĜĭńĭŏĨŖĴȮ&Full paper'ȮŒĬŏŀĔĽŅĶ
ŏįĵŐıĶƞĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶȮ&Proceedings'ȮĶŃħńĭĬŅĬŅĝŅĨŇȮĪňŗŏĮƦĬĪňŗ
ĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮ Ȯ őħĵĴňĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ/Ȯ ŏĶŊŗŀĚȮľĶŊŀȮĴň
ĽŇĪīŇĭńĨĶȮĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚȮŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ2ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭ
ĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level &TRL-PRL-SRL'ȮĨńŘĚŐĨƞĶŃħńĭȮ3Ȯ
ĕŉŘĬœĮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

ŏıŊŗŀŒľƟŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕĔŅĶĮĶŃĔŅĻĕŀĚĭńĦĤŇĨ
ĺŇĪĵŅĸńĵŏĶŊŗŀĚĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ 
 
 
 
 

 
 
ŏıŊŗŀŒľƟŏĮƦĬœĮĨŅĴėŋĦĳŅıĕŀĚĚŅĬĺŇěńĵȮŐĸŃŒľƟ
ŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕĨŅĴĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵ
ŏĶŊŗŀĚȮŏĔĦĤƢŐĸŃŐĬĺĮĢŇĭńĨŇĔŅĶŏįĵŐıĶƞįĸĚŅĬ
ĮĶŇĠĠŅĬŇıĬīƢ 
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5,ȮĨŅĶŅĚŏĮĶňĵĭŏĪňĵĭĕƟŀŐĨĔĨƞŅĚĶŃľĺƞŅĚŐįĬĔŅĶĻŉĔļŅŏħŇĴĔńĭŐįĬĔŅĶĻŉĔļŅŒľĴƞ 
 
 3,/ȮŐĭĭȮ/Ȯ&ŐįĬȮĔȮŐĭĭȮĔ/' 

ĝńŘĬĮƖĪňŗ 2 ĝńŘĬĮƖĪňŗ 2 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ 
203797 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ /0 203575 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ /0 
203790 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0 + 203792 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0 + 
 ĶĺĴ /0 ĶĺĴ /0 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
203797 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 12 203797 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 12 
203891 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1 

ĽŀĭĮĶŇĠĠŅĬŇıĬīƢ 
+ 
+ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĽŀĭĮĶŇĠĠŅĬŇıĬīƢ 

+ 
 

 ĶĺĴ 12 ĶĺĴ /0 
 

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶ 14 ľĬƞĺĵĔŇĨ 
 
 
 
 
 
 
 
 
 
 

ŐįĬĔŅĶĻŉĔļŅŏħŇĴ ŐįĬĔŅĶĻŉĔļŅĮĶńĭĮĶŋĚŒľĴƞ 
ĝńŘĬĮƖĪňŗ 1 ĝńŘĬĮƖĪňŗ 1 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ 
ĸĚĪŃŏĭňĵĬŏıŊŗŀŒĝƟĭĶŇĔŅĶĕŀĚĴľŅĺŇĪĵŅĸńĵ + 203533ȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶ

ŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 
+ 

ĽŀĭįƞŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ 

+ 
+ 

ĽŀĭįƞŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
 

+ 
 

ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň + ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň + 
 ĶĺĴ +  ĶĺĴ + 

ĳŅėĔŅĶĻŉĔļŅĪňŗȮ0 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗȮ0ȮȮȮȮȮȮȮȮȮ ľĬƞĺĵĔŇĨ 
203797 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ /0 203797 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ /0 
203791 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ + 203791 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ 

ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ 
 

+ 

 ĶĺĴ /0  ĶĺĴ /0 
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3,0ȮŐĭĭȮ0Ȯ&ŐįĬȮĔȮŐĭĭȮĔ0' 

ĝńŘĬĮƖĪňŗ 2 ĝńŘĬĮƖĪňŗ 2 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ 
0.1577 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 6 0.1577 ȮȮȮȮȮĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 6 
203791 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ 1 203791 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ 1 
 ĶĺĴ 7  ĶĺĴ 7 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
0.1577 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 5 0.1577 ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ 5 
203792 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0 

ĽŀĭĮĶŇĠĠŅĬŇıĬīƢ 
/ 
+ 

203792 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0 
ĽŀĭĮĶŇĠĠŅĬŇıĬīƢ 

/ 
+ 

 ĶĺĴ 8  ĶĺĴ 8 
 

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮœĴƞĬƟŀĵĔĺƞŅ 14 ľĬƞĺĵĔŇĨ 

 
 
 
 
 
 

ŐįĬĔŅĶĻŉĔļŅŏħŇĴ ŐįĬĔŅĶĻŉĔļŅĮĶńĭĮĶŋĚŒľĴƞ 
ĝńŘĬĮƖĪňŗ 1 ĝńŘĬĮƖĪňŗ 1 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ 
ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŏĸŊŀĔ 4 203533ȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶ

ŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 
1 

ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ 2 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃ 4 
ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻ + ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻ + 
ŏĽĬŀŐįĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĺŇĝŅ + ŏĽĬŀŐįĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĺŇĝŅ + 

ĶĺĴ 10 ĶĺĴ 5 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ 3 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃ /0 
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃ 6   
ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ + ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ + 

ĶĺĴ 7 ĶĺĴ /0 



141 

4,ȮĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮĺƞŅħƟĺĵĔŅĶĻŉĔļŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮı,Ļ,0337 
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