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ĝŊŗŀĽĩŅĭńĬŀŋħĴĻŉĔļŅ : ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ ĭńĦĤŇĨĺŇĪĵŅĸńĵȮŐĸŃ ėĦŃĺŇĪĵŅĻŅĽĨĶƢ ĳŅėĺŇĝŅŏėĴň 

 

ľĴĺħĪňŗȮ/,ȮĕƟŀĴŌĸĪńŗĺœĮ 

 

/,ȮȮĶľńĽŐĸŃĝŊŗŀľĸńĔĽŌĨĶ 

ĳŅļŅœĪĵ 8 ľĸńĔĽŌĨĶĮĶńĝĠŅħŋļġňĭńĦĤŇĨȮĽŅĕŅĺŇĝŅŏėĴňȮ&ľĸńĔĽŌĨĶĬŅĬŅĝŅĨŇ' 
ĳŅļŅŀńĚĔķļ 8Ȯ Doctor of Philosophy Program in ChemistryȮ(InternationalȮProgram) 

 

0,ȮȮȮĝŊŗŀĮĶŇĠĠŅŐĸŃĽŅĕŅĺŇĝŅȮ 

 ĳŅļŅœĪĵ : ĝŊŗŀŏĨŖĴ   ĮĶńĝĠŅħŋļġňĭńĦĤŇĨ (ŏėĴň) 
  : ĝŊŗŀĵƞŀ    ĮĶ,ħ, (ŏėĴň) 
 ĳŅļŅŀńĚĔķļ : ĝŊŗŀŏĨŖĴ   Doctor ofȮPhilosophy (Chemistry) 
  : ĝŊŗŀĵƞŀ    Ph.D. (Chemistry) 

 

1,ȮȮȮĝŊŗŀŐĕĬĚĺŇĝŅŏıŊŗŀĭńĬĪŉĔŒĬȮRp_lqapgnrȮ  +ȮœĴƞĴňȮ+ 

 

2,ȮȮȮěŜŅĬĺĬľĬƞĺĵĔŇĨĪňŗŏĶňĵĬĨĸŀħľĸńĔĽŌĨĶȮ 

ŐĭĭȮ1.1Ȯ ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪ  
ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮ    Ȯ48ȮľĬƞĺĵĔŇĨȮ 

ŐĭĭȮ1.2Ȯ ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅĨĶň  
  ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶ    Ȯ72ȮľĬƞĺĵĔŇĨ 
ŐĭĭȮ0,/Ȯ ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪ 

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶ       œĴƞĬƟŀĵĔĺƞŅ Ȯ26ȮľĬƞĺĵĔŇĨȮ 
ŐĭĭȮ0,0Ȯ ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅĨĶň  

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶ            œĴƞĬƟŀĵĔĺƞŅ 50  ľĬƞĺĵĔŇĨȮ 
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3,ȮȮĶŌĮŐĭĭĕŀĚľĸńĔĽŌĨĶ 

3,/ȮĶŌĮŐĭĭȮ 
  ľĸńĔĽŌĨĶȮȮŐĭĭȮ1.1ȮŐĸŃȮ2.1  ŏĮƦĬľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅŏŀĔȮľĸńĔĽŌĨĶȮ3ȮĮƖȮȮ 
       ŐĸŃŒĝƟŏĺĸŅĻŉĔļŅŀĵƞŅĚĴŅĔœĴƞŏĔŇĬȮ6ȮĮƖĔŅĶĻŉĔļŅȮ 
  ľĸńĔĽŌĨĶȮŐĭĭȮ1.2ȮŐĸŃȮ2.2 ŏĮƦĬľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅŏŀĔȮľĸńĔĽŌĨĶȮ4ȮĮƖȮȮ 
       ŐĸŃŒĝƟŏĺĸŅĻŉĔļŅŀĵƞŅĚĴŅĔœĴƞŏĔŇĬȮ8ȮĮƖĔŅĶĻŉĔļŅȮ 

 3,0ȮȮĮĶŃŏĳĪľĸńĔĽŌĨĶ 

 ȮȮȮȮX èõËóÂóä    
 ÄȮ ĺŇĝŅĝňı 
3,1ȮȮĳŅļŅĪňŗŒĝƟȮ 
 ÄȮĳŅļŅœĪĵȮ 

 XȮ ĳŅļŅŀńĚĔķļ 
 3,1ȮȮĔŅĶĶńĭŏĕƟŅĻŉĔļŅȮȮȮȮ  

 Ä ĬńĔĻŉĔļŅœĪĵȮ 
 ÄȮ ĬńĔĻŉĔļŅĨƞŅĚĝŅĨŇȮ 
 XȮ ĬńĔĻŉĔļŅœĪĵŐĸŃĬńĔĻŉĔļŅĨƞŅĚĝŅĨŇ 

 3,2ȮȮėĺŅĴĶƞĺĴĴŊŀĔńĭĽĩŅĭńĬŀŊŗĬȮ 
 XȮ ŏĮƦĬľĸńĔĽŌĨĶŏĜıŅŃĕŀĚĽĩŅĭńĬłȮĪňŗěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬőħĵĨĶĚ 
 ÄȮ ŏĮƦĬľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀňŗĬ 

 ȮȮȮȮĶŌĮŐĭĭĕŀĚĔŅĶĶƞĺĴ 
  ÄȮĶƞĺĴĴŊŀĔńĬȮőħĵĽĩŅĭńĬłȮŏĮƦĬįŌƟŒľƟĮĶŇĠĠŅ 
  ÄȮĶƞĺĴĴŊŀĔńĬȮőħĵįŌƟĻŉĔļŅœħƟĶńĭĮĶŇĠĠŅěŅĔ 2 ĽĩŅĭńĬȮ 

ľĴŅĵŏľĨŋ: ĽŅĴŅĶĩŒĝƟŏĮƦĬľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬȮŏĝƞĬȮŒĬĸńĔļĦŃĕŀĚȮDouble Degree 
Program ĪńŘĚĬňŘŒľƟŏĮƦĬœĮĨŅĴĕƟŀĨĔĸĚėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚĽĩŅĭńĬ 

 3,3ȮĔŅĶŒľƟĮĶŇĠĠŅŐĔƞįŌƟĽŜŅŏĶŖěĔŅĶĻŉĔļŅȮ 
ĔĶĦňľĸńĔĽŌĨĶŏĜıŅŃĕŀĚĽĩŅĭńĬ 

XȮŒľƟĮĶŇĠĠŅŏıňĵĚĽŅĕŅĺŇĝŅŏħňĵĺ 
ÄȮŒľƟĮĶŇĠĠŅĴŅĔĔĺƞŅľĬŉŗĚĽŅĕŅĺŇĝŅȮ 

ĔĶĦňľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬȮ 
Ä ľĸńĔĽŌĨĶĮĶŇĠĠŅėŌƞȮ&Double Degree) 

ÄȮľĸńĔĽŌĨĶĮĶŇĠĠŅĶƞĺĴȮ&Joint Degree)      
 



3 
 

4,ȮȮȮĽĩŅĬĳŅıĕŀĚľĸńĔĽŌĨĶŐĸŃĔŅĶıŇěŅĶĦŅŀĬŋĴńĨŇ-ŏľŖĬĝŀĭľĸńĔĽŌĨĶ 

Á ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ2566ȮĮĶńĭĮĶŋĚĴŅěŅĔľĸńĔĽŌĨĶĮĶńĝĠŅħŋļġňĭńĦĤŇĨȮĽŅĕŅĺŇĝŅŏėĴň 
&ľĸńĔĽŌĨĶĬŅĬŅĝŅĨŇ-ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ034/) 
- ŏĶŇŗĴŒĝƟľĸńĔĽŌĨĶĨńŘĚŐĨƞȮĮƖȮı,Ļ,Ȯ0323 
- ĴňįĸĭńĚėńĭŒĝƟĨńŘĚŐĨƞĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĮƖĔŅĶĻŉĔļŅȮ0344 

Á ĽĳŅĺŇĝŅĔŅĶŒľƟėĺŅĴŏľŖĬĝŀĭľĸńĔĽŌĨĶȮŒĬėĶŅĺĮĶŃĝŋĴėĶńŘĚĪňŗȮ10/2565ȮŏĴŊŗŀĺńĬĪňŗȮ21ȮŏħŊŀĬȮĔńĬĵŅĵĬȮ
ı,Ļ,Ȯ2565 

Á ĽĳŅĴľŅĺŇĪĵŅĸńĵŀĬŋĴńĨŇľĸńĔĽŌĨĶȮŒĬėĶŅĺĮĶŃĝŋĴėĶńŘĚĪňŗȮ10/2565 ŏĴŊŗŀĺńĬĪňŗȮ29 ŏħŊŀĬȮĨŋĸŅėĴȮı,Ļ,
2565 

5,ȮȮėĺŅĴıĶƟŀĴŒĬĔŅĶŏįĵŐıĶƞľĸńĔĽŌĨĶĪňŗĴňėŋĦĳŅıŐĸŃĴŅĨĶģŅĬ 

 ľĸńĔĽŌĨĶěŃœħƟĶńĭĔŅĶŏįĵŐıĶƞĺƞŅŏĮƦĬľĸńĔĽŌĨĶĪňŗĴňėŋĦĳŅıŐĸŃĴŅĨĶģŅĬĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇ
ĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇȮı,Ļ,Ȯ0330ȮŒĬĮƖĔŅĶĻŉĔļŅȮ0345 

6,ȮȮŀŅĝňıĪňŗĽŅĴŅĶĩĮĶŃĔŀĭœħƟľĸńĚĽŜŅŏĶŖěĔŅĶĻŉĔļŅȮ&ĽńĴıńĬīƢĔńĭĽŅĕŅĺŇĝŅ'Ȯ 

Á ŀŅěŅĶĵƢ-ĬńĔĺŇěńĵ-ĬńĔĺŇĪĵŅĻŅĽĨĶƢ-ĬńĔĺŇĝŅĔŅĶ-ĕƟŅĶŅĝĔŅĶ-ŏěƟŅľĬƟŅĪňŗĨĶĺěĽŀĭėŋĦĳŅı-ŏěƟŅľĬƟŅĪňŗ
ĬńĔĺŇěńĵŐĸŃıńĥĬŅŒĬĽĩŅĭńĬľĶŊŀľĬƞĺĵĚŅĬĳŅėĶńģŐĸŃŏŀĔĝĬ 

Á ĪňŗĮĶŉĔļŅĪŅĚĺŇĝŅĔŅĶ-ĮĶŉĔļŅĪŅĚĔŅĶĺŇěńĵȮħƟŅĬŏėĴňȮŒĬĽĩŅĭńĬľĶŊŀľĬƞĺĵĚŅĬĳŅėĶńģŐĸŃŏŀĔĝĬ 
Á ŏěƟŅĕŀĚĔŇěĔŅĶ-ŀŅĝňıŀŇĽĶŃ 

7,ȮȮĝŊŗŀȮĨŜŅŐľĬƞĚȮŐĸŃėŋĦĺŋĥŇĔŅĶĻŉĔļŅĕŀĚŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶ 

ĝŊŗŀ+ĽĔŋĸ ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ',ȮĽĩŅĭńĬ,ȮĮĶŃŏĪĻ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 
1,ȮĶĻ,ħĶ,ěĶŌĠȮěńĔĶƢĴŋĦň ĺĪ,ħ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ,Ȯ032. 

ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢ,Ȯ0311Ȯ 
0,ȮĶĻ,ħĶ,ĺŇĬŇĨŅȮĭŋĦőĵħĴȮ 
 

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

3. ĶĻ,ħĶ,ŏĔňĵĶĨŇėŋĦȮĴŃőĬŏėĶŊŗŀĚ 
 

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 
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/.,ȮĽĩŅĬĪňŗěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬȮ 

XȮȮŒĬĽĩŅĬĪňŗĨńŘĚȮ  ĳŅėĺŇĝŅŏėĴňȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ 

ÄȮĬŀĔĽĩŅĬĪňŗĨńŘĚȮ  œĴƞĴň 
ľĴŅĵŏľĨŋ: ŒĬĔĶĦňĕŀĚľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬȮŏĝƞĬȮŒĬĸńĔļĦŃĕŀĚȮDouble Degree Program 
ĽĩŅĬĪňŗĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŀŅěĶĺĴĩŉĚĽĩŅĬĪňŗĕŀĚĽĩŅĭńĬĪňŗĴňėĺŅĴĶƞĺĴĴŊŀĬńŘĬħƟĺĵȮĪńŘĚĬňŘŒľƟŏĮƦĬœĮĨŅĴ
ĕƟŀĨĔĸĚėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚĽĩŅĭńĬ 

//,ȮȮŏľĨŋįĸĕŀĚĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶȮ 

 ħƟĺĵĽĩŅĬĔŅĶĦƢĪŅĚŏĻĶļģĔŇěȮĽńĚėĴȮŐĸŃĺńĥĬīĶĶĴĪňŗŏĮĸňŗĵĬŐĮĸĚȮŀňĔĪńŘĚĶŌĮŐĭĭŐĸŃŐĬĺőĬƟĴĕŀĚĔŅĶ
ĻŉĔļŅĺŇěńĵŒĬĶŃħńĭŀŋħĴĻŉĔļŅĪňŗĺŇĺńĥĬƢŀĵƞŅĚĶĺħŏĶŖĺŐĸŃĶŋĬŐĶĚŀĵƞŅĚĪňŗœĴƞŏėĵĮĶŅĔĢĴŅĔƞŀĬȮĪŜŅŒľƟľĸńĔĽŌĨĶ
ĔŅĶĻŉĔļŅŒĬĮƤěěŋĭńĬĨƟŀĚœħƟĶńĭĔŅĶĮĶńĭĮĶŋĚŒľƟĪńĬĨƞŀĽĩŅĬĔŅĶĦƢȮŐĸŃĴňėĺŅĴĵŊħľĵŋƞĬŏıŊŗŀĨŀĭĽĬŀĚĨƞŀıĸĺńĨ
ĕŀĚĺŇĺńĥĬŅĔŅĶĪŅĚĔŅĶĻŉĔļŅĪňŗĔŜŅĸńĚŏĔŇħĕŉŘĬŒĬĻĨĺĶĶļĪňŗȮ21ȮĞŉŗĚĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶĜĭńĭĮƖȮ2566 œħƟ
ĨŀĭĽĬŀĚĨƞŀĬőĵĭŅĵŐĸŃĵŋĪīĻŅĽĨĶƢĝŅĨŇȮ20 ĮƖȮ(ı,Ļ,Ȯ2561-2580) ĽŀĚħƟŅĬȮėŊŀȮĔŅĶıńĥĬŅĪĶńıĵŅĔĶ
ĴĬŋļĵƢĕŀĚĮĶŃŏĪĻȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚŒĬĔĸŋƞĴĭŋėĸŅĔĶĪňŗĴňĪńĔļŃėĺŅĴĽŅĴŅĶĩĕńŘĬĽŌĚĪŅĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃ
ŏĪėőĬőĸĵňȮőħĵĮĶńĭĶŃĭĭĔŅĶŏĶňĵĬĶŌƟŒľƟŏŀŊŘŀĨƞŀĔŅĶıńĥĬŅĪńĔļŃĽŜŅľĶńĭĻĨĺĶĶļĪňŗȮ21 ŏĮƦĬľĸńĔĽŌĨĶĪňŗĶŀĚĶńĭ
ĔŅĶŏĶňĵĬĶŌƟőħĵŒĝƟħŇěŇĪńĸŐıĸĨĲŀĶƢĴŏıŊŗŀĔŅĶŏĶňĵĬȮĔŅĶĺŇěńĵŐĸŃıńĥĬŅȮŀńĬěŃĬŜŅœĮĽŌƞėĺŅĴŏĮƦĬŏĸŇĻĪŅĚĺŇĝŅĔŅĶ
ŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮőħĵœĴƞĸŃĪŇŘĚėƞŅĬŇĵĴŐĸŃĺńĥĬīĶĶĴĪňŗıŉĚĮĶŃĽĚėƢěŅĔĳŅėīŋĶĔŇěȮŀňĔĪńŘĚěĶŇĵīĶĶĴŀńĬħňĪŅĚ
ĺŇĪĵŅĻŅĽĨĶƢȮĪňŗĽƞĚŏĽĶŇĴĔŅĶĶńĭįŇħĝŀĭĨƞŀĽƞĺĬĶĺĴȮĬŀĔěŅĔĬňŘĵńĚŏĮƦĬľĸńĔĽŌĨĶĪňŗĽĬńĭĽĬŋĬŒľƟŏĔŇħėĺŅĴĶƞĺĴĴŊŀ
ĔńĭįŌƟŏĝňŗĵĺĝŅĠěŅĔĨƞŅĚĮĶŃŏĪĻįƞŅĬĪŅĚľĸńĔĽŌĨĶĮĶŇĠĠŅĶƞĺĴȮĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵĶƞĺĴĔńĬȮŐĸŃĔŅĶŐĸĔŏĮĸňŗĵĬ
ĭŋėĸŅĔĶŐĸŃĬńĔĻŉĔļŅȮĞŉŗĚĔŅĶıńĥĬŅĪĶńıĵŅĔĶĴĬŋļĵƢĪňŗĴňĪńĔļŃėĺŅĴĽŅĴŅĶĩĕńŘĬĽŌĚĪŅĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃ
ŏĪėőĬőĸĵňȮŏĮƦĬĽƞĺĬĽŜŅėńĠŀĵƞŅĚĵŇŗĚĵĺħĨƞŀĔŅĶŏıŇŗĴĕňħėĺŅĴĽŅĴŅĶĩŒĬŐĕƞĚĕńĬŐĸŃĔŅĶıńĥĬŅŏĻĶļģĔŇěĕŀĚ
ĮĶŃŏĪĻȮŏıŊŗŀĔŅĶľĸŋħěŅĔĔńĭħńĔĶŅĵœħƟĮŅĬĔĸŅĚȮĞŉŗĚŏĮƦĬĬőĵĭŅĵŐĸŃĵŋĪīĻŅĽĨĶƢĝŅĨŇĪňŗĽŜŅėńĠŀňĔĮĶŃĔŅĶľĬŉŗĚ 
 ĬŀĔŏľĬŊŀěŅĔĬőĵĭŅĵŐĸŃĵŋĪīĻŅĽĨĶƢĝŅĨŇȮ20 ĮƖȮ(ı,Ļ,Ȯ2561-2580)ȮŐĸƟĺȮĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶĵńĚĴň
ėĺŅĴěŜŅŏĮƦĬĨŅĴ ŴŏĮƚŅľĴŅĵĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬŵȮ&Sustainable Development GoalsȮľĶŊŀȮSDGs'Ȯ
ĺƞŅħƟĺĵȮQuality EducationȮ(SG4) őħĵĔŅĶĮĶńĭŒĝƟħŇěŇĪńĸŐıĸĨĲŀĶƢĴŏıŊŗŀĔŅĶŏĶňĵĬȮĔŅĶĺŇěńĵŐĸŃıńĥĬŅȮĪňŗ
ĽŅĴŅĶĩĪŜŅœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮŐĸŃĮĶŃĽŇĪīŇįĸĴŅĔĕŉŘĬȮĨŀĭĽĬŀĚĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚĬńĔĻŉĔļŅĪňŗĴňėĺŅĴ
ıĶƟŀĴȮŐĸŃėĺŅĴěŜŅŏĮƦĬȮĪňŗŐĨĔĨƞŅĚĔńĬŀŀĔœĮȮĨŅĴĽĩŅĬĔŅĶĦƢŒĬĮƤěěŋĭńĬȮŏĝƞĬȮŒĬĽĳŅĺŃĔŅĶĶŃĭŅħĕŀĚ 
COVID-19ȮĶĺĴĪńŘĚ POST-COVID ĪňŗĪŜŅŒľƟĨƟŀĚŒĝƟĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĭĭŀŀĬœĸĬƢĴŅĔĕŉŘĬȮľĶŊŀĔŅĶ
ĮĶŃĝŋĴĽńĴĴĬŅŐĭĭŀŀĬœĸĬƢȮĬŀĔěŅĔĬňŘŐĸƟĺħŇěŇĪńĸŐıĨĲŀĶƢĴĵńĚĽƞĚŏĽĶŇĴėĺŅĴĶƞĺĴĴŊŀĔńĭįŌƟŏĝňŗĵĺĝŅĠŒĬĽĩŅĭńĬ
ĨƞŅĚĮĶŃŏĪĻŒľƟĽŅĴŅĶĩħŜŅŏĬŇĬĔŅĶœħƟĽŃħĺĔŐĸŃĶĺħŏĶŖĺȮőħĵœĴƞŏĽňĵėƞŅŒĝƟěƞŅĵĽŌĚȮŏĮƦĬĨƟĬȮőħĵŒĬĔŅĶĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶĬňŘœħƟĴŋƞĚŏĬƟĬœĮĽŌƞĔŅĶıńĴĬŅĪńĔļŃȮėĺŅĴĽŅĴŅĶĩȮĪńŘĚȮsoft skills ŐĸŃȮhard skills ĕŀĚĭńĦĤŇĨĪňŗŏĮƦĬ
ĪńĔļŃėĺŅĴĽŅĴŅĶĩĽŜŅėńĠĕŀĚĔŅĶŏĮƦĬıĸŏĴŊŀĚőĸĔȮőħĵœĴƞĸŃĪŇŘĚėƞŅĬŇĵĴŐĸŃĺńĥĬīĶĶĴĪňŗıŉĚĮĶŃĽĚėƢěŅĔĳŅė
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īŋĶĔŇěȮŀňĔĪńŘĚěĶŇĵīĶĶĴŀńĬħňĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮĬŀĔěŅĔĬňŘŐĸƟĺľĸńĔĽŌĨĶĵńĚœħƟĺŅĚőėĶĚĽĶƟŅĚŐĸŃŏĚŊŗŀĬœĕȮŀňĔĪńŘĚ
ŐĬĺĪŅĚĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶȮĪňŗĽĬńĭĽĬŋĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅĪŅĚĽŅĕŅŏėĴňȮĪňŗŏĔňŗĵĺŏĬŊŗŀĚĔńĭıľŋĽŅĕŅĺŇĝŅȮŏıŊŗŀ
įĸŇĨĚŅĬĺŇěńĵŐĸŃĬĺńĨĔĶĶĴĪňŗŏĮƦĬŏĸŇĻĪńŘĚŒĬŏĝŇĚĮĶŇĴŅĦŐĸŃėŋĦĳŅıȮĪňŗĨŀĭĽĬŀĚĨƞŀĔŅĶŐĔƟĮƤĠľŅĪŅĚ
ŀŋĨĽŅľĔĶĶĴŐĸŃĽŇŗĚŐĺħĸƟŀĴŒĬĭĶŇĭĪĕŀĚĪƟŀĚĩŇŗĬȮĮĶŃŏĪĻĝŅĨŇȮŐĸŃĬŅĬŅĝŅĨŇȮŏĝƞĬȮĪŅĚħƟŅĬıĸńĚĚŅĬ
ĪŅĚŏĸŊŀĔȮŐĭĨŏĨŀĶňȮŏėĴňŏĝŇĚĺńĽħŋŏıŊŗŀĔŅĶĮĶŃĵŋĔĨƢĪŅĚĽŇŗĚŐĺħĸƟŀĴȮıŀĸŇŏĴŀĶƢĪŅĚħƟŅĬĔŅĶŐıĪĵƢȮŏĮƦĬĨƟĬȮĪńŘĚĬňŘ
őħĵĽŀħėĸƟŀĚĔńĭėĺŅĴĝŜŅĬŅĠĔŅĶĕŀĚŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶȮŐĸŃĽŀħėĸƟŀĚĔńĭŏĮƚŅľĴŅĵĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬȮ
ŏĝƞĬȮGood Health and Well-being (SG3), Industry, Innovation and Infrastructure (SG9), Affordable 
and Green Energy (SG7)ȮŐĸŃȮSustainable Cities and Communities (SG11) 
 őěĪĵƢĺŇěńĵŒĬĔŅĶĪŜŅħŋļġňĬŇıĬīƢĕŀĚĬńĔĻŉĔļŅĵńĚĴňėĺŅĴĽŀħėĸƟŀĚĔńĭĵŋĪīĻŅĽĨĶƢĔŅĶĭĶŇľŅĶ
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮħƟŅĬŐįĬıńĥĬŅĔŅĶĻŉĔļŅȮĶŃĵŃĪňŗȮ13 (2566-2570) ŒĬĽƞĺĬĕŀĚĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬħƟŅĬ
ĬĺńĨĔĶĶĴĪŅĚĔŅĶŐıĪĵƢȮĽŋĕĳŅıȮŐĸŃĔŅĶħŌŐĸįŌƟĽŌĚŀŅĵŋȮ(SO2) ĔŅĶĽĶƟŅĚĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬħƟŅĬĸƟŅĬĬŅ
ĽĶƟŅĚĽĶĶėƢȮ(SO3) ĽĶƟŅĚĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬħƟŅĬĺŇěńĵŐĸŃĬĺńĨĔĶĶĴȮ(SO5) ŐĸŃĔĸĵŋĪīƢĕŀĚĴľŅĺŇĪĵŅĸńĵħƟŅĬ
ĔŅĶıńĥĬŅĔĸœĔĔŅĶĺŇěńĵŐĬĺľĬƟŅŐĸŃĔŅĶĺŇěńĵŏĝŇĚĸŉĔȮ(S1)ȮŐĸŃĽƞĚŏĽĶŇĴĔŅĶĬŜŅįĸĚŅĬĽĶƟŅĚĽĶĶėƢŐĸŃĬĺńĨĔĶĶĴ
ĪňŗĴňįĸĔĶŃĪĭĽŌĚœĮŒĝƟĮĶŃőĵĝĬƢŏıŊŗŀıńĥĬŅŏĻĶļģĔŇěȮĽńĚėĴȮĽŇŗĚŐĺħĸƟŀĴŐĸŃĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬȮ(S3)Ȯ 
 ŀňĔĪńŘĚĵńĚĨŀĭĽĬŀĚĨƞŀįŌƟĴňĽƞĺĬœħƟĽƞĺĬŏĽňĵȮŀńĬœħƟŐĔƞȮįŌƟŒĝƟĭńĦĤŇĨȮĭńĦĤŇĨȮŐĸŃĬńĔĻŉĔļŅŒĬĮƤěěŋĭńĬȮĪňŗěŅĔ
ĔŅĶĽŜŅĶĺěıĭĺƞŅĴňĪńĔļŃĪňŗıŉĚĮĶŃĽĚėƢœħƟŐĔƞȮĪńĔļŃĪŅĚĺŇĝŅĔŅĶĪŅĚħƟŅĬŏėĴňȮĪńĔļŃėĺŅĴŏĮƦĬĴŊŀŀŅĝňıȮ
ĪńĔļŃħƟŅĬĔŅĶĽĶƟŅĚĽĶĶėƢĬĺńĨĔĶĶĴȮĪńĔļŃħƟŅĬėŀĴıŇĺŏĨŀĶƢȮŏĪėőĬőĸĵňȮĽŊŗŀĽŅĶĽŅĶĽĬŏĪĻȮĪńĔļŃĔŅĶ
ŏĶňĵĬĶŌƟĪŅĚĺŇĝŅĝňıȮĪńĔļŃħƟŅĬĳŅļŅȮŐĸŃĪńĔļŃĪŅĚħƟŅĬĽńĚėĴȮ 

/0,ȮȮėĺŅĴĽńĴıńĬīƢĔńĭľĸńĔĽŌĨĶŀŊŗĬĪňŗŏĮƕħĽŀĬŒĬėĦŃ-ĳŅėĺŇĝŅŀŊŗĬ-ľĸńĔĽŌĨĶŀŊŗĬȮĕŀĚĽĩŅĭńĬȮȮ 

/0,/ ėĺŅĴĽńĴıńĬīƢĕŀĚĔĶŃĭĺĬĺŇĝŅŒĬľĸńĔĽŌĨĶĪňŗŏĮƕħĽŀĬŒĬėĦŃ/ĳŅėĺŇĝŅ/ľĸńĔĽŌĨĶŀŊŗĬȮȮȮ 
ľĴĺħĺŇĝŅ ĔĶŃĭĺĬĺŇĝŅ 

 
ŏĮƦĬĔĶŃĭĺĬĺŇĝŅ
ĕŀĚľĸńĔĽŌĨĶ
őħĵĨĶĚȮ 

ĳŅėĺŇĝŅŐĸŃėĦŃ 
ĪňŗŏĮƕħĽŀĬĔĶŃĭĺĬ
ĺŇĝŅĬňŘ 

ȮľĴŅĵŏľĨŋ 

ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ œĴƞĴň    
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬ
ĽŅĕŅĺŇĝŅŏĜıŅŃ 

œĴƞĴň 
   

ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ
ĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮ 

ĨŅĴőėĶĚĽĶƟŅĚĕŀĚľĸńĔĽŌĨĶŐĭĭȮ0,/ȮŐĸŃȮ0,0 ĶŃĭŋŒľƟĬńĔĻŉĔļŅŏĸŊŀĔŏĶňĵĬ
ĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĺŇĝŅĪňŗŏĔňŗĵĺĕƟŀĚȮĪňŗŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢŐĸŃ
ėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅŒľƟėĺŅĴŏľŖĬĝŀĭ  

ľĴŅĵŏľĨŋ: ĨŅĴőėĶĚĽĶƟŅĚĕŀĚľĸńĔĽŌĨĶŐĭĭȮ0,/ȮŐĸŃŐĭĭȮ0,0ȮĬńĔĻŉĔļŅĽŅĴŅĶĩŏĸŊŀĔŏĶňĵĬĔĶŃĭĺĬ
ĺŇĝŅŏĸŊŀĔĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅĪňŗŀŅěŏĮƕħĽŀĬŒĬėĦŃ-ĳŅėĺŇĝŅ
ŀŊŗĬ/ľĸńĔĽŌĨĶŀŊŗĬœħƟ 
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/0,0Ȯ ėĺŅĴĽńĴıńĬīƢĕŀĚĔĶŃĭĺĬĺŇĝŅŒĬľĸńĔĽŌĨĶȮĪňŗŒľƟľĸńĔĽŌĨĶŀŊŗĬĴŅŏĶňĵĬħƟĺĵ 
ľĴĺħĺŇĝŅ ĔĶŃĭĺĬĺŇĝŅ ĽŅĕŅĺŇĝŅĪňŗŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĬňŘ 

ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ œĴƞĴň  
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ œĴƞĴň 
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃ œĴƞĴň 
ľĴŅĵŏľĨŋ: ĔĶĦňĪňŗĬńĔĻŉĔļŅĬŀĔľĸńĔĽŌĨĶĴňėĺŅĴĮĶŃĽĚėƢĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬ
ľĸńĔĽŌĨĶȮĽŅĴŅĶĩĸĚĪŃŏĭňĵĬŏĶňĵĬœħƟȮĪńŘĚĬňŘŒľƟŏĮƦĬœĮĨŅĴĔŅĶıŇěŅĶĦŅėĺŅĴŏľŖĬĝŀĭĕŀĚĕŀĚįŌƟĽŀĬ 

 
/0,1Ȯ ĔŅĶĭĶŇľŅĶěńħĔŅĶȮ  
 ĔĶŃĭĺĬĺŇĝŅŒĬľĸńĔĽŌĨĶĮĶńĝĠŅħŋļġňĭńĦĤŇĨȮĽŅĕŅĺŇĝŅŏėĴňȮ&ľĸńĔĽŌĨĶĬŅĬŅĝŅĨŇ'ȮĴňĔŅĶěńħĔŅĶŏĶňĵĬ
ĔŅĶĽŀĬŏĮƦĬĳŅļŅŀńĚĔķļĪňŗĽŀĬőħĵŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶȮŐĸŃįŌƟĪĶĚėŋĦĺŋĥŇĳŅĵĬŀĔĪňŗĴŅěŅĔ
ĽĩŅĭńĬĔŅĶĻŉĔļŅȮĽĩŅĭńĬĺŇěńĵȮľĶŊŀľĬƞĺĵĚŅĬŏŀĔĝĬȮĪńŘĚŒĬĮĶŃŏĪĻŐĸŃĨƞŅĚĮĶŃŏĪĻȮĨŅĴőŀĔŅĽĪňŗ
ŏľĴŅŃĽĴȮőħĵĶŅĵĸŃŏŀňĵħĕŀĚĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬŐĨƞĸŃĳŅėĔŅĶĻŉĔļŅěŃĴňĔŅĶĮĶŃĔŅĻŏįĵŐıĶƞŒĬ
ĶŃĭĭĔŅĶĸĚĪŃŏĭňĵĬĕŀĚĴľŅĺŇĪĵŅĸńĵŐĸŃĳŅėĺŇĝŅŏıŊŗŀŀŜŅĬĺĵėĺŅĴĽŃħĺĔĨƞŀĔŅĶŏĕƟŅĩŉĚĕƟŀĴŌĸĕŀĚ
ĬńĔĻŉĔļŅĪńŘĚŒĬŐĸŃĬŀĔľĸńĔĽŌĨĶȮŒĬĔĶĦňĪňŗĬńĔĻŉĔļŅĬŀĔľĸńĔĽŌĨĶĴňėĺŅĴĮĶŃĽĚėƢĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬ
ĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬľĸńĔĽŌĨĶȮĽŅĴŅĶĩĸĚĪŃŏĭňĵĬŏĶňĵĬœħƟȮĪńŘĚĬňŘŒľƟŏĮƦĬœĮĨŅĴĔŅĶıŇěŅĶĦŅėĺŅĴŏľŖĬĝŀĭĕŀĚ
ĕŀĚįŌƟĽŀĬ 
 ĪńŘĚĬňŘĔĶŃĭĺĬĺŇĝŅŒĬľĸńĔĽŌĨĶŐĭƞĚŀŀĔŏĮƦĬĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃȮ
ŐĸŃĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮĽŜŅľĶńĭŐĭĭȮ2.1 &ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭ
ĮĶŇĠĠŅőĪŐĭĭĴňĶŅĵĺŇĝŅȮ&Course Work)' ŐĸŃŐĭĭȮ2.2  &ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭ
ĮĶŇĠĠŅĨĶňŐĭĭĴňĶŅĵĺŇĝŅ' ĞŉŗĚŒĬĽƞĺĬĕŀĚĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃĬńŘĬĨŅĴőėĶĚĽĶƟŅĚĕŀĚ
ľĸńĔĽŌĨĶŐĭĭȮ0,/ȮŐĸŃŐĭĭȮ0,0ȮĬńĔĻŉĔļŅĽŅĴŅĶĩŏĸŊŀĔŏĶňĵĬĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮĞŉŗĚ
ŏĮƦĬĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅĪňŗŀŅěŏĮƕħĽŀĬŒĬėĦŃ-ĳŅėĺŇĝŅŀŊŗĬ/ľĸńĔĽŌĨĶŀŊŗĬœħƟȮĪńŘĚĬňŘŏıŊŗŀŏĮƦĬ
ĔŅĶŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬŒĬĔŅĶěńħŐįĬĔŅĶŏĶňĵĬĕŀĚĬńĔĻŉĔļŅŒľƟĴňėĺŅĴŏľĴŅŃĽĴĨŅĴėĺŅĴĽĬŒěŐĸŃĽŅĶŃ
ĕŀĚĔŅĶĻŉĔļŅĺŇěńĵĕŀĚĬńĔĻŉĔļŅŐĨƞĸŃėĬȮ(tailor-made study plan) ŀĵƞŅĚœĶĔŖĨŅĴĔŅĶĺŅĚŐįĬĔŅĶĻŉĔļŅ
ĕŀĚĬńĔĻŉĔļŅěŃŀĵŌƞĳŅĵŒĨƟĔŅĶŐĬŃĬŜŅŐĸŃėĺŅĴŏľŖĬĝŀĭĕŀĚĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢȮĶĺĴĩŉĚėĺŅĴ
ĵŇĬĵŀĴĕŀĚįŌƟĽŀĬĔĶŃĭĺĬĺŇĝŅħńĚĔĸƞŅĺȮĽŜŅľĶńĭŐĭĭȮ1.1Ȯ&ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅ
őĪŐĭĭĪŜŅĺŇĪĵŅĬŇıĬīƢŀĵƞŅĚŏħňĵĺȮ&Thesis Only)' ŐĸŃŐĭĭȮ1.2 &ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭ
ĮĶŇĠĠŅĨĶňŐĭĭĪŜŅĺŇĪĵŅĬŇıĬīƢŀĵƞŅĚŏħňĵĺ' ĬńŘĬěŃĴňĔĶŃĭĺĬĺŇĝŅĪňŗĔŜŅľĬħŒľƟŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕĕŀĚ
ĽŅĕŅĺŇĝŅĪňŗĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬŏĕƟŅĶƞĺĴȮŐĸŃįƞŅĬŏĚŊŗŀĬœĕĕŀĚĔĶŃĭĺĬĺŇĝŅȮ 
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ľĴĺħĪňŗȮ0,ȮĕƟŀĴŌĸŏĜıŅŃĕŀĚľĸńĔĽŌĨĶ 
 

/,ȮĮĶńĝĠŅȮĺńĨĩŋĮĶŃĽĚėƢĕŀĚľĸńĔĽŌĨĶȮŐĸŃįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚľĸńĔĽŌĨĶ 

/,/ȮĮĶńĝĠŅ   
  ľĸńĔĽŌĨĶĮĶńĝĠŅħŋļġňĭńĦĤŇĨȮĽŅĕŅĺŇĝŅŏėĴňȮ&ľĸńĔĽŌĨĶĬŅĬŅĝŅĨŇ'ȮŏĮƦĬľĸńĔĽŌĨĶĪňŗŏĬƟĬĔŅĶįĸŇĨ
ĭńĦĤŇĨĪňŗĴňėĺŅĴĶŌƟŐĸŃĪńĔļŃėĺŅĴĽŅĴŅĶĩĕńŘĬĽŌĚĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚŒĬĸńĔļĦŃıľŋĺŇĪĵŅĔŅĶȮ
ĪňŗĴňėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮĪňŗĽŅĴŅĶĩĬŜŅœĮĮĶŃĵŋĔĨƢŒĝƟŐĸŃĨƞŀĵŀħŒĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅĕńŘĬŐĬĺ
ľĬƟŅȮĪňŗĪŜŅŒľƟŏĔŇħŀĚėƢėĺŅĴĶŌƟŒľĴƞŐĸŃ-ľĶŊŀĬĺńĨĔĶĶĴĪŅĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮĪňŗĨŀĭĽĬŀĚĨƞŀ
ĔŅĶŐĔƟĮƤĠľŅĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŐĺħĸƟŀĴȮĪńŘĚŒĬĭĶŇĭĪĕŀĚĝŋĴĝĬĪƟŀĚĩŇŗĬŐĸŃ
ĬŅĬŅĝŅĨŇȮŀňĔĪńŘĚĴňėĺŅĴŏĮƦĬĬńĔŏėĴňŀĵƞŅĚĴŊŀŀŅĝňıȮĪňŗĽŅĴŅĶĩĮĶŃŏĴŇĬĔŅĶŒĝƟĪńĔļŃėĺŅĴĶŌƟŏħŇĴĪňŗĴňŀĵŌƞ
ŀĵƞŅĚŏľĴŅŃĽĴȮŐĸŃŏĶňĵĬĶŌƟŀĚėƢėĺŅĴĶŌƟŒľĴƞȮŐĸŃĪńĔļŃėĺŅĴĽŅĴŅĶĩŒľĴƞĪňŗŏľĴŅŃĽĴĨŅĴĭĶŇĭĪĕŀĚĔŅĶ
ŏĶňĵĬŐĸŃĔŅĶĺŇěńĵıńĥĬŅĪňŗŏĔňŗĵĺĕƟŀĚȮĴňĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻȮŐĸŃĔŅĶ
ĽŊŗŀĽŅĶȮĪňŗĽƞĚŏĽĶŇĴĔŅĶĪŜŅĚŅĬŒĬģŅĬŃıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺĪŅĚĔŅĶıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬȮ&Sustainable 
Development Goal) ŐĸŃĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨȮĬŀĔěŅĔĬňŘĵńĚŏĮƦĬľĸńĔĽŌĨĶĪňŗěŃœħƟĴňĔŅĶįĬĺĔ
ĪĶńıĵŅĔĶĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻȮŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĸŃĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵĕŀĚĭńĦĤŇĨȮ
ŒĬĶŌĮŐĭĭĪňŗľĸŅĔľĸŅĵȮĳŅĵŒĨƟıĸĺńĨŇĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃĽńĚėĴĪňŗħŜŅŏĬŇĬ
œĮŀĵƞŅĚĶĺħŏĶŖĺ 

 
/,0ȮĺńĨĩŋĮĶŃĽĚėƢ ȮŏıŊŗŀįĸŇĨħŋļġňĭńĦĤŇĨĪňŗ:  

1. ĴňĪńĔļŃȮėĺŅĴĶŌƟȮėĺŅĴĽŅĴŅĶĩĕńŘĬĽŌĚĪŅĚĔŅĶĺŇěńĵŐĸŃıńĥĬŅĕńŘĬŐĬĺľĬƟŅħƟŅĬŏėĴňŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚŒĬĸńĔļĦŃıľŋĺŇĪĵŅĔŅĶȮ 

2. ĽŅĴŅĶĩĮĶŃŏĴŇĬŐĸŃĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃȮėĺŅĴĶŌƟȮėĺŅĴĽŅĴŅĶĩĪňŗĴňŀĵŌƞœħƟŀĵƞŅĚŏľĴŅŃĽĴȮŏıŊŗŀ
ĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟŒľĴƞȮŐĸŃ-ľĶŊŀĬĺńĨĔĶĶĴȮįƞŅĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅȮěĬĬŜŅœĮĽŌƞįĸĚŅĬĺŇěńĵĪňŗĴň
ėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇœħƟ 

3. ĽŅĴŅĶĩŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃ
ĽŇŗĚŐĺħĸƟŀĴȮĪńŘĚŒĬĭĶŇĭĪĕŀĚĝŋĴĝĬĪƟŀĚĩŇŗĬŐĸŃĬŅĬŅĝŅĨŇ 

4. ĽŅĴŅĶĩŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮŏıŊŗŀĽƞĚŏĽĶŇĴ
ĔŅĶŏĶňĵĬŐĸŃĔŅĶĺŇěńĵıńĥĬŅĕńŘĬŐĬĺľĬƟŅœħƟŀĵƞŅĚŏľĴŅŃĽĴ 

5. ĽŅĴŅĶĩŐĽħĚĩŉĚŏěĨėĨŇĪňŗħňĨƞŀĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨȮŐĸŃŐĽħĚėĺŅĴĶŌƟȮĪńĔļŃȮėĺŅĴĽŅĴŅĶĩ
ĕŀĚĔŅĶŏĮƦĬĬńĔŏėĴňĴŊŀŀŅĝňıœħƟŀĵƞŅĚŏľĴŅŃĽĴ 

6. ĽŅĴŅĶĩŐĽħĚĩŉĚěĶĶĵŅĭĶĶĦĺŇĝŅĝňıȮŐĸŃĴňĪńĔļŃėĺŅĴŏĮƦĬıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺĪŅĚĔŅĶ
ıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬȮ 
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/,1ȮįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĕŀĚľĸńĔĽŌĨĶȮ&Program Learning Outcomes: PLOs) 
PLO 1:  ĺŇŏėĶŅŃľƢȮĮĶŃŏĴŇĬȮŐĸŃĭŌĶĦŅĔŅĶŀĚėƢėĺŅĴĶŌƟĕńŘĬĽŌĚĪŅĚŏėĴňȮŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮœħƟ

ŀĵƞŅĚŏľĴŅŃĽĴ 
PLO 2:  ĽĶƟŅĚĽĶĶėƢŀĚėƢėĺŅĴĶŌƟȮŐĸŃ-ľĶŊŀȮĬĺńĨĔĶĶĴȮĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮőħĵĽŃĪƟŀĬ

įƞŅĬįĸĚŅĬĺŇěńĵĕńŘĬĽŌĚȮĪňŗĴňėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇ 
PLO 3:  ŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃ

ĽŇŗĚŐĺħĸƟŀĴȮĪńŘĚŒĬĭĶŇĭĪĕŀĚĝŋĴĝĬĪƟŀĚĩŇŗĬȮĶŃħńĭĝŅĨŇȮŐĸŃĶŃħńĭĬŅĬŅĝŅĨŇ 
PLO 4:  ĮĶŃŏĴŇĬŐĸŃĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶŌƟŐĸŃĪńĔļŃĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻŏıŊŗŀĔŅĶŏĶňĵĬĶŌƟȮŐĸŃ

ĔŅĶĺŇěńĵıńĥĬŅŒĬĶŃħńĭħŋļġňĭńĦĤŇĨœħƟȮ 
PLO 5:  ĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮĨŅĴĭĶŇĭĪŐĸŃĽĩŅĬĔŅĶĦƢ

ĨƞŅĚȮŕȮœħƟŀĵƞŅĚŏľĴŅŃĽĴȮŏıŊŗŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶŏĶňĵĬĶŌƟŐĸŃĔŅĶĺŇěńĵŒĬĶŃħńĭħŋļġňĭńĦĤŇĨ 
PLO 6:  ŐĽħĚŀŀĔĩŉĚĔŅĶĴňěĶĶĵŅĭĶĶĦĺŇĝŅĝňıȮėĺŅĴŏĮƦĬıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺĪŅĚĔŅĶıńĥĬŅ

ŀĵƞŅĚĵńŗĚĵŊĬȮŐĸŃĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨ 
 

0,ȮėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅȮ 

   ŐĭĭȮ1.1 
ĮƖĪňŗ ėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅȮ&YLOs) 
1 - ĽŅĴŅĶĩŀƞŅĬȮŏĕňĵĬȮŐĸŃĽŊŗŀĽŅĶŏĝŇĚĺŇıŅĔĵƢĪŅĚŏėĴňœħƟŀĵƞŅĚŏĮƦĬĪňŗĬƞŅıŀŒě (PLO1, 

PLO5) 
- ĴňĪńĔļŃĪŅĚĳŅļŅŀńĚĔķļĕńŘĬĨŗŜŅĨŅĴŏĚŊŗŀĬœĕĕŀĚľĸńĔĽŌĨĶ (PLO5) 
- ĴňĪńĔļŃĪŅĚĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴňœħƟŀĵƞŅĚŏĮƦĬĪňŗĬƞŅ
ıŀŒě (PLO4) 

- įƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĕŀĚĽŅĕŅĺŇĝŅ (PLO1, PLO3, PLO6) 

2 - ŏĕƟŅŒěŒĬľńĺĕƟŀĺŇěńĵĪňŗŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢȮŐĸŃėĺŅĴıĶƟŀĴŒĬĔŅĶħŜŅŏĬŇĬĔŅĶ
ĻŉĔļŅĺŇěńĵȮőħĵĺńħěŅĔĔŅĶĽŀĭįƞŅĬĔŅĶĽŀĭŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢȮȮ&PLO1, 
PLO2, PLO3, PLO6) 

- ĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮĪńŘĚŒĬĶŌĮŐĭĭĔŅĶ
ĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮŐĸŃĔŅĶĝƞĺĵŒĬĮĢŇĭńĨŇĔŅĶŏėĴňȮ
&PLO1, PLO5, PLO6) 

- ĴňėĺŅĴėĺŅĴĔƟŅĺľĬƟŅĕŀĚĔŅĶħŜŅŏĬŇĬĔŅĶĻŉĔļŅĺŇěńĵŒĬľńĺĕƟŀĺŇěńĵĪňŗĨńŘĚœĺƟȮŐĸŃ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮŒĬ
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ĶŌĮŐĭĭĔŅĶĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ&PLO1, PLO2, PLO3, 
PLO4, PLO5, PLO6) 

3 - ĽŅĴŅĶĩĺŇŏėĶŅŃľƢȮĮĶŃŏĴŇĬȮŐĸŃĭŌĶĦŅĔŅĶŀĚėƢėĺŅĴĶŌƟĕńŘĬĽŌĚĪŅĚŏėĴňȮŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮŏıŊŗŀĽĶƟŅĚĽĶĶėƢŀĚėƢėĺŅĴĶŌƟŒľĴƞȮŐĸŃ-ľĶŊŀȮĬĺńĨĔĶĶĴȮĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮőħĵĽŃĪƟŀĬįƞŅĬįĸĚŅĬĺŇěńĵĕńŘĬĽŌĚȮĪňŗĴňėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃŒĬ
ĶŌĮŐĭĭĔŅĶĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ&PLO1, PLO2, PLO3, 
PLO4, PLO5, PLO6) 

   ŐĭĭȮ1.2 
ĮƖĪňŗ ėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅȮ&YLOs) 
1 - ĽŅĴŅĶĩŀƞŅĬȮŏĕňĵĬȮŐĸŃĽŊŗŀĽŅĶŏĝŇĚĺŇıŅĔĵƢĪŅĚŏėĴňœħƟŀĵƞŅĚŏĮƦĬĪňŗĬƞŅıŀŒěȮ&PLO1, 

PLO5) 
- ĴňĪńĔļŃĪŅĚĳŅļŅŀńĚĔķļĕńŘĬĨŗŜŅĨŅĴŏĚŊŗŀĬœĕĕŀĚľĸńĔĽŌĨĶȮ&PLO5) 
- ĴňĪńĔļŃĪŅĚĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴňœħƟŀĵƞŅĚŏĮƦĬĪňŗĬƞŅ
ıŀŒěȮ&PLO4) 

- ĴňėĺŅĴŏĕƟŅŒěŐĸŃĨĶŃľĬńĔĶŌƟȮŀňĔĪńŘĚĪńĔļŃĕńŘĬĨŗŜŅŒĬĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶ
ŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňıȮ&PLO1, PLO2, PLO3)   

- įƞŅĬĔŅĶĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĕŀĚĽŅĕŅĺŇĝŅȮ&PLO1, PLO3, PLO6) 
2 - ŏĕƟŅŒěŒĬľńĺĕƟŀĺŇěńĵĪňŗŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢȮŐĸŃėĺŅĴıĶƟŀĴŒĬĔŅĶħŜŅŏĬŇĬĔŅĶ

ĻŉĔļŅĺŇěńĵȮőħĵĺńħěŅĔĔŅĶĽŀĭįƞŅĬĔŅĶĽŀĭŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢȮ&PLO1, 
PLO2, PLO3, PLO6) 

- ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮĪńŘĚŒĬ
ĶŌĮŐĭĭĔŅĶĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮŐĸŃĔŅĶĝƞĺĵŒĬ
ĮĢŇĭńĨŇĔŅĶŏėĴňȮ&PLO1, PLO5, PLO6) 

3 - ĴňėĺŅĴĔƟŅĺľĬƟŅĕŀĚĔŅĶħŜŅŏĬŇĬĔŅĶĻŉĔļŅĺŇěńĵŒĬľńĺĕƟŀĺŇěńĵĪňŗĨńŘĚœĺƟȮŐĸŃėĺŅĴĽŅĴŅĶĩŒĬ
ĔŅĶĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮŒĬĶŌĮŐĭĭĔŅĶĬŜŅŏĽĬŀ
įĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ&PLO1, PLO2, PLO3, PLO4, PLO5, 
PLO6) 

4 - ĽŅĴŅĶĩĺŇŏėĶŅŃľƢȮĮĶŃŏĴŇĬȮŐĸŃĭŌĶĦŅĔŅĶŀĚėƢėĺŅĴĶŌƟĕńŘĬĽŌĚĪŅĚŏėĴňȮŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮŏıŊŗŀĽĶƟŅĚĽĶĶėƢŀĚėƢėĺŅĴĶŌƟŒľĴƞȮŐĸŃ-ľĶŊŀȮĬĺńĨĔĶĶĴȮĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮőħĵĽŃĪƟŀĬįƞŅĬįĸĚŅĬĺŇěńĵĕńŘĬĽŌĚȮĪňŗĴňėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃĔŅĶ
ĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ&PLO/, PLO0, PLO1, PLO2, 
PLO3, PLO4' 
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     ŐĭĭȮ2.1 
ĮƖĪňŗ ėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅȮ&YLOs) 
1 - ĴňĪńĔļŃĪŅĚĳŅļŅŀńĚĔķļĕńŘĬĨŗŜŅĨŅĴŏĚŊŗŀĬœĕĕŀĚľĸńĔĽŌĨĶȮ&PLO5) 

- ĴňėĺŅĴıĶƟŀĴŐĸŃėĺŅĴŏĕƟŅŒěŒĬĔŅĶĻŉĔļŅŒĬľĸńĔĽŌĨĶįƞŅĬŐįĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĺŇĝŅĪňŗ
ŏľĴŅŃĽĴȮ&PLO1, PLO2, PLO3, PLO6) 

- įƞŅĬĔŅĶĽŀĭįƞŅĬĔĶŃĭĺĬĺŇĝŅĨƞŅĚȮŕȮŐĸŃĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĕŀĚĽŅĕŅĺŇĝŅȮ&PLO1, 
PLO3, PLO6) 

2 - ĴňėĺŅĴŏĕƟŅŒěŒĬľńĺĕƟŀĺŇěńĵĪňŗŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢȮŐĸŃėĺŅĴıĶƟŀĴŒĬĔŅĶ
ħŜŅŏĬŇĬĔŅĶĻŉĔļŅĺŇěńĵȮőħĵĺńħěŅĔĔŅĶĽŀĭįƞŅĬĔŅĶĽŀĭŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢȮ
&PLO1, PLO2, PLO3, PLO6) 

- ĴňėĺŅĴıĶƟŀĴŒĬĔŅĶĻŉĔļŅĺŇěńĵįƞŅĬĔŅĶĽŀĭįƞŅĬĔĶŃĭĺĬĺŇĝŅĨƞŅĚȮŕȮ&PLO1) 
- ĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮĪńŘĚŒĬĶŌĮŐĭĭĔŅĶ
ĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮŐĸŃĔŅĶĝƞĺĵŒĬĮĢŇĭńĨŇĔŅĶŏėĴňȮ
&PLO1, PLO5, PLO6) 

3 - ĽŅĴŅĶĩĺŇŏėĶŅŃľƢȮĮĶŃŏĴŇĬȮŐĸŃĭŌĶĦŅĔŅĶŀĚėƢėĺŅĴĶŌƟĕńŘĬĽŌĚĪŅĚŏėĴňȮŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮŏıŊŗŀĽĶƟŅĚĽĶĶėƢŀĚėƢėĺŅĴĶŌƟŒľĴƞȮŐĸŃ-ľĶŊŀȮĬĺńĨĔĶĶĴȮĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮőħĵĽŃĪƟŀĬįƞŅĬįĸĚŅĬĺŇěńĵĕńŘĬĽŌĚȮĪňŗĴňėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃĔŅĶ
ĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ&PLO/, PLO0, PLO1, PLO2, 
PLO3, PLO4' 

     ŐĭĭȮ2.2 
ĮƖĪňŗ ėĺŅĴėŅħľĺńĚĕŀĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟŏĴŊŗŀĽŇŘĬĮƖĔŅĶĻŉĔļŅȮ&YLOs) 
1 - ĴňĪńĔļŃĪŅĚĳŅļŅŀńĚĔķļĕńŘĬĨŗŜŅĨŅĴŏĚŊŗŀĬœĕĕŀĚľĸńĔĽŌĨĶȮ&PLO5) 

- ĴňėĺŅĴıĶƟŀĴŐĸŃėĺŅĴŏĕƟŅŒěŒĬĔŅĶĻŉĔļŅŒĬľĸńĔĽŌĨĶįƞŅĬŐįĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĺŇĝŅĪňŗ
ŏľĴŅŃĽĴȮ&PLO1, PLO2, PLO3, PLO6) 

- ĴňėĺŅĴŏĕƟŅŒěŐĸŃĨĶŃľĬńĔĶŌƟȮŀňĔĪńŘĚĪńĔļŃĕńŘĬĨŗŜŅŒĬĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶ
ŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňıȮ&PLO1, PLO2, PLO3)   

- ĴňėĺŅĴıĶƟŀĴŒĬĔŅĶĻŉĔļŅĺŇěńĵįƞŅĬĔŅĶĽŀĭįƞŅĬĔĶŃĭĺĬĺŇĝŅĨƞŅĚȮŕȮ&PLO1) 
2 - ĴňėĺŅĴıĶƟŀĴŐĸŃėĺŅĴŏĕƟŅŒěŒĬĔŅĶĻŉĔļŅŒĬľĸńĔĽŌĨĶįƞŅĬŐįĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĺŇĝŅĪňŗ

ŏľĴŅŃĽĴŐĸŃĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĕŀĚĽŅĕŅĺŇĝŅȮ&PLO1, PLO3, PLO6) 
- ĴňėĺŅĴŏĕƟŅŒěŒĬľńĺĕƟŀĺŇěńĵĪňŗŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢȮŐĸŃėĺŅĴıĶƟŀĴŒĬĔŅĶ
ħŜŅŏĬŇĬĔŅĶĻŉĔļŅĺŇěńĵȮĞŉŗĚěŃŏĮƦĬĔŅĶįƞŅĬĔŅĶĽŀĭŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢȮ
&PLO1, PLO2, PLO3, PLO6) 
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3 - ĽŅĴŅĶĩŒĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮĪńŘĚŒĬĶŌĮŐĭĭ
ĔŅĶĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮŐĸŃĔŅĶĝƞĺĵŒĬĮĢŇĭńĨŇĔŅĶŏėĴňȮ
&PLO1, PLO5, PLO6) 

- ĴňėĺŅĴĔƟŅĺľĬƟŅĕŀĚĔŅĶħŜŅŏĬŇĬĔŅĶĻŉĔļŅĺŇěńĵŒĬľńĺĕƟŀĺŇěńĵĪňŗĨńŘĚœĺƟȮŐĸŃėĺŅĴĽŅĴŅĶĩŒĬ
ĔŅĶĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮŒĬĶŌĮŐĭĭĔŅĶĬŜŅŏĽĬŀ
įĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ&PLO1, PLO2, PLO3, PLO4, PLO5, 
PLO6) 

4 - ĽŅĴŅĶĩĺŇŏėĶŅŃľƢȮĮĶŃŏĴŇĬȮŐĸŃĭŌĶĦŅĔŅĶŀĚėƢėĺŅĴĶŌƟĕńŘĬĽŌĚĪŅĚŏėĴňȮŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮŏıŊŗŀĽĶƟŅĚĽĶĶėƢŀĚėƢėĺŅĴĶŌƟŒľĴƞȮŐĸŃ-ľĶŊŀȮĬĺńĨĔĶĶĴȮĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮőħĵĽŃĪƟŀĬįƞŅĬįĸĚŅĬĺŇěńĵĕńŘĬĽŌĚȮĪňŗĴňėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃĔŅĶ
ĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ&PLO1, PLO2, PLO3, PLO4, 
PLO5, PLO6) 

 

1,ȮȮȮŐįĬıńĥĬŅĮĶńĭĮĶŋĚ 

ŐįĬĔŅĶıńĥĬŅ-ŏĮĸňŗĵĬŐĮĸĚ ĔĸĵŋĪīƢ ľĸńĔģŅĬ-ĨńĺĭƞĚĝňŘ 

ĴňĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶĪŋĔȮ5 ĮƖ ĶĺĭĶĺĴĨŇħĨŅĴįĸĔŅĶĮĶŃŏĴŇĬȮ
QA ĕŀĚľĸńĔĽŌĨĶĶĺĴĪŋĔȮ5 ĮƖ ŒĬ
ħƟŅĬėĺŅĴıŉĚıŀŒěĕŀĚįŌƟŒĝƟĭńĦĤŇĨȮ
ŐĸŃĳŅĺŃĔŅĶœħƟĚŅĬĕŀĚĭńĦĤŇĨȮ
ĶĺĴĪńŘĚěŜŅĬĺĬĭĪėĺŅĴĪňŗĨňıŇĴıƢŒĬ
ĺŅĶĽŅĶĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇ 

¶ ĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚĬŅĵěƟŅĚȮ
įŌƟĮĶŃĔŀĭĔŅĶȮŐĸŃįŌƟŒĝƟĭńĦĤŇĨ 

¶ įĸĚŅĬĕŀĚĬńĔĻŉĔļŅŐĸŃįŌƟĽŜŅŏĶŖě
ĔŅĶĻŉĔļŅĪňŗœħƟĶńĭĔŅĶĨňıŇĴıƢľĶŊŀ
ŏįĵŐıĶƞ ěŜŅĬĺĬĭĪėĺŅĴĪňŗĨňıŇĴıƢŒĬ
ĺŅĶĽŅĶĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇ 
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ľĴĺħĪňŗȮ1,ȮĶŃĭĭĔŅĶěńħĔŅĶĻŉĔļŅȮĔŅĶħŜŅŏĬŇĬĔŅĶȮŐĸŃőėĶĚĽĶƟŅĚĕŀĚľĸńĔĽŌĨĶ 

 

/,ȮĶŃĭĭĔŅĶěńħĔŅĶĻŉĔļŅȮ 

/,/ȮĶŃĭĭ  
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮÃȮĶŃĭĭĔŅĶĻŉĔļŅĨĸŀħĮƖ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮXȮĶŃĭĭĪĺŇĳŅėȮőħĵȮ1 ĮƖĔŅĶĻŉĔļŅŐĭƞĚŀŀĔŏĮƦĬȮ2 ĳŅėĔŅĶĻŉĔļŅĮĔĨŇȮȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮĳŅėĔŅĶĻŉĔļŅĮĔĨŇȮȮĴňĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅȮœĴƞĬƟŀĵĔĺƞŅȮ/3ȮĽńĮħŅľƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

ȮȮȮȮȮȮȮÃȮĶŃĭĭľĬƞĺĵĔŅĶĻŉĔļŅȮ&Module) 
/,0ȮĔŅĶěńħĔŅĶĻŉĔļŅĳŅėĔŅĶĻŉĔļŅıŇŏĻļ &ĳŅėķħŌĶƟŀĬ' 

Ä ŐįĬĔŅĶĻŉĔļŅĔŜŅľĬħŒľƟĴňĳŅėĔŅĶĻŉĔļŅıŇŏĻļ 
X ŐįĬĔŅĶĻŉĔļŅœĴƞĴňĳŅėĔŅĶĻŉĔļŅıŇŏĻļ 

/,1ȮĔŅĶŏĪňĵĭŏėňĵĚľĬƞĺĵĔŇĨŒĬĶŃĭĭĪĺŇĳŅė   
  œĴƞĴňȮ 
 

0,ȮĔŅĶħŜŅŏĬŇĬĔŅĶľĸńĔĽŌĨĶȮȮ 

2.1 ĺńĬȮ-ȮŏĺĸŅŒĬĔŅĶħŜŅŏĬŇĬĔŅĶŏĶňĵĬĔŅĶĽŀĬ 
 Ã   ĶŃĭĭĔŅĶĻŉĔļŅĨĸŀħĮƖ 

ÃȮȮȮŒĬŏĺĸŅĶŅĝĔŅĶ 
ÃȮȮȮĬŀĔŏĺĸŅĶŅĝĔŅĶȮ 

XȮȮȮĶŃĭĭĪĺŇĳŅė 
ȮȮȮȮȮȮȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĨńŘĚŐĨƞŏħŊŀĬĴŇĩŋĬŅĵĬȮĩŉĚȮĨŋĸŅėĴ 
ȮȮȮȮȮȮȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ0ȮĨńŘĚŐĨƞŏħŊŀĬıķĻěŇĔŅĵĬȮĩŉĚȮĴňĬŅėĴ 
X  ȮŒĬŏĺĸŅĶŅĝĔŅĶ 
ÃȮȮȮĬŀĔŏĺĸŅĶŅĝĔŅĶȮ 

ÃȮȮȮĶŃĭĭľĬƞĺĵĔŅĶĻŉĔļŅȮ(Module)   
ÃȮȮȮȮŒĬŏĺĸŅĶŅĝĔŅĶ 

                  ÃȮȮȮȮĬŀĔŏĺĸŅĶŅĝĔŅĶȮ&ĶŃĭŋ' 
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0,0ȮėŋĦĽĴĭńĨŇĕŀĚįŌƟŏĕƟŅĻŉĔļŅȮ 
ľĸńĔĽŌĨĶȮŐĭĭȮ/,/ 

1. ŒľƟŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŏĶŊŗŀĚĔŅĶĶńĭĽĴńėĶŏĕƟŅĻŉĔļŅĨƞŀŒĬŐĨƞĸŃĮƖ
ĔŅĶĻŉĔļŅ 

2. ĽŜŅŏĶŖěĔŅĶĻŉĔļŅĺŇĪĵŅĻŅĽĨĶĴľŅĭńĦĤŇĨľĶŊŀŏĪňĵĭŏĪƞŅěŅĔĽĩŅĭńĬŀŋħĴĻŉĔļŅĪňŗȮĽĮ,ŀĺ,Ȯ
ĶńĭĶŀĚ ȮőħĵĴňėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴŏĜĸňŗĵĨĸŀħľĸńĔĽŌĨĶĨńŘĚŐĨƞȮ1,3.ȮĕŉŘĬœĮȮľĶŊŀȮĴňıŊŘĬėĺŅĴĶŌƟȮ
ėĺŅĴĽŅĴŅĶĩȮŐĸŃĻńĔĵĳŅıŏıňĵĚıŀĪňŗěŃĪŜŅħŋļġňĬŇıĬīƢœħƟ 

3. ĴňĪńĔļŃĪŅĚĳŅļŅŀńĚĔķļĕńŘĬĨŗŜŅŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ 
4. ėŋĦĽĴĭńĨŇĬŀĔŏľĬŊŀěŅĔĬňŘŒľƟŀĵŌƞŒĬħŋĸĵıŇĬŇěĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 
ľĸńĔĽŌĨĶȮŐĭĭȮ/,0 

1. ŒľƟŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŏĶŊŗŀĚĔŅĶĶńĭĽĴńėĶŏĕƟŅĻŉĔļŅĨƞŀŒĬŐĨƞĸŃĮƖ
ĔŅĶĻŉĔļŅ 

2. ĽŜŅŏĶŖěĔŅĶĻŉĔļŅĺŇĪĵŅĻŅĽĨĶĭńĦĤŇĨľĶŊŀŏĪňĵĭŏĪƞŅĪňŗĴňįĸĔŅĶŏĶňĵĬħňĴŅĔěŅĔ
ĽĩŅĭńĬŀŋħĴĻŉĔļŅĪňŗȮĽĮ,ŀĺ,ȮĶńĭĶŀĚȮőħĵĴňėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴŏĜĸňŗĵĨĸŀħľĸńĔĽŌĨĶĨńŘĚŐĨƞȮ1,3.Ȯ
ĕŉŘĬœĮȮľĶŊŀȮĴňıŊŘĬėĺŅĴĶŌƟȮėĺŅĴĽŅĴŅĶĩȮŐĸŃĻńĔĵĳŅıŏıňĵĚıŀĪňŗěŃĪŜŅħŋļġňĬŇıĬīƢœħƟ 

3. ĴňĪńĔļŃĪŅĚĳŅļŅŀńĚĔķļĕńŘĬĨŗŜŅŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ 
4. ėŋĦĽĴĭńĨŇĬŀĔŏľĬŊŀěŅĔĬňŘŒľƟŀĵŌƞŒĬħŋĸĵıŇĬŇěĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 
ľĸńĔĽŌĨĶȮŐĭĭȮȮ0,/ 

1. ŒľƟŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŏĶŊŗŀĚĔŅĶĶńĭĽĴńėĶŏĕƟŅĻŉĔļŅĨƞŀŒĬŐĨƞĸŃĮƖ
ĔŅĶĻŉĔļŅ 

2. ĽŜŅŏĶŖěĔŅĶĻŉĔļŅĺŇĪĵŅĻŅĽĨĶĴľŅĭńĦĤŇĨľĶŊŀŏĪňĵĭŏĪƞŅěŅĔĽĩŅĭńĬŀŋħĴĻŉĔļŅĪňŗȮĽĮ,ŀĺ,Ȯ
ĶńĭĶŀĚ ľĶŊŀȮĴňıŊŘĬėĺŅĴĶŌƟȮėĺŅĴĽŅĴŅĶĩȮŐĸŃĻńĔĵĳŅıŏıňĵĚıŀĪňŗěŃĪŜŅħŋļġňĬŇıĬīƢœħƟ 

3. ĴňĪńĔļŃĪŅĚĳŅļŅŀńĚĔķļĕńŘĬĨŗŜŅŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ 
4. ėŋĦĽĴĭńĨŇĬŀĔŏľĬŊŀěŅĔĬňŘŒľƟŀĵŌƞŒĬħŋĸĵıŇĬŇěĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 
ľĸńĔĽŌĨĶȮŐĭĭȮȮ0,0 

1. ŒľƟŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŏĶŊŗŀĚĔŅĶĶńĭĽĴńėĶŏĕƟŅĻŉĔļŅĨƞŀŒĬŐĨƞĸŃĮƖ
ĔŅĶĻŉĔļŅ 

2. ĽŜŅŏĶŖěĔŅĶĻŉĔļŅĺŇĪĵŅĻŅĽĨĶĭńĦĤŇĨľĶŊŀŏĪňĵĭŏĪƞŅĪňŗĴňįĸĔŅĶŏĶňĵĬħňĴŅĔěŅĔ
ĽĩŅĭńĬŀŋħĴĻŉĔļŅĪňŗȮĽĮ,ŀĺ,ȮĶńĭĶŀĚ őħĵĴňėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴŏĜĸňŗĵĨĸŀħľĸńĔĽŌĨĶĨńŘĚŐĨƞȮ1,3.Ȯ
ĕŉŘĬœĮȮľĶŊŀĴňıŊŘĬėĺŅĴĶŌƟȮėĺŅĴĽŅĴŅĶĩȮŐĸŃĻńĔĵĳŅıŏıňĵĚıŀĪňŗěŃĪŜŅħŋļġňĬŇıĬīƢœħƟ 

3. ĴňĪńĔļŃĪŅĚĳŅļŅŀńĚĔķļĕńŘĬĨŗŜŅŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ 
4. ėŋĦĽĴĭńĨŇĬŀĔŏľĬŊŀěŅĔĬňŘŒľƟŀĵŌƞŒĬħŋĸĵıŇĬŇěĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 
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0,1ȮĮƤĠľŅĕŀĚĬńĔĻŉĔļŅŐĶĔŏĕƟŅȮ 
R ĪńĔļŃħƟŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻȮ&ĳŅļŅŀńĚĔķļ'ȮœĴƞŏıňĵĚıŀ 
RȮ ėĺŅĴĶŌƟıŊŘĬģŅĬĪŅĚėĦŇĨĻŅĽĨĶƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĻŉĔļŅĺŇěńĵĪŅĚŏėĴňœĴƞŏıňĵĚıŀ 
RȮĕŅħĪńĔļŃıŊŘĬģŅĬĪŅĚħƟŅĬĔŅĶėĺŅĴĮĸŀħĳńĵŒĬĔŅĶŒĝƟȮĔŅĶěńħĔŅĶȮĔŅĶĔńĔŏĔŖĭĽŅĶŏėĴňȮŐĸŃ
ĔŅĶěńħĔŅĶĕŀĚŏĽňĵěŅĔľƟŀĚĮĢŇĭńĨŇĔŅĶ 

2.4ȮĔĸĵŋĪīƢŒĬĔŅĶħŜŅŏĬŇĬĔŅĶŏıŊŗŀŐĔƟœĕĮƤĠľŅȮ-ȮĕƟŀěŜŅĔńħĕŀĚĬńĔĻŉĔļŅŒĬĕƟŀȮ0,1 
RȮ ěńħŀĭĶĴŏĽĶŇĴĪńĔļŃħƟŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻȮ&ĳŅļŅŀńĚĔķļ'ȮŐĸŃĔŅĶěńħĔŇěĔĶĶĴŏĽĶŇĴ
ľĸńĔĽŌĨĶĪňŗĨƟŀĚŒĝƟĳŅļŅĨƞŅĚĮĶŃŏĪĻȮ&ĳŅļŅŀńĚĔķļ'ȮŏĝƞĬȮĔŅĶěńħĽńĴĴĬŅőħĵįŌƟĪĶĚėŋĦĺŋĥŇěŅĔ
ĨƞŅĚĮĶŃŏĪĻȮȮĬŀĔŏľĬŊŀěŅĔĔĶŃĭĺĬĺŇĝŅĽńĴĴĬŅĕŀĚľĸńĔĽŌĨĶȮŀňĔĪńŘĚĔŅĶěńħĭĶĶĵŅĔŅĻĪňŗ
ŏĮƦĬĬŅĬŅĝŅĨŇȮŏĝƞĬȮĔŅĶĴňįŌƟĪĶĚėŋĦĺŋĥŇěŅĔĨƞŅĚĮĶŃŏĪĻŏĕƟŅĶƞĺĴĽŀĬĭŅĚĔĶŃĭĺĬĺŇĝŅȮ
ĬŀĔěŅĔĬňŘĵńĚœħƟěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅŏĜıŅŃĽŜŅľĶńĭĔŅĶŒĝƟĳŅļŅŀńĚĔķļŏıŊŗŀĔŅĶŀƞŅĬŐĭĭ
ĺŇŏėĶŅŃľƢȮŐĸŃĔŅĶŏĕňĵĬĭĪėĺŅĴĪŅĚĺŇĝŅĔŅĶĪňŗŏĮƦĬĳŅļŅŀńĚĔķļȮėŊŀĔĶŃĭĺĬĺŇĝŅȮ0.1531Ȯ
&ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň'ȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĺŇĝŅĨŅĴŏĚŊŗŀĬœĕ
ĕŀĚĽŅĕŅĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ1.1 ŐĸŃȮ1.2 ŐĸŃŏĮƦĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅĽŜŅľĶńĭľĸńĔĽŌĨĶ
ŐĭĭȮ2.1 ŐĸŃŐĭĭȮ2.2 

RȮěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅȮ0.1532Ȯ&ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň'ȮĞŉŗĚ
ŏĮƦĬĔĶŃĭĺĬĺŇĝŅĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ1.1 ŐĸŃȮ1.2 ŐĸŃŏĮƦĬĺŇĝŅŏĸŊŀĔ
ŒĬĽŅĕŅĺŇĝŅĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ2.1 ŐĸŃŐĭĭȮ2.2ȮŏıŊŗŀŏĮƦĬĔŅĶŏĨĶňĵĴĬńĔĻŉĔļŅĔƞŀĬŏĶŇŗĴĪŜŅ
ĺŇěńĵ 

R ěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅȮ203755 &ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴň
ŀĵƞŅĚĴŊŀŀŅĝňı'ȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĺŇĝŅĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ1.2 ŏĮƦĬĺŇĝŅ
ĭńĚėńĭŒĬĽŅĕŅĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ2.2 ŐĸŃŏĮƦĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭŀŊŗĬȮ
ŏıŊŗŀŏĮƦĬĔŅĶŏĨĶňĵĴĬńĔĻŉĔļŅĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶĺŇěńĵ 
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0,3ȮŐįĬĔŅĶĶńĭĬńĔĻŉĔļŅŐĸŃįŌƟĽŜŅŏĶŖěĔŅĶĻŉĔļŅŒĬĶŃĵŃȮ3ȮĮƖȮ 
ĮƖĔŅĶĻŉĔļŅ 2566 2567 2568 2569 2570 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 2 1 2 1 2 1 2 1 2 
ŐĭĭȮ/.1Ȯ&ĳŅėĮĔĨŇ'           
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĶńĭ 10  10  15  15  15  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗĽŃĽĴŒĬľĸńĔĽŌĨĶ           
ĝńŘĬĮƖĪňŗȮ/ /.  /.  /3  /3  /3  
ĝńŘĬĮƖĪňŗȮ0   /.  /.  /3  /3  
ĝńŘĬĮƖĪňŗȮ3     /.  /.  /3  
 ĶĺĴ /.  0.  13  2.  23  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĽŜŅŏĶŖěĔŅĶĻŉĔļŅ  0  0  10  10  15 
      
ĮƖĔŅĶĻŉĔļŅ 2566 2567 2568 2569 2570 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 2 1 2 1 2 1 2 1 2 
ŐĭĭȮ/.2Ȯ&ĳŅėĮĔĨŇ'           
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĶńĭ 2  2  2  2  2  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗĽŃĽĴŒĬľĸńĔĽŌĨĶ           
ĝńŘĬĮƖĪňŗȮ/ 0  0  0  0  0  
ĝńŘĬĮƖĪňŗȮ0   0  0  0  0  
ĝńŘĬĮƖĪňŗȮ3     0  0  0  
ĝńŘĬĮƖĪňŗȮ4       0  0  
 ĶĺĴ 0  2  4  6  6  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĽŜŅŏĶŖěĔŅĶĻŉĔļŅ  0  0  0  2  2 
      
ĮƖĔŅĶĻŉĔļŅ 2566 2567 2568 2569 2570 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 2 1 2 1 2 1 2 1 2 
ŐĭĭȮ2.1Ȯ&ĳŅėĮĔĨŇ'           
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĶńĭ 2  2  2  2  2  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗĽŃĽĴŒĬľĸńĔĽŌĨĶ           
ĝńŘĬĮƖĪňŗȮ/ 0  0  0  0  0  
ĝńŘĬĮƖĪňŗȮ0   0  0  0  0  
ĝńŘĬĮƖĪňŗȮ3     0  0  0  
 ĶĺĴ 0  2  4  4  4  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĽŜŅŏĶŖěĔŅĶĻŉĔļŅ  0  0  2  2  2 
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ĮƖĔŅĶĻŉĔļŅ 2566 2567 2568 2569 2570 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 2 1 2 1 2 1 2 1 2 
ŐĭĭȮ2.2Ȯ&ĳŅėĮĔĨŇ'           
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĶńĭ 2  2  2  2  2  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗĽŃĽĴŒĬľĸńĔĽŌĨĶ           
ĝńŘĬĮƖĪňŗȮ/ 0  0  0  0  0  
ĝńŘĬĮƖĪňŗȮ0   0  0  0  0  
ĝńŘĬĮƖĪňŗȮ3     0  0  0  
ĝńŘĬĮƖĪňŗȮ4       0  0  
 ĶĺĴ 0  2  4  6  6  
ěŜŅĬĺĬĬńĔĻŉĔļŅĪňŗėŅħĺƞŅěŃĽŜŅŏĶŖěĔŅĶĻŉĔļŅ  0  0  0  2  2 

 
0,4ȮĚĭĮĶŃĴŅĦĨŅĴŐįĬ  
 1. ĶŅĵĚŅĬĕƟŀĴŌĸĚĭĮĶŃĴŅĦȮ3 ĮƖ őħĵěŜŅŐĬĔĶŅĵĸŃŏŀňĵħĨŅĴľńĺĕƟŀĔŅĶŏĽĬŀĨńŘĚĚĭĮĶŃĴŅĦĮƖȮ66-68 
   
ŐįĬĚŅĬ  

ĮƖĚĭĮĶŃĴŅĦ  
ĮƖ 2566 (ĮĶŃĴŅĦĔŅĶ)  ĮƖ 2567 (ĮĶŃĴŅĦĔŅĶ)  ĮƖ 2568 (ĮĶŃĴŅĦĔŅĶ)  
ĚĭĮĶŃĴŅĦ
ŐįƞĬħŇĬ  

ĚĭĮĶŃĴŅĦ
ŏĚŇĬĶŅĵœħƟ  

ĚĭĮĶŃĴŅĦ
ŐįƞĬħŇĬ  

ĚĭĮĶŃĴŅĦŏĚŇĬĶŅĵœħƟ  ĚĭĮĶŃĴŅĦ
ŐįƞĬħŇĬ  

ĚĭĮĶŃĴŅĦŏĚŇĬĶŅĵœħƟ  

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   
ĔŅĶĪŜŅĬŋĭŜŅĶŋĚĻŅĽĬŅȮ
ĻŇĸĮŃȮĺńĥĬīĶĶĴŐĸŃ
ĽŇŗĚŐĺħĸƟŀĴ  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  

 
2. ėƞŅŒĝƟěƞŅĵĨƞŀľńĺĨƞŀĮƖ 
  ŐĭĭȮ1.1      210,000 ȮĭŅĪ  (ĮƖĔŅĶĻŉĔļŅĸŃȮ70,000 ĭŅĪ/ėĬ' 

  ŐĭĭȮ1.2 280,000  ĭŅĪȮȮ(ĮƖĔŅĶĻŉĔļŅĸŃȮ70,000 ĭŅĪ/ėĬ' 
  ŐĭĭȮ2.1      210,000 ȮĭŅĪ  (ĮƖĔŅĶĻŉĔļŅĸŃȮ70,000 ĭŅĪ/ėĬ' 

  ŐĭĭȮ2.2 280,000  ĭŅĪȮȮ(ĮƖĔŅĶĻŉĔļŅĸŃȮ70,000 ĭŅĪ/ėĬ' 
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0,5ȮĶŃĭĭĔŅĶĻŉĔļŅ 
XȮŐĭĭĝńŘĬŏĶňĵĬ 
Ä ŐĭĭĪŅĚœĔĸįƞŅĬĽŊŗŀĽŇŗĚıŇĴıƢŏĮƦĬľĸńĔ 
Ä ŐĭĭĪŅĚœĔĸįƞŅĬĽŊŗŀŐıĶƞĳŅıŐĸŃŏĽňĵĚŏĮƦĬĽŊŗŀľĸńĔ 
Ä ŐĭĭĪŅĚœĔĸĪŅĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢŏĮƦĬĽŊŗŀľĸńĔȮ&E-learning) 
Ä ŐĭĭĪŅĚœĔĸĪŅĚŀŇĬŏĨŀĶƢŏĬĨ 
ÄȮŀŊŗĬŕȮ 
 

2.8 ĔŅĶŏĪňĵĭőŀĬľĬƞĺĵĔŇĨȮĶŅĵĺŇĝŅŐĸŃĔŅĶĸĚĪŃŏĭňĵĬŏĶňĵĬĕƟŅĴĴľŅĺŇĪĵŅĸńĵȮ 
1. ŏĮƦĬœĮĨŅĴĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮĺƞŅħƟĺĵĔŅĶĻŉĔļŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮı,Ļ,0337ȮȮȮ 
2. ŏĮƦĬœĮĨŅĴĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵȮȮȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮȮŏĶŊŗŀĚȮŐĬĺĮĢŇĭńĨŇĔŅĶŏĮĸňŗĵĬ
ŐįĬĔŅĶĻŉĔļŅȮĔŅĶĵƟŅĵĽŅĕŅĺŇĝŅȮĔŅĶĶńĭőŀĬĬńĔĻŉĔļŅŐĸŃĔŅĶŏĪňĵĭőŀĬľĬƞĺĵĔŇĨĕŀĚĬńĔĻŉĔļŅ
ĭńĦĤŇĨĻŉĔļŅȮȮ 

1,ȮľĸńĔĽŌĨĶŐĸŃŀŅěŅĶĵƢįŌƟĽŀĬȮ 

3.1 ľĸńĔĽŌĨĶȮ 
 3.1.1 ěŜŅĬĺĬľĬƞĺĵĔŇĨȮ 

           ľĸńĔĽŌĨĶŐĭĭȮ/,/ȮȮȮěŜŅĬĺĬľĬƞĺĵĔŇĨ  ĶĺĴĨĸŀħľĸńĔĽŌĨĶ  48 ľĬƞĺĵĔŇĨ 
       ľĸńĔĽŌĨĶŐĭĭȮ/,0ȮȮȮěŜŅĬĺĬľĬƞĺĵĔŇĨ  ĶĺĴĨĸŀħľĸńĔĽŌĨĶ  72 ľĬƞĺĵĔŇĨ 
    ľĸńĔĽŌĨĶŐĭĭȮ0,/ȮȮȮěŜŅĬĺĬľĬƞĺĵĔŇĨ  ĶĺĴĨĸŀħľĸńĔĽŌĨĶ œĴƞĬƟŀĵĔĺƞŅ 48 ľĬƞĺĵĔŇĨ 
       ľĸńĔĽŌĨĶŐĭĭȮ0,0ȮȮȮěŜŅĬĺĬľĬƞĺĵĔŇĨ  ĶĺĴĨĸŀħľĸńĔĽŌĨĶ œĴƞĬƟŀĵĔĺƞŅ 72 ľĬƞĺĵĔŇĨ 

1,/,0ȮőėĶĚĽĶƟŅĚľĸńĔĽŌĨĶ Ȯ 
     ľĸńĔĽŌĨĶ ŐĭĭȮ1.1   ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪ 
          ěŜŅĬĺĬľĬƞĺĵĔŇĨ  ĶĺĴĨĸŀħľĸńĔĽŌĨĶ                                      48 ľĬƞĺĵĔŇĨ 
Ȯ Ĕ. ĮĶŇĠĠŅĬŇıĬīƢ  
                       Ȯ0.1676 Ȯ ħŋļġňĬŇıĬīƢ                  ȮȮȮ                                   48   ľĬƞĺĵĔŇĨ 
   ĕ. ĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ 

1. ĬńĔĻŉĔļŅĨƟŀĚŏĕƟŅĶƞĺĴĺŇĝŅĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňĪŋĔėĶńŘĚĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅěĬ
ĽŜŅŏĶŖěľĸńĔĽŌĨĶ 
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2. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚ
ėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĔƞŀĬĔŅĶĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢ 

3. ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗĮĶŃĝŋĴ 
ĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ1ȮŏĶŊŗŀĚ 

4. įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭ 
ĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2 ŏĶŊŗŀĚ ŒĬģŅĬĕƟŀĴŌĸȮISI, 
Scopus, Web of Science ľĶŊŀ PubmedȮőħĵŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚ ĪňŗĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀ
ŐĶĔ ľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level 
(TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟ
ĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

5. ĬńĔĻŉĔļŅĨƟŀĚĶŅĵĚŅĬįĸĔŅĶĻŉĔļŅĨŅĴŐĭĭĶŅĵĚŅĬįĸĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵĪŋĔĳŅė 
ĔŅĶĻŉĔļŅőħĵįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚĔĶĶĴĔŅĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅėĦŃŐĸŃĶĺĭĶĺĴĽƞĚ 
ĭńĦĤŇĨĺŇĪĵŅĸńĵĪŋĔĳŅėĔŅĶĻŉĔļŅ 

  ė.ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
1. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵȮ  ĳŅļŅŀńĚĔķļ 
2. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮ 
ĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬįƞŅĬĔĶŃĭĺĬĺŇĝŅıŊŘĬģŅĬŐĸŃĽńĴĴĬŅȮħńĚĬňŘ 
203753 (ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň' 
203754 (ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň' 
203756 &ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň' 
203891 (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3) 
203892 (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4) 

           Ě,ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ 
1. ĬńĔĻŉĔļŅěŃĨƟŀĚĽŀĭŐĸŃįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴ ŐĸŃ
ėĺŅĴĽŅĴŅĶĩŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 

2. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬȮĴňĽŇĪīŇśĽŀĭŐĔƟĨńĺœħƟŀňĔȮ/ȮėĶńŘĚȮőħĵĨƟŀĚĵŊŗĬėŜŅĶƟŀĚĕŀĽŀĭŒľĴƞȮĔŅĶ
ĽŀĭŐĔƟĨƟĺĨƟŀĚĽŀĭŒľƟŏĽĶŖěĽŇŘĬĳŅĵŒĬȮ/ȮĳŅėĔŅĶĻŉĔļŅĩńħœĮĬńĭěŅĔĔŅĶĽŀĭėĶńŘĚŐĶĔ 

3. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅĽŅĕŅĺŇĝŅŀŅěıŇěŅĶĦŅŒľƟőŀĬŏĮƦĬĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪœħƟ 

4. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮŏıŊŗŀĴňĽŇĪīŇśŏĕƟŅľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬ 
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 ľĸńĔĽŌĨĶ ŐĭĭȮ1.2   ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅĨĶň 
  ěŜŅĬĺĬľĬƞĺĵĔŇĨ  ĶĺĴĨĸŀħľĸńĔĽŌĨĶ  72 ľĬƞĺĵĔŇĨ 

Ĕ. ĮĶŇĠĠŅĬŇıĬīƢ  
      Ȯ       Ȯ0.1675 Ȯ   ħŋļġňĬŇıĬīƢ                 ȮȮȮ         72   ľĬƞĺĵĔŇĨ 
   ĕ. ĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ 

1. ĬńĔĻŉĔļŅĨƟŀĚŏĕƟŅĶƞĺĴĺŇĝŅĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňĪŋĔėĶńŘĚĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅěĬ
ĽŜŅŏĶŖěľĸńĔĽŌĨĶ 

2. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚ
ėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĔƞŀĬĔŅĶĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢȮ 

3. ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗĮĶŃĝŋĴ 
ĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ1ȮŏĶŊŗŀĚ 

4. įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭ 
ĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2 ŏĶŊŗŀĚȮŒĬģŅĬĕƟŀĴŌĸȮISI, 
Scopus, Web of Science ľĶŊŀ Pubmed őħĵĪňŗĪńŘĚȮ2 ŏĶŊŗŀĚ ĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔ ľĶŊŀȮ
ĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) 
ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level 
(TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟ
ĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

5. ĬńĔĻŉĔļŅĨƟŀĚĶŅĵĚŅĬįĸĔŅĶĻŉĔļŅĨŅĴŐĭĭĶŅĵĚŅĬįĸĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵĪŋĔĳŅė 
ĔŅĶĻŉĔļŅőħĵįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚĔĶĶĴĔŅĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅėĦŃŐĸŃĶĺĭĶĺĴĽƞĚ 
ĭńĦĤŇĨĺŇĪĵŅĸńĵĪŋĔĳŅėĔŅĶĻŉĔļŅ 

  ė.ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
1. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵȮ ĳŅļŅŀńĚĔķļ 
2. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮ 
ĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬįƞŅĬĔĶŃĭĺĬĺŇĝŅıŊŘĬģŅĬŐĸŃĽńĴĴĬŅȮħńĚĬňŘ 
203753  (ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň' 
203754  (ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň' 
203755  (ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı) 
203756  &ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň' 
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203791  (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1) 
203792  (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2) 
203891  (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3) 
203892  (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4) 

          ȮĚ,ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ 
1. ĬńĔĻŉĔļŅěŃĨƟŀĚĽŀĭŐĸŃįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴ ŐĸŃ
ėĺŅĴĽŅĴŅĶĩŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 

2. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬȮĴňĽŇĪīŇśĽŀĭŐĔƟĨńĺœħƟŀňĔȮ/ȮėĶńŘĚȮőħĵĨƟŀĚĵŊŗĬėŜŅĶƟŀĚĕŀĽŀĭŒľĴƞȮĔŅĶ
ĽŀĭŐĔƟĨƟĺĨƟŀĚĽŀĭŒľƟŏĽĶŖěĽŇŘĬĳŅĵŒĬȮ/ȮĳŅėĔŅĶĻŉĔļŅĩńħœĮĬńĭěŅĔĔŅĶĽŀĭėĶńŘĚŐĶĔ 

3. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅĽŅĕŅĺŇĝŅŀŅěıŇěŅĶĦŅŒľƟőŀĬŏĮƦĬĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪœħƟ 

4. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮŏıŊŗŀĴňĽŇĪīŇśŏĕƟŅľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬ 
ľĸńĔĽŌĨĶȮŐĭĭȮ2.1  ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪ 

  ěŜŅĬĺĬľĬƞĺĵĔŇĨȮȮĶĺĴĨĸŀħľĸńĔĽŌĨĶ œĴƞĬƟŀĵĔĺƞŅ       48 ľĬƞĺĵĔŇĨ 
 Ĕ. ĔĶŃĭĺĬĺŇĝŅŏĶňĵĬ œĴƞĬƟŀĵĔĺƞŅȮ Ȯ/0 ľĬƞĺĵĔŇĨ  
  1. ĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮȮȮȮȮ œĴƞĬƟŀĵĔĺƞŅȮ                     Ȯ/0Ȯ ľĬƞĺĵĔŇĨ  
   1.1  ĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ œĴƞĬƟŀĵĔĺƞŅ    9 ľĬƞĺĵĔŇĨ 
    1.1.1 ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ     3 ľĬƞĺĵĔŇĨ 

203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňȮȮȮȮȮȮ ȮȮȮȮȮȮȮ1ȮȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň                ȮȮȮȮȮȮȮȮȮȮ 

 203891 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3      ȮȮȮȮȮȮȮ1Ȯ ľĬƞĺĵĔŇĨ 
 203892 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4       ȮȮȮȮȮȮȮ1  ľĬƞĺĵĔŇĨ 

    1.1.2 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ  œĴƞĬƟŀĵĔĺƞŅȮȮȮ           6 ľĬƞĺĵĔŇĨ  
 őħĵŏĸŊŀĔěŅĔĔĶŃĭĺĬĺŇĝŅĨƞŀœĮĬňŘȮľĶŊŀȮěŅĔĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮĽńĚĔńħ

ĽŅĕŅĺŇĝŅŏėĴňȮ(203) ĪňŗėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢĕŀĚĬńĔĻŉĔļŅŏľŖĬĝŀĭ  
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 
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203715ȮȮȮ ĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203717 ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĭĨŏĨŀĶňŗ 2 ľĬƞĺĵĔŇĨ 
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 1 ľĬƞĺĵĔŇĨ 
203737 œĭőŀŏĞĬŏĞŀĶƢ 2 ľĬƞĺĵĔŇĨ 
0.1517ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 1 ľĬƞĺĵĔŇĨ 
203741ȮȮȮ ıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢ 3 ľĬƞĺĵĔŇĨ 
203743    ŏŀĬœĞĴƢĺŇĪĵŅ 1  ľĬƞĺĵĔŇĨ 
203745ȮȮȮ ŏėĴňĕŀĚőĮĶĨňĬ 3 ľĬƞĺĵĔŇĨ 
0.1527ȮȮȮ ĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴň 2 ľĬƞĺĵĔŇĨ 
203751ȮȮȮ ŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢ 3 ľĬƞĺĵĔŇĨ 
203752ȮȮȮ ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴň 3 ľĬƞĺĵĔŇĨ 

   203753 ȮȮȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň  2  ľĬƞĺĵĔŇĨȮ 
   203754 ȮȮȮĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň 2ȮȮȮȮȮ ȮȮ ľĬƞĺĵĔŇĨ

  ȮȮȮȮ203753Ȯ ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴň 1 ľĬƞĺĵĔŇĨ 
 ȮȮȮȮŀĵƞŅĚĴŊŀŀŅĝňı 

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 
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203806    őĸľŃĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢĽńĚŏėĶŅŃľƢ ȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
0.16.5ȮȮȮȮȮȮȮŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸȮȮȮ 1 ľĬƞĺĵĔŇĨ 
203814    ŏėĴňőĸľŀŇĬĪĶňĵƢ 3 ľĬƞĺĵĔŇĨ 
203815 őėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮ 2 ľĬƞĺĵĔŇĨ 
0.160/ȮȮȮ ȮȮ ŏėĴňėĺŀĬĨńĴȮȮ 1 ľĬƞĺĵĔŇĨ 
0.1601 őėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸ 3 ľĬƞĺĵĔŇĨ 
203824ȮȮȮ įĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴň ȮȮ 3 ľĬƞĺĵĔŇĨ 
203825    ĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢĢĮĶŅĔ ıŀĸŇŏĴŀĶƢ ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203826   ȮŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇ ȮȮȮ2 ľĬƞĺĵĔŇĨ 
203827   ȮĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸ ȮȮȮ2 ľĬƞĺĵĔŇĨ 
203828   ȮĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢ ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203829   ȮĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭ ȮȮȮ3 ľĬƞĺĵĔŇĨ 

ȮȮȮȮȮȮȮȮȮȮȮ203831 ŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 2 ȮȮȮȮȮȮľĬƞĺĵĔŇĨ 
 ĪŅĚĺŇĪĵŅĻŅĽĨĶƢ  

203833   ȮĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚ ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203838  ȮȮŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚ ȮȮȮ2 ľĬƞĺĵĔŇĨ 
 ıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚ 
203841   ȮőĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴň ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203842   ȮĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢ ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203844  ȮȮĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔ ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203869ȮȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň ȮȮȮ1 ľĬƞĺĵĔŇĨ 
203879   ȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň ȮȮȮ2 ľĬƞĺĵĔŇĨ 

  1.2 ĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃ  (ĩƟŅĴň'         œĴƞŏĔŇĬ       1  ľĬƞĺĵĔŇĨ 
     1.2.1  ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ ȮȮȮȮȮȮ               œĴƞĴň          
     /,2,0ȮȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮ(ĩƟŅĴň' ȮȮȮȮȮȮȮȮȮȮ          ȮȮȮȮȮœĴƞŏĔŇĬ      3    ľĬƞĺĵĔŇĨ 

őħĵŏĮƦĬĔĶŃĭĺĬĺŇĝŅĪňŗœħƟĶńĭėĺŅĴŏľŖĬĝŀĭěŅĔėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢŐĸŃȮ
ėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅ ĪńŘĚĬňŘĬńĔĻŉĔļŅĽŅĴŅĶĩŒĝƟ
ĔĶŃĭĺĬĺŇĝŅŒĬľĴĺħ 1.1.2 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃĪħŐĪĬĔĶŃĭĺĬĺŇĝŅ
ĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃœħƟ 

   2. ĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚ  Ȯ 
ȮȮĔĶĦňĪňŗĬńĔĻŉĔļŅĕŅħėĺŅĴĶŌƟıŊŘĬģŅĬĭŅĚĮĶŃĔŅĶĪňŗěŜŅŏĮƦĬĽŜŅľĶńĭĔŅĶĻŉĔļŅȮĬńĔĻŉĔļŅěŃĨƟŀĚĸĚĪŃŏĭňĵĬŏĶňĵĬ     
  ĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 
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 ĕ. ĮĶŇĠĠŅĬŇıĬīƢ    36 ľĬƞĺĵĔŇĨ 
   0.1677 ħŋļġňĬŇıĬīƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  14Ȯ ľĬƞĺĵĔŇĨ 
 ė. ĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 

 1.  ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ ȮĳŅļŅŀńĚĔķļ 
 2.  ĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅ  ȮœĴƞĴň 
Ě,ȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ 

1. ĬńĔĻŉĔļŅĨƟŀĚŏĽĬŀŐįĬĔŅĶĻŉĔļŅŐĽħĚĔĶŃĭĺĬĺŇĝŅĪňŗėĺĶěŃĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵȮįƞŅĬ
ėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢȮĨƞŀėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĕŀĚĮƖĔŅĶĻŉĔļŅŐĶĔȮ 

2. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚ
ėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĔƞŀĬĔŅĶĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢȮ 

3. ĬńĔĻŉĔļŅĨƟŀĚŏĕƟŅĶƞĺĴĺŇĝŅĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňĪŋĔėĶńŘĚĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅ
ěĬĽŜŅŏĶŖěľĸńĔĽŌĨĶȮ 

4. ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗĮĶŃĝŋĴ
ĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚ 

5. įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭ
ĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚȮŒĬģŅĬĕƟŀĴŌĸȮISI, 
Scopus,ȮWeb of Science ľĶŊŀȮPubmed őħĵĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴň
ĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) 
ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level 
(TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬœĮȮ 

          ě.ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ 
1. ĬńĔĻŉĔļŅěŃĨƟŀĚĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴ ŐĸŃ
ėĺŅĴĽŅĴŅĶĩŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 

2. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬȮĴňĽŇĪīŇśĽŀĭŐĔƟĨńĺœħƟŀňĔȮ/ȮėĶńŘĚȮőħĵĨƟŀĚĵŊŗĬėŜŅĶƟŀĚĕŀĽŀĭŒľĴƞȮĔŅĶ
ĽŀĭŐĔƟĨƟĺĨƟŀĚĽŀĭŒľƟŏĽĶŖěĽŇŘĬĳŅĵŒĬȮ/ȮĳŅėĔŅĶĻŉĔļŅĩńħœĮĬńĭěŅĔĔŅĶĽŀĭėĶńŘĚŐĶĔ 

3. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅĽŅĕŅĺŇĝŅŀŅěıŇěŅĶĦŅŒľƟőŀĬŏĮƦĬĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪœħƟ 

4. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮŏıŊŗŀĴňĽŇĪīŇśŏĕƟŅľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬ 
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Ȯ ȮľĸńĔĽŌĨĶȮŐĭĭȮ2.2 ȮȮĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅĨĶň 
      ěŜŅĬĺĬľĬƞĺĵĔŇĨȮȮĶĺĴĨĸŀħľĸńĔĽŌĨĶ œĴƞĬƟŀĵĔĺƞŅ    72 ľĬƞĺĵĔŇĨ 
    Ĕ. ĔĶŃĭĺĬĺŇĝŅŏĶňĵĬ œĴƞĬƟŀĵĔĺƞŅȮ  02  ľĬƞĺĵĔŇĨ 

1. ĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮȮȮȮȮȮȮȮȮ ȮœĴƞĬƟŀĵĔĺƞŅȮȮ  ȮȮȮȮ24  ľĬƞĺĵĔŇĨ 
  1.1 ĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ  œĴƞĬƟŀĵĔĺƞŅ ȮȮ ȮȮȮȮ18  ľĬƞĺĵĔŇĨ 
       1.1.1 ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ          6    ľĬƞĺĵĔŇĨ 

203533 ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵ    ȮȮ1Ȯ ľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı   ȮȮ  
203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňȮȮȮȮȮ ȮȮȮȮ    1Ȯ ľĬƞĺĵĔŇĨ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň          
  203791 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1       ȮȮȮȮȮ1Ȯ ľĬƞĺĵĔŇĨ 
 203792 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2     ȮȮȮȮȮ1  ľĬƞĺĵĔŇĨ 
  203891 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3     ȮȮȮȮȮ1Ȯ ľĬƞĺĵĔŇĨ 
 203892 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4     ȮȮȮȮȮ1  ľĬƞĺĵĔŇĨ 

            1.1.2 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ                    ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅ /0  ľĬƞĺĵĔŇĨ 
      őħĵŏĸŊŀĔěŅĔĔĶŃĭĺĬĺŇĝŅĨƞŀœĮĬňŘȮľĶŊŀȮěŅĔĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮĽńĚĔńħ
ĽŅĕŅĺŇĝŅŏėĴňȮ(203) ĪňŗėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢĕŀĚĬńĔĻŉĔļŅŏľŖĬĝŀĭ 
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 
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 
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203725ȮȮȮ ŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203732ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203734ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖ ȮȮȮ 3 ľĬƞĺĵĔŇĨ 
203735    ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸ ȮȮȮ 2 ľĬƞĺĵĔŇĨ 
0.1514ȮȮȮ ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 1 ľĬƞĺĵĔŇĨ 
203737 œĭőŀŏĞĬŏĞŀĶƢ 2 ľĬƞĺĵĔŇĨ 
0.1517ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 1 ľĬƞĺĵĔŇĨ 
203741ȮȮȮ ıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢ 3 ľĬƞĺĵĔŇĨ 
203743    ŏŀĬœĞĴƢĺŇĪĵŅ 1  ľĬƞĺĵĔŇĨ 
203745ȮȮȮ ŏėĴňĕŀĚőĮĶĨňĬ 3 ľĬƞĺĵĔŇĨ 

 0.1527ȮȮȮȮȮȮȮĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴň 2 ľĬƞĺĵĔŇĨ 
203751ȮȮȮ ŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢ 3 ľĬƞĺĵĔŇĨ 
203752ȮȮȮ ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴň 3 ľĬƞĺĵĔŇĨ 

   203753 ȮȮȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň  2  ľĬƞĺĵĔŇĨ 
   203754 ȮȮȮȮĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň    2  ȮȮȮȮȮȮľĬƞĺĵĔŇĨ 

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 

ȮȮ 0.16.5ȮȮȮ ȮȮȮŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸȮȮȮ 1 ľĬƞĺĵĔŇĨ 
203814    ŏėĴňőĸľŀŇĬĪĶňĵƢ 3 ľĬƞĺĵĔŇĨ 
203815 őėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮ 2 ľĬƞĺĵĔŇĨ 

 0.160/ȮȮȮ  ȮȮȮŏėĴňėĺŀĬĨńĴȮȮ 1 ľĬƞĺĵĔŇĨ 
0.1601 őėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸ 3 ľĬƞĺĵĔŇĨ 
203824ȮȮȮ įĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴň ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203825    ĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢĢĮĶŅĔ  ȮȮȮ3 ľĬƞĺĵĔŇĨ 
 ıŀĸŇŏĴŀĶƢ 
203826   ȮŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇ ȮȮȮ2 ľĬƞĺĵĔŇĨ 
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203827   ȮĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸ ȮȮȮ2 ľĬƞĺĵĔŇĨ 
203828   ȮĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃ ȮȮȮ3 ľĬƞĺĵĔŇĨ 
 ĕŀĚıŀĸŇŏĴŀĶƢ 
203829   ȮĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭ ȮȮȮ3 ľĬƞĺĵĔŇĨ 

ȮȮȮȮȮȮȮȮȮȮȮ203831 ŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢȮȮȮ 2 ȮȮȮȮȮȮľĬƞĺĵĔŇĨ 
 ĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢ  

203833   ȮĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚ ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203838  ȮȮŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃ ȮȮȮ2 ľĬƞĺĵĔŇĨ 
 ŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚ 
203841   ȮőĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴň ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203842   ȮĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢ ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203844  ȮȮĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔ ȮȮȮ3 ľĬƞĺĵĔŇĨ 
203869ȮȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň ȮȮȮ1 ľĬƞĺĵĔŇĨ 
203879   ȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň ȮȮȮ2 ľĬƞĺĵĔŇĨ 
1.2 ĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃ  (ĩƟŅĴň'             œĴƞŏĔŇĬ   6     ľĬƞĺĵĔŇĨ 

     1.2.1  ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ            ȮȮȮȮȮȮȮȮȮœĴƞĴň 
     1.2.2  ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮ(ĩƟŅĴň'                 œĴƞŏĔŇĬ    6  ľĬƞĺĵĔŇĨ 

őħĵŏĮƦĬĔĶŃĭĺĬĺŇĝŅĪňŗœħƟĶńĭėĺŅĴŏľŖĬĝŀĭěŅĔėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢŐĸŃȮ
ėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅ ĪńŘĚĬňŘĬńĔĻŉĔļŅĽŅĴŅĶĩŒĝƟ
ĔĶŃĭĺĬĺŇĝŅŒĬľĴĺħ 1.1.2 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃĪħŐĪĬĔĶŃĭĺĬĺŇĝŅ
ĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃœħƟ 

3. ĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚ   
ȮȮĔĶĦňĪňŗĬńĔĻŉĔļŅĕŅħėĺŅĴĶŌƟıŊŘĬģŅĬĭŅĚĮĶŃĔŅĶĪňŗěŜŅŏĮƦĬĽŜŅľĶńĭĔŅĶĻŉĔļŅȮĬńĔĻŉĔļŅěŃĨƟŀĚĸĚĪŃŏĭňĵĬŏĶňĵĬ 
  ĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 

      ĕ. ĮĶŇĠĠŅĬŇıĬīƢ    
  0.1676ȮħŋļġňĬŇıĬīƢȮ ȮȮȮȮȮȮȮȮȮȮȮȮȮ  26ȮȮȮȮľĬƞĺĵĔŇĨ 
 ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 

1.ȮȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ ȮĳŅļŅŀńĚĔķļ 
2. ȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅ ȮœĴƞĴň 
ĚȮ,ȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ 

1. ĬńĔĻŉĔļŅĨƟŀĚŏĽĬŀŐįĬĔŅĶĻŉĔļŅŐĽħĚĔĶŃĭĺĬĺŇĝŅĪňŗėĺĶěŃĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵȮįƞŅĬėĺŅĴ
ŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢȮĨƞŀėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĕŀĚĮƖĔŅĶĻŉĔļŅŐĶĔȮ 
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2. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶ
ĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĔƞŀĬ
ĔŅĶĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢȮ 

3. ĬńĔĻŉĔļŅĨƟŀĚŏĕƟŅĶƞĺĴĺŇĝŅĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňĪŋĔėĶńŘĚĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅěĬ
ĽŜŅŏĶŖěľĸńĔĽŌĨĶȮ 

4. ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗĮĶŃĝŋĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚ 

5. įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭ
ĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2ȮŏĶŊŗŀĚȮŒĬģŅĬĕƟŀĴŌĸȮISI, Scopus,ȮWeb of 
Science ľĶŊŀȮPubmed őħĵŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚĪňŗĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔ ľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗ
œħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬ
œĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ
5ȮĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

ě.ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ 
/,ȮĬńĔĻŉĔļŅěŃĨƟŀĚĽŀĭŐĸŃįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴȮŐĸŃėĺŅĴĽŅĴŅĶĩ
ŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 
0,ȮĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬȮĴňĽŇĪīŇśĽŀĭŐĔƟĨńĺœħƟŀňĔȮ/ȮėĶńŘĚȮőħĵĨƟŀĚĵŊŗĬėŜŅĶƟŀĚĕŀĽŀĭŒľĴƞȮĔŅĶĽŀĭ
ŐĔƟĨƟĺĨƟŀĚĽŀĭŒľƟŏĽĶŖěĽŇŘĬĳŅĵŒĬȮ/ȮĳŅėĔŅĶĻŉĔļŅĩńħœĮĬńĭěŅĔĔŅĶĽŀĭėĶńŘĚŐĶĔ 
1,ȮĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅ
ĽŅĕŅĺŇĝŅŀŅěıŇěŅĶĦŅŒľƟőŀĬŏĮƦĬĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪœħƟ 
2,ȮĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮŏıŊŗŀĴňĽŇĪīŇśŏĕƟŅľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬ 

 
RwncȮ/,/Ȯ8ȮDmpȮqrsbclrȮugrfȮk_qrcpŲqȮbcepcc 

Degree requirements       48 credits 
A. Thesis 
 203898   Doctoral Thesis    48 credits 
B. Academic activities 

1. A student has to attend the Graduate Seminar in Chemistry every semester 
throughout the program. 

2. A student must complete an approval on his/her thesis proposal agreed by 
the Thesis Advisory Committee and the Graduate Program Administrative 
Committee before his/her Ph.D. thesis defense is taken place. 
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3. A student must present at least one work from an entire or part of his/her 
Ph.D. thesis in a well-acknowledged international conference. 

4.  ?rȮjc_qrȮrumȮ_prgajcq*ȮglȮpcjct_lrȮrmȮ_lȮclrgpcȮmpȮ_Ȯn_prȮmdȮqrsbclrŲqȮrfcqgq*Ȯ
must be published or accepted for publication in well-acknowledged 
international journalsȮindexed in either ISI, Scopus, Web of Science or 
Pubmed database. The student must be first-authored of at least one of 
these two articles, which is required to be Alternatively,  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) of 6,  or classification as an innovation 
with the Readiness level (TRL/PRL/SRL) of 7. These patent or  innovation can 
be substitued to a published article in a journal. 

5. A student must submit his/her study progress report approved by the 
Graduate Program Administrative Committee to the Graduate School every 
semester. 

C. Non-credit courses 
1. Requirement of the Graduate School  English  
2. Requirement of the program   

The following courses must be enrolled and granted the Satisfory (S) grade. 
- 203753 &Critical Reading and Writing, and Communication in Chemistry' 
- 203754 &Statistics and Computer Programs for Chemical Research' 
- 203756 (Hard and Soft Skills for Chemists Through Teaching Assistantship 

in ChemistryȮLaboratory) 
+Ȯ0.187/Ȯ&Graduate Seminar in Chemistry 3' 
- 203892 (Graduate Seminar in Chemistry 4' 

D. Qualifying examination 
1.  A student must pass a qualifying examination as an evaluation of his/her 

competency in order to proceed with a Ph.D. thesis proposal. 
2.  A student may re-take a qualifying examination if he/she fails the first time 

and it must be completed within the consecutive regular semester.  
3. If a student is not qualified conforming to a qualifying examination, he/she 
k_wȮ`cȮrp_lqdcppcbȮrmȮK_qrcpŲqȮBcepccȮNpmep_kȮsnmlȮ_lȮ_nnpmt_jȮof the 
Graduate Program Administrative Committee.  
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4. A student must pass a qualifying examination prior to entering the joint 
degree program. 

RwncȮ/,0Ȯ8ȮDmpȮqrsbclrȮugrfȮ`_afcjmpŲqȮbcepcc 
Degree requirements       72 credits 

A. Thesis 
  203897   Doctoral Thesis    72 credits 
B. Academic activities 

1. A student has to attend the Graduate Seminar in Chemistry every semester 
throughout the program. 

2. A student must complete an approval on his/her thesis proposal agreed by 
the Thesis Advisory Committee and the Graduate Program Administrative 
Committee before his/her Ph.D. thesis defense is taken place. 

3. A student must present at least one work from an entire or part of his/her 
Ph.D. thesis in a well-acknowledged international conference. 

4.  At least two aprgajcq*ȮglȮpcjct_lrȮrmȮ_lȮclrgpcȮmpȮ_Ȯn_prȮmdȮqrsbclrŲqȮrfcqgq*Ȯ
must be published or accepted for publication in well-acknowledged 
international journals. The student must be first-authored of both articles 
which must be indexed in either ISI, Scopus, Web of Science or Pubmed 
database. Alternatively,  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) of 6,  or classification as an innovation with the Readiness 
level (TRL/PRL/SRL) of 7. These patent or  innovation can be substitued to 
a published article in a journal. 

5. A student must submit his/her study progress report approved by the 
Graduate Program Administrative Committee to the Graduate School every 
semester. 

C. Non-credit courses 
1. Requirement of the Graduate School  English  
2.ȮRequirement of the programȮ   

The following courses must be enrolled and granted the Satisfory (S) grade. 
- 203753 &Critical Reading and Writing, and Communication in Chemistry' 
- 203754 &Statistics and Computer Programs for Chemical Research' 
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- 203755 (Professional Handling and Management of Chemical Hazards) 
- 203756 (Hard and Soft Skills for Chemists Through Teaching Assistantship    
              in Chemistry Laboratory) 
- 0.157/Ȯ&Graduate Seminar in Chemistry /' 
- 0.1570Ȯ&Graduate Seminar in ChemistryȮ0' 
+Ȯ0.187/Ȯ&Graduate Seminar in Chemistry 3' 
+Ȯ0.1872Ȯ&Graduate Seminar in Chemistry 4' 

D. Qualifying examination 
1.  A student must pass a qualifying examination as an evaluation of his/her 

competency in order to proceed with a Ph.D. thesis proposal. 
2.  A student may re-take a qualifying examination if he/she fails the first time 

and it must be completed within the consecutive regular semester.  
3. If a student is not qualified conforming to a qualifying examination, he/she 
k_wȮ`cȮrp_lqdcppcbȮrmȮK_qrcpŲqȮBcepccȮNpmep_kȮsnmlȮ_lȮ_nnpmt_jȮmdȮrfcȮ
Graduate Program Administrative Committee.  

4. A student must pass a qualifying examination prior to entering the joint 
degree program. 

Type 2./Ȯ8ȮDmpȮqrsbclrȮugrfȮk_qrcpŲqȮbcepcc 
 Degree requirementsȮ    a minimum of           48Ȯ credits 
           A. Course work  a minimum of 12 credits 
  1.  Graduate Courses a minimum of 12 credits 
   1.1 Field of Specialization  a minimum of  9 credits 
        1.1,/ȮRequired courses  3     credits 

   203756 ȮHard and Soft Skills for Chemists  1 credit 
               Through Teaching Assistantship in 
                    Chemistry Laboratory     

       203891  Graduate Seminar in Chemistry 3    1        credit 
       203892  Graduate Seminar in Chemistry 4   1        credit 
    1.1.2 Elective courses  a minimum of   6 credits 

Elective courses in Field of Specialization are courses enlisted below and 
any other graduate courses in chemistry (203) which have been approved 
by the Thesis Advisory Committee. 
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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   2  credits 

 ȮȮȮȮȮ Ȯof Photocatalysis    
203719  ȮChemistry of Inorganic Materials 3 credits 
0.150/   Chemical 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 
0.1527   Research Methods in Biochemistry 2 credits 
203751  ȮComputational Chemistry 3 credits 
203752   Electronics of Analytical Instruments for Chemistry 3 credits 
203753   Critical Reading and Writing, and Communication  2  credits 
 ȮȮȮȮȮ Ȯin Chemistry  
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203754   Statistics and Computer Programs for 2 credits 
ȮȮȮȮȮȮȮȮȮȮȮȮȮChemical Research  
0.1533ȮȮȮProfessional Handling and Management of 1 credit 

Chemical Hazards   
203775   Polymer Characterization and Properties 3 credits 
203776   Polymer Composites 3 credits 
203777   Polymer Blends 3 credits 
203778   Polymer Degradation and Stabilization 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  

203833   Advanced Analytical Spectroscopy 3 credits 
203838   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 
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203869ȮȮȮSelected Topics in Chemistry 1 credit 
203879   Selected Topics in Chemistry 2 credits 

    1.2ȮOther courses &if any'    a maximum of          1ȮȮȮȮȮcredits  
     1.2.1 ȮRequired courses       none 
     1.2.2 ȮElective courses &if any'          a maximum of       ȮȮȮ1   credits 

Elective courses are any graduate courses which may not be chemistry 
subject. The students must seek approval from his/her Thesis Advisory 
Committee and the Graduate Program Administrative Committee 
before registering these courses. Elective courses in field of 
specialization listed in 1.1.2 may also be counted in this category. 

   2.  Advanced undergraduate courses  
In case the student lacks some basic knowledge which is necessary for 

education, the student must enroll some advanced undergraduate courses(s) under 
the recommendation of program administrative committee                 

              B. Thesis 
     203899  Doctoral Thesis  36  credits 
  C. Non-credit courses 
     1. Graduate School requirement   English 
   2. Program requirement   none  

D. Academic activities 
1. A student must submit his/her study plan approved by his/her Thesis Advisory 

Committee to the Graduate Program Administrative Committee within the 
first semester of the enrollment. 

2.  A student must complete an approval on his/her thesis proposal agreed by 
the Thesis Advisory Committee and the Graduate Program Administrative 
Committee before his/her Ph.D. thesis defense is taken place. 

3. A student has to attend the Graduate Seminar in Chemistry every semester 
throughout the program. 

4. A student must present at least one work from an entire or part of his/her 
Ph.D. thesis in a well-acknowledged international conference. 

5.  At least one article, in relevant to an entire or a n_prȮmdȮqrsbclrŲqȮrfcqgq*Ȯ 
must be published or accepted for publication in well-acknowledged 
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international journals. This article must be first-authored by the student and 
indexed in either ISI, Scopus, Web of Science or Pubmed database. 
Alternatively,  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) of 6,  
or classification as an innovation with the Readiness level (TRL/PRL/SRL) of 
7.  

E. Qualifying Examination 
1.  A student must pass a qualifying examination as an evaluation of his/her 

competency in order to proceed with a Ph.D. thesis proposal. 
2.  A student may re-take a qualifying examination if he/she fails the first time 

and it must be completed within the consecutive regular semester.  
3. If a student is not qualified conforming to a qualifying examination, he/she 
k_wȮ`cȮrp_lqdcppcbȮrmȮK_qrcpŲqȮBcepccȮNpmep_kȮsnmlȮ_lȮ_nnpmt_jȮmdȮrfcȮ
Graduate Program Administrative Committee.  

4. A student must pass a qualifying examination prior to entering the joint 
degree program. 

RwncȮ0,0Ȯ8ȮDmpȮqrsbclrȮugrfȮ`_afcjmpŲqȮBcepcc 
 Degree requirements    a minimum of   72  credits 
              A. Coursework a minimum of  24 credits 
   1. Graduate Courses a minimum of  24 credits 
      1.1 Field of Specialization a minimum of  18 credits 
     1.1.1 Required courses        6 credits 
     203755 Professional Handling and Management           1 credit   
                of Chemical Hazards    
     203756 Hard and Soft Skills for Chemists Through  1 credit   
                     Teaching Assistantship in Chemistry Laboratory 
     203791 Graduate Seminar in Chemistry 1  1 credit   

203792 Graduate Seminar in Chemistry 2  1 credit  
203891 Graduate Seminar in Chemistry 3  1 credit  
203892 Graduate Seminar in Chemistry 4  1 credit   
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  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 1.1.2 Elective courses a minimum of     12  credits 
Elective courses in Field of Specialization are courses enlisted below and 
any other graduate courses in chemistry (203) which have been approved 
by the Thesis Advisory Committee. 

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 2  credits 

 ȮȮȮȮȮ Ȯof Photocatalysis    
203719  ȮChemistry of Inorganic Materials 3 credits 
0.150/   Chemical 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 
0.1527   Research Methods in Biochemistry 2 credits 
203751  ȮComputational Chemistry 3 credits 
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203752   Electronics of Analytical Instruments for Chemistry 3 credits 
203753   Critical Reading and Writing, and Communication  2  credits 
 ȮȮȮȮȮȮȮin Chemistry  
203754   Statistics and Computer Programs for 2 credits 
ȮȮȮȮȮȮȮȮȮȮȮȮȮChemical Research  
203775   Polymer Characterization and Properties 3 credits 
203776   Polymer Composites 3 credits 
203777   Polymer Blends 3 credits 
203778   Polymer Degradation and Stabilization 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  
  Frameworks 
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 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0.161/ȮȮȮȮȮȮȮIntroductory Chemometrics for Scientific 2     credits 
              Data Analysis  

203833   Advanced Analytical Spectroscopy 3 credits 
203838   Analytical Techniques for Surface and Structural 2 credits 
             Characterization  
203841   Biochemical Aspects of Nutrition 3 credits 
203842   Biochemistry of Membranes 3 credits 
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203844   Biochemistry of Nucleic Acids 3 credits 
203869ȮȮȮSelected Topics in Chemistry 1 credit 
203879   Selected Topics in Chemistry 2 credits 

 
1.2 Other courses &if any'   a maximum of            6     credits  

1.2.1  Required courses       none 
1.2.2  Elective courses &if any'        a maximum of            6    credits 

Elective courses are any graduate courses which may not be chemistry 
subject. The students must seek approval from his/her Thesis Advisory 
Committee and the Graduate Program Administrative Committee 
before registering these courses. Elective courses in field of 
specialization listed in 1.1.2 may also be counted in this category. 
 

2. Advanced Undergraduate Courses  
In case the student lacks some basic knowledge which is necessary for 

education, the student must enroll some advanced undergraduate courses(s) under 
the recommendation of program administrative committee 

  B.  Thesis   
     203898   Doctoral Thesis  48     credits 

  C. Non-credit Courses 
 1. Graduate School requirement English 
  2. Program requirement none 
  D. Academic activities 

1. A student must submit his/her study plan approved by his/her Thesis Advisory 
Committee to the Graduate Program Administrative Committee within the 
first semester of the enrollment. 

2.  A student must complete an approval on his/her thesis proposal agreed by 
the Thesis Advisory Committee and the Graduate Program Administrative 
Committee before his/her Ph.D. thesis defense is taken place. 

3. A student has to attend the Graduate Seminar in Chemistry every semester 
throughout the program. 

4. A student must present at least one work from an entire or part of his/her 
Ph.D. thesis in a well-acknowledged international conference. 
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5.  At least two articles, in relevant to _lȮclrgpcȮmpȮ_Ȯn_prȮmdȮqrsbclrŲqȮrfcqgq*Ȯ 
must be published or accepted for publication in well-acknowledged 
international journals indexed in either ISI, Scopus, Web of Science or 
Pubmed database. The student must be first-authored of at least one of 
these two articles. Alternatively,  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) of 6,  or classification as an innovation with the Readiness 
level (TRL/PRL/SRL) of 7. These patent or  innovation can be substitued to 
a published article in a journal. 

E. Qualifying Examination 
1.  A student must pass a qualifying examination as an evaluation of his/her 

competency prior to proceeding with a Ph.D. thesis proposal. 
2.  A student may re-take a qualifying examination if he/she fails the first time 

and it must be completed within the consecutive regular semester.  
3. If a student is not qualified conforming to a qualifying examination, he/she 
k_wȮ`cȮrp_lqdcppcbȮrmȮK_qrcpŲqȮBcepccȮNpmep_kȮsnmlȮ_lȮ_nnpmt_jȮmdȮrfcȮ
Graduate Program Administrative Committee.  

4. A student must pass a qualifying examination prior to entering the joint 
degree program. 

   
3.1.1ȮĔĶŃĭĺĬĺŇĝŅȮ  

 (/) ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮ(ĽŜŅľĶńĭȮŐĭĭ 2.1ȮŐĸŃ ŐĭĭȮ2.2)    ľĬƞĺĵĔŇĨ 
0.1533ȮȮȮȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı  /&/+.+0' 
  Professional Handling and Management of Chemical Hazards 
203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴň  1(0-2-1) 
  įƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
  (Hard and Soft Skills for Chemists Through 
  Teaching Assistantship in Chemistry Laboratory ) 
0.157/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/      /&/+.+0' 
  &Graduate Seminar in Chemistry /' 
0.1570 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0      /&/+.+0' 
  &Graduate Seminar in Chemistry 2' 
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0.187/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3      /&/+.+0' 
  &Graduate Seminar in Chemistry 3' 
0.1870 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4      /&/+.+0' 
  &Graduate Seminar in Chemistry 4' 
 
 (0) ľĴĺħĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ (ĽŜŅľĶńĭȮŐĭĭȮ0,/ȮŐĸŃ 2.2)   ľĬƞĺĵĔŇĨ 
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)    
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 
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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 
203734ȮȮȮ ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖ  3(2-3-4) 
  (Chemical Analysis by Chromatographic Methods) ȮȮȮ 
203735    ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸ  2(2-0-4) 
  (Analysis of Foods and Nutraceuticals) ȮȮȮ 
0.1514    ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢ  3(3-0-6)

 (Essence in Analytical Chemistry)ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  
203737 œĭőŀŏĞĬŏĞŀĶƢ  2(2-0-4)

 (Biosensors)  
0.1517    ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚ  3(3-0-6)

 (Advanced Chemical Analysis)ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  
203741ȮȮȮ ıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢ  3(3-0-6'

 (Plant Biochemistry and Applications) 
203743    ŏŀĬœĞĴƢĺŇĪĵŅ   3(3-0-6)

 (Enzymology)  
203745ȮȮȮ ŏėĴňĕŀĚőĮĶĨňĬ  3(3-0-6) 
  (Protein Chemistry)  
0.1527    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 ȮȮȮȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň    2(2-0-4)

   (Critical Reading and Writing, and Communication in Chemistry)  
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203754 ȮȮȮȮ ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň   2(2-0-4)
   (Statistics and Computer Programs for Chemical Research) 

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 Stabilization)  
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 
0.16.5    ŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸ  3(3-0-6) 
  (Physical Organic Chemistry)ȮȮȮ  
203814    ŏėĴňőĸľŀŇĬĪĶňĵƢ  3(3-0-6) 
  (Organometallic Chemistry)  
203815 őėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢ  2(2-0-4) 
 ȮȮȮ (Coordination Polymers and Metal Organic Frameworks) 
0.160/    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    ĮĶŅĔĢĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢıŀĸŇŏĴŀĶƢ  3(3-0-6'

 Ȯ(Molecular Phenomena in Polymer Science) 
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203826   Ȯ ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇ  2(2-0-4)
 (Statistical Thermodynamics) ȮȮȮ 

203827   Ȯ ĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸ  2(2-0-4) 
  (Molecular Spectroscopy) ȮȮȮ 
203828   Ȯ ĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢ  3(3-0-6'

 (Polymer Synthesis and Characterization) 
203829   Ȯ ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭ  3(3-0-6)

 (Polymer Properties and Testing) ȮȮȮ 
ȮȮȮȮȮȮȮȮȮȮȮ203831 ŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢ   2(2-0-4)ȮȮȮ

 ĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢ   
  (Introductory Chemometrics for Scientific  
              Data Analysis)   

203833   Ȯ ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚ  3(3-0-6)
 (Advanced Analytical Spectroscopy) ȮȮȮ 

203838  ȮȮ ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃ     2(2-0-4) 
         ȮŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚ 

  (Analytical Techniques for Surface and Structural  
               Characterization)  
203841   Ȯ őĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴň   3(3-0-6)

 (Biochemical Aspects of Nutrition)  
203842   Ȯ ĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢ   3(3-0-6'Ȯ 
  (Biochemistry of Membranes)  
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) 
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(1) ľĴĺħĮĶŇĠĠŅĬŇıĬīƢ 
ȮȮȮȮȮȮ0.1675ȮȮDoctoral Thesis        50ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ħŋļġňĬŇıĬīƢ' 
ȮȮȮȮȮȮ0.1676ȮȮDoctoral Thesis        26ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ħŋļġňĬŇıĬīƢ' 
ȮȮȮȮȮȮ0.1677ȮȮDoctoral Thesis        14ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ħŋļġňĬŇıĬīƢ' 
Ȯ&4' ĔĶŃĭĺĬĺŇĝŅĨŅĴŏĚŊŗŀĬœĕőħĵœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴȮ&ĽŜŅľĶńĭŐĭĭȮ1.1 ŐĸŃȮ1.2)          ȮȮȮȮȮ   ľĬƞĺĵĔŇĨ 

203753 Ȯ   ȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň    2(2-0-4) 
  (Critical Reading, Writing and Communication   

  in Chemistry)  
203754 ȮȮȮȮ ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň   2(2-0-4) 

    (Statistics and Computer Programs for Chemical Research) 
0.1533ȮȮȮȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı  /&/+.+0' 
  (Professional Handling and Management of Chemical Hazards) 
203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴň  1(0-2-1) 
  įƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
  (Hard and Soft Skills for Chemists Through 
  Teaching Assistantship in Chemistry Laboratory) 
0.157/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/      /&/+.+0' 
  &Graduate Seminar in Chemistry /' 
0.1570 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0      /&/+.+0' 
  &Graduate Seminar in Chemistry 2' 
0.187/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3      /&/+.+0' 
  &Graduate Seminar in Chemistry 3' 
0.1870 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4      /&/+.+0' 
  &Graduate Seminar in Chemistry 4' 
 
ľĴŅĵŏľĨŋȮ  ĶľńĽĔĶŃĭĺĬĺŇĝŅĪňŗŒĝƟĔŜŅľĬħŏĮƦĬĨńĺŏĸĕȮ4ȮȮľĸńĔȮȮħńĚĨƞŀœĮĬňŘ 

  /, ŏĸĕȮ1ȮĨńĺŐĶĔȮȮŐĽħĚĩŉĚȮėĦŃȮȮŐĸŃĳŅėĺŇĝŅ/ĽŅĕŅĺŇĝŅĪňŗĔĶŃĭĺĬĺŇĝŅĬńŘĬĽńĚĔńħ 
  0, ŏĸĕľĸńĔĶƟŀĵ ȮŐĽħĚĩŉĚȮȮĔĶŃĭĺĬĺŇĝŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅ 
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  1, ŏĸĕľĸńĔĽŇĭȮȮȮȮȮŐĽħĚĩŉĚȮȮľĴĺħľĴŌƞŒĬĽŅĕŅĺŇĝŅ 
   ŏĸĕȮ0ȮėŊŀȮŐĕĬĚŏėĴňŀŇĬĪĶňĵƢ 
   ŏĸĕȮ1ȮėŊŀȮŐĕĬĚŏėĴňŀĬŇĬĪĶňĵƢ 
   ŏĸĕȮ2ȮėŊŀȮŐĕĬĚŏėĴňŏĝŇĚĲƕĽŇĔĽƢ 
   ŏĸĕȮ3ȮėŊŀȮŐĕĬĚŏėĴňĺŇŏėĶŅŃľƢ 
   ŏĸĕȮ5ȮėŊŀȮĔĶŃĭĺĬĺŇĝŅĔĸŅĚ 
   ŏĸĕȮ9ȮėŊŀȮĔĶŃĭĺĬĺŇĝŅĽńĴĴĬŅŐĸŃĮĶŇĠĠŅĬŇıĬīƢ 
  2, ŏĸĕľĸńĔľĬƞĺĵȮȮŐĽħĚĩŉĚȮȮŀĬŋĔĶĴĕŀĚľĴĺħľĴŌƞĕŀĚĺŇĝŅ 
 
 1,/,2ȮŐĽħĚŐįĬĔŅĶĻŉĔļŅ  

1,/,2,/ ȮŐĭĭȮ/,/ 
ĮƖĪňŗ 1 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
203753 ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮ

ŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň 

Critical Reading and Writing, 
and Communication in 
Chemistry 

- 203754 ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢ
ĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň 
Statistics and Computer 
Programs for Chemical 
Research 

- 

 ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
Pass foreign language 
examination requirement 

-  ĽŀĭĺńħėŋĦĽĴĭńĨŇ 
Qualifying examination 

- 

 ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar 
in Chemistry 

-  ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar 
in Chemistry 

- 

 ĶĺĴ -  ĶĺĴ + 
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ĮƖĪňŗ 2 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

 ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢȮ 
Present doctoral thesis 
proposal 

- 203676 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 

203676 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 203891 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3 
Graduate Seminar in 
Chemistry 3 

- 

 ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar 
in Chemistry 

 203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃ
ĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬ
ĮĢŇĭńĨŇĔŅĶŏėĴň 
Hard and Soft Skills for 
Chemists Through Teaching 
Assistantship in Chemistry 
Laboratory 

- 

 ĶĺĴ 12  ĶĺĴ 12 
 

 

 

ĮƖĪňŗ 3 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

203676 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

/2 203676 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 

203892 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4 
Graduate Seminar in Chemistry 
4 

-  ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚ
ŏėĴň 
Attend Graduate Seminar in 
Chemistry  

- 

    ĽŀĭħŋļġňĬŇıĬīƢ 
Thesis Defend 

- 

 ĶĺĴ /2  ĶĺĴ 12 

ĶĺĴľĬƞĺĵĔŇĨĨĸŀħľĸńĔĽŌĨĶ  48  ľĬƞĺĵĔŇĨ 
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1,/,2,0 ȮŐĭĭȮ/,0 
ĮƖĪňŗ 1 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
203753 ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮ

ŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň 

Critical Reading and Writing, 
and Communication in 
Chemistry 

- 203754 ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢ
ĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň 

Statistics and Computer 
Programs for Chemical 
Research 

- 

203755 ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶ
ŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 
Professional Handling and 
Management of Chemical Hazards 

-  ĽŀĭĺńħėŋĦĽĴĭńĨŇ 
Qualifying examination 

- 

 ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
Pass foreign language examination 
requirement 

-  ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar 
in Chemistry 

- 

 ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar in 
Chemistry 

-    

 ĶĺĴ -  ĶĺĴ - 

 
 

ĮƖĪňŗ 2 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

 ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 
Present doctoral thesis proposal 

- 203675 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 

203675 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 203791 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1 
Graduate Seminar in 
Chemistry / 

- 

 ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar in 
Chemistry 

-    

 ĶĺĴ 12  ĶĺĴ 12 

 
 

 

 



47 
 

ĮƖĪňŗ  3 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

203675 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 203675 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 

203792 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2 
Graduate Seminar in Chemistry 0 

- 203891 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3 
Graduate Seminar in 
Chemistry 1 

- 

203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔ
ŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
Hard and Soft Skills for Chemists 
Through Teaching Assistantship in 
Chemistry Laboratory 

-    

 ĶĺĴ 12  ĶĺĴ 12 
 

ĮƖĪňŗ  4 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

203675 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 203675 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 

203892 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4 
Graduate Seminar in Chemistry 2 

-  ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar 
in Chemistry 

- 

    ĽŀĭħŋļġňĬŇıĬīƢ 
Thesis Defend 

- 

 ĶĺĴ 12  ĶĺĴ 12 

ĶĺĴľĬƞĺĵĔŇĨĨĸŀħľĸńĔĽŌĨĶ  72 ľĬƞĺĵĔŇĨ 
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1,/,2,3 ȮŐĭĭȮ0,/ 
ĮƖĪňŗ 1 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
 ŏĽĬŀŐįĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĺŇĝŅ 

Present study plan 
-  ĽŀĭĺńħėŋĦĽĴĭńĨŇ 

Qualifying examination 
- 

 ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
Pass foreign language examination 
requirement 

-  ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar in 
Chemistry 

- 

 ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar in 
Chemistry 

-  ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔĽŅĕŅĺŇĝŅ
ŏĜıŅŃ 
Elective courses  

4 

 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ 
Elective courses in field of 
specialization 

4    

 ĶĺĴ 4  ĶĺĴ 4 

 
ĮƖĪňŗ 2 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
203691 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1 

Graduate Seminar in 
Chemistry 1 

1 0.1677 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

12 

 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔ
ĽŅĕŅĺŇĝŅŏĜıŅŃ 
Elective courses  

/ 203756 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔ
ŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
Hard and Soft Skills for Chemists 
Through Teaching Assistantship in 
Chemistry Laboratory 

1 

 ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 
Present doctoral thesis 
proposal 

-  ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar in 
Chemistry 

- 

 ĶĺĴ 0  ĶĺĴ 13 
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ĮƖĪňŗ 3 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵ

ĔŇĨ 
0.1677 ħŋļġňĬŇıĬīƢ 

Doctoral Thesis 
12 0.1677 ħŋļġňĬŇıĬīƢ 

Doctoral Thesis 
12 

203692 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4 
Graduate Seminar in 
Chemistry 2 

1  ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar in 
Chemistry 

- 

    ĽŀĭħŋļġňĬŇıĬīƢ 
Thesis Defend 

+ 

 ĶĺĴ /3  ĶĺĴ 12 

ĶĺĴľĬƞĺĵĔŇĨĨĸŀħľĸńĔĽŌĨĶœĴƞĬƟŀĵĔĺƞŅ  48 ľĬƞĺĵĔŇĨ 
 
 

 

 1,/,2,4ȮȮŐĭĭȮ0,0 
ĮƖĪňŗ 1 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
203755 ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶ

ŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 
Professional Handling and 
Management of Chemical 
Hazards 

1  ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔ
ĽŅĕŅĺŇĝŅŏĜıŅŃ 
Elective courses 

8 

 ĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻ 
Pass foreign language 
examination requirement 

-  ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚ
ŏėĴň 
Attend the Graduate 
Seminar in Chemistry 

- 

 ŏĽĬŀŐįĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĺŇĝŅ 
Present study plan 

+ 0.1534 ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃ
ĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬ
ŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
Hard and Soft Skills for 
Chemists Through Teaching 
Assistantship in Chemistry 
Laboratory 

/ 

 ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar in 
Chemistry 

+  - - 

 ĶĺĴ 1  ĶĺĴ 7 
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ĮƖĪňŗ 2 
ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 

 ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔ
ĽŅĕŅĺŇĝŅŏĜıŅŃ 
Elective courses  

8  ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬľĶŊŀĬŀĔ
ĽŅĕŅĺŇĝŅŏĜıŅŃ 
Elective courses  

2 

 ŏĕƟŅĶƞĺĴĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 
Attend the Graduate Seminar 
in Chemistry 

-  ĽŀĭĺńħėŋĦĽĴĭńĨŇ 
Qualifying examination 

- 

  -  ŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 
Present doctoral thesis 
proposal 

- 

 ĶĺĴ 8  ĶĺĴ 2 

 
ĮƖĪňŗ 3 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
0.1678 ħŋļġňĬŇıĬīƢ 

Doctoral Thesis 
12 0.1678 ħŋļġňĬŇıĬīƢ 

Doctoral Thesis 
12 

203791 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1 
Graduate Seminar in 
Chemistry 1 

1 203792 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2 
Graduate Seminar in 
Chemistry 0 

1 

 ĶĺĴ 13  ĶĺĴ 13 

 
ĮƖĪňŗ 4 

ĳŅėĔŅĶĻŉĔļŅĪňŗ 1 ľĬƞĺĵĔŇĨ ĳŅėĔŅĶĻŉĔļŅĪňŗ 2 ľĬƞĺĵĔŇĨ 
0.1678 ħŋļġňĬŇıĬīƢ 

Doctoral Thesis 
12 0.1678 ħŋļġňĬŇıĬīƢ 

Doctoral Thesis 
12 

203891 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3 
Graduate Seminar in 
Chemistry 1 

1 203892 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4 
Graduate Seminar in 
Chemistry 2 

1 

    ĽŀĭħŋļġňĬŇıĬīƢ 
Thesis Defend 

+ 

 ĶĺĴ 13  ĶĺĴ 13 

ĶĺĴľĬƞĺĵĔŇĨĨĸŀħľĸńĔĽŌĨĶœĴƞĬƟŀĵĔĺƞŅ  72  ľĬƞĺĵĔŇĨ 
 

1,/,3ȮėŜŅŀīŇĭŅĵĸńĔļĦŃĔĶŃĭĺĬĺŇĝŅȮ&ĪńŘĚĳŅļŅœĪĵŐĸŃĳŅļŅŀńĚĔķļ' 
ĶŃĭŋœĺƟŒĬĳŅėįĬĺĔ  
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3.0ȮĝŊŗŀȮĨŜŅŐľĬƞĚŐĸŃėŋĦĺŋĥŇĕŀĚŀŅěŅĶĵƢȮ 
3.0.1 ŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶ-ȮŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶȮ/ ŀŅěŅĶĵƢįŌƟĽŀĬ 

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

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

/ 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 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' 

1 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' 

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 ..5 34Ȯ&04' 

3 ĶĻ,ħĶ,ĔƟŀĚŏĔňĵĶĨŇȮ 
œĨĶĽŋĺĶĶĦ 
 

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

0.,03 . 0.,03 ..5 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',Ȯ
ĴľŅĺŇĪĵŅĸńĵĴľŇħĸ, 2544 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2541 

/5,/ 4,.1 /5,/ 4,.1 /.Ȯ&1' 
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Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

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 ..5 32Ȯ&2' 

6 Ļ,ŏĔňĵĶĨŇėŋĦȮħĶ,ŏĔĨŋȮ 
ĔĶŋħıńĬīƢ 
 

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

+ .,46 + .,3 /77Ȯ&10' 

7 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' 

/. įĻ,ħĶ,ěŇħŅĳŅȮĪŇĬƟŀĵ 
 

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

/4,54 . /4,54 ..5 7Ȯ&7' 

// įĻ,ħĶ,ĝĬŇħŅȮıĺĚıŇĸŅ 
 

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

/6 4,53 /6 4,53 /.Ȯ&1' 

/0 ŀ,ħĶ,ĝĬŇĽĶȮŏľĚƟŅěŜŅĮŅ 
 

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

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

/1 ĶĻ,ħĶ,ĝŜŅĬŅĠȮĶŅĠġĶ 
 

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 ..5 20Ȯ&/3' 

/2 ĶĻ,ħĶ,ģĮĬňĵƢȮ 
ĽŅĶėĶĻĶň 

Ph.D. (Material Science and 
Engineering), Michigan Technological 
University, USA, 2002 
M.S. (Metallurgical Engineering) 
Michigan Technological University, 
USA, 1999 
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬ, 2537 

7 4,53 7 4,53 5.Ȯ&0/' 

/3 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 ..5 /1Ȯ&5' 

/4 įĻ,ħĶ,ĪŇĬĔĶȮĔńĬĵŅĬň 
 

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

00,3, . 00,3, ..5 /1Ȯ&7' 
 

/5 ĶĻ,ħĶ,īńĠĺħňȮ 
ĸŇŘĴīĶŅĔŋĸ 
 

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

03,52 . 03,52 ..5 34Ȯ&6' 
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Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

/6 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 ..5 7Ȯ&6' 

/7 įĻ,ħĶ,ĬĶŇĬĪĶƢȮĸŅĺńĸĵƢ 
 

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 ..5 0.Ȯ&/1' 
 

0. ŀ,ħĶ,ĬńĪīĺńĥĬƢȮ 
ŏĽĴŅĔŌĸ 
 

Ph,D,Ȯ&Chemistry', Colorado State 
University, USA,Ȯ2017 
M,S,Ȯ&Chemistry', Colorado State 
University, USA, 2015  
ĺĪ,ĭ,Ȯ&ŏėĴň', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2553 
 

5,3 . 5,3 ..5 /2Ȯ&/1' 

0/ 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' 

00 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' 

01 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' 
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Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

02 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' 

03 įĻ,ħĶ,ĮĶŃıŋĪīƢȮ 
ĩŅĺĶĵŋĨŇĔŅĶĨƢ 
 

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

0/,.7 0,03 0/,.7 0,03 //Ȯ&6' 

04 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' 

05 įĻ,ħĶ,ĮƤĠĝŇĔŅȮ 
ĮĶńĚŏĕňĵĺ 
 

Ph,D,Ȯ&Biomedical Engineering', 
University 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' 

06 įĻ,ħĶ,ıńĝĦňȮŐĽĚĪŀĚ 
 

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' 

07 įĻ,ħĶ,ıŇĝĠŅȮ 
ĴńĚĔĶŀńĻĺĔŋĸȮ 
 

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

05,53 0,03 05,53 0,03 11Ȯ&/6' 
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Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

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' 

1/ ĶĻ,ħĶ,ĳńĪĶƢĬķĬ 
ĺĶěŇĨĨŇıĸ 
 

Ph,D,Ȯ&Nanoscience and 
Nanotechnology', University of 
Surrey, UK, 2011 
ĺĪ,Ĵ,Ȯ&ĺńĽħŋĻŅĽĨĶƢ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ,Ȯ
2549 
ĺĪ,ĭ,Ȯ&ĲƕĽŇĔĽƢ',ȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ,Ȯ
2547 

7,53 7 7,53 7 /7Ȯ&2' 

10 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&ĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňĔŅĶ
ŀŅľŅĶ', ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2546 

/1,3 /3,53 /1,3 /3,53 16Ȯ&/.' 

11 ŀ,ħĶ,ĳŌĴŇĻĶƢȮĪńĭĪŇĴŐħĚ 
 

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

/7,22 0,03 /7,22 0,03 /1Ȯ&8' 

32 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' 
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Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

33 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' 

34 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,Ȯ
USA, 1995 
 

2,3 4,.1 2,3 4,.1 0/Ȯ&2' 
 
 

35 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' 

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',Ȯ
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2546 
ĺĪ,ĭ,Ȯ&ŏĪėĬŇėĔŅĶŐıĪĵƢ',Ȯ
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2542 
 

/0,53 2,3 /0,53 2,3 9 &1' 
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Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

40 įĻ,ħĶ,ĺƞŅĬȮĺŇĶŇĵŅ 
 

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

05,4 . 05,4 ..5 /4Ȯ&5' 

41 įĻ,ħĶ,ĻĶńĠıĚĻƢ 
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&//' 

20 ĶĻ,ħĶ,ĻŇĸŅȮȮ 
ĔŇĨĨŇĺńĝĬŃ 
 

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

/4,3 4,53 /4,3 4,53 22Ȯ&0.' 

41 įĻ,ħĶ,ĽĴĝńĵȮ 
ĸŅĳŀĬńĬĨƢĬıėŋĦ 
 

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

0/ . 0/ ..5 17Ȯ&4' 

42 ĶĻ,ħĶ,ĽĴıĶȮěńĬĪĶŃ 
 

Dr,Ȯrer,Ȯnat,Ȯ&Biogeography', Trier 
University, Germany, 2000 
ĺĪ,Ĵ,Ȯ&ĔŅĶĮĶŃŏĴŇĬėĺŅĴŏĽňŗĵĚĽŇŗĚŐĺħĸƟŀĴŒĬ
ĶŃĭĭĬŇŏĺĻŏĕĨĶƟŀĬ',Ȯ
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2537 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2535 
 

/2,/7 0,03 /2,/7 0,03 80Ȯ&0/' 

43 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' 
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Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

44 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 ..5 37Ȯ&/0' 

45 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' 

46 ĶĻ,ħĶ,ĽŋĸŅĺńĸĵƢȮ 
ĕŅĺįƞŀĚ 
 

ĮĶ,ħ,Ȯ&ĺńĽħŋĻŅĽĨĶƢ',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 
2552 
ĺĪ,Ĵ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2548 
ĺĪ,ĭ,Ȯ&ŏėĴň',ȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2545 
 

/5,03 7 /5,03 7 32Ȯ&00' 

47 ĶĻ,ħĶ,ŐĽĚĶĺňȮĻĶňĺŇĝńĵ 
 

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. ĶĻ,ħĶ,ŀĳŇĬĳńĽȮ 
ĶŋěŇĺńĨĶƢ 
 

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

4 
 
4,53 4 4,53 53Ȯ&/5' 

3/ įĻ,ħĶ,ŀĳŇĬńĬĪƢ 
ĔńĬŏĮƖĵĚŒě 
 

ĺĪ,ħ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅı', 
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2557 
ĺĪ,Ĵ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅı', 
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2551 
ĺĪ,ĭ,Ȯ&ŏĪėőĬőĸĵňĝňĺĳŅıĪŅĚŀŋĨĽŅľĔĶĶĴ
ŏĔļĨĶ', 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 ..5 /2Ȯ&4' 
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Īňŗ ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ėŋĦĺŋĥŇĔŅĶĻŉĔļŅȮ&ĽŅĕŅ', 
ĽĩŅĭńĬ, ĮƖĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 

 

ĳŅĶŃĚŅĬĽŀĬ 
ĝńŗĺőĴĚ-ĽńĮħŅľƢ 

ěŜŅĬĺĬ
įĸĚŅĬ 
ĪŅĚĺŇĝŅĔŅĶ
ĶĺĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&įĸĚŅĬŒĬ
ĶŃĵŃȮ3ȮĮƖȮ
ĸƞŅĽŋħ) 

ĮƤěěŋĭńĬ ŏĴŊŗŀĮĶńĭĮĶŋĚ
ľĸńĔĽŌĨĶ 

ĨĶň ĭĻ, ĨĶň ĭĻ, 

31 įĻ,ħĶ,ĺŇĴĸȮĬŅėĽŅĪŅ 
 

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

/4,3 . /4,3 ..5 /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,/ ..5 /5Ȯ&/' 

ľĴŅĵŏľĨŋ Ȯ /,Ȯ(ȮľĴŅĵĩŉĚȮŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶȮ 
  2. ŀŅěŅĶĵƢĸŜŅħńĭĪňŗȮȮ/+Ȯ52ȮȮėŊŀȮŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶ 
  3. ŀŅěŅĶĵƢĸŜŅħńĭĪňŗȮ53+Ȯ55ȮėŊŀȮŀŅěŅĶĵƢįŌƟĽŀĬ 
 
3.2.2ȮŀŅěŅĶĵƢıŇŏĻļ ȮœĴƞĴň 

 

2,ȮŀĚėƢĮĶŃĔŀĭŏĔňŗĵĺĔńĭĮĶŃĽĭĔŅĶĦƢĳŅėĽĬŅĴ 

 œĴƞĴň 

3,ȮĕƟŀĔŜŅľĬħŏĔňŗĵĺĔńĭĔŅĶĪŜŅħŋļġňĬŇıĬīƢ 

5.1 ėŜŅŀīŇĭŅĵőħĵĵƞŀȮ 
ĔŅĶĻŉĔļŅĺŇěńĵŒĬĶŃħńĭħŋļġňĭńĦĤŇĨȮĽŅĕŅĺŇĝŅŏėĴňȮŏĮƦĬĚŅĬĺŇěńĵŏĨŖĴŏĺĸŅĨŅĴĪňŗĔŜŅľĬħŒĬľĬƞĺĵ

ĔŇĨĕŀĚĔĶŃĭĺĬĺŇĝŅħŋļġňĬŇıĬīƢȮľńĺĕƟŀħŋļġňĬŇıĬīƢĨƟŀĚĴňĽƞĺĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĻŉĔļŅĺŇěńĵĪŅĚŏėĴňŏĮƦĬ
ľĸńĔȮŐĨƞŀŅěĭŌĶĦŅĔŅĶĔńĭĻŅĽĨĶƢŀŊŗĬȮŕȮĪňŗŏĔňŗĵĺĕƟŀĚȮőħĵŏĮƦĬĔŅĶĻŉĔļŅĺŇěńĵĪňŗĴŋƞĚŏĬƟĬœĮĽŌƞĔŅĶĽĶƟŅĚŀĚėƢ
ėĺŅĴĶŌƟŒľĴƞ ěĬŏĔŇħŏĮƦĬįĸĚŅĬĺŇěńĵĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮĪńŘĚĬňŘĨƟŀĚŏĮƦĬœĮĨŅĴĶŃŏĭňĵĭĺŇīňĺŇěńĵĪňŗ
ĩŌĔĨƟŀĚŏľĴŅŃĽĴȮŐĸŃœĴƞĸŃŏĴŇħěĶŇĵīĶĶĴĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵŏĮƦĬœĮħƟĺĵėĺŅĴ
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ĶńĭįŇħĝŀĭŒĬħƟŅĬėĺŅĴĮĸŀħĳńĵĪńŘĚĕŀĚĨĬŏŀĚŐĸŃįŌƟŀŊŗĬȮŏĮƦĬœĮħƟĺĵėĺŅĴĨĶŃľĬńĔĩŉĚįĸĪŅĚ
ĽŇŗĚŐĺħĸƟŀĴĪńŘĚŒĬĶŃħńĭĝŋĴĝĬȮĶŃħńĭĮĶŃŏĪĻȮŐĸŃĶŃħńĭĬŅĬŅĝŅĨŇȮĳŅĵŒĨƟĔŅĶħŌŐĸĕŀĚėĦŃĔĶĶĴĔŅĶ
ĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢȮőħĵħŋļġňĬŇıĬīƢěŃĨƟŀĚĭƞĚĩŉĚĔŅĶŏĔŇħŀĚėƢėĺŅĴĶŌƟŒľĴƞȮŐĸŃŐĽħĚŒľƟŏľŖĬĩŉĚ
ėĺŅĴĽŅĴŅĶĩĕŀĚĬńĔĻŉĔļŅŒĬĔŅĶĪŜŅĺŇěńĵœħƟħƟĺĵĨĬŏŀĚŀĵƞŅĚŀŇĽĶŃȮĸŉĔĞŉŘĚȮŐĸŃĨƞŀŏĬŊŗŀĚ ĪňŗŀŅěĬŜŅœĮĽŌƞ
ĔŅĶıńĥĬŅĬĺńĨĔĶĶĴĨƞŀœĮ 

3,0ȮĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟȮ 
ĬńĔĻŉĔļŅĽŅĴŅĶĩ 
- ĺŇŏėĶŅŃľƢȮĺŇıŅĔļƢȮŐĸŃĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶŌƟĕńŘĬĽŌĚĪŅĚŏėĴňȮŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚŏıŊŗŀĔŅĶħŜŅŏĬŇĬĔŅĶ
ĺŇěńĵŏıŊŗŀĨŀĭĽĬŀĚĨƞŀľńĺĕƟŀĺŇěńĵĨŅĴőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮĪňŗŏĽĬŀœĺƟœħƟŀĵƞŅĚŏľĴŅŃĽĴ 

- ŐĽħĚŀŀĔĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶėƟĬėĺƟŅȮŐĸŃĔŅĶĭŌĶĦŅĔŅĶŀĚėƢėĺŅĴĶŌƟĕńŘĬĽŌĚȮŏıŊŗŀĽĶƟŅĚĽĶĶ
įĸĚŅĬĺŇěńĵĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮőħĵŏĮƦĬįĸĚŅĬĪňŗĴňėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇ 

- ĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻœħƟŀĵƞŅĚŏľĴŅŃĽĴŒĬŐĨƞĸŃĕńŘĬĨŀĬĕŀĚ
ĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵȮŐĸŃĔŅĶĬŜŅŏĽĬŀįĸĚŅĬŒĬĶŌĮŐĭĭĨƞŅĚȮŕ 

- ŐĽħĚŀŀĔĩŉĚĔŅĶŏĶňĵĬĶŌƟĪńĔļŃŒľĴƞŀŊŗĬȮŕȮĪňŗěŜŅŏĮƦĬĨƞŀĔŅĶŏĶňĵĬĶŌƟȮŐĸŃĔŅĶĺŇěńĵŒĬĶŃħńĭħŋļġňĭńĦĤŇĨ 
- ĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮĨŅĴĭĶŇĭĪŐĸŃĽĩŅĬĔŅĶĦƢĨƞŅĚȮŕȮœħƟ
ŀĵƞŅĚŏľĴŅŃĽĴȮŏıŊŗŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶŏĶňĵĬĶŌƟŐĸŃĔŅĶĺŇěńĵŒĬĶŃħńĭħŋļġňĭńĦĤŇĨ 

- ĬńĔĻŉĔļŅĽŅĴŅĶĩŐĽħĚŀŀĔĩŉĚĔŅĶĴňěĶĶĵŅĭĶĶĦĺŇĝŅĝňıȮŐĸŃėĺŅĴŏĮƦĬıĸŏĴŊŀĚőĸĔ 
3,1ȮĝƞĺĚŏĺĸŅȮ 
 ŐĭĭȮ/,/ȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ2Ȯ-ȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ0ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ1 

- ĬńĔĻŉĔļŅėĺĶĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ1 ĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ2ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ1 ĮƖĔŅĶĻŉĔļŅĪňŗȮ2 
ŐĭĭȮ/,0ȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ2Ȯ-ȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ0ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ4 
- ĬńĔĻŉĔļŅėĺĶĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ1 ĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ2ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ1 ĮƖĔŅĶĻŉĔļŅĪňŗȮ2 

 ŐĭĭȮ2,/ȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ2ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ2ȮůȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ0ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ1 ĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ2ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ1 ĮƖĔŅĶĻŉĔļŅĪňŗȮ2 
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ŐĭĭȮ2,0ȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ3ȮůȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ0ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ4 
- ĬńĔĻŉĔļŅėĺĶĽŀĭįƞŅĬŏĚŊŗŀĬœĕĳŅļŅĨƞŅĚĮĶŃŏĪĻȮĳŅėĔŅĶĻŉĔļŅĪňŗȮ1 ĮƖĔŅĶĻŉĔļŅĪňŗȮ1 
- ĬńĔĻŉĔļŅėĺĶĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ2ȮĮƖĔŅĶĻŉĔļŅĪňŗȮ2 
- ĬńĔĻŉĔļŅėĺĶŏĽĬŀľńĺĕƟŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ2 ĮƖĔŅĶĻŉĔļŅĪňŗȮ2 

5.4 ěŜŅĬĺĬľĬƞĺĵĔŇĨ  
 ŐĭĭȮ/,/ȮȮȮ26ȮȮľĬƞĺĵĔŇĨ 
 ŐĭĭȮ/,0ȮȮȮ50ȮȮľĬƞĺĵĔŇĨ 
ŐĭĭȮ0,/ȮȮȮ14ȮȮľĬƞĺĵĔŇĨ 

 ŐĭĭȮ0,0ȮȮȮ26ȮȮľĬƞĺĵĔŇĨ 
3,3ȮĔŅĶŏĨĶňĵĴĔŅĶȮ 

5.5.1 ĔŜŅľĬħŒľƟĴňĶŃĭĭŒĬĔŅĶŐĨƞĚĨńŘĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢȮėĦŃĔĶĶĴĔŅĶĨƞŅĚŕȮŏĔňŗĵĺĔńĭĔŅĶ
ĽŀĭĺńħėŋĦĽĴĭńĨŇȮőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢȮŐĸŃħŋļġňĬŇıĬīƢȮĪńŘĚĬňŘľńĺĕƟŀŐĸŃőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢĕŀĚ
ĬńĔĻŉĔļŅĨƟŀĚœħƟĶńĭėĺŅĴŏľŖĬĝŀĭěŅĔėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮĮĶŃěŜŅ
ĽŅĕŅĺŇĝŅŏėĴňȮĔƞŀĬŏĽĬŀŒľƟėĦŃĔĶĶĴĔŅĶĭńĦĤŇĨĻŉĔļŅȮĮĶŃěŜŅėĦŃĺŇĪĵŅĻŅĽĨĶƢȮıŇěŅĶĦŅŒľƟ
ėĺŅĴŏľŖĬĝŀĭ 

5.5.2 ėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢŏĨĶňĵĴėĺŅĴıĶƟŀĴŒľƟĬńĔĻŉĔļŅĽŜŅľĶńĭĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮ 
5.5.3 ĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢěńħŏĺĸŅŒľƟĬńĔĻŉĔļŅŏĕƟŅıĭŏıŊŗŀŒľƟėŜŅĮĶŉĔļŅȮŐĸŃŐĬŃĬŜŅĔŅĶ 
 ĪŜŅĚŅĬĺŇěńĵĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅȮěĬĽŜŅŏĶŖěŏĮƦĬĶŌĮŏĸƞĴĪňŗĽĴĭŌĶĦƢȮĨŅĴĕƟŀĔŜŅľĬħĕŀĚ
ĭńĦĤŇĨĺŇĪĵŅĸńĵȮĪńŘĚĬňŘĬńĔĻŉĔļŅĨƟŀĚĽƞĚĶŌĮŏĸƞĴħŋļġňĬŇıĬīƢħńĚĔĸƞŅĺŏĽĬŀįƞŅĬĳŅėĺŇĝŅŏėĴňȮŏıŊŗŀ
ŏĽĬŀĝŊŗŀĔĶĶĴĔŅĶĽŀĭħŋļġňĬŇıĬīƢȮŒľƟėĦŃĺŇĪĵŅĻŅĽĨĶƢȮŐĨƞĚĨńŘĚȮőħĵĔĶĶĴĔŅĶĽŀĭħŋļġňĬŇıĬīƢ
ĨƟŀĚŏĮƦĬœĮĨŅĴĕƟŀĭńĚėńĭĔŅĶĻŉĔļŅĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞĺƞŅħƟĺĵĔŅĶĻŉĔļŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅ 

5.6 ĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬįĸ  
5.6.1 ĶŅĵĚŅĬėĺŅĴĔƟŅĺľĬƟŅŒĬĔŅĶĪŜŅĺŇěńĵĨŅĴŐĭĭĶŅĵĚŅĬįĸĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵĞŉŗĚĨƟŀĚŏĽĬŀĪŋĔ

ĳŅėĔŅĶĻŉĔļŅȮ 
5.6.2 ĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵŒĬĔĶŃĭĺĬĺŇĝŅĽńĴĴĬŅȮŐĸŃĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶŒĬ

ĶŃħńĭĨƞŅĚŕȮ 
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5.6.3 ŐĭĭȮ/,/ȮȮįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚ
ĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2 ŏĶŊŗŀĚȮŒĬģŅĬĕƟŀĴŌĸȮ
ISI, Scopus, Web of Science ľĶŊŀȮPubmed őħĵŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚȮĪňŗĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬ
ĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level 
(TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ6 ĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ7 ĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟ
ĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ1 ŏĶŊŗŀĚ 
 ŐĭĭȮ/,0ȮįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚ
ĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2 ŏĶŊŗŀĚȮŒĬģŅĬĕƟŀĴŌĸȮ
ISI, Scopus, Web of Science ľĶŊŀȮPubmed őħĵĪňŗĪńŘĚȮ2 ŏĶŊŗŀĚȮĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ
ľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level 
(TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ6 ĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ7 ĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟ
ĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ1 ŏĶŊŗŀĚ 
ŐĭĭȮ2,/ȮȮįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵ
œħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚȮŒĬģŅĬĕƟŀĴŌĸȮISI, 
Scopus, Web of Science ľĶŊŀȮPubmed őħĵĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗ
œħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4Ȯ
ĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞ
ĶŃħńĭȮ5ȮĕŉŘĬœĮȮ 
ŐĭĭȮ0,0ȮįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵ
œħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2ȮŏĶŊŗŀĚȮŒĬģŅĬĕƟŀĴŌĸȮISI, 
Scopus, Web of Science ľĶŊŀȮPubmed őħĵŀĵƞŅĚĬƟŀĵȮ1ȮŏĶŊŗŀĚĪňŗĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀ
ŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level 
(TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ6ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ7ȮĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟ
ĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ1ȮŏĶŊŗŀĚȮ 

5.6.4 ĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ 
5.6.5 ĔŅĶĽŀĭőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 
5.6.6 ĔŅĶĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢ 
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ľĴĺħĪňŗȮ2,ȮįĸĔŅĶŏĶňĵĬĶŌƟŐĸŃĔĸĵŋĪīƢĔŅĶĽŀĬŐĸŃĔŅĶĮĶŃŏĴŇĬįĸ 

 

/,ȮȮĔŅĶıńĥĬŅėŋĦĸńĔļĦŃıŇŏĻļĕŀĚĬńĔĻŉĔļŅȮ 

ėŋĦĸńĔļĦŃıŇŏĻļ ĔĸĵŋĪīƢĔŅĶĽŀĬŐĸŃĔŇěĔĶĶĴĬńĔĻŉĔļŅ 
1. ĪńĔļŃĔŅĶŒĝƟĳŅļŅŀńĚĔķļ Á ĔŜŅľĬħŒĝƟĳŅļŅŀńĚĔķļŏĮƦĬĳŅļŅľĸńĔŒĬĔŅĶŏĶňĵĬĔŅĶ

ĽŀĬĪŋĔĔĶŃĭĺĬĺŇĝŅȮĶĺĴĪńŘĚĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮĔŅĶ
ěńħĪŜŅŐĸŃĔŅĶĽŀĭőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢȮŐĸŃħŋļġňĬŇıĬīƢȮ 
Á ĔŜŅľĬħŒľƟĴňĔŅĶĬŜŅŏĽĬŀįĸĚŅĬŒĬĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇ 
Á ĔŅĶěńħĽńĴĴĬŅĬŀĔŏľĬŊŀěŅĔĔĶŃĭĺĬĺŇĝŅĽńĴĴĬŅ
ĭńĦĤŇĨĻŉĔļŅŏėĴňȮőħĵįŌƟĪĶĚėŋĦĺŋĥŇěŅĔĽĩŅĭńĬ
ĨƞŅĚĮĶŃŏĪĻ 
Á ĽĶƟŅĚĭĶĶĵŅĔŅĻĔŅĶŏĶňĵĬĶŌƟŐĭĭĬŅĬŅĝŅĨŇȮőħĵĴňĔŅĶ
ŐĸĔŏĮĸňŗĵĬĬńĔĻŉĔļŅŐĸŃĭŋėĸŅĔĶĔńĭĽĩŅĭńĬ
ĨƞŅĚĮĶŃŏĪĻ 

2. ĪńĔļŃėĺŅĴŏĮƦĬĴŊŀŀŅĝňıĪŅĚħƟŅĬŏėĴňȮĪňŗıĶƟŀĴĨƞŀ
ĔŅĶĪŜŅĚŅĬľĸńĚěĭĔŅĶĻŉĔļŅȮħńĚĬňŘ 

 

- ěĶŇĵīĶĶĴĪŅĚĺŇĪĵŅĻŅĽĨĶƢ Á ěńħŒľƟĴňĔŅĶŏĶňĵĬĔŅĶĽŀĬľńĺĕƟŀěĶŇĵīĶĶĴĪŅĚ
ĺŇĪĵŅĻŅĽĨĶƢŒĬĔĶŃĭĺĬĺŇĝŅȮ203753Ȯ(ĔŅĶŀƞŅĬŐĸŃ
ĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň) ĞŉŗĚŏĮƦĬ
ĔĶŃĭĺĬĺŇĝŅĨŅĴŏĚŊŗŀĬœĕĽŅĕŅĺŇĝŅĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ
1.1 ŐĸŃȮ1.2 ŐĸŃŏĮƦĬĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅ
ĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ2.1 ŐĸŃȮ2.2 

- ėĺŅĴĨĶŃľĬńĔĪŅĚħƟŅĬėĺŅĴĮĸŀħĳńĵŒĬĔŅĶŒĝƟ
ŐĸŃĔŅĶěńħĔŅĶĽŅĶŏėĴňȮĶĺĴĪńŘĚĔŅĶěńħĔŅĶĕŀĚ
ŏĽňĵĪŅĚŏėĴň 

Á ěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅȮ203755 (ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴň
ŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı)  
ĞŉŗĚŏĮƦĬĔĶŃĭĺĬĺŇĝŅĨŅĴŏĚŊŗŀĬœĕĽŅĕŅĺŇĝŅĽŜŅľĶńĭ
ľĸńĔĽŌĨĶŐĭĭȮ1.2 ŏĮƦĬĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅ
ĽŜŅľĶńĭľĸńĔĽŌĨĶŐĭĭȮ2.1ȮŐĸŃŏĮƦĬĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ
ĕŀĚľĸńĔĽŌĨĶȮ0,0 
Á ěńħŒľƟĴňĶŃĭĭĭĶŇľŅĶěńħĔŅĶĕŀĚŏĽňĵŏėĴňȮĪňŗĬńĔĻŉĔļŅĨƟŀĚ
ĴňĽƞĺĬĶƞĺĴŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴ 
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ėŋĦĸńĔļĦŃıŇŏĻļ ĔĸĵŋĪīƢĔŅĶĽŀĬŐĸŃĔŇěĔĶĶĴĬńĔĻŉĔļŅ 
- ĪńĔļŃĔŅĶĭĶŇľŅĶěńħĔŅĶŏĺĸŅŐĸŃĪĶńıĵŅĔĶŒľƟ
ŏĔŇħĮĶŃőĵĝĬƢĽŌĚĽŋħ 

Á ĔŜŅľĬħĔĶŀĭĶŃĵŃŏĺĸŅĔŇěĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚȮŏĝƞĬȮĔŅĶ
ĽŀĭĺńħėŋĦĽĴĭńĨŇȮŐĸŃĔŅĶŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢȮ
ĞŉŗĚĨƟŀĚħŜŅŏĬŇĬĔŅĶŒĬĶŃĵŃŏĺĸŅĪňŗĔŜŅľĬħ ĶĺĴĪńŘĚěńħŒľƟĴň
ĶŃĭĭĨŇħĨŅĴőħĵėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 
Á ĔŜŅľĬħŒľƟĬńĔĻŉĔļŅĺŅĚŐįĬĔŅĶĻŉĔļŅĨńŘĚŐĨƞĝńŘĬĮƖĪňŗȮ1
ŐĸŃĔŅĶĨĶĺěĽŀĭĨĬŏŀĚŏĮƦĬĶŃĵŃĨŅĴŐįĬĪňŗĺŅĚœĺƟ
įƞŅĬĶŅĵĚŅĬėĺŅĴĔƟŅĺľĬƟŅĪňŗĨƟŀĚĽƞĚŒľƟėĦŃĔĶĶĴĔŅĶ
ĭĶŇľŅĶľĸńĔĽŌĨĶıŇěŅĶĦŅĪŋĔŏĪŀĴ 
Á ĽƞĚŏĽĶŇĴĔŅĶŏĕƟŅĩŉĚŀŋĮĔĶĦƢŐĸŃŏėĶŊŗŀĚĴŊŀĪňŗĴňŀĵŌƞŒĬ
ľĬƞĺĵĚŅĬĨƞŅĚŕȮĪńŘĚĳŅĵŒĬĽĩŅĭńĬȮŐĸŃĨƞŅĚĽĩŅĭńĬȮ
ĨŅĴĪňŗěŜŅŏĮƦĬĨƞŀĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵŒľƟŏĮƦĬœĮœħƟŀĵƞŅĚħň
ĪňŗĽŋħ 

- ĪńĔļŃĔŅĶĪŜŅĚŅĬĶƞĺĴĔńĭįŌƟŀŊŗĬ Á ĽƞĚŏĽĶŇĴĬńĔĻŉĔļŅŒľƟŏĕƟŅĶƞĺĴĔĸŋƞĴĺŇěńĵĕŀĚėĦŅěŅĶĵƢŒĬ
ľĸńĔĽŌĨĶȮ 
Á ĽƞĚŏĽĶŇĴĔŅĶĨŇħĨƞŀĮĶŃĽŅĬĚŅĬŏıŊŗŀĔŅĶŏĕƟŅŒĝƟŀŋĮĔĶĦƢ
ŐĸŃŏėĶŊŗŀĚĴŊŀĪňŗĴňŀĵŌƞŒĬľĬƞĺĵĚŅĬĨƞŅĚŕȮĪńŘĚĳŅĵŒĬ
ĽĩŅĭńĬȮŐĸŃĨƞŅĚĽĩŅĭńĬȮĨŅĴĪňŗěŜŅŏĮƦĬĨƞŀĔŅĶ
ħŜŅŏĬŇĬĔŅĶĺŇěńĵĕŀĚĬńĔĻŉĔļŅȮőħĵĬńĔĻŉĔļŅěŃœħƟŏĮƦĬ
įŌƟħŜŅŏĬŇĬĔŅĶĨŇħĨƞŀĮĶŃĽŅĬĚŅĬŏĮƦĬľĸńĔ 
Á ěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅȮ203756 &ĽĴĶĶĩĬĪńĔļŃ
ŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬ
ĮĢŇĭńĨŇĔŅĶŏėĴň) ĞŉŗĚěŃŏĮƦĬőŀĔŅĽŒľƟĬńĔĻŉĔļŅœħƟĴň
ĔŅĶĮĶŃĴĺĸĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃ
ėĺŅĴĶŌƟėĺŅĴĽŅĴŅĶĩĪŅĚŏėĴňȮŏıŊŗŀŒĝƟŒĬ
ĽĩŅĬĔŅĶĦƢěĶŇĚįƞŅĬĔŅĶŏĮƦĬįŌƟĝƞĺĵŒĬĔĶŃĭĺĬĺŇĝŅ
ĮĢŇĭńĨŇĔŅĶŏėĴň 

- ĪńĔļŃĪŅĚħƟŅĬŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻ Á ĽƞĚŏĽĶŇĴĔŅĶŒĝƟŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻŏıŊŗŀĔŅĶėƟĬėĺƟŅ
ĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĻŉĔļŅĺŇěńĵȮŐĸŃŏıŊŗŀĔŅĶŏĶňĵĬ
ĔŅĶĽŀĬŐĭĭŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮ(E-learning)Ȯ 
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ėŋĦĸńĔļĦŃıŇŏĻļ ĔĸĵŋĪīƢĔŅĶĽŀĬŐĸŃĔŇěĔĶĶĴĬńĔĻŉĔļŅ 
- ĪńĔļŃĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨ Á ŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬĕŀĚľĸńĔĽŌĨĶĪňŗŏĮƕħőŀĔŅĽŒľƟĬńĔĻŉĔļŅ

œħƟĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔĬŀĔĽŅĕŅĺŇĝŅœħƟ
ĨŅĴŀńīĵŅĻńĵȮĪńŘĚĬňŘĨƟŀĚœħƟĶńĭėĺŅĴŏľŖĬĝŀĭěŅĔ
ėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢȮŐĸŃŀŅěŅĶĵƢįŌƟĽŀĬ
ĔĶŃĭĺĬĺŇĝŅĬńŘĬŕȮ 

- ĪńĔļŃĔŅĶėŇħĺŇŏėĶŅŃľƢȮĔŅĶŐĔƟĮƤĠľŅőěĪĵƢĪňŗ
ĞńĭĞƟŀĬ 

Á ĴňĔŅĶİƗĔİĬĔĶŃĭĺĬĔŅĶėŇħĺŇŏėĶŅŃľƢȮŐĸŃĔŅĶŐĔƟőěĪĵƢ
ĮƤĠľŅŒĬĶŌĮŐĭĭĨƞŅĚȮŕȮįƞŅĬĔĶŃĭĺĬĔŅĶėƟĬėĺƟŅĺŇěńĵ
ŏıŊŗŀħŋļġňĬŇıĬīƢȮŐĸŃĔŅĶŏĶňĵĬĔŅĶĽŀĬŒĬĔĶŃĭĺĬĺŇĝŅ
ĨƞŅĚȮŕȮ 

Á ěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅȮ203756 &ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦ
ĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶ
ŏėĴň) ĞŉŗĚěŃŏĮƦĬőŀĔŅĽŒľƟĬńĔĻŉĔļŅœħƟĴňĔŅĶĮĶŃĴĺĸ
ĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃėĺŅĴĶŌƟ
ėĺŅĴĽŅĴŅĶĩĪŅĚŏėĴňȮŏıŊŗŀŒĝƟŒĬĽĩŅĬĔŅĶĦƢěĶŇĚįƞŅĬ
ĔŅĶŏĮƦĬįŌƟĝƞĺĵŒĬĔĶŃĭĺĬĺŇĝŅĮĢŇĭńĨŇĔŅĶŏėĴň 

 

0,ȮĔŅĶıńĥĬŅįĸĔŅĶŏĶňĵĬĶŌƟŒĬŐĨƞĸŃħƟŅĬȮȮ 

įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟ ĔĸĵŋĪīƢĔŅĶĽŀĬ ĔĸĵŋĪīƢĔŅĶĮĶŃŏĴŇĬ 
PLO 1:  ĺŇŏėĶŅŃľƢȮĮĶŃŏĴŇĬȮŐĸŃ
ĭŌĶĦŅĔŅĶŀĚėƢėĺŅĴĶŌƟĕńŘĬĽŌĚĪŅĚŏėĴňȮ
ŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮœħƟŀĵƞŅĚ
ŏľĴŅŃĽĴ 

- ĔŅĶŏĶňĵĬĔŅĶĽŀĬĪňŗħŜŅŏĬŇĬĔŅĶ
őħĵėĦŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭ
ĔĶŃĭĺĬĺŇĝŅĨƞŅĚȮŕȮ 

- ĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĞŉŗĚěńħőħĵ
ėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 

- ĔŅĶĽŀĭĮĶŃŏĴŇĬĕŀĚŐĨƞĸŃ
ĔĶŃĭĺĬĺŇĝŅȮőħĵėĦŅěŅĶĵƢ
įŌƟĽŀĬȮ 

- ĔŅĶįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ 

PLO 2:  ĽĶƟŅĚĽĶĶėƢŀĚėƢėĺŅĴĶŌƟȮŐĸŃ-
ľĶŊŀȮĬĺńĨĔĶĶĴȮĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮőħĵĽŃĪƟŀĬįƞŅĬįĸĚŅĬĺŇěńĵ
ĕńŘĬĽŌĚȮĪňŗĴňėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇ 

- įƞŅĬĔĶŃĭĺĬĺŇĝŅħŋļġňĬŇıĬīƢȮ
203897, 203898ȮŐĸŃ 
203899 

- ĔŅĶĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢ 

- ĮĶŃŏĴŇĬőħĵěŜŅĬĺĬŐĸŃėŋĦĳŅı
ĕŀĚĭĪėĺŅĴĺŇĝŅĔŅĶȮĔĸƞŅĺėŊŀ
įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚ
ĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶ
ŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶ
ĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶ
ĶŃħńĭĬŅĬŅĝŅĨŇŒĬģŅĬĕƟŀĴŌĸȮISI, 
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įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟ ĔĸĵŋĪīƢĔŅĶĽŀĬ ĔĸĵŋĪīƢĔŅĶĮĶŃŏĴŇĬ 
Scopus, Web of Science ľĶŊŀ 
PubmedȮħńĚĬňŘ 
ŐĭĭȮ1.1: 2 ŏĶŊŗŀĚȮőħĵŀĵƞŅĚĬƟŀĵȮ1 
ŏĶŊŗŀĚĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔ 
ŐĭĭȮ1.2: 2 ŏĶŊŗŀĚȮőħĵĪńŘĚ 2 ŏĶŊŗŀĚĴň
ĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔ 
ŐĭĭȮ2.1: 1 ŏĶŊŗŀĚ ĪňŗĴňĝŊŗŀĬńĔĻŉĔļŅ
ŏĮƦĬĝŊŗŀŐĶĔ 
ŐĭĭȮ2.2: 2 ŏĶŊŗŀĚȮőħĵŀĵƞŅĚĬƟŀĵȮ1 
ŏĶŊŗŀĚĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔ 
ĪńŘĚĬňŘȮŀŅěŒĝƟĽŇĪīŇĭńĨĶœħƟĶńĭŏĸĕĪňŗěħ
ŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level (TRL/PRL/SRL) 
ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮ
ĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level (TRL/PRL/SRL) 
ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬœĮȮŐĪĬŏĚŊŗŀĬœĕĪňŗ
ŏĮƦĬĭĪėĺŅĴĪŅĚĺŇĝŅĔŅĶȮ 
őħĵĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴ
ĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬ
ĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 
- ĮĶŃŏĴŇĬőħĵėĦŃĔĶĶĴĔŅĶĽŀĭ
ĮĔĮƚŀĚħŋļġňĬŇıĬīƢĪňŗĮĶŃĔŀĭœĮ
ħƟĺĵįŌƟĪĶĚėŋĦĺŋĥŇĳŅĵĬŀĔ
ĴľŅĺŇĪĵŅĸńĵȮ 

PLO 3:  ŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬ
ĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮ
ŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŐĺħĸƟŀĴȮĪńŘĚŒĬ
ĭĶŇĭĪĕŀĚĝŋĴĝĬĪƟŀĚĩŇŗĬȮĶŃħńĭĝŅĨŇȮ
ŐĸŃĶŃħńĭĬŅĬŅĝŅĨŇ 

- ěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅȮ203755 
(ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶ
ěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴň
ŀĵƞŅĚĴŊŀŀŅĝňı) 

 

- ĔŅĶĽŀĭĮĶŃŏĴŇĬőħĵėĦŅěŅĶĵƢ
įŌƟĽŀĬȮ 
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įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟ ĔĸĵŋĪīƢĔŅĶĽŀĬ ĔĸĵŋĪīƢĔŅĶĮĶŃŏĴŇĬ 
PLO 4:  ĮĶŃŏĴŇĬŐĸŃĮĶŃĵŋĔĨƢŒĝƟ
ėĺŅĴĶŌƟŐĸŃĪńĔļŃĪŅĚŏĪėőĬőĸĵň
ĽŅĶĽĬŏĪĻŏıŊŗŀĔŅĶŏĶňĵĬĶŌƟȮŐĸŃĔŅĶ
ĺŇěńĵıńĥĬŅŒĬĶŃħńĭħŋļġňĭńĦĤŇĨœħƟ 

- ěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅȮ203753 
(ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚ
ĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚ
ŏėĴň) ŐĸŃȮ203754 (ĽĩŇĨŇŐĸŃ
őĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭ
ĚŅĬĺŇěńĵĪŅĚŏėĴň) 

- ĔŅĶěńħŒľƟĴňĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅ
ŏėĴňȮĪňŗĬńĔĻŉĔļŅŒĬľĸńĔĽŌĨĶĨƟŀĚ
ŏĕƟŅĶƞĺĴŒĬĪŋĔĳŅėĔŅĶĻŉĔļŅȮ
ŐĸŃĸĚĪŃŏĭňĵĬŏıŊŗŀĶƞĺĴ
ĬŜŅŏĽĬŀįĸĚŅĬĨŅĴĪňŗĔŜŅľĬħœĺƟ
ŒĬľĸńĔĽŌĨĶ 

- ĔŅĶĽŀĭŏĽĬŀőėĶĚĶƞŅĚħŋļġň
ĬŇıĬīƢ 

- ĔŅĶĽŀĭĮĶŃŏĴŇĬőħĵėĦŅěŅĶĵƢ
įŌƟĽŀĬĶŅĵĺŇĝŅĪňŗŏĔňŗĵĺĕƟŀĚ 

- ĔŅĶĽŀĭįƞŅĬĔŅĶĽŀĭŏĽĬŀőėĶĚ
ĶƞŅĚħŋļġňĬŇıĬīƢ 

 

PLO 5:  ĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃ
ėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶ
ĽŊŗŀĽŅĶȮĨŅĴĭĶŇĭĪŐĸŃĽĩŅĬĔŅĶĦƢ
ĨƞŅĚȮŕȮœħƟŀĵƞŅĚŏľĴŅŃĽĴȮŏıŊŗŀĔŅĶ
ĽƞĚŏĽĶŇĴĔŅĶŏĶňĵĬĶŌƟŐĸŃĔŅĶĺŇěńĵŒĬ
ĶŃħńĭħŋļġňĭńĦĤŇĨ 

- ěńħŒľƟĴňĔĶŃĭĺĬĺŇĝŅȮ203756 
(ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃ
ĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬ
ŒĬĮĢŇĭńĨŇĔŅĶŏėĴň) ĞŉŗĚĬńĔĻŉĔļŅ
ěŃœħƟŏĕƟŅĶƞĺĴŏĮƦĬįŌƟĝƞĺĵŒĬ
ĮĢŇĭńĨŇĔŅĶŏėĴňȮĪňŗĬńĔĻŉĔļŅ
ěŃĨƟŀĚĴňĔŅĶŒĝƟĪńŘĚȮhard skills 
ŐĸŃȮsoft skills ŒĬĔŅĶĶƞĺĴħŌŐĸȮ
ŒľƟėŜŅŐĬŃĬŜŅȮŐĸŃĶƞĺĴŐĔƟœĕ
ĮƤĠľŅĪňŗıĭœħƟŒĬĮĢŇĭńĨŇĔŅĶ
ĶŃħńĭĮĶŇĠĠŅĨĶňȮ 

- ĔŅĶěńħŒľƟĴňĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅ
ŏėĴňȮĪňŗĬńĔĻŉĔļŅŒĬľĸńĔĽŌĨĶĨƟŀĚ
ŏĕƟŅĶƞĺĴŒĬĪŋĔĳŅėĔŅĶĻŉĔļŅȮ
ŐĸŃĸĚĪŃŏĭňĵĬŏıŊŗŀĶƞĺĴ
ĬŜŅŏĽĬŀįĸĚŅĬĨŅĴĪňŗĔŜŅľĬħœĺƟ
ŒĬľĸńĔĽŌĨĶ 

- ĮĶŃŏĴŇĬőħĵėĦŅěŅĶĵƢȮŏěƟŅľĬƟŅĪňŗȮ
ŐĸŃȮĬńĔĻŉĔļŅŒĬŐĨƞĸŃĶŅĵĺŇĝŅĪňŗ
ŏĔňŗĵĺĕƟŀĚȮ 
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įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟ ĔĸĵŋĪīƢĔŅĶĽŀĬ ĔĸĵŋĪīƢĔŅĶĮĶŃŏĴŇĬ 
PLO 6:  ŐĽħĚŀŀĔĩŉĚĔŅĶĴň
ěĶĶĵŅĭĶĶĦĺŇĝŅĝňıȮėĺŅĴŏĮƦĬ
ıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺĪŅĚĔŅĶıńĥĬŅ
ŀĵƞŅĚĵńŗĚĵŊĬȮŐĸŃĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨ 

- ěńħŏĶŊŗŀĚěĶĶĵŅĭĶĶĦĺŇĝŅĝňıŒľƟ
ŏĮƦĬľńĺĕƟŀľĬŉŗĚŒĬĔĶŃĭĺĬĺŇĝŅȮ
203753 (ĔŅĶŀƞŅĬŐĸŃĔŅĶ
ŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶ
ĽŊŗŀĽŅĶĪŅĚŏėĴň)Ȯ 

- ĔŅĶŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬĕŀĚ
ľĸńĔĽŌĨĶĪňŗŏĮƕħőŀĔŅĽŒľƟ
ĬńĔĻŉĔļŅœħƟĺŅĚŐįĬĔŅĶŏĶňĵĬ
ŒľƟĽŀħėĸƟŀĚĔńĭėĺŅĴĽĬŒěŐĸŃ
ľńĺĕƟŀĺŇěńĵĕŀĚĨĬŏŀĚȮĞŉŗĚŀŅě
ŏĮƦĬĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅ
œħƟ 

- ĮĶŃŏĴŇĬőħĵėĦŅěŅĶĵƢįŌƟĽŀĬȮ 
- ĔŅĶĨĶĺěĽŀĭĔŅĶĸŀĔŏĸňĵĬŐĭĭȮ
(plagiarism) ĕŀĚĭĪėĺŅĴ
ĺŇĝŅĔŅĶȮŐĸŃħŋļġňĬŇıĬīƢ 

 

1,ȮȮŐįĬĪňŗŐĽħĚĔŅĶĔĶŃěŅĵėĺŅĴĶńĭįŇħĝŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟěŅĔľĸńĔĽŌĨĶȮ&NJM'ȮĽŌƞĔĶŃĭĺĬĺŇĝŅȮ
&Curriculum Mapping) 

įĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟħńĚŐĽħĚŒĬĨŅĶŅĚĴňėĺŅĴľĴŅĵħńĚĬňŘ 
ėŋĦĸńĔļĦŃĭńĦĤŇĨĪňŗıŉĚĮĶŃĽĚėƢȮĮĶŃĔŀĭħƟĺĵ 
PLO 1: ĺŇŏėĶŅŃľƢȮĮĶŃŏĴŇĬȮŐĸŃĭŌĶĦŅĔŅĶŀĚėƢėĺŅĴĶŌƟĕńŘĬĽŌĚĪŅĚŏėĴňȮŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮœħƟŀĵƞŅĚ

ŏľĴŅŃĽĴ 
PLO 2: ĽĶƟŅĚĽĶĶėƢŀĚėƢėĺŅĴĶŌƟȮŐĸŃ/ľĶŊŀȮĬĺńĨĔĶĶĴȮĪŅĚŏėĴňŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚȮőħĵĽŃĪƟŀĬįƞŅĬ

įĸĚŅĬĺŇěńĵĕńŘĬĽŌĚȮĪňŗĴňėŋĦĳŅıŒĬĶŃħńĭĬŅĬŅĝŅĨŇ 
PLO 3: ŐĽħĚĩŉĚėĺŅĴĨĶŃľĬńĔŒĬĽĩŅĬĔŅĶĦƢĮƤěěŋĭńĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŐĺħĸƟŀĴȮ

ĪńŘĚŒĬĭĶŇĭĪĕŀĚĝŋĴĝĬĪƟŀĚĩŇŗĬȮĶŃħńĭĝŅĨŇȮŐĸŃĶŃħńĭĬŅĬŅĝŅĨŇ 
PLO 4:  ĮĶŃŏĴŇĬŐĸŃĮĶŃĵŋĔĨƢŒĝƟėĺŅĴĶŌƟŐĸŃĪńĔļŃĪŅĚŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻŏıŊŗŀĔŅĶŏĶňĵĬĶŌƟȮŐĸŃĔŅĶ

ĺŇěńĵıńĥĬŅŒĬĶŃħńĭħŋļġňĭńĦĤŇĨœħƟ 
PLO 5: ĮĶŃĵŋĔĨƢŒĝƟĪńĔļŃėĺŅĴĽŅĴŅĶĩĪŅĚĽńĚėĴȮŐĸŃĔŅĶĽŊŗŀĽŅĶȮĨŅĴĭĶŇĭĪŐĸŃĽĩŅĬĔŅĶĦƢĨƞŅĚȮŕȮ

œħƟŀĵƞŅĚŏľĴŅŃĽĴȮŏıŊŗŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶŏĶňĵĬĶŌƟŐĸŃĔŅĶĺŇěńĵŒĬĶŃħńĭħŋļġňĭńĦĤŇĨ 
PLO 6: ŐĽħĚŀŀĔĩŉĚĔŅĶĴňěĶĶĵŅĭĶĶĦĺŇĝŅĝňıȮėĺŅĴŏĮƦĬıĸŏĴŊŀĚőĸĔĨŅĴŐĬĺĪŅĚĔŅĶıńĥĬŅŀĵƞŅĚ

ĵńŗĚĵŊĬȮŐĸŃĔŅĶŏĶňĵĬĶŌƟĨĸŀħĝňĺŇĨ 
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3.ȮŐįĬĪňŗŐĽħĚĔŅĶĔĶŃěŅĵėĺŅĴĶńĭįŇħĝŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟĽŌƞĔĶŃĭĺĬĺŇĝŅȮ&Curriculum mapping) Ȯ 
 

ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
ĔĶŃĭĺĬĺŇĝŅĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮŐĸŃĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŒĬĽŅĕŅĺŇĕŅ 
203753 ȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň 

ȮCritical Reading and Writing, and Communication in Chemistry 
 ̧   ̧  ̧  ̧  ̧

203754 ȮĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň  
ȮStatistics and Computer Programs for Chemical Research 

 ̧    ̧  ̧  

203755 ȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 
ȮProfessional Handling and Management of Chemical Hazards 

 ̧   ̧    ̧

203756 ȮĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
ȮHard and Soft Skills for Chemists through Teaching Assistantship in Chemistry Laboratory 

 ̧    ̧  ̧  ̧

0.157/ȮȮ ȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ 
ȮGraduate Seminar in Chemistry 1 

 ̧  ̧  ̧  ̧  ̧  ̧

0.1570ȮȮ ȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0 
ȮGraduate Seminar in Chemistry 2 

 ̧  ̧  ̧  ̧  ̧  ̧

0.187/ȮȮ ȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3 
ȮGraduate Seminar in Chemistry 3 

 ̧  ̧  ̧  ̧  ̧  ̧

0.1870ȮȮ ȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4 
ȮGraduate Seminar in Chemistry 4 

 ̧  ̧  ̧  ̧  ̧  ̧

ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅĺŇĝŅŏĜıŅŃ 
203701 ȮȮȮŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸ 

ȮȮȮCombinatorial Chemistry 
 ̧   ̧  ̧   

203704 ȮȮȮŏėĴňįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇ 
ȮȮȮNatural Products Chemistry 

 ̧   ̧    
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ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203705 ĔŅĶĺŇŏėĶŅŃľƢĽŅĶıķĔļŏėĴň  

Phytochemical Analysis 
 ̧   ̧  ̧  ̧  

203708 ĔŅĶĽńĚŏėĶŅŃľƢĽŅĶŀŇĬĪĶňĵƢĕńŘĬĽŌĚ  
Advanced Organic Synthesis 

 ̧    ̧   

203709 ĽŏĮĔőĪĶĽőĔĮƖĪŅĚŏėĴňŀŇĬĪĶňĵƢĕńŘĬĽŌĚ  
Advanced Organic Spectroscopy 

 ̧    ̧   

203713 ĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚŀĬŇĬĪĶňĵƢ  
Inorganic Reactions and Mechanisms 

 ̧   ̧    

203714 ėĺŅĴĶŀĭĶŌƟĪŅĚŏėĴňŀĬŇĬĪĶňĵƢ  
Comprehensive Inorganic Chemistry   

 ̧   ̧  ̧   

203715 ĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢ  
Spectroscopic Methods in Inorganic Chemistry 

 ̧      

203715 ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĭĨŏĨŀĶňŗ 
Chemistry and Applications of Batteries 

 ̧   ̧    

203716 ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚ 
Chemistry and Applications of Photocatalysis 

 ̧   ̧  ̧   

203719 ŏėĴňĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢ  
Chemistry of Inorganic Materials 

 ̧   ̧    

203721 ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚŏėĴň  
Chemical Thermodynamics 

 ̧   ̧  ̧   

203722 ěĸĬıĸĻŅĽĨĶƢŏėĴň  
Chemical  Kinetics 

 ̧   ̧  ̧   

203723 ŏėĴňœĲĲƚŅ  
Electrochemistry 

 ̧      
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ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203724Ȯ ŏėĴňĬŇĺŏėĸňĵĶƢŐĸŃŏėĴňĔńĴĴńĬĨĶńĚĽň  

Nuclear and Radiochemistry 
 

 ̧   ̧  ̧   

203725 ŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺ  
Colloid and Surface Chemistry 
 

 ̧   ̧  ̧   

203732 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅ  
Electroanalysis 
 

 ̧   ̧  ̧  ̧  

203734 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖ  
Chemical Analysis by Chromatographic Methods 
 

 ̧   ̧  ̧   

203735 ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸ  
Analysis of Foods and Nutraceuticals 

 ̧   ̧  ̧   

203736 ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢȮȮȮ 
Essence in Analytical Chemistry 

 ̧   ̧  ̧  ̧  

0.1515 œĭőŀŏĞĬŏĞŀĶƢȮ 
Biosensors 
 

 ̧      

203739 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚ  
Advanced Chemical Analysis 
 

 ̧   ̧  ̧  ̧  

203741 ıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢ  
Plant BiochemistryȮand Applications 
 

 ̧   ̧  ̧  ̧  

203743 ŏŀĬœĞĴƢĺŇĪĵŅ  
Enzymology 
 

 ̧   ̧    

203745 ŏėĴňĕŀĚőĮĶĨňĬ  
Protein Chemistry 
 

 ̧   ̧  ̧   
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ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203749 ĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴň  

Research Methods in Biochemistry 
 ̧   ̧  ̧  ̧  

203751 ŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢ  
Computational Chemistry 

 ̧   ̧  ̧  ̧  

203752 ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴň  
Electronics of Analytical Instruments for Chemistry 

 ̧   ̧  ̧  ̧  

203775 ĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢ  
Polymer Characterization and Properties 

 ̧   ̧  ̧   

203776 ıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨ 
Polymer Composites 

 ̧   ̧  ̧   

203777 ıŀĸŇŏĴŀĶƢŏĭĸĬħƢ 
PolymerȮBlends 

 ̧     ̧  

203778 ĔŅĶŏĽŊŗŀĴĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟŏĽĩňĵĶ 
Polymer Degradation and Stabilization 

 ̧   ̧    

203803 ĽŏĨŀĶŇőŀŏėĴňŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŀĽĴĴŅĨĶ  
Stereochemistry and Asymmetric Synthesis 

 ̧    ̧   

203804 ŏėĴňĕŀĚĽŅĶĮĶŃĔŀĭĺĚŏŁŏĪŀőĶœĞėĸŇĔ  
Chemistry of Heterocyclic Compounds 

 ̧   ̧    

203805 ŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬ 
Green ChemistryȮand Sustainability 

 ̧   ̧  ̧   

203806 őĸľŃĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢĽńĚŏėĶŅŃľƢ  
Organotransition Metals in Organic Synthesis 

 ̧    ̧   

203807 ŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸȮȮȮ 
Physical Organic Chemistry 

 ̧    ̧   



 

7
4 

ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203814 ŏėĴňőĸľŀŇĬĪĶňĵƢ  

Organometallic Chemistry 
 ̧   ̧    

203813 őėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢ 
Coordination Polymers and Metal Organic Frameworks 

 ̧   ̧  ̧   

203821 ŏėĴňėĺŀĬĨńĴȮȮ 
Quantum Chemistry 

 ̧      

203823 őėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸ 
Molecular Structures and Interactions 

 ̧      

203824 įĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴň 
Chemical Crystallography 

 ̧    ̧   

203825 ĮĶŅĔĢĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢıŀĸŇŏĴŀĶƢ  
Molecular Phenomena in Polymer Science 

 ̧   ̧    

203826 ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇ  
Statistical Thermodynamics 

 ̧      

203827 ĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸ  
Molecular Spectroscopy 

 ̧      

203828 ĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢ  
Polymer Synthesis and Characterisation 

 ̧   ̧    

203829 ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭ  
Polymer Properties and Testing 

 ̧   ̧   ̧  

203831 ŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 
Introductory Chemometrics for Scientific Data Analysis 

 ̧    ̧  ̧  

203833 ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚ  
Advanced Analytical Spectroscopy 

 ̧   ̧  ̧  ̧  
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ĔĶŃĭĺĬĺŇĝŅ PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 
203838 ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚ  

Analytical Techniques for Surface and StructuralȮCharacterization 
 ̧   ̧   ̧  

203841 őĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴň  
Biochemical Aspects of Nutrition 

 ̧   ̧  ̧  ̧  

203842 ĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢ  
Biochemistry of Membranes 

 ̧    ̧  ̧  

203844 ĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔ  
Biochemistry of Nucleic Acids 

 ̧   ̧    

203869 ľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň  
Selected Topics in Chemistry 

 ̧   ̧    

203879 ľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴň  
Selected Topics in Chemistry 

 ̧   ̧    

ħŋļġňĬŇıĬīƢ  
201897ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ħŋļġňĬŇıĬīƢ 

Doctoral Thesis 
 ̧  ̧  ̧  ̧  ̧  ̧

203898 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

 ̧  ̧  ̧  ̧  ̧  ̧

203899 ħŋļġňĬŇıĬīƢ 
Doctoral Thesis 

 ̧  ̧  ̧  ̧  ̧  ̧
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ėŜŅŀīŇĭŅĵįĸĔŅĶŏĶňĵĬĶŌƟĨŅĴĴŅĨĶģŅĬėŋĦĺŋĥŇĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮȮȮ 
1. ėŋĦīĶĶĴȮěĶŇĵīĶĶĴȮȮȮ 

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

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

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

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

5. ĪńĔļŃĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĨńĺŏĸĕȮĔŅĶĽŊŗŀĽŅĶȮŐĸŃĔŅĶŒĝƟŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻ 
&5,1'ȮĴňĪńĔļŃŒĬĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĪňŗěŜŅŏĮƦĬĪňŗĴňŀĵŌƞŒĬĮƤěěŋĭńĬĨƞŀĔŅĶĪŜŅĚŅĬĪňŗŏĔňŗĵĺĔńĭĔŅĶŒĝƟĽŅĶĽĬŏĪĻ 
ȮȮȮȮȮȮȮŐĸŃŏĪėőĬőĸĵňĽŊŗŀĽŅĶŀĵƞŅĚŏľĴŅŃĽĴ 
&5,2'ȮĽŅĴŅĶĩŐĔƟœĕĮƤĠľŅőħĵŒĝƟĽŅĶĽĬŏĪĻĪŅĚėĦŇĨĻŅĽĨĶƢȮľĶŊŀĬŜŅĽĩŇĨŇĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶŐĔƟ 
ȮȮȮȮȮȮȮĮƤĠľŅĪňŗŏĔňŗĵĺĕƟŀĚŀĵƞŅĚĽĶƟŅĚĽĶĶėƢ 
&5,3'ȮĽŅĴŅĶĩĽŊŗŀĽŅĶŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıĪńŘĚĮŅĔŏĮĸƞŅŐĸŃĔŅĶŏĕňĵĬȮŏĸŊŀĔŒĝƟĶŌĮŐĭĭĕŀĚĽŊŗŀĔŅĶĬŜŅ 
ȮȮȮȮȮȮȮŏĽĬŀŀĵƞŅĚŏľĴŅŃĽĴ 



77 
 

7
7 

ĨŅĶŅĚŐĽħĚėĺŅĴŏĝŊŗŀĴőĵĚĶŃľĺƞŅĚįĸĸńıīƢĔŅĶŏĶňĵĬĶŌƟĪňŗėŅħľĺńĚĕŀĚľĸńĔĽŌĨĶȮ&PLO) ĔńĭįĸĔŅĶŏĶňĵĬĶŌƟĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇȮ&TQF) 
 
 

įĸĔŅĶŏĶňĵĬĶŌƟĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇȮ&TQF) PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 

1. ħƟŅĬėŋĦīĶĶĴȮěĶŇĵīĶĶĴ 
(1.1) ĨĶŃľĬńĔŒĬėŋĦėƞŅŐĸŃėŋĦīĶĶĴ ěĶŇĵīĶĶĴ ŏĽňĵĽĸŃ ŐĸŃĞŊŗŀĽńĨĵƢĽŋěĶŇĨ ĴňěĶĶĵŅĭĶĶĦĪŅĚĺŇĝŅĔŅĶŐĸŃ
ĺŇĝŅĝňı 

      ̧

(1.2) ĴňĺŇĬńĵ ĨĶĚĨƞŀŏĺĸŅ ŐĸŃėĺŅĴĶńĭįŇħĝŀĭĨƞŀĨĬŏŀĚŐĸŃĽńĚėĴ ŏėŅĶıĔġĶŃŏĭňĵĭŐĸŃĕƟŀĭńĚėńĭĨƞŅĚ ŕ ĕŀĚ
ŀĚėƢĔĶŐĸŃĽńĚėĴ 

     ̧  ̧

(1.3) ĴňĳŅĺŃėĺŅĴŏĮƦĬįŌƟĬŜŅŐĸŃįŌƟĨŅĴ ĽŅĴŅĶĩĪŜŅĚŅĬŏĮƦĬĪňĴŐĸŃĽŅĴŅĶĩŐĔƟœĕĕƟŀĕńħŐĵƟĚŐĸŃĸŜŅħńĭėĺŅĴĽŜŅėńĠ      ̧  ̧

(1.4) ŏėŅĶıĽŇĪīŇŐĸŃĶńĭĲƤĚėĺŅĴėŇħŏľŖĬĕŀĚįŌƟŀŊŗĬ ĶĺĴĪńŘĚŏėŅĶıŒĬėŋĦėƞŅŐĸŃĻńĔħŇśĻĶňĕŀĚėĺŅĴŏĮƦĬĴĬŋļĵƢ      ̧  ̧

2. ħƟŅĬėĺŅĴĶŌƟ 
(2.1) ĴňėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěŏĔňŗĵĺĔńĭľĸńĔĔŅĶŐĸŃĪķļġňĪňŗĽŜŅėńĠŒĬŏĬŊŘŀľŅĪňŗĻŉĔļŅ  ̧  ̧     

(2.2) ĽŅĴŅĶĩĺŇŏėĶŅŃľƢĮƤĠľŅ ĶĺĴĪńŘĚĮĶŃĵŋĔĨƢėĺŅĴĶŌƟĪńĔļŃ ŐĸŃĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĪňŗŏľĴŅŃĽĴĔńĭĔŅĶŐĔƟœĕĮƤĠľŅ  ̧  ̧   ̧   

(2.3) ĽŅĴŅĶĩĨŇħĨŅĴėĺŅĴĔƟŅĺľĬƟŅĪŅĚĺŇĝŅĔŅĶ ŐĸŃĴňėĺŅĴĶŌƟŒĬŐĬĺĔĺƟŅĚĕŀĚĽŅĕŅĺŇĝŅĪňŗĻŉĔļŅŏıŊŗŀŒľƟŏĸŖĚŏľŖĬ
ĔŅĶŏĮĸňŗĵĬŐĮĸĚ ŐĸŃŏĕƟŅŒěįĸĔĶŃĪĭĕŀĚŏĪėőĬőĸĵňŒľĴƞŕ 

 ̧  ̧   ̧   

(2.4) ĽŅĴŅĶĩĭŌĶĦŅĔŅĶėĺŅĴĶŌƟŒĬĽŅĕŅĺŇĝŅĪňŗĻŉĔļŅĔńĭėĺŅĴĶŌƟŒĬĻŅĽĨĶƢŀŊŗĬŕ ĪňŗŏĔňŗĵĺĕƟŀĚ  ̧  ̧     

1. ħƟŅĬĪńĔļŃĪŅĚĮƤĠĠŅ 
(3.1) ėŇħŀĵƞŅĚĴňĺŇěŅĶĦĠŅĦŐĸŃŀĵƞŅĚŏĮƦĬĶŃĭĭ   ̧     

(3.2) ĽŅĴŅĶĩĽŊĭėƟĬ ĶĺĭĶĺĴ ĻŉĔļŅ ĺŇŏėĶŅŃľƢ ŐĸŃĽĶŋĮĮĶŃŏħŖĬĮƤĠľŅ ŏıŊŗŀŒĝƟŒĬĔŅĶŐĔƟœĕĮƤĠľŅŀĵƞŅĚ
ĽĶƟŅĚĽĶĶėƢ 

  ̧   ̧   

(3.3) ĽŅĴŅĶĩĮĶŃĵŋĔĨƢėĺŅĴĶŌƟŐĸŃĪńĔļŃĔńĭĔŅĶŐĔƟœĕĮƤĠľŅœħƟŀĵƞŅĚŏľĴŅŃĽĴ   ̧     
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įĸĔŅĶŏĶňĵĬĶŌƟĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇȮ&TQF) PLO 1 PLO 2 PLO 3 PLO 4 PLO 5 PLO 6 

2. ħƟŅĬĪńĔļŃėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĭŋėėĸŐĸŃėĺŅĴĶńĭįŇħĝŀĭ 
(4.1) ĴňĴĬŋļĵĽńĴıńĬīƢĪňŗħňȮĽŅĴŅĶĩĽŊŗŀĽŅĶĔńĭĔĸŋƞĴėĬľĸŅĔľĸŅĵĪńŘĚĳŅļŅœĪĵŐĸŃĳŅļŅŀńĚĔķļœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅı 

     ̧  

(4.2) ĽŅĴŅĶĩŒĝƟėĺŅĴĶŌƟŒĬĻŅĽĨĶƢĴŅĝňŘĬŜŅĽńĚėĴŒĬĮĶŃŏħŖĬĪňŗŏľĴŅŃĽĴ ŐĸŃŏĮƦĬįŌƟĶŇŏĶŇŗĴŐĽħĚĮĶŃŏħŖĬŒĬĔŅĶŐĔƟœĕ
ĽĩŅĬĔŅĶĦƢĪńŘĚĽƞĺĬĨńĺŐĸŃĽƞĺĬĶĺĴ ıĶƟŀĴĪńŘĚŐĽħĚěŋħĵŊĬŀĵƞŅĚıŀŏľĴŅŃĪńŘĚĕŀĚĨĬŏŀĚŐĸŃĕŀĚĔĸŋƞĴ 

   ̧    ̧

(4.3) ĴňėĺŅĴĶńĭįŇħĝŀĭĔŅĶıńĥĬŅĔŅĶŏĶňĵĬĶŌƟĪńŘĚĕŀĚĨĬŏŀĚŐĸŃĪŅĚĺŇĝŅĝňıŀĵƞŅĚĨƞŀŏĬŊŗŀĚ    ̧   ̧  ̧

3. ħƟŅĬĪńĔļŃŒĬĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĨńĺŏĸĕȮĔŅĶĽŊŗŀĽŅĶȮŐĸŃĔŅĶŒĝƟŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻ 
(5.1) ĴňĪńĔļŃŒĬĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĪňŗěŜŅŏĮƦĬĪňŗĴňŀĵŌƞŒĬĮƤěěŋĭńĬĨƞŀĔŅĶĪŜŅĚŅĬĪňŗŏĔňŗĵĺĔńĭĔŅĶŒĝƟĽŅĶĽĬŏĪĻŐĸŃ
ŏĪėőĬőĸĵňĽŊŗŀĽŅĶŀĵƞŅĚŏľĴŅŃĽĴ 

  ̧   ̧   

(5.2) ĽŅĴŅĶĩŐĔƟœĕĮƤĠľŅőħĵŒĝƟĽŅĶĽĬŏĪĻĪŅĚėĦŇĨĻŅĽĨĶƢȮľĶŊŀĬŜŅĽĩŇĨŇĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶŐĔƟĮƤĠľŅĪňŗ
ŏĔňŗĵĺĕƟŀĚŀĵƞŅĚĽĶƟŅĚĽĶĶėƢ 

  ̧   ̧   

(5.3) ĽŅĴŅĶĩĽŊŗŀĽŅĶŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıĪńŘĚĮŅĔŏĮĸƞŅŐĸŃĔŅĶŏĕňĵĬ ŏĸŊŀĔŒĝƟĶŌĮŐĭĭĕŀĚĽŊŗŀĔŅĶĬŜŅŏĽĬŀŀĵƞŅĚ
ŏľĴŅŃĽĴ 

     ̧  
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ľĴĺħĪňŗȮ3,ȮľĸńĔŏĔĦĤƢŒĬĔŅĶĮĶŃŏĴŇĬįĸĬńĔĻŉĔļŅ 

/,ȮĔġĶŃŏĭňĵĭľĶŊŀľĸńĔŏĔĦĤƢȮŒĬĔŅĶŒľƟĶŃħńĭėŃŐĬĬȮ 

 ŒĝƟĶŃĭĭŀńĔļĶĸŜŅħńĭĕńŘĬŐĸŃėƞŅĸŜŅħńĭĕńŘĬŒĬĔŅĶĺńħŐĸŃĮĶŃŏĴŇĬįĸĔŅĶĻŉĔļŅŒĬŐĨƞĸŃĔĶŃĭĺĬĺŇĝŅ őħĵŐĭƞĚ
ĔŅĶĔŜŅľĬħŀńĔļĶĸŜŅħńĭĕńŘĬŏĮƦĬȮ1ȮĔĸŋƞĴȮȮėŊŀȮŀńĔļĶĸŜŅħńĭĕńŘĬĪňŗĴňėƞŅĸŜŅħńĭĕńŘĬȮȮŀńĔļĶĸŜŅħńĭĕńŘĬĪňŗœĴƞĴňėƞŅĸŜŅħńĭĕńŘĬȮȮ
ŐĸŃŀńĔļĶĸŜŅħńĭĕńŘĬĪňŗĵńĚœĴƞĴňĔŅĶĮĶŃŏĴŇĬįĸȮ  
  1.1 ŀńĔļĶĸŜŅħńĭĕńŘĬȮŒľƟĔŜŅľĬħȮħńĚĬňŘ 
   ŀńĔļĶĸŜŅħńĭĕńŘĬ    Ȯ  ȮėĺŅĴľĴŅĵ                       ėƞŅĸŜŅħńĭĕńŘĬ 
    A ħňŏĵňŗĵĴȮ        (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    Ȯ  ȮėĺŅĴľĴŅĵ                       
   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 Ȯ           
  ĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕĕŀĚľĸńĔĽŌĨĶȮŐĸŃĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŒĬĽŅĕŅĺŇĝŅȮĬńĔĻŉĔļŅ
ěŃĨƟŀĚœħƟėƞŅĸŜŅħńĭĕńŘĬœĴƞĨŗŜŅĔĺƞŅȮC ľĶŊŀȮS ĴŇĜŃĬńŘĬěŃĨƟŀĚĸĚĪŃŏĭňĵĬŏĶňĵĬĞŘŜŅŀňĔ 
  ĔĶŃĭĺĬĺŇĝŅĪňŗĔŜŅľĬħŒľƟĺńħŐĸŃĮĶŃŏĴŇĬįĸħƟĺĵŀńĔļĶĸŜŅħńĭĕńŘĬȮS ľĶŊŀȮU œħƟŐĔƞȮĔĶŃĭĺĬĺŇĝŅȮ
0.1531*Ȯ0.1532*Ȯ0.1533, 203756,Ȯ203791, 203792, 203891, 203892,Ȯ0.1675, 203898 ŐĸŃ 203899 



80 
 

0,ȮĔĶŃĭĺĬĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĽńĴķĪīŇśĕŀĚĬńĔĻŉĔļŅȮ 

2.1 ĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟĕĦŃĬńĔĻŉĔļŅĵńĚœĴƞĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 
2.1.1 ĔŅĶĪĺĬĽŀĭŒĬĶŃħńĭĔĶŃĭĺĬĺŇĝŅ ĔŅĶŒľƟĬńĔĻŉĔļŅĮĶŃŏĴŇĬĔŅĶŏĶňĵĬĔŅĶĽŀĬŒĬĶŃħńĭ
ĶŅĵĺŇĝŅŐĸŃıŇěŅĶĦŅįĸĔŅĶĮĶŃŏĴŇĬŏıŊŗŀŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚĔŅĶŏĶňĵĬĔŅĶĽŀĬĨƞŀœĮ 
ĔŅĶĮĶŃŏĴŇĬįĸĕŀĚŐĨƞĸŃĶŅĵĺŇĝŅĨƟŀĚįƞŅĬĪňŗĮĶŃĝŋĴĕŀĚĳŅėĺŇĝŅľĶŊŀėĦŃĔĶĶĴĔŅĶĪňŗ
ĳŅėĺŇĝŅŐĨƞĚĨńŘĚĔƞŀĬĮĶŃĔŅĻįĸĽŀĭ ĔŅĶĽŀĭĮĶŃŏĴŇĬőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŏıŊŗŀ
ĮĶŃŏĴŇĬėĺŅĴĶŌƟȮėĺŅĴıĶƟŀĴȮŒĬĔŅĶĻŉĔļŅĺŇěńĵȮŐĸŃėĺŅĴŏĮƦĬœĮœħƟĕŀĚĕƟŀŏĽĬŀőėĶĚ
ĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮőħĵěńħŒľƟĴňėĦŃĔĶĶĴĔŅĶĽŀĭŏĮƦĬœĮĨŅĴĕƟŀĭńĚėńĭ
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞĺƞŅħƟĺĵĔŅĶĻŉĔļŅĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮ 

2.1.2 ĔŅĶĪĺĬĽŀĭŒĬĶŃħńĭľĸńĔĽŌĨĶȮĴňėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶȮĨŇħĨŅĴėĺĭėŋĴ
ėŋĦĳŅıĕŀĚľĸńĔĽŌĨĶȮĶĺĴĪńŘĚĴňĶŃĭĭĮĶŃĔńĬėŋĦĳŅıĳŅĵŒĬĽĩŅĭńĬĔŅĶĻŉĔļŅ
ħŜŅŏĬŇĬĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟĕŀĚĭńĦĤŇĨ ĪńŘĚĬňŘȮįƞŅĬĔŅĶĮĶŃŏĴŇĬőħĵŒĝƟ
ŐĭĭĽŀĭĩŅĴįŌƟĴňĽƞĺĬœħƟĽƞĺĬŏĽňĵĕŀĚľĸńĔĽŌĨĶłȮŀŅĪŇȮįŌƟŒĝƟĭńĦĤŇĨȮŐĸŃĭńĦĤŇĨ 

0,0ȮĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟľĸńĚěŅĔĬńĔĻŉĔļŅĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 
 ĔŅĶĪĺĬĽŀĭĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟĕŀĚĬńĔĻŉĔļŅľĸńĚĽŜŅŏĶŖěĔŅĶĻŉĔļŅőħĵĔŅĶŀŀĔŐĭĭĽŀĭĩŅĴȮŏıŊŗŀ
ĬŜŅĴŅŒĝƟĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĸŃľĸńĔĽŌĨĶȮĔŜŅľĬħœĺƟȮħńĚĬňŘ 

¶ įĸĚŅĬĕŀĚĭńĦĤŇĨȮŏĝƞĬȮěŜŅĬĺĬŐĸŃėŋĦĳŅıĭĪėĺŅĴĺŇĝŅĔŅĶĪňŗĨňıŇĴıƢȮĔŅĶŏįĵŐıĶƞįĸĚŅĬĺŇěńĵȮ
ŀĬŋĽŇĪīŇĭńĨĶȮĽŇĪīŇĭńĨĶȮĶŅĚĺńĸȮŐĸŃįĸĚŅĬŀŊŗĬȮŕ 

¶ ĳŅĺŃĔŅĶœħƟĚŅĬĪŜŅĕŀĚĭńĦĤŇĨőħĵĮĶŃŏĴŇĬěŅĔĭńĦĤŇĨĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅŐĨƞĸŃĶŋƞĬȮŒĬħƟŅĬ
ĨƞŅĚŕȮŏĝƞĬȮėĺŅĴŏľŖĬĨƞŀėĺŅĴĶŌƟȮŐĸŃĔŅĶĪŜŅĚŅĬĨĶĚĽŅĕŅ 

¶ ĮĶŃŏĴŇĬěŅĔįŌƟŒĝƟĭńĦĤŇĨȮŏĝƞĬȮĮĶŃŏĴŇĬěŅĔėĺŅĴıŉĚıŀŒěĕŀĚįŌƟŒĝƟĭńĦĤŇĨȮėĺŅĴėŅħľĺńĚ
ėŋĦĳŅıĕŀĚĭńĦĤŇĨ 

 

1,ȮŏĔĦĤƢĔŅĶĽŜŅŏĶŖěĔŅĶĻŉĔļŅĨŅĴľĸńĔĽŌĨĶȮ 

ľĸńĔĽŌĨĶŐĭĭȮ1 
1. ĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ  
2. ĽŀĭįƞŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ 
3. ĮĢŇĭńĨŇėĶĭĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅ 
4. ĽŀĭįƞŅĬĔŅĶĽŀĭĮĶŃŏĴŇĬįĸħŋļġňĬŇıĬīƢȮŐĸŃŏĮƕħőŀĔŅĽŒľƟįŌƟĽĬŒěŏĕƟŅĶƞĺĴĲƤĚĔŅĶĬŜŅŏĽĬŀįĸ
ĔŅĶĪŜŅħŋļġňĬŇıĬīƢȮŐĸŃ/ľĶŊŀȮĞńĔĩŅĴœħƟȮ 

5. ĔŅĶŏįĵŐıĶƞĮĶŇĠĠŅĬŇıĬīƢ 
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ľĸńĔĽŌĨĶŐĭĭȮ1.1  

¶  įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚ
ĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ0ȮŏĶŊŗŀĚȮŒĬ
ģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of Science ľĶŊŀȮPubmed őħĵŀĵƞŅĚĬƟŀĵȮ/Ȯ
ŏĶŊŗŀĚĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶ
ĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴň
ĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞ
ĶŃħńĭȮ5ȮĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬ
ĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

¶ ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸ ŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚ 

ľĸńĔĽŌĨĶŐĭĭȮ1.2  

¶  įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚ
ĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2 ŏĶŊŗŀĚȮŒĬ
ģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of Science ľĶŊŀ Pubmed őħĵĪňŗĪńŘĚȮ2 ŏĶŊŗŀĚĴňĝŊŗŀ
ĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗ
œħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬœĮȮ
ĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

¶ ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚ 

6.  ŏĮƦĬįŌƟĴňėŋĦĽĴĭńĨŇėĶĭĩƟĺĬĨŅĴĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮĺƞŅħƟĺĵĔŅĶıŇěŅĦŅŏĔňĵĶĨŇ ŐĸŃ
ĻńĔħŇśĕŀĚĬńĔĻŉĔļŅĪňŗěŃœħƟĶńĭĔŅĶŏĽĬŀĝŊŗŀŒľƟœħƟĶńĭĮĶŇĠĠŅȮľĶŊŀĮĶŃĔŅĻĬňĵĭńĨĶĭńĦĤŇĨȮľĶŊŀ
ĮĶŃĔŅĻĬňĵĭńĨĶĭńĦĤŇĨĝńŘĬĽŌĚĕŀĚĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮı,Ļ,033. ŐĸŃŏıŇŗĴŏĨŇĴĨŅĴĶŃŏĭňĵĭ
ĕƟŀĭńĚėńĭĕŀĚĪŋĬĔŅĶĻŉĔļŅľĶŊŀĪŋĬĽĬńĭĽĬŋĬĔŅĶĺŇěńĵĪňŗĬńĔĻŉĔļŅœħƟĶńĭ 

ȮȮȮȮľĸńĔĽŌĨĶŐĭĭȮ0  
1. ĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ  
2. ĽŀĭįƞŅĬĳŅļŅĨƞŅĚĮĶŃŏĪĻĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ 
3. ĻŉĔļŅĔĶŃĭĺĬĺŇĝŅȮŐĸŃĮĢŇĭńĨŇėĶĭĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅ 
4. ĴňįĸĔŅĶĻŉĔļŅœħƟėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴŏĜĸňŗĵĪńŘĚľĴħœĴƞĬƟŀĵĔĺƞŅȮȮ3.00  ŐĸŃėƞŅĸŜŅħńĭĕńŘĬĽŃĽĴ
ŏĜĸňŗĵŒĬĽŅĕŅĺŇĝŅŏĜıŅŃœĴƞĬƟŀĵĔĺƞŅȮ3.00 
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5. ĽŀĭįƞŅĬĔŅĶĽŀĭĮĶŃŏĴŇĬįĸħŋļġňĬŇıĬīƢȮŐĸŃŏĮƕħőŀĔŅĽŒľƟįŌƟĽĬŒěŏĕƟŅĶƞĺĴĲƤĚĔŅĶĬŜŅŏĽĬŀįĸ
ĔŅĶĪŜŅħŋļġňĬŇıĬīƢȮŐĸŃ/ľĶŊŀȮĞńĔĩŅĴœħƟ 

6. ĔŅĶŏįĵŐıĶƞħŋļġňĬŇıĬīƢ 
ľĸńĔĽŌĨĶŐĭĭȮ2.1  

¶ įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵ
œħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚȮŒĬ
ģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of Science ľĶŊŀȮPubmed őħĵĴňĝŊŗŀĬńĔĻŉĔļŅ
ŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗ
œħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬ
œĮȮ 

¶ ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚ 

ľĸńĔĽŌĨĶŐĭĭȮ2.2  
¶ įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵ
œħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ0ȮŏĶŊŗŀĚȮŒĬ
ģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of Science ľĶŊŀȮPubmed őħĵŀĵƞŅĚĬƟŀĵȮ/Ȯ
ŏĶŊŗŀĚĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶ
ĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴň
ĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞ
ĶŃħńĭȮ5ȮĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬ
ĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

¶ ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚȮ 

7. ŏĮƦĬįŌƟĴňėŋĦĽĴĭńĨŇėĶĭĩƟĺĬĨŅĴĕƟŀĭńĚėńĭĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮĺƞŅħƟĺĵĔŅĶıŇěŅĶĦŅŏĔňĵĶĨŇ
ŐĸŃĻńĔħŇśĕŀĚĬńĔĻŉĔļŅĪňŗěŃœħƟĶńĭĔŅĶŏĽĬŀĝŊŗŀŒľƟœħƟĶńĭĮĶŇĠĠŅȮľĶŊŀĮĶŃĔŅĻĬňĵĭńĨĶĭńĦĤŇĨȮ
ľĶŊŀĮĶŃĔŅĻĬňĵĭńĨĶĭńĦĤŇĨĝńŘĬĽŌĚĕŀĚĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮı,Ļ,033. ŐĸŃŏıŇŗĴŏĨŇĴĨŅĴ
ĶŃŏĭňĵĭĕƟŀĭńĚėńĭĕŀĚĪŋĬĔŅĶĻŉĔļŅľĶŊŀĪŋĬĽĬńĭĽĬŋĬĔŅĶĺŇěńĵĪňŗĬńĔĻŉĔļŅœħƟĶńĭ  
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ľĴĺħĪňŗȮ4,ȮĔŅĶıńĥĬŅėĦŅěŅĶĵƢ 

 

/,ȮĔŅĶŏĨĶňĵĴĔŅĶĽŜŅľĶńĭŀŅěŅĶĵƢŒľĴƞȮȮȮ 

(1) ĴňĔŅĶĮģĴĬŇŏĪĻŐĬŃŐĬĺľĸńĔĽŌĨĶȮĮĶŃĔŅĻȮŐĸŃĕƟŀĭńĚėńĭĨƞŅĚȮŕȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭľĸńĔĽŌĨĶŐĔƞŀŅěŅĶĵƢ
ŒľĴƞȮŏıŊŗŀŒľƟĴňėĺŅĴĶŌƟŐĸŃŏĕƟŅŒěľĸńĔĽŌĨĶĪňŗĽŀĬȮĨĸŀħěĬĬőĵĭŅĵĕŀĚėĦŃȮŐĸŃĽĩŅĭńĬȮ 

(2) ěńħĔŅĶŀĭĶĴĔŅĶŏĶňĵĬĶŌƟŐĸŃĔŅĶěńħĔŅĶĻŉĔļŅŒĬĻĨĺĶĶļĪňŗȮ21 ŏıŊŗŀŒľƟŀŅěŅĶĵƢœħƟĨĶŃľĬńĔĩŉĚĔŅĶ
ıńĥĬŅĔŅĶŏĶňĵĬĶŌƟĕŀĚĬńĔĻŉĔļŅŒľƟĽŀħėĸƟŀĚĔńĭıĸĺńĨŇĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĳŅĺŃėĺŅĴŏĮƦĬěĶŇĚ 

(3) ĴňĔŅĶŐĨƞĚĨńŘĚŀŅěŅĶĵƢıňŗŏĸňŘĵĚŏĮƦĬįŌƟŒľƟėŜŅŐĬŃĬŜŅŐĔƞŀŅěŅĶĵƢŒľĴƞŒĬĝƞĺĚĮƖŐĶĔĕŀĚĔŅĶĪŜŅĚŅĬĪńŘĚħƟŅĬĔŅĶ
ĽŀĬȮĺŇěńĵȮŐĸŃĳŅĶŃĚŅĬŀŊŗĬȮŕ 

(4) ĽĬńĭĽĬŋĬŒľƟŀŅěŅĶĵƢŒľĴƞıńĥĬŅĚŅĬĺŇěńĵȮőħĵĽƞĚŏĽĶŇĴĔŅĶĪŜŅĕƟŀŏĽĬŀőėĶĚĔŅĶĺŇěńĵĽŜŅľĶńĭŀŅěŅĶĵƢŒľĴƞ
ŏıŊŗŀĕŀĶńĭĪŋĬĽĬńĭĽĬŋĬĬńĔĺŇěńĵĶŋƞĬŒľĴƞȮěŅĔŐľĸƞĚĪŋĬĨƞŅĚȮŕ 

(5) ĽƞĚŏĽĶŇĴŀŅěŅĶĵƢŒľƟĴňĔŅĶŏıŇŗĴıŌĬėĺŅĴĶŌƟȮĽĶƟŅĚŏĽĶŇĴĮĶŃĽĭĔŅĶĦƢŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶĽŀĬŐĸŃĔŅĶĺŇěńĵŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚȮĔŅĶĽĬńĭĽĬŋĬħƟŅĬĔŅĶĻŉĔļŅĨƞŀȮİƗĔŀĭĶĴȮħŌĚŅĬĪŅĚĺŇĝŅĔŅĶŐĸŃĺŇĝŅĝňıŒĬŀĚėƢĔĶĨƞŅĚȮŕȮĔŅĶ
ĮĶŃĝŋĴĪŅĚĺŇĝŅĔŅĶĪńŘĚŒĬĮĶŃŏĪĻŐĸŃ-ľĶŊŀĨƞŅĚĮĶŃŏĪĻȮľĶŊŀĔŅĶĸŅŏıŊŗŀŏıŇŗĴıŌĬĮĶŃĽĭĔŅĶĦƢ 

 

0,ȮĔŅĶıńĥĬŅėĺŅĴĶŌƟŐĸŃĪńĔļŃŒľƟŐĔƞėĦŅěŅĶĵƢȮ 

     2.1 ĔŅĶıńĥĬŅĪńĔļŃĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬȮĔŅĶĺńħŐĸŃĔŅĶĮĶŃŏĴŇĬįĸȮȮ 
R ĽƞĚŏĽĶŇĴŀŅěŅĶĵƢŒľƟĴňĔŅĶŏıŇŗĴıŌĬėĺŅĴĶŌƟȮĽĶƟŅĚŏĽĶŇĴĮĶŃĽĭĔŅĶĦƢŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶĽŀĬŐĸŃĔŅĶĺŇěńĵ
ŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĔŅĶĽĬńĭĽĬŋĬħƟŅĬĔŅĶĻŉĔļŅĨƞŀȮİƗĔŀĭĶĴȮħŌĚŅĬĪŅĚĺŇĝŅĔŅĶŐĸŃĺŇĝŅĝňıŒĬȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŀĚėƢĔĶĨƞŅĚŕȮĔŅĶĮĶŃĝŋĴĪŅĚĺŇĝŅĔŅĶĪńŘĚŒĬĮĶŃŏĪĻŐĸŃ-ľĶŊŀĨƞŅĚĮĶŃŏĪĻȮľĶŊŀĔŅĶĸŅŏıŊŗŀŏıŇŗĴıŌĬ
ĮĶŃĽĭĔŅĶĦƢ 

R ĔŅĶŏıŇŗĴıŌĬĪńĔļŃĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĸŃĔŅĶĮĶŃŏĴŇĬįĸŒľƟĪńĬĽĴńĵ 
0,0ȮĔŅĶıńĥĬŅĺŇĝŅĔŅĶŐĸŃĺŇĝŅĝňıħƟŅĬŀŊŗĬŕȮ 
R ĔŅĶĴňĽƞĺĬĶƞĺĴŒĬĔŇěĔĶĶĴĭĶŇĔŅĶĺŇĝŅĔŅĶŐĔƞĝŋĴĝĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅėĺŅĴĶŌƟŐĸŃėŋĦīĶĶĴ 
R ĴňĔŅĶĔĶŃĨŋƟĬŀŅěŅĶĵƢĪŜŅįĸĚŅĬĪŅĚĺŇĝŅĔŅĶĽŅĵĨĶĚŒĬĽŅĕŅĺŇĝŅ 
R ĽƞĚŏĽĶŇĴĔŅĶĪŜŅĺŇěńĵĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟŒľĴƞŏĮƦĬľĸńĔŐĸŃŏıŊŗŀıńĥĬŅĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĸŃĴňėĺŅĴ
ŏĝňŗĵĺĝŅĠŒĬĽŅĕŅĺŇĝŅĝňı 
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ľĴĺħĪňŗȮ5,ȮĔŅĶĮĶŃĔńĬėŋĦĳŅıľĸńĔĽŌĨĶ 

 

/,ȮȮĔŅĶĔŜŅĔńĭĴŅĨĶģŅĬȮ 

ĔŅĶĭĶŇľŅĶěńħĔŅĶľĸńĔĽŌĨĶŏĮƦĬœĮĨŅĴŏĔĦĤƢĴŅĨĶģŅĬľĸńĔĽŌĨĶĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮŐĸŃĔĶŀĭĴŅĨĶģŅĬ
ėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇ-ĴŅĨĶģŅĬėŋĦĺŋĥŇĽŅĕŅĺŇĝŅȮĨĸŀħĶŃĵŃŏĺĸŅĪňŗĴňĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬ
ŒĬľĸńĔĽŌĨĶ 

¶ ŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶ   
ěŜŅĬĺĬŀĵƞŅĚĬƟŀĵȮ1ȮėĬȮĴňėŋĦĺŋĥŇĮĶŇĠĠŅŏŀĔľĶŊŀŏĪňĵĭŏĪƞŅȮľĶŊŀĕńŘĬĨŗŜŅĮĶŇĠĠŅőĪľĶŊŀŏĪňĵĭŏĪƞŅĪňŗĴň
ĨŜŅŐľĬƞĚĻŅĽĨĶŅěŅĶĵƢȮŐĸŃĴňįĸĚŅĬĪŅĚĺŇĝŅĔŅĶĪňŗœĴƞŒĝƞĽƞĺĬľĬŉŗĚĕŀĚĔŅĶĻŉĔļŅŏıŊŗŀĶńĭĮĶŇĠĠŅȮŐĸŃ
ŏĮƦĬįĸĚŅĬĪňŗœħƟĶńĭĔŅĶŏįĵŐıĶƞĨŅĴľĸńĔŏĔĦĤƢĪňŗĔŜŅľĬħŒĬĔŅĶıŇěŅĶĦŅŐĨƞĚĨńŘĚŒľƟĭŋėėĸħŜŅĶĚĨŜŅŐľĬƞĚ
ĪŅĚĺŇĝŅĔŅĶ ŀĵƞŅĚĬƟŀĵȮ1ȮĶŅĵĔŅĶŒĬĶŀĭȮ3ȮĮƖĵƟŀĬľĸńĚȮőħĵŀĵƞŅĚĬƟŀĵȮ/ȮĶŅĵĔŅĶĨƟŀĚŏĮƦĬįĸĚŅĬĺŇěńĵ 

¶ ŀŅěŅĶĵƢĮĶŃěŜŅľĸńĔĽŌĨĶ  
ĴňėŋĦĺŋĥŇĮĶŇĠĠŅŏŀĔľĶŊŀŏĪňĵĭŏĪƞŅȮľĶŊŀĕńŘĬĨŗŜŅĮĶŇĠĠŅőĪľĶŊŀŏĪňĵĭŏĪƞŅĪňŗĴňĨŜŅŐľĬƞĚĶŀĚĻŅĽĨĶŅěŅĶĵƢ
ŐĸŃĴňįĸĚŅĬĪŅĚĺŇĝŅĔŅĶĪňŗœĴƞŒĝƞĽƞĺĬľĬŉŗĚĕŀĚĔŅĶĻŉĔļŅŏıŊŗŀĶńĭĮĶŇĠĠŅȮŐĸŃŏĮƦĬįĸĚŅĬĪŅĚĺŇĝŅĔŅĶĪňŗ
œħƟĶńĭĔŅĶŏįĵŐıĶƞĨŅĴľĸńĔŏĔĦĤƢĪňŗĔŜŅľĬħŒĬĔŅĶıŇěŅĶĦŅŐĨƞĚĨńŘĚŒľƟĭŋėėĸħŜŅĶĚĨŜŅŐľĬƞĚĪŅĚĺŇĝŅĔŅĶ 
ŀĵƞŅĚĬƟŀĵȮ1ȮĶŅĵĔŅĶŒĬĶŀĭȮ3ȮĮƖĵƟŀĬľĸńĚ őħĵŀĵƞŅĚĬƟŀĵȮ/ȮĶŅĵĔŅĶĨƟŀĚŏĮƦĬįĸĚŅĬĺŇěńĵ 

¶ ĴňĔŅĶĮĶńĭĮĶŋĚľĸńĔĽŌĨĶŀĵƞŅĚĬƟŀĵĪŋĔȮ3Ȯ ĥŇȮįŌƟŒĝƟĭńĦĤŇĨȮŐĸŃįŌƟĴňĮƖȮőħĵĬŜŅėĺŅĴėŇħŏľŖĬĕŀĚįŌƟĪĶĚėŋĦĺŋ
ĽƞĺĬœħƟĽƞĺĬŏĽňĵȮŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚŏĻĶļģĔŇěȮĽńĚėĴȮŐĸŃėĺŅĴĔƟŅĺľĬƟŅĪŅĚĺŇĝŅĔŅĶȮĴŅ
ĮĶŃĔŀĭĔŅĶıŇěŅĶĦŅ 
 

0,ȮȮĭńĦĤŇĨ 

¶ ĴňĔŅĶĮĶŃŏĴŇĬėŋĦĳŅıĭńĦĤŇĨĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇĶŃħńĭŀŋħĴĻŉĔļŅŐľƞĚĝŅĨŇȮŒĬĴŋĴĴŀĚĕŀĚįŌƟŒĝƟ
ĭńĦĤŇĨȮőħĵıŇěŅĶĦŅěŅĔėŋĦĸńĔļĦŃĪňŗıŉĚĮĶŃĽĚėƢĨŅĴĪňŗľĸńĔĽŌĨĶĔŜŅľĬħȮĞŉŗĚėĶŀĭėĸŋĴįĸĔŅĶŏĶňĵĬĶŌƟ
ŀĵƞŅĚĬƟŀĵȮ3ȮħƟŅĬĨŅĴĔĶŀĭĴŅĨĶģŅĬĔŅĶĻŉĔļŅĶŃħńĭŀŋħĴĻŉĔļŅȮėŊŀȮ 
/'ȮħƟŅĬėŋĦīĶĶĴȮěĶŇĵīĶĶĴȮ 
0'ȮħƟŅĬėĺŅĴĶŌƟȮ 
1'ȮħƟŅĬĪńĔļŃĪŅĚĮƤĠĠŅȮ 
2'ȮħƟŅĬĪńĔļŃėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĭŋėėĸŐĸŃėĺŅĴĶńĭįŇħĝŀĭ 
3'ȮħƟŅĬĪńĔļŃĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĨńĺŏĸĕȮĔŅĶĽŊŗŀĽŅĶȮŐĸŃĔŅĶŒĝƟŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻ 
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¶ ĔŅĶŏįĵŐıĶƞįĸĚŅĬħŋļġňĬŇıĬīƢŐĸŃŏĔĦĤƢĔŅĶĽŜŅŏĶŖěĔŅĶĻŉĔļŅȮ 
 ľĸńĔĽŌĨĶŐĭĭȮ1.1  

¶ įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚ
ĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2 ŏĶŊŗŀĚ ŒĬ
ģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of Science ľĶŊŀ PubmedȮőħĵŀĵƞŅĚĬƟŀĵȮ1 
ŏĶŊŗŀĚĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔ ľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶ
ĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴň
ĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞ
ĶŃħńĭȮ5ȮĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬ
ĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

¶ ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚ 

ľĸńĔĽŌĨĶŐĭĭȮ1.2  

¶ įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵ
œħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ0ȮŏĶŊŗŀĚȮŒĬ
ģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of Science ľĶŊŀȮPubmed őħĵĪńŘĚȮ0ȮŏĶŊŗŀĚȮĴňĝŊŗŀ
ĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗ
œħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬ
œĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ/Ȯ
ŏĶŊŗŀĚ 

¶ ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚ 

ľĸńĔĽŌĨĶŐĭĭȮ2.1  

¶ įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵ
œħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚȮŒĬ
ģŅĬĕƟŀĴŌĸȮ ISI, Scopus,ȮWeb of Science ľĶŊŀȮPubmed őħĵĴňĝŊŗŀĬńĔĻŉĔļŅ
ŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗ
œħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬ
œĮȮ 
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¶ ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚ 

ľĸńĔĽŌĨĶŐĭĭȮ2.2  
¶ įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚĬƟŀĵ
œħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2ȮŏĶŊŗŀĚȮŒĬ
ģŅĬĕƟŀĴŌĸȮISI, Scopus,ȮWeb of Science ľĶŊŀȮPubmed őħĵŀĵƞŅĚĬƟŀĵȮ1 
ŏĶŊŗŀĚĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔ ľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶ
ĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴň
ĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞ
ĶŃħńĭȮ5ȮĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬ
ĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

¶ ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚ 

1,ȮȮĬńĔĻŉĔļŅȮ 

¶ ĔĶŃĭĺĬĔŅĶĶńĭĬńĔĻŉĔļŅĪňŗŏľĴŅŃĽĴ őħĵĔŜŅľĬħŏĔĦĤƢĔŅĶėńħŏĸŊŀĔŐĸŃėŋĦĽĴĭńĨŇĕŀĚĬńĔĻŉĔļŅŒľƟ
ĽŀħėĸƟŀĚĔńĭĸńĔļĦŃĕŀĚľĸńĔĽŌĨĶȮŐĸŃĴňĔŅĶŏĨĶňĵĴėĺŅĴıĶƟŀĴĔƞŀĬŏĕƟŅĻŉĔļŅ ŏıŊŗŀŒľƟĬńĔĻŉĔļŅĴňėĺŅĴ
ıĶƟŀĴŒĬĔŅĶŏĶňĵĬŐĸŃĽŅĴŅĶĩĽŜŅŏĶŖěĔŅĶĻŉĔļŅœħƟĨŅĴĶŃĵŃŏĺĸŅĪňŗľĸńĔĽŌĨĶĔŜŅľĬħ 

¶ ĴňĔŅĶěńħĔŇěĔĶĶĴŏıŊŗŀıńĥĬŅėĺŅĴĶŌƟȮėĺŅĴĽŅĴŅĶĩȮŐĸŃĻńĔĵĳŅıĕŀĚĬńĔĻŉĔļŅŒĬĶŌĮŐĭĭĨƞŅĚŕȮ
ŏĽĶŇĴĽĶƟŅĚėĺŅĴŏĮƦĬıĸŏĴŊŀĚħňĪňŗĴňěŇĨĽŜŅĬŉĔĽŅīŅĶĦŃȮŐĸŃŏĽĶŇĴĽĶƟŅĚĪńĔļŃĔŅĶŏĶňĵĬĶŌƟŒĬĻĨĺĶĶļĪňŗȮ0/ 

¶ ĴňĔŅĶŐĨƞĚĨńŘĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĪńŗĺœĮŏıŊŗŀŒľƟėŜŅĮĶŉĔļŅħƟŅĬĺŇĝŅĔŅĶȮŐĸŃŐĬŃŐĬĺŒľƟŐĔƞĬńĔĻŉĔļŅĪŋĔėĬȮ
őħĵŀŅěŅĶĵƢěŃĨƟŀĚĔŜŅľĬħĝńŗĺőĴĚŒľƟėŜŅĮĶŉĔļŅ (Office Hours) ŏıŊŗŀŒľƟĬńĔĻŉĔļŅĽŅĴŅĶĩŏĕƟŅĮĶŉĔļŅœħƟȮ 

¶ ĴňĔŅĶĽŜŅĶĺěĕƟŀĴŌĸĔŅĶėĚŀĵŌƞĕŀĚĬńĔĻŉĔļŅȮŀńĨĶŅĔŅĶĽŜŅŏĶŖěĔŅĶĻŉĔļŅȮŏıŊŗŀĮĶŃŏĴŇĬŐĬĺőĬƟĴįĸĔŅĶ
ħŜŅŏĬŇĬĚŅĬ 

¶ ĴňĶŃĭĭĔŅĶěńħĔŅĶĕƟŀĶƟŀĚŏĶňĵĬĕŀĚĬńĔĻŉĔļŅĪňŗĴňĮĶŃĽŇĪīŇĳŅıȮőħĵĴňĔŅĶĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĕŀĚĔŅĶ
ĶńĭŐĸŃĔŅĶĽƞĚŏĽĶŇĴĔŅĶıńĥĬŅĬńĔĻŉĔļŅȮŐĸŃįĸĔŅĶěńħĔŅĶĕƟŀĶƟŀĚŏĶňĵĬ 

2,ȮȮŀŅěŅĶĵƢȮ 

¶ ĴňĶŃĭĭĔŅĶĶńĭŀŅěŅĶĵƢŒľĴƞĪňŗĽŀħėĸƟŀĚĔńĭĶŃŏĭňĵĭ-ĕƟŀĭńĚėńĭĕŀĚĴľŅĺŇĪĵŅĸńĵȮŐĸŃĨƟŀĚĴňėŃŐĬĬ
ĪħĽŀĭėĺŅĴĽŅĴŅĶĩĳŅļŅŀńĚĔķļĨŅĴŏĔĦĤƢĪňŗĴľŅĺŇĪĵŅĸńĵĔŜŅľĬħȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĮĶŃĔŅĻ
ėĦŃĔĶĶĴĔŅĶĔŅĶŀŋħĴĻŉĔļŅȮŏĶŊŗŀĚȮĴŅĨĶģŅĬėĺŅĴĽŅĴŅĶĩĳŅļŅŀńĚĔķļĕŀĚŀŅěŅĶĵƢĮĶŃěŜŅ  
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¶ ĴňĶŃĭĭĔŅĶĭĶŇľŅĶȮŐĸŃĶŃĭĭĔŅĶĽƞĚŏĽĶŇĴŐĸŃıńĥĬŅŀŅěŅĶĵƢĪňŗŏľĴŅŃĽĴŐĸŃĽŀħėĸƟŀĚĔńĭĺŇĽńĵĪńĻĬƢ
ŐĸŃĬőĵĭŅĵĕŀĚĴľŅĺŇĪĵŅĸńĵȮŐĸŃŐĬĺĪŅĚĕŀĚľĸńĔĽŌĨĶ 

¶ ĴňĶŃĭĭĔŅĶıńĥĬŅėŋĦĳŅıŀŅěŅĶĵƢ ŏıŊŗŀŒľƟŀŅěŅĶĵƢĴňėĺŅĴĶŌƟėĺŅĴŏĝňŗĵĺĝŅĠŒĬĽŅĕŅĺŇĝŅĪňŗŏĮƕħĽŀĬȮŐĸŃ
ĴňėĺŅĴĔƟŅĺľĬƟŅŒĬĔŅĶįĸŇĨįĸĚŅĬĪŅĚĺŇĝŅĔŅĶŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

¶ ĴňĔŅĶĽŜŅĶĺěĕƟŀĴŌĸŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶĪňŗĴňėŋĦĺŋĥŇĮĶŇĠĠŅŏŀĔȮĨŜŅŐľĬƞĚĪŅĚĺŇĝŅĔŅĶȮįĸĚŅĬ
ĪŅĚĺŇĝŅĔŅĶȮĔŅĶėĚŀĵŌƞĕŀĚŀŅěŅĶĵƢȮŐĸŃėĺŅĴıŉĚıŀŒěĨƞŀĔĶŃĭĺĬĔŅĶĶńĭŀŅěŅĶĵƢŐĸŃĔŅĶĭĶŇľŅĶĕŀĚ
ŀŅěŅĶĵƢȮŏıŊŗŀĮĶŃŏĴŇĬŐĬĺőĬƟĴįĸĔŅĶħŜŅŏĬŇĬĚŅĬ 
 

3,ȮȮľĸńĔĽŌĨĶȮĔŅĶŏĶňĵĬĔŅĶĽŀĬȮĔŅĶĮĶŃŏĴŇĬįŌƟŏĶňĵĬȮ 

¶ ĴňĔĶŃĭĺĬĔŅĶŀŀĔŐĭĭ-ĮĶńĭĮĶŋĚľĸńĔĽŌĨĶŐĸŃĔĶŃĭĺĬĺŇĝŅŒľƟĴňŏĬŊŘŀľŅĪňŗĪńĬĽĴńĵȮœħƟĴŅĨĶģŅĬĪŅĚ
ĺŇĝŅĔŅĶ-ĺŇĝŅĝňıȮĽŀħėĸƟŀĚĔńĭėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħŐĶĚĚŅĬȮŐĸŃŐįĬıńĥĬŅŏĻĶļģĔŇěŐĸŃĽńĚėĴ
ŐľƞĚĝŅĨŇȮ 

¶ ĴňĶŃĭĭŐĸŃĔĸœĔĔŅĶıŇěŅĶĦŅŀĬŋĴńĨŇľńĺĕƟŀĮĶŇĠĠŅĬŇıĬīƢ 

¶ ĴňĔŅĶĔŜŅľĬħŀŅěŅĶĵƢįŌƟĽŀĬŒĬŐĨƞĸŃĔĶŃĭĺĬĺŇĝŅȮőħĵėŜŅĬŉĚĩŉĚėĺŅĴĶŌƟėĺŅĴĽŅĴŅĶĩŐĸŃėĺŅĴ
ŏĝňŗĵĺĝŅĠŒĬĔĶŃĭĺĬĺŇĝŅĪňŗĽŀĬȮŐĸŃĴňĔŅĶĔŜŅĔńĭȮĨŇħĨŅĴȮŐĸŃĨĶĺěĽŀĭĔŅĶěńħĪŜŅŐįĬĔŅĶŏĶňĵĬĶŌƟȮŐĸŃ
ĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬȮ&Ĵėŀ,1ȮŐĸŃȮĴėŀ,2' 

¶ ĴňĶŃĭĭŐĸŃĔĸœĔĔŅĶŐĨƞĚĨńŘĚŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĮĶŇĠĠŅĬŇıĬīƢȮŏıŊŗŀĝƞĺĵŏľĸŊŀȮĔŜŅĔńĭȮĨŇħĨŅĴŒĬĔŅĶĪŜŅ
ĮĶŇĠĠŅĬŇıĬīƢŐĸŃĔŅĶĨňıŇĴıƢįĸĚŅĬ 

¶ ĴňĔŅĶĮĶŃŏĴŇĬįŌƟŏĶňĵĬȮĔŜŅĔńĭŒľƟĴňĔŅĶĮĶŃŏĴŇĬĨŅĴĽĳŅıěĶŇĚȮŐĸŃĴňĺŇīňĔŅĶĮĶŃŏĴŇĬĪňŗľĸŅĔľĸŅĵȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&Ĵėŀ,3ȮȮĴėŀ,4ȮŐĸŃȮĴėŀ,5' Ȯ 

 

4,ȮȮĽŇŗĚĽĬńĭĽĬŋĬĔŅĶŏĶňĵĬĶŌƟȮ 

¶ ĴňĶŃĭĭĔŅĶħŜŅŏĬŇĬĚŅĬĕŀĚĳŅėĺŇĝŅ-ėĦŃ-ĴľŅĺŇĪĵŅĸńĵȮ őħĵĔŅĶĴňĽƞĺĬĶƞĺĴĕŀĚŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭ
ľĸńĔĽŌĨĶȮ ŒĬĔŅĶěńħŏĨĶňĵĴĽŇŗĚĽĬńĭĽĬŋĬĔŅĶŏĶňĵĬĶŌƟĪňŗěŜŅŏĮƦĬĨƞŀĔŅĶŏĶňĵĬĔŅĶĽŀĬȮ ĪńŘĚĪŅĚħƟŅĬĔŅĵĳŅıȮ
ŀŋĮĔĶĦƢȮŏĪėőĬőĸĵňȮŐĸŃĽŇŗĚŀŜŅĬĺĵėĺŅĴĽŃħĺĔľĶŊŀĪĶńıĵŅĔĶĪňŗŏŀŊŘŀĨƞŀĔŅĶŏĶňĵĬĶŌƟȮȮŀĵƞŅĚŏıňĵĚıŀŐĸŃ
ŏľĴŅŃĽĴĨƞŀĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬȮĞŉŗĚěŃĽƞĚįĸŒľƟįŌƟŏĶňĵĬĽŅĴŅĶĩŏĶňĵĬĶŌƟœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇįĸ 

¶ ĴňĔŅĶĽŜŅĶĺěėĺŅĴıŉĚıŀŒěŐĸŃėĺŅĴĨƟŀĚĔŅĶĕŀĚŀŅěŅĶĵƢįŌƟĽŀĬŐĸŃĬńĔĻŉĔļŅĨƞŀĽŇŗĚĽĬńĭĽĬŋĬĔŅĶ
ŏĶňĵĬĶŌƟȮŐĸŃĬŜŅįĸĔŅĶĽŜŅĶĺěĴŅıńĥĬŅĮĶńĭĮĶŋĚ 
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5,ȮĨńĺĭƞĚĝňŘįĸĔŅĶħŜŅŏĬŇĬĚŅĬȮ&IcwȮNcpdmpk_lacȮGlbga_rmpq'ȮȮȮȮȮȮ 

    ľĸńĔĽŌĨĶ ŐĭĭȮ1.1 ŐĸŃŐĭĭȮ2.1 

ħńĝĬňĭƞĚĝňŘįĸĔŅĶħŜŅŏĬŇĬĚŅĬ ĮƖĪňŗȮ1 ĮƖĪňŗȮ2 ĮƖĪňŗȮ3 ĮƖĪňŗȮ2 ĮƖĪňŗȮ5 

1. ĴňĔŅĶĮĶŃĝŋĴľĸńĔĽŌĨĶŏıŊŗŀĺŅĚŐįĬȮĨŇħĨŅĴȮŐĸŃĪĭĪĺĬĔŅĶħŜŅŏĬŇĬĚŅĬ
ľĸńĔĽŌĨĶŀĵƞŅĚĬƟŀĵĮƖĔŅĶĻŉĔļŅĸŃĽŀĚėĶńŘĚȮőħĵĴňŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶ
ŏĕƟŅĶƞĺĴĮĶŃĝŋĴŀĵƞŅĚĬƟŀĵȮĶƟŀĵĸŃȮ6. ŐĸŃĴňĔŅĶĭńĬĪŉĔĔŅĶĮĶŃĝŋĴĪŋĔėĶńŘĚ 

 ̧  ̧  ̧  ̧  ̧

2. ĴňĶŅĵĸŃŏŀňĵħĕŀĚľĸńĔĽŌĨĶ ĨŅĴŐĭĭ Ĵėŀ.2 ĪňŗĽŀħėĸƟŀĚĔńĭĔĶŀĭĴŅĨĶģŅĬ
ėŋĦĺŋĥŇŐľƞĚĝŅĨŇ ľĶŊŀ ĴŅĨĶģŅĬėŋĦĺŋĥŇĽŅĕŅ/ĽŅĕŅĺŇĝŅ  

 ̧  ̧  ̧  ̧  ̧

3. ĴňĶŅĵĸŃŏŀňĵħĕŀĚĔĶŃĭĺĬĺŇĝŅȮŐĸŃĶŅĵĸŃŏŀňĵħĕŀĚĮĶŃĽĭĔŅĶĦƢĳŅėĽĬŅĴȮ
'ĩƟŅĴňȮ&ĨŅĴŐĭĭȮĴėŀ,1Ȯ ŐĸŃȮĴėŀ,2ȮŀĵƞŅĚĬƟŀĵĔƞŀĬĔŅĶŏĮƕħĽŀĬŒĬŐĨƞĸŃĳŅė

ĔŅĶĻŉĔļŅŒľƟėĶĭĪŋĔĔĶŃĭĺĬĺŇĝŅ 

 ̧  ̧  ̧  ̧  ̧

4. ěńħĪŜŅĶŅĵĚŅĬįĸĔŅĶħŜŅŏĬŇĬĔŅĶĕŀĚĔĶŃĭĺĬĺŇĝŅ ŐĸŃĶŅĵĚŅĬįĸĔŅĶ
ħŜŅŏĬŇĬĔŅĶĕŀĚĮĶŃĽĭĔŅĶĦƢĳŅėĽĬŅĴ ĨŅĴŐĭĭ Ĵėŀ.5 ŐĸŃ Ĵėŀ.6 ŒľƟėĶĭ
ĪŋĔĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬľĸńĔĽŌĨĶȮĳŅĵŒĬ 30 ĺńĬ ľĸńĚĺńĬĮƕħĳŅė
ĔŅĶĻŉĔļŅ  

 ̧  ̧  ̧  ̧  ̧

5. ěńħĪŜŅĶŅĵĚŅĬįĸĔŅĶħŜŅŏĬŇĬĔŅĶĕŀĚľĸńĔĽŌĨĶ ĨŅĴŐĭĭ Ĵėŀ.7 ĳŅĵŒĬ  60 
ĺńĬ ľĸńĚĽŇŘĬĽŋħĮƖĔŅĶĻŉĔļŅ  

 ̧  ̧  ̧  ̧  ̧

6. ĴňĔŅĶĪĺĬĽŀĭįĸĽńĴķĪīŇśĕŀĚĬńĔĻŉĔļŅĨŅĴĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟȮĪňŗĔŜŅľĬħ
ŒĬĴėŀ,1ȮŐĸŃĴėŀ ,2Ȯ'ĩƟŅĴňȮ&ŀĵƞŅĚĬƟŀĵĶƟŀĵĸŃȮ03ȮĕŀĚĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƕħ
ĽŀĬŒĬŐĨƞĸŃĮƖĔŅĶĻŉĔļŅ 

 ̧  ̧  ̧  ̧  ̧

7. ĴňĔŅĶıńĥĬŅ/ĮĶńĭĮĶŋĚĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬ ĔĸĵŋĪīƢĔŅĶĽŀĬ ľĶŊŀ ĔŅĶ
ĮĶŃŏĴŇĬȮįĸĔŅĶŏĶňĵĬĶŌƟ ěŅĔįĸĔŅĶĮĶŃŏĴŇĬĔŅĶħŜŅŏĬŇĬĚŅĬĪňŗĶŅĵĚŅĬȮŒĬ 
Ĵėŀ.7 ĮƖĪňŗŐĸƟĺ  

 
 ̧  ̧  ̧  ̧

8. ŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶĪňŗœħƟĶńĭĔŅĶŐĨƞĚĨńŘĚŒľĴƞȮœħƟĶńĭėŜŅŐĬŃĬŜŅħƟŅĬĔŅĶ
ĭĶŇľŅĶěńħĔŅĶľĸńĔĽŌĨĶ 

 ̧  ̧  ̧  ̧  ̧

9. ŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶĪŋĔėĬœħƟĶńĭĔŅĶıńĥĬŅĪŅĚĺŇĝŅĔŅĶ ŐĸŃ/ľĶŊŀ
ĺŇĝŅĝňıŀĵƞŅĚĬƟŀĵĮƖĸŃľĬŉŗĚėĶńŘĚ 

 ̧  ̧  ̧  ̧  ̧

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

- - - - - 

11. ĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚĬńĔĻŉĔļŅĮƖĽŋħĪƟŅĵ/ĭńĦĤŇĨŒľĴƞĪňŗĴňĨƞŀėŋĦĳŅı
ľĸńĔĽŌĨĶ ŏĜĸňŗĵœĴƞĬƟŀĵĔĺƞŅ 3.51 ěŅĔėŃŐĬĬŏĨŖĴ 5.0 

  
 ̧  ̧  ̧
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ľĸńĔĽŌĨĶ ŐĭĭȮ1.2 ŐĸŃȮŐĭĭȮ2.2 

12. ĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚįŌƟŒĝƟĭńĦĤŇĨĪňŗĴňĨƞŀĭńĦĤŇĨŒľĴƞ ŏĜĸňŗĵœĴƞĬƟŀĵĔĺƞŅ 3.51 
ěŅĔėŃŐĬĬŏĨŖĴ 5.0 

   
 ̧  ̧

ĶĺĴĨńĺĭƞĚĝňŘȮ&ĕƟŀ'ȮŒĬŐĨƞĸŃĮƖ 6 7 /. // // 
ĨńĺĭƞĚĝňŘĭńĚėńĭȮ&ĕƟŀĪňŗ' 1Ȯ+Ȯ3 1Ȯ+Ȯ3 1Ȯ+Ȯ3 1Ȯ+Ȯ3 1Ȯ+Ȯ3 
ĨńĺĭƞĚĝňŘĨƟŀĚįƞŅĬĶĺĴȮ&ĕƟŀ' 7 8 8 9 9 

ħńĝĬňĭƞĚĝňŘįĸĔŅĶħŜŅŏĬŇĬĚŅĬ ĮƖĪňŗȮ1 ĮƖĪňŗȮ2 ĮƖĪňŗȮ3 ĮƖĪňŗȮ2 ĮƖĪňŗȮ3 

1. ĴňĔŅĶĮĶŃĝŋĴľĸńĔĽŌĨĶŏıŊŗŀĺŅĚŐįĬȮĨŇħĨŅĴȮŐĸŃĪĭĪĺĬĔŅĶ
ħŜŅŏĬŇĬĚŅĬľĸńĔĽŌĨĶŀĵƞŅĚĬƟŀĵĮƖĔŅĶĻŉĔļŅĸŃĽŀĚėĶńŘĚȮőħĵĴňŀŅěŅĶĵƢ
įŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶŏĕƟŅĶƞĺĴĮĶŃĝŋĴŀĵƞŅĚĬƟŀĵȮĶƟŀĵĸŃȮ6. ŐĸŃĴňĔŅĶ
ĭńĬĪŉĔĔŅĶĮĶŃĝŋĴĪŋĔėĶńŘĚ 

 ̧  ̧  ̧  ̧  ̧

2. ĴňĶŅĵĸŃŏŀňĵħĕŀĚľĸńĔĽŌĨĶ ĨŅĴŐĭĭ Ĵėŀ.2 ĪňŗĽŀħėĸƟŀĚĔńĭĔĶŀĭ
ĴŅĨĶģŅĬėŋĦĺŋĥŇŐľƞĚĝŅĨŇ ľĶŊŀ ĴŅĨĶģŅĬėŋĦĺŋĥŇĽŅĕŅ/ĽŅĕŅĺŇĝŅ  

 ̧  ̧  ̧  ̧  ̧

3. ĴňĶŅĵĸŃŏŀňĵħĕŀĚĔĶŃĭĺĬĺŇĝŅȮŐĸŃĶŅĵĸŃŏŀňĵħĕŀĚĮĶŃĽĭĔŅĶĦƢ
ĳŅėĽĬŅĴȮ 'ĩƟŅĴňȮ&ĨŅĴŐĭĭȮĴėŀ,1Ȯ ŐĸŃȮĴėŀ,2ȮŀĵƞŅĚĬƟŀĵĔƞŀĬĔŅĶ
ŏĮƕħĽŀĬŒĬŐĨƞĸŃĳŅėĔŅĶĻŉĔļŅŒľƟėĶĭĪŋĔĔĶŃĭĺĬĺŇĝŅ 

 ̧  ̧  ̧  ̧  ̧

4. ěńħĪŜŅĶŅĵĚŅĬįĸĔŅĶħŜŅŏĬŇĬĔŅĶĕŀĚĔĶŃĭĺĬĺŇĝŅ ŐĸŃĶŅĵĚŅĬįĸ
ĔŅĶħŜŅŏĬŇĬĔŅĶĕŀĚĮĶŃĽĭĔŅĶĦƢĳŅėĽĬŅĴ ĨŅĴŐĭĭ Ĵėŀ.5 ŐĸŃ 
Ĵėŀ.6 ŒľƟėĶĭĪŋĔĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬľĸńĔĽŌĨĶȮĳŅĵŒĬ 30 ĺńĬ 
ľĸńĚĺńĬĮƕħĳŅėĔŅĶĻŉĔļŅ  

 ̧  ̧  ̧  ̧  ̧

5. ěńħĪŜŅĶŅĵĚŅĬįĸĔŅĶħŜŅŏĬŇĬĔŅĶĕŀĚľĸńĔĽŌĨĶ ĨŅĴŐĭĭ Ĵėŀ.7 
ĳŅĵŒĬ  60 ĺńĬ ľĸńĚĽŇŘĬĽŋħĮƖĔŅĶĻŉĔļŅ  

 ̧  ̧  ̧  ̧  ̧

6. ĴňĔŅĶĪĺĬĽŀĭįĸĽńĴķĪīŇśĕŀĚĬńĔĻŉĔļŅĨŅĴĴŅĨĶģŅĬįĸĔŅĶŏĶňĵĬĶŌƟȮĪňŗ
ĔŜŅľĬħŒĬĴėŀ,1ȮŐĸŃĴėŀ ,2Ȯ'ĩƟŅĴňȮ&ŀĵƞŅĚĬƟŀĵĶƟŀĵĸŃȮ03ȮĕŀĚ
ĔĶŃĭĺĬĺŇĝŅĪňŗŏĮƕħĽŀĬŒĬŐĨƞĸŃĮƖĔŅĶĻŉĔļŅ 

 ̧  ̧  ̧  ̧  ̧

7. ĴňĔŅĶıńĥĬŅ/ĮĶńĭĮĶŋĚĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬ ĔĸĵŋĪīƢĔŅĶĽŀĬ 
ľĶŊŀ ĔŅĶĮĶŃŏĴŇĬȮįĸĔŅĶŏĶňĵĬĶŌƟ ěŅĔįĸĔŅĶĮĶŃŏĴŇĬĔŅĶħŜŅŏĬŇĬĚŅĬĪňŗ
ĶŅĵĚŅĬȮŒĬ Ĵėŀ.7 ĮƖĪňŗŐĸƟĺ  

 
 ̧  ̧  ̧  ̧

8. ŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶĪňŗœħƟĶńĭĔŅĶŐĨƞĚĨńŘĚŒľĴƞȮœħƟĶńĭėŜŅŐĬŃĬŜŅ
ħƟŅĬĔŅĶĭĶŇľŅĶěńħĔŅĶľĸńĔĽŌĨĶ 

 ̧  ̧  ̧  ̧  ̧
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ŏĔĦĤƢĮĶŃŏĴŇĬ: ľĸńĔĽŌĨĶœħƟĴŅĨĶģŅĬĨŅĴĔĶŀĭĴŅĨĶģŅĬėŋĦĺŋĥŇłĨƟŀĚįƞŅĬŏĔĦĤƢĮĶŃŏĴŇĬħńĚĬňŘ ȮȮȮȮȮȮȮȮ 
ĨńĺĭƞĚĝňŘĭńĚėńĭȮ(ĨńĺĭƞĚĝňŘĪňŗ 1-5) ĴňįĸħŜŅŏĬŇĬĔŅĶĭĶĶĸŋĨŅĴŏĮƚŅľĴŅĵ ŐĸŃĴňěŜŅĬĺĬĨńĺĭƞĚĝňŘĪňŗĴňįĸħŜŅŏĬŇĬĔŅĶĭĶĶĸŋ
ŏĮƚŅľĴŅĵœĴƞĬƟŀĵĔĺƞŅ 80 % ĕŀĚĨńĺĭƞĚĝňŘĶĺĴ őħĵıŇěŅĶĦŅěŅĔěŜŅĬĺĬĨńĺĭƞĚĝňŘĭńĚėńĭŐĸŃĨńĺĭƞĚĝňŘĶĺĴŒĬŐĨƞĸŃĮƖ 
  

9. ŀŅěŅĶĵƢįŌƟĶńĭįŇħĝŀĭľĸńĔĽŌĨĶĪŋĔėĬœħƟĶńĭĔŅĶıńĥĬŅĪŅĚĺŇĝŅĔŅĶ 
ŐĸŃ/ľĶŊŀĺŇĝŅĝňıŀĵƞŅĚĬƟŀĵĮƖĸŃľĬŉŗĚėĶńŘĚ 

 ̧  ̧  ̧  ̧  ̧

10. ěŜŅĬĺĬĭŋėĸŅĔĶĽĬńĭĽĬŋĬĔŅĶŏĶňĵĬĔŅĶĽŀĬȮ'ĩƟŅĴňȮ&œħƟĶńĭĔŅĶıńĥĬŅ
ĺŇĝŅĔŅĶȮŐĸŃ-ľĶŊŀĺŇĝŅĝňıȮœĴƞĬƟŀĵĔĺƞŅĶƟŀĵĸŃȮ3.ȮĨƞŀĮƖȮ  

- - - - - 

11. ĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚĬńĔĻŉĔļŅĮƖĽŋħĪƟŅĵ/ĭńĦĤŇĨŒľĴƞĪňŗĴňĨƞŀ
ėŋĦĳŅıľĸńĔĽŌĨĶ ŏĜĸňŗĵœĴƞĬƟŀĵĔĺƞŅ 3.51 ěŅĔėŃŐĬĬŏĨŖĴ 5.0 

  
  ̧  ̧

12. ĶŃħńĭėĺŅĴıŉĚıŀŒěĕŀĚįŌƟŒĝƟĭńĦĤŇĨĪňŗĴňĨƞŀĭńĦĤŇĨŒľĴƞ ŏĜĸňŗĵœĴƞĬƟŀĵ
ĔĺƞŅ 3.51 ěŅĔėŃŐĬĬŏĨŖĴ 5.0 

   
  ̧

ĶĺĴĨńĺĭƞĚĝňŘȮ&ĕƟŀ'ȮŒĬŐĨƞĸŃĮƖ 6 7 9 10 // 
ĨńĺĭƞĚĝňŘĭńĚėńĭȮ&ĕƟŀĪňŗ' 1Ȯ+Ȯ3 1Ȯ+Ȯ3 1Ȯ+Ȯ3 1Ȯ+Ȯ3 1Ȯ+Ȯ3 
ĨńĺĭƞĚĝňŘĨƟŀĚįƞŅĬĶĺĴȮ&ĕƟŀ' 7 8 8 8 9 
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ľĴĺħĪňŗȮ6,ȮĔĶŃĭĺĬĔŅĶĔŅĶĮĶŃŏĴŇĬŐĸŃĮĶńĭĮĶŋĚľĸńĔĽŌĨĶ 

 

/,ȮȮĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇįĸĕŀĚĔŅĶĽŀĬ 

 1,1 ĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬŐĸŃĮĶńĭĮĶŋĚŐįĬĔĸĵŋĪīƢĔŅĶĽŀĬ 
 X ĴňĔŅĶĮĶŃŏĴŇĬįĸĔŅĶĽŀĬĕŀĚŀŅěŅĶĵƢőħĵĬńĔĻŉĔļŅȮŐĸŃĬŜŅįĸĔŅĶĮĶŃŏĴŇĬĴŅĺŇŏėĶŅŃľƢŏıŊŗŀľŅ

ěŋħŀƞŀĬŐĸŃěŋħŐĕŖĚŒĬĔŅĶĽŀĬĕŀĚŀŅěŅĶĵƢįŌƟĽŀĬȮŏıŊŗŀĮĶńĭĔĸĵŋĪīƢĔŅĶĽŀĬŒľƟŏľĴŅŃĽĴȮ 
 X ĴňĔŅĶĮĶŃŏĴŇĬįĸĔŅĶŏĶňĵĬĶŌƟĕŀĚĬńĔĻŉĔļŅőħĵĔŅĶĽŀĭȮ 
 X ĴňĔŅĶĮĶŃŏĴŇĬįĸĔŅĶŏĶňĵĬĶŌƟĕŀĚĬńĔĻŉĔļŅőħĵĔŅĶĮĢŇĭńĨŇĚŅĬĔĸŋƞĴ 
 XȮȮĺŇŏėĶŅŃľƢŏıŊŗŀľŅěŋħŀƞŀĬŐĸŃěŋħŐĕŖĚŒĬĔŅĶŏĶňĵĬĶŌƟĕŀĚĬńĔĻŉĔļŅȮŏıŊŗŀĮĶńĭĔĸĵŋĪīƢĔŅĶĽŀĬ 

 ŒľƟŏľĴŅŃĽĴĔńĭĬŇĽŇĨŐĨƞĸŃĝńŘĬĮƖȮőħĵŀŅěŅĶĵƢŐĨƞĸŃĪƞŅĬ 
 /,0 ȮĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬĪńĔļŃĕŀĚŀŅěŅĶĵƢŒĬĔŅĶŒĝƟŐįĬĔĸĵŋĪīƢĔŅĶĽŀĬ 

 X ŒľƟĬńĔĻŉĔļŅœħƟĮĶŃŏĴŇĬįĸĔŅĶĽŀĬĕŀĚŀŅěŅĶĵƢŒĬĪŋĔħƟŅĬȮĪńŘĚŒĬħƟŅĬĪńĔļŃȮĔĸĵŋĪīƢĔŅĶĽŀĬȮ ŐĸŃ
 ĔŅĶŒĝƟĽŊŗŀŒĬĪŋĔĶŅĵĺŇĝŅ 

 

2. ĔŅĶĮĶŃŏĴŇĬľĸńĔĽŌĨĶŒĬĳŅıĶĺĴ 

XȮĮĶŃŏĴŇĬőħĵĬńĔĻŉĔļŅĮƖĽŋħĪƟŅĵ 
XȮĮĶŃŏĴŇĬőħĵĭńĦĤŇĨĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅ 
XȮĮĶŃŏĴŇĬőħĵįŌƟŒĝƟĭńĦĤŇĨ-įŌƟĴňĽƞĺĬœħƟĽƞĺĬŏĽňĵŀŊŗĬŕ 
 

1,ȮĔŅĶĮĶŃŏĴŇĬįĸĔŅĶħŜŅŏĬŇĬĚŅĬĨŅĴĶŅĵĸŃŏŀňĵħľĸńĔĽŌĨĶ 

ĔŅĶĮĶŃŏĴŇĬėŋĦĳŅıĔŅĶĻŉĔļŅĮĶŃěŜŅĮƖ ĨŅĴħńĝĬňĭƞĚĝňŘįĸĔŅĶħŜŅŏĬŇĬĚŅĬĪňŗĶŃĭŋŒĬľĴĺħĪňŗ 7 ĕƟŀ 7 
őħĵėĦŃĔĶĶĴĔŅĶĮĶŃŏĴŇĬŀĵƞŅĚĬƟŀĵ 3 ėĬ ĮĶŃĔŀĭħƟĺĵįŌƟĪĶĚėŋĦĺŋĥŇŒĬĽŅĕŅĺŇĝŅŀĵƞŅĚĬƟŀĵ 1 ėĬ ĪňŗœħƟĶńĭ
ĔŅĶŐĨƞĚĨńŘĚěŅĔĴľŅĺŇĪĵŅĸńĵ 

 

2,ȮȮĔŅĶĪĭĪĺĬįĸĔŅĶĮĶŃŏĴŇĬŐĸŃĺŅĚŐįĬĮĶńĭĮĶŋĚ 

ŒľƟĔĶĶĴĔŅĶĺŇĝŅĔŅĶĮĶŃěŜŅĽŅĕŅĺŇĝŅ/ĳŅėĺŇĝŅȮĶĺĭĶĺĴĕƟŀĴŌĸěŅĔĔŅĶĮĶŃŏĴŇĬĔŅĶŏĶňĵĬĔŅĶĽŀĬĕŀĚ
ŀŅěŅĶĵƢȮĬńĔĻŉĔļŅȮĭńĦĤŇĨȮŐĸŃįŌƟŒĝƟĭńĦĤŇĨȮŐĸŃĕƟŀĴŌĸěŅĔȮĴėŀ,5, 6, 7 ŏıŊŗŀĪĶŅĭĮƤĠľŅĕŀĚĔŅĶĭĶŇľŅĶ
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,Ȯ5.3Ȯ&0.15.3' 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, 
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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 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮ8ĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶĺŅĚŐįĬĔŅĶĽńĚŏėĶŅŃľƢőĴŏĸĔŋĸŏĮƚŅľĴŅĵȮĽĶĶĽĳŅıŒĬĔŅĶĽńĚŏėĶŅŃľƢĪŅĚŏėĴňŀŇĬĪĶňĵƢȮĔŅĶĽĶƟŅĚıńĬīŃ
ėŅĶƢĭŀĬ +ĮĢŇĔŇĶŇĵŅĕŀĚĽŅĶĮĶŃĔŀĭőĸľŃŀŇĬĪĶňĵƢĨƞŅĚŕȮĔĸŋƞĴĮĔĮƚŀĚŐĸŃĔĸŋƞĴŏĶƞĚĮĢŇĔŇĶŇĵŅȮĮĢŇĔŇĶŇĵŅėŅĶƢĭŀĬȮ
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,Ȯ5.7Ȯ&0.15.7' 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 
 ěĸĬıĸĻŅĽĨĶƢŏėĴňȮŐĸŃıŅĶŅĴŇŏĨŀĶƢĨƞŅĚŕȮ ĪňŗĽŜŅėńĠŒĬĔŅĶľŅĔĸœĔĮĢŇĔŇĶŇĵŅȮĝĬŇħĕŀĚĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚ 
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 
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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 

ĪķļġňĔĸŋƞĴŐĸŃĨŅĶŅĚĸńĔļĦŃŏĜıŅŃȮȮĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĽńŗĬȮȮĬŇĺŏėĸňĵĶƢŐĴĔŏĬĨŇĔŏĶőĞŐĬĬĞƢĽŏĮĔőĪĶĽ
őĔĮƖȮȮŀŇŏĸŖĔĨĶŀĬĽĮƕĬŏĶőĞŐĬĬĞƢĽŏĮĔőĪĶĽőĔĮƖȮŀŇŏĸŖĔĪĶŀĬŇĔĽƢĽŏĮĔĨĶńĴĕŀĚĽŅĶĮĶŃĔŀĭŀĬŇĬĪĶňĵƢȮĴŀĽĭŅĺŏŀŀĶƢ
ĽŏĮĔőĪĶĽőĔĮƖȮŐĴĽĽŏĮĔőĪĶŏĴĨĶň ŐĸŃĺŇīňĔŅĶŏĸňŘĵĺŏĭĬ 
 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     0&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, lithium-ion 
batteries, applications and safety precautions of lithium-ion batteries, next-generation batteries 
(solid-state, metal-ion, metal-sulfur, metal-air batteries) 
 
ĺ,ėĴ, 5/6Ȯ&0.15/6' ŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚ    0&2+0+4' 
        Chemistry and Applications of Photocatalysis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ıŊŘĬģŅĬĕŀĚĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚȮȮĔŅĶıńĥĬŅĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅŏĝŇĚŐĽĚȮȮȮȮȮĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚĮĢŇĔĶĦƢŏĝŇĚŐĽĚȮȮ
ĔŅĶĮĶŃĵŋĔĨƢĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚ 
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 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 states integration 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 

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 
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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 
 
ĺ ,ėĴ, 725 &203725' ŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺ      3&3+0+6' 
   Colloid and Surface Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮȮȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĭĪĬŜŅŏĔňŗĵĺĔńĭėŀĸĸŀĵħƢȮĽĴĭńĨŇŏĝŇĚěĸĬıĸĻŅĽĨĶƢȮĽĴĭńĨŇŏĝŇĚŐĽĚȮĽĴĭńĨŇěĸĬıĸĻŅĽĨĶƢŏĝŇĚœĲĲƚŅȮĶňőŀőĸĵňȮ
ĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚėŀĸĸŀĵħƢħƟĺĵŏĪėĬŇėĨƞŅĚŕȮŏĽĩňĵĶĳŅıėŀĸĸŀĵƢȮľĬƟŅĽńĴįńĽĕŀĚŏľĸĺ+ŐĔƠĽŐĸŃľĬƟŅĽńĴįńĽ

ĕŀĚŏľĸĺ+ĕŀĚŏľĸĺȮľĬƟŅĽńĴįńĽĶŃľĺƞŅĚĕŀĚŐĕŖĚ+ĚŏľĸĺȮľĬƟŅĽńĴįńĽĕŀĚŐĕŖĚĕŀ+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 
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ĺ,ėĴ,Ȯ510Ȯ&0.1510' 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.  Practice 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 +ŐĴĽĽŏĮĔőĪĶŏĴĨĶňȮĸŇėĺŇħőėĶĴŅőĪĔĶŅĲƖŐĭĭĽĴĶĶĩĬŃĽŌĚȮ ĸŇėĺŇħőėĶĴŅőĪĔĶŅĲƖ+ŐĴĽĽŏĮĔőĪĶŏĴĨĶňȮ

ŃľƢĽŅĶĮĶŃĔŀĭĭŅĚĮĢŇĭńĨŇĔŅĶŏėĶŊŗŀĚĴŊŀĪŅĚőėĶĴŅőĪĔĶŅĲƖȮŐĸŃĔŅĶĮĶŃĵŋĔĨƢŏĪėĬŇėőėĶĴŅőĪĔĶŅĲƖĕŀĚĔŅĶĺŇŏėĶŅ
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 
 
ĺ,ėĴ,Ȯ513Ȯ&0.1513' ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸ ȮȮȮȮȮȮȮȮ   0&2+0+4' 
   Analysis of Foods and Nutraceuticals 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮ8ĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

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 
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micronutrients and nutraceuticals, analysis of oxidative stress and bioactive compounds, 
applications for health, nutrition, and clinical purpose 
 
ĺ,ėĴ,Ȯ514Ȯ&0.1514' ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢ ȮȮȮȮȮȮȮȮ    3&3+0+6' 
   Essence in Analytical Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮ8ĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮĕńŘĬĨŀĬŒĬĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮ ŏĪėĬŇėĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚĽŜŅľĶńĭĔŅĶ
ĺŇŏėĶŅŃľƢĨńĺŀĵƞŅĚěĶŇĚȮĔŅĶěńħĔŅĶĕƟŀĴŌĸŒĬĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňħƟĺĵőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢȮĽĴħŋĸŏėĴň: ľĸńĔĔŅĶŐĸŃ
ĔŅĶĮĶŃĵŋĔĨƢŒĬĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴň œĪŏĪĶĝńĬ: ľĸńĔĔŅĶŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĬĺŇīňĴŅĨĶģŅĬ  ĔŅĶĺŇŏėĶŅŃľƢőħĵĺŇīňěĸĬƢ 
 OverviewȮofȮchemical analysis, steps in chemical analysis, sample preparation techniques 
for real sample analysis, data handling in chemical analysis using computer programs, chemical 
equilibria: principles and applications in chemical analysis, titration: principles and applications in 
standard methods, analysis by kinetic methods  
 
ĺ,ėĴ,Ȯ515Ȯ&0.1515' œĭőŀŏĞĬŏĞŀĶƢȮ       0&2+0+4' 
   Biosensors 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚœĭőŀŏĞĬŏĞŀĶƢȮ ĨńĺĨĶĺěěńĭĪŅĚĝňĺĳŅıȮ ĨńĺŐĮĸĚĽńĠĠŅĦŐĸŃĺŇīňĔŅĶĨĶĺěĺńħȮ ŏĪėĬŇėĪňŗŒĝƟľŅ
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,Ȯ517Ȯ&0.1517' ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚ      3&3+0+6' 
   Advanced Chemical Analysis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶĽĔńħĭĬıŊŘĬģŅĬĕŀĚŐĬĺėŇħĔŅĶŐĭƞĚĽƞĺĬȮőėĶĴŅőĪĔĶŅĲƖįŇĺĭŅĚŐĭĭĽĴĶĶĩĬŃĽŌĚȮ'ŏŀĝıňĪňŐŀĸĞňȮ&ĲƕĸħƢ+
őĲĸŐĲĶĔĝńĬŏĬĝńĬȮ'ŏŀĲŏŀĲŏŀĲȮ&ŐėıŇĸĸŅĶňŀŇŏĸŖĔőĪĶĲŀĶŇĞŇĽȮ'ĞňŀňȮ& ĔŅĶĪŜŅŒľƟŏĮƦĬŐĭĭŀńĨőĬĴńĨŇȮŏĪėĬŇėĪňŗıńĥĬŅĕŉŘĬ

ŒľĴƞŐĸŃĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĽŃŀŅħȮŐĸŃŏėĴňŏĔňŗĵĺĔńĭĝŋħĪħĽŀĭ 
 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 
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ĺ,ėĴ,Ȯ52/Ȯ&0.152/' ıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢ     3&3+0+6'
 Plant Biochemistry and Applications 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĝňĺŏėĴňĕŀĚĔŅĶľŅĵŒěŐĸŃĽńĚŏėĶŅŃľƢŐĽĚȮĔŅĶĮĶńĭĨńĺĕŀĚıŊĝĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĽŇŗĚŐĺħĸƟŀĴ 
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 

ĸńĔļĦŃŏĜıŅŃĪŅĚŏėĴňĕŀĚŏŀĬœĞĴƢ ěĸĬıĸĻŅĽĨĶƢĕŀĚŏŀĬœĞĴƢ ĔĸœĔĔŅĶŏĶƞĚĕŀĚŏŀĬœĞĴƢ ĔŅĶŏĨĶňĵĴŐĸŃ
ĽĴĭńĨŇĕŀĚŏŀĬœĞĴƢĽńĚŏėĶŅŃľƢ ıńĬīŋĺŇĻĺĔĶĶĴĪňŗĽńĴıńĬīƢĔńĭŏŀĬœĞĴƢȮĔŅĶıńĥĬŅŏŀĬœĞĴƢŏĪėőĬőĸĵňŒĬŀĬŅėĨȮȮȮŏĪėĬŇė
ĔŅĶįĸŇĨŏŀĬœĞĴƢĶŃħńĭŀŋĨĽŅľĔĶĶĴĕĬŅħŒľĠƞȮĔŅĶĮĶŃĵŋĔĨƢŏŀĬœĞĴƢŒĬŀŋĨĽŅľĔĶĶĴĨƞŅĚŕȮȮėĺŅĴĮĸŀħĳńĵŏĔňŗĵĺĔńĭ
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
ĕŀĚőĮĶĨňĬ ėĺŅĴįńĬįĺĬĕŀĚŀŃĨŀĴȮĔŅĶŏėĸŊŗŀĬĪňŗŐĭĭėŀĸŏĸĔĨňĲȮŐĸŃĔŅĶŏĮĸňŗĵĬėŀĬĲŀĶƢĴŏĴĝńĬȮĺŇīňĔŅĶĻŉĔļŅ
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 
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and dynamics, modern protein engineering and case studies, molecular approach of proteins used 
in medicine and industries, future trends of protein chemistry and applications 
 
ĺ,ėĴ,Ȯ527Ȯ&0.1527' ĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴň      4(2-6-4) 
 Research Methods in Biochemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

   ĕńŘĬĨŀĬĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚĪŅĚĝňĺŏėĴň ľĸńĔĔŅĶĕŀĚĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŏĝŇĚĽĩŇĨŇĽŜŅľĶńĭ
ŏĮĶňĵĭŏĪňĵĭĪŅĚĝňĺŏėĴň ľĸńĔĔŅĶĕŀĚĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŏĝŇĚĽĩŇĨŇĽŜŅľĶńĭľŅĳŅĺŃĪňŗŏľĴŅŃĽĴĪŅĚĝňĺŏėĴň 
ŀĚėƢĮĶŃĔŀĭĪŅĚĝňĺŏėĴňĕŀĚŏĞĸĸƢŐĸŃĺŇīňĪŜŅŒľƟŏĞĸĸƢŐĨĔ ĽĴĭńĨŇĕŀĚőĮĶĨňĬŐĸŃĔŅĶŐĵĔőĮĶĨňĬŏĭŊŘŀĚĨƟĬ ĔŅĶĪŜŅĭĶŇĽŋĪīŇś
őĮĶĨňĬőħĵĺŇīňĪŅĚőėĶĴŅőĪĔĶŅĲƖ ĔŅĶĺŇŏėĶŅľƢőĮĶĨňĬŏĝŇĚĮĶŇĴŅĦŐĸŃŏĝŇĚėŋĦĳŅıȮĚŅĬĺŇěńĵĔŅĶŐĵĔŐĸŃĪŜŅĭĶŇĽŋĪīŇś
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
ŐĸŃĽŅĶĝňĺőĴŏĸĔŋĸ ŐĸŃĮĢŇĭńĨŇĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚȮ 
 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 
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ĺ,ėĴ,Ȯ530Ȯ&0.1530' ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴň    3&2+3+4' 
   Electronics of Analytical Instruments for Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢŒĬŏėĴňĺŇŏėĶŅŃľƢȮŀŋĮĔĶĦƢĪŅĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢĽŜŅľĶńĭŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢ ĔŅĶěńħĔŅĶ
ĽńĠĠŅĦěŅĔĪĶŅĬĽƢħŇĺŏĞŀĶƢŐĸŃŀŋĮĔĶĦƢĶńĭĶŌƟĪŅĚŏėĴňȮ ĔŅĶĭńĬĪŉĔĽńĠĠŅĦȮĔŅĶėĺĭėŋĴŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢőħĵĺŇīňĪŅĚ
œĲĲƚŅȮ ĨńĺŀĵƞŅĚĔŅĶĮĶŃĵŋĔĨƢŀŇŏĸŖĔĪĶŀĬŇĔĽƢŒĬŏėĴňĺŇŏėĶŅŃľƢȮ ŐĸŃĮĢŇĭńĨŇĔŅĶŏĔňŗĵĺĔńĭŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀ
ĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮĶĺĴĪńŘĚĔŅĶĽĶƟŅĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴňŀĵƞŅĚĚƞŅĵĭŅĚĝĬŇħ 

 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  0&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 presentation   
 
ĺ,ėĴ,Ȯ532Ȯ&0.1532' ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň  0&2+0+4' 
   Statistics and Computer Programs for Chemical Research  
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ėĺŅĴĽŜŅėńĠĕŀĚĽĩŇĨŇĔńĭĔŅĶĺŇěńĵĪŅĚŏėĴňȮ ĽĩŇĨŇĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮ ĔŅĶĮĶŃĴŅĦėƞŅŐĭĭěŋħŐĸŃŐĭĭ
ĝƞĺĚȮĔŅĶĪħĽŀĭĽĴĴĨŇģŅĬőħĵŒĝƟĺŇīňĪŅĚĽĩŇĨŇȮĺŇĪĵŅĔŅĶĕƟŀĴŌĸŒĬĔŅĶĪŜŅĺŇěńĵĪŅĚŏėĴňȮĔŅĶŒĝƟĚŅĬĝŋħőĮĶŐĔĶĴĽŜŅĬńĔĚŅĬȮ
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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) in calculation, data analysis and result 
presentation, using computer program(s) to prepare figures for scientific data presentation, and using 
computer program(s) for preparation of scientific presentations 

 
ĺ,ėĴ,Ȯ533Ȯ&0.1533' ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴň              1(1-0-2) 

ŀĵƞŅĚĴŊŀŀŅĝňı 
   Professional Handling and Management of Chemical Hazards  
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴŏĔňŗĵĺĔńĭėĺŅĴĮĸŀħĳńĵŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏėĴňȮ ĔŅĶĺŅĚŐįĬŏľĨŋĜŋĔŏĜŇĬŐĸŃĔŅĶĨŀĭőĨƟŏľĨŋĜŋĔŏĜŇĬŒĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶŏėĴňȮĔŅĶĪŜŅĚŅĬŐĸŃĔŅĶěńħĔŅĶĽŅĶŏėĴňȮĔŅĶěńħĔŅĶĕŀĚŏĽňĵŏėĴňȮėĺŅĴĮĸŀħĳńĵŏĔňŗĵĺĔńĭĶńĚĽňȮŐĸŃėĺŅĴ
ĮĸŀħĳńĵĪŅĚĝňĺĳŅı 

Overview of chemical 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  1(0-2-1) 

ȮȮȮȮȮȮȮȮȮĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
 Hard 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 
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ĺ,ėĴ,Ȯ553Ȯ&0.1553' ĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢ   3&3+0+6' 
   Polymer Characterization and Properties 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

īĶĶĴĝŅĨŇĕŀĚĺńĽħŋıŀĸŇŏĴŀĶƢȮ ĔŅĶĽńĚŏėĶŅŃľƢıŀĸŇŏĴŀĶƢȮ 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, 554Ȯ&0.1554' ıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨȮ      3&3+0+6' 

Polymer Composites 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮȮ8ĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

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 
 
ĺ,ėĴ, 555Ȯ&0.1555' ıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮ       3&3+0+6' 

Polymer Blends 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮȮ8ĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴŏĔňŗĵĺĔńĭıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮŐĭĭěŜŅĸŀĚĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢȮŀŋĦľıĸĻŅĽĨĶƢĕŀĚįĽĴĽŀĚĝĬŇħȮ
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 
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ĳŅıĶĺĴĔŅĶŏĽŊŗŀĴĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢȮĔŅĶŏĽŊŗŀĴĽĸŅĵőħĵėĺŅĴĶƟŀĬȮĔŅĶŏĽŊŗŀĴĽĸŅĵőħĵŐĽĚȮĔŅĶŏĽŊŗŀĴĽĸŅĵ
ŏĝŇĚĔĸȮĔŅĶŏĽŊŗŀĴĽĸŅĵĪŅĚĝňĺĳŅıȮȮȮ 

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 
 ĔŅĶŀĳŇĮĶŅĵėĺŅĴĔƟŅĺľĬƟŅĪŅĚĚŅĬĺŇěńĵŒľĴƞŕȮ ŒĬľńĺĕƟŀĨƞŅĚŕȮ ĕŀĚĪŋĔŐĕĬĚĺŇĝŅĪŅĚŏėĴňȮŐĸŃĔŅĶĶŅĵĚŅĬ
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 
 ĔŅĶŀĳŇĮĶŅĵėĺŅĴĔƟŅĺľĬƟŅĪŅĚĚŅĬĺŇěńĵŒľĴƞŕȮ ŒĬľńĺĕƟŀĨƞŅĚŕȮ ĕŀĚĪŋĔŐĕĬĚĺŇĝŅĪŅĚŏėĴňȮ ŐĸŃĔŅĶĶŅĵĚŅĬ
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 
  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 
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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 

ĳŅıĶĺĴĕŀĚŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬȮĽŅĶĨńŘĚĨƟĬľĴŋĬŏĺňĵĬȮĔŅĶĪħŐĪĬĶňŏŀŏěĬĨƢŐĸŃĨńĺĪŜŅĸŃĸŅĵŀŇĬĪĶňĵƢȮ
ĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅŒĬŏĝŇĚŏėĴňĽňŏĕňĵĺȮĺŇīňĪŅĚŏĸŊŀĔŒĬĔŅĶŒľƟıĸńĚĚŅĬŐĔƞĮĢŇĔŇĶŇĵŅ 

Overview of green 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' őĸľŃĪĶŅĬĞŇĞńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢĽńĚŏėĶŅŃľƢ   ȮȮȮȮȮȮ  0&2+0+4' 
        Organotransition Metals in Organic Synthesis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

őėĶĚĽĶƟŅĚŐĸŃıńĬīŃŒĬĽŅĶĮĶŃĔŀĭőĸľŃĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢȮ ĮĢŇĔŇĶŇĵŅıŊŘĬģŅĬŒĬĽŅĶĮĶŃĔŀĭŏĝŇĚĞƟŀĬőĸľŃ
ĪĶŅĬĞŇĝńĬŀŇĬĪĶňĵƢȮĮĢŇĔŇĶŇĵŅĲƤĚĔƢĝńĬĬŀĸœĸŏĞĝńĬĕŀĚŐŀĸėňĬŐĸŃĔŅĶĮĶŃĵŋĔĨƢȮĔŅĶĽĶƟŅĚıńĬīŃėŅĶƢĭŀĬ+ėŅĶƢĭŀĬŐĸŃ
ĔŅĶĮĶŃĵŋĔĨƢȮĔŅĶĽĶƟŅĚıńĬīŃėŅĶƢĭŀĬ+œĬőĨĶŏěĬŐĸŃĔŅĶĮĶŃĵŋĔĨƢȮĮĢŇĔŇĶŇĵŅőŀŏĸĲƕĬŏĴĪŅīňĞŇĽŐĸŃĔŅĶĮĶŃĵŋĔĨƢ Ķňŏŀ
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 
 
ĺ,ėĴ,Ȯ807 &203807' ŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸ       3&3+0+6' 
   Physical Organic Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮ8ĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
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 ĕƟŀĴŌĸĪŅĚŀŋĦľıĸĻŅĽĨĶƢŐĸŃĪŅĚěĸĬıĸĻŅĽĨĶƢȮ Ȯ įĸĕŀĚľĴŌƞŐĪĬĪňŗŐĸŃėĺŅĴĽńĴıńĬīƢŏĝŇĚŏĽƟĬĕŀĚıĸńĚĚŅĬ
ŀŇĽĶŃȮŐĬĺėŇħıŊŘĬģŅĬĕŀĚĔĸœĔȮȮȮįĸĕŀĚœŀőĞőĪĮȮȮȮœŀőĞőĪĮŒĬĔŅĶĪħĸŀĚĨŅĴĶŀĵȮȮĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚĽŅĶĴńī
ĵńĬĨĶƢĕŀĚĮĢŇĔŇĶŇĵŅȮȮĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅőħĵĔĶħŐĸŃŏĭĽȮȮĨńĺŏĶƞĚĸŇĺŀŇĽĝĬŇħĔĶħȮįĸĕŀĚĨńĺĪŜŅĸŃĸŅĵȮȮįĸĕŀĚőėĶĚĽĶƟŅĚŒĬ
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,Ȯ6/2Ȯ&0.16/2' ŏėĴňőĸľŀŇĬĪĶňĵƢ       3&3+0+6' 
   Organometallic Chemistry 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚŏėĴňőĸľŀŇĬĪĶňĵƢȮĸŇŐĔĬħƢŒĬĽŅĶĮĶŃĔŀĭőĸľŀŇĬĪĶňĵƢĕŀĚőĸľŃŐĪĶĬĞŇĝńĬȮ ĽŅĶőĸľŀŇĬĪĶňĵƢĕŀĚ
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   0&2+0+4' 
 Coordination Polymers and Metal Organic Frameworks 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬȮȮ8ĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĳŅıĶĺĴĕŀĚőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮŏėĴňőėŀŀĶƢħŇŏĬĝńĬĪňŗĽŜŅėńĠĕŀĚőėŀŀĶƢħŇŏĬĝńĬ
ıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚőĴŏĸĔŋĸĕŀĚőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃ
ŀŇĬĪĶňĵƢŏėĶŊŗŀĚĴŊŀŒĬĔŅĶŀīŇĭŅĵŐĸŃĔŅĶŀŀĔŐĭĭőėĶĚĽĶƟŅĚőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮĺŇīňĔŅĶ
ĽńĚŏėĶŅŃľƢőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮŏĪėĬŇėĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇıŊŘĬģŅĬĕŀĚőė
ŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃŀŇĬĪĶňĵƢȮĔĶĦňĻŉĔļŅ 
 Overview of coordination polymers (CPs) and 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 
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ėĦŇĨĻŅĽĨĶƢĪňŗŏĔňŗĵĺĕƟŀĚȮĪĭĪĺĬĔĸĻŅĽĨĶƢėĺŀĬĨńĴȮĔŅĶŏėĸŊŗŀĬĪňŗŏĝŇĚŏĽƟĬȮŐĸŃĨńĺŐĔĺƞĚĔĺńħŁŅĶƢĴŀĬŇĔȮĔŅĶ
ŏėĸŊŗŀĬĪňŗŐĭĭľĴŋĬȮőĴŏĴĬĨńĴŏĝŇĚĴŋĴȮĪķļġňĔĸŋƞĴȮŏĪėĬŇėĔŅĶĮĶŃĴŅĦȮĽŏĮĔĨĶńĴŀŃĨŀĴȮŐĸŃőėĶĚĽĶƟŅĚŀŃĨŀĴȮ
őėĶĚĽĶƟŅĚőĴŏĸĔŋĸȮĔŅĶėŜŅĬĺĦőėĶĚĽĶƟŅĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮ 

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 

ĶŃĭĭıŇĔńħȮıŅĶŅĴŇŏĨŀĶƢőėĶĚĽĶƟŅĚȮŐĸŃĔŅĶŐĽħĚĳŅıőĴŏĸĔŋĸ ıńĬīŃőėŏĺŏĸĬĨƢ ıńĬīŃœŁőħĶŏěĬȮŐĸŃıńĬīŃ
ľĸŅĵĻŌĬĵƢĔĸŅĚ ŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚĕńŘĺȮŐĸŃŀńĬĨĶĔŇĶŇĵŅħŇĽŏıŀĶƢĝńĬ ŀńĬĨĶĔŇĶŇĵŅœĲĲƚŅĽĩŇĨ ėŀĬĲŀĶƢŏĴĝńĬŐĸŃĪŀ
ıŀőĸĵňĕŀĚőĴŏĸĔŋĸ ŐĴőėĶőĴŏĸĔŋĸȮőĴŏĸĔŋĸĪňŗĮĶŃĔŀĭĔńĬœħƟŏŀĚȮŐĸŃŀĬŋĳŅėĬŅőĬ 
 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 

ĪķļġňŐĸŃŐĬĺėŇħĪŅĚįĸŉĔĻŅĽĨĶƢŒĬĭĶŇĭĪĕŀĚĔŅĶĮĶŃĵŋĔĨƢĪŅĚŏėĴňȮ ŏĪėĬŇėŐĸŃŏėĶŊŗŀĚĴŊŀĪŅĚįĸŉĔĻŅĽĨĶƢȮ
ĔŅĶĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬĺŇěńĵŐĸŃŀŋĨĽŅľĔĶĶĴȮ 

Crystallography theory and conceptȮfor application in chemical aspect, crystallographic 
techniques and instrumentation, research and industrial applications 
 
ĺ,ėĴ,Ȯ603Ȯ&0.1603' 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 
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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 
 
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,Ȯ606Ȯ&0.1606' ĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃĕŀĚıŀĸŇŏĴŀĶƢ  3&3+0+6' 
   Polymer Synthesis and Characterization 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĕŀĚįŌƟĽŀĬ 

ĔĸœĔŐĸŃěĸĬıĸĻŅĽĨĶƢĕŀĚĮĢŇĔŇĶŇĵŅĔŅĶıŀĸŇŏĴŀœĶŏĞĝńĬȮ ĔĸœĔŐĸŃěĸĬıĸĻŅĽĨĶƢĕŀĚĮĢŇĔŇĶŇĵŅĔŅĶŏĔŇħőė
ıŀĸŇŏĴŀĶƢȮ ĔŅĶŏĔŇħıŀĸŇŏĴŀĶƢŐĭĭŀĬŋĴŌĸŀŇĽĶŃĩƞŅĵőŀĬŀŃĨŀĴȮ ĔŅĶŏĔŇħıŀĸŇŏĴŀĶƢŐĭĭĶĺĴĨńĺ+ŐĨĔŀŀĔ+įƞŅĬĔŅĶ

ĔŅĶľŅĬŘŜŅľĬńĔőĴŏĸĔŋĸŏĜĸňŗĵĕŀĚıŀĸŇŏĴŀĶƢȮŏėĸŊŗŀĬĵƟŅĵĽŅĵőĞƞŐĭĭįńĬĔĸńĭœħƟ 
Mechanisms andȮkinetics of polymerization, mechanisms andȮkinetics ofȮcopolymerization, 

atom transfer radical polymerization, reversible addition+fragmentation chain+transfer 
polymerization, average molecular weight determination of polymer 
 
ĺ,ėĴ,Ȯ607Ȯ&0.1607' ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭ    3&3+0+6' 
   Polymer Properties and Testing 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇŒĬıŀĸŇŏĴŀĶƢȮĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢȮĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃȮĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚ
ıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟŏĽĩňĵĶȮ 

Temperature transitions in polymers, polymer morphology, mechanical properties, polymer 
degradation and stabilization 
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ĺ,ėĴ,Ȯ831Ȯ&203831' ŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚ   2&2+0+4' 
ĺŇĪĵŅĻŅĽĨĶƢ 

   Introductory Chemometrics for Scientific Data Analysis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚŏėĴňȮľĸńĔĔŅĶŏėőĴŏĴĨĶŇĔĽƢȮĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏėőĴŏĴĨĶŇĔĽƢ ĽĩŅĬŃĮƤěěŋĭńĬŐĸŃ
ŐĬĺőĬƟĴĕŀĚĔŅĶŒĝƟŏėőĴŏĴĨĶŇĔĽƢ 

Chemical data analyses, chemometric principle, applications of chemometrics, current 
status and trend of the use of chemometrics 

 
ĺ,ėĴ,Ȯ833 &203833' ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚ    3&3+0+6' 
        Advanced Analytical Spectroscopy 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 

ŀńĸĨĶŅœĺőŀŏĸĨ +ĺŇĽŇŏĭŇĸĽŏĮĔőĪĶőĲőĨŏĴĨĶňŐĸŃĽŏĮĔőĪĶŏĴĨĶňŏĝŇĚŀĬŋıńĬīƢŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŒĬĶŃĭĭœĲ
ŏĭŀĶƢŀŀĲĨŇĔȮ ŏĬĲŏĲŀőĶŏĴĨĶňŐĸŃŏĪŀĭŇħŇŏĴĨĶňȮĲĸŌŀŀŏĶĽŏĞĬĽƢĽŏĮĔőĪĶĽőĔĮƖȮŏėĴňĸŌĴŇŏĬŏĞĬĨƢĽŏĮĔőĪĶĽőĔĮƖȮŏĬňĵĶƢŀŇĬ
ĲŅŏĶħĽŏĮĔőĪĶĽőĔĮƖȮŀŃĨŀĴĴŇėŐŀĲĞŀĭĝńĬŐĸŃŀŇĴŇĽĝńĬĽŏĮĔőĪĶŏĴĨĶňȮŀŇĬħńĔĪňĲĸňėńıŏıŇĸıĸŅĽĴŅ+ŀŀĮĨŇĔėńĸŀŇĴŇĽ
ĝńĬĽŏĮĔőĪĶŏĴĨĶň 'œŀĞňıň+őŀŀňŏŀĽȮ& œĴőėĶŏĺĲıĸŅĽĴŅ +ŀŀĮĨŇĔėńĸŀňĴŇĽĝńĬĽŏĮĔőĪĶŏĴĨĶňȮ'ŏŀŖĴıň+őŀŀňŏŀĽȮ& ŀŇĬħńĔĪňĲ
ĸňėńıŏıŇĸıĸŅĽĴŅ+ŐĴĽĽŏĮĔőĪĶŏĴĨĶň'œŀĞňıň+ŏŀŖĴŏŀĽȮ& ŀŇĬħńĔĪňĲĸňėńıŏıŇĸıĸŅĽĴŅ+ŐĴĽĽŏĮĔőĪĶŏĴĨĶň-ŐĴĽĽŏĮĔőĪĶ

ŏĴĨĶň'œŀĞňıň+ŏŀŖĴŏŀĽ-ŏŀŖĴŏŀĽ&ȮĸŇėĺŇħőėĶĴŅőĪĶĔĶŅĲƖ +ŀŇĬħńĔĪňĲĸňėńıŏıŇĸıĸŅĽĴŅ+ŐĴĽĽŏĮĔőĪĶŏĴĨĶňȮ'ŐŀĸĞň+œŀĞňıň+
ŏŀŖĴŏŀĽȮ& őĲőĨŏĴĨĶňŐĬĺŒľĴƞĔńĭĔŅĶĮĶŃĴĺĸĳŅı 

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 spectrometryȮ-mass spectrometry'ȮICP+MS-MS&,Ȯliquid chromatographyȮ+
inductively coupled plasma+ mass spectrometry'ȮLC+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 
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 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 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8 ĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ĭĪĬŜŅőĳĝĬŅĔŅĶŏĝŇĚĝňĺŏėĴňȮĽŅĶŀŅľŅĶĪňŗĶƞŅĚĔŅĵĨƟŀĚĔŅĶŐĸŃĕƟŀŐĬŃĬŜŅȮĔŅĶĮĶŃŏĴŇĬĽĳŅĺŃőĳĝĬŅĔŅĶŏĝŇĚ
ĝňĺŏėĴňȮıĸńĚĚŅĬěŅĔŏĴŐĪĭŀĸŇĞŉĴȮĔŅĶĺŇěńĵĪŅĚőĳĝĬŅĔŅĶȮŏĴŐĪĭŀĸŇĞŉĴŐĸŃėĺŅĴįŇħĮĔĨŇĪŅĚĝňĺŏėĴňȮįĸŏĝŇĚĝňĺŏėĴň
ĕŀĚŀŅľŅĶĪňŗŒľƟĪŅĚŏĽƟĬŏĸŊŀħĨƞŀĶŃĭĭĔŅĶĵƞŀĵŐĸŃŏĴŐĪĭŀĸŇĞŉĴőĳĝĬŅĔŅĶȮĔŅĶėĺĭėŋĴŏĴŐĪĭŀĸŇĞŉĴĕŀĚĽŅĶŀŅľŅĶ
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 
 ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňȮőėĶĚĽĶƟŅĚĕŀĚŏĵŊŗŀŏĞĸĸƢȮĽĴĭńĨŇĪŅĚŏėĴňĔŅĵĳŅıȮĭĪĭŅĪŐĸŃĮĶŃŏĳĪĕŀĚŏĵŊŗŀŏĞĸĸƢȮȮĝňĺ
ĽńĚŏėĶŅŃľƢĕŀĚŀĚėƢĮĶŃĔŀĭŏĵŊŗŀŏĞĸĸƢȮĔŅĶĕĬĽƞĚĽƞĚĽŅĶĝňĺőĴŏĸĔŋĸŐĸŃœŀŀŀĬĨƞŅĚȮŕȮįƞŅĬŏĵŊŗŀŏĞĸĸƢȮĭĪĭŅĪĕŀĚőĮĶĨňĬ
ĨńĺĶńĭŐĸŃŏĵŊŗŀŏĞĸĸƢŏĔňŗĵĺĔńĭőĶėĭŅĚĝĬŇħȮŐĭĭěŜŅĸŀĚĕŀĚŏĵŊŗŀŏĞĸĸƢŐĸŃĺŇīňĔŅĶĻŉĔļŅŏĵŊŗŀŏĞĸĸƢ 

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 
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ĺ,ėĴ,Ȯ622Ȯ&0.1622' ĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔ      3&3+0+6' 
   Biochemistry of Nucleic Acids 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĕŀĚįŌƟĽŀĬ 

ĪĭĪĺĬŀĚėƢĮĶŃĔŀĭĕŀĚĔĶħĬŇĺėĸňŀŇĔȮĭĪĭŅĪĕŀĚĔĶħĬŇĺėĸňŀŇĔĪŅĚĽŋĕĳŅıŐĸŃőĶėĨƞŅĚȮŕ  ĔĶħĬŇĺėĸňŀŇĔŒĬ
œĺĶńĽȮĬŇĺėĸňŏŀĽŐĸŃŏŀĬœĞĴƢŀŊŗĬĪňŗŏĔňŗĵĺĕƟŀĚȮĝňĺĽńĚŏėĶŅŃľƢĕŀĚħňŏŀŖĬŏŀȮŐĸŃŀŅĶƢŏŀŖĬŏŀȮĭĪĭŅĪĕŀĚħňŏŀŖĬŏŀŐĸŃŀŅĶƢŏŀŖĬ
ŏŀŒĬĝňĺĽńĚŏėĶŅŃľƢĕŀĚőĮĶĨňĬȮľĸńĔĔŅĶěńħĵňĬȮĶŃŏĭňĵĭĺŇīňĔŅĶĨƞŅĚȮŕȮ 

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. It may be repeated for a maximum of 4 credits if different topics are taken. Topics are to 
be announced 

 
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. It may be repeated for a maximum 4 credits if different topics are taken. Topics are to be 
announced 
 
ĺ,ėĴ,Ȯ67/Ȯ&0.167/' ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1     1&1+0+2' 
   Graduate Seminar in Chemistry 3 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ĔŅĶŀĳŇĮĶŅĵĩŉĚėĺŅĴĔƟŅĺľĬƟŅŒľĴƞȮŕȮŒĬľńĺĕƟŀĨƞŅĚȮŕȮĕŀĚĪŋĔŐĕĬĚĺŇĝŅĪŅĚŏėĴňȮŐĸŃĔŅĶĶŅĵĚŅĬėĺŅĴĔƟŅĺľĬƟŅ
ĚŅĬĺŇěńĵŐĸŃĮƤĠľŅŒĬĔŅĶĺŇěńĵőħĵĬńĔĻŉĔļŅ 
 Discussions of recent advances in various topics in respective branches of chemistry, and 
reports by graduate students on research problems 
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ĺ,ėĴ,Ȯ670Ȯ&0.1670' ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2     1&1+0+2' 
Graduate Seminar in Chemistry 4 

ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8ȮĨŅĴėĺŅĴŏľŖĬĝŀĭĕŀĚįŌƟĽŀĬ 
 ĔŅĶŀĳŇĮĶŅĵĩŉĚėĺŅĴĔƟŅĺľĬƟŅŒľĴƞȮŕȮŒĬľńĺĕƟŀĨƞŅĚȮŕȮĕŀĚĪŋĔŐĕĬĚĺŇĝŅĪŅĚŏėĴňȮŐĸŃĔŅĶĶŅĵĚŅĬėĺŅĴĔƟŅĺľĬƟŅ
ĚŅĬĺŇěńĵŐĸŃĮƤĠľŅŒĬĔŅĶĺŇěńĵőħĵĬńĔĻŉĔļŅ 
 Discussions of recent advances in various topics in respective branches of chemistry, and 
reports by graduate students on research problems 
 
ĺ,ėĴ,Ȯ675Ȯ&0.1675' ħŋļġňĬŇıĬīƢ      72Ȯ ľĬƞĺĵĔŇĨ 
 Doctoral Thesis  
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8Ȯ œħƟĶńĭŀĬŋĴńĨŇľńĺĕƟŀőėĶĚĶƞŅĚŐĸƟĺȮľĶŊŀ 
 ĸĚĪŃŏĭňĵĬıĶƟŀĴĔńĭĔŅĶŏĽĬŀľńĺĕƟŀŐĸŃőėĶĚĶƞŅĚ 
 
ĺ,ėĴ,Ȯ676Ȯ&0.1676' ħŋļġňĬŇıĬīƢ      48Ȯ ľĬƞĺĵĔŇĨ 
 Doctoral Thesis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8 œħƟĶńĭŀĬŋĴńĨŇľńĺĕƟŀőėĶĚĶƞŅĚŐĸƟĺȮľĶŊŀ 
   ĸĚĪŃŏĭňĵĬıĶƟŀĴĔńĭĔŅĶŏĽĬŀľńĺĕƟŀŐĸŃőėĶĚĶƞŅĚ 

 
ĺ,ėĴ,Ȯ677Ȯ&0.1677' ħŋļġňĬŇıĬīƢ      36Ȯ ľĬƞĺĵĔŇĨ 
 Doctoral Thesis 
ŏĚŊŗŀĬœĕĪňŗĨƟŀĚįƞŅĬĔƞŀĬ8 œħƟĶńĭŀĬŋĴńĨŇľńĺĕƟŀőėĶĚĶƞŅĚŐĸƟĺȮľĶŊŀ 
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2,ȮĨŅĶŅĚŏĮĶňĵĭŏĪňĵĭĕƟŀŐĨĔĨƞŅĚĶŃľĺƞŅĚľĸńĔĽŌĨĶŏħŇĴĔńĭľĸńĔĽŌĨĶĪňŗĮĶńĭĮĶŋĚ 

Őĭĭ 1.1 (ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪ) 
ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ254/ ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ, 2566 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶ 48 ľĬƞĺĵĔŇĨ ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶ 48 ľĬƞĺĵĔŇĨ  
Ĕ. ĮĶŇĠĠŅĬŇıĬīƢ 48 ľĬƞĺĵĔŇĨ Ĕ. ĮĶŇĠĠŅĬŇıĬīƢ 48 ľĬƞĺĵĔŇĨ  
203898 ĺ,ėĴ,Ȯ898ȮħŋļġňĬŇıĬīƢ 48 ľĬƞĺĵĔŇĨ ȮȮ ŏľĴŊŀĬŏħŇĴ   
ĕ,ȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ ĕ,ȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶ  
1. ĬńĔĻŉĔļŅĨƟŀĚŏĕƟŅĶƞĺĴĽńĴĴĬŅĪŋĔėĶńŘĚĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅěĬĽŜŅŏĶŖě
ľĸńĔĽŌĨĶ 
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ėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĔƞŀĬĔŅĶĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢ 
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ĪňŗĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮĦȮĨƞŅĚĮĶŃŏĪĻȮŀĵƞŅĚ
ĬƟŀĵȮ/ȮŏĶŊŗŀĚ 

3. ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
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ĨńħėŜŅĺƞŅȮĦȮĨƞŅĚĮĶŃŏĪĻŀŀĔȮ
ŏĬŊŗŀĚěŅĔĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶŒĬ
ĮƤěěŋĭńĬĴňėĺŅĴľĸŅĔľĸŅĵĕŀĚĔŅĶ
ěńħĔŅĶĮĶŃĝŋĴĴŅĔĕŉŘĬėŊŀŏĮƦĬœħƟĪńŘĚ
ŐĭĭȮonline, on-site ľĶŊŀȮhybrid 
ĪŜŅŒľƟĴňėĺŅĴĵŊħľĵŋƞĬĕŀĚĔŅĶŏĕƟŅĶƞĺĴ
ĔŅĶĮĶŃĝŋĴĴŅĔȮőħĵœĴƞěŜŅŏĮƦĬĨƟŀĚ
ŏħŇĬĪŅĚœĮĨƞŅĚĮĶŃŏĪĻŐĨƞŏıňĵĚ
ŏĪƞŅĬńŘĬ 
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ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ254/ ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ, 2566 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 
1,  įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮ ľĶŊŀ
ŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ2 
ŏĶŊŗŀĚȮőħĵŀĵƞŅĚĬƟŀĵȮ1 ŏĶŊŗŀĚĪňŗĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮĨƟŀĚŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮ
ISI, Scopus, Web of Science ľĶŊŀȮPubmedȮľĶŊŀĴňŀĬŋĽŇĪīŇĭńĨĶľĶŊŀ
ĽŇĪīŇĭńĨĶ 

4.  įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚ
ĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ0ȮŏĶŊŗŀĚȮŒĬ
ģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of Science ľĶŊŀȮPubmedȮőħĵŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚ
ĪňŗĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬ
ĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗ
œħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬœĮȮ
ĪńŘĚĬňŘĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

ĪńŘĚĬňŘŏıŊŗŀŒľƟĽŀħėĸƟŀĚĨŅĴŏĚŊŗŀĬœĕĨŅĴ
ĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵĺƞŅħƟĺĵŏĔĦĤƢ
ŐĸŃŐĬĺĮĢŇĭńĨŇĔŅĶŏįĵŐıĶƞįĸĚŅĬ
ĮĶŇĠĠŅĬŇıĬīƢȮŐĸŃĴňĔŅĶĮĶńĭ
ėŜŅŀīŇĭŅĵŒĬĽƞĺĬĕŀĚĔŅĶĴňĕŊŗŀ
ĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮĪńŘĚĬňŘŏıŊŗŀŒľƟĴň
ėĺŅĴĝńħŏěĬŐĸŃĩŌĔĨƟŀĚĕŀĚŏĬŊŘŀėĺŅĴ 

2. ĬńĔĻŉĔļŅĨƟŀĚĶŅĵĚŅĬįĸĔŅĶĻŉĔļŅĨŅĴŐĭĭĶŅĵĚŅĬįĸĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ
ĪŋĔĳŅėĔŅĶĻŉĔļŅőħĵįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅėĦŃȮŐĸŃĶĺĭĶĺĴĽƞĚĭńĦĤŇĨĺŇĪĵŅĸńĵĪŋĔĳŅėĔŅĶĻŉĔļŅ 

5. ŏľĴŊŀĬŏħŇĴ  

ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ  
1. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ               ĳŅļŅĨƞŅĚĮĶŃŏĪĻ 1. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ               ĳŅļŅŀńĚĔķļ ŏıŊŗŀŒľƟĴňėĺŅĴĝńħŏěĬĕŉŘĬ 
2.ȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬĔĶŃĭĺĬĺŇĝŅıŊŘĬģŅĬŐĸŃ
ĽńĴĴĬŅħńĚĬňŘ 

- 203753  &ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢĪŅĚŏėĴň' 
- 203754  &ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň' 
- 0.157/Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/' 
- 0.1570Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0' 

 
 
 

- 0.187/Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 3' 

2.ȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬįƞŅĬ
ĔĶŃĭĺĬĺŇĝŅıŊŘĬģŅĬŐĸŃĽńĴĴĬŅħńĚĬňŘ 

- 203753 &ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň' 
- 203754 &ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň 
- ĵĔŏĸŇĔ 
- ĵĔŏĸŇĔ 
- 0.1534Ȯ&ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬ 
ȮȮȮȮȮȮȮȮȮȮȮŒĬĮĢŇĭńĨŇĔŅĶŏėĴň' 
 

- 0.187/Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 3' 
- 0.1870Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4' 

 
 
0.1531ȮĮĶńĭŏĬŊŘŀľŅĔĶŃĭĺĬĺŇĝŅŒľƟ
ŏľĴŅŃĽĴĪńĬĽĴńĵȮŐĸŃĝŊŗŀĺŇĝŅŒľƟ
ĽŀħėĸƟŀĚĔńĭŏĬŊŘŀľŅ 
 
ŏıŇŗĴŏĨŇĴĔĶŃĭĺĬĺŇĝŅ 203754 ŏıŊŗŀ
ŏĨĶňĵĴėĺŅĴıĶƟŀĴĕŀĚĬńĔĻŉĔļŅĔƞŀĬ
ĨŅĴȮPLO6 
ĸħěŜŅĬĺĬĕŀĚĔĶŃĭĺĬĺŇĝŅĽńĴĴĬŅ
ĭńĦĤŇĨĻŉĔļŅŒľƟŏľĸŊŀĽŀĚĔĶŃĭĺĬ
ĺŇĝŅȮŏıĶŅŃĬńĔĻŉĔļŅĴňĮĶŃĽĭĔŅĶĦƢ
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ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ254/ ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ, 2566 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 
ěŅĔĔŅĶĽńĴĴĬŅŒĬĶŃħńĭĮĶŇĠĠŅőĪ
ĴŅŐĸƟĺ 

Ě,ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ Ě,ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ  
1. ĬńĔĻŉĔļŅĨƟŀĚįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇĞŉŗĚħŜŅŏĬŇĬĔŅĶŏĮƦĬĳŅļŅŀńĚĔķļŏıŊŗŀ
ĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴŐĸŃėĺŅĴĽŅĴŅĶĩŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 

2. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬ ĴňĽŇĪīŇĽŀĭŐĔƟĨńĺœħƟŀňĔȮ1 ėĶńŘĚȮőħĵĨƟŀĚĵŊŗĬėŜŅĶƟŀĚĕŀ
ĽŀĭŒľĴƞ ĔŅĶĽŀĭŐĔƟĨńĺĨƟŀĚĽŀĭŒľƟŏĽĶŖěĽŇŘĬĳŅĵŒĬȮ1 ĳŅėĔŅĶĻŉĔļŅĩńħœĮ
ĬńĭěŅĔĔŅĶĽŀĭėĶńŘĚŐĶĔ 

3. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅŀŅěıŇěŅĶĦŅŒľƟőŀĬŏĮƦĬĬńĔĻŉĔļŅĶŃħńĭ
ĮĶŇĠĠŅőĪœħƟ 

1. ĬńĔĻŉĔļŅěŃĨƟŀĚĽŀĭŐĸŃįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴȮŐĸŃ
ėĺŅĴĽŅĴŅĶĩŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 

2. ŏľĴŊŀĬŏħŇĴ 
3. ŏľĴŊŀĬŏħŇĴ 
4. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮŏıŊŗŀĴňĽŇĪīŇśŏĕƟŅľĸńĔĽŌĨĶĶƞĺĴĔńĭĽĩŅĭńĬ
ŀŊŗĬ 
 
 

ĴňĔŅĶĨńħŏĶŊŗŀĚĔŅĶŒĝƟĳŅļŅŀńĚĔķļŒĬ
ĔŅĶĽŀĭŀŀĔŏĬŊŗŀĚěŅĔŏĮƦĬľĸńĔĽŌĨĶ
ĬŅĬŅĝŅĨŇěŉĚěŜŅŏĮƦĬĨƟŀĚŒĝƟ
ĳŅļŅŀńĚĔķļŀĵŌƞŐĸƟĺ 
ŏıŊŗŀĮĶŃŏĴŇĬĴŅĨĶģŅĬĬńĔĻŉĔļŅŒľƟĴň
ėĺŅĴıĶƟŀĴĽŜŅľĶńĭĔŅĶŏĕƟŅĶƞĺĴ
ľĸńĔĽŌĨĶĔńĭĽĩŅĭńĬŀŊŗĬŕ 

 
 

Őĭĭ 1.2 (ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅĨĶň) 
ľĸńĔĽŌĨĶŏħŇĴȮı,Ļ,Ȯ254/ ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ, 2563 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶ 72 ľĬƞĺĵĔŇĨ ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶ 72 ľĬƞĺĵĔŇĨ  
Ĕ.ĮĶŇĠĠŅĬŇıĬīƢ 72 ľĬƞĺĵĔŇĨ Ĕ. ĮĶŇĠĠŅĬŇıĬīƢ 72 ľĬƞĺĵĔŇĨ  
203897 ĺ,ėĴ,Ȯ897ȮħŋļġňĬŇıĬīƢ 72 ľĬƞĺĵĔŇĨ ȮȮȮ ŏľĴŊŀĬŏħŇĴ   
ĕ,ȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶ ĮĶŃĔŀĭħƟĺĵ ĕ,ȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶ  
1. ĬńĔĻŉĔļŅĨƟŀĚŏĕƟŅĶƞĺĴĽńĴĴĬŅĪŋĔėĶńŘĚĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅěĬĽŜŅŏĶŖě
ľĸńĔĽŌĨĶ 

1. ŏľĴŊŀĬŏħŇĴ  

  2. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚ
ėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĔƞŀĬĔŅĶĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢ 

ŏıŊŗŀŒľƟŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕĕŀĚ
ĮĶŃĔŅĻĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵŏĶŊŗŀĚĔŅĶ
ĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢ 
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ľĸńĔĽŌĨĶŏħŇĴȮı,Ļ,Ȯ254/ ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ, 2563 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 
0, ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬ
ĪňŗĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮĦȮĨƞŅĚĮĶŃŏĪĻȮŀĵƞŅĚ
ĬƟŀĵȮȮ/ŏĶŊŗŀĚ 

1. ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġňĬŇıĬīƢŒĬĪňŗ
ĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚ 

ĨńħėŜŅĺƞŅȮĦȮĨƞŅĚĮĶŃŏĪĻŀŀĔȮ
ŏĬŊŗŀĚěŅĔĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶŒĬ
ĮƤěěŋĭńĬĴňėĺŅĴľĸŅĔľĸŅĵĕŀĚĔŅĶ
ěńħĔŅĶĮĶŃĝŋĴĴŅĔĕŉŘĬėŊŀŏĮƦĬœħƟĪńŘĚ
ŐĭĭȮonline, on-site ľĶŊŀȮhybrid 
ĪŜŅŒľƟĴňėĺŅĴĵŊħľĵŋƞĬĕŀĚĔŅĶŏĕƟŅĶƞĺĴ
ĔŅĶĮĶŃĝŋĴĴŅĔȮőħĵœĴƞěŜŅŏĮƦĬĨƟŀĚ
ŏħŇĬĪŅĚœĮĨƞŅĚĮĶŃŏĪĻŐĨƞŏıňĵĚ
ŏĪƞŅĬńŘĬ 

1,ȮȮįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀ
ŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ3 
ŏĶŊŗŀĚȮőħĵŀĵƞŅĚĬƟŀĵȮ2 ŏĶŊŗŀĚĪňŗĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮĨƟŀĚŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮ
ISI, Scopus, Web of Science ľĶŊŀȮPubmedȮľĶŊŀĴňŀĬŋĽŇĪīŇĭńĨĶľĶŊŀ
ĽŇĪīŇĭńĨĶ 

2. ȮįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢĨƟŀĚœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀŀĵƞŅĚ
ĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ0ȮŏĶŊŗŀĚȮŒĬ
ģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of Science ľĶŊŀȮPubmed őħĵĪňŗĪńŘĚȮ0ȮŏĶŊŗŀĚȮĴňĝŊŗŀ
ĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭ
ĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬœĮȮĪńŘĚĬňŘ
ĪńŘĚĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ/ȮŏĶŊŗŀĚ 

ĪńŘĚĬňŘŏıŊŗŀŒľƟĽŀħėĸƟŀĚĨŅĴŏĚŊŗŀĬœĕĨŅĴ
ĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵĺƞŅħƟĺĵŏĔĦĤƢ
ŐĸŃŐĬĺĮĢŇĭńĨŇĔŅĶŏįĵŐıĶƞįĸĚŅĬ
ĮĶŇĠĠŅĬŇıĬīƢȮ ŐĸŃĴňĔŅĶĮĶńĭ
ėŜŅŀīŇĭŅĵŒĬĽƞĺĬĕŀĚĔŅĶĴňĕŊŗŀ
ĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮ ĪńŘĚĬňŘŏıŊŗŀŒľƟĴň
ėĺŅĴĝńħŏěĬŐĸŃĩŌĔĨƟŀĚĕŀĚŏĬŊŘŀėĺŅĴ 

4, ĬńĔĻŉĔļŅĨƟŀĚĶŅĵĚŅĬįĸĔŅĶĻŉĔļŅĨŅĴŐĭĭĶŅĵĚŅĬįĸĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ
ĪŋĔĳŅėĔŅĶĻŉĔļŅȮőħĵįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅėĦŃȮŐĸŃĶĺĭĶĺĴĽƞĚĭńĦĤŇĨĺŇĪĵŅĸńĵĪŋĔĳŅėĔŅĶĻŉĔļŅ 

4, ŏľĴŊŀĬŏħŇĴ  

ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ  
1. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ  ȮĳŅļŅĨƞŅĚĮĶŃŏĪĻ 1. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵ               ĳŅļŅŀńĚĔķļ ŏıŊŗŀŒľƟĽŀħėĸƟŀĚĔńĭľĸńĔĽŌĨĶ

ĬŅĬŅĝŅĨŇĪňŗŒĝƟĳŅļŅŀńĚĔķļŏĮƦĬľĸńĔ 
 



 
 

 

1
8
6 

ľĸńĔĽŌĨĶŏħŇĴȮı,Ļ,Ȯ254/ ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ, 2563 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 
2.ȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬĔĶŃĭĺĬĺŇĝŅıŊŘĬģŅĬŐĸŃ
ĽńĴĴĬŅħńĚĬňŘ 

- 203753  &ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢĪŅĚŏėĴň' 
- 203754  &ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň' 
 
 
 
 
- 0.157/Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/' 
- 0.1570Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0' 
- 0.187/Ȯ&ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴň 3' 
- 203892 &ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4) 

2.ȮĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮĬńĔĻŉĔļŅĨƟŀĚĸĚĪŃŏĭňĵĬŐĸŃœħƟĶńĭĔŅĶĮĶŃŏĴŇĬįƞŅĬ
ĔĶŃĭĺĬĺŇĝŅıŊŘĬģŅĬŐĸŃĽńĴĴĬŅħńĚĬňŘ 

- 203753 (ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň' 
- 203754 (ĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭĚŅĬĺŇěńĵĪŅĚŏėĴň' 
- 203533 (ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚ 
ȮȮȮȮȮȮȮȮȮȮȮĴŊŀŀŅĝňı) 

- 203534 (ĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬ 
ȮȮȮȮȮȮȮȮȮȮȮŒĬĮĢŇĭńĨŇĔŅĶŏėĴň' 

- 203791 (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1) 
- 203792 (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2) 
- 203891 (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ3) 
- 203892 (ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ4) 

 
 
ŏĮĸňŗĵĬĝŊŗŀĔĶŃĭĺĬĺŇĝŅȮ0.1531Ȯ
ŏıŊŗŀŒľƟĴňėĺŅĴĝńħŏěĬĕŉŘĬȮ 
ĴňĔŅĶŏıŇŗĴĔĶŃĭĺĬĺŇĝŅȮ203753 ŐĸŃȮ
203754ȮĞŉŗĚŏĮƦĬĔĶŃĭĺĬĺŇĝŅŒľĴƞŏıŊŗŀ
ŏĨĶňĵĴėĺŅĴıĶƟŀĴĕŀĚĬńĔĻŉĔļŅĨŅĴȮ
PLO6 

Ě,ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ Ě,ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ  
1.  ĬńĔĻŉĔļŅěŃĨƟŀĚĽŀĭĺńħėŋĦĽĴĭńĨŇĞŉŗĚħŜŅŏĬŇĬĔŅĶŏĮƦĬĳŅļŅŀńĚĔķļŏıŊŗŀĮĶŃŏĴŇĬ
ėĺŅĴıĶƟŀĴŐĸŃėĺŅĴĽŅĴŅĶĩŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 

2. ȮĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬȮĴňĽŇĪīŇśĽŀĭŐĔƟĨńĺœħƟŀňĔȮ1 ėĶńŘĚȮőħĵĨƟŀĚĵŊŗĬėŜŅĶƟŀĚĕŀ
ĽŀĭŒľĴƞȮĔŅĶĽŀĭŐĔƟĨƟĺĨƟŀĚĽŀĭŒľƟŏĽĶŖěĽŇŘĬĳŅĵŒĬȮ1 ĳŅėĔŅĶĻŉĔļŅĩńħœĮ
ĬńĭěŅĔĔŅĶĽŀĭėĶńŘĚŐĶĔ 

3. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅŀŅěıŇěŅĶĦŅŒľƟőŀĬŏĮƦĬĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅ
őĪœħƟ 

2,ȮĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮŏıŊŗŀĴňĽŇĪīŇśŏĕƟŅľĸńĔĽŌĨĶĶƞĺĴĔńĭ
ĽĩŅĭńĬŀŊŗĬ 

1. ĬńĔĻŉĔļŅěŃĨƟŀĚĽŀĭŐĸŃįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴȮŐĸŃ
ėĺŅĴĽŅĴŅĶĩŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 

2. ŏľĴŊŀĬŏħŇĴ 
3. ŏľĴŊŀĬŏħŇĴ 
2,ȮȮȮŏľĴŊŀĬŏħŇĴ 

ĴňĔŅĶĨńħŏĶŊŗŀĚĔŅĶŒĝƟĳŅļŅŀńĚĔķļŒĬ
ĔŅĶĽŀĭŀŀĔŏĬŊŗŀĚěŅĔŏĮƦĬľĸńĔĽŌĨĶ
ĬŅĬŅĝŅĨŇěŉĚěŜŅŏĮƦĬĨƟŀĚŒĝƟ
ĳŅļŅŀńĚĔķļŀĵŌƞŐĸƟĺ 
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Őĭĭ 0.1 (ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪ) 

 

ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

+œĴƞĴň+ 

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ26ȮľĬƞĺĵĔŇĨ 
Ĕ,ȮĔĶŃĭĺĬĺŇĝŅŏĶňĵĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ/0ȮľĬƞĺĵĔŇĨ 
1,ȮĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮȮ/0ȮľĬƞĺĵĔŇĨ 
1.1ȮȮĔĶŃĭĺĬĺŇĝŅĭńĚėńĭŒĬĽŅĕŅĺŇĝŅŏĜıŅŃȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮȮȮ9ȮľĬƞĺĵĔŇĨ 
1.1.1 ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.1534ȮȮĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
0.167/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮȮľĬƞĺĵĔŇĨ 
0.1672 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮȮľĬƞĺĵĔŇĨ 
/,/,0ȮȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ4ȮľĬƞĺĵĔŇĨ 
őħĵŏĸŊŀĔěŅĔĔĶŃĭĺĬĺŇĝŅĨƞŀœĮĬňŘȮľĶŊŀȮěŅĔĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭ
ĭńĦĤŇĨĻŉĔļŅȮĽńĚĔńħĽŅĕŅĺŇĝŅŏėĴňȮ&0.1'ȮĪňŗėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġň
ĬŇıĬīƢĕŀĚĬńĔĻŉĔļŅŏľŖĬĝŀĭ 
0.15./ȮȮȮŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.15.2ȮȮȮŏėĴňįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.15.3ȮȮȮĔŅĶĺŇŏėĶŅŃľƢĽŅĶıķĔļŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
0.15.6ȮȮȮĔŅĶĽńĚŏėĶŅŃľƢĽŅĶŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
203709   ĽŏĮĔőĪĶĽőĔĮƖĪŅĚŏėĴňŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨȮȮ 
203713ȮȮȮĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.15/2ȮȮȮȮȮėĺŅĴĶŀĭĶŌƟĪŅĚŏėĴňŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 

ŏıŊŗŀĨŀĭĽĬŀĚĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚĬńĔĻŉĔļŅĪňŗ
ĨƟŀĚĔŅĶŏĶňĵĬŐĭĭĴňĔĶŃĭĺĬĺŇĝŅŏĶňĵĬȮŐĸŃ
ĬőĵĭŅĵĕŀĚĴľŅĺŇĪĵŅĸńĵŒĬĔŅĶĪŜŅŒľƟľĸńĔĽŌĨĶ
ĶŃħńĭĭńĦĤŇĨĻŉĔļŅĴňėĺŅĴŏĮƦĬĬŅĬŅĝŅĨŇȮĞŉŗĚĔŅĶ
ŏıŇŗĴĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĭĭȮ2.1ȮĬňŘěŃĪŜŅŒľƟľĸńĔĽŌĨĶ
ĴňėĺŅĴıĶƟŀĴĨƞŀĔŅĶĶńĭĬńĔĻŉĔļŅĪňŗĴňėĺŅĴıĶƟŀĴ
ŐĨĔĨƞŅĚĔńĬœħƟľĸŅĔľĸŅĵĕŉŘĬȮĪńŘĚĬňŘœħƟŒĝƟĶŌĮŐĭĭěŅĔ
ľĸńĔĽŌĨĶĮĔĨŇȮŐĭĭȮ2.1 ŐĸŃȮ2.2 ı,Ļ,Ȯ2561 ŏĮƦĬ
ģŅĬŒĬĔŅĶıŇěŅĶĦŅ 
 
ŒĬĽƞĺĬĕŀĚĔĶŃĭĺĬĺŇĝŅŏĶňĵĬȮœħƟŐĭƞĚĔĶŃĭĺĬĺŇĝŅ
ŏĶňĵĬŏĮƦĬĽŀĚľĴĺħėŊŀȮĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮŐĸŃ
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮőħĵĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŐĭƞĚŏĮƦĬ
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅŏĜıŅŃȮŐĸŃĬŀĔ
ĽŅĕŅĺŇĝŅŏĜıŅŃȮŐĸŃŒĬĽƞĺĬĕŀĚĔĶŃĭĺĬĺŇĝŅĬŀĔ
ĽŅĕŅĺŇĝŅŏĜıŅŃĬńŘĬœħƟŏĮƕħőŀĔŅĽŒľƟĬńĔĻŉĔļŅ
ĽŅĴŅĶĩĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞŒĝƞȮ203 
œħƟȮĪňŗĽŀħėĸƟŀĚĔńĭėĺŅĴĽĬŒěĕŀĚĬńĔĻŉĔļŅȮŐĸŃĪňŗ
ŏĮƦĬĮĶŃőĵĝĬƢĨƞŀĔŅĶĻŉĔļŅĺŇěńĵĕŀĚĬńĔĻŉĔļŅȮőħĵ
ŀŅěŏĮƦĬĺŇĝŅĬŀĔėĦŃĺŇĪĵŅĻŅĽĨĶƢœħƟħƟĺĵȮ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

0.15/3ȮȮȮĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.15/5ȮȮȮŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĭĨŏĨŀĶňŗȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.15/6ȮȮȮŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
203719   ŏėĴňĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203721   ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203722ȮȮȮěĸĬıĸĻŅĽĨĶƢŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203723ȮȮȮŏėĴňœĲĲƚŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
0.1502ȮȮȮȮŏėĴňĬŇĺŏėĸňĵĶƢŐĸŃŏėĴňĔńĴĴńĬĨĶńĚĽňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨȮ 
203725ȮȮȮŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203732ȮȮȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203734  ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖȮȮȮȮȮȮȮ1 ľĬƞĺĵĔŇĨ
203735   ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸȮȮȮȮȮȮȮȮȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
203736   ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
0.1515ȮȮȮœĭőŀŏĞĬŏĞŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
203739   ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
003741ȮȮȮıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.1521ȮȮȮŏŀĬœĞĴƢĺŇĪĵŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨȮ 
203745ȮȮȮŏėĴňĕŀĚőĮĶĨňĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.1527ȮȮȮĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203751ȮȮȮŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203752ȮȮȮŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮȮȮ3ȮľĬƞĺĵĔŇĨ 
 

 
ĽƞĺĬĔĶŃĭĺĬĺŇĝŅĭńĚėńĭĬńŘĬȮŏĮƦĬĔĶŃĭĺĬĺŇĝŅĪňŗ
ĨŀĭĽĬŀĚĨƞŀȮPLO ĕŀĚľĸńĔĽŌĨĶ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

0.1531ȮȮȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň 
0.1532ȮȮȮĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĚŅĬĺŇěńĵĪŅĚŏėĴň 
0.1533ȮȮȮĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶȮȮȮȮȮȮȮȮȮȮȮ/ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŀńĬĨĶŅĵěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 
203775ȮȮȮĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢȮ3ȮľĬƞĺĵĔŇĨ 
203774ȮȮȮıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203775ȮȮȮıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203776ȮȮȮĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŏĽĩňĵĶȮȮ 
203803   ĽŏĨŀĶŇőŀŏėĴňŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŀĽĴĴŅĨĶȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203804ȮȮȮŏėĴňĕŀĚĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
0.16.3ȮȮŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ    0ȮľĬƞĺĵĔŇĨ 
0.16.4ȮȮőĸľŃĪĶŅĬĞŇĞńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮ Ȯ  0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĽńĚŏėĶŅŃľƢ 
0.16.5ȮȮȮŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.16/2ȮȮȮŏėĴňőĸľŀŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.16/3ȮȮȮőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŀŇĬĪĶňĵƢ 
0.160/ȮȮȮŏėĴňėĺŀĬĨńĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.1601ȮȮőėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸȮȮȮȮȮȮȮȮȮȮ 1ȮľĬƞĺĵĔŇĨ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

0.1602ȮȮȮįĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.1603ȮȮȮĮĶŅĔĢĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮıŀĸŇŏĴŀĶƢ 
0.1604ȮȮȮŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ    
0.1605ȮȮȮĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸ ȮȮ                Ȯ Ȯ2 ľĬƞĺĵĔŇĨ 
0.1606ȮȮȮĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĕŀĚıŀĸŇŏĴŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
203829   ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.161/ȮȮȮŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 
203833   ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203838  ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃ 
ȮȮȮȮȮȮȮȮȮȮȮȮŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 1ȮľĬƞĺĵĔŇĨ 
203841   őĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 3ȮľĬƞĺĵĔŇĨ 
203842   ĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203844   ĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.1647ȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮľĬƞĺĵĔŇĨ 
203879ȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮ 
1.0ȮĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮ(ĩƟŅĴň'  œĴƞŏĔŇĬȮȮȮȮȮȮ 1 ȮȮľĬƞĺĵĔŇĨ 
      1.0.1  ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ           œĴƞĴň 
ȮȮȮȮȮȮ/,0,0ȮȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮ(ĩƟŅĴň'  ȮȮȮȮȮȮȮȮœĴƞŏĔŇĬȮȮȮȮȮȮȮȮ3 ȮľĬƞĺĵĔŇĨ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

őħĵŏĮƦĬĔĶŃĭĺĬĺŇĝŅĪňŗœħƟĶńĭėĺŅĴŏľŖĬĝŀĭěŅĔėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅ
ħŋļġňĬŇıĬīƢŐĸŃȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅ
ĽŅĕŅĺŇĝŅ ĪńŘĚĬňŘĬńĔĻŉĔļŅĽŅĴŅĶĩŒĝƟĔĶŃĭĺĬĺŇĝŅŒĬľĴĺħĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ
ŒĬĽŅĕŅĺŇĝŅŏĜıŅŃĪħŐĪĬĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃœħƟ 
 
0,ȮĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
ĔĶĦňĪňŗĬńĔĻŉĔļŅĕŅħėĺŅĴĶŌƟıŊŘĬģŅĬĭŅĚĮĶŃĔŅĶĪňŗěŜŅŏĮƦĬĽŜŅľĶńĭĔŅĶĻŉĔļŅȮ
ĬńĔĻŉĔļŅěŃĨƟŀĚĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮĨŅĴ
ėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 
ĕ,ȮĮĶŇĠĠŅĬŇıĬīƢ  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
0.1677ȮȮȮħŋļġňĬŇıĬīƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ14ȮľĬƞĺĵĔŇĨ 
 
ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
1. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮĳŅļŅŀńĚĔķļ 
2. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮœĴƞĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

 Ě,ȮȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ  
 1. ĬńĔĻŉĔļŅĨƟŀĚŏĽĬŀŐįĬĔŅĶĻŉĔļŅŐĽħĚĔĶŃĭĺĬĺŇĝŅĪňŗėĺĶěŃ

ĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵȮįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĪňŗ
ĮĶŉĔļŅħŋļġňĬŇıĬīƢȮĨƞŀėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅ
ĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĳŅĵŒĬĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĕŀĚĮƖĔŅĶĻŉĔļŅŐĶĔȮ 

2. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴ
ŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃ

ĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶœħƟĩŌĔŀŀĔŐĭĭŒľƟĽŀħėĸƟŀĚĔńĭȮ
PLO ĕŀĚľĸńĔĽŌĨĶȮŐĸŃŏıŊŗŀŒľƟŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕĨŅĴ
ĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵĺƞŅħƟĺĵŏĔĦĤƢŐĸŃŐĬĺ
ĮĢŇĭńĨŇĔŅĶŏįĵŐıĶƞįĸĚŅĬĮĶŇĠĠŅĬŇıĬīƢ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

ėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĔƞŀĬ
ĔŅĶĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢȮ 

3. ĬńĔĻŉĔļŅĨƟŀĚŏĕƟŅĶƞĺĴĺŇĝŅĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňĪŋĔėĶńŘĚĨĸŀħ
ĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅěĬĽŜŅŏĶŖěľĸńĔĽŌĨĶȮ 

4. ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬ
ħŋļġňĬŇıĬīƢŒĬĪňŗĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭ
ĽŅĔĸȮŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚ 

5. įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮ
ľĶŊŀŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭ
ĬŅĬŅĝŅĨŇŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚȮŒĬģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of 
Science ľĶŊŀȮPubmed őħĵĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴň
ĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness 
level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗ
œħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞ
ĶŃħńĭȮ5ȮĕŉŘĬœĮȮ 

Ě,ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ  
1. ĬńĔĻŉĔļŅĨƟŀĚįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴŐĸŃ
ėĺŅĴĽŅĴŅĶĩŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 

2. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬ ĴňĽŇĪīŇĽŀĭŐĔƟĨńĺœħƟŀňĔȮ1 ėĶńŘĚȮőħĵĨƟŀĚĵŊŗĬėŜŅĶƟŀĚĕŀ
ĽŀĭŒľĴƞ ĔŅĶĽŀĭŐĔƟĨńĺĨƟŀĚĽŀĭŒľƟŏĽĶŖěĽŇŘĬĳŅĵŒĬȮ1 ĳŅėĔŅĶĻŉĔļŅĩńħœĮĬńĭ
ěŅĔĔŅĶĽŀĭėĶńŘĚŐĶĔ 

ĔŅĶĮĶŃŏĴŇĬŒĬĶŌĮŐĭĭĕŀĚĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇœħƟ
ĩŌĔŀŀĔŐĭĭŒľƟĽŀħėĸƟŀĚĔńĭȮPLO ĕŀĚľĸńĔĽŌĨĶ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

3. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅŀŅěıŇěŅĶĦŅŒľƟőŀĬŏĮƦĬĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅ
őĪœħƟ 

4. ȮĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮŏıŊŗŀĴňĽŇĪīŇśŏĕƟŅľĸńĔĽŌĨĶ
ĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬ 

 

Őĭĭ 0.0 (ĽŜŅľĶńĭĬńĔĻŉĔļŅĪňŗĽŜŅŏĶŖěĔŅĶĻŉĔļŅĶŃħńĭĮĶŇĠĠŅĨĶň) 

ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

+œĴƞĴň+ 

ěŜŅĬĺĬľĬƞĺĵĔŇĨĶĺĴĨĸŀħľĸńĔĽŌĨĶȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ50ȮľĬƞĺĵĔŇĨ 
Ĕ,ȮĔĶŃĭĺĬĺŇĝŅŏĶňĵĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ02ȮľĬƞĺĵĔŇĨ 
1,ȮĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ02ȮľĬƞĺĵĔŇĨ 
 
1,1,ȮĔĶŃĭĺĬĺŇĝŅŒĬĽŅĕŅĺŇĝŅŏĜıŅŃȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮȮ/6ȮȮľĬƞĺĵĔŇĨ 
1.1.1 ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ4ȮȮľĬƞĺĵĔŇĨ 
203533 ĔŅĶĪŜŅĚŅĬĔńĭĽŅĶŏėĴňŐĸŃĔŅĶěńħĔŅĶŀńĬĨĶŅĵȮȮȮȮȮȮȮȮ/ȮȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮěŅĔĽŅĶŏėĴňŀĵƞŅĚĴŊŀŀŅĝňı 

0.1534ȮĽĴĶĶĩĬĪńĔļŃŐĸŃěĶĦĪńĔļŃĽŜŅľĶńĭȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮĬńĔŏėĴňįƞŅĬĔŅĶĝƞĺĵĽŀĬŒĬĮĢŇĭńĨŇĔŅĶŏėĴň 
0.157/ȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ/ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮȮľĬƞĺĵĔŇĨ 
0.1570ȮĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ0ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮȮľĬƞĺĵĔŇĨ 
0.167/ ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ1ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮȮľĬƞĺĵĔŇĨ 
0.1672 ĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňȮ2ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮȮľĬƞĺĵĔŇĨ 

ŏıŊŗŀĨŀĭĽĬŀĚĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚĬńĔĻŉĔļŅĪňŗ
ĨƟŀĚĔŅĶŏĶňĵĬŐĭĭĴňĔĶŃĭĺĬĺŇĝŅŏĶňĵĬȮŐĸŃ
ĬőĵĭŅĵĕŀĚĴľŅĺŇĪĵŅĸńĵŒĬĔŅĶĪŜŅŒľƟľĸńĔĽŌĨĶ
ĶŃħńĭĭńĦĤŇĨĻŉĔļŅĴňėĺŅĴŏĮƦĬĬŅĬŅĝŅĨŇȮĞŉŗĚĔŅĶ
ŏıŇŗĴĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĭĭȮ2.2ȮĬňŘěŃĪŜŅŒľƟľĸńĔĽŌĨĶ
ĴňėĺŅĴıĶƟŀĴĨƞŀĔŅĶĶńĭĬńĔĻŉĔļŅĪňŗĴňėĺŅĴıĶƟŀĴ
ŐĨĔĨƞŅĚĔńĬœħƟľĸŅĔľĸŅĵĕŉŘĬȮĪńŘĚĬňŘœħƟŒĝƟĶŌĮŐĭĭěŅĔ
ľĸńĔĽŌĨĶĮĔĨŇȮŐĭĭȮ2.1 ŐĸŃȮ2.2 ı,Ļ,Ȯ2561 ŏĮƦĬ
ģŅĬŒĬĔŅĶıŇěŅĶĦŅ 
 
ŒĬĽƞĺĬĕŀĚĔĶŃĭĺĬĺŇĝŅŏĶňĵĬȮœħƟŐĭƞĚĔĶŃĭĺĬĺŇĝŅ
ŏĶňĵĬŏĮƦĬĽŀĚľĴĺħėŊŀȮĔĶŃĭĺĬĺŇĝŅĭńĚėńĭȮŐĸŃ
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮőħĵĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŐĭƞĚŏĮƦĬ
ĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔŒĬĽŅĕŅŏĜıŅŃȮŐĸŃĬŀĔ
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

/,/,0ȮȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮœĴƞĬƟŀĵĔĺƞŅȮ/0ȮľĬƞĺĵĔŇĨ 
őħĵĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔĽŅĴŅĶĩŏĸŊŀĔěŅĔĔĶŃĭĺĬĺŇĝŅŏľĸƞŅĬňŘȮľĶŊŀȮľĶŊŀěŅĔ
ĔĶŃĭĺĬĺŇĝŅŒĬĶŃħńĭĭńĦĤŇĨĻŉĔļŅȮĽńĚĔńħĽŅĕŅĺŇĝŅŏėĴňȮ&0.1'ȮĪňŗŀŅěŅĶĵƢĪňŗ
ĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢĕŀĚĬńĔĻŉĔļŅŏľŖĬĝŀĭ 
0.15./ȮȮȮŏėĴňėŀĴĭŇŏĬĪŀŏĶňĵĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.15.2ȮȮȮŏėĴňįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.15.3ȮȮȮĔŅĶĺŇŏėĶŅŃľƢĽŅĶıķĔļŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
0.15.6ȮȮȮĔŅĶĽńĚŏėĶŅŃľƢĽŅĶŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
203709   ĽŏĮĔőĪĶĽőĔĮƖĪŅĚŏėĴňŀŇĬĪĶňĵƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨȮȮ 
203713ȮȮȮĮĢŇĔŇĶŇĵŅŐĸŃĔĸœĔĪŅĚŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.15/2ȮȮȮėĺŅĴĶŀĭĶŌƟĪŅĚŏėĴňŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.15/3ȮȮȮĺŇīňĪŅĚĽŏĮĔőĪĶĽőĔĮƖŒĬŏėĴňŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.15/5ȮȮȮŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟŐĭĨŏĨŀĶňŗȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
0.15/6ȮȮȮŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟĮĢŇĔŇĶŇĵŅŏĶƞĚŏĝŇĚŐĽĚȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
203719   ŏėĴňĕŀĚĺńĽħŋŀĬŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203721   ŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
203722ȮȮȮěĸĬıĸĻŅĽĨĶƢŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203723ȮȮȮŏėĴňœĲĲƚŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
0.1502ȮȮȮȮŏėĴňĬŇĺŏėĸňĵĶƢŐĸŃŏėĴňĔńĴĴńĬĨĶńĚĽňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨȮ 
203725ȮȮȮŏėĴňėŀĸĸŀĵħƢŐĸŃıŊŘĬįŇĺȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203732ȮȮȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚœĲĲƚŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 

ĽŅĕŅĺŇĝŅŏĜıŅŃȮŐĸŃŒĬĽƞĺĬĕŀĚĔĶŃĭĺĬĺŇĝŅĬŀĔ
ĽŅĕŅĺŇĝŅŏĜıŅŃĬńŘĬœħƟŏĮƕħőŀĔŅĽŒľƟĬńĔĻŉĔļŅ
ĽŅĴŅĶĩĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞŒĝƞȮ203 
œħƟȮĪňŗĽŀħėĸƟŀĚĔńĭėĺŅĴĽĬŒěĕŀĚĬńĔĻŉĔļŅȮŐĸŃĪňŗ
ŏĮƦĬĮĶŃőĵĝĬƢĨƞŀĔŅĶĻŉĔļŅĺŇěńĵĕŀĚĬńĔĻŉĔļŅȮőħĵ
ŀŅěŏĮƦĬĺŇĝŅĬŀĔėĦŃĺŇĪĵŅĻŅĽĨĶƢœħƟħƟĺĵȮ 
 
ĽƞĺĬĔĶŃĭĺĬĺŇĝŅĭńĚėńĭĬńŘĬȮŏĮƦĬĔĶŃĭĺĬĺŇĝŅĪňŗ
ĨŀĭĽĬŀĚĨƞŀȮPLO ĕŀĚľĸńĔĽŌĨĶ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

203734  ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňőħĵĺŇīňőėĶĴŅőĪĔĶŅĲƖȮȮȮȮȮȮ1 ľĬƞĺĵĔŇĨ
203735   ĔŅĶĺŇŏėĶŅŃľƢŀŅľŅĶŐĸŃĬŇĺĪĶŅĞŌĨŇėńĸȮȮȮȮȮȮȮȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
203736   ĽŅĶŃĽŜŅėńĠŒĬŏėĴňĺŇŏėĶŅŃľƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
0.1515ȮȮȮœĭőŀŏĞĬŏĞŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2 ľĬƞĺĵĔŇĨ 
203739   ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3 ľĬƞĺĵĔŇĨ 
003741ȮȮȮıķĔļĝňĺŏėĴňŐĸŃĔŅĶĮĶŃĵŋĔĨƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.1521ȮȮȮŏŀĬœĞĴƢĺŇĪĵŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨȮ 
203745ȮȮȮŏėĴňĕŀĚőĮĶĨňĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.1527ȮȮȮĺŇīňĔŅĶĺŇěńĵĪŅĚĝňĺŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203751ȮȮȮŏėĴňŏĝŇĚėŀĴıŇĺŏĨŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203752ȮȮȮŀŇŏĸŖĔĪĶŀĬŇĔĽƢĕŀĚŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚŏėĴňȮȮ3ȮľĬƞĺĵĔŇĨ 
0.1531ȮȮȮĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň 
0.1532ȮȮȮĽĩŇĨŇŐĸŃőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĽŜŅľĶńĭȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĚŅĬĺŇěńĵĪŅĚŏėĴň 
203775ȮȮȮĔŅĶľŅĸńĔļĦŃŏĜıŅŃŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢȮ3ȮľĬƞĺĵĔŇĨ 
203774ȮȮȮıŀĸŇŏĴŀĶƢėŀĴőıĽŇĨȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203775ȮȮȮıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203776ȮȮȮĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪŜŅŒľƟȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŏĽĩňĵĶȮȮ 
203803   ĽŏĨŀĶŇőŀŏėĴňŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŀĽĴĴŅĨĶȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
203804ȮȮȮŏėĴňĕŀĚĽŅĶĮĶŃĔŀĭŏŁŏĪŀőĶœĞėĸŇĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮ2ȮľĬƞĺĵĔŇĨ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

0.16.3ȮȮŏėĴňĽňŏĕňĵĺŐĸŃėĺŅĴĵńŗĚĵŊĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ Ȯ   0ȮľĬƞĺĵĔŇĨ 
0.16.4ȮȮőĸľŃĪĶŅĬĞŇĞńĬŀŇĬĪĶňĵƢŒĬŏėĴňŀŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮ    0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĽńĚŏėĶŅŃľƢ 
0.16.5ȮȮȮŏėĴňŀŇĬĪĶňĵƢĲƕĽŇĔńĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ     1ȮľĬƞĺĵĔŇĨ 
0.16/2ȮȮȮŏėĴňőĸľŀŇĬĪĶňĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.16/3ȮȮȮőėŀŀĶƢħŇŏĬĝńĬıŀĸŇŏĴŀĶƢŐĸŃőėĶĚĕƞŅĵőĸľŃȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŀŇĬĪĶňĵƢ 
0.160/ȮȮȮŏėĴňėĺŀĬĨńĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.1601ȮȮőėĶĚĽĶƟŅĚŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃħńĭőĴŏĸĔŋĸȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.1602ȮȮȮįĸŉĔĻŅĽĨĶƢŏĝŇĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
0.1603ȮȮȮĮĶŅĔĢĔŅĶĦƢŏĝŇĚőĴŏĸĔŋĸŒĬĺŇĪĵŅĻŅĽĨĶƢȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮıŀĸŇŏĴŀĶƢ 
0.1604ȮȮȮŀŋĦľıĸĻŅĽĨĶƢŏĝŇĚĽĩŇĨŇȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ    
0.1605ȮȮȮĽŏĮĔőĪĶĽőĔĮƖŏĝŇĚőĴŏĸĔŋĸ ȮȮ                  Ȯ2 ľĬƞĺĵĔŇĨ 
0.1606ȮȮȮĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶľŅĸńĔļĦŃŏĜıŅŃȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĕŀĚıŀĸŇŏĴŀĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
203829   ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĔŅĶĪħĽŀĭȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.161/ȮȮȮŏėőĴŏĴĨĶŇĔĽƢŏĭŊŘŀĚĨƟĬĽŜŅľĶńĭĔŅĶĺŇŏėĶŅŃľƢȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 
203833   ĽŏĮĔőĪĶĽőĔĮƖĪŅĚĔŅĶĺŇŏėĶŅŃľƢĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203838  ŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĽŜŅľĶńĭĔŅĶľŅĸńĔļĦŃ 
ȮȮȮȮȮȮȮȮȮȮȮȮŏĜıŅŃĕŀĚıŊŘĬįŇĺŐĸŃőėĶĚĽĶƟŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ1ȮľĬƞĺĵĔŇĨ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

203841   őĳĝĬĔŅĶŏĝŇĚĝňĺŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203842   ĝňĺŏėĴňĕŀĚŏĵŊŗŀŏĞĸĸƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
203844   ĝňĺŏėĴňĕŀĚĔĶħĬŇĺėĸňŀŇĔȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ3ȮľĬƞĺĵĔŇĨ 
0.1647ȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ/ȮľĬƞĺĵĔŇĨ 
203879ȮȮȮľńĺĕƟŀŏĸŊŀĔĽĶĶĪŅĚŏėĴňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ0ȮľĬƞĺĵĔŇĨ 
ȮȮȮȮȮȮȮȮȮ 
1.0ȮĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃȮ(ĩƟŅĴň'     œĴƞŏĔŇĬ   6ȮȮȮľĬƞĺĵĔŇĨ 
      1.0.1  ĔĶŃĭĺĬĺŇĝŅĭńĚėńĭ           œĴƞĴň 
ȮȮȮȮȮȮ/,0,0ȮȮĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔȮȮȮȮȮȮȮȮȮ(ĩƟŅĴň'     œĴƞŏĔŇĬ   Ȯ 6ȮľĬƞĺĵĔŇĨ 
őħĵŏĮƦĬĔĶŃĭĺĬĺŇĝŅĪňŗœħƟĶńĭėĺŅĴŏľŖĬĝŀĭěŅĔėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅ
ħŋļġňĬŇıĬīƢŐĸŃȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅ
ĽŅĕŅĺŇĝŅ ĪńŘĚĬňŘĬńĔĻŉĔļŅĽŅĴŅĶĩŒĝƟĔĶŃĭĺĬĺŇĝŅŒĬľĴĺħĔĶŃĭĺĬĺŇĝŅŏĸŊŀĔ
ŒĬĽŅĕŅĺŇĝŅŏĜıŅŃĪħŐĪĬĔĶŃĭĺĬĺŇĝŅĬŀĔĽŅĕŅĺŇĝŅŏĜıŅŃœħƟ 
 
0,ȮĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
ĔĶĦňĪňŗĬńĔĻŉĔļŅĕŅħėĺŅĴĶŌƟıŊŘĬģŅĬĭŅĚĮĶŃĔŅĶĪňŗěŜŅŏĮƦĬĽŜŅľĶńĭĔŅĶĻŉĔļŅȮ
ĬńĔĻŉĔļŅěŃĨƟŀĚĸĚĪŃŏĭňĵĬŏĶňĵĬĔĶŃĭĺĬĺŇĝŅĶŃħńĭĮĶŇĠĠŅĨĶňĕńŘĬĽŌĚȮĨŅĴ
ėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ 
 
ĕ,ȮĮĶŇĠĠŅĬŇıĬīƢ  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
0.1676ȮȮȮħŋļġňĬŇıĬīƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ26ȮľĬƞĺĵĔŇĨ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

ė,ȮĔĶŃĭĺĬĺŇĝŅĪňŗœĴƞĬńĭľĬƞĺĵĔŇĨĽŃĽĴ 
1. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĭńĦĤŇĨĺŇĪĵŅĸńĵȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮĳŅļŅŀńĚĔķļ 
2. ĨŅĴŏĚŊŗŀĬœĕĕŀĚĽŅĕŅĺŇĝŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ+ȮœĴƞĴňȮȮȮȮȮȮ 

 Ě,ȮȮĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶȮĮĶŃĔŀĭħƟĺĵ  
 1. ĬńĔĻŉĔļŅĨƟŀĚŏĽĬŀŐįĬĔŅĶĻŉĔļŅŐĽħĚĔĶŃĭĺĬĺŇĝŅĪňŗėĺĶěŃĽŀħėĸƟŀĚ

ĔńĭĚŅĬĺŇěńĵȮįƞŅĬėĺŅĴŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħŋļġňĬŇıĬīƢȮ
ĨƞŀėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĳŅĵŒĬ
ĳŅėĔŅĶĻŉĔļŅĪňŗȮ/ȮĕŀĚĮƖĔŅĶĻŉĔļŅŐĶĔȮ 

2. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĬŜŅŏĽĬŀőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢĪňŗįƞŅĬėĺŅĴ
ŏľŖĬĝŀĭĕŀĚėĦŃĔĶĶĴĔŅĶĽŀĭőėĶĚĶƞŅĚĺŇĪĵŅĬŇıĬīƢȮŐĸŃ
ėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅȮĔƞŀĬĔŅĶ
ĽŀĭĮĔĮƚŀĚħŋļġňĬŇıĬīƢȮ 

3. ĬńĔĻŉĔļŅĨƟŀĚŏĕƟŅĶƞĺĴĺŇĝŅĽńĴĴĬŅĭńĦĤŇĨĻŉĔļŅĪŅĚŏėĴňĪŋĔėĶńŘĚĨĸŀħ
ĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅěĬĽŜŅŏĶŖěľĸńĔĽŌĨĶȮ 

4. ĬńĔĻŉĔļŅĨƟŀĚĬŜŅŏĽĬŀįĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬħŋļġň
ĬŇıĬīƢŒĬĪňŗĮĶŃĝŋĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĮƦĬĪňŗĵŀĴĶńĭŒĬĶŃħńĭĽŅĔĸȮ
ŀĵƞŅĚĬƟŀĵȮ/ȮŏĶŊŗŀĚ 

5. įĸĚŅĬħŋļġňĬŇıĬīƢľĶŊŀĽƞĺĬľĬŉŗĚĕŀĚħŋļġňĬŇıĬīƢœħƟĶńĭĔŅĶŏįĵŐıĶƞȮľĶŊŀ
ŀĵƞŅĚĬƟŀĵœħƟĶńĭĔŅĶĨŀĭĶńĭŒľƟŏįĵŐıĶƞŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇŀĵƞŅĚ
ĬƟŀĵȮ0ȮŏĶŊŗŀĚȮŒĬģŅĬĕƟŀĴŌĸȮISI, Scopus, Web of Science ľĶŊŀȮ
Pubmed őħĵĴňĝŊŗŀĬńĔĻŉĔļŅŏĮƦĬĝŊŗŀŐĶĔȮľĶŊŀȮĴňĽŇĪīŇĭńĨĶĪňŗœħƟĶńĭŏĸĕĪňŗ
ěħŐěƟĚŐĸŃĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮReadiness level (TRL/PRL/SRL) 

ĔŇěĔĶĶĴĪŅĚĺŇĝŅĔŅĶœħƟĩŌĔŀŀĔŐĭĭŒľƟĽŀħėĸƟŀĚĔńĭȮ
PLO ĕŀĚľĸńĔĽŌĨĶȮŐĸŃŏıŊŗŀŒľƟŏĮƦĬœĮĨŅĴŏĚŊŗŀĬœĕĨŅĴ
ĮĶŃĔŅĻĭńĦĤŇĨĺŇĪĵŅĸńĵĺƞŅħƟĺĵŏĔĦĤƢŐĸŃŐĬĺ
ĮĢŇĭńĨŇĔŅĶŏįĵŐıĶƞįĸĚŅĬĮĶŇĠĠŅĬŇıĬīƢ 
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ľĸńĔĽŌĨĶŏħŇĴȮ&ı,Ļ,Ȯ034/' ľĸńĔĽŌĨĶĮĶńĭĮĶŋĚȮı,Ļ,Ȯ0364 ŏľĨŋįĸŒĬĔŅĶĮĶńĭĮĶŋĚ 

ĨńŘĚŐĨƞĶŃħńĭȮ4ȮĕŉŘĬœĮȮľĶŊŀȮĴňĬĺńĨĔĶĶĴĪňŗœħƟĶńĭĔŅĶĮĶŃŏĴŇĬĶŃħńĭȮ
Readiness level (TRL/PRL/SRL) ĨńŘĚŐĨƞĶŃħńĭȮ5ȮĕŉŘĬœĮȮĪńŘĚĬňŘĪńŘĚ
ĽŇĪīŇĭńĨĶŐĸŃĬĺńĨĔĶĶĴĽŅĴŅĶĩĬŜŅĴŅŒĝƟĪħŐĪĬįĸĚŅĬĨňıŇĴıƢœħƟȮ/Ȯ
ŏĶŊŗŀĚ 
Ě,ȮĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇ  
1. ĬńĔĻŉĔļŅĨƟŀĚįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴŐĸŃ
ėĺŅĴĽŅĴŅĶĩŏıŊŗŀĴňĽŇĪīŇśŏĽĬŀőėĶĚĶƞŅĚħŋļġňĬŇıĬīƢ 

2. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬ ĴňĽŇĪīŇĽŀĭŐĔƟĨńĺœħƟŀňĔȮ1 ėĶńŘĚȮőħĵĨƟŀĚĵŊŗĬėŜŅĶƟŀĚĕŀ
ĽŀĭŒľĴƞ ĔŅĶĽŀĭŐĔƟĨńĺĨƟŀĚĽŀĭŒľƟŏĽĶŖěĽŇŘĬĳŅĵŒĬȮ1 ĳŅėĔŅĶĻŉĔļŅĩńħœĮĬńĭ
ěŅĔĔŅĶĽŀĭėĶńŘĚŐĶĔ 

3. ĬńĔĻŉĔļŅĪňŗĽŀĭœĴƞįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮėĦŃĔĶĶĴĔŅĶĭĶŇľŅĶľĸńĔĽŌĨĶ
ĭńĦĤŇĨĻŉĔļŅĮĶŃěŜŅĽŅĕŅĺŇĝŅŀŅěıŇěŅĶĦŅŒľƟőŀĬŏĮƦĬĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅ
őĪœħƟ 

4. ĬńĔĻŉĔļŅĨƟŀĚĽŀĭįƞŅĬĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇȮŏıŊŗŀĴňĽŇĪīŇśŏĕƟŅľĸńĔĽŌĨĶ
ĶƞĺĴĔńĭĽĩŅĭńĬŀŊŗĬ 

ĔŅĶĮĶŃŏĴŇĬŒĬĶŌĮŐĭĭĕŀĚĔŅĶĽŀĭĺńħėŋĦĽĴĭńĨŇœħƟ
ĩŌĔŀŀĔŐĭĭŒľƟĽŀħėĸƟŀĚĔńĭȮPLO ĕŀĚľĸńĔĽŌĨĶ 
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3,ȮĨŅĶŅĚŏĮĶňĵĭŏĪňĵĭĕƟŀŐĨĔĨƞŅĚĶŃľĺƞŅĚŐįĬĔŅĶĻŉĔļŅŏħŇĴĔńĭŐįĬĔŅĶĻŉĔļŅŒľĴƞ 

Ŏīī 1.1 ĻŚŃļĴłīĪłĒĹŇĒĺŃĨņŕĻŚŃōĴŔęĒŃĴĹŇĒĺŃĬĴŅĞĞŃŏĨ 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

ĬƔĨņŕ / ĬƔĨņŕ / 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ 

203753 ĸ,ĕĲ,753 ĒŃĴľƜŃĪŎĶŁĒŃĴōēņĳĪĨŃĘĸŅĨĳŃĹŃĻĦĴƠĨŃĘōĕĲņ - 203753 ĸ,ĕĲ,753 ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň 

- 

203754 ĸ,ĕĲ,754 ĻħŅĦŅŎĶŁŏĬĴŎĒĴĲĕľĲįŅĸōĦľĴƠĻŚŃļĴłīĘŃĪĸŅęłĳ

ĨŃĘōĕĲņ 

-   ĻľīĭƜŃĪōĘňŕľĪőēıŃĺŃĦƜŃĘĬĴŁōĨĹ - 

  ĻľīĭƜŃĪōĘňŕľĪőēıŃĺŃĦƜŃĘĬĴŁōĨĹ -   ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ -     

ĴĸĲ . ĴĸĲ . 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ 

  ĶĘĨŁōīņĳĪōįňŕľŐěƝīĴŅĒŃĴēľĘĲļŃĸŅĨĳŃĶłĳ - 203754 ĸ,ĕĲ,754 ĻħŅĦŅŎĶŁŏĬĴŎĒĴĲĕľĲįŅĸōĦľĴƠĻŚŃļĴłīĘŃĪĸŅęłĳ

ĨŃĘōĕĲņ 

- 

  ĻľīĸłĥĕŉĤĻĲīłĦŅ -   ĻľīĸłĥĕŉĤĻĲīłĦŅ - 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ -   ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

        

ĴĸĲ . ĴĸĲ . 

ĬƔĨņŕ 0 ĬƔĨņŕ 0 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ 

  ōĻĪľļłĸēƝľŏĕĴĘĴƜŃĘĥŉĺğņĪŅįĪĩƠ .   ōĻĪľļłĸēƝľŏĕĴĘĴƜŃĘĥŉĺğņĪŅįĪĩƠ . 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ  -   ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ  - 



 
 

 

2
0
1 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 

ĴĸĲ /0 

 

ĴĸĲ /0 

 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0  ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0  

203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 

203791 ĸ,ĕĲ.791 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 1 - 203691 ĸ,ĕĲ.691 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 1 - 

    203756 ĸ,ĕĲ.756 ĻĲĴĴħĪĨłĒĺŁŎĶŁęĴĤĨłĒĺŁĻŚŃļĴłīĪłĒōĕĲņĭƜŃĪ

ĒŃĴěƜĸĳĻľĪŐĪĬĠŅīłĦŅĒŃĴōĕĲņ  

 

ĴĸĲ 12 ĴĸĲ 12 

ĬƔĨņŕ 3 ĬƔĨņŕ 3 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 1 ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ 1 ļĪƜĸĳĒŅĦ 

203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 

203792 ĸ,ĕĲ,792 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 2 - 203692 ĸ,ĕĲ,692 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 2 - 

ĴĸĲ 12 ĴĸĲ 12 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ 

203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 

203891 ĸ,ĕĲ,891 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 3 -   ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ  - 

  ĻľīĥŉĺğņĪŅįĪĩƠ -   ĻľīĥŉĺğņĪŅįĪĩƠ - 

ĴĸĲ 12 ĴĸĲ 12 

ęŚŃĪĸĪļĪƜĸĳĒŅĦĦĶľĥļĶłĒĻŊĦĴ 48 ęŚŃĪĸĪļĪƜĸĳĒŅĦĦĶľĥļĶłĒĻŊĦĴ 48 

 



 
 

 

2
0
2 

Ŏīī 1.2 ĻŚŃļĴłīĪłĒĹŇĒĺŃĨņŕĻŚŃōĴŔęĒŃĴĹŇĒĺŃĬĴŅĞĞŃĦĴņ 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

ĬƔĨņŕ / ĬƔĨņŕ / 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ 

203753 ĸ,ĕĲ,753 ĒŃĴľƜŃĪŎĶŁĒŃĴōēņĳĪĨŃĘĸŅĨĳŃĹŃĻĦĴƠĨŃĘōĕĲņ - 203753 ĸ,ĕĲ,753 ĔŅĶŀƞŅĬŐĸŃĔŅĶŏĕňĵĬŏĝŇĚĺŇıŅĔļƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ŐĸŃĔŅĶĽŊŗŀĽŅĶĪŅĚŏėĴň 

- 

203754 ĸ,ĕĲ,754 ĻħŅĦŅŎĶŁŏĬĴŎĒĴĲĕľĲįŅĸōĦľĴƠĻŚŃļĴłīĘŃĪĸŅęłĳ

ĨŃĘōĕĲņ 

- 203755 ĸ,ĕĲ,755 ĒŃĴĨŚŃĘŃĪĒłīĻŃĴōĕĲņŎĶŁĒŃĴęłĥĒŃĴľłĪĦĴŃĳ

ęŃĒĻŃĴōĕĲņľĳƜŃĘĲňľľŃěņį 

- 

  ĻľīĭƜŃĪōĘňŕľĪőēıŃĺŃĦƜŃĘĬĴŁōĨĹ -   ĻľīĭƜŃĪōĘňŕľĪőēıŃĺŃĦƜŃĘĬĴŁōĨĹ - 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ -   ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

ĴĸĲ . ĴĸĲ . 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ 

  ĶĘĨŁōīņĳĪōįňŕľŐěƝīĴŅĒŃĴēľĘĲļŃĸŅĨĳŃĶłĳ - 203754 ĸ,ĕĲ,754 ĻħŅĦŅŎĶŁŏĬĴŎĒĴĲĕľĲįŅĸōĦľĴƠĻŚŃļĴłīĘŃĪĸŅęłĳ

ĨŃĘōĕĲņ 

- 

  ĻľīĸłĥĕŉĤĻĲīłĦŅ -   ĻľīĸłĥĕŉĤĻĲīłĦŅ - 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ -   ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

ĴĸĲ . ĴĸĲ . 

ĬƔĨņŕ 0 ĬƔĨņŕ 0 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ 

  ōĻĪľļłĸēƝľŏĕĴĘĴƜŃĘĥŉĺğņĪŅįĪĩƠ -   ōĻĪľļłĸēƝľŏĕĴĘĴƜŃĘĥŉĺğņĪŅįĪĩƠ - 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ -   ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

203677 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 203677 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 

ĴĸĲ /0 

 

ĴĸĲ /0 

 



 
 

 

2
0
3 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

  

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0    ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0  

203677 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 203677 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 

203791 ĸ,ĕĲ,791 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 1 - 203791 ĸ,ĕĲ,791 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 1 - 

ĴĸĲ 12 ĴĸĲ 12 

ĬƔĨņŕ 3 ĬƔĨņŕ 3 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 1 ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ 1 ļĪƜĸĳĒŅĦ 

203675 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 203675 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 

203792 ĸ,ĕĲ,792 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 2 - 203792 ĸ,ĕĲ,792 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 2 - 

    203756 ĸ,ĕĲ,756 ĻĲĴĴħĪĨłĒĺŁŎĶŁęĴĤĨłĒĺŁĻŚŃļĴłīĪłĒōĕĲņĭƜŃĪ

ĒŃĴěƜĸĳĻľĪŐĪĬĠŅīłĦŅĒŃĴōĕĲņ 

 

ĴĸĲ 12 ĴĸĲ 12 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ 

203675 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 203675 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 

203891 ĸ,ĕĲ,891 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 3 - 203891 ĸ,ĕĲ,891 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 3 - 

ĴĸĲ 12 ĴĸĲ 12 

ĬƔĨņŕ 4 ĬƔĨņŕ 4 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 1 ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ 1 ļĪƜĸĳĒŅĦ 

203675 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 203675 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 

203892 ĸ,ĕĲ,892 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 4 - 203892 ĸ,ĕĲ,892 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 4 - 

ĴĸĲ 12 

 

 

ĴĸĲ 12 

 

 



 
 

 

2
0
4 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 2 ļĪƜĸĳĒŅĦ ıŃĕĒŃĴĹŇĒĺŃĨņŕ 2 ļĪƜĸĳĒŅĦ 

203675 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 203675 ĸ,ĕĲ,897 ĥŉĺğņĪŅįĪĩƠ 12 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ -   ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

  ĻľīĥŉĺğņĪŅįĪĩƠ -   ĻľīĥŉĺğņĪŅįĪĩƠ - 

ĴĸĲ 12 ĴĸĲ 12 

ęŚŃĪĸĪļĪƜĸĳĒŅĦĦĶľĥļĶłĒĻŊĦĴ 72 ęŚŃĪĸĪļĪƜĸĳĒŅĦĦĶľĥļĶłĒĻŊĦĴ 72 

 

 

Ŏīī 2.1 ĻŚŃļĴłīĪłĒĹŇĒĺŃĨņŕĻŚŃōĴŔęĒŃĴĹŇĒĺŃĬĴŅĞĞŃŏĨ 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

+őĲƜĲņ+ 

ĬƔĨņŕ / 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ 

  ōĻĪľŎĭĪĒŃĴĹŇĒĺŃĒĴŁīĸĪĸŅěŃ - 

  ĻľīĭƜŃĪōĘňŕľĪőēıŃĺŃĦƜŃĘĬĴŁōĨĹ - 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

  ĒĴŁīĸĪĸŅěŃōĶňľĒŐĪĻŃēŃĸŅěŃōĚįŃŁ 2 

ĴĸĲ 2 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ 

  ĻľīĸłĥĕŉĤĻĲīłĦŅ - 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ  - 

  ĒĴŁīĸĪĸŅěŃōĶňľĒŐĪļĴňľĪľĒĻŃēŃĸŅěŃōĚįŃŁ 2 

ĴĸĲ 2 



 
 

 

2
0
5 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

ĬƔĨņŕ 0 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ 

203891 ĸ,ĕĲ.891 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 3 / 

  ĒĴŁīĸĪĸŅěŃōĶňľĒŐĪļĴňľĪľĒĻŃēŃĸŅěŃōĚįŃŁ 1 

  ōĻĪľļłĸēƝľŏĕĴĘĴƜŃĘĥŉĺğņĪŅįĪĩƠ - 

ĴĸĲ 0 

 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0  

203677 ĸ,ĕĲ,899 ĥŉĺğņĪŅįĪĩƠ 12 

203756 ĸ,ĕĲ.756 ĻĲĴĴħĪĨłĒĺŁŎĶŁęĴĤĨłĒĺŁĻŚŃļĴłīĪłĒōĕĲņĭƜŃĪ

ĒŃĴěƜĸĳĻľĪŐĪĬĠŅīłĦŅĒŃĴōĕĲņ  

1 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

ĴĸĲ 13 

ĬƔĨņŕ 3 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 1 ļĪƜĸĳĒŅĦ 

203677 ĸ,ĕĲ,899 ĥŉĺğņĪŅįĪĩƠ 12 

203892 ĸ,ĕĲ,892 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 2 1 

ĴĸĲ 13 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ 

203677 ĸ,ĕĲ,899 ĥŉĺğņĪŅįĪĩƠ 12 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

  ĻľīĥŉĺğņĪŅįĪĩƠ - 

ĴĸĲ 12 



 
 

 

2
0
6 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

ęŚŃĪĸĪļĪƜĸĳĒŅĦĦĶľĥļĶłĒĻŊĦĴ őĲƜĪƝľĳĒĸƜŃ

48 

 

Ŏīī 2.2 ĻŚŃļĴłīĪłĒĹŇĒĺŃĨņŕĻŚŃōĴŔęĒŃĴĹŇĒĺŃĬĴŅĞĞŃĦĴņ 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

ĬƔĨņŕ / ĬƔĨņŕ / 

+őĲƜĲņ+ 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ 

203755 ĸ,ĕĲ,755 ĒŃĴĨŚŃĘŃĪĒłīĻŃĴōĕĲņŎĶŁĒŃĴęłĥĒŃĴľłĪĦĴŃĳ

ęŃĒĻŃĴōĕĲņľĳƜŃĘĲňľľŃěņį 

- 

  ōĻĪľŎĭĪĒŃĴĹŇĒĺŃĒĴŁīĸĪĸŅěŃ - 

  ĻľīĭƜŃĪōĘňŕľĪőēıŃĺŃĦƜŃĘĬĴŁōĨĹ - 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

ĴĸĲ / 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ 

  ĒĴŁīĸĪĸŅěŃōĶňľĒŐĪļĴňľĪľĒĻŃēŃĸŅěŃōĚįŃŁ 8 

203756 ĸ,ĕĲ,756 ĻĲĴĴħĪĨłĒĺŁŎĶŁęĴĤĨłĒĺŁĻŚŃļĴłīĪłĒōĕĲņĭƜŃĪ

ĒŃĴěƜĸĳĻľĪŐĪĬĠŅīłĦŅĒŃĴōĕĲņ 

1 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 

ĴĸĲ 7 

ĬƔĨņŕ 0 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ / ļĪƜĸĳĒŅĦ 

  ĒĴŁīĸĪĸŅěŃōĶňľĒŐĪļĴňľĪľĒĻŃēŃĸŅěŃōĚįŃŁ 6 

  ōēƝŃĴƜĸĲĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ - 



 
 

 

2
0
7 

ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

ĴĸĲ 6 

 

 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0  

  ĒĴŁīĸĪĸŅěŃōĶňľĒŐĪļĴňľĪľĒĻŃēŃĸŅěŃōĚįŃŁ 2 

  ĻľīĸłĥĕŉĤĻĲīłĦŅ - 

  ōĻĪľļłĸēƝľŏĕĴĘĴƜŃĘĥŉĺğņĪŅįĪĩƠ - 

ĴĸĲ 2 

ĬƔĨņŕ 3 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 1 ļĪƜĸĳĒŅĦ 

203676 ĸ,ĕĲ,896 ĥŉĺğņĪŅįĪĩƠ 12 

20379/ ĸ,ĕĲ,57/ ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ / 1 

ĴĸĲ 13 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 0 ļĪƜĸĳĒŅĦ 

203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 

203792 ĸ,ĕĲ,570 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 0 / 

ĴĸĲ 13 

ĬƔĨņŕ 4 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 1 ļĪƜĸĳĒŅĦ 

203676 ĸ,ĕĲ,896 ĥŉĺğņĪŅįĪĩƠ 12 

203891 ĸ,ĕĲ,891 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 1 / 

ĴĸĲ 13 
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ŎĭĪĒŃĴĹŇĒĺŃōĥŅĲ ŎĭĪĒŃĴĹŇĒĺŃŐļĲƜ 

 

 

ıŃĕĒŃĴĹŇĒĺŃĨņŕ 2 ļĪƜĸĳĒŅĦ 

203676 ĸ,ĕĲ,898 ĥŉĺğņĪŅįĪĩƠ 12 

203670 ĸ,ĕĲ,892 ĻłĲĲĪŃīłĤĢŅĦĹŇĒĺŃĨŃĘōĕĲņ 2 / 

  ĻľīĥŉĺğņĪŅįĪĩƠ - 

ĴĸĲ 13 

ęŚŃĪĸĪļĪƜĸĳĒŅĦĦĶľĥļĶłĒĻŊĦĴ őĲƜĪƝľĳĒĸƜŃ
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