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                       ŲŚťĹňťŜũŌŗŧŝŧşŊŘƥ   ŕŧĹŜũĿŧŔƘşũĶşƥŲŚťŜŦşŉŭŝŧşŊŘƥ 

ŠŖŜŉŌŪŹ 1. ķƢŢŖŮŚŌŦŹŜŵŐ 

1. ŘŠŦşŲŚťĿŬŹŢŠŚŦĶşŮŊŘ 

 ŕŧŞŧŵŌŗ 8 ŠŚŦĶşŮŊŘŐŘŦĿłŧŉŭŞŃŪŏŦňņũŊ şŧķŧŜũĿŧŜŦşŉŭŝŧşŊŘƥ (ŠŚŦĶşŮŊŘŎŧŎŧĿŧŊũ' 

 ŕŧŞŧŢŦļĶřŞ 8  Doctor of Philosophy  Program in Materials Science (International program) 

 0,   ĶŚŭơŖŠŚŦĶşŮŊŘ : ŜũĿŧĶŧŘ 

1, ĿŬŹŢŐŘũłłŧŲŚťşŧķŧŜũĿŧ  

 ŕŧŞŧŵŌŗ : ĿŬŹŢűŊŸŖ   ŐŘŦĿłŧŉŭŞŃŪŏŦňņũŊ &ŜŦşŉŭŝŧşŊŘƥ' 

   : ĿŬŹŢŗơŢ    ŐŘ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ' 

 ŕŧŞŧŢŦļĶřŞ : ĿŬŹŢűŊŸŖ   Doctor of Philosophy (Materials Science) 

   : ĿŬŹŢŗơŢ    Ph.D. (Materials Science) 

2, ŜũĿŧűŢĶ   ŵŖơŖŪ 

3, ĽžŧŎŜŎŠŎơŜŗĶũŊŌŪŹűŘŪŗŎŊŚŢŉŠŚŦĶşŮŊŘ 

Ųŏŏ /,/ ĽžŧŎŜŎŠŎơŜŗĶũŊŘŜŖŊŚŢŉŠŚŦĶşŮŊŘ      26 ŠŎơŜŗĶũŊ  

4, ŘŮŐŲŏŏķŢļŠŚŦĶşŮŊŘ  

 6.1  ŘŮŐŲŏŏ  

 ŠŚŦĶşŮŊŘ  Ųŏŏ /,/    

űŐƩŎŠŚŦĶşŮŊŘŘťŉŦŏŐŘũłłŧűŢĶ ŠŚŦĶşŮŊŘ 1 Őƙ  ŲŚťŴĿƢűŜŚŧŝūĶŞŧŵŖơűĶũŎ 6 ŐƙĶŧŘŝūĶŞŧ  

 6.2 ŕŧŞŧŌŪŹŴĿƢ  
X ŕŧŞŧŢŦļĶřŞ 

 6,1 ĶŧŘŘŦŏűķƢŧŝūĶŞŧ  

X ŎŦĶŝūĶŞŧŵŌŗ  

X ŎŦĶŝūĶŞŧŊơŧļĿŧŊũ  
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 4,2 ĹŜŧŖŘơŜŖŖŬŢĶŦŏşŋŧŏŦŎŢŬŹŎ  

X űŐƩŎŠŚŦĶşŮŊŘűľœŧťķŢļşŋŧŏŦŎŤ ŌŪŹĽŦŉĶŧŘűŘŪŗŎĶŧŘşŢŎųŉŗŊŘļ 

Ä űŐƩŎŠŚŦĶşŮŊŘŘơŜŖĶŦŏşŋŧŏŦŎŢŪŹŎ 

 ĿŬŹŢşŋŧŏŦŎ  ąąąąąąąąąąąąą,   ŐŘťűŌŝ ąąąąąą 

 ŘŮŐŲŏŏķŢļĶŧŘŘơŜŖ 

 Ä ŘơŜŖŖŬŢĶŦŎ ųŉŗşŋŧŏŦŎŤ űŐƩŎőŮƢŴŠƢŐŘũłłŧ 

 Ä ŘơŜŖŖŬŢĶŦŎ ųŉŗőŮƢŝūĶŞŧŵŉƢŘŦŏŐŘũłłŧĽŧĶ 2 şŋŧŏŦŎ  

ŠŖŧŗűŠŊŭ ŖŪļŧŎŜũĽŦŗŘơŜŖĶŦŏşŋŧŏŦŎŢŬŹŎŷ űĿơŎ şŜŌĿ, űŐƩŎŊƢŎ 

 4,3  ĶŧŘŴŠƢŐŘũłłŧŲĶơőŮƢşžŧűŘŸĽĶŧŘŝūĶŞŧ  

ĶŘňŪŠŚŦĶşŮŊŘűľœŧťķŢļşŋŧŏŦŎ 

X ŴŠƢŐŘũłłŧűœŪŗļşŧķŧŜũĿŧűŉŪŗŜ 

Ä ŴŠƢŐŘũłłŧŖŧĶĶŜơŧŠŎūŹļşŧķŧŜũĿŧ  

ĶŘňŪŠŚŦĶşŮŊŘŘơŜŖĶŦŏşŋŧŏŦŎŢŬŹŎ 

Ä ŴŠƢŐŘũłłŧűœŪŗļşŧķŧŜũĿŧűŉŪŗŜ ŲŚťűŐƩŎŐŘũłłŧķŢļŲŊơŚťşŋŧŏŦŎ 

Ä ŴŠƢŐŘũłłŧűœŪŗļşŧķŧŜũĿŧűŉŪŗŜ ŲŚťűŐƩŎŐŘũłłŧŘơŜŖĶŦŏ ąąąąąąąąąą     

Ä ŴŠƢŐŘũłłŧŖŧĶĶŜơŧŠŎūŹļşŧķŧŜũĿŧ  
5, şŋŧŎŕŧœķŢļŠŚŦĶşŮŊŘŲŚťĶŧŘœũĽŧŘňŧŢŎŭŖŦŊũ-űŠŸŎĿŢŏŠŚŦĶşŮŊŘ 

Á ŠŚŦĶşŮŊŘŐŘŦĿłŧŉŭŞŃŪŏŦňņũŊ şŧķŧŜũĿŧŜŦşŉŭŝŧşŊŘƥ &ŠŚŦĶşŮŊŘŎŧŎŧĿŧŊũ/ŠŚŦĶşŮŊŘŐŘŦŏŐŘŭļ 
œ,ŝ,0340' ŐŘŦŏŐŘŭļŖŧĽŧĶ ŠŚŦĶşŮŊŘŐŘŦĿłŧŉŭŞŃŪŏŦňņũŊ şŧķŧŜũĿŧŜŦşŉŭŝŧşŊŘƥ &ŠŚŦĶşŮŊŘ 
ŎŧŎŧĿŧŊũ/ŠŚŦĶşŮŊŘŐŘŦŏŐŘŭļ œ,ŝ,0335' ŖŪőŚŏŦļĹŦŏŴĿƢŴŎŕŧĹĶŧŘŝūĶŞŧŌŪŹ / ŐƙĶŧŘŝūĶŞŧ 0340 

Á şŕŧŜũĿŧĶŧŘŴŠƢĹŜŧŖűŠŸŎĿŢŏŠŚŦĶşŮŊŘ ŴŎĶŧŘŐŘťĿŭŖĹŘŦźļŌŪŹ 5/2562  
űŖŬŹŢ /2 űŉŬŢŎ œřŞŕŧĹŖ œ,ŝ,0340 

Á şŕŧŖŠŧŜũŌŗŧŚŦŗŢŎŭŖŦŊũŠŚŦĶşŮŊŘ        ŴŎĶŧŘŐŘťĿŭŖĹŘŦźļŌŪŹ 3/2562  
űŖŬŹŢ 03 űŉŬŢŎ œřŞŕŧĹŖ œ,ŝ,0340 

6, ĹŜŧŖœŘƢŢŖŴŎĶŧŘűőŗŲœŘơŠŚŦĶşŮŊŘŌŪŹŖŪĹŭňŕŧœŲŚťŖŧŊŘŅŧŎ 
    ŠŚŦĶşŮŊŘĽťŵŉƢŘŦŏĶŧŘűőŗŲœŘơŜơŧűŐƩŎŠŚŦĶşŮŊŘŌŪŹŖŪĹŭňŕŧœŲŚťŖŧŊŘŅŧŎŊŧŖĶŘŢŏŖŧŊŘŅŧŎĹŭňŜŭŇũ

ŘťŉŦŏŢŭŉŖŝūĶŞŧ œ,ŝ, 0330 ŴŎŐƙĶŧŘŝūĶŞŧ 2562  

7, ŢŧĿŪœŌŪŹşŧŖŧŘŋŐŘťĶŢŏŵŉƢŠŚŦļşžŧűŘŸĽĶŧŘŝūĶŞŧ (şŦŖœŦŎōƥĶŦŏşŧķŧŜũĿŧ) 

     -ŢŧĽŧŘŗƥşŢŎŴŎŘťŉŦŏŢŭŉŖŝūĶŞŧ 

 -ŎŦĶŜũŌŗŧŝŧşŊŘƥ / ŎŦĶŜũĽŦŗŉƢŧŎŜŦşŉŭŝŧşŊŘƥ 

 -ŎŦĶŜũŌŗŧŝŧşŊŘƥĹŜŏĹŭŖĹŭňŕŧœĶŧŘőŚũŊŉƢŧŎŜŦşŉŭŝŧşŊŘƥ 

 -ŎŦĶŜũŌŗŧŝŧşŊŘƥĹŜŏĹŭŖĶŧŘőŚũŊŲŚťĹŭňŕŧœĶŧŘőŚũŊŉƢŧŎŜŦşŉŭŝŧşŊŘƥ 

 -ŎŦĶŜũűĹŘŧťŠƥĹŭňŕŧœŜŦşŉŭ 

 -őŮƢŐŘťĶŢŏĶŧŘōŭŘĶũĽŉƢŧŎŜŦşŉŭŝŧşŊŘƥ 
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/.,  ĿŬŹŢ ŊžŧŲŠŎơļ ŲŚťĹŭňŜŭŇũĶŧŘŝūĶŞŧķŢļŢŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏŠŚŦĶşŮŊŘ 

ĿŬŹŢ-şĶŭŚ 

&ŘťŏŭŊžŧŲŠŎơļŌŧļŜũĿŧĶŧŘ' 

ĹŭňŜŭŇũĶŧŘŝūĶŞŧ &şŧķŧŜũĿŧ', 

şŋŧŏŦŎŌŪŹŝūĶŞŧşžŧűŘŸĽ ŲŚťŐƙŌŪŹşžŧűŘŸĽĶŧŘŝūĶŞŧ 

űŚķŐŘťĽžŧŊŦŜŐŘťĿŧĿŎ 

/, ŝ.ŉŘ.ĶŢŏŜŭŇũ ŘŭĽũĽŎŧĶŭŚ 

 

ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 031/ 

ŜŌ,ŉ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0315 

1/..4./076xxx 

0, Řŝ,ŉŘ,ĶŖŚœŘŘň űœŸļœŦŉ

   

ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0316 

M.Sc.(Physics Methods of Materials Characterisation),  

Univ. of Warwick, UK, 1996 

Ph.D. (Physics), Univ. of Warwick, UK, 2001 

3659900552xxx 

3. őŝ,ŉŘ,ŎŦŉŉŧ űŜĿĿŧĶŭŚ ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗŢŭŏŚŘŧĿōŧŎŪ, 0323 

ŜŌ,Ŗ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0325 

ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 033. 

3349800193xxx 

 

//,  şŋŧŎŌŪŹĽŦŉĶŧŘűŘŪŗŎĶŧŘşŢŎ  

X ŴŎşŋŧŎŌŪŹŊŦźļ  

Ä ŎŢĶşŋŧŎŌŪŹŊŦźļ ŵŉƢŲĶơ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

/0,  şŋŧŎĶŧŘňƥŕŧŗŎŢĶŠŘŬŢĶŧŘœŦŇŎŧŌŪŹĽžŧűŐƩŎŊƢŢļŎžŧŖŧœũĽŧŘňŧŴŎĶŧŘŜŧļŲőŎŠŚŦĶşŮŊŘ  

 12.1 şŋŧŎĶŧŘňƥŠŘŬŢĶŧŘœŦŇŎŧŌŧļűŝŘŞŅĶũĽ  

      ĹŜŧŖűĽŘũłŌŧļŉƢŧŎŜũŌŗŧŝŧşŊŘƥŲŚťűŌĹųŎųŚŗŪŴŎŐƧĽĽŭŏŦŎŵŉƢĶƢŧŜŠŎƢŧŴŎŠŚŧŗŌũŝŌŧļŢŗơŧļŘŜŉűŘŸŜ 

ųŉŗűľœŧťŴŎŊơŧļŐŘťűŌŝĽūļĶơŢŴŠƢűĶũŉĶŧŘűŐŚŪŹŗŎŲŐŚļŊơŧļŷ ŖŪőŚĶŘťŌŏŊơŢŐŘťűŌŝŵŌŗ ŘŜŖŌŦźļĶŧŘŖŪŕŦŗĹŭĶĹŧŖ

ŌŧļŉƢŧŎűŝŘŞŅĶũĽŲŚťşŦļĹŖ ŎŢĶĽŧĶŎŪźĶŸŖŪĶŘťŲşĶŧŘűŐƘŉűŝŘŞŅĶũĽűşŘŪ ŀūŹļŌžŧŴŠƢűĶũŉĶŧŘŲķơļķŦŎŌŦźļŴŎŲŚťŎŢĶ

ŐŘťűŌŝ ŲŚťŌžŧŴŠƢűĶũŉŕŦŗōŘŘŖĿŧŊũĶŦŏŐƧłŠŧşũŹļŲŜŉŚƢŢŖŌŪŹĶžŧŚŦļŘŭŎŲŘļŢŦŎűŎŬŹŢļŖŧĽŧĶĶŧŘŴĿƢŌŘŦœŗŧĶŘŲŚťĶŧŘ

œŦŇŎŧŢŭŊşŧŠĶŘŘŖŢŗơŧļşũźŎűŐŚŬŢļ ŐŘťűŌŝŵŌŗĽūļĶžŧŚŦļŐŘťşŏŐƧłŠŧŠŚŧŗŉƢŧŎ űĿơŎ ŐƧłŠŧŐŘťşũŌōũŕŧœķŢļĶŧŘ

őŚũŊ ĹŜŧŖşŧŖŧŘŋŴŎĶŧŘŲķơļķŦŎ ĹŭňŕŧœĶŧŘŝūĶŞŧ ĹŜŧŖűŠŚŬŹŢŖŚźžŧŌŧļşŦļĹŖ ŲŚťŐƧłŠŧşũŹļŲŜŉŚƢŢŖ űŐƩŎŊƢŎ 

ŉŦļŎŦźŎĶŧŘœŦŇŎŧĶŧŘŝūĶŞŧŲŚťĶŧŘűœũŹŖķŪŉŝŦĶŗŕŧœŴŎĶŧŘőŚũŊŏŭĹŚŧĶŘŕŧŗŴŎŐŘťűŌŝŴŠƢŖŪĹŜŧŖŘŮƢŲŚť

ĹŜŧŖşŧŖŧŘŋ ŖŪŌŦĶŞťĹŜŧŖĿžŧŎŧłœŘƢŢŖŌŦźļŖŪĹŭňōŘŘŖ ĽŘũŗōŘŘŖ ŖŪĶŧŘŊŘťŠŎŦĶŋūļĶŧŘŖŪşơŜŎŘŜŖ ŲŚťűķƢŧŴĽ

ŐƧłŠŧşũŹļŲŜŉŚƢŢŖ ĽūļűŐƩŎşũŹļĽžŧűŐƩŎŢŗơŧļŗũŹļŊơŢĶŧŘœŦŇŎŧŐŘťűŌŝ  ŎŢĶĽŧĶŎŪźŐƧłŠŧŌŪŹűĶũŉĽŧĶĶŧŘķŗŧŗŊŦŜŢŗơŧļ

ŘŜŉűŘŸŜķŢļŢŭŊşŧŠĶŘŘŖŊơŧļŷ ŴŎŌŭĶŕŮŖũŕŧĹķŢļųŚĶ ŌžŧŴŠƢűĶũŉŐƧłŠŧĶŧŘķŧŉŲĹŚŎœŚŦļļŧŎŲŚť

ŌŘŦœŗŧĶŘōŘŘŖĿŧŊũŠŚŧŗĿŎũŉ ĶŧŘœŦŇŎŧŉƢŧŎŜũŌŗŧŝŧşŊŘƥŲŚťűŌĹųŎųŚŗŪŌŪŹŵŖơűŠŖŧťşŖ ųŉŗŵŖơĹžŧŎūļŋūļőŚĶŘťŌŏ

ŊơŢŘťŏŏŎũűŜŝ ĶơŢŴŠƢűĶũŉŐƧłŠŧŖŚŕŧŜťŲŚťşŘƢŧļĶŧŘŲŐŘŐŘŜŎķŢļşŕŧœŕŮŖũŢŧĶŧŝŌŦŹŜųŚĶ şŋŧŎĶŧŘňƥűŠŚơŧŎŪźŌžŧ

ŴŠƢűŘŧĽžŧűŐƩŎŊƢŢļŖŪĶŧŘşơļűşŘũŖŲŚťĶŧŘœŦŇŎŧŌŘŦœŗŧĶŘŉƢŧŎŏŭĹĹŚŴŎŐŘťűŌŝŴŠƢŖŪĹŜŧŖŘŮƢ ĹŜŧŖşŧŖŧŘŋ ŲŚťŖŪ

ŝŦĶŗŕŧœŴŎĶŧŘőŚũŊŲŚťœŦŇŎŧűŌĹųŎųŚŗŪŊơŧļŷ ŢŗơŧļŖŪĹŜŧŖĹũŉşŘƢŧļşŘŘĹƥ ĹŜŧŖşŧŖŧŘŋŉŦļĶŚơŧŜűŐƩŎşơŜŎŠŎūŹļŌŪŹ

ĽťűœũŹŖķŪŉĹŜŧŖşŧŖŧŘŋŴŎĶŧŘŲķơļķŦŎķŢļŐŘťűŌŝŵŉƢ œŘƢŢŖĶŦŏĶŧŘűşŘũŖşŘƢŧļŴŠƢŏŭĹŚŧĶŘŖŪŌŦĶŞťŲŚťŐŚŮĶŒƧļ

ĹŭňōŘŘŖĽŘũŗōŘŘŖŌŪŹşŢŉĹŚƢŢļĶŦŏŲőŎœŦŇŎŧűŝŘŞŅĶũĽŲŚťşŦļĹŖŲŠơļĿŧŊũ ľŏŦŏŌŪŹ/0 (œ,ŝ, 2560-2564) ŀūŹļŵŉƢ

ĶžŧŠŎŉűŐƝŧŠŖŧŗŉƢŧŎŗŭŌōŝŧşŊŘƥŲŚťŲŎŜŌŧļĶŧŘœŦŇŎŧŐŘťűŌŝŴŎŘťŗťűŜŚŧ 3 Őƙ  ŌŦźļŎŪźŌŭĶŕŧĹşơŜŎŴŎşŦļĹŖŊƢŢļ
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ŴŠƢĹŜŧŖŘơŜŖŖŬŢĶŦŎŢŗơŧļűķƢŖŲķŸļ ųŉŗűľœŧťŕŧĹĶŧŘŝūĶŞŧűœŬŹŢőŚŦĶŉŦŎŴŠƢŵŉƢŘŦŏőŚşŦŖřŌōũŽŢŗơŧļŊơŢűŎŬŹŢļ ŲŚťşŢŉŘŦŏ

ĶŦŏĶŧŘŐńũŘŮŐŐŘťűŌŝŌŪŹŖŭơļşŮơĶŧŘŖŪĹŜŧŖ ÿ ŖŦŹŎĹļ ŖŦŹļĹŦŹļ ŲŚťŗŦŹļŗŬŎĀ ŴŎŢŎŧĹŊ ųŉŗŗūŉŠŚŦĶ ÿ ŐŘŦĿłŧűŝŘŞŅĶũĽ

œŢűœŪŗļĀ   űœŬŹŢŴŠƢűĶũŉĶŧŘœŦŇŎŧŴŎŌŭĶŖũŊũ ŖŪĶŧŘŏŮŘňŧĶŧŘŏŎŌŧļşŧŗĶŚŧļ ŢŦŎŐŘťĶŢŏŵŐŉƢŜŗ ĹŜŧŖŖŪűŠŊŭőŚ 

ŲŚťĶŧŘŖŪĹŜŧŖœŢŐŘťŖŧň ŀūŹļĽťűŐƩŎŘťŏŏŕŮŖũĹŭƢŖĶŦŎŌŪŹŉŪ ŌŪŹşŢŉĹŚƢŢļĶŦŏŕŮŖũşŦļĹŖĶŧŘœŦŇŎŧŌŭĶŉƢŧŎ ŢŗơŧļŖŪŉŭŚŗ

ŕŧœŌŦźļŖũŊũŉƢŧŎűŝŘŞŅĶũĽ şŦļĹŖ ŘťŏŏŎũűŜŝŎƥ ŲŚťşŢŉŘŦŏĶŦŏĹŜŧŖűĶŬźŢĶŮŚŲŚťĶŧŘœūŹļœŧŢŧŝŦŗŀūŹļĶŦŎŲŚťĶŦŎ ųŉŗ

ĶŧŘœŦŇŎŧŴŎŖũŊũŴŉŖũŊũŠŎūŹļŊƢŢļŵŖơşơļőŚĶŘťŌŏŌŧļŚŏŊơŢŖũŊũŢŬŹŎŷ ŘŜŖŌŦźļŊƢŢļŖŭơļűŎƢŎŴŠƢ ÿ ĹŎűŐƩŎŝŮŎŗƥĶŚŧļķŢļĶŧŘ

œŦŇŎŧ Ā şŘƢŧļĹŜŧŖŖŦŹŎĹļķŢļĿŧŊũ œŦŇŎŧĹŎŌŭĶŜŦŗŴŠƢűŐƩŎ ĹŎűĶơļ ĹŎŉŪ ŖŪŝŦĶŗŕŧœ ŲŚťŖŪĹŜŧŖĹũŉşŘƢŧļşŘŘĹƥ ŀūŹļ

űŐƩŎŠŦŜŴĽşžŧĹŦłŴŎĶŧŘűœũŹŖŝŦĶŗŕŧœĶŧŘŲķơļķŦŎŌŦźļŴŎŕŧĹĶŧŘőŚũŊŲŚťŕŧĹŏŘũĶŧŘűœŬŹŢşŘƢŧļĹŜŧŖűķƢŖŲķŸļ ŖŪ

ĹŭňōŘŘŖ ĽŘũŗōŘŘŖ ŲŚťŖŪĽũŊşžŧŎūĶŘŦŏőũŉĿŢŏŊơŢşơŜŎŘŜŖŀūŹļĽťŎžŧŵŐşŮơĶŧŘşŘƢŧļşŦļĹŖŌŪŹœūļŐŘŧŘŋŎŧ ŘŜŖŋūļŖŪĽũŊŌŪŹ

ĽťŢŎŭŘŦĶŞƥ ŘŦĶŞŧ ŔƛƫŎŔŮ ŲŚťŴĿƢŐŘťųŗĿŎƥĽŧĶŌŘŦœŗŧĶŘōŘŘŖĿŧŊũŲŚťşũŹļŲŜŉŚƢŢŖŵŉƢŢŗơŧļŋŮĶŊƢŢļŲŚťűŠŖŧťşŖŊŧŖ

şŋŧŎĶŧŘňƥ    

ŉŦļŎŦźŎ ĽūļŎŦŏűŐƩŎųŢĶŧşşžŧĹŦłŴŎœŦŇŎŧŏŭĹŚŧĶŘŌŪŹűĶŪŹŗŜķƢŢļŴŎĶŧŘĹƢŎĹŜƢŧŠŧĹŜŧŖŘŮƢ ŴŠƢŖŪĹŜŧŖşŧŖŧŘŋ

ŉƢŧŎĶŘťŏŜŎĶŧŘĹũŉűĿũļŜũűĹŘŧťŠƥ şŦļűĹŘŧťŠƥ ŲŚťşŘƢŧļşŘŘĹƥ şŧŖŧŘŋŴĿƢűŌĹųŎųŚŗŪ ŲŚťŲĶƢŐƧłŠŧűĿũļŏŮŘňŧĶŧŘŵŉƢ

ŌŦźļŴŎŘťŉŦŏŐŘťűŌŝ ŲŚťŎŧŎŧĿŧŊũ ŎŢĶĽŧĶŎŪź ŏŭĹŚŧĶŘŗŦļŊƢŢļűķƢŧŴĽŋūļőŚĶŘťŌŏŌŧļűŝŘŞŅĶũĽ şŦļĹŖŲŚť

ŜŦŇŎōŘŘŖ ŖŪĹŭňōŘŘŖ ĽŘũŗōŘŘŖ ŲŚťŖŪŝŦĶŗŕŧœŴŎĶŧŘœŦŇŎŧŊŎűŢļŵŉƢŢŗơŧļűŠŖŧťşŖĶŦŏŜũŋŪĿŪŜũŊķŢļşŦļĹŖŵŌŗ

ŊŧŖŲőŎœŦŇŎŧŤľŏŦŏŌŪŹ 12  ŌŦźļŎŪźŏŭĹŚŧĶŘŌŪŹŖŪĹŭňŕŧœ ĽťűŐƩŎŝŮŎŗƥĶŚŧļķŢļĶŧŘœŦŇŎŧ ųŉŗĶŧŘşŘƢŧļŏŭĹŚŧĶŘŌŪŹŖŪ

ĹŜŧŖŘŮƢĹŜŧŖşŧŖŧŘŋűľœŧťŌŧļŉƢŧŎĶŘťŏŜŎĶŧŘĹũŉűĿũļ ŜũűĹŘŧťŠƥ şŦļűĹŘŧťŠƥ şŘƢŧļşŘŘĹƥŲŚťŲĶƢŐƧłŠŧűĿũļŏŮŘňŧ

ĶŧŘŖŪĹŜŧŖŘŮƢŲŚťűŌĹųŎųŚŗŪşŧŖŧŘŋşŬŹŢşŧŘ ŲŚťŋơŧŗŌŢŉĹŜŧŖŘŮƢŴŠƢŲĶơŐŘťĿŧĿŎĹŎŵŌŗŲŚťĿŧŜŊơŧļĿŧŊũĽūļűŐƩŎ

şũŹļĽžŧűŐƩŎ ŎŢĶĽŧĶŎŪź ŗŦļŊƢŢļŖŪĹŜŧŖűķƢŧŴĽŋūļőŚĶŘťŌŏŌŧļşŦļĹŖŲŚťŜŦŇŎōŘŘŖ űŐƩŎĹŎŖŪĹŭňōŘŘŖ ĽŘũŗōŘŘŖ ŲŚť

ŖŪŝŦĶŗŕŧœŴŎĶŧŘœŦŇŎŧŊŎűŢļŵŉƢŢŗơŧļűŠŖŧťşŖĶŦŏŜũŋŪĿŪŜũŊŴŎşŦļĹŖŵŌŗŵŉƢ ŉŦļŎŦźŎĶŧŘőŚũŊŏŭĹŚŧĶŘŌŧļŉƢŧŎŜŦşŉŭ

ŝŧşŊŘƥ ĽūļŊƢŢļŖŪĹŜŧŖœŘƢŢŖŌŪŹĽťŐńũŏŦŊũļŧŎŵŉƢŴŎŌŦŎŌŪ ŖŪĹŜŧŖŘŮƢ ŐŘťşŏĶŧŘňƥŲŚťŝŦĶŗŕŧœşŮļŴŎĶŧŘœŦŇŎŧŊŎűŢļ

ŴŠƢűķƢŧĶŦŏļŧŎŌŦźļŉƢŧŎŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœ ŘŜŖŋūļŊƢŢļűķƢŧŴĽőŚĶŘťŌŏķŢļŜũŌŗŧŝŧşŊŘƥ űŌĹųŎųŚŗŪŊơŢşŦļĹŖ ŲŚťŊƢŢļ

ŐńũŏŦŊũŊŎŢŗơŧļŖŪĹŭňōŘŘŖ  ŉŦļŎŦźŎĶŧŘœŦŇŎŧŲŚťĶŧŘşŘƢŧļŏŭĹŚŧĶŘŌŪŹŖŪŝŦĶŗŕŧœĽťşŧŖŧŘŋŎžŧœŧŐŘťűŌŝŵŐşŮơĶŧŘ

œŦŇŎŧŌŪŹ ÿŖŦŹŎĹļ ŖŦŹļĹŦŹļ ŲŚťŗŦŹļŗŬŎĀ ŵŐŋūļŵŉƢŊŧŖűŐƝŧŠŖŧŗŤ  

    /0,0  şŋŧŎĶŧŘňƥĶŧŘœŦŇŎŧŌŧļşŦļĹŖŲŚťŜŦŇŎōŘŘŖ 

  ĽŧĶĶŧŘŜũűĹŘŧťŠƥşŋŧŎĶŧŘňƥŊơŧļŷ œŏŜơŧşŦļĹŖŵŌŗŖŪŲŎŜųŎƢŖĽťűŐŚŪŹŗŎŲŐŚļŊŧŖĶŘťŲşķŢļųŚĶ

ŢŗơŧļŊơŢűŎŬŹŢļ ųŉŗŖŪŚŦĶŞňťķŗŧŗŊŦŜŌŧļűŌĹųŎųŚŗŪŢŗơŧļŘŜŉűŘŸŜ ŌŦźļŎŪźűœŘŧťųŚĶşŖŦŗŴŠŖơŵŉƢűŐŚŪŹŗŎŲŎŜŌŧļĶŧŘ

őŚũŊĽŧĶĶŧŘŴĿƢŌŘŦœŗŧĶŘŌŧļōŘŘŖĿŧŊũŵŐŴĿƢűŌĹųŎųŚŗŪŲŚťŜũŌŗŧĶŧŘŴŠŖơŷ űŖŬŹŢşŦļĹŖųŚĶŖŪĶŧŘűĿŬŹŢŖųŗļşŦŖœŦŎōƥ

ŲŚťşŬŹŢşŧŘĶŦŎĶŜƢŧļķŜŧļĽťŌžŧŴŠƢűĶũŉşŕŧœĹŜŧŖŠŚŧĶŠŚŧŗŌŧļşŦļĹŖŲŚťŜŦŇŎōŘŘŖ ŢļĹƥĹŜŧŖŘŮƢŌŪŹŖŪŢŗơŧļ

ŖŧĶŖŧŗŌŦźļŴŎŢŉŪŊŲŚťŐƧĽĽŭŏŦŎĽťŵŉƢűĿŬŹŢŖųŗļĶŦŎ  ŠŘŬŢŢŧĽĶŚơŧŜŵŉƢŜơŧşŦļĹŖųŚĶŖŪĶŧŘűŐƘŉĶŜƢŧļŌŧļŢļĹƥĹŜŧŖŘŮƢ  

ĶŘťŲşŲŠơļĶŧŘűŐŚŪŹŗŎŲŐŚļŎŪźĶžŧŚŦļűŐƩŎŵŐŢŗơŧļŘŜŉűŘŸŜűĶũŎĶŜơŧŌŪŹųĹŘļşŘƢŧļŌŧļşŦļĹŖĽťşŧŖŧŘŋŐŘŦŏŊŦŜŵŉƢŌŦŎ  

ŉŦļŎŦźŎĽūļŖŪĹŜŧŖĽžŧűŐƩŎŢŗơŧļŗũŹļŌŪŹĽťŖŪĶŧŘĽŦŉĶŧŘŌŧļŉƢŧŎĶŧŘŝūĶŞŧűœŬŹŢŘŜŏŘŜŖŢļĹƥĹŜŧŖŘŮƢŌŪŹĶŘťĽŦŉĶŘťĽŧŗ  ŴŠƢ

űŐƩŎŘťŏŏ ŕŧŗŴŊƢĶŧŘĽŦŉĶŧŘķƢŢŖŮŚŌŪŹŋŮĶŊƢŢļŢŗơŧļŖŪŐŘťşũŌōũŕŧœ ŌŦŎşŖŦŗ ŲŚťŘŜŉűŘŸŜ ųŉŗĹŜŘŖŪĶŧŘĶžŧŠŎŉ 

ŌũŝŌŧļŴŠƢűŠŖŧťşŖĶŦŏşŕŧœĽŘũļķŢļşŦļĹŖ ŖũľťŎŦźŎĽťűĶũŉĶŧŘŏŘũųŕĹķƢŢŖŮŚŌŪŹŵŖơűŠŖŧťşŖĶŦŏĶŧŘűŐŚŪŹŗŎŲŐŚļŜũŋŪ

ĿŪŜũŊŲŚťŜŦŇŎōŘŘŖķŢļĹŎŴŎşŦļĹŖĽŎĶŚŧŗűŐƩŎşŦļĹŖĶŧŘŏŘũųŕĹ ŌŪŹŖŭơļĹŜŧŖűĽŘũłŲŊơŌŧļŉƢŧŎŜŦŊŋŭ ĽŎŚŬŖœŬźŎŅŧŎ

ŉŦźļűŉũŖŌŪŹűŐƩŎşŦļĹŖķŢļĹŜŧŖűŢŬźŢŢŧŌŘ űĹŧŘœŗĶŗơŢļĹŭňĹŜŧŖŉŪ ŲŚťĽŘũŗōŘŘŖ ŢŗơŧļŵŘĶŸŊŧŖ ŴŎĶŧŘŌŪŹŐŘťűŌŝŵŌŗ



5 

 

ĽťűķƢŧŘơŜŖŴŎŐŘťĿŧĹŖŢŧűŀŪŗŎ ĶŧŘĽŦŉĶŧŘŝūĶŞŧĽťŊƢŢļşŢŉĹŚƢŢļŲŚťŌŦźļŴŎĶŧŘűķƢŧŘơŜŖŐŘťĿŧĹŖŢŧűŀŪŗŎ ųŉŗ

ŊƢŢļŖŪĶŧŘŝūĶŞŧűŘŪŗŎŘŮƢŜŦŇŎōŘŘŖŢŧűŀŪŗŎ ŲŚťŊƢŢļűķƢŧŴĽşŕŧœűŝŘŞŅĶũĽ ŲŚťŜŦŇŎōŘŘŖķŢļŎŧŎŧĿŧŊũ ŌŪŹűĶŪŹŗŜķƢŢļ

ĶŦŏŐŘťĿŧĹŖŢŧűŀŪŗŎ ŢŪĶŌŦźļŊƢŢļŘŮƢĽŦĶœŦŇŎŧŌŦĶŞťŌŧļŉƢŧŎŕŧŞŧűœŬŹŢŴŠƢşŧŖŧŘŋĶŧŘşŬŹŢşŧŘĶŦŏŐŘťĿŧĹŖŢŧűŀŪŗŎ

ŲŚťŐŘťĿŧĹŖųŚĶŵŉƢŢŗơŧļŖŪŐŘťşũŌōũŕŧœ 

 12.3  şŋŧŎĶŧŘňƥŠŘŬŢĶŧŘœŦŇŎŧĹŜŧŖŖŦŹŎĹļ   

       şŬŏűŎŬŹŢļĽŧĶŴŎŐƙ œ,ŝ,0336 ŐŘťűŌŝŵŌŗŵŉƢűķƢŧŘơŜŖŐŘťĿŧĹŖŢŧűŀŪŗŎ ŲŚťųŚĶŐƧĽĽŭŏŦŎĶžŧŚŦļűķƢŧşŮơŗŭĹŌŪŹ

ŊƢŢļœūŹļœŧűŌĹųŎųŚŗŪŉũĽũŌŦŚŖŧĶ ŉŦļŎŦźŎĶŧŘĽŦŉĶŧŘŝūĶŞŧĽťŊƢŢļĹžŧŎūļŋūļĹŜŧŖşŢŉĹŚƢŢļĶŦŏŗŭĹşŖŦŗ     ųŉŗŖŭơļűŎƢŎ

ŴŠƢűĶũŉĹŜŧŖŖŦŹŎĹļŲŚťĶŧŘŲķơļķŦŎŲŏŏŗŦŹļŗŬŎ ŲŊơŢŗơŧļŵŘĶŸŊŧŖűŘŧĶŸŗŦļŖŪŐƧłŠŧŴŎĶŧŘœŦŇŎŧŐŘťűŌŝ ŉŦļŎŦźŎŘŦŅŏŧŚ

ĽūļŵŉƢĶžŧŠŎŉŎųŗŏŧŗ ÿŵŌŗŲŚŎŉƥ 2,.Ā ŀūŹļűŎƢŎŉƢŧŎŎŜŦŊĶŘŘŖ ųŉŗŵŉƢœŗŧŗŧŖ ŴŠƢŐŘťűŌŝŵŉƢŠŚŭŉœƢŎĽŧĶĶŦŏŉŦĶŌŦźļ 1 

ŐŘťĶŧŘ ŀūŹļŵŉƢŲĶơ ĶŦŏŉŦĶŐŘťűŌŝŘŧŗŵŉƢŐŧŎĶŚŧļ ĶŦŏŉŦĶĹŜŧŖűŠŚŬŹŢŖŚźžŧ ŲŚťĶŦŏŉŦĶĹŜŧŖŵŖơşŖŉŭŚ ĽūļűŠŸŎŵŉƢŜơŧ

ŲŎŜĹũŉ ŵŌŗŲŚŎŉƥ 2,. űŐƩŎųŖűŉŚűŝŘŞŅĶũĽŌŪŹŎơŧĽťŎžŧœŧŐŘťűŌŝŵŌŗŴŠƢŠŚŭŉœƢŎĽŧĶĶŦŏŉŦĶŉŦļĶŚơŧŜ œŘƢŢŖŷĶŦŏĶŧŘ

űŐŚŪŹŗŎőơŧŎŐŘťűŌŝŵŌŗŵŐşŮơ ĶŧŘűŐƩŎŐŘťűŌŝŴŎųŚĶŌŪŹŠŎūŹļ ŌŪŹŖŪĹŜŧŖŖŦŹŎĹļ ŖŦŹļĹŦŹļ ŲŚťŗŦŹļŗŬŎ ŉŦļŎŦźŎŠŚŦĶşŮŊŘĽūļŵŉƢŖŪ

ĶŧŘŐŘŦŏŐŘŭļŘťŉŦŏŖŧŊŘŅŧŎŲŚťĶŘťŏŜŎŜũĿŧŴŠƢŖŪĹŭňŕŧœşŮļķūźŎ ųŉŗűŎƢŎĹŜŧŖűŐƩŎşŧĶŚ&ŠŚŦĶşŮŊŘŎŧŎŧĿŧŊũ' 

œŘƢŢŖĶŦŏĶŧŘűŎƢŎĶŧŘűŘŪŗŎŘŮƢűœŬŹŢűŐƩŎœŬźŎŅŧŎŴŎĶŧŘşŘƢŧļŎŜŦŊĶŘŘŖŲŚťűŎƢŎĶŧŘűŘŪŗŎŘŮƢųŉŗŢŧŝŦŗŕŧŞŧŢŦļĶřŞ ŀūŹļĽť

ŌžŧŴŠƢŐŘťűŌŝŵŉƢœŦŇŎŧŵŐŢŗơŧļŖŦŹŎĹļŲŚťŗŦŹļŗŬŎ 

/1,  őŚĶŘťŌŏĽŧĶ ķƢŢ /2.1, 12.2 ŲŚť /0,1 ŊơŢĶŧŘœŦŇŎŧŠŚŦĶşŮŊŘŲŚťĹŜŧŖűĶŪŹŗŜķƢŢļĶŦŏœŦŎōĶũĽķŢļ       

     şŋŧŏŦŎ  

       /1,/  ĶŧŘœŦŇŎŧŠŚŦĶşŮŊŘ  

      ŴŎĶŧŘœŦŇŎŧŠŚŦĶşŮŊŘŊŧŖşŋŧŎĶŧŘňƥŴŎķƢŢ /0,/, /0,0 ŲŚť /0,1 ŵŉƢœŏŜơŧŖŪőŚĶŘťŌŏųŉŗŊŘļŊơŢĶŧŘ

ĽŦŉĶŧŘŝūĶŞŧ ųŉŗŋŬŢŜơŧŏŭĹŚŧĶŘűŐƩŎŌŘŦœŗŧĶŘŌŪŹşžŧĹŦłŌŪŹşŭŉŴŎĶŧŘŲķơļķŦŎķŢļųŚĶşŖŦŗŴŠŖơ  ŠŚŦĶşŮŊŘĽūļűŎƢŎĶŧŘ

œŦŇŎŧŏŭĹŚŧĶŘŘŭơŎŴŠŖơŴŠƢŖŪŝŦĶŗŕŧœŘťŉŦŏşŧĶŚ&ŠŚŦĶşŮŊŘŎŧŎŧĿŧŊũ'  ŲŚťűŐƩŎŏŭĹŚŧĶŘŌŪŹŉŪ ŖŪĹŭňŕŧœşŧŖŧŘŋ

şŘƢŧļŢļĹƥĹŜŧŖŘŮƢŴŠŖơŲŚťűŌĹųŎųŚŗŪŌŦŎşŖŦŗųŉŗűľœŧťűŌĹųŎųŚŗŪşŧŘşŎűŌŝ űœŬŹŢűŐƩŎŅŧŎŲŠơļĶŧŘőŚũŊűœŬŹŢŴŠƢ

şŧŖŧŘŋœūŹļœŧŊŎűŢļ ŵŉƢŖŪĹŜŧŖŘŮƢŴŎűĿũļŐŘťŗŭĶŊƥŌŪŹşŧŖŧŘŋşŦŹļşŖűŐƩŎŌŦĶŞťĹŜŧŖűĿŪŹŗŜĿŧłűľœŧťŌŧļķŦźŎşŮļ űŐƩŎŎŦĶ

ŜŦşŉŭŝŧşŊŘƥŌŪŹŖŪŝŦĶŗŕŧœŴŎĶŧŘŊũŉŊŧŖűŠŊŭĶŧŘňƥŢŗơŧļŘŮƢűŌơŧŌŦŎ ŘŜŖŋūļĶŧŘŖŪŐŘťşŏĶŧŘňƥŲŚťŖŪĹŜŧŖűĿŬŹŢŖŦŹŎŌŪŹĽť

œŦŇŎŧŊŦŜűŢļŵŐŌŦŎĹŜŧŖĶƢŧŜŠŎƢŧķŢļųŚĶŜũĿŧĶŧŘŲŚťűŌĹųŎųŚŗŪ ŴŎķňťűŉŪŗŜĶŦŎĶŸŌžŧŊŎűŐƩŎŌŘŦœŗŧĶŘŏŭĹĹŚŌŪŹŖŪ

ĹŭňōŘŘŖ ĽŘũŗōŘŘŘŖ ŲŚťĽŘŘŗŧŏŘŘňŊơŢŜũĿŧĿŪœűœŬŹŢőŚũŊőŚļŧŎŌŪŹŖŪŐŘťųŗĿŎƥĶŦŏĶŧŘ ŠŗũŏŗŬŹŎ-şơļűşŘũŖ ŲŚť 

şŘƢŧļşŘŘĹƥşŦļĹŖŲŠơļĶŧŘűŘŪŗŎŘŮƢ űœŬŹŢŎžŧŵŐşŮơĶŧŘœŦŇŎŧŌŪŹŗŦŹļŗŬŎ ŲŚťŖŦŹŎĹļ 

       /1,0  ĹŜŧŖűĶŪŹŗŜķƢŢļĶŦŏœŦŎōĶũĽķŢļşŋŧŏŦŎ  

           ĽŧĶşŋŧŎĶŧŘňƥŴŎķƢŢ /0,/, /0,0 ŲŚť /0,1 ŌžŧŴŠƢőŮƢŏŘũŠŧŘŠŚŦĶşŮŊŘŊƢŢļĶŧŘűŎƢŎĶŧŘœŦŇŎŧĹŎŴŠƢŖŪ

ŝŦĶŗŕŧœŌŧļŜũĿŧĶŧŘ œŘƢŢŖĶŦŏĶŧŘŖŪĹŭňōŘŘŖŲŚťĽŘũŗōŘŘŖ ĽūļŊƢŢļŖŪĹŜŧŖűĶŪŹŗŜķƢŢļųŉŗŊŘļĶŦŏœŦŎōĶũĽķŢļ

şŋŧŏŦŎŌŪŹŖŭơļűŎƢŎĹŜŧŖűŐƩŎűŚũŝŌŧļŜũĿŧĶŧŘŲŚťĶŧŘŖŪĹŭňŕŧœŊŧŖŖŧŊŘŅŧŎşŧĶŚ ĶŧŘőŚũŊőŚļŧŎŜũĽŦŗŌŪŹŖŪ

ĹŭňŕŧœşŮļŌŦźļŘťŉŦŏœŬźŎŅŧŎŲŚťŐŘťŗŭĶŊƥŴŎşŧķŧŊơŧļ ŷ  ĶŧŘŴŠƢŏŘũĶŧŘŜũĿŧĶŧŘŉƢŧŎŜũŌŗŧŝŧşŊŘƥŲŚťűŌĹųŎųŚŗŪŲĶơ 

şŦļĹŖ űœŬŹŢŊŢŏşŎŢļĹŜŧŖŊƢŢļĶŧŘ ŌŦźļķŢļŐŘťűŌŝŲŚťķŢļŌƢŢļŋũŹŎŕŧĹűŠŎŬŢ ĶŧŘŌžŧŎŭŏžŧŘŭļŝũŚŐŜŦŇŎōŘŘŖ űœŬŹŢ

űŐƘŉųŢĶŧşŴŠƢŎũşũŊŖŪĶŧŘœŦŇŎŧşŘƢŧļşŘŘĹƥŎŜŦŊĶŘŘŖķŢļŊŎűŢļ ŖŪŝŦĶŗŕŧœœŢŌŪŹĽťŗŬŎŵŉƢŉƢŜŗŚžŧŲķƢļķŢļŊŎűŢļ 

ŘŦĶŞŧĹŜŧŖűŐƩŎűŢĶŚŦĶŞňƥķŢļŌƢŢļŋũŹŎ ŲŚťŢŎŭŘŦĶŞƥŌŘŦœŗŧĶŘōŘŘŖĿŧŊũŲŚťşũŹļŲŜŉŚƢŢŖ ŘŜŖŋūļĶŧŘŘŦŏőũŉĿŢŏŊơŢ

şŦļĹŖŉƢŜŗ 
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/2, ĹŜŧŖşŦŖœŦŎōƥĶŦŏŠŚŦĶşŮŊŘŢŬŹŎŌŪŹűŐƘŉşŢŎŴŎĹňť-ŕŧĹŜũĿŧŢŬŹŎķŢļşŋŧŏŦŎ   

     /2,/ ĹŜŧŖşŦŖœŦŎōƥķŢļĶŘťŏŜŎŜũĿŧŌŪŹűŐƘŉşŢŎŴŎĹňť/ŕŧĹŜũĿŧ/ŠŚŦĶşŮŊŘŢŬŹŎ  

   -ŵŖơŖŪ- 

 /2,0 ĹŜŧŖşŦŖœŦŎōƥķŢļĶŘťŏŜŎŜũĿŧŌŪŹűŐƘŉşŢŎŴŠƢŠŚŦĶşŮŊŘŢŬŹŎŊƢŢļŖŧűŘŪŗŎ 

  -ŵŖơŖŪ- 

  /2,1 ĶŧŘŏŘũŠŧŘĽŦŉĶŧŘ   

            -ŵŖơŖŪ- 

/3, ĶŧŘŜũűĹŘŧťŠƥŠŚŦĶşŮŊŘŉŭŞŃŪŏŦňņũŊşŧķŧŜŦşŉŭŝŧşŊŘƥķŢļŖŠŧŜũŌŗŧŚŦŗŢŬŹŎŷ  

 ĽŧĶĶŧŘŜũűĹŘŧťŠƥŠŚŦĶşŮŊŘŉŭŞŃŪŏŦňņũŊşŧķŧŜŦşŉŭŝŧşŊŘƥŊơŧļŷ ķŢļŖŠŧŜũŌŗŧŚŦŗŢŬŹŎŷ ŌŪŹűĶŪŹŗŜķƢŢļ ŢŧŌũ 

ĽŭšŧŚļĶŘňƥŖŠŧŜũŌŗŧŚŦŗ ŖŠŧŜũŌŗŧŚŦŗķŢŎŲĶơŎ ŲŚť ŖŠŧŜũŌŗŧŚŦŗűŌĹųŎųŚŗŪşŭŘŎŧŘŪ œŏŜơŧĶŘňŪķŢļĽŭšŧŚļĶŘňƥ

ŖŠŧŜũŌŗŧŚŦŗ ĽťŖŪŠŚŦĶşŮŊŘŌŪŹŌžŧŉŭŞŃŪŎũœŎōƥŢŗơŧļűŉŪŗŜ (şžŧŠŘŦŏŎŦĶŝūĶŞŧŅŧŎŐŘũłłŧųŌŲŚťűŢĶ) ŲŚťŠŚŦĶşŮŊŘ

ŐŘũłłŧŐŘũłłŧűŢĶ ŌŪŹŖŪŜũĿŧűŘŪŗŎ (şžŧŠŘŦŏŎŦĶŝūĶŞŧŅŧŎŐŘũłłŧųŌŲŚťűŢĶ) ųŉŗűŎƢŎŴŎűķŎļŜũĿŧűŀŘŧŖũĶŲŚťŜŦşŉŭ

ŝŧşŊŘƥ ŲŚťűķŎļŜũĿŧœŢŚũűŖŢŘƥŲŚťşũŹļŌŢ şžŧŠŘŦŏűķŎļŜũĿŧųŚŠťĶŧŘĽťŢŗŮơŴŎĹňťŜũŝŜĶŘŘŖŝŧşŊŘƥ  ŠŚŦĶşŮŊŘķŢļ

ŖŠŧŜũŌŗŧŚŦŗķŢŎŲĶơŎ ŖŪŚŦĶŞňťĹŚƢŧŗĶŦŏŠŚŦĶşŮŊŘķŢļĽŭšŧŚļĶŘňƥŖŠŧŜũŌŗŧŚŦŗ ŀūŹļŖŪŠŚŦĶşŮŊŘŌŪŹŌžŧŉŭŞŃŪŎũœŎōƥ 

ŢŗơŧļűŉŪŗŜ (şžŧŠŘŦŏŎŦĶŝūĶŞŧŅŧŎŐŘũłłŧųŌŲŚťűŢĶ) ŲŚťŠŚŦĶşŮŊŘŐŘũłłŧŐŘũłłŧűŢĶ ŌŪŹŖŪŜũĿŧűŘŪŗŎ (şžŧŠŘŦŏ

ŎŦĶŝūĶŞŧŅŧŎŐŘũłłŧųŌŲŚťűŢĶ) ŖŪŜũĿŧœŬźŎŅŧŎŲŚťŜũĿŧűŚŬŢĶŵŖơŖŧĶ ŲŊơűŎƢŎŉƢŧŎŜŦşŉŭŎŧųŎ ŴŎĶŘňŪķŢļŠŚŦĶşŮŊŘ

ķŢļŖŠŧŜũŌŗŧŚŦŗűŌĹųŎųŚŗŪşŭŘŎŧŘŪ  ĽťűŐƩŎŠŚŦĶşŮŊŘŜũŝŜĶŘŘŖŉŭŞŃŪŏŦňņũŊ ŀūŹļŖŪ 1 şŧķŧ  ŵŉƢŲĶơ   şŧķŧŜũĿŧ

ŜũŝŜĶŘŘŖųŚŠťĶŧŘ şŧķŧŜũĿŧŜũŝŜĶŘŘŖűŀŘŧŖũĶ ŲŚťşŧķŧŜũĿŧŜũŝŜĶŘŘŖœŢŚũűŖŢŘƥ ŲŊơœŏŜơŧŖŪŜũĿŧœŬźŎŅŧŎŎƢŢŗ  

ŲŚťĽťűŎƢŎűŘŪŗŎŲŏŏűľœŧťŌŧļ űŎƢŎĶŧŘűŘŪŗŎŴŎŲŎŜŚūĶŴŎŲŊơŚťşŧķŧŜũĿŧ ųŉŗűŐƩŎŠŚŦĶşŮŊŘŌŪŹŌžŧŉŭŞŃŪŎũœŎōƥŢŗơŧļ

űŉŪŗŜ(şžŧŠŘŦŏŎŦĶŝūĶŞŧŅŧŎŐŘũłłŧųŌŲŚťűŢĶ) ŲŚťŠŚŦĶşŮŊŘŐŘũłłŧŐŘũłłŧűŢĶŌŪŹŖŪŜũĿŧűŘŪŗŎ (şžŧŠŘŦŏŎŦĶŝūĶŞŧ

ŅŧŎŐŘũłłŧųŌŲŚťűŢĶ) ųŉŗŴŎĶŘňŪŠŚŦĶşŮŊŘŌŪŹŖŪŜũĿŧűŘŪŗŎĽťŖŪŜũĿŧœŬźŎŅŧŎŎƢŢŗŲŚťĽťűŎƢŎŜũĿŧűŘŪŗŎŲŏŏűľœŧťŌŧļ 

ŀūŹļűŎƢŎĶŧŘűŘŪŗŎŴŎŲŎŜŚūĶŴŎŲŊơŚťşŧķŧŜũĿŧ  şžŧŠŘŦŏŠŚŦĶşŮŊŘķŢļŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ ĹŚƢŧŗĹŚūļĶŦŏ

ŖŠŧŜũŌŗŧŚŦŗŌŦźļ 1 ŴŎķƢŧļŊƢŎ ųŉŗűŎƢŎŌŧļŉƢŧŎųŚŠťĶŧŘ űŀŘŧŖũĶ ŲŚťœŢŚũűŖŢŘƥŲŚťŜŦşŉŭőşŖ şžŧŠŘŦŏŠŚŦĶşŮŊŘĽťŖŪ

ŌŦźļŠŚŦĶşŮŊŘŌŪŹŌžŧŉŭŞŃŪŎũœŎōƥŢŗơŧļűŉŪŗŜ (şžŧŠŘŦŏŎŦĶŝūĶŞŧŅŧŎŐŘũłłŧųŌ) ŲŚťŠŚŦĶşŮŊŘŐŘũłłŧŐŘũłłŧűŢĶűŘŪŗŎ

ĹŜŏĶŦŏŐŘũłłŧųŌŌŪŹŖŪŜũĿŧűŘŪŗŎ (şžŧŠŘŦŏŎŦĶŝūĶŞŧŌŪŹŖŪőŚĶŧŘűŘŪŗŎŉŪűŉơŎ) ųŉŗŜũĿŧœŬźŎŅŧŎŵŖơŖŪĶŧŘŲŗĶűŐƩŎşŧķŧŗơŢŗ 

ŲŊơŖŪŜũĿŧűŚŬŢĶŌŪŹŠŚŧĶŠŚŧŗĹŘŢŏĹŚŭŖœŢĹŜŘŌŦźļŌŧļŉƢŧŎųŚŠťĶŧŘ űŀŘŧŖũĶ ŲŚťœŢŚũűŖŢŘƥŲŚťŜŦşŉŭőşŖ ŀūŹļŴŎ

ĶŘňŪŌŪŹŎŦĶŝūĶŞŧŊƢŢļĶŧŘűŘŪŗŎœŢŚũűŖŢŘƥ ĶŸşŧŖŧŘŋŌžŧŵŉƢųŉŗĶŧŘŚļŌťűŏŪŗŎŴŎĶŘťŏŜŎŜũĿŧķŢļşŧķŧŢŬŹŎŌŪŹŖŪĹŜŧŖ

ĽžŧűŐƩŎŊơŢĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥ ŢŗơŧļŵŘĶŸŊŧŖŌŭĶŠŚŦĶşŮŊŘķƢŧļŊƢŎĽťŖŪŜũĿŧşŦŖŖŎŧűŐƩŎŜũĿŧŠŚŦĶ 
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ŠŖŜŉŌŪŹ 2. ķƢŢŖŮŚűľœŧťķŢļŠŚŦĶşŮŊŘ 

 

/, ŐŘŦĿłŧ ĹŜŧŖşžŧĹŦł ŲŚťŜŦŊŋŭŐŘťşļĹƥķŢļŠŚŦĶşŮŊŘ  

/,/ ŐŘŦĿłŧ    

   ŜŦşŉŭŝŧşŊŘƥűŐƩŎŝŧşŊŘƥŌŪŹŊƢŢļŢŧŝŦŗŢļĹƥĹŜŧŖŘŮƢŝŧşŊŘƥŠŚŧŗŉƢŧŎ ŖŧűķƢŧŘơŜŖŴŎĶŧŘŝūĶŞŧŲŚťŜũűĹŘŧťŠƥ

şŖŏŦŊũŊơŧļ ŷ ķŢļŜŦşŉŭŢŗơŧļŏŮŘňŧĶŧŘĶŦŎ ŊŦźļŲŊơ ĶŧŘĽŦŉŠŧŜŦŊŋŭŉũŏ ĶŘťŏŜŎĶŧŘűŊŘŪŗŖŜŦşŉŭ ĶŧŘŜũűĹŘŧťŠƥ ŌŉşŢŏ 

ĶŧŘŐŘťŗŭĶŊƥŜŦşŉŭ ŘŜŖŋūļĶŧŘőŚũŊĽŎŵŉƢűĹŘŬŹŢļŴĿƢŠŘŬŢŢŭŐĶŘňƥşžŧűŘŸĽŘŮŐ ŉŦļŎŦźŎĶŧŘőŚũŊŉŭŞŃŪŏŦňņũŊ şŧķŧŜũĿŧŜŦşŉŭ

ŝŧşŊŘƥ ĽūļĽžŧűŐƩŎŊƢŢļŢŧŝŦŗĹŜŧŖŘŮƢķŦźŎşŮļĽŧĶŠŚŧŗŜũŌŗŧĶŧŘŌŦźļűĿũļĶŜƢŧļŲŚťűĿũļŚūĶ ŘŜŖŌŦźļŊƢŢļŢŧŝŦŗűŌĹųŎųŚŗŪ

ŴŠŖơŷ űœŬŹŢŴŠƢŉŭŞŃŪŏŦňņũŊ ŖŪĹŜŧŖŘŮƢ ŲŚťĹŜŧŖşŧŖŧŘŋŴŎĶŧŘŐńũŏŦŊũļŧŎŵŉƢŢŗơŧļŲŌƢĽŘũļ ŲŚťŊƢŢļŖŪĹŜŧŖşŧŖŧŘŋŴŎ

ĶŧŘşŬŹŢşŧŘĶŦŏşŦļĹŖŴŎŐŘťűŌŝŲŚťŊơŧļĿŧŊũŵŉƢűŐƩŎŢŗơŧļŉŪŉƢŜŗ 

 /,0 ŜŦŊŋŭŐŘťşļĹƥ  űœŬŹŢőŚũŊŉŭŞŃŪŏŦňņũŊŌŪŹ :  

 /, ŖŪĹŜŧŖŘŮƢŌŧļŉƢŧŎŜŦşŉŭŝŧşŊŘƥķŦźŎşŮļ 

 2. şŧŖŧŘŋŢōũŏŧŗ ŲŚťŴŠƢĹžŧŲŎťŎžŧŴŎĶŧŘŲĶƢŵķŐƧłŠŧŊơŧļŷ ŌŪŹűĶŪŹŗŜķƢŢļĶŦŏļŧŎŌŧļŉƢŧŎ 

      ŜŦşŉŭŝŧşŊŘƥŌŦźļŴŎŲŚťŊơŧļŐŘťűŌŝŵŉƢŢŗơŧļűŠŖŧťşŖ 

 1, ŖŪĹŜŧŖşŧŖŧŘŋŴŎĶŧŘŌžŧŜũĽŦŗŠŘŬŢűŐƩŎőŮƢĿơŜŗŜũĽŦŗŴŎļŧŎŉƢŧŎŜŦşŉŭŝŧşŊŘƥŠŘŬŢŌŪŹűĶŪŹŗŜķƢŢļŵŉƢŢŗơŧļŖŪ              

ŐŘťşũŌōũŕŧœ ŴŎŘťŉŦŏşŧĶŚŵŉƢ 

  2, ŖŪĹŜŧŖşŧŖŧŘŋŴŎĶŧŘşŘƢŧļŢļĹƥĹŜŧŖŘŮƢŴŠŖơŌŪŹűĶŪŹŗŜķƢŢļĶŦŏĶŧŘŜũĽŦŗ ŲŚťŖŪĹŜŧŖşŧŖŧŘŋŴŎĶŧŘ    

      ŋơŧŗŌŢŉŢļĹƥĹŜŧŖŘŮƢŉƢŧŎŊơŧļŷ ŌŪŹűĶŪŹŗŜķƢŢļŌŧļŉƢŧŎŜŦşŉŭŝŧşŊŘƥŴŎŘťŉŦŏŐŘũłłŧŊŘŪŲŚťŏŦňņũŊŝūĶŞŧ 

      ŠŘŬŢşŧķŧŌŪŹűĶŪŹŗŜķƢŢļŵŉƢ 

 5. űŐƩŎőŮƢŖŪĹŭňōŘŘŖ ĽŘũŗōŘŘŖ ŲŚťŖŪĽŘŘŗŧŏŘŘň ŌŧļŜũĿŧĶŧŘŲŚťŊơŢŜũĿŧĿŪœ ŘŜŖŌŦźļŖŪĹŜŧŖŘŦŏőũŉĿŢŏ

ĹŜŧŖŀŬŹŢşŦŊŗƥ ŲŚťŖŪĹŜŧŖűşŪŗşŚťŊơŢşŦļĹŖ    

2.   ŲőŎœŦŇŎŧŐŘŦŏŐŘŭļ     

ŲőŎĶŧŘœŦŇŎŧ-űŐŚŪŹŗŎŲŐŚļ ĶŚŗŭŌōƥ ŠŚŦĶŅŧŎ-ŊŦŜŏơļĿŪź 

ŖŪĶŧŘŐŘŦŏŐŘŭļŠŚŦĶşŮŊŘŌŭĶ 5 Őƙ ŘŜŏŘŜŖŊũŉŊŧŖőŚĶŧŘŐŘťűŖũŎ 

QA ķŢļŠŚŦĶşŮŊŘŌŭĶ 5 Őƙ ŴŎŉƢŧŎ

ĹŜŧŖœūļœŢŴĽ ŲŚťŕŧŜťĶŧŘŵŉƢ

ļŧŎķŢļŏŦňņũŊŲŚťĽžŧŎŜŎ

ŏŌĹŜŧŖŌŪŹŊŪœũŖœƥŴŎŜŧŘşŧŘ 

ŜũĿŧĶŧŘŴŎŘťŉŦŏŎŧŎŧĿŧŊũŀūŹļűŐƩŎŌŪŹ

ŗŢŖŘŦŏķŢļşĶŢ, 

-ŘťŉŦŏĹŜŧŖœūļœŢŴĽķŢļŎŧŗĽƢŧļ    

  őŮƢŐŘťĶŢŏĶŧŘ ŲŚťőŮƢŴĿƢŏŦňņũŊ  

-őŚļŧŎķŢļŎŦĶŝūĶŞŧŲŚťőŮƢşžŧűŘŸĽ  

  ĶŧŘŝūĶŞŧŌŪŹŵŉƢŘŦŏĶŧŘŊŪœũŖœƥŠŘŬŢ  

  űőŗŲœŘơ 

-ĽžŧŎŜŎŏŌĹŜŧŖŌŪŹŊŪœũŖœƥŴŎ  

  ŜŧŘşŧŘŜũĿŧĶŧŘŘťŉŦŏŎŧŎŧĿŧŊũ  

   ŌŪŹŖŪ IF 
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ŠŖŜŉŌŪŹ 3. ŘťŏŏĶŧŘĽŦŉĶŧŘŝūĶŞŧ ĶŧŘŉžŧűŎũŎĶŧŘ ŲŚťųĹŘļşŘƢŧļķŢļŠŚŦĶşŮŊŘ 

/, ŘťŏŏĶŧŘĽŦŉĶŧŘŝūĶŞŧ  

/,/ Řťŏŏ  

     Ä  ŘťŏŏŘŧŗŐƙ 

 X  ŘťŏŏŌŜũŕŧĹ 

ųŉŗ 1 ŐƙĶŧŘŝūĶŞŧŲŏơļŢŢĶűŐƩŎ 2 ŕŧĹĶŧŘŝūĶŞŧŐĶŊũ  1 ŕŧĹĶŧŘŝūĶŞŧŐĶŊũ ŖŪŘťŗťűŜŚŧŝūĶŞŧ

ŵŖơŎƢŢŗĶŜơŧ  /3 şŦŐŉŧŠƥ 

   Ä  ŘťŏŏŠŎơŜŗĶŧŘŝūĶŞŧ &Module)  

/,0 ĶŧŘĽŦŉĶŧŘŝūĶŞŧŕŧĹĶŧŘŝūĶŞŧœũűŝŞ &ŕŧĹřŉŮŘƢŢŎ)  

Ä ŖŪŕŧĹĶŧŘŝūĶŞŧœũűŝŞ      

 X  ŵŖơŖŪŕŧĹĶŧŘŝūĶŞŧœũűŝŞ 

/,1 ĶŧŘűŌŪŗŏűĹŪŗļŠŎơŜŗĶũŊŴŎŘťŏŏŌŜũŕŧĹ  (ŴŎĶŘňŪŌŪŹŖũŴĿơŘťŏŏŌŜũŕŧĹ - ŘťŏŭŘŧŗŚťűŢŪŗŉ) 

          -ŵŖơŖŪ- 

0, ĶŧŘŉžŧűŎũŎĶŧŘŠŚŦĶşŮŊŘ  

2.1 ŜŦŎ ú űŜŚŧŴŎĶŧŘŉžŧűŎũŎĶŧŘűŘŪŗŎĶŧŘşŢŎ 

ŘťŏŏĶŧŘŝūĶŞŧŊŚŢŉŐƙ 

        Ä  ŴŎűŜŚŧŘŧĿĶŧŘ 

Ä ŎŢĶűŜŚŧŘŧĿĶŧŘ &Řťŏŭ',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

ŘťŏŏŌŜũŕŧĹ 

   ŕŧĹĶŧŘŝūĶŞŧŌŪŹ / ŊŦźļŲŊơűŉŬŢŎ şũļŠŧĹŖ ŋūļ ōŦŎŜŧĹŖ 

   ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 0 ŊŦźļŲŊơűŉŬŢŎ ŖĶŘŧĹŖ ŋūļ œřŞŕŧĹŖ 

        X  ŴŎűŜŚŧŘŧĿĶŧŘ 

Ä ŎŢĶűŜŚŧŘŧĿĶŧŘ &Řťŏŭ',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

ŘťŏŏŠŎơŜŗĶŧŘŝūĶŞŧ (Module) 

Ä ŴŎűŜŚŧŘŧĿĶŧŘ 

Ä ŎŢĶűŜŚŧŘŧĿĶŧŘ &Řťŏŭ',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

0,0 ĹŭňşŖŏŦŊũķŢļőŮƢűķƢŧŝūĶŞŧ  

       ŠŚŦĶşŮŊŘ Ųŏŏ /,/  (şžŧŠŘŦŏőŮƢşžŧűŘŸĽĶŧŘŝūĶŞŧŘťŉŦŏŐŘũłłŧųŌ) 

  1. űŐƩŎŵŐŊŧŖŐŘťĶŧŝķŢļŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ űŘŬŹŢļ ĶŧŘŘŦŏűķƢŧŝūĶŞŧŊơŢŴŎŲŊơŚťŐƙĶŧŘŝūĶŞŧ 

   0, şžŧűŘŸĽĶŧŘŝūĶŞŧŘťŉŦŏŐŘũłłŧųŌ şŧķŧŜũĿŧŜŦşŉŭŝŧşŊŘƥ ŠŘŬŢşŧķŧŜũĿŧŌŪŹűĶŪŹŗŜķƢŢļ ŖŪőŚĶŧŘűŘŪŗŎ     

         ŴŎķŦźŎŉŪ ŲŚťŖŪőŚļŧŎŜũĽŦŗŊŪœũŖœƥűőŗŲœŘơŴŎŜŧŘşŧŘŜũĿŧĶŧŘŌŪŹŢŗŮơŴŎŅŧŎķƢŢŖŮŚŀūŹļűŐƩŎŌŪŹŗŢŖŘŦŏŴŎ      

         ŘťŉŦŏşŧĶŚ űĿơŎ ISI Web of Science ŠŘŬŢ SciFinder Scholar ŢŗơŧļŎƢŢŗ 1 űŘŬŹŢļ ųŉŗŖŪĿŬŹŢőŮƢşŖŦĹŘ       

         űŐƩŎĿŬŹŢŲŘĶ/ŎŦĶŜũĽŦŗŠŚŦĶ &Coresponding author' 
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3. őŮƢşŖŦĹŘĽťŊƢŢļŖŪĹŜŧŖŘŮƢŕŧŞŧŢŦļĶřŞŖŪŌŦĶŞťĶŧŘŔƧļ ĶŧŘœŮŉ ĶŧŘŢơŧŎ ĶŧŘűķŪŗŎ ŴŎŘťŉŦŏŉŪ  

    ŲŚťŊƢŢļşŢŏőơŧŎĹŜŧŖŘŮƢŕŧŞŧŊơŧļŐŘťűŌŝŊŧŖűļŬŹŢŎŵķķŢļŏŦňņũŊŜũŌŗŧŚŦŗ 

      2, ĶŘňŪŌŪŹŵŖơűŐƩŎŵŐŊŧŖĹŭňşŖŏŦŊũķƢŧļŊƢŎ ŴŠƢŢŗŮơŴŎŉŭŚœũŎũĽķŢļĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŤ 

      0,1 ŐƧłŠŧķŢļŎŦĶŝūĶŞŧŲŘĶűķƢŧ  

X  ĹŜŧŖŘŮƢŉƢŧŎŕŧŞŧŊơŧļŐŘťűŌŝŵŖơŉŪŖŧĶœŢ 

X  ŎŦĶŝūĶŞŧŏŧļŌơŧŎ ŖŪĶŧŘűŐŚŪŹŗŎŠŦŜķƢŢŜũĽŦŗŏơŢŗŌžŧŴŠƢķŧŉŐŘťşŏĶŧŘňƥűĿũļŚūĶ 

X  ĶŧŘŐŘŦŏŊŦŜķŢļŎŦĶŝūĶŞŧŴŠƢűķƢŧĶŦŏŢŧĽŧŘŗƥŲŚťĶŧŘŝūĶŞŧŌŪŹŊƢŢļŖŪĹŜŧŖŘŦŏőũŉĿŢŏŲŚťŖŪŜũŎŦŗşŮļ 
2.4 ĶŚŗŭŌōƥŴŎĶŧŘŉžŧűŎũŎĶŧŘűœŬŹŢŲĶƢŵķŐƧłŠŧ - ķƢŢĽžŧĶŦŉķŢļŎŦĶŝūĶŞŧŴŎķƢŢ 0,1 

X  ĽŦŉĶŧŘŐŅŖŎũűŌŝŎŦĶŝūĶŞŧŴŠŖơ ŲŎťŎžŧĶŧŘŜŧļűŐƝŧŠŖŧŗĿŪŜũŊ  

X ŖŢŏŠŖŧŗŠŎƢŧŌŪŹŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧŴŠƢŲĶơŢŧĽŧŘŗƥ 1 ĹŎŌžŧŠŎƢŧŌŪŹşŢŉşơŢļŉŮŲŚ ŴŠƢĹžŧŲŎťŎžŧ 

  ŲĶơŎŦĶŝūĶŞŧ 

X ŊũŉŊŧŖĹŜŧŖĶƢŧŜŠŎƢŧķŢļŎŦĶŝūĶŞŧŊŚŢŉűŜŚŧ &ŌŭĶŕŧĹ' 

X ĽŦŉĶũĽĶŘŘŖűşŘũŖĹŜŧŖŘŮƢŉƢŧŎŐŘťşŏĶŧŘňƥĶŧŘŌžŧŜũĽŦŗ  

X ĽŦŉĶũĽĶŘŘŖűşŘũŖĹŜŧŖŘŮƢŉƢŧŎŕŧŞŧŢŦļĶřŞ ŢŧŌũ ĶŧŘŢŏŘŖűķŪŗŎŉŭŞŃŪŎũœŎōƥŲŚťĶŧŘűķŪŗŎőŚļŧŎŌŧļ

ŜũĿŧĶŧŘűŐƩŎŕŧŞŧŢŦļĶřŞ ŲŚťŴŎŜũĿŧşŦŖŖŎŧĽťŖŪĶŧŘŒƚĶŢơŧŎŲŚťŢŕũŐŘŧŗŏŌĹŜŧŖŴŎŜŧŘşŧŘŊơŧļŷ 

ŘŜŖŌŦźļĶŧŘŜũűĹŘŧťŠƥŏŌĹŜŧŖŴŎŜŧŘşŧŘŌŪŹŢơŧŎŉƢŜŗ 

0,3 ŲőŎĶŧŘŘŦŏŎŦĶŝūĶŞŧŲŚťőŮƢşžŧűŘŸĽĶŧŘŝūĶŞŧŴŎŘťŗť 3 Őƙ  
   
ŐƙĶŧŘŝūĶŞŧ 2560 2561 2562 2563 2564 

ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 2 1 2 1 2 1 2 1 2 

ĽžŧŎŜŎŎŦĶŝūĶŞŧŌŪŹĹŧŉŜơŧĽťŘŦŏ           

Ųŏŏ /,/  &ŕŧĹŐĶŊũ' 0 - 0 - 0 - 0 - 0 - 

ĽžŧŎŜŎŎŦĶŝūĶŞŧŌŪŹĹŧŉŜơŧĽťşžŧűŘŸĽ 

ĶŧŘŝūĶŞŧ 

          

Ųŏŏ /,/  &ŕŧĹŐĶŊũ' - - - - - 0 - 0 - 0 
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0,4 ļŏŐŘťŖŧňŊŧŖŲőŎ 

      /'  ŘŧŗļŧŎķƢŢŖŮŚļŏŐŘťŖŧňŕŧœŘŜŖŘťŉŦŏĹňť 1 Őƙ ķŢļĹňťŜũŌŗŧŝŧşŊŘƥ ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ  

          ųŉŗĽžŧŲŎĶŘŧŗŚťűŢŪŗŉŊŧŖŠŦŜķƢŢĶŧŘűşŎŢŊŦźļļŏŐŘťŖŧň 

  ŐƙļŏŐŘťŖŧň 

  2562 2563 (ŐŘťŖŧňĶŧŘ) 2564 (ŐŘťŖŧňĶŧŘ) 

ŲőŎļŧŎ ļŏŐŘťŖŧň ļŏŐŘťŖŧň ļŏŐŘťŖŧň ļŏŐŘťŖŧň ļŏŐŘťŖŧň ļŏŐŘťŖŧň 

  ŲőơŎŉũŎ űļũŎŘŧŗŵŉƢ ŲőơŎŉũŎ űļũŎŘŧŗŵŉƢ ŲőơŎŉũŎ űļũŎŘŧŗŵŉƢ 

ŲőŎļŧŎŏŘũŠŧŘ

ŖŠŧŜũŌŗŧŚŦŗ 
51,809,900 29,911,300 52,846,100 25,108,300 53,903,000 26,363,700 

ŲőŎļŧŎĶŧŘűŘŪŗŎĶŧŘşŢŎ 319,132,500 64,755,100 325,515,200 71,546,600 332,025,500 75,123,900 

ŲőŎļŧŎşŎŦŏşŎŭŎŜũĿŧĶŧŘ 679,100 1,669,600 692,700 2,260,400 706,500 2,373,400 

ŲőŎļŧŎŜũĽŦŗ - 12,223,400 - 12,175,700 - 12,784,500 

ŲőŎļŧŎŏŘũĶŧŘŜũĿŧĶŧŘ 

ŲĶơşŦļĹŖ 
4,200,000 2,270,600 4,4,000 2,190,200 4,369,700 2,299,700 

ŲőŎļŧŎĶŧŘŝŧşŎŧ ŝũŚŐť 

ŜŦŇŎōŘŘŖŲŚťşũŹļŲŜŉŚƢŢŖ 
- 370,000 - 393,500 - 413,200 

ŲőŎļŧŎŏŮŘňŧĶŧŘşơļűşŘũŖ 

ĶŧŘŜũĽŦŗŲŚťœŦŇŎŧ 
68,089,900 - 69,451,700 - 70,840,700 - 

ŘŜŖ 443,911,400 111,200,000 452,789,700 113,674,700 461,845,400 119,358,400 

ŘŜŖŌŦźļşũźŎ 555,111,400 566,464,400 581,203,800 

 

0'  ĹơŧŴĿƢĽơŧŗűľŚŪŹŗŊơŢŠŦŜŎŦĶŝūĶŞŧŴŎĶŧŘőŚũŊŏŦňņũŊ &ŊŚŢŉŠŚŦĶşŮŊŘ' 

   Ųŏŏ /,/ ŎŦĶŝūĶŞŧŵŌŗ      :  /3/,400  ŏŧŌ 

     ŎŦĶŝūĶŞŧŊơŧļĿŧŊũ :  276,400 ŏŧŌ   

    ŠŖŧŗűŠŊŭ :  ŴŎĶŘňŪŌŪŹŖŪĹŜŧŖŘơŜŖŖŬŢĶŦŎŘťŠŜơŧļŠŎơŜŗļŧŎķŢļŘŦŅĶŦŏŐŘťűŌŝŴŎŲŋŏŢŧűŀŪŗŎşŧŖŧŘŋ              

                                 ŚŉŠŗơŢŎĹơŧűŚơŧűŘŪŗŎŵŉƢ ŀūŹļŴŠƢűŐƩŎŵŐŊŧŖķƢŢŊĶŚļ 

0,5 ŘťŏŏĶŧŘŝūĶŞŧ 

X ŲŏŏĿŦźŎűŘŪŗŎ 

Ä ŲŏŏŌŧļŵĶŚőơŧŎşŬŹŢşũŹļœũŖœƥűŐƩŎŠŚŦĶ 

Ä ŲŏŏŌŧļŵĶŚőơŧŎşŬŹŢŲœŘơŕŧœŲŚťűşŪŗļűŐƩŎşŬŹŢŠŚŦĶ 

Ä ŲŏŏŌŧļŵĶŚŌŧļŢũŎűŊŢŘƥűŎŊ 

    Ä ŢŬŹŎŷ &Řťŏŭ' ,,,,,,,,,,,,,,,,,,,,,,,,,, 
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       2.8 ĶŧŘűŌŪŗŏųŢŎŠŎơŜŗĶũŊ ĶŘťŏŜŎŜũĿŧŲŚťĶŧŘŚļŌťűŏŪŗŎűŘŪŗŎķƢŧŖŖŠŧŜũŌŗŧŚŦŗ  

1. űŐƩŎŵŐŊŧŖķƢŢŏŦļĹŦŏŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ ŜơŧŉƢŜŗĶŧŘŝūĶŞŧŘťŉŦŏŏŦňņũŊŝūĶŞŧ œ,ŝ,0337    

2. űŐƩŎŵŐŊŧŖŐŘťĶŧŝŏŦňņũŊŜũŌŗŧŚŦŗ   ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ  űŘŬŹŢļ ŲŎŜŐńũŏŦŊũĶŧŘűŐŚŪŹŗŎŲőŎĶŧŘ

ŝūĶŞŧ ĶŧŘŗƢŧŗşŧķŧŜũĿŧ ĶŧŘŘŦŏųŢŎŎŦĶŝūĶŞŧŲŚťĶŧŘűŌŪŗŏųŢŎŠŎơŜŗĶũŊķŢļŎŦĶŝūĶŞŧŏŦňņũŊŝūĶŞŧ 

1, ŠŚŦĶşŮŊŘŲŚťŢŧĽŧŘŗƥőŮƢşŢŎ   

3.1 ŠŚŦĶşŮŊŘ  

    3.1.1 ĽžŧŎŜŎŠŎơŜŗĶũŊ   

        ŠŚŦĶşŮŊŘŲŏŏ /,/   ĽžŧŎŜŎŠŎơŜŗĶũŊ  ŘŜŖŊŚŢŉŠŚŦĶşŮŊŘ  48  ŠŎơŜŗĶũŊ 

 3.1.2 ųĹŘļşŘƢŧļŠŚŦĶşŮŊŘ   

             ŠŚŦĶşŮŊŘ  Ųŏŏ 1./   şžŧŠŘŦŏŎŦĶŝūĶŞŧŌŪŹşžŧűŘŸĽĶŧŘŝūĶŞŧŘťŉŦŏŐŘũłłŧųŌ  

             ĽžŧŎŜŎŠŎơŜŗĶũŊ  ŊŚŢŉŠŚŦĶşŮŊŘ    26 ŠŎơŜŗĶũŊ 

Ķ.  ŐŘũłłŧŎũœŎōƥ        

 0/.896      ŉŭŞŃŪŎũœŎōƥ  26   ŠŎơŜŗĶũŊ 

ķ. ĶũĽĶŘŘŖŌŧļŜũĿŧĶŧŘ ŐŘťĶŢŏŉƢŜŗ   

 /, őŚļŧŎŉŭŞŃŪŎũœŎōƥ ŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŉŭŞŃŪŎũœŎōƥ ŊƢŢļŵŉƢŘŦŏĶŧŘŊŪœũŖœƥ ŠŘŬŢŢŗơŧļŎƢŢŗŵŉƢŉžŧűŎũŎĶŧŘŴŠƢ 

  őŚļŧŎ ŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŵŉƢŘŦŏĶŧŘŊŢŏŘŦŏŴŠƢŊŪœũŖœƥŴŎŜŧŘşŧŘŌŧļŜũĿŧĶŧŘŘťŉŦŏŎŧŎŧĿŧŊũŌŪŹŖŪĶŧŘ     

      ŊŘŜĽşŢŏ ųŉŗĶŘŘŖĶŧŘŕŧŗŎŢĶŖŧŘơŜŖĶŚŦŹŎĶŘŢļ &peer review) ŢŗơŧļŖŪĹŭňŕŧœűŐƩŎŌŪŹŗŢŖŘŦŏŴŎŜļĶŧŘ    

     ŜũĿŧĶŧŘ ŌŪŹŖŪ impact factor ŀūŹļŜŧŘşŧŘŌŧļŜũĿŧĶŧŘŉŦļĶŚơŧŜŊƢŢļŢŗŮơŴŎŅŧŎķƢŢŖŮŚ ISI, Scopus, IEEE, PubMed     

     ŠŘŬŢ Web of Science ĽžŧŎŜŎŢŗơŧļŎƢŢŗ 2 űŘŬŹŢļųŉŗŖŪĿŬŹŢķŢļŎŦĶŝūĶŞŧűŐƩŎĿŬŹŢŲŘĶ  ųŉŗ 1 űŘŬŹŢļŊƢŢļŢŗŮơŴŎ    

      ŜŧŘşŧŘŌŪŹŋŮĶĽŦŉŢŦŎŉŦŏŴŠƢŢŗŮơŴŎ Quartile Score 1-0 ķŢļŜŧŘşŧŘŴŎşŧķŧŌŪŹŌžŧĶŧŘŜũĽŦŗ  

    0, ŎŦĶŝūĶŞŧŊƢŢļűşŎŢőŚļŧŎŌŪŹűĶŪŹŗŜķƢŢļĶŦŏŉŭŞŃŪŎũœŎōƥŲŏŏŐŧĶűŐŚơŧŉƢŜŗŕŧŞŧŢŦļĶřŞ ŴŎŌŪŹŐŘťĿŭŖŜũĿŧĶŧŘ

ŘťŉŦŏŎŧŎŧĿŧŊũŢŗơŧļŎƢŢŗ 1 űŘŬŹŢļ ųŉŗŖŪŠŚŦĶŅŧŎĶŧŘŎžŧűşŎŢőŚļŧŎŢŗơŧļĿŦŉűĽŎ ŢŧŌũ ŖŪşŬŹŢŏŦŎŌūĶŠŚŦĶŅŧŎ            

       ŵŉƢŲĶơ ŜũŉũŌŦŝŎƥ ŠŘŬŢŖŪŏŭĹĹŚŢƢŧļŢũļŌŪŹŎơŧűĿŬŹŢŋŬŢŌŪŹĿơŜŗŗŬŎŗŦŎĶŧŘŌžŧĶũĽĶŘŘŖŉŦļĶŚơŧŜ  

 1, ŎŦĶŝūĶŞŧĽťŊƢŢļűķƢŧŘơŜŖĶũĽĶŘŘŖŌŧļŜũĿŧĶŧŘŌŪŹŠŚŦĶşŮŊŘĽŦŉŌŭĶĹŘŦźļ ŲŚťŎŦĶŝūĶŞŧŊƢŢļŌžŧŠŎŦļşŬŢŲĽƢļ    

     ĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŤ űœŬŹŢŌŘŧŏ   ŠŧĶŵŖơşŧŖŧŘŋűķƢŧŘơŜŖĶũĽĶŘŘŖŜũĿŧĶŧŘŴŎĹŘŦźļŎŦźŎŷ ŵŉƢ 

     2, ŎŦĶŝūĶŞŧŊƢŢļŘŧŗļŧŎőŚĶŧŘŝūĶŞŧŊŧŖŲŏŏŘŧŗļŧŎőŚķŢļŏŦňņũŊŜũŌŗŧŚŦŗŴŎŌŭĶŕŧĹĶŧŘŝūĶŞŧ ųŉŗőơŧŎ

ĹŜŧŖűŠŸŎĿŢŏķŢļŐŘťōŧŎĶŘŘŖĶŧŘŏŦňņũŊŝūĶŞŧŐŘťĽžŧĹňťŲŚťŘŜŏŘŜŖşơļŏŦňņũŊŜũŌŗŧŚŦŗŴŎŌŭĶŕŧĹ

ĶŧŘŝūĶŞŧ 
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Ĺ,  ĶŘťŏŜŎŜũĿŧŌŪŹŵŖơŎŦŏŠŎơŜŗĶũŊşťşŖ  

  1. ŊŧŖűļŬŹŢŎŵķķŢļŏŦňņũŊŜũŌŗŧŚŦŗ  -  ŕŧŞŧŊơŧļŐŘťűŌŝ 

    2. ŊŧŖűļŬŹŢŎŵķķŢļşŧķŧŜũĿŧ  :      - 210891  şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ  / 

-  210892  şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 2 

- 210893  şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 3 

- şžŧŠŘŦŏőŮƢŌŪŹķŧŉĹŜŧŖŘŮƢœŬźŎŅŧŎŌŪŹĽžŧűŐƩŎ ĽťŊƢŢļűŘŪŗŎĶŘťŏŜŎŜũĿŧŊŧŖ         

       ĹŜŧŖűŠŸŎĿŢŏķŢļĹňťĶŘŘŖĶŧŘŌŪŹŐŘūĶŞŧŉŭŞŃŪŎũœŎōƥŲŚť   

    ĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŤ ųŉŗŊƢŢļŘŧŗļŧŎőŚĶŧŘŝūĶŞŧŴŎ     

       ĶŘťŏŜŎŜũĿŧŌŪŹŚļŌťűŏŪŗŎŲĶơĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŤ  

ļ. ĶŧŘşŢŏŜŦŉĹŭňşŖŏŦŊũ   

   1. ŎŦĶŝūĶŞŧĽťŊƢŢļőơŧŎĶŧŘşŢŏŜŦŉĶŧŘŐŘťűŖũŎĹŜŧŖŘŮƢ ĹŜŧŖœŘƢŢŖ ŲŚťĹŜŧŖşŧŖŧŘŋ űœŬŹŢĶŧŘŖŪşũŌōũŽ  

            űşŎŢųĹŘļŘơŧļŉŭŞŃŪŎũœŎōƥ ųŉŗĶŧŘşŢŏŲŏơļűŐƩŎ 0 şơŜŎ ŵŉƢŲĶơ 

/,/ ĶŧŘşŢŏķƢŢűķŪŗŎŜũĿŧœŬźŎŅŧŎŌŧļŜŦşŉŭŝŧşŊŘƥ 

/,0 ĶŧŘşŢŏŐŧĶűŐŚơŧŴŎşơŜŎķŢļŉŭŞŃŪŎũœŎōƥ 

    2. ŎŦĶŝūĶŞŧŌŪŹşŢŏŵŖơőơŧŎŴŎŲŊơŚťşơŜŎŖŪşũŌōũŽşŢŏŲĶƢŊŦŜŵŉƢŢŪĶ / ĹŘŦźļ  ųŉŗŊƢŢļŗŬŹŎĹžŧŘƢŢļķŢşŢŏŴŠŖơ    

            ĶŧŘşŢŏŲĶƢŊŦŜŊƢŢļűşŘŸĽşũźŎŕŧŗŴŎ  1 ŕŧĹĶŧŘŝūĶŞŧŋŦŉŵŐųŉŗŎŦŏĽŧĶĶŧŘşŢŏĹŘŦźļŲŘĶ 

Ľ. ĶŧŘşŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ 

     őơŧŎĶŧŘşŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ (Comprehensive Examination) ųŉŗŎŦĶŝūĶŞŧŊƢŢļŗŬŹŎĹžŧŘƢŢļķŢşŢŏŊơŢ

ŏŦňņũŊŜũŌŗŧŚŦŗ ųŉŗőơŧŎĹŜŧŖűŠŸŎĿŢŏķŢļĹňťĶŘŘŖĶŧŘŌŪŹŐŘūĶŞŧŉŭŞŃŪŎũœŎōƥŠŘŬŢŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧ 

ŉŭŞŃŪŎũœŎōƥŠŚŦĶ 

 Type 1.1  :  For Qrsbclr ugrf K_qrcpýq Bcepcc  

      Degree Requirements   48 credits 

A. Thesis   

     210898 Doctoral Thesis  46    credits 

B.  Academic activities  

1. The whole or a part of the thesis must be published or accepted for publication in international journals. 

The journals must have an impact factors, a quality peer review system, be widely accepted in the field, 

must be recognized by ISI, Scopus, IEEE, PubMed, Web of Science. The student must be the first author 

with at least 2 papers. One of the papers must be published in a journal with quartile scores of 1-2 in the 

research field.  

 2. The student must present a conference presentation at least one time by English oral presentation on       

     topics related to the thesis at an international conference. Documentary (or media such as video etc. or     

     pcdcpclac ncpqml rm amldgpk rfc mp_j npcqclr_rgml' dmp rfc npcqclr_rgml ksqr `c qfmul rm rfc npmep_kýq       

     committee. 
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3. RfcȮqrsbclrȮksqrȮ_rrclbȮrfcȮ_a_bckgaȮ_argtgrgcqȮnpmtgbcbȮ`wȮrfcȮnpmep_kŲqȮamkkgrrccȮqsafȮ_qȮ
additional English language training courses etc. In case unable to participate, the student must 
inform the npmep_kŲq committee by a written notice. 

4. The student has to report his/her thesis progress to the Graduate School every semester for approval by 

the Chairman of the Graduate Study Committee 

C.  Non-credit Courses 

  1.   Graduate School requirement -  a foreign language (English language) 

   2.   Npmep_kýq pcosgpckclr  : -  0/.67/ Ph.D. Seminar in Materials Science 1 

  - 0/.670 Ph.D. Seminar in Materials Science 0 

    - 0/.671 Ph.D. Seminar in Materials Science 1 

                    - those who are deficient in basic background must register  

          courses  recommended by his/her thesis advisory committee and    

        rfc npmep_kýq amkkgrrcc,The student has to report the result of     

              his/her registration to the curriculum committee of the program. 

   

D.   Qualifying Examination 

1.  The student must pass a qualifying examination to evaluate his/her ability before presenting a thesis 

proposal. The examination has two parts : 

          1.1 Written examination for determining the basic knowledge in Materials Science 

1.2 Oral examination for the thesis section 

2. An unsuccessful examinee may retake examinations not more than once within the following regular 

semester. 

 E.  Comprehensive Examination  

         Having submitted a request form to the Graduate School, and approved by his/her thesis advisor 

or major thesis advisor , a student must then pass a comprehensive examination. 

 

3.1.3 ĶŘťŏŜŎŜũĿŧ   

 &/' ŠŖŜŉŜũĿŧŏŦļĹŦŏ -ŵŖơŖŪ- 

  &0' ŠŖŜŉŜũĿŧűŚŬŢĶŴŎşŧķŧŜũĿŧűľœŧť -ŵŖơŖŪ- 

 &1'  ŠŖŜŉŜũĿŧűŚŬŢĶŎŢĶşŧķŧŜũĿŧűľœŧť  -ŵŖơŖŪ- 

  (4)  ŠŖŜŉŐŘũłłŧŎũœŎōƥ 

 210898 ŉŭŞŃŪŎũœŎōƥ  26ŠŎơŜŗĶũŊ 

  (Doctoral Thesis) 
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  &3' ŠŖŜŉŜũĿŧŌŪŹŵŖơŎŦŏŠŎơŜŗĶũŊşťşŖ  

         0/.67/ şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ /    

     (Ph.D.Seminar in Materials Science 1) 

    0/.670 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 0  

     (Ph.D.Seminar in Materials Science 2) 

   0/.671 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 1  

    (Ph.D.Seminar in Materials Science 3) 

ŠŖŧŗűŠŊŭ ĹŜŧŖŠŖŧŗķŢļűŚķŘŠŦşĶŘťŏŜŎŜũĿŧ   

ŘŠŦşĶŘťŏŜŎŜũĿŧŌŪŹŴĿƢĶžŧŠŎŉűŐƩŎŊŦŜűŚķ 4  ŠŚŦĶ  ŉŦļŊơŢŵŐŎŪź 

 /, űŚķ 1 ŊŦŜŲŘĶ  Ųşŉļŋūļ Ĺňť  ŲŚťŕŧĹŜũĿŧ/şŧķŧŜũĿŧŌŪŹĶŘťŏŜŎŜũĿŧŎŦźŎşŦļĶŦŉ 

 0, űŚķŠŚŦĶŘƢŢŗ   Ųşŉļŋūļ  ĶŘťŏŜŎŜũĿŧŘťŉŦŏŏŦňņũŊŝūĶŞŧ 

 1, űŚķŠŚŦĶşũŏ     Ųşŉļŋūļ  ŠŖŜŉŠŖŮơŴŎşŧķŧŜũĿŧ 

              21070x  űŐƩŎŠŖŜŉŠŖŮơŜũĿŧ ŏŦļĹŦŏœŬźŎŅŧŎ 

              21071x ú 21078x űŐƩŎŠŖŜŉŠŖŮơŜũĿŧ ŜŦşŉŭűľœŧťŉƢŧŎ 

              21779x  űŐƩŎŠŖŜŉŠŖŮơŜũĿŧ şŦŖŖŎŧŲŚťŉŭŞŃŪŎũœŎōƥ 

 2, űŚķŠŚŦĶŠŎơŜŗ  Ųşŉļŋūļ  ŢŎŭĶŘŖķŢļŠŖŜŉŠŖŮơķŢļŜũĿŧ 
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1,/,2 ŲşŉļŲőŎĶŧŘŝūĶŞŧ    

        1,/,2,/  Ųŏŏ /,/    

ŐƙŌŪŹ 1 

ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 ŠŎơŜŗĶũŊ ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 2 ŠŎơŜŗĶũŊ 

21.891 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļ 

ŜŦşŉŭŝŧşŊŘƥ / 

- 210892 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļ 

ŜŦşŉŭŝŧşŊŘƥ 0 

- 

 şŢŏőơŧŎűļŬŹŢŎŵķ

ŕŧŞŧŊơŧļŐŘťűŌŝ 

  şŢŏŜŦŉĹŭňşŖŏŦŊũ  

    űşŎŢŠŦŜķƢŢųĹŘļŘơŧļŉŭŞŃŪŎũœŎōƥ  

 ŘŜŖ -  ŘŜŖ - 

 

ŐƙŌŪŹ 2 

ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 ŠŎơŜŗĶũŊ ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 2 ŠŎơŜŗĶũŊ 

2/.898 ŉŭŞŃŪŎũœŎōƥ 12 2/.898 ŉŭŞŃŪŎũœŎōƥ 12 

210893 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļ 

ŜŦşŉŭŝŧşŊŘƥ 1 

-  şŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ  

 ŘŜŖ /0  ŘŜŖ /0 

 

ŐƙŌŪŹ 3 

ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 ŠŎơŜŗĶũŊ ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 2 ŠŎơŜŗĶũŊ 

2/.898  ŉŭŞŃŪŎũœŎōƥ 12 2/.898  ŉŭŞŃŪŎũœŎōƥ /0 

  -  şŢŏŉŭŞŃŪŎũœŎōƥ  

 ŘŜŖ 12  ŘŜŖ /0 

 

ŘŜŖŠŎơŜŗĶũŊŊŚŢŉŠŚŦĶşŮŊŘ  26  ŠŎơŜŗĶũŊ 
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            3.1.5 ĹžŧŢōũŏŧŗŚŦĶŞňťĶŘťŏŜŎŜũĿŧ &ŌŦźļŕŧŞŧŵŌŗŲŚťŕŧŞŧŢŦļĶřŞ' 
               ŘťŏŭŵŜƢŴŎŕŧĹőŎŜĶ 
      3.0 ĿŬŹŢ ŊžŧŲŠŎơļŲŚťĹŭňŜŭŇũķŢļŢŧĽŧŘŗƥ    
           3.0.1 ŢŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏŠŚŦĶşŮŊŘ/ŢŧĽŧŘŗƥŐŘťĽžŧŠŚŦĶşŮŊŘ/ŢŧĽŧŘŗƥŐŘťĽžŧ   
                   &őŚļŧŎŐƙ 0./3-0./7'  

ŌŪŹ ĿŬŹŢ-ŎŧŖşĶŭŚ ĹŭňŜŭŇũĶŧŘŝūĶŞŧ &şŧķŧ'* şŋŧŏŦŎ 
ŐƙŌŪŹşžŧűŘŸĽĶŧŘŝūĶŞŧ 

ŕŧŘťļŧŎşŢŎ 
ĿŦŹŜųŖļ/şŦŐŉŧŠƥ 

ĽžŧŎŜŎ 
őŚļŧŎ 
Ōŧļ
ŜũĿŧĶŧŘ
ŘŜŖ 
&őŚļŧŎ 
ŴŎŘťŗť 
3 Őƙ 
Śơŧşŭŉ' 

ŐƧĽĽŭŏŦŎ 
ŠŚŦļĶŧŘ 
ŐŘŦŏŐŘŭļ
ŠŚŦĶşŮŊŘ 

ŊŘŪ ŏŝ, ŊŘŪ ŏŝ, 

/ ŝ,ŉŘ,ĶŢŏŜŭŇũ    ŘŭĽũĽŎŧĶŭŚ* 
&1/..4./07622.) 

- ŜŌ,ŏ,&ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2531 
- ŜŌ,ŉ,&ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2537 

11 12 11 12 110(36) 

2 Řŝ,ŉŘ,ĶŖŚœŘŘň  űœŸļœŦŉ* 
(3659900552091) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0316 
- M.Sc. (Physics Methods of Materials 

Characterisation), Univ. of Warwick, UK, 1996 
- Ph.D. (Physics), Univ. of Warwick, UK, 2001 

16 5 16 5 42(03) 

3 őŝ,ŉŘ,ŎŦŉŉŧ   űŜĿĿŧĶŭŚ* 
(3349800193857) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗŢŭŏŚŘŧĿōŧŎŪ, 
0323 

- ŜŌ,Ŗ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
0325 

- ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

033. 

17 4 17 7 50(15) 

2 őŝ,ŉŘ,ĹŖşŦŎŊũ ųĿĹŋŜŧŗ 
 

- ŜŌ,ŏ,&ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
2536 

- ŜŌ,Ŗ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2543 
- Ph.D. (Materials Science), Univ. of Nottingham, 

UK, 0./. 

11 12 11 12 16(7) 

3 őŝ,ŉŘ,ĿŦŗşũŌōũŽ ŏŘŘĽļ
ŐŘťűşŘũŅ 

(3101500748866) 

- Ŝŝ,ŏ,&ŜũŝŜĶŘŘŖųŚŠťĶŧŘ', ĽŭšŧŚļĶŘňƥ-
ŖŠŧŜũŌŗŧŚŦŗ, 0323 

- Master of Metallurgy (Advanced 
Metallurgy), Univ. of Sheffield, UK., 2005 

- D.Phil. (Materials), Univ. of Oxford, UK., 
2010 

17 4 17 7 13(5) 

4 őŝ,ŉŘ,ĿžŧŎŧł  ŘŧłŃŘ 
(3901100613117) 

- ŜŌ,ŏ, &űĹŖŪ', ŖŠŧŜũŌŗŧŚŦŗşļķŚŧŎĹŘũŎŌŘƥ, 
2540 

- ŜŌ,Ŗ, &űĹŖŪŢŎũŎŌŘŪŗƥ', ŖŠŧŜũŌŗŧŚŦŗşļķŚŧ-
ŎĹŘũŎŌŘƥ, 2544 

- Ph.D. (Chemistry), Univ. of St Andrews, UK, 

2010 

17 4 17 7 21(15) 
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ŌŪŹ ĿŬŹŢ-ŎŧŖşĶŭŚ ĹŭňŜŭŇũĶŧŘŝūĶŞŧ &şŧķŧ'* şŋŧŏŦŎ 
ŐƙŌŪŹşžŧűŘŸĽĶŧŘŝūĶŞŧ 

ŕŧŘťļŧŎşŢŎ 
ĿŦŹŜųŖļ/şŦŐŉŧŠƥ 

ĽžŧŎŜŎ 
őŚļŧŎ 
Ōŧļ
ŜũĿŧĶŧŘ
ŘŜŖ 
&őŚļŧŎ 
ŴŎŘťŗť 
3 Őƙ 
Śơŧşŭŉ' 

ŐƧĽĽŭŏŦŎ 
ŠŚŦļĶŧŘ 
ŐŘŦŏŐŘŭļ
ŠŚŦĶşŮŊŘ 

ŊŘŪ ŏŝ, ŊŘŪ ŏŝ, 

7 ŝ,ŉŘ,şŖĿŧŗ  ŌŢļűŊŸŖ 
(3102001364681) 
 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ĽŭšŧŚļĶŘňƥŖŠŧŜũŌŗŧŚŦŗ, 03/5 
- ŜŌ,Ŗ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0303 
- M.S. (Metallurgical Engineering), Univ. of 

Illinois-Chicago, USA, 1986 
- Ph.D. (Metallurgical Engineering), Univ. of 

Illinois-Chicago, USA, 1988 

3 27 3 27 193(75) 

8 őŝ,ŉŘ,şŭķŭŖ       ŢũşűşļŪŹŗŖ 
(3509900207581) 

- ŜŌ,ŏ,&ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
0321 

- ŜŌ,Ŗ,&ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
0324 

- ŜŌ,ŉ,&ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

0327 

17 4 17 7 102(44) 

7 Řŝ,ŉŘ,ŢŎŭĿŧ   ŜŦĿŘťŕŧşŘ 
(3579900067053) 

- B.S. (Materials Science and Engineering), 
Northwestern Univ., USA, 1995 

- M.S. (Materials Science and Engineering), 
Stanford Univ., USA, 1997 

- Ph.D. (Materials Science and Engineering), 

Stanford Univ., USA, 2003 

15 7 15 7 107(20) 

/. Řŝ,ŉŘ,ŢŧŎŎŌƥ  ĿŦŗœŧŎũĿ 
(3100905646031) 

- B.Eng-Hons (Civil Engineering), Univ. of 
Salford, UK, 1994 

- M.Sc. (Concrete Technology Construction and 
Management), Univ. of Dundee, UK, 1995 

- Ph.D. (Concrete Technology), Univ. of Dundee, 

UK, 1999 

18 4 18 4 72(24) 

// őŝ,ŉŘ,Ţōũœļŝƥ ļŧŖĽŧŘŭųŘĽŎƥ 
(3100901180100) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0322 
- ŜŌ,Ŗ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0322 
- ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ), ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

033. 

6 21 6 21 88(41) 

/0 Řŝ,ŉŘ,ŗļŗŭŌō  űŠŚơŧŝũŘũŋŧŜŘ 
(3219900047551) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ĽŭšŧŚļĶŘňƥŖŠŧŜũŌŗŧŚŦŗ, 2541 
- Ph.D. (Physics), Univ. of Warwick,  
- UK, 2004 

5 /5 5 /5 /..(25) 
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ŌŪŹ ĿŬŹŢ-ŎŧŖşĶŭŚ ĹŭňŜŭŇũĶŧŘŝūĶŞŧ &şŧķŧ'* şŋŧŏŦŎ 
ŐƙŌŪŹşžŧűŘŸĽĶŧŘŝūĶŞŧ 

ŕŧŘťļŧŎşŢŎ 
ĿŦŹŜųŖļ/şŦŐŉŧŠƥ 

ĽžŧŎŜŎ 
őŚļŧŎ 
Ōŧļ
ŜũĿŧĶŧŘ
ŘŜŖ 
&őŚļŧŎ 
ŴŎŘťŗť 
3 Őƙ 
Śơŧşŭŉ' 

ŐƧĽĽŭŏŦŎ 
ŠŚŦļĶŧŘ 
ŐŘŦŏŐŘŭļ
ŠŚŦĶşŮŊŘ 

ŊŘŪ ŏŝ, ŊŘŪ ŏŝ, 

13 őŝ,ŉŘ,ŘŦŊŊũŗŧĶŘ űŘŪŗŎŗŢŗ 
&13177..045.14' 

- ŜŌ,ŏ, űĶŪŗŘŊũŎũŗŖŢŦŎŉŦŏ / &ŜŦşŉŭŝŧşŊŘƥ', 
ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0351 

- ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

0334 

17 4 17 4 53(11) 

/2 ŝ,ŉŘ,şŭœŚ     ŢŎŦŎŊŧ 
(3609900352636) 

- ŜŌ,ŏ, űĶŪŗŘŊũŎũŗŖŢŦŎŉŦŏ / &ŔƘşũĶşƥ', 
ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0315 

- M.S. (Ceramic Engineering), Univ. of Leeds, 
UK, 1995 

- Ph.D. (Materials Science), Univ. of Leeds, 

UK, 1999 

0 24 0 24 0.5&//' 

/3 őŝ,ŉŘ,şŭŕŧœ   ĿŮœŦŎōƥ 
(3600700113150) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ'ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2534 
- M.Sc. (Inorganic and Physics Chemistry), 

Osaka Univ., Japan, 1995 
- Ph.D.(Chemical Physics), Univ. of Maryland, 

USA, 2001 

13 19 13 19 64(36) 

16 Řŝ,ŉŘ,ōŪŘŜŘŘň   ŏŭłłŜŘŘň 
(3101701874133) 
 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0307 
- ŜŌ,Ŗ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0310 
- ŜŌ,ŉ, &ŔƘşũĶşƥ), ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2545 

9 10 9 10 49(21) 

17 őŝ,ŉŘ,ŢŕũĿŧŊ  ŚũŖŐƘĿŦŗœŧŎũĿ 
(3102002271121) 

- B.Sc.Hons (Materials Science and    
 Engineering), UMIST, UK, 2004 

- D.Phil. (Materials), Univ. of Oxford, UK, 

2009 

17 4 17 7 38(27) 

18 őŝ,ŉŘ,ĿŦŗĶŧŎŊƥ  űŚŪŗŜŠũŘŦł 
(3501200733983) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗŝŘŪŎĹŘũŎŌŘ-
ŜũųŘŇ, 0323 

- ŜŌ,Ŗ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
0325 

- ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

2550 

19 7 19 7 45(26) 

19 Řŝ,ŉŘ,œũŝũŞŅƥ  şũļŠƥŴĽ 
(3501200446143) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 031. 
- ŜŌ,Ŗ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2536 
- Ph.D. (Materials Science), Univ. of Surrey, 

UK, 2000 

9 16 9 16 71(24) 
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ŌŪŹ ĿŬŹŢ-ŎŧŖşĶŭŚ ĹŭňŜŭŇũĶŧŘŝūĶŞŧ &şŧķŧ'* şŋŧŏŦŎ 
ŐƙŌŪŹşžŧűŘŸĽĶŧŘŝūĶŞŧ 

ŕŧŘťļŧŎşŢŎ 
ĿŦŹŜųŖļ/şŦŐŉŧŠƥ 

ĽžŧŎŜŎ 
őŚļŧŎ 
Ōŧļ
ŜũĿŧĶŧŘ
ŘŜŖ 
&őŚļŧŎ 
ŴŎŘťŗť 
3 Őƙ 
Śơŧşŭŉ' 

ŐƧĽĽŭŏŦŎ 
ŠŚŦļĶŧŘ 
ŐŘŦŏŐŘŭļ
ŠŚŦĶşŮŊŘ 

ŊŘŪ ŏŝ, ŊŘŪ ŏŝ, 

20 őŝ,ŉŘ,ŢŭŉŖŘŦŊŎƥ   ŌũœŜŘŘň 
&17.75.../0413' 

ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗşļķŚŧŎĹŘũŎŌŘƥ, 
0310 

- ŜŌ,Ŗ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0317 
- ŜŌ,ŉ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0325 

20 /2 20 /2 92(13) 

21 Řŝ,ŉŘ,ŜũŖ   űŠŎŬŢűœŸļ 
(3730400221657) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 031. 
- ŜŌ,Ŗ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2532 
- ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

0322 

18 4.5 18 4.5 23(5) 

22 őŝ,ŉŘ,ŜŦŎŉŪ   ōŘŘŖĽŧŘŪ 
(35301007450) 

- ŜŌ,ŏ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
032. 

- ŜŌ,Ŗ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
0322 

- ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

0327 

17 4 17 7 20(6) 

23 őŝ,ŉŘ,ŜŪŘťűŉĿ  ŌŢļşŭŜŘŘň 
(3571100487743) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0322 
- ŜŌ,Ŗ, &ŔƘşũĶşƥŐŘťŗŭĶŊƥ', 
ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2548 

- ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

0331 

17 4 17 7 15(13) 

24 őŝ,ŉŘ,ľŦŊŘŉŎŦŗ   ŏŭłűŘŬŢļ 
(35014002354) 

- ŜŌ,ŏ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
2541 

- ŜŌ,Ŗ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
2543 

- ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

2548 

17 4 17 7 8(5) 

25 őŝ,ŉŘ,ŢŘŜŘŘň ŜũŘŦŚŠƥ
űŜĿŗŦŎŊƥ 

(3130300169306) 

- ŜŌ,ŏ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2524 

- ŜŌ,Ŗ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2529 

- ŜŌ,ŉ, &ŔƘşũĶşƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 2535 

19 3 19 3 11(11) 

04 őŝ,ŉŘ,ŢŘŜŘŘň  ĹžŧŖŦŹŎ 
&13177..045.14' 

- ŜŌ,ŏ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
0320 

- ŜŌ,Ŗ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
0323 

- ŜŌ,ŉ, &ŜŦşŉŭŝŧşŊŘƥ', ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 

0332 

17 4 17 7 37(1) 
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ŌŪŹ ĿŬŹŢ-ŎŧŖşĶŭŚ ĹŭňŜŭŇũĶŧŘŝūĶŞŧ &şŧķŧ'* şŋŧŏŦŎ 
ŐƙŌŪŹşžŧűŘŸĽĶŧŘŝūĶŞŧ 

ŕŧŘťļŧŎşŢŎ 
ĿŦŹŜųŖļ/şŦŐŉŧŠƥ 

ĽžŧŎŜŎ 
őŚļŧŎ 
Ōŧļ
ŜũĿŧĶŧŘ
ŘŜŖ 
&őŚļŧŎ 
ŴŎŘťŗť 
3 Őƙ 
Śơŧşŭŉ' 

ŐƧĽĽŭŏŦŎ 
ŠŚŦļĶŧŘ 
ŐŘŦŏŐŘŭļ
ŠŚŦĶşŮŊŘ 

ŊŘŪ ŏŝ, ŊŘŪ ŏŝ, 

27 őŝ,ŉŘ,ĿŎĶœŘ   ŵĿŗŜļŝƥ 
&13277../11943) 

- ŜŌ,ŏ,&ŜŦşŉŭŝŧşŊŘƥ' ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 0314 
- ŜŌ,Ŗ,&ŔƘşũĶşƥŐŘťŗŭĶŊƥ',ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ, 
0322 

- Ph.D. (Physics), Univ. of Sydney, Australia, 

2009 

10 16 10 16 23(1) 

ŠŖŧŗűŠŊŭ   : /, (  ŠŖŧŗŋūļ ŢŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏŠŚŦĶşŮŊŘ  

   2. ŢŧĽŧŘŗƥŚžŧŉŦŏŌŪŹ 1-25   ĹŬŢ ŢŧĽŧŘŗƥŐŘťĽžŧŠŚŦĶşŮŊŘ  

              3. ŢŧĽŧŘŗƥŚžŧŉŦŏŌŪŹ 04-05 ĹŬŢ ŢŧĽŧŘŗƥŐŘťĽžŧ  

 

1,0,0 ŢŧĽŧŘŗƥœũűŝŞ     -ŵŖơŖŪ- 

4. ŢļĹƥŐŘťĶŢŏűĶŪŹŗŜĶŦŏŐŘťşŏĶŧŘňƥŕŧĹşŎŧŖ    -ŵŖơŖŪ- 

3, ķƢŢĶžŧŠŎŉűĶŪŹŗŜĶŦŏĶŧŘŌžŧųĹŘļļŧŎŠŘŬŢļŧŎŜũĽŦŗ  

   5.1 ĹžŧŢōũŏŧŗųŉŗŗơŢ   

   űŎŬźŢŠŧķŢļŉŭŞŃŪŎũœŎōƥűŐƩŎűŘŬŹŢļŌŪŹŎŦĶŝūĶŞŧŲŚťŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧőŮƢĹŜŏĹŭŖļŧŎŜũĽŦŗŖŪĹŜŧŖşŎŴĽŘơŜŖĶŦŎ 

ŲŚťűŐƩŎļŧŎŜũĽŦŗŌŪŹŠŚŦĶşŮŊŘŖŪŝŦĶŗŕŧœŴŎĶŧŘŉžŧűŎũŎĶŧŘ   ųŉŗĹňŧĽŧŘŗƥŌŪŹŐŘťşļĹƥĽťŘŦŏŎŦĶŝūĶŞŧ ĽťĶžŧŠŎŉŠŦŜķƢŢ

ŲŎŜŌŧļĶŧŘŌžŧŜũĽŦŗ    űşŎŢőơŧŎĹŜŧŖűŠŸŎĿŢŏĽŧĶĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŏŦňņũŊŝūĶŞŧ  şŧķŧŜũĿŧŜŦşŉŭŝŧşŊŘƥ 

ŠŚŦļĽŧĶĶŘŘŖĶŧŘŉŦļĶŚơŧŜœũĽŧŘňŧűŠŸŎĿŢŏŲŚƢŜ ĽūļŎžŧŠŦŜķƢŢŉŦļĶŚơŧŜŲĽƢļŘŦŏŎŦĶŝūĶŞŧŴŎŲŊơŚťŐƙĶŧŘŝūĶŞŧ    ŌŦźļŎŪź

űŎŬźŢŠŧļŧŎŜũĽŦŗŌŪŹĽťŌžŧŊƢŢļŖŪŌřŞŃŪŉƢŧŎŊơŧļŷ ŌŪŹűĶŪŹŗŜķƢŢļŘŢļŘŦŏ       ŲŚťŊƢŢļŖŪőŚĶŧŘŝūĶŞŧĹƢŎĹŜƢŧűŏŬźŢļŊƢŎŢŗơŧļ

ĿŦŉűĽŎ ųŉŗűŐƩŎĶŧŘŝūĶŞŧŲŚť-ŠŘŬŢşŘƢŧļŢļĹƥĹŜŧŖŘŮƢŴŠŖơŌŧļŉƢŧŎŜŦşŉŭŝŧşŊŘƥ ŠŘŬŢűĿũļŐŘťŗŭĶŊƥ ŌŪŹşŧŖŧŘŋŎžŧŵŐŴĿƢ

ŐŘťųŗĿŎƥŴŎŉƢŧŎŊơŧļŷ ŌŪŹűĶŪŹŗŜķƢŢļŵŉƢ 

 3,0 ŖŧŊŘŅŧŎőŚĶŧŘűŘŪŗŎŘŮƢ  

     - ŎŦĶŝūĶŞŧŖŪĹŜŧŖŘŮƢŲŚťűķƢŧŴĽűĶŪŹŗŜĶŦŏŠŚŦĶĶŧŘŲŚťŌřŞŃŪœŬźŎŅŧŎķŢļŜũĿŧŜŦşŉŭŝŧşŊŘƥ ŲŚťşŧķŧŌŪŹ

űĶŪŹŗŜķƢŢļ űŐƩŎŢŗơŧļŉŪ 

    - ŎŦĶŝūĶŞŧŖŪĹŜŧŖŘŮƢŲŚťĹŜŧŖűķƢŧŴĽ űĶŪŹŗŜĶŦŏŠŚŦĶĶŧŘŲŚťŌřŞŃŪŌŪŹşžŧĹŦłŴŎűŎŬźŢŠŧļŧŎŜũĽŦŗ şŧŖŧŘŋ

ŜũűĹŘŧťŠƥŐƧłŠŧ ŘŜŖŌŦźļŐŘťŗŭĶŊƥĹŜŧŖŘŮƢŌŦĶŞť ŲŚťĶŧŘŴĿƢűĹŘŬŹŢļŖŬŢŌŪŹűŠŖŧťşŖĶŦŏĶŧŘŲĶƢŵķŐƧłŠŧ şŧŖŧŘŋŊũŉŊŧŖ

ĹŜŧŖĶƢŧŜŠŎƢŧŌŧļŜũĿŧĶŧŘ ŲŚťŖŪĹŜŧŖŘŮƢŴŎŲŎŜĶŜƢŧļķŢļşŧķŧŜũĿŧŜŦşŉŭŝŧşŊŘƥ şŧŖŧŘŋŏŮŘňŧĶŧŘĹŜŧŖŘŮƢŴŎŌŪŹŝūĶŞŧ

ĶŦŏĹŜŧŖŘŮƢŴŎŝŧşŊŘƥŢŬŹŎŷ ŌŪŹűĶŪŹŗŜķƢŢļŲŚťşŧŖŧŘŋŋơŧŗŌŢŉĹŜŧŖŘŮƢŴŠƢĶŦŏőŮƢŢŬŹŎŵŉƢűŐƩŎŢŗơŧļŉŪ 

 - ŎŦĶŝūĶŞŧŖŪĹŜŧŖĹũŉşŘƢŧļşŘŘĹƥ ŌŪŹĽťşŧŖŧŘŋŎžŧĹŜŧŖŘŮƢĽŧĶĶŧŘŜũĽŦŗŵŐşŘƢŧļŎŜŦŊĶŘŘŖŴŠŖơŷ ŵŉƢ 
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 - ŎŦĶŝūĶŞŧşŧŖŧŘŋĹũŉŢŗơŧļŖŪŜũĽŧŘňłŧňŲŚťŢŗơŧļűŐƩŎŘťŏŏ şŧŖŧŘŋşŬŏĹƢŎ ŘŜŏŘŜŖ ŝūĶŞŧ 

ŜũűĹŘŧťŠƥ ŲŚťşŘŭŐŐŘťűŉŸŎŐƧłŠŧ űœŬŹŢŴĿƢŴŎĶŧŘŲĶƢŵķŐƧłŠŧŢŗơŧļşŘƢŧļşŘŘĹƥŲŚťşŧŖŧŘŋŐŘťŗŭĶŊƥĹŜŧŖŘŮƢŲŚťŌŦĶŞť

ĶŦŏĶŧŘŲĶƢŵķŐƧłŠŧŵŉƢŢŗơŧļűŠŖŧťşŖ       

 - ŎŦĶŝūĶŞŧŖŪŖŎŭŞŗşŦŖœŦŎōƥŌŪŹŉŪ şŧŖŧŘŋşŬŹŢşŧŘĶŦŏĶŚŭơŖĹŎŠŚŧĶŠŚŧŗŌŦźļŴŎŲŚťŊơŧļŐŘťűŌŝŵŉƢ 

&ŴĿƢŕŧŞŧŢŦļĶřŞŵŉƢűŐƩŎŢŗơŧļŉŪ'ŖŪĹŜŧŖŘŦŏőũŉĿŢŏĶŧŘœŦŇŎŧĶŧŘűŘŪŗŎŘŮƢŌŦźļķŢļŊŎűŢļŲŚťŌŧļŜũĿŧĿŪœŢŗơŧļŊơŢűŎŬŹŢļ 

     - ŎŦĶŝūĶŞŧŖŪŌŦĶŞťŴŎĶŧŘŴĿƢűĹŘŬŹŢļŖŬŢŌŪŹĽžŧűŐƩŎŌŪŹŖŪŢŗŮơŴŎŐƧĽĽŭŏŦŎŊơŢĶŧŘŌžŧļŧŎŌŪŹűĶŪŹŗŜĶŦŏĶŧŘŴĿƢşŧŘşŎűŌŝ

ŲŚťűŌĹųŎųŚŗŪşŬŹŢşŧŘŢŗơŧļűŠŖŧťşŖ  

 3,1 ĿơŜļűŜŚŧ  

    Ųŏŏ /,/ ĽžŧŎŜŎŠŎơŜŗĶũŊ 48 ŠŎơŜŗĶũŊ ŴĿƢűŜŚŧ  1 Őƙ  

       ŊŦźļŲŊơ  ŕŧĹĶŧŘŝūĶŞŧŌŪŹ / ŐƙŌŪŹ 0 ŋūļŕŧĹĶŧŘŝūĶŞŧŌŪŹ 0 ŐƙŌŪŹ 1     

5.4 ĽžŧŎŜŎŠŎơŜŗĶũŊ  

 Ųŏŏ /,/  26 ŠŎơŜŗĶũŊ 

    3,3  ĶŧŘűŊŘŪŗŖĶŧŘ  

           űŖŬŹŢŘŦŏŎŦĶŝūĶŞŧűķƢŧŖŧŊŧŖŲŎŜŌŧļŠŦŜķƢŢŜũĽŦŗŉŦļĶŚơŧŜŲŚƢŜ  

 - ŎŦĶŝūĶŞŧĽťŎžŧŲŎŜŌŧļŉŦļĶŚơŧŜŵŐŝūĶŞŧ  ĹƢŎĹŜƢŧŴŎŘŧŗŚťűŢŪŗŉŕŧŗŴŊƢĹžŧŲŎťŎžŧŲŚťŴŠƢĹžŧŐŘūĶŞŧĽŧĶ

ŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧ űœŬŹŢĽŦŉŌžŧűŐƩŎųĹŘļŘơŧļŉŭŞŃŪŎũœŎōƥ ųŉŗŴŠƢŎŦĶŝūĶŞŧŲŚťŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧŖŪŊŧŘŧļĶŧŘŜŧļŲőŎĶŧŘ

ŉžŧűŎũŎĶŧŘķŢļĶŧŘŝūĶŞŧķŢļŎŦĶŝūĶŞŧŊŦźļŲŊơŊƢŎĽŎĽŏŠŚŦĶşŮŊŘŴŎŘŧŗŚťűŢŪŗŉŲŚťĿŦŉűĽŎ 

       - űŖŬŹŢŎŦĶŝūĶŞŧőơŧŎĶŧŘşŢŏŜŦŉĹŭňşŖŏŦŊũ ŲŚťşŢŏőơŧŎŕŧŞŧŢŦļĶřŞŊŧŖķƢŢĶžŧŠŎŉŲŚƢŜ ĽūļĽťŖŪşũŌōũ

űşŎŢųĹŘļŘơŧļŉŭŞŃŪŎũœŎōƥŵŉƢ  

 - ŎŦĶŝūĶŞŧűşŎŢųĹŘļŘơŧļŉŭŞŃŪŎũœŎōƥ ŀūŹļŐŘťĶŢŏŉƢŜŗ ĿŬŹŢűŘŬŹŢļŉŭŞŃŪŎũœŎōƥ ŠŚŦĶĶŧŘ ŌřŞŃŪŌŪŹűĶŪŹŗŜķƢŢļ 

ŌŜŎşŢŏűŢĶşŧŘŌŧļŜũĿŧĶŧŘŲŚťşũŌōũŏŦŊŘŌŪŹűĶŪŹŗŜķƢŢļ ŜŦŊŋŭŐŘťşļĹƥ ŐŘťųŗĿŎƥŌŦźļŌŧļŉƢŧŎŌřŞŃŪŲŚť-ŠŘŬŢŐŘťŗŭĶŊƥ 

ŲőŎĶŧŘŲŚťķŢŏűķŊĶŧŘŌžŧŜũĽŦŗ ĿơŜļűŜŚŧŌžŧŜũĽŦŗŲŚťűŢĶşŧŘŢƢŧļŢũļ ŌŦźļŎŪźųĹŘļŘơŧļŉŭŞŃŪŎũœŎōƥŉŦļĶŚơŧŜ ŊƢŢļőơŧŎ

ĹŜŧŖűŠŸŎĿŢŏĽŧĶŐŘťōŧŎĶŘŘŖĶŧŘŌŪŹŐŘūĶŞŧŲŚťĶŘŘŖĶŧŘŌŪŹŐŘūĶŞŧ ĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŏŦňņũŊŝūĶŞŧ 

ŐŘťĽžŧşŧķŧŜũĿŧŜŦşŉŭŝŧşŊŘƥ ĶŘŘŖĶŧŘŏŦňņũŊŝūĶŞŧŐŘťĽžŧĹňťŤ ŲŚťĹňťĶŘŘŖĶŧŘŐŘťĽžŧŏŦňņũŊŜũŌŗŧŚŦŗ 

ŊŧŖŚžŧŉŦŏ 

ŠŖŧŗűŠŊŭ : ŴŎŘťŠŜơŧļŌŪŹŌžŧĶŧŘŝūĶŞŧ ŎŦĶŝūĶŞŧĽťŊƢŢļŌžŧĶũĽĶŘŘŖŊŧŖŌŪŹŠŚŦĶşŮŊŘĶžŧŠŎŉŵŜƢ ŢŧŌũ űķƢŧŘơŜŖşŦŖŖŎŧ    

               ŢŗơŧļűĹŘơļĹŘŦŉ     
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3,4 ĶŘťŏŜŎĶŧŘŐŘťűŖũŎőŚ  

     ŠŦŜķƢŢŲŚťųĹŘļŘơŧļŉŭŞŃŪŎũœŎōƥķŢļŎŦĶŝūĶŞŧŲŊơŚťĹŎ ĽťŊƢŢļŵŉƢŘŦŏĹŜŧŖűŠŸŎĿŢŏĽŧĶĹňťĶŘŘŖĶŧŘ 

ŏŘũŠŧŘŠŚŦĶşŮŊŘŏŦňņũŊŝūĶŞŧ ŐŘťĽžŧşŧķŧŜũĿŧ ŲŚťűŖŬŹŢŎŦĶŝūĶŞŧŌžŧŉŭŞŃŪŎũœŎōƥűşŘŸĽŲŚƢŜ     ŊƢŢļĽŦŉŌžŧűŐƩŎŘŮŐűŚơŖŌŪŹ

şŖŏŮŘňƥŊŧŖķƢŢĶžŧŠŎŉķŢļŏŦňņũŊŜũŌŗŧŚŦŗ ĶŧŘĽŦŉşŢŏĽťŉžŧűŎũŎĶŧŘŠŚŦļĽŧĶŐŘťōŧŎŌŪŹŐŘūĶŞŧŉŭŞŃŪŎũœŎōƥķŢļ

ŎŦĶŝūĶŞŧűŠŸŎĿŢŏŴŠƢşŢŏŵŉƢ ŲŚťűşŎŢĿŬŹŢĶŘŘŖĶŧŘşŢŏŉŭŞŃŪŎũœŎōƥ ŴŠƢĹňťŤŲŊơļŊŦźļ  ųŉŗĶŘŘŖĶŧŘşŢŏŉŭŞŃŪŎũœŎōƥ   

ŊƢŢļűŐƩŎŵŐŊŧŖķƢŢŏŦļĹŦŏĶŧŘŝūĶŞŧŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơŜơŧŉƢŜŗĶŧŘŝūĶŞŧŘťŉŦŏŏŦňņũŊŝūĶŞŧ  ŎŦĶŝūĶŞŧĽťŋŮĶ

ŐŘťűŖũŎĽŧĶĶŧŘŎžŧűşŎŢŲŏŏŐŧĶűŐŚơŧŊơŢĹňťĶŘŘŖĶŧŘŤ ĶŧŘŊŢŏĹžŧŋŧŖĽŧĶŘŧŗŚťűŢŪŗŉŴŎŉŭŞŃŪŎũœŎōƥ ŀūŹļŊƢŢļ

ŖŪĹŭňŕŧœűŐƩŎŵŐŊŧŖŖŧŊŘŅŧŎŌŧļŜũĿŧĶŧŘ ŲŚťőŚļŧŎŉŭŞŃŪŎũœŎōƥŠŘŬŢşơŜŎŠŎūŹļ ŗŦļŊƢŢļŵŉƢŘŦŏĶŧŘŊŪœũŖœƥŊŧŖ

ķƢŢĶžŧŠŎŉķŢļŠŚŦĶşŮŊŘ ŉŦļŎŪź 

Ųŏŏ /,/  

- őŚļŧŎŉŭŞŃŪŎũœŎōƥ ŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŉŭŞŃŪŎũœŎōƥ ŊƢŢļŵŉƢŘŦŏĶŧŘŊŪœũŖœƥ ŠŘŬŢŢŗơŧļŎƢŢŗŵŉƢŉžŧűŎũŎĶŧŘŴŠƢ 

  őŚļŧŎ ŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŵŉƢŘŦŏĶŧŘŊŢŏŘŦŏŴŠƢŊŪœũŖœƥŴŎŜŧŘşŧŘŌŧļŜũĿŧĶŧŘŘťŉŦŏŎŧŎŧĿŧŊũŌŪŹŖŪĶŧŘ    

     ŊŘŜĽşŢŏ ųŉŗĶŘŘŖĶŧŘŕŧŗŎŢĶŖŧŘơŜŖĶŚŦŹŎĶŘŢļ &peer review) ŢŗơŧļŖŪĹŭňŕŧœűŐƩŎŌŪŹŗŢŖŘŦŏŴŎŜļĶŧŘ     

      ŜũĿŧĶŧŘ ŌŪŹŖŪ impact factor ŀūŹļŜŧŘşŧŘŌŧļŜũĿŧĶŧŘŉŦļĶŚơŧŜŊƢŢļŢŗŮơŴŎŅŧŎķƢŢŖŮŚ ISI, Scopus, IEEE, PubMed     

      ŠŘŬŢ Web of Science ĽžŧŎŜŎŢŗơŧļŎƢŢŗ 2 űŘŬŹŢļųŉŗŖŪĿŬŹŢķŢļŎŦĶŝūĶŞŧűŐƩŎĿŬŹŢŲŘĶ  ųŉŗ 1 űŘŬŹŢļŊƢŢļŢŗŮơŴŎ    

     ŜŧŘşŧŘŌŪŹŋŮĶĽŦŉŢŦŎŉŦŏŴŠƢŢŗŮơŴŎ Quartile Score 1-0 ķŢļŜŧŘşŧŘŴŎşŧķŧŌŪŹŌžŧĶŧŘŜũĽŦŗ  

- ŎŦĶŝūĶŞŧŊƢŢļűşŎŢőŚļŧŎŌŪŹűĶŪŹŗŜķƢŢļĶŦŏŉŭŞŃŪŎũœŎōƥŲŏŏŐŧĶűŐŚơŧŉƢŜŗŕŧŞŧŢŦļĶřŞ ŴŎŌŪŹŐŘťĿŭŖŜũĿŧĶŧŘ

ŘťŉŦŏŎŧŎŧĿŧŊũŢŗơŧļŎƢŢŗ 1 űŘŬŹŢļ ųŉŗŖŪŠŚŦĶŅŧŎĶŧŘŎžŧűşŎŢőŚļŧŎŢŗơŧļĿŦŉűĽŎ ŢŧŌũ ŖŪşŬŹŢŏŦŎŌūĶŠŚŦĶŅŧŎ           

ŵŉƢŲĶơ ŜũŉũŌŦŝŎƥ ŠŘŬŢŖŪŏŭĹĹŚŢƢŧļŢũļŌŪŹŎơŧűĿŬŹŢŋŬŢŌŪŹĿơŜŗŗŬŎŗŦŎĶŧŘŌžŧĶũĽĶŘŘŖŉŦļĶŚơŧŜ  
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ŠŖŜŉŌŪŹ 4. őŚĶŧŘűŘŪŗŎŘŮƢŲŚťĶŚŗŭŌōƥĶŧŘşŢŎŲŚťĶŧŘŐŘťűŖũŎőŚ 

1. ĶŧŘœŦŇŎŧĹŭňŚŦĶŞňťœũűŝŞķŢļŎŦĶŝūĶŞŧ &ŵŖơűĶũŎ 1 ĹŭňŚŦĶŞňť'  

ĹŭňŚŦĶŞňťœũűŝŞ ĶŚŗŭŌōƥĶŧŘşŢŎŲŚťĶũĽĶŘŘŖŎŦĶŝūĶŞŧ 

ŖŪŏŭĹŚũĶŕŧœŌŪŹŉŪ -ŖŪĶŘťŏŜŎŜũĿŧşŦŖŖŎŧŀūŹļŎŦĶŝūĶŞŧŊƢŢļœŮŉ ŊƢŢļŊŦźļ

ĹžŧŋŧŖ ŲŚťŊŢŏĹžŧŋŧŖŲşŉļĹŜŧŖĹũŉűŠŸŎ ŖŪĶŧŘ

şŢŉŲŌŘĶűŘŬŹŢļĶŧŘœŮŉŴŎŌŪŹŐŘťĿŭŖ  ĶŧŘŲŊơļĶŧŗ 

űŌĹŎũĹĶŧŘűĽŘĽŧşŬŹŢşŧŘ ĶŧŘŖŪŖŎŭŞŗşŦŖœŦŎōƥŌŪŹŉŪ 

ŒƚĶŒŎĹŜŧŖŢŉŌŎŢŉĶŚŦźŎŊơŢŲŘļĶŉŉŦŎŊơŧļŷ  

  şžŧŠŘŦŏĶŘťŏŜŎĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥŖŪĶŧŘŌžŧļŧŎ 

  űŐƩŎĶŚŭơŖ ĶŧŘŌžŧļŧŎŘơŜŖĶŦŏőŮƢŢŬŹŎ ĶŧŘŖŪŐńũşŦŖœŦŎōƥ 

  ĶŦŏĹŎŠŚŧĶ ŠŚŧŗŢŧĿŪœ  

ŖŪŕŧŜťőŮƢŎžŧŲŚťĹŜŧŖŘŦŏőũŉĿŢŏ ŊŚŢŉĽŎ

ĹŜŧŖŖŪŜũŎŦŗŴŎŊŎűŢļ 

- ŴŎĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥŠŘŬŢļŧŎŜũĽŦŗ ŖŪĶŧŘŌžŧļŧŎűŐƩŎ

ĶŚŭơŖ ŖŪĶŧŘŴĿƢűĹŘŬŹŢļŖŬŢŘơŜŖĶŦŎ  ŖŪĶŧŘĶžŧŠŎŉŴŠƢŌŭĶĹŎ

ŖŪşơŜŎŘơŜŖŴŎĶŧŘŘŦŏőũŉĿŢŏŊơŢűĹŘŬŹŢļŖŬŢŌŪŹŴĿƢŘơŜŖĶŦŎ 

űŖŬŹŢűĶũŉŐƧłŠŧŊƢŢļŘơŜŖĶŦŎŲĶƢŐƧłŠŧ űŐŚŪŹŗŎĶŦŎűŐƩŎ

őŮƢŎžŧ ŀūŹļűŐƩŎĶŧŘŒƚĶŌŦźļŕŧŜťőŮƢŎžŧŲŚťĹŜŧŖŘŦŏőũŉĿŢŏ 

ŘŮƢĽŦĶŘŦŏŔƧļĹŜŧŖĹũŉűŠŸŎķŢļőŮƢŢŬŹŎ ŲŚťĶŧŘűŐƩŎşŖŧĿũĶ

ĶŚŭơŖŌŪŹŉŪ 

ŖŪĽŘũŗōŘŘŖŲŚťĽŘŘŗŧŏŘŘňŜũĿŧĿŪœ - ŖŪĶŧŘşŢŉŲŌŘĶŋūļőŚĶŘťŌŏűĿũļŏŜĶŲŚťŚŏ

űŎŬŹŢļĽŧĶĶŧŘœŦŇŎŧŌŧļŜũĿŧĶŧŘŌŪŹŖŪŊơŢşŦļĹŖŲŚť

şũŹļŲŜŉŚƢŢŖ 

- ŒƚĶŒŎŴŠƢŖŪĹŜŧŖŀŬŹŢşŦŊŗƥ ųŉŗűŘũŹŖŊƢŎĽŧĶŌŪŹŊƢŢļŖŪĹŜŧŖ

ŀŬŹŢşŦŊŗƥŊơŢķƢŢŖŮŚĶŧŘŌŉŚŢļ ŲŚťĹŭňŕŧœķŢļļŧŎŜũĽŦŗ 

 

2.  ĶŧŘœŦŇŎŧőŚĶŧŘűŘŪŗŎŘŮƢŴŎŲŊơŚťŉƢŧŎ    

 0,/ ĹŭňōŘŘŖ ĽŘũŗōŘŘŖ 

0,/.1 őŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎĹŭňōŘŘŖ ĽŘũŗōŘŘŖ   

    (/)  ŊŘťŠŎŦĶŴŎĹŭňĹơŧűŘŬŹŢļĹŭňōŘŘŖ ĽŘũŗōŘŘŖ ŖŪŜũŎŦŗ ĹŜŧŖŘŦŏőũŉĿŢŏ ĹŜŧŖűşŪŗşŚť ĹŜŧŖŀŬŹŢşŦŊŗƥ 

     şŭĽŘũŊ  ŖŪĽŘŘŗŧŏŘŘňŌŧļŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœ  

 (0)   şŧŖŧŘŋĽŦŉĶŧŘŐƧłŠŧŌŧļĹŭňōŘŘŖ ĽŘũŗōŘŘŖŌŪŹŀŦŏŀƢŢŎűĿũļŜũĿŧĶŧŘ ŠŘŬŢŜũĿŧĿŪœ ųŉŗŴĿƢŉŭŚŗœũŎũĽ   

     ŢŗơŧļőŮƢŘŮƢŉƢŜŗĹŜŧŖŗŭŊũōŘŘŖ ŠŚŦĶŅŧŎ ŊŧŖŠŚŦĶĶŧŘŌŪŹŖŪűŠŊŭőŚ ŲŚťĹơŧŎũŗŖŢŦŎŉŪļŧŖ ŲşŉļŢŢĶŠŘŬŢ   

     şŬŹŢşŧŘķƢŢşŘŭŐķŢļŐƧłŠŧųŉŗĹžŧŎūļŋūļĹŜŧŖŘŮƢşūĶķŢļőŮƢŢŬŹŎŌŪŹĽťŵŉƢŘŦŏőŚĶŘťŌŏ 

 (1)   şŧŖŧŘŋŘũűŘũŹŖĿŪźŴŠƢűŠŸŎķƢŢŏĶœŘơŢļķŢļĽŘŘŗŧŏŘŘňŌŪŹŴĿƢŢŗŮơŴŎŐƧĽĽŭŏŦŎűœŬŹŢŌŏŌŜŎŲŚťŲĶƢŵķ      

     şŎŦŏşŎŭŎŢŗơŧļĽŘũļĽŦļŴŠƢőŮƢŢŬŹŎŴĿƢŉŭŚŗœũŎũĽŌŧļŉƢŧŎĹŭňōŘŘŖ ĽŘũŗōŘŘŖŴŎĶŧŘĽŦŉĶŧŘĶŦŏĹŜŧŖķŦŉŲŗƢļ   

     ŲŚťŐƧłŠŧŌŪŹŖŪőŚĶŘťŌŏŊơŢŊŎűŢļŲŚťőŮƢŢŬŹŎ 
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 (2)   ŲşŉļŢŢĶŀūŹļŕŧŜťőŮƢŎžŧ ŲŚťőŮƢŊŧŖŴŎĶŧŘşơļűşŘũŖŴŠƢŖŪĶŧŘŐŘťœřŊũŐńũŏŦŊũŊŧŖŠŚŦĶĹŭňōŘŘŖ    

     ĽŘũŗōŘŘŖŴŎşŕŧœŲŜŉŚƢŢŖķŢļĶŧŘŌžŧļŧŎ ŲŚťŴŎĿŭŖĿŎ 

 0,/.2 ĶŚŗŭŌōƥĶŧŘşŢŎŌŪŹŴĿƢœŦŇŎŧĶŧŘűŘŪŗŎŘŮƢŉƢŧŎĹŭňōŘŘŖ ĽŘũŗōŘŘŖ  

     (1)  ŴŎĶŧŘşŦŖŖŎŧŲŚťŴŎĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥĽťşŢŉŲŌŘĶűĶŪŹŗŜĶŦŏĽŘŘŗŧŏŘŘňķŢļŢŧĿŪœ    

       ŎŦĶŜũŌŗŧŝŧşŊŘƥ ųŉŗűŎƢŎŋūļőŚĶŘťŌŏŌŦźļŌŧļŏŜĶŲŚťŚŏĽŧĶĶŘťŏŜŎĶŧŘŌŧļŜũŌŗŧŝŧşŊŘƥŌŪŹŢŧĽ 

     ŖŪŊơŢşũŹļŲŜŉŚƢŢŖŲŚťşŦļĹŖųŉŗŘŜŖ ŲŚťŉžŧűŎũŎĶŧŘŌŭĶŢŗơŧļŏŎœŬźŎŅŧŎķŢļĹŭňōŘŘŖŲŚťĽŘũŗōŘŘŖ 

 (2' ŐŚŮĶŒƧļŴŠƢŎŦĶŝūĶŞŧŖŪŘťűŏŪŗŏŜũŎŦŗ ųŉŗűŎƢŎĶŧŘűķƢŧŘơŜŖşŦŖŖŎŧŴŠƢŊŘļŊơŢűŜŚŧ ŲŚťűķƢŧŘơŜŖşŦŖŖŎŧ    

     ŢŗơŧļşŖŹžŧűşŖŢ ŊŚŢŉĽŎĶŧŘŲŊơļĶŧŗŌŪŹűŐƩŎŵŐŊŧŖŘťűŏŪŗŏķŢļŖŠŧŜũŌŗŧŚŦŗ  

(3) ŴŎĶŧŘşŦŖŖŎŧŲŚťŉŭŞŃŪŎũœŎōƥ űŐƘŉųŢĶŧşŴŠƢŎŦĶŝūĶŞŧŵŉƢŲşŉļĹŜŧŖĹũŉűŠŸŎŠŘŬŢűşŎŢĹŜŧŖĹũŉűŠŸŎ

ŢŗơŧļűŐƩŎŢũşŘťųŉŗŵŖơŐƘŉĶŦźŎ ŲŚťűŖŬŹŢŖŪĶŧŘŜũűĹŘŧťŠƥŲŚťŘŦŏŔƧļĹŜŧŖĹũŉűŠŸŎŘơŜŖĶŦŎŲŚƢŜ ŊƢŢļŗŢŖŘŦŏ

ŔƧļşũŹļŌŪŹűŐƩŎűŠŊŭűŐƩŎőŚ  

 (4) ŴŎĶŧŘŌžŧŜũĽŦŗŎŦźŎ ŎŦĶŝūĶŞŧĽťŵŉƢŘŦŏĶŧŘŐŚŮĶŒƧļŴŠƢŖŪĹŜŧŖŀŬŹŢşŦŊŗƥŊơŢķƢŢŖŮŚŌŪŹŵŉƢĽŧĶĶŧŘŌŉŚŢļ  

      ŵŖơŎžŧőŚļŧŎķŢļőŮƢŢŬŹŎŖŧűŐƩŎķŢļŊŎűŢļ  ŲŚťŵŖơŊĶŲŊơļķƢŢŖŮŚ  

 0,/.3 ĶŚŗŭŌōƥĶŧŘŐŘťűŖũŎőŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎĹŭňōŘŘŖ ĽŘũŗōŘŘŖ 

    (1) ŐŘťűŖũŎĽŧĶĶŧŘŘơŜŖŲŚĶűŐŚŪŹŗŎĹŜŧŖĹũŉűŠŸŎŴŎĶŧŘşŦŖŖŎŧ ŲŚťĶŧŘŲşŉļĹŜŧŖĹũŉűŠŸŎ    

        ŲŚťĹŜŧŖŀŬŹŢşŦŊŗƥŴŎķƢŢŖŮŚŲŚťĶŧŘŌžŧŜũĽŦŗ 

 (2) ŐŘťűŖũŎĽŧĶĹŜŧŖŊŘļŊơŢűŜŚŧķŢļŎŦĶŝūĶŞŧŴŎĶŧŘűķƢŧĿŦźŎűŘŪŗŎ ĶŧŘşơļļŧŎŊŧŖĶžŧŠŎŉŘťŗťűŜŚŧ 

        ŌŪŹŖŢŏŠŖŧŗŲŚťĶŧŘŘơŜŖĶũĽĶŘŘŖ ŲŚť-ŠŘŬŢ ĽŧĶĹŜŧŖŖŪŜũŎŦŗŲŚťœŘƢŢŖűœŘŪŗļķŢļŎŦĶŝūĶŞŧŴŎĶŧŘ 

            űķƢŧŘơŜŖĶũĽĶŘŘŖűşŘũŖŠŚŦĶşŮŊŘ 

 (3)    ŐŘťűŖũŎĽŧĶĹŜŧŖŘŦŏőũŉĿŢŏŴŎļŧŎŌŪŹŵŉƢŘŦŏŖŢŏŠŖŧŗ ŴŎĶŧŘűşŘŸĽŌŦŎŊŧŖĶžŧŠŎŉŎŦŉŠŖŧŗŲŚť  

       ĶŧŘŖŧœŏŊŧŖĶžŧŠŎŉŎŦŉŠŖŧŗ 

 (4) ŐŘťűŖũŎĽŧĶĶŧŘŌžŧļŧŎŘơŜŖĶŦŏűĽƢŧŠŎƢŧŌŪŹŌŪŹŉŮŲŚűĹŘŬŹŢļŖŬŢ ŠŘŬŢűĽƢŧŠŎƢŧŌŪŹŌŪŹŊƢŢļűĶŪŹŗŜķƢŢļŜơŧŖŪĶŧŘ 

      ŴŠƢűĶŪŗŘŊũ ŵŖơŋŬŢŜơŧőŮƢŢŬŹŎŉƢŢŗĶŜơŧŊŎűŢļ ĶŧŘŘŦŏőũŉĿŢŏűŊŘŪŗŖŊŦŜűŢļŴŠƢœŘƢŢŖŖŧĶơŢŎŚơŜļŠŎƢŧ 

     0,0 ĹŜŧŖŘŮƢ 

 0,2.1 őŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎĹŜŧŖŘŮƢ 

   (/)   ŖŪĹŜŧŖűķƢŧŴĽŢŗơŧļŋơŢļŲŌƢŲŚťŚūĶŀūźļŴŎŢļĹƥĹŜŧŖŘŮƢŌŪŹűŐƩŎŲĶơŎŴŎşŧķŧŜũĿŧĶŧŘŠŘŬŢŜũĿŧĿŪœ ŘŜŖŌŦźļ    

    ķƢŢŖŮŚűľœŧťŌŧļŌřŞŃŪ  ŠŚŦĶĶŧŘŲŚťŲŎŜĹũŉŌŪŹűŐƩŎŘŧĶŅŧŎ 

(0)   şŧŖŧŘŋœŦŇŎŧŎŜŦŊĶŘŘŖ ŠŘŬŢşŘƢŧļŢļĹƥĹŜŧŖŘŮƢŴŠŖơųŉŗĶŧŘŏŮŘňŧĶŧŘĹŜŧŖŘŮƢŌŪŹŝūĶŞŧĶŦŏĹŜŧŖŘŮƢ 

    ŴŎŝŧşŊŘƥŢŬŹŎŷŌŪŹűĶŪŹŗŜķƢŢļ 

(1)   ŘŮƢűŌĹŎũĹĶŧŘŜũĽŦŗŲŚťĶŧŘœŦŇŎŧķƢŢşŘŭŐ   ŀūŹļűŐƩŎŌŪŹŗŢŖŘŦŏŴŎşŧķŧŜũĿŧŵŉƢŢŗơŧļĿŧłľŚŧŉ  ŖŪĹŜŧŖ   

   űķƢŧŴĽŢŗơŧļŚūĶŀūźļŲŚťĶŜƢŧļķŜŧļűĶŪŹŗŜĶŦŏŲŎŜŐńũŏŦŊũŌŪŹűŐŚŪŹŗŎŲŐŚļŴŎŜũĿŧĿŪœŌŦźļŴŎŘťŉŦŏĿŧŊũŲŚť   

     ŎŧŎŧĿŧŊũ   

   (2)   ŖŪĹŜŧŖŘŮƢŌŪŹűŐƩŎŐƧĽĽŭŏŦŎŴŎşŧķŧŜũĿŧ ŖŪĶŧŘŊũŉŊŧŖĹŜŧŖĶƢŧŜŠŎƢŧŌŧļŜũĿŧĶŧŘŌŦźļŴŎŘťŉŦŏĿŧŊũŲŚť   

     ŎŧŎŧĿŧŊũŌŪŹűŐƩŎŐŘťűŉŸŎŐƧłŠŧşžŧĹŦł  ŌŪŹŢŧĽŖŪőŚĶŘťŌŏŊơŢŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœ 
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 0,2.2 ĶŚŗŭŌōƥĶŧŘşŢŎŌŪŹŴĿƢœŦŇŎŧĶŧŘűŘŪŗŎŘŮƢŉƢŧŎĹŜŧŖŘŮƢ 

 &/' ŴŎĶŧŘşŦŖŖŎŧ ŎŦĶŝūĶŞŧŊƢŢļĹƢŎĹŜƢŧűœŬŹŢŖŧŎžŧűşŎŢŲŚťŊŢŏĹžŧŋŧŖķŢļőŮƢŔƧļ ŲŚť    

     ŌžŧŠŎƢŧŌŪŹűŐƩŎőŮƢŔƧļųŉŗŊƢŢļŊŦźļĹžŧŋŧŖŋŧŖőŮƢœŮŉ ŲŚťűœŬŹŢŴŠƢŵŉƢŘŦŏĹŜŧŖŘŮƢŌŪŹŠŚŧĶŠŚŧŗŴŎşŧķŧ    

       ŲŚťşŧķŧŌŪŹűĶŪŹŗŜķƢŢļ ŵŉƢŖŪŜũŌŗŧĶŘ-őŮƢűĿŪŹŗŜĿŧłŖŧŏŘŘŗŧŗœũűŝŞ ŲŚťŘơŜŖĶŧŘşŦŖŖŎŧűķƢŧĶŦŏ      

     ŠŚŦĶşŮŊŘŢŬŹŎ űĿơŎ ŔƘşũĶşƥ ŲŚťĶŧŘşŢŎŔƘşũĶşƥ űŐƩŎŊƢŎ 

 &0' ŴŎĶŘťŏŜŎŜũĿŧĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥ ŎŦĶŝūĶŞŧĽťŵŉƢŖŪųŢĶŧşűķƢŧŘơŜŖĶũĽĶŘŘŖŜũĿŧĶŧŘķŢļ 

ŠƢŢļŜũĽŦŗŌŪŹŎŦĶŝūĶŞŧŌžŧŉŭŞŃŪŎũœŎōƥ ŀūŹļŲŊơŚťŠƢŢļŜũĽŦŗĽťŖŪĶŘťŏŜŎĶŧŘĶŧŘŴŠƢĹŜŧŖŘŮƢŲŚťşŬŏĹƢŎ     

ĹŜŧŖŘŮƢőơŧŎĶŧŘşŦŖŖŎŧ-ŐŘťĿŭŖ-ŐŘūĶŞŧŠŧŘŬŢŌŧļŜũĿŧĶŧŘ ŴŎĶŚŭơŖŢŗơŧļŊơŢűŎŬŹŢļşŖŹžŧűşŖŢ  

      0,2.3 ĶŚŗŭŌōƥĶŧŘŐŘťűŖũŎőŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎĹŜŧŖŘŮƢ 

         ŖŪĶŧŘŐŘťűŖũŎĽŧĶőŚşŦŖřŌōũŽĶŧŘűŘŪŗŎķŢļŎŦĶŝūĶŞŧ ųŉŗŜũōŪĶŧŘŊơŧļŷ ŲŚťŖŪĹťŲŎŎŴŠƢ ŉŦļŎŪź 

 &/' ŐŘťűŖũŎĽŧĶŘŧŗļŧŎķŢļŎŦĶŝūĶŞŧŴŎĶŧŘşŦŖŖŎŧ 

 &0' ŐŘťűŖũŎĽŧĶĶŧŘŎžŧűşŎŢŴŎŠƢŢļşŦŖŖŎŧŲŚťŠŘŬŢĿŦźŎűŘŪŗŎ 

 &1' ŐŘťűŖũŎĽŧĶĶŧŘşŢŏŜŦŉĹŭňşŖŏŦŊũ 

 (4) ŐŘťűŖũŎĽŧĶĶŧŘşŢŏŐƝŢļĶŦŎŉŭŞŃŪŎũœŎōƥ 

      2.3 ŌŦĶŞťŌŧļŐƧłłŧ 

      0,3.1 őŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťŌŧļŐƧłłŧ  

    (/)   şŧŖŧŘŋĹũŉŢŗơŧļŖŪŜũĽŧŘňłŧň ŲŚťŢŗơŧļűŐƩŎŘťŏŏŴŎĶŧŘĹƢŎŠŧķƢŢűŌŸĽĽŘũļŴŠŖơŷ   ųŉŗŴĿƢ 

     ĹŜŧŖűķƢŧŴĽŢŦŎŋơŢļŲŌƢŴŎŌřŞŃŪ  ŲŚťűŌĹŎũĹĶŧŘŲşŜļŠŧĹŜŧŖŘŮƢŴŎĶŧŘŜũűĹŘŧťŠƥŐŘťűŉŸŎŲŚťŐƧłŠŧ    

      şžŧĹŦłŵŉƢŢŗơŧļşŘƢŧļşŘŘĹƥ 

 (0)   şŧŖŧŘŋşŬŏĹƢŎķƢŢŖŮŚ  ŎžŧŖŧŜũűĹŘŧťŠƥŲŚťşŦļűĹŘŧťŠƥ űœŬŹŢœŦŇŎŧŲŎŜŌŧļŲĶƢŵķŐƧłŠŧŉƢŜŗŜũōŪ 

     ĶŧŘŴŠŖơŷ ŠŘŬŢŊŢŏşŎŢļŐŘťűŉŸŎŐƧłŠŧŵŉƢŢŗơŧļşŘƢŧļşŘŘĹƥ 

     &1'   şŧŖŧŘŋşŦļűĹŘŧťŠƥőŚļŧŎŜũĽŦŗ  ŲŚťŌřŞŃŪűœŬŹŢŜŧļŲőŎŲŚťŉžŧűŎũŎųĹŘļĶŧŘŜũĽŦŗŴŠŖơŌŪŹşŘƢŧļşŘŘĹƥ      

    ųŉŗŏŮŘňŧĶŧŘŲŎŜĹũŉŊơŧļŷ ŌŦźļĽŧĶŕŧŗŴŎŲŚťŕŧŗŎŢĶşŧķŧŜũĿŧŌŪŹŝūĶŞŧŴŎķŦźŎşŮļųŉŗŴĿƢĹŜŧŖŘŮƢŌŦźļ   

     ŕŧĹŌřŞŃŪŲŚťŕŧĹŐńũŏŦŊũ      ŊŚŢŉŋūļĶŧŘŴĿƢűŌĹŎũĹĶŧŘŜũĽŦŗ  ŲŚťŴŠƢķƢŢşŘŭŐŌŪŹşŖŏŮŘňƥŀūŹļķŗŧŗ    

     ŢļĹƥĹŜŧŖŘŮƢŴŠŖơ ŠŘŬŢŐŘŦŏŐŘŭļŲŎŜŌŧļŐńũŏŦŊũŴŎŜũĿŧĿŪœŌŪŹŖŪŢŗŮơűŉũŖŵŉƢŢŗơŧļŖŪŎŦŗşžŧĹŦł 

 0,3.2  ĶŚŗŭŌōƥĶŧŘşŢŎŌŪŹŴĿƢŴŎĶŧŘœŦŇŎŧĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťŌŧļŐƧłłŧ 

   ŴŎŘťŉŦŏŐŘũłłŧűŢĶ ĶŘťŏŜŎĶŧŘŌŪŹşžŧĹŦłŌŪŹŴĿƢŴŎĶŧŘœŦŇŎŧĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťŌŧļŐƧłłŧĹŬŢ

ĶŘťŏŜŎĶŧŘŌŪŹűĶŪŹŗŜķƢŢļŌŦźļŠŖŉŴŎĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥ ŎŦŹŎĹŬŢŎŦĶŝūĶŞŧŊƢŢļőơŧŎĶŧŘşŦŖŖŎŧ ŲŚťĶŧŘŒƚĶŒŎĽŧĶ 

 (1)  ĶŧŘĹƢŎĹŜƢŧŠŧĹŜŧŖŘŮƢŉƢŜŗŊŎűŢļ  

 &0' ĶŧŘŢŢĶŲŏŏűĹŘŬŹŢļŖŬŢ ŲŚťŢŢĶŲŏŏ-ŜŧļŲőŎĶŧŘŌŉŚŢļ 

&1' ĶŧŘşŘƢŧļ-ŀơŢŖűĹŘŬŹŢļŖŬŢ 

        &2' ĶŧŘŖŪųŢĶŧşŴĿƢűĹŘŬŹŢļŖŬŢŌŪŹŀŦŏŀƢŢŎŲŚťŖŪŐŘťşũŌōũŕŧœ  

 (5) ĶŧŘŜũűĹŘŧťŠƥŲŚťŊŘŜĽşŢŏŉƢŜŗűĹŘŬŹŢļŖŬŢŌŪŹŌŦŎşŖŦŗ 

 (6) ĶŧŘŴĿƢĹňũŊŝŧşŊŘƥŲŚťĹŢŖœũŜűŊŢŘƥŐŘťĶŢŏĶŧŘŲĶƢŐƧłŠŧ 

 &5' ĶŧŘŜũűĹŘŧťŠƥ ŊŘŜĽşŢŏ ŲĶƢŵķŐƧłŠŧ şŘŭŐőŚ 

 &6' ĶŧŘűķŪŗŎőŚļŧŎŌŧļŜũĿŧĶŧŘŢŢĶşŮơşŧōŧŘňĿŎ 
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      0,3.3  ĶŚŗŭŌōƥĶŧŘŐŘťűŖũŎőŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťŌŧļŐƧłłŧ  

      ĶŧŘŐŘťűŖũŎőŚĽťŉžŧűŎũŎĶŧŘőơŧŎĶŘťŏŜŎĶŧŘşŢŏŐƝŢļĶŦŎŉŭŞŃŪŎũœŎōƥ ĶŧŘŎžŧűşŎŢőŚļŧŎŴŎĶŧŘ

ŐŘťĿŭŖŜũĿŧĶŧŘ ŲŚťőŚļŧŎŌŪŹŵŉƢŘŦŏĶŧŘŊŪœũŖœƥŴŎŜŧŘşŧŘŌŪŹűŐƩŎŌŪŹŗŢŖŘŦŏŴŎşŧķŧŜũĿŧŲŚťŖŪ Peer review ŢŗơŧļŖŪ

ĹŭňŕŧœşžŧŠŘŦŏĶŘťŏŜŎĶŧŘşŢŏŉŭŞŃŪŎũœŎōƥŎŦźŎŖŪĶŧŘŐŘťűŖũŎŊŧŖşŕŧœĽŘũļĽŧĶĶŧŘŎžŧűşŎŢŐŧĶűŐŚơŧŲŚťŘŧŗļŧŎ

ŴŎŘŮŐűŚơŖĽŧĶĹňťĶŘŘŖĶŧŘŌŪŹŵŉƢŘŦŏĶŧŘŲŊơļŊŦźļŢŗơŧļűŐƩŎŌŧļĶŧŘŲŚťűŐƩŎŵŐŊŧŖķƢŢŏŦļĹŦŏŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ Ŝơŧ

ŉƢŜŗĶŧŘŝūĶŞŧŘťŉŦŏŏŦňņũŊŝūĶŞŧ 

     0,2 ŌŦĶŞťĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļŏŭĹĹŚŲŚťĹŜŧŖŘŦŏőũŉĿŢŏ 

0,2,/ őŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļŊŦŜŏŭĹĹŚŲŚťĹŜŧŖşŧŖŧŘŋŴŎĶŧŘŘŦŏőũŉĿŢŏ  

   (/)   ŖŪŖŎŭŞŗşŦŖœŦŎōƥŌŪŹŉŪ şŧŖŧŘŋşŬŹŢşŧŘĶŦŏĶŚŭơŖŏŭĹĹŚŠŚŧĶŠŚŧŗŌŦźļŉƢŧŎűĿŬźŢĿŧŊũŲŚťŜŦŇŎōŘŘŖ 

    (0)   şŧŖŧŘŋŜŧļŲőŎŜũűĹŘŧťŠƥŲŚťŲĶƢŐƧłŠŧŌŪŹŀŦŏŀƢŢŎşŮļŖŧĶŉƢŜŗŊŎűŢļ  ŴĿƢĹŜŧŖŘŮƢŴŎŝŧşŊŘƥŖŧĿŪźŎžŧ    

     şŦļĹŖŴŎŐŘťűŉŸŎŌŪŹűŠŖŧťşŖ  ŘŜŖŌŦźļŜŧļŲőŎŴŎĶŧŘŐŘŦŏŐŘŭļŊŎűŢļŲŚťŢļĹƥĶŘŵŉƢŢŗơŧļŖŪ   

      ŐŘťşũŌōũŕŧœ 

    (1)  şŘƢŧļŐńũşŦŖœŦŎōƥŴŎĶũĽĶŘŘŖĶŚŭơŖŢŗơŧļşŘƢŧļşŘŘĹƥ ŲŚťŲşŉļŢŢĶŋūļĹŜŧŖųŉŉűŉơŎŴŎĶŧŘűŐƩŎőŮƢŎžŧ   

    ŴŎŌŧļŜũĿŧĶŧŘŠŘŬŢŜũĿŧĿŪœ ŲŚťşŦļĹŖŌŪŹŀŦŏŀƢŢŎ 

    0,2,0 ĶŚŗŭŌōƥĶŧŘşŢŎŌŪŹŴĿƢŴŎĶŧŘœŦŇŎŧĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļŏŭĹĹŚŲŚťĹŜŧŖ

ŘŦŏőũŉĿŢŏ 

         ŴŎŘťŉŦŏŐŘũłłŧűŢĶ ĶŘťŏŜŎĶŧŘŌŪŹşžŧĹŦłŌŪŹŴĿƢŴŎĶŧŘœŦŇŎŧĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļ 

ŏŭĹĹŚŲŚťĹŜŧŖŘŦŏőũŉĿŢŏ ĹŬŢĶŘťŏŜŎĶŧŘŌŪŹűĶŪŹŗŜķƢŢļŴŎĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥ ĶŧŘşŦŖŖŎŧ ŉŦļŎŪź 

 &/' ŴŎĶŘťŏŜŎĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥ ŎŦĶŝūĶŞŧŊƢŢļŖŪĶŧŘŵŐŊũŉŊơŢŐŘťşŧŎļŧŎĶŦŏŏŭĹĹŚŢŬŹŎŷ ŴŎ  

  ŠŚŧĶŠŚŧŗŘŮŐŲŏŏ űĿơŎĶŧŘŊƢŢļŐŘūĶŞŧŠŧŘŬŢĶŦŏĿơŧļ-űĽƢŧŠŎƢŧŌŪŹ ŌŪŹŉŮŲŚ-ĽŦŉşŘƢŧļ-ŀơŢŖşŘƢŧļ 

     űĹŘŬŹŢļŖŬŢ ĶŧŘŐŘťşŧŎļŧŎĶŦŏŎŦĶŝūĶŞŧ ŢŧĽŧŘŗƥ űĽƢŧŠŎƢŧŌŪŹŴŎĶŚŭơŖ ĶŧŘŊƢŢļŴĿƢűĹŘŬŹŢļŖŬŢ-    

    ŌŘŦœŗŧĶŘ ŘŜŖĶŦŏőŮƢŢŬŹŎ űŐƩŎŊƢŎ ŀūŹļűŐƩŎĶŧŘŒƚĶŌŦĶŞťĹŜŧŖşŦŖœŦŎōƥŌŪŹŉŪ ŲŚťŖŪĹŜŧŖŘŦŏőũŉĿŢŏ 

       ŊơŢĶŦŎŲŚťĶŦŎ 

 &0' ŴŎĶŘťŏŜŎĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥŎŦĶŝūĶŞŧŊƢŢļŖŪĹŜŧŖŘŦŏőũŉĿŢŏŊơŢŊŎűŢļűœŬŹŢŌžŧŴŠƢļŧŎķŢļ  

  ŊŎűŢļ ŏŘŘŚŭőŚŢŗơŧļŖŪŐŘťşũŌōũőŚŲŚťŐŘťşũŌōũŕŧœ űŎŬŹŢļĽŧĶŵŖơşŧŖŧŘŋŴŠƢőŮƢŢŬŹŎŌžŧŲŌŎŵŉƢ 

   0,2,1 ĶŚŗŭŌōƥĶŧŘŐŘťűŖũŎőŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļŏŭĹĹŚŲŚťĹŜŧŖŘŦŏőũŉĿŢŏ 

 (1) ŐŘťűŖũŎĽŧĶĹŜŧŖĹŬŏŠŎƢŧŴŎőŚļŧŎŉŭŞŃŪŎũœŎōƥŢŗơŧļűŐƩŎķŦźŎŊŢŎŊŧŖŲőŎŌŪŹŜŧļŵŜƢ 

 &0' ŐŘťűŖũŎĽŧĶĶŧŘűŊŘŪŗŖųŐşűŊŢŘƥŠŘŬŢűŢĶşŧŘŎžŧűşŎŢŴŎŘŮŐŲŏŏ power point ŲŚťĶŧŘŎžŧűşŎŢ  

  űœŬŹŢŎžŧŵŐŲşŉļ-űşŎŢŴŎĶŧŘŐŘťĿŭŖŌŧļŜũĿŧĶŧŘ 

     2.5 ŌŦĶŞťŴŎĶŧŘŜũűĹŘŧťŠƥűĿũļŊŦŜűŚķ ĶŧŘşŬŹŢşŧŘ ŲŚťĶŧŘŴĿƢűŌĹųŎųŚŗŪşŧŘşŎűŌŝ 

    0,5.1 őŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťŴŎĶŧŘŜũűĹŘŧťŠƥűĿũļŊŦŜűŚķ ĶŧŘşŬŹŢşŧŘ ŲŚťĶŧŘŴĿƢűŌĹųŎųŚŗŪ

şŧŘşŎűŌŝ  

   (1) şŧŖŧŘŋĹŦŉĶŘŢļķƢŢŖŮŚŌŧļĹňũŊŝŧşŊŘƥŲŚťşŋũŊũűœŬŹŢŎžŧŖŧŴĿƢŴŎĶŧŘŝūĶŞŧĹƢŎĹŜƢŧŴŎŐŘťűŉŸŎŐƧłŠŧ   

     ŌŪŹşžŧĹŦłŲŚťŀŦŏŀƢŢŎ   

   (0)   şŧŖŧŘŋşŘŭŐŐƧłŠŧŲŚťűşŎŢŲŎťŲĶƢŵķŐƧłŠŧŴŎŉƢŧŎŊơŧļŷ  ųŉŗűĽŧťŚūĶŴŎşŧķŧŜũĿŧűľœŧť 
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   (3)   şŧŖŧŘŋşŬŹŢşŧŘŢŗơŧļŖŪŐŘťşũŌōũŕŧœŉƢŜŗűŌĹųŎųŚŗŪŌŪŹűŠŖŧťşŖĶŦŏĶŚŭơŖŏŭĹĹŚŊơŧļŷ ŴŎŜļŜũĿŧĶŧŘ   

     ŲŚťŜũĿŧĿŪœŌŦźļŴŎŘťŉŦŏĿŧŊũŲŚťŎŧŎŧĿŧŊũ  ųŉŗĶŧŘŎžŧűşŎŢŘŧŗļŧŎŌŦźļŴŎŘŮŐŲŏŏŌŪŹűŐƩŎŌŧļĶŧŘŲŚť   

    ŵŖơűŐƩŎŌŧļĶŧŘ  ŲŏŏŐŧĶűŐŚơŧ ŠŘŬŢőơŧŎşũŹļŊŪœũŖœƥŌŧļŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœ  ŘŜŖŌŦźļŉŭŞŃŪŎũœŎōƥŠŘŬŢ   

    ųĹŘļĶŧŘĹƢŎĹŜƢŧŜũĽŦŗŌŪŹşžŧĹŦł 

(4) şŧŖŧŘŋŴĿƢűŌĹųŎųŚŗŪşŧŘşŎűŌŝŴŎŘŮŐŲŏŏŊơŧļŷųŉŗűľœŧťŘťŏŏŉũĽũŌŦŚ ŵŉƢűŐƩŎŢŗơŧļŉŪ 

0,3,0 ĶŚŗŭŌōƥĶŧŘşŢŎŌŪŹŴĿƢŴŎĶŧŘœŦŇŎŧĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťŴŎĶŧŘŜũűĹŘŧťŠƥűĿũļŊŦŜűŚķ ĶŧŘşŬŹŢşŧŘ 

ŲŚťĶŧŘŴĿƢűŌĹųŎųŚŗŪşŧŘşŎűŌŝ 

&/' ŴŎĶŧŘşŦŖŖŎŧ ŎŦĶŝūĶŞŧĽťŵŉƢűŘŪŗŎŘŮƢŴŎĶŧŘŴĿƢşŧŘşŎűŌŝŲŚťűŌĹųŎųŚŗŪşŬŹŢşŧŘŊơŧļŷ ŴŎĶŧŘşŬŏĹƢŎ

ķƢŢŖŮŚļŧŎŜũĽŦŗ űœŬŹŢŴĿƢŐŘťĶŢŏĶŧŘœŮŉşŦŖŖŎŧŀūŹļŊƢŢļœŮŉűŐƩŎŕŧŞŧŢŦļĶřŞĽžŧŎŜŎ 1 ŕŧĹĶŧŘŝūĶŞŧ  

     ŲŚťŴŎĶŧŘűŊŘŪŗŖĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥ-ŲŚťķňťŌžŧŉŭŞŃŪŎũœŎōƥ  ŎŦĶŝūĶŞŧĽťŊƢŢļĹƢŎĹŜƢŧŠŧķƢŢŖŮŚ 

  űŢĶşŧŘŌŪŹűĶŪŹŗŜķƢŢļŊŚŢŉűŜŚŧ   ĽūļűŐƩŎĶŘťŏŜŎĶŧŘŌŪŹŎŦĶŝūĶŞŧŵŉƢœŦŇŎŧŌŦĶŞť ĶŧŘŴĿƢűŌĹųŎųŚŗŪ

  şŧŘşŎűŌŝŊơŧļŷŵŉƢŢŗơŧļűŠŖŧťşŖ 

 &0' ŴŎĶŧŘşŦŖŖŎŧ  ŵŉƢŖŪĶŧŘĽŦŉĶŧŘŏŘŘŗŧŗųŉŗŜũŌŗŧĶŘ-őŮƢűĿŪŹŗŜĿŧłŌŪŹŖŪŐŘťşŏĶŧŘňƥ ŴŎűŘŬŹŢļĶŧŘűŚŬŢĶŴĿƢ  

ŘŮŐŲŏŏķŢļĶŧŘŎžŧűşŎŢ  ŲŚťŴŠƢŎŦĶŝūĶŞŧŒƚĶŌŦĶŞťĶŧŘŎžŧűşŎŢ-şŬŹŢşŧŘŌŦźļŐŧĶűŐŚơŧűŐƩŎŕŧŞŧŢŦļĶřŞ 

ĶŧŘűķŪŗŎŘŧŗļŧŎ  œŘƢŢŖŒƚĶŜũōŪĶŧŘ  ŲŚťŘŮŐŲŏŏĶŧŘŎžŧűşŎŢ  ŲŚťĶžŧŠŎŉŴŠƢŖŪőŮƢŋŧŖŀūŹļŌžŧŴŠƢ

ŎŦĶŝūĶŞŧŵŉƢœŦŇŎŧŊŎűŢļűœŬŹŢĶŧŘŎžŧűşŎŢŌŪŹĶŘťĿŦŏ-ĿŦŉűĽŎ ŌžŧŴŠƢőŮƢŢŬŹŎŵŉƢűķƢŧŴĽ űŐƩŎĶŧŘœŦŇŎŌŧļŉƢŧŎ

ĶŧŘşŬŹŢşŧŘ 

 (3) ŴŎĶŘťŏŜŎĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥ űœŬŹŢŌŪŹĽťŎžŧķƢŢŖŮŚŵŐŐŘťŖŜŚőŚŵŉƢ ŎŦĶŝūĶŞŧĽťŵŉƢŒƚĶŒŎŌŦĶŞťŜũōŪĶŧŘ

  ŜũűĹŘŧťŠƥűĿũļŊŦŜűŚķŢŗơŧļŖŧĶŖŧŗ     űœŬŹŢŉŮŌŦźļĹŜŧŖŋŮĶŊƢŢļŲŚťĶŧŘŲŐŘĹơŧŊơŧļķŢļķƢŢŖŮŚ       ŘŜŖŋūļ 

     ĹŜŧŖşŦŖœŦŎōƥŊơŧļŷŴŎŘŮŐşŖĶŧŘŌŧļĹňũŊŝŧşŊŘƥŌŦźļŢŗơŧļļơŧŗŲŚťŀŦŏŀƢŢŎ 

     0,3,1 ĶŚŗŭŌōƥĶŧŘŐŘťűŖũŎőŚĶŧŘűŘŪŗŎŘŮƢŉƢŧŎŌŦĶŞťŴŎĶŧŘŜũűĹŘŧťŠƥűĿũļŊŦŜűŚķ ĶŧŘşŬŹŢşŧŘ ŲŚťĶŧŘŴĿƢ

űŌĹųŎųŚŗŪşŧŘşŎűŌŝ  

 (1) ŐŘťűŖũŎųŉŗĹňŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏĶŘťŏŜŎŜũĿŧşŦŖŖŎŧ űĿơŎ ŐŘťűŖũŎĽŧĶűŌĹŎũĹĶŧŘŎžŧűşŎŢ  

  ķƢŢŖŮŚ-űŎŬźŢŠŧŌŪŹŎžŧűşŎŢ ĶŧŘűŚŬŢĶŴĿƢűĹŘŬŹŢļŖŬŢŌŧļűŌĹųŎųŚŗŪşŧŘşŎűŌŝ ŠŘŬŢĹňũŊŝŧşŊŘƥŲŚť 

  şŋũŊũ  ŌŪŹűĶŪŹŗŜķƢŢļ 

   &0' ŐŘťűŖũŎĽŧĶĹŜŧŖşŧŖŧŘŋŴŎĶŧŘŢōũŏŧŗŲŚťŢŕũŐŘŧŗ ĶŧŘŊŢŏŐƧłŠŧŢŗơŧļŖŪűŠŊŭŖŪőŚ ŲŚťŖŪĶŧŘ

  ŢƢŧļŢũļŋūļŌŪŹŖŧŵŉƢŢŗơŧļŋŮĶŊƢŢļ 

    &1' ŐŘťűŖũŎųŉŗĹňťĶŘŘŖĶŧŘşŢŏŉŭŞŃŪŎũœŎōƥ ĽŧĶőŚļŧŎŜũĽŦŗľŏŦŏşŖŏŮŘňƥ ĶŧŘŎžŧűşŎŢŲŚťŊŢŏ 

  ŐƧłŠŧ 
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3. ŲőŎŌŪŹŲşŉļĶŧŘĶŘťĽŧŗĹŜŧŖŘŦŏőũŉĿŢŏŖŧŊŘŅŧŎőŚĶŧŘűŘŪŗŎŘŮƢşŮơĶŘťŏŜŎŜũĿŧ &Curriculum mapping)   
 

ĶŘťŏŜŎŜũĿŧ ĹŭňōŘŘŖ ĽŘũŗōŘŘŖ 
 

ĹŜŧŖŘŮƢ 
 

 
ŌŦĶŞťŌŧļŐƧłłŧ 

 

 
ŌŦĶŞť

ĹŜŧŖşŦŖœŦŎōƥ 
ŘťŠŜơŧļŏŭĹĹŚ
ŲŚť 

ĹŜŧŖŘŦŏőũŉĿŢŏ 

ŌŦĶŞťĶŧŘŜũűĹŘŧťŠƥ
űĿũļŊŦŜűŚķ ĶŧŘ
şŬŹŢşŧŘ ŲŚťĶŧŘŴĿƢ
űŌĹųŎųŚŗŪ
şŧŘşŎűŌŝ 

1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 3.1 3.2 3.3 4.1 4.2 4.3 5.1 5.2 5.3 
0/.67/ şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ / 

&Ph.D.Seminar in Materials Science 1' 
 Ą Ą Ą   Ą  Ą Ą  Ą Ą    Ą 

0/.670 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 0 
(Ph.D.Seminar in Materials Science 2) 

 Ą Ą Ą   Ą  Ą Ą  Ą Ą    Ą 

0/.671 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 1 
(Ph.D.Seminar in Materials Science 3' 

 Ą Ą Ą   Ą  Ą Ą  Ą Ą    Ą 

210898 
 

ŉŭŞŃŪŎũœŎōƥ 

(Doctoral Thesis) 

Ą Ą Ą Ą Ą Ą Ą Ą Ą Ą Ą Ą Ą Ą Ą Ą Ą 

 

¶ ĹŜŧŖŘŦŏőũŉĿŢŏŠŚŦĶ    ƺ ĹŜŧŖŘŦŏőũŉĿŢŏŘŢļ
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őŚĶŧŘűŘŪŗŎŘŮƢŴŎŊŧŘŧļŖŪĹŜŧŖŠŖŧŗŉŦļŎŪź   

ŉƢŧŎĹŭňōŘŘŖ ĽŘũŗōŘŘŖ 

    /,/ ŊŘťŠŎŦĶŴŎĹŭňĹơŧűŘŬŹŢļĹŭňōŘŘŖ ĽŘũŗōŘŘŖ ŖŪŜũŎŦŗ ĹŜŧŖŘŦŏőũŉĿŢŏ ĹŜŧŖűşŪŗşŚť ĹŜŧŖŀŬŹŢşŦŊŗƥşŭĽŘũŊ  

ŖŪĽŘŘŗŧŏŘŘňŌŧļŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœ  

 /,0 şŧŖŧŘŋĽŦŉĶŧŘŐƧłŠŧŌŧļĹŭňōŘŘŖ ĽŘũŗōŘŘŖŌŪŹŀŦŏŀƢŢŎűĿũļŜũĿŧĶŧŘ ŠŘŬŢŜũĿŧĿŪœ ųŉŗŴĿƢŉŭŚŗœũŎũĽŢŗơŧļ

őŮƢŘŮƢŉƢŜŗĹŜŧŖŗŭŊũōŘŘŖ ŠŚŦĶŅŧŎ ŊŧŖŠŚŦĶĶŧŘŌŪŹŖŪűŠŊŭőŚ ŲŚťĹơŧŎũŗŖŢŦŎŉŪļŧŖ ŲşŉļŢŢĶŠŘŬŢşŬŹŢşŧŘķƢŢşŘŭŐķŢļ

ŐƧłŠŧųŉŗĹžŧŎūļŋūļĹŜŧŖŘŮƢşūĶķŢļőŮƢŢŬŹŎŌŪŹĽťŵŉƢŘŦŏőŚĶŘťŌŏ 

 /,1 şŧŖŧŘŋŘũűŘũŹŖĿŪźŴŠƢűŠŸŎķƢŢŏĶœŘơŢļķŢļĽŘŘŗŧŏŘŘňŌŪŹŴĿƢŢŗŮơŴŎŐƧĽĽŭŏŦŎűœŬŹŢŌŏŌŜŎŲŚťŲĶƢŵķ    şŎŦŏşŎŭŎ

ŢŗơŧļĽŘũļĽŦļŴŠƢőŮƢŢŬŹŎŴĿƢŉŭŚŗœũŎũĽŌŧļŉƢŧŎĹŭňōŘŘŖ ĽŘũŗōŘŘŖŴŎĶŧŘĽŦŉĶŧŘĶŦŏĹŜŧŖķŦŉŲŗƢļŲŚťŐƧłŠŧŌŪŹŖŪőŚ 

ĶŘťŌŏŊơŢŊŎűŢļŲŚťőŮƢŢŬŹŎ 

 /,2 ŲşŉļŢŢĶŀūŹļŕŧŜťőŮƢŎžŧ ŲŚťőŮƢŊŧŖŴŎĶŧŘşơļűşŘũŖŴŠƢŖŪĶŧŘŐŘťœřŊũŐńũŏŦŊũŊŧŖŠŚŦĶĹŭňōŘŘŖ ĽŘũŗōŘŘŖ

ŴŎşŕŧœŲŜŉŚƢŢŖķŢļĶŧŘŌžŧļŧŎ ŲŚťŴŎĿŭŖĿŎ 

ŉƢŧŎĹŜŧŖŘŮƢ 

   0,/ ŖŪĹŜŧŖűķƢŧŴĽŢŗơŧļŋơŢļŲŌƢŲŚťŚūĶŀūźļŴŎŢļĹƥĹŜŧŖŘŮƢŌŪŹűŐƩŎŲĶơŎŴŎşŧķŧŜũĿŧĶŧŘŠŘŬŢŜũĿŧĿŪœ ŘŜŖŌŦźļķƢŢŖŮŚ

űľœŧŌŧļŌřŞŃŪ  ŠŚŦĶĶŧŘŲŚťŲŎŜĹũŉŌŪŹűŐƩŎŘŧĶŅŧŎ 

    0,0 şŧŖŧŘŋœŦŇŎŧŎŜŦŊĶŘŘŖ    ŠŘŬŢşŘƢŧļŢļĹƥĹŜŧŖŘŮƢŴŠŖơųŉŗĶŧŘŏŮŘňŧĶŧŘĹŜŧŖŘŮƢŌŪŹŝūĶŞŧĶŦŏĹŜŧŖŘŮƢŴŎ

ŝŧşŊŘƥŢŬŹŎŷŌŪŹűĶŪŹŗŜķƢŢļ 

    0,3 ŘŮƢűŌĹŎũĹĶŧŘŜũĽŦŗŲŚťĶŧŘœŦŇŎŧķƢŢşŘŭŐ   ŀūŹļűŐƩŎŌŪŹŗŢŖŘŦŏŴŎşŧķŧŜũĿŧŵŉƢŢŗơŧļĿŧłľŚŧŉ  ŖŪĹŜŧŖ

űķƢŧŴĽŢŗơŧļŚūĶŀūźļŲŚťĶŜƢŧļķŜŧļűĶŪŹŗŜĶŦŏŲŎŜŐńũŏŦŊũŌŪŹűŐŚŪŹŗŎŲŐŚļŴŎŜũĿŧĿŪœŌŦźļŴŎŘťŉŦŏĿŧŊũŲŚťŎŧŎŧĿŧŊũ   

   0,2 ŖŪĹŜŧŖŘŮƢŌŪŹűŐƩŎŐƧĽĽŭŏŦŎŴŎşŧķŧŜũĿŧ    ŖŪĶŧŘŊũŉŊŧŖĹŜŧŖĶƢŧŜŠŎƢŧŌŧļŜũĿŧĶŧŘ      ŌŦźļŴŎŘťŉŦŏĿŧŊũŲŚť

ŎŧŎŧĿŧŊũŌŪŹűŐƩŎŐŘťűŉŸŎŐƧłŠŧşžŧĹŦł  ŌŪŹŢŧĽŖŪőŚĶŘťŌŏŊơŢŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœ 

ŉƢŧŎŌŦĶŞťŌŧļŐƧłłŧ 

    1,/ şŧŖŧŘŋĹũŉŢŗơŧļŖŪŜũĽŧŘňłŧň ŲŚťŢŗơŧļűŐƩŎŘťŏŏŴŎĶŧŘĹƢŎŠŧķƢŢűŌŸĽĽŘũļŴŠŖơŷ  ųŉŗŴĿƢĹŜŧŖűķƢŧŴĽ

ŢŦŎŋơŢļŲŌƢŴŎŌřŞŃŪ  ŲŚťűŌĹŎũĹĶŧŘŲşŜļŠŧĹŜŧŖŘŮƢŴŎĶŧŘŜũűĹŘŧťŠƥŐŘťűŉŸŎŲŚťŐƧłŠŧşžŧĹŦłŵŉƢŢŗơŧļşŘƢŧļşŘŘĹƥ 

 1,0 şŧŖŧŘŋşŬŏĹƢŎķƢŢŖŮŚ  ŎžŧŖŧŜũűĹŘŧťŠƥŲŚťşŦļűĹŘŧťŠƥ űœŬŹŢœŦŇŎŧŲŎŜŌŧļŲĶƢŵķŐƧłŠŧŉƢŜŗŜũōŪĶŧŘŴŠŖơŷ 

ŠŘŬŢŊŢŏşŎŢļŐŘťűŉŸŎŐƧłŠŧŵŉƢŢŗơŧļşŘƢŧļşŘŘĹƥ 

     1,1 şŧŖŧŘŋşŦļűĹŘŧťŠƥőŚļŧŎŜũĽŦŗ ŲŚťŌřŞŃŪűœŬŹŢŜŧļŲőŎŲŚťŉžŧűŎũŎųĹŘļĶŧŘŜũĽŦŗŴŠŖơŌŪŹşŘƢŧļşŘŘĹƥ ųŉŗ

ŏŮŘňŧĶŧŘŲŎŜĹũŉŊơŧļŷ ŌŦźļĽŧĶŕŧŗŴŎŲŚťŕŧŗŎŢĶşŧķŧŜũĿŧŌŪŹŝūĶŞŧŴŎķŦźŎşŮļ  ųŉŗŴĿƢĹŜŧŖŘŮƢŌŦźļŕŧĹŌřŞŃŪŲŚť

ŕŧĹŐńũŏŦŊũ ŊŚŢŉŋūļĶŧŘŴĿƢűŌĹŎũĹĶŧŘŜũĽŦŗ ŲŚťŴŠƢķƢŢşŘŭŐŌŪŹşŖŏŮŘňƥŀūŹļķŗŧŗŢļĹƥĹŜŧŖŘŮƢŴŠŖơ ŠŘŬŢŐŘŦŏŐŘŭļ

ŲŎŜŌŧļŐńũŏŦŊũŴŎŜũĿŧĿŪœŌŪŹŖŪŢŗŮơűŉũŖŵŉƢŢŗơŧļŖŪŎŦŗşžŧĹŦł 

ŉƢŧŎŌŦĶŞťĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļŏŭĹĹŚŲŚťĹŜŧŖŘŦŏőũŉĿŢŏ 

   2,/  ŖŪŖŎŭŞŗşŦŖœŦŎōƥŌŪŹŉŪ şŧŖŧŘŋşŬŹŢşŧŘĶŦŏĶŚŭơŖŏŭĹĹŚŠŚŧĶŠŚŧŗŌŦźļŉƢŧŎűĿŬźŢĿŧŊũŲŚťŜŦŇŎōŘŘŖ 

    2,0 şŧŖŧŘŋŜŧļŲőŎŜũűĹŘŧťŠƥŲŚťŲĶƢŐƧłŠŧŌŪŹŀŦŏŀƢŢŎşŮļŖŧĶŉƢŜŗŊŎűŢļ ŴĿƢĹŜŧŖŘŮƢŴŎŝŧşŊŘƥŖŧĿŪźŎžŧşŦļĹŖ

ŴŎŐŘťűŉŸŎŌŪŹűŠŖŧťşŖ  ŘŜŖŌŦźļŜŧļŲőŎŴŎĶŧŘŐŘŦŏŐŘŭļŊŎűŢļŲŚťŢļĹƥĶŘŵŉƢŢŗơŧļŖŪŐŘťşũŌōũŕŧœ 

    2,1 şŘƢŧļŐńũşŦŖœŦŎōƥŴŎĶũĽĶŘŘŖĶŚŭơŖŢŗơŧļşŘƢŧļşŘŘĹƥ ŲŚťŲşŉļŢŢĶŋūļĹŜŧŖųŉŉűŉơŎŴŎĶŧŘűŐƩŎőŮƢŎžŧ

ŴŎŌŧļŜũĿŧĶŧŘŠŘŬŢŜũĿŧĿŪœ ŲŚťşŦļĹŖŌŪŹŀŦŏŀƢŢŎ 
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ŉƢŧŎŌŦĶŞťĶŧŘŜũűĹŘŧťŠƥűĿũļŊŦŜűŚķ ĶŧŘşŬŹŢşŧŘŲŚťĶŧŘŴĿƢűŌĹųŎųŚŗŪşŧŘşŎűŌŝ 

   3,/ şŧŖŧŘŋĹŦŉĶŘŢļķƢŢŖŮŚŌŧļĹňũŊŝŧşŊŘƥŲŚťşŋũŊũűœŬŹŢŎžŧŖŧŴĿƢŴŎĶŧŘŝūĶŞŧĹƢŎĹŜƢŧŴŎŐŘťűŉŸŎŐƧłŠŧ 

ŌŪŹşžŧĹŦłŲŚťŀŦŏŀƢŢŎ   

   3,0 şŧŖŧŘŋşŘŭŐŐƧłŠŧŲŚťűşŎŢŲŎťŲĶƢŵķŐƧłŠŧŴŎŉƢŧŎŊơŧļŷ  ųŉŗűĽŧťŚūĶŴŎşŧķŧŜũĿŧűľœŧť 

   3,3 şŧŖŧŘŋşŬŹŢşŧŘŢŗơŧļŖŪŐŘťşũŌōũŕŧœŉƢŜŗűŌĹųŎųŚŗŪŌŪŹűŠŖŧťşŖĶŦŏĶŚŭơŖŏŭĹĹŚŊơŧļŷ ŴŎŜļŜũĿŧĶŧŘŲŚť

ŜũĿŧĿŪœŌŦźļŴŎŘťŉŦŏĿŧŊũŲŚťŎŧŎŧĿŧŊũ  ųŉŗĶŧŘŎžŧűşŎŢŘŧŗļŧŎŌŦźļŴŎŘŮŐŲŏŏŌŪŹűŐƩŎŌŧļĶŧŘŲŚťŵŖơűŐƩŎŌŧļĶŧŘ  

ŲŏŏŐŧĶűŐŚơŧ ŠŘŬŢőơŧŎşũŹļŊŪœũŖœƥŌŧļŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœ  ŘŜŖŌŦźļŉŭŞŃŪŎũœŎōƥŠŘŬŢųĹŘļĶŧŘĹƢŎĹŜƢŧŜũĽŦŗŌŪŹşžŧĹŦł 

 5.4 şŧŖŧŘŋŴĿƢűŌĹųŎųŚŗŪşŧŘşŎűŌŝŴŎŘŮŐŲŏŏŊơŧļŷ ųŉŗűľœŧťŘťŏŏŉũĽũŌŦŚ ŵŉƢűŐƩŎŢŗơŧļŉŪ 
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ŠŖŜŉŌŪŹ 5  ŠŚŦĶűĶňņƥŴŎĶŧŘŐŘťűŖũŎőŚŎŦĶŝūĶŞŧ 

 

1. ĶŃŘťűŏŪŗŏŠŘŬŢŠŚŦĶűĶňņƥ ŴŎĶŧŘŴŠƢŘťŉŦŏĹťŲŎŎ  

 ŴĿƢŘťŏŏŢŦĶŞŘŚžŧŉŦŏķŦźŎŲŚťĹơŧŚžŧŉŦŏķŦźŎŴŎĶŧŘŜŦŉŲŚťŐŘťűŖũŎőŚĶŧŘŝūĶŞŧŴŎŲŊơŚťĶŘťŏŜŎŜũĿŧ ųŉŗŲŏơļ

ĶŧŘĶžŧŠŎŉŢŦĶŞŘŚžŧŉŦŏķŦźŎűŐƩŎ 1 ĶŚŭơŖ  ĹŬŢ ŢŦĶŞŘŚžŧŉŦŏķŦźŎŌŪŹŖŪĹơŧŚžŧŉŦŏķŦźŎ  ŢŦĶŞŘőŚĶŧŘŝūĶŞŧŌŪŹŵŖơŖŪĹơŧŚžŧŉŦŏķŦźŎ  

ŲŚťŢŦĶŞŘşŋŧŎťĶŧŘŝūĶŞŧŌŪŹŵŖơŖŪĶŧŘŐŘťűŖũŎőŚŠŘŬŢŗŦļŵŖơŖŪĶŧŘŐŘťűŖũŎőŚ  

  (1) ŢŦĶŞŘŚžŧŉŦŏķŦźŎŌŪŹŖŪĹơŧŚžŧŉŦŏķŦźŎ ŴŠƢĶžŧŠŎŉ  ŉŦļŎŪź 

   ŢŦĶŞŘŚžŧŉŦŏķŦźŎ           ĹŜŧŖŠŖŧŗ   ĹơŧŚžŧŉŦŏķŦźŎ 

    A ŉŪűŗŪŹŗŖ         (excellent)  4.00 

    B+ ŉŪŖŧĶ (very good)  3.50 

    B ŉŪ (good)  1,.. 

    C+ ŉŪœŢŴĿƢ (fairly good)  2.50 

    C œŢŴĿƢ (fair)  2.00 

  D+ ŢơŢŎ (poor)  1.50 

    D ŢơŢŎŖŧĶ (very poor)  1.00 

    F ŊĶ (failed)  0.00 

 (2) ŢŦĶŞŘőŚĶŧŘŝūĶŞŧŌŪŹŵŖơŖŪĹơŧŚžŧŉŦŏķŦźŎ  ŴŠƢĶžŧŠŎŉ  ŉŦļŎŪź 

  ŢŦĶŞŘŚžŧŉŦŏķŦźŎ           ĹŜŧŖŠŖŧŗ 

   S űŐƩŎŌŪŹœŢŴĽ  (satisfactory) 

   W ŋŢŎĶŘťŏŜŎŜũĿŧ (withdrawn) 

 (3) ŢŦĶŞŘşŋŧŎťĶŧŘŝūĶŞŧŌŪŹŵŖơŖŪĶŧŘŐŘťűŖũŎőŚŠŘŬŢŗŦļŵŖơŖŪĶŧŘŐŘťűŖũŎőŚ  ŴŠƢĶžŧŠŎŉ ŉŦļŎŪź 

  ŢŦĶŞŘŚžŧŉŦŏķŦźŎ  ĹŜŧŖŠŖŧŗ 

  I ĶŧŘŜŦŉőŚŗŦļŵŖơşŖŏŮŘňƥ (incomplete) 

  P ĶŧŘűŘŪŗŎĶŧŘşŢŎŗŦļŵŖơşũźŎşŭŉ (in progress) 

  U ŵŖơűŐƩŎŌŪŹœŢŴĽ (unsatisfactory) 

  V űķƢŧŘơŜŖŝūĶŞŧ (visiting) 

  T ŐŘũłłŧŎũœŎōƥŗŦļŢŗŮơŴŎŘťŠŜơŧļŉžŧűŎũŎĶŧŘ (thesis in progress) 

 
ĶŘťŏŜŎŜũĿŧŌŪŹĶžŧŠŎŉŴŠƢŜŦŉŲŚťŐŘťűŖũŎőŚŉƢŜŗŢŦĶŞŘŚžŧŉŦŏķŦźŎ S ŠŘŬŢ U ŵŉƢŲĶơ ĶŘťŏŜŎŜũĿŧ ŉŦļŊơŢŵŐŎŪź    

 1. Ŝ,Ŝŝ, 67/  &0/.67/'   şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ / (Ph.D.Seminar in Materials Science 1) 

 2. Ŝ,Ŝŝ, 670  &0/.670'  şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 0 (Ph.D.Seminar in Materials Science 2) 

 3.  Ŝ,Ŝŝ, 671 &0/.671' şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 1 (Ph.D.Seminar in Materials Science 3) 

 4.  Ŝ,Ŝŝ, 676 &210676' ŉŭŞŃŪŎũœŎōƥ (Doctoral Thesis)     
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2. ĶŘťŏŜŎĶŧŘŌŜŎşŢŏŖŧŊŘŅŧŎőŚşŦŖřŌōũŽķŢļŎŦĶŝūĶŞŧ  

 0,/ ĶŧŘŌŜŎşŢŏŖŧŊŘŅŧŎőŚĶŧŘűŘŪŗŎŘŮƢķňťŎŦĶŝūĶŞŧŗŦļŵŖơşžŧűŘŸĽĶŧŘŝūĶŞŧ 

              X ĶŧŘŌŜŎşŢŏŴŎŘťŉŦŏĶŘťŏŜŎŜũĿŧ 

       1. ŖŪĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŏŦňņũŊŝūĶŞŧŐŘťĽžŧşŧķŧŜũĿŧŊũŉŊŧŖĶŧŘĽŦŉĶŧŘűŘŪŗŎ       

            ĶŧŘşŢŎ ŴŠƢűŐƩŎŵŐŊŧŖűŎŬźŢŠŧŲŚťŜũōŪĶŧŘ ŌŪŹĶžŧŠŎŉŵŜƢŴŎŘŧŗŚťűŢŪŗŉķŢļĶŘťŏŜŎŜũĿŧ 

  0, ŖŪĶŧŘŐŘťűŖũŎķƢŢşŢŏ ųŉŗĹňťĶŘŘŖĶŧŘŐŘťűŖũŎķƢŢşŢŏ 

       1,  ŖŪĶŧŘŐŘťűŖũŎĶŧŘŴŠƢĹťŲŎŎ/ŚžŧŉŦŏķŦźŎ ųŉŗĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŤ ŠŘŬŢ     

          ĶŘŘŖĶŧŘŐŘťĽžŧŕŧĹŜũĿŧ ŲŚťĶŘŘŖĶŧŘŏŘũŠŧŘŐŘťĽžŧĹňť 

  4.  ŖŪĶŧŘŐŘťűŖũŎĶŧŘűŘŪŗŎĶŧŘşŢŎŴŎŘťŉŦŏŘŧŗŜũĿŧųŉŗŎŦĶŝūĶŞŧ 

             X ĶŧŘŌŜŎşŢŏŴŎŘťŉŦŏŠŚŦĶşŮŊŘ 

     1. ŖŪĶŧŘŊũŉŊŧŖşŦŖřŌōũőŚĶŧŘűŘŪŗŎķŢļŎŦĶŝūĶŞŧŴŎŠŚŦĶşŮŊŘŜơŧűŐƩŎŵŐŊŧŖŲőŎĶŧŘŝūĶŞŧ     

            ŲŚťşžŧűŘŸĽĶŧŘŝūĶŞŧŕŧŗŴŎűŜŚŧķŢļŠŚŦĶşŮŊŘ 

                0,  ŖŪĶŧŘşŢŏŋŧŖĹŜŧŖĹũŉűŠŸŎĽŧĶŎŦĶŝūĶŞŧ ŲŚťŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧķŢļŎŦĶŝūĶŞŧ űœŬŹŢűŐƩŎ     

               ķƢŢŖŮŚŐŘťĶŢŏĶŧŘœŦŇŎŧŠŚŦĶşŮŊŘ 

      0,0 ĶŧŘŌŜŎşŢŏŖŧŊŘŅŧŎőŚĶŧŘűŘŪŗŎŘŮƢŠŚŦļĽŧĶŎŦĶŝūĶŞŧşžŧűŘŸĽĶŧŘŝūĶŞŧ 

 X ŖŪĶŧŘşžŧŘŜĽĶŧŘŵŉƢļŧŎŌžŧŲŚťĶŧŘŌžŧļŧŎŊŘļşŧķŧ ŴŎşŋŧŎŐŘťĶŢŏĶŧŘŠŘŬŢşŋŧŏŦŎ- 

           ŢļĹƥĶŘŌŪŹűŐƩŎŌŪŹŗŢŖŘŦŏŌŦźļŴŎŲŚťŊơŧļŐŘťűŌŝ 

                 X ŖŪĶŧŘŐŘťűŖũŎŠŚŦĶşŮŊŘŌŭĶŷ 3 Őƙ ųŉŗőŮƢŌŘļĹŭňŜŭŇũ őŮƢşŢŎ ŏŦňņũŊ őŮƢŴĿƢŏŦňņũŊ ŲŚť 

                      ĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘ 

                X ŖŪĶŧŘŐŘťűŖũŎŏŦňņũŊųŉŗőŮƢŴĿƢŏŦňņũŊ 

3. űĶňņƥĶŧŘşžŧűŘŸĽĶŧŘŝūĶŞŧŊŧŖŠŚŦĶşŮŊŘ  

      űŐƩŎŵŐŊŧŖķƢŢŏŦļĹŦŏŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ ŜơŧŉƢŜŗĶŧŘŝūĶŞŧŘťŉŦŏŏŦňņũŊŝūĶŞŧ œ,ŝ,0337 

    ŠŚŦĶşŮŊŘ Ųŏŏ /.1 

 /,   şŢŏőơŧŎĶŧŘşŢŏŜŦŉĹŭňşŖŏŦŊũ (Qualifying Examination) 

 0,  şŢŏőơŧŎŕŧŞŧŊơŧļŐŘťűŌŝŊŧŖűļŬŹŢŎŵķķŢļŏŦňņũŊŜũŌŗŧŚŦŗ 

 3.  ŐńũŏŦŊũĹŘŏŊŧŖűļŬŹŢŎŵķķŢļşŧķŧŜũĿŧ 

      4.  şŢŏőơŧŎĶŧŘşŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ (Comprehensive Examination) 

 3,  şŢŏőơŧŎĶŧŘşŢŏŐŘťűŖũŎőŚŉŭŞŃŪŎũœŎōƥŲŚťűŐƘŉųŢĶŧşŴŠƢőŮƢşŎŴĽűķƢŧŘơŜŖŔƧļĶŧŘŎžŧűşŎŢőŚĶŧŘŌžŧ 

     ŉŭŞŃŪŎũœŎōƥ ŲŚť/ŠŘŬŢ ŀŦĶŋŧŖ ŵŉƢ 

      6.  őŚļŧŎŉŭŞŃŪŎũœŎōƥ   

 Ųŏŏ /,/  
       /, őŚļŧŎŉŭŞŃŪŎũœŎōƥ ŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŉŭŞŃŪŎũœŎōƥ ŊƢŢļŵŉƢŘŦŏĶŧŘŊŪœũŖœƥ ŠŘŬŢŢŗơŧļŎƢŢŗŵŉƢ   

      ŉžŧűŎũŎĶŧŘŴŠƢőŚļŧŎŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŵŉƢŘŦŏĶŧŘŊŢŏŘŦŏŴŠƢŊŪœũŖœƥŴŎŜŧŘşŧŘŌŧļŜũĿŧĶŧŘ   

     ŘťŉŦŏŎŧŎŧĿŧŊũŌŪŹŖŪĶŧŘŊŘŜĽşŢŏ ųŉŗĶŘŘŖĶŧŘŕŧŗŎŢĶŖŧŘơŜŖĶŚŦŹŎĶŘŢļ &peer review) Ţŗơŧļ 

            ŖŪĹŭňŕŧœűŐƩŎŌŪŹŗŢŖŘŦŏŴŎŜļĶŧŘŜũĿŧĶŧŘ ŌŪŹŖŪ impact factor ŀūŹļŜŧŘşŧŘŌŧļŜũĿŧĶŧŘŉŦļĶŚơŧŜ 

       ŊƢŢļŢŗŮơŴŎŅŧŎķƢŢŖŮŚ ISI, Scopus,IEEE,PubMed ŠŘŬŢ Web of Science ĽžŧŎŜŎŢŗơŧļŎƢŢŗ 2 űŘŬŹŢļ 
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       ųŉŗŖŪĿŬŹŢķŢļŎŦĶŝūĶŞŧűŐƩŎĿŬŹŢŲŘĶ  ųŉŗ 1 űŘŬŹŢļŊƢŢļŢŗŮơŴŎŜŧŘşŧŘŌŪŹŋŮĶĽŦŉŢŦŎŉŦŏŴŠƢŢŗŮơŴŎ Quartile     

      Score 1-0 ķŢļŜŧŘşŧŘŴŎşŧķŧŌŪŹŌžŧĶŧŘŜũĽŦŗ  

    0, ŎŦĶŝūĶŞŧŊƢŢļűşŎŢőŚļŧŎŌŪŹűĶŪŹŗŜķƢŢļĶŦŏŉŭŞŃŪŎũœŎōƥŲŏŏŐŧĶűŐŚơŧŉƢŜŗŕŧŞŧŢŦļĶřŞ ŴŎŌŪŹŐŘťĿŭŖ    

          ŜũĿŧĶŧŘŘťŉŦŏŎŧŎŧĿŧŊũŢŗơŧļŎƢŢŗ 1 űŘŬŹŢļ ųŉŗŖŪŠŚŦĶŅŧŎĶŧŘŎžŧűşŎŢőŚļŧŎŢŗơŧļĿŦŉűĽŎ ŢŧŌũ ŖŪşŬŹŢ    

       ŏŦŎŌūĶŠŚŦĶŅŧŎ ŵŉƢŲĶơ ŜũŉũŌŦŝŎƥ ŠŘŬŢŖŪŏŭĹĹŚŢƢŧļŢũļŌŪŹŎơŧűĿŬŹŢŋŬŢŌŪŹĿơŜŗŗŬŎŗŦŎĶŧŘŌžŧĶũĽĶŘŘŖŉŦļĶŚơŧŜ  

7.  űŐƩŎőŮƢŖŪĹŭňşŖŏŦŊũĹŘŏŋƢŜŎŊŧŖķƢŢŏŦļĹŦŏŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ ŜơŧŉƢŜŗĶŧŘœũĽŧŘňŧűĶŪŗŘŊũŲŚťŝŦĶŉũŽķŢļ    

           ŎŦĶŝūĶŞŧŌŪŹĽťŵŉƢŘŦŏĶŧŘűşŎŢŴŠƢŵŉƢŘŦŏŐŘũłłŧ ŐŘťĶŧŝŎŪŗŏŦŊŘŏŦňņũŊ ŐŘťĶŧŝŎŪŗŏŦŊŘŏŦňņũŊĿŦźŎşŮļ      

           ŢŎŭŐŘũłłŧ ŠŘŬŢŐŘťĶŧŝŎŪŗŏŦŊŘķŢļŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ œ,ŝ,033.  
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ŠŖŜŉŌŪŹ 6  ĶŧŘœŦŇŎŧĹňŧĽŧŘŗƥ 

1. ĶŧŘűŊŘŪŗŖĶŧŘşžŧŠŘŦŏŢŧĽŧŘŗƥŴŠŖơ  

(1) ŖŪĶŧŘŐŅŖŎũűŌŝŲŎťŲŎŜĶŧŘűŐƩŎĹŘŮŲĶơŢŧĽŧŘŗƥŴŠŖơ ŴŠƢŖŪĹŜŧŖŘŮƢŲŚťűķƢŧŴĽŎųŗŏŧŗķŢļşŋŧŏŦŎ Ĺňť

ŊŚŢŉĽŎŴŎŠŚŦĶşŮŊŘŌŪŹşŢŎ 

(2) şơļűşŘũŖŢŧĽŧŘŗƥŴŠƢŖŪĶŧŘűœũŹŖœŮŎĹŜŧŖŘŮƢ şŘƢŧļűşŘũŖŐŘťşŏĶŧŘňƥűœŬŹŢşơļűşŘũŖĶŧŘşŢŎŲŚťĶŧŘŜũĽŦŗŢŗơŧļ

ŊơŢűŎŬŹŢļ ĶŧŘşŎŦŏşŎŭŎŉƢŧŎĶŧŘŝūĶŞŧŊơŢ ŒƚĶŢŏŘŖ ŉŮļŧŎŌŧļŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœŴŎŢļĹƥĶŘŊơŧļŷ ĶŧŘ

ŐŘťĿŭŖŌŧļŜũĿŧĶŧŘŌŦźļŴŎŐŘťűŌŝŲŚť-ŠŘŬŢŊơŧļŐŘťűŌŝ ŠŘŬŢĶŧŘŚŧűœŬŹŢűœũŹŖœŮŎŐŘťşŏĶŧŘňƥ 

2. ĶŧŘœŦŇŎŧĹŜŧŖŘŮƢŲŚťŌŦĶŞťŴŠƢŲĶơĹňŧĽŧŘŗƥ  

    2.1 ĶŧŘœŦŇŎŧŌŦĶŞťĶŧŘĽŦŉĶŧŘűŘŪŗŎĶŧŘşŢŎ ĶŧŘŜŦŉŲŚťĶŧŘŐŘťűŖũŎőŚ  

(1) şơļűşŘũŖŢŧĽŧŘŗƥŴŠƢŖŪĶŧŘűœũŹŖœŮŎĹŜŧŖŘŮƢ şŘƢŧļűşŘũŖŐŘťşŏĶŧŘňƥűœŬŹŢşơļűşŘũŖĶŧŘşŢŎŲŚťĶŧŘŜũĽŦŗ

ŢŗơŧļŊơŢűŎŬŹŢļ ĶŧŘşŎŦŏşŎŭŎŉƢŧŎĶŧŘŝūĶŞŧŊơŢ ŒƚĶŢŏŘŖ ŉŮļŧŎŌŧļŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœŴŎŢļĹƥĶŘ 

Ŋơŧļŷ ĶŧŘŐŘťĿŭŖŌŧļŜũĿŧĶŧŘŌŦźļŴŎŐŘťűŌŝŲŚť-ŠŘŬŢŊơŧļŐŘťűŌŝ ŠŘŬŢĶŧŘŚŧűœŬŹŢűœũŹŖœŮŎ

ŐŘťşŏĶŧŘňƥ 

(2) ĶŧŘűœũŹŖœŮŎŌŦĶŞťĶŧŘĽŦŉĶŧŘűŘŪŗŎĶŧŘşŢŎŲŚťĶŧŘŐŘťűŖũŎőŚŴŠƢŌŦŎşŖŦŗ 

    0,0 ĶŧŘœŦŇŎŧŜũĿŧĶŧŘŲŚťŜũĿŧĿŪœŉƢŧŎŢŬŹŎŷ  

(1) ĶŧŘŖŪşơŜŎŘơŜŖŴŎĶũĽĶŘŘŖŏŘũĶŧŘŜũĿŧĶŧŘŲĶơĿŭŖĿŎŌŪŹűĶŪŹŗŜķƢŢļĶŦŏĶŧŘœŦŇŎŧĹŜŧŖŘŮƢŲŚťĹŭňōŘŘŖ 

(2) ŖŪĶŧŘĶŘťŊŭƢŎŢŧĽŧŘŗƥŌžŧőŚļŧŎŌŧļŜũĿŧĶŧŘşŧŗŊŘļŴŎşŧķŧŜũĿŧ 

(3) şơļűşŘũŖĶŧŘŌžŧŜũĽŦŗşŘƢŧļŢļĹƥĹŜŧŖŘŮƢŴŠŖơűŐƩŎŠŚŦĶŲŚťűœŬŹŢœŦŇŎŧĶŧŘűŘŪŗŎĶŧŘşŢŎŲŚťŖŪĹŜŧŖ

űĿŪŹŗŜĿŧłŴŎşŧķŧŜũĿŧĿŪœ 
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ŠŖŜŉŌŪŹ 5 ĶŧŘŐŘťĶŦŎĹŭňŕŧœŠŚŦĶşŮŊŘ  

/,  ĶŧŘĶžŧĶŦŏŖŧŊŘŅŧŎ  

ĶŧŘŏŘũŠŧŘĽŦŉĶŧŘŠŚŦĶşŮŊŘűŐƩŎŵŐŊŧŖűĶňņƥŖŧŊŘŅŧŎŠŚŦĶşŮŊŘŘťŉŦŏŏŦňņũŊŝūĶŞŧ ŲŚťĶŘŢŏŖŧŊŘŅŧŎ

ĹŭňŜŭŇũŘťŉŦŏŢŭŉŖŝūĶŞŧŲŠơļĿŧŊũ-ŖŧŊŘŅŧŎĹŭňŜŭŇũşŧķŧŜũĿŧ ŊŚŢŉŘťŗťűŜŚŧŌŪŹŖŪĶŧŘĽŦŉĶŧŘűŘŪŗŎĶŧŘşŢŎŴŎ

ŠŚŦĶşŮŊŘ 

¶ ŢŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏŠŚŦĶşŮŊŘ 

 ĽžŧŎŜŎŢŗơŧļŎƢŢŗ 1 ĹŎ ŖŪĹŭňŜŭŇũŐŘũłłŧűŢĶŠŘŬŢűŌŪŗŏűŌơŧ ŠŘŬŢķŦźŎŊŹžŧŐŘũłłŧųŌŠŘŬŢűŌŪŗŏűŌơŧŌŪŹŖŪ

ŊžŧŲŠŎơļŝŧşŊŘŧĽŧŘŗƥ ŲŚťŖŪőŚļŧŎŌŧļŜũĿŧĶŧŘŌŪŹŵŖơŴĿơşơŜŎŠŎūŹļķŢļĶŧŘŝūĶŞŧűœŬŹŢŘŦŏŐŘũłłŧ ŲŚťűŐƩŎ

őŚļŧŎŌŪŹŵŉƢŘŦŏĶŧŘűőŗŲœŘơŊŧŖŠŚŦĶűĶňņƥŌŪŹĶžŧŠŎŉŴŎĶŧŘœũĽŧŘňŧŲŊơļŊŦźļŴŠƢŏŭĹĹŚŉžŧŘļŊžŧŲŠŎơļŌŧļ

ŜũĿŧĶŧŘŢŗơŧļŎƢŢŗ 1 ŘŧŗĶŧŘŴŎŘŢŏ 3 ŐƙŗƢŢŎŠŚŦļ ųŉŗŢŗơŧļŎƢŢŗ / ŘŧŗĶŧŘŊƢŢļűŐƩŎőŚļŧŎŜũĽŦŗ 

¶ ŢŧĽŧŘŗƥŐŘťĽžŧŠŚŦĶşŮŊŘ  

  ŖŪĹŭňŜŭŇũŐŘũłłŧűŢĶŠŘŬŢűŌŪŗŏűŌơŧ ŠŘŬŢķŦźŎŊŹžŧŐŘũłłŧųŌŠŘŬŢűŌŪŗŏűŌơŧŌŪŹŖŪŊžŧŲŠŎơļŘŢļŝŧşŊŘŧĽŧŘŗƥ 

    ŲŚťŖŪőŚļŧŎŌŧļŜũĿŧĶŧŘŌŪŹŵŖơŴĿơşơŜŎŠŎūŹļķŢļĶŧŘŝūĶŞŧűœŬŹŢŘŦŏŐŘũłłŧ ŲŚťűŐƩŎőŚļŧŎŌŧļŜũĿŧĶŧŘŌŪŹ   

    ŵŉƢŘŦŏĶŧŘűőŗŲœŘơŊŧŖŠŚŦĶűĶňņƥŌŪŹĶžŧŠŎŉŴŎĶŧŘœũĽŧŘňŧŲŊơļŊŦźļŴŠƢŏŭĹĹŚŉžŧŘļŊžŧŲŠŎơļŌŧļŜũĿŧĶŧŘ    

    ŢŗơŧļŎƢŢŗ 1 ŘŧŗĶŧŘŴŎŘŢŏ 3 ŐƙŗƢŢŎŠŚŦļ ųŉŗŢŗơŧļŎƢŢŗ / ŘŧŗĶŧŘŊƢŢļűŐƩŎőŚļŧŎŜũĽŦŗ 

¶ ŖŪĶŧŘŐŘŦŏŐŘŭļŠŚŦĶşŮŊŘŢŗơŧļŎƢŢŗŌŭĶ 3 Őƙ ųŉŗŎžŧĹŜŧŖĹũŉűŠŸŎķŢļőŮƢŌŘļĹŭňŜŭŇũ őŮƢŴĿƢŏŦňņũŊ ŲŚťőŮƢŖŪşơŜŎ

ŵŉƢ-şơŜŎűşŪŗ ŲŚťĶŧŘűŐŚŪŹŗŎŲŐŚļŌŧļűŝŘŞŅĶũĽ şŦļĹŖ ŲŚťĹŜŧŖĶƢŧŜŠŎƢŧŌŧļŜũĿŧĶŧŘ ŖŧŐŘťĶŢŏĶŧŘ

œũĽŧŘňŧ 

2,  ŏŦňņũŊ 

¶ ŖŪĶŧŘŐŘťűŖũŎĹŭňŕŧœŏŦňņũŊŊŧŖĶŘŢŏŖŧŊŘŅŧŎĹŭňŜŭŇũŘťŉŦŏŢŭŉŖŝūĶŞŧŲŠơļĿŧŊũ ŴŎŖŭŖŖŢļķŢļőŮƢŴĿƢ

ŏŦňņũŊ ųŉŗœũĽŧŘňŧĽŧĶĹŭňŚŦĶŞňťŌŪŹœūļŐŘťşļĹƥŊŧŖŌŪŹŠŚŦĶşŮŊŘĶžŧŠŎŉ ŀūŹļĹŘŢŏĹŚŭŖőŚĶŧŘűŘŪŗŎŘŮƢ

ŢŗơŧļŎƢŢŗ 3 ŉƢŧŎ ĹŬŢ /' ŉƢŧŎĹŭňōŘŘŖ ĽŘũŗōŘŘŖ 0' ŉƢŧŎĹŜŧŖŘŮƢ 1' ŉƢŧŎŌŦĶŞťŌŧļŐƧłłŧ 2' ŉƢŧŎŌŦĶŞť

ĹŜŧŖşŦŖœŦŎōƥŘťŠŜơŧļŏŭĹĹŚŲŚťĹŜŧŖŘŦŏőũŉĿŢŏ 3' ŉƢŧŎŌŦĶŞťĶŧŘŜũűĹŘŧťŠƥűĿũļŊŦŜűŚķ ĶŧŘşŬŹŢşŧŘ ŲŚť

ĶŧŘŴĿƢűŌĹųŎųŚŗŪşŧŘşŎűŌŝ  

¶ ĶŧŘűőŗŲœŘơőŚļŧŎŐŘũłłŧŎũœŎōƥŲŚťűĶňņƥĶŧŘşžŧűŘŸĽĶŧŘŝūĶŞŧ  

   ŠŚŦĶşŮŊŘŲŏŏ /,/ 

       /, őŚļŧŎŉŭŞŃŪŎũœŎōƥ ŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŉŭŞŃŪŎũœŎōƥ ŊƢŢļŵŉƢŘŦŏĶŧŘŊŪœũŖœƥ ŠŘŬŢŢŗơŧļŎƢŢŗŵŉƢ   

      ŉžŧűŎũŎĶŧŘŴŠƢőŚļŧŎ ŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŵŉƢŘŦŏĶŧŘŊŢŏŘŦŏŴŠƢŊŪœũŖœƥŴŎŜŧŘşŧŘŌŧļŜũĿŧĶŧŘ     

      ŘťŉŦŏŎŧŎŧĿŧŊũŌŪŹŖŪĶŧŘŊŘŜĽşŢŏ ųŉŗĶŘŘŖĶŧŘŕŧŗŎŢĶŖŧŘơŜŖĶŚŦŹŎĶŘŢļ &peer review) Ţŗơŧļ 

       ŖŪĹŭňŕŧœűŐƩŎŌŪŹŗŢŖŘŦŏŴŎŜļĶŧŘŜũĿŧĶŧŘ ŌŪŹŖŪ impact factor ŀūŹļŜŧŘşŧŘŌŧļŜũĿŧĶŧŘŉŦļĶŚơŧŜ 

     ŊƢŢļŢŗŮơŴŎŅŧŎķƢŢŖŮŚ ISI, Scopus,IEEE,PubMed ŠŘŬŢ Web of Science ĽžŧŎŜŎŢŗơŧļŎƢŢŗ 2 űŘŬŹŢļ 

       ųŉŗŖŪĿŬŹŢķŢļŎŦĶŝūĶŞŧűŐƩŎĿŬŹŢŲŘĶ ųŉŗ 1 űŘŬŹŢļŊƢŢļŢŗŮơŴŎŜŧŘşŧŘŌŪŹŋŮĶĽŦŉŢŦŎŉŦŏŴŠƢŢŗŮơŴŎ Quartile     

     Score 1-0 ķŢļŜŧŘşŧŘŴŎşŧķŧŌŪŹŌžŧĶŧŘŜũĽŦŗ  
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    0, ŎŦĶŝūĶŞŧŊƢŢļűşŎŢőŚļŧŎŌŪŹűĶŪŹŗŜķƢŢļĶŦŏŉŭŞŃŪŎũœŎōƥŲŏŏŐŧĶűŐŚơŧŉƢŜŗŕŧŞŧŢŦļĶřŞ ŴŎŌŪŹŐŘťĿŭŖ    

          ŜũĿŧĶŧŘŘťŉŦŏŎŧŎŧĿŧŊũŢŗơŧļŎƢŢŗ 1 űŘŬŹŢļ ųŉŗŖŪŠŚŦĶŅŧŎĶŧŘŎžŧűşŎŢőŚļŧŎŢŗơŧļĿŦŉűĽŎ ŢŧŌũ ŖŪşŬŹŢ    

       ŏŦŎŌūĶŠŚŦĶŅŧŎ ŵŉƢŲĶơ ŜũŉũŌŦŝŎƥ ŠŘŬŢŖŪŏŭĹĹŚŢƢŧļŢũļŌŪŹŎơŧűĿŬŹŢŋŬŢŌŪŹĿơŜŗŗŬŎŗŦŎĶŧŘŌžŧĶũĽĶŘŘŖŉŦļĶŚơŧŜ  

1,  ŎŦĶŝūĶŞŧ  

¶ ŖŪĶŘťŏŜŎĶŧŘŘŦŏŎŦĶŝūĶŞŧŌŪŹűŠŖŧťşŖ ųŉŗĶžŧŠŎŉűĶňņƥĶŧŘĹŦŉűŚŬŢĶŲŚťĹŭňşŖŏŦŊũķŢļŎŦĶŝūĶŞŧŴŠƢ

şŢŉĹŚƢŢļĶŦŏŚŦĶŞňťķŢļŠŚŦĶşŮŊŘ ŲŚťŖŪĶŧŘűŊŘŪŗŖĹŜŧŖœŘƢŢŖĶơŢŎűķƢŧŝūĶŞŧ űœŬŹŢŴŠƢŎŦĶŝūĶŞŧŖŪĹŜŧŖ

œŘƢŢŖŴŎĶŧŘűŘŪŗŎŲŚťşŧŖŧŘŋşžŧűŘŸĽĶŧŘŝūĶŞŧŵŉƢŊŧŖŘťŗťűŜŚŧŌŪŹŠŚŦĶşŮŊŘĶžŧŠŎŉ 

¶ ŖŪĶŧŘĽŦŉĶũĽĶŘŘŖűœŬŹŢœŦŇŎŧĹŜŧŖŘŮƢ ĹŜŧŖşŧŖŧŘŋ ŲŚťŝŦĶŗŕŧœķŢļŎŦĶŝūĶŞŧŴŎŘŮŐŲŏŏŊơŧļŷ 

űşŘũŖşŘƢŧļĹŜŧŖűŐƩŎœŚűŖŬŢļŉŪŌŪŹŖŪĽũŊşžŧŎūĶşŧōŧŘňť ŲŚťűşŘũŖşŘƢŧļŌŦĶŞťĶŧŘűŘŪŗŎŘŮƢŴŎŝŊŜŘŘŞŌŪŹ 0/ 

¶ ŖŪĶŧŘŲŊơļŊŦźļŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧŌŦŹŜŵŐűœŬŹŢŴŠƢĹžŧŐŘūĶŞŧŉƢŧŎŜũĿŧĶŧŘ ŲŚťŲŎťŲŎŜŴŠƢŲĶơŎŦĶŝūĶŞŧŌŭĶĹŎ ųŉŗ

ŢŧĽŧŘŗƥĽťŊƢŢļĶžŧŠŎŉĿŦŹŜųŖļŴŠƢĹžŧŐŘūĶŞŧ &Office Hours) űœŬŹŢŴŠƢŎŦĶŝūĶŞŧşŧŖŧŘŋűķƢŧŐŘūĶŞŧŵŉƢ  

¶ ŖŪĶŧŘşžŧŘŜĽķƢŢŖŮŚĶŧŘĹļŢŗŮơķŢļŎŦĶŝūĶŞŧ ŢŦŊŘŧĶŧŘşžŧűŘŸĽĶŧŘŝūĶŞŧ űœŬŹŢŐŘťűŖũŎŲŎŜųŎƢŖőŚĶŧŘ

ŉžŧűŎũŎļŧŎ 

¶ ŖŪŘťŏŏĶŧŘĽŦŉĶŧŘķƢŢŘƢŢļűŘŪŗŎķŢļŎŦĶŝūĶŞŧŌŪŹŖŪŐŘťşũŌōũŕŧœ ųŉŗŖŪĶŧŘŐŘťűŖũŎĹŜŧŖœūļœŢŴĽķŢļĶŧŘ

ŘŦŏŲŚťĶŧŘşơļűşŘũŖĶŧŘœŦŇŎŧŎŦĶŝūĶŞŧ ŲŚťőŚĶŧŘĽŦŉĶŧŘķƢŢŘƢŢļűŘŪŗŎ  

2,  ŢŧĽŧŘŗƥ  

¶ ŖŪŘťŏŏĶŧŘŘŦŏŢŧĽŧŘŗƥŴŠŖơŌŪŹşŢŉĹŚƢŢļĶŦŏŘťűŏŪŗŏ-ķƢŢŏŦļĹŦŏķŢļŖŠŧŜũŌŗŧŚŦŗ ŲŚťŊƢŢļŖŪĹťŲŎŎŌŉşŢŏ

ĹŜŧŖşŧŖŧŘŋŕŧŞŧŢŦļĶřŞŊŧŖűĶňņƥŌŪŹŖŠŧŜũŌŗŧŚŦŗĶžŧŠŎŉ ŀūŹļşŢŉĹŚƢŢļĶŦŏŐŘťĶŧŝĹňťĶŘŘŖĶŧŘ

ĶŧŘŢŭŉŖŝūĶŞŧ űŘŬŹŢļ ŖŧŊŘŅŧŎĹŜŧŖşŧŖŧŘŋŕŧŞŧŢŦļĶřŞķŢļŢŧĽŧŘŗƥŐŘťĽžŧ  

¶ ŖŪŘťŏŏĶŧŘŏŘũŠŧŘ ŲŚťŘťŏŏĶŧŘşơļűşŘũŖŲŚťœŦŇŎŧŢŧĽŧŘŗƥŌŪŹűŠŖŧťşŖŲŚťşŢŉĹŚƢŢļĶŦŏŜũşŦŗŌŦŝŎƥŲŚť

ŎųŗŏŧŗķŢļŖŠŧŜũŌŗŧŚŦŗ ŲŚťŲŎŜŌŧļķŢļŠŚŦĶşŮŊŘ 

¶ ŖŪŘťŏŏĶŧŘœŦŇŎŧĹŭňŕŧœŢŧĽŧŘŗƥ űœŬŹŢŴŠƢŢŧĽŧŘŗƥŖŪĹŜŧŖŘŮƢĹŜŧŖűĿŪŹŗŜĿŧłŴŎşŧķŧŜũĿŧŌŪŹűŐƘŉşŢŎ ŲŚťŖŪ

ĹŜŧŖĶƢŧŜŠŎƢŧŴŎĶŧŘőŚũŊőŚļŧŎŌŧļŜũĿŧĶŧŘŢŗơŧļŊơŢűŎŬŹŢļ 

¶ ŖŪĶŧŘşžŧŘŜĽķƢŢŖŮŚŢŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏŠŚŦĶşŮŊŘŌŪŹŖŪĹŭňŜŭŇũŐŘũłłŧűŢĶ ŊžŧŲŠŎơļŌŧļŜũĿŧĶŧŘ őŚļŧŎ

ŌŧļŜũĿŧĶŧŘ ĶŧŘĹļŢŗŮơķŢļŢŧĽŧŘŗƥ ŲŚťĹŜŧŖœūļœŢŴĽŊơŢĶŘťŏŜŎĶŧŘŘŦŏŢŧĽŧŘŗƥŲŚťĶŧŘŏŘũŠŧŘķŢļ

ŢŧĽŧŘŗƥ űœŬŹŢŐŘťűŖũŎŲŎŜųŎƢŖőŚĶŧŘŉžŧűŎũŎļŧŎ 

3,  ŠŚŦĶşŮŊŘ ĶŧŘűŘŪŗŎĶŧŘşŢŎ ĶŧŘŐŘťűŖũŎőŮƢűŘŪŗŎ  

¶ ŖŪĶŘťŏŜŎĶŧŘŢŢĶŲŏŏ-ŐŘŦŏŐŘŭļŠŚŦĶşŮŊŘŲŚťĶŘťŏŜŎŜũĿŧŴŠƢŖŪűŎŬźŢŠŧŌŪŹŌŦŎşŖŦŗ ŵŉƢŖŧŊŘŅŧŎŌŧļ

ŜũĿŧĶŧŘ-ŜũĿŧĿŪœ şŢŉĹŚƢŢļĶŦŏĹŜŧŖŊƢŢļĶŧŘķŢļŊŚŧŉŲŘļļŧŎ ŲŚťŲőŎœŦŇŎŧűŝŘŞŅĶũĽŲŚťşŦļĹŖ

ŲŠơļĿŧŊũ  
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¶ ŖŪŘťŏŏŲŚťĶŚŵĶĶŧŘœũĽŧŘňŧŢŎŭŖŦŊũŠŦŜķƢŢŉŭŞŃŪŎũœŎōƥ ĶŧŘĹƢŎĹŜƢŧŢũşŘť 

¶ ŖŪĶŧŘĶžŧŠŎŉŢŧĽŧŘŗƥőŮƢşŢŎŴŎŲŊơŚťĶŘťŏŜŎŜũĿŧ ųŉŗĹžŧŎūļŋūļĹŜŧŖŘŮƢĹŜŧŖşŧŖŧŘŋŲŚťĹŜŧŖűĿŪŹŗŜĿŧł

ŴŎĶŘťŏŜŎŜũĿŧŌŪŹşŢŎ ŲŚťŖŪĶŧŘĶžŧĶŦŏ ŊũŉŊŧŖ ŲŚťŊŘŜĽşŢŏĶŧŘĽŦŉŌžŧŲőŎĶŧŘűŘŪŗŎŘŮƢ ŲŚťĶŧŘĽŦŉĶŧŘ

űŘŪŗŎĶŧŘşŢŎ &ŖĹŢ,1 ŲŚť ŖĹŢ,2' 

¶ ŖŪŘťŏŏŲŚťĶŚŵĶĶŧŘŲŊơļŊŦźļŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧŉŭŞŃŪŎũœŎōƥ ĶŧŘĹƢŎĹŜƢŧŢũşŘť űœŬŹŢĿơŜŗűŠŚŬŢ ĶžŧĶŦŏ ŊũŉŊŧŖ

ŴŎĶŧŘŌžŧŉŭŞŃŪŎũœŎōƥ ĶŧŘĹƢŎĹŜƢŧŢũşŘť ŲŚťĶŧŘŊŪœũŖœƥőŚļŧŎ 

¶ ŖŪĶŧŘŐŘťűŖũŎőŮƢűŘŪŗŎ ĶžŧĶŦŏŴŠƢŖŪĶŧŘŐŘťűŖũŎŊŧŖşŕŧœĽŘũļ ŲŚťŖŪŜũōŪĶŧŘŐŘťűŖũŎŌŪŹŠŚŧĶŠŚŧŗ                     

&ŖĹŢ,3  ŖĹŢ,4 ŲŚť ŖĹŢ,5'  

6,  şũŹļşŎŦŏşŎŭŎĶŧŘűŘŪŗŎŘŮƢ  

¶ ŖŪŘťŏŏĶŧŘŉžŧűŎũŎļŧŎķŢļŕŧĹŜũĿŧ-Ĺňť-ŖŠŧŜũŌŗŧŚŦŗ ųŉŗĶŧŘŖŪşơŜŎŘơŜŖķŢļŢŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏ

ŠŚŦĶşŮŊŘ ŴŎĶŧŘĽŦŉűŊŘŪŗŖşũŹļşŎŦŏşŎŭŎĶŧŘűŘŪŗŎŘŮƢŌŪŹĽžŧűŐƩŎŊơŢĶŧŘűŘŪŗŎĶŧŘşŢŎ ŌŦźļŌŧļŉƢŧŎĶŧŗŕŧœ 

ŢŭŐĶŘňƥ űŌĹųŎųŚŗŪ ŲŚťşũŹļŢžŧŎŜŗĹŜŧŖşťŉŜĶŠŘŬŢŌŘŦœŗŧĶŘŌŪŹűŢŬźŢŊơŢĶŧŘűŘŪŗŎŘŮƢ  ŢŗơŧļűœŪŗļœŢŲŚť

űŠŖŧťşŖŊơŢĶŧŘĽŦŉĶŧŘűŘŪŗŎĶŧŘşŢŎ ŀūŹļĽťşơļőŚŴŠƢőŮƢűŘŪŗŎşŧŖŧŘŋűŘŪŗŎŘŮƢŵŉƢŢŗơŧļŖŪŐŘťşũŌōũőŚ 

¶ ŖŪĶŧŘşžŧŘŜĽĹŜŧŖœūļœŢŴĽŲŚťĹŜŧŖŊƢŢļĶŧŘķŢļŢŧĽŧŘŗƥőŮƢşŢŎŲŚťŎŦĶŝūĶŞŧŊơŢşũŹļşŎŦŏşŎŭŎĶŧŘűŘŪŗŎŘŮƢ 

ŲŚťŎžŧőŚĶŧŘşžŧŘŜĽŖŧœŦŇŎŧŐŘŦŏŐŘŭļ 
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5, ŊŦŜŏơļĿŪźőŚĶŧŘŉžŧűŎũŎļŧŎ (Key Performance Indicators)       

Ųŏŏ /,/ 

ŉŦĿŎŪŏơļĿŪźőŚĶŧŘŉžŧűŎũŎļŧŎ ŐƙŌŪŹ 1 ŐƙŌŪŹ 2 ŐƙŌŪŹ 3 ŐƙŌŪŹ 2 ŐƙŌŪŹ 5 

1. ŖŪĶŧŘŐŘťĿŭŖŠŚŦĶşŮŊŘűœŬŹŢŜŧļŲőŎ ŊũŉŊŧŖ ŲŚťŌŏŌŜŎĶŧŘŉžŧűŎũŎļŧŎ

ŠŚŦĶşŮŊŘŢŗơŧļŎƢŢŗŐƙĶŧŘŝūĶŞŧŚťşŢļĹŘŦźļ ųŉŗŖŪŢŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏ

ŠŚŦĶşŮŊŘűķƢŧŘơŜŖŐŘťĿŭŖŢŗơŧļŎƢŢŗ ŘƢŢŗŚť 6. ŲŚťŖŪĶŧŘŏŦŎŌūĶĶŧŘŐŘťĿŭŖ

ŌŭĶĹŘŦźļ 

 

x 

 

x 

 

x 

 

x 

 

x 

2. ŖŪŘŧŗŚťűŢŪŗŉķŢļŠŚŦĶşŮŊŘ ŊŧŖŲŏŏ ŖĹŢ.2 ŌŪŹşŢŉĹŚƢŢļĶŦŏĶŘŢŏŖŧŊŘŅŧŎ

ĹŭňŜŭŇũŲŠơļĿŧŊũ ŠŘŬŢ ŖŧŊŘŅŧŎĹŭňŜŭŇũşŧķŧ/şŧķŧŜũĿŧ  

 

x 

 

x 

 

x 

 

x 

 

x 

3. ŖŪŘŧŗŚťűŢŪŗŉķŢļĶŘťŏŜŎŜũĿŧ ŲŚťŘŧŗŚťűŢŪŗŉķŢļŐŘťşŏĶŧŘňƥŕŧĹşŎŧŖ 

&ŋƢŧŖŪ' ŊŧŖŲŏŏ ŖĹŢ,1 ŲŚť ŖĹŢ,2 ŢŗơŧļŎƢŢŗĶơŢŎĶŧŘűŐƘŉşŢŎŴŎŲŊơŚťŕŧĹ

ĶŧŘŝūĶŞŧŴŠƢĹŘŏŌŭĶĶŘťŏŜŎŜũĿŧ 

x x x 

 

x 

 

x 

4. ĽŦŉŌžŧŘŧŗļŧŎőŚĶŧŘŉžŧűŎũŎĶŧŘķŢļĶŘťŏŜŎŜũĿŧ ŲŚťŘŧŗļŧŎőŚĶŧŘ

ŉžŧűŎũŎĶŧŘķŢļŐŘťşŏĶŧŘňƥŕŧĹşŎŧŖ ŊŧŖŲŏŏ ŖĹŢ.5 ŲŚť ŖĹŢ.6 ŴŠƢ

ĹŘŏŌŭĶĶŘťŏŜŎŜũĿŧŌŪŹűŐƘŉşŢŎŴŎŠŚŦĶşŮŊŘ ŕŧŗŴŎ 30 ŜŦŎ ŠŚŦļŜŦŎŐƘŉŕŧĹ

ĶŧŘŝūĶŞŧ  

 

x 

 

x 

 

x 

 

x 

 

x 

5. ĽŦŉŌžŧŘŧŗļŧŎőŚĶŧŘŉžŧűŎũŎĶŧŘķŢļŠŚŦĶşŮŊŘ ŊŧŖŲŏŏ ŖĹŢ.7 ŕŧŗŴŎ  60 

ŜŦŎ ŠŚŦļşũźŎşŭŉŐƙĶŧŘŝūĶŞŧ  

 

x 

 

x 

 

x 

 

x 

 

x 

6. ŖŪĶŧŘŌŜŎşŢŏőŚşŦŖřŌōũŽķŢļŎŦĶŝūĶŞŧŊŧŖŖŧŊŘŅŧŎőŚĶŧŘűŘŪŗŎŘŮƢ ŌŪŹ

ĶžŧŠŎŉŴŎŖĹŢ,1 ŲŚťŖĹŢ,2 &ŋƢŧŖŪ' ŢŗơŧļŎƢŢŗŘƢŢŗŚť 03 ķŢļĶŘťŏŜŎŜũĿŧŌŪŹ

űŐƘŉşŢŎŴŎŲŊơŚťŐƙĶŧŘŝūĶŞŧ 

x x x 

 

x 

 

x 

7. ŖŪĶŧŘœŦŇŎŧ/ŐŘŦŏŐŘŭļĶŧŘĽŦŉĶŧŘűŘŪŗŎĶŧŘşŢŎ ĶŚŗŭŌōƥĶŧŘşŢŎ ŠŘŬŢ ĶŧŘ

ŐŘťűŖũŎ őŚĶŧŘűŘŪŗŎŘŮƢ ĽŧĶőŚĶŧŘŐŘťűŖũŎĶŧŘŉžŧűŎũŎļŧŎŌŪŹŘŧŗļŧŎ ŴŎ 

ŖĹŢ.7 ŐƙŌŪŹŲŚƢŜ  

 x x x x 

8. ŢŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏŠŚŦĶşŮŊŘŌŪŹŵŉƢŘŦŏĶŧŘŲŊơļŊŦźļŴŠŖơ ŵŉƢŘŦŏĹžŧŲŎťŎžŧŉƢŧŎĶŧŘ

ŏŘũŠŧŘĽŦŉĶŧŘŠŚŦĶşŮŊŘ 

 

x 

 

x 

 

x 

 

x 

 

x 

9. ŢŧĽŧŘŗƥőŮƢŘŦŏőũŉĿŢŏŠŚŦĶşŮŊŘŌŭĶĹŎŵŉƢŘŦŏĶŧŘœŦŇŎŧŌŧļŜũĿŧĶŧŘ ŲŚť/ŠŘŬŢ

ŜũĿŧĿŪœŢŗơŧļŎƢŢŗŐƙŚťŠŎūŹļĹŘŦźļ 

 

x 

 

x 

 

x 

 

x 

 

x 

10. ĽžŧŎŜŎŏŭĹŚŧĶŘşŎŦŏşŎŭŎĶŧŘűŘŪŗŎĶŧŘşŢŎ &ŋƢŧŖŪ' ŵŉƢŘŦŏĶŧŘœŦŇŎŧŜũĿŧĶŧŘ 

ŲŚť-ŠŘŬŢŜũĿŧĿŪœ ŵŖơŎƢŢŗĶŜơŧŘƢŢŗŚť 3. ŊơŢŐƙ  

 

x 

 

x 

 

x 

 

x 

 

x 

11. ŘťŉŦŏĹŜŧŖœūļœŢŴĽķŢļŎŦĶŝūĶŞŧŐƙşŭŉŌƢŧŗ/ŏŦňņũŊŴŠŖơŌŪŹŖŪŊơŢĹŭňŕŧœ

ŠŚŦĶşŮŊŘ űľŚŪŹŗŵŖơŎƢŢŗĶŜơŧ 3.51 ĽŧĶĹťŲŎŎűŊŸŖ 5.0 
  

 

x 

 

x 

 

x 

12. ŘťŉŦŏĹŜŧŖœūļœŢŴĽķŢļőŮƢŴĿƢŏŦňņũŊŌŪŹŖŪŊơŢŏŦňņũŊŴŠŖơ űľŚŪŹŗŵŖơŎƢŢŗĶŜơŧ 3.51 

ĽŧĶĹťŲŎŎűŊŸŖ 5.0 
   

 

x 

 

x 

ŘŜŖŊŦŜŏơļĿŪź (ķƢŢ) ŴŎŲŊơŚťŐƙ 7 /. // /0 /0 

ŊŦŜŏơļĿŪźŏŦļĹŦŏ (ķƢŢŌŪŹ) 1 - 3 1 - 3 1 - 3 /-3 /-3 

ŊŦŜŏơļĿŪźŊƢŢļőơŧŎŘŜŖ (ķƢŢ) 8 6 7 /. /. 
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ŠŖŜŉŌŪŹ 8. ĶŘťŏŜŎĶŧŘĶŧŘŐŘťűŖũŎŲŚťŐŘŦŏŐŘŭļŠŚŦĶşŮŊŘ 

/,  ĶŧŘŐŘťűŖũŎŐŘťşũŌōũőŚķŢļĶŧŘşŢŎ 

 1.1 ĶŘťŏŜŎĶŧŘŐŘťűŖũŎŲŚťŐŘŦŏŐŘŭļŲőŎĶŚŗŭŌōƥĶŧŘşŢŎ 

X ŖŪĶŧŘŐŘťűŖũŎőŚĶŧŘşŢŎķŢļŢŧĽŧŘŗƥųŉŗŎŦĶŝūĶŞŧ ŲŚťŎžŧőŚĶŧŘŐŘťűŖũŎŖŧŜũűĹŘŧťŠƥŠŧĽŭŉŢơŢŎ

ŲŚťĽŭŉŲķŸļŴŎĶŧŘşŢŎķŢļŢŧĽŧŘŗƥőŮƢşŢŎ űœŬŹŢŐŘŦŏĶŚŗŭŌōƥĶŧŘşŢŎŴŠƢűŠŖŧťşŖ  ųŉŗŢŧĽŧŘŗƥŲŊơ

ŚťŌơŧŎ 

 X ŖŪĶŧŘŐŘťűŖũŎőŚĶŧŘűŘŪŗŎŘŮƢķŢļŎŦĶŝūĶŞŧųŉŗĶŧŘşŢŏ  

 X ŖŪĶŧŘŐŘťűŖũŎőŚĶŧŘűŘŪŗŎŘŮƢķŢļŎŦĶŝūĶŞŧųŉŗĶŧŘŐńũŏŦŊũļŧŎĶŚŭơŖ 

 X ŜũűĹŘŧťŠƥűœŬŹŢŠŧĽŭŉŢơŢŎŲŚťĽŭŉŲķŸļŴŎĶŧŘűŘŪŗŎŘŮƢķŢļŎŦĶŝūĶŞŧ űœŬŹŢŐŘŦŏĶŚŗŭŌōƥĶŧŘşŢŎŴŠƢűŠŖŧťşŖ   

    ĶŦŏŎũşũŊŲŊơŚťĿŦźŎŐƙ ųŉŗŢŧĽŧŘŗƥŲŊơŚťŌơŧŎ 

 /,0 ĶŘťŏŜŎĶŧŘŐŘťűŖũŎŌŦĶŞťķŢļŢŧĽŧŘŗƥŴŎĶŧŘŴĿƢŲőŎĶŚŗŭŌōƥĶŧŘşŢŎ 

 X  ŴŠƢŎŦĶŝūĶŞŧŵŉƢŐŘťűŖũŎĶŧŘşŢŎķŢļŢŧĽŧŘŗƥŴŎŌŭĶŉƢŧŎ ŌŦźļŴŎŉƢŧŎŌŦĶŞť ĶŚŗŭŌōƥĶŧŘşŢŎ ŲŚťĶŧŘŴĿƢ          

     şŬŹŢŴŎŌŭĶŘŧŗŜũĿŧ 

0,  ĶŧŘŐŘťűŖũŎŠŚŦĶşŮŊŘŴŎŕŧœŘŜŖ 

X  ŐŘťűŖũŎųŉŗŎŦĶŝūĶŞŧŐƙşŭŉŌƢŧŗ 

X  ŐŘťűŖũŎųŉŗŏŦňņũŊŌŪŹşžŧűŘŸĽĶŧŘŝūĶŞŧ 

X  ŐŘťűŖũŎųŉŗőŮƢŴĿƢŏŦňņũŊ-őŮƢŖŪşơŜŎŵŉƢşơŜŎűşŪŗŢŬŹŎŷ 

4. ĶŧŘŐŘťűŖũŎőŚĶŧŘŉžŧűŎũŎļŧŎŊŧŖŘŧŗŚťűŢŪŗŉŠŚŦĶşŮŊŘ 

ĶŧŘŐŘťűŖũŎĹŭňŕŧœĶŧŘŝūĶŞŧŐŘťĽžŧŐƙ ŊŧŖŉŦĿŎŪŏơļĿŪźőŚĶŧŘŉžŧűŎũŎļŧŎŌŪŹŘťŏŭŴŎŠŖŜŉŌŪŹ 7 ķƢŢ 7 ųŉŗ

ĹňťĶŘŘŖĶŧŘŐŘťűŖũŎŢŗơŧļŎƢŢŗ 3 ĹŎ ŐŘťĶŢŏŉƢŜŗőŮƢŌŘļĹŭňŜŭŇũŴŎşŧķŧŜũĿŧŢŗơŧļŎƢŢŗ 1 ĹŎ ŌŪŹŵŉƢŘŦŏĶŧŘ

ŲŊơļŊŦźļĽŧĶŖŠŧŜũŌŗŧŚŦŗ 

2,  ĶŧŘŌŏŌŜŎőŚĶŧŘŐŘťűŖũŎŲŚťŜŧļŲőŎŐŘŦŏŐŘŭļ 

ŴŠƢĶŘŘŖĶŧŘŜũĿŧĶŧŘŐŘťĽžŧşŧķŧŜũĿŧ/ŕŧĹŜũĿŧ ŘŜŏŘŜŖķƢŢŖŮŚĽŧĶĶŧŘŐŘťűŖũŎĶŧŘűŘŪŗŎĶŧŘşŢŎķŢļ

ŢŧĽŧŘŗƥ ŎŦĶŝūĶŞŧ ŏŦňņũŊ ŲŚťőŮƢŴĿƢŏŦňņũŊ ŲŚťķƢŢŖŮŚĽŧĶ ŖĹŢ,5,6,7 űœŬŹŢŌŘŧŏŐƧłŠŧķŢļĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘ

ŌŦźļŴŎŕŧœŘŜŖŲŚťŴŎŲŊơŚťŘŧŗŜũĿŧ ŲŚťŎžŧŵŐşŮơĶŧŘŉžŧűŎũŎĶŧŘŐŘŦŏŐŘŭļĶŘťŏŜŎŜũĿŧŲŚťŠŚŦĶşŮŊŘŊơŢŵŐ şžŧŠŘŦŏ

ĶŧŘŐŘŦŏŐŘŭļŠŚŦĶşŮŊŘŎŦźŎĽťĶŘťŌžŧŌŭĶ ŷ 5 Őƙ ŌŦźļŎŪźűœŬŹŢŴŠƢŠŚŦĶşŮŊŘŖŪĹŜŧŖŌŦŎşŖŦŗŲŚťşŢŉĹŚƢŢļĶŦŏĹŜŧŖ

ŊƢŢļĶŧŘķŢļőŮƢŴĿƢŏŦňņũŊ 
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ŕŧĹőŎŜĶ 1 

ĹžŧŢōũŏŧŗŚŦĶŞňťĶŘťŏŜŎŜũĿŧ 

 
Ŝ,Ŝŝ, 67/ (0/.67/) şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ /    1(1-0-2) 

    Ph.D.Seminar in Materials Science 1 

űļŬŹŢŎŵķŌŪŹŊƢŢļőơŧŎĶơŢŎ 8 ŎŦĶŝūĶŞŧŐŘũłłŧűŢĶ 

  ĶŧŘŎžŧűşŎŢŲŚťĶŧŘŢŕũŐŘŧŗųŉŗŎŦĶŝūĶŞŧ űĶŪŹŗŜĶŦŏőŚļŧŎŌŧļŜŦşŉŭŝŧşŊŘƥŌŪŹŊŪœũŖœƥŴŎŜŧŘşŧŘ űœŬŹŢŴĿƢűŐƩŎ

ŲŎŜŌŧļŴŎĶŧŘűşŎŢųĹŘļŘơŧļŠŦŜķƢŢĶŧŘĹƢŎĹŜƢŧŜũĽŦŗ  

 Presentation and discussion by students about published MATERIALS SCIENCE research leading to 

Their proposed research topics   

Ŝ,Ŝŝ, 672 (0/.672) şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 0    1(1-0-2) 

    Ph.D.Seminar in Materials Science 2 

űļŬŹŢŎŵķŌŪŹŊƢŢļőơŧŎĶơŢŎ 8 Ŝ,Ŝŝ,891 &0/.891' 

 ĶŧŘŎžŧűşŎŢŲŚťĶŧŘŢŕũŐŘŧŗ ųŉŗŎŦĶŝūĶŞŧ ŴŎŠŦŜķƢŢŌŪŹűĶŪŹŗŜķƢŢļĶŦŏĶŧŘĹƢŎĹŜƢŧŜũĽŦŗ  

 Presentation and discussion by students in topics related to their research study.   

Ŝ,Ŝŝ, 673 (0/.673) şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 1    1(1-0-2) 

     Ph.D.Seminar in Materials Science 3 

űļŬŹŢŎŵķŌŪŹŊƢŢļőơŧŎĶơŢŎ 8 Ŝ,Ŝŝ,670 &0/.672' 

ĶŧŘŎžŧűşŎŢŲŚťĶŧŘŢŕũŐŘŧŗ ųŉŗŎŦĶŝūĶŞŧ ŴŎŠŦŜķƢŢŌŪŹűĶŪŹŗŜķƢŢļĶŦŏĶŧŘĹƢŎĹŜƢŧŜũĽŦŗ  

Presentation and discussion by students in topics related to their research study.   

Ŝ,Ŝŝ, 676 &0/.676' ŉŭŞŃŪŎũœŎōƥ        26 ŠŎơŜŗĶũŊ 

     Doctoral Thesis 

űļŬŹŢŎŵķŌŪŹŊƢŢļőơŧŎĶơŢŎ:   ŵŉƢŘŦŏŢŎŭŖŦŊũŠŦŜķƢŢųĹŘļŘơŧļŲŚƢŜ ŠŘŬŢŚļŌťűŏŪŗŎœŘƢŢŖĶŦŏĶŧŘűşŎŢ 

       ŠŦŜķƢŢŲŚťųĹŘļŘơŧļ 
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ŕŧĹőŎŜĶ 0 

ĹžŧşŦŹļŲŊơļŊŦźļĹňťĶŘŘŖĶŧŘŐŘŦŏŐŘŭļŠŚŦĶşŮŊŘ 
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ŕŧĹőŎŜĶ 1 

őŚļŧŎŌŧļŜũĿŧĶŧŘķŢļŢŧĽŧŘŗƥ 5 ŐƙŗƢŢŎŠŚŦļ &0./3-0./7' 
 

/, ŝ,ŉŘ, ĶŢŏŜŭŇũ  ŘŭĽũĽŎŧĶŭŚ (Prof. Dr. Gobwute  Rujijanagul)  
ļŧŎŜũĽŦŗŌŪŹşŎŴĽŲŚťűĿŪŹŗŜĿŧł : Electroceramics, Bioceramics, Energy Materials 
1. Jarupoom, P., Jaita, P., Manotham, S., Phatungthane, T., Chokethawai, K., Randorn, C., Rujijanagul, 

G., 2./7* ÿCjcarpga_j _lb K_elcrga Npmncprgcq md @_pgsk Fcv_dcppgrc Kmbgdgcb @_pgsk Xgpamlgsk 
Titanate Lead-Dpcc Acp_kgaqĀ* Hmspl_j md l_lmqagclac _lb l_lmrcaflmjmew* /7&1'* nn, /054-12. 

2. Intawin, P., Eitssayeam, S., Rujijanagul, G., Tunkasiri, T., Pengpat, K., 0./6* ÿApwqr_jjgx_rgml 
kinetics and heat treatment temperature on microstructure of Na2O-CaO-P2O5-RgM0ej_qq qwqrckĀ* 
Key Engineering Materials, 766 KEM, pp. 151-156. 

3. Phromyoo, S., Lertcumfu, N., Jaita, P., Jarupoom, P., Pengpat, K., Rujijanagul, G., 2018, ÿCddcarq md 
barium zirconium titanate on the properties of ɓ-rpga_jagsk nfmqnf_rc `gmacp_kgaqĀ* Acp_kgaq 
International, 44 (3), pp. 2661-2667. 

4. Lamkhao, S., Rujijanagul, G., P_lbmpl* A,* 0./6* ÿD_`pga_rgml md e-C3N4and a promising charcoal 
property towards clf_lacb afpmkgsk&TG' pcbsargml_lb u_qrcu_rcp rpc_rkclr slbcp tgqg`jc jgefrĀ* 
Chemosphere, 193, pp. 237-243. 

5. Manotham, S., Butnoi, P., Jaita, P., Kumar, N., Chokethawai, K., Rujijanagul, G., Cann, D.P., 2018, 
ÿJ_pec cjcarpga dgcjb-induced strain and large improvement in energy density of bismuth sodium 
potassium titanate-`_qcb ngcxmcjcarpga acp_kgaqĀ* Hmspl_j md ?jjmwq _lb Amknmslbq* 517* nn, 235-
467. 

6. Jarupoom, P., Jaita, P., Sanjoom, R., Randorn, C., Rujijanagul, G., 0./6* ÿFgef k_elcrga _lb 
ferroelectric properties of BZT-JQK ksjrgdcppmga amknmqgrcq _r pmmk rckncp_rspcĀ* Acp_kgaq 
International, 44 (8), pp. 8768-8776. 

7. Tantraviwat, D., Anuchai, S., Ounnunkad, K., Saipanya, S., Aroonyadet, N., Rujijanagul, G., 
Glaccqsletmpl* @,* 0./6* ÿQrpsarsp_j npmncprgcq mf tungsten-doped cobalt molybdate and its 
_nnjga_rgml gl cjcarpmafckga_j mvwecl ctmjsrgml pc_argmlĀ* Hmspl_j md K_rcpg_jq Qagclac8 K_rcpg_jq gl 
Electronics, 29 (15), pp. 13103-13111. 

8. Butnoi, P., Manotham, S., Jaita, P., Randorn, C., Rujijanagul, G., 2018, ÿFgef rfcpk_j qr_`gjgrw md 
energy storage density and large strain improvement of lead-free Bi0.5(Na0.40K0.10) 
RgM1ngcxmcjcarpga acp_kgaq bmncb ugrf J_ _lb XpĀ* Hmspl_j md rfc Cspmnc_l Acp_kga Qmagcrw* 16 &//'* 
pp. 3822-3832. 

9. Raengthon, N., Rujijanagul, G., A_ll* B,N,* 0./6* ÿGldjsclac md ?-site deficiency on electrical 
af_p_arcpgqrgaq md `_pgsk qrpmlrgsk rgr_l_rc ncpmtqigrc bgcjcarpgaqĀ* Hmspl_j md ?nnjgcb Nfwqgaq* /02&/3', 
154105. 

10. Jaita, P., Tawee, L., Sanjoom, R., Randorn, C., Chokethawai, K., Rujijanagul, G., 0./6* ÿCvacjjclr 
dielectric constants observed in heterogeneous conduction Ba(Zr0.25Ti0.75)O3 ceramics doped with 
Qp&Dc.,3L`.,3'M1Ā* Hmspl_j md Cjcarpmacp_kgaq* 2/&/-4), pp. 50ú59. 

11. Phatungthane, T., Samran, B., Rujijanagul, G., 0./5* ÿQwlrfcqgq md kodified K0.5Na0.5NbO3 
powder by molten-q_jr rcaflgoscĀ* Icw Cleglccpgle K_rcpg_jq* 5* nn, /4.-165. 
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12. Kruea-In, C., Rujijanagul, G., 0./5* ÿNf_qc dmpk_rgml _lb cjcarpga_j af_p_arcpgx_rgml md jc_b-free  
(1-x)Ba(Zr0.05Ti0.95)O3úxBa(Fe0.5Ta0.5)O3 binary solid sojsrgmlĀ* Hmspl_j md L_lmqagclac _lb 
Nanotechnology, 17(11), pp. 8603-8607. 

13. Han, A., Rujijanagul, G., P_lbmpl* A,* 0./5* ÿNpcn_p_rgml md fwbpmvw_n_rgrc fwbpmecj dmp `mlc-like 
materials via novel self-glgrg_rcb nfmrma_r_jwrga nmjwkcpgx_rgmlĀ* K_rcpg_jq Jcrrcrs, 193, pp. 142-145. 

14. Tawee, L.,  Jaita, P.,  Sanjoom, R.,  Pengpat, K.,  Eitssayeam, S.,  Tunkasiri, T.,  Rujijanagul, G.,  
Kgjc* Q,H,* 0./5* ÿBgcjcarpga npmncprgcq md @_/-vQpv&Dc.,3R_.,3'M1 eg_lr bgcjcarpga acp_kgaqĀ* 
Ferroelectrics, 511(1), pp. 52-61. 

15. Lertcumfu, N., Jaita, P.,  Pengpat, K.,  Eitssayeam, S.,  Sweatman, D.R.,  Tunkasiri, T.,  Rujijanagul, 
G., 0./5* ÿCjcarpga_j npmncprgcq md qmbgsk nmr_qqgsk lgm`_rc-ksjjgrc acp_kga amknmqgrcqĀ* 
Ferroelectrics, 511(1), pp. 104-113. 

16. Butnoi, P.,  Manotham, S.,  Jaita, P.,  Pengpat, K.,  Eitssayeam, S.,  Tunkasiri, T.,  Rujijanagul, G., 
0./5* ÿCddcarq md npmacqqgle n_p_kcrcp ml nf_qc rp_lqgrgml _lb cjcarpga_j npmncprgcq md jc_b-free 
@LIR ngcxmcjcarpga acp_kgaqĀ* Dcppmcjcarpgaq* 3//&/'* nn, 20-51. 

17. Jarupoom, P., Jaita, P.,  Boothrawong, N.,  Phatungthane, T.,  Sanjoom, R.,  Rujijanagul, G.,  Cann, 
B,N,* 0./5* ÿGldjsclac md AmM L_lmn_prgajcq ml Npmncprgcq md @_pgsk Xgpamlgsk Rgr_l_rc Acp_kgaqĀ* 
Journal of Electronic Materials, 46(7), pp. 4267-4275. 

18. Intawin, P.,  Leenakul, W.,  Jantaratana, P.,  Eitssayeam, S.,  Rujijanagul, G.,  Pengpat, K.,  2017, 
ÿQwlrfcqgq* qrpsarsp_j _lb cjcarpga_j npmncprgcq md ep_lsj_p @R-LXD l_lmapwqr_jq gl qgjga_rc ej_qqĀ* 
Ceramics International, 43, pp. S258-S264. 

19. Jaita, P.,  Butnoi, P.,  Sanjoom, R.,  Randorn, C.,  Yimnirun, R.,  Rujijanagul, G., 0./5* ÿCjcarpga 
field-induced strain response of lead-free Fe2O3 nanoparticles-modified 
Bi0.5(Na0.80K0.20)0.5TiO3-.,.1&@_.,5.Qp.,.1'RgM1 ngcxmcjcarpga acp_kgaqĀ* Acp_kgaq Glrcpl_rgml_j* 
43, pp. S2-S9. 

20. Panyata, S., Eitssayeam, S., Rujijanagul, G., Rsli_qgpg* R,* Nclen_r* I,* 0./5* ÿLml-isothermal 
crystallization kinetics of bismuth germanate glass-acp_kgaqĀ* Acp_kgaq Glrcpl_rgml_j* 21* nn, Q2.5-
S411. 

21. Lamkhao, S., Rujijanagul, G., Randorn, C.,  0./5* ÿFabrication of g-C3N4and a promising charcoal 
npmncprw rmu_pbq clf_lacb afpmkgsk&TG' pcbsargml _lb u_qrcu_rcp rpc_rkclr slbcp tgqg`jc jgefrĀ* 
Chemosphere, 193, pp. 237-243. 

22. Manotham, S.,  Butnoi, P.,  Jaita, P.,  Kumar, N.,  Chokethawai, K.,  Rujijanagul, G.,  Cann, D.P.d, 
0./5* ÿJ_pec cjcarpga dgcjb-induced strain and large improvement in energy density of bismuth 
sodium potassium titanate-`_qcb ngcxmcjcarpga acp_kgaqĀ* Hmspl_j md ?jjmwq _lb Amknmslbq* 517* nn, 
457-467. 

23. Jaita P., Kruea-In C., Rujijanagul G., 2016, "Influence of Al2O3 nanoparticles' incorporation on the 
structure and electrical properties of Pb0.88Sr0.12Zr0.54Ti0.44Sb0.02O3 ceramics", Nanomaterials 
and Nanotechnology,  6(1), No. 63060. 

24. Tunkasiri T., Rujijanagul G., Intatha U., Pengpat K., Sutjarittangtham K., Eitssayeam S., 2016, 
"Model for the dielectric constant for 0-3 piezoelectric-polymer composites", Ferroelectrics,  502(1), 
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25. Chumprasert L., Funseub N., Limpichaipanit A.* Le_kh_pspmh_l_ ?,* 0./3* ÿCddcar md @_pgsk 
Titanate on Diejcarpga Npmncprw md NJXR Acp_kgaqĀ* ?nnjgcb Kcaf_lgaq _lb K_rcpg_jq* Vol. 6.2, pp. 
0/+02,  
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ÿCddcar md dj_kc-made metal (M=Pt, Nb, Ru)-Loaded In2O3 on NO2 e_q qclqgleĀ* LQRG8 ?bt_lacb 
Materials - TechConnect Briefs 2015 1, pp. 199-202. 

23. Tammanoon N., Wisitsoraat A., Sriprachuabwong C., Phokharatkul D., Tuantranont A., Phanichphant 
S., Liewhiran C., 2015, "Ultrasensitive NO2 Sensor Based on Ohmic Metal-Semiconductor Interfaces 
of Electrolytically Exfoliated Graphene/Flame-Spray-Made SnO2 Nanoparticles Composite Operating 
at Low Temperatures", ACS Applied Materials and Interfaces, Vol. 7(43), pp. 24338-24352. 

24. Inyawilert, K., Wisitsoraat, A., Sriprachaubwong, C., Tuantranont, A., Phanichphant, S., Liewhiran, 
C.* 0./3* ÿP_pid ethanol sensor based on electrolytically-exfoliated graphene-loaded flame-made 
In-bmncb QlM0 amknmqgrc dgjkĀ* Qclqmpq _lb ?ars_rmpq* @8 Afckga_j* 0.7* nn, 2.-55. 
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25. Punginsang M., Wisitsora-At A., Tuantranont A., Phanichphant S., Liewhiran C., 2015, "Effects of 
cobalt doping on nitric oxide, acetone and ethanol sensing performances of FSP-made SnO2 
nanoparticles", Sensors and Actuators, B: Chemical, Vol. 210, pp. 589-601. 

26. Singkammo S., Wisitsoraat A., Sriprachuabwong C., Tuantranont A., Phanichphant S., Liewhiran C., 
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/7, Řŝ,ŉŘ,œũŝũŞŅƥ   şũļŠƥŴĽ (Assoc.Prof.Dr.Pisith Singjai)  
ļŧŎŜũĽŦŗŌŪŹşŎŴĽŲŚťűĿŪŹŗŜĿŧł : Nanomaterials, Energy Materials, Thin Films 
1. Hankhuntod, A., Kantarak, E., Sroila, W., Kumpika, T., Singjai, P., Thongsuwan, W., 2019* ÿa-

Fe2O3 modified TiO2 l_lmn_prgasj_rc dgjkq npcn_pcb `w qn_pigle mdd Dc cjcarpmnj_rcb Rg rgnqĀ* ?nplied 
Surface Science, 477, pp. 116-120. 

2. Wiranwetchayan, O.,  Promnopas, S.,  Phadungdhitidhada, S.,  Phuruangrat, A.,  Thongtem, T.,  
Singjai, P.,  Thongtem, S., 2019* ÿAf_p_arcpgx_rgml md ncpmtqigrc J_DcM3 synthesized by microwave 
plasma method for photoa_r_jwrga _nnjga_rgmlqĀ* Acp_kgaq Glrcpl_rgml_j* 23(4), pp. 4802-4809. 

3. PsȚk_l* Q,Q,* Nslwmbmk* U,* H_ikslcc* H., Singjai, P., 0./6* ÿGlbsagle apwqr_jjglgrw md kcr_j rfgl 
dgjkq ugrf uc_i k_elcrga dgcjbq ugrfmsr rfcpk_j _llc_jgleĀ* Apwqr_jq* 6&7'* art. no. 362. 

4. Wiranwetchayan, O.,  Ruankham, P.,  Promnopas, W.,  Choopun, S.,  Singjai, P.,  Chaipanich, A.,  
Rfmlerck* Q,* 0./6* ÿCddcar md l_lmnmpmsq Gl2O3 film fabricated on TiO2 -In2O3 photoanode for 
nfmrmtmjr_ga ncpdmpk_lac tg_ _ qn_pigle kcrfmbĀ* Hmspl_j md Qolid State Electrochemistry, 22(8), pp. 
2531-2543. 

5. Kumpika, T., Kantarak, E., Sroila, W., Panthawan, A., Jhuntama, N., Sanmuangmoon, P., 
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spark-am_rgleĀ* Qspd_ac _ld Interface Analysis, 50(8), pp. 827-834. 

6. Thongpan, W., Kumpika, T., Kantarak, E., Panthawan, A., Pooseekheaw, P., Singjai, P., 
Rs_lrp_lmlr* ?,*  Rfmleqsu_l* U,* 0./6*  ÿCvrcpl_j-electric-field-enhanced uniformity and 
deposition rate of a TiO2 film prepareb `w rfc qn_pigle npmacqqĀ* Sip_glg_l Hmspl_j md Nfwqgaq* 41&4'* 
pp. 531-537. 

7. Sriboonruang, A., Kumpika, T., Sroila, W., Kantarak, E., Singjai, P., Thongsuwan, W., 2018, 
ÿQsncpfwbpmnfm`gagrw-qsncpfwbpmnfgjgagrw rp_lqdmpk_rgml md rp_lqn_pclr NQ-PMMA-SiO2 
nalmamknmqgrc dgjkqĀ* Sip_glg_l Hmspl_j md Nfwqgaq* 41&1'* nn, 004-231. 

8. Panthawan, A.,  Kumpika, T.,  Sroila, W.,  Kantarak, E.,  Thongpan, W.,  Pooseekheaw, P.,  
Sornphanpee, R.,  Jumrus, N.,  Sanmuangmoon, P.,  Tuantranont, A.,  Singjai, P.,  Thongsuwan, 
W,* 0./6* ÿKmpnfmjmew _lb nf_qc rp_lqdmpk_rgml md amnncp-_jskglgsk mvgbc dgjkqĀ* Sip_glg_l Hmspl_j 
of Physics, 63(5), pp. 425-430. 

9. Tippo, P., Singjai, P., Afmmnsl* Q,* Q_isjqcpkqsi* Q,* 0./6* ÿNpcn_p_rgml _lb cjcarpga_j npmncprgcq md 
l_lmapwqr_jjglc @ALMĀ* Materials Letters, 211, pp. 51-54. 

10. Stefan, R., Jakmunee, J., Punyodom, W., Singjai, P., 0./6* ÿ? lmtcj qrp_rcew dmp jmlectgrw 
prolongation of iron-`_qcb l_lmn_prgajc rfgl dgjkq `w _nnjgcb k_elcrga dmpacĀ* Lcu Hmspl_j md 
Chemistry, 42(7), pp. 4807-4810. 



80 

 

11. Jumrus, N.,  Panthawan, A.,  Kumpika, T.,  Sroila, W.,  Kantarak, E.,  Sanmuangmoon, P.,  Singjai, 
P.,  Rfmleqsu_l* U,* 0./6* ÿNfmrma_r_jwrga _argtgrw slbcp tgqg`jc jgefr pcegml md a_-modified TiO2 np 
films prepared by sparking off ca-cjcarpmnj_rcb rg rgnqĀ* Surface Review and Letters, 25(01), 
1840002. 

12. Hankhuntond, A., Singjai, P., Q_isjqcpkqsi* Q,* 0./5* ÿQsncpfwbpmnfm`gagrw md fgcp_pafga_j 
l_lmqrpsarspc md a_lbjc qmmr dgjkqĀ* Hmspl_j md Nfwqgaq8 Amldcpclac Qcpgcq* 7./&/'*./0/32, 

13. Sukee, A., Kantarak, E., Singjai, P., 0./5* ÿNpcn_p_rgml md ?jskglsk bmncb Xgla Mvgbc Rfgl Dgjkq 
ml Ej_qq Qs`qrp_rc `w Qn_pigle Npmacqq _lb Rfcgp Mnrga_j _lb Cjcarpga_j NpmncprgcqĀ* Hmspl_j md 
Physics: Conference Series, 901(1),012153. 

14. Panyathip, R., Choopun, S., Singjai, P., Sakulserkqsi* Q,* 0./5* ÿRckncp_rspc bcnclbclac md 
graphene and N-bmncb ep_nfclc dmp e_q qclqmp _nnjga_rgmlqĀ* Hmspl_j md Nfwqgaq8 Amldcpclac Qcpgcq* 
901(1), 012076. 

15. Tadakaluru, S., Kumpika, T.,  Kantarak, E.,  Sroila, W.,  Panthawan, A.,  Sanmuangmoon, P.,  
Thongsuwan, W.,  Singjai, P., 0./5* ÿFgefjw qrpcraf_`jc _lb qclqgrgtc qrp_gl qclqmpq sqgle l_lm-
ep_nfclc am_rcb l_rsp_j ps``cpĀ* Nj_qrgaq* Ps``cp _lb Amknmqgrcq* 24&5'* nn, 1./-305. 

16. Wiranwetchayan, O., Promnopas, W., Choopun, S., Singjai, P., Thongtem, S., 2017* ÿNpcn_p_rgml md 
TiO2 nanoparticles by sparking technique for enhancing photovoltaic performance of dye-sensitized 
qmj_p acjjqĀ* Pcqc_paf ml Afckga_j Glrcpkcbg_rcq* 21& 6' nn, 2117-4352. 

17. Chuminjak, Y., Daothong, S., Kuntarug, A., Phokharatkul, D., Horprathum, M., Wisitsoraat, A., 
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Electrochimica Acta, 238, pp. 298-309. 

18. Boonphan, S., Singjai, P., 0./5* ÿQmj_p fc_r _`qmp`gle am_rgle dpmk ksjrg-walled carbon nanotube 
composites with linear low-density polyethylene-am_rcb amnncp qfccrĀ* Hmspl_j md Pcgldmpacb Nj_qrgaq 
and Composites, 36( 9), 714-721. 

19. Thurakitseree, T., Kramberger, C., Singjai, P., 0./5* ÿK_psw_k_* Q,* Dglecpnpglrgle qc_kjcqq 
single-walled carbon nanotube junctions: Via the migration of encapsulated N2 molecules from bottom 
to top: Are arrays of VA-QULRq amlrglsmsq=Ā* L_lmqa_jc* 7& //'*nn, 2..0-4006. 

20. Kumpika, T., Kantarak, E., Sroila, W., Panthawan, A., Sanmuangmoon, P., Thongsuwan, W., Singjai, 
P., 0./5* ÿD_`pga_rgml _lb amknmqgrgml amlrpmj md nmpmsq XlM-TiO2 binary oxide thin films via a 
qn_pigle kcrfmbĀ* Mnrgi* /11* nn, //2-121. 

21. Thurakitseree T., Choopun S., Singjai P., 2016, "Simple fabrication of heterojunction solar cells by 
utilizing carbon materials films", Surface and Coatings Technology, 306, pp. 127-131. 

22. Thongsuwan W., Singjai P., 2016, "Influence of TiO2/Fe2O3 interfacial layers on optical properties 
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23. Wiranwetchayan O., Promnopas W., Hongsith K., Choopun S., Singjai P., Thongtem S., 2015, "Effect 
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24. Chuminjak Y., Daothong S., Reanpang P., Mensing J.P., Phokharatkul D., Jakmunee J., Wisitsoraat A., 
Tuantranont A., Singjai P., 2015, "Electrochemical energy-storage performances of nickel oxide films 
prepared by a sparking method", RSC Advances, Vol. 5(83), pp. 67795-67802. 

20. őŝ,ŉŘ,ŢŭŉŖŘŦŊŎƥ ŌũœŜŘŘň (Asst.Prof.Dr. Udomrat Tippawan) 
ļŧŎŜũĽŦŗŌŪŹşŎŴĽŲŚťűĿŪŹŗŜĿŧł : Nuclear Physics 
1. Techarang J.,  Yu L.D., Tippawan U.,  _lb Nf_laf_gqpg @* 0./6* ÿGml `c_k eclcrga-technology for 

mobgdga_rgml md pgac nfclmrwncqĀ* Qspd_ac _lb Am_rgleq Rcaflmjmew* 133* 0.5-214. 
2. Aramwit C, Yu L.D., Gregoratti L., Choopun S., Intarasiri S., Bootkul D., Tippawan U.,2017, 
ÿAf_p_arcpgq_rgmlq _lb BQQA cddgagclaw rcqr md RgM0l_lm-films formed by filtered cathodic vacuum 
_pa bcnmqgrgmlĀ* Glrcpl_rgml_j Hmspl_j md L_lmrcaflmjmew* 2* 26/-495. 

3. Singkarat S., Puttaraksa N., Unai S., Yu L.D.,  Singkarat K., Pussadee N., Whitlow H.J., Natyanum S., 
Tippawan U., 0./5* ÿBctcjmnkclr md camlmkga KcT-ion microbeam technology at Chiang Mai 
SlgtcpqgrwĀ* Lsajc_p Glqrpskclrq _lb Kcrfmbq gl Nfwqgaq Pcqc_paf @* 2.2* 36-64. 

4. Thopan P., Yu L.D., Brown I.G., Tippawan U., 0./5* ÿJmu-Energy Ion-Species-Dependent 
Induction of DNA Double-Strand Breaks: Ion Energy and Fluence ThresfmjbqĀ* P_bg_rgml Pcqc_paf* 
188, 426-432.  

5. Natyanun S., Unai S., Yu L.D., Tippawan U., _lb L, Nsqq_bcc* 0./5* ÿNpcjgkgl_pw _nnjga_rgml md 
tapered glass capillary microbeam in MeV-PIXE mapping of longan leaf for elemental concentration 
distribution analysis, IOP Conf. Series: Journal of Physics: Conf. Series 901, 012132. 

6.  Tippawan U., Chulapakorn T., Bootkul D., Pangkason C., Intarasiri S., 2016, "Investigation on 
modification of ion implanted natural corundum by UV Vis-NIR spectroscopy", Surface and Coatings 
Technology,  306, pp. 358-363. 

7. Chu P.K., Boonyawan D., Yu L.D., Tippawan U., Gwilliam R., Tian X.B., 2016, "Dedicated to Russell 
Mark Gwilliam", Surface and Coatings Technology,  306, pp. 1-5. 

8. Thopan P., Yu L.D., Tippawan U., 2016, "Critical low-energy Ar-ion beam conditions to induce 
direct DNA double strand break", Surface and Coatings Technology,  306, pp. 313-318. 

9. Bootkul D., Tengchaisri T., Tippawan U., Intarasiri S., 2016, "Analysis and modification of natural 
red spinel by ion beam techniques for jewelry applications", Surface and Coatings Technology,  306, 
pp. 211-217. 

10. Intarasiri S., Bootkul D., Tippawan U., Songsiriritthigul P., 2016, "Color improvement of rubies by ion 
beam technique", Surface and Coatings Technology,  306, pp. 205-210. 

11. Singkarat S., Wijaikhum A., Suwannakachorn D., Tippawan U., Intarasiri S., Bootkul D., Phanchaisri 
B., Techarung J., Rhodes M.W., Suwankosum R., Rattanarin S., Yu L.D., 2015, "A simple ion 
implanter for material modifications in agriculture and gemmology", Nuclear Instruments and Methods 
in Physics Research, Section B: Beam Interactions with Materials and Atoms,  365, pp. 414-418. 

12. Bootkul D., Chaiwai C., Tippawan U., Wanthanachaisaeng B., Intarasiri S., 2015, "Analysis and 
modification of blue sapphires from Rwanda by ion beam techniques", Nuclear Instruments and 
Methods in Physics Research, Section B: Beam Interactions with Materials and Atoms,  365, pp. 8-
293. 
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13. Thopan P., Suwannakachorn D., Tippawan U., Yu L.D., 2015, "Measurement of ultra-low ion 
energy of decelerated ion beam using a deflecting electric field", Nuclear Instruments and Methods in 
Physics Research, Section B: Beam Interactions with Materials and Atoms,  365, pp. 394-398. 

0/, Řŝ,ŉŘ, ŜũŖ  űŠŎŬŢűœŸļ (Assoc. Prof. Dr. Wim  Nhuapeng)  
ļŧŎŜũĽŦŗŌŪŹşŎŴĽŲŚťűĿŪŹŗŜĿŧł : Composites, Nanomaterials 
1. Khankham P., Nhuapeng W., and Thamjaree W., 2017, ÿFabrication and mechanical properties of 

the biocomposites between water hyacinth fiber and paper msj`cppwĀ* Icw Cleglccpgle K_rcpg_jq* 
Vol. 757, pp. 73-77. 

2. Phunwaree S., Nhuapeng W., Boonyawan D. and Thamjaree W., 0./4* ÿEffect of Plasma Power on 
Copper Substrate Used for Synthesizing Carbon Nanotubes via Alcohol Catalytic Chemical Vapor 
Deposition (ACVD) TechniqueĀ* Afg_le K_g H, Qag,* Tmj. 43(2), pp. 339-344. 

3. Suttichart C., Boonyawan D., Nhuapeng W., Thamjaree W., 0./4* ÿEffect of a low gas pressure 
plasma treatment on copper substrate used for carbon nanotubes synthesisĀ, Surface & Coatings 
Technology, Vol. 306, pp. 279-284. 

4. Janyakunmongkol K., Nhuapeng W., Thamjaree W., 0./4* ÿEffect of added silicon carbide 
nanowires and carbon nanotubes on mechanical properties of 0ú3 natural rubber compositesĀ, Japan 
J App Phys, Vol. 55, pp. 01AE21.   

5. Sutticharta C., Boonyawan D., Nhuapeng W., and Thamjaree W., 2016, ÿOptimization of Diamond- 
Jgic A_p`ml Rfgl Dgjk ml Amnncp Qs`qrp_rc dmp A_p`ml L_lmrs`cq Qwlrfcqgq `w ?ATB RcaflgoscĀ* 
Materials Science forum, Vol. 883, pp. 65-69. 

00, őŝ,ŉŘ, ŜŦŎŉŪ ōŘŘŖĽŧŘŪ (Asst.Prof.Dr.Wandee Thamjaree)   
ļŧŎŜũĽŦŗŌŪŹşŎŴĽŲŚťűĿŪŹŗŜĿŧł : Composites, Nanomaterials   
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molybdenum oxides thin film on the surface of anodized aluminum plate for ultracapacitor electrode 
k_rcpg_jĀ* Qspd_ac Review and Letters 25,1840007. 

2. Khankham P., Nhuapeng W., and Thamjaree W., 2017, ÿFabrication and mechanical properties of 
the biocomposites between water yyacinth fiber and paper msj`cppwĀ* Icw Cleglccpgle K_rcpg_jq* 
757, pp. 73-77. 

3.  Phunwaree S., Nhuapeng W., Boonyawan D. and Thamjaree W., 0./4* ÿCddcar md Nj_qk_ Nmucp ml 
Copper Substrate Used for Synthesizing Carbon Nanotubes via Alcohol Catalytic Chemical Vapor 
Bcnmqgrgml &?ATB' RcaflgoscĀ* Afg_le K_g H, Qag,* 21&0'* nn, 117-344. 

4. Suttichart C., Boonyawan D., Nhuapeng W., Thamjaree W., 0./4* ÿCddcar md _ jmu e_q npcqqspc 
nj_qk_ rpc_rkclr ml amnncp qs`qrp_rc sqcb dmp a_p`ml l_lmrs`cq qwlrfcqgqĀ* Qspd_ac $ Am_rgleq 
Technology, 306, pp. 279-284. 

5. Janyakunmongkol K., Nhuapeng W., Thamjaree W., 2014* ÿCddcar md _bbcb qgjgaml a_p`gbc 
nanowires and carbon nanotubes on mechanical properties of 0ú1 l_rsp_j ps``cp amknmqgrcqĀ, H_n_l 
J App Phys, 55, pp. 01AE21. 

6.  Sutticharta C., Boonyawan D., Nhuapeng W., and Thamjaree W., 2016, ÿOptimization of Diamond- 
Jgic A_p`ml Rfgl Dgjk ml Amnncp Qs`qrp_rc dmp A_p`ml L_lmrs`cq Qwlrfcqgq `w ?ATB RcaflgoscĀ* 
Materials Science forum, 883, pp. 65-69. 
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01, őŝ,ŉŘ,ŜŪŘťűŉĿ  ŌŢļşŭŜŘŘň (Asst. Prof. Dr.Weradej Thongsuwan)  
ļŧŎŜũĽŦŗŌŪŹşŎŴĽŲŚťűĿŪŹŗŜĿŧł : Nanomaterials, Sensors, Thin Films 
1. Butburee, T., Kotchasarn, P., Hirunsit, P., Sun, Z., Tang, Q., Khemthong, P., Sangkhun, W., 

Thongsuwan, W., Kumnorkaew, P., Wang, H., Faungnawakij, K. , 2019, New understanding of 
crystal control and facet selectivity of titanium dioxide ruling photocatalytic performance, Journal of 
Materials Chemistry, A 7(14), pp. 8156-8166. 

2. Hankhuntod, A., Kantarak, E., Sroila, W., Kumpika, T., Singjai, P., Thongsuwan, W., 2019, a-Fe2O 

3 modified TiO2 nanoparticulate films prepared by sparking off Fe electroplated Ti tips, Applied 
Surface Science, 477, pp. 116-120. 

3. Thongpan, W., Louloudakis, D., Pooseekheaw, P., Kumpika, T., Kantarak, E., Panthawan, A., 
Thongsuwan, W., Singjai, P., 2019, Electrochromic properties of tungsten oxide films prepared by 
sparking method using external electric field, Thin Solid Films, 682, pp. 135-141. 

4. Sriboonruang, A., Kumpika, T., Kantarak, E., Sroila, W., Singjai, P., Lawan, N., Muangpil, S., 
Thongsuwan, W., 2019, Isomer effect on chemical reactivity and superhydrophobicity of 
chlorosilane modified SiO2 nanoparticles prepared by one-step reaction, Materials Letters, 248, pp. 
227-230. 

5. Kumpika, T., Kantarak, E., Sroila, W., Panthawan, A., Jhuntama, N., Sanmuangmoon, P., 
Thongsuwan, W,* Qgleh_g* N,* 0./6* ÿQsncpfwbpmnfglic/superhydrophobic surfaces fabricated by 
spark-am_rgleĀ* Qspd_ac _lb Glrcpd_ac ?l_jwqgq* 3.&6'* nn, 605-834. 

6. Thongpan, W., Kumpika, T., Kantarak, E., Panthawan, A., Pooseekheaw, P., Singjai, P., Tuantranont, 
A., Thongsuwan, W,* 0./6* ÿCvrcpl_j-electric-field-enhanced uniformity and deposition rate of a 
TiO2 dgjk npcn_pcb `w rfc qn_pigle npmacqqĀ* Sip_glg_l Hmspl_j md Nfwqgaq* 41&4'* nn, 31/-537. 

7. Sriboonruang, A., Kumpika, T., Sroila, W., Kantarak, E., Singjai, P., Thongsuwan, W., 2018, 
ÿQsncpfwbpmnhobicity/superhydrophilicity transformation of transparent PS-PMMA-SiO2 
l_lmamknmqgrc dgjkqĀ* Sip_glg_l Hmspl_j md Nfwqgaq* 41&1'* nn, 004-231. 

8. Panthawan, A.,  Kumpika, T.,  Sroila, W.,  Kantarak, E.,  Thongpan, W.,  Pooseekheaw, P.,  
Sornphanpee, R.,  Jumrus, N.,  Sanmuangmoon, P.,  Tuantranont, A.,  Singjai, P.,  Thongsuwan, 
W,* 0./6* ÿKmpnfmjmew _lb nf_qc rp_lqdmpk_rgml md amnncp-_jskglgsk mvgbc dgjkqĀ* Sip_glg_l Hmspl_j 
of Physics, 63(5), pp. 425-430. 

9. Tadakaluru, S., Kumpika, T.,  Kantarak, E.,  Sroila, W.,  Panthawan, A.,  Sanmuangmoon, P.,  
Thongsuwan, W,*  Qgleh_g* N,* 0./5* ÿFgefjw qrpcraf_`jc _lb qclqgrgtc qrp_gl qclqmpq sqgle l_lm-
ep_nfclc am_rcb l_rsp_j ps``cpĀ* Nj_qrgaq* Ps``cp _lb Amknmqgrcq* 24&5'* nn, 1./-305. 

10. Kumpika, T., Kantarak, E., Sroila, W., Panthawan, A., Sanmuangmoon, P., Thongsuwan, W., 
Qgleh_g* N,* 0./5* ÿD_`pga_rgml _lb amknmqgrgml amlrpmj md nmpmsq XlM-TiO2 binary oxide thin films via 
_ qn_pigle kcrfmbĀ* Mnrgi* /11* nn, //2-121. 

11. Thongsuwan, W,* Qgleh_g* N,* 0./4* ÿGldluence of TiO2/Fe2O3 interfacial layers on optical properties 
slbcp tgqg`jc jgefrĀ* Qspd_ac _lb Am_rgleq Rcaflmjmew* Tmj, 1.4* nn, 27-53. 

12. Daram, P.,  Banjongprasert, C.,  Thongsuwan, W.*  Hg_lqgpgqmk`mml* Q,* 0./4* ÿKgapmqrpsarspc _lb 
photocatalytic acrgtgrgcq md rfcpk_j qnp_wcb rgr_lgsk bgmvgbc-a_p`ml l_lmrs`cq amknmqgrc am_rgleqĀ* 
Surface and Coatings Technology, Vol. 306, pp. 290-94. 
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13. Daram, P., Thongsuwan, W,* Hg_lqgpgqmk`mml* Q,* 0./3* ÿGldjsclac md a_p`ml l_lmrs`cq ml 
photocatalytic activities md rgr_lgsk bgmvgbc l_lmamknmqgrc nmubcpqĀ* Icw Cleglccpgle K_rcpg_jq* Tmj, 
659, pp. 315-320. 

24. őŝ,ŉŘ, ľŦŊŘŉŎŦŗ  ŏŭłűŘŬŢļ (Asst.Prof.Dr. Chatdanai  Boonruang)  
ļŧŎŜũĽŦŗŌŪŹşŎŴĽŲŚťűĿŪŹŗŜĿŧł : Metals and alloys, corrosion, surface and interface   
1. C. Boonruang, A. Thongúon, P. Kidkhunthod, 0 ./6, ÿCddcar md l_lmep_glúboundary networks 
eclcp_rgml ml amppmqgml md a_p`spgxcb k_prclqgrga qr_gljcqq qrccjĀ* Qagclrgdga Pcnmprq* Tmj, 6, pp. 29. 

2. A. Thong-on, C. Boonruang, 0./4* ÿBcqgel md `mgjcp ucjbgle dmp gknpmtckclr of lifetime and cost 
amlrpmjĀ* Materials, Vol. 9(11), pp. 891.  

3. A. Thong-on, C. Boonruang, 0./4* ÿQspd_ac kmbgdga_rgml md jmu a_p`ml k_prclqgrga qr_gljcqq qrccj `w 
asppclr fc_rgle rcaflgosc gl ep_nfgrcĀ* Qspd_ac _lb Am_rgleq Rcaflmjmew* Vol. 1.4(A), pp. 045ú05/, 

4. A. Thong-on, C. Boonruang, 2016, ÿTribological and corrosion behaviors of carburized AISI 4340 
qrccjĀ* H_n_lcqc Hmspl_j md ?nnjgcb Nfwqgaq* Tmj, 33* nn, ./??0/- 01AA25. 

5. Boonma J., Khammuangsa S., Uttarasak K., Dutchaneephet J., Boonruang C., Sirikulrat N., 2015, 
"Post-weld heat treatment effects on hardness and impact strength of aluminum alloy 6061 friction 
stir Butt weld", Materials Transactions, Vol. 56(7), pp. 1072-1076. 

25. őŝ,ŉŘ,ŢŘŜŘŘň ŜũŘŦŚŠƥűŜĿŗŦŎŊƥ (Asst.Dr.Orawan Wiranwetchaya)  

ļŧŎŜũĽŦŗŌŪŹşŎŴĽŲŚťűĿŪŹŗŜĿŧł : Nanomaterials, Solar cell, Atmospheric 

1.  Kaewmanee, T., Wannapop, S., Phuruangrat, A., Thongtem T., Wiranwetchayan, O., Promnopas, 
W., Sansongsiri, S., Thongtem, S., 2019, Effect of oleic acid content on manganese-zinc ferrite 
properties, Inorganic Chemistry Communications 103, pp. 87-92. 

2. Wiranwetchayan O., Promnopas S., Phadungdhitidhada P., Phuruangrat A., Thongtem T., P. Singjai 
Thongtem S., 2019* ÿCharacterization of perovskite LaFeO3 synthesized by microwave plasma 
method for photocatalytic applicationsĀ, Ceram. Inter. 45(4), 4802-4809. 

3.  Wiranwetchayan O., Ruankham, P., Promnopas W., Choopun S., Singjai P., Chaipanich A., 
Thongtem S., 0./6* ÿEffect of nanoporous In2O3 film fabricated on TiO2-In2O3 photoanode for 
photovoltaic performance via a sparking methodĀ, J.  Solid State Electrochemistry 22, 2531-2543. 

4.  Maisang W., Phuruangrat A., Randorn C., Kungwankunakorn S., Thongtem S., Wiranwetchayan O., 
Wannapop S., Choopun S., Kaowphong S., Thongtem T., 2018,  ÿEnhanced photocatalytic 
performance of visible-light-driven BiOBr/BiPO4 compositesĀ, Mater. Sci. Semi. Process 75 ,319-
326.  

5. Wiranwetchayan O., Promnopas S., Thongtem T., Chaipanich A., 2017, ÿEffect of alcohol solvents 
on TiO2 films prepared by solúgel methodĀ* Qspd, Am_r, Rcaf, 104* 310-315. 

6. Wiranwetchayan O., Promnopas W., Choopun S., Singjai P., Thongtem S., 0./5* ÿPreparation of 
TiO2 nanoparticles by sparking technique for enhancing photovoltaic performance of dye-sensitized 
solar cellsĀ, Res. Chem. Intermed. 43(8), pp. 4339-4352. 

7. Wiranwetchayan O., Promnopas W., Hongsith K., Choopun S., Singjai P., Thongtem S., 2016, 
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and characterization of Ag3VO4/Bi2MoO6 nanocomposites with highly visible-light-induced 
photocatalytic propertiesĀ, Mater. Lett. 180, 93-96. 

9. Promnopas W., Promnopas S., Phonkhokkong T., Thongtem T, Boonyawan D., Yu L.D., 
Wiranwetchayan O., Phuruangrat A., Thongtem S., 2016, ÿCrystalline phases and optical 
npmncprgcq md rgr_lgsk bgmvgbc ęjkq bcnmqgrcb ml glass substrates by microwave methodĀ, Surf. Coat. 
Tech. 306, 69ú74. 

10. Promnopas S., Wiranwetchayan O., Thongtem T., Promnopas W. and  Thongtem S., 2016, 
ÿCharacterization of NiO-Ŭ -MoO3 Composites Synthesized by Microwave Plasma, Chiang Mai 
Journal of Science 43, 276-1. 

11. Wiranwetchayan O., Promnopas W., Hongsith K., Choopun S., Singjai P., Thongtem S., 2015, 
ÿCddcar md XlM ęjkq gkkcpqgml bsp_rgml gl L5/7 bwc ml clcpew amltcpqgml cdęagclaw md BQQAqĀ* Res 
Chem Intermed 12, 1-18. 

04, őŝ,ŉŘ, ŢŘŜŘŘň  ĹžŧŖŦŹŎ (Asst.Prof.Dr. Orawan  Khamman)  
ļŧŎŜũĽŦŗŌŪŹşŎŴĽŲŚťűĿŪŹŗŜĿŧł : Electroceramics 
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ŕŧĹőŎŜĶ 4 

ŊŧŘŧļűŐŘŪŗŏűŌŪŗŏķƢŢŲŊĶŊơŧļŘťŠŜơŧļŠŚŦĶşŮŊŘűŉũŖĶŦŏŠŚŦĶşŮŊŘŌŪŹŐŘŦŏŐŘŭļ 

Ųŏŏ /,/  

ŠŚŦĶşŮŊŘŐŘŦŏŐŘŭļ œ,ŝ,2557 ŠŚŦĶşŮŊŘŐŘŦŏŐŘŭļ œ,ŝ,2540 űŠŊŭőŚŴŎĶŧŘŐŘŦŏŐŘŭļ 

Ķ, ŜũŌŗŧŎũœŎōƥ  26  ŠŎơŜŗĶũŊ Ķ, ŐŘũłłŧŎũœŎōƥ  26  ŠŎơŜŗĶũŊ  

210898 ŜũŌŗŧŎũœŎōƥŐŘũłłŧűŢĶ 26 ŠŎŜŗĶũŊ 0/.676 ŉŭŞŃŪŎũœŎōƥ 26 ŠŎŜŗĶũŊ -űœŬŹŢŴŠƢşŢŉĹŚƢŢļĶŦŏķƢŢŏŦļĹŦŏŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơŜơŧŉƢŜŗ 

 ĶŧŘŝūĶŞŧŘťŉŦŏŏŦňņũŊŝūĶŞŧ œ,ŝ,0337 ųŉŗŵŉƢŉžŧűŎũŎĶŧŘ 

  ŐŘŦŏŐŘŭļĶŘťŏŜŎŜũĿŧŵŐœŘƢŢŖĶŦŏĶŧŘűşŎŢŐŘŦŏŐŘŭļŠŚŦĶşŮŊŘ 

  ŐŘ,ŉ, şŧķŧŜũĿŧŜŦşŉŭŝŧşŊŘƥ ŠŚŦĶşŮŊŘŐĶŊũ ŲŚƢŜ 

ķ, ĶũĽĶŘŘŖŌŧļŜũĿŧĶŧŘ ŐŘťĶŢŏŉƢŜŗ    ķ, ĶũĽĶŘŘŖŌŧļŜũĿŧĶŧŘ ŐŘťĶŢŏŉƢŜŗ     

1) ŎŦĶŝūĶŞŧĽťŊƢŢļűķƢŧŘơŜŖşŦŖŖŎŧķŢļŕŧĹŜũĿŧŌŭĶĹŘŦźļŊŚŢŉŘťŗťűŜŚŧ     

   ĶŧŘŝūĶŞŧŢŗơŧļşŖŹžŧűşŖŢ ŲŚťŊƢŢļŎžŧűşŎŢőŚļŧŎŌŪŹűĶŪŹŗŜķƢŢļĶŦŏ    

   ŜũŌŗŧŎũœŎōƥ ųŉŗŴĿƢŕŧŞŧŢŦļĶřŞ ŢŗơŧļŎƢŢŗŐƙĶŧŘŝūĶŞŧŚť 1 ĹŘŦźļ  

   űŐƩŎĽžŧŎŜŎ ŵŖơŎƢŢŗĶŜơŧ 3 ĹŘŦźļ  

-ŗĶűŚũĶ- -ŗĶűŚũĶĶŧŘĽŦŉşŦŖŖŎŧ űŎŬŹŢļĽŧĶŎŦĶŝūĶŞŧ 

  ŊƢŢļŚļŌťűŏŪŗŎĶŘťŏŜŎŜũĿŧşŦŖŖŎŧŊŧŖűļŬŹŢŎŵķķŢļşŧķŧ 

 

2) őŚļŧŎŜũŌŗŧŎũœŎōƥŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŤ ŊƢŢļŵŉƢŘŦŏĶŧŘŊŪœũŖœƥ    

   ŠŘŬŢŊŢŏŘŦŏŴŎĶŧŘŊŪœũŖœƥŴŎŜŧŘşŧŘŠŘŬŢşũŹļœũŖœƥŌŧļŜũĿŧĶŧŘŘťŉŦŏ   

   ŎŧŎŧĿŧŊũŢŗơŧļŎƢŢŗ 2 űŘŬŹŢļ ųŉŗŖŪŘŧŗŚťűŢŪŗŉűļŬŹŢŎŵķ ŉŦļŎŪź  

   2.1 ŜŧŘşŧŘŉŦļĶŚơŧŜŊƢŢļŖŪĶŘťŏŜŎĶŧŘŊŘŜĽşŢŏŲŚťĹŦŉĶŘŢļŌŪŹŉŪ 

ŲŚťŊƢŢļűŐƩŎŌŪŹŗŢŖŘŦŏŴŎşŧķŧŜũĿŧŜŦşŉŭŝŧşŊŘƥ ŲŚť  

   2.2 ŜŧŘşŧŘŉŦļĶŚơŧŜŊƢŢļŖŪ impact factor ŵŖơŊŹžŧĶŜơŧ 0.5 ŲŚť  

   2.3 ŎŦĶŝūĶŞŧĽťŊƢŢļŖŪĿŬŹŢŴŎőŚļŧŎűŐƩŎĿŬŹŢŲŘĶ ŲŚť  

   2.4 ŜŧŘşŧŘŉŦļĶŚơŧŜ ĽťŊƢŢļŖŪĶŧŘŊŪœũŖœƥűŐƩŎŐŘťĽžŧŢŗơŧļŊơŢűŎŬŹŢļ 

/, őŚļŧŎŉŭŞŃŪŎũœŎōƥ ŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎŉŭŞŃŪŎũœŎōƥ ŊƢŢļŵŉƢŘŦŏĶŧŘ     

    ŊŪœũŖœƥ ŠŘŬŢŢŗơŧļŎƢŢŗŵŉƢŉžŧűŎũŎĶŧŘŴŠƢőŚļŧŎ ŠŘŬŢşơŜŎŠŎūŹļķŢļőŚļŧŎ

ŵŉƢŘŦŏĶŧŘŊŢŏŘŦŏŴŠƢŊŪœũŖœƥŴŎŜŧŘşŧŘŌŧļŜũĿŧĶŧŘŘťŉŦŏŎŧŎŧĿŧŊũŌŪŹŖŪĶŧŘ

ŊŘŜĽşŢŏ ųŉŗĶŘŘŖĶŧŘŕŧŗŎŢĶŖŧŘơŜŖĶŚŦŹŎĶŘŢļ &peer review) Ţŗơŧļ 

    ŖŪĹŭňŕŧœűŐƩŎŌŪŹŗŢŖŘŦŏŴŎŜļĶŧŘŜũĿŧĶŧŘ ŌŪŹŖŪ impact factor ŀūŹļŜŧŘşŧŘŌŧļ

ŜũĿŧĶŧŘŉŦļĶŚơŧŜŊƢŢļŢŗŮơŴŎŅŧŎķƢŢŖŮŚ ISI, Scopus, IEEE, PubMed ŠŘŬŢ 

Web of Science ĽžŧŎŜŎŢŗơŧļŎƢŢŗ 2 űŘŬŹŢļųŉŗŖŪĿŬŹŢķŢļŎŦĶŝūĶŞŧűŐƩŎĿŬŹŢŲŘĶ   

     ųŉŗ 1 űŘŬŹŢļŊƢŢļŢŗŮơŴŎŜŧŘşŧŘŌŪŹŋŮĶĽŦŉŢŦŎŉŦŏŴŠƢŢŗŮơŴŎ Quartile Score 1-0 

ķŢļŜŧŘşŧŘŴŎşŧķŧŌŪŹŌžŧĶŧŘŜũĽŦŗ  

-űœŬŹŢŘŦĶŞŧŖŧŊŘŅŧŎŴŠƢşŧŖŧŘŋŲķơļķŦŎŵŉƢŴŎŘťŉŦŏşŧĶŚ ŲŚť 

şŢŉĹŚƢŢļĶŦŏŐŘťĶŧŝŏŦňņũŊŜũŌŗŧŚŦŗ ŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ  

űŘŬŹŢļűĶňņƥŲŚťŲŎŜŐńũŏŦŊũĶŧŘűőŗŲœŘơőŚļŧŎŐŘũłłŧŎũœŎōƥ 

 

3) ŎŦĶŝūĶŞŧŊƢŢļűşŎŢőŚļŧŎŌŪŹűĶŪŹŗŜķƢŢļĶŦŏŜũŌŗŧŎũœŎōƥŲŏŏŐŧĶűŐŚơŧ 

ŴŎŌŪŹŐŘťĿŭŖŜũĿŧĶŧŘ ŘťŉŦŏŎŧŎŧĿŧŊũ ŢŗơŧļŎƢŢŗ 1 űŘŬŹŢļ ŌŦźļŎŪźŎŦĶŝūĶŞŧ

ŊƢŢļŲşŉļŠŚŦĶŅŧŎĶŧŘŵŉƢűķƢŧŘơŜŖŐŘťĿŭŖ ŊơŢĶŘŘŖĶŧŘŐŘťĽžŧ

ŠŚŦĶşŮŊŘŤ ŀūŹļŐŘťĶŢŏŵŐŉƢŜŗŲŏŏŔŢŘƥŖŘŦŏŘŢļĶŧŘűķƢŧŘơŜŖŐŘťĿŭŖ 

ŲŚťűŢĶşŧŘŐŘťĶŢŏĶŧŘŐŘťĿŭŖ (proceeding) ŲŏŏűŊŸŖ (full paper) 

0, ŎŦĶŝūĶŞŧŊƢŢļűşŎŢőŚļŧŎŌŪŹűĶŪŹŗŜķƢŢļĶŦŏŉŭŞŃŪŎũœŎōƥŲŏŏŐŧĶűŐŚơŧŉƢŜŗ

ŕŧŞŧŢŦļĶřŞ ŴŎŌŪŹŐŘťĿŭŖŜũĿŧĶŧŘŘťŉŦŏŎŧŎŧĿŧŊũ ŢŗơŧļŎƢŢŗ / űŘŬŹŢļ  

    ųŉŗŖŪŠŚŦĶŅŧŎĶŧŘŎžŧűşŎŢőŚļŧŎŢŗơŧļĿŦŉűĽŎ ŢŧŌũ ŖŪşŬŹŢŏŦŎŌūĶŠŚŦĶŅŧŎ            

    ŵŉƢŲĶơ ŜũŉũŌŦŝŎƥ ŠŘŬŢŖŪŏŭĹĹŚŢƢŧļŢũļŌŪŹŎơŧűĿŬŹŢŋŬŢŌŪŹĿơŜŗŗŬŎŗŦŎĶŧŘŌžŧĶũĽĶŘŘŖ

ŉŦļĶŚơŧŜ  

-űœũŹŖŘŧŗŚťűŢŪŗŉűĶŪŹŗŜĶŦŏűŢĶşŧŘŢƢŧļŢũļŴŎĶŧŘŎžŧűşŎŢőŚļŧŎ  
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Ųŏŏ /,/ &ŊơŢ' 

ŠŚŦĶşŮŊŘŐŘŦŏŐŘŭļ œ,ŝ,2557 ŠŚŦĶşŮŊŘŐŘŦŏŐŘŭļ œ,ŝ,2540 űŠŊŭőŚŴŎĶŧŘŐŘŦŏŐŘŭļ 

   1, ŎŦĶŝūĶŞŧĽťŊƢŢļűķƢŧŘơŜŖĶũĽĶŘŘŖŌŧļŜũĿŧĶŧŘŌŪŹŠŚŦĶşŮŊŘĽŦŉŌŭĶĹŘŦźļ  

    ŲŚťŎŦĶŝūĶŞŧŊƢŢļŌžŧŠŎŦļşŬŢŲĽƢļĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŤ 

    űœŬŹŢŌŘŧŏ ŠŧĶŵŖơşŧŖŧŘŋűķƢŧŘơŜŖĶũĽĶŘŘŖŌŧļŜũĿŧĶŧŘŴŎĹŘŦźļŎŦźŎŷ ŵŉƢ 

-űœŬŹŢűşŘũŖŌŦĶŞťĶŧŘűŘŪŗŎŘŮƢŴŎŉƢŧŎŢŬŹŎŷ ŌŪŹŖũŵŉƢŏŘŘĽŭŴŎŠŚŦĶşŮŊŘ 

 

4) ŎŦĶŝūĶŞŧŊƢŢļŘŧŗļŧŎőŚĶŧŘŝūĶŞŧŊŧŖŲŏŏŘŧŗļŧŎőŚķŢļŏŦňņũŊ

ŜũŌŗŧŚŦŗŌŭĶŕŧĹĶŧŘŝūĶŞŧųŉŗőơŧŎĹŜŧŖűŠŸŎĿŢŏķŢļŐŘťōŧŎ

ĶŘŘŖĶŧŘŏŦňņũŊŝūĶŞŧŐŘťĽŧĹňťŲŚťŘŜŏŘŜŖşơļŏŦňņũŊŜũŌŗŧŚŦŗ

ŌŭĶŕŧĹĶŧŘŝūĶŞŧ 

2, ŎŦĶŝūĶŞŧŊƢŢļŘŧŗļŧŎőŚĶŧŘŝūĶŞŧŊŧŖŲŏŏŘŧŗļŧŎőŚķŢļŏŦňņũŊ

ŜũŌŗŧŚŦŗŌŭĶŕŧĹĶŧŘŝūĶŞŧ ųŉŗőơŧŎĹŜŧŖűŠŸŎĿŢŏķŢļŐŘťōŧŎĶŘŘŖĶŧŘ

ŏŦňņũŊŝūĶŞŧŐŘťĽžŧĹňťŲŚťŘŜŏŘŜŖşơļŏŦňņũŊŜũŌŗŧŚŦŗŌŭĶŕŧĹĶŧŘŝūĶŞŧ 

 

 

 

 

Ĺ. ĶŘťŏŜŎŜũĿŧŌŪŹŵŖơŎŦŏŠŎơŜŗĶũŊşťşŖ  

1. ŊŧŖűļŬŹŢŎŵķķŢļŏŦňņũŊŜũŌŗŧŚŦŗ : ŕŧŞŧŊơŧļŐŘťűŌŝ  

2. ŊŧŖűļŬŹŢŎŵķķŢļşŧķŧŜũĿŧ : ŎŦĶŝūĶŞŧŌŪŹŖŪĹŜŧŖŘŮƢœŬźŎŅŧŎŵŖơűœŪŗļœŢ    

ŊƢŢļŚļŌťűŏŪŗŎűŘŪŗŎŴŎ ĶŘťŏŜŎŜũĿŧŌŪŹĹňťĶŘŘŖĶŧŘŏŘũŠŧŘ

ŠŚŦĶşŮŊŘŐŘťĽžŧşŧķŧŜũĿŧŲŎťŎŨ  

 

 

 

Ĺ,  ĶŘťŏŜŎŜũĿŧŌŪŹŵŖơŎŦŏŠŎơŜŗĶũŊşťşŖ  

     /, ŊŧŖűļŬŹŢŎŵķķŢļŏŦňņũŊŜũŌŗŧŚŦŗ ŕŧŞŧŊơŧļŐŘťűŌŝ 

     0, ŊŧŖűļŬŹŢŎŵķķŢļşŧķŧŜũĿŧ   8    

        -210891  şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ / 

        -0/.670  şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 0 

        -0/.671  şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 1 

        -şžŧŠŘŦŏőŮƢŌŪŹķŧŉĹŜŧŖŘŮƢœŬźŎŅŧŎŌŪŹĽžŧűŐƩŎ ĽťŊƢŢļűŘŪŗŎĶŘťŏŜŎŜũĿŧ       

          ŊŧŖĹŜŧŖűŠŸŎĿŢŏķŢļĹňťĶŘŘŖĶŧŘŌŪŹŐŘūĶŞŧŉŭŞŃŪŎũœŎōƥŲŚť     

          ĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŤ ųŉŗŊƢŢļŘŧŗļŧŎőŚĶŧŘŝūĶŞŧŴŎ    

          ĶŘťŏŜŎŜũĿŧŌŪŹŚļŌťűŏŪŗŎŲĶơĹňťĶŘŘŖĶŧŘŏŘũŠŧŘŠŚŦĶşŮŊŘŤ  

 

 

 

     

     -űœŬŹŢŊũŉŊŧŖĶŧŘŌžŧļŧŎŜũĽŦŗķŢļŎŦĶŝūĶŞŧŲŚťűŐƩŎĶŧŘœŦŇŎŧ 

       ŌŦĶŞťŕŧŞŧŢŦļĶřŞ 

-űœŬŹŢŴŠƢŎŦĶŝūĶŞŧŌŪŹŖŪĹŜŧŖŘŮƢœŬźŎŅŧŎŴŎŏŧļŜũĿŧŵŖơűœŪŗļœŢ ŵŉƢűŘŪŗŎ 

  űœũŹŖűŊũŖ 

ļ. ĶŧŘşŢŏŜŦŉĹŭňşŖŏŦŊũ 

1. ŎŦĶŝūĶŞŧĽťŊƢŢļşŢŏŜŦŉĹŭňşŖŏŦŊũűœŬŹŢŐŘťűŖũŎĹŜŧŖœŘƢŢŖŲŚť

ĹŜŧŖşŧŖŧŘŋ űœŬŹŢŖŪşũŌōũŽűşŎŢųĹŘļŘơŧļŜũŌŗŧŎũœŎōƥ  

 

 

 

 

 

ļ. ĶŧŘşŢŏŜŦŉĹŭňşŖŏŦŊũ   

1.  ŎŦĶŝūĶŞŧĽťŊƢŢļşŢŏŜŦŉĹŭňşŖŏŦŊũűœŬŹŢŐŘťűŖũŎĹŜŧŖŘŮƢ ĹŜŧŖœŘƢŢŖ  

    ŲŚťĹŜŧŖşŧŖŧŘŋ űœŬŹŢŖŪşũŌōũŽűşŎŢųĹŘļŘơŧļŉŭŞŃŪŎũœŎōƥųŉŗĶŧŘşŢŏ   

ŲŏơļűŐƩŎ 2 şơŜŎ ŵŉƢŲĶơ 

         1.1 ĶŧŘşŢŏķƢŢűķŪŗŎŴŎşơŜŎŜũĿŧœŬźŎŅŧŎŌŧļŜŦşŉŭŝŧşŊŘƥ 

         1.2 ĶŧŘşŢŏŲŏŏŐŧĶűŐŚơŧŴŎşơŜŎķŢļŉŭŞŃŪŎũœŎōƥ 

 

-űœŬŹŢŴŠƢŎŦĶŝūĶŞŧŖŪŅŧŎĹŜŧŖŘŮƢŌŧļŜũĿŧĶŧŘŌŪŹŚūĶŀūźļŲŚťĶŜƢŧļķŜŧļ 

  ŖŪŘťŏŏĶŧŘĹũŉŢŗơŧļűŐƩŎŘťŏŏ 
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Ųŏŏ /,/ &ŊơŢ'  

ŠŚŦĶşŮŊŘŐŘŦŏŐŘŭļ œ,ŝ,2557 ŠŚŦĶşŮŊŘŐŘŦŏŐŘŭļ œ,ŝ,2540 űŠŊŭőŚŴŎĶŧŘŐŘŦŏŐŘŭļ 

2. ŎŦĶŝūĶŞŧŌŪŹşŢŏŵŖơőơŧŎ ŖŪşũŌōũŽşŢŏŲĶƢŊŦŜŵŉƢŢŪĶ 1 ĹŘŦźļ ųŉŗŊƢŢļŗŬŹŎ 

   ĹžŧŘƢŢļķŢşŢŏŴŠŖơ ĶŧŘşŢŏŲĶƢŊŦŜŊƢŢļşŢŏŴŠƢűşŘŸĽşũźŎŕŧŗŴŎ  

   / ŕŧĹĶŧŘŝūĶŞŧŋŦŉŵŐ ŎŦŏĽŧĶĶŧŘşŢŏĹŘŦźļŲŘĶ  

  ŌŦźļŎŪźŠŧĶşŢŏĹŘŦźļŌŪŹ 2 ŵŖơőơŧŎ ĽťŐŘŦŏŴŠƢœƢŎşŕŧœĶŧŘűŐƩŎŎŦĶŝūĶŞŧ 

   ŲŚťĽťŵŖơŵŉƢŘŦŏŐŘũłłŧŴŉŷ 

2. ŎŦĶŝūĶŞŧŌŪŹşŢŏŵŖơőơŧŎŴŎŲŊơŚťşơŜŎ ŖŪşũŌōũŽşŢŏŲĶƢŊŦŜŵŉƢŢŪĶ 1 ĹŘŦźļ   

   ųŉŗŊƢŢļŗŬŹŎĹžŧŘƢŢļķŢşŢŏŴŠŖơ  ĶŧŘşŢŏŲĶƢŊŦŜŊƢŢļşŢŏŴŠƢűşŘŸĽşũźŎ 

   ŕŧŗŴŎ 1 ŕŧĹĶŧŘŝūĶŞŧŋŦŉŵŐŎŦŏĽŧĶĶŧŘşŢŏĹŘŦźļŲŘĶ 

 

 

Ľ. ĶŧŘşŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ  

    ŎŦĶŝūĶŞŧĽťŊƢŢļőơŧŎĶŧŘşŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ (comprehensive 

examination) ųŉŗŌŪŹŎŦĶŝūĶŞŧŗŬŹŎĹžŧŘƢŢļķŢşŢŏŊơŢŏŦňņũŊŜũŌŗŧŚŦŗ 

ųŉŗőơŧŎĹŜŧŖűŠŸŎĿŢŏķŢļĹňťĶŘŘŖĶŧŘŌŪŹŐŘūĶŞŧŜũŌŗŧŎũœŎōƥ 

    ŠŘŬŢŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧŜũŌŗŧŎũœŎōƥŠŚŦĶ 

 

 

 

Ľ. ĶŧŘşŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ 

    őơŧŎĶŧŘşŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ (Comprehensive Examination) ųŉŗŎŦĶŝūĶŞŧ 

    ŗŬŹŎĹžŧŘƢŢļķŢşŢŏŊơŢŏŦňņũŊŜũŌŗŧŚŦŗ ųŉŗőơŧŎĹŜŧŖűŠŸŎĿŢŏķŢļ

ĹňťĶŘŘŖĶŧŘŌŪŹŐŘūĶŞŧŉŭŞŃŪŎũœŎōƥŠŘŬŢŢŧĽŧŘŗƥŌŪŹŐŘūĶŞŧŉŭŞŃŪŎũœŎōƥŠŚŦĶ 

  

 

-ŐŘŦŏķƢŢĹŜŧŖŴŠƢşŢŉĹŚƢŢļĶŦŏķƢŢŏŦļĹŦŏŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơ  

 ŜơŧŉƢŜŗĶŧŘŝūĶŞŧŘťŉŦŏŏŦňņũŊŝūĶŞŧ œ,ŝ, 0337 

ĽžŧŎŜŎŠŎơŜŗĶũŊ  ŘŜŖŊŚŢŉŠŚŦĶşŮŊŘ 48   ŠŎơŜŗĶũŊ ĽžŧŎŜŎŠŎơŜŗĶũŊ  ŘŜŖŊŚŢŉŠŚŦĶşŮŊŘ 48   ŠŎơŜŗĶũŊ - 
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ŕŧĹőŎŜĶ 3 

ŊŧŘŧļűŐŘŪŗŏűŌŪŗŏķƢŢŲŊĶŊơŧļŘťŠŜơŧļŲőŎĶŧŘŝūĶŞŧűŉũŖĶŦŏŲőŎĶŧŘŝūĶŞŧŴŠŖơ 

 

Ųŏŏ /,/  

ŲőŎĶŧŘŝūĶŞŧűŉũŖ ŲőŎĶŧŘŝūĶŞŧŴŠŖơ 

ŐƙŌŪŹ / ŐƙŌŪŹ / 

ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 ŠŎơŜŗĶũŊ ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 ŠŎơŜŗĶũŊ 

 ŚļŌťűŏŪŗŎűœŬŹŢŴĿƢŏŘũĶŧŘķŢļŖŠŧŜũŌŗŧŚŦŗ  - 21.891 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ / - 

 şŢŏőơŧŎűļŬŹŢŎŵķŕŧŞŧŊơŧļŐŘťűŌŝ -  şŢŏőơŧŎűļŬŹŢŎŵķŕŧŞŧŊơŧļŐŘťűŌŝ - 

 şŢŏŜŦŉĹŭňşŖŏŦŊũ -    

 űşŎŢŠŦŜķƢŢųĹŘļŘơŧļŜũŌŗŧŎũœŎōƥ  -    

 ŎžŧűşŎŢŠŘŬŢűķƢŧŘơŜŖĶũĽĶŘŘŖşŦŖŖŎŧ -    

 ŘŜŖ -  ŘŜŖ - 

ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 2 ŠŎơŜŗĶũŊ ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 2 ŠŎơŜŗĶũŊ 

210898 ŜũŌŗŧŎũœŎōƥŐŘũłłŧűŢĶ 4 210892 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 0 - 

 ŎžŧűşŎŢŠŘŬŢűķƢŧŘơŜŖĶũĽĶŘŘŖşŦŖŖŎŧ -  şŢŏŜŦŉĹŭňşŖŏŦŊũ - 

    űşŎŢŠŦŜķƢŢųĹŘļŘơŧļŉŭŞŃŪŎũœŎōƥ - 

 ŘŜŖ 4  ŘŜŖ - 
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Ųŏŏ /,/ &ŊơŢ'   
ŲőŎĶŧŘŝūĶŞŧűŉũŖ ŲőŎĶŧŘŝūĶŞŧŴŠŖơ 
ŐƙŌŪŹ 0 ŐƙŌŪŹ 2 

ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 ŠŎơŜŗĶũŊ ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 ŠŎơŜŗĶũŊ 
210898 ŜũŌŗŧŎũœŎōƥŐŘũłłŧűŢĶ /0 21.896 ŉŭŞŃŪŎũœŎōƥ /0 

 ŎžŧűşŎŢŠŘŬŢűķƢŧŘơŜŖĶũĽĶŘŘŖşŦŖŖŎŧ - 210893 şŦŖŖŎŧŐŘũłłŧűŢĶŌŧļŜŦşŉŭŝŧşŊŘƥ 1 - 
 ŘŜŖ /0  ŘŜŖ /0 
ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 2 ŠŎơŜŗĶũŊ ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 2 ŠŎơŜŗĶũŊ 
210898 ŜũŌŗŧŎũœŎōƥŐŘũłłŧűŢĶ 12 21.896 ŉŭŞŃŪŎũœŎōƥ 12 
 ŎžŧűşŎŢŠŘŬŢűķƢŧŘơŜŖĶũĽĶŘŘŖşŦŖŖŎŧ -  şŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ - 
 ŘŜŖ /0  ŘŜŖ /0 

ŐƙŌŪŹ 1 ŐƙŌŪŹ 1 
ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 ŠŎơŜŗĶũŊ ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 1 ŠŎơŜŗĶũŊ 
210898 ŜũŌŗŧŎũœŎōƥŐŘũłłŧűŢĶ 12 21.896 ŉŭŞŃŪŎũœŎōƥ 12 
 ŎžŧűşŎŢŠŘŬŢűķƢŧŘơŜŖĶũĽĶŘŘŖşŦŖŖŎŧ -    
 ŘŜŖ /2  ŘŜŖ /2 
ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 2 ŠŎơŜŗĶũŊ ŕŧĹĶŧŘŝūĶŞŧŌŪŹ 2 ŠŎơŜŗĶũŊ 
210898 ŜũŌŗŧŎũœŎōƥŐŘũłłŧűŢĶ 6 21.896 ŉŭŞŃŪŎũœŎōƥ 12 
 şŢŏŐŘťŖŜŚĹŜŧŖŘŮƢ -  şŢŏŉŭŞŃŪŎũœŎōƥ - 
 şŢŏŜũŌŗŧŎũœŎōƥ -    
 ŎžŧűşŎŢŠŘŬŢűķƢŧŘơŜŖĶũĽĶŘŘŖşŦŖŖŎŧ -    
 ŘŜŖ 4  ŘŜŖ 12 
 ĽžŧŎŜŎŠŎơŜŗĶũŊŊŚŢŉŠŚŦĶşŮŊŘ 26  ĽžŧŎŜŎŠŎơŜŗĶũŊŊŚŢŉŠŚŦĶşŮŊŘ 48 
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ŕŧĹőŎŜĶ 4 

ķƢŢŏŦļĹŦŏŖŠŧŜũŌŗŧŚŦŗűĿŪŗļŴŠŖơŜơŧŉƢŜŗĶŧŘŝūĶŞŧŘťŉŦŏŏŦňņũŊŝūĶŞŧ œ,ŝ,0337 
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