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 ĂÚÂóäÕČóÿÚõÚÂóäìóÅČóÖîÛÿäøćîÈĂÕÿäøćîÈìÚ÷ćÈÚîÂÉóÂÉñÖ­îÈĂË­ØòÂêñØóÈèõØãóéóëÖä°Āæ­è ĂÚÂóä
ìóÅČóÖîÛÉñÖ­îÈâöÂóäÂČóìÚÕæČóÕòÛÃòĈÚÖîÚîã¬óÈÿÜĆÚäñÛÛÖòĈÈĀÖ¬Ö­ÚÉÚÉÛÿäöãÂæČóÕòÛÃòĈÚÖîÚĂÚÂóäìó
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ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

ÿäøćîÈØöć 1 îÙõÛóãÙääâËóÖõÃîÈèõØãóéóëÖä°ĀæñØòÂêñØóÈèõØãóéóëÖä° 
ÿäøćîÈØöć 2 îÙõÛóãÃòĈÚÖîÚÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
ÿäøćîÈØöć ƙ îÙõÛóãĀæñÛîÂèõÙöÂóäĂË­èòëÕùĀæñîùÜÂäÔ°ØóÈèõØãóéóëÖä° 

 

ÃîÛÃ¬óãÿÚøĈîìó 
ÿäøćîÈØöć Ɨ ÙääâËóÖõÃîÈèõØãóéóëÖä°ĀæñØòÂêñØóÈèõØãóéóëÖä° 
ÿäøćîÈØöć Ƙ ÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
ÿäøćîÈØöć ƙ èòëÕù Āæñ îùÜÂäÔ°ØóÈèõØãóéóëÖä° 
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1. ÂóäëòÈÿÂÖ  ÿÜĆÚèõÙöÂóäăÕ­âóÃîÈÃ­îëÈëòã  äòÛäú­Ã­îâúæ  ßõÉóäÔóÃ­îâúæ  ÉóÂÜäóÂÐÂóäÔ°ØóÈ
ÙääâËóÖõØöćÿÂõÕÃ÷ĈÚ 

2. ÖòĈÈëââÖõÑóÚ ÿÜĆÚÂóäÂóääñÕâÅèóâÅõÕ  ëäùÜëõćÈØöćÅóÕè¬óÉñÿÜĆÚÅČóÖîÛÃîÈÜòÎìóìäøî   Ã­î
ëÈëòãÚòĈÚ ą  

3. îîÂĀÛÛÂóäØÕæîÈÿßøćîé÷ÂêóÝæÃîÈÖòèĀÜäØöćÖ­îÈé÷Âêó āÕãÅèÛÅùâÖòèĀÜäîøćÚ ą ØöćîóÉâöÝæ
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4. ÕČóÿÚõÚÂóäØÕæîÈ  ÿÜĆÚÂóäÉòÂÂäñØČóÂòÛÖòèĀÜäØöćÂČóìÚÕ  Ì÷ćÈăÕ­ĀÂ¬  ÖòèĀÜäÖ­Ú  ÖòèĀÜäÖóâ  
ĀæñÖòèĀÜäØöćÖ­îÈÅèÛÅùâ 

5. äèÛäèâÃ­îâúæ  ÿÜĆÚÂóäÛòÚØ÷ÂäèÛäèâÝæÂóäØÕæîÈìäøîÝæÉóÂÂóäÂäñØČóÃîÈÖòèĀÜäØöć
ÂČóìÚÕ 

6. ĀÜæĀæñëäùÜÝæÂóäØÕæîÈ 
 

ØòÂêñÂäñÛèÚÂóäØóÈèõØãóéóëÖä°ÜäñÂîÛÕ­èã Ɨƙ ØòÂêñ  ÕòÈÚöĈ 
 Ɨ. ØòÂêñÃòĈÚâúæÑóÚ ƞ ØòÂêñ ăÕ­ĀÂ¬ 

Ɨ.Ɨ ØòÂêñÂóäëòÈÿÂÖ ( Observing ) 
Ɨ.Ƙ ØòÂêñÂóäèòÕ ( Measuring ) 
Ɨ.ƙ ØòÂêñÂóäÉČóĀÚÂìäøîØòÂêñÂóäÉòÕÜäñÿáØëõćÈÃîÈ ( Classifying ) 
 Ɨ.ƚ ØòÂêñÂóäĂË­ÅèóâëòâßòÚÙ°äñìè¬óÈëÿÜëÂòÛÿèæó( Using Space/Relationship ) 
Ɨ.ƛ ØòÂêñÂóäÅČóÚèÔĀæñÂóäĂË­ÉČóÚèÚ ( Using Numbers ) 
Ɨ.Ɯ ØòÂêñÂóäÉòÕÂäñØČóĀæñëøćîÅèóâìâóãÃ­îâúæ ( Comunication ) 
Ɨ.Ɲ ØòÂêñÂóäæÈÅèóâÿìĆÚÉóÂÃ­îâúæ ( Inferring ) 
Ɨ.ƞ ØòÂêñÂóäßãóÂäÔ° ( Predicting ) 

 Ƙ. ØòÂêñÃòĈÚëúÈìäøîØòÂêñÃòĈÚÝëâ ƛ ØòÂêñ ăÕ­ĀÂ¬ 
Ƙ.Ɨ ØòÂêñÂóäÖòĈÈëââùÖõÑóÚ ( Formulating Hypthesis ) 
Ƙ.Ƙ ØòÂêñÂóäÅèÛÅùâÖòèĀÜä ( Controlling Variables ) 
Ƙ.ƙ ØòÂêñÂóäÖöÅèóâĀæñæÈÃ­îëäùÜ ( Interpreting data ) 



 ƗƖ 

Ƙ.ƚ ØòÂêñÂóäÂČóìÚÕÚõãóâÿËõÈÜÐõÛòÖõÂóä ( Defining Operationally ) 
Ƙ.ƛ ØòÂêñÂóäØÕæîÈ ( Experimenting ) 

äóãæñÿîöãÕØòÂêñÂäñÛèÚÂóäØóÈèõØãóéóëÖä°ØòĈÈ Ɨƙ ØòÂêñ âöäóãæñÿîöãÕāÕãëäùÜÕòÈÚöĈ 
ØòÂêñÂóäëòÈÿÂÖ ( Observing ) ìâóã×÷ÈÂóäĂË­ÜäñëóØëòâÝòëØòĈÈ ƛ  ĂÚÂóä 

ëòÈÿÂÖ ăÂ­ĀÂ¬ ĂË­ÖóÕúäúÜä¬óÈ ĂË­ìúàòÈÿëöãÈ ĂË­æõĈÚËõâäë ĂË­ÉâúÂÕâÂæõćÚ ĀæñĂË­ÝõèÂóãëòâÝòëÅèóâä­îÚÿãĆÚ 
ìäøîĂË­âøîÉòÛÖ­îÈÅèóâî¬îÚĀÃĆÈ ÿÜĆÚÖ­Ú ÂóäĂË­ÜäñëóØëòâÝòëÿìæ¬óÚöĈÉñĂË­Øöæñîã¬óÈìäøîìæóãîã¬óÈßä­îâ
ÂòÚ ÿßøćîäèÛäèâÃ­îâúæÂĆăÕ­āÕãăâ¬ÿßõćâÅèóâÅõÕÿìĆÚÃîÈÝú­ëòÈÿÂÖæÈăÜ 

ØòÂêñÂóäèòÕ ( Measuring ) ìâóã×÷È ÂóäÿæøîÂĀæñÂóäĂË­ÿÅäøćîÈâøîèòÕÜäõâóÔÃîÈëõćÈÃîÈ
îîÂâóÿÜĆÚÖòèÿæÃØöćĀÚ¬ÚîÚăÕ­îã¬óÈÿìâóñëâ Āæñ×úÂÖ­îÈāÕãâöìÚ¬èãÂČóÂòÛÿëâîĂÚÂóäèòÕÿßøćîìóÜäõâóÔ
ÃîÈëõćÈØöćèòÕÖ­îÈÞ÷ÂĂì­Ýú­ÿäöãÚìóÅČóÖîÛ ƚ Å¬ó Åøî ÉñèòÕîñăä èòÕØČóăâ ĂË­ÿÅäøćîÈâøîîñăäèòÕĀæñÉñèòÕăÕ­
îã¬óÈăä 

ØòÂêñÂóäÉČóĀÚÂìäøîØòÂêñÂóäÉòÕÜäñÿáØëõćÈÃîÈ ( Classifying ) ìâóã×÷È ÂóäĀÛ¬ÈßèÂ
ìäøîÂóäÿäöãÈæČóÕòÛèòÖ×ù ìäøîëõćÈØöćîãú¬ĂÚÜäóÂÐÂóäÔ°āÕãÂóäìóÿÂÔÒ°ìäøîëä­óÈÿÂÔÒ°ĂÚÂóäÉČóĀÚÂÜäñÿáØ 
Ì÷ćÈîóÉĂË­ÿÂÔÒ°ÅèóâÿìâøîÚÂòÚ ÅèóâĀÖÂÖ¬óÈÂòÚ ìäøîÅèóâëòâßòÚÙ°ÂòÚîã¬óÈĂÕîã¬óÈìÚ÷ćÈÂĆăÕ­ Ì÷ćÈĀæ­èĀÖ¬
Ýú­ÿäöãÚÉñÿæøîÂĂË­ÿÂÔÒ°ĂÕ ÚîÂÉóÂÚöĈÅèäëä­óÈÅèóâÅõÕäèÛãîÕĂì­ÿÂõÕÃ÷ĈÚÕ­èãè¬óÃîÈÂæù¬âÿÕöãèÂòÚÚòĈÚ îóÉ
ĀÛ¬ÈîîÂăÕ­ìæóãÜäñÿáØ ØòĈÈÚöĈÃ÷ĈÚîãú¬ÂòÛÿÂÔÒ°ØöćÿæøîÂĂË­ ĀæñèòÖ×ùËõĈÚìÚ÷ćÈĂÚÿèæóÿÕöãèÂòÚÉñÖ­îÈîãú¬ÿßöãÈ
ÜäñÿáØÿÕöãèÿØ¬óÚòĈÚ 

ØòÂêñÂóäĂË­ÅèóâëòâßòÚÙ°äñìè¬óÈëÿÜëÂòÛÿèæó(Using Space/Relationship) 
ìâóã×÷È ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈâõÖõÖ¬óÈą ØöćÿÂöćãèÂòÛë×óÚØöć äúÜØäÈ ØõéØóÈ äñãñØóÈ ßøĈÚØöć ÿèæó ðæð 
ÿË¬Ú ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈ ëÿÜëÂòÛëÿÜë Åøî ÂóäìóäúÜä¬óÈÃîÈèòÖ×ù āÕãëòÈÿÂÖÉóÂÿÈóÃîÈèòÖ×ù ÿâøćî
Ăì­ĀëÈÖÂÂäñØÛèòÖ×ùĂÚâùâÖ¬óÈąÂòÚ ðæð 
   ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈ ÿèæóÂòÛÿèæó ÿË¬Ú ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈÉòÈìèñÂóäĀÂè¬ÈÃîÈ
æúÂÖù­âÚóíõÂóÂòÛÉòÈìèñÂóäÿÖ­ÚÃîÈËößÉä ðæð 
   ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈ ëÿÜëÂòÛÿèæó ÿË¬Ú ÂóäìóÖČóĀìÚ¬ÈÃîÈèòÖ×ùØöćÿÅæøćîÚØöćăÜÿâøćîÿèæó
ÿÜæöćãÚăÜ ðæð 
 ØòÂêñÂóäÅČóÚèÔĀæñÂóäĂË­ÉČóÚèÚ ( Using Numbers )   ìâóã×÷È ÂóäÚČóÿîóÉČóÚèÚØöćăÕ­
ÉóÂÂóäèòÕ ÂóäëòÈÿÂÖ ĀæñÂóäØÕæîÈâóÉòÕÂäñØČóĂì­ÿÂõÕÅ¬óĂìâ¬ ÿË¬Ú ÂóäÛèÂ æÛ ÅúÔ ìóä ÂóäìóÅ¬óÿÊæöćã 
ÂóäìóÅ¬óÖ¬óÈą ØóÈÅÔõÖéóëÖä° ÿßøćîÚČóÅ¬óØöćăÕ­ÉóÂÂóäÅČóÚèÔ ăÜĂË­ÜäñāãËÚ°ĂÚÂóäĀÜæÅèóâìâóã Āæñ
ÂóäæÈÃ­îëäùÜ Ì÷ćÈĂÚØóÈèõØãóéóëÖä°ÿäóÖ­îÈĂË­ÖòèÿæÃîãú¬ÖæîÕÿèæó ÿË¬Ú Âóäî¬óÚÿØîä°āââõÿÖîä° ÂóäÖèÈ
ëóäÖ¬óÈ ąÿÜĆÚÖ­Ú     

 
 



 ƗƗ 

ØòÂêñÂóäÉòÕÂäñØČóĀæñëøćîÅèóâìâóãÃ­îâúæ ( Communication )  
ìâóã×÷ÈÂóäÚČóÿîóÃ­îâúæ Ì÷ćÈăÕ­âóÉóÂÂóäëòÈÿÂÖ ÂóäØÕæîÈ ðæð âóÉòÕÂäñØČóÿëöãĂìâ¬ ÿË¬Ú ÚČóâóÉòÕ
ÿäöãÈæČóÕòÛ ìóÅ¬óÅèóâ×öć ĀãÂÜäñÿáØ ÅČóÚèÔìóÅ¬óĂìâ¬ ÚČóâóÉòÕÿëÚîĂÚäúÜĀÛÛĂìâ¬ Öòèîã¬óÈÿË¬Ú Âäóà 
ÖóäóÈ ĀÝÚáúâõ ĀÝÚáóß èÈÉä ðæð ÂóäÚČóÃ­îâúæîã¬óÈĂÕîã¬óÈìÚ÷ćÈ ìäøîìæóãąîã¬óÈÿË¬ÚÚöĈÿäöãÂè¬ó Âóäëøćî
ÅèóâìâóãÃ­îâúæ 
  ØòÂêñÂóäæÈÅèóâÿìĆÚÉóÂÃ­îâúæ( Inferring  ) ìâóã×÷È ÂóäÿßõćâÿÖõâÅèóâÅõÕÿìĆÚĂì­ÂòÛ
Ã­îâúæØöćâöîãú¬îã¬óÈâöÿìÖùÝæāÕãîóéòãÅèóâäú­ìäøîÜäñëÛÂóäÔ°ÿÕõââóË¬èã Ã­îâúæîóÉÉñăÕ­ÉóÂÂóäëòÈÿÂÖ Âóä
èòÕ ÂóäØÕæîÈ ÂóäæÈÅèóâÿìĆÚÉóÂÃ­îâúæÿÕöãèÂòÚîóÉæÈÅèóâÿìĆÚăÕ­ìæóãîã¬óÈ 
  ØòÂêñÂóäßãóÂäÔ° (  Predicting  )  ìâóã×÷ÈÂóäÅóÕÅñÿÚìóÅČóÖîÛæ¬èÈìÚ­óÂ¬îÚÂóä
ØÕæîÈāÕãîóéòãÃ­îâúæØöćăÕ­ÉóÂÂóäëòÈÿÂÖ ÂóäèòÕ äèâăÜ×÷ÈÅèóâëòâßòÚÙ°äñìè¬óÈÖòèĀÜäØöćăÕ­é÷ÂêóâóĀæ­è 
ìäøîîóéòãÜäñëÛÂóäÔ°ØöćÿÂõÕÌČĈó ą 
  ØòÂêñÂóäÖòĈÈëââùÖõÑóÚ( Formulating Hypothesis ) ìâóã×÷È ÂóäÅõÕìóÅ¬óÅČóÖîÛ
æ¬èÈìÚ­óÂ¬îÚÉñØČóÂóäØÕæîÈ āÕãîóéòãÂóäëòÈÿÂÖ Åèóâäú­ ÜäñëÛÂóäÔ°ÿÕõâÿÜĆÚßøĈÚÑóÚ ÅČóÖîÛØöćÅõÕ
æ¬èÈìÚ­óãòÈăâ¬ÿÜĆÚìæòÂÂóä ÂÏ ìäøîØåêÏöâóÂ¬îÚ ÅČóÖîÛØöćÅõÕăè­æ¬èÈìÚ­óÚöĈ âòÂÂæ¬óèăè­ÿÜĆÚÃ­îÅèóâØöćÛîÂ
ÅèóâëòâßòÚÙ° äñìè¬óÈÖòèĀÜäÖ­ÚÂòÛÖòèĀÜäÖóâÿË¬Ú ×­óĀâæÈèòÚăÜăÃ¬ÛÚÂ­îÚÿÚøĈî ìäøîÃãñÿÜöãÂĀæ­èÉñØČó
Ăì­ÿÂõÕÖòèìÚîÚ 
  ØòÂêñÂóäÅèÛÅùâÖòèĀÜä ( Controlling  Variables ) ìâóã×÷ÈÂóäÅèÛÅùâëõćÈîøćÚą 
ÚîÂÿìÚøîÉóÂÖòèĀÜäîõëäñ ØöćÉñØČóĂì­ÝæÂóäØÕæîÈÅæóÕÿÅæøćîÚ ×­óìóÂè¬óăâ¬ÅèÛÅùâĂì­ÿìâøîÚąÂòÚ Āæñ
ÿÜĆÚÂóäÜ­îÈÂòÚÿßøćîâõĂì­âöÃ­îāÖ­Āã­È Ã­îÝõÕßæóÕìäøîÖòÕÅèóâăâ¬Ú¬óÿËøćî×øîîîÂăÜ 
   ÖòèĀÜäĀÛ¬ÈîîÂÿÜĆÚ ƙ ÜäñÿáØ Åøî 

1. ÖòèĀÜäîõëäñìäøîÖòèĀÜäÖ­Ú 
2. ÖòèĀÜäÖóâ 
3. ÖòèĀÜäØöćÖ­îÈÅèÛÅùâ 

 
ØòÂêñÂóäÖöÅèóâĀæñæÈÃ­îëäùÜ ( Interpreting data )   

Ã­îâúæØóÈèõØãóéóëÖä° ë¬èÚĂìÎ¬Éñîãú¬ĂÚäúÜÃîÈæòÂêÔñÖóäóÈ  äúÜáóß Âäóà ðæð ÂóäÚČóÃ­îâúæ
ăÜĂË­É÷ÈÉČóÿÜĆÚÖ­îÈÖöÅèóâĂì­ëñÕèÂØöćÉñëøćîÅèóâìâóãăÕ­×úÂÖ­îÈĀæñÿÃ­óĂÉÖäÈÂòÚ 
 ÂóäÖöÅèóâìâóãÃ­îâúæ Åøî ÂóäÛääãóãæòÂêÔñĀæñÅùÔëâÛòÖõ 
 ÂóäæÈÃ­îëäùÜ Åøî ÂóäÛîÂÅèóâëòâßòÚÙ°ÃîÈÃ­îâúæØöćâöîãú¬ ÿË¬Ú ×­ó ÅèóâÕòÚÚ­îã ÚČĈóÉñÿÕøîÕ Øöć
îùÔìáúâõÖČćóìäøîÚČĈóÉñÿÕøîÕÿäĆè ×­óÅèóâÕòÚâóÂÚČĈóÉñÿÕøîÕØöćîùÔìáúâõëúÈìäøîÚČĈóÉñÿÕøîÕË­óæÈ 
  ØòÂêñÂóäÂČóìÚÕÚõãóâÿËõÈÜÐõÛòÖõÂóä (Defining Operationally )ìâóã×÷È ÂóäÂČóìÚÕ
Åèóâìâóã ĀæñÃîÛÿÃÖÃîÈÅČóÖ¬óÈ ąØöćâöîãú¬ĂÚëââùÖõÑóÚØöćÉñØÕæîÈĂì­âöÅèóâäòÕÂùâ ÿÜĆÚØöćÿÃ­óĂÉÖäÈÂòÚ



 ƗƘ 

Āæñëóâóä×ëòÈÿÂÖĀæñèòÕăÕ­ ÿË¬Ú ́ ÂóäÿÉäõÎÿÖõÛāÖ µ ìâóãÅèóâè¬óîã¬óÈăä Ö­îÈÂČóìÚÕÚõãóâĂì­ËòÕÿÉÚ 
ÿË¬Ú ÂóäÿÉäõÎÿÖõÛāÖìâóã×÷È âöÅèóâëúÈÿßõćâÃ÷ĈÚ ÿÜĆÚÖ­Ú 
  ØòÂêñÂóäØÕæîÈ ( Experimenting )  ìâóã×÷È ÂäñÛèÚÂóäÜÐõÛòÖõÂóäāÕãĂË­ØòÂêñÖ¬óÈą 
ÿË¬Ú ÂóäëòÈÿÂÖ ÂóäèòÕ ÂóäßãóÂäÔ° ÂóäÖòĈÈëââùÖõÑóÚ ðæð âóĂË­ä¬èâÂòÚÿßøćîìóÅČóÖîÛ ìäøîØÕæîÈ
ëââùÖõÑóÚØöćÖòĈÈăè­ Ì÷ćÈÜäñÂîÛÕ­èãÂõÉÂääâ ƙ ÃòĈÚÖîÚ 

1. ÂóäîîÂĀÛÛÂóäØÕæîÈ 
2. ÂóäÜÐõÛòÖõÂóäØÕæîÈ 
3. ÂóäÛòÚØ÷ÂÝæÂóäØÕæîÈ 

ÂóäĂË­ÂäñÛèÚÂóäèõØãóéóëÖä° ĀëèÈìóÅèóâäú­ ìäøîĀÂ­ÜòÎìóîã¬óÈëâČćóÿëâî Ë¬èãßòÓÚó
ÅèóâÅõÕëä­óÈëääÅ°ØóÈèõØãóéóëÖä° ÿÂõÕÝæÝæõÖìäøîÝæõÖáòÔÒ°ØóÈèõØãóéóëÖä° ÿÂõÕÝæÝæõÖìäøîÝæõÖáòÔÒ°
ØóÈèõØãóéóëÖä° ØöćĀÜæÂĂìâ¬ ĀæñâöÅùÔÅ¬óÖ¬îÂóäÕČóäÈËöèõÖÃîÈâÚùêã°âóÂÃ÷ĈÚ 
ÅùÔæòÂêÔñÃîÈÛùÅÅæØöćâöÉõÖèõØãóéóëÖä° Ɯ æòÂêÔñ 

1.  ÿÜĆÚÅÚØöćâöÿìÖùÝæ  
1) ÉñÖ­îÈÿÜĆÚÅÚØöćãîâäòÛ ĀæñÿËøćîĂÚÅèóâëČóÅòÎÃîÈÿìÖùÝæ 
2) ăâ¬ÿËøćîāËÅæóÈ ÅČóØČóÚóã ìäøîëõćÈéòÂÕõċëõØÙõċÖ¬óÈ ą  
3) Å­ÚìóëóÿìÖùÃîÈÜòÎìóìäøîÿìÖùÂóäÔ°ĀæñìóÅèóâëòâßòÚÙ°ÃîÈëóÿìÖùÂòÛÝæØöćÿÂõÕÃ÷ĈÚ 
4)  Ö­îÈÿÜĆÚÛùÅÅæØöćëÚĂÉÜäóÂÐÂóäÔ°Ö¬óÈ ą ØöćÿÂõÕÃ÷ĈÚ ĀæñÉñÖ­îÈÿÜĆÚÛùÅÅæØöćßãóãóâ
Å­ÚìóÅČóÖîÛè¬ó ÜäóÂÐÂóäÔ°Ö¬óÈ ą ÚòĈÚÿÂõÕÃ÷ĈÚăÕ­îã¬óÈăä  ĀæñØČóăâÉ÷ÈÿÂõÕÿìÖùÂóäÔ°
ÿË¬ÚÚòĈÚ 

2. ÿÜĆÚÅÚØöćâöÅèóâîãóÂäú­îãóÂÿìĆÚ 
1)  âöÅèóâßãóãóâØöćÉñÿëóñĀëèÈìóÅèóâäú­ĂÚë×óÚÂóäÔ°Ăìâ¬ ą îãú¬ÿëâî 
2)  ÖäñìÚòÂ×÷ÈÅèóâëČóÅòÎÃîÈÂóäĀëèÈìóÃ­îâúæÿßõćâÿÖõâÿëâî 
3)  ÉñÖ­îÈÿÜĆÚÛùÅÅæØöćËîÛÌòÂ×óâ Å­ÚìóÅèóâäú­āÕãèõÙöÂóäÖ¬óÈ ą îãú¬ÿëâî 

3. ÿÜĆÚÛùÅÅæØöćâöĂÉÂè­óÈ 
1) ÿÜĆÚÛùÅÅæØöćÂæ­óãîâäòÛÂóäèõßóÂê°èõÉóäÔ°ÉóÂÛùÅÅæîøćÚ 
2) ÿÜĆÚÛùÅÅæØöćÉñäòÛäú­ĀæñãîâäòÛÅèóâÅõÕÿìĆÚĂìâ¬ ą îãú¬ÿëâî 
3) ÿÜĆÚÛùÅÅæØöćÿÖĆâĂÉØöćÉñÿÝãĀßä¬Åèóâäú­ĀæñÅèóâÅõÕĂì­ĀÂ¬ÛùÅÅæîøćÚ  
4) ÖäñìÚòÂĀæñãîâäòÛÃ­îÉČóÂòÕÃîÈÅèóâäú­ØöćÅ­ÚßÛĂÚÜòÉÉùÛòÚ 

4.  ÿÜĆÚÛùÅÅæØöćâöÅèóâÌøćîëòÖã° ĀæñâöĂÉÿÜĆÚÂæóÈ 
1) ÿÜĆÚÛùÅÅæØöćâöÅèóâÌøćîÖäÈ îÕØÚ ãùÖõÙääâ ĀæñæñÿîöãÕäîÛÅîÛ 
2) ÿÜĆÚÛùÅÅæØöćâöÅèóââòćÚÅÈ ìÚòÂĀÚ¬ÚÖ¬îÝæØöćăÕ­ÉóÂÂóäßõëúÉÚ° 
3) ëòÈÿÂÖĀæñÛòÚØ÷ÂÝæÖ¬óÈ ą îã¬óÈÖäÈăÜÖäÈâó ăâ¬æČóÿîöãÈ ĀæñâöîÅÖõ 



 Ɨƙ 

5.  âöÅèóâÿßöãäßãóãóâ 
1) ØČóÂõÉÂääâØöćăÕ­äòÛâîÛìâóãĂì­ÿëäĆÉëâÛúäÔ° 
2)  ăâ¬Ø­î×îãÿâøćîÝæÂóäØÕæîÈæ­âÿìæè ìäøîâöîùÜëääÅ 
3) âöÅèóâÖòĈÈĂÉĀÚ¬èĀÚ¬Ö¬îÂóäÅ­ÚìóÅèóâäú­ 

6.  âöÅèóâæñÿîöãÕäîÛÅîÛ 
Ɨ) äú­ÉòÂĂË­èõÉóäÔÎóÔÂ¬îÚØöćÉñÖòÕëõÚĂÉĂÕ ą 
Ƙ) ăâ¬ãîâäòÛëõćÈìÚ÷ćÈëõćÈĂÕÉÚÂè¬óÉñâöÂóäßõëúÉÚ°ØöćÿËøćî×øîăÕ­ 
ƙ) ìæöÂÿæöćãÈÂóäÖòÕëõÚĂÉ ĀæñÂóäëäùÜÝæØöćãòÈăâ¬âöÂóäèõÿÅäóñì°Āæ­èÿÜĆÚîã¬óÈÕö 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Ɨƚ 

ÿäøćîÈØöć Ƙ  ÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
 ÂóäÕČóÿÚõÚÂóäÿäøćîÈĂÕÿäøćîÈìÚ÷ćÈÉñÖ­îÈâöÂóäÂČóìÚÕÃòĈÚÖîÚ  îã¬óÈÿÜĆÚæČóÕòÛÖòĈÈĀÖ¬Ö­ÚÉÚĀæ­èÿëäĆÉ
ÖóâÉùÕÜäñëÈÅ°ØöćÂČóìÚÕ 
 ÂäñÛèÚÂóäØóÈèõØãóéóëÖä°  É÷ÈÿÜĆÚĀÚèØóÈÂóäÕČóÿÚõÚÂóäāÕãĂË­ØòÂêñèõØãóéóëÖä°ĂË­ĂÚÂóä
ÉòÕÂóä  Ì÷ćÈâöæČóÕòÛÃòĈÚÖîÚ ƛ ÃòĈÚÖîÚ  ÕòÈÚöĈ 

1. ÂóäÂČóìÚÕÜòÎìó 
2. ÂóäÖòĈÈëââÖõÑóÚ 
3. ÂóäØÕæîÈĀæñäèÛäèâÃ­îâúæ 
4. ÂóäèõÿÅäóñì°Ã­îâúæ 
5. ÂóäëäùÜÝæ 

 

ÃòĈÚÖîÚØöć Ɨ  ÂóäÂČóìÚÕÜòÎìó  ÿÜĆÚÂóäÂČóìÚÕìòèÿäøćîÈØöćÉñé÷ÂêóìäøîÜÐõÛòÖõÂóäĀÂ­ÜòÎìóÿÜĆÚ
ÜòÎìóØöćăÕ­âóÉóÂÂóäëòÈÿÂÖ  ÉóÂÃ­îëÈëòãĂÚÜäóÂÐÂóäÔ°Ö¬óÈ ą ØöćßÛÿìĆÚ  ÿË¬Ú ØČóăâÖ­Úăâ­ØöćÜæúÂăè­  ĂÛ
ÿìöćãèÿÊó ÜòÎìóâöìÚîÚâóÿÉóñÂõćÈâñâ¬èÈĀÂ­ăÃăÕ­îã¬óÈăä  ÜæóÂòÕÃãóãßòÚÙù°ăÕ­îã¬óÈăä 
 Öòèîã¬óÈÂóäÂČóìÚÕÜòÎìó 
 Ü¬óăâ­ìæóãĀì¬È×úÂØČóæóãîãú¬ĂÚëáóßØöćăâ¬ëâÕùæ  ìÚ­óÕõÚÿÂõÕÂóäßòÈØæóã ăâ¬âöÖ­Úăâ­ ìäøîèòËßøË
ìÎ­óÜÂÅæùâÕõÚ  ÿâøćîÞÚÖÂæÈâóÚČĈóÞÚÉñÂòÕÿÌóñìÚ­óÕõÚăÜÂòÛÂäñĀëÚČĈóĀÖ¬ÛäõÿèÔßøĈÚØöćâöèòËßøËĀæñìÎ­ó
ÜÂÅæùâÕõÚÉñË¬èãÕúÕÌòÛÚČĈóÞÚĀæñæÕîòÖäóÂóäăìæÃîÈÚČĈó  ÕòÈÚòĈÚÝú­ÕČóÿÚõÚÂóäÉ÷ÈëÚĂÉîãóÂØäóÛè¬ó  
îòÖäóÂóäăìæÃîÈÚČĈóÉñÃ÷ĈÚîãú¬ÂòÛëõćÈØöćË¬èãÕúÕÌòÛÚČĈóìäøîăâ¬  āÕãØÕæîÈĂË­ĀÝ¬ÚĂãÃòÕÿßøćîØÕëîÛîòÖäó   
ÂóäăìæÃîÈÚČĈó  É÷ÈÉòÕØČóāÅäÈÈóÚ ÂóäØÕæîÈ  ÂóäæÕîòÖäóăìæÃîÈÚČĈóāÕãĂË­ĀÝ¬ÚĂãÃòÕ 

ÃòĈÚÖîÚØöć Ƙ   ÂóäÖòĈÈëââÖõÑóÚĀæñÂóäÂČóìÚÕÖòèĀÜäÿÜĆÚÂóäÅóÕÅñÿÚÅČóÖîÛÃîÈÜòÎìóĂÕ
ÜòÎìóìÚ÷ćÈîã¬óÈâöÿìÖùÝæ  āÕãîóéòãÃ­îâúæÉóÂÂóäëòÈÿÂÖ  Âóäé÷ÂêóÉóÂÿîÂëóäØöćÿÂöćãèÃ­îÈ  ÂóäßÛÝú­äú­ĂÚ
ÿäøćîÈÚòĈÚą ðæð  ĀæñÂČóìÚÕÖòèĀÜäØöćÿÂöćãèÃ­îÈÂòÛÂóäØÕæîÈ  ăÕ­ĀÂ¬  ÖòèĀÜäÖ­Ú  ÖòèĀÜäÖóâ  ÖòèĀÜä
ÅèÛÅùâ 

Öòèîã¬óÈ ëââÖõÑóÚ   
 ĀÝ¬ÚĂãÃÕË¬èãæÕîòÖäóÂóäăìæÃîÈÚČĈó  (ØČóĂì­ÚČĈóăìæË­óæÈ) 
 ÖòèĀÜä 
 ÖòèĀÜäÖ­Ú Åøî ĀÝ¬ÚĂãÃòÕ 
 ÖòèĀÜäÖóâ Åøî ÜäõâóÔÚČĈóØöćăìæ 
 ÖòèĀÜäÅèÛÅùâ Åøî ÜäõâóÔÚČĈóØöćÿØìäøîäÕ 



 Ɨƛ 

ÃòĈÚÖîÚØöć ƙ  ÂóäØÕæîÈĀæñäèÛäèâÃ­îâúæ  ÿÜĆÚÂóäÜÐõÛòÖõÂóäØÕæîÈÅ­ÚìóÅèóâÉäõÈĂì­
ëîÕÅæ­îÈÂòÛëââÖõÑóÚØöćÖòĈÈăè­ĂÚÃòĈÚÖîÚÂóäÖòĈÈëââÖõÑóÚ  (ÃòĈÚÖîÚØöć Ƙ ) ĀæñäèÛäèâÃ­îâúæÉóÂÂóä
ØÕæîÈìäøîÜÐõÛòÖõÂóäÚòĈÚîã¬óÈÿÜĆÚäñÛÛ 

Öòèîã¬óÈ 
ÂóäîîÂĀÛÛÂóäØÕæîÈ 
èòëÕùîùÜÂäÔ° ÉòÕÿÖäöãâèòëÕùîùÜÂäÔ° āÕãÉòÕÿÖäöãâ ÂäñÛñ ÉČóÚèÚ Ƙ ÂäñÛñ 

- ØäóãëČóìäòÛĂë¬ÂäñÛñØòĈÈ Ƙ  Ăì­âöÜäõâóÔÿØ¬ó ą ÂòÚ 
- ÂõćÈăâ­ÉČóæîÈ  ëČóìäòÛÜòÂĂÚÂäñÛñØòĈÈ Ƙ  ÉČóÚèÚÿØ¬ó ą ÂòÚ 
- ĀÝ¬ÚĂãÃòÕ  ëČóìäòÛÜúÛÚßøĈÚØäóãÂäñÛñĂÕÂäñÛñìÚ÷ćÈ 
- ÚČĈó  ëČóìäòÛÿØæÈĂÚÂäñÛñØòĈÈ Ƙ ÂäñÛñÜäõâóÔÿØ¬ó ą ÂòÚ 

 
ÃòĈÚÖîÚØöć ƚ ÂóäèõÿÅäóñì°Ã­îâúæĀæñØÕëîÛëââÖõÑóÚÿÜĆÚÂóäÚČóÃ­îâúæØöćäèÛäèâăÕ­ÉóÂÃòĈÚÖîÚ

ÂóäØÕæîÈĀæñäèÛäèâÃ­îâúæ  (ÃòĈÚÖîÚØöć ƙ ) âóèõÿÅäóñì°ìóÅèóâëòâßòÚÙ°ÃîÈÃ­îÿØĆÉÉäõÈÖ¬óÈ ą ÿßøćîÚČóâó
îÙõÛóãĀæñÖäèÉëîÛÂòÛëââÖõÑóÚØöćÖòĈÈăè­ĂÚÃòĈÚÖîÚÂóäÖòĈÈëââÖõÑóÚ (ÃòĈÚÖîÚØöć Ƙ) ×­óÝæÂóäèõÿÅäóñì°ăâ¬
ëîÕÅæ­îÈÂòÛëââÖõÑóÚ ëäùÜăÕ­è¬óëââÖõÑóÚÚòĈÚăâ¬×úÂÖ­îÈ ×­óÝæèõÿÅäóñì°ëîÕÅæ­îÈÂòÛëââÖõÑóÚ 
ÖäèÉëîÛìæóãÅäòĈÈăÕ­ÝæÿìâøîÚÿÕõâÂĆëäùÜăÕ­è¬óëââÖõÑóÚĀæñÂóäØÕæîÈÚòĈÚÿÜĆÚÉäõÈ ëóâóä×ÚČóăÜ
î­óÈîõÈìäøîÿÜĆÚØåêÏöÖ¬îăÜÚöĈ 

Öòèîã¬óÈ 
èõÙöÂóäØÕæîÈ ÚČóØäóãĂë¬ÂäñÛñØòĈÈ Ƙ Ăì­âöÜäõâóÔÿØ¬ó ą ÂòÚ ØČóÿÜĆÚßøĈÚæóÕÿîöãÈ 
 ÂäñÛñØöć Ɨ  èóÈĀÝ¬ÚĂãÃòÕĂÚÂäñÛñØäóãĀæ­èÜòÂÂõćÈăâ­ÉČóæîÈ  
 ÂäñÛñØöć Ƙ  ÜòÂÂõćÈăâ­ÉČóæîÈāÕãăâ¬âöĀÝ¬ÚĂãÃòÕ 
 ØÕæîÈÿØÚČĈóÉóÂÞòÂÛòèØöćâöÜäõâóÔÚČĈóÿØ¬ó ą ÂòÚ ßä­îâ ą ÂòÚ ØòĈÈ Ƙ ÂäñÛñ ÂóäØÕæîÈÅèä

ØÕæîÈâóÂÂè¬ó Ɨ ÅäòĈÈ  ÿßøćîĂì­ăÕ­ÝæÂóäØÕæîÈØöćâöÅèóâÚ¬óÿËøćî×øî 
ÝæÂóäØÕæîÈ 
ÂäñÛñØöć Ɨ (âöĀÝ¬ÚĂãÃòÕ) ÚČĈó ØöćăìææÈâóĂÚÂäñÛñ  Éñăìæîã¬óÈË­ó ą ÿìæøîÜäõâóÔÚ­îã  ßøĈÚØäóã

ăâ¬ßòÈ  ÂõćÈăâ­ÉČóæîÈăâ¬æ­â 
ÂäñÛñØöć Ƙ (ăâ¬âöĀÝ¬ÚĂãÃòÕ)  ÚČĈóØöćăìææÈëú¬ßøĈÚÂäñÛñÉñăìæîã¬óÈäèÕÿäĆè ßä­îâßòÕßóÿîóÂõćÈăâ­

ÉČóæîÈâóÕ­èã  ßøĈÚØäóãßòÈØæóãÉČóÚèÚâóÂ 
 
ÃòĈÚÖîÚØöć ƛ  ÂóäëäùÜÝæ  ÿÜĆÚÂóäëäùÜÝæÂóäé÷Âêó  ÂóäØÕæîÈ  ìäøîÂóäÜÐõÛòÖõÂóäÚòĈÚ ą āÕã

îóéòãÃ­îâúæĀæñÂóäèõÿÅäóñì°Ã­îâúæÉóÂÃòĈÚÖîÚÂóäèõÿÅäóñì°Ã­îâúæ (ÃòĈÚÖîÚØöć ƚ ) ÿÜĆÚìæòÂ 
ëäùÜÝæÂóäØÕæîÈ 



 ƗƜ 

ÉóÂÂóäØÕæîÈëäùÜăÕ­è¬óĀÝ¬ÚĂãÃòÕâöÝæÖ¬îÂóäăìæÃîÈÚČĈó ØČóĂì­ÚČĈóăìæăÕ­îã¬óÈË­óæÈ äèâØòĈÈË¬èã
Ăì­ÂõćÈăâ­ÉČóæîÈã÷ÕÖõÕÂòÛØäóãĂÚÂäñÛñăÕ­ Ì÷ćÈÖ¬óÈÉóÂÂäñÛñØöćâöĀÝ¬ÚĂãÃòÕØöćÚČĈóăìæîã¬óÈäèÕÿäĆè æñßòÕÿîó
ÂõćÈăâ­ĀæñØäóãæÈăÜÕ­èã 

ÿâøćîÕČóÿÚõÚÂóäÿëäĆÉëõĈÚ  ƛ  ÃòĈÚÖîÚÚöĈĀæ­è  Ýú­ÕČóÿÚõÚÂóäÖ­îÈÉòÕØČóÿÜĆÚÿîÂëóääóãÈóÚÂóäé÷Âêó Âóä
ØÕæîÈìäøîÂóäÜÐõÛòÖõÂóäÚòĈÚÿßøćîÿÝãĀßä¬Ö¬îăÜ 
 
ÿØÅāÚāæãö ĀæñÂóäÚČóÿØÅāÚāæãöăÜĂË­  

ÿØÅāÚāæãö 
ÿØÅāÚāæãö(Technology) ìâóã×÷È  Åèóâäú­  èõËóÂóääèâÂòÛÅèóâäú­èõÙöÂóäĀæñÅèóâËČóÚóÎØöć

ëóâóä×ÚČóăÜÜÐõÛòÖõĂì­ÿÂõÕÜäñāãËÚ°ëúÈëùÕ  ëÚîÈÅèóâÖ­îÈÂóäÃîÈâÚùêã°ÿÜĆÚëõćÈØöćâÚùêã°ßòÓÚóÃ÷ĈÚ ÿßøćî
Ë¬èãĂÚÂóäØČóÈóÚìäøîĀÂ­ÜòÎìóÖ¬óÈ ą ÿË¬Ú îùÜÂäÔ°, ÿÅäøćîÈâøî, ÿÅäøćîÈÉòÂä, èòëÕù ìäøî Āâ­ÂäñØòćÈØöćăâ¬ăÕ­ÿÜĆÚ
ëõćÈÃîÈØöćÉòÛÖ­îÈăÕ­ ÿË¬Ú äñÛÛìäøîÂäñÛèÚÂóäÖ¬óÈ ą     ÿØÅāÚāæãö   âöÅèóâëòâßòÚÙ°ÂòÛÂóäÕČóäÈËöèõÖÃîÈ
âÚùêã°âóÿÜĆÚÿèæóÚóÚ ÿÜĆÚëõćÈØöćâÚùêã°ĂË­ĀÂ­ÜòÎìóßøĈÚÑóÚ ĂÚÂóäÕČóäÈËöèõÖ ÿË¬Ú ÂóäÿßóñÜæúÂ Øöćîãú¬îóéòã 
ÿÅäøćîÈÚù¬Èì¬â ãóäòÂêóāäÅ      ĂÚäñãñĀäÂÿØÅāÚāæãöØöćÚČóâóĂË­ ÿÜĆÚ ÿØÅāÚāæãößøĈÚÑóÚăâ¬ëæòÛÌòÛÌ­îÚ
ÿìâøîÚÕòÈÜòÉÉùÛòÚ ÂóäÿßõćâÃîÈÜäñËóÂä ĀæñÃ­îÉČóÂòÕÕ­óÚØäòßãóÂäÙääâËóÖõ äèâØòĈÈâöÂóäßòÓÚó
ÅèóâëòâßòÚÙ°ÂòÛÖ¬óÈÜäñÿØéÿÜĆÚÜòÉÉòãÕ­óÚÿìÖùëČóÅòÎĂÚÂóäÚČóĀæñßòÓÚóÿØÅāÚāæãöâóĂË­âóÂÃ÷ĈÚ 
ÿØÅāÚāæãöĂÚÂóäÜäñÂîÛîóËöß   
1. ÿØÅāÚāæãöÂòÛÂóäßòÓÚóîùÖëóìÂääâ ÂóäÚČóÿØÅāÚāæãöâóĂË­ĂÚÂóäÝæõÖ ØČóĂì­ÜäñëõØÙõáóßĂÚ

ÂóäÝæõÖÿßõćâÃ÷ĈÚ ÜäñìãòÕĀäÈÈóÚ æÕÖ­ÚØùÚĀæñ äòÂêóëáóßĀèÕæ­îâ ÿØÅāÚāæãöØöćâöÛØÛóØĂÚÂóäßòÓÚó
îùÖëóìÂääâĂÚÜäñÿØéăØã ÿË¬Ú ÅîâßõèÿÖîä° ĀæñîõÿæĆÂØäîÚõÂë° Âóäëøćîëóä ÿØÅāÚāæãöËöèáóßĀæñ
ßòÚÙùÂääâ èõéèÂääâ ÿØÅāÚāæãöÿæÿÌîä° Âóäëøćîëóä ÂóäĀßØã° ÿØÅāÚāæãößæòÈÈóÚ ÿØÅāÚāæãöèòëÕùéóëÖä° 
ÿË¬Ú ßæóëÖõÂ ĀÂ­è èòëÕùÂ¬îëä­óÈ āæìñ  

2. ÿØÅāÚāæãöÂòÛÂóäßòÓÚóÕ­óÚÂóäÿÂêÖä ĂË­ÿØÅāÚāæãöĂÚÂóäÿßõćâÝæÝæõÖ ÜäòÛÜäùÈßòÚÙù° ÿÜĆÚÖ­Ú 
ÿØÅāÚāæãöâöÛØÛóØĂÚÂóäßòÓÚóîã¬óÈâóÂ ĀÖ¬ØòĈÈÚöĈÂóäÚČóÿØÅāÚāæãöâóĂË­ĂÚÂóäßòÓÚóÉñÖ­îÈé÷ÂêóÜòÉÉòã
ĀèÕæ­îâìæóãÕ­óÚ ÿË¬Ú ØäòßãóÂäëõćÈĀèÕæ­îâ ÅèóâÿëâîáóÅĂÚāîÂóëĀæñÂóäĀÃ¬ÈÃòÚØóÈÿéäêÑÂõÉĀæñ
ëòÈÅâ ÿßøćîĂì­ÿÂõÕÅèóâ ÝëâÂæâÂæøÚÖ¬îÂóäßòÓÚóÜäñÿØéËóÖõĀæñë¬èÚîøćÚąîöÂâóÂ  

ÿØÅāÚāæãöØöćĂË­ĂÚËöèõÖÜäñÉČóèòÚ                                
 ÂóäÚČóÿØÅāÚāæãöâóĂË­ĂÚËöèõÖÜäñÉČóèòÚÃîÈâÚùêã°âöâóÂâóãÿÚøćîÈÉóÂÂóäăÕ­äòÛÂóäßòÓÚóØóÈÕ­óÚ
ÿØÅāÚāæãöÂòÚîã¬óÈÂè­óÈÃèóÈ  ÿË¬Ú  Âóäë¬ÈÉÕìâóãÝ¬óÚØóÈîõÚÿÖîä°ÿÚĆÖ  ÂóäìóÅèóâäú­Ý¬óÚîõÚÿÖîä°ÿÚĆÖ  
ÂóäßúÕÅùãĀæñĀæÂÿÜæöćãÚÅèóâÅõÕÿìĆÚÂòÚ Âóäî¬óÚìÚòÈëøîÝ¬óÚîõÚÿÖîä°ÿÚĆÖ  æ­èÚĀÖ¬ÿÜĆÚÿØÅāÚāæãöØöćâöÂóè
ìÚ­óÈîã¬óÈäèÕÿäĆè  ÿÜĆÚÂóäÜäñìãòÕÿèæóĂÚĀæñëóâóä×ìóÅèóâäú­Ö¬óÈ ą ăÕ­äèÕÿäĆèãõćÈÃ÷ĈÚ                



 ƗƝ 

ÿØÅāÚāæãöÂ¬îÿÂõÕÝæÂäñØÛÖ¬îëòÈÅâĀæñĂÚßøĈÚØöćØöćâöÿØÅāÚāæãöÿÃ­óăÜÿÂöćãèÃ­îÈĂÚìæóãäúÜĀÛÛ 
ÿØÅāÚāæãöăÕ­Ë¬èãĂì­ëòÈÅâìæóã ą Āì¬ÈÿÂõÕÂóäßòÓÚóØóÈÿéäêÑÂõÉâóÂÃ÷ĈÚÌ÷ćÈäèâØòĈÈÿéäêÑÂõÉāæÂĂÚ
ÜòÉÉùÛòÚ ĂÚìæóã ą ÃòĈÚÖîÚÃîÈÂóäÝæõÖāÕãĂË­ÿØÅāÚāæãöăÕ­Â¬îĂì­ÝæÝæõÖØöćăâ¬Ö­îÈÂóä ìäøîÿäöãÂè¬ó
âæáóèñ ÿÂõÕÂóäëúÎÿëöãØäòßãóÂäÙääâËóÖõĀæñÿÜĆÚÂóäØČóæóãëõćÈĀèÕæ­îâ ÿØÅāÚāæãöìæóã ą îã¬óÈØöć×úÂ
ÚČóâóĂË­âöÝæÖ¬îÅ¬óÚõãâĀæñèòÓÚÙääâÃîÈëòÈÅâ ÿâøćîâöÿØÅāÚāæãöĂìâ¬ ą ÿÂõÕÃ÷ĈÚÂĆâòÂÉñ×úÂÖòĈÈÅČó×óâØóÈ
ÉäõãÙääâ 

ÿØÅāÚāæãöØöćÿìâóñëâ 
             ÅČóè¬óÿØÅāÚāæãöØöćÿìâóñëâ  ìâóãÅèóâ×÷ÈÿìâóñëâÖ¬îëáóßÿéäêÑÂõÉ ëòÈÅâ ĀæñÅèóâÖ­îÈÂóä
ÃîÈÜäñÿØé ÿØÅāÚāæãöÛóÈÿäøćîÈÿìâóñëâÂòÛÛóÈÜäñÿØé ØòĈÈÚöĈÃ÷ĈÚîãú¬ÂòÛëáóèñÃîÈĀÖ¬æñÜäñÿØé 

Ɨ. ÅèóâÉČóÿÜĆÚØöćÚČóÿØÅāÚāæãöâóĂË­ĂÚÜäñÿØéăØã ÜäñËóËÚë¬èÚĂìÎ¬ÿÜĆÚÿÂêÖäÂä äóãăÕ­ÉóÂ
ÝæÝæõÖØóÈÂóäÿÂêÖäâöâóÂÂè¬óäóãăÕ­îã¬óÈîøćÚ ĀæñÜäñâóÔä­îãæñ 80 ÃîÈÜäñËóÂäîóéòãîãú¬ĂÚËÚÛØ 
ÕòÈÚòĈÚÂóäÚČóÿØÅāÚāæãöâóĂË­É÷ÈÿÜĆÚÿäøćîÈÉČóÿÜĆÚ āÕãÿÊßóñîã¬óÈãõćÈÿØÅāÚāæãöØóÈÂóäÿÂêÖä ëõÚÅ­óØóÈ
ÂóäÿÂêÖä ë¬èÚĂìÎ¬ë¬ÈîîÂÉČóìÚ¬óãÖ¬óÈÜäñÿØéĂÚæòÂêÔñèòÖ×ùÕõÛ ÿË¬Ú ÂóäÃóãÿâæĆÕāÂāÂ­Ăì­Ö¬óÈÜäñÿØé
Āæ­èÚČóăÜÝæõÖÿÜĆÚËĆîÅāÂĀæÖ ìóÂÖòĈÈāäÈÈóÚĂÚÜäñÿØéăØãÖ­îÈĂË­ÿØÅāÚāæãöÿÃ­óâóâöÛØÛóØĂÚÂóä
ßòÓÚóÂóäĀÜääúÜ 

2. ÿØÅāÚāæãöØöćÿìâóñëâ âöÝú­äú­ìæóãØ¬óÚăÕ­ÖöÅèóâìâóãÃîÈÅČóè¬ó ́ÿìâóñëâµ è¬óÿìâóñëâÂòÛ
îñăäÖ¬îÿéäêÑÂõÉäñãñÿèæóìäøîäñÕòÛÿØÅāÚāæãöØöćÿìâóñëâ Åøî ÿØÅāÚāæãöØöćëóâóä×ÚČóâóĂË­Ăì­ÿÂõÕ
ÜäñāãËÚ°Ö¬îÂóäÕČóÿÚõÚÂõÉÂóäÖ¬óÈ ą ĀæñëîÕÅæ­îÈÂòÛÅèóâäú­ Åèóâëóâóä× ÜäñëÛÂóäÔ° ëáóßĀèÕæ­îâ 
èòÓÚÙääâëõćÈĀèÕæ­îâ ĀæñÂČóæòÈÿéäêÑÂõÉÃîÈÅÚØòćèăÜ 
ÿØÅāÚāæãöØöćÿÂöćãèÃ­îÈ ăÕ­ĀÂ¬ 
1. ÂóäÖòÕÖ¬îãöÚ (genetic engineering) ÿØÅāÚāæãöÕöÿîĆÚÿîëóãÝëâ (recombinant DNA) Āæñ

ÿØÅāÚāæãöāâÿæÂùæÿÅäøćîÈìâóã (molecular markers) 
2. ÂóäÿßóñÿæöĈãÈÿÌææ° Āæñ/ìäøî ÂóäÿßóñÿæöĈãÈÿÚøĈîÿãøćî (cell and tissue culturing) ßøË ĀæñëòÖè° 
3. ÂóäĂË­ÜäñāãËÚ°ÉùæõÚØäöã°ÛóÈËÚõÕìäøîĂË­ÜäñāãËÚ°ÉóÂÿîÚăÌâ°ÃîÈÉùæõÚØäöã° 

ÿØÅāÚāæãöËöèáóßØóÈÂóäÿÂêÖä 
      ăÕ­ĀÂ¬ÂóäßòÓÚóÂóäÿÂêÖä Õ­óÚßøË ĀæñëòÖè° Õ­èãÿØÅāÚāæãöËöèáóß  
Ɨ.  ÂóäÜäòÛÜäùÈßòÚÙù°ßøËĀæñÂóäÝæõÖßøËßòÚÙù°Ăìâ¬ (crop lmprovement) ÿË¬Ú ßøËăä¬    ßøËÝòÂ ăâ­ÕîÂ 
Ƙ.  ÂóäÝæõÖßøËßòÚÙù°ÕöĂì­ăÕ­ÜäõâóÔâóÂ ą ĂÚäñãñÿèæóîòÚëòĈÚ ĂÚäñãñÿèæóîòÚëòĈÚ  

(micropropaagation) 
ƙ. ÂóäÝëâßòÚÙù°ëòÖè°ĀæñÂóäÜäòÛÜäùÈßòÚÙù°ëòÖè° (breeding and upggrading of  livestocks) 
4. ÂóäÅèÛÅùâéòÖäúßøËāÕãËöèèõÙö (biological pest control) ĀæñÉùæõÚØäöã°ØöćË¬èãäòÂêóëáóßĀèÕæ­îâ 

   5.ÂóäÜäòÛÜäùÈÃÛèÚÂóäÂóäÝæõÖîóìóäĂì­âöÜäñëõØÙõáóßĀæñâöÅèóâÜæîÕáòãÖ¬îÝú­ÛäõāáÅ 

http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B8%84%E0%B8%A1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A8%E0%B8%A3%E0%B8%A9%E0%B8%90%E0%B8%81%E0%B8%B4%E0%B8%88
http://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%A5%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0
http://th.wikipedia.org/w/index.php?title=%E0%B8%97%E0%B8%A3%E0%B8%B1%E0%B8%9E%E0%B8%A2%E0%B8%B2%E0%B8%81%E0%B8%A3%E0%B8%98%E0%B8%A3%E0%B8%A3%E0%B8%A1%E0%B8%8A%E0%B8%B2%E0%B8%95%E0%B8%B4&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%AA%E0%B8%B4%E0%B9%88%E0%B8%87%E0%B9%81%E0%B8%A7%E0%B8%94%E0%B8%A5%E0%B9%89%E0%B8%AD%E0%B8%A1&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B1%E0%B8%92%E0%B8%99%E0%B8%98%E0%B8%A3%E0%B8%A3%E0%B8%A1


 Ɨƞ 

6.ÂóääõÿäõćâÅ­ÚÅè­óìóØäòßãóÂäÙääâËóÖõâóĂË­ÜäñāãËÚ° (search for utilization of  unused resources) 
ĀæñÂóäëä­óÈØäòßãóÂäĂìâ¬ 



 ƗƟ 

ÿäøćîÈØöć ƙ èòëÕùĀæñîùÜÂäÔ°ØóÈèõØãóéóëÖä° 
îùÜÂäÔ°ØóÈèõØãóéóëÖä°  ÅøîÿÅäøćîÈâøîØöćĂì­ØòĈÈáóãĂÚĀæñáóãÚîÂì­îÈÜÐõÛòÖõÂóäÿßøćîĂË­ØÕæîÈ

ĀæñìóÅČóÖîÛÖ¬óÈąØóÈèõØãóéóëÖä° 
 
ÜäñÿáØÃîÈÿÅäøćîÈâøîØóÈèõØãóéóëÖä° 

1. ÜäñÿáØØòćèăÜ  ÿË¬Ú ÛöÂÿÂîä° ìæîÕØÕëîÛ ăßÿßØ ÛõèÿäÖ ÂäñÛîÂÖèÈ  ìæîÕìãÕëóä ĀØ¬È
ĀÂ­èÅÚëóä Ì÷ćÈîùÜÂäÔ°ÿìæ¬óÚöĈÝæõÖÃ÷ĈÚÉóÂèòëÕùØöćÿÜĆÚĀæ­èÿÚøćîÈÉóÂÜ­îÈÂòÚÂóäØČóÜÐõÂõäõãóÂòÛëóäÿÅâö 
ÚîÂÉóÂÚöĈãòÈâö ÿÅäøćîÈËòćÈĀÛÛÖ¬óÈą Âæ­îÈÉùæØääéÚ° ÖñÿÂöãÈĀîæÂîïîæ°ÿÜĆÚÖ­Ú Ì÷ćÈîùÜÂäÔ°ÿìæ¬óÚöĈèõÙöĂË­ÈóÚ
ØöćĀÖÂÖ¬óÈÂòÚîîÂăÜ ÖóâæòÂêÔñÃîÈÈóÚ  

2. ÜäñÿáØÿÅäøćîÈâøîË¬óÈ ÿÜĆÚîùÜÂäÔ°ØöćĂË­ăÕ­ØòĈÈáóãĂÚì­îÈÜÐõÛòÖõÂóä ĀæñáóãÚîÂì­îÈÜÐõÛòÖõÂóä 
ÿË¬Úÿèîä°ÿÚöã Åöâ ĀæñĀÜäÈ ÿÜĆÚÖ­Ú 

3. ÜäñÿáØëõĈÚÿÜæøîÈ ĀæñëóäÿÅâö ÿÜĆÚîùÜÂäÔ°ØóÈèõØãóéóëÖä°ØöćĂË­Āæ­èìâÕăÜăâ¬ëóâóä×ÚČó
ÂæòÛâóĂË­ăÕ­îöÂ ÿË¬Ú ÂäñÕóêÂäîÈ ÂäñÕóêæõÖâòë ĀæñëóäÿÅâö 
 
ÂóäĂË­îùÜÂäÔ°ØóÈèõØãóéóëÖä°ÜäñÿáØÖ¬óÈą 
1.ÂóäĂË­ÈóÚîùÜÂäÔ°èõØãóéóëÖä°ÜäñÿáØØòćèăÜ 
ÛöÂÿÂîä°(BEAKER) 
ÛöÂÿÂîä°âöìæóãÃÚóÕĀæñâöÅèóâÉùÖ¬óÈÂòÚ āÕãØöćÃ­óÈÛöÂÿÂîä°ÉñâöÖòèÿæÃäñÛùÅèóâÉùÃîÈÛöÂÿÂîä° ØČó

Ăì­Ýú­ĂË­ëóâóä×ØäóÛÜäõâóÖäÃîÈÃîÈÿìæèØöćÛääÉùîãú¬ăÕ­îã¬óÈÅä¬óèą ĀæñÛöÂÿÂîä°âöÅèóâÉùÖòĈÈĀÖ¬ 5 
âõææõÿâÖäÉÚ×÷ÈìæóãąæõÖä îöÂØòĈÈÿÜĆÚĀÛÛëúÈ ĀÛÛÿÖöĈã ĀæñĀÛÛäúÜØäÈÂäèã (conical beaker) ÛöÂÿÂîä°Éñ
âöÜóÂÈîÿìâøîÚÜóÂÚÂÌ÷ćÈÿäöãÂè¬ó spout ØČóĂì­ÂóäÿØÃîÈÿìæèîîÂăÕ­āÕãëñÕèÂ spout ØČóĂì­ëñÕèÂĂÚ
ÂóäèóÈăâ­ĀÂ­èÌ÷ćÈãøćÚîîÂâóÉóÂÞóØöćÜõÕÛöÂÿÂîä° Āæñ spout ãòÈÿÜĆÚØóÈîîÂÃîÈăîÚČĈóìäøîĀÂ®ëÿâøćîØČóÂóä
äñÿìãÃîÈÿìæèĂÚÛöÂÿÂîä°ØöćÜõÕÕ­èãÂäñÉÂÚóíõÂó (watch grass)  
ÂóäÿæøîÂÃÚóÕÃîÈÛöÂÿÂîä°ÿßøćîĂë¬ÃîÈÿìæèÚòĈÚÃ÷ĈÚîãú¬ÂòÛÜäõâóÔÃîÈÿìæèØöćÉñĂë¬ āÕãÜÂÖõĂì­

äñÕòÛÃîÈÿìæèîãú¬ÖČćóÂè¬óÜóÂÛöÂÿÂîä°ÜäñâóÔ 1 - 1 1/2 ÚõĈè  
 
ÜäñāãËÚ°ÃîÈÛöÂÿÂîä°  
1. ĂË­ëČóìäòÛÖ­âëóäæñæóãØöćâöÜäõâóÔâóÂą  
2. ĂË­ëČóìäòÛÿÖäöãâëóäæñæóãÖ¬óÈą  
3. ĂË­ëČóìäòÛÖÂÖñÂîÚĀæñĂË­äñÿìãÃîÈÿìæèØöćâöåØÙõċÂäÕÚ­îã  
ìæîÕØÕëîÛ ( TEST TUBE ) 



 ƘƖ 

ìæîÕØÕëîÛâöìæóãËÚõÕĀæñìæóãÃÚóÕ ËÚõÕØöćâöÜóÂĀæñăâ¬âöÜóÂ ËÚõÕÙääâÕóĀæñËÚõÕØÚăà 
ÃÚóÕÃîÈìæîÕØÕëîÛäñÛùăÕ­ 2 ĀÛÛÅøî ÅèóâãóèÂòÛÿë­ÚÝ¬óéúÚã°ÂæóÈäõâÚîÂìäøîÃÚóÕÅèóâÉùÿÜĆÚ
ÜäõâóÖä ÕòÈĀëÕÈĂÚÖóäóÈÖ¬îăÜÚöĈ 

Åèóâãóè * ÿë­ÚÝ¬óéúÚã°ÂæóÈäõâÚîÂ 
(âõæõÿâÖä) 

ÅèóâÉù 
(âõæõÿâÖä) 

75 * 11  
100 * 12 
120 * 15 
120 * 18 
150 * 16 
150 * 18 

4 
8 
14 
18 
20 
27 

 

ìæîÕØÕëîÛë¬èÚâóÂĂË­ëČóìäòÛØÕæîÈÜÐõÂõäõãóÿÅâöäñìè¬óÈëóäÖ¬óÈą ØöćÿÜĆÚëóäæñæóã ĂË­Ö­â
ÃîÈÿìæèØöćâöÜäõâóÖäÚ­îãą āÕãâö test tube holder ÉòÛÂòÚä­îÚâøî 

ìæîÕØÕëîÛĀÛÛØÚăàÉñâöÃÚóÕĂìÎ¬ ĀæñìÚóÂè¬óìæîÕÙääâÕó ĂË­ëČóìäòÛÿÝóëóäÖ¬óÈą Õ­èã
ÿÜæèăàāÕãÖäÈĂÚîùÔìáúâõØöćëúÈ ìæîÕËÚõÕÚöĈăâ¬ÅèäÚČóăÜĂË­ëČóìäòÛØÕæîÈÜÐõÂõäõãóÿÅâöäñìè¬óÈëóä
ÿìâøîÚìæîÕÙääâÕó 
 
ăßÿßØ (PIPETTE) 
 ăßÿßØÿÜĆÚîùÜÂäÔ°ØöćĂË­ĂÚÂóäèòÕÜäõâóÖäăÕ­îã¬óÈĂÂæ­ÿÅöãÈ âöîãú¬ìæóãËÚõÕ ĀÖ¬āÕãØòćèăÜØöćâöĂË­îãú¬
ĂÚì­îÈÜÐõÛòÖõÂóäâöîãú¬ 2 ĀÛÛ Åøî Volumetric pipette ìäøî Transfer pipette Āæñ Measuring pipette 
Transfer pipette Ì÷ćÈĂË­ĂÚÂóäèòÕÜäõâóÖäăÕ­ÿßöãÈÅ¬óÿÕöãè Åøî×­óìóÂ Transfer pipette Éù 25 âæ. ÂĆÉñèòÕ
ÜäõâóÖäÃîÈÃîÈÿìæèăÕ­ÿÊßóñ 25 âæ. ÿØ¬óÚòĈÚ Transfer pipette âöìæóãÃÚóÕÖòĈÈĀÖ¬ 1 âæ. ×÷È 100 âæ. 
×÷ÈĀâ­ăßÿßØËÚõÕÚöĈÉñĂË­èòÕÜäõâóÖäăÕ­îã¬óÈĂÂæ­ÿÅöãÈÅèóâÉäõÈÂĆÖóâ ĀÖ¬ÂĆãòÈâöÃ­îÝõÕßæóÕÌ÷ćÈÃ÷ĈÚîãú¬ÂòÛ
ÃÚóÕÃîÈăßÿßØ ÿË¬Ú  

Transfer pipette ÃÚóÕ 10 âæ. âöÅèóâÝõÕßæóÕ 0.2%  
Transfer pipette ÃÚóÕ 30 âæ. âöÅèóâÝõÕßæóÕ 0.1%  
Transfer pipette ÃÚóÕ 50 âæ. âöÅèóâÝõÕßæóÕ 0.1%  

Transfer pipette ĂË­ëČóìäòÛë¬ÈÝ¬óÚÃîÈëóäæñæóã ØöćâöÜäõâóÖäÖóâÃÚóÕÃîÈăßÿßØ ÿâøćîÜæ¬îãëóäæñæóã
îîÂÉóÂăßÿßØĀæ­è ì­óâÿÜ¬óëóäæñæóãØöćÖÂÅ­óÈîãú¬ØöćÜæóãÃîÈăßÿßØ ĀÖ¬ÅèäĀÖñÜæóãăßÿßØÂòÛÃ­óÈ



 ƘƗ 

áóËÚñÿìÚøîäñÕòÛëóäæñæóãáóãĂÚáóËÚñÚòĈÚÜäñâóÔ 30 èõÚóØö ÿßøćîĂì­ëóäæñæóãØöćîãú¬Ã­óÈĂÚăßÿßØ
ăìæîîÂâóîöÂ ăßÿßØËÚõÕÚöĈĂË­ăÕ­È¬óãĀæñÿäĆèÂè¬óÛõèÿäØ Measuring pipette ìäøî Graduated pipette (ÛóÈØö
ÿäöãÂè¬ó Mohr pipette) ÉñâöÃöÕÛîÂÜäõâóÖäÖ¬óÈ ą ăè­ ØČóĂì­ëóâóä×ĂË­ăÕ­îã¬óÈÂè­óÈÃèóÈ Åøîëóâóä×ĂË­
ĀØÚ Transfer pipette ăÕ­ ĀÖ¬ĂË­èòÕÜäõâóÖäăÕ­ĀÚ¬ÚîÚÚ­îãÂè¬ó Transfer pipette ĀæñâöÅèóâÝõÕßæóÕ
âóÂÂè¬ó ÿË¬Ú  

Measuring pipette ÃÚóÕ 10 âæ. âöÅèóâÝõÕßæóÕ 0.3%  
Measuring pipette ÃÚóÕ 30 âæ. âöÅèóâÝõÕßæóÕ 0.3% 

 
ÛõèÿäØ (BURETTE) 
 ÛõèÿäØÿÜĆÚîùÜÂäÔ°èòÕÜäõâóÖäØöćâöÃöÕÛîÂÜäõâóÖäÖ¬óÈą ĀæñâöÂĆîÂëČóìäòÛÿÜõÕ-ÜõÕ ÿßøćîÛòÈÅòÛÂóä
ăìæÃîÈÃîÈÿìæè ÛõèÿäØÿÜĆÚîùÜÂäÔ°ØöćĂË­ĂÚÂóäèõÿÅäóñì° âöÃÚóÕÖòĈÈĀÖ¬ 10 âæ. ÉÚ×÷È 100 âæ. ÛõèÿäØ 
ëóâóä×èòÕÜäõâóÖäăÕ­îã¬óÈĂÂæ­ÿÅöãÈÅèóâÉäõÈâóÂØöćëùÕ ĀÖ¬ÂĆãòÈâöÅèóâÝõÕßæóÕîãú¬ÿæĆÂÚ­îã Ì÷ćÈÃ÷ĈÚîãú¬ÂòÛ
ÃÚóÕÃîÈÛõèÿäØ ÿË¬Ú  

ÛõèÿäØÃÚóÕ 10 âæ. âöÅèóâÝõÕßæóÕ 0.4%  
ÛõèÿäØÃÚóÕ 25 âæ. âöÅèóâÝõÕßæóÕ 0.24%  
ÛõèÿäØÃÚóÕ 50 âæ. âöÅèóâÝõÕßæóÕ 0.2%  
ÛõèÿäØÃÚóÕ 100 âæ. âöÅèóâÝõÕßæóÕ 0.2% 

 
 
 
 
 

ÿÅäøćîÈËòćÈ ( BALANCE ) 
āÕãØòćèăÜÉñâö 2 ĀÛÛÅøî ĀÛÛ triple-beam Āæñ ĀÛÛ equal-arm 
ĀÛÛ triple-beam 

ÿÜĆÚÿÅäøćîÈËòćÈËÚõÕ Mechanical balance îöÂËÚõÕìÚ÷ćÈØöćâöäóÅó×úÂĀæñĂË­È¬óã ĀÖ¬âöÅèóâăèÚ­îã ÿÅäøćîÈ
ËòćÈËÚõÕÚöĈâöĀÃÚÃ­óÈÃèóîãú¬ 3 ĀÃÚĀæñĂÚĀÖ¬æñĀÃÚÉñâöÃöÕÛîÂÚČĈóìÚòÂăè­ÿË¬Ú 0-1.0 Âäòâ 0-10 Âäòâ 0-100 
Âäòâ ĀæñãòÈâöÖù­âÚČĈóìÚòÂëČóìäòÛÿæøćîÚăÜâóăÕ­îöÂÕ­èã ĀÃÚØòĈÈ 3 ÚöĈÖõÕÂòÛÿÃĆâËöĈîòÚÿÕöãèÂòÚ  



 ƘƘ 

 
 
èõÙöÂóäĂË­ÿÅäøćîÈËòćÈĀÛÛ (Triple-beam balance)  

1. ÖòĈÈÿÅäøćîÈËòćÈĂì­îãú¬ĂÚĀÚèäñÚóÛ Āæ­èÜäòÛĂì­ĀÃÚÃîÈÿÅäøćîÈËòćÈîãú¬ĂÚĀÚÛäñÚóÛāÕãìâùÚëÂäú
Ăì­ÿÃĆâËöĈÖäÈÃöÕ 0  

2. èóÈÃèÕÛääÉùëóäÛÚÉóÚÿÅäøćîÈËòćÈ Āæ­èÿæøćîÚÖù­âÚČĈóìÚòÂÛÚĀÃÚØòĈÈëóâÿßøćîÜäòÛĂì­ÿÃĆâËöĈÖäÈÃöÕ 
0 î¬óÚÚČĈóìÚòÂÛÚĀÃÚÿÅäøćîÈËòćÈÉñÿÜĆÚÚČĈóìÚòÂÃîÈÃèÕÛääÉùëóä  

3. ×­óÖ­îÈÂóäËòćÈëóäÖóâÚČĈóìÚòÂØöćÖ­îÈÂóäÂĆÛèÂÚČĈóìÚòÂÃîÈëóäÂòÛÚČĈóìÚòÂÃîÈÃèÕÛääÉùëóäØöćăÕ­
ĂÚÃ­î 2 Āæ­èÿæøćîÚÖù­âÚČĈóìÚòÂÛÚĀÃÚØòĈÈ 3 Ăì­ÖäÈÂòÛÚČĈóìÚòÂØöćÖ­îÈÂóä  

4. ÿÖõâëóäØöćÖ­îÈÂóäËòćÈæÈĂÚÃèÕÛääÉùëóäÉÚÿÃĆâËöĈÖäÈÃöÕ 0 ßîÕö ÉñăÕ­ÚČĈóìÚòÂÃîÈëóäÖóâ
Ö­îÈÂóä  

5. ÚČóÃèÕÛääÉùëóäîîÂÉóÂÉóÚÃîÈÿÅäøćîÈËòćÈĀæ­èÿæøćîÚÖù­âÚČĈóìÚòÂØùÂîòÚĂì­îãú¬Øöć 0 ØČóÅèóâëñîóÕ
ÿÅäøćîÈËòćÈìóÂâöëóäÿÅâöìÂÛÚÉóÚìäøîäîÛą ÿÅäøćîÈËòćÈ  
ĀÛÛ equal-arm 

 

 

ÿÜĆÚÿÅäøćîÈËòćÈØöćâöĀÃÚ 2 Ã­óÈãóèÿØ¬óÂòÚÿâøćîèòÕ
äñãñÉóÂÉùÕìâùÚÌ÷ćÈÿÜĆÚëòÚâöÕ ÃÔñØöćĀÃÚ
ÃîÈÿÅäøćîÈËòćÈîãú¬ĂÚëâÕùæ ÿâøćîÖ­îÈÂóäìó
ÚČĈóìÚòÂÃîÈëóäìäøîèòÖ×ù Ăì­èóÈëóäÚòĈÚÛÚ
ÉóÚÕ­óÚìÚ÷ćÈÃîÈÿÅäøćîÈËòćÈ ÖîÚÚöĈĀÃÚÃîÈ
ÿÅäøćîÈËòćÈÉñăâ¬îãú¬ĂÚáóèñØöćëâÕùæÉ÷ÈÖ­îÈĂë¬
Öù­âÚČĈóìÚòÂÿßøćîÜäòÛĂì­ĀÃÚÿÅäøćîÈËòćÈîãú¬ĂÚ
ëâÕùæ  

 



 Ƙƙ 

èõÙöÂóäĂË­ÿÅäøćîÈËòćÈĀÛÛ (Equal-arm balance)  
1.ÉòÕĂì­ÿÅäøćîÈËòćÈîãú¬ĂÚĀÚèäñÕòÛÂ¬îÚāÕãÂóäÜäòÛëÂäúØöćÃóÖòĈÈĀæ­èìóëÿÂæéúÚã°ÃîÈÿÅäøćîÈËòćÈ ÿâøćî

ăâ¬âöèòÖ×ùîãú¬ÛÚÉóÚ Üæ¬îãØöćäîÈÉóÚ Āæ­èÜäòÛĂì­ÿÃĆâËöĈØöćÿæÃ 0 ÛÚëÿÂæéúÚã°  
2. èóÈÃèÕÛääÉùëóäÛÚÉóÚØóÈÕ­óÚÌ­óãâøîĀæñèóÈÖù­âÚČĈóìÚòÂÛÚÉóÚØóÈÃèóâøîÃîÈÿÅäøćîÈËòćÈāÕã

ĂË­ÅöÛÅöâ  
3. ×­óÿÃĆâËöĈâóØóÈÌ­óãÃîÈëÿÂæéúÚã°ĀëÕÈè¬óÃèÕËòćÈëóäÿÛóÂè¬óÖù­âÚČĈóìÚòÂ Ö­îÈãÂÜù¬âÅèÛÅùâÅóÚ

Ã÷ĈÚÿßøćîÖä÷ÈĀÃÚÿÅäøćîÈËòćÈĀæ­èÿÖõâÖù­âÚČĈóìÚòÂîöÂ ×­óÿÃĆâËöĈâóØóÈÃèóÃîÈëÿÂæéúÚã°ĀëÕÈè¬óÃèÕËòćÈëóäÿÛóÂè¬ó
Öù­âÚČĈóìÚòÂ Ö­îÈãÂÜù¬âÅèÛÅùâÅóÚÃ÷ĈÚÿßøćîÖä÷ÈĀÃÚÿÅäøćîÈËòćÈĀæ­èÿîóÖù­âÚČĈóìÚòÂîîÂ  

4. ĂÚÂäÔöØöćÖù­âÚČĈóìÚòÂăâ¬ëóâóä×ØČóĂì­ĀÃÚØòĈÈ 2 Ã­óÈîãú¬ĂÚäñÚóÛăÕ­ Ăì­ÿæøćîÚăäÿÕîä°ăÜâóÿßøćî
ÜäòÛĂì­ÚČĈóìÚòÂØòĈÈëîÈÃ­óÈĂì­ÿØ¬óÂòÚ  

5. ÛòÚØ÷ÂÚČĈóìÚòÂØòĈÈìâÕØöćËòćÈăÕ­  
6. ÚČóëóäîîÂÉóÂÃèÕĂë¬ëóä Āæ­èØČóÂóäËòćÈÚČĈóìÚòÂÃîÈÃèÕĂë¬ëóä  
7. ÚČĈóìÚòÂÃîÈëóäëóâóä×ìóăÕ­āÕãÚČóÚČĈóìÚòÂØöćËòćÈăÕ­ÅäòĈÈĀäÂæÛÚČĈóìÚòÂØöćËòćÈăÕ­ÅäòĈÈìæòÈ  
8. ìæòÈÉóÂĂË­ÿÅäøćîÈËòćÈÿëäĆÉĀæ­èĂì­ØČóÅèóâëñîóÕÉóÚ Āæ­èÿîóÖù­âÚČĈóìÚòÂîîÂĀæñÿæøćîÚăäÿÕîä°Ăì­

îãú¬ØöćÖČóĀìÚ¬ÈéúÚã° 
 
2.ÂóäĂË­ÈóÚîùÜÂäÔ°èõØãóéóëÖä°ÜäñÿáØÿÅäøćîÈâøîË¬óÈ 
 ÿèîä°ÿÚöã (VERNIER ) 
ÿÜĆÚÿÅäøćîÈâøîØöćĂË­èòÕÅèóâãóèÃîÈèòÖ×ùØòĈÈáóãĂÚ ĀæñáóãÚîÂÃîÈËõĈÚÈóÚ ÿèîä°ÿÚöãÅóæõÿÜîä°âöæòÂêÔñ
ØòćèăÜ ÕòÈäúÜ  
 
 

 
 
 
 
 
 
 
 
 
ë¬èÚÜäñÂîÛÃîÈÿèîä°ÿÚöã 
 



 Ƙƚ 

 ëÿÂæìæòÂ A  ÿÜĆÚëÿÂæăâ­ÛääØòÕÙääâÕó Ì÷ćÈÿÜĆÚâõææõÿâÖä (mm) ĀæñÚõĈè (inch)  
 ëÿÂæÿèîä°ÿÚöã B  Ì÷ćÈÉñÿæøćîÚăÜâóăÕ­ÛÚëÿÂæìæòÂ  
 ÜóÂèòÕ C · D  ĂË­ìÚöÛèòÖ×ùØöćÖ­îÈÂóäèòÕÃÚóÕ  
 ÜóÂèòÕ E · F  ĂË­èòÕÃÚóÕáóãĂÚÃîÈèòÖ×ù  
 ĀÂÚ G   ĂË­èòÕÅèóâæ÷Â  
 Üù¬â H   ĂË­ÂÕÿæøćîÚëÿÂæÿèîä°ÿÚöãăÜÛÚëÿÂæìæòÂ  
 ëÂäú I   ĂË­ã÷ÕëÿÂæÿèîä°ÿÚöãĂì­ÖõÕÂòÛëÿÂæìæòÂ  
 
ÂóäĂË­ÿèîä°ÿÚöã 

1. ÖäèÉëîÛÿÅäøćîÈâøîèòÕ ÕòÈÚöĈ 
1.1 ĂË­Ý­óÿËĆÕØČóÅèóâëñîóÕ ØùÂËõĈÚë¬èÚÃîÈÿèîä°ÿÚöãä°Â¬îÚĂË­ÈóÚ 
1.2 ÅæóãæĆîÅëÂäú Āæ­èØÕæîÈÿæøćîÚÿèîä°ÿÚöãëÿÂæăÜ-âóÿÛó ą ÿßøćîÖäèÉëîÛÕúè¬óëóâóä×ĂË­ÈóÚ

ăÕ­Åæ¬îÈÖòèìäøîăâ¬ 
1.3 ÖäèÉëîÛÜóÂèòÕÃîÈÿèîä°ÿÚöãāÕãÿæøćîÚÿèîä°ÿÚöãä°ëÿÂæĂì­ÜóÂÿèîä°ÿÚöãèòÕÚîÂÿæøćîÚËõÕÖõÕÂòÚ

ÉóÂÚòĈÚãÂÿèîä°ÿÚöãä°Ã÷ĈÚë¬îÈÕúè¬ó ÛäõÿèÔÜóÂÿèîä°ÿÚöãä° âöĀëÈëè¬óÈÝ¬óÚìäøîăâ¬ ×­óăâ¬âöĀëÕÈè¬óëóâóä×ĂË­
ÈóÚăÕ­Õö ÂäÔöØöćĀëÈëè¬óÈëóâóä×æîÕÝ¬óÚăÕ­ ĀëÕÈ è¬óÜóÂèòÕËČóäùÕăâ¬ÅèäÚČóâóĂË­èòÕÃÚóÕ 

2. ÂóäèòÕÃÚóÕÈóÚ ÖóâæČóÕòÛÃòĈÚÕòÈÚöĈ 
2.1 ØČóÅèóâëñîóÕÛäõÿèÔÝõèÈóÚØöćÖ­îÈÂóäèòÕ 
2.2 ÿæøîÂĂË­ÜóÂèòÕÈóÚĂì­ÿìâóñëâÂòÛæòÂêÔñÈóÚØöćÖ­îÈÂóä ÿË¬Ú ×­óÖ­îÈÂóäèòÕÃÚóÕáóãÚîÂ

ÿæøîÂĂË­ÜóÂèòÕÚîÂ èòÕÃÚóÕÕ­óÚĂÚËõĈÚÈóÚÿæøîÂĂË­ÜóÂèòÕĂÚ ×­óÖ­îÈÂóäèòÕÃÚóÕÈóÚØöćØöćÿÜĆÚË¬îÈÿæĆÂ ą ĂË­
ÛäõÿèÔë¬èÚÜæóãÃîÈÜóÂèòÕÚîÂ ÌøćÈâöæòÂêÔñÿìâøîÚÅââöÕØòĈÈ 2 Õ­óÚ 

2.3 ÿæøćîÚÿèîä°ÿÚöãä°ëÿÂæĂì­ÜóÂÿèîä°ÿÚöãä°ëòâÝòëËõĈÚÈóÚ ÅèäĂË­ĀäÈÂÕĂì­ßîÕö×­óĂË­ĀäÈâóÂÿÂõÚăÜ 
ÉñØČóĂì­ÃÚóÕÈóÚØöćî¬óÚăâ¬×úÂÖ­îÈĀæñÜóÂÿèîä°ÿÚöãä°ÉñÿëöãäúÜØäÈ 

2.4 ÃÔñèòÕÈóÚ ëóãÖóÖ­îÈâîÈÖòĈÈÊóÂÂòÛÖČóĀìÚ¬ÈØöćî¬óÚ Āæ­èÉ÷Èî¬óÚÅ¬ó 
3. ÿâøćîÿæõÂÜÐõÛòÖõÈóÚ ÅèäØČóÅèóâëñîóÕ ËñāæâÕ­èãÚČĈóâòÚ ĀæñÿÂĆÛäòÂêóÕ­èãÅèóâäñâòÕäñèòÈ ĂÚ

ÂäÔöØöćăâ¬ăÕ­ĂË­ÈóÚÚóÚ ą ÅèäĂË­èóëæöÚØóë¬èÚØöćÉñÿÜĆÚëÚõâ 
 
 
 
 
 
 



 Ƙƛ 

Åöâ(TONG) 

Åöââöîãú¬ìæóãËÚõÕ ÅöâØöćĂË­ÂòÛÃèÕÜäõâóÖäÿäöãÂè¬ó flask tong ÅöâØöćĂË­ÂòÛÛöÂÿÂîä°ÿäöãÂè¬ó beaker tong 
ĀæñÅöâØöćĂË­ÂòÛÿÛ­óÿÅæøîÛÿäöãÂè¬ó crucible tong Ì÷ćÈØČóÕ­èãÚõÿÂõĈæìäøîāæìñÿÉøîÿìæĆÂØöćăâ¬ÿÜĆÚëÚõâ ĀÖ¬
îã¬óÚČó crucible tong ăÜĂË­ÉòÛÛöÂÿÂîä°ìäøîÃèÕÜäõâóÖäÿßäóñÉñØČóĂì­æøćÚÖÂĀÖÂăÕ­  

 
3.ÂóäĂË­ÈóÚîùÜÂäÔ°èõØãóéóëÖä°ÜäñÿáØëõĈÚÿÜæøîÈĀæñëóäÿÅâö 
 ÂäñÕóêÂäîÈ (FILTER PAPER) ÿÜĆÚÂäñÕóêØöćÂäîÈëóäØöćîÚùáóÅĂìÎ¬îîÂÉóÂÃîÈÿìæèÌ÷ćÈâö
ÃÚóÕÃîÈîÚùáóÅØöćÿæĆÂÂè¬ó 
 ÂäñÕóêæõÖâòë (LITMUS)ÿÜĆÚÂäñÕóêØöćĂË­ØÕëîÛëâÛòÖõÅèóâÿÜĆÚÂäÕ-ÿÛëÃîÈÃîÈÿìæè ÂäñÕóê
æõÖâòëâöëîÈëöÅøîëöĀÕÈìäøîëöËâßú ĀæñëöÚČĈóÿÈõÚìäøîëöà­ó èõÙöĂË­ÅøîÂóäëòâÝòëÃîÈÿìæèæÈÛÚÂäñÕóê ×­óìóÂ
ÃîÈÿìæèâöëáóßÿÜĆÚÂäÕ (pH < ƚ.ƛ) ÂäñÕóêÉñÿÜæöćãÚÉóÂëöÚČĈóÿÈõÚÿÜĆÚëöĀÕÈ ĀæñĂÚØóÈÂæòÛÂòÚ×­ó
ÃîÈÿìæèâöëáóßÿÜĆÚÿÛë (pH > ƞ.ƙ) ÂäñÕóêÉñÿÜæöćãÚÉóÂëöĀÕÈÿÜĆÚëöÚČĈóÿÈõÚ ×­óìóÂÿÜĆÚÂæóÈ (ƚ.ƛ Ò pH 
Ò ƞ.ƙ) ÂäñÕóêØòĈÈëîÈÉñăâ¬ÿÜæöćãÚëö 

ëóäÿÅâö ìâóã×÷È ëóäØöćÜäñÂîÛÕ­èãÙóÖùÿÕöãèÂòÚìäøîëóäÜäñÂîÛÉóÂÙóÖùÖ¬óÈąäèâÂòÚÕ­èãßòÚÙñ
ÿÅâöÌ÷ćÈĂÚì­îÈÜÐõÛòÖõÂóäÉñâöëóäÿÅâöâóÂâóã 
 

 ì­îÈÜÐõÛòÖõÂóäØóÈèõØãóéóëÖä° (LAB) 
ĂÚÂóäØČóÂóäØÕæîÈØóÈèõØãóéóëÖä°ÚòĈÚÝú­ØÕæîÈÅèäØČóÂóäØÕæîÈĂÚì­îÈÜÐõÛòÖõÂóäÿÚøćîÈÉóÂè¬ó

áóãĂÚì­îÈÜÐõÛòÖõÂóäÜäóéÉóÂëõćÈäÛÂèÚÉóÂáóãÚîÂ îóØõÿË¬Ú ÂäñĀëæâ Þù¬ÚæñîîÈ Ì÷ćÈÖòèĀÜäÿìæ¬óÚöĈîóÉ
ØČóĂì­ÝæÂóä ØÕæîÈÅæóÕÿÅæøćîÚăÕ­   

æòÂêÔñÃîÈì­îÈÜÐõÛòÖõÂóä 
1) ì­îÈÜÐõÛòÖõÂóäØöćâöÃÚóÕÿØ¬óÂòÚØùÂì­îÈ ÉñË¬èãĂì­ÂóäÉòÕÂóäÖ¬óÈ ąáóãĂÚì­îÈÜÐõÛòÖõÂóäØČóăÕ­

ëñÕèÂ ÿÚøćîÈÉóÂëóâóä×ÉòÕÂóäĂì­ ÿÜĆÚăÜĂÚĀÚèØóÈÿÕöãèÂòÚĀæñâöÅèóâëñÕèÂĂÚÂóäÜäòÛÿÜæöćãÚăÕ­
ÕöÂè¬óì­îÈÜÐõÛòÖõÂóäØöćâöÃÚóÕĀÖÂÖ¬óÈÂòÚ 

2) ì­îÈÜÐõÛòÖõÂóäØöćÿÜĆÚëöćÿìæöćãâÉòÖùäòëÉñË¬èãĂì­ÂóäÕúĀæ ÂóäĂì­ÅČóĀÚñÚČóĀæñÂóäîČóÚèãÅèóâ
ëñÕèÂØČóăÕ­îã¬óÈØòćè×÷È æòÂêÔñì­îÈÜÐõÛòÖõÂóäØöćÕöÖ­îÈăâ¬âöÌîÂĀæñâùâÖ¬óÈ ą Āæñăâ¬Åèäâöÿëóîãú¬áóãĂÚ
ì­îÈ 

3) ì­îÈÜÐõÛòÖõÂóäØöćÿÜĆÚëöćÿìæöćãâÝøÚÝ­ó Ö­îÈâöæòÂêÔñì­îÈăâ¬ãóèìäøîĀÅÛÿÂõÚăÜ ÉÚØČóĂì­âùââîÈ
ÉóÂāÖ®ñëóÙõÖìÚ­óËòĈÚÿäöãÚĀÅÛâóÂ ìäøîìÚ­óËòĈÚĀæñìæòÈËòĈÚÿäöãÚîãú¬ì¬óÈÂòÚÿÂõÚăÜ āÕãØòćèăÜÅèäâö
ëòÕë¬èÚÃîÈÕ­óÚÂè­óÈÖ¬îÕ­óÚãóèăâ¬ÿÂõÚ 1 : 1.2 

http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%94%E0%B8%B2%E0%B8%A9
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%9A%E0%B8%AA
http://th.wikipedia.org/wiki/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B5%E0%B9%81%E0%B8%94%E0%B8%87
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B5%E0%B8%8A%E0%B8%A1%E0%B8%9E%E0%B8%B9
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B5%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B9%80%E0%B8%87%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B8%AA%E0%B8%B5%E0%B8%9F%E0%B9%89%E0%B8%B2&action=edit&redlink=1
http://th.wikipedia.org/wiki/PH


 ƘƜ 

4) ßøĈÚÃîÈì­îÈÜÐõÛòÖõÂóäÖ­îÈăâ¬âöäîãÖ¬îìäøîâöäîãÖ¬îÚ­îãØöćëùÕ ßøĈÚì­îÈÅèäØČóÕ­èãèòëÕùØöćØÚÖ¬î
ëóäÿÅâö ăÃâòÚĀæñÚČĈóâòÚăÕ­Õö ăâ¬æøćÚÿâøćîÿÜöãÂÚČĈó ĀæñßøĈÚì­îÈăâ¬Åèäâöëöî¬îÚâóÂÿÚøćîÈÉóÂÉñÿÂõÕäîãÿÜøĈîÚ
ăÕ­È¬óã ìäøîâöëöÿÃ­ââóÂÉÚØČóĂì­Åèóâëè¬óÈÃîÈì­îÈæÕÚ­îãæÈ 
 
ÅèóâÜæîÕáòãĂÚÂóäĂË­ì­îÈÜÐõÛòÖõÂóä 

(1) äñâòÕäñèòÈĂÚÂóäØČóÜÐõÛòÖõÂóä ĀæñØČóÜÐõÛòÖõÂóäîã¬óÈÖòĈÈĂÉ ăâ¬ÿæ¬ÚìãîÂæ­îÂòÚ 
(2) ÿäöãÚäú­ÖČóĀìÚ¬ÈØöćÿÂĆÛĀæñé÷ÂêóÂóäĂË­ÈóÚÃîÈîùÜÂäÔ°ØöćÿÂöćãèÂòÛÅèóâÜæîÕáòã ÿË¬Ú Öú­ãó Øöćæ­óÈ

ÖóìäøîÂ®îÂÚČĈó ÿÅäøćîÈÕòÛÿßæõÈ ØöćÂÕëòÎÎóÔăàăìâ­ (×­óâö)ĀæñØóÈîîÂÊùÂÿÊõÚ 
(3) î¬óÚÅú¬âøîÜÐõÛòÖõÂóäĂì­ÿÃ­óĂÉÂ¬îÚæÈâøîÜÐõÛòÖõ ĀÖ¬×­óăâ¬ÿÃ­óĂÉÃòĈÚÖîÚĂÕìäøîãòÈăâ¬ÿÃ­óĂÉÂóäĂË­

ÈóÚÃîÈîùÜÂäÔ°ØÕæîÈĂÕ ą ÂĆÉñÖ­îÈÜä÷ÂêóÅäúÉÚÿÃ­óĂÉÂ¬îÚæÈâøîØČóÜÐõÛòÖõÂóä 
(4) ÜÐõÛòÖõÖóâÅú¬âøîîã¬óÈÿÅä¬ÈÅäòÕ ĂÚÂäÔöØöćÖ­îÈÂóäØČóÜÐõÛòÖõÂóäÚîÂÿìÚøîÉóÂØöćÂČóìÚÕ ÉñÖ­îÈ

ăÕ­äòÛîÚùÎóÖÉóÂÅäúÂ¬îÚØùÂÅäòĈÈ 
(5) ăâ¬ÅèäØČóÜÐõÛòÖõÂóäîãú¬ĂÚì­îÈÜÐõÛòÖõÂóäÿßöãÈÅÚÿÕöãè ÿßäóñ×­óâöîùÛòÖõÿìÖùÿÂõÕÃ÷ĈÚÂĆÉñăâ¬âöÝú­Ăì­

ÅèóâË¬èãÿìæøî 
(6) ăâ¬äòÛÜäñØóÚîóìóäìäøîÕøćâÿÅäøćîÈÕøćâĂÚì­îÈÜÐõÛòÖõÂóä Āæñăâ¬ĂË­ÿÅäøćîÈĀÂ­èìäøîîùÜÂäÔ°ØČó

ÜÐõÛòÖõÂóäÿÜĆÚáóËÚñĂë¬îóìóäĀæñÿÅäøćîÈÕøćâ 
(7) ÕúĀæÅèóâëñîóÕĀæñÅèóâÿÜĆÚäñÿÛöãÛÛÚāÖ®ñØČóÜÐõÛòÖõÂóäÖæîÕÿèæóĂì­âöÿÊßóñÅú¬âøî

ÜÐõÛòÖõÂóäĀæñîùÜÂäÔ°ÉÕÛòÚØ÷ÂÿØ¬óÚòĈÚîãú¬ÛÚāÖ®ñØČóÜÐõÛòÖõÂóä ë¬èÚÂäñÿǕóìÚòÈëøîĀæñÿÅäøćîÈĂË­îøćÚ ą 
Ö­îÈÿÂĆÛăè­ĂÚÛäõÿèÔØöćÉòÕăè­Ăì­ 

(8) î¬óÚÅú¬âøîÂóäĂË­îùÜÂäÔ°ØÕæîÈØùÂËÚõÕÂ¬îÚĂË­ÈóÚ ×­óÿÜĆÚîùÜÂäÔ°ăàà­óÉñÖ­îÈĂì­âøîĀì­ÈëÚõØ
Â¬îÚĂË­ Âóä×îÕìäøîÿëöãÛÿÖ­óÿëöãÛÖ­îÈÉòÛØöćÿÖ­óÿëöãÛÿØ¬óÚòĈÚîã¬óÉòÛØöćëóãăà 

(9) ÂóäØÕæîÈØöćĂË­Åèóâä­îÚÉóÂÖñÿÂöãÈĀæñĀÂ®ë Ö­îÈØČóÕ­èãÅèóâäñâòÕäñèòÈÿÜĆÚßõÿéê ăâ¬äõÚ
ÃîÈÿìæèØöćÖõÕăàÈ¬óãĂÂæ­ÿÜæèăà ăâ¬âîÈæÈĂÚáóËÚñÃÔñØöćÖòĈÈăà ÃÔñÿÝóëóäĂÚìæîÕØÕæîÈÖ­îÈìòÚ
ÜóÂìæîÕăÜĂÚÛäõÿèÔØöćăâ¬âöÝú­îøćÚîãú¬ ĀæñÕòÛÖñÿÂöãÈìäøîÜõÕĀÂ®ëØòÚØöÿâøćîÿæõÂĂË­ÈóÚ 

(10) ëóäÿÅâöØùÂËÚõÕĂÚì­îÈÜÐõÛòÖõÂóäÿÜĆÚîòÚÖäóã ăâ¬ëòâÝòë Ëõâ ìäøîëúÕÕâëóäÿÅâöĂÕ ą ÚîÂÉóÂ
ÉñăÕ­äòÛÅČóĀÚñÚČóØöć×úÂÖ­îÈĀæ­è Āæñăâ¬ÚČóëóäÿÅâöĂÕ ąîîÂÉóÂì­îÈÜÐõÛòÖõÂóä 

(11) ÖäèÉëîÛëæóÂØöćÜõÕÃèÕëóäÿÅâöØùÂÅäòĈÈÂ¬îÚÚČóâóĂË­ äõÚìäøîÖòÂëóäîîÂâóĂÚÜäõâóÔØöć
ßîĂË­ÿØ¬óÚòĈÚ ăâ¬ÿØëóäÿÅâöØöćÿìæøîÂæòÛÃèÕÿÕõâ Āæñăâ¬ÿØÚČĈóæÈĂÚÂäÕ 

(12) ÂóäØČóÜÐõÛòÖõÂóäËöèèõØãó ÉñÖ­îÈØČóÖóâÿØÅÚõÅÜæîÕÿËøĈîÖæîÕÿèæóÕ­èãÂóäæ­óÈâøîÕ­èãëÛú¬
Â¬îÚĀæñìæòÈØČóÜÐõÛòÖõÂóä ØČóÅèóâëñîóÕāÖ®ñØČóÜÐõÛòÖõÂóäĂì­ÜæîÕÿËøĈîÂ¬îÚĀæñìæòÈÜÐõÛòÖõÂóä ĀæñĂË­
ÿØÅÚõÅÿÊßóñĂÚÂóäìãõÛÉòÛÉùæõÚØäöã° ×­óâöÜòÎìóÕ­óÚëùÃáóßÿÂöćãèÂòÛäñÛÛáúâõÅù­âÂòÚ Ö­îÈĀÉ­ÈĂì­ÅäúØäóÛ
Â¬îÚØČóÜÐõÛòÖõÂóä 



 ƘƝ 

(13) ÿâøćîÿÂõÕîùÛòÖõÿìÖùìäøîâöÅèóâÝõÕÜÂÖõĂÕ ą ÿÂõÕÃ÷ĈÚĂì­äóãÈóÚÅäúØòÚØöĀæñÕČóÿÚõÚÂóäÜÑâ
ßãóÛóæîã¬óÈ×úÂèõÙöÕ­èã 

(14) ÿâøćîØČóÂóäØÕæîÈÿëäĆÉĀæ­è Ö­îÈØČóÅèóâëñîóÕÿÅäøćîÈâøîĀæñÿÂĆÛÿÃ­óØöćÿÕõâØùÂÅäòĈÈ ØČóÅèóâ
ëñîóÕāÖ®ñØČóÜÐõÛòÖõÂóäĀæñëîÕÿÂ­óîöĈÿÃ­óĂÖ­āÖ®ñ æ­óÈâøîÕ­èãëÛú¬ĀæñÚČĈóÂ¬îÚîîÂÉóÂì­îÈÜÐõÛòÖõÂóä 
 

 ÂóäØČóÅèóâëñîóÕÛäõÿèÔØöćÜÚÿÜøĈîÚëóäÿÅâö 
îùÛòÖõÿìÖùÉóÂëóäÿÅâöìÂĂÚì­îÈÜÐõÛòÖõÂóäÿÜĆÚëõćÈØöćÿÂõÕÃ÷ĈÚăÕ­ÖæîÕÿèæó ×­óØČóÜÐõÛòÖõÂóäāÕãÃóÕ

ÅèóâäñâòÕäñèòÈ ĀÖ¬ÿâøćîÿÂõÕÃ÷ĈÚĀæ­èÉñÖ­îÈäöÛÂČóÉòÕëóäÿÅâöØöćÜÚÿÜøĈîÚĀæñØČóÅèóâëñîóÕîã¬óÈ×úÂèõÙöÿßøćî
Ü­îÈÂòÚîòÚÖäóãÉóÂëóäÿìæ¬óÚòĈÚ ëóäÿÅâöĀÖ¬æñËÚõÕâöëâÛòÖõĀæñÅèóâÿÜĆÚîòÚÖäóãĀÖÂÖ¬óÈÂòÚ É÷ÈÖ­îÈâö
Åèóâäú­ÅèóâÿÃ­óĂÉÿÂöćãèÂòÛÂóäØČóÅèóâëñîóÕÛäõÿèÔØöćÜÚÿÜøĈîÚëóäÿÅâöÿìæ¬óÚòĈÚ Ì÷ćÈâöÃ­îĀÚñÚČóÕòÈÖ¬îăÜÚöĈ 

(1) ëóäØöćÿÜĆÚÃîÈĀÃĆÈ ÅèäĂË­ĀÜäÈÂèóÕëóäâóäèâÂòÚ ÖòÂëóäĂë¬ĂÚÂäñÕóêĀÃĆÈĀæ­èÚČóăÜØČóæóã 
(2) ëóäæñæóãÂäÕ ÅèäĂË­ÚČĈóæ­óÈÛäõÿèÔØöćâöëóäæñæóãÂäÕìÂÿßøćîØČóĂì­ÂäÕÿÉøîÉóÈæÈ ĀæñĂË­

ëóäæñæóãāÌÿÕöãâăïāÕäÿÉÚÅóä°ÛîÿÚÖÿÉøîÉóÈæ­óÈÿßøćîØČóæóãëáóßÂäÕ Āæ­èæ­óÈÕ­èãÚČĈóîöÂÅäòĈÈ 
(3) ëóäæñæóãÿÛë ÅèäĂË­ÚČĈóæ­óÈÛäõÿèÔØöćâöëóäæñæóãÿÛëìÂĀæñÌòÛÚČĈóĂì­Āì­È ÿÚøćîÈÉóÂ

ëóäæñæóãÿÛëØöćìÂÛÚßøĈÚÉñØČóĂì­ßøĈÚÛäõÿèÔÚòĈÚæøćÚ Ö­îÈØČóÅèóâëñîóÕæòÂêÔñÕòÈÂæ¬óèìæóã ą ÅäòĈÈ Āæñ
×­óãòÈăâ¬ìóãæøćÚîóÉÖ­îÈĂË­ØäóãāäãĀæ­èÿÂĆÛÂèóÕØäóãîîÂăÜ 

(4) ëóäØöćÿÜĆÚÚČĈóâòÚ ÅèäĂË­ÝÈÌòÂàîÂæ­óÈëóäØöćÿÜĆÚÚČĈóâòÚĀæñăÃâòÚÉÚìâÕÅäóÛÚČĈóâòÚĀæñßøĈÚ
ăâ¬æøćÚ ìäøîØČóÅèóâëñîóÕāÕãĂË­ØäóãāäãÿßøćîÌòÛÚČĈóâòÚĂì­ìâÕăÜ 

(5) ëóäØöćäñÿìãÈ¬óã ÅèäĂË­Ý­óÿËĆÕÛäõÿèÔØöćëóäìãÕìæóãÅäòĈÈÉÚĀì­È ĀæñĂÚÃÔñÿËĆÕ×úÉñÖ­îÈâöÂóä
Ü­îÈÂòÚăâ¬Ăì­ëòâÝòëÝõèìÚòÈìäøîëúÕăîÃîÈëóäÿÃ­óä¬óÈÂóã 

(6) ëóäÜäîØ ÂèóÕëóäÜäîØÂîÈäèâÂòÚĀæ­èĂË­ÿÅäøćîÈÕúÕÿÂĆÛäèÛäèâăè­ĂÚÂäÔöØöćßøĈÚØöćëóäÜäîØ
ìÂâöäîãĀÖÂìäøîäîãä­óèÉñâöëóäÜäîØĀØäÂÿÃ­óăÜîãú¬Ã­óÈĂÚÖ­îÈÜõÕäîãĀÖÂìäøîäîãä­óèÚòĈÚÕ­èãÂóäØó
ÃöĈÝ÷ĈÈØòÛäîãÕòÈÂæ¬óè ÿßøćîÂòÚÂóääñÿìãÃîÈÜäîØ ìäøîîóÉĂË­ÝÈÂČóâñ×òÚāäãÛÚÜäîØÿßøćîĂì­ÿÂõÕÿÜĆÚ
ëóäÜäñÂîÛÌòæăàÕ° Āæ­èÿÂĆÛÂèóÕîöÂÅäòĈÈìÚ÷ćÈ 

 
 
 
 
 
 
 
 



 Ƙƞ 

áóß Ã 

ÂõÉÂääâØöć  Ɨ ØòÂêñØóÈèõØãóéóëÖä° 
 
 
 
 
 

 
áóß Â                                                                                                           

   
áóßĀëÕÈØäòßãóÂäÙääâËóÖõØöćÿÅãâöîã¬óÈëâÛúäÔ°ăÕ­ØČóæóãÉÚä¬îãìäîăÜĀæ­è  
Ăì­é÷ÂêóáóßĀæñëäùÜÝæÂóäÿÂõÕÅèóâĀÖÂÖ¬óÈÂòÚÃîÈáóßëâùÕÂõÉÂääâ  āÕãĂË­ØòÂêñ 

ØóÈèõØãóéóëÖä°ÖóâìòèÃ­îÖ¬îăÜÚöĈ   
1.  ÉóÂÂóäëòÈÿÂÖáóßÿìĆÚÃ­îĀÖÂÖ¬óÈĂÚÿäøćîÈĂÕÛ­óÈ 
2. ÖòĈÈëââÖõÑóÚÃîÈëóÿìÖùÅèóâĀÖÂÖ¬óÈÂòÚØóÈÙääâËóÖõ 

ÉóÂáóßÕòÈÂæ¬óèëóâóä×ÖòĈÈëââÖõÑóÚ  ĀæñìóëóÿìÖùÅèóâĀÖÂÖ¬óÈØóÈÙääâËóÖõîñăäÛ­óÈ 
 
 

 
 
 
 
 
 
 
 
 
 



 ƘƟ 

ĀÛÛØÕëîÛÛØØöć Ɨ 
ÿäøćîÈ ØòÂêñÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 

ÅČóËöĈĀÉÈ  ÉÈÿæøîÂÅČóÖîÛØöć×úÂØöćëùÕ 

1. Å¬óÚČĈóØöćÛ­óÚ 3 ÿÕøîÚØöćÝ¬óÚâóëúÈÂè¬óÜÂÖõ ÉóÂÃ­îÅèóâÿÂõÕÉóÂØòÂêñÃ­îĂÕ 
Â.  ëòÈÿÂÖ 
Ã.  ÖòĈÈÜòÎìó 
Å.  ÖòĈÈëââÖõÑóÚ 
È.  îîÂĀÛÛÂóäØÕæîÈ  
 

2. ÉóÂÃ­î 1 ÚòÂÿäöãÚßÛè¬ó Ø¬îÜäñÜóäòćèÉ÷ÈØČóĂì­Å¬óÚČĈóëúÈÂè¬óÜÂÖõÚòÂÿäöãÚĂË­èõÙöÂóäØóÈèõØãóéóëÖä°Ã­îĂÕ
ĂÚÂóäÖäèÉëîÛÃ­îÿØĆÉÉäõÈ  

Â. ÖòĈÈÜòÎìó 
Ã. ÖòĈÈëââÖõÑóÚ  
Å. îîÂĀÛÛÂóäØÕæîÈ  
È. ëäùÜÝæ 

3. æòÂêÔñÚõëòãÃîÈÚòÂèõØãóéóëÖä°Ã­îĂÕØöćØČóĂì­ÈóÚÜäñëÛÅèóâëČóÿäĆÉ  
Â.  ËîÛÉÕÛòÚØ÷Â 
Ã.  äòÂÂóäî¬óÚ 
Å.  ËîÛÅ­ÚÅè­ó 
È.  ÅèóâßãóãóâĀæñîÕØÚ 

4.Ú­îãëèâÿëøĈîëöÕČóÿÕõÚØóÈ 2 ÂõāæÿâÖä ĀæñÿÜæöćãÚÿëøĈîÖòèĂìâ¬ÿÜĆÚëöÃóèÿÕõÚĂÚäñãñØóÈÿØ¬óÂòÚĀæñèòÕ
îùÔìáúâõÉóÂÖòèÿîÈìæòÈÿÕõÚØóÈØòĈÈ 2 ÅäòĈÈ ÜäóÂÐè¬óăâ¬ÿØ¬óÂòÚ ÜòÎìóÃîÈÚ­îãÅøîÃ­îĂÕ      

Â.  ëöĂÕâöÅèóâä­îÚâóÂÂè¬óÂòÚ 
Ã. ëöâöÝæÖ¬îîùÔìáúâõÃîÈä¬óÈÂóãìäøîăâ¬ 
Å. ëöÕČóä­îÚÂè¬óëöÃóè 
È. ëèâÿëøĈîëöÃóèÿãĆÚÂè¬óëöÕČó 

5. ĀÂ­èÿæöĈãÈĀâè 2 Öòè Öòè 1 ÂõÚÚâÂòÛÜæóã¬óÈĀæñÃ­óèëèã  ÖòèØöć 2ÂõÚÜæóØúÂòÛÃ­óèëèã 4 ëòÜÕóì°Ö¬îâó
ÜäóÂÐè¬óĀâèØòĈÈëîÈÖòèâöÚČĈóìÚòÂÿßõćâÃ÷ĈÚÿØ¬óÂòÚ ÜòÎìóÃîÈĀÂ­èÂ¬îÚÂóäØÕæîÈÅøîÃ­îĂÕ  

Â.  ÜæóîñăäØöćĀâèËîÛÂõÚ   
Ã.  ĀâèËîÛÂõÚÜæóØúìäøîÜæóã¬óÈ 
Å.  ËÚõÕÃîÈîóìóäâöÝæÖ¬îÂóäÿÉäõÎÿÖõÛāÖìäøîăâ¬ 
È.  ÜæóØúØČóĂì­ĀâèëîÈÖòèÚČĈóìÚòÂÿßõćâÃ÷ĈÚÿØ¬óÂòÚ 



 ƙƖ 

6. Ö­îãØČóÿëøĈîÿÜøĈîÚÕ­èãÅäóÛîóìóäÉ÷ÈÚČóăÜÌòÂ Õ­èãÝÈÌòÂàîÂ A ÜäóÂÐè¬óăâ¬ëñîóÕ É÷ÈÚČóăÜÌòÂÕ­èã
ÝÈÌòÂàîÂ B ÜäóÂÐè¬óëñîóÕ Â¬îÚÂóäØÕæîÈÖ­îãÖòĈÈÜòÎìóè¬óîã¬óÈăä  

Â.  ËÚõÕÃîÈÝÈÌòÂàîÂâöÝæÖ¬îÂóäæÛäîãÿÜøĈîÚìäøîăâ¬ 
Ã.  ÝÈÌòÂàîÂ A ÌòÂÝ­óăÕ­ëñîóÕÂè¬óÝÈÌòÂàîÂ B 
Å.  ÝÈÌòÂàîÂĂÕÌòÂăÕ­ëñîóÕÂè¬óÂòÚ  
È.  ×­óĂË­ÝÈÌòÂàîÂ B ÉñÌòÂăÕ­ëñîóÕÂè¬óÝÈÌòÂàîÂ A  

7. ÚČóÚČĈó 400 æúÂÛóéÂ°ÿÌÚÖõÿâÖäĂë¬æÈĂÚáóËÚñ ØîÈĀÕÈ ĀæñëòÈÂñëö îã¬óÈæñÿØ¬óąÂòÚ Ö­âĂì­ÿÕøîÕ ÜäóÂÐ
è¬óÚČĈóĂÚáóËÚñîæúâõÿÚöãâÿÕøîÕÂ¬îÚÚČĈóĂÚáóËÚñëòÈÂñëö ÂóäØÕæîÈÚöĈÖòĈÈëââÖõÑóÚè¬óîã¬óÈăä  

Â.  ×­óÖ­âÚČĈóÿÕøîÕĂÚÜäõâóÔØöćÿØ¬óÂòÚÉñÿÕøîÕĂÚÿèæóÿÕöãèÂòÚ 
Ã.  ×­óÖ­âÚČĈóÿÕøîÕÕ­èãáóËÚñØöćØČóÕ­èãîæúâõÿÚöãâÕòÈÚòĈÚÚČĈóÉñÿÕøîÕÿäĆèÂè¬óÂóäÖ­âÕ­èãáóËÚñëòÈÂñëö 
Å.  ×­óÖ­âÚČĈóØöćØČóÕ­èãáóËÚñāæìñËÚõÕÿÕöãèÂòÚÉñÿÕøîÕĂÚÿèæóÿÕöãèÂòÚ 
È.  ×­óÖ­âÚČĈóÿÕøîÕÕ­èãáóËÚñØöćÖ¬óÈËÚõÕÂòÚÉñÿÕøîÕĂÚÿèæóÖ¬óÈÂòÚ  

8. ÉóÂÜòÎìó ́ËÚõÕÃîÈÿëöãÈÉñâöÝæÖ¬îÂóäÿÉäõÎÿÖõÛāÖÃîÈăÂ¬ìäøîăâ¬µ ÅèäÉñÖòĈÈëââÖõÑóÚè¬óîã¬óÈăä  
Â.  ÉòÈìèñÃîÈÿßæÈâöÝæÖ¬îÂóäÿÉäõÎÿÖõÛāÖÃîÈăÂ¬ìäøîăâ¬ 
Ã.  ăÂ¬ØöćËîÛàòÈÿßæÈÉñāÖÕöÂè¬óăÂ¬Øöćăâ¬àòÈÿßæÈ 
Å.  ×­óăÂ¬àòÈÿßæÈăØãÿÕõâÉñāÖÕöÂè¬óăÂ¬àòÈÿßæÈëóÂæ 
È.  ăÂ¬ØöćàòÈÿßæÈëóÂæĀæñÿßæÈăØãÿÕõâÉñāÖÿØ¬óÂòÚ  

9. ÉóÂÜòÎìó ́ÝÈÌòÂàîÂâöÝæÖ¬îÂóäÿÉäõÎÿÖõÛāÖÃîÈÝòÂÂäñÿÊÕìäøîăâ¬µ ëââÖõÑóÚ Â¬îÚÂóäØÕæîÈÅøîÃ­î
ĂÕ  

Â.  ×­óĂË­ÝÈÌòÂàîÂÿØæÈĂÚÚČĈóÕòÈÚòĈÚÝòÂÂäñÿÊÕÉñÿÉäõÎÿÖõÛāÖÕö 
Ã.  ßøËÉñÿÉäõÎÿÖõÛāÖÕöÿâøćîĂë¬ÝÈÌòÂàîÂ 
Å.  ÝÈÌòÂàîÂâöëóäØČóĂì­ÝòÂÂäñÿÊÕÿÉäõÎÿÖõÛāÖÕö 
È.  ÝòÂÂäñÿÊÕÉñÿÉäõÎÿÖõÛāÖìäøîăâ¬×­óÃóÕÝÈÌòÂàîÂ  

10.ÚõĈÈĂË­ëČóæöÂäîÈÚČĈó Ú­îãĂË­ĂãÛèÛÂäîÈÚČĈó 2 ÅÚ ĂË­èõÙöÂóäØÕæîÈÿÕöãèÂòÚØòĈÈ 2 ÅÚ ĂË­ëââÖõÑóÚä¬èâÂòÚ
ĂÚÃ­îĂÕ  

Â. ëóä Ã­îĂÕÂäîÈÚČĈóăÕ­ĂëÂè¬óÂòÚ       
Ã. ÚČĈóĂëëñîóÕÕ­èãëČóæöĀæñĂãÛèÛ 
Å. ×­óăâ¬ĂË­ĂãÛèÛĀæñëČóæöÚČĈóÉñăâ¬ĂëëñîóÕ 
È. ×­óĂË­ĂãÛèÛÂäîÈÚČĈóÕòÈÚòĈÚÚČĈóÉñĂëëñîóÕÂè¬óĂË­ëČóæö 

ƗƗ.  ÿâøćîĂë¬ÚČĈóĀÃĆÈæÈĂÚĀÂ­è Āæ­èÖòĈÈØõĈÈăè­ëòÂÅäú¬ÉñßÛè¬óäîÛÚîÂÃîÈĀÂ­èâöìãÕÚČĈóÿÂóñîãú¬ÿÖĆâ Ã­îĂÕÿÜĆÚ
ÝæÉóÂÂóäëòÈÿÂÖ ĀæñÛòÚØ÷ÂÝæ 

Â.  âöìãÕÚČĈóÃÚóÕÿæĆÂĀæñÃÚóÕĂìÎ¬ÿÂóñîãú¬ÉČóÚèÚâóÂØöćÝõèĀÂ­è  



 ƙƗ 

Ã.  ăîÚČĈóĂÚîóÂóéÂæòćÚÖòèÿÜĆÚìãÕÚČĈóÿÂóñîãú¬äîÛąĀÂ­è  
Å.  ĀÂ­èÚČĈóäòćèÿÜĆÚÿìÖùĂì­ÚČĈóÌ÷âîîÂâóØöćÝõèÚîÂ  
È.  ìãÕÚČĈóØöćÿÂõÕÿÜĆÚÂäñÛèÚÂóäÿÕöãèÂòÛÂóäÿÂõÕÚČĈóÅ­óÈ 

ƗƘ. ÂäñÛèÚÂóäØóÈèõØãóéóëÖä°ÃòĈÚÖîÚĂÕ ØöćÉñÚČóăÜëú¬ÂóäëäùÜÝæ ĀæñÂóäé÷ÂêóÖ¬îăÜ 
Â. ÂóäÖòĈÈëââÖõÑóÚĀæñÂóäîîÂĀÛÛÂóäØÕæîÈ  
Ã. ÂóäëòÈÿÂÖ  
Å. ÂóääèÛäèâÃ­îâúæ  
È.  ÂóäìóÅèóâëòâßòÚÙ°ÃîÈÃ­îÿØĆÉÉäõÈ 

Ɨƙ.ĂÚÂóäîîÂĀÛÛÂóäØÕæîÈÉñÖ­îÈã÷ÕîñăäÿÜĆÚìæòÂ 
Â.  ëââÖõÑóÚ   Ã.  Ã­îâúæ  
Å.  ÜòÎìó   È.  Ã­îÿØĆÉÉäõÈ 

Ɨƚ. ëââÖõÑóÚØóÈèõØãóéóëÖä°ÉñÿÜæöćãÚÿÜĆÚØåêÏöăÕ­ÿâøćîĂÕ 
Â.  ÿÜĆÚØöćãîâäòÛāÕãØòćèăÜ  
Ã.  îÙõÛóãăÕ­Âè­óÈÃèóÈ  
Å.  ØÕëîÛĀæ­èÿÜĆÚÉäõÈØùÂÅäòĈÈ  
È.  âöÿÅäøćîÈâøîßõëúÉÚ° 

Ɨƛ.  . îùÜÂäÔ°Ö¬îăÜÚöĈ Ã­îĂÕÿÜĆÚîùÜÂäÔ°ëČóìäòÛìóÜäõâóÖäÃîÈëóä  
 Â. ìæîÕÊöÕãó 
 Ã. ÂäñÛîÂÖèÈ 
 Å. ÿÅäøćîÈËòćÈëîÈĀÃÚ 
 È. ×úÂØòĈÈÃ­î Â. ĀæñÃ­î Ã.  
ƗƜ.  ĂÚÂäñÛèÚÂóäØóÈèõØãóéóëÖä° ×­óìóÂÝæÂóäØÕæîÈØöćăÕ­ÉóÂÂóäØÕëîÛëââÖõÑóÚ ăâ¬ëîÕÅæ­îÈÂòÛ
ëââÖõÑóÚ ÉñÖ­îÈØČóîã¬óÈăä 

Â.  ëòÈÿÂÖĂìâ¬  
Ã.  ÖòĈÈÜòÎìóĂìâ¬  
Å.  îîÂĀÛÛÂóäØÕæîÈĂìâ¬  
È.  ÿÜæöćãÚëââÖõÑóÚ 

 
 
ƗƝ.  Ã­îĂÕÿäöãÈæČóÕòÛÃòĈÚÖîÚÃîÈèõÙöÂóäØóÈèõØãóéóëÖä°ăÕ­×úÂÖ­îÈ 

Â.  ÂóäÖòĈÈëââÖõÑóÚ ÂóääèÛäèâÃ­îâúæ ÂóäØÕæîÈ ĀæñëäùÜÝæ  
Ã.  ÂóäÖòĈÈëââÖõÑóÚ ÂóäëòÈÿÂÖĀæñÜòÎìó ÂóäÖäèÉëîÛëââÖõÑóÚĀæñÂóäØÕæîÈ ĀæñëäùÜÝæ  



 ƙƘ 

Å.  ÂóäëòÈÿÂÖĀæñÜòÎìó ÂóäØÕæîÈĀæñÖòĈÈëââÖõÑóÚ ÂóäÖäèÉëîÛëââÖõÑóÚ ĀæñëäùÜÝæ  
È.  ÂóäëòÈÿÂÖĀæñÜòÎìó ÂóäÖòĈÈëââÖõÑóÚ ÂóäÖäèÉëîÛëââÖõÑóÚĀæñÂóäØÕæîÈ ĀæñëäùÜÝæ  

Ɨƞ.  ÚòÂèõØãóéóëÖä°ÉñëäùÜÝæÂóäØÕæîÈăÕ­îã¬óÈâöÅèóâÿËøćîâòćÚÿâøćîĂÕ 
Â.  îîÂĀÛÛÂóäØÕæîÈØöćâöÂóäÅèÛÅùâÖòèĀÜäÖ¬óÈą îã¬óÈäòÕÂùââóÂØöćëùÕ  
Ã.  ÂČóìÚÕÜòÎìóĀæñÖòĈÈëââÖõÑóÚØöćÕö  
Å.  äèÛäèâÃ­îâúæÉóÂĀìæ¬ÈÖ¬óÈą âóÿÜäöãÛÿØöãÛÂòÛÝæÂóäØÕæîÈăÕ­×úÂÖ­îÈÖäÈÂòÚ  
È.  ÝæÂóäØÕæîÈëîÕÅæ­îÈÖóâØåêÏöØöćâöîãú¬ÿÕõâ 

ƗƟ.  èõÙöÂóäØóÈèõØãóéóëÖä°ÃòĈÚÖîÚĂÕ Øöć×øîè¬óÿÜĆÚÅèóâÂ­óèìÚ­óØóÈèõØãóéóëÖä°îã¬óÈĀØ­ÉäõÈ 
Â.  ÂóäÖòĈÈÜòÎìóĀæñÂóäÖòĈÈëââÖõÑóÚ  
Ã.  ÂóäÖäèÉëîÛëââÖõÑóÚ  
Å.  ÂóäÖòĈÈëââÖõÑóÚ  
È.  ÂóäÖòĈÈÜòÎìó 

ƘƖ.  Ã­îĂÕÿÜĆÚæòÂêÔñÃîÈëââÖõÑóÚØöćÕö 
Â.  ëóâóä×îÙõÛóãÜòÎìóăÕ­ìæóãĀÈ¬ìæóãâùâ  
Ã.  ÅäîÛÅæùâÿìÖùÂóäÔ°ĀæñÜäóÂÐÂóäÔ°Ö¬óÈą áóãĂÚëáóßĀèÕæ­îâÿÕöãèÂòÚ  
Å.  ëóâóä×ĀÂ­ÜòÎìóØöćëÈëòãăÕ­îã¬óÈËòÕÿÉÚ  
È.  ëóâóä×îÙõÛóãÜòÎìóÖ¬óÈą ăÕ­ ĀÉ¬âËòÕ  

21. ´ Āâ¬ÿìæĆÂăàà­óÉñÕúÕÉČóÚèÚÖñÜúăÕ­âóÂÃ÷ĈÚĂË¬ìäøîăâ¬ ×­óĀâ¬ÿìæĆÂăàà­óÚòĈÚâöÉČóÚèÚĀÛÖÿÖîäöćÿßõćâÃ÷ĈÚ µ ÉóÂ
Ã­îÅèóâÃ­óÈÖ­Ú Ã­îĂÕÂæ¬óè×÷ÈÖòèĀÜäăÕ­×úÂÖ­îÈ   

Â. ÖòèĀÜäîõëäñ Åøî ÉČóÚèÚĀÛÖÿÖîäöć 
Ã. ÖòèĀÜäîõëäñ Åøî ÉČóÚèÚÖñÜúØöć×úÂÕúÕ 
Å. ÖòèĀÜäÖóâ Åøî ÉČóÚèÚĀÛÖÿÖîäöć 
È. ÖòèĀÜäÖóâ Åøî ËÚõÕÃîÈĀÛÖÿÖîäöć 

22. ´ÂóäÈîÂÃîÈÿâæĆÕÃ­óèāßÕ ĂÚÿèæóØöćÖ¬óÈÂòÚÃ÷ĈÚîãú¬ÂòÛÜäõâóÔÃîÈÚČĈóØöćÿâæĆÕÃ­óèāßÕăÕ­äòÛ ĂË¬ìäøîăâ¬µ ÉóÂ
Ã­îÅèóâÃ­óÈÖ­Ú Ã­îĂÕÂæ¬óè×÷ÈÖòèĀÜäăÕ­×úÂÖ­îÈ  

Â. ÖòèĀÜäîõëäñ Åøî ÅèóâëâÛúäÔ°ÃîÈÿâæĆÕÃ­óèāßÕ 
Ã. ÖòèĀÜäÖóâ Åøî ÿèæóĂÚÂóäÈîÂÃîÈÿâæĆÕÃ­óèāßÕ  
 Å. ÖòèĀÜäØöćÖ­îÈÅèÛÅùâ Åøî ÜäõâóÔÚČĈó 
È. ×úÂØùÂÃ­îØöćÂæ¬óèâó 

23. Ăì­ÚòÂÿäöãÚÿäöãÈæČóÕòÛÃòĈÚÖîÚÂóäÖòĈÈëââùÖõÑóÚ Ö¬îăÜÚöĈ  
    1. ÉóÂÜòÎìóØöćé÷ÂêóÛîÂăÕ­è¬óÖòèĀÜäĂÕÿÜĆÚÖòèĀÜäÖ­Ú ĀæñÖòèĀÜäĂÕÿÜĆÚ ÖòèĀÜäÖóâ  
    2. ÖòĈÈëââùÖõÑóÚĂÚäúÜ ́ ×­ó....ÕòÈÚòĈÚ µ  



 ƙƙ 

    3. é÷ÂêóÙääâËóÖõÃîÈÖòèĀÜäÖ­ÚÖ¬óÈąØöćâöÝæÖ¬îÖòèĀÜäÖóââóÂØöćëùÕîã¬óÈâöìæòÂÂóäĀæñÿìÖùÝæ  
    4. ÛîÂÖòèĀÜäÖ­ÚØöćîóÉÉñâöÝæÖ¬îÖòèĀÜäÖóâ  

Â. Ã­î 1 , 2 , 3 Āæñ 4 ÖóâæČóÕòÛ 
Ã. Ã­î 1 , 4, 3 Āæñ 2 ÖóâæČóÕòÛ 
Å. Ã­î 4 , 2 , 3 Āæñ 1 ÖóâæČóÕòÛ 
È. Ã­î 4 , 1 , 3 Āæñ 2 ÖóâæČóÕòÛ 

24. ßõÉóäÔóÃ­îÅèóâÖ¬îăÜÚöĈè¬ó Ã­îÅèóâĂÕÿÜĆÚÂóäÖòĈÈëââÖõÑóÚ   
Â. ÃÔñÿÜõÕÃèÕâöÿëöãÈÕòÈÜ®îÂ 
Ã. àîÈÂ®óÌØöćÜùÕÃ÷ĈÚâó Åøî Â®óÌÅóä°ÛîÚăÕîîÂăÌÕ° 
Å. ÿÅäøćîÈÕøćâØöćĀË¬ăè­ĂÚÖú­ÿãĆÚÉñâöäëìèóÚ 
È. ØùÂÃ­îÿÜĆÚëââùÖõÑóÚØòĈÈìâÕ 

25. ÂóäÂČóìÚÕÚõãóâÿËõÈÜÐõÛòÖõÂóäØöćÕöÅèäâöæòÂêÔñîã¬óÈăä   
Â. âöÅèóâËòÕÿÉÚ 
Ã. ØČóÂóäèòÕăÕ­ 
Å. ëòÈÿÂÖăÕ­ 
È. ×úÂØòĈÈ Ã­î Â Ã Āæñ Å 

26. ×­óÚòÂÿäöãÚÉñÂČóìÚÕÚõãóâÿËõÈÜÐõÛòÖõÂóä µ ÂóäÿÉäõÎÿÖõÛāÖÃîÈăÂ¬ µ ÚòÂÿäöãÚÉñâöèõÙöÂóäÂČóìÚÕÚõãóâ
ÿËõÈÜÐõÛòÖõÂóäāÕãÅČóÚ÷È×÷ÈÃ­îĂÕÿÜĆÚÿÂÔÒ°  

Â. ÖäèÉëîÛÉóÂÅèóâëúÈÃîÈăÂ¬ØöćÿßõćâÃ÷ĈÚ 
Ã. ÚČĈóìÚòÂăÂ¬ØöćÿßõćâÃ÷ĈÚ 
Å. ÅèóâãóèÃîÈÜöÂăÂ¬ 
È. ×úÂØùÂÃ­î 

27. Ã­îĂÕÅøîÅèóâìâóãÃîÈÅČóè¬ó ́  ÂóäØÕæîÈ µ   
Â. ÂóäØÕæîÈâö 3 ÃòĈÚÖîÚ ÅøîÂóäîîÂĀÛÛÂóäØÕæîÈ ÂóäÜÐõÛòÖõÂóäØÕæîÈ Āæñ ÂóäÛòÚØ÷ÂÝæ
ÂóäØÕæîÈ 
Ã. ÿÜĆÚÂóäÖäèÉëîÛØöćâóĀæñÅèóâëČóÅòÎÃîÈÜòÎìóØöćé÷Âêó 
Å. ÿÜĆÚÂóäÖäèÉëîÛëââùÖõÑóÚØöćÖòĈÈăè­è¬ó×úÂÖ­îÈìäøîăâ¬ 
È. ×úÂØòĈÈÃ­î Â. ĀæñÃ­î Å. 

28. ×­óÚòÂÿäöãÚÖ­îÈÂóäÉñÖäèÉëîÛè¬óÕõÚÖ¬óÈËÚõÕÂòÚÉñîù­âÚČĈóăÕ­ĂÚÜäõâóÔØöćÖ¬óÈÂòÚîã¬óÈăä ÚòÂÿäöãÚÖòĈÈ
ëââùÖõÑóÚăÕ­è¬óîã¬óÈăä  

Â. ×­óËÚõÕÃîÈÕõÚâöÝæÖ¬îÜäõâóÔÚČĈóØöćîù­âăè­ ÕòÈÚòĈÚÕõÚÿìÚöãèÉñîù­âÚČĈóăÕ­âóÂÂè¬óÕõÚä¬èÚĀæñÕõÚ
ä¬èÚÉñîù­âÚČĈóăè­ăÕ­âóÂÂè¬óÕõÚØäóã 



 ƙƚ 

Ã. ÕõÚÖ¬óÈËÚõÕÂòÚã¬îâîù­âÚČĈóăè­ăÕ­Ö¬óÈÂòÚÕ­èã 
Å. ÕõÚØöćâöÿÚøĈîÕõÚæñÿîöãÕÉñîù­âÚČĈóăÕ­ÕöÂè¬óÕõÚÿÚøĈîìãóÛ 
È. ×úÂØùÂÃ­îØöćÂæ¬óèâó 
ÉóÂÃ­îâúæÖ¬îăÜÚöĈĂì­ÖîÛÅČó×óâÃ­î ƘƟ ĀæñÃ­î 30  

ÉóÂÂóäØÕæîÈæñæóãëóä A ØöćæñæóãĂÚÃîÈÿìæè B Ô îùÔìáúâõÖ¬óÈą ÕòÈÚöĈ 

îùÔìáúâõÃîÈÿìæè B 

(îÈéóÿÌæÿÌöãë) 

ÜäõâóÔÃîÈëóä A Øöćæñæóã ĂÚÃîÈÿìæè B 

( g ) 

20 

30 

40 
50 

5 

10 

20 
40 

 
29. ØöćîùÔìáúâõ 20 îÈéóÿÌæÿÌöãë ëóä A æñæóãĂÚÃîÈÿìæè B ăÕ­ÂöćÂäòâ  

Â. æñæóãăÕ­ 20 Âäòâ 
Ã. æñæóãăÕ­ 15 Âäòâ 
Å. æñæóãăÕ­ 10 Âäòâ 
È. æñæóãăÕ­ 5 Âäòâ 

30. ÉóÂÃ­îâúæĂÚÖóäóÈ ÿâøćîîùÔìáúâõëúÈÃ÷ĈÚ ÂóäæñæóãÃîÈëóä A ÿÜĆÚîã¬óÈăä  
Â. ëóä A æñæóãĂÚëóä B ăÕ­Ú­îãæÈ 
Ã. ëóä A æñæóãĂÚëóä B ăÕ­âóÂÃ÷ĈÚ 
Å. îùÔìáúâõăâ¬âöÝæÖ¬îÂóäæñæóãÃîÈëóä A 
È. ăâ¬ëóâóä×ëäùÜăÕ­ÿßäóñÃ­îâúæâöăâ¬ÿßöãÈßî 



 ƙƛ 

ĀÛÛØÕëîÛ ØòÂêñèõØãóéóëÖä° 
ÅČóËöĈĀÉÈ           

   ÉÈÚČóÖòèîòÂêäìÚ­óØòÂêñÖ¬óÈ ą ăÜÿÖõâìÚ­óÃ­îØöćëòâßòÚÙ°ÂòÚ 
Â. ØòÂêñÂóäëòÈÿÂÖ 
Ã. ØòÂêñÂóäèòÕ 
Å. ØòÂêñÂóäÅČóÚèÔ 
È. ØòÂêñÂóäÉČóĀÚÂÜäñÿáØ 
É. ØòÂêñÂóäØÕæîÈ 

 

............Ɨ. Õ.Î.îäõêóÂČóæòÈØÕëîÛèõØãóéóëÖä° 

............Ƙ.Õ.Î.èõăæ èòÕîùÔìáúâõÃîÈîóÂóéăÕ­ ƚƖ ƕČC  

............ƙ. â­óâö ƚ Ãó  ëùÚòÃ âöƚ Ãó  ăÂ¬âö Ƙ Ãó ÚÂâö Ƙ Ãó  Ë­óÈâö ƚ Ãó   

............ƚ. Õ.Î. ßÚõÕó ÂČóæòÈÿØëóäÿÅâö 

............ƛ. Õ.Ë. ëùÛõÚĂË­ÖæòÛÿâÖäèòÕÅèóâãóèÃîÈëÚóâÖñÂä­î 

............Ɯ. Õ.Î. îßõÉõÖäĀÛ¬ÈÝæăâ­ăÕ­ Ƙ Âæù¬â Åøî Âæù¬âäëÿÜäöĈãèĀæñäëìèóÚ 

............Ɲ. èääÔÚõáó ÕúáóßãÚÖä°èõØãóëóëÖä°  ƙ  âõÖõ 

............ƞ.  Õ.Î. ÚòÚØßä ìãÕëóäæñæóãăîāîÕöÚ æÈÛÚÃ­óèÿìÚöãèØöćÿÖäöãâăè­ 

............Ɵ.  äúÜØäÈÂäñÛîÂâöÅèóâëúÈÜäñâóÔ  ƚ ÚõĈè ÝõèÿäöãÛ 

............ƗƖ.  ÚòÂèõØãóéóëÖä°ĀÛ¬ÈßøËîîÂÿÜĆÚ Ƙ ßèÂ Åøî ßøËĂÛÿæöĈãÈÿÕöćãèĀæñßøËĂÛÿæöĈãÈÅú¬ 
 
 ÂõÉÂääâ Øöć Ɨ  ÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
Ăì­ÚòÂé÷ÂêóîîÂĀÛÛĀÂ­ÜòÎìóÉóë×óÚÂóäÔ°Ö¬îăÜÚöĈ 
 
 
 
ÂČóìÚÕÜòÎìó.....................................................................  
ÂóäÖòĈÈëââÖõÑóÚ................................................................ 
ÂóäÂČóìÚÕÖòèĀÜä 
ÖòèĀÜäÖ­Ú.......................................................................... 
ÖòèĀÜäÖóâ......................................................................... 
ÖòèĀÜäÅèÛÅùâ.................................................................... 
 

āÕãâöîùÜÂäÔ° ÕòÈÚöĈ  ÿâæĆÕ×òćè    ×­èãßæóëÖõÂ   ÂäñÕóêØõËËú    ÚČĈó    ÂäñÕóêëöÕČó 
 



 ƙƜ 

ÂóäØÕæîÈ 
............................................................................................................................................................. 
............................................................................................................................................................. 
............................................................................................................................................................. 
............................................................................................................................................................. 
............................................................................................................................................................. 
............................................................................................................................................................. 
............................................................................................................................................................. 
 
èõÿÅäóñì°Ã­îâúæĀæñØÕëîÛëââÖõÑóÚ 
............................................................................................................................................................. 
............................................................................................................................................................. 
............................................................................................................................................................. 
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ëäùÜÝæÂóäØÕæîÈ 
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............................................................................................................................................................. 
 
 



 ƙƝ 

ÛØØöć 2  
āÅäÈÈóÚèõØãóéóëÖä° 

ëóäñëČóÅòÎ 
āÅäÈÈóÚèõØãóéóëÖä°ÿÜĆÚÂõÉÂääâÿÂöćãèÂòÛèõØãóéóëÖä° Ì÷ćÈÿÜĆÚÂõÉÂääâØöćÖ­îÈĂË­ÂäñÛèÚÂóäØóÈ 

èõØãóéóëÖä° ĂÚÂóäé÷ÂêóÅ­ÚÅè­ó āÕãÝú­ÿäöãÚÉñÿÜĆÚÝú­ÕČóÿÚõÚÂóäÕ­èãÖÚÿîÈØòĈÈìâÕ ÖòĈÈĀÖ¬ÿäõćâèóÈĀÝÚĂÚ 
Âóäé÷ÂêóÅ­ÚÅè­ó ÂóäÿÂĆÛäèÛäèâÃ­îâúæ ÉÚ×÷ÈÂóäĀÜæÝæ ëäùÜÝæ ĀæñÂóäÿëÚîÝæÂóäé÷Âêó āÕãâöÝú­
ËČóÚóÎ ÂóäÿÜĆÚÝú­Ăì­ÅČóÜä÷Âêó 

 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãÜäñÿáØÿæøîÂìòèÃ­î èóÈĀÝÚ èõÙöÚČóÿëÚîĀæñÜäñāãËÚ°ÃîÈāÅäÈÈóÚăÕ­ 
2. èóÈĀÝÚĀæñØČóāÅäÈÈóÚèõØãóéóëÖä°ăÕ­ 
3. îÙõÛóãĀæñÛîÂĀÚèØóÈĂÚÂóäÚČóÝæÉóÂāÅäÈÈóÚăÜĂË­ăÕ­ 

 
ÃîÛÃ¬óãÿÚøĈîìó 
 ÿäøćîÈØöć Ɨ ÜäñÿáØāÅäÈÈóÚèõØãóéóëÖä° 
 ÿäøćîÈØöć Ƙ ÃòĈÚÖîÚÂóäØČóāÅäÈÈóÚèõØãóéóëÖä° 
 ÿäøćîÈØöć ƙ ÂóäÚČóÿëÚîāÅäÈÈóÚèõØãóéóëÖä° 
 

 
 
 
 
 
 
 
 
 
 
 
 



 ƙƞ 

ÿäøćîÈØöć  Ɨ  ÜäñÿáØÃîÈāÅäÈÈóÚèõØãóéóëÖä° 
 

 āÅäÈÈóÚèõØãóéóëÖä°ÿÜĆÚÂõÉÂääâÿÂöćãèÂòÛèõØãóéóëÖä°ĀæñÿØÅāÚāæãö  Ì÷ćÈÿÜĆÚÂõÉÂääâØöćÖ­îÈĂË­
ÂäñÛèÚÂóäØóÈèõØãóéóëÖä°ĂÚÂóäé÷ÂêóÅ­ÚÅè­ó  āÕãÝú­ÿäöãÚÉñÿÜĆÚÝú­ÕČóÿÚõÚÂóäÕ­èãÖÚÿîÈØòĈÈìâÕ  ÖòĈÈĀÖ¬
ÿäõćâèóÈĀÝÚĂÚÂóäé÷ÂêóÅ­ÚÅè­ó   ÂóäÿÂĆÛäèÛäèâÃ­îâúæ  ÉÚ×÷ÈÿäøćîÈÂóäĀÜæÝæ  ëäùÜÝæ  ĀæñÿëÚîÝæ
Âóäé÷Âêó  āÕãâöÝú­ËČóÚóÎÂóäÿÜĆÚÝú­Ăì­ÅČóÜä÷Âêó 
 æòÂêÔñĀæñÜäñÿáØÃîÈāÅäÈÈóÚèõØãóéóëÖä°   ÉČóĀÚÂăÕ­ÿÜĆÚ  ƚ  ÜäñÿáØ  ÕòÈÚöĈ 

1. āÅäÈÈóÚÜäñÿáØëČóäèÉ  ÿÜĆÚāÅäÈÈóÚØöćâöæòÂêÔñÿÜĆÚÂóäé÷ÂêóÿËõÈëČóäèÉ  äèÛäèâÃ­îâúæ
Āæ­èÚČóÃ­îâúæÿìæ¬óÚòĈÚâóÉòÕÂäñØČóĀæñÚČóÿëÚîĂÚäúÜĀÛÛÖ¬óÈ ą  ÕòÈÚòĈÚæòÂêÔñëČóÅòÎÃîÈ
āÅäÈÈóÚÜäñÿáØÚöĈÅøî  ăâ¬âöÂóäÉòÕØČóìäøîÂČóìÚÕÖòèĀÜäîõëäñØöćÖ­îÈÂóäé÷Âêó 

2. āÅäÈÈóÚÜäñÿáØØÕæîÈ  ÿÜĆÚāÅäÈÈóÚØöćâöæòÂêÔñÂõÉÂääâØöćÿÜĆÚÂóäé÷ÂêóìóÅČóÖîÛÃîÈ
ÜòÎìóĂÕÜòÎìóìÚ÷ćÈÕ­èãèõÙöÂóäØÕæîÈ æòÂêÔñëČóÅòÎÃîÈāÅäÈÈóÚÚöĈÅøî  Ö­îÈâöÂóäîîÂĀÛÛ
ÂóäØÕæîÈĀæñÕČóÿÚõÚÂóäØÕæîÈÿßøćîìóÅČóÖîÛÃîÈÜòÎìóØöćÖ­îÈÂóäØäóÛìäøîÿßøćîÖäèÉëîÛ
ëââÖõÑóÚØöćÖòĈÈăè­ āÕãâöÂóäÉòÕÂäñØČóÂòÛÖòèĀÜäÖ­ÚìäøîÖòèĀÜäîõëäñ ÿßøćîÕúÝæØöćÿÂõÕÃ÷ĈÚÂòÛÖòè
ĀÜäÖóâ  ĀæñâöÂóäÅèÛÅùâÖòèĀÜäîøćÚ ą Øöćăâ¬Ö­îÈÂóäé÷Âêó 

3. āÅäÈÈóÚÜäñÿáØÂóäßòÓÚóìäøîÜäñÕõêÑ°  ÿÜĆÚāÅäÈÈóÚØöćâöæòÂêÔñÂõÉÂääâØöćÿÜĆÚÂóäé÷Âêó
ÿÂöćãèÂòÛÂóäÜäñãùÂÖ° ØåêÏö ìäøîìæòÂÂóäØóÈèõØãóéóëÖä° ÿßøćîÜäñÕõêÑ°ÿÅäøćîÈâøî ÿÅäøćîÈĂË­ 
ìäøîîùÜÂäÔ°ÿßøćîÜäñāãËÚ°ĂË­ëîãÖ¬óÈ ą Ì÷ćÈîóÉÿÜĆÚÂóäÜäñÕõêÑ°ÃîÈĂìâ¬ ą ìäøîÜäòÛÜäùÈ
ÃîÈÿÕõâØöćâöîãú¬Ăì­âöÜäñëõØÙõáóßëúÈÃ÷ĈÚ  Ì÷ćÈÉñäèâăÜ×÷ÈÂóäëä­óÈĀÛÛÉČóæîÈÿßøćîîÙõÛóã
ĀÚèÅõÕ 

4. āÅäÈÈóÚÜäñÿáØÂóäëä­óÈØåêÏöìäøîîÙõÛóã  ÿÜĆÚāÅäÈÈóÚØöćâöæòÂêÔñÂõÉÂääâØöćÝú­ØČóÉñÖ­îÈ
ÿëÚîĀÚèÅõÕ ìæòÂÂóä ìäøîØåêÏöĂìâ¬ ą îã¬óÈâöìæòÂÂóäØóÈèõØãóéóëÖä°ĂÚäúÜÃîÈëúÖä
ëâÂóäìäøîÅČóîÙõÛóãîóÉÿÜĆÚĀÚèÅõÕĂìâ¬ØöćãòÈăâ¬ÿÅãÚČóÿëÚî ìäøîîóÉÿÜĆÚÂóäîÙõÛóã
ÜäóÂÐÂóäÔ°ĂÚĀÚèĂìâ¬ÂĆăÕ­  æòÂêÔñëČóÅòÎÃîÈāÅäÈÈóÚÜäñÿáØÚöĈ Åøî Ýú­ØČóÉñÖ­îÈâößøĈÚ
ÑóÚÅèóâäú­ØóÈèõØãóéóëÖä°ÿÜĆÚîã¬óÈÕö  Ö­îÈÅ­ÚÅè­óé÷ÂêóÿäøćîÈäóèØöćÿÂöćãèÃ­îÈîã¬óÈæ÷ÂÌ÷ĈÈ É÷ÈÉñ
ëóâóä×ëä­óÈÅČóîÙõÛóãìäøîØåêÏöăÕ­ 
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 ƚƖ 

ÿäøćîÈØöć  Ƙ  ÃòĈÚÖîÚÂóäØČóāÅäÈÈóÚèõØãóéóëÖä° 
 

 ÂóäØČóÂõÉÂääâāÅäÈÈóÚÿÜĆÚÂóäØČóÂõÉÂääâØöćÿÂõÕÉóÂÅČó×óâìäøîÅèóâîãóÂäú­îãóÂÿìĆÚÿÂöćãèÂòÛ
ÿäøćîÈÖ¬óÈ ą ÕòÈÚòĈÚÂóäØČóāÅäÈÈóÚÉ÷ÈâöÃòĈÚÖîÚÕòÈÚöĈ 

1. ÃòĈÚëČóäèÉìäøîÖòÕëõÚĂÉÿæøîÂÿäøćîÈØöćÉñØČó 
ÂóäÖòÕëõÚĂÉÿæøîÂÿäøćîÈØöćÉñØČóāÅäÈÈóÚÅèäßõÉóäÔó×÷ÈÅèóâßä­îâĂÚÕ­óÚÖ¬óÈ ą ÿË¬ÚĀìæ¬È
Åèóâäú­ÿßöãÈßîØöćÉñé÷ÂêóìäøîÃîÅČóÜä÷Âêó  âöÅèóâäú­ĀæñØòÂêñĂÚÂóäĂË­ÿÅäøćîÈâøîîùÜÂäÔ°
Ö¬óÈą ØöćĂË­ĂÚÂóäé÷Âêó âöÝú­ØäÈÅùÔèùÓõäòÛÿÜĆÚØöćÜä÷Âêó âöÿèæó ĀæñÈÛÜäñâóÔÿßöãÈßî 

2. ÃòĈÚé÷ÂêóÃ­îâúæØöćÿÂöćãèÃ­îÈÂòÛÿäøćîÈØöćÖòÕëõÚĂÉØČó 
Âóäé÷ÂêóÃ­îâúæØöćÿÂöćãèÃ­îÈÂòÛÿäøćîÈØöćÖòÕëõÚĂÉØČó  ÉñË¬èãĂì­Ýú­ÿäöãÚăÕ­ĀÚèÅõÕØöćÉñÂČóìÚÕ
ÃîÛÃ¬óãÿäøćîÈØöćÉñé÷ÂêóÅ­ÚÅè­óĂì­ÿÊßóñÿÉóñÉÈâóÂÃ÷ĈÚĀæñãòÈăÕ­Åèóâäú­  ÿäøćîÈØöćÉñé÷Âêó
Å­ÚÅè­óÿßõćâÿÖõâÉÚëóâóä×îîÂĀÛÛÂóäé÷Âêó ØÕæîÈ ĀæñèóÈĀÝÚÕČóÿÚõÚÂóäØČóāÅäÈÈóÚ
èõØãóéóëÖä°îã¬óÈÿìâóñëâ 

3. ÃòĈÚèóÈĀÝÚÕČóÿÚõÚÂóä 
ÂóäØČóāÅäÈÈóÚèõØãóéóëÖä°ăâ¬è¬óÿäøćîÈĂÕÉñÖ­îÈâöÂóäèóÈĀÝÚîã¬óÈæñÿîöãÕ  äîÛÅîÛ Āæñâö
ÂóäÂČóìÚÕÃòĈÚÖîÚĂÚÂóäÕČóÿÚõÚÈóÚîã¬óÈäòÕÂùâ ØòĈÈÚöĈÿßøćîĂì­ÂóäÕČóÿÚõÚÈóÚÛääæùÉùÕâù¬Èìâóã
ìäøîÿÜ­óìâóãØöćÂČóìÚÕăè­  ÜäñÿÕĆÚØöćÖ­îÈä¬èâÂòÚÅõÕèóÈĀÝÚĂÚÂóäØČóāÅäÈÈóÚâöÕòÈÚöĈ Åøî 
ÜòÎìó ëóÿìÖùÃîÈÜòÎìó ĀÚèØóÈ ĀæñèõÙöÂóäĀÂ­ÜòÎìóØöćëóâóä×ÜÐõÛòÖõăÕ­  ÂóäîîÂĀÛÛ
Âóäé÷ÂêóØÕæîÈāÕãÂČóìÚÕĀæñÅèÛÅùâÖòèĀÜä èòëÕùîùÜÂäÔ°ĀæñëóäÿÅâö ÿèæó Āæñë×óÚØöćÉñ
ÜÐõÛòÖõÈóÚ 

4. ÃòĈÚÿÃöãÚÿÅ­óāÅäÈÃîÈāÅäÈÈóÚèõØãóéóëÖä° 
ÂóäÿÃöãÚÿÅ­óāÅäÈÃîÈāÅäÈÈóÚèõØãóéóëÖä°âöäóãæñÿîöãÕÕòÈÚöĈ 
4.1 ËøćîāÅäÈÈóÚ ÿÜĆÚÃ­îÅèóâëòĈÚ ą ÂñØòÕäòÕ ËòÕÿÉÚ ëøćîÅèóâìâóãÖäÈ ĀæñâöÅèóâ
ÿÊßóñÿÉóñÉÈè¬óÉñé÷ÂêóÿäøćîÈĂÕ 

4.2 ËøćîÝú­ØČóāÅäÈÈóÚ  ÿÜĆÚÝú­äòÛÝõÕËîÛāÅäÈÈóÚ Ì÷ćÈîóÉÿÜĆÚäóãÛùÅÅæìäøîÂæù¬âÂĆăÕ­ 
4.3 ËøćîØöćÜä÷ÂêóāÅäÈÈóÚ Ì÷ćÈÿÜĆÚîóÉóäã°ìäøîÝú­ØäÈÅùÔèùÓõÂĆăÕ­ 
4.4 ØöćâóĀæñÅèóâëČóÅòÎÃîÈāÅäÈÈóÚ ÿÜĆÚÂóäîÙõÛóãÿìÖùÝæØöćÿæøîÂØČóāÅäÈÈóÚÚöĈ ÅèóâëČóÅòÎ
ÃîÈāÅäÈÈóÚ ĀÚèÅõÕ ìæòÂÂóä ìäøîØåêÏöØöćÿÂöćãèÂòÛāÅäÈÈóÚ 

4.5 èòÖ×ùÜäñëÈÅ°āÅäÈÈóÚ ÿÜĆÚÂóäÛîÂÉùÕâù¬ÈìâóãÃîÈÈóÚØöćÉñØČó Ì÷ćÈÅèäâöÅèóâ
ÿÊßóñÿÉóñÉÈĀæñÿÜĆÚëõćÈØöćëóâóä×èòÕĀæñÜäñÿâõÚÝæăÕ­ 

4.6 ëââÖõÑóÚÃîÈāÅäÈÈóÚ(×­óâö)ëââÖõÑóÚÿÜĆÚÅČóîÙõÛóãØöćÅóÕăè­æ¬èÈìÚ­ó Ì÷ćÈÉñÝõÕìäøî×úÂ
ÂĆăÕ­ ëââÖõÑóÚØöćÕöÅèäâöÿìÖùÝæäîÈäòÛ Āæñëóâóä×ØÕëîÛăÕ­ 



 ƚƗ 

4.7 èòëÕùîùÜÂäÔ°ĀæñëõćÈØöćÖ­îÈĂË­  ÿÜĆÚÂóääñÛùèòëÕùîùÜÂäÔ°ØöćÉČóÿÜĆÚĂË­ĂÚÂóäÕČóÿÚõÚÈóÚè¬óâö
îñăäÛ­óÈ ăÕ­âóÉóÂăìÚ 

4.8 èõÙöÕČóÿÚõÚÂóä  ÿÜĆÚÂóäîÙõÛóãÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚîã¬óÈæñÿîöãÕØùÂÃòĈÚÖîÚ 
4.9 ĀÝÚÜÐõÛòÖõÂóä ÿÜĆÚÂóäÂČóìÚÕÿèæóÿäõćâÖ­ÚĀæñÿèæóÿëäĆÉÈóÚĂÚĀÖ¬æñÃòĈÚÖîÚ 
4.10 ÝæØöćÅóÕè¬óÉñăÕ­äòÛ  ÿÜĆÚÂóäÅóÕÂóäÔ°ÝæØöćÉñăÕ­äòÛÉóÂÂóäÕČóÿÚõÚÈóÚăè­æ¬èÈìÚ­ó Ì÷ćÈ
îóÉăÕ­ÝæÖóâØöćÅóÕăè­ìäøîăâ¬ÂĆăÕ­ 

4.11 ÿîÂëóäî­óÈîõÈ  ÿÜĆÚÂóäÛîÂĀìæ¬ÈÃ­îâúæìäøîÿîÂëóäØöćĂË­ĂÚÂóäé÷ÂêóÅ­ÚÅè­ó 
5. ÃòĈÚæÈâøîÜÐõÛòÖõ 
ÂóäæÈâøîÜÐõÛòÖõÿÜĆÚÃòĈÚÖîÚØöćëČóÅòÎÖîÚìÚ÷ćÈĂÚÂóäØČóāÅäÈÈóÚÿÚøćîÈÉóÂÿÜĆÚÂóäæÈâøî
ÜÐõÛòÖõÉäõÈÖóâĀÝÚØöćăÕ­ÂČóìÚÕăè­ĂÚÿÅ­óāÅäÈÃîÈāÅäÈÈóÚ  îã¬óÈăäÂĆÖóâÂóäØČóāÅäÈÈóÚóÉñ
ëČóÿäĆÉăÕ­Õ­èãÕö Ýú­ÿäöãÚÉñÖ­îÈÅČóÚ÷È×÷ÈÿäøćîÈÅèóâßä­îâÃîÈèòëÕùîùÜÂäÔ° ĀæñëõćÈîøćÚ ą ÿË¬ÚëâùÕ
ÛòÚØ÷ÂÂõÉÂääâÜäñÉČóèòÚ ÅèóâæñÿîöãÕäîÛÅîÛĀæñÅèóâÿÜĆÚäñÿÛöãÛĂÚÂóäÜÐõÛòÖõÈóÚ  
ÅèóâÜäñìãòÕĀæñÅèóâÜæîÕáòãĂÚÂóäÜÐõÛòÖõÈóÚ ÅèóâÚ¬óÿËøćî×øîÃîÈÃ­îâúæØöćăÕ­ÉóÂÂóä
ÜÐõÛòÖõÈóÚ ÂóäÿäöãÈæČóÕòÛÂ¬îÚìæòÈÃîÈÈóÚë¬èÚã¬îã ą Ì÷ćÈÖ­îÈØČóĀÖ¬æñë¬èÚĂì­ÿëäĆÉÂ¬îÚØČó
ë¬èÚîøćÚÖ¬îăÜĂÚÃòĈÚæÈâøîÜÐõÛòÖõÉñÖ­îÈâöÂóäÛòÚØ÷ÂÝæ  ÂóäÜäñÿâõÚÝæ ÂóäèõÿÅäóñì° Āæñ
ëäùÜÝæÂóäÜÐõÛòÖõ 

6. ÃòĈÚÿÃöãÚäóãÈóÚāÅäÈÈóÚ 
ÂóäÿÃöãÚäóãÈóÚÂóäÕČóÿÚõÚÈóÚÃîÈāÅäÈÈóÚ Ýú­ÿäöãÚÉñÖ­îÈÿÃöãÚäóãÈóÚĂì­ËòÕÿÉÚ ĂË­
éòßØ°ÿØÅÚõÅØöć×úÂÖ­îÈ ĂË­áóêóÂñØòÕäòÕ ËòÕÿÉÚ ÿÃ­óĂÉÈ¬óã ĀæñÖ­îÈÅäîÛÅæùâÜäñÿÕĆÚëČóÅòÎ ą 
ØòĈÈìâÕÃîÈāÅäÈÈóÚăÕ­ĀÂ¬ ËøćîāÅäÈÈóÚ ËøćîÝú­ØČóāÅäÈÈóÚ ËøćîØöćÜä÷Âêó ÛØÅòÕã¬î ØöćâóĀæñ
ÅèóâëČóÅòÎÃîÈāÅäÈÈóÚ ÉùÕìâóã ëââÖõÑóÚ èõÙöÕČóÿÚõÚÈóÚ ÝæÂóäé÷ÂêóÅ­ÚÅè­ó ÝæëäùÜÃîÈ
āÅäÈÈóÚ Ã­îÿëÚîĀÚñ ÅČóÃîÛÅùÔÛùÅæóÂäìäøîìÚ¬èãÈóÚĀæñÿîÂëóäî­óÈîõÈ 

7. ÃòĈÚÿëÚîÝæÈóÚĀæñÉòÕĀëÕÈÝæÈóÚāÅäÈÈóÚ 
ìæòÈÉóÂØČóāÅäÈÈóÚèõØãóéóëÖä°ÿëäĆÉĀæ­èÉñÖ­îÈÚČóÝæÈóÚØöćăÕ­âóÿëÚîĀæñÉòÕĀëÕÈ Ì÷ćÈîóÉ
ØČóăÕ­ìæóãäúÜĀÛÛ ÿË¬Ú ÂóäÉòÕÚõØääéÂóä ÂóäÜäñËùâØóÈèõËóÂóä ÿÜĆÚÖ­Ú ĂÚÂóäÿëÚî
ÝæÈóÚĀæñÉòÕĀëÕÈÝæÈóÚāÅäÈÈóÚèõØãóéóëÖä° ÅèäÚČóÿëÚîĂì­ÅäîÛÅæùâÜäñÿÕĆÚëČóÅòÎ ą 
ØòĈÈìâÕÃîÈāÅäÈÈóÚ 



 ƚƘ 

ÂõÉÂääâØöć Ƙ 
Ɨ.   èóÈĀÝÚÉòÕØČóāÅäÈÈóÚèõØãóéóëÖä°ØöćÚ¬óëÚĂÉîãóÂäú­âó Ɨ āÅäÈÈóÚ āÕãÕČóÿÚõÚÂóäÕòÈÚöĈ 

1) äñÛùÜäñÿÕĆÚØöćëÚĂÉ/îãóÂäú­/îãóÂĀÂ­ăÃÜòÎìó ( Ɨ ÜäñÿÕĆÚ ) 
äñÛùÿìÖùÝæØöćëÚĂÉ/îãóÂäú­/îãóÂĀÂ­ăÃÜòÎìó ( ØČóăâ ) 
äñÛùĀÚèØóÈØöćëóâóä×ĀÂ­ăÃÜòÎìóÚöĈăÕ­  ( ØČóăÕ­ ) 
äñÛùÝæÕöìäøîÜäñāãËÚ°ØóÈÂóäĀÂ­ăÃāÕãĂË­ÂäñÛèÚÂóäØöćäñÛù  
(ßõÉóäÔóÃ­îâúæÉóÂÃ­î Ɨ) âóÿÜĆÚËøćîāÅäÈÈóÚ  

2) äñÛùËøćîāÅäÈÈóÚØöćÖ­îÈÂóäĀÂ­ăÃÜòÎìóìäøîØÕæîÈ 
3) äñÛùÿìÖùÝæÃîÈÂóäØČóāÅäÈÈóÚ (âöèòÖ×ùÜäñëÈÅ°îã¬óÈăä äñÛùÿÜĆÚÃ­î ą ) 
4) äñÛùÖòèĀÜäØöćÖ­îÈÂóäé÷Âêó ( ÖòèĀÜäÖ­Ú ÖòèĀÜäÖóâ ĀæñÖòèĀÜäÅèÛÅùâ ) 
5) äñÛùÅèóâÅóÕÿÕó (ëââÖõÑóÚ) ØöćÖ­îÈÂóäßõëúÉÚ° 

Ƙ.  ÉóÂÃ­îâúæÖóâÃ­î Ɨ) Ăì­ÚòÂé÷ÂêóÿÃöãÚÿÅ­óāÅäÈāÅäÈÈóÚÖóâÜäñÿÕĆÚÕòÈÚöĈ 
 Ɨ)   ËøćîāÅäÈÈóÚ ( ÉóÂ Ƙ )........................................................ 
 Ƙ)   ØöćâóĀæñÅèóâëČóÅòÎÃîÈāÅäÈÈóÚ (ÉóÂ Ɨ)............................ 
 ƙ)   èòÖ×ùÜäñëÈÅ°ÃîÈāÅäÈÈóÚ ( ÉóÂ ƙ ).................................... 
 ƚ)   ÖòèĀÜäØöćÖ­îÈÂóäé÷Âêó ( ÉóÂ ƚ )........................................... 
 ƛ)   ëââÖõÑóÚÃîÈāÅäÈÈóÚ ( ÉóÂ ƛ )....................................... 
 Ɯ)   èòëÕùîùÜÂäÔ°ĀæñÈÛÜäñâóÔØöćÖ­îÈĂË­ 
  Ɯ.Ɨ   èòëÕùîùÜÂäÔ°.................................................... 
  Ɯ.Ƙ   ÈÛÜäñâóÔ...................................................... 
 Ɲ)   èõÙöÕČóÿÚõÚÈóÚ ( ØČóîã¬óÈăä ) 
 ƞ)   ĀÝÚÂóäÜÐõÛòÖõÈóÚ ( äñÛùÂõÉÂääâ èòÚÿÕøîÚÜö Āæñë×óÚØöćØöćÜÐõÛòÖõÈóÚ ) 
ÂõÉÂääâ èòÚÿÕøîÚÜö ë×óÚØöćÜÐõÛòÖõÈóÚ ìâóãÿìÖù 

    
 9)   ÝæØöćÅóÕè¬óÉñăÕ­äòÛ ( ØČóāÅäÈÈóÚÚöĈĀæ­èâöÝæÕöîã¬óÈăäÛ­óÈ) 
          ƗƖ)  ÿîÂëóäî­óÈîõÈ(ĂË­ÿîÂëóäĂÕÛ­óÈÜäñÂîÛĂÚÂóäÅ­ÚÅè­óìóÅèóâäú­ĂÚÂóäØČóāÅäÈÈóÚÚöĈ) 
ƙ.   ÚČóÿÅ­óāÅäÈØöćÉòÕØČóĀæ­èÿëäĆÉăÜÃîÅČóÜä÷ÂêóÉóÂîóÉóäã°ØöćÜä÷Âêó Āæ­èÃîîÚùâòÖõÕČóÿÚõÚÈóÚ 
ƚ.   ÕČóÿÚõÚÖóâĀÝÚÜÐõÛòÖõÈóÚØöćÂČóìÚÕĂÚÿÅ­óāÅäÈāÅäÈÈóÚ ßä­îâÛòÚØ÷ÂÝæ 
 Ɨ)   ëáóßÜòÎìóĀæñĀÚèØóÈĀÂ­ăÃ (×­óâö) ĂÚĀÖ¬æñÂõÉÂääâ 
 Ƙ)   ÝæÂóäØÕæîÈØùÂÅäòĈÈ 



 ƚƙ 

ÿäøćîÈØöć ƙ  ÂóäÚČóÿëÚîāÅäÈÈóÚèõØãóéóëÖä° 
 

ÂóäĀëÕÈÝæÈóÚÉòÕăÕ­è¬óÿÜĆÚÃòĈÚÖîÚëČóÅòÎîöÂÜäñÂóäìÚ÷ćÈÃîÈÂóäØČóāÅäÈÈóÚÿäöãÂăÕ­è¬ó
ÿÜĆÚÈóÚÃòĈÚëùÕØ­óãÃîÈÂóäØČóāÅäÈÈóÚèõØãóéóëÖä°ĀæñÿØÅāÚāæãö  ÿÜĆÚÂóäĀëÕÈÝæõÖÝæÃîÈ
ÅèóâÅõÕ ĀæñÂóäÜÐõÛòÖõÂóäØòĈÈìâÕØöćÝú­ØČóāÅäÈÈóÚăÕ­Øù¬âÿØÿèæóăÜ ĀæñÿÜĆÚèõÙöÂóäØöćÉñØČóĂì­Ýú­îøćÚ
äòÛäú­ĀæñÿÃ­óĂÉ×÷ÈÝæÈóÚÚòĈÚ ą âöÝú­Âæ¬óèè¬óÂóäèóÈĀÝÚîîÂĀÛÛÿßøćîÉòÕĀëÕÈÝæÈóÚÚòĈÚâö
ÅèóâëČóÅòÎÿØ¬ó ą ÂòÛÂóäØČóāÅäÈÈóÚÚòĈÚÿîÈ  ÝæÈóÚØöćØČóÉñÕöãîÕÿãöćãâÿßöãÈĂÕ ĀÖ¬×­óÂóäÉòÕ
ĀëÕÈÝæÈóÚØČóăÕ­ăâ¬Õö ÂĆÿØ¬óÂòÛăâ¬ăÕ­ĀëÕÈÅèóâÕöãîÕÿãöćãâÃîÈÝæÈóÚÚòĈÚÚòćÚÿîÈ 

ÂóäĀëÕÈÝæÈóÚÚòĈÚîóÉØČóăÕ­ĂÚäúÜĀÛÛÖ¬óÈ ą ÂòÚ ÿË¬Ú ÂóäĀëÕÈĂÚäúÜÚõØääéÂóä Ì÷ćÈâö
ØòĈÈÂóäóÉòÕĀëÕÈĀæñÂóäîÙõÛóãÕ­èãÅČóßúÕ  ìäøîĂÚäúÜĀÛÛÃîÈÂóäÉòÕĀëÕÈāÕãăâ¬âöÂóäîÙõÛóã
ÜäñÂîÛìäøîĂÚäúÜÃîÈÂóääóãÈóÚÜóÂÿÜæ¬ó  ăâ¬è¬óÂóäĀëÕÈÝæÈóÚÉñîãú¬ĂÚäúÜĀÛÛĂÕ  ÅèäÉñÉòÕ
Ăì­ÅäîÛÅæùâÜäñÿÕĆÚëČóÅòÎÕòÈÖ¬îăÜÚöĈ 

1. ËøćîāÅäÈÈóÚ ËøćîÝú­ØČóāÅäÈÈóÚ ËøćîØöćÜä÷Âêó 
2. ÅČóîÙõÛóã×÷ÈÿìÖùÉúÈĂÉĂÚÂóäØČóāÅäÈÈóÚ ĀæñÅèóâëČóÅòÎÃîÈāÅäÈÈóÚ 
3. èõÙöÂóäÕČóÿÚõÚÂóä āÕãÿæøîÂÿÊßóñÃòĈÚÖîÚØöćÿÕ¬ÚĀæñëČóÅòÎ 
4. ÂóäëóÙõÖìäøîĀëÕÈÝæØöćăÕ­ÉóÂÂóäØÕæîÈ 
5. ÝæÂóäëòÈÿÂÖĀæñÃ­îâúæÿÕ¬Ú ą ØöćăÕ­ÉóÂÂóäØČóāÅäÈÈóÚ 
ĂÚÂóäÉòÕÚõØääéÂóäāÅäÈÈóÚÚòĈÚ ÅèäăÕ­ÅČóÚ÷È×÷ÈëõćÈÖ¬óÈ ą Ö¬îăÜÚöĈ 
1. ÅèóâÜæîÕáòãÃîÈÂóäÉòÕĀëÕÈ 
2. ÅèóâÿìâóñëâÂòÛÿÚøĈîØöćÉòÕĀëÕÈ 
3. ÅČóîÙõÛóãØöćÿÃöãÚĀëÕÈÅèäÿÚ­ÚÜäñÿÕĆÚëČóÅòÎ ĀæñëõćÈØöćÚ¬óëÚĂÉÿØ¬óÚòĈÚ āÕãĂË­
Ã­îÅèóâÂñØòÕäòÕ ËòÕÿÉÚ ĀæñÿÃ­óĂÉÈ¬óã 

4. Õ÷ÈÕúÕÅèóâëÚĂÉÝú­ÿÃ­óËâ āÕãĂË­äúÜĀÛÛÂóäĀëÕÈØöćÚ¬óëÚĂÉ ĂË­ëöØöćëÕĂë ÿÚ­ÚÉùÕØöć
ëČóÅòÎìäøîĂË­èòëÕùÖ¬óÈÜäñÿáØĂÚÂóäÉòÕĀëÕÈ 

5. ĂË­ÖóäóÈĀæñäúÜáóßÜäñÂîÛ āÕãÉòÕèóÈîã¬óÈÿìâóñëâ 
6. ëõćÈØöćĀëÕÈØùÂîã¬óÈÖ­îÈ×úÂÖ­îÈ ăâ¬âöÂóäëñÂÕÝõÕìäøîîÙõÛóãìæòÂÂóäØöćÝõÕ 
7. ĂÚÂäÔöØöćÿÜĆÚëõćÈÜäñÕõêÑ° ëõćÈÚòĈÚÅèäîãú¬ĂÚëáóßØöćØČóÈóÚăÕ­îã¬óÈëâÛúäÔ° 
 
 
 
 
 



 ƚƚ 

ĂÚÂóäĀëÕÈÝæÈóÚ ×­óÝú­ÚČóÝæÈóÚâóĀëÕÈÉñÖ­îÈîÙõÛóãìäøîäóãÈóÚÜóÂÿÜæ¬óìäøîÅČó×óâÖ¬óÈ ą 
ÉóÂÝú­ËâìäøîÖ¬îÂääâÂóäÖòÕëõÚāÅäÈÈóÚ ÂóäîÙõÛóãÖîÛÅČó×óâ ìäøîäóãÈóÚÜóÂÿÜæ¬óÚòĈÚ ÅèäăÕ­ÅČóÚ÷È×÷È
ëõćÈÖ¬óÈ ą Ö¬îăÜÚöĈ 
 

1. Ö­îÈØČóÅèóâÿÃ­óĂÉÂòÛëõćÈØöćîÙõÛóãÿÜĆÚîã¬óÈÕö 
2. ÅČóÚ÷È×÷ÈÅèóâÿìâóñëâÃîÈáóêóØöćĂË­ÂòÛäñÕòÛÝú­àòÈ ÅèäĂì­ËòÕÿÉÚĀæñÿÃ­óĂÉÈ¬óã 
3. ÅèääóãÈóÚîã¬óÈÖäÈăÜÖäÈâó ăâ¬î­îâÅ­îâ 
4. ßãóãóâìæöÂÿæöćãÈÂóäî¬óÚäóãÈóÚ ĀÖ¬îóÉÉÕìòèÃ­îëČóÅòÎ ą ăè­ÿßøćîË¬èãĂì­ÂóääóãÈóÚ
ÿÜĆÚăÜÖóâÃòĈÚÖîÚ 

5. îã¬óØ¬îÈÉČóäóãÈóÚÿßäóñØČóĂì­Õúăâ¬ÿÜĆÚÙääâËóÖõ 
6. ÃÔñØöćäóãÈóÚÅèäâîÈÖäÈăÜãòÈÝú­àòÈ 
7. ÿÖäöãâÖòèÖîÛÅČó×óâØöćÿÂöćãèÂòÛÿäøćîÈÚòĈÚ ą 
8. ÖîÛÅČó×óâîã¬óÈÖäÈăÜÖäÈâó ăâ¬ÉČóÿÜĆÚÖ­îÈÂæ¬óè×÷ÈëõćÈØöćăâ¬ăÕ­×óâ 
9. ìóÂÖõÕÃòÕĂÚÂóäîÙõÛóã ÅèäãîâäòÛāÕãÕö îã¬óÂæÛÿÂæøćîÚ ìäøîìóØóÈìæöÂÿæöćãÈÿÜĆÚ
îã¬óÈîøćÚ 

10. ÅèääóãÈóÚĂì­ÿëäĆÉáóãĂÚäñãñÿèæóØöćÂČóìÚÕ 
11. ìóÂÿÜĆÚăÜăÕ­ÅèäĂË­ëøćîÜäñÿáØāëÖØòéÚúÜÂäÔ° ÜäñÂîÛÂóääóãÈóÚÕ­èã ÿË¬Ú 
ĀÝ¬ÚĂë ìäøîëăæÕ° ÿÜĆÚÖ­Ú 

                       Ã­îÅèäßõÉóäÔóĀæñÅČóÚ÷È×÷ÈÜäñÿÕĆÚÖ¬óÈ ą ØöćÂæ¬óèâóĂÚÂóäĀëÕÈÝæÈóÚÚòĈÚ ÉñÅæ­óãÅæ÷ÈÂòÚ
ĂÚÂóäĀëÕÈÝæÈóÚØùÂÜäñÿáØ  ĀÖ¬îóÉĀÖÂÖ¬óÈÂòÚĂÚäóãæñÿîöãÕÜæöÂã¬îãÿßöãÈÿæĆÂÚ­îã ëõćÈëČóÅòÎÂĆÅøî 
ßãóãóâĂì­ÂóäĀëÕÈÝæÈóÚÚòĈÚÕ÷ÈÕúÕÅèóâëÚĂÉÝú­Ëâ âöÅèóâËòÕÿÉÚ ÿÃ­óĂÉÈ¬óã ĀæñâöÅèóâ×úÂÖ­îÈĂÚÿÚøĈîìó 

ÂóäØČóĀÝÈëČóìäòÛĀëÕÈāÅäÈÈóÚĂì­ĂË­ăâ­îòÕâöÃÚóÕÕòÈäúÜ 
                                                                                                        60 Ìâ. 

 
 

60 Ìâ. 
ƗƘƖ  Ìâ. 

                            ÖõÕÛóÚßòÛâöì¬èÈäòÛĀæñÃîëòÛØČóâùâÊóÂÂòÛÖòèĀÝÈÂæóÈ 
 
 
 
 
 



 ƚƛ 

ĂÚÂóäÿÃöãÚĀÛÛāÅäÈÈóÚÅèäÅČóÚ÷È×÷ÈëõćÈÖ¬îăÜÚöĈ 
1. Ö­îÈÜäñÂîÛÕ­èãËøćîāÅäÈÈóÚ ËøćîÝú­ØČóāÅäÈÈóÚ ËøćîØöćÜä÷Âêó ÅČóîÙõÛóãã¬î ą ×÷ÈÿìÖùÉúÈĂÉĂÚ

ÂóäØČóāÅäÈÈóÚ ÅèóâëČóÅòÎÃîÈāÅäÈÈóÚ èõÙöÕČóÿÚõÚÂóäÿæøîÂÿÊßóñÃòĈÚÖîÚØöćëČóÅòÎ ÝæØöćăÕ­ÉóÂÂóä

ØÕæîÈîóÉĀëÕÈÿÜĆÚÖóäóÈ Âäóà ìäøîäúÜáóßÂĆăÕ­ ÜäñāãËÚ°ÃîÈāÅäÈÈóÚ ëäùÜÝæ ÿîÂëóäî­óÈîõÈ 

2. ÉòÕÿÚøĈîØöćĂì­ÿìâóñëâ  ăâ¬ĀÚ¬ÚÉÚÿÂõÚăÜìäøîÚ­îãÉÚÿÂõÚăÜ 

3. ÅČóîÙõÛóãÅèóâÂñØòÕäòÕ ËòÕÿÉÚ ÿÃ­óĂÉÈ¬óã 

4. ĂË­ëöëÕĂë  ÿÚ­ÚÉùÕëČóÅòÎ ÿÜĆÚÂóäÕ÷ÈÕúÕÅèóâëÚĂÉ 

5. îùÜÂäÔ°ÜäñÿáØëõćÈÜäñÕõêÑ°Åèäîãú¬ĂÚëáóßØöćØČóÈóÚăÕ­îã¬óÈëâÛúäÔ° 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ƚƜ 

ÂõÉÂääâØöć  ƙ 
 Ăì­ÚòÂé÷ÂêóßõÉóäÔóÃ­îâúæÉóÂÂõÉÂääâØöć Ƙ  âóëäùÜÝæÂóäé÷ÂêóØÕæîÈĂÚäúÜĀÛÛÃîÈ

äóãÈóÚÂóäé÷ÂêóØÕæîÈÖóâÜäñÿÕĆÚÕòÈÖ¬îăÜÚöĈ 

1) ËøćîāÅäÈÈóÚ................................................................................................. 

2) Ýú­ØČóāÅäÈÈóÚ.............................................................................................. 

3) ËøćîîóÉóäã°ØöćÜä÷Âêó..................................................................................... 

4) ÅČóÚČó 

5) ëóäÛòÎ 

6) ÛØØöć Ɨ  ÛØÚČó 

- ØöćâóĀæñÅèóâëČóÅòÎ 

- èòÖ×ùÜäñëÈÅ° 

- ÖòèĀÜäØöćé÷Âêó 

- ëââÖõÑóÚ 

- ÜäñāãËÚ°ØöćÅóÕè¬óÉñăÕ­äòÛ 

7) ÛØØöć  Ƙ  ÿîÂëóäØöćÿÂöćãèÃ­îÈÂòÛÂóäØČóāÅäÈÈóÚ 

8) ÛØØöć  ƙ  èõÙöÂóäé÷Âêó/ØÕæîÈ 

- èòëÕùîùÜÂäÔ° 

- ÈÛÜäñâóÔ 

- ÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚ 

- ĀÝÚÜÐõÛòÖõÈóÚ 

9) ÛØØöć  ƚ  ÝæÂóäé÷Âêó/ØÕæîÈ 

- ÂóäØÕæîÈăÕ­Ýæîã¬óÈăäÛ­óÈ 

10) ÛØØöć  ƛ  ëäùÜÝæĀæñÃ­îÿëÚîĀÚñ 

- Ã­îëäùÜÝæÂóäØÕæîÈ 

- Ã­îÿëÚîĀÚñ 

11) ÿîÂëóäî­óÈîõÈ 

 



 ƚƝ 

ĀÛÛØÕëîÛÛØØöć Ƙ 
ÿäøćîÈ ÂóäØČóāÅäÈÈóÚèõØãóéóëÖä° 

ÉÈÿæøîÂèÈÂæâæ­îâäîÛÃ­îÅČóÖîÛØöć×úÂØöćëùÕÿßöãÈÃ­îÿÕöãè 
1. āÅäÈÈóÚèõØãóéóëÖä°Åøîîñăä 

Â. ĀÛÛä¬óÈØòÂêñĂÚèõËóèõØãóéóëÖä° 

Ã. ÂóäèõÉòãÿæĆÂ ą ÿäøćîÈĂÕÿäøćîÈìÚ÷ćÈĂÚèõËóèõØãóéóëÖä° 

Å. ÙääâËóÖõÃîÈèõËóèõØãóéóëÖä° 

2. āÅäÈÈóÚèõØãóéóëÖä°âöÂöćÜäñÿáØ 

Â. ƚ  ÜäñÿáØ 

Ã. ƛ  ÜäñÿáØ 

Å. Ɯ  ÜäñÿáØ 

3. āÅäÈÈóÚèõØãóéóëÖä°ĀÛÛĂÕØöćÿìâóñëâØöćëùÕÂòÛÚòÂé÷ÂêóäñÕòÛâòÙãâé÷ÂêóÖîÚÜæóã 

Â. āÅäÈÈóÚëČóäèÉ 

Ã. āÅäÈÈóÚØåêÏö 

Å. āÅäÈÈóÚØÕæîÈ 

4. ÃòĈÚÖîÚĂÕăâ¬ÉČóÿÜĆÚÖ­îÈâöĂÚāÅäÈÈóÚèõØãóéóëÖä°ÜäñÿáØëČóäèÉ 

Â. ÖòĈÈÜòÎìó 

Ã. ëäùÜÝæ 

Å. ëââÖõÑóÚ 

5. ÂČóìÚÕĂì­ëõćÈÖ¬îăÜÚöĈÅèäÉñÖòĈÈÜòÎìóîã¬óÈăä  ÚČĈóÛäõëùØÙõċ  ÚČĈóìèóÚ  ÚČĈóÿÂæøî  ËÚõÕæñ ƗƖ  

æúÂÛóéÂ°ÿÌÚÖõÿâÖä ÖñÿÂöãÈĀîæÂîïîæ°  ÿØîä°āââõÿÖîä°  ÛöÂÿÂîä°  ìæîÕØÕæîÈÃÚóÕÂæóÈ   

ìæîÕÊöÕãó 

Â. ÚČĈóØòĈÈëóâËÚõÕâöÚČĈóìÚòÂÿØ¬óÂòÚ 
Ã. ÚČĈóØòĈÈëóâËÚõÕâöäëËóÖõÖ¬óÈÂòÚ 
Å. ÚČĈóØòĈÈëóâËÚõÕâöÉùÕÿÕøîÕØöćĀÖÂÖ¬óÈÂòÚ 

 
 
 



 ƚƞ 

 
6. ÉóÂÅČó×óâÃ­î ƛ  îñăäÅøî ÖòèĀÜäÖ­Ú 

Â. Åèóâä­îÚÉóÂÖñÿÂöãÈĀîæÂîïîæ° 

Ã. ÅèóâÛäõëùØÙõċÃîÈÚČĈóØòĈÈëóâËÚõÕ 

Å. ÃÚóÕÃîÈìæîÕØÕæîÈ 

Ɲ.   ÝæÂóäØÕæîÈØóÈèõØãóéóëÖä°ØöćÚ¬óÿËøćî×øîăÕ­Ö­îÈÿÜĆÚîã¬óÈăä 
Â. ëäùÜÝæăÕ­ËòÕÿÉÚÕ­èãÖÚÿîÈ 

Ã. ØČóÌČĈóìæóã ą ÅäòĈÈĀæñÝæÿìâøîÚÿÕõâØùÂÅäòĈÈ 

Å.   ÅäúØöćÜä÷ÂêóäòÛÜäñÂòÚÝæÈóÚ 
ƞ.   ëõćÈĂÕÛ¬ÈÛîÂè¬óāÅäÈÈóÚèõØãóéóëÖä°ØöćÉòÕØČóÚòĈÚâöÅùÔÅ¬ó 

Â. ÜäñāãËÚ°ØöćăÕ­äòÛ 

Ã. Ã­îÿëÚîĀÚñ 

Å. ÃòĈÚÖîÚÂóäØČóÈóÚ 
Ɵ.  ÂóäÉòÕØČóāÅäÈÈóÚèõØãóéóëÖä°ÅèäÿäõćâÖ­Úîã¬óÈăä 

Â. ÿäøćîÈØöćÿÜĆÚØöćÚõãâØČóÂòÚĂÚÜòÉÉùÛòÚ 

Ã. ÿäøćîÈØöćĀÜæÂ ą Ăìâ¬ ą ãòÈăâ¬âöĂÅäØČó 

Å. ÿäøćîÈØöćÿÜĆÚÜäñāãËÚ°ĂÂæ­ ą Öòè 
ƗƖ.  āÅäÈÈóÚèõØãóéóëÖä° Øöć×úÂÖ­îÈëâÛúäÔ°Ö­îÈÿÜĆÚîã¬óÈăä 

Â. ĂË­ØòÂêñÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 

Ã. ĂË­èõÙöÅ­ÚÅè­óÉóÂì­îÈëâùÕ 

Å. ĂË­èõÙöìóÅČóÖîÛÉóÂÂóäÌòÂ×óâÝú­äú­ 

 



 ƚƟ 

ÛØØöć ƙ 
ÿÌææ° 

ëóäñëČóÅòÎ   
 ä¬óÈÂóãâÚùêã° ßøË ĀæñëòÖè° Ö¬óÈÜäñÂîÛÕ­èãÿÌææ° É÷ÈÖ­îÈÿäöãÚäú­ÿÂöćãèÂòÛÿÌææ°ßøË ĀæñÿÌææ°ëòÖè° 
ÂæăÂĀæñÂóääòÂêóÕùæãáóßÃîÈßøËëòÖè°ĀæñâÚùêã°Ü­îÈÂòÚÕúĀæäòÂêó áúâõÅù­âÂòÚä¬óÈÂóã ÂäñÛèÚÂóäĀÛ¬È
ÿÌææ° 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

a. îÙõÛóãäúÜä¬óÈ ë¬èÚÜäñÂîÛ ÅèóâĀÖÂÖ¬óÈ äñÛÛÂóäØČóÈóÚ ÂóääòÂêóÕùæãáóßÃîÈÿÌææ°ßøË 
ĀæñÿÌææ°ëòÖè°ăÕ­ 

b. îÙõÛóãÂóääòÂêóÕùæãáóßÃîÈßøËĀæñëòÖè° ĀæñâÚùêã° ĀæñÂóäÚČóÅèóâäú­ăÜĂË­ 
c. é÷Âêó ëøÛÅ­ÚÃ­îâúæĀæñîÙõÛóãÂäñÛèÚÂóäĀÛ¬ÈÿÌææ°ĀÛÛăÛāØÌõæ ĀæñăÜāîÌõæăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
ÿäøćîÈØöć Ɨ ÿÌææ° 
ÿäøćîÈØöć Ƙ ÂäñÛèÚÂóäĀÛ¬ÈÿÌææ° ĀÛÛăÛāØÌöë Āæñ ăÜāîÌõæ 

 
 
 
 
 
 
 



 ƛƖ 

ÿäøćîÈØöć Ɨ  ÿÌææ° 
 

 ÿÌææ°  (Cell) ìâóã×÷È ìÚ¬èãØöćÿæĆÂØöćëùÕÃîÈëõćÈâöËöèõÖ  Ì÷ćÈÉñØČóìÚ­óØöćÿÜĆÚāÅäÈëä­óÈĀæñìÚ­óØöćÃîÈ
ÂóäÜäñëóÚĀæñÂóäÿÉäõÎÿÖõÛāÖÃîÈëõćÈâöËöèõÖ 

āÅäÈëä­óÈßøĈÚÑóÚÃîÈÿÌææ° 

 ÿÌææ°ØòćèăÜ×÷ÈÉñâöÃÚóÕ äúÜä¬óÈ ĀæñìÚ­óØöćĀÖÂÖ¬óÈÂòÚîã¬óÈăäÂĆÖóâ ĀÖ¬æòÂêÔñßøĈÚÑóÚáóãĂÚ
ÿÌææ°âòÂăâ¬ĀÖÂÖ¬óÈÂòÚ Ì÷ćÈÉñÜäñÂîÛÕ­èãāÅäÈëä­óÈßøĈÚÑóÚØöćÅæ­óãÅæ÷ÈÂòÚÕòÈÚöĈ 

 Ɨ. ë¬èÚì¬îìù­âÿÌææ°  ÿÜĆÚë¬èÚÃîÈÿÌææ°ØöćØČóìÚ­óØöćì¬îìù­âîÈÅ°ÜäñÂîÛáóãĂÚÿÌææ°Ăì­ÅÈäúÜ     
îãú¬ăÕ­  ăÕ­ĀÂ¬ 

Ɨ.Ɨ ÿãøĈîìù­âÿÌææ° (Cell membrane) ÿãøćîìù­âÿÌææ°âöËøćîÿäöãÂăÕ­ìæóãîã¬óÈ ÿË¬Ú            
ßæóëâó  ÿââÿÛäÚ (Plasma membrane)  ăÌāØßæóëâõÂ ÿââÿÛäÚ (Cytoplasmic membrane) ÿãøĈîìù­âÿÌææ°
ÜäñÂîÛÕ­èãāÜäÖöÚÜäñâóÔ ƜƖ%  æõßõÕÜäñâóÔ ƚƖ% āÜäÖöÚë¬èÚĂìÎ¬ÿÜĆÚāÜäÖöÚØöćîãú¬äèâÂòÛ
Åóä°āÛăïÿÕäÖ (Glycoprotein)  ĀæñāÜäÖöÚÿâøîÂ (Mucoprotein) ë¬èÚæõßõÕë¬èÚĂìÎ¬ÉñÿÜĆÚàîëāàæõßõÕ 
(Phospholipid) ĀæñÅæîÿæëÿØîäîæ (Cholesterol) ÂóäÿäöãÈÖòèÃîÈāÜäÖöÚĀæñæõßõÕÉòÕÿäöãÈÖòèÿÜĆÚ
ëóäÜäñÂîÛÿËõÈÌ­îÚ āÕãâöæõßõÕîãú¬ÖäÈÂæóÈ ĀæñāÜäÖöÚìù­âîãú¬ØòĈÈëîÈÕ­óÚ ËòĈÚÃîÈæõßõÕÉòÕÿäöãÈÖòèÿÜĆÚ       
Ƙ ËòĈÚ āÕãìòÚÕ­óÚØöćâöÜäñÉùîîÂÕ­óÚÚîÂ ĀæñìòÚÕ­óÚØöćăâ¬âöÜäñÉù (Nonpolar) ÿÃ­óÕ­óÚĂÚÂóäÿäöãÈÖòèĂÚ
æòÂêÔñÿË¬ÚÚöĈ ÿäöãÂè¬ó ãúÚõÖ ÿââÿÛäÚ (Unit membrane) 

 
 

 
 
 
 
 

 
 
 

áóßĀëÕÈÿãøćîìù­âÿÌææ° 
 
 
 



 ƛƗ 

ìÚ­óØöćÃîÈÿãøćîìù­âÿÌææ°  Åøî 
Ɨ.  ì¬îìù­âë¬èÚÃîÈāßäāØßæóëÌ÷âØöćîãú¬Ã­óÈĂÚ ØČóĂì­ÿÌææ°ĀÖ¬æñÿÌææ°ĀãÂîîÂÉóÂÂòÚ ÚîÂÉóÂÚöĈ

ãòÈìù­âîîĀÂÿÚææ° îöÂìæóãËÚõÕÕ­èã  
2.  Ë¬èãÅèÛÅùâÂóäÿÃ­óîîÂÃîÈëóäÖ¬óÈą äñìè¬óÈáóãĂÚÿÌææ°ĀæñëõćÈĀèÕæ­îâ ÿäöãÂè¬óâöÅùÔëâÛòÖõ

ÿÜĆÚ ÿÌâõÿßîä°âöÿîÿÛõæ ÿââÿÛäÚ (Semipermeable membrane) Ì÷ćÈÉñãõÚãîâĂì­ëóäÛóÈËÚõÕÿØ¬óÚòĈÚ ØöćÝ¬óÚÿÃ­ó
îîÂăÕ­ Ì÷ćÈÂóäÝ¬óÚÿÃ­óîîÂÉñâöîòÖäóÿäĆèØöćĀÖÂÖ¬óÈÂòÚ  

Ɨ.Ƙ ÝÚòÈÿÌææ° (Cell wall)  ÿÜĆÚë¬èÚØöćîãú¬ÚîÂÿÌææ° ßÛăÕ­ĂÚëõćÈâöËöèõÖìæóãËÚõÕ            
ÿË¬Ú ÿÌææ°ßøË ëóìä¬óã ĀÛÅØöÿäöã Āæñäó ÝÚòÈÿÌææ°ØČóìÚ­óØöćÜ­îÈÂòÚĀæñĂì­ÅèóâĀÃĆÈĀäÈĀÂ¬ÿÌææ°            
āÕãØöćÝÚòÈÿÌææ°ÿÜĆÚë¬èÚØöćăâ¬âöËöèõÖÃîÈÿÌææ° ÝÚòÈÿÌææ°ßøËÜäñÂîÛÕ­èãëóäßèÂÿÌææúāæë ÿßÂØõÚ æõÂÚõÚ 
ÅõèØõÚ ĀæñÌúÿÛîäõÚÿÜĆÚîÈÅ°ÜäñÂîÛîãú¬ ÂóäÖõÕÖ¬îäñìè¬óÈÿÌææ°ßøËîóéòãßæóëāâÿÕëâóÖó
(Plasmodesmata) ÿÜĆÚëóãĂãÃîÈăÌāØßæóëÌ÷âĂÚÿÌææ°ìÚ÷ćÈØöćØñæùÝ¬óÚÝÚòÈÿÌææ°ÿËøćîâÖ¬îÂòÛ                   
ăÌāØßæóëÌ÷âÃîÈîöÂÿÌææ°ìÚ÷ćÈ Ì÷ćÈÿÂöćãèÃ­îÈÂòÛÂóäæČóÿæöãÈëóääñìè¬óÈÿÌææ° 

Ɨ.ƙ ëóäÿÅæøîÛÿÌææ° (Cell coat)  ÿÜĆÚëóäØöćÿÌææ°ëä­óÈÃ÷ĈÚâóÿßøćîì¬îìù­âÿÌææ°îöÂËòĈÚìÚ÷ćÈ  
ÿÜĆÚëóäØöćâöÅèóâĀÃĆÈĀäÈ  ăâ¬æñæóãÚČĈó  ØČóĂì­ÿÌææ°ÅÈäúÜä¬óÈăÕ­  ĀæñË¬èãæÕÂóäëúÎÿëöãÚČĈó 

ĂÚÿÌææ°ëòÖè° ëóäÿÅæøîÛÿÌææ°ÿÜĆÚëóäßèÂăÂæāÅāÜäÖöÚ (Glycoprotein) āÕãÿÜĆÚāÜäÖöÚ
ØöćÜäñÂîÛÕ­èã Simple protein (āÜäÖöÚØöćÿâøćîëæóãÖòèĀæ­èĂì­ÂäÕîñâõāÚîã¬óÈÿÕöãè) ÂòÛÅóä°āÛăïÿÕäÖ    
ëóäÿÅæøîÛÿÌææ°ÚöĈÿÜĆÚë¬èÚëČóÅòÎØöćØČóĂì­ÿÌææ°ËÚõÕÿÕöãèÂòÚÉÕÉČóÂòÚăÕ­ ĀæñÿÂóñÂæù¬âÂòÚÿÜĆÚÿÚøĈîÿãøćî ÿÜĆÚ
îèòãèñÃ÷ĈÚ  ×­óìóÂëóäÿÅæøîÛÿÌææ°ÚöĈÝõÕÜÂÖõăÜÉóÂÿÕõâÿÜĆÚÝæĂì­ÿÌææ°ÉÕÉČóÂòÚăâ¬ăÕ­  ĀæñÃóÕÂóäÖõÕÖ¬î
ÜäñëóÚÈóÚÂòÚ ÿÌææ°ÿìæ¬óÚöĈÉñØČóìÚ­óØöćÝõÕĀÜæÂăÜ ÿË¬Ú ÿÌææ°âñÿäĆÈ (Cencer cell) ÿÌææ°âñÿäĆÈÿÜĆÚÿÌææ°Øöć
âöÅèóâÝõÕÜÂÖõìæóãą  ÜäñÂóä ĀÖ¬ØöćëČóÅòÎÜäñÂóäìÚ÷ćÈ Åøî ëóäÿÅæøîÛÿÌææ°  ÝõÕăÜÉóÂÿÕõâ ØČóĂì­Âóä
ÖõÕÖ¬îĀæñÜäñëóÚÈóÚÂòÛÿÌææ°îøćÚą ÝõÕăÜÕ­èã ÿÜĆÚÝæĂì­ÿÂõÕÂóäĀÛ¬ÈÿÌææ°îã¬óÈâóÂâóã Āæñăâ¬ëóâóä×
ÅèÛÅùâÂóäĀÛ¬ÈÿÌææ°ăÕ­ É÷ÈÿÂõÕÿÜĆÚÿÚøĈîä­óãĀæñÿÜĆÚîòÚÖäóãÖ¬îËöèõÖ  ÿÚøćîÈÉóÂÿÌææ°âñÿäĆÈÖ­îÈĂË­ßæòÈÈóÚ
ĀæñëóäÉČóÚèÚâóÂ  É÷ÈäùÂäóÚÿÌææ°îøćÚą Ăì­ăÕ­äòÛîòÚÖäóã 

ĂÚßèÂÿìĆÕ äó   âöëóäÿÅæøîÛÿÌææ°ìäøîÝÚòÈÿÌææ°ÿÜĆÚëóäßèÂăÅØõÚ (Chitin)                  
Ì÷ćÈÿÜĆÚëóäßèÂÿÕöãèÂòÚÂòÛÿÜæøîÂÂù­È  ĀæñĀâæÈ ăÅØõÚÉòÕÿÜĆÚÅóä°āÛăïÿÕäÖËÚõÕìÚ÷ćÈ Ì÷ćÈÜäñÂîÛÕ­èã
ìÚ¬èãã¬îã Åøî N · acetyl glucosamine âóã÷ÕÿÂóñÂòÚÕ­èã B -Ɨ , ƚ glycosidic bond  
               ëóäÿÅæøîÛÿÌææ°ìäøîÝÚòÈÿÌææ°ÃîÈßèÂëóìä¬óãăÕîñÖîâ (Diatom) âöëóäÌõæõÂó (Silica) 
Ì÷ćÈÿÜĆÚëóäßèÂĀÂ­èÜäñÂîÛîãú¬ØČóĂì­âîÈÕúÿÜĆÚÿÈóĀèèèóè 

 
 
 



 ƛƘ 

Ƙ. āßäāØßæóëÌ÷â (Protoplasm) 
āßäāØßæóëÌ÷â ÿÜĆÚë¬èÚÃîÈÿÌææ°Øöćîãú¬áóãĂÚÿãøćîìù­âÿÌææ°ØòĈÈìâÕ ØČóìÚ­óØöćÿÂöćãèÃ­îÈÂòÛ          

ÂóäÿÉäõÎĀæñÂóäÕČóäÈËöèõÖÃîÈÿÌææ° āßäāØßæóëÌ÷âÃîÈÿÌææ°Ö¬óÈą ÉñÜäñÂîÛÕ­èãÙóÖùØöćÅæ­óãÅæ÷ÈÂòÚ ƚ 
ÙóÖùìæòÂ Åøî Åóä°ÛîÚ ăïāÕäÿÉÚ îîÂÌõÿÉÚ ĀæñăÚāÖäÿÉÚ Ì÷ćÈäèâÂòÚ×÷È ƟƖ% ë¬èÚÙóÖùØöćâöÚ­îãÂĆÅøî 
ØîÈĀÕÈ ëòÈÂñëö îñæúâõÿÚöãâ āÅÛîæÖ° ĀâÈÂóÚöë āâæõÛÕõÚòâ  ĀæñÛîäîÚ ÙóÖùÖ¬óÈą ÿìæ¬óÚöĈÉñäèâÖòèÂòÚ
ÿÜĆÚëóäÜäñÂîÛÖ¬óÈą ØöćÉČóÿÜĆÚÖ¬îÂóäÕČóäÈËöèõÖÃîÈÿÌææ° ĀæñëõćÈâöËöèõÖ  

āßäāØßæóëÌ÷â ÜäñÂîÛÕ­èã Ƙ ë¬èÚ Åøî ăÌāØßæóëÌ÷â (Cytoplasm) ĀæñÚõèÿÅæöãë (Nucleus) 
             Ƙ.Ɨ ăÌāØßæóëÌ÷â (Cytoplasm)  Åøîë¬èÚÃîÈāßäāØßæóëÌ÷âØöćîãú¬ÚîÂÚõèÿÅæöãë 
āÕãØòćèăÜÜäñÂîÛÕ­èã  

2.1.1 îîä°ĀÂÿÚææ° (Organell) ÿÜĆÚë¬èÚØöćâöËöèõÖ ØČóìÚ­óØöćÅæ­óã ą ÂòÛîèòãèñ     ÃîÈÿÌææ°
ĀÛ¬ÈÿÜĆÚßèÂØöćâöÿãøćîìù­â ĀæñßèÂØöćăâ¬âöÿãøćîìù­â 

îîä°ĀÂÿÚæØöćâöÿãøćîìù­â (Membrane b bounded organell)  ăÕ­ĀÂ¬ 
Ɨ)  ăâāØÅîÚÿÕäöã (Mitochondria)  ßÛÅäòĈÈĀäÂ āÕãÅîææõÂÿÂîä°(Kollicker)                

ăâāØÅîÚÿÕäöã  ë¬èÚĂìÎ¬ÉñâöäúÜä¬óÈÂæâ Ø¬îÚëòĈÚ Ø¬îÚãóè ìäøîÂæâäöÅæ­óãäúÜăÃ¬ āÕãØòćèăÜâöÃÚóÕ     
ÿë­ÚÝ¬óÚéúÚã°ÂæóÈÜäñâóÔ Ɩ.Ƙ -Ɨ ăâÅäîÚ Āæñãóè ƛ-Ɲ ăâÅäîÚ ÜäñÂîÛÕ­èãëóäāÜäÖöÚ ÜäñâóÔ ƜƖ-
Ɯƛ % ĀæñæõßõÕÜäñâóÔ ƙƛ-ƚƖ% ăâāØÅîÚÿÕäöãÿÜĆÚîîä°ĀÂÿÚææ°ØöćâöãúÚõÖ ÿââÿÛäÚ ìù­â Ƙ ËòĈÚ (Double unit 
membrane) āÕãÿÚøĈîÿãøćîËòĈÚÚîÂÿäöãÛâöÅèóâìÚóÜäñâóÔ ƜƖ-ƝƖ îòÈÖäîâ ÿãøćîËòĈÚĂÚßòÛÿÃ­óÕ­óÚĂÚÿäöãÂè¬ó 
ÅäõëÖö (Cristae) âöÅèóâìÚóÜäñâóÔ ƜƖ-ƞƖ îòÈÖäîâ  áóãĂÚăâāØÅîÚÿÕäöãâöÃîÈÿìæèÌ÷ćÈÜäñÂîÛÕ­èã
ëóäìæóãËÚõÕ ÿäöãÂè¬ó âóØäõÂÌ° (Matrix) ăâāØÅîÚÿÕäöãÚîÂÉóÂÉñâöëóäÜäñÂîÛÿÅâöìæóãËÚõÕĀæ­è ãòÈâö
ÿîÚăÌâ°ØöćëČóÅòÎĂÚÂóäëä­óÈßæòÈÈóÚÉóÂÂóäìóãĂÉ āÕãßÛÿîÚăÌâ°   ØöćÿÂöćãèÃ­îÈÂòÛèòÐÉòÂäÿÅäÛë° (Krebs 
cycle) ĂÚâóØäõÂÌ° ĀæñßÛÿîĆÚăÌâ°ĂÚäñÛÛÃÚë¬ÈîõÿæÅÖäîÚ (Electron transport system) ØöćÅäõëÖöÃîÈÿãøćî
ËòĈÚĂÚ ÚîÂÉóÂÚöĈãòÈßÛÿîÚăÌâ°ĂÚÂóäëòÈÿÅäóñì° DNA ëòÈÿÅäóñì° RNA ĀæñāÜäÖöÚÕ­èã  

ÉČóÚèÚÃîÈăâāØÅîÚÿÕäöãĂÚÿÌææ°ĀÖ¬æñËÚõÕ ÉñâöÉČóÚèÚăâ¬ĀÚ¬ÚîÚÃ÷ĈÚîãú¬ÂòÛËÚõÕ Āæñ
ÂõÉÂääâÃîÈÿÌææ° āÕãÿÌææ°ØöćâöÿâĀØÛîæõÌ÷âëúÈ ÉñâöăâāØÅîÚÿÕäöãâóÂ ÿË¬Ú ÿÌææ°ÖòÛ ÿÌææ°ăÖ  ÿÌææ°
Âæ­óâÿÚøĈîìòèĂÉ  ÿÌææ°Ö¬îâÖ¬óÈą  ÿÌææ°ØöćâöÿâĀØÛîæõÌ÷âÖČćó ÿË¬Ú ÿÌææ°ÝõèìÚòÈ ÿÌææ°ÿãøćîÿÂöćãèßòÚÉñâöăâāØ
ÅîÚÿÕäöãÚ­îã ÂóäØöćăâāØÅîÚÿÕäöã âö DNA ÿÜĆÚÃîÈÖòèÿîÈ É÷ÈØČóĂì­ăâāØÅîÚÿÕäöãëóâóä×ØèöÉČóÚèÚăÕ­ 
ĀæñãòÈëóâóä×ëòÈÿÅäóñì°āÜäÖöÚØöćÉČóÿÜĆÚÖ¬îÂóäØČóÈóÚÃîÈăâāØÅîÚÿÕäöãăÕ­ 
                ìÚ­óØöćÃîÈăâāØÅîÚÿÕäöã ÅøîÿÜĆÚĀìæ¬Èëä­óÈßæòÈÈóÚÃîÈÿÌææ°āÕãÂóäìóãĂÉ           
äñÕòÛÿÌææ°ĂÚË¬èÈèòÏÉòÂäÿÅäÛë° ØöćâóØäõÂÌ°ĀæñäñÛÛÃÚë¬ÈîõÿæÅÖäîÚØöćÅäõëÖö 

Ƙ) ÿîÚāÕßæóëâõÂÿäÖõÅúæòâ (Endoplasmic reticulum : ER)  ÿÜĆÚîîä°ĀÂÿÚææ°Øöćâö          
ÿââÿÛäÚì¬îìù­â ÜäñÂîÛÕ­èãāÅäÈëä­óÈäñÛÛØ¬îØöćâöÂóäÿËøćîâÜäñëóÚÂòÚØòĈÈÿÌææ° ë¬èÚÃîÈØ¬îãòÈÖõÕÖ¬î



 ƛƙ 

ÂòÛÿãøćîìù­âÿÌææ° ÿãøćîìù­âÚõèÿÅæöãëĀæñÂîæÉõÛîÕöÕ­èã  áóãĂÚØ¬îâöÃîÈÿìæèÌ÷ćÈÿäöãÂè¬ó ăïãóāæßæóëÌ÷â 
(Hyaloplasm) ÛääÉùîãú¬  

ÿîÚāÕßæóëâõÿäÖõÅúæòâĀÛ¬ÈîîÂÿÜĆÚ Ƙ ËÚõÕ Åøî 
              Ƙ.Ɨ) ÿîÚāÕßæóëâõÂÿäÖõÅúæòâËÚõÕÿäöãÛ (Smooth endoplasmic reticulum : SER) ÿÜĆÚ
ËÚõÕØöćăâ¬âöăäāÛāÌâÿÂóñ âöìÚ­óØöćëČóÅòÎÅøîæČóÿæöãÈëóäÖ¬óÈą ÿË¬Ú RNA æõßõÖāÜäÖöÚëòÈÿÅäóñì°ëóäßèÂ
ăÃâòÚ ĀæñëÿÖîäîãÕ°ïîä°āâÚ ÚîÂÉóÂÚöĈ ÿîÚāÕßæóëâõÂÿäÖõÅúæòâËÚõÕÿäöãÛĂÚÿÌææ°ÖòÛ  ãòÈË¬èãĂÚÂóä
ÂČóÉòÕëóäßõêÛóÈîã¬óÈîöÂÕ­èã 

Ƙ.Ƙ) ÿîÚāÕßæóëâõÂÿäÖõÅúæòâËÚõÕÃäùÃäñ (Rough endoplasmic reticulum : RER)  ÿÜĆÚ
ËÚõÕØöćâöăäāÛāÌâ (Ribosome) âóÿÂóñØöćÝõèÕ­óÚÚîÂ âöìÚ­óØöćëČóÅòÎÅøî ÂóäëòÈÿÅäóñì° āÜäÖöÚÃîÈăäāÛ
āÌâØöćÿÂóñîãú¬ ĀæñæČóÿæöãÈëóäÌ÷ćÈăÕ­ĀÂ¬āÜäÖöÚØöćëä­óÈăÕ­ ĀæñëóäîøćÚą ÿË¬Ú æõßõÕ ËÚõÕÖ¬óÈą  

3)  ÂîæÉõÛîÕö (Golgi body) âöËøćîÿäöãÂØöćĀÖÂÖ¬óÈÂòÚìæóãîã¬óÈÅøî ÂîæÉõÅîâÿßæÂÌ° 
(Golgi complex) ÂîæÉõĀîßßóäóÖòë (Golgi apparatus) ÕõÂăØāîāÌâ (Dictyosome) âöäúÜä¬óÈæòÂêÔñÿÜĆÚ×ùÈ
ĀÛÚą ìäøîÿÜĆÚØ¬îÿäöãÈÌ­îÚÂòÚÿÜĆÚËòĈÚą âöÉČóÚèÚăâ¬ĀÚ¬ÚîÚ āÕãØòćèăÜÉñßÛĂÚÿÌææ°ëòÖè°ØöćâöÂäñÕúÂëòÚ
ìæòÈâóÂÂè¬óĂÚëòÖè°ăâ¬âöÂäñÕúÂëòÚìæòÈ âöìÚ­óØöćëČóÅòÎ Åøî ÿÂĆÛëñëâëóäØöćÿÌææ°ëä­óÈÃ÷ĈÚ  Â¬îÚØöćÉñÜæ¬îã
îîÂÚîÂÿÌææ° Ì÷ćÈëóäë¬èÚĂìÎ¬ÿÜĆÚëóäāÜäÖöÚ âöÂóäÉòÕÿäöãÈÖòèìäøîÉòÕëáóßĂìâ¬ Ăì­ÿìâóñÂòÛëáóßÃîÈ
ÂóäĂË­ÈóÚ  ÂîæÉõÛîÕöÿÂöćãèÃ­îÈÂòÛÂóäëä­óÈîñāÅäāÌâ (Acrosome) Ì÷ćÈîãú¬Øöć ë¬èÚìòèÃîÈëÿÜõä°âāÕãØČó
ìÚ­óØöćÿÉóñăÃ¬ÿâøćîÿÂõÕÜÐõëÚÙõ ÚîÂÉóÂÚöĈãòÈÿÂöćãèÂòÛÂóäëä­óÈÿÚâóāØÌöë (Nematocyst) ÃîÈăïÕäóîöÂÕ­èã  

ƚ)  ăæāÌāÌâ (Lysosome) ÿÜĆÚîîä°ĀÂÿÚææ°ØöćâöÿââÿÛäÚì¬îìù­âÿßöãÈËòĈÚÿÕöãè                  
ßÛÅäòĈÈĀäÂāÕãÅäõëÿÖöãÚ ÿÕî Õúà (Christain de Duve) äúÜä¬óÈèÈäö ÿë­ÚÝ¬óÚéúÚã°ÂæóÈÜäñâóÔ              
Ɩ.Ɨƛ-Ɩ.ƞ ăâÅäîÚ ßÛÿÊßóñĂÚÿÌææ°ëòÖè°ÿØ¬óÚòĈÚ āÕãßÛâóÂĂÚàóāÂăØÌõÂÿÌææ° (Phagocytic cell)        
ÿË¬Ú ÿÌææ°ÿâĆÕÿæøîÕÃóè Āæñ ÿÌææ°ĂÚäñÛÛÿäÖõÅúāæĀîÚāÕØöÿæöãæ (Reticuloendothelial system)               
ÿË¬Ú ÖòÛ â­óâ ÚîÂÉóÂÚöĈãòÈßÛăæāÌāÌâÉČóÚèÚâóÂĂÚÿÌææ°ØöćăÕ­äòÛÛóÕÿÉĆÛìäøîâöÂóäëæóãÖòèÿîÈ          
ÿË¬Ú ÿÌææ°ë¬èÚìóÈÃîÈæúÂî®îÕ  ÿÜĆÚÖ­Ú ăæāÌāÌââöÿîÚăÌâ°ìæóãËÚõÕ É÷Èëóâóä×ã¬îãëëóäÖ¬óÈą       
áóãĂÚÿÌææ°ăÕ­Õö  É÷ÈâöìÚ­óØöćëČóÅòÎ ƚ ÜäñÂóäÅøî  

Ɨ. ã¬îãëæóãîÚùáóÅĀæñāâÿæÂùæÃîÈëóäîóìóäáóãĂÚÿÌææ°  
Ƙ. ã¬îãìäøîØČóæóãÿËøĈîāäÅĀæñëõćÈĀÜæÂÜæîâÖ¬óÈ ą ØöćÿÃ­óëú¬ä¬óÈÂóäìäøîÿÌææ°  ÿË¬Ú  ÿÌææ°ÿâĆÕÿæøîÕ

ÃóèÂõÚ Āæñã¬îãëæóãÿÌææ°ĀÛÅØöÿäöã  
ƙ. ØČóæóãÿÌææ°ØöćÖóãĀæ­è ìäøî ÿÌææ°ØöćâöîóãùâóÂāÕãÿãøćîÃîÈăæāÌāÌâÉñÊöÂÃóÕăÕ­È¬óã  Āæ­èÜæ¬îã

ÿîÚăÌâ°îîÂâóã¬îãëæóãÿÌææ°ÕòÈÂæ¬óè  
ƚ. ã¬îãëæóãāÅäÈëä­óÈÖ¬óÈą ÃîÈÿÌææ°ĂÚäñãñØöćÿÌææ°âöÂóäÿÜæöćãÚĀÜæÈĀæñ âöÿâÖóâîä°āàÌöë 

(Metamorphosis) ÿË¬Ú ĂÚÿÌææ°ë¬èÚìóÈÃîÈæúÂî®îÕ  



 ƛƚ 

ƛ) ĀèÅõèāîæ (Vacuole) ÿÜĆÚîîä°ĀÂÿÚææ°ØöćâöæòÂêÔñÿÜĆÚ×ùÈ âöÿââÿÛäÚÌ÷ćÈÿäöãÂè¬ó           
āØāÚßæóëÖ° (Tonoplast) ì¬îìù­â áóãĂÚâöëóäÖ¬óÈąÛääÉùîãú¬  

ĀèÅõèāîæĀÛ¬ÈîîÂÿÜĆÚ ƙ ËÚõÕ Åøî  
ƛ.Ɨ) ĀÌÜĀèÅõèāîæ (Sap vacuole) ßÛÿÊßóñĂÚÿÌææ°ßøËÿØ¬óÚòĈÚ áóãĂÚÛääÉùÃîÈÿìæè Ì÷ćÈ

ë¬èÚĂìÎ¬ÿÜĆÚÚČĈó ĀæñëóäæñæóãîøćÚą ĂÚÿÌææ°ßøËØöćãòÈî¬îÚą îãú¬ ĀÌÜĀèÅõèāîæ ÉñâöÃÚóÕÿæĆÂ äúÜä¬óÈ
Å¬îÚÃ­óÈÂæâ ĀÖ¬ÿâøćîÿÌææ°ĀÂ¬Ã÷ĈÚ ĀèÅõèāîæËÚõÕÚöĈÉñâöÃÚóÕĂìÎ¬ÿÂøîÛÿÖĆâÿÌææ° ØČóĂì­ ë¬èÚÃîÈÚõèÿÅæöãë
ĀæñăÌāØßæóÌ÷âë¬èÚîøćÚą ×úÂÕòÚăÜîãú¬ØóÈÕ­óÚÃ­óÈÕ­óÚĂÕÕ­óÚìÚ÷ćÈÃîÈÿÌææ° 

ƛ.Ƙ) àúÕĀèÅõèāîæ (Food vacuole) ßÛĂÚāßäāØÌòèßèÂîñâöÛó ĀæñßèÂØöćâö ÃÚÌöÿäöãë 
ÚîÂÉóÂÚöĈ ãòÈßÛĂÚÿÌææ°ÿâĆÕÿæøîÕÃóè ĀæñàóāÂăÌØõÂ ÿÌææ° (Phagocytic cell) îøćÚą Õ­èãàúÕĀèÅõèāîæÿÂõÕ
ÉóÂÂóäÚČóîóìóäÿÃ­óëú¬ÿÌææ°ìäøîÂóäÂõÚĀÛÛàóāÂăÌāØÌõë (Phagocytosis) Ì÷ćÈîóìóäÚöĈÉñØČóÂóäã¬îãāÕã
ÚČĈóã¬îãÉóÂăæāÌāÌâÖ¬îăÜ 

ƛ.ƙ) ÅîÚĀØäÂăØæ°ĀèÅõèāîæ (Contractile vacuole) ßÛĂÚāßäāØÌòèÚČĈóÉøÕ ìæóãËÚõÕ 
ÿË¬Ú îñâöÛó ßóäóâõÿÌöãâ ØČóìÚ­óØöćÃòÛ×¬óãÚČĈóØöćâóÂÿÂõÚÅèóâÖ­îÈÂóä ĀæñÃîÈÿëöãØöćæñæóãÚČĈóîîÂÉóÂÿÌææ° 
ĀæñÅèÛÅùâëâÕùæÚČĈóáóãĂÚÿÌææ°Ăì­ßîÿìâóñÕ­èã 

Ɯ) ßæóëÖõÕ (Plastid) ÿÜĆÚîîä°ĀÂÿÚææ°ØöćßÛăÕ­ĂÚÿÌææ°ßøËĀæñëóìä¬óãØòćèăÜ  ãÂÿè­Ú 
ëóìä¬óãëöÿÃöãèĀÂâÚČĈóÿÈõÚ ĂÚāßäāØÌòè ßÛÿÊßóñßèÂØöćâöĀë­ ÿË¬Ú ãúÂæöÚó èîæèîÂÌ° ÿÜĆÚÖ­Ú  
āÕãĀÛ¬ÈîîÂÿÜĆÚ ƙ ËÚõÕ Åøî 

Ɯ.Ɨ) æõèāÅßæóëÖ° (Leucoplast) ÿÜĆÚßæóëÖõÕØöćăâ¬âöëö ßÛÖóâÿÌææ°ÝõèÃîÈĂÛ ĀæñÿÚøĈîÿãøćî
ëñëâîóìóäßèÂ ĀÜ­È āÜäÖöÚ 

Ɯ.Ƙ) āÅäāâßæóëÖ° (Chromoplast) ÿÜĆÚßæóëÖõÕØöćâöäÈÅèòÖ×ùëöîøćÚą ÚîÂÉóÂëöÿÃöãè ÿË¬Ú 
ĀÅāäØöÚ (Carotene) Ăì­ëöë­âĀæñĀÕÈ   ĀÌÚāØàöææ° (XanthophyII) Ăì­ëöÿìæøîÈÚČĈóÖóæ āÅäāâßæóëÖ°ßÛ
âóÂĂÚÝæăâ­ëùÂ ÿË¬Ú âñæñÂî âñÿÃøîÿØé ÂæöÛÃîÈÕîÂăâ­ 

Ɯ.ƙ) ÅæîāäßæóëÖ° (Chloroplast) ÿÜĆÚßæóëÖõÕØöćâöëöÿÃöãè Ì÷ćÈë¬èÚĂìÎ¬ÿÜĆÚëóä
Åæîāäàöææ° áóãĂÚÅæîāäàöææ°ÜäñÂîÛÕ­èã ë¬èÚØöćÿÜĆÚÃîÈÿìæèÿäöãÂè¬ó ëāÖäâó (Stroma) âöÿîÚăÌâ°Øöć
ÿÂöćãèÃ­îÈÂòÛÂóäëòÈÿÅäóñì°Õ­èãĀëÈĀÛÛØöćăâ¬Ö­îÈĂË­ĀëÈ (Dark reaction) âö DNA RNA  ĀæñăäāÛāÌâ Āæñ
ÿîÚăÌâ°îöÂìæóãËÚõÕÜñÜÚÂòÚîãú¬ îöÂë¬èÚìÚ÷ćÈÿÜĆÚÿãøćîØöćÿäöãÈÌ­îÚÂòÚ ÿäöãÂè¬ó ÂäóÚó (Grana) äñìè¬óÈÂäó
ÚóÉñâöÿãøćîÿââÿÛäÚ ÿËøćîâĂì­ÂäóÚóÖõÕÖ¬î×÷ÈÂòÚ ÿäöãÂè¬ó îõÚÿÖîä°ÂäóÚó (Intergrana) ØòĈÈÂäóÚóĀæñ
îõÚÿÖîä°ÂäóÚóÿÜĆÚØöćîãú¬ÃîÈÅæîāäàõææ° äÈÅ°èòÖ×ùîøćÚą ĀæñßèÂÿîÚăÌâ°  ØöćÿÂöćãèÃ­îÈÂòÛÂóäëòÈÿÅäóñì°Õ­èã
ĀëÈĀÛÛØöćÖ­îÈĂË­ĀëÈ  (Light reaction)ÛääÉùîãú¬ ìÚ­óØöćëČóÅòÎÃîÈ  ÅæîāäßæóëÖ°ÂĆÅøî ÂóäëòÈÿÅäóñì°Õ­èã
ĀëÈ (Photosynthesis) āÕãĀëÈëöĀÕÈĀæñĀëÈëöÚČĈóÿÈõÚ ÿìâóñëâ  Ö¬îÂóäëòÈÿÅäóñì°Õ­èãĀëÈâóÂØöćëùÕ 
                   
 



 ƛƛ 

 
 
 
 
 
 

 
 
 

áóßĀëÕÈ ÅæîāäßæóëÖ° 
 

îîä°ĀÂÿÚææ°Øöćăâ¬âöÿãøćîìù­â (Nonmembrane bounded oranell)  
Ɨ) ăäāÛāÌâ(Ribosome) ÿÜĆÚîîä°ĀÂÿÚææ°ÃÚóÕÿæĆÂßÛăÕ­ĂÚëõćÈâöËöèõÖØòćèăÜ ÜäñÂîÛÕ­èã

ëóäÿÅâö Ƙ ËÚõÕ Åøî ÂäÕăäāÛÚõèÅæöîõÂ (Ribonucleic acid : RNA) ÂòÛāÜäÖöÚîãú¬äèâÂòÚÿäöãÂè¬ó  ăäāÛÚõèÅæö
āîāÜäÖöÚ  (Ribonucleoprotien)ăäāÛāÌââöØòĈÈØöćîãú¬ÿÜĆÚîõëäñĂÚăÌāØßæóÌ÷âĀæñ ÿÂóñîãú¬ÛÚÿîÚāÕß
æóëâõÂÿäÖõÅúæòâ (ßÛÿÊßóñĂÚÿÌææ°ãúÅóäõāîÖÿØ¬óÚòĈÚ) ßèÂØöćÿÂóñîãú¬ØöćÿîÚāÕßæóëâõÂÿäÖõÅúæòâÉñßÛâóÂĂÚ
ÿÌææ°Ö¬îâØöćëä­óÈÿîÚăÌâ°Ö¬óÈą ßæóëâóÿÌææ°ÿìæ¬óÚöĈÉñëä­óÈāÜäÖöÚØöćÚČóăÜĂË­ÚîÂÿÌææ°ÿÜĆÚëČóÅòÎ 

Ƙ) ÿÌÚØäõāîæ (Centriole) âöæòÂêÔñÅæ­óãØ¬îØäÈÂäñÛîÂ Ƙ îòÚÖòĈÈÊóÂÂòÚ ßÛÿÊßóñĂÚ
ÿÌææ°ëòÖè°ĀæñāßäØõëÖ°ÛóÈËÚõÕ  âöìÚ­óØöćÿÂöćãèÂòÛÂóäĀÛ¬ÈÿÌææ°  ÿÌÚØäõāîæĀÖ¬æñîòÚ ÉñÜäñÂîÛÕ­èãËùÕ
ÃîÈăâāÅäØúÛúæ (Microtubule) Ì÷ćÈÿÜĆÚìæîÕÿæĆÂą Ɵ ËùÕ ĀÖ¬æñËùÕâö ƙ ÌòÛăàÿÛîä° (Subfiber) Åøî A  B Āæñ 
C ÛäõÿèÔÖäÈÂæóÈăâ¬âöăâāÅäØúÛúæ É÷ÈÿäöãÂÂóäÿäöãÈÖòèĀÛÛÚöĈè¬ó Ɵ+Ɩ ÿÌÚØäõāîæ âö DNA Āæñ RNA ÿÜĆÚ
ÃîÈÖòèÿîÈ ÕòÈÚòĈÚÉ÷Èëóâóä×ÉČóæîÈÖòèÿîÈĀæñëä­óÈāÜäÖöÚÃ÷ĈÚâóĂË­ÿîÈăÕ­  

Ƙ.Ɨ.Ƙ ăÌāØßæóëâõÂ îõÚÅæúËòćÚ (Cytoplamic inclusion) ìâóã×÷È ëóäØöćăâ¬âöËöèõÖ
Øöćîãú¬ĂÚăÌāØßæóÌ÷â ÿË¬Ú ÿâĆÕĀÜ­È (Starch grain) ÿâĆÕāÜäÖöÚ ìäøîßèÂÃîÈÿëöãØöćÿÂõÕÉóÂÂäñÛèÚÂóäÿâ
ĀØÛîæõÌ÷â ÿË¬Ú Ýæ÷ÂÃîÈĀÅæÿÌöãâ îîÂÌóÿæÖ (Calcium oxalate) Ì÷ćÈÿÂõÕÉóÂÜÐõÂõäõãóÃîÈĀÅæÿÌöãâ ÂòÛÂäÕ
îîÂÌóæõÂ (Oxalic acid) ÿßøćîØČóæóãßõêÃîÈÂäÕÕòÈÂæ¬óè 
 

Ƙ.Ƙ ÚõèÿÅæöãë 
              ÚõèÿÅæöãëÅ­ÚßÛāÕã äîÿÛõä°Ö ÛäóèÚ° ÚòÂßåÂêéóëÖä°ËóèîòÈÂåê ÿâøćîÜö Å.é. ƗƞƙƗ âöæòÂêÔñÿÜĆÚ
Â­îÚØ÷ÛĀëÈÿÕ¬ÚËòÚ îãú¬ÛäõÿèÔÂæóÈą ìäøîÅ¬îÚăÜÃ­óÈĂÕÃ­óÈìÚ÷ćÈÃîÈÿÌææ° ÿÌææ°āÕãØòćèăÜÉñâö Ɨ 
ÚõèÿÅæöãë ÿÌææ°ßóäóâöÿÌöãâ âö Ƙ ÚõèÿÅæöãë ë¬èÚÿÌææ°ßèÂÂæ­óâÿÚøĈîæóã ÿÌææ°ÿèæÿÌæ (Vessel) ØöćÿÂöćãèÃ­îÈ



 ƛƜ 

ÂòÛÂóäÝæõÖæóÿØÂÌ°ĂÚßøËËòĈÚëúÈ ĀæñÿÌææ°ÃîÈäóØöćÿë­ÚĂãăâ¬âöÝÚòÈÂòĈÚÉñâöìæóãÚõèÿÅæöãë ÿÌææ°ÿâĆÕÿæøîÕ
ĀÕÈÃîÈëòÖè°ÿæöĈãÈæúÂÕ­èãÚČĈóÚâ ĀæñÿÌææ°ÌöàØõèÛ°ÃîÈāàæÿîâØöćĀÂ¬ÿÖĆâØöćÉñăâ¬âöÚõèÿÅæöãë ÚõèÿÅæöãëâö
ÅèóâëČóÅòÎÿÚøćîÈÉóÂÿÜĆÚØöćîãú¬ÃîÈëóäßòÚÙùÂääâ É÷ÈâöìÚ­óØöćÅèÛÅùâÂóäØČóÈóÚÃîÈÿÌææ° āÕãØČóÈóÚä¬èâÂòÛ
ăÌāØßæóëÌ÷â  

ëóäÜäñÂîÛØóÈÿÅâöÃîÈÚõèÿÅæöãë ÜäñÂîÛÕ­èã  
Ɨ. ÕöîîÂÌöăäāÛÚõèÅæöîõÂ ĀîÌõÕ (Deoxyribonucleic acid) ìäøî DNA ÿÜĆÚë¬èÚÜäñÂîÛÃîÈ

āÅäāâāÌâĂÚÚõèÿÅæöãë  
Ƙ. ăäāÛÚõèÅæöîõÂ ĀîÌõÕ (Ribonucleic acid) ìäøî RNA ÿÜĆÚë¬èÚØöćßÛĂÚÚõèÿÅæöãëāÕãÿÜĆÚ

ë¬èÚÜäñÂîÛÃîÈÚõèÅæöāîæòë  
ƙ.  āÜäÖöÚ ØöćëČóÅòÎÅøî āÜäÖöÚïöëāÖÚ (Histone) āÜäÖöÚāßäÖóâöÚ (Protamine) Ì÷ćÈÿÜĆÚāÜäÖöÚÿÛë 

(Basic protein) ØČóìÚ­óØöćÿËøćîâÿÂóñîãú¬ÂòÛ DNA ë¬èÚāÜäÖöÚÿîÚăÌâ°ë¬èÚĂìÎ¬ÉñÿÜĆÚÿîÚăÌâ° ĂÚ
ÂäñÛèÚÂóäëòÈÿÅäóñì°ÂäÕÚõèÅæöîõÂ ĀæñÿâĀØÛîæõÌ÷âÃîÈÂäÕÚõèÅæöîõÂ ĀæñÿîÚăÌâ°ĂÚÂäñÛèÚÂóäăÂæ
āÅăæ Ìöë  Ì÷ćÈÿÜĆÚÂäñÛèÚÂóäëä­óÈßæòÈÈóÚĂì­ÂòÛÚõèÿÅæöãë  

āÅäÈëä­óÈÃîÈÚõèÿÅæöãëÜäñÂîÛÕ­èã ƙ ë¬èÚ Åøî  
Ɨ.  ÿãøćîìù­âÿÌææ° (Nulear membrane) ÿÜĆÚÿãøćîÛóÈą Ƙ ËòĈÚ ÿäöãÈÌ­îÚÂòÚ ØöćÿãøćîÚöĈÉñâöäú              

ÿäöãÂè¬óÚõèÿÅæöãä°ßîä°  (Nuclear pore) ìäøî ĀîÚÚúæòë(Annulus)  âóÂâóã äúÿìæ¬óÚöĈØČóìÚ­óØöćÿÜĆÚØóÈÝ¬óÚÃîÈ
ëóäÖ¬óÈą äñìè¬óÈăÌāØßæóëÌ÷âĀæñÚõèÿÅæöãë ÚîÂÉóÂÚöĈÿãøćîìù­âÚõèÿÅæöãëãòÈâöæòÂêÔñÿÜĆÚÿãøćîÿæøîÂÝ¬óÚ
ÿË¬ÚÿÕöãèÂòÛÿãøćîìù­âÿÌææ°  ÿãøćîìù­âÚõèÿÅæöãëËòĈÚÚîÂÉñÖõÕÖ¬îÂòÛÿîÚāÕßæóëâõÂÿäÖõÅúæòâĀæñâöăäāÛāÌâ âó
ÿÂóñÿßøćîØČóìÚ­óØöćæČóÿæöãÈëóäÖ¬óÈ ą äñìè¬óÈÚõèÿÅæöãëĀæñăÌāØßæóëÌ÷âÕ­èã  
  2.   āÅäâóØõÚ (Chromatin) ÿÜĆÚë¬èÚÃîÈÚõèÿÅæöãëØöćã­îâÖõÕëö ÿÜĆÚÿë­ÚĂÚÿæĆÂą ßòÚÂòÚÿÜĆÚä¬óÈĀì 
ÿäöãÂä¬óÈĀìāÅäâóØõÚ (Chromatin network) āÕãÜäñÂîÛÕ­èã āÜäÖöÚìæóãËÚõÕ Āæñ DNA ĂÚÂóäã­îâëö 
āÅäâóØõÚÉñÖõÕëöĀÖÂÖ¬óÈÂòÚ ë¬èÚØöćÖõÕëöÿÃ­âÉñÿÜĆÚë¬èÚØöćăâ¬âöÉöÚ (Gene) îãú¬ÿæã ìäøîâöÂĆÚ­îãâóÂ ÿäöãÂè¬ó 
ÿïÿØîāäāÅäâóØõÚ (Heterochromatin) ë¬èÚØöćã­îâÖõÕëöÉóÈ ÿäöãÂè¬ó ãúāÅäâóØõÚ (Euchromatin) Ì÷ćÈÿÜĆÚØöćîãú¬
ÃîÈÉöÚ ĂÚÃÔñØöćÿÌææ°ÂČóæòÈĀÛ¬ÈÖòè ë¬èÚÃîÈāÅäāâāÌâÉñìÕëòĈÚÿÃ­óĀæñâöæòÂêÔñÿÜĆÚĀØ¬ÈÿäöãÂè¬ó
āÅäāâāÌâ (Chromosome) ĀæñāÅäāâāÌâÉñÉČóæîÈÖòèÿîÈÿÜĆÚë­ÚÅú¬ ÿäöãÂè¬ó āÅäâóØõÕ (Chromatid) 
āÅäāâāÌâÃîÈëõćÈâöËöèõÖĀÖ¬æñËÚõÕÉñâöÉČóÚèÚĀÚ¬ÚîÚ ÿË¬Ú ÃîÈÅÚâö Ƙƙ Åú¬ ( ƚƜ ĀØ¬È ) ĀâæÈìèöć ƚ Åú¬  (ƞ 
ĀØ¬È)  Āâè ƗƟ Åú¬ (ƙƞ ĀØ¬È)   ìâú ƘƖ Åú¬ (ƚƖ ĀØ¬È)  âñæñÂî Ɵ Åú¬ (Ɨƞ ĀØ¬È)  ÂóĀà ƘƘ Åú¬ (ƚƚ ĀØ¬È) āÅäāâāÌââö
ìÚ­óØöćÅèÛÅùâÂõÉÂääâÖ¬óÈ ą ÃîÈÿÌææ°ĀæñÅèÛÅùâÂóä×¬óãØîÕæòÂêÔñØóÈßòÚÙùÂääâÃîÈëõćÈâöËöèõÖØòćèăÜ 
ÿË¬Ú ìâú¬ÿæøîÕ ëöÖó ëöÝõè ÅèóâëúÈ ĀæñÂóäÿÂõÕäúÜä¬óÈÃîÈëõćÈâöËöèõÖ ÿÜĆÚÖ­Ú  

ƙ. ÚõèÅæöāîæòë (Nucleolus) ÿÜĆÚë¬èÚÃîÈÚõèÿÅæöãëØöćâöæòÂêÔñÿÜĆÚÂ­îÚîÚùáóÅìÚóØ÷Û Å­ÚßÛāÕã
àîÚÖóÚó (Fontana) ÿâöćîÜö Å.é. ƗƝƞƗ (ß.é. ƘƘƘƚ) ÚõèÅæöāîæòëßÛÿÊßóñÿÌææ°ÃîÈßèÂãúÅóäõāîÖÿØ¬óÚòĈÚ 
ÿÌææ°îëùÉõ ÿÌææ°ÿâĆÕÿæøîÕĀÕÈØöćÿÉäõÎÿÖõÛāÖÿÖĆâØöćÃîÈëòÖè°ÿæöĈãÈæúÂÕ­èãÚČĈóÚâĀæñÿÌææ°ăàÿÛîä°ÃîÈÂæ­óâÿÚøĈî 



 ƛƝ 

Éñăâ¬âöÚõèÅæöāîæòë ÚõèÅæöāîæòëÜäñÂîÛÕ­èã āÜäÖöÚ Āæñ RNA āÕãāÜäÖöÚÿÜĆÚËÚõÕàîëāàāÜäÖöÚ 
(Phosphoprotein) Éñăâ¬ßÛāÜäÖöÚïõëāÖÚÿæã ĂÚÿÌææ°ØöćâöÂõÉÂÂääâëúÈÉñâöÚõèÅæöāîæòëÃÚóÕĂìÎ¬ ë¬èÚ
ÿÌææ°ØöćâöÂõÉÂääâÖČćó ÉñâöÚõèÅæöāîæòëÃÚóÕÿæĆÂ  ÚõèÅæöāîæòëâöìÚ­óØöćĂÚÂóäëòÈÿÅäóñì° RNA  ËÚõÕÖ¬óÈą 
Āæñ×úÂÚČóîîÂØóÈäúÃîÈÿãøćîìù­âÚõèÿÅæöãë ÿßøćîëä­óÈÿÜĆÚăäāÛāÌâÖ¬îăÜ ÕòÈÚòĈÚ ÚõèÅæöāîæòë É÷ÈâöÅèóâëČóÅòÎ
Ö¬îÂóäëä­óÈāÜäÖöÚÿÜĆÚîã¬óÈâóÂ ÿÚøćîÈÉóÂăäāÛāÌâØČóìÚ­óØöćëä­óÈāÜäÖöÚ  
  
 

 
 
 
 
 
 



 ƛƞ 

ĀÝÚÝòÈāÅäÈëä­óÈÃîÈÿÌææ° 
 

 
 
 
 

 
 

 
 
 
 
 
 

áóßÿÌææ°ëòÖè°ØòćèăÜ ÜäñÂîÛÕ­èãîîä°ĀÂÿÚææ°Ö¬óÈą 

 
 
 

 

 
 
 
 
 

 

áóßÿÌææ°āÕãëòÖè°ØòćèăÜ ÜäñÂîÛÕ­èãîîä°ĀÂÿÚææ°Ö¬óÈ ą

ÚõèÅæöāîæòë
ÚõèÿÅæöãëăäāÛāÌâ

ÿèëõÿÅõæ

ÿîÚāÕßæóëâõÂÿäÖõÅúæòâ
ĀÛÛÝõèÃäùÃäñ

ÂîæÉõĀîÜßóäóÖòë

ăÌāØëÿÂæÿæÖîÚ
ÿîÚāÕßæóëâõÂÿäÖõÅúæòâĀÛÛÝõèÿäöãÛ

ăâāØÅîÚÿÕäöã

ĀèÅõèāîæăÌāØßæóÌ÷â

ăæāÌāÌâ
ÿÌÚØäõāîæ



 ƛƟ 

ÿäøćîÈØöć Ƙ  ÂäñÛèÚÂóäĀÛ¬ÈÿÌææ° 
ÂóäĀÛ¬ÈÿÌææ°âö 2 ÃòĈÚÖîÚ Åøî  

1. ÂóäĀÛ¬ÈÚõèÿÅæöãë (Karyokinesis) Éñâö 2 ĀÛÛ Åøî 
1.1 ÂóäĀÛ¬ÈĀÛÛ ăâāØÌõë (mitosis)  
1.2 ÂóäĀÛ¬ÈĀÛÛ ăâāîÌõë ( meiosis)  

2. ÂóäĀÛ¬ÈăÌāØßæóëÌ÷â (Cytokinesis) âö 2 ĀÛÛ Åøî  
2.1 ĀÛÛØöćÿãøćîìù­âÿÌææ°ÅîÕÂõćèÉóÂ 2 Ã­óÈ ÿÃ­óĂÉÂæóÈÿÌææ° ÿäöãÂè¬ó Furrow type Ì÷ćÈßÛĂÚ

ÿÌææ°ëòÖè°  
2.2 ĀÛÛØöćâöÂóäëä­óÈÿÌææ°ÿßæØ (Cell plate) âóÂ¬îÖòè ÛäõÿèÔÂ÷ćÈÂæóÈÿÌææ°ÃãóãăÜ 2 Ã­óÈ

ÃîÈÿÌææ° ÿäöãÂè¬ó Cell plate type Ì÷ćÈßÛĂÚÿÌææ°ßøË  

 
ÂóäĀÛ¬ÈÿÌææ°ĀÛÛăâāØÌõë ( Mitosis) 
ÂóäĀÛ¬ÈÿÌææ°ĀÛÛăâāØÌõë ÿÜĆÚÂóäĀÛ¬ÈÿÌææ° ÿßøćîÿßõćâÉČóÚèÚÿÌææ°ÃîÈä¬óÈÂóã                           

ĂÚÂóäÿÉäõÎÿÖõÛāÖ ĂÚëõćÈâöËöèõÖìæóãÿÌææ° ìäøîĂÚÂóäĀÛ¬ÈÿÌææ° ÿßøćîÂóäëøÛßòÚÙù° ĂÚëõćÈâöËöèõÖÿÌææ°ÿÕöãè 
ĀæñìæóãÿÌææ°ÛóÈËÚõÕ ÿË¬Ú ßøË  

¶ ăâ¬âöÂóäæÕÉČóÚèÚËùÕāÅäāâāÌâ (Ƙn ăÜ Ƙn ìäøî n ăÜ n )  
¶ ÿâøćîëõĈÚëùÕÂóäĀÛ¬ÈÿÌææ°ÉñăÕ­ Ƙ ÿÌææ°Ăìâ¬ØöćâöāÅäāâāÌâÿØ¬óą ÂòÚ ĀæñÿØ¬óÂòÛÿÌææ°ÖòĈÈÖ­Ú  
¶ ßÛØöćÿÚøĈîÿãøćîÿÉäõÎÜæóããîÕ ÜæóãäóÂ ĀÅâÿÛöãâ ÃîÈßøËìäøîÿÚøĈîÿãøćîÛùÝõè ăÃÂäñÕúÂ       
ĂÚëòÖè° Âóäëä­óÈëÿÜõä°â ĀæñăÃ¬ÃîÈßøË  

¶ âö ƛ äñãñ Åøî îõÚÿÖîä°ÿàë (interphase) āßäÿàë (prophase) ÿâØóÿàë (metaphase)   ĀîÚó
ÿàë (anaphase) ĀæñÿØāæÿàë (telophase)  

èòÐÉòÂäÃîÈÿÌææ° (cell cycle)  
èòÐÉòÂäÃîÈÿÌææ° ìâóã×÷È Ë¬èÈäñãñÿèæóÂóäÿÜæöćãÚĀÜæÈÃîÈÿÌææ° ĂÚÃÔñØöćÿÌææ°âöÂóäĀÛ¬ÈÖòè Ì÷ćÈ

ÜäñÂîÛÕ­èã Ƙ äñãñăÕ­ĀÂ¬ ÂóäÿÖäöãâÖòèĂì­ßä­îâ ØöćÉñĀÛ¬ÈÖòè ĀæñÂäñÛèÚÂóäĀÛ¬ÈÿÌææ°  
Ɨ. äñãñîõÚÿÖîä°ÿàë (Interphase)  
äñãñÚöĈÿÜĆÚäñãñÿÖäöãâÖòè ØöćÉñĀÛ¬ÈÿÌææ°ĂÚèòÐÉòÂäÃîÈÿÌææ° ĀÛ¬ÈîîÂÿÜĆÚ ƙ äñãñã¬îã Åøî  
 
 
 
 

http://student.nu.ac.th/phitsanu_edu/lesson/lesson_4.htm
http://student.nu.ac.th/phitsanu_edu/lesson/lesson_5.htm


 ƜƖ 

 
  
 
 
 
 
 

 
 
¶ äñãñ GƗ ÿÜĆÚäñãñÂ¬îÚÂóäëä­óÈ DNA Ì÷ćÈÿÌææ°âöÂóäÿÉäõÎÿÖõÛāÖÿÖĆâØöć äñãñÚöĈ               

ÉñâöÂóäëä­óÈëóäÛóÈîã¬óÈ ÿßøćîĂË­ëä­óÈ DNA ĂÚäñãñÖ¬îăÜ  
¶ äñãñ S ÿÜĆÚäñãñëä­óÈ DNA (DNA replication) āÕãÿÌææ°âöÂóäÿÉäõÎÿÖõÛāÖ                 

ĀæñâöÂóäëòÈÿÅäóñì° DNA îöÂ Ɨ Öòè ìäøîâöÂóäÉČóæîÈāÅäāâāÌâ îöÂ Ɨ ÿØ¬óÖòè ĀÖ¬āÅäāâāÌâØöćÉČóæîÈÃ÷ĈÚ ãòÈ
ÖõÕÂòÛØ¬îÚÿÂ¬ó ØöćÜâÿÌÚāØäÿâöãä° (Centromere) ìäøîăÅÿÚāÖÅîä° (Kinetochore) äñãñÚöĈĂË­ÿèæóÚóÚØöćëùÕ 

¶  äñãñ GƘ ÿÜĆÚäñãñìæòÈëä­óÈ DNA Ì÷ćÈÿÌææ°âöÂóäÿÉäõÎÿÖõÛāÖ ĀæñÿÖäöãâßä­îâ ØöćÉñĀÛ¬È
āÅäāâāÌâ ĀæñăÌāØßæóëÌ÷âÖ¬îăÜ  

Ƙ. äñãñ M (M-phase)  
äñãñ M (M-phase) ÿÜĆÚäñãñØöćâöÂóäĀÛ¬ÈÚõèÿÅæöãë ĀæñĀÛ¬ÈăÌāØßæóëÌ÷â Ì÷ćÈāÅäāâāÌâ Éñâö

ÂóäÿÜæöćãÚĀÜæÈìæóãÃòĈÚÖîÚ Â¬îÚØöćÉñ×úÂĀÛ¬ÈĀãÂîîÂÉóÂÂòÚ ÜäñÂîÛÕ­èã ƚ äñãñã¬îã Åøî āßäÿàë ÿâ
Øóÿàë ĀîÚóÿàë ĀæñÿØāæÿàë  

ĂÚÿÌææ°ÛóÈËÚõÕ ÿË¬Ú ÿÌææ°ÿÚøĈîÿãøćîÿÉäõÎÃîÈßøË ÿÌææ°ăÃÂäñÕúÂ ÿßøćîëä­óÈÿâĆÕÿæøîÕĀÕÈ ÿÌææ°ÛùÝõè 
ßÛè¬ó ÿÌææ°ÉñâöÂóäĀÛ¬ÈÖòè îãú¬ÿÂøîÛÖæîÕÿèæó É÷ÈÂæ¬óèăÕ­è¬ó ÿÌææ°ÿìæ¬óÚöĈ îãú¬ĂÚèòÐÉòÂäÃîÈÿÌææ°ÖæîÕ    
ĀÖ¬ÿÌææ°ÛóÈËÚõÕ ÿâøćîĀÛ¬ÈÿÌææ°Āæ­è Éñăâ¬ĀÛ¬ÈÖòèîöÂÖ¬îăÜ ÚòćÚÅøî ÿÌææ°Éñăâ¬ÿÃ­óëú¬èòÐÉòÂäÃîÈÿÌææ°îöÂ     
ÉÚÂäñØòćÈÿÌææ°Ëäóáóß (Cell aging) ĀæñÖóãăÜ (Cell death) ĂÚØöćëùÕ ĀÖ¬ÿÌææ°ÛóÈËÚõÕ ÉñßòÂÖòèËòćè
äñãñÿèæóìÚ÷ćÈ ×­óÉñÂæòÛâóĀÛ¬ÈÖòèîöÂ ÂĆÉñÿÃ­óèòÐÉòÂäÃîÈÿÌææ°Ö¬îăÜ Ì÷ćÈÃòĈÚÖîÚÖ¬óÈąĂÚÂóäĀÛ¬ÈÿÌææ°
ĀÛÛăâāØÌõë ÕòÈÖóäóÈ 
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ÖóäóÈĀëÕÈ æòÂêÔñÃòĈÚÖîÚÂóäÿÜæöćãÚĀÜæÈĂÚäñãñÂóäĀÛ¬ÈÿÌææ°ĀÛÛ Mitosis 

 
 

äñãñÂóäĀÛ¬È ÂóäÿÜæöćãÚĀÜæÈØöćëČóÅòÎ 

îõÚÿÖîä°ÿàë (Interphase) 

 

¶ ÿßõćâÉČóÚèÚāÅäāâāÌâ (Duplication) Ã÷ĈÚâóîöÂËùÕìÚ÷ćÈ ĀæñÖõÕÂòÚîãú¬Øöć
ÿÌÚāØäÿâöãä° (1āÅäāâāÌâ âö 2 āÅäâóØõÕ)  

¶ âöÂóäÿÜæöćãÚĀÜæÈØóÈÿÅâöâóÂØöćëùÕ (metabolic stage)  
¶ ÿÌÚÖäõāî ĀÛ¬ÈÿÜĆÚ 2 îòÚ  
¶ ĂË­ÿèæóÚóÚØöćëùÕ , āÅäāâāÌââöÅèóâãóèâóÂØöćëùÕ  

āßäÿàë (Prophase) 

 

¶ āÅäâóØõÕìÕëòĈÚ ØČóĂì­âîÈÿìĆÚÿÜĆÚĀØ¬ÈËòÕÿÉÚ  
¶ ÿãøćîìù­âÚõèÿÅæöãëĀæñÚõèÅæöāîæòëìóãăÜ  
¶ ÿÌÚÖäõāîæÿÅæøćîÚăÜ 2 Ã­óÈÃîÈÿÌææ° Āæñëä­óÈăâāØÖõÂ  
¶ ëÜõÚÿÕõæăÜÿÂóñØöćÿÌÚāØäÿâöãä° äñãñÚöĈÉ÷ÈâöÿÌÚÖäõāîæ 2 îòÚ  

ÿâÖóÿàë (Metaphase) 

 

¶ āÅäāâāÌâÿäöãÈÖòèÖóâĀÚèÂ÷ćÈÂæóÈÃîÈÿÌææ°  
¶ ÿìâóñÖ¬îÂóäÚòÛāÅäāâāÌâ Āæñé÷ÂêóäúÜä¬óÈāÅäÈëä­óÈÃîÈ
āÅäāâāÌâ  

¶ ÿÌÚāØäÿâöãä°ÉñĀÛ¬ÈÅä÷ćÈ ØČóĂì­āÅäâóØõÕÿäõćâĀãÂÉóÂÂòÚ  
¶ āÅäāâāÌâìÕëòĈÚâóÂØöćëùÕ ëñÕèÂÖ¬îÂóäÿÅæøćîÚØöć  

ĀîÚóÿàë (Anaphase) 

 

¶ āÅäâóØõÕ×úÂÕ÷ÈĀãÂîîÂÉóÂÂòÚ ÂæóãÿÜĆÚāÅäāâāÌâîõëäñ  
¶ āÅäāâāÌâáóãĂÚÿÌææ°ÿßõćâÿÜĆÚ 2 ÿØ¬óÖòè ìäøîÉóÂ 2n ÿÜĆÚ 4n 

(tetraploid)  
¶ âîÈÿìĆÚāÅäāâāÌâ âöäúÜä¬óÈÅæ­óãîòÂêääúÜÖòè V , J , I  
¶ ĂË­ÿèæóëòĈÚØöćëùÕ  

ÿØāæÿàë (Telophase) 

 

¶ āÅäāâāÌâæúÂ (daughter chromosome) ÉñăÜäèâîãú¬ÃòĈèÖäÈÃ­óâÃîÈ
ÿÌææ°  

¶ ÿãøćîìù­âÚõèÿÅæöãë ĀæñÚõèÅæöāîæòëÿäõćâÜäóÂÐ  
¶ âöÂóäĀÛ¬ÈăÌāØßæóëÌ÷â ÿÌææ°ëòÖè° ÿãøćîìù­âÿÌææ°ÅîÕÿÃ­óăÜ ÛäõÿèÔ
ÂæóÈÿÌææ° ÿÌææ°ßøË ÿÂõÕÿÌææ°ÿßæØ (Cell plate) ÂòĈÚĀÚèÂæóÈÿÌææ° 
ÃãóãîîÂăÜÖõÕÂòÛÝÚòÈÿÌææ°ÿÕõâ  

¶ ăÕ­ 2 ÿÌææ°Ăìâ¬ ÿÌææ°æñ 2n ÿìâøîÚÿÕõâØùÂÜäñÂóä  
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ÂóäĀÛ¬ÈÿÌææ°ĀÛÛăâāîÌõë ( Meiosis) 
ÂóäĀÛ¬ÈÿÌææ°ĀÛÛăâāîÌõë ÿÜĆÚÂóäĀÛ¬ÈÿÌææ°ÿßøćîëä­óÈÿÌææ°ëøÛßòÚÙù°ÃîÈëòÖè° Ì÷ćÈÿÂõÕĂÚ              

èòãÿÉäõÎßòÚÙù° ÃîÈëõćÈâöËöèõÖ āÕãßÛĂÚîòÔÒñ (Testes)  äòÈăÃ¬ (Ovary) ĀæñÿÜĆÚÂóäĀÛ¬È ÿßøćîëä­óÈëÜîä° 
(Spore) ĂÚßøË Ì÷ćÈßÛĂÚîòÛæñîîÈÿäÔú (Pollen sac) ĀæñîòÛëÜîä° (Sporangium) ìäøîāÅÚ (Cone) ìäøîĂÚ
îîèùæ  (Ovule) âöÂóäæÕÉČóÚèÚËùÕāÅäāâāÌâÉóÂ 2n ÿÜĆÚ n Ì÷ćÈÿÜĆÚÂæăÂìÚ÷ćÈ ØöćË¬èãĂì­  ÉČóÚèÚËùÕ
āÅäāâāÌâÅÈØöć ĂÚĀÖ¬æñëÜöËöë° ăâ¬è¬óÉñÿÜĆÚāÅäāâāÌâ ĂÚäù¬Úß¬î - Āâ¬ ìäøîäù¬ÚæúÂ · ìæóÚÂĆÖóâ  

ÂóäĀÛ¬ÈÿÌææ°ĀÛÛăâāîÌõë âö 2 ÃòĈÚÖîÚ Åøî  
1. ăâāîÌõë I (Meiosis - I)  
ăâāîÌõë I (Meiosis - I) ìäøî Reductional division ÃòĈÚÖîÚÚöĈÉñâöÂóäĀãÂ homologous 

chromosome îîÂÉóÂÂòÚâö 5 äñãñã¬îã Åøî  
¶  Interphase- I  
¶  Prophase - I  
¶  Metaphase - I  
¶  Anaphase - I  
¶  Telophase - I  
2. ăâāîÌõë II (Meiosis - II)  
ăâāîÌõë II (Meiosis - II) ìäøî Equational division ÃòĈÚÖîÚÚöĈÉñâöÂóäĀãÂāÅäâóØõÕ îîÂÉóÂÂòÚâö 

5 äñãñã¬îã Åøî  
¶  Interphase - II  
¶  Prophase - II  
¶  Metaphase - II  
¶  Anaphase - II  
¶  Telophase - II  
ÿâøćîëõĈÚëùÕÂóäĀÛ¬ÈÉñăÕ­ 4 ÿÌææ°ØöćâöāÅäāâāÌâÿÌææ°æñ n (Haploid) Ì÷ćÈÿÜĆÚÅä÷ćÈìÚ÷ćÈÃîÈÿÌææ°    ÖòĈÈ

Ö­Ú ĀæñÿÌææ°ØöćăÕ­ÿÜĆÚÝææòßÙ° ăâ¬ÉČóÿÜĆÚÖ­îÈâöÃÚóÕÿØ¬óÂòÚ  



 Ɯƙ 

ÃòĈÚÖîÚ ĂÚÂóäĀÛ¬ÈÿÌææ°ĀÛÛăâāîÌõë 
Meiosis - I âöÃòĈÚÖîÚ ÕòÈÚöĈ  
Interphase- I  

¶  âöÂóäëòÈÿÅäóñì° DNA îöÂ 1 ÿØ¬óÖòè ìäøîâöÂóäÉČóæîÈāÅäāâāÌâ îöÂ 1 ËùÕ ĀæñãòÈÖõÕÂòÚîãú¬Øöć    
ÜâÿÌÚāØäÿâöãä° ÕòÈÚòĈÚ āÅäāâāÌâ 1 Ø¬îÚ É÷Èâö 2 āÅäâóØõÕ  
Prophase - I  

¶  ÿÜĆÚäñãñØöćĂË­ÿèæóÚóÚØöćëùÕ  
¶  âöÅèóâëČóÅòÎ Ö¬îÂóäÿÂõÕèõèòÓÚóÂóä ÃîÈëõćÈâöËöèõÖâóÂØöćëùÕ ÿÚøćîÈÉóÂâöÂóäĀÜäÝòÚÃîÈãöÚÿÂõÕÃ÷ĈÚ  
¶  āÅäāâāÌâØöćÿÜĆÚÅú¬ÂòÚ ( Homologous Chromosome) ÉñâóÿÃ­óÅú¬ ĀæñĀÚÛËõÕÖõÕÂòÚ ÿäöãÂè¬ó     

ÿÂõÕăÌĀÚÜÌõë ( Synapsis) Ì÷ćÈÅú¬ÃîÈāïāâāæÂòë āÅäāâāÌâ ØöćÿÂõÕăÌĀÚÜÌõëÂòÚîãú¬ÚòĈÚ ÿäöãÂè¬ó ăÛĀèÿæÚØ° 
(Bivalent) Ì÷ćÈĀÖ¬æñăÛĀèÿæÚØ°âö 4 āÅäâóØõÕÿäöãÂè¬ó ÿØĀØäÕ ( Tetrad) ĂÚÅÚ âöāÅäāâāÌâ 23 Åú¬  É÷Èâö 23 
ăÛĀèÿæÚØ°  

¶  āïāâāæÂòë āÅäāâāÌâ ØöćăÌĀÚÜÌõëÂòÚ ÉñÝæñîîÂÉóÂÂòÚ ÛäõÿèÔÂæóÈą ĀÖ¬ÖîÚÜæóã ãòÈăÃè­
ÂòÚîãú¬ ÿäöãÂè¬ó ÿÂõÕăÅĀîëâó (Chiasma)  

¶  âöÂóäÿÜæöćãÚĀÜæÈËõĈÚë¬èÚāÅäâóØõÕ äñìè¬óÈāÅäāâāÌâØöćÿÜĆÚāïāâāæÂòëÂòÚ ÂòÛÛäõÿèÔØöćÿÂõÕ
ăÅĀîëâó ÿäöãÂè¬ó ÅäîëÌõćÈāîÿèîä° (Crossing over) ìäøîîóÉâöÂóäÿÜæöćãÚĀÜæÈ ËõĈÚë¬èÚÃîÈāÅäâóØõÕ 
äñìè¬óÈāÅäāâāÌâ Øöćăâ¬ÿÜĆÚāïāâāæÂòëÂòÚ (Nonhomhlogous chromosome) ÿäöãÂè¬óØäóÚë-āæÿÅËòÚ 
(Translocation) ÂäÔöØòĈÈëîÈ ØČóĂì­ÿÂõÕÂóäÝòÚĀÜäÃîÈãöÚ (Geng variation) Ì÷ćÈØČóĂì­ÿÂõÕÂóäĀÜäÝòÚ ÃîÈ
æòÂêÔñëõćÈâöËöèõÖ (Variation)  
Metaphase - I  

ăÛĀèÿæÚØ°ÉñâóÿäöãÈÖòèÂòÚ îãú¬ĂÚĀÚèÂ÷ćÈÂæóÈÿÌææ° (āïāâāæÂòë āÅäāâāÌâ ãòÈîãú¬ÂòÚÿÜĆÚÅú¬ą)  
Anaphase - I  

¶  ăâāØÖõÂ ëÜõÚÿÕõæ ÉñìÕÖòèÕ÷ÈĂì­ āïāâāæÂòë āÅäāâāÌâ ÝæñĀãÂîîÂÉóÂÂòÚ  
¶  ÉČóÚèÚËùÕāÅäāâāÌâĂÚÿÌææ° äñãñÚöĈãòÈÅÈÿÜĆÚ 2n ÿìâøîÚÿÕõâ ( 2n ÿÜĆÚ 2n)  

Telophase - I  
¶  āÅäāâāÌâÉñăÜäèâîãú¬ ĀÖ¬æñÃòĈèÃîÈÿÌææ° ĀæñĂÚÿÌææ°ÛóÈËÚõÕ ĂÚäñãñÚöĈ ÉñâöÂóäëä­óÈ ÿãøćî

ìù­âÚõèÿÅæöãë âóæ­îâäîÛāÅäāâāÌâ ĀæñĀÛ¬ÈăÌāØßæóëÌ÷â îîÂÿÜĆÚ 2 ÿÌææ° ÿÌææ°æñ n ĀÖ¬ĂÚÿÌææ°ÛóÈ
ËÚõÕÉñăâ¬ĀÛ¬ÈăÌāØßæóëÌ÷â āÕãÉñâöÂóäÿÜæöćãÚĀÜæÈ ÃîÈāÅäāâāÌâ ÿÃ­óëú¬äñãñāßäÿàë II ÿæã  

Meiosis - II âöÃòĈÚÖîÚ ÕòÈÚöĈ  
Interphase - II  

¶  ÿÜĆÚäñãñßòÂÖòè Ì÷ćÈâöìäøîăâ¬ÂĆăÕ­ Ã÷ĈÚîãú¬ÂòÛËÚõÕÃîÈÿÌææ°  



 Ɯƚ 

¶  ăâ¬âöÂóäëòÈÿÅäóñì° DNA ìäøîÉČóæîÈāÅäāâāÌâĀÖ¬îã¬óÈĂÕ  
Prophase - II  

¶  āÅäâóØõÕÉñìÕëòĈÚâóÂÃ÷ĈÚ  
¶  ăâ¬âöÂóäÿÂõÕăÌĀÚÜÌõë  ăÅĀîëâó  ÅäîëÌõćÈāîÿèîä° ĀÖ¬îã¬óÈĂÕ  

Metaphase - II  
¶  āÅäâóØõÕâóÿäöãÈÖòè îãú¬ĂÚĀÚèÂ÷ćÈÂæóÈÿÌææ°  

Anaphase - II  
¶  âöÂóäĀãÂāÅäâóØõÕîîÂÉóÂÂòÚ ØČóĂì­ÉČóÚèÚËùÕāÅäāâāÌâÿßõćâÉóÂ n  
¶  ÿÜĆÚ 2n ËòćèÃÔñ  

Telophase - II  
¶  âöÂóäĀÛ¬ÈăÌāØßæóëÌ÷â ÉÚăÕ­ÿÌææ°Ăìâ¬ 4 ÿÌææ° Ì÷ćÈĀÖ¬æñÿÌææ° âöāÅäāâāÌâ ÿÜĆÚ n  
¶  ĂÚ 4 ÿÌææ°ØöćÿÂõÕÃ÷ĈÚÚòĈÚ ÉñâöãöÚÿìâøîÚÂòÚîã¬óÈæñ 2 ÿÌææ° ×­óăâ¬ÿÂõÕÅäîëÌõćÈāîÿèîä°   ìäøîîóÉÉñâö

ãöÚÖ¬óÈÂòÚØòĈÈ 4 ÿÌææ° ×­óÿÂõÕÅäîëÌõćÈāîÿèîä° ìäøîîóÉâöãöÚÖ¬óÈÂòÚØòĈÈ 4 ÿÌææ°×­óÿÂõÕ  ÅäîëÌõćÈāîÿèîä° 
 
ÖóäóÈĀëÕÈæòÂêÔñÃòĈÚÖîÚÂóäĀÛ¬ÈÿÌææ°ĂÚäñãñÖ¬óÈąÃîÈÂóäĀÛ¬ÈÿÌææ°ĀÛÛ Meiosis 

 

äñãñ ÂóäÿÜæöćãÚĀÜæÈëČóÅòÎ 

îõÚÿÖîä°ÿàë I ÉČóæîÈāÅäāâāÌâÃ÷ĈÚâóîöÂ 1 ÿØ¬óÖòè ĀÖ¬æñāÅäāâāÌâ ÜäñÂîÛÕ­èã 2 āÅäâóØõÕ 

āÜäÿàë I āïāâāæÂòë āÅäāâāÌâ âóÉòÛÅú¬ĀÚÛËõÕÂòÚ (synapsis) ØČóĂì­âöÂæù¬âāÅäāâāÌâ Âæù¬âæñ 2 Ø¬îÚ 
(bivalent) ĀÖ¬æñÂæù¬â ÜäñÂîÛÕ­èã 4 āÅäâóØõÕ(tetrad) ĀæñÿÂõÕÂóäĀæÂÿÜæöćãÚ ËõĈÚë¬èÚÃîÈ
āÅäâóØõÕ (crossing over)  

ÿâÖóÿàë I Åú¬ÃîÈāïāâāæÂòë āÅäāâāÌâ ÿäöãÈÖòèîãú¬ÖóâĀÚèéúÚã° ÂæóÈÃîÈÿÌææ° 

ĀîÚóÿàë I āïāâāæÂòë āÅäāâāÌâ ĀãÂÅú¬îîÂÉóÂÂòÚ ăÜãòÈĀÖ¬æñÃ­óÈÃîÈÃòĈèÿÌææ° 

Øöāæÿàë I ÿÂõÕÚõèÿÅæöãëĂìâ¬ 2 ÚõèÿÅæöãë ĀÖ¬æñÚõèÿÅæöãë âöÉČóÚèÚāÅäāâāÌâ ÿÜĆÚĀïßæîãÕ° (n) 

îõÚÿÖîä°ÿàë II ÿÜĆÚäñãñßòÂËòćèÅäú¬ ĀÖ¬ăâ¬âöÂóäÉČóæîÈ āÅäāâāÌâÃ÷ĈÚâóîöÂ 

āÜäÿàë II āÅäāâāÌâìÕëòĈÚâóÂ ØČóĂì­ÿìĆÚĀÖ¬æñāÅäāâāÌâ âö 2 āÅäâóØõÕ 

ÿâÖóÿàë II āÅäāâāÌâÉñâóÿäöãÈÖòè îãú¬ĀÚèéúÚã°ÂæóÈÃîÈÿÌææ° 

ĀîÚóÿàë II ÿÂõÕÂóäĀãÂÃîÈāÅäâóØõÕ Øöćîãú¬ĂÚāÅäāâāÌâÿÕöãèÂòÚ ăÜãòÈÃòĈèĀÖ¬æñÃ­óÈÃîÈÿÌææ° ØČóĂì­
āÅäāâāÌâ ÿßõćâÉóÂ n ÿÜĆÚ 2n 

Øöāæÿàë II ÿÂõÕÚõèÿÅæöãëĂìâ¬ÿÜĆÚ 4 ÚõèÿÅæöãë ĀæñĀÛ¬ÈăÌāØßæóëÌ÷â ÿÂõÕÿÜĆÚ 4 ÿÌææ° ëâÛúäÔ° ĀÖ¬æñ
ÿÌææ° âöÉČóÚèÚāÅäāâāÌâ ÿÜĆÚĀïßæîãÕ° (n) ìäøî ÿØ¬óÂòÛÅä÷ćÈìÚ÷ćÈ ÃîÈÿÌææ°ÿäõćâÖ­Ú 



 Ɯƛ 

Ã­îÿÜäöãÛÿØöãÛÂóäĀÛ¬ÈÿÌææ°ĀÛÛăâāØÌõëĀæñăâāîÌõë 

ăâāØÌõë ăâāîÌõë 
1. āÕãØòćèăÜ ÿÜĆÚÂóäĀÛ¬ÈÿÌææ°ÃîÈä¬óÈÂóã ÿßøćîÿßõćâ
ÉČóÚèÚÿÌææ° ÿßøćîÂóäÿÉäõÎÿÖõÛāÖ ìäøîÂóäëøÛßòÚÙù° 
ĂÚëõćÈâöËöèõÖÿÌææ°ÿÕöãè  

1. āÕãØòćèăÜ ÿÂõÕÂòÛÿÌææ° ØöćÉñØČóìÚ­óØöć Ăì­ÂČóÿÚõÕ
ÿÌææ°ëøÛßòÚÙù° É÷ÈÿÜĆÚÂóäĀÛ¬ÈÿÌææ° ÿßøćîëä­óÈÿÌææ°
ëøÛßòÚÙù°  

2. ÿäõćâÉóÂ 1 ÿÌææ°ĀÛ¬ÈÅäòĈÈÿÕöãèăÕ­ÿÜĆÚ 2 ÿÌææ°Ăìâ¬  2. ÿäõćâÉóÂ 1 ÿÌææ° ĀÛ¬È 2 ÅäòĈÈ ăÕ­ÿÜĆÚ 4 ÿÌææ°Ăìâ¬  
3. ÿÌææ°Ăìâ¬ØöćÿÂõÕÃ÷ĈÚ 2 ÿÌææ° ëóâóä×ĀÛ¬ÈÖòè    
ĀÛÛăâāØÌõëăÕ­îöÂ  

3. ÿÌææ°Ăìâ¬ØöćÿÂõÕÃ÷ĈÚ 4 ÿÌææ° ăâ¬ëóâóä×ĀÛ¬ÈÖòè
ĀÛÛăâāîÌõëăÕ­îöÂ ĀÖ¬îóÉĀÛ¬ÈÖòèĀÛÛăâāØÌõëăÕ­  

4. ÂóäĀÛ¬ÈĀÛÛăâāØÌõë ÉñÿäõćâÿÂõÕÃ÷ĈÚÖòĈÈĀÖ¬ äñãñ
ăÌāÂÖ ĀæñëøÛÿÚøćîÈÂòÚăÜÖæîÕËöèõÖ  

4. ë¬èÚĂìÎ¬ÉñĀÛ¬ÈăâāîÌõë ÿâøćîîèòãèñëøÛßòÚÙù°
ÿÉäõÎÿÖĆâØöćĀæ­è ìäøîÿÂõÕĂÚăÌāÂÖ ÃîÈëóìä¬óã 
ĀæñäóÛóÈËÚõÕ  

5. ÉČóÚèÚāÅäāâāÌâ ìæòÈÂóäĀÛ¬ÈÉñÿØ¬óÿÕõâ (2n) 
ÿßäóñăâ¬âöÂóäĀãÂÅú¬ ÃîÈāïāâāæÂòëāÅäāâāÌâ  

5. ÉČóÚèÚāÅäāâāÌâ ÉñæÕæÈÅä÷ćÈìÚ÷ćÈĂÚäñãñ    
ăâāîÌõë ÿÚøćîÈÉóÂÂóäĀãÂÅú¬ ÃîÈāïāâāæÂòë
āÅäāâāÌâ ØČóĂì­ÿÌææ°Ăìâ¬âöÉČóÚèÚāÅäāâāÌâ
Åä÷ćÈìÚ÷ćÈ ÃîÈÿÌææ°ÿÕõâ (n)  

6. ăâ¬âöăÌĀÚÜÌõë ăâ¬âöăÅĀîëâó Āæñăâ¬âö       
ÅäîëÌõÈāîÿèîä°  

6. ÿÂõÕăÌĀÚÜÌõë ăÅĀîëâó ĀæñâòÂÿÂõÕ           
ÅäîëÌõÈāîÿèîä°  

7. æòÂêÔñÃîÈëóäßòÚÙù°Âääâ (DNA) Āæñ
āÅäāâāÌâĂÚÿÌææ°Ăìâ¬ ØòĈÈëîÈÉñÿìâøîÚÂòÚØùÂ
ÜäñÂóä  

7. æòÂêÔñÃîÈëóäßòÚÙùÂääâ ĀæñāÅäāâāÌâ      
ĂÚÿÌææ°Ăìâ¬ îóÉÿÜæöćãÚĀÜæÈ ĀæñĀÖÂÖ¬óÈÂòÚ           
×­óÿÂõÕÅäîëÌõÈāîÿèîä°  

 
 
 

 
  
 
 
 
 

ĀÛÛÞ÷ÂìòÕ 



 ƜƜ 

ÿäøćîÈ   ÿÌææ°  

ÉÈØČóÿÅäøćîÈìâóã         ìÚ­óÅČóÖîÛØöć×úÂÿßöãÈÃ­îÿÕöãè 
1. āÅäÈëä­óÈÃîÈÿÌææ°ĂÕØČóìÚ­óØöćÅèÛÅùâÂóäÝ¬óÚÿÃ­óîîÂÃîÈëóä 
  Â. ÝÚòÈÿÌææ°    Ã. ÿãøćîìù­âÿÌææ°  
  Å. ÿÌææ°Åùâ    È. ăæāÌāÌâ 
2. îèòãèñËÚõÕĂÕÿÜĆÚØöćÿÂĆÛëñëâëóäëöØöćăâ¬æñæóãÚČĈó 

Â. ĀèÅõèāî     Ã. ÅæîāäßæóëÖ°  
Å. îñăâāæßæóëÖ°    È. îöÙõāîßæóëÖ°  

ƙ.  āÅäÈëä­óÈĂÕÃîÈÿÌææ°ØöćØČóĂì­ÿÌææ°ßøËÅÈäúÜä¬óÈîãú¬ăÕ­Āâ­è¬óÿÌææ°ÚòĈÚÉñăÕ­äòÛÚČĈóâóÂÿÂõÚăÜ 
Â.  ÝÚòÈÿÌææ°    Ã.  ÿãøćîìù­âÿÌææ° 
Å.  ÚõèÿÅæöãë    È.  ăÌāØäßæóÌ÷â 

ƚ.  āÅäÈëä­óÈØöćØČóìÚ­óØöćÿÜäöãÛăÕ­ÂòÛëâîÈÃîÈÿÌææ°ăÕ­ĀÂ¬Ã­îĂÕ 
Â.  ÚõèÿÅæöãë    Ã.  ÅæîāäßæóëÖ° 
Å.  ÿÌÚØäõāîæ    Å.  ăäāÛāÌâ 

ƛ.  āÅäÈëä­óÈĂÕÃîÈÿÌææ°âöÿÊßóñĂÚÿÌææ°ÃîÈßøËÿØ¬óÚòĈÚ 
Â.  ÝÚòÈÿÌææ°    Ã.  ÿãøćîìù­âÿÌææ° 
Å.  ÚõèÿÅæöãë    È.  ăÌāØäßæóÌ÷â 

Ɯ. îèòãèñĂÚÿÌææ°ËÚõÕĂÕăâ¬âöÿãøćîìù­âæ­îâäîÛ      
Â. ăâāÖÅîÚÿÕäöãĀæñăäāÛāÌâ  
Ã. ÅæîāäßæóëÖ°ĀæñÂîæăÉ ĀîßßóäóÖòë   
Å. ÝÚòÈÿÌææ°ĀæñăäāÛāÌâ  
È. ĀèÅõèāîĀæñăâāÅäÛîÕöë°  

Ɲ. îèòãèñĂÚÿÌææ°ËÚõÕĂÕÿÂöćãèÃ­îÈÂòÛÂóäëä­óÈÝÚòÈÿÌææ° 
Â. ăâāÖÅîÚÿÕäöã    Ã. ăäāÛāÌâ  
Å. ÿîÚāÕßæóëâõÕ ÿäÖõÅúæòâ    È. ÂîæăÉ ĀîßßóäóÖòë  

8. ÂóäĀÛ¬ÈÿÌææ°ìâóã×÷ÈÃ­îĂÕ 
Â. ĀÛ¬ÈÚõèÿÅæöãë    Ã. ĀÛ¬ÈăÌāØäßæóÌ÷â 
Å. ĀÛ¬ÈÚõèÿÅæöãëĀæñăÌāØäßæóÌ÷â È. ĀÛ¬ÈÝÚòÈÿÌææ° 

9. Ã­îĂÕÖ¬îăÜÚöĈÿÜĆÚÂóäÿäöãÂÖ¬óÈăÜÉóÂÂæù¬â 
  Â.āÅäāâāÌâ     Ã.āÅäâóØõÚ 
  Å.āÅäâóØõÕ    È.āÅäāâÚöâó 



 ƜƝ 

10. äñãñØöćāÅäāâāÌâ ìÕÖòèëòĈÚÉÚÿìĆÚè¬ó 1 āÅäāâāÌâ ÜäñÂîÛÕ­èãÃ­îĂÕ 
Â. 2 ÿÌÚāØäÿâöãä°   Ã. 2 āÅäâóØõÕ 

  Å. 2 ÿÌÚÖäõāîæ    È. 2 ăÅÚöāÖÅîä° 
11. ×­óÖäèÉÕúÿÌææ°ØöćâöÂóäĀÛ¬ÈÖòèÕ­èãÂæ­îÈÉùæØääéÚ° Éñëóâóä×ÛîÂăÕ­è¬óÿÜĆÚÿÌææ°ëòÖè°ÿßäóñÃ­îĂÕ 

Â. āÅäāâāÌâĀÚÛËõÕÂòÚ   Ã. ÿÌÚÖäõāîæĀãÂîîÂÉóÂÂòÚ 
Å. ÚõèÅæöāîæòëìóãăÜ   È. ÿãøćîìù­âÚõèÿÅæöãëëæóãÖòè 

12. ëòÖè°ÖòèìÚ÷ćÈâöÉČóÚèÚāÅäāâāÌâ 22 Åú¬ (44 ĀØ¬È) ĂÚÂóäÖäèÉÕúÂóäĀÛ¬ÈÿÌææ°ÃîÈëòÖè°ÚöĈĂÚÃòĈÚ ÿâÖóÿàë 
ÃîÈăâāØÌõë ÉñâöāÅäâóÖõÕÂöćÿë­Ú  

Â. 22 ÿë­Ú    Ã. 44 ÿë­Ú 
Å. 66 ÿë­Ú    È. 88 ÿë­Ú 

13. ĂÚÂäñÛèÚÂóäĀÛ¬ÈÿÌææ° ĀÛÛăâāØÌõë ×­óăâ¬âöÂóäĀÛ¬ÈăÌāØäßæóÌ÷â ÝæÉñÿÜĆÚîã¬óÈăä 
Â. ăâ¬âöÂóäëä­óÈÿãøćîìù­âÚõèÿÅæöãë 
Ã. ăâ¬âöÂóäÉČóæîÈÖòèÿîÈÃîÈ DNA 
Å. ĀÖ¬æñÿÌææ°ÉñâöÚõèÿÅæöãëìæóãîòÚ 

  È. ÉČóÚèÚāÅäāâāÌâÉñÿßõćâÿÜĆÚ 2 ÿØ¬ó 
14. ÃÔñØöćÿÌææ°ĀÛ¬ÈÖòè äñãñĂÕÉñâöāÅäāâāÌâÿÜĆÚÿë­ÚÛóÈĀæñãóèØöćëùÕ 

Â. îõÚÿÖîä°ÿàë     Ã.āßäÿàë 
Å. ÿâØóÿàë    È. ĀîÚóÿàë 

15. ÂäñÛèÚÂóäĀÛ¬ÈÖòèÃîÈăÌāØäßæóÌ÷â (Cytokinesis) ÿäõćâÿÂõÕÃ÷ĈÚØöćäñãñĂÕ 
Â. ĀîÚóÿàë    Ã.āßäÿàë 
Å. ÿØāæÿàë    È. ÿâØóÿàë 

16. Ã­îĂÕĂì­ÅČóÚõãóâÃîÈÅČóè¬óÂóäëøÛßòÚÙù°ăÕ­ÿìâóñëâØöćëùÕ 
Â. ÂóäĀÛ¬ÈÚõèÿÅæöãëĀÛÛăâăØÌõë 
Ã. ÂóäĀÛ¬ÈÚõèÿÅæöãëĀÛÛăâăîÌõë 
Å. ÂóäÿßõćâÉČóÚèÚëõćÈâöËöèõÖËÚõÕÿÕõâ 
È. ÂóäÿßõćâÝæõÖáòÔÒ°Ăì­æòÂêÔñÿìâøîÚÿÕõâØùÂÜäñÂóä 

17. ÿäóÉñßÛÂóäĀÛ¬ÈÿÌææ°ĀÛÛăâāîÌõëĂÚîèòãèñĂÚÃ­îĂÕÖ¬îăÜÚöĈ 
  Â. äòÈăÃ¬     Ã. ÜöÂâÕæúÂ 

Å. âÕæúÂ    È. ÜóÂâÕæúÂ 
 
 
 



 Ɯƞ 

18. ÂóäĀÛ¬ÈÿÌææ°ĀÛÛăâāîÌõëâöÅèóâëČóÅòÎÖ¬îèõèòÓÚóÂóäÃîÈëõćÈâöËöèõÖîã¬óÈăä 
Â.  ÿÜĆÚÂóäÕČóäÈæòÂêÔñÿÕõâÃîÈëõćÈâöËöèõÖ 
Ã.  ÿÜĆÚÂóäæÕÉČóÚèÚāÅäāâāÌâæÈ 
Å.  ÿÜĆÚÂóäÂäñÉóãæòÂêÔñëõćÈâöËöèõÖĂì­ìæóÂìæóã 
È.  ÿÜĆÚÂóäØČóĂì­ëõćÈâöËöèõÖĀÃĆÈĀäÈÂè¬óÿÕõâ 

19. ÂóäëøÛßòÚÙù°ĀÛÛĂÕâöāîÂóëÿÂõÕÂóäĀÜäÝòÚØóÈßòÚÙù°ÂääâăÕ­âóÂØöćëùÕ 
Â.  ĀÛÛăâ¬îóéòãÿßé ÿßäóñâöăâāîÌõë 
Ã.  ĀÛÛăâ¬îóéòãÿßé ÿßäóñâöăâāîÌõëĀæñÿÂõÕÅäîëÌõćÈāîÿèîä° 
Å.  ĀÛÛîóéòãÿßé ÿßäóñâöăâāØÌõë 
È.  ĀÛÛîóéòãÿßé ÿßäóñâöăâāîÌõë ĀæñÿÂõÕÅäîë ÌõćÈāîÿèîä° 

20. Ã­îĂÕÂæ¬óè×úÂÖ­îÈØöćëùÕ 
Â.  ÂóäĀÛ¬ÈÚõèÿÅæöãëĀÛÛăâāØÌõë âöÂóäÉòÛÅú¬ÃîÈïîâîāæÂòëāÅäāâāÌâ 
Ã.  ÂóäĀÛ¬ÈÚõèÿÅæöãëĀÛÛăâāØÌõëāÅäāâāÌâĂÚÿÌææ°Ăìâ¬Ö¬óÈăÜÉóÂÿÕõâ 
Å.  ÂóäĀÛ¬ÈÚõèÿÅæöãëĀÛÛăâāØÌõëÿÂõÕÿÊßóñëõćÈâöËöèõÖØöćëøÛßòÚÙù°ĀÛÛăâ¬îóéòãÿßéÿØ¬óÚòĈÚ 
È.  ÂóäĀÛ¬ÈÚõèÿÅæöãëĀÛÛăâāØÌõë ÉñăÕ­ÿÌææ°Ăìâ¬ØöćÿìâøîÚÿÕõâØùÂÜäñÂóä 
 

******************************** 

 
 
 
 
 
 
 
 
 
 
 
 
 



 ƜƟ 

ÛØØöć  4  
ßòÚÙùÂääâĀæñÅèóâìæóÂìæóãØóÈËöèáóß 

ëóäñëČóÅòÎ 
 ëõćÈâöËöèõÖã¬îââöæòÂêÔñÿÊßóñÃîÈĀÖ¬æñëÜöËöë°  ëõćÈâöËöèõÖëÜöËöë°ÿÕöãèÂòÚã¬îââöÅèóâĀÖÂÖ¬óÈÂòÚ
Ú­îãÂè¬óëõćÈâöËöèõÖÖ¬óÈëÜöËöë°  ÅèóâĀÖÂÖ¬óÈÿìæ¬óÚöĈÿÜĆÚÝæÉóÂßòÚÙùÂääâØöćÖ¬óÈÂòÚ ëõćÈâöËöèõÖËÚõÕÿÕöãèÂòÚÉñâö
æòÂêÔñÅæ­óãÂòÚ Ì÷ćÈÅèóâĀÖÂÖ¬óÈÿìæ¬óÚöĈÂ¬îĂì­ÿÂõÕÅèóâìæóÂìæóãÃîÈëõćÈâöËöèõÖ ìäøîÅèóâìæóÂìæóãØóÈ
Ëöèáóß  
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãÂäñÛèÚÂóä×¬óãØîÕØóÈßòÚÙùÂääâ ÂóäĀÜäÝòÚØóÈßòÚÙùÂääâ ÂóäÝ¬óÿìæ¬ó Āæñ
ÂóäÿÂõÕÅèóâìæóÂìæóãØóÈËöèáóß 

2. îÙõÛóãæòÂêÔñØóÈßòÚÙùÂääâăÕ­ 
3. îÙõÛóãÅèóâìæóÂìæóãØóÈËöèáóßĀæñÂóäÉòÕìâèÕìâú¬ëõćÈâöËöèõÖăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
ÿäøćîÈØöć Ɨ Âóä×¬óãØîÕæòÂêÔñØóÈßòÚÙùÂääâ 
ÿäøćîÈØöć Ƙ ÅèóâìæóÂìæóãØóÈËöèáóß 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ƝƖ 

ÿäøćîÈØöć  1   Âóä×¬óãØîÕæòÂêÔñØóÈßòÚÙùÂääâ  
æòÂêÔñØóÈßòÚÙùÂääâ 

ëõćÈâöËöèõÖĀÖ¬æñËÚõÕâöæòÂêÔñÿÊßóñÖòè ØČóĂì­ëõćÈâöËöèõÖĀÖÂÖ¬óÈÂòÚ ÿË¬Ú æòÂêÔñëöÝõè æòÂêÔñÿë­Ú
Ýâ æòÂêÔñëöÖó ëöĀæñÂæõćÚÃîÈÕîÂăâ­ äëËóÖõÃîÈÝæăâ­ ÿëöãÈÃîÈÚÂËÚõÕÖ¬óÈ ą æòÂêÔñÿìæ¬óÚöĈÉñ×úÂ
ë¬ÈÝ¬óÚÉóÂß¬î Āâ¬ ăÜãòÈæúÂăÕ­ ìäøîë¬ÈÝ¬óÚÉóÂÅÚäù¬ÚìÚ÷ćÈăÜãòÈäù¬ÚÖ¬îăÜ æòÂêÔñØöć×úÂ×¬óãØîÕÚöĈÿäöãÂè¬ó 
æòÂêÔñØóÈßòÚÙùÂääâ  
( genetic character ) ÂóäØöćÉñßõÉóäÔóè¬óæòÂêÔñĂÕæòÂêÔñìÚ÷ćÈÿÜĆÚæòÂêÔñØóÈßòÚÙùÂääâÚòĈÚÖ­îÈßõÉóäÔó
ìæóãą äù¬Ú ÿßäóñæòÂêÔñÛóÈîã¬óÈăâ¬ÜäóÂÐĂÚäù¬ÚæúÂĀÖ¬ÜäóÂÐĂÚäù¬ÚìæóÚ  

æòÂêÔñÖ¬óÈ ą ĂÚëõćÈâöËöèõÖØöćÿÜĆÚæòÂêÔñØóÈßòÚÙùÂääâ ëóâóä××¬óãØîÕÉóÂäù¬ÚìÚ÷ćÈăÜãòÈäù¬ÚÖ¬î ą 
ăÜāÕãÝ¬óÚØóÈÿÌææ°ëøÛßòÚÙù° ÿÜĆÚìÚ¬èãÂæóÈĂÚÂóä×¬óãØîÕÿâøćîÿÂõÕÂóäÜÐõëÚÙõäñìè¬óÈÿÌææ°ăÃ¬ÃîÈĀâ¬
ĀæñÿÌææ°îëùÉõÃîÈß¬î 
 ëõćÈâöËöèõÖËÚõÕìÚ÷ćÈ âöæòÂêÔñÿÊßóñÖòèØöćĀÖÂÖ¬óÈÉóÂæòÂêÔñÃîÈëõćÈâöËöèõÖËÚõÕîøćÚ ą ÿäóÉ÷Èîóéòã
ÅùÔëâÛòÖõÿÊßóñÖòèØöćăâ¬ÿìâøîÚÂòÚĂÚÂóääñÛùËÚõÕÃîÈëõćÈâöËöèõÖ 
 

æúÂĀâèăÕ­äòÛÂóä×¬óãØîÕ  
                         Ýæăâ­ËÚõÕÖ¬óÈą 

                                                   æòÂêÔñßòÚÙùÂääâÉóÂß¬îĀâ¬                          
                
 

Āâ­è¬óëõćÈâöËöèõÖËÚõÕÿÕöãèÂòÚãòÈâöæòÂêÔñØöćĀÖÂÖ¬óÈÂòÚ ÿË¬Ú ÅÚÉñâöäúÜä¬óÈ ìÚ­óÖó ÂõäõãóØ¬óØóÈ 
ÿëöãÈßúÕ ăâ¬ÿìâøîÚÂòÚ ÿäóÉ÷ÈÛîÂăÕ­è¬óÿÜĆÚĂÅä Āâ­è¬óÉñÿÜĆÚÞóĀÞÕä¬èâăÃ¬Åæ­óãÂòÚâóÂ ÿâøćîßõÉóäÔóÉäõÈ
Āæ­èÉñăâ¬ÿìâøîÚÂòÚ æòÂêÔñÃîÈëõćÈâöËöèõÖ ÿË¬Ú äúÜä¬óÈ ëöÝõè ëöĀæñÂæõćÚÃîÈÕîÂăâ­ äëËóÖõÃîÈÝæăâ­ 
æòÂêÔñÿìæ¬óÚöĈëóâóä×âîÈÿìĆÚĀæñëòÈÿÂÖăÕ­È¬óã ĀÖ¬æòÂêÔñÃîÈëõćÈâöËöèõÖÛóÈîã¬óÈëòÈÿÂÖăÕ­ãóÂ Ö­îÈĂË­èõÙö
ÌòÛÌ­îÚĂÚÂóäëòÈÿÂÖ ÿË¬Ú ìâú¬ÿæøîÕ ëÖõÜòÎÎó   ÿÜĆÚÖ­Ú 

 
ÅèóâĀÜäÝòÚÃîÈæòÂêÔñØóÈßòÚÙùÂääâ 

 ÅèóâĀÜäÝòÚÃîÈæòÂêÔñØóÈßòÚÙùÂääâ(genetic variation) ìâóã×÷È æòÂêÔñØöćĀÖÂÖ¬óÈÂòÚ 
ÿÚøćîÈÉóÂßòÚÙùÂääâØöćăâ¬ÿìâøîÚÂòÚ Āæñëóâóä××¬óãØîÕăÜëú¬äù¬ÚæúÂăÕ­ āÕãæúÂÉñăÕ­äòÛÂóä×¬óãØîÕ
æòÂêÔñØóÈßòÚÙùÂääââóÉóÂß¬îÅä÷ćÈìÚ÷ćÈĀæñăÕ­äòÛÉóÂĀâ¬îöÂÅä÷ćÈìÚ÷ćÈ ÿË¬Ú æòÂêÔñÿë­ÚÝâ ëöÃîÈÖó ìâú¬
ÿæøîÕ Ì÷ćÈĀÛ¬ÈîîÂÿÜĆÚ Ƙ ĀÛÛ Åøî 
 



 ƝƗ 
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æòÂêÔñØöćâöÅèóâĀÜäÝòÚăâ¬Ö¬îÿÚøćîÈ

ÂõÉÂääâ æòÂêÔñØóÈßòÚÙùÂääâ 

1. æòÂêÔñØöćâöÅèóâĀÜäÝòÚĀÛÛÖ¬îÿÚøćîÈ  ( continuous variation) ÿÜĆÚæòÂêÔñØóÈßòÚÙùÂääâØöćăâ¬ëóâóä×
ĀãÂÅèóâĀÖÂÖ¬óÈăÕ­ËòÕÿÉÚ æòÂêÔñßòÚÙùÂääâÿË¬ÚÚöĈ  âòÂÿÂöćãèÃ­îÈÂòÚØóÈÕ­óÚÜäõâóÔ ÿË¬Ú ÅèóâëúÈ 
ÚČĈóìÚòÂ āÅäÈä¬óÈ ëöÝõè æòÂêÔñ     ØöćâöÅèóâĀÜäÝòÚÖ¬îÿÚøćîÈÿÜĆÚæòÂêÔñØöćăÕ­äòÛîõØÙõßæÉóÂßòÚÙùÂääâ Āæñ
ëõćÈĀèÕæ­îâä¬èâÂòÚ 
 
 
              
 
 
 
 

 
2. æòÂêÔñØöćâöÅèóâĀÜäÝòÚĀÛÛăâ¬Ö¬îÿÚøćîÈ 
(discontinuous variation) ÿÜĆÚæòÂêÔñØóÈßòÚÙùÂääâØöćëóâóä×ĀãÂÅèóâĀÖÂÖ¬óÈăÕ­îã¬óÈËòÕÿÉÚ ăâ¬

ĀÜäÝòÚÖóâîõØÙõßæÃîÈëõćÈĀèÕæ­îâ æòÂêÔñØóÈßòÚÙùÂääâÿË¬ÚÚöĈÿÜĆÚæòÂêÔñØöćÿäöãÂè¬ó æòÂêÔñØóÈÅùÔáóß 
Ì÷ćÈÿÂõÕÉóÂîõØÙõßæØóÈßòÚÙùÂääâÿßöãÈîã¬óÈÿÕöãè ÿË¬Ú æòÂêÔñìâú¬ÿæøîÕ æòÂêÔñÿë­ÚÝâ Åèóâ×ÚòÕÃîÈâøî 
ÉČóÚèÚËòĈÚÖó ÿÜĆÚÖ­Ú  

 

 
 

1. Ăì­Ýú­ÿäöãÚëČóäèÉæòÂêÔñØóÈßòÚÙùÂääâØöćÜäóÂÐĂÚÖòèÝú­ÿäöãÚĀæñÅÚĂÚÅäîÛÅäòèîã¬óÈÚ­îã 3 äù¬Ú  ÿË¬Ú  
Üú¬ã¬ó  Öóãóã  ß¬îĀâ¬  ßöćÚ­îÈ  è¬óâöæòÂêÔñĂÕØöćÿìâøîÚÂòÚÛ­óÈ 

2. äñÛùè¬óæòÂêÔñØöćÿìâøîÚÂòÚÚòĈÚÜäóÂÐĂÚëâóËõÂÅÚĂÕÃîÈÅäîÛÅäòèÛòÚØ÷ÂÝææÈĂÚÖóäóÈÛòÚØ÷ÂÝæÂóä
ëČóäèÉ 

3. ÚČóÿëÚîĀæñîÙõÛóãÝæÂóäëČóäèÉæòÂêÔñØóÈßòÚÙùÂääâØöć×¬óãØîÕĂÚÅäîÛÅäòè 
 
 
 
 
 

æòÂêÔñØöćâöÅèóâĀÜäÝòÚÖ¬îÿÚøćîÈ 



 ƝƘ 

ÖóäóÈÝæÂóäëČóäèÉæòÂêÔñØöćÜäóÂÐĂÚÿÅäøîÎóÖõ 

æòÂêÔñØöćëòÈÿÂÖ 
æòÂêÔñØöć
ÜäóÂÏĂÚ
ÖòèÚòÂÿäöãÚ 

ÿìâøîÚ
ß¬î 

ÿìâøîÚ
Āâ¬ 

ÿìâøîÚ
Üú¬ 

ÿìâøîÚ
ã¬ó 

ÿìâøîÚ
Öó 

ÿìâøîÚ
ãóã 

ÿìâøîÚ
ßöćËóãìäøî
Ú­îÈËóã 

ÿìâøîÚ
ßöćëóèìäøî
Ú­îÈëóè 

Ɨ. ÿë­ÚÝâ          
Ƙ. æõĈÚ          
ƙ. ÖõćÈìú          
ƚ. ìÚòÈÖó          
ƛ. æòÂãõĈâ          
Ɯ. ëöÝâ          
Ɲ. Åèóâ×ÚòÕÃîÈâøî          
ìâóãÿìÖù      ĂË­ÿÅäøćîÈìâóã  V âöæòÂêÔñÿìâøîÚÂòÚ 

 Å   Ýú­ÿäöãÚâöæòÂêÔñØóÈßòÚÙùÂääâĀÖ¬æñæòÂêÔñÿìâøîÚÿÅäøîÎóÖõÅÚĂÕÛ­óÈ ÉñëäùÜÝæÃ­îâúæÚöĈăÕ­ îã¬óÈăä 
 

Âóäé÷ÂêóÂóä×¬óãØîÕæòÂêÔñØóÈßòÚÙùéóëÖä° 
 ÿÂäÿÂîä° ÿâÚÿÕæ ( Gregor Mendel ) ÿÜĆÚÛóØìæèÈËóèîîëÿÖäöã Õ­èãÅèóâÿÜĆÚÅÚäòÂÙääâËóÖõ 
äú­ÉòÂèõÙöÂóäÜäòÛÜäùÈßòÚÙù°ßøË ĀæñëÚĂÉÕ­óÚßòÚÙùÂääâ ÿâÚÿÕæăÕ­Ýëâ×òćèæòÚÿÖó ÿßøćîé÷ÂêóÂóä×¬óãØîÕ
æòÂêÔñØóÈßòÚÙùÂääâæòÂêÔñáóãÚîÂÃîÈ×òćèÿÖóØöćÿâÚÿÕæé÷ÂêóâöìæóãæòÂêÔñ ĀÖ¬ÿâÚÿÕæăÕ­ÿæøîÂé÷Âêó
ÿßöãÈ Ɲ æòÂêÔñ āÕãĀÖ¬æñæòÂêÔñÚòĈÚâöÅèóâĀÖÂÖ¬óÈÂòÚîã¬óÈËòÕÿÉÚ ÿË¬Ú Ö­ÚëúÈÂòÛÖ­ÚÿÖöĈã æòÂêÔñÿâæĆÕ
ÂæâÂòÛÿâæĆÕÃäùÃäñ×òćèØöćÿâÚÿÕæÚČóâóĂË­ÿÜĆÚß¬îßòÚÙù°ĀæñĀâ¬ßòÚÙù°ÚòĈÚÿÜĆÚßòÚÙù°ĀØ­ØòĈÈÅú¬ āÕãÂóäÚČóÖ­Ú×òćè
æòÚÿÖóĀÖ¬æñëóãßòÚÙù°âóÜæúÂĀæñÝëâáóãĂÚÕîÂÿÕöãèÂòÚ ÿâøćîÖ­Ú×òćèæòÚÿÖóîîÂÞòÂ ÚČóÿâæĆÕĀÂ¬ăÜÜæúÂ 
ÉóÂÚòĈÚäîÉÚÂäñØòćÈÖ­Ú×òćèæòÚÿÖóÿÉäõÎÿÖõÛāÖ É÷ÈÅòÕÿæøîÂÖ­ÚØöćâöæòÂêÔñÿìâøîÚß¬îĀâ¬ ÚČóâóÝëâßòÚÙù°Ö¬îăÜ
Õ­èã èõÙöÂóäÿË¬ÚÿÕöãèÂòÛÅäòĈÈĀäÂØČóÿË¬ÚÚöĈÖ¬îăÜîöÂìæóã ą äù¬Ú ÉÚăÕ­ÿÜĆÚÖ­Ú×òćèæòÚÿÖóßòÚÙù°ĀØ­âöæòÂêÔñ
ÿìâøîÚß¬îĀâ¬ØùÂÜäñÂóä 
 

  
 
 
 
 
 
 



 Ɲƙ 

ÉóÂÂóäÝëâßòÚÙù°äñìè¬óÈÖ­Ú×òćèæòÚÿÖóØöćâöæòÂêÔñĀÖÂÖ¬óÈÂòÚ Ɲ æòÂêÔñ ÿâÚÿÕæăÕ­ÝæÂóäØÕæîÈÕòÈÖóäóÈ 
 

ÖóäóÈĀëÕÈÝæÂóäØÕæîÈÃîÈÿâÚÿÕæ 

æòÂêÔñÃîÈß¬îĀâ¬ØöćĂË­Ýëâ 
æòÂêÔñØöćÜäóÂÐ 

æúÂäù¬ÚØöć Ɨ æúÂäù¬ÚØöć Ƙ 

ÿâæĆÕÂæâ X ÿâæĆÕÃäùÃäñ ÿâæĆÕÂæâØùÂÖ­Ú 
ÿâæĆÕÂæâ ƛ,ƚƝƚ ÿâæĆÕ 
ÿâæĆÕÃäùÃäñ Ɨ,ƞƛƖ ÿâæĆÕ 

ÿâæĆÕëöÿìæøîÈ X ÿâæĆÕëöÿÃöãè ÿâæĆÕëöÿìæøîÈØùÂÖ­Ú 
ÿâæĆÕëöÿìæøîÈ Ɯ,ƖƘƘ Ö­Ú 
ÿâæĆÕëöÿÃöãè Ƙ,ƖƖƗ Ö­Ú 

ÞòÂîèÛ X ÞòÂĀàÛ ÞòÂîèÛØùÂÖ­Ú 
ÞòÂîèÛ ƞƞƘ Ö­Ú 
ÞòÂĀàÛ ƘƘƟ Ö­Ú 

æòÂêÔñÃîÈß¬îĀâ¬ØöćĂË­Ýëâ 
æòÂêÔñØöćÜäóÂÐ 

æúÂäù¬ÚØöć Ɨ æúÂäù¬ÚØöć Ƙ 

ÞòÂëöÿÃöãè X ÞòÂëöÿìæøîÈ ÞòÂëöÿÃöãèØùÂÖ­Ú 
ÞöÂëöÿÃöãè ƚƘƞ Ö­Ú 
ÞòÂëöÿìæøîÈ ƗƛƘ Ö­Ú 

ÕîÂÿÂõÕØöćæČóÖ­Ú X ÕîÂÿÂõÕØöć
ãîÕ 

ÕîÂÿÂõÕØöćæČóÖ­ÚØùÂÖ­Ú 
ÕîÂÿÂõÕØöćæČóÖ­Ú ƜƛƗ Ö­Ú 
ÕîÂÿÂõÕØöćÿÂõÕãîÕ ƘƖƝ Ö­Ú 

ÕîÂëöâ¬èÈ X ÕîÂëöÃóè ÕîÂëöâ¬èÈØùÂÖ­Ú 
ÕîÂëöâ¬èÈ ƝƖƛ Ö­Ú 
ÕîÂëöÃóè ƘƘƚ Ö­Ú 

Ö­ÚëúÈ X Ö­ÚÿÖöĈã Ö­ÚëúÈØùÂÖ­Ú 
Ö­ÚëúÈ ƝƞƝ Ö­Ú 
Ö­ÚÿÖöĈã ƘƝƝ Ö­Ú 

              X  ìâóã×÷È  ÝëâßòÚÙù° 
 
 
ÿâÚÿÕæÿäöãÂæòÂêÔñÖ¬óÈ ą ØöćÜäóÂÐĂÚæúÂäù¬ÚØöć Ɨ ÿË¬Ú ÿâæĆÕÂæâ æČóÖ­ÚëúÈ ÿäöãÂè¬ó  æòÂêÔñÿÕ¬Ú    ( 

dominance ) ë¬èÚæòÂêÔñØöćăâ¬ÜäóÂÐĂÚäù¬ÚæúÂØöć Ɨ ĀÖ¬ÂæòÛÜäóÂÐĂÚäù¬ÚØöć Ƙ ÿË¬Ú ÿâæĆÕÃäùÃäñ æòÂêÔñÖ­Ú
ÿÖöĈã ÿäöãÂè¬ó æòÂêÔñÕ­îã ( recessive ) Ì÷ćÈæòÂêÔñĀÖ¬æñæòÂêÔñĂÚæúÂäù¬ÚØöć Ƙ Ăì­îòÖäóë¬èÚ  æòÂêÔñÿÕ¬Ú : 
æòÂêÔñÕ­îã  ÜäñâóÔ ƙ : Ɨ 



 Ɲƚ 

 ÉóÂëòÎæòÂêÔ°ÖòèîòÂêäáóêóîòÈÂåê (TT ĀØÚÖ­ÚëúÈ, tt ĀØÚÖ­ÚÿÖöĈã) ĀØÚãöÚØöćÂČóìÚÕ ÿÃöãÚ
ĀÝÚáóßĀëÕÈãöÚØöćÅèÛÅùâæòÂêÔñ ĀæñÝæÃîÈÂóä×¬óãØîÕæòÂêÔñĂÚÂóäÝëâßòÚÙù°äñìè¬óÈ×òćèæòÚÿÖóÖ­Ú
ëúÈÂòÛ×òćèæòÚÿÖóÖ­ÚÿÖöĈã ĀæñÂóäÝëâßòÚÙù°äñìè¬óÈæúÂäù¬ÚØöć Ɨ ăÕ­ÕòÈĀÝÚáóß 

ÝæÃîÈÂóäÝëâßòÚÙù°äñìè¬óÈ×òćèæòÚÿÖóÖ­ÚëúÈÂòÛ×òćèæòÚÿÖóÖ­ÚÿÖöĈã 

 ĂÚæúÂäù¬ÚØöć 1 ÿâøćîãöÚ T ØöćÅèÛÅùâæòÂêÔñÖ­ÚëúÈÌ÷ćÈÿÜĆÚæòÂêÔñÿÕ¬Ú ÿÃ­óÅú¬ÂòÛãöÚ t ØöćÅèÛÅùâæòÂêÔñ
Ö­ÚÿÖöĈãÌ÷ćÈÿÜĆÚæòÂêÔñÕ­îã æòÂêÔñØöćÜäóÂÐÉñÿÜĆÚæòÂêÔñØöćÅèÛÅùâÕ­èããöÚÿÕ¬Ú ÕòÈÉñÿìĆÚè¬óæúÂĂÚäù¬ÚØöć 1 âö
æòÂêÔñÖ­ÚëúÈìâÕØùÂÖ­Ú ĀæñÿâøćîÚČóæúÂäù¬ÚØöć 1 âóÝëâÂòÚÿîÈÉñÿÜĆÚÕòÈĀÝÚáóß 

ÝæÃîÈÂóäÝëâßòÚÙù°äñìè¬óÈæúÂäù¬ÚØöć 1 
 Ö¬îâóÚòÂËöèèõØãóäù¬ÚìæòÈăÕ­ØČóÂóäØÕæîÈÝëâßòÚÙù°×òćèæòÚÿÖóĀæñßøËËÚõÕîøćÚîöÂìæóãËÚõÕ Āæ­è
ÚČóâóèõÿÅäóñì°Ã­îâúæØóÈë×õÖõÅæ­óãÂòÛØöćÿâÚÿÕæé÷Âêó ØČóĂì­âöÂóääøĈîàøĈÚÝæÈóÚÃîÈÿâÚÿÕæ  ÉÚĂÚØöćëùÕÚòÂ
ËöèèõØãóÉ÷ÈăÕ­Ăì­ÂóäãÂã¬îÈÿâÚÿÕæè¬óÿÜĆÚÛõÕóĀì¬ÈèõËóßòÚÙùéóëÖä° 

ß¬îĀâ¬ 

ÿÌææ°ëøÛßòÚÙù°ÿßéÝú­ 
ÿÌææ°ëøÛßòÚÙù°ÿßéÿâöã 

æúÂäù¬ÚØöć Ɨ 

æúÂäù¬ÚØöć Ɨ 

ÿÌææ°ëøÛßòÚÙù°ÿßéÝú­ 

æúÂäù¬ÚØöć Ƙ 

ÿÌææ°ëøÛßòÚÙù°ÿßéÿâöã 



 Ɲƛ 

ÂõÉÂääâ Âóäé÷ÂêóÂóä×¬óãØîÕæòÂêÔñØóÈßòÚÙùéóëÖä° 
 
 

ßòÚÙùÂääâ 

 
 

 

 

1. ÿìÖùĂÕÿâÚÿÕæÉ÷ÈÖ­îÈÅòÕÿæøîÂßòÚÙù°ĀØ­Â¬îÚØöćÉñØČóÂóäÝëâßòÚÙù° 
2. ×­óìæòÈÉóÂÂóäÝëâÿÂëäÕ­èãèõÙöÃîÈÿâÚÿÕæĀæ­èâöĀâæÈÛõÚâóÝëâÿÂëäÌČĈóÉñÿÂõÕÜòÎìóîã¬óÈăäÖ¬îÂóä
ØÕæîÈÚöĈìóÂÚòÂÿäöãÚÿÜĆÚÿâÚÿÕæÉñĀÂ­ÜòÎìóîã¬óÈăä 

3. ÉóÂÂóäØÕæîÈÃîÈÿâÚÿÕæ æòÂêÔñĂÕÃîÈÖ­Ú×òćèæòÚÿÖó ÿÜĆÚæòÂêÔñÿÕ¬Ú ĀæñæòÂêÔñĂÕÿÜĆÚæòÂêÔñÕ­îã 
4. ÉóÂÂóäØÕæîÈÃîÈÿâÚÿÕæîòÖäóë¬èÚÃîÈÉČóÚèÚæòÂêÔñÿÕ¬ÚÖ¬îæòÂêÔñÕ­îã ĂÚæúÂäù¬ÚØöć Ƙ ØöćăÕ­âöÅ¬óÜäñâóÔ
ÿØ¬óăä 

5. ÿßäóñÿìÖùĂÕÖ­Ú×òćèæòÚÿÖóØöćâöãöÚ TT ÂòÛ Tt É÷ÈĀëÕÈæòÂêÔñÖ­ÚëúÈÿìâøîÚÂòÚ 
6. ëõćÈâöËöèõÖØöćâöæòÂêÔñØöćâîÈÿìĆÚÿìâøîÚÂòÚÉČóÿÜĆÚÉñÖ­îÈâöæòÂêÔñÃîÈãöÚÿìâøîÚÂòÚìäøîăâ¬ îã¬óÈăä 
7. ĂÚÂóäÝëâìÚúÖñÿáóÃÚëöÕČóÕ­èãÂòÚ ÜäóÂÐè¬óăÕ­æúÂëöÕČó ƘƟ Öòè ĀæñëöÃóè Ɵ Öòè Ã­îâúæÚöĈÛîÂ  îñăäÿäóăÕ­
Û­óÈ 

8. ×­ó B ĀØÚãöÚØöćÅèÛÅùâæòÂêÔñÃÚëöÕČó b ĀØÚãöÚØöćÅèÛÅùâæòÂêÔñÃÚëöÃóè ìÚúÖñÿáóÅú¬ÚöĈÅèäâöæòÂêÔñÃîÈ
ãöÚîã¬óÈăä 

9. Ýëâ×òćèæòÚÿÖóÿâæĆÕÂæâ ( RR ) ĀæñÿâæĆÕÃäùÃäñ ( rr ) ÉÈìóæòÂêÔñÃîÈæúÂäù¬ÚØöć Ɨ 
 

 
 
 
 
 
 
 
 
 
 



 ƝƜ 

ìÚ¬èãßòÚÙùÂääâ 
āÅäāâāÌâÃîÈëõćÈâöËöèõÖ 
 ìÚ¬èãßøĈÚÑóÚØöćëČóÅòÎÃîÈëõćÈâöËöèõÖ Åøî ÿÌææ°âöë¬èÚÜäñÂîÛØöćëČóÅòÎ 3 ë¬èÚ ăÕ­ĀÂ¬ ÚõèÿÅæöãë ăÌ
āØßæóëÌ÷âĀæñÿãøćîìù­âÿÌææ°áóãĂÚÚõèÿÅæöãëâöāÅäÈëä­óÈØöćëóâóä×ÖõÕëöăÕ­ ÿäöãÂè¬ó āÅäāâāÌâ ĀæñßÛè¬ó
āÅäāâāÌââöÅèóâÿÂöćãèÃ­îÈÂòÛÂóä×¬óãØîÕæòÂêÔñØóÈßòÚÙùÂääâ 
      āÕãØòćèăÜëõćÈâöËöèõÖĀÖ¬æñËÚõÕìäøîëÜöËöë° ( species ) ÉñâöÉČóÚèÚāÅäāâāÌâÅÈØöćÕòÈĀëÕÈĂÚÖóäóÈ 

ÖóäóÈÉČóÚèÚāÅäāâāÌâÃîÈÿÌææ°ä¬óÈÂóãĀæñÿÌææ°ëøÛßòÚÙù°ÃîÈëõćÈâöËöèõÖÛóÈËÚõÕ 

ËÚõÕÃîÈëõćÈâöËöèõÖ 
ÉČóÚèÚāÅäāâāÌâ 

ĂÚÿÌææ°ä¬óÈÂóã ( ĀØ¬È ) ĂÚÿÌææ°ëøÛßòÚÙù° ( ĀØ¬È ) 
ĀâæÈìèöć 8 4 
×òćèæòÚÿÖó 14 7 
Ã­óèāßÕ 20 10 
Ã­óè 24 12 
î­îã 80 40 
ÜæóÂòÕ 42 21 
ÅÚ 46 23 
ËõâĀßÚÌö 48 24 
ăÂ¬ 78 39 
Āâè 38 19 

 āÅäāâāÌâĂÚÿÌææ°ä¬óÈÂóãÃîÈÅÚ 46 ĀØ¬È ÚČóâóÉòÕÅú¬ăÕ­ 23 Åú¬ Ì÷ćÈĀÛ¬ÈăÕ­ÿÜĆÚ 2 ËÚõÕ Åøî 
1. îîāÖāÌâ ( Autosome ) Åøî āÅäāâāÌâ 22 Åú¬ ( Åú¬Øöć 1 · 22 ) ØöćÿìâøîÚÂòÚØòĈÈÿßéìÎõÈĀæñÿßéËóã 
2. āÅäāâāÌâÿßé ( Sex Chromosome ) Åøî āÅäāâāÌâîöÂ 1 Åú¬ ( Åú¬Øöć 23 ) ĂÚÿßéìÎõÈĀæñÿßéËóãÉñ
Ö¬óÈÂòÚ ÿßéìÎõÈâöāÅäāâāÌâÿßéĀÛÛ XX ë¬èÚÿßéËóãâöāÅäāâāÌâÿßéĀÛÛ XY āÕãāÅäāâāÌâ Y Éñâö
ÃÚóÕÿæĆÂÂè¬óāÅäāâāÌâ X 



 ƝƝ 

ãöÚ Āæñ DNA   
 ãöÚ ÿÜĆÚë¬èÚìÚ÷ćÈÃîÈāÅäāâāÌâ āÅäāâāÌâìÚ÷ćÈ ą âöãöÚÅèÛÅùâæòÂêÔñÖ¬óÈ ą ÿÜĆÚßòÚ ą æòÂêÔñ ãöÚ ( 
gene ) Åøî ìÚ¬èãßòÚÙùÂääâØöćÅèÛÅùâæòÂêÔñÖ¬óÈ ą ÉóÂß¬îĀâ¬āÕãÝ¬óÚØóÈÿÌææ°ëøÛßòÚÙù°ăÜãòÈæúÂìæóÚ ãöÚÉñîãú¬
ÿÜĆÚÅú¬ÛÚāÅäāâāÌâ āÕããöÚĀÖ¬æñÅú¬ÉñÅèÛÅùâæòÂêÔñØöć×¬óãØîÕØóÈßòÚÙùÂääâÿßöãÈæòÂêÔñìÚ÷ćÈÿØ¬óÚòĈÚ ÿË¬Ú ãöÚ
ÅèÛÅùâæòÂêÔñëöÝõè ãöÚÅèÛÅùâæòÂêÔñæòÂãõĈâ ãöÚÅèÛÅùâæòÂêÔñÉČóÚèÚËòĈÚÖó ÿÜĆÚÖ­Ú 
 áóãĂÚãöÚßÛè¬óâöëóäÿÅâöØöćëČóÅòÎËÚõÕìÚ÷ćÈ Åøî DNA  Ì÷ćÈã¬îâóÉóÂ Deoxyribonucleic acid Ì÷ćÈÿÜĆÚ
ëóäßòÚÙùÂääâ ßÛĂÚëõćÈâöËöèõÖØùÂËÚõÕ ăâ¬è¬óÉñÿÜĆÚßøË ëòÖè° ìäøîĀÛÅØöÿäöãÌ÷ćÈÿÜĆÚëõćÈâöËöèõÖÿÌææ°ÿÕöãè ÿÜĆÚÖ­Ú  

DNA ÿÂõÕÉóÂÂóäÖ¬îÂòÚÿÜĆÚÿë­ÚāâÿæÂùæã¬îãÿÜĆÚëóãÅæ­óãÛòÚăÕÿèöãÚ ÜÂÖõÉñîãú¬ÿÜĆÚÿÂæöãèÅú¬ 
 

 
ÕöÿîĆÚÿîÿÜĆÚëóäßòÚÙùÂääâØöćîãú¬áóãĂÚāÅäāâāÌâÃîÈëõćÈâöËöèõÖ 

 ĂÚëõćÈâöËöèõÖĀÖ¬æñËÚõÕÉñâöÜäõâóÔ DNA ăâ¬ÿØ¬óÂòÚ ĀÖ¬ĂÚëõćÈâöËöèõÖÿÕöãèÂòÚĀÖ¬æñÿÌææ°âöÜäõâóÔ 
DNA ÿØ¬óÂòÚ ăâ¬è¬óÉñÿÜĆÚÿÌææ°Âæ­óâÿÚøĈî ìòèĂÉ ÖòÛ ÿÜĆÚÖ­Ú 

ÅèóâÝõÕÜÂÖõÃîÈāÅäāâāÌâĀæñãöÚ 
 ëõćÈâöËöèõÖĀÖ¬æñËÚõÕâöæòÂêÔñĀÖÂÖ¬óÈÂòÚ îòÚÿÜĆÚÝæÉóÂÂóä×¬óãØîÕæòÂêÔñØóÈßòÚÙùÂääâ ĀÖ¬ĂÚ
ÛóÈÂäÔößÛÛùÅÅæØöćâöæòÂêÔñÛóÈÜäñÂóäÝõÕăÜÉóÂÜÂÖõÿÚøćîÈÉóÂÅèóâÝõÕÜÂÖõÃîÈāÅäāâāÌâĀæñãöÚ 

ÅèóâÝõÕÜÂÖõØóÈßòÚÙùÂääâØöćÿÂõÕĂÚäñÕòÛāÅäāâāÌâ ÿË¬Ú Ýú­Ü¬èãÂæù¬âîóÂóäÕóèÚ° âöÉČóÚèÚ
āÅäāâāÌâÅú¬Øöć 21 ÿÂõÚÂè¬óÜÂÖõ Åøîâö 3 ĀØ¬È ë¬ÈÝæĂì­âöÅèóâÝõÕÜÂÖõØóÈä¬óÈÂóã ÿË¬Ú ÖóËöĈÃ÷ĈÚ æõĈÚÉùÂÜóÂ ÕòĈÈ
ÉâúÂĀÛÚ ÚõĈèâøîëòĈÚÜ­îâ ĀæñâöÂóäßòÓÚóØóÈëâîÈË­ó 

ÅèóâÝõÕÜÂÖõØóÈßòÚÙùÂääâØöćÿÂõÕĂÚäñÕòÛãöÚ ÿË¬Ú āäÅÙóæòëÌöÿâöã ÿÂõÕÉóÂÅèóâÝõÕÜÂÖõÃîÈãöÚØöć
ÅèÛÅùâÂóäëä­óÈïöāâāÂæÛõÚ Ýú­Ü¬èãâöîóÂóäÌöÕ ÖóÿìæøîÈ ÝõèìÚòÈÅæČĈóĀÕÈ ä¬óÈÂóãÿÉäõÎÿÖõÛāÖË­ó ĀæñÖõÕ
ÿËøĈîÈ¬óã 

Øöćâó ( DNA. On·line. 2009 ) 

Øöćâó (sex chromosome. On·line. 2008) 



 Ɲƞ 

  Â. Ýú­Ü¬èãîóÂóäÕóèÚ°     Ã. Ýú­Ü¬èãØöćÿÜĆÚāäÅÙóæòëÌöÿâöã 
  

 
ÖóÛîÕëö ÿÜĆÚÅèóâÝõÕÜÂÖõØóÈßòÚÙùÂääâĂÚäñÕòÛãöÚ Ýú­ØöćÖóÛîÕëöÉñâîÈÿìĆÚëöÛóÈËÚõÕ ÿË¬Ú ëö

ÿÃöãè ëöĀÕÈ ìäøîëöÚČĈóÿÈõÚÝõÕăÜÉóÂÅèóâÿÜĆÚÉäõÈ 
 ÅÚØöćÖóÛîÕëöë¬èÚĂìÎ¬âòÂăÕ­äòÛÂóä×¬óãØîÕØóÈßòÚÙùÂääâÉóÂß¬îĀâ¬ìäøîÛääßÛùäùê ĀÖ¬ÅÚÜÂÖõ
ÂóäÿÂõÕÖóÛîÕëöăÕ­×­óÿÌææ°ÿÂöćãèÂòÛÂóääòÛëöáóãĂÚÖóăÕ­äòÛÅèóâÂäñØÛÂäñÿØøîÚîã¬óÈäùÚĀäÈÕòÈÚòĈÚÅÚØöć
ÖóÛîÕëöÉ÷Èăâ¬ÿìâóñĀÂ¬ÂóäÜäñÂîÛîóËößÛóÈîóËöß ÿË¬Ú Øìóä ĀßØã° ßÚòÂÈóÚÃòÛä× ÿÜĆÚÖ­Ú 

 
ÂóäÂæóãßòÚÙù° (mutation) 
 ÂóäÂæóãßòÚÙù°ÿÜĆÚÂóäÿÜæöćãÚĀÜæÈØóÈßòÚÙùÂääâĂÚäñÕòÛãöÚìäøîāÅäāâāÌâ Ì÷ćÈÿÜĆÚÝæâóÉóÂ
ÂóäÿÜæöćãÚĀÜæÈØöćÿÂõÕÃ÷ĈÚÂòÛÕöÿîĆÚÿî  Ì÷ćÈâöÝæÖ¬îÂóäëòÈÿÅäóñì°āÜäÖöÚĂÚÿÌææ°ÃîÈëõćÈâöËöèõÖ āÕãØöćāÜäÖöÚ
ÛóÈËÚõÕØČóìÚ­óØöćÿÜĆÚāÅäÈëä­óÈÃîÈÿÌææ°ĀæñÿÚøĈîÿãøćî ÛóÈËÚõÕÿÜĆÚÿîÚăÌâ°ÅèÛÅùâÿâĀØÛîæõÌ÷â Âóä
ÿÜæöćãÚĀÜæÈÃîÈÕöÿîĆÚÿîîóÉØČóĂì­āÜäÖöÚØöćëòÈÿÅäóñì°ăÕ­Ö¬óÈăÜÉóÂÿÕõâ Ì÷ćÈë¬ÈÝæÖ¬îÿâĀØÛîæõÌ÷âÃîÈ
ä¬óÈÂóã ìäøîØČóĂì­āÅäÈëä­óÈĀæñÂóäØČóÈóÚÃîÈîèòãèñÖ¬óÈą ÿÜæöćãÚĀÜæÈăÜ É÷ÈØČóĂì­æòÂêÔñØöćÜäóÂÏ
ÿÜæöćãÚĀÜæÈăÜÕ­èã  

ËÚõÕÃîÈÂóäÂæóãßòÚÙù°  ÉČóĀÚÂÿÜĆÚ  2   ĀÛÛ  Åøî                                                            
1.   ÂóäÂæóãßòÚÙù°ÃîÈÿÌææ°ä¬óÈÂóã  (Somatic  Mutation) ÿâøćîÿÂõÕÂóäÂæóãßòÚÙù°Ã÷ĈÚÂòÛÿÌææ°ä¬óÈÂóã 

Éñăâ¬ëóâóä××¬óãØîÕăÜãòÈæúÂìæóÚăÕ­                                                                                                
2.  ÂóäÂæóãßòÚÙù°ÃîÈÿÌææ°ëøÛßòÚÙù° (Gemetic  Mutation) ÿâøćîÿÂõÕÂóäÂæóãßòÚÙù°Ã÷ĈÚÂòÛÿÌææ°

ëøÛßòÚÙù° æòÂêÔñØöćÂæóãßòÚÙù°ëóâóä××¬óãØîÕăÜãòÈæúÂìæóÚăÕ­                                                                                            
ëóÿìÖùØöćØČóĂì­ÿÂõÕÂóäÂæóãßòÚÙù°  îóÉÿÂõÕÃ÷ĈÚăÕ­ÉóÂ  2  ëóÿìÖùĂìÎ¬ą  Åøî 
1. ÂóäÂæóãØöćÿÂõÕÃ÷ĈÚăÕ­ÿîÈÖóâÙääâËóÖõ  ÂóäÂæóãĀÛÛÚöĈßÛăÕ­ØòĈÈÅÚ  ëòÖè°  ßøË  âòÂÉñÿÂõÕĂÚ

îòÖäóØöćÖČćóâóÂ ĀæñâöÂóäÿÜæöćãÚĀÜæÈîã¬óÈË­óą Å¬îãÿÜĆÚÅ¬îãăÜ Ì÷ćÈÂóäÿÜæöćãÚĀÜæÈÚöĈØČóĂì­ÿÂõÕèõèòÓÚóÂóä
ÃîÈëõćÈâöËöèõÖ  ØČóĂì­ÿÂõÕëõćÈâöËöèõÖĂìâ¬ą ÿÂõÕÃ÷ĈÚÖóâèòÚÿèæó 

Ã. Øöćâó ( ÙóæòëÌöÿâöã. îîÚ-ăæÚ°. 2551) 

oonon)((.....................................................
...........................) 

            Â. Øöćâó ( trisomy21. On·line. 2008) 



 ƝƟ 

2. ÂóäÂæóãßòÚÙù°ØöćÿÂõÕÉóÂÂóäÂäñÖù­ÚÉóÂäòÈëö  ĀëÈĀÕÕĀæñëóäÿÅâö äòÈëöÉñØČóĂì­ÿë­Úëóã
āÅäāâāÌâÿÂõÕìòÂÃóÕ ØČóĂì­ãöÚÿÜæöćãÚëáóß ÉóÂÂóäé÷ÂêóßÛè¬óäòÈëöÿîÂÌ° ØČóĂì­ĀâæÈìèöćÿÂõÕÂæóãßòÚÙù°ëúÈ
Âè¬óØöćÿÂõÕÖóâÙääâËóÖõ×÷È  150  ÿØ¬ó  

āÕãØòćèăÜÂóäÂæóãßòÚÙù°ÉñÚČóâóÌ÷ćÈæòÂêÔñăâ¬ß÷ćÈÜäñëÈÅ°  ÿË¬Ú âñÿäĆÈìäøîāäÅßòÚÙùÂääâÖ¬óÈą ĀÖ¬
ÂóäÂæóãßòÚÙù°ÛóÈæòÂêÔñ ÂĆÿÜĆÚÅèóâĀÜæÂĂìâ¬ØöćâÚùêã°ËøćÚËîÛ   ÿË¬Ú Ë­óÈÿÝøîÂ ÿÂ­ÈÿÝøîÂ  ìäøîÝæăâ­Øöćâö
æòÂêÔñÝõÕĀÜæÂăÜÉóÂÿÕõâ  ÿË¬Ú ĀÖÈāâĀæñÂæ­èãØöćÿâæĆÕæöÛ  ìäøîĀîÜÿÜõĈæØöćâöÝæĂìÎ¬Âè¬óßòÚÙù°ÕòĈÈÿÕõâ 

ÜòÉÉùÛòÚÚòÂèõØãóéóëÖä°ĂË­ÜäñāãËÚ°ÉóÂäòÈëöÿßøćîÿä¬ÈîòÖäóÂóäÿÂõÕÂóäÂæóãßòÚÙù° āÕãÂóäÚČóë¬èÚ
Ö¬óÈą ÃîÈßøËâóÊóãäòÈëö ÿË¬ÚÂóäÊóãäòÈëöĀÂââóÂòÛÿÚøĈîÿãøćîÉóÂìÚ¬îìäøîÿìÈ­óÃîÈßùØÙäòÂêó  ØČóĂì­ăÕ­
ßùØÙäòÂêóëóãßòÚÙù°Ăìâ¬ìæóãëóãßòÚÙù°  ßøËÂæóãßòÚÙù°îøćÚą ØöćÿÂõÕÉóÂÂóäÊóãäòÈëöĀÂââó  ăÕ­ĀÂ¬  ÿÛÎÉâóé
ĀæñÜØùââóØöćâöÃîÈÂæöÛÕîÂÿÜæöćãÚĀÜæÈăÜ  ÃõÈĀÕÈâöĂÛæóãĀæñÖ­ÚÿÖöĈã ÿÜĆÚÖ­Ú 

ÂóäÿÜæöćãÚĀÜæÈØóÈßòÚÙùÂääâØöćÿÂõÕÉóÂÂóäÂæóãßòÚÙù°Â¬îĂì­ÿÂõÕæòÂêÔñĂìâ¬ą Ì÷ćÈÖ¬óÈăÜÉóÂ
æòÂêÔñÿÕõâØöćâöîãú¬ĀæñæòÂêÔñÕòÈÂæ¬óèëóâóä××¬óãØîÕăÜãòÈäù¬ÚÖ¬îăÜăÕ­ Â¬îĂì­ÿÂõÕëõćÈâöËöèõÖäù¬ÚæúÂØöćâö
ßòÚÙùÂääâìæóÂìæóãĀÖÂÖ¬óÈÂòÚ 

 
 
 

 

 Ăì­Ýú­ÿäöãÚëøÛÅ­ÚĀæñäèÛäèâÖòèîã¬óÈĀæñÃ­îâúæÿÂöćãèÂòÛÂóäÂæóãßòÚÙù°ÃîÈëõćÈâöËöèõÖ  Āæ­èÚČóÿëÚî
ĀæñîáõÜäóãÖóâÜäñÿÕĆÚÖ¬îăÜÚöĈ 

Å  ÂóäÂæóãßòÚÙù°ÿÂõÕÃ÷ĈÚăÕ­îã¬óÈăä 
Å  ÜäñāãËÚ°ĀæñāØêÃîÈÂóäÂæóãßòÚÙù° 

 
 

  
  
 
 

ÂõÉÂääâ  ëøÛÅ­ÚÃ­îâúæÿÂöćãèÂòÛÂóäÂæóãßòÚÙù° 



 ƞƖ 

ÿäøćîÈØöć  2   ÅèóâìæóÂìæóãØóÈËöèáóß 

 
ÅèóâìæóÂìæóãØóÈËöèáóßÃîÈāæÂâöâóÂâóãâìóéóæ ÖæîÕÿèæóÅèóâìæóÂìæóãØóÈËöèáóßăÕ­

ÿÂøĈîìÚùÚĂì­Ýú­ÅÚÕČóäÈËöèõÖîãú¬āÕãâöîóÂóéĀæñÚČĈóØöćëñîóÕ âöãóäòÂêóāäÅ  âöîóìóä  ÿÅäøćîÈÚù¬Èì¬â  ÿÅäøćîÈĂË­
ăâ­ëîãÖ¬óÈą ÂóäëúÎÿëöãËÚõÕßòÚÙù° ÂóäëúÎÿëöãäñÛÛÚõÿèé ÂóäëúÎÿëöãßòÚÙùÂääâăâ¬ăÕ­ÿßöãÈĀÖ¬ØČóĂì­āæÂæÕ
ÅèóâäČćóäèãØóÈËöèáóßæÈ  ĀÖ¬ăÕ­ØČóĂì­ÜäñËóÂäāæÂëúÎÿëöãāîÂóëØöćăÕ­îóéòãĂÚëáóßĀèÕæ­îâØöćëèãÈóâ
ĀæñëñîóÕ ëúÎÿëöãāîÂóëØöćÉñăÕ­âöãóäòÂêóāäÅØöćÕö  ĀæñëúÎÿëöãāîÂóëØöćÉñâöîóìóäìæ¬îÿæöĈãÈîã¬óÈßîÿßöãÈ  

ÅèóâìæóÂæóãØóÈËöèáóß Åøî ÂóäØöćâöëõćÈâöËöèõÖâóÂâóãìæóÂìæóãëóãßòÚÙù°ĀæñËÚõÕĂÚÛäõÿèÔĂÕÛäõÿèÔìÚ÷ćÈ 
 

ÜäñÿáØÃîÈÅèóâìæóÂìæóãØóÈËöèáóß 
 ÅèóâìæóÂìæóãØóÈËöèáóßĀÛ¬ÈîîÂÿÜĆÚ  3 ÜäñÿáØ ÕòÈÚöĈ                                                     

1.  ÅèóâìæóÂìæóãÃîÈËÚõÕ (Species    diversity) ÿÜĆÚÉùÕÿäõćâÖ­ÚÃîÈÂóäé÷ÂêóÿÂöćãèÂòÛÅèóâ
ìæóÂìæóãØóÈËöèáóßÿÚøćîÈÉóÂÚòÂÚõÿèéèõØãóăÕ­é÷ÂêóÿÂöćãèÂòÛÂæù¬âëõćÈâöËöèõÖ ĂÚßøĈÚØöćÖ¬óÈą äèâ×÷È
Âóäé÷ÂêóÿÂöćãèÂòÛÂóäÿÜæöćãÚĀÜæÈÂæù¬âÃîÈëõćÈâöËöèõÖĂÚÿÃÖßøĈÚØöćÚòĈÚ ÿâøćîÿèæóÿÜæöćãÚĀÜæÈăÜ     

2.  ÅèóâìæóÂìæóãØóÈßòÚÙùÂääâ (Genetic diversity) ÿÜĆÚë¬èÚØöćâöÅèóâÿÂöćãèÿÚøćîÈâóÉóÂÅèóâ
ìæóÂìæóãÃîÈËÚõÕĀæñâöÅèóâëČóÅòÎîã¬óÈãõćÈÖ¬îÂæăÂèõèòÓÚóÂóäÃîÈëõćÈâöËöèõÖ ÂóäÜäóÂÐæòÂêÔñÃîÈ
ëõćÈâöËöèõÖØùÂËÚõÕÉñ×úÂÅèÛÅùâāÕãìÚ¬èãßòÚÙùÂääâìäøîãöÚ ĀæñÂóäÜäóÂÐÃîÈãöÚÉñÿÂöćãèÃ­îÈÂòÛÂóä
ÜäòÛÖòèÃîÈëõćÈâöËöèõÖØöćØČóĂì­ëõćÈâöËöèõÖÚòĈÚÕČóäÈËöèõÖîãú¬ăÕ­ ĀæñâöāîÂóë×¬óãØîÕãöÚÚòĈÚÖ¬îăÜãòÈäù¬ÚìæòÈ 
ÿÚøćîÈÉóÂĂÚëõćÈâöËöèõÖĀÖ¬æñËÚõÕÉñâöãöÚÉČóÚèÚâóÂ ĀæñæòÂêÔñìÚ÷ćÈæòÂêÔñÃîÈëõćÈâöËöèõÖÚòĈÚÉñâöìÚ¬èã
ßòÚÙùÂääââóÂÂè¬óìÚ÷ćÈĀÛÛ É÷ÈØČóĂì­ëõćÈâöËöèõÖËÚõÕÿÕöãèÂòÚâöæòÂêÔñÛóÈîã¬óÈÖ¬óÈÂòÚ   

3.   ÅèóâìæóÂìæóãÃîÈäñÛÛÚõÿèé   (Ecological  diversity)  ìäøî ÅèóâìæóÂìæóãÃîÈáúâõ
ÜäñÿØé  (Landscape  diversity)   ĂÚÛóÈ×õćÚÂČóÿÚõÕÖóâÙääâËóÖõØöćÿÜĆÚæòÂêÔñëáóßØóÈáúâõÜäñÿØé
ĀÖÂÖ¬óÈÂòÚìæóãĀÛÛ  

 
 
 



 ƞƗ 

 
 

ëČóäèÉĀæñëøÛÅ­ÚÖóâÅèóâëÚĂÉ  Āæ­èäèÛäèâÃ­îâúæÿßøćîîáõÜäóãä¬èâÂòÚè¬ó ĂÚØ­îÈ×õćÚÃîÈÝú­ÿäöãÚ
âöÅèóâìæóÂìæóãØóÈÅèóâìæóÂìæóãÃîÈËÚõÕ  ÅèóâìæóÂìæóãØóÈßòÚÙùÂääâ ĀæñÅèóâìæóÂìæóã
ÃîÈäñÛÛÚõÿèé   îã¬óÈăäÛ­óÈ ÿæøîÂé÷ÂêóÅèóâìæóÂìæóãØóÈßòÚÙùÂääâÃîÈëõćÈâöËöèõÖĂÚØ­îÈ×õćÚ  1  ËÚõÕ 
Å  ĂÚØ­îÈ×õćÚÃîÈÝú­ÿäöãÚâöäñÛÛÚõÿèéĂÕÛ­óÈ 
Å äñÛÛÚõÿèéØöćÝú­ÿäöãÚâöāîÂóëăÕ­ëČóäèÉâöëõćÈâöËöèõÖËÚõÕĂÕÛ­óÈ  ßøËĀæñëòÖè°ËÚõÕĂÕØöćßÛâóÂ Ýú­ÿäöãÚÅõÕ
è¬óÿìÖùĂÕÉ÷ÈßÛëõćÈâöËöèõÖÿìæ¬óÚöĈÿÜĆÚÉČóÚèÚâóÂĂÚØ­îÈ×õćÚ 

Å Öòèîã¬óÈÅèóâìæóÂìæóãØóÈßòÚÙùÂääâÃîÈëõćÈâöËöèõÖĂÚØ­îÈ×õćÚ  1  ËÚõÕØöćÝú­ÿäöãÚé÷ÂêóĂì­Ã­îâúæØöć
Ú¬óëÚĂÉîã¬óÈăäÛ­óÈ 
ÉóÂÂõÉÂääâÉČóÚèÚËÚõÕÃîÈëõćÈâöËöèõÖØöćÝú­ÿäöãÚëČóäèÉßÛëñØ­îÚ×÷ÈÅèóâìæóÂìæóãÃîÈëõćÈâöËöèõÖĂÚ

Ø­îÈ×õćÚ Ýú­ÿäöãÚØäóÛăÕ­îã¬óÈăäè¬óëõćÈâöËöèõÖĂÕÿÜĆÚëõćÈâöËöèõÖËÚõÕÿÕöãèÂòÚ  ĀæñëõćÈâöËöèõÖĂÕÿÜĆÚëõćÈâöËöèõÖÖ¬óÈËÚõÕÂòÚ 
 

ÂóäÉòÕìâèÕìâú¬ëõćÈâöËöèõÖ 
 îÚùÂäâèõÙóÚ (Taxonomy) ÿÜĆÚëóÃóìÚ÷ćÈÃîÈèõËóËöèèõØãóÿÂöćãèÂòÛÂóäÉòÕìâèÕìâú¬ëõćÈâöËöèõÖ 

ÜäñāãËÚ°ÃîÈîÚùÂäâèõÙóÚ                                                                        
ÿÚøćîÈÉóÂëõćÈâöËöèõÖâöÉČóÚèÚâóÂ ĀÖ¬æñËÚõÕÂĆâöæòÂêÔñĀÖÂÖ¬óÈÂòÚîîÂăÜ É÷ÈØČóĂì­ÿÂõÕÅèóâăâ¬

ëñÕèÂÖ¬îÂóäé÷Âêó É÷ÈÉČóÿÜĆÚÖ­îÈÉòÕĀÛ¬ÈëõćÈâöËöèõÖîîÂÿÜĆÚìâèÕìâú¬Ì÷ćÈÉñØČóĂì­ÿÂõÕÜäñāãËÚ°ĂÚÕ­óÚÖ¬óÈ ą 
Åøî 

1. ÿßøćîÅèóâëñÕèÂØöćÉñÚČóâóé÷Âêó 
2. ÿßøćîëñÕèÂĂÚÂóäÚČóâóĂË­ÜäñāãËÚ° 
3. ÿßøćîÿÜĆÚÂóäÞ÷ÂØòÂêñĂÚÂóäÉòÕÉČóĀÚÂëõćÈÖ¬óÈ ą îîÂÿÜĆÚìâèÕìâú¬ 

 

ìæòÂÿÂÔÒ°ĂÚÂóäÉòÕÉČóĀÚÂìâèÕìâú¬ 
 ÂóäÉČóĀÚÂìâèÕìâú¬ÃîÈëõćÈâöËöèõÖ âöØòĈÈÂóääèÛäèâëõćÈâöËöèõÖØöćâöæòÂêÔñÿìâøîÚ ą ÂòÚ ìäøî
Åæ­óãÂòÚÿÃ­óăè­ĂÚìâèÕìâú¬ÿÕöãèÂòÚ ĀæñÉČóĀÚÂëõćÈâöËöèõÖØöćâöæòÂêÔñÖ¬óÈÂòÚîîÂăè­Ö¬óÈìâèÕìâú¬ 
 ëČóìäòÛÂóäé÷ÂêóĂÚÜòÉÉùÛòÚăÕ­îóéòãìæòÂÑóÚØöćĀëÕÈ×÷ÈÅèóâĂÂæ­ËõÕØóÈèõèòÓÚóÂóäÕ­óÚÖ¬óÈ ą âó
ÿÜĆÚÿÂÔÒ°ĂÚÂóäÉòÕÉČóĀÚÂ ÕòÈÚöĈ 

1. ÿÜäöãÛÿØöãÛāÅäÈëä­óÈáóãÚîÂĀæñáóãĂÚè¬óâöÅèóâÿìâøîÚìäøîĀÖÂÖ¬óÈÂòÚîã¬óÈăä āÕãØòćèăÜ
ÉñĂË­āÅäÈëä­óÈØöćÿìĆÚÿÕ¬ÚËòÕÿÜĆÚÿÂÔÒ°ĂÚÂóäÉòÕÉČóĀÚÂîîÂÿÜĆÚßèÂ ą ÿË¬Ú ÂóäâöäñãóÈ ìäøîÃóÿÜĆÚÃ­î
Üæ­îÈ âöÃÚÿÜĆÚÿë­ÚÿÕöãè ìäøîÿÜĆÚĀÝÈĀÛÛÃÚÚÂ âöÿÂæĆÕ ÿë­Ú ìäøî ìÚèÕ  âöÂäñÕúÂëòÚìæòÈ ÿÜĆÚÖ­Ú 

ÂõÉÂääâ  ÅèóâìæóÂìæóãØóÈËöèáóßĂÚØ­îÈ×õćÚ 



 ƞƘ 

âÚùêã° 
 

ÚÂ 
 

Üæó 
 

×­óāÅäÈëä­óÈØöćâöÖ­ÚÂČóÿÚõÕÿÕöãèÂòÚ Āâ­ÉñØČóìÚ­óØöćÖ¬óÈÂòÚÂĆÉòÕăè­ÿÜĆÚßèÂÿÕöãèÂòÚ ÿË¬Ú ÂäñÕúÂĀÃÚ
ÃîÈâÚùêã° ÂäñÕúÂÅäöÛÃîÈÜæóèóí ÜöÂÚÂ ÃóÅú¬ìÚ­óÃîÈëòÖè°ëöćÿØ­ó ×­óÿÜĆÚāÅäÈëä­óÈØöćâöÖ­ÚÂČóÿÚõÕÖ¬óÈÂòÚ 
Āâ­ÉñØČóìÚ­óØöćÿìâøîÚÂòÚÂĆÉòÕăè­ÅÚæñßèÂ ÿË¬Ú ÜöÂÚÂ ĀæñÜöÂĀâæÈ 

ĀëÕÈÂóäÿÜäöãÛÿØöãÛāÅäÈëä­óÈØöćâöÖ­ÚÂČóÿÚõÕÿÕöãèÂòÚ 
 

 
 
 
 
 
 
 
 

2. ĀÛÛĀÝÚÂóäÿÉäõÎÿÖõÛāÖÃîÈÿîĆâÛäõāî ëõćÈâöËöèõÖØùÂËÚõÕÉñâöæČóÕòÛÃòĈÚÖîÚÂóäÿÉäõÎÃîÈ
ÿîĆâÛäõāîÿìâøîÚÂòÚ Ö¬óÈÂòÚØöćäóãæñÿîöãÕĂÚĀÖ¬æñÃòĈÚÖîÚÿØ¬óÚòĈÚ ĀæñëõćÈâöËöèõÖØöćâöÅèóâÅæ­óãÂòÚĂÚäñãñ
ÂóäÿÉäõÎÃîÈÿîĆâÛäõāîâóÂ ĀëÕÈè¬óâöèõèòÓÚóÂóäĂÂæ­ËõÕÂòÚâóÂ 

ĀëÕÈĀÛÛĀÝÚÂóäÿÉäõÎÿÖõÛāÖÃîÈÖòèî¬îÚÃîÈëòÖè°ÛóÈËÚõÕ 
 
  
 
 

 
 
 

 
3. ÌóÂÕ÷ÂÕČóÛääß° Âóäé÷ÂêóÌóÂÕ÷ÂÕČóÛääß°ÃîÈëõćÈâöËöèõÖØČóĂì­ØäóÛÛääßÛùäùêÃîÈëõćÈâöËöèõÖĂÚ

ÜòÉÉùÛòÚăÕ­ ĀæñëõćÈâöËöèõÖØöćâöÛääßÛùäùêä¬èâÂòÚÂĆÉòÕîãú¬ßèÂÿÕöãèÂòÚ ÿË¬Ú ÂóäÉòÕÿîóÚÂĀæñëòÖè°ÿæøĈîãÅæóÚăè­
ĂÚßèÂÿÕöãèÂòÚ ÿßäóñÉóÂÂóäé÷ÂêóÕ÷ÂÕČóÛääß° ÃîÈÿØîäóāÚÕîÚ  (Pteranodon) Ì÷ćÈÿÜĆÚëòÖè°ÿæøĈîãÅæóÚØöć
ÛõÚăÕ­ ĀæñÌóÂÃîÈîóä°ÿÅîîßÿØîäõÂë° (Archaeopteryx) Ì÷ćÈÿÜĆÚÚÂāÛäóÔËÚõÕìÚ÷ćÈâöÃóÂääăÂäãóè âöàòÚ 
âöÜöÂ âöÚõĈè Ì÷ćÈÿÜĆÚæòÂêÔñÃîÈëòÖè°ÿæøĈîãÅæóÚ ÉóÂÂóäé÷ÂêóÌóÂÕ÷ÂÕČóÛääß°ÕòÈÂæ¬óèËöĈĂì­ÿìĆÚè¬óÚÂâö
èõèòÓÚóÂóäâóÉóÂÛääßÛùäùêØöćÿÜĆÚëòÖè°ÿæøĈîãÅæóÚ 

Øöćâó (ìæòÂÑóÚÂóäÿÉäõÎÿÖõÛāÖÃîÈÿîĆâÛäõāî.îîÚ-ăæÚ°.2551) 

Øöćâó ( Homologous  structures.On-line. 2008 ) 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦.. ) 



 ƞƙ 

   
ÿØîäóāÚÕîÚ ( Pteranodon ) 

 
 

              
îóä°ÿÅîîßÿØîäõÂë° ( Archaeopteryx ) 

 
 

4. îîä°ĀÂÿÚææ°áóãĂÚÿÌææ° āÕãîóéòãìæòÂØöćè¬óëõćÈâöËöèõÖØöćâöÅèóâĂÂæ­ËõÕÂòÚâóÂã¬îââöëóäÿÅâö
Āæñîîä°ĀÂÿÚææ°áóãĂÚÿÌææ°Åæ­óãÅæ÷ÈÂòÚÕ­èã îîä°ĀÂÿÚææ°ØöćÚČóâóßõÉóäÔóăÕ­ĀÂ¬ ßæóëÖõÕ Āæñëóä
āÜäÖöÚØöćÿÌææ°ëä­óÈÃ÷ĈÚ 

Øöćâó ( Pteranodon. On·line. 2008 ) 

Øöćâó (Archaeopteryx.On ·line. 2008 ) 

http://upload.wikimedia.org/wikipedia/commons/8/84/Pteranodon_cat.jpg
http://www.fossilmuseum.net/fossilpictures-wpd/Archaeopteryx/Archaeopteryx.jpg


 ƞƚ 

æČóÕòÛĂÚÂóäÉòÕìâèÕìâú¬ëõćÈâöËöèõÖ 
 ÚòÂèõØãóéóëÖä°ăÕ­ĂË­ÿÂÔÒ°Ö¬óÈ ą âóĂË­ĂÚÂóäÉòÕÉČóĀÚÂëõćÈâöËöèõÖÿÜĆÚìâèÕìâú¬āÕãÿäõćâÉóÂ
ìâèÕìâú¬ĂìÎ¬ăÜìóìâèÕìâú¬ã¬îãăÕ­ÕòÈÚöĈ 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 

ÂóäÉòÕ ăàæòâ ( Phylum ) ĂÚëòÖè°, ÕõèõËòćÚ ( Division ) ĂÚßøË ÿÜĆÚÅèóâÿìĆÚÃîÈÚòÂßåÂêéóëÖä°ØòćèāæÂ 
 
 
 
 
 
 

îóÔóÉòÂä ( Kingdom
ėė) 
 ăàæòâ ( Phylum ) ĂÚëòÖè°    ÕõèõËòćÚ ( Division ) ĂÚßøË 

 

Åæóë ( Class )  
 

îîä°ÿÕîä° ( Order )  
 

Āàâõæöć ( Family )  
 

ÉöÚòë ( Genus )  
 

ëÜöËöë° ( Species )  
 



 ƞƛ 

 
 

 Ăì­Ýú­ÿäöãÚé÷ÂêóÅ­ÚÅè­ó ßä­îâãÂÖòèîã¬óÈæČóÕòÛĂÚÂóäÉòÕìâèÕìâú¬ëõćÈâöËöèõÖ ÉóÂìÚ¬èãĂìÎ¬ăÜìó
ìÚ¬èãã¬îã ÃîÈëõćÈâöËöèõÖâó 3 ËÚõÕÛòÚØ÷ÂæÈĂÚÖóäóÈ  

äñÕòÛ 
ëõćÈâöËöèõÖ 

ëõćÈâöËöèõÖËÚõÕØöć 1 
.................................... 

ëõćÈâöËöèõÖËÚõÕØöć 2 
.................................... 

ëõćÈâöËöèõÖËÚõÕØöć 3 
.................................... 

Kingdom    

Phylum    

Class    

Order    

Family    

Genus    

Species    
 

ËøćîÃîÈëõćÈâöËöèõÖ 
 ËøćîÃîÈëõćÈâöËöèõÖâöÂóäÖòĈÈÃ÷ĈÚÿßøćîĂË­ÿäöãÂ ìäøîäñÛùëõćÈâöËöèõÖ ÂóäÖòĈÈËøćîëõćÈâöËöèõÖâö 2 ĀÛÛ Åøî  

1. ËøćîëóâòÎ ( Common name )  
ÿÜĆÚËøćîÃîÈëõćÈâöËöèõÖÖòĈÈÃ÷ĈÚÿßøćîĂË­ÿäöãÂëõćÈâöËöèõÖĀÖÂÖ¬óÈÂòÚĂÚĀÖ¬æñØ­îÈØöć ÿË¬Ú ÞäòćÈáóÅÿìÚøî 

æČóÜóÈ  ÿäöãÂ Û¬óâòćÚ æČóßúÚÿäöãÂ Û¬óÂ­èã áóÅÂæóÈÿäöãÂÞäòćÈ áóÅĂÖ­ÿäöãÂËâßú¬  áóÅÖñèòÚîîÂÿÊöãÈÿìÚøîÿäöãÂ 
ÛòÂëöÕó       ÊñÚòĈÚÂóäÿäöãÂËøćîëóâòÎîóÉØČóĂì­ÿÂõÕÅèóâëòÛëÚăÕ­È¬óã ÂóäÖòĈÈËøćîëóâòÎ âòÂâöìæòÂÿÂÔÒ°ĂÚ
ÂóäÖòĈÈËøćî ăÕ­ĀÂ¬     ÖòĈÈÖóâæòÂêÔñäúÜä¬óÈ ÿË¬Ú ëóìä¬óãìóÈÂäñäîÂ è¬óÚìóÈÉäñÿÃ­   ÖòĈÈÖóâ×õćÚÂČóÿÚõÕ ÿË¬Ú 
ÝòÂÖÛËèó ãóÈîõÚÿÕöã  
ÂÂîöãõÜÖ°  ÖòĈÈÖóâØöćîãú¬ÿË¬Ú ÕóèØñÿæ ØóÂÛÂ  ÖòĈÈÖóâÜäñāãËÚ°ØöćăÕ­äòÛ  ÿË¬Ú ìîãâùÂ 

2. ËøćîèõØãóéóëÖä° ( Scientific name )  
ÿÜĆÚËøćîÿßøćîĂË­ÿäöãÂëõćÈâöËöèõÖØöćÂČóÿÚõÕÃ÷ĈÚÖóâìæòÂëóÂæ Ì÷ćÈÚòÂèõØãóéóëÖä°ØòćèāæÂäú­ÉòÂ Åóāäæòë  æõÚ

ÿÚöãë ÚòÂÙääâËóÖõèõØãó ËóèëèöÿÕÚ ÿÜĆÚÝú­äõÿäõćâĂÚÂóäÖòĈÈËøćîèõØãóéóëÖä°Ăì­ÂòÛëõćÈâöËöèõÖ āÕãÂČóìÚÕĂì­
ëõćÈâöËöèõÖÜäñÂîÛÕ­èãËøćî 2 Ëøćî ËøćîĀäÂÿÜĆÚËøćî ´ ÉöÚòë µ ËøćîìæòÈÿÜĆÚÅČóäñÛùËÚõÕÃîÈëõćÈâöËöèõÖ ÅøîËøćî ́ ëÜö
Ëöë° µ ÂóäÿäöãÂËøćîÌ÷ćÈÜäñÂîÛÕ­èãËøćî 2 Ëøćî ÿäöãÂè¬ó ́ ÂóäÖòĈÈËøćîĀÛÛØèõÚóâ µ  

 
 
 
 

ÂõÉÂääâ ÂóäÉòÕìâèÕìâú¬ëõćÈâöËöèõÖ 
 



 ƞƜ 

ìæòÂÂóäÖòĈÈËøćî 
1. ÿÜĆÚáóêóæñÖõÚ ( áóêóæñÖõÚÿÜĆÚáóêóØöćÖóãĀæ­è ăâ¬ëóâóä×ÿÜæöćãÚĀÜæÈăÕ­ )  
2. ÂóäÿÃöãÚ ìäøîßõâß°ËøćîèõØãóéóëÖä° ÿÃöãÚÕ­èãîòÂêäáóêóîòÈÂåê ËøćîĀäÂĂì­Ã÷ĈÚÖ­ÚÕ­èãÖòèîòÂêä
áóêóîòÈÂåêÖòèßõâß°ĂìÎ¬ ËøćîìæòÈĂì­Ã÷ĈÚÖ­ÚÕ­èãáóêóîòÈÂåêÖòèßõâß°ÿæĆÂ ÿÃöãÚăÕ­  2 ĀÛÛ 
×­óÿÃöãÚ ìäøîßõâß°Õ­èãÖòèÿîÚăâ¬Ö­îÈÃöÕÿë­ÚĂÖ­ ÿË¬Ú ËøćîèõØãóéóëÖä°ÃîÈÅÚHomo sapiens 
×­óÿÃöãÚ ìäøîßõâß°Õ­èãăâ¬ĂË­ÖòèÿîÚÖ­îÈÃöÕÿë­ÚĂÖ­Ëøćî 2 Ëøćî āÕãÿë­ÚØöćÃöÕÿë­ÚĂÖ­ØòĈÈëîÈăâ¬ÖõÕÖ¬îÂòÚ 

Homo  sapiens  
3.   îóÉâöËøćîã¬îÃîÈÝú­ÖòĈÈËøćî ìäøî Ýú­Å­ÚßÛÖóâìæòÈÕ­èãÂĆăÕ­ ÿË¬ÚPasser montanus Linn. 
4.   ËøćîèõØãóéóëÖä°îóÉÿÜæöćãÚĀÜæÈăÕ­ ×­óâöÂóäÅ­ÚßÛäóãæñÿîöãÕÿÂöćãèÂòÛëõćÈâöËöèõÖÚòĈÚÿßõćâÿÖõâáóãìæòÈ 
ÂóäÖòĈÈËøćîèõØãóéóëÖä° îóÉÖòĈÈāÕãÂóäßõÉóäÔóÉóÂëõćÈÖ¬óÈ ą ØöćÿÂöćãèÂòÛëõćÈâöËöèõÖ 
1. ëáóßØöćîãú¬îóéòã 
ÝòÂÛù­È âöËøćîèõØãóéóëÖä°è¬ó  Ipomoca aquatica  Ëøćî aquatica âóÉóÂÅČóè¬ó aquatic               Ì÷ćÈìâóã×÷È 

ÚČĈó 
2. ×õćÚØöćîãú¬ìäøî×õćÚÂČóÿÚõÕ 
âñâ¬èÈ âöËøćîèõØãóéóëÖä°è¬ó  Mangfera indica  Ëøćî indica âóÉóÂÅČóè¬ó India Ì÷ćÈÿÜĆÚÖ­Úăâ­ØöćâöÖ­ÚÂČóÿÚõÕ

îãú¬ĂÚÜäñÿØéîõÚÿÕöã 
3. æòÂêÔñÿÕ¬ÚÛóÈîã¬óÈ 
ÂùìæóÛëöĀÕÈ âöËøćîèõØãóéóëÖä°è¬ó  Rosa rubra  Ëøćî rubra ìâóã×÷È ëöĀÕÈ 
4. ËøćîÛùÅÅæØöćÅ­ÚßÛ ìäøîËøćîÝú­ØöćÿÂöćãèÃ­îÈ ÿË¬Ú 

Ö­ÚÿëöĈãèÿÅäøî âöËøćîèõØãóéóëÖä°è¬ó  Bauhinia sanitwongsei   Ëøćî sanitwongsei  ÿÜĆÚËøćîØöćÖòĈÈĂì­ÿÜĆÚÿÂöãäÖõĀÂ¬
Ýú­ÿÂöćãèÃ­îÈ Ì÷ćÈÿÜĆÚÚóâëÂùæÃîÈ â.ä.è. ĂìÎ¬  ëÚõØèÈÅ°   
 
 
 
 
 
 
 
 
 
 
 



 ƞƝ 

 
 
 
 

1. Ăì­Ýú­ÿäöãÚÅ­ÚÅè­óËøćîèõØãóéóëÖä°ÃîÈëõćÈâöËöèõÖÉóÂĀìæ¬ÈÿäöãÚäú­Ö¬óÈą  ÅÚæñ 10 ËÚõÕ āÕãĀÛ¬ÈÿÜĆÚ
ßøË 5 ËÚõÕ ĀæñëòÖè° 5 ËÚõÕ 

2. ÛòÚØ÷ÂÂóäÅ­ÚÅè­óæÈĂÚÖóäóÈ 
æČóÕòÛØöć ËøćîëõćÈâöËöèõÖ ËøćîèõØãóéóëÖä° 

1   
2   
3   
4   
5   
6   
7   
8   
9   
10   

 

ÅèóâìæóÂìæóãÃîÈëõćÈâöËöèõÖ 
 ÉóÂÉùÕÿäõćâÖ­ÚÃîÈÅèóâìæóÂìæóãØóÈËöèáóßÛÚāæÂâÚùêã° ÿâøćîìæóãßòÚæ­óÚÜöâóĀæ­è ÉÚÂäñØòćÈ
ÜòÉÉùÛòÚ ëõćÈâöËöèõÖăÕ­èõèòÓÚóÂóäĀãÂîîÂÿÜĆÚËÚõÕÖ¬óÈą ìæóãËÚõÕ āÕãĀÖ¬æñËÚõÕâöæòÂêÔñÂóäÕČóäÈËöèõÖ
Ö¬óÈą ÿË¬Ú ÛóÈËÚõÕâöæòÂêÔñÈ¬óãą ÿìâøîÚËöèõÖĀäÂÿÂõÕ ÛóÈËÚõÕâöæòÂêÔñÌòÛÌ­îÚ ÛóÈËÚõÕÕČóäÈËöèõÖîãú¬ĂÚ
ÚČĈó ÛóÈËÚõÕÕČóäÈËöèõÖîãú¬ÛÚÛÂ ÿÜĆÚÖ­Ú ÅèóâìæóÂìæóãÃîÈëõćÈâöËöèõÖĂÚÜòÉÉùÛòÚ ÖóâĀÚèÅèóâÅõÕÃîÈ 
îóä°  ÿîË  èõØÿØÿÅîä° (R.H. whittaker) ÉČóĀÚÂëõćÈâöËöèõÖîîÂÿÜĆÚ  5   îóÔóÉòÂä  Åøî 

1. îóÔóÉòÂäâîÿÚîäó ( Kingdom Monera ) 
 ëõćÈâöËöèõÖĂÚîóÔóÉòÂäâîÿÚîäóÿÜĆÚëõćÈâöËöèõÖËòĈÚÖČćó ĂÚÂæù¬âāßäÅóäõāîÖ ăâ¬âöÿãøćîìù­âÚõèÿÅæöãë âö
āÅäÈëä­óÈăâ¬ÌòÛÌ­îÚ ÿÜĆÚëõćÈâöËöèõÖÿÌææ°ÿÕöãè   ëõćÈâöËöèõÖĂÚîóÔóÉòÂäÚöĈăÕ­ĀÂ¬ ëóìä¬óãëöÿÃöãèĀÂâÚČĈóÿÈõÚ 
ĀæñĀÛÅØöÿäöã Ì÷ćÈâöäúÜä¬óÈÖ¬óÈÂòÚîîÂăÜ ÿË¬Ú ÿÜĆÚĀØ¬È ÿÂæöãè Âæâ ìäøîÖ¬îÂòÚÿÜĆÚëóããóè ĀÛÅØöÿäöãÛóÈ
ËÚõÕØČóĂì­ÿÂõÕāäÅ    ÿË¬Ú āäÅÛõÕ ÛóÕØñãòÂ ÿäøĈîÚ îìõèóÖÂāäÅ ÅîÖöÛ ăîÂäÚ ÛóÈËÚõÕßÛĂÚÜâäóÂ×òćèØöć
ÿäöãÂè¬ó ăäāÌÿÛöãâ ( Rhizobium sp. ) ëóâóä×ÚČóăÚāÖäÿÉÚÉóÂîóÂóéăÜëä­óÈăÚÿÖäÕ Ì÷ćÈÿÜĆÚÙóÖùîóìóä
ëČóÅòÎÃîÈßøË ë¬èÚëóìä¬óãëöÿÃöãèĀÂâÚČĈóÿÈõÚ Øöćäú­ÉòÂÕöÅøî ëăÜäúäõÚó ( Sprirurina sp. ) Ì÷ćÈâöāÜäÖöÚëúÈ ĂË­
ØČóîóìóäÿëäõâ 
 

ÂõÉÂääâ ËøćîèõØãóéóëÖä°ÃîÈëõćÈâöËöèõÖ 
 



 ƞƞ 

 

 
 

ëõćÈâöËöèõÖĂÚîóÔóÉòÂäâîÿÚîäó 
 

 
2. îóÔóÉòÂäāßäØõëÖó ( Kingdom Protista ) 

 ëõćÈâöËöèõÖĂÚîóÔóÉòÂäāßäØõëÖó ÿÜĆÚëõćÈâöËöèõÖÂæù¬â ãúÅóäõāîÖ âö
ÿãøćîìù­âÚõèÿÅæöãë ë¬èÚĂìÎ¬ÿÜĆÚëõćÈâöËöèõÖÿÌææ°ÿÕöãè ëõćÈâöËöèõÖĂÚ
îóÔóÉòÂäÚöĈâöØòĈÈÜäñÿáØËòĈÚÖČćó ÿÌææ°ÿÕöãèìäøîìæóãÿÌææ° âöÅæîāäß
æóëÖ°ØöćĂË­ĂÚÂóäëòÈÿÅäóñì°ĀëÈ ăÕ­ĀÂ¬ ëóìä¬óã Ì÷ćÈßÛĂÚÚČĈóÉøÕĀæñ
ÚČĈóÿÅĆâ ÛóÈËÚõÕăâ¬ëóâóä×âîÈÕ­èãÖóÿÜæ¬óÖ­îÈë¬îÈÕ­èãÂæ­îÈÉùæØääéÚ° 
ÿË¬Ú îâöÛó ßóäóâöÿÌöãâ ãúÂæöÚó ÚîÂÉóÂÚòĈÚãòÈßÛëõćÈâöËöèõÖØöćÿäöãÂè¬ó äó

ÿâøîÂ Ì÷ćÈßÛÖóâØöćËøĈÚĀÊñ ëõćÈâöËöèõÖĂÚîóÔóÉòÂäāßäØõëÖóÛóÈËÚõÕØČóĂì­ÿÂõÕāäÅ ÿË¬Ú ßæóëāâÿÕöãâ ( 
Plasmodium sp. ) ØČóĂì­ÿÂõÕāäÅăÃ­âóæóÿäöã ëóìä¬óãÛóÈËÚõÕØČóîóìóäëòÖè° ÛóÈËÚõÕØČóèù­Ú ÿË¬Ú ëóìä¬óãëö
ĀÕÈ 

 
ëõćÈâöËöèõÖĂÚîóÔóÉòÂäāßäØõëÖó 

 
 
 
 

    Øöćâó ( Monera.On·line. 2008 ) 

  Øöćâó (Protista.On· ine. 2008 ) 



 ƞƟ 

 
3. îóÔóÉòÂäàòÈăÉ ( Kingdom Fungi ) 

 ëõćÈâöËöèõÖĂÚîóÔóÉòÂäàòÈăÉë¬èÚĂìÎ¬ÿÜĆÚëõćÈâöËöèõÖØöćÜäñÂîÛÕ­èãÿÌææ°ìæóãÿÌææ° îóÉâöÿÌææ°ÿÕöãè 
ÿË¬Ú ãöëÖ°ØöćØČóÃÚâÜòÈ ìäøîĂË­ĂÚÂóäìâòÂëùäó ăèÚ° ÿÛöãä° ÿÜĆÚÖ­Ú ÛóÈËÚõÕâöìæóãÿÌææ° ÿË¬Ú ÿìĆÕ âöÂóä
äèâÖòèÿÜĆÚÂæù¬âÃîÈÿë­ÚĂãìäøîîòÕĀÚ¬ÚÿÜĆÚÂäñÉùÂ âöÝÚòÈÿÌææ°Åæ­óãßøË ĀÖ¬ăâ¬âöÅæîāäàõææ° ëøÛßòÚÙù°āÕã
Âóäëä­óÈëÜîä° ĀæñÕČóäÈËöèõÖāÕãÂóäã¬îãëæóãëóäîõÚØäöã° āÕãìæòćÈÚČĈóã¬îãîîÂâóã¬îãîóìóä Āæ­èÉ÷ÈÕúÕÿîó
āâÿæÂùæØöć×úÂã¬îãÿÃ­óëú¬ÿÌææ° ØČóìÚ­óØöćÿÜĆÚÝú­ã¬îãëæóãĂÚäñÛÛÚõÿèé 

 
 
    ëõćÈâöËöèõÖĂÚîóÔóÉòÂäàòÈ
ăÉ 

4. îóÔóÉòÂäßøË ( Kingdom 
Plantae ) 

 
ëõćÈâöËöèõÖĂÚîóÔóÉòÂäßøË                        

Øöćâó  ( îóÔóÉòÂäßøË.îîÚ-ăæÚ°. 2551 ) 
 
 
 
 

 

ëõćÈâöËöèõÖĂÚîóÔóÉòÂäßøË ÿÜĆÚëõćÈâöËöèõÖìæóãÿÌææ°ØöćÜäñÂîÛÂòÚÿÜĆÚÿÚøĈîÿãøćî ĀæñÿÌææ°âöÂóä
ÿÜæöćãÚĀÜæÈăÜØČóìÚ­óØöćÿÊßóñîã¬óÈ ÿË¬Ú äóÂ æČóÖ­Ú ĂÛ âöÅæîāäßæóëÖ°Ì÷ćÈÿÜĆÚäÈÅèòÖ×ùØöćĂË­ĂÚÂóä
ëòÈÿÅäóñì°Õ­èãĀëÈ āÕãîóéòãßæòÈÈóÚĀëÈÉóÂÕèÈîóØõÖã° É÷ÈâöìÚ­óØöćÿÜĆÚÝú­ÝæõÖĂÚäñÛÛÚõÿèé ßÛØòĈÈÛÚÛÂ
ĀæñĂÚÚČĈó āÕãßøËËòĈÚÖČćóÉñăâ¬âöØ¬îæČóÿæöãÈ ăÕ­ĀÂ¬ âîë ßøËËòĈÚëúÈÉñâöØ¬îæČóÿæöãÈ ìèóãØñÚîã ìÎ­ó×îÕ
Üæ­îÈ ÖöÚÖù®ÂĀÂ Ë­îÈÚóÈÅæöć ÿàõä°Ú ëÚ ÜäÈ ßøËĂÛÿæöĈãÈÅú¬ ĀæñßøËĂÛÿæöĈãÈÿÕöćãè 

5. îóÔóÉòÂäëòÖè° ( Kingdom Animalia ) 
 ëõćÈâöËöèõÖĂÚîóÔóÉòÂäëòÖè° ÿÜĆÚëõćÈâöËöèõÖØöćâöÿÚøĈîÿãøćîÌ÷ćÈÜäñÂîÛÕ­èãÿÌææ°ìæóãÿÌææ° ăâ¬âöÝÚòÈÿÌææ° 
áóãĂÚÿÌææ°ăâ¬âöÅæîāäßæóëÖ° Ö­îÈîóéòãîóìóäÉóÂÂóäÂõÚëõćÈâöËöèõÖËÚõÕîøćÚ ą ÕČóäÈËöèõÖÿÜĆÚÝú­ÛäõāáÅĂÚ
äñÛÛÚõÿèé ëõćÈâöËöèõÖĂÚîóÔóÉòÂäÚöĈâöÅèóâëóâóä×ĂÚÂóäÖîÛëÚîÈÖ¬îëõćÈÿä­ó  ÛóÈËÚõÕÿÅæøćîÚØöćăâ¬ăÕ­ ÿË¬Ú 
àîÈÚČĈó ÜñÂóäòÈ ÂòæÜòÈìó ÿÜĆÚÖ­Ú                                   

Øöćâó  ( Fungi. On · line. 2008 ) 



 ƟƖ 

 ëõćÈâöËöèõÖĂÚîóÔóÉòÂäëòÖè°ĀÛ¬ÈîîÂÿÜĆÚ 2 Âæù¬â Åøî                                                                          
ëòÖè°ăâ¬âöÂäñÕúÂëòÚìæòÈ ăÕ­ĀÂ¬ àîÈÚČĈó ÂòæÜòÈìó ĀâÈÂñßäùÚ ßãóÙõÖ¬óÈ ą ăë­ÿÕøîÚ ìîã Üú ĀâæÈ 

ìâ÷Â ÕóèØñÿæ  
ëòÖè°âöÂäñÕúÂëòÚìæòÈ ăÕ­ĀÂ¬ Üæó ëòÖè°Åä÷ćÈÛÂÅä÷ćÈÚČĈó  ëòÖè°ÿæøĈîãÅæóÚ ëòÖè°ÜöÂ ëòÖè°ÿæöĈãÈæúÂÕ­èã

ÚČĈóÚâ 
                                  

 
 
                                   
 
 

 
ëõćÈâöËöèõÖĂÚîóÔóÉòÂäëòÖè° 

 

  
 

Øöćâó  ( îóÔóÉòÂäëòÖè°. îîÚ-ăæÚ°. 2551 ) 



 ƟƗ 

 
 
ÉóÂÂóäé÷Âêó ÿäøćîÈÅèóâìæóÂìæóãÃîÈëõćÈâöËöèõÖĂì­Ýú­ÿäöãÚëäùÜÝæÂóäé÷ÂêóæÈĂÚÖóäóÈÃ­óÈæ¬óÈÚöĈ  

ÖóäóÈ ÂóäĀÛ¬ÈÂæù¬âëõćÈâöËöèõÖ 

îóÔóÉòÂä æòÂêÔñØöćëČóÅòÎ Öòèîã¬óÈëõćÈâöËöèõÖ ÅèóâëČóÅòÎ 

âîÿÚîäó 

   

 
āßäØõëÖó 

 

   

 
àòÈăÉ 

 

   

 
ßøË 
 

   

 
ëòÖè° 

 

   

 
 
 

ÂõÉÂääâ ÅèóâìæóÂìæóãÃîÈëõćÈâöËöèõÖ 
 



 ƟƘ 

ÅùÔÅ¬óÃîÈÅèóâìæóÂìæóãØóÈËöèáóß 
ÅèóâìæóÂìæóãØóÈËöèáóßâöÅùÔÅ¬óĀæñÅèóâëČóÅòÎÖ¬îÂóäÕČóäÈËöèõÖÃîÈâÚùêã° ÕòÈÚöĈ 
1. ÿÜĆÚĀìæ¬ÈÜòÉÉòãëöć 
Ü¬óăâ­Ì÷ćÈÿÜĆÚĀìæ¬ÈäèâÃîÈÅèóâìæóÂìæóãØóÈËöèáóß ÿÜĆÚĀìæ¬ÈîóìóäÃîÈâÚùêã°        âóÖòĈÈĀÖ¬

ëâòãÕ÷ÂÕČóÛääß° âÚùêã°ăÕ­îóéòãîóìóäØöćăÕ­ÉóÂÜ¬ó ÿË¬Ú ÚČóßøË ëòÖè° ÿìĆÕ âóÿÜĆÚîóìóä ìäøîØČóãóäòÂêóāäÅ 
âÚùêã°ëä­óÈØöćîãú¬îóéòãÉóÂÖ­Úăâ­ĂÚÜ¬ó ßøËÛóÈËÚõÕ ÿË¬Ú Ö­ÚÞ­óã Úù¬Ú Āæñăìâ        ĂË­ØČóÿÜĆÚÿÅäøćîÈÚù¬Èì¬â 
ÿÂĆÛàøÚâóØČóÿËøĈîÿßæõÈÿßøćîìùÈìóîóìóä ĀæñĂì­ÅèóâîÛîù¬Ú 

ÿâøćîÉČóÚèÚÜäñËóÂäÿßõćâÃ÷ĈÚĀæñâöÿØÅāÚāæãöëúÈÃ÷ĈÚ ØČóĂì­ÅèóâìæóÂìæóãØóÈËöèáóßÃîÈÜ¬óăâ­
×úÂØČóæóãæÈ âÚùêã°Ö­îÈÂóäØöćîãú¬âóÂÃ÷ĈÚ âöÂóäÖòÕăâ­ØČóæóãÜ¬óÿßõćâÃ÷ĈÚ ÿßøćîĂì­âöÝæÝæõÖÿßöãÈßîÂòÛÅèóâ
Ö­îÈÂóäÃîÈâÚùêã° ØČóĂì­ÂóäÿÂêÖäĀæñÂóäÿæöĈãÈëòÖè°ÿßöãÈìÚ÷ćÈìäøîëîÈËÚõÕăÕ­ÿÃ­óăÜĀØÚØöćÅèóâ
ìæóÂìæóãØóÈËöèáóßÃîÈÜ¬óăâ­ 

2. ÿÜĆÚĀìæ¬ÈÅèóâäú­ 
Ü¬óÿÜĆÚĀìæ¬ÈäèâÅèóâìæóÂìæóãØóÈËöèáóß ÿÜĆÚĀìæ¬ÈäèâßòÚÙùÂääâÃîÈëõćÈâöËöèõÖ É÷È

ÿÜäöãÛÿëâøîÚì­îÈÿäöãÚÙääâËóÖõ āÕãÿÊßóñÅèóâäú­Õ­óÚËöèèõØãó ÚîÂÉóÂÚòĈÚãòÈÿÜĆÚĀìæ¬ÈĂì­ Âóäé÷ÂêóèõÉòã
ÿÂöćãèÂòÛëõćÈâöËöèõÖØòĈÈìæóãØöćîãú¬ĂÚÜ¬ó ×­óìóÂÜ¬óìäøîÙääâËóÖõ×úÂØČóæóãăÜ   ÅèóâìæóÂìæóãØóÈËöèáóßÂĆ
×úÂØČóæóãăÜÕ­èã ÉñØČóĂì­âÚùêã°ÃóÕĀìæ¬ÈÿäöãÚäú­ØöćëČóÅòÎăÜÕ­èã 

3. ÿÜĆÚĀìæ¬ÈßòÂÝ¬îÚìã¬îÚĂÉ 
ÅèóâìæóÂìæóãØóÈËöèáóßÂ¬îĂì­ÿÂõÕØòéÚöãáóßØöćÈÕÈóâ ĀÖÂÖ¬óÈÂòÚăÜÖóâëáóèñÃîÈáúâõîóÂóé 

ĂÚÛäõÿèÔØöćáúâõîóÂóéÿìâóñëâĀÂ¬Âóäîãú¬îóéòãÂĆÉñâößääÔăâ­ÚóÚóËÚõÕ âöëòÖè°Ü¬ó ĀâæÈ ÝöÿëøĈî Ë¬èãĂì­äú­ë÷Â
ëÕËøćÚ ëÛóãÖó Ý¬îÚÅæóãÅèóâÖ÷ÈÿÅäöãÕ ĀæñÚîÂÉóÂÚöĈãòÈÜäòÛÜäùÈĂì­ÿÜĆÚĀìæ¬ÈØ¬îÈÿØöćãèÿËõÈîÚùäòÂê° 

ÅèóâìæóÂìæóãØóÈËöèáóßÃîÈÜäñÿØéăØãĀæñØ­îÈ×õćÚ 
 ëõćÈâöËöèõÖĂÚāæÂÚöĈâöÜäñâóÔ 5 æ­óÚËÚõÕ ĂÚÉČóÚèÚÚöĈâöîãú¬ĂÚÜäñÿØéăØã ÜäñâóÔä­îãæñ ÿÉĆÕ
ÜäñÿØéăØãâöÜäñËóÂäÿßöãÈä­îãæñìÚ÷ćÈ ÃîÈÜäñËóÂäāæÂ ÕòÈÚòĈÚ ÿâøćîÿØöãÛëòÕë¬èÚÂòÛÉČóÚèÚÜäñËóÂä 
ÜäñÿØéăØãÉ÷ÈÚòÛè¬óâöÅèóâìæóÂìæóãÃîÈëõćÈâöËöèõÖîã¬óÈâóÂ 
 ëõćÈâöËöèõÖĂÚÜäñÿØéăØãâöìæóÂìæóãăÕ­âóÂ ÿÚøćîÈÉóÂâöëáóßØóÈáúâõéóëÖä°ØöćìæóÂìæóãĀæñĀÖ¬
æñĀìæ¬Èæ­èÚâöÜòÉÉòãØöćÿîøĈîÖ¬îÂóäÿÉäõÎÿÖõÛāÖÃîÈëõćÈâöËöèõÖ  ÚòÛÖòĈÈĀÖ¬áúâõÜäñÿØéĀ×ÛËóã  ÞòćÈØñÿæ ØöćäóÛ
æù¬âĀâ¬ÚČĈó ØöćäóÛæîÚÅæøćÚ ĀæñáúÿÃóØöćâöÅèóâëúÈìæóÂìæóãÖòĈÈĀÖ¬ÿÚõÚÿÃóÉÚ×÷ÈáúÿÃóØöćëúÈËòÚ×÷È 2,400 ÿâÖä
ÉóÂäñÕòÛÚČĈóØñÿæ ÜäñÿØéăØãÉ÷ÈÿÜĆÚĀìæ¬ÈÃîÈÜ¬óăâ­ÚóÚóËÚõÕ  ăÕ­ĀÂ¬       Ü¬óËóãÿæÚ Ü¬óßäù Ü¬óÿÛÎÉ
ßääÔ Ü¬óÕõÛ  ĀæñÜ¬óëÚÿÃó 
 ĂÚäñãñÿèæó  30  Üö ØöćÝ¬óÚâó ÜäñÿØéăØãëúÎÿëöãßøĈÚØöćÜ¬óÿÜĆÚÉČóÚèÚâìóéóæ ÿÚøćîÈÉóÂìæóã
ëóÿìÖùÕ­èãÂòÚ ÿË¬Ú ÂóäÿßõćâÃîÈÜäñËóÂäØČóĂì­âöÂóäÛùÂÿÛõÂÜ¬óÿßõćâÃ÷ĈÚ ÂóäĂì­ëòâÜØóÚÜ¬óăâ­ØöćÃóÕÂóä



 Ɵƙ 

ÅèÛÅùâîã¬óÈÿßöãÈßî ÂóäÖòÕ×ÚÚÿÃ­óßøĈÚØöćÜ¬ó ÂóäÿÂêÖäÿËõÈîùÖëóìÂääâ ÂóäĀßä¬ÃîÈÿØÅāÚāæãöØöćĂË­
ØČóæóãÜ¬óăâ­ăÕ­îã¬óÈäèÕÿäĆè  Āæñë¬èÚĂìÎ¬ÿÂõÕÃ÷ĈÚÂòÛÜ¬óÛÚáúÿÃóĀæñÜ¬óËóãÿæÚ ãòÈÝæĂì­ßøËĀæñëòÖè°ëúÎ
ßòÚÙù° îóØõ ÿÚøĈîëâòÚ ĀäÕ ÂäñÌú¬ ÂäúÜäö ĀæñÿëöćãÈÖ¬îÂóäëúÎßòÚÙù°ĂÚîÚóÅÖîòÚĂÂæ­ÚöĈîöÂÿÜĆÚÉČóÚèÚâóÂ îóØõ 
ÅèóãÜ¬ó æñîÈ æñâòćÈ ÿÚøĈîØäóã ÂèóÈÝó ÿæöãÈÝó ëâÿëäĆÉ           ÿëøîæóãÿâÇ ÿëøîāÅä¬È ĀæñË­óÈÜ¬ó äèâØòĈÈÚÂ 
ëòÖè°Åä÷ćÈÛÂÅä÷ćÈÚČĈó ëòÖè°ÿæøĈîãÅæóÚ ĀâæÈ ĀæñëòÖè°ÚČĈóîöÂÿÜĆÚÉČóÚèÚâóÂ 
 ÂóäØČóæóãÜ¬óÂ¬îĂì­ÿÂõÕèõÂåÖÂóäÔ°ØóÈÙääâËóÖõÿßõćâÃ÷ĈÚÿäøćîãą Āìæ¬ÈÚČĈóØöćÿÅãîùÕâëâÛúäÔ° ÿäõćâæÕ
Ú­îãæÈ ÝøÚÜ¬óØöćÿìæøîîãú¬ăâ¬ëóâóä×ÌòÛÚČĈóÞÚØöćÖÂìÚòÂ ÿÂõÕÜäóÂÏÂóäÔ°ÚČĈóØ¬èâÊòÛßæòÚ ãòÈÝæĂì­ÿÂõÕÅèóâ
ÿëöãìóãĀÂ¬ÿéäêÑÂõÉ Û­óÚÿäøîÚ ĀæñÅèóâÜæîÕáòãÃîÈËöèõÖÅÚĀæñëòÖè°ÿÜĆÚîòÚâóÂ  
 ÜòÎìóÅèóâìæóÂìæóãØóÈËöèáóßĂÚÜäñÿØéăØã É÷ÈÿÜĆÚÜòÎìóĂìÎ¬Āæñÿä¬ÈÕ¬èÚØöćÉñÖ­îÈË¬èãÂòÚ
ĀÂ­ăÃÕ­èãÂóäìãùÕãòĈÈÂóäëúÎÿëöãäñÛÛÚõÿèéÜ¬óØùÂÜäñÿáØ ÂóäîÚùäòÂê°ëõćÈØöćÿìæøîîãú¬ĀæñÂóäàøĈÚàúÜ¬óÿëøćîâ
āØäâĂì­ÂæòÛÅøÚëú¬ëáóßÜ¬óØöćâöÅèóâìæóÂìæóãØóÈËöèáóßÕòĈÈÿÕõâ ÿßäóñÅèóâìæóÂìæóãÿìæ¬óÚòĈÚ ÿÜĆÚ
ßøĈÚÑóÚÃîÈÂóäßòÓÚóÿéäêÑÂõÉĀæñëòÈÅâîã¬óÈãòćÈãøÚ 

ÂóäîÚùäòÂê°ÅèóâìæóÂìæóãØóÈËöèáóßÃîÈØ­îÈ×õćÚ 
ÂóäîÚùäòÂê°ÅèóâìæóÂìæóãØóÈËöèáóßÃîÈØ­îÈ×õćÚ ØČóăÕ­ìæóãèõÙö  ÕòÈÚöĈ 
1.   ÉòÕäñÛÛÚõÿèéĂì­ĂÂæ­ÿÅöãÈÖóâÙääâËóÖõ āÕãàøĈÚàúìäøîßòÓÚóßøĈÚØöćÿëøćîâāØäâĂì­Åèóâ

ìæóÂìæóãØóÈËöèáóßăè­âóÂØöćëùÕ 
2.  ÉòÕĂì­âöéúÚã°îÚùäòÂê°ìäøîßõØòÂê°ëõćÈâöËöèõÖÚîÂ×õćÚÂČóÿÚõÕ ÿßøćîÿÜĆÚØöćßòÂßõÈËòćèÅäóèØöćÜæîÕáòã Â¬îÚ

ÚČóÂæòÛăÜëú¬ÙääâËóÖõ ÿË¬Ú ëèÚßåÂêéóëÖä° éúÚã°ÿßóñÿæöĈãÈëòÖè°ÚČĈóÿÅĆâ 
3.   ë¬ÈÿëäõâÂóäÿÂêÖäĀÛÛăä¬ÚóëèÚÝëâ ĀæñĂË­Ö­Úăâ­æ­îâäòĈèÛ­óÚìäøîĀÜæÈÿÂêÖäÿßøćîĂì­âößøË

ĀæñëòÖè°ìæóÂìæóãËÚõÕâóîóéòãîãú¬ä¬èâÂòÚ Ì÷ćÈÿÜĆÚÂóäîÚùäòÂê°ÅèóâìæóÂìæóãØóÈËöèáóßăÕ­ 



 Ɵƚ 

 
 
 

ëøÛÅ­ÚĀæñäèÛäèâÃ­îâúæÿßøćîîáõÜäóãä¬èâÂòÚ ÿÂöćãèÂòÛÅèóâëČóÅòÎÃîÈÅèóâìæóÂìæóãØóÈ
ËöèáóßĂÚØ­îÈ×õćÚ 
Å ÂóäØöćÜäñÿØéăØãÿÜĆÚĀìæ¬ÈØöćâöÅèóâìæóÂìæóãØóÈËöèáóßØČóĂì­ÿäóăÕ­ÜäñāãËÚ°îñăäÛ­óÈ 
Å âöÅèóâÉČóÿÜĆÚâóÂÚ­îãÿßöãÈĂÕ ØöćÿäóÅèääòÂêóëáóßÃîÈÅèóâìæóÂìæóãØóÈËöèáóßĂì­ÅÈîãú¬ăÕ­ÚóÚą 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

ÂõÉÂääâ îÚùäòÂê°ÅèóâìæóÂìæóãØóÈËöèáóß 



 Ɵƛ 

ÛØØöć  ƛ 

ÿØÅāÚāæãöËöèáóß 

 

ëóäñëČóÅòÎ 
 ÿØÅāÚāæãöËöèáóß  ÿÜĆÚÿØÅāÚāæãöØöćÚČóÿîóÅèóâäú­ØóÈËöèèõØãóâóĂË­ÜäñāãËÚ°  ĂÚËöèõÖÜäñÉČóèòÚ
ĀÂ¬âÚùêã°ÖòĈÈĀÖ¬îÕöÖ  ÿË¬Ú  ÂóäÝæõÖÃÚâÜòÈ  ÚČĈóë­âëóãËú  ÚČĈóÜæó  Ìöîõĉè  ĀæñāãÿÂõä°Ö  ÿÜĆÚÖ­Ú Ì÷ćÈÿÜĆÚáúâõ
ÜòÎÎóØ­îÈ×õćÚÿÂöćãèÂòÛÿØÅāÚāæãöËöèáóßØòĈÈëõĈÚ  äèâ×÷ÈÂóäÝæõÖ  ãóÜÐõËöèÚñ ÖæîÕÉÚÂóäÜäòÛÜäùÈßòÚÙù°
ßøË  ĀæñßòÚÙù°ëòÖè°ËÚõÕÖ¬óÈ ą ĂÚÜòÉÉùÛòÚ 
 

ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 
 Ɨ.  îÙõÛóãÿÂöćãèÂòÛÿØÅāÚāæãöËöèáóß  ĀæñÜäñāãËÚ°ăÕ­ 
 Ƙ.  îÙõÛóãÝæÃîÈÿØÅāÚāæãöËöèáóßÖ¬îËöèõÖĀæñëõćÈĀèÕæ­îâăÕ­ 
 ƙ.  îÙõÛóãÛØÛóØÃîÈáúâõÜòÎÎóØ­îÈ×õćÚÿÂöćãèÂòÛÿØÅāÚāæãöËöèáóßăÕ­ 
 

ÃîÛÃ¬óãÿÚøĈîìó 
 ÿäøćîÈØöć  Ɨ.  ÅèóâìâóãĀæñÅèóâëČóÅòÎÃîÈÿØÅāÚāæãöËöèáóß 
 ÿäøćîÈØöć  Ƙ.  ÜòÉÉòãØöćâöÝæÖ¬îÿØÅāÚāæãöËöèáóß 
 ÿäøćîÈØöć  ƙ.  ÿØÅāÚāæãöËöèáóßĂÚËöèõÖÜäñÉČóèòÚ 
 ÿäøćîÈØöć  ƚ.  áúâõÜòÎÎóØ­îÈ×õćÚÿÂöćãèÂòÛÿØÅāÚāæãöËöèáóß 
 ÿäøćîÈØöć  ƛ.  ÜäñāãËÚ°ĀæñÝæÂäñØÛÃîÈÿØÅāÚāæãöËöèáóß 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 ƟƜ 

ÿäøćîÈØöć Ɨ  ÅèóâìâóãĀæñÅèóâëČóÅòÎÃîÈÿØÅāÚāæãöËöèáóß 

ÿØÅāÚāæãöËöèáóß (Biotechnology) 
 ÿØÅāÚāæãöËöèáóß Åøî ÂóäĂË­Åèóâäú­ÿÂöćãèÂòÛëõćÈâöËöèõÖĀæñÝæõÖÝæÃîÈëõćÈâöËöèõÖĂì­ÿÜĆÚÜäñāãËÚ°ÂòÛ
âÚùêã° ìäøîÂóäĂË­ÿØÅāÚāæãöĂÚÂóäÚČóëõćÈâöËöèõÖìäøîËõĈÚë¬èÚÃîÈëõćÈâöËöèõÖâóßòÓÚóìäøîÜäòÛÜäùÈßøË ëòÖè° 
ĀæñÝæõÖáòÔÒ°îøćÚą ÿßøćîÜäñāãËÚ°ÿÊßóñÖóâØöćÿäóÖ­îÈÂóä 

ÅèóâëČóÅòÎÃîÈÿØÅāÚāæãöËöèáóß 
 ÜòÉÉùÛòÚâöÂóäÚČóÿØÅāÚāæãöËöèáóßâóĂË­ÜäñāãËÚ°îã¬óÈÂè­óÈÃèóÈ ÿßøćîìóØóÈĀÂ­ÜòÎìóëČóÅòÎØöć
āæÂÂČóæòÈÿÝËõÎîãú¬ØòĈÈÕ­óÚÿÂêÖäÂääâ îóìóä ÂóäĀßØã° ĀæñÿáëòËÂääâ ăÕ­ĀÂ¬ 

1. ÂóäæÕÜäõâóÔÂóäĂË­ëóäÿÅâöĂÚÿÂêÖäÂääâ ÿßøćîæÕÖ­ÚÿìÖùÃîÈÜòÎìóÕ­óÚëõćÈĀèÕæ­îâ Õ­èã
ÂóäÅõÕÅ­ÚßòÚÙù°ßøËĂìâ¬ØöćÖ­óÚØóÚāäÅĀæñéòÖäúßøË 

2. ÂóäÿßõćâßøĈÚØöćÿßóñÜæúÂÃîÈāæÂ Õ­èãÂóäÜäòÛÜäùÈßòÚÙù°ßøËĂìâ¬ ØöćØÚØóÚÖ¬îáóèñĀì­ÈĀæ­Èìäøî
îùÔìáúâõØöćëúÈìäøîÖČćóÿÂõÚăÜ 

3. ÂóäÿßõćâÝæÝæõÖØóÈÂóäÿÂêÖäÃîÈāæÂ Õ­èãÂóäÜäòÛÜäùÈßòÚÙù°ßøËĀæñßòÚÙù°ëòÖè°Ăìâ¬ ØöćØÚØóÚ
Ö¬îāäÅáòã ĀæñĂì­ÝæÝæõÖëúÈÃ÷ĈÚ 

4. ÂóäÝæõÖîóìóäØöćĂì­ÅùÔÅ¬óØóÈāáËÚóÂóäëúÈÃ÷ĈÚ âöÜäñāãËÚ°Ö¬îÝú­ÛäõāáÅâóÂÃ÷ĈÚ ÿË¬Ú îóìóä
ăÃâòÚÖČćó îóìóäØöćÅÈÅèóâëÕăÕ­ÚóÚ ìäøîîóìóäØöćâöîóãùÂóäÛäõāáÅÚóÚÃ÷ĈÚāÕãăâ¬Ö­îÈĂë¬ëóäÿÅâö ÿÜĆÚÖ­Ú 

5. ÂóäÅ­ÚÅõÕãóÜ­îÈÂòÚĀæñäòÂêóāäÅÖõÕÖ¬îìäøîāäÅä­óãĀäÈÖ¬óÈą ØöćãòÈăâ¬âöèõÙöäòÂêóØöćăÕ­Ýæ ÿË¬Ú 
ÂóäÅõÕÖòèãóìãùÕãòĈÈÂóäæùÂæóâÃîÈÿÚøĈîÿãøćîâñÿäĆÈĀØÚÂóäĂË­ëóäÿÅâöØČóæóã ÂóäÅõÕÅ­ÚèòÅÌöÚÜ­îÈÂòÚăèäòë
ÖòÛÖ¬óÈą ìäøî èòÅÌöÚÜ­îÈÂòÚāäÅăÃ­ìèòÕ ƘƖƖƟ 
 

 
 
 
 
 
 
 
 
 
 
 



 ƟƝ 

ÂõÉÂääâØöć  5.Ɨ 
 
 Ăì­Ýú­ÿäöãÚëäùÜÅèóâëČóÅòÎÃîÈÿØÅāÚāæãöËöèáóß  ÖóâÅèóâÿÃ­óĂÉÃîÈÖÚÿîÈ  ÛòÚØ÷ÂæÈĂÚëâùÕ
ÂõÉÂääâ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 



 Ɵƞ 

ÿäøćîÈØöć Ƙ ÜòÉÉòãØöćâöÝæÖ¬îÿØÅāÚāæãöËöèáóß 
 ÂóäĂË­Åèóâäú­  ĀæñÜäñëÛÂóäÔ°ÿÂöćãèÂòÛëõćÈâöËöèõÖ ÿßøćîÜäñāãËÚ°ÃîÈâÚùêã°  ÖòĈÈĀÖ¬ÿØÅāÚāæãö
Å¬îÚÃ­óÈÈ¬óã  ÿË¬Ú  ÂóäØČóÚČĈóÜæó  ÉÚ×÷ÈÿØÅāÚāæãöØöćãóÂ  ÿË¬Ú  ÂóäîîÂĀÛÛĀæñëä­óÈāÜäÖöÚĂìâ¬ą Øöćâö
ÅùÔëâÛòÖõßõÿéêÖóâÖ­îÈÂóäØöćăâ¬îóÉìóăÕ­ÉóÂÙääâËóÖõ äèâ×÷ÈÂóäÅ­ÚßÛ  ãóÜÐõËöèÚñ ĀæñÝæõÖÿÜĆÚ
îùÖëóìÂääâ  ÝæõÖáòÔÒ°ØòĈÈìâÕÚöĈîóéòãÜäñāãËÚ°ÉóÂÉùæõÚØäöã°Øöćâöâó  ĂÚÙääâËóÖõ ìäøîØöćÅòÕÿæøîÂÿÜĆÚëóã
ßòÚÙù°ÛäõëùØÙõċĀæ­è 
 ÖòĈÈĀÖ¬îÕöÖÉÚ×÷ÈÜòÉÉùÛòÚ  ăÕ­âöÂóäßòÓÚóÂäñÛèÚÂóäÝæõÖÝæõÖáòÔÒ°îóìóä ëóäØöćË¬èãĂÚÂóäÝæõÖ
îóìóä  ìäøîëóäØöćĂË­ÿÜĆÚë¬èÚÜäñÂîÛÃîÈÝæõÖáòÔÒ°îóìóäÿßõćâÃ÷ĈÚÖæîÕÿèæó ØòĈÈĂÚÕ­óÚËÚõÕĀæñÜäõâóÔ 
ÿË¬Ú  ÂóäÝæõÖãöëÖ°ÃÚâÜòÈ  ÿîÚăÌâ°ìæóãËÚõÕ  ÿË¬Ú îâõÿæë  ĀæÅÿØë  ÂæúāÅ îâõÿæë ðæð  ĀæñëóäØöćĂì­äë
ìèóÚ  ÿË¬Ú ĀîëÜóĀÖâ  ÿÜĆÚÖ­Ú 
 ĂÚÂóäÝæõÖÝæõÖáòÔÒ°ØóÈÿØÅāÚāæãöËöèáóß  ÉñÖ­îÈÅČóÚ÷È×÷ÈÜòÉÉòãìæòÂ  2  ÜäñÂóä Åøî 
 1.  Ö­îÈâöÖòèÿä¬ÈØóÈËöèáóß ( Biological  Catalyst )  ØöćÕöØöćëùÕ  Ì÷ćÈâöÅèóâÉČóÿßóñÖ¬îÂóäÝæõÖ
ÝæõÖáòÔÒ°ØöćÖ­îÈÂóä  ĀæñÂäñÛèÚÂóäØöćĂË­ĂÚÂóäÝæõÖ  ăÕ­ĀÂ¬  ÿËøĈîÉùæõÚØäöã°Ö¬óÈą ßøË ìäøî ëòÖè°  Ì÷ćÈ
ÅòÕÿæøîÂÃ÷ĈÚâó  ĀæñÜäòÛÜäùÈßòÚÙù°Ăì­ÕöÃ÷ĈÚ  ëČóìäòÛĂË­ĂÚÂóäÝæõÖÝæõÖáòÔÒ°ÉČóÿßóñÚòĈÚ 
 2.  Ö­îÈâöÂóäîîÂĀÛÛ×òÈìâòÂ ( Reacter )  ĀæñÿÅäøćîÈâøîØöćĂË­ĂÚÂóäÅèÛÅùâëáóßØóÈÂóãáóßĂÚ
äñìè¬óÈÂóäÝæõÖ  ÿË¬Ú  îùÔìáúâõ  Å¬óÅèóâÿÜĆÚÂäÕ · ÿÛë  ÂóäĂì­îóÂóé  ÿÜĆÚÖ­Ú  Ăì­ÿìâóñëâÖ¬îÂóäØČóÈóÚ
ÃîÈÖòèÿä¬ÈØóÈËöèáóß ØöćĂË­ 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



 ƟƟ 

ÂõÉÂääâØöć  5.2 
 
 Ăì­ÖîÛÅČó×óâæÈĂÚëâùÕÛòÚØ÷ÂÂõÉÂääâ 
 Ɨ.  ÜòÉÉòãÖòèÿä¬ÈØóÈËöèáóßĂÚÂóäÝæõÖÝæõÖáòÔÒ° ăÕ­ĀÂ¬ îñăäÛ­óÈ   
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
 
 2.  ĂÚÂóäÝæõÖÝæõÖáòÔÒ°ØöćÖ­îÈÂóäÚòĈÚÖ­îÈÅèÛÅùâ ëáóßØóÈÂóãîñăäÛ­óÈ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
 

 

 

 

 

 

 

 
 



 ƗƖƖ 

ÿäøćîÈØöć ƙ  ÿØÅāÚāæãöËöèáóßĂÚËöèõÖÜäñÉČóèòÚ 
 ÂóäÚČóÿØÅāÚāæãöËöèáóßâóĂË­ĂÚËöèõÖÜäñÉČóèòÚ  ÿÜĆÚÂóäÚČóÅèóâäú­ÿÂöćãèÂòÛëõćÈâöËöèõÖĀæñÝæõÖÝæ
ÃîÈëõćÈâöËöèõÖĂì­ÿÜĆÚÜäñāãËÚ°ÂòÛâÚùêã°  ĂÚÂóäÕČóäÈËöèõÖÖòĈÈĀÖ¬îÕöÖÉÚ×÷ÈÜòÉÉùÛòÚ ÿË¬Ú 
 ÂóäÝæõÖîóìóä  ÿË¬Ú ÚČĈóÜæó Üæóä­ó  Üæóë­â  ÝòÂÕîÈ ÚČĈóÛúÕú ÚČĈóë­âëóãËú  ÚâÿÜäöĈãè 
 ÂóäÝæõÖÝÈÌòÂàîÂËÚõÕĂìâ¬ØöćâöÿîÚăÌâ° 
 ÂóäØČóÜù̄ãÉóÂèòëÕùÿìæøîØõĈÈ  ÿË¬Ú ÿéêÝòÂ îóìóä àóÈÃ­óè âúæëòÖè° 
 ÂóäĀÂ­ăÃÜòÎìóëõćÈĀèÕæ­îâ  ÿË¬Ú ÂóäĂË­ÉùæõÚØäöã°ĂÚÂóäÂČóÉòÕÃãñ ìäøîÛČóÛòÕÚČĈóÿëöã 
 ÂóäĀÂ­ăÃÜòÎìóßæòÈÈóÚ  ÿË¬Ú  ÂóäÝæõÖĀîæÂîïîæ° ËÚõÕ ÿîØóÚîæăä­ÚČĈó  ÿßøćîÝëâÂòÛÚČĈóâòÚ
ÿÛÚÌõÚ ÿÜĆÚ Ā́Â®ëāÌïîæ°µ  ÿÜĆÚÿËøĈîÿßæõÈä×ãÚÖ° 
 ÂóäÿßõćâÅùÔÅ¬óÝæÝæõÖÃîÈîóìóä  ÿË¬Ú  ÂóäØČóĂì­āÅĀæñëùÂäÿßõćâÜäõâóÔÿÚøĈî  ÂóäÜäòÛÜäùÈÅùÔáóß
ÚČĈóâòÚĂÚßøËÅóāÚæ¬ó 
 ÂóäØČóÝæõÖáòÔÒ°ÉóÂăÃâòÚ  ÿË¬Ú  Úâ  ÿÚã  ÚČĈóâòÚ  ãóäòÂêóāäÅ ðæð 
 ÂóääòÂêóāäÅ  ĀæñÛČóäùÈëùÃáóß  ÿË¬Ú  ëâùÚăßä 
ÿØÅāÚāæãöËöèáóßØöćÚČóâóĂË­ÜäñāãËÚ°ĂÚÜäñÿØéăØã 
 ÜäñÿØéăØãăÕ­âöÂóäÅ­ÚÅè­óØóÈÕ­óÚÿØÅāÚāæãöËöèáóß  ÿßøćîØČóÜäñāãËÚ°Ö¬îÜäñÿØé  Ì÷ćÈë¬èÚĂìÎ¬
ÉñÿÜĆÚÿØÅāÚāæãöËöèáóßÕ­óÚÂóäÿÂêÖä  ÿË¬Ú 
 Ɨ.   ÂóäÿßóñÿæöĈãÈÿÚøĈîÿãøćî  ăÕ­ĀÂ¬  ÂóäÃãóãĀæñÜäòÛÜäùÈßòÚÙù°Âæ­èã  Âæ­èãăâ­  ăÝ¬  ăâ­ÕîÂăâ­
ÜäñÕòÛ  ìÎ­óĀÞÂ 
 Ƙ.   ÂóäÜäòÛÜäùÈßòÚÙù°ßøË  ăÕ­ĀÂ¬   
  ÂóäÜäòÛÜäùÈßòÚÙù°âñÿÃøîÿØé  ßäõÂ  ×òćèÞòÂãóè  Ăì­Ö­óÚØóÚÖ¬îéòÖäúßøË Õ­èãÿØÅÚõÅÂóäÖòÕÖ¬îãöÚ 
  ÂóäßòÓÚóßøËØÚĀæ­È  ØÚëáóßÕõÚÿÅĆâ ĀæñÕõÚÂäÕ ÿË¬Ú  Ã­óè 
  ÂóäÜäòÛÜäùÈĀæñÃãóãßòÚÙù°ßøËØöćÿìâóñëâÂòÛÿÂêÖäØöćëúÈ  ÿË¬Ú  ëÖäîÿÛîä°äöć  âòÚÞäòćÈ   
  ÂóäÝæõÖăìæëÖäîÿÛîä°äöćëČóìäòÛÜæúÂĂÚáóÅÿìÚøî ĀæñîöëóÚ 
  ÂóäßòÓÚóßòÚÙù°ßøËÖ­óÚØóÚāäÅ  ÿË¬Ú  âñÿÃøîÿØé  âñæñÂî 
 ƙ.  ÂóäßòÓÚóĀæñÜäòÛÜäùÈßòÚÙù°ëòÖè°  ăÕ­ĀÂ¬ 
  ÂóäÃãóãßòÚÙù°āÅÚâØöćĂì­ÚČĈóÚâëúÈāÕãèõÙö ÜÐõëÚÙõĂÚìæîÕĀÂ­è ĀæñÂóäÞóÂ×¬óã Öòèî¬îÚ 
  ÂóäæÕÂóäĀßä¬äñÛóÕÃîÈāäÅëòÖè°  āÕãßòÓÚóèõÙöÂóäÖäèÉèõÚõÉÊòãØöćäèÕÿäĆè ÿË¬Ú  ÂóäÖäèÉ
ßãóÙõĂÛăâ­ĂÚÖòÛĂÚÂäñÛøî  ÂóäÖäèÉìóăèäòëëóÿìÖùāäÅìòèÿìæøîÈ ĀæñÉùÕÃóè ÉùÕĀÕÈĂÚÂù­ÈÂùæóÕČó 
 ƚ.   ÂóäÝæõÖÜù̄ãËöèáóß  ÿË¬Ú  Üù̄ãÅîÂ  Üù̄ãìâòÂ  ÉùæõÚØäöã°Öä÷ÈăÚāÖäÿÉÚ  ĀæñÜù̄ãëóìä¬óã 
 ƛ.   ÂóäÅèÛÅùâāäÅĀæñĀâæÈāÕãËöèõÚØäöã°  ÿË¬Ú   
  ÂóäĂË­ÉùæõÚØäöã°ÅèÛÅùâāäÅĂÚĀÜæÈÜæúÂâñÿÃøîÿØé  ÃõÈ  ëÖäîÿÛîä°äöć 



 ƗƖƗ 

  ÂóäĂË­ÿËøĈîäóÛóÈËÚõÕÅèÛÅùâÂČóÉòÕāäÅäóÂÿÚ¬óÃîÈØùÿäöãÚĀæñÝæăâ­îøćÚą ÅèÛÅùâāäÅăë­ÿÕøîÚ
Þîã  äóÂÜâ 
  ÂóäĂË­ĀÛÅØöÿäöãìäøîëóäëÂòÕÉóÂĀÛÅØöÿäöãĂÚÂóäÅèÛÅùâĀæñÂČóÉòÕĀâæÈ  ÿË¬Ú  ÂóäĂË­
ĀÛÅØöÿäöãÂČóÉòÕæúÂÚČĈóĀæñãùÈØöćÿÜĆÚßóìñÚČóāäÅăÃ­ëâîÈîòÂÿëÛ  ĀæñāäÅâóæóÿäöã 
  ÚîÂÉóÂÕ­óÚÂóäÿÂêÖäĀæ­è  ÜäñÿØéăØããòÈâöÂóäßòÓÚóÿØÅāÚāæãöËöèáóß  ÿßøćîÜäñāãËÚ°
Õ­óÚîøćÚ ą îöÂ  ÿË¬Ú 
  ÂóäßòÓÚóÿØÅāÚāæãöæóãßõâß°ÕöÿîĆÚÿî  ÿßøćîÂóäÖäèÉÂóäÜæîâÜÚÃ­óèìîââñæõ  ĀæñÂóä
ÖäèÉßòÚÙù°ÜæóØúÚ¬ó 
  ÂóäèõÉòã ĀæñßòÓÚóØóÈÂóäĀßØã°  ăÕ­ĀÂ¬ 
   ÂóäÖäèÉèõÚõÉÊòãāäÅăÃ­ÿæøîÕîîÂ  āäÅØóÈÿÕõÚîóìóä 
   ÂóäßòÓÚóèõÙöÂóäÖäèÉìóëóäÖ¬îÖ­óÚâóæóÿäöã  èòÔāäÅ  ÉóÂßøËĀæñÉùæõÚØäöã° 
   ÂóäßòÓÚóÂóäÿæöĈãÈÿÌææ°âÚùêã° ĀæñëòÖè° 
  ÂóäÿßõćâÅùÔáóßÝæÝæõÖÂóäÿÂêÖä  ÿË¬Ú  
   ÂóäÜäòÛæÕëóäāÅÿæëÿÖîäîæĂÚăÃ¬ăÂ¬ 
   ÂóäßòÓÚóÝæăâ­Ăì­ëùÂË­ó 
 ÂóäßòÓÚóîóìóäĂì­âöë¬èÚÜ­îÈÂòÚĀæñäòÂêóāäÅăÕ­  ÿË¬Ú  Âóäé÷ÂêóëóäØöćË¬èãÿÉäõÎÿÖõÛāÖĂÚÚČĈóÚâ 
 ÜòÉÉùÛòÚ ÿØÅāÚāæãöËöèáóß×úÂÚČóâóĂË­ÜäñāãËÚ°îã¬óÈÂè­óÈÃèóÈÂ¬îĂì­ÿÂõÕÅèóâìèòÈĂìâ¬ ą ØöćÉñ
ßòÓÚóëõćÈâöËöèõÖÖ¬óÈą Ăì­âöÜäñëõØÙõáóßĀæñÅùÔáóßĂì­ÕöãõćÈÃ÷ĈÚ  ÕòÈÚòĈÚ É÷ÈâöÛØÛóØëČóÅòÎÖ¬îÅùÔáóßËöèõÖ
ÃîÈâÚùêã°Õ­èã ØòĈÈÚöĈ ÅèäÖõÕÖóâÃ¬óèëóäÅèóâÂ­óèìÚ­óÕ­óÚÿØÅāÚāæãöËöèáóß  äèâ×÷ÈÅèóâÿëöćãÈØöćîóÉÿÂõÕ
ÝæÂäñØÛÖ¬îÖÚÿîÈĀæñëõćÈĀèÕæ­îâĀæñî¬óÚÊæóÂëõÚÅ­ó Â¬îÚÂóäÖòÕëõÚĂÉ 

 
ÂõÉÂääâØöć  5.ƙ 

 
 Ăì­Ýú­ÿäöãÚÅ­ÚÅè­óÿßõćâÿÖõâ ÿÂöćãèÂòÛÂóäÚČóÿØÅāÚāæãöËöèáóß âóĂË­ÜäñāãËÚ°ĂÚËöèõÖÜäñÉČóèòÚ  Āæñ
ĂÚÜäñÿØéăØã  Āæ­èØČóäóãÈóÚë¬ÈÝú­ëîÚ 
 
 
 



 ƗƖƘ 

ÿäøćîÈØöć  4  áúâõÜòÎÎóØ­îÈ×õćÚÿÂöćãèÂòÛÿØÅāÚāæãöËöèáóß 
 ÿØÅāÚāæãöËöèáóßØöćÿÜĆÚáúâõÜòÎÎóØ­îÈ×õćÚØöćÿÂ¬óØöćëùÕĂÚÜäñèòÖõéóëÖä°ÃîÈâÚùêãËóÖõ ÂĆÅøî 
ÿØÅāÚāæãöÂóäìâòÂ (Fermentation Technology)  āÕãÚČóĀÛÅØöÿäöãØöćâöîãú¬ÖóâÙääâËóÖõâóĂË­ĂÚ
ÂäñÛèÚÂóä×Úîâîóìóä ĀæñĀÜääúÜîóìóä  ÿË¬Ú  ÂóäØČó ÚČĈóÜæó  Üæóä­ó  ĀìÚâ  ÚČĈóÛúÕú  ÿÖ­óÿÉöĈãè  Ìöîõĉè  
ÿÖ­óìú­ãöĈ  ÝòÂĀæñÝæăâ­ÕîÈ  ÚČĈóë­âëóãËú  ÿìæ­ó  ÿÛöãä°  ÃÚâÜòÈ  ÚâÿÜäöĈãè  ÿÜĆÚÖ­Ú Ì÷ćÈÝæõÖáòÔÒ°ØöćăÕ­ÉóÂÂóä
ìâòÂĂÚæòÂêÔñÚöĈ îóÉÉñâöÅùÔáóßăâ¬ĀÚ¬ÚîÚ ãóÂÖ¬îÂóäÜäòÛÜäùÈÜäñëõØÙõáóßĂÚÂóäìâòÂ ìäøîÃãóãÂČóæòÈ
ÝæõÖĂì­ëúÈÃ÷ĈÚ ĀæñãòÈÿëöćãÈÖ¬îÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ ìäøîÉùæõÚØäöã°Øöćëä­óÈëóäßõê 
 ĂÚÜòÉÉùÛòÚëáóßÿéäêÑÂõÉ ĀæñëòÈÅâÃîÈËóèËÚÛØ  Éñß÷ćÈßóĀÖ¬ÿÊßóñÿØÅāÚāæãöäñÕòÛßøĈÚÛ­óÚØöć
ÉòÕÿÜĆÚáúâõÜòÎÎóØ­îÈ×õćÚÕòĈÈÿÕõâÕ­óÚÿØÅāÚāæãöËöèáóßăâ¬ăÕ­    É÷ÈÿÜĆÚÝæĂì­ĂÚÜòÉÉùÛòÚâöÂóäßòÓÚó
ÿØÅāÚāæãöËöèáóßÿßõćâÃ÷ĈÚÖóâÅèóâÖ­îÈÂóäÃîÈØ­îÈ×õćÚ  Ì÷ćÈÂóäØöćáúâõÜòÎÎóÿìæ¬óÚòĈÚÉñßòÓÚóăÕ­ÉñÖ­îÈ
îóéòãÚòÂßòÓÚóâóÿÜĆÚë¬èÚä¬èâĂÚÂóäÚČóÿØÅāÚāæãöâóĀÚñÚČóĂì­ËóèÛ­óÚăÕ­âöÅèóâäú­ ĀæñÿÃ­óĂÉ×÷ÈÂóäÚČó
ÿØÅāÚāæãöÿÃ­óâóĂË­ĂÚÂóäÜäñÕõêÑ°ÅõÕÅ­ÚëõćÈÖ¬óÈ ą ØöćĂË­ĂÚÂóäÕČóÿÚõÚÈóÚ  ÅèóâÉČóÿÜĆÚĂÚÂóäÿæøîÂĂË­Āæñ
ÜäòÛÜäùÈÿØÅāÚāæãöÛóÈËÚõÕĂì­âöëâää×ÚñØöćëúÈÃ÷ĈÚ āÕãÿÊßóñĂÚÂóäÿßõćâÜäñëõØÙõáóßÃîÈÂóäØČóÈóÚ Ì÷ćÈ
Ã÷ĈÚîãú¬ÂòÛÅèóâäú­ ĀæñØòÂêñÉóÂĀìæ¬ÈáóãÚîÂ  ÕòÈÚòĈÚáúâõÜòÎÎóØ­îÈ×õćÚÉČóÿÜĆÚÉñÖ­îÈîóéòãÿØÅāÚāæãöâó
ÜäñÂîÛÿßøćîÿßõćâÝæÝæõÖĂì­âóÂÃ÷ĈÚ  ÿßøćîĂì­ëóâóä×ÚČóâóĂË­ÜäñāãËÚ°ăÕ­îã¬óÈÂè­óÈÃèóÈ  ÿË¬Ú  Õ­óÚ
îùÖëóìÂääâîóìóä  Õ­óÚÂóäĀßØã°  Õ­óÚÂóäé÷Âêó  ÿÜĆÚÖ­Ú Ì÷ćÈĀÖ¬æñØ­îÈ×õćÚ ÉñßòÓÚóáúâõÜòÎÎóÕ­óÚ
ÿØÅāÚāæãöËöèáóß  ĀÖÂÖ¬óÈÂòÚÖóâëáóßáúâõÜäñÿØé  áúâõîóÂóé  ßåÖõÂääâÂóäÕČóäÈËöèõÖ  èòÖ×ùÕõÛ  Āæñ
ÂóäĂË­ÜäñāãËÚ°  āÕãÂóäé÷Âêó  ÅõÕÅ­Ú  ĀæñØÕæîÈ  ÿÜĆÚÝæĂì­ĂÚÜòÉÉùÛòÚÿØÅāÚāæãöËöèáóßâö
ÅèóâÂ­óèìÚ­óâóÂ 
 ØòĈÈÚöĈÂóä×¬óãØîÕÅèóâäú­  ÿØÅÚõÅÂóäÝæõÖ  ĀæñØòÂêñÂóäÜÐõÛòÖõ  ÿÜĆÚëõćÈëČóÅòÎĀæñÉČóÿÜĆÚÖ¬îÂóä
ëøÛØîÕáúâõÜòÎÎóØ­îÈ×õćÚÿÂöćãèÂòÛÿØÅāÚāæãöËöèáóßÃîÈÅÚäù¬ÚĂìâ¬  Ì÷ćÈÉñÂ¬îĂì­ÿÂõÕÂóäĀÖÂãîÕ Āæñ
ßòÓÚóĂÚäúÜĀÛÛĂìâ¬ą Ö¬îăÜĂÚîÚóÅÖ 
 
 

ÂõÉÂääâØöć  ƛ.ƚ 
 
 Ăì­Ýú­ÿäöãÚäèâÂæù¬âą æñ  ƚ · ƛ  ÅÚ  Å­ÚÅè­óÿßõćâÿÖõâ  ĀæñëòâáóêÔ°Ýú­äú­ÿäøćîÈáúâõÜòÎÎóØ­îÈ×õćÚ
ÿÂöćãèÂòÛÿØÅāÚāæãöËöèáóß  ØöćÚČóâóĂË­ĂÚËöèõÖÜäñÉČóèòÚĂÚËùâËÚ ìäøîØ­îÈ×õćÚ āÕããÂÖòèîã¬óÈèõÙöÂóäÝæõÖ  Ɨ  
ËÚõÕ  ĀæñØČóäóãÈóÚë¬ÈÝú­ëîÚ 
 

http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%97%E0%B8%84%E0%B9%82%E0%B8%99%E0%B9%82%E0%B8%A5%E0%B8%A2%E0%B8%B5%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AB%E0%B8%A1%E0%B8%B1%E0%B8%81


 ƗƖƙ 

ÿäøćîÈØöć ƛ  ÜäñāãËÚ°ĀæñÝæÂäñØÛÃîÈÿØÅāÚāæãöËöèáóß 

ÜäñāãËÚ°ÃîÈÿØÅāÚāæãöËöèáóß 
 ĂÚÜòÉÉùÛòÚÿØÅāÚāæãöËöèáóßăÕ­×úÂÚČóâóĂË­ÜäñāãËÚ°ĂÚÕ­óÚÖ¬óÈą ăÕ­ĀÂ¬ 

1. Õ­óÚÿÂêÖäÂääâ 
1.1 ÂóäÝëâßòÚÙù°ëòÖè°ĀæñÂóäÜäòÛÜäùÈßòÚÙù°ëòÖè° 
ÂóäÜäòÛÜäùÈßòÚÙù°ëòÖè°āÕãÂóäÚČóëòÖè°ßòÚÙù°ÕöÉóÂÖ¬óÈÜäñÿØéÌ÷ćÈî¬îÚĀî ăâ¬ëóâóä×ØÚÖ¬îëáóß

îóÂóéÃîÈăØãâóÝëâßòÚÙù°ÂòÛßòÚÙù°ßøĈÚÿâøîÈ ÿßøćîĂì­ăÕ­æúÂÝëâØöćâöæòÂêÔñÕöÿìâøîÚÂòÛßòÚÙù°Ö¬óÈÜäñÿØéØöć
ĀÃĆÈĀäÈ ØÚØóÚÖ¬îāäÅĀæñØÚÖ¬îëáóßáúâõîóÂóéÃîÈÿâøîÈăØã ĀæñØöćëČóÅòÎÅøî äóÅóÖČćó  

1.2 ÂóäÜäòÛÜäùÈßòÚÙù°ßøËĀæñÂóäÝæõÖßøËßòÚÙù°Ăìâ¬ ÿË¬Ú ßøËăä¬ ÝòÂ ăâ­ÕîÂ 
1.3 ÂóäÅèÛÅùâéòÖäúßøËāÕãËöèèõÙö 
2. Õ­óÚîùÖëóìÂääâ 

2.1 Âóä×¬óãÞóÂÖòèî¬îÚ ØČóĂì­ÿßõćâÜäõâóÔĀæñÅùÔáóßÃîÈāÅÚâĀæñāÅÿÚøĈî ÿßøćîÚČóâóĂË­ĂÚ
îùÖëóìÂääâÂóäÝæõÖÿÚøĈîèòèĀæñÚČĈóÚâèòè 

2.2 ÂóäÝëâÿØöãâëòÖè°ÛÂĀæñëòÖè°ÚČĈó ÿßøćîÿßõćâÜäõâóÔĀæñÅùÔáóßëòÖè°ÛÂĀæñëòÖè°ÚČĈó ØČóĂì­
ÿÂõÕÂóäßòÓÚóîùÖëóìÂääâÂóäĀË¬ÿãĆÚÿÚøĈîëòÖè°ĀæñÂóäÝæõÖîóìóäÂäñǕ îÈ 

2.3 ßòÚÙùèõéèÂääâ āÕãÚČóÝæõÖÝæÃîÈãöÚâóĂË­ÜäñāãËÚ°ĀæñÝæõÖÿÜĆÚîùÖëóìÂääâ ÿË¬Ú ÝæõÖ
ãó ÝæõÖèòÅÌöÚ ÚČĈóãóëČóìäòÛÖäèÉèõÚõÉÊòãāäÅ ãóÖ¬îÖ­óÚÿÚøĈîÈîÂ ïîä°āâÚîõÚÌúæõÚäòÂêóāäÅÿÛóìèóÚ 
ïîä°āâÚÿä¬ÈÂóäÿÉäõÎÿÖõÛāÖÃîÈÅÚ ÿÜĆÚÖ­Ú 

2.4 ÝæõÖïîä°āâÚÿä¬ÈÂóäÿÉäõÎÿÖõÛāÖÃîÈëòÖè° āÕãÂóäÚČóãöÚëä­óÈïîä°āâÚÿä¬ÈÂóäÿÉäõÎÿÖõÛāÖ
ÃîÈèòèĀæñÃîÈÅÚâóÊöÕÿÃ­óăÜĂÚäòÈăÃ¬ØöćÿßõćÈÝëâÃîÈìâú ßÛè¬óìâúÉñâöÂóäÿÉäõÎÿÖõÛāÖÕöÂè¬óìâúÜÂÖõ 

2.5 ÝæõÖëòÖè°ĀÜæÈßòÚÙù°Ăì­âöæòÂêÔñāÖÿäĆè ÿßõćâÝæÝæõÖ ìäøîâöáúâõÖ­óÚØóÚ ÿË¬Ú ĀÂñØöćĂì­
ÚČĈóÚâÿßõćâÃ÷ĈÚ ăÂ¬ØöćÖ­óÚØóÚăèäòë 

3. Õ­óÚÂóäĀßØã° 
3.1 ÂóäĂË­ãöÚÛČóÛòÕāäÅ ÿË¬Ú ÂóääòÂêóāäÅăÃÂäñÕúÂØöćëä­óÈāÂæÛõÚÝõÕÜäÂÖõ ÂóäÕúĀæäòÂêó

ÿÕĆÂØöćÖõÕÿËøĈîÈ¬óã ÂóääòÂêóÝú­Ü¬èãØöćÿÜĆÚâñÿäĆÈ ÿÜĆÚÖ­Ú 
3.2 ÂóäÖäèÉèõÚõÉÊòãìäøîÖäèÉßóìñÉóÂãöÚ ÿßøćîÖäèÉëîÛāäÅÙóæòëÌöÿâöã āäÅāæìõÖÉóÈ 

ëáóèñÜòÎÎóî¬îÚ ãöÚØöćîóÉØČóĂì­ÿÂõÕāäÅâñÿäĆÈ ÿÜĆÚÖ­Ú 
3.3 ÂóäĂË­ÜäñāãËÚ°ÉóÂÂóäÖäèÉæóãßõâß°ÉóÂãöÚÃîÈëõćÈâöËöèõÖ ÿË¬Ú ÂóäëøÛìóÖòèÝú­Ö­îÈëÈëòã

ĂÚÅÕöÖ¬óÈą ÂóäÖäèÉëîÛÅèóâÿÜĆÚß¬î-Āâ¬-æúÂÂòÚ ÂóäÖäèÉëîÛßòÚÙù°ëòÖè°ÿéäêÑÂõÉÖ¬óÈą 
4. Õ­óÚîóìóä 

4.1 ÿßõćâÜäõâóÔÿÚøĈîëòÖè°ØòĈÈëòÖè°ÛÂĀæñëòÖè°ÚČĈó ëòÖè°ÛÂ ăÕ­ĀÂ¬ ÂäñÛøî ëùÂä ë¬èÚëòÖè°ÚČĈóâöØòĈÈ
ëòÖè°ÚČĈóÉøÕĀæñëòÖè°ÚČĈóÿÅĆâ ÉČóßèÂÜæó Âù­È ìîãÖ¬óÈą Ì÷ćÈÿÚøĈîëòÖè°ÿÜĆÚĀìæ¬ÈëóäāÜäÖöÚØöćëČóÅòÎâóÂ 



 ƗƖƚ 

4.2 ÿßõćâÝæÝæõÖÉóÂëòÖè° ÿË¬Ú ÚČĈóÚâèòè ăÃ¬ÿÜĆÕ ăÃ¬ăÂ¬ ÿÜĆÚÖ­Ú 
4.3 ÿßõćâÝæõÖáòÔÒ°ØöćĀÜääúÜÉóÂÝæÝæõÖÃîÈëòÖè° ÿË¬Ú ÿÚã ÚâÝÈ ÚâÿÜäöĈãè ĀæñāãÿÂõä°Ö ÿÜĆÚÖ­Ú 

ØČóĂì­ÿäóâöîóìóäìæóÂìæóãØöćĂì­ÜäñāãËÚ°âóÂâóã 
5. Õ­óÚëõćÈĀèÕæ­îâ 

5.1 ÂóäĂË­ÉùæõÚØäöã°Ë¬èãäòÂêóëáóßĀèÕæ­îâ āÕãÂóäÅòÕÿæøîÂĀæñÜäòÛÜäùÈßòÚÙù°ÉùæõÚØäöã°Ăì­âö
ÜäñëõØÙõáóßĂÚÂóäã¬îãëæóãëúÈÃ÷ĈÚ Āæ­èÚČóăÜĂË­ÃÉòÕÃîÈÿëöã 

5.2 ÂóäÅ­ÚìóØäòßãóÂäÙääâËóÖõâóĂË­ÜäñāãËÚ°ĀæñÂóäëä­óÈØäòßãóÂäĂìâ¬ 
6. Õ­óÚÂóäÝæõÖßæòÈÈóÚ 

6.1 Āìæ¬ÈßæòÈÈóÚØöćăÕ­ÉóÂËöèâèæ Åøî ĀîæÂîïîæ°ËÚõÕÖ¬óÈą  ĀæñîóÌöāÖÚ Ì÷ćÈăÕ­ÉóÂÂóäĀÜä
äúÜ ĀÜ­È ÚČĈóÖóæ ìäøîÿÌææúāæë āÕãĂË­ÉùæõÚØäöã° 

6.2 ĀÂ®ëËöèáóß Åøî ĀÂ®ëØöćÿÂõÕÉóÂÂóäØöćÉùæõÚØäöã°ã¬îãëæóãîõÚØäöãèòÖ×ù āÕãăâ¬Ö­îÈĂË­
îîÂÌõÿÉÚ Ì÷ćÈÉñÿÂõÕĀÂ®ëâöÿØÚâóÂØöćëùÕ (ăâ¬âöëö ăâ¬âöÂæõćÚĀæñÖõÕăàăÕ­) ĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ° ĀÂ®ë
ăÚāÖäÿÉÚ ĀÂ®ëăïāÕäÿÉÚ ðæð 
 

ÝæÃîÈÿØÅāÚāæãöËöèáóßÕ­óÚÂóäÖòÕÖ¬îßòÚÙùÂääâ 
 ÂóäÚČóÿØÅāÚāæãöÂóäÖòÕÖ¬îßòÚÙùÂääââóĂË­  ÿßøćîĂì­ÉùæõÚØäöã°ëóâóä×ÝæõÖëóäìäøîÝæõÖáòÔÒ°ÛóÈ
ËÚõÕ ìäøî ÝæõÖßøËØöćÖ­óÚØóÚÖ¬îĀâæÈéòÖäúßøË  āäÅßøË  ĀæñãóÜäóÛèòËßøË  ĀæñÜäòÛÜäùÈßòÚÙù°Ăì­âöÝæÝæõÖ
ØöćâöÅùÔáóßÕöÃ÷ĈÚ  Ì÷ćÈëõćÈâöËöèõÖØöćăÕ­ÉóÂÂóäÖòÕÖ¬îßòÚÙùÂääâÚöĈ  ÿäöãÂè¬ó  ÉöÿîĆâāî (GMO)  ÿÜĆÚËøćîã¬îâóÉóÂÅČó
è¬ó Genetically  Modified  Organism   
 ßøË ÉöÿîĆâāî ë¬èÚĂìÎ¬  ăÕ­ĀÂ¬   Ã­óèāßÕ  ĀæñÞ­óãØöćÖ­óÚØóÚĀâæÈ 
      ×òćèÿìæøîÈÖ­óÚØóÚãóÜäóÛéòÖäúßøË 
      âñæñÂî Āæñ âòÚÞäòćÈÖ­óÚØóÚāäÅ 
 Āâ­è¬óÿØÅāÚāæãöËöèáóßÚòĈÚ âöÜäñāãËÚ°ĂÚÂóäßòÓÚó  ßòÚÙù°ßøË  ßòÚÙù°ëòÖè°  Ăì­âöÝæÝæõÖØöćâöÜäõâóÔ
ĀæñÅùÔáóßëúÈ  ĀæñâöÖ­ÚØùÚÂóäÝæõÖÖČćó ÂĆÖóâ  ĀÖ¬ÂĆãòÈăâ¬âöìæòÂÑóÚØöćĀÚ¬ÚîÚãøÚãòÚăÕ­è¬óßøËØöćÖòÕÖ¬îãöÚ  
Éñăâ¬ë¬ÈÝæÂäñØÛÖ¬îëáóßĀèÕæ­îâ ĀæñÅèóâìæóÂìæóãØóÈËöèáóß 
 ØòĈÈÚöĈ  âöÂóäØÕëîÛÂóäÜæúÂßøË ÉöÿîĆâāî ØòćèāæÂ  ÕòÈÚöĈ 
 Ɨ.  ßøËăä¬ØÚØóÚÖ¬îëóäÿÅâöÂČóÉòÕèòËßøË  - ÿßøćîæÕÂóäĂË­ãóÜäóÛèòËßøËĂÚÜäõâóÔâóÂ 
 Ƙ.  ßøËăä¬ØÚØóÚÖ¬îãóÇ¬óĀâæÈ ÂČóÉòÕèòËßøË 
 ƙ.  ßøËăä¬ØÚØóÚÖ¬îăèäòë  ăÕ­ĀÂ¬  âñæñÂî ĀæñÚČĈóÿÖ­ó 

ÝæÂäñØÛÃîÈÂóäĂË­ÿØÅāÚāæãöËöèáóß 
 ÂóäßòÓÚóÿØÅāÚāæãöËöèáóß  ØČóĂì­ÿÂõÕÅèóâìèóÕÂæòèĂÚÿäøćîÈÅèóâÜæîÕáòãÃîÈâÚùêã°  Āæñ
ÉäõãÙääâÃîÈÿØÅāÚāæãöËöèáóßØöćâöÖ¬îëóÙóäÔñËÚ  āÕãÂæòèè¬óâÚùêã°ÉñÿÃ­óăÜÉòÕäñÛÛëõćÈâöËöèõÖ  Ì÷ćÈ



 ƗƖƛ 

îóÉÉñØČóĂì­ÿÂõÕÅèóâèõÛòÖõØóÈëõćÈĀèÕæ­îâ ĀæñÂóäĀßØã° ìäøîîóÉÚČóăÜëú¬ÂóäÃòÕĀã­ÈÂòÛÙääâËóÖõÃîÈ
âÚùêã°  ÿË¬Ú 

ÂóäÝæõÖÿËøĈîāäÅËÚõÕä­óãĀäÈÿßøćîĂË­ĂÚëÈÅäóâÿËøĈîāäÅ 
ÂóäĂË­ëóäßòÚÙùÂääâÃîÈßøËÉóÂÜäñÿØéÂČóæòÈßòÓÚóÿßøćîìèòÈÝæÂČóăä 

 ÕòÈÚòĈÚ  ÂóäĂË­ÿØÅāÚāæãöËöèáóßîã¬óÈ×úÂÖ­îÈ Āæñÿìâóñëâ É÷ÈÉñÂ¬îĂì­ÿÂõÕÅèóââòćÚÅÈĂÚÂóä
ÕČóäÈËöèõÖ  ĀÖ¬×­óĂË­îã¬óÈăâ¬âöÅèóâÖäñìÚòÂ×÷ÈÝæĂÚÕ­óÚÅèóâÜæîÕáòãĀæñăâ¬âöÉäõãÙääâÖ¬îëóÙóäÔñËÚ 
Āæ­è îóÉÿÂõÕÝæÂäñØÛăÕ­  
 ÝæÂäñØÛÃîÈëõćÈâöËöèõÖ ÉöÿîĆâāî   
 ßÛè¬óëõćÈâöËöèõÖ ÉöÿîĆâāî ÿÅãë¬ÈÝæÂäñØÛ  ÕòÈÚöĈ 
 Ɨ.  ÝæÂäñØÛÖ¬îÅèóâìæóÂìæóãØóÈËöèáóß  
 ßÛè¬ó ßøËØöćÖòÕĀÖ¬ÈßòÚÙùÂääâë¬ÈÝæÂäñØÛÖ¬î ĀâæÈØöćË¬èãÝëâÿÂëä ĀæñßÛè¬óĀâæÈÿÖ¬óØîÈØöć
ÿæöĈãÈÕ­èãÿßæöĈãî¬îÚØöćÿæöĈãÈĂÚâòÚÞäòćÈÖòÕÖ¬îãöÚ  èóÈăÃ¬Ú­îãæÈ  Ɨ ĂÚ ƙ  ĀæñâöîóãùëòĈÚÂè¬óÜÂÖõÅä÷ćÈìÚ÷ćÈ  ÿâøćî
ÿÜäöãÛÿØöãÛÂòÛĀâæÈÿÖ¬óØîÈØöćÿæöĈãÈÕ­èãÿßæöĈãî¬îÚØöćÿæöĈãÈÕ­èãâòÚÞäòćÈØòćèą ăÜ 
 Ƙ.  ÝæÂäñØÛÖ¬îËöèõÖĀæñëõćÈĀèÕæ­îâ 
 ÝæÂäñØÛÃîÈëõćÈâöËöèõÖ ÉöÿîĆâāî Ö¬î ËöèõÖÃîÈÝú­ÛäõāáÅ ÚòĈÚ ÿÅãÿÂõÕÃ÷ĈÚÛ­óÈĀæ­è āÕãÛäõêòØÝæõÖ
îóìóäÿëäõâÜäñÿáØèõÖóâõÚ Ûö Ƙ  āÕãĂË­ÿØÅÚõÅßòÚÙùèõéèÂääâ  ĀæñÚČóâóÃóãĂÚëìäòÑîÿâäõÂó  ìæòÈÉóÂÚòĈÚ 
ßÛè¬óâöÝú­ÛäõāáÅÜ¬èãÕ­èãîóÂóäÂæ­óâÿÚøĈîÝõÕÜÂÖõ  ÿÂøîÛ  ƛƖƖƖ  ÅÚ  āÕãâöîóÂóäÿÉĆÛÜèÕ ĀæñâöîóÂóäØóÈ
äñÛÛÜäñëóØä¬èâÕ­èã  ØČóĂì­âöÝú­ÿëöãËöèõÖ  ƙƝ  ÅÚ  ĀæñßõÂóäîã¬óÈ×óèäÿÂøîÛ  Ɨ,ƛƖƖ  ÅÚ 
 Âóäé÷ÂêóìóÅèóâäú­ ÿßøćîØöćÉñÿäöãÚäú­ĀæñÿÃ­óĂÉÿÂöćãèÂòÛÿØÅāÚāæãöËöèáóßĂì­âóÂÃ÷ĈÚÚòĈÚÅèäÖõÕÖóâ
Ã¬óèëóäÅèóâÂ­óèìÚ­ó  ÂóäĂË­ÜäñāãËÚ° äèâ×÷ÈÅèóâÿëöćãÈØöćîóÉÿÂõÕÝæÂäñØÛÖ¬îÖÚÿîÈ ĀæñëõćÈĀèÕæ­îâ  
ÿßøćîÂČóìÚÕØóÈÿæøîÂÃîÈÖÚÿîÈăÕ­îã¬óÈÜæîÕáòã   
   

ÂõÉÂääâØöć  ƛ.5 
 Ăì­Ýú­ÿäöãÚé÷ÂêóÅ­ÚÅè­óÿßõćâÿÖõâ ĂÚÿäøćîÈ  ÅèóâÂ­óèìÚ­óÃîÈÿØÅāÚāæãöËöèáóß ĂÚÜòÉÉùÛòÚ  Āæ­è
ÉòÕØČóäóãÈóÚë¬ÈÝú­ëîÚ 



 ƗƖƜ 

ÛØØöć Ɯ 
ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ 

ëóäñÂóäÿäöãÚäú­ 
 ØäòßãóÂäÙääâËóÖõ ÿÜĆÚëõćÈØöćâöÅèóâëòâßòÚÙ°ÂòÛËöèõÖÿäóîã¬óÈâóÂâóã Ì÷ćÈâöÝæÖ¬îëõćÈâöËöèõÖ ÊñÚòĈÚ
ÿäóÉČóÿÜĆÚÖ­îÈé÷ÂêóÝæØöćÿÂõÕÃ÷ĈÚÂòÛëõćÈâöËöèõÖĀæñëõćÈĀèÕæ­îââÚäñÕòÛØ­îÈ×õćÚ ÜäñÿØé ĀæñāæÂ Āæñìó
ĀÚèØóÈĂÚÂóäĀÂ­ăÃÜòÎìóØäòßãóÂäÙääâËóÖõ ĀæñßòÓÚóØäòßãóÂäÙääâËóÖõ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãÂäñÛèÚÂóäÿÜæöćãÚĀÜæÈĀØÚØöćÃîÈëõćÈâöËöèõÖăÕ­ 
2. îÙõÛóãÂóäĂË­ØäòßãóÂäÙääâËóÖõ ëáóßÜòÎìóëõćÈĀèÕæ­îâĂÚäñÕòÛØ­îÈ×õćÚ äñÕòÛÜäñÿØéĀæñ
äñÕòÛāæÂăÕ­ 

3. îÙõÛóãëóÿìÖùÃîÈÜòÎìóèóÈĀÝÚ ĀæñæÈâøîÜÐõÛòÖõăÕ­ 
4. îÙõÛóãÂóäÜ­îÈÂòÚ ĀÂ­ăÃ ÿÞ­óäñèòÈ îÚùäòÂê°ĀæñßòÓÚóØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâăÕ­ 
5. îÙõÛóãÜäóÂÐÂóäÔ°ÃîÈÙäÔöèõØãóØöćâöÝæÂäñØÛÖ¬îËöèõÖĀæñëõćÈĀèÕæ­îâ 
6. îÙõÛóã ÜäóÂÐÂóäÔ° ëáóèñāæÂä­îÚ ëóÿìÖùĀæñÝæÂäñØÛÖ¬îËöèõÖâÚùêã° 

ÃîÛÃ¬óãÿÚøĈîìó 
ÿäøćîÈØöć Ɨ ÂäñÛèÚÂóäÿÜæöćãÚĀÜæÈĀØÚØöćÃîÈëõćÈâöËöèõÖĀæñëõćÈĀèÕæ­îâĂÚËùâËÚ 
ÿäøćîÈØöć Ƙ ÂóäĂË­ØäòßãóÂäÙääâËóÖõäñÕòÛØ­îÈ×õćÚ ÜäñÿØéĀæñäñÕòÛāæÂ 
ÿäøćîÈØöć ƙ ÜäóÂÐÂóäÔ°ØóÈÙäÔöèõØãóØöćâöÝæÂäñØÛÖ¬îëõćÈâöËöèõÖĀæñëõćÈĀèÕæ­îâ 
ÿäøćîÈØöć ƚ ÜòÎìóĀæñÝæÂäñØÛÃîÈäñÛÛÚõÿèéĀæñëáóßëõćÈĀèÕæ­îâĂÚËùâËÚ Ø­îÈ×õćÚ ÜäñÿØéĀæñāæÂ 
ÿäøćîÈØöć ƛ ĀÚèØóÈÂóäĀÂ­ăÃÜòÎìóØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĂÚËùâËÚ 
ÿäøćîÈØöć Ɯ ÂóäèóÈĀÝÚÂóäßòÓÚóØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ 
ÿäøćîÈØöć Ɲ ëáóèñāæÂä­îÚ ëóÿìÖùĀæñÝæÂäñØÛ ÂóäÜ­îÈÂòÚ ĀæñĀÂ­ÜòÎìóāæÂä­îÚ 

 

 

 

 

 



 ƗƖƝ 

ÿäøćîÈØöć Ɨ ÂäñÛèÚÂóäÿÜæöćãÚĀÜæÈĀØÚØöćÃîÈëõćÈâöËöèõÖĀæñëõćÈĀèÕæ­îâĂÚËùâËÚ 
 ÂóäĀØÚØöćÃîÈëõćÈâöËöèõÖĂÚäñÛÛÚõÿèé 
 ÂóäĀØÚØöćÃîÈëõćÈâöËöèõÖ ìâóã×÷È ÂóäÿÜæöćãÚĀÜæÈÃîÈËÚõÕìäøîËùâËÚĂÚäñÛÛÚõÿèéÖóâ
Âóæÿèæó āÕãÿäõćâÉóÂÉùÕØöćăâ¬âöëõćÈâöËöèõÖîóéòãîãú¬ÿæã ÉÚÂäñØòćÈÿäõćââöëõćÈâöËöèõÖÂæù¬âĀäÂÿÂõÕÃ÷ĈÚ Ì÷ćÈÂæù¬âÃîÈ
ëõćÈâöËöèõÖÂæù¬âĀäÂÉñÿÜĆÚÂæù¬âØöćâöÅèóâØÚØóÚëúÈ ĀæñèõèòÓÚóÂóäăÜÉÚ×÷ÈëõćÈâöËöèõÖÂæù¬âëùÕØ­óãØöć ÿäöãÂè¬ó 
ËùâËÚëâÛúäÔ° (climax stage) ÂóäĀØÚØöćÃîÈëõćÈâöËöèõÖĀÛ¬ÈăÕ­ÿÜĆÚ Ƙ ÜäñÿáØ Åøî 
 Ɨ.  ÂóäÿÂõÕĀØÚØöćËòĈÚÛùÂÿÛõÂ (Primary succession) ÂóäÿÂõÕĀØÚØöćÉñÿäõćâÃ÷ĈÚĂÚßøĈÚØöćØöćăâ¬ÿÅãâö
ëõćÈâöËöèõÖîóéòãîãú¬âóÂ¬îÚÿæã Ì÷ćÈĀÛ¬ÈîîÂăÕ­ Ƙ ÜäñÿáØ Åøî 
 Ɨ.Ɨ  ÂóäÿÂõÕĀØÚØöćÛÚßøĈÚØöćè¬óÈÿÜæ¬óÛÚÛÂ âö Ƙ æòÂêÔñÕ­èãÂòÚÅøî 
 ÂóäÿÂõÕĀØÚØöćÛÚÂ­îÚìõÚØöćè¬óÈÿÜæ¬ó Ì÷ćÈÉñÿäõćâÉóÂ 
 ÃòĈÚĀäÂ ÉñÿÂõÕëõćÈâöËöèõÖÿÌææ°ÿÕöãè ÿË¬Úëóìä¬óãëöÿÃöãè ìäøî ăæÿÅÚÛÚÂ­îÚìõÚÚòĈÚ Ö¬îâóìõÚÚòĈÚÉñ
ÿäõćâë÷ÂÂä¬îÚ ÿÚøćîÈÉóÂÅèóâËøĈÚĀæñëõćÈâöËöèõÖÛÚÂ­îÚìõÚÚòĈÚ Ì÷ćÈÉóÂÂóäë÷ÂÂä¬îÚăÕ­ØČóĂì­ÿÂõÕîÚùáóÅÿæĆÂą
ÃîÈÕõÚĀæñØäóãĀæñÿÉøîÜÚÕ­èãëóäîõÚØäöã°ÃîÈÌóÂëõćÈâöËöèõÖëñëâÿßõćâÃ÷ĈÚ ÉóÂÚòĈÚÂĆÉñÿÂõÕßøËÉČóßèÂâîë
Öóââó 
 ÃòĈÚØöćëîÈ ÿâøćîâöÂóäëñëâîÚùáóÅÕõÚØäóã ĀæñÌóÂÃîÈëõćÈâöËöèõÖĀæñÅèóâËøĈÚâóÂÃ÷ĈÚ ßøËØöćÿÂõÕ
Ö¬îâóÉ÷ÈÿÜĆÚßèÂìÎ­ó ĀæñßøËæ­âæùÂ âîëÉñìóãăÜ 
 ÃòĈÚØöćëóâ ÿÂõÕăâ¬ßù¬âĀæñÖ­Úăâ­ÿÃ­óâóĀØÚØöć Ì÷ćÈăâ­ãøÚÖ­ÚØöćÿÃ­óâóĂÚÖîÚĀäÂą ÉñÿÜĆÚăâ­āÖÿäĆè
ËîÛĀëÈĀÕÕ ÉóÂÚòĈÚßøËÿæĆÂąØöćÿÂõÕÃ÷ĈÚÂ¬îÚìÚ­óÚöĈÂĆÅ¬îãą ìóãăÜ ÿÚøćîÈÉóÂ×úÂÛÕÛòÈĀëÈĀÕÕÉóÂÖ­Úăâ­Øöć
āÖÂè¬ó 
 ÃòĈÚëùÕØ­óã ÿÜĆÚÃòĈÚØöćëâÛúäÔ° (climax stage) ÿÜĆÚËùâËÚÃîÈÂæù¬ââöËöèõÖØöćÿÖõÛāÖëâÛúäÔ°ĀÛÛâö
æòÂêÔñÅÈØöć âöÅèóâëâÕùæĂÚäñÛÛÅøî Ö­Úăâ­ăÕ­èõèòÓÚóÂóäăÜÿÜĆÚăâ­ĂìÎ¬ĀæñâöëáóßÿÜĆÚÜ¬óØöćîùÕâ
ëâÛúäÔ°ÚòćÚÿîÈ 
 ÂóäÿÂõÕĀØÚØöćÛÚßøĈÚØäóãØöćè¬óÈÿÜæ¬ó ÃòĈÚÖ­Ú ßøËØöćÉñÿÂõÕÃ÷ĈÚÉñÿÜĆÚÜäñÿáØÿ×óăâ­-ÿæøĈîã ØöćìãòćÈäóÂ
æÈĂÚÛäõÿèÔØöćËøĈÚ ÃòĈÚÖ¬îăÜÂĆÉñÿÂõÕÿÜĆÚæČóÖ­ÚĂÖ­ÕõÚØöćãóèĀæñëóâóä×ĀÖÂÂõćÈÂ­óÚëóÃóăÜăÕ­ăÂæĀæñÿâøćî
ĂÖ­ÕõÚâöäóÂăâ­ ÂĆÿÂõÕâöîõÚØäöã°èòÖ×ùâóÂÃ÷ĈÚ ØČóĂì­Åèóâëóâóä×ĂÚÂóäîù­âÚČĈóÂĆÿßõćââóÂÃ÷ĈÚĀæñÙóÖùîóìóäÂĆ
ÿßõćâÃ÷ĈÚ ĀæñØöćëùÕÂĆÿÂõÕăâ­ßù¬â Āæñăâ­ĂìÎ¬ÖóââóÿÜĆÚÃòĈÚÖîÚëùÕØ­óã 
 Ɨ.Ƙ ÂóäĀØÚØöćĂÚĀìæ¬ÈÚČĈó ÿË¬Ú ĂÚÛ¬îÚČĈó ØñÿæØäóã ìÚîÈ Û÷È Ì÷ćÈÉñÿäõćâÖ­ÚÉóÂ 
 ÃòĈÚĀäÂ ÛäõÿèÔßøĈÚÂ­ÚëäñìäøîìÚîÈÚČĈóÚòĈÚâöĀÖ¬ßøĈÚØäóã ëõćÈâöËöèõÖØöćÿÂõÕÃ÷ĈÚÅøî ëõćÈâöËöèõÖÿæĆÂą Øöć
æ¬îÈæîãîãú¬ĂÚÚČĈó ÿË¬ÚĀßæÈÂ°ÖîÚ ëóìä¬óãÿÌææ°ÿÕöãè Öòèî¬îÚÃîÈĀâæÈÛóÈËÚõÕ 
 ÃòĈÚØöćëîÈ ÿÂõÕÂóäëñëâëóäîõÚØäöã°Ã÷ĈÚÛäõÿèÔßøĈÚÂ­Úëäñ ÉóÂÚòĈÚÂĆÉñÿäõćâÿÂõÕßøËĂÖ­ÚČĈóÜäñÿáØ ëóìä¬óã Āæñ
ëòÖè°ÿæĆÂąØöćîóéòãîãú¬ÛäõÿèÔØöćâößøËĂÖ­ÚČĈó ÿË¬Ú ßèÂÜæóÂõÚßøË ìîãĀæñÖòèî¬îÚÃîÈĀâæÈ 



 ƗƖƞ 

 ÃòĈÚØöćëóâ ØöćßøĈÚßøĈÚÂ­ÚëäñâöîõÚØäöã°ëóäØòÛ×âÿßõćââóÂÃ÷ĈÚîòÚÿÂõÕÉóÂÂóäÖóãÃîÈëóìä¬óãÿâøćîâö
ÙóÖùîóìóäâóÂÃ÷ĈÚØöćßøĈÚÂ­ÚëäñÂĆÉñÿÂõÕßøËâöĂÛāÝæ¬ß­ÚÚČĈóÿÂõÕÃ÷ĈÚ ÿË¬Ú ÂÂ ßÈ î­î ÿÖãÚČĈó ÉóÂÚòĈÚÂĆÉñÿÂõÕâö
ëòÖè°ÉČóßèÂ ìîãāÃ¬È ÂÛÿÃöãÕ Âù­È ìÚîÚ ăë­ÿÕøîÚ ĀæñèõèòÓÚóÂóäâóÉÚ×÷ÈØöćâöëòÖè°âóÂËÚõÕÃ÷ĈÚ ÜäõâóÔ
îîÂÌõÿÉÚÂĆÉñ×úÂĂË­âóÂÃ÷ĈÚ ëòÖè°Øöćî¬îÚĀîÂĆÉñÖóãăÜ 
 ÃòĈÚØöćëöć îõÚØäöã°ëóäØöćëñëâîãú¬ØöćÛäõÿèÔÂ­ÚëäñÉñÿßõćââóÂÃ÷ĈÚ ĂÚÃÔñØöćëäñÉñÿÂõÕÂóäÖøĈÚÿÃõÚÃ÷ĈÚ ĂÚ
ìÚ­óĀæ­È ĂÚË¬èÈØöćÖøĈÚÿÃõÚÂĆÉñÿÂõÕÖ­ÚìÎ­óÃ÷ĈÚ ëòÖè°Øöćîóéòãîãú¬ĂÚëäñÉñÿÜĆÚëòÖè°ÜäñÿáØëñÿØõÚÚČĈóëñÿØõÚÛÂ 
 ÃòĈÚëùÕØ­óã Ì÷ćÈÿÜĆÚÃòĈÚëâÛúäÔ°ĀÛÛëäñÚČĈóÚòĈÚÉñÖøĈÚÿÃõÚÉÚÂæóãëáóßÿÜĆÚßøĈÚÕõÚØČóĂì­ÿÂõÕÂóä
ĀØÚØöć ßøËÛÂĀæñëòÖè°ÛÂĀæñèõèòÓÚóÂóäÉÚÂæóãÿÜĆÚÜ¬óăÕ­ĂÚØöćëùÕ Ì÷ćÈÂäñØÛÂóäĀØÚØöćÃîÈëõćÈâöËöèõÖĂÚ
äñÛÛÚõÿèéÉñÖ­îÈĂË­ÿèæóÚóÚâóÂĂÚÂóäèõèòÓÚóÂóäÃîÈÂóäĀØÚØöćØùÂÃòĈÚÖîÚ 
 Ƙ. ÂóäĀØÚØöćëõćÈâöËöèõÖĂÚÃòĈÚØÕĀØÚ (Secondary succession) ÿÜĆÚÂóäÿÂõÕÂóäĀØÚØöćÃîÈëõćÈâöËöèõÖ
îøćÚąĂÚßøĈÚØöćÿÕõâØöć×úÂÿÜæöćãÚĀÜæÈăÜ ÿË¬Ú ÛäõÿèÔßøĈÚØöćÜ¬óăâ­Øöć×úÂāÅ¬Ú×óÈ ÜäòÛÿÜĆÚßøĈÚØöćÿßóñÜæúÂ ìäøî 
ßøĈÚØöćÜ¬óăâ­ØöćÿÂõÕăàÜ¬óĂÚÃòĈÚÖ­ÚÃîÈÂóäĀØÚØöćÉñÿÂõÕëõćÈâöËöèõÖÂæù¬âîøćÚÿÂõÕÃ÷ĈÚĀØÚØöćØòĈÈØöćÿÂõÕÃ÷ĈÚÿîÈāÕã
ÙääâËóÖõĀæñÂóäÜæùÂāÕãâÚùêã°ĂÚÃòĈÚØöćÿÂõÕÿîÈÚòĈÚ âòÂÉñÿäõćâÕ­èãìÎ­ó 
ÂóäÿÜæöćãÚĀÜæÈĀØÚØöćÃîÈëòÈÅâëõćÈâöËöèõÖ 
 Ɨ.  æòÂêÔñÂóäÿÜæöćãÚĀÜæÈĀØÚØöćÿÜĆÚÕòÈÚöĈ 
  ëõćÈĀèÕæ­îâÿÕõâÿÜæöćãÚĀÜæÈăÜ (condition change) 
  ëõćÈâöËöèõÖØöćÿÃ­óâóîóéòãîãú¬ÚòĈÚâöÂóäÜäòÛÖòèĂì­ÿìâóñëâ (adaptation) 
  âöÂóäÅòÕÿæøîÂËÚõÕØöćÿìâóñëâÿÜĆÚÂóäÅòÕÿæøîÂāÕãÙääâËóÖõ (natural selection) 
 Ƙ. äúÜĀÛÛÂóäĀØÚØöć âö Ƙ äúÜĀÛÛ Åøî  
  degradtive succession ĂÚÂäñÛèÚÂóäĀØÚØöćĀÛÛÚöĈ îõÚØäöãèòÖ×ù ÌóÂëõćÈâöËöèõÖÖ¬óÈą ×úÂĂË­ăÜ
āÕã detritivore Āæñ ÉùæõÚØäöã° 
  autotrophic succession ÿÜĆÚëòÈÅâĂìâ¬ßòÓÚóÃ÷ĈÚâóÛÚßøĈÚØöćè¬óÈÿÜæ¬ó 
 ƙ. ÂäñÛèÚÂóäÿÜæöćãÚĀÜæÈĀØÚØöć ÿÂõÕăÕ­ ƙ ÜòÉÉòãÕòÈÚöĈ 
  Â facilitation ÅøîÂóäĀØÚØöćÿÂõÕÉóÂÂóäÿÜæöćãÚĀÜæÈÃîÈÜòÉÉòãØóÈÂóãáóßØČóĂì­ÿìâóñëâÂòÛ
ëõćÈâöËöèõÖËÚõÕĂìâ¬ ØöćÉñÿÃ­óâóîãú¬ăÕ­ É÷ÈÿÂõÕÂóäĀØÚØöćÃ÷ĈÚ 
  Ã Inhibition ÿÜĆÚÂóäĀØÚØöćìæòÈÿÂõÕÂóääÛÂèÚØóÈÙääâËóÖõ ìäøîÂóäÖóãÃîÈëÜöËöë°ÿÕõâÿØ¬óÚòĈÚ 
  Å Tolerance ÅøîÂóäĀØÚØöćÿÚøćîÈÉóÂ ëÜöËöë°ØöćÛùÂäùÂÿÃ­óâóĂìâ¬ëóâóä×ØÚÖ¬îäñÕòÛØäòßãóÂäØöć
ÿìæøîÚ­îãĀæ­èÚòĈÚăÕ­ Āæñëóâóä×ÿîóËÚñëÜöËöë°Â¬îÚÚöĈăÕ­ 
 ƚ.  ÜòÉÉòãØöćØČóĂì­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈĀØÚØöć 
  ÂóäÿÜæöćãÚĀÜæÈĀØÚØöćÿÂõÕāÕãÙääâËóÖõăÕ­ĀÂ¬ áúÿÃóăàäñÿÛõÕ ĀÝ¬ÚÕõÚăìè ÝøÚÕõÚÂæóãÿÜĆÚ
Āìæ¬ÈÚČĈó ðæð 



 ƗƖƟ 

ÿäøćîÈØöć Ƙ ÂóäĂË­ØäòßãóÂäÙääâËóÖõäñÕòÛØ­îÈ×õćÚ ÜäñÿØéĀæñäñÕòÛāæÂ 
 ØäòßãóÂäÙääâËóÖõ (Natural resources) ìâóã×÷È ëõćÈØöćÜäóÂÐîãú¬ÖóâÙääâËóÖõìäøîëõćÈØöćÃ÷ĈÚÿîÈ
îČóÚèãÜäñāãËÚ°ĀÂ¬âÚùêã°ĀæñÙääâËóÖõÕ­èãÂòÚÿîÈ (Øèö ØîÈëè¬óÈ Āæñ ØòéÚöã° ØîÈëè¬óÈ,ƘƛƘƙ:4) ×­óëõćÈÚòĈÚ
ãòÈăâ¬Ăì­ÜäñāãËÚ°Ö¬îâÚùêã°ÂĆăâ¬×øîè¬óÿÜĆÚØäòßãóÂäÙääâËóÖõ (ÿÂêâ ÉòÚØä°ĀÂ­è,ƘƛƘƛ:4) 
 ÂóäĂË­ÅČóè¬ó ́ØäòßãóÂäÙääâËóÖõµ ĀæñÅČóè¬ó ́ëõćÈĀèÕæ­îâµ  ÛóÈÅäòĈÈÝú­ĂË­îóÉÉñÿÂõÕÅèóâëòÛëÚăâ¬
ØäóÛè¬óÉñĂË­ÅČóăìÚÕö É÷ÈÚ¬óßõÉóäÔóè¬óÅČóØòĈÈëîÈÚöĈâöÅèóâÅæ­óãÅæ÷ÈĀæñĀÖÂÖ¬óÈÂòÚîã¬óÈăä ĂÚÿäøćîÈÚöĈ 
ÿÂêâ ÉòÚØä°ĀÂ­è (ƘƛƘƛ:7-8) ăÕ­ÿëÚîăè­ÕòÈÚöĈ 
 Ɨ. ÅèóâÅæ­óãÅæ÷ÈÂòÚ ĂÚĀÈ¬ÚöĈßõÉóäÔóÉóÂØöćÿÂõÕ Åøî ÿÂõÕÃ÷ĈÚÖóâÙääâËóÖõÿìâøîÚÂòÚ 
ØäòßãóÂäÙääâËóÖõ ĀæñëõćÈĀèÕæ­îâÖ¬óÈÿÜĆÚëõćÈØöćĂì­ÜäñāãËÚ°Ö¬îâÚùêã°ÿË¬ÚÂòÚ âÚùêã°äú­ÉòÂĂË­ äú­ÉòÂÅõÕĂÚ
ÂóäÚČóØäòßãóÂäÙääâËóÖõâóĂË­ ĀæñâÚùêã°îóéòãîãú¬ĂÚØäòßãóÂäÙääâËóÖõÖ¬óÈą ÂĆĂì­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈ 
ØäòßãóÂäÙääâËóÖõ Āæ­èâÚùêã°ÿäöãÂëõćÈÖ¬óÈąØòĈÈìâÕè¬ó ́ëõćÈĀèÕæ­îâµ ÅèóâÅæ­óãÅæ÷ÈÂòÚÃîÈ ÅČóè¬ó
ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâîãú¬Øöćè¬óØäòßãóÂäÙääâËóÖõÿÜĆÚë¬èÚìÚ÷ćÈÃîÈëõćÈĀèÕæ­îâ 
 Ƙ. ÅèóâĀÖÂÖ¬óÈ ØäòßãóÂäÙääâËóÖõÿÜĆÚëõćÈØöćÿÂõÕÃ÷ĈÚÿîÈÖóâÙääâËóÖõĀÖ¬ëõćÈĀèÕæ­îâÚòĈÚ
ÜäñÂîÛÕ­èãØäòßãóÂäÙääâËóÖõĀæñëõćÈØöćâÚùêã°ëä­óÈÃ÷ĈÚāÕãîóéòãØäòßãóÂäÙääâËóÖõ ìóÂÃóÕ
ØäòßãóÂäÙääâËóÖõ âÚùêã°ăâ¬ëóâóä×ëä­óÈëõćÈĀèÕæ­îâîøćÚąăÕ­ÿæã 
 

ÜäñÿáØÃîÈØäòßãóÂäÙääâËóÖõ 
 ÂóäĀÛ¬ÈÜäñÿáØÃîÈØäòßãóÂäÙääâËóÖõ âöÂóäĀÛ¬ÈÂòÚìæóãæòÂêÔñ ĀÖ¬ĂÚØöćÚöĈ ĀÛ¬ÈāÕãĂË­ÿÂÔÒ°
ÃîÈÂóäÚČóâóĂË­ ĀÛ¬ÈîîÂÿÜĆÚ ƚ ÜäñÿáØ ÕòÈÚöĈ 
 Ɨ. ØäòßãóÂäÙääâËóÖõØöćĂË­Āæ­èăâ¬ìâÕëõĈÚ (Inexhaustible natural resources) ÿÜĆÚ
ØäòßãóÂäÙääâËóÖõØöćÿÂõÕÃ÷ĈÚÂ¬îÚØöćÉñâöâÚùêã° ÿâøćîâöâÚùêã°ÿÂõÕÃ÷ĈÚâóëõćÈÿìæ¬óÚöĈÂĆâöÅèóâÉČóÿÜĆÚÖ¬îÂóä
ÕČóäÈËöèõÖÃîÈâÚùêã° ÉČóĀÚÂÿÜĆÚ Ƙ ÜäñÿáØ ăÕ­ĀÂ¬ 
 Ɨ.Ɨ ÜäñÿáØØöćÅÈëáóßÿÕõâăâ¬ÿÜæöćãÚĀÜæÈ (Immutable) ăÕ­ĀÂ¬ ßæòÈÈóÚÉóÂÕèÈîóØõÖã° æâ îóÂóé 
Þù¬Ú Āâ­ÂóæÿèæóÉñÝ¬óÚăÜÚóÚÿØ¬óĂÕÂĆÖóâëõćÈÿìæ¬óÚöĈÂĆãòÈÅÈăâ¬âöÂóäÿÜæöćãÚĀÜæÈ 
 Ɨ.Ƙ ÜäñÿáØØöćÿÂõÕÂóäÿÜæöćãÚĀÜæÈ (Mutuable) ÂóäÿÜæöćãÚĀÜæÈØöćÿÂõÕÃ÷ĈÚÿÚøćîÈÉóÂÂóäĂË­ÜäñāãËÚ°
îã¬óÈÝõÕèõÙö ÿË¬Ú ÂóäĂË­ØöćÕõÚ ÂóäĂË­ØČóāÕãèõÙöÂóäØöćăâ¬×úÂÖ­îÈ ØČóĂì­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈØòĈÈØóÈÕ­óÚÂóãáóß 
ĀæñÕ­óÚÅùÔáóß 
 Ƙ. ØäòßãóÂäÙääâËóÖõØöćĂË­Āæ­èØÕĀØÚăÕ­ (renewable natural resources) ÿÜĆÚØäòßãóÂäÙääâËóÖõ
ØöćĂË­ăÜĀæ­èëóâóä×ÿÂõÕÃ÷ĈÚØÕĀØÚăÕ­ Ì÷ćÈîóÉñÿäĆèìäøîË­óÃ÷ĈÚîãú¬ÂòÛËÚõÕÃîÈØäòßãóÂäÙääâËóÖõÜäñÿáØ
ÚòĈÚ ØäòßãóÂäÙääâËóÖõØöćĂË­Āæ­èØÕĀØÚăÕ­ ÿË¬Ú ßøË Ü¬óăâ­ ëòÖè°Ü¬ó âÚùêã° ÅèóâëâÛúäÔ°ÃîÈÕõÚ ÅùÔáóß
ÃîÈÚČĈóĀæñ ØòéÚöãáóßØöćëèãÈóâ ÿÜĆÚÖ­Ú 



 ƗƗƖ 

 ƙ. ØäòßãóÂäÙääâËóÖõëóâóä×ÚČóâóĂË­Ăìâ¬ăÕ­ (Recyclables natural resources) ÿÜĆÚ
ØäòßãóÂäÙääâËóÖõÉČóßèÂĀä¬ÙóÖùØöćÚČóâóĂË­Āæ­èëóâóä×ÚČóăÜĀÜääúÜĂì­ÂæòÛăÜëú¬ëáóßÿÕõâăÕ­ Āæ­èÚČó
ÂæòÛâóĂË­Ăìâ¬îöÂ (îú¬ĀÂ­è ÜäñÂîÛăèãÂõÉ ÿèîä°,ƘƛƘƛ:208) ÿË¬Ú Āä¬îāæìñ ăÕ­ĀÂ¬ ÿìæĆÂ ØîÈĀÕÈ îñæúâõÿÚöãâ 
ĀÂ­è ðæð  
 ƚ. ØäòßãóÂäÙääâËóÖõØöćĂË­Āæ­èìâÕëõĈÚăÜ (Exhausting natural resources) ÿÜĆÚØäòßãóÂäÙääâËóÖõ
ØöćÚČóâóĂË­Āæ­èÉñìâÕăÜÉóÂāæÂÚöĈ ìäøîëóâóä×ÿÂõÕÃ÷ĈÚØÕĀØÚăÕ­ ĀÖ¬Ö­îÈĂË­ÿèæóãóèÚóÚâóÂ 
ØäòßãóÂäÙääâËóÖõÜäñÿáØÚöĈ ÚČĈóâòÚÜõāÖÿæöãâ Â®óÌÙääâËóÖõ Āæñ×¬óÚìõÚ ÿÜĆÚÖ­Ú 
 

ÅèóâëČóÅòÎĀæñÝæÂäñØÛÃîÈØäòßãóÂäÙääâËóÖõ 
 ØäòßãóÂäÙääâËóÖõâöÅèóâëČóÅòÎÖ¬îâÚùêã°âóÂâóãìæóãÕ­óÚÕòÈÚöĈ 
 Ɨ. ÂóäÕČóäÈËöèõÖ ØäòßãóÂäÙääâËóÖõÿÜĆÚÖ­ÚÂČóÿÚõÕÃîÈÜòÉÉòã ƚ ĂÚÂóäÕČóäÈËöèõÖÃîÈâÚùêã°ßÛè¬ó
âÚùêã°ÉñÖ­îÈß÷ćÈßóØäòßãóÂäÙääâËóÖõÿßøćîëÚîÈÅèóâÖ­îÈÂóäØóÈÕ­óÚÜòÉÉòã ƚ Åøî îóìóä ÿÅäøćîÈÚù¬Èì¬â Øöć
îãú¬îóéòã ĀæñãóäòÂêóāäÅ 
  îóìóäØöćâÚùêã°ÛäõāáÅĀäÂÿäõćâë¬èÚìÚ÷ćÈăÕ­ÉóÂØäòßãóÂäÙääâËóÖõ ÿË¬Ú ÿÝøîÂ âòÚ ÜæóÚČĈóÉøÕ 
ĀæñÜæóÚČĈóÿÅĆâ ÿÜĆÚÖ­Ú 
  ÿÅäøćîÈÚù¬Èì¬â ĀäÂÿäõćââÚùêã°ÜäñÕõêÑ°ÿÅäøćîÈÚù¬Èì¬âÉóÂØäòßãóÂäÙääâËóÖõ ÿË¬Ú ÉóÂÞ­óã Ü¬óÚ 
æõÚõÚ ÃÚëòÖè° ðæð Øöćâöîãú¬ÖóâÙääâËóÖõ Ö¬îâóÿâøćîÉČóÚèÚÜäñËóÂäÿßõćâÃ÷ĈÚ ÅèóâÖ­îÈÂóäÿÅäøćîÈÚù¬Èì¬âÂĆ
ÿßõćâÃ÷ĈÚÕ­èã É÷ÈÉČóÿÜĆÚÖ­îÈÜæúÂìäøîÿæöĈãÈëòÖè° ÿßøćîÂóäØČóÿÅäøćîÈÚù¬Èì¬âÿîÈ ĀæñĂÚØöćëùÕÂĆØČóÿÜĆÚîùÖëóìÂääâ 
  Øöćîãú¬îóéòã Âóäëä­óÈØöćîãú¬îóéòãÃîÈËÚÿÝ¬óÖ¬óÈąÉñßãóãóâìóØäòßãóÂäÙääâËóÖõ Øöćâöîãú¬ĂÚ
Ø­îÈ×õćÚâóÿÜĆÚîÈÅ°ÜäñÂîÛìæòÂĂÚÂóäÂ¬îëä­óÈØöćîãú¬îóéòãÃ÷ĈÚâó Öòèîã¬óÈÿË¬Ú ĂÚÿÃÖØñÿæØäóãØöćĀì­ÈĀæ­È 
Āæñăä­ßøËßääÔÙääâËóÖõ Û­óÚØöćëä­óÈÃ÷ĈÚîóÉÉñÿÉóñÿÜĆÚîùāâÈÅ°ÖóâìÚ­óÝó Û­óÚÅÚăØãĂÚËÚÛØëä­óÈ
Õ­èãăâ­ ăâ­ăÝ¬ ìæòÈÅóâùÈÕ­èãÉóÂìäøîìÎ­ó ÿÜĆÚÖ­Ú 
  ãóäòÂêóāäÅ ÖòĈÈĀÖ¬ëâòãāÛäóÔâÚùêã°äú­ÉòÂÚČóßøËëâùÚăßäâóĂË­ĂÚÂóääòÂêóāäÅ ÿË¬Ú ÅÚăØã
ĂË­ à­óØñæóãāÉääòÂêóāäÅìèòÕ ìîÛ ìøÕ ìòèăßæ ÃâõĈÚ ÚČĈóÝ÷ĈÈĂË­ÛČóäùÈÝõè 
 Ƙ.  ÂóäÖòĈÈ×õćÚÑóÚĀæñÂóäÜäñÂîÛîóËöß ØäòßãóÂäÙääâËóÖõÿÜĆÚßøĈÚÑóÚĂÚÂóäÖòĈÈ×õćÚÑóÚĀæñ
ÜäñÂîÛîóËößÃîÈâÚùêã° ÿË¬Ú Ā×Ûæù¬âĀâ¬ÚČĈóìäøîËóãÞòćÈØñÿæØöćîùÕâëâÛúäÔ°Õ­èãßøËĀæñëòÖè° ÉñâöÜäñËóËÚ
ÿÃ­óăÜÖòĈÈ×õćÚÑóÚĀæñÜäñÂîÛîóËößØóÈÂóäÿÂêÖäÂääâÜäñâÈ ÿÜĆÚÖ­Ú 
 ƙ.  ÂóäßòÓÚóØóÈÿéäêÑÂõÉ ÉČóÿÜĆÚÖ­îÈĂË­ØäòßãóÂäÙääâËóÖõ 
 4.  ÅèóâÂ­óèìÚ­óØóÈÿØÅāÚāæãö ÂóäÜäñÕõêÑ°ÿÅäøćîÈâøî ÿÅäøćîÈĂË­ ÿÅäøćîÈÉòÂä ÿÅäøćîÈÝ¬îÚĀäÈ Ö­îÈ 
îóéòãØäòßãóÂäÙääâËóÖõ 
 ƛ.  ÂóääòÂêóëâÕùæÙääâËóÖõ ØäòßãóÂäÙääâËóÖõÿÜĆÚÜòÉÉòãĂÚÂóääòÂêóëâÕùæÙääâËóÖõ 
  



 ƗƗƗ 

 ÂõÉÂääâÃîÈâÚùêã°Øöćë¬ÈÝæÂäñØÛÖ¬îëõćÈĀèÕæ­îâĀæñØäòßãóÂäÙääâËóÖõ ăÕ­ĀÂ¬ 
 Ɨ. ÂõÉÂääâØóÈÕ­óÚîùÖëóìÂääâ āÕãăâ¬âöÂóäÅČóÚ÷È×÷ÈëõćÈĀèÕæ­îâ âöÂóäĂË­ØäòßãóÂäÙääâËóÖõ
âóÂâóã ĀæñÂ¬îĂì­ÿÂõÕâæßõê Ö¬îëõćÈĀèÕæ­îâÿË¬Ú îùÖëóìÂääâÿìâøîÈĀä¬ âöÂóäÿÜõÕìÚ­óÕõÚ Â¬îĂì­ÿÂõÕÜòÎìó
ÂóäËñæ­óÈ ßòÈØæóãÃîÈÕõÚ ĀæñÜòÎìóÚČĈóØõĈÈ ÉóÂÿìâøîÈæÈëú¬Āìæ¬ÈÚČĈó Â¬îĂì­ÿÂõÕâæßõêØóÈÚČĈó 
 Ƙ. ÂõÉÂääâØóÈÂóäÿÂêÖä ÿË¬Ú âöÂóäĂË­ãóÇ¬óĀâæÈÿßøćîÿßõćâÝæÝæõÖ ë¬ÈÝæĂì­ÿÂõÕîòÚÖäóãÖ¬î
ëõćÈĀèÕæ­îâ ĀæñëùÃáóßîÚóâòãÃîÈâÚùêã°ÿÚøćîÈÉóÂâöÂóäëñëâëóäßõê ăè­ĂÚä¬óÈÂóãÃîÈëõćÈâöËöèõÖ Āæñ
ëõćÈĀèÕæ­îâ Â¬îĂì­ÿÂõÕîòÚÖäóãĂÚäñãñãóèĀæñÿÂõÕÅèóâëúÎÿëöã ØóÈÕ­óÚÿéäêÑÂõÉ ÿÚøćîÈÉóÂÂóäÿÉĆÛÜ¬èã 
ÃîÈÜäñËóËÚ ĀæñÅùÔáóßëõćÈĀèÕæ­îâØöćĀã¬æÈ 
 ƙ. ÂõÉÂääâÂóäÛäõāáÅÃîÈâÚùêã° ë¬ÈÝæĂì­âöÂóäĂË­ØäòßãóÂäîã¬óÈàù¬âÿàøîã ÃóÕÂóäÅČóÚ÷È×÷È
ëõćÈĀèÕæ­îâ Â¬îĂì­ÿÂõÕÜòÎìóëõćÈĀèÕæ­îâÖóââó ÿË¬Ú ÜäõâóÔÃãñØöćâóÂÃ÷ĈÚÉóÂÂóäÛäõāáÅÃîÈÿäóÚöĈØöćâóÂÃ÷ĈÚ
Ì÷ćÈãóÂÖ¬îÂóäÂČóÉòÕ āÕãÿÂõÕÉóÂÂóäĂË­ØäòßãóÂä îã¬óÈăâ¬Åù­âÅ¬ó ØČóĂì­ÜäõâóÔØäòßãóÂäÙääâËóÖõ æÕ
Ú­îãæÈ ÿÜĆÚÖ­Ú 
 



 ƗƗƘ 

ÿäøćîÈØöć ƙ ÜäóÂÐÂóäÔ°ØóÈÙäÔöèõØãóØöćâöÝæÂäñØÛÖ¬îËöèõÖĀæñëõćÈĀèÕæ­îâ  
æñæù 
"æñæù" ÿÜĆÚáóêóÿÃâä ĀÜæè¬ó "Øñæù" ÿÜĆÚÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõĀÖ¬âößøĈÚØöćÂè­óÈÂè¬ó 2,000 ăä¬ 

æñæù ÿÂõÕÉóÂÚČĈóÞÚÂòÕÿÌóñ ãùÛÖòèìäøîßòÈØæóãÃîÈÕõÚ ÿÚøćîÈÉóÂëáóßÕõÚĀÃĆÈÉñÅÈîãú¬ăâ¬ãùÛÖòèÿâøćî×úÂæâÂòÕ
Âä¬îÚÉ÷ÈâöæòÂêÔñÿÜĆÚ äúÜÖ¬óÈą âîÈÅæ­óãÂČóĀßÈÿâøîÈ ìÚ­óÝó Û­óÈâöæòÂêÔñÿÜĆÚĀØ¬Èą É÷ÈØČóĂì­æñæùâöÅèóâ
ëèãÈóâĀæñĀÜæÂÖóĀÖÂÖ¬óÈÂòÚÖóâÉõÚÖÚóÂóäÃîÈĀÖ¬æñÅÚ îñăäÌ÷ćÈĂÚØùÂąÜö æñæùÉñÿÜæöćãÚäúÜä¬óÈÃîÈ
âòÚăÜÿäøćîãą ÖóâĀÖ¬æâĀæñÞÚØöćË¬èãÂòÚÖÂĀÖ¬ÈËòĈÚÕõÚ ĀæñĂÚÛóÈßøĈÚØöćÂĆÉñâöæñæùØöćÃ÷ĈÚîãú¬ÂæóÈßøĈÚØöćØČóÚó
ÃîÈËóèÛ­óÚÌ÷ćÈëöÚČĈóÖóæØîÈÃîÈæñæù ÖòÕÂòÛëöÿÃöãèëÕÃîÈÖ­ÚÃ­óè ÿÜĆÚëõćÈØöćëèãÈóââóÂ ØöćìóÕúăâ¬ăÕ­ĂÚ
ÂäùÈÿØßëèãÉÚăÕ­äòÛÃÚóÚÚóâè¬óÿÜĆÚ ĀÂäÚĀÅÚãîÚÃîÈÿâøîÈăØã ÿæãØöÿÕöãè ́æñæùµ ØöćÉòÈìèòÕëäñĀÂ­èÚöĈ
ÉñâöæòÂêÔñÅæ­óãÂòÛ ́ĀßñÿâøîÈÝöµ ÃîÈÉòÈìèòÕĀßä¬ ìäøî ́ÿëóÕõÚÚóÚ­îãµ (ï¬îâÉ®îâ)  É.Ú¬óÚ ÛóÈÅÚÂĆÉñ
ÿäöãÂè¬ó ́ĀßñÿâøîÈÝöĀì¬ÈĂìâ¬µ ĀÖ¬ØöćÚöćÉñâöæñæùÿãîñÂè¬óÌ÷ćÈÉñâöæñæù ÂäñÉóãÂòÚîãú¬ÿÜĆÚÉùÕąĂÚßøĈÚØöć 
ÜäñâóÔ 2,000 ăä¬āÕãÉñĀÛ¬ÈæñæùîîÂÿÜĆÚāÌÚą Ì÷ćÈĀÖ¬æñāÌÚÂĆÉñâöæñæùØöćâöæòÂêÔñëèãÈóâĀÖÂÖ¬óÈ ÂòÚ 
ëČóìäòÛÅèóâÿìâøîÚÂòÚÃîÈ æñæù ĀßñÿâøîÈÝö ĀæñÿëóÕõÚÚóÚ­îãÂĆÅøî ØòĈÈ 3 Āì¬Èæ­èÚÿÜĆÚÜäóÂÐÂóäÔ°
ÙääâËóÖõØöćÿÂõÕÉóÂÂóäÿÜæöćãÚĀÜæÈÃîÈÿÜæøîÂāæÂÉóÂÂóä ×æ¬âÃîÈìÚ­óÕõÚ ë¬èÚØöćĀÃĆÈÂè¬óÂĆÉñÅÈÖòèîãú¬
Õ­óÚÛÚ  ØČóìÚ­óØöćÿÜĆÚÕòÈìâèÂÿìæĆÂÅù­âÂòÚËòĈÚ ÂäèÕØäóãØöćî¬îÚÂè¬óÕ­óÚæ¬óÈ āÕãâöæâĀæñÞÚË¬èãÂòÚØČó
ìÚ­óØöćéõæÜõÚÖÂĀÖ¬ÈËòĈÚÕõÚĂÚÿèæóæ­óÚą Üö ĀÜæÂÖóĀÖÂÖ¬óÈÂòÚăÜ ăâ¬è¬óÉñÿÜĆÚäúÜÿÉÕöã° ÜäóëóØ ÕîÂÿìĆÕ 
ÂČóĀßÈ ìäøîäúÜîñăäÂĆëùÕĀØ­ ĀÖ¬è¬óÅÚØöćâîÈÉñÉõÚÖÚóÂóä 
 

 
áóßæñæù  îČóÿáîÖóßäñãó  ÉòÈìèòÕëäñĀÂ­è 
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 ØåêÏöÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂ 
 ÚòÂèõØãóéóëÖä°ăÕ­ßãóãóâé÷ÂêóĀæñäèÛäèâÃ­îâúæ ÿßøćîëäùÜÿÜĆÚØåêÏöîÙõÛóãëóÿìÖùÂóäÿÂõÕÃîÈ
ĀÝ¬ÚÕõÚăìè ĂÚÜòÉÉùÛòÚØåêÏöÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂ (Plate Tectonics Theory) ăÕ­äòÛÂóäãîâäòÛ
âóÂØöćëùÕ ØåêÏöÚöĈßòÓÚóâóÉóÂØåêÏöè¬óÕ­èãØèöÜÿæøćîÚ (Theory of Continental Drift) ÃîÈîòæÿàäÕ āæØóä° 
ÿèÿÂÿÚîä° (Alfred Lothar Wegener ß.é. đēđĒ - đēĖĒ ÚòÂèõØãóéóëÖä° ËóèÿãîäâòÚ) Ì÷ćÈÿëÚîăè­ÿâøćî 
ß.é. đēĔĔ Ö¬îâó Āïä°äö ĀïââîÚÕ° ÿïëë° (Harry Hammond Hess ß.é. đēēĘ - đĔĐđ ÚòÂÙäÔöèõØãó 
ËóèîÿâäõÂòÚ) ăÕ­ÿëÚîĀÚèÅõÕ ØöćßòÓÚóĂìâ¬ÚöĈĂÚØéèääê đĔďď  
 ØåêÏöÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂ ăÕ­îÙõÛóãè¬ó ÜäóÂÐÂóäÔ°ĀÝ¬ÚÕõÚăìèÿÂõÕÉóÂÂóä
ÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂÿÜĆÚæČóÕòÛÃòĈÚÖîÚ ÕòÈÚöĈ ÿâøćîāæÂĀãÂÖòèÉóÂÕèÈîóØõÖã°âöëáóßÿÜĆÚÂæù¬âÂ®óÌ
ä­îÚ Ö¬îâóÿãĆÚÖòèæÈÿÜĆÚÃîÈÿìæèä­îÚ ĀÖ¬ÿÚøćîÈÉóÂÛäõÿèÔ ÝõèÿãĆÚÖòèæÈăÕ­ÿäĆèÂè¬óÉ÷ÈĀÃĆÈÖòèÂ¬îÚ ë¬èÚÂæóÈ
ÃîÈāæÂãòÈÅÈÜäñÂîÛÕ­èãÃîÈÙóÖùìÚòÂìæîâÿìæè ĂÚØóÈÙäÔöèõØãó ăÕ­ĀÛ¬ÈāÅäÈëä­óÈÃîÈāæÂîîÂÿÜĆÚ 
Ē ë¬èÚĂìÎ¬ą ÿäöãÂè¬ó ÿÜæøîÂāæÂ (crust) ÿÚøĈîāæÂ (mantle) ĀæñĀÂ¬ÚāæÂ (core) ÿÜæøîÂāæÂÿÜĆÚë¬èÚØöćÿÜĆÚ
ÃîÈĀÃĆÈĀæñÿÜäóñ ì¬îìù­âîãú¬ËòĈÚÚîÂëùÕ ÃîÈāæÂ ÉÚ×÷ÈäñÕòÛÅèóâæ÷ÂÜäñâóÔ Ĕď ÂõāæÿâÖä ÿäöãÂîöÂîã¬óÈ
ìÚ÷ćÈè¬ó ÙäÔöáóÅËòĈÚÚîÂ ìäøîæõāØëÿàöãä° (Lithosphere) ĂÖ­ËòĈÚÚöĈæÈăÜÿÜĆÚë¬èÚÛÚëùÕÃîÈËòĈÚÿÚøĈîāæÂ 
ÿäöãÂè¬ó ÑóÚÙäÔöáóÅ ìäøîĀîëÿØāÚëÿàöãä° (asthenosphere) âöæòÂêÔñÿÜĆÚìõÚæñæóãìæîâÿìæèØöćÿäöãÂè¬ó 
ìõÚìÚøÕ (magma) âöÅèóâî¬îÚÖòèĀæñãøÕìãù¬ÚăÕ­ îãú¬æ÷ÂÉóÂÝõèāæÂæÈăÜ   Đďď - ĒĔď ÂõāæÿâÖä ĂÖ­ÉóÂ
ÑóÚÙäÔöáóÅæÈăÜ ãòÈÅÈÿÜĆÚë¬èÚØöćÿÜĆÚÿÚøĈî āæÂîãú¬ ÉÚÂäñØòćÈ×÷ÈäñÕòÛÅèóâæ÷ÂÜäñâóÔ đ,Ęďď ÂõāæÿâÖä
ÉóÂÝõèāæÂ É÷ÈÿÜæöćãÚ ÿÜĆÚËòĈÚĀÂ¬ÚāæÂ Ì÷ćÈĀÛ¬ÈÿÜĆÚ đ ËòĈÚã¬îã Åøî ĀÂ¬ÚāæÂËòĈÚÚîÂ ĀæñĀÂ¬ÚāæÂËòĈÚĂÚ 
āÕãĀÂ¬ÚāæÂËòĈÚĂÚÚòĈÚÉñîãú¬æ÷ÂëùÕÉÚ×÷ÈÉùÕ éúÚã°ÂæóÈÃîÈāæÂ ØöćäñÕòÛÅèóâæ÷Â ĕ,ĒĖď ÂõāæÿâÖä ÉóÂÝõè
āæÂÂóäÿÂõÕĀÝ¬ÚÕõÚăìèÚòĈÚ ë¬èÚĂìÎ¬ÉČóÂòÕîãú¬ÿÊßóñØöćËòĈÚÃîÈÿÜæøîÂāæÂ āÕãØöćÿÜæøîÂāæÂăâ¬ăÕ­ÿÜĆÚËõĈÚ
ÿÕöãèÂòÚØòĈÈìâÕ ÿÚøćîÈÉóÂè¬óÿâøćîÃîÈÿìæèØöćä­îÚÉòÕÜñØñËòĈÚĀÝ¬ÚÿÜæøîÂāæÂ ÂĆÉñÕòÚÖòèîîÂâó ĀÚèäîã
ĀãÂÃîÈĀÝ¬ÚÿÜæøîÂāæÂÉ÷ÈÿÜĆÚĀÚèØöćÿÜäóñÛóÈĀæñÿÂõÕÿìÖùÂóäÔ°ĀÝ¬ÚÕõÚăìè Āæñ áúÿÃóăàäñÿÛõÕâóÂ ÉóÂ
ÂóäÛòÚØ÷ÂÜäñèòÖõÜäóÂÐÂóäÔ°ĀÝ¬ÚÕõÚăìè ØČóĂì­ëóâóä×ÜäñâóÔÂóäĀÛ¬ÈÃîÈĀÝ¬ÚÿÜæøîÂāæÂăÕ­ÿÜĆÚ ĐĔ 
ĀÝ¬Ú Åøî  
 

 - ĀÝ¬ÚãúÿäÿËöã (Eurasian Plate)  
 - ĀÝ¬ÚĀÜÌõàõÂ (Pacific Plate)  
 - ĀÝ¬ÚîîëÿÖäÿæöã (Australian Plate)  
 - ĀÝ¬ÚàõæõÜÜõÚë° (Philippines Plate)  
 - ĀÝ¬ÚîÿâäõÂóÿìÚøî (North American Plate)  
 - ĀÝ¬ÚîÿâäõÂóĂÖ­ (South American Plate)  
 - ĀÝ¬ÚëāÂÿËöã (Scotia Plate)  
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 - ĀÝ¬ÚĀîàäõÂó (African Plate)  
 - ĀÝ¬ÚĀîÚÖóä°ÂÖõÂ (Antarctic Plate)  
 - ĀÝ¬ÚÚòÌÂó (Nazca Plate)  
 - ĀÝ¬ÚāÅāÅë (Cocos Plate)  
 - ĀÝ¬ÚĀÅäõÛÿÛöãÚ (Caribbean Plate)  
 - ĀÝ¬ÚîõÚÿÕöã (Indian Plate)  
 - ĀÝ¬ÚïèÚÿÕàúÂó (Juan de Fuca Plate)  
 - ĀÝ¬ÚîóìäòÛ (Arabian Plate)  
 

 ĀÝ¬ÚÿÜæøîÂāæÂØöćÂæ¬óèâóĀæ­èăâ¬ăÕ­îãú¬ÚõćÈ ĀÖ¬âöÂóäÿÅæøćîÚØöćÅæ­óãÂóäÿÅæøćîÚã­óãèòÖ×ùÛÚëóãßóÚ
æČóÿæöãÈëõćÈÃîÈ ÉóÂÝæÂóäëČóäèÉØ­îÈâìóëâùØäĂÚË¬èÈØéèääê đēĘď ßÛè¬ó âöĀÚèëòÚÿÃóÂæóÈ
âìóëâùØä äîÛāæÂ (Global Mid Ocean Ridge) Ì÷ćÈâöÅèóâãóèÂè¬ó Ĕď,ďďď ÂõāæÿâÖä Âè­óÈÂè¬ó ėďď 
ÂõāæÿâÖä ÉóÂÂóäé÷ÂêóØóÈÕ­óÚÙäÔöèõØãó ßÛè¬ó ìõÚÛäõÿèÔëòÚÿÃóÿÜĆÚìõÚĂìâ¬ âöîóãùÚ­îãÂè¬óìõÚØöćîãú¬ĂÚ
ĀÚè×òÕîîÂâó É÷ÈăÕ­âöÂóäÖòĈÈØåêÏöè¬ó ĀÚèëòÚÿÃóÂæóÈâìóëâùØäÚöĈÅøî äîãĀÖÂÂ÷ćÈÂæóÈâìóëâùØä äîã
ĀÖÂÚöĈÿÜĆÚäîãĀÖÂÃîÈĀÝ¬ÚÿÜæøîÂāæÂ Ì÷ćÈ×úÂĀäÈÕòÚÉóÂìõÚìÚøÕáóãĂÚÿÜæøîÂāæÂÕòÚîîÂÉóÂÂòÚØöæñ
Ú­îã äîãĀãÂÃîÈĀÝ¬ÚÿÜæøîÂāæÂØöćÂæ¬óèâóĀæ­è ØČóĂì­ÿÂõÕÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂÖ¬óÈą  
 ÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂØČóĂì­ ÿÂõÕĀÝ¬ÚÕõÚăìèÖóâäîãÖ¬îÃîÈĀÝ¬ÚÖ¬óÈą āÕãëäùÜĀæ­è 
ÂóäÿÅæøćîÚăìèäñìè¬óÈÂòÚÃîÈÿÜæøîÂāæÂâö Ē æòÂêÔñ ăÕ­ĀÂ¬ (Đ) ÛäõÿèÔØöćĀÝ¬ÚÿÜæøîÂāæÂĀãÂîîÂÉóÂÂòÚ 
(Diver- gence Zone) (đ) ÛäõÿèÔØöćĀÝ¬ÚÿÜæøîÂāæÂËÚÂòÚ (Convergence Zone) Āæñ (Ē) ÛäõÿèÔØöćĀÝ¬Ú
ÿÜæøîÂāæÂÿÅæøćîÚØöćßóÕÝ¬óÚÂòÚ (Transform or Fracture Zone) 
 
 ÛäõÿèÔØöćĀÝ¬ÚÿÜæøîÂāæÂĀãÂîîÂÉóÂÂòÚ  
 Öòèîã¬óÈØöćÿìĆÚăÕ­ËòÕăÕ­ĀÂ¬ ÂóäĀãÂÖòèÃîÈëòÚÿÃóÂæóÈâìóëâùØäĀîÖĀæÚÖõÂ (Mid Atlantic Ridge) 
ëòÚÿÃóÚöĈÿÜĆÚë¬èÚìÚ÷ćÈÃîÈëòÚÿÃóÂæóÈâìóëâùØääîÛāæÂ âöĀÚèÿäõćâÖ­ÚÉóÂâìóëâùØäîóä°ÂÖõÂæÈâóãòÈÜæóã
ØèöÜĀîàäõÂó âöÝæØČóĂì­ĀÝ¬ÚîÿâäõÂóÿìÚøîÿÅæøćîÚØöćĀãÂîîÂÉóÂĀÝ¬ÚãúÿäÿËöã ĀæñĀÝ¬ÚîÿâäõÂóĂÖ­ÿÅæøćîÚØöćĀãÂ
îîÂÉóÂĀÝ¬ÚĀîàäõÂó ÅèóâÿäĆèÃîÈÂóäÿÅæøćîÚØöćîãú¬äñìè¬óÈ đ-Ē ÿÌÚÖõÿâÖäÖ¬îÜö Öòèîã¬óÈÃîÈÂóäÿÅæøćîÚØöćÉñ
ÿìĆÚăÕ­ÉóÂÂóäĀãÂÖòèÃîÈĀÝ¬ÚÕõÚÛäõÿèÔáúÿÃóăàÅäóàæó (Krafla Volcano) ØóÈÖñèòÚîîÂÿÊöãÈÿìÚøîÃîÈÿÂóñ
ăîÌ°ĀæÚÕ° ĀÝ¬ÚÕõÚăìèØöćÿÂõÕÃ÷ĈÚÉóÂÿìÖùÂóäÔ°ÚöĈÉñâöæòÂêÔñÖøĈÚĀæñâöØõéØóÈÖóâĀÚèĀÂÚÃîÈÂóäÿÅæøćîÚØöć 
ĀÝ¬ÚÕõÚăìèØöćÿÂõÕÉóÂÂóäĀãÂÖòèÚöĈÉñâöÃÚóÕăâ¬ÿÂõÚ ė ÖóââóÖäóäõÂÿÖîä°  

 

ÛäõÿèÔØöćĀÝ¬ÚÿÜæøîÂāæÂËÚÂòÚ  
          ÿâøćîĀÝ¬ÚÿÜæøîÂāæÂĀÝ¬ÚìÚ÷ćÈâùÕÖòèæÈĂÖ­îöÂĀÝ¬ÚìÚ÷ćÈ ÛäõÿèÔØöćĀÝ¬ÚÿÜæøîÂāæÂâùÕÖòèæÈ (Subduction 
Zone) ÉñÿÂõÕä¬îÈÚČĈóæ÷ÂĀæñáúÿÃóăà ĀÝ¬ÚÕõÚăìèîóÉÿÂõÕÃ÷ĈÚØöćÅèóâæ÷ÂÖ¬óÈÂòÚăÕ­ÖòĈÈĀÖ¬Åèóâæ÷ÂĂÂæ­ÝõèāæÂ
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ÉÚ×÷ÈÅèóâæ÷ÂæÈăÜìæóãä­îãÂõāæÿâÖä (îóÉæ÷Â×÷È Ėďď ÂõāæÿâÖä) ÂóäÿÅæøćîÚØöćĀÛÛÚöĈÉñÂ¬îĂì­ÿÂõÕ
ĀÝ¬ÚÕõÚăìèäùÚĀäÈâóÂØöćëùÕ āÕãâöÃÚóÕÿÂõÚ Ę ÖóââóÖäóäõÂÿÖîä° Öòèîã¬óÈÿË¬Ú ÂóäÿÂõÕĀÝ¬ÚÕõÚăìèĂÚ   âæ
äòÑîñĀæëÂó ÜäñÿØéëìäòÑîÿâäõÂó ÿÂõÕÉóÂĀÝ¬ÚĀÜÌõàõÂËÚÂòÛĀÝ¬ÚîÿâäõÂóÿìÚøî ĀæñĀÝ¬ÚÕõÚăìèØöć
ÜäñÿØéËõæö ÿÂõÕÉóÂĀÝ¬ÚÚòÌÂóËÚĀæñÉâæÈĂÖ­ĀÝ¬ÚîÿâäõÂóĂÖ­  
 

 ÛäõÿèÔØöćĀÝ¬ÚÿÜæøîÂāæÂÿÅæøćîÚØöćßóÕÝ¬óÚÂòÚ  
 ĀÝ¬ÚÕõÚăìèØöćÿÂõÕÃ÷ĈÚÉñÖøĈÚ (îãú¬ØöćÅèóâæ÷ÂÜäñâóÔ đĔ ÂõāæÿâÖä) ÃÚóÕăâ¬ÿÂõÚ ė.Ĕ ÖóââóÖäó  
äõÂÿÖîä° Öòèîã¬óÈÃîÈĀÝ¬ÚÕõÚăìèÜäñÿáØÚöĈăÕ­ĀÂ¬ ĀÝ¬ÚĀÜÌõàõÂ ÿÅæøćîÚØöćßóÕÝ¬óÚĀÝ¬ÚîÿâäõÂóÿìÚøî ØČóĂì­
ÿÂõÕäîãÿæøćîÚØöćëČóÅòÎÅøî äîãÿæøćîÚĀÌÚĀîÚÿÕäöãë (San Andreas Fault) ĂÚâæäòÑĀÅæõàîä°ÿÚöã ÜäñÿØé
ëìäòÑîÿâäõÂó ØöćäîãÿæøćîÚÜäñÿáØÚöĈ ĀÝ¬ÚÝõèāæÂÉñÿÅæøćîÚØöćÝ¬óÚÂòÚĂÚĀÚèäóÛ ĀÖ¬âöÂóäÉâÖòèìäøîãÂÖòè
ëúÈÃ÷ĈÚÚ­îãÂè¬óÂóäÿÅæøćîÚØöćĂÚ đ æòÂêÔñĀäÂ 
 ÂóäÿÂõÕĀÝ¬ÚÕõÚăìèîóÉÿÂõÕÉóÂÂóäÿÅæøćîÚÖòèÃîÈĀÝ¬ÚÿÜæøîÂāæÂØòĈÈ Ē æòÂêÔñäèâÂòÚÂĆăÕ­ 
Öòèîã¬óÈÿË¬Ú ĀÝ¬ÚÕõÚăìèØöćâæäòÑÿÚèóÕó ÜäñÿØéëìäòÑîÿâäõÂó  
 

 
                                                              áóßĀëÕÈāÅäÈëä­óÈÃîÈāæÂ 
 

 
 
                                                         áóßĀëÕÈÂóäĀÛ¬ÈĀÝ¬ÚÿÜæøîÂāæÂ 
 



 ƗƗƜ 

 ÅæøćÚĀÝ¬ÚÕõÚăìèÅøîîñăä 
 ÃÔñØöćĀÝ¬ÚÿÜæøîÂāæÂã÷ÕÖõÕÂòÚîãú¬ ĀäÈÕòÚÃîÈÃîÈÿìæèáóãĂÖ­ĀÝ¬ÚÿÜæøîÂāæÂÉñØČóĂì­äîãÖ¬î
ÿÂõÕĀäÈÿÅ­Ú (Stress) ÿÜäöãÛÿØöãÛăÕ­ÂòÛÂóäÕòÕăâ­ Ì÷ćÈăâ­ÉñÕòÕÈîĀæñëñëâĀäÈÿÅ­ÚăÜÿäøćîãą ÉÚĀäÈÿÅ­ÚÿÂõÚ
ÉùÕĀÖÂìòÂ ăâ­ÂĆÉñìòÂîîÂÉóÂÂòÚ ĂÚØČóÚîÈÿÕöãèÂòÚ ÿâøćîÿÜæøîÂāæÂëñëâĀäÈÿÅ­Ú×÷ÈÉùÕĀÖÂìòÂ ÿÜæøîÂ
āæÂÉñÿÅæøćîÚØöćëòâßòØÙ° äñìè¬óÈÂòÚ ßä­îâØòĈÈÜæÕÜæ¬îãßæòÈÈóÚîîÂâó ØČóĂì­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈäúÜä¬óÈ
ÃîÈÿÜæøîÂāæÂĀæñÿÂõÕĀäÈëòćÚëñÿØøîÚÿÜĆÚÅæøćÚĀÝ¬ÚÕõÚăìè Ì÷ćÈÅÚÿäóëóâóä×äú­ë÷ÂăÕ­ Āæñëä­óÈÅèóâ
ÿëöãìóãĀÂ¬ëõćÈÂ¬îëä­óÈØòćèăÜ Âóäë¬ÈÝ¬óÚßæòÈÈóÚØöćÿÜæøîÂāæÂÜæÕÜæ¬îãÉóÂÉùÕìÚ÷ćÈăÜãòÈÉùÕìÚ÷ćÈ ÿÂõÕÉóÂ
ÂóäÿÅæøćîÚÖòèÃîÈîÚùáóÅÃîÈÕõÚ ÂóäÿÅæøćîÚÖòèÃîÈîÚùáóÅÃîÈÕõÚÕòÈØöćÂæ¬óèâóÚöĈÉñâöæòÂêÔñ Åæ­óãÅæøćÚ É÷È
ÿäöãÂè¬ó ÅæøćÚĀÝ¬ÚÕõÚăìè ÅæøćÚĀÝ¬ÚÕõÚăìèâö đ ÜäñÿáØ Åøî  
 ÜäñÿáØĀäÂ ÿÜĆÚÅæøćÚØöćÿÂõÕÉóÂÂóäîòÕÖòèØöćÿäöãÂè¬ó ÅæøćÚîòÕÖòè (Compressional Wave) ìäøî ÅæøćÚ
ÜÑâáúâõ (Primary Wave : P-Wave) ìóÂÿäóâîÈØöćîÚùáóÅÃîÈÕõÚ Ô ÉùÕĂÕÉùÕìÚ÷ćÈ ÿâøćîĀÝ¬ÚÿÜæøîÂāæÂ
ÿÅæøćîÚØöćÿÂõÕĀäÈîòÕÃ÷ĈÚ ØČóĂì­îÚùáóÅÃîÈÕõÚ×úÂîòÕÿÃ­óìóÂòÚîã¬óÈäèÕÿäĆè ÂóäîòÕÖòèîã¬óÈäèÕÿäĆè ÃîÈîÚùáóÅ
ÕõÚÂ¬îĂì­ÿÂõÕĀäÈÜÐõÂõäõãóáóãĂÚ Ö¬îÖ­óÚÂóäìÕÖòè ĀäÈÜÐõÂõäõãóÚöĈÉñØČóĂì­ÕõÚÃãóãÖòèîîÂîã¬óÈäèÕÿäĆè Ý¬óÚ
ÉùÕØöćÿÜĆÚëáóèñÿÕõâ ÂóäÃãóãÖòèÃîÈîÚùáóÅÕõÚÚöĈÂĆÉñØČóĂì­ÿÂõÕĀäÈîòÕĂÚîÚùáóÅ×òÕăÜ ØČóĂì­ÿÂõÕÜÐõÂõäõãó
Ö¬îÿÚøćîÈÿÜĆÚæúÂāÌ¬ ĀæñĀÝ¬äòéâöîîÂāÕãäîÛ ÅæøćÚÚöĈÉñÿÅæøćîÚØöćÕ­èãÅèóâÿäĆè Đ.Ĕ - ė ÂõāæÿâÖä/èõÚóØö  
 ÜäñÿáØØöć đ ÿÜĆÚÅæøćÚØöćÿÂõÕÉóÂÂóäÿÜæöćãÚäúÜä¬óÈÃîÈîÚùáóÅĀÛÛÿÊøîÚ ÿäöãÂè¬ó ÅæøćÚÿÊøîÚ (Shear 
Wave ìäøî ÅæøćÚØùÖõãáúâõ (Secondary Wave : S-Wave) ÿË¬ÚÿÕöãèÂòÛĀäÈîòÕÿâøćîĀÝ¬ÚÿÜæøîÂāæÂÿÅæøćîÚØöć 
ÚîÂÉóÂĀäÈîòÕĀæ­è ãòÈÿÂõÕĀäÈØöćØČóĂì­îÚùáóÅÃîÈÕõÚ ÿÜæöćãÚäúÜä¬óÈ ÂóäÿÜæöćãÚäúÜä¬óÈÃîÈîÚùáóÅÕõÚ
Â¬îĂì­ÿÂõÕĀäÈÜÐõÂõäõãóáóãĂÚÖ¬îÖ­óÚÂóäÿÜæöćãÚäúÜä¬óÈ Ì÷ćÈØČóĂì­ÿÂõÕÂóäÿÅæøćîÚØöćÿÜĆÚÅæøćÚĀÝ¬äòéâöîîÂ
āÕãäîÛ ÅæøćÚÚöĈÉñÿÅæøćîÚØöć Õ­èãÅèóâÿäĆèÜäñâóÔä­îãæñ ĕď - Ėď ÃîÈÅæøćÚîòÕÖòè  
 āÕãÙääâËóÖõÅæøćÚîòÕÖòèÉñØČóĂì­ÿÂõÕÂóäëòćÚëñÿØøîÚĂÚØõéØóÈÿÕöãèÂòÚÂòÛØöćÅæøćÚ ÿÅæøćîÚØöćăÜ 
ë¬èÚÅæøćÚÿÊøîÚÉñØČóĂì­ßøĈÚÕõÚëòćÚëñÿØøîÚĂÚØõéØóÈÖòĈÈÊóÂÂòÛØõéØóÈÂóäÿÅæøćîÚØöćÃîÈÅæøćÚ ×÷ÈĀâ­è¬ó
ÅèóâÿäĆèÃîÈÅæøćÚĀÝ¬ÚÕõÚăìèÉñÖ¬óÈÂòÚâóÂ×÷È Đď ÿØ¬ó ĀÖ¬îòÖäóë¬èÚäñìè¬óÈÅèóâÿäĆèÃîÈÅæøćÚîòÕÖòè ÂòÛ
ÅèóâÿäĆèÃîÈÅæøćÚÿÊøîÚÅ¬îÚÃ­óÈÅÈØöć ÊñÚòĈÚ ÚòÂèõØãóéóëÖä°Õ­óÚĀÝ¬ÚÕõÚăìèÉ÷Èëóâóä×ÅČóÚèÔìó
äñãñØóÈ×÷ÈÉùÕéúÚã°ÂæóÈÃîÈĀÝ¬ÚÕõÚăìèăÕ­ āÕãÿîóÿèæóØöćÅæøćÚÿÊøîÚâó×÷È æÛÕ­èãÿèæóØöćÅæøćÚîòÕÖòèâó×÷È 
(ÿèæóÿÜĆÚèõÚóØö) ÅúÔÕ­èãĀàÂÿÖîä° ė ÉñăÕ­äñãñØóÈāÕãÜäñâóÔÿÜĆÚÂõāæÿâÖä  
 (S - P) x 8  
 S Åøî ÿèæóØöćÅæøćÚÿÊøîÚÿÅæøćîÚØöćâó×÷È  
 P Åøî ÿèæóØöćÅæøćÚîòÕÖòèÿÅæøćîÚØöćâó×÷È  
 ÅæøćÚĀÝ¬ÚÕõÚăìèÉñÿÅæøćîÚØöćăÜäîÛāæÂ ÊñÚòĈÚ ìóÂÿäóâöÿÅäøćîÈâøîØöćæñÿîöãÕÿßöãÈßî ÂĆëóâóä×
èòÕÂóäÿÂõÕĀÝ¬ÚÕõÚăìè ÉóÂØöćăìÚÂĆăÕ­ÛÚāæÂ ìæòÂÂóäÚöĈăÕ­ÚČóâóĂË­ĂÚÂóäÖäèÉÉòÛÿäøćîÈÂóäØÕæîÈîóèùÙ



 ƗƗƝ 

ÜäâóÔú ÿØÅāÚāæãöØöćâöîãú¬ĂÚÜòÉÉùÛòÚëóâóä×ÖäèÉÉòÛ ÂóääñÿÛõÕÃîÈîóèùÙÜäâóÔú ØöćÂ¬îĂì­ÿÂõÕÂóä 
ëòćÚëñÿØøîÚÿØöãÛÿØ¬óÂòÛĀÝ¬ÚÕõÚăìèÃÚóÕ Ē.Ĕ ÖóââóÖäóäõÂÿÖîä° 
 
 ÿäóĂË­îñăäèòÕÃÚóÕÃîÈĀÝ¬ÚÕõÚăìè 
 ÃÚóÕÃîÈĀÝ¬ÚÕõÚăìèëóâóä×èòÕăÕ­Õ­èãÿÅäøćîÈèòÕÅèóâăìèëñÿØøîÚ (Seismograph) ìæòÂÂóä
āÕãëòÈÿÃÜÃîÈÿÅäøćîÈâøîÅøî âöÖòèāÅäÈã÷ÕÖõÕÂòÛßøĈÚÕõÚ ÿâøćîĀÝ¬ÚÕõÚâöÂóä ÿÅæøćîÚØöć ÂäñÕóêÂäóàØöćÖõÕîãú¬ÂòÛ
āÅäÈÉñÿÅæøćîÚØöćÖóâĀÝ¬ÚÕõÚ ĀÖ¬æúÂÖù­âÌ÷ćÈâöÅèóâ ÿÊøćîãÉñăâ¬ÿÅæøćîÚØöćÖóâ ÜóÂÂóØöćÝúÂÖõÕÂòÛæúÂÖù­âÂĆÉñÿÃöãÚ
ÂäóàæÈÛÚÂäñÕóê ĀæñĂÚÃÔñÿÕöãèÂòÚ ÂäñÕóêÂĆÉñìâùÚăÜÕ­èãÅèóâÿäĆèÅÈØöć ØČóĂì­ăÕ­ÂäóàĀëÕÈ
ÅèóâëòâßòÚÙ°ÃîÈÃÚóÕÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÕõÚÖ¬îìÚ¬èãÿèæó ÂóäèòÕĀÝ¬ÚÕõÚăìèÚõãâèòÕîãú¬ đ ĀÛÛ 
ăÕ­ĀÂ¬ ÂóäèòÕÃÚóÕ (magnitude) ĀæñÂóäèòÕÅèóâäùÚĀäÈ (intensity) ÂóäèòÕÃÚóÕÿÜĆÚÂóäèòÕÂČóæòÈìäøî
ßæòÈÈóÚØöćÜæÕÜæ¬îãĂÚÂóäÿÂõÕĀÝ¬ÚÕõÚăìè ë¬èÚÂóäèòÕÅèóâäùÚĀäÈÿÜĆÚÂóäèòÕÝæÂäñØÛÃîÈĀÝ¬ÚÕõÚăìè 
Ô ÉùÕĂÕÉùÕìÚ÷ćÈØöćâöÖ¬îÅÚ āÅäÈëä­óÈîóÅóä ĀæñßøĈÚÕõÚ âóÖäÂóäèòÕĀÝ¬ÚÕõÚăìèâöîãú¬ìæóãâóÖäó ĂÚØöćÚöĈÉñ
Âæ¬óè×÷ÈÿÊßóñØöćÚõãâĂË­ØòćèăÜ Ē âóÖäó ăÕ­ĀÂ¬ âóÖäóäõÂÿÖîä° âóÖäóÂóäèòÕÃÚóÕāâÿâÚÖ° ĀæñâóÖäóÅèóâ
äùÚĀäÈÿâîä°Åòææö  
 Â. âóÖäóäõÂÿÖîä°  âóÖäóÂóäèòÕÃÚóÕĀÝ¬ÚÕõÚăìèØöćăÕ­äòÛÅèóâÚõãââóÂØöćëùÕĂÚÃÔñÚöĈ ăÕ­ĀÂ¬ 
âóÖäóäõÂÿÖîä° Ì÷ćÈÿëÚîāÕã Ëóæë° ÿîà. äõÂÿÖîä° (Charles F. Richter ÚòÂèõØãóéóëÖä°Õ­óÚĀÝ¬ÚÕõÚăìè    Ëóè
îÿâäõÂòÚ) ĂÚ ß.é. đēĖė äõÂÿÖîä°Å­ÚßÛè¬ó ÂóäèòÕÅ¬óĀÝ¬ÚÕõÚăìèØöćÕöØöćëùÕ ăÕ­ĀÂ¬ ÂóäèòÕßæòÈÈóÚÉæÚ°Øöć
ÿÂõÕÃ÷ĈÚĂÚÃÔñÿÂõÕĀÝ¬ÚÕõÚăìè äõÂÿÖîä°ăÕ­ÛòÚØ÷ÂÅæøćÚĀÝ¬ÚÕõÚăìèÉóÂÿìÖùÂóäÔ°ĀÝ¬ÚÕõÚăìèÉČóÚèÚâóÂ 
ÈóÚèõÉòãÃîÈäõÂÿÖîä°ĀëÕÈĂì­ÿìĆÚè¬ó ßæòÈÈóÚĀÝ¬ÚÕõÚăìèØöćëúÈÂè¬óÉñØČóĂì­ÿÂõÕÅèóâëúÈÅæøćÚ (amplitude) Øöć
ëúÈÂè¬ó ÿâøćîäñãñØóÈì¬óÈÉóÂÉùÕØöćÿÂõÕĀÝ¬ÚÕõÚăìèÿØ¬óÂòÚ äõÂÿÖîä° ăÕ­ìóÅèóâëòâßòÚÙ°ØóÈÅÔõÖéóëÖä°
äñìè¬óÈßæòÈÈóÚÂòÛÅèóâëúÈÅæøćÚ ĀæñÜäòÛĀÂ­Õ­èãäñãñØóÈÉóÂéúÚã°ÂæóÈÂóäÿÂõÕĀÝ¬ÚÕõÚăìè  
 ML = log A+D  
 ML ÃÚóÕÃîÈĀÝ¬ÚÕõÚăìè  
 A ÅèóâëúÈÅæøćÚìÚ¬èãÿÜĆÚâõææõÿâÖä  
 D ÖòèĀÜäÜäòÛĀÂ­äñãñØóÈÉóÂéúÚã°ÂæóÈĀÝ¬ÚÕõÚăìè Ã÷ĈÚîãú¬ÂòÛë×óÚØöćÿÂõÕĀÝ¬ÚÕõÚăìè  
 Ã. âóÖäóÃÚóÕāâÿâÚÖ° ÂóäèòÕÃÚóÕ Õ­èãâóÖäóäõÂÿÖîä°ÿÜĆÚØöćäú­ÉòÂÂòÚîã¬óÈĀßä¬ìæóã ĀÖ¬èõÙöÂóä
ÃîÈäõÂÿÖîä°ãòÈăâ¬Āâ¬ÚÖäÈÚòÂĂÚÿËõÈèõØãóéóëÖä° ÿâøćîâöë×óÚöÖäèÉèòÕÅæøćÚĀÝ¬ÚÕõÚăìèâóÂÃ÷ĈÚØòćèāæÂ 
Ã­îâúæØöćăÕ­ ĀëÕÈè¬ó èõÙöÂóäÃîÈäõÂÿÖîä°ĂË­ăÕ­ÕöÿÊßóñĂÚË¬èÈÅèóâ×öćĀæñäñãñØóÈìÚ÷ćÈÿØ¬óÚòĈÚ ĂÚ ß.é. 
đĔđď ïõäú ÅñÚñāâñäõ ( Hiroo Kanamori ÚòÂÙäÔöàõëõÂë° ËóèÎöćÜù¬Ú) ăÕ­ÿëÚîèõÙöèòÕßæòÈÈóÚāÕãÖäÈÉóÂ
ÂóäèòÕÂóäÿÅæøćîÚØöćÃîÈäîãÿæøćîÚ âóÖäóÂóäèòÕÃÚóÕÃîÈÅñÚñāâñäõ ÿäöãÂè¬ó âóÖäóÃÚóÕāâÿâÚÖ°             ( 
Moment Magnitude Scale)  



 ƗƗƞ 

 Å. âóÖäóÅèóâäùÚĀäÈÿâîä°Åòææö ÚîÂÉóÂÂóäèòÕÃÚóÕĀÝ¬ÚÕõÚăìè ÛóÈÅäòĈÈÚòÂÙäÔöèõØãóĂË­
âóÖäóÅèóâäùÚĀäÈ ( Intensity) ÿßøćîîÙõÛóãÝæÂäñØÛØöćĀÖÂÖ¬óÈÂòÚÃîÈĀÝ¬ÚÕõÚăìè âóÖäóÅèóâäùÚĀäÈØöć
Úõãâ   ĂË­ÂòÚ ăÕ­ĀÂ¬ âóÖäóÅèóâäùÚĀäÈÿâîä°Åòææö ( Mercalli Intensity Scale) Ì÷ćÈâóÖäóÅèóâäùÚĀäÈÿâîä°Åòæ
æöÂČóìÚÕÃ÷ĈÚÅäòĈÈĀäÂāÕã ÂèöÿÌÜÿÜ ÿâîä°Åòææö ( Guiseppe Mercalli) ËóèîõÖóÿæöãÚ ÚòÂèõØãóéóëÖä°Õ­óÚ
ĀÝ¬ÚÕõÚăìèĀæñáúÿÃóăà) ĂÚ ß.é. đēēĔ ĀæñÖ¬îâóÜäòÛÜäùÈāÕãĀïä°äö èúÕ ( Harry Wood)  
ÚòÂèõØãóéóëÖä°Õ­óÚĀÝ¬ÚÕõÚăìè ËóèîÿâäõÂòÚ) ĀæñĀàäÈÂ° ÚõèĀâÚÚ° ( Frank Neumann ÚòÂèõØãóéóëÖä°
Õ­óÚĀÝ¬ÚÕõÚăìè ËóèîÿâäõÂòÚ) ĂÚ ß.é. đēĖē âóÖäóÅèóâäùÚĀäÈÿâîä°ÅòææöÉòÕæČóÕòÛÃòĈÚÅèóâäùÚĀäÈÖóâ
ÿæÃāäâòÚÉóÂ I-XII 
 

 ĀÝ¬ÚÕõÚ×æ¬â (land slides)  
ĀÝ¬ÚÕõÚ×æ¬âÿÜĆÚÜäóÂÐÂóäÔ°ÙääâËóÖõÃîÈÂóäë÷ÂÂä¬îÚËÚõÕìÚ÷ćÈ ØöćÂ¬îĂì­ÿÂõÕÅèóâÿëöãìóãÖ¬î

ÛäõÿèÔßøĈÚØöćØöćÿÜĆÚÿÚõÚëúÈìäøîáúÿÃóØöćâöÅèóâæóÕËòÚâóÂ ÿÚøćîÈÉóÂÃóÕÅèóâëâÕùæĂÚÂóäØäÈÖòèÛäõÿèÔ
ÕòÈÂæ¬óè ØČóĂì­ÿÂõÕÂóäÜäòÛÖòèÃîÈßøĈÚÕõÚÖ¬îĀäÈÕ÷ÈÕúÕÃîÈāæÂĀæñÿÂõÕÂóäÿÅæøćîÚÖòèÃîÈîÈÅ°ÜäñÂîÛ
ÙäÔöèõØãóÛäõÿèÔÚòĈÚÉóÂØöćëúÈæÈëú¬ØöćÖČćó ĀÝ¬ÚÕõÚ×æ¬ââòÂÿÂõÕĂÚÂäÔöØöćâöÞÚÖÂìÚòÂâóÂÛäõÿèÔáúÿÃóĀæñáúÿÃó
ÚòĈÚîù­âÚČĈóăè­ÉÚÿÂõÕÂóäîõćâÖòè ÉÚØČóĂì­ÿÂõÕÂóäßòÈØæóã 
 ÜäñÿáØÃîÈĀÝ¬ÚÕõÚ×æ¬â 
 ĀÛ¬ÈÖóâæòÂêÔñÂóäÿÅæøćîÚÖòèăÕ­ 3 ËÚõÕÅøî 
 1. ĀÝ¬ÚÕõÚ×æ¬âØöćÿÅæøćîÚÖòèîã¬óÈĀÝ¬ÚÕõÚ×æ¬âØöćÿÅæøćîÚÖòèîã¬óÈË­óą ÿäöãÂè¬ó Creep ÿË¬Ú Surficial Creep  
 2. ĀÝ¬ÚÕõÚ×æ¬âØöćÿÅæøćîÚÖòèîã¬óÈäèÕÿäĆèÿäöãÂè¬ó Slide ìäøî Flow ÿË¬Ú Surficial  Slide  
 3. ĀÝ¬ÚÕõÚ×æ¬âØöćÿÅæøćîÚÖòèîã¬óÈÊòÛßæòÚ ÿäöãÂè¬ó Fall Rock Fall  
ÚîÂÉóÂÚöĈãòÈëóâóä×ĀÛ¬ÈîîÂăÕ­ÖóâæòÂêÔñÃîÈèòëÕùØöćæ¬èÈìæ¬ÚæÈâóăÕ­ 3 ËÚõÕ Åøî 

o ĀÝ¬ÚÕõÚ×æ¬âØöćÿÂõÕÉóÂÂóäÿÅæøćîÚÖòèÃîÈÝõèìÚ­óÕõÚÃîÈáúÿÃó 
o ĀÝ¬ÚÕõÚ×æ¬âØöćÿÂõÕÉóÂÂóäÿÅæøćîÚØöćÃîÈèòÖ×ùØöćãòÈăâ¬ĀÃĆÈÖòè 
o ĀÝ¬ÚÕõÚ×æ¬âØöćÿÂõÕÉóÂÂóäÿÅæøćîÚÖòèÃîÈËòĈÚìõÚ 

 

 ĀÝ¬ÚÕõÚ×æ¬âĂÚÜäñÿØéăØã 
 ĀÝ¬ÚÕõÚ×æ¬âĂÚÜäñÿØéăØã ë¬èÚĂìÎ¬âòÂÿÂõÕáóãìæòÈÞÚÖÂìÚòÂâóÂÛäõÿèÔáúÿÃóÌ÷ćÈÿÜĆÚÖ­ÚÚČĈóæČó
Ùóä ÛäõÿèÔÖîÚÛÚÃîÈÜäñÿØé āÕãÿÊßóñĂÚáóÅÿìÚøîĀæñáóÅÖñèòÚîîÂÿÊöãÈÿìÚøî âöāîÂóëÿÂõÕĀÝ¬ÚÕõÚ
×æ¬âÿÚøćîÈâóÉóÂßóãùìâùÚÿÃÖä­îÚÿÅæøćîÚÝ¬óÚĂÚäñìè¬óÈÿÕøîÚÂäÂÏóÅâ×÷ÈëõÈìóÅâ ĂÚÃÔñØöćáóÅĂÖ­ÉñÿÂõÕ
ĂÚË¬èÈåÕúâäëùâÖñèòÚîîÂÿÊöãÈÿìÚøî äñìè¬óÈÿÕøîÚßåéÉõÂóãÚ×÷ÈÙòÚèóÅâ  
 

  
 



 ƗƗƟ 

 ÜòÉÉòãØöćë¬ÈÿëäõâÅèóâäùÚĀäÈÃîÈĀÝ¬ÚÕõÚ×æ¬â 
 1. ÜäõâóÔÞÚØöćÖÂÛÚáúÿÃó 
 2. ÅèóâæóÕËòÚÃîÈáúÿÃó 
 3. ÅèóâëâÛúäÔ°ÃîÈÜ¬óăâ­ 
 4. æòÂêÔñØóÈÙäÔöèõØãóÃîÈáúÿÃó  
 

æČóÕòÛÿìÖùÂóäÔ°ÃîÈÂóäÿÂõÕĀÝ¬ÚÕõÚ×æ¬â 
               ÿâøćîÞÚÖÂìÚòÂÚČĈóÌ÷âæÈăÜĂÚÕõÚîã¬óÈäèÕÿäĆè ĂÚÃÔñØöćÕõÚ îõćâÚČĈó ĀäÈã÷ÕÿÂóñäñìè¬óÈâèæÕõÚÉñ
æÕæÈ äñÕòÛÚČĈóĂÖ­ÝõèÕõÚëúÈÃ÷ĈÚÉñØČóĂì­ĀäÈÖ­óÚØóÚÂóäÿæøćîÚăìæ ÃîÈÕõÚæÕæÈ ÿâøćîÚČĈóĂÖ­ÝõèÕõÚâöäñÕòÛëúÈÂĆ
ÉñăìæáóãĂÚË¬îÈè¬óÈÃîÈÕõÚ æÈÖóâÅèóâËòÚÃîÈæóÕÿÃó ÿâøćîâöÂóäÿÜæöćãÚÅèóâËòÚ ÂĆÉñÿÂõÕÿÜĆÚÚČĈóÝùÕ Āæñ
ÿÜĆÚÉùÕĀäÂØöćâöÂóäÿæøćîÚăìæÃîÈÕõÚ ÿâøćîÿÂõÕÕõÚÿæøćîÚăìæĀæ­èÂĆÉñÿÂõÕÖ¬îÿÚøćîÈÃ÷ĈÚăÜÖóâæóÕÿÃó 
 

ÜòÉÉòãëČóÅòÎØöćÿÜĆÚëóÿìÖùÃîÈÂóäÿÂõÕĀÝ¬ÚÕõÚ×æ¬â 
 æòÂêÔñÃîÈÕõÚØöćÿÂõÕÉóÂÂóäÝùßòÈÃîÈìõÚÛÚæóÕÿÃó 
 æóÕÿÃóØöćâöÅèóâæóÕËòÚâóÂ (âóÂÂè¬ó 30 ÿÜîä°ÿÌÚÖ°) 
 âöÂóäÿÜæöćãÚĀÜæÈëáóßÜ¬ó 
 

 



 ƗƘƖ 

ÿäøćîÈØöć ƚ ÜòÎìóĀæñÝæÂäñØÛÃîÈäñÛÛÚõÿèéĀæñëáóßëõćÈĀèÕæ­îâĂÚËùâËÚØ­îÈ×õćÚÜäñÿØéĀæñāæÂ 
 ĂÚÜòÉÉùÛòÚÚöĈëáóßÜòÎìóÅèóâî¬îÚĀîÃîÈäñÛÛÚõÿèéÃîÈÿâøîÈÖ¬óÈ ą ĂÚÜäñÿØéăØã Ì÷ćÈÿÜĆÚÝæ
ßèÈÕ­óÚìÚ÷ćÈÉóÂÂóäÿÖõÛāÖÃîÈÿâøîÈØöćăè­ äñÿÛöãÛ ĀæñîöÂÕ­óÚìÚ÷ćÈÿÂõÕÉóÂÂóäßòÓÚó ÿéäêÑÂõÉĂÚîÕöÖ Øöć
ÚČóÿØÅāÚāæãöëâòãĂìâ¬âóĂË­ĂÚÂóäÉòÕìóĀæñĂË­ØäòßãóÂäĂÚÂäñÛèÚÂóäÝæõÖ ĀæñäúÜĀÛÛÃîÈÂóäÛäõāáÅ
Øöćăâ¬ÿìâóñëâ ØČóĂì­ØäòßãóÂäîòÚÉČóÂòÕÃîÈÜäñÿØéĀæñëõćÈĀèÕæ­îâÙääâËóÖõ×úÂĂË­ëîã ĀæñØČóæóãÉÚ
ÿëøćîâØòĈÈëáóß ÜäõâóÔĀæñÅùÔáóß ÉÚÿÂøîÛìâÕéòÂãáóßĀæñãóÂØöćÉñàøĈÚàúÃ÷ĈÚâóĂìâ¬ ÌČĈóãòÈÂ¬îĂì­ÿÂõÕ
âæßõêìæóã ą Õ­óÚßä­îâÂòÚ ëáóßÂóäÔ°ÕòÈÂæ¬óèÉñãòÈÅÈÅèóâäùÚĀäÈĀæñÿÜĆÚÜòÎìóÿä¬ÈÕ¬èÚØöćÖ­îÈäöÛ
ÕČóÿÚõÚÂóäĀÂ­ăÃĀæñßòÓÚóîã¬óÈÿÜĆÚäñÛÛÿÚøćîÈÉóÂÂóäÿßõćâÃ÷ĈÚÃîÈÜäñËóÂäĂÚÿÃÖÿâøîÈ ÉñãòÈÅÈÿßõćâØèö
Ã÷ĈÚîã¬óÈÖ¬îÿÚøćîÈĀÛÛĀÝÚÖæîÕÉÚÂäñÛèÚÂóäÝæõÖĀæñÂóäÛäõāáÅØöćăâ¬ÿìâóñëâÕòĈÈÿÕõâãòÈăâ¬îóÉ
ÜäòÛÿÜæöćãÚĀÂ­ăÃăÕ­āÕãØòÚØöĂÚäñãñÿèæóëòĈÚ ą ĀæñÜäñÂóäØöćëČóÅòÎâóÂ Åøî ìóÂăâ¬äöÛÿä¬ÈÕČóÿÚõÚÂóäĂÕ ą 
ëáóßÃîÈäñÛÛÚõÿèéØöćÿÜäóñÛóÈĂÚæòÂêÔñØöćÿÜĆÚîãú¬ÕòÈÂæ¬óè āÕãÿÊßóñÉóÂëóÿìÖùÃîÈÂóäĀßä¬ÂäñÉóã
ÃîÈâæßõê ØòĈÈâæßõêØóÈÚČĈóØóÈîóÂóé ØóÈÿëöãÈÉóÂëóäÿÅâö ÃîÈÿëöã îòÚÖäóãÖ¬óÈ ą ĀæñÉóÂÅèóâ
ëòćÚëñÿØøîÚ ÂČóæòÈÂæóãÿÜĆÚÃ­îÉČóÂòÕÃîÈÂóäßòÓÚóÿâøîÈØöćÚ¬óîãú¬îã¬óÈãòćÈãøÚ ØòĈÈØóÈÕ­óÚÿéäêÑÂõÉ ëòÈÅâ Āæñ
ÂóãáóßØöćÿÜĆÚÝæÖ¬îëùÃîÚóâòãÃîÈÜäñËóËÚßîÉñâöÖòèîã¬óÈØöćăÕ­ÉóÂÂóäé÷ÂêóëáóèñÕ­óÚëõćÈĀèÕæ­îâÃîÈ
ÿâøîÈìæóãÿâøîÈØöćÂČóæòÈÿÖõÛāÖØöćËöĈĂì­ÿìĆÚè¬óÂóäÜæ¬îãÜæñæñÿæãÃóÕÅèóâÿîóĂÉĂë¬ÕúĀæĀæñÜæ¬îãĂì­ÿÂõÕ
ÅèóâÃóÕĀÅæÚëóÙóäÔúÜāáÅÃîÈÿâøîÈ ìäøîÂóäÃóÕÅèóâÿîóĂÉĂë¬ĂÚÂóäÛČóäùÈ äòÂêóäñÛÛÚČĈóÜäñÜó Āæñ
ÂóäëùÃóáõÛóæ îòÚÿÜĆÚëõćÈÉČóÿÜĆÚÖ¬îÂóäÕČóäÈËößîã¬óÈ×úÂëùÃæòÂêÔñÃîÈÜäñËóÂäÿâøîÈăÕ­ëä­óÈÅèóâÿëöãìóã
îã¬óÈĂìÎ¬ìæèÈÖ¬îÿéäêÑÂõÉăÕ­ ÿâøćîÿÂõÕāäÅäñÛóÕä­óãĀäÈ ÿË¬Ú ÂóääñÛóÕÃîÈîìõèóÖÂāäÅØöćÿÂõÕÃ÷ĈÚĂÚ
ÜäñÿØéÂæù¬âæóÖõÚîÿâäõÂóĂÚË¬èÈÜö Å.é. ƗƟƟƗ ãòÈâöÖòèîã¬óÈØöćĀëÕÈĂì­ÿìĆÚè¬ó ÂóäÿëøćîâāØäâÃîÈ
ëáóßĀèÕæ­îâÃîÈÿâøîÈâöÝæÂäñØÛāÕãÖäÈÖ¬îëùÃáóßÃîÈÜäñËóÂäØöćëóâóä×î­óÈîõÈăÕ­îöÂâóÂ ÉÚäòÑÛóæ
ÃîÈìæóãÜäñÿØéÖ­îÈìòÚâóĂì­ÅèóâëÚĂÉÖäñìÚòÂÂòÛÜòÎìóÃîÈëáóèñĀèÕæ­îâāÕãÿÊßóñÃîÈÿâøîÈîã¬óÈ
ÉäõÈÉòÈ ÿßäóñÿìÖùÂóäÔ°ÅèóâëúÎÿëöãØöćÿÂõÕÃ÷ĈÚĂÚÿâøîÈîøćÚã¬îââöāîÂóëÿÂõÕÃ÷ĈÚĂÚÿâøîÈÃîÈØùÂ ą ÜäñÿØéăÕ­
ÿË¬ÚÂòÚ ĂÚëìòëèääêØöć ƘƗ  
 ÜäñÿØéăØã (ÿË¬ÚÿÕöãèÂòÛìæóã ą ÜäñÿØé) ÂČóæòÈÿäõćâĂì­ÅèóâëČóÅòÎÂòÛĀÚèØóÈÂóäßòÓÚóÿâøîÈ
ĀÚèĂìâ¬ Åøî ÂóäßòÓÚóÿâøîÈĂì­Ú¬óîãú¬îã¬óÈãòćÈãøÚ îòÚÿÜĆÚĀÚèÚāãÛóãÿËõÈãùØÙéóëÖä°ØöćâöÅèóâëČóÅòÎãõćÈÖ¬î
ÂóäßòÓÚóßøĈÚØöćÿâøîÈ ÿßäóñÂóäßòÓÚóĂÚĀÚèØóÈÚöĈÉñÖ­îÈâöÂóäÕČóÿÚõÚÈóÚØöćÜäñëóÚĀæñëÚòÛëÚùÚ
ëîÕÅæ­îÈÌ÷ćÈÂòÚĀæñÂòÚĂÚìæóã ą Õ­óÚ ĀæñìæóãëóÃóßä­îâ ą ÂòÚîã¬óÈâöäñÛÛÿÜĆÚÿËõÈîÈÅ°äèâ (Holistic 
Approach) Åøî ÿÜĆÚÂäñÛèÚÂóäßòÓÚóØöćâöÂóäèóÈÂäîÛèõëòãØòéÚ° ĀæñĀÚèØóÈßòÓÚóØöćëîÕÅæ­îÈÖ­îÈÂòÚ
ØòĈÈĂÚÕ­óÚÜäñËóÂä ØäòßãóÂä ëõćÈĀèÕæ­îâÖóâÙääâËóÖõ ĀæñëáóßĀèÕæ­îâîøćÚą ØóÈÂóãáóßØöćëä­óÈÃ÷ĈÚ 
(Built Environment) ØäòßãóÂäÕ­óÚéõæÜñĀæñèòÓÚÙääâ Åèóâäú­ ĀæñèõØãóÂäëâòãĂìâ¬ āÕãÿÊßóñÂóäĂì­
ÅèóâëČóÅòÎÂòÛÂóäĂË­ØäòßãóÂäÙääâËóÖõîã¬óÈâöÜäñëõØÙõáóßëÚòÛëÚùÚÂäñÛèÚÂóäàøĈÚàúĀæñßòÓÚó
ØäòßãóÂäØöćëä­óÈØÕĀØÚÃ÷ĈÚĂìâ¬ăÕ­ ĀæñâöÂóäîÚùäòÂê°ëáóßĀèÕæ­îâØöćÿìâóñëâÿëäõâëä­óÈÉõÖèõÎÎóÔĀæñ



 ƗƘƗ 

ÅùÔÅ¬óÃîÈÿâøîÈÕ­èãÂóäĂì­ÅèóâëČóÅòÎĂÚÕ­óÚÂóäÕČóäÈäòÂêóàøĈÚàúéõæÜñĀæñèòÓÚÙääâØöćÕöÈóâØöćÿÜĆÚ
ÿîÂæòÂêÔ°ÃîÈĀÖ¬æñØ­îÈ×õćÚ ĀæñÿÜõÕāîÂóëĂì­Ø­îÈ×õćÚÿÃ­óä¬èâĂÚÃÛèÚÂóäßòÓÚóÿßøćîãÂäñÕòÛéòÂãáóß
ÃîÈÖÚÿîÈÿßøćîÿÜĆÚáúâõÅù­âÂòÚĀäÈÂÕÕòÚÃîÈÂóäÿÜæöćãÚĀÜæÈÖ¬óÈ ą ØöćÿÜĆÚÝæÃîÈÂóäÉòÕäñÿÛöãÛĂìâ¬ÃîÈ
āæÂØóÈÂóäÅ­óĀæñÿØÅāÚāæãö āÕãâöÂäîÛÂæãùØÙ°ÿßøćîăÜëú¬ÅèóâÿÜĆÚÿâøîÈØöćÚ¬óîãú¬îã¬óÈãòćÈãøÚ ÕòÈÚöĈ 
¶ âù¬Èë¬ÈÿëäõâÂóäßòÓÚóÿâøîÈĀæñËùâËÚĂì­ÿÜĆÚÑóÚÃîÈÂóäßòÓÚóîã¬óÈãòćÈãøÚ 
¶ ßøĈÚØöćÿâøîÈĀæñËùâËÚÉñÖ­îÈÿÜĆÚë×óÚØöć ą ÅČóÚ÷È×÷ÈÅèóâÿËøćîâāãÈäñìè¬óÈëõćÈĀèÕæ­îâ (äñÛÛ

ÚõÿèéèõØãóÃîÈÿâøîÈ) ÂòÛëùÃáóßÃîÈÜäñËóËÚ 
¶ ĂË­ÂæãùØÙ°ÂóäßòÓÚóĀÛÛßìùáóÅö ØöćÿÜõÕāîÂóëĂì­ÂòÛÂóäâöë¬èÚä¬èâÃîÈÜäñËóËÚâóÂØöćëùÕ 

ÕòÈÖòèîã¬óÈØöćÂæ¬óè×÷ÈĀæ­èĀÖ¬Ö­Ú ÂóäßòÓÚóÕ­óÚáóãáóßĂÚßøĈÚØöćâöÝæāÕãÖäÈÖ¬îëùÃáóßÃîÈÝú­îãú¬îóéòã 
ÕòÈÚòĈÚĂÚÂóäÂČóìÚÕÂäîÛÃîÈÂóäßòÓÚó É÷ÈÅèäÅČóÚ÷È×÷ÈèõÙöÂóäßòÓÚóîã¬óÈäîÛÅîÛĀæñëîÕÅæ­îÈ
ßîÿßöãÈ ÿÚøćîÈÉóÂëõćÈĀèÕæ­îâØöćâöÂóäëä­óÈÃ÷ĈÚĂÚÿâøîÈÚòĈÚ (Built · Environment) ÜäñÂîÛÃ÷ĈÚÕ­èã
ëõćÈĀèÕæ­îâØòĈÈáóãÚîÂîóÅóäÌ÷ćÈìâóã×÷È ßøĈÚØöćÚîÂîóÔóÿÃÖÃîÈÛ­óÚÿäøîÚ ëõćÈØöćÜæúÂëä­óÈîøćÚ ë×óÚØöć
ÜäñÂîÛÂóäÖ¬óÈ  ąĂÚÿÃÖìâú¬Û­óÚ ËùâËÚ ÿâøîÈ ìäøîËÚÛØ ĀæñĂÚëõćÈĀèÕæ­îâáóãĂÚÃîÈÛ­óÚÿäøîÚ ĀæñëõćÈ
ÜæúÂëä­óÈîøćÚØöćÝú­ÅÚÿÃ­óĂË­ëîã ĀæñÂóäĂË­ëîãÚòĈÚ îóÉÿÜĆÚîòÚÖäóãÖ¬îÝú­ĂË­ÿÚøćîÈÉóÂëõćÈĀèÕæ­îâØöćëä­óÈÃ÷ĈÚ
ÚòĈÚăâ¬ÿìâóñëâÖ¬îÂóäĂË­ÈóÚÜÂÖõÂæòÛÂæóãÿÜĆÚÛ¬îÿÂõÕÃîÈÿËøĈîāäÅ āäÅäñÛóÕ ìäøîÿÜĆÚëóÿìÖùØöćÂ¬îĂì­ÿÂõÕ
ÂóäÛóÕÿÉĆÛ ìäøîĀâ­ÂäñØòćÈÿÜĆÚëóÿìÖùÃîÈÂóäÖóãÂ¬îÚèòãîòÚëâÅèä ÕòÈÚòĈÚÂóäëä­óÈëõćÈĀèÕæ­îâÃ÷ĈÚâó 
(Built · Environment) É÷ÈÖ­îÈÅČóÚ÷È×÷ÈÝæÂäñØÛØöćÉñâöÖ¬îëùÃáóßÃîÈÝú­ĂË­ÈóÚáóãĂÖ­ìæòÂØöćè¬ó ́ëõćÈĀèÕæ­îâ
ØöćâÚùêã°ëä­óÈÃ÷ĈÚĂÚËùâËÚ ăâ¬è¬óÉñÿÜĆÚĂÚîóÅóä Û­óÚÿäøîÚ ìäøîĂÚËùâËÚäñÕòÛìâú¬Û­óÚÿäøîĂÚÿâøîÈØùÂ ą 
ÃÚóÕÅèäÿÜĆÚëõćÈĀèÕæ­îâØöćÜæîÕáòãÖ¬îÂóäîãú¬îóéòã ĂË­ÈóÚÿÜĆÚØöćÌ÷ćÈáãòÚÖäóãÉóÂëõćÈĀèÕæ­îâ Ö­îÈâö
āîÂóëÿÂõÕÃ÷ĈÚăÕ­Ú­îãØöćëùÕ ĀæñÿÜĆÚØöćÌ÷ćÈăâ¬ÅèäÿÜĆÚÖ­ÚÿìÖùÃîÈÂóäÛóÕÿÉĆÛ ÂóäÿÉĆÛăÃ­ăÕ­Ü¬èãĂÕ ą ìäøîÿÜĆÚ
ëóÿìÖùÃîÈÂóäÖóãÂ¬îÚèòãîòÚëâÅèäµ ÜòÎìóÅøîÿäóÉñØČóĂì­ÿÜĆÚăÜÖóâÅèóâÖ­îÈÂóäÚöĈăÕ­îã¬óÈăä ßÛ
Ã­îëäùÜØöćëîÕÅæ­îÈÖäÈÂòÚÂòÛìæòÂĀæñÿâøîÈØöćâöëáóèñĀèÕæ­îâØöćÿìâóñÂòÛÂóäîãú¬îóéòãĂÚæòÂêÔñÃîÈ
ÿâøîÈÚ¬óîãú¬ÚòĈÚ âöÂóäÉòÕÂóäÕ­óÚëõćÈĀèÕæ­îâîã¬óÈÿìâóñëâ âöÜäñëõØÙõáóß ëîÕÅæ­îÈäîÈäòÛÃÚóÕØöćÃãóã
Ã÷ĈÚÃîÈ×õćÚÑóÚÃîÈÿâøîÈØöćâöÂóäÃãóãÖòèÃîÈÿéäêÑÂõÉÿßõćââóÂÃ÷ĈÚ ÿÜĆÚÝæĂì­Ö­îÈÿßõćâîùÜëÈÅ°ØöćâöćÖ¬î
ØäòßãóÂäØ­îÈ×õćÚĀæñÚîÂØ­îÈ×õćÚÿßäóñÂóäÛäõāáÅØöćÿßõćâÃ÷ĈÚÚöĈ Ö­îÈâöÂóäÉòÕÂóäîÚùäòÂê°äòÂêó
ØäòßãóÂäÙääâËóÖõØöćâöîãú¬îã¬óÈÉČóÂòÕ āÕãÿÊßóñîã¬óÈãõćÈëČóìäòÛØäòßãóÂäÙääâËóÖõÛóÈîã¬óÈØöćăâ¬îóÉ
ØÕĀØÚăÕ­îã¬óÈÕöØöćëùÕĀæñÂóäÉòÕÂóäÂòÛÃîÈÿëöãØöć×úÂÃòÛ×¬óãîîÂÉóÂÿâøîÈîã¬óÈâöÜäñëõØÙõáóß āÕãâöÈóÚ
ìæòÂØòĈÈ ƙ ÜäñÂóäØöćÿÂöćãèÃ­îÈÂòÛÂóäÉòÕÂóäÕ­óÚëõćÈĀèÕæ­îâÃîÈÿâøîÈØöćëČóÅòÎ ăÕ­ĀÂ¬ 

1. ÂóäëÈèÚäòÂêóăè­Ì÷ćÈØäòßãóÂäÙääâËóÖõìæòÂāÕãÿÊßóñîã¬óÈãõćÈÂóäÉòÕÂóäÕ­óÚÚČĈó ÿßøćîĂì­ØùÂ
ÅÚăÕ­äòÛÚČĈóëñîóÕÿßøćîÂóäîùÜāáÅÛäõāáÅ ĀæñÿßøćîÂóäÿßóñÜæúÂĀæñĀìæ¬ÈÚČĈóÖ¬óÈ ą ăÕ­äòÛÂóäÕúĀæÜ­îÈÂòÚ
îã¬óÈÕöØöćëùÕ 

2. ÛääÕóÃîÈÿëöã Ããñ ØöćÃòÛ×¬óãîîÂÉóÂÂõÉÂääâÃîÈÿâøîÈ âöÂóäÃÚ×¬óãîã¬óÈâöÜäñëõØÙõáóß 



 ƗƘƘ 

3. ăâ¬Üæ¬îãĂì­âöÂóäāãÚáóäñìäøîÖ­ÚØùÚ Õ­óÚëõćÈĀèÕæ­îâØöćÿÜĆÚáóäñÃîÈÛùÅÅæìäøîÙùäÂõÉ (Ì÷ćÈ
ÿÜĆÚÖ­ÚÂČóÿÚõÕÃîÈâæáóèñÚòĈÚ) Ăì­ÂòÛÝú­îøćÚ 
 
 āæÂóáõèòÓÚ°ĀæñÂóäÿÜæöćãÚĀÜæÈäñÛÛÚõÿèéÿâøîÈ 
 ÂóäÉòÕäñÿÛöãÛĂìâ¬ÃîÈÿéäêÑÂõÉáóãĂÖ­ÿÈøćîÚăÃÃ­îÂČóìÚÕÃîÈÂäñĀëāæÂóáõèòÖÚ°ĂÚË¬èÈ Ƙ 
ØéèääêØöćÝ¬óÚâó ăÕ­âöîõØÙõßæÖ¬îÂäñĀëÂóäÿæöãÚĀÛÛĀÝÚÂóäæÈØùÚ · ÂóäÝæõÖĀæñÂóäÛäõāáÅÉóÂ
Ö¬óÈÜäñÿØéÿÜĆÚîã¬óÈâóÂ Âóäÿîóîã¬óÈØöćÃóÕÅèóâÿÃ­óĂÉØöć×úÂÖ­îÈÚöĈ ăÕ­ĀÝ¬Ããóã ĀæñâöîõØÙõßæÿìÚøî
ßåÖõÂääâÃîÈËùâËÚĂÚØ­îÈ×õćÚ ëä­óÈÅèóâÿËøćîâāãÈØóÈÕ­óÚèòÓÚÙääâĂÚÕ­óÚÂóäÝæõÖĀæñĂÚÕ­óÚÂóä
ÛäõāáÅÉóÂäñÕòÛØ­îÈ×õćÚÂòÛäñÕòÛāæÂØöćÿäöãÂÅèóâëòâßòÚÙ°ÚöĈè¬ó Globalization áóãĂÖ­ÃÛèÚÂóäÚöĈ Âóä
âù¬ÈÿÚ­Ú ÜäòÛÜäùÈĂì­ÅèóâëČóÅòÎÖ¬îÂóäßòÓÚóëáóßĀèÕæ­îâ ë¬èÚĀÚèÅõÕÕ­óÚÂóäßòÓÚóîã¬óÈãòćÈãøÚØöćâöÝæ
Ö¬îÂóäàøĈÚàúØóÈÕ­óÚÃîÈäñÛÛÚõÿèéÿâøîÈ ØòĈÈØóÈÕ­óÚØäòßãóÂäĀæñÕ­óÚëõćÈĀèÕæ­îâÖóâÙääâËóÖõĀæñ
ØóÈÕ­óÚëòÈÅâ · ÂóäÿâøîÈ ÿÜĆÚÿßöãÈÿÜ­óìâóãîòÚÕòÛäîÈ ßä­îâ ą ÂòÛÅèóâÿÜæöćãÚĀÜæÈîã¬óÈâóÂâóãÿßäóñ
ÂäñĀëāæÂóáõèòÓÚ°ÚöĈ 
 äñÛÛÚõÿèéÃîÈÿâøîÈÂĆÿÜæöćãÚÿëøćîâëáóßæÈ ĀÖ¬ĂÚÃÔñÿÕöãèÂòÚÂóäÛäõìóäĀæñÂóäÉòÕÂóäÃîÈ
Ø­îÈ×õćÚë¬èÚĂìÎ¬ãòÈăâ¬âöëâää×áóßĀæñÖóâăâ¬ØòÚÂòÛë×óÚÂóäÔ°Ăìâ¬ ą ØöćÜäòÛÿÜæöćãÚîã¬óÈäèÕÿäĆè Ýæ
Öóââó Åøî ÜòÎìóÖ¬îÂóäßòÓÚóØóÈÂóãáóßÃîÈÿâøîÈ ÿË¬Ú ÜòÎìóÅèóâÃòÕĀã­ÈĂÚÂóäĂË­ØöćÕõÚ ëóÙóäÔúÜāáÅ
ĀæñëóÙóäÔúÜÂóäÃîÈÿâøîÈăâ¬ØòÚĀæñăâ¬ßîÿßöãÈ ÂóäÛČóÛòÕÃîÈÿëöãăâ¬âöÜäñëõØÙõáóß ËòÂÚČóÜòÎìóÅèóâ
ÿëøćîâāØäâÃîÈØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ ë¬ÈÝæÂäñØÛÿËõÈæÛÖ¬îäñÛÛÚõÿèé ĀæñÅèóâëóâóä×
ĂÚÂóäßòÓÚóîã¬óÈãòćÈãøÚĂÚîÚóÅÖÃîÈÿâøîÈĀæñËùâËÚËÚÛØÖ¬óÈ ą äñÛÛÚõÿèéÃîÈÿâøîÈÖóâÅèóâìâóãØöć
ÿÃ­óĂÉÂòÚîãú¬ìâóã×÷ÈÂóäÿÂöćãèÃ­îÈëòâßòÚÙ°ÂòÚ äñìè¬óÈëõćÈĀèÕæ­îâØöćëä­óÈÃ÷ĈÚ (Built Environment) ÂòÛÝú­ØöćĂË­
ÈóÚëõćÈĀèÕæ­îâÚòĈÚ ÿäóëóâóä×ĀÛ¬ÈëõćÈĀèÕæ­îâÚöĈÿÜĆÚ Ƙ Âæù¬â Âæù¬âĀäÂÅøî ëõćÈĀèÕæ­îâáóãĂÚîóÅóäĀæñ
Âæù¬âØöć Ƙ Åøî ëõćÈĀèÕæ­îâÚîÂîóÅóä ĀæñÿÊßóñØöćÿÂöćãèÂòÛÜòÎìóØóÈëùÃáóßØöćÉñÂæ¬óè×÷ÈÖ¬îăÜ 
 
 îòÚÖäóãĀæñØöćâóÃîÈÜòÎìóÃîÈäñÛÛÚõÿèéÿâøîÈÖ¬îëùÃáóßÜäñËóÂä 
 ÿäóëóâóä×ĀÛ¬ÈîòÚÖäóãØöćâöÖ¬îëùÃáóßÃîÈâÚùêã°ØöćÿÂõÕÉóÂëõćÈĀèÕæ­îâăÕ­ÿÜĆÚ Ƙ ë¬èÚ Åøî 

1) ëõćÈĀèÕæ­îâáóãĂÚîóÅóä 
2) ëõćÈĀèÕæ­îâáóãÚîÂîóÅóäĂÚìâú¬Û­óÚĀæñĂÚÿâøîÈ 

 Ɨ.  îòÚÖäóãÖ¬îëùÃáóßîòÚëøÛÿÚøćîÈâóÉóÂëáóèñĀèÕæ­îâáóãĂÚÃîÈîóÅóä 
 ëáóèñĀèÕæ­îâáóãĂÚÛ­óÚîãú¬îóéòã Õ­îãÅùÔáóßÿÂøîÛÉñØòĈÈìâÕÉñßÛè¬óâöäúÜĀÛÛÃîÈîòÚÖäóã
Ö¬îëùÃáóßÿìâøîÚ ą ÂòÚîãú¬ ƙ îã¬óÈ Åøî 

1) ÚČĈóëñîóÕÿßøćîÂóäĂË­ëîãĀæñäñÛÛëùÃóáõÛóæØöćăâ¬ßîÿßöãÈ 
2) âæáóèñáóãĂÚîóÅóäâöäñÕòÛëúÈ 
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3) ÅèóâĀîîòÕÿÂõÚâóÖäÑóÚÃîÈÂóäîãú¬îóéòã âö ƙ ëóÿìÖùëČóÅòÎ Øöćëä­óÈÅèóâÿëöćãÈÖ¬îëùÃáóß
ÃîÈ  Ýú­îãú¬îóéòã 
 ƙ.Ɨ  ÿËøĈîāäÅØöćâóÂòÛÚČĈó âöÖòèÿæÃØöćäñÛùè¬óâöØóäÂĀæñÿÕĆÂÂè¬ó ƚ æ­óÚÅÚØöćÖ­îÈÿëöãËöèõÖÕ­èãÿìÖùÃîÈ
āäÅØöćÿÂõÕÉóÂÂóäÃóÕĀÅæÚÚČĈóëñîóÕÿßøćîÂóäÛäõāáÅĀæñëáóßÃîÈäñÛÛëùÃóáõÛóæØöćÿæèä­óãáóãĂÚØöćîãú¬
îóéòã 
 ƙ.Ƙ  âæáóèñØóÈîóÂóé áóãĂÚîóÅóäØöćâòÂÉñÿÂõÕÉóÂÝæÃîÈÂóäÿÝóăìâ­ÃîÈÿËøĈîăàÖ¬óÈ ą Øöćăâ¬
ëâÛúäÔ°áóãĂÚ  ÿÖóăàØöćăâ¬âöÜäñëõØÙõáóßĀæñÅùÔáóßÖČćóìäøîÉóÂäñÛÛëä­óÈÅèóâîÛîù¬ÚáóãĂÚÛ­óÚÿäøîÚ
Øöćăâ¬âöÜäñëõØÙõáóß ÝæÂäñØÛÃîÈâæáóèñØóÈîóÂóéÖ¬îëùÃáóßØöćÿÂõÕÃ÷ĈÚáóãĂÚØöćîãú¬îóéòãÉñäùÚĀäÈâóÂ
ìäøîäùÚĀäÈÚ­îãÃ÷ĈÚîãú¬ÂòÛäñÛÛÂóääñÛóãîóÂóéÃîÈîóÅóäØöćÕöìäøîăâ¬ÕöÕ­èã äèâØòĈÈäñãñÿèæóØöćÝú­îóéòãîãú¬
áóãĂÖ­ëáóèñÿË¬ÚÚòĈÚ ĀæñËÚõÕÃîÈÿËøĈîÿßæõÈ ĂÚÂäÔöÃîÈÿËøĈîÿßæõÈÙääâËóÖõ ÿË¬Ú àøÚ ÉñßÛè¬óÂóäÿÝóăìâ­
Â¬îĂì­ÿÂõÕÂ®óÌÅóä°ÛîÚâîÚÚîÂăÌÕ° îîÂăÌÕ°ÃîÈăÚāÖäÿÉÚ ÂČóâñ×òÚĀæñëóäÿÅâöîøćÚîöÂ ƛ · Ɯ ËÚõÕÌ÷ćÈ
æ­èÚĀæ­èĀÖ¬ØČóîòÚÖäóãÖ¬îäñÛÛØóÈÿÕõÚìóãĂÉăÕ­ØòĈÈëõĈÚ 
 ƙ.ƙ  ÂóäîîÂĀÛÛîóÅóäØöćÅČóÚ÷È×÷ÈîòÚÖäóãÖ¬îëùÃáóßăè­ÂĆÉñâöë¬èÚË¬èãæÕÅèóâÿëöãìóãæÈăÕ­Õ­èã 
ÅèóâĀîîòÕÃîÈÂóäîãú¬îóéòãâòÂÉñØČóĂì­ÿÂõÕÂóäÛóÕÿÉĆÛÕ­èã îùÛòÖõÿìÖù ìäøîÂóäÖõÕÿËøĈîîã¬óÈäùÚĀäÈÃîÈäñÛÛ
ØóÈÿÕõÚìóãĂÉ āÕãÿÊßóñÉóÂāäÅÚõèâîÿÚöã èòÔāäÅ ÉñßÛè¬óÂóäîãú¬îóéòãØöćâöæòÂêÔñĀîîòÕØöćĀÖ¬æñÅÚâöÿÚøĈî
Øöćîãú¬îóéòãÿÊæöćãÖČćóÂè¬ó Ɨ ÖóäóÈÿâÖäìäøîîöÂÂäÔöìÚ÷ćÈØöćÂóäîãú¬îóéòãâöæòÂêÔñĀîîòÕ ÿË¬Ú îóéòãäèâÂòÚ Ƙ · ƙ
ÅÚÖ¬îì­îÈßòÂîóéòã Ɨ ì­îÈ ÂĆÉñØČóĂì­ÂóäĀßä¬ÂäñÉóãÿËøĈîāäÅÉóÂÛùÅÅæìÚ÷ćÈăÜãòÈÝú­îøćÚăÕ­îã¬óÈÈ¬óãÕóã
ÚîÂÉóÂÂóäÖõÕÿËøĈîĀæ­è ßÛè¬ó ÿìÖùÝëâÝëóÚäñìè¬óÈÅèóâĀîîòÕĀæñÅùÔáóßØöćÖČćóÂè¬óâóÖäÑóÚÃîÈØöćîãú¬
îóéòã ÿßõćâîòÖäóÅèóâÿëöćãÈÖ¬îîùÛòÖõáòãáóãĂÚÛ­óÚÿäøîÚØöćÿÂõÕÉóÂÂóäæèÂßîÈ ăìâ­ăàĀæñîùÛòÖõÿìÖùăàăìâ­
ÖòèÿæÃÉóÂØòćèāæÂßÛè¬ó ìÚ÷ćÈĂÚëóâÃîÈÂóäÖóãØöćâöëóÿìÖùÉóÂîùÛòÖõÿìÖùâóÉóÂîùÛòÖõáòãáóãĂÚÛ­óÚîãú¬îóéòã 
 

 Ƙ. ëáóèñĀèÕæ­îâØöćÿÜĆÚîòÚÖäóãĂÚËùâËÚ ëČóìäòÛìâú¬Û­óÚìäøîËùâËÚĂÕ ą ØöćÂóäÉòÕÂóäÕ­óÚ
ëõćÈĀèÕæ­îâăâ¬ßîÿßöãÈâòÂÉñÿÜĆÚÝæĂì­ÿÂõÕÅèóâÿëöćãÈëúÈÖ¬îëùÃáóßîòÚÿÂõÕÉóÂÿËøĈîāäÅ ÛóÈËÚõÕØöćÃãñÿÜĆÚ
Û¬îÿÂõÕÿâøćîâöÃãñâúæÞîãÖÂÅ­óÈ ÚČĈóØ¬èâÉóÂÂóäÃóÕäñÛÛäñÛóãÚČĈóØöćÕö Āæñ×ÚÚØöćăâ¬ëóâóä×ĂË­ÈóÚăÕ­ĂÚ
ØùÂæòÂêÔñîóÂóéÿÜĆÚëóÿìÖùÃîÈîùÛòÖõÿìÖùØòĈÈáóãĂÚĀæñäîÛ ą ÃîÈËùâËÚĂÚĀÖ¬æñÜöÅèóâÖóãÉóÂîùÛòÖõÿìÖù
ÛÚØ­îÈ×ÚÚâöÉČóÚèÚëúÈ×÷È ƞƞƛ,ƖƖƖ äóã äèâØòĈÈãòÈâöÝú­ÛóÕÿÉĆÛĂÚÉČóÚèÚØöćëúÈÂè¬óîöÂìæóãÿØ¬óÖòè ÚîÂÉóÂØöć
Âæ¬óèĀæ­èãòÈßÛè¬ó îòÚÖäóãÖ¬îëùÃáóßØóÈÂóããòÈÉñÿÂõÕÉóÂØöćÖòĈÈÃîÈËùâËÚØöćîãú¬ÛÚßøĈÚØöćØöćāÕãëáóßØóÈ
áúâõéóëÖä°Āæ­èăâ¬ÿìâóñëâÂòÛÂóäÿÜĆÚØöćÖòĈÈÃîÈËùâËÚîãú¬îóéòã ØöćÖòĈÈËùâËÚÿìæ¬óÚöĈ âòÂÉñâöæòÂêÔñØöćÿÜĆÚØöć
æóÕËòÚ ÚČĈóØ¬èâÌČĈóÌóÂ ìäøîÿÜĆÚØñÿæØäóãĀì­ÈĀæ­È âöÜäñËóÂäãóÂÉÚìæóãëõÛæ­óÚÅÚØöćâöäóãăÕ­Ú­îãÉÚØöć
ăâ¬âöØóÈÿæøîÂîã¬óÈîøćÚÚîÂÉóÂÖ­îÈîãú¬îóéòãĂÚßøĈÚØöćÕòÈÂæ¬óèĀæñâöÅèóâÿëöćãÈÖ¬îëùÃáóßÃîÈÖÚîã¬óÈ
ìæöÂÿæöćãÈăâ¬ăÕ­ 
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ÿäøćîÈØöć  ƛ  ĀÚèØóÈÂóäĀÂ­ăÃÜòÎìóØäòßãóÂäØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĂÚËùâËÚ 
 ÜòÎìóëõćÈĀèÕæ­îâĂÚÿÃÖÿâøîÈ 
 Ɨ.  áóèñâæßõê 
         îóÂóéÿëöã 
 ÂóäĀÂ­ăÃÜòÎìóîóÂóéÿëöã ÜòÉÉùÛòÚÿÚ­ÚÂóäĀÂ­ÜòÎìóÅèòÚÕČóĀæñîóÂóéÿëöãÉóÂä×ãÚÖ° Ì÷ćÈÿÜĆÚ
ëóÿìÖùĂìÎ¬ āÕãâöÂóäÂČóìÚÕÅ¬óâóÖäÑóÚëČóìäòÛÅèòÚÕČóØöćÜæ¬îãîîÂÉóÂØ¬îăîÿëöãÃîÈä×ãÚÖ°ØöćĂË­ÚČĈóâòÚ
ÕöÿÌæĀæñÅ¬óâóÖäÑóÚëČóìäòÛÂ®óÌÅóä°ÛîÚâîÚîÂăÌÕ°ØöćÜæ¬îãîîÂÉóÂØ¬îăîÿëöãÃîÈä×ãÚÖ°ØöćĂË­ÚČĈóâòÚ
ÿÛÚÌõÚăè­ëČóìäòÛÅèÛÅùâÕúĀæăâ¬Ăì­ä×ãÚÖ°Üæ¬îãîóÂóéÿëöãÿìæ¬óÚòĈÚÿÂõÚâóÖäÑóÚ āÕãâöÂäâÖČóäèÉĀæñ
ÂäâÂóäÃÚë¬ÈØóÈÛÂÿÜĆÚìÚ¬èãÈóÚÅèÛÅùâ 
 ÂóäĀÂ­ăÃÜòÎìóĂì­ăÕ­Ýæîã¬óÈÉäõÈÉòÈÂĆÖ­îÈîóéòãÅèóâä¬èââøîÉóÂÜäñËóËÚ āÕãÉñÖ­îÈâöÅèóâ
ÖøćÚÖòèĀæñÿÃ­óĂÉĂÚÜòÎìóØöÿÂöćãèÂòÛîóÂóéÿëöã ÖæîÕÉÚØäóÛ×÷ÈèõÙöÂóäÜ­îÈÂòÚĀæñĀÂ­ăÃÜòÎìóîã¬óÈ
×úÂÖ­îÈ ÿË¬Ú ÕúĀæäòÂêóÿÅäøćîÈãÚÖ°ÃîÈä×ãÚÖ°ÜäñÿáØÖ¬óÈ ą Ăì­îãú¬ĂÚëáóßÕö Ì÷ćÈÚîÂÉóÂÉñË¬èãæÕîóÂóé
ÿëöãĀæ­èãòÈË¬èãÜäñìãòÕÿËøĈîÿßæõÈîöÂÕ­èã ëČóìäòÛāäÈÈóÚîùÖëóìÂääâÂĆÖ­îÈÿìĆÚĂÉÝú­îóéòãÃ­óÈÿÅöãÈāÕãăâ¬
Üæ¬îãîóÂóéÿëöãØöćâöÜäõâóÔÅèóâÿÃ­âÃ­ÚÃîÈëóäâæßõêëúÈÿÂõÚâóÖäÑóÚØöćÂČóìÚÕāÕãÂäâāäÈÈóÚ
îùÖëóìÂääâ ÚîÂÉóÂÚöĈ ÂóäÜæúÂÖ­Úăâ­ÉñË¬èãĂÚÂóäÂäîÈîóÂóéÿëöãăÕ­ ÕòÈÚòĈÚÉ÷ÈÅèää¬èââøîÂòÚÜæúÂĀæñ
ÕúĀæäòÂêóÖ­Úăâ­ĂÚÿÃÖÿâøîÈÕ­èã 
 Ƙ.  ÜòÎìóØóÈëòÈÅâ 
      ËùâËÚĀîîòÕ 
 ëČóìäòÛÜòÎìóËùâËÚĀîîòÕÌ÷ćÈâòÂÿÂõÕÃ÷ĈÚĂÚÿâøîÈâóÂÂè¬óĂÚËÚÛØÚòĈÚ ìÚ¬èãäóËÂóäìæòÂØöć
äòÛÝõÕËîÛ Åøî ÂóäÿÅìñĀì¬ÈËóÖõ ĀæñîÈÅ°ÂäØ­îÈ×õćÚ (ÿË¬Ú ĂÚßøĈÚØöćÂäùÈÿØßâìóÚÅäîÈÅ°ÂääòÛÝõÕËîÛ 
ăÕ­ĀÂ¬ ÂäùÈÿØßâìóÚÅä) āÕãÂóäÜäòÛÜäùÈØòĈÈĂÚÕ­óÚÂóãáóß ëòÈÅâ ĀæñÿéäêÑÂõÉ ăÕ­ĀÂ¬ ÂóäÜäòÛÜäùÈ
ØóÈÕ­óÚëóÙóäÔúÜāáÅ ÿË¬Ú ØóÈÿØ­ó ØóÈäñÛóãÚČĈó ăàà­ó ÜäñÜó ÂóäÉòÕÂóäÃãñâúæÞîã ÂóäÜäòÛÜäùÈ
ëáóßĀèÕæ­îâËùâËÚ ÂóäÜ­îÈÂòÚîòÅÅöáòã äèâØòĈÈâöāÅäÈÂóäÖ¬óÈ ą ÿË¬Ú ÂóäÞ÷ÂîóËöß āÅäÈÂóäìÚ¬èãĀßØã°
ÿÅæøćîÚØöć Āæñë¬ÈÿëäõâĂì­ÜäñËóËÚØ­îÈ×õćÚăÕ­âöë¬èÚä¬èâĂÚÂóäĀÂ­ăÃÜòÎìóÃîÈËùâËÚ āÕãÂóäÉòÕÖòĈÈ
ÅÔñÂääâÂóäËùâËÚÿßøćîØČóìÚ­óØöćĀØÚÝú­îãú¬îóéòãĂÚËùâËÚ ĂÚÂóäÜäñëóÚÈóÚÂòÛìÚ¬èãÈóÚØöćÿÂöćãèÃ­îÈĂÚ
ÂóäßòÓÚóËùâËÚĀæñÿÜĆÚĀÂÚÚČóĂÚÂóäßòÓÚóËùâËÚ ÚîÂÉóÂÚòĈÚÂóäÿÅìñĀì¬ÈËóÖõãòÈâöÂóäÕČóÿÚõÚÈóÚĂÚ
Õ­óÚÅèóââòćÚÅÈĂÚÂóäÅäîÛÅäîÈØöćÕõÚ ÿË¬Ú ÃîÅèóâä¬èââøîÿÉ­óÃîÈØöćÕõÚĂÚÂóäØČóëòÎÎóĂì­Ýú­îãú¬îóéòãĂÚ
ËùâËÚØöćÂóäÿÅìñĀì¬ÈËóÖõÿÃ­óăÜÜäòÛÜäùÈăÕ­îãú¬îóéòãÖ¬îăÜîã¬óÈÚ­îã ƛ Üö ÿä¬ÈäòÕÂóäîîÂÂÏìâóãÿÂöćãèÃ­îÈ 
ÿË¬Ú ßäñäóËÛòÎÎòÖõÜäòÛÜäùÈËùâËÚĀîîòÕ 
 ÚîÂÉóÂÂóäĀÂ­ăÃÜòÎìóËùâËÚĀîîòÕāÕãèõÙöÜäòÛÜäùÈØóÈÕ­óÚÖ¬óÈ ą ÕòÈÂæ¬óèÃ­óÈÖ­ÚĂÚØöćÕõÚÿÕõâ
Āæ­èãòÈâöāÅäÈÂóäÉòÕìóØöćîãú¬Ăì­Ăìâ¬ëČóìäòÛËùâËÚĀîîòÕØöćÜäñËùâÜòÎìóÅèóâÿÕøîÕä­îÚÕ­óÚØöćîãú¬îóéòãÉóÂØöć



 ƗƘƛ 

ÿÕõâ ÿË¬Ú ÂäÔöÿßæõÈăìâ­ ×úÂăæ¬Øöć ×úÂÿèÚÅøÚØöćÕõÚ ÿÜĆÚÖ­Ú É÷ÈÿìĆÚăÕ­è¬ó ÂóäĀÂ­ăÃÜòÎìóËùâËÚĀîîòÕĂì­ăÕ­Ýæ
îã¬óÈÉäõÈÉòÈ ÉČóÿÜĆÚÖ­îÈăÕ­äòÛÅèóâä¬èââøîØòĈÈáóÅäòÑĀæñáóÅÿîÂËÚ 
 ÂóäÃóÕĀÅæÚßøĈÚØöćëöÿÃöãèĀæñßøĈÚØöćÿßøćîÂóäÚòÚØÚóÂóä 
 ÜòÎìóÂóäÃóÕĀÅæÚßøĈÚØöćÿßøćîÂóäßòÂÝ¬îÚìã¬îÚĂÉĂÚÿÃÖÿâøîÈÚòĈÚ ÂäùÈÿØßâìóÚÅäÚòÛè¬ó
ÜäñëÛÜòÎìóäùÚĀäÈØöćëùÕ îòÚÿÚøćîÈâóÉóÂÿÜĆÚéúÚã°ÂæóÈÃîÈÜäñÿØéĂÚØùÂ ą Õ­óÚ ÿË¬Ú ÂóäÛäõìóäÜäñÿØé 
ÂóäßóÔõËã° Âóäé÷Âêó ĂÚÂóäĀÂ­ăÃÜòÎìóÕòÈÂæ¬óè äòÑâöÚāãÛóãëÚòÛëÚùÚĂì­ßøĈÚØöćÕòÈÂæ¬óèØöćâöîãú¬ÿÕõâÅÈ
ëáóßăè­Ăì­âóÂØöćëùÕ ÿË¬Ú ÂóäÿÃ­óăÜÕČóÿÚõÚÂóäĂÚÖČóÛæÛóÈÂñÿÉ­óĀæñîöÂ ƛ ÖČóÛæĂÂæ­ÿÅöãÈÿÚøĈîØöćÜäñâóÔ 
Ɵ,ƖƖƖ ăä¬ ÿßøćîäòÂêóëáóßĀèÕæ­îâĂì­ÿÜĆÚßøĈÚØöćëöÿÃöãèĂì­âóÂØöćëùÕ ĀæñÂóäÿßõćâÉČóÚèÚßøĈÚØöćÕòÈÂæ¬óè äòÑâö
ÚāãÛóã ìóÂÿÜĆÚÂóäã­óãîóÅóäë×óÚØöćîîÂăÜÉóÂØöćÕõÚÃîÈäòÑ äòÑÂĆÉñÜäòÛÜäùÈÛäõÿèÔÿÕõâÚòĈÚĂì­ÿÜĆÚßøĈÚØöć
ëöÿÃöãèÖòèîã¬óÈÃîÈÛäõÿèÔìÚ­óèòÕäóËÚòÕÕóäóâ āÕãäøĈîîóÅóäāäÈáóßãÚÖä°éóæóÿÊæõâăØãĀæ­èÜäòÛÜäùÈ
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áóÅäòÑĀæñáóÅÿîÂËÚĀæñÂóäÜäñËóëòâßòÚÙ°ĀæñëõćÈĀèÕæ­îâé÷Âêó ĂÚèõÙöÂóäØòĈÈìæóãØòĈÈÜèÈÚöĈ ÂóäîîÂ
ÂÏìâóãÌ÷ćÈâöÛØæÈāØêØöćÿìâóñëâÉñÿÜĆÚèõÙöÂóäëČóÅòÎèõÙöÂóäìÚ÷ćÈëóâóä×Ë¬èãĂì­ÂóäÉòÕÂóä
ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâÜäñëÛÝæëČóÿäĆÉ Öòèîã¬óÈÃîÈÂÏìâóãĂÚÿäøćîÈÚöĈâöîóØõÿË¬Ú 
ßäñäóËÛòÎÎòÖõëÈèÚĀæñÅù­âÅäîÈëòÖè°Ü¬ó ßäñäóËÛòÎÎòÖõîùØãóÚĀì¬ÈËóÖõ ßäñäóËÛòÎÎòÖõÜ¬óëÈèÚ
Āì¬ÈËóÖõ ßäñäóËÛòÎÎòÖõèòÖ×ùâößõê ßäñäóËÛòÎÎòÖõĀä¬ ßäñäóËÛòÎÎòÖõāäÈÈóÚĀì¬ÈËóÖõ ßäñäóËÛòÎÎòÖõÂóä
ÝòÈÿâøîÈ ßäñäóËÛòÎÎòÖõÚČĈóÛóÕóæ ĀæñßäñäóËÛòÎÎòÖõÅèÛÅùâîóÅóä ÿÜĆÚÖ­Ú ÂóäÉòÕîÈÅ°ÂäÿßøćîÂóä
ÛäõìóäÈóÚÕ­óÚÂóäÂČóìÚÕÚāãÛóãĀÝÚÂóäÉòÕÂóä ÂóäèóÈĀÝÚÈóÚ āÅäÈÂóäÿÜĆÚèõÙöÂóäìÚ÷ćÈÃîÈÂóä
ÉòÕÂóäØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĂÚäñÕòÛìÚ¬èãÈóÚÜÐõÛòÖõ 
 ĂÚÜòÉÉùÛòÚâöìÚ¬èãÈóÚäòÛÝõÕËîÛĂÚÕ­óÚëõćÈĀèÕæ­îâāÕãÖäÈ ƙ ìÚ¬èãÈóÚáóãĂÖ­
ÂäñØäèÈèõØãóéóëÖä°ÿØÅāÚāæãöĀæñëõćÈĀèÕæ­îâ Åøî ëČóÚòÂÈóÚÚāãÛóãĀæñĀÝÚëõćÈĀèÕæ­îâ ÂäâÅèÛÅùâ
âæßõêĀæñÂäâë¬ÈÿëäõâÅùÔáóßëõćÈĀèÕæ­îâ ÚîÂÉóÂÚöĈãòÈăÕ­âöÂóäÉòÕÖòĈÈëČóÚòÂÈóÚëõćÈĀèÕæ­îâáúâõáóÅÃ÷ĈÚ ƚ áóÅ 
ĂÚáóÅÿìÚøî áóÅĂÖ­ áóÅÖñèòÚîîÂĀæñáóÅÖñèòÚîîÂÿÊöãÈÿìÚøî ÂóäèóÈĀÝÚÿßøćîĀÂ­ăÃÜòÎìóìäøîßòÓÚó
ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĂÚĀÝÚßòÓÚóÿéäêÑÂõÉĀæñëòÈÅâĀì¬ÈËóÖõ ÿÜĆÚîöÂèõÙöìÚ÷ćÈØöćÉñØČóĂì­Âóä
ÉòÕÂóäØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâëîÕÅæ­îÈÂòÛÂóäßòÓÚóÿéäêÑÂõÉĀæñëòÈÅâÃîÈÜäñÿØé ÂóäÉòÕØČó
ĀÝÚĂÚæòÂêÔñÚöĈăÕ­ÕČóÿÚõÚÂóäâóÖòĈÈĀÖ¬ĀÝÚßòÓÚóð ÊÛòÛØöć ƚ ĂÚĀÝÚßòÓÚóÿéäêÑÂõÉĀæñëòÈÅâĀì¬ÈËóÖõ ÊÛòÛ
Øöć Ɲ (ß.é. ƘƛƙƜ · ƘƛƙƟ) ăÕ­âöÂóäÉòÕØČóĀÝÚÿßøćîÂóäÉòÕÂóäØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâăè­ËòÕÿÉÚÂè¬óĀÝÚ



 ƗƘƟ 

ØöćĀæ­èâó āÕãĀãÂÿÜĆÚĀÝÚÂóäÛäõìóäĀæñÉòÕÂóäØäòßãóÂäÙääâËóÖõĀæñĀÝÚÂóäßòÓÚóëõćÈĀèÕæ­îâÿßøćî
ÅùÔáóßËöèõÖ èõÙöÂóäëČóÅòÎîöÂèõÙöìÚ÷ćÈĂÚÂóäÉòÕÂóäØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ ÂĆÅøî ÂóäÂČóìÚÕ
âóÖäÑóÚÿßøćîÂóäÅèÛÅùâáóèñâæßõêÃîÈÜäñÿØéĀæñÅèÛÅùâĀìæ¬ÈÂČóÿÚõÕÿßøćîĂì­ÅùÔáóßëõćÈĀèÕæ­îâîãú¬ĂÚ
äñÕòÛâóÖäÑóÚØöćÂČóìÚÕÖòèîã¬óÈÃîÈâóÖäÑóÚÅùÔáóßëõćÈĀèÕæ­îâØöćÂČóìÚÕÃ÷ĈÚĀæ­è ăÕ­ĀÂ¬ âóÖäÑóÚÅ¬óÅèòÚÕČó
ĀæñÅ¬óÂ®óÌÅóä°ÛîÚâîÚîÂăÌÕ°ØöćäñÛóãîîÂÉóÂØ¬îăîÿëöãÃîÈä×ãÚÖ° âóÖäÑóÚÅùÔáóßîóÂóéÿëöãØöćäñÛóã
îîÂÉóÂāäÈÈóÚ âóÖäÑóÚÅùÔáóßîóÂóéĂÚÛääãóÂóé âóÖäÑóÚäñÕòÛÿëöãÈÃîÈä×ãÚÖ° ä×ÉòÂäãóÚãÚÖ° Āæñ
ÿäøî âóÖäÑóÚĀæñèõÙöÂóäÖäèÉëîÛÅùÔáóßÚČĈóØñÿæËóãÞòćÈ âóÖäÑóÚÅùÔáóßÚČĈóØõĈÈ âóÖäÑóÚÅèÛÅùâÂóääñÛóã
ÚČĈóØõĈÈÉóÂîóÅóäÛóÈÜäñÿáØĀæñÛóÈÃÚóÕ âóÖäÑóÚÅùÔáóßÚČĈóÕøćâ âóÖäÑóÚèòÖ×ùâößõêĂÚîóìóäĀæñ
ÿÅäøćîÈëČóîóÈ ÂóäèóÈĀÝÚßòÓÚóëõćÈĀèÕæ­îâĂÚĀÝÚßòÓÚóÿéäêÑÂõÉĀæñëòÈÅâĀì¬ÈËóÖõÜäñÿØéăØãăÕ­ÿäõćââö
ĀÝÚßòÓÚóÿéäêÑÂõÉĀæñëòÈÅâĀì¬ÈËóÖõâóÖòĈÈĀÖ¬ ß.é. ƘƛƖƚ ĀÖ¬ÂóäèóÈĀÝÚßòÓÚóĂÚäñãñĀäÂ ą ãòÈăâ¬Ăì­
ÅèóâëČóÅòÎÂòÛÜòÎìóëõćÈĀèÕæ­îââóÂÚòÂ āÕãĂÚĀÝÚßòÓÚóð ÊÛòÛØöć Ɨ (ß.é. ƘƛƖƚ · ƘƛƖƟ) ĀÝÚßòÓÚóð ÊÛòÛØöć 
Ƙ (ß.é. ƘƛƗƖ · ƘƛƗƚ) ĀæñĀÝÚßòÓÚóð ÊÛòÛØöć ƙ (ß.é. ƘƛƗƚ  - ƘƛƗƟ) ăÕ­ÿÚ­ÚÂóääñÕâĂË­ÜäñāãËÚ°ÉóÂ
ØäòßãóÂäÙääâËóÖõāÕãÃóÕÂóäèóÈĀÝÚÂóäÉòÕÂóäØöćÿìâóñëâ ÃóÕÂóäÅČóÚ÷È×÷ÈÝæÂäñØÛëõćÈĀèÕæ­îâÉÚ
ĂÚË¬èÈÃîÈÜæóãĀÝÚßòÓÚóð ÊÛòÛØöć ƙ ăÕ­ÜäóÂÐĂì­ÿìĆÚËòÕ×÷ÈÜòÎìóÅèóâÿëøćîâāØäâÃîÈØäòßãóÂäìæòÂÃîÈ
ÜäñÿØé āÕãÿÊßóñîã¬óÈãõćÈ Ü¬óăâ­ ÕõÚĀìæ¬ÈÚČĈó ĀæñĀä¬ÙóÖù äèâØòĈÈăÕ­ÿäõćââöÂóäĀßä¬ÂäñÉóãÃîÈâæßõê ØòĈÈâæßõê
ØóÈÚČĈó âæßõêØóÈîóÂóé ÿëöãÈ ÂóÂÃîÈÿëöã ĀæñëóäîòÚÖäóã ÕòÈÚòĈÚ ÜäñÿØéăØãÉ÷ÈăÕ­ÿäõćâĂì­ÅèóâëČóÅòÎÂòÛ
ÜòÎìóëõćÈĀèÕæ­îââóÖòĈÈĀÖ¬ĀÝÚßòÓÚóð ÊÛòÛØöć ƚ ÿÜĆÚÖ­Úâó 
 ĀÝÚßòÓÚóð ÊÛòÛØöć ƚ (ß.é. ƘƛƘƖ · ƘƛƘƚ)  
 ÂČóìÚÕĀÚèØóÈÂóäàøĈÚàúÛúäÔñØäòßãóÂäØöć×úÂØČóæóãĀæñâöëáóßÿëøćîâāØäâ ÂóäÂČóìÚÕĀÚè
ØóÈÂóäĀÂ­ăÃÜòÎìóëõćÈĀèÕæ­îâîã¬óÈÂè­óÈ ą ăè­ĂÚĀÝÚßòÓÚóÕ­óÚÖ¬óÈ ą ĀæñăÕ­Ăì­ÅèóâëČóÅòÎÂòÛÜòÎìó
ëõćÈĀèÕæ­îâîã¬óÈÉäõÈÉòÈÃ÷ĈÚ āÕãăÕ­âöÂóäÉòÕØČóÚāãÛóãĀæñâóÖäÂóäÂóäßòÓÚóëõćÈĀèÕæ­îâĀì¬ÈËóÖõ ƘƛƘƚ 
Ã÷ĈÚ ÖóâßäñäóËÛòÎÎòÖõë¬ÈÿëäõâĀæñäòÂêóÅùÔáóßëõćÈĀèÕæ­îâĀì¬ÈËóÖõ ß.é. ƘƛƗƞ 
 ĀÝÚßòÓÚóð ÊÛòÛØöć ƛ (ß.é. ƘƛƘƛ · ƘƛƘƟ) 
 ÂČóìÚÕĀÚèØóÈÂóäÉòÕÂóäëõćÈĀèÕæ­îâĂì­ËòÕÿÉÚãõćÈÃ÷ĈÚ āÕãÂóäÚČóÚāãÛóãĀæñâóÖäÂóäÂóä
ßòÓÚóëõćÈĀèÕæ­îâĀì¬ÈËóÖõØöćăÕ­ÉòÕØČóÃ÷ĈÚâóÿÜĆÚÂäîÛĂÚÂóäÂČóìÚÕĀÚèØóÈ âöÂóäÂČóìÚÕâóÖäÑóÚ
ÅùÔáóßëõćÈĀèÕæ­îâ ÂČóìÚÕĂì­āÅäÈÂóäßòÓÚóÃîÈäòÑÃÚóÕĂìÎ¬Ö­îÈÉòÕØČóäóãÈóÚÂóäèõÿÅäóñì°ÝæÂäñØÛ
ëõćÈĀèÕæ­îâäèâØòĈÈâöÂóäÉòÕØČóĀÝÚÂóäÉòÕÂóäëõćÈĀèÕæ­îâäñÕòÛßøĈÚØöć ÿË¬Ú ÂóäßòÓÚóæù¬âÚČĈóØñÿæëóÛëÈÃæó 
ÂóäÉòÕÂóäëõćÈĀèÕæ­îâÛäõÿèÔËóãÞòćÈØñÿæÖñèòÚîîÂÂóäèóÈĀÝÚÂóäÉòÕÂóäÕ­óÚëõćÈĀèÕæ­îâÿßøćîÂóäßòÓÚó
áóÅĂÖ­ÖîÚÛÚ 
 ĀÝÚßòÓÚóð ÊÛòÛØöć Ɯ (ß.é. ƘƛƙƖ · Ƙƛƙƚ) 
 ăÕ­âöÂóäÜäòÛØõéØóÈ ĀæñĀÚèÅõÕĂÚÂóäßòÓÚóØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĂìâ¬āÕãÂóä
ÚČóÿîóØäòßãóÂäÙääâËóÖõØùÂÜäñÿáØ Ì÷ćÈăÕ­ĀÂ¬ ØäòßãóÂäØöćÕõÚ ØäòßãóÂäÜ¬óăâ­ ØäòßãóÂäĀìæ¬ÈÚČĈó 



 ƗƙƖ 

ØäòßãóÂäÜäñâÈ ĀæñØäòßãóÂäÙäÔö ĀæñÂóäÉòÕÂóäâæßõêâóăè­ĂÚĀÝÚÿÕöãèÂòÚ áóãĂÖ­ËøćîĀÝÚßòÓÚó
ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâāÕãĂì­ÅèóâëČóÅòÎĂÚÿäøćîÈÃîÈÂóäÜäòÛÜäùÈÂóäÛäõìóäĀæñÂóäÉòÕÂóä
Ăì­âöÜäñëõØÙõáóßîã¬óÈÿÜĆÚäñÛÛ ĀæñëÚòÛëÚùÚĂì­âöÂóäĂË­ÿØÅāÚāæãöëâòãĂìâ¬ ÿßøćîĂì­âöÂóäÚČóÿîó
ØäòßãóÂäÙääâËóÖõâóĂË­ÜäñāãËÚ°ăÕ­îã¬óÈâöÜäñëõØÙõáóß ăâ¬ØČóæóãëõćÈĀèÕæ­îâĀæñăâ¬Â¬îĂì­ÿÂõÕÜòÎìó
âæßõê ĀæñØöćëČóÅòÎÅøî ÿÚ­ÚÂóäë¬ÈÿëäõâĂì­ÜäñËóËÚ îÈÅ°ÂäĀæñìÚ¬èãÈóÚĂÚäñÕòÛØ­îÈ×õćÚ âöÂóäèóÈ
ĀÝÚÂóäÉòÕÂóäĀæñÂóäÂČóìÚÕĀÝÚÜÐõÛòÖõÂóäĂÚßøĈÚØöćä¬èâÂòÛë¬èÚÂæóÈîã¬óÈâöäñÛÛ āÕãÿÊßóñÂóä
ÂČóìÚÕĂì­âöÂóäÉòÕØČóĀÝÚßòÓÚóØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĂÚäñÕòÛÉòÈìèòÕØòćèÜäñÿØé 
 ĀÝÚßòÓÚóð ÊÛòÛØöć Ɲ (ß.é. Ƙƛƙƛ · ƘƛƙƟ) 
 ÂóäÉòÕÂóäØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâãòÈÅÈÿÜĆÚÂóäÕČóÿÚõÚÈóÚîã¬óÈÖ¬îÿÚøćîÈāÕãÂóä
ëÚòÛëÚùÚîÈÅ°ÂäÿîÂËÚÜäñËóËÚ ØòĈÈĂÚë¬èÚÂæóÈĀæñë¬èÚØ­îÈ×õćÚ Ăì­ÿÃ­óâóâöÛØÛóØĂÚÂóäÂČóìÚÕ
ÚāãÛóãĀæñĀÝÚÂóäÉòÕÂóä Âóäÿä¬ÈäòÕÂóäÕČóÿÚõÚÈóÚÖóâĀÝÚÂóäÉòÕÂóäØäòßãóÂäÙääâËóÖõĀæñ
ëõćÈĀèÕæ­îâØöćâöîãú¬Āæ­è ÂóäÉòÕÖòĈÈäñÛÛÃ­îâúæØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĂì­ÿÜĆÚäñÛÛÿÕöãèÂòÚÿßøćî
ĂË­ĂÚÂóäèóÈĀÝÚ ÂóäÚČóâóÖäÂóäÕ­óÚÂóäÿÈõÚÂóäÅæòÈâóË¬èãĂÚÂóäÉòÕÂóäĀæñÂóäÿä¬ÈäòÕÂóäîîÂÂÏìâóã
ÿÂöćãèÂòÛÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõ ÖæîÕÉÚÂóäÚČóÿîóÿØÅāÚāæãöØöćØòÚëâòãâóĂË­ĂÚÂóäÅèÛÅùâĀæñ
ĀÂ­ăÃÜòÎìóëõćÈĀèÕæ­îâ 
 ĀÝÚßòÓÚóð ÊÛòÛØöć ƞ (ß.é. ƘƛƚƖ · Ƙƛƚƚ) 
 ÂóäàøĈÚàúÛúäÔñßøĈÚØöćÜ¬óÿßøćîÂóäîÚùäòÂê°Ăì­ăÕ­ä­îãæñ Ƙƛ ÃîÈßøĈÚØöćÜäñÿØéĀæñÉòÕØČóÿÅäøćîÈìâóã
ĀÚèÿÃÖßøĈÚØöćÜ¬óîÚùäòÂê° ÂóääòÂêóßøĈÚØöćÜ¬óËóãÿæÚÿßøćîäòÂêóÅèóâëâÕùæÃîÈëáóèñĀèÕæ­îâĀæñÅèóâ
ìæóÂìæóãØóÈËöèáóßĂì­ÅÈăè­ăâ¬ÖČćóÂè¬ó Ɨ æ­óÚăä¬ ë¬ÈÿëäõâÂóäÉòÕÂóäØäòßãóÂäÙääâËóÖõĂÚäúÜĀÛÛÃîÈÜ¬ó
ËùâËÚÿßøćîÂóäîÚùäòÂê°ßòÓÚóëáóèñĀèÕæ­îâĀæñÅùÔáóßËöèõÖÃîÈËùâËÚ 
 ĀÝÚßòÓÚóð ÊÛòÛØöć Ɵ (ß.é. Ƙƛƚƛ · ƘƛƚƟ) 
 ÂóäßòÓÚóÜäòÛÜäùÈÂóäÉòÕÂóäĂì­ÿÂõÕÅèóâëâÕùæäñìè¬óÈÂóäĂË­ÜäñāãËÚ°ÂòÛÂóäîÚùäòÂê°àøĈÚàú 
ë¬ÈÿëäõâÂóäÚČóØäòßãóÂäăÜĂË­ÜäñāãËÚ°ØöćãòćÈãøÚ ÂóäÛäõìóäÉòÕÂóäØäòßãóÂäÙääâËóÖõëõćÈĀèÕæ­îâØöćîóéòã
ÂäñÛèÚÂóä âöë¬èÚä¬èâÃîÈØùÂáóÅë¬èÚĂÚëòÈÅâ âù¬ÈÿÚ­ÚÜäñëõØÙõáóß ÂóäÂČóÂòÛÅèÛÅùâØöćâöÜäñëõØÙõáóß 
âöÅèóâāÜä¬ÈĂë ëùÉäõÖ 
 ĀÝÚßòÓÚóð ÊÛòÛØöć ƗƖ (ß.é. ƘƛƛƖ · Ƙƛƛƚ) 
 ÂóäßòÓÚóÕ­óÚØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ ÅČóÚ÷È×÷È ǺèóâìæóÂìæóãØóÈËöèáóßµ Âóä
ßòÓÚóîóËößÉñÖ­îÈĂì­ÅèóâëČóÅòÎĀæñÅČóÚ÷È×÷È ä́ñÛÛÚõÿèéÚ°µ ËùâËÚÉñÿÜĆÚÝú­ĂË­ĀæñÕúĀæîÚùäòÂê°
ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâîã¬óÈÿÜĆÚÙääâ 
 
 



 ƗƙƗ 

ÿäøćîÈØöć Ɲ ÂóäÜÐõÛòÖõÖÚìäøîÂóää¬èââøîÂòÛËùâËÚĂÚÂóäÜ­îÈÂòÚßòÓÚóìäøîĀÂ­ăÃÜòÎìóØäòßãóÂäÙääâËóÖõ
ĀæñëõćÈĀèÕæ­îâ 
 ĀÚèØóÈÂóäîÚùäòÂê°ĀæñßòÓÚóëáóßĀèÕæ­îâ 
 ÂóäîÚùäòÂê° ìâóã×÷È Âóääú­ÉòÂĂË­ØäòßãóÂäÙääâËóÖõîã¬óÈËóÎÊæóÕÿßøćîĂì­âöÜäñāãËÚ°Ö¬îâìóËÚ
âóÂØöćëùÕ ĀæñĂË­ăÕ­ÿÜĆÚÿèæóÚóÚØöćëùÕ ØòĈÈÚöĈÖ­îÈĂì­âöÂóäëúÎÿëöãØäòßãóÂäÚ­îãØöćëùÕ ĀæñÉñÖ­îÈâöÂóä
ÂäñÉóãÂóäĂË­ØäòßãóÂäĂì­ÿÜĆÚăÜāÕãØòćè×÷ÈÂòÚÕ­èã 
 ÂóäßòÓÚó ìâóã×÷È ÂóäØČóĂì­ÿÉäõÎ ÂóäÜäòÛÜäùÈÿÜæöćãÚăÜĂÚØóÈØöćØČóĂì­ÿÉäõÎÃ÷ĈÚ Ì÷ćÈÂóäØöćÉñØČó
Ăì­ÿÂõÕÂóäßòÓÚóÃ÷ĈÚăÕ­ÚòĈÚ ÉñÖ­îÈâöÂóäèóÈĀÝÚÖ­îÈîóéòãèõËóÅèóâäú­ĀæñÿØÅāÚāæãöÿÃ­óâóË¬èã É÷ÈÉñØČóĂì­
ÂóäßòÓÚóÚòĈÚÛääæùÖóâèòÖ×ùÜäñëÈÅ° 
 ÅèóâÉČóÿÜĆÚØöćÉñÖ­îÈâöÂóäîÚùäòÂê°ĀæñßòÓÚóëáóßĀèÕæ­îâ 
 ØäòßãóÂäÙääâËóÖõĀæñëáóßĀèÕæ­îâØöćßÛîãú¬ØòćèăÜĂÚØ­îÈ×õćÚìäøîÖóâËùâËÚÖ¬óÈ ą ØòćèÜäñÿØé
ÚòĈÚØöćëČóÅòÎ ăÕ­ĀÂ¬ ÕõÚ ÚČĈó îóÂóé Āä¬ÙóÖù Ü¬óăâ­ ĀæñëòÖè°Ü¬ó Ì÷ćÈæ­èÚĀÖ¬Ăì­ÅùÔÜäñāãËÚ°ØòĈÈëõĈÚ ÿìÖùÝæØöćÿäó
Åèäÿä¬ÈîÚùäòÂê°ĀæñßòÓÚóëáóßĀèÕæ­îâ ÂĆÿÚøćîÈâóÉóÂØäòßãóÂäÙääâËóÖõÃîÈÜäñÿØéÿäóăÕ­×úÂØČóæóãæÈ
âóÉÚÃóÕÅèóâëâÕùæ 
 ĀÚèØóÈĂÚÂóäîÚùäòÂê°ĀæñßòÓÚóëáóßĀèÕæ­îâ 
 ƙ.Ɨ  äñÕòÛÛùÅÅæ ÜäñËóËÚØùÂÅÚÅèäâöÉõÖëČóÚ÷ÂØöćÕöÖ¬îĀÚèØóÈÂóäîÚùäòÂê°ĀæñßòÓÚó
ëáóßĀèÕæ­îâ Ì÷ćÈâöèõÙöÂóäÈ¬óã ą ÕòÈÖ¬îăÜÚöĈ 
 Ɨ.  Ö­îÈäú­ÉòÂÜäñìãòÕ 
 Ƙ.  Ö­îÈäú­ÉòÂäòÂêó 
 ƙ.  Ö­îÈäú­ÉòÂàøĈÚàúØäòßãóÂäĂì­àøĈÚÖòèĀæñäú­ÉòÂÜäòÛÜäùÈĂì­ÕöÃ÷ĈÚ 
 ƚ.  Ë¬èãÂòÚë¬ÈÿëäõâÂóäÝæõÖĀæñÂóäĂË­ØäòßãóÂäîã¬óÈâöÜäñëõØÙõáóß 
 ƛ.  Ö­îÈäú­ÉòÂÚČóØäòßãóÂäØöćĂË­Āæ­èâóÝæõÖĂìâ¬ 
 Ɯ.  Ö­îÈäú­ÉòÂÚČóØäòßãóÂäîøćÚ ą âóĂË­ĀØÚØäòßãóÂäØöćâöäóÅóĀßÈìäøîÂČóæòÈÉñæÕÚ­îãìâÕëúÎăÜ 
 Ɲ.  Ö­îÈË¬èãÂòÚÅ­ÚÅè­óëČóäèÉìóĀìæ¬ÈØäòßãóÂäĂìâ¬ ÿßøćîÚČóâóĂË­ĀØÚØäòßãóÂäÙääâËóÖõØöćìóãóÂ 
 ƞ.  Ö­îÈăâ¬ØČóæóãØäòßãóÂäÙääâËóÖõ 
 Ɵ.  Ö­îÈÿÖĆâĂÉÿÃ­óäòÛÂóäîÛäâé÷Âêó Ăì­ÿÃ­óĂÉ×÷ÈÜòÎìóĀæñèõÙöÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõ 
 ƙ.Ƙ  äñÕòÛËùâËÚ ÿÚøćîÈÉóÂÜäñËóËÚĀÖ¬æñÅÚÿÜĆÚëâóËõÂÃîÈËùâËÚØöćÖÚîóéòãîãú¬ Ì÷ćÈæòÂêÔñ
ĀæñëáóßÃîÈËùâËÚ ÉñâöÝæÂäñØÛâó×÷ÈÜäñËóËÚĂÚËùâËÚÚòĈÚ ą Õ­èã ØòĈÈØöćÿÜĆÚëõćÈØöćÕöĀæñăâ¬Õö ĂÚÂóä
îÚùäòÂê°Åèää¬èââøîä¬èâĂÉÂòÚ ÕòÈÚöĈ 
 Ɨ.  ÜäñËóËÚĂÚËùâËÚÉñÖ­îÈÖäñìÚòÂ×÷ÈÂóäÿÃ­óăÜâöë¬èÚä¬èâĂÚÂóäîÚùäòÂê°ĀæñßòÓÚó
ëáóßĀèÕæ­îâĂÚËùâËÚÃîÈÖÚ 



 ƗƙƘ 

 Ƙ.  ÜäñËóËÚĂÚËùâËÚÉñÖ­îÈâöÅèóâäú­ ÅèóâÿÃ­óĂÉĂÚÿäøćîÈäñÛÛÃîÈÂóäÉòÕÂóä Āæñëóâóä×
ĀÂ­ăÃÜäòÛÜäùÈĀæñÿÜæöćãÚĀÜæÈëáóßĀèÕæ­îâØöćÿëøćîâāØäâĂì­ÕöÃ÷ĈÚ 
 ƙ.  ÉòÕäñÛÛèõÙöÂóäîÚùäòÂê° ĀæñßòÓÚóëáóßĀèÕæ­îâĂÚËùâËÚÃîÈÖÚĂì­ÜäñëóÚÈóÚÂòÛìÚ¬èã
ÃîÈäòÑĀæñÿîÂËÚ 
 ƙ.ƙ  äñÕòÛäòÑÛóæ 
 Ɨ.  äòÑÛóæÅèäÂČóìÚÕÚāãÛóã ĀæñèóÈĀÚèØóÈÂóäîÚùäòÂê°ĀæñßòÓÚóëáóßĀèÕæ­îâØòĈÈĂÚäñãñ
ëòĈÚĀæñäñãñãóè ÿßøćîÿÜĆÚìæòÂÂóäĂì­ìÚ¬èãÈóÚĀæñÿÉ­óìÚ­óØöćÃîÈäòÑØöćÿÂöćãèÃ­îÈăÕ­ã÷Õ×øîÜÐõÛòÖõÖ¬îăÜ 
 Ƙ.  ĂÚÑóÚñØöćÿÜĆÚßæÿâøîÈÕöÃîÈËùâËÚĀæñÃîÈÜäñÿØé ÜäñËóËÚăØãØùÂÅÚÅèäÜÐõÛòÖõÖÚĂì­
×úÂÖ­îÈÖóâÂÏÃ­îÛòÈÅòÛ ìäøîÖóâÂÏìâóãÿÂöćãèÂòÛëõćÈĀèÕæ­îâØöćëČóÅòÎ 
 ƙ.  ìÚ¬èãÈóÚÃîÈäòÑØòĈÈĂÚØ­îÈ×õćÚĀæñáúâõáóÅ ÉñÖ­îÈÿÜĆÚÝú­ÚČóĀæñÿÜĆÚĀÛÛîã¬óÈØöćÕöĂÚÂóä
îÚùäòÂê°ĀæñßòÓÚóëáóßĀèÕæ­îâ äèâØòĈÈÉñÖ­îÈĂì­ÅèóâëÚòÛëÚùÚĀæñä¬èââøîÂòÛáóÅÿîÂËÚĀæñ
ÜäñËóËÚăÜÕ­èã 
 ƚ. ÿÝãĀßä¬Ã¬óèëóäÃ­îâúæÂÏìâóãØ­îÈ×õćÚ ĀæñÅèóâäú­ØóÈÕ­óÚÂóäîÚùäòÂê°ĀæñßòÓÚó
ëáóßĀèÕæ­îâØòĈÈØóÈÖäÈĀæñØóÈî­îâ 
 ƛ. ìÚ¬èãÈóÚØöćäòÛÝõÕËîÛĂÚØ­îÈ×õćÚ áúâõáóÅ Ö­îÈäöÛÿä¬ÈÕČóÿÚõÚÂóäĀÂ­ăÃàøĈÚàúëáóßĀèÕæ­îâØöć
ÿëøćîâāØäâăÜĂì­ÂæòÛëú¬ëáóßÿË¬ÚÿÕõâ ĀæñìóØóÈÜ­îÈÂòÚăâ¬Ăì­ÿÂõÕëáóßÂóäÔ°ÿË¬ÚÚòĈÚÃ÷ĈÚâóîöÂ 
 
 
 
 



 Ɨƙƙ 

ÿäøćîÈØöć ƞ ëáóèñāæÂä­îÚ ëóÿìÖùĀæñÝæÂäñØÛ ÂóäÜ­îÈÂòÚĀæñÂóäĀÂ­ăÃÜòÎìóāæÂä­îÚ 
áóèñāæÂä­îÚ (Global Warming)  
 áóèñāæÂä­îÚ (Global Warming) ìäøî áóèñáúâõîóÂóéÿÜæöćãÚĀÜæÈ (Climate Change) ÿÜĆÚ
ÜòÎìóĂìÎ¬ÃîÈāæÂÿäóĂÚÜòÉÉùÛòÚ ëòÈÿÂÖăÕ­ÉóÂ îùÔìáúâõ ÃîÈāæÂØöćëúÈÃ÷ĈÚÿäøćîãą ëóÿìÖùìæòÂÃîÈÜòÎìóÚöĈ 
âóÉóÂ Â®óÌÿäøîÚÂäñÉÂ (Greenhouse gases)    ÜäóÂÐÂóäÔ°ÿäøîÚÂäñÉÂ âöÅèóâëČóÅòÎÂòÛāæÂ ÿßäóñÂ®óÌ
ÉČóßèÂ Åóä°ÛîÚăÕîîÂăÌÕ° ìäøî âöÿØÚ ÉñÂòÂÿÂĆÛÅèóâä­îÚÛóÈë¬èÚăè­ĂÚĂÚāæÂ ăâ¬Ăì­ëñØ­îÚÂæòÛëú¬
ÛääãóÂóéØòĈÈìâÕ âõÊñÚòĈÚ āæÂÉñÂæóãÿÜĆÚĀÛÛÕèÈÉòÚØä° ØöćÖîÚÂæóÈÅøÚìÚóèÉòÕ (Āæñ ÖîÚÂæóÈèòÚ
ä­îÚÉòÕ ÿßäóñăâ¬âöÛääãóÂóé ÂäîÈßæòÈÈóÚ ÉóÂ ÕèÈîóØõÖã°) Ì÷ćÈÂóäØČóĂì­āæÂîù¬ÚÃ÷ĈÚÿË¬ÚÚöĈ Åæ­óãÂòÛ
ìæòÂÂóäÃîÈ ÿäøîÚÂäñÉÂ (ØöćĂË­ÜæúÂßøË) É÷ÈÿäöãÂè¬ó ÜäóÂÐÂóäÔ°ÿäøîÚÂäñÉÂ (Greenhouse Effect) ĀÖ¬Âóä
ÿßõćâÃ÷ĈÚîã¬óÈÖ¬îÿÚøćîÈÃîÈ CO2 ØöćîîÂâóÉóÂ āäÈÈóÚîùÖëóìÂääâ ä×ãÚÖ° ìäøîÂóäÂäñØČóĂÕąØöćÿÝó 
ÿËøĈîÿßæõÈàîëÌõæ (ÿË¬Ú ×¬óÚìõÚ ÚČĈóâòÚ Â®óÌÙääâËóÖõ ìäøî ëóäÜäñÂîÛăïāÕäÅóä°ÛîÚ ) ë¬ÈÝæĂì­äñÕòÛ
ÜäõâóÔ CO2 ĂÚÜòÉÉùÛòÚëúÈÿÂõÚ 300 ppm (300 ë¬èÚ ĂÚ æ­óÚë¬èÚ) ÿÜĆÚÅäòĈÈĀäÂĂÚäîÛÂè¬ó 6 ĀëÚÜöÌ÷ćÈ 
Åóä°ÛîÚăÕîîÂăÌÕ° ØöćâóÂÃ÷ĈÚÚöĈ ăÕ­ÿßõćâÂóäÂòÂÿÂĆÛÅèóâä­îÚăè­ĂÚāæÂÃîÈÿäóâóÂÃ÷ĈÚÿäøćîãą ÉÚÿÂõÕÿÜĆÚ 
áóèñāæÂä­îÚ ÕòÈÿË¬ÚÜòÉÉùÛòÚáóèñāæÂä­îÚáóãĂÚË¬èÈ 10 ÜöÚòÛÖòĈÈĀÖ¬Üö ß.é. 2533 âóÚöĈ ăÕ­âöÂóäÛòÚØ÷Â×÷ÈÜö
ØöćâöîóÂóéä­îÚØöćëùÕ×÷È 3 ÜöÅøî Üö ß.é. 2533, ß.é.2538 ĀæñÜö ß.é. 2540 Āâ­è¬óßãóÂäÔ°ÂóäÿÜæöćãÚĀÜæÈ
ëáóßáúâõîóÂóé ãòÈâöÅèóâăâ¬ĀÚ¬ÚîÚìæóãÜäñÂóä ĀÖ¬Âóä×Âÿ×öãÈèõßóÂê°èõÉóäÔ°ăÕ­ÿÜæöćãÚìòèÃ­îÉóÂ
ÅČó×óâØöćè¬ó "āæÂÂČóæòÈä­îÚÃ÷ĈÚÉäõÈìäøî" ÿÜĆÚ "ÝæÂäñØÛÉóÂÂóäØöćāæÂä­îÚÃ÷ĈÚÉñë¬ÈÝæä­óãĀäÈ Āæñ
Ö¬îÿÚøćîÈÖ¬îëõćÈØöćâöËöèõÖĂÚāæÂîã¬óÈăä" ÕòÈÚòĈÚ ãõćÈÿäóÜäñèõÈÿèæóæÈâøîÂäñØČóÂóäĀÂ­ăÃîîÂăÜÿßöãÈĂÕ 
ÝæÂäñØÛØöćÿÂõÕÃ÷ĈÚÂĆÉñãõćÈä­óãĀäÈâóÂÃ÷ĈÚÿØ¬óÚòĈÚ ĀæñÛùÅÅæØöćÉñăÕ­äòÛÝæÂäñØÛâóÂØöćëùÕÂĆÅøî æúÂìæóÚ
ÃîÈßèÂÿäóÿîÈ 
 ëóÿìÖù 
 áóèñāæÂä­îÚÿÜĆÚáòãßõÛòÖõØöćâó×÷È āÕãØöćÿäóØùÂÅÚÖ¬óÈØäóÛ×÷ÈëóÿìÖùÃîÈÂóäÿÂõÕÿÜĆÚîã¬óÈÕö ÚòćÚ
Åøî ÂóäØöćâÚùêã°ÿÝóÝæóÎÿËøĈîÿßæõÈàîëÌõæ ÿË¬Ú ×¬óÚìõÚ ÚČĈóâòÚ ĀæñÂ®óÌÙääâËóÖõ ÿßøćîÝæõÖßæòÈÈóÚ ÿäóÖ¬óÈ
ØäóÛÕö×÷ÈÝæÂäñØÛÛóÈîã¬óÈÃîÈáóèñāæÂä­îÚ ÿË¬Ú ÂóäæñæóãÃîÈÚČĈóĀÃĆÈĂÚÃòĈèāæÂ äñÕòÛÚČĈóØñÿæØöć
ëúÈÃ÷ĈÚ ÅèóâĀì­ÈĀæ­Èîã¬óÈäùÚĀäÈ ÂóäĀßä¬äñÛóÕÃîÈāäÅä­óãÖ¬óÈą îùØÂáòã ÜñÂóäòÈÿÜæöćãÚëöĀæñÂóäÿÂõÕ
ßóãùäùÚĀäÈÊòÛßæòÚ āÕãÝú­ØöćăÕ­äòÛÝæÂäñØÛâóÂØöćëùÕ ăÕ­ĀÂ¬ ÜäñÿØéÖóâĀÚèËóãÞòćÈ ÜäñÿØéØöćÿÜĆÚÿÂóñ 
ĀæñáúâõáóÅØöćÂČóæòÈßòÓÚóîã¬óÈÿîÿËöãîóÅÿÚã°    ÉóÂÂóäØČóÈóÚÃîÈÅÔñÂääâÂóäÃîÈäòÑÛóæÚóÚóËóÖõ è¬ó
Õ­èãÿäøćîÈÂóäÿÜæöćãÚĀÜæÈëáóßáúâõîóÂóéØöćâöîÈÅ°ÂóäèõØãóéóëÖä° ăÕ­ä¬èââøîÂòÛîÈÅ°ÂóäëìÜäñËóËóÖõ ÿÞ­ó
ëòÈÿÂÖÝæÂäñØÛÖ¬óÈą ĀæñăÕ­ßÛìæòÂÑóÚĂìâ¬ØöćĀÚ¬ËòÕè¬ó ÉóÂÂóäØöćáóèñāæÂä­îÚÃ÷ĈÚĂÚË¬èÈ 50 Âè¬óÜöâóÚöĈ 
ë¬èÚĂìÎ¬ÿÜĆÚÝæâóÉóÂÂóäÂäñØČóÃîÈâÚùêã° Ì÷ćÈë¬ÈÝæÂäñØÛîã¬óÈÖ¬îÿÚøćîÈĂì­îùÔìáúâõÃîÈāæÂÿßõćâÃ÷ĈÚĂÚ
ØùÂìÚØùÂĀì¬È ÜäñâóÔ 1.4-5.8 îÈéóÿÌæÿÌöãë ÂóäÿÜæöćãÚĀÜæÈëáóßáúâõîóÂóéăâ¬ăÕ­ÿÜæöćãÚĀÜæÈăÜØöæñ
ÿæĆÂØöæñÚ­îã ĀÖ¬ÿÜĆÚÂóäÿÜæöćãÚĀÜæÈîã¬óÈäùÚĀäÈÌ÷ćÈÿÂõÕÃ÷ĈÚÛ¬îãÅäòĈÈ ĀæñâöÅèóâäùÚĀäÈâóÂÃ÷ĈÚÿäøćîãą 



 Ɨƙƚ 

Öòèîã¬óÈØöćÿìĆÚăÕ­ËòÕăÕ­ĀÂ¬ ÅèóâĀì­ÈĀæ­Èîã¬óÈäùÚĀäÈ èóÖáòã îùØÂáòã ßóãùÞÚà­óÅñÚîÈ ßóãùØîä°ÚóāÕ 
ĀÝ¬ÚÕõÚ×æ¬â ĀæñÂóäÿÂõÕßóãùäùÚĀäÈÊòÛßæòÚ ÉóÂáóèñîòÚÖäóãÿìæ¬óÚöĈßÛè¬ó Ýú­Øöćîóéòãîãú¬ĂÚÿÃÖßøĈÚØöćØöćÿëöćãÈ
ÂòÛÂóäÿÂõÕÿìÖùÂóäÔ°ÕòÈÂæ¬óè Ì÷ćÈăÕ­äòÛÝæÂäñØÛâóÂÂè¬óßøĈÚØöćë¬èÚîøćÚą ãòÈăâ¬ăÕ­äòÛÂóäÿîóĂÉĂë¬Āæñ
Ë¬èãÿìæøîÿØ¬óØöćÅèä ÚîÂÉóÂÚöĈ ãòÈâöÂóäÅóÕÂóäÔ°è¬ó ÂóäØöćîùÔìáúâõÃîÈāæÂëúÈÃ÷ĈÚ ÿÜĆÚÿìÖùĂì­ÜäõâóÔ
ÝæÝæõÖÿßøćîÂóäÛäõāáÅāÕãäèâæÕæÈ Ì÷ćÈØČóĂì­ÉČóÚèÚÝú­îÕîãóÂìõèāìãÿßõćâÃ÷ĈÚîöÂ 60-350 æ­óÚÅÚ ĂÚ
ÜäñÿØéăØãĀæñàõæõÜÜõÚë° âöāÅäÈÂóäßæòÈÈóÚÖ¬óÈą ØöćÉòÕÖòĈÈÃ÷ĈÚ ĀæñÂóäÕČóÿÚõÚÈóÚÃîÈāÅäÈÂóäÿìæ¬óÚöĈ ăÕ­
ë¬ÈÝæÂäñØÛÖ¬îäñÛÛÚõÿèéèõØãóîã¬óÈÿìĆÚăÕ­ËòÕ Öòèîã¬óÈÿË¬Ú ÂóäÿÜæöćãÚĀÜæÈÃîÈÞÚØöćăâ¬ÖÂÖóâåÕúÂóæ 
ĀæñÜäõâóÔÚČĈóÞÚØöćÖÂĂÚĀÖ¬æñË¬èÈăÕ­ÿÜæöćãÚĀÜæÈăÜ ÂóäÛùÂäùÂĀæñØČóæóãÜ¬óăâ­ØöćîùÕâëâÛúäÔ° ÂóäëúÈÃ÷ĈÚ
ÃîÈäñÕòÛÚČĈóØñÿæĀæñîùÔìáúâõÃîÈÚČĈóØñÿæ Ì÷ćÈë¬ÈÝæÂäñØÛîã¬óÈâóÂÖ¬îäñÛÛÚõÿèéèõØãóÖóâĀÚèËóãÞòćÈ 
ĀæñÉóÂÂóäØöćîùÔìáúâõÃîÈÚČĈóØñÿæëúÈÃ÷ĈÚÚöĈ ăÕ­ë¬ÈÝæÂäñØÛÖ¬îÂóäÿÜæöćãÚëöÃîÈÚČĈóØñÿæ ÕòÈÚòĈÚ ĀÚè
ÜñÂóäòÈÖ¬óÈą É÷ÈăÕ­äòÛÝæÂäñØÛĀæñ×úÂØČóæóãÿË¬ÚÂòÚ  
 ÜäñÿØéăØãÿÜĆÚÖòèîã¬óÈÃîÈÜäñÿØéØöćâöËóãÞòćÈØñÿæ ØöćâöÅèóâãóèÜäñâóÔ 2,490 ÂõāæÿâÖä Āæñ
ÿÜĆÚĀìæ¬ÈØöćâöÅèóâëČóÅòÎîã¬óÈâóÂÖ¬îÿéäêÑÂõÉÃîÈÜäñÿØé āÕãÿÊßóñîã¬óÈãõćÈ ÂóäÜäñâÈ ÂóäÿßóñÿæöĈãÈ
ëòÖè°ÚČĈó ĀæñÅèóâăâ¬ĀÚ¬ÚîÚÃîÈåÕúÂóäØöćë¬ÈÝæÂäñØÛÖ¬îÂóäØČóÿÂêÖäÂääâ âöÂóäÅóÕÂóäÔ°è¬ó ìóÂ
äñÕòÛÚČĈóØñÿæëúÈÃ÷ĈÚîöÂîã¬óÈÚ­îã 1 ÿâÖäáóãĂÚØéèääêìÚ­ó ìóÕØäóãĀæñßøĈÚØöćËóãÞòćÈĂÚÜäñÿØéăØãÉñ
æÕÚ­îãæÈ ë×óÚØöćÖóÂîóÂóéËóãØñÿæ äèâ×÷ÈîùÖëóìÂääâÂóäØ¬îÈÿØöćãèĂÚë×óÚØöćØ¬îÈÿØöćãèÖ¬óÈą ÿË¬Ú 
ßòØãó Āæñ äñãîÈÉñăÕ­äòÛÝæÂäñØÛāÕãÖäÈ Āâ­ĀÖ¬ÂäùÈÿØßâìóÚÅä ÂĆăâ¬ëóâóä×ìæöÂÿæöćãÈÉóÂÝæÂäñØÛ
ÃîÈäñÕòÛÚČĈóØñÿæØöćëúÈÃ÷ĈÚÚöĈÿË¬ÚÂòÚÜòÎìóÕ­óÚëùÃáóß ÂĆÿÜĆÚÿäøćîÈëČóÅòÎîöÂÿäøćîÈìÚ÷ćÈØöćăÕ­äòÛÝæÂäñØÛîã¬óÈ
äùÚĀäÈ ÉóÂëáóßáúâõîóÂóéØöćÿÜæöćãÚĀÜæÈÚöĈÕ­èã ÿÚøćîÈÉóÂîùÔìáúâõĀæñÅèóâËøĈÚØöćëúÈÃ÷ĈÚ ë¬ÈÝæĂì­âöÂóä
ÿßõćâÃ÷ĈÚÃîÈãù¬ÈâóÂÃ÷ĈÚ Ì÷ćÈÚČóâóëú¬ÂóäĀßä¬äñÛóÕÃîÈăÃ­âóÿæÿäöãĀæñăÃ­ë¬ó ÚîÂÉóÂÚöĈāäÅØöćÿÂöćãèÃ­îÈÂòÛÚČĈó 
ÿË¬Ú îìõèóÖÂāäÅ Ì÷ćÈÉòÕè¬óÿÜĆÚāäÅØöćĀßä¬äñÛóÕăÕ­îã¬óÈäèÕÿäĆèāäÅìÚ÷ćÈĂÚáúâõáóÅÚöĈ ÅóÕè¬óÉñÿßõćâÃ÷ĈÚîã¬óÈ
äèÕÿäĆèĀæñÖ¬îÿÚøćîÈ ÉóÂîùÔìáúâõĀæñÅèóâËøĈÚØöćëúÈÃ÷ĈÚ ÅÚãóÂÉÚÿÜĆÚÂæù¬âÅÚØöćâöÅèóâÿëöćãÈëúÈÖ¬îÝæÂäñØÛ 
ÉóÂÂóäÿÜæöćãÚĀÜæÈÚöĈ ÜäñÂîÛÂòÛÂóäĂì­Åèóâäú­ĂÚÕ­óÚÂóäÕúĀæäòÂêóëùÃáóßØöćÕö ãòÈâöăâ¬ÿßöãÈßî ÜòÉÉùÛòÚ
ÚöĈëòÎÎóÔÿÛøĈîÈÖ­ÚÃîÈëáóßáúâõîóÂóéØöćÿÜæöćãÚĀÜæÈăÜ ăÕ­ÜäóÂÐÃ÷ĈÚîã¬óÈĀÉ­ÈËòÕ ÕòÈÚòĈÚ ëâÅèäìäøîăâ¬Øöć
ÉñäîÉÚÂè¬óÉñÅ­ÚßÛÃ­îâúæâóÂÃ÷ĈÚ ìäøî âöÅèóâäú­ĂÚÂóäĀÂ­ăÃâóÂÃ÷ĈÚ Ì÷ćÈ Ô ÿèæóÚòĈÚÂĆîóÉëóãÿÂõÚăÜĀæ­è
ØöćÉñĀÂ­ăÃăÕ­ 
 

 ÂæăÂÃîÈëáóèñāæÂä­îÚ 
 ĂÚëáóèñÜÂÖõ āæÂÉñăÕ­äòÛßæòÈÈóÚÜäñâóÔ ƟƟ.Ɵƛ% ÉóÂÕèÈîóØõÖã° ĂÚäúÜĀÛÛÃîÈÂóäĀÝ¬äòÈëö 
ßæòÈÈóÚØöćÿìæøîâóÉóÂÅèóâä­îÚĂÖ­ßõáßÌ÷ćÈìæÈÿìæøîÉóÂÂóäÂ¬îÖòèÃîÈāæÂÉóÂÞù¬ÚÙùæöĂÚîèÂóé ĀæñÂóä
ëæóãÖòèÃîÈÙóÖùÂòââòÚÖäòÈëöØöćâöîãú¬ĂÚāæÂ ÖòĈÈĀÖ¬Õ÷ÂÕČóÛääß°âóāæÂÿäóëóâóä×äòÂêóëâÕùæÃîÈßæòÈÈóÚØöć
ăÕ­äòÛîã¬óÈÕöÿãöćãâ āÕãâöÂóäëñØ­îÚÅèóâä­îÚ ĀæñÂóäĀÝ¬äòÈëöÉóÂāæÂÉÚßæòÈÈóÚëùØÙõØöćăÕ­äòÛĂÚĀÖ¬æñèòÚ



 Ɨƙƛ 

ÿØ¬óÂòÛéúÚã° ØČóĂì­āæÂâöëáóßîóÂóéÿìâóñëâÖ¬îëõćÈâöËöèõÖìæóÂìæóã ÂæăÂìÚ÷ćÈØöćØČóĂì­āæÂÿäóäòÂêó
ßæòÈÈóÚÅèóâä­îÚăè­ăÕ­Åøî ǗäóÂÐÂóäÔ°ÿäøîÚÂäñÉÂµ (greenhouse effect) ØöćØČóìÚ­óØöćÕòÂ ĀæñëñØ­îÚ
Åèóâä­îÚØöćāæÂĀÝ¬ÂæòÛîîÂăÜĂÚîèÂóéĂì­ÂæòÛÿÃ­óăÜĂÚāæÂîöÂ ìóÂăâ¬âöĀÂ®ëÂæù¬âÚöĈāæÂÉñăâ¬ëóâóä×
ÿÂĆÛßæòÈÈóÚăè­ăÕ­ ĀæñÉñâöîùÔìáúâõĀÜäÜäèÚĂÚĀÖ¬æñèòÚ ĀÂ®ëÂæù¬âÚöĈÉ÷ÈØČóìÚ­óØöćÿëâøîÚÝ­óì¬âÛóÈ ą Øöć
ÅæùâāæÂØöćìÚóèÿãĆÚÂóäÔ°ÂæòÛÂæóãÿÜĆÚè¬óĂÚË¬èÈäñãñÿèæóìæóãëõÛÜöØöćÝ¬óÚâó āæÂÿäóăÕ­âöÂóäëñëâĀÂ®ë
ÿäøîÚÂäñÉÂĂÚËòĈÚÛääãóÂóéâóÂÃ÷ĈÚ ÿÚøćîÈÉóÂÂóäÿÝóăìâ­ÿËøĈîÿßæõÈÖ¬óÈ ą ØöćĂË­ĂÚÂõÉÂääâÜäñÉČóèòÚ 
āÕãÿÊßóñîã¬óÈãõćÈÂóäÿÝóăìâ­ÚČĈóâòÚÿËøĈîÿßæõÈØöćÃùÕÃ÷ĈÚâóÉóÂĂÖ­ÕõÚ ÂóäÿßõćâÃ÷ĈÚÃîÈĀÂ®ëÿäøîÚÂäñÉÂØČóĂì­
āæÂăâ¬ëóâóä×ĀÝ¬Åèóâä­îÚîîÂăÜăÕ­îã¬óÈØöćÿÅã ë¬ÈÝæĂì­îùÔìáúâõÃîÈāæÂÿßõćââóÂÃ÷ĈÚîã¬óÈÖ¬îÿÚøćîÈ 
ÿëâøîÚÂòÛāæÂÿäóâöÝ­óì¬âØöćìÚóÃ÷ĈÚÚòćÚÿîÈ 
 ÜäóÂÐÂóäÔ°ÿäøîÚÂäñÉÂÅøîîñăä? 
 "ÜäóÂÐÂóäÔ°ÿäøîÚÂäñÉÂ" (greenhouse effect) Åøî ÜäóÂÐÂóäÔ°ØöćāæÂâöîùÔìáúâõëúÈÃ÷ĈÚÿÚøćîÈÉóÂ 
ßæòÈÈóÚĀëÈîóØõÖã° ƕ°ĂÚË¬èÈÅèóâãóèÅæøćÚîõÚàäóÿäÕØöćëñØ­îÚÂæòÛ×úÂÕúÕÂæøÚāÕãāâÿæÂùæÃîÈ ăîÚČĈó 
Åóä°ÛîÚăÕîîÂăÌÕ° (CO2)  âöÿØÚ (CH4) Āæñ CFCsăÚÖäòëîîÂăÌÕ° (N2O)ĂÚÛääãóÂóéØČóĂì­āâÿæÂùæ
ÿìæ¬óÚöĈâößæòÈÈóÚëúÈÃ÷ĈÚâöÂóä×¬óãÿØßæòÈÈóÚÌ÷ćÈÂòÚĀæñÂòÚØČóĂì­îùÔìáúâõĂÚËòĈÚÛääãóÂóéëúÈÃ÷ĈÚÂóä×¬óãÿØ
ßæòÈÈóÚĀæñÅèóâãóèÅæøćÚÃîÈāâÿæÂùæÿìæ¬óÚöĈÖ¬îąÂòÚăÜ ĂÚÛääãóÂóéØČóĂì­āâÿæÂùæÿÂõÕÂóäëòćÚÂóä
ÿÅæøćîÚăìè ÖæîÕÿèæóĀæñâóËÚ×úÂÝõèìÚòÈÃîÈÿäó ØČóĂì­ÿäóäú­ë÷Âä­îÚ  ĂÚÜäñÿØéĂÚÿÃÖìÚóèâöÂóä
ÿßóñÜæúÂßøËāÕãîóéòãÂóäÅèÛÅùâîùÔìáúâõÅèóâä­îÚāÕãĂË­ìæòÂÂóäØöćßæòÈÈóÚÅèóâä­îÚÉóÂĀëÈîóØõÖã°
ë¬îÈÝ¬óÚÂäñÉÂ ĀÖ¬Åèóâä­îÚØöćîãú¬áóãĂÚÿäøîÚÂäñÉÂăâ¬ëóâóä×ëñØ­îÚÂæòÛîîÂâóØČóĂì­îùÔìáúâõáóãĂÚ
ëúÈÃ÷ĈÚÿìâóñĀÂ¬ÂóäÿßóñÜæúÂÃîÈßøË É÷ÈâöÂóäÿÜäöãÛÿØöãÛÜäóÂÐÂóäÔ°ØöćîùÔìáúâõÃîÈāæÂëúÈÃ÷ĈÚÚöĈè¬óáóèñ 
ÿäøîÚÂäñÉÂ(greenhouse effect) Â®óÌÅóä°ÛîÚăÕîîÂăÌÕ° (CO2) ÿÜĆÚÂ®óÌØöćëñëâßæòÈÈóÚÅèóâä­îÚĂÚ
ÛääãóÂóéāæÂăè­âóÂØöćëùÕĀæñâöÝæØČóĂì­ îùÔìáúâõÃîÈāæÂëúÈÃ÷ĈÚâóÂØöćëùÕĂÚÛääÕóÂ®óÌÿäøîÚÂäñÉÂËÚõÕ
îøćÚą CO2ë¬èÚâóÂÿÂõÕÉóÂÂóäÂäñØČóÃîÈâÚùêã°ÿË¬Ú   ÂóäÿÝóăìâ­ÿËøĈîÿßæõÈ ,  ÂóäÝæõÖÌöÿâÚÖ° , ÂóäÿÝóăâ­
ØČóæóãÜ¬ó  
 Â®óÌØöćÂ¬îĂì­ÿÂõÕÜäóÂÐÂóäÔ°ÿäøîÚÂäñÉÂ  âöÕòÈÚöĈ 

¶ Åóä°ÛîÚăÕîîÂăÌÕ° (CO2) ÿÂõÕÉóÂÂóäÿÝóăìâ­Ö¬óÈ ą  
¶ âöÿØÚ Ì÷ćÈë¬èÚĂìÎ¬ÿÂõÕÉóÂÂóäëæóãÖòèÃîÈîõÚØäöãèòÖ×ù ÿË¬Ú ÃãñâúæÞîãØöćã¬îãëæóãăÕ­ ÃîÈ
ÿëöã îùÉÉóäñ  

¶ CFC ÿÜĆÚëóäÜäñÂîÛëČóìäòÛØČóÅèóâÿãĆÚ ßÛĂÚÿÅäøćîÈØČóÅèóâÿãĆÚÖ¬óÈą ÿÜĆÚëõćÈØöćîãú¬ä¬èâÂòÛ
àäöîîÚ ĀæñãòÈßÛăÕ­ĂÚëÿÜäã°Ö¬óÈ ą îöÂÕ­èã  

¶ Nitrous Oxide (N2O) ÿÜĆÚÂ®óÌâößõêØöćÿÂõÕÉóÂÿÅäøćîÈãÚÖ° ÂóäÿÝó×¬óÚìõÚ ĀæñĂË­ÜäñÂîÛĂÚ
ä×ãÚÖ°ÿßøćîÿßõćâÂČóæòÈÿÅäøćîÈ  



 ƗƙƜ 

Â®óÌÿìæ¬óÚöĈÿË¬Ú CFC ÉñØČóÜÐõÂõäõãóÂòÛäòÈëöîòæÖäóăèāîÿæÖĀæñĀÖÂÖòèîîÂÿÜĆÚāâÿæÂùæÅæîäöÚ
ĀæñāâÿæÂùæÖ¬óÈąîöÂìæóãËÚõÕ Ì÷ćÈāâÿæÂùæÿìæ¬óÚöĈÉñÿÜĆÚÖòèØČóæóãāâÿæÂùæÃîÈîîÂÌõÿÉÚËÚõÕßõÿéêìäøî O3 
ÛÚËòĈÚÛääãóÂóéāîāÌÚ ØČóĂì­äòÈëöîòæÖäóăèāîÿæÖ ĀæñîõÚàóÿäÕë¬îÈÝ¬óÚæÈâóãòÈßøĈÚāæÂâóÂÃ÷ĈÚ ĂÚ
ÃÔñÿÕöãèÂòÚÂ®óÌÿìæ¬óÚöĈÂĆÂòÚäòÈëöăâ¬Ăì­îîÂăÜÉóÂÛääãóÂóéāæÂ Õ­èãè¬óØöćäòÈëöÿìæ¬óÚöĈÿÜĆÚßæòÈÈóÚ ßèÂâòÚ
É÷ÈØČóĂì­āæÂä­îÚÃ÷ĈÚ  

¶ Â®óÌăïāÕäàæúāäÅóä°ÛîÚ ( HFCS)  
¶ Â®óÌÿÜîä°àæúāäÅóä°ÛîÚ ( CFCS)  
¶ Â®óÌÌòæÿàîä°ÿïÂÌ¬óàæúāîāäÕ° ( SF6 )  

Â®óÌÿìæ¬óÚöĈëâÅèäØöćÉñÖ­îÈæÕÂóäÜæ¬îãîîÂâó  Ì÷ćÈÝú­ØöćÉñæÕÂóäÜæ¬îãÂ®óÌÿìæ¬óÚöĈăÕ­ÂĆÅøî âÚùêã°ØùÂÅÚ 
 

ÖóäóÈĀëÕÈĀÂ®ëÿäøîÚÂäñÉÂĀæñĀìæ¬ÈØöćâó  

ĀÂ®ëÿäøîÚÂäñÉÂ Āìæ¬ÈØöćâó ë¬ÈÝæĂì­āæÂä­îÚÃ÷ĈÚ (%) 

ĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ°
(CO2)  

1) ÉóÂĀìæ¬ÈÙääâËóÖõ ÿË¬Ú ÂäñÛèÚÂóäìóãĂÉÃîÈ
ëõćÈâöËöèõÖ 
2) ÉóÂâÚùêã° ÿË¬Ú ÂóäÿÝóăìâ­ÿËøĈîÿßæõÈÉóÂāäÈÈóÚ
îùÖëóìÂääâÖ¬óÈą , ÂóäÖòÕăâ­ØČóæóãÜ¬ó (æÕÂóäÕúÕÌòÛ 
CO2) 

57 

ĀÂ®ëâöÿØÚ(CH4) 

1) ÉóÂĀìæ¬ÈÙääâËóÖõ ÿË¬Ú ÉóÂÂóäã¬îãëæóãÃîÈëõćÈâöËöèõÖ, 
ÂóäÿÝóăìâ­ØöćÿÂõÕÉóÂÙääâËóÖõ 
2) ÉóÂâÚùêã° ÿË¬Ú ÉóÂÚóÃ­óè, Āìæ¬ÈÚČĈóØ¬èâ, ÉóÂÂóäÿÝó
ăìâ­ÿËøĈîÿßæõÈÜäñÿáØ×¬óÚìõÚ ÚČĈóâòÚ ĀæñĀÂ®ëÙääâËóÖ 

12 

ĀÂ®ëăÚÖäòëîîÂăÌÕ(N2O) 

 1) ÉóÂâÚùêã° ÿË¬Ú îùÖëóìÂääâØöćĂË­ÂäÕăÚÖäõÂĂÚ
ÃÛèÚÂóäÝæõÖ, îùÖëóìÂääâßæóëÖõÂ, îùÖëóìÂääâ
ăÚæîÚ, îùÖëóìÂääâÿÅâö, ÂóäÿÝóăìâ­ÿËøĈîÿßæõÈÉóÂÌóÂ
ßøËĀæñëòÖè°, Üù̄ ã, ÂóäÿÝóÜ¬ó 
2) ÉóÂĀìæ¬ÈÙääâËóÖõ - îãú¬ĂÚáóèñØöćëâÕùæ 

6 

ĀÂ®ëØöćâöë¬èÚÜäñÂîÛÅæîāä
àæúîîāäÅóä°ÛîÚ(CFCS)  

ÉóÂâÚùêã° ÿË¬Ú îùÖëóìÂääâÖ¬óÈą ĀæñîùÜÂäÔ°ÿÅäøćîÈĂË­
ĂÚËöèõÖÜäñÉČóèòÚ ÿË¬Ú āàâ, ÂäñǕ îÈëÿÜäã°, ÿÅäøćîÈØČó
ÅèóâÿãĆÚ ; Öú­ÿãĆÚ Āîä° , ÖòèØČóæóã (ĀÂ®ëÚöĈÉñäèâÖòèØóÈÿÅâö
ăÕ­ÕöÂòÛāîāÌÚØČóĂì­āîāÌÚĂÚËòĈÚÛääãóÂóéæÕæÈìäøî
ÿÂõÕäúäòćèĂÚËòĈÚāîāÌÚ)   

25 



 ƗƙƝ 

 ÝæÂäñØÛÉóÂëáóèñāæÂä­îÚ 
 Āâ­è¬óāÕãÿÊæöćãĀæ­èîùÔìáúâõÃîÈāæÂÉñÿßõćâÃ÷ĈÚăâ¬âóÂÚòÂ ĀÖ¬ÝæÂäñØÛØöćÿÂõÕÃ÷ĈÚÉñë¬ÈÝæÖ¬îÿÜĆÚ
ØîÕ ą ĀæñÉñâöÝæÂäñØÛÂòÛāæÂĂÚØöćëùÕ ÃÔñÚöĈÝæÂäñØÛÕòÈÂæ¬óèÿäõćâÜäóÂÐĂì­ÿìĆÚĀæ­èØòćèāæÂ äèâØòĈÈ
ÜäñÿØéăØã Öòèîã¬óÈØöćÿìĆÚăÕ­ËòÕÅøî ÂóäæñæóãÃîÈÚČĈóĀÃĆÈØòćèāæÂ ØòĈÈØöćÿÜĆÚÙóäÚČĈóĀÃĆÈ (glaciers) Āìæ¬È
ÚČĈóĀÃĆÈÛäõÿèÔÃòĈèāæÂ ĀæñĂÚÂäöÚĀæÚÕ° Ì÷ćÈÉòÕè¬óÿÜĆÚĀìæ¬ÈÚČĈóĀÃĆÈØöćĂìÎ¬ØöćëùÕĂÚāæÂ ÚČĈóĀÃĆÈØöćæñæóãÚöĈÉñ
ăÜÿßõćâÜäõâóÔÚČĈóĂÚâìóëâùØä ÿâøćîÜäñÂîÛÂòÛîùÔìáúâõÿÊæöćãÃîÈÚČĈóëúÈÃ÷ĈÚ ÚČĈóÂĆÉñâöÂóäÃãóãÖòèä¬èâÕ­èã 
ØČóĂì­ÜäõâóÔÚČĈóĂÚâìóëâùØäØòćèāæÂÿßõćâÃ÷ĈÚÿÜĆÚØèöÅúÔ ØČóĂì­äñÕòÛÚČĈóØñÿæëúÈÃ÷ĈÚâóÂ ë¬ÈÝæĂì­ÿâøîÈ
ëČóÅòÎą Øöćîãú¬äõââìóëâùØäÖÂîãú¬ĂÖ­äñÕòÛÚČĈóØñÿæØòÚØö âöÂóäÅóÕÂóäÔ°è¬óìóÂÚČĈóĀÃĆÈÕòÈÂæ¬óèæñæóãìâÕ 
ÉñØČóĂì­äñÕòÛÚČĈóØñÿæëúÈÃ÷ĈÚ Ɯ · ƞ ÿâÖäØöÿÕöãè ÝæÂäñØÛØöćÿäõćâÿìĆÚăÕ­îöÂÜäñÂóäìÚ÷ćÈÅøî ÂóäÿÂõÕßóãùìâùÚ
ØöćâöÅèóâ×öćâóÂÃ÷ĈÚ ĀæñâöÅèóâäùÚĀäÈâóÂÃ÷ĈÚÕ­èã ÕòÈÿäóÉñÿìĆÚăÕ­ÉóÂÃ¬óèßóãùÿïîäõÿÅÚØöćßòÕÿÃ­ó×æ¬âëìäòÑ
ìæóãæúÂĂÚË¬èÈëîÈëóâÜöØöćÝ¬óÚâó ĀÖ¬æñæúÂÂĆëä­óÈÅèóâÿëöãìóãĂÚäñÕòÛìóãÚñØòĈÈëõĈÚ ëóÿìÖùîóÉîÙõÛóã
ăÕ­ĂÚĀÈ¬ßæòÈÈóÚ Âæ¬óèÅøî ÿâøćîâìóëâùØäâöîùÔìáúâõëúÈÃ÷ĈÚ ßæòÈÈóÚØöćßóãùăÕ­äòÛÂĆâóÂÃ÷ĈÚăÜÕ­èã ë¬ÈÝæĂì­
ßóãùâöÅèóâäùÚĀäÈÂè¬óØöćÿÅã ÚîÂÉóÂÚòĈÚëáóèñāæÂä­îÚãòÈë¬ÈÝæĂì­ÛóÈÛäõÿèÔĂÚāæÂÜäñëÛÂòÛëáóèñ
Āì­ÈĀæ­Èîã¬óÈăâ¬ÿÅãâöâóÂ¬îÚ ÿË¬ÚÃÔñÚöĈăÕ­ÿÂõÕëáóèñāæÂä­îÚäùÚĀäÈÃ÷ĈÚîöÂ ÿÚøćîÈÉóÂÖ­Úăâ­ĂÚÜ¬óØöćÿÅãØČó
ìÚ­óØöćÕúÕÂæøÚĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­æ­âÖóãæÈÿÚøćîÈÉóÂÃóÕÚČĈó ÚîÂÉóÂÉñăâ¬ÕúÕÂæøÚĀÂ®ëÖ¬îăÜĀæ­è
ãòÈÜæ¬îãÅóä°ÛîÚăÕîîÂăÌÕ°îîÂâóÉóÂÂäñÛèÚÂóäã¬îãëæóãÕ­èã ĀæñãòÈâöëòÎÎóÔÿÖøîÚÉóÂáòãÙääâËóÖõ
îøćÚ ą îöÂâóÂ Ì÷ćÈìóÂÿäóëòÈÿÂÖÕö ą ÉñßÛè¬óÿÜĆÚÝæÉóÂëáóèñÚöĈăâ¬Ú­îã 
 ÝæÂäñØÛÕ­óÚÚõÿèéèõØãó 
 Ā×ÛÃòĈèāæÂăÕ­äòÛÝæÂäñØÛâóÂØöćëùÕ ĀæñÂ¬îĂì­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈâóÂâóã āÕãÿÊßóñîã¬óÈãõćÈ
áúÿÃóÚČĈóĀÃĆÈ Â­îÚÚČĈóĀÃĆÈÉñæñæóãîã¬óÈäèÕÿäĆè ØČóĂì­äñÕòÛÚČĈóØñÿæØóÈÃòĈèāæÂÿßõćâÃ÷ĈÚ ĀæñăìææÈëú¬ØòćèāæÂ
ØČóĂì­ÿÂõÕÚČĈóØ¬èâăÕ­ØùÂØèöÜ ÚîÂÉóÂÚöĈÉñßæîãØČóĂì­ëòÖè°ØóÈØñÿæÿëöãËöèõÖÿßäóñäñÛÛÚõÿèéÿÜæöćãÚĀÜæÈ 
ë¬èÚØèöÜãùāäÜ ãùāäÜĂÖ­áúâõÜäñÿØéÉñÂæóãÿÜĆÚßøĈÚØöćæóÕÿîöãÈÿÂõÕÅèóâĀì­ÈĀæ­ÈĂÚìæóãßøĈÚØöć ÜòÎìó
îùØÂáòãÉñÿßõćâÃ÷ĈÚÿÚøćîÈÉóÂÙóäÚČĈóĀÃĆÈÛÚÛäõÿèÔãîÕÿÃóëúÈØöćÜÂÅæùâÕ­èãìõâñÉñæñæóãÉÚìâÕ ÃÔñØöć
ÿîÿËöãîùÔìáúâõÉñëúÈÃ÷ĈÚÿÂõÕåÕúÂóæØöćĀì­ÈĀæ­È âöÚČĈóØ¬èâ ÝæõÖÝæØóÈîóìóäæÕæÈ äñÕòÛÚČĈóØñÿæëúÈÃ÷ĈÚ ëáóèñ
îóÂóéĀÜäÜäèÚ îóÉØČóĂì­ÿÂõÕßóãùÖ¬óÈ ą âóÂâóãÿÃ­óăÜØČóæóãÛ­óÚÿäøîÚØöćîãú¬îóéòãÃîÈÜäñËóËÚ Ì÷ćÈ
ÜòÉÉùÛòÚÂĆÿìĆÚÝæÂäñØÛăÕ­ËòÕăâ¬è¬óÉñÿÜĆÚĂÖ­Þù¬ÚÂÂ ĀÖ¬Ā×ÛØèöÜîÿâäõÂóÿìÚøîîùÖëóìÂääâÂóäÝæõÖîóìóä
ÉñăÕ­äòÛÝæÜäñāãËÚ°ÿÚøćîÈÉóÂîóÂóéØöćîù¬ÚÃ÷ĈÚ ßä­îâą ÂòÛØù¬ÈìÎ­óĂìÎ¬ÃîÈĀÅÚóÕó ĀæñØù¬ÈäóÛĂìÎ¬
ëìäòÑîÿâäõÂóÉñæ­âÖóã ÿßäóñÅèóâĀÜäÜäèÚÃîÈîóÂóéÉñë¬ÈÝæÖ¬îëòÖè° ÚòÂèõÉòãăÕ­âöÂóäÅóÕÜäñâóÔ
îùÔìáúâõÝõèāæÂ ĂÚîöÂ ƗƖƖ ÜöÃ­óÈìÚ­ó ìäøîÜäñâóÔÜö ƘƜƚƙ è¬óîùÔìáúâõÉñëúÈÃ÷ĈÚÉóÂÜòÉÉùÛòÚäóè ƚ.ƛ îÈéó
ÿÌæÿÌöãë ÿÚøćîÈÉóÂÅóÕÂóäÔ°è¬óÉñâöÂóäÜæ¬îãÂ®óÌÅóä°ÛîÚăÕîîÂăÌÕ°×÷Èä­îãæñ Ɯƙ ĀæñÂ®óÌâöÿØÚä­îãæñ 
ƘƝ ÃîÈÂ®óÌÿäøîÚÂäñÉÂ ëČóìäòÛÜäñÿØéăØãâöîùÔìáúâõëúÈÃ÷ĈÚÜäñâóÔ Ɨ îÈéóÿÌæÿÌöãë ĂÚË¬èÈ ƚƖ Üö 
îã¬óÈăäÂĆÖóâìóÂîùÔìáúâõÿßõćâëúÈÃ÷ĈÚ Ƙ · ƚ îÈéóÿÌæÿÌöãë ÉñØČóĂì­ßóãùĂÖ­Þù¬ÚÿÜæöćãÚØõéØóÈ ÿÂõÕÅèóâ



 Ɨƙƞ 

äùÚĀäÈ ĀæñâöÉČóÚèÚÿßõćâÃ÷ĈÚä­îãæñ ƗƖ · ƘƖ ĂÚîÚóÅÖ ÚîÂÉóÂÚöĈåÕúä­îÚÉñÃãóãÿèæóãóèÚóÚÃ÷ĈÚ ĂÚÃÔñØöć
åÕúìÚóèÉñëòĈÚæÈ 
 ÝæÂäñØÛÕ­óÚÿéäêÑÂõÉ 
 äòÑØöćÿÜĆÚÿÂóñÿæĆÂ ą ÃîÈØèöÜîÿâäõÂó ÉñăÕ­äòÛÝæÉóÂäñÕòÛÚČĈóØñÿæØöćëúÈÃ÷ĈÚÂòÕÂä¬îÚËóãÞòćÈ Éñ
ëä­óÈÅèóâÿëöãìóãĀÂ¬äñÛÛÚõÿèé ĀÚèÜñÂóäòÈÉñ×úÂØČóæóã ÜæóØñÿæÜäñëÛÜòÎìó ÿÚøćîÈÉóÂäñÛÛÚõÿèéØöć
ĀÜäÿÜæöćãÚăÜ ÙùäÂõÉØ¬îÈÿØöćãèØóÈØñÿæØöćëČóÅòÎÉñëúÎÿëöãäóãăÕ­âìóéóæ ÚîÂÉóÂÚöĈĂÚÿîÿËöããòÈâöāîÂóë
ä­îãæñ ƜƜ · ƟƖ ØöćîóÉÿÂõÕÞÚÂäñìÚČćó Āæñâäëùâîã¬óÈäùÚĀäÈ äèâ×÷ÈÿÂõÕÅèóâĀì­ÈĀæ­ÈĂÚåÕúä­îÚØöćãóèÚóÚ 
ØòĈÈÚöĈĂÚÜö ƘƛƙƘ · Ƙƛƚƛ ÜäñÿØéăØãÿÂõÕÅèóâÿëöãìóãÉóÂîùØÂáòã ßóãù ĀæñáòãĀæ­È ÅõÕÿÜĆÚâúæÅ¬óÿëöãìóãØóÈ
ÿéäêÑÂõÉâóÂÂè¬ó ƝƖ,ƖƖƖ æ­óÚÛóØ äóãÈóÚ ́Global Deserts Outlookµ ÃîÈāÅäÈÂóäëõćÈĀèÕæ­îâĀì¬È
ëìÜäñËóËóÖõ ÿÚøćîÈĂÚèòÚëõćÈĀèÕæ­îâāæÂ ƛ âõ×ùÚóãÚ ËöĈè¬óáóãĂÚ ƛƖ ÜöÃ­óÈìÚ­ó äñÛÛÚõÿèéèõØãóØóÈ
ØñÿæØäóãÉñÿÜæöćãÚĀÜæÈăÜ ØòĈÈÕ­óÚËöèèõØãó ÿéäêÑÂõÉĀæñèòÓÚÙääâ ÜòÉÉùÛòÚßøË ĀæñëòÖè°ØóÈØñÿæØäóã
ÅøîĀìæ¬ÈØäòßãóÂäâöÅùÔÅ¬óëČóìäòÛÝæõÖãó ĀæñÙòÎÎóìóäĂìâ¬ą ØöćØČóĂì­ăâ¬Ö­îÈëõĈÚÿÜæøîÈÚČĈó ĀæñãòÈâö
Ë¬îÈØóÈÿéäêÑÂõÉĂìâ¬ ą ØöćÿÜĆÚâõÖäÂòÛÙääâËóÖõ ÿË¬ÚÂóäØČóàóä°âÂù­È ĀæñÛ¬îÜæóĂÚØñÿæØäóãäòÑîóäõāÌÚó 
ĀæñØñÿæØäóãÿÚÿÉà ĂÚîõëäóÿîæ îã¬óÈăäÂĆÖóâØñÿæØäóãØöćâöîãú¬ ƗƘ Āì¬ÈØòćèāæÂÂČóæòÈÿÝËõÎÜòÎìóĂìÎ¬ 
ăâ¬ĂË¬ÿäøćîÈÂóäÃãóãÖòè ĀÖ¬ÿÜĆÚÅèóâĀì­ÈĀæ­ÈÿÚøćîÈÉóÂāæÂä­îÚ ÙóäÚČĈóĀÃĆÈÌ÷ćÈë¬ÈÚČĈóâóìæ¬îÿæöĈãÈØñÿæØäóã
ĂÚîÿâäõÂóĂÖ­ÂČóæòÈæñæóã ÚČĈóĂÖ­ÕõÚÿÅĆâÃ÷ĈÚ äèâØòĈÈÝæÂäñØÛØöćÿÂõÕÉóÂÚČĈóâøîâÚùêã° Ì÷ćÈìóÂăâ¬âöÂóä æÈâøî
Ü­îÈÂòÚîã¬óÈØòÚØ¬èÈØö äñÛÛÚõÿèéèõØãó ĀæñëòÖè°Ü¬óĂÚØñÿæØäóãÉñëúÎìóãăÜáóãĂÚ ƛƖ ÜöÃ­óÈìÚ­ó       ĂÚ
îÚóÅÖÜäñËóÂä ƛƖƖ æ­óÚÅÚ Øöćîóéòãîãú¬ĂÚÿÃÖØñÿæØäóãØòćèāæÂÉñîãú¬ăâ¬ăÕ­îöÂÖ¬îăÜ ÿßäóñîùÔìáúâõëúÈÃ÷ĈÚ 
ĀæñÚČĈó×úÂĂË­ÉÚìâÕ ìäøîÿÅĆâÉÚÕøćâăâ¬ăÕ­ 
 ÝæÂäñØÛÕ­óÚëùÃáóß 
 áóèñāæÂä­îÚăâ¬ÿßöãÈØČóĂì­äñÛÛÚõÿèéÿÜæöćãÚĀÜæÈăÜ ĀÖ¬âöëõćÈÌ¬îÚÿä­ÚØöćĀîÛĀÞÈâóßä­îâ
ÜäóÂÐÂóäÔ°ÚöĈÕ­èãè¬óāæÂä­îÚÃ÷ĈÚÉñëä­óÈëáóèñØöćßîÿìâóñßîÅèä Ăì­ÿËøĈîāäÅÿÉäõÎÿÖõÛāÖîã¬óÈäèÕÿäĆè  ÿÕ
èõØ ßõÿâÚÿØæ ÚòÂÚõÿèéèõØãóĀì¬ÈâìóèõØãóæòãÅîä°ĀÚæĂÚîÿâäõÂó äñÛùè¬óāæÂä­îÚÃ÷ĈÚÉñÂ¬îĂì­ÿÂõÕ
ëáóßĀèÕæ­îâØöćÿìâóñëâĀÂ¬ÂóäàòÂÖòèÃîÈÿËøĈîāäÅ ĀæñéòÖäúßøËØöćÿÜĆÚîóìóäÃîÈâÚùêã°ÛóÈËÚõÕ āäÅØöć  àòÂ
ÖòèăÕ­ÕöĂÚëáóßä­îÚËøĈÚÃîÈāæÂ Éñëóâóä×ÿßõćâÃ÷ĈÚâóÂĂÚîöÂ ƘƖ ÜöÃ­óÈìÚ­ó ØòĈÈÉñâöÂóäÖõÕÿËøĈîÿßõćââóÂÃ÷ĈÚ
ĂÚāäÅâóæóÿäöã ăÃ­ë¬ó îìõèóÖÂāäÅ ĀæñîóìóäÿÜĆÚßõê ÚòÂèõØãóéóëÖä°ĂÚØöćÜäñËùâîÈÅ°ÂóäîÚóâòãāæÂ 
Āæñ London School of Hygiene and Tropical Medicine  èõØãóæòãé÷ÂêóÕ­óÚëùÃîÚóâòã Āæñ
ÿèËéóëÖä°ÿÃÖä­îÚÃîÈîòÈÂåêĀ×æÈè¬ó ĂÚĀÖ¬æñÜöÜäñËóËÚäóè ƗƜƖ,ƖƖƖ ÅÚ ÿëöãËöèõÖÿßäóñăÕ­äòÛ
ÝæÂäñØÛÉóÂáóèñāæÂä­îÚ ÖòĈÈĀÖ¬āäÅâóæóÿäöã   ăÜÉÚ×÷ÈÂóäÃóÕĀÅæÚëùÃîÚóâòãØöćÕö ĀæñÖòèÿæÃ
Ýú­ÿëöãËöèõÖÚöĈîóÉÿßõćâÃ÷ĈÚÿÂøîÛëîÈÿØ¬óÖòèĂÚîöÂ ƗƝ ÜöÃ­óÈìÚ­ó Ā×æÈÂóäÔ°ÃîÈÅÔñĀßØã°äñÕòÛāæÂäñÛùè¬ó 
ÿÕĆÂĂÚÜäñÿØéÂČóæòÈßòÓÚóÉòÕîãú¬ĂÚÂæù¬âÿëöćãÈâóÂØöćëùÕ ÿË¬ÚĂÚÜäñÿØéĀ×ÛĀîàäõÂó æñÖõÚîÿâäõÂó Āæñ



 ƗƙƟ 

ÿîÿËöãÖñèòÚîîÂÿÊöãÈĂÖ­ ØöćÉñÖ­îÈÿÝËõÎÂòÛÂóäĀßä¬ÃãóãÃîÈÂóäÃóÕĀÅæÚëùÃîÚóâòãāäÅØ­îÈä¬èÈ ĀæñāäÅ
âóÿæÿäöã Ø¬óâÂæóÈîùÔìáúâõāæÂä­îÚÃ÷ĈÚ ÚČĈóØ¬èâ ĀæñáòãĀæ­È 
 ÂóäÜ­îÈÂòÚ 
 èõÙöÂóäË¬èãÜ­îÈÂòÚëáóèñāæÂä­îÚ ÕòÈÚöĈ 

1. ÂóäæÕäñãñØóÈ 
2. ÜõÕÿÅäøćîÈÜäòÛîóÂóé 
3. æÕäñÕòÛÂóäĂË­ÈóÚÃîÈÿÅäøćîÈĂË­ăàà­ó 
4. Reuse 
5. ÂóääòÂêóÜ¬óăâ­ 
6. æÕÂóäĂË­ÚČĈóâòÚ 

 

1. æÕäñãñØóÈĂË­ëČóìäòÛÂóäÃÚë¬Èîóìóä ÿÚøćîÈÉóÂâæßõêÉóÂÂóäÃÚë¬ÈÚòĈÚÿÜĆÚÖòèÂóä 
ëČóÅòÎâóÂØöćëùÕĂÚÂóäÿßõćâÜäõâóÔ Â®óÌÅóä°ÛîÚăÕîîÂăÌÕ°ĂÚÛääãóÂóé Ăì­ÿäóßãóãóâÛäõāáÅîóìóäØöć
ÝæõÖ ĀæñÜæúÂĂÚØ­îÈ×õćÚ ÉñË¬èãæÕßæòÈÈóÚØöćĂË­ëČóìäòÛÂóäÃÚë¬ÈæÈăÕ­ 
 Ƙ.  ÜõÕÿÅäøćîÈÜäòÛîóÂóéĂÚāäÈĀäâØöćÿäóăÕ­ÿÃ­óßòÂ ßä­îâØòĈÈîã¬óĂì­ßÚòÂÈóÚÚČóÝ­óÃÚìÚúØöćãòÈăâ¬
ëÂÜäÂâóÂăÜÌòÂ āÕãß÷Èäñæ÷Âè¬óÿäóăâ¬ăÕ­Ë¬èãĂì­āäÈĀäâÜäñìãòÕăàà­ó ĀÖ¬ÿäóÂČóæòÈË¬èãāæÂØöćÿäóîóéòãîãú¬ 
 ƙ.  æÕäñÕòÛÂóäĂË­ÈóÚÿÅäøćîÈĂË­ăàà­óæÈĀâ­ÿßöãÈÚ­îãÚõÕ ÿË¬Ú ÿßõćâÅèóâä­îÚÃîÈ
ÿÅäøćîÈÜäòÛîóÂóéĂÚëČóÚòÂÈóÚ ìäøîØöćßòÂîóéòãæÈëòÂìÚ÷ćÈîÈéó ìäøîÜõÕăàÃÔñăâ¬ĂË­ÈóÚ ÜõÕÞóìâ­îØöćâö
îóìóää­îÚîãú¬ ìäøîæÕÉČóÚèÚËòćèāâÈÂóäÕúāØäØòéÚ° ìäøîàòÈèõØãùæÈ îóÉæÕÅ¬óĂË­É¬óãÃîÈÿäóăâ¬âóÂÚòÂ ĀÖ¬
Éñë¬ÈÝæâìóéóæÖ¬îāæÂ 
 ƚ.  Reuse  ÚČóÂäñÕóê ìäøîáóËÚñÛääÉùîøćÚ ą ÂæòÛăÜĂË­Ăìâ¬ ßãóãóâÌøĈîëõćÈÃîÈØöćâöîóãùÂóäĂË­
ÈóÚÚóÚ ą ÉñË¬èãæÕÂóäĂË­ßæòÈÈóÚÃîÈāæÂîã¬óÈâóÂâóã 
 ƛ.  äòÂêóÜ¬óăâ­Ăì­ăÕ­âóÂØöćëùÕ ĀæñæÕ ìäøîÈÕÂóäÉòÕÌøĈîëõćÈÃîÈ ìäøîÿàîä°ÚõÿÉîä°Ö¬óÈ ą ØöćØČóÉóÂ
ăâ­ØöćÖòÕÿîóâóÉóÂÜ¬ó ÿßøćîÜæ¬îãĂì­Ö­Úăâ­ ĀæñÜ¬óăâ­ÿìæ¬óÚöĈăÕ­ØČóìÚ­óØöćÂóäÿÜĆÚÜîÕÃîÈāæÂëøÛăÜ 
 Ɯ.  æÕÂóäĂË­ÚČĈóâòÚÉóÂÂóäÃòÛÃöćãèÕãóÚßóìÚñ āÕãÜäòÛÿÜæöćãÚÚõëòãÂóäÃòÛä× ÿË¬Ú æÕÅèóâÿäĆè
ĂÚÂóäÃòÛä×æÈ ÖäèÉëîÛëáóßæâĂÚæ­îä×Ăì­ÿìâóñëâ ĀæñÅ¬îã ą ÿìãöãÛÅòÚÿä¬È ä×ãÚÖ°ÿâøćîÖ­îÈÂóäÿä¬È
ÅèóâÿäĆè ĀæñØÕæîÈÿÕõÚĂì­âóÂØöćëùÕ 
 ÂóäĀÂ­ÜòÎìóāæÂä­îÚ 
 ÿäóÉñìãùÕëáóèñāæÂä­îÚăÕ­îã¬óÈăä ÿÜĆÚÿäøćîÈØöćÚ¬óÿÜĆÚì¬èÈè¬óÿäóÅÈăâ¬îóÉìãùÕãòĈÈëáóèñāæÂ
ä­îÚØöćÂČóæòÈÉñÿÂõÕÃ÷ĈÚĂÚîÚóÅÖăÕ­ ×÷ÈĀâ­è¬óÿäóÉñìãùÕÝæõÖĀÂ®ëÿäøîÚÂäñÉÂāÕãëõĈÚÿËõÈÖòĈÈĀÖ¬ÛòÕÚöĈ ÿßäóñ
āæÂÿÜäöãÛÿëâøîÚÿÅäøćîÈÉòÂäÃÚóÕĂìÎ¬ØöćâöÂæăÂÿæĆÂ ą ÉČóÚèÚâóÂØČóÈóÚÜäñëóÚÂòÚ ÂóäÖîÛëÚîÈØöćâö
Ö¬îÂóäÂäñÖù­ÚÖ¬óÈ ą ÉñÖ­îÈĂË­ÿèæóÚóÚÂè¬óÉñÂæòÛÿÃ­óëú¬ëáóèñëâÕùæ ĀæñĀÚ¬ÚîÚè¬ó ëáóèñëâÕùæîòÚĂìâ¬



 ƗƚƖ 

ØöćÉñÿÂõÕÃ÷ĈÚã¬îâÉñĀÖÂÖ¬óÈÉóÂëáóèñÜòÉÉùÛòÚîã¬óÈâóÂ ĀÖ¬ÿäóÂĆãòÈëóâóä×ÛääÿØóÝæîòÚä­óãĀäÈØöćîóÉÉñ
ÿÂõÕÃ÷ĈÚĂÚîÚóÅÖ ÿßøćîĂì­ÅèóâäùÚĀäÈæÕæÈîãú¬ĂÚäñÕòÛØöćßîÉñäòÛâøîăÕ­ ĀæñîóÉÉñËñæîÜäóÂÐÂóäÔ°āæÂ
ä­îÚĂì­Ë­óæÈ ÂõÚÿèæóÚóÚÃ÷ĈÚ ëõćÈØöćÿäóßîÉñØČóăÕ­ÖîÚÚöĈÅøîßãóãóâæÕÂóäÝæõÖĀÂ®ëÿäøîÚÂäñÉÂæÈ Āæñ
ÿÚøćîÈÉóÂÿäóØäóÛè¬óĀÂ®ëÕòÈÂæ¬óèâóÉóÂÂäñÛèÚÂóäĂË­ßæòÈÈóÚ ÂóäÜäñìãòÕßæòÈÈóÚÉ÷ÈÿÜĆÚĀÚèØóÈìÚ÷ćÈ
ĂÚÂóäæÕîòÖäóÂóäÿÂõÕëáóèñāæÂä­îÚăÜĂÚÖòè   
 èõÙöÂóäĀÂ­ÜòÎìóāæÂä­îÚâöÕòÈÚöĈ 
 Ɨ.  ÿÜæöćãÚìæîÕăà  ÂóäÿÜæöćãÚìæîÕăàÉóÂìæîÕăë­ ÿÜĆÚàæúîîÿäëÿÌÚìÚ÷ćÈÕèÈ ÉñË¬èãæÕ
Åóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ ƗƛƖ ÜîÚÕ°Ö¬îÜö 
 Ƙ.  ÃòÛä×Ăì­Ú­îãæÈ ìóÂÿÜĆÚäñãñØóÈĂÂæ­ ą ëóâóä×ÿÕõÚ ìäøîÃöćÉòÂäãóÚĀØÚăÕ­ ÂóäÃòÛä×ãÚÖ°
ÿÜĆÚäñãñØóÈ Ɨ ăâæ°  ÉñÜæ¬îãÅóä°ÛîÚăÕîîÂăÌÕ° Ɨ ÜîÚÕ° 
 ƙ.  äöăÌÿÅõæĂì­âóÂÃ÷ĈÚ  æÕÃãñÃîÈÛ­óÚÅùÔĂì­ăÕ­Åä÷ćÈìÚ÷ćÈ ÉñË¬èãæÕÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­×÷È 
Ƙ,ƚƖƖ ÜîÚÕ°Ö¬îÜö 
 ƚ.  ÿËĆÅæâãóÈ  ÂóäÃòÛä×āÕãØöćãóÈâöæâÚ­îã îóÉØČóĂì­ÿÜæøîÈÚČĈóâòÚÃ÷ĈÚăÕ­×÷È ƙ% ÉóÂÜÂÖõ  ÚČĈóâòÚ
ØùÂ ą ĀÂææîÚØöćÜäñìãòÕăÕ­ ÉñæÕÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ ƘƖ ÜîÚÕ° 
 ƛ.  ĂË­ÚČĈóä­îÚĂì­Ú­îãæÈ  ĂÚÂóäØČóÚČĈóä­îÚĂË­ßæòÈÈóÚĂÚÂóäÖ­âëúÈâóÂ ÂóäÜäòÛÿÅäøćîÈØČóÚČĈóîù¬Ú
Ăì­âöîùÔìáúâõ ĀæñĀäÈÚČĈóĂì­Ú­îãæÈ ÉñæÕÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ ƙƛƖ ÜîÚÕ°Ö¬îÜö ìäøîÂóäÌòÂÝ­óĂÚÚČĈóÿãĆÚ 
ÉñæÕÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­Üöæñ ƛƖƖ ÜîÚÕ° 
 Ɯ.  ìæöÂÿæöćãÈÝæõÖáòÔÒ°ØöćâöÛääÉùáòÔÒ°ÿãîñ ÿßöãÈĀÅ¬æÕÃãñÃîÈÅùÔÿîÈ ƗƖ% ÉñæÕ
Åóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ Ɨ,ƘƖƖ ÜîÚÕ°Ö¬îÜö 
 Ɲ.  ÜäòÛîùÔìáúâõì­îÈÃîÈÅùÔ (ëČóìäòÛÿâøîÈÚîÂ) ĂÚåÕúìÚóè ÜäòÛîùÔìáúâõÃîÈ heater    Ăì­ÖČćóæÈ 
Ƙ îÈéó ĀæñĂÚåÕúä­îÚ ÜäòÛĂì­ëúÈÃ÷ĈÚ Ƙ îÈéó ÉñæÕÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ Ƙ,ƖƖƖ ÜîÚÕ°Ö¬îÜö 
 ƞ.  ÜæúÂÖ­Úăâ­  ÂóäÜæúÂÖ­Úăâ­ìÚ÷ćÈÖ­Ú ÉñÕúÕÌòÛÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ Ɨ ÖòÚ ÖæîÕîóãùÃîÈâòÚ 
 Ɵ.  ÜõÕÿÅäøćîÈĂË­ăàà­óØöćăâ¬ĂË­  ÜõÕØöèö ÅîâßõèÿÖîä° ÿÅäøćîÈÿëöãÈ ĀæñÿÅäøćîÈĂË­ăàà­óÖ¬óÈ ą ÿâøćîăâ¬ĂË­ 
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ÛØØöć  7 
ÙóÖù  ëâÛòÖõÃîÈÙóÖùĀæñÙóÖùÂòââòÚÖáóßäòÈëö 

 ëóäñëČóÅòÎ 

 ØåêÏö  āÅäÈëä­óÈ  ĀæñÂóäÉòÕÿäöãÈîõÿæĆÂÖäîÚĂÚîñÖîâ  ëâÛòÖõÃîÈÙóÖùÖóâÖóäóÈÙóÖù  
ÜäñāãËÚ°ÃîÈÖóäóÈÙóÖù  ëâÛòÖõÙóÖùÂòââòÚÖáóßäòÈëöĀæñÂòââòÚÖáóßäòÈëö  ÜäñāãËÚ°ĀæñÝæÂäñØÛÉóÂ
ÂòââòÚÖáóßäòÈëö 
 

ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 
 îÙõÛóãÿÂöćãèÂòÛāÅäÈëä­óÈîñÖîâ  ÖóäóÈÙóÖù  ëâÂóäĀæñÜÐõÂõäõãóÿÅâöØöćßÛĂÚËöèõÖÜäñÉČóèòÚ 
 

ÃîÛÃ¬óãÿÚøĈîìó 

 ÿäøćîÈØöć  1. ÙóÖù   

 ÿäøćîÈØöć  2. ÖóäóÈÙóÖù  

ÿäøćîÈØöć  3. ÙóÖùÂòââòÚÖáóßäòÈëö 
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ÿäøćîÈØöć  1  ÙóÖù 
ÅèóâìâóãÃîÈÙóÖù 

 ÙóÖù   ëóäÿÜĆÚëóäÛäõëùØÙõċØöćâöāâÿæÂùæÜäñÂîÛÕ­èãîñÖîâËÚõÕÿÕöãèÂòÚ  âöÙóÖùØöćÅ­ÚßÛĀæ­è 109 

ÙóÖù  ÿÜĆÚÙóÖùØöćîãú¬ĂÚÙääâËóÖõ  89 ÙóÖù  ÿË¬Ú  āÌÿÕöãâ (Na)  ĀâÂÚöÿÌöãâ (Mg)  Åóä°ÛîÚ (C)  îîÂÌõÿÉÚ 

(O)  ÿÜĆÚÖ­Ú 

           

      ĀÝÚÝòÈÂóäÉòÕÙóÖù 20 ÙóÖùĀäÂîîÂÿÜĆÚìâèÕìâú¬ 
ÖóäóÈĀëÕÈëâÛòÖõÛóÈÜäñÂóäÃîÈÙóÖù    ÿäöãÈÖóââèæîñÖîâ 

ÙóÖù ëòÎæòÂêÔ° 
âèæ
îñÖîâ 

æòÂêÔñØöć
îùÔìáúâõÜÂÖõ 

mp.(0C) 
d 

(g/cm3) 

ÅèóâÿÜĆÚ
āæìñ-
îāæìñ 

Åèóâè¬îÈăè
ĂÚÂóä
ÿÂõÕÜÐõÂõäõãó 

ăïāÕäÿÉÚ H 1.008 Â®óÌăâ¬âöëö -259 0.07* îāæìñ âóÂ 

ïöÿæöãâ He 4.003 Â®óÌăâ¬âöëö -272 0.15* āæìñ ăâ¬ÿÂõÕ 
æõÿØöãâ Li  6.94 ÃîÈĀÃĆÈëöÿÈõÚ 180 0.53 āæìñ âóÂ 

ÿÛäõæÿæöãâ Be 9.01 ÃîÈĀÃĆÈëöÿÈõÚ 1280 1.45 āæìñ ÜóÚÂæóÈ 

āÛäîÚ B 10.81 ÃîÈĀÃĆÈëöÕČó 2030 2.34 Â÷ćÈāæìñ ÜóÚÂæóÈ 

Åóä°ÛîÚ C 12.01 ÃîÈĀÃĆÈëöÕČó 3730 2.26 îāæìñ Ú­îã 

mp. = ÉùÕìæîâÿìæè d = ÅèóâìÚóĀÚ¬Ú * = ÅèóâìÚóĀÚ¬ÚÃÔñÿÜĆÚÃîÈÿìæè 



 ƗƚƜ 

ÉóÂÖóäóÈĀëÕÈëâÛòÖõÃîÈÙóÖù  ×­óÉòÕÙóÖùÿìæ¬óÚöĈâóÉòÕÿÜĆÚßèÂāÕãîóéòãÿÂÔÒ°Ö¬óÈ ą ÖóâÖóäóÈ  
ÉñĀÛ¬ÈÙóÖùîîÂÿÜĆÚ  3  Âæù¬â ÕòÈÚöĈ 
  1. āæìñ (metal) ÿÜĆÚÂæù¬âÙóÖùØöćâöëâÛòÖõÿÜĆÚÖòèÚČóăàà­óăÕ­ ÚČóÅèóâä­îÚØöćÕö ÿìÚöãè âöÉùÕÿÕøîÕëúÈ 
ÜÂÖõÿÜĆÚÃîÈĀÃĆÈØöćîùÔìáúâõì­îÈ (ãÂÿè­Ú ÜäîØ) ÿË¬Ú ĀÅæÿÌöãâ îñæúâõÿÚöãâ ÿìæĆÂ ÿÜĆÚÖ­Ú 
    2. îāæìñ (non-metal) ÿÜĆÚÂæù¬âÙóÖùØöćâöëâÛòÖõăâ¬ÚČóăàà­ó âöÉùÕìæîâÿìæèĀæñÉùÕÿÕøîÕÖČćó 
ÿÜäóñÛóÈ ĀæñâöÂóäĀÜäÝòÚØóÈÕ­óÚÅùÔëâÛòÖõØóÈÂóãáóßâóÂÂè¬óāæìñ 
  3. Â÷ćÈāæìñ (metalloid)  ÿÜĆÚÂæù¬âÙóÖùØöćâöëâÛòÖõÂČĈóÂ÷ćÈäñìè¬óÈāæìñĀæñîāæìñ ÿË¬Ú ÙóÖù
ÌõæõÅîÚ ĀæñÿÉîÿâÿÚöãâ âöëâÛòÖõÛóÈÜäñÂóäÅæ­óãāæìñ ÿË¬Ú ÚČóăàà­óăÕ­Û­óÈØöćîùÔìáúâõÜÂÖõ  Āæñ              
ÚČóăàà­óăÕ­âóÂÃ÷ĈÚ  ÿâøćîîùÔìáúâõÿßõćâÃ÷ĈÚ ÿÜĆÚÃîÈĀÃĆÈ  ÿÜĆÚâòÚèóèëöÿÈõÚ ÉùÕÿÕøîÕëúÈ ĀÖ¬ÿÜäóñĀÖÂÈ¬óã  Åæ­óã
îāæìñ ÿË¬Ú îîÂÌõÿÉÚ ÂČóâñ×òÚ àîëàîäòë ÿÜĆÚÖ­Ú  

 

ĀÛÛÉČóæîÈîñÖîâ 

ÿÜĆÚØöćãîâäòÛÂòÚĀæ­èè¬óëóäÖ¬óÈ ą ÚòĈÚÜäñÂîÛÕ­èãîñÖîâ  ĀÖ¬îã¬óÈăäÂĆÖóâãòÈăâ¬âöÝú­ĂÕÿÅãÿìĆÚ
äúÜä¬óÈØöćĀØ­ÉäõÈÃîÈîñÖîâ  äúÜä¬óÈìäøîāÅäÈëä­óÈÃîÈîñÖîâ  É÷ÈÿÜĆÚÿßöãÈÉõÚÖÚóÂóäìäøîâāÚáóßØöćëä­óÈ
Ã÷ĈÚÿßøćîĂì­ëîÕÅæ­îÈÂòÛÂóäØÕæîÈ  ÿäöãÂè¬ó  ñĀÛÛÉČóæîÈîñÖîâò   Ì÷ćÈÉòÕÿÜĆÚØåêÏöÜäñÿáØ
ìÚ÷ćÈ  ĀÛÛÉČóæîÈîñÖîâîóÉÿÜæöćãÚĀÜæÈăÜăÕ­  ÖóâÝæÂóäØÕæîÈìäøîÃ­îâúæĂìâ¬ ą   ÿâøćîĀÛÛÉČóæîÈ
îñÖîâÿÕõâîÙõÛóãăâ¬ăÕ­    ÕòÈÚòĈÚĀÛÛÉČóæîÈîñÖîâ    É÷ÈăÕ­âöÂóäĀÂ­ăÃßòÓÚóìæóãÅäòĈÈÿßøćîĂì­ëîÕÅæ­îÈ
ÂòÛÂóäØÕæîÈ  ÚòÂèõØãóéóëÖä°ăÕ­ĂË­Âæ­îÈÉùæØääéÚ°îõÿæĆÂÖäîÚØöćâöÂČóæòÈÃãóãëúÈâóÂä¬èâÂòÛ
ÅîâßõèÿÖîä°  Āæñ×¬óãáóßØöćÿËøćîè¬óÿÜĆÚáóßáóãÚîÂÃîÈîñÖîâ 

   
                                                                 

îñÖîâÃîÈÃîÈØîÈÅČó×¬óãáóßÕ­èãÂæ­îÈÉùæØääéÚ°îõÿæĆÂÖäîÚ 
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ĀÛÛÉČóæîÈîñÖîâÃîÈÕîæÖòÚ 

ĂÚÜö ß.é.2346 (Å.é.1803)  Éîì°Ú ÕîæÖòÚ (John  

Dalton)  ÚòÂèõØãóéóëÖä°  ËóèîòÈÂåêăÕ­ÿëÚîØåêÏöîñÖîâÿßøćî 

ĂË­îÙõÛóãÿÂöćãèÂòÛÂóäÿÜæöćãÚĀÜæÈÃîÈëóäÂ¬îÚĀæñìæòÈØČó 
ÜÐõÂõäõãó äèâØòĈÈîòÖäóë¬èÚāÕãâèæÃîÈÙóÖùØöćäèâÂòÚÿÜĆÚ 
ëóäÜäñÂîÛ  Ì÷ćÈëäùÜăÕ­ÕòÈÚöĈ    

 1. ÙóÖùÜäñÂîÛÕ­èãîÚùáóÅÿæĆÂ ą ìæóãîÚùáóÅ  îÚùáóÅ 

ÿìæ¬óÚöĈÿäöãÂè¬ó ñîñÖîâò Ì÷ćÈĀÛ¬ÈĀãÂăâ¬ăÕ­ ĀæñØČóĂì­ëúÎìóã 

ăâ¬ăÕ­ 
   2. îñÖîâÃîÈÙóÖùËÚõÕÿÕöãèÂòÚâöëâÛòÖõÿìâøîÚÂòÚ  ÿË¬Ú âöâèæÿØ¬óÂòÚ  ĀÖ¬ÉñâöëâÛòÖõÖ¬óÈÉóÂ
îñÖîâÃîÈÙóÖùîøćÚ 

  3. ëóäÜäñÂîÛÿÂõÕÉóÂîñÖîâÃîÈÙóÖùâóÂÂè¬óìÚ÷ćÈËÚõÕØČóÜÐõÂõäõãóÿÅâöÂòÚĂÚîòÖäóë¬èÚØöć 
ÿÜĆÚÿæÃæÈÖòèÚ­îã ą 
  ØåêÏöîñÖîâÃîÈÕîæÖòÚĂË­îÙõÛóãæòÂêÔñĀæñëâÛòÖõÃîÈîñÖîâăÕ­ÿßöãÈäñÕòÛìÚ÷ćÈ  ĀÖ¬Ö¬îâó
ÚòÂèõØãóéóëÖä°Å­ÚßÛÃ­îâúæÛóÈÜäñÂóäØöćăâ¬ëîÕÅæ­îÈÂòÛØåêÏöîñÖîâÃîÈ ÕîæÖòÚ   
ÿË¬Ú  ßÛè¬óîñÖîâÃîÈÙóÖùËÚõÕÿÕöãèÂòÚîóÉâöâèæĀÖÂÖ¬óÈÂòÚăÕ­  îñÖîâëóâóä×ĀÛ¬ÈĀãÂăÕ­ 

   

                 ĀÛÛÉČóæîÈîñÖîâÃîÈÕîæÖòÚ 

ĀÛÛÉČóæîÈîñÖîâÃîÈØîâëòÚ  

ÿÌîä° āÉÿÌà Éîì°Ú ØîâëòÚ (J.J Thomson) 

ÚòÂèõØãóéóëÖä°ËóèîòÈÂåêăÕ­ëÚĂÉÜäóÂÐÂóäÔ°ØöćÿÂõÕÃ÷ĈÚĂÚ
ìæîÕäòÈëöĀÅāØÕ  É÷ÈØČóÂóäØÕæîÈÿÂöćãèÂòÛÂóäÚČóăàà­óÃîÈ
ĀÂ®ëÃ÷ĈÚĂÚÜö ß.é. 2440 (Å.é. 1897) ĀæñăÕ­ëäùÜëâÛòÖõÃîÈ
äòÈëöăè­ìæóãÜäñÂóä  ÕòÈÚöĈ 
    1. äòÈëöĀÅāØÕÿÕõÚØóÈÿÜĆÚÿë­ÚÖäÈÉóÂÃòĈèĀÅāØÕăÜãòÈ
ÃòĈèĀîāÚÕ  ÿÚøćîÈÉóÂäòÈëöĀÅāØÕØČóĂì­ÿÂõÕÿÈóÕČóÃîÈèòÖ×ùăÕ­  ×­ó
ÚČóèòÖ×ùăÜÃèóÈØóÈÿÕõÚÃîÈäòÈëö  



 Ɨƚƞ 

    2. äòÈëöĀÅāØÕÿÜĆÚîÚùáóÅØöćâöâèæ ÿÚøćîÈÉóÂäòÈëöØČóĂì­ĂÛßòÕØöćÃèóÈØóÈÿÕõÚÃîÈäòÈëöìâùÚăÕ­ÿìâøîÚ×úÂæâ
ßòÕ 

    3. äòÈëöĀÅāØÕÜäñÂîÛÕ­èãîÚùáóÅØöćâöÜäñÉùæÛ  ÿÚøćîÈÉóÂÿÛöćãÈÿÛÚÿÃ­óìóÃòĈèÛèÂÃîÈëÚóâăàà­ó 

 
 

ìæîÕäòÈëöĀÅāØÕ                   äòÈëöĀÅāØÕÛöćãÈÿÛÚÿÃ­óìóÃòĈèÛèÂÃîÈëÚóâăàà­ó 

ÉóÂÝæÂóäØÕæîÈÚöĈ  ØîâëòÚîÙõÛóãăÕ­è¬ó  îñÖîâÃîÈāæìñØöćÃòĈèĀÅāØÕÿâøćîăÕ­äòÛÂäñĀëăàà­óØöć
âöÅèóâÖ¬óÈéòÂã°ëúÈÉñÜæ¬îãîõÿæĆÂÖäîÚîîÂâóÉóÂîñÖîâ  îõÿæĆÂÖäîÚâößæòÈÈóÚëúÈ ĀæñÿÅæøćîÚØöćáóãĂÚ
ìæîÕ  ×­óÿÅæøćîÚØöćËÚîñÖîâÃîÈĀÂ®ëÉñØČóĂì­îõÿæĆÂÖäîÚĂÚîñÖîâÃîÈĀÂ®ëìæùÕîîÂÉóÂ
îñÖîâ  îõÿæĆÂÖäîÚÉóÂÃòĈèĀÅāØÕĀæñÉóÂĀÂ®ëÌ÷ćÈÿÜĆÚÜäñÉùæÛÉñÿÅæøćîÚØöćăÜãòÈÃòĈèĀîāÚÕ  ÃÔñÿÅæøćîÚØöć
×­óÂäñØÛÊóÂØöćÊóÛëóäÿäøîÈĀëÈ  ÿË¬Ú  ZnS  ØČóĂì­ÊóÂÿÂõÕÂóäÿäøîÈĀëÈ  Ì÷ćÈØîâëòÚëäùÜè¬óäòÈëöĀÅāØÕ
ÜäñÂîÛÕ­èãîÚùáóÅØöćâöÜäñÉùæÛÿäöãÂè¬ó ñîõÿæĆÂÖäîÚò ĀæñãòÈăÕ­ìóÅ¬óîòÖäóë¬èÚÜäñÉùÖ¬îâèæ (e/m) ÃîÈ
îõÿæĆÂÖäîÚāÕãĂË­ëãóâĀâ¬ÿìæĆÂĀæñëÚóâăàà­óË¬èãĂÚÂóäìó  Ì÷ćÈăÕ­Å¬óÜäñÉùÖ¬îâèæÃîÈîõÿæĆÂÖäîÚ
ÿØ¬óÂòÛ  1.76 x 10 8 C/g  Å¬óîòÖäóë¬èÚ e/m ÚöĈÉñâöÅ¬óÅÈØöć ăâ¬Ã÷ĈÚîãú¬ÂòÛËÚõÕÃîÈāæìñØöćÿÜĆÚÃòĈè
ĀÅāØÕ  Āæñăâ¬Ã÷ĈÚîãú¬ÂòÛËÚõÕÃîÈĀÂ®ëØöćÛääÉùîãú¬ĂÚìæîÕäòÈëöĀÅāØÕ  ĀëÕÈè¬óĂÚäòÈëöĀÅāØÕ
ÜäñÂîÛÕ­èãîÚùáóÅăàà­óØöćâöÜäñÉùæÛÿìâøîÚÂòÚìâÕÅøî îõÿæĆÂÖäîÚ ÚòćÚÿîÈ  ØîâëòÚÉ÷ÈëäùÜè¬ó  
     ñîõÿæĆÂÖäîÚÿÜĆÚë¬èÚÜäñÂîÛë¬èÚìÚ÷ćÈÃîÈîñÖîâ  ĀæñîõÿæĆÂÖäîÚÃîÈØùÂîñÖîâÉñâöëâÛòÖõ
ÿìâøîÚÂòÚò  

ÂóäÅ­ÚßÛāÜäÖîÚ  

  ĂÚÜö ß.é. 2409 (Å.é. 1866) îîãÿÂÚ  āÂæÕ°ËăÖÚ°  ÚòÂèõØãóéóëÖä°ËóèÿãîäâòÚ  ăÕ­ØČóÂóäØÕæîÈ
āÕãÿÉóñäúØöćÃòĈèĀÅāØÕĂÚìæîÕäòÈëöĀÅāØÕ  ßÛè¬óÿâøćîÝ¬óÚÂäñĀëăàà­óÿÃ­óăÜĂÚìæîÕäòÈëöĀÅāØÕÉñâöîÚùáóÅ
ËÚõÕìÚ÷ćÈÿÅæøćîÚØöćÿÜĆÚÿë­ÚÖäÈăÜĂÚØõéØóÈÖäÈÂòÚÃ­óâÂòÛÂóäÿÅæøćîÚØöćÃîÈäòÈëöĀÅāØÕÝ¬óÚäúÃîÈÃòĈè
ĀÅāØÕ  ĀæñØČóĂì­ÊóÂÕ­óÚìæòÈÃòĈèĀÅāØÕÿäøîÈĀëÈăÕ­  āÂæÕ°ËăÖÚ°ăÕ­ÖòĈÈËøćîè¬ó ñäòÈëöĀÅĀÚæò (canal 

ray)  ìäøî ñäòÈëöÛèÂò (positive ray)  ëâÛòÖõÃîÈäòÈëöÛèÂâöÕòÈÚöĈ 
     1. ÿÕõÚØóÈÿÜĆÚÿë­ÚÖäÈăÜãòÈÃòĈèĀÅāØÕ 
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     2. ÿâøćîÝ¬óÚäòÈëöÚöĈăÜãòÈëÚóâĀâ¬ÿìæĆÂĀæñëÚóâăàà­ó  äòÈëöÚöĈÉñÿÛöćãÈÿÛÚăÜĂÚØõéØóÈÖäÈÃ­óâÂòÛäòÈëö
ĀÅāØÕ ĀëÕÈè¬óäòÈëöÚöĈÜäñÂîÛÕ­èãîÚùáóÅØöćâöÜäñÉùăàà­óÿÜĆÚÛèÂ 
     3. âöîòÖäóë¬èÚÜäñÉùÖ¬îâèæăâ¬ÅÈØöć Ã÷ĈÚîãú¬ÂòÛËÚõÕÃîÈĀÂ®ëĂÚìæîÕ Āæñ×­óÿÜĆÚĀÂ®ëăïāÕäÿÉÚäòÈëöÚöĈÉñ
âöîòÖäóë¬èÚÜäñÉùÖ¬îâèæëúÈëùÕ ÿäöãÂîÚùáóÅÛèÂĂÚäòÈëöĀÅĀÚæÃîÈăïāÕäÿÉÚè¬ó ñāÜäÖîÚò 

     4. âöâèæâóÂÂè¬óäòÈëöĀÅāØÕ  ÿÚøćîÈÉóÂÅèóâÿäĆèĂÚÂóäÿÅæøćîÚØöćÖČćóÂè¬óäòÈëöĀÅāØÕØîâëòÚăÕ­èõÿÅäóñì°
ÂóäØÕæîÈÃîÈāÂæÕ° ËăÖÚ° ĀæñÂóäØÕæîÈÃîÈØîâëòÚ  É÷ÈÿëÚîĀÛÛÉČóæîÈîñÖîâè¬ó  
ñîñÖîâÿÜĆÚäúÜØäÈÂæâÜäñÂîÛÕ­èãÿÚøĈîîñÖîâÌ÷ćÈâöÜäñÉùÛèÂĀæñâöîõÿæĆÂÖäîÚÌ÷ćÈâöÜäñÉùæÛÂäñÉóãîãú¬
ØòćèăÜ  îñÖîâĂÚëáóßØöćÿÜĆÚÂæóÈØóÈăàà­óÉñâöÉČóÚèÚÜäñÉùÛèÂÿØ¬óÂòÛÉČóÚèÚÜäñÉùæÛò  

 

ĀÛÛÉČóæîÈîñÖîâÃîÈØîâëòÚ 

ĀÛÛÉČóæîÈîñÖîâÃîÈäòØÿØîä°àîä°Õ 
ĂÚÜö ß.é.2453 (Å.é.1910)ÿÌîä° ÿîîä°ÿÚëÖ° 

äòØÿØîä°àîä°Õ  (Sir Ernest Rutherford) ăÕ­é÷ÂêóĀÛÛÉČóæîÈ
îñÖîâÃîÈØîâëòÚ  ĀæñÿÂõÕÅèóâëÈëòãè¬óîñÖîâÉñâöāÅäÈëä­óÈ
ÖóâĀÛÛÉČóæîÈÃîÈØîâëòÚÉäõÈìäøîăâ¬  āÕãÖòĈÈëââÖõÑóÚè¬ó 
     ñ×­óîñÖîââöāÅäÈëä­óÈÖóâĀÛÛÉČóæîÈÃîÈØîâëòÚ
ÉäõÈ  ÕòÈÚòĈÚÿâøćîãõÈîÚùáóÅĀîæàóÌ÷ćÈâöÜäñÉùăàà­óÿÜĆÚÛèÂÿÃ­óăÜ
ĂÚîñÖîâ  ĀîæàóØùÂîÚùáóÅÉñØñæùÝ¬óÚÿÜĆÚÿë­ÚÖäÈØòĈÈìâÕ
ÿÚøćîÈÉóÂîñÖîââöÅèóâìÚóĀÚ¬ÚëâČćóÿëâîÿìâøîÚÂòÚìâÕØòĈÈîñÖîâò 
      ÿßøćîßõëúÉÚ°ëââÖõÑóÚÚöĈ  äòØÿØîä°àîä°ÕăÕ­ØČóÂóäØÕæîÈãõÈîÚùáóÅĀîæàóăÜãòÈĀÝ¬ÚØîÈÅČó ÛóÈ ą 
āÕãâöÅèóâìÚóăâ¬ÿÂõÚ 10ï4 cm  āÕãâöÊóÂëóäÿäøîÈĀëÈäîÈäòÛ  ÜäóÂÐÝæÂóäØÕæîÈÕòÈÚöĈ 

 

     1. îÚùáóÅë¬èÚâóÂÿÅæøćîÚØöćØñæùÝ¬óÚĀÝ¬ÚØîÈÅČóÿÜĆÚÿë­ÚÖäÈ 
     2. îÚùáóÅë¬èÚÚ­îãÿÛöćãÈÿÛÚăÜÉóÂÿë­ÚÖäÈ 
     3. îÚùáóÅë¬èÚÚ­îãâóÂëñØ­îÚÂæòÛâóÕ­óÚìÚ­óÃîÈĀÝ¬ÚØîÈÅČó 



 ƗƛƖ 

 

 

 

×­óĀÛÛÉČóæîÈîñÖîâÃîÈØîâëòÚ×úÂÖ­îÈ  ÿâøćîãõÈîÚùáóÅĀîæàóăÜãòÈĀÝ¬ÚØîÈÅČóÛóÈ ą ÚöĈ  îÚùáóÅ
ĀîæàóÅèäßù¬ÈØñæùÝ¬óÚÿÜĆÚÿë­ÚÖäÈØòĈÈìâÕìäøîÿÛöćãÈÿÛÚÿßöãÈÿæĆÂÚ­îã  ÿßäóñîÚùáóÅĀîæàóâöÜäñÉùÛèÂÉñ
ÿÛöćãÈÿÛÚÿâøćîÂäñØÛÂòÛÜäñÉùÛèÂØöćÂäñÉóãîãú¬ĂÚîñÖîâ  ĀÖ¬ĀÛÛÉČóæîÈîñÖîâÃîÈØîâëòÚîÙõÛóãÝæÂóä
ØÕæîÈÃîÈäòØÿØîä°àîä°Õăâ¬ăÕ­  äòØÿØîä°àîä°ÕÉ÷ÈÿëÚîĀÛÛÉČóæîÈîñÖîâÃ÷ĈÚâóĂìâ¬ÕòÈÚöĈ  

 

           ĀÛÛÉČóæîÈîñÖîâÃîÈäòØÿØîä°àîä°Ø 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ƗƛƗ 

 

ĀÛÛÉČóæîÈîñÖîâÃîÈāÛä° 

  

  

 

     ÉóÂĀÛÛÉČóæîÈîñÖîâÃîÈäòØÿØîä°àîä°ÕØČóĂì­ØäóÛ×÷ÈÂóäÉòÕāÅäÈëä­óÈÃîÈîÚùáóÅÖ¬óÈ ą ĂÚ
ÚõèÿÅæöãë ĀÖ¬ăâ¬ăÕ­îÙõÛóãè¬óîõÿæĆÂÖäîÚäîÛÚõèÿÅæöãëîãú¬ĂÚæòÂêÔñĂÕ  ÚòÂèõØãóéóëÖä°ĂÚæČóÕòÛÖ¬îâóăÕ­
ìóèõÙöØÕæîÈÿßøćîäèÛäèâÃ­îâúæÿÂöćãèÂòÛÖČóĀìÚ¬ÈÃîÈîõÿæĆÂÖäîÚØöćîãú¬äîÛÚõèÿÅæöãë  èõÙöìÚ÷ćÈÂĆÅøîÂóäé÷Âêó
ëâÛòÖõĀæñÜäóÂÐÂóäÔ°ÃîÈÅæøćÚĀæñĀëÈ  Āæ­èÚČóâóëä­óÈÿÜĆÚĀÛÛÉČóæîÈ 
     ÅæøćÚËÚõÕÖ¬óÈ ą ÿË¬Ú  ÅæøćÚĀëÈ  ÅæøćÚÿëöãÈ  âöëâÛòÖõëČóÅòÎ  Ƙ  ÜäñÂóä  Åøî  ÅèóâãóèÅæøćÚĀæñÅèóâ×öć  

     ÅæøćÚĀëÈÿÜĆÚÅæøćÚĀâ¬ÿìæĆÂăàà­óØöćâöÅèóâ×öćĀæñÅèóâãóèÅæøćÚÖ¬óÈ ą ÂòÚ  ÕòÈäúÜÖ¬îăÜÚöĈ  

                                       
 

 

 

 

 

 



 ƗƛƘ 

ĀÛÛÉČóæîÈîñÖîâĀÛÛÂæù¬âìâîÂ 
îõÿæĆÂÖäîÚÿÅæøćîÚØöćäîÛÚõèÿÅæöãëîã¬óÈäèÕÿäĆè Õ­èãäòéâöăâ¬ĀÚ¬ÚîÚÉ÷Èăâ¬ëóâóä×ÛîÂÖČóĀìÚ¬ÈØöć

ĀÚ¬ÚîÚÃîÈîõÿæĆÂÖäîÚăÕ­ÛîÂăÕ­ĀÖ¬ÿßöãÈāîÂóëØöćÉñßÛîõÿæĆÂÖäîÚĂÚÛäõÿèÔÖ¬óÈ ą ÜäóÂÐÂóäÔ°ĀÛÛÚöĈ
ÿäöãÂè¬óÂæù¬âìâîÂÃîÈîõÿæĆÂÖäîÚ ÛäõÿèÔØöćâöÂæù¬âìâîÂîõÿæĆÂÖäîÚìÚóĀÚ¬ÚÉñâöāîÂóëßÛîõÿæĆÂÖäîÚ
âóÂÂè¬óÛäõÿèÔØöćÿÜĆÚìâîÂÉóÈ          
  ÂóäÿÅæøćîÚØöćÃîÈîõÿæĆÂÖäîÚäîÛÚõèÿÅæöãëîóÉÿÜĆÚäúÜØäÈÂæâìäøîäúÜîøćÚ ą Ã÷ĈÚîãú¬ÂòÛäñÕòÛ
ßæòÈÈóÚÃîÈîõÿæĆÂÖäîÚ ĀÖ¬ÝæäèâÃîÈÂæù¬âìâîÂÃîÈîõÿæĆÂÖäîÚØùÂäñÕòÛßæòÈÈóÚ 
 

 

 
 

 

ÂóäÉòÕÿäöãÈ îõÿæĆÂÖäîÚĂÚ
îñÖîâ  

îõÿæĆÂÖäîÚØöćèõćÈ1. 

îãú¬äîÛąÚõèÿÅæöãëÚòĈÚ Éñîãú¬ÂòÚÿÜĆÚËòĈÚąÖóâäñÕòÛßæòÈÈóÚ äñÕòÛßæòÈÈóÚØöćîãú¬ĂÂæ­ÚõèÿÅæöãëØöćëùÕ (ËòĈÚ K)

ÉñâößæòÈÈóÚÖČćóØöćëùÕ ĀæñîõÿæĆÂÖäîÚĂÚäñÕòÛßæòÈÈóÚËòĈÚ×òÕîîÂâóÉñâößæòÈÈóÚëúÈÃöĈÚąÖóâæČóÕòÛ   
ßæòÈÈóÚÃîÈîõÿæĆÂÖäîÚÃîÈäñÕòÛËòĈÚßæòÈÈóÚ K < L < M < N < O < P < Q   ìäøîËòĈÚØöć 1< 2 < 3 <4 < 

5 < 6 < 7  

 

2. ĂÚĀÖ¬æñËòĈÚÃîÈäñÕòÛßæòÈÈóÚ ÉñâöÉČóÚèÚîõÿæĆÂÖäîÚăÕ­ ăâ¬ÿÂõÚ 2n
2
 ÿâøćî n = ÿæÃËòĈÚ 

ÿæÃËòĈÚÃîÈËòĈÚ K=1,L=2,M=3,N=4,O=5,P=6 Āæñ Q=7 



 Ɨƛƙ 

Öòèîã¬óÈ    ÉČóÚèÚ e
-
 ĂÚäñÕòÛßæòÈÈóÚËòĈÚ K âöăÕ­ ăâ¬ÿÂõÚ 2n

2
 = 2 x 1

2
 = 2x1 = 2 

                ÉČóÚèÚ e
-ĂÚäñÕòÛßæòÈÈóÚËòĈÚ N âöăÕ­ ăâ¬ÿÂõÚ 2n

2
 = 2 x 4

2
 = 2x16 = 32 

3. ĂÚĀÖ¬æñäñÕòÛËòĈÚßæòÈÈóÚ ÉñâöäñÕòÛßæòÈÈóÚËòĈÚã¬îãăÕ­ ăâ¬ÿÂõÚ 4 ËòĈÚã¬îã ĀæñâöËøćîÿäöãÂËòĈÚã¬îã 
ÕòÈÚöĈ s , p , d , f 

ĂÚĀÖ¬æñËòĈÚã¬îã ÉñâöÉČóÚèÚ e
-ăÕ­ ăâ¬ÿÂõÚ ÕòÈÚöĈ 

äñÕòÛßæòÈÈóÚËòĈÚã¬îã s âö e
-
 ăÕ­ ăâ¬ÿÂõÚ 2 Öòè äñÕòÛßæòÈÈóÚËòĈÚã¬îã p âö e

-
 ăÕ­ ăâ¬ÿÂõÚ 6 ÖòèäñÕòÛßæòÈÈóÚ

ËòĈÚã¬îã d âö e
-ăÕ­ ăâ¬ÿÂõÚ 10 Öòè äñÕòÛßæòÈÈóÚËòĈÚã¬îã f âö e

-ăÕ­ ăâ¬ÿÂõÚ 14 Öòè  

ÿÃöãÚÿÜĆÚ s
2
 p

6 
d

10 
f
14

 

                             

ÂóäÉòÕÿäöãÈîõÿæĆÂÖäîÚ Ăì­ÉòÕÿäöãÈ e- ĂÚäñÕòÛßæòÈÈóÚËòĈÚã¬îãāÕãÉòÕÿäöãÈæČóÕòÛÖóâæúÂéä 

   

                                                         ÂóäÉòÕÿäöãÈîõÿæĆÂÖäîÚĂÚîñÖîâ 
 



 Ɨƛƚ 

Öòèîã¬óÈ ÉÈÉòÕÿäöãÈîõÿæĆÂÖäîÚÃîÈÙóÖù ÅòæÿÌöãâ ( Ca ) 
  ÙóÖù Ca âöÿæÃîñÖîâ = 20 ĀëÕÈè¬óâö p = 20 Āæñâö e- = 20 Öòè (ÕúÿæÃîñÖîâ ÉóÂÖóäóÈÙóÖù) Āæ­è
ÉòÕÿäöãÈ e- ÕòÈÚöĈ  
 

                                 

ÂóäÉòÕÿäöãÈ e- ÃîÈÙóÖù Ca = 2 , 8 , 8 , 2 

âöĀÝÚÝòÈÂóäÉòÕÿäöãÈ e- ÕòÈÚöĈCa âöÉČóÚèÚ e- ĂÚäñÕòÛßæòÈÈóÚËòĈÚÚîÂëùÕ = 2 Öòè 

ÉČóÚèÚîõÿæĆÂÖäîÚĂÚäñÕòÛßæòÈÈóÚËòĈÚÚîÂëùÕ ÿäöãÂè¬ó ÿèÿæÚÌ°îõÿæĆÂÖäîÚ (Valence electron) ÕòÈÚòĈÚ Ca 

âöÿèÿæÚÌ°îõÿæĆÂÖäîÚ = 2 

 

 

ÖóäóÈÙóÖù (Periodic table of elements) 

 

 

 



 Ɨƛƛ 

ÿäøćîÈØöć  2  ÖóäóÈÙóÖù (Periodic table of elements)  
  Åøî ÖóäóÈØöćÚòÂèõØãóéóëÖä°ăÕ­äèÛäèâÙóÖùÖ¬óÈą ăè­ÿÜĆÚìâèÕìâú¬ÖóâæòÂêÔñ ĀæñÅùÔëâÛòÖõØöć
ÿìâøîÚÂòÚ ÿßøćîÿÜĆÚÜäñāãËÚ°ĂÚÂóäé÷ÂêóĂÚĀÖ¬æñë¬èÚÃîÈÖóäóÈÙóÖù āÕãÅóÛ ( Period ) ÿÜĆÚÂóäÉòÕĀ×è
ÃîÈÙóÖùĀÚèäóÛ   ë¬èÚìâú¬ ( Group ) ÿÜĆÚÂóäÉòÕĀ×èÃîÈÙóÖùĂÚĀÚèÕõćÈ Ì÷ćÈâöäóãæñÿîöãÕÕòÈÖ¬îăÜÚöĈ 

áóßÖóäóÈÙóÖùÜòÉÉùÛòÚ 

1. ÙóÖùìâú¬ìæòÂ âöØòĈÈìâÕ 8 ìâú¬ 7 ÅóÛ āÕãÙóÖùØöćîãú¬Õ­óÚÌ­óãÃîÈÿë­ÚÃòĈÚÛòÚăÕ ÉñÿÜĆÚāæìñ (Metal) 

ë¬èÚØóÈÕ­óÚÃèóÿÜĆÚîāæìñ (Non metal) ë¬èÚÙóÖùØöćîãú¬ÖõÕÂòÛÿë­ÚÃòĈÚÛòÚăÕÚòĈÚ ÉñÿÜĆÚÂ÷ćÈāæìñ 
(Metalloid)  

2. ÙóÖùØäóÚÌõËòÚ âöØòĈÈìâÕ 8 ìâú¬ ĀÖ¬ìâú¬ 8 âöØòĈÈìâÕ 3 ìâú¬ã¬îã É÷ÈâöÙóÖùÖ¬óÈą äèâ 10 ìâú¬ Āæñâö
ØòĈÈìâÕ 4 ÅóÛ ÙóÖùîõÚÿÚîä°ØäóÚÌõËòÚ âö 2ÅóÛāÕãâöËøćîÿÊßóñÿäöãÂÅóÛĀäÂè¬óÅóÛĀæÚØóăÚÕ°  

3. (Lanthanide series) ĀæñÿäöãÂÅóÛØöćëîÈè¬ó ÅóÛĀîÂØõăÚÕ° (Actinide series) ÿßäóñÿÜĆÚÅóÛØöćîãú¬
Ö¬îâóÉóÂ 57La (Lanthanum) Āæñ 89Ac (Actinium) ÖóâæČóÕòÛ ÅóÛæñ 14 ÖòèäèâÿÜĆÚ 28 Öòè  

  



 ƗƛƜ 

ÂóäÉòÕÿäöãÈÙóÖùæÈĂÚÖóäóÈÙóÖù 

ÿâøćîØäóÛÂóäÉòÕÿäöãÈîõÿæĆÂÖäîÚÃîÈÙóÖùÖ¬óÈą Āæ­è ÉñÿìĆÚè¬óëóâóä×ÉòÕÂæù¬âÙóÖùăÕ­È¬óãÃ÷ĈÚ āÕãÙóÖùØöćâö
äñÕòÛßæòÈÈóÚÿØ¬óÂòÚ ÂĆÉñ×úÂÉòÕîãú¬ĂÚÅóÛÿÕöãèÂòÚ ë¬èÚÙóÖùØöćâöÉČóÚèÚîõÿæĆÂÖäîÚĂÚäñÕòÛßæòÈÈóÚÚîÂëùÕ
ÿØ¬óÂòÚ ÂĆÉñ×úÂÉòÕîãú¬ĂÚìâú¬ÿÕöãèÂòÚ ÕòÈáóß 

 

áóßÂóäÉòÕÿäöãÈÙóÖùæÈĂÚÖóäóÈÙóÖù 

ÜäñÿáØÃîÈÙóÖùĂÚÖóäóÈÙóÖù 

ÙóÖùāæìñ (metal) āæìñØäóÚÌõËòÚÿÜĆÚÖ­ÚÊÛòÛÃîÈāæìñ ÙóÖùāæìñÿÜĆÚÙóÖùØöćâöë×óÚñÿÜĆÚ
ÃîÈĀÃĆÈ ( ãÂÿè­ÚÜäîØ ØöćÿÜĆÚÃîÈÿìæè) âöÝõèØöćâòÚèóè  ÚČóÅèóâä­îÚ Āæñăàà­óăÕ­Õö  âöÉùÕÿÕøîÕĀæñÉùÕ
ìæîâÿìæèëúÈ ( Ë¬èÈîùÔìáúâõäñìè¬óÈÉùÕìæîâÿìæèÂòÛÉùÕÿÕøîÕÉñÖ¬óÈÂòÚâóÂ)   ăÕ­ĀÂ¬  āÌÿÕöãâ 
(Na)    ÿìæĆÂ (Fe) ĀÅæÿÌöãâ (Ca) ÜäîØ (Hg) îñæúâõÿÚöãâ (Al) ĀâÂÚöÿÌöãâ (Mg)   ëòÈÂñëö (Zn) ÕöÛùÂ 
(Sn)  ÿÜĆÚÖ­Ú 

ÙóÖùîāæìñ ( Non metal ) âöăÕ­ØòĈÈëóâë×óÚñ  ëâÛòÖõë¬èÚĂìÎ¬ÉñÖäÈÃ­óâÂòÛîāæìñ  ÿË¬Ú Ýõèăâ¬
âòÚèóè ăâ¬ÚČóăàà­ó ăâ¬ÚČóÅèóâä­îÚ ÉùÕÿÕøîÕĀæñÉùÕìæîâÿìæèÖČćó  ÿÜĆÚÖ­Ú   ăÕ­ĀÂ¬  Åóä°ÛîÚ( C ) 

àîëàîäòë (P) ÂČóâñ×òÚ (S) āÛäâöÚ (Br)   îîÂÌõÿÉÚ (O 2)   ÅæîäöÚ (Cl 2) àæúîîäöÚ (F 2) ÿÜĆÚÖ­Ú  

ÙóÖùÂ÷ćÈāæìñ (metalloid)  ÿÜĆÚÙóÖùÂ÷ćÈÖòèÚČó  Åøî  âòÚÉñëóâóä×ÚČóăàà­óăÕ­ÿÊßóñĂÚáóèñìÚ÷ćÈ
ÿØ¬óÚòĈÚ  ÙóÖùÂ÷ćÈāæìñÿìæ¬óÚöĈÉñîãú¬ÛäõÿèÔÿë­ÚÃòĈÚÛòÚăÕ ăÕ­ĀÂ¬  āÛäîÚ (B) ÌõæõÅîÚ ( Si) ÿÜĆÚÖ­Ú 

ÙóÖùÂòââòÚÖáóßäòÈëö ÿÜĆÚÙóÖùØöćâöë¬èÚÜäñÂîÛÃîÈ ÚõèÖäîÚ ÂòÛāÜäÖîÚ ăâ¬ÿìâóñëâ (>1.5) 

ÙóÖùØöć 83Ã÷ĈÚăÜÿÜĆÚÙóÖùÂòââòÚÖáóßäòÈëöØùÂăîāÌāØÜâöÅä÷ćÈËöèõÖ 



 ƗƛƝ 

      ëâÛòÖõÃîÈÙóÖùÖóâÖóäóÈÙóÖù 
ëâÛòÖõÃîÈÙóÖùĂÚĀÖ¬æñìâú¬ 

ÙóÖùìâú¬ I A ìäøîāæìñîòæÅóăæ (alkaline metal)  

   āæìñîòæÅóăæ ăÕ­ĀÂ¬ æõÿØöãâ āÌÿÕöãâ āßĀØëÿÌöãâ äúÛõÿÕöãâ ÌöÿÌöãâ ĀæñĀàäÚÿÌöãâ âöëâÛòÖõÕòÈÚöĈ Åøî 
   ÿÜĆÚāæìñî¬îÚ  ĂË­âöÕÖòÕăÕ­ 

   ÿÜĆÚìâú¬āæìñâöÅèóâè¬îÈăèÖ¬îÂóäÿÂõÕÜÐõÂõäõãóâóÂØöćëùÕ ëóâóä×ØČóÜÐõÂõäõãóÂòÛîîÂÌõÿÉÚĂÚîóÂóé    
   É÷ÈÖ­îÈÿÂĆÛăè­ĂÚÚČĈóâòÚ 
   îîÂăÌÕ°ĀæñăïÕäîÂăÌÕ°ÃîÈāæìñîòæÅóăææñæóãÚČĈóăÕ­ëóäæñæóãÿÛëĀÂ¬ 
   ÿâøćîÿÜĆÚăîîîÚ  ÉñâöÜäñÉùÛèÂ 

   âöÉùÕÿÕøîÕĀæñÉùÕìæîâÿìæèÖČćó  âöÅèóâìÚóĀÚ¬ÚÖČćóÿâøćîÿØöãÛÂòÛāæìñîøćÚą 
   âöÿèÿæÚÌ°îõÿæĆÂÖäîÚ = 1  

ÙóÖùìâú¬ II A ìäøîāæìñîòæÅóăæÚ°ÿîõä°Ù (alkaline earth) 

   āæìñîòæÅóăæÚ°ÿîõä°Ù ăÕ­ĀÂ¬ ÿÛäõæÿæöãâ ĀâÂÚöÿÌöãâ ĀÅæÿÌöãâ ëÖäîÚÿËöãâ ĀÛÿäöãâ ÿäÿÕöãâ âöëâÛòÖõÕòÈÚöĈ 
Åøî 

   âöÅèóâè¬îÈăèÖ¬îÂóäÿÂõÕÜÐõÂõäõãóâóÂ ĀÖ¬Ú­îãÂè¬óāæìñîòæÅóăæ  
   ØČóÜÐõÂõäõãóÂòÛÚČĈóăÕ­ëóäæñæóãÿÛë ëóäÜäñÂîÛāæìñîòæÅóăæÚ°ÿîõä°ÙßÛâóÂĂÚÙääâËóÖõ 

   āæìñîòæÅóăæÚ°ÿîõä°ÙâöÅèóâè¬îÈăèĀÖ¬ãòÈÚ­îãÂè¬óāæìñîòæÅóăæ 
   āæìñîòæÅóăæÚ°ÿîõä°ÙâöÿèÿæÚÌ°îõÿæĆÂÖäîÚ = 2  

ÙóÖùìâú¬ III  

  - ÙóÖùìâú¬ III ăÕ­ĀÂ¬ B Al Ga In Tl âöëâÛòÖõÕòÈÚöĈ Åøî 
  - âöÿèÿæÚÌ°îõÿæĆÂÖäîÚ = 3  

ÙóÖùìâú¬ IV  

  - ÙóÖùìâú¬ IV ăÕ­ĀÂ¬ C Si Ge Sn Pb âöëâÛòÖõÕòÈÚöĈ Åøî 
  - âöÿèÿæÚÌ°îõÿæĆÂÖäîÚ = 4  

ÙóÖùìâú¬ V  

  - ÙóÖùìâú¬ V ăÕ­ĀÂ¬ N P As Sb Bi âöëâÛòÖõÕòÈÚöĈ Åøî 
  - âöÿèÿæÚÌ°îõÿæĆÂÖäîÚ = 5  



 Ɨƛƞ 

ÙóÖùìâú¬ VI  

  - ÙóÖùìâú¬ VI ăÕ­ĀÂ¬ O S Se Te Po 

  - âöÿèÿæÚÌ°îõÿæĆÂÖäîÚ = 6  

ÙóÖùìâú¬ VII ìäøîìâú¬ĀïāæÿÉÚ (Halogen group)  

   - ìâú¬ÙóÖùĀïāæÿÉÚ ăÕ­ĀÂ¬ àæúîîäöÚ ÅæîäöÚ āÛäâöÚ ăîāîÕöÚ ĀæñĀîëØóØöÚ 

   - ÿÜĆÚìâú¬îāæìñØöćè¬îÈăèÖ¬îÂóäÿÂõÕÜÐõÂõäõãóâóÂØöćëùÕ (F è¬îÈăèÖ¬îÂóäÿÂõÕÜÐõÂõäõãóâóÂØöćëùÕ) 
   - ÿÜĆÚÙóÖùØöćâößõêØùÂÙóÖùĀæñâöÂæõćÚĀäÈ 
   - āâÿæÂùæÃîÈÙóÖùĀïāæÿÉÚÜäñÂîÛÕ­èã 2 îñÖîâ (Cl 2 Br 2 I 2) 

   - ĀïāæÿÉÚăîîîÚâöÜäñÉùÛæÛìÚ÷ćÈ (F - C - Br - I - At -)  

ÙóÖùìâú¬ VIII ìäøîÂ®óÌÿÊøćîã ìäøîÂ®óÌâöÖäñÂúæ (Inert gas )  

   - Â®óÌâöÖäñÂúæ ăÕ­ĀÂ¬ ïöÿæöãâ ÚöîîÚ îóä°ÂîÚ ÅäõÜØîÚ ÌöÚîÚ ĀæñÿäÕîÚ 

   - âöÿèÿæÚÌ°îõÿæĆÂÖäîÚÿÖĆâ 8 îõÿæĆÂÖäîÚ É÷ÈØČóĂì­ÿÜĆÚÂ®óÌØöćăâ¬è¬îÈăèÖ¬îÂóäÿÂõÕÜÐõÂõäõãó 
   - Â®óÌâöÖäñÂúæîãú¬ÿÜĆÚîñÖîâÿÕöćãè ĀÖ¬ãÂÿè­Ú Kr ÂòÛ Xe Øöćëóâóä×ëä­óÈßòÚÙñăÕ­  



 ƗƛƟ 

 ÃÚóÕîñÖîâÃîÈÙóÖù 

ìÚ¬èãßõāÂÿâÖä 

 

ÃÚóÕîñÖîâÃîÈÙóÖùÖ¬óÈą 

ÃÚóÕÃîÈîñÖîâÚòĈÚ×­óÉñßõÉóäÔó×÷ÈÜòÉÉòãÖ¬óÈą Øöćë¬ÈÝæÂäñØÛÖ¬îÃÚóÕÃîÈîñÖîâÚòĈÚ îóÉ
ĀÛ¬ÈĀãÂîîÂăÕ­ÿÜĆÚÃ­î ÿäöãÈÖóâæČóÕòÛÅèóâëČóÅòÎăÕ­ÕòÈÚöĈ  
  1. ÉČóÚèÚäñÕòÛßæòÈÈóÚ 

  2. ÉČóÚèÚāÜäÖîÚ 

  3. ÉČóÚèÚîõÿæĆÂÖäîÚ 



 ƗƜƖ 

 ÃÚóÕăîîîÚÃîÈÙóÖù 
 

 
 

...........................   ìÚ¬èãßõāÂÿâÖä 

  



 ƗƜƗ 

     
 ÜäñāãËÚ°ÃîÈÖóäóÈÙóÖù 
1.  ÂóäÉòÕÙóÖùÿÜĆÚìâú¬ĀæñÅóÛ ØČóĂì­ØäóÛëâÛòÖõÃîÈÙóÖùĂÚìâú¬ÿÕöãèÂòÚăÕ­  
2. ëóâóä×ØöćÉñØäóÛëâÛòÖõÖ¬óÈ ą ÉóÂÙóÖùĂÚìâú¬ÿÕöãèÂòÚ ÉóÂÙóÖùØöćØäóÛëâÛòÖõÖ¬óÈ ą Āæ­è  

3. ÚČóăÜØČóÚóãëâÛòÖõÃîÈÙóÖùÖ¬óÈ ą ØöćãòÈăâ¬ØäóÛĂÚÜòÉÉùÛòÚăè­æ¬èÈìÚ­óăÕ­  
4. ØČóĂì­Âóäé÷ÂêóÿäøćîÈëâÛòÖõÃîÈÙóÖù ÿÜĆÚăÜîã¬óÈäèÕÿäĆè 



 ƗƜƘ 

ĀÛÛØÕëîÛÛØØöć Ɲ 

ÿäøćîÈÙóÖùĀæñÖóäóÈÙóÖù 
ÅČóËöĈĀÉÈ     Ăì­ÂóÿÅäøćîÈìâóã X ØòÛîòÂêäìÚ­óÅČóÖîÛØöć×úÂÖ­îÈØöćëùÕ  ÿßöãÈÅČóÖîÛÿÕöãè 

1. ëâÛòÖõØöćĂË­ĂÚÂóäÉČóĀÚÂëóäÃ­îĂÕ×úÂÖ­îÈØöćëùÕ 

 Â. āæìñÿÜĆÚÙóÖùØöćëóâóä×ÚČóăàà­óăÕ­ØùÂë×óÚñ 

 Ã. îāæìñØùÂËÚõÕăâ¬ëóâóä×ÚČóăàà­óăÕ­ 
 Å. îîÂăÌÖ°ÃîÈāæìñÿâøćîæñæóãÚČĈóâöëâÛòÖõÿÜĆÚÿÛë 
 È. āæìñâöÅ¬óßæòÈÈóÚîõîîăÚë°  ÿßõćâÃ÷ĈÚÖóâÿæÃîñÖîâ 
2. ăë­ÕõÚëîÕČóĀæñÿßËäÉòÕîãú¬ĂÚÃ­îĂÕ 
 Â. ÙóÖùÖ¬óÈËÚõÕÂòÚ    Ã. îòÚäúÜÃîÈÅóä°ÛîÚ 

 Å. ăîāÌāØÜÃîÈÅóä°ÛîÚ   È. ëóäÜäñÂîÛÅóä°ÛîÚ 

3. ÙóÖùĂÕĀëÕÈÅèóâÿÜĆÚÿÛëâóÂØöćëùÕ 

 Â. MgO      Ã. Al2O3 

 Å. SO2      È.  NO  

4. ĂÚÖóäóÈÙóÖùÚòĈÚÙóÖùØòĈÈìâÕÿäöãÈÖóâæČóÕòÛ 
 Â. ÃÚóÕîñÖîâ     Ã. âèæÃîÈîñÖîâ 

 Å. îñÖîââõÂÚòâÿÛîä°    È.  ĀâëÚòâÿÛîä° 

5. ĂÚìâú¬ÙóÖùÿÊøćîãÿÕöãèÂòÚ  ÙóÖùĂÕØČóÜÐõÂõäõãóăÕ­ÕöØöćëùÕ 
 Â.  He      Ã.  Ne 

 Å.  Ar      È.  Kr 

6. ëóäÜäñÂîÛîîÂăÌÖ°ÃîÈÙóÖù X âöëúÖä XO  ĀëÕÈè¬óîã¬óÈăä 
 Â.  ÙóÖù X ÿÜĆÚÙóÖùìâú¬  2    Ã. ÙóÖù X  ÿÜĆÚÙóÖùìâú¬ 6 

 Å.  ÙóÖù X  îãú¬ìâú¬ÿÕöãèÂòÚÂòÛÙóÖù O  È.  ÙóÖù X âöèóÿæÚÖ°îõÿæĆÂÖäîÚ 

7. ÙóÖùØöćîãú¬ìâú¬ÿÕöãèÂòÚ  ÉñâöëõćÈĂÕÿØ¬óÂòÚ 
 Â. ÉČóÚèÚîõÿæĆÂÖäîÚ    Ã. ÉČóÚèÚāÜäÖîÚ 
 Å.  ÉČóÚèÚÚõèÖäîÚ    È. ÉČóÚèÚèóÿæÚÖ°îõÿæĆÂÖäîÚ 
8. ÿìÖùĂÕØöćĂË­ïöÿæöãâÝëâÂòÛîîÂÌõÿÉÚ  ëČóìäòÛÝú­ØöćæÈăÜØČóÈóÚĂÚØñÿææ÷Â 
 Â. ìóÈ¬óã     Ã. äóÅó×úÂ 
 Å. æñæóãĂÚāæìõÖÚ­îã    È. äèâÂòÛîîÂÌõÿÉÚăÕ­Õö 
9. ÙóÖùÿÊøćîãâöèóÿæÚÖ°îõÿæĆÂÖäîÚÿØ¬óĂÕ 
 Â.  2      Ã. 8 

 Å.  18      È. 2 ìäøî 8 



 ƗƜƙ 

10. ÙóÖù X îãú¬ĂÚìâú¬  6  ÅóÛØöć 3 ÕòÈÚòĈÚÙóÖù X  âöÿæÃîñÖîâÿØ¬óĂÕ 
 Â.  8      Ã.  9 

 Å.  16      È.  24 

 

 



 ƗƜƚ 

ÛØØöć  ƞ   
ëâÂóäÿÅâöĀæñÜÐõÂõäõãóÿÅâö 

 
ëóäñëČóÅòÎ 

 ÂóäÿÂõÕëâÂóäÿÅâöĀæñÜÐõÂõäõãóÿÅâö   ÜòÉÉòãØöćâöÝæÖ¬îÜÐõÂõäõãóÿÅâö ÖæîÕÉÚÝæØöćÿÂõÕÉóÂÜÐõÂõäõãó
ÿÅâöÖ¬îëõćÈĀèÕæ­îâ 
 

ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãÂóäÿÂõÕëâÂóäÿÅâöĀæñÜÐõÂõäõãóÿÅâöĀæñÕùæëâÂóäÿÅâöăÕ­ 
2. îÙõÛóãÜòÉÉòãØöćâöÝæÖ¬îÜÐõÂõäõãóÿÅâöăÕ­ 
3. îÙõÛóãÝæØöćÿÂõÕÉóÂÜÐõÂõäõãóÿÅâöÖ¬îËöèõÖĀæñëõćÈĀèÕæ­îâăÕ­ 

 

ÃîÛÃ¬óãÿÚøĈîìó 

 ÿäøćîÈØöć  1.  ëâÂóäÿÅâö 
 ÿäøćîÈØöć  Ƙ ìæòÂÂóäÿÃöãÚëâÂóäÿÅâö  

ÿäøćîÈØöć  ƙ ÜÐõÂõäõãóÿÅâöØöćßÛĂÚËöèõÖÜäñÉČóèòÚ 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 



 ƗƜƛ 

ÿäøćîÈØöć Ɨ  ëâÂóäÿÅâö  
ëâÂóäÿÅâö  (Chemical equation) ÅøîëõćÈØöćÿÃöãÚĂì­ØäóÛ×÷ÈÂóäÿÜæöćãÚĀÜæÈØóÈÿÅâö   
Ì÷ćÈÿÜĆÚÖòèĀØÚÃîÈÂóäÿÜæöćãÚĀÜæÈØóÈÿÅâö ĀëÕÈĂì­ÿìĆÚè¬óëóäÖòĈÈÖ­ÚĂÕØČóÜÐõÂõäõãóÂòÚĀæ­èÿÂõÕ

ÿÜĆÚëóäÝæõÖáòÔÒ°ĂÕ ëóäÖòĈÈÖ­Úîãú¬ØóÈÌ­óãÃîÈæúÂéä ĀæñëóäÝæõÖáòÔÒ°ÅøîëóäØöćÿÂõÕÉóÂÜÐõÂõäõãóÿÅâö Éñîãú¬
ØóÈÃèóÃîÈæúÂéä ëòÎæòÂêÔ°ĂÚèÈÿæĆÛĀëÕÈë×óÚñ ăÕ­ĀÂ¬ 

G (gas)  ĀØÚ  ĀÂ®ë   
l (liquid) ĀØÚ   ÃîÈÿìæè  
s (solid)  ĀØÚ ÃîÈĀÃĆÈìäøîÖñÂîÚ  
aq (aqueous) ĀØÚ ëóäØöćæñæóãĂÚÚČĈó 

 ëâÂóäÿÅâöØöćÕùæ×úÂÖ­îÈĀæ­è  ÖòèÿæÃØöćĂË­ĂÚÂóäÕùæ  ìâóã×÷È ÉČóÚèÚāâæÃîÈëóäÖòĈÈÖ­Ú ØöćØČó
ÜÐõÂõäõãóßîÕöÂòÚ ĀæñÉČóÚèÚāâæÃîÈëóäÝæõÖáòÔÒ°ØöćÿÂõÕÃ÷ĈÚĂÚëâÂóäÚòĈÚëâÂóäÿÅâöāÕãØòćèăÜĀæ­èÉñĂË­
ëòÎæòÂêÔ°ĀØÚÃîÈÙóÖùÖ¬óÈ ą  
âöæúÂéäØöćËöĈÉóÂÕ­óÚÌ­óãÃîÈëâÂóäăÜØóÈÕ­óÚÃèóÿßøćîÛ¬ÈÛîÂè¬óëóäÖòĈÈÖ­Ú(reactant)ØóÈÕ­óÚÌ­óãâøî ØČó
ÜÐõÂõäõãóÿÂõÕëóäĂìâ¬Ã÷ĈÚâóÿäöãÂè¬óÝæõÖáòÔÒ° (product)ØóÈÕ­óÚÃèóâøî ÕòÈÚòĈÚ ÉóÂëâÂóäÿÅâöÿäóëóâóä×ĂË­
ÅČóÚèÔìóăÕ­è¬óĂË­ëóäÖòĈÈÖ­ÚÿØ¬óăäĀæ­èÉñăÕ­ÝæõÖáòÔÒ°îîÂâóÿØ¬óăä 
ÂóäÿÜæöćãÚĀÜæÈØóÈÿÅâöëóâóä×îÙõÛóãăÕ­āÕãĂË­ìæòÂ 3 ÜäñÂóä ÕòÈÚöĈ  

ÂÏØöćìÚ÷ćÈ : ÂÏØäÈâèæ (Law of Conservation of Mass)  
Âæ¬óèè¬ó ́ ĂÚÂóäÿÜæöćãÚĀÜæÈØóÈÿÅâö âèæÃîÈëëóäÉñăâ¬ëúÎìóã µ Âæ¬óèÅøî âèæÃîÈëëóäÂ¬îÚĀæñìæòÈÂóä
ÿÜæöćãÚĀÜæÈÉñÿØ¬óÂòÚ  

ÂÏØöćëîÈ : ÂÏëòÕë¬èÚÅÈØöć (Law of Definite Proportions)  
  Âæ¬óèè¬ó ́ ÿâøćîÙóÖùâóäèâÖòèÂòÚÿÂõÕÿÜĆÚëóäÜäñÂîÛìÚ÷ćÈÉñâöëòÕë¬èÚāÕãâèæÅÈØöć µ  

ÂÏØöćëóâ : ÂÏëòÕë¬èÚßìùÅúÔ (Law of Multiple Proportions)  
  Âæ¬óèè¬ó ́ ÿâøćîÙóÖùäèâÖòèÂòÚÿÂõÕÿÜĆÚëóäÜäñÂîÛăÕ­âóÂÂè¬óìÚ÷ćÈËÚõÕ ×­óĂì­âèæîñÖîâÃîÈÙóÖùìÚ÷ćÈÅÈØöć 
         ÉóÂÂÏØäÈâèæÿäóÉ÷ÈÖ­îÈØČóĂì­ĀÖ¬æñÃ­óÈÃîÈëâÂóäÖ­îÈâöÉČóÚèÚîñÖîâ ĀæñÜäñÉùØöćÿØ¬óÂòÚ 
ÿäöãÂè¬ó ÂóäÕùæëâÂóä Ì÷ćÈâöÃ­îëòÈÿÂÖÕòÈÚöĈ 
                  1. ßãóãóâÕùæÙóÖùØöćÿìâøîÚÂòÚĂì­âöÉČóÚèÚîñÖîâØòĈÈëîÈÕ­óÚÿØ¬óÂòÚÂ¬îÚ 
                  2. ĂÚÛóÈÜÐõÂõäõãóâöÂæù¬âîñÖîâĂì­ÕùæÿÜĆÚÂæù¬â 
                  3. ĂË­ëòâÜäñëõØÙõċ(ÖòèÿæÃØöćĂË­èóÈăè­ìÚ­óîñÖîâ)Ë¬èãĂÚÂóäÕùæëâÂóä Āæ­èÚòÛÉČóÚèÚîñÖîâ
ĀÖ¬æñÃ­óÈĂì­ÿØ¬óÂòÚ  ÿË¬Ú  



 ƗƜƜ 

2C2H2(g)  +  5O2(g)                     4CO2(g)  +  2H2O(l) 
ëóäÖòĈÈÖ­Ú                                     ëóäÝæõÖáòÔÒ° 

AgNO3(aq)  +  HCl(aq)        AgCl(s)  +  HNO3(aq) 
ëóäÖòĈÈÖ­Ú                                 ëóäÝæõÖáòÔÒ° 

ÂóäÕùæëâÂóäÿÅâö 
èõÙöÂóäÕùæëâÂóäÿÅâöØòćèăÜ 
 1.äñÛùè¬óëóäĂÕÿÜĆÚëóäÖòĈÈÖ­Ú ĀæñëóäĂÕÿÜĆÚëóäÝæõÖáòÔÒ°  
 Ƙ.ÿÃöãÚëúÖäÿÅâöØöć×úÂÖ­îÈÃîÈëóäÖòĈÈÖ­ÚĀæñëóäÝæõÖáòÔÒ° Ì÷ćÈëúÖäÿÅâöÚöĈÉñăâ¬âöÂóäÿÜæöćãÚĀÜæÈ  
 3.ÕùæëâÂóäāÕãìóÖòèÿæÃëòâÜäñëõØÙõċâóÿÖõâÃ­óÈìÚ­óëúÖäÿÅâö ÿßøćîØČóĂì­îñÖîâËÚõÕÿÕöãèÂòÚØòĈÈ
Ì­óãĀæñÃèóÃîÈëâÂóäâöÉČóÚèÚÿØ¬óÂòÚ  
 4.Ăì­ÅõÕăîîîÚØöćÿÜĆÚÂæù¬âîñÖîâÿÜäöãÛÿëâøîÚìÚ÷ćÈìÚ¬èã ×­óăîîîÚÚòĈÚăâ¬ĀÖÂÂæù¬âîîÂâóĂÚ
ÜÐõÂõäõãó  
 ÖäèÉëîÛîöÂÅäòĈÈè¬ó×úÂÖ­îÈāÕãâöÉČóÚèÚîñÖîâËÚõÕÿÕöãèÂòÚÿØ¬óÂòÚØòĈÈëîÈÃ­óÈ  
Öòèîã¬óÈ   îñæúâõÿÚöãâÌ÷ćÈÿÜĆÚāæìñØöćè¬îÈăèÖ¬îÜÐõÂõäõãóÂòÛÂäÕ ÿâøćîîñæúâõÿÚöãâØČóÜÐõÂõäõãóÂòÛÂäÕÌòæàõèäõÂ 
ÉñÿÂõÕĀÂ®ëăïāÕäÿÉÚĀæñîñæúâõÿÚöãâÌòæÿàÖ  ÉÈÿÃöãÚĀæñÕùæëâÂóäÃîÈÜÐõÂõäõãóÚöĈ 
èõÙöØČó (1)  ÿÃöãÚëúÖäëóäÖòĈÈÖ­ÚĀæñëóäÝæõÖáòÔÒ°  Al + H2SO4 ----> H2(g) + Al2(SO4)3 
 (2)  ÕùæÉČóÚèÚîñÖîâ Al                2Al + H2SO4 ----> H2(g) + Al2(SO4)3 
 (3)  ÕùæÉČóÚèÚÂæù¬âăîîîÚ SO42-        2Al + 3H2SO4 ----> H2(g) + Al2(SO4)3 
 (4)  ÕùæÉČóÚèÚîñÖîâ H              2Al + 3H2SO4 ----> 3H2(g) + Al2(SO4)3 



 ƗƜƝ 

ÿäøćîÈØöć Ƙ  ìæòÂĂÚÂóäÿÃöãÚëâÂóäÿÅâö  
 Ɨ.Ö­îÈÿÃöãÚëúÖäÿÅâöÃîÈëóäÖòĈÈÖ­ÚĀÖ¬æñËÚõÕăÕ­  
 Ƙ.Ö­îÈØäóÛè¬óĂÚÜÐõÂõäõãóÿÅâöìÚ÷ćÈÿÂõÕëóäÝæõÖáòÔÒ°ĂÕÃ÷ĈÚÛ­óÈ ĀæñÿÃöãÚëúÖäÿÅâöÃîÈëóä
ÝæõÖáòÔÒ°ăÕ­  
 ƙ.ÿâøćîÿÃöãÚëâÂóäĀëÕÈÜÐõÂõäõãóÿÅâöăÕ­Āæ­èĂì­ØČóëâÂóäÿÅâöĂì­ëâÕùæÕ­èãÿëâî ÅøîØČóĂì­ÉČóÚèÚ
îñÖîâÃîÈÙóÖùØùÂËÚõÕØóÈÌ­óãÿØ¬óÂòÛØóÈÃèó āÕãÂóäÿÖõâÖòèÿæÃÃ­óÈìÚ­óëúÖäÿÅâöÃîÈëóäÚòĈÚą ÿË¬Ú  

N2 + H2 ----> NH3  ăâ¬×úÂÖ­îÈ ÿßäóñëâÂóäÚöĈăâ¬Õùæ 
N2 + 3H2 ----> 2NH3  ×úÂÖ­îÈ ÿßäóñëâÂóäÚöĈÕùæĀæ­è  

 Ã­îÅèäÉČó ĂÚëâÂóäÿÅâöØöćÕùæĀæ­èÚöĈÉñâö ÉČóÚèÚîñÖîâ āâæîñÖîâ ĀæñâèæëóäÖòĈÈÖ­ÚÿØ¬óÂòÛÃîÈ
ëóäÝæõÖáòÔÒ°ÿëâî ë¬èÚÉČóÚèÚāâÿæÂùæìäøîÉČóÚèÚāâæāâÿæÂùæ ìäøîÜäõâóÖäÃîÈëóäÖòĈÈÖ­ÚîóÉÿØ¬óÂòÚ
ìäøî ăâ¬ÿØ¬óìäøîëóäÝæõÖáòÔÒ°ÂĆăÕ­(ë¬èÚĂìÎ¬ăâ¬ÿØ¬óÂòÚ)  
 ĂÚÂóäÿÃöãÚëâÂóäÿÅâö ×­óĂì­ëâÛúäÔ°ãõćÈÃ÷ĈÚ ÅèäÛîÂë×óÚñÃîÈëóäĀÖ¬æ¬ñËÚõÕÕ­èãÅøî×­óÿÜĆÚ
ÃîÈĀÃĆÈ (solid) ĂË­ÖòèîòÂêäã¬îè¬ó "s" ×­óÿÜĆÚÃîÈÿìæè (liquid) ĂË­îòÂêäã¬îè¬ó "l" ÿÜĆÚÂ®óÌ (gas) ĂË­îòÂêäã¬î
è¬ó "g" Āæñ×­óÿÜĆÚëóäæñæóãĂÚÚČĈó (aqueous) ĂË­îòÂêäã¬îè¬ó "aq" ÿË¬Ú  

CaC2(s) + 2H2O(g) ----> Ca(OH)2(aq) + C2H2(g) 
       7.ÂóäÿÃöãÚëâÂóäÛóÈÅäòĈÈÉñĀëÕÈßæòÈÈóÚÃîÜÐõÂõäõãóÿÅâöÕ­èãÿË¬Ú  

2NH3(g) + 93(g) ----> N2(g) + 3H2(g)   ÜÐõÂõäõãóÕúÕßæòÈÈóÚ = 93 kJ 
CH4(g) + 2O2 ----> CO2(g) + 2H2O(l) + 889.5 kJ ÜÐõÂõäõãóÅóãßæòÈÈóÚ = 889.5  

 
ßõÉóäÔóæòÂêÔñÃîÈîñÖîâÃîÈÙóÖùĂÚëóäÖòĈÈÖ­ÚìäøîĂÚÙóÖùÃîÈÝæõÖáòÔÒ°Āæ­èèõÿÅäóñì°æòÂêÔñÃîÈÂóä
ÿÜæöćãÚĀÜæÈ ëúÖäÃîÈëóäÖòĈÈÖ­ÚâóÿÜĆÚëúÖäÃîÈÝæõÖáòÔÒ° îóÉÉČóĀÚÂÜäñÿáØÃîÈÜÏõÂõäõãóÿÅâöăÕ­ÿÜĆÚ 3 
ÜäñÿáØ ÕòÈÚöĈ  

1.ÜÏõÂõäõãóÂóääèâÖòè (Combination)  
ÜÏõÂõäõãóäèâÖòèÿÂõÕÉóÂëóäāâÿæÂùæÿæĆÂÂè¬óäèâÂòÚÿÜĆÚāâÿæÂùæĂìÎ¬ ìäøîÿÂõÕÉóÂÙóÖùØČóÜÏõÂõäõãó

ÂòÛÙóÖùăÕ­ëóäÜäñÂîÛ ÕòÈÖòèîã¬óÈÖ¬îăÜÚöĈ  
Öòèîã¬óÈØöć 1  ĀÂ®ë  H2 äèâÂòÛĀÂ®Ì O2 ăÕ­ÚČĈó (H2O) 
                           2H2(g) + O2(g) ----> 2H2O(l) 
Öòèîã¬óÈØöć 2  2Al(s) + 3Cl2(g) ----> 2AlCl3 

2.ÜÏõÂõäõãóÂóäĀãÂëæóã (Decomposition)  
ÜÏõÂõäõãóÂóäĀãÂëæóãÿÂõÕÉóÂëóäāâÿæÂùæĂìÎ¬ĀãÂëæóãĂì­ëóäāâÿæÂùæÿæĆÂą ÕòÈÖòèîã¬óÈÖ¬îăÜÚöĈ  

Öòèîã¬óÈØöć 1  ĀãÂÚČĈóÕ­èãÂäñĀëăàà­óĂì­ĀÂ®Ì O2 Āæñ H2 
                                  2H2O(l) ----> 2H2(g) + O2(g) 



 ƗƜƞ 

 
Öòèîã¬óÈØöć 2  ÿÝóìõÚÜúÚÕ­èãĀÅæÿÌöãâÅóä°ÛîÚÿÚÖ (CaCO3) ÉñăÕ­ĀÅæÿÌöãâîîÂăÌÖ° (CaO) ĀæñĀÂ®ë
Åóä°ÛîÚăÕ­ 

îîÂăÌÖ° (CO2)  
                                                         ÿÝó 
                                        CaCO3(s) ----> CaO(s) + CO2(g) 
 
3.ÜÏõÂõäõãóÂóäĀØÚØöć (Replacement)  

ÜÏõÂõäõãóÂóäĀØÚØöćÿÜĆÚÜÐõÂõäõãóØöćëóäìÚ÷ćÈÿÃ­óăÜĀØÚØöćëóäĂÚîöÂëóäìÚ÷ćÈ  
ÿË¬Ú    Zn(s) + CuSO4 ----> ZnSO4 + Cu  
 
4.ÜÐõÂõäõãóÂóäĀæÂÿÜæöćãÚ    âöìæóãÜäñÿáØÿË¬Ú 

ÜÐõÂõäõãóÖñÂîÚ ÿÜĆÚÜÐõÂõäõãóĀæÂÿÜæöćãÚËÚõÕìÚøćÈØöćÿâøćîĀãÂÿÃöãÚÿÜĆÚëâÂóäăîîÚõÅÉñßÛè¬óâöÂóä
ÖÂÖñÂîÚÿË¬Ú       

Ba(CN)2(aq) + Na2CO3(aq)  ---->  BaCO3(s) + 2NaCN(aq) 
Pb(NO3)2(aq) + 2KI (aq)     ---->   PbI2(s) + KNO3 (aq) 

 
       ÜÐõÂõäõãóëñÿØõÚ (Neutralization Reaction) ÿÜĆÚÜÐõÂõäõãóĀæÂÿÜæöćãÚÜäñÿáØìÚ÷ćÈ ÿÂõÕÂòÛÜÐõÂõäõãó
äñìè¬óÈÂäÕÂòÛÿÛë ăÕ­ÿÂæøîÂòÚÚČĈó ÿË¬Ú 

HCl(aq) +NaOH(aq)  ---->  NaCl (aq) +  H2O(l) 
       ÜÐõÂõäõãóÂóäÿÂõÕĀÂ®ë (Gas Forming Reaction) ÿÜĆÚÜÐõÂõäõãóÿÅâö ØöćÿÂõÕÝæõÖáòÔÒ°ÿÜĆÚĀÂ®ëëóäÖòĈÈÖ­Ú âòÂ
ÿÜĆÚÜÐõÂõäõãóÂóäĀæÂÿÜæöćãÚäñìè¬óÈÂäÕìäøîÿÛëÂòÛëóäÿÅâöîøćÚ 
        ÜÐõÂõäõãóäöÕîÂÌ° (Redox Reaction) ÿÜĆÚÜÐõÂõäõãóØöćâöÂóä×¬óãāîÚîõÿæĆÂÖäîÚÂòÚìäøîÿÜĆÚÜÐõÂõäõãóØöćâö
ÂóäÿÜæöćãÚÿæÃîîÂÌõÿÕËòÚÃîÈÙóÖùØòĈÈÿßõćâĀæñæÕĂÚÜÐõÂõäõãóÿÕöãèÂòÚ 



 ƗƜƟ 

Öòèîã¬óÈ    ĂÚÂóäëòÚÕóÜÃîÈÿîâõæĀîæÂîïîæ°(C5H11OH) ÕòÈÚöĈ 
2C5H11OH(g) + 15O2(g)                            10CO2(g) + 12H2O(g) 

Â.ÉÈìóÉČóÚèÚāâæÃîÈÂ®óÌîîÂÌõÿÉÚØöćÖ­îÈĂË­ĂÚÂóäëòÚÕóÜÂòÛ 1 āâæÃîÈÿîâõæĀîæÂîïîæ° 
èõÙöØČó   Â. 2C5H11OH(g) + 15O2(g)                       10CO2(g) + 12H2O(g) 

èõÙöØČóØöć 1   ÉóÂëâÂóä C5H11OH 2 āâæ  ?      O2 =15 āâæ  
                                    C5H11OH 1 āâæ  ?   O2 =   (15 mol?1mol)/2mol 7.5 āâæ 

èõÙöØöć 2  molÃîÈC5H11OH/(mol ÃîÈ O2)   =    2/?(15āâæ) 
             (1 mol)/(mol O2)     =         2/15        
              āâæÃîÈ O2             = 15/2  āâæ  = 7.5 āâæ 

 
Ã.ÉÈìóâèæÃîÈÂ®óÌÅóä°ÛîÚăÕîîÂăÌÕ°ØöćÿÂõÕÃ÷ĈÚÉóÂÂóäĂË­ÿîâõæĀîæÂîïîæ°âóÂÿÂõÚßî Āæ­èÿÂõÕÂ®óÌ
Åóä°ÛîÚăÕîîÂăÌÕ° 22 Âäòâ 

2C5H11OH(g) + 15O2(g) ---->  10CO2(g) + 12H2O(g) 
 
èõÙöØČóØöć 1. ÉóÂëâÂóä CO2 10 mol âóÉóÂ O2 =15 mol 

                                    CO2 10 ?44 g âóÉóÂ O2 =15? 22.4 dm3 STP 
                                     CO2  22 g âóÉóÂ O2     = (15?22.4?22g)/(10?44g)=  16.8 dm3 

 
èõÙöØöć 2.  Ăì­ O2  âöÜäõâóÖä = x dm 3 STP âöÉČóÚèÚ  x/22.4   mol 
CO2  22  g   âöÉČóÚèÚ  =   22/44   = 1/2 mol                    

                         (mol O2)/(mol CO2  )   =      15/10 
                         x/22.4                =            15/10 
                          1/2 mol                                               
                       ?  X    =  15/10?1/2?22.4  = 16.8  dm3                                     

ÜäõâóÖäÃîÈ O2 Øöć  STP   =   16.8  dm3 



 ƗƝƖ 

Öòèîã¬óÈ     ÚČóÝæ÷ÂāÌÿÕöãâàîëÿàÖ  (Na3PO4 (H2O) ìÚòÂ  3.615 g âóÿÝóâèæëúÎìóãăÜ  2.055 g ÿâøćîÿÝó
Āæ­èĂì­ÿìæøîÿÂæøîØöćÜäóéÉóÂÚČĈó ÉÈìóÅ¬ó x ĂÚëúÖäëâÂóäÃîÈÝæ÷ÂÚòĈÚ (âèæîñÖîâÃîÈ H  =  1,O = 16,Na 
= 23,P =31 ) 
èõÙöØČó  Na3PO4.xH2 O(s)        ?(?? )             Na3PO4(s) + xH2 O(g) 
           âèæāâÿæÂùæÃîÈ  Na3PO4.xH2O  =   (164 + 18x) 
           ÉóÂëâÂóä     Na3PO4.xH2O       1   mol   ÿÝóĀæ­èÿÂõÕ  H2O  =  x mol 
                                     Na3PO4.xH2O    (164 + 18x) g  ÿÝóĀæ­èÿÂõÕ  H2O  = x ?18 g 
                                    Na3PO4.xH2O    3.615 g   ÿÝóĀæ­èÿÂõÕ  H2O  =  (18? g?3.615g)/(164+18x)g 
                                                                                     
                                                                   âèæÃîÈ H2O ìÚòÂ       =      65.07x/((164+18x))                                                                                                                              
                                                                                                        X    =   12.00 
Öòèîã¬óÈ    Āä¬ËÚõÕìÚ÷ćÈâö ZnS 79.55% ÚČóĀä¬ËÚõÕÚöĈìÚòÂ 445 g ăÜØČóÜÐõÂõäõãóÂòÛÂ®óÌîîÂÌõÿÉÚÉÚëâÛäúÔ°
ÕòÈëâÂóä                                                         
     2ZnS + 3O2                     2ZnO  +  2SO2 
                        ÉÈìóÃîÈÂ®óÌ O2ØöćÖ­îÈĂË­ØòĈÈìâÕ ĀæñìóÜäõâóÖäÃîÈÂ®óÌ SO2 Øöć  STP 
                         (âèæîñÖîâÃîÈ O  = 16, S  = 32, Zn  =  65.39) 
èõÙöØČó                 2ZnS +  3O2                    2Zn(s)  +  2SO2 
                                Āä¬  100 g âö ZnS  =  79.5 g 
                                Āä¬  100 g âö ZnS  =  79.5 g ?445  g   =  353.78 g 
                                                                          100 g 
ÉóÂëâÂóä            ZnS     2   mol    =   O2   =   3  mol  
                              ZnS 2 ? 97.39 g   =  O2   =   3 ?32  g 
                              ZnS  353.78  g   =   O2   =   (3?32g?353.78g)/(2?97.38g)  =  174.38  g                                                     
                                    ?âèæÃîÈÂ®óÌ O2   =  174.38  g 
ÉóÂëâÂóä                 ZnS  2?97.39  g  ÿÂõÕ  SO2  =  2?22.4  dm3 
                                   ZnS  353.78  g  ÿÂõÕ  SO2     =  (2?22.4dm3?353.78g)/(2?97.39g) 
                                                       âèæÃîÈÂ®óÌ  SO2  =  81.37 dm3  STP 
 



 ƗƝƗ 

Öòèîã¬óÈ   ÂóäìâòÂÿÜĆÚÂäñÛèÚÂóäØóÈÿÅâöîã¬óÈÌòÛÌ­îÚĂÚÂóäØČóăèÚ° āãÂóäĂË­ÚČĈóÖóæìâòÂĂì­ÿÜæöćãÚÿÜĆÚ
ÿîØóÚîæĀæñÂ®óÌÅóä°ÛîÚăÕîîÂăÌÕ° 
                          C6H12O6                   2C2H5OH  +  2CO2 
                        ÿäõćâÖ­ÚĂË­ÂæúāÅë  500.4 g ÉÈìóÜäõâóÖäÃîÈÿîØóÚîæØöćÿÂõÕÃ÷ĈÚÉóÂÂäñÛèÚÂóäÚöĈ 
                         (ÅèóâìÚóĀÚ¬ÚÃîÈÿîØóÚîæ  =0.789 g/ml, âèæîñÖîâÃîÈ H  =  1,C  =  12, O  =  16) 
èõÙöØČó                 C6H12O6                              2C2H5OH  +  2CO2 
ÉóÂëâÂóä        C6H12O6   1   mol  C2H5 OH   =   2   mol 
                             C6H12O6   180  g  C2H5OH     =   2?46  g 
                             C16H12O6  500.4  g   C2H5OH   =  (2?46g?50.4)/180g 
                                                                                              180  g 
                              âèæÃîÈÿîØóÚîæ                           =  255.79  g 
                               ĀÖ¬ëúÖä  d                                       =  M/V 
                                ĀØÚÅ¬ó ; 0.789 g/ml                      =  255.76g/V 
                                                  V                                 =   255.76g/(0.789g/ml)   =  324.16  ml 
                                                                                           
                                     ÜäõâóÖäÃîÈÿîØóÚîæ               =  324.16  ml 



 ƗƝƘ 

ÜÐõÂõäõãóÿÅâö 
               ÜÐõÂõäõãóÿÅâö (chemical reaction) ìâóã×÷È ÂóäÿÜæöćãÚĀÜæÈØöćØČóĂì­ÿÂõÕëóäĂìâ¬ âöëâÛòÖõÖ¬óÈÉóÂ
ëóäÿÕõâ ëóäÂ¬îÚÂóäÿÜæöćãÚĀÜæÈÿäöãÂè¬ó ëóäÖòĈÈÖ­Ú (reactant) ĀæñëóäØöćÿÂõÕĂìâ¬ÿäöãÂè¬ó ÝæõÖáòÔÒ° 
(product)ĂÚÃÔñØöćÿÂõÕÜÐõÂõäõãóÿÅâö ÚîÂÉóÂăÕ­ëóäĂìâ¬Āæ­èãòÈîóÉÿÂõÕÂóäÿÜæöćãÚĀÜæÈĂÚÕ­óÚîøćÚą îöÂăÕ­ 
ÿË¬Ú ÂóäÿÜæöćãÚĀÜæÈßæòÈÈóÚ 

ÜäñÿáØÃîÈÜÐõÂõäõãóÿÅâö 

ÜÐõÂõäõãóÿÅâöÉČóĀÚÂăÕ­ 3 ÜäñÿáØÕòÈÚöĈ 
1. ÜÐõÂõäõãóÂóääèâÖòè (combination) ÿÜĆÚÜÐõÂõäõãóØöćÿÂõÕÉóÂÂóääèâÖòèÃîÈëóäāâÿæÂùæÿæĆÂ
äèâÂòÚÿÜĆÚëóäāâÿæÂùæĂìÎ¬ ìäøîÿÂõÕÉóÂÂóääèâÖòèÃîÈÙóÖùÌ÷ćÈÉñăÕ­ëóäÜäñÂîÛ ÕòÈÿË¬Ú 

 
2. ÜÐõÂõäõãóÂóäĀãÂëæóã (decomposition) ÿÜĆÚÜÐõÂõäõãóØöćÿÂõÕÂóäĀãÂëæóãÃîÈëóäāâÿæÂùæĂìÎ¬
Ăì­ăÕ­ëóäāâÿæÂùæÿæĆÂæÈ ÕòÈÿË¬Ú 

 
3. ÜÐõÂõäõãóÂóäĀØÚØöć (replacement) ÿÜĆÚÜÐõÂõäõãóÂóäĀØÚØöćÃîÈëóäìÚ÷ćÈÿÃ­óăÜĀØÚØöćîöÂëóä
ìÚ÷ćÈ ÕòÈÿË¬Ú 

 

ÜòÉÉòãØöćâöÝæÖ¬îÂóäÿÂõÕÜÐõÂõäõãóÿÅâö  
ÜòÉÉòãØöćâöÝæÖ¬îÂóäÿÂõÕÜÐõÂõäõãóÿÅâö ìâóã×÷ÈëõćÈØöćÉñâöÝæØČóĂì­ÜÐõÂõäõãóÿÅâöÿÂõÕÃ÷ĈÚÿäĆèìäøîË­ó ăÕ­ĀÂ¬ 
1. ÅèóâÿÃ­âÃ­Ú ëóäæñæóãØöćâöÅèóâÿÃ­âÃ­ÚâóÂÂè¬óÉñÿÂõÕÜÐõÂõäõãóăÕ­ÿäĆèÂè¬óëóäæñæóãØöćÿÉøîÉóÈ 
2. ßøĈÚØöćÝõè ÃîÈĀÃĆÈØöćâößøĈÚØöćÝõèâóÂÂè¬óÉñÿÂõÕÜÐõÂõäõãóăÕ­ÿäĆèÂè¬ó 
3. îùÔìáúâõ ØöćØöćâöîùÔìáúâõëúÈÂè¬óÉñÿÂõÕÜÐõÂõäõãóăÕ­ÿäĆèÂè¬óØöćØöćâöîùÔìáúâõÖČćóÂè¬ó 
4. Öòèÿä¬ÈÜÐõÂõäõãóìäøîÖòèÅñÖñæõëÖ° (catalyst) ÿÜĆÚëóäËÚõÕÖ¬óÈą Øöćëóâóä×ØČóĂì­ÿÂõÕÜÐõÂõäõãóăÕ­

ÿäĆèÃ÷ĈÚ 



 ƗƝƙ 

ÿäøćîÈØöć 3  ÜÐõÂõäõãóÿÅâöØöćßÛĂÚËöèõÖÜäñÉČóèòÚ 

ÜÐõÂõäõãóÿÅâöÿÂõÕÉóÂëóäØČóÜÐõÂõäõãóÂòÚĀæ­èăÕ­ëóäĂìâ¬ Ì÷ćÈëóäÚòĈÚÅøîÝæõÖáòÔÒ° ÝæõÖáòÔÒ°ØöćăÕ­ÚòĈÚâö
ØòĈÈÜäñāãËÚ°ĀæñāØê äîÛą ÖòèÿäóâöÜÐõÂõäõãóÿÂõÕÃ÷ĈÚâóÂâóã ÿË¬Ú ÜÐõÂõäõãóËöèÿÅâöĂÚä¬óÈÂóã ÂóäÿÂêÖä
Âääâ îùÖëóìÂääâ Öòèîã¬óÈÿìæ¬óÚöĈæ­èÚÿÂöćãèÂòÛÜÐõÂõäõãóÿÅâöØòĈÈëõĈÚ É÷ÈÿìĆÚăÕ­è¬óÜÐõÂõäõãóÿÅâöâöÅèóâëČóÅòÎ
Ö¬îËöèõÖîã¬óÈãõćÈ 

Öòèîã¬óÈÜÐõÂõäõãóÿÅâöØöćßÛĂÚËöèõÖÜäñÉČóèòÚ 
4.1 ÞÚÂäÕ ÿâøćîÿÂõÕÞÚÖÂæÈâó ÚČĈó (H2O) ÉñæñæóãĀÂ®ëÖ¬óÈą Øöćîãú¬ĂÚîóÂóéÖóâÙääâËóÖõ ÿË¬Ú ĀÂ®ë

Åóä°ÛîÚăÕîîÂăÌÕ° (CO2) ĀÂ®ëÌòæÿàîä°ăÕîîÂăÌÕ° (SO2) ĀÂ®ëăÚāÖäÿÉÚăÕîîÂăÌÕ° (NO2)  ÿâøćîÚČĈóæñæóã
ĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ°ĂÚîóÂóé ÉñØČóĂì­ÚČĈóÞÚâöëáóßÿÜĆÚÂäÕÅóä°ÛîÚõÂ (H2CO3) ÕòÈëâÂóä 

 

ÿâøćîÚČĈóÞÚØöćâöëáóßÿÜĆÚÂäÕăìæăÜÖóâáúÿÃóìõÚÜúÚÂĆÉñØČóÜÐõÂõäõãóÂòÛĀÅæÿÌöãâÅóä°ÛîÿÚÖ (CaCO3) ĂÚ
ìõÚÜúÚ ĀæñăÕ­ëóäæñæóãĀÅæÿÌöãâăïāÕäÿÉÚÅóä°ÛîÿÚÖ (Ca(HCO3)2) îîÂâó ÕòÈëâÂóä 

 

ÿâøćîëóäæñæóãĀÅæÿÌöãâăïāÕäÿÉÚÅóä°ÛîÿÚÖăìæÌ÷âăÜÖóâÿßÕóÚ×ČĈó ÚČĈóÉñäñÿìãăÜÿìæøîĀÖ¬ìõÚÜúÚÿÂóñ
ÉÚÂæóãÿÜĆÚìõÚã­îãØöćÿßÕóÚ×ČĈó ×­óëóäæñæóãÚöĈìãÕæÈÛÚßøĈÚ×ČĈó ÿâøćîÚČĈóäñÿìã ăÜÉñÂæóãÿÜĆÚìõÚÈîÂ
Ö¬îăÜ 
ëäùÜÜÐõÂõäõãóÿÅâöĂÚÂóäÿÂõÕìõÚã­îãĀæñìõÚÈîÂ 

 

 

 

 

4.2 ×¬óÚăàÊóã (Dry cell ) 
 ×¬óÚăàÊóãÿÜĆÚÿÌææ°ÂòæèóÚõÂØöćĂË­ÜäñāãËÚâóÂĂÚÜòÉÉùÛòÚ  ËòĈÚÚîÂëùÕÃîÈ×¬óÚăàÊóãÉñâö



 ƗƝƚ 

ÂäñÕóêìäøîāæìñì¬îìù­â ËòĈÚ×òÕâóÉñÿÜĆÚÂæ¬îÈ (Zn) ÉñØČóìÚ­óØöćÿÜĆÚÃòĈèĀîāÚÕ ÖäÈÂæóÈÂæ¬îÈ(Zn) ăè­
ÛääÉùëóäĀæñ Zn ÉñØČóìÚ­óØöćÿÜĆÚÃòĈèĀîāÚÕÖäÈÂæóÈÂæ¬îÈ Zn ÉñâöĀØ¬ÈĀÂä°ăàÖ° ØČóìÚ­óØöćÿÜĆÚÃòĈèĀÅāØÕ  
ë¬èÚäîÛ ą ĀØ¬ÈĀÂä°ăàÖ°ÉñâöÃîÈÝëâäñìè¬óÈÝÈ×¬óÚĀîâāâÿÚöãâÅæîăäÕ°ËøĈÚ ĀâÈÂóÚöë(IV)îîÂăÌÕ° 
ĀæñÂóèÛääÉùîãú¬ÿÜĆÚîõÿæĆÅāÖäăæÖ°  ÉñÿìĆÚè¬óĂÚ×¬óÚăàÊóã ăâ¬ĂË­îõÿæĆÅāÖäăæÖ°ØöćÿÜĆÚÃîÈÿìæè ØČóĂì­
ëñÕèÂÖ¬îÂóäÚČóăÜĂË­ÈóÚ 

ƚ.ƙ ÿÌææ°ëñëâăàà­óĀÛÛÖñÂòćè (Lead storage cell)  
 ìäøîØöćÿäöãÂÂòÚØòćèăÜè¬ó ĀÛÖÿÖîäöćä×ãÚÖ°  ĀÖ¬æñÿèææ°ÉñĂì­éòÂã°ăàà­ó  Ƙ  āèæÖ° ×­óÖ­îÈÂóäĂË­
ÂäñĀëăàà­óØöćâöéòÂã°ăàà­óÿØ¬óĂÕ ÂĆÚČóÿÌææ°ìæóã ą ÿÌææ°âóÖ¬îÂòÚîã¬óÈîÚùÂäâ  ĂÚĀÖ¬æñÿÌææ°ÃîÈÿÌææ°ëñëâ
ăàà­óĀÛÛÖñÂòćè  ÉñÜäñÂîÛÕ­èãĀÝ¬ÚÖñÂòćèÌ÷ćÈâöæòÂêÔñÅæ­óãàîÈÚČĈóÛääÉùĂÚË¬îÈè¬óÈÃîÈĀÝ¬ÚÂäõÕë° (gride) 
ĀæñĀÝ¬ÚÂäõÕë°îöÂËùÕìÚ÷ćÈÌ÷ćÈâöÿæî (IV)   îîÂăÌÖ°ÛääÉùîãú¬ĀÝ¬ÚÂäõÕë°ØòĈÈ Ƙ Éù¬âîãú¬ĂÚëóäæñæóã  H2SO4 Ì÷ćÈ
ØČóìÚ­óØöćÿÜĆÚîõÿæĆÅāÖäăæÖ° 

ƚ.ƚÂóäËùÛāæìñÕ­èãăàà­ó 
 ÿÜĆÚÂäñÛèÚÂóäØöćâöÂóäÿÅæøîÛËòĈÚÃîÈāæìñØöćÖ­îÈÂóäËùÛæÈÛÚÝõèāæìñîöÂËÚõÕìÚ÷ćÈ  ÂóäËùÛ
āæìñ ìæòÂÂóäËùÛāæìñÕ­èãÂäñĀëăàà­ó 
 1.ëõćÈØöćÖ­îÈÂóäËùÛĂì­Ö¬îÂòÛÃòĈè ĀÅāØÕ(ÃòĈèæÛ) ÃîÈĀÛÖÿÖîäöć 
 Ƙ.ÉñËùÛÕ­èãāæìñîñăäÂĆÚČóāæìñÚòĈÚÖ¬îÂòÛÃòĈèĀîāÚÕ(ÃòĈèÛèÂ) ÃîÈĀÛÖÿÖîäöć 
 ƙ.ĂÚîõÿæĆÅāÖäăæÖ°Ö­îÈÜäñÂîÛÕ­èã ăîîîÚÃîÈāæìñËÚõÕÿÕöãèÂòÚÂòÛØöćÖ¬îÂòÛÃòĈèĀîāÚÕ 
 ƚ.ÂäñĀëăàà­óØöćĂË­Ö­îÈÿÜĆÚÂäñĀëÖäÈ 
  

 

 

 

 

 

ØöćÃòĈèĀîāÚÕ(ÃòĈèÛèÂ)āæìñ Zn ÉñÉ¬óã e-  ÖóâëâÂóä 
 Zn   ------->   Zn2+   +  2e-   ---------(Ɨ) 



 ƗƝƛ 

ØöćÃòĈèĀÅāØÕ(ÃòĈèæÛ)  Zn2-   ÉñâóäòÛ  e-   ÿÜĆÚāæìñ  Zn  ÿÅæøîÛØöćÝõÈÃîÈÖñÜú Fe 
 Zn2+ +      2e-    ------->   Zn  ---------(Ƙ) 

ƚ.ƛ ëÛú¬ 
 ÿÜĆÚëóäîõÚØäöã° ÉČóßèÂÿÂæøîØöćăÕ­ÉóÂÂóäØČóÜÐõÂõäõãóäñìè¬óÈăÃâòÚÉóÂßøËìäøîëòÖè°ÂòÛÿÛë   ÿÛëØöć
ĂË­ĂÚÂóäØČóëÛú¬ âöæòÂêÔñØöćÖ¬óÈÂòÚîãú¬  Ƙ ËÚõÕ   Åøî 
 Ɨ.ëÛú¬ÿìæè  ÿÖäöãâāÕãĂË­ÂäÕăÃâòÚÉóÂßøËìäøîëòÖè° ØČóÜÐõÂõäõãóÂòÛëóäæñæóãāÜÖòëÿÌöãâăïÕäîÂ
ăÌÖ° (KOH)  ËóèÛ­óÚÿäöãÂè¬ó  Õ¬óÈÅæö 
 Ƙ.ëÛú¬ĀÃĆÈ ÿÜĆÚëÛú¬ØöćÿÖäöãâÃ÷ĈÚÉóÂÂóäĂË­ÂäÕăÃâòÚÉóÂßøËìäøîëòÖè° ØČóÜÐõÂõäõãóÂòÛëóäæñæóã
āÌÿÕöãâăïÕäîÂăÌÕ°   ìäøîāÌÕóăà( NaOH)  ëÛú¬âöËøćîØóÈÿÅâöè¬ó   āÌÿÕöãâëÿÖöãÿäÖ  Ì÷ćÈâöëúÖäØóÈÿÅâö Åøî 
C17H35CooNa 

 ÂóäÝæõÖëÛú¬ 
 ÂóäÝæõÖëÛú¬  ĂË­ÂäÕăÃâòÚÉóÂßøËìäøîëòÖè°ØČóÜÐõÂõäõãóÂòÛëóäæñæóãÿÛë  Āæ­èÉñĂì­ÝæÿÜĆÚăÜÖóâ
ëâÂóä 
 ăÃâòÚ    +    NaOH  ìäøî KOH     ------->     ëÛú¬   +  ÂæöÿÌîäîæ 
ĂÚÂóäÝæõÖëÛú¬ÉñÿÖõâāÌÿÕöãâÅæîăäÕ°(ÿÂæøîĀÂÈ)   æÈăÜĂÚÂääâèõÙöÂóäÝæõÖÿßøćîĂì­ëÛú¬ÂòÛ ÂæöÿÌîäîæ  ĀãÂ
îîÂÉóÂÂòÚ  Ì÷ćÈÿäöãÂāÌÿÕöãâÅæîăäÕ°è¬ó  ÿÜĆÚÖòè Salting out 

 

 

 

 

 ëóäØöćÿÖõâæÈĂÚëÛú¬  ÿßøćîĂì­ëÛú¬âöÅùÔáóßÕö  ăÕ­ĀÂ¬ 
 Ɨ.ëóäÿßõćâÅèóâëñîóÕ    ÿË¬ÚāÌÕóÌòÂÝ­ó  āÌÿÕöãâÌõæõÿÂÖ  āÌÿÕöãâàîëÿàÖ 
 Ƙ.ëóäÇ¬óÿËøĈîāäÅ  âòÂĂë¬ĂÚëÛú¬àîÂÖòèÿßøćîÇ¬óÿËøĈîāäÅăÕ­ÕöÃ÷ĈÚ 
 ƙ.ëóäĀÖ¬ÈÿÖõâÂæõćÚ   ăÕ­ĀÂ¬  ìòèÚČĈóìîâ 
 ƚ.ëóäÕòÛÂæõćÚ  Ì÷ćÈÜÚìäøîÝëâăÜßä­îâÂòÛëóäÇ¬óÿËøĈîāäÅ 

 



 ƗƝƜ 

ƚ.Ɯ ÝÈÌòÂàîÂ  
ÝÈÌòÂàîÂāÕãØòćèăÜ ÉñâöÅ¬óÅèóâÿÜĆÚÂäÕ · ÿÛë  ÜäñâóÔ  Ɵ.Ɩ-ƗƖ.Ɯ   ë¬èÚÜäñÂîÛØöćëČóÅòÎ

ăÕ­ĀÂ¬ 
Ɨ.àîëÿàÖ  ØČóĂì­ÚČĈóâöëáóßÿÜĆÚÿÛëßîÿìâóñÂòÛÂóäØČóÜÐõÂõäõãóÃîÈÝÈÌòÂàîÂ  ÂòÚăâ¬Ăì­ëõćÈ

ëÂÜäÂÂæòÛÿÃ­óâóÉòÛÿë­ÚĂãăÕ­îöÂ 
Ƙ.āÌÿÕöãâÌõæõÿÂÖ  Ü­îÈÂòÚăâ¬Ăì­āæìñ  ăâ¬Ăì­ÖñÂîÚëõćÈëÂÜäÂÉòÛÿëøĈîÝ­óÃÔñÌòÂ Ăì­ÚČóâöëáóß

ÿÜĆÚÿÛëî¬îÚ 
ƙ.ëóäàîÂÃóè  ÿË¬Ú ÿÜîä°ÜîÿäÖ  Ë¬èãØČóĂì­ÿëøĈîÝ­óØöćÌòÂâöÅèóâÃóèëñîóÕÃ÷ĈÚ   
ƚ.āÌÿÕöãâÅóä°ÛîÚÌöÿâÙõæÿÌææúāæë(C.M.C.)  ăâ¬Ăì­ÝÈÌòÂàîÂÿÂõÕÖñÂîÚÃ÷ĈÚÃÔñÌòÂæ­óÈ  Ë¬èãÉòÛ

îÚùáóÅëõćÈëÂÜäÂØöćìæùÕîîÂâóăâ¬Ăì­ÂæòÛăÜÉòÛÿëøĈîÝ­óîöÂ  Ë¬èãĂì­äú­ë÷ÂÚù¬ââøîÃÔñÌòÂÝ­ó 
ƛ.ÚČĈóìîâ   ëö  ĀæñãóÇ¬óÿËøĈîāäÅ ĀæñëóäæÕĀäÈÖ÷ÈÝõè 

 

 



 ƗƝƝ 

ĀÛÛÞ÷ÂìòÕÛØØöć ƞ 

ÿäøćîÈ ëâÂóäÿÅâöĀæñÜÐõÂõäõãóÿÅâö 

Ɨ.ÂóäØÕæîÈĂÕØöćØČóĂì­āæìñÝùÂä¬îÚăÕ­ 
 Â. Cu  ĂÚ ZnSo4    Ã. Na   ĂÚ AgNO3 
 Å. Ag  ĂÚ CuSO4   È. Mg ĂÚ ZnSo4 

Ƙ.ÿÌææ°×¬óÚăàÊóã×­óÿÜæöćãÚÂæ¬îÈØöćØČóÕ­èã Zn  ÿÜĆÚ ÿìæĆÂ(Fe) ÉñâöÝæîã¬óÈăä 
 Â.ăâ¬âöÂäñĀëăàà­óÿÂõÕÃ÷ĈÚ 
 Ã.×¬óÚăàÊóãâöîóãùÂóäĂË­ÈóÚÚóÚÂè¬óÿÕõâ 
 Å.ÉñâöÅ¬óÅèóâÖ¬óÈéòÂã°ăàà­óÖČćóÂè¬óÿÕõâ 
 È.ÉñâöÅ¬óÅèóâÖ¬óÈéòÂã°ăàà­óëúÈÂè¬óÿÕõâ 

ƙ.ÂóäÜ­îÈÂòÚÂóäÝùÂä¬îÚÃîÈÿìæĆÂ ØČóăÕ­ìæóãèõÙö ãÂÿè­ÚÃ­îĂÕ  
       Â.ÂóäØóëöìäøîÚČĈóâòÚ 
   Ã.ÿÅæøîÛìäøîÊóÛÝõèāæìñÛóÈËÚõÕ  ÿË¬ÚëòÈÂñëö 
   Å. ÿËøćîâÕ­èãāæìñØöćäòÛîõÿæĆÅÖäîÚăÕ­È¬óãÂè¬óÿìæĆÂ 
    È.Ăë¬ëóäæñæóãØöćÜ­îÈÂòÚëÚõâ  ÿË¬Ú āÌÿÕöãâăÚăÖäØ° 

ƚ.ìæòÂÂóäØöć×úÂÖ­îÈĂÚÂóäËùÛāæìñÕ­èãÂäñĀëăàà­ó 
   Â.ëõćÈØöćÖ­îÈËùÛÖ­îÈÿÜĆÚÃòĈèÛèÂ 
   Ã. ÉñËùÛÕ­èãāæìñĂÕĂË­āæìñÚòĈÚÿÜĆÚÃòĈèæÛ 
   Å. îõÿæĆÅāÖäăæÖ°ÉñÖ­îÈÿÜĆÚîõîîÚÃîÈāæìñËÚõÕÿÕöãèÂòÛāæìñØöćÉñËùÛ 
   È.ÂóäËùÛāæìñÕ­èãÂäñĀëăàà­ó Ö­îÈĂË­ÂäñĀëăàà­óëæòÛ 

ƛ.×­óÖ­îÈÂóäËùÛëòÈÂñëö Õ­èãÿÈõÚ  ÅèäØČóÂóäØÕæîÈÕòÈÃ­îĂÕ 
   Â. ÿÈõÚÿÜĆÚ ĀîāÚÕ  ëòÈÂñëöÿÜĆÚ ĀÅāØÕ ëóäæñæóã Ag2+ ÿÜĆÚîõÿæĆÅāÖäăæÖ° 
  Ã. ëòÈÂñëöÿÜĆÚ ĀîāÚÕ ÿÈõÚÿÜĆÚĀÅāØÕ ëóäæñæóã Ag2+ ÿÜĆÚîõÿæĆÅāÖäăæÖ° 
  Å. ëòÈÂñëöÿÜĆÚĀîāÚÕ ÿÈõÚÿÜĆÚĀÅāØÕ ëóäæñæóã Zn2+ ÿÜĆÚîõÿæĆÅāÖäăæÖ° 
  È.ÿÈõÚÿÜĆÚ ĀîāÚÕ  ëòÈÂñëöÿÜĆÚ ĀÅāØÕ ëóäæñæóã Zn2++ ÿÜĆÚîõÿæĆÅāÖäăæÖ° 
 

 



 ƗƝƞ 

ÿäøćîÈØöć  3 ÙóÖùÂòââòÚÖáóßäòÈëö 

ÂòââòÚÖáóßäòÈëö (Radioactivity)  ìâóã×÷È  äòÈëöØöćĀÝ¬îîÂâóăÕ­ÿîÈÉóÂÙóÖùÛóÈËÚõÕ 
ÙóÖùÂòââòÚÖáóßäòÈëö  ìâóã×÷È ÙóÖùØöćâöĂÚÙääâËóÖõØöćĀÝ¬äòÈëöîîÂâóăÕ­ÿîÈ   

ÿïÚäöć ÿÛÅÿÅîÿäæ  ÚòÂàõëõÂë°ËóèÞäòćÈÿéë ÿÜĆÚÝú­Å­ÚßÛÂòââòÚÖáóßäòÈëöāÕãÛòÈÿîõÎ  ĂÚÃÔñØöćØČóÂóä
èõÿÅäóñì°ÿÂöćãèÂòÛäòÈëöÿîÂÌ°  ÂòââòÚÖáóßäòÈëöâöëâÛòÖõĀÖÂÖ¬óÈÉóÂäòÈëöÿîÂÌ° Åøî âöÅèóâÿÃ­âÚ­îãÂè¬óäòÈëö
ÿîÂÌ°  ÂóäĀÝ¬äòÈëöÿÂõÕÃ÷ĈÚîã¬óÈÖ¬îÿÚøćîÈÖæîÕÿèæó    äòÈëö ÿÜĆÚÜäóÂÐÂóäÔ°ÙääâËóÖõ  ÛóÈËÚõÕÿÜĆÚÅæøćÚ
Āâ¬ÿìæĆÂăàà­ó ÿË¬Ú äòÈëöÿîÂÌ°  äòÈëöîùæÖäóăèāîÿæÖ  äòÈëöîõÚàäóÿäÕ  ÛóÈîã¬óÈÿÜĆÚîÚùáóÅ  ÿË¬ÚäòÈëöØöćÿÂõÕÉóÂ
îÚùáóÅîõÿæÅÖäîÚ  äòÈëöØöćăÕ­ÉóÂÙóÖùÂòââòÚÖáóßäòÈëöâö ƙ ËÚõÕ Åøî  äòÈëöĀîæàó  äòÈëöÿÛÖ­ó  ĀæñäòÈëöĀÂââó  

ËÚõÕÃîÈÂòââòÚÖáóßäòÈëö               âö ƙ ËÚõÕ  Åøî  
 Ɨ. äòÈëöĀîæàó (alpha, a) Åøî ÚõèÿÅæöãëÃîÈîñÖîâÙóÖùïöÿæöãâ ƚHeƘ âöÜäñÉùăàà­ó +Ƙ âöâèæâóÂ 
ÅèóâÿäĆèÖČćó îČóÚóÉØñæùØñæèÈÚ­îã  âößæòÈÈóÚëúÈâóÂØČóĂì­ÿÂõÕÂóäĀÖÂÖòèÿÜĆÚîõîîÚăÕ­ÕöØöćëùÕ  
  Ƙ. äòÈëöÿÛÖ­ó (Beta, b) âö Ƙ ËÚõÕ Åøî îõÿæÅÖäîÚ Ɩe-Ɨ (ÜäñÉùæÛ) Āæñ āàÌõÖäîÚ  Ɩe+Ɨ (ÜäñÉù
ÛèÂ) âöÅèóâÿäĆèëúÈâóÂĂÂæ­ÿÅöãÈÂòÛÅèóâÿäĆèĀëÈ  
  ƙ.  äòÈëöĀÂââó (gamma, g) Åøî äòÈëöØöćăâ¬âöÜäñÉùăàà­ó ìâóã×÷È āàÖîÚìäøîÅèîÚÖòâÃîÈĀëÈ âö
îČóÚóÉĂÚÂóäØñæùØñæèÈăÕ­ëúÈâóÂ  ăâ¬ÿÛöćãÈÿÛÚĂÚëÚóâĀâ¬ÿìæĆÂĀæñëÚóâăàà­ó  ÿÜĆÚÅæøćÚĀâ¬ÿìæĆÂăàà­óØöćâö
Åèóâ×öćëúÈÂè¬óäòÈëöÿîÂÌ°                                                                                   

                                                

  

 

 



 ƗƝƟ 

 ÂóäÿÂõÕÂòââòÚÖáóßäòÈëö  
            Ɨ.  ÿÂõÕÉóÂÚõèÿÅæöãëĂÚëáóèñßøĈÚÑóÚăÕ­äòÛßæòÈÈóÚ ØČóĂì­ÚõèÿÅæöãëÂäñāÕÕăÜëú¬äñÕòÛßæòÈÈóÚ
ëúÈÃ÷ĈÚ  Â¬îÚÂæòÛëú¬ëáóèñßøĈÚÑóÚ  ÚõèÿÅæöãëÉñÅóãßæòÈÈóÚîîÂâóĂÚäúÜäòÈëöĀÂââó  
            Ƙ.  ÿÂõÕÉóÂÚõèÿÅæöãëØöćîãú¬ĂÚëáóßÿë×öãä  ĀÖ¬âöîÚùáóÅăâ¬ëâÕùæ  ÚõèÿÅæöãëÉñÜäòÛÖòèĀæ­èÅóã
îÚùáóÅØöćăâ¬ëâÕùæîîÂâóÿÜĆÚîÚùáóÅĀîæàóìäøîÿÛÖó  

ÅùÔëâÛòÖõÃîÈÂòââòÚÖáóßäòÈëö   
            Ɨ.  ÿÕõÚØóÈÿÜĆÚÿë­ÚÖäÈ  
            Ƙ.  ÛóÈËÚõÕÿÂõÕÂóäÿæöĈãèÿÛÚÿâøćîÝ¬óÚëÚóâĀâ¬ÿìæĆÂĀæñëÚóâăàà­ó ÿË¬Ú a, b  
            ƙ.  âöîČóÚóÉĂÚÂóäØñæùëóäÖ¬óÈą ăÕ­Õö  
            ƚ.  ÿâøćîÝ¬óÚëóäÖ¬óÈąÉñëúÎÿëöãßæòÈÈóÚăÜāÕãÂóäØČóĂì­ëóäÚòĈÚĀÖÂÖòèÿÜĆÚîõîîÚ Ì÷ćÈîõîîÚ
ÿìæ¬óÚòĈÚÉñÂ¬îĂì­ÿÂõÕÜäóÂÐÂóäÔ°îøćÚą ÿË¬Ú ÜÐõÂõäõãóÿÅâö ÿÂõÕäîãÕČóÛÚàõæ°â×¬óãäúÜ 

ÜäñāãËÚ°ĀæñāØêÃîÈÂòââòÚÖáóßäòÈëö 

ÜäñāãËÚ°ÃîÈÙóÖùÂòââòÚÖáóßäòÈëö 

      1. Õ­óÚÙäÔöèõØãó  âöÂóäĂË­ C-14 ÅČóÚèÔìóîóãùÃîÈèòÖ×ùāÛäóÔ ìäøîîóãùÃîÈÌóÂÕ÷ÂÕČóÛääß°Ì÷ćÈ
ìóăÕ­ÕòÈÚöĈ ĂÚÛääãóÂóéâö C-14 Ì÷ćÈÿÂõÕÉóÂăÚāÖäÿÉÚ äèâÖòèÂòÛÚõèÖäîÚÉóÂäòÈëöÅîëâõÂÉÚÿÂõÕÜÐõÂõäõãó 
Āæ­è C-14 ØöćÿÂõÕÃ÷ĈÚÉñØČóÜÐõÂõäõãóÂòÛÂ®óÌîîÂÌõÿÉÚ Āæ­èÝ¬óÚÂäñÛèÚÂóäëòÈÿÅäóñì°ĀëÈÃîÈßøË ĀæñëòÖè°
ÂõÚßøË ÅÚÂõÚëòÖè°ĀæñßøË ĂÚÃÔñØöćßøËìäøîëòÖè°ãòÈâöËöèõÖîãú¬ C-14 Éñ×úÂäòÛÿÃ­óăÜĀæñÃòÛîîÂÖæîÕÿèæó 
ÿâøćîëõćÈâöËöèõÖÖóãæÈ ÂóääòÛ C-14 ÂĆÉñëõĈÚëùÕæÈĀæñâöÂóäëæóãÖòèØČóĂì­ÜäõâóÔæÕæÈÿäøćîãą ÖóâÅä÷ćÈËöèõÖ
ÃîÈ C-14 Ì÷ćÈÿØ¬óÂòÛ 5730 Üö  

 

  ÕòÈÚòĈÚ ×­óØäóÛîòÖäóÂóäëæóãÖòèÃîÈ C-14 ĂÚÃÔñØöćãòÈâöËöèõÖîãú¬ĀæñØäóÛîòÖäóÂóäëæóãÖòèĂÚ
ÃÔñØöćÖ­îÈÂóäÅČóÚèÔîóãùèòÖ×ùÚòĈÚ ÂĆëóâóä×ØČóÚóãîóãùăÕ­ ÿË¬Ú ÌóÂëòÖè°āÛäóÔËÚõÕìÚ÷ćÈâöîòÖäóÂóä
ëæóãÖòèÃîÈ C-14 æÕæÈăÜÅä÷ćÈìÚ÷ćÈÉóÂÃîÈÿÕõâÃÔñØöćãòÈâöËöèõÖîãú¬ ÿÚøćîÈÉóÂ C-14 âöÅä÷ćÈËöèõÖ 5730 Üö É÷È
îóÉëäùÜăÕ­è¬óÌóÂëòÖè°āÛäóÔËÚõÕÚòĈÚâöîóãùÜäñâóÔ 5730 Üö 



 ƗƞƖ 

 
  

    2. Õ­óÚÂóäĀßØã° ĂË­äòÂêóāäÅâñÿäĆÈ ĂÚÂóääòÂêóāäÅâñÿäĆÈÛóÈËÚõÕ ÂäñØČóăÕ­āÕãÂóäÊóãäòÈëö
ĀÂââóØöćăÕ­ÉóÂ āÅÛîæÖ°-60 ÿÃ­óăÜØČóæóãÿÌææ°âñÿäĆÈ Ýú­Ü¬èãØöćÿÜĆÚâñÿäĆÈĂÚäñãñĀäÂëóâóä×äòÂêóĂì­
ìóãÃóÕăÕ­ Āæ­èãòÈĂË­āÌÿÕöãâ-24 Øöćîãú¬ĂÚäúÜÃîÈ NaCl ÊöÕÿÃ­óăÜĂÚÿë­ÚÿæøîÕ ÿßøćîÖäèÉÂóäăìæÿèöãÚÃîÈ
āæìõÖ āÕã āÌÿÕöãâ-24 ÉñëæóãĂì­äòÈëöÿÛÖóÌ÷ćÈëóâóä×ÖäèÉèòÕăÕ­ Āæñëóâóä×ÛîÂăÕ­è¬óâöÂóäÖöÛÖòÚÃîÈ
ÿë­ÚÿæøîÕìäøîăâ¬ 

3. Õ­óÚÿÂêÖäÂääâ âöÂóäĂË­ÙóÖùÂòââòÚÖáóßäòÈëöÖõÕÖóâäñãñÿèæóÂóäìâùÚÿèöãÚĀä¬ÙóÖùĂÚßøË āÕã
ÿäõćâÖ­ÚÉóÂÂóäÕúÕÌ÷âØöćäóÂÉÚÂäñØòćÈ×÷ÈÂóäÅóãîîÂØöćĂÛ ìäøîĂË­é÷ÂêóÅèóâÖ­îÈÂóäĀä¬ÙóÖùÃîÈßøË  

4. Õ­óÚîùÖëóìÂääâ ĂÚîùÖëóìÂääâÂóäÝæõÖĀÝ¬Úāæìñ ÉñĂË­ÜäñāãËÚ°ÉóÂÂòââòÚÖáóßäòÈëöĂÚ
ÂóäÅèÛÅùâÂóääöÕĀÝ¬Úāæìñ ÿßøćîĂì­ăÕ­ÅèóâìÚóëâČćóÿëâîÖæîÕĀÝ¬Ú āÕãĂË­äòÈëöÿÛÖóãõÈÝ¬óÚĀÚèÖòĈÈÊóÂ
ÂòÛĀÝ¬ÚāæìñØöćäöÕĀæ­è Āæ­èèòÕÜäõâóÔäòÈëöØöćØñæùÝ¬óÚĀÝ¬ÚāæìñîîÂâóÕ­èãÿÅäøćîÈèòÕäòÈëö ×­óÅèóâìÚóÃîÈ
ĀÝ¬ÚāæìñØöćäöÕĀæ­èÝõÕăÜÉóÂÅèóâìÚóØöćÖòĈÈăè­ ÿÅäøćîÈèòÕäòÈëöÉñë¬ÈëòÎÎóÔăÜÅèÛÅùâÅèóâìÚó āÕãëòćÈĂì­
âîÿÖîä°ÂÕìäøîÝ¬îÚæúÂÂæõĈÈ ÿßøćîĂì­ăÕ­ÅèóâìÚóÖóâÖ­îÈÂóä 

 

 
 

      ĂÚîùÖëóìÂääâÂóäÝæõÖ×òÈĀÂ®ë îùÖëóìÂääâÂ¬îëä­óÈ ÂóäÿËøćîâÖ¬îØ¬îë¬ÈÚČĈóâòÚìäøîĀÂ®ë
ÉČóÿÜĆÚÖ­îÈÖäèÉëîÛÅèóâÿäöãÛä­îãĂÚÂóäÿËøćîÖ¬îāæìñ ÿßøćîÖ­îÈÂóäÕúè¬óÂóäÿËøćîâÖ¬îÚòĈÚÿìÚöãèĀÚ¬ÚÕö
ìäøîăâ¬ èõÙöÂóäÖäèÉëîÛØČóăÕ­āÕãĂË­äòÈëöĀÂââóãõÈÝ¬óÚÛäõÿèÔÂóäÿËøćîâÖ¬î Ì÷ćÈîöÂÕ­óÚìÚ÷ćÈÉñâöàõæ°ââóäòÛ
äòÈëöĀÂââóØöćØñæùÝ¬óÚîîÂâó áóßÂóäÿËøćîâÖ¬îØöćÜäóÂÐÛÚàõæ°â Éñëóâóä×ÛîÂăÕ­è¬óÂóäÿËøćîâÖ¬îÚòĈÚ
ÿäöãÛä­îãìäøîăâ¬ 



 ƗƞƗ 

 
 

āØêÃîÈÙóÖùÂòââòÚÖáóßäòÈëö 
  ÿÚøćîÈÉóÂäòÈëöëóâóä×ØČóĂì­ÖòèÂæóÈØöćâòÚÿÅæøćîÚØöćÝ¬óÚÿÂõÕÂóäĀÖÂÖòèÿÜĆÚăîîîÚăÕ­ äòÈëöÉ÷Èâö
îòÚÖäóãÖ¬îâÚùêã°   ÝæÃîÈäòÈëöÖ¬îâÚùêã°ëóâóä×ĀãÂăÕ­ÿÜĆÚ 2 ÜäñÿáØ  Åøî  
  1. ÝæØóÈßòÚÙùÂääâ    
       ÉñâöÝæØČóĂì­Âóäëä­óÈÿÌææ°Ăìâ¬ĂÚä¬óÈÂóãâÚùêã°ÿÂõÕÂóäÂæóãßòÚÙù° āÕãÿÊßóñÿÌææ°ëøÛßòÚÙù° 
  2. ĀæñÅèóâÜ¬èãăÃ­ÉóÂäòÈëö  
      ë¬èÚÝæØöćØČóĂì­ÿÂõÕÅèóâÜ¬èãăÃ­ÉóÂäòÈëö ÿÚøćîÈÉóÂÿâøćîîèòãèñë¬èÚĂÕë¬èÚìÚ÷ćÈÃîÈä¬óÈÂóãăÕ­ 

äòÛäòÈëö āâÿæÂùæÃîÈÙóÖùÖ¬óÈą ØöćÜäñÂîÛÿÜĆÚÿÌææ°ÉñĀÖÂÖòè ØČóĂì­ÿÂõÕîóÂóäÜ¬èãăÃ­ăÕ­  

 

ìæòÂĂÚÂóäÜ­îÈÂòÚîòÚÖäóãÉóÂäòÈëö 

  1.  ĂË­ÿèæóÿÃ­óĂÂæ­ÛäõÿèÔØöćâöÂòââòÚÖáóßäòÈëöĂì­Ú­îãØöćëùÕ 
       2.  ßãóãóâîãú¬Ăì­ì¬óÈÉóÂÂòââòÚÖáóßäòÈëöĂì­âóÂØöćëùÕÿØ¬óØöćÉñØČóăÕ­ 
       3. ĂË­ÖñÂòćè ÅîÚÂäöÖ ÚČĈó ìäøîßóäóàõÚ ÿÜĆÚÿÅäøćîÈÂČóÛòÈÛäõÿèÔØöćâöÂóäĀÝ¬äòÈëö 
 

ëóäÂòââòÚÖáóßäòÈëöÂòÛÝæÂäñØÛÖ¬îëõćÈĀèÕæ­îâ 
ëóäÂòââòÚÖáóßäòÈëöëóâóä×ÿÃ­óëú¬ëõćÈĀèÕæ­îâØóÈÛÂ  ØóÈØñÿæ  ĀæñëõćÈĀèÕæ­îâËóãÞòćÈăÕ­ØòĈÈ

ØóÈÖäÈĀæñØóÈî­îâÉóÂÂõÉÂääâÖ¬óÈąÃîÈâÚùêã° ÿË¬Ú ÂóäÝæõÖßæòÈÈóÚÉóÂëóäÂòââòÚÖáóßäòÈëö  ÂóäØÕæîÈ
ÚõèÿÅæöãä°  ÂóäĂË­ëóäÂòââòÚÖáóßäòÈëö  ØóÈÂóäĀßØã°ĀæñØóÈÂóäÿÂêÖäÖæîÕØòĈÈÂóäÜÐõÛòÖõÂóäÖ¬óÈ ąØöć
ÿÂöćãèÃ­îÈÂòÛÂóäÉòÕÂóäĀæñÂóäÂČóÉòÕÃîÈÿëöãÂòââòÚÖáóßäòÈëö  äèâăÜ×÷ÈÂóäÃÚë¬ÈèòëÕùÂòââòÚÖáóßäòÈëö  Øöć
îóÉÿÂõÕÂóääòćèăìæÉóÂîùÛòÖõÿìÖùìäøîÂóäÉòÕÿÂĆÛØöćăâ¬ÿìâóñëâ   ëóäÂòââòÚÖáóßäòÈëöÕòÈÂæ¬óè ÿâøćîÿÃ­óëú¬
ëõćÈĀèÕæ­îâÉñÂ¬îĂì­ÿÂõÕîòÚÖäóãÖ¬îëùÃáóßÃîÈâÚùêã°ĀæñÖ¬îëõćÈĀèÕæ­îâāÕãÖäÈÉóÂÂóäÜÚÿÜøĈîÚĂÚì¬èÈ
āÌ¬îóìóä  

èõÙöĂÚÂóäÅèÛÅùâÜ­îÈÂòÚ æÕ ĀæñÃÉòÕáóèñâæßõêÉóÂëóäÂòââòÚÖáóßäòÈëö Åøî ÂóäìãùÕãòĈÈâõĂì­âö
ÂóäÜæ¬îãØõĈÈëóäÂòââòÚÖáóßäòÈëöæÈëú¬ëõćÈĀèÕæ­îâ ĀæñÂóäÕČóäÈăè­Ì÷ćÈÂæăÂĂÚÂóäÂČóìÚÕâóÖäÑóÚĀæñÂóä
ÜäñÂòÚÅùÔáóß ØöćĂË­ÛòÈÅòÛîãú¬ĂÚØóÈäñìè¬óÈÜäñÿØé ÿßøćîëÚòÛëÚùÚÂóäèòÕĀæñÂóäÜäñÿâõÚÜäõâóÔ
ÂòââòÚÖáóßäòÈëöĂÚëõćÈĀèÕæ­îâÂĆÿÜĆÚÂæăÂëČóÅòÎ ØòĈÈÚöĈ îóÉÕČóÿÚõÚÂóäāÕãØÛèÈÂóäßæòÈÈóÚÜäâóÔú
äñìè¬óÈÜäñÿØé (International Atomic Energy Agency) Ì÷ćÈÿÜĆÚîÈÅ°Âóääñìè¬óÈÜäñÿØéØöćâö  Åèóâ



 ƗƞƘ 

ÿËöćãèËóÎÿÊßóñØóÈÕ­óÚëóäÂòââòÚÖáóßäòÈëö äèâØòĈÈë¬ÈÿëäõâĂì­äòÑĀæñîÈÅ°Âóääñìè¬óÈÜäñÿØé ØöćâöÅèóâ
ÿËöćãèËóÎĂÚÂóäØČóÅèóâëñîóÕĀæñÂóäÂČóÉòÕÂóäÜÚÿÜøĈîÚÃîÈëóäÂòââòÚÖáóßäòÈëö Ăì­ÅèóâË¬èãÿìæøîĀÂ¬
äòÑØöćä­îÈÃî ÿßøćîĀÂ­ăÃÜòÎìóÂóäÜÚÿÜøĈîÚëóäÂòââòÚÖáóßäòÈëöĂÚßøĈÚØöć   ØöćăÕ­äòÛÝæÂäñØÛĀæñÝæä­óãÉóÂ
ÂòââòÚÖáóßäòÈëöÕòÈÂæ¬óè   Ì÷ćÈÅèóâä¬èââøîĂÚÂóäÅèÛÅùâ   Ü­îÈÂòÚĀæñĀÂ­ăÃÜòÎìóëóäÂòââòÚÖáóßäòÈëö 
ÚîÂÉóÂÉñÿÜĆÚÂóäË¬èãÿìæøîëõćÈĀèÕæ­îâÃîÈāæÂĀæ­è ãòÈÿÜĆÚÂóäË¬èãÿìæøîÿßøćîÚâÚùêã°    âõĂì­ăÕ­äòÛÅèóâ
ØùÂÃ° ØäâóÚÉóÂëóäÂòââòÚÖáóßäòÈëöîöÂÕ­èã 
 

ĀÛÛÞ÷ÂìòÕ 

    ÿäøćîÈÂòââòÚÖáóßäòÈëö 
1. ÂòââòÚÖáóßäòÈëö ìâóã×÷Èîñăä 
2. ËÚõÕÃîÈÂòââòÚÖáóßäòÈëö   âöÂöćËÚõÕ  îñăäÛ­óÈ  
3. ÉÈÛîÂÜäñāãËÚ°ÃîÈÙóÖùÂòââòÚÖáóßäòÈëö  âóîã¬óÈÚ­îã  2  Õ­óÚ 
 

 

 

 



 Ɨƞƙ 

ÛØØöć  9 
 āÜäÖöÚ  Åóä°āÛăïÿÕäÖ  ĀæñăÃâòÚ 

ëóäñëČóÅòÎ 
 ëõćÈâöËöèõÖÜäñÂîÛÕ­èã ÙóÖùĀæñëóäÜäñÂîÛ ÙóÖùÿÜĆÚìÚ¬èãÿæĆÂØöćëùÕÃîÈëõćÈâöËöèõÖ āÕãßÛè¬óÙóÖùØöćÿÜĆÚ
îÈÅ°ÜäñÂîÛÃîÈëõćÈâöËöèõÖĂÚÜäõâóÔâóÂ Åøî Åóä°ÛîÚ ăïāÕäÿÉÚ  ĀæñîîÂÌõÿÉÚÌ÷ćÈäèâÖòèÂòÚÿÜĆÚëóäÜäñÂîÛ
ÉČóÚèÚâóÂĂÚÿÌææ°  ëóäĂÚÿÌææ°ÃîÈëõćÈâöËöèõÖØöćâö ÙóÖùÅóä°ÛîÚĀæñăïāÕäÿÉÚÿÜĆÚîÈÅ°ÜäñÂîÛ  ÿäöãÂè¬ó 
ëóäîõÚØäöã° (Organic  substance) ë¬èÚëóäÜäñÂîÛĂÚÿÌææ°Øöćăâ¬âöÙóÖùÅóä°ÛîÚÿÜĆÚîÈÅ°ÜäñÂîÛ ÿäöãÂè¬ó ëóäî
ÚõÚØäöã°  (Inorganic  substance) 
 ëóäîõÚØäöã° (Organic  substance) ØöćßÛĂÚÙääâËóÖõØòĈÈìæóãâöĀìæ¬ÈÂČóÿÚõÕÉóÂëõćÈâöËöèõÖĀØÛØòĈÈëõĈÚ 
āâÿæÂùæÃîÈëóäîõÚØäöã°ÿìæ¬óÚöĈâöÖ¬óÈąÂòÚ ÖòĈÈĀÖ¬ÃÚóÕÿæĆÂāÅäÈëä­óÈĀÛÛÈ¬óãą ÉÚ×÷ÈÃÚóÕĂìÎ¬âöāÅäÈëó
ä­óÈÿÜĆÚëóããóèą ìäøîÃÕÖòèÿÜĆÚäúÜä¬óÈÖ¬óÈą āâÿæÂùæÃîÈëóäîõÚØäöã°ØöćßÛĂÚëõćÈâöËöèõÖØöćÉòÕÿÜĆÚëóäËöè
āâÿæÂùæ (Biological  molecule)  ĀæñâöÅèóâëČóÅòÎĂÚÂäñÛèÚÂóäØùÂËÚõÕĂÚëõćÈâöËöèõÖ ăÕ­ĀÂ¬ āÜäÖöÚ
(Protein)   Åóä°āÛăïÿÕäÖ (Carbohydrate)  ĀæñăÃâòÚ(Lipid)   
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

4. îÙõÛóãëâÛòÖõ ËÚõÕ ÜäñÿáØÂóäÿÂõÕ ĀæñÜäñāãËÚ°ÃîÈāÜäÖöÚăÕ­ 
5. îÙõÛóãëâÛòÖõ ËÚõÕ ÜäñÿáØÂóäÿÂõÕ ĀæñÜäñāãËÚ°ÃîÈÅóä°āÛăïÿÕäÖăÕ­ 
6. îÙõÛóãëâÛòÖõ ËÚõÕ ÜäñÿáØÂóäÿÂõÕ ĀæñÜäñāãËÚ°ÃîÈăÃâòÚăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
ÿäøćîÈØöć Ɨ āÜäÖöÚ 
ÿäøćîÈØöć Ƙ  Åóä°āÛăïÿÕäÖ 
ÿäøćîÈØöć ƙ  æõßõÕ 

 



 Ɨƞƚ 

ÿäøćîÈØöć  1   āÜäÖöÚ 
 

 āÜäÖöÚ (Protein) ÿÜĆÚëóäÜäñÂîÛØöćâöÅóä°ÛîÚ (C)  ăïāÕäÿÉÚ (H)  îîÂÌõÿÉÚ (O)  Āæñ 
ăÚāÖäÿÉÚ (N) ÿÜĆÚë¬èÚÜäñÂîÛëČóÅòÎ ĀæñÚîÂÉóÂÚöĈāÜäÖöÚÛóÈËÚõÕîóÉÜäñÂîÛÕ­èãîñÖîâÃîÈÙóÖù
îøćÚą îöÂÿË¬Ú  ÂČóâñ×òÚ (S)  ÿìæĆÂ (Fe) Āæñàîëàîäòë  (P) ÿÜĆÚÖ­Ú āÕãØòćèăÜĂÚÿÌææ°ßøËĀæñÿÌææ°ëòÖè° âö
āÜäÖöÚîãú¬ăâ¬ÖČćóÂè¬óä­îãæñ 50  ÃîÈÚČĈóìÚòÂĀì­È 
 āÜäÖöÚëä­óÈÃ÷ĈÚÉóÂÂäÕîñâõāÚìæóãą āâÿæÂùæâóÿËøćîâÖ¬îÂòÚÿÜĆÚßîæõÿâîä°Õ­èãßòÚÙñÿßÜăØÕ° 
(Peptide  bond) āâÿæÂùæÃîÈāÜäÖöÚîóÉÜäñÂîÛÃ÷ĈÚÕ­èãßîæõÿßÜăØÕ°ÿßöãÈëóãÿÕöãèìäøîìæóãëóã
ÿËøćîâāãÈÖ¬îÂòÚÂĆăÕ­   

ëâÛòÖõÃîÈāÜäÖöÚ 
1. ÂóäæñæóãÚČĈó  ăâ¬æñæóãÚČĈó  ÛóÈËÚõÕæñæóãÚČĈóăÕ­ÿæĆÂÚ­îã 

2. ÃÚóÕāâÿæÂùæ ĀæñâèæāâÿæÂùæ ÃÚóÕĂìÎ¬âöâèæāâÿæÂùæâóÂ 

3. ë×óÚñ ÃîÈĀÃĆÈ 

4. ÂóäÿÝóăìâ­ ÿÝóăìâ­âöÂæõćÚăìâ­ 

5. ăïāÕäæõÌõë 

           

         6.   ÂóäØČóæóãÙääâËóÖõ āÜäÖöÚÛóÈËÚõÕÿâøćîăÕ­äòÛÅèóâä­îÚ ìäøîÿÜæöćãÚÅ¬ó  pH ìäøîÿÖõâÖòè
ØČóæóãîõÚØäöã°ÛóÈËÚõÕÉñØČóĂì­ÿÜæöćãÚāÅäÈëä­óÈÉòÛÿÜĆÚÂ­îÚÖÂÖñÂîÚ  

æòÂêÔñāÅäÈëä­óÈÃîÈāÜäÖöÚ 
āÜäÖöÚÜäñÂîÛÕ­èãÂäÕîñâõāÚâóäèâÂòÚ āÕãĂË­ßòÚÙñÿßÜăØÕ°  (Peptide  bond) ÿÜĆÚÖòèã÷ÕÂäÕîñâõ

āÚ      âöëúÖäØòćèăÜÅøî             
  H 
                                           R         C          COOH 
                                                      NH2 
-     NH2  Åøî ìâú¬îñâõāÚ (Amino  group)                                                                                                          
-     COOH   Åøî  ìâú¬Åóä°ÛîÂÌõæ  (Carboxyl  group) 
-    R    Åøî ăïāÕäÅóä°ÛîÚ (Hydrocarbon) ìäøîìâú¬îøćÚąÂäÕîñâõāÚÖ¬óÈËÚõÕÂòÚÉñĀÖÂÖ¬óÈÂòÚ       



 Ɨƞƛ 

ßòÚÙñÿßÜăØÕ° Åøî ßòÚÙñāÅÿèÿæÚØ°ØöćÿÂõÕÃ÷ĈÚäñìè¬óÈ C îñÖîâĂÚìâú¬Åóä°ÛîÂÌõæ ÃîÈÂäÕîñâõāÚ     
āâÿæÂùæìÚ÷ćÈã÷ÕÂòÛ N îñÖîâ ĂÚìâú¬îñâõāÚ (-NH2)  ÃîÈÂäÕîñâõāÚîöÂāâÿæÂùæìÚ÷ćÈ 
                                        ĀÝÚáóßĀëÕÈÂóäã÷ÕÿÂóñÃîÈāâÿæÂùæÃîÈÂäÕîñâõāÚ 

                   Øöćâó (āÅäÈëä­óÈÃîÈÂäÕîñâõÚ. îîÚ-ăæÚ°. 2552) 

-  ëóäØöćÜäñÂîÛÕ­èãÂäÕîñâõāÚ 2 āâÿæÂùæ ÿäöãÂè¬ó ăÕÿßÜăØÕ°                                                                                  
- ëóäØöćÜäñÂîÛÕ­èãÂäÕîñâõāÚ 3 āâÿæÂùæ ÿäöãÂè¬ó  ăÖäÿßÜăØÕ°    
- ëóäØöćÜäñÂîÛÕ­èãÂäÕîñâõāÚÖòĈÈĀÖ¬ 100 āâÿæÂùæÃ÷ĈÚăÜ ÿäöãÂè¬ó ßîæõÿßÜăØÕ°ÚöĈè¬ó āÜäÖöÚ   
ÕòÈÚòĈÚāÜäÖöÚËÚõÕÖ¬óÈą É÷ÈÃ÷ĈÚîãú¬ÂòÛÉČóÚèÚĀæñÂóäÿäöãÈÖòèÃîÈÂäÕîñâõāÚ ÂäÕîñâõāÚÉñâöÿßöãÈ 

20  ËÚõÕ ĀÖ¬ÉČóÚèÚĀæñÂóäÿäöãÈÖòèØöćÖ¬óÈÂòÚÃîÈÂäÕîñâõāÚ ØČóĂì­ÉČóÚèÚāÜäÖöÚĂÚä¬óÈÂóãÅÚ âöÉČóÚèÚ
âóÂ×÷È 1 ĀëÚÂè¬óËÚõÕ  āÜäÖöÚĀÖ¬æñËÚõÕîóÉÜäñÂîÛăÜÕ­èãëóãßîæõÿßÜăØÕ°  1  ëóã  ìäøîìæóãëóãÂĆ
ăÕ­ Āæ­èĀÖ¬ËÚõÕÃîÈāÜäÖöÚ  ÿË¬Ú 

āâÿæÂùæÃîÈîõÚÌúæõÚèòèÜäñÂîÛÕ­èãëóãßîæõÿßÜăØÕ°  2 ëóã 
āâÿæÂùæÃîÈïöāâāÂæÛõÚ ÜäñÂîÛÕ­èãëóãßîæõÿßÜăØÕ°  4  ëóã  

      āÅäÈëä­óÈāâÿæÂùæÃîÈîõÚÌúæõÚ                                        āÅäÈëä­óÈāâÿæÂùæÃîÈïöāâāÂæÛõÚ 
      Øöćâó (āÅäÈëä­óÈāâÿæÂùæÃîÈîõÚÌúæõÚ. îîÚ-ăæÚ°. 2252)       Øöćâó (āÅäÈëä­óÈāâÿæÂùæÃîÈïöāâāÂæÛõÚ. îîÚ-ăæÚ°. 2252) 

 ÂóäØöćÂóäØöćÂäÕîñâõāÚØòĈÈ 20 ËÚõÕÖ¬îÂòÚîã¬óÈîõëäñ ØČóĂì­āÜäÖöÚĀÖ¬æñËÚõÕâöæČóÕòÛĀæñÉČóÚèÚ
ÃîÈÂäÕîñâõāÚĀÖÂÖ¬óÈÂòÚ ĀæñâöÅùÔëâÛòÖõĀÖÂÖ¬óÈÂòÚ ĀæñâöÅùÔëâÛòÖõØöćĀÖÂÖ¬óÈÂòÚÕ­èã   



 ƗƞƜ 

ÜäñÿáØÃîÈāÜäÖöÚ 
 ÂóäĀÛ¬ÈÜäñÿáØÃîÈāÜäÖöÚâöÿÂÔÒ°ĂÚÂóäĀÛ¬ÈĀÖÂÖ¬óÈÂòÚ ÕòÈÚöĈ 

1) ÿÂÔÒ°ÂóäĀÛ¬ÈÖóâìæòÂËöèÿÅâö  ĀÛ¬ÈăÕ­  3  ÜäñÿáØ   Åøî 

1.1  āÜäÖöÚÿËõÈÿÕöćãè (Simple  protein) ÿÜĆÚāÜäÖöÚËÚõÕØöćăâ¬ÌòÛÌ­îÚÜäñÂîÛÕ­èã       ÂäÕîñ

âõāÚÿßöãÈîã¬óÈÿÕöãè  ăâ¬âöëóäîøćÚÿÉøîÜÚîãú¬ ÿË¬Ú  

        -serum  albumin     ÿÜĆÚāÜäÖöÚĂÚÚČĈóÿæøîÕmyosin 

 - legumin  ÿÜĆÚāÜäÖöÚĂÚÿâæĆÕ×òćè 

 - myosin ÿÜĆÚāÜäÖöÚĂÚÂæ­óâÿÚøĈî 

 - lactoglobulin ÿÜĆÚāÜäÖöÚĂÚÃ­óèëóæö 

1.2  āÜäÖöÚÿËõÈÜäñÂîÛ (Compound  protein) ÿÜĆÚāÜäÖöÚËÚõÕØöćÌòÛÌ­îÚ ÜäñÂîÛÕ­èã  

ÂäÕîñâõāÚ ĀæñâöëóäîøćÚÜÚîãú¬Õ­èã ÿË¬Ú 

 - phosphoprotein  ÿÜĆÚāÜäÖöÚØöćâöàîëÿàÖîãú¬Õ­èã 

 - lipoprotein  ÿÜĆÚāÜäÖöÚØöćâöăÃâòÚäèâîãú¬Õ­èã ÿË¬Ú ăÃ¬ĀÕÈ ÿãøĈîìù­âÿÌææ°  ÚČĈóÚâ   

 - glucoprotein ÿÜĆÚāÜäÖöÚØöćÜäñÂîÛÕ­èãÅóä°āÛăïÿÕäÖ ßÛĂÚ ÚČĈóæóã 

1.3  îÚùßòÚÙ°ÃîÈāÜäÖöÚ ( Derived  Protein) ÿÜĆÚāÜäÖöÚËÚõÕØöćăÕ­ÉóÂÂóäëæóãÖòèÃîÈ

āÜäÖöÚÿËõÈÿÕöćãè ĀæñāÜäÖöÚÿËõÈÜäñÂîÛ   ÿË¬Ú 

 myosan  ăÕ­ÉóÂ  myosin  Ì÷ćÈÿÜĆÚāÜäÖöÚÿËõÈÿÕöćãèĂÚÂæ­óâÿÚøĈî 

2) ÿÂÔÒ°ÂóäĀÛ¬ÈÖóâìÚ­óØöćÃîÈāÜäÖöÚ  ĀÛ¬ÈăÕ­  8  ÜäñÿáØ   Åøî 

2.1  āÜäÖöÚØöćØČóìÚ­óØöćÿÜĆÚāÅäÈëä­óÈ (Struture  protein)  ÅøîāÜäÖöÚØöćØČóìÚ­óØöćÿÜĆÚ

îÈÅ°ÜäñÂîÛÃîÈāÅäÈëä­óÈÃîÈä¬óÈÂóã  ÿË¬Ú  

 ÿãøĈîìù­âÿÌææ° ÜäñÂîÛÕ­èãāÜäÖöÚÞòÈîãú¬ĂÚßøĈÚØöćØöćÿÜĆÚăÃâòÚ 

 ăäāÛāÌâ ÿÜĆÚĀìæ¬ÈØöćâöÂóäëòÈÿÅäóñì°āÜäÖöÚ ÜäñÂîÛÕ­èãāÜäÖöÚ 50%  Āæñ RNA 50%  

 collagen  ĂÚÂäñÕúÂĀæñÿÚøĈîÿãøćîÿÂöćãèßòÚ 

2.2  āÜäÖöÚØöćØČóìÚ­óØöćÃÚë¬È (Transport  protein) ÅøîāÜäÖöÚØöćØČóìÚ­óØöćæČóÿæöãÈĀÂ®ë

îîÂÌõÿÉÚ  ĀæñÅóä°ÛîÚăÕîîÂăÌÕ°  ÿË¬Ú 

 hemoglobin  ĂÚÿâĆÕÿæøîÕ ØČóìÚ­óØöćÚČóîîÂÌõÿÉÚÉóÂÜîÕăÜë¬ÈØòćèä¬óÈÂóã 

 transferrin  ĂÚÌöäòâ ØČóìÚ­óØöćÃÚë¬ÈÙóÖùÿìæĆÂ 



 ƗƞƝ 

2.3 āÜäÖöÚØöćØČóìÚ­óØöćÿÜĆÚÿîÚăÌâ° (Enzyme protein)  Åøî  āÜäÖöÚØöćØČóìÚ­óØöćÿÂöćãèÂòÛÂóäÿä¬È

ÜÐõÂõäõãóÿÅâöÖ¬óÈą ĂÚä¬óÈÂóã ÿË¬Ú 

 catalase  ÿÜĆÚÿîÚăÌâ°Øöćÿä¬ÈÜÐõÂõäõãóÂóäëæóãÖòèÃîÈ  H2O2 

 lipase  ÿÜĆÚÿîÚăÌâ°ÃîÈÜÐõÂõäõãóÂóäëæóãæõßõÕ 

2.4  āÜäÖöÚØöćØČóìÚ­óØöćÿÂöćãèÂòÛÿÅæøćîÚăìè (Contractile protein) ÅøîāÜäÖöÚØöćîãú¬ĂÚÿÌææ°ÃîÈ

Âæ­óâÿÚøĈî  Åøî ĀîÂØõÚ  ĀæñăâāîÌõÚ 

2.5 āÜäÖöÚØöćØČóìÚ­óØöćÿÂĆÛëñëâ ( Storage  protein) ÅøîāÜäÖöÚØöćØČóìÚ­óØöćëñëâîóìóä ÿË¬Ú 

 ovalbumin  ĂÚăÃ¬Ãóè 

 casein   Āæñ  lactoglobulin  ĂÚÚČĈóÚâ 

2.6  āÜäÖöÚØöćØČóìÚ­óØöćëóäßõê (Toxin)  ÅøîāÜäÖöÚØöćØČóìÚ­óØöćÿÜĆÚëóäâößõê ßÛØòĈÈĂÚÿËøĈîāäÅ 

ëòÖè° ĀæñßøË ÿË¬Ú   ßõêÈú  Ì÷ćÈÜäñÂîÛÕ­èãÿîÚăÌâ°Øöćã¬îãßèÂæõßõÕ 

2.7 āÜäÖöÚØöćØČóìÚ­óØöćÜ­îÈÂòÚ (Protective  protein)  Åøî āÜäÖöÚØöćØČóìÚ­óØöćÿÜĆÚáúâõÅù­âÂòÚāäÅ

Ăì­ÂòÛä¬óÈÂóã  ÿË¬Ú 

 immunoglobulin  ÿÜĆÚăÂæāÅāÜäÖöÚ Ì÷ćÈØČóìÚ­óØöćÂČóÉòÕëóäìäøîÿËøĈîāäÅØöćÝ¬óÚÿÃ­óëú¬ä¬óÈÂóã 

2.8  āÜäÖöÚØöćØČóìÚ­óØöćÅèÛÅùâ (Control protein) ÅøîāÜäÖöÚØöćØČóìÚ­óØöćÅèÛÅùâÂóäØČóÈóÚÃîÈ

ÿÌææ°ĂÚä¬óÈÂóã ăÕ­ĀÂ¬ ßèÂïîä°āâÚÖ¬óÈą ÿË¬Ú 

 insulin   ÿÜĆÚïîä°āâÚØöćÅèÛÅùâÿâĀØÛîæõÌ÷âÃîÈÂæúāÅë 

 parathormone   ÿÜĆÚïîä°āâÚØöćÅèÛÅùâäñÕòÛëâÕùæÃîÈĀÅæÿÌöãâĀæñàîëàîäòëĂÚ

ä¬óÈÂóã 

 growth hormone  ÿÜĆÚïîä°āâÚØöćÅèÛÅùâĀæñÂäñÖù­ÚÂóäÿÉäõÎÿÖõÛāÖÃîÈÿÚøĈîÿãøćîÖ¬óÈąĂÚ

ä¬óÈÂóã 

 3) ÿÂÔÒ°ÂóäĀÛ¬ÈÖóâìæòÂāáËÚóÂóä ëóâóä×ĀÛ¬ÈăÕ­ 2 ÜäñÿáØ Åøî 
3.1 āÜäÖöÚÜäñÿáØëâÛúäÔ° (complete protein) ÅøîāÜäÖöÚØöćâöÂäÕîñâõāÚØöćÉČóÿÜĆÚÖ¬îä¬óÈÂóã

ÅäÛØùÂÖòè ëóâóä×ÚČóâóëä­óÈĀæñÌ¬îâĀÌâë¬èÚØöćë÷ÂìäîăÕ­Õö ăÕ­ĀÂ¬  ÿÚøĈîëòÖè° ăÃ¬ Úâ ÿÜĆÚÖ­Ú 
3.2  āÜäÖöÚÜäñÿáØăâ¬ëâÛúäÔ° (incomplete protein) ÅøîāÜäÖöÚØöćâöÂäÕîñâõāÚËÚõÕÉČóÿÜĆÚ

Ö¬îä¬óÈÂóãăâ¬ÅäÛØùÂÖòè Ì÷ćÈä¬óÈÂóãÚČóâóëä­óÈĀæñÌ¬îâĀÌâë¬èÚØöćë÷ÂìäîăÕ­ăâ¬Õö ë¬èÚĂìÎ¬ÿÜĆÚāÜäÖöÚ
ÉóÂßøË 

4) ÿÂÔÒ°ÂóäĀÛ¬ÈÖóâæòÂêÔñāÅäÈäúÜØòĈÈāâÿæÂùæ ëóâóä×ĀÛ¬ÈăÕ­ 2 ÜäñÿáØ Åøî  



 Ɨƞƞ 

4.1 āÜäÖöÚæòÂêÔñĀÛÛÿë­ÚĂã (fibrous protein) ÿÜĆÚāÜäÖöÚØöćāâÿæÂùæâöæòÂêÔñÿÜĆÚÿë­Úãóè 
ëóãßîæõÿâîä°ÉñÿäöãÈÖòèÿÜĆÚäñÿÛöãÛâöÅèóâĀÃĆÈĀäÈ ÿìÚöãè ãøÕìãù¬ÚăÕ­âóÂ ĀæñâòÂÉñăâ¬æñæóãÚČĈó ÿË¬Ú
āÜäÖöÚĂÚÿë­ÚÝâ āÜäÖöÚĂÚÿë­ÚÃÚ āÜäÖöÚĂÚÿë­ÚÿîĆÚ āÜäÖöÚĂÚÿÃóëòÖè° āÜäÖöÚĂÚÿë­ÚĂìâ ÿÜĆÚÖ­Ú 

4.2 āÜäÖöÚæòÂêÔñÿÜĆÚÂ­îÚ (globular protein) ÿÜĆÚāÜäÖöÚØöćâöëóãßîæõÿßÜăØÕ°ßòÚăÜâó 
ĀæñîòÕÂòÚĀÚ¬Ú ØČóĂì­âöæòÂêÔñÿÜĆÚÂ­îÚ ÛóÈë¬èÚÃîÈëóãÿßÜăØÕ°îóÉØÛÂòÚîã¬óÈÿÜĆÚäñÿÛöãÛ ìäøîâö
æòÂêÔñÿÜĆÚÿÂæöãè ìäøîÿÜĆÚĀÝ¬Ú  ÿË¬Ú āÜäÖöÚßèÂÿîÚăÌâ° āÜäÖöÚßèÂïöāâāÂæÛõÚ āÜäÖöÚßèÂïîä°āâÚ 
āÜäÖöÚØöćîãú¬ĂÂæ­Âæ­óâÿÚøĈî ÿÜĆÚÖ­Ú 

 
ÅèóâëČóÅòÎÃîÈëóäîóìóäÜäñÿáØāÜäÖöÚÖ¬îëõćÈâöËöèõÖ 
1.  ÿÜĆÚëóäîóìóäØöćĂì­ßæòÈÈóÚĀÂ¬ä¬óÈÂóã  āÕãāÜäÖöÚ  1  Âäòâ ÉñĂì­ßæòÈÈóÚÜäñâóÔ  4.1  Âõāæ

ĀÅæîäö  Ì÷ćÈÿØ¬óÂòÛëóäîóìóäÜäñÿáØÅóä°āÛăïÿÕäÖ 
2.  ÿÜĆÚë¬èÚÜäñÂîÛÃîÈÿÌææ° āÕãÿÜĆÚîÈÅ°ÜäñÂîÛÃîÈÿãøćîìù­âÿÌææ°ĀæñāßäāØßæóëÌ÷âÃîÈ

ÿÌææ° 
3. ÿÜĆÚāÅäÈëä­óÈÃîÈÝõèìÚòÈ  ÿë­ÚÝâ  ĀæñÃÚ 
4.  Ë¬èãĂÚÂóäÿÉäõÎÿÖõÛāÖ  ĀæñÌ¬îâĀÌâë¬èÚØöćë÷ÂìäîĂÚä¬óÈÂóã  āÕãä¬óÈÂóãÉñÚČóāÜäÖöÚăÜĂË­

ĂÚÂóäëä­óÈÿÚøĈîÿãøćîĂìâ¬ 
5. Ë¬èãĂÚÂóäìÕÖòèÃîÈÂæ­óâÿÚøĈî  ØČóĂì­ëõćÈâöËöèõÖëóâóä×ÿÅæøćîÚăìèăÕ­ 
6. ÿÜĆÚëóäØöćØČóìÚ­óØöćëČóÅòÎÖ¬óÈą ĂÚä¬óÈÂóã ÿË¬Ú 
      ØČóìÚ­óØöćĂÚÂóäæČóÿæöãÈîîÂÌõÿÉÚĀæñÅóä°ÛîÚăÕîîÂăÌÕ° 
      ëä­óÈáúâõÖ­óÚØóÚĂì­ĀÂ¬ä¬óÈÂóã 
      Ë¬èãÂäñÖù­ÚÂóäÿÂõÕÜÐõÂõäõãóÿÅâöÖ¬óÈą ĂÚä¬óÈÂóã 
7. ëóâóä×ÿÜæöćãÚÿÜĆÚÅóä°āÛăïÿÕäÖ ĀæñăÃâòÚăÕ­ āÕãßÛè¬óÂäÕîñâõāÚËÚõÕìÚ÷ćÈîóÉ

ÿÜæöćãÚĀÜæÈăÜÿÜĆÚÂäÕîñâõāÚîøćÚą ăÕ­ 
  

 
 



 ƗƞƟ 

ÿäøćîÈØöć  2   Åóä°āÛăïÿÕäÖ 
 

 Åóä°āÛăïÿÕäÖ (Cabohydrate) ÿÜĆÚëóäÜäñÂîÛîõÚØäöã°ØöćÿÜĆÚĀìæ¬ÈĂì­ßæòÈÈóÚĀæñÅóä°ÛîÚØöć
ëČóÅòÎÃîÈëõćÈâöËöèõÖÿßøćîÚČóăÜĂË­ĂÚÂóäÕČóäÈËöèõÖĀæñëä­óÈëóäîøćÚąÖ¬îăÜ āâÿæÂùæÃîÈÅóä°āÛăïÿÕäÖ
ÜäñÂîÛÕ­èãîñÖîâÃîÈÙóÖù  Åóä°ÛîÚ (C)  ăïāÕäÿÉÚ (H)  ĀæñîîÂÌõÿÉÚ (O) āÕãâöîòÖäóë¬èÚÃîÈîñÖîâ
ăïāÕäÿÉÚÖ¬îîîÂÌõÿÉÚ  ÿØ¬óÂòÛ  2:1 (H:O = 2:1) ÉČóÚèÚĀæñÂóäÿäöãÈÖòèÃîÈîñÖîâØòĈÈëóâÙóÖùÚöĈĀÖÂÖ¬óÈÂòÚ  
É÷ÈØČóĂì­Åóä°āÛăïÿÕäÖâöìæóãËÚõÕ  ÿË¬Ú  ÚČĈóÖóæÂæúāÅë  (C6H12O6)  ÚČĈóÖóæÌúāÅäë(C12H22O11) ĀÜ­È(C6H10O5)n   
 ßøËëöÿÃöãèëóâóä×ëä­óÈîóìóäÃ÷ĈÚăÕ­ āÕãÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ āÕãĂË­
Åóä°ÛîÚăÕîîÂăÌÕ°ĀæñÚČĈóÿÜĆÚèòÖ×ùÕõÛĂÚÂóäÝæõÖÂæúāÅë  ÚČĈóÖóæîøćÚą ĀÜ­È ÿÌææúāæë ĀæñëóäîøćÚą 
Åóä°āÛăïÿÕäÖØöćßÛĂÚßøË âòÂîãú¬ĂÚäúÜÃîÈßîæõĀÌĆÂÅóä°ăäÕ° (Polysaccharides)  Åóä°āÛăïÿÕäÖØöćÿäóäú­ÉòÂÂòÚ
Õö Åøî ÚČĈóÖóæËÚõÕÖ¬óÈą ĀæñĀÜ­È 
 ÚČĈóÖóæ âöäëìèóÚÛóÈÅäòĈÈÿäöãÂè¬ó ĀÌĆÂÅóä°ăäÕ° (Saccharides)  âöîãú¬ØòćèăÜØòĈÈĂÚÿÚøĈîÿãøćîÃîÈßøËĀæñ
ëòÖè°  âÚùêã°ĀæñëòÖè°âöÂæúāÅëÿÜĆÚÚČĈóÖóæĂÚÿæøîÕ âöăÂæāÅÿÉÚëñëâÿÜĆÚÂæúāÅëëČóäîÈăè­ĂË­ĂÚÿÚøĈîÿãøćîÃîÈ
ÖòÛĀæñÂæ­óâÿÚøĈî Åóä°āÛăïÿÕäÖØòĈÈëîÈËÚõÕÚöĈ ÿÜĆÚëóäØöćÿÌææ°ÉñÚČóăÜëæóãĂì­ăÕ­ßæòÈÈóÚØöćÉČóÿÜĆÚëČóìäòÛ
ÂóäÕČóäÈËöèõÖ 

ëâÛòÖõÃîÈÅóä°āÛăïÿÕäÖ 
1. âöëúÖäØòćèăÜÃîÈÅóä°āÛăïÿÕäÖ Åøî  (CH2O)n                                                                                       

Ã­îãÂÿè­Ú                                                                                                                                                                                              

Åóä°āÛăïÿÕäÖ  ÛóÈËÚõÕ  ăâ¬âöëòÕë¬èÚÿìâøîÚÂòÚăÕ­ ÿË¬Ú ÕöîîÂÌöăäāÛë (C5H10O4)                    

       ëóäÛóÈîã¬óÈâöëúÖäØòćèăÜÿÜĆÚ  (CH2O)n   Åæ­óãÅóä°āÛăïÿÕäÖ ĀÖ¬ăâ¬ĂË¬Åóä°āÛăïÿÕäÖ ÿË¬Ú                                                                                                                  

       ÂäÕÚČĈóë­â C2H4O2  ÂäÕĀæÅÖõÂ C3H6O3 

2. ÉòÕÿÜĆÚßèÂāßæöăïÕäîÂÌöæ 

3. Åóä°āÛăîÿÕäÖë¬èÚĂìÎ¬ÜäñÂîÛăÜÕ­èãĀÜ­È  ĀæñÚČĈóÖóæ   ÚČĈóÖóæÿÜĆÚÅóä°āÛăïÿÕäÖāâÿæÂùæ

ÿæĆÂ  âòÂÿäöãÂæÈØ­óãËøćîÕ­èã āîë (-ose)   ÿË¬Ú  ÂæúāÅë (glucose)   âîëāØë (motose)  ĀÜ­ÈÿÜĆÚ

Åóä°āÛăïÿÕäÖāâÿæÂùæĂìÎ¬ăÕ­ĀÂ¬  ăÂæāÅÿÉÚ (glycogen)   ÿÌææúāæë (cellulose) 

4. Åóä°āÛăïÿÕäÖĂÚÅÚ ĀæñëòÖè° ëóâóä×ëñëâĂÚä¬óÈÂóãĂÚäúÜÃîÈăÂæāÅÿÉÚ ë¬èÚĂìÎ¬ÿÂĆÛ

ëñëâăè­ØöćÖòÛ ĀæñÂæ­óâÿÚøĈî 

5. ĀÜ­Èëóâóä×ÿÜæöćãÚÿÜĆÚÚČĈóÖóæăÕ­ āÕãĂË­ÿîÚăÌâ°Øöćâöîãú¬ĂÚÚČĈóæóã 



 ƗƟƖ 

ÜäñÿáØÃîÈÅóä°āÛăïÿÕäÖ 
 Åóä°āÛăïÿÕäÖĀÛ¬ÈîîÂÿÜĆÚ  3   ßèÂĂìÎ¬ą Åøî 

1. ÚČĈóÖóæāâÿæÂùæÿÕöćãè (Monosaccharides) ÿÜĆÚÅóä°āÛăïÿÕäÖØöćâöÃÚóÕÿæĆÂØöćëùÕ ÿÜĆÚāâÿæÂùæ

ëóãÿÕöćãè Ö¬îÂòÚÿÜĆÚæúÂāÌ¬ãóèăâ¬ĀÖÂÂõćÈìäøîĀÃÚÈ  ÜäñÂîÛÕ­èãîñÖîâÃîÈÅóä°ÛîÚÖòĈÈĀÖ¬  3 ×÷È  7  

îñÖîâ  âöëúÖäāÅäÈëä­óÈØòćèăÜ  Åøî (CH2O)n āÕã n ĀëÕÈÉČóÚèÚÅóä°ÛîÚîñÖîâØöćäú­ÉòÂÂòÚØòćèąăÜÿÜĆÚ

Åóä°āÛăïÿÕäÖØöćâöÅóä°ÛîÚ 6 îñÖîâ  ÿË¬Ú  ÂæúāÅë  ÂóĀæÅāØë  ĀæñàäòÂāÖë    āÅäÈëä­óÈÕòÈáóß 

                   ÂæúāÅë                                    ÂóĀæÅāØë                              àäòÂāÖë 

ĀëÕÈāÅäÈëä­óÈÃîÈÚČĈóÖóæāâÿæÂùæÿÕöćãè                                                                               
Øöćâó (āÅäÈëä­óÈÃîÈÚČĈóÖóæāâÿæÂùæÿÕöćãè. îîÚ-ăæÚ°. 2552) 

  
ÚČĈóÖóæāâÿæÂùæÿÕöćãèØöćÅèääú­ÉòÂ ăÕ­ĀÂ¬ 
ÂæúāÅë (glucose , C6H12O6)  ßÛĂÚÝòÂĀæñÝæăâ­ØòćèăÜ ÉòÕè¬óÿÜĆÚÚČĈóÖóæØöćëČóÅòÎ ÿßäóñÚČĈóÖóæËÚõÕ

ÚöĈÿÜĆÚëóäØöćæñæóãîãú¬ĂÚÿë­ÚÿæøîÕĀæñëóâóä×æČóÿæöãÈăÜëú¬ë¬èÚÖ¬óÈąÃîÈä¬óÈÂóãØòÚØö ÿßøćîëä­óÈßæòÈÈóÚ

Ăì­ĀÂ¬ÂóäØČóÈóÚÃîÈäñÛÛÖ¬óÈąÃîÈä¬óÈÂóã 

àäòÂāÖë (fructose , C6H12O6)  ßÛĂÚÝæăâ­  ÚČĈóÝ÷ĈÈ   ëóãäÂ  ÚČĈóîëùÉõ(semen) ÿÜĆÚÚČĈóÖóæØöćâöÅèóâ

ìèóÚâóÂÂè¬óÚČĈóÖóæËÚõÕîøćÚą ĂÚÙääâËóÖõ æñæóãÚČĈóăÕ­Õö 

ÂóĀæÅāØë (galactose , C6H12O6) ÿÜĆÚÚČĈóÖóæØöćăâ¬ßÛĂÚÙääâËóÖõĀÖ¬ăÕ­ÉóÂÂóäëæóãÖòèÃîÈ

ÚČĈóÖóæĀæÅāØë (lactose) ÿâøćîÚČĈóÖóæĀæÂāØëÌ÷ćÈÿÜĆÚÚČĈóÖóæĂÚÚâ×úÂã¬îãÉñăÕ­ÚČĈóÖóæÂóĀæÂāØë Āæñ

ÂæúāÅë  ÿÜĆÚë¬èÚÜäñÂîÛëČóÅòÎĂÚăÂæāÅæõßõÕÃîÈÿÚøĈîÿãøćîÜäñëóØ ÚČĈóÖóæËÚõÕÚöĈâöÅèóâìèóÚÚ­îãÂè¬ó

ÂæúāÅë 

ăäāÛë (ribose , C5H10O5) ÿÜĆÚÚČĈóÖóæØöćÿÜĆÚë¬èÚÜäñÂîÛāÅäÈëä­óÈÃîÈÂäÕăäāÛÚõèÅæõîõÂ ìäøî 

RNA  Ì÷ćÈâöÅèóâëČóÅòÎĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°āÜäÖöÚ ÿÜĆÚë¬èÚÜäñÂîÛÃîÈëóäßæòÈÈóÚëúÈ Åøî ATP 

(adenosine triphosphate) 



 ƗƟƗ 

ÕöîîÂÌöăäāÛë (deoxyribose, C5H10O4 )  ÿÜĆÚÚČĈóÖóæØöćÿÜĆÚë¬èÚÜäñÂîÛāÅäÈëä­óÈÃîÈÂäÕÕöîîÂÌö

ăäāÛÚõèÅæöîõÂ (deoxyribonucleic  acid   ìäøî  DNA) Ì÷ćÈÿÜĆÚë¬èÚÜäñÂîÛØöćëČóÅòÎĂÚāÅäāâāÌâ āÕãØČó

ìÚ­óØöćÅèÛÅùâÂõÉÂääâÖ¬óÈąÃîÈÿÌææ° ÿË¬Ú Âóä×¬óãØîÕæòÂêÔñØóÈßòÚÙùÂääâ 

ăäÛúāæë (ribulose, C5H10O5) ÿÜĆÚÚČĈóÖóæØöćâöÅèóâëČóÅòÎĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈÃîÈßøË  

āÕãØČóìÚ­óØöćäòÛ CO2 ĂÚË¬èÈÜÐõÂõäõãóØöćăâ¬ĂË­ĀëÈ 
 

2. āîæõāÂĀÌĆÂÅóăäÕ°   (Oligosaccharides)  ÿÂõÕÉóÂÚČĈóÖóæāâÿæÂùæÿÕöćãèÖòĈÈĀÖ¬ 2-10 āâÿæÂùæâó

äèâÂòÚÕ­èãßòÚÙñăÂæāÅÌõÕõÂ (glycosidic)  âöëúÖäØóÈÿÅâö Åøî  C12H22O11  āîæõāÂĀÌĆÂÅóăäÕ°ØöćßÛâóÂØöćëùÕ

ĂÚÙääâËóÖõ Åøî ßèÂăÕĀÌĆÂÅóăäÕ°   (Disaccharides)  ìäøîÚČĈóÖóæāâÿæÂùæÅú¬ 

         ÚČĈóÖóæāâÿæÂùæÅú¬  ÿÜĆÚÚČĈóÖóæØöćÜäñÂîÛÕ­èãÚČĈóÖóæāâÿæÂùæÿÕöćãè 2 āâÿæÂùæâóäèâÂòÚÕ­èã

ßòÚÙñ  āÅèóÿæÚØ°  ÂæóãÿÜĆÚăÕĀÌĆÂÅóăäÕ°(ÚČĈóÖóæāâÿæÂùæÅú¬) 1 āâÿæÂùæ āÕãØöćÚČĈóÖóæāâÿæÂùæÿÕöćãèØöćâó

äèâÂòÚÉñÿÜĆÚāâÿæÂùæËÚõÕÿÕöãèÂòÚ  ìäøîÖ¬óÈËÚõÕÂĆăÕ­ 

 

ÚČĈóÖóæāâÿæÂùæÅú¬ØöćßÛâóÂØöćëùÕĂÚÙääâËóÖõ  ăÕ­ĀÂ¬ 

ÌúāÅäë (sucose , C12H22O11) ĀÖ¬æñāâÿæÂùæÜäñÂîÛÕ­èãÂæúāÅëĀæñàäòÂāÖëîã¬óÈæñ  1 āâÿæÂùæ  

ÌúāÅäëâöæòÂêÔñÿÜĆÚÝæ÷ÂëöÃóè æñæóãÚČĈóăÕ­Õö ĀæñâöäëìèóÚ  ßÛĂÚÚČĈóî­îã  âñßä­óè  Öóæ  Ýæăâ­ëùÂ  ìòè

ÛöØ āÕãÿÊßóñßÛâóÂØöćëùÕĂÚî­îã É÷ÈîóÉÿäöãÂîöÂîã¬óÈìÚ÷ćÈè¬óÚČĈóÖóæî­îã  ÌúāÅäëØöćäú­ÉòÂÂòÚÕöÅøî  ÚČĈóÖóæ

ìäøîÚČĈóÖóæÂäèÕ 

  

                                                     ĀëÕÈāÅäÈëä­óÈÃîÈÚČĈóÖóæÌúāÅäë                                                                                             

Øöćâó (āÅäÈëä­óÈāâÿæÂùæÚČĈóÖóæÌúāÅäë. îîÚ-ăæÚ°. 2552) 
 

ĀæÅāÖë  (lactose , C12H22O11) ÿÜĆÚÚČĈóÖóæāâÿæÂùæÅú¬Ì÷ćÈĀÖ¬æñāâÿæÂùæÜäñÂîÛÕ­èãÂæúāÅëĀæñÂó

ĀæÅāØëîã¬óÈæñ  1  āâÿæÂùæ  ßÛĂÚÚČĈóÚâÃîÈÅÚĀæñëòÖè° ìäøîîóÉßÛĂÚÜòëëóèñÃîÈìÎõÈâöÅääá°ĀÖ¬ăâ¬



 ƗƟƘ 

ßÛĂÚßøË  ÕòÈÚòĈÚîóÉÿäöãÂîöÂîã¬óÈè¬ó ÚČĈóÖóæÚâ (milk  suger) æñæóãÚČĈóăÕ­Ú­îãÂè¬óÌúāÅäë ĀæñâöÅèóâ

ìèóÚÚ­îãÂè¬ó 

 

  

 
 
       ĀëÕÈ āÅäÈëä­óÈÃîÈÚČĈóÖóæĀæÂāØë                                                                                  
Øöćâó (āÅäÈëä­óÈāâÿæÂùæĀæÂāØë îîÚ-ăæÚ°. 2552)                                                                  

âîëāØë (maltose , C12H22O11) ÿÜĆÚÚČĈóÖóæāâÿæÂùæÅú¬Ì÷ćÈĀÖ¬æñāâÿæÂùæÜäñÂîÛÕ­èãÂæúāÅë 2 

āâÿæÂùæâóäèâÖòèÂòÚ  ÿÜĆÚÚČĈóÖóæØöćæñæóãÚČĈóăÕ­Õö ĀÖ¬ÅèóâìèóÚăâ¬âóÂÚòÂ (âöÅèóâìèóÚÿßöãÈ 20% ÃîÈ

ÚČĈóÖóæÌúāÅäë) ÿÜĆÚÚČĈóÖóæØöćßÛĂÚÙòÎßøË ăÕ­ĀÂ¬ Ã­óèâîææ°  ĀÖ¬ăâ¬ßÛĂÚäúÜîõëäñĂÚÙääâËóÖõ  ăÕ­ÉóÂÂóä

ã¬îãëæóãĀÜ­ÈĀæñăÂæāÅÿÉÚ 

             

         ĀëÕÈāÅäÈëä­óÈÃîÈÚČĈóÖóæâîëāØë                                                                                                                                                                                                                   

Øöćâó (āÅäÈëä­óÈÚČĈóÖóæâîëāØë îîÚ-ăæÚ°. 2552) 

ÿÌæāæăÛāîë (cellobiose , C12H22O11)  ÿÜĆÚÚČĈóÖóæāâÿæÂùæØöćăâ¬âöäúÜîõëäñĂÚÙääâËóÖõ Āæñăâ¬

ÿÜĆÚÜäñāãËÚ°Ö¬îÅÚ  ăÕ­ÉóÂÂÂóäã¬îãëæóãÿÌææúāæë   

 

 

 

 

             

 

ĀëÕÈāÅäÈëä­óÈÃîÈÿÌæāæăÛāîë                                                                                                               

Øöćâó (āÅäÈëä­óÈÃîÈÿÌæāæăÛāîë îîÚ-ăæÚ°. 2552) 



 ƗƟƙ 

3. ßîæõĀÌĆÂÅóä°ăäÕ°  ìäøîÚČĈóÖóæāâÿæÂùæĂìÎ¬  ÿÂõÕÉóÂÚČĈóÖóæāâÿæÂùæÿÕöćãèìæóãąāâÿæÂùæâó

äèâÂòÚÖòĈÈĀÖ¬  11  ÉÚ×÷È 1,000  āâÿæÂùæ Ö¬îÂòÚÿÜĆÚëóããóèą ÛóÈËÚõÕÿÜĆÚëóãāÌ¬ãóèÖäÈ ÛóÈËÚõÕâöÂõćÈÂ­óÚ

ĀãÂîîÂăÜ  ßîæõĀÌĆÂÅóä°ăäÕ°ĀÖÂÖ¬óÈÂòÚ  ĀÖÂÖ¬óÈÂòÚØöćËÚõÕ ĀæñÉČóÚèÚÃîÈÚČĈóÖóæāâÿæÂùæÿÕöćãèØöćÿÜĆÚ

îÈÅ°ÜäñÂîÛ             

ßîæõĀÌĆÂÅóä°ăäÕ°ØöćßÛâóÂØöćëùÕăÕ­ĀÂ¬            

ĀÜ­È  (starch)  ÿÜĆÚßîæõĀÌĆÂÅóăäÕ°ØöćßøËëóâóä×ëòÈÿÅäóñì°ăÕ­ ĀæñëñëâĂÚë¬èÚÖ¬óÈąÃîÈßøË

ËòĈÚëúÈ ÿË¬Ú ÿâæĆÕ  äóÂ  Ýæ  ÿÜĆÚÖ­Ú āâÿæÂùæÃîÈĀÜ­ÈĀÖ¬æñāâÿæÂùæÜäñÂîÛÃ÷ĈÚÕ­èãāâÿæÂùæÃîÈÂæúāÅëÖ¬î

ÂòÚÿÜĆÚëóããóè  ÛóÈë¬èÚĀÖÂÂõćÈÂ­óÚëóÃó 

 

   ĀëÕÈāÅäÈëä­óÈāâÿæÂùæÃîÈĀÜ­È                                                                                                                    

Øöćâó (āÅäÈëä­óÈāâÿæÂùæÃîÈĀÜ­È îîÚ-ăæÚ°. 2552) 

 

ăÂæāÅÿÉÚ  (glycogen)  ÿÜĆÚßîæõĀÌ®ÂÅóăäÕ°ØöćëñëâĂÚÿÌææ°ÃîÈÂæ­óâÿÚøĈîæóã ĀæñÿÌææ°ÖòÛ ÿßøćî

ĂË­ĂÚÿèæóØöćä¬óÈÂóãÃóÕĀÅæÚÂæúāÅë  âöÛØÛóØØöćëČóÅòÎĂÚÂóääòÂêóäñÕòÛÚČĈóÖóæĂÚÿæøîÕ āâÿæÂùæÃîÈ     

ăÂæāÅÿÉÚÜäñÂîÛÕ­èã ìÚ¬èãã¬îãØöćÿÜĆÚÂæúāÅëÿäöãÈÖòèÿÜĆÚëóããóè ĂÚä¬óÈÂóãìóÂâöÂæúāÅëÿìæøîĂË­ ĂÚ

ä¬óÈÂóã×­óìóÂâöÂæúāÅëÿìæøîĂË­ ä¬óÈÂóãÉñÿÜæöćãÚăÜÿÜĆÚăÂæāÅÿÉÚ Āæ­èÿÂĆÛëñëâăè­ØöćÖòÛÂòÛÂæ­óâÿÚøĈî 

ÿÌææúāæë (cellulose) ÿÜĆÚßîæõĀÌ®ÂÅóăäÕ°ØöćÿÜĆÚîÈÅ°ÜäñÂîÛØöćëČóÅòÎÃîÈÝÚòÈÿÌææ°ßøË āÕãÿÜĆÚ

ë¬èÚØöćëä­óÈÅèóâĀÃĆÈĀäÈĂì­ĀÂ¬ÿÌææ°ßøË āâÿæÂùæÃîÈÿÌææúāÅëÜäñÂîÛÕ­èãāâÿæÂùæÃîÈÂæúāÅëÉČóÚèÚ

âóÂâóã  ÜäñâóÔ  1,200 - 12,500  āâÿæÂùæ  ĀÖ¬âöÂóäÿäöãÈÖòèÃîÈāâÿæÂùæÂæúāÅëĀÖÂÖ¬óÈÉóÂāâÿæÂùæÃîÈ

ĀÜ­È  ĀæñÿÜĆÚëóäØöćăâ¬æñæóãÚČĈóÿßäóñāâÿæÂùæĂìÎ¬âóÂ ÅÚ ëòÖè°ÿÅöĈãèÿîøĈîÈ ÿË¬Ú èòè Åèóã ëóâóä×ÝæõÖ

ÿîÚăÌâ°ÿÌææúÿæëã¬îãÿÌææúāÅëÿÜĆÚÂæúāÅëăÕ­ 



 ƗƟƚ 

ăÅØõÚ (chitin) ÿÜĆÚßîæõĀÌ®ÂÅóăäÕ°ØöćßÛĂÚëòÖè°ăâ¬âöÂäñÕúÂëòÚìæòÈ ăÅØõÚÉñÿÜĆÚÉñÿÜĆÚë¬èÚØöćÿÜĆÚ

ÿÜæøîÂĀÃĆÈìù­âÖòèëòÖè°  ÿË¬Ú  ÂäñÕîÈÜú  ÿÜæøîÂÂù­È  ÿÜĆÚÖ­Ú ăÅØõÚăâ¬æñæóãÚČĈóĀæñăâ¬ëóâóä×ã¬îãëæóãÕ­èã

ÚČĈóã¬îãÃîÈä¬óÈÂóã 

ÿïÜóäõÚ (heparin)  ÿÜĆÚßîæõĀÌ®ÂÅóăäÕ°ØöćßÛĂÚÜîÕ ÖòÛ â­óâ  ÝÚòÈÿë­ÚÿæøîÕ ÿïÜóäõÚÿÜĆÚëóäØöćØČó

Ăì­ÿæøîÕăâ¬ĀÃĆÈÖòè 

æõÂÚõÚ (lignin) ÿÜĆÚßîæõĀÌ®ÂÅóăäÕ°ØöćßÛĂÚÿÚøĈîÿãøćîßøËâöÅèóâĀÃĆÈĀäÈ āÕãÉñëñëâÖóâÝÚòÈÿÌææ°

ßøË 

ÿßÂØõÚ (pectin) ÿÜĆÚßîæõĀÌ®ÂÅóăäÕ°ØöćßÛĂÚÝæăâ­âöæòÂêÔñÅæ­óãèù­Ú ÜäñÂîÛÕ­èãāâÿæÂùæÃîÈÂó

ĀæÅāØëìæóãąāâÿæÂùæâóäèâÂòÚ ßÛĂÚÝÚòÈÿÌææ°ßøË ÿÜæøîÂÝæăâ­Ö¬óÈą ÿË¬Ú  ë­â  âñÚóè ĀæñãòÈßÛĂÚ

ë¬èÚÃîÈäóÂĀæñĂÛØöćÿÜĆÚëöÿÃöãèÃîÈßøËÕ­èã 

ÅèóâëČóÅòÎÃîÈëóäîóìóäÜäñÿáØÅóä°āÛăïÿÕäÖÖ¬îëõćÈâöËöèõÖ 
1. ÿÜĆÚëóäîóìóäØöćĂì­ßæòÈÈóÚĀÂ¬ÿÌææ° ÿßøćîØČóÂõÉÂääâÖ¬óÈą ĀæñĂì­ÅèóâîÛîù¬ÚĀÂ¬ä¬óÈÂóã āÕã

Åóä°āÛăïÿÕäÖ   1  Âäòâ ÉñĂì­ßæòÈÈóÚÜäñâóÔ  4.1  ÂõāæĀÅæîäö  

2. ëóâóä×ÚČóăÜëòÈÿÅäóñì°ÿÜĆÚëóäĂÚäúÜăÂæāÅÿÉÚÿÂĆÛëñëâăè­ØöćÖòÛĀæñÂæ­óâÿÚøĈî ÿßøćîĂË­ĂÚ

ãóâÃóÕĀÅæÚ ÂóäÿÂĆÛëñëâăè­ĂÚäúÜăÂæāÅÿÉÚâöÜäõâóÔÉČóÂòÕ É÷ÈâöÂóäëñëâăè­ĂÚäúÜÃîÈăÃâòÚăè­Öóâ

ë¬èÚÖ¬óÈąÃîÈä¬óÈÂóãÿÂĆÛăè­ĂË­ãóâÃóÕĀÅæÚ 

3. āîæõāÂĀÌ®ÂÅóăäÕ° ĀæñßîæõĀÌ®ÂÅóăäÕ° ÿÜĆÚë¬èÚÜäñÂîÛÃîÈÿÌææ°ĀæñÿÜĆÚāÅäÈëä­óÈÃîÈÿÌææ° 

4. ÅèÛÅùâÿâĀØÛîæõÌ÷âÃîÈăÃâòÚĀæñāÜäÖöÚĂì­ÿÜĆÚÜÂÖõ āÕãä¬óÈÂóãÉñĂË­Åóä°āÛăïÿÕäÖëČóìäòÛ

ÚČóăÜëä­óÈßæòÈÈóÚÂ¬îÚ ×­óăâ¬ßîÉ÷ÈÉñĂË­ÉóÂăÃâòÚ  ĀæñâöÂóäÜ­îÈÂòÚăâ¬Ăì­âöÂóäëæóãÖòèÃîÈăÃâòÚĂÚÖòÛ

âóÂ ÿßäóñìóÂăÃâòÚĂÚÖòÛăâ¬ëóâóä×ëæóãÖòèăÕ­ëâÛúäÔ°ØČóĂì­ÿÂõÕëóäÅöāÖÚ (ketone body) Ì÷ćÈÿÜĆÚßõêÖ¬î

ä¬óÈÂóã  Āæñ×­óìóÂÃóÕĀÅæÚâóÂąÉ÷ÈâöÂóäĂË­āÜäÖöÚ ìóÂāÜäÖöÚ×úÂÚČóâóëä­óÈßæòÈÈóÚÉñâöÝæÿëöãÖ¬î

ä¬óÈÂóã ÿÚøćîÈÉóÂÛØÛóØāÜäÖöÚâöÛØÛóØëČóÅòÎ ÿË¬Ú ëä­óÈÿîÚăÌâ°  ëä­óÈÌ¬îâĀÌâë¬èÚØöć    ë÷Âìäî  ëä­óÈ

áúâõÖ­óÚØóÚÿËøĈîāäÅ  

5. ÿÜĆÚëóäñëČóÅòÎĂÚÂóäëä­óÈëóäÛóÈËÚõÕĂÚä¬óÈÂóã  ÿË¬Ú ÂóäëòÈÿÅäóñì° DNA  RNA  Āæñ  

ATP  ÉñÖ­îÈĂË­ÚČĈóÖóæ 

6. Ë¬èãÂäñÖù­ÚÂóäØČóÈóÚÃîÈæČóăë­ÿæĆÂ Ü­îÈÂòÚăâ¬Ăì­Ø­îÈÝúÂ ÿË¬Ú ÿÌææúāÅëÉñØČóĂì­ä¬óÈÂóãâöÂóÂîóìóä 

 



 ƗƟƛ 

ÿäøćîÈØöć  3  æõßõÕ 

 

 æõßõÕ (lipid) ÿÜĆÚëóäîõÚØäöã°Øöćăâ¬æñæóãÚČĈó ĀÖ¬æñæóãăÕ­ÕöĂÚÖòèØČóæñæóãîõÚØäöã°  ÿË¬Ú îöÿØîä° ÿÛÚ
ÌöÚ  Åæîāäàîä°â  Åóä°ÛîÚÿÖÖäóÅæîăäÕ°  îñÌõāÖÚ ĀæñĀîæÂîïîæ° ÜäñÂîÛÕ­èã  Åóä°ÛîÚ (C)  ăïāÕäÿÉÚ (H)  
îîÂÌõÿÉÚ (O)  ĀÖ¬îòÖäóë¬èÚÃîÈÙóÖùÿìæ¬óÚöĈăâ¬ÿìâøîÚÂòÛÅóä°āÛăïÿÕäÖ (Åóä°āÛăïÿÕäÖîòÖäóë¬èÚäñìè¬óÈ 
H : O = 2 : 1) ÉČóÚèÚîîÂÌõÿÉÚÉñâöÚ­îã ë¬èÚÉČóÚèÚÅóä°ÛîÚ ĀæñăïāÕäÿÉÚÚòĈÚâöÖ¬óÈąÂòÚÖóâËÚõÕÃîÈ
ăÃâòÚÚòĈÚą  
 æõßõÕØöćßÛĂÚÙääâËóÖõâòÂÉñăâ¬îãú¬ĂÚëáóßîõëäñ ĀÖ¬ÉñÜäóÂÐîãú¬ÂòÛëóäËöèāâÿæÂùæîøćÚą ×­óæõßõÕ 
(gyucolipid) ×­óÜäñÂîÛîãú¬ÂòÛāÜäÖöÚ  ÿäöãÂè¬ó ăæāÜāÜäÖöÚ (lipoprotein) 

ëâÛòÖõÃîÈæõßõÕ 

 1. ăÃâòÚĀæñÚČĈóâòÚăâ¬æñæóãÚČĈó æñæóãăÕ­ÕöĂÚÖòèØČóæóãØöćăâ¬âòÃòĈè ÿË¬Ú ÿïÂÿÌÚ 

 2. ăÃâòÚâöÅèóâìÚóĀÚ¬ÚÖČćóÂè¬óÚČĈó ĀÖ¬âöÅèóâìÚóĀÚ¬ÚëúÈÂè¬óÿîØóÚîæ 

 3. ăÃâòÚ ĀæñÚČĈóâòÚÿÂõÕÂæõćÚìøÕăÕ­  āÕãÚČĈóâòÚÉñÿÂõÕăÕ­È¬óãÂè¬ó ÿßäóñÿÂõÕÜÐõÂõäõãóÂòÛ O2 ăÕ­È¬óã

Âè¬ó 

 4.    ĂÚÂäÔöØöćâöÅóä°ÛîÚîñÖîâÿØ¬óÂòÚÂóäÿÝóăìâ­ÚČĈóâòÚÉñâöÿÃâ¬óâóÂÂè¬óÂóäÿÝóăìâ­ăÃâòÚ 

 5.     ăÃâòÚâöæòÂêÔñÿÜĆÚÃîÈĀÃĆÈØöćî¬îÚ ĀÖ¬ÚČĈóâòÚÿÜĆÚÃîÈÿìæè  

 

 

 

 

 

 

 

 

 

 

 



 ƗƟƜ 

æòÂêÔñāÅäÈëä­óÈÃîÈæõßõÕ 
 æõßõÕØùÂËÚõÕâöë¬èÚÜäñÂîÛëČóÅòÎ  2  ë¬èÚ  Åøî  ÂäÕăÃâòÚ (fatty  acid) Āæñ ÂæöÿÌîäîæ 
(glycerol)  

1. ÂäÕăÃâòÚ (fatty acid)  âöëúÖäāâÿæÂùæâöëúÖäØòćèăÜ ÕòÈÚöĈ 

                                                      O 

 

                                 R            C              OH 

R  Åøî ìâú¬ăïāÕäÅóä°ÛîÚØöćÜäñÂîÛÕ­èã  C ÂòÛ  H Ì÷ćÈâöÉČóÚèÚĀÖÂÖ¬óÈÂòÚăÜÖóâËÚõÕÃîÈÂäÕ

ăÃâòÚ   ÕòÈÚòĈÚÂäÕăÃâòÚâöîãú¬âóÂâóãìæóãËÚõÕ ĀÖ¬æñËÚõÕâöÉČóÚèÚîñÖîâÃîÈÅóä°ÛîÚĀæñăïāÕäÿÉÚĂÚ 

R ĀÖÂÖ¬óÈÂòÚ  ÿË¬Ú 

R   ÃîÈÂäÕÜóæ°âõÖõÂ     âö C   15   îñÖîâ    Āæñ  H  31  îñÖîâ 

R   ÃîÈÂäÕæăæāÚÿæîõÂ   âö C   17   îñÖîâ    Āæñ  H  31  îñÖîâ 

                                                                                              

    ĀëÕÈëúÖäāÅäÈëä­óÈÃîÈÂäÕîñâõÕāÚÛóÈËÚõÕ 

Øöćâó (palmitic  acid structure. On-line 2009) 

 ×­óßõÉóäÔóÉóÂÅèóâÖ­îÈÂóäÃîÈä¬óÈÂóã  ëóâóä×ĀÛ¬ÈÂäÕăÃâòÚîîÂÿÜĆÚ  2  ÜäñÿáØ Åøî 
1. ÂäÕăÃâòÚØöćÉČóÿÜĆÚÖ¬îä¬óÈÂóã  (essential  fatty  acid) ÿÜĆÚÂäÕăÃâòÚØöćâöÜäñāãËÚ°Ö¬îä¬óÈÂóã ĀÖ¬

ä¬óÈÂóãăâ¬ëóâóä×ëòÈÿÅäóñì°ăÕ­ÿîÈ É÷ÈÉČóÿÜĆÚÖ­îÈăÕ­äòÛÉóÂîóìóäāÕãÖäÈ ÂäÕăÃâòÚÚöĈâöâóÂĂÚÚČĈóÚâ×òćè

ÿìæøîÈ  ÚČĈóâòÚÃ­óèāßÕ  ÚČĈóâòÚÕîÂÅČóÞîã  ÚČĈóâòÚäČó  ãÂÿè­ÚÚČĈóâòÚâñßä­óè  ĀæñÚČĈóâòÚÜóæ°â 

2. ÂäÕăÃâòÚØöćăâ¬ÉČóÿÜĆÚÖ¬îä¬óÈÂóã (nonessential  fatty  acid) ÿÜĆÚÂäÕăÃâòÚØöćä¬óÈÂóãëóâóä×

ëòÈÿÅäóñì°Ã÷ĈÚăÕ­ÿîÈ  âöîãú¬ĂÚîóìóäÜäñÿáØæõßõÕØòćèăÜ   

×­óßõÉóäÔóÖóâäñÕòÛÅèóâîõćâÖòè  ëóâóä×ĀÛ¬ÈÿÜĆÚ 2 ÜäñÿáØÅøî 



 ƗƟƝ 

1. ÂäÕăÃâòÚîõćâÖòè (saturated  fatty  acid) ÿÜĆÚÂäÕăÃâòÚØöćîñÖîâÃîÈÅóä°ÛîÚĂÚāâÿæÂùæâöĀÖ¬

ßòÚÙñÿÕöćãè Āæñăâ¬ëóâóä×äòÛîñÖîâÃîÈăïāÕäÿÉÚÿÃ­óăÜĂÚāâÿæÂùæăÕ­îöÂ âöÉùÕìæîâÿìæèëúÈÂè¬óÂäÕ

ăÃâòÚăâ¬îõćâÖòè  ßÛâóÂĂÚăÃâòÚëòÖè° ÿÚã  ÚČĈóâòÚÉóÂëòÖè°ĀæñÚČĈóâòÚßøËÛóÈËÚõÕ ÿË¬Ú ÚČĈóâòÚâñßä­óè ÉóÂ

Âóäé÷ÂêóØóÈÂóäĀßØã°ßÛè¬ó ìóÂäòÛÜäñØóÚîóìóäØöćÜäñÂîÛÕ­èãÚČĈóâòÚìäøîăÃâòÚØöćÂäÕăÃâòÚîõćâÖòè

âóÂÿÂõÚăÜ  îóÉÉñâöÝæØČóĂì­ÿÂõÕāäÅìòèĂÉÃóÕÿæøîÕĀæñăÃâòÚîùÕÖòÚĂÚÿë­ÚÿæøîÕăÕ­ 

 

 

 
                             áóßĀëÕÈëúÖäāÅäÈëä­óÈÃîÈÂäÕăÃâòÚîõćâÖòè 

                               Øöćâó (saturated  fatty  acid. On-line 2009) 

2. ÂäÕăÃâòÚăâ¬îõćâÖòè (unsaturated  fatty  acid) ÿÜĆÚÂäÕăÃâòÚØöćîñÖîâÃîÈÅóä°ÛîÚÛóÈÖòèâö

ßòÚÙñÅú¬ (double bond) Āæñëóâóä×äòÛîñÖîâÃîÈăïāÕäÿÉÚăÕ­îöÂ âöÉùÕìæîâÿìæèÖČćó æñæóãăÕ­È¬óã ÂäÕ

ăÃâòÚîõćâÖòèØöćâöâóÂØöćëùÕÅøî ÂäÕāîÿæîõÂ (oleic acid) âöâóÂĂÚÚČĈóâòÚâñÂîÂ ĀæñÚČĈóâòÚßøËØòćèăÜ ÿË¬Ú 

ÚČĈóâòÚ×òćèÿìæøîÈ ÚČĈóâòÚÃ­óèāßÕ ÿÜĆÚÖ­Ú 

 

                              

 

                              áóßĀëÕÈëúÖäāÅäÈëä­óÈÃîÈÂäÕăÃâòÚăâ¬îõćâÖòè 

                               Øöćâó (unsaturated  fatty  acid. On-line 2009) 

2. ÂæöÿÌîäîæ (glycerol)  
 ÿÜĆÚĀîæÂîïîä°äúÜìÚ÷ćÈ âöëúÖäāÅäÈëä­óÈ ÕòÈÚöĈ 
  



 ƗƟƞ 

 ĂÚÂóääèâÂòÚÃîÈāâÿæÂùæÃîÈÂæöÿÌîäîæÂòÛĀÖ¬æñāâÿæÂùæÃîÈÂäÕăÃâòÚÚòĈÚÉñăÕ­ÚČĈó  1 
āâÿæÂùæ ĀæñÿäöãÂÜÐõÂõäõãóÚöĈè¬ó ÕöăïÿÕËòÚ (dehydration)  ÿË¬Ú ÿâøćîÂæöÿÌîäîæ 1 āâÿæÂùæäèâÂòÛÂäÕăÃâòÚ 3 
āâÿæÂùæ ÉñÿÂõÕÚČĈó 3 āâÿæÂùæ 

 
       ÂæöÿÌîäîæ 1 āâÿæÂùæ           ÂäÕăÃâòÚ 3 āâÿæÂùæ           ăÃâòÚ 1 āâÿæÂùæ                ÚČĈó 3 āâÿæÂùæ 

 
ÜäñÿáØÃîÈæõßõÕ 

 æõßõÕĀÛ¬ÈîîÂÖóâæòÂêÔñØóÈÿÅâöăÕ­ 3 ÜäñÿáØ Åøî 
1. æõßõÕÙääâÕó (simple lipid) ÿÜĆÚæõßõÕØöćÜäñÂîÛÃ÷ĈÚÕ­èãÂäÕăÃâòÚÂòÛĀîæÂîïîæ° ÿÂõÕÉóÂÂóä

äèâÖòèäñìè¬óÈÂæöÿÌîäîæ 1 āâÿæÂùæÂòÛÂäÕăÃâòÚ 1-3 āâÿæÂùæ Āæ­èĀÖ¬ËÚõÕÃîÈæõßõÕĀÛ¬ÈîîÂÿÜĆÚ 

1.1 ăÃâòÚ (fat) îóÉÿäöãÂîöÂîã¬óÈè¬ó ÂæöÿÌîăäÕ° (glyceride) ÜäñÂîÛÕ­èãÂæöÿÌîäîæÂòÛÂäÕ

ăÃâòÚËÚõÕîõćâÖòè (saturated fatty acid) ÿÜĆÚë¬èÚĂìÎ¬ (ÂäÕăÃâòÚ 3 āâÿæÂùæ ÂòÛÂæöÿÌîäîæ 

1 āâÿæÂùæ) 

1.2 ÚČĈóâòÚ (oil)   ÜäñÂîÛÕ­èãÂæöÿÌîäîæÂòÛÂäÕăÃâòÚËÚõÕăâ¬îõćâÖòè (unsaturated fatty 

acid)ÿÜĆÚë¬èÚĂìÎ¬ (ÂäÕăÃâòÚ 3 āâÿæÂùæ ÂòÛÂæöÿÌîäîæ 1 āâÿæÂùæ) 

1.3 ăÃìäøîÃöĈÝ÷ĈÈ(wax)  ÜäñÂîÛÕ­èãÂäÕăÃâòÚÂòÛĀîæÂîïîæ°ØöćâöāâÿæÂùæĂìÎ¬Âè¬óÂæöÿÌ

îäîæ ĀæñâöÚČĈóìÚòÂāâÿæÂùæëúÈÂè¬óÕ­èã  

 2. æõßõÕÿËõÈÜäñÂîÛ (compound lipid) ÜäñÂîÛÕ­èãæõßõÕäèâÂòÛëóäîøćÚą ÿË¬Ú 
  2.1 àîëāàæõßõÕ (phospholipid) ìäøîàîëāàÂæöÿÌîăäÕ° (phosphoglyceride) ÿÜĆÚæõßõÕ
ÙääâÕóØöćâöìâú¬àîëÿàÖÿÜĆÚîÈÅ°ÜäñÂîÛāÕãÿÂõÕÉóÂÂóääèâÖòèÃîÈÂäÕăÃâòÚ ÂæöÿÌîäîæ Āæñìâú¬
àîëÿàÖ âöāÅäÈëä­óÈÅæ­óãÂòÛăÃâòÚĀæñÚČĈóâòÚ Ö¬óÈÂòÚØöćâöìâú¬àîëÿàÖăÜĀØÚÂäÕăÃâòÚîãú¬ìÚ÷ćÈāâÿæÂùæ 

 
 
 
 áóßĀëÕÈëúÖäāÅäÈëä­óÈÃîÈàîëāàæõßõÕ                                                                                            
Øöćâó (phospholipid. On-line 2009) 



 ƗƟƟ 

 àîëāàæõßõÕÿÜĆÚë¬èÚÜäñÂîÛìæòÂÃîÈÿãøćîìù­âÿÌææ° ÿÚøĈîÿãøćîÜäñëóØ ÚČĈóÿæøîÕ ăÃ¬ĀÕÈ 
āÕãÿÊßóñë¬èÚÃîÈÿãøćîìù­âÿÌææ°ÉñâöÂóäÿäöãÈÖòèÂòÚÿÜĆÚĀÝ¬ÚÛóÈą 2 ËòĈÚÌ­îÚÂòÚ ë¬èÚìòèØöćâöìâú¬àîëÿàÖîãú¬
ÉñÿÜĆÚÛäõÿèÔØöćâöÜäñÉùÿâøćîîãú¬ĂÚÖòèÂæóÈØöćÿÜĆÚÚČĈó ë¬èÚÚöĈÉñÕ÷ÈÕúÕÂòÛāâÿæÂùæÃîÈÚČĈó ÿäöãÂè¬ó ë¬èÚØöćËîÛÚČĈó 
(hydrophibic part) ë¬èÚìóÈØöćăâ¬âöÜäñÉùÉñĀãÂÖòèîîÂÉóÂÚČĈó ÿäöãÂè¬ó ë¬èÚØöćăâ¬ËîÛÚČĈó (hydrophobic part) 
 2.2 ăÂæāÅæõßõÕ (glycolipid) ÿÜĆÚæõßõÕØöćâöÅóä°āÛăïÿÕäÖÿÜĆÚîÈÅ°ÜäñÂîÛîãú¬Õ­èã ÿË¬Ú  ÂóĀæÅ
āØæõßõÕ (galactolipid)âöÚČĈóÖóæÂóĀæÂāØëÿÜĆÚîÈÅ°ÜäñÂîÛ ßÛØöćÿãøćîìù­âëâîÈ ÿë­ÚÜäñëóØ ĀæñßÛÖóâ
îèòãèñÖ¬óÈą ÿË¬Ú ÖòÛ ăÖ â­óâ ÿÜĆÚÖ­Ú 
 2.3  æõāÜāÜäÖöÚ (lipoprotein) ÿÜĆÚæõßõÕÙääâÕóØöćâöāÜäÖöÚìäøîÂäÕîñâõāÚÿÜĆÚîÈÅ°ÜäñÂîÛîãú¬
Õ­èã  æõāÜāÜäÖöÚÿÜĆÚë¬èÚÜäñÂîÛëČóÅòÎÃîÈÿãøćîìù­âÿÌææ°ĀæñĂÚÚČĈóÿæøîÕ ØČóìÚ­óØöćæČóÿæöãÈæõßõÕăÜãòÈÿÌææ°
Ö¬óÈą Øòćèä¬óÈÂóã 

ÅèóâëČóÅòÎÃîÈëóäîóìóäÜäñÿáØæõßõÕÖ¬îëõćÈâöËöèõÖ 
1. ÿÜĆÚĀìæ¬ÈßæòÈÈóÚØöćëČóÅòÎÃîÈä¬óÈÂóã āÕãæõßõÕ 1 Âäòâ ÉñĂì­ßæòÈÈóÚÜäñâóÔ 9.1 Âõāæ

ĀÅæîäö âóÂÂè¬óëóäîóìóäÜäñÿáØÅóä°āÛăïÿÕäÖĀæñāÜäÖöÚ(ä¬óÈÂóãÖ­îÈÂóäÜäñâóÔèòÚæñ 40 Âäòâ 

2. Ăì­ÂäÕăÃâòÚØöćÉČóÿÜĆÚÖ¬îä¬óÈÂóã Åøî ÂäÕăæāÚÿæîõÂ (linoleic) 

3. æõßõÕĂÚîóìóäÉñÿÜĆÚÉñÿÜĆÚÖòèØČóæñæóã ĀæñË¬èãĂÚÂóäÕúÕÌ÷âèõÖóâõÚ A,D,E,K  ÿÃ­óëú¬

ä¬óÈÂóã 

4. æõßõÕØöćëñëâáóãĂÚä¬óÈÂóã  Ë¬èãã÷ÕîèòãèñáóãĂÚĀæñÜ­îÈÂòÚÂóäÂäñØÛÂäñĀØÂ 

5. ÿÜĆÚÊÚèÚÜ­îÈÂòÚÅèóâä­îÚ ăâ¬Ăì­ëúÎÿëöãîîÂÉóÂä¬óÈÂóãāÕãëñëâăè­ÛäõÿèÔĂÖ­ÝõèìÚòÈ 

6. ÿÜĆÚîÈÅ°ÜäñÂîÛØöćëČóÅòÎÃîÈÿãøćîìù­âÿÌææ° ĀæñÿÂöćãèÃ­îÈÂòÛÂóäÅèÛÅùâÂóäÿÜæöćãÚĀÜæÈ

îùÔìáúâõÃîÈÿÌææ° 

7. ÅèÛÅùâÿâĀØÛîæõÌ÷âÃîÈÿÌææ° ÿÜ­óìâóãØöć×úÂÅùâāÕãßèÂëÿÖäîãÕ°ïîä°āâÚ ÿË¬Ú                        

ÿîëāØäÿÉÚ ĀæñāßäÿÉëÿØîāäÚ Ì÷ćÈÿÜĆÚïîä°āâÚĂÚÿßéìÎõÈ ÉñÅèÛÅùâÿâĀØÛîæõÌ÷âÃîÈÿÌææ°áóãĂÚäòÈ

ăÃ¬ĀæñâÕæúÂ ÿÜĆÚÖ­Ú 

 
 



 ƘƖƖ 

  
 
 Ăì­Ýú­ÿäöãÚĀÛ¬ÈÂæù¬âØČóÂóäØÕæîÈ  Āæ­èÖîÛÅČó×óâØ­óãÂóäØÕæîÈ 

1. Ăë¬ÚČĈóĀÜ­ÈæÈĂÚìæîÕØÕæîÈÃÚóÕÂæóÈ ÉČóÚèÚ 3 ìæîÕąæñ  2  æúÂÛóéÂ°ÿÌÚÖõÿâÖä 

                              

         

ìæîÕØöć 1  ìãÕëóäæñæóãăîāîÕöÚ 1 ìãÕ ëòÈÿÂÖĀæñÛòÚØ÷ÂÝæ 
 
 
      

            ìæîÕØöć  2  ìãÕëóäæñæóãÿÛÿÚÕõÂë° 5 ìãÕ Āæ­èÚČóăÜÖ­â 2 ÚóØöëòÈÿÂÖ
ĀæñÛòÚØ÷ÂÝæ 
     

                                                  
                    

ìæîÕØöć 3  ìãÕëóäæñæóãÅîÜÿÜîä°ÌòæÿàÖ  5 ìãÕ Āæñëóäæñæóã
āÌÿÕöãâăïÕäîÂăÌÕ°  10  ìãÕ  ëòÈÿÂÖĀæñÛòÚØ÷ÂÝæ         

 
 
 
ÚČóĀÜ­ÈâòÚÉČóÚèÚÅä÷ćÈË­îÚÿÛîä° 1 ăÜ×úÂòÛÂäñÕóêÃóèÜäñâóÔ 4-5 ÅäòĈÈ ìæòÈÉóÂÚòĈÚãÂÂäñÕóê

ăÜØóÈØöćâöĀëÈÝ¬óÚ ëòÈÿÂÖè¬óāÜä¬ÈĀëÈìäøîăâ¬ÛòÚØ÷ÂÝæ                                
 

  

 
 

 

 

ÂõÉÂääâ  ÂóäÖäèÉëîÛëóäîóìóä 



 ƘƖƗ 

2. ØČóÂóäØÕæîÈÿË¬ÚÿÕöãèÂòÛÃ­î 1 ĀÖ¬ĂË­ÚČĈóÖóæÂæúāÅë  ÚâëÕ  ăÃ¬Ãóè  ĀæñÚČĈóâòÚßøË  ëòÈÿÂÖĀæñÛòÚØ÷Â
ÝææÈĂÚÖóäóÈÛòÚØ÷ÂÝæ 
 

îóìóä 
ÂóäÿÜæöćãÚĀÜæÈØöćëòÈÿÂÖăÕ­ 

ëóäæñæóãăîāîÕöÚ ëóäæñæóãÿÛÿÚÕõÂë° ëóäæñæóãÅîÜÿÜîä° (II)ÌòæÿàÖ Āæñ
ëóäæñæóãāÌÿÕöãâăïÕäîÂăÌÕ° 

×úÂòÛÂäñÕóêÃóè 

ĀÜ­ÈâòÚ 

 

    

ÚČĈóÖóæÂæúāÅë       

ÚâëÕ       

ăÃ¬Ãóè       

ÚČĈóâòÚßøË       

 

 

1. îóìóäØöćØČóĂì­ëöÃîÈëóäæñæóãăîāîÕöÚÿÜæöćãÚĀÜæÈÅøîîóìóäÜäñÿáØĂÕĀæñÂóäÿÜæöćãÚĀÜæÈØöć
ëòÈÿÂÖÿÜæöćãÚëöëóäæñæóãăîāîÕöÚÿÜĆÚîã¬óÈăä 

2. îóìóäØöćØČóĂì­ëöÃîÈëóäæñæóãÿÛÿÚÕõÂë°ÿÜæöćãÚĀÜæÈÅøîîóìóäÜäñÿáØĂÕÂóäÿÜæöćãÚĀÜæÈØöćëòÈÿÂÖ
ăÕ­ìæòÈÉóÂÂóäÚČóăÜÖ­âÿÜĆÚîã¬óÈăä 

3. îóìóäØöćØČóĂì­ëóäæñæóãÅîÜÿÜîä° (II)ÌòæÿàÖ ĀæñëóäæñæóãāÌÿÕöãâăïÕäîÂăÌÕ°ÿÜæöćãÚĀÜæÈÅøî
îóìóäÜäñÿáØĂÕ   ÂóäÿÜæöćãÚĀÜæÈØöćëòÈÿÂÖăÕ­ÿÜĆÚîã¬óÈăä 

4. îóìóäØöćÚČóăÜ×úÂòÛÂäñÕóêÃóè Āæ­èØČóĂì­ÂäñÕóêÃóèāÜä¬ÈĀëÈÅøîîóìóäÜäñÿáØĂÕ 
5. ĂÚÂóäÂóäØÕëîÛëóäîóìóäÕ­èãëóäÿÅâö ëóäÿÅâöØöćÖ­îÈĂË­ßæòÈÈóÚÅèóâä­îÚÅøî 
6. ÉóÂÝæÂóäØČóÂõÉÂääâ  ëóâóä×ÉČóĀÚÂîóìóäăÕ­ÿÜĆÚÂöćÜäñÿáØîñăäÛ­óÈ  
 

 
 
 
 
 
 
 
 
 
 
 



 ƘƖƘ 

ÛØØöć ƗƖ   

ÜõāÖäÿæöãâĀæñßîæõÿâîä° 

ëóäñëČóÅòÎ 

 ÂóäÿÂõÕÜõāÖÿæöćãâ Āìæ¬ÈÜõāÖÿæöćãâ ÂóäÂæòćÚĀæñÝæõÖáòÔÒ°ÜõāÖÿæöćãâ ÜäñāãËÚ° ĀæñÝæÉóÂÂóäĂË­Üõ
āÖÿæöćãâ 

 ÂóäÿÂõÕ ĀæñëâÛòÖõÃîÈßîæõÿâîä° ßîæîÿâîä°ĂÚËöèõÖÜäñÉČóèòÚ 
 ÂóäÿÂõÕ ĀæñÝæÂäñØÛÉóÂÂóäĂË­ßæóëÖõÂ ãóÈ ãóÈëòÈÿÅäóñì° ÿë­ÚĀæñÿë­ÚĂãëòÈÿÅäóñì° 
 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãìæòÂÂóäÂæòćÚæČóÕòÛë¬èÚ ÝæõÖáòÔÒ°ĀæñÜäñāãËÚ°ÃîÈÝæõÖáòÔÒ°ÜõāÖÿæöćãâ ÝæÂäñØÛÉó
ÂóäĂË­ÝæõÖáòÔÒ°ÜõāÖÿæöćãâ 

2. îÙõÛóã Åèóâìâóã ÜäñÿáØ ËÚõÕÂóäÿÂõÕĀæñëâÛòÖõÃîÈßîæõÿâîä° ßîæõÿâîä°ĂÚËöèõÖÜäñÉČóèòÚ 
ÝæÂäñØÛÉóÂÂóäĂË­ßæóëÖõÂ ãóÈ ãóÈëòÈÿÅäóñì° ÿë­ÚĀæñÿë­ÚĂãëòÈÿÅäóñì° 

 

ÃîÛÃ¬óãÿÚøĈîìó 

 ÿäøćîÈØöć Ɨ  ÜõāÖäÿæöćãâ 
 ÿäøćîÈØöć Ƙ  ßîæõÿâîä° 

   



 ƘƖƙ 

ÿäøćîÈØöć Ɨ   ÜõāÖäÿæöãâ 
ÜõāÖäÿæöãâ (Petroleum) âóÉóÂäóÂéòßØ°áóêóæñÖõÚ Ƙ ÅČó Åøî ÿßØäó (Petra) ĀÜæè¬óìõÚ Āæñāîæõ

îùâ (Oleum) ĀÜæè¬óÚČĈóâòÚ äèâÂòÚĀæ­èâöÅèóâìâóãè¬ó ÚČĈóâòÚØöćăÕ­ÉóÂìõÚ 
ÜõāÖäÿæöãâÿÜĆÚëóäÝëâÃîÈëóäÜäñÂîÛăïāÕäÅóä°ÛîÚĀæñëóäîõÚØäöã°ìæóãËÚõÕØöćÿÂõÕÖóâ

ÙääâËóÖõØòĈÈĂÚë×óÚñÃîÈÿìæèĀæñĀÂ®ë ăÕ­ĀÂ¬ÚČĈóâòÚÕõÛ (Crude oil) ĀæñĀÂ®ëÙääâËóÖõ (Natural gas) 
ÚČĈóâòÚÕõÛ ÉóÂĀìæ¬ÈÖ¬óÈ ą îóÉâöëâÛòÖõØóÈÂóãáóßĀÖÂÖ¬óÈÂòÚ ÿË¬Ú âöæòÂêÔñÃ­ÚÿìÚöãè ÉÚ×÷È

ìÚøÕÅæ­óããóÈâñÖîã âöëöÿìæøîÈ ÿÃöãè ÚČĈóÖóæÉÚ×÷ÈÕČó âöÅèóâìÚóĀÚ¬Ú Ɩ.ƝƟ · Ɩ.ƟƝ g/cm3 ÚČĈóâòÚÕõÛâö
îÈÅ°ÜäñÂîÛë¬èÚĂìÎ¬ÿÜĆÚëóäÜäñÂîÛăïāÕäÅóä°ÛîÚÜäñÿáØĀîæÿÅÚ ĀæñăÌāÅæĀîæÿÅÚ îóÉâö
ëóäÜäñÂîÛÃîÈ N  ,  S  ĀæñëóäÜäñÂîÛîîÂăÌÕ°îøćÚ ą ÜÚîãú¬ÿæĆÂÚ­îã 

ĀÂ®ëÙääâËóÖõ (Natural gas) âöîÈÅ°ÜäñÂîÛìæòÂÅøî ëóäÜäñÂîÛăïāÕäÅóä°ÛîÚØöćâöÅóä°ÛîÚĂÚ
āâÿæÂùæ Ɨ · ƛ îñÖîâ ÜäñâóÔä­îãæñ Ɵƛ ØöćÿìæøîÿÜĆÚĀÂ®ëăÚāÖäÿÉÚ ĀæñÅóä°ÛîÚăÕîîÂăÌÕ° îóÉâöĀÂ®ë
ăïāÕäÿÉÚÌòæăàÕ°ÜÚîãú¬Õ­èã ĀÂ®ëÙääâËóÖõîóÉâöë×óÚñÿÜĆÚÃîÈÿìæè ÿäöãÂè¬ó ĀÂ®ëÙääâËóÖõÿìæè 
(Condensate) ÜäñÂîÛÕ­èãăïāÕäÅóä°ÛîÚÿË¬ÚÿÕöãèÂòÛĀÂ®ëÙääâËóÖõ ĀÖ¬âöÉČóÚèÚîñÖîâÅóä°ÛîÚâóÂÂè¬ó 
ÿâøćîîãú¬ĂÚĀìæ¬ÈÂòÂÿÂĆÛĂÖ­ÝõèāæÂØöćæ÷ÂâóÂĀæñâöîùÔìáúâõëúÈâóÂÉñâöë×óÚñÿÜĆÚĀÂ®ë ĀÖ¬ÿâøćîÚČóÃ÷ĈÚÛÚ×÷È
äñÕòÛÝõèÕõÚÌ÷ćÈâöîùÔìáúâõÖČćóÂè¬ó ăïāÕäÅóä°ÛîÚÉñÂæóãëáóßÿÜĆÚÃîÈÿìæè 
 

 ÜäõâóÔÙóÖùîÈÅ°ÜäñÂîÛÃîÈÚČĈóâòÚÕõÛĀæñĀÂ®ëÙääâËóÖõ 

ËÚõÕÃîÈÜõāÖäÿæöãâ 
ÜäõâóÔÿÜĆÚä­îãæñāÕãâèæ 

C H S N 
ÚČĈóâòÚÕõÛ 82 · 87 12 · 15 0.1 · 1.5 0.1 · 1 
ĀÂ®ëÙääâËóÖõ 65 · 80 1 · 25 0.2 1 · 15 

 
ÂóäÿÂõÕÜõāÖäÿæöãâ 
ÜõāÖäÿæöãâÿÂõÕÉóÂÂóäØòÛ×âĀæñëæóãÖòèÃîÈîõÚØäöãëóäÉóÂßøËĀæñëòÖè°ØöćÅæùÂÿÅæ­óîãú¬ÂòÛ

ÖñÂîÚĂÚËòĈÚÂäèÕØäóãĀæñāÅæÚÖâĂÖ­ßøĈÚÕõÚ ÿâøćîÿèæóÝ¬óÚăÜÚòÛæ­óÚÜöÖñÂîÚÿìæ¬óÚöĈÉñÉâÖòèæÈÿäøćîã ą 
ÿÚøćîÈÉóÂÂóäÿÜæöćãÚĀÜæÈÃîÈÝõèāæÂ ×úÂîòÕĀÚ¬ÚÕ­èãÅèóâÕòÚĀæñÅèóâä­îÚëúÈ ĀæñâöÜäõâóÔîîÂÌõÿÉÚ
ÉČóÂòÕ É÷ÈëæóãÖòèÿÜæöćãÚëáóßÿÜĆÚĀÂ®ëÙääâËóÖõĀæñÚČĈóâòÚÕõÛĀØäÂîãú¬äñìè¬óÈËòĈÚìõÚØöćâöäúßäùÚ 

ÜõāÖäÿæöãâÉóÂĀìæ¬ÈÖ¬óÈÂòÚÉñâÜäõâóÔÃîÈëóäÜäñÂîÛăïāÕäÅóä°ÛîÚäèâØòĈÈëóäÜäñÂîÛÃîÈ
ÂČóâñ×òÚ ăÚāÖäÿÉÚ ĀæñîîÂÌõÿÉÚĀÖÂÖ¬óÈÂòÚ āÕãÃ÷ĈÚîãú¬ÂòÛËÚõÕÃîÈÌóÂßøËĀæñëòÖè°ØöćÿÜĆÚÖ­ÚÂČóÿÚõÕÃîÈ
ÜõāÖäÿæöãâ ĀæñîõØÙõßæÃîÈĀäÈØöćØòÛ×âîãú¬ÛÚÖñÂîÚ 
 



 ƘƖƚ 

 
 
 

 
 
 
 
 
 Āìæ¬ÈÂòÂÿÂĆÛÜõāÖäÿæöãâ 
ÜõāÖäÿæöãâØöćÿÂõÕîãú¬ĂÚËòĈÚìõÚ ÉñâöÂóäÿÅæøćîÚÖòèîîÂăÜÖóâäîãĀÖÂĀæñäúßäùÚÃîÈìõÚăÜëú

äñÕòÛÅèóâæ÷ÂÚ­îãÂè¬óĀæ­èëñëâÖòèîãú¬ĂÚāÅäÈëä­óÈìõÚØöćâöäúßäùÚ âöāßäÈ ìäøîäîãĀÖÂĂÚÿÚøĈîìõÚØöć
ëóâóä×Ăì­ÜõāÖäÿæöãâëñëâÅòèîãú¬ăÕ­ Õ­óÚÛÚÿÜĆÚìõÚÖñÂîÚìäøîìõÚÕõÚÕóÚÿÚøĈîĀÚ¬ÚæñÿîöãÕÜõÕÂòĈÚăâ¬Ăì­
ÜõāÖäÿæöãâăìææîÕîîÂăÜăÕ­ āÅäÈëä­óÈÜõÕÂòĈÚÕòÈÂæ¬óèÿäöãÂè¬ó Āìæ¬ÈÂòÂÿÂĆÛ ÜõāÖäÿæöãâ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ÂóäëČóäèÉÜõāÖäÿæöãâ 
ÂóäëČóäèÉÜõāÖäÿæöãâØČóăÕ­ìæóãèõÙö ĀæñâöÃòĈÚÖîÚÖ¬óÈ ą ÕòÈÚöĈ 
Ɨ. ÂóäëČóäèÉØóÈÙäÔöèõØãó (Geology) āÕãØČóĀÝÚØöćáóß×¬óãØóÈîóÂóé 
Ƙ. ëČóäèÉØóÈÙäÔöèõØãóßøĈÚÝõè āÕãÂóäÿÂĆÛÖòèîã¬óÈìõÚ é÷ÂêóæòÂêÔñÃîÈìõÚ èõÿÅäóñì°ÌóÂßøË 

ÌóÂëòÖè°Øöćîãú¬ĂÚìõÚ ÝæÂóäé÷ÂêóË¬èãĂì­ÅóÕÅñÅñÿÚăÕ­è¬óâöāîÂóëßÛāÅäÈëä­óÈĀæñËÚõÕÃîÈìõÚØöć
ÿîøĈîîČóÚèãÖ¬îÂóäÂòÂÿÂĆÛÜõāÖäÿæöãâĂÚÛäõÿèÔÚòĈÚâóÂìäøîÚ­îãÿßöãÈĂÕ 

ƙ. ÂóäëČóäèÉØóÈÙäÔöàõëõÂë° (Geophysics) 



 ƘƖƛ 

ÂóäèòÕÅèóâÿÃ­âëÚóâĀâ¬ÿìæĆÂāæÂ ÉñÛîÂĂì­ØäóÛ×÷ÈÃîÛÿÃÖ ÅèóâìÚó ÅèóâÂè­óÈĂìÎ¬ÃîÈ
Āî¬È ĀæñÅèóâæ÷ÂÃîÈËòĈÚìõÚ 

ÂóäèòÕÅ¬óÅèóâāÚ­â×¬èÈÃîÈāæÂ ØČóĂì­ØäóÛ×÷ÈËÚõÕÃîÈËòĈÚìõÚĂÖ­ÝõèāæÂĂÚäñÕòÛÖ¬óÈ ą Ì÷ćÈÉñ
Ë¬èãĂÚÂóäÂČóìÚÕÃîÛÿÃÖĀæñäúÜä¬óÈÃîÈĀî¬ÈĂÖ­ÝõèÕõÚ 

ÂóäèòÕÅ¬óÅèóâăìèëñÿØøîÚ (Seismic wave) ÉñË¬èãÛîÂĂì­ØäóÛÖČóĀìÚ¬È äúÜä¬óÈæòÂêÔñ Āæñ
āÅäÈëä­óÈÃîÈìõÚĂÖ­ÕõÚ 

 
ƚ. ÂóäÿÉóñëČóäèÉ ÉñÛîÂĂì­ØäóÛ×÷ÈÅèóâãóÂÈ¬óãÃîÈÂóäÃùÕÿÉóñÿßøćîÚČóÜõāÖäÿæöãââóĂË­ Āæñ

ÛîÂĂì­ØäóÛè¬óëõćÈØöćÂòÂÿÂĆÛîãú¬ÿÜĆÚĀÂ®ëÙääâËóÖõìäøîÚČĈóâòÚÕõÛ ĀæñâöÜäõâóÔâóÂÚ­îãÿßöãÈĂÕ Ã­îâúæĂÚÂóä
ÿÉóñëČóäèÉÉñÚČóâóĂË­ĂÚÂóäÖòÕëõÚ×÷ÈÅèóâÿÜĆÚăÜăÕ­ĂÚÿËõÈÿéäêÑÂõÉ ÿâøćîÿÉóñëČóäèÉßÛÜõāÖäÿæöãâĂÚäúÜ
ĀÂ®ëÙääâËóÖõìäøîÚČĈóâòÚÕõÛĀæ­è ×­óìæùâĂÕâöÅèóâÕòÚáóãĂÚëúÈ ÜõāÖäÿæöãâÉñ×úÂÕòÚĂì­ăìæÃ÷ĈÚâóÿîÈ ĀÖ¬
×­óìæùâĂÕâöÅèóâÕòÚáóãĂÚÖČćó ÉñÖ­îÈÿßõćâĀäÈÕòÚÉóÂáóãÚîÂāÕãÂóäîòÕĀÂ®ëÛóÈËÚõÕæÈăÜ ÿË¬Ú ĀÂ®ë
ÙääâËóÖõ ĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ° 

 
ÂóäëČóäèÉÚČĈóâòÚÕõÛĂÚÜäñÿØéăØã 
âöÂóäëČóäèÉÅäòĈÈĀäÂĂÚ ß.é. ƘƚƜƚ ßÛØöćîČóÿáîÞóÈ ÉòÈìèòÕÿËöãÈĂìâ¬ ĀæñßÛĀÂ®ëÙääâËóÖõØöćâö

ÜäõâóÔâóÂßîÿËõÈßóÔõËã°ĂÚî¬óèăØãÿâøćî ß.é. ƘƛƗƜ Ö¬îâóßÛØöćîČóÿáîÚČĈóßîÈ ÉòÈìèòÕÃîÚĀÂ¬Ú 
ÜäõâóÔëČóäîÈÜõāÖäÿæöãâĂÚÜäñÿØéăØã âöÜäõâóÔØöćÜäñÿâõÚăÕ­ÕòÈÚöĈ 
¶ ÚČĈóâòÚÕõÛ ƞƖƜ æ­óÚÛóä°ÿäæ 
¶ ĀÂ®ëÙääâËóÖõ  ƙƘ æ­óÚæúÂÛóéÂ°àùÖ 
¶ ĀÂ®ëÙääâËóÖõÿìæè  Ɯƞƞ æ­óÚÛóä°ÿäæ 

Āìæ¬ÈÚČĈóâòÚÕõÛĂìÎ¬ØöćëùÕÃîÈÜäñÿØé ăÕ­ĀÂ¬ ÚČĈóâòÚÕõÛÿßËä ÉóÂĀìæ¬ÈëõäõÂõÖõċ ÂõćÈîČóÿáîæóÚ
ÂäñÛøî ÉòÈìèòÕÂČóĀßÈÿßËä Āìæ¬ÈÝæõÖĀÂ®ëÙääâËóÖõØöćĂìÎ¬ØöćëùÕîãú¬ĂÚî¬óèăØãËøćîè¬ó Āìæ¬ÈÛÈÂË ÿÉóñ
ëČóäèÉßÛÿâøćî ß.é. ƘƛƘƙ 

Āìæ¬ÈëñëâÜõāÖäÿæöãâÃÚóÕĂìÎ¬ØöćëùÕÃîÈāæÂîãú¬Øöćî¬óèÿÜîä°ÿÌöã äîÈæÈâóÅøîÛäõÿèÔîÿâäõÂó
ÂæóÈ îÿâäõÂóÿìÚøî ĀæñäòëÿÌöã ÜõāÖäÿæöãâØöćßÛÛäõÿèÔÜäñÿØéăÚÉöÿäöãÿÜĆÚĀìæ¬ÈÜõāÖäÿæöãâØöćâöÅùÔáóßÕö
ØöćëùÕ ÿßäóñâöÜäõâóÔëóäÜäñÂîÛÂČóâñ×òÚÜÚîãú¬Ú­îãØöćëùÕ 

ìÚ¬èãèòÕÜäõâóÔÜõāÖäÿæöãâ 
ìÚ¬èãØöćĂË­èòÕÜäõâóÔÚČĈóâòÚÕõÛÅøîÛóä°ÿäæ (barrel) 
Ɨ Ûóä°ÿäæ âö ƚƘ ĀÂææîÚ ìäøî Ɨƛƞ.ƟƞƝ æõÖä 
ìÚ¬èãØöćĂË­èòÕÜäõâóÖäÃîÈĀÂ®ëÙääâËóÖõ ÚõãâĂË­ìÚ¬èãèòÕÿÜĆÚæúÂÛóéÂ°àùÖ ØöćîùÔìáúâõ ƜƖ îÈéóàó

ÿäÚăïÖ° (Ɨƛ.ƛƜ îÈéóÿÌæÿÌöãë) ĀæñÅèóâÕòÚ ƙƖ ÚõĈèÃîÈÜäîØ 



 ƘƖƜ 

ÂóäÂæòćÚÚČĈóâòÚÕõÛ 
ÚČĈóâòÚÕòÛÿÜĆÚÃîÈÝëâÃîÈëóäÜäñÂîÛăïāÕäÅóä°ÛîÚìæóãËÚõÕ ØòĈÈĀîæÿÅÚ ăÌāÅæĀîæÿÅÚ 

ÚČĈó ĀæñëóäÜäñÂîÛîøćÚ ą ÂóäÂæòćÚÚČĈóâòÚÕõÛÉ÷ÈĂË­ÂóäÂæòćÚæČóÕòÛë¬èÚ Ì÷ćÈâöÃòĈÚÖîÚÕòÈÚöĈ 
 

 
 
 Ɨ. Â¬îÚÂóäÂæòćÚÖ­îÈĀãÂÚČĈóĀæñëóäÜäñÂîÛÖ¬óÈ ą îîÂÉóÂÚČĈóâòÚÕõÛÂ¬îÚ ÉÚÿìæøîĀÖ¬

ëóäÜäñÂîÛăïāÕäÅóä°ÛîÚÿÜĆÚë¬èÚĂìÎ¬ 
Ƙ. ë¬ÈÝ¬óÚëóäÜäñÂîÛăïāÕäÅóä°ÛîÚÝ¬óÚØ¬îÿÃ­óăÜĂÚÿÖóÿÝóØöćâöîùÔìáúâõ  ƙƘƖ · ƙƞƛOC  

ÚČĈóâòÚÕõÛØöćÝ¬óÚÿÖóÿÝóÉñâöîùÔìáúâõëúÈ ÉÚÛóÈë¬èÚÿÜæöćãÚë×óÚñÿÜĆÚăîÜÚăÜÂòÛÃîÈÿìæè 
ƙ. ë¬ÈëóäÜäñÂîÛăïāÕäÅóä°ÛîÚØòĈÈØöćÿÜĆÚÃîÈÿìæèĀæñăîÝ¬óÚÿÃ­óăÜĂÚìîÂæòćÚ Ì÷ćÈìîÂæòćÚ

ÿÜĆÚìîëúÈØöćáóãĂÚÜäñÂîÛÕ­èãËòĈÚÿäöãÈÂòÚìæóãëõÛËòĈÚ ĀÖ¬æñËòĈÚÉñâöîùÔìáúâõĀÖÂÖ¬óÈÂòÚ ËòĈÚÛÚâöîùÔìáúâõ
ÖČćó ËòĈÚæ¬óÈâöîùÔìáúâõëúÈ ÕòÈÚòĈÚëóäÜäñÂîÛăïāÕäÅóä°ÛîÚØöćâöâèæāâÿæÂùæÖČćóĀæñÉùÕÿÕøîÕÖČćóÉñäñÿìãÃ÷ĈÚ
ăÜĀæñÅèÛĀÚ¬ÚÿÜĆÚÃîÈÿìæèÛäõÿèÔËòĈÚØöćîãú¬ë¬èÚÛÚÃîÈìîÂæòćÚ ë¬èÚëóäÜäñÂîÛăïāÕäÅóä°ÛîÚØöćâö
âèæāâÿæÂùæëúÈĀæñÉùÕÿÕøîÕëúÈÂè¬óÉñÅèÛĀÚ¬ÚÿÜĆÚÃîÈÿìæèîãú¬ĂÚËòĈÚÖČćóæÈâóÖóâË¬èÈîùÔìáúâõÃîÈÉùÕÿÕøîÕ 
ëóäÜäñÂîÛăïāÕäÅóä°ÛîÚÛóÈËÚõÕØöćâöÉùÕÿÕøîÕĂÂæ­ÿÅöãÈÂòÚÉñÅèÛĀÚ¬ÚÜÚÂòÚîîÂâóËòĈÚÿÕöãèÂòÚ Âóä
ÿæøîÂË¬èÈîùÔìáúâõĂÚÂóäÿÂĆÛÝæõÖáòÔÒ°É÷ÈÃ÷ĈÚîãú¬ÂòÛÉùÕÜäñëÈÅ°ÃîÈÂóäĂË­ÝæõÖáòÔÒ°ØöćăÕ­ 

ëóäÜäñÂîÛăïāÕäÅóä°ÛîÚØöćâöâèæāâÿæÂùæëúÈâóÂ ÿË¬Ú ÚČĈóâòÚÿÖó ÚČĈóâòÚìæ¬îæøćÚ ĀæñãóÈâñ
Öîã Ì÷ćÈâöÉùÕÿÕøîÕëúÈÉ÷ÈãòÈÅÈÿÜĆÚÃîÈÿìæèĂÚË¬èÈîùÔìáúâõÃîÈÂóäÂæòćÚ ĀæñÉñ×úÂĀãÂîãú¬ĂÚËòĈÚÖîÚæ¬óÈÃîÈ
ìîÂæòćÚ 



 ƘƖƝ 

Ɨ.Ɨ  ÂóäÂæòćÚæČóÕòÛë¬èÚ  (Fractional distillation)   

           èõÙöÂóäÚöĈÅøîÂóäÂæòćÚÚČĈóâòÚĀÛÛßøĈÚÑóÚ Ì÷ćÈëóâóä×ĀãÂÚČĈóâòÚÕõÛîîÂÿÜĆÚë¬èÚ (Fractions) Ö¬óÈą 
ÂäñÛèÚÂóäÚöĈĂË­ìæòÂÂóäÉóÂæòÂêÔñÃîÈë¬èÚÖ¬óÈą ÃîÈÚČĈóâòÚÕõÛØöćâöÅ¬óîùÔìáúâõÉùÕÿÕøîÕ (Boiling point) 
ØöćĀÖÂÖ¬óÈÂòÚîîÂăÜ ĀæñÿÜĆÚÝæĂì­ë¬èÚÖ¬óÈą ÃîÈÚČĈóâòÚÕõÛÚòĈÚâöÉùÕÅèÛĀÚ¬Ú (Condensation point) Øöć
ĀÖÂÖ¬óÈÂòÚîîÂăÜÕ­èã ÚČĈóâòÚÕõÛÉóÂ×òÈÉñăÕ­äòÛÂóäëúÛÝ¬óÚÿÃ­óăÜĂÚÿÖóÿÝó (Furnace) ØöćâöîùÔìáúâõëúÈâóÂ
ßîØöćÉñØČóĂì­ØùÂą ë¬èÚÃîÈÚČĈóâòÚÕõÛĀÜäëáóßăÜÿÜĆÚăîăÕ­ Āæ­èăîÚČĈóâòÚÕòÈÂæ¬óèÂĆÉñ×úÂë¬ÈÝ¬óÚÿÃ­óăÜĂÚ
ìîÂæòćÚæČóÕòÛë¬èÚ (Fractionatingtower) ØöćâöäúÜä¬óÈÿÜĆÚØäÈÂäñÛîÂ âöÃÚóÕÅèóâëúÈÜäñâóÔ ƙƖ ÿâÖä 
ĀæñâöÃÚóÕÿë­ÚÝ¬óéúÚã°ÂæóÈÜäñâóÔ     2.5 - 8    ÿâÖä    áóãĂÚìîÂæòćÚÕòÈÂæ¬óèâöÂóäĀÛ¬ÈÿÜĆÚì­îÈÖ¬óÈą 
ìæóãì­îÈÖóâĀÚèäóÛ āÕãâöĀÝ¬ÚÂòĈÚì­îÈØöćâöæòÂêÔñÅæ­óã×óÕÂæâ āÕãĀÝ¬ÚÂòĈÚì­îÈØùÂĀÝ¬ÚÉñâöÂóäÿÉóñäú
ÿîóăè­ ÿßøćîĂì­ăîÚČĈóâòÚØöćä­îÚëóâóä×Ý¬óÚØñæùÃ÷ĈÚëú¬ë¬èÚÛÚÃîÈìîÂæòćÚăÕ­ ĀæñâöØ¬îÖ¬îÿßøćîÚČóÚČĈóâòÚØöćÂæòćÚ
ÖòèĀæ­èîîÂăÜÉóÂìîÂæòćÚÿâøćîăîÚČĈóâòÚÕõÛØöćä­îÚ×úÂë¬ÈĂì­ÿÃ­óăÜëú¬ìîÂæòćÚØóÈØ¬î ăîÉñÿÅæøćîÚÖòèÃ÷ĈÚăÜëú¬
ë¬èÚÛÚëùÕÃîÈìîÂæòćÚ ĀæñÃÔñØöćÿÅæøćîÚÖòèÃ÷ĈÚăÜÚòĈÚ ăîÚČĈóâòÚÉñÿãĆÚÖòèæÈĀæñÅèÛĀÚ¬ÚăÜÿäøćîãą ĀÖ¬æñ
ë¬èÚÃîÈăîÚČĈóâòÚÉñÂæòćÚÖòèÿÜĆÚÃîÈÿìæèØöćäñÕòÛÖ¬óÈą ĂÚìîÂæòćÚ ØòĈÈÚöĈÃ÷ĈÚîãú¬ÂòÛîùÔìáúâõÃîÈÂóä

ÅèÛĀÚ¬ÚØöćĀÖÂÖ¬óÈÂòÚîîÂăÜ ÚČĈóâòÚë¬èÚØöćÿÛóÂè¬ó (Lighterfractions) ÿË¬Ú ÚČĈóâòÚÿÛÚÌõÚ (Petorl) Āæñ
ßóäóàõÚ (Parafin) Ì÷ćÈâöÅ¬óîùÔìáúâõÃîÈÂóäÅèÛĀÚ¬ÚÖČćóÉñÂæóãÿÜĆÚÃîÈÿìæèØöćì­îÈËòĈÚÛÚëùÕÃîÈìîÂæòćÚ
ĀæñÅ­óÈÖòèîãú¬ÛÚĀÝ¬ÚÂòĈÚì­îÈËòĈÚÛÚëùÕ ÚČĈóâòÚë¬èÚÂæóÈ (Medium fractions) ÿË¬Ú ÕöÿÌæ (Diesel) ÚČĈóâòÚ
ĀÂ®ë (Gas oils) ĀæñÚČĈóâòÚÿÖó(Fuel oils) ÛóÈë¬èÚÉñÅèÛĀÚ¬ÚĀæñÂæòćÚÖòèØöćäñÕòÛÖ¬óÈą ÖîÚÂæóÈÃîÈ    
ìîÂæòćÚ ë¬èÚÚČĈóâòÚìÚòÂ (Heavy factions) ÿË¬Ú ÚČĈóâòÚÿÖó ĀæñëóäÖÂÅ­óÈßèÂĀîëàòæÖ° ÉñÂæòćÚÖòèØöćë¬èÚ
æ¬óÈëùÕÃîÈìîÂæòćÚ Ì÷ćÈâöîùÔìáúâõëúÈĀæñÉñ×úÂäñÛóãîîÂăÜÉóÂë¬èÚÑóÚÃîÈìîÂæòćÚ 

ÂäñÛèÚÂóäÂæòćÚæČóÕòÛë¬èÚØöćÚČóâóĂË­ĂÚîùÖëóìÂääâÜõāÖäÿæöãâ 



 ƘƖƞ 

Ã­îÿëöãÃîÈÂäñÛèÚÂóäÂæòćÚæČóÕòÛë¬èÚÅøî ÉñăÕ­ÚČĈóâòÚÿÛóÜäñÿáØÖ¬óÈą ĂÚëòÕë¬èÚØöćÚ­îãâóÂØòĈÈØöć
ÚČĈóâòÚÿÛóÿìæ¬óÚöĈæ­èÚâöÅùÔÅ¬óØóÈÿéäêÑÂõÉëúÈ 

 1.2  ÝæõÖáòÔÒ°ØöćăÕ­ÉóÂÂóäÂæòćÚÜõāÖäÿæöãâ 
             ÚČĈóâòÚÕõÛìäøîÜõāÖäÿæöãâ âöë¬èÚÜäñÂîÛÿÜĆÚÙóÖùÅóä°ÛîÚ ĀæñăïāÕäÿÉÚ ĀæñîóÉâöÙóÖùîøćÚą
ÜñÜÚîãú¬Õ­èã ØòĈÈÚöĈÃ÷ĈÚîãú¬ÂòÛĀìæ¬ÈÚČĈóâòÚÕõÛĀÖ¬æñØöćÉñâöîÈÅ°ÜäñÂîÛ ĀÖÂÖ¬óÈÂòÚ ÂóäÚČóÚČĈóâòÚÕõÛâóĂË­
ÜäñāãËÚ° Ö­îÈÝ¬óÚÂäñÛèÚÂóäÂæòćÚĀãÂ Ì÷ćÈÿäöãÂè¬ó ÂóäÂæòćÚæČóÕòÛë¬èÚ ÿßøćîĀãÂÚČĈóâòÚÕõÛîîÂÿÜĆÚ
ÝæõÖáòÔÒ°Ö¬óÈąÉČóÚèÚâóÂ ØòĈÈÚöĈ ÝæõÖáòÔÒ°ØöćăÕ­ÉóÂÂóäÂæòćÚæČóÕòÛë¬èÚ  ÚČĈóâòÚÕõÛ ÉñâöîÈÅ°ÜäñÂîÛËÚõÕ
ĂÕâóÂìäøîÚ­îã Ã÷ĈÚîãú¬ÂòÛĀìæ¬ÈÚČĈóâòÚÕõÛ ÿË¬Ú ÛóÈĀìæ¬ÈÂæòćÚăÕ­ÚČĈóâòÚÕöÿÌæâóÂ ìäøîÛóÈĀì¬ÈîóÉÉñăÕ­
ÚČĈóâòÚÿÛÚÌõÚâóÂ ÿÜĆÚÖ­ÚæČóÕòÛë¬èÚÚČĈóâòÚÕõÛ ÉñâöîÈÅ°ÜäñÂîÛËÚõÕĂÕâóÂìäøîÚ­îã Ã÷ĈÚîãú¬ÂòÛĀìæ¬È
ÚČĈóâòÚÕõÛ ÿË¬Ú ÛóÈĀìæ¬ÈÂæòćÚăÕ­ÚČĈóâòÚÕöÿÌæâóÂ ìäøîÛóÈĀì¬ÈîóÉÉñăÕ­ÚČĈóâòÚÿÛÚÌõÚâóÂ ÿÜĆÚÖ­ÚæČóÕòÛ
ë¬èÚÚČĈóâòÚÕõÛ ÉñâöîÈÅ°ÜäñÂîÛËÚõÕĂÕâóÂìäøîÚ­îã Ã÷ĈÚîãú¬ÂòÛĀìæ¬ÈÚČĈóâòÚÕõÛ ÿË¬Ú ÛóÈĀìæ¬ÈÂæòćÚăÕ­
ÚČĈóâòÚÕöÿÌæâóÂ ìäøîÛóÈĀì¬ÈîóÉÉñăÕ­ÚČĈóâòÚÿÛÚÌõÚâóÂ ÿÜĆÚÖ­Ú 
                 ÝæõÖáòÔÒ°ÉóÂÂóäÂæòćÚÚČĈóâòÚÜõāÖäÿæöãâ ÿäöãÂè¬ó ëóäÜäñÂîÛăïāÕäÅóä°ÛîÚ Ì÷ćÈÜäñÂîÛÕ­èã
ÙóÖùăïāÕäÿÉÚ ĀæñÅóä°ÛîÚ ÉČóÚèÚĀÖÂÖ¬óÈÂòÚ âöÖòĈÈĀÖ¬āâÿæÂùæØöćâöÅóä°ÛîÚ 1 îñÖîâ Ã÷ĈÚăÜÉÚ×÷ÈÂè¬ó 50 
îñÖîâ ×­óāâÿæÂùæØöćâöÉČóÚèÚ 1 - 4 îñÖîâ Éñâöë×óÚñÿÜĆÚĀÂ®ë ÿâøćîÉČóÚèÚÅóä°ÛîÚÿßõćâÃ÷ĈÚ ë×óÚñÉñÿÜĆÚ
ÃîÈÿìæè ĀæñâöÅèóâÃ­ÚÿìÚöãèâóÂÃ÷ĈÚÖóâÉČóÚèÚÅóä°ÛîÚ Ì÷ćÈāâÿæÂùæÿìæ¬óÚöĈ ÚČóăÜĂË­ÜäñāãËÚ°ĂÚ
æòÂêÔñĀÖÂÖ¬óÈÂòÚÕòÈÃ­îâúæĂÚÖóäóÈÚöĈ 

ÝæõÖáòÔÒ°ØöćăÕ­ÉóÂÂóäÂæòćÚÜõāÖäÿæöãâ ëâÛòÖõ ĀæñÂóäĂË­ÜäñāãËÚ° 
 

ÝæõÖáòÔÒ°ØöćăÕ­ ÉùÕÿÕøîÕ (OC) ë×óÚñ ÉČóÚèÚ C ÂóäĂË­ÜäñāãËÚ° 

ĀÂ®ëÜõāÖäÿæöãâ < 30 ĀÂ®ë Ɨ · ƚ ØČóëóäÿÅâö èòëÕùëòÈÿÅäóñì° 
ÿËøĈîÿßæõÈĀÂ®ëìùÈÖ­â 

ĀÚàØóÿÛó ƙƖ · ƗƗƖ ÃîÈÿìæè ƛ · Ɲ ÚČĈóâòÚÿÛÚÌõÚ ÖòèØČóæñæóã  
ĀÚàØóìÚòÂ Ɯƛ · ƗƝƖ ÃîÈÿìæè Ɯ · ƗƘ ÚČĈóâòÚÿÛÚÌõÚ ĀÚàØóìÚòÂ 
ÚČĈóâòÚÂ®óÕ ƗƝƖ · ƘƛƖ ÃîÈÿìæè ƗƖ · ƗƟ ÚČĈóâòÚÂ®óÕ ÿËøĈîÿßæõÈ

ÿÅäøćîÈãÚÖ°ăîß¬Ú ĀæñÖñÿÂöãÈ 
ÚČĈóâòÚÕöÿÌæ ƘƛƖ · ƙƚƖ ÃîÈÿìæè Ɨƚ· ƗƟ ÿËøĈîÿßæõÈÿÅäøćîÈãÚÖ°ÕöÿÌæ 
ÚČĈóâòÚìæ¬îæøćÚ > 350 ÃîÈÿìæè ƗƟ · ƙƛ ÚČĈóâòÚìæ¬îæøćÚ ÚČĈóâòÚÿÅäøćîÈ 
ăÃ > 500 ÃîÈĀÃĆÈ > 35 ĂË­ØČóÿØöãÚăÃ ÿÅäøćîÈëČóîóÈ ãó

ÃòÕâòÚ ÝæõÖÝÈÌòÂàîÂ  



 ƘƖƟ 

ÝæõÖáòÔÒ°ØöćăÕ­ ÉùÕÿÕøîÕ (OC) ë×óÚñ ÉČóÚèÚ C ÂóäĂË­ÜäñāãËÚ° 

ÚČĈóâòÚÿÖó > 500 ÃîÈÿìæè
ìÚøÕ 

> 35 ÿËøĈîÿßæõÈÿÅäøćîÈÉòÂä 

ãóÈâñÖîã > 500 ÃîÈÿìæè
ìÚøÕ 

> 35 ãóÈâñÖîã ÿÜĆÚÃîÈĀÃĆÈØöć
î¬îÚÖòèĀæñÿìÚöãèìÚøÕÿâøćî
×úÂÅèóâä­îÚ ĂË­ÿÜĆÚèòëÕùÂòÚ
Ì÷â 

 
1.3 ÝæÂäñØÛÃîÈÂóäĂË­ÜõāÖäÿæöãâ 

 

                               ÂóäÿÝóăìâ­ÜõāÖäÿæöãâÉñÂ¬îĂì­ÿÂõÕâæáóèñØóÈîóÂóé āÕãÂóäÜæ¬îãăîÿëöãîîÂâóÉóÂÜæ¬îÈ
ÅèòÚÃîÈāäÈÈóÚîùÖëóìÂääâ āäÈÉòÂäăàà­óĀæñÉóÂä×ãÚÖ° ëóäâæßõêÕòÈÂæ¬óèÅøî Â®óÌÌòæÿàîä°ăÕ
îîÂăÌÕ°(SO2) Â®óÌăÚāÖäÿÉÚîîÂăÌÕ° ( NO ) Â®óÌÅóä°ÛîÚâîÚîÂăÌÕ° ( CO ) ëóäăïāÕäÅóä°ÛîÚĀæñ
Þù¬ÚæñîîÈ ÿÃâ¬óÖ¬óÈą 
 áóèñâæßõêØöćÿÂõÕÉóÂÂóäÝæõÖĀæñÂóäĂË­ÝæõÖáòÔÒ°ÜõāÖäÿæöãâ 
  ëóÿìÖùâæßõê 
  âæßõêÉñÿÂõÕăÕ­ĂÚìæóãäúÜĀÛÛ  ë¬èÚĂìÎ¬ÉñâöëóÿìÖùâóÉóÂ Ƙ ÜäñÂóäÅøî   
  Ɨ.  ÂóäÿßõćâÃîÈÜäñËóÂä 
  Ƙ.  ÿØÅāÚāæãö 
  ÉóÂëóÿìÖùÕòÈÂæ¬óèÉñÂ¬îĂì­ÿÂõÕáóèñâæßõê  ĂÚìæóãÕ­óÚ ÿË¬Ú  áóèñâæßõêØóÈÚČĈó  áóèñ
âæßõêØóÈîóÂóé  
  áóèñâæßõêØóÈÚČĈó 
  ëóÿìÖù  ÂóäÿÂõÕáóèñâæßõêØóÈÚČĈóØöćëČóÅòÎ  ƚ  ÜäñÂóä   
   Ɨ.  ëóäĀÃèÚæîã  ëóäĀÃèÚæîã ÅøîëóäÝëâÃîÈëëóäÖ¬óÈËÚõÕÂòÚØöćăâ¬ÿÜĆÚÿÚøĈî
ÿÕöãèÂòÚĀæñâöîÚùáóÅĂìÎ¬Âè¬ó Ɨ ăâāÅäÿâÖä (ƗƖƖƖ ÚóāÚÿâÖä)  
   Ƙ.  ÿËøĈîāäÅØöćâóÂòÛÚČĈó    ÿË¬Ú  āäÅÊöćìÚú  āäÅÿØ­óÿÜøćîã  
   ƙ.  ÜäõâóÔ  O2   ĂÚÚČĈó     îîÂÌõÿÉÚĂÚÚČĈóâöÅèóâëČóÅòÎÖ¬îÂóäÕČóäÈËöèõÖÃîÈëòÖè° 
ĀæñßøËĂÚÚČĈó ÜäõâóÔÂóäæñæóãÃîÈîîÂÌõÿÉÚĂÚÚČĈóÿÜĆÚÿÅäøćîÈÛ¬ÈÛîÂÂóäËöĈÛîÂÅùÔáóßÃîÈÚČĈóĂÚĀìæ¬È
ÚòĈÚ ×­óìóÂÜäõâóÔîîÂÌõÿÉÚÚ­îãÝõÕÜÂÖõ ĀëÕÈè¬óÚČĈóÿëöã ØČóĂì­ëõćÈâöËöèõÖÖ¬óÈ ą îãú¬ăâ¬ăÕ­ îîÂÌõÿÉÚØöćæñæóã
îãú¬ĂÚÚČĈó âóÉóÂîóÂóéÿÜĆÚĀìæ¬ÈëČóÅòÎ 
   4.  ëóäÿÅâöĂÚÚČĈó   ÉČóßèÂāæìñìÚòÂ  ÿË¬Ú  ÿìæĆÂ  ÖñÂòćè   

http://th.wikipedia.org/w/index.php?title=%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%9C%E0%B8%AA%E0%B8%A1&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%A1%E0%B9%82%E0%B8%84%E0%B8%A3%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B8%B2%E0%B9%82%E0%B8%99%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3


 ƘƗƖ 

  âóÖäÑóÚÚČĈóØõĈÈÃîÈÂäñØäèÈîùÖëóìÂääâ   
   -   pH   5-9              -  T   =  40  ďC              BOD   =  20 -60  mg/l 
   
 

áóèñâæßõêØóÈîóÂóé 
  ëóÿìÖù  ÂóäÿÂõÕáóèñâæßõêØóÈîóÂóéØöćëČóÅòÎ  ƚ  ÜäñÂóä   

Ɨ.  Â®óÌìäøîăîÃîÈëóäîõÚØäöã°   ÿË¬Ú  ăîäñÿìãÃîÈÚČĈóâòÚ ÿÛÚÌõÚ  ÉñØČóæóãăÃÂäñÕúÂ  
ÿâĆÕÿæøîÕĀÕÈĀÖÂ āäÅāæìõÖÉóÈ ĀæñîóÂóäìäøîāäÅØóÈÜäñëóØë¬èÚÂæóÈ 

2.  āæìññìÚòÂ   ÝæÃîÈÅèóâÿÜĆÚßõêÃîÈāæìñìÚòÂĂÚëõćÈâöËöèõÖÿÂõÕÉóÂÂæăÂäñÕòÛÿÌæ 5  
ĀÛÛ  Åøî  

     1.ØČóĂì­ÿÌæÖóã  
                                2.ÿÜæöćãÚĀÜæÈāÅäÈëä­óÈĀæñÂóäØČóÈóÚÃîÈÿÌæ  
                                3.ÿÜĆÚÖòèÂóäËòÂÚČóĂì­ÿÂõÕâñÿäĆÈ  
                                4.ÿÜĆÚÖòèÂóäØČóĂì­ÿÂõÕÅèóâÝõÕÜÂÖõØóÈßòÚÙùÂääâ  
                                5. ØČóÅèóâÿëöãìóãÖ¬îāÅäāâāÌâ Ì÷ćÈÿÜĆÚÜòÉÉòãØóÈßòÚÙùÂääâ 
  ƙ.  Þù¬ÚæñîîÈ   Þù¬ÚæñîîÈÃÚóÕÿæĆÂÉñâöÝæÂäñØÛÖ¬îëùÃáóßÿÜĆÚîã¬óÈâóÂ ÿâøćîìóãĂÉÿÃ­ó
ăÜĂÚÜîÕÉñÿÃ­óăÜîãú¬ĂÚäñÛÛØóÈÿÕõÚìóãĂÉë¬èÚæ¬óÈ    āÕãÿÊßóñÝú­Ü¬èãëúÈîóãù Ýú­Ü¬èãāäÅìòèĂÉ āäÅìøÕ
ìîÛ 
  ƚ.  ëóäÂòââòÚÖäòÈëö 
  Â®óÌØöćÂ¬îĂì­ÿÂõÕâæßõêØóÈîóÂóéâöìæóãËÚõÕ  ÿË¬Ú  CO   CO2   SO2  NO  NO2  ÚîÂÉóÂÚöĈ
îóÉÿÜĆÚßèÂăïāÕäÅóä°ÛîÚ  ØöćâößòÚÙñÅú¬  ä¬èâÂòÛ O2  ĂÚîóÂóéÉăÕ­ëóäßèÂØöćâöÂæõćÚÿìâĆÚßèÂîòæÕöăïÕ°  
ĀÖ¬×­óâö  NO2 äèâîãú¬Õ­èãÉñÿÂõÕëóäÜäñÂîÛ Peroxy  acyl  nitrate  (PAN) ØČóĂì­ÿÂõÕÂóääñÅóãÿÅøîÈÖ¬î
äñÛÛìóãĂÉ  



 ƘƗƗ 

ÿäøćîÈØöć Ƙ  ßîæõÿâîä° 
 2.1  Åèóâìâóã  ÜäñÿáØ  ËÚõÕ ÂóäÿÂõÕ  ĀæñëâÛòÖõÃîÈßîæõÿâîä° 
 ßîæõÿâîä° (Polymer) Åøî ëóäÜäñÂîÛØöćâöāâÿæÂùæÃÚóÕĂìÎ¬ ĀæñâöâèæāâÿæÂùæâóÂÜäñÂîÛÕ­èã
ìÚ¬èãÿæĆÂ ą ÃîÈëóäØöćîóÉÉñÿìâøîÚÂòÚìäøîÖ¬óÈÂòÚâóÿËøćîâÖ¬îÂòÚÕ­èãßòÚÙñāÅèóÿæÚÖ°  

âîÚîÿâîä° (Monomer) Åøî ìÚ¬èãÿæĆÂ ą ÃîÈëóäĂÚßîæõÿâîä° ÕòÈáóß  

 
ÜäñÿáØÃîÈßîæõÿâîä° ĀÛ¬ÈÖóâÿÂÔÒ°Ö¬óÈ ą ÕòÈÚöĈ  
1. ĀÛ¬ÈÖóâÂóäÿÂõÕÿÜĆÚÿÂÔÒ° ÿÜĆÚ 2 ËÚõÕ Åøî 
Â . ßîæõÿâîä°ÙääâËóÖõ ÿÜĆÚßîæõÿâîä°ØöćÿÂõÕÃ÷ĈÚÿîÈÖóâÙääâËóÖõ ÿË¬Ú āÜäÖöÚ ĀÜ­È ÿÌææúāæë ăÂæ

āÅÿÉÚ ÂäÕÚõèÅæöîõÂĀæñãóÈÙääâËóÖõ(ßîæöăîāÌÜäöÚ) 
   Ã . ßîæõÿâîä°ëòÈÿÅäóñì° ÿÜĆÚßîæõÿâîä°ØöćÿÂõÕÉóÂÂóäëòÈÿÅäóñì°ÿßøćîĂË­ÜäñāãËÚ°Ö¬óÈ ą ÿË¬Ú 
ßæóëÖõÂ ăÚæîÚ ÕóÅäîÚ ĀæñæúăÌÖ° ÿÜĆÚÖ­Ú 

 2. ĀÛ¬ÈÖóâËÚõÕÃîÈâîÚîÿâîä°ØöćÿÜĆÚîÈÅ°ÜäñÂîÛ ÿÜĆÚ 2 ËÚõÕ Åøî 
Â . āïâîßîæõÿâîä° (Homopolymer) ÿÜĆÚßîæõÿâîä°ØöćÜäñÂîÛÕ­èãâîÚîÿâîä°ËÚõÕÿÕöãèÂòÚ ÿË¬Ú 

ĀÜ­È(ÜäñÂîÛÕ­èãâîÚîÿâîä°ØöćÿÜĆÚÂæúāÅëØòĈÈìâÕ) ßîæõÿîØõæöÚ PVC (ÜäñÂîÛÕ­èãâîÚîÿâîä°ØöćÿÜĆÚÿî
ØõæöÚØòĈÈìâÕ)  

 
Ã . ÿïÿØîāäßîæõÿâîä° (Heteropolymer) ÿÜĆÚßîæõÿâîä°ØöćÜäñÂîÛÕ­èãâîÚîÿâîä°Ö¬óÈËÚõÕÂòÚ ÿË¬Ú 

āÜäÖöÚ (ÜäñÂîÛÕ­èãâîÚîÿâîä°ØöćÿÜĆÚÂäÕîñâõāÚÖ¬óÈËÚõÕÂòÚ) ßîæõÿîëÿØîä° ßîæõÿîăâÕ° ÿÜĆÚÖ­Ú  

 
 
 
 



 ƘƗƘ 

3. ĀÛ¬ÈÖóâāÅäÈëä­óÈÃîÈßîæõÿâîä° ĀÛ¬ÈîîÂÿÜĆÚ 3 ĀÛÛ Åøî 
Â. ßîæõÿâîä°ĀÛÛÿë­Ú (Chain length polymer) ÿÜĆÚßîæõÿâîä°ØöćÿÂõÕÉóÂâîÚîÿâîä°ëä­óÈßòÚÙñÖ¬î

ÂòÚÿÜĆÚëóããóè āÌ¬ßîæõÿâîä°ÿäöãÈËõÕÂòÚâóÂè¬óāÅäÈëä­óÈĀÛÛîøćÚ ą É÷ÈâöÅèóâìÚóĀÚ¬Ú ĀæñÉùÕìæîâÿìæè
ëúÈ âöæòÂêÔñĀÃĆÈ Ãù¬ÚÿìÚöãèÂè¬óāÅäÈëä­óÈîøćÚą Öòèîã¬óÈ PVC ßîæõëăÖäöÚ ßîæõÿîØõæöÚ ÕòÈáóß 

Ã. ßîæõÿâîä°ĀÛÛÂõćÈ (Branched polymer) ÿÜĆÚßîæõÿâîä°ØöćÿÂõÕÉóÂâîÚîÿâîä°ã÷ÕÂòÚĀÖÂ

ÂõćÈÂ­óÚëóÃó âöØòĈÈāÌ¬ëòĈÚĀæñāÌ¬ãóè ÂõćÈØöćĀÖÂÉóÂ ßîæõÿâîä°ÃîÈāÌ¬ìæòÂ ØČóĂì­ăâ¬ëóâóä×ÉòÕÿäöãÈāÌ¬ßîæõ
ÿâîä°Ăì­ËõÕÂòÚăÕ­âóÂ É÷ÈâöÅèóâìÚóĀÚ¬ÚĀæñÉùÕìæîâÿìæèÖČćóãøÕìãù¬ÚăÕ­ ÅèóâÿìÚöãèÖČćó āÅäÈëä­óÈÿÜæöćãÚ
äúÜăÕ­È¬óãÿâøćîîùÔìáúâõÿßõćâÃ÷ĈÚ Öòèîã¬óÈ ßîæõÿîØõæöÚËÚõÕÅèóâìÚóĀÚ¬ÚÖČćó ÕòÈáóß  

 
Å. ßîæõÿâîä°ĀÛÛä¬óÈĀì (Croos -linking polymer) ÿÜĆÚßîæõÿâîä°ØöćÿÂõÕÉóÂâîÚîÿâîä°Ö¬îÿËøćîâÂòÚ

ÿÜĆÚä¬óÈĀì ßîæõÿâîä°ËÚõÕÚöĈâöÅèóâĀÃĆÈĀÂä¬È ĀæñÿÜäóñìòÂÈ¬óã Öòèîã¬óÈÿÛÂóăæÖ° ÿâæóâöÚĂË­ØČó×­èãËóâ ÕòÈ
áóß  
 
    
 
 
 
ìâóãÿìÖù ßîæõÿâîä°ÛóÈËÚõÕÿÜĆÚßîæõÿâîä°ØöćÿÂõÕÉóÂëóäîÚõÚØäöã° ÿË¬Ú àîëàóÌöÚ ÌõæõāÅÚ 

ÂóäÿÂõÕßîæõÿâîä° 
ßîæõÿâîä°ÿÂõÕÃ÷ĈÚÉóÂÂóäÿÂõÕÜÐõÂõäõãóßîæõÿâîä°ăäÿÌËòÚÃîÈâîÚîÿâîä° 
ßîæõÿâîä°ăäÿÌËòÚ (Polymerization) Åøî ÂäñÛèÚÂóäÿÂõÕëóäØöćâöāâÿæÂùæÃÚóÕĂìÎ¬ ( ßîæõÿâîä°) 
ÉóÂëóäØöćâöāâÿæÂùæÿæĆÂ ( âîÚîÿâîä°)  

 

 



 ƘƗƙ 

ÜÐõÂõäõãóßîæõÿâîä°ăäÿÌËòÚ 

1. ÜÐõÂõäõãóßîæõÿâîä°ăäÿÌËòÚĀÛÛÿÖõâ (Addition polymerization reaction) ÅøîÜÐõÂõäõãóßîæõÿâîä°ăä
ÿÌËòÚØöćÿÂõÕÉóÂâîÚîÿâîä°ÃîÈëóäîõÚØäöã°ËÚõÕÿÕöãèÂòÚØöćâö C ÂòÛ C ÉòÛÂòÚÕ­èãßòÚÙñÅú¬âóäèâÖòèÂòÚÿÂõÕëóä
ßîæõÿâîä°ÿßöãÈËÚõÕÿÕöãèÿØ¬óÚòĈÚ ÕòÈáóß  

 

2. ÜÐõÂõäõãóßîæõÿâîä°ăäÿÌËòÚĀÛÛÅèÛĀÚ¬Ú (Condensation polymerization reaction) ÅøîÜÐõÂõäõãó
ßîæõÿâîä°ăäÿÌËòÚØöćÿÂõÕÉóÂâîÚîÿâîä°Øöćâöìâú¬àòÈÂ°ËòÚâóÂÂè¬ó 1 ìâù¬ ØČóÜÐõÂõäõãóÂòÚÿÜĆÚßîæõÿâîä°Āæñëóä
āâÿæÂùæÿæĆÂ ÿË¬Ú ÚČĈó Â®óÌĀîâāâÿÚöã Â®óÌăïāÕäÿÉÚÅæîăäÕ° ÿâØóÚîæ ÿÂõÕÃ÷ĈÚÕ­èã ÕòÈáóß  

 

 

 

 



 ƘƗƚ 

ÅùÔëâÛòÖõÃîÈßîæõÿâîä° 

ËÚõÕÃîÈÅùÔëâÛòÖõÃîÈßîæõÿâîä°ĀÛ¬Èîã¬óÈÂè­óÈąăÕ­ÿÜĆÚìæóãìâèÕÃ÷ĈÚÂòÛÅèóâæñÿîöãÕ ĂÚäñÕòÛ
ÚóāÚìäøîăâāÅäÿÜĆÚÅùÔëâÛòÖõØöćîÙõÛóãæòÂêÔñÃîÈëóãāÕãÖäÈāÕãÿÊßóñāÅäÈëä­óÈÃîÈßîæõÿâîä° ĂÚ
äñÕòÛÂæóÈ ÿÜĆÚÅùÔëâÛòÖõØöćîÙõÛóãëòÔÑóÚÃîÈßîæõÿâîä°ÿâøćîîãú¬ĂÚØöćè¬óÈ ĂÚäñÕòÛÂè­óÈÿÜĆÚÂóäîÙõÛóã
ßåÖõÂääâāÕãäèâÃîÈ     ßîæõÿâîä° Ì÷ćÈÿÜĆÚÅùÔëâÛòÖõĂÚäñÕòÛÂóäĂË­ÈóÚ 

¶ ÅùÔëâÛòÖõĂÚÂóäÃÚë¬È ÿÜĆÚÅùÔëâÛòÖõÃîÈîòÖäóÂóäĀßä¬ìäøîāâÿæÂùæÿÅæøćîÚăÜăÕ­ÿäĆèÿØ¬óĂÕĂÚ
ëóäæñæóãÃîÈßîæõÿâîä° âöÅèóâëČóÅòÎâóÂĂÚÂóäÚČóßîæõÿâîä°ăÜĂË­ÿÜĆÚÿãøćîìù­â  

¶ ÉùÕìæîâÿìæè ÅČóè¬óÉùÕìæîâÿìæèØöćĂË­ÂòÛßîæõÿâîä°ăâ¬ĂË¬ÂóäÿÜæöćãÚë×óÚñÉóÂÃîÈĀÃĆÈÿÜĆÚ
ÃîÈÿìæèĀÖ¬ÿÜĆÚÂóäÿÜæöćãÚÉóÂäúÜÝæ÷ÂìäøîÂ÷ćÈÝæ÷ÂâóÿÜĆÚäúÜÃîÈĀÃĆÈ ÛóÈÅäòĈÈÿäöãÂè¬óÉùÕ
ìæîâÿìæèÝæ÷Â ĂÚÂæù¬âÃîÈßîæõÿâîä°ëòÈÿÅäóñì° ÉùÕìæîâÿìæèÝæ÷ÂãòÈÿÜĆÚØöć×Âÿ×öãÈĂÚÂäÔöÃîÈ
ÿØîä°āâßæóëÖõÂÿË¬ÚÿØîä°āâÿÌÖ    ßîæõÿâîä°ØöćëæóãÖòèĂÚîùÔìáúâõëúÈâóÂÂè¬óÉñìæîâÿìæè  

¶ ßåÖõÂääâÂóäÝëâ āÕãØòćèăÜë¬èÚÝëâÃîÈßîæõÿâîä°âöÂóäÝëâÂòÚăÕ­Ú­îãÂè¬óÂóäÝëâÃîÈ
āâÿæÂùæÿæĆÂą ÝæÂäñØÛÚöĈÿÜĆÚÝæÉóÂÃ­îÿØĆÉÉäõÈØöćè¬óĀäÈÃòÛÿÅæøćîÚëČóìäòÛÂóäÝëââòÂÿÜĆÚĀÛÛ
äñÛÛÜõÕăâ¬ĂË¬ĀÛÛĂË­ßæòÈÈóÚ ìäøîîöÂîã¬óÈìÚ÷ćÈ èòëÕùØöćÝëâÂòÚăÕ­ØöćÿÂõÕÿÜĆÚëóäæñæóãăâ¬ĂË¬
ÿßäóñÜÐõëòâßòÚÙ°äñìè¬óÈāâÿæÂùæØöćËîÛØČóÜÐõÂõäõãóÂòÚĀÖ¬ÿÜĆÚÿßäóñÂóäÿßõćâÅ¬óÿîÚāØäÜöĀæñ
ßæòÈÈóÚîõëäñØöćÿÂöćãèÃ­îÈÂòÛÂóäÿßõćâÜäõâóÖäØöćĂË­ÈóÚăÕ­ÃîÈĀÖ¬æñë¬èÚÜäñÂîÛ ÂóäÿßõćâÃ÷ĈÚĂÚ
äñÕòÛÿîÚāØäÜöÃ÷ĈÚÂòÛÉČóÚèÚÃîÈîÚùáóÅØöćÚČóâóÝëâÂòÚ ÿßäóñāâÿæÂùæÃîÈßîæõÿâîä°âöÃÚóÕĂìÎ¬
Âè¬óĀæñâöÅèóâÉČóÿßóñÂòÛÜäõâóÖäÿÊßóñâóÂÂè¬óāâÿæÂùæÃÚóÕÿæĆÂ ÉČóÚèÚÃîÈāâÿæÂùæØöćÿÂöćãèÃ­îÈ
ĂÚë¬èÚÝëâÃîÈßîæõÿâîä°âöÅ¬óÚ­îãÂè¬óÉČóÚèÚĂÚë¬èÚÝëâÃîÈāâÿæÂùæÃÚóÕÿæĆÂØöćâöÜäõâóÖä
ÿØ¬óÂòÚ Å¬óßæòÈÈóÚĂÚÂóäÝëâÿÜäöãÛÿØöãÛăÕ­Ö¬îìÚ¬èãÜäõâóÖäëČóìäòÛë¬èÚÝëâÃîÈßîæõÿâîä°Āæñ
āâÿæÂùæÃÚóÕÿæĆÂ âöĀÚèāÚ­âÿßõćâÃ÷ĈÚÃîÈßæòÈÈóÚîõëäñĂÚÂóäÝëâëóäæñæóãßîæõÿâîä°ĀæñØČóĂì­
ÂóäæñæóãÃîÈßîæõÿâîä°ÿÂõÕăÕ­Ú­îã ëóäæñæóãßîæõÿâîä°ØöćÿÃ­âÃ­ÚßÛÚ­îãÂè¬óØöćßÛĂÚëóäæñæóã
ÃîÈāâÿæÂùæÃÚóÕÿæĆÂ ĂÚëóäæñæóãØöćÿÉøîÉóÈ ÅùÔëâÛòÖõÃîÈßîæõÿâîä°ÉČóĀÚÂāÕãÜÐõÂõäõãóäñìè¬óÈ
ÖòèØČóæñæóãĀæñßîæõÿâîä° ĂÚÖòèØČóæñæóãØöćÕö ßîæõÿâîä°ÉñßîÈĀæñâöÜäõâóÖäâóÂÃ÷ĈÚ ĀäÈäñìè¬óÈ
āâÿæÂùæÃîÈÖòèØČóæñæóãÂòÛìÚ¬èãã¬îãÉñëúÈÂè¬óĀäÈáóãĂÚāâÿæÂùæ ĂÚÖòèØČóæñæóãØöćăâ¬Õö ĀäÈ
áóãĂÚāâÿæÂùæëúÈÂè¬óĀæñëóãÉñìÕÖòè ĂÚÖòèØČóæñæóãĀÛÛÙöÖó ìäøîë×óÚñØöćëóäæñæóãßîæõ
ÿâîä°Ì÷ćÈâöÅ¬óÃîÈëòâÜäñëõØÙõċ        èõÿäöãæØöćëîÈÿÜĆÚéúÚã° ĀäÈÝæòÂäñìè¬óÈāâÿæÂùæÃîÈßîæõÿâîä°ÂòÛ
ÖòèØČóæñæóãÿØ¬óÂòÛĀäÈáóãĂÚāâÿæÂùæäñìè¬óÈìÚ¬èãã¬îã ĂÚëáóèñÚöĈ ßîæõÿâîä°îãú¬ĂÚäúÜÿÂæöãè
îùÕâÅÖõ  

http://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%AD%E0%B8%99%E0%B9%82%E0%B8%97%E0%B8%A3%E0%B8%9B%E0%B8%B5
http://th.wikipedia.org/w/index.php?title=%E0%B8%9E%E0%B8%A5%E0%B8%B1%E0%B8%87%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%AD%E0%B8%B4%E0%B8%AA%E0%B8%A3%E0%B8%B0&action=edit&redlink=1


 ƘƗƛ 

¶ ÂóäĀÖÂÂõćÈ ÂóäĀÖÂÂõćÈÃîÈëóãßîæõÿâîä°âöÝæÂäñØÛÖ¬îÅùÔëâÛòÖõØòĈÈìâÕÃîÈßîæõÿâîä° ëóããóèØöć
ĀÖÂÂõćÈÉñÿßõćâÅèóâÿìÚöãè ÿÚøćîÈÉóÂÂóäÿßõćâÉČóÚèÚÃîÈÅèóâÌòÛÌ­îÚÖ¬îëóã Åèóâãóèîã¬óÈëù¬â
ĀæñëóãëòĈÚÉñæÕĀäÈáóãĂÚßîæõÿâîä°ÿßäóñÂóääÛÂèÚÂóäÉòÕÖòè āÌ¬Ã­óÈëòĈÚąæÕÅèóâÿÜĆÚÝæ÷Â
ÿßäóñäÛÂèÚāÅäÈëä­óÈÝæ÷Â ÂóäæÕÅèóâÿÜĆÚÝæ÷ÂÿÂöćãèÃ­îÈÂòÛÂóäÿßõćâæòÂêÔñāÜä¬ÈĂëĀÛÛ
ÂäñÉÂÿßäóñĀëÈÝ¬óÚÛäõÿèÔØöćÿÜĆÚÝæ÷ÂÃÚóÕÿæĆÂ Öòèîã¬óÈØöćÕöÃîÈÝæÂäñØÛÚöĈÿÂöćãèÃ­îÈÂòÛÃîÛÿÃÖ
ÃîÈæòÂêÔñØóÈÂóãáóßÃîÈßîæõÿîØõæöÚ ßîæõÿîØõæöÚÅèóâìÚóĀÚ¬ÚëúÈâöäñÕòÛÂóäĀÖÂÂõćÈÖČćó âö
ÅèóâĀÃĆÈĀæñĂË­ÿÜĆÚÿìãøîÂÚâ ßîæõÿîØõæöÚÅèóâìÚóĀÚ¬ÚÖČćó âöÂóäĀÖÂÂõćÈÃÚóÕëòĈÚąÉČóÚèÚâóÂ 
âöÅèóâãøÕìãù¬ÚÂè¬óĀæñĂË­ĂÚÂóäØČóàõæ°âßæóëÖõÂ ÕòËÚöÂóäĀÖÂÂõćÈÃîÈßîæõÿâîä°ÿÜĆÚÅùÔëâÛòÖõØöćĂË­
ÉČóĀÚÂÝæÂäñØÛÃîÈÂóäĀÖÂÂõćÈëóããóèÖ¬îÃÚóÕÃîÈāâÿæÂùæØöćĀÖÂÂõćÈĂÚëóäæñæóã ÿÕÚăÕäÿâîä°
ÿÜĆÚÂäÔößõÿéêÃîÈßîæõÿâîä°ØöćìÚ¬èãã¬îãØùÂÖòèĀÖÂÂõćÈ Ì÷ćÈâöĀÚèāÚ­âæÕĀäÈäñìè¬óÈāâÿæÂùæĀæñ
ÂóäÿÂõÕÝæ÷Â ßîæõÿâîä°ĀÛÛÿÕÚÕäõÖõÂăâ¬ăÕ­ĀÖÂÂõćÈîã¬óÈëâÛúäÔ°ĀÖ¬âöÅùÔëâÛòÖõĂÂæ­ÿÅöãÈÂòÛÿÕÚăÕä
ÿâîä°ÿßäóñâöÂóäĀÖÂÂõćÈâóÂÿìâøîÚÂòÚ  

¶ ÂóäÿÖõâßæóÖõÌõÿÌîä° ÂóäÿÖõâßæóëÖõÌõÿÌîä°âöĀÚèāÚ­âÿßõćâÅèóâãøÕìãù¬ÚÃîÈßîæõÿâîä° ßæóëÖõÌõ
ÿÌîä°āÕãØòćèăÜÿÜĆÚāâÿæÂùæÃÚóÕÿæĆÂØöćâöÅùÔëâÛòÖõØóÈÿÅâöÅæ­óãÂòÛßîæõÿâîä° ÿÃ­óÿÖõâĂÚË¬îÈè¬óÈ
ÃîÈßîæõÿâîä°ØöćÿÅæøćîÚăìèăÕ­ÕöĀæñæÕÜÐõÂõäõãóäñìè¬óÈëóã Öòèîã¬óÈØöćÕöÃîÈßæóëÖõÌõÿÌîä°
ÿÂöćãèÃ­îÈÂòÛßîæõăèÚõæÅæîăäÕ°ìäøîßöèöÌö ßöèöÌöØöćăâ¬ăÕ­ÿÖõâßæóëÖõÌõÿÌîä°ĂË­ØČóØ¬î ë¬èÚßöèöÌöØöćÿÖõâß
æóëÖõÌõÿÌîä°ĂË­ØČóÝ­óÿßäóñâöÅèóâãøÕìãù¬ÚâóÂÂè¬ó 

2.2  ßîæõÿâîä°ĂÚËöèõÖÜäñÉČóèòÚ 
 Ƙ.Ƙ.Ɨ  ßæóëÖõÂ 
             ßæóëÖõÂ ÿÜĆÚëóäÜäñÂîÛîõÚØäöã°ØöćëòÈÿÅäóñì°Ã÷ĈÚĂË­ĀØÚèòëÕùÙääâËóÖõ ÛóÈËÚõÕÿâøćîÿãĆÚÂĆĀÃĆÈÖòè 
ÿâøćî×úÂÅèóâä­îÚÂĆî¬îÚÖòè ÛóÈËÚõÕĀÃĆÈÖòè×óèä âöìæóãËÚõÕ ÿË¬Ú ăÚæîÚ ãóÈÿØöãâ ĂË­ØČóëõćÈÖ¬óÈ ą ÿË¬Ú 
ÿëøĈîÝ­ó àõæ°â áóËÚñ ë¬èÚÜäñÂîÛÿäøîìäøîä×ãÚÖ° 
ëâÛòÖõØòćèăÜÃîÈßæóëÖõÂ 

¶ âöÅèóâÿë×öãäâóÂĂÚÙääâËóÖõ ëæóãÖòèãóÂ âöâèæÚ­îã ĀæñÿÛó  
¶ ÿÜĆÚÊÚèÚÅèóâä­îÚĀæñăàà­óØöćÕö  
¶ ë¬èÚâóÂî¬îÚÖòèĀæñìæîâÿìæèÿâøćîăÕ­äòÛÅèóâä­îÚ É÷ÈÿÜæöćãÚÿÜĆÚäúÜÖ¬óÈą ăÕ­ÖóâÜäñëÈÅ°                                

 
ÜäñÿáØÃîÈßæóëÖõÂ                                                                                                                                                                                       

      ßæóëÖõÂĀÛ¬ÈîîÂÿÜĆÚ Ƙ ÜäñÿáØ Åøî ÿØîä°āâßæóëÖõÂ Āæñ ÿØîä°āâÿÌÖÖõÈßæóëÖõÂ   
ÿØîä°āâßæóëÖõÂ (Thermoplastic) ìäøîÿäÌõÚ ÿÜĆÚßæóëÖõÂØöćĂË­ÂòÚĀßä¬ìæóãØöćëùÕ ăÕ­äòÛÅèóâä­îÚÉñ

î¬îÚÖòè ĀæñÿâøćîÿãĆÚæÈÉñĀÃĆÈÖòè ëóâóä×ÿÜæöćãÚäúÜăÕ­ ßæóëÖõÂÜäñÿáØÚöĈāÅäÈëä­óÈāâÿæÂùæÿÜĆÚāÌ¬ÖäÈ

http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%AD%E0%B8%97%E0%B8%B4%E0%B8%A5%E0%B8%B5%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B8%9E%E0%B8%A5%E0%B8%B2%E0%B8%95%E0%B8%B4%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%8B%E0%B8%AD%E0%B8%A3%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%84%E0%B8%A7%E0%B8%99%E0%B8%B4%E0%B8%A5%E0%B8%84%E0%B8%A5%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B8%94%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%81%E0%B8%AD%E0%B8%9A%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%99%E0%B8%A5%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B9%80%E0%B8%97%E0%B8%B5%E0%B8%A2%E0%B8%A1&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%AA%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B8%9C%E0%B9%89%E0%B8%B2
http://th.wikipedia.org/wiki/%E0%B8%9F%E0%B8%B4%E0%B8%A5%E0%B9%8C%E0%B8%A1
http://th.wikipedia.org/w/index.php?title=%E0%B8%A0%E0%B8%B2%E0%B8%8A%E0%B8%99%E0%B8%B0&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A3%E0%B8%B7%E0%B8%AD
http://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%96%E0%B8%A2%E0%B8%99%E0%B8%95%E0%B9%8C


 ƘƗƜ 

ãóè âöÂóäÿËøćîâÖ¬îäñìè¬óÈāÌ¬ßîæõÿâîä°Ú­îã âóÂ É÷Èëóâóä×ìæîâÿìæè ìäøîÿâøćîÝ¬óÚÂóäîòÕĀäÈâóÂÉñăâ¬
ØČóæóãāÅäÈëä­óÈÿÕõâ Öòèîã¬óÈ ßîæõÿîØõæöÚ ßîæõāßäßõæöÚ ßîæõëăÖäöÚ âöëâÛòÖõßõÿéêÅøî ÿâøćîìæîâĀæ­è
ëóâóä×ÚČóâóÃ÷ĈÚäúÜÂæòÛâóĂË­Ăìâ¬ăÕ­ ËÚõÕÃîÈßæóëÖõÂĂÚ ÖäñÂúæÿØîä°āâßæóëÖõÂ ăÕ­ĀÂ¬ 
¶ āßæõÿîØõæöÚ (Polyethylene: PE) ÿÜĆÚßæóëÖõÂØöćăîÚČĈóÌ÷âÝ¬óÚăÕ­ÿæĆÂÚ­îã ĀÖ¬îóÂóéÝ¬óÚÿÃ­óîîÂăÕ­ 
âöæòÂêÔñÃù¬ÚĀæñØÚÅèóâä­îÚăÕ­ßîÅèä ÿÜĆÚßæóëÖõÂØöćÚČóâóĂË­âóÂØöćëùÕĂÚîùÖëóìÂääâ ÿË¬Ú Ø¬î
ÚČĈó ×òÈ ×ùÈ ÃèÕ ĀØ¬ÚäîÈäòÛëõÚÅ­ó 

¶ āßæõāßäßõæöÚ (Polypropylene: PP) ÿÜĆÚßæóëÖõÂØöćăîÚČĈóÌ÷âÝ¬óÚăÕ­ÿæĆÂÚ­îã ĀÃĆÈÂè¬óāßæõÿîØõæöÚ
ØÚÖ¬îëóäăÃâòÚĀæñÅèóâä­îÚëúÈĂË­ØČóĀÝ¬ÚßæóëÖõÂ×ùÈßæóëÖõÂÛääÉùîóìóäØöćØÚä­îÚ ìæîÕÕúÕ
ßæóëÖõÂ ÿÜĆÚÖ­Ú 

¶ āßæõëăÖäöÚ (Polystyrene: PS) âöæòÂêÔñāÜä¬ÈĂë ÿÜäóñ ØÚÖ¬îÂäÕĀæñÕ¬óÈ ăîÚČĈóĀæñîóÂóéÌ÷â
Ý¬óÚăÕ­ßîÅèä ĂË­ØČóËõĈÚë¬èÚîùÜÂäÔ°ăàà­óĀæñîõÿæĆÂØäîÚõÂë° ÿÅäøćîÈĂË­ëČóÚòÂÈóÚ ÿÜĆÚÖ­Ú 

¶ SAN (styrene-acrylonitrile) ÿÜĆÚßæóëÖõÂāÜä¬ÈĂë ĂË­ÝæõÖËõĈÚë¬èÚ ÿÅäøćîÈĂË­ăàà­ó ËõĈÚë¬èÚãóÚ
ãÚÖ°  

¶ ABS (acrylonitrile-butadiene-styrene) ëâÛòÖõÅæ­óãāßæõëăÖäöÚ ĀÖ¬ØÚëóäÿÅâöÕöÂè¬ó ÿìÚöãèÂè¬ó 
āÜä¬ÈĀëÈ ĂË­ÝæõÖ×­èã ×óÕ ÿÜĆÚÖ­Ú 

¶ āßæõăèÚõæÅæîăäÕ° (Polyvinylchloride: PVC) ăîÚČĈóĀæñîóÂóéÌ÷âÝ¬óÚăÕ­ßîÅèä ĀÖ¬Ü­îÈÂòÚ
ăÃâòÚăÕ­ÕöâöæòÂêÔñĂë ĂË­ØČóÃèÕÛääÉùÚČĈóâòÚĀæñăÃâòÚÜäùÈîóìóä ÃèÕÛääÉùÿÅäøćîÈÕøćâØöćâö
ĀîæÂîïîæ° ÿË¬Ú ăèÚ° ÿÛöãä° ĂË­ØČóĀÝ¬ÚßæóëÖõÂ ì¬îÿÚãĀÃĆÈ ØČóĀÝ¬ÚĀæâõÿÚÖËòĈÚĂÚÃîÈ×ùÈßæóëÖõÂ 

¶ ăÚæîÚ (Nylon) ÿÜĆÚßæóëÖõÂØöćâöÅèóâÿìÚöãèâóÂ ÅÈØÚÖ¬îÂóäÿßõćâîùÔìáúâõ ØČóĀÝ¬ÚĀæâõÿÚÖ
ëČóìäòÛØČó×ùÈßæóëÖõÂÛääÉùîóìóäĀÛÛëùÎÎóÂóé 

¶ āßæõÿîØõæöÚ ÿØîä°àñÙóÿæÖ (Terylene: polyethylene terephthalate) ÿìÚöãèâóÂāÜä¬ÈĂë äóÅóĀßÈ 
ĂË­ØČóĀÝ¬Úàõæ°âÛóÈ ą ÛääÉùîóìóä 

¶ āßæõÅóä°ÛîÿÚÖ (Polycarbonate: PC) âöæòÂêÔñāÜä¬ÈĂë ĀÃĆÈ ØÚĀäÈã÷ÕĀæñĀäÈÂäñĀØÂăÕ­Õö ØÚ
Åèóâä­îÚëúÈ ØÚÂäÕ ĀÖ¬ăâ¬ØÚÕ¬óÈ ÿÜĆÚäîãìäøîÅäóÛîóìóä ÉòÛãóÂ ĂË­ØČó×­èã ÉóÚ Ëóâ ÃèÕÚâ
ÿÕĆÂ ĀæñÃèÕÛääÉùîóìóäÿÕĆÂ 

                                      

 

 

āÅäÈëä­óÈÃîÈÿØîä°āâßæóëÖõÂ (Thermoplastic) 

http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%AD%E0%B8%97%E0%B8%B4%E0%B8%A5%E0%B8%B5%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B9%82%E0%B8%9E%E0%B8%A3%E0%B8%9E%E0%B8%B4%E0%B8%A5%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B8%AA%E0%B9%84%E0%B8%95%E0%B8%A3%E0%B8%B5%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B9%84%E0%B8%A7%E0%B8%99%E0%B8%B4%E0%B8%A5%E0%B8%84%E0%B8%A5%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B8%94%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%99%E0%B8%A5%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%AD%E0%B8%97%E0%B8%B4%E0%B8%A5%E0%B8%B5%E0%B8%99_%E0%B9%80%E0%B8%97%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B8%9F%E0%B8%B0%E0%B8%98%E0%B8%B2%E0%B9%80%E0%B8%A5%E0%B8%95&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B9%80%E0%B8%99%E0%B8%95&action=edit&redlink=1


 ƘƗƝ 

 ÿØîä°āâÿÌÖÖõÈßæóëÖõÂ (Thermosetting plastic) ÿÜĆÚßæóëÖõÂØöćâöëâÛòÖõßõÿéê ÅøîØÚØóÚÖ¬îÂóä
ÿÜæöćãÚĀÜæÈîùÔìáúâõĀæñØÚÜÐõÂõäõãóÿÅâöăÕ­Õö ÿÂõÕÅäóÛĀæñäîãÿÜøĈîÚăÕ­ãóÂ ÅÈäúÜìæòÈÂóäÝ¬óÚÅèóâä­îÚ
ìäøîĀäÈÕòÚÿßöãÈÅäòĈÈÿÕöãè ÿâøćîÿãĆÚæÈÉñĀÃĆÈâóÂ ØÚÅèóâä­îÚĀæñÅèóâÕòÚ ăâ¬î¬îÚÖòèĀæñÿÜæöćãÚäúÜä¬óÈ
ăâ¬ăÕ­ ĀÖ¬×­óîùÔìáúâõëúÈÂĆÉñĀÖÂĀæñăìâ­ÿÜĆÚÃöĈÿ×­óëöÕČó ßæóëÖõÂÜäñÿáØÚöĈāâÿæÂùæÉñÿËøćîâāãÈÂòÚÿÜĆÚ
ä¬óÈĀìÉòÛÂòÚĀÚ¬Ú ĀäÈã÷ÕÿìÚöćãèäñìè¬óÈāâÿæÂùæĀÃĆÈĀäÈâóÂ É÷Èăâ¬ëóâóä×ÚČóâóìæîâÿìæèăÕ­ Âæ¬óèÅøî 
ÿÂõÕÂóäÿËøćîâÖ¬îÃ­óâăÜâóäñìè¬óÈëóãāÌ¬ÃîÈāâÿæÂùæÃîÈāßæõÿâîä° (cross linking among polymer chains) 
ÿìÖùÚöĈìæòÈÉóÂ ßæóëÖõÂÿãĆÚÉÚĀÃĆÈÖòèĀæ­è Éñăâ¬ëóâóä×ØČóĂì­î¬îÚăÕ­îöÂāÕãĂË­Åèóâä­îÚ ìóÂĀÖ¬Éñ
ëæóãÖòèØòÚØöØöćîùÔìáúâõëúÈ×÷ÈäñÕòÛ ÂóäØČóßæóëÖõÂËÚõÕÚöĈĂì­ÿÜĆÚäúÜæòÂêÔñÖ¬óÈ ą Ö­îÈĂË­Åèóâä­îÚëúÈ 
ĀæñāÕãâóÂÖ­îÈÂóäĀäÈîòÕÕ­èã ÿØîä°āâÿÌÖÖõÈßæóëÖõÂ ăÕ­ĀÂ¬ 

¶ ÿâæóâöÚ àîä°âóæÕöăïÕ° (melamine formaldehyde) âöëâÛòÖõØóÈÿÅâöØÚĀäÈÕòÚăÕ­ Ɲ,ƖƖƖ-
Ɨƙƛ,ƖƖƖ ÜîÚÕ°Ö¬îÖóäóÈÚõĈè ØÚĀäÈîòÕăÕ­ Ƙƛ,ƖƖƖ-ƛƖ,ƖƖƖ ÜîÚÕ°Ö¬îÖóäóÈÚõĈè ØÚĀäÈÂäñĀØÂăÕ­ Ɩ.Ƙƛ-Ɩ.ƙƛ 
ØÚØóÚÖ¬îÂóäÿÜæöćãÚĀÜæÈîùÔìáúâõ ØÚÅèóâä­îÚăÕ­×÷È ƗƚƖ îÈéóÿÌæÿÌöãë ĀæñØÚÜÐõÂõäõãóÿÅâöăÕ­Õö ÿÂõÕ
ÅäóÛĀæñäîãÿÜøĈîÚãóÂ ÿâæóâöÚĂË­ØČóáóËÚñÛääÉùîóìóäìæóãËÚõÕ ĀæñÚõãâĂË­ÂòÚâóÂ âöØòĈÈØöćÿÜĆÚëöÿäöãÛ
ĀæñæèÕæóãëèãÈóâ Ã­îÿëöãÅøî ÚČĈóë­âëóãËúÉñÌ÷âÿÃ­óÿÚøĈîßæóëÖõÂăÕ­È¬óã ØČóĂì­ÿÂõÕäîãÕ¬óÈ ĀÖ¬ăâ¬âößõêáòã
ÿßäóñăâ¬âöÜÐõÂõäõãóÂòÛßæóëÖõÂ 

¶ àöÚîæàîä°âóÕöăïÖ° (phenol-formaldehyde) âöÅèóâÖ­óÚØóÚÖ¬îÖòèØČóæñæóãëóäæñæóãÿÂæøî
ĀæñÚČĈóâòÚ ĀÖ¬ßæóëÖõÂîóÉßîÈÛèâăÕ­ÿÚøćîÈÉóÂÚČĈóìäøîĀîæÂîïîæ°ßæóëÖõÂËÚõÕÚöĈĂË­ØČóÞóÉùÂÃèÕĀæñ
ìâ­î 

¶ îößĆîÂÌö (epoxy) ĂË­ÿÅæøîÛÝõèÃîÈîùÜÂäÔ°áóãĂÚÛ­óÚÿäøîÚ ĀæñØ¬îÿÂĆÛÂ®óÌ ĂË­ĂÚÂóäÿËøćîâ
ë¬èÚÜäñÂîÛāæìñ ĀÂ­è ĀæñÿÌäóâõÂ ĂË­ĂÚÂóäìæ¬îîùÜÂäÔ°ØöćØČóÉóÂāæìñĀæñÿÅæøîÛÝõèîùÜÂäÔ° ĂË­Ăë¬ĂÚ
ë¬èÚÜäñÂîÛÃîÈîùÜÂäÔ°ăàà­ó ÿë­ÚĂãÃîÈØ¬î ĀæñØ¬îÅèóâÕòÚ ĂË­ÿÅæøîÛÝõèÃîÈßøĈÚĀæñÝÚòÈ ĂË­ÿÜĆÚèòëÕù
ÃîÈĀÝ¬ÚÂČóÛòÈÚõèÖäîÚ ÌöÿâÚÖ° ĀæñÜúÚÃóè ĂË­ÿÅæøîÛÝõè×ÚÚ ÿßøćîÂòÚæøćÚ ĂË­ØČóāàâĀÃĆÈ ĂË­ÿÜĆÚëóäĂÚÂóä
ØČóëöÃîÈĀÂ­è 

¶ āßæõÿîëÿÖîä° (polyester) Âæù¬âÃîÈāßæõÿâîä°Øöćâöìâú¬ÿîëÿØîä° (-O¶CO-) ĂÚìÚ¬èãÌČĈóÿÜĆÚāßæõ
ÿâîä°ØöćÚČóâóĂË­ÈóÚăÕ­ìæóÂìæóã ÿË¬Ú ĂË­ØČóßæóëÖõÂëČóìäòÛÿÅæøîÛÝõè ÃèÕÚČĈó ÿë­ÚĂã àõæ°âĀæñãóÈ ÿÜĆÚÖ­Ú 
Öòèîã¬óÈāßæõÿâîä°ĂÚÂæù¬âÚöĈ ÿË¬Ú āßæõÿîØõæöÚÿØÿäàØóÿæÖ āßæõÛõèØõæöÚÿØÿäàØóÿæÖ Āæñāßæõÿâîä°Ýæ÷Âÿìæè
ÛóÈËÚõÕ 

¶ ãúäöÿØÚ (urethane) ËøćîÿäöãÂØòćèăÜÃîÈÿîØõæÅóä°ÛóÿâÖ âöëúÖäØóÈÿÅâöÅøî NHƘCOOCƘHƛ 
¶ āßæõãúäöÿØÚ (polyurethane) āßæõÿâîä°ÜäñÂîÛÕ­èãìâú¬ãúäöÿØÚ (·NH¶CO¶O-) ÿÖäöãâÉóÂ

ÜÐõÂõäõãóäñìè¬óÈăÕăîāÌãóÿÚÖ (di-isocyanates) ÂòÛ ăÕîîæ(diols) ìäøîăØäîîæ (triols) Øöćÿìâóñëâ ĂË­
ÿÜĆÚÂóè ĀæñÚČĈóâòÚËòÂÿÈó ßæóëÖõÂĀæñãóÈ Ëøćîã¬îÅøî PU 

http://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%A1%E0%B8%A5%E0%B8%B2%E0%B8%A1%E0%B8%B5%E0%B8%99_%E0%B8%9F%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B8%A1%E0%B8%B2%E0%B8%A5%E0%B8%94%E0%B8%B5%E0%B9%84%E0%B8%AE%E0%B8%94%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%9F%E0%B8%B5%E0%B8%99%E0%B8%AD%E0%B8%A5%E0%B8%9F%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B8%A1%E0%B8%B2%E0%B8%94%E0%B8%B5%E0%B9%84%E0%B8%AE%E0%B8%95%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%B5%E0%B8%9E%E0%B9%87%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B5&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%AD%E0%B8%AA%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%A2%E0%B8%B9%E0%B8%A3%E0%B8%B5%E0%B9%80%E0%B8%97%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B8%A2%E0%B8%B9%E0%B8%A3%E0%B8%B5%E0%B9%80%E0%B8%97%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%94%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B8%A2%E0%B8%B2%E0%B9%80%E0%B8%99%E0%B8%95&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%94%E0%B8%AD%E0%B8%AD%E0%B8%A5&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A7&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A1%E0%B8%B1%E0%B8%99%E0%B8%8A%E0%B8%B1%E0%B8%81%E0%B9%80%E0%B8%87%E0%B8%B2&action=edit&redlink=1


 ƘƗƞ 

 
 
 

 

 
ÖóäóÈ ĀëÕÈëâÛòÖõÛóÈÜäñÂóäÃîÈßæóëÖõÂÛóÈËÚõÕ 
 

ËÚõÕÃîÈ
ßæóëÖõÂ 

ÜäñÿáØÃîÈ
ßæóëÖõÂ 

ëâÛòÖõÛóÈÜäñÂóä Öòèîã¬óÈÂóäÚČóăÜĂË­
ÜäñāãËÚ° ëáóßÂóäăìâ­ăà Ã­îëòÈÿÂÖîøćÚ 

ßîæõÿîØõæöÚ ÿØîä°âî
ßæóëÖõÂ 

ÿÜæèăàëöÚČĈóÿÈõÚÃîÛ
ÿìæøîÈ ÂæõćÚÿìâøîÚ
ßóäóàõÚ ÿÜæèăàăâ¬ÕòÛ
ÿîÈ  

ÿæĆÛÃöÕÿÜĆÚäîã ăâ¬
æñæóãĂÚëóäæñæóã
ØòćèăÜ æîãÚČĈó  

×ùÈ áóËÚñ àõæ°â×¬óãáóß 
ÃîÈÿæ¬ÚÿÕĆÂ ÕîÂăâ­
ßæóëÖõÂ  

ßîæõāßäßõæöÚ ÿØîä°âî
ßæóëÖõÂ 

ÿÜæèăàëöÚČĈóÿÈõÚÃîÛ
ÿìæøîÈ ÅèòÚÃóè ÂæõćÚ
ÿìâøîÚßóäóàõÚ  

ÃöÕÕ­èãÿæĆÛăâ¬ÿÜĆÚäîã 
ăâ¬ĀÖÂ  

āÖ®ñ ÿÂ­óîöĈ ÿËøîÂ ßäâ 
ÛääÉùáòÔÒ°îóìóä 
ËõĈÚë¬èÚä×ãÚÖ°  

ßîæõëăÖäöÚ ÿØîä°âî
ßæóëÖõÂ 

ÿÜæèăàëöÿìæøîÈ ÿÃâ¬ó
âóÂ ÂæõćÚÿìâøîÚÂ®óÌÉùÕ
ÖñÿÂöãÈ  

ÿÜóñ æñæóãăÕ­ĂÚ
Åóä°ÛîÚÿÖÖäñÅæîăäÕ° 
ĀæñāØæúîöÚ æîãÚČĈó  

āàâ îùÜÂäÔ°ăàà­ó 
ÿæÚë° ÃîÈÿæ¬ÚÿÕĆÂ 
îùÜÂäÔ°Âöíó ÿÅäøćîÈâøî
ëøćîëóä  

ßîæõèõÚõæÅæî
ăäÕ° 

ÿØîä°âî
ßæóëÖõÂ 

ÖõÕăàãóÂ ÿÜæèëöÿìæøîÈ
ÃîÛÿÃöãè ÅèòÚÃóè ÂæõćÚ
ÂäÕÿÂæøî  

î¬îÚÖòèăÕ­Åæ­óããóÈ 
æîãÚČĈó  

ÂäñÕóêÖõÕÝÚòÈ áóËÚñ
ÛääÉùëóäÿÅâö äîÈÿØ­ó 
ÂäñÿÛøĈîÈÜúßøĈÚ ÊÚèÚìù­â
ëóãăà Ø¬îßöèöÌö  

ăÚæîÚ ÿØîä°âî
ßæóëÖõÂ 

ÿÜæèăàëöÚČĈóÿÈõÚÃîÛ
ÿìæøîÈ ÂæõćÚÅæ­óãÿÃó
ëòÖè°ÖõÕăà  

ÿìÚöãè ãøÕìãù¬Ú ăâ¬ĀÖÂ 
ÉâÚČĈó  

ÿÅäøćîÈÚù¬Èì¬â ×ùÈÚ¬îÈëÖäö 
ßäâ îèÚ Āì  

ßîæõãúÿäöã
àîä°âóæÕöăïÕ° 

ßæóëÖõÂÿØîä°
âîÿÌÖ 

ÖõÕăàãóÂ ÿÜæèëöÿìæøîÈ
î¬îÚ ÃîÛà­óĀÂâÿÃöãè 

ĀÖÂä­óè ÉâÚČĈó  ÿÖ­óÿëöãÛăàà­ó èòëÕùÿËõÈ
èõéèÂääâ  

āÅäÈëä­óÈÃîÈÿØîä°āâÿÌÖÖõÈßæóëÖõÂ   (Thermosetting plastic) 



 ƘƗƟ 

 

ÂæõćÚĀîâāâÿÚöã  

 
îößîÂÌö ßæóëÖõÂÿØîä°

âîÿÌÖ 
ÖõÕăàÈ¬óã ÿÜæèëöÿìæøîÈ 
ÅèòÚÕČó Âæ¬ÚÅæ­óãÃ­óè
Åòćè  

ăâ¬æñæóãĂÚëóä
ăïāÕäÅóä°ÛîÚĀæñÚČĈó  

Âóè ëö ëóäÿÅæøîÛ
ÝõèìÚ­óèòÖ×ù  

ßîæõÿîëÿØîä° 

ÿØîä°âî
ßæóëÖõÂ 

ÖõÕăàãóÂ ÿÜæèëöÿìæøîÈ 
ÅèòÚÂæõćÚÊùÚ  

î¬îÚÖòè ãøÕìãù¬Ú  ÿë­ÚĂãÝ­ó  

ßæóëÖõÂÿØîä°
âîÿÌÖ 

ÖõÕăàãóÂ ÿÜæèëöÿìæøîÈ 
ÅèòÚÕČó ÂæõćÚÊùÚ  

ÿÜäóñ ìäøîĀÃĆÈÿìÚöãè  Öòè×òÈä×ãÚÖ° Öòè×òÈÿäøî 
ĂË­ÛùáóãĂÚÿÅäøćîÈÛõÚ  



 ƘƘƖ 

ßæóëÖõÂäöăÌÿÅõæ ( Plastic recycle) 

          ÂóäĀÜääúÜÃîÈĂË­Āæ­èÂæòÛâóĂË­Ăìâ¬ ìäøîÂäñÛèÚÂóäØöćÿäöãÂè¬ó "äöăÌÿÅõæ" Åøî ÂóäÚČóÿîóÃîÈÿëöãØöć
Ý¬óÚÂóäĂË­Āæ­èÂæòÛâóĂË­Ăìâ¬ØöćîóÉÿìâøîÚÿÕõâ ìäøîăâ¬ÿìâøîÚÿÕõâÂĆăÕ­ ÃîÈĂË­Āæ­èÉóÂáóÅîùÖëóìÂääâ ÚČó
ÂæòÛâóĂË­Ăìâ¬ ăÕ­ĀÂ¬ ÂäñÕóê ĀÂ­è ÂäñÉÂ îñæúâõÿÚöãâ ĀæñßæóëÖõÂ "ÂóääöăÌÿÅõæ" ÿÜĆÚìÚ÷ćÈĂÚèõÙöÂóäæÕ
Ããñ æÕâæßõêĂì­ÂòÛëáóßĀèÕæ­îâ æÕÂóäĂË­ßæòÈÈóÚĀæñæÕÂóäĂË­ØäòßãóÂäÙääâËóÖõÃîÈāæÂăâ¬Ăì­×úÂ
ÚČóâóĂË­ëõĈÚÿÜæøîÈâóÂÿÂõÚăÜ 

 

ÂóäĀÜääúÜÃîÈĂË­Āæ­èÂæòÛâóĂË­Ăìâ¬âöÂäñÛèÚÂóäîãú¬ 4 ÃòĈÚÖîÚ ăÕ­ĀÂ¬  
         1. ÂóäÿÂĆÛäèÛäèâ 
         2. ÂóäĀãÂÜäñÿáØèòëÕùĀÖ¬æñËÚõÕîîÂÉóÂÂòÚ  
         3. ÂóäÝæõÖìäøîÜäòÛÜäùÈ  
         4. ÂóäÚČóâóĂË­ÜäñāãËÚ°ĂÚÃòĈÚÖîÚÂóäÝæõÖìäøîÜäòÛÜäùÈÚòĈÚ èòëÕùØöćĀÖÂÖ¬óÈËÚõÕÂòÚ ÉñâöÂääâèõÙöĂÚ
ÂóäÝæõÖ ĀÖÂÖ¬óÈÂòÚ ÿË¬Ú ÃèÕ ĀÂ­èØöćÖ¬óÈëö ßæóëÖõÂØöćÖ¬óÈËÚõÕ ìäøîÂäñÕóêØöćÿÚøĈîÂäñÕóê ĀæñëöØöćĀÖÂÖ¬óÈ
ÂòÚ Ö­îÈĀãÂÜäñÿáØîîÂÉóÂÂòÚ                                                                                                                                                          

ÜòÉÉùÛòÚÿäóĂË­ßæóëÖõÂàù¬âÿàøîãâóÂ ĀÖ¬æñÜöÜäñÿØéăØãâöÃãñßæóëÖõÂÉČóÚèÚâóÂ Ì÷ćÈÿÜĆÚÜòÎìó
Õ­óÚëõćÈĀèÕæ­îâÃîÈāæÂ É÷ÈâöÅèóâßãóãóâÅõÕÅ­ÚØČóßæóëÖõÂØöćã¬îãëæóãØóÈËöèáóß (Biodedradable) âóĂË­
ĀØÚ ĀÖ¬ßæóëÖõÂÛóÈËÚõÕãòÈăâ¬ëóâóä×ã¬îãëæóãØóÈËöèáóßăÕ­ ĂÚØóÈÜÐõÛòÖõãòÈÅÈÂČóÉòÕÃãñßæóëÖõÂÕ­èã
èõÙöÞòÈÂæÛĂÖ­ÕõÚ ĀæñÿÝó Ì÷ćÈÂ¬îĂì­ÿÂõÕÜòÎìóÕ­óÚëõćÈĀèÕæ­îâÖóââó èõÙöØöćÕöØöćëùÕĂÚÂóäÕúĀæëõćÈĀèÕæ­îâ



 ƘƘƗ 

ÿÂöćãèÂòÛÃãñßæóëÖõÂ Åøî æÕÜäõâóÔÂóäĂË­Ăì­ÿìæøîÿØ¬óØöćÉČóÿÜĆÚ ĀæñâöÂóäÚČóßæóëÖõÂÛóÈËÚõÕÂæòÛăÜÝ¬óÚ
ÛóÈÃòĈÚÖîÚĂÚÂóäÝæõÖ Āæ­èÚČóÂæòÛâóĂË­ÈóÚĂìâ¬ăÕ­ÖóâÿÕõâ  îùÖëóìÂääâßæóëÖõÂ ÜäñÿØéëìäòÑîÿâäõÂó 
(The Society of Plastics Industry ; SPI) ăÕ­ÂČóìÚÕëòÎæòÂêÔ°ÿßøćîÛ¬ÈËöĈÜäñÿáØÃîÈßæóëÖõÂäöăÌÿÅõæ Ì÷ćÈÉñ
ÂČóÂòÛăè­ĂÚÝæõÖáòÔÒ°ëõÚÅ­óØöćØČóÕ­èãßæóëÖõÂ ÕòÈÖ¬îăÜÚöĈ 

   

ßæóëÖõÂÂæù¬âØöć 1 Åøî ÿßØ (PETE) ëòÎæòÂêÔ°Åøî 1 ÿÜĆÚ
ßæóëÖõÂØöćë¬èÚĂìÎ¬âöÅèóâĂë âîÈØñæùăÕ­ âöÅèóâĀÃĆÈĀäÈ
ØÚØóÚĀæñÿìÚöãè Ü­îÈÂòÚÂóäÝ¬óÚÃîÈÂ®óÌăÕ­Õö âöÉùÕ
ìæîâÿìæè 250-260 îÈéóÿÌæÿÌöãë âöÅèóâìÚóĀÚ¬Ú 1.38-
1.39 ÚõãâÚČóâóĂË­ØČóÛääÉùáòÔÒ°Ö¬óÈą ÿË¬Ú ÃèÕÚČĈóÕøćâ ÃèÕ
ÚČĈóÜæó ÃèÕÚČĈóâòÚßøË ÿÜĆÚÖ­Ú 
 

 

 

ßæóëÖõÂÂæù¬âØöć 2 Åøî HDPE ëòÎæòÂêÔ°Åøî 2 ÿÜĆÚßæóëÖõÂØöć
âöÅèóâìÚóĀÚ¬ÚëúÈ Å¬îÚÃ­óÈÚõćâ âöÅèóâÿìÚöãèăâ¬ĀÖÂÈ¬óã âö
ÉùÕìæîâÿìæè 130 îÈéóÿÌæÿÌöãë âöÅèóâìÚóĀÚ¬Ú 0.95-
0.92 ÚõãâÚČóâóĂË­ØČóÛääÉùáòÔÒ°ØČóÅèóâëñîóÕ ÿË¬Ú ĀËâßú 
×ùÈä­îÚËÚõÕÃù¬Ú ÃèÕÚâ ÿÜĆÚÖ­Ú 

 

 

ßæóëÖõÂÂæù¬âØöć 3 Åøî ßöèöÌö (PVC) ëòÎæòÂêÔ°Åøî 3 ÿÜĆÚ
ßæóëÖõÂØöćâöæòÂêÔñØòĈÈĀÃĆÈĀæñÚõćâ  ëóâóä×ÝæõÖÿÜĆÚ
ÝæõÖáòÔÒ°ăÕ­ìæóãäúÜĀÛÛ âöëöëòÚëèãÈóâ âöÉùÕìæîâÿìæè 
75-90 îÈéóÿÌæÿÌöãë ÿÜĆÚßæóëÖõÂØöćÚõãâĂË­âóÂ ÿË¬Ú 
Ø¬îßöèöÌö ëóããóÈ ĀÝ¬Úàõæ°âì¬îîóìóä ÿÜĆÚÖ­Ú 
 

 

 

ßæóëÖõÂÂæù¬âØöć 4 Åøî LDPE ëòÎæòÂêÔ°Åøî 4 ÿÜĆÚßæóëÖõÂØöć
âöÅèóâìÚóĀÚ¬ÚÖČćó âöÅèóâÚõćâÂè¬ó HDPE âöÅèóâÿìÚöãè ãøÕ
ÖòèăÕ­ĂÚäñÕòÛìÚ÷ćÈ ë¬èÚĂìÎ¬ĂëâîÈÿìĆÚăÕ­ ÉùÕìæîâÿìæè 
110 îÈéóÿÌæÿÌöãë âöÅèóâìÚóĀÚ¬Ú 0.92-0.94  Úõãâ
ÚČóâóĂË­ØČóĀÝ¬Úàõæ°â ì¬îîóìóäĀæñì¬îÃîÈ 
 

 

 

 
 
 
 

 



 ƘƘƘ 

  Ƙ.Ƙ.Ƙ ãóÈĀæñãóÈëòÈÿÅäóñì°   

  ãóÈÙääâËóÖõ ÅøîèòëÕùßîæõÿâîä°ØöćâöÖ­ÚÂČóÿÚõÕÉóÂÃîÈÿìæèÃîÈßøËÛóÈËÚõÕ Ì÷ćÈâöæòÂêÔñ
ÿÜĆÚÃîÈÿìæèëöÃóè Åæ­óãÚČĈóÚâ âöëâÛòÖõÿÜĆÚÅîææîãÕ° îÚùáóÅÿæĆÂ âöÖòèÂæóÈÿÜĆÚÚČĈó 
 

ÜäñèòÖõãóÈÙääâËóÖõ  

           ãóÈÙääâËóÖõÿÜĆÚÚČĈóãóÈÉóÂÖ­Úăâ­ãøÚÖ­Ú âöËøćîÿäöãÂîöÂËøćîìÚ÷ćÈÅøîãóÈßóäó
ìäøîÖ­ÚãóÈßóäó  ãóÈßóäóâö×õćÚÂČóÿÚõÕÛäõÿèÔæù¬âÚČĈóîÿâÌîÚ ÜäñÿØéÛäóÌõæ Āæñ
ÿÜäú ØèöÜîÿâäõÂóĂÖ­ Ì÷ćÈËóèîõÚÿÕöãÚĀÕÈÿÝ¬óâóãòÚ ĂÚîÿâäõÂóÂæóÈ ăÕ­äú­ÉòÂÂóäÚČó
ãóÈßóäóâóĂË­Â¬îÚÜö ß.é. ƘƖƖƖ āÕãÂóäÉù¬âÿØ­óæÈĂÚÚČĈóãóÈÕõÛÿßøćîØČóÿÜĆÚäîÈÿØ­ó 
ë¬èÚÿÝ¬óîøćÚ ą ÂĆÚČóãóÈăÜĂË­ÜäñāãËÚ° ĂÚÂóäØČóÝ­óÂòÚÞÚ ØČóÃèÕĂë¬ÚČĈó ĀæñØČó
æúÂÛîæãóÈÿæ¬ÚÿÂâë°Ö¬óÈ ą ÿÜĆÚÖ­Ú ÉÚÂäñØòćÈÅäõëāÖÿàîä° āÅæòâÛòëăÕ­ÿÕõÚØóÈ
âóëČóäèÉØèöÜîÿâäõÂóĂÖ­ ĂÚäñìè¬óÈÜö ß.é. ƘƖƙƜ-ƘƖƙƟ ĀæñăÕ­ßÛÂòÛËóè
ßøĈÚÿâøîÈÿÂóñăïÖõØöćÂČóæòÈÿæ¬ÚæúÂÛîæãóÈÌ÷ćÈëóâóä×ÂäñÕîÚăÕ­ ØČóĂì­ÅÔñÝú­
ÿÕõÚØóÈëČóäèÉÜäñìæóÕĂÉÉ÷ÈÿäöãÂè¬ó "æúÂÛîæÝöëõÈ" 

ßæóëÖõÂÂæù¬âØöć 5 Åøî pp ëòÎæòÂêÔ°Åøî 5 ÿÜĆÚßæóëÖõÂØöćë¬èÚ
ĂìÎ¬âöÅèóâìÚóĀÚ¬ÚÅ¬îÚÃ­óÈÖČćó âöÅèóâĀÃĆÈĀæñÿìÚöãè ÅÈ
äúÜÕö ØÚÖ¬îÅèóâä­îÚ ĀæñëóäÿÅâö âöÉùÕìæîâÿìæè 160-170 
îÈéóÿÌæÿÌöãë ÅèóâìÚóÚ¬Ú 0.90-0.91 ÚõãâÚČóâóĂË­ØČó
ÛääÉùáòÔÒ°ëČóìäòÛîóìóäĂÚÅäòèÿäøîÚ ÿË¬Ú ×ùÈä­îÚËÚõÕĂë 
ÉóÚ Ëóâ îùÜÂäÔ°ăàà­óÛóÈËÚõÕ 
 
  
 
ßæóëÖõÂÂæù¬âØöć 6 Åøî PS ëòÎæòÂêÔ°Åøî 6  ÿÜĆÚßæóëÖõÂØöćâö
ÅèóâĂë ĀÃĆÈĀÖ¬ÿÜäóñĀÖÂÈ¬óã  ëóâóä×ØČóÿÜĆÚāàâăÕ­ âöÉùÕ
ìæîâÿìæè 70-115 îÈéóÿÌæÿÌöãë ÅèóâìÚóĀÚ¬Ú 0.90-
0.91  ÚõãâÚČóâóĂË­ØČóÛääÉùáòÔÒ° ÿË¬Ú Âæ¬îÈăîéÂäöâ Âæ¬îÈ
āàâ ðæð 
 

 

 

ßæóëÖõÂÂæù¬âØöć 7 Åøî îøćÚą ÿÜĆÚßæóëÖõÂØöćÚîÂÿìÚøîÉóÂ
ßæóëÖõÂØòĈÈ 6 Âæù¬â ßÛâóÂâóãìæóÂìæóãäúÜĀÛÛ 
  
 

 

        ÚČĈóãóÈÉóÂÖ­ÚãóÈ 

http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%AD%E0%B8%A5%E0%B8%A5%E0%B8%AD%E0%B8%A2%E0%B8%94%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%95%E0%B9%89%E0%B8%99%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%9E%E0%B8%B2%E0%B8%A3%E0%B8%B2


 ƘƘƙ 

          Ö¬îâóĂÚÜö ß.é. ƘƘƝƟ ÚòÂèõØãóéóëÖä°ËóèÞäòćÈÿéëËøćîËóæë° âóäöÿÕîæó ÅîÈÖóâöÚ° (Charles Merie de 
la Condamine) ăÕ­Ăì­ËøćîÿäöãÂãóÈÖóâÅČóßøĈÚÿâøîÈÃîÈËóèăâÂóè¬ó "ÅóāîËú" (Caoutchouc) Ì÷ćÈĀÜæè¬óÖ­Úăâ­
ä­îÈăì­ ĀæñĂì­ËøćîÿäöãÂÃîÈÿìæèØöćâöæòÂêÔñÃù¬ÚÃóèÅæ­óãÚČĈóÚâÌ÷ćÈăìæîîÂâóÉóÂÖ­ÚãóÈÿâøćîÂäöÕÿÜĆÚäîã
ĀÝæè¬ó æóÿØÂÌ° (latex) ĀæñĂÚ ß.é. ƘƙƜƟ àóäóÿÕã° (Faraday) ăÕ­äóãÈóÚè¬óãóÈÙääâËóÖõÿÜĆÚëóäØöć
ÜäñÂîÛÕ­èãÙóÖùÅóä°ÛîÚĀæñăïāÕäÿÉÚ âöëúÖäÿîâăßäõÿÅõæ Åøî CƛHƞ ìæòÈÉóÂÚòĈÚÉ÷ÈăÕ­âöÂóäÜäòÛÜäùÈ
ëâÛòÖõÃîÈãóÈßóäóÿßøćîĂì­ĂË­ÈóÚăÕ­Âè­óÈÃ÷ĈÚÿßøćîÖîÛëÚîÈÅèóâÖ­îÈÂóäÃîÈâÚùêã° 

ÂóäÝæõÖãóÈÙääâËóÖõ         
Āìæ¬ÈÝæõÖãóÈÙääâËóÖõØöćĂìÎ¬ØöćëùÕĂÚāæÂÅøî Ā×ÛÿîÿËöãÖñèòÚîîÂÿÊöãÈĂÖ­ÅõÕÿÜĆÚä­îãæñ ƟƖ ÃîÈ

Āìæ¬ÈÝæõÖØòĈÈìâÕ ë¬èÚØöćÿìæøîâóÉóÂĀîàäõÂóÂæóÈ Ì÷ćÈßòÚÙù°ãóÈØöćÝæõÖĂÚÿîÿËöãÖñèòÚîîÂÿÊöãÈĂÖ­ Åøî ßòÚÙù°ïö
ÿèöãÛäóÌõæÿæöãÚÌõë (Hevea brasiliensis) ÚČĈóãóÈØöćÂäöÕăÕ­ÉóÂÖ­ÚÉñÿäöãÂè¬óÚČĈóãóÈëÕ (field latex) ÚČĈóãóÈØöćăÕ­ÉóÂ
Ö­ÚãóÈâöæòÂêÔñÿÜĆÚÿâĆÕãóÈÿæĆÂ ą ÂäñÉóãîãú¬ĂÚÚČĈó (emulsion) âöæòÂêÔñÿÜĆÚÃîÈÿìæèëöÃóè âöëáóßÿÜĆÚ
ÅîææîãÕ° âöÜäõâóÔÃîÈĀÃĆÈÜäñâóÔä­îãæñ ƙƖ-ƚƖ pH Ɯ.ƛ-Ɲ ÚČĈóãóÈâöÅèóâìÚóĀÚ¬ÚÜäñâóÔ Ɩ.ƟƝƛ-Ɩ.ƟƞƖ 
ÂäòâÖ¬îâõææõæõÖä âöÅèóâìÚøÕ ƗƘ-Ɨƛ ÿÌÚÖõßîãë° ë¬èÚÜäñÂîÛĂÚÚČĈóãóÈëÕĀÛ¬ÈîîÂăÕ­ÿÜĆÚ Ƙ ë¬èÚ Åøî 

1. ë¬èÚØöćÿÜĆÚÿÚøĈîãóÈ ƙƛ%  
2. ë¬èÚØöćăâ¬ĂË¬ãóÈ Ɯƛ%  

2.1 ë¬èÚØöćÿÜĆÚÚČĈó ƛƛ%  
2.2 ë¬èÚÃîÈæúØîãÕ° ƗƖ% 

          ÚČĈóãóÈëÕØöćÂäöÕăÕ­ÉóÂÖ­ÚãóÈ ÉñÅÈëáóßÅèóâÿÜĆÚÚČĈóãóÈîãú¬ăÕ­ăâ¬ÿÂõÚ Ɯ ËòćèāâÈ ÿÚøćîÈÉóÂĀÛÅØöÿäöã
ĂÚîóÂóé ĀæñÉóÂÿÜæøîÂÃîÈÖ­ÚãóÈÃÔñÂäöÕãóÈÉñæÈăÜĂÚÚČĈóãóÈ ĀæñÂõÚëóäîóìóäØöćîãú¬ĂÚÚČĈóãóÈ ÿË¬Ú 
āÜäÖöÚ ÚČĈóÖóæ àîëāàăæÜõÕ āÕãĀÛÅØöÿäöãÉñÿÉäõÎÿÖõÛāÖîã¬óÈäèÕÿäĆè ÜÐõÂõäõãóØöćÿÂõÕÃ÷ĈÚìæòÈÉóÂ
ĀÛÅØöÿäöãÂõÚëóäîóìóä Åøî ÉñÿÂõÕÂóäã¬îãëæóãăÕ­ÿÜĆÚÂ®óÌËÚõÕÖ¬óÈ ą ÿË¬Ú Â®óÌÅóä°ÛîÚăÕîîÂăÌÕ° Â®óÌ
âöÿØÚ ÿäõćâÿÂõÕÂóäÛúÕÿÚ¬óĀæñë¬ÈÂæõćÚÿìâĆÚ ÂóäØöćâöÂäÕØöćäñÿìãÈ¬óãÿìæ¬óÚöĈĂÚÚČĈóãóÈÿßõćââóÂÃ÷ĈÚ Éñë¬ÈÝæĂì­
Å¬ó pH ÃîÈÚČĈóãóÈÿÜæöćãÚĀÜæÈæÕæÈ ÕòÈÚòĈÚÚČĈóãóÈÉ÷ÈÿÂõÕÂóäëúÎÿëöãëáóß Ì÷ćÈëòÈÿÂÖăÕ­ÉóÂ ÚČĈóãóÈÉñÅ¬îã ą 
ìÚøÕÃ÷ĈÚ ÿÚøćîÈÉóÂîÚùáóÅÃîÈãóÈÿäõćâÉòÛÖòèÿÜĆÚÿâĆÕÿæĆÂ ą ĀæñÉòÛÖòèÿÜĆÚÂ­îÚĂìÎ¬Ã÷ĈÚ ÉÚÚČĈóãóÈëúÎÿëöã
ëáóßāÕãÚČĈóãóÈÉñĀãÂÿÜĆÚ Ƙ ë¬èÚ Åøî ë¬èÚØöćÿÜĆÚÿÚøĈîãóÈ Āæñë¬èÚØöćÿÜĆÚÿÌäù¬â[Ɨ] ÕòÈÚòĈÚÿßøćîÜ­îÈÂòÚÂóä
ëúÎÿëöãëáóßÃîÈÚČĈóãóÈăâ¬Ăì­îÚùáóÅÃîÈÿâĆÕãóÈÿÂõÕÂóääèâÖòèÂòÚÿîÈÖóâÙääâËóÖõ É÷ÈâöÂóäĂë¬ëóäÿÅâöæÈ
ăÜĂÚÚČĈóãóÈÿßøćîÿÂĆÛäòÂêóÚČĈóãóÈĂì­ÅÈëáóßÿÜĆÚÃîÈÿìæè āÕãëóäÿÅâöØöćĂË­ĂÚÂóäÿÂĆÛäòÂêóÚČĈóãóÈÿäöãÂè¬ó 
ëóäÜ­îÈÂòÚÂóäÉòÛÖòè (Anticoagulant) ăÕ­ĀÂ¬ ĀîâāâÿÚöã āÌÿÕöãâÌòæăàÕ° àîä°âóæÕöăïÕ° ÿÜĆÚÖ­Ú  ÿßøćîØöć
äòÂêóÚČĈóãóÈăâ¬Ăì­ÿëöãëúÎÿëöãëáóß 

http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%AD%E0%B8%A5%E0%B8%A5%E0%B8%AD%E0%B8%A2%E0%B8%94%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%9B%E0%B8%A3%E0%B8%95%E0%B8%B5%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%98%E0%B8%A3%E0%B8%A3%E0%B8%A1%E0%B8%8A%E0%B8%B2%E0%B8%95%E0%B8%B4#cite_note-.E0.B8.81.E0.B8.B2.E0.B8.A3.E0.B8.9C.E0.B8.A5.E0.B8.B4.E0.B8.95.E0.B8.A2.E0.B8.B2.E0.B8.87.E0.B8.98.E0.B8.A3.E0.B8.A3.E0.B8.A1.E0.B8.8A.E0.B8.B2.E0.B8.95.E0.B8.B4-0
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%8B%E0%B9%80%E0%B8%94%E0%B8%B5%E0%B8%A2%E0%B8%A1%E0%B8%8B%E0%B8%B1%E0%B8%A5%E0%B9%84%E0%B8%9F%E0%B8%94%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%9F%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B8%A1%E0%B8%B2%E0%B8%A5%E0%B8%94%E0%B8%B5%E0%B9%84%E0%B8%AE%E0%B8%94%E0%B9%8C


 ƘƘƚ 

ÂóäÚČóãóÈÙääâËóÖõăÜĂË­ÈóÚâöîãú¬ Ƙ äúÜĀÛÛÅøî äúÜĀÛÛÚČĈóãóÈ ĀæñäúÜĀÛÛãóÈĀì­È ĂÚäúÜĀÛÛÚČĈó
ãóÈÚòĈÚÚČĈóãóÈëÕÉñ×úÂÚČóâóĀãÂÚČĈóîîÂÿßøćîÿßõćâÅèóâÿÃ­âÃ­ÚÃîÈÿÚøĈîãóÈÃòĈÚÖîÚìÚ÷ćÈÂ¬îÚÕ­èãèõÙöÂóäÖ¬óÈ ą 
ĀÖ¬ØöćÚõãâĂË­ĂÚîùÖìëóìÂääâÅøîÂóäĂË­ÿÅäøćîÈÿÌÚÖäõàõèë° ĂÚÃÔñØöćÂóäÿÖäöãâãóÈĀì­ÈÚòĈÚâòÂÉñĂË­èõÙöÂóä
Ăë¬ÂäÕîñÌõÖõÂæÈĂÚÚČĈóãóÈëÕ ÂóäĂë¬ÂäÕîñÌõÖõÂÿÉøîÉóÈæÈĂÚÚČĈóãóÈ ØČóĂì­ÚČĈóãóÈÉòÛÖòèÿÜĆÚÂ­îÚ ÿÂõÕÂóä
ĀãÂËòĈÚäñìè¬óÈÿÚøĈîãóÈĀæñÚČĈó ë¬èÚÚČĈóØöćÜÚîãú¬ĂÚãóÈÉñ×úÂÂČóÉòÕîîÂăÜāÕãÂóääöÕÕ­èãæúÂÂæõĈÈ Ƙ æúÂÂæõĈÈ 
èõÙöÂóäìæòÂ ą ØöćÉñØČóĂì­ãóÈĀì­ÈëÚõØâö Ƙ èõÙöÅøî ÂóääâÅèòÚãóÈ ĀæñÂóäØČóãóÈÿÅäß ĀÖ¬ÿÚøćîÈÉóÂãóÈÝæõÖ
ăÕ­âóÉóÂÿÂêÖäÂäÉóÂĀìæ¬ÈØöćĀÖÂÖ¬óÈÂòÚ ØČóĂì­Ö­îÈâöÂóäĀÛ¬ÈËòĈÚÃîÈãóÈÖóâÅèóâÛäõëùØÙõċÃîÈãóÈÚòĈÚ ą 

äúÜĀÛÛÃîÈãóÈÙääâËóÖõ 

ãóÈÙääâËóÖõëóâóä×ĀÛ¬ÈîîÂÿÜĆÚìæóãÜäñÿáØÖóâæòÂêÔñäúÜĀÛÛÃîÈãóÈÕõÛ ăÕ­ĀÂ¬ 
¶ ÚČĈóãóÈ  

o ÚČĈóãóÈëÕ  
o ÚČĈóãóÈÃ­Ú 

¶ ãóÈĀÝ¬ÚÝ÷ćÈĀì­È : ãóÈØöćăÕ­ÉóÂÂóäÚČóÚČĈóãóÈâóÉòÛÖòèÿÜĆÚĀÝ¬ÚāÕãëóäÿÅâöØöćĂË­ÉñÖ­îÈÖóâÿÂÔÒ°Øöć
ÂČóìÚÕ ë¬èÚÂóäØČóĂì­Āì­ÈîóÉĂË­èõÙöÂóäÝ÷ćÈæâĂÚØöćä¬â ìäøî îÛĂÚāäÈîÛÂĆăÕ­ĀÖ¬Ö­îÈÜäóéÉóÂÅèòÚ  

¶ ãóÈĀÝ¬ÚäâÅèòÚ  
¶ ãóÈÿÅäß  
¶ ãóÈĀØ¬È : Â¬îÚÜö ƘƛƖƞ ãóÈÙääâËóÖõØöćÝæõÖÃ÷ĈÚâó ë¬èÚĂìÎ¬ÉñÝæõÖĂÚäúÜÃîÈãóÈĀÝ¬ÚäâÅèòÚ ãóÈÿÅ
äß ìäøîÚČĈóãóÈÃ­Ú Ì÷ćÈãóÈÙääâËóÖõÿìæ¬óÚöĈÉñăâ¬âöÂóääñÛùâóÖäÑóÚÂóäÉòÕËòĈÚãóÈØöćËòÕÿÉÚ 
ÖóâÜÂÖõÉñĂË­ëóãÖóĂÚÂóäßõÉóäÔóÖòÕëõÚËòĈÚãóÈ Ö¬îâóĂÚÜö ƘƛƖƞ ë×óÛòÚèõÉòããóÈâóÿæÿÌöã 
(Rubber Research Institute of Malaysia) ăÕ­âöÂóäÝæõÖãóÈĀØ¬ÈÃ÷ĈÚÿÜĆÚĀì¬ÈĀäÂ ÿßøćîÿÜĆÚÂóä
ÜäòÛÜäùÈĀæñßòÓÚóÅùÔáóßÃîÈãóÈÙääâËóÖõĂì­ăÕ­âóÖäÑóÚ ÿìâóñëâÂòÛÂóäĂË­ÈóÚ ÉÚØČóĂì­ãóÈ
ĀØ¬ÈÿÜĆÚãóÈÙääâËóÖõËÚõÕĀäÂØöćÝæõÖâóāÕãâöÂóäÅèÛÅùâÅùÔáóßĂì­ăÕ­âóÖäÑóÚ ÖæîÕÉÚâöÂóä
äñÛùÅùÔáóßÃîÈãóÈÕõÛØöćÝæõÖăÕ­ĀÚ¬ÚîÚ  

¶ ãóÈĀØ¬ÈÅèóâìÚøÕÅÈØöć : ÿÜĆÚãóÈØöćÝæõÖÃ÷ĈÚÿßøćîĂË­ĂÚîùÖëóìÂääâØČóÝæõÖáòÔÒ°ØöćÖ­îÈÂóäÅèÛÅùâ
ÅèóâìÚøÕÃîÈãóÈØöćĂË­ĂÚÂóäĀÜääúÜ ÿË¬Ú îùÖëóìÂääâãóÈØ¬î, îùÖëóìÂääâØČóÂóè  

¶ ãóÈëÂõâ : ãóÈëÂõâÿÜĆÚãóÈÙääâËóÖõØöćăÕ­ÉóÂÂóäÉòÛÖòèÚČĈóãóÈëÂõâ (skim latex) Õ­èãÂäÕĀæ­èÚČóãóÈ
ØöćăÕ­ăÜØČóÂóääöÕĀÝ¬ÚĀæñØČóĂì­Āì­È āÕãÚČĈóãóÈëÂõâÿÜĆÚÚČĈóë¬èÚØöćÿìæøîÉóÂÂóäØČóÚČĈóãóÈÃ­ÚÕ­èã
ÂóäÚČóÚČĈóãóÈëÕâóØČóÂóäÿÌÚÖäõàõèë° ĀãÂîÚùáóÅÿâĆÕãóÈîîÂÉóÂÚČĈó Ì÷ćÈîÚùáóÅÿâĆÕãóÈÿÛóÂè¬óÚČĈó 
ë¬èÚĂìÎ¬É÷ÈĀãÂÖòèîîÂăÜÿÜĆÚÚČĈóãóÈÃ­Ú ÚČĈóãóÈÃ­ÚØöćăÕ­âöÜäõâóÔÿÚøĈîãóÈîãú¬ä­îãæñ ƜƖ-Ɯƙ Ì÷ćÈ

http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%9E
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A2%E0%B8%B2%E0%B8%87
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%82%E0%B9%89%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%9C%E0%B8%B6%E0%B9%88%E0%B8%87%E0%B9%81%E0%B8%AB%E0%B9%89%E0%B8%87
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%9E
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B9%81%E0%B8%97%E0%B9%88%E0%B8%87%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%AB%E0%B8%99%E0%B8%B7%E0%B8%94%E0%B8%84%E0%B8%87%E0%B8%97%E0%B8%B5%E0%B9%88
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%82%E0%B9%89%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%94


 ƘƘƛ 

ÚČĈóãóÈëÂõâÅøîë¬èÚØöćÿìæøîÉóÂÂóäÿÌÚÖäõàõèë°ĀãÂÿÚøĈîãóÈë¬èÚĂìÎ¬îîÂăÜĀæ­è ÂĆãòÈâöë¬èÚÃîÈÿÚøĈî
ãóÈîîÂâóÕ­èã Ì÷ćÈÿÜĆÚÿÚøĈîãóÈØöćâöÃÚóÕîÚùáóÅÿæĆÂ ą âöÜäõâóÔÿÚøĈîãóÈîãú¬ä­îãæñ ƙ-Ɯ 

 
 
 

 

 

ÂóäÝëâãóÈÙääâËóÖõÂòÛßîæõÿâîä°ËÚõÕîøćÚ 
          ãóÈÙääâËóÖõÿÜĆÚãóÈØöćâöëâÛòÖõÿÕ¬ÚÕ­óÚÅèóâÿìÚöãèÖõÕÂòÚØöćÕö, ëâÛòÖõÕ­óÚÂóäÃ÷ĈÚäúÜØöćÕö, Åèóâä­îÚ
ëñëâĂÚÃÔñÂóäĂË­ÈóÚÖČćó ÿÜĆÚÖ­Ú ĀÖ¬ÂĆâöëâÛòÖõÛóÈÜäñÂóäØöćÿÜĆÚÃ­îÕ­îã ÕòÈÚòĈÚĂÚÂóäĀÂ­ăÃÃ­îÕ­îãÚòĈÚ 
ëóâóä×ØČóăÕ­āÕãÂóäÿæøîÂÿîóëâÛòÖõØöćÕöÉóÂãóÈëòÈÿÅäóñì°ËÚõÕîøćÚâóØÕĀØÚ ÿË¬Ú ëâÛòÖõÕ­óÚÅèóâØÚØóÚ
Ö¬îÂóäÃòÕ×úÃîÈãóÈÛõèÖóăÕîöÚ (BR), ëâÛòÖõÅèóâØÚØóÚÖ¬îÚČĈóâòÚÃîÈãóÈăÚăÖäæ° (NBR), ëâÛòÖõÅèóâ
ØÚØóÚÖ¬îÅèóâä­îÚĀæñāîāÌÚÃîÈãóÈ EPDM ÿÜĆÚÖ­Ú āÕãÂóäÝëâãóÈÙääâËóÖõÂòÛãóÈëòÈÿÅäóñì°
ÿìæ¬óÚöĈÿÃ­óÕ­èãÂòÚ ĀÖ¬ÂóäØöćÉñÝëâĂì­ÿÃ­óÂòÚăÕ­ÚòĈÚãóÈëòÈÿÅäóñì°ËÚõÕÚòĈÚ ą Ö­îÈăâ¬âöÅèóâÿÜĆÚÃòĈèÿìâøîÚÂòÛ
ãóÈÙääâËóÖõ É÷ÈÉñØČóĂì­ãóÈÝëâäèâÿÃ­óÂòÚÿÜĆÚÿàëÿÕöãèÂòÚăÕ­ÕöÃ÷ĈÚ ÿË¬Ú ãóÈ BR, SBR, EPDM Āæñ NBR 
(ÿÂäÕØöćâöîñÅäõāæăÚăÖäæ°ÖČćó ą) Ì÷ćÈÜòÉÉòãØöćâöÝæāÕãÖäÈÖ¬îëâÛòÖõÃîÈãóÈÝëâØöćăÕ­ÚòĈÚ âöÕòÈÚöĈ   ÅèóâìÚøÕ
ÃîÈãóÈ ãóÈÙääâËóÖõÂ¬îÚØöćÉñØČóÂóäÝëâÖ­îÈØČóÂóäÛÕÿßøćîæÕÅèóâìÚøÕĂÚÖîÚÿäõćâÖ­ÚÂóäÝëâĂì­ÿØ¬óÂòÛ
ãóÈëòÈÿÅäóñì°ìäøîĂÂæ­ÿÅöãÈÌ÷ćÈÉñØČóĂì­ãóÈØòĈÈëîÈÝëâÿÃ­óÂòÚăÕ­ÕöÃ÷ĈÚ 
¶ äñÛÛÂóäèòæÅóăÚÌ°ÃîÈãóÈ äñÛÛØöćĂË­ĂÚÂóäèòæÅóăÚÌ°Ö­îÈâöÅèóâÿìâøîÚìäøîĀÖÂÖ¬óÈÂòÚăâ¬âóÂ
ÚòÂ   ÿßøćîÜ­îÈÂòÚÂóäĀãÂÿàëÃîÈãóÈÝëâÃÔñØöćØČóÂóäÝëâãóÈ 

¶ ÅèóâÿÜĆÚÃòĈèÃîÈãóÈ ĂÚÂäÔöØöćØČóÂóäÝëâãóÈØöćâöÅèóâÿÜĆÚÃòĈèĀÖÂÖ¬óÈÂòÚâóÂ ÅèäßõÉóäÔó×÷È
Åèóâëóâóä×ĂÚÂóäÂäñÉóãÖòèÃîÈëóäÿÅâöĂÚãóÈĀÖ¬æñËÚõÕ āÕãÿÊßóñëóäÖòèÿä¬ÈĀæñëóäÖòèÿÖõâ 
ÿßäóñëóäÿìæ¬óÚöĈâöĀÚèāÚ­âØöćÉñÂäñÉóãÖòèăÕ­ÕöĂÚãóÈØöćâöÅèóâÿÜĆÚÃòĈè Ì÷ćÈîóÉë¬ÈÝæĂì­ãóÈÝëââö
ëâÛòÖõÖČćóæÈÉóÂØöćÅèäÉñÿÜĆÚ ìóÂÂóäÂäñÉóãÖòèÃîÈëóäÿÅâöăâ¬ÕöÿØ¬óØöćÅèä 
ãóÈëòÈÿÅäóñì°ăÕ­âöÂóäÝæõÖâóÚóÚĀæ­è ÖòĈÈĀÖ¬ Å.é. ƗƟƚƖ Ì÷ćÈëóÿìÖùØöćØČóĂì­âöÂóäÝæõÖãóÈëòÈÿÅäóñì°

Ã÷ĈÚĂÚîÕöÖ ÿÚøćîÈÉóÂÂóäÃóÕĀÅæÚãóÈÙääâËóÖõØöćĂË­ĂÚÂóäÝæõÖîóèùÙãùØāÙÜÂäÔ°ĀæñÜòÎìóĂÚÂóäÃÚë¬È
ÉóÂĀìæ¬ÈÝæõÖĂÚË¬èÈëÈÅäóâāæÂÅäòĈÈØöć Ƙ ÉÚ×÷ÈÜòÉÉùÛòÚăÕ­âöÂóäßòÓÚóÂóäÝæõÖãóÈëòÈÿÅäóñì°ÿßøćîĂì­ăÕ­ãóÈ
ØöćâöÅùÔëâÛòÖõÖóâÖ­îÈÂóäĂÚÂóäĂË­ÈóÚØöćëáóèñÖ¬óÈ ą ÿË¬Ú ØöćëáóèñØÚÖ¬îÚČĈóâòÚ ØÚÅèóâä­îÚ ØÚÅèóâ
ÿãĆÚ ÿÜĆÚÖ­Ú ÂóäĂË­ÈóÚãóÈëòÈÿÅäóñì°ÉñĀÛ¬ÈÖóâÂóäĂË­ÈóÚîîÂÿÜĆÚ Ƙ ÜäñÿáØÅøî 
¶ ãóÈëČóìäòÛÈóÚØòćèăÜ (Commodity rubbers) ÿË¬Ú IR (Isoprene Rubber) BR (Butadiene Rubber)  
¶ ãóÈëČóìäòÛÈóÚëáóèñßõÿéê (Specialty rubbers) ÿË¬Ú ÂóäĂË­ÈóÚĂÚëáóèñîóÂóéä­îÚÉòÕ ìÚóèÉòÕ 
ìäøî ëáóèñØöćâöÂóäëòâÝòëÂòÛÚČĈóâòÚ ăÕ­ĀÂ¬ Silicone, Acrylate rubber ÿÜĆÚÖ­Ú 

http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B2%E0%B8%B0%E0%B8%AB%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B2%E0%B8%B0%E0%B8%AB%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B2%E0%B8%B0%E0%B8%AB%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B2%E0%B8%B0%E0%B8%AB%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B8%B1%E0%B8%87%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B2%E0%B8%B0%E0%B8%AB%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%84.%E0%B8%A8._1940
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%98%E0%B8%A3%E0%B8%A3%E0%B8%A1%E0%B8%8A%E0%B8%B2%E0%B8%95%E0%B8%B4
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%87%E0%B8%84%E0%B8%A3%E0%B8%B2%E0%B8%A1%E0%B9%82%E0%B8%A5%E0%B8%81%E0%B8%84%E0%B8%A3%E0%B8%B1%E0%B9%89%E0%B8%87%E0%B8%97%E0%B8%B5%E0%B9%88_2


 ƘƘƜ 

ÂóäÝæõÖãóÈëòÈÿÅäóñì°ÿÜĆÚÉñÝæõÖāÕãÂóäØČóÜÐõÂõäõãóßîæõÿâîăäÿÌËòÚ (polymerization) Ì÷ćÈÂóäßî
æõÿâîăäÿÌËòÚÅøî ÜÐõÂõäõãóÂóäÿÖäöãâßîæõÿâîä° (polymer) ÉóÂâîÚîÿâîä° (monomer) āÕãßîæõÿâîä° ĂÚØöćÚöĈ
Åøî ãóÈëòÈÿÅäóñì°ØöćÖ­îÈÂóäÝæõÖ ĂÚë¬èÚÃîÈâîÚîÿâîä°ÅøîëóäÖòĈÈÖ­ÚĂÚÂóäØČóÜÐõÂõäõãóÚòćÚÿîÈ  

ËÚõÕÃîÈãóÈëòÈÿÅäóñì° 
Ɨ.  ãóÈÛõèăØæ° (Butyl Rubber, IIR) : ãóÈÛõèăØæ°ÿÜĆÚāÅßîæõÿâîä°äñìè¬óÈâîÚîÿâîä°ÃîÈăîāÌßäöÚ 

ĀæñăîāÌÛõèØóæöÚ ÿßøćîØöćÉñäòÂêóëâÛòÖõÿÕ¬ÚÃîÈăîāÌÛõèØóæöÚăè­ ãóÈÛõèăØæ°ÉñâöÜäõâóÔăîāÌßäöÚÿßöãÈ
ÿæĆÂÚ­îã (ÜäñâóÔ Ɩ.ƛ-ƙ āâæÿÜîä°ÿÌÚÖ°) ÿßöãÈÿßøćîĂì­ëóâóä×èòæÅóăÚÌ°Õ­èãÂČóâñ×òÚăÕ­ÿØ¬óÚòĈÚ ÿÚøćîÈÉóÂßîæõ
ăîāÌÛõèØóæöÚăâ¬âößòÚÙñÅú¬Øöćè¬îÈăèÖ¬îÂóäØČóÜÐõÂõäõãó îã¬óÈăäÂĆÖóâÂóäØöćâöÜäõâóÔăîāÌßäöÚÿßöãÈÿæĆÂÚ­îãÚöĈ
ØČóĂì­ÂóäèòæÅóăÚÌ°ãóÈÛõèăØæ°ÿÜĆÚăÜîã¬óÈË­óâóÂ ØČóĂì­ÿÂõÕÜòÎìóĂÚÂóäëùÂä¬èâÂòÛãóÈăâ¬îõćâÖòèîøćÚ ą ãóÈÛõè
ăØæ°âöÚČĈóìÚòÂāâÿæÂùæÿÊæöćãîãú¬ĂÚË¬èÈ ƙƖƖ,ƖƖƖ ×÷È ƛƖƖ,ƖƖƖ âöÅ¬óÅèóâìÚøÕâúÚöć (MLƗ+ƚ ƗƖƖ°C) îãú¬ĂÚË¬èÈ ƚƖ 
×÷È ƝƖ ÂóäÂäñÉóãÃÚóÕāâÿæÂùæÅ¬îÚÃ­óÈÉñÂè­óÈ ØČóĂì­ÂóäĀÜääúÜãóÈÛõèăØæ°ØČóăÕ­È¬óã ãóÈÛõèăØæ°âöëâÛòÖõØöćÕö
ìæóãÜäñÂóä Åøî ØÚÖ¬îÂóäîîÂÌõÿÕËòÚ ØÚÖ¬îāîāÌÚ ØÚÖ¬îÅèóâÕòÚăîÚČĈóăÕ­ëúÈ ĀæñâöÅèóâÿÜĆÚ
ÊÚèÚăàà­óØöćÕö îã¬óÈăäÂĆÖóâ ÿÚøćîÈÉóÂãóÈÛõèăØæ°Üæ¬îãĂì­Â®óÌÌ÷âÝ¬óÚăÕ­ÖČćóâóÂ ØČóĂì­ÖæóÕë¬èÚĂìÎ¬ÃîÈ
ãóÈÛõèăØæ° Åøî ãóÈĂÚä×ãÚÖ°ØùÂÃÚóÕ 

Ƙ.  ãóÈÛõèÖóăÕîöÚ (Butadiene Rubber, BR) ìäøî ãóÈÛõèÚó (Buna Rubber) ÝæõÖÉóÂÜÐõÂõäõãóßîæõ
ÿâîăäÿÌËòÚĀÛÛëóäæñæóã (solution polymerization) Ì÷ćÈâöÂóäÉòÕÿäöãÈÖòèăÕ­ØòĈÈĀÛÛ cis-Ɨ,ƚ ĀÛÛ tran-Ɨ,ƚ 
ĀæñĀÛÛ vinyl-Ɨ,Ƙ āÕããóÈËÚõÕÚöĈÉñâöÚČĈóìÚòÂāâÿæÂùæÿÊæöćãÜäñâóÔ ƘƛƖ,ƖƖƖ-ƙƖƖ,ƖƖƖ âöëâÛòÖõÿÕ¬ÚÕ­óÚ
ÅèóâãøÕìãù¬Ú ÅèóâÖ­óÚØóÚÖ¬îÂóäÃòÕ×ú Åèóâëóâóä×ĂÚÂóäìòÂÈîØöćîùÔìáúâõÖČćó Åèóâä­îÚëñëâĂÚãóÈÖČćó 
ĀæñÿÜĆÚãóÈØöćăâ¬âöÃòĈèÉ÷ÈØÚÖ¬îÚČĈóâòÚìäøîÖòèØČóæñæóãØöćăâ¬âöÃòĈè ãóÈÛõèÖóăÕîöÚë¬èÚĂìÎ¬ĂË­ĂÚîùÖëóìÂääâ
ãóÈæ­î ÿßäóñÿÜĆÚãóÈØöćâöÅèóâÖ­óÚØóÚÖ¬îÂóäÃòÕ×úëúÈ ĀæñâòÂ×úÂÚČóăÜØČóĂë­ĂÚæúÂÂîæ°àĀæñæúÂàùÖÛîæ
ÿÚøćîÈÉóÂâöëâÛòÖõÕ­óÚÂóäÂäñÿÕ­ÈÖòèØöćÕö 

3. ãóÈëăÖäöÚÛõèÖóăÕîöÚ (Styrene-Butadiene Rubber, SBR) : ãóÈëăÖäöÚÛõèÖóăÕîöÚ ìäøîãóÈ 
SBR ÿÜĆÚãóÈëòÈÿÅäóñì°ØöćÿÖäöãâÃ÷ĈÚāÕãÂóäÚČóëăÖäöÚâóāÅßîæõÿâîăäÌ°ÂòÛÛõèÖóăÕîöÚ āÕãèõÙößîæõÿâîăä
ÿÌËòÚĀÛÛîõâòæËòćÚ (emulsion polymerization) āÕãÿäöãÂãóÈØöćăÕ­è¬ó E-SBR ĀæñîóÉĂË­èõÙößîæõÿâîăäÿÌËòÚ
ĀÛÛëóäæñæóã (solution polymerization) ÿäöãÂè¬ó L-SBR āÕãØòćèăÜëòÕë¬èÚÃîÈëăÖäöÚÖ¬îÛõèÖóăÕîöÚîãú¬
ĂÚË¬èÈ Ƙƙ-ƚƖ% 

4. ãóÈÌõæõāÅÚ (Silicone Rubber) : ÿÜĆÚãóÈëòÈÿÅäóñì°ØöćĂË­ÈóÚÿÊßóñîã¬óÈĀæñäóÅóëúÈ ÿÜĆÚăÕ­ØòĈÈ
ëóäîõÚØäöã°ĀæñîÚõÚØäöã°ßä­îâ ą ÂòÚ ÿÚøćîÈÉóÂāâÿæÂùæâöāÅäÈëä­óÈÃîÈëóãāÌ¬ìæòÂÜäñÂîÛÕ­èã ÌõæõÂîÚ 
(Si) ÂòÛîîÂÌõÿÉÚ (O2) Āæñâöìâú¬Ã­óÈÿÅöãÈÿÜĆÚëóäßèÂăïāÕäÅóä°ÛîÚ Ì÷ćÈÖ¬óÈÉóÂßîæõÿâîä°ËÚõÕîøćÚ ą ØČóĂì­
ãóÈÌõæõāÅÚ ØÚØóÚÖ¬îÅèóâä­îÚăÕ­ëúÈ ĀæñãòÈëóâóä×îîÂëúÖäãóÈĂì­ØÚØóÚÅèóâä­îÚăÕ­ëúÈÜäñâóÔ 
ƙƖƖ°C ãóÈÌõæõāÅÚâöË¬îÈè¬óÈäñìè¬óÈāâÿæÂùæØöćëúÈĀæñâöÅèóâØÚØóÚÖ¬îĀäÈÕ÷ÈÖČćó ÿÚøćîÈÉóÂâöĀäÈÕ÷ÈÕúÕ
äñìè¬óÈāâÿæÂùæÖČćóâóÂ 

http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C
http://th.wikipedia.org/w/index.php?title=%E0%B8%A1%E0%B8%AD%E0%B8%99%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C
http://th.wikipedia.org/w/index.php?title=%E0%B8%A1%E0%B8%AD%E0%B8%99%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%84%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%A1%E0%B8%AD%E0%B8%99%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B8%9E%E0%B8%A3%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B8%9A%E0%B8%B4%E0%B8%A7%E0%B8%97%E0%B8%B2%E0%B8%A5%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B8%9A%E0%B8%B4%E0%B8%A7%E0%B8%97%E0%B8%B2%E0%B8%A5%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B8%9E%E0%B8%A3%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B1%E0%B8%A5%E0%B8%84%E0%B8%B2%E0%B9%84%E0%B8%99%E0%B8%8B%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B3%E0%B8%A1%E0%B8%B0%E0%B8%96%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B8%9A%E0%B8%B4%E0%B8%A7%E0%B8%97%E0%B8%B2%E0%B8%A5%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B8%9A%E0%B8%B4%E0%B8%A7%E0%B8%97%E0%B8%B2%E0%B8%A5%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%B1%E0%B8%99%E0%B8%98%E0%B8%B0%E0%B8%84%E0%B8%B9%E0%B9%88
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B8%9E%E0%B8%A3%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B1%E0%B8%A5%E0%B8%84%E0%B8%B2%E0%B9%84%E0%B8%99%E0%B8%8B%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%AB%E0%B8%99%E0%B8%B1%E0%B8%81%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%AB%E0%B8%99%E0%B8%B7%E0%B8%94%E0%B8%A1%E0%B8%B9%E0%B8%99%E0%B8%B5%E0%B9%88&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%88%E0%B8%B2%E0%B8%A2%E0%B8%82%E0%B8%99%E0%B8%B2%E0%B8%94%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%94%E0%B8%8A%E0%B8%B1%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%AD%E0%B9%82%E0%B8%8B%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%AB%E0%B8%99%E0%B8%B1%E0%B8%81%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%AA%E0%B9%84%E0%B8%95%E0%B8%A3%E0%B8%B5%E0%B8%99%E0%B8%9A%E0%B8%B4%E0%B8%A7%E0%B8%95%E0%B8%B2%E0%B9%84%E0%B8%94%E0%B8%AD%E0%B8%B5%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B8%AA%E0%B9%84%E0%B8%95%E0%B8%A3%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%84%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B8%8B%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%9A%E0%B8%B4%E0%B8%A7%E0%B8%95%E0%B8%B2%E0%B9%84%E0%B8%94%E0%B8%AD%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%8A%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B8%AA%E0%B9%84%E0%B8%95%E0%B8%A3%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%9A%E0%B8%B4%E0%B8%A7%E0%B8%95%E0%B8%B2%E0%B9%84%E0%B8%94%E0%B8%AD%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%8B%E0%B8%B4%E0%B8%A5%E0%B8%B4%E0%B9%82%E0%B8%84%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%8B%E0%B8%B4%E0%B8%A5%E0%B8%B4%E0%B8%81%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%AE%E0%B9%82%E0%B8%94%E0%B8%A3%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%8B%E0%B8%B4%E0%B8%A5%E0%B8%B4%E0%B9%82%E0%B8%84%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%8B%E0%B8%B4%E0%B8%A5%E0%B8%B4%E0%B9%82%E0%B8%84%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5
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5.  ãóÈÅæîāäßäöÚ (Chloroprene Rubber, CR) : âöËøćîØóÈÂóäÅ­óè¬ó ãóÈÚöāîßäöÚ (Neoprene 
Rubber) ÿÜĆÚãóÈØöćëòÈÿÅäóñì°ÉóÂâîÚîÿâîä°ÃîÈÅæîāäßäöÚ áóãĂÖ­ëáóèñØöćÿìâóñëâ āâÿæÂùæÃîÈãóÈ CR 
ëóâóä×ÉòÕÿäöãÈÖòèăÕ­îã¬óÈÿÜĆÚäñÿÛöãÛëóâóä×ÖÂÝæ÷ÂăÕ­ÿâøćîÕ÷È âöëâÛòÖõÅæ­óããóÈÙääâËóÖõ ãóÈ CR ÿÜĆÚ
ãóÈØöćâöÃòĈè ÿÚøćîÈÉóÂÜäñÂîÛÕ­èãîñÖîâÃîÈÅæîäöÚ ØČóĂì­ãóÈËÚõÕÚöĈâöëâÛòÖõÕ­óÚÂóäØÚăà, ÅèóâØÚÖ¬î
ëóäÿÅâöĀæñÚČĈóâòÚ Ì÷ćÈÝæõÖáòÔÒ°ãóÈØöćĂË­ÈóÚĂÚæòÂêÔñÕòÈÂæ¬óèăÕ­ĀÂ¬ ãóÈÌöæ, ãóÈëóãßóÚæČóÿæöãÈĂÚÿìâøîÈ
Āä¬ ÿÜĆÚÖ­Ú 
  

2.2.3  ÿë­ÚĂãÙääâËóÖõĀæñÿë­ÚĂãëòÈÿÅäóñì° 
ÿë­ÚĂã (Fibers) Åøî ßîæõÿâîä°ËÚõÕìÚ÷ćÈØöćâöāÅäÈëä­óÈÃîÈāâÿæÂùæëóâóä×ÚČóâóÿÜĆÚÿë­ÚÕ­óã ìäøî

ÿë­ÚĂã ÉČóĀÚÂÖóâæòÂêÔñÂóäÿÂõÕăÕ­ÕòÈÚöĈ 
ÜäñÿáØÃîÈÿë­ÚĂã 
¶ ÿë­ÚĂãÙääâËóÖõ Øöćäú­ÉòÂÂòÚÕöĀæñĂÂæ­Öòè Åøî  
ÿë­ÚĂãÿÌææúāæë ÿË¬Ú æõÚõÚ Üî ÿë­ÚĂãëòÛÜñäÕ 
ÿë­ÚĂãāÜäÖöÚ ÉóÂÃÚëòÖè° ÿË¬Ú ÃÚĀÂñ ÃÚĀßñ 
ÿë­ÚĂãăìâ ÿÜĆÚÿë­ÚĂãÉóÂäòÈăìâ  

¶ ÿë­ÚĂãëòÈÿÅäóñì° âöìæóãËÚõÕØöćĂË­ÂòÚØòćèăÜÅøî  
      ÿÌææúāæëĀîÌöÿÖÕ ÿÜĆÚßîæõÿâîä°ØöćÿÖäöãâăÕ­ÉóÂÂóäĂË­ÿÌææúāæëØČóÜÐõÂõäõãóÂòÛÂäÕîÌõÖõÂ
ÿÃ­âÃ­Ú āÕãâöÂäîÌòæàúäõÂÿÜĆÚÖòèÿä¬ÈÜÐõÂõäõãó ÂóäĂË­ÜäñāãËÚ°ÉóÂÿÌææúāæëîñÌöÿÖÕ ÿË¬Ú ÝæõÖÿÜ­Ú
ÿë­ÚĂãîóä°ĀÚæ 60 ÝæõÖÿÜĆÚĀÝ¬ÚßæóëÖõÂØöćĂË­ØČóĀÝÈëèõÖË°Āæñìù­âëóãăà 
      ăÚæîÚ (Nylon) ÿÜĆÚßîæõÿâîä°ëòÈÿÅäóñì°ÉČóßèÂÿë­ÚĂã ÿäöãÂè¬ó ́ ÿë­ÚĂãßîæõÿîăâÕ°µ âöìæóã
ËÚõÕ ÿË¬Ú ăÚæîÚ 6,6 ăÚæîÚ 6,10 ăÚæîÚ 6 Ì÷ćÈÖòèÿæÃØöćÿÃöãÚÂČóÂòÛìæòÈËøćîÉñĀëÕÈÉČóÚèÚ
Åóä°ÛîÚîñÖîâĂÚâîÚîÿâîä°ÃîÈÿîâöÚĀæñÂäÕÅóä°ÛîÂÌõæõÂ ăÚæîÚÉòÕÿÜĆÚßèÂÿØîä°âî
ßæóëÖõÂ âöÅèóâĀÃĆÈâóÂÂè¬óßîæõÿâîä°ĀÛÛÿÖõâËÚõÕîøćÚ (ÿßäóñâöĀäÈÕ÷ÈÕúÕØöćĀÃĆÈĀäÈÃîÈßòÚÙñ
ÿßÜăØÕ°) ÿÜĆÚëóäØöćÖõÕăàãóÂ (ÿßäóñăÚæîÚâößòÚÙñ C-H ĂÚāâÿæÂùæÚ­îãÂè¬óßîæõÿâîä°ĀÛÛÿÖõâ
ËÚõÕîøćÚ) ăÚæîÚëóâóä×ØÕëîÛāÕãÝëâāÌÕóæóâ (NaOH + Ca(OH)ìäøîÿÝóÉñĂì­Â®óÌ
ĀîâāâÿÚöã 
      ÕóÅäîÚ (Dacron) ÿÜĆÚÿë­ÚĂãëòÈÿÅäóñì°ßèÂßîæõÿîëÿØîä° Ì÷ćÈÿäöãÂîöÂËøćîìÚ÷ćÈè¬ó Mylar âö
ÜäñāãËÚ°ØČóÿë­ÚĂãØČóÿËøîÂ Āæñàõæ°â 
      Orlon ÿÜĆÚÿë­ÚĂãëòÈÿÅäóñì° ØöćÿÖäöãâăÕ­ÉóÂ Polycrylonitrile  

  
 

http://th.wikipedia.org/w/index.php?title=%E0%B8%A1%E0%B8%AD%E0%B8%99%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A5%E0%B8%AD%E0%B9%82%E0%B8%A3%E0%B8%9E%E0%B8%A3%E0%B8%B5%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B2%E0%B8%87%E0%B8%98%E0%B8%A3%E0%B8%A3%E0%B8%A1%E0%B8%8A%E0%B8%B2%E0%B8%95%E0%B8%B4
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A5%E0%B8%AD%E0%B8%A3%E0%B8%B5%E0%B8%99
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2.2.4  ÝæÂäñØÛÃîÈÂóäĂË­ßîæõÿâîä°  
ÜòÉÉùÛòÚâöÂóäĂË­ÝæõÖáòÔÒ°ÉóÂßîæõÿâîä°îã¬óÈâóÂâóã  ØòĈÈĂÚÕ­óÚãóÚãÚÖ°  ÂóäÂ¬îëä­óÈ  ÿÅäøćîÈĂË­  

ÿàîä°ÚõÿÉîä°  ÃîÈÿæ¬Ú  äèâØòĈÈèÈÂóäĀßØã°  ĀæñãòÈâöĀÚèāÚ­âØöćĂË­ÝæõÖáòÔÒ°ÉóÂßîæõÿâîä°âóÂãõćÈÃ÷ĈÚ   
ÿÚøćîÈÉóÂèòëÕù ëõćÈÃîÈÿÅäøćîÈĂË­Ö¬óÈą  ØöćÝæõÖÉóÂßîæõÿâîä°ăâ¬è¬óÉñÿÜĆÚßæóëÖõÂ  ãóÈ  ìäøîÿë­ÚĂã  ÿâøćîĂË­
Āæ­èâòÂÉñëæóãÖòèãóÂ  ãòÈÿÂõÕëõćÈÖÂÅ­óÈâóÂÃ÷ĈÚÿäøćîãą  ĀæñëóäÖòĈÈÖ­ÚÃîÈßîæõÿâîä°ë¬èÚĂìÎ¬ÿÜĆÚ
ëóäÜäñÂîÛăïāÕäÅóä°ÛîÚ        Ì÷ćÈÿâøćîØČóÜÐõÂõäõãóÂòÛîîÂÌõÿÉÚĀæñăÚāÖäÿÉÚăÕîîÂăÌÕ°  ÿÂõÕÿÜĆÚ
ëóäÜäñÂîÛÿÜîä°îîÂÌöĀîÌõÖõæăÚÿÖäÖ (PAN)  Ì÷ćÈÿÜĆÚßõêØČóĂì­ÿÂõÕÂóääñÅóãÿÅøîÈÖó  ĀæñäñÛÛØóÈÿÕõÚ
ìóãĂÉ  ĀæñãòÈØČóĂì­ăïāÕäÿÉÚĂÚËòĈÚÛääãóÂóéæÕæÈÕ­èã ÉñÿìĆÚăÕ­è¬ó  ÝæõÖáòÔÒ°ßîæõÿâîä°Āâ­Éñâö
ÜäñāãËÚ°âóÂâóã  ĀÖ¬Â¬îĂì­ÿÂõÕâæáóèñØóÈëõćÈĀèÕæ­îâăÕ­âóÂâóãÿË¬ÚÂòÚ  ØòĈÈîóÂóé  ØóÈÚČĈó  ØóÈÕõÚ  
ëäùÜăÕ­ÕòÈÚöĈ     

Ɨ.  āäÈÈóÚîùÖëóìÂääâØöćÝæõÖÝæõÖáòÔÒ°ßîæõÿâîä°Ö¬óÈą  âöÂóäÿÝóăìâ­ÿËøĈîÿßæõÈ  ÿÂõÕìâîÂÅèòÚ
ĀæñÂ®óÌÅóä°ÛîÚăÕîîÂăÌÕ°Ì÷ćÈÿÜĆÚÂ®óÌßõê  ÚîÂÉóÂÚöĈăïāÕäÅóä°ÛîÚ  ãòÈØČóĂì­ÿÂõÕëóäÜäñÂîÛîîÂÌöĀî
èõÖõæăÚÿÖäÖ  Ì÷ćÈÿÜĆÚßõêÂäñÉóãăÜĂÚîóÂóé  ØČóĂì­ëòÕë¬èÚÃîÈîóÂóéÿÜæöćãÚĀÜæÈăÜ  ĀæñîùÔìáúâõÃîÈ
îóÂóéÿÜæöćãÚĀÜæÈăÜÕ­èã   ÚîÂÉóÂÿÂõÕâæáóèñØóÈîóÂóéĀæ­è  ĂÚÂäñÛèÚÂóäÝæõÖÃîÈāäÈÈóÚ
îùÖëóìÂääâ  âòÂÜæ¬îãëóäßõêæÈëú¬Āìæ¬ÈÚČĈó  ÿË¬Ú  îùÖëóìÂääâßæóëÖõÂÜæ¬îãëóäßöÌöÛö (PCB-
polychlorinated  biphenyls)  Ì÷ćÈØČóĂì­ÿÂõÕÝâä¬èÈ  ÝõèìÚòÈßùßîÈ  î¬îÚÿßæöã  ĀæñëóäÿÅâöÛóÈîã¬óÈæñæóãæÈ
ÚČĈó  ØČóĂì­âöëâÛòÖõÿÜĆÚÂäÕ  ÜäõâóÔîîÂÌõÿÉÚæÕæÈ  ÿÜĆÚîòÚÖäóãÂòÛëõćÈâöËöèõÖĂÚÚČĈó   
 Ƙ.  ÂóäĂË­ÝæõÖáòÔÒ°ßîæõÿâîä°ÃîÈÝú­ÛäõāáÅ  ÿÜĆÚØöćØäóÛĀæ­èè¬óÝæõÖáòÔÒ°ßîæõÿâîä°ë¬èÚĂìÎ¬ 
ëæóãÖòèîãóÂ  âöÂóäÚČóâóĂË­âóÂÃ÷ĈÚØùÂèòÚ  ØČóĂì­ØöÌóÂÿéêÝæõÖáòÔÒ°âóÂãõćÈÃòĈÚ  ÿÂõÕÉóÂÂóäØòÛ×â  
ìâòÂìââÛÚÕõÚ  ÿÂõÕÂæõćÚÂ®óÌàù­ÈÂäñÉóã  ÿßõćââæáóèñĂÚîóÂóé  ßøĈÚØöćÕõÚ×úÂĂË­ăÜĂÚÂóäÉòÕÿÂĆÛØõĈÈÌóÂ
ÝæõÖáòÔÒ°âóÂÃ÷ĈÚ  ØČóĂì­ßøĈÚØöćëČóìäòÛĂË­ëîãæÕæÈ ĀæñÕõÚăâ¬ÿìâóñÖ¬îÂóäĂË­ÜäñāãËÚ°ÿÜĆÚâæáóñØóÈÕõÚ
âóÂÃ÷ĈÚ  ÚîÂÉóÂÚöĈÌóÂÝæõÖáòÔÒ°  ÛóÈë¬èÚ×úÂØõĈÈæÈĂÚĀìæ¬ÈÚČĈó  ÚîÂÉóÂØČóĂì­ÚČĈóÿëöãÿßõćââæáóèñØóÈÚČĈó
Āæ­è  ãòÈØòÛ×âÜõÕÂòĈÚÂóäăìæÃîÈÚČĈó  ØČóĂì­Âóäăìæ×¬óãÿØÃîÈÚČĈóăâ¬ëñÕèÂ  îóÉØČóĂì­ÚČĈóØ¬èâăÕ­ 
         ÝæõÖáòÔÒ° ØöćÝæõÖÉóÂßîæõÿâîä°ë¬èÚĂìÎ¬ÿÜĆÚßæóëÖõÂ   ìæòÈÉóÂĂË­ÈóÚßæóëÖõÂÿìæ¬óÚöĈăÜ
Ë¬èÈÿèæóìÚ÷ćÈ âòÂ×úÂØõĈÈÿÜĆÚÃãñßæóëÖõÂ Ì÷ćÈë¬èÚìÚ÷ćÈ×úÂÚČóÂæòÛâóĂË­îöÂ ĂÚæòÂêÔñÖ¬óÈą ÂòÚ ĀæñîöÂ
ë¬èÚìÚ÷ćÈ×úÂÚČóăÜÂČóÉòÕØõĈÈāÕãèõÙöÂóäÖ¬óÈą ÂóäÚČóÃãñßæóëÖõÂăÜÂČóÉòÕØõĈÈāÕãÂóäÞòÈÂæÛÿÜĆÚèõÙöØöćëñÕèÂ
ĀÖ¬âöÝæÿëöãÖ¬îëõćÈĀèÕæ­îâ ØòĈÈÚöĈÿßäóñāÕãÙääâËóÖõßæóëÖõÂÉñ×úÂã¬îãëæóã ÿßäóñāÕãÙääâËóÖõßæóëÖõÂ
Éñ×úÂã¬îãëæóãăÕ­ãóÂ É÷ÈØòÛ×âîãú¬ĂÚÕõÚ  ĀæñÚòÛèòÚãõćÈâöÜäõâóÔâóÂÃ÷ĈÚÖóâÜäõâóÔÂóäĂË­ßæóëÖõÂë¬èÚ
ÂóäÿÝóÃãñßæóëÖõÂÂĆÂ¬îĂì­ÿÂõÕâæßõêĀæñÿÜĆÚîòÚÖäóãîã¬óÈâóÂ èõÙöÂóäĀÂ­ÜòÎìóÃãñßæóëÖõÂØöćăÕ­ÝæÕö
ØöćëùÕÅøî ÂóäÚČóÃãñßæóëÖõÂÂæòÛâóĂË­ÜäñāãËÚ°Ăìâ¬ ÂóäÚČóÃãñßæóëÖõÂĂË­Āæ­èÂæòÛâóĂË­ÜäñāãËÚ°Ăìâ¬
âöìæóãèõÙö  ÕòÈÚöĈ 
  



 ƘƘƟ 

1. ÂóäÚČóÂæòÛâóĂË­ÌČĈó 
           ÝæõÖáòÔÒ°ßæóëÖõÂØöćĂË­Āæ­è  ÿË¬Ú  ëóâóä×ÚČóÂæòÛâóØČóÅèóâëñîóÕÿßøćîĂË­ÌČĈóăÕ­ìæóãÅäòĈÈĀÖ¬
áóËÚñÿìæ¬óÚòĈÚÉñÿëøćîâÅùÔáóßæÈ  ĀæñÅèóâëèãÈóâæÕæÈÖóâæČóÕòÛÚîÂÉóÂÚöĈãòÈÖ­îÈÅČóÚ÷È×÷ÈÅèóâ
ëñîóÕĀæñÅèóâÜæîÕáòãÕ­èã 

2.  ÂóäìæîâÃ÷ĈÚäúÜÝæõÖáòÔÒ°Ăìâ¬  
                ÂóäÚČóÃãñßæóëÖõÂÂæòÛâóĂË­Ăìâ¬  āÕãèõÙöÃ÷ĈÚäúÜÿÜĆÚÝæõÖáòÔÒ°Ăìâ¬  ÿÜĆÚèõÙöØöćÚõãâÂòÚâóÂ  ĀÖ¬
ÿâøćîÿØöãÛÂòÛÜäõâóÔÃîÈÃãñßæóëÖõÂØòĈÈìâÕÂĆãòÈÿÜĆÚÿßöãÈë¬èÚÚ­îã  ÂóäÚČóßæóëÖõÂĂË­Āæ­èâóìæîâÃ÷ĈÚ
äúÜĂìâ¬ÿË¬ÚÚöĈ  ëóâóä×ØČóăÕ­ÉČóÂòÕÿßöãÈăâ¬ÂöćÅäòĈÈ  ØòĈÈÚöĈÿßäóñßæóëÖõÂÕòÈÂæ¬óèÉñâöÅùÔáóßæÕæÈÖóâæČóÕòÛ 
ĀæñÖ­îÈÝëâÂòÛßæóëÖõÂĂìâ¬ĂÚîòÖäóë¬èÚØöćÿìâóñëâØùÂÅäòĈÈ  îöÂØòĈÈÅùÔáóßÃîÈÝæõÖáòÔÒ°ØöćăÕ­ÉóÂ
ßæóëÖõÂØöćÚČóÂæòÛâóĂË­Ăìâ¬ÉñÖČćóÂè¬óÝæõÖáòÔÒ°ØöćăÕ­ÉóÂßæóëÖõÂĂìâ¬ØòĈÈìâÕ  
 ƙ.  ÂóäÿÜæöćãÚÿÜĆÚÝæõÖáòÔÒ°ÃîÈÿìæèĀæñÂ®óÌ  
            ÂóäÿÜæöćãÚÃãñßæóëÖõÂÿÜĆÚÝæõÖáòÔÒ°ÃîÈÿìæèĀæñÂ®óÌÿÜĆÚèõÙöÂóäØöćØČóĂì­ăÕ­ëóäăïāÕäÅóä°ÛîÚØöć
ÿÜĆÚÃãñÿìæèĀæñÂ®óÌ  ìäøîÿÜĆÚëóäÝëâăïāÕäÅóä°ÛîÚìæóãËÚõÕ  Ì÷ćÈîóÉĂË­ÿÜĆÚÿËøĈîÿßæõÈāÕãÖäÈ ìäøî
ÂæòćÚĀãÂÿÜĆÚëóäÛäõëùØÙõċ ÿßøćîĂË­ÿÜĆÚèòÖ×ùÕõÛëČóìäòÛÂóäÝæõÖßæóëÖõÂÿäÌõÚăÕ­ÿË¬ÚÿÕöãèÂòÚÂòÛèòÖ×ùÕõÛØöćăÕ­
ÉóÂ ÜõāÖäÿæöãâ  ÂäñÛèÚÂóäÚöĈÉñăÕ­ßæóëÖõÂÿäÌõÚØöćâöÅùÔáóßëúÈÿË¬ÚÿÕöãèÂòÚ  èõÙöÂóäÿÜæöćãÚÝæõÖáòÔÒ°
ßæóëÖõÂØöćĂË­Āæ­èĂì­ÿÜĆÚÃîÈÿìæèÚöĈÿäöãÂè¬ó æõÅèõĀàÂËòÚ  (Liquefaction)  Ì÷ćÈÿÜĆÚèõÙöăßāäăæÌõëāÕãĂË­
Åèóâä­îÚëúÈ  áóãĂÖ­ÛääãóÂóéăÚāÖäÿÉÚìäøîÂ®óÌÿÊøćîãËÚõÕîøćÚ  ÚîÂÉóÂÃîÈÿìæèĀæ­èãòÈâöÝæõÖáòÔÒ°
Ã­óÈÿÅöãÈÿÜĆÚÂóÂÅóä°ÛîÚÌ÷ćÈÿÜĆÚ ÃîÈĀÃĆÈ ëóâóä×ĂË­ÿÜĆÚÿËøĈîÿßæõÈăÕ­  ëČóìäòÛÂ®óÌØöćÿÂõÕÃ÷ĈÚÉóÂ
ÂäñÛèÚÂóäăßāäăæÌõë  ÅøîÂ®óÌăïāÕäÅóä°ÛîÚ  ëóâóä×ĂË­ÿÜĆÚÿËøĈîÿßæõÈăÕ­ÿË¬ÚÂòÚ  ÚîÂÉóÂÚöĈ  ãòÈîóÉâö
Â®óÌîøćÚą ÿÂõÕÃ÷ĈÚÕ­èã  ÿË¬Ú  Â®óÌăïāÕäÿÉÚÅæîăäÕ° Ì÷ćÈĂË­ÜäñāãËÚ°ĂÚîùÖëóìÂääâÛóÈÜäñÿáØăÕ­  

ƚ.  ÂóäĂË­ÿÜĆÚÿËøĈîÿßæõÈāÕãÖäÈ  
           ßæóëÖõÂÜäñÿáØÿØîä°āâßæóëÖõÂë¬èÚâóÂâöëâÛòÖõÿÜĆÚëóäØöćÖõÕăàĀæñæùÂăìâ­ăÕ­ÕöÉ÷ÈĂË­ÿÜĆÚ
ÿËøĈîÿßæõÈăÕ­āÕãÖäÈ  

5. ÂóäĂË­ÿÜĆÚèòëÕùÜäñÂîÛ  
îóÉÚČóßæóëÖõÂĂË­Āæ­èÝëâÂòÛèòëÕùîã¬óÈîøćÚ ÿßøćîÝæõÖÿÜĆÚÝæõÖáòÔÒ°èòëÕùÜäñÂîÛØöćÿÜĆÚÜäñāãËÚ°

ăÕ­ ÿË¬Ú  ăâ­ÿØöãâ  ìõÚî¬îÚÿØöãâ  ĀÖ¬ÝæõÖáòÔÒ°ÿìæ¬óÚöĈîóÉâöÅùÔáóßăâ¬ëúÈÚòÂ 
 



 ƘƙƖ 

ÂõÉÂääâØ­óãÛØ 
ÂõÉÂääâØöć Ɨ  ÜäñËóÂäâÚùêã°ÂòÛØäòßãóÂäÙääâËóÖõ 
ĀÚèÅõÕìæòÂ           
 ÂóäÿßõćâÃ÷ĈÚÃîÈØäòßãóÂäâÚùêã°  ØČóĂì­ØäòßãóÂäÙääâËóÖõÖ¬óÈą  ×úÂĂË­ăÜâóÂÃ÷ĈÚ  āÕãÿÊßóñßøĈÚØöć
Ü¬óăâ­ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ          
 Ɨ.  ëČóäèÉĀæñîáõÜäóãÂóäÿÜæöćãÚĀÜæÈëáóßĀèÕæ­îâĂÚØ­îÈ×õćÚ     

Ƙ.  ëøÛÅ­ÚÃ­îâúæĀæñÚČóÿëÚîÉČóÚèÚÜäñËóÂäĂÚØ­îÈ×õćÚ 
ÿèæóØČóÂõÉÂääâÜäñâóÔ Ƙ    ËòćèāâÈ 
ëøćîÂóäÿäöãÚäú­           
 Ɨ.  èöÕõØòéÚ° ìäøî CD-ROM  ÿäøćîÈÂóäĂË­ØäòßãóÂäÙääâËóÖõ  ÿË¬Ú  ÿäøćîÈ  ÂóäĂË­ÚČĈóâòÚ   

Ƙ.  áóß×¬óãØ­îÈ×õćÚĂÚîÕöÖÂòÛÜòÉÉùÛòÚ        
ƙ.  Ã­îâúæÜäñËóÂäĀæñÃ­îâúæÂóäĂË­ÚČĈóâòÚØòĈÈĂÚîÕöÖ ĀæñÜòÉÉùÛòÚ 

ĀÚèÂóäÉòÕÂõÉÂääâ          
 Ɨ.  ÅäúÚČóÿÃ­óëú¬ÛØÿäöãÚāÕãĂì­ÚòÂÿäöãÚßõÉóäÔóáóßÂäùÈÿØßâìóÚÅäÛäõÿèÔ×ÚÚÿãóèäóËĂÚ
ÜòÉÉùÛòÚĀæñĂÚîÕöÖÿßøćîÚČóăÜëú¬ÜòÎìóÜäñËóÂäâÚùêã°ÂòÛÂóäĂË­ØäòßãóÂäÙääâËóÖõ  ÿË¬Ú ÿäøćîÈÂóäĂË­ÚČĈóâòÚ 
ÿÜæöćãÚĀÜæÈăÜìäøîăâ¬  îã¬óÈăä        

Ƙ.  ÚòÂÿäöãÚä¬èâÂòÚîáõÜäóãè¬óĀÖÂÖ¬óÈÂòÚîã¬óÈăä  îñăä  ÿÜĆÚëóÿìÖùÃîÈÂóäÿÜæöćãÚĀÜæÈ  āÕãĂË­
Ã­îâúæÂóäĂË­ÚČĈóâòÚĀæñÉČóÚèÚÜäñËóÂäÃîÈÜäñÿØéăØãÜäñÂîÛ    

ƙ.  ÚòÂÿäöãÚËâèöÕõØòéÚ°ÿäøćîÈÂóäĂË­ØäòßãóÂäÙääâËóÖõ  îáõÜäóãĀæñÖîÛÅČó×óâ  ÿßøćîÚČóăÜëú¬Ã­î
ëäùÜè¬ó  ÉČóÚèÚÜäñËóÂäØöćÿßõćâÃ÷ĈÚâöÝæÖ¬îÂóäæÕæÈÃîÈ ØäòßãóÂäÙääâËóÖõ  ÿßäóñâÚùêã°Ö­îÈÂóäĂË­
ØäòßãóÂäÙääâËóÖõ  ÿË¬Ú  ÚČĈóâòÚĂÚÂóäÿÜĆÚÿËøĈîÿßæõÈä×ãÚÖ°ÿßøćîăÜØČóÈóÚ  ìäøîØČóÂõÉÂääâÖ¬óÈą  ðæð 
ÂóäÜäñÿâõÚÝæ           
 ÜäñÿâõÚÝæÉóÂÂóäîáõÜäóã  ÂóäØČóĂÛÛòÚØ÷ÂÂõÉÂääâĀæñÂóäÖîÛÅČó×óâä¬èâÂòÚ 
 



 ƘƙƗ 

ĂÛÛòÚØ÷ÂÂõÉÂääâ 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
ÂõÉÂääâØöć Ƙ  ÃãñÂòÛÅùÔáóßëõćÈĀèÕæ­îâ 
ĀÚèÅèóâÅõÕìæòÂ          
  ÜòÎìóÃãñâúæÞîãÿÜĆÚÜòÎìóëõćÈĀèÕæ­îâØöćâÚùêã°ØùÂÅÚÖ­îÈË¬èãÂòÚÕúĀæäòÂêóëõćÈĀèÕæ­îâ  
ÃãñâúæÞîãâöìæóãÜäñÿáØ  ØòĈÈÜäñÿáØØöćã¬îãëæóãăÕ­ÖóâÙääâËóÖõĀæñã¬îãëæóãăÕ­îãóÂ   äöăÌÿÅõæÿÜĆÚ
ÂóäÚČóÿîóèòëÕùØöćĂË­Āæ­èÂæòÛăÜÿÃ­óÂäñÛèÚÂóäÝæõÖĂìâ¬  ăÕ­èòëÕùĂìâ¬Øöćëóâóä×ÚČóăÜĂË­ÿÜĆÚÜäñāãËÚ°
Ö¬îăÜ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ          
  1.  ëČóäèÉĀæñîáõÜäóãÿÂöćãèÂòÛëóÿìÖùØöćØČóĂì­āäÈÿäöãÚâöÜäõâóÔÃãñâóÂìäøîÚ­îã 
   Ƙ.  èõÿÅäóñì°Ã­îâúæĀæñîáõÜäóãÿÂöćãèÂòÛÿèæóĂÚÂóäã¬îãëæóãĀÖ¬æñËÚõÕ 
    ƙ.  ØČóÂäñÕóêäöăÌÿÅõæÿßøćîæÕÜäõâóÔÃãñĂÚËùâËÚ   
  

ĂÛÛòÚØ÷ÂÂõÉÂääâ 
 

Ëøćî..........................................................................................ËòĈÚ..........................ÿæÃØöć...................... 

èòÚØöć.....................     .ÿÕøîÚ........................................................  Üö ß.é........................... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ÉóÂÂóäëòÈÿÂÖßÛè¬ó.................................................................................................................................. 

................................................................................................................................................................................ 

................................................................................................................................................................................ 

............................................................................................................................................................................... 

................................................................................................................................................................................ 

................................................................................................................................................................................ 

............................................................................................................................................................................... 

................................................................................................................................................................................ 

................................................................................................................................................................................ 

ÜäñËóÂäâÚùêã°ÂòÛÂóäĂË­ÚČĈóâòÚ 

ÿãóèäóËĂÚÜö  ƘƚƟƛ ÿãóèäóËĂÚÜòÉÉùÛòÚ 



 ƘƙƘ 

ÿèæóØČóÂõÉÂääâ           
  4 ËòćèāâÈ        
ëøćîÂóäÿäöãÚäú­           
 Ɨ.  ÂäñÕóêĂË­Āæ­èìäøîìÚòÈëøîßõâß°        

Ƙ.  ÿÅäøćîÈÜòćÚÚČĈóÝæăâ­          
ƙ.  ÖñĀÂÈÖó×öć           
ƚ.  ÂñæñâòÈ           
ƛ.  ëöÝëâîóìóä           
Ɯ.  ĀÜ­ÈâòÚ 

ĀÚèØóÈÂóäÉòÕÂõÉÂääâ           
Ɨ.  ÅäúëÚØÚóÂòÛÚòÂÿäöãÚÿäøćîÈÃãñĂÚËùâËÚØöćÚČóâóØõĈÈĂÚĀÖ¬æñèòÚ  ÿßøćîÚČóëú¬ÜòÎìóÃãñĂÚËùâËÚ 
Ƙ.  ÅäúĂì­ÚòÂÿäöãÚëČóäèÉÃãñĂÚËùâËÚÿÜĆÚÿèæó  Ɨ ëòÜÕóì°  āÕãÿÂĆÛäèâäèâÃ­îâúæ  ÿË¬Ú  ÉČóÚèÚ  

ËÚõÕ  
ƙ. ÚòÂÿäöãÚÚČóÃ­îâúæÿÂöćãèÂòÛÃãñØöćëČóäèÉăÕ­âóÚČóÿëÚîĂÚäúÜÃîÈĀÝÚáúâõ   
ƚ. ÚòÂÿäöãÚèõÿÅäóñì°Ã­îâúæÿÂöćãèÂòÛäñãñÿèæóĂÚÂóäã¬îãëæóãÃãñ  ØöćëČóäèÉăÕ­Āæ­èÖîÛÅČó×óâ Āæñ

îáõÜäóãä¬èâÂòÚ  ÿßøćîÚČóăÜëú¬Ã­îëäùÜè¬ó  Ã́ãñĂÚëõćÈĀèÕæ­îââöìæóãÜäñÿáØ  ØòĈÈØöćã¬îãëæóãăÕ­ÿîÈÖóâ
ÙääâËóÖõĀæñÃãñØöćăâ¬ã¬îãëæóãµ        

ƛ. ÿßøćîëä­óÈÉõÖëČóÚ÷ÂĂì­ÂòÛÚòÂÿäöãÚØČóÂäñÕóêäöăÌÿÅõæāÕãĂì­ÚòÂÿäöãÚé÷ÂêóèõÙöÂóäØČóÂäñÕóêĀæñ
îîÂĀÛÛÂóäØÕæîÈØČóÂäñÕóêäöăÌÿÅõæÿîÈ 



 Ƙƙƙ 

ĂÛÛòÚØ÷ÂÂõÉÂääâ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĂÛÛòÚØ÷ÂÂõÉÂääâ  ĀÝ¬ÚØöć Ɨ 
 

Ëøćî..........................................................................................ËòĈÚ..........................ÿæÃØöć...................... 

èòÚØöć......................ÿÕøîÚ........................................................Üö ß.é........................... 

 

 

 

 

 

 

 

ÛòÚØ÷ÂÝæÂóäëČóäèÉÃãñĂÚÛäõÿèÔËùâËÚ 
  

ÛäõÿèÔØöćëČóäèÉ ÃãñØöćëČóäèÉăÕ­ 

ÛäõÿèÔØöćßòÂ  
ÖæóÕ  
èòÕ  
āäÈÿäöãÚ  
ëèÚëóÙóäÔñ  
îøćÚ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

   ëČóäèÉÃãñĂÚËùâËÚ 



 Ƙƙƚ 

ĂÛÛòÚØ÷ÂÂõÉÂääâ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĂÛÛòÚØ÷ÂÂõÉÂääâ  ĀÝ¬ÚØöć 2 
 

Ëøćî..........................................................................................ËòĈÚ..........................ÿæÃØöć...................... 

èòÚØöć......................ÿÕøîÚ........................................................Üö ß.é........................... 

 

 

 

 

 

 

 
 

 

 

èõÙöØČó 

1. ÊöÂÂäñÕóêÿÜĆÚËõĈÚÿæĆÂą ĀË¬ÚČĈóÉÚÿÜøćîããù¬ã 
 

Ƙ.  ÿØÂäñÕóêæÈĂÚÂñæñâòÈØöćâöÚČĈóÝëâëöîãú¬ 
 

ƙ.  ÚČóÖñĀÂäÈÅ¬îãą ä¬îÚÂäñÕóêĂì­ëâČćóÿëâî 
 

ƚ.  ÚČóÖñĀÂäÈÅ¬îãą ä¬îÚÂäñÕóêăÜÖóÂĀÕÕÉÚĀì­È 
 

ƛ.  Å¬îãą ĀÂñÂäñÕóêäöăÌÿÅõæîîÂ 
 

Ɯ.  ÚČóÂäñÕóêăÜĂË­ÜäñāãËÚ°Ö¬î 
 

 

 

 

 

 

 

 
 

 

  

 

 

 

   ÂäñÕóêäöăÌÿÅõæ 

èòëÕù · îùÜÂäÔ° 
Ɨ. ÖñĀÂäÈ 

Ƙ. ÂñæñâòÈ 

ƙ. ëöÝëâîóìóä 

ƚ. ÂäñÕóêĂË­Āæ­è 

ƛ. .................... 

Ɯ. .................... 

 

 ÖõÕÂäñÕóêäöăÌÿÅõæÃîÈÚòÂÿäöãÚÛäõÿèÔÚöĈ 
 



 Ƙƙƛ 

ĀÛÛÞ÷ÂìòÕØ­óãÛØØöć ƗƖ 
ÿäøćîÈ ÜõāÖäÿæöćãâĀæñßîæõÿâîä° 
ÖîÚØöć Ɨ  ÉÈØČóÿÅäøćîÈìâóã  x   æÈĂÚÃ­îØöć×úÂÖ­îÈ 
Ɨ.   èõÙöÂóäĀãÂÚČĈóâòÚÕõÛîîÂÿÜĆÚë¬èÚą  ÅøîèõÙöÂóäØöćÿäöãÂè¬óîñăä                                           
Â.  ÂóäÂæòćÚăîÚČĈó          
Ã.  ÂóäÂæòćÚæČóÕòÛë¬èÚ          
Å.  ÂóäÂæòćÚĀÛÛÅóÖóæõÖõÂ  ĀÅäÂÂõćÈ        
È.  ÂóäÂæòćÚĀÛÛāßæõÿâîăäÿÌËòćÚ                                                              

Ƙ.  ÂóäÂæòćÚÚČĈóâòÚÕõÛØöć îùÔìáúâõëúÈÉñăÕ­ÝæõÖáòÔÒ°ÉČóßèÂĂÕ      
Â.  ÚČĈóâòÚÕöÿÌæ    
Ã.  ăÃ        
Å.  ÚČĈóâòÚÿÖó    
È.  ãóÈâñÖîã 

ƙ.  ÝæõÖáòÔÒ°ØöćăÕ­ÉóÂÂóäÂæòćÚæČóÕòÛë¬èÚÚČĈóâòÚÕõÛÉñâöâóÂìäøîÚ­îãÃ÷ĈÚîãú¬ÂòÛîñăä    
Â.  ÂäñÛèÚÂóäÂæòćÚ   
Ã.  îùÔìáúâõ       
Å.  Āìæ¬ÈÚČĈóâòÚÕõÛ   
È.  ÂóäÃÚë¬È 

ƚ.  ÂóäÂæòćÚÚČĈóâòÚÕõÛØöćîùÔìáúâõ  ƙƖƖ ďC  ÉñăÕ­ÝæõÖáòÔÒ°îñăä      
Â.  ÚČĈóâòÚÿÖó    
Ã.  ăÃ        
Å.  ÚČĈóâòÚÕöÿÌæ    
È.  ĀÂ®ëÜõāÖäÿæöãâ 

ƛ.  ÝæÂäñØÛÉóÂÂóäĂË­ÜõāÖäÿæöãâë¬èÚĂìÎ¬âöëóÿìÖùâóÉóÂîñăä      
Â.  ÂóäÿßõćâÃîÈÜäñËóÂä   
Ã.  îóÂóéä­îÚ       
Å.  âöäóÅóĀßÈ    
È.  ×úÂØùÂÃ­î 

Ɯ.  Å¬ó  BOD  âóÖäÑóÚÚČĈóØõĈÈÃîÈÂäñØäèÈîùÖëóìÂääââöÅ¬óîãú¬ØöćÿØ¬óĂÕ     
Â.   ƗƖ  mg/l    
Ã.  ƛƖ  mg/l       



 ƘƙƜ 

Å.   ƗƖƖ  mg/l    
È.  ƛƖƖ  mg/l  

Ɲ. Ã­îĂÕÉòÕÿÜĆÚßîæõÿâîä°ÙääâËóÖõ         
Â.  ÖñÂä­ó    
Ã.  ĀÜ­È        
Å.  ÿë­ÚÕ­óã    
È.  Ý­óăÚæîÚ 

ƞ.  ßîæõÿâîä°ĀÛÛĂÕâöÅùÔëâÛòÖõ âöÅèóâìÚóĀÚ¬ÚĀæñÉùÕìæîâÿìæè      
Â.  ĀÛÛÿë­Ú    
Ã. ĀÛÛÂõćÈ       
Å.  ĀÛÛä¬óÈĀì    
È.  ×úÂØùÂÃ­î 

Ɵ.  ÿâæóâöÚØöćĂË­ØČó×­èãËóâ  ÿÜĆÚßîæõÿâîä°ØöćâöäúÜä¬óÈĀÛÛĂÕ       
Â.  ĀÛÛÿë­Ú    
Ã. ĀÛÛÂõćÈ       
Å.  ĀÛÛä¬óÈĀì    
È.  ×úÂØùÂÃ­î 

10.  àõæ°â×¬óãáóß  ÕîÂăâ­ßæóëÖõÂ  ÝæõÖâóÉóÂßæóëÖõÂËÚõÕĂÕ      
Â.  ăÚæîÚ    
Ã.  îößîÂÌö       
Å.  ßîæõÿîëÿØîä°   
È.  ßîæõÿîØõæöÚ 

 
ÖîÚØöć  Ƙ  ÉÈÖîÛÅČó×óâÖ¬îăÜÚöĈ 
  Ɨ.ÉÈîÙõÛóãÂóäÿÂõÕÜõāÖäÿæöãâ ĀæñÂäñÛèÚÂóäÿÂõÕÜõāÖäÿæöãâ 
       Ƙ.ÂóäëČóäèÉØóÈÙäÔöèõØãóÿßøćîìóĀìæ¬ÈÜõāÖäÿæöãâË¬èãĂì­ăÕ­Ã­îâúæĂÚÂóäÅóÕÅñÿÚĂÚÿäøćîÈĂÕ 
 ƙ.ÂóäëČóäèÉØóÈÙäÔöàõëõÂë°ÿßøćîìóĀìæ¬ÈÜõāÖäÿæöãâăÕ­ĀÂ¬ÂóäëČóäèÉĂÚÿäøćîÈĂÕ ĀæñÃ­îâúæØöćăÕ­âö
ÜäñāãËÚ° îã¬óÈăä           
 4. èòÖ×ùÕõÛØöćëČóÅòÎØöćĂË­ëČóìäòÛÂóäÝæõÖßæóëÖõÂ  Åøî ÝæõÖáòÔÒ°ØöćăÕ­ÉóÂîñăä    
 5.  āÅäÈëä­óÈÃîÈßîæõÿâîä°ĀÛ¬ÈîîÂÿÜĆÚÂöćĀÛÛ  îÙõÛóãëâÛòÖõÃîÈĀÖ¬æñĀÛÛâóßîëòÈÿÃÜ 
  



 ƘƙƝ 

ÛØØöć 11 
ëóäÿÅâöÂòÛËöèõÖĀæñëõćÈĀèÕæ­îâ 

ëóäñëČóÅòÎ 
 ËöèõÖÜäñÉČóèòÚÃîÈâÚùêã°ØöćÉñÕČóäÈËöèõÖĂì­âöÅèóâëùÃÚòĈÚ ä¬óÈÂóãÖ­îÈëâÛúäÔ° ĀÃĆÈĀäÈ ëõćÈØöćÉñâó
ÛòÚØîÚÅèóâëùÃÃîÈâÚùêã° ÅøîëóäÿÅâöØöćÿÃ­óëú¬ä¬óÈÂóã É÷ÈÉČóÿÜĆÚÖ­îÈäú­×÷ÈÂóäĂË­ëóäÿÅâö ÝæÂäñØÛÉóÂÂóä
ĂË­ëóäÿÅâö 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãÅèóâëČóÅòÎĀæñÅèóâÉČóÿÜĆÚØöćÖ­îÈĂË­ëóäÿÅâöăÕ­ 
2. îÙõÛóãèõÙöÂóäĂË­ëóäÿÅâöÛóÈËÚõÕăÕ­×úÂÖ­îÈ 
3. îÙõÛóãÝæÂäñØÛØöćÿÂõÕÉóÂÂóäĂË­ëóäÿÅâöăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
ÿäøćîÈØöć Ɨ ÅèóâëČóÅòÎÃîÈëóäÂòÛËöèõÖĀæñëõćÈĀèÕæ­îâ 
ÿäøćîÈØöć Ƙ ÅèóâÉČóÿÜĆÚØöćÖ­îÈĂË­ëóäÿÅâö 
ÿäøćîÈØöć ƙ ÂóäĂË­ëóäÿÅâöØöć×úÂÖ­îÈĀæñÜæîÕáòã 
ÿäøćîÈØöć ƚ ÝæÂäñØÛØöćÿÂõÕÉóÂÂóäĂË­ëóäÿÅâö 



 Ƙƙƞ 

ÿäøćîÈØöć Ɨ  ÅèóâëČóÅòÎÃîÈëóäÂòÛËöèõÖĀæñëõćÈĀèÕæ­îâ 
ëõćÈĀèÕæ­îâ  
Åøî ØùÂëõćÈØùÂîã¬óÈØöćîãú¬äîÛÖòèâÚùêã°ØòĈÈØöćâöËöèõÖĀæñăâ¬âöËöèõÖ äèâØòĈÈØöćÿÜĆÚäúÜÙääâ (ëóâóä×ÉòÛ

Ö­îÈĀæñâîÈÿìĆÚăÕ­) ĀæñÚóâÙääâ (Öòèîã¬óÈÿË¬ÚèòÓÚÙääâĀÛÛĀÝÚ ÜäñÿßÔö ÅèóâÿËøćî) âöîõØÙõßæÿÂöćãè
āãÈ×÷ÈÂòÚ ÿÜĆÚÜòÉÉòãĂÚÂóäÿÂøĈîìÚùÚÌ÷ćÈÂòÚĀæñÂòÚ ÝæÂäñØÛÉóÂÜòÉÉòãìÚ÷ćÈÉñâöë¬èÚÿëäõâëä­óÈìäøîØČóæóã
îöÂë¬èÚìÚ÷ćÈ îã¬óÈìæöÂÿæöćãÈâõăÕ­ ëõćÈĀèÕæ­îâÿÜĆÚèÈÉäĀæñèòÐÉòÂäØöćÿÂöćãèÃ­îÈÂòÚăÜØòĈÈäñÛÛ 

ëõćÈĀèÕæ­îâĀÛ¬ÈîîÂÿÜĆÚæòÂêÔñÂè­óÈ ą ăÕ­ 2 ë¬èÚÅøî  
$   ëõćÈĀèÕæ­îâØöćÿÂõÕÃ÷ĈÚÿîÈÖóâÙääâËóÖõ ÿË¬Ú Ü¬óăâ­ áúÿÃó ÕõÚ ÚČĈó îóÂóé ØäòßãóÂä  
$   ëõćÈĀèÕæ­îâØöćâÚùêã°ëä­óÈÃ÷ĈÚ ÿË¬Ú ËùâËÚÿâøîÈ ëõćÈÂ¬îëä­óÈāÛäóÔë×óÚ éõæÜÂääâ  
          ÃÚÛÙääâÿÚöãâ ÜäñÿßÔö ĀæñèòÓÚÙääâ 
 

âÚùêã°ÂòÛëõćÈĀèÕæ­îâ 
 âÚùêã°âöÅèóâëòâßòÚÙ°ÂòÛëõćÈĀèÕæ­îâîã¬óÈĀÚÛĀÚ¬Ú ĂÚîÕöÖÜòÎìóÿäøćîÈÅèóâëâÕùæÃîÈÙääâËóÖõ
ÖóâäñÛÛÚõÿèéãòÈăâ¬ÿÂõÕÃ÷ĈÚâóÂÚòÂ ØòĈÈÚöĈÿÚøćîÈÉóÂÝú­ÅÚĂÚãùÅÖ­ÚąÚòĈÚâöËöèõÖîãú¬ĂÖ­îõØÙõßæÃîÈÙääâËóÖõ 
ÅèóâÿÜæöćãÚĀÜæÈØóÈÕ­óÚÙääâËóÖõĀæñëáóèñĀèÕæ­îâÿÜĆÚăÜîã¬óÈÅ¬îãÿÜĆÚÅ¬îãăÜ É÷Èîãú¬ĂÚèõëòãØöć
ÙääâËóÖõëóâóä×ÜäòÛÕùæÃîÈÖòèÿîÈăÕ­ ĀÖ¬ÜòÉÉùÛòÚÚöĈÜäóÂÐè¬óăÕ­ÿÂõÕâöÜòÎìóîã¬óÈäùÚĀäÈÕ­óÚëõćÈĀèÕæ­îâ
Ã÷ĈÚĂÚÛóÈë¬èÚÃîÈāæÂĀæñÜòÎìóÕòÈÂæ¬óèÚöĈÂĆâöæòÂêÔñÅæ­óãÅæ÷ÈÂòÚĂÚØùÂÜäñÿØéØòĈÈØöćßòÓÚóĀæ­èĀæñ
ÂČóæòÈßòÓÚó 
     6  ÜòÎìóØóÈÕ­óÚáóèñâæßõêØöćÿÂöćãèÂòÛÚČĈó 
6 ÜòÎìóØäòßãóÂäÙääâËóÖõØöćÿëøćîâëæóãĀæñìâÕëõĈÚăÜîã¬óÈäèÕÿäĆè ÿË¬Ú ÚČĈóâòÚ Āä¬ÙóÖù ßøËëòÖè° ØòĈÈ
ØöćÿÜĆÚîóìóäĀæñÂóäîÚùäòÂê°ăè­ÿßøćîÂóäé÷Âêó 

6 ÜòÎìóØöćÿÂöćãèÂòÛÂóäÖòĈÈ×õćÚÑóÚÃîÈËùâËÚâÚùêã° ÿË¬Ú ÂóäèóÈÝòÈÿâøîÈĀæñËùâËÚăâ¬×úÂÖ­îÈØČóĂì­ÿÂõÕ
ÂóäĀîîòÕãòÕÿãöãÕ ĂË­ØäòßãóÂäÝõÕÜäñÿáØĀæñÿÂõÕÜòÎìóÉóÂÃîÈÿìæøîØõĈÈßèÂÃãñâúæÞîã 
ëëóä  

 ìâóã×÷È ëõćÈØöćâöâèæ Ö­îÈÂóäØöćîãú¬ Āæñëóâóä×ëòâÝòëăÕ­ ìäøîîóÉìâóã×÷ÈëõćÈÖ¬óÈąØöćîãú¬äîÛÖòèÿäó 
âöÖòèÖÚ Ö­îÈÂóäØöćîãú¬ëòâÝòëăÕ­ îóÉâîÈÿìĆÚìäøîâîÈăâ¬ÿìĆÚÂĆăÕ­ ÿË¬Ú îóÂóé ÕõÚ ÚČĈó  ÿÜĆÚÖ­Ú 

ëóä  
 ìâóã×÷È ëëóäØöćØäóÛëâÛòÖõ ìäøîëëóäØöćÉñé÷Âêó ÿÜĆÚëëóäØöćÿÊßóñÿÉóñÉÈ 
 

ëâÛòÖõÃîÈëóä 
 ìâóã×÷È æòÂêÔñÿÊßóñÖòèÃîÈëóä ÿË¬Ú ÿÚøĈîëóä ëö ÂæõćÚ äë ÂóäÚČóăàà­ó ÂóäæñæóãÚČĈó ÉùÕÿÕøîÕ 
ÉùÕìæîâÿìæè ÅèóâÿÜĆÚÂäÕ · ÿÛë ÿÜĆÚÖ­Ú 



 ƘƙƟ 

 ëâÛòÖõÃîÈëóäÉČóĀÚÂăÕ­ Ƙ ÜäñÿáØ Åøî  
      ć  ëâÛòÖõØóÈÂóãáóß 
 ëâÛòÖõØóÈÂóãáóßÿÜĆÚëâÛòÖõØöćëòÈÿÂÖăÕ­ÉóÂæòÂêÔñáóãÚîÂìäøîĂË­ÿÅäøćîÈâøîÈ¬óãąĂÚÂóäëòÈÿÂÖ 
Ì÷ćÈÿÜĆÚëâÛòÖõØöćăâ¬ÿÂöćãèÃ­îÈÂòÛÜÐõÂõäõãóÿÅâö ÿË¬Ú ëö ÂæõćÚ äë ë×óÚñ ÉùÕÿÕøîÕ æòÂêÔñäúÜÝæ÷Â Åèóâ
ìÚóĀÚ¬Ú ÂóäÚČóăàà­ó Âóäæñæóã ÉùÕìæîâÿìæè 
      ć  ëâÛòÖõØóÈÿÅâö 
 ëâÛòÖõØóÈÿÅâöÿÜĆÚëâÛòÖõØöćÿÂöćãèÃ­îÈÂòÛāÅäÈëä­óÈáóãĂÚÃîÈëóä ÿÜĆÚëâÛòÖõØöćëòÈÿÂÖăÕ­ÿâøćîâö
ÜÐõÂõäõãóÿÅâöÿÂõÕÃ÷ĈÚ ÿË¬Ú ÅèóâÿÜĆÚÂäÕ · ÿÛë ÂóäÿÂõÕëÚõâ ÅèóâÿÜĆÚāæìñ · îāæìñ ÿÜĆÚÖ­Ú 
 



 ƘƚƖ 

ÿäøćîÈØöć Ƙ  ÅèóâÉČóÿÜĆÚØöćÖ­îÈĂË­ëóäÿÅâö 
 ëóäĂÚËöèõÖÜäñÉČóèòÚ 
 ĂÚËöèõÖÜäñÉČóèòÚ ÿäóÉñÖ­îÈÿÂöćãèÃ­îÈÂòÛëóäìæóãËÚõÕ Ì÷ćÈâöæòÂêÔñĀÖÂÖ¬óÈÂòÚ ëóäØöćĂË­ĂÚ
ËöèõÖÜäñÉČóèòÚÉñâöëóäÿÅâöÿÜĆÚîÈÅ°ÜäñÂîÛ ëóäĀÖ¬æñËÚõÕâöëâÛòÖõìæóãÜäñÂóä ĀæñÚČóâóĂË­ÜäñāãËÚ°
ĀÖÂÖ¬óÈÂòÚ ÿäóÖ­îÈÉČóĀÚÂÜäñÿáØÃîÈëóäÿßøćîÅèóâëñÕèÂĂÚÂóäé÷ÂêóĀæñÂóäÚČóăÜĂË­ 
 ÜäñÿáØÃîÈëóäĂÚËöèõÖÜäñÉČóèòÚ 
â    ëóäÜäùÈĀÖ¬Èîóìóä 
 ëóäÜäùÈĀÖ¬Èîóìóä ìâóã×÷È ëóäØöćÿÖõâæÈăÜĂÚîóìóäÿßøćîĂì­ÿÂõÕÅèóâÚ¬óäòÛÜäñØóÚ ëóäÿìæ¬óÚòĈÚ
ÉñăÜÿßõćâëö äë ÂæõćÚÃîÈîóìóä äèâăÜ×÷ÈÂóäĂë¬èõÖóâõÚ Ăë¬ÝÈËúäë Ăë¬ÿÅäøćîÈÿØéÕ­èã ÿË¬Ú 
   æ     ÚČĈóÖóæ Ăì­äëìèóÚ ÿÂæøî ÚČĈóÜæó Ăì­äëÿÅĆâ 
   æ ÚČĈóë­âëóãËú ÚČĈóâñÚóè ÌîëâñÿÃøîÿØé Ăì­äëÿÜäöĈãè 

 
 
Öòèîã¬óÈÃîÈëóäÜäùÈĀÖ¬È 

ÚČĈóë­âëóãËú 
 ÚČĈóë­âëóãËúÿÜĆÚëóäÿÅâöØöćĂË­ÜäùÈîóìóä ØČóĂì­îóìóäâöäëÿÜäöĈãè 
ÚČĈóë­âëóãËúĀØ­  ăÕ­ÉóÂÂóäìâòÂÙòÎßøËìäøîÝæăâ­ âöØòĈÈËÚõÕÂæòćÚĀæñăâ¬ÂæòćÚ 
ÚČĈóë­âëóãËúÿØöãâ ăÕ­ÉóÂÂóäÚČóÂäÕÚČĈóë­ââóÝëâÚČĈóÿßøćîØČóĂì­ÿÉøîÉóÈ 
ÚČĈóë­âëóãËúÜæîâ ØČóâóÉóÂÂäÕÂČóâñ×òÚìäøîÂäÕÿÂæøîÝëâÚČĈóĂì­ÿÉøîÉóÈ É÷Èăâ¬ÅèäÚČóâóĂË­ÜäùÈäëîóìóä
äòÛÜäñØóÚ ÿßäóñÉñÿÜĆÚîòÚÖäóãÖ¬îä¬óÈÂóã ØČóĂì­ÂäñÿßóñÿÜĆÚĀÝæ 
    ÂóäÿæøîÂÌøĈîÚČĈóë­âëóãËú 
  é÷ÂêóÊæóÂËøćîëóâòÎØóÈÂóäÅ­ó ÿÅäøćîÈìâóãÂóäÅ­ó ÿæÃØñÿÛöãÚîóìóä ÿÅäøćîÈìâóãâóÖäÑóÚ
ÂóäÅ­óÝú­ÝæõÖ Ýú­ĀØÚÉČóìÚ¬óã èòÚìâÕîóãù ÜäõâóÔëùØÙõ ëòÈÿÂÖÅèóâĂëăâ¬âöÖñÂîÚ ÃèÕĀæñÞóÃèÕÃîÈ
ÚČĈóë­âëóãËúăâ¬ë÷ÂÂä¬îÚ 
ÝÈËúäë  

âöËøćîØóÈÿÅâöè¬ó āâāÚāÌÿÕöãâÂæúÖóÿâØ (Monosodium glutamate) ìäøî ÿäöãÂã¬îè¬ó MSG. âöÝæ÷Âëö
ÃóèÿÜĆÚĀØ¬ÈÅæ­óãÂäñÕúÂ ÝæõÖÉóÂâòÚëČóÜñìæòÈìäøîÂóÂÚČĈóÖóæ   āÕãØòćèăÜÿËøćîè¬óØČóĂì­îóìóäîä¬îã ãòÈâö
ÝÈËúäëÜæîâèóÈÃóãÖóâØ­îÈÖæóÕ Ì÷ćÈÝÈËúäëÜæîâÉñÿÜĆÚîòÚÖäóãÖ¬îëùÃáóßăÕ­ ÕòÈÚòĈÚ É÷ÈÅèäÿæøîÂÌøĈî
îã¬óÈäñâòÕäñèòÈ 
     ÝÈËúäëÉñâöæòÂêÔñäúÜä¬óÈÕòÈÚöĈ  
             ¶ ÿÜĆÚÝæ÷ÂëöÃóèÅ¬îÚÃ­óÈĂë ăâ¬âöÅèóâèóè 



 ƘƚƗ 

             ¶ ÿÜĆÚĀØ¬Èëöÿìæöćãâ ăâ¬ÿäöãÛ ÜæóÃ­óÈĂÕÃ­óÈìÚ÷ćÈÿæĆÂÅæ­óãäúÜÂäñÛîÈ 
             ¶ ÿÜĆÚĀØ¬Èëöÿìæöćãâ ăâ¬ÿäöãÛ ĀÖ¬ÜæóãØòĈÈëîÈÃ­óÈĂìÎ¬ÅîÕÖäÈÂæóÈÅæ­óãäúÜÂäñÕúÂ 
             ÝÈËúäëâöÅùÔëâÛòÖõæñæóãăÕ­ÕöĂÚÚČĈó ØòĈÈãòÈË¬èãæñæóãăÃâòÚĂì­ÝëâÂæâÂæøÚÂòÛÚČĈó  
   âöäëÿìâøîÚÚČĈóÖ­âÿÚøĈî ëóâóä×ÂäñÖù­ÚÜù¬âÜæóãÜäñëóØāÅÚæõĈÚÂòÛæČóÅî ØČóĂì­äú­ë÷Âîä¬îãÃ÷ĈÚ 
 
â    ëóäØöćĂË­ØČóÅèóâëñîóÕ 
 ëóäØöćĂË­ØČóÅèóâëñîóÕ ìâóã×÷ÈëóäØöćâöÅùÔëâÛòÖõĂÚÂóäËČóäñæ­óÈëõćÈëÂÜäÂ ĂË­ĂÚÂóäÕúĀæäòÂêó
ëáóßÃîÈä¬óÈÂóã ÿëøĈîÝ­ó ÚîÂÉóÂÚòĈÚãòÈË¬èãĂì­ÿÅäøćîÈĂË­ĀæñÿÅäøćîÈëùÃáòÔÒ°îãú¬ĂÚëáóßÕö âöÅèóâîÕØÚ 
   îòÚÖäóãÉóÂÂóäĂË­ëóäØöćĂË­ØČóÅèóâëñîóÕ 
     Č    ÉóÂÂóäĂË­ìäøî Øöćăâ¬×úÂÖ­îÈÝõÕèòÖ×ùÜäñëÈÅ° ÿË¬Ú ÚČóÝÈÌòÂàîÂâóæ­óÈÿÚøĈîìâú 
Č ÉóÂÂóäëòâÝòë ØČóĂì­ÝõèìÚòÈÛäõÿèÔØöćăÕ­äòÛÂóäëòâÝòë ÿÂõÕîóÂóé
ÜèÕĀëÛÜèÕä­îÚ äñÅóã  ÿÅøîÈ ìäøîăìâ­ÿÂäöãâăÕ­ 

Č ÉóÂÂóääòÛÜäñØóÚ ØČóĂì­ÿÂõÕîóÂóäÜèÕä­îÚ áóãĂÚË¬îÈÜóÂ 
ÛäõÿèÔæČóÅî Âæ¬îÈÿëöãÈ ìæîÕîóìóä äñÛÛØóÈÿÕõÚîóìóä ØČóĂì­
ÿÂõÕîóÂóäÚČĈóæóãàúâÜóÂ îóÿÉöãÚ îùÉÉóäñä¬èÈ ×¬óãÿÜĆÚÿæøîÕ Åèóâ
ÕòÚāæìõÖæÕæÈîã¬óÈäèÕÿäĆè ÖòÛĀæñăÖ×úÂØČóæóãĀæñÿëöãËöèõÖăÕ­ĂÚØöćëùÕ 

Č ×­óëúÕÅèòÚëöÃóèÃîÈÂäÕÿÃ­âÃ­ÚÿÃ­óăÜ ÉñØČóĂì­ÿÂõÕîóÂóäëČóæòÂ ăî ĀëÛÉâúÂ îóÉÿÜĆÚĀÝæÿÜøćîãĂÚ
äñÛÛØóÈÿÕõÚìóãĂÉ ØČóæóãÿãøćîÛùāßäÈÉâúÂ ØČóæóãäñÛÛÂóääòÛÂæõćÚ 

Č ìóÂÿÃ­óÖóÉñØČóæóãÿãøćîÛùÖó âöîóÂóäÜèÕä­îÚÛäõÿèÔÕèÈÖó ÚČĈóăìæ ĂÚÂäÔöØöćăÕ­äòÛëóäØöćâöÅèóâ
ÿÃ­âÃ­ÚëúÈ îóÉäùÚĀäÈ×÷ÈÃòĈÚÖóÛîÕăÕ­ 

 
â    ëóäØöćĂË­ÿÜĆÚÿÅäøćîÈëČóîóÈ 
 ÿÅäøćîÈëČóîóÈ ìâóã×÷È èòÖ×ùØöćâù¬Èìâóãÿîóăè­ Øó ×ú ÚèÕ āäã ß¬Ú ìãîÕ Ăë¬ îÛìäøîÂäñØČóÕ­èãèõÙöîøćÚ
ĂÕ Ö¬îë¬èÚìÚ÷ćÈë¬èÚĂÕÃîÈä¬óÈÂóãÿßøćîÅèóâëñîóÕ ÅèóâëèãÈóâ ìäøîë¬ÈÿëäõâĂì­ÿÂõÕÅèóâëèãÈóâÖæîÕ
ØòĈÈÿÅäøćîÈÜäñØõÚÝõèÖ¬óÈąÕ­èã ĀÖ¬ăâ¬äèâ×÷ÈÿÅäøćîÈÜäñÕòÛĀæñÿÅäøćîÈĀÖ¬ÈÖòèÌ÷ćÈÿÜĆÚîùÜÂäÔ°ä¬óÈÂóãáóãÚîÂ 
äèâØòĈÈèòÖ×ùØöćâù¬ÈìâóãĂË­ÿÜĆÚë¬èÚÝëâĂÚÂóäĂÚÂóäÝæõÖÿÅäøćîÈëČóîóÈāÕãÿÊßóñ 
 
 
 
 
 
 



 ƘƚƘ 

     îòÚÖäóãÃîÈÿÅäøćîÈëČóîóÈ 
 ÿÅäøćîÈëČóîóÈîóÉÂ¬îĂì­ÿÂõÕîòÚÖäóãÖ¬îÝú­ĂË­ ë¬èÚĂìÎ¬ÿÂõÕîóÂóäîòÂÿëÛÿÜĆÚÝøćÚĀÕÈ ÿÜĆÚÿâĆÕìäøîÖù¬â
ÅòÚÿÂõÕîóÂóäĀß­Ö¬îÝõèìÚòÈ ÿãøćîÖó ÛóÈËÚõÕØČóĂì­Ýâä¬èÈ ÛóÈËÚõÕØČóĂì­ÿÂõÕîóÂóäîòÂÿëÛäùÚĀäÈ ĀÝæÿÚ¬ó
ÿÜøćîã Â¬îÚÖòÕëõÚĂÉÌøĈîÿÅäøćîÈëČóîóÈ ÅèäÿæøîÂÿÅäøćîÈëČóîóÈØöćÝ¬óÚÂóäÖäèÉäòÛäîÈÉóÂîÈÅ°ÂóäîóìóäĀæñãó 
(îã.) ĀæñØÕëîÛĂË­Â¬îÚè¬óÿìâóñëâÂòÛÖòèÿîÈìäøîăâ¬ ÿÂõÕîóÂóäĀß­ìäøîîòÂÿëÛìäøîăâ¬ 
 
 
 
â    ëóäØöćĂË­ÿÜĆÚãó  
 ëóäØöćĂË­ÿÜĆÚãóìâóã×÷È ëóäìäøîÝæõÖáòÔÒ°ØöćâöèòÖ×ùÜäñëÈÅ°ĂÚÂóäĂË­ÿßøćîĂì­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈ
ØóÈëäöäèõØãóÃîÈä¬óÈÂóã ìäøîØČóĂì­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈÃîÈÃÛèÚÂóäØóÈßãóÙõèõØãóÌ÷ćÈØČóĂì­ÿÂõÕāäÅ 
ØòĈÈÚöĈÿßøćîÂ¬îĂì­ÿÂõÕÜäñāãËÚ°ĀÂ¬Ýú­ăÕ­äòÛãóÚòĈÚ 
 ëóäØöć×úÂÉòÕĂì­ÿÜĆÚãóÅèäâöÜäñāãËÚ°ĂÚÂóäĂË­āÕãâöìæòÂĂìÎ¬ 3 ÜäñÂóä Åøî 
 1. ĂË­ÜäñāãËÚ°ĂÚÂóääòÂêóāäÅĂì­ìóãÃóÕ 
 2. ĂË­ÜäñāãËÚ°ĂÚÂóäÅèÛÅùâāäÅìäøîÛääÿØóîóÂóä 
 3. ĂË­ÜäñāãËÚ°ĂÚÂóäÜ­îÈÂòÚāäÅ 
 ÚîÂÉóÂÚöĈ ãóãòÈâöÜäñāãËÚ°ĂÚÂóäèõÚõÉÊòãāäÅ ÿË¬Ú ÂóäØÕëîÛáóèÂóäÔ°
ÖòĈÈÅääá°āÕãÂóäĂË­ÿîëāÖäÿÉÚ (Estrogens) ĀæñÂóäØÕëîÛÂóäØČóÈóÚÃîÈäñÛÛÅèÛÅùâÂóäìæòćÈïîä°āâÚ
ÃîÈÖ¬îâĂÖ­ëâîÈĀæñÖ¬îâìâèÂăÖāÕãĂË­ãóÅîä°ÖõÌîæ (Cortisol)  

 

Ã­îÅèääñèòÈĂÚÂóäĂË­ 
ãóÿÜĆÚëõćÈØöćĂì­ØòĈÈÅùÔĀæñāØê Âæ¬óèÅøî×­óäú­ÉòÂĂË­ÂĆÉñĂì­ÅùÔÜäñāãËÚ° ĀÖ¬×­óĂË­ăâ¬×úÂÖ­îÈÂĆÉñ

ÂæóãÿÜĆÚāØêìäøîîòÚÖäóãÖ¬îä¬óÈÂóãÉÚ×÷ÈÃòĈÚÿëöãËöèõÖăÕ­ ÂóäĂË­ãóÉ÷ÈÖ­îÈĂË­Õ­èãÅèóâäñâòÕäñèòÈĀæñĂË­
ÿØ¬óØöćÉČóÿÜĆÚÉäõÈą  
 

â    ëóäÿÅâöØöćĂË­ĂÚÂóäÿÂêÖä 
 ëóäÿÅâöØöćĂË­ĂÚÂóäÿÂêÖä ìâóã×÷È ëóäÿÅâöØöćĂË­ÿßøćîâù¬ÈìèòÈÿßõćâÝæØóÈÂóäÿÂêÖäìäøîĂË­ÿßøćîÂČóÉòÕ
ĀâæÈéòÖäúßøË ĀÛ¬ÈÿÜĆÚ Ƙ ÜäñÿáØ Åøî ëóäÿÅâöØöćĂË­ĂÚÂóäÿßõćâÝæÝæõÖ ĀæñëóäÿÅâöØöćĂË­ĂÚÂČóÉòÕĀâæÈéòÖäúßøË 
 
 
 
 



 Ƙƚƙ 

     @    ëóäÿÅâöØöćĂË­ĂÚÂóäÿßõćâÝæÝæõÖ 
 ëóäÿÅâöØöćĂË­ĂÚÂóäÿßõćâÝæÝæõÖ Åøî èòëÕùĂÕÂĆÖóâØöćÿäóĂë¬æÈăÜĂÚÕõÚăâ¬è¬óĂÚØóÈĂÕ āÕãèòëÕùÚòĈÚâö
ÙóÖùîóìóäÉČóÿÜĆÚëČóìäòÛßøË Ì÷ćÈßøËëóâóä×ÚČóăÜĂË­ÜäñāãËÚ°ăÕ­ ÿäóÿäöãÂè¬ó ́Üù̄ ãµ 
 

    @    ëóäÿÅâöØöćĂË­ĂÚÂČóÉòÕĀâæÈéòÖäúßøË 
ëóäÿÅâöØöćĂË­ĂÚÂČóÉòÕĀâæÈéòÖäúßøË ìâóã×÷È ëóäÿÅâöìäøîë¬èÚÝëâÃîÈëóäĂÕą ÂĆÖóâ ØöćĂË­Ü­îÈÂòÚ

ÂČóÉòÕØČóæóãìäøîÃòÛăæ¬éòÖäúßøË 
 

  îòÚÖäóãÃîÈëóäÂČóÉòÕĀâæÈĀæñéòÖäúßøË 
M  ÿÜĆÚîòÚÖäóãÖ¬îÝú­ĂË­ ×­óÝú­ĂË­ÃóÕÅèóâäñâòÕäñèòÈìäøî×­óĂË­ăâ¬×úÂèõÙö 
M  ëõćÈĀèÕæ­îâÿëöãëâÕùæ ×­óëóäÂäñÉóãĂÚîóÂóé ìäøîëñëâÖÂÅ­óÈĂÚÚČĈó ĂÚÕõÚ 
M  ØČóĂì­ä¬óÈÂóãØČóÈóÚÝõÕÜÂÖõ ×­óâöÂóäëñëâëóäÿÅâöĂÚä¬óÈÂóãâóÂÿÂõÚăÜ ĀæñîóÉ×÷ÈÃòĈÚÿëöãËöèõÖăÕ­

  
 
 

 
ÜäñÿáØÃîÈëóäØöćĂË­ĂÚËöèõÖÜäñÉČóèòÚ 

ĀÛ¬ÈÖóâÅùÔëâÛòÖõÅèóâÿÜĆÚÂäÕ · ÿÛë 
ëóäØöćâöÅèóâÿÜĆÚÂäÕ 
 ëóäÜäñÿáØÚöĈâöäëÿÜäöĈãèØČóÜÐõÂõäõãóÿÅâöÂòÛāæìñ ÿË¬Ú ëòÈÂñëöØČóÜÐõÂõäõãóÿÅâöÂòÛìõÚÜúÚ Öòèîã¬óÈ
ëóäÜäñÿáØÚöĈ ăÕ­ĀÂ¬ âñÚóè ÚČĈóë­âëóãËú ÚČĈóîòÕæâ ÚČĈóâñÃóâ ÚČĈóãóæ­óÈì­îÈÚČĈó ÿâøćîëóäØöćâöëâÛòÖõÿÜĆÚÂäÕ
ØÕëîÛÕ­èãÂäñÕóêæõÖâòë  ÂäñÕóêæõÖâòëÉñÿÜæöćãÚÉóÂëöÚČĈóÿÈõÚÿÜĆÚĀÕÈ 
 

ëóäØöćâöëâÛòÖõÿÜĆÚÿÛë 
  ëóäÜäñÿáØÚöĈâöäëÞóÕ ÿâøćîÚČóâó×úÂòÛÞ¬óâøîÉñäú­ë÷ÂæøćÚâøî ØČóÜÐõÂõäõãóÂòÛăÃâòÚ ìäøîÚČĈóâòÚßøË ìäøî
ÚČĈóâòÚëòÖè° ÉñăÕ­ëóäÜäñÿáØëÛú¬ Öòèîã¬óÈëóäÜäñÿáØÚöĈ ÿË¬Ú ÚČĈóÜúÚĂë āÌÕóăà ÝÈàú ÚČĈóÃöĈÿ×­ó ÿâøćîÚČóëóäØöćâö
ëâÛòÖõÿÜĆÚÿÛëØÕëîÛÕ­èãÂäñÕóêæõÖâòë ÂäñÕóêæõÖâòëÉñÿÜæöćãÚÉóÂëöĀÕÈÿÜĆÚëöÚČĈóÿÈõÚ 
ëóäØöćâöÅèóâÿÜĆÚÂæóÈ 
 ëóäÜäñÿáØÚöĈâöëâÛòÖõìæóãÜäñÂóäĀæñÿâøćîÚČóâóØÕëîÛÕ­èãÂäñÕóêæõÖâòëĀæ­è ÂäñÕóêæõÖâòë
Éñăâ¬âöÂóäÿÜæöćãÚĀÜæÈ Öòèîã¬óÈÃîÈëóäÜäñÿáØÚöĈ ÿË¬Ú ÚČĈó ÚČĈóÿÂæøî ÚČĈóÿËøćîâ ÿÜĆÚÖ­Ú  
îõÚÕõÿÅÿÖîä°ëČóìäòÛÂäÕ · ÿÛë 



 Ƙƚƚ 

 îõÚÕõÿÅÿÖîä°ÿÜĆÚëóäØöćĂË­ØÕëîÛÅèóâÿÜĆÚÂäÕ · ÿÛë ÃîÈëóäæñæóãăÕ­ ë¬èÚĂìÎ¬ÿÜĆÚëóäîõÚØäöã° 
âöëâÛòÖõÿÜĆÚÂäÕî¬îÚ Ì÷ćÈâöëöÿÜæöćãÚăÜÿâøćîÅèóâÿÜĆÚÂäÕ · ÿÛë ÃîÈëóäæñæóãÿÜæöćãÚăÜ ìäøîÅ¬ó pH 
(positive potential of the hydrogen ions) ÃîÈëóäæñæóãÿÜæöćãÚăÜ É÷ÈĂË­ÂóäÿÜæöćãÚëöÛîÂÅ¬ó pH ÃîÈ
ëóäæñæóãăÕ­îõÚÕõÿÅÿÖîä°ØöćÅèääú­ÉòÂÅøî ÂäñÕóêæõÖâòë ëóäæñæóã             àöÚîæ°àÙóæöÚ ĀæñãúÚõÿèîä°Ìòæ
îõÚÕõÿÅÿÖîä° (îõÚÕõÿÅÿÖîä°ëÂòÕăÕ­ÉóÂÕîÂăâ­ëöĀÕÈĀæñëöâ¬èÈ ÿË¬Ú ÕîÂîòÎËòÚĀæñÕîÂÖ­îãÖõćÈĂì­ëöâ¬èÈ ÕîÂ
ËÛóÌ­îÚĀæñÕîÂÂäñÿÉöĉãÛĂì­ëöĀÕÈ ÿÜĆÚÖ­Ú) 
 

ÂäñÕóêæõÖâòë 
 ÿÜæöćãÚëöÂäñÕóêæõÖâòëÉóÂÚČĈóÿÈõÚÿÜĆÚĀÕÈ ĀÖ¬ëöĀÕÈăâ¬ÿÜæöćãÚëóäâöÅùÔëâÛòÖõÿÜĆÚÂäÕ 
 ÿÜæöćãÚëöÂäñÕóêæõÖâòëÉóÂĀÕÈ ÿÜĆÚÚČĈóÿÈõÚ ĀÖ¬ëöÚČĈóÿÈõÚăâ¬ÿÜæöćãÚëóäâöÅùÔëâÛòÖõÿÜĆÚÿÛë 
 ÂäñÕóêæõÖâòëØòĈÈëîÈëöăâ¬ÿÜæöćãÚ ëóäâöÅùÔëâÛòÖõÿÜĆÚÂæóÈ  
 
ëóäæñæóãàöÚîæ°àÙóæöÚ 
   !    ëóäæñæóãàöÚîæ°àÙóæöÚ ÿÜæöćãÚëöÿÜĆÚëöËâßú¬â¬èÈ ëóäÚòĈÚâöëâÛòÖõÿÜĆÚÿÛë 
   ! ëóäæñæóãàöÚîæ°àÙóæöÚ Ăëăâ¬âöëöëóäÚòĈÚîóÉÿÜĆÚ ÂäÕìäøîÿÜĆÚÂæóÈÂĆăÕ­ 
 

ãúÚõÿèîä°ÌòæîõÚÕõÿÅÿÖîä° 
 - Å¬ó pH âöÅ¬óÚ­îãÂè¬ó Ɲ ëóäæñæóãÿÜĆÚÂäÕ 
 - Å¬ó pH âöÅ¬óâóÂÂè¬ó Ɲ ëóäæñæóãÿÜĆÚÿÛë 

- Å¬ó pH âöÅ¬óÿØ¬óÂòÛ Ɲ ëóäæñæóãÿÜĆÚÂæóÈ 
 

Ã­îÅèääñèòÈĂÚÂóäĂË­ëóäæñæóãÂäÕ 
ÂäÕÿÜĆÚëóäØöćâößõêÖ¬îâÚùêã°ĀæñëòÖè° ÿßäóñâöåØÙõċĂÚÂóäÂòÕÂä¬îÚ ÕòÈÚòĈÚĂÚÂóäĂË­ëóäØöćâöåØÙõċ

ÿÜĆÚÂäÕĂÚËöèõÖÜäñÉČóèòÚÉñÖ­îÈĂË­îã¬óÈäñâòÕäñèòÈ āÕãÿÊßóñáóËÚñØöćÚČóâóÛääÉùëóäæñæóãØöćâöåØÙõċÿÜĆÚ
ÂäÕ ÿË¬Ú ÚČĈóë­âëóãËú ÚČĈóâñÚóè ÚČĈóâñÃóâÿÜöãÂ ÅèäĂË­áóËÚñØöćÿÜĆÚĀÂ­èìäøîÂäñÿÛøĈîÈÿÅæøîÛ ăâ¬ÅèäĂË­
áóËÚñØöćÿÜĆÚāæìñìäøîßóëÖõÂāÕãÿÕĆÕÃóÕ ë¬èÚëóäæñæóãÂäÕØöćâöÝæÖ¬îëõćÈĀèÕæ­îâÚòĈÚ ÿâøćîÚČóâóæ­óÈßøĈÚ
ìäøîëùÃáòÔÒ°Āæ­èăâ¬ÅèäÜæ¬îãæÈĂÚĀìæ¬ÈÚČĈó ÚîÂÉóÂÚöĈëóäæñæóãÂäÕãòÈØČóæóãßøĈÚÛ­óÚØöćÿÜĆÚìõÚÜúÚ ØČó
Ăì­ßøĈÚÛ­óÚËČóäùÕ ÕòÈÚòĈÚÂóäĂË­ëóäæñæóãÂäÕÉ÷ÈÖ­îÈĂË­Ăì­×úÂèõÙö Āæñî¬óÚÅČóĀÚñÚČóĂì­ÿÃ­óĂÉÂ¬îÚÚČóăÜĂË­ 

 
 
 
 



 Ƙƚƛ 

Ã­îÅèääñèòÈĂÚÂóäĂË­ëóäæñæóãÿÛë 
ëóäæñæóãÿÛëâöåØÙõċĂÚÂóäÂòÕÂä¬îÚ ÿâøćîÿÛëëòâÝòëÂòÛÝõèìÚòÈÉñØČóĂì­ÝõèìÚòÈÿÂõÕÂóäîòÂÿëÛ ÜèÕ

ĀëÛÜèÕä­îÚĀæñæîÂÿÜĆÚÃùã ÕòÈÚòĈÚÅèääñèòÈĂÚÂóäëòâÝòëÂòÛÿÛë āÕãëòÈÿÂÖăÕ­è¬óÿÛëëòâÝòë×úÂë¬èÚĂÕ
ÃîÈä¬óÈÂóãÉñäú­ë÷ÂæøćÚą É÷ÈÅèääöÛæ­óÈîîÂÕ­èãÚČĈóëñîóÕĀæ­èæ­óÈîîÂÕ­èãÚČĈóë­âëóãËúĀæñæ­óÈÕ­èãÚČĈó
ëñîóÕîöÂÅäòĈÈ 

 

ÂóäìóÅ¬ó pH ÃîÈëóäĂÚËöèõÖÜäñÉČóèòÚ 
ëóäæñæóãÂäÕ-ÿÛë ëóâóä×ÿÜæöćãÚëöÂäñÕóêæõÖâòëăÕ­ ÚîÂÉóÂÚöĈãòÈëóâóä×ÿÜæöćãÚëöÃîÈÂäñÕóê

ãúÚõÿèîä°ÌòæîõÚÿÅÿÖîä° ĀæñëöÃîÈëóäØöćăÕ­ÉóÂë¬èÚÖ¬óÈąÃîÈßøË ÿË¬Ú ÕîÂ ĂÛ ÿÜĆÚÖ­ÚëõćÈØöćÚČóâóĂË­ĂÚÂóä
ÖäèÉëîÛÿßøćîÉČóĀÚÂÅèóâÿÜĆÚÂäÕ-ÿÛëÃîÈëóäæñæóãìäøîëóäæñæóãÿÛëăÕ­ ÿäöãÂè¬ó îõÚÕõÿÅÿÖîä° ÂóäØöćÉñ
ÛîÂè¬óëóäæñæóãâöÅèóâÿÜĆÚÂäÕ-ÿÛëâóÂÚ­îãÿØ¬óĂÕĂË­äñÛùÿÜĆÚÅ¬ó pH Ì÷ćÈÂČóìÚÕè¬óëóäØöćâöÅ¬ó pH ØöćÿØ¬óÂòÛ 
Ɲ âöëâÛòÖõÿÜĆÚÂæóÈ Āæñ×­óÅ¬ó pH ÖČćóÂè¬ó Ɲ ÉñÿÜĆÚÂäÕ ãõćÈÅ¬ó pH Ú­îã ãõćÈâöÅèóâÿÜĆÚÂäÕâóÂ ×­óÅ¬ó pH ëúÈ
Âè¬ó Ɲ ÉñÿÜĆÚÿÛë ãõćÈâöÅ¬ó pH âóÂ ãõćÈâöÅèóâÿÜĆÚÿÛëâóÂ 

Öòèîã¬óÈÝæÂóäØÕëîÛëóäæñæóãÛóÈËÚõÕÕ­èãîõÚÕõÿÅÿÖîä°ËÚõÕÖ¬óÈą 
 

ëóäæñæóãÖòèîã¬óÈ ÝæØöćëòÈÿÂÖăÕ­ÿâøćîØÕëîÛ 
 ÂäñÕóêæõÖâòë ÚČĈóÅòĈÚÉóÂ 

ÂñìæČćóÜæöâ¬èÈ 
ÚČĈóÅòĈÚÉóÂ 
ÕîÂîòÎËòÎ 

ÚČĈóÅòĈÚÉóÂ 
ÕîÂÂùìæóÛ 

Ɨ. ÚČĈóâñÚóè 
 
Ƙ. ÚČĈóÝÈÌòÂàîÂ 
 
ƙ. ÚČĈóë­âëóãËú 
 
ƚ. ÚČĈóãóæ­óÈÉóÚ 
 
ƛ. ãóæÕÂäÕ 
 
6. ÝÈàú 
 
Ɲ. ÚČĈóÃöĈÿ×­ó 
 

ÿÜæöćãÚÉóÂëöÚČĈóÿÈõÚ
ÿÜĆÚĀÕÈ 

ÿÜæöćãÚÉóÂëöĀÕÈÿÜĆÚ
ÚČĈóÿÈõÚ 

ÿÜæöćãÚÉóÂëöĀÕÈÿÜĆÚ
ÚČĈóÿÈõÚ 

ÿÜæöćãÚÉóÂëöĀÕÈÿÜĆÚ
ÚČĈóÿÈõÚ 

ÿÜæöćãÚÉóÂëöÚČĈóÿÈõÚ
ÿÜĆÚĀÕÈ 

ÿÜæöćãÚÉóÂëöĀÕÈÿÜĆÚ
ÚČĈóÿÈõÚ 

ÿÜæöćãÚÉóÂëöĀÕÈÿÜĆÚ
ÚČĈóÿÈõÚ 

ÿÜæöćãÚÉóÂëöĀÕÈ 
 

ÿÜæöćãÚÉóÂëöÚČĈóÿÈõÚ 
 
ÿÜæöćãÚÿÜĆÚëöĀÕÈ 

 
ÿÜæöćãÚÿÜĆÚëöÚČĈóÿÈõÚ 

 
ÿÜæöćãÚÿÜĆÚëöÚČĈóÿÈõÚ 

 
ÿÜæöćãÚÉóÂëöÚČĈóÿÈõÚ 

 
ÿÜæöćãÚÉóÂëöÚČĈóÿÈõÚ 

ÿÜĆÚëöÚČĈóÿÈõÚ 
 

ÿÜĆÚëöÚČĈóÿÈõÚ 
 

ÿÜæöćãÚÿÜĆÚëöĀÕÈ 
ÿÜæöćãÚÿÜĆÚëöÚČĈóÿÈõÚ 
ÿÜæöćãÚÿÜĆÚëöÚČĈóÿÈõÚ 
ÿÜĆÚëöÚČĈóÿÈõÚ 

 
ÿÜĆÚëöÚČĈóÿÈõÚ 

ÿÜæöćãÚÉóÂëöĀÕÈ 
 

ÿÜĆÚëöÚČĈóÿÈõÚ 
 

ăâ¬ÿÜæöćãÚ 
 

ÿÜæöćãÚÿÜĆÚëöÚČĈóÿÈõÚ 
 

ÿÜæöćãÚÿÜĆÚëöÚČĈóÿÈõÚ 
 

ÿÜĆÚëöÚČĈóÿÈõÚ 
 

ÿÜĆÚëöÚČĈóÿÈõÚ 

 
 



 ƘƚƜ 

ëöÃîÈãúÚõÿèîä°ÌòæîõÚÕõÿÅÿÖîä° 

ĀÕÈ ĀÕÈ ĀÕÈ ĀÕÈ Ëâßú ë­â ÿìæøîÈ ÿÃöãè ÿÃöãè
ÚČĈóÿÈõÚ 

ÚČĈó
ÿÈõÚ 

ÚČĈó
ÿÈõÚ
â¬èÈ 

â¬èÈ â¬èÈ â¬èÈ â¬èÈ 

Ɩ Ɨ Ƙ ƙ ƚ ƛ Ɯ Ɲ ƞ Ɵ ƗƖ ƗƗ ƗƘ Ɨƙ Ɨƚ 

 
ÂäÕ               ÂæóÈ     ÿÛë 
 pH1  pH3  pH6  pH8             pH10           pH13 
 

 
 

 
 

Öòèîã¬óÈÅ¬ó pH ÃîÈëóäĀæñëöÃîÈãúÚõÿèîä°ÌòæîõÚÕõÿÅÿÖîä°ÖòĈÈĀÖ¬ pH 0-14 



 ƘƚƝ 

ÿäøćîÈØöć ƙ  ÂóäĂË­ëóäĂì­×úÂÖ­îÈĀæñÜæîÕáòã 
 ÿâøćîÚČóëóäÖ¬óÈąâóĂË­ÿäóÖ­îÈé÷ÂêóÃ­îâúæĀæñèõÙöÂóäĂË­ëóäĂì­ÿÃ­óĂÉÂ¬îÚāÕãÜÐõÛòÖõ ÕòÈÚöĈ 

Ɨ. î¬óÚÊæóÂĂì­ÿÃ­óĂÉ Â¬îÚÚČóëóäËÚõÕÚòĈÚăÜĂË­ÜäñāãËÚ° 
Ƙ. ĂË­ëóäîã¬óÈ×úÂÖ­îÈ ÿìâóñëâÖóâèõÙöĀÚñÚČó 
ƙ. ĂË­ëóäĂÚÜäõâóÔÿØ¬óØöćÉČóÿÜĆÚ 
ƚ. ĂË­ëóäìâÕĀæ­èÖ­îÈÂČóÉòÕáóËÚñÛääÉùëóäîã¬óÈÿìâóñëâ 
ëóäÛóÈÜäñÿáØØöćÿäóÚČóâóĂË­ÜäñāãËÚ°ÿÜĆÚëóäîòÚÖäóã ĀæñÿÜĆÚëóäØöćÅÈëáóßîãú¬ăÕ­ÚóÚ ÿË¬Ú 

ëóäÂČóÉòÕéòÖäú ÿâøćîÿÂêÖäÂäÚČóâóÊöÕß¬ÚÝæõÖÝæ ÉñâöëóäßõêÖÂÅ­óÈîãú¬ÂòÛÝæõÖÝæĀæñßøĈÚØöćĂÚÛäõÿèÔØöćĂË­
ëóä Ì÷ćÈâöÝæÖ¬îÅÚ ëòÖè°ĀæñëõćÈĀèÕæ­îâ  

ÕòÈÚòĈÚÂóäÚČóëóäÖ¬óÈąâóĂË­āÕãÿÊßóñëóäØöćâößõê É÷ÈÖ­îÈäú­ÉòÂĂË­îã¬óÈäñâòÕäñèòÈ ÿßøćîăâ¬Ăì­ÿÂõÕ
îòÚÖäóãÖ¬îÖòèÿäóÿîÈ äèâØòĈÈÂ¬îĂì­ÿÂõÕÝæÂäñØÛÖ¬îëõćÈĀèÕæ­îâäîÛÖòèÿäóÕ­èã 

 

 



 Ƙƚƞ 

ÿäøćîÈØöć ƚ  ÝæÂäñØÛØöćÿÂõÕÉóÂÂóäĂË­ëóäÿÅâö 
 

ÃîÈÿëöãÿÜĆÚîòÚÖäóãÖ¬îëõćÈĀèÕæ­îâ  
   ÃîÈÿìæøîØõĈÈÉóÂÂóäîùÜāáÅ ÛäõāáÅ ìäøîëõćÈÃîÈÿëøćîâëáóßÉÚĂË­Âóäăâ¬ăÕ­Āæ­èÖæîÕÉÚÃîÈØöć
âÚùêã°ăâ¬Ö­îÈÂóäÉñĂË­Ö¬îăÜĀæ­è ÿäóäèâÿäöãÂè¬ó "ÃîÈÿëöã" ÃîÈÿëöãÛóÈËÚõÕăâ¬ÿÜĆÚßõêáòãÖ¬îâÚùêã°Āæñ
ëõćÈĀèÕæ­îââóÂÚòÂ ÿË¬Ú ÃîÈÿëöãÉČóßèÂÿéêîóìóä ÿéêÂäñÕóêÉóÂÛ­óÚÿäøîÚØöćßòÂîóéòã ĀÖ¬ÃîÈÿëöãÛóÈËÚõÕ

ÿÜĆÚîòÚÖäóãÖ¬îËöèõÖÃîÈâÚùêã°ĀæñëòÖè° ÖæîÕÉÚëõćÈĀèÕæ­îâîøćÚ ą îã¬óÈ
âóÂ ÉČóÿÜĆÚÖ­îÈÿÂĆÛìäøîÂČóÉòÕØõĈÈăÜāÕãäñâòÕäñèòÈĂì­×úÂìæòÂèõËóÂóä 
îóÉØČóĂì­ÿÂõÕîòÚÖäóãÖ¬îëùÃáóßîÚóâòãÃîÈâÚùêã°ĀæñëõćÈĀèÕæ­îâăÕ­ 
āÕãÿÊßóñîã¬óÈãõćÈÿâøćîâöÂóäÜÚÿÜøĈîÚìäøîëñëâîãú¬ĂÚ "ì¬èÈāÌ¬îóìóä" 
ÉñÿÜĆÚëóÿìÖùìäøîØČóĂì­ÿÂõÕÂóäÿÉĆÛÜ¬èãîã¬óÈÿÊöãÛßæòÚ ìäøîĀÛÛÿäøĈîäòÈ 
Ì÷ćÈÉñØČóĂì­ßõÂóäìäøîÿëöãËöèõÖăÕ­ ÿäóÿäöãÂÃîÈÿëöãÜäñÿáØÚöĈè¬ó "ÃîÈÿëöãØöć
ÿÜĆÚîòÚÖäóã" ĀæñĂÚÛóÈÂäÔöÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãîóÉâöæòÂêÔñÃîÈ
ÅèóâÿÜĆÚîòÚÖäóãìæóãÜäñÿáØäèâÂòÚ   
 
 

ÃîÈÿëöãØöćÿÜĆÚîòÚÖäóã ăÕ­ĀÂ¬ÃîÈÿëöãØöćâöæòÂêÔñÃîÈÅèóâÿÜĆÚ
îòÚÖäóãæòÂêÔñĂÕæòÂêÔñìÚ÷ćÈ ìäøîìæóãæòÂêÔñäèâÂòÚ ÕòÈÖ¬îăÜÚöĈ  

1. ÃîÈÿëöãÿÜĆÚßõê ìäøîÿÉøîÜÚ ìäøîâöë¬èÚÜäñÂîÛÃîÈëóäØöćÿÜĆÚßõê ÿË¬Ú âöë¬èÚÜäñÂîÛÃîÈëóä
ÜäîØ ÖñÂòćè ĀÅÕÿâöãâ ëóäìÚú ëóäãóÇ¬óĀâæÈ ÿÜĆÚÖ­Ú  

2. ÃîÈÿëöãØöćÖõÕăàÈ¬óã ìäøîâöë¬èÚÜäñÂîÛÃîÈëóäØöćÖõÕăàÈ¬óã ìäøîëóäăèăàÌ÷ćÈîóÉØČóĂì­ÿÂõÕăà
ăìâ­ăÕ­ ×­óÿÂĆÛăè­ĂÂæ­ăà ìäøîÿâøćîâöîùÔìáúâõëúÈâóÂ ą  

3. ÃîÈÿëöãØöćâöåØÙõċÿÜĆÚÂäÕìäøîÕ¬óÈÌ÷ćÈëóâóä×ÂòÕÂä¬îÚèòëÕùÖ¬óÈ ą ÖæîÕÉÚÿÚøĈîÿãøćîÃîÈä¬óÈÂóã
âÚùêã°ìäøîëòÖè°  

4. ÃîÈÿëöãØöćÿâøćîØČóÜÐõÂõäõãóÂòÛëóäîøćÚ ÿË¬Ú ÚČĈó ÉñØČóĂì­ÿÂõÕâöÂ®óÌßõê ăîßõê ìäøîÅèòÚßõê ìäøîÃîÈ
ÿëöãØöćÿâøćîăÕ­äòÛÂóäØČóĂì­ä­îÚÃ÷ĈÚĂÚØöćÉČóÂòÕîóÉÿÂõÕÂóääñÿÛõÕăÕ­  

5. ÃîÈÿëöãØöćÿÜĆÚëóäÂòââòÚÖäòÈëö ìäøîâöëóäÂòââòÚÖäòÈëöÿÉøîÜÚîãú¬  
6. ÃîÈÿëöãØöćÿâøćî×úÂÚČĈóËñæ­óÈ ÉñÜæÕÜæ¬îãëóäØöćÿÜĆÚîòÚÖäóãÕòÈÂæ¬óèÃ­óÈÖ­ÚîîÂâóăÕ­  
7. ÃîÈÿëöãØöćâöÿËøĈîāäÅÖõÕÖ¬îÜñÜÚîãú¬  



 ƘƚƟ 

 
ÿÅäøćîÈëČóîóÈĀæñãóØöćìâÕîóãù 

 
ÝæÂäñØÛÃîÈÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãÖ¬îëõćÈĀèÕæ­îâ  
ÂóäÉòÕÂóäÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãāÕãăâ¬äñâòÕäñèòÈ ìäøîăâ¬×úÂÖ­îÈÿìâóñëâÉñÂ¬îĂì­ÿÂõÕÜòÎìó

ßøĈÚÑóÚØöćâöÝæÂäñØÛÖ¬îëùÃáóßÃîÈâÚùêã°ĀæñëõćÈĀèÕæ­îâăÕ­ 4 ÜäñÂóäÅøî 
1. ØČóĂì­ÿÂõÕÅèóâÿëöćãÈÖ¬îÂóäÿÂõÕāäÅâñÿäĆÈ ÂóäëòâÝòëìäøîÿÂöćãèÃ­îÈÂòÛÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãÌ÷ćÈ

ÜäñÂîÛÕ­èãëóäßõêØöćÿÜĆÚëóäÂ¬îâñÿäĆÈ îóÉØČóĂì­ÿÂõÕāäÅâñÿäĆÈăÕ­āÕãÿÊßóñÿâøćîăÕ­äòÛëóäÿìæ¬óÚòĈÚÿÜĆÚ
ÿèæóÖõÕÖ¬îÂòÚÚóÚ ą îóØõ ÂóäìóãĂÉÿîóîóÂóéØöćâöëóäßèÂăÕîîÂÌõÚ ÿÛÚÌõÚ àîä°âóæÕöăïÕ°ÿÃ­óăÜ ìäøî
ÂõÚîóìóäìäøîÚČĈóØöćÜÚÿÜøĈîÚÕ­èãëóäÿÅâößèÂãóÇ¬óĀâæÈ 

2. ØČóĂì­ÿÂõÕÅèóâÿëöćãÈÖ¬îÂóäÿÂõÕāäÅîøćÚ ÂóäØöćăÕ­äòÛëóäÿÅâöìäøîëóäāæìñìÚòÂÛóÈËÚõÕÿÃ­óăÜĂÚ
ä¬óÈÂóã îóÉØČóĂì­ÿÉĆÛÜ¬èãÿÜĆÚāäÅÖ¬óÈ ą ÉÚîóÉ×÷ÈÖóãăÕ­ ÿË¬Ú āäÅØóÈëâîÈìäøîØóÈÜäñëóØ ìäøîāäÅØöć
ØČóĂì­ÿÂõÕÅèóâÝõÕÜÂÖõÃîÈä¬óÈÂóã Öòèîã¬óÈÃîÈāäÅØöćÿÂõÕÉóÂÂóäÉòÕÂóäÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãîã¬óÈăâ¬
×úÂÖ­îÈ ÿË¬Ú āäÅâõÚóâóÖñ Ì÷ćÈÿÂõÕÉóÂëóäÜäîØ āäÅîõăÖ-îõăÖ Ì÷ćÈÿÂõÕÉóÂëóäĀÅÕÿâöãâĀæñāäÅĀß­ßõêëóä
ÖñÂòćè ÿÜĆÚÖ­Ú 

3. ØČóĂì­ÿÂõÕÝæÂäñØÛÖ¬îäñÛÛÚõÿèé ëóäāæìñìÚòÂ ìäøîëóäÿÅâöÖ¬óÈ ą ØöćÿÉøîÜÚîãú¬ĂÚÃîÈÿëöãØöć
ÿÜĆÚîòÚÖäóã ÚîÂÉóÂÉñÿÜĆÚîòÚÖäóãÖ¬îâÚùêã°Āæ­è ãòÈÿÜĆÚîòÚÖäóãÖ¬îëõćÈâöËöèõÖîøćÚ ą ØòĈÈßøËĀæñëòÖè° ØČóĂì­
ÿÉĆÛÜ¬èãĀæñÖóãăÕ­ÿË¬ÚÂòÚ ìäøî×­óăÕ­äòÛëóäÿìæ¬óÚòĈÚĂÚÜäõâóÔăâ¬âóÂßîØöćÉñØČóĂì­ÿÂõÕîóÂóäîã¬óÈ
ÿÊöãÛßæòÚ ÂĆîóÉâöÝæÂäñØÛÖ¬îāÅäÈëä­óÈÃîÈāÅäāâāÌâØČóĂì­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈØóÈßòÚÙùÂääâ 
ÚîÂÉóÂÚöĈÂóäëñëâÃîÈëóäßõêăè­ĂÚßøËìäøîëòÖè°Āæ­è×¬óãØîÕăÜÖóâì¬èÈāÌ¬îóìóä ĂÚØöćëùÕîóÉÿÜĆÚ
îòÚÖäóãÖ¬îâÚùêã°Ì÷ćÈÚČóßøËĀæñëòÖè°ÕòÈÂæ¬óèâóÛäõāáÅ 

4. ØČóĂì­ÿÂõÕÝæÿëöãìóãÖ¬îØäòßã°ëõÚĀæñëòÈÅâ ÿË¬Ú ÿÂõÕăàăìâ­ ÿÂõÕÂóäÂòÕÂä¬îÚÿëöãìóãÃîÈèòëÕù 
ÿÂõÕÅèóâÿëøćîâāØäâÃîÈëõćÈĀèÕæ­îâ Ì÷ćÈÉñë¬ÈÝæØóÈî­îâØČóĂì­ÿÂõÕÜòÎìóØóÈëòÈÅâÕ­èã 
 
 
 



 ƘƛƖ 

 
 
 
 
 
                         ÂóäÿÂõÕÿßæõÈăìâ­āäÈÈóÚÉñØČóĂì­ëóäîòÚÖäóãÖ¬óÈ ą Āßä¬ÂäñÉóãîîÂăÜ 

ÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãÂ¬îĂì­ÿÂõÕîòÚÖäóãÖ¬îâÚùêã°ĀæñëõćÈĀèÕæ­îâăÕ­îã¬óÈăä  
ÃîÈÿëöãØöćÿÜĆÚîòÚÖäóã ìäøîëóäØöćÿÉøîÜÚîãú¬ĂÚÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãîóÉÂ¬îĂì­ÿÂõÕîòÚÖäóãÖ¬î

ëùÃáóßîÚóâòãÃîÈâÚùêã°ĀæñëõćÈĀèÕæ­îâăÕ­ìæóãØóÈ Åøî 
1. āÕãÂóäëòâÝòëāÕãÖäÈ ìóÂÃîÈÿëöãßèÂÂäÕìäøîÕ¬óÈØöćâöÅèóâÿÃ­âÃ­Úăâ¬âóÂìÂäÕ×úÂä¬óÈÂóã 

îóÉØČóĂì­ÝõèìÚòÈÛäõÿèÔØöćëòâÝòëÿÂõÕäñÅóãÿÅøîÈÿÜĆÚÝøćÚ ĀÖ¬×­óâöÅèóâÿÃ­âÃ­ÚâóÂ ą îóÉØČóĂì­ÝõèìÚòÈăìâ­ 
ìäøîÿÚøĈîÿãøćî×úÂØČóæóãÉÚÿÂõÕÛóÕĀÝæßùßîÈ ÚîÂÉóÂÚöĈÂóäĂË­ëóäãóÇ¬óĀâæÈāÕãăâ¬âöîùÜÂäÔ°Ü­îÈÂòÚ ÿË¬Ú 
ìÚ­óÂóÂ Āæñ×ùÈâøî ëóäÕòÈÂæ¬óèîóÉÌ÷âÿÃ­óØóÈÝõèìÚòÈăÕ­ ÂóäÂõÚëóäÿìæ¬óÚöĈÿÃ­óăÜāÕãÖäÈÉñÿÜĆÚîòÚÖäóã
îã¬óÈâóÂ ĀæñØČóĂì­ÿÂõÕîóÂóäîã¬óÈÿÊöãÛßæòÚ ÕòÈÚòĈÚÅèääñâòÕäñèòÈä¬óÈÂóãìäøîîóìóäăâ¬Ăì­ëòâÝòëÂòÛÃîÈ
ÿëöã ăâ¬ÅèäÚČóáóËÚñÛääÉùÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãâóĂË­îöÂ ÿÚøćîÈÉóÂîóÉâöÿéêÃîÈëóäîòÚÖäóãÿìæøîÅ­óÈîãú¬ 

2. āÕãÂóäëñëâîãú¬ĂÚì¬èÈāÌ¬îóìóä ßøËĀæñëòÖè°ÉñÕúÕÌ÷âìäøîÂõÚÿîóëóäîòÚÖäóãÖ¬óÈ ą Øöćâöëñëâ
îãú¬ĂÚÕõÚìäøîĂÚîóìóäÿÃ­óăÜ ëóäÕòÈÂæ¬óèÉñăÜëñëâîãú¬ĂÚë¬èÚÖ¬óÈ ą ÃîÈßøËĀæñëòÖè°ÚòĈÚ ą ÿÚøćîÈÉóÂ
ëóäîòÚÖäóãÿìæ¬óÚöĈëæóãÖòèăÕ­Ë­ó ÕòÈÚòĈÚĂÚä¬óÈÂóãÃîÈßøËĀæñëòÖè°É÷ÈâöÅèóâÿÃ­âÃ­ÚÃîÈëóäÿßõćââóÂÃ÷ĈÚ
ÿÜĆÚæČóÕòÛ ÿâøćîâÚùêã°ÂõÚßøËìäøîëòÖè°ÚòĈÚÂĆÉñăÕ­äòÛëóäîòÚÖäóãÿÃ­óăÜÕ­èã ĀæñÉñăÜëñëâîãú¬ĂÚä¬óÈÂóã
ÃîÈâÚùêã°ÉÚâöÜäõâóÔâóÂĀæñÂ¬îĂì­ÿÂõÕîóÂóäÿÉĆÛÜ¬èãÖ¬óÈ ą îîÂâóĂÚØöćëùÕ 

3. āÕãÂóäÜÚÿÜøĈîÚÖ¬îĀìæ¬ÈÚČĈóØöćĂË­ĂÚÂóäîùÜāáÅĀæñÛäõāáÅ ÂóäÚČóÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãăÜÞòÈ
āÕãăâ¬×úÂèõÙö îóÉØČóĂì­ÿÂõÕÚČĈóÿëöãØöćâöëóäîòÚÖäóãÜÚÿÜøĈîÚ ÚČĈóÿëöãÿìæ¬óÚöĈÉñăìæÌ÷âÝ¬óÚËòĈÚÕõÚæÈăÜãòÈ
Āìæ¬ÈÚČĈóĂÖ­ÕõÚ ÚîÂÉóÂÚöĈÂóäÚČóÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãâóÂîÈØõĈÈăè­ îóÉØČóĂì­ÚČĈóÞÚăìæËñßóÿîóëóä
îòÚÖäóãÖ¬óÈ ą ăÜÜÚÿÜøĈîÚĂÚĀâ¬ÚČĈóæČóÅæîÈ ÕòÈÚòĈÚ ÿâøćîÿäóÚČóÚČĈóĂÖ­ÕõÚìäøîÚČĈóÝõèÕõÚØöćâöÂóäÜÚÿÜøĈîÚÃîÈ
ÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãâóÛäõāáÅìäøîîùÜāáÅ ÿäóÂĆîóÉÉñăÕ­äòÛëóäîòÚÖäóãÖ¬óÈ ą ÿìæ¬óÚòĈÚÿÃ­óăÜÕ­èã 

4. āÕãÂóäÿÉøîÜÚîãú¬ĂÚîóÂóé ÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãÛóÈËÚõÕÉñäñÿìãÜæ¬îãëóäÖ¬óÈ ą îîÂâó 
ìäøîÜæõèàù­ÈÿÜĆÚÞù¬ÚÝëâîãú¬ĂÚîóÂóéØöćÿäóìóãĂÉ ÚîÂÉóÂÚöĈ ÂóäÿÝóÃîÈÿëöãØöćÿÜĆÚîòÚÖäóãāÕãăâ¬âöÂóä
ÅèÛÅùâÜòÎìóîóÂóéîã¬óÈÿÃ­âÈèÕ îóÉØČóĂì­âöëóäîòÚÖäóãÜñÜÚîãú¬ĂÚîóÂóéĂÚäúÜÃîÈăîìäøîÞù¬ÚÃîÈ
ëóäÿÅâöÖ¬óÈ ą 

5. āÕãÂóääñÿÛõÕìäøîăàăìâ­ ÂóäÿÂĆÛÃîÈÿëöãØöćâöæòÂêÔñăèăàìäøîÖõÕăàÈ¬óãĂÚë×óÚØöćÖ¬óÈ ą 
ÉñÖ­îÈâöâóÖäÂóääñâòÕäñèòÈÂóäÖõÕăàìäøîäñÿÛõÕ āÕãÿÊßóñîã¬óÈãõćÈ ìóÂë×óÚØöćØöćÿÂĆÛâöîùÔìáúâõëúÈÿÂõÚ



 ƘƛƗ 

Âè¬óÉùÕèóÛăàÃîÈÃîÈÿëöã ÚîÂÉóÂÚöĈÂóäÚČóÃîÈÿëöãÖ¬óÈËÚõÕÂòÚâóÝëâÂòÚ îóÉâöÜÐõÂõäõãóÿÅâöÖ¬îÂòÚîã¬óÈ
äùÚĀäÈÉÚÿÂõÕäñÿÛõÕÃ÷ĈÚ ØČóîòÚÖäóãÖ¬îËöèõÖĀæñØäòßã°ëõÚăÕ­ 
 
 
 
 
 
 
 
                          ëõÚÅ­óëóäÿÅâöÿâøćî×úÂÿßæõÈăìâ­ÉñÂæóãÿÜĆÚÃîÈÿëöãØöćÿÜĆÚîòÚÖäóã 

ÝæÂäñØÛÃîÈëóäÿÅâöØöćâöÖ¬îëùÃáóß 
ÜòÉÉòãØöćØČóĂì­ëóäÿÅâöâöÝæÖ¬îëùÃáóßÃîÈÅÚ ÉóÂÂóäé÷ÂêóÃîÈ Dr.Helen Marphy Ýú­ÿËöćãèËóÎ

ØóÈÕ­óÚßõêèõØãó ÉóÂāÅäÈÂóä Community IPM ÉóÂ FAO ÜäñÿØéîõÚāÕÚöÿÌöã ßÛè¬óÜòÉÉòãØöćâöÅèóâÿëöćãÈ
ÃîÈëùÃáóßÃîÈÅÚîòÚÕòÛÖ­Ú ą Åøî 

1. ÿÂêÖäÂäĂË­ëóäÿÅâöËÚõÕØöćîÈÅ°Âóä WHO ÉČóĀÚÂăè­ĂÚÂæù¬â 1a Āæñ 1b Åøî Øöćâößõêä­óãĀäÈãõćÈ 
(Extremely toxic) Āæñâößõêä­óãĀäÈâóÂ (Very Highly toxic) ÖóâæČóÕòÛ Ì÷ćÈâöÅèóâÿëöćãÈëúÈØČóĂì­ÿÂõÕÂóä
ÿÉĆÛÜ¬èãĀÂ¬ÿÂêÖäÂä Ì÷ćÈĂË­ëóäßõê āÕãÿÊßóñëóäØòĈÈëîÈÂæù¬â ÕòÈÂæ¬óè  

2. ÂóäÝëâëóäÿÅâöìæóãËÚõÕÊöÕß¬ÚĂÚÅäòĈÈÿÕöãè Ì÷ćÈÿÜĆÚæòÂêÔñØöćØČóĂì­ÿÂõÕÅèóâÿÃ­âÃ­ÚëúÈ ÿÂõÕÂóä
ĀÜäëáóßāÅäÈëä­óÈÃîÈëóäÿÅâö ÿâøćîÿÂõÕÂóäÿÉĆÛÜ¬èãĀßØã°ăâ¬ëóâóä×äòÂêóÅÚăÃ­ăÕ­ÿÚøćîÈÉóÂăâ¬âöãóäòÂêó
āÕãÖäÈ ØČóĂì­ÅÚăÃ­âöāîÂóëÿëöãËöèõÖëúÈ  

3. Åèóâ×öćÃîÈÂóäÊöÕß¬ÚëóäÿÅâö Ì÷ćÈìâóã×÷ÈÉČóÚèÚÅäòĈÈØöćÿÂêÖäÂäÊöÕß¬Ú ÿâøćîÊöÕß¬ÚÛ¬îãāîÂóëØöć
ÉñëòâÝòëëóäÿÅâöÂĆÿÜĆÚăÜÖóâÉČóÚèÚÅäòĈÈØöćÊöÕß¬Ú ØČóĂì­Ýú­ÊöÕß¬ÚăÕ­äòÛëóäÿÅâöĂÚÜäõâóÔØöćâóÂĀæñëñëâ
ĂÚä¬óÈÂóãĀæñÝæÝæõÖ  

4. ÂóäëòâÝòëëóäÿÅâöÃîÈä¬óÈÂóãÝú­ÊöÕß¬Ú ÛäõÿèÔÝõèìÚòÈÿÜĆÚßøĈÚØöć ą âóÂØöćëùÕÃîÈä¬óÈÂóã ìóÂÝú­ÊöÕ
ß¬ÚëóäÿÅâöăâ¬âöÂóäÜ­îÈÂòÚ ìäøîÿëøĈîÝ­óØöćÿÜöãÂëóäÿÅâö ĀæñāÕãÿÊßóñÛäõÿèÔØöćâøîĀæñÃóÃîÈÝú­ÊöÕß¬Ú ØČóĂì­
âöÅèóâÿëöćãÈëúÈ ØòĈÈÚöĈÿßäóñëóäÿÅâöÜ­îÈÂòÚĀæñÂČóÉòÕéòÖäúßøË×úÂÝæõÖâóĂì­ØČóæóãĀâæÈāÕãÂóäØñæùØñæèÈ 
ìäøîÕúÕÌ÷âÿÃ­óØóÈÝõèìÚòÈÃîÈĀâæÈ äèâØòĈÈĂì­ĀâæÈÂõÚĀæ­èÖóã ÕòÈÚòĈÚ ÝõèìÚòÈÃîÈÅÚØöćâöÅèóâî¬îÚÚù¬âÂè¬ó
ÝõèìÚòÈÃîÈĀâæÈÈ¬óãÖ¬îÂóäÕúÕÌ÷âÿÃ­óăÜØóÈÖ¬îâÿìÈøćîÚîÂÿìÚøîÉóÂÂóäëúÕæñîîÈÿÃ­óØóÈÉâúÂāÕãÖäÈ É÷È
ØČóĂì­âöÅèóâÿëöćãÈîòÚÖäóãâóÂÂè¬óĀâæÈâóÂâóã  

5. ßåÖõÂääâÂóäÿÂĆÛëóäÿÅâö ĀæñØČóæóãáóËÚñÛääÉùăâ¬×úÂÖ­îÈ ØČóĂì­îòÚÖäóãÖ¬îÝú­îãú¬îóéòã 
āÕãÿÊßóñÿÕĆÂ ą ĀæñëòÖè°ÿæöĈãÈ 

 



 ƘƛƘ 

ÂõÉÂääâØöć Ɨ 
ÿäøćîÈëóäæñæóãØöćÿÜĆÚÂäÕ · ÿÛë 
ÅČóËöĈĀÉÈ Ɨ. Ăì­Ýú­ÿäöãÚÛòÚØ÷ÂÝæÂóäØÕæîÈÿÊßóñëóäÖòèîã¬óÈØöćÿæøîÂØČóÂóäØÕæîÈ ƛ ËÚõÕ 
 Ƙ. Ăì­ÚòÂÿäöãÚëäùÜÝæÂóäØÕæîÈÉóÂëóäÖòèîã¬óÈØòĈÈìâÕè¬óÿÜĆÚÂäÕìäøîÿÛëÿßäóñÿìÖùĂÕ 
 ƙ. Ăì­ÚòÂÿäöãÚÖîÛÅČó×óâ ÂõÉÂääâ pH ÃîÈëóäĂÚËöèõÖÜäñÉČóèòÚ 

ÖóäóÈÛòÚØ÷ÂÝæ Å¬ó pH 
ÂóäÿÜæöćãÚëöÃîÈÂäñÕóêæõÖâòë 
ëöĀÕÈ ëöÚČĈóÿÈõÚ 

ÚČĈóâñÚóè 
ÚČĈóë­âëóãËú 
ÚČĈóÃöĈÿ×­ó 
ëóäæñæóããóëöàòÚ 
ÚČĈóãóæ­óÈì­îÈÚČĈó 
ÚČĈóëÛú¬ 
ÚČĈóÜäñÜó 
ÚČĈóîòÕæâ(ăâ¬âöëö) 

   

ëäùÜÝæÂóäØÕæîÈÉóÂÂõÉÂääâ 
........................................................................................................................................... 
........................................................................................................................................... 
ÅČó×óâ 

1. ëóäĂÚËöèõÖÜäñÉČóèòÚĀÖ¬æñËÚõÕ âöÅ¬ó pH ÿÜĆÚîã¬óÈăä 
........................................................................................................................................... 
........................................................................................................................................... 

2. âöëóäĂÕÛ­óÈÿÜĆÚÿÛë ëóäĂÕÛ­óÈÿÜĆÚÂäÕ ØäóÛăÕ­îã¬óÈăä 
........................................................................................................................................... 
........................................................................................................................................... 
 ƙ. Ýú­ÿäöãÚâöèõÙöÂóäØÕëîÛÅèóâÿÜĆÚÂäÕ-ÿÛëÃîÈÚČĈóĂÚĀìæ¬ÈÚČĈóÃîÈËùâËÚăÕ­îã¬óÈăä ×­óÖ­îÈÂóä
ØäóÛè¬óĀìæ¬ÈÚČĈóĂÚËùâËÚâöÅèóâÿÜĆÚÂäÕ-ÿÛëÿßöãÈĂÕ Ýú­ÿäöãÚÉñâöèõÙöÂóäØÕëîÛîã¬óÈăä 
........................................................................................................................................... 
........................................................................................................................................... 
. ƚ. Ýú­ÿäöãÚÅõÕè¬óÉóÂÂóäé÷ÂêóÂõÉÂääâÚöĈëóâóä×ÚČóăÜĂË­ĂÚËöèõÖÜäñÉČóèòÚăÕ­îã¬óÈăä 
........................................................................................................................................... 
........................................................................................................................................... 



 Ƙƛƙ 

ÂõÉÂääâØöć Ƙ 
ÿäøćîÈ ÂóäÖäèÉìóāÌÿÕöãâÿâÖóàîëÿàÖĂÚÝÈËúäë 
îùÜÂäÔ° 
 Ɨ. ÝÈËúäë 
 Ƙ. ÚČĈóëñîóÕ 
 3. ĀÂ­è 
 ƚ. ÜúÚÃóè 
 ƛ. ÚČĈóë­âëóãËú 
 6. Ë­îÚ 
 

èõÙöÕČóÿÚõÚÂõÉÂääâ 
ÃòĈÚÿÖäöãâÚČĈóÜúÚÃóèÝëâÂäÕÚČĈóë­â 
èõÙöØČóÚČĈóãóÜúÚÃóèÝëâÂäÕÚČĈóë­â  ĂË­ÜúÚÃóèÜäñâóÔÅä÷ćÈË­îÚËó æñæóãĂÚÚČĈóë­âëóãËúÜäñâóÔ 

7 Ë­îÚāÖ®ñ ÅÚĂì­ØòćèÜäñâóÔ Ƙ-ƙ ÚóØö Āæ­èØõĈÈăè­Ăì­ÖñÂîÚÚîÚÂ­ÚäõÚÿîóÚČĈóãóĂëÃ­óÈÛÚîîÂâóĂË­ ÚČĈóãó
ĂëÚöĈÅøî "ÚČĈóÜúÚÃóèÝëâÂäÕÚČĈóë­â" 
 ÃòĈÚÖîÚÂóäØÕæîÈ 

1. ÚČóÝÈËúäëØöćëÈëòãÜäñâóÔ 1 Ë­îÚËó æñæóãĂÚÚČĈóëñîóÕÜäñâóÔÅä÷ćÈĀÂ­è 
 2. Ăë¬ "ÚČĈóÜúÚÃóèÝëâÂäÕÚČĈóë­âò æÈăÜÜäñâóÔ 1 Ë­îÚËó 
 (×­óÿÜĆÚÝÈËúäëĀØ­Éñăâ¬âöÖñÂîÚÿÂõÕÃ÷ĈÚ ĀÖ¬×­óÿÜĆÚÝÈËúäëØöćâöāÌÿÕöãâÿâÖóàîëÿàÖÝëâîãú¬ÉñÿÂõÕ
ÖñÂîÚÃù¬ÚÃóèØòÚØö) 
 

ÛòÚØ÷ÂÝæÂóäØÕæîÈ 

Öòèîã¬óÈÝÈËúäë ÂóäÿÜæöćãÚĀÜæÈÿâøćîĂë¬ÚČĈóÜúÚÃóèÝëâÂäÕÚČĈóë­â 

ÝÈËúäë Ɨ  

ÝÈËúäë Ƙ  
 

ëäùÜÝæÂóäØÕæîÈÉóÂÂõÉÂääâ 
........................................................................................................................................... 
........................................................................................................................................... 
 
 
 

   āÌÿÕöãâÿâÖóàîëÿàÖ 

             āÌÿÕöãâÿâÖóàîëÿàÖ ÿÜĆÚÝæ÷ÂĀØ¬ÈÿìæöćãâãóèÅæ­óãÝÈËúäëâóÂ ĀÖ¬âöæòÂêÔñĂë
ĀæñÿäöãÛÂè¬ó ×­óÛäõāáÅÿÃ­óăÜĀæ­èÉñ ÿÂõÕîóÂóä×¬óãØ­îÈîã¬óÈäùÚĀäÈ 



 Ƙƛƚ 

ĀÛÛÞ÷ÂìòÕÛØØöć ƗƗ 
ÿäøćîÈ ëóäÿÅâö ÂòÛËöèõÖĀæñëõćÈĀèÕæ­îâ 

 
ÅČóËöĈĀÉÈ   Ăì­ÚòÂÿäöãÚÿæøîÂÅČóÖîÛØöć×úÂØöćëùÕÿßöãÈÃ­îÿÕöãè    
 
1.      Ã­îĂÕăâ¬ÿÂöćãèÃ­îÈÂòÛëóäÿÅâöØöćĂË­ĂÚËöèõÖÜäñÉČóèòÚ 
 

Â.      ÚČĈóÜæó 
Ã.      ãóëöàòÚ 
Å.      ÝÈÌòÂàîÂ 
È.      ăâ¬âöÃ­î×úÂ 

 

2.  ÂóäØÕëîÛÅèóâÿÜĆÚÂäÕ · ÿÛë ÃîÈëóäÿÅâöĂË­îùÜÂäÔ°Ã­îĂÕ 
 

        Â.  ÂäñÕóêÂäîÈ 
        Ã.  ÂäñÕóêæõÖâòë 
        Å.  ëóäæñæóãăîāîÕöÚ 
        È.  ëóäæñæóãăïāÕäÅæîäõÅ 
 

3.  ÿäóëóâóä×ĂË­ßøËÿÜĆÚëóäØČóÅèóâëñîóÕăÕ­ Ã­îĂÕăâ¬ĂË¬ëóäØČóÅèóâëñîóÕØöćăÕ­ÉóÂÙääâËóÖõ 
 

       Â.  âñÂäúÕ 
       Ã.  âñÚóè 
       Å.  âñßä­óè 
       È.  âñÃóâÿÜöãÂ 
 

4.  ÂóäëČóäèÉëõćÈÃîÈØöćÜäñÂîÛÕ­èãëóäÿÅâöØöćĂË­ĂÚËöèõÖÜäñÉČóèòÚ ßÛè¬óâöÂóääòÛäîÈÅùÔáóßè¬óÜæîÕáòã Õú
ăÕ­ÉóÂÃ­îĂÕ 
 

 Â.  ãöćì­î 
 Ã.  ë×óÚØöćÝæõÖ 

Å.  ë¬èÚÜäñÂîÛÃîÈĂË­ìäøîäòÛÜäñØóÚ 
 È.  ÿÅäøćîÈìâóãØñÿÛöãÚîóìóäĀæñãó 
 
 



 Ƙƛƛ 

 5.  Ã­îĂÕÿÜĆÚëöÉóÂÙääâËóÖõØöćĂì­ëöÿìæøîÈ 
 

      Â.  ĂÛã¬óÚóÈ 
      Ã.  ÿìÈ­óÃâõĈÚËòÚ 
      Å.  ÕîÂÂäñÿÉöĉãÛ 
      È.  ÕîÂîòÎËòÚ 
6.  ßÉÚ°é÷ÂêóëóäÿÅâöËÚõÕÖ¬óÈ ą ëäùÜÝæÂóäØÕæîÈĀæñÂóäëòÈÿÂÖÛòÚØ÷Â ÿÜĆÚÖóäóÈăÕ­ÕòÈÚöĈ 
 

ËÚõÕØöć ëóäæñæóã ÂäñÕóêæõÖâòë 
ëöÚČĈóÿÈõÚ 

ÂäñÕóêæõÖâòë 
ëöĀÕÈ 

Ɨ ÚČĈóâñÚóè ÿÜæöćãÚëö ăâ¬ÿÜæöćãÚëö 
Ƙ ÚČĈóÃöĈÿ×­ó ăâ¬ÿÜæöćãÚëö ÿÜæöćãÚëö 
ƙ ÚČĈóëÛú¬ ăâ¬ÿÜæöćãÚëö ÿÜæöćãÚëö 
ƚ ëóäæñæóãăïāÕÅæîäõÅ ÿÜæöćãÚëö ăâ¬ÿÜæöćãÚëö 
ƛ ÚČĈóÿÜæ¬ó ăâ¬ÿÜæöćãÚëö ăâ¬ÿÜæöćãÚëö 

 

ÉóÂ Ã­îâúæĂÚÖóäóÈ  Ã­îĂÕëäùÜ×úÂÖ­îÈ 
 

            Â. ÚČĈóâñÚóè ÚČĈóÃöĈÿ×­óĀæñÚČĈóëÛú¬ÿÜĆÚëóäÿÅâöØöćâöåØÙõċÿÜĆÚÂäÕ 
            Ã.  ÚČĈóÃöĈÿ×­óĀæñÚČĈóëÛú¬ÿÜĆÚëóäÿÅâöØöćâöåØÙõċÿÜĆÚÂäÕ 
            Å.  ÚČĈóâñÚóè ëóäæñæóãăïāÕÅæîäõÅÿÜĆÚëóäÿÅâöØöćâöåØÙõċÿÜĆÚÂäÕ 
            È.  ÚČĈóâñÚóè ëóäæñæóãăïāÕÅæîäõÅÿÜĆÚëóäÿÅâöØöćâöåØÙõċÿÜĆÚÿÛë 
 

7.  ÿÅäøćîÈìâóãâóÖäÑóÚÝæõÖáòÔÒ°îùÖëóìÂääâÃîÈîÈÅ°ÂóäîùÖëóìÂääâ ÅøîÃ­îĂÕ 
 

 Â.        Ã.   

 

 Å.      È.            

 



 ƘƛƜ 

ƞ. Ã­îĂÕÿÜĆÚÝæÂäñØÛØöćÿÂõÕÉóÂëóäÿÅâö 
 Â. ÂóäÜÚÿÜøĈîÚÖ¬îĀìæ¬ÈÚČĈóØöćĂË­ĂÚÂóäîùÜāáÅĀæñÛäõāáÅ 

Ã. ØČóĂì­ÿÂõÕÅèóâÿëöćãÈÖ¬îÂóäÿÂõÕāäÅâñÿäĆÈ 
Å. ØČóĂì­ÿÂõÕÝæÿëöãìóãÖ¬îØäòßã°ëõÚĀæñëòÈÅâ 

È. ×úÂØùÂÃ­î 
 

 



 ƘƛƝ 

ÛØØöć ƗƘ 
ĀäÈĀæñÂóäÿÅæøćîÚØöć 

 
ÿäøćîÈØöć Ɨ  ĀäÈĀæñÅèóâëòâßòÚÙ°äñìè¬óÈÂòÚÂóäÿÅäøćîÈØöćÃîÈîÚùáóÅ 
1. ÅèóâìâóãÃîÈĀäÈ 

ĀäÈ (Force) ìâóã×÷È ëõćÈØöćâóÂäñØČóìäøîßãóãóâÂäñØČóÖ¬îèòÖ×ùĀæ­èØČóĂì­èòÖ×ùÿÂõÕÂóä
ÿÜæöćãÚĀÜæÈëáóß ÿË¬Ú ×­óâöĀäÈâóÂäñØČóÂòÛèòÖ×ùÌ÷ćÈÂČóæòÈÿÅæøćîÚØöć îóÉØČóĂì­èòÖ×ùÚòĈÚ ÿÅæøćîÚØöćÿäĆèÃ÷ĈÚ Ë­ó
æÈ ìäøîìãùÕÚõćÈ ìäøîÿÜæöćãÚØõéØóÈ 
ĀäÈ ÿÜĆÚÜäõâóÔÿèÂÿÖîä°ÅøîÖ­îÈÛîÂÃÚóÕĀæñØõéØóÈ âöìÚ¬èãÿÜĆÚ ÚõèÖòÚ 

2. ÂóäÿÅæøćîÚØöćĂÚĀÚèÖäÈ ÿÜĆÚÂóäÿÅæøćîÚØöćØöćăâ¬ÿÜæöćãÚØõéØóÈ ÿË¬Ú Ýæăâ­ìæ¬ÚÉóÂÖ­Ú 
ÂóäÿÅæøćîÚØöć ÅøîÂóäÿÜæöćãÚÖČóĀìÚ¬ÈÃîÈèòÖ×ùØöÅèóâÿÂöćãèÃ­îÈÂòÛëõćÈÖ¬îăÜÚöĈ 
- äñãñØóÈ (distance) ÅøîÅèóâÿäĆèÃîÈÿë­ÚØóÈØòĈÈìâÕÿÅæøćîÚØöćÉóÂÉùÕÿäõćâÖ­ÚăÜãòÈÉùÕëùÕØ­óã 
ÿÜĆÚÜäõâóÔ ëÿÂæóä° 

- ÂóäÃÉòÕìäøîÂäñÉòÕ (disflacenunt) ÅøîäñãñØóÈØöćëõĈÚëùÕÉóÂÉùÕÿäõćâÖ­ÚăÜãòÈÉùÕëùÕØ­óã âöÅèóâ
ãóèÿØ¬óÂòÛÅèóâãóèÃîÈÿë­ÚÖäÈÉóÂÉùÿäõćâÖ­ÚăÜãòÈÉùÕëùÕØ­óã ÿÜĆÚÜäõâóÔÿèÂÿÖîä° 

ÅèóâÿäĆèĀæñîòÖäóÿäĆè 
 ÃÔñØöćä×ãÚÖ°ÂČóæòÈèõćÈ ÿäóÉñÿìĆÚÿÃĆâÛîÂÅèóâÿäĆèÿÛÚÃ÷ĈÚÿäøćîãą ĀëÕÈè¬óä×ÿÅæøćîÚØöćÕ­èã îòÖäóÿäĆè
ÿßõćâÃ÷ĈÚ ĀÖ¬ÿâøćîßõÉóäÔó×÷ÈØõéØóÈä×èõćÈăÜÕ­èã ÉñÂæ¬óèăÕ­è¬óä×ÿÅæøćîÚØöćÕ­èãÅèóâÿäĆè (ÿßõćâÃ÷ĈÚ) ĀÖ¬ÿâøćî
ßõÉóäÔóÖóâÃ­îÿØĆÉÉäõÈ ÝæÜäóÂÐè¬óÅèóâÿäĆè ÝæÜäóÂÐè¬óÅèóâÿäĆèÃîÈä×ăâ¬ăÕ­ÿÅæøćîÚØöćÕ­èãîòÖäóÿäĆèØöć
ÿØ¬óÂòÚÖæóÕ ÿË¬Ú ÉóÂË­óĀæ­èÿäĆèÃ÷ĈÚÿäøćîãą ìäøîÅèóâÿäĆèÿßõćâÛ­óÈæÕÛ­óÈ É÷ÈÚõãâÛîÂîòÖäóÿäĆèÿÊæöćã 
 

îòÖäóÿäĆè   = äñãñØóÈØöćÿÅæøćîÚØöć  
            ÿèæóØöćĂË­  

ìäøî    
T

S
V =  



 Ƙƛƞ 

 
 
 
 
 
 
 
 
 
 
 
 



 ƘƛƟ 

Åèóâÿä¬È ÅøîîòÖäóÂóäÿÜæöćãÚĀÜæÈÅèóâÿäĆèÖ¬îìÚ¬èãÿèæó ìäøîìâóã×÷ÈÅèóâÿäĆèØöćÿÜæöćãÚăÜĂÚ
ìÚ¬èãÿèæó âöìÚ¬èãÿÜĆÚÿâÖäÖ¬îèõÚóØöƘ (m/s2) ĀÖ¬ÿÚøćîÈÉóÂîòÖäóÿäĆèâöÂóäÿÜæöćãÚĀÜæÈ ÅøîâöÂóäÿÜæöćãÚÃÚóÕ
ÃîÈÅèóâÿäĆèìäøîâöÂóäÿÜæöćãÚĀÜæÈØõéØóÈÃîÈÅèóâÿäĆè ìäøîâöÂóäÿÜæöćãÚØòĈÈÃÚóÕĀæñØõéØóÈ É÷ÈÚõãâÛîÂ
ÅèóâÿäĆèÃîÈä×ÿÜĆÚÅèóâÿä¬ÈÿÊæöćã 

Åèóâÿä¬ÈÿÊæöćã  =  ÅèóâÿäĆèØöćÿÜæöćãÚăÜ  =  ÅèóâÿäĆèÜæóã · ÅèóâÿäĆèÖ­Ú 
          Ë¬èÈÿèæóØöćĂË­   Ë¬èÈÿèæóØöćĂË­ 
ÿâøćî   u   =   ÅèóâÿäĆèÖ­Ú (ÃÔñÿèæó t1) 
 v   =   ÅèóâÿäĆèÜæóã (ÃÔñÿèæó t2) 

a
G =  Åèóâÿä¬È 

ÉñăÕ­  
t

uv
a

GG
G -
=  

 
 ĂÚÂóäÿÅæøćîÚØöćĂÚĀÚèÕõćÈèòÖ×ùÿÅæøćîÚÕ­èãÅèóâÿäĆèÅÈÖòè ÿäöãÂÅèóâÿä¬ÈĂÚÂóäÖÂÃîÈèòÖ×ùè¬ó
Åèóâÿä¬ÈāÚ­â×¬èÈ Ì÷ćÈâöÅ¬ó Ɵ.ƞ ÿâÖäÖ¬îèõÚóØöƘ Āæñ×­óÅèóâÿä¬ÈâöØõéØóÈÖäÈÃ­óâÂòÛÅèóâÿäĆèÖ­ÚÉñâöÅ¬óÿÜĆÚæÛ 
ÿäöãÂîöÂîã¬óÈìÚ÷ćÈè¬ó ÅèóâìÚ¬èÈ 
 Öòèîã¬óÈ āãÚæúÂÛîæÃ÷ĈÚăÜĂÚĀÚèÕõćÈÕ­èãÅèóâÿäĆèÖ­Ú ƚ.Ɵ ÿâÖäÖ¬îèõÚóØö ÚóÚÿØ¬óĂÕæúÂÛîæÉ÷ÈÉñ
ÿÅæøćîÚØöć×÷ÈÉùÕëúÈëùÕ 

èõÙöØČó    
t

uv
a

GG
G -
=  

 ĂÚØöćÚöĈ  âöÅ¬ó  ( ) ?,/9.4,/0,/8.9 2 =-== tsmusmvsm
G  

 ĀØÚÅ¬ó  ( )
tt

9.49.40
8.9 =

--
=  

      
2

1

8.9

9.4
==t  

 ÿßäóñÊñÚòĈÚÉñĂË­ÿèæóÚóÚ  
2

1 èõÚóØö   ÖîÛ 



 ƘƜƖ 

ÿäøćîÈØöć Ƙ  ÅèóâëòâßòÚÙ°äñìè¬óÈĀäñĀæñÂóäÿÅæøćîÚØöćÃîÈîÚùáóÅĂÚëÚóâāÚ­â×¬èÈ ëÚóâĀâ¬ÿìæĆÂăÜĂË­
ÜäñāãËÚ°ĂÚËöèõÖÜäñÉČóèòÚ 
 ëÚóâÃîÈĀäÈ 
 ëÚóâÃîÈĀäÈ ìâóã×÷È ÛäõÿèÔØöćÿâøćîÚČóèòÖ×ùăÜèóÈăè­Āæ­èÿÂõÕĀäÈÂäñØČóÂòÛèòÖ×ùÚòĈÚ Ì÷ćÈÉñâöÅ¬óâóÂ
ìäøîÚ­îãÃ÷ĈÚîãú¬ÂòÛÃÚóÕÃîÈëÚóâ ÃÚóÕĀæñÖČóĀìÚ¬ÈÃîÈèòÖ×ùĂÚØöćÚöĈÉñé÷ÂêóëÚóâÃîÈĀäÈ ƙ ĀÛÛÕ­èãÂòÚ
Åøî ëÚóâāÚ­â×¬èÈ ëÚóâĀâ¬ÿìæĆÂ ĀæñëÚóâăàà­ó 
 ëÚóâĀäÈāÚ­â×¬èÈ ìâóã×÷ÈÛäõÿèÔäîÛą āæÂØöćë¬ÈĀäÈÂäñØČóÖ¬îèòÖ×ùÚòĈÚ ÅøîÿâøćîÜæ¬îãèòÖ×ùÉóÂØöć
ëúÈ èòÖ×ùÉñÿÅæøćîÚØöćÖÂæÈëú¬ÝõèāæÂ ÅèóâÿäĆèÃîÈèòÖ×ùÉñÿßõćâÃ÷ĈÚÿäøćîãą Õ­èãîòÖäóÅÈØöć ÚòćÚÅøîâöÅèóâÿä¬ÈÅÈØöć
ÿÂõÕÉóÂĀäÈāÚ­â×¬èÈØöćÂäñØČóÖ¬îèòÖ×ù ÿÚøćîÈÉóÂāæÂâöæòÂêÔñÅæ­óãÝæë­â ĀæñÝõèāæÂăâ¬ëâČćóÿëâîÉ÷ÈØČóĂì­
Å¬óëÚóâāÚ­â×¬èÈÉñâöÅ¬óÿÜæöćãÚĀÜæÈÿæĆÂÚ­îã Ô ëÚóâØöćÖ¬óÈÂòÚ Å¬óÿÊæöćãÃîÈëÚóâāÚ­â×¬èÈ g âöÅ¬óÜäñâóÔ 
Ɵ.ƞ ÚõèÖòÚ/ÂõāæÂäòâ (N/Kg) 
 ëÚóâāÚ­â×¬èÈÉñâöÅ¬óæÕæÈÿäøćîãą ÿâøćîäñÕòÛëúÈÃ÷ĈÚÉóÂÝõèāæÂĀÖ¬ÂóäÿÅæøćîÚØöćÃ÷ĈÚìäøîæÈÃîÈèòÖ×ùØöć
ÛäõÿèÔĂÂæ­ÝõèāæÂ ÅČóÚ÷È×÷ÈĀäÈāÚ­â×¬èÈÿßöãÈîã¬óÈÿÕöãè ăâ¬ÅõÕĀäÈîøćÚ èòÖ×ùÉñÿÅæøćîÚØöćÕ­èãÅèóâÿä¬ÈāÚ­â×¬èÈ
ØöćâöÅùÔÅ¬óÅÈÅ¬óÿØ¬óÂòÛ Ɵ.ƞ ÿâÖä/èõÚóØöƘ (m/sƘ) Å¬óÅèóâāÚ­â×¬èÈĂÚØõéæÈßõÉóäÔóăÕ­ Ƙ æòÂêÔñ 

1. ÿâøćîèòÖ×ùÖÂæÈâóîã¬óÈÿëäö (free ball) Õ­èãÅèóâÿä¬ÈāÚ­â×¬èÈ Ɵ.ƞ ÿâÖä/èõÚóØöƘ ìâóãÅèóâè¬ó 
ÅèóâÿäĆèÃîÈèòÖ×ùÉñÿßõćâÃ÷ĈÚèõÚóØöæñ Ɵ.ƞ ÿâÖä/èõÚóØöƘ   

 ÂČóìÚÕĂì­  u   =  ÅèóâÿäĆèÖ­Ú ìÚ¬èãÿâÖä/èõÚóØö 
   v  =  ÅèóâÿäĆèÜæóã ìÚ¬èãÿâÖä/èõÚóØö 
   t   =  ÿèæóØöćĂË­ĂÚÂóäÿÅæøćîÚØöć ìÚ¬èãèõÚóØö 
 
   v  =  0 

          ÉùÕëúÈëùÕ 
      ëúÖä  v  =  u+gt 
           u 
            t = 0 
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 ƘƜƘ 



 ƘƜƙ 


