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 ƚ 

ÅČóĀÚñÚČóÂóäĂË­ìÚòÈëøîÿäöãÚ 
  
 ìÚòÈëøîÿäöãÚëóäñÅèóâäú­ßøĈÚÑóÚ äóãèõËóèõØãóéóëÖä° äñÕòÛâòÙãâé÷ÂêóÖîÚÖ­Ú ìæòÂëúÖä
Âóäé÷ÂêóÚîÂäñÛÛ äñÕòÛÂóäé÷ÂêóÃòĈÚßøĈÚÑóÚ ßùØÙéòÂäóË ƘƛƛƗ äìòë ßè ƘƗƖƖƗ ÿÜĆÚìÚòÈëøîÿäöãÚØöć
ÉòÕØČóÃ÷ĈÚ ëČóìäòÛÝú­ÿäöãÚØöćÿÜĆÚÚòÂé÷ÂêóÚîÂäñÛÛ 
 ĂÚÂóäé÷ÂêóìÚòÈëøîÿäöãÚëóäñÅèóâäú­ßøĈÚÑóÚ äóãèõËóèõØãóéóëÖä° Ýú­ÿäöãÚÅèäÜÐõÛòÖõÕòÈÚöĈ 

1. é÷ÂêóāÅäÈëä­óÈäóãèõËóĂì­ÿÃ­óĂÉĂÚìòèÃ­îĀæñëóäñëČóÅòÎ ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ Āæñ
ÃîÛÃ¬óãÿÚøĈîìóÃîÈäóãèõËóÚòĈÚ ą āÕãæñÿîöãÕ 

2. é÷ÂêóäóãæñÿîöãÕÿÚøĈîìóÃîÈĀÖ¬æñÛØîã¬óÈæñÿîöãÕ ĀæñØČóÂõÉÂääâÖóâØöćÂČóìÚÕ ĀæñØČó          
Āæ­èÖäèÉëîÛÂòÛĀÚèÖîÛÂõÉÂääâÖóâØöćÂČóìÚÕ ×­óÝú­ÿäöãÚÖîÛÝõÕÅèäÂæòÛăÜé÷ÂêóĀæñØČóÅèóâ
ÿÃ­óĂÉĂÚÿÚøĈîìóÚòĈÚĂìâ¬Ăì­ÿÃ­óĂÉ Â¬îÚØöćÉñé÷ÂêóÿäøćîÈÖ¬î ą ăÜ 

3. ÜÐõÛòÖõÂõÉÂääâØ­óãÿäøćîÈÃîÈĀÖ¬æñÿäøćîÈ ÿßøćîÿÜĆÚÂóäëäùÜÅèóâäú­ ÅèóâÿÃ­óĂÉÃîÈÿÚøĈîìóĂÚ
ÿäøćîÈÚòĈÚ ą îöÂÅäòĈÈ ĀæñÂóäÜÐõÛòÖõÂõÉÂääâÃîÈĀÖ¬æñÿÚøĈîìó ĀÖ¬æñÿäøćîÈ Ýú­ÿäöãÚëóâóä×ÚČóăÜÖäèÉëîÛ
ÂòÛÅäúĀæñÿßøćîÚ ą Øöćä¬èâÿäöãÚĂÚäóãèõËóĀæñäñÕòÛÿÕöãèÂòÚăÕ­ 

4. ìÚòÈëøîÿäöãÚÿæ¬âÚöĈâö Ɨ4 ÛØ 
              ÛØØöć Ɨ  ØòÂêñØóÈèõØãóéóëÖä°ĀæñÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
 ÛØØöć Ƙ  āÅäÈÈóÚèõØãóéóëÖä° 
 ÛØØöć ƙ  ÿÌææ° 
 ÛØØöć ƚ  ÂäñÛèÚÂóäÕČóäÈËöèõÖÃîÈßøËĀæñëòÖè° 
 ÛØØöć ƛ  äñÛÛÚõÿèé 

ÛØØöć Ɯ  āæÂ ÛääãóÂóé ÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ ëõćÈĀèÕæ­îâĀæñØäòßãóÂäÙääâËóÖõ 
 ÛØØöć Ɲ  ëóäĀæñÂóäÉČóĀÚÂëóä 
 ÛØØöć ƞ  ÙóÖùĀæñëóäÜäñÂîÛ 
 ÛØØöć Ɵ  ëóäæñæóã 
 ÛØØöć ƗƖ ëóäĀæñÝæõÖáòÔÒ°ĂÚËöèõÖ 
 ÛØØöć ƗƗ ĀäÈĀæñÂóäĂË­ÜäñāãËÚ° 
 ÛØØöć ƗƘ ÈóÚĀæñßæòÈÈóÚ 
 ÛØØöć Ɨƙ ÕèÈÕóèÂòÛËöèõÖ 

ÛØØöć 14 îóËößË¬óÈăàà­ó 
 
 



 ƛ 

āÅäÈëä­óÈäóãèõËó  ßè ƘƗƖƖƗ èõØãóéóëÖä° 
 
ëóäñëČóÅòÎ 
 Ɨ.  ÂäñÛèÚÂóäØóÈèõØãóéóëÖä°ĀæñÿØÅāÚāæãö  ÿäøćîÈ  ÙääâËóÖõÃîÈèõØãóéóëÖä°  
ÂäñÛèÚÂóäØóÈèõØãóéóëÖä°  èõÙöÂóäØóÈèõØãóéóëÖä°  ØòÂêñÂäñÛèÚÂóäØóÈèõØãóéóëÖä°  ÿÉÖÅÖõØóÈ
èõØãóëóëÖä°  ÿØÅāÚāæãö ĀæñāÅäÈÈóÚèõØãóéóëÖä° 
 Ƙ.  ëõćÈâöËöèõÖĀæñëõćÈĀèÕæ­îâ  ÿäøćîÈ  ÿÌææ°  ÂäñÛèÚÂóäÕČóäÈËöèõÖÃîÈßøËĀæñëòÖè° äñÛÛÚõÿèé 
āæÂ ÛääãóÂóé ÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ  ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ 
 3.  ëóäÿßøćîËöèõÖ  ÿäøćîÈ  ÂóäÉČóĀÚÂëóä ÙóÖùĀæñëóäÜäñÂîÛ ëóäæñæóã ÂäÕ-ÿÛë ëóäĀæñ
ÝæõÖáòÔÒ°ĂÚËöèõÖ 
 ƚ.  ĀäÈĀæñßæòÈÈóÚÿßøćîËöèõÖ  ÿäøćîÈ  ĀäÈĀæñÂóäĂË­ÜäñāãËÚ°ÃîÈĀäÈ  ÈóÚĀæñßæòÈÈóÚ 
 ƛ.  ÕóäóéóëÖä°ÿßøćîËöèõÖ  ÿäøćîÈ  ÕèÈÕóèÂòÛËöèõÖ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

Ɨ. ĂË­Åèóâäú­ĀæñÂäñÛèÚÂóäØóÈèõØãóéóëÖä° èõÙöÂóäØóÈèõØãóéóëÖä° ØòÂêñÂäñÛèÚÂóäØóÈ
èõØãóéóëÖä° ÿÉÖÅÖõØóÈèõØãóéóëÖä° ĀæñØČóāÅäÈÈóÚèõØãóéóëÖä°ăÕ­   

Ƙ. îÙõÛóãÿÂöćãèÂòÛÿÌææ° ÂäñÛèÚÂóäÕČóäÈËöèõÖÃîÈßøË ĀæñäñÛÛÖ¬óÈą ÃîÈëòÖè° 
ƙ. îÙõÛóãÿÂöćãèÂòÛÅèóâëòâßòÚÙ°äñìè¬óÈëõćÈâöËöèõÖÂòÛëõćÈĀèÕæ­îâ ĂÚäñÛÛÚõÿèé   Âóä×¬óãØîÕ

ßæòÈÈóÚ  ÂóäĀÂ­ÜòÎìó ÂóäÕúĀæäòÂêó ĀæñÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâÃîÈØ­îÈ×õćÚ
ĀæñÜäñÿØé 

ƚ. îÙõÛóãÿÂöćãèÂòÛāæÂ ĀæñÛääãóÂóéÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ ÂóäÂäñØČóÃîÈâÚùêã°ØöćâöÝæ
Ö¬îÂóäÿÜæöćãÚĀÜæÈÃîÈāæÂĂÚÜòÉÉùÛòÚ ÂóäÜ­îÈÂòÚáòãØöćÿÂõÕÉóÂÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ 

ƛ. îÙõÛóãÿÂöćãèÂòÛëâÛòÖõØóÈÂóãáóßĀæñØóÈÿÅâöÃîÈëóä ÂóäÉČóĀÚÂëóä ÂäÕ ÿÛë ÙóÖù 
ëóäÜäñÂîÛ ëóäæñæóã ĀæñÃîÈÝëâ ĀæñĂË­ëóäĀæñÝæõÖáòÔÒ° ĂÚËöèõÖÜäñÉČóèòÚăÕ­îã¬óÈ×úÂÖ­îÈĀæñ
ÜæîÕáòãÖ¬îËöèõÖ 

Ɯ.îÙõÛóãÿÂöćãèÂòÛĀäÈ ĀæñÂóäĂË­ÜäñāãËÚ° ÃîÈĀäÈ  
Ɲ. îÙõÛóãÿÂöćãèÂòÛßæòÈÈóÚăàà­ó ÂóäÖ¬îèÈÉäăàà­ó ÿÅäøćîÈĂË­ăàà­óĂÚËöèõÖÜäñÉČóèòÚ ĀëÈĀæñ

ëâÛòÖõÃîÈĀëÈ ÿæÚë°  ÜäñāãËÚ°ĀæñāØê   ÉóÂĀëÈ ÂóäÿÜæöćãÚäúÜßæòÈÈóÚ ßæòÈÈóÚÅèóâä­îÚĀæñ
Āìæ¬ÈÂČóÿÚõÕ ÂóäÚČóßæòÈÈóÚăÜĂË­ÜäñāãËÚ°ĂÚËöèõÖÜäñÉČóèòÚ ĀæñÂóäîÚùäòÂê°ßæòÈÈóÚăÕ­ 

ƞ. îÙõÛóãÿÂöćãèÂòÛÕèÈÕóè ĀæñÂóäĂË­ÜäñāãËÚ° 
Ɵ. îÙõÛóã  îîÂĀÛÛ èóÈĀÝÚ  ØÕæîÈ ØÕëîÛ ÜÐõÛòÖõÂóäÿäøćîÈăàà­óăÕ­îã¬óÈ×úÂÖ­îÈĀæñ

ÜæîÕáòã  ÅõÕ èõÿÅäóñì° ÿÜäöãÛÿØöãÛÃ­îÕö Ã­îÿëöã ÃîÈÂóäÖ¬îèÈÉäăàà­óĀÛÛîÚùÂäâ ĀÛÛÃÚóÚ ĀÛÛ



 Ɯ 

Ýëâ ÜäñãùÂÖ°ĀæñÿæøîÂĂË­Åèóâäú­ ĀæñØòÂêñîóËößË¬óÈăàà­ó Ăì­ÿìâóñëâÂòÛÕ­óÚÛäõìóäÉòÕÂóäĀæñ
ÂóäÛäõÂóä ÿßøćîÚČóăÜëú¬ÂóäÉòÕØČóāÅäÈÈóÚèõØãóéóëÖä° 
ÃîÛÃ¬óãÿÚøĈîìó 
 ÛØØöć Ɨ  ØòÂêñØóÈèõØãóéóëÖä°ĀæñÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
 ÛØØöć Ƙ  āÅäÈÈóÚèõØãóéóëÖä° 
 ÛØØöć ƙ  ÿÌææ° 
 ÛØØöć ƚ  ÂäñÛèÚÂóäÕČóäÈËöèõÖÃîÈßøËĀæñëòÖè° 
 ÛØØöć ƛ  äñÛÛÚõÿèé 

ÛØØöć Ɯ  āæÂ ÛääãóÂóé ÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ ëõćÈĀèÕæ­îâĀæñØäòßãóÂäÙääâËóÖõ 
 ÛØØöć Ɲ  ëóäĀæñÂóäÉČóĀÚÂëóä 
 ÛØØöć ƞ  ÙóÖùĀæñëóäÜäñÂîÛ 
 ÛØØöć Ɵ  ëóäæñæóã 
 ÛØØöć ƗƖ ëóäĀæñÝæõÖáòÔÒ°ĂÚËöèõÖ 
 ÛØØöć ƗƗ ĀäÈĀæñÂóäĂË­ÜäñāãËÚ° 
 ÛØØöć ƗƘ ÈóÚĀæñßæòÈÈóÚ 
 ÛØØöć Ɨƙ ÕèÈÕóèÂòÛËöèõÖ 

ÛØØöć 14 îóËößË¬óÈăàà­ó 
 
 

  
 
 
 
 
 
 
 
 
 
 
 



 Ɲ 

ÛØØöć 1 
ØòÂêñØóÈèõØãóéóëÖä°ĀæñÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 

 
ëóäñëČóÅòÎ 

èõØãóéóëÖä°ÿÜĆÚÿäøćîÈÃîÈÂóäÿäöãÚäú­ÿÂöćãèÂòÛÙääâËóÖõ āÕãâÚùêã°ĂË­ØòÂêñÖ¬óÈą ëČóäèÉĀæñ
ÖäèÉëîÛ ØÕæîÈÿÂöćãèÂòÛÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ ĀæñÚČóÝæØöćăÕ­âóÉòÕĂì­ÿÜĆÚäñÛÛ ĀæñÖòĈÈÃ÷ĈÚÿÜĆÚ
ØåêÐö Ì÷ćÈØòÂêñØóÈèõØãóéóëÖä° ÜäñÂîÛÕ­èãÂòÚ 13 ØòÂêñ 
 ĂÚÂóäÕČóÿÚõÚÂóäìóÅČóÖîÛÿäøćîÈĂÕÿäøćîÈìÚ÷ćÈÚîÂÉóÂÉñÖ­îÈĂË­ØòÂêñØóÈèõØãóéóëÖä°Āæ­è ĂÚ
ÂóäìóÅČóÖîÛÉñÖ­îÈâöÂóäÂČóìÚÕæČóÕòÛÃòĈÚÖîÚîã¬óÈÿÜĆÚäñÛÛÖòĈÈĀÖ¬Ö­ÚÉÚÉÛÿäöãÂæČóÕòÛÃòĈÚÖîÚĂÚ
ÂóäìóÅČóÖîÛÿìæ¬óÚöĈè¬ó ÂäñÛèÚÂóäØóÈèõØãóéóëÖä° Ì÷ćÈÜäñÂîÛÕ­èã 5 ÃòĈÚÖîÚ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãÙääâËóÖõĀæñÅèóâëČóÅòÎÃîÈèõØãóéóëÖä°ĀæñÿØÅāÚāæãö 
2. îÙõÛóãØòÂêñØóÈèõØãóéóëÖä°ØòĈÈ Ɨƙ ØòÂêñăÕ­ 
3. îÙõÛóãÂäñÛèÚÂóäØóÈèõØãóéóëÖä°ØòĈÈ ƛ ÃòĈÚÖîÚăÕ­ 
4. ÚČóÅèóâäú­ĀæñÂäñÛèäÂóäØóÈèõØãóéóëÖä°ăÜĂË­ĀÂ­ÜòÎìóÖ¬óÈ ą ăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
              ÿäøćîÈØöć Ɨ  ÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 

ÿäøćîÈØöć 2 ÿØÅāÚāæãö 
ÿäøćîÈØöć ƙ èòëÕùĀæñîùÜÂäÔ°ØóÈèõØãóéóëÖä° 



 ƞ 

ÿäøćîÈØöć Ɨ  ÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 

 èõØãóéóëÖä°ÿÜĆÚÿäøćîÈÃîÈÂóäÿäöãÚäú­ÿÂöćãèÂòÛÙääâËóÖõ āÕãâÚùêã°ĂË­ÂäñÛèÚÂóäëòÈÿÂÖ ëČóäèÉ  
ÖäèÉëîÛ ØÕæîÈÿÂöćãèÂòÛÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ ĀæñÚČóÝæâóÉòÕÿÜĆÚäñÛÛìæòÂÂóä ĀÚèÅõÕĀæñ
ØåêÏö ĀÚèÅõÕĀæñØåêÏö ÕòÈÚòĈÚ ØòÂêñèõØãóéóëÖä° É÷ÈÿÜĆÚÂóäÜÐõÛòÖõÿßøćîĂì­ăÕ­âóÌ÷ćÈÅČóÖîÛĂÚÃ­î
ëÈëòãìäøîÃ­îëââÖõÑóÚÖ¬óÈ ą ÃîÈâÚùêã°ÖòĈÈăè­ 
 ØòÂêñØóÈèõØãóéóëÖä° ÜäñÂîÛÕ­èã 

1. ÂóäëòÈÿÂÖ ÿÜĆÚèõÙöÂóäăÕ­âóÃîÈÃ­îëÈëòã äòÛäú­Ã­îâúæ  ßõÉóäÔóÃ­îâúæ ÉóÂÜäóÂÐÂóäÔ°ØóÈ
ÙääâËóÖõØöćÿÂõÕÃ÷ĈÚ 

2. ÖòĈÈëââÖõÑóÚ ÿÜĆÚÂóäÂóääñÕâÅèóâÅõÕ ëäùÜëõćÈØöćÅóÕè¬óÉñÿÜĆÚÅČóÖîÛÃîÈÜòÎìóìäøîÃ­î
ëÈëòãÚòĈÚ ą  

3. îîÂĀÛÛÂóäØÕæîÈÿßøćîé÷ÂêóÝæÃîÈÖòèĀÜäØöćÖ­îÈé÷Âêó āÕãÅèÛÅùâÖòèĀÜäîøćÚ ą ØöćîóÉâö
ÝæÖ¬îÖòèĀÜäØöćÖ­îÈÂóäé÷Âêó 

4. ÕČóÿÚõÚÂóäØÕæîÈ  ÿÜĆÚÂóäÉòÕÂäñØČóÂòÛÖòèĀÜäØöćÂČóìÚÕ  Ì÷ćÈăÕ­ĀÂ¬  ÖòèĀÜäÖ­Ú  ÖòèĀÜä
Öóâ  ĀæñÖòèĀÜäØöćÖ­îÈÅèÛÅùâ 

5. äèÛäèâÃ­îâúæ ÿÜĆÚÂóäÛòÚØ÷ÂäèÛäèâÝæÂóäØÕæîÈìäøîÝæÉóÂÂóäÂäñØČóÃîÈÖòèĀÜäØöć
ÂČóìÚÕ 

6. ĀÜæĀæñëäùÜÝæÂóäØÕæîÈ 
 

ÅùÔæòÂêÔñÃîÈÛùÅÅæØöćâöÉõÖèõØãóéóëÖä°  
1. ÿÜĆÚÅÚØöćâöÿìÖùÝæ  

1) ÉñÖ­îÈÿÜĆÚÅÚØöćãîâäòÛ ĀæñÿËøćîĂÚÅèóâëČóÅòÎÃîÈÿìÖùÝæ 
2) ăâ¬ÿËøćîāËÅæóÈ ÅČóØČóÚóã ìäøîëõćÈéòÂÕõċëõØÙõċÖ¬óÈ ą  
3) Å­ÚìóëóÿìÖùÃîÈÜòÎìóìäøîÿìÖùÂóäÔ°ĀæñìóÅèóâëòâßòÚÙ°ÃîÈëóÿìÖùÂòÛÝæØöć
ÿÂõÕÃ÷ĈÚ 

4) Ö­îÈÿÜĆÚÛùÅÅæØöćëÚĂÉÜäóÂÐÂóäÔ°Ö¬óÈ ą ØöćÿÂõÕÃ÷ĈÚ ĀæñÉñÖ­îÈÿÜĆÚÛùÅÅæØöćßãóãóâ
Å­ÚìóÅČóÖîÛè¬ó ÜäóÂÐÂóäÔ°Ö¬óÈ ą ÚòĈÚÿÂõÕÃ÷ĈÚăÕ­îã¬óÈăä ĀæñØČóăâÉ÷ÈÿÂõÕ
ÿìÖùÂóäÔ°ÿË¬ÚÚòĈÚ 

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

3. ÿÜĆÚÛùÅÅæØöćâöĂÉÂè­óÈ 



 Ɵ 

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 

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 

 

 
 
 
 
 
 
 
 
 

 



 ƗƖ 

áóß Ã 

ÂõÉÂääâØöć  Ɨ 
 
 
 
 
 
 

áóß Â                                                                                                           
   

áóßĀëÕÈØäòßãóÂäÙääâËóÖõØöćÿÅãâöîã¬óÈëâÛúäÔ°ăÕ­ØČóæóãÉÚä¬îãìäîăÜĀæ­è 
 

Ăì­é÷ÂêóáóßĀæñëäùÜÝæÂóäÿÂõÕÅèóâĀÖÂÖ¬óÈÂòÚÃîÈáóßëâùÕÂõÉÂääâ  āÕãĂË­ØòÂêñ 
ØóÈèõØãóéóëÖä°ÖóâìòèÃ­îÖ¬îăÜÚöĈ   

1.  ÉóÂÂóäëòÈÿÂÖáóßÿìĆÚÃ­îĀÖÂÖ¬óÈĂÚÿäøćîÈĂÕÛ­óÈ 
...................................................................................................................................................................
............................................................................................................................................................... 
...................................................................................................................................................................
............................................................................................................................................................... 
...................................................................................................................................................................
............................................................................................................................................................... 
 

2. ÖòĈÈëââÖõÑóÚÃîÈëóÿìÖùÅèóâĀÖÂÖ¬óÈÂòÚØóÈÙääâËóÖõ 
ÉóÂáóßÕòÈÂæ¬óèëóâóä×ÖòĈÈëââÖõÑóÚ  ëóÿìÖùÅèóâĀÖÂÖ¬óÈîñăäÛ­óÈ 

...................................................................................................................................................................

............................................................................................................................................................... 

...................................................................................................................................................................

............................................................................................................................................................... 

...................................................................................................................................................................

............................................................................................................................................................... 
 
 



 ƗƗ 

ÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
  ÂóäÕČóÿÚõÚÂóäÿäøćîÈĂÕÿäøćîÈìÚ÷ćÈÉñÖ­îÈâöÂóäÂČóìÚÕÃòĈÚÖîÚ îã¬óÈÿÜĆÚæČóÕòÛÖòĈÈĀÖ¬Ö­Ú
ÉÚĀæ­èÿëäĆÉÖóâÉùÕÜäñëÈÅ°ØöćÂČóìÚÕ 
  ÂäñÛèÚÂóäØóÈèõØãóéóëÖä°  É÷ÈÿÜĆÚĀÚèØóÈÂóäÕČóÿÚõÚÂóäāÕãĂË­ØòÂêñ
èõØãóéóëÖä°ĂË­ĂÚÂóäÉòÕÂóä  Ì÷ćÈâöæČóÕòÛÃòĈÚÖîÚ ƛ ÃòĈÚÖîÚ  ÕòÈÚöĈ 

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

 

ÃòĈÚÖîÚØöć Ɨ  ÂóäÂČóìÚÕÜòÎìó ÿÜĆÚÂóäÂČóìÚÕìòèÿäøćîÈØöćÉñé÷ÂêóìäøîÜÐõÛòÖõÂóäĀÂ­ÜòÎìó 
ÿÜĆÚÜòÎìóØöćăÕ­âóÉóÂÂóäëòÈÿÂÖ ÉóÂÃ­îëÈëòãĂÚÜäóÂÐÂóäÔ°Ö¬óÈ ą ØöćßÛÿìĆÚ ÿË¬Ú ØČóăâÖ­Úăâ­ØöćÜæúÂ
ăè­ĂÛÿìöćãèÿÊó ÜòÎìóâöìÚîÚâóÿÉóñÂõćÈâñâ¬èÈĀÂ­ăÃăÕ­îã¬óÈăä ÜæóÂòÕÃãóãßòÚÙù°ăÕ­îã¬óÈăä 
  

Öòèîã¬óÈÂóäÂČóìÚÕÜòÎìó 
 Ü¬óăâ­ìæóãĀì¬È×úÂØČóæóãîãú¬ĂÚëáóßØöćăâ¬ëâÕùæ ìÚ­óÕõÚÿÂõÕÂóäßòÈØæóã ăâ¬âöÖ­Úăâ­ ìäøî
èòËßøËìÎ­óÜÂÅæùâÕõÚ ÿâøćîÞÚÖÂæÈâóÚČĈóÞÚÉñÂòÕÿÌóñìÚ­óÕõÚăÜÂòÛÂäñĀëÚČĈóĀÖ¬ÛäõÿèÔßøĈÚØöćâöèòËßøË
ĀæñìÎ­óÜÂÅæùâÕõÚÉñË¬èãÕúÕÌòÛÚČĈóÞÚĀæñæÕîòÖäóÂóäăìæÃîÈÚČĈó ÕòÈÚòĈÚÝú­ÕČóÿÚõÚÂóäÉ÷ÈëÚĂÉîãóÂ
ØäóÛè¬ó  îòÖäóÂóäăìæÃîÈÚČĈóÉñÃ÷ĈÚîãú¬ÂòÛëõćÈØöćË¬èãÕúÕÌòÛÚČĈóìäøîăâ¬ āÕãØÕæîÈĂË­ĀÝ¬ÚĂãÃòÕÿßøćî
ØÕëîÛîòÖäóÂóäăìæÃîÈÚČĈó É÷ÈÉòÕØČóāÅäÈÈóÚ ÂóäØÕæîÈ ÂóäæÕîòÖäóăìæÃîÈÚČĈóāÕãĂË­ĀÝ¬ÚĂãÃòÕ 
 

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

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



 ƗƘ 

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°Ã­îâúæĀæñØÕëîÛëââÖõÑóÚÿÜĆÚÂóäÚČóÃ­îâúæØöćäèÛäèâăÕ­ÉóÂ

ÃòĈÚÖîÚÂóäØÕæîÈĀæñäèÛäèâÃ­îâúæ (ÃòĈÚÖîÚØöć ƙ ) âóèõÿÅäóñì°ìóÅèóâëòâßòÚÙ°ÃîÈÃ­îÿØĆÉÉäõÈÖ¬óÈ 
ą ÿßøćîÚČóâóîÙõÛóãĀæñÖäèÉëîÛÂòÛëââÖõÑóÚØöćÖòĈÈăè­ĂÚÃòĈÚÖîÚÂóäÖòĈÈëââÖõÑóÚ (ÃòĈÚÖîÚØöć Ƙ) ×­ó
ÝæÂóäèõÿÅäóñì°ăâ¬ëîÕÅæ­îÈÂòÛëââÖõÑóÚ ëäùÜăÕ­è¬óëââÖõÑóÚÚòĈÚăâ¬×úÂÖ­îÈ ×­óÝæèõÿÅäóñì°
ëîÕÅæ­îÈÂòÛëââÖõÑóÚ ÖäèÉëîÛìæóãÅäòĈÈăÕ­ÝæÿìâøîÚÿÕõâÂĆëäùÜăÕ­è¬óëââÖõÑóÚĀæñÂóäØÕæîÈ
ÚòĈÚÿÜĆÚÉäõÈ ëóâóä×ÚČóăÜî­óÈîõÈìäøîÿÜĆÚØåêÏöÖ¬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 ÂóäØÕæîÈ

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

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

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

îóéòãÃ­îâúæĀæñÂóäèõÿÅäóñì°Ã­îâúæÉóÂÃòĈÚÖîÚÂóäèõÿÅäóñì°Ã­îâúæ (ÃòĈÚÖîÚØöć ƚ ) ÿÜĆÚìæòÂ 
 



 Ɨƙ 

ëäùÜÝæÂóäØÕæîÈ 
 ÉóÂÂóäØÕæîÈëäùÜăÕ­è¬óĀÝ¬ÚĂãÃòÕâöÝæÖ¬îÂóäăìæÃîÈÚČĈó ØČóĂì­ÚČĈóăìæăÕ­îã¬óÈË­óæÈ  äèâØòĈÈ
Ë¬èãĂì­ÂõćÈăâ­ÉČóæîÈã÷ÕÖõÕÂòÛØäóãĂÚÂäñÛñăÕ­ Ì÷ćÈÖ¬óÈÉóÂÂäñÛñØöćăâ¬âöĀÝ¬ÚĂãÃòÕØöćÚČĈóăìæîã¬óÈ
äèÕÿäĆè ĀæñßòÕÿîóÂõćÈăâ­ĀæñØäóãæÈăÜÕ­èã 
 ÿâøćîÕČóÿÚõÚÂóäÿëäĆÉëõĈÚ ƛ ÃòĈÚÖîÚÚöĈĀæ­è Ýú­ÕČóÿÚõÚÂóäÖ­îÈÉòÕØČóÿÜĆÚÿîÂëóääóãÈóÚÂóäé÷Âêó       
ÂóäØÕæîÈìäøîÂóäÜÐõÛòÖõÂóäÚòĈÚÿßøćîÿÝãĀßä¬Ö¬îăÜ 
  

 
 
 



 Ɨƚ 

ØòÂêñØóÈèõØãóéóëÖä°ĀæñÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
 èõØãóéóëÖä°ÿÜĆÚÿäøćîÈÃîÈÂóäÿäöãÚäú­ÿÂöćãèÂòÛÙääâËóÖõ āÕãâÚùêã°ĂË­ÂäñÛèÚÂóäëòÈÿÂÖ ëČóäèÉ 
ÖäèÉëîÛ ØÕæîÈÿÂöćãèÂòÛÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ ĀæñÚČóÝæâóÉòÕÿÜĆÚäñÛÛìæòÂÂóä ĀÚèÅõÕĀæñ
ØåêÏö ÕòÈÚòĈÚ ØòÂêñØóÈèõØãóéóëÖä° É÷ÈÿÜĆÚÂóäÜÐõÛòÖõÿßøćîĂì­ăÕ­âóÌ÷ćÈÅČóÖîÛĂÚÃ­îëÈëòãìäøîÃ­î
ëââÖõÑóÚÖ¬óÈ ą ÃîÈâÚùêã°ÖòĈÈăè­ 
 ØòÂêñØóÈèõØãóéóëÖä° ÜäñÂîÛÕ­èã 

1. ÂóäëòÈÿÂÖ ÿÜĆÚèõÙöÂóäăÕ­âóÃîÈÃ­îëÈëòã äòÛäú­Ã­îâúæ ßõÉóäÔóÃ­îâúæ ÉóÂÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõØöćÿÂõÕÃòĈÚ 
2. ÖòĈÈëââÖõÑóÚ ÿÜĆÚÂóäÂäñÕâÅèóâÅõÕ ëäùÜëõćÈØöćÅóÕè¬óÉñÿÜĆÚÅČóÖîÛÃîÈÜòÎìóìäøîÃ­îëÈëòãÚòĈÚ ą  
3. îîÂĀÛÛÂóäØÕæîÈÿßøćîé÷ÂêóÝæÃîÈÖòèĀÜäØöćÖ­îÈé÷Âêó āÕãÅèÛÅùâÖòèĀÜäîøćÚ ą ØöćîóÉâöÝæÖ¬î
ÖòèĀÜäØöćÖ­îÈÂóäé÷Âêó 

4. ÕČóÿÚõÚÂóäØÕæîÈ ÿÜĆÚÂóäÉòÕÂäñØČóÂòÛÖòèĀÜäØöćÂČóìÚÕ Ì÷ćÈăÕ­ĀÂ¬ ÖòèĀÜäÖ­Ú ÖòèĀÜäÖóâĀæñ
ÖòèĀÜäØöćÖ­îÈÂóäé÷Âêó 

5. äèÛäèâÃ­îâúæ ÿÜĆÚÂóäÛòÚØ÷ÂäèÛäèâÝæÂóäØÕæîÈìäøîÝæÉóÂÂóäÂäñØČóÃîÈÖòèĀÜäØöćÂČóìÚÕ 
6. ĀÜæĀæñëäùÜÝæÂóäØÕæîÈ 
ØòÂêñÂäñÛèÚÂóäØóÈèõØãóéóëÖä°ÜäñÂîÛÕ­èã Ɨƙ ØòÂêñ ÕòÈÚöĈ 

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

2. ØòÂêñÃòĈÚëúÈìäøîØòÂêñÃòĈÚÝëâ ƛ ØòÂêñăÕ­ĀÂ¬ 
1. ØòÂêñÂóäÖòĈÈëââùÖõÑóÚ (Formulating Hypothesis) 
2. ØòÂêñÂóäÅèÛÅùâÖòèĀÜä (Controlling Variables) 
3. ØòÂêñÂóäÖöÅèóâĀæñæÈÃ­îëäùÜ (Interpreting data) 
4. ØòÂêñÂóäÂČóìÚÕÚõãóâÿËõÈÜÐõÛòÖõÂóä (Defining Operationally) 
5. ØòÂêñÂóäØÕæîÈ (Experimenting) 

 



 Ɨƛ 

äóãæñÿîöãÕØòÂêñÂäñÛèÚÂóäØóÈèõØãóéóëÖä°ØòĈÈ Ɨƙ ØòÂêñ âöäóãæñÿîöãÕāÕãëäùÜÕòÈÚöĈ 
 ØòÂêñÂóäëòÈÿÂÖ (Observing) ìâóã×÷ÈÂóäĂË­ÜäñëóØëòâÝòëØòĈÈ ƛ ĂÚÂóäëòÈÿÂÖ ăÕ­ĀÂ¬ ĂË­ÖóÕú
äúÜä¬óÈ ĂË­ìúàòÈÿëöãÈ ĂË­æõĈÚËõâäë ĂË­ÉâúÂÕâÂæõćÚ ĀæñĂË­ÝõèÂóãëòâÝòëÅèóâä­îÚÿãĆÚ ìäøîĂË­âøîÉòÛÖ­îÈ
Åèóâî¬îÚĀÃĆÈ ÿÜĆÚÖ­Ú ÂóäĂË­ÜäñëóØëòâÝòëÿìæ¬óÚöĈÉñĂË­Øöæñîã¬óÈìäøîìæóãîã¬óÈßä­îâÂòÚÿßøćî
äèÛäèâÃ­îâúæÂĆăÕ­āÕãăâ¬ÿßõćâÅèóâÅõÕÿìĆÚÃîÈÝú­ëòÈÿÂÖæÈăÜ 
 ØòÂêñÂóäèòÕ (Measuring) ìâóã×÷È ÂóäÿæøîÂĀæñÂóäĂË­ÿÅäøćîÈâøîèòÕÜäõâóÔÃîÈëõćÈÃîÈ
îîÂâóÿÜĆÚÖòèÿæÃØöćĀÚ¬ÚîÚăÕ­îã¬óÈÿìâóñëâ Āæñ×úÂÖ­îÈāÕãâöìÚ¬èãÂČóÂòÛÿëâîĂÚÂóäèòÕÿßøćîìó
ÜäõâóÔÃîÈëõćÈØöćèòÕÖ­îÈÞ÷ÂĂì­Ýú­ÿäöãÚìóÅČóÖîÛ ƚ Å¬ó Åøî ÉñèòÕîñăä èòÕØČóăâ ĂË­ÿÅäøćîÈâøîîñăäèòÕĀæñ
ÉñèòÕăÕ­îã¬óÈăä 
 ØòÂêñÂóäÉČóĀÚÂìäøîØòÂêñÂóäÉòÕÜäñÿáØëõćÈÃîÈ (Classifying) ìâóã×÷È ÂóäĀÛ¬ÈßèÂìäøî
ÂóäÿäöãÈæČóÕòÛèòÖ×ù ìäøîëõćÈØöćîãú¬ĂÚÜäóÂÐÂóäÔ°āÕãÂóäìóÿÂÔÒ°ìäøîëä­óÈÿÂÔÒ°ĂÚÂóäÉČóĀÚÂÜäñÿáØ 
Ì÷ćÈîóÉĂË­ÿÂÔÒ°ÅèóâÿìâøîÚÂòÚ ÅèóâĀÖÂÖ¬óÈÂòÚ ìäøîÅèóâëòâßòÚÙ°ÂòÚîã¬óÈĂÕîã¬óÈìÚ÷ćÈÂĆăÕ­ Ì÷ćÈ
Āæ­èĀÖ¬Ýú­ÿäöãÚÉñÿæøîÂĂË­ÿÂÔÒ°ĂÕ ÚîÂÉóÂÚöĈÅèäëä­óÈÅèóâÅõÕäèÛãîÕĂì­ÿÂõÕÃ÷ĈÚÕ­èãè¬óÃîÈÂæù¬â
ÿÕöãèÂòÚÚòĈÚîóÉĀÛ¬ÈîîÂăÕ­ìæóãÜäñÿáØ ØòĈÈÚöĈÃ÷ĈÚîãú¬ÂòÛÿÂÔÒ°ØöćÿæøîÂĂË­ ĀæñèòÖ×ùËõĈÚìÚ÷ćÈĂÚÿèæó
ÿÕöãèÂòÚÉñÖ­îÈîãú¬ÿßöãÈÜäñÿáØÿÕöãèÿØ¬óÚòĈÚ 
 ØòÂêñÂóäìóßøĈÚØöćĀæñÅèóâëòâßòÚÙ°äñìè¬óÈßøĈÚØöćĀæñÿèæó (Using Space / Relationship) 
ìâóã×÷È ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈâõÖõÖ¬óÈ ą ØöćÿÂöćãèÂòÛë×óÚØöć äúÜØäÈ ØõéØóÈ äñãñØóÈ ßøĈÚØöć ÿèæó 
ðæð ÿË¬Ú ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈ ëÿÜëÂòÛëÿÜë Åøî ÂóäìóäúÜä¬óÈÃîÈèòÖ×ù āÕãëòÈÿÂÖÉóÂÿÈóÃîÈ
èòÖ×ùÿâøćîĂì­ĀëÈÖÂÂäñØÛèòÖ×ùĂÚâùâÖ¬óÈ ą ðæð 
 ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈ ÿèæóÂòÛÿèæó ÿË¬Ú ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈÉòÈìèñÂóäĀÂè¬È
ÃîÈæúÂÖù­âÚóíõÂóÂòÛÉòÈìèñÂóäÿÖ­ÚÃîÈËößÉä ðæð 
 ÂóäìóÅèóâëòâßòÚÙ°äñìè¬óÈ ëÿÜëÂòÛÿèæó ÿË¬Ú ÂóäìóÖČóĀìÚ¬ÈÃîÈèòÖ×ùØöćÿÅæøćîÚØöćăÜÿâøćîÿèæó
ÿÜæöćãÚăÜ ðæð 
 ØòÂêñÂóäÅČóÚèÔĀæñÂóäĂË­ÉČóÚèÚ (Using Numbers) ìâóã×÷È ÂóäÚČóÿîóÉČóÚèÚØöćăÕ­ÉóÂÂóä
èòÕ ÂóäëòÈÿÂÖ ĀæñÂóäØÕæîÈâóÉòÕÂäñØČóĂì­ÿÂõÕÅ¬óĂìâ¬ ÿË¬Ú ÂóäÛèÂ æÛ ÅúÔ ìóä ÂóäìóÅ¬óÿÊæöćã Âóä
ìóÅ¬óÖ¬óÈ ą ØóÈÅÔõÖéóëÖä° ÿßøćîÚČóÅ¬óØöćăÕ­ÉóÂÂóäÅČóÚèÔăÜĂË­ÜäñāãËÚ°ĂÚÂóäĀÜæÅèóâìâóã Āæñ
ÂóäæÈÃ­îëäùÜ Ì÷ćÈĂÚØóÈèõØãóéóëÖä°ÿäóÖ­îÈĂË­ÖòèÿæÃîãú¬ÖæîÕÿèæó ÿË¬Ú Âóäî¬óÚ ÿØîä°āââõÿÖîä° Âóä
ÖèÈëóäÖ¬óÈ ą ÿÜĆÚÖ­Ú 
 
 
 



 ƗƜ 

 ØòÂêñÂóäÉòÕÂäñØČóĀæñëøćîÅèóâìâóãÃ­îâúæ (Communication) ìâóã×÷È ÂóäÚČóÿîóÃ­îâúæ Ì÷ćÈ
ăÕ­âóÉóÂÂóäëòÈÿÂÖ ÂóäØÕæîÈ ðæð âóÉòÕÂäñØČóÿëöãĂìâ¬ ÿË¬Ú ÚČóâóÉòÕÿäöãÈæČóÕòÛ ìóÅ¬óÅèóâ×öć                  
ĀãÂÜäñÿáØ ÅČóÚèÔìóÅ¬óĂìâ¬ ÚČóâóÉòÕÿëÚîĂÚäúÜĀÛÛĂìâ¬ Öòèîã¬óÈÿË¬Ú Âäóà ÖóäóÈ ĀÝÚáúâõ 
ĀÝÚáóß èÈÉä ðæð ÂóäÚČóÃ­îâúæîã¬óÈĂÕîã¬óÈìÚ÷ćÈ ìäøîìæóã ą îã¬óÈÿË¬ÚÚöĈÿäöãÂè¬ó ÂóäëøćîÅèóâìâóã
Ã­îâúæ 
 ØòÂêñÂóäæÈÅèóâÿìĆÚÉóÂÃ­îâúæ (Inferring) ìâóã×÷È ÂóäÿßõćâÿÖõâÅèóâÅõÕÿìĆÚĂì­ÂòÛÃ­îâúæØöć
âöîãú¬îã¬óÈâöÿìÖùÝæ āÕãîóéòãÅèóâäú­ìäøîÜäñëÛÂóäÔ°ÿÕõââóË¬èã Ã­îâúæîóÉÉñăÕ­ÉóÂÂóäëòÈÿÂÖ ÂóäèòÕ 
ÂóäØÕæîÈ ÂóäæÈÅèóâÿìĆÚÉóÂÃ­îâúæÿÕöãèÂòÚîóÉæÈÅèóâÿìĆÚăÕ­ìæóãîã¬óÈ 
 ØòÂêñÂóäßãóÂäÔ° (Predicting) ìâóã×÷È ÂóäÅóÕÅñÿÚìóÅČóÖîÛæ¬èÈìÚ­óÂ¬îÚÂóäØÕæîÈ 
āÕãîóéòãÃ­îâúæØöćăÕ­ÉóÂÂóäëòÈÿÂÖ ÂóäèòÕ äèâăÜ×÷ÈÅèóâëòâßòÚÙ°äñìè¬óÈÖòèĀÜäØöćăÕ­é÷ÂêóâóĀæ­è ìäø
îóéòãÜäñëÛÂóäÔ°ØöćÿÂõÕÌČĈó ą 
 ØòÂêñÂóäÖòĈÈëââùÖõÑóÚ (Formulating Hypothesis) ìâóã×÷È ÂóäÅõÕìóÅ¬óÅČóÖîÛæ¬èÈìÚ­ó
Â¬îÚÉñØČóÂóäØÕæîÈ āÕãîóéòãÂóäëòÈÿÂÖ Åèóâäú­ ÜäñëÛÂóäÔ°ÿÕõâÿÜĆÚßøĈÚÑóÚ ÅČóÖîÛØöćÅõÕæ¬èÈìÚ­ó
ãòÈăâ¬ÿÜĆÚìæòÂÂóä ÂÏ ìäøîØåêÏöâóÂ¬îÚ ÅČóÖîÛØöćÅõÕăè­æ¬èÈìÚ­óÚöĈ âòÂÂæ¬óèăè­ÿÜĆÚÃ­îÅèóâØöćÛîÂ
ÅèóâëòâßòÚÙ°äñìè¬óÈÖòèĀÜäÖ­ÚÂòÛÖòèĀÜäÖóâÿË¬Ú ×­óĀâæÈèòÚăÜăÃ¬ÛÚÂ­îÚÿÚøĈî ìäøîÃãñÿÜöãÂĀæ­èÉñ
ØČóĂì­ÿÂõÕÖòèìÚîÚ 
 ØòÂêñÂóäÅèÛÅùâÖòèĀÜä (Controlling Variables) ìâóã×÷È ÂóäÅèÛÅùâëõćÈîøćÚ ą ÚîÿìÚøîÉóÂ
ÖòèĀÜäîõëäñ ØöćÉñØČóĂì­ÝæÂóäØÕæîÈÅæóÕÿÅæøćîÚ ×­óìóÂè¬óăâ¬ÅèÛĂì­ÿìâøîÚ ą ÂòÚ ĀæñÿÜĆÚÂóä
Ü­îÈÂòÚ ÿßøćîâõĂì­âöÃ­îāÖ­Āã­È 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 ÂóäÚČó

Ã­îâúæăÜĂË­É÷ÈÉČóÿÜĆÚÖ­îÈÖöÅèóâĂì­ëñÕèÂØöćÉñëøćîÅèóâìâóãăÕ­×úÂÖ­îÈĀæñÿÃ­óĂÉÖäÈÂòÚ 
ÂóäÖöÅèóâìâóãÃ­îâúæ Åøî ÂóäÛääãóãæòÂêÔñĀæñÅùÔëâÛòÖõ 
ÂóäæÈÃ­îëäùÜ Åøî ÂóäÛîÂÅèóâëòâßòÚÙ°ÃîÈÃ­îâúæØöćâöîãú¬ ÿË¬Ú ×­óÅèóâÕòÚÚ­îã ÚČĈóÉñÿÕøîÕØöć

îùÔìáúâõÖČćóìäøîÚČĈóÉñÿÕøîÕÿäĆè ×­óÅèóâÕòÚâóÂÚČĈóÉñÿÕøîÕØöćîùÔìáúâõëúÈìäøîÚČĈóÉñÿÕøîÕË­óæÈ 
 

 



 ƗƝ 

ØòÂêñÂóäÂČóìÚÕÚõãóâÿËõÈÜÐõÛòÖõÂóä (Defining Operationally) ìâóã×÷È ÂóäÂČóìÚÕ
ÅèóâìâóãĀæñÃîÛÿÃÖÃîÈÅČóÖ¬óÈ ą Øöćâöîãú¬ĂÚëââùÖõÑóÚØöćÉñØÕæîÈĂì­âöÅèóâäòÕÂùâ ÿÜĆÚØöćÿÃ­óĂÉ
ÖäÈÂòÚĀæñëóâóä×ëòÈÿÂÖĀæñèòÕăÕ­ ÿË¬Ú ́ÂóäÿÉäõÎÿÖõÛāÖµ ìâóãÅèóâè¬óîã¬óÈăä Ö­îÈÂČóìÚÕÚõãóâ
Ăì­ËòÕÿÉÚ ÿË¬Ú ÂóäÿÉäõÎÿÖõÛāÖìâóã×÷È âöÅèóâëúÈÿßõćâÃ÷ĈÚ ÿÜĆÚÖ­Ú 

ØòÂêñÂóäØÕæîÈ (Experimenting) ìâóã×÷È ÂäñÛèÚÂóäÜÐõÛòÖõÂóä āÕãĂË­ØòÂêñÖ¬óÈ ą ÿË¬Ú 
ÂóäëòÈÿÂÖ ÂóäèòÕ ÂóäßãóÂäÔ° ÂóäÖòĈÈëââùÖõÑóÚ ðæð âóĂË­ä¬èâÂòÚÿßøćîìóÅČóÖîÛ ìäøîØÕæîÈ
ëââùÖõÑóÚØöćÖòĈÈăè­ Ì÷ćÈÜäñÂîÛÕ­èãÂõÉÂääâ ƙ ÃòĈÚÖîÚ 

1. ÂóäîîÂĀÛÛÂóäØÕæîÈ 
2. ÂóäÜÐõÛòÖõÂóäØÕæîÈ 
3. ÂóäÛòÚØ÷ÂÝæÂóäØÕæîÈ 
ÂóäĂË­ÂäñÛèÚÂóäèõØãóéóëÖä° ĀëèÈìóÅèóâäú­ìäøîĀÂ­ÜòÎìóîã¬óÈëâČćóÿëâî Ë¬èãßòÓÚó

ÅèóâÅõÕëä­óÈëääÅ°ØóÈèõØãóéóëÖä° ÿÂõÕÝæÝæõÖìäøîÝæõÖáòÔÒ°ØóÈèõØãóéóëÖä°ØöćĀÜæÂĂìâ¬ Āæñâö
ÅùÔÅ¬óÖ¬îÂóäÕČóäÈËöèõÖÃîÈâÚùêã°âóÂÃ÷ĈÚ 
ÅùÔæòÂêÔñÃîÈÛùÅÅæØöćâöÉõÖèõØãóéóëÖä° Ɯ æòÂêÔñ 

1. ÿÜĆÚÅÚâöÿìÖùÝæ 
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 

 



 Ɨƞ 

 

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

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

6. âöÅèóâæñÿîöãÕäîÛÅîÛ 
1) äú­ÉòÂĂË­èõÉóäÔÎóÔÂ¬îÚØöćÉñÖòÕëõÚĂÉĂÕ ą  
2) ăâ¬ãîâäòÛëõćÈìÚ÷ćÈëõćÈĂÕÉÚÂè¬óÉñâöÂóäßõëúÉÚ°ØöćÿËøćî×øîăÕ­ 
3) ìæöÂÿæöćãÈÂóäÖòÕëõÚĂÉ ĀæñÂóäëäùÜÝæØöćãòÈăâ¬âöÂóäèõÿÅäóñì°Āæ­èÿÜĆÚîã¬óÈÕö 

 
 
 
 
 
 
 
 
 
 
 
 



 ƗƟ 

ĀÛÛØÕëîÛ ØòÂêñèõØãóéóëÖä° 
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Â. ØòÂêñÂóäëòÈÿÂÖ 
Ã. ØòÂêñÂóäèòÕ 
Å. ØòÂêñÂóäÅČóÚèÔ 
È. ØòÂêñÂóäÉČóĀÚÂÜäñÿáØ 
É. ØòÂêñÂóäØÕæîÈ 
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............Ɵ. äúÜØäÈÂäñÛîÂâöÅèóâëúÈÜäñâóÔ  ƚ ÚõĈè ÝõèÿäöãÛ 

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

āÕãâöîùÜÂäÔ° ÕòÈÚöĈ  ÿâæĆÕ×òćè    ×­èãßæóëÖõÂ   ÂäñÕóêØõËËú    ÚČĈó    ÂäñÕóêëöÕČó 
 



 ƘƖ 

ÂóäØÕæîÈ........................................................................................................................................ 
................................................................................................................................................................. 
................................................................................................................................................................. 
................................................................................................................................................................. 
................................................................................................................................................................. 
................................................................................................................................................................. 
................................................................................................................................................................. 
................................................................................................................................................................. 
................................................................................................................................................................. 
................................................................................................................................................................. 
................................................................................................................................................................. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ƘƗ 

ÿäøćîÈØöć Ƙ  ÿØÅāÚāæãö 
ÿØÅāÚāæãö(Technology) ìâóã×÷È Åèóâäú­ èõËóÂóääèâÂòÛÅèóâäú­èõÙöÂóäĀæñÅèóâËČóÚóÎØöć

ëóâóä×ÚČóăÜÜÐõÛòÖõĂì­ÿÂõÕÜäñāãËÚ°ëúÈëùÕ  ëÚîÈÅèóâÖ­îÈÂóäÃîÈâÚùêã°ÿÜĆÚëõćÈØöćâÚùêã°ßòÓÚóÃ÷ĈÚ 
ÿßøćîË¬èãĂÚÂóäØČóÈóÚìäøîĀÂ­ÜòÎìóÖ¬óÈ ą ÿË¬Ú îùÜÂäÔ°, ÿÅäøćîÈâøî, ÿÅäøćîÈÉòÂä, èòëÕù ìäøî Āâ­ÂäñØòćÈØöć
ăâ¬ăÕ­ÿÜĆÚëõćÈÃîÈØöćÉòÛÖ­îÈăÕ­ ÿË¬Ú äñÛÛìäøîÂäñÛèÚÂóäÖ¬óÈ ą ÿØÅāÚāæãö âöÅèóâëòâßòÚÙ°ÂòÛÂóä
ÕČóäÈËöèõÖÃîÈâÚùêã°âóÿÜĆÚÿèæóÚóÚ ÿÜĆÚëõćÈØöćâÚùêã°ĂË­ĀÂ­ÜòÎìóßøĈÚÑóÚ ĂÚÂóäÕČóäÈËöèõÖ ÿË¬Ú Âóä
ÿßóñÜæúÂ Øöćîãú¬îóéòã ÿÅäøćîÈÚù¬Èì¬â ãóäòÂêóāäÅ ĂÚäñãñĀäÂÿØÅāÚāæãöØöćÚČóâóĂË­ ÿÜĆÚ ÿØÅāÚāæãö
ßøĈÚÑóÚăâ¬ëæòÛÌòÛÌ­îÚÿìâøîÚÕòÈÜòÉÉùÛòÚ ÂóäÿßõćâÃîÈÜäñËóÂä ĀæñÃ­îÉČóÂòÕÕ­óÚØäòßãóÂäÙääâËóÖõ 
äèâØòĈÈâöÂóäßòÓÚóÅèóâëòâßòÚÙ°ÂòÛÖ¬óÈÜäñÿØéÿÜĆÚÜòÉÉòãÕ­óÚÿìÖùëČóÅòÎĂÚÂóäÚČóĀæñßòÓÚó
ÿØÅāÚāæãöâóĂË­âóÂÃ÷ĈÚ 

ÿØÅāÚāæãöĂÚÂóäÜäñÂîÛîóËöß   

1. ÿØÅāÚāæãöÂòÛÂóäßòÓÚóîùÖëóìÂääâ ÂóäÚČóÿØÅāÚāæãöâóĂË­ĂÚÂóäÝæõÖ ØČóĂì­ÜäñëõØÙõáóß
ĂÚÂóäÝæõÖÿßõćâÃ÷ĈÚ ÜäñìãòÕĀäÈÈóÚ æÕÖ­ÚØùÚĀæñ äòÂêóëáóßĀèÕæ­îâ ÿØÅāÚāæãöØöćâö
ÛØÛóØĂÚÂóäßòÓÚóîùÖëóìÂääâĂÚÜäñÿØéăØã ÿË¬Ú ÅîâßõèÿÖîä° ĀæñîõÿæĆÂØäîÚõÂë° Âóä
ëøćîëóä ÿØÅāÚāæãöËöèáóßĀæñßòÚÙùÂääâ èõéèÂääâ ÿØÅāÚāæãöÿæÿÌîä° Âóäëøćîëóä ÂóäĀßØã° 
ÿØÅāÚāæãößæòÈÈóÚ ÿØÅāÚāæãöèòëÕùéóëÖä° ÿË¬Ú ßæóëÖõÂ ĀÂ­è èòëÕùÂ¬îëä­óÈ āæìñ  

2. ÿØÅāÚāæãöÂòÛÂóäßòÓÚóÕ­óÚÂóäÿÂêÖä ĂË­ÿØÅāÚāæãöĂÚÂóäÿßõćâÝæÝæõÖ ÜäòÛÜäùÈßòÚÙù° ÿÜĆÚ
Ö­Ú ÿØÅāÚāæãöâöÛØÛóØĂÚÂóäßòÓÚóîã¬óÈâóÂ ĀÖ¬ØòĈÈÚöĈÂóäÚČóÿØÅāÚāæãöâóĂË­ĂÚÂóäßòÓÚó
ÉñÖ­îÈé÷ÂêóÜòÉÉòãĀèÕæ­îâìæóãÕ­óÚ ÿË¬Ú ØäòßãóÂäëõćÈĀèÕæ­îâ ÅèóâÿëâîáóÅĂÚāîÂóë
ĀæñÂóäĀÃ¬ÈÃòÚØóÈÿéäêÑÂõÉĀæñëòÈÅâ ÿßøćîĂì­ÿÂõÕÅèóâ ÝëâÂæâÂæøÚÖ¬îÂóäßòÓÚó
ÜäñÿØéËóÖõĀæñë¬èÚîøćÚ ą îöÂâóÂ  

ÿØÅāÚāæãöØöćĂË­ĂÚËöèõÖÜäñÉČóèòÚ                                

 ÂóäÚČóÿØÅāÚāæãöâóĂË­ĂÚËöèõÖÜäñÉČóèòÚÃîÈâÚùêã°âöâóÂâóãÿÚøćîÈÉóÂÂóäăÕ­äòÛÂóäßòÓÚó
ØóÈÕ­óÚÿØÅāÚāæãöÂòÚîã¬óÈÂè­óÈÃèóÈ ÿË¬Ú Âóäë¬ÈÉÕìâóãÝ¬óÚØóÈîõÚÿÖîä°ÿÚĆÖ ÂóäìóÅèóâäú­Ý¬óÚ
îõÚÿÖîä°ÿÚĆÖ      ÂóäßúÕÅùãĀæñĀæÂÿÜæöćãÚÅèóâÅõÕÿìĆÚÂòÚ Âóäî¬óÚìÚòÈëøîÝ¬óÚîõÚÿÖîä°ÿÚĆÖ  æ­èÚĀÖ¬
ÿÜĆÚÿØÅāÚāæãöØöćâöÅèóâÂ­óèìÚ­óîã¬óÈäèÕÿäĆè  ÿÜĆÚÂóäÜäñìãòÕÿèæóĀæñëóâóä×ìóÅèóâäú­Ö¬óÈ ą ăÕ­
äèÕÿäĆèãõćÈÃ÷ĈÚ                



 ƘƘ 

ÿØÅāÚāæãöÂ¬îÿÂõÕÝæÂäñØÛÖ¬îëòÈÅâĀæñßøĈÚØöćØöćâöÿØÅāÚāæãöÿÃ­óăÜÿÂöćãèÃ­îÈĂÚìæóãäúÜĀÛÛ 
ÿØÅāÚāæãöăÕ­Ë¬èãĂì­ëòÈÅâìæóã ą Āì¬ÈÿÂõÕÂóäßòÓÚóØóÈÿéäêÑÂõÉâóÂÃ÷ĈÚÌ÷ćÈäèâØòĈÈÿéäêÑÂõÉāæÂĂÚ
ÜòÉÉùÛòÚ ĂÚìæóã ą ÃòĈÚÖîÚÃîÈÂóäÝæõÖāÕãĂË­ÿØÅāÚāæãöăÕ­Â¬îĂì­ÿÂõÕÝæÝæõÖØöćăâ¬Ö­îÈÂóä ìäøî
ÿäöãÂè¬óâæáóèñ ÿÂõÕÂóäëúÎÿëöãØäòßãóÂäÙääâËóÖõĀæñÿÜĆÚÂóäØČóæóãëõćÈĀèÕæ­îâ ÿØÅāÚāæãöìæóã ą 
îã¬óÈØöć×úÂÚČóâóĂË­âöÝæÖ¬îÅ¬óÚõãâĀæñèòÓÚÙääâÃîÈëòÈÅâ ÿâøćîâöÿØÅāÚāæãöĂìâ¬ ą ÿÂõÕÃ÷ĈÚÂĆâòÂÉñ×úÂÖòĈÈ
ÅČó×óâØóÈÉäõãÙääâ 
ÿØÅāÚāæãöØöćÿìâóñëâ 
             ÅČóè¬óÿØÅāÚāæãöØöćÿìâóñëâ  ìâóãÅèóâ×÷ÈÿìâóñëâÖ¬îëáóßÿéäêÑÂõÉ ëòÈÅâ ĀæñÅèóâ
Ö­îÈÂóäÃîÈÜäñÿØé ÿØÅāÚāæãöÛóÈÿäøćîÈÿìâóñëâÂòÛÛóÈÜäñÿØé ØòĈÈÚöĈÃ÷ĈÚîãú¬ÂòÛëáóèñÃîÈĀÖ¬æñ
ÜäñÿØé 

Ɨ. ÅèóâÉČóÿÜĆÚØöćÚČóÿØÅāÚāæãöâóĂË­ĂÚÜäñÿØéăØã ÜäñËóËÚë¬èÚĂìÎ¬ÿÜĆÚÿÂêÖäÂä äóãăÕ­
ÉóÂÝæÝæõÖØóÈÂóäÿÂêÖäâöâóÂÂè¬óäóãăÕ­îã¬óÈîøćÚ ĀæñÜäñâóÔä­îãæñ 80 ÃîÈÜäñËóÂäîóéòãîãú¬ĂÚ
ËÚÛØ ÕòÈÚòĈÚÂóäÚČóÿØÅāÚāæãöâóĂË­É÷ÈÿÜĆÚÿäøćîÈÉČóÿÜĆÚ āÕãÿÊßóñîã¬óÈãõćÈÿØÅāÚāæãöØóÈÂóäÿÂêÖä 
ëõÚÅ­óØóÈÂóäÿÂêÖä ë¬èÚĂìÎ¬ë¬ÈîîÂÉČóìÚ¬óãÖ¬óÈÜäñÿØéĂÚæòÂêÔñèòÖ×ùÕõÛ ÿË¬Ú ÂóäÃóãÿâæĆÕāÂāÂ­
Ăì­Ö¬óÈÜäñÿØéĀæ­èÚČóăÜÝæõÖÿÜĆÚËĆîÅāÂĀæÖ ìóÂÖòĈÈāäÈÈóÚĂÚÜäñÿØéăØãÖ­îÈĂË­ÿØÅāÚāæãöÿÃ­óâóâö
ÛØÛóØĂÚÂóäßòÓÚóÂóäĀÜääúÜ 

2. ÿØÅāÚāæãöØöćÿìâóñëâ âöÝú­äú­ìæóãØ¬óÚăÕ­ÖöÅèóâìâóãÃîÈÅČóè¬ó ́ÿìâóñëâµ è¬óÿìâóñëâÂòÛ
îñăäÖ¬îÿéäêÑÂõÉäñãñÿèæóìäøîäñÕòÛÿØÅāÚāæãöØöćÿìâóñëâ 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°ÉóÂÿîÚăÌÚ°ÃîÈÉùæõÚØäöã° 

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

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

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


 Ƙƙ 

5. ÂóäÜäòÛÜäùÈÃÛèÚÂóäÂóäÝæõÖîóìóäĂì­âöÜäñëõØÙõáóßĀæñâöÅèóâÜæîÕáòãÖ¬îÝú­ÛäõāáÅ 
6. ÂóääõÿäõćâÅ­ÚÅè­óìóØäòßãóÂäÙääâËóÖõâóĂË­ÜäñāãËÚ° (search for utilization of  unused 

resources) ĀæñÂóäëä­óÈØäòßãóÂäĂìâ¬ 

 
ÿäøćîÈØöć ƙ  èòëÕùĀæñîùÜÂäÔ°ØóÈèõØãóéóëÖä° 
îùÜÂäÔ°ØóÈèõØãóéóëÖä°  ÅøîÿÅäøćîÈâøîØöćĂË­ØòĈÈáóãĂÚĀæñáóãÚîÂì­îÈÜÐõÛòÖõÂóäÿßøćîĂË­ØÕæîÈĀæñìó
ÅČóÖîÛÖ¬óÈąØóÈèõØãóéóëÖä° 
 
ÜäñÿáØÃîÈÿÅäøćîÈâøîØóÈèõØãóéóëÖä° 
 1. ÜäñÿáØØòćèăÜ  ÿË¬Ú ÛöÂÿÂîä° ìæîÕØÕëîÛ ăßÿßØ ÛõèÿäÖ ÂäñÛîÂÖèÈ  ìæîÕìãÕëóä             
ĀØ¬ÈĀÂ­èÅÚëóä Ì÷ćÈîùÜÂäÔ°ÿìæ¬óÚöĈÝæõÖÃ÷ĈÚÉóÂèòëÕùØöćÿÜĆÚĀÂ­è ÿÚøćîÈÉóÂÜ­îÈÂòÚÂóäØČóÜÐõÂõäõãóÂòÛ
ëóäÿÅâö ÚîÂÉóÂÚöĈãòÈâö ÿÅäøćîÈËòćÈĀÛÛÖ¬óÈą Âæ­îÈÉùæØääéÚ° ÖñÿÂöãÈĀîæÂîïîæ°ÿÜĆÚÖ­Ú Ì÷ćÈîùÜÂäÔ°
ÿìæ¬óÚöĈèõÙöĂË­ÈóÚØöćĀÖÂÖ¬óÈÂòÚîîÂăÜ ÖóâæòÂêÔñÃîÈÈóÚ  
 2. ÜäñÿáØÿÅäøćîÈâøîË¬óÈ ÿÜĆÚîùÜÂäÔ°ØöćĂË­ăÕ­ØòĈÈáóãĂÚì­îÈÜÐõÛòÖõÂóä ĀæñáóãÚîÂ
ì­îÈÜÐõÛòÖõÂóä ÿË¬Ú ÿèîä°ÿÚöã Åöâ ĀæñĀÜæÈ 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° 

ØČóĂì­Ýú­ĂË­ëóâóä×ØäóÛÜäõâóÖäÃîÈÃîÈÿìæèØöćÛääÉùîãú¬ăÕ­îã¬óÈÅä¬óèą ĀæñÛöÂÿÂîä°âöÅèóâÉùÖòĈÈĀÖ¬ 5 
âõææõÿâÖäÉÚ×÷ÈìæóãąæõÖä îöÂØòĈÈÿÜĆÚĀÛÛëúÈ ĀÛÛÿÖöĈã ĀæñĀÛÛäúÜØäÈÂäèã (conical beaker) ÛöÂÿÂîä°
ÉñâöÜóÂÈîÿìâøîÚÜóÂÚÂÌ÷ćÈÿäöãÂè¬ó spout ØČóĂì­ÂóäÿØÃîÈÿìæèîîÂăÕ­āÕãëñÕèÂ spout ØČóĂì­
ëñÕèÂĂÚÂóäèóÈăâ­ĀÂ­èÌ÷ćÈãøćÚîîÂâóÉóÂÞóØöćÜõÕÛöÂÿÂîä° Āæñ spout ãòÈÿÜĆÚØóÈîîÂÃîÈăîÚČĈóìäøî
ĀÂ®ëÿâøćîØČóÂóääñÿìãÃîÈÿìæèĂÚÛöÂÿÂîä°ØöćÜõÕÕ­èãÂäñÉÂÚóíõÂó (watch grass)  
ÂóäÿæøîÂÃÚóÕÃîÈÛöÂÿÂîä°ÿßøćîĂë¬ÃîÈÿìæèÚòĈÚ

Ã÷ĈÚîãú¬ÂòÛÜäõâóÔÃîÈÿìæèØöćÉñĂë¬ āÕãÜÂÖõĂì­äñÕòÛ
ÃîÈÿìæèîãú¬ÖČćóÂè¬óÜóÂÛöÂÿÂîä°ÜäñâóÔ 1 - 1 1/2 ÚõĈè  
 



 Ƙƚ 

ÜäñāãËÚ°ÃîÈÛöÂÿÂîä°  
 1. ĂË­ëČóìäòÛÖ­âëóäæñæóãØöćâöÜäõâóÔâóÂą  
 2. ĂË­ëČóìäòÛÿÖäöãâëóäæñæóãÖ¬óÈą  
 3. ĂË­ëČóìäòÛÖÂÖñÂîÚĀæñĂË­äñÿìãÃîÈÿìæèØöćâöåØÙõċÂäÕÚ­îã  
 
ìæîÕØÕëîÛ ( TEST TUBE ) 

ìæîÕØÕëîÛâöìæóãËÚõÕĀæñìæóãÃÚóÕ ËÚõÕØöćâöÜóÂĀæñăâ¬âöÜóÂ ËÚõÕÙääâÕóĀæñËÚõÕ
ØÚăà ÃÚóÕÃîÈìæîÕØÕëîÛäñÛùăÕ­ 2 ĀÛÛÅøî ÅèóâãóèÂòÛÿë­ÚÝ¬óéúÚã°ÂæóÈäõâÚîÂìäøîÃÚóÕÅèóâ
ÉùÿÜĆÚÜäõâóÖä 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 ĂË­
Ö­âÃîÈÿìæèØöćâöÜäõâóÖäÚ­îãą āÕãâö test tube holder ÉòÛÂòÚä­îÚâøî 

ìæîÕØÕëîÛĀÛÛØÚăàÉñâöÃÚóÕĂìÎ¬ ĀæñìÚóÂè¬óìæîÕÙääâÕó ĂË­ëČóìäòÛÿÝóëóäÖ¬óÈą 
Õ­èãÿÜæèăàāÕãÖäÈĂÚîùÔìáúâõØöćëúÈ ìæîÕËÚõÕÚöĈăâ¬ÅèäÚČóăÜĂË­ëČóìäòÛØÕæîÈÜÐõÂõäõãóÿÅâöäñìè¬óÈ
ëóäÿìâøîÚìæîÕÙääâÕó 



 Ƙƛ 

ăßÿßØ (PIPETTE) 
 ăßÿßØÿÜĆÚîùÜÂäÔ°ØöćĂË­ĂÚÂóäèòÕÜäõâóÖäăÕ­îã¬óÈĂÂæ­ÿÅöãÈ âöîãú¬ìæóã
ËÚõÕ ĀÖ¬āÕãØòćèăÜØöćâöĂË­îãú¬ĂÚì­îÈÜÐõÛòÖõÂóäâöîãú¬ 2 ĀÛÛ Åøî Volumetric pipette 
ìäøî Transfer pipette Āæñ Measuring pipette Transfer pipette Ì÷ćÈĂË­ĂÚÂóäèòÕ
ÜäõâóÖäăÕ­ÿßöãÈÅ¬óÿÕöãè Åøî×­óìóÂ Transfer pipette Éù 25 âæ. ÂĆÉñèòÕÜäõâóÖäÃîÈ
ÃîÈÿìæèăÕ­ÿÊßóñ 25 âæ. ÿØ¬óÚòĈÚ Transfer pipette âöìæóãÃÚóÕÖòĈÈĀÖ¬ 1 âæ. ×÷È 
100 âæ. ×÷ÈĀâ­ăßÿßØËÚõÕÚöĈÉñĂË­èòÕÜäõâóÖäăÕ­îã¬óÈĂÂæ­ÿÅöãÈÅèóâÉäõÈÂĆÖóâ ĀÖ¬
ÂĆãòÈâöÃ­îÝõÕßæóÕÌ÷ćÈÃ÷ĈÚîãú¬ÂòÛÃÚóÕÃîÈăßÿßØ 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¬îã

ëóäæñæóãîîÂÉóÂăßÿßØĀæ­è ì­óâÿÜ¬óëóäæñæóãØöćÖÂÅ­óÈîãú¬ØöćÜæóãÃîÈăßÿßØ ĀÖ¬ÅèäĀÖñÜæóãăß
ÿßØÂòÛÃ­óÈáóËÚñÿìÚøîäñÕòÛëóäæñæóãáóãĂÚáóËÚñÚòĈÚÜäñâóÔ 30 èõÚóØö ÿßøćîĂì­ëóäæñæóãØöćîãú¬
Ã­óÈĂÚăßÿßØăìæîîÂâóîöÂ ăßÿßØËÚõÕÚöĈĂË­ăÕ­È¬óãĀæñÿäĆèÂè¬óÛõèÿäØ Measuring pipette ìäøî 
Graduated pipette (ÛóÈØöÿäöãÂè¬ó Mohr pipette) ÉñâöÃöÕÛîÂÜäõâóÖäÖ¬óÈ ą ăè­ ØČóĂì­ëóâóä×ĂË­ăÕ­îã¬óÈ
Âè­óÈÃèóÈ Åøîëóâóä×ĂË­ĀØÚ Transfer pipette ăÕ­ ĀÖ¬ĂË­èòÕÜäõâóÖäăÕ­ĀÚ¬ÚîÚÚ­îãÂè¬ó Transfer 
pipette ĀæñâöÅèóâÝõÕßæóÕâóÂÂè¬ó ÿË¬Ú  

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

 



 ƘƜ 

ÛõèÿäØ (BURETTE) 
 ÛõèÿäØÿÜĆÚîùÜÂäÔ°èòÕÜäõâóÖäØöćâöÃöÕÛîÂÜäõâóÖäÖ¬óÈą ĀæñâöÂĆîÂëČóìäòÛÿÜõÕ-ÜõÕ ÿßøćîÛòÈÅòÛ
ÂóäăìæÃîÈÃîÈÿìæè ÛõèÿäØÿÜĆÚîùÜÂäÔ°ØöćĂË­ĂÚÂóäèõÿÅäóñì° âöÃÚóÕÖòĈÈĀÖ¬ 10 âæ. ÉÚ×÷È 100 âæ. Ûõè
ÿäØ ëóâóä×èòÕÜäõâóÖäăÕ­îã¬óÈĂÂæ­ÿÅöãÈÅèóâÉäõÈâóÂØöćëùÕ ĀÖ¬ÂĆãòÈâöÅèóâÝõÕßæóÕîãú¬ÿæĆÂÚ­îã Ì÷ćÈ
Ã÷ĈÚîãú¬ÂòÛÃÚóÕÃîÈÛõèÿäØ ÿË¬Ú  

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

ÛõèÿäØ ÃÚóÕ 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 
ÿÅäøćîÈËòćÈËÚõÕÚöĈâöĀÃÚÃ­óÈÃèóîãú¬ 3 ĀÃÚĀæñĂÚĀÖ¬æñĀÃÚÉñâöÃöÕÛîÂÚČĈóìÚòÂăè­ÿË¬Ú 0-1.0 Âäòâ 0-10 
Âäòâ 0-100 Âäòâ ĀæñãòÈâöÖù­âÚČĈóìÚòÂëČóìäòÛÿæøćîÚăÜâóăÕ­îöÂÕ­èã ĀÃÚØòĈÈ 3 ÚöĈÖõÕÂòÛÿÃĆâËöĈîòÚÿÕöãèÂòÚ  

 
èõÙöÂóäĂË­ÿÅäøćîÈËòćÈĀÛÛ (Triple-beam balance)  
 1. ÖòĈÈÿÅäøćîÈËòćÈĂì­îãú¬ĂÚĀÚèäñÚóÛ Āæ­èÜäòÛĂì­ĀÃÚÃîÈÿÅäøćîÈËòćÈîãú¬ĂÚĀÚèäñÚóÛāÕãìâùÚ
ëÂäúĂì­ÿÃĆâËöĈÖäÈÃöÕ 0  
 2. èóÈÃèÕÛääÉùëóäÛÚÉóÚÿÅäøćîÈËòćÈ Āæ­èÿæøćîÚÖù­âÚČĈóìÚòÂÛÚĀÃÚØòĈÈëóâÿßøćîÜäòÛĂì­ÿÃĆâËöĈ
ÖäÈÃöÕ 0 î¬óÚÚČĈóìÚòÂÛÚĀÃÚÿÅäøćîÈËòćÈÉñÿÜĆÚÚČĈóìÚòÂÃîÈÃèÕÛääÉùëóä  
 3. ×­óÖ­îÈÂóäËòćÈëóäÖóâÚČĈóìÚòÂØöćÖ­îÈÂóäÂĆÛèÂÚČĈóìÚòÂÃîÈëóäÂòÛÚČĈóìÚòÂÃîÈÃèÕÛääÉùëóä
ØöćăÕ­ĂÚÃ­î 2 Āæ­èÿæøćîÚÖù­âÚČĈóìÚòÂÛÚĀÃÚØòĈÈ 3 Ăì­ÖäÈÂòÛÚČĈóìÚòÂØöćÖ­îÈÂóä  
 4. ÿÖõâëóäØöćÖ­îÈÂóäËòćÈæÈĂÚÃèÕÛääÉùëóäÉÚÿÃĆâËöĈÖäÈÃöÕ 0 ßîÕö ÉñăÕ­ÚČĈóìÚòÂÃîÈëóäÖóâ
Ö­îÈÂóä  



 ƘƝ 

 5. ÚČóÃèÕÛääÉùëóäîîÂÉóÂÉóÚÃîÈÿÅäøćîÈËòćÈĀæ­èÿæøćîÚÖù­âÚČĈóìÚòÂØùÂîòÚĂì­îãú¬Øöć 0 ØČóÅèóâ
ëñîóÕÿÅäøćîÈËòćÈìóÂâöëóäÿÅâöìÂÛÚÉóÚìäøîäîÛą ÿÅäøćîÈËòćÈ  
ĀÛÛ equal-arm 

 

 

ÿÜĆÚÿÅäøćîÈËòćÈØöćâöĀÃÚ 2 Ã­óÈãóèÿØ¬óÂòÚÿâøćî
èòÕäñãñÉóÂÉùÕìâùÚÌ÷ćÈÿÜĆÚëòÚâöÕ ÃÔñØöć
ĀÃÚÃîÈÿÅäøćîÈËòćÈîãú¬ĂÚëâÕùæ ÿâøćî
Ö­îÈÂóäìóÚČĈóìÚòÂÃîÈëóäìäøîèòÖ×ù Ăì­
èóÈëóäÚòĈÚÛÚÉóÚÕ­óÚìÚ÷ćÈÃîÈÿÅäøćîÈËòćÈ 
ÖîÚÚöĈĀÃÚÃîÈÿÅäøćîÈËòćÈÉñăâ¬îãú¬ĂÚáóèñ
ØöćëâÕùæÉ÷ÈÖ­îÈĂë¬Öù­âÚČĈóìÚòÂÿßøćîÜäòÛĂì­
ĀÃÚÿÅäøćîÈËòćÈîãú¬ĂÚëâÕùæ  

 
èõÙöÂóäĂË­ÿÅäøćîÈËòćÈĀÛÛ (Equal-arm balance)  
 1.ÉòÕĂì­ÿÅäøćîÈËòćÈîãú¬ĂÚĀÚèäñÕòÛÂ¬îÚāÕãÂóäÜäòÛëÂäúØöćÃóÖòĈÈĀæ­èìóëÿÂæéúÚã°ÃîÈÿÅäøćîÈËòćÈ 
ÿâøćîăâ¬âöèòÖ×ùîãú¬ÛÚÉóÚ Üæ¬îãØöćäîÈÉóÚ Āæ­èÜäòÛĂì­ÿÃĆâËöĈØöćÿæÃ 0 ÛÚëÿÂæéúÚã°  
 2. èóÈÃèÕÛääÉùëóäÛÚÉóÚØóÈÕ­óÚÌ­óãâøîĀæñèóÈÖù­âÚČĈóìÚòÂÛÚÉóÚØóÈÃèóâøîÃîÈÿÅäøćîÈËòćÈ
āÕãĂË­ÅöÛÅöâ  
 3. ×­óÿÃĆâËöĈâóØóÈÌ­óãÃîÈëÿÂæéúÚã°ĀëÕÈè¬óÃèÕËòćÈëóäÿÛóÂè¬óÖù­âÚČĈóìÚòÂ Ö­îÈãÂÜù¬âÅèÛÅùâ
ÅóÚÃ÷ĈÚÿßøćîÖä÷ÈĀÃÚÿÅäøćîÈËòćÈĀæ­èÿÖõâÖù­âÚČĈóìÚòÂîöÂ×­óÿÃĆâËöĈâóØóÈÃèóÃîÈëÿÂæéúÚã°ĀëÕÈè¬óÃèÕËòćÈ
ëóäÿÛóÂè¬óÖù­âÚČĈóìÚòÂ Ö­îÈãÂÜù¬âÅèÛÅùâÅóÚÃ÷ĈÚÿßøćîÖä÷ÈĀÃÚÿÅäøćîÈËòćÈĀæ­èÿîóÖù­âÚČĈóìÚòÂîîÂ  
 4. ĂÚÂäÔöØöćÖù­âÚČĈóìÚòÂăâ¬ëóâóä×ØČóĂì­ĀÃÚØòĈÈ 2 Ã­óÈîãú¬ĂÚäñÚóÛăÕ­ Ăì­ÿæøćîÚăäÿÕîä°ăÜâó
ÿßøćîÜäòÛĂì­ÚČĈóìÚòÂØòĈÈëîÈÃ­óÈĂì­ÿØ¬óÂòÚ  
 5. ÛòÚØ÷ÂÚČĈóìÚòÂØòĈÈìâÕØöćËòćÈăÕ­  
 6. ÚČóëóäîîÂÉóÂÃèÕĂë¬ëóä Āæ­èØČóÂóäËòćÈÚČĈóìÚòÂÃîÈÃèÕĂë¬ëóä  
 7. ÚČĈóìÚòÂÃîÈëóäëóâóä×ìóăÕ­āÕãÚČóÚČĈóìÚòÂØöćËòćÈăÕ­ÅäòĈÈĀäÂæÛÚČĈóìÚòÂØöćËòćÈăÕ­ÅäòĈÈìæòÈ  
 8. ìæòÈÉóÂĂË­ÿÅäøćîÈËòćÈÿëäĆÉĀæ­èĂì­ØČóÅèóâëñîóÕÉóÚ Āæ­èÿîóÖù­âÚČĈóìÚòÂîîÂĀæñÿæøćîÚăä
ÿÕîä°Ăì­îãú¬ØöćÖČóĀìÚ¬ÈéúÚã° 
 
 



 Ƙƞ 

2. ÂóäĂË­ÈóÚîùÜÂäÔ°èõØãóéóëÖä°ÜäñÿáØÿÅäøćîÈâøîË¬óÈ 
 ÿèîä°ÿÚöã (VERNIER ) 
ÿÜĆÚÿÅäøćîÈâøîØöćĂË­èòÕÅèóâãóèÃîÈèòÖ×ùØòĈÈáóãĂÚ ĀæñáóãÚîÂÃîÈËõĈÚÈóÚ ÿèîä°ÿÚöãÅóæõÿÜîä°âöæòÂêÔñ  
ë¬èÚÜäñÂîÛÃîÈÿèîä°ÿÚöã 
 

 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×ĂË­

ÈóÚăÕ­Åæ¬îÈÖòèìäøîăâ¬ 
1.3 ÖäèÉëîÛÜóÂèòÕÃîÈÿèîä°ÿÚöãāÕãÿæøćîÚÿèîä°ÿÚöãä°ëÿÂæĂì­ÜóÂÿèîä°ÿÚöãèòÕÚîÂÿæøćîÚËõÕ

ÖõÕÂòÚÉóÂÚòĈÚãÂÿèîä°ÿÚöãä°Ã÷ĈÚë¬îÈÕúè¬ó ÛäõÿèÔÜóÂÿèîä°ÿÚöãä° âöĀëÈëè¬óÈÝ¬óÚìäøîăâ¬ ×­óăâ¬âöĀëÕÈè¬ó
ëóâóä×ĂË­ÈóÚăÕ­Õö ÂäÔöØöćĀëÈëè¬óÈëóâóä×æîÕÝ¬óÚăÕ­ ĀëÕÈ è¬óÜóÂèòÕËČóäùÕăâ¬ÅèäÚČóâóĂË­èòÕÃÚóÕ 
2. ÂóäèòÕÃÚóÕÈóÚ ÖóâæČóÕòÛÃòĈÚÕòÈÚöĈ 



 ƘƟ 

2.1 ØČóÅèóâëñîóÕÛäõÿèÔÝõèÈóÚØöćÖ­îÈÂóäèòÕ 
2.2 ÿæøîÂĂË­ÜóÂèòÕÈóÚĂì­ÿìâóñëâÂòÛæòÂêÔñÈóÚØöćÖ­îÈÂóä ÿË¬Ú ×­óÖ­îÈÂóäèòÕÃÚóÕáóãÚîÂ

ÿæøîÂĂË­ÜóÂèòÕÚîÂ èòÕÃÚóÕÕ­óÚĂÚËõĈÚÈóÚÿæøîĂË­ÜóÂèòÕĂÚ ×­óÖ­îÈÂóäèòÕÃÚóÕÈóÚØöćØöćÿÜĆÚË¬îÈÿæĆÂ ą 
ĂË­ÛäõÿèÔë¬èÚÜæóãÃîÈÜóÂèòÕÚîÂ ÌøćÈâöæòÂêÔñÿìâøîÚÅââöÕØòĈÈ 2 Õ­óÚ 

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

2.4 ÃÔñèòÕÈóÚ ëóãÖóÖ­îÈâîÈÖòĈÈÊóÂÂòÛÖČóĀìÚ¬ÈØöćî¬óÚ Āæ­èÉ÷Èî¬óÚÅ¬ó 
3. ÿâøćîÿæõÂÜÐõÛòÖõÈóÚ ÅèäØČóÅèóâëñîóÕ ËñāæâÕ­èãÚČĈóâòÚ ĀæñÿÂĆÛäòÂêóÕ­èãÅèóâäñâòÕäñèòÈ ĂÚÂäÔö
Øöćăâ¬ăÕ­ĂË­ÈóÚÚóÚ ą ÅèäĂË­èóëæöÚØóë¬èÚØöćÉñÿÜĆÚëÚõâ 
 
Åöâ (TONG) 

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

 
3.ÂóäĂË­ÈóÚîùÜÂäÔ°èõØãóéóëÖä°ÜäñÿáØëõĈÚÿÜæøîÈĀæñëóäÿÅâö 
 ÂäñÕóêÂäîÈ (FILTER PAPER) ÿÜĆÚÂäñÕóêØöćÂäîÈëóäØöćîÚùáóÅĂìÎ¬îîÂÉóÂÃîÈÿìæèÌ÷ćÈ
âöÃÚóÕÃîÈîÚùáóÅØöćÿæĆÂÂè¬ó 
 ÂäñÕóêæõÖâòë (LITMUS)ÿÜĆÚÂäñÕóêØöćĂË­ØÕëîÛëâÛòÖõÅèóâÿÜĆÚÂäÕ-ÿÛëÃîÈÃîÈÿìæè 
ÂäñÕóêæõÖâòëâöëîÈëöÅøîëöĀÕÈìäøîëöËâßú ĀæñëöÚČĈóÿÈõÚìäøîëöà­ó èõÙöĂË­ÅøîÂóäëòâÝòëÃîÈÿìæèæÈÛÚ
ÂäñÕóê ×­óìóÂÃîÈÿìæèâöëáóßÿÜĆÚÂäÕ (pH < ƚ.ƛ) ÂäñÕóêÉñÿÜæöćãÚÉóÂëöÚČĈóÿÈõÚÿÜĆÚëöĀÕÈ Āæñ
ĂÚØóÈÂæòÛÂòÚ×­óÃîÈÿìæèâöëáóßÿÜĆÚÿÛë (pH > ƞ.ƙ) ÂäñÕóêÉñÿÜæöćãÚÉóÂëöĀÕÈÿÜĆÚëöÚČĈóÿÈõÚ ×­óìóÂ
ÿÜĆÚÂæóÈ (ƚ.ƛ Ò pH Ò ƞ.ƙ) ÂäñÕóêØòĈÈëîÈÉñăâ¬ÿÜæöćãÚëö 

ëóäÿÅâö ìâóã×÷È ëóäØöćÜäñÂîÛÕ­èãÙóÖùÿÕöãèÂòÚìäøîëóäÜäñÂîÛÉóÂÙóÖùÖ¬óÈąäèâÂòÚÕ­èã
ßòÚÙñÿÅâöÌ÷ćÈĂÚì­îÈÜÐõÛòÖõÂóäÉñâöëóäÿÅâöâóÂâóã 

 

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


 ƙƖ 

ĀÛÛØÕëîÛÿäøćîÈ 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° 
    Ã­îĂÕĂÚÂóäÖäèÉëîÛÃ­îÿØĆÉÉäõÈ  

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¬óÂòÚĀæñ 
    èòÕîùÔìáúâõÉóÂÖòèÿîÈìæòÈÿÕõÚØóÈØòĈÈ 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¬îâóÜäóÂÐè¬óĀâèØòĈÈëîÈÖòèâöÚČĈóìÚòÂÿßõćâÃ÷ĈÚÿØ¬óÂòÚ ÜòÎìóÃîÈĀÂ­èÂ¬îÚÂóäØÕæîÈÅøîÃ­îĂÕ  

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



 ƙƗ 

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.  ×­óÝÈÌòÂàîÂ B ÉñëñîóÕÂè¬óÝÈÌòÂàîÂ A  

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

Â.  ×­óÖ­âÚČĈóÿÕøîÕĂÚÜäõâóÔØöćÿØ¬óÂòÚÉñÿÕøîÕĂÚÿèæóÿÕöãèÂòÚ 
Ã.  ×­óÖ­âÚČĈóÿÕøîÕÕ­èãáóËÚñØöćØČóÕ­èãîæúâõÿÚöãâÕòÈÚòĈÚÚČĈóÉñÿÕøîÕÿäĆèÂè¬óÂóäÖ­âÕ­èãáóËÚñ    
     ëòÈÂñëö 
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¬  "ëââÖõÑóÚ  Â¬îÚÂóäØÕæîÈÅøî
Ã­îĂÕ  

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

10. ÚõĈÈĂË­ëČóæöÂäîÈÚČĈó Ú­îãĂË­ĂãÛèÛÂäîÈÚČĈó 2 ÅÚ ĂË­èõÙöÂóäØÕæîÈÿÕöãèÂòÚØòĈÈ  2  ÅÚ ĂË­ëââÖõÑóÚ 
      ä¬èâÂòÚĂÚÃ­îĂÕ  

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



 ƙƘ 

ƗƗ.  ÿâøćîĂë¬ÚČĈóĀÃĆÈæÈĂÚĀÂ­è Āæ­èÖòĈÈØõĈÈăè­ëòÂÅäú¬ÉñßÛè¬óäîÛÚîÂÃîÈĀÂ­èâöìãÕÚČĈóÿÂóñîãú¬ÿÖĆâ Ã­îĂÕ
ÿÜĆÚÝæÉóÂÂóäëòÈÿÂÖ ĀæñÛòÚØ÷ÂÝæ 

Â.  âöìãÕÚČĈóÃÚóÕÿæĆÂĀæñÃÚóÕĂìÎ¬ÿÂóñîãú¬ÉČóÚèÚâóÂØöćÝõèĀÂ­è  
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¬
ëîÕÅæ­îÈÂòÛëââÖõÑóÚ ÉñÖ­îÈØČóîã¬óÈăä 

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

 



 ƙƙ 

ƗƝ.  Ã­îĂÕÿäöãÈæČóÕòÛÃòĈÚÖîÚÃîÈèõÙöÂóäØóÈèõØãóéóëÖä°ăÕ­×úÂÖ­îÈ 
Â.  ÂóäÖòĈÈëââÖõÑóÚ ÂóääèÛäèâÃ­îâúæ ÂóäØÕæîÈ ĀæñëäùÜÝæ  
Ã.  ÂóäÖòĈÈëââÖõÑóÚ ÂóäëòÈÿÂÖĀæñÜòÎìó ÂóäÖäèÉëîÛëââÖõÑóÚĀæñÂóäØÕæîÈ ĀæñëäùÜÝæ  
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  
ÉóÂÃ­îÅèóâÃ­óÈÖ­Ú Ã­îĂÕÂæ¬óè×÷ÈÖòèĀÜäăÕ­×úÂÖ­îÈ   

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



 ƙƚ 

2. ́  ÂóäÈîÂÃîÈÿâæĆÕÃ­óèāßÕ ĂÚÿèæóØöćÖ¬óÈÂòÚÃ÷ĈÚîãú¬ÂòÛÜäõâóÔÃîÈÚČĈóØöćÿâæĆÕÃ­óèāßÕăÕ­äòÛ ĂË¬ìäøîăâ¬ µ   
ÉóÂÃ­îÅèóâÃ­óÈÖ­Ú 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  
      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 



 ƙƛ 

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

28. ×­óÚòÂÿäöãÚÖ­îÈÂóäÉñÖäèÉëîÛè¬óÕõÚÖ¬óÈËÚõÕÂòÚÉñîù­âÚČĈóăÕ­ĂÚÜäõâóÔØöćÖ¬óÈÂòÚîã¬óÈăä ÚòÂÿäöãÚ 
     ÖòĈÈëââùÖõÑóÚăÕ­è¬óîã¬óÈăä  

Â. ×­óËÚõÕÃîÈÕõÚâöÝæÖ¬îÜäõâóÔÚČĈóØöćîù­âăè­ ÕòÈÚòĈÚÕõÚÿìÚöãèÉñîù­âÚČĈóăÕ­âóÂÂè¬óÕõÚä¬èÚĀæñ 
    ÕõÚä¬èÚÉñîù­âÚČĈóăè­ăÕ­âóÂÂè¬óÕõÚØäóã 
Ã. ÕõÚÖ¬óÈËÚõÕÂòÚã¬îâîù­âÚČĈóăè­ăÕ­Ö¬óÈÂòÚÕ­èã 
Å. ÕõÚØöćâöÿÚøĈîÕõÚæñÿîöãÕÉñîù­âÚČĈóăÕ­ÕöÂè¬óÕõÚÿÚøĈîìãóÛ 
È. ×úÂØùÂÃ­îØöćÂæ¬óèâó 
 
 
 
 
 
 
 



 ƙƜ 

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 

 
 
 
 
 
 

ÿÊæãĀÛÛØÕëîÛØòÂêñèõØãóéóëÖä° 
Ɨ.  É  Ƙ.  Ã  ƙ.  Â  ƚ.  É  ƛ.  Ã 
Ɯ.  È  Ɲ.  Â  ƞ.  É  Ɵ.  Ã  ƗƖ.  È 



 ƙƝ 

ÂõÉÂääâØöć Ɨ ÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
ÂõÉÂääâ Øöć Ɨ  ÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
Ăì­ÚòÂé÷ÂêóîîÂĀÛÛĀÂ­ÜòÎìóÉóÂë×óÚÂóäÔ°Ö¬îăÜÚöĈ 
 
 
 
ÂČóìÚÕÜòÎìó         ĀëÈÝæÖ¬îÂóäÿÉäõÎÿÖõÛāÖÃîÈÿâæĆÕ×òćèìäøîăâ¬ 
ÂóäÖòĈÈëââÖõÑóÚ    ×­óĀëÈâöÝæÖ¬îÂóäÿÉäõÎÿÖõÛāÖÃîÈÿâæĆÕ×òćèĀæ­èÕòÈÚòĈÚÿâæĆÕ×òćèØöćăÕ­äòÛĀëÈ 
 ÉñÿÉäõÎÿÖõÛāÖăÕ­ÕöÂè¬ó 
 ÖòèĀÜäÖ­Ú   ĀëÈ 
 ÖòèĀÜäÖóâ ÂóäÿÉäõÎÿÖõÛāÖÃîÈÿâæĆÕ×òćè 
 ÖòèĀÜäÅèÛÅùâ     ÿâæĆÕ×òćè,×­èãßæóëÖõÂ,ÂäñÕóêØõËËú,ÜäõâóÔÚČĈó 
ÂóäØÕæîÈ 
1. ĀË¬ÿâæĆÕ×òćèÿÃöãèăè­ 1 ÅøÚ  
2. Ăë¬ÚČĈóæÈĂÚ×­èãßæóëÖõÂ 3 ĂÛ Ăì­âöäñÕòÛÚČĈóëúÈÜäñâóÔ 1 cm  
3. ßòÛØÛÂäñÕóêØõËËúìæóãą ËòĈÚ ßäâÚČĈóĂì­ËøĈÚ Āæ­èÚČóăÜÛùÕ­óÚĂÚÃîÈ×­èã ØČóÿË¬ÚÚöĈÂòÛ×­èãßæóëÖõÂØòĈÈ 3 
ĂÛ  
4. èóÈÿâæĆÕ×òćèÿÃöãè 6 ÿâæĆÕ ØöćĀË¬ÚČĈóĀæ­èăè­äñìè¬óÈÂäñÕóêØõËËúĀæñ×­èã  
5. ×­èãĂÛØöć Ɨ Ăì­ĂË­ÂäñÕóêëöÕČóÜõÕăè­āÕãäñâòÕäñèòÈăâ¬Ăì­ĀëÈÿÃ­óăÜĂÚ×­èã  ×­èãĂÛØöć Ƙ èóÈăè­ÛäõÿèÔ 
    ĂÂæ­ÿÅöãÈÛäõÿèÔĂÛØöć Ɨ 
6. ëòÈÿÂÖÂóäÿÉäõÎÿÖõÛāÖāÕãèòÕÅèóâëúÈÃîÈÿâæĆÕ×òćèØùÂèòÚ ĀæñÛòÚØ÷ÂÝæÃîÈÿâæĆÕ×òćèØùÂèòÚÿÜĆÚÿèæó 
5 èòÚ ĀæñÿÖõâÚČĈóæÈĂÚ×­èãĂì­ëúÈ   1 cm ØùÂèòÚ 
 

ÿÊæãĀÛÛØÕëîÛÛØØöć Ɨ ÿäøćîÈ ØòÂêñÂäñÛèÚÂóäØóÈèõØãóéóëÖä° 
Ɨ.  Ã  Ƙ.  Ã  ƙ.  È  ƚ.  Å  ƛ.  Å 
Ɯ.  Â  Ɲ.  Ã  ƞ.  Å  Ɵ.  Â  ƗƖ.  È 
ƗƗ.  Â  ƗƘ.  Â  Ɨƙ.  Â  Ɨƚ.  Å  Ɨƛ. È   
ƗƜ. È  ƗƝ. È  Ɨƞ. Å  ƗƟ. Ã  ƘƖ. Å  
ƘƗ. Â  ƘƘ. Ã  Ƙƙ. Ã  Ƙƚ. Å  Ƙƛ. È   
ƘƜ. È  ƘƝ. È  Ƙƞ. È  ƘƟ. È  ƙƖ. Ã 

āÕãâöîùÜÂäÔ° ÕòÈÚöĈ  ÿâæĆÕ×òćè    ×­èãßæóëÖõÂ   ÂäñÕóêØõËËú    ÚČĈó    ÂäñÕóêëöÕČó 
 



 ƙƞ 

ÛØØöć 2 
āÅäÈÈóÚèõØãóéóëÖä° 

ëóäñëČóÅòÎ 
āÅäÈÈóÚèõØãóéóëÖä°ÿÜĆÚÂõÉÂääâÿÂöćãèÂòÛèõØãóéóëÖä° Ì÷ćÈÿÜĆÚÂõÉÂääâØöćÖ­îÈĂË­ÂäñÛèÚÂóä

ØóÈ èõØãóéóëÖä° ĂÚÂóäé÷ÂêóÅ­ÚÅè­ó āÕãÝú­ÿäöãÚÉñÿÜĆÚÝú­ÕČóÿÚõÚÂóäÕ­èãÖÚÿîÈØòĈÈìâÕ ÖòĈÈĀÖ¬ÿäõćâ
èóÈĀÝÚĂÚ Âóäé÷ÂêóÅ­ÚÅè­ó ÂóäÿÂĆÛäèÛäèâÃ­îâúæ ÉÚ×÷ÈÂóäĀÜæÝæ ëäùÜÝæ ĀæñÂóäÿëÚîÝæ
Âóäé÷Âêó āÕãâöÝú­ËČóÚóÎ ÂóäÿÜĆÚÝú­Ăì­ÅČóÜä÷Âêó 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãÜäñÿáØ ÿæøîÂìòèÃ­î èóÈĀÝÚ èõÙöØČó ÚČóÿëÚîĀæñÜäñāãËÚ°ÃîÈāÅäÈÈóÚăÕ­ 
2. èóÈĀÝÚÂóäØČóāÅäÈÈóÚăÕ­ 
3. ØČóāÅäÈÈóÚèõØãóéóëÖä°ÿÜĆÚÂæù¬âăÕ­ 
4. îÙõÛóãĀæñÛîÂĀÚèØóÈĂÚÂóäÚČóÝæÉóÂāÅäÈÈóÚăÜĂË­ÜäñāãËÚ°ăÕ­ 
5. ÚČóÅèóâäú­ÿÂöćãèÂòÛāÅäÈÈóÚăÜĂË­ÜäñāãËÚ°ĂÚËöèõÖÜäñÉČóèòÚăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
ÿäøćîÈØöć 1 ÜäñÿáØÃîÈāÅäÈÈóÚèõØãóéóëÖä° 
ÿäøćîÈØöć 2 ÃòĈÚÖîÚÂóäØČóāÅäÈÈóÚèõØãóéóëÖä° 
ÿäøćîÈØöć 3 ÂóäÚČóÿëÚîāÅäÈÈóÚèõØãóéóëÖä° 



 ƙƟ 

ÿäøćîÈØöć  Ɨ  ÜäñÿáØÃîÈāÅäÈÈóÚèõØãóéóëÖä° 
 āÅäÈÈóÚèõØãóéóëÖä°ÿÜĆÚÂõÉÂääâÿÂöćãèÂòÛèõØãóéóëÖä°ĀæñÿØÅāÚāæãö Ì÷ćÈÿÜĆÚÂõÉÂääâØöćÖ­îÈ
ĂË­ÂäñÛèÚÂóäØóÈèõØãóéóëÖä°ĂÚÂóäé÷ÂêóÅ­ÚÅè­ó  āÕãÝú­ÿäöãÚÉñÿÜĆÚÝú­ÕČóÿÚõÚÂóäÕ­èãÖÚÿîÈØòĈÈìâÕ 
ÖòĈÈĀÖ¬ÿäõćâèóÈĀÝÚĂÚÂóäé÷ÂêóÅ­ÚÅè­ó ÂóäÿÂĆÛäèÛäèâÃ­îâúæ ÉÚ×÷ÈÿäøćîÈÂóäĀÜæÝæ ëäùÜÝæ ĀæñÿëÚî
ÝæÂóäé÷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 Ö­îÈâöÂóä
îîÂĀÛÛÂóäØÕæîÈĀæñÕČóÿÚõÚÂóäØÕæîÈÿßøćîìóÅČóÖîÛÃîÈÜòÎìóØöćÖ­îÈÂóäØäóÛìäøî
ÿßøćîÖäèÉëîÛëââÖõÑóÚØöćÖòĈÈăè­ āÕãâöÂóäÉòÕÂäñØČóÂòÛÖòèĀÜäÖ­ÚìäøîÖòèĀÜäîõëäñ ÿßøćîÕú
ÝæØöćÿÂõÕÃ÷ĈÚÂòÛÖòèĀÜäÖóâ ĀæñâöÂóäÅèÛÅùâÖòèĀÜäîøćÚ ą Øöćăâ¬Ö­îÈÂóäé÷Âêó 

3. āÅäÈÈóÚÜäñÿáØÂóäßòÓÚóìäøîÜäñÕõêÑ° ÿÜĆÚāÅäÈÈóÚØöćâöæòÂêÔñÂõÉÂääâØöćÿÜĆÚ
Âóäé÷ÂêóÿÂöćãèÂòÛÂóäÜäñãùÂÖ° ØåêÏö ìäøîìæòÂÂóäØóÈèõØãóéóëÖä° ÿßøćîÜäñÕõêÑ°
ÿÅäøćîÈâøî ÿÅäøćîÈĂË­ ìäøîîùÜÂäÔ°ÿßøćîÜäñāãËÚ°ĂË­ëîãÖ¬óÈ ą Ì÷ćÈîóÉÿÜĆÚÂóäÜäñÕõêÑ°
ÃîÈĂìâ¬ ą ìäøîÜäòÛÜäùÈÃîÈÿÕõâØöćâöîãú¬Ăì­âöÜäñëõØÙõáóßëúÈÃ÷ĈÚ Ì÷ćÈÉñäèâăÜ×÷ÈÂóäëä­óÈ
ĀÛÛÉČóæîÈÿßøćîîÙõÛóãĀÚèÅõÕ 

4. āÅäÈÈóÚÜäñÿáØÂóäëä­óÈØåêÏöìäøîîÙõÛóã ÿÜĆÚāÅäÈÈóÚØöćâöæòÂêÔñÂõÉÂääâØöćÝú­ØČó
ÉñÖ­îÈÿëÚîĀÚèÅõÕ ìæòÂÂóä ìäøîØåêÏöĂìâ¬ ą îã¬óÈâöìæòÂÂóäØóÈèõØãóéóëÖä°ĂÚäúÜ
ÃîÈëúÖäëâÂóäìäøîÅČóîÙõÛóãîóÉÿÜĆÚĀÚèÅõÕĂìâ¬ØöćãòÈăâ¬ÿÅãÚČóÿëÚî ìäøîîóÉÿÜĆÚÂóä
îÙõÛóãÜäóÂÐÂóäÔ°ĂÚĀÚèĂìâ¬ÂĆăÕ­  æòÂêÔñëČóÅòÎÃîÈāÅäÈÈóÚÜäñÿáØÚöĈ Åøî Ýú­ØČó
ÉñÖ­îÈâößøĈÚÑóÚÅèóâäú­ØóÈèõØãóéóëÖä°ÿÜĆÚîã¬óÈÕö Ö­îÈÅ­ÚÅè­óé÷ÂêóÿäøćîÈäóèØöćÿÂöćãèÃ­îÈ
îã¬óÈæ÷ÂÌ÷ĈÈ É÷ÈÉñëóâóä×ëä­óÈÅČóîÙõÛóãìäøîØåêÏöăÕ­ 

 
 
 

 



 ƚƖ 

ÂõÉÂääâØöć Ɨ 
 1 )  Ăì­ÚòÂé÷ÂêóßõÉóäÔóËøćîāÅäÈÈóÚÖ¬îăÜÚöĈĀæ­èÖîÛè¬óÿÜĆÚāÅäÈÈóÚÜäñÿáØĂÕ āÕãÿÃöãÚ
ÅČóÖîÛæÈĂÚË¬îÈè¬óÈ 

1. ĀÜäÈæÛÂäñÕóÚăä­Þù¬Ú                              āÅäÈÈóÚ..................................... 
2. ãóÃòÕäîÈÿØ­óÉóÂÿÜæøîÂâòÈÅùÕ   āÅäÈÈóÚ.................................... 
3. Âóäé÷ÂêóÛäõÿèÔÜ¬óËóãÿæÚ   āÅäÈÈóÚ.................................... 
4. ßåÖõÂääâæîÈÝõÕæîÈ×úÂÃîÈÚÂßõäóÛ  āÅäÈÈóÚ..................................... 
5. Û­óÚãùÅÚõèÿÅæöãä°    āÅäÈÈóÚ..................................... 
6. Âóäé÷ÂêóÅùÔáóßÚČĈóĂÚĀâ¬ÚČĈóÿÉ­óßäñãó āÅäÈÈóÚ..................................... 
7. ÿÅäøćîÈë¬ÈëòÎÎóÔÂòÚÃāâã   āÅäÈÈóÚ..................................... 
8. ëóìä¬óãëöÿÃöãèĀÂâÚČĈóÿÈõÚÜäòÛëáóßÚČĈóÿëöãÉóÂÚóÂù­È     āÅäÈÈóÚ...................... 
9. é÷ÂêóßåÖõÂääâÂóäÿäöãÚäú­ĀÛÛâöÿÈøćîÚăÃÃîÈìÚúÃóè āÅäÈÈóÚ....................... 
10. é÷ÂêóèÈÉäËöèõÖÃîÈÖòèÕ­èÈ   āÅäÈÈóÚ................................... 

 
 

Ƙ )   Ăì­ÚòÂé÷ÂêóîÙõÛóãÅèóâëČóÅòÎÃîÈāÅäÈÈóÚèõØãóéóëÖä°è¬óâöÅèóâëČóÅòÎîã¬óÈăä 
...................................................................................................................................................................
...................................................................................................................................................................
...................................................................................................................................................................
...................................................................................................................................................................
...................................................................................................................................................................
...................................................................................................................................................................
...................................................................................................................................................................
...................................................................................................................................................................
...................................................................................................................................................................
............................................................................................................................................... 
 
 
 
 
 



 ƚƗ 

ÿäøćîÈØöć  Ƙ  ÃòĈÚÖîÚÂóäØČóāÅäÈÈóÚèõØãóéóëÖä° 
 ÂóäØČóÂõÉÂääâāÅäÈÈóÚÿÜĆÚÂóäØČóÂõÉÂääâØöćÿÂõÕÉóÂÅČó×óâìäøîÅèóâîãóÂäú­îãóÂÿìĆÚ
ÿÂöćãèÂòÛÿäøćîÈÖ¬óÈ ą ÕòÈÚòĈÚÂóäØČóāÅäÈÈóÚÉ÷ÈâöÃòĈÚÖîÚÕòÈÚöĈ 

1. ÃòĈÚëČóäèÉìäøîÖòÕëõÚĂÉÿæøîÂÿäøćîÈØöćÉñØČó 
 ÂóäÖòÕëõÚĂÉÿæøîÂÿäøćîÈØöćÉñØČóāÅäÈÈóÚÅèäßõÉóäÔó×÷ÈÅèóâßä­îâĂÚÕ­óÚÖ¬óÈ ą ÿË¬Ú

Āìæ¬ÈÅèóâäú­ÿßöãÈßîØöćÉñé÷ÂêóìäøîÃîÅČóÜä÷Âêó  âöÅèóâäú­ĀæñØòÂêñĂÚÂóäĂË­ÿÅäøćîÈâøîîùÜÂäÔ°Ö¬óÈą 
ØöćĂË­ĂÚÂóäé÷Âêó âöÝú­ØäÈÅùÔèùÓõäòÛÿÜĆÚØöćÜä÷Âêó âöÿèæó ĀæñÈÛÜäñâóÔÿßöãÈßî 

2. ÃòĈÚé÷ÂêóÃ­îâúæØöćÿÂöćãèÃ­îÈÂòÛÿäøćîÈØöćÖòÕëõÚĂÉØČó 
 Âóäé÷ÂêóÃ­îâúæØöćÿÂöćãèÃ­îÈÂòÛÿäøćîÈØöćÖòÕëõÚĂÉØČó  ÉñË¬èãĂì­Ýú­ÿäöãÚăÕ­ĀÚèÅõÕØöćÉñ

ÂČóìÚÕÃîÛÃ¬óãÿäøćîÈØöćÉñé÷ÂêóÅ­ÚÅè­óĂì­ÿÊßóñÿÉóñÉÈâóÂÃ÷ĈÚĀæñãòÈăÕ­Åèóâäú­  ÿäøćîÈØöćÉñé÷ÂêóÅ­ÚÅè­ó
ÿßõćâÿÖõâÉÚëóâóä×îîÂĀÛÛÂóäé÷Âêó ØÕæîÈ ĀæñèóÈĀÝÚÕČóÿÚõÚÂóäØČóāÅäÈÈóÚèõØãóéóëÖä°îã¬óÈ
ÿìâóñëâ 

3. ÃòĈÚèóÈĀÝÚÕČóÿÚõÚÂóä 
 ÂóäØČóāÅäÈÈóÚèõØãóéóëÖä°ăâ¬è¬óÿäøćîÈĂÕÉñÖ­îÈâöÂóäèóÈĀÝÚîã¬óÈæñÿîöãÕ  äîÛÅîÛ 

ĀæñâöÂóäÂČóìÚÕÃòĈÚÖîÚĂÚÂóäÕČóÿÚõÚÈóÚîã¬óÈäòÕÂùâ ØòĈÈÚöĈÿßøćîĂì­ÂóäÕČóÿÚõÚÈóÚÛääæùÉùÕâù¬Èìâóãìäøî
ÿÜ­óìâóãØöćÂČóìÚÕăè­  ÜäñÿÕĆÚØöćÖ­îÈä¬èâÂòÚÅõÕèóÈĀÝÚĂÚÂóäØČóāÅäÈÈóÚâöÕòÈÚöĈ Åøî ÜòÎìó ëóÿìÖù
ÃîÈÜòÎìó ĀÚèØóÈ ĀæñèõÙöÂóäĀÂ­ÜòÎìóØöćëóâóä×ÜÐõÛòÖõăÕ­  ÂóäîîÂĀÛÛÂóäé÷ÂêóØÕæîÈāÕã
ÂČóìÚÕĀæñÅèÛÅùâÖòèĀÜä èòëÕùîùÜÂäÔ°ĀæñëóäÿÅâö ÿèæó Āæñë×óÚØöćÉñÜÐõÛòÖõÈóÚ 

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 

ÅèóâëČóÅòÎÃîÈāÅäÈÈóÚ ĀÚèÅõÕ ìæòÂÂóä ìäøîØåêÏöØöćÿÂöćãèÂòÛāÅäÈÈóÚ 
4.5 èòÖ×ùÜäñëÈÅ°āÅäÈÈóÚ ÿÜĆÚÂóäÛîÂÉùÕâù¬ÈìâóãÃîÈÈóÚØöćÉñØČó Ì÷ćÈÅèäâöÅèóâ

ÿÊßóñÿÉóñÉÈĀæñÿÜĆÚëõćÈØöćëóâóä×èòÕĀæñÜäñÿâõÚÝæăÕ­ 
4.6 ëââÖõÑóÚÃîÈāÅäÈÈóÚ(×­óâö)ëââÖõÑóÚÿÜĆÚÅČóîÙõÛóãØöćÅóÕăè­æ¬èÈìÚ­ó Ì÷ćÈÉñ

ÝõÕìäøî×úÂÂĆăÕ­ ëââÖõÑóÚØöćÕöÅèäâöÿìÖùÝæäîÈäòÛ Āæñëóâóä×ØÕëîÛăÕ­ 
 



 ƚƘ 

4.7 èòëÕùîùÜÂäÔ°ĀæñëõćÈØöćÖ­îÈĂË­  ÿÜĆÚÂóääñÛùèòëÕùîùÜÂäÔ°ØöćÉČóÿÜĆÚĂË­ĂÚÂóä
ÕČóÿÚõÚÈóÚè¬óâöîñăäÛ­óÈ ăÕ­âóÉóÂăìÚ 

4.8 èõÙöÕČóÿÚõÚÂóä  ÿÜĆÚÂóäîÙõÛóãÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚîã¬óÈæñÿîöãÕØùÂÃòĈÚÖîÚ 
4.9 ĀÝÚÜÐõÛòÖõÂóä ÿÜĆÚÂóäÂČóìÚÕÿèæóÿäõćâÖ­ÚĀæñÿèæóÿëäĆÉÈóÚĂÚĀÖ¬æñÃòĈÚÖîÚ 
4.10 ÝæØöćÅóÕè¬óÉñăÕ­äòÛ  ÿÜĆÚÂóäÅóÕÂóäÔ°ÝæØöćÉñăÕ­äòÛÉóÂÂóäÕČóÿÚõÚÈóÚăè­

æ¬èÈìÚ­ó Ì÷ćÈîóÉăÕ­ÝæÖóâØöćÅóÕăè­ìäøîăâ¬ÂĆăÕ­ 
4.11 ÿîÂëóäî­óÈîõÈ  ÿÜĆÚÂóäÛîÂĀìæ¬ÈÃ­îâúæìäøîÿîÂëóäØöćĂË­ĂÚÂóäé÷ÂêóÅ­ÚÅè­ó 

5. ÃòĈÚæÈâøîÜÐõÛòÖõ 
 ÂóäæÈâøîÜÐõÛòÖõÿÜĆÚÃòĈÚÖîÚØöćëČóÅòÎÖîÚìÚ÷ćÈĂÚÂóäØČóāÅäÈÈóÚÿÚøćîÈÉóÂÿÜĆÚÂóäæÈ

âøîÜÐõÛòÖõÉäõÈÖóâĀÝÚØöćăÕ­ÂČóìÚÕăè­ĂÚÿÅ­óāÅäÈÃîÈāÅäÈÈóÚ  îã¬óÈăäÂĆÖóâÂóäØČóāÅäÈÈóÚóÉñ
ëČóÿäĆÉăÕ­Õ­èãÕö Ýú­ÿäöãÚÉñÖ­îÈÅČóÚ÷È×÷ÈÿäøćîÈÅèóâßä­îâÃîÈèòëÕùîùÜÂäÔ° ĀæñëõćÈîøćÚ ą ÿË¬ÚëâùÕÛòÚØ÷Â
ÂõÉÂääâÜäñÉČóèòÚ ÅèóâæñÿîöãÕäîÛÅîÛĀæñÅèóâÿÜĆÚäñÿÛöãÛĂÚÂóäÜÐõÛòÖõÈóÚ  ÅèóâÜäñìãòÕĀæñ
ÅèóâÜæîÕáòãĂÚÂóäÜÐõÛòÖõÈóÚ ÅèóâÚ¬óÿËøćî×øîÃîÈÃ­îâúæØöćăÕ­ÉóÂÂóäÜÐõÛòÖõÈóÚ ÂóäÿäöãÈæČóÕòÛ
Â¬îÚìæòÈÃîÈÈóÚë¬èÚã¬îã ą Ì÷ćÈÖ­îÈØČóĀÖ¬æñë¬èÚĂì­ÿëäĆÉÂ¬îÚØČóë¬èÚîøćÚÖ¬îăÜĂÚÃòĈÚæÈâøîÜÐõÛòÖõ
ÉñÖ­îÈâöÂóäÛòÚØ÷ÂÝæ  ÂóäÜäñÿâõÚÝæ ÂóäèõÿÅäóñì° ĀæñëäùÜÝæÂóäÜÐõÛòÖõ 

6. ÃòĈÚÿÃöãÚäóãÈóÚāÅäÈÈóÚ 
 ÂóäÿÃöãÚäóãÈóÚÂóäÕČóÿÚõÚÈóÚÃîÈāÅäÈÈóÚ Ýú­ÿäöãÚÉñÖ­îÈÿÃöãÚäóãÈóÚĂì­ËòÕÿÉÚ ĂË­

éòßØ°ÿØÅÚõÅØöć×úÂÖ­îÈ ĂË­áóêóÂñØòÕäòÕ ËòÕÿÉÚ ÿÃ­óĂÉÈ¬óã ĀæñÖ­îÈÅäîÛÅæùâÜäñÿÕĆÚëČóÅòÎ ą ØòĈÈìâÕ
ÃîÈāÅäÈÈóÚăÕ­ĀÂ¬ ËøćîāÅäÈÈóÚ ËøćîÝú­ØČóāÅäÈÈóÚ ËøćîØöćÜä÷Âêó ÛØÅòÕã¬î ØöćâóĀæñÅèóâëČóÅòÎÃîÈ
āÅäÈÈóÚ ÉùÕìâóã ëââÖõÑóÚ èõÙöÕČóÿÚõÚÈóÚ ÝæÂóäé÷ÂêóÅ­ÚÅè­ó ÝæëäùÜÃîÈāÅäÈÈóÚ Ã­îÿëÚîĀÚñ 
ÅČóÃîÛÅùÔÛùÅæóÂäìäøîìÚ¬èãÈóÚĀæñÿîÂëóäî­óÈîõÈ 

7. ÃòĈÚÿëÚîÝæÈóÚĀæñÉòÕĀëÕÈÝæÈóÚāÅäÈÈóÚ 
 ìæòÈÉóÂØČóāÅäÈÈóÚèõØãóéóëÖä°ÿëäĆÉĀæ­èÉñÖ­îÈÚČóÝæÈóÚØöćăÕ­âóÿëÚîĀæñÉòÕĀëÕÈ 

Ì÷ćÈîóÉØČóăÕ­ìæóãäúÜĀÛÛ ÿË¬Ú ÂóäÉòÕÚõØääéÂóä ÂóäÜäñËùâØóÈèõËóÂóä ÿÜĆÚÖ­Ú ĂÚÂóäÿëÚîÝæÈóÚ
ĀæñÉòÕĀëÕÈÝæÈóÚāÅäÈÈóÚèõØãóéóëÖä° ÅèäÚČóÿëÚîĂì­ÅäîÛÅæùâÜäñÿÕĆÚëČóÅòÎ ą ØòĈÈìâÕÃîÈ
āÅäÈÈóÚ 

 
 
 
 

 



 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(ßõÉóäÔó
Ã­îâúæÉóÂÃ­î 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 



 ƚƚ 

ÿäøćîÈØöć ƙ  ÂóäÚČóÿëÚîāÅäÈÈóÚèõØãóéóëÖä° 
 

ÂóäĀëÕÈÝæÈóÚÿÜĆÚÃòĈÚÖîÚëČóÅòÎîöÂÜäñÂóäìÚ÷ćÈÃîÈÂóäØČóāÅäÈÈóÚÿäöãÂăÕ­è¬óÿÜĆÚÈóÚÃòĈÚ
ëùÕØ­óãÃîÈÂóäØČóāÅäÈÈóÚèõØãóéóëÖä°ĀæñÿØÅāÚāæãö  ÿÜĆÚÂóäĀëÕÈÝæõÖÝæÃîÈÅèóâÅõÕ ĀæñÂóä
ÜÐõÛòÖõÂóäØòĈÈìâÕØöćÝú­ØČóāÅäÈÈóÚăÕ­Øù¬âÿØÿèæóăÜ ĀæñÿÜĆÚèõÙöÂóäØöćÉñØČóĂì­Ýú­îøćÚäòÛäú­ĀæñÿÃ­óĂÉ×÷È
ÝæÈóÚÚòĈÚ ą âöÝú­Âæ¬óèè¬óÂóäèóÈĀÝÚîîÂĀÛÛÿßøćîÉòÕĀëÕÈÝæÈóÚÚòĈÚâöÅèóâëČóÅòÎÿØ¬ó ą ÂòÛÂóäØČó
āÅäÈÈóÚÚòĈÚÿîÈ  ÝæÈóÚØöćØČóÉñÕöãîÕÿãöćãâÿßöãÈĂÕ ĀÖ¬×­óÂóäÉòÕĀëÕÈÝæÈóÚØČóăÕ­ăâ¬Õö ÂĆÿØ¬óÂòÛăâ¬ăÕ­
ĀëÕÈÅèóâÕöãîÕÿãöćãâÃîÈÝæÈóÚÚòĈÚÚòćÚÿîÈ 

ÂóäĀëÕÈÝæÈóÚØČóăÕ­ĂÚäúÜĀÛÛÖ¬óÈ ą ÂòÚ ÿË¬Ú ÂóäĀëÕÈĂÚäúÜÚõØääéÂóä Ì÷ćÈâöØòĈÈÂóäóÉòÕ
ĀëÕÈĀæñÂóäîÙõÛóãÕ­èãÅČóßúÕ  ìäøîĂÚäúÜĀÛÛÃîÈÂóäÉòÕĀëÕÈāÕãăâ¬âöÂóäîÙõÛóãÜäñÂîÛìäøîĂÚ
äúÜÃîÈÂóääóãÈóÚÜóÂÿÜæ¬ó  ăâ¬è¬óÂóäĀëÕÈÝæÈóÚÉñîãú¬ĂÚäúÜĀÛÛĂÕ  ÅèäÉñÉòÕĂì­ÅäîÛÅæùâ
ÜäñÿÕĆÚëČóÅòÎÕòÈÖ¬îăÜÚöĈ 

1. ËøćîāÅäÈÈóÚ ËøćîÝú­ØČóāÅäÈÈóÚ ËøćîØöćÜä÷Âêó 
2. ÅČóîÙõÛóã×÷ÈÿìÖùÉúÈĂÉĂÚÂóäØČóāÅäÈÈóÚ ĀæñÅèóâëČóÅòÎÃîÈāÅäÈÈóÚ 
3. èõÙöÂóäÕČóÿÚõÚÂóä āÕãÿæøîÂÿÊßóñÃòĈÚÖîÚØöćÿÕ¬ÚĀæñëČóÅòÎ 
4. ÂóäëóÙõÖìäøîĀëÕÈÝæØöćăÕ­ÉóÂÂóäØÕæîÈ 
5. ÝæÂóäëòÈÿÂÖĀæñÃ­îâúæÿÕ¬Ú ą ØöćăÕ­ÉóÂÂóäØČóāÅäÈÈóÚ 

ÂóäÉòÕÚõØääéÂóäāÅäÈÈóÚ ÅèäÅČóÚ÷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 ÿÚ­ÚÉùÕ
ØöćëČóÅòÎìäøîĂË­èòëÕùÖ¬óÈÜäñÿáØĂÚÂóäÉòÕĀëÕÈ 

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

 
 
 
 

 



 ƚƛ 

ĂÚÂóäĀëÕÈÝæÈóÚ ×­óÝú­ÚČóÝæÈóÚâóĀëÕÈÉñÖ­îÈîÙõÛóãìäøîäóãÈóÚÜóÂÿÜæ¬óìäøî 
ÖîÛÅČó×óâÖ¬óÈ ą ÉóÂÝú­ËâìäøîÖ¬îÂääâÂóäÖòÕëõÚāÅäÈÈóÚ ÂóäîÙõÛóãÖîÛÅČó×óâ ìäøîäóãÈóÚÜóÂÿÜæ¬ó
ÚòĈÚ ÅèäăÕ­ÅČóÚ÷È×÷ÈëõćÈÖ¬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¬èãĂì­Âóä
äóãÈóÚÿÜĆÚăÜÖóâÃòĈÚÖîÚ 

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 ìäøîìóØóÈìæöÂÿæöćãÈ
ÿÜĆÚîã¬óÈîøćÚ 

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

                       Ã­îÅèäßõÉóäÔóĀæñÅČóÚ÷È×÷ÈÜäñÿÕĆÚÖ¬óÈ ą ØöćÂæ¬óèâóĂÚÂóäĀëÕÈÝæÈóÚÚòĈÚ Éñ
Åæ­óãÅæ÷ÈÂòÚĂÚÂóäĀëÕÈÝæÈóÚØùÂÜäñÿáØ  ĀÖ¬îóÉĀÖÂÖ¬óÈÂòÚĂÚäóãæñÿîöãÕÜæöÂã¬îãÿßöãÈÿæĆÂÚ­îã 
ëõćÈëČóÅòÎÂĆÅøî ßãóãóâĂì­ÂóäĀëÕÈÝæÈóÚÚòĈÚÕ÷ÈÕúÕÅèóâëÚĂÉÝú­Ëâ âöÅèóâËòÕÿÉÚ ÿÃ­óĂÉÈ¬óã Āæñâö
Åèóâ×úÂÖ­îÈĂÚÿÚøĈîìó 
 

ÂóäØČóĀÝÈëČóìäòÛĀëÕÈāÅäÈÈóÚĂì­ĂË­ăâ­îòÕâöÃÚóÕÕòÈäúÜ 
                                                                                                   

 
 

60 Ìâ. 
ƗƘƖ  Ìâ. 
                                    ÖõÕÛóÚßòÛâöì¬èÈäòÛĀæñÃîëòÛØČóâùâÊóÂÂòÛÖòèĀÝÈÂæóÈ 
 
 

60 Ìâ. 



 ƚƜ 

 
ĂÚÂóäÿÃöãÚĀÛÛāÅäÈÈóÚÅèäÅČóÚ÷È×÷ÈëõćÈÖ¬îăÜÚöĈ 

1. Ö­îÈÜäñÂîÛÕ­èãËøćîāÅäÈÈóÚ ËøćîÝú­ØČóāÅäÈÈóÚ ËøćîØöćÜä÷Âêó ÅČóîÙõÛóãã¬î ą ×÷ÈÿìÖùÉúÈĂÉ
ĂÚÂóäØČóāÅäÈÈóÚ ÅèóâëČóÅòÎÃîÈāÅäÈÈóÚ èõÙöÕČóÿÚõÚÂóäÿæøîÂÿÊßóñÃòĈÚÖîÚØöćëČóÅòÎ 
ÝæØöćăÕ­ÉóÂÂóäØÕæîÈîóÉĀëÕÈÿÜĆÚÖóäóÈ Âäóà ìäøîäúÜáóßÂĆăÕ­ ÜäñāãËÚ°ÃîÈ
āÅäÈÈóÚ ëäùÜÝæ ÿîÂëóäî­óÈîõÈ 

2. ÉòÕÿÚøĈîØöćĂì­ÿìâóñëâ  ăâ¬ĀÚ¬ÚÉÚÿÂõÚăÜìäøîÚ­îãÉÚÿÂõÚăÜ 

3. ÅČóîÙõÛóãÅèóâÂñØòÕäòÕ ËòÕÿÉÚ ÿÃ­óĂÉÈ¬óã 

4. ĂË­ëöëÕĂë  ÿÚ­ÚÉùÕëČóÅòÎ ÿÜĆÚÂóäÕ÷ÈÕúÕÅèóâëÚĂÉ 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ƚƝ 

ÂõÉÂääâØöć  ƙ 

 Ăì­ÚòÂé÷ÂêóßõÉóäÔóÃ­îâúæÉóÂÂõÉÂääâØöć Ƙ  âóëäùÜÝæÂóäé÷ÂêóØÕæîÈĂÚäúÜĀÛÛ

ÃîÈäóãÈóÚÂóäé÷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 

 



 ƚƞ 

ĀÛÛØÕëîÛ 
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°  ìæîÕ
ØÕæîÈÃÚóÕÂæóÈ   ìæîÕÊöÕãó 
Â. ÚČĈóØòĈÈëóâËÚõÕâöÚČĈóìÚòÂÿØ¬óÂòÚ 
Ã. ÚČĈóØòĈÈëóâËÚõÕâöäëËóÖõÖ¬óÈÂòÚ 
Å. ÚČĈóØòĈÈëóâËÚõÕâöÉùÕÿÕøîÕØöćĀÖÂÖ¬óÈÂòÚ 



 ƚƟ 

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 

 
 
 
 

ÿÊæãĀÛÛØÕëîÛÛØØöć Ƙ ÿäøćîÈ ØòÂêñèõØãóéóëÖä° 
Ɨ.  Å  Ƙ.  Ã  ƙ.  È  ƚ.  É  ƛ.  Ã 
Ɯ.  È  Ɲ.  Â  ƞ.  É  Ɵ.  Ã,Â  ƗƖ.  È 



 ƛƖ 

ÛØØöć ƙ 
ÿÌææ° 

ëóäñëČóÅòÎ 
 æòÂêÔñäúÜä¬óÈÃîÈÿÌææ°ßøË ĀæñÿÌææ°ëòÖè° îÈÅ°ÜäñÂîÛāÅäÈëä­óÈĀæñìÚ­óØöćÃîÈÿÌææ°ßøË
ĀæñÿÌææ°ëòÖè° ÂäñÛèÚÂóäØöćëóäÝ¬óÚÿÌææ° 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãæòÂêÔñāÅäÈëä­óÈ îÈÅ°ÜäñÂîÛĀæñìÚ­óØöćÃîÈÿÌææ°ăÕ­ 
2. ÿÜäöãÛÿØöãÛÅèóâĀÖÂÖ¬óÈäñìè¬óÈÿÌææ°ßøËĀæñÿÌææ°ëòÖè°ăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
ÿäøćîÈØöć Ɨ æòÂêÔñäúÜä¬óÈÃîÈÿÌææ°ßøËĀæñÿÌææ°ëòÖè° 
ÿäøćîÈØöć Ƙ îÈÅ°ÜäñÂîÛāÅäÈëä­óÈĀæñìÚ­óØöćÃîÈÿÌææ°ßøËĀæñÿÌææ°ëòÖè° 
ÿäøćîÈØöć ƙ ÂäñÛèÚÂóäØöćëóäÝ¬óÚÿÌææ° 



 ƛƗ 

ÿäøćîÈØöć Ɨ æòÂêÔñäúÜä¬óÈÃîÈÿÌææ°ßøËĀæñÿÌææ°ëòÖè° 

  ÿÌææ°  (Cell) Åøî ìÚ¬èãØöćÿæĆÂØöćëùÕÃîÈëõćÈâöËöèõÖ  ÿÜĆÚìÚ¬èãÿäõćâÖ­ÚìäøîìÚ¬èãßøĈÚÑóÚÃîÈØùÂ
ËöèõÖ 

ÜäñèòÖõÂóäé÷ÂêóÿÌææ° 
    Üö Å.é. 1665 äîÿÛõä°Ö ïùÂ ÚòÂèõØãóéóëÖä°ËóèîòÈÂåê ăÕ­ÜäñÕõêÑ°Âæ­îÈÉùæØääéÚ°ØöćâöÅùÔáóßÕö 
ĀæñăÕ­ë¬îÈÕúăâ­Åîä°ÂØöćÿÊøîÚÛóÈ ą ĀæñăÕ­ßÛË¬îÈÿæĆÂą ÉČóÚèÚâóÂ É÷ÈÿäöãÂË¬îÈÿæĆÂą ÚöĈè¬ó ÿÌææ° (cell)             
ÿÌææ°ØöćïùÂßÛÚòĈÚÿÜĆÚÿÌææ°ØöćÖóãĀæ­è ÂóäØöćÅÈÿÜĆÚË¬îÈîãú¬ăÕ­ÂĆÿÚøćîÈÉóÂÂóäâöÝÚòÈÿÌææ°ÚòćÚÿîÈ 
      Üö Å.é. 1824 ÕõèāØÿËØ° ăÕ­é÷ÂêóÿÚøĈîÿãøćîßøËĀæñÿÚøĈîÿãøćîëòÖè° ßÛè¬óÜäñÂîÛÕ­èãÿÌææ°ÿË¬ÚÂòÚ        
ĀÖ¬âöæòÂêÔñØöćĀÖÂÖ¬óÈÂòÚîãú¬Û­óÈ 
     Üö Å.é. 1831 äîÿÛõä°Ö ÛäóèÚ° ÚòÂßåêéóëÖä°ËóèîòÈÂåê ăÕ­é÷ÂêóÿÌææ°ÃÚĀæñÿÌææ°îøćÚą ÃîÈ
ßøË ßÛè¬óâöÂ­îÚÂæâÃÚóÕÿæĆÂîãú¬ÖäÈÂæóÈ É÷ÈĂì­ËøćîÂ­îÚÂæâÚöĈè¬ó ÚõèÿÅæöãë (Nucleus) 
        Üö Å.é. 1838 âòÖØõîòë ãóÅÛ ËăæÿÕÚ ÚòÂßåÂêéóëÖä°ËóèÿãîäâòÚăÕ­é÷ÂêóÿÚøĈîÿãøćîßøËÖ¬óÈą       
ĀæñëäùÜè¬ó ÿÚøĈîÿãøćîØùÂËÚõÕÜäñÂîÛÕ­èãÿÌææ° 
        Üö Å.é. 1839 ÿØāîÕîä° ËèòÚÚ° ÚòÂëòÖèèõØãóËóèÿãîäâòÚ ăÕ­é÷ÂêóÿÚøĈîÿãøćîëòÖè°Ö¬óÈą Āæ­è
ëäùÜè¬óÿÚøĈîÿãøćîëòÖè°ØùÂËÚõÕÜäñÂîÛÃ÷ĈÚÕ­èãÿÌææ° ÕòÈÚòĈÚ ĂÚÜöÿÕöãèÂòÚÚöĈ ËèòÚÚ°ĀæñËăæÿÕÚ É÷ÈăÕ­
ä¬èâÂòÚÖòĈÈØåêÏöÿÌææ° (Cell  Theory) Ì÷ćÈâöĂÉÅèóâëČóÅòÎè¬ó ëõćÈâöËöèõÖØòĈÈìæóãÜäñÂîÛÃ÷ĈÚÕ­èãÿÌææ° 
ĀæñÿÌææ°Åøî  ìÚ¬èãßøĈÚÑóÚÃîÈëõćÈâöËöèõÖØùÂËÚõÕ      

ØåêÏöÿÌææ°ĂÚÜòÉÉùÛòÚÅäîÛÅæùâ×÷ÈĂÉÅèóâëČóÅòÎ 3 ÜäñÂóä Åøî 
1. ëõćÈâöËöèõÖØòĈÈìæóãîóÉâöÿßöãÈÿÌææ°ÿÕöãè ìäøîìæóãÿÌææ° Ì÷ćÈáóãĂÚâöëóäßòÚÙùÂääâ Āæñ               

âöÂäñÛèÚÂóäÿâĀØÛîæõÌ÷â ØČóĂì­ëõćÈâöËöèõÖÕČóäÈËöèõÖîãú¬ăÕ­ 
      2. ÿÌææ°ÿÜĆÚìÚ¬èãßøĈÚÑóÚØöćÿæĆÂØöćëùÕÃîÈëõćÈâöËöèõÖ ØöćâöÂóäÉòÕäñÛÛÂóäØČóÈóÚáóãĂÚ
āÅäÈëä­óÈÃîÈÿÌææ° 

 3. ÿÌææ°âöÂČóÿÚõÕâóÉóÂÿÌææ°ĀäÂÿäõćâ ÿÌææ°ÿÂõÕÉóÂÂóäĀÛ¬ÈÖòèÃîÈÿÌææ°ÿÕõâ Āâ­è¬óËöèõÖĀäÂÿäõćâ 
ÉñâöèõèòÓÚóÂóäâóÉóÂëõćÈăâ¬âöËöèõÖ ĀÖ¬ÚòÂËöèèõØãóãòÈÅÈ×øîè¬óÂóäÿßõćâÃ÷ĈÚÃîÈÉČóÚèÚÿÌææ°ÿÜĆÚÝæ
ëøÛÿÚøćîÈâó ÉóÂÿÌææ°äù¬ÚÂ¬îÚ 

      Üö Å.é. 1839 ßúä°ÅõÚÿã ÚòÂëòÖèèõØãó ËóèÿËāÂëāæèóÿÂöã ăÕ­é÷ÂêóăÃ¬ĀæñÖòèî¬îÚÃîÈëòÖè°Ö¬óÈą                        
ăÕ­ßÛè¬óáóãĂÚâöÃîÈÿìæèĂë ÿìÚöãè Āæñî¬îÚÚù¬â É÷ÈăÕ­ÿäöãÂÃîÈÿìæèĂëÚöĈè¬ó āßäāØßæóÌ÷â (Protoplasm) 

Üö Å.é. 1868 Øîâòë ÿïÚäö ïòÂÌ°æöã° ĀßØã°ËóèîòÈÂåêé÷ÂêóāßäāØßæóÌ÷âĀæñßÛè¬ó 
āßäāØßæóÌ÷âÿÜĆÚäóÂÑóÚÃîÈËöèõÖÿÚøćîÈÉóÂÜÐõÂõäõãóÖ¬óÈą ÃîÈÿÌææ°ÿÂõÕÃ÷ĈÚØöćāßäāØßæóÌ÷â   



 ƛƘ 

       Üö Å.é. 1880 èòæÿØîä° ÿàæââõÈ ÚòÂËöèèõØãóËóèÿãîäâòÚăÕ­Å­ÚßÛè¬óáóãĂÚÚõèÿÅæöãëÃîÈÿÌææ°Ö¬óÈą             
âöāÅäāâāÌâ  

ÃÚóÕĀæñäúÜä¬óÈÃîÈÿÌææ°    
ÿÌææ°ë¬èÚĂìÎ¬âöÃÚóÕÿæĆÂ  Āæñăâ¬ëóâóä×âîÈÿìĆÚăÕ­Õ­èãÖóÿÜæ¬ó Ö­îÈĂË­Âæ­îÈÉùæØääéÚ°ë¬îÈ    

ĀÖ¬ÂĆâöÿÌææ°ÛóÈËÚõÕØöćâöÃÚóÕĂìÎ¬ ëóâóä×âîÈÿìĆÚăÕ­îã¬óÈËòÕÿÉÚ ÿË¬Ú ÿÌææ°ăÃ¬ 
äúÜä¬óÈÃîÈÿÌææ°ĀÖ¬æñËÚõÕÉñĀÖÂÖ¬óÈÂòÚăÜÖóâËÚõÕ ìÚ­óØöć ĀæñÖČóĀìÚ¬ÈØöćîãú¬ÃîÈÿÌææ°   



 ƛƙ 

ÿäøćîÈØöć Ƙ îÈÅ°ÜäñÂîÛāÅäÈëä­óÈĀæñìÚ­óØöćÃîÈÿÌææ°ßøËĀæñÿÌææ°ëòÖè° 
āÅäÈëä­óÈßøĈÚÑóÚÃîÈÿÌææ° 
āÅäÈëä­óÈßøĈÚÑóÚÃîÈÿÌææ°ĀÛ¬ÈîîÂăÕ­ÿÜĆÚ 3 ë¬èÚĂìÎ¬ą Åøî 

1. ë¬èÚØöćì¬îìù­âÿÌææ° 
2. ÚõèÿÅæöãë 
3. ăÌāØßæóÌ÷â  

  1. ë¬èÚØöćì¬îìù­âÿÌææ°  
ë¬èÚÃîÈÿÌææ°ØöćØČóìÚ­óØöćì¬îìù­âîÈÅ°ÜäñÂîÛáóãĂÚÿÌææ°Ăì­ÅÈäúÜîãú¬ăÕ­ âöÕòÈÚöĈ 

Ɨ.Ɨ ÿãøćîìù­âÿÌææ° (Cell Membrane) ÿÜĆÚÿãøćîØöćÛóÈâóÂÜäñâóÔ 10 ÚóāÚÿâÖä ÜäñÂîÛÕ­èã    
āÜäÖöÚ ĀæñăÃâòÚ āÕãâöāÜäÖöÚĀØäÂîãú¬ĂÚËòĈÚăÃâòÚ ÿãøćîìù­âÿÌææ°ÉñâöäúÿæĆÂą Ë¬èãĂì­ÉČóÂòÕ                  
ÃÚóÕÃîÈāâÿæÂùæÃîÈëóäØöćÉñÝ¬óÚÿãøćîìù­âÿÌææ°ăÕ­ É÷ÈØČóìÚ­óØöćÅèÛÅùâÜäõâóÔĀæñËÚõÕÃîÈëóä                 
ØöćÝ¬óÚÿÃ­óîîÂÉóÂÿÌææ°Õ­èã āâÿæÂùæÃîÈëóäÛóÈËÚõÕ ÿË¬Ú ÚČĈó îîÂÌõÿÉÚ ĀæñÅóä°ÛîÚăÕîîÂăÌÕ°      
ëóâóä×Ý¬óÚÿãøćîÚöĈăÕ­ ĀÖ¬ëóäØöćâöāâÿæÂùæĂìÎ¬ą ÿË¬Ú āÜäÖöÚ ăâ¬ëóâóä×Ý¬óÚăÕ­ ÿãøćîìù­âÿÌææ° É÷ÈâöëâÛòÖõ
ÿÜĆÚÿãøćîÿæøîÂÝ¬óÚ  (Differentially      Permeable Membrane) 
                 Ɨ.Ƙ ÝÚòÈÿÌææ° (Cell Wall)  ßÛăÕ­ĂÚÿÌææ°ßøËØùÂËÚõÕ ĀæñĂÚÿÌææ°ÃîÈëõćÈâöËöèõÖÿÌææ°ÿÕöãè        
äóĀæñĀÛÅØöÿäöãÛóÈËÚõÕ āÕãÉñì¬îìù­âÿãøćîìù­âÿÌææ°ăè­îöÂËòĈÚìÚ÷ćÈ ØČóìÚ­óØöćÿßõćâÅèóâĀÃĆÈĀäÈĀæñ      
Ü­îÈÂòÚîòÚÖäóãĂì­ĀÂ¬ÿÌææ° Ì÷ćÈĀâ­è¬óÝÚòÈÿÌææ°ÉñìÚóĀæñâöÅèóâãøÕìãù¬ÚÕö ĀÖ¬ÝÚòÈÿÌææ°ÂĆãîâĂì­            
ëóäÿÂøîÛØùÂËÚõÕÝ¬óÚÿÃ­óîîÂăÕ­ ØòĈÈÚöĈ ÝÚòÈÿÌææ°ÃîÈëõćÈâöËöèõÖÖ¬óÈËÚõÕÂòÚÉñâöîÈÅ°ÜäñÂîÛăâ¬
ÿìâøîÚÂòÚ ëČóìäòÛîÈÅ°ÜäñÂîÛìæòÂÃîÈÝÚòÈÿÌææ°ßøË ăÕ­ĀÂ¬ ÿÌææúāæë ÿÌææ°ÃîÈëòÖè°ăâ¬âöÝÚòÈÿÌææ°                         
ĀÖ¬âöëóäÿÅæøîÛÝõèÿÌææ°ØöćÿÜĆÚëóäÜäñÂîÛÃîÈāÜäÖöÚĀæñÅóä°āÛăïÿÕäÖ ëóäÿÅæøîÛÝõèÿÌææ°ÿìæ¬óÚöĈ                
âöÜäñāãËÚ°Ö¬îëõćÈâöËöèõÖ ÿßäóñÿÜĆÚāÅäÈëä­óÈØöćâöÅèóâÿìÚöãè ĀÃĆÈĀäÈ ăâ¬æñæóãÚČĈó É÷ÈØČóĂì­ÿÌææ°ÅÈ
äúÜä¬óÈ ĀæñË¬èãæÕÂóäëúÎÿëöãÚČĈóĂì­ÂòÛÿÌææ°  ÚîÂÉóÂÚöĈãòÈË¬èãĂì­ÿÌææ°ÿÂóñÂæù¬âäèâÂòÚîãú¬ăÕ­ÿÜĆÚ  
ÿÚøĈîÿãøćîĀæñîèòãèñ 

     Ƙ. ÚõèÿÅæöãë (Nucleus)  
      ÚõèÿÅæöãëÿÜĆÚéúÚã°ÂæóÈÅèÛÅùâÂóäØČóÈóÚÃîÈÿÌææ° āÕãØČóÈóÚä¬èâÂòÛăÌāØßæóÌ÷â       

âöÅèóâëČóÅòÎÖ¬îÂäñÛèÚÂóäĀÛ¬ÈÿÌææ°ĀæñÂóäëøÛßòÚÙù°ÃîÈÿÌææ°ÿÜĆÚîã¬óÈâóÂ ĂÚÿÌææ°ÃîÈëõćÈâöËöèõÖ
ØòćèăÜÉñâöÿßöãÈìÚ÷ćÈÚõèÿÅæöãë ĀÖ¬ÿÌææ°ÛóÈËÚõÕ ÿË¬Ú ÿÌææ°ÿâĆÕÿæøîÕĀÕÈ ÿâøćîÿÉäõÎÿÖĆâØöćĀæ­èÉñăâ¬âö
ÚõèÿÅæöãë 
    

 



 ƛƚ 

 āÅäÈëä­óÈÃîÈÚõèÿÅæöãëĀÛ¬ÈîîÂÿÜĆÚ ƙ ë¬èÚÅøî 
Ƙ.Ɨ  ÿãøćîìù­âÚõèÿÅæöãë (Nuclear Membrane) ÿÜĆÚÿãøćîÛóÈą Ƙ ËòĈÚîãú¬äîÛÚõèÿÅæöãë âöÅùÔëâÛòÖõ   

ÿÜĆÚÿãøćîÿæøîÂÝ¬óÚÿË¬ÚÿÕöãèÂòÛÿãøćîìù­âÿÌææ°  âöäúÿæĆÂą ÂäñÉóãîãú¬ØòćèăÜÿßøćîÿÜĆÚË¬îÈØóÈĀæÂÿÜæöćãÚ             
ÃîÈëóääñìè¬óÈÚõèÿÅæöãëÂòÛăÌāØßæóÌ÷â āÕãÛäõÿèÔÿãøćîËòĈÚÚîÂÉñâöăäāÛāÌâÿÂóñÖõÕîãú¬ 

Ƙ.Ƙ  ÚõèÅæöāîæòë (Nucleolus) ÿÜĆÚāÅäÈëä­óÈØöćÜäóÂÐÿÜĆÚÂ­îÚÿæĆÂ ą îãú¬ĂÚÚõèÿÅæöãë ØČóìÚ­óØöć
ëòÈÿÅäóñì°ÂäÕÚõèÅæöîõÂËÚõÕìÚ÷ćÈËøćî ăäāÛÚõèÅæöîõÂ (Ribonucleic acid ìäøî RNA) ÂòÛëóäîøćÚ                    
ØöćÿÜĆÚîÈÅ°ÜäñÂîÛÃîÈăäāÛāÌâ āÕãëóäÿìæ¬óÚöĈÉñ×úÂë¬ÈÝ¬óÚäúÃîÈÿãøćîìù­âÚõèÿÅæöãëîîÂăÜãòÈ                 
ăÌāØßæóÌ÷â 

Ƙ.ƙ  āÅäâóØõÚ (Chromatin) ÿÜĆÚÿë­ÚĂãÃîÈāÜäÖöÚìæóãËÚõÕÂòÛÂäÕÕöîîÂÌöăäāÛÚõèÅæöîõÂ 
(Deoxyribonucleic acid ìäøî DNA) Ì÷ćÈÿÜĆÚëóäßòÚÙùÂääâ ĂÚÃÔñØöćâöÂóäĀÛ¬ÈÿÌææ°ÉñßÛ                      
āÅäâóØõÚæòÂêÔñÿÜĆÚĀØ¬Èą ÿäöãÂè¬ó āÅäāâāÌâ (Chromosome) 

3. ăÌāØßæóÌ÷â (Cytoplasm) ëõćÈØöćîãú¬áóãĂÚÿãøćîìù­âÿÌææ°ØòĈÈìâÕãÂÿè­ÚÚõèÿÅæöãë ÿäöãÂè¬ó ăÌ
āØßæóÌ÷â Ì÷ćÈÿÜĆÚÃîÈÿìæèØöćâöāÅäÈëä­óÈÿæĆÂ ą Åøî îîä°ĀÂÿÚææ° (Organelle) ÂäñÉóãîãú¬ØòćèăÜ āÕã
îîä°ĀÂÿÚææ°ë¬èÚĂìÎ¬Éñâöÿãøćîìù­â ØČóĂì­îÈÅ°ÜäñÂîÛáóãĂÚîîä°ĀÂÿÚææ°ĀãÂîîÂÉóÂîÈÅ°ÜäñÂîÛîøćÚ 
ą ĂÚăÌāØßæóÌ÷â  

 
 

ÖóäóÈÿÜäöãÛÿØöãÛÅèóâĀÖÂÖ¬óÈÃîÈÿÌææ°ßøËĀæñÿÌææ°ëòÖè° 
 

ÿÌææ°ßøË  ÿÌææ°ëòÖè°  
1. ÿÌææ°ßøËâöäúÜä¬óÈÿÜĆÚÿìæöćãâ  1. ÿÌææ°ëòÖè°âöäúÜä¬óÈÂæâ ìäøîäö  
2. âöÝÚòÈÿÌææ°îãú¬Õ­óÚÚîÂ  2. ăâ¬âöÝÚòÈÿÌææ° ĀÖ¬âöëóäÿÅæøîÛÿÌææ°îãú¬Õ­óÚ

ÚîÂ  
3. âöÅæîāäßæóëÖ°áóãĂÚÿÌææ°  3. ăâ¬âöÅæîāäßæóëÖ°  
4. ăâ¬âöÿÌÚØäõāîæ  4. âöÿÌÚØäõāîæĂË­ĂÚÂóäĀÛ¬ÈÿÌææ°  
5. ĀèÅÅõèāîæâöÃÚóÕĂìÎ¬ âîÈÿìĆÚăÕ­ËòÕÿÉÚ  5. ĀèÅÅõèāîæâöÃÚóÕÿæĆÂ âîÈÿìĆÚăÕ­ăâ¬ËòÕÿÉÚ  
6. ăâ¬âöăæāÌāÌâ  6. âöăæāÌāÌâ  

 
 
 
 



 ƛƛ 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

áóßĀëÕÈāÅäÈëä­óÈßøĈÚÑóÚÃîÈÿÌææ° 
 
 

 
 
 
 
 



 ƛƜ 

ÿäøćîÈØöć ƙ ÂäñÛèÚÂóäØöćëóäÝ¬óÚÿÌææ° 

ÚòÂËöèèõØãóăÕ­é÷ÂêóÂóäæČóÿæöãÈëóäÿÃ­óëú¬ÿÌææ° ßÛè¬óâö 2 äúÜĀÛÛÕ­èãÂòÚ Åøî 
1. ÂóäĀßä¬ (Diffusion)  ÿÜĆÚÂóäÿÅæøćîÚØöćÃîÈāâÿæÂùæÉóÂÉùÕØöćâöÅèóâÿÃ­âÃ­ÚëúÈÂè¬ó ăÜãòÈÉùÕØöć

âöÅèóâÿÃ­âÃ­ÚÖČćóÂè¬ó ÂóäÿÅæøćîÚØöćÚöĈÿÜĆÚăÜĂÚæòÂêÔñØùÂØõéØùÂØóÈ āÕãăâ¬âöØõéØóÈØöćĀÚ¬ÚîÚ 
 

 
 
 
 
 
 
 
2. îîëāâÌõë (Osmosis) ÿÜĆÚÂóäĀßä¬ÃîÈÃîÈÿìæèÝ¬óÚÿãøćîÛóÈą Ì÷ćÈÖóâÜÂÖõÉñìâóã×÷ÈÂóä

Āßä¬ÃîÈÚČĈóÝ¬óÚÿãøćîìù­âÿÌææ° ÿÚøćîÈÉóÂÿãøćîìù­âÿÌææ°âöÅùÔëâÛòÖõĂÚÂóäãîâĂì­ëóäÛóÈËÚõÕÿØ¬óÚòĈÚÝ¬óÚăÕ­         
ÂóäĀßä¬ÃîÈÚČĈóÉñĀßä¬ÉóÂÛäõÿèÔØöćÿÉøîÉóÈÂè¬ó (âöÚČĈóâóÂ) Ý¬óÚÿãøćîìù­âÿÌææ°ÿÃ­óëú¬ÛäõÿèÔØöćâöÅèóâÿÃ­âÃ­Ú
Âè¬ó (âöÚČĈóÚ­îã) ÖóâÜÂÖõÂóäĀßä¬ÃîÈÚČĈóÚöĈÉñÿÂõÕØòĈÈëîÈØõéØóÈÅøîØòĈÈÛäõÿèÔÿÉøîÉóÈ ĀæñÛäõÿèÔÿÃ­âÃ­Ú 
É÷ÈâòÂÂæ¬óèÂòÚëòĈÚą è¬ó îîëāâÌõëÿÜĆÚÂóäĀßä¬ÃîÈÚČĈóÉóÂÛäõÿèÔØöćâöÚČĈóâóÂ ÿÃ­óăÜëú¬ÛäõÿèÔØöćâöÚČĈóÚ­îã
Âè¬óāÕãÝ¬óÚÿãøćîìù­âÿÌææ° ĀäÈÕòÚîîëāâÖõÂÿÂõÕÉóÂÂóäĀßä¬ÃîÈÚČĈóÉóÂÛäõÿèÔØöćâöÚČĈóâóÂ (ÿÉøîÉóÈ) ÿÃ­óëú¬
ÛäõÿèÔØöćâöÚČĈóÚ­îã (ÿÃ­âÃ­Ú) ëóäæñæóãØöćâöÅèóâÿÃ­âÃ­ÚÖ¬óÈÂòÚÉñâöÝæÖ¬îÿÌææ°ĀÖÂÖ¬óÈÂòÚÕ­èã 

 
 
 
 
 
 
 
 

 

 

 



 ƛƝ 

ĀÛÛÞ÷ÂìòÕ 

ÿäøćîÈ   ÿÌææ° 

ÉÈÿÖõâÅČóÖîÛØöć×úÂÖ­îÈ 

1. ÿÌææ° Åøî  ..................................................................................................................................  

2. ÝÚòÈÿÌææ° âöìÚ­óØöć   .................................................................................................................... 

3.ë¬èÚÜäñÂîÛÃîÈÿÌææ°ØöćØČóìÚ­óØöćÅèÛÅùâÜäõâóÔ ĀæñËÚõÕÃîÈëóäØöćÝ¬óÚÿÃ­óîîÂÉóÂÿÌææ° 
Åøî¦¦¦.........................................................................................................................................      

4.  ÿÌææ°ËÚõÕĂÕÿâøćîÿÉäõÎÿÖõÛāÖÿÖĆâØöćÉñăâ¬âöÚõèÿÅæöãë  ........................................................................  

5. ÝÚòÈÿÌææ°ÃîÈßøËÜäñÂîÛăÜÕ­èãëóäØöćÿäöãÂè¬ó  ................................................................................ 

6. ë¬èÚÜäñÂîÛËÚõÕĂÕÛ­óÈ ØöćßÛĂÚÿÌææ°ßøË   ĀÖ¬ăâ¬ßÛĂÚÿÌææ°ëòÖè°  ¦¦¦¦¦¦¦¦¦ 

7. ÿÌææ°ëòÖè°ăâ¬ëóâóä×ëä­óÈîóìóäÿîÈăÕ­   ÿßäóñ  ¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 

8. áóãĂÚÅæîāäßæóëÖ°âöëóäëöÿÃöãè  ÿäöãÂè¬ó   ¦¦¦¦¦¦¦¦¦¦¦¦¦ 

9. ë¬èÚÜäñÂîÛÃîÈÿÌææ°âöìÚ­óØöćÅèÛÅùâÂóäÿÉäõÎÿÖõÛāÖ ĀæñÂóä×¬óãØîÕæòÂêÔñØóÈßòÚÙùÂääâ  
Åøî¦..¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 

10. ÿßäóñÿìÖùĂÕÿâøćîßøËĀæñëòÖè°ÖóãæÈ ÿÌææ°ßøËÉ÷ÈâöæòÂêÔñÅÈäúÜîãú¬ăÕ­ ĀÖ¬ÿÌææ°ëòÖè°ÉñëæóãăÜ 
¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦  
 
 
 
 
 
 
 
 
 
  
    



 ƛƞ 

 ÉÈØČóÿÅäøćîÈìâóã         ìÚ­óÅČóÖîÛØöć×úÂÿßöãÈÃ­îÿÕöãè 
Ɨ.  ÚòÂèõØãóéóëÖä°Ø¬óÚĂÕÿäöãÂÿÌææ°ÿÜĆÚÅÚĀäÂ 

Â.  ÚõèÖòÚ   Ã.  îäõëāÖÿÖõæ 
Å.  āäÿÛõä°Ö  ïùÅ   È.  Âóæõÿæāî 

Ƙ. ÚòÂèõØãóéóëÖä°Øöćä¬èâÂòÚÂ¬îÖòĈÈØåêÐöÿÌææ°Åøî 
  Â.  ËăæÿÕÚ ĀæñËóä°æ Õóä°èõÚ Ã.  ÿâÚÿÕæ ĀæñËóä°æÕóä°èõÚ 
  Å.  ËèòÚ ĀæñËăæÿÕÚ  È.   ËèòÚÚ° ĀæñÿâÚÿÕæ 

3. ÿÌææ°ßøËĀæñÿÌææ°ëòÖè°âöæòÂêÔñĀÖÂÖ¬óÈÂòÚîã¬óÈăä 
 Â. ÿÌææ°ßøËâöæòÂêÔñÂæâäö ë¬èÚÿÌææ°ëòÖè°âöæòÂêÔñÿÜĆÚÿìæöćãâ 
 Ã. ÿÌææ°ßøËâöæòÂêÔñÿÜĆÚëöćÿìæöćãâ ë¬èÚÿÌææ°ëòÖè°ÿÜĆÚØäÈÂæâ 
 Å. ÿÌææ°ßøËĀæñÿÌææ°ëòÖè°âöæòÂêÔñÿìâøîÚÂòÚâóÂ 
 È. ÿÌææ°ßøËĀæñÿÌææ°ëòÖè°âöæòÂêÔñäúÜä¬óÈÚõèÿÅæöãëØöćĀÖÂÖ¬óÈÂòÚ 

4. āÅäÈëä­óÈÃîÈÿÌææ°ĂÕØČóìÚ­óØöćÅèÛÅùâÂóäÝ¬óÚÿÃ­óîîÂÃîÈëóä 
Â. ÝÚòÈÿÌææ°   Ã. ÿãøćîìù­âÿÌææ°  

  Å. ÿÌææ°Åùâ   È. ăæāÌāÌâ 
ƛ. āÅäÈëä­óÈÃîÈÿÌææ°ØöćØČóìÚ­óØöćëòÈÿÅäóñì°āÜäÖöÚÅøî 

Â. ÂîæÉõÅîâÿßæĆÂÌ°  Ã. ăäāÛāÌâ 
Å. ăæāÌāÌâ   È. ĀèÅõèāîæ 

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

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

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



 ƛƟ 

 
9. ÿßäóñÿìÖùĂÕÿâøćîÚČóÿÌææ°ßøËăÜĀË¬ĂÚëóäæñæóãØöćâöÅèóâÿÃ­âÃ­ÚÚ­îãÂè¬óáóãĂÚÿÌææ°  ÿÌææ°ßøËÉ÷Èăâ¬
ĀÖÂ 

Â. ÿÌææ°ßøËâöÅèóâëóâóä×ãøÕìãù¬ÚăÕ­Õö 
Ã. ÿÌææ°ßøËâöÿãøćîìù­âÿÌææ° ë¬ÈÝ¬óÚëóäØöćăâ¬Ö­îÈÂóäîîÂÚîÂÿÌææ° 
Å. ÿÌææ°ßøËâöÝÚòÈÿÌææ°ÿëäõâëä­óÈÅèóâĀÃĆÈĀäÈ 
È. ×úÂØùÂÃ­î 

10. ÿâøćîÚČóÿÌææ°ëòÖè°ăÜĂë¬ĂÚëóäæñæóãËÚõÕĂÕ ÉñØČóĂì­ÿÌææ°ÿìöćãè 
Â. ëóäæñæóãÿÃ­âÃ­ÚØöćâöÅèóâÿÃ­âÃ­ÚâóÂÂè¬óáóãĂÚÿÌææ°ëòÖè° 
Ã. ëóäæñæóãÿÃ­âÃ­ÚØöćâöÅèóâÿÃ­âÃ­ÚÚ­îãÂè¬óáóãĂÚÿÌææ°ëòÖè° 
Å. ëóäæñæóãÿÃ­âÃ­ÚØöćâöÅèóâÿÃ­âÃ­ÚÿØ¬óÂòÛÿÌææ°ëòÖè° 
È. ÚČĈóÂæòćÚ 
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ÿÊæãĀÛÛØÕëîÛÛØØöć ƙ ÿäøćîÈ ÂóäØČóāÅäÈÈóÚèõØãóéóëÖä° 
Ɨ.Ã Ƙ.Â ƙ.Å ƚ.Å ƛ.Å Ɯ.Ã Ɲ.Ã ƞ.Â ƟÅ ƗƖ.Â  

 
 

 
 
 



 ƜƖ 

ÛØØöć ƚ 
ÂäñÛèÚÂóäÕČóäÈËöèõÖÃîÈßøËĀæñëòÖè° 

ëóäñëČóÅòÎ 
 ÂóäÕČóäÈËöèõÖÃîÈßøËÜäñÂîÛÕ­èã ÂóäæČóÿæöãÈ ÚČĈó îóìóäĀæñĀä¬ÙóÖù ÂäñÛèÚÂóäëòÈÿÅäóñì°
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 ƜƗ 

ÿäøćîÈØöć Ɨ  ÂóäÕČóäÈËöèõÖÃîÈßøË 
1.1 äñÛÛÂóäæČóÿæöãÈÚČĈóîóìóäĀæñĀä¬ÙóÖùÃîÈßøË 

ÂóäØČóÈóÚÃîÈäñÛÛæČóÿæöãÈÃîÈßøËÜäñÂîÛÕ­èãäñÛÛÿÚøĈîÿãøćîØ¬îæČóÿæöãÈ (vascular tissue 
system) Ì÷ćÈÿÚøĈîÿãøćîĂÚäñÛÛÚöĈÉñÿËøćîâÖ¬îÂòÚÖæîÕØòĈÈæČóÖ­ÚßøË āÕãØČóìÚ­óØöćæČóÿæöãÈÚČĈó ëóäîÚõÚØäöã° 
ëóäîõÚØäöã°ĀæñëóäæñæóãØöćßøËÖ­îÈÂóäÚČóăÜĂË­ĂÚÂóäÕČóÿÚõÚÂõÉÂääâÖ¬óÈą áóãĂÚÿÌææ°äñÛÛÿÚøĈîÿãøćî
Ø¬îæČóÿæöãÈÜäñÂîÛÕ­èã 2 ë¬èÚĂìÎ¬ą Åøî Ø¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖù (xylem) ÂòÛØ¬îæČóÿæöãÈîóìóä 
(phloem)  

 

 

 
 

äúÜĀëÕÈáóÅÖòÕÃèóÈÃîÈæČóÖ­ÚßøËĂÛÿæöĈãÈÅú¬ĀæñĂÛÿæöĈãÈÿÕöćãè 



 ƜƘ 

 
äúÜĀëÕÈáóÅÖòÕÃèóÈÃîÈäóÂßøËĂÛÿæöĈãÈÅú¬ĀæñĂÛÿæöĈãÈÿÕöćãè 

 
Ø¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖù 
Ø¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖù (xylem) ÿÜĆÚÿÚøĈîÿãøćîØöćØČóìÚ­óØöćæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖùÖ¬óÈą ØòĈÈëóäîõÚØäöã°Āæñ
ëóäîÚõÚØäöã° āÕãØ¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖùÜäñÂîÛÕ­èãÿÌææ° 4 ËÚõÕ ÕòÈÚöĈ 

1. ÿØäÅöÕ (tracheid) ÿÜĆÚÿÌææ°ÿÕöćãè âöäúÜä¬óÈÿÜĆÚØäÈÂäñÛîÂãóè ÛäõÿèÔÜæóãÿÌææ°Āìæâ ÿØ
äÅöÕØČóìÚ­óØöćÿÜĆÚØ¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖùÖ¬óÈą āÕãÉñæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖùăÜØóÈÕ­óÚÃ­óÈÃîÈæČóÖ­Ú
Ý¬óÚäúÿæĆÂą (pit) ÿØäÅöÕâöÝÚòÈÿÌææ°ØöćĀÃĆÈĀäÈÉ÷ÈØČóìÚ­óØöćÿÜĆÚāÅäÈëä­óÈÅČĈóÉùÚæČóÖ­ÚßøË ĀæñÝÚòÈÿÌææ°âö
æõÂÚõÚ (lignin) ëñëâîãú¬ĀæñâöäúÿæĆÂą (pit) ÿßøćîØČóĂì­ÖõÕÖ¬îÂòÛÿÌææ°Ã­óÈÿÅöãÈăÕ­ ÿâøćîÿÌææ°ÿÉäõÎÿÖĆâØöć
ÉÚÂäñØòćÈÖóãăÜ ë¬èÚÃîÈăÌāØßæóÌ÷âĀæñÚõèÿÅæöãëÉñëæóãăÜÕ­èã ØČóĂì­ë¬èÚÖäÈÂæóÈÃîÈÿÌææ°
ÿÜĆÚË¬îÈè¬óÈ ë¬èÚÃîÈÿØäÅöÕÚöĈßÛâóÂĂÚßøËËòĈÚÖČćó (vascular plant) ÿË¬Ú ÿàõÚ ëÚÿÂöĉãñ ÿÜĆÚÖ­Ú 

2. ÿèëÿÌæ (vessel) ÿÜĆÚÿÌææ°ØöćâöÃÚóÕÅ¬îÚÃ­óÈĂìÎ¬ ĀÖ¬ëòĈÚÂè¬óÿØäÅöÕ ÿÜĆÚÿÌææ°ÿÕöćãèą ØöćÜæóã
ØòĈÈëîÈÃ­óÈÃîÈÿÌææ°âöæòÂêÔñÅæ­óãÅâÃîÈëõćè ØöćÛäõÿèÔÕ­óÚÃ­óÈĀæñÜæóãÃîÈÿÌææ°âöäúßäùÚ ë¬èÚÃîÈ
ÿèëÿÌæÚöĈßÛâóÂĂÚßøËËòĈÚëúÈìäøîßøËâöÕîÂ ØČóìÚ­óØöćÿÜĆÚØ¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖùÖ¬óÈą ÉóÂäóÂÃ÷ĈÚăÜ
ãòÈæČóÖ­ÚĀæñĂÛ  ÿØäÅöÕĀæñÿèëÿÌæÿÜĆÚÿÌææ°ØöćâöëóäæõÂÚõÚâóÿÂóñØöćÝÚòÈÿÌææ°ÿÜĆÚÉùÕą āÕãâöÅèóâìÚó
Ö¬óÈÂòÚ ØČóĂì­ÿÌææ°âöæèÕæóãĀÖÂÖ¬óÈ ÂòÚîîÂăÜìæóãĀÛÛ Öòèîã¬óÈÿË¬Ú 
- annular thickening âöÅèóâìÚóÿÜĆÚèÈą Åæ­óãèÈĀìèÚ 
- spiral thickening âöÅèóâìÚóÿÜĆÚÿÂæöãèÅæ­óãÛòÚăÕÿèöãÚ 
- reticulate thickening âöÅèóâìÚóÿÜĆÚÉùÕą ÜäñëóÚÂòÚăÜâóăâ¬ÿÜĆÚäñÿÛöãÛÅæ­óãÖóÃ¬óãÿæĆÂą 
- scalariform thickening âöÅèóâìÚóÿÜĆÚËòĈÚÅæ­óãÃòĈÚÛòÚăÕ 
- pitted thickening ÿÜĆÚäúØöćÝÚòÈĀæñÿäöãÈÌ­îÚÂòÚÿÜĆÚËòĈÚą Åæ­óãÃòĈÚÛòÚăÕ 



 Ɯƙ 

3. ăÌÿæĆâßóÿäÚăÅâó (xylem parenchyma) âöäúÜä¬óÈÿÜĆÚØäÈÂäñÛîÂìÚ­óÖòÕÂæâäöìäøîìÚ­ó
ÖòÕìæóãÿìæöćãâ âöÝÚòÈÿÌææ°ÛóÈą ÿäöãÈÖòèÂòÚÖóâĀÚèæČóÖ­ÚßøË ÿâøćîâöîóãùâóÂÃ÷ĈÚÝÚòÈÿÌææ°ÉñìÚóÃ÷ĈÚ
Õ­èã ÿÚøćîÈÉóÂâöëóäæõÂÚõÚ (lignin) ëñëâîãú¬ ĀæñâöäúÿæĆÂą (pit) ÿÂõÕÃ÷ĈÚÕ­èã ăÌÿæĆâßóÿäÚăÅâóÛóÈë¬èÚ 
ÉñÿäöãÈÖòèÂòÚÖóâĀÚèäòéâöÃîÈæČóÖ­ÚßøË ÿßøćîØČóìÚ­óØöćæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖùÖ¬óÈą ăÜãòÈÛäõÿèÔÕ­óÚÃ­óÈ
ÃîÈæČóÖ­ÚßøË ßóÿäÚăÅâóØČóìÚ­óØöćëñëâîóìóäÜäñÿáØĀÜ­È ÚČĈóâòÚ ĀæñëóäîõÚØäöã°îøćÚą äèâØòĈÈ 
ØČóìÚ­óØöćæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖùÖ¬óÈą ăÜãòÈæČóÖ­ÚĀæñĂÛÃîÈßøË 

4. ăÌÿæĆâăàÿÛîä° (xylem fiber) ÿÜĆÚÿÌææ°ØöćâöäúÜä¬óÈãóè ĀÖ¬ëòĈÚÂè¬óăàÿÛîä°Øòćèą ăÜ ÖóâÜÂÖõ
ÿÌææ°âöæòÂêÔñÜæóãĀìæâ âöÝÚòÈÿÌææ°ìÚóÂè¬óăàÿÛîä°Øòćèą ăÜ âöÝÚòÈÂòĈÚÿÜĆÚì­îÈą áóãĂÚÿÌææ° ăÌ
ÿ æĆ â 
ăàÿÛîä°ØČóìÚ­óØöćÿÜĆÚāÅäÈëä­óÈÅČĈóÉùÚĀæñĂì­ÅèóâĀÃĆÈĀäÈĀÂ¬æČóÖ­ÚßøË 

 
äúÜĀëÕÈÿÚøĈîÿãøćîØöćÿÜĆÚë¬èÚÜäñÂîÛ 
ÃîÈØ¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖù 

 
Ø¬îæČóÿæöãÈîóìóä 
Ø¬îæČóÿæöãÈîóìóä (phloem) ÿÜĆÚÿÚøĈîÿãøćîØöćØČóìÚ­óØöćæČóÿæöãÈîóìóäĀæñëä­óÈÅèóâĀÃĆÈĀäÈĂì­ĀÂ¬æČóÖ­ÚßøË 
āÕãØ¬îæČóÿæöãÈîóìóäÜäñÂîÛÕ­èãÿÌææ° 4 ËÚõÕ ÕòÈÚöĈ 

1. ÌößØõèÛ°ÿââÿÛîä° (sieve tube member) ÿÜĆÚÿÌææ°ØöćâöäúÜä¬óÈÿÜĆÚØäÈÂäñÛîÂãóè ÿÜĆÚÿÌææ°
ØöćâöËöèõÖ ÜäñÂîÛÕ­èã Ë¬îÈè¬óÈáóãĂÚÿÌææ° (vacuole) ÃÚóÕĂìÎ¬âóÂ ÿâøćîÿÌææ°ÿÉäõÎÿÖõÛāÖÿÖĆâØöćĀæ­è
ë¬èÚÃîÈÚõèÿÅæöãëÉñëæóãăÜāÕãØöćÿÌææ°ãòÈâöËöèõÖîãú¬ ÝÚòÈÿÌææ°ÃîÈÌößØõèÛ°ÿââÿÛîä°âöÿÌææúāæë 



 Ɯƚ 

(cellulose) ëñëâîãú¬ÿæĆÂÚ­îã ÌößØõèÛ°ÿââÿÛîä°ØČóìÚ­óØöćÿÜĆÚØóÈë¬ÈÝ¬óÚÃîÈîóìóäØöćăÕ­ÉóÂ
ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈÃîÈßøË āÕãë¬ÈÝ¬óÚîóìóäăÜãòÈë¬èÚÖ¬óÈą ÃîÈæČóÖ­ÚßøË  

2. ÅîâßóÿÚöãÚÿÌææ° (companion cell) ÿÜĆÚÿÌææ°ßõÿéêØöćâöÖ­ÚÂČóÿÚõÕâóÉóÂÿÌææ°Āâ¬ÿÌææ°
ÿÕöãèÂòÚÂòÛÌößØõèÛ°-ÿââÿÛîä° āÕãÿÌææ°Ö­ÚÂČóÿÚõÕ 1 ÿÌææ°ÉñĀÛ¬ÈÖòèÖóâãóèăÕ­ÿÌææ° 2 ÿÌææ° āÕãÿÌææ°
ìÚ÷ćÈâöÃÚóÕĂìÎ¬ îöÂÿÌææ°ìÚ÷ćÈâöÃÚóÕÿæĆÂ ÿÌææ°ÃÚóÕĂìÎ¬ÉñÿÉäõÎÿÖõÛāÖăÜÿÜĆÚÌößØõèÛ°ÿââÿÛîä° 
ë¬èÚÿÌææ°ÃÚóÕÿæĆÂÉñÿÉäõÎÿÖõÛāÖăÜÿÜĆÚÅîâßóÿÚöãÚÿÌææ° ÅîâßóÿÚöãÚÿÌææ°ÿÜĆÚÿÌææ°ÃÚóÕÿæĆÂØöćâö
äúÜä¬óÈÝîâãóè âöæòÂêÔñÿÜĆÚÿìæöćãâ ë¬èÚÜæóãĀìæâ ÿÜĆÚÿÌææ°ØöćâöËöèõÖ âöăÌāØßæóÌ÷âØöćâö
îÈÅ°ÜäñÂîÛÃîÈëóäÿÃ­âÃ­ÚâóÂ âöÿÌææúāæëëñëâîãú¬ØöćÝÚòÈÿÌææ°ÿæĆÂÚ­îã ĀæñâöäúÿæĆÂą ÿßøćîĂË­ÿËøćîâÖ¬î
ÂòÛÌößØõèÛ°ÿââÿÛîä°ÅîâßóÿÚöãÚÿÌææ°ØČóìÚ­óØöćË¬èãÿìæøîÌößØõèÛ°ÿââÿÛîä°Ăì­ØČóÈóÚăÕ­ÕöÃ÷ĈÚÿâøćîÿÌææ°âö
îóãùâóÂÃ÷ĈÚ ÿÚøćîÈÉóÂÿâøćîÌößØõèÛ°ÿââÿÛîä°âöîóãùâóÂÃ÷ĈÚÚõèÿÅæöãëÉñëæóãÖòèăÜØČóĂì­ØČóÈóÚăÕ­Ú­îãæÈ 

3. āàæÿîĆâßóÿäÚăÅâó (phloem parenchyma) ÿÜĆÚÿÌææ°ØöćâöËöèõÖ âöÝÚòÈÿÌææ°ÛóÈ âöäúÿæĆÂą Øöć
ÝÚòÈÿÌææ° āàæÿîĆâßóÿäÚăÅâóØČóìÚ­óØöćëñëâîóìóäØöćăÕ­ÉóÂÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈÃîÈßøË 
æČóÿæöãÈîóìóäăÜãòÈë¬èÚÖ¬óÈą ÃîÈßøË ĀæñÿëäõâÅèóâĀÃĆÈĀäÈĂì­ÂòÛØ¬îæČóÿæöãÈîóìóä 

4. āàæÿîĆâăàÿÛîä° (phloem fiber) âöæòÂêÔñÅæ­óãÂòÛăÌÿæĆâăàÿÛîä° âöäúÜä¬óÈæòÂêÔñãóè âö
ìÚ­óÖòÕÂæâìäøîäö āàæÿîĆâăàÿÛîä°ØČóìÚ­óØöćË¬èãÿëäõâÅèóâĀÃĆÈĀäÈĂì­ÂòÛØ¬îæČóÿæöãÈîóìóä ĀæñØČó
ìÚ­óØöćëñëâîóìóäĂì­ĀÂ¬ßøË 
 
 

 
 

äúÜĀëÕÈÿÚøĈîÿãøćîØöćÿÜĆÚë¬èÚÜäñÂîÛÃîÈØ¬îæČóÿæöãÈîóìóä 
 
 
 



 Ɯƛ 

 
 
ÂóäØČóÈóÚÃîÈäñÛÛÂóäæČóÿæöãÈëóäÃîÈßøË 
äñÛÛæČóÿæöãÈÃîÈßøËâöìæòÂÂóäØČóÈóÚîãú¬ 2 ÜäñÂóä Åøî 

1. æČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖùÝ¬óÚØóÈØ¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖù (xylem) āÕãæČóÿæöãÈÉóÂäóÂÃ÷ĈÚăÜëú¬
ĂÛ ÿßøćîÚČóÚČĈóĀæñĀä¬ÙóÖùăÜĂË­ĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 

2. æČóÿæöãÈîóìóä (ÚČĈóÖóæÂæúāÅë) Ý¬óÚØóÈØ¬îæČóÿæöãÈîóìóä (phloem) āÕãæČóÿæöãÈÉóÂĂÛăÜëú¬
ë¬èÚÖ¬óÈą ÃîÈßøË ÿßøćîĂË­ĂÚÂóäëä­óÈßæòÈÈóÚÃîÈßøË ÂóäæČóÿæöãÈëóäÃîÈßøËâöÅèóâÿÂöćãèÃ­îÈÂòÛ
ÂäñÛèÚÖ¬óÈą îöÂìæóãÂäñÛèÚÂóä Ì÷ćÈÖ­îÈØČóÈóÚÜäñëóÚÂòÚÿßøćîĂì­ÂóäæČóÿæöãÈëóäÃîÈßøËÿÜĆÚăÜ
ÖóâÿÜ­óìâóã äñÛÛæČóÿæöãÈÃîÈßøËÿäõćâÖ­ÚØöćäóÂ ÛäõÿèÔÃÚäóÂ (root hair) Ì÷ćÈâöÃÚäóÂâóÂ×÷È 400 ÿë­Ú
Ö¬îßøĈÚØöć 1 ÖóäóÈâõææõÿâÖä āÕãÃÚäóÂÉñÕúÕÌ÷âÚČĈóāÕãèõÙöÂóäØöćÿäöãÂè¬ó ÂóäîîëāâÌõë (osmosis) Āæñ
èõÙöÂóäĀßä¬ĀÛÛîøćÚą îöÂìæóãèõÙö ÚČĈóØöćĀßä¬ÿÃ­óâóĂÚßøËÉñÿÅæøćîÚØöćăÜÖóâØ¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖù 
(xylem) ÿßøćîæČóÿæöãÈÖ¬îăÜãòÈë¬èÚÖ¬óÈą ÃîÈßøË ÿâøćîÚČĈóĀæñĀä¬ÙóÖùÖ¬óÈą ÿÅæøćîÚØöćăÜÖóâØ¬îæČóÿæöãÈÚČĈó
ĀæñĀä¬ÙóÖùĀæñæČóÿæöãÈăÜÉÚ×÷ÈĂÛ ĂÛÂĆÉñÚČóÚČĈóĀæñĀä¬ÙóÖùÚöĈăÜĂË­ĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 
ÿâøćîÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈÕČóÿÚõÚăÜÿäøćîãą ÉÚăÕ­ÝæõÖáòÔÒ°ÿÜĆÚÚČĈóÖóæ ÚČĈóÖóæÉñ×úÂæČóÿæöãÈ
Ý¬óÚØóÈØ¬îæČóÿæöãÈîóìóä (phloem) ăÜÖóâë¬èÚÖ¬óÈą ÿßøćîÿÜĆÚîóìóäÃîÈßøË ĀæñæČóÿæöãÈÚČĈóÖóæ
ÛóÈë¬èÚăÜÿÂĆÛëñëâăè­ØöćĂÛ äóÂ ĀæñæČóÖ­Ú 

 
 



 ƜƜ 

äúÜĀëÕÈäñÛÛÂóäæČóÿæöãÈëóäÃîÈßøË 
 ÂóäĀßä¬ (diffusion) ÿÜĆÚÂóäÿÅæøćîÚØöćÃîÈëóäÉóÂÛäõÿèÔØöćâöÅèóâÿÃ­âÃ­ÚâóÂÂè¬óăÜëú¬ÛäõÿèÔØöćâöÅèóâ
ÿÃ­âÃ­ÚÚ­îãÂè¬ó 
ÂóäîîëāâÌõë (osmosis) ÿÜĆÚÂóäĀßä¬ÃîÈÚČĈóÉóÂÛäõÿèÔØöćâöÚČĈóâóÂÂè¬ó (ëóäæñæóãÿÉøîÉóÈ) ăÜëú¬
ÛäõÿèÔØöćâöÚČĈóÚ­îãÂè¬ó (ëóäæñæóãÿÃ­âÃ­Ú) ÂóäØČóÈóÚÃîÈäñÛÛæČóÿæöãÈëóäÃîÈßøËÖ­îÈĂË­èõÙöÂóä
Āßä¬ìæóãËÚõÕ āÕãâöØ¬îæČóÿæöãÈÚČĈóĀæñĀä¬ÙóÖù (xylem) ĀæñØ¬îæČóÿæöãÈîóìóä (phloem) ÿÜĆÚÿë­ÚØóÈĂÚ
ÂóäæČóÿæöãÈëóäăÜãòÈæČóÖ­Ú ĂÛ ÂõćÈ ĀæñÂ­óÚÃîÈßøË 
 

1.2 āÅäÈëä­óÈĀæñÂóäØČóÈóÚÃîÈäñÛÛæČóÿæöãÈÚČĈóĂÚßøË 
 

ßøËØöćăâ¬âöØ¬îæČóÿæöãÈ ÿË¬Ú âîë âòÂÉñâöÃÚóÕÿæĆÂĀæñÿÉäõÎĂÚÛäõÿèÔØöćâöÅèóâËøĈÚëúÈâö 
ä¬âÿÈóÿßöãÈßî ÿÌææ°ØùÂÿÌææ°ăÕ­äòÛÚČĈóîã¬óÈØòćè×÷ÈāÕãÂóäĀßä¬ÉóÂÿÌææ°ìÚ÷ćÈăÜãòÈîöÂÿÌææ°ìÚ÷ćÈ  
ë¬èÚßøËØöćâöÃÚóÕĂìÎ¬ÉñĂË­èõÙöÂóäÿË¬ÚÿÕöãèÂòÛâîëăâ¬ăÕ­ ÉČóÿÜĆÚÖ­îÈâöØ¬îæČóÿæöãÈÉóÂäóÂÃ÷ĈÚăÜÿæöĈãÈ
ÿÌææ°Øöćîãú¬ÜæóããîÕāÕãÜÂÖõĀæ­èëóäæñæóãáóãĂÚÿÌææ°ÃÚäóÂâöÅèóâÿÃ­âÃ­ÚëúÈÂè¬óáóãÚîÂ  
ÕòÈÚòĈÚÚČĈóĂÚÕõÚÂĆÉñĀßä¬Ý¬óÚÿãøćîìù­âÿÌææ°ÿÃ­óëú¬ÿÌææ°ØöćÝõèÃîÈäóÂ  ÂóäÿÅæøćîÚØöćÃîÈÚČĈóĂÚÕõÚÿÃ­óëú¬äóÂ
Ý¬óÚËòĈÚÅîä°ÿØÂÌ°ÃîÈäóÂăÜÉÚ×÷ÈËòĈÚÿîÚāÕÿÕîä°âõëăÕ­āÕãÚČĈóÉñÝ¬óÚÉóÂÿÌææ°ìÚ÷ćÈăÜãòÈîöÂÿÌææ°ìÚ÷ćÈ
ØóÈÝÚòÈÿÌææ°ìäøîÝ¬óÚØóÈË¬îÈè¬óÈäñìè¬óÈÿÌææ°ÿäöãÂÿë­ÚØóÈÃîÈÂóäÿÅæøćîÚØöćĀÛÛÚöĈè¬ó îāßßæóë 
(apoplast) ë¬èÚÂóäÿÅæøćîÚØöćÃîÈÚČĈóÝ¬óÚÿÌææ°ìÚ÷ćÈëú¬ÿÌææ°ìÚ÷ćÈØóÈăÌāØßæóÌ÷â ØöćÿäöãÂè¬óßæóëāâÿÕ
ëâóÿÃ­óăÜĂÚÿÌææ°ÿîÚāÕÿÕîä°âõë Â¬îÚÿÃ­óëú¬ăÌÿæâÿäöãÂÂóäÿÅæøćîÚØöćĀÛÛÚöĈè¬ó 
Ìõâßæóë (symplast)  ÿâøćîÚČĈóÿÅæøćîÚØöćâó×÷ÈÝÚòÈÿÌææ°ÿîÚāÕÿÕîä°âõëØöćâöĀÅëßóÿäöãÚëÖäõß ÂòĈÚîãú¬ ĀÅ
ëßóÿäöãÚëÖõßÜ­îÈÂòÚăâ¬Ăì­ÚČĈóÝ¬óÚÝÚòÈÿÌææ°ÿÃ­óăÜĂÚăÌÿæâ ÕòÈÚòĈÚÚČĈóÉ÷ÈÖ­îÈÝ¬óÚØóÈăÌāØßæóÌ÷âÉ÷È
ÉñÿÃ­óăÜĂÚăÌÿæâăÕ­ 

 

×­óæîÈÖòÕæČóÖ­ÚÃîÈßøËÛóÈËÚõÕ ÿË¬Ú âñÿÃøîÿØé ßùØÙäòÂêó ìäøîÂæ­èãØöćÜæúÂĂÚØöćâöÚČĈóËù¬âĂì­
ÿìæøîæČóÖ­ÚëúÈÉóÂßøĈÚÕõÚÜäñâóÔ ƚ-ƛ ÿÌÚÖõÿâÖä Āæ­èëòÈÿÂÖÖäÈÛäõÿèÔäîãÖòÕÃîÈæČóÖ­Ú ë¬èÚØöćÖõÕÂòÛ
äóÂÉñÿìĆÚÃîÈÿìæèÌ÷âîîÂâó ÿÚøćîÈÉóÂĂÚăÌÿæâÃîÈäóÂâöĀäÈÕòÚ ÿäöãÂè¬ó  ĀäÈÕòÚäóÂ (root pressure) 
ÂóäÿÅæøćîÚØöćÃîÈÚČĈóÿÃ­óëú¬ăÌÿæâÃîÈäóÂØČóĂì­ÿÂõÕĀäÈÕòÚÃ÷ĈÚĂÚăÌÿæâ ĂÚßøËØöćăÕ­äòÛÚČĈóîã¬óÈßîÿßöãÈ
Āæñîãú¬ĂÚëáóßîóÂóéØöćâöÅèóâËøĈÚëúÈ ÿË¬ÚÿèæóÂæóÈÅøÚìäøîÿË­óÖäú¬  ĀäÈÕòÚäóÂâöÜäñāãËÚ°ĂÚÂóäË¬èã
æñæóãàîÈîóÂóéĂÚăÌÿæâØöćîóÉÿÂõÕÃ÷ĈÚĂÚË¬èÈÿèæóÂæóÈèòÚ  ĀÖ¬ĂÚëáóßîóÂóéä­îÚĀæñĀì­ÈĂÚÿèæó
ÂæóÈèòÚ ßøËâöÂóäÅóãÚČĈóâóÂÃ÷ĈÚÉñÿÂõÕĀäÈÕ÷ÈÃîÈÚČĈóĂÚØ¬îăÌÿæâØČóĂì­ăâ¬ßÛĀäÈÕòÚäóÂ  ÂóäëúÎÿëöã
ÚČĈóÉóÂĂÛāÕãÂóäÅóãÚČĈóÿÂõÕÃ÷ĈÚÿÚøćîÈÉóÂÅèóâĀÖÂÖ¬óÈäñìè¬óÈÜäõâóÔăîÚČĈóĂÚÛääãóÂóé  ĀæñăîÚČĈó
ĂÚË¬îÈè¬óÈáóãĂÚĂÛ ÂóäæČóÿæöãÈÚČĈóĂÚØ¬îăÌÿæâÚòĈÚÿÂõÕÃ÷ĈÚÿÚøćîÈÉóÂâöĀäÈÕ÷ÈÚČĈóØöćîãú¬ĂÚØ¬îăÌÿæâĂì­



 ƜƝ 

Ã÷ĈÚâóØÕĀØÚÚČĈóØöćßøËÅóãîîÂëú¬ÛääãóÂóé ĀäÈÕ÷ÈÚöĈÉñ×úÂ×¬óãØîÕăÜãòÈäóÂØČóĂì­äóÂÕ÷ÈÚČĈóÉóÂÕõÚÿÃ­ó
âóĂÚØ¬îăÌÿæâăÕ­ÿÚøćîÈÉóÂÚČĈóâöĀäÈã÷ÕÿìÚöćãèäñìè¬óÈāâÿæÂùæÃîÈÚČĈóÕ­èãÂòÚÿîÈ ÿäöãÂè¬ó āÅïö
ËòÚ (cohetion) ëóâóä×ØöćÉñÕ÷ÈÚČĈóÿÃ­óâóĂÚØ¬îăÌÿæâăÕ­āÕãăâ¬ÃóÕÖîÚ ÚîÂÉóÂÚöĈãòÈâöĀäÈã÷ÕÿìÚöćãè
äñìè¬óÈāâÿæÂùæÃîÈÚČĈóÂòÛÝÚòÈÃîÈØ¬îăÌÿæâ ÿäöãÂè¬ó ĀîÕïöËòÚ (adhesion) ÿâøćîßøËÅóãÚČĈóâóÂÉñØČóĂì­
ÚČĈóäñÿìãîîÂăÜâóÂÕ­èã ÕòÈÚòĈÚÚČĈóĂÚăÌÿæâÉ÷Èëóâóä×ÿÅæøćîÚØöćĀæñë¬ÈÖ¬îăÜãòÈë¬èÚÖ¬óÈąÃîÈßøË
ăÕ­ ăâ¬è¬óÉñÿÜĆÚæČóÖ­Ú ĂÛ ìäøîãîÕäóÂÂĆÉñÿÂõÕĀäÈÕ÷ÈÚČĈóÉóÂÕõÚÿÃ­óëú¬Ø¬îăÌÿæâăÕ­ ĀäÈÕ÷ÈÿÚøćîÈÉóÂÂóä
ëúÎÿëöãÚČĈóÚöĈÿäöãÂè¬ó ĀäÈÕ÷ÈÉóÂÂóäÅóãÚČĈó (transpiration pull) 
 

1.3 āÅäÈëä­óÈĀæñÂóäØČóÈóÚÃîÈäñÛÛæČóÿæöãÈîóìóäĂÚßøË 
 

ÚČĈóØöćßøËæČóÿæöãÈÝ¬óÚËòĈÚÅîä°ÿØÂÌ°ÃîÈäóÂÿÃ­óëú¬ăÌÿæâ âöÙóÖùîóìóäÖ¬óÈ ą ØöćäóÂÕúÕÉóÂÕõÚ
æñæóãîãú¬Õ­èãÂóäæČóÿæöãÈÙóÖùîóìóäÖ¬óÈ ą âöÅèóâÌòÛÌ­îÚâóÂÂè¬óÂóäæČóÿæöãÈÚČĈó ÿßäóñÿÌææ°âòÂăâ¬ãîâ
Ăì­ÙóÖùîóìóäÿÅæøćîÚØöćÝ¬óÚÿÃ­óîîÂăÕ­āÕãîõëäñ 
    

ÂäñÛèÚÂóäÿÅæøćîÚØöćÃîÈÙóÖùîóìóäÖ¬óÈą ÿÃ­óëú¬äóÂ ØČóăÕ­ Ƙ èõÙö Åøî æČóÿæöãÈĀÛÛăâ¬ĂË­
ßæòÈÈóÚ (passive transport) āÕãÙóÖùîóìóäÉñĀßä¬ÉóÂáóãÚîÂÿÌææ°ØöćâöÅèóâÿÃ­âÃ­ÚëúÈÂè¬ó 
ăÜãòÈáóãĂÚÿÌææ°ØöćâöÅèóâÿÃ­âÃ­ÚÖČćóÂè¬ó ĀæñÂóäæČóÿæöãÈĀÛÛĂË­ßæòÈÈóÚ (active transport) Ì÷ćÈÿÜĆÚÂóä
ÿÅæøćîÚØöćÃîÈÙóÖùîóìóäĀÛÛîóéòãßæòÈÈóÚØČóĂì­ßøËëóâóä×æČóÿæöãÈÙóÖùîóìóäÉóÂáóãÚîÂÿÌææ°Øöćâö
ÅèóâÿÃ­âÃ­ÚÖČćóÂè¬óÿÃ­óâóáóãĂÚÿÌææ°ăÕ­ É÷ÈØČóĂì­ßøËëñëâÙóÖùîóìóäÛóÈËÚõÕăè­ăÕ­  

 

ÙóÖùîóìóäØöćÉñÿÃ­óăÜĂÚăÌÿæâëóâóä×ÿÅæøćîÚÝ¬óÚËòĈÚÅîä°ÿØÂÌ°ÃîÈäóÂăÕ­āÕãÿë­ÚØóÈ 
îāßßæóëìäøîÌõâßæóë ĀæñÿÃ­óëú¬ÿÌææ°ÿîÚāÕÿÕîä°âõëÂ¬îÚÿÃ­óëú¬ăÌÿæâ  ÙóÖùîóìóäØöćßøËæČóÿæöãÈ 
ÿÃ­óăÜĂÚăÌÿæâÚòĈÚÿÜĆÚëóäîÚõÚØäöã°Ö¬óÈą ØöćÉČóÿÜĆÚÖ¬îÂóäÕČóäÈËöèõÖĀæñÂóäÿÉäõÎÿÖõÛāÖÃîÈßøË 

 
 
 
 
 
 
 
 
 
 



 Ɯƞ 

 
 

ÖóäóÈĀëÕÈÙóÖùîóìóäØöćÉČóÿÜĆÚÖ¬îÂóäÕČóäÈËöèõÖÃîÈßøË ĀæñÜäõâóÔÃîÈÙóÖùîóìóäĀÖ¬æñËÚõÕØöćßÛĂÚßøË 

 
ÙóÖù 

 
ëòÎæòÂêÔ°ØóÈÿÅâö 

 
äúÜØöćÿÜĆÚÜäñāãËÚ°Ö¬î

ßøË 

Å¬óä­îãæñÃîÈÙóÖùØöćßÛ
ĂÚÿÚøĈîÿãøćîßøË 
(ÚČĈóìÚòÂĀì­È) 

āâæõÛÕöÚòâ Mo MoO4
2- 0.00001 

ØîÈĀÕÈ Cu Cu+, Cu2+ 0.0006 
ĀâÈÂóÚöë Mn Mn2+ 0.005 
ÚõÂÿÂõæ Ni Ni2+ 0.003 
ëòÈÂñëö Zn Zn2+ 0.002 
āÛäîÚ B H2BO3

- 0.002 
ÿìæĆÂ Fe Fe2+ 0.01 
ÅæîäöÚ Cl Cl- 0.01 
ÂČóâñ×òÚ S So4

2- 0.1 
àîëàîäòë P H2PO4

- , HPO4
2- 0.2 

ĀâÂÚöÿÌöãâ Mg Mg2+ 0.2 
ĀÅæÿÌöãâ Ca Ca2+ 0.5 
āßĀØëÿÌöãâ K K+ 1.0 
ăÚāÖäÿÉÚ N NO3

- , NH4
+ 1.5 

ăïāÕäÿÉÚ H H2O 6 
îîÂÌõÿÉÚ O O2 , H2O , CO2 45 
Åóä°ÛîÚ C CO2 45 

 
ÉóÂÖóäóÈ ÉñÿìĆÚè¬óßøËÖ­îÈÂóäÙóÖùîóìóäĀÖ¬æñËÚõÕĂÚÜäõâóÔăâ¬ÿØ¬óÂòÚ ÂóäĂì­Üù̄ãÿÜĆÚÂóä

ÿßõćâÙóÖùîóìóäĀÂ¬ßøË×­óĂì­âóÂÿÂõÚÅèóâÖ­îÈÂóäÃîÈßøËÉñÿÜĆÚÂóäëõĈÚÿÜæøîÈĀæñîóÉØČóĂì­ßøËÖóãăÕ­
Ì÷ćÈëóâóä×Ü­îÈÂòÚăÕ­āÕãÂóäÖäèÉëîÛÙóÖùîóìóäØöćîãú¬ĂÚÕõÚ ĀæñèõÿÅäóñì°îóÂóäÃîÈßøËè¬óÃóÕÙóÖù
Ă Õ 
 

           ÉóÂÖóäóÈßÛè¬ó ÙóÖùØöćßøËÖ­îÈÂóäÿÜĆÚÜäõâóÔâóÂ (macronutrients) âö Ɵ ÙóÖù ăÕ­ĀÂ¬ 
C    H    O   N  P    K  Ca    Mg Āæñ S  ë¬èÚÙóÖùØöćßøËÖ­îÈÂóäÜäõâóÔÿßöãÈÿæĆÂÚ­îã (micronutrients) 



 ƜƟ 

ăÕ­ĀÂ¬ B   Fe    Cu    Zn     Mn  Mo  Cl Āæñ Ni  ÙóÖùîóìóä Ƙ Âæù¬âÚöĈâöÅèóâëČóÅòÎÖ¬îÂóäÿÉäõÎÿÖõÛāÖ
ÃîÈßøËÿØ¬óÿØöãâÂòÚ ĀÖ¬ÜäõâóÔØöćßøËÖ­îÈÂóäĀÖÂÖ¬óÈÂòÚ îÈÅ°ÜäñÂîÛÃîÈßøËÜäñâóÔä­îãæñ ƟƜ ÃîÈ
ÚČĈóìÚòÂĀì­ÈÃîÈßøË ÜäñÂîÛÕ­èã  C    H     O  Ì÷ćÈÙóÖùØòĈÈëóâÚöĈßøËăÕ­äòÛÉóÂÚČĈóĀæñîóÂóéîã¬óÈ
ÿßöãÈßî 

ÚòÂèõØãóéóëÖä°ĂË­ìæòÂ 2 ÜäñÂóäØöćÉòÕè¬óÙóÖùĂÕÿÜĆÚÙóÖùîóìóäØöćÉČóÿÜĆÚÖ¬îÂóäÿÉäõÎÿÖõÛāÖ
ÃîÈßøË Åøî 

Ɨ. ×­óÃóÕÙóÖùÚòĈÚßøËÉñăâ¬ëóä×ÕČóäÈËöß ØČóĂì­ÂóäÿÉäõÎÿÖõÛāÖĀæñÂóäëøÛßòÚÙù°ăâ¬ÅäÛèÈÉä 
Ƙ. ÅèóâÖ­îÈÂóäËÚõÕÃîÈÙóÖùîóìóäĂÚÂóäÿÉäõÎÿÖõÛāÖÃîÈßøËâöÅèóâÉČóÿßóñÉñĂË­ÙóÖùîøćÚ

ØÕĀØÚăâ¬ăÕ­     
                                                                                                                                                      

ÚîÂÉóÂÚöĈãòÈîóÉÉòÕĀÛ¬ÈÙóÖùîóìóäîîÂăÕ­ÿÜĆÚ ƙ Âæù¬âÖóâìÚ­óØöćØóÈëäöäèõØãóĀæñËöèÿÅâö ÕòÈÚöĈ 
 

Âæù¬âØöć Ɨ ÿÜĆÚîÈÅ°ÜäñÂîÛÃîÈÙóÖùîõÚØäöã°áóãĂÚßøË ăÕ­ĀÂ¬ 
Ɨ.Ɨ) ÿÜĆÚîÈÅ°ÜäñÂîÛÃîÈëóäÜäñÂîÛîõÚØäöã°ìæòÂ ăÕ­ĀÂ¬  C     H   O    N 
1.2) ÿÜĆÚîÈÅ°ÜäñÂîÛÃîÈëóäÜäñÂîÛîõÚØäöã°ØöćØČóìÚ­óØöćÿÂöćãèÂòÛÿâĀØÛîæõÌ÷â ÿË¬Ú P ĂÚëóä 

ATP Āæñ Mg   ØöćÿÜĆÚîÈÅ°ÜäñÂîÛÃîÈÅæîāäàõææ° 
 

Âæù¬âØöć Ƙ ĀÛ¬ÈÖóâÂóäÂäñÖù­ÚÂóäØČóÈóÚÃîÈÿîÚăÌâ° ÿË¬Ú Fe    Cu   Zn   Mn   Cl 
 

Âæù¬âØöć ƙ ĀÛ¬ÈÖóâÂóäÅèÛÅùâĀäÈÕòÚîîëāâÖõÂ ÿË¬Ú K Ë¬èãäòÂêóÅèóâÿÖ¬ÈÃîÈÿÌææ°Åùâ 

 
 
 
 
 
 
 
 
 
 
 



 ƝƖ 

 
ÂõÉÂääâÿäøćîÈ  āÅäÈëä­óÈæČóÿæöãÈÚČĈóĀæñîóìóäÃîÈßøË 
 
ÉùÕÜäñëÈÅ°ÂóäØÕæîÈ 
 

1.äñÛùë¬èÚÃîÈßøËØöćĂË­ĂÚÂóäæČóÿæöãÈÚČĈóĀæñîóìóäăÕ­ 
 

2. îÙõÛóãÂäñÛèÚÂóäÂóäæČóÿæöãÈÚČĈóĀæñîóìóäĂÚßøËăÕ­ 
 

èòëÕùîùÜÂäÔ° 
1. Ö­ÚÿØöãÚëúÈÜäñâóÔ 20 ÿÌÚÖõÿâÖä    1 Ö­Ú 
2. ÚČĈóìâ÷ÂëöĀÕÈ                    15 Ìâ.3 
3. ÚČĈó        1 æõÖä 
4. ÃèÕÜóÂÂè­óÈëúÈÜäñâóÔ 10-15 Ìâ.    1 ĂÛ 
5. ĂÛâöÕāÂÚ       1 ĂÛ 
6. ëăæÕ°ĀæñÂäñÉÂÜõÕëăæÕ°     1 ËùÕ 
7. Âæ­îÈÉùæØääéÚ°      1 Âæ­îÈ 
8. ìæîÕìãÕ       1 îòÚ 

 

èõÙöÕČóÿÚõÚÂóäØÕæîÈ 
1. Ăë¬ìâ÷ÂĀÕÈÜäñâóÔ 15 æúÂÛóéÂ°ÿÌÚÖõÿâÖä  æÈĂÚÃèÕÜóÂÂè­óÈØöćâöÚČĈó 
2. ÚČóÖ­ÚÿØöãÚØöćæ­óÈÚČĈóëñîóÕĀæ­è  ĀË¬æÈĂÚÃèÕØöćâöÚČĈóìâ÷ÂëöĀÕÈ  Āæ­èÚČóăÜăè­ÂæóÈĀÕÕ  
ÜäñâóÔ 20-30 ÚóØö ëòÈÿÂÖÂóäÿÜæöćãÚĀÜæÈ ÛòÚØ÷ÂÝæ 

3. ÚČóÖ­ÚÿØöãÚîîÂâóæ­óÈÚČĈó  ĂË­ĂÛâöÕāÂÚÖòÕæČóÖ­ÚÖóâÃèóÈÖäÈë¬èÚØöćâöæČóÖ­ÚîèÛ ăâ¬âöÂõćÈ
Ăì­ãóèÜäñâóÔ 3 ÿÌÚÖõÿâÖä 

4. ÚČóë¬èÚØöćÖòÕîîÂâóÖòÕÖóâÃèóÈĂì­ÛóÈØöćëùÕ  Āæ­èÚČóăÜèóÈÛÚëăæÕ° ìãÕÚČĈó 1-2 ìãÕ ÜõÕ
Õ­èãÂäñÉÂÜõÕëăæÕ°  ÚČóăÜë¬îÈÕúÕ­èãÂæ­îÈÉùæØääéÚ° ëòÈÿÂÖèóÕäúÜÖČóĀìÚ¬ÈØöćÿÜĆÚëöĀÕÈ 
ĀæñÛòÚØ÷ÂÝæ 

5. ÚČóë¬èÚØöćăÕ­îîÂâóÖòÕÖóâãóèÛóÈąãóèÜäñâóÔ 0.5 ÿÌÚÖõÿâÖä Āæ­èÕČóÿÚõÚÖóâÃòĈÚÖîÚ
ÿìâøîÚÃ­î 4 
 

 



 ƝƗ 

 
ìâóãÿìÖù 
1. Âóä×îÚÖ­ÚÿØöãÚ  Ö­îÈÅ¬îãą×îÚÖ­ÚÿØöãÚØòĈÈÖ­Ú  ßãóãóâĂì­äóÂÖõÕâóâóÂØöćëùÕ  Āæ­èæ­óÈ
ÕõÚîîÂØòÚØöāÕãÂóäÉòÛë¬óãăÜâóÿÛóą ĂÚÚČĈóÂ¬îÚØöćÉñÉù¬âæÈĂÚÚČĈóìâ÷ÂëöĀÕÈ 

2. Ýú­ÿäöãÚÖ­îÈëòÈÿÂÖÂóäÔ°ÿÜæöćãÚĀÜæÈáóãĂÚäóÂ æČóÖ­ÚĀæñĂÛîã¬óÈæñÿîöãÕ 

 
ÖóäóÈÛòÚØ÷ÂÝæ 

ëõćÈØöćØÕæîÈ áóß æòÂêÔñØöćëòÈÿÂÖăÕ­ 

1.Éù¬âÖ­ÚÿØöãÚæÈĂÚÚČĈóìâ÷ÂëöĀÕÈ   

2. ÿâøćîë¬îÈ 
Õ­èãÂæ­îÈ 
ÉùæØääéÚ° 

æČóÖ­ÚÖòÕÃèóÈ   

æČóÖ­ÚÖòÕãóè   
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1.4 ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 
 

1.4.1 ÅèóâëČóÅòÎÃîÈÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ  Åøî ßøËâöÅèóâëóâóä×ĂÚÂóäÚČó
ßæòÈÈóÚĀëÈâóÖä÷ÈÅóä°ÛîÚăÕîîÂăÌÕ°Āæñëä­óÈÿÜĆÚîóìóäÿÂĆÛăè­ĂÚäúÜëóäîõÚØäöã° āÕãÂäñÛèÚÂóä
ëòÈÿÅäóñì°Õ­èãĀëÈ  ÚîÂÉóÂÚöĈãòÈØäóÛîöÂè¬óĂÚĂÛßøËâöÅæîāäàõææ°  Ì÷ćÈÉČóÿÜĆÚÖ¬îÂóäëòÈÿÅäóñì°Õ­èã
ĀëÈ  ĀæñÝæÝæõÖØöćăÕ­Åøî  Åóä°āÛăïÿÕäÖ ÚČĈó ĀæñîîÂÌõÿÉÚĀæñãòÈăÕ­ØäóÛè¬óßøËâöāÅäÈëä­óÈØöć
ÿìâóñëâÖ¬îÂóäØČóÈóÚăÕ­îã¬óÈăä 

 

ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 
ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈÃîÈßøË ĀÛ¬ÈÿÜĆÚ Ƙ ÃòĈÚÖîÚĂìÎ¬ Åøî ÜÐõÂõäõãóĀëÈĀæñÜÐõÂõäõãóÖä÷È
Åóä°ÛîÚăÕîîÂăÌÕ°   
 

āÅäÈëä­óÈÃîÈÅæîāäßæóëÖ°  
ÉóÂÂóäØöćé÷ÂêóÕ­èãÂóäĂË­Âæ­îÈÉùæØääéÚ°îõÿæĆÂÖîÚĀæñÿØÅÚõÅÖ¬óÈą  ØČóĂì­ÿäóØäóÛ

äóãæñÿîöãÕÿÂöćãèÂòÛāÅäÈëä­óÈĀæñìÚ­óØöćÃîÈÅæîāäßæóëÖ°âóÂÃ÷ĈÚ  ÅæîāäßæóëÖ°ë¬èÚĂìÎ¬ 
ÃîÈßøËÉñâöäúÜä¬óÈÂæâäö âöÅèóâãóèÜäñâóÔƛ ăâāÅäÿâÖä  Âè­óÈ ƘăâāÅäÿâÖä ìÚóƗ-Ƙ
ăâāÅäÿâÖä  ĂÚÿÌææ°ÃîÈĀÖ¬æñĂÛÉñâöÅæîāäßæóëÖ°âóÂÚ­îãĀÖÂÖ¬óÈÂòÚăÜÃ÷ĈÚîãú¬ÂòÛËÚõÕÃîÈÿÌææ°
ĀæñËÚõÕÃîÈßøË ÅæîāäßæóëÖ° ÜäñÂîÛÕ­èãÿãøćîìù­â Ƙ ËòĈÚ áóãĂÚâöÃîÈÿìæèÿäöãÂè¬ó ëāÖäâó                   
âöÿîÚăÌâ°ØöćÉČóÿÜĆÚëČóìäòÛÂäñÛèÚÂóäÖä÷ÈÅóä°ÛîÚăÕîîÂăÌÕ°ĂÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈÚîÂÉóÂÚöĈ
Õ­óÚĂÚÃîÈÅæîāäßæóëÖ° ãòÈâöÿãøćîăØæóÅîãÕ°  ë¬èÚØöćßòÛØòÛÌ­îÚăÜâóÿäöãÂè¬ó ÂäóÚùâ  Āæñë¬èÚØöćăâ¬
ØòÛÌ­îÚÂòÚîãú¬ÿäöãÂè¬óëāÖäâóæóÿâææó ëóäëöØòĈÈìâÕĀæñÅæîāäàõææ°Éñîãú¬ÛÚÿãøćîăØæóÅîãÕ° âöË¬îÈ
ÿäöãÂ             æúÿâÚ Ì÷ćÈâöÃîÈÿìæèîãú¬áóãĂÚ 

 

ÚîÂÉóÂÚöĈáóãĂÚÅæîāäßæóëÖ°ãòÈâö DNA  RNA ĀæñăäāÛāÌâîãú¬Õ­èã ØČóĂì­ÅæîāäßæóëÖ°
ëóâóä×ÉČóæîÈÖòèÿîÈÃ÷ĈÚâóĂìâ¬ĀæñÝæõÖÿîÚăÌâ°ăè­ĂË­ĂÚÅæîāäßæóëÖ°  ĂÚÅæîāäßæóëÖ°ÿîÈâöæòÂêÔ°
Åæ­óãÂòÛăâāØÅîÚÿÕäöã 

 

1.4.2 ÜòÉÉòãØöćÉČóÿÜĆÚëČóìäòÛÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 
ÜòÉÉòãØöćÅèÛÅùâÂóäëòÈÿÅäóñì°Õ­èãĀëÈëóâóä×ĀÛ¬ÈăÕ­ÿÜĆÚÜòÉÉòãáóãĂÚ ĀæñÜòÉÉòã   áóãÚîÂ    
Ì÷ćÈÜòÉÉòãáóãĂÚÉñÿÂöćãèÃ­îÈÂòÛÝæÃîÈßòÚÙùÂääâÃîÈßøË ĀæñÜòÉÉòãáóãÚîÂÿÜĆÚÜòÉÉòãØöćÿÂöćãèÃ­îÈÂòÛ
ëáóßĀèÕæ­îâ 
 

 1. ÜòÉÉòãáóãĂÚ 



 Ɲƙ 

1.1 āÅäÈëä­óÈÃîÈĂÛ 

ÂóäÿÃ­óëú¬ĂÛÃîÈÅóä°ÛîÚăÕîîÂăÌÕ°ÉñãóÂÈ¬óãăâ¬ÿØ¬óÂòÚ   ØòĈÈÚöĈÃ÷ĈÚîãú¬ÂòÛÃÚóÕĀæñÉČóÚèÚ 
ÖæîÕÉÚÖČóĀìÚ¬ÈÃîÈÜóÂĂÛ  Ì÷ćÈîãú¬ĀÖÂÖ¬óÈÂòÚĂÚßøËĀÖ¬æñËÚõÕ ÚîÂÉóÂÚòĈÚÜäõâóÔÃîÈË¬îÈè¬óÈ
äñìè¬óÈÿÌææ°Ì÷ćÈÿÂõÕÉóÂÂóäÿäöãÈÖòèÃîÈÿÚøĈîÿãøćîÿâāÌàõææ° (Mesophyll) ÃîÈĂÛãòÈâöÝæÖ¬îÂóä
ĀæÂÿÜæöćãÚÅóä°ÛîÚăÕîîÂăÌÕ°Õ­èã ÅèóâìÚóÃîÈËòĈÚÅõèÖõÿÅõæ   ÿÌææ°Ýõè (Epidermis) ĀæñÃÚÃîÈĂÛ
ÉñâöÝæĂÚÂóäØČóĂì­Åóä°ÛîÚăÕîîÂăÌÕ°ÂäñÉóãÿÃ­óëú¬ĂÛăÕ­ăâ¬ÿØ¬óÂòÚÿßäóñ×­óìÚóÿÂõÚăÜĀëÈÉñÖÂ
ÂäñØÛÂòÛÅæîāäßæóëÖ°ăÕ­Ú­îãæÈ 

 1.2 îóãùÃîÈĂÛ 

 ÿâøćîßõÉóäÔó×÷ÈĂÛĀÖ¬æñĂÛÃîÈßøË    ÉñßÛè¬óĂÛî¬îÚëóâóä×ëòÈÿÅäóñì°ĀëÈăÕ­ëúÈÉÚ×÷ÈÉùÕØöć
ĂÛĀÂ¬ ĀÖ¬ìæòÈÉóÂÚòĈÚ ÂóäëòÈÿÅäóñì°ĀëÈÉñæÕæÈÿâøćîĂÛĀÂ¬Āæñÿëøćîâëáóß ĂÛÿìæøîÈÉñăâ¬ëóâóä×
ëòÈÿÅäóñì°ĀëÈăÕ­ ÿßäóñăâ¬âöÅæîāäàõææ° 

 1.3  ÂóäÿÅæøćîÚã­óãÅóä°āÛăïÿÕäÖ 

āÕãØòćèăÜÚČĈóÖóæÌúāÅäëÉñÿÅæøćîÚã­óãÉóÂ   Source   ăÜëú¬ Sink  ÕòÈÚòĈÚâòÂßÛÿëâîè¬óÿâøćîÿîó
ë¬èÚìòè ÿâæĆÕ  ìäøîÝæØöćÂČóæòÈÿÉäõÎÿÖõÛāÖîîÂăÜÉóÂÖ­ÚÉñØČóĂì­ÂóäëòÈÿÅäóñì°ĀëÈæÕæÈăÜ 2-3 
èòÚ     ÿßäóñè¬óÚČĈóÖóæÉóÂĂÛăâ¬ëóâóä×ÿÅæøćîÚã­óãăÕ­  ßøËØöćâöîòÖäóÂóäëòÈÿÅäóñì°ĀëÈëúÈ   ÉñâöÂóä
ÿÅæøćîÚã­óãÚČĈóÖóæăÕ­ëúÈÕ­èã ÂóäØöćĂÛÿÜĆÚāäÅÉñØČóĂì­ßøËëòÈÿÅäóñì°ĀëÈăÕ­æÕæÈ ÿßäóñè¬óĂÛÂæóã
ëáóßÿÜĆÚ  Sink âóÂÂè¬ó  Source   ĀÖ¬ĂÛØöćîãú¬ĂÂæ­ÂòÚĀÖ¬ăâ¬ÿÜĆÚāäÅÉñâöîòÖäóÂóäëòÈÿÅäóñì°ĀëÈÿßõćâÃ÷ĈÚ 
îã¬óÈăäÂĆÖóâÂóäÿßõćâ Sink Ăì­ÂòÛÖ­Ú ÿË¬ÚÿßõćâÉČóÚèÚÞòÂÃîÈÃ­óèāßÕ ÿßõćâÉČóÚèÚÝæØöćÖõÕ ÿßõćâÉČóÚèÚ
ìòè ÉñØČóĂì­ÂóäëòÈÿÅäóñì°ĀëÈÿßõćâÃ÷ĈÚ 

1.4  āÜäāÖßæóëÖ° 

îòÖäóÂóäëòÈÿÅäóñì°ĀëÈÉñâöÅèóâëòâßòÚÙ°ÂòÛÂóäØČóÈóÚÃîÈāÜäāÖßæóëÖ°âóÂ ÿâøćîßøËÃóÕÚČĈó
ëáóßÅîææîãÕ°ÃîÈāÜäāÖßæóëÖ°Éñîãú¬ĂÚëáóßÃóÕÚČĈóÕ­èãØČóĂì­ÿîÚăÌâ°Øöć ÿÂöćãèÃ­îÈÂòÛÂóä
ëòÈÿÅäóñì°ĀëÈØČóÈóÚăÕ­ăâ¬ÿÖĆâØöć  ĀÖ¬ßøËĀÖ¬æñËÚõÕāÜäāÖßæóëÖ°ÉñÜäòÛÖòèĂì­ØČóÈóÚăÕ­Õöăâ¬
ÿØ¬óÂòÚ  ØČóĂì­îòÖäóÂóäëòÈÿÅäóñì°ĀëÈÿÜæöćãÚăÜăâ¬ÿØ¬óÂòÚ 
  

2. ÜòÉÉòãáóãÚîÂ 

 2.1. ÜäõâóÔÃîÈ CO2 ÜÂÖõÉñâöÿØ¬óÂòÛ 0.03 ÿÜîä°ÿÌĆÚÖ° ÂóäëòÈÿÅäóñì°ĀëÈÉñÿßõćâÃ÷ĈÚÿâøćî
ÜäõâóÔÃîÈ CO2 ĂÚÛääãóÂóéÿßõćâÃ÷ĈÚ ãÂÿè­ÚÿâøćîÜóÂĂÛÜõÕÿßäóñÂóäÃóÕÚČĈó ÅèóâĀÖÂÖ¬óÈäñìè¬óÈßøË 
C3 Āæñ C4 ĂÚĀÈ¬ÃîÈ CO2 Åøî ×­óÜäõâóÔÃîÈ  CO2 æÕæÈÖČćóÂè¬óëáóßÛääãóÂóéÜÂÖõĀÖ¬ĀëÈãòÈîãú¬ĂÚ
äñÕòÛÅèóâÿÃ­âÿìÚøîÉùÕ    Light Compensation  ßÛè¬ó ßøË C3 ÉñâöÂóäëòÈÿÅäóñì°ĀëÈ ÿÜĆÚ 0  ×­óâöÅèóâ
ÿÃ­âÃ­ÚÃîÈ CO2  50-100 ë¬èÚÖ¬îæ­óÚ ĀÖ¬ßøË C4 ÉñãòÈÅÈëòÈÿÅäóñì°ĀëÈăÕ­Ö¬îăÜ Āâ­ CO2  ÉñÖČćóÿßöãÈ 0-
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5 ë¬èÚÖ¬îæ­óÚÂĆÖóâ ÅèóâÿÃ­âÃ­ÚÃîÈ CO2 ØöćÉùÕÌ÷ćÈîòÖäóÂóäëòÈÿÅäóñì°ĀëÈÿØ¬óÂòÛîòÖäóÂóäìóãĂÉ
ÿäöãÂè¬ó CO2 Compensation   Point   Ã­óèāßÕâö   CO2 Compensation Point îãú¬Øöć 0 ë¬èÚÖ¬îæ­óÚ ĂÚÃÔñ
ØöćØóÚÖñèòÚâöÅ¬ó×÷È 50 ë¬èÚÖ¬îæ­óÚ 

 ÂóäÿßõćâÅèóâÿÃ­âÃ­ÚÃîÈÅóä°ÛîÚăÕîîÂăÌÕ°Ăì­ëúÈÃ÷ĈÚăÜÿäøćîã ą  ÉñâöÝæØČóĂì­ÿÂõÕÂóä
ëòÈÿÅäóñì°ĀëÈăÕ­âóÂÃ÷ĈÚ  ĀÖ¬ÿâøćîÿßõćâÃ÷ĈÚëúÈ×÷È 0.5  ÿÜîä°ÿÌĆÚÖ°  ßøËÉñâöÂóäëòÈÿÅäóñì°ĀëÈăÕ­âóÂÃ÷ĈÚ 
ĀÖ¬ßøËÉñØÚăÕ­äñãñìÚ÷ćÈ ÅøîÜäñâóÔ 10-15 èòÚ ìæòÈÉóÂÚòĈÚßøËÉñËñÈòÂÂóäÿÉäõÎÿÖõÛāÖ  āÕãØòćèăÜ
ßøË C4  ÉñØÚÖ¬îÅèóâÿÃ­âÃ­ÚÃîÈÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ÕöÂè¬óßøË C3 

2.2. ÅèóâÿÃ­âÃîÈĀëÈ ĂÛÃîÈßøË C4 ÖîÛëÚîÈÖ¬îÅèóâÿÃ­âÃîÈĀëÈÿÜĆÚÿë­ÚÖäÈÅøîÿâøćîÿßõćâ
ÅèóâÿÃ­âÃîÈĀëÈ îòÖäóÂóäëòÈÿÅäóñì°ĀëÈÉñÿßõćâÃ÷ĈÚ  āÕãØòćèăÜãîÕÃîÈßøË  C4 ÉñăÕ­äòÛĀëÈâóÂÂè¬ó
ĂÛæ¬óÈ  ÕòÈÚòĈÚĂÛãîÕîóÉÉñăÕ­äòÛĀëÈÉÚ×÷ÈÉùÕîõćâÖòèăÕ­ ĂÚÃÔñØöćĂÛæ¬óÈÉñăâ¬ăÕ­äòÛĀëÈÉÚ×÷ÈÉùÕ
îõćâÖòèÿßäóñ×úÂĂÛãîÕÛòÈĀëÈăè­ ĀÖ¬ÿâøćîßõÉóäÔóßøËØòĈÈÖ­ÚìäøîØòĈÈÜ¬ó  ÉñßÛè¬óßøËăâ¬ăÕ­äòÛĀëÈ×÷ÈÉùÕØöć
ÉñØČóĂì­ÂóäëòÈÿÅäóñì°ĀëÈëúÈëùÕÿßäóñâöÂóäÛòÈĀëÈÂòÚáóãĂÚØäÈßù¬â ë¬èÚÅùÔáóßÃîÈĀëÈÚòĈÚĀëÈØöć
âöÅèóâãóèÅæøćÚË¬èÈ 400-700 nm ÿìâóñëâØöćëùÕ 

ÅèóâÿÃ­âÃîÈĀëÈ ìäøîÜäõâóÔßæòÈÈóÚĀëÈÖ¬îìÚ÷ćÈìÚ¬èãßøĈÚØöć  Ì÷ćÈâöìÚ¬èãÿÜĆÚ æòÂÌ° (Lux) 
(10.76 lux = 1 ft-c)  ĂÚĀÖ¬æñØ­îÈØöćÉñâöÅèóâÿÃ­âÃîÈĀëÈăâ¬ÿØ¬óÂòÚ Ì÷ćÈØČóĂì­ßøËâöÂóäÜäòÛÖòèØóÈ
ßòÚÙùÂääâÖ¬óÈÂòÚ  ÂóäëòÈÿÅäóñì°ĀëÈÃîÈßøËāÕãØòćèăÜÉñÕöÃ÷ĈÚÿâøćîßøËăÕ­äòÛÅèóâÿÃ­âÃîÈĀëÈâóÂ
Ã÷ĈÚ  ÿâøćîßøËăÕ­äòÛÅèóâÿÃ­âÃîÈĀëÈÖČćóÂè¬óØöćßøËÖ­îÈÂóäßøËÉñâöîòÖäóÂóäëòÈÿÅäóñì°ĀëÈÖČćóæÈ ĀÖ¬îòÖäó
ÂóäìóãĂÉÃîÈßøËÉñÿØ¬óÿÕõâ  ÿâøćîîòÖäóÂóäëòÈÿÅäóñì°ĀëÈæÕÖČćóæÈ ÉÚØČóĂì­îòÖäóÂóäëä­óÈîóìóä
ÿØ¬óÂòÛîòÖäóÂóäĂË­îóìóäÉóÂÂóäìóãĂÉ   ĂÚÂäÔöÚöĈÉČóÚèÚÅóä°ÛîÚăÕîîÂăÌÕ°ØöćÖä÷Èăè­ÉñÿØ¬óÂòÛ
ÉČóÚèÚÅóä°ÛîÚăÕîîÂăÌÕ°ØöćÜæ¬îãîîÂâó ØöćÉùÕÚöĈÂóäĀæÂÿÜæöćãÚÂ®óÌâöÅ¬óÿÜĆÚéúÚã° ÿÜĆÚÉùÕÌ÷ćÈÿäöãÂè¬ó 
Light ìäøî CO2  Compensation point Ì÷ćÈßøËÉñăâ¬ÿÉäõÎÿÖõÛāÖĀÖ¬ëóâóä×âöËöèõÖîãú¬ăÕ­  ×­óÅèóâÿÃ­âÃîÈ
ĀëÈÖČćóæÈÂè¬óÚöĈîöÂßøËÉñÃóÕîóìóäØČóĂì­ 
ÖóãăÜĂÚØöćëùÕ  ĀÖ¬ÂóäÿßõćâÅèóâÿÃ­âÃîÈĀëÈâóÂÃ÷ĈÚăâ¬ăÕ­ØČóĂì­îòÖäóÂóäëòÈÿÅäóñì°ĀëÈëúÈÿëâîăÜ
ÿßäóñßøËâöÉùÕîõćâÖòèĀëÈ  Ì÷ćÈ×­óìóÂÅèóâÿÃ­âÃîÈĀëÈÿßõćâăÜîöÂÉñØČóĂì­ßøËĂÛăìâ­ Ì÷ćÈÜÂÖõßøË C4 Éñâö
ÜäñëõØÙõáóßĂÚÂóäĂË­ĀëÈÕöÂè¬óßøË C3 

ÅèóâãóèÃîÈË¬èÈØöćăÕ­äòÛĀëÈ (Light Duration)  ÿâøćîË¬èÈÿèæóØöćăÕ­äòÛĀëÈãóè 
ÚóÚÃ÷ĈÚ îòÖäóÂóäëòÈÿÅäóñì°ĀëÈÉñÿßõćâÃ÷ĈÚÕ­èã  āÕãÿÜĆÚëòÕë¬èÚāÕãÖäÈÂòÛÅèóâãóèÃîÈèòÚ  ÕòÈÚòĈÚ
Âóäÿä¬ÈÂóäÿÉäõÎÿÖõÛāÖÃîÈßøËĂÚÿÃÖìÚóèÌ÷ćÈĂÚË¬èÈåÕúìÚóèÉñâöèòÚØöćëòĈÚÉ÷ÈÉČóÿÜĆÚÖ­îÈĂì­ĀëÈÿßõćâÂòÛ
ßøËØöćÜæúÂĂÚÿäøîÚÂäñÉÂ 

 ÅùÔáóßÃîÈĀëÈ (Light quality)  ĀëÈĀÖ¬æñëöÉñâöÅùÔáóßìäøîÃÚóÕÃîÈāàÖîÚìäøîßæòÈÈóÚ
Øöćăâ¬ÿØ¬óÂòÚ É÷ÈØČóĂì­ÿÂõÕÉóÂÿÅæøćîÚã­óãîöÿæÅÖäîÚăÕ­ăâ¬ÿØ¬óÂòÚ ÃÚóÕÃîÈāàÖîÚÉñÖ­îÈßîÕöÂòÛ
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āÅäÈëä­óÈÃîÈāâÿæÂùæÃîÈÅæîāäàõææ° ×­óìóÂăâ¬ßîÕöÂòÚÉñÖ­îÈâö Accessory  pigment  âóË¬èãäòÛ
ĀëÈ  āÕãâöæòÂêÔñÿÜĆÚĀÝÈäòÛßæòÈÈóÚ  (Antenna system) Āæ­èë¬ÈßæòÈÈóÚÖ¬îăÜĂì­Åæîāäàõææ°ÿî 
ÕòÈÂæ¬óèâóĀæ­è ĂÚëáóßÙääâËóÖõ ÿË¬Ú ĂÚÜ¬óìäøîØ­îÈØñÿææ÷Â  ĀëÈØöćßøËëóâóä×ĂË­ÜäñāãËÚ°ĂÚÂóä
ëòÈÿÅäóñì°ĀëÈăÕ­âòÂÉñ×úÂÂäîÈÿîóăè­āÕãÖ­Úăâ­ØöćëúÈÂè¬óìäøîĀëÈÕòÈÂæ¬óèăâ¬ëóâóä×ë¬îÈæÈăÜ
×÷È   ßøËÿìæ¬óÚöĈâòÂÉñăÕ­äòÛĀëÈëöÿÃöãèÿØ¬óÚòĈÚ ßøËÿìæ¬óÚöĈìæóãËÚõÕÉñßòÓÚóäñÛÛĂì­âöäÈÅèòÖ×ùÌ÷ćÈ
ëóâóä×ÚČóÿîóßæòÈÈóÚÉóÂĀëÈëöÿÃöãèâóĂË­ÜäñāãËÚ°ăÕ­ 

2.3. îùÔìáúâõ  Ë¬èÈîùÔìáúâõØöćßøËëòÈÿÅäóñì°ĀëÈăÕ­Å¬îÚÃ­óÈÂè­óÈ ÿË¬Ú ĀÛÅØöÿäöã Āæñëóìä¬óãëö
ÚČĈóÿÈõÚĀÂâÿÃöãè ëóâóä×ëòÈÿÅäóñì°ĀëÈăÕ­ØöćîùÔìáúâõ 70 îÈéóÿÌæÿÌöãë ĂÚÃÔñØöćßøËÖäñÂúæëÚ
ëóâóä×ëòÈÿÅäóñì°ĀëÈăÕ­îã¬óÈË­óâóÂØöćîùÔìáúâõ ·6 îÈéóÿÌæÿÌöãë ßøËĂÚÿÃÖĀîÚÖóä°ÅÖõÂ           ÛóÈ
ËÚõÕ  ëóâóä×ëòÈÿÅäóñì°ĀëÈăÕ­ØöćîùÔìáúâõ ·18  îÈéóÿÌæÿÌöãë  ĀæñîùÔìáúâõÿìâóñëâĂÚÂóä
ëòÈÿÅäóñì°ĀëÈÿØ¬óÂòÛ 0 îÈéóÿÌæÿÌöãë ĂÛÃîÈßøËËòĈÚëúÈØòćè ą ăÜ îóÉÉñâöîùÔìáúâõëúÈ×÷È 35 îÈéó
ÿÌæÿÌöãë ĂÚÃÔñăÕ­äòÛĀëÈ  ĀÖ¬ÂóäëòÈÿÅäóñì°ĀëÈÂĆãòÈÕČóÿÚõÚÖ¬îăÜăÕ­  ÝæÃîÈîùÔìáúâõÖ¬îÂóä
ëòÈÿÅäóñì°ĀëÈÉ÷ÈÃ÷ĈÚÂòÛËÚõÕÃîÈßøËĀæñëáóßĀèÕæ­îâØöćßøËÿÉäõÎÿÖõÛāÖ ÿË¬Ú ßøËØñÿæØäóã                 
ÉñâöîùÔìáúâõÿìâóñëâëúÈÂè¬óßøËĂÚÿÃÖîóä°ÅÖõÂ ßøËØöćÿÉäõÎăÕ­ÕöĂÚÿÃÖîùÔìáúâõëúÈ ÿË¬Ú Ã­óèāßÕ Ã­óè
à¬óÈ Þ­óã Āæñ×òćèÿìæøîÈÉñâöîùÔìáúâõØöćÿìâóñëâëúÈÂè¬óßøËØöćÿÉäõÎăÕ­ÕöĂÚÿÃÖîùÔìáúâõÖČćó ÿË¬Ú âòÚÞäòćÈ 
Ã­óèëóæö ĀæñÃ­óèāî®Ö āÕãØòćèăÜîùÔìáúâõÿìâóñëâĂÚÂóäëòÈÿÅäóñì°ĀëÈÃîÈßøËĀÖ¬æñËÚõÕÉñĂÂæ­ÿÅöãÈ
ÂòÛîùÔìáúâõÃîÈëáóßĀèÕæ­îâÖîÚÂæóÈèòÚĂÚÿÃÖÚòĈÚ ą ÖóâÜÂÖõßøË C4 ÉñâöîùÔìáúâõÿìâóñëâÖ¬îÂóä
ëòÈÿÅäóñì°ĀëÈëúÈÂè¬óßøË C3  Å¬ó Q10  ÃîÈÂóäëòÈÿÅäóñì°ĀëÈÜäñâóÔ  2-3   ĀæñîùÔìáúâõÉñâö
ÝæÂäñØÛÖ¬î Light  Reaction Ú­îãâóÂ ÿâøćîÿØöãÛÂòÛ Enzymatic Reaction 

 2.4. ÚČĈó  ÉñÿÂöćãèÃ­îÈÂòÛÂóäÜõÕÿÜõÕÃîÈÜóÂĂÛ  ĀæñÿÂöćãèÃ­îÈÂòÛÂóäĂì­îöÿæÅÖäîÚ               ÿâøćî
ÿÂõÕëáóèñÃóÕĀÅæÚÚČĈó  ßøËÉñÅóãÚČĈóăÕ­ÿäĆèè¬óÂóäÕúÕÚČĈóĀæñæČóÿæöãÈÚČĈóÃîÈäóÂ   ØČóĂì­Ö­Úăâ­ëúÎÿëöãÚČĈó
îã¬óÈäèÕÿäĆè ØČóĂì­ÂóäØČóÈóÚÃîÈÿîÚăÌâ°Ö¬óÈ ą ÝõÕÜÂÖõ ĀæñÖ¬îâóÜóÂĂÛÉñÜõÕ ÂóäÃóÕĀÅæÚÚČĈóØöćÖČćó
Âè¬ó 15 ÿÜîä°ÿÌĆÚÖ°  îóÉÉñãòÈăâ¬âöÝæÂäñØÛÂäñÿØøîÚÖ¬îîòÖäóÂóäëòÈÿÅäóñì°ĀëÈâóÂÚòÂ ĀÖ¬×­óÿÂõÕ
ëáóèñÃóÕĀÅæÚ×÷È 15 ÿÜîä°ÿÌĆÚÖ°Āæ­èÉñØČóĂì­ÜóÂĂÛÜõÕÉ÷ÈäòÛÅóä°ÛîÚăÕîîÂăÌÕ°ăâ¬ăÕ­ 

 2.5. ÙóÖùîóìóä 

 ÿÚøćîÈÉóÂÅæîāäàõææ°âöĀâÂÚöÿÌöãâĀæñăÚāÖäÿÉÚÿÜĆÚÙóÖùØöćîãú¬ĂÚāâÿæÂùæÕ­èã ÕòÈÚòĈÚìóÂâö
ÂóäÃóÕÙóÖùØòĈÈëîÈÉñØČóĂì­ÂóäëòÈÿÅäóñì°ĀëÈæÕæÈ 
  

  
 
 



 ƝƜ 

ÂõÉÂääâÿäøćîÈ  ÅæîāäàõæÂòÛÂóäëä­óÈîóìóäÃîÈßøË ( ëòÈÿÅäóñì°ĀëÈ ) 

 

ÉùÕÜäñëÈÅ°ÂóäØÕæîÈ 
ëäùÜÅèóâëČóÅòÎÃîÈÅæîāäàõæÖ¬îÂóëòÈÿÅäóñì°Õ­èãĀëÈÃîÈßøËăÕ­ 

èòëÕùîùÜÂóäÔ° 
1. ĂÛËÛóÕ¬óÈ ( ÿÜĆÚĂÛØöćÿÕĆÕâóĂÚèòÚØČóÂóäØÕæîÈ )  1  ĂÛ 
2. ëóäæñæóãăîāîÕöÚ      1  æúÂÛóéÂ°ÿÌÚÖõÿâÖä 
3. ÚČĈóĀÜ­È       5  æúÂÛóéÂ°ÿÌÚÖõÿâÖä 
4. ĀîæÂîïîæ°      15  æúÂÛóéÂ°ÿÌÚÖõÿâÖä 
5. ÚČĈó       100    æúÂÛóéÂ°ÿÌÚÖõÿâÖä 
6. ăâ­ÃöÕăà       1  ÂæòÂ 
7. ÛöÂÿÂîä°ÃÚóÕ 250 æÛ.Ìâ.     1  ĂÛ 
8. ìæîÕØÕæîÈÃÚóÕĂìÎ¬     1 ìæîÕ 
9. ìæîÕØÕæîÈÃÚóÕÿæĆÂ     1 ìæîÕ 
10.ìæîÕìãÕ       1 îòÚ 
11.×­èãÂäñÿÛøĈîÈ       1 ĂÛ 
12.ÜóÂÅöÛ       1 îòÚ 
13.ÖñÿÂöãÈĀîæÂîïîæ°ßä­îâØøćÂòĈÚæâĀæñÖñĀÂäÈæèÕ  1 ËùÕ 

èõÙöÂóäØÕæîÈ 
1. ÚČóĂÛËÛóØöć×úÂĀëÈĀÕÕÜäñâóÔ 3 ËòćèāâÈâóèóÕäúÜÿßøćîĀëÕÈë¬èÚØöćÿÜĆÚëöÃóèĀæñëöÿÃöãè 
2. Ăë¬ÚČĈóÜäñâóÔ 40 æúÂÛóéÂ°ÿÌÚÖõÿâÖä æÈĂÚÛöÂÿÂîä°Ö­âĂì­ÿÕøîÕ Ăë¬ĂÛËÛóÕ¬óÈĂÚÛöÂÿÂîä°                  
ØöćâöÚČĈóÿÕøîÕ 

3. ĂË­ÜóÂÅöÛÅöÛĂÛËÛóÕ¬óÈØöćÖ­âĀæ­èĂë¬ĂÚìæîÕØÕæîÈÃÚóÕĂìÎ¬ØöćâöĀîæÂîïîæ°ßîØ¬èâĂÛ   
Āæ­èÚČóăÜÖ­âÜäñâóÔ 1 · 2 ÚóØö  ÉÚÂäñØòćÈëöÌöÕ ëòÈÿÂÖÂóäÔ°ÿÜæöćãÚĀÜæÈ ( ĀîæÂîïîæ°
ÿÜĆÚëóäăèăàÉ÷ÈÖ­îÈÖ­âĂì­Åèóâä­îÚÝ¬óÚÚČĈó ) 
4. ÚČóăÛËÛóÕ¬óÈĂÚÃ­î 3 ăÜæ­óÈÕ­èãÚČĈóÿãĆÚ ëòÈÿÂÖÂóäÔ°ÿÜæöćãÚĀÜæÈ 
5. ÚČóĂÛËÛóÕ¬óÈØöćæ­óÈĀæ­èâóèóÈĂÚ×­èãÂäñÿÛøĈîÈ  Āæ­èìãÕÕ­èãëóäæñæóãăîāîÕöÚĂì­ØòćèØòĈÈ
ĂÛ ØõĈÈăè­ÜäñâóÔÅä÷ćÈÚóØö 
6. ÚČóĂÛËÛóÕ¬óÈăÜæ­óÈÚČĈó ëòÈÿÂÖÂóäÔ°ÿÜæöćãÚĀÜæÈĀæñèóÕäúÜ ÿÜäöãÛÿØöãÛÂòÛÂ¬îÚ                  
ÂóäØÕæîÈ ßä­îâÛòÚØ÷ÂÝæ 



 ƝƝ 

7. Ăë¬ÚČĈóĀÜ­ÈÜäñâóÔ 5 æúÂÛóéÂ°ÿÌÚÖõÿâÖä æÈĂÚìæîÕØÕæîÈÃÚóÕÿæĆÂìãÕëóäæñæóã
ăîāîÕöÚ 2 · 3 ìãÕæÈĂÚìæîÕØÕæîÈ  ëòÈÿÂÖÂóäÔ°ÿÜæöćãÚĀÜæÈĀæñÛòÚØ÷ÂÝæ 
 

 
 

ÖóäóÈÛòÚØ÷ÂÝæ 
ëõćÈØöćÚČóâóØÕëîÛ ÝæÂóäØÕëîÛØöćëòÈÿÂÖăÕ­ 

ë¬èÚëöÿÃöãèÃîÈĂÛËÛóÕ¬óÈ  
ë¬èÚëöÃóèÃîÈĂÛËÛóÕ¬óÈ  

ÚČĈóĀÜ­È  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Ɲƞ 

1.5 äñÛÛëøÛßòÚÙù°ĂÚßøË 
 

1.5.1 āÅäÈëä­óÈÂóäØČóÈóÚäñÛÛëøÛßòÚÙù°ßøËăä­ÕîÂ 
 

ÂóäëøÛßòÚÙù°ÃîÈßøËăâ¬âöÕîÂ 
ÂóäëøÛßòÚÙù°ÃîÈßøËăä­ÕîÂ ÿÜĆÚÂóäëøÛßòÚÙù°ĀÛÛăâ¬îóéòãÿßé ÿßäóñÿÜĆÚßøËËòĈÚÖČćó  ăâ¬âöÕîÂ  âöîèòãèñ
Ö¬óÈą ăâ¬ÅäÛ ÂóäëøÛßòÚÙù°ĀÛÛăâ¬îóéòãÿßéÃîÈßøËăä­ÕîÂ âöèõÙöÂóäÖ¬óÈą ÿË¬Ú ÂóäĀÖÂìÚ¬î Âóäëä­óÈ
ëÜîä° ÂóäĀÛ¬ÈÖòè ÕòÈÚöĈ 

1. ÿàõä°Ú  ëøÛßòÚÙù°āÕãÂóäëä­óÈëÜîä°  ëÜîä°Éñîãú¬áóãĂÚîòÛëÜîä°Øöćîãú¬ĂÖ­ĂÛìäøîØöćÂ­óÚĂÛ   ÿâøćî
ĀÂ¬ÿÖĆâØöćîòÛëÜîä°Ì÷ćÈÿÜĆÚ×ùÈÿæĆÂ ą ÉñĀÖÂîîÂĀæñÜæõèăÜÖóâæâ ÿâøćîÖÂĂÚØöćÿìâóñÂĆÉñÈîÂÿÜĆÚÖ­ÚĂìâ¬ 
 

 
 

2. ëóìä¬óã  ëóìä¬óãÿÌææ°ÿÕöãèëøÛßòÚÙù°āÕãÂóäĀÛ¬ÈÖòè  ëóìä¬óãìæóãÿÌææ° ëøÛßòÚÙù°āÕãÂóä
ëä­óÈëÜîä°ìäøîÝëâäñìè¬óÈÿÌææ°ÖòèÝú­ĀæñÿÌææ°Öòèÿâöã 

 3. ÿìĆÕ ëøÛßòÚÙù°āÕãÂóäëä­óÈëÜîä°  ëÜîä°Éñîãú¬áóãĂÚäõĈèìäøîÅäöÛĂÖ­ë¬èÚìòèØöćÅæ­óã
ìâèÂ  ë¬èÚØöćÿäóÿäöãÂÕîÂÿìĆÕÚòĈÚ ÿÜĆÚë¬èÚìÚ÷ćÈÃîÈÖ­ÚÿìĆÕ ØČóìÚ­óØöćëä­óÈëÜîä°  Ö­ÚÿìĆÕÉäõÈ ą ÿÜĆÚ
ÿë­ÚëóãëöÃóè ą  îãú¬ĂÚëõćÈØöćâòÚîóéòãîãú¬ ëÜîä°ÿâøćîĀÂ¬ÂĆÉñÜæõèăÜãòÈØöćÖ¬óÈą ÿâøćîâöÅèóâËù¬âËøĈÚ 
îóìóä  ĀëÈĀÕÕßîÿìâóñÂĆÉñÈîÂÿÜĆÚÖ­ÚÿìĆÕ 

 4. äó  ëøÛßòÚÙù°āÕãÂóäëä­óÈëÜîä°  âöæČóÖ­ÚÿÜĆÚÿë­ÚĂã  äóâöìæóãëö ÿË¬Ú ëöë­â, 
ëöÕČó, ëöÿìæøîÈ, ëöÿÃöãè  
 

 
 

 5.  ãöëÖ°  âöÂóäëøÛßòÚÙù°ëîÈĀÛÛ ÿâøćîâöîóìóäÛäõÛúäÔ°ÉñĀÖÂìÚ¬îÿÂõÕÖ­ÚĂìâ¬ 
 ÿâøćîâöîóìóäÞøÕÿÅøîÈÉñëøÛßòÚÙù°āÕãÂóäëä­óÈëÜîä° 
 



 ƝƟ 

1.5.2 āÅäÈëä­óÈÂóäØČóÈóÚäñÛÛëøÛßòÚÙù°ßøËâöÕîÂ 
 

āÅäÈëä­óÈĀæñÂóäØČóÈóÚÃîÈäñÛÛëøÛßòÚÙù°ÃîÈßøËâöÕîÂ 
 

 ÕîÂăâ­ÚóÚóËÚõÕ ÉñÿìĆÚè¬óÚîÂÉóÂÉñâöëöÖ¬óÈÂòÚĀæ­èãòÈâöäúÜä¬óÈ ÃÚóÕ ĀæñāÅäÈëä­óÈÃîÂ
ÕîÂĀÖÂÖ¬óÈÂòÚ ÕîÂÛóÈËÚõÕâöÂæöÛÕîÂÌ­îÚÂòÚìæóãËòĈÚ ÛóÈËÚõÕâöÂæöÛÕîÂăâ¬âóÂÚòÂĀæñâöËòĈÚÿÕöãè 
ÕîÂÛóÈËÚõÕâöÃÚóÕĂìÎ¬âóÂ ÛóÈËÚõÕÿæĆÂÿØ¬óÿÃĆâìâùÕ ÚîÂÉóÂÚöĈÕîÂÛóÈËÚõÕâöÂæõćÚìîâÚ¬óËøćÚĂÉ 
ĀÖ¬ÛóÈËÚõÕâöÂæõćÚÊùÚìäøîÛóÈËÚõÕăâ¬âöÂæõćÚ ÅèóâìæóÂìæóãÃîÈÕîÂăâ­ÿìæ¬óÚöĈÿÂõÕÉóÂÂóäØöćßøËÕîÂ
âöèõèòÓÚóÂóäâóãóèÚóÚ É÷ÈâöÅèóâìæóÂìæóãØòĈÈëö äúÜä¬óÈ āÅäÈëä­óÈ ÂæõćÚ ðæð ĀÖ¬×÷ÈĀâ­ÉñâöÅèóâ
ĀÖÂÖ¬óÈÂòÚÕîÂÂĆØČóìÚ­óØöćÿìâøîÚÂòÚÅøî ÿÜĆÚîèòãèñëøÛßòÚÙù°ÃîÈßøË 
 
 

āÅäÈëä­óÈÃîÈÕîÂ 
  
  
  
  
 
 
 
 
 
 
  
  
 
 
 
  

 ÕîÂăâ­Ö¬óÈą ×÷ÈĀâ­ÉČóØČóìÚ­óØöćĂÚÂóäëøÛßòÚÙù°ÿìâøîÚÂòÚĀÖ¬ÂĆâöāÅäÈëä­óÈĀÖÂÖ¬óÈÂòÚăÜ
ÖóâĀÖ¬ËÚõÕÃîÈßøË ÕîÂĀÖ¬æñËÚõÕâöāÅäÈëä­óÈÃîÈÕîÂĀÖÂÖ¬óÈÂòÚîîÂăÜ ÛóÈËÚõÕâöāÅäÈëä­óÈìæòÂ
ÅäÛØòĈÈ ƚ ë¬èÚ Ì÷ćÈăÕ­ĀÂ¬ ÂæöÛÿæöĈãÈ ÂæöÛÕîÂ ÿÂëäÖòèÝú­ ĀæñÿÂëäÖòèÿâöã ÿäöãÂè¬ó ÕîÂëâÛúäÔ° 
(complete flower) ĀÖ¬×­óÃóÕë¬èÚĂÕë¬èÚìÚ÷ćÈăÜăâ¬ÅäÛ ƚ ë¬èÚÿäöãÂè¬ó ÕîÂăâ¬ëâÛúäÔ° (incomplete 



 ƞƖ 

flower) ĀæñÕîÂØöćâöØòĈÈÿÂëäÿßéÝú­ĀæñÿÂëäÿßéÿâöãîãú¬áóãĂÚÕîÂÿÕöãèÂòÚ ÿäöãÂè¬ó ÕîÂëâÛúäÔ°ÿßé 
(perfect flower)  ×­óâöĀÖ¬ÿÂëäÿßéÝú­ìäøîÿÂëäÿßéÿâöãÿßöãÈîã¬óÈÿÕöãè ÿäöãÂè¬ó ÕîÂăâ¬ëâÛúäÔ°ÿßé 
(imperfect flower)ÉóÂāÅäÈëä­óÈÃîÈÕîÂãòÈëóâóä×ÉČóĀÚÂÜäñÿáØÃîÈÕîÂăÕ­îöÂāÕãßõÉóäÔóÉóÂ
ÖČóĀìÚ¬ÈÃîÈäòÈăÃ¬ ÿâøćîÿØöãÛÂòÛÑóÚäîÈÕîÂÌ÷ćÈăÕ­ĀÂ¬ ÕîÂÜäñÿáØØöćâöäòÈăÃ¬îãú¬ÿìÚøîÑóÚäîÈÕîÂ ÿË¬Ú 
ÕîÂâñÿÃøî ÉČóÜö ãöćìùÛ Ûòè ÛóÚÛùäö ßäõÂ ×òćè âñæñÂî ë­âÿÜĆÚÖ­Ú ĀæñÕîÂÜäñÿáØØöćâöäòÈăÃ¬îãú¬ĂÖ­
ÑóÚäîÈÕîÂ ÿË¬Ú ÕîÂàòÂØîÈ ĀÖÈÂèó ÛèÛ ÞäòćÈ ØòÛØõâ Âæ­èã ßæòÛßæ÷È ÿÜĆÚÖ­Ú ÕîÂÃîÈßøËĀÖ¬æñ
ËÚõÕÉñâöÉČóÚèÚÕîÂÛÚÂ­óÚÕîÂăâ¬ÿØ¬óÂòÚ É÷Èëóâóä×ĀÛ¬ÈÕîÂîîÂÿÜĆÚ Ƙ ÜäñÿáØ Åøî ÕîÂÿÕöãè 
(solotary flower) ĀæñË¬îÕîÂ (inflorescences flower) 
 

  ÕîÂÿÕöćãè ìâóã×÷È ÕîÂìÚ÷ćÈÕîÂØöćßòÓÚóâóÉóÂÖóÕîÂìÚ÷ćÈÖó ÕòÈÚòĈÚÕîÂÿÕöćãèÉ÷ÈâöìÚ÷ćÈÕîÂ
ÛÚÂ­óÚÕîÂìÚ÷ćÈÂ­óÚ ÿË¬Ú ÕîÂâñÿÃøîÿÜäóñ ÉČóÜö Ûòè ÿÜĆÚÖ­Ú 
 

 Ë¬îÕîÂ ìâóã×÷È ÕîÂìæóãÕîÂØöćîãú¬ÛÚÂ­óÚÕîÂìÚ÷ćÈÂ­óÚ ÿË¬Ú ÿÃĆâ ÝòÂÛù­È âñæõ Âñÿßäó Âæ­èã 
Âæ­èãăâ­ Ã­óèÿÜĆÚÖ­Ú ĀÖ¬ÂóäÉòÕÿäöãÈÖòè ĀæñÂóäĀÖÂÂõćÈÂ­óÚÃîÈË¬îÕîÂâöÅèóâìæóÂìæóã 
ÚòÂèõØãóéóëÖä°ĂË­æòÂêÔñÂóäÉòÕÿäöãÈÖòèĀæñÂóäĀÖÂÂõćÈÂ­óÚÃîÈË¬îÕîÂÉČóĀÚÂË¬îÕîÂîîÂÿÜĆÚĀÛÛ
Ö¬óÈą 
                Ë¬îÕîÂÛóÈËÚõÕâöæòÂêÔñÅæ­óãÕîÂÿÕöćãè ÕîÂã¬îãÿÂõÕÖäÈÜæóãÂ­óÚË¬îÕîÂÿÕöãèÂòÚ ăâ¬âö
Â­óÚÕîÂã¬îãÕîÂã¬îãÿäöãÈÂòÚîãú¬ÛÚÑóÚäîÈÕîÂØöćāÅ­ÈÚúÚÅæ­óãìòè ÿË¬Ú ØóÚÖñèòÚ ÕóèÿäøîÈ ÛóÚËøćÚ 
ÛóÚăâ¬äú­āäã ÕóèÂäñÉóã ÿÜĆÚÖ­ÚË¬îÕîÂĀÛÛÚöĈÜäñÂîÛÕ­èãÕîÂã¬îãą Ƙ ËÚõÕ Åøî ÕîÂèÈÚîÂîãú¬äîÛ
ÚîÂÃîÈÕîÂ ĀæñÕîÂèÈĂÚîãú¬ÖäÈÂæóÈÕîÂÕîÂèÈÚîÂâö Ɨ ËòĈÚ ìäøîìæóãËòĈÚÿÜĆÚÕîÂëâÛúäÔ°ÿßé 
ìäøîăâ¬ëâÛúäÔ°ÿßéÂĆăÕ­ ë¬èÚâóÂÿÜĆÚÕîÂÿßéÿâöãë¬èÚÕîÂèÈĂÚâòÂÿÜĆÚÕîÂëâÛúäÔ°ÿßéâöÂæöÛÕîÂ
ÿËøćîâÂòÚÿÜĆÚäúÜØäÈÂäñÛîÂîãú¬ÿìÚøîäòÈăÃ¬ 
 
Âóäëä­óÈÿÌææ°ëøÛßòÚÙù°ÃîÈßøËÕîÂ 

Âóäëä­óÈÿÌææ°ëøÛßòÚÙù°ÿßéÝú­ÃîÈßøËÕîÂÉñÿÂõÕÃ÷ĈÚáóãĂÚ îòÛÿäÔú (anther) āÕãâöăâāÅäëÜîä°
âóÿØîä°ÿÌææ°  (microspore mother cell) ĀÛ¬ÈÿÌææ°ĀÛÛăâāîÌõëăÕ­ ƚ ăâāÅäëÜîä° (microspore) ĀÖ¬
æñÿÌææ°âöāÅäāâāÌâÿØ¬óÂòÛ n ìæòÈÉóÂÚòĈÚÚõèÿÅæöãëÃîÈăâāÅäëÜîä°ÉñĀÛ¬ÈĀÛÛăâāØÌõë ăÕ­ Ƙ 
ÚõèÿÅæöãë Åøî ÿÉÿÚîÿäØõàÚõèÿÅæöãë (generative nucleus) ĀæñØõèÛ°ÚõèÿÅæöãë (tube nucleus) ÿäöãÂ
ÿÌææ°ĂÚäñãñÚöĈè¬ó æñîîÈÿäÔú(pollen grain) ìäøîĀÂâöāØăàÖ°ÿßéÝú­ (male gametophyte) æñîîÈÿäÔú
ÉñâöÝÚòÈìÚó ÝÚòÈËòĈÚÚîÂîóÉâöÝõèÿäöãÛ ìäøîÿÜĆÚìÚóâÿæĆÂąĀÖÂÖ¬óÈÂòÚîîÂăÜÖóâĀÖ¬æñËÚõÕÃîÈßøË 



 ƞƗ 

ÿâøćîæñîîÈÿäÔúĀÂ¬ÿÖĆâØ ƕöƕ¬îòÛÿäÔúÉñĀÖÂîîÂØČóĂì­æñîîÈÿäÔúÂäñÉóãîîÂăÜßä­îâØöćÉñÝëâßòÚÙù°Ö¬îăÜ
ăÕ­ 

 Âóäëä­óÈÿÌææ°ëøÛßòÚÙù°ÿßéÿâöãÃîÈßøËÕîÂÿÂõÕÃ÷ĈÚáóãĂÚäòÈăÃ¬ áóãĂÚäòÈăÃ¬îóÉâöìÚ÷ćÈîîèùæ 
(ovule) ìäøîìæóãîîèùæ áóãĂÚîîèùæâöìæóãÿÌææ° ĀÖ¬ÉñâöÿÌææ°ìÚ÷ćÈØöćâöÃÚóÕĂìÎ¬ ÿäöãÂè¬ó ÿâÂñëÜîä°
âóÿØîä°ÿÌææ° (megaspore mother cell) âöÉČóÚèÚāÅäāâāÌâ Ƙn Ö¬îâóÉñĀÛ¬ÈÿÌææ°ĀÛÛăâāîÌõëăÕ­              
ƚ ÿÌææ° ëæóãăÜ ƙ ÿÌææ° ÿìæøî Ɨ ÿÌææ° ÿäöãÂè¬ó ÿâÂñëÜîä° (megaspore) ìæòÈÉóÂÚòĈÚÚõèÿÅæöãëÃîÈÿâ
ÂñëÜîä°ÉñĀÛ¬ÈĀÛÛăâāØÌõë ƙ ÅäòĈÈ ăÕ­ ƞ ÚõèÿÅæöãë ĀæñâöăÌāØßæóÌ÷âæ­îâäîÛ ÿÜĆÚ Ɲ ÿÌææ°  ƙ 
ÿÌææ° îãú¬ÖäÈÃ­óâÂòÛăâāÅäăßæ°  (micropyle) ÿäöãÂè¬ó ĀîÚÖõĀÕæ (antipodals) ÖäÈÂæóÈ Ɨ ÿÌææ°âö Ƙ 
ÚõèÿÅæöãëÿäöãÂ ÿÌææ°āßæóä°ÚõèÅæöăî (polar nuclei cell)  Õ­óÚăâāÅäăßæ°âö ƙ ÿÌææ° ÖäÈÂæóÈÿÜĆÚÿÌææ°
ăÃ¬    (egg cell) ĀæñƘ Ã­óÈÿäöãÂ ÌõÚÿÚîä°ÉõÕë° (synergids) ĂÚäñãñÚöĈ Ɨ ÿâÂñëÜîä°ăÕ­ßòÓÚóâóÿÜĆÚĀÂâö
āØăàÖ°ØöćÿäöãÂè¬ó ×ùÈÿîĆâÛäõāî (embryo sac) ìäøîĀÂâöāØăàÖ°ÿßéÿâöã (female gametophyte) 
 

 Âóä×¬óãæñîîÈÿäÔú  
 ßøËÕîÂĀÖ¬æñËÚõÕâöæñîîÈÿäÔúĀæñäòÈăÃ¬ØöćâöäúÜä¬óÈæòÂêÔñ ĀæñÉČóÚèÚØöćĀÖÂÖ¬óÈÂòÚ 

ÿâøćîîòÛÿäÔúĀÂ¬ÿÖĆâØöćÝÚòÈÃîÈîòÛÿäÔúÉñĀÖÂîîÂæñîîÈÿäÔúÉñÂäñÉóãîîÂăÜÖÂÛÚãîÕÿÂëäÖòèÿâöã 
āÕãîóéòãëøćîÖ¬óÈąßóăÜ ÿË¬Ú æâ ÚČĈó ĀâæÈ ëòÖè° äèâØòĈÈâÚùêã° ÿÜĆÚÖ­Ú ÜäóÂÐÂóäÔ°ØöćæñîîÈÿäÔúÖÂæÈ
ëú¬ãîÕÿÂëäÖòèÿâöã ÿäöãÂè¬ó Âóä×¬óãæñîîÈÿäÔú (pollination) 
 

 ßøËÛóÈËÚõÕØöćÿÜĆÚßøËÿéäêÑÂõÉ ìäøîßøËØöćĂË­ÛäõāáÅÿÜĆÚîóìóä ×­óÜæ¬îãĂì­ÿÂõÕÂóä×¬óãæñîîÈ
ÿäÔúÖóâÙääâËóÖõ ÝæÝæõÖØöćăÕ­Éñăâ¬âóÂÚòÂ ÿË¬Ú ØùÿäöãÚßòÚÙù°ËñÚöÉñÖõÕÝæÿßöãÈä­îãæñ ƙ ë¬èÚßòÚÙù°
Â­óÚãóèÖõÕÝæä­îãæñ ƗƖ ßøËÛóÈËÚõÕ ÿË¬Ú ëæñ ÿÂëäÿßéÝú­âöÚ­îãâóÂ É÷ÈØČóĂì­Âóä×¬óãæñîîÈÿäÔúÿÂõÕăÕ­
Ú­îã ÚîÂÉóÂÚöĈãòÈâöÜòÉÉòãìæóãÜäñÂóäØöćë¬ÈÝæĂì­Âóä×¬óãæñîîÈÿäÔúăÕ­Ú­îã ÿË¬Ú ÉČóÚèÚÃîÈĀâæÈ
ØöćâóÝëâÿÂëä äñãñÿèæóÃîÈÂóäÿÉäõÎÿÖõÛāÖÿÖĆâØöćÃîÈÿÂëäÿßéÿâöã ĀæñÿÂëäÿßéÝú­ăâ¬ßä­îâÂòÚ 
ÜòÉÉùÛòÚâÚùêã°É÷ÈÿÃ­óăÜË¬èãØČóĂì­ÿÂõÕÂóä×¬óãæñîîÈÿäÔúăÕ­âóÂÃ÷ĈÚ ÿË¬Ú ÿæöĈãÈÝ÷ĈÈÿßøćîË¬èãÝëâÿÂëä é÷Âêó
ÂóäÿÉäõÎÃîÈæñîîÈÿäÔú Āæñîîèùæ Āæ­èÚČóÅèóâäú­âóË¬èãÝëâÿÂëä ÿË¬Ú ĂÚØùÿäöãÚÂóäÿÉäõÎÿÖõÛāÖÃîÈ
îòÛÿäÔúÉñÿÉäõÎÿÖĆâØöćĂÚÿèæó ƗƟ.ƖƖ · ƗƟ.ƙƖ Ú. ËóèëèÚÂĆÉñÖòÕîòÛÿäÔúØöćĀÖÂÿÂĆÛăè­ ĀæñÿâøćîÿèæóØöćÿÂëä
ÿßéÿâöãÿÉäõÎÿÖĆâØöć Åøî ÜäñâóÔÿèæó ƗƟ.ƙƖ Ú. ÿÜĆÚÖ­ÚăÜ ÂĆÉñÚČóßú¬ÂòÚâóĀÖñæñîîÈÿäÔúØöćÖòÕăè­èóÈÛÚ
ãîÕÿÂëäÿßéÿâöã ìäøîÿâøćîÖòÕîòÛÿäÔúĀæ­èÂĆĂë¬×ùÈßæóëÖõÂ Āæ­èăÜÅäîÛØöćÿÂëäÿßéÿâöã ÿâøćîÿÂëäÿßéÿâöã
ÿÉäõÎÿÖĆâØöćĀæ­èÂóä×¬óãæñîîÈÿäÔúÉñÿÂõÕăÕ­Õö ĀæñĂÚÝæăâ­îøćÚ ÿË¬Ú ëæñÂĆĂË­èõÙöÂóäÿÕöãèÂòÚÚöĈ 
 

 
 



 ƞƘ 

ÂóäÜÐõëÚÙõÌ­îÚ 
 ÿâøćîæñîîÈÿäÔúÖÂæÈÛÚãîÕÿÂëäÿßéÿâöã ØõèÛ°ÚõèÿÅæöãëÃîÈæñîîÈÿäÔúĀÖ¬æñîòÚÉñëä­óÈ

ìæîÕæñîîÈÿäÔúÕ­èãÂóäÈîÂìæîÕæÈăÜÖóâÂ­óÚÿÂëäÿßéÿâöãÝ¬óÚØóÈäúăâāÅäăßæ°ÃîÈîîèùæ äñãñÚöĈ
ÿÉÿÚîÿäØõàÚõèÿÅæöãëÉñĀÛ¬ÈÚõèÿÅæöãëĀÛÛăâāØÌõëăÕ­ Ƙ ëÿÜõä°âÚõèÿÅæöãë (sperm  nucleus) ëÿÜõä°â
ÚõèÿÅæöãëìÚ÷ćÈÉñÝëâÂòÛÿÌææ°ăÃ¬ăÕ­ăÌāÂÖ ë¬èÚîöÂëÿÜõä°âÚõèÿÅæöãëÉñÿÃ­óÝëâÂòÛÿÌææ°āßæóä°
ÚõèÿÅæöãëăîăÕ­ ÿîÚāÕëÿÜõä°â (endosperm) ÿäöãÂÂóäÝëâ Ƙ ÅäòĈÈ ÃîÈëÿÜõä°âÚõèÿÅæöãëÚöĈè¬ó ÂóäÜÐõëÚÙõ
Ì­îÚ (double fertilization) 
 

ÂóäÿÂõÕÝæ 
 áóãìæòÈÂóäÜÐõëÚÙõ îîèùæĀÖ¬æñîîèùæÉñÿÉäõÎăÜÿÜĆÚÿâæĆÕ ë¬èÚäòÈăÃ¬ÉñÿÉäõÎăÜÿÜĆÚÝæ 

âöÝæÛóÈËÚõÕØöćëóâóä×ÿÉäõÎâóÉóÂÑóÚäîÈÕîÂ ăÕ­ĀÂ¬ Ëâßú¬ ĀîÜÿÜõĈæ ëóæöć ÞäòćÈ 
 

 ÝæÃîÈßøËÛóÈËÚõÕîóÉÿÉäõÎÿÖõÛāÖâóÉóÂäòÈăÃ¬āÕãăâ¬âöÂóäÜÐõëÚÙõ ìäøîâöÂóäÜÐõëÚÙõ
ÖóâÜÂÖõĀÖ¬îîèùæăâ¬ÿÉäõÎÿÖõÛāÖÿÜĆÚÿâæĆÕ ë¬èÚäòÈăÃ¬ëóâóä×ÿÉäõÎÿÖõÛāÖÿÜĆÚÝæăÕ­ ÿË¬Ú Âæ­èãìîâ 
îÈù¬Úăâ¬âöÿâæĆÕ 
 

ÚòÂßåÂêéóëÖä°ăÕ­ĀÛ¬ÈÝæÖóâæòÂêÔñÃîÈÕîÂĀæñÂóäÿÂõÕÝæîîÂÿÜĆÚ ƙ ËÚõÕ ÕòÈÚöĈ 
Ɨ. ÝæÿÕöćãè (simple fruit) ÿÜĆÚÝæØöćÿÂõÕÉóÂÕîÂÿÕöćãè ìäøî Ë¬îÕîÂÌ÷ćÈĀÖ¬æñÕîÂâöäòÈăÃ¬ÿßöãÈîòÚ

ÿÕöãè  ÿË¬Ú æõĈÚÉöć ÿÈóñ æČóăã ØùÿäöãÚ ÖñÃÛ ÿÜĆÚÖ­Ú 
Ƙ. ÝæÂæù¬â (aggregate fruit) ÿÜĆÚÝæØöćÿÂõÕÉóÂÕîÂìÚ÷ćÈÕîÂÌ÷ćÈâöìæóãäòÈăÃ¬îãú¬ĀãÂÂòÚìäøî

ÖõÕÂòÚÂĆăÕ­îãú¬ÛÚÑóÚäîÈÕîÂÿÕöãèÂòÚ ÿË¬Ú Ú­îãìÚ¬ó ÂäñÕòÈÈó ëÖäîÿÛîäöć âÔÒó ÿÜĆÚÖ­Ú 
ƙ. Ýæäèâ (multiple fruit) ÿÜĆÚÝæÿÂõÕÉóÂäòÈăÃ¬ÃîÈÕîÂã¬îãĀÖ¬æñÕîÂÃîÈË¬îÕîÂìæîâ

äèâÂòÚÿÜĆÚÝæĂìÎ¬ ÿË¬Ú ãî ÃÚùÚ ìâ¬îÚ ëòÛÜñäÕ ÿÜĆÚÖ­Ú 
 
 
 
 
 
 



 ƞƙ 

 

ÂõÉÂääâ  ÿäøćîÈÂóäëøÛßòÚÙù°ÃîÈßøË 
 
Ăì­Ýú­ÿäöãÚĀÛ¬ÈÂæù¬âØČóÂõÉÂääâÿÂöćãèÂòÛÂóäëøÛßòÚÙù°ÃîÈßøËāÕãÿÖäöãâèòëÕùîùÜÂäÔ°ÕòÈÚöĈ 

èòëÕùîùÜÂäÔ° 
1.ÚČĈó        10 Ìâ.3 

2. ÕîÂÝòÂÛù­È       1  ÕîÂ 
3. ÕîÂÛòèìæèÈ       1 ÕîÂ 
4. ÕîÂÂæ­èãăâ­       1 ÕîÂ 
5. ÕîÂÖČóæ÷È       1 ÕîÂ 
6. ĂÛâöÕāÂÚ       1 ĂÛ 
7. ÂóèæóÿØĆÂÌ°       1 ÃèÕ 
8. ÂäñÕóêèóÕÿÃöãÚÃÚóÕ 20 Ìâ. X 30 Ìâ.    1 ĀÝ¬Ú 
9. Āè¬ÚÃãóã       1 îòÚ 
10.Âæ­îÈÉùæØääéÚ°       1 Âæ­îÈ 
11.ëăæÕ°  ĀæñÂäñÉÂÜõÕëăæÕ°     1 ËùÕ 
12.ÿÃĆâìâùÕ        1 îòÚ 
13.ĀØ¬ÈĀÂ­è        1 îòÚ 
14.ìæîÕìãÕ       1 îòÚ 

ìâóãÿìÖù 
ÂóäÚČóÕîÂăâ­ĂÚÃ­î 2 · 5 Ýú­ÿäöãÚÅèäĂë¬ÕîÂăâ­ĂÚ×ùÈßæóëÖõÂ  ßäâÚČĈó ĀæñäòÕÜóÂ×ùÈ ÿßøćîĂì­
ÕîÂăâ­ëÕîãú¬ÿëâî 

èõÙöÕČóÿÚõÚÂóäØÕæîÈ 
1. ÚČóÕîÂăâ­ØöćÿÖäöãââó ăÕ­ĀÂ¬ ÕîÂÝòÂÛù­È  ÕîÂÛòèìæèÈ ÕîÂÂæ­èãăâ­ĀæñÕîÂÖČóæ÷È îîÂâó
ĀÂñĀÖ¬æñËòĈÚÃîÈÕîÂ Åøî ÂæöÛÿæöĈãÈ ÂæöÛÕîÂ ÿÂëäÖòèÝú­  ĀæñÿÂëäÖòèÿâöã ÿßøćîëòÈÿÂÖĀæñ
ÿÜäöãÛÿØöãÛæòÂêÔñ ÛòÚØ÷ÂÝæÂóäØÕæîÈ 

2. ßõÉóäÔóæòÂêÔñÃîÈîòÛæñîîÈÿäÔúÃîÈÕîÂăâ­ĀÖ¬æñËÚõÕ  ÉóÂÚòĈÚÉ÷ÈĂË­ÜæóãÿÃĆâìâùÕÿÃöćã
îòÛæñîîÈÿäÔúÃîÈÕîÂăâ­ÃîÈÕîÂăâ­ĀÖ¬æñËÚõÕÿßøćîĂì­æñîîÈÿäÔúÖÂæÈăÜĂÚ
ÂäñÉÂëăæÕ°ĀæñìãÕÚČĈóæÈăÜ 1 ìãÕ ÚČóĀØ¬ÈĀÂ­èÃãöĈĂì­æñîîÈÿäÔúĀÖÂîîÂ ë¬îÈÕúÕ­èã
Âæ­îÈÉùæØääéÚ° 



 ƞƚ 

3. ÚČóÿÂëäÖòèÿâöãâóÝ¬óÖóâãóèÕ­èãâöÕ  ëòÈÿÂÖäòÈăÃ¬ĀæñîîèùæØöćîãú¬áóãĂÚ āÕãĂË­Āè¬ÚÃãóã  
ßä­îâØòĈÈèóÕäúÜëõćÈØöćëòÈÿÂÖßÛ 

 
ìâóãÿìÖù  

ÂóäĀÂñë¬èÚÜäñÂîÛÃîÈÕîÂĀÖ¬æñËòĈÚ  ßãóãóâĂì­ìæùÕîîÂâóÿÜĆÚèÈîã¬óĂì­ĀÖ¬æñËõĈÚìæùÕ
îîÂÉóÂÂòÚ 
 

ÖóäóÈÛòÚØ÷ÂÝæ 

ë¬èÚÜäñÂîÛÃîÈÕîÂ 
ÕîÂ
ÝòÂÛù­È 

ÕîÂÛòèìæèÈ ÕîÂÂæ­èãăâ­ ÕîÂÖČóæ÷È 

ÂæöÛÿæöĈãÈ     
ÂæöÛÕîÂ     
ÿÂëäÖòèÝú­ 

- îòÛæñîîÈÿäÔú 
- æñîîÈÿäÔú 
( ÉóÂÂæ­îÈÉùæØääéÚ° ) 

    

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 



 ƞƛ 

ÿäøćîÈØöć 2 ÂóäÕČóäÈËöèõÖÃîÈëòÖè° 
2.1 āÅäÈëä­óÈĀæñÂóäØČóÈóÚÃîÈäñÛÛÖ¬óÈąÃîÈëòÖè° 
 

2.1.1. äñÛÛìóãĂÉĂÚëòÖè° 
ëòÖè°Ö¬óÈ ą ÉñĀæÂÿÜæöćãÚÂ®óÌÂòÛëõćÈĀèÕæ­îâāÕãÂäñÛèÚÂóäĀßä¬ (Diffusion) āÕãëòÖè°ĀÖ¬æñ

ËÚõÕÉñâöāÅäÈëä­óÈØöćĂË­ĂÚÂóäĀæÂÿÜæöćãÚÂ®óÌØöćÿìâóñëâÂòÛÂóäÕČóäÈËöèõÖĀæñëõćÈĀèÕæ­îâÖ¬óÈÂòÚ 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
äúÜĀëÕÈäñÛÛìóãĂÉÃîÈëòÖè°ËÚõÕÖ¬óÈ ą 



 ƞƜ 

ËÚõÕÃîÈëòÖè° āÅäÈëä­óÈØöćĂË­ĂÚÂóäĀæÂÿÜæöćãÚÂ®óÌ 
Ɨ. ëòÖè°ËòĈÚÖČćó ÿË¬Ú ăïÕäó  
    ĀâÈÂñßäùÚ àîÈÚČĈó ßæóÚóÿäöã 

- ăâ¬âöîèòãèñĂÚÂóäìóãĂÉāÕãÿÊßóñ ÂóäĀæÂÿÜæöćãÚÂ®óÌĂË­
ÿãøćîìù­âÿÌææ°ìäøîÝõèìÚòÈØöćËù¬âËøĈÚ 

Ƙ. ëòÖè°ÚČĈóËòĈÚëúÈ ÿË¬Ú Üæó Âù­È Üú 
    ìâ÷Â ìîã ÕóèØñÿæ 

- âöÿìÈøîÂ (Gill) Ì÷ćÈâöÅèóâĀÖÂÖ¬óÈÂòÚĂÚÕ­óÚÅèóâÌòÛÌ­îÚ 
ĀÖ¬ØČóìÚ­óØöćÿË¬ÚÿÕöãèÂòÚ (ãÂÿè­ÚëòÖè°Åä÷ćÈÛÂÅä÷ćÈÚČĈóĂÚË¬èÈØöć
ÿÜĆÚæúÂî®îÕÌ÷ćÈîóéòãîãú¬ĂÚÚČĈó ÉñìóãĂÉÕ­èãÿìÈøîÂ Ö¬îâóÿâøćî
āÖÿÜĆÚÖòèÿÖĆâèòãîãú¬ÛÚÛÂ É÷ÈÉñìóãĂÉÕ­èãÜîÕ) 

ƙ. ëòÖè°ÛÂËòĈÚÖČćó ÿË¬Ú ăë­ÿÕøîÚÕõÚ - âöÝõèìÚòÈØöćÿÜöãÂËøĈÚ ĀæñâöäñÛÛìâùÚÿèöãÚÿæøîÕÿä¬ÈîòÖäóÂóä
ĀæÂÿÜæöćãÚÂ®óÌ 

ƚ. ëòÖè°ÛÂËòĈÚëúÈ âö ƙ ÜäñÿáØ Åøî 
ƚ.Ɨ ĀâÈâùâ 
  
ƚ.Ƙ ĀâæÈÖ¬óÈ ą 
  
ƚ.ƙ ëòÖè°âöÂäñÕúÂëòÚìæòÈ 

  
- âöĀÝÈÜîÕìäøîæòÈÛÂ (Lung Book) âöæòÂêÔñÿÜĆÚÿë­Úą               
ãøćÚîîÂâóÚîÂÝõèä¬óÈÂóã ØČóĂì­ëúÎÿëöãÅèóâËøĈÚăÕ­È¬óã 

- âöØ¬îæâ (Trachea) ÿÜĆÚØ¬îØöćÖõÕÖ¬îÂòÛáóãÚîÂä¬óÈÂóãØóÈ                 
äúìóãĂÉ ĀæñĀÖÂĀÃÚÈĀØäÂăÜãòÈØùÂë¬èÚÃîÈä¬óÈÂóã 

- âöÜîÕ (Lung) âöæòÂêÔñÿÜĆÚ×ùÈ ĀæñâöÅèóâëòâßòÚÙ°ÂòÛäñÛÛ
ìâùÚÿèöãÚÿæøîÕ 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ƞƝ 

2.1.2. äñÛÛã¬îãîóìóä 
 äñÛÛã¬îãîóìóäÃîÈëòÖè° 
Ɨ.Ɨ Âóäã¬îãîóìóäĂÚëòÖè°âöÂäñÕúÂëòÚìæòÈ 

ëòÖè°âöÂäñÕúÂëòÚìæòÈØùÂËÚõÕ ÿË¬Ú Üæó ÂÛ ÂõĈÈÂ¬ó Āâè ÉñâöäñÛÛØóÈÿÕõÚîóìóäëâÛúäÔ°               
Ì÷ćÈØóÈÿÕõÚîóìóäÃîÈëòÖè°âöÂäñÕúÂëòÚìæòÈÜäñÂîÛÕ­èã 

ÜóÂ ­ ìæîÕîóìóä ­ Âäñÿßóñîóìóä ­  æČóăë­ÿæĆÂ ­  ØèóäìÚòÂ 
 

 
 

 
 



 ƞƞ 

äúÜĀëÕÈØóÈÿÕõÚîóìóäÃîÈèòè 

 
 
Ɨ.Ƙ Âóäã¬îãîóìóäĂÚëòÖè°ăâ¬âöÂäñÕúÂëòÚìæòÈ 

 

Ɨ.Ƙ.Ɨ Âóäã¬îãîóìóäĂÚëòÖè°Øöćăâ¬âöÂäñÕúÂëòÚìæòÈØöćâöØóÈÿÕõÚîóìóäăâ¬ëâÛúäÔ° 

 
 

 
 



 ƞƟ 

äúÜĀëÕÈäñÛÛã¬îãîóìóäÃîÈëòÖè°ăâ¬âöÂäñÕúÂëòÚìæòÈØöćâöØóÈÿÕõÚîóìóäăâ¬ëâÛúäÔ° 
ËÚõÕÃîÈëòÖè° æòÂêÔñØóÈÿÕõÚîóìóäĀæñÂóäã¬îãîóìóä 
Ɨ. àîÈÚČĈó - ãòÈăâ¬âöØóÈÿÕõÚîóìóä ĀÖ¬âöÿÌææ°ßõÿéêîãú¬ÝÚòÈÕ­óÚĂÚÃîÈàîÈÚČĈó 

ÿäöãÂè¬ó ÿÌææ°ÜæîÂÅî (Collar Cell) ØČóìÚ­óØöćÉòÛîóìóä Āæ­è
ëä­óÈ ĀèÅõèāîæîóìóä (Food Vacuole) ÿßøćîã¬îãîóìóä 

Ƙ. ăïÕäó ĀâÈÂñßäùÚ ÌöĀîÚÚö
āâÚö 

- âöØóÈÿÕõÚîóìóäăâ¬ëâÛúäÔ° âöÜóÂ ĀÖ¬ăâ¬âöØèóäìÚòÂ îóìóä               
ÉñÝ¬óÚÛäõÿèÔÜóÂÿÃ­óăÜĂÚË¬îÈæČóÖòèØöćÿäöãÂè¬ó Ë¬îÈĀÂëāÖä              
èóëÅõèæóä° (Gastro vascular Cavity) Ì÷ćÈÉñã¬îãîóìóäØöćÛäõÿèÔ
Ë¬îÈÚöĈ ĀæñÂóÂîóìóäÉñ×úÂÃòÛîîÂØóÈÿÕõâÅøî ÜóÂ 

ƙ. ìÚîÚÖòèĀÛÚ ÿË¬Ú ßæóÚóÿäöã 
ßãóÙõĂÛăâ­ 

- âöØóÈÿÕõÚîóìóäăâ¬ëâÛúäÔ° âöË¬îÈÿÜõÕØóÈÿÕöãèÅøîÜóÂ Ì÷ćÈîóìóä
ÉñÿÃ­óØóÈÜóÂ Āæñã¬îãĂÚØóÈÿÕõÚîóìóä Āæ­èÃòÛÂóÂîóìóäîîÂ
ØóÈÿÕõâÅøî ØóÈÜóÂ 

 

Ɨ.Ƙ.Ƙ Âóäã¬îãîóìóäĂÚëòÖè°ăâ¬âöÂäñÕúÂëòÚìæòÈØöćâöØóÈÿÕõÚîóìóäëâÛúäÔ° 
 
 

 
 
 
ËÚõÕÃîÈëòÖè° æòÂêÔñØóÈÿÕõÚîóìóäĀæñÂóäã¬îãîóìóä 
Ɨ. ìÚîÚÖòèÂæâ ÿË¬Ú ßãóÙõ 
ăë­ÿÕøîÚ ßãóÙõÿë­ÚÕ­óã 

- ÿÜĆÚßèÂĀäÂØöćâöØóÈÿÕõÚîóìóäëâÛúäÔ° Åøî âöË¬îÈÜóÂĀæñ
Ë¬îÈØèóäìÚòÂĀãÂîîÂÉóÂÂòÚ 

Ƙ. ìÚîÚÖòèÂæââöÜæ­îÈ ÿË¬Ú 
ăë­ÿÕøîÚÕõÚ ÜæõÈÚČĈóÉøÕ Āæñ
ĀâæÈ 

- âöØóÈÿÕõÚîóìóäëâÛúäÔ° ĀæñâöāÅäÈëä­óÈØóÈÿÕõÚîóìóäØöćâö
æòÂêÔñÿÊßóñĀÖ¬æñë¬èÚâóÂÃ÷ĈÚ 



 ƟƖ 

äñÛÛÃòÛ×¬óãĂÚëòÖè° 
ĂÚÿÌææ°ìäøîĂÚä¬óÈÂóãÃîÈëòÖè°Ö¬óÈ ą ÉñâöÜÐõÂõäõãóÿÅâöÉČóÚèÚâóÂÿÂõÕÃ÷ĈÚÖæîÕÿèæó ĀæñÝæÉóÂ

ÂóäÿÂõÕÜÐõÂõäõãóÿÅâöÿìæ¬óÚöĈ ÉñØČóĂì­ÿÂõÕÝæõÖáòÔÒ°ØöćâöÜäñāãËÚ°Ö¬îëõćÈâöËöèõÖĀæñÃîÈÿëöãØöćÖ­îÈÂČóÉòÕ
îîÂÕ­èãÂóäÃòÛ×¬óã ëòÖè°ĀÖ¬æñËÚõÕÉñâöîèòãèñĀæñÂäñÛèÚÂóäÂČóÉòÕÃîÈÿëöãîîÂÚîÂä¬óÈÂóãĀÖÂÖ¬óÈ
ÂòÚîîÂăÜ ëòÖè°ËòĈÚÖČćóØöćâöāÅäÈëä­óÈÈ¬óã ą ÿÌææ°ØöćØČóìÚ­óØöćÂČóÉòÕÃîÈÿëöãÉñëòâÝòëÂòÛëõćÈĀèÕæ­îâ
āÕãÖäÈ ë¬èÚëòÖè°ËòĈÚëúÈØöćâöāÅäÈëä­óÈÌòÛÌ­îÚ ÂóäÂČóÉòÕÃîÈÿëöãÉñâöîèòãèñØöćØČóìÚ­óØöćÿÊßóñ 

 
äñÛÛÃòÛ×¬óãÃîÈëòÖè°ËÚõÕÖ¬óÈ ą âöÕòÈÖ¬îăÜÚöĈ 

 
 

 
 

äúÜĀëÕÈäñÛÛÃòÛ×¬óãÃîÈëòÖè°ËÚõÕÖ¬óÈ ą 
 
 
 
 
 



 ƟƗ 

ËÚõÕÃîÈëòÖè° āÅäÈëä­óÈìäøîîèòãèñÃòÛ×¬óã 
Ɨ. àîÈÚČĈó - ÿãøćîìù­âÿÌææ°ÿÜĆÚÛäõÿèÔØöćâöÂóäĀßä¬ÃîÈÿëöãîîÂÉóÂÿÌææ° 
Ƙ. ăïÕäó ĀâÈÂñßäùÚ - ĂË­ÜóÂ āÕãÃîÈÿëöãÉñĀßä¬ăÜëñëâĂÚË¬îÈæČóÖòèĀæ­èÃòÛîîÂØóÈ

ÜóÂĀæñÃîÈÿëöãÛóÈËÚõÕÉñĀßä¬ØóÈÝÚòÈæČóÖòè 
ƙ. ßèÂìÚîÚÖòèĀÛÚ ÿË¬Ú  
    ßæóÚóÿäöã ßãóÙõĂÛăâ­ 

- ĂË­ÿàæâÿÌææ° (Flame Cell) Ì÷ćÈÂäñÉóãîãú¬ØòĈÈëîÈÃ­óÈÖæîÕÅèóâ
ãóèÃîÈæČóÖòè ÿÜĆÚÖòèÂäîÈÃîÈÿëöãîîÂØóÈØ¬îÌ÷ćÈâöäúÿÜõÕîîÂÃ­óÈ
æČóÖòè 

ƚ. ßèÂìÚîÚÖòèÂæââöÜæ­îÈ  
    ÿË¬Ú ăë­ÿÕøîÚÕõÚ 

- ĂË­ÿÚàäõÿÕöãâ (Nephridium) äòÛÃîÈÿëöãâóÖóâØ¬î ĀæñÿÜõÕ
îîÂâóØóÈØ¬îÌ÷ćÈâöäúÿÜõÕîîÂÃ­óÈæČóÖòè 

ƛ. ĀâæÈ - ĂË­Ø¬îâòæßõÿÂöãÚ (Mulphigian Tubule) Ì÷ćÈÿÜĆÚØ¬îÿæĆÂ ą ÉČóÚèÚ
âóÂîãú¬äñìè¬óÈÂäñÿßóñÂòÛæČóăë­ ØČóìÚ­óØöćÕúÕÌ÷âÃîÈÿëöãÉóÂ
ÿæøîÕ Āæñë¬ÈÖ¬îăÜØóÈÿÕõÚîóìóä ĀæñÃòÛîîÂÚîÂæČóÖòèØóÈ
ØèóäìÚòÂä¬èâÂòÛÂóÂîóìóä 

Ɯ. ëòÖè°âöÂäñÕúÂëòÚìæòÈ - ĂË­ăÖ Ƙ Ã­óÈßä­îâÕ­èãØ¬îăÖĀæñÂäñÿßóñÜòëëóèñÿÜĆÚîèòãèñ
ÃòÛ×¬óã 

 

äñÛÛëøÛßòÚÙù°ĂÚëòÖè° 
Ɯ.Ɨ ÜäñÿáØÃîÈÂóäëøÛßòÚÙù°ÃîÈëòÖè°  ĀÛ¬ÈîîÂÿÜĆÚ Ƙ ÜäñÿáØ ÕòÈÚöĈ 
Ɨ. ÂóäëøÛßòÚÙù°ĀÛÛăâ¬îóéòãÿßé (Asexual Reproduction) ÿÜĆÚÂóäëøÛßòÚÙù°āÕãÂóäÝæõÖìÚ¬èã

ëõćÈâöËöèõÖÉóÂìÚ¬èãëóÈâöËöèõÖÿÕõâÕ­èãèõÙöÂóäÖ¬óÈ ą Øöćăâ¬ĂË¬ÉóÂÂóäĂË­ÿÌææ°ëøÛßòÚÙù° ăÕ­ĀÂ¬ ÂóäĀÖÂìÚ¬î 
ÂóäÈîÂĂìâ¬ ÂóäÃóÕîîÂÿÜĆÚØ¬îÚ Āæñßóä°ÙöāÚÿÉÿÚÌõë 

Ƙ. ÂóäëøÛßòÚÙù°ĀÛÛîóéòãÿßé (Sexual Reproduction) ÿÜĆÚÂóäëøÛßòÚÙù°ØöćÿÂõÕÉóÂÂóäÝëâßòÚÙù°
äñìè¬óÈÿÌææ°ëøÛßòÚÙù°ÿßéÝú­ĀæñÿÌææ°ëøÛßòÚÙù°ÿßéÿâöã ÿÂõÕÿÜĆÚëõćÈâöËöèõÖĂìâ¬ ăÕ­ĀÂ¬ ÂóäëøÛßòÚÙù°ÃîÈëòÖè°
ËòĈÚÖČćóÛóÈßèÂ ĀæñëòÖè°ËòĈÚëúÈØùÂËÚõÕ 

ëòÖè°ÛóÈËÚõÕëóâóä×ëøÛßòÚÙù°ØòĈÈĀÛÛîóéòãÿßéĀæñĀÛÛăâ¬îóéòãÿßé ÿË¬Ú ăïÕäó ÂóäëøÛßòÚÙù°
ĀÛÛăâ¬îóéòãÿßéÃîÈăïÕäóÉñĂË­èõÙöÂóäĀÖÂìÚ¬î 

Ɯ.Ƙ ËÚõÕÃîÈÂóäëøÛßòÚÙù°ĀÛÛăâ¬îóéòãÿßé âöìæóãËÚõÕÕòÈÚöĈ 
 
 
 



 ƟƘ 

Ɨ. ÂóäĀÖÂìÚ¬î (Budding) ÿÜĆÚÂóäëøÛßòÚÙù°ØöćìÚ¬èãëõćÈâöËöèõÖĂìâ¬ÿÉäõÎîîÂâóáóãÚîÂÃîÈÖòè
ÿÕõâÿäöãÂè¬ó ìÚ¬î (Bud) ìÚ¬îØöćÿÂõÕÃ÷ĈÚÚöĈÉñÿÉäõÎÉÚÂäñØòćÈăÕ­ÿÜĆÚëõćÈâöËöèõÖĂìâ¬ Ì÷ćÈâöæòÂêÔñÿìâøîÚÿÕõâ 
ĀÖ¬âöÃÚóÕÿæĆÂè¬ó Ì÷ćÈÖ¬îâóÉñìæùÕîîÂÉóÂÖòèÿÕõâĀæñÿÖõÛāÖÖ¬îăÜ ìäøîîóÉÉñÖõÕîãú¬ÂòÛÖòèÿÕõâÂĆăÕ­ ëòÖè°
ØöćâöÂóäëøÛßòÚÙù°æòÂêÔñÚöĈăÕ­ĀÂ¬ ăïÕäó àîÈÚČĈó ÜñÂóäòÈ 

 
 

äúÜĀëÕÈÂóäĀÖÂìÚ¬îÃîÈăïÕäó 

 
2. ÂóäÈîÂĂìâ¬ (Regeneration) ÿÜĆÚÂóäëøÛßòÚÙù°ØöćâöÂóäëä­óÈë¬èÚÃîÈä¬óÈÂóãØöćìæùÕîîÂìäøî

ëúÎÿëöãăÜĂì­ÿÜĆÚëõćÈâöËöèõÖÖòèĂìâ¬ ØČóĂì­âöÉČóÚèÚëõćÈâöËöèõÖÿßõćââóÂÃ÷ĈÚ ëòÖè°ØöćâöÂóäëøÛßòÚÙù°æòÂêÔñÚöĈ 
ăÕ­ĀÂ¬ ßæóÚóÿäöã ÕóèØñÿæ ÌöĀîÚÚöāâÚö ăë­ÿÕøîÚÕõÚ ÜæõÈÚČĈóÉøÕ 

 

 
 

äúÜĀëÕÈÂóäÈîÂĂìâ¬ÃîÈßæóÚóÿäöãĀæñÕóèØñÿæ 

  
ƙ. ÂóäÃóÕîîÂÿÜĆÚØ¬îÚ (Fragmentation) ÿÜĆÚÂóäëøÛßòÚÙù°āÕãÂóäÃóÕîîÂÿÜĆÚØ¬îÚ ą ÉóÂ

ÖòèÿÕõâĀæ­èĀÖ¬æñØ¬îÚÉñÿÉäõÎÿÖõÛāÖÿÜĆÚÖòèĂìâ¬ăÕ­ ßÛĂÚßèÂìÚîÚÖòèĀÛÚ 
ƚ. ßóä°ÙöāÚÿÉÿÚÌöë (Parthenogenesis) ÿÜĆÚÂóäëøÛßòÚÙù°ÃîÈĀâæÈÛóÈËÚõÕÌ÷ćÈÖòèÿâöãëóâóä×

ÝæõÖăÃ¬ØöćàòÂÿÜĆÚÖòèăÕ­āÕãăâ¬Ö­îÈâöÂóäÜÐõëÚÙõ ĂÚëáóèñÜäÂÖõ ăÃ¬ÉñàòÂîîÂâóÿÜĆÚÖòèÿâöãÿëâî ĀÖ¬



 Ɵƙ 

ĂÚëáóßØöćăâ¬ÿìâóñëâÂòÛÂóäÕČóäÈËöèõÖ ÿË¬Ú ÿÂõÕÅèóâĀì­ÈĀæ­È ìÚóèÿãĆÚ ìäøîÃóÕĀÅæÚîóìóä Öòèÿâöã
ÉñÝæõÖăÃ¬ØöćàòÂîîÂâóÿÜĆÚØòĈÈÖòèÝú­ĀæñÖòèÿâöã ÉóÂÚòĈÚÖòèÝú­ĀæñÖòèÿâöãÿìæ¬óÚöĈÉñÝëâßòÚÙù°ÂòÚ Āæ­èÖòèÿâöã
ÉñîîÂăÃ¬ØöćâöÅèóâÅÈØÚÖ¬îëáóèñØöćăâ¬ÿìâóñëâÕòÈÂæ¬óè ĀâæÈØöćâöÂóäëøÛßòÚÙù°æòÂêÔñÚöĈ ăÕ­ĀÂ¬ 
ÖòĉÂĀÖÚÂõćÈăâ­ ÿßæöĈã ăäÚČĈó ĂÚßèÂĀâæÈëòÈÅâ ÿË¬Ú Ý÷ĈÈ âÕ Ö¬î ĀÖÚ ÂĆßÛè¬óâöÂóäëøÛßòÚÙù°ĂÚæòÂêÔñÚöĈ
ÿìâøîÚÂòÚ ĀÖ¬ĂÚëáóèñÜäÂÖõăÃ¬ØöćàòÂîîÂâóÉñăÕ­ÖòèÝú­ÿëâî 

Ɯ.ƙ ËÚõÕÃîÈÂóäëøÛßòÚÙù°ĀÛÛîóéòãÿßéÃîÈëòÖè° âö Ƙ ËÚõÕ ÕòÈÚöĈ 
Ɨ. ÂóäëøÛßòÚÙù°ÃîÈëòÖè°Øöćâö Ƙ ÿßéĂÚÖòèÿÕöãèÂòÚ (Monoecious) āÕãØòćèăÜăâ¬ëóâóä×ÝëâÂòÚ

áóãĂÚÖòè Ö­îÈÝëâÃ­óâÖòè ÿÚøćîÈÉóÂăÃ¬ĀæñîëùÉõÉñÿÉäõÎăâ¬ßä­îâÂòÚ ÿË¬Ú ăïÕäó ßæóÚóÿäöã ăë­ÿÕøîÚ
ÕõÚ 

 

 
 

äúÜĀëÕÈÂóäëøÛßòÚÙù°ĀÛÛîóéòãÿßéÃîÈăïÕäóÖòèî¬îÚìæùÕÉóÂäòÈăÃ¬ Āæ­èÿÉäõÎÿÖõÛāÖÖ¬îăÜ 
  

Ƙ. ÂóäëøÛßòÚÙù°ÃîÈëòÖè°ØöćâöÿßéÝú­ĀæñÿßéÿâöãĀãÂÂòÚîãú¬Ö¬óÈÖòèÂòÚ (Dioeciously) ĂÚÂóä
ëøÛßòÚÙù°ÃîÈëòÖè°ËÚõÕÚöĈâöÂóäÜÐõëÚÙõ Ƙ ĀÛÛ Åøî 

Ƙ.Ɨ ÂóäÜÐõëÚÙõáóãĂÚ (Internal Fertilization) Åøî ÂóäÝëâäñìè¬óÈÖòèîëùÉõÂòÛăÃ¬Øöćîãú¬áóãĂÚ
ä¬óÈÂóãÃîÈÿßéÿâöã ëòÖè°ØöćâöÂóäÜÐõëÚÙõĀÛÛÚöĈ ăÕ­ĀÂ¬ ëòÖè°ØöćèóÈăÃ¬ÛÚÛÂØùÂËÚõÕ ëòÖè°ØöćÿæöĈãÈæúÂÕ­èã
ÚČĈóÚâ ĀæñÜæóØöćîîÂæúÂÿÜĆÚÖòè ÿË¬Ú ÜæóÿÃĆâ ÜæóìóÈÚÂãúÈ ÜæóÊæóâ 

Ƙ.Ƙ ÂóäÜÐõëÚÙõáóãÚîÂ (External fertilization) ÅøîÂóäÝëâäñìè¬óÈÖòèîëùÉõÂòÛăÃ¬Øöćîãú¬
áóãÚîÂä¬óÈÂóãÃîÈëòÖè°ÿßéÿâöã ÂóäÜÐõëÚÙõĀÛÛÚöĈÖ­îÈîóéòãÚČĈóÿÜĆÚÖòèÂæóÈĂì­ÖòèîëùÉõÿÅæøćîÚØöć 
ÿÃ­óăÜÝëâăÃ¬ăÕ­ ëòÖè°ØöćâöÂóäÜÐõëÚÙõĀÛÛÚöĈ ăÕ­ĀÂ¬ ÜæóÖ¬óÈ ą ëòÖè°Åä÷ćÈÛÂÅä÷ćÈÚČĈó ĀæñëòÖè°ØöćèóÈăÃ¬ĂÚ
ÚČĈóØùÂËÚõÕ 

 
 

 



 Ɵƚ 

 
ÂõÉÂääâÂóäØÕæîÈ  āÅäÈëä­óÈæČóÿæöãÈÚČĈóĀæñîóìóäÃîÈßøË 
 
ÉùÕÜäñëÈÅ°ÂóäØÕæîÈ 
1.äñÛùë¬èÚÃîÈßøËØöćĂË­ĂÚÂóäæČóÿæöãÈÚČĈóĀæñîóìóäăÕ­ 
2. îÙõÛóãÂäñÛèÚÂóäÂóäæČóÿæöãÈÚČĈóĀæñîóìóäĂÚßøËăÕ­ 

èòëÕùîùÜÂäÔ° 
1. Ö­ÚÿØöãÚëúÈÜäñâóÔ 20 ÿÌÚÖõÿâÖä    1 Ö­Ú 
2. ÚČĈóìâ÷ÂëöĀÕÈ      15 Ìâ.3 
3. ÚČĈó       1 æõÖä 
4. ÃèÕÜóÂÂè­óÈëúÈÜäñâóÔ 10-15 Ìâ.   1 ĂÛ 
5. ĂÛâöÕāÂÚ      1 ĂÛ 
6. ëăæÕ°ĀæñÂäñÉÂÜõÕëăæÕ°     1 ËùÕ 
7. Âæ­îÈÉùæØääéÚ°      1 Âæ­îÈ 
8. ìæîÕìãÕ      1 îòÚ 
èõÙöÕČóÿÚõÚÂóäØÕæîÈ 
1. Ăë¬ìâ÷ÂĀÕÈÜäñâóÔ 15 æúÂÛóéÂ°ÿÌÚÖõÿâÖä  æÈĂÚÃèÕÜóÂÂè­óÈØöćâöÚČĈó 
2. ÚČóÖ­ÚÿØöãÚØöćæ­óÈÚČĈóëñîóÕĀæ­è  ĀË¬æÈĂÚÃèÕØöćâöÚČĈóìâ÷ÂëöĀÕÈ  Āæ­èÚČóăÜăè­ÂæóÈĀÕÕ  
ÜäñâóÔ 20-30 ÚóØö ëòÈÿÂÖÂóäÿÜæöćãÚĀÜæÈ ÛòÚØ÷ÂÝæ 

3. ÚČóÖ­ÚÿØöãÚîîÂâóæ­óÈÚČĈó  ĂË­ĂÛâöÕāÂÚÖòÕæČóÖ­ÚÖóâÃèóÈÖäÈë¬èÚØöćâöæČóÖ­ÚîèÛ ăâ¬âöÂõćÈĂì­
ãóèÜäñâóÔ 3 ÿÌÚÖõÿâÖä 

4. ÚČóë¬èÚØöćÖòÕîîÂâóÖòÕÖóâÃèóÈĂì­ÛóÈØöćëùÕ  Āæ­èÚČóăÜèóÈÛÚëăæÕ° ìãÕÚČĈó 1-2 ìãÕ ÜõÕ
Õ­èãÂäñÉÂÜõÕëăæÕ°  ÚČóăÜë¬îÈÕúÕ­èãÂæ­îÈÉùæØääéÚ° ëòÈÿÂÖèóÕäúÜÖČóĀìÚ¬ÈØöćÿÜĆÚëöĀÕÈ 
ĀæñÛòÚØ÷ÂÝæ 

5. ÚČóë¬èÚØöćăÕ­îîÂâóÖòÕÖóâãóèÛóÈąãóèÜäñâóÔ 0.5 ÿÌÚÖõÿâÖä Āæ­èÕČóÿÚõÚÖóâÃòĈÚÖîÚ
ÿìâøîÚÃ­î 4 

 
 
 

 



 Ɵƛ 

ìâóãÿìÖù 
1. Âóä×îÚÖ­ÚÿØöãÚ  Ö­îÈÅ¬îãą×îÚÖ­ÚÿØöãÚØòĈÈÖ­Ú  ßãóãóâĂì­äóÂÖõÕâóâóÂØöćëùÕ  Āæ­èæ­óÈ
ÕõÚîîÂØòÚØöāÕãÂóäÉòÛë¬óãăÜâóÿÛóą ĂÚÚČĈóÂ¬îÚØöćÉñÉù¬âæÈĂÚÚČĈóìâ÷ÂëöĀÕÈ 

2. Ýú­ÿäöãÚÖ­îÈëòÈÿÂÖÂóäÔ°ÿÜæöćãÚĀÜæÈáóãĂÚäóÂ æČóÖ­ÚĀæñĂÛîã¬óÈæñÿîöãÕ 

 
ÖóäóÈÛòÚØ÷ÂÝæ 

ëõćÈØöćØÕæîÈ áóß æòÂêÔñØöćëòÈÿÂÖăÕ­ 

1.Éù¬âÖ­ÚÿØöãÚæÈĂÚÚČĈóìâ÷Â 
ëöĀÕÈ 

  

2. ÿâøćîë¬îÈ 
Õ­èãÂæ­îÈ
ÉùæØääéÚ° 

æČóÖ­ÚÖòÕÃèóÈ 
  

æČóÖ­ÚÖòÕãóè 
  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ƟƜ 

ĀÛÛÞ÷ÂìòÕØ­óãÛØØöć ƚ 
 

1. ÿÌææ°ßøËÂòÛÿÌææ°ëòÖè° âöÅèóâĀÖÂÖ¬óÈÂòÚîã¬óÈăä  
Â. ÿÌææ°ßøËâöÝÚòÈÿÌææ° ÿÌææ°ëòÖè°ăâ¬âöÝÚòÈÿÌææ° 
Ã. ÿÌææ°ßøËăâ¬âöÝÚòÈÿÌææ° ÿÌææ°ëòÖè°âöÝÚòÈÿÌææ° 
Å. ÿÌææ°ßøËâöÿãøćîìù­âÿÌææ° ÿÌææ°ëòÖè°ăâ¬âöÿãøćîìù­âÿÌææ° 
È. ÿÌææ°ßøËăâ¬âöÿãøćîìù­âÿÌææ° ÿÌææ°ëòÖè°âöÿãøćîìù­âÿÌææ°  

2. ÿÜäöãÛÝÚòÈÿÌææ°ÿÜĆÚë¬èÚĂÕÃîÈä¬óÈÂóã  
 Â. ÝõèìÚòÈ 
 Ã. ËòĈÚăÃâòÚ 

Å.ÿë­ÚÿæøîÕ 
 È .ìòèĂÉ 
3. ÿÌææ°Øöćâö ăäāÛāÌââóÂØöćëùÕ Åøî 

Â .ÿÌææ°ÖòÛ 
Ã. ÿÌææ°ØöćÛäõÿèÔìæîÕÃîÈìÚ¬èãÿÚàäîÚ 

 Å. ÿÌææ°ÿâĆÕÿæøîÕÃóè 
 È.ÿÌææ°ÃîÈÖ¬îâăäØ¬î 
4. ĂÚÂóäÅóãÚČĈóÃîÈßøË ÚČĈóÉñîîÂÉóÂßøËâóÂØöćëùÕØóÈĂÕ 

Â. ìÚ­óĂÛ 
Ã. ÜæóãĂÛ 
Å. ìæòÈĂÛ 
È. ÃîÛĂÛ 

5. Õ­óÚÛÚÃîÈĂÛâñâ¬èÈâöëöÿÃ­ââóÂÂè¬óÕ­óÚæ¬óÈÿÜĆÚÿßäóñÿìÖùĂÕ 
Â. ăÕ­äòÛĀëÈâóÂÂè¬ó 
Ã. ĀßæõÿÌÕÿÌææ°ÿäöãÈÖòèìÚóĀÚ¬ÚÂè¬óëÜîÈÉöÿÌææ° 
Å. ĀßæÿÌÕÿÌææ°âöÅæîāäßæóëÖ°âóÂÂè¬óëÜîÈÉöÿÌææ° 
È. ëÜîÈÉöÿÌææ°âöÅæîāäßæóëÖ°âóÂÂè¬óĀßÛæõÿÌÕÿÌææ° 
 
 
 
 



 ƟƝ 

6. ÂóäÿÅæøćîÚØöćÃîÈĀä¬ÙóÖùĂÚÕõÚÿÃ­óëú¬äóÂßøËÖ­îÈîóéòãÂäñÛèÚÂóäĂÕāÕãÖäÈØöćëùÕ 
Â. ÂóäìóãĂÉ 
Ã.ÂóäëòÈÿÅäñì°ĀëÈ 
Å. ÂóäÅóãÚČĈó 
È. ÂòÖÿÖËòÚ 

7. ÿßäóñÿìÖùĂÕÿèæóã­óãÖ­Úăâ­ăÜÜæúÂÉ÷ÈÚõãâÖòÕĂÛîîÂÿëöãÛ­óÈ  
Â. ëñÕèÂĂÚÂóäÿÅæøćîÚã­óã 
Ã. æÕÂóäÅóãÚČĈóÃîÈßøË 
Å. ëñÕèÂĂÚÂóäÛòÈĀÕÕ 
È. æÕÚČĈóìÚòÂßøËë¬èÚØöćÿìÚøîÕõÚ 

8. ÂóäëòÈÿÅäóñì°Õ­èãĀëÈÿÜĆÚÃÛèÚÂóäØöćßøËëä­óÈîñăä 
Â. ĀÜ­È Āæñ Åóä°ÛîÚăÕîîÂăÌÕ° 
Ã. ÚČĈóÖóæ Āæñ Åóä°ÛîÚăÕîîÂăÌÕ° 
Å. ĀÜ­È Āæñ îîÂÌõÿÉÚ 
È. Åóä°āÛăïÿÕäÖ Āæñ îîÂÌõÿÉÚ 

9. ÅČóÂæ¬óèĂÚÃ­îĂÕăâ¬ÿÂöćãèÃ­îÈÂòÛÃÛèÚÂóäëòÈÿÅäóñì°ĀëÈ  
Â. ëòÈÿÅäóñì°îõÚØäöãëóäăÕ­âóÂØöćëùÕĂÚāæÂ 
Ã. Ö­Úăâ­ÿßøćîÚËöèõÖ ÿÉ­óÕúÕîóÂóéßõêĀØÚÃ­ó 
Å. Ë¬èãäòÂêóäñÕòÛÅóä°ÛîÚăÕîîÂăÌÕ° ĂÚÛääãóÂóéĂì­îãú¬ĂÚáóèñëâÕùæ 
È. Â®óÌÅóä°ÛîÚâîÚîÂăÌÕ°ĂÚîóÂóé  ßøÕúÕăÜĂË­ÜäñāãËÚ°ăÕ­ 

10. îñăäÉñÿÂõÕÃ÷ĈÚ×­óĀëÈØöćë¬ÈâóãòÈāæÂâöÿÊßóñëöÿÃöãè 
Â. ÜäõâóÔ îîÂÌõÿÉÚĂÚîóÂóéÉñëúÈÃ÷ĈÚ 
Ã. ÜäõâóÔ Åóä°ÛîÚăÕîîÂăÌÕ° ĂÚîóÂóéÉñæÕæÈ 
Å. ÜäõâóÔîóìóäëñëâĂÚßøËÉñëúÈÃ÷ĈÚ 
È. ÜäõâóÔîóìóäØöćÿÜĆÚÜäñāãËÚ°Ö¬îëòÖè° 

11. Āä¬ÙóÖùËÚõÕĂÕØöćßøËăÕ­ÉóÂÛääãóÂóéāÕãÖäÈ 
Â. ăÚāÖäÿÉÚ 
Ã. ăïāÕäÿÉÚ 
Å. Åóä°ÛîÚ 
È. àîëàîäòë 
 



 Ɵƞ 

12. ëáóèñĂÕØöćăâ¬ÉČóÿÜĆÚÖ¬îÂóäÈîÂÃîÈÿâæĆÕßøËë¬èÚĂìÎ¬ 
Â. âöîîÂÌõÿÉÚÿßöãÈßîëČóìäòÛÂóäìóãĂÉ 
Ã. âöÚČĈóÿßöãÈßîëČóìäòÛÜÏõÂõäõãóÿîÚăÌâ° 
Å. âöîùÔìáúâõÿìâóñëâëČóìäòÛÜÏõÂõäõãóÿîÚăÌâ° 
È. âöĀëÈÿßöãÈßîëČóìäòÛĂÛÿæöĈãÈ 

13. ÿîâÛäõāîÃîÈßøËâöÕîÂ Åøî îñăä 
Â. Âæù¬âÚöĈÿãøćîØöćÂČóæòÈÿÉäõÎîãú¬áóãĂÚÿÚøĈîÿãøćîÿâæĆÕØòĈÈìâÕ 
Ã. Âæù¬âÚöĈÿãøćîØöćÂČóæòÈÿÉäõÎĂÚÿÚøĈîÿãøćîìù­âÿâæĆÕãÂÿè­ÚĂÛÿæöĈãÈ 
Å. Âæù¬âÚöĈÿãøćîØöćÂČóæòÈÿÉäõÎáóãĂÚÿÚøĈîÿãøćîÿâæĆÕãÂÿè­ÚÿîÚāÕëÿÜõä°â 
È. Âæù¬âÚöĈÿãøćîØöćÂČóæòÈÿÉäõÎáóãĂÚÿÚøĈîÿãøćîÿâæĆÕãÂÿè­ÚĂÛÿæöĈãÈĀæñÿîÚāÕëÿÜõä°â 

14. ĂÚäñìè¬óÈÂóäÈîÂÃîÈÿâæĆÕ×òćèÿìæøîÈ ÿîâÛäõāîăÕ­îóìóäÿÂøîÛØòĈÈìâÕâóÉóÂîñăä 
Â. ĂÛÿæöĈãÈ 
Ã. ÿîÚāÕëÿÜõä°â 
Å. ÿîßõÅîØõæ 
È. ÚČĈóĀæñĀä¬ÙóÖùĂÚÕõÚ 

15. ÕîÂăâ­ÅæöćÛóÚăÕ­ ÿßäóñÂæöÛÕîÂâöîñăä  
Â. ÂóäÿÅæøćîÚăìèĀÛÛÚõèÿÖËòÚ 
Ã. ÂóäÿÅæøćîÚăìèĀÛÛÿØîä°ÿÂîä° 
Å. ÂóäÿÅæøćîÚăìèĀÛÛÚóëÖõÂ 
È. Âæù¬âÿÌææ°ßèÂßòæăèÚòëÌ÷ćÈăèÖ¬îÂóäÿÜæöćãÚĀÜæÈÃîÈîùÔìáúâõ 

  
 
 
 

ÿÊæãĀÛÛØÕëîÛÛØØöć ƚ ÿäøćîÈÂäñÛèÚÂóäÕČóäÈËöèõÖÃîÈßøËĀæñëòÖè° 
1. Â Ƙ. Â ƙ. Å ƚ. Å ƛ. Ã Ɯ. Å Ɲ. Ã ƞ. È    9. È ƗƖ. È 
ƗƗ. Å ƗƘ. È Ɨƙ. Å Ɨƚ. Ã Ɨƛ. Å  
 
 



 ƟƟ 

ÛØØöć ƛ 
äñÛÛÚõÿèé 

ëóäñëČóÅòÎ 
 ÅèóâëòâßòÚÙ°ÃîÈëõćÈâöËöèõÖÖ¬óÈ ą ĂÚäñÛÛÚõÿèé Âóä×¬óãØîÕßæòÈÈóÚ ëóãĂãîóìóä èòÏÉòÂä
ÃîÈÚČĈóĀæñèòÏÉòÂäÅóä°ÛîÚ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãÿÂöćãèÂòÛÅèóâëòâßòÚÙ°ÃîÈëõćÈâöËöèõÖÖ¬óÈ ą ĂÚäñÛÛÚõÿèéĂÚØ­îÈ×õćÚĀæñÂóä
×¬óãØîÕßæòÈÈóÚăÕ­ 

2. îÙõÛóãĀæñÿÃöãÚĀÝÚáúâõĀëÕÈëóãĂãîóìóäÃîÈäñÛÛÚõÿèéÖ¬óÈ ą ĂÚØ­îÈ×õćÚăÕ­ 
3. îÙõÛóãèòÏÉòÂäÃîÈÚČĈóĀæñÅóä°ÛîÚăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
 ÿäøćîÈØöć Ɨ ÅèóâëòâßòÚÙ°ÃîÈëõćÈâöËöèõÖÖ¬óÈ ą ĂÚäñÛÛÚõÿèé 

ÿäøćîÈØöć Ƙ Âóä×¬óãØîÕßæòÈÈóÚ 
ÿäøćîÈØöć ƙ ëóãĂãîóìóä 
ÿäøćîÈØöć ƚ èòÏÉòÂäÃîÈÚČĈó 
ÿäøćîÈØöć ƛ èòÏÉòÂäÅóä°ÛîÚ 



 ƗƖƖ 

ÿäøćîÈØöć Ɨ  ÅèóâëòâßòÚÙ°ÃîÈëõćÈâöËöèõÖÖ¬óÈ ą ĂÚäñÛÛÚõÿèé 

äñÛÛÚõÿèé Åøîîñăä 
äñÛÛÚõÿèé (Ecosystem) ÿÜĆÚËøćîÿäöãÂÃîÈÂæù¬âëõćÈâöËöèõÖĀæñÜòÉÉòãĀèÕæ­îâĂÚÛäõÿèÔÂè­óÈĀÛÛ

ĂÕĀÛÛìÚ÷ćÈØöćÿÚ­ÚÅèóâëòâßòÚÙ°ÂòÚÃîÈëõćÈâöËöèõÖĀæñëõćÈĀèÕæ­îâ  Ì÷ćÈ×øîÿÜĆÚìÚ¬èãØöćëČóÅòÎØöćëùÕ âöÂóä
ĀæÂÿÜæöćãÚëëóä Āä¬ÙóÖù ĀæñßæòÈÈóÚÂòÛëõćÈĀèÕæ­îâ  āÕãÝ¬óÚäñÛÛì¬èÈāÌ¬îóìóä (Food chain) 
ÿßäóñäñÛÛÚõÿèéÚòĈÚÜäñÂîÛÕ­èãÅèóâëòâßòÚÙ°äñìè¬óÈëõćÈâöËöèõÖìæóÂìæóãËÚõÕ ĀæñÅèóâëòâßòÚÙ°
äñìè¬óÈëõćÈâöËöèõÖÂòÛëõćÈĀèÕæ­îâØöćîóéòãîãú¬  Ì÷ćÈëõćÈĀèÕæ­îâÂĆÅøîëáóßÖ¬óÈą ÃîÈëõćÈØöćîãú¬äîÛÖòèÿäó 
ăÕ­ĀÂ¬  îùÔìáúâõ  ÅèóâËøĈÚ  äñÚóÛßøĈÚØöćëúÈ  ÜäñÿáØÃîÈìõÚ  ÕõÚ ðæð âöÂóäÂõÚÂòÚÿÜĆÚØîÕą ØČóĂì­
ëëóäĀæñĀä¬ÙóÖùâöÂóäìâùÚÿèöãÚĂÚäñÛÛÉÚÿÂõÕÿÜĆÚèòÐÉòÂä  

äñÛÛÚõÿèéØöćĂìÎ¬ØöćëùÕĂÚāæÂÿäöãÂè¬ó āæÂÃîÈëõćÈâöËöèõÖ āÅäÈëä­óÈÃîÈāæÂÜäñÂîÛăÜÕ­èã 
Øñÿæ  ÿÂóñ ĀæñßøĈÚØèöÜ  îöÂØòĈÈãòÈâöëáóßáúâõîóÂóéØöćìæóãìæóÂÉ÷ÈÿÂõÕÿÜĆÚäñÛÛÚõÿèéìæóãäúÜ  Õ­èã
ÿìÖùÚöĈ  äñÛÛÚõÿèéØöćâöÅèóâÅæ­óãÅæ÷ÈÂòÚÉ÷ÈÿäöãÂÂòÚè¬ó ́ËöèÚõÿèéµ  

ÅèóâĀÖÂÖ¬óÈØöćëČóÅòÎäñìè¬óÈËöèÚõÿèéĀÖ¬æñĀì¬Èâö Ƙ îã¬óÈ  Åøî  ÅèóâìæóÂìæóãØóÈËöèáóß 
ìäøîÅèóâìæóÂìæóãëóãßòÚÙù°ÃîÈëõćÈâöËöèõÖ  Āæñ âèæËöèáóß ìäøîÜäõâóÔîõÚØäöã°èòÖ×ùÖ¬îìÚ¬èãßøĈÚØöć  
ËöèÚõÿèéØöćîùÕâëâÛúäÔ°ØöćëùÕÅøîÜ¬óäÂØöćâöØòĈÈÅèóâìæóÂìæóãØóÈËöèáóßĀæñâèæËöèáóßëúÈ 

äñÛÛÚõÿèéìæóÂìæóãÛÚāæÂ 
äñÛÛÚõÿèéØòĈÈÃÚóÕÿæĆÂĀæñÃÚóÕĂìÎ¬âöÅèóâĀÖÂÖ¬óÈÂòÚ ĀÖ¬âöÅèóâÿìâøîÚÂòÚÅøî ÿÜĆÚØöćîãú¬

ÖóâÙääâËóÖõÃîÈßøËĀæñëòÖè° Ì÷ćÈîãú¬äèâÂòÚÿÜĆÚÂæù¬âĀæñâöîõØÙõßæÖ¬îÂòÚ ØòĈÈĂÚĀìæ¬ÈÚČĈóÉøÕ ËóãìóÕ 
ìäøî×ČĈóĂÖ­ÕõÚāæÂâöÚČĈóÉøÕĂÚĀìæ¬ÈÖ¬óÈą äèâÂòÚÿßöãÈ 0.04% ÃîÈÜäõâóÔÚČĈóØòĈÈāæÂ (îöÂ 2.4% ĂÚ
ÜäõâóÔÚČĈóÉøÕØòĈÈìâÕÿÜĆÚÚČĈóØöćÿÂõÕÂóäĀÃĆÈÖòè) ÚČĈóÉøÕâöÜäõâóÔëóäæñæóãÿÂæøîĂÚÚČĈóÚ­îãÂè¬óÚČĈóØñÿæ 
Ì÷ćÈë¬èÚĂìÎ¬ÿÜĆÚÚČĈóÞÚØöćÖÂæÈÛÚßøĈÚØèöÜ 

äñÛÛÚõÿèé (×ČĈóĂÖ­ÕõÚ · ËóãÞòćÈØñÿæ · Ü¬óËóãÿæÚ) 
ëõćÈâöËöèõÖìæòÂą ĂÚÚČĈóÉøÕ ăÕ­ĀÂ¬ ëóìä¬óã ßøËËòĈÚëúÈÛóÈËÚõÕ ĀæñëòÖè°ÉČóßèÂÅäòëÿÖÿÌöãÚ ĀâæÈ 

Üæó ĀæñëòÖè°Åä÷ćÈÛÂÅä÷ćÈÚČĈóËÚõÕÖ¬óÈą ëòÖè°ÿæöĈãÈæúÂÕ­èãÚâØöćìóîóìóäÉóÂĂÚÚČĈóĀæ­èëä­óÈäòÈăè­äõâÞòćÈ
Āâ¬ÚČĈóÿìâøîÚÖòèÚóÂĀæñÖòèÛöÿèîä° ßøĈÚØöćËù¬âÚČĈóÿÜĆÚĀìæ¬ÈØöćâöëõćÈËöèõÖìæóÂìæóãëóãßòÚÙù°ØöćëùÕ ÿßäóñâö
ëáóßÿÜĆÚäñÛÛÚõÿèéĀÛÛÝëâÝëóÚäñìè¬óÈÛÚÛÂÂòÛĂÚÚČĈó 
 

×ČĈó ÿÜĆÚäñÛÛÚõÿèéØöćăâ¬âöĀëÈëè¬óÈ (ĀëÈëè¬óÈÿÜĆÚÜòÉÉòãØöćØČóĂì­ÿÂõÕÂóäëä­óÈîõÚØäöãèòÖ×ù) âö
ÅèóâËøĈÚëúÈ ĀæñîùÔìáúâõÿÂøîÛÅÈØöćÖæîÕØòĈÈÜö îõÚØäöãèòÖ×ùØöćÉČóÿÜĆÚÖ¬îÂóäÕČóäÈËöèõÖëóâóä×ÿÃ­óăÜëú¬ĂÚ
×ČĈóăÕ­ÖóâÂäñĀëÚČĈóĂÖ­ÕõÚìäøîëòÖè°ÿÜĆÚÖòèÚČóÿÃ­óâó ÕòÈÚòĈÚ ëòÖè°Âæù¬âìæòÂØöćîóéòãĂÚ×ČĈóÉ÷ÈÿÜĆÚÉČóßèÂ



 ƗƖƗ 

ĀâæÈ ÜæóÛóÈËÚõÕ ëòÖè°Åä÷ćÈÛÂÅä÷ćÈÚČĈó āÕãÿÊßóñÅ­óÈÅóè Ì÷ćÈÃîÈÿëöãÉóÂÅ­óÈÅóèÿÜĆÚîÈÅ°ÜäñÂîÛ
ëČóÅòÎÃîÈîõÚØäöãèòÖ×ù 

ËóãÞòćÈØñÿæ ÿÜĆÚäñÛÛÚõÿèéØöćâöÅèóâßõÿéê Ì÷ćÈÅóÛÿÂöćãèäñìè¬óÈßøĈÚÕõÚÂòÛØñÿæ ÛóÈĀì¬ÈÚČĈó
ØñÿææČĈóÿÃ­óâóĂÚÝøÚÕõÚÖóâØóÈÚČĈóĂÚìùÛÿÃó ìäøî Â­îÚÚČĈóĀÃĆÈ ØČóĂì­ÿÂõÕÜ¬óËóãÿæÚ ÛóÈĀì¬ÈÿÜĆÚĀâ¬ÚČĈó
ØöćăìææÈëú¬Øñÿæ ØČóĂì­ÿÂõÕÕõÚÕîÚëóâÿìæöćãâ ÛóÈĀì¬ÈÿÜĆÚÚČĈóØñÿæăìæÿÃ­óëú¬ßøĈÚÕõÚÿßöãÈÛóÈË¬èÈ ØČóĂì­
ÿÂõÕØñÿæëóÛËóãÞòćÈØñÿæÃ÷ĈÚ ØñÿæëóÛÛóÈĀì¬ÈâöÜäõâóÔÿÂæøîëúÈÂè¬óĂÚØñÿæ ëõćÈâöËöèõÖØöćîóéòãîãú¬É÷È
ĀÖÂÖ¬óÈÂòÚîîÂăÜĂÚĀÖ¬æñĀì¬È 

 

 
áóßËóãìóÕÛäõÿèÔîùØãóÚèõØãóéóëÖä°ßäñÉîâÿÂæ­ó Ô ìè­óÂî ÉòÈìèòÕÜäñÉèÛÅöäöÃòÚÙ° 

 

Ü¬óËóãÿæÚ ÿÜĆÚäñÛÛÚõÿèéËóãÞòćÈØöćßÛăÕ­ÿÊßóñĂÚÿÃÖä­îÚÿØ¬óÚòĈÚ ÿÜĆÚĀìæ¬ÈØöćîãú¬ÃîÈÖ­Úăâ­
Āæñăâ­ßù¬âØöćâöÂóäÜäòÛÖòèĂì­ÿÃ­óÂòÛëáóßĀèÕæ­îâ Ö­Úăâ­ĂÚÜ¬óËóãÿæÚÉñâöäóÂĂÖ­ÕõÚã÷ÕÝõèÕõÚăè­ Āæñ
ÿÜĆÚĀìæ¬ÈßòÂîóéòãÃîÈëõćÈâöËöèõÖÛäõÿèÔÚòĈÚ Öòèî¬îÚÃîÈëõćÈâöËöèõÖìæóãÜäñÿáØÉñăâ¬ëóâóä×ÿÖõÛāÖÿÜĆÚ
ÖòèÿÖĆâèòãăÕ­ ìóÂăâ¬âöäóÂÿìæ¬óÚöĈÅîãÅù­âÂòÚ ë¬èÚÿìÚøîÚČĈóÉñâöäóÂĂÚîóÂóé ØČóìÚ­óØöćË¬èãĂÚÂóäìóãĂÉ 
ÿâæĆÕÉñÝëâßòÚÙù°ĂÚÖ­ÚāÕãăâ¬ÖÂæÈëú¬ßøĈÚÕõÚÉÚÂè¬óÉñâöÚČĈóìÚòÂâóÂßîØöćÉñÞòÈÖòèÿîÈĂÚßøĈÚÕõÚăÕ­ ÿßøćî
ăâ¬Ăì­ÂäñĀëÚČĈóßòÕìóãăÜ 

                                          
 
 
 
 
 



 ƗƖƘ 

 
 
 
 
 
 

áóßÜ¬óāÂÈÂóÈ ÛäõÿèÔÅæîÈāÅÂÃóâ ÉòÈìèòÕëâùØäëóÅä 
(Ö­ÚāÂÈÂóÈÿÜĆÚÖ­Úăâ­ØöćÃ÷ĈÚÛäõÿèÔÜ¬óËóãÿæÚ) 

 

ÂóäÿÜæöćãÚĀÜæÈĀØÚØöćØóÈÚõÿèéèõØãó 
ßøĈÚØöćÿÂêÖäÂääâë¬èÚĂìÎ¬ĂÚîÕöÖÿÅãÿÜĆÚÜ¬óâóÂ¬îÚ ìóÂÜæ¬îãĂì­äÂä­óÈÚóÚą ÂĆÂæòÛ

ÂæóãÿÜĆÚÜ¬óîöÂÅäòĈÈ Õ­èãÂóäØöćìÎ­óìäøîèòËßøËÃ÷ĈÚâóÜÂÅæùâÕõÚëúÈÃ÷ĈÚÿäøćîãą ÉóÂÚòĈÚßù¬âăâ­Āæñăâ­î¬îÚ
ÉñÈîÂÃ÷ĈÚâóĂÚØù¬ÈìÎ­ó Ö¬îâóÿâøćîăâ­ĂìÎ¬ĀÖÂÂõćÈÂ­óÚëóÃó ä¬âÿÈóÃîÈâòÚÉñØČóĂì­ìÎ­óÅ¬îãą ÖóãĂÚ
ØöćëùÕ ăâ­ĂìÎ¬ØöćØČóĂì­ßøĈÚØöćÂæóãÿÜĆÚÜ¬óÿäöãÂè¬ó ́ÂóäÿÜæöćãÚĀÜæÈĀØÚØöćØóÈÚõÿèéèõØãóµ 

ĂÚÙääâËóÖõØòćèăÜ ÂóäÿÜæöćãÚĀÜæÈĀØÚØöćÿÂõÕÃ÷ĈÚăÕ­ØùÂìÚØùÂĀì¬È ØòĈÈĂÚÕõÚĂÚÚČĈó 
Öòèîã¬óÈÿË¬Ú ÿäóîóÉÿÅãÿìĆÚëäñÚČĈóØöćâößøËìæóãËÚõÕÃ÷ĈÚîãú¬ÿÖĆâëäñÉÚäóÂĂÖ­ÝõèÚČĈóäÂĀÚ¬ÚăÜìâÕ äóÂ
ÿìæ¬óÚöĈÉñã÷ÕĀæñëñëâÕõÚìäøîÌóÂĂÛÿÚ¬óăè­ÉÚÂäñØòćÈëäñÚČĈóÅ¬îãą ÖøĈÚÿÃõÚÃ÷ĈÚÿäøćîãą ÂæóãÿÜĆÚØöćæù¬â
ËøĈÚĀÊñ ĀæñßøËÚČĈóØöćÿÅãâöÂĆÅ¬îãą ìóãăÜÞÚÃÔñØöćÖ­Úăâ­ÿæĆÂą ÈîÂÃ÷ĈÚĀØÚØöćĀæñÅ¬îãą ØČóĂì­Øöćæù¬âĀÊñ
Āì¬ÈÚòĈÚÂæóãÿÜĆÚÕÈăâ­ä¬âËøĈÚĂÚØöćëùÕ 

ËòĈÚÃîÈëõćÈâöËöèõÖ 
æòÂêÔñÿÕ¬ÚØöćëùÕÃîÈÕóèÿÅäóñì°ØöćËøćîè¬ó ́āæÂµ ÅøîÂóäâöëõćÈâöËöèõÖîóéòãîãú¬ÛÚßøĈÚÝõèÛóÈą Øöć

ÜÂÅæùâāæÂ 
ËöèõÖăÕ­ÿäõćâ×øîÂČóÿÚõÕÃ÷ĈÚÛÚāæÂÖòĈÈĀÖ¬ÿâøćîÜäñâóÔ ƙ,ƛƖƖ æ­óÚÜöÂ¬îÚ  Ì÷ćÈÿÜĆÚäñãñÿèæóØöć

ãóèÚóÚÿßöãÈßîëČóìäòÛèõèòÓÚóÂóäÉÚÿÂõÕÿÜĆÚëõćÈâöËöèõÖìæóÂìæóãëóãßòÚÙù°Ã÷ĈÚâó 

 
āæÂÿäóâöëáóßĀèÕæ­îâĀæñáúâõîóÂóéìæóÂìæóãäúÜĀÛÛÿäöãÂè¬ó ́ÅèóâìæóÂìæóãØóÈ

Ëöèáóßµ  ĀÖ¬ëõćÈâöËöèõÖÛÚāæÂÂĆãòÈÖ­îÈÃ÷ĈÚîãú¬ÂòÛĀìæ¬ÈßæòÈÈóÚÉóÂáóãÚîÂāæÂ ÅøîßæòÈÈóÚÉóÂ



 ƗƖƙ 

ĀëÈîóØõÖã° Ì÷ćÈØČóĂì­āæÂÿäóâöîùÔìáúâõØöćÿìâóñëâÖ¬îÂóäëä­óÈîõÚØäöãèòÖ×ùÃ÷ĈÚÉóÂÂäñÛèÚÂóä
ëòÈÿÅäóñì°ĀëÈ 

Âóäé÷ÂêóëõćÈâöËöèõÖØČóăÕ­ Ƙ èõÙö  ÅøîÂóäé÷ÂêóÖóâëÜöËöë° ÿìâøîÚØöćÚòÂßåÂêéóëÖä°é÷ÂêóßääÔ
ăâ­  ìäøî ÚòÂëòÖèèõØãóé÷ÂêóëòÖè°Ö¬óÈą Āæñ Âóäé÷ÂêóāÕãîÈÅ°äèâ āÕãÿæøîÂÿÃÖĂÕÿÃÖìÚ÷ćÈâóèõÿÅäóñì°
ëõćÈâöËöèõÖØùÂËöèõÖØöćîóéòãîãú¬ĂÚÿÃÖÚòĈÚ ą ÖæîÕÉÚÅèóâëòâßòÚÙ°äñìè¬óÈëõćÈâöËöèõÖĀÖ¬æñËÚõÕØöćÿäöãÂè¬ó 
Ú́õÿèéèõØãóµ ÅøîÂóäé÷ÂêóëõćÈâöËöèõÖä¬èâÂòÚÿÜĆÚäñÛÛÚõÿèé 

 

ÂóäÉòÕæČóÕòÛËòĈÚÃîÈËöèáóß 

 
 

ËöèáóÅ äñÛÛÚõÿèé ĀæñĀìæ¬ÈØöćîãú¬ 
āæÂÃîÈëõćÈâöËöèõÖØòĈÈìâÕÂĆÅøî ́ËöèáóÅµ ë¬èÚìÚ÷ćÈą ÃîÈËöèáóÅÉñëòâßòÚÙ°ÿÂöćãèÃ­îÈÂòÛë¬èÚ

îøćÚą ăâ¬ØóÈÖäÈÂĆØóÈî­îâ ĀÖ¬ËöèáóÅØòĈÈìâÕÚòĈÚÌòÛÌ­îÚĀæñâöÃîÛÿÃÖÂè­óÈĂìÎ¬ăßéóæÉÚăâ¬îóÉ
ÚČóâóé÷ÂêóäèâÂòÚØöÿÕöãèăÕ­ ÚòÂÚõÿèéèõØãóÉ÷ÈĀÛ¬ÈËöèáóÅîîÂÿÜĆÚìÚ¬èãã¬îãØöćÅäîÛÅæùâÿÊßóñßøËìäøî
ëòÖè° ÿË¬Ú Ü¬óÕõÛËøĈÚÿÃÖä­îÚ Ü¬óĀæ­È ìäøîÜ¬óëÚÿÃÖìÚóèÿìÚøî āÕãÿäöãÂĀÖ¬æñìÚ¬èãè¬ó ́äñÛÛ
ÚõÿèéèõØãóµ ĀÖ¬äñÛÛÚõÿèéèõØãóÂĆĂìÎ¬āÖâóÂ ĂÚÛóÈë¬èÚÃîÈāæÂ ßøĈÚÜ¬óËÚõÕÿÕöãèÂòÚîóÉâöîóÔó
ÛäõÿèÔÂè­óÈăÂæìæóãä­îãìæóãßòÚÖóäóÈÂõāæÿâÖä 



 ƗƖƚ 

ÂóäëČóäèÉÜäóÂÐÂóäÔ°ĂÚäñÛÛÚõÿèéìÚ÷ćÈą ÚòÂÚõÿèéèõØãóÉñßõÉóäÔóë¬èÚã¬îãą ØöćâöëÜöËöë°
ëČóÅòÎîóéòãîãú¬ÿØ¬óÚòĈÚ āÕãë¬èÚã¬îãÃîÈäñÛÛÚõÿèéÚöĈÿäöãÂè¬ó ́Āìæ¬ÈØöćîãú¬µ 

 

Ü¬óÕõÛËøĈÚ  Ü¬óÿÃÖä­îÚ 
Ü¬óÕõÛËøĈÚìäøîÜ¬óÿÃÖä­îÚÖòĈÈîãú¬ÛäõÿèÔäîÛÿë­ÚéúÚã°ëúÖä  ÿÜĆÚÜ¬óØöćâöÅèóâìæóÂìæóãØóÈ

ËöèáóßØöćëùÕÛÚāæÂ  ÿßäóñâößøËĀæñëòÖè°âóÂâóãìæóãßòÚÙù°  ëáóßÃîÈÜ¬óÿîøĈîÖ¬îëõćÈâöËöèõÖâóÂ  ìâú¬
Ö­Úăâ­ÉñÖ¬îëú­Āã¬ÈËõÈßøĈÚØöćÂòÚ  ãøÕäóÂĀÝ¬ÂõćÈÂ­óÚëóÃóäòÛĀëÈîóØõÖã°  ØČóĂì­ĂÚÜ¬óâöÖ­Úăâ­ĂÛìÎ­óÚóÚó
ËÚõÕÅäîÛÅæùâßøĈÚØöć×÷ÈëóâäñÕòÛÿìâøîÚÅÚâöËöèõÖîãú¬ÅîÚāÕ  ÿßäóñìÎ­óĀæñăâ­ßù¬âÛóÈËÚõÕÜäòÛÖòè
Ã÷ĈÚăÜîãú¬ÛÚÂõćÈÂ­óÚ  æČóÖ­Úăâ­ìäøîÿÜæöćãÚäúÜÿÜĆÚăâ­ÿæøĈîãÿÂöćãèßòÚÖ­Úăâ­îøćÚ 
 Ü¬óÕõÛËøĈÚĂÚØèöÜÿîÿËöãÿäöãÂè¬óÜ¬óäÂìäøîÜ¬óâäëùâ  Ì÷ćÈĀÖÂÖ¬óÈÉóÂÜ¬óÕõÛËøĈÚîøćÚ ą ÖäÈØöćăâ¬ăÕ­âö
ÞÚÖÂÖæîÕÿèæó  ĀÖ¬ÉñÖÂÿÜĆÚåÕúÂóæ  åÕúÞÚÃîÈÜ¬óÿìæ¬óÚöĈÉñËøĈÚîãú¬ÂòÛæââäëùâØöćÚČóëóãÞÚîòÚìÚòÂ
ìÚ¬èÈâóÖÂĂÚåÕúä­îÚĀÖ¬ĂÚåÕúìÚóèÉñÂæóãÿÜĆÚæâĀæ­È 

 
áóßÜ¬óÛäõÿèÔîùØãóÚĀì¬ÈËóÖõÖóßäñãó ÉòÈìèòÕëäñĀÂ­è 

 Ü¬óÕõÛËøĈÚÿÜĆÚÜîÕÃîÈāæÂÿßäóñÿÜĆÚØöćÝæõÖîîÂÌõÿÉÚÜäõâóÔâìóéóæ  ÂóäØČóæóãÜ¬óÃîÈ
âÚùêã°îã¬óÈăâ¬ìãùÕãòĈÈîóÉØČóĂì­ßøËĀæñëòÖè°ìæóãËÚõÕëúÎßòÚÙù° 

âìóëâùØä 
 ëõćÈëČóÅòÎØöćØČóĂì­āæÂĀÖÂÖ¬óÈÉóÂÕóèÿÅäóñì°ÕèÈîøćÚą ĂÚäñÛÛÉòÂäèóæìäøîÿîÂáß
(Universal) ÅøîĀìæ¬ÈÚČĈóîòÚîùÕâëâÛúäÔ°Ì÷ćÈâöâóÂ×÷ÈëîÈĂÚëóâë¬èÚÃîÈßøĈÚØöćÝõèāæÂ ÕòÈÚòĈÚ áúâõîóÂóé
ÛÚāæÂÉ÷ÈăÕ­äòÛîõØÙõßæë¬èÚĂìÎ¬ÉóÂâìóëâùØäÌ÷ćÈäèÛäèâĀæñÂäñÉóãßæòÈÈóÚĀëÈîóØõÖã°îã¬óÈË­óą 
ìóÂăâ¬âöâìóëâùØä  áúâõîóÂóéÉñĀÖÂÖ¬óÈÂòÚîã¬óÈëùÕÃòĈèāÕãîùÔìáúâõäñìè¬óÈÂæóÈèòÚĀæñÂæóÈÅøÚÉñ
Ö¬óÈÂòÚ×÷È 250 îÈéóÿÌæÿÌöãë  ëõćÈâöËöèõÖãùÅĀäÂą É÷ÈĂË­ÿèæóÚóÚâóÂÂè¬óÉñÃ÷ĈÚÉóÂÚČĈóâóëú¬ÛÚßøĈÚÕõÚØöć



 ƗƖƛ 

ÿÖĆâăÜÕ­èãäòÈëöîòæÖäóăèāîÿæÖØöćĀëÚîòÚÖäóãăÕ­  ÚòćÚìâóã×÷ÈÂóäÿÂõÕÃ÷ĈÚÃîÈËòĈÚāîāÌÚÿâøćîäóè 500 
æ­óÚÜöÂ¬îÚ  ØČóĂì­ëõćÈâöËöèõÖëóâóä×ÜäòÛÖòèÿÃ­óÂòÛëáóßĀèÕæ­îâÛÚßøĈÚØèöÜăÕ­ 
 áúâõÜäñÿØéĂÖ­âìóëâùØä âöäúÜĀÛÛìæòÂ ÅøîëòÚÿÃóĂÖ­ØñÿæĀæñä¬îÈæ÷ÂĂÖ­Øñÿæ  ëòÚÿÃóĂÖ­Øñÿæ
ÅøîÂæù¬âÿØøîÂÿÃóÌ÷ćÈãóèâóÂÂè¬óÿØøîÂÿÃóÛÚßøĈÚÕõÚ  Āæñä¬îÈæ÷ÂĂÖ­ØñÿæÅøîäîãĀãÂæ÷ÂØöćÿÜĆÚÖ­ÚÿìÖùÃîÈ
ÂóäÿÂõÕĀÝ¬ÚÕõÚăìèÅäòĈÈĂìÎ¬ÛÚßøĈÚāæÂë¬èÚâóÂ 

 
îÈÅ°ÜäñÂîÛÃîÈäñÛÛÚõÿèé 
ÂóäÉČóĀÚÂîÈÅ°ÜäñÂîÛÃîÈäñÛÛÚõÿèé ë¬èÚĂìÎ¬ÉñÉČóĀÚÂăÕ­ÿÜĆÚëîÈîÈÅ°ÜäñÂîÛìæòÂą 

Åøî îÈÅ°ÜäñÂîÛØöćăâ¬âöËöèõÖ (Abiotic) ĀæñîÈÅ°ÜäñÂîÛØöćâöËöèõÖ (Biotic) 
1. îÈÅ°ÜäñÂîÛØöćăâ¬âöËöèõÖ (Abiotic component)  

1.1  ëóäÜäñÂîÛîõÚØäöã° (Organic  compound) ÿË¬Ú āÜäÖöÚ ăÃâòÚ

Åóä°āÛăïÿÕäÖ èõÖóâõÚ ëóäÿìæ¬óÚöĈâöÂóäìâùÚÿèöãÚĂË­ĂÚäñÛÛÚõÿèé ÿäöãÂè¬ó èòÐÉòÂäÃîÈëóäÿÅâöÙäÔö

Ëöèñ (biogeochemical cycle)  

1.2  ëóäÜäñÂîÛîÚõÚØäöã° (Inorganic compound) ÿË¬Ú ÚČĈó Åóä°ÛîÚăÕîîÂăÌÕ° 

ðæð, ëáóßĀèÕæ­îâØóÈÂóãáóß (Abiotic environment) ÿË¬Ú îùÔìáúâõ ĀëÈëè¬óÈ ÅèóâÂÕÕòÚ ßæòÈÈóÚ 

ëëóä ëáóßßøĈÚØöć ĀæñëáóßëõćÈĀèÕæ­îâ ßæòÈÈóÚĀëÈ ßæòÈÈóÚăàà­ó ßæòÈÈóÚÜäâóÔú ĀæñÌóÂ

ëõćÈâöËöèõÖÿÚ¬óÿÜøćîãØòÛ×âÂòÚĂÚÕõÚ (Humus) ÿÜĆÚÖ­Ú Ì÷ćÈëõćÈÿìæ¬óÚöĈÿÜĆÚîÈÅ°ÜäñÂîÛëČóÅòÎĂÚÿÌææ°

ëõćÈâöËöèõÖ 

2. îÈÅ°ÜäñÂîÛØöćâöËöèõÖ (Biotic components) ØöćâóÉóÂ ßøË ëòÖè°Ö¬óÈą ÖòĈÈĀÖ¬ËÚõÕØöć 

âîÈÿìĆÚÕ­èãÖóÿÜæ¬ó ăÜÉÚ×÷ÈËÚõÕØöćăâ¬ëóâóä×âîÈÿìĆÚÕ­èãÖóÿÜæ¬ó  Ì÷ćÈëóâóä×ĀÛ¬ÈîîÂăÕ­ ÕòÈÚöĈ 



 ƗƖƜ 

2.1 Ýú­ÝæõÖ (Producer or Autotrophic) ăÕ­ĀÂ¬ ëõćÈâöËöèõÖØöćëä­óÈîóìóäÿîÈăÕ­ 

(Autotroph) ÉóÂëóäîÚõÚØäöã°ë¬èÚâóÂÉñÿÜĆÚßøËØöćâöÅæîāäàõææ°  

 
áóßßøË Āìæ¬Èëä­óÈîóìóäĂì­ĀÂ¬ëõćÈâöËöèõÖ 

2.2 Ýú­ÛäõāáÅ (Consumer)  ăÕ­ĀÂ¬ ëõćÈâöËöèõÖØöćăâ¬ëóâóä×ëä­óÈîóìóäÿîÈăÕ­ 

(Heterotroph) Ö­îÈăÕ­ÂõÚëõćÈâöËöèõÖîøćÚÿÜĆÚîóìóä ÿÚøćîÈÉóÂëòÖè°ÿìæ¬óÚöĈâöÃÚóÕĂìÎ¬É÷ÈÿäöãÂè¬ó ĀâāÅä

ÅîÚÌúâÿâîä° (Macro consumer) āÕãĀÛ¬ÈËÚõÕëõćÈâöËöèõÖÉóÂßåÖõÂääâÂóäÂõÚÿÜĆÚ ƚ îã¬óÈ ăÕ­ĀÂ¬ 

Á ÂõÚßøË ÿË¬Ú āÅ ÂäñÛøî  
Á ÂõÚëòÖè° ÿË¬Ú ÿëøî ëõÈāÖ  
Á ÂõÚØòĈÈßøËĀæñëòÖè° ÿË¬Ú âÚùêã° ăÂ¬  
Á ÂõÚÌóÂ ÿË¬Ú Āä­È âÕ  



 ƗƖƝ 

 
áóßĀæÚ 

(ĀæÚÿÜĆÚëõćÈâöËöèõÖØöćÉòÕîãú¬ĂÚÂæù¬âÝú­ÛäõāáÅ) 
2.3  Ýú­ã¬îãëæóãîõÚØäöã°ëóä (decomposer, saprotroph, osmotroph ìäøî micro 

Consumer) Åøî ßèÂĀÛÅØöÿäöã ăÕ­ĀÂ¬ëõćÈâöËöèõÖÃÚóÕÿæĆÂØöćëä­óÈîóìóäÿîÈăâ¬ăÕ­ ÿË¬Ú ĀÛÅØöÿäöã ÿìĆÕ äó 

(Fungi) ĀæñĀîÂÖõāÚâòãÌöÖ (Actinomycete) ØČóìÚ­óØöćã¬îãëæóãÌóÂëõćÈâöËöèõÖØöćÖóãĀæ­èĂÚäúÜÃîÈ

ëóäÜäñÂîÛāâÿæÂùæĂìÎ¬Ăì­ÂæóãÿÜĆÚëóäÜäñÂîÛāâÿæÂùæÿæĆÂĂÚäúÜÃîÈëóäîóìóä (Nutrients)             

ÿßøćîĂì­Ýú­ÝæõÖÚČóăÜĂË­ăÕ­Ăìâ¬îöÂ 

 
 
 
 
 
 
 
 
 

áóßÿìĆÕ 



 ƗƖƞ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://io.uwinnipeg.ca/~simmons/16cm05/1116/16ecosys.htm 



 ƗƖƟ 

ÿäøćîÈØöć Ƙ  Âóä×¬óãØîÕßæòÈÈóÚ 
Âóä×¬óãØîÕßæòÈÈóÚĂÚäñÛÛÚõÿèé âöÅèóâëČóÅòÎâóÂ Âóä×¬óãØîÕßæòÈÈóÚĂÚāÌ¬îóìóä âö

ÅèóâãóèÉČóÂòÕ āÕãÜÂÖõÉñëõĈÚëùÕØöćÝú­ÛäõāáÅ Ì÷ćÈâöäóãæñÿîöãÕÕòÈÚöĈ 
 

ßöäñâõÕÂóä×¬óãØîÕßæòÈÈóÚ ( food pyramid )  
 

1. ßöäñâõÕÉČóÚèÚ ( pyramid of number )  
¶ ĀÖ¬æñÃòĈÚĀëÕÈĂì­ÿìĆÚÉČóÚèÚëõćÈâöËöèõÖĂÚĀÖ¬æñæČóÕòÛÃòĈÚÃîÈì¬èÈāÌ¬îóìóäÖ¬îìÚ¬èãßøĈÚØöćìäøî
ÜäõâóÖä   ëõćÈâöËöèõÖØöćîãú¬ÛÚãîÕëùÕÃîÈßöäñâõÕ×úÂäîÈäòÛ āÕãëõćÈâöËöèõÖÉČóÚèÚâóÂ  
 

 
2. ßöäñâõÕâèæËöèáóß ( pyramid of biomass ) 
¶ Åæ­óãÂòÛßöäñâõÕÉČóÚèÚ ĀÖ¬ÃÚóÕÃîÈßöäñâõÕĀÖ¬æñÃòĈÚÉñÛîÂ ×÷ÈÜäõâóÔìäøîâèæËöèáóß 
ÃîÈ ëõćÈâöËöèõÖĂÚĀÖ¬æñæČóÕòÛÃòĈÚ ÃîÈì¬èÈāÌ¬îóìóä  

 



 ƗƗƖ 

3. ßöäñâõÕßæòÈÈóÚ ( pyramid of energy ) 
¶ ĀëÕÈÅ¬óßæòÈÈóÚĂÚëõćÈâöËöèõÖĀÖ¬æñìÚ¬èãâöìÚ¬èãÿÜĆÚÂõāæĀÅæîäöÖ¬îÖóäóÈÿâÖäÖ¬îÜö  



 ƗƗƗ 

ÿäøćîÈØöć ƙ  ëóãĂãîóìóä (Food web) 
ì¬èÈāÌ¬îóìóä (food chain) 
        ßøËĀæñëòÖè°ÉČóÿÜĆÚÖ­îÈăÕ­äòÛßæòÈÈóÚÿßøćîĂË­ĂÚÂóäÕČóäÈËöèõÖ  āÕãßøËÉñăÕ­äòÛßæòÈÈóÚÉóÂĀëÈ 
ÃîÈÕèÈîóØõÖã°  āÕãĂË­äÈÅèòÖ×ùëöÿÃöãèØöćÿäöãÂè¬ó  Åæîāäàõææ°  (chlorophyll)  ÿÜĆÚÖòèÕúÕÂæøÚßæòÈÈóÚ 
ĀëÈÿßøćîÚČóâóĂË­ ĂÚÂóäëä­óÈîóìóä  ÿË¬Ú  ÂæúāÅë  ĀÜ­È  ăÃâòÚ  āÜäÖöÚ  ÿÜĆÚÖ­Ú  
        ßøËÉ÷ÈÿÜĆÚÝú­ÝæõÖ (producer)  ĀæñÿÜĆÚëõćÈâöËöèõÖîòÚÕòÛĀäÂĂÚÂóä×¬óãØîÕßæòÈÈóÚĀÛÛì¬èÈāÌ¬
îóìóä 
ëČóìäòÛëòÖè°ÿÜĆÚëõćÈâöËöèõÖ Øöćăâ¬ëóâóä×ëä­óÈ îóìóäÿîÈăÕ­  ÉČóÿÜĆÚÖ­îÈăÕ­äòÛßæòÈÈóÚ 
ÉóÂÂóäÛäõāáÅ ëõćÈâöËöèõÖîøćÚÿÜĆÚîóìóä ëòÖè°É÷È×øîè¬óÿÜĆÚ Ýú­ÛäõāáÅ (consumer)  Ì÷ćÈĀÛ¬ÈîîÂăÕ­ÿÜĆÚ 
¶ Ýú­ÛäõāáÅæČóÕòÛØöćìÚ÷ćÈ (primary  consumer)  ìâóã×÷È  ëòÖè°ØöćÂõÚÝú­ÝæõÖ  
¶ Ýú­ÛäõāáÅæČóÕòÛØöćëîÈ  (secondary  consumer )  ìâóã×÷È  ëòÖè°ØöćÂõÚÝú­ÛäõāáÅæČóÕòÛØöćìÚ÷ćÈ  

ĂÚÂæù¬âëõćÈâöËöèõÖìÚ÷ćÈą ì¬èÈāÌ¬îóìóäăâ¬ăÕ­ÕČóÿÚõÚăÜîã¬óÈîõëäñ ĀÖ¬æñì¬èÈāÌ¬îóìóäîóÉ 
âöÅèóâëòâßòÚÙ° ÂòÛì¬èÈāÌ¬îøćÚîöÂ āÕãÿÜĆÚÅèóâëòâßòÚÙ°ØöćëæòÛÌòÛÌ­îÚ ÿË¬Ú ëõćÈâöËöèõÖìÚ÷ćÈĂÚì¬èÈāÌ¬
îóìóä îóÉÿÜĆÚîóìóä ÃîÈëõćÈâöËöèõÖîöÂËÚõÕìÚ÷ćÈĂÚì¬èÈāÌ¬îóìóäîøćÚÂĆăÕ­  ÿäóÿäöãÂæòÂêÔñì¬èÈāÌ¬
îóìóäìæóãą  ì¬èÈāÌ¬ØöćâöÅèóâëòâßòÚÙ°ÿÂöćãèÃ­îÈÂòÚîã¬óÈëæòÛÌòÛÌ­îÚè¬ó  ëóãĂãîóìóä (food web)  

ëóãĂãîóìóäÃîÈÂæù¬âëõćÈâöËöèõÖĂÕØöćâöÅèóâÌòÛÌ­îÚâóÂ ĀëÕÈè¬óÝú­ÛäõāáÅæČóÕòÛØöć 2  Āæñ              
æČóÕòÛØöć 3 âöØóÈÿæøîÂĂÚÂóäÂõÚîóìóäăÕ­ìæóãØóÈâöÝæØČóĂì­Âæù¬âëõćÈâöËöèõÖÚòĈÚâöÅèóââòćÚÅÈĂÚÂóä
ÕČóäÈËöèõÖâóÂÖóâăÜÕ­èã  

Ýú­ÛäõāáÅæČóÕòÛëúÈëùÕ (top consumer) ìâóã×÷È ëòÖè°Øöćîãú¬ÜäóãëùÕÃîÈì¬èÈāÌ¬îóìóä  
Ì÷ćÈăâ¬âöëõćÈâöËöèõÖĂÕ âóÂõÚÖ¬î  îóÉÿäöãÂè¬ó  Ýú­ÛäõāáÅæČóÕòÛëùÕØ­óã 

 



 ƗƗƘ 

ÿäøćîÈØöć ƚ   èòÐÉòÂäÃîÈÚČĈó 

èòÏÉòÂäÃîÈÚČĈó  (Water cycle) ìäøî ËøćîĂÚØóÈèõØãóéóëÖä°è¬ó ́èòÐÉòÂäÃîÈîùØÂèõØãóµ 
(Hydrologic cycle) ìâóã×÷È ÂóäÿÜæöćãÚĀÜæÈë×óÚñÃîÈÚČĈóäñìè¬óÈÃîÈÿìæè ÃîÈĀÃĆÈ ĀæñÂ®óÌ   èòÐÉòÂä
ÃîÈÚČĈóÉñâöÂóäÿÜæöćãÚĀÜæÈë×óÚñăÜâó ÉóÂë×óÚñìÚ÷ćÈăÜãòÈîöÂë×óÚñìÚ÷ćÈîã¬óÈÖ¬îÿÚøćîÈăâ¬âöØöć
ëõĈÚëùÕáóãĂÚîóÔóÉòÂäÃîÈÚČĈó (Hydrosphere) ÿË¬Ú ÂóäÿÜæöćãÚĀÜæÈäñìè¬óÈ ËòĈÚÛääãóÂóé ÚČĈó ÝõèÕõÚ Ýõè
ÚČĈó ÚČĈóĂÖ­ÕõÚ ĀæñßøË  

ÂóäÿÜæöćãÚë×óÚñÃîÈÚČĈóÿÜĆÚÜäóÂÐÂóäÔ°ØöćÿÂõÕÃ÷ĈÚÿîÈÖóâÙääâËóÖõ ÿäõćâÉóÂÚČĈóĂÚĀìæ¬ÈÚČĈó
Ö¬óÈą ÿË¬Ú Øñÿæ âìóëâùØä Āâ¬ÚČĈó æČóÅæîÈ ìÚîÈ Û÷È ØñÿæëóÛ ÂóäÅóãÚČĈóÃîÈßøË ÂóäÃòÛ×¬óãÃîÈÿëöã 
ĀæñÉóÂÂõÉÂääâÖ¬óÈą ĂÚÂóäÕČóäÈËöèõÖÃîÈëõćÈâöËöèõÖ ØòĈÈìâÕÚöĈÿâøćîäñÿìãÂæóãÿÜĆÚăîÃ÷ĈÚëú¬ÛääãóÂóé 
ĀæñÂäñØÛÂòÛÅèóâÿãĆÚÛÚËòĈÚÛääãóÂóéÉñÅèÛĀÚ¬ÚÂæóãÿÜĆÚæñîîÈÚČĈóÿæĆÂą äèâÖòèÂòÚÿÜĆÚÂ­îÚ
ÿâÇ ÿâøćîâöÚČĈóìÚòÂßîÿìâóñÂĆÉñÂæóãÿÜĆÚÞÚ ìäøîæúÂÿìĆÛ ÖÂæÈëú¬ßøĈÚÕõÚĀæ­èăìææÈëú¬Āìæ¬ÈÚČĈó
ìâùÚÿèöãÚîãú¬ÿË¬ÚÚöĈÿäøćîãăÜ  

ÂäñÛèÚÂóäÿÜæöćãÚĀÜæÈÚöĈ ëóâóä×ĀãÂăÕ­ÿÜĆÚ ƚ ÜäñÿáØ Åøî ÂóääñÿìãÿÜĆÚăî 
(Evaporation), ìãóÕÚČĈóà­ó (Precipitation), ÂóäÌ÷â (Infiltration), Āæñ ÂóäÿÂõÕÚČĈóØ¬ó (Runoff) 

 
ÂóääñÿìãÿÜĆÚăî (Evaporation) ÿÜĆÚÂóäÿÜæöćãÚĀÜæÈë×óÚñÃîÈÚČĈóÛÚßøĈÚÝõèăÜëú¬ÛääãóÂóé 

ØòĈÈÂóääñÿìãÿÜĆÚăî (Evaporation) āÕãÖäÈ ĀæñÉóÂÂóäÅóãÚČĈóÃîÈßøË (Transpiration) Ì÷ćÈÿäöãÂè¬ó 
´Evapotranspirationµ 

http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3
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%82%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%82%E0%B9%87%E0%B8%87
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B9%8A%E0%B8%B2%E0%B8%8B
http://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%B2%E0%B8%93%E0%B8%B2%E0%B8%88%E0%B8%B1%E0%B8%81%E0%B8%A3%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%99%E0%B9%89%E0%B8%B3&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A3%E0%B8%B0%E0%B9%80%E0%B8%AB%E0%B8%A2
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%84%E0%B8%B2%E0%B8%A2%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%9E%E0%B8%B7%E0%B8%8A&action=edit&redlink=1


 ƗƗƙ 

ìãóÕÚČĈóà­ó (Precipitation) ÿÜĆÚÂóäÖÂæÈâóÃîÈÚČĈóĂÚÛääãóÂóéëú¬ßøĈÚÝõèāæÂ āÕãæñîîÈÚČĈó
ĂÚÛääãóÂóéÉñäèâÖòèÂòÚÿÜĆÚÂ­îÚÿâÇ ĀæñĂÚØöćëùÕÂæòćÚÖòèÿÜĆÚÞÚÖÂæÈëú¬ÝõèāæÂ äèâ×÷È ìõâñ Āæñ 
æúÂÿìĆÛ  

ÂóäÌ÷â (Infiltration) ÉóÂÚČĈóÛÚßøĈÚÝõèæÈëú¬ÕõÚÿÜĆÚÚČĈóĂÖ­ÕõÚ îòÖäóÂóäÌ÷âÉñÃ÷ĈÚîãú¬ÂòÛÜäñÿáØ
ÃîÈÕõÚ ìõÚ Āæñ ÜòÉÉòãÜäñÂîÛîøćÚą ÚČĈóĂÖ­ÕõÚÚòĈÚÉñÿÅæøćîÚÖòèË­ó ĀæñîóÉăìæÂæòÛÃ÷ĈÚÛÚÝõèÕõÚ ìäøî 
îóÉ×úÂÂòÂîãú¬áóãĂÖ­ËòĈÚìõÚÿÜĆÚÿèæóìæóãßòÚÜö āÕãÜÂÖõĀæ­èÚČĈóĂÖ­ÕõÚÉñÂæòÛÿÜĆÚÚČĈóØöćÝõèÕõÚÛÚßøĈÚØöćØöć
îãú¬äñÕòÛÖČćóÂè¬ó ãÂÿè­ÚĂÚÂäÔöÃîÈÛ¬îÚČĈóÛóÕóæ  

ÚČĈóØ¬ó (Runoff) ìäøî ÚČĈóăìæÝ¬óÚÿÜĆÚÂóäăìæÃîÈÚČĈóÛÚÝõèÕõÚăÜëú¬âìóëâùØä ÚČĈóăìææÈëú¬
Āâ¬ÚČĈóĀæñăìæăÜëú¬âìóëâùØä Ì÷ćÈîóÉÉñ×úÂÂòÂËòćèÅäóèÖóâ Û÷È ìäøî ØñÿæëóÛ Â¬îÚăìææÈëú¬âìóëâùØä 
ÚČĈóÛóÈë¬èÚÂæòÛÂæóãÿÜĆÚăîÂ¬îÚÉñăìæÂæòÛæÈëú¬âìóëâùØä  

ÜòÉÉòãØöćØČóĂì­ÿÂõÕÂóäìâùÚÿèöãÚÃîÈÚČĈó  
 1. Åèóâä­îÚÉóÂÕèÈîóØõÖã° ØČóĂì­āâÿæÂùæÃîÈÚČĈóĀÖÂÖòèĀæñÿÂõÕÂóääñÿìãÃîÈÚČĈóÂæóãÿÜĆÚ
ăîÃ÷ĈÚëú¬ÛääãóÂóé 

2. ÂäñĀëæâ ØČóĂì­ÚČĈóäñÿìãÂæóãÿÜĆÚăîÿäĆèÃ÷ĈÚ  
3. âÚùêã° Āæñ ëòÖè° ÃòÛ×¬óãÃîÈÿëöãîîÂâóĂÚäúÜÃîÈÿìÈøćî Üòëëóèñ ĀæñæâìóãĂÉ ÂæóãÿÜĆÚ 

ăîÚČĈóëú¬ËòĈÚÛääãóÂóé 
 
4.  ßøË äóÂÖ­Úăâ­ Ì÷ćÈÿÜäöãÛÿìâøîÚ
àîÈÚČĈó ØöćâöÅèóâëóâóä×ĂÚÂóäÕúÕ
ÚČĈóÉóÂĂÖ­ÕõÚÉČóÚèÚâóÂÃ÷ĈÚăÜÿÂĆÛ
ăè­ĂÚë¬èÚÖ¬óÈ ą ØòĈÈãîÕ ÂõćÈ ĂÛ 
ÕîÂ Ýæ ĀæñæČóÖ­Ú Āæ­èÅóãÚČĈóëú¬
ÛääãóÂóé ăîÚČĈóÿìæ¬óÚöĈÉñ
ÅèÛĀÚ¬ÚĀæñäèâÂòÚÂæóãÿÜĆÚÿâÇ
ĀæñÖÂæÈâóÿÜĆÚÞÚÖ¬îăÜ  
ÜäõâóÔÚČĈóØöćäñÿìã ÉóÂâìóëâùØä 
84%ÉóÂßøĈÚÕõÚ 16%   ÜäõâóÔÚČĈóØöćÖÂ
æÈĂÚâìóëâùØä 77% ÛÚßøĈÚÕõÚ
23%  

 

http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A1%E0%B8%86
http://th.wikipedia.org/wiki/%E0%B8%9D%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%B4%E0%B8%A1%E0%B8%B0
http://th.wikipedia.org/wiki/%E0%B8%A5%E0%B8%B9%E0%B8%81%E0%B9%80%E0%B8%AB%E0%B9%87%E0%B8%9A
http://th.wikipedia.org/wiki/%E0%B8%9A%E0%B9%88%E0%B8%AD%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%9A%E0%B8%B2%E0%B8%94%E0%B8%B2%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%A1%E0%B9%88%E0%B8%99%E0%B9%89%E0%B8%B3
http://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%AB%E0%B8%B2%E0%B8%AA%E0%B8%A1%E0%B8%B8%E0%B8%97%E0%B8%A3
http://th.wikipedia.org/wiki/%E0%B8%9A%E0%B8%B6%E0%B8%87
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%B0%E0%B9%80%E0%B8%A5%E0%B8%AA%E0%B8%B2%E0%B8%9A


 ƗƗƚ 

ÿäøćîÈØöć ƛ  èòÐÉòÂäÃîÈÅóä°ÛîÚ (Carbon Cycle) 
Ýú­ã¬îãëæóã ÿË¬Ú äóĀæñĀÛÅØöÿäöã Éñã¬îãëæóãÅóä°ÛîÚÿìæ¬óÚöĈ Ăì­ÂæóãÿÜĆÚĀÂ®ë

Åóä°ÛîÚăÕîîÂăÌÕ° 

 
 áóßÉóÂ  http://student.nkw.ac.th/  

          Åóä°ÛîÚÿÜĆÚÙóÖùßÛĂÚëóäÜäñÂîÛÃîÈëóäîõÚØäöã°ÿÅâöØùÂËÚõÕ ÕòÈÚòĈÚ èòÐÉòÂäÃîÈÅóä°ÛîÚÉ÷È
ÿÜĆÚìòèĂÉÃîÈëõćÈâöËöèõÖØùÂËÚõÕ Åóä°ÛîÚÉñëòâßòÚÙ°ÂòÛèòÐÉòÂäÃîÈÙóÖùîøćÚą ĂÚäñÛÛÚõÿèéĂÚäúÜÃîÈ
ĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ°ĂÚîóÂóé Āæñ ĂÚäúÜÃîÈăÛÅóä°ÛîÿÚÖĂÚÚČĈó  Ýú­ÝæõÖë¬èÚĂìÎ¬ăÕ­ĀÂ¬ßøË ÉñĂË­
ĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ°ĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°ĀëÈ Āæ­èÜæ¬îãĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ°ÂæòÛëú¬
ÛääãóÂóéìäøîÚČĈóāÕãÂäñÛèÚÂóäìóãĂÉ ßøËÉñÿÂĆÛÙóÖùÅóä°ÛîÚăè­ĂÚäúÜÃîÈëóäîõÚØäöã° Āæ­è
×¬óãØîÕëú¬Ýú­ÛäõāáÅÝ¬óÚäñÛÛì¬èÈāÌ¬îóìóä ë¬èÚëòÖè°ÚòĈÚÉñÜæ¬îãÅóä°ÛîÚăÕîîÂăÌÕ°îîÂëú¬îóÂóé
āÕãÂäñÛèÚÂóäìóãĂÉ ÿâøćîßøËĀæñëòÖè°ÖóãÉñßÛè¬óâöÙóÖùÅóä°ÛîÚëñëâîãú¬Õ­èã Åóä°ÛîÚØöćîãú¬ĂÚäúÜ
ÃîÈÌóÂßøËĀæñÌóÂëòÖè°ÛóÈËÚõÕÉñăâ¬ã¬îãëæóã ÿâøćîÿÂĆÛăè­ÚóÚą ìæóãä­îãæ­óÚÜö ÌóÂÿìæ¬óÚöĈÉñÂæóã
ÿÜæöćãÚÿÜĆÚëóäØöćĂì­ßæòÈÈóÚ ĂÚÜòÉÉùÛòÚØöćĂË­ÂòÚÂĆÅøî ×¬óÚìõÚ ÚČĈóâòÚ ĀæñĀÂ®ë ëóäÉČóßèÂÚöĈâÚùêã°Éñ
ÚČóâóĂË­ÿÜĆÚÿËøĈîÿßæõÈ ÿâøćîÚČóâóÝ¬óÚÂäñÛèÚÂóäÿÝóăìâ­ÂĆÉñÿÂõÕĀÂ®ëÅóä°ÛîÚ Ì÷ćÈĀÂ®ëÅóä°ÛîÚÿìæ¬óÚöĈ
ÂĆ×úÂÜæ¬îãÿÃ­óëú¬ÛääãóÂóé  

http://student.nkw.ac.th/student/04536/carbon.htm


 ƗƗƛ 

ĂÛÈóÚ ÿäøćîÈ äñÛÛÚõÿèé 

Ɨ. äñÛÛÚõÿèé Åøîîñăä 
     ÖîÛ¦ 
Ƙ. ãÂÖòèîã¬óÈëáóßÖ¬óÈą ÃîÈëõćÈØöćîãú¬äîÛÖòèÿäó âó 5 Öòèîã¬óÈ 
     ÖîÛ 
3. ́ËöèÚõÿèéµ Åøîîñăä 
     ÖîÛ 
ƚ. ÜäõâóÔÚČĈóÉøÕĂÚĀìæ¬ÈÖ¬óÈą ØòĈÈāæÂ âöîãú¬ÿØ¬óăìä¬ 
     ÖîÛ 
ƛ. ÉÈîÙõÛóãæòÂêÔñÃîÈ ×́ČĈóµ âóßîëòÈÿÃÜ 
     ÖîÛ 
Ɯ. ØČóăâËóãÞòćÈØñÿæÉ÷ÈÿÜĆÚäñÛÛÚõÿèéØöćâöÅèóâßõÿéê  
     ÖîÛ 
Ɲ. ÛäõÿèÔĂÕĂÚāæÂØöćßÛ Ǘ¬óËóãÿæÚµ ĀæñØČóăâÉ÷ÈÿÜĆÚÿË¬ÚÚòĈÚ 
     ÖîÛ 
ƞ. Âóäé÷ÂêóëõćÈâöËöèõÖØČóăÕ­ÂöćèõÙö  îñăäÛ­óÈÉÈîÙõÛóã 
     ÖîÛ¦Âóäé÷ÂêóëõćÈâöËöèõÖØČóăÕ­ Ƙ èõÙé÷ÂêóāÕãîÈÅ°äèâ ¦. 
Ɵ. ĂÚÂóäÉòÕæČóÕòÛËòĈÚÃîÈËöèáóß ëõćÈâöËöèõÖĂÕØöćØöćîãú¬äñÕòÛÖČćóëùÕ 
     ÖîÛ 
ƗƖ. ÉÈîÙõÛóãæòÂêÔñÃîÈÜ¬óÕõÛËøĈÚĂÚØèöÜÿîÿËöã 
     ÖîÛ 
ƗƗ. ØČóăââìóëâùØäÉ÷ÈâöÅèóâëČóÅòÎÖ¬îÕóèÿÅäóñì°āæÂ 
     ÖîÛ 
ƗƘ. îÈÅ°ÜäñÂîÛÃîÈäñÛÛÚõÿèéâöîñăäÛ­óÈĂì­îÙõÛóãßîëòÈÿÃÜ 
     ÖîÛ¦âöîÈÅ°ÜäñÂîÛ Ƙ ĀÛÛ ÅøîäõāáÅ ĀæñÝú­ã¬îãëæóã¦12 
Ɨƙ. îÈÅ°ÜäñÂîÛØöćâöËöèõÖ (Biotic components) ØöćâóÉóÂ ßøË ëòÖè°Ö¬óÈą ĀÛ¬ÈîîÂăÕ­ ÿÜĆÚÂöćĀÛÛ 
îñăäÛ­óÈ 
     ÖîÛ¦3 ĀÛÛ ÅøîîÈÝú­ÝæõÖ¦. 
Ɨƚ. ßæòÈÈóÚËÚõÕĂÕØöćë¬Èâó×÷ÈäñÛÛÚõÿèéØòĈÈâèæÛÚāæÂ  
     ÖîÛ 



 ƗƗƜ 

Ɨƛ. ÉÈîÙõÛóãæòÂêÔñÃîÈÂóäìóãĂÉĂÚäñÕòÛÿÌææ° (Respiration) 
       ÖîÛĀÖÂÖòèîîÂÿÜĆÚ CO2 Āæñ  
ƗƜ. è́òÐÉòÂäÃîÈÚČĈóµ (Water cycle) Åøîîñăä ĀæñâöæòÂêÔñîã¬óÈăä 
       ÖîÛ¦ÂóäÿÜæöćãÚĀÜæÈë×óÚñáóßÃîÈÚČĈó âö ƙ ĀÛÛ Åøî  
ƗƝ. èòÐÉòÂäÃîÈÅóä°ÛîÚ (Carbon Cycle) Åøîîñăä ĀæñâöæòÂêÔñîã¬óÈăä 
        ÖîÛ 
 
 
 
 



 ƗƗƝ 

ĂÛÈóÚ ÿäøćîÈ äñÛÛÚõÿèé 
äñÛÛÚõÿèé Åøîîñăä 

1. ÖîÛ¦Âæù¬ââöËöèõÖØöćîóéòãîãú¬ĂëëõćÈĀèÕæ­îâÛäõÿèÔĂÕÛäõÿèÔìÚ÷ćÈ  āÕãâöÅèóâëòâßòÚÙ°ÂòÚ  

Ý¬óÚäñÛÛì¬èÈāÌ¬îóìóäĀæñÅèóâëòâßòÚÙ°ÃîÈëõćÈâöËöèõÖÂòÛëáóßØóÈÂóãáóß  ¦ 

ãÂÖòèîã¬óÈëáóßÖ¬óÈą ÃîÈëõćÈØöćîãú¬äîÛÖòèÿäó âó 5 Öòèîã¬óÈ 
2. ÖîÛ¦îùÔìáúâõ  ÅèóâËøĈÚ  ÕõÚ  ÅèóâëúÈÖČćóÃîÈßøĈÚØöćîóéòã¦. 

Ë́öèÚõÿèéµ Åøîîñăä 
3. ÖîÛ¦äñÛÛÚõÿèéØöćâöÅèóâÅæ­óãÅæ÷ÈÂòÚ¦. 

ÜäõâóÔÚČĈóÉøÕĂÚĀìæ¬ÈÖ¬óÈą ØòĈÈāæÂ âöîãú¬ÿØ¬óăìä¬ 
4. ÖîÛ¦ 0.04  %¦. 

ÉÈîÙõÛóãæòÂêÔñÃîÈ ×́ČĈóµ âóßîëòÈÿÃÜ 
5. ÖîÛ¦áóãĂÚ×ČĈóăâ¬âöĀëÈëè¬óÈ  ÅèóâËøĈÚëúÈ  îùÔìáúâõÅÈØöćÿÂøîÛÖæîÕØòĈÈÜö¦. 

ØČóăâËóãÞòćÈØñÿæÉ÷ÈÿÜĆÚäñÛÛÚõÿèéØöćâöÅèóâßõÿéê  
6. ÖîÛ¦ÿßäóñÿÜĆÚäñÛÛÚõÿèéØöćâöÅèóâìæóÂìæóãØóÈËöèáóßëúÈ¦. 

ÛäõÿèÔĂÕĂÚāæÂØöćßÛ Ǘ¬óËóãÿæÚµ ĀæñØČóăâÉ÷ÈÿÜĆÚÿË¬ÚÚòĈÚ 
7. ÖîÛ¦ÛäõÿèÔËóãÞòćÈØñÿæÿÃÖä­îÚ¦. 

Âóäé÷ÂêóëõćÈâöËöèõÖØČóăÕ­ÂöćèõÙö  îñăäÛ­óÈÉÈîÙõÛóã 
ƞ.  ÖîÛ¦Âóäé÷ÂêóëõćÈâöËöèõÖØČóăÕ­ Ƙ èõÙö Åøî 
Ɨ. é÷ÂêóÖóâëÜöËöë° 
Ƙ. é÷ÂêóāÕãîÈÅ°äèâ ¦. 

ĂÚÂóäÉòÕæČóÕòÛËòĈÚÃîÈËöèáóß ëõćÈâöËöèõÖĂÕØöćØöćîãú¬äñÕòÛÖČćóëùÕ 
9. ÖîÛ¦ÿÌææ°¦. 

ÉÈîÙõÛóãæòÂêÔñÃîÈÜ¬óÕõÛËøĈÚĂÚØèöÜÿîÿËöã 
10. ÖîÛ¦Ü¬óÕõÛËøĈÚĂÚØèöÜÿîÿËöã ÿÜĆÚÜ¬óâäëùâ Ì÷ćÈâöÞÚÖÂÿÜĆÚåÕúÂóæ¦. 

ØČóăââìóëâùØäÉ÷ÈâöÅèóâëČóÅòÎÖ¬îÕóèÿÅäóñì°āæÂ 
11. ÖîÛ¦âìóëâùØäâöîõØÙõßæÖ¬îëáóßáúâõîóÂóéÛÚāæÂ  ×­óăâ¬âöâìóëâùØäîóÂóéÛÚāæÂ

ÉñĀÖÂÖ¬óÈÂòÚîã¬óÈëùÕÃòĈè ÂæóÈèòÚĀæñÂæóÈÅøÚÉñâöîùÔìáúâõØöćÖ¬óÈÂòÚîã¬óÈâóÂ¦. 

îÈÅ°ÜäñÂîÛÃîÈäñÛÛÚõÿèéâöîñăäÛ­óÈĂì­îÙõÛóãßîëòÈÿÃÜ 
ƗƘ.  ÖîÛ¦âöîÈÅ°ÜäñÂîÛ Ƙ ĀÛÛ Åøî 



 ƗƗƞ 

Ɨ.îÈÅ°ÜäñÂîÛØöćăâ¬âöËöèõÖ(Abiotic) ÿË¬Ú āÜäÖöÚ ăÃâòÚ Åóä°āÛăïÿÕäÖ  èõÖóâõÚ ÿÜĆÚÖ­Ú Ì÷ćÈëóä
ÿìæ¬óÚöĈ ÿÜĆÚëóäîõÚØäöã° ë¬èÚØöćÿÜĆÚîÚõÚØäöã° ÿË¬Ú ÚČĈó Åóä°ÛîÚăÕîîÂăÌÕ°  ÚîÂÉóÂÚòĈÚãòÈäèâ×÷È
ëáóßĀèÕæ­îâØóÈÂóãáóß ÿË¬Ú ĀëÈëè¬óÈ îùÔìáúâõ ÅèóâÂÕÕòÚ ßæòÈÈóÚÖ¬óÈ ą ÿÜĆÚÖ­Ú 

2.îÈÅ°ÜäñÂîÛØöćâöËöèõÖ (Biatic) âö ƙ îã¬óÈ Åøî Ýú­ÝæõÖ Ýú­ÛäõāáÅ ĀæñÝú­ã¬îãëæóã¦. 
îÈÅ°ÜäñÂîÛØöćâöËöèõÖ (Biotic components) ØöćâóÉóÂ ßøË ëòÖè°Ö¬óÈą ĀÛ¬ÈîîÂăÕ­ ÿÜĆÚÂöćĀÛÛ îñăäÛ­óÈ 

Ɨƙ.  ÖîÛ¦3 ĀÛÛ Åøî 
Ɨ.Ýú­ÝæõÖ ăÕ­ĀÂ¬ ßøËĀæñëóìä¬óã 
Ƙ.Ýú­ÛäõāáÅ Åøî Ýú­ØöćÂõÚßøËĀæñÂõÚëòÖè° 
ƙ.Ýú­ã¬îãëæóã Åøî Ýú­Øöćã¬îãÌóÂßøËÌóÂëòÖè° Ăì­ÿÜĆÚëóäîóìóäÃîÈÝú­ÝæõÖ¦. 

ßæòÈÈóÚËÚõÕĂÕØöćë¬Èâó×÷ÈäñÛÛÚõÿèéØòĈÈâèæÛÚāæÂ  
Ɨƚ.  ÖîÛ¦ĀëÈÉóÂÕèÈîóØõÖã°¦. 

ÉÈîÙõÛóãæòÂêÔñÃîÈÂóäìóãĂÉĂÚäñÕòÛÿÌææ° (Respiration) 
Ɨƛ.  ÖîÛ¦ÂóäìóãĂÉĂÚäñÕòÛÿÌææ° ÿÜĆÚÂóäØČóĂì­āâÿæÂùæÃîÈîõÚØäöãëóäĀÖÂÖòèîîÂÿÜĆÚ 

CO2 Āæñ H2O āÕãîóéòãÉùæõÚØäöã°ØöćË¬èãîõÚØäöãëóäÉóÂÌóÂßõËÌóÂëòÖè° äèâ×÷ÈÃîÈÿëöãÖ¬óÈ ą  
è́òÐÉòÂäÃîÈÚČĈóµ (Water cycle) Åøîîñăä ĀæñâöæòÂêÔñîã¬óÈăä 
ƗƜ.  ÖîÛ¦ÂóäÿÜæöćãÚĀÜæÈë×óÚñáóßÃîÈÚČĈó âö ƙ ĀÛÛ Åøî  
Ɨ. ÃîÈÿìæè 
Ƙ.ÃîÈĀÃĆÈ 
ƙ.Â®óË   Ì÷ćÈë×óÚñáóßØòĈÈ ƙ ÚöĈ ÉñÿÜĆÚèÈÉäØöćăâ¬âöØöćëõĈÚëùÕ¦. 

èòÐÉòÂäÃîÈÅóä°ÛîÚ (Carbon Cycle) Åøîîñăä ĀæñâöæòÂêÔñîã¬óÈăä 
ƗƝ.  ÖîÛ¦ÂóäëòÈÿÅäóñì°ĀëÈāÕãßøË ëóìä¬óã ĀßæÈÂ°ÖîÚĀæñĀÛÅØäöÿäöã  āÕãÂóäĂË­ CO2

ĀæñĂì­ÝæÝæõÖÿÜĆÚÅóä°āÛăïÿÕäÖ ĂÚäúÜÃîÈÚČĈóÖóæ ĀæñĂÚäúÜÃîÈÂ®óË CO2  ÉóÂÂóäìóãĂÉîîÂëú¬
îóÂóéÃîÈëõćÈâöËöèõÖØòĈÈÅÚĀæñëòÖè°¦ 

 



 ƗƗƟ 

ĀÛÛÞ÷ÂìòÕØ­óãÛØØöć ƛ 
ÅČóËöĈĀÉÈ     Ăì­ÿæøîÂÅČóÖîÛØöć×úÂÖ­îÈØöćëùÕÿßöãÈÃ­îÿÕöãè  Āæ­èØČóÿÅäøćîÈìâóãØòÛ ÖòèîòÂêä Â, 
Ã,  Å ìäøî È  Ăì­ÖäÈÂòÛÃ­îØöćØ¬óÚÿæøîÂÖîÛ 
 

1. äñÛÛÚõÿèéìâóã×÷Èîñăä 
Â. ÅèóâëòâßòÚÙ°ÃîÈëõćÈâöËöèõÖÖ¬óÈą ÂòÛëõćÈĀèÕæ­îâÃîÈëõćÈâöËöèõÖĀæñâöÂóä×¬óãØîÕăÜÖóâæČóÕòÛ 
Ã. ÂóäÂõÚÂòÚÿÜĆÚØîÕą ÿäõćâÖòĈÈĀÖ¬Ýú­ÝæõÖ Ýú­ÛäõāáÅßøË Ýú­ÛäõāáÅëòÖè°ÖóâæČóÕòÛ 
Å. æòÂêÔñÂóäÂõÚÂòÚÌòÛÌ­îÚÜäñÂîÛÕ­èãì¬èÈāÌ¬îóìóäâóÂâóã 
È. ßæòÈÈóÚÉóÂĀëÈîóØõÖã°  

2. āÅäÈëä­óÈÃîÈäñÛÛÚõÿèé âöÂöćìÚ¬èã 
Â. 2 ìÚ¬èã Åøî ëõćÈăâ¬âöËöèõÖ Ýú­ã¬îãëæóã 
Ã. 2 ìÚ¬èã Åøî ëõćÈăâ¬âöËöèõÖ ëõćÈâöËöèõÖ 
Å. 3 ìÚ¬èã Åøî ëõćÈăâ¬âöËöèõÖ ëõćÈâöËöèõÖ ĀæñÝú­ÛäõāáÅ 
È. 3 ìÚ¬èã Åøî ëõćÈăâ¬âöËöèõÖ Ýú­ÝæõÖ ĀæñÝú­ÛäõāáÅ 

3. ëõćÈâöËöèõÖÂæù¬âĂÕØöćëóâóä×ÿÜæöćãÚîÚõÚØäöãëóäÿÜĆÚîõÚØäöãëóäăÕ­ 
Â. ßøËëöÿÃöãè 
Ã. ëòÖè°ÂõÚßøË 
Å. ëòÖè°ÂõÚÿÚøĈî 
È. Ýú­ã¬îãëæóã 

4. Ã­îĂÕÉòÕÿÜĆÚì¬èÈāÌ¬îóìóä 
Â. ÿìãöćãè---ßøË---ÝöÿëøĈî---ÚÂ 
Ã. ÿìãöćãè---ÚÂ---ÝöÿëøĈî---ßøË 
Å. ÚÂ---ÿìãöćãè---ÚÂ---ÝöÿëøĈî 
È. ÝöÿëøĈî---ßøË---ÚÂ---ÿìãöćãè 

5. Âæ­èãăâ­ØöćîóéòãÿÂóñÛÚÖ­Úăâ­ĂìÎ¬ ÉòÕÿÜĆÚÅèóâëòâßòÚÙ°ĀÛÛĂÕ 
Â. áóèñÂóäîãú¬ä¬èâÂòÚ 
Ã. áóèñæ¬óÿìãøćî 
Å. áóèñÜäëõÖ 
È. áóèñß÷ćÈßó 
 
 



 ƗƘƖ 

6. ìâòÕÂòÕëùÚòÃ Āæñ ãùÈÂòÕÅÚ ÉòÕÿÜĆÚÅèóâëòâßòÚÙ°ĀÛÛĂÕ 
Â. áóèñîãú¬ä¬èâÂòÚ 
Ã. áóèñæ¬óÿìãøćî 
Å. áóèñÜäëõÖ 
È. áóèñß÷ćÈßó 

7. ÂóäÖòÕÖ­Úăâ­ ØČóæóãÜ¬óÉñØČóĂì­ÿÂõÕÝæÂäñØÛĂÕÖóââó 

Â. ÚČĈóÜ¬óăìæìæóÂ ëõćÈâöËöèõÖÖóã 

Ã. ĀÝ¬ÚÕõÚăìè áúÿÃóăàäñÿÛõÕ 

Å. ÿÂõÕë÷Úóâõ ëõćÈâöËöèõÖÖóã 

È. áóèñÿäøîÚÂäñÉÂ 

8. ÂóäÉòÕæČóÕòÛËòĈÚÃîÈËöèáóßÃ­îĂÕÿäöãÈÉóÂëúÈëùÕăÜìóÖČćóëùÕăÕ­×úÂÖ­îÈ 

Â. ËöèÚõÿèé · äñÛÛÚõÿèé · ËùâËÚ · ÜäñËóÂä 

Ã. ËöèÚõÿèé · ÜäñËóÂä· ËùâËÚ · äñÛÛÚõÿèé 

Å. äñÛÛÚõÿèé · ËöèÚõÿèé · ËùâËÚ · ÜäñËóÂä 

È. äñÛÛÚõÿèé · ËöèÚõÿèé · ÜäñËóÂä · ËùâËÚ 

9. Ã­îĂÕÂæ¬óè×úÂÖ­îÈ 

Â. Åóä°āÛăïÿÕäÖ ÿÜĆÚîõÚØäöã°ëóäØöćÿÜĆÚîÈÅ°ÜäñÂîÛØöćâöËöèõÖ 

Ã. Åóä°āÛăïÿÕäÖ ÿÜĆÚîÚõÚØäöã°ëóäØöćÿÜĆÚîÈÅ°ÜäñÂîÛØöćâöËöèõÖ 

Å. Åóä°ÛîÚăÕîîÂăÌÕ° ÿÜĆÚîõÚØäöã°ëóäØöćÿÜĆÚîÈÅ°ÜäñÂîÛØöćăâ¬âöËöèõÖ 

È. Åóä°ÛîÚăÕîîÂăÌÕ° ÿÜĆÚîÚõÚØäöã°ëóäØöćÿÜĆÚîÈÅ°ÜäñÂîÛØöćăâ¬âöËöèõÖ 

10. Ã­îĂÕÂæ¬óè×úÂÖ­îÈØöćëùÕ 

Â. ÂóäìóãĂÉäñÕòÛÿÌææ° ÅøîÂóäØČóĂì­āâÿæÂùæÃîÈîõÚØäöã°ëóäĀÖÂÖòè 

Ã. ÂóäìóãĂÉäñÕòÛÿÌææ° ÅøîÂóäØČóĂì­āâÿæÂùæÃîÈîÚõÚØäöã°ëóäĀÖÂÖòè 

Å. ÂóäìóãĂÉäñÕòÛÿÌææ° ÅøîÂóäØČóĂì­āâÿæÂùæÃîÈîõÚØäöã°ëóäĀÖÂÖòèĀæñăÕ­ CO2 

È. ÂóäìóãĂÉäñÕòÛÿÌææ° ÅøîÂóäØČóĂì­āâÿæÂùæÃîÈîõÚØäöã°ëóäĀÖÂÖòè H2O 

ÿÊæãĀÛÛØÕëîÛÛØØöć 5 ÿäøćîÈäñÛÛÚõÿèéÚ° 
1. Â Ƙ. Ã ƙ. Â ƚ. Ã ƛ. Å Ɯ. Å Ɲ. Â ƞ. Â    9. È ƗƖ. Â 



 ƗƘƗ 

ÛØØöć Ɯ 
āæÂ ÛääãóÂóé ÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ   
ëõćÈĀèÕæ­îâĀæñØäòßãóÂäÙääâËóÖõ 

 

ëóäñëČóÅòÎ 
 āæÂ ÛääãóÂóé ÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ ĀæñØäòßãóÂäÙääâËóÖõ ĀæñëõćÈĀèÕæ­îâ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. ÛîÂë¬èÚÜäñÂîÛĀæñèõÙöÂóäĀÛ¬ÈËòĈÚÃîÈāæÂăÕ­ 
2. îÙõÛóãÂóäÿÜæöćãÚĀÜæÈÃîÈÿÜæøîÂāæÂ ÂäñÛèÚÂóäÖ¬óÈ ąăÕ­ 
3. ÛîÂîÈÅ°ÜäñÂîÛĀæñÂóäĀÛ¬ÈËòĈÚÛääãóÂóéăÕ­ 
4. ÛîÂÅèóâìâóãĀæñÅèóâëČóÅòÎÃîÈîùÔìáúâõ ÅèóâËøĈÚĀæñÅèóâÂÕîóÂóéăÕ­ 
5. îÙõÛóãÅèóâëòâßòÚÙ°ÃîÈîùÔìáúâõ ÅèóâËøĈÚĀæñÅèóâÂÕîóÂóéÖ¬îËöèõÖÅèóâÿÜĆÚîãú¬ăÕ­ 
6. ÛîÂËÚõÕÃîÈæâăÕ­ 
7. îÙõÛóãîõØÙõßæÃîÈæâÖ¬îâÚùêã°ĀæñëõćÈĀèÕæ­îâăÕ­ 
8. ÛîÂèõÙöÂóäÜ­îÈÂòÚáòãØöćÿÂõÕÉóÂÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõăÕ­ 
9. ÛîÂÜäñāãËÚ°ÃîÈÂóäßãóÂäÔ°îóÂóéăÕ­ 
10. îÙõÛóãÿÂöćãèÂòÛëáóß ÜòÎìó ÂóäĂË­ĀæñÂóäĀÂ­ăÃëõćÈĀèÕæ­îâĀæñØäòßãóÂäÙääâËóÖõĂÚ

Ø­îÈ×õćÚĀæñÜäñÿØé 
11. îÙõÛóã ëäùÜĀÚèÅõÕĂÚÂóääòÂêóëâÕùæÃîÈäñÛÛÚõÿèé ÂóäîÚùäòÂê°ëõćÈĀèÕæ­îâ ĀæñÂóäĂË­

ØäòßãóÂäÙääâËóÖõîã¬óÈãòćÈãøÚăÕ­ 
ÃîÛÃ¬óãÿÚøĈîìó 
 ÿäøćîÈØöć Ɨ āæÂ 
 ÿäøćîÈØöć Ƙ ÛääãóÂóé 
 ÿäøćîÈØöć ƙ ÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ 
 ÿäøćîÈØöć ƚ ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ



 ƗƘƘ 

ÿäøćîÈØöć Ɨ  āæÂ (Earth) 
ÂČóÿÚõÕāæÂ 

ÚòÂèõØãóéóëÖä°ìæóãÅÚßãóãóâØöćÉñîÙõÛóãÂóäÂČóÿÚõÕÃîÈāæÂâóÖòĈÈĀÖ¬ Å.é. 1609 ìÚ÷ćÈĂÚÚòĈÚ 
Åøî Âóæõÿæāî Øöćë¬îÈÂæ­îÈÃãóãÕúßøĈÚÝõèØöćÿÜĆÚìæùâÿÜĆÚÛ¬îÛÚÕóèÿÅäóñì°ÕèÈîøćÚßÛè¬ó âöìæùâÛ¬î
âóÂâóã ìæùâÛ¬îÿìæ¬óÚòĈÚÿÜĆÚÝæÉóÂÿØìèòÖ×ù (îùÂóÛóÖ) èõćÈËÚĀæñÿÂõÕÂóäìæîâäèâÖòèÂòÚØČóĂì­ÃÚóÕ
ÃîÈÕóèÿÅäóñì°ÿßõćâĂìÎ¬Ã÷ĈÚÿäøćîã   

ÚòÂèõØãóéóëÖä° ÿËøćîÂòÚè¬óÿîÂáßÿÂõÕâóÿâøćî 10,000 æ­óÚÜöĀæ­è ÃÔñØöćāæÂÿßõćÈÿÂõÕâóÿâøćî 4,600 
æ­óÚÜö ÂóäÂČóÿÚõÕÃîÈāæÂÿäõćâÉóÂÜäóÂÐÂóäÔ°ØöćÞù¬ÚĀæñÂ®óÌØöćÂäñÉóãîãú¬ĂÚÉòÂäèóæâóäèâÖòèÂòÚÿÜĆÚ
èÈÂ®óÌØöćîùÔìáúâõä­îÚÉòÕ  ĀæñâöÅèóâìÚóĀÚ¬Úâìóéóæ îùÔìáúâõëúÈâóÂÜäñâóÔÂóäÉÚØČóĂì­Âæù¬âÞù¬Ú
ĀæñÂ®óÌÚöĈÿÂõÕÂóääñÿÛõÕÃ÷ĈÚâóÿäöãÂè¬ó ÛõĉÂĀÛÈÅ° ×øîè¬óÿÜĆÚÂóääñÿÛõÕÅäòĈÈãõćÈĂìÎ¬ ë¬ÈĂì­âèæëóä
Āßä¬ÂäñÉóãîîÂăÜÉùÕéúÚã°ÂæóÈØöćä­îÚØöćëùÕ Åøî ÕèÈîóØõÖã° (âöÿë­ÚÝ¬óéúÚã°ÂæóÈ 1,400,000 ÂõāæÿâÖä 
îùÔìáúâõ 15 æ­óÚîÈéóÿÌæÿÌöãë) ë¬èÚâèæëóäîøćÚ ą ØöćãòÈÂäñÉóãîãú¬ØòćèăÜÿäõćâÿãĆÚæÈ (ßä­îâÂòÚÚòĈÚăî
ÚČĈóÂĆÿäõćâÂæòćÚÖòèÿÜĆÚìãÕÚČĈó) ăÕ­ÿÜĆÚÕóèÿÅäóñì°Ú­îãâóÂâóãÜäñâóÔè¬óâöä­îã ą æ­óÚÕèÈæîãÿÅè­ÈÅè­óÈ
îãú¬ĂÚÉòÂäèóæ ËÚÂòÚÿîÈ Ë­óÛ­óÈ ÿäĆèÛ­óÈ ËÚÂòÚăÜÿäøćîã ą ĂÚØöćëùÕÂóäËÚÂĆÿäõćââöÂóäÿÜæöćãÚĀÜæÈ ËÚ
ÂòÚăÜËÚÂòÚâóÕóèÿÅäóñì°ÛóÈÕèÈÅ¬îã ą ÜäóÂÐâèæĂìÎ¬Ã÷ĈÚ ÿâøćîĂìÎ¬Ã÷ĈÚĀäÈÕ÷ÈÕúÕÂĆâóÂÃ÷ĈÚÖóââó 
ãõćÈ×úÂËÚâóÂãõćÈÃÚóÕĂìÎ¬Ã÷ĈÚÿÂĆÛëñëâßæòÈÈóÚăÕ­âóÂÃ÷ĈÚ Õ­èãÿìÖùÚöĈÂóäÂ¬îÂČóÿÚõÕāæÂÂĆÿÂõÕÃ÷ĈÚ Õóè
ßùÙ ÕóèéùÂä° ÂĆÿÂõÕÃ÷ĈÚÕ­èãĂÚØČóÚîÈÿÕöãèÂòÚ Ë¬èÈĀäÂßøĈÚÝõèāæÂÉ÷ÈÜäóÂÐäúßäùÚÿÖĆâăÜìâÕ ÿÚøćîÈÉóÂ
ÂóäËÚÂæóãÿÜĆÚìæùâîùÂóÛóÖä Ì÷ćÈÿØöãÛăÕ­ÉóÂßøĈÚÝõèÃîÈÕèÈÉòÚØä°Ì÷ćÈé÷ÂêóăÕ­ĂÚÃÔñÚöĈ  
 
ÂóäāÅÉäÃîÈāæÂ  
              āæÂìâùÚäîÛÕèÈîóØõÖã°ÿÜĆÚèÈāÅÉäÌ÷ćÈĂË­ÿèæó 365.25 èòÚ  ÿßøćîĂì­ÅäÛ 1 äîÛ ÜÐõØõÚĀÖ¬æñÜö
âö 365 èòÚ Ì÷ćÈìâóãÅèóâè¬óÉñâö 1/4 ÃîÈèòÚØöćÿìæøîĂÚĀÖ¬æñÜö Ì÷ćÈØùÂ ƚ Üö ÉñâöèòÚßõÿéê ÅøîÉñâö 366 èòÚ 
Âæ¬óèÅøîÿÕøîÚÂùâáóßòÚÙ°Éñâö 29 èòÚ ĀØÚØöćÉñâö 28 èòÚÿìâøîÚÜÂÖõ èÈāÅÉäÃîÈāæÂăâ¬ÿÜĆÚèÈÂæâ ĂÚ
ÿÕøîÚÙòÚèóÅââòÚÉñîãú¬ĂÂæ­ÕèÈîóØõÖã°âóÂÂè¬óÿÕøîÚâõ×ùÚóãÚ Ì÷ćÈâòÚÉñîãú¬ì¬óÈăÂæÉóÂÕèÈîóØõÖã°âóÂ
ØöćëùÕ āæÂÉñÿîöãÈăÜÖóâÿë­ÚĀÂÚ ĂÚÿÕøîÚâõ×ùÚóãÚ ÌöÂāæÂÿìÚøîÉñÿîöãÈăÜØóÈÕèÈîóØõÖã°ÕòÈÚòĈÚ ÌöÂ
āæÂÿìÚøîÉñÿÜĆÚåÕúä­îÚĀæñÌöÂāæÂĂÖ­ÉñÿÜĆÚåÕúìÚóè ĂÚÿÕøîÚÙòÚèóÅâÉñÿîöãÈÉóÂÕèÈîóØõÖã° ØČóĂì­
ÌöÂāæÂÿìÚøîÿÜĆÚåÕúìÚóèĀæñÌöÂāæÂĂÖ­ÿÜĆÚåÕúä­îÚ ĂÚÿÕøîÚâöÚóÅâĀæñÂòÚãóãÚ ÌöÂāæÂØòĈÈëîÈăâ¬
ÿîöãÈăÜãòÈÕèÈîóØõÖã° ÂæóÈèòÚĀæñÂæóÈÅøÚÉ÷ÈâöÅèóâãóèÿØ¬óÂòÚ ĂÚÿÕøîÚâöÚóÅâ ÌöÂāæÂÿìÚøîÉñÿÜĆÚ
åÕúĂÛăâ­Ýæõ ĀæñÌöÂāæÂĂÖ­ÿÜĆÚåÕúĂÛăâ­ä¬èÈ ĂÚÿÕøîÚÂòÚãóãÚ ë×óÚÂóäÔ°ÉñÂæòÛÂòÚ 



 ƗƘƙ 

 
 

áóß : ÂóäāÅÉäÃîÈāæÂäîÛÕèÈîóØõÖã° 
 

āæÂâöîóãùÜäñâóÔ 4,700 Üö   āæÂăâ¬ăÕ­âöäúÜä¬óÈÂæâāÕãëõĈÚÿËõÈ ÿë­ÚäîÛèÈØöćÿë­ÚéúÚã°ëúÖäãóè 
40,077 ÂõāæÿâÖä (24,903 ăâæ°) ĀæñØöćÃòĈèāæÂãóè 40,009 ÂõāæÿâÖä (24,861 ăâæ°) ĀæñâöÕèÈÉòÚØä°ÿÜĆÚ
Ûäõèóä 1 ÕèÈ āÅÉääîÛāæÂØùÂ ą 27 èòÚ 8 ËòćÈāâÈ 
āæÂ âöæòÂêÔñÿÜĆÚØäÈèÈäö āÕã ĂÚĀÚèÕõćÈÿë­ÚÝ¬óéúÚã°ÂæóÈãóè ƗƘ,ƝƗƗ Ââ. ĂÚĀÚèÚîÚ ãóè ƗƘ,Ɲƛƛ 
Ââ. Ö¬óÈÂòÚ ƚƚ Ââ. âößøĈÚÚČĈó ƙ ë¬èÚ ìäøî ƝƗ% ĀæñâößøĈÚÕõÚ Ɨ ë¬èÚ ìäøî ƘƟ % ĀÂÚāæÂÉñÿîöãÈ Ƙƙ.ƛ 
îÈéó 
 
ë¬èÚÜäñÂîÛÃîÈāæÂ 

1. ë¬èÚØöćÿÜĆÚßøĈÚÚČĈó ÜäñÂîÛÕ­èã ì­èãìÚîÈ ÅæîÈÛ÷È Øñÿæ âìóëâùØä ÚČĈóĂÖ­ÕõÚ ÚČĈóĀÃĆÈÃòĈè
āæÂ 

2. ë¬èÚØöćÿÜĆÚßøĈÚÕõÚ Åøîë¬èÚØöćâöæòÂêÔñĀÃĆÈì¬îìù­âāæÂ āÕãØöćÿÜæøîÂØöćîãú¬ĂÖ­ØñÿæâöÅèóâìÚó 
5 ÂõāæÿâÖä Āæñë¬èÚÿÜæøîÂØöćâöÅèóâìÚóÅøî ë¬èÚØöćÿÜĆÚáúÿÃó ìÚóÜäñâóÔ 70 ÂõāæÿâÖä 

3. ËòĈÚÛääãóÂóé ÿÜĆÚËòĈÚØöćëČóÅòÎ ÿßäóñØČóĂì­ÿÂõÕÜäóÂÐÂóäÔ°Ö¬óÈ ą ØóÈÙääâËóÖõ ÿË¬Ú èòÐ
ÉòÂäÚČĈó îõîîÚ ØöćÉČóÿÜĆÚÖ¬îÂóäÖõÕÖ¬îëøćîëóäÿÜĆÚÖ­Ú  

4. ËòĈÚëõćÈâöËöèõÖ  
 
 



 ƗƘƚ 

āÅäÈëä­óÈáóãĂÚāæÂ 

 

 
áóß  : āÅäÈëä­óÈáóãĂÚāæÂ 

 

ÿÜæøîÂāæÂ 
ÿÜæøîÂāæÂ (crust) ÿÜĆÚËòĈÚÚîÂëùÕÃîÈāæÂØöćâöÅèóâìÚóÜäñâóÔ ƜƖ-ƝƖ ÂõāæÿâÖä Ì÷ćÈ×øîè¬ó

ÿÜĆÚËòĈÚØöćÛóÈØöćëùÕÿâøćîÿÜäöãÛÂòÛËòĈÚîøćÚą ÿëâøîÚÿÜæøîÂăÃ¬ăÂ¬ìäøîÿÜæøîÂìòèìîâ ÿÜæøîÂāæÂÜäñÂîÛ
ăÜÕ­èãĀÝ¬ÚÕõÚĀæñĀÝ¬ÚÚČĈó Ì÷ćÈÿÜæøîÂāæÂë¬èÚØöćÛóÈØöćëùÕÅøîë¬èÚØöćîãú¬ĂÖ­âìóëâùØä ë¬èÚÿÜæøîÂāæÂØöć
ìÚóØöćëùÕÅøîÿÜæøîÂāæÂë¬èÚØöćäîÈäòÛØèöÜØöćâöÿØøîÂÿÃóØöćëúÈØöćëùÕîãú¬Õ­èã ÚîÂÉóÂÚöĈÿÜæøîÂāæÂãòÈ
ëóâóä×ĀÛ¬ÈîîÂÿÜĆÚ Ƙ ËòĈÚÅøî 

 

 
 

áóß  : ë¬èÚÜäñÂîÛÃîÈāæÂ  

http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%9B%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%81%E0%B9%82%E0%B8%A5%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B4%E0%B9%82%E0%B8%A5%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3
http://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%AB%E0%B8%B2%E0%B8%AA%E0%B8%A1%E0%B8%B8%E0%B8%97%E0%B8%A3
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%A7%E0%B8%B5%E0%B8%9B


 ƗƘƛ 

- ËòĈÚØöćìÚ÷ćÈ: ËòĈÚìõÚăÌîòæ (sial) ÿÜĆÚÿÜæøîÂāæÂËòĈÚÛÚëùÕ ÜäñÂîÛÕ­èãĀä¬ÌõæõÂóĀæñîñæúâõÚóÌ÷ćÈ
ÿÜĆÚìõÚĀÂäÚõÖËÚõÕìÚ÷ćÈ ëČóìäòÛÛäõÿèÔÝõèÃîÈËòĈÚÚöĈÉñÿÜĆÚìõÚÖñÂîÚ ËòĈÚìõÚăÌîòæÚöĈâöÿÊßóñ
ÿÜæøîÂāæÂë¬èÚØöćÿÜĆÚØèöÜÿØ¬óÚòĈÚ ë¬èÚÿÜæøîÂāæÂØöćîãú¬ĂÖ­ØñÿæĀæñâìóëâùØäÉñăâ¬âöìõÚËòĈÚÚöĈ  
- ËòĈÚØöćëîÈ: ËòĈÚìõÚăÌâó (sima) ÿÜĆÚËòĈÚØöćîãú¬ĂÖ­ìõÚËòĈÚăÌîòææÈăÜ ë¬èÚĂìÎ¬ÿÜĆÚìõÚÛñÌîæÖ°
ÜäñÂîÛÕ­èãĀä¬ÌõæõÂó ÿìæĆÂîîÂăÌÕ°ĀæñĀâÂÚöÿÌöãâ ËòĈÚìõÚăÌâóÚöĈì¬îìù­âØòćèØòĈÈßøĈÚāæÂîãú¬ĂÚ
ØñÿæĀæñâìóëâùØä Ì÷ćÈÖ¬óÈÉóÂìõÚËòĈÚăÌîòæØöćÜÂÅæùâÿÊßóñë¬èÚØöćÿÜĆÚØèöÜ ĀæñãòÈâöÅèóâ
ìÚóĀÚ¬ÚâóÂÂè¬óËòĈÚìõÚăÌîòæ  

 

ĀâÚÿØõæ 
ĀâÚÿØõæ (mantle ìäøî Earth's mantle) ÿÜĆÚËòĈÚØöćîãú¬äñìè¬óÈÿÜæøîÂāæÂĀæñĀÂ¬ÚāæÂ âöÅèóâ

ìÚóÜäñâóÔ ƙ,ƖƖƖ ÂõāæÿâÖä ÛóÈë¬èÚÃîÈìõÚîãú¬ĂÚë×óÚñìæîâÿìæèÿäöãÂè¬ó ìõÚìÚøÕ (Magma) ØČó
Ăì­ËòĈÚĀâÚÿØõæâöÅèóâä­îÚëúÈâóÂ ÿÚøćîÈÉóÂìõÚìÚøÕâöîùÔìáúâõÜäñâóÔ ƞƖƖ - ƚƙƖƖ°C Ì÷ćÈÜäñÂîÛÕ­èã
ìõÚîòÅÚöÿÜĆÚë¬èÚĂìÎ¬ ÿË¬ÚìõÚîòæÖäóÿÛëõÂ ìõÚÿßäõāÕăæÖ° 
 

ĀÂ¬ÚāæÂ 
ĀÂ¬ÚāæÂ (Core) ÅèóâìÚóĀÚ¬ÚÃîÈāæÂāÕãÿÊæöćãÅøî ƛ,ƛƗƛ ÂÂ./æÛ.â. ØČóĂì­āæÂÿÜĆÚÕóè

ÿÅäóñì°ØöćìÚóĀÚ¬ÚØöćëùÕĂÚäñÛÛëùäõãñ ĀÖ¬×­óèòÕÿÊßóñÅèóâìÚóĀÚ¬ÚÿÊæöćãÃîÈßøĈÚÝõèāæÂĀæ­èèòÕăÕ­
ÿßöãÈĀÅ¬ ƙ,ƖƖƖ ÂÂ./æÛ.â. ÿØ¬óÚòĈÚ Ì÷ćÈĀÂ¬ÚāæÂâöîÈÅ°ÜäñÂîÛÿÜĆÚÙóÖùÿìæĆÂ×÷È ƞƖ% äèâ×÷ÈÚõÂÿÂõæĀæñ
ÙóÖùØöćâöÚČĈóìÚòÂØöćÿÛóÂè¬óîøćÚą ÿË¬ÚÖñÂòćèĀæñãúÿäÿÚöãâ ÿÜĆÚÖ­Ú ĀÂ¬ÚāæÂëóâóä×ĀÛ¬ÈîîÂÿÜĆÚ Ƙ ËòĈÚ
ăÕ­ĀÂ¬ 

- ĀÂ¬ÚāæÂËòĈÚÚîÂ (Outer core) âöÅèóâìÚóÉóÂÝõèāæÂÜäñâóÔ Ƙ,ƟƖƖ - ƛ,ƖƖƖ ÂõāæÿâÖä 
ÜäñÂîÛÕ­èãÙóÖùÿìæĆÂĀæñÚõÂÿÂõæĂÚëáóßìæîâæñæóã ĀæñâöÅèóâä­îÚëúÈ âöîùÔìáúâõÜäñâóÔ ƜƘƖƖ - 
ƜƚƖƖ âöÅèóâìÚóĀÚ¬ÚëòâßòØÙ° ƗƘ.Ɩ Āæñë¬èÚÚöĈâöë×óÚñÿÜĆÚÃîÈÿìæè  

- ĀÂ¬ÚāæÂËòĈÚĂÚ (Inner core) ÿÜĆÚë¬èÚØöćîãú¬ĂÉÂæóÈāæÂßîÕö âöäòéâöÜäñâóÔ Ɨ,ƖƖƖ ÂõāæÿâÖä 
âöîùÔìáúâõÜäñâóÔ ƚ,ƙƖƖ - Ɯ,ƘƖƖ ĀæñâöÅèóâÂÕÕòÚâìóéóæ ØČóĂì­ë¬èÚÚöĈÉ÷Èâöë×óÚñÿÜĆÚÃîÈĀÃĆÈ 
ÜäñÂîÛÕ­èãÙóÖùÿìæĆÂĀæñÚõÂÿÂõæØöćîãú¬ĂÚëáóßÿÜĆÚÃîÈĀÃĆÈ âöÅèóâìÚóĀÚ¬ÚëòâßòØÙ° ƗƝ.Ɩ  
 

ĀÝ¬ÚÿÜæøîÂāæÂ  
(îòÈÂåê: Plate tectonics; âóÉóÂáóêóÂäöÂ " ĀÜæè¬ó "Ýú­ëä­óÈ") ÿÜĆÚØåêÏöÿËõÈÙäÔöèõØãóØöć×úÂßòÓÚóÃ÷ĈÚ
ÿßøćîîÙõÛóã×÷ÈìæòÂÑóÚÉóÂÂóäëòÈÿÂÖÂóäÿÅæøćîÚÖòèÃîÈĀÝ¬ÚÿÜæøîÂāæÂÃÚóÕĂìÎ¬  
āÅäÈëä­óÈÚîÂëùÕÃîÈāæÂÜäñÂîÛÕ­èãËòĈÚ Ƙ ËòĈÚ ËòĈÚØöćîãú¬ÚîÂëùÕÅøîËòĈÚÕõÚĀÃĆÈ (lithosphere) Øöćâö
ÿÜæøîÂāæÂĀæñËòĈÚÚîÂëùÕÃîÈĀâÚÿØõæØöćÿÜĆÚÿãĆÚÖòèĀæñĀÃĆÈĀæ­è áóãĂÖ­ËòĈÚÕõÚĀÃĆÈÅøîËòĈÚÕõÚî¬îÚ 
(aethenosphere) ×÷ÈĀâ­è¬óãòÈâöë×óÚñÿÜĆÚÃîÈĀÃĆÈîãú¬ ĀÖ¬ËòĈÚÕõÚî¬îÚÚòĈÚâöÅèóâãøÕìãù¬ÚÅ¬îÚÃ­óÈÖČćóĀæñ

http://th.wikipedia.org/w/index.php?title=%E0%B8%8B%E0%B8%B4%E0%B8%A5%E0%B8%B4%E0%B8%81%E0%B8%B2&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%B0%E0%B8%A5%E0%B8%B9%E0%B8%A1%E0%B8%B4%E0%B8%99%E0%B8%B2&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%B4%E0%B8%99%E0%B9%81%E0%B8%81%E0%B8%A3%E0%B8%99%E0%B8%B4%E0%B8%95
http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%B4%E0%B8%99%E0%B8%95%E0%B8%B0%E0%B8%81%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%B4%E0%B8%99%E0%B8%9A%E0%B8%B0%E0%B8%8B%E0%B8%AD%E0%B8%A5%E0%B8%95%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%B4%E0%B8%99%E0%B8%9A%E0%B8%B0%E0%B8%8B%E0%B8%AD%E0%B8%A5%E0%B8%95%E0%B9%8C
http://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B9%84%E0%B8%8B%E0%B8%94%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%A1%E0%B8%81%E0%B8%99%E0%B8%B5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%A1%E0%B8%99%E0%B9%80%E0%B8%97%E0%B8%B4%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%B4%E0%B8%99%E0%B8%AB%E0%B8%99%E0%B8%B7%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
http://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%B4%E0%B8%99%E0%B8%AD%E0%B8%B1%E0%B8%84%E0%B8%99%E0%B8%B5
http://th.wikipedia.org/w/index.php?title=%E0%B8%AB%E0%B8%B4%E0%B8%99%E0%B8%AD%E0%B8%B1%E0%B8%A5%E0%B8%95%E0%B8%A3%E0%B8%B2%E0%B9%80%E0%B8%9A%E0%B8%AA%E0%B8%B4%E0%B8%81&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%9E%E0%B8%A3%E0%B8%B4%E0%B9%82%E0%B8%94%E0%B9%84%E0%B8%A5%E0%B8%95%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B9%87%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B8%B4%E0%B8%81%E0%B9%80%E0%B8%81%E0%B8%B4%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%95%E0%B8%B0%E0%B8%81%E0%B8%B1%E0%B9%88%E0%B8%A7
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B9%E0%B9%80%E0%B8%A3%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2%E0%B8%A1
http://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B2%E0%B8%A9%E0%B8%B2%E0%B8%AD%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B8%A4%E0%B8%A9
http://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B2%E0%B8%A9%E0%B8%B2%E0%B8%81%E0%B8%A3%E0%B8%B5%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%A4%E0%B8%A9%E0%B8%8E%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%98%E0%B8%A3%E0%B8%93%E0%B8%B5%E0%B8%A7%E0%B8%B4%E0%B8%97%E0%B8%A2%E0%B8%B2
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A5%E0%B8%81
http://th.wikipedia.org/w/index.php?title=%E0%B8%8A%E0%B8%B1%E0%B9%89%E0%B8%99%E0%B8%94%E0%B8%B4%E0%B8%99%E0%B9%81%E0%B8%82%E0%B9%87%E0%B8%87&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%8A%E0%B8%B1%E0%B9%89%E0%B8%99%E0%B8%94%E0%B8%B4%E0%B8%99%E0%B8%AD%E0%B9%88%E0%B8%AD%E0%B8%99&action=edit&redlink=1


 ƗƘƜ 

ÃóÕÅèóâĀÃĆÈĀäÈ ØòĈÈãòÈëóâóä×ăìæăÕ­Åæ­óãÃîÈÿìæèÌ÷ćÈÃ÷ĈÚîãú¬ÂòÛæČóÕòÛÿèæóÿËõÈÙäÔöèõØãó ËòĈÚĀâÚ
ÿØõæØöćîãú¬æ÷ÂæÈăÜáóãĂÖ­ËòĈÚÕõÚî¬îÚÚòĈÚÉñâöÅèóâĀÃĆÈâóÂÃ÷ĈÚîöÂÅäòĈÈ ÂäñÚòĈÚÅèóâĀÃĆÈÕòÈÂæ¬óèăâ¬ăÕ­âó
ÉóÂÂóäÿãĆÚæÈÃîÈîùÔìáúâõ ĀÖ¬ÿÚøćîÈâóÉóÂÅèóâÕòÚØöćâöîãú¬ëúÈ 
ËòĈÚÕõÚĀÃĆÈÚòĈÚÉñĀÖÂÖòèæÈÿÜĆÚëõćÈØöćÿäöãÂè¬óĀÝ¬ÚÿÜæøîÂāæÂ Ì÷ćÈĂÚÂäÔöÃîÈāæÂÚòĈÚ ëóâóä×ĀÛ¬ÈÿÜĆÚ
ĀÝ¬ÚÃÚóÕĂìÎ¬ăÕ­ Ɲ ĀÝ¬Ú ĀæñĀÝ¬ÚÃÚóÕÿæĆÂîöÂÉČóÚèÚâóÂ ĀÝ¬ÚÕõÚĀÃĆÈÉñÿæøćîÚÖòèîãú¬ÛÚËòĈÚÕõÚî¬îÚ 
ĀæñÉñÿÅæøćîÚÖòèëòâßòÚÙ°ÂòÛĀÝ¬ÚÿÜæøîÂāæÂîøćÚą Ì÷ćÈÂóäÿÅæøćîÚØöćÚöĈëóâóä×ĀÛ¬ÈăÕ­ÿÜĆÚ ƙ ÃîÛÿÃÖ
Õ­èãÂòÚÅøî  

Ɨ. ÃîÛÿÃÖØöćâöÂóäËÚÂòÚìäøîÛääÉÛÂòÚ 
Ƙ. ÃîÛÿÃÖØöćâöÂóäĀãÂÖòèîîÂÉóÂÂòÚìäøîÂäñÉóãÉóÂÂòÚ  
ƙ. ÃîÛÿÃÖØöćâöÂóäĀÜæÈëáóß  

āÕãÜäóÂÐÂóäÔ°ØóÈÙäÔöèõØãóÖ¬óÈą ăÕ­ĀÂ¬ ĀÝ¬ÚÕõÚăìè áúÿÃóăàÜñØù  ÂóäÂ¬îÖòèÃ÷ĈÚÃîÈáúÿÃó ĀæñÂóä
ÿÂõÕÃ÷ĈÚÃîÈÿìèëâùØäÚòĈÚÉñÿÂõÕÃ÷ĈÚßä­îâÂòÛÂóäÿÜæöćãÚĀÜæÈÃîÈÃîÛÿÃÖĀÝ¬ÚÕõÚ ÂóäÿÅæøćîÚÖòè
Õ­óÚÃ­óÈÃîÈĀÝ¬ÚÕõÚÚòĈÚâöîòÖäóÿäĆèîãú¬äñìè¬óÈ Ɩ.ƜƜ ×÷È ƞ.ƛƖ ÿÌÚÖõÿâÖäÖ¬îÜö 
 

 

áóß  : ĀÝ¬ÚÿÜæøîÂāæÂÃÚóÕĂìÎ¬ 
 

http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%94%E0%B8%B4%E0%B8%99%E0%B9%84%E0%B8%AB%E0%B8%A7
http://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B9%E0%B9%80%E0%B8%82%E0%B8%B2%E0%B9%84%E0%B8%9F
http://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B9%E0%B9%80%E0%B8%82%E0%B8%B2
http://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%AB%E0%B8%A7%E0%B8%AA%E0%B8%A1%E0%B8%B8%E0%B8%97%E0%B8%A3&action=edit&redlink=1
http://upload.wikimedia.org/wikipedia/commons/8/8a/Plates_tect2_en.svg


 ƗƘƝ 

 
ĀÝ¬ÚÿÜæøîÂāæÂØöćâöÃÚóÕĂìÎ¬ ăÕ­ĀÂ¬ 
¶ ĀÝ¬ÚĀîàäõÂòÚ: ÅäîÛÅæùâØèöÜĀîàäõÂó ÿÜĆÚĀÝ¬ÚØèöÜ  
¶ ĀÝ¬ÚĀîÚÖóä°ÅÖõÂ: ÅäîÛÅæùâØèöÜĀîÚÖóä°ÅÖõÂ ÿÜĆÚĀÝ¬ÚØèöÜ  
¶ ĀÝ¬ÚîîëÿÖäÿæöãÚ: ÅäîÛÅæùâîîëÿÖäÿæöã (ÿÅãÿËøćîâÂòÛĀÝ¬ÚîõÚÿÕöãÚÿâøćîÜäñâóÔ ƛƖ-ƛƛ æ­óÚÜö
Â¬îÚ) ÿÜĆÚĀÝ¬ÚØèöÜ  

¶ ĀÝ¬ÚãúÿäÿÌöãÚ: ÅäîÛÅæùâØèöÜÿîÿËöãĀæñãùāäÜ ÿÜĆÚĀÝ¬ÚØèöÜ  
¶ ĀÝ¬ÚîÿâäõÂóÿìÚøî: ÅäîÛÅæùâØèöÜîÿâäõÂóÿìÚøîĀæñØóÈÖñèòÚîîÂÿÊöãÈÿìÚøîÃîÈăÌÛöÿäöã ÿÜĆÚ
ĀÝ¬ÚØèöÜ  

¶ ĀÝ¬ÚîÿâäõÂóĂÖ­: ÅäîÛÅæùâØèöÜîÿâäõÂóĂÖ­ ÿÜĆÚĀÝ¬ÚØèöÜ  
¶ ĀÝ¬ÚĀÜÌõàõÂ: ÅäîÛÅæùââìóëâùØäĀÜÌõàõÂ ÿÜĆÚĀÝ¬ÚâìóëâùØä  
ÚîÂÉóÂÚöĈ  ãòÈâöĀÝ¬ÚÿÜæøîÂāæÂØöćâöÃÚóÕÿæĆÂÂè¬óăÕ­ĀÂ¬  ĀÝ¬ÚîõÚÿÕöãÚ  ĀÝ¬ÚîóäñÿÛöãÚ ĀÝ¬ÚĀÅ

äõÿÛöãÚ  ĀÝ¬ÚïèÚÿÕàúÂó  ĀÝ¬ÚÚóÌÅó  ĀÝ¬ÚàõæõÜÜõÚë°ĀæñĀÝ¬ÚëāÂÿØöã 
ÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂ  âöëóÿìÖùâóÉóÂÂóääèâÖòèĀæñĀÖÂîîÂÃîÈØèöÜÿâøćîÝ¬óÚ

Ë¬èÈÿèæóìÚ÷ćÈ ą äèâ×÷ÈÂóääèâÖòèÃîÈâìóØèöÜĂÚÛóÈÅäòĈÈ Ì÷ćÈăÕ­äèâØùÂØèöÜÿÃ­óÕ­èãÂòÚ âìóØèöÜāäÕõ
ÿÚöã (Rodinia) ÚòĈÚÅóÕè¬óÂ¬îÖòèÃ÷ĈÚÿâøćîìÚ÷ćÈßòÚæ­óÚÜöØöćÝ¬óÚâó ĀæñăÕ­ÅäîÛÅæùâÝøÚÕõÚë¬èÚĂìÎ¬ÛÚ
āæÂ ÉóÂÚòĈÚÉ÷ÈÿÂõÕÂóäĀÖÂÖòèăÜÿÜĆÚĀÜÕØèöÜÿâøćî ƜƖƖ æ­óÚÜöØöćĀæ­è ØèöÜØòĈÈ ƞ ÚöĈ Ö¬îâóÿÃ­óâóä¬èâÖòèÂòÚ
ÿÜĆÚâìóØèöÜîöÂÅäòĈÈ āÕãâöËøćîè¬óĀßÚÿÉöã (Pangaea) ĀæñĂÚØöćëùÕ ĀßÚÿÉöãÂĆĀÖÂîîÂăÜÿÜĆÚØèöÜæîÿä
ÿÌöã (Laurasia) Ì÷ćÈÂæóãâóÿÜĆÚØèöÜîÿâäõÂóÿìÚøîĀæñãúÿäÿÌöã ĀæñØèöÜÂîÚÕ°èóÚó (Gondwana) Ì÷ćÈ
ÂæóãâóÿÜĆÚØèöÜîøćÚ ą ÚîÂÿìÚøîÉóÂØöćăÕ­Âæ¬óèÃ­óÈÖ­Ú  

 
ÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂ 
 

 

http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B9%81%E0%B8%AD%E0%B8%9F%E0%B8%A3%E0%B8%B4%E0%B8%81%E0%B8%B1%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%A7%E0%B8%B5%E0%B8%9B%E0%B9%81%E0%B8%AD%E0%B8%9F%E0%B8%A3%E0%B8%B4%E0%B8%81%E0%B8%B2
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B9%81%E0%B8%AD%E0%B8%99%E0%B8%95%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%84%E0%B8%95%E0%B8%B4%E0%B8%81&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%97%E0%B8%A7%E0%B8%B5%E0%B8%9B%E0%B9%81%E0%B8%AD%E0%B8%99%E0%B8%95%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%84%E0%B8%95%E0%B8%B4%E0%B8%81&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%AD%E0%B8%AD%E0%B8%AA%E0%B9%80%E0%B8%95%E0%B8%A3%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%AA%E0%B9%80%E0%B8%95%E0%B8%A3%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B9%80%E0%B8%94%E0%B8%B5%E0%B8%A2%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%A2%E0%B8%B9%E0%B9%80%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%A7%E0%B8%B5%E0%B8%9B%E0%B9%80%E0%B8%AD%E0%B9%80%E0%B8%8A%E0%B8%B5%E0%B8%A2
http://th.wikipedia.org/wiki/%E0%B8%A2%E0%B8%B8%E0%B9%82%E0%B8%A3%E0%B8%9B
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%A3%E0%B8%B4%E0%B8%81%E0%B8%B2%E0%B9%80%E0%B8%AB%E0%B8%99%E0%B8%B7%E0%B8%AD&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%A7%E0%B8%B5%E0%B8%9B%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%A3%E0%B8%B4%E0%B8%81%E0%B8%B2%E0%B9%80%E0%B8%AB%E0%B8%99%E0%B8%B7%E0%B8%AD
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%8B%E0%B8%9A%E0%B8%B5%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%A3%E0%B8%B4%E0%B8%81%E0%B8%B2%E0%B9%83%E0%B8%95%E0%B9%89&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%A7%E0%B8%B5%E0%B8%9B%E0%B8%AD%E0%B9%80%E0%B8%A1%E0%B8%A3%E0%B8%B4%E0%B8%81%E0%B8%B2%E0%B9%83%E0%B8%95%E0%B9%89
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B9%81%E0%B8%9B%E0%B8%8B%E0%B8%B4%E0%B8%9F%E0%B8%B4%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%AB%E0%B8%B2%E0%B8%AA%E0%B8%A1%E0%B8%B8%E0%B8%97%E0%B8%A3%E0%B9%81%E0%B8%9B%E0%B8%8B%E0%B8%B4%E0%B8%9F%E0%B8%B4%E0%B8%81
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%AD%E0%B8%B2%E0%B8%A3%E0%B8%B0%E0%B9%80%E0%B8%9A%E0%B8%B5%E0%B8%A2%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B9%81%E0%B8%84%E0%B8%A3%E0%B8%B4%E0%B9%80%E0%B8%9A%E0%B8%B5%E0%B8%A2%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B9%81%E0%B8%84%E0%B8%A3%E0%B8%B4%E0%B9%80%E0%B8%9A%E0%B8%B5%E0%B8%A2%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%AE%E0%B8%A7%E0%B8%99%E0%B9%80%E0%B8%94%E0%B8%9F%E0%B8%B9%E0%B8%81%E0%B8%B2&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%99%E0%B8%B2%E0%B8%8B%E0%B8%84%E0%B8%B2&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%9F%E0%B8%B4%E0%B8%A5%E0%B8%B4%E0%B8%9B%E0%B8%9B%E0%B8%B4%E0%B8%99%E0%B8%AA%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%AA%E0%B9%82%E0%B8%81%E0%B9%80%E0%B8%97%E0%B8%B5%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%AB%E0%B8%B2%E0%B8%97%E0%B8%A7%E0%B8%B5%E0%B8%9B
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%A3%E0%B8%94%E0%B8%B4%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%A3%E0%B8%94%E0%B8%B4%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%9E%E0%B8%99%E0%B9%80%E0%B8%88%E0%B8%B5%E0%B8%A2
http://th.wikipedia.org/w/index.php?title=%E0%B8%A5%E0%B8%AD%E0%B9%80%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%A5%E0%B8%AD%E0%B9%80%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%AD%E0%B8%99%E0%B8%94%E0%B9%8C%E0%B8%A7%E0%B8%B2%E0%B8%99%E0%B8%B2&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%9F%E0%B8%A5%E0%B9%8C:Tectonic_plate_boundaries.png


 ƗƘƞ 

áóß  :  ÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂ 

ÿäøćîÈØöć Ƙ  ÛääãóÂóé 
ÛääãóÂóé Åøî îóÂóéØöćì¬âìù­âāæÂÿäóîãú¬āÕãäîÛ  āÕãâöÃîÛÿÃÖÚòÛÉóÂäñÕòÛÚČĈóØñÿæÃ÷ĈÚăÜ

ÜäñâóÔ Ɨ,ƖƖƖ ÂõāæÿâÖä ÛäõÿèÔĂÂæ­ßøĈÚÕõÚîóÂóéÉñâöÅèóâìÚóĀÚ¬ÚâóÂĀæñÉñæÕæÈÿâøćîîãú¬ëúÈÃ÷ĈÚăÜ
ÉóÂäñÕòÛßøĈÚÕõÚÛäõÿèÔĂÂæ­ßøĈÚÕõÚ āæÂâöîùÔìáúâõ Ɨƛ îÈéóÿÌæÿÌöãë āÕãÿÊæöćã 

 

 
 

áóß  :  ëáóßÛääãóÂóéÃîÈāæÂ 
 
ËòĈÚÛääãóÂóé 

ëáóßîóÂóéÃîÈāæÂ Åøî Âóä×úÂì¬îìù­âÕ­èãËòĈÚÛääãóÂóé Ì÷ćÈâöØòĈÈìâÕ ƛ ËòĈÚ ăÕ­ĀÂ¬ 
1. āØäāßëÿàöãä° ÿäõćâÖòĈÈĀÖ¬ Ɩ-ƗƖ ÂõāæÿâÖä  ÉóÂÝõèāæÂ ÛääãóÂóéâöăîÚČĈó ÿâÇ ìâîÂ Ì÷ćÈâöÅèóâ
ìÚóĀÚ¬ÚâóÂ ĀæñâöÂóäĀÜäÜäèÚÃîÈîóÂóéîãú¬ÖæîÕÿèæó  

2. ëÖäóāÖëÿàöãä° ÿäõćâÖòĈÈĀÖ¬ ƗƖ-ƙƛ ÂõāæÿâÖä ÉóÂÝõèāæÂ ÛääãóÂóéËòĈÚÚöĈĀ×ÛÉñăâ¬ÿÜæöćãÚĀÜæÈ
ÉóÂāØäāßëÿàöãä° ĀÖ¬âöÝÈÞù¬ÚÿßõćââóÿæĆÂÚ­îã  

3. ÿâāëëÿàöãä° ÿäõćâÖòĈÈĀÖ¬ ƙƛ-ƞƖ ÂõāæÿâÖä ÉóÂÝõèāæÂ ÛääãóÂóéâöÂ®óÌāîāÌÚîãú¬âóÂÌ÷ćÈÉñË¬èã
ëÂòÕĀëÈîòæÖä­ó ăèāîÿäÖ (UV) ÉóÂÕèÈîóØõÖã°ăâ¬Ăì­âó×÷ÈßøĈÚāæÂâóÂÿÂõÚăÜ  

4. ăîāîāÚëÿàöãä° ÿäõćâÖòĈÈĀÖ¬ ƞƖ-ƜƖƖ ÂõāæÿâÖä ÉóÂÝõèāæÂ ÛääãóÂóéâöîîÂÌõÿÉÚÉóÈâóÂăâ¬
ÿìâóñÂòÛâÚùêã°  



 ƗƘƟ 

5. ÿîÂāÌëÿàöãä° ÿäõćâÖòĈÈĀÖ¬ ƜƖƖ ÂõāæÿâÖäÃ÷ĈÚăÜ ÉóÂÝõèāæÂ ÛääãóÂóéâöîîÂÌõÿÉÚÉóÈâóÂ ą Āæñ
âöÂ®óÌïöÿæöãâ  ĀæñăïāÕäÿÉÚîãú¬ÿÜĆÚë¬èÚâóÂ āÕãÿÜĆÚØöćËòĈÚÖõÕÖ¬îÂòÛîèÂóé  

ÅèóâëČóÅòÎÃîÈÛääãóÂóé 
ÛääãóÂóéâöÅèóâëČóÅòÎÖ¬îëõćÈâöËöèõÖ ÕòÈÚöĈ 
Ɨ. Ë¬èãÜäòÛîùÔìáúâõÛÚÝõèāæÂăâ¬Ăì­ëúÈìäøîÖČćóÿÂõÚăÜ 
Ƙ. Ë¬èãÜ­îÈÂòÚîòÚÖäóãÉóÂäòÈëöĀæñîÚùáóÅÖ¬óÈąØöćâóÉóÂáóãÚîÂāæÂ ÿË¬Ú Ë¬èãÕúÕÂæøÚäòÈëö

îòæÖäóăèāîÿæÖăâ¬Ăì­ë¬îÈÝ¬óãâóãòÈÝõèāæÂâóÂÿÂõÚăÜ Ë¬èãØČóĂì­èòÖ×ùÉóÂáóãÚîÂāæÂØöć×úÂĀäÈÕ÷ÈÕúÕ
ÃîÈāæÂÕ÷ÈÿÃ­óâóÿÂõÕÂóäæùÂăìâ­ìäøîâöÃÚóÕÿæĆÂæÈÂ¬îÚÖÂ×÷ÈßøĈÚāæÂ  

 

 
 

áóß  :  ËòĈÚÃîÈÛääãóÂóé 
 

îÈÅ°ÜäñÂîÛÃîÈÛääãóÂóé 
ÛääãóÂóéìäøîîóÂóé ÉòÕÿÜĆÚÃîÈÝëâÜäñÂîÛÕ­èãĀÂ®ëÖ¬óÈ ą ÿË¬Ú ĀÂ®ëăÚāÖÚÿÉÚ (NƘ) ĀÂ®ë

îîÂÌõÿÉÚ (OƘ) ĀÂ®ëÅóä°ÛîÚăÕîîÂăÌÕ° (COƘ) ĀÂ®ëîóä°ÂîÚ (Ar) Þù¬ÚæñîîÈ ĀæñĀÂ®ëîøćÚ ą ÿÜĆÚÖ­Ú  
 



 ƗƙƖ 

   
áóß  : îÈÅ°ÜäñÂîÛÃîÈÛääãóÂóé 

Â®óÌØöćÿÂöćãèÂòÛËòĈÚÛääãóÂóéØöćëČóÅòÎâöîãú¬ 2 Â®óÌÅøî 
āîāÌÚ (Ozone) ÿÜĆÚÂ®óÌØöćëČóÅòÎâóÂÖ¬îâÚùêã° ÿßäóñË¬èãÕúÕÂæøÚäòÈëöîùæÖäóăèāîÿæÖØöćâóÉóÂ

ÕèÈîóØõÖã° ăâ¬Ăì­ÖÂëú¬ßøĈÚāæÂâóÂÿÂõÚăÜ ×­óăâ¬âöāîāÌÚÂĆÉñØČóĂì­äòÈëöîùæÖäóăèāîÿæÖÿÃ­óâóëú¬ßøĈÚāæÂ
âóÂÿÂõÚăÜ ØČóĂì­ÝõèìÚòÈăìâ­ÿÂäöãâ ĀÖ¬×­óāîāÌÚâöâóÂÿÂõÚăÜÂĆÉñØČóĂì­äòÈëöîùæÖäóăèāîÿæÖâóëú¬ßøĈÚ
āæÂÚ­îãÿÂõÚăÜØČóĂì­âÚùêã°ÃóÕèõÖóâõÚ D ăÕ­  

ÌöÿîàÌö (CFC=Chlorofluorocarbon) ÿÜĆÚÂ®óÌØöćÜäñÂîÛÕ­èã Åóä°ÛîÚ àæúîîäöÚ ÅæîäöÚ Ì÷ćÈăÕ­
ÚČóâóĂË­ĂÚîùÖëóìÂääâÛóÈËÚõÕ ÿË¬Ú ßæóëÖõÂ āàâ ðæð āÕãÂ®óÌ CFC ÚČĈóìÚòÂÿÛóâóÂ ÕòÈÚòĈÚ ÿâøćî
Üæ¬îãëú¬ÛääãóÂóéâóÂÃ÷ĈÚÉÚ×÷ÈËòĈÚëÖäóāÖëÿàöãä° CFC ÉñÂäñØÛÂòÛäòÈëöîùæÖäóăèāîÿæÖĀæ­èĀÖÂÖòè
îîÂØòÚØöÿÂõÕîñÖîâÃîÈÅæîäöÚîõëäñØöćÉñÿÃ­óØČóÜÐõÂõäõãóÂòÛāîāÌÚ ăÕ­ëóäÜäñÂîÛâîÚîÂăÌÕ°ÃîÈ
ÅæîäöÚ ĀæñÂ®óÌîîÂÌõÿÉÚ ÉóÂÚòĈÚ ëóäÜäñÂîÛâîÚîÂăÌÕ°ÉñäèâÖòèÂòÛîñÖîâîîÂÌõÿÉÚîõëäñ 
ÿßøćîØöćÉñëä­óÈîîÂÌõÿÉÚĀæñîñÖîâÃîÈÅæîäöÚ ÜÐõÂõäõãóÚöĈÉñÿÜĆÚæúÂāÌ¬Ö¬îÿÚøćîÈăâ¬ëõĈÚëùÕ āÕãÅæîäöÚ
îõëäñ 1 îñÖîâ ÉñØČóæóãāîāÌÚăÜÉóÂËòĈÚÛääãóÂóéăÕ­×÷È 100,000āâÿæÂùæ 

 
îùÔìáúâõ 

îùÔìáúâõ Åøî ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈäñÛÛ āÕãÉñĂË­ÿßøćîĀëÕÈ×÷ÈäñÕòÛßæòÈÈóÚÅèóâä­îÚ 
ÿÜĆÚÂóäĀØÚÅèóâäú­ë÷ÂØòćèăÜÃîÈÅČóè¬ó "ä­îÚ" Āæñ "ÿãĆÚ" āÕãëõćÈØöćâöîùÔìáúâõëúÈÂè¬óÉñ×úÂÂæ¬óèè¬ó ä­îÚ
Âè¬ó ìÚ¬èã SI ÃîÈîùÔìáúâõ Åøî ÿÅæèõÚ 
âóÖäóèòÕ 

âóÖäÑóÚèòÕìæòÂ ăÕ­ĀÂ¬ 

áóêóăØã áóêóîòÈÂåê ÉùÕÿãøîÂĀÃĆÈÃîÈÚČĈó ÉùÕÿÕøîÕÃîÈÚČĈó 

îÈéóÿÌæÿÌöãë Celsius (ᴈ) 0 100 

http://th.wikipedia.org/wiki/%E0%B8%9F%E0%B8%B4%E0%B8%AA%E0%B8%B4%E0%B8%81%E0%B8%AA%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA


 ƗƙƗ 

îÈéóàóÿäÚăïÖ° Fahrenheit (ᴌ) 32 212 

ÿÅæèõÚ Kelvin (K) 273 373 

îÈéóāäÿâîä° Réaumur (°R) 0 80 

 
āÕãâöëúÖäÂóäĀÜæÈìÚ¬èã  ÕòÈÚöĈ 

 
 

 
ÂäñĀëÚČĈóÂòÛîùÔìáúâõÃîÈāæÂ 

ÂäñĀëÚČĈóĂÚâìóëâùØä Åøî ÂóäÿÅæøćîÚØöćÃîÈÚČĈóĂÚâìóëâùØäĂÚæòÂêÔñØöćÿÜĆÚÂäñĀëÙóä Øöć
ÿÅæøćîÚØöćîã¬óÈëâČćóÿëâî ĀæñăìæÖ¬îÿÚøćîÈăÜĂÚØõéØóÈÿÕöãèÂòÚ âö 2 ËÚõÕ Åøî ÂäñĀëÚČĈóîù¬Ú Āæñ
ÂäñĀëÚČĈóÿãĆÚ 

ÂäñĀëÚČĈóîù¬Ú ÿÜĆÚÂäñĀëÚČĈóØöćâóÉóÂÿÃÖæñÖõÉúÕÖČćó (ÛäõÿèÔØöćîãú¬ĂÂæ­ÿë­ÚéúÚã°ëúÖä ÖòĈÈĀÖ¬ ÿë­Ú
ØäîÜõÂîîàĀÅÚÿÌîä°×÷ÈØäîÜõÂîîàĀÅÛäõÅîä°Ú) ÿÅæøćîÚØöćăÜØóÈÃòĈèāæÂ âöîùÔìáúâõëúÈÂè¬óÚČĈóØöćîãú¬
āÕãäîÛăìæÝ¬óÚÛäõÿèÔĂÕÂĆÉñØČóĂì­îóÂóéÛäõÿèÔÚòĈÚ âöÅèóâîÛîù¬ÚËù¬âËøĈÚÃ÷ĈÚ 

 

 
 

áóß  :  ØõéØóÈÂóäăìæÃîÈÂäñĀëÚČĈóîù¬Ú - ÚČĈóÿãĆÚìäøîÿØîä°āâïóăæÚ°ØöćăìæäîÛāæÂ 
 

http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B8%9F%E0%B8%B2%E0%B9%80%E0%B8%A3%E0%B8%99%E0%B9%84%E0%B8%AE%E0%B8%95%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%A7%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B9%82%E0%B8%A3%E0%B9%80%E0%B8%A1%E0%B8%AD%E0%B8%A3%E0%B9%8C


 ƗƙƘ 

ÂäñĀëÚČĈóÿãĆÚ ăìæÝ¬óÚÛäõÿèÔĂÕÂĆÉñØČóĂì­îóÂóéĀ×ÛÚòĈÚâöÅèóâìÚóèÿãĆÚ Āì­ÈĀæ­È ÿÜĆÚ
ÂäñĀëÚČĈóØöćăìæâóÉóÂÿÃÖæñÖõÉúÕëúÈ (ÛäõÿèÔÖòĈÈĀÖ¬ ÿë­Úîóä°ÂÖõÂÿÌîä°ÿÅõæ×÷ÈÃòĈèāæÂÿìÚøî ĀæñÛäõÿèÔ
ÿë­ÚĀîÚÖóä°ÂÖõÂÿÌîä°ÿÅõæ×÷ÈÃòĈèāæÂĂÖ­) ÿÃ­óâóãòÈÿÃÖîÛîù¬Ú ĀæñÿÃÖä­îÚÉ÷ÈØČóĂì­ÂäñĀëÚČĈóÿãĆÚæÈìäøî
îùÔìáúâõÖČćóÂè¬óÚČĈóØöćîãú¬āÕãäîÛ 

ÂäñĀëÚČĈóîù¬ÚĀæñÂäñĀëÚČĈóÿãĆÚ  ÉñÚČóßóîóÂóéä­îÚĀæñîóÂóéìÚóèâó ØČóĂì­ÿÂõÕåÕúÂóæØöć
ÿÜæöćãÚăÜÖóâÙääâËóÖõ  ×­óăâ¬âöÂäñĀëÚČĈóîóÂóéÂĆÉñèõÜäõÖÝõÕÿßöĈãÚăÜ  ä­îÚĀæñìÚóèâóÂÝõÕåÕú 
ë¬ÈÝæĂì­ßøËăâ¬îîÂÝæ ÿÂõÕßóãùÞÚØöćäùÚĀäÈ ĀæñĀÜäÜäèÚ 

ÚîÂÉóÂÚöĈ  ãòÈâöÝæÖ¬îÅèóâËøĈÚĂÚîóÂóé Åøî æâØöćßòÕÝ¬óÚÂäñĀëÚČĈóîù¬Úâóëú¬ØèöÜØöćÿãĆÚ ÉñØČóĂì­
ÅèóâËøĈÚÛäõÿèÔÚòĈÚâöâóÂÃ÷ĈÚ ĀæñâöÞÚÖÂ ĂÚÃÔñØöćæâØöćßòÕÝ¬óÚÂäñĀëÚČĈóÿãĆÚăÜãòÈØèöÜØöćîù¬ÚÉñØČóĂì­
îóÂóéĀì­ÈĀæ­È ËóãÞòćÈÛóÈØöćÉ÷ÈâöîóÂóéĀì­ÈĀæ­È ÛóÈØöćÂĆÿÜĆÚØñÿæØäóã ĀÖ¬×­óÂäñĀëÚČĈóîù¬ÚÂòÛ
ÂäñĀëÚČĈóÿãĆÚăìæâóÛääÉÛÂòÚÉñØČóĂì­ÿÂõÕìâîÂ 

ìóÂÃóÕÂäñĀëÚČĈóØòĈÈëîÈËÚõÕÚöĈ ÂĆÉñăâ¬âöÂóäÿÜæöćãÚĀÜæÈÃîÈîóÂóé ĀÖ¬ĂÚÛóÈßøĈÚØöć
ÂäñĀëÚČĈóÂĆăâ¬âöÝæÖ¬îîùÔìáúâõÿßäóñăâ¬âöØòĈÈÂäñĀëÚČĈóîù¬Ú ĀæñÂäñĀëÚČĈóÿãĆÚăìæÝ¬óÚ ÿË¬Ú ÜäñÿØéăØã 

ÿâøćîÚČĈóĀÃĆÈØöćÃòĈèāæÂæñæóã ÚČĈóØñÿæÂĆÉñÿÉøîÉóÈæÈ ØČóĂì­ÂäñĀëÚČĈóîù¬Ú ĀæñÂäñĀëÚČĈóÿãĆÚìãùÕ
ăìæ ÿâøćîìãùÕăìæĀæ­èÂĆÉñăâ¬âöäñÛÛìæ¬îîùÔìáúâõÃîÈāæÂ āæÂÃîÈÿäóÂĆÉñÿÃ­óëú¬ãùÅÚČĈóĀÃĆÈîöÂÅäòĈÈìÚ÷ćÈ 
ìäøîăâ¬ÂĆÿÂõÕáóèñÚČĈóØ¬èâāæÂ  

 
ëâÛòÖõÃîÈîóÂóé 
Ɨ. ÅèóâìÚóĀÚ¬ÚÃîÈîóÂóé 
    ÅèóâìÚóĀÚ¬ÚÃîÈîóÂóé Åøî îòÖäóë¬èÚäñìè¬óÈâèæÂòÛÜäõâóÖäÃîÈîóÂóé 
     Ɨ.Ɨ ØöćäñÕòÛÅèóâëúÈÉóÂäñÕòÛÚČĈóØñÿæÖ¬óÈÂòÚ îóÂóéÉñâöÅèóâìÚóĀÚ¬ÚÖ¬óÈÂòÚ 
     Ɨ.Ƙ ÿâøćîäñÕòÛÅèóâëúÈÉóÂäñÕòÛÚČĈóØñÿæÿßõćâÃ÷ĈÚ ÅèóâìÚóĀÚ¬ÚÃîÈîóÂóéÉñæÕæÈ 
    Ɨ.ƙ ÅèóâìÚóĀÚ¬ÚÃîÈîóÂóéÉñÿÜæöćãÚĀÜæÈÖóââèæÃîÈîóÂóé îóÂóéØöćâèæÚ­îãÉñâöÅèóâ
ìÚóĀÚ¬ÚÚ­îã 

1.4 îóÂóéØöćÝõèāæÂâöÅèóâìÚóĀÚ¬ÚâóÂÂè¬óîóÂóéØöćîãú¬äñÕòÛÅèóâëúÈÉóÂÝõèāæÂÃ÷ĈÚăÜ ÿÚøćîÈÉóÂâö
ËòĈÚîóÂóéÂÕØòÛÝõèāæÂìÚóÂè¬óËòĈÚîøćÚą ĀæñĀäÈÕ÷ÈÕúÕÃîÈāæÂØöćâöÖ¬îâèæëóäĂÂæ­ÝõèāæÂ 

Ƙ. ÅèóâÕòÚÃîÈîóÂóé 
ÅèóâÕòÚÃîÈîóÂóéìäøîÅèóâÕòÚÛääãóÂóé Åøî Å¬óĀäÈÕòÚîóÂóéØöćÂäñØČóÖ¬îìÚ÷ćÈìÚ¬èãßøĈÚØöć

ØöćäîÈäòÛĀäÈÕòÚÚòĈÚ 
- ÿÅäøćîÈâøîèòÕÅèóâÕòÚîóÂóé ÿäöãÂè¬ó ÛóäîâõÿÖîä° 
- ÿÅäøćîÈâøîèòÕÅèóâëúÈ ÿäöãÂè¬ó ĀîæÖõâõÿÖîä° 



 Ɨƙƙ 

ÅèóâëòâßòÚÙ°äñìè¬óÈÅèóâÕòÚîóÂóéÂòÛäñÕòÛÅèóâëúÈÉóÂäñÕòÛÚČĈóØñÿæ ëäùÜăÕ­ÕòÈÚöĈ 
Ɨ. ØöćäñÕòÛÚČĈóØñÿæ ÅèóâÕòÚîóÂóéÜÂÖõâöÅ¬óÿØ¬óÂòÛÅèóâÕòÚîóÂóéØöćëóâóä×ÕòÚÜäîØĂì­ëúÈ              

ƝƜ cm ìäøî ƝƜƖ mm ìäøî ƙƖ ÚõĈè 
Ƙ. ÿâøćîäñÕòÛÅèóâëúÈÿßõćâÃ÷ĈÚ ÅèóâÂÕÃîÈîóÂóéÉñæÕæÈØùÂą äñãñÅèóâëúÈ ƗƗ ÿâÖääñÕòÛ

ÜäîØÉñæÕæÈ Ɨ âõææõÿâÖä 
ƙ. îùÔìáúâõÃîÈîóÂóé ÂóäÿÜæöćãÚĀÜæÈÃîÈîùÔìáúâõÖóâÅèóâëúÈĂÚÛääãóÂóéËòĈÚÚöĈßÛè¬ó āÕãÿÊæöćã
îùÔìáúâõÉñæÕæÈÜäñâóÔ Ɯ.ƛ ďC 
4. ÅèóâËøĈÚÃîÈîóÂóé 

ÅèóâËøĈÚÃîÈîóÂóé Åøî ÜäõâóÔăîÚČĈóØöćÜñÜÚîãú¬ĂÚîóÂóé îóÂóéØöćâöăîÚČĈóîãú¬ĂÚÜäõâóÔÿÖĆâØöć 
ĀæñÉñäòÛăîÚČĈóîöÂăâ¬ăÕ­îöÂĀæ­è ÿäöãÂè¬ó îóÂóéîõćâÖòè 

       ÂóäÛîÂÅ¬óÅèóâËøĈÚÃîÈîóÂóé ëóâóä×ÛîÂăÕ­ Ƙ èõÙö Åøî 
1.ÅèóâËøĈÚëòâÛúäÔ° Åøî îòÖäóë¬èÚäñìè¬óÈâèæÃîÈăîÚČĈóĂÚîóÂóéÂòÛÜäõâóÖäÃîÈîóÂóé

ÃÔñÚòĈÚ 
2. ÅèóâËøĈÚëòâßòÚÙ° Åøî ÜäõâóÔÿÜäöãÛÿØöãÛäñìè¬óÈâèæÃîÈăîÚČĈóØöćâöîãú¬ÉäõÈĂÚîóÂóéÃÔñÚòĈÚ

ÂòÛâèæÃîÈăîÚČĈóîõćâÖòè ØöćîùÔìáúâõĀæñÜäõâóÖäÿÕöãèÂòÚ âöìÚ¬èãÿÜĆÚ ÿÜîä°ÿÌĆÚÖ° 
       ÿÅäøćîÈâøîèòÕÅèóâËøĈÚëòâßòØÙ° ÿäöãÂè¬ó ăïÂäîâõÿÖîä° ØöćÚõãâĂË­âö Ƙ ËÚõÕ Åøî 

1. ăïÂäîâõÿÖîä°ĀÛÛÂäñÂäñÿÜöãÂÂäñÿÜóñĀì­È 
2.  ăïÂäîâõÿÖîä°ĀÛÛÿë­ÚÝâ 

ÿâÇ 
1.1 ÿâÇĀæñÂóäÿÂõÕÿâÇ 

ÿâÇ Åøî ÚČĈóĂÚîóÂóéÿÛøĈîÈëúÈØöćîãú¬ĂÚë×óÚñÿÜĆÚìãÕÚČĈóĀæñÝæ÷ÂÚČĈóĀÃĆÈ ĀæñîóÉâöîÚùáóÅÃîÈ
ÃîÈĀÃĆÈØöćîãú¬ĂÚäúÜÃîÈÅèòÚĀæñÞù¬ÚØöćĀÃèÚæîãîãú¬ĂÚîóÂóéäèâîãú¬Õ­èã 
Ɨ.Ƙ ËÚõÕÃîÈÿâÇ 
ÂóäëòÈÿÂÖËÚõÕÃîÈÿâÇ 
Âæù¬âÅČóØöćĂË­ÛääãóãæòÂêÔñÃîÈÿâÇËÚõÕÖ¬óÈ ą âöîãú¬ ƛ Âæù¬âÅČó Åøî 

ÿÌîä°āä(CIRRO) ÿâÇäñÕòÛëúÈ 
îòæāÖ (ALTO) ÿâÇäñÕòÛÂæóÈ 
Åõèâúæòë (CUMULUS) ÿâÇÿÜĆÚÂ­îÚÂäñÉùÂ 
ëÿÖäÖòë (STRATUS) ÿâÇÿÜĆÚËòĈÚą 
ÚõâÛòë (NUMBUS) ÿâÇØöćÂ¬îĂì­ÿÂõÕÞÚ 
 



 Ɨƙƚ 

ÚòÂîùÖùÚõãâèõØãóĀÛ¬ÈÿâÇîîÂÿÜĆÚ ƚ ÜäñÿáØ Åøî 
1.  ÿâÇäñÕòÛëúÈ ÿÜĆÚÿâÇØöćßÛĂÚäñÕòÛÅèóâëúÈ ƜƛƖƖ ÿâÖäÃ÷ĈÚăÜ  

ÜäñÂîÛÕ­èãÝæ÷ÂÚČĈóĀÃĆÈÿÜĆÚë¬èÚĂìÎ¬ âö ƙ ËÚõÕ Åøî 
- ÿÌîä°āäÅõèâúæòë 
- ÿÌîä°äòë 
- ÿÌîä°āäëÿÖäÖòë 

 
áóß  : ÿâÇËÚõÕÖ¬óÈ ą 

2.   ÿâÇäñÕòÛÂæóÈ 
- îòæāÖëÿÖäÖòë 
- îòæāÖÅõèâúæòë 

3.   ÿâÇäñÕòÛÖČćó 
- ëÿÖäÖòë 
- ëÿÖäāÖÅõèâúæòë 
- ÚõâāÛëÿÖäÖòë 

4.   ÿâÇÌ÷ćÈÂ¬îÖòèĂÚØóÈĀÚèÖòĈÈ 
- Åõèâúæòë 
- ÅõèâúāæÚõâÛòë 



 Ɨƙƛ 

ìãóÕÚČĈóà­ó 
ìãóÕÚČĈóà­ó ìâóã×÷È ÚČĈóØöćîãú¬ĂÚë×óÚñÃîÈĀÃĆÈìäøîÃîÈÿìæèØöćÖÂæÈâóÉóÂÛääãóÂóéëú¬ßøĈÚ

āæÂ 
ìâîÂ(Fog) Åøî ÿâÇØöćÿÂõÕĂÚäñÕòÛĂÂæ­ßøĈÚāæÂ ÉñÿÂõÕÖîÚÂæóÈÅøÚìäøîÿË­óâøÕ 
ÚČĈóÅ­óÈ(Dew) Åøî ăîÚČĈóØöćÂæòćÚÖòèÿÜĆÚìãÕÚČĈóÿÂóñÖõÕîãú¬ÖóâÝõè Ì÷ćÈÿãĆÚæÈÉÚîùÔìáúâõÖČćóÂè¬óÉùÕ

ÚČĈóÅ­óÈÃîÈÃÔñÚòĈÚ 
ÉùÕÚČĈóÅ­óÈ Åøî ÃöÕîùÔìáúâõØöćăîÚČĈóĂÚîóÂóéÿäõćâÅèÛĀÚ¬ÚîîÂâóÿÜĆÚæñîîÈÚČĈó 
ÚČĈóÅ­óÈĀÃĆÈ(Frost) Åøî ăîÚČĈóĂÚîóÂóéØöćâöÉùÕÚČĈóÅ­óÈÖČćóÂè¬óÉùÕÿãøîÂĀÃĆÈ Āæ­èÿÂõÕÂóäÂæòćÚÖòèÿÜĆÚ

ÿÂæĆÕÚČĈóĀÃĆÈ āÕãÿÂõÕÿÊßóñĂÚÿèæóÂæóÈÅøÚ ìäøîÖîÚÿË­óâøÕ 
ìõâñ(Snow) Åøî ăîÚČĈóØöćÂæòćÚÖòèÿÜĆÚÿÂæĆÕÚČĈóĀÃĆÈ ÿâøćîîóÂóéîõćâÖòè ĀæñîùÔìáúâõÖČćóÂè¬óÉùÕÿãøîÂ

ĀÃĆÈ 
æúÂÿìĆÛ(Hail) Åøî ÿÂæĆÕÚČĈóĀÃĆÈØöć×úÂæâßòÕìèÚÃ÷ĈÚìæóãÅäòĈÈ ĀÖ¬æñÅäòĈÈÝ¬óÚîóÂóéÿãĆÚÉòÕ ăîÚČĈó

ÂæóãÿÜĆÚÚČĈóĀÃĆÈÿÂóñÿßõćââóÂÃ÷ĈÚ ÉÚâöÃÚóÕĂìÎ¬âóÂÿâøćîÖÂ×÷ÈßøĈÚÕõÚ 
ÞÚ(Rain) ÿÂõÕÉóÂæñîîÈÚČĈóĂÚÂ­îâÿâÇÌ÷ćÈÿãĆÚÉòÕæÈ ăîÚČĈóÂæòćÚÖòèÿÜĆÚæñîîÈÚČĈóÿÂóñÂòÚâóÂ 

ĀæñìÚòÂÃ÷ĈÚÉÚæîãîãú¬ăâ¬ăÕ­ ĀæñÖÂæÈâóÕ­èãĀäÈÕ÷ÈÕúÕÃîÈāæÂ 
 

 
 

áóß  : ÂäñÛèÚÂóäÿÂõÕÞÚ 
 

ÜäõâóÔÚČĈóÞÚ ìâóã×÷È äñÕòÛÅèóâæ÷ÂÃîÈÚČĈóÞÚĂÚáóËÚñØöćäîÈäòÛÚČĈóÞÚ ÿÅäøćîÈâøîÜäõâóÔ
ÚČĈóÞÚÿäöãÂè¬ó ÿÅäøćîÈèòÕÚČĈóÞÚ(Rain gauge) 



 ƗƙƜ 

ÿäøćîÈØöć ƙ  ÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ 
æâ (Wind) Åøî âèæÃîÈîóÂóéØöćÿÅæøćîÚØöćăÜÖóâĀÚèäóÛ ÂäñĀëîóÂóéØöćÿÅæøćîÚØöćĂÚ

ĀÚèÚîÚ ë¬èÚÂäñĀëîóÂóéÅøî îóÂóéØöćÿÅæøćîÚØöćĂÚĀÚèÖòĈÈ ÂóäÿäöãÂËøćîæâÚòĈÚÿäöãÂÖóâØõéØóÈØöćæâ
ÚòĈÚą ßòÕâó ÿË¬Ú æâØöćßòÕâóÉóÂØõéÿìÚøîÿäöãÂè¬ó æâÿìÚøî ĀæñæâØöćßòÕâóÉóÂØõéĂÖ­ÿäöãÂè¬ó æâĂÖ­ ÿÜĆÚ
Ö­Ú ĂÚæñÖõÉúÕÖČćóăâ¬ëóâóä×ÉñÅČóÚèÔìóÅèóâÿäĆèæâ ĀÖ¬ĂÚæñÖõÉúÕëúÈëóâóä×ÅČóÚèÔìóÅèóâÿäĆèæâ
ăÕ­ 

ÂóäÿÂõÕæâ 
ëóÿìÖùÿÂõÕæâ Åøî  

Ɨ. ÅèóâĀÖÂÖ¬óÈÃîÈîùÔìáúâõ  
Ƙ. ÅèóâĀÖÂÖ¬óÈÃîÈìã¬îâÅèóâÂÕîóÂóé 

ìã¬îâÅèóâÂÕîóÂóé(Pressure areas) 
- ìã¬îâÅèóâÂÕîóÂóéëúÈ ìâóã×÷È ÛäõÿèÔØöćâöÅèóâÂÕîóÂóéëúÈÂè¬óÛäõÿèÔÃ­óÈÿÅöãÈ                  

ĂË­ÖòèîòÂêä  H 
- ìã¬îâÅèóâÂÕîóÂóéÖČćó ìâóã×÷È ÛäõÿèÔØöćâöÅèóâÂÕîóÂóéÖČćóÂè¬óÛäõÿèÔÃ­óÈÿÅöãÈ            

ĂË­ÖòèîòÂêä  L 
ËÚõÕÃîÈæâ æâĀÛ¬ÈîîÂÿÜĆÚËÚõÕÖ¬óÈ ą Åøî 

- æâÜäñÉČóÜöìäøîæâÜäñÉČóáúâõáóÅ ÿË¬Ú æâëõÚÅ­ó 
- æâÜäñÉČóåÕú ÿË¬Ú æââäëùâåÕúä­îÚ ĀæñæââäëùâåÕúìÚóè 
- æâÜäñÉČóÿèæó ÿË¬Ú æâÛÂ æâØñÿæ 
- æâØöćÿÂõÕÉóÂÂóäĀÜäÜäèÚìäøîæâßóãù ÿË¬Ú ßóãùÞÚà­óÅñÚîÈ ßóãùìâùÚÿÃÖä­îÚ  

 

æâÝõèßøĈÚ 
        æâÝõèßøĈÚ (Surface Winds) Åøî æâØöćßòÕÉóÂÛäõÿèÔÝõèßøĈÚăÜãòÈÅèóâëúÈÜäñâóÔ 1 ÂõāæÿâÖäÿìÚøî
ßøĈÚÕõÚ  ÿÜĆÚÛäõÿèÔØöćâöÂóäÅæùÂÿÅæ­óÃîÈîóÂóé ĀæñâöĀäÈÞøÕîòÚÿÂõÕÉóÂÂóäÜñØñÂòÛëõćÈÂöÕÃèóÈä¬èâ
ÂäñØČóÕ­èã ĂÚäñÕòÛÖČćóĀäÈÅèóâËòÚÅèóâÂÕîóÂóéĂÚĀÚèÚîÚÉñăâ¬ëâÕùæÂòÛĀäÈÅîäõîîæõë  ĀäÈÞøÕ
ØČóĂì­ÅèóâÿäĆèæâæÕæÈ âöÝæĂì­ĀäÈÅîäõîîæõëæÕæÈăÜÕ­èã æâÝõèßøĈÚÉñăâ¬ßòÕÃÚóÚÂòÛăîāÌÛóä° ĀÖ¬
ÉñßòÕÃ­óâăîāÌÛóä°ÉóÂÅèóâÂÕîóÂóéëúÈăÜãòÈÅèóâÂÕîóÂóéÖČćó ĀæñØČóâùâÂòÛăîāÌÛóä° ÂóäØČóâùâ
ÚòĈÚÃ÷ĈÚîãú¬ÂòÛÅèóâìãóÛÃîÈÝõèßøĈÚ ×­óÿÜĆÚØñÿæØöćäóÛÿäöãÛÉñØČóâùâ 10 ×÷È 20 ĀÖ¬ßøĈÚÕõÚØČóâùâ 20 ×÷È 40 
ë¬èÚÛäõÿèÔØöćÿÜĆÚÜ¬óăâ­ìÚóØ÷â îóÉØČóâùâ×÷È 90 âùâØöćØČóÂòÛăîāÌÛóä°îãú¬ĂÚäñÕòÛÅèóâëúÈ 10 ÿâÖä 
ÿìÚøîÝõèßøĈÚ ØöćäñÕòÛÅèóâëúÈâóÂÂè¬ó 10 ÿâÖä Ã÷ĈÚăÜ ĀäÈÞøÕæÕæÈ ĀÖ¬ÅèóâÿäĆèæâÉñÿßõćâÃ÷ĈÚ âùâØöćØČó



 ƗƙƝ 

ÂòÛăîāÌÛóä°ÉñÿæĆÂæÈ ë¬èÚØöćäñÕòÛÅèóâëúÈĂÂæ­ 1 ÂõāæÿâÖä ÿÂøîÛăâ¬âöĀäÈÞøÕ ÕòÈÚòĈÚæâÉ÷ÈßòÕÃÚóÚÂòÛ
ăîāÌÛóä°  

æâÂäÕ (Jet Stream) ÿÜĆÚÂäñĀëæâĀäÈîãú¬ĂÚÿÃÖāØäāßßîë (ĀÚèĀÛ¬ÈÿÃÖäñìè¬óÈËòĈÚāØä
āßëÿàöãä°ÂòÛËòĈÚëÿÖäāÖëÿàöãä°) ÿÜĆÚæâÞ¬óãÖñèòÚÖÂØöćâöÅèóâãóèìæóãßòÚÂõāæÿâÖä âöÅèóâÂè­óÈìæóã
ä­îãÂõāæÿâÖä ĀÖ¬âöÅèóâìÚóÿßöãÈ 2-3 ÂõāæÿâÖä ÿØ¬óÚòĈÚ āÕãØòćèăÜæâÂäÕ ßÛîãú¬ĂÚäñÕòÛÅèóâëúÈ
ÜäñâóÔ 10 Āæñ 15 ÂõāæÿâÖä ĀÖ¬îóÉÉñÿÂõÕÃ÷ĈÚăÕ­ØòĈÈĂÚäñÕòÛØöćëúÈÂè¬ó ĀæñĂÚäñÕòÛØöćÖČćóÂè¬óÚöĈăÕ­ ÖäÈ
ĀÂÚÂæóÈÃîÈæâÿÜĆÚÛäõÿèÔĀÅÛ ĀÖ¬æâÉñßòÕĀäÈØöćëùÕ ×òÕÉóÂĀÂÚÂæóÈîîÂâóÅèóâÿäĆèæâÉñæÕ
Ú­îãæÈ æâÂäÕâöÅèóâÿäĆèæâÜäñâóÔ 150-300 ÂõāæÿâÖäÖ¬îËòćèāâÈ ĀæñØöćäñÕòÛÅèóâëúÈĂÂæ­ 12 
ÂõāæÿâÖä ÉñâöÅèóâÿäĆèæâëúÈ×÷È 400 ÂõāæÿâÖäÖ¬îËòćèāâÈ ĂÚÃÔñØöćæâÞ¬óãÖñèòÚÖÂîøćÚą âöÅèóâÿäĆèæâ
ÿßöãÈ 50-100 ÂõāæÿâÖäÖ¬î ËòćèāâÈ  

æââäëùâ (Monsoon) âóÉóÂÅČóĂÚáóêóîóìäòÛè¬ó Mausim ĀÜæè¬ó åÕú æââäëùâÉ÷Èìâóã×÷È æâ
ØöćßòÕÿÜæöćãÚØõéØóÈÂæòÛÂóäÿÜæöćãÚåÕú Åøî åÕúä­îÚÉñßòÕĂÚØõéØóÈìÚ÷ćÈ ĀæñÉñßòÕÿÜæöćãÚØõéØóÈĂÚØóÈ
ÖäÈÂòÚÃ­óâĂÚåÕúìÚóè ÅäòĈÈĀäÂĂË­ÿäöãÂæâÚöĈĂÚÛäõÿèÔØñÿæîóìäòÛÌ÷ćÈßòÕîãú¬ĂÚØõéØóÈ
ÖñèòÚîîÂÿÊöãÈÿìÚøîÿÜĆÚäñãñÿèæó 6 ÿÕøîÚ ĀæñßòÕîãú¬ĂÚØõéØóÈÖñèòÚÖÂÿÊöãÈĂÖ­ÿÜĆÚäñãñÿèæó 6 ÿÕøîÚ 
ĀÖ¬îãú¬ĂÚë¬èÚîøćÚą ÃîÈāæÂ æââäëùâØöćÿìĆÚËòÕÿÉÚØöćëùÕÅøî æââäëùâØöćÿÂõÕÃ÷ĈÚĂÚÿîÿËöãÖñèòÚîîÂ Āæñ
ÿîÿËöãĂÖ­  

æâØ­îÈ×õćÚ ÿÜĆÚæâØöćÿÂõÕÃ÷ĈÚáóãĂÚØ­îÈ×õćÚ ÿÚøćîÈÉóÂîõØÙõßæÃîÈáúâõÜäñÿØéĀæñÅèóâ
ÿÜæöćãÚĀÜæÈÃîÈÅèóâÂÕîóÂóé æâØ­îÈ×õćÚĀÛ¬ÈĀãÂîîÂÿÜĆÚÜäñÿáØĂìÎ¬ ą ÕòÈÚöĈ  

1. æâÛÂĀæñæâØñÿæ ÿÜĆÚæâØöćÿÂõÕÉóÂÅèóâĀÖÂÖ¬óÈîùÔìáúâõÃîÈîóÂóéìäøîßøĈÚÕõÚĀæñ 
ßøĈÚÚČĈó ÿÜĆÚæâØöćßòÕÜäñÉČóèòÚ  

 
áóß  : ÂóäÿÂõÕæâØñÿæĀæñÂóäÿÂõÕæâÛÂ 

http://www.panyathai.or.th/wiki/index.php/%E0%B8%A1%E0%B8%A3%E0%B8%AA%E0%B8%B8%E0%B8%A1


 Ɨƙƞ 

¶ æâØñÿæ (Sea Breeze) ÿÂõÕĂÚåÕúä­îÚÖóâËóãÞòćÈØñÿæ ĂÚÿèæóÂæóÈèòÚÿâøćîßøĈÚÕõÚăÕ­äòÛÅèóâ
ä­îÚÉóÂÕèÈîóØõÖã°ÉñâöîùÔìáúâõëúÈÂè¬óßøĈÚÚČĈó ĀæñîóÂóéÿìÚøîßøĈÚÕõÚÿâøćîăÕ­äòÛÅèóâä­îÚÉñÃãóãÖòè
æîãÃ÷ĈÚëú¬ÿÛøĈîÈÛÚ îóÂóéÿìÚøîßøĈÚÚČĈóÌ÷ćÈÿãĆÚÂè¬óÉñăìæÿÃ­óăÜĀØÚØöć ÿÂõÕæâÉóÂØñÿæßòÕÿÃ­óìóÞòćÈâö
äñãñØóÈăÂæ×÷È 16-48 ÂõāæÿâÖä ĀæñÅèóâĀäÈÃîÈæâÉñæÕæÈÿâøćîÿÃ­ó×÷ÈÞòćÈ  
¶ æâÛÂ (Land Breeze) ÿÂõÕĂÚÿèæóÂæóÈÅøÚ ÿâøćîßøĈÚÕõÚÅóãÅèóâä­îÚāÕãÂóäĀÝ¬äòÈëöîîÂ Éñ 

ÅóãÅèóâä­îÚîîÂăÕ­ÿäĆèÂè¬óßøĈÚÚČĈó ØČóĂì­âöîùÔìáúâõÖČćóÂè¬óßøĈÚÚČĈó îóÂóéÿìÚøîßøĈÚÚČĈóÌ÷ćÈä­îÚÂè¬óßøĈÚÕõÚ
ÉñæîãÖòèÃ÷ĈÚëú¬ÿÛøĈîÈÛÚ îóÂóéÿìÚøîßøĈÚÕõÚÌ÷ćÈÿãĆÚÂè¬óÉñăìæÿÃ­óăÜĀØÚØöć ÿÂõÕÿÜĆÚæâßòÕÉóÂÞòćÈăÜëú¬
Øñÿæ æâÛÂ Ì÷ćÈæâÛÂÉñâöÅèóâĀäÈÃîÈæâî¬îÚÂè¬óæâØñÿæ É÷Èăâ¬ëóâóä×ßòÕÿÃ­óëú¬ØñÿæăÕ­äñãñ
ØóÈăÂæÿìâøîÚæâØñÿæ āÕãæâÛÂëóâóä×ßòÕÿÃ­óëú¬ØñÿæâöäñãñØóÈÿßöãÈ 8-10 ÂõāæÿâÖä ÿØ¬óÚòĈÚ  

2. æâáúÿÃóĀæñæâìùÛÿÃó (Valley Breeze) ÿÜĆÚæâÜäñÉČóèòÚÿË¬ÚÿÕöãèÂòÛæâÛÂĀæñæâØñÿæ æâ
ìùÛÿÃó ÿÂõÕÃ÷ĈÚĂÚÿèæóÂæóÈèòÚ îóÂóéÖóâáúÿÃóĀæñæóÕÿÃóä­îÚ ÿßäóñăÕ­äòÛÅèóâä­îÚÉóÂÕèÈîóØõÖã°
ÿÖĆâØöć ë¬èÚîóÂóéØöćìùÛÿÃóÿÛøĈîÈæ¬óÈâöÅèóâÿãĆÚÂè¬óÉ÷ÈăìæÿÃ­óĀØÚØöć ØČóĂì­âöæâÿãĆÚÉóÂìùÛÿÃóÿÛøĈîÈæ¬óÈ
ßòÕăÜÖóâæóÕÿÃóÃ÷ĈÚëú¬ÿÛøĈîÈÛÚ ÿäöãÂè¬ó æâìùÛÿÃó  

 

 
 

áóß  : ÂóäÿÂõÕæâìùÛÿÃóĀæñÂóäÿÂõÕæâáúÿÃó 
 

         3. æâßòÕæÈæóÕÿÃó (Katabatic Wind) ÿÜĆÚæâØöćßòÕîãú¬ÖóâæóÕÿÃóæÈëú¬ìùÛÿÃóÿÛøĈîÈæ¬óÈ æâÚöĈâö
æòÂêÔñÅæ­óãÂòÛæâáúÿÃó ĀÖ¬âöÂČóæòÈĀäÈÂè¬ó ëóÿìÖùÂóäÿÂõÕÿÚøćîÈÉóÂæâÿãĆÚĀæñâöÚČĈóìÚòÂâóÂÿÅæøćîÚØöć
ÉóÂØöćëúÈæÈëú¬ØöćÖČćóáóãĂÖ­ĀäÈÕ÷ÈÕúÕÃîÈāæÂ ë¬èÚĂìÎ¬ÿÂõÕÃ÷ĈÚĂÚË¬èÈÿèæóÂæóÈÅøÚ ÿâøćîßøĈÚÕõÚÅóãÅèóâ
ä­îÚîîÂ ĂÚåÕúìÚóèÛäõÿèÔØöćäóÛëúÈáóãĂÚØèöÜâöìõâñØòÛ×âÂòÚîãú¬ îóÂóéÿìÚøîßøĈÚÕõÚÿãĆÚæÈâóÂ ØČó
Ăì­ÿÜĆÚÿÃÖÅèóâÂÕîóÂóéëúÈ ÖóâÃîÛØöćäóÛëúÈĀäÈÅèóâËòÚÅèóâÂÕîóÂóéâöÅèóâĀäÈßîØöćÉñØČóĂì­
îóÂóéìÚóè ÉóÂØöćëúÈăìææÈëú¬ØöćÖČćóăÕ­ ÛóÈÅäòĈÈÉ÷ÈÿäöãÂè¬ó æâăìæ (Drainage Wind) æâÚöĈâöËøćîĀÖÂÖ¬óÈ
ÂòÚăÜÖóâØ­îÈ×õćÚÖ¬óÈ ą ÿË¬Ú æâāÛäó (Bora) ÿÜĆÚæâìÚóèĀæñĀì­È âöÖ­ÚÂČóÿÚõÕâóÉóÂæâìÚóèĂÚ
ëìáóßāÌÿèöãÖ (Üö ß.é. 2534 ÿÜæöćãÚËøćîÿÜĆÚÿÅäøîÉòÂäáßîõëäñ) ßòÕÃ­óâáúÿÃóÿÃ­óëú¬ËóãÞòćÈØñÿæÿîÿÕäö



 ƗƙƟ 

ãÖõÂÃîÈÜäñÿØéãúāÂëæóÿèöã ÉóÂØõéÖñèòÚîîÂÿÊöãÈÿìÚøîĂÚåÕúìÚóè ÿÂõÕÃ÷ĈÚăÕ­ØòĈÈÿèæóÂæóÈèòÚĀæñ
ÂæóÈÅøÚ ĀÖ¬ÉñÿÂõÕÃ÷ĈÚÛ¬îãĀæñæââöÂČóæòÈĀäÈÉòÕĂÚÿèæóÂæóÈÅøÚĀæñëââõëØäóæ (Mistras) ÿÜĆÚæâ
ìÚóèĀæñĀì­ÈÿË¬ÚÿÕöãèÂòÛæâāÛäó ĀÖ¬âöÅèóâÿäĆèæâÚ­îãÂè¬ó ßòÕÉóÂáúÿÃóÖñèòÚÖÂæÈëú¬ìùÛÿÃóāäÚØóÈ
ÖîÚĂÖ­ÃîÈÜäñÿØéÞäòćÈÿéë  
 

 
áóß  : æâßòÕæÈæóÕÿÃó 

 

        4. æâËöÚùÂ (Chinook) ÿÜĆÚæâØöćÿÂõÕÃ÷ĈÚØóÈÕ­óÚìæòÈÿÃó âöæòÂêÔñÿÜĆÚæâä­îÚĀæñĀì­È Åèóâ
ĀäÈæâîãú¬ĂÚÃòĈÚÜóÚÂæóÈ×÷ÈĀäÈÉòÕ ÂóäÿÅæøćîÚØöćÃîÈæâÿÜĆÚÝæÉóÂÅèóâÂÕîóÂóéĀÖÂÖ¬óÈÂòÚØóÈÕ­óÚ
ÖäÈÃ­óâÃîÈáúÿÃó áúÿÃóÕ­óÚØöćăÕ­äòÛæâÉñâöÅèóâÂÕîóÂóéâóÂĀæñîóÂóéÉñ×úÂÛòÈÅòÛĂì­æîãëúÈÃ÷ĈÚëú¬
ãîÕÿÃó Ì÷ćÈÉñÃãóãÖòèĀæñßòÕæÈëú¬ÿÛøĈîÈæ¬óÈØóÈÕ­óÚìæòÈÿÃó ÃÔñØöćîóÂóéæîãÖČćóæÈ îùÔìáúâõÉñÅ¬îã ą 
ÿßõćâëúÈÃ÷ĈÚÖóâîòÖäóÂóäÿÜæöćãÚîùÔìáúâõîñÿÕöãĀÛÖõÂ É÷ÈÿÜĆÚæâä­îÚĀæñĀì­È æâä­îÚĀæñĀì­ÈØöćßòÕæÈ
ăÜØóÈÕ­óÚìæòÈÿÃóØóÈÖñèòÚîîÂÃîÈÿØøîÂÿÃóäĆîÂÂö ÿäöãÂè¬ó æâËöÚùÂ ÛäõÿèÔØöćÿÂõÕæâÿÜĆÚÛäõÿèÔĀÅÛ 
ą âöÅèóâÂè­óÈÿßöãÈ            2-3 ä­îãÂõāæÿâÖä ÿØ¬óÚòĈÚ ĀæñĀÝ¬ÃãóãÉóÂØóÈÖñèòÚîîÂÿÊöãÈÿìÚøîÃîÈâæ
äòÑÚõèÿâĆÂÌõāÂ ëìäòÑîÿâäõÂó ăÜØóÈÿìÚøîÿÃ­óëú¬ĀÅÚóÕó æâËöÚùÂÿÂõÕÃ÷ĈÚÿâøćîæâÖñèòÚÖÂËòĈÚÛÚØöćâöÂČóæòÈ
ĀäÈßòÕÃ­óâĀÚèÿØøîÂÿÃóÿìÚøîĂÖ­Åøî ÿØøîÂÿÃóäĆîÂÂö Āæñ ÿØøîÂÿÃóĀÅëÿÂÖ îóÂóéØóÈÕ­óÚÿÃóØöćăÕ­äòÛ
æâ×úÂÛòÈÅòÛ Ăì­æîãÃ÷ĈÚ îùÔìáúâõæÕÖČćóæÈ ĀÖ¬ÿâøćîæîãÖČćóæÈăÜãòÈîöÂÕ­óÚÃîÈÿÃó îóÂóéÉñ×úÂÛöÛ ØČóĂì­âö
îùÔìáúâõëúÈÃ÷ĈÚ ×­óæâØöćâöæòÂêÔñîã¬óÈÿÕöãèÂòÛæâËöÚùÂ ĀÖ¬ßòÕăÜÖóâæóÕÿÃóÃîÈáúÿÃóĀîæÜ°ĂÚãùāäÜ 
ÿäöãÂè¬ó æâÿàõì°Ú (Foehn) Āæñ×­óÿÂõÕĂÚÜäñÿØéîóä°ÿÉÚÖõÚó ÿäöãÂè¬ó æâÌîÚÕó (Zonda)  



 ƗƚƖ 

 
áóß  : æòÂêÔñÂóäÿÂõÕæâËöÚùÂ 

        5. æâÌóÚÖóĀîÚÚó (Santa Anna) ÿÜĆÚæâä­îÚĀæñĀì­ÈßòÕÉóÂØóÈÖñèòÚîîÂ ìäøî
ÖñèòÚîîÂÿÊöãÈÿìÚøî ÿÃ­óëú¬áóÅĂÖ­âæäòÑĀÅæöàîä°ÿÚöã ÉñßòÕÝ¬óÚÛäõÿèÔØñÿæØäóãĀæñáúÿÃó É÷ÈÂæóãÿÜĆÚ
æâä­îÚĀæñĀì­È æâÚöĈÿÂõÕÃ÷ĈÚĂÚÿÃÖÅèóâÂÕîóÂóéëúÈÛäõÿèÔĀÂäÖÿÛÌõÚ ĀæñÿâøćîßòÕÝ¬óÚÛäõÿèÔĂÕÉñ
Â¬îĂì­ÿÂõÕ ÅèóâÿëöãìóãĀÂ¬ßøËÝæÛäõÿèÔÚòĈÚ āÕãÿÊßóñĂÚåÕúĂÛăâ­Ýæõ ÿâøćîÖ­Úăâ­ÖõÕÝæî¬îÚĀæñÛäõÿèÔ
ØöćâöæâßòÕÝ¬óÚÉñâöîùÔìáúâõëúÈÃ÷ĈÚ ÿË¬Ú ÿâøćîæâÚöĈßòÕÿÃ­óëú¬áóÅĂÖ­âæäòÑĀÅæõàîä°ÿÚöã ØČóĂì­îùÔìáúâõëúÈÂè¬ó
ÛäõÿèÔØöćăâ¬âö æâÚöĈßòÕÝ¬óÚ  
        6. æâØñÿæØäóã (Desert Winds) ÿÜĆÚæâØ­îÈ×õćÚÿÂõÕĂÚÛäõÿèÔØñÿæØäóã ÿèæóÿÂõÕÉñâóßä­îâÂòÛ
ßóãùÞù¬ÚìäøîßóãùØäóã Åøî æâïóÛúÛ (Haboob) âóÉóÂÅČó Hebbec ĂÚáóêóîóìäòÛĀÜæè¬ó æâ                              
æâïóÛúÛÿèæóÿÂõÕÉñìîÛÿîóÞù¬ÚØäóãâóÕ­èã ÛäõÿèÔØöćÿÂõÕăÕ­ĀÂ¬ ÜäñÿØéÌúÕóÚĂÚØèöÜĀîàäõÂó ÿÊæöćãÉñ
ÿÂõÕÜäñâóÔÜöæñ 24 ÅäòĈÈ ĀæñÛäõÿèÔØñÿæØäóã ØóÈÖñèòÚÖÂÿÊöãÈĂÖ­ÃîÈëìäòÑîÿâäõÂó āÕãÿÊßóñØóÈ
áóÅĂÖ­ÃîÈâæäòÑĀîäõāÌÚó  
        7. æâÖñÿáóĀæñæâè¬óè ÿÜĆÚæâØ­îÈ×õćÚĂÚÜäñÿØéăØã āÕãæâÖñÿáóÿÜĆÚØöćßòÕÉóÂØõéĂÖ­ăÜãòÈØõé
ÿìÚøîÅøî ßòÕÉóÂî¬óèăØãÿÃ­óëú¬áóÅÂæóÈÖîÚæ¬óÈ ßòÕĂÚË¬èÈÿÕøîÚÂùâáóßòÚÙ°×÷ÈÿÕøîÚÿâêóãÚ Ì÷ćÈÿÜĆÚË¬èÈ
ØöćæââäëùâÖñèòÚîîÂÿÊöãÈÿìÚøî ÉñÿÜæöćãÚÿÜĆÚæââäëùâÖñèòÚÖÂÿÊöãÈĂÖ­ ÿÜĆÚæâØöćÚČóÅèóâËøĈÚâóëú¬áóÅ
ÂæóÈÖîÚæ¬óÈ ĂÚëâòãāÛäóÔæâÚöĈ ÉñË¬èãßòÕÿäøîëČóÿáóÌ÷ćÈÿÃ­óâóÅ­óÃóãĂì­Āæ¬ÚăÜÖóâæČóÚČĈóÿÉ­óßäñãó 
ĀæñßòÕĂÚË¬èÈØöćæââäëùâÖñèòÚÖÂÿÊöãÈĂÖ­ ÉñÿÜæöćãÚÿÜĆÚæââäëùâÖñèòÚîîÂÿÊöãÈÿìÚøî ìäøîîóÉÉñ
ÿäöãÂè¬ó æâÃ­óèÿÛó ÿßäóñßòÕĂÚË¬èÈØöćÃ­óèÿÛóÂČóæòÈîîÂäèÈ 
 
 
 
 
 

http://www.panyathai.or.th/wiki/index.php/%E0%B8%9E%E0%B8%B2%E0%B8%A2%E0%B8%B8


 ƗƚƗ 

ÿÅäøćîÈâøîèòÕîòÖäóÿäĆèæâ 
ÿÅäøćîÈâøîèòÕîòÖäóÿäĆèæâ ÿäöãÂè¬ó ĀîÚÚõāââõÿÖîä°(Anemometer) âöìæóãäúÜĀÛÛ ÛóÈäúÜĀÛÛØČó

ÿÜĆÚ×ùÈÜæ¬îãæú¬ ÛóÈäúÜĀÛÛØČóÿÜĆÚäúÜ×­èã Åä÷ćÈØäÈÂæâ 3 - 4 ĂÛ èòÕîòÖäóÿäĆèæâāÕãëòÈÿÂÖÂóäÔ°ãÂÖòè
ÃîÈ×ùÈ ìäøîÚòÛÉČóÚèÚäîÛÃîÈ×­èãØöćìâùÚĂÚìÚ÷ćÈìÚ¬èãÿèæó  

ÿÅäøćîÈâøîÖäèÉëîÛØõéØóÈæâ ÿäóÿäöãÂè¬ó éäæâ ë¬èÚĂìÎ¬âöæòÂêÔñÿÜĆÚæúÂéä âöìóÈÿÜĆÚĀÝ¬Ú
ĂìÎ¬ éäæâ ÉñìâùÚäîÛÖòèÖóâĀÚèäóÛ Éñæú¬æâĂÚĀÚèÃÚóÚÂòÛØõéØóÈØöćæâßòÕ ÿâøćîæâßòÕâó ìóÈ
æúÂéäÌ÷ćÈâöÃÚóÕĂìÎ¬Éñ×úÂæâÝæòÂĀäÈÂè¬óìòèæúÂéä ìòèæúÂéäÉ÷ÈËöĈăÜØõéØóÈØöćæâßòÕâó  
ÿÅäøćîÈâøîØöćĂË­ĂÚÂóäèòÕÂäñĀëæâ ăÕ­ĀÂ¬ 

1. éäæâ 
2. îñÚõāââõÿÖîä° 
3. ĀîāäĀèÚ 

 
áóß : îñÚõāââõÿÖîä° 

 
 ÝæÃîÈÜäóÂÐÂóäÔ°ØóÈæâà­óîóÂóéØöćâöÖ¬îâÚùêã°ĀæñëõćÈĀèÕæ­îâ 

ÜäñāãËÚ°ÃîÈÜäóÂÐÂóäÔ°ØóÈæâà­óîóÂóé 
1. ÂóäÿÂõÕæâÉñË¬èãĂì­ÿÂõÕÂóäăìæÿèöãÚÃîÈÛääãóÂóé 
2. ÂóäÿÂõÕæâëõÚÅ­ó 
3.  ÂóäÿÂõÕÿâÇĀæñÞÚ 
4.  ÂóäÿÂõÕæâÜäñÉČóÿèæó 
ÝæÂäñØÛĀæñáòãîòÚÖäóã 

1.  ÝæÂäñØÛÉóÂîõØÙõßæÃîÈæââäëùâ ÿË¬Ú ÚČĈóØ¬èâ ÚČĈóØ¬èâÊòÛßæòÚ 
2.  ÝæÂäñØÛÉóÂîõØÙõßæÃîÈæâßóãù ÿË¬Ú Ö­Úăâ­æ­âØòÛ ÅæøćÚëúÈĂÚØñÿæ 

ÜäóÂÐÂóäÔ°ÙääâËóÖõ Åøî ÂóäÿÜæöćãÚĀÜæÈÃîÈÙääâËóÖõ ØòĈÈĂÚäñãñãóèĀæñäñãñëòĈÚ 
ëáóßĀèÕæ­îâÃîÈāæÂÿÜæöćãÚĀÜæÈăÜÖóâÿèæó ØòĈÈÿÜĆÚäñÛÛĀæñăâ¬ÿÜĆÚäñÛÛ ÿÜĆÚëõćÈØöćîãú¬äîÛÖòèÿäó 
âòÚë¬ÈÝæÂäñØÛÖ¬îëõćÈâöËöèõÖĂÚÙääâËóÖõ ÂóäÿÜæöćãÚĀÜæÈÛóÈîã¬óÈ âöÝæÂäñØÛÖ¬îëõćÈâöËöèõÖîã¬óÈ



 ƗƚƘ 

äùÚĀäÈ Öòèîã¬óÈÿìÖùÂóäÔ°ØöćßÛÿìĆÚØòćèăÜ ÞÚÖÂ à­óä­îÈ à­óÝ¬ó ßóãù ĀæñÿìÖùÂóäÔ°Øöćăâ¬ßÛÛ¬îãÚòÂ ÿË¬Ú 
āæÂä­îÚ ëùäõãùÜäóÅó ÞÚÕóèÖÂ 

ÜÐõÂõäõãóÿäøîÚÂäñÉÂ  ÿÂõÕÉóÂâæáóèñÃîÈĀÂ®ëØöćăÕ­ëä­óÈÃ÷ĈÚĂÚËòĈÚÛääãóÂóéÃîÈāæÂĀæñ
Ü­îÈÂòÚăâ¬Ăì­Åèóâä­îÚÚòĈÚäñÿìãîîÂăÜĂÚîèÂóéĂÚÖîÚÂæóÈÅøÚÝæØöćăÕ­ÅøîāæÂÉñâöîùÔìáúâõëúÈÃ÷ĈÚØöć
ÿäöãÂè¬ó ÂóäÿßõćâîùÔìáúâõÃîÈÝõèāæÂ ĀÂĆëØöćÂ¬îÿÂõÕáóèñÿäøîÚÂäñÉÂÅøî  

 
 

 
âèæîóÂóé (Air mass) 
âèæîóÂóé ìâóã×÷È æòÂêÔñÃîÈâèæîóÂóéØöćâöæòÂêÔñîóÂóéáóãĂÚÂæù¬âÂ­îÚÃÚóÕĂìÎ¬âóÂ âö
ÅèóâËøĈÚÅæ­óãÅæ÷ÈÂòÚ ÖæîÕÉÚë¬èÚÖ¬óÈ ą ÃîÈîóÂóéÿØ¬óÂòÚ âèæîóÂóéÉñÿÂõÕÃ÷ĈÚăÕ­Ö¬îÿâøćîîóÂóé
ë¬èÚÚòĈÚîãú¬ÂòÛØöć ĀæñâöÂóäëòâÝòëÂòÛßøĈÚÝõèāæÂ Ì÷ćÈÉñÿÜĆÚßøĈÚÕõÚìäøîßøĈÚÚČĈóÂĆăÕ­ āÕãëòâÝòëîãú¬ÿÜĆÚäñãñ
ÿèæóÚóÚ ą ÉÚâöÅùÔëâÛòÖõÅæ­óãÅæ÷ÈÂòÛßøĈÚÝõèāæÂĂÚë¬èÚÚòĈÚą ÿäóÿäöãÂÛäõÿèÔßøĈÚÝõèāæÂÚòĈÚè¬ó 
"Āìæ¬ÈÂČóÿÚõÕ" ÿâøćîÿÂõÕâèæîóÂóéÃ÷ĈÚĀæ­èâèæîóÂóéÚòĈÚÉñÿÅæøćîÚØöćîîÂăÜãòÈÛäõÿèÔîøćÚ ą âöÝæØČóĂì­
æòÂêÔñÃîÈæâà­óîóÂóéÛäõÿèÔÚòĈÚ ą ÿÜæöćãÚĀÜæÈăÜ ÿÚøćîÈÉóÂâöëáóßĀèÕæ­îâĂìâ¬ âèæîóÂóéÉñ
ëóâóä×ÿÅæøćîÚØöćăÕ­ĂÚäñãñØóÈăÂæ ą ĀæñãòÈÅÈäòÂêóÅùÔëâÛòÖõë¬èÚĂìÎ¬ÿîóăè­ăÕ­ ÂóäÉČóĀÚÂâèæ
îóÂóéĀãÂßõÉóäÔóăÕ­ÿÜĆÚ 2 ĀÛÛ āÕãĂË­ÅùÔëâÛòÖõÃîÈîùÔìáúâõÿÜĆÚÿÂÔÒ° ĀæñÂóäĂË­æòÂêÔñÃîÈ
Āìæ¬ÈÂČóÿÚõÕÿÜĆÚÿÂÔÒ°ĂÚÂóäßõÉóäÔó ÕòÈÚöĈ 
 
 
 
 

http://www.panyathai.or.th/wiki/index.php/%E0%B8%9D%E0%B8%99%E0%B8%95%E0%B8%81
http://www.panyathai.or.th/wiki/index.php?title=%E0%B8%9F%E0%B9%89%E0%B8%B2%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%87&action=edit
http://www.panyathai.or.th/wiki/index.php?title=%E0%B8%9F%E0%B9%89%E0%B8%B2%E0%B8%9C%E0%B9%88%E0%B8%B2&action=edit
http://www.panyathai.or.th/wiki/index.php/%E0%B8%9E%E0%B8%B2%E0%B8%A2%E0%B8%B8
http://www.panyathai.or.th/wiki/index.php/%E0%B9%82%E0%B8%A5%E0%B8%81%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
http://www.panyathai.or.th/wiki/index.php/%E0%B8%AA%E0%B8%B8%E0%B8%A3%E0%B8%B4%E0%B8%A2%E0%B8%B8%E0%B8%9B%E0%B8%A3%E0%B8%B2%E0%B8%84%E0%B8%B2
http://www.panyathai.or.th/wiki/index.php/%E0%B8%9D%E0%B8%99%E0%B8%94%E0%B8%B2%E0%B8%A7%E0%B8%95%E0%B8%81


 Ɨƚƙ 

2.1 ÂóäÉČóĀÚÂâèæîóÂóéāÕãĂË­îùÔìáúâõÿÜĆÚÿÂÔÒ° 
 

2.1.1. âèæîóÂóéîù¬Ú (Warm Air mass) ÿÜĆÚâèæîóÂóéØöćâöîùÔìáúâõëúÈÂè¬óîùÔìáúâõÃîÈîóÂóé
ÝõèßøĈÚØöćâèæîóÂóéÿÅæøćîÚØöćÝ¬óÚ âòÂâöĀÚèØóÈÂóäÿÅæøćîÚØöćÉóÂæñÖõÉúÕÖČćóăÜãòÈÛäõÿèÔæñÖõÉúÕëúÈÃ÷ĈÚăÜ 
ĂË­ëòÎæòÂêÔ°ĀØÚÕ­èãÖòèîòÂêä " W " 

2.1.2 âèæîóÂóéÿãĆÚ (Cold Air mass) ÿÜĆÚâèæîóÂóéØöćâöîùÔìáúâõÖČćóÂè¬óîùÔìáúâõÝõèßøĈÚØöćâèæ
îóÂóéÿÅæøćîÚØöćÝ¬óÚ ÿÜĆÚâèæîóÂóéØöćÿÅæøćîÚØöćÉóÂÛäõÿèÔæñÖõÉúÕëúÈâóãòÈÛäõÿèÔæñÖõÉúÕÖČćó ĂË­ëòÎæòÂêÔ°
ĀØÚÕ­èãîòÂêäÖòè " K " âóÉóÂáóêóÿãîäâòÚ Åøî " Kalt " ĀÜæè¬ó ÿãĆÚ 

2.2 ÂóäÉČóĀÚÂâèæîóÂóéāÕãĂË­Āìæ¬ÈÂČóÿÚõÕÿÜĆÚÿÂÔÒ° 
2.2.1 âèæîóÂóéÃòĈèāæÂ (Polar Air-mass) 
2.2.1.1 âèæîóÂóéÃòĈèāæÂáóÅßøĈÚëâùØä (Marine Polar Air mass) 

âöĀìæ¬ÈÂČóÿÚõÕÉóÂâìóëâùØä ÿâøćîâèæîóÂóéËÚõÕÚöĈÿÅæøćîÚÖòèæÈâóãòÈæñÖõÉúÕÖČćóÉñÿÜĆÚæòÂêÔñÃîÈâèæ
îóÂóéØöćĂì­ÅèóâÿãĆÚĀæñËù¬âËøĈÚ Āìæ¬ÈÂČóÿÚõÕÃîÈâèææîóÂóéËÚõÕÚöĈîãú¬ÛäõÿèÔâìóëâùØäĀÜÌõàõÂÖîÚ
ÿìÚøî ĂÂæ­Ë¬îÈĀÅÛĀÛäõćÈ ĀæñÿÅæøćîÚØöćÿÃ­óÜñØñËóãÞòćÈØñÿæÃîÈÜäñÿØéëìäòÑîÿâäõÂó ØČóĂì­îóÂóé
ìÚóèÿãĆÚĀæñâöÞÚÖÂ ĂÚØóÈÂæòÛÂòÚ×­óâèæîóÂóéÚöĈÿÅæøćîÚØöćăÜãòÈÛäõÿèÔæñÖõÉúÕëúÈ ÉñÂæóãÿÜĆÚâèæ
îóÂóéîù¬Ú ÿäöãÂè¬ó "âèæîóÂóéîù¬ÚÃòĈèāæÂáóÅßøĈÚëâùØä" âöæòÂêÔñîóÂóéîÛîù¬ÚĀæñËù¬âËøĈÚ 

2.2.1.2 âèæîóÂóéÃòĈèāæÂáóÅßøĈÚØèöÜ (Continental Polar Air mass) 
âöĀìæ¬ÈÂČóÿÚõÕîãú¬ÛÚáóÅßøĈÚØèöÜĂÚÿÃÖæñÖõÉúÕÖČćó âöæòÂêÔñÿÜĆÚâèæîóÂóéÿãĆÚĀæñĀì­È ÿâøćîâèæîóÂóé
ÿÅæøćîÚØöćÝ¬óÚÛäõÿèÔĂÕÉñØČóĂì­âöîóÂóéÿãĆÚĀæñĀì­È ãÂÖòèîã¬óÈÿË¬Ú ëČóìäòÛÜäñÿØéăØãÉñăÕ­äòÛ
îõØÙõßæÉóÂâèæîóÂóéËÚõÕÚöĈÌ÷ćÈâöĀìæ¬ÈÂČóÿÚõÕîãú¬Ā×ÛăÌÛöÿäöã ÿâøćîÿÅæøćîÚØöćæÈâóãòÈæñÖõÉúÕÖČćóÂè¬óæÈ
âóãòÈÜäñÿØéăØãĂÚË¬èÈÿÕøîÚßåéÉõÂóãÚ ×÷È âÂäóÅâ ØČóĂì­ÜäñÿØéăØãâöîùÔìáúâõÖČćóæÈ æòÂêÔñ
îóÂóéÿãĆÚĀæñĀì­ÈĂÚåÕúìÚóè 

2.2.2 âèæîóÂóéÿÃÖä­îÚ (Topical Air mass) 
2.2.2.1. âèæîóÂóéÿÃÖä­îÚáóÅßøĈÚØèöÜ (Continental Topical Air mass) 

âöĀìæ¬ÈÂČóÿÚõÕÛÚáóÅßøĈÚØèöÜ ÉñâöæòÂêÔñÂóäÿÅæøćîÚØöćÉóÂæñÖõÉúÕÖČćóăÜëú¬æñÖõÉúÕëúÈ æòÂêÔñîóÂóéÉñ
ä­îÚĀæñĀì­ÈĀæ­È ØČóĂì­ÛäõÿèÔØöćâèæîóÂóéÿÅæøćîÚØöćÝ¬óÚâöæòÂêÔñîóÂóéä­îÚĀæñĀì­ÈĀæ­È É÷ÈÿäöãÂâèæ
îóÂóéÚöĈè¬ó "âèæîóÂóéîù¬ÚÿÃÖä­îÚáóÅßøĈÚØèöÜ" Āìæ¬ÈÂČóÿÚõÕÃîÈâèæîóÂóéËÚõÕÚöĈîãú¬ÛäõÿèÔÖîÚ
ÿìÚøîÃîÈÜäñÿØéĀâĆÂÌõāÂ ĀæñØóÈØõéÖñèòÚÖÂÿÊöãÈĂÖ­ÃîÈÜäñÿØéëìäòÑîÿâäõÂó ×­óìóÂâèæîóÂóéÚöĈ
ÿÅæøćîÚØöćâóãòÈÿÃÖæñÖõÉúÕÖČćóÉñØČóĂì­îùÔìáúâõÃîÈâèæîóÂóéæÕÖČćóæÈÂè¬óîùÔìáúâõÃîÈîóÂóéÝõèßøĈÚØöć
âèæîóÂóéÿÅæøćîÚØöćÝ¬óÚÉ÷ÈÂæóãÿÜĆÚ "âèæîóÂóéÿãĆÚÿÃÖä­îÚáóÅßøĈÚØèöÜ" âöæòÂêÔñîóÂóéÿãĆÚĀæñ
Āì­ÈĀæ­È 
 



 Ɨƚƚ 

2.2.2.2. âèæîóÂóéÿÃÖä­îÚáóÅßøĈÚëâùØä (Marine Topical Air mass) 
âöĀìæ¬ÈÂČóÿÚõÕîãú¬ÛÚáóÅßøĈÚëâùØäÉ÷ÈÚČóßóÅèóâËù¬âËøĈÚ ÿâøćîÿÅæøćîÚØöćÝ¬óÚÛäõÿèÔĂÕÉñØČóĂì­ÿÂõÕÞÚÖÂ 
Āæñ×­óÿÅæøćîÚØöćăÜãòÈæñÖõÉúÕëúÈÉñØČóĂì­îóÂóéîÛîù¬ÚÃ÷ĈÚ ãÂÖòèîã¬óÈÿË¬Ú ×­óâèæîóÂóéÿÃÖä­îÚáóÅßøĈÚ
ëâùØäÿÅæøćîÚØöćÉóÂâìóëâùØäîõÚÿÕöãÿÃ­óâóãòÈÅóÛëâùØäîõÚāÕÉöÚÉñØČóĂì­ÿÂõÕÞÚÖÂìÚòÂĀæñÂæóãÿÜĆÚ
åÕúÞÚ ÿäóÿäöãÂâèæîóÂóéÕòÈÂæ¬óèè¬ó "âèæîóÂóéîù¬ÚÿÃÖä­îÚáóÅßøĈÚëâùØä" ĂÚØóÈÂæòÛÂòÚ×­óâèæ
îóÂóéÚöĈÿÅæøćîÚØöćăÜãòÈÿÃÖæñÖõÉúÕÖČćóÉòñâöÝæØČóĂì­îùÔìáúâõæÕÖČćóæÈ îóÂóéÉñÿãĆÚĀæñËù¬âËøĈÚ ÿäöãÂè¬ó 
"âèæîóÂóéÿãĆÚÿÃÖä­îÚáóÅßøĈÚëâùØä" ÚîÂÉóÂâèæîóÂóéØöćÂæ¬óèâóĀæ­èãòÈâöâèæîóÂóéØöćÿÂõÕÉóÂ
Āìæ¬ÈÂČóÿÚõÕîøćÚ ą îöÂ ăÕ­ĀÂ¬ ÿÃÖÃòĈèāæÂ âöâèæîóÂóéîóä°ÂÖõÂ ÿÜĆÚâèæîóÂóéÉóÂâìóëâùØäîóä°ÂÖõÂ
ÿÅæøćîÚØöćÿÃ­óâóØóÈÖîÚìÚøîÃîÈØèöÜîÿâäõÂó ĀæñâèæîóÂóéĀîÚÖóä°ÂÖõÂ ÿÜĆÚâèæîóÂóéÛäõÿèÔÃòĈè
āæÂĂÖ­ Ì÷ćÈâöîóÂóéÿãĆÚĀæñÿÅæøćîÚØöćîã¬óÈäùÚĀäÈâóÂ 
 

3. ĀÚèîóÂóé (Air Front) ìäøîĀÚèÜñØñÃîÈâèæîóÂóé 
ĀÚèîóÂóé ìäøî ĀÚèÜñØñâèæîóÂóé ÿÂõÕÉóÂëáóèñîóÂóéØöćĀÖÂÖ¬óÈÂòÚâóÂ āÕãâöîùÔìáúâõ

ĀæñÅèóâËøĈÚÖ¬óÈÂòÚâóÂâóßÛÂòÚ Éñăâ¬ÝëâÂæâÂæøÚÂòÚĀÖ¬ÉñĀãÂÉóÂÂòÚ āÕãØöćë¬èÚìÚ­óÃîÈâèæ
îóÂóéÉñâöÂóäÿÜæöćãÚĀÜæÈäúÜä¬óÈ æòÂêÔñÃîÈâèæîóÂóéØöćîù¬ÚÂè¬óÉñ×úÂÕòÚÖòèĂì­æîãăÜîãú¬ÿìÚøîæõćâ
âèæîóÂóéÿãĆÚ ÿÚøćîÈÉóÂâèæîóÂóéîù¬ÚâöÅèóâìÚóĀÚ¬ÚÚ­îãÂè¬óâèæîóÂóéÿãĆÚ ĀÚèØöćĀãÂâèæîóÂóé
ØòĈÈëîÈîîÂÉóÂÂòÚÿäóÿäöãÂè¬ó ĀÚèîóÂóé āÕãØòćèăÜĀæ­èÖóâĀÚèîóÂóéìäøîĀÚèÜñØñîóÂóéÉñâö
æòÂêÔñÃîÈÅèóâĀÜäÜäèÚæâà­óîóÂóéÿÂõÕÃ÷ĈÚ ÿäóëóâóä×ÉČóĀÚÂĀÚèîóÂóéìäøîĀÚèÜñØñîóÂóé
ÃîÈâèæîóÂóéăÕ­ 4 ËÚõÕ ÕòÈÚöĈ 

3.1 ĀÚèÜñØñÃîÈâèæîóÂóéîù¬Ú (Warm Front) 
ÿÂõÕÉóÂÂóäØöćâèæîóÂóéîù¬ÚÿÅæøćîÚØöćÿÃ­óâóãòÈÛäõÿèÔØöćâöâèæîóÂóéÿãĆÚÂè¬ó āÕãâèæîóÂóéÿãĆÚ

ÉñãòÈÅÈÖòèÛäõÿèÔßøĈÚÕõÚ âèæîóÂóéîù¬ÚÉñæîãÖòèëúÈÃ÷ĈÚ Ì÷ćÈĀÚèÃîÈîóÂóéîù¬ÚÉñâöÅèóâæóÕËòÚÚ­îã
Âè¬óĀÚèîóÂóéÿãĆÚ Ì÷ćÈÉóÂÜäóÂÐÂóäÔ°ĀÚèÜñØñâèæîóÂóéîù¬ÚÕòÈÂæ¬óèÚöĈæòÂêÔñîóÂóéÉñîãú¬ĂÚ
ëáóèñØäÈÖòè ĀÖ¬×­óæòÂêÔñÃîÈâèæîóÂóéîù¬ÚâöÂóäæîãÖòèÃ÷ĈÚĂÚĀÚèÕõćÈ (âöÅèóâæóÕËòÚâóÂ) Éñ
Â¬îĂì­ÿÂõÕÞÚÖÂìÚòÂĀæñßóãùÞÚà­óÅñÚîÈ ëòÈÿÂÖăÕ­ÉóÂÂóäÿÂõÕÿâÇÞÚÿâÇÚõâāÛëÿÖäÖòë ìäøîÂóä
ÿÂõÕÞÚÌú¬ ìäøîÿäöãÂîöÂîã¬óÈìÚ÷ćÈè¬óÞÚăæ¬Ë­óÈ 

3.2 ĀÚèÜñØñÃîÈâèæîóÂóéÿãĆÚ (Cold Front) 
ÿâøćîâèæîóÂóéÿãĆÚÿÅæøćîÚÖòèæÈâóãòÈÛäõÿèÔØöćâöæñÖõÉúÕÖČćó âèæîóÂóéÿãĆÚÉñìÚòÂ É÷ÈâöÂóä

ÿÅæøćîÚÖòèÖõÕÂòÛÝõèÕõÚ ĀæñÉñÕòÚĂì­âèæîóÂóéîù¬ÚØöćâöÅèóâìÚóĀÚ¬ÚÚ­îãÂè¬ó æîãÖòèÃ÷ĈÚÖóâÅèóâæóÕ
ÿîöãÈ Ì÷ćÈâöÅèóâæóÕËòÚâóÂ×÷È 1:80 Ì÷ćÈÜäóÂÐÂóäÔ°ÕòÈÂæ¬óèÖóâĀÚèÜñØñîóÂóéÿãĆÚÉñâöëáóßîóÂóé
ĀÜäÜäèÚâóÂ âèæîóÂóéä­îÚ×úÂÕòÚĂì­æîãÖòèãÂëúÈÃ÷ĈÚ ÿÜĆÚæòÂêÔñÂóäÂ¬îÖòèÃîÈÿâÇ ÅõèâúāæÚõâÛòë 



 Ɨƚƛ 

(Cumulonimbus) Ø­îÈà­óÉñâøÕÅä÷â ÿÂõÕßóãùÞÚà­óÅñÚîÈîã¬óÈäùÚĀäu3591 . ÿäóÿäöãÂÛäõÿèÔÕòÈÂæ¬óèè¬ó 
Ā́ÚèßóãùÞÚµ (Squall Line)  

3.3 ĀÚèÜñØñÃîÈâèæîóÂóéÌ­îÚ (Occluded Front) 
ÿâøćîâèæîóÂóéÿãĆÚÿÅæøćîÚØöćĂÚĀÚèØóÈÖõÕÂòÛĀÝ¬ÚÕõÚ ÉñÕòÚĂì­âèæîóÂóéîù¬ÚĂÂæ­ÂòÛÝõèāæÂ

ÿÅæøćîÚØöćăÜĂÚĀÚèÿÕöãèÂòÚÂòÛâèæîóÂóéÿãĆÚ âèæîóÂóéîù¬ÚÉñ×úÂâèæîóÂóéÿãĆÚÌ­îÚÖòèĂì­æîãëúÈÃ÷ĈÚ 
ĀæñÿÚøćîÈÉóÂâèæîóÂóéÿãĆÚÿÅæøćîÚÖòèăÕ­ÿäĆèÂè¬óÉ÷ÈØČóĂì­âèæîóÂóéîù¬ÚË­îÚîãú¬ÛÚâèæîóÂóéÿãĆÚ ÿäó
ÿäöãÂæòÂêÔñÕòÈÂæ¬óèăÕ­îöÂĀÛÛè¬óĀÚèÜñØñÃîÈâèæîóÂóéÜõÕ æòÂêÔñÃîÈÜäóÂÐÂóäÔ°ÕòÈÂæ¬óèÉñ
ØČóĂì­ÿÂõÕÿâÇÅõèâúāæÚõâÛòë (Cumulonimbus) ĀæñØČóĂì­ÿÂõÕÞÚÖÂ ìäøîßóãùÞÚăÕ­ÿË¬ÚÂòÚ  

3.4 ĀÚèÜñØñâèæîóÂóéÅÈØöć (Stationary Front) 
ÚîÂÉóÂĀÚèÜñØñîóÂóéÕòÈÂæ¬óèâóĀæ­èÚòĈÚÉñâöæòÂêÔñĀÚèÜñØñîóÂóéÃîÈâèæîóÂóé

ÅÈØöćîöÂËÚõÕìÚ÷ćÈ (Stationary Front) Ì÷ćÈÿÜĆÚĀÚèÜñØñÃîÈâèæîóÂóéØöćÿÂõÕÉóÂÂóäÿÅæøćîÚØöćÃîÈâèæ
îóÂóéîù¬ÚĀæñâèæîóÂóéÿãĆÚÿÃ­óìóÂòÚ ĀæñÉóÂëáóßØöćØòĈÈëîÈâèæîóÂóéâöĀäÈÝæòÂÕòÚÿØ¬óÂòÚ É÷ÈÿÂõÕ
áóèñëâÕùæÃîÈĀÚèÜñØñîóÂóéÃ÷ĈÚ ĀÖ¬ÉñÿÂõÕĂÚËòćèäñãñÿèæóĂÕÿèæóìÚ÷ćÈÿØ¬óÚòĈÚ ÿâøćîâèæîóÂóéĂÕâö
ĀäÈÝæòÂÕòÚâóÂÃ÷ĈÚÉñØČóĂì­æòÂêÔñÃîÈĀÚèÜñØñîóÂóéÿÜæöćãÚăÜÿÜĆÚĀÚèÜñØñîóÂóéĀÛÛîøćÚ ą 
ØòÚØö 



 ƗƚƜ 

4. ßóãùìâùÚ 
ßóãùìâùÚÿÂõÕÉóÂéúÚã°ÂæóÈÅèóâÂÕîóÂóéÖČćó ØČóĂì­ÛäõÿèÔāÕãäîÛéúÚã°ÂæóÈÅèóâÂÕîóÂóéÖČćó 

Ì÷ćÈÂĆÅøî ÅèóâÂÕîóÂóéëúÈāÕãäîÛÉñßòÕÿÃ­óìóéúÚã°ÂæóÈÅèóâÂÕîóÂóéÖČćó ÃÔñÿÕöãèÂòÚéúÚã°ÂæóÈÅèóâ
ÂÕîóÂóéÖČćóÉñæîãÖòèëúÈÃ÷ĈÚ ĀæñÿãĆÚæÈÕ­èãîòÖäóîñÿÕöãÿÛÖõÂ (îùÔìáúâõæÕæÈÿâøćîÅèóâëúÈÿßõćâÃ÷ĈÚ) ØČóĂì­
ÿÂõÕÿâÇĀæñìãóÕÚČĈóà­ó ßóãùìâùÚÉñâöÅèóâäùÚĀäÈìäøîăâ¬Ã÷ĈÚîãú¬ÂòÛîòÖäóÂóäæÕæÈÃîÈÅèóâÂÕîóÂóé                  
×­óîòÖäóÂóäæÕæÈÃîÈÅèóâÂÕîóÂóéâöâóÂÉñÿÂõÕßóãùäùÚĀäÈ ÿäóëóâóä×ĀÛ¬ÈßóãùìâùÚîîÂÿÜĆÚ 3 Âæù¬â 
ÕòÈÚöĈ 

4.1. ßóãùìâùÚÚîÂÿÃÖä­îÚ 
ßóãùìâùÚÚîÂÿÃÖä­îÚ ìâóã×÷È ßóãùìâùÚØöćÿÂõÕÃ÷ĈÚĂÚÿÃÖæñÖõÉúÕÂæóÈĀæñÿÃÖæñÖõÉúÕëúÈ Ì÷ćÈĂÚ

ÿÃÖæñÖõÉúÕÕòÈÂæ¬óèÉñâöĀÚèâèæîóÂóéÿãĆÚÉóÂÃòĈèāæÂìäøîâìóëâùØäîóä°ÂÖõÂ ÿÅæøćîÚÖòèâóßÛÂòÛâèæ
îóÂóéîù¬ÚÉóÂÿÃÖÂ÷ćÈāÌÚä­îÚ âèæîóÂóéÕòÈÂæ¬óèâöÅùÔëâÛòÖõÖ¬óÈÂòÚ ĀÚèîóÂóéÉñÿÂõÕÂóäÿÜæöćãÚāÕã
ÿäõćââöæòÂêÔñāÅ­ÈÿÜĆÚäúÜÅæøću3609 . îóÂóéîù¬ÚÉñæîãÖòèëúÈÃ÷ĈÚÿìÚøîîóÂóéÿãĆÚ Ì÷ćÈÿË¬ÚÿÕöãèÂòÛĀÚè
îóÂóéÿãĆÚÌ÷ćÈÉñÿÅæøćîÚØöćÿÃ­óĀØÚØöćĀÚèîóÂóéîù¬Ú ØČóĂì­âèæîóÂóéîù¬ÚæîãÖòèëúÈÃ÷ĈÚ ĀæñÉóÂÅùÔëâÛòÖõ
ÂóäÿÅæøćîÚØöćÃîÈâèæîóÂóéÿãĆÚØöćÿÅæøćîÚÖòèăÕ­ÿäĆèÂè¬ó ĀÚèîóÂóéÿãĆÚÉ÷ÈÿÅæøćîÚăÜØòÚĀÚèîóÂóéîù¬Ú ØČó
Ăì­ÿÂõÕæòÂêÔñĀÚèîóÂóéäèâÃ÷ĈÚĀæñÿÂõÕìãóÕÚČĈóà­ó ÿâøćîîóÂóéîù¬ÚØöć×úÂÛòÈÅòÛĂì­æîãÖòèÃ÷ĈÚìâÕăÜ
ßóãùìâùÚÂĆëæóãÖòèăÜ îã¬óÈăäÂĆÖóâÿèæóØöćÿÂõÕßóãùìâùÚÚòĈÚÉñÿÂõÕæòÂêÔñÃîÈéúÚã°ÂæóÈÅèóâÂÕ
îóÂóéÃ÷ĈÚ Ì÷ćÈÂĆÅøî éúÚã°ÂæóÈÅèóâÂÕîóÂóéÖČćó æâÉñßòÕÿÃ­óìóéúÚã°ÂæóÈ (ÅèóâÂÕîóÂóéëúÈÿÅæøćîÚØöć
ÿÃ­óìóéúÚã°ÂæóÈÅèóâÂÕîóÂóéÖČćó) Ì÷ćÈæâßòÕÿÃ­óìóéúÚã°ÂæóÈÕòÈÂæ¬óèĂÚÌöÂāæÂÿìÚøî âöØõéØóÈÂóäßòÕ
èÚØèÚÿÃĆâÚóíõÂó ë¬èÚĂÚÌöÂāæÂĂÖ­âöØõéØóÈÖóâÿÃĆâÚóíõÂó Ì÷ćÈÿÜĆÚÝæâóÉóÂÂóäìâùÚÃîÈāæÂ
ÚòćÚÿîÈ 

4.2 ßóãùØîä°ÚóāÕ (Tornado) 
ßóãùØîä°ÚóāÕ ÿÜĆÚßóãùÃÚóÕÿæĆÂĀÖ¬âöÅèóâäùÚĀäÈâóÂØöćëùÕ âòÂÿÂõÕĂÚÜäñÿØéëìäòÑîÿâäõÂó 

ĀæñÚîÂÚòĈÚÿÂõÕØöćĀ×ÛÜäñÿØéîîëÿÖäÿæöã ßóãùÕòÈÂæ¬óèÿÂõÕÉóÂîóÂóéÿÅæøćîÚØöćÿÃ­óìóéúÚ°ÂæóÈÅèóâÂÕ
îóÂóéÖČćóîã¬óÈäèÕÿäĆè æòÂêÔñßóãùÅæ­óãÜæ¬îÈăàëöÕČóì­îãæÈâóÉóÂÿâÇÅõèâúāæÚõâÛòë 
(Cumulonimbus) ĂÚâèæßóãùâöăîÚČĈóĀæñÞù¬ÚæñîîÈ ÖæîÕÉÚèòÖ×ùÖ¬óÈ ą Øöć×úÂæâßòÕæîãÃ÷ĈÚăÜÕ­èã
ÅèóâÿäĆèæâÂè¬ó 400 ÂõāæÿâÖä / ËòćèāâÈ ÿâøćîßóãùÿÅæøćîÚØöćăÜĂÚØõéØóÈĂÕÑóÚÃîÈâòÚÉñÂèóÕØùÂîã¬óÈ
ÛÚßøĈÚÕõÚÃ÷ĈÚăÜÕ­èã Â¬îĂì­ÿÂõÕÅèóâÿëöãìóãâóÂ ßóãùØîä°ÚóāÕÉñÿÂõÕĂÚË¬èÈåÕúĂÛăâ­Ýæõ ĀæñåÕúä­îÚ 
ÿÚøćîÈÉóÂâèæîóÂóéÃòĈèāæÂáóÅßøĈÚëâùØäâóÿÅæøćîÚØöćßÛÂòÛâèæîóÂóéÿÃÖä­îÚáóÅßøĈÚëâùØä Āæñ×­ó
ÿÂõÕÃ÷ĈÚÿìÚøîßøĈÚÚČĈóÿäóÿäöãÂè¬ó "ÚóÅÿæ¬ÚÚČĈó" (Waterspout) 

 
 



 ƗƚƝ 

4.3 ßóãùìâùÚÿÃÖä­îÚ 
ßóãùìâùÚÿÃÖä­îÚ ÿÜĆÚßóãùìâùÚØöćÿÂõÕÃ÷ĈÚĂÚÿÃÖä­îÚÛäõÿèÔÿë­ÚéúÚã°ëúÖääñìè¬óÈ 8 - 12 îÈéó 

ÿìÚøîĀæñĂÖ­ āÕãâóÂâòÂÿÂõÕÛäõÿèÔßøĈÚØñÿæĀæñâìóëâùØäØöćâöîùÔìáúâõÃîÈÚČĈóëúÈÂè¬ó 27 îÈéó
ÿÌæÿÌöãë ßóãùìâùÚÿÃÖä­îÚÿÜĆÚæòÂêÔñÃîÈÛäõÿèÔÅèóâÂÕîóÂóéÖČćó éúÚã°ÂæóÈßóãùÿÜĆÚÛäõÿèÔØöćâö
ÅèóâÂÕîóÂóéÖČćóâóÂØöćëùÕ ÿäöãÂè¬ó "Öóßóãù" (Eye of Storm) âöæòÂêÔñÂæâ ĀæñÂæâäö âöÃÚóÕ
ÿë­ÚÝ¬óéúÚã°ÂæóÈÖòĈÈĀÖ¬ 50 - 200 ÂõāæÿâÖä ÛäõÿèÔÖóßóãùÉñÿÈöãÛëÈÛ ăâ¬âöæâ Ø­îÈà­óāÜä¬È ăâ¬âöÞÚÖÂ 
ë¬èÚäîÛą ÖóßóãùÉñÿÜĆÚÛäõÿèÔØöćâöæâßòÕĀäÈÉòÕ âöÿâÇÅä÷Ĉâ âöÞÚÖÂßóãùäùÚĀäÈ ßóãùìâùÚÿÃÖä­îÚ
ÉòÕÿÜĆÚßóãùØöćâöÅèóâäùÚĀäÈâóÂ ÿÂõÕÉóÂéúÚã°ÂæóÈÅèóâÂÕîóÂóéÖČćó ØöćâöæâßòÕÿÃ­óìóéúÚã°ÂæóÈ ĂÚÌöÂ
āæÂÿìÚøîØõéØóÈÂóäìâùÚÃîÈæââöØõéØóÈØèÚÿÃĆâÚóíõÂó ë¬èÚÌöÂāæÂĂÖ­âöØõéØóÈÖóâÿÃĆâÚóíõÂó 
ÅèóâÿäĆèæâÿÃ­óëú¬éúÚã°ÂæóÈîãú¬äñìè¬óÈ 120 - 200 ÂõāæÿâÖä/ËòćèāâÈ ßóãùĂÚÿÃÖÚöĈÉñâöÞÚÖÂìÚòÂ 
îÈÅ°ÂóäîùÖùÚõãâèõØãóāæÂĀÛ¬ÈÜäñÿáØßóãùìâùÚÖóâÅèóâÿäĆèĂÂæ­éúÚã°ÂæóÈßóãù āÕãĀÛ¬ÈÖóâäñÕòÛ
ÅèóâäùÚĀäÈ ăÕ­ÕòÈÚöĈ 
 

ßóãùÕöÿÜäëËòćÚ (Depression) ÅèóâÿäĆèæâÚ­îãÂè¬ó 63 ÂõāæÿâÖä / ËòćèāâÈ ÿÜĆÚßóãùî¬îÚą âöÞÚÖÂÛóÈ ×÷È
ìÚòÂ 
 

ßóãùāÌÚä­îÚ (Tropical Storm) ÅèóâÿäĆèæâ 64 - 115 ÂõāæÿâÖä / ËòćèāâÈ âöÂČóæòÈÜóÚÂæóÈâöÞÚÖÂ
ìÚòÂ 
 

ßóãùìâùÚÿÃÖä­îÚ ìäøîßóãùăÌāÅæÚÿÃÖä­îÚ (Tropical Cyclone) ÅèóâÿäĆèæâ âóÂÂè¬ó115 ÂõāæÿâÖä             
Ö¬îËòćèāâÈ ÿÜĆÚßóãùØöćâöÂČóæòÈĀäÈëúÈëùÕ âöÞÚÖÂìÚòÂâóÂ ÛóÈÅäòĈÈÉñâößóãùÞÚà­óÅñÚîÈÕ­èã ßóãùìâùÚ
ÿÃÖä­îÚâöËøćîÿäöãÂÖ¬óÈ ą ÂòÚÖóâĀìæ¬ÈÂČóÿÚõÕ ÕòÈÚöĈ 

×­óÿÂõÕĂÚâìóëâùØäĀÜÌõàõÂ ĀæñØñÿæÉöÚĂÖ­ ÿäöãÂè¬ó ĂÖ­Þù¬Ú (Typhoon) 
×­óÿÂõÕĂÚî¬óèÿÛÈÂîæ ĀæñØñÿæîóìäòÛ ÿäöãÂè¬ó ßóãùăÌāÅæÚ (Cyclone) 
×­óÿÂõÕĂÚĀîÖĀæÚÖõÂ ĀæñØñÿæĀÅäõÛÿÛöãÚ ÿäöãÂè¬ó ßóãùÿïîä°äõÿÅÚ (Hurricane) 
×­óÿÂõÕĂÚØñÿæÜäñÿØéàõæõÜÜõÚë° ÿäöãÂè¬ó ßóãùÛóÿÂöãè (Baguio) 
×­óÿÂõÕØöćØñÿæîîëÿÖäÿæöã ÿäöãÂè¬ó ßóãùèõææö èõææöć (Willi-Willi) 

 
 
 
 
 
 



 Ɨƚƞ 

4.3.1 ÂóäÿÂõÕßóãùìâùÚÿÃÖä­îÚ 
ÂóäÿÂõÕßóãùìâùÚÿÃÖä­îÚ âòÂÿÂõÕÛäõÿèÔĀ×Ûÿë­ÚéúÚã°ëúÖäÛäõÿèÔæñÖõÉúÕ 8 - 15 îÈéóÿìÚøî ĂÖ­ 

ÕòÈÂæ¬óèâóĀæ­èÃ­óÈÖ­Ú ë¬èÚÛäõÿèÔÿë­ÚéúÚã°ëúÖäÉñăâ¬ÿÂõÕÂóäÂ¬îÖòèÃîÈßóãùìâùÚĀÖ¬îã¬óÈĂÕ ÿÚøćîÈâóÉóÂăâ¬
âöĀäÈæâ "Åîäõîîäõë" (Ì÷ćÈÿÜĆÚĀäÈÿìèöćãÈØöćÿÂõÕÉóÂÂóäìâùÚäîÛÖòèÿîÈÃîÈāæÂ ÛäõÿèÔÿë­ÚéúÚã°ëúÖäÉñâöÅ¬ó
ÿÜĆÚ éúÚã°) æČóÕòÛÂóäÿÂõÕÃîÈßóãùìâùÚÿÃÖä­îÚÿÜĆÚÕòÈÚöĈ 

1. ëáóèñÂóäÂ¬îÖòè (Formation) âòÂÿÂõÕÂóäÂ¬îÖòèÛäõÿèÔØñÿæ ìäøîâìóëâùØä ØöćâöîùÔìáúâõëúÈ
Âè¬ó 27 îÈéóÿÌæÿÌöãë 

2. ëáóèñØèöÂČóæòÈĀäÈ ÉñÿÂõÕÛäõÿèÔéúÚã°ÂæóÈÅèóâÂÕîóÂóéÖČćó ÿÂõÕæâßòÕÿÃ­óëú¬éúÚã°ÂæóÈ âö
ÿâÇĀæñÞÚÖÂìÚòÂÿÜĆÚÛäõÿèÔÂè­óÈ 

3. ëáóèñäùÚĀäÈÿÖĆâØöć (Mature Stage) âöÂČóæòÈæâëúÈëùÕ ÞÚÖÂÿÜĆÚÛäõÿèÔÂè­óÈÜäñâóÔ                 
500 - 1,000 ÂõāæÿâÖä 

4. ëáóèñëæóãÖòè (Decaying Stage) âöÂóäÿÅæøćîÚÖòèÿÃ­óëú¬áóÅßøĈÚØèöÜ ĀæñæÕÂČóæòÈĀäÈæÈ                
îòÚÿÚøćîÈâóÉóÂßøĈÚĀÝ¬ÚÕõÚâöÅèóâËøĈÚÚ­îãæÈ ĀæñßòÕÝ¬óÚëáóßáúâõÜäñÿØéØöćâöÅèóâÖ¬óÈäñÕòÛ ØČóĂì­
ßóãùî¬îÚÂČóæòÈæÈÂæóãÿÜĆÚÕöÿÜäëËòćÚ ĀæñëæóãÖòèæÈăÜĂÚØöćëùÕ 
 

4.3.2 ßóãùìâùÚÿÃÖä­îÚĂÚÜäñÿØéăØã 
ë¬èÚĂìÎ¬ÿÂøîÛØòĈÈìâÕÿÜĆÚßóãùìâùÚÿÃÖä­îÚØöćÿÂõÕĂÚâìóëâùØäĀÜÌõàõÂ ìäøîĂÚØñÿæÉöÚĂÖ­ 

ĀæñÂóäÿÅæøćîÚÖòèÿÃ­óëú¬ÜäñÿØéăØã ÚîÂÚòĈÚÂ¬îÖòèĂÚÿÃÖâìóëâùØäîõÚÿÕöã ÿâøćîßõÉóäÔóÜäñÂîÛÂòÛ
ëáóßØóÈáúâõéóëÖä°ÃîÈÜäñÿØéăØãĂÚÕ­óÚØČóÿæØöćÖòĈÈ ßÛè¬óâòÂăâ¬Å¬îãăÕ­äòÛîõØÙõßæÉóÂßóãùĂÖ­Þù¬Ú 
(Typhoon) âóÂÚòÂ ÿÚøćîÈÉóÂØõéØóÈÂóäÿÅæøćîÚÖòèāÕãë¬èÚâóÂâöÂóäÿÅæøćîÚÖòèÉóÂØóÈÕ­óÚØñÿæÉöÚĂÖ­ 
ÿÅæøćîÚÿÃ­óëú¬ÜäñÿØéăØãØóÈÛäõÿèÔáóÅÖñèòÚîîÂÿÊöãÈÿìÚøî ìäøîáóÅÿìÚøî ĂÚË¬èÈÿÕøîÚÂäÂÏóÅâ ×÷È 
ÿÕøîÚÂòÚãóãÚ āÕãâóÂâòÂî¬îÚÂČóæòÈæÈÂæóãÿÜĆÚßóãùÕöÿÜäëËòćÚ ìäøîëæóãÖòèÂæóãÿÜĆÚìã¬îâÅèóâÂÕ
îóÂóéÖČćóÿëöãÂ¬îÚ ÿÚøćîÈÉóÂßóãùÿÅæøćîÚÖòèÿÃ­óëú¬ĀÝ¬ÚÕõÚÉñî¬îÚÂČóæòÈæÈÿâøćîÜñØñÂòÛæòÂêÔñáúâõÜäñÿØé
ÿØøîÂÿÃóëúÈĀ×ÛÜäñÿØéÿèöãÕÚóâ ÂòâßúËó ĀæñÿØøîÂÿÃóËóãĀÕÚÃîÈÜäñÿØéăØãÿëöãÂ¬îÚ äñÛÛÂóä
ìâùÚÿèöãÚÃîÈæâÉ÷È×úÂÂöÕÃèóÈ ÿÜĆÚÿìÖùØČóĂì­ßóãùî¬îÚÂČóæòÈæÈÚòćÚÿîÈ ë¬èÚØóÈÕ­óÚáóÅĂÖ­ÃîÈÜäñÿØé
ăØãâöæòÂêÔñáúâõÜäñÿØéØöćÿÜĆÚÅóÛëâùØäãøćÚãóèîîÂăÜĂÚØñÿæ ËóãÞòćÈØñÿæáóÅĂÖ­ØóÈÕ­óÚØõé
ÖñèòÚÖÂâöĀÚèÿØøîÂÿÃóëúÈËòÚØîÕÖòèãóèÖæîÕĀÚèÉ÷ÈÿÜĆÚĀÚèÂòÚßóãùăÕ­Õö ë¬èÚØóÈÕ­óÚáóÅĂÖ­ØóÈÞòćÈ
ØõéÖñèòÚîîÂăâ¬âöĀÚèÂČóÛòÈÕòÈÂæ¬óèØČóĂì­ÿÂõÕÅèóâÿëöãìóãÉóÂßóãùăÕ­È¬óãÂè¬ó āÕãâóÂâòÂÿÂõÕßóãùÿÃ­ó
âóĂÚË¬èÈÿÕøîÚÖùæóÅâ ×÷ÈÿÕøîÚ ÙòÚèóÅâ ÿÜĆÚÖ­Ú Öòèîã¬óÈÿË¬Ú Åèóâÿëöãìóãä­óãĀäÈÉóÂßóãùĂÖ­Þù¬ÚÿÂã° Øöć
ßòÕÿÃ­óØóÈÕ­óÚáóÅĂÖ­ØóÈÕ­óÚÞòćÈØñÿæÖñèòÚîîÂÃîÈÜäñÿØéÿâøćî èòÚØöć 4 ßåéÉõÂóãÚ 2532 ØČóĂì­ÿÂõÕ
ÅèóâÿëöãìóãÿÜĆÚîã¬óÈâóÂ āÕãØòćèăÜÜäñÿØéăØãâòÂÉñăÕ­äòÛîõØÙõßæÉóÂßóãùÕöÿÜäëËòćÚâóÂØöćëùÕ āÕã
ÿÊæöćãÜöæñ 3 - 4 æúÂ ëČóìäòÛÂóäÿÂõÕßóãùìâùÚÿÃÖä­îÚĂÚÜäñÿØéăØãâòÂÿÂõÕĂÚåÕúÞÚ ÖòĈÈĀÖ¬ÿÕøîÚ



 ƗƚƟ 

ßåêáóÅâ ÿÜĆÚÖ­ÚăÜÉÚ×÷ÈÿÕøîÚÖùæóÅâ ÉñÿÜĆÚßóãùìâùÚÿÃÖä­îÚØöćÂ¬îÖòèÃ÷ĈÚĂÚÛäõÿèÔâìóëâùØä
îõÚÿÕöã ÛäõÿèÔâìóëâùØäĀÜÌõàõÂĀæñØñÿæÉöÚĂÖ­ëóâóä×ĀãÂßõÉóäÔóăÕ­ÕòÈÚöĈ 

Ë¬èÈÿÕøîÚßåêáóÅâ Â¬îÚÿÃ­óåÕúÞÚîóÉÉñâößóãùăÌāÅæÚÉóÂî¬óèÿÛÈÂîæ ÿÅæøćîÚÖòèÿÃ­óëú¬
ÜäñÿØéăØãØóÈÕ­óÚØõéÖñèòÚÖÂ ØČóĂì­âöÝæÂäñØÛÖ¬îáóÅÖñèòÚÖÂÃîÈÜäñÿØé 
Ë¬èÈÿÕøîÚÂäÂÏóÅâ ×÷ÈÿÕøîÚÂòÚãóãÚ îóÉÉñâößóãùĂÖ­Þù¬ÚĂÚâìóëâùØäĀÜÌõàõÂßòÕÝ¬óÚÿÃ­óâóØóÈáóÅ
ÖñèòÚîîÂÿÊöãÈÿìÚøîÖîÚÛÚ ØČóĂì­âöÝæÂäñØÛÖ¬îáóÅÖñèòÚîîÂÿÊöãÈÿìÚøî ĀæñáóÅÿìÚøîÖîÚÛÚ 

Ë¬èÈÿÕøîÚÂòÚãóãÚ ×÷ÈÜæóãÿÕøîÚÖùæóÅâ îóÉÉñâößóãùìâùÚÿÃÖä­îÚĂÚØñÿæÉöÚĂÖ­ßòÕÝ¬óÚÿÃ­óâó
ØóÈáóÅÖñèòÚîîÂÿÊöãÈÿìÚøîÖîÚæ¬óÈ ØČóĂì­âöÝæÂäñØÛÖ¬îáóÅÖñèòÚîîÂ áóÅÂæóÈ ÖîÚæ¬óÈÃîÈ
áóÅÿìÚøî ĀæñÖîÚæ¬óÈÃîÈáóÅÖñèòÚîîÂÿÊöãÈÿìÚøî äèâØòĈÈÿÃÖÂäùÈÿØßâìóÚÅä ĀæñÜäõâÔÒæ 

ëČóìäòÛË¬èÈÖ­ÚåÕúìÚóèÜäñâóÔÿÕøîÚßåéÉõÂóãÚ×÷ÈÖ­ÚÿÕøîÚâÂäóÅâ âòÂÉñâöÅèóâÂÕîóÂóé
ÖČćóĂÚÖîÚæ¬óÈÃîÈØñÿæÉöÚĂÖ­ßòÕÝ¬óÚÿÃ­óâóĂÚî¬óèăØã ØČóĂì­âöÝæÂäñØÛÖ¬îáóÅĂÖ­ÞòćÈÖñèòÚîîÂÖòĈÈĀÖ¬
ÉòÈìèòÕËùâßäæÈăÜ 

ÜòÉÉùÛòÚÿäóëóâóä×ØäóÛăÕ­æ¬èÈìÚ­ó×÷ÈÂóäÿÂõÕßóãùìâùÚÿÃÖä­îÚĀæñØõéØóÈÂóäÿÅæøćîÚØöćāÕã
ÂóäĂË­ÿÅäøćîÈâøîÖäèÉîóÂóéØöćØòÚëâòã ăÕ­ĀÂ¬ ÕóèÿØöãâîùÖùÚõãâèõØãó ÿäÕóä°ÖäèÉîóÂóé ÿÜĆÚÖ­Ú îã¬óÈăä
ÂĆÖóâÝæÂäñØÛÉóÂÅèóâÿëöãìóãîòÚÿÚøćîÈâóÉóÂßóãùìâùÚÿÃÖä­îÚ îóØõÿË¬Ú ÞÚÖÂìÚòÂÖõÕÖ¬îÂòÚîóÉ
ØČóĂì­ÿÂõÕÚČĈóÜ¬óăìæìæóÂăÕ­ ØČóĂì­ÿë­ÚØóÈÅâÚóÅâ×úÂÖòÕÃóÕäèâØòĈÈĀÚèëóãăàà­ó Āæñÿëóăàà­ó 
ßøĈÚØöćÿÂêÖäÂääâăÕ­äòÛÅèóâÿëöãìóã ÖæîÕÉÚØČóĂì­ÿäøîÿæĆÂĀæñÿäøîĂìÎ¬îòÛÜóÈăÕ­ 
 

4.3.3 ÂóäÿäöãÂËøćîßóãùìâùÚ 
ëČóìäòÛĂÚÿÃÖáóÅßøĈÚâìóëâùØäĀÜÌõàõÂÿìÚøîÕ­óÚÖñèòÚÖÂ ĀæñØñÿæÉöÚĂÖ­ ÚòÂîùÖùÚõãâèõØãó

ăÕ­ÖòĈÈËøćîßóãùăè­ 5 ËùÕ ĀÖ¬æñËùÕÜäñÂîÛÕ­èãËøćîßóãùìâùÚ 28 Ëøćî āÕãÅèóâä¬èââøîĂÚÂóäÿëÚîËøćîÃîÈ 
14 ÜäñÿØéĂÚĀ×ÛáúâõáóÅÕòÈÂæ¬óè ÚČóâóĂË­ÿÜĆÚËøćîßóãùìâùÚÿÃÖä­îÚ ÂóäĂË­ÉñĂË­ìâùÚÿèöãÚÂòÚăÜÖóâ
Ā×è āÕãÿäõćâÖòĈÈĀÖ¬Ā×èĀäÂÃîÈëÕâá°Øöć 1 ăÜÉÚ×÷ÈËøćîëùÕØ­óãÃîÈëÕâá° Āæ­èÉ÷ÈÃ÷ĈÚăÜĂË­ËøćîÃîÈĀ×è
ĀäÂÃîÈëÕâá°Øöć 2 ÿË¬Ú "Õîâÿäã°"(Damrey) ăÜÉÚ×÷È "Øäóâö" (Trami) Āæ­èÉ÷ÈÃ÷ĈÚăÜØöć "ÂîÈÿäã°" 
(Kong-Rey) ÿÜĆÚÖ­Ú ëČóìäòÛÜäñÿØéăØãăÕ­ÿëÚîËøćîßóãùìâùÚÿÃÖä­îÚ Åøî ßäñßõäùÔ, èõáó, ÿâÃæó, ÚõÕó 
, ÂùìæóÛ, ØùÿäöãÚ, äóâëúä, ìÚùâóÚ , ËÛó ĀæñÃÚùÚ ( ÖóäóÈØöć 1) 
 
 
 
 
 
 



 ƗƛƖ 

ÖóäóÈØöć 1 ĀëÕÈäóãËøćîßóãùìâùÚØöćÿÂõÕÃ÷ĈÚĂÚâìóëâùØäĀÜÌõàõÂÖîÚÿìÚøîÕ­óÚÖñèòÚÖÂ 
ÜäñÿØéØöćÖòĈÈËøćî ëÕâá°Øöć 1 ëÕâá°Øöć 2 ëÕâá°Øöć 3 ëÕâá°Øöć 4 ëÕâá°Øöć 5 
Cambodia Õîâÿäã° ÂîÈÿäã° ÚóÂäö ÂäîèóÎ ëóäõÂó 
China ìæÈìèóÈ ãúØú àÈÿÊõÚ Öú­ÿÉöĉãÚ ăììâ¬ó 
Dpr Korea āÅāäÉõ āØäóÉõ ÅóÿâÉõ ÿââõ âõîñäõ 
Hk.China ăÅÖòĉÂ âóÚãöć à¬îÈèîÈ ÊîãìèòćÚ âóÈ¬îÚ 
Japan ÿØâÛõÚ îùÌóÈõ  Åòââùäõ ÃîÛÜù āØñÅóÿÈñ 
Loa Pdr. āÛæóÿèÚ ÜæóÛ÷Â ßòÚÞÚ ÿÂéÚó ÚÂÿÖ­Ú 
Macau ÉòÚÉú èúØõÛ ìèòÈàÈ ßóä°âó âù­ãÞ¬ó 
Malaysia ÿÉîæóèòÖ ÿÌîßòÖ äúÌó âöÿæî ÿâîä°ÛùÅ 
Micronesia ÿîèõÚæó àõāØ ÌõÚæóÂú ÿÚßóØòÅ ÚòÚâóÕîæ 
Philippines Ûõæõë ÕóÚòë ïóÂùÜõÕ æúÜõÅ Øóæòë 
Ro Korea ÿÂâö Úóäö ÌòÈâö ÌúÕóæ āÚäú 
Thailand ßäñßõäùÔ èõáó ÿâÃæó ÚõÕó ÂùìæóÛ 
U.S.A. âóÿäöã àäóÚÌõëāÂ ïöāÂë āîÿâë āäÿÅ 
Viet Nam ÿÌæăâ ÿæÅÅöâó Ûóèö ÅîÚÌîÚ ÌîÚÅó 
Cambodia āÛßó ÂäîÌó ăâ­ëòÂ ÉòÚØú ÿÚëóÕ 
China ìèú¬ÅÈ ăì¬ÿãöćãÚ ăì¬ÿÊõÚ ÿÖöĈãâú¬ ăì¬×òÈ 
Dpr Korea āÌÚóâù āßÕîæ ßÈāÌÚó âõÚÕîÚÿæ ÚîÿÂ 
Hk.China ÌóÚÌóÚ Āìæ¬ÈĀìæÈ ãòÚãòÚ ÿØÈÿØ¯È ÛòÚìãòÚ 
Japan ãóÈõ ÅñÉõÅõ ÅùÉõäñ ÅîâÜóÌõ èóËõ 
Loa Pdr. Ë­óÈëóä à­óĂë ÉòÚØä°ìîâ ÚČĈóÖ­Ú âòØëó 
Macau ÿÛÛõÚÂ­ó ïòèÿìâ¬ã ìæõÚÞ¬ó ìâ¬óÿìæó ÌòÚìèú¬ 
Malaysia äòâÿÛöã ØóÜó ÚòÈÂ­ó ÿâîäòÚÖõ âóèó 
Micronesia ÌúæõÅ âõÿØÅ ÌúÿÕāæ äóÚóÚõâ ÂúāÌè 
Philippines ÌõâóäîÚ ïóÉõÛõë îõâÛùāÕ âóæóÂòë Øóæõâ 
Ro Korea ÿÌÛö āÚÂúäö āÂÚö ÿâÂõ ÚóÛö 
Thailand ØùÿäöãÚ äóâëúä ìÚùâóÚ ËÛó ÃÚùÚ 
U.S.A. îúāØ ÌóØóÚ îöāØ āÅāÕ èõÚÿÌÚÿÖ­ 
Viet Nam Øäóâö ïóæîÈ ĀèâāÅ ÌîÈÕó ÿÌææó 
Øöćâó : éúÚã°îùÖùÚõãâèõØãóáóÅÿìÚøî ÉòÈìèòÕÿËöãÈĂìâ¬ ,2544. 



 ƗƛƗ 

5. ßóãùÞÚà­óÅñÚîÈ (Thunderstorm) 
ßóãùÞÚà­óÅñÚîÈ ìâóã×÷È îóÂóéØöćâöÞÚÖÂìÚòÂ âöà­óĀæÛà­óä­îÈ ÿÜĆÚÞÚØöćÿÂõÕÉóÂÂóäßó

Åèóâä­îÚ âöæâßòÕĀäÈ ÿÂõÕîã¬óÈÂäñØòÚìòÚĀæñãùÖõæÈØòÚØöØòÚĂÕ ßóãùÞÚà­óÅñÚîÈÿÂõÕÉóÂÂóäØöćîóÂóé
ăÕ­äòÛÅèóâä­îÚĀæñæîãÖòèëúÈÃ÷ĈÚĀæñâöăîÚČĈóĂÚÜäõâóÔâóÂßî ÜäñÂîÛÂòÛÂóäæÕæÈÃîÈîùÔìáúâõ É÷È
ÿÂõÕÂóäÂæòćÚÖòèÅèÛĀÚ¬ÚÃîÈăîÚČĈó ĀæñÿÂõÕßóãùÞÚà­óÅñÚîÈ ßóãùÞÚà­óÅñÚîÈÜäñÂîÛÕ­èãÿÌææ°
îóÂóéÉČóÚèÚâóÂ ĂÚĀÖ¬æñÿÌææ°ÉñâöîóÂóéăìæÃ÷ĈÚĀæñæÈìâùÚÿèöãÚÂòÚ ßóãùÞÚà­óÅñÚîÈÿÂõÕâóÂĂÚ
ÿÃÖä­îÚ ÿÚøćîÈÉóÂîóÂóéËøĈÚâóÂĀæñâöîùÔìáúâõëúÈ ØČóĂì­âöëáóèñîóÂóéăâ¬ØäÈÖòè ßóãùÞÚà­óÅñÚîÈâòÂ
ÿÂõÕÉóÂÿâÇÅõèâúāæÚõâÛòë (Cumulonimbus) 

5.1 ÃòĈÚÖîÚÂóäÿÂõÕßóãùÞÚà­óÅñÚîÈ 
5.1.1 äñãñÂóäÿÂõÕÿâÇÅõèâúæòë (Cumulus Stage) ìäøîÃòĈÚÂ¬îÖòè ÿâøćîîùÔìáúâõÝõèßøĈÚÿßõćâëúÈÃ÷ĈÚ

ÉñØČóĂì­âèæîóÂóéîù¬ÚæîãÖòèÃ÷ĈÚÛÚ ÿÂõÕÂóäÂæòćÚÖòèÃîÈăîÚČĈóÿÜĆÚÿâÇÅõèâúæòë (Cumulus) âèæîóÂóé
ä­îÚÉñæîãÖòèëúÈÃ÷ĈÚÿäøćîã ą ØČóĂì­âèæîóÂóéãÂÖòèëúÈÃ÷ĈÚëú¬ÿÛøĈîÈÛÚÖæîÕ ĀæñÿäĆèÃ÷ĈÚ 

5.1.2 äñãñÂóäÿÂõÕßóãù (Mature Stage) 
äñãñÚöĈßóãùÉñÿäõćâßòÕÿÂõÕÂäñĀëîóÂóéÉâÖòèæâ ÿÚøćîÈÉóÂÞÚÖÂæÈâóÉñÕ÷ÈÿîóâèæîóÂóéĂì­

ÉâÖòèæÈâóÕ­èã ĀæñâèæîóÂóéîù¬ÚÂĆãòÈÅÈæîãÖòèÃ÷ĈÚÿÛøĈîÈÛÚÖ¬îăÜ ÉóÂÝæÕòÈÂæ¬óèØČóĂì­ÿÂõÕëáóß
îóÂóéĀÜäÜäèÚ ĀæñæâÂäñāËÂĀäÈ ÿÚøćîÈâóÉóÂâèæîóÂóéĂÚÂ­îÚÿâÇâöÅèóâĀÜäÝòÚâóÂ âöÂóä
ìâùÚÿèöãÚÃîÈÂäñĀëîóÂóéÃ÷ĈÚæÈ ÿÂõÕà­óĀæÛ à­óä­îÈ äèâØòĈÈîóÉâöæúÂÿìĆÛÖÂÕ­èãÿË¬ÚÂòÚ 

5.1.3 äñãñëæóãÖòè (Dissipating Stage) 
ÿÜĆÚäñãñëùÕØ­óãÿâøćîéúÚã°ÂæóÈßóãùÉâÖòèæÈĂÂæ­ßøĈÚÕõÚ äúÜØäÈÃîÈÿâÇÉñÿÜæöćãÚÉóÂÿâÇÅõèâúāæÚõâÛòë 
(Cumulonimbus) ÿÜĆÚÿâÇîòæāÖëÿÖäÖòë (Altostratus) ìäøî ÿâÇÌöāäÅõèâúæòë (Cirrocumulus) ÞÚÉñÿÛó
ÛóÈĀæñìóãăÜĂÚØöćëùÕ 

îã¬óÈăäÂĆÖóâÂóäÿÂõÕßóãùÞÚà­óÅñÚîÈÕòÈÂæ¬óè ìóÂâöéúÚã°ÂæóÈßóãùìæóãéúÚã°ÂæóÈÉñØČóĂì­
ÿÂõÕßóãùÞÚà­óÅñÚîÈãóèÚóÚâóÂ ĀæñÿÂõÕÂäñĀëîóÂóéØöćäùÚĀäÈâóÂÉÚëóâóä×ØČóĂì­ÿÂõÕæúÂÿìĆÛăÕ­ 
Ë¬èÈÿèæóÃîÈÂóäÿÂõÕßóãùÞÚà­óÅñÚîÈÜäñâóÔ 1 - 2 ËòćèāâÈ 

5.2 ËÚõÕÃîÈßóãùÞÚà­óÅñÚîÈ 
5.2.1 ßóãùÞÚà­óÅñÚîÈßóÅèóâä­îÚ (Convectional Thunderstorm) 
ÿÜĆÚßóãùÞÚØöćÿÂõÕÉóÂÂóäßóÅèóâä­îÚ Ì÷ćÈâèæîóÂóéîù¬ÚæîãÖòèëúÈÃ÷ĈÚØČóĂì­îùÔìáúâõÃîÈîóÂóé

ÿãĆÚæÈ ăîÚČĈóÉñÂæòćÚÖòèÂæóãÿÜĆÚÿâÇÅõèâúāæÚõâÛòë (Cumulonimbus) ĀæñÿÂõÕÿÜĆÚßóãùÞÚà­óÅñÚîÈ âòÂ
ÿÂõÕÿÚøćîÈÉóÂāæÂăÕ­äòÛÅèóâä­îÚÉóÂÕèÈîóØõÖã° ØČóĂì­ßøĈÚÕõÚä­îÚÃ÷ĈÚâóÂ îóÂóéÛäõÿèÔßøĈÚÕõÚÉñæîã
ëúÈÃ÷ĈÚÿÂõÕÿÜĆÚÿâÇÅõèâúāæÚõâÛòë (Cumulonimbus) âòÂÿÂõÕĂÚË¬èÈÛ¬óãĀæñÿãĆÚĂÚèòÚØöćîóÂóéä­îÚÉòÕ  
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5.2.2 ßóãùÞÚà­óÅñÚîÈáúÿÃó (Orographic Thunderstorm) 
ÿÂõÕÉóÂÂóäØöćâèæîóÂóéîù¬ÚÿÅæøćîÚØöćăÜÜñØñÂòÛáúÿÃó ÃÔñØöćâèæîóÂóéÿÅæøćîÚØöćăÜÖóâæóÕ

ÿÃóîóÂóéÉñÿãĆÚÖòèæÈ ăîÚČĈóÂæòćÚÖòèÂæóãÿÜĆÚÿâÇÅõèâúāæÚõâÛòë (Cumulonimbus) ØČóĂì­ÿÂõÕæòÂêÔñ
ÃîÈÞÚÜñØñìÚ­óÿÃó ßóãùæòÂêÔñÚöĈÉñÿÂõÕÛäõÿèÔÖ­ÚæâÃîÈáúÿÃó ÿâÇÉñÂ¬îÖòèĂÚĀÚèÖòĈÈëúÈâóÂ ØČóĂì­
æòÂêÔñîóÂóéĀÜäÜäèÚâóÂ 

5.2.3. ßóãùÞÚà­óÅñÚîÈĀÚèÜñØñ (Frontal Thunderstorm) 
ÿÂõÕÉóÂÂóäÜñØñÂòÚÃîÈâèæîóÂóé âòÂÿÂõÕÉóÂÂóäÜñØñÃîÈâèæîóÂóéÿãĆÚâóÂÂè¬ó 

âèæîóÂóéîù¬Ú âèæîóÂóéîù¬ÚÉñ×úÂÕòÚĂì­ãÂÖòèæîãëúÈÃ÷ĈÚ ăîÚČĈóÂæòćÚÖòèÂæóãÿÜĆÚÿâÇÅõèâúāæÚõâÛòë 
(Cumulonimbus) ĀæñÿÂõÕÿÜĆÚßóãùÞÚà­óÅñÚîÈĀÚèÜñØñîóÂóéÿãĆÚ îóÂóéÿãĆÚ âèæîóÂóéîù¬Ú 
ÿÅæøćîÚØöćăÜ ÂóäÿÅæøćîÚØöćâóÜñØñÂòÚÃîÈÜñØñáúÿÃó âèæîóÂóéîù¬ÚĀæñÿãĆÚ ØČóĂì­ÿÂõÕßóãùÞÚà­óÅñÚîÈ 

5.3 ÜäóÂÐÂóäÔ°ØöćÿÂõÕÉóÂßóãùÞÚà­óÅñÚîÈ 
ÃÔñÿÂõÕßóãùÞÚà­óÅñÚîÈÉñÿÂõÕà­óĀæÛ à­óä­îÈ à­óÝ¬ó æúÂÿìĆÛÖÂ âöæâÂäñāËÂĀäÈÿÜĆÚÅäòĈÈ 

Åäóè āÕãĂÚäîÛ 1 Üö ØòćèāæÂâößóãùÞÚà­óÅñÚîÈÿÂõÕÃ÷ĈÚ×÷È 16 æ­óÚÅäòĈÈ āÕãÿÊßóñĂÚÿÃÖæñÖõÉúÕëúÈ Āæñ
ĂÚÿâøîÈØöćîóÂóéä­îÚËøĈÚÉñâöÉČóÚèÚèòÚØöćâößóãùÞÚà­óÅñÚîÈÿÂõÕăÕ­×÷È 80 - 160 èòÚÖ¬îÜö ëČóìäòÛÜäñÿØé
ăØãâòÂÿÂõÕâóÂĂÚÿÕøîÚ ÿâêóãÚ - ßåêáóÅâ ÿÜĆÚË¬èÈØöćÿÂõÕßóãùÞÚà­óÅñÚîÈâóÂØöćëùÕ 

5.3.1 ÂóäÿÂõÕà­óĀæÛ ÿÂõÕÃ÷ĈÚßä­îâÂòÛà­óä­îÈ ĀÖ¬âÚùêã°ÿäóâîÈÿìĆÚà­óĀæÛÂ¬îÚăÕ­ãõÚÿëöãÈà­ó
ä­îÈ ÿÚøćîÈÉóÂĀëÈÿÕõÚØóÈÿäĆèÂè¬óÿëöãÈ (ĀëÈâöîòÖäóÿäĆè 300,000 ÂõāæÿâÖä/èõÚóØö ë¬èÚÿëöãÈâöîòÖäóÿäĆè 
1/3 ÃîÈĀëÈ) ÜäñÂóãăàà­óÃîÈà­óĀæÛ 1 ÅäòĈÈ âöÜäõâóÔăàà­óÉČóÚèÚëúÈ×÷È 200,000 ĀîâĀÜä° Āæñâö
ÅèóâÖ¬óÈéòÂã°×÷È 30 æ­óÚāèæÖ° à­óĀæÛÿÂõÕÉóÂÜäñÉùăàà­óÿÅæøćîÚØöćÉóÂÂ­îÚÿâÇëú¬Â­îÚÿâÇ ÉóÂÂ­îÚ
ÿâÇëú¬ßøĈÚÕõÚ āÕãâöÃòĈÚÖîÚÅøî ÜäñÉùăàà­óØöćÿÅæøćîÚØöć×¬óãÿØĂÚÂ­îÚÿâÇâöÂóäÿÅæøćîÚØöćìæùÕîîÂâóĀæñ
×¬óãÿØëú¬îóÅóäëõćÈÂ¬îëä­óÈ ìäøîÖ­Úăâ­ëúÈÛÚßøĈÚÕõÚ ÿìÖùÂóäÔ°ÿìæ¬óÚöĈĂË­ÿèæóÚ­îãÂè¬ó 1 èõÚóØö ĀæñÿÂõÕ
ÿÜĆÚĀëÈÃîÈà­óĀæÛ Ì÷ćÈÛóÈÅäòĈÈæČóĀëÈâöÅèóâãóè×÷È 60 - 90 ÿâÖä 

5.3.2 ÂóäÿÂõÕà­óä­îÈ ÿÚøćîÈÉóÂÜäñÂóãăàà­óÃîÈà­óĀæÛØČóĂì­îóÂóéĂÚÛäõÿèÔÚòĈÚâöîùÔìáúâõ
ëúÈÃ÷ĈÚ×÷ÈÜäñâóÔ 25,000 îÈéóÿÌæÿÌöãë îã¬óÈÿÊöãÛßæòÚ âöÝæØČóĂì­îóÂóéâöÂóäÃãóãÖòèîã¬óÈäèÕÿäĆè
ĀæñäùÚĀäÈ ØČóĂì­ÿÂõÕÿëöãÈ "à­óä­îÈ" ÿÚøćîÈÉóÂà­óä­îÈĀæñà­óĀæÛÿÂõÕÃ÷ĈÚßä­îâÂòÚ ÕòÈÚòĈÚÿâøćîÿäóâîÈÿìĆÚ
à­óĀæÛ ĀæñÚòÛÉČóÚèÚèõÚóØöÖ¬îăÜÉÚÂè¬óÉñăÕ­ãõÚÿëöãÈà­óä­îÈ ÿË¬Ú ×­óÚòÛăÕ­ 3 èõÚóØö ĀëÕÈè¬óà­óĀæÛ
îãú¬ì¬óÈÉóÂÿäóăÜÜäñâóÔ 1 ÿâÖä ĀæñëóÿìÖùØöćÿäóăÕ­ãõÚÿëöãÈà­óä­îÈÅäèÎÅäóÈîã¬óÈÖ¬îÿÚøćîÈăÜîöÂ
äñãñìÚ÷ćÈ ÿÚøćîÈÉóÂâöëóÿìÖùâóÉóÂÂóäÿÕõÚØóÈÃîÈÿëöãÈâöÅèóâÖ¬óÈÂòÚĂÚÿäøćîÈÃîÈäñãñÿèæóĀæñ
äñãñØóÈØöćÅóÛÿÂöćãèÂòÚÚòćÚÿîÈ 
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5.3.3 ÂóäÿÂõÕà­óÝ¬ó ÿÜĆÚÜäóÂÐÂóäÅèÛÅú¬ÂòÚÂòÛà­óĀæÛ Āæñà­óä­îÈ ÿÚøćîÈÉóÂÜäñÉùăàà­óăÕ­âö
ÂóäìæùÕîîÂâóÉóÂÂæù¬âÿâÇÞÚ Āæñ×¬óãÿØæÈëú¬ßøĈÚÕõÚ Ö­Úăâ­ îóÅóäìäøîëõćÈÂ¬îëä­óÈ ÖæîÕÉÚëõćÈâöËöèõÖ
îøćÚ ą à­óÝ¬óîóÉÂ¬îĂì­ÿÂõÕîòÚÖäóã×÷ÈËöèõÖăÕ­ ÿÚøćîÈÉóÂâößæòÈÈóÚăàà­óëúÈ ÅèóâäùÚĀäÈÃîÈÂäñĀëăàà­ó
ÉóÂà­óÝ¬óÿßöãÈßîØöćÉñÉùÕìæîÕăàà­óÃÚóÕ 60 ĀäÈÿØöãÚĂì­ëè¬óÈăÕ­×÷ÈÉČóÚèÚ 600,000 ÕèÈ ÿæãØöÿÕöãè 

6. ä¬îÈâäëùâ (Monsoon Trough) 
ÿÂõÕÉóÂĀÚèÅèóâÂÕîóÂóéÖČćó ØČóĂì­ÿÂõÕÞÚÖÂ Ì÷ćÈÿÜĆÚæòÂêÔñîóÂóéÃîÈÜäñÿØéăØã 

 ĀÚèä¬îÈÅèóâÂÕîóÂóéÖČćóÉñîãú¬ĂÚĀÚèØõéÖñèòÚÖÂ ĀæñØõéÖñèòÚîîÂ ä¬îÈâäëùâÉñâöÂóäÿÜæöćãÚĀÜæÈ
ÖČóĀìÚ¬ÈÖóâÂóäÿÅæøćîÚØöćÃîÈÕèÈîóØõÖã° ÿË¬Ú ÿâøćîÕèÈîóØõÖã°āÅÉäî­îâăÜØóÈØõéÿìÚøî ä¬îÈâäëùâÂĆÉñ
ÿÅæøćîÚØöćÖóâăÜÕ­èã ÂóäÿÅæøćîÚØöćÃîÈä¬îÈâäëùââöÝæÖ¬îÂóäÿÜæöćãÚØõéØóÈÂóääòÛæâ ÿË¬Ú ä¬îÈâäëùâØöć
ÿÅæøćîÚØöćăÜØóÈÕ­óÚØõéÿìÚøî ÛäõÿèÔØöćäòÛæâØóÈÕ­óÚØõéÿìÚøîÉñÿÜæöćãÚăÜÿÜĆÚÂóääòÛæâÉóÂØóÈÕ­óÚØõé
ĂÖ­ØòÚØö ä¬îÈâäëùââöÝæÖ¬îÂóäÿÂõÕÞÚÖÂîòÚÿÚøćîÈâóÉóÂëóÿìÖùÃ­óÈÖ­ÚÅøî ØČóĂì­îóÂóéÛäõÿèÔÕòÈÂæ¬óèãÂ
ÖòèæîãëúÈÃ÷ĈÚ ÃãóãÖòèÂæóãÿÜĆÚÿâÇÞÚ ÛäõÿèÔä¬îÈâäëùâÉ÷ÈâòÂâöÿâÇâóÂĀæñâöÞÚÖÂ ë¬èÚÜäñÿØéăØã
ä¬îÈâäëùâÿÂõÕÉóÂÂóäÜñØñÂòÚÃîÈæââäëùâÖñèòÚÖÂÿÊöãÈĂÖ­ 
ĀæñæââäëùâÖñèòÚîîÂÿÊöãÈÿìÚøî âöÝæØČóĂì­ÿÂõÕÞÚÖÂÿÜĆÚÛäõÿèÔÂè­óÈ ×­óĀÚèËÚÃîÈä¬îÈâäëùâØòĈÈ
ëîÈËÚÂòÚãõćÈĀÅÛÉñÿÂõÕÿÜĆÚßóãùÞÚà­óÅñÚîÈăÕ­È¬óã Āæñ×­óÿÂõÕä¬îÈâäëùâÚóÚ Éñë¬ÈÝæĂì­ÿÂõÕÞÚÖÂ
ÚóÚØČóĂì­ÿÂõÕÚČĈóØ¬èâăÕ­ÿË¬ÚÂòÚ 
Øöćâó : éúÚã°îùÖùÚõãâèõØãóáóÅÿìÚøî ÉòÈìèòÕÿËöãÈĂìâ¬ , 2544. 
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 ßóãùăÌāÅæÚÚóä°Âöë 
     Úóä°Âöë ÿÜĆÚËøćîÃîÈÿÕĆÂìÎõÈËóèâùëæõâ ĀÜæè¬ó ÕîÂăâ­ ĀæñĂË­ÿÜĆÚËøćîßóãùăÌāÅæÚØöćÿëÚîāÕã
ÜäñÿØéÜóÂöë×óÚ ăÌāÅæÚÚóä°Âöë ÿÜĆÚßóãùìâùÚØöćÿÂõÕÃ÷ĈÚĂÚî¬óèÿÛÈÂîæ ÉòÕÿÜĆÚßóãùìâùÚÿÃÖä­îÚ 
(Tropical Cyclone) ËÚõÕìÚ÷ćÈ 
 

 
 

áóß ßóãùăÌāÅæÚÚóä°Âöë http://en.wikipedia.org/wiki/Cyclone_Nargis 
 

Ã­îâúæßóãùăÌāÅæÚÚóä°Âöë ÜäñÂîÛÕ­èã 

ÜäñÿÕĆÚ äóãæñÿîöãÕ  

  èòÚØöć 27ÿâêóãÚ 2551 

Āìæ¬ÈÂČóÿÚõÕ 
  

î¬óèÿÛÈÂîæÖîÚÂæóÈ âöéúÚã°ÂæóÈîãú¬ØöćæñÖõÉúÕ 15.9 îÈéóÿìÚøî  
æîÈÖõÉúÕ 93.7 îÈéóÖñèòÚîîÂ 

ÅèóâÿäĆèæâ 215 ÂõāæÿâÖäÖ¬îËòćèāâÈ 

ÅèóâÂÕîóÂóéÖČćó 962 âõææõÛóä° 

îòÖäóÿäĆèĂÚÂóäÿÅæøćîÚØöć ÜäñâóÔ 16-18 ÂõāæÿâÖäÖ¬îËòćèāâÈ 

èòÚØöćëä­óÈÅèóâÿëöãìóã èòÚØöć 3 ßåêáóÅâ 2551 

ßøĈÚØöćØöćăÕ­äòÛÅèóâÿëöãìóã ÛäõÿèÔëóâÿìæöćãâÜóÂĀâ¬ÚČĈóîõäñèÕö ĀæñÚÅäã¬óÈÂù­È ÜäñÿØéßâ¬ó  

 

http://en.wikipedia.org/wiki/Cyclone_Nargis
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ßóãùăÌāÅæÚ 
    ßóãùăÌāÅæÚ ÿÜĆÚßóãùìâùÚÿÃÖä­îÚ (Tropical Cyclone) ØöćÿÂõÕÃ÷ĈÚĂÚÛäõÿèÔî¬óèÿÛÈÂîæ ìäøî
âìóëâùØäîõÚÿÕöã ßóãùìâùÚÿÃÖä­îÚÿÂõÕĂÚÛäõÿèÔÿë­ÚéúÚã°ëúÖääñìè¬óÈ 23.5 îÈéóÿìÚøî ÂòÛ 23.5 îÈéó
ĂÖ­ āÕãÉñÿäõćâÂ¬îÖòèÉóÂìã¬îâÅèóâÂÕîóÂóéÖČćóĂÚØñÿæ Āæ­èăÖ¬äñÕòÛÃ÷ĈÚăÜÿäøćîãą ÉÚÂæóãăÜÿÜĆÚßóãù
ÕöÿÜäëËòÚ ßóãùāÌÚä­îÚ ĀæñßóãùìâùÚÿÃÖä­îÚ ÖóâäñÕòÛÅèóâÿäĆèæâëúÈëùÕĂÂæ­éúÚã°ÂæóÈÃîÈßóãù 

Ëøćîßóãù 
ßóãùÕöÿÜäëËòÚ 
(Depression) 

ßóãùāÌÚä­îÚ 
(Tropical Storm) 

ßóãìâùÚÿÃÖä­îÚ 
(Tropical Cyclone) 

ÂČóæòÈĀäÈ î¬îÚ ÜóÚÂæóÈ äùÚĀäÈ 

ÅèóâÿäĆèæâëúÈëùÕĂÂæ­éúÚã°ÂæóÈ ăâ¬ÿÂõÚ 61 Ââ./Ëâ. äñìè¬óÈ 62-117 Ââ./Ëâ. ÖòĈÈĀÖ¬ 118 Ââ./Ëâ. Ã÷ĈÚăÜ 

ÂóäÖòĈÈËøćî ăâ¬âöÂóäÖòĈÈËøćîßóãù âöÂóäÖòĈÈËøćîßóãù âöÂóäÖòĈÈËøćîßóãù 

 
ìâóãÿìÖù : ÂóäÿäöãÂËÚõÕÃîÈßóãùÉñĀÖÂÖ¬óÈÂòÚÖóâĀìæ¬ÈØöćÿÂõÕ ÿË¬Ú 
¶ ÿÂõÕĂÚâìóëâùØäĀÜÌõàõÂÿìÚøîÕ­óÚÖñèòÚÖÂ âìóëâùØäĀÜÌõàõÂĂÖ­ ĀæñØñÿæÉöÚĂÖ­ 
ÿäöãÂè¬ó  ßóãùăÖ­Þù¬Ú  

¶ ÿÂõÕĂÚî¬óèÿÛÈÂîæìäøîâìóëâùØäîõÚÿÕöã ÿäöãÂ ßóãùăÌāÅæÚ  
¶ ÿÂõÕĂÚâìóëâùØäĀîÖĀæÚÖõÂÿìÚøî ØñÿæĀÅäõÛÿÛöãÚ î¬óèÿâĆÂÌõāÂ ĀæñØóÈÕ­óÚÖñèòÚÖÂÃîÈ
ÿâĆÂÌõāÂ ÿäöãÂ ßóãùÿïîä°äõÿÅÚ  

¶ ÿÂõÕĂÚØñÿæÜäñÿØéàõæõÜÜõÚë° ÿäöãÂ ßóãùÛóÿÂöãè  
¶ ÿÂõÕĀ×ÛØèöÜîîëÿÖäÿæöã ÿäöãÂ ßóãùèõææö-èõææöć 

 
ÂóäÂ¬îÖòèÃîÈßóãùăÌāÅæÚ 

ßóãùăÌāÅæÚ ÿÜĆÚßóãùØöćÿÂõÕÃ÷ĈÚĂÚÛäõÿèÔĀ×ÛÿÃÖä­îÚ Â¬îÖòèÃ÷ĈÚĂÚØñÿæØöćâöÅèóâÂÕîóÂóéÖČćó 
Ì÷ćÈâöÚČĈóîù¬Úîã¬óÈÚ­îã 27 îÈéóÿÌæÿÌöãë ĀæñâöÜäõâóÔăîÚČĈóëúÈ îóÂóéØöćä­îÚÿìÚøîÚČĈóîù¬ÚÉñæîãÖòèëúÈÃ÷ĈÚ 
ĀæñîóÂóéÛäõÿèÔāÕãäîÛØöćÿãĆÚÂè¬óÉñßòÕÿÃ­óâóĀØÚØöć ĀÖ¬ÿÚøćîÈÉóÂāæÂìâùÚ ØČóĂì­æâØöćßòÕÿÃ­óâó ÿÂõÕ
ÂóäìâùÚăÜÕ­èã āÕãßóãùìâùÚÿÃÖä­îÚÿìÚøîÿë­ÚéúÚã°ëúÖäÉñìâùÚĂÚØõéØóÈØèÚÿÃĆâÚóíõÂó ë¬èÚßóãù
ìâùÚÿÃÖä­îÚĂÖ­ÿë­ÚéúÚã°ëúÖäÉñìâùÚĂÚØõéØóÈÂæòÛÂòÚ ÅøîÖóâÿÃĆâÚóíõÂó 

ßóãùìâùÚÿÃÖä­îÚÿâøćîîãú¬ĂÚëáóèñØöćÿÉäõÎÿÖõÛāÖÿÖĆâØöć ÉñÿÜĆÚßóãùØöćâöÅèóâäùÚĀäÈØöćëùÕËÚõÕ
ìÚ÷ćÈ ĂÚÛääÕóßóãùØöćÿÂõÕÃ÷ĈÚĂÚāæÂ âöÿë­ÚÝ¬óÚéúÚã°ÂæóÈÖòĈÈĀÖ¬ 100 ÂõāæÿâÖäÃ÷ĈÚăÜ ĀæñÿÂõÕÃ÷ĈÚßä­îâ
ÂòÛæâØöćßòÕĀäÈâóÂ  

 



 ƗƛƜ 

Ý¬óßóãùăÌāÅæÚ 
    ÂóäÂ¬îÖòèÃîÈßóãùăÌāÅæÚĀÖ¬æñÅäòĈÈ ÜäñÂîÛÕ­èãë¬èÚÜäñÂîÛëČóÅòÎ 3 ë¬èÚ ăÕ­ĀÂ¬ 
¶ Öóßóãù (Eye) ÿÜĆÚÛäõÿèÔÉùÕéúÚã°ÂæóÈÃîÈÂóäìâùÚÃîÈßóãù ĀæñÿÜĆÚÛäõÿèÔØöćâöÅèóâÂÕîóÂóé
ÖČćó æâßòÕÿÛó ăâ¬âöÞÚ âöÿë­ÚÝ¬óÚéúÚã°ÂæóÈÜäñâóÔ 10-50 ÂõāæÿâÖä  

¶ ÃîÛÖóßóãù ìäøî ÂČóĀßÈÖó (Eye Wall) ÿÜĆÚßøĈÚØöćäîÛą Öóßóãù ÿÜĆÚÛäõÿèÔØöćÜäñÂîÛÕ­èãæâØöć
ßòÕäùÚĀäÈØöćëùÕ  

¶ ÛäõÿèÔĀ×ÛÞÚ (Rainbands) ÿÜĆÚÛäõÿèÔØöćÜäñÂîÛÕ­èãÿâÇßóãù ĀæñèÈÉäÂóäÿÂõÕăîÚČĈó āÕãâö
ÂóäÂæòćÚÖòèÿÜĆÚìãÕÚČĈó ÿßøćîÜ­îÚĂì­ĀÂ¬ßóãù 
 

æòÂêÔñÂóäÿÂõÕ "ßóãùÈèÈË­óÈ" ìäøî "ÚóÅÿæ¬ÚÚČĈó" âö 2 ĀÛÛ ăÕ­ĀÂ¬  
 

1. ÿÜĆÚßóãùØîä°ÚóāÕ ØöćÿÂõÕÃ÷ĈÚÿìÚøîÝøÚÚČĈó (Ì÷ćÈîóÉÉñÿÜĆÚØñÿæ ØñÿæëóÛ ìäøîĀî¬ÈÚČĈóĂÕą) 
āÕãßóãùØîä°ÚóāÕÉñÿÂõÕÃ÷ĈÚäñìè¬óÈØöćÞÚà­óÅñÚîÈîã¬óÈìÚòÂ ÿäöãÂè¬ó ßóãùÞÚà­óÅñÚîÈĀÛÛÌúÿÜîä°
ÿÌææ° (Supercell thunderstorm) ĀæñâöäñÛÛîóÂóéìâùÚèÚØöćÿäöãÂè¬ó ÿâāÌăÌāÅæÚ (Mesocyclone) É÷È
ÿäöãÂßóãùÚóÅÿæ¬ÚÚČĈóĀÛÛÚöĈè¬ó ÚóÅÿæ¬ÚÚČĈóØöćÿÂõÕÉóÂØîä°ÚóāÕ (Tornado waterspout)  

2. ÿÂõÕÉóÂÂóäØöćâèæîóÂóéÿãĆÚ ÿÅæøćîÚÝ¬óÚÿìÚøîÝõèÚČĈóØöćîù¬ÚÂè¬ó āÕãÛäõÿèÔĂÂæ­ą ÝõèÚČĈóâö
ÅèóâËøĈÚëúÈ Āæñăâ¬Å¬îãâöæâßòÕ (ìäøî×­óâöÂĆßòÕÿÛóą) ÝæÂĆÅøîîóÂóéØöćîãú¬ÖõÕÂòÛÝøÚÚČĈóÌ÷ćÈîù¬ÚĂÚÛóÈ
ÛäõÿèÔÉñãÂÖòèÃ÷ĈÚîã¬óÈäèÕÿäĆèĀæñäùÚĀäÈ ØČóĂì­îóÂóéāÕãäîÛăìæÿÃ­óâóĀØÚØöć ÉóÂÚòĈÚÉ÷Èßù¬ÈÿÜĆÚ
ÿÂæöãèÃ÷ĈÚăÜ ĀÛÛÚöĈÿäöãÂè¬ó "ÚóÅÿæ¬ÚÚČĈó" (True waterspout) Ì÷ćÈâòÂÿÂõÕĂÚË¬èÈîóÂóéÕößîëâÅèä (fair-
weather waterspout) îóÉÿÂõÕăÕ­Û¬îã ĀæñÜäñÿáØÿÕöãèÂòÛÂäÔöØöćÿÂõÕÃ÷ĈÚĂÚÜäñÿØéăØã ÿÚøćîÈÉóÂ
ĂÚË¬èÈØöćÿÂõÕâòÂÉñâößóãùÞÚà­óÅñÚîÈä¬èâîãú¬Õ­èã  

ÅèóâĀÖÂÖ¬óÈÃîÈ 2 ĀÛÛÚöĈÂĆÅøî ÚóÅÿæ¬ÚÚČĈóØöćÿÂõÕÉóÂØîä°ÚóāÕÉñÿäõćâÉóÂîóÂóéìâùÚèÚ (ĂÚ
ÛäõÿèÔÿâÇÞÚà­óÅñÚîÈ) Āæ­èìã¬îÚæČóÈèÈæÈâóĀÖñßøĈÚ ÅøîîóÂóéìâùÚÉóÂÛÚæÈæ¬óÈ ë¬èÚÚóÅÿæ¬ÚÚČĈó
ÃîÈĀØ­ÉñÿäõćâÉóÂîóÂóéìâùÚèÚÛäõÿèÔÝõèßøĈÚÚČĈó Āæ­èßù¬ÈÃ÷ĈÚăÜ ÅøîîóÂóéìâùÚÉóÂæ¬óÈÃ÷ĈÚÛÚ ĂÚË¬èÈØöć
îóÂóéßù¬ÈÃ÷ĈÚÿÜĆÚÿÂæöãèèÚÚöĈ ìóÂÚČĈóĂÚîóÂóéãòÈîãú¬ĂÚäúÜÃîÈăîÚČĈó ÿäóÉñãòÈâîÈăâ¬ÿìĆÚîñăä ĀÖ¬ìóÂ
îóÂóéÃãóãÖòèĀæñÿãĆÚÖòèæÈ×÷ÈÉùÕìÚ÷ćÈ ăîÚČĈóÂĆÉñÂæòćÚÖòèÿÜĆÚìãÕÚČĈóÉČóÚèÚâóÂ ØČóĂì­ÿäóÿìĆÚØ¬îìäøî 
"ÈèÈË­óÈ" ÿËøćîâÝøÚÚČĈóĀæñÿâÇ Ì÷ćÈÿÜĆÚØöćâóÃîÈËøćî "ßóãùÈèÈË­óÈ"  

āÕãë¬èÚĂìÎ¬âöÅèóâãóèÜäñâóÔ 10 - 100 ÿâÖä ÃÚóÕÿë­ÚÝ¬óÚéúÚã°ÂæóÈâöÖòĈÈĀÖ¬ 1 ÿâÖä ăÜ
ÉÚ×÷Èìæóã 10 ÿâÖä āÕãĂÚßóãùîóÉâöØ¬îìâùÚèÚÿßöãÈØ¬îÿÕöãèìäøîìæóãØ¬îÂĆăÕ­ ĀÖ¬æñØ¬îÉñìâùÚÕ­èã
îòÖäóÿäĆèĂÚË¬èÈ 20-80 ÿâÖäÖ¬îèõÚóØö ÂäñĀëæâĂÚÖòèßóãùÿäĆè×÷È 100 - 190 ÂõāæÿâÖäÖ¬îËòćèāâÈ Āæñ
îóÉëúÈ×÷È 225 ÂõāæÿâÖäÖ¬îËòćèāâÈ Ì÷ćÈëóâóä×ÅèČćóÿäøîÿæĆÂą ăÕ­ëÛóã ÕòÈÚòĈÚ ËóèÿäøîÅèäëòÈÿÂÖØõé
ØóÈÂóäÿÅæøćîÚØöćĂì­Õö Āæ­èìÚöăÜĂÚØõéÖäÈÂòÚÃ­óâ ÚîÂÉóÂÚöĈ ßóãùËÚõÕÚöĈãòÈëóâóä×ÿÅæøćîÚØöćăÕ­ÿäĆè



 ƗƛƝ 

ÖòĈÈĀÖ¬ 3 - 130 ÂõāæÿâÖäÖ¬îËòćèāâÈ ĀÖ¬ë¬èÚĂìÎ¬ÉñÿÅæøćîÚØöćÅ¬îÚÃ­óÈË­óÜäñâóÔ 18 - 28 ÂõāæÿâÖäÖ¬î
ËòćèāâÈ ØòĈÈÚöĈ ßóãùÚöĈâöîóãùăâ¬ãøÚãóèÚòÂ Åøîîãú¬ĂÚË¬èÈ 2 - 20 ÚóØö ÉóÂÚòĈÚÂĆÉñëæóãÖòèăÜĂÚîóÂóéîã¬óÈ
äèÕÿäĆè  

îã¬óÈăäÂĆÖóâ Õä.îóÚÚØ° ëÚõØèÈé° Ô îãùÙãó Ýî.éúÚã°ÿÅäøîÃ¬óãÈóÚèõÿÅäóñì°èõÉòã ĀæñÞ÷ÂîÛäâ
ÂóäÿÜæöćãÚĀÜæÈÃîÈāæÂ Āì¬ÈáúâõáóÅÿîÿËöãÖñèòÚîîÂÿÊöãÈĂÖ­ Âæ¬óè×÷ÈÜäóÂÐÂóäÔ°ßóãùÈèÈË­óÈè¬ó 
ÜäóÂÐÂóäÔ°ÕòÈÂæ¬óèë¬èÚĂìÎ¬âòÂÉñÿÂõÕĂÚÚČĈó āÕãÿÊßóñĂÚØñÿæÉñÿìĆÚÛ¬îãÂè¬óĂÚÚČĈóÉøÕ ëČóìäòÛ
ÜäñÿØéăØãÿÅãÿÂõÕÜäóÂÐÂóäÔ°ÚöĈÃ÷ĈÚ ĀÖ¬ăâ¬Û¬îãÚòÂ Āæñăâ¬ÿÜĆÚîòÚÖäóã ÿßäóñâöÃÚóÕ 1% ÃîÈßóãù
Øîä°ÚóāÕ  

 

ÞÚÂäÕ  ÂóäÿÝóÝæóÎÚČĈóâòÚÿËøĈîÿßæõÈÉñë¬ÈÝæĂì­Â®óÌÌòæÿàîä°ăÕîîÂăÌÕ°ĀæñăÚāÖäÿÉÚ
îîÂăÌÕ°ÿÂõÕÃ÷ĈÚ  Â®óÌÿìæ¬óÚöĈÉñæîãëúÈÃ÷ĈÚĂÚËòĈÚÛääãóÂóéÉóÂāäÈÈóÚîùÖëóìÂääâ āäÈÝæõÖăàà­ó 
ãóÚßóìÚñĀæñĀßä¬ÂäñÉóãæÈĂÚÚČĈó Ì÷ćÈÉñäñÿìãÿÜĆÚÿâÇĀæñäèâÖòèÂòÚÿÜĆÚÂäÕÖÂæÈâóÿäöãÂè¬ó ÞÚ
ÂäÕ ÞÚÂäÕîóÉëä­óÈÅèóâÿëöãìóãāÕãÖäÈĂì­ĀÂ¬Ö­Úăâ­ ×­óÚČĈóĂÚĀâ¬ÚČĈóĀæñØñÿæëóÛÂæóãâóÿÜĆÚÂäÕ  
ßøËĀæñëòÖè°Éñăâ¬ëóâóä×ÕČóäÈËöèõÖîãú¬ăÕ­  ÞÚÂäÕãòÈëä­óÈÅèóâÿëöãìóãĂì­ÂòÛîóÅóä ĀæñëõćÈÜæúÂ
ëä­óÈÕ­èã  

 

 
 

áóß :  ÂóäÿÂõÕÞÚÂäÕ 
 



 Ɨƛƞ 

 
áòãßõÛòÖõ ìâóã×÷È ÿìÖùÂóäÔ°ØöćîóÉÿÂõÕÉóÂÙääâËóÖõ ìäøîÿÂõÕÉóÂÂóäÂäñØČóÃîÈâÚùêã°ØöćîóÉÿÂõÕÃ÷ĈÚ
ÜòÉÉùÛòÚØòÚÕ¬èÚìäøîÅ¬îã ą ÿÂõÕ âöÝæÖ¬îËùâËÚìäøîÜäñÿØéËóÖõ áòãßõÛòÖõîóÉÿÜĆÚăÕ­ØòĈÈÿìÖùÂóäÔ°Øöć
ÿÂõÕÃ÷ĈÚÖóâÙääâËóÖõ ÿË¬Ú îùØÂáòã ìäøîÿÜĆÚÿìÖùÂóäÔ°ØöćâÚùêã°ÂäñØČóÃ÷ĈÚ ÿË¬Ú ÂóäĀßä¬ÂäñÉóãÃîÈ
ëóäÿÅâö ÿÜĆÚÖ­Ú  

 



 ƗƛƟ 

ÿäøćîÈØöć ƚ  ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ 
ëõćÈĀèÕæ­îââöØòĈÈëõćÈØöćâöËöèõÖĀæñăâ¬âöËöèõÖÿÂõÕÉóÂÂóäÂäñØČóÃîÈâÚùêã°ìäøîâöîãú¬ÖóâÙääâËóÖõ 

ÿË¬Ú îóÂóé ÕõÚ ìõÚ Āä¬ÙóÖù ÚČĈó ì­èã ìÚîÈ ÅæîÈ Û÷È ØñÿæëóÛ Øñÿæ âìóëâùØä ßøËßääÔëòÖè°Ö¬óÈ ą 
áóËÚñÿÅäøćîÈĂË­Ö¬óÈ ą ðæð ëõćÈĀèÕæ­îâÕòÈÂæ¬óèÉñâöÂóäÿÜæöćãÚĀÜæÈîãú¬ÿëâî āÕãÿÊßóñâÚùêã°ÿÜĆÚ
ÖòèÂóäëČóÅòÎãõćÈØöćØČóĂì­ëõćÈĀèÕæ­îâÿÜæöćãÚĀÜæÈØòĈÈĂÚØóÈÿëäõâëä­óÈĀæñØČóæóã  

ÉñÿìĆÚè¬ó ÅèóâìâóãÃîÈØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ âöÅèóâëòâßòÚÙ°ÂòÚîã¬óÈĂÂæ­ËõÕ 
Ö¬óÈÂòÚØöćëõćÈĀèÕæ­îâÚòĈÚäèâØùÂëõćÈØùÂîã¬óÈØöćÜäóÂÐîãú¬äîÛÖòèÿäó ë¬èÚØäòßãóÂäÙääâËóÖõÿÚ­ÚëõćÈØöć
îČóÚèãÜäñāãËÚ°ĀÂ¬âÚùêã°âóÂÂè¬óëõćÈîøćÚ  

 

ÜäñÿáØÃîÈØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ  
 

ØäòßãóÂäÙääâËóÖõ ĀÛ¬ÈÖóâæòÂêÔñØöćÚČóâóĂË­ăÕ­ÿÜĆÚ 2 ÜäñÿáØĂìÎ¬ ą Åøî  
1. ØäòßãóÂäÙääâËóÖõÜäñÿáØĂË­Āæ­èăâ¬ìâÕëõĈÚ ăÕ­ĀÂ¬ 

     1) ÜäñÿáØØöćÅÈîãú¬ÖóâëáóßÿÕõâăâ¬âöÂóäÿÜæöćãÚĀÜæÈĂÕ ą ÿæã ÿË¬Ú ßæòÈÈóÚ ÉóÂÕèÈ
îóØõÖã° æâ îóÂóé Þù¬Ú ĂË­ÿØ¬óăäÂĆăâ¬âöÂóäÿÜæöćãÚĀÜæÈăâ¬äú­ÉòÂìâÕ  

    2) ÜäñÿáØØöćâöÂóäÿÜæöćãÚĀÜæÈăÕ­ ÿÚøćîÈÉóÂ×úÂĂË­ĂÚØóÈØöćÝõÕ ÿË¬Ú ØöćÕõÚ ÚČĈó æòÂêÔñ
áúâõÜäñÿØé ðæð ×­óĂË­ăâ¬ÿÜĆÚÉñÂ¬îĂì­ÿÂõÕÜòÎìóÖóââó ăÕ­ĀÂ¬ ÂóäÜæúÂßøËËÚõÕÿÕöãèÂòÚÌČĈóą ÌóÂ ą ĂÚ
ØöćÿÕõâ ã¬îâØČóĂì­ÕõÚÿëøćîâÅùÔáóß ăÕ­ÝæÝæõÖÚ­îãæÈ×­óÖ­îÈÂóäĂì­ÕõÚâöÅùÔáóßÕöÖ­îÈĂë¬Üù̄ãìäøîÜæúÂßøË
ëæòÛĀæñìâùÚÿèöãÚ  

2. ØäòßãóÂäÙääâËóÖõÜäñÿáØĂË­Āæ­èìâÕëõĈÚăÜ ăÕ­ĀÂ¬ 
    1) ÜäñÿáØØöćĂË­Āæ­èìâÕăÜ ĀÖ¬ëóâóä×äòÂêóĂì­ÅÈëáóßÿÕõâăè­ăÕ­ ÿË¬Ú Ü¬óăâ­ ëòÖè°Ü¬ó 

ÜäñËóÂäāæÂ ÅèóâîùÕâëâÛúäÔ°ÃîÈÕõÚ ÚČĈóÿëöãÉóÂāäÈÈóÚ ÚČĈóĂÚÕõÚ ÜæóÛóÈËÚõÕ ØòéÚöãáóßîòÚ
ÈÕÈóâ ðæð Ì÷ćÈîóÉØČóĂì­ÿÂõÕÃ÷ĈÚĂìâ¬ăÕ­  

    2) ÜäñÿáØØöćăâ¬îóÉØČóĂì­âöĂìâ¬ăÕ­ ÿË¬Ú ÅùÔëâÛòÖõÙääâËóÖõÃîÈÕõÚ ßäëèääÅ°ÃîÈ
âÚùêã° ëÖõÜòÎÎó ÿÝ¬óßòÚÙù°ÃîÈâÚùêã°ËóÖõ ăâ­ßù¬â Ö­Úăâ­ĂìÎ¬ ÕîÂăâ­Ü¬ó ëòÖè°ÛÂ ëòÖè°ÚČĈó ðæð  

  3) ÜäñÿáØØöćăâ¬îóÉäòÂêóăè­ăÕ­ ÿâøćîĂË­Āæ­èìâÕăÜ ĀÖ¬ãòÈëóâóä×ÚČóâóãùÛĂì­ ÂæòÛÿÜĆÚ
èòÖ×ùÿË¬ÚÿÕõâ Āæ­èÚČóÂæòÛâóÜäñÕõêÑ°Ã÷ĈÚĂìâ¬ ÿË¬Ú āæìñÖ¬óÈ ą ëòÈÂñëö ØîÈĀÕÈ ÿÈõÚ ðæð  
     4) ÜäñÿáØØöćĂË­Āæ­èìâÕëõĈÚăÜÚČóÂæòÛâóĂË­îöÂăâ¬ăÕ­ ÿË¬Ú ×¬óÚìõÚ ÚČĈóâòÚÂ®óÌ îāæìñ
ë¬èÚĂìÎ¬ ðæð ×úÂÚČóâóĂË­ÿßöãÈÅäòĈÈÿÕöãèÂĆÿÝóăìâ­ìâÕăÜ ăâ¬ëóâóä×ÚČóâóĂË­Ăìâ¬ăÕ­  

ØäòßãóÂäÙääâËóÖõìæòÂØöćëČóÅòÎÃîÈāæÂ ĀæñÃîÈÜäñÿØéăØãăÕ­ĀÂ¬ ÕõÚ Ü¬óăâ­ ëòÖè°Ü¬ó ÚČĈó Āä¬
ÙóÖù ĀæñÜäñËóÂä (âÚùêã°)  

 



 ƗƜƖ 

ëõćÈĀèÕæ­îâ  
ëõćÈĀèÕæ­îâÃîÈâÚùêã°Øöćîãú¬äîÛ ą Öòè ØòĈÈëõćÈØöćâöËöèõÖĀæñăâ¬âöËöèõÖ Ì÷ćÈÿÂõÕÉóÂ ÂóäÂäñØČóÃîÈ

âÚùêã°ĀÛ¬ÈîîÂÿÜĆÚ 2 ÜäñÿáØ Åøî  
1. ëõćÈĀèÕæ­îâØóÈÙääâËóÖõ  
2. ëõćÈĀèÕæ­îâØóÈèòÓÚÙääâ ìäøîëõćÈĀèÕæ­îâÜäñÕõêÑ° ìäøîâÚùêã°ÿëäõâëä­óÈÂČóìÚÕÃ÷ĈÚ  

ëõćÈĀèÕæ­îâÙääâËóÖõ ÉČóĀÚÂăÕ­ 2 ËÚõÕ Åøî  
1) ëõćÈĀèÕæ­îâØóÈÂóãáóß ăÕ­ĀÂ¬ îóÂóé ÕõÚ æòÂêÔñáúâõÜäñÿØé æòÂêÔñ 

áúâõîóÂóé ØòéÚöãáóßÖ¬óÈ ą áúÿÃó ì­èã ìÚîÈ ÅæîÈ Û÷È ØñÿæëóÛ Øñÿæ âìóëâùØäĀæñ
ØäòßãóÂäÙääâËóÖõØùÂËÚõÕ  

2) ëõćÈĀèÕæ­îâØóÈËöèáóßìäøîËöèáúâõéóëÖä° ăÕ­ĀÂ¬ ßøËßòÚÙù°ÙääâËóÖõÖ¬óÈą      
ëòÖè°Ü¬ó Ü¬óăâ­ ëõćÈâöËöèõÖîøćÚ ą Øöćîãú¬äîÛÖòèÿäóĀæñâèæâÚùêã°  

ëõćÈĀèÕæ­îâØóÈèòÓÚÙääâ ìäøîëõćÈĀèÕæ­îâÜäñÕõêÑ° ìäøîâÚùêã°ÿëäõâëä­óÈÃ÷ĈÚ ăÕ­ĀÂ¬ 
ëõćÈĀèÕæ­îâØóÈëòÈÅâØöćâÚùêã°ÿëäõâëä­óÈÃ÷ĈÚāÕãĂË­ÂæèõÙöëâòãĂìâ¬ ÖóâÅèóâÿìâóñëâÃîÈëòÈÅâ 
ÿéäêÑÂõÉ ÂóäÿâøîÈ éóëÚó ĀæñèòÓÚÙääâ ÿË¬Ú ÿÅäøćîÈÉòÂä ÿÅäøćîÈãÚÖ° ä×ãÚÖ° ßòÕæâ āØäØòéÚ° èõØãù 
ÞÚÿØöãâ ÿÃøćîÚ Û­óÚÿäøîÚ āÛäóÔë×óÚ āÛäóÔèòÖ×ù îøćÚ ą ăÕ­ĀÂ¬ îóìóä ÿÅäøćîÈÚù¬Èì¬â Øöćîãú¬îóéòã 
Å¬óÚõãâ ĀæñëùÃáóßîÚóâòã  
 ÜäñāãËÚ°ÃîÈØäòßãóÂäÙääâËóÖõ 
 ØäòßãóÂäÙääâËóÖõâöÜäñāãËÚ°âìóéóæÖ¬îâÚùêãËóÖõØòĈÈØóÈÖäÈĀæñØóÈî­îâ ĀÖ¬æñËÚõÕâö
ÜäñāãËÚ°ĀÖÂÖ¬óÈÂòÚ ÕòÈÚöĈ 
 ÚČĈó  âÚùêã°ĂË­ÛäõāáÅ îùÜāáÅ ØöćëČóÅòÎÂĆÅøî ÚČĈóÿÜĆÚÜòÉÉòãëČóÅòÎëČóìäòÛØäòßãóÂä ÙääâËóÖõ
ËÚõÕîøćÚÕ­èã ÿË¬Ú ëòÖè°Ü¬ó Ü¬óăâ­ Øù¬ÈìÎ­ó ĀæñÕõÚ 
 ÕõÚ ØäòßãóÂäÙääâËóÖõë¬èÚĂìÎ¬ âöÕõÚÿÜĆÚĀìæ¬Èîóéòã ìäøîÛ¬îÿÂõÕ âÚùêã°ëóâóä×ëä­óÈ
ØäòßãóÂäÙääâËóÖõÛóÈËÚõÕØÕĀØÚăÕ­āÕãîóéòãÕõÚÿÜĆÚÜòÉÉòãëČóÅòÎ ÚîÂÉóÂâÚùêã°Éñîóéòãîãú¬ÛÚ
ßøĈÚÕõÚĀæ­è ãòÈÚČóÕõÚâóÿÜĆÚë¬èÚÜäñÂîÛëČóÅòÎĂÚÂóäëä­óÈØöćîãú¬îóéòã ÿÜĆÚĀìæ¬ÈØČóâóìóÂõÚ ØČó
ÂóäÿÂêÖä ØČóÂóäîùÖëóìÂääâ ÿÅäøćîÈÜòĈÚÕõÚÿÝóÖ¬óÈ ą ×­óÃóÕÕõÚìäøîÕõÚÃóÕÅèóâîùÕâëâÛúäÔ° 
ØäòßãóÂä ØöćÿÜĆÚÜòÉÉòã 4 ĂÚÂóäÕČóäÈËöèõÖÉñÚ­îãæÈìäøîìâÕăÜ 
 Ü¬óăâ­ ÜäñāãËÚ°ØöćëČóÅòÎÃîÈÜ¬óăâ­Åøî ĂË­ăâ­ĂÚÂóäëä­óÈØöćîãú¬îóéòã ÿÜĆÚØöćîóéòãÃîÈëòÖè°Ü¬ó 
ÿÜĆÚĀìæ¬ÈÖ­ÚÚČĈóæČóÙóä ÿÜĆÚĀìæ¬ÈìóÃîÈÜ¬ó ÿÜĆÚÜòÉÉòãëČóÅòÎØöćØČóĂì­ÿÂõÕèòÐÉòÂäÃîÈÚČĈó ØČóĂì­îóÂóé
ÛäõëùØÙõċ Ë¬èãîÚùäòÂê°ÕõÚ ÿÜĆÚĀìæ¬ÈÚòÚØÚóÂóä ÚîÂÉóÂÚöĈÜ¬óăâ­ãòÈÂ¬îĂì­ÿÂõÕÂóäîùÖëóìÂääâîöÂìæóã
ËÚõÕ ØČóĂì­ÜäñËóËÚâöÈóÚØČó ÿÂõÕĀìæ¬ÈîóËößîõëäñ ĀæñÿÜĆÚĀìæ¬ÈãóëâùÚăßä 



 ƗƜƗ 

 ëòÖè°Ü¬ó âÚùêã°ăÕ­îóìóäÉóÂëòÖè°Ü¬ó ëòÖè°Ü¬óìæóãËÚõÕăÕ­ìÚòÈ Úî ÿÃó Èó ÂäñÕúÂ ðæð âóØČó
ÃîÈĂË­ ÿÅäøćîÈÚù¬Èì¬â ĀæñÜäñÂîÛãóäòÂêóāäÅ ëòÖè°Ü¬óË¬èãĂì­ÿÂõÕÅèóâÈÕÈóâĀæñÅùÔÅ¬óØóÈÙääâËóÖõ 
Ë¬èãäòÂêóÕùæÙääâËóÖõ 
 Āä¬ÙóÖù âÚùêã°ÚČóĀä¬ÙóÖùÖ¬óÈ ą âó×æùÈÿÜĆÚāæìñ ØČóĂì­ÿÂõÕÂóäîùÖëóìÂääâìæóãÜäñÿáØ ØČó
Ăì­äóêÏäâöÈóÚØČó ë¬ÈÿÜĆÚëõÚÅ­óîîÂÚČóäóãăÕ­âóëú¬ÜäñÿØéÜöæñâóÂ ą ÚîÂÉóÂÚöĈãòÈâöÝæßæîãăÕ­ÉóÂ
Âóä×æùÈìäøîÂæòćÚîöÂìæóãËÚõÕ ÿË¬Ú ãóäòÂêóāäÅ ÚČĈóâòÚËòÂÿÈó ÿÅäøćîÈëČóîóÈ Āä¬ÛóÈËÚõÕÿÂõÕÜäñāãËÚ°
ĂÚÂóäÿÂêÖä ÿË¬Ú Āä¬āßĀØëÿÌöãâ ĂË­ØČóÜù̄ã ÿÜĆÚÖ­Ú 
 ØäòßãóÂäÙääâËóÖõÖ¬óÈÿÜĆÚÜòÉÉòãÿîøĈîîČóÚèãÖ¬îÂòÚ ÿË¬Ú ÕõÚÿÜĆÚØöćÿÂõÕ Øöćîãú¬îóéòãÃîÈëòÖè°Ü¬ó 
Ü¬óăâ­ Ë¬èãäòÂêóÕõÚĀæñÿÂõÕÜù̄ãÙääâËóÖõ ÚČĈóÿÜĆÚÜòÉÉòãëČóÅòÎË¬èãĂÚÂóäÕČóäÈËöèõÖÃîÈëòÖè° ßøË Ü¬óăâ­ ØČó
Ăì­ÿÂõÕèòÐÉòÂäÃîÈÚČĈó Ì÷ćÈØČóĂì­ÿÂõÕÅèóâëâÕùæØóÈÙääâËóÖõ Â¬îĂì­ÿÂõÕëõćÈĀèÕæ­îâØöćÕöĀæñÿìâóñëâÂòÛ
ÂóäÕČóäÈËöèõÖÃîÈâÚùêã° 
 

ÜòÎìóÃîÈØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ 
ÂóäßòÓÚóØöćÝ¬óÚâóăÕ­äñÕâĂË­ØäòßãóÂäÙääâËóÖõ āÕãÿÊßóñØöćÕõÚ Ü¬óăâ­ Āìæ¬ÈÚČĈó ØäòßãóÂä

ËóãÞòćÈØñÿæ ØäòßãóÂäÙäÔö ĂÚîòÖäóØöćëúÈâóÂĀæñÿÜĆÚăÜîã¬óÈăâ¬âöÜäñëõØÙõáóß ÉÚâöÝæØČóĂì­
ØäòßãóÂäÙääâËóÖõÿìæ¬óÚöĈÿÂõÕÂóää¬îãìäî ĀæñÿëøćîâāØäâæÈîã¬óÈäèÕÿäĆè äèâØòĈÈÿäõćâë¬ÈÝæÂäñØÛÖ¬î
ÂóäÕČóäÈËöèõÖÃîÈÜäñËóËÚĂÚËÚÛØ ØöćÖ­îÈß÷ćÈßóØäòßãóÂäÿÜĆÚìæòÂĂÚÂóäãòÈËöß ăÕ­ĀÂ¬  

ØäòßãóÂäÜ¬óăâ­ ßøĈÚØöćÜ¬óăâ­âöëáóßÿëøćîâāØäâĀæñâöĀÚèāÚ­âæÕæÈîã¬óÈâóÂ ÿÚøćîÈâóÉóÂ
ëóÿìÖùëČóÅòÎìæóãÜäñÂóä ăÕ­ĀÂ¬ ÂóäæòÂæîÛÖòÕăâ­ØČóæóãÜ¬ó ÂóäÿÝóÜ¬ó ÂóäÛùÂäùÂ ØČóæóãÜ¬óÿßøćî
Ö­îÈÂóäØöćÕõÚÿÜĆÚØöćîãú¬îóéòã ĀæñØČóÂóäÿÂêÖä ÂóäØČóăä¬ÿæøćîÚ æîãÃîÈËóèÿÃóĂÚßøĈÚØöćÖ­ÚÚČĈóæČóÙóä Āæñ
ÂóäĂË­ØöćÕõÚÿßøćîÕČóÿÚõÚāÅäÈÂóäÃîÈäòÑÛóæ ÿË¬Ú ÂóäÉòÕÚõÅâëä­óÈÖÚÿîÈ ÂóäËæÜäñØóÚ Âóäăàà­ó
ßæòÈÚČĈó ÂóäÂ¬îëä­óÈØóÈ ÂõÉÂóääòÂêóÅèóââòćÚÅÈÃîÈËóÖõ ÿÜĆÚÖ­Ú ÂóäØöćßøĈÚØöćÜ¬óăâ­Øòćè ÜäñÿØéæÕæÈ
îã¬óÈâóÂ ăÕ­ë¬ÈÝæÂäñØÛÖ¬îÂóäÅèÛÅùâäñÛÛÚõÿèéāÕãë¬èÚäèâîã¬óÈĀÉ­ÈËòÕ ÿË¬Ú ÂäÔöÿÂõÕèóÖáòãĀæñ
îùØÂáòãÅäòĈÈä­óãĀäÈĂÚßøĈÚØöćáóÅĂÖ­ ÜòÎìóÅèóâĀì­ÈĀæ­ÈĂÚáóÅÖ¬óÈą ÃîÈÜäñÿØé  

 



 ƗƜƘ 

 
 

áóß  : ÂóäÖòÕăâ­ØČóæóãÜ¬ó 
 

ØäòßãóÂäÕõÚ ÜòÎìóÂóäßòÈØæóãÃîÈÕõÚĀæñÂóäëúÎÿëöãìÚ­óÕõÚ āÕãÙääâËóÖõ ÿË¬Ú ÂóäËñ
æ­óÈ ÂóäÂòÕÿÌóñÃîÈÚČĈóĀæñæâ ÿÜĆÚÖ­Ú ĀæñØöćëČóÅòÎÅøî ÜòÎìóÉóÂÂóäÂäñØČóÃîÈâÚùêã° ÿË¬Ú Âóä
ØČóæóãÜ¬ó ÿÝóÜ¬ó ÂóäÿßóñÜæúÂÝõÕèõÙö ÿÜĆÚÖ­Ú Â¬îĂì­ÿÂõÕÂóäëúÎÿëöãÅèóâîùÕâëâÛúäÔ°ÃîÈÕõÚØČóĂì­ĂË­
ÜäñāãËÚ°ÉóÂØöćÕõÚăÕ­æÕÚ­îãæÈ Åèóâëóâóä×ĂÚÂóäÝæõÖØóÈÕ­óÚÿÂêÖäæÕÚ­îãæÈ ĀæñãòÈØČóĂì­ÿÂõÕ
ÂóäØòÛ×âÃîÈÖñÂîÚÕõÚÖóâĀâ¬ÚČĈó æČóÅæîÈ ÿÃøćîÚ î¬óÈÿÂĆÛÚČĈó ÿÜĆÚÿìÖùĂì­Āìæ¬ÈÚČĈóÖøĈÚÿÃõÚ  

ØäòßãóÂäØöćÕõÚ ÜòÎìóÂóäĂË­ØöćÕõÚăâ¬ÿìâóñëâÂòÛëâää×ÚñÃîÈØöćÕõÚ Āæñăâ¬ÅČóÚ÷È×÷È
ÝæÂäñØÛÖ¬îëõćÈĀèÕæ­îâ ăÕ­ĀÂ¬ ÂóäĂË­ØöćÕõÚÿßøćîÂóäÿÂêÖäÂääâîã¬óÈăâ¬×úÂìæòÂèõËóÂóä ÃóÕÂóä
ÛČóäùÈäòÂêóÕõÚ ÂóäÜæ¬îãĂì­ÝõèÕõÚÜäóéÉóÂßøËÜÂÅæùâ ØČóĂì­ëúÎ ÿëöãÅèóâËù¬âËøĈÚĂÚÕõÚ              Âóä
ÿßóñÜæúÂØöć ØČóĂì­ÕõÚÿëöã ÂóäĂË­Üù̄ãÿÅâöĀæñãóÂČóÉòÕéòÖäúßøËÿßøćîÿä¬ÈÝæõÖÝæ ØČóĂì­ÕõÚÿëøćîâÅùÔáóßĀæñ
ëóäßõêÖÂÅ­óÈîãú¬ĂÚÕõÚ ÂóäÛùÂäùÂÿÃ­óăÜĂË­ÜäñāãËÚ°ØöćÕõÚĂÚÿÃÖÜ¬óăâ­ÛÚßøĈÚØöćØöćâöÅèóâæóÕËòÚëúÈ 
äèâØòĈÈÜòÎìóÂóäÃãóãÖòèÃîÈÿâøîÈØöćäùÂæČĈóÿÃ­óăÜĂÚßøĈÚØöćÿÂêÖäÂääâ ĀæñÂóäÚČóâóĂË­ÿÜĆÚØöćîãú¬îóéòã 
ØöćÖòĈÈāäÈÈóÚîùÖëóìÂääâ ìäøîÂóäÿÂĆÛØöćÕõÚăè­ÿßøćîÂóäÿÂĆÈÂČóăä āÕãâõăÕ­âöÂóäÚČóâóĂË­ÜäñāãËÚ°ĀÖ¬
îã¬óÈĂÕ  

ØäòßãóÂäĀìæ¬ÈÚČĈó ÂóäĂË­ÜäñāãËÚ°ÉóÂĀìæ¬ÈÚČĈóÿßøćîÂõÉÂääâÖ¬óÈą ãòÈâöÅèóâÃòÕĀã­ÈÂòÚ Ã÷ĈÚîãú¬
ÂòÛèòÖ×ùÜäñëÈÅ°ÃîÈĀÖ¬æñÂõÉÂääâ  Â¬îĂì­ÿÂõÕÅèóâãù¬ÈãóÂÖ¬îÂóäÉòÕÂóäØäòßãóÂäÚČĈóĀæñÂóäßòÓÚó
Āìæ¬ÈÚČĈóÅèóâÃòÕĀã­ÈÕòÈÂæ¬óèâöĀÚèāÚ­âè¬óÉñëúÈÃ÷ĈÚ ÉóÂÜäõâóÔÚČĈóØöćÿÂĆÛÂòÂăÕ­âöÉČóÚèÚÉČóÂòÕ ĀÖ¬Åèóâ
Ö­îÈÂóäĂË­ÚČĈóâöÜäõâóÔÿßõćâÃ÷ĈÚÖæîÕÿèæó ØòĈÈĂÚÕ­óÚÿÂêÖäÂääâ îùÖëóìÂääâ ĀæñÂóäîùÜāáÅÛäõāáÅ 
ÿÜĆÚÝæĂì­âöÚČĈóăâ¬ÿßöãÈßîÂòÛÅèóâÖ­îÈÂóä  



 ƗƜƙ 

ÜñÂóäòÈ ÜñÂóäòÈØöćëèãÈóâĂÚÿâøîÈăØãìæóãĀì¬ÈÖ­îÈÿëøćîâāØäâæÈîã¬óÈÚ¬óÿëöãÕóã āÕãÿÊßóñ 
ÜòÎìóÂóä×úÂØČóæóãāÕãÞöâøîâÚùêã° ÚòÛÿÜĆÚÜòÎìóëČóÅòÎÃîÈÅèóâÿëøćîâāØäâÃîÈÜñÂóäòÈ ăÕ­ĀÂ¬ Âóä
äñÿÛõÕÜæó ÿÜĆÚÂóäØČóæóãÜñÂóäòÈîã¬óÈäùÚĀäÈ Ì÷ćÈÿØ¬óÂòÛÿÜĆÚÂóäØČóæóãØöćîãú¬îóéòãÃîÈëòÖè°ĀæñßøËĂÚ
ÛäõÿèÔÚòĈÚ ĀæñÿÜĆÚÂóäØČóæóãÂóäÜäñâÈĂÚîÚóÅÖÕ­èã  

 

ÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ 
ÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ ìâóã×÷È ÂóäĂË­ØäòßãóÂäÙääâËóÖõĀæñ

ëõćÈĀèÕæ­îâîã¬óÈÊæóÕ āÕãĂË­Ăì­Ú­îãÿßøćîĂì­ÿÂõÕÜäñāãËÚ°ëúÈëùÕ āÕãÅČóÚ÷È×÷ÈäñãñÿèæóĂÚÂóäĂË­Ăì­
ãóèÚóÚ ĀæñÂ¬îĂì­ÿÂõÕÝæÿëöãìóãÖ¬îëõćÈĀèÕæ­îâÚ­îãØöćëùÕ äèâØòĈÈÖ­îÈâöÂóäÂäñÉóãÂóäĂË­
ØäòßãóÂäÙääâËóÖõîã¬óÈØòćè×÷È îã¬óÈăäÂĆÖóâ ĂÚëáóßÜòÉÉùÛòÚØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îââö
ÅèóâÿëøćîâāØäââóÂÃ÷ĈÚ ÕòÈÚòĈÚÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâÉ÷ÈâöÅèóâìâóãäèâăÜ
×÷ÈÂóäßòÓÚóÅùÔáóßëõćÈĀèÕæ­îâÕ­èã 

ÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâëóâóä×ÂäñØČóăÕ­ìæóãèõÙö ØòĈÈØóÈÖäÈĀæñ
ØóÈî­îâ ÕòÈÚöĈ  

 

1. ÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâāÕãØóÈÖäÈ Ì÷ćÈÜÐõÛòÖõăÕ­ĂÚäñÕòÛÛùÅÅæ 
îÈÅ°Âä ĀæñäñÕòÛÜäñÿØé Åøî 

1) ÂóäĂË­îã¬óÈÜäñìãòÕ Åøî ÂóäĂË­ÿØ¬óØöćâöÅèóâÉČóÿÜĆÚ ÿßøćîĂì­âöØäòßãóÂäăè­ĂË­ăÕ­ÚóÚĀæñÿÂõÕ
ÜäñāãËÚ°îã¬óÈÅù­âÅ¬óâóÂØöćëùÕ 

2) ÂóäÚČóÂæòÛâóĂË­ÌČĈóîöÂ ëõćÈÃîÈÛóÈîã¬óÈÿâøćîâöÂóäĂË­Āæ­èÅäòĈÈìÚ÷ćÈëóâóä×ØöćÉñÚČóâóĂË­ÌČĈóăÕ­
îöÂ ÿË¬Ú ×ùÈßæóëÖõÂ ÂäñÕóê ÿÜĆÚÖ­Ú ìäøîëóâóä×ØöćÉñÚČóâóĂË­ăÕ­Ăìâ¬āÕãÝ¬óÚÂäñÛèÚÂóäÖ¬óÈ ą ÿË¬Ú 
ÂóäÚČóÂäñÕóêØöćĂË­Āæ­èăÜÝ¬óÚÂäñÛèÚÂóäÖ¬óÈ ą ÿßøćîØČóÿÜĆÚÂäñÕóêĀÃĆÈ ÿÜĆÚÖ­Ú Ì÷ćÈÿÜĆÚÂóäæÕ
ÜäõâóÔÂóäĂË­ØäòßãóÂäĀæñÂóäØČóæóãëõćÈĀèÕæ­îâăÕ­ 

3) ÂóäÛúäÔñÌ¬îâĀÌâ ëõćÈÃîÈÛóÈîã¬óÈÿâøćîĂË­ÿÜĆÚÿèæóÚóÚîóÉÿÂõÕÂóäËČóäùÕăÕ­ ÿßäóñÊñÚòĈÚ
×­óâöÂóäÛúäÔñÌ¬îâĀÌâ ØČóĂì­ëóâóä×ãøÕîóãùÂóäĂË­ÈóÚÖ¬îăÜăÕ­îöÂ 

4) ÂóäÛČóÛòÕĀæñÂóäàøĈÚàú ÿÜĆÚèõÙöÂóäØöćÉñË¬èãæÕÅèóâÿëøćîâāØäâÃîÈØäòßãóÂäÕ­èãÂóä
ÛČóÛòÕÂ¬îÚ ÿË¬Ú ÂóäÛČóÛòÕÚČĈóÿëöãÉóÂÛ­óÚÿäøîÚìäøîāäÈÈóÚîùÖëóìÂääâ ÿÜĆÚÖ­Ú Â¬îÚØöćÉñÜæ¬îãæÈëú¬
Āìæ¬ÈÚČĈóëóÙóäÔñ ë¬èÚÂóäàøĈÚàúÿÜĆÚÂóääøĈîàøĈÚÙääâËóÖõĂì­ÂæòÛëú¬ëáóßÿÕõâ ÿË¬Ú           ÂóäÜæúÂÜ¬ó
ËóãÿæÚ ÿßøćîàøĈÚàúÅèóâ ëâÕùæÃîÈÜ¬óËóãÿæÚĂì­ÂæòÛâóîùÕâëâÛúäÔ° ÿÜĆÚÖ­Ú 

5) ÂóäĂË­ëõćÈîøćÚØÕĀØÚ ÿÜĆÚèõÙöÂóäØöćÉñË¬èãĂì­âöÂóäĂË­ØäòßãóÂäÙääâËóÖõÚ­îãæÈĀæñăâ¬
ØČóæóãëõćÈĀèÕæ­îâ ÿË¬Ú ÂóäĂË­×ùÈÝ­óĀØÚ×ùÈßæóëÖõÂ ÂóäĂË­ĂÛÖîÈĀØÚāàâ ÂóäĂË­ßæòÈÈóÚĀëÈĀÕÕ
ĀØÚĀä¬ÿËøĈîÿßæõÈ ÂóäĂË­Üù̄ãËöèáóßĀØÚÜù̄ãÿÅâö ÿÜĆÚÖ­Ú 



 ƗƜƚ 

6) ÂóäÿÞ­óäñèòÈÕúĀæĀæñÜ­îÈÂòÚ ÿÜĆÚèõÙöÂóäØöćÉñăâ¬Ăì­ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ×úÂ
ØČóæóã ÿË¬Ú ÂóäÿÞ­óäñèòÈÂóäØõĈÈÃãñ ëõćÈÜÐõÂúææÈĀâ¬ÚČĈó æČóÅæîÈ ÂóäÉòÕØČóĀÚèÜ­îÈÂòÚăàÜ¬ó ÿÜĆÚÖ­Ú  

 

2. ÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâāÕãØóÈî­îâ ëóâóä×ØČóăÕ­ìæóãèõÙö ÕòÈÚöĈ  
Ɨ)ÂóäßòÓÚóÅùÔáóßÜäñËóËÚ āÕãëÚòÛëÚùÚÂóäé÷ÂêóÕ­óÚÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõ

ĀæñëõćÈĀèÕæ­îâØöć×úÂÖ­îÈÖóâìæòÂèõËó Ì÷ćÈëóâóä×ØČóăÕ­ØùÂäñÕòÛîóãù ØòĈÈĂÚäñÛÛāäÈÿäöãÚĀæñ
ë×óÛòÚÂóäé÷ÂêóÖ¬óÈ ą ĀæñÚîÂäñÛÛāäÈÿäöãÚÝ¬óÚëøćîëóäâèæËÚÖ¬óÈ ą ÿßøćîĂì­ÜäñËóËÚÿÂõÕÅèóâ
ÖäñìÚòÂ×÷ÈÅèóâëČóÅòÎĀæñÅèóâÉČóÿÜĆÚĂÚÂóäîÚùäòÂê° ÿÂõÕÅèóâäòÂÅèóâìèÈĀìÚ ĀæñĂì­Åèóâ
ä¬èââøîîã¬óÈÉäõÈÉòÈ 

2) ÂóäĂË­âóÖäÂóäØóÈëòÈÅâĀæñÂÏìâóã ÂóäÉòÕÖòĈÈÂæù¬â ËùâËÚ Ëâäâ ëâóÅâ ÿßøćîÂóä
îÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâÖ¬óÈ ą ÖæîÕÉÚÂóäĂì­Åèóâä¬èââøîØòĈÈØóÈÕ­óÚßæòÈÂóã 
ßæòÈĂÉ ßæòÈÅèóâÅõÕ Õ­èãÉõÖëČóÚ÷ÂĂÚÅèóââöÅùÔÅ¬óÃîÈëõćÈĀèÕæ­îâĀæñØäòßãóÂäØöćâöÖ¬îÖòèÿäó ÿË¬Ú 
Âæù¬âËâäâîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâÃîÈÚòÂÿäöãÚ ÚòÂé÷Âêó ĂÚāäÈÿäöãÚĀæñ
ë×óÛòÚÂóäé÷Âêó            Ö¬óÈ ą âúæÚõÙõÅù­âÅäîÈëòÖè°Ü¬óĀæñßääÔßøËĀì¬ÈÜäñÿØéăØã âúæÚõÙõëøÛÚóÅñ
ÿë×öãä âúæÚõÙõāæÂëöÿÃöãè  ÿÜĆÚÖ­Ú 

3) ë¬ÈÿëäõâĂì­ÜäñËóËÚĂÚØ­îÈ×õćÚăÕ­âöë¬èÚä¬èâĂÚÂóäîÚùäòÂê° Ë¬èãÂòÚÕúĀæäòÂêóĂì­ÅÈëáóß
ÿÕõâ ăâ¬Ăì­ÿÂõÕÅèóâÿëøćîâāØäâ ÿßøćîÜäñāãËÚ°ĂÚÂóäÕČóäÈËöèõÖĂÚØ­îÈ×õćÚÃîÈÖÚ ÂóäÜäñëóÚÈóÚÿßøćî
ëä­óÈÅèóâäú­ÅèóâÿÃ­óĂÉ ĀæñÅèóâÖäñìÚòÂäñìè¬óÈìÚ¬èãÈóÚÃîÈäòÑ îÈÅ°ÂäÜÂÅäîÈë¬èÚØ­îÈ×õćÚÂòÛ
ÜäñËóËÚ Ăì­âöÛØÛóØìÚ­óØöćĂÚÂóäÜÂÜ­îÈ Åù­âÅäîÈ àøĈÚàúÂóäĂË­ØäòßãóÂäîã¬óÈÅù­âÅ¬óĀæñÿÂõÕÜäñ 
āãËÚ°ëúÈëùÕ 

4) ë¬ÈÿëäõâÂóäé÷ÂêóèõÉòã Å­ÚìóèõÙöÂóäĀæñßòÓÚóÿØÅāÚāæãö âóĂË­ĂÚÂóäÉòÕÂóäÂòÛ
ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĂì­ÿÂõÕÜäñāãËÚ°ëúÈëùÕ ÿË¬Ú ÂóäĂË­Åèóâäú­ØóÈÿØÅāÚāæãö
ëóäëÚÿØéâóÉòÕÂóäèóÈĀÝÚßòÓÚó ÂóäßòÓÚóîùÜÂäÔ°ÿÅäøćîÈâøîÿÅäøćîÈĂË­Ăì­âöÂóäÜäñìãòÕßæòÈÈóÚ
âóÂÃ÷ĈÚ  ÂóäÅ­ÚÅè­óèõÉòãèõÙöÂóäÉòÕÂóä ÂóäÜäòÛÜäùÈ ßòÓÚóëõćÈĀèÕæ­îâĂì­âöÜäñëõØÙõáóßĀæñãòćÈãøÚ ÿÜĆÚ
Ö­Ú 

5) ÂóäÂČóìÚÕÚāãÛóãĀæñèóÈĀÚèØóÈÃîÈäòÑÛóæ ĂÚÂóäîÚùäòÂê°ĀæñßòÓÚóëõćÈĀèÕæ­îâØòĈÈĂÚ
äñãñëòÚĀæñäñãñãóè ÿßøćîÿÜĆÚìæòÂÂóäĂì­ìÚ¬èãÈóÚĀæñÿÉ­óìÚ­óØöćÃîÈäòÑØöćÿÂöćãèÃ­îÈã÷Õ×øîĀæñÚČóăÜ
ÜÐõÛòÖõ äèâØòĈÈÂóäÿÝãĀßä¬Ã¬óèëóäÕ­óÚÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ ØòĈÈØóÈÖäÈĀæñ
ØóÈî­îâ 

 
 



 ƗƜƛ 

ÿãóèËÚÂòÛÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ 
ÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ ìâóã×÷ÈÂóäĂË­ØäòßãóÂäîã¬óÈâöÜäñëõØÙõáóß 

āÕãăâ¬ÿÂõÕÝæÂäñØÛĂÚØóÈÿëöãìóãÖ¬îëáóßĀèÕæ­îâÜòÉÉùÛòÚĀæñîÚóÅÖ  
ĀÚèÅõÕĂÚÂóäîÚùäòÂê° 

1. âÚùêã°ÿÜĆÚë¬èÚìÚ÷ćÈÃîÈëõćÈĀèÕæ­îâ  
2. âÚùêã°ăâ¬îóÉĀãÂÖòèÿÜĆÚîõëäñÉóÂëõćÈĀèÕæ­îâăÕ­ ÿßäóñÊñÚòĈÚ ÂäñÛèÚÂóäØóÈÂóäîÚùäòÂê° 

ã¬îâĀëÕÈ×÷ÈÂóäÉòÕÂóäØäòßãóÂäîã¬óÈâöÜäñëõØÙõáóß É÷ÈÚòÛÿÜĆÚìÚØóÈĀì¬ÈÂóäÜÂÜ­îÈÖÚÿîÈÃîÈ
âÚùêãËóÖõ Ăì­ëóâóä×îãú¬äîÕăÕ­ËòćèÚõäòÚÕä° 
ÿãóèËÚÂòÛÂóäîÚùäòÂê°  
  (1) Ö­îÈâöìòèĂÉÿÜĆÚÚòÂîÚùäòÂê° ÉóÂÅČóÂæ¬óèØöćè¬ó Ø¬óÚ×úÂÿäöãÂè¬óÚòÂä­îÈ Õ­èãÿìÖùØöćØ¬óÚä­îÈÿßæÈ
ăÕ­ăßÿäóñ Ø¬óÚ×úÂÿäöãÂè¬óÿÜĆÚÉõÖÂä Õ­èãÿìÖùØöćØ¬óÚëóâóä×ëä­óÈëääÅ°ÈóÚÉõÖäÂääâăÕ­ÿÜĆÚØöćãîâäòÛ
Ö¬îëóÙóäÔËÚ "éõæÜõÚ ã¬îââöÝæÈóÚéõæÜñ" ÿßäóñÊñÚòĈÚ ÚòÂîÚùäòÂê°ăâ¬ÿßöãÈĀÖ¬äòÂÈóÚîÚùäòÂê° ìäøî
ÿÜĆÚÚòÂèõËóÂóäîÚùäòÂê° ÉČóÿÜĆÚÖ­îÈÜÐõÛòÖõÖÚÿÜĆÚîÚùäòÂê°îã¬óÈĀØ­ÉäõÈÕ­èãÖÚÿîÈ  

(2) Ö­îÈâöìòèĂÉĀì¬ÈÂóäÿëöãëæñ ÚòćÚÅøî Ö­îÈÅČóÚ÷È×÷ÈÜäñāãËÚ°ÃîÈëòÈÅâë¬èÚäèââóÂÂè¬ó
ÜäñāãËÚ°Āì¬ÈÖÚ  

(3) Ö­îÈâöìòèĂÉØöćäòÂĀæñìèòÈÕöÖ¬îÿßøćîÚâÚùêã°Õ­èãÂòÚ ÚòćÚÅøîÚòÂîÚùäòÂê°ăâ¬ß÷ÈâöîÅÖõÖ¬îÝú­îøćÚ 
ÈóÚîÚùäòÂê°ÉñëČóÿäĆÉăÕ­Õ­èãâõÖäáóßĀæñÅèóâÿÃ­óĂÉîòÚÕö  
ÂóäßòÓÚóÂòÛÂóäîÚùäòÂê°  

ÂóäßòÓÚó¦¦¦..Åøî ÂóäØČóĂì­ÿÉäõÎÃ÷ĈÚ ÕöÃ÷ĈÚ  
ÂóäîÚùäòÂê°¦¦¦.Åøî ĂË­ØäòßãóÂäîã¬óÈâöÜäñëõØÙõáóß  
ÂäñÛèÚÂóäßòÓÚóØöćÿìâóñëâÅøî ÂóäÉòÕÂóäØóÈèõØãóÂóäîã¬óÈâöÜäñëõØÙõáóß āÕãăâ¬ÿÂõÕ

ÝæÿëöãØóÈëõćÈĀèÕæ­îâ  



 ƗƜƜ 

 
 

áóß  :  ĀÚèÜ­îÈÂòÚÂóäÂòÕÿÌóñËóãÞòćÈØñÿæ (ĂË­æČóăâ­ăÝ¬) 
 

ĀÚèØóÈÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ 
-  ÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ ÉñÖ­îÈîóéòãÅèóâä¬èââøîÉóÂØùÂÞ¬óã ØòĈÈ

áóÅäòÑÛóæĀæñÿîÂËÚ āÕãÕČóÿÚõÚÂóä ÕòÈÚöĈ  
   - ĀÂ­ăÃĀÚèÅõÕĀæñÉõÖëČóÚ÷ÂÃîÈÅÚĂì­âöÅèóâäú­ÅèóâÿÃ­óĂÉè¬ó ëõćÈĀèÕæ­îââöÅèóâëČóÅòÎÖ¬î
Åèóâîãú¬äîÕÃîÈâÚùêã°ĀæñëõćÈØöćâöËöèõÖÌ÷ćÈØùÂÅÚÖ­îÈâöë¬èÚä¬èâĂÚÅèóâäòÛÝõÕËîÛ    

- ÿÜæöćãÚĀÜæÈßåÖõÂääâÃîÈÅÚĂÚØ­îÈ×õćÚ ÿË¬Ú ÂóäÛäõāáÅØòĈÈÂõÚĀæñĂË­ Ö­îÈĂË­ĀæñÂõÚîã¬óÈ
ÜäñìãòÕ ÿßäóñÜòÉÉùÛòÚØäòßãóÂäÙääâËóÖõâöîãú¬ÉČóÂòÕ ĂË­ØäòßãóÂäÙääâËóÖõØùÂîã¬óÈĂì­ÿÂõÕÜäñāãËÚ°
âóÂØöćëùÕ ĀæñÚóÚØöćëùÕ       
áóèñāæÂä­îÚ 
 áóèñāæÂä­îÚ ìâóã×÷È ÂóäÿÜæöćãÚĀÜæÈáúâõÂóéØöćÿÂõÕÉóÂÂóäÂäñØČóÃîÈâÚùêã° ØöćØČóĂì­
îùÔìáúâõÿÊæöćãÃîÈāæÂÿßõćâëúÈÃ÷ĈÚ ÿäóÉ÷ÈÿäöãÂè¬ó áóèñāæÂä­îÚ (Global Warming) ÂõÉÂääâÃîÈâÚùêã°Øöć
ØČóĂì­ÿÂõÕáóèñāæÂä­îÚ Åøî ÂõÉÂääâØöćØČóĂì­ÜäõâóÔÂ®óÌÿäøîÚÂäñÉÂĂÚÛääãóÂóéÿßõćââóÂÃ÷ĈÚ ăÕ­ĀÂ¬ 
ÂóäÿßõćâÜäõâóÔÂ®óÌÿäøîÚÂäñÉÂāÕãÖäÈ ÿË¬Ú ÂóäÿÝóăìâ­ÿËøĈîÿßæõÈ ĀæñÂóäÿßõćâÜäõâóÔÂ®óÌÿäøîÚ
ÂäñÉÂāÕãØóÈî­îâ Åøî ÂóäÖòÕăâ­ØČóæóãÜ¬ó 
 ÜäóÂÐÂóäÔ°ÿäøîÚÂäñÉÂ ìâóã×÷È ÂóäØöćËòĈÚÛääãóÂóéÃîÈāæÂÂäñØČóÖòèÿëâøîÚÂäñÉÂØöćãîâ
Ăì­äòÈëöÅæøćÚëòĈÚÉóÂÕèÈîóØõÖã°Ý¬óÚØñæùæÈâóãòÈÝõèßøĈÚāæÂăÕ­ ĀÖ¬ÉñÕúÕÂæøÚäòÈëöÅæøćÚãóèØöćāæÂÅóã
îîÂăÜăâ¬Ăì­ìæùÕîîÂÚîÂÛääãóÂóé ØČóĂì­āæÂăâ¬ÿãĆÚÉòÕĂÚÿèæóÂæóÈÅøÚ ÛääãóÂóéÿÜäöãÛÿëâøîÚÝ­ó



 ƗƜƝ 

ì¬âĂìÎ¬ØöćÅæùâāæÂăè­ Â®óÌØöćãîâĂì­äòÈëöÅæøćÚëòĈÚÉóÂÕèÈîóØõÖã°Ý¬óÚØñæùæÈâóăÕ­ĀÖ¬ăâ¬ãîâĂì­äòÈëöÅæøćÚ
ãóèØöćāæÂÅóãîîÂăÜìæùÕîîÂÚîÂÛääãóÂóé ÿäöãÂè¬ó Â®óÌÿäøîÚÂäñÉÂ 
 Â®óÌÿäøîÚÂäñÉÂØöćëČóÅòÎ ăÕ­ĀÂ¬ Â®óÌÅóä°ÛîÚăÕîîÂăÌÕ° Â®óÌâöÿØÚĀæñÂ®óÌăÚÖäòëîîÂăÌÕ° 

1. Â®óÌÅóä°ÛîÚăÕîîÂăÌÕ° ÿÂõÕÉóÂÂóäÿÝóăìâ­ÿËøĈîÿßæõÈ āäÈÈóÚîùÖëóìÂääâĀæñÂóäÖòÕăâ­
ØČóæóãÜ¬ó 

2. Â®óÌâöÿØÚ ÿÂõÕÉóÂ Âóäã¬îãëæóãÌóÂëõćÈâöËöèõÖĂÚßøĈÚØöćØöćâöÚČĈóÃòÈ ÿË¬Ú ÚóÃ­óè 
3. Â®óÌăÚÖäòëîîÂăÌÕ° ÿÂõÕÉóÂ îùÖëóìÂääâØöćĂË­ÂäÕăÚÖäõÂĂÚÂäñÛèÚÂóäÝæõÖ ĀæñÂóä

ĂË­Üù̄ ãăÚāÖäÿÉÚĂÚÂóäÿÂêÖäÂääâ 
ÿäóëóâóä×Ë¬èãÂòÚÜ­îÈÂòÚĀæñĀÂ­ăÃÜòÎìóáóèñāæÂä­îÚăÕ­Õ­èãèõÙöÂóäÖ¬óÈ ą ÿË¬Ú 

- îóÛÚČĈóÕ­èãÞòÂÛòè ÜäñìãòÕÂè¬óÖòÂîóÛìäøîĂË­î¬óÈîóÛÚČĈó×÷ÈÅä÷ćÈìÚ÷ćÈĂÚÿèæóÿßöãÈ ƗƖ 
ÚóØö ÜõÕÚČĈóÃÔñĀÜäÈàòÚ ÜäñìãòÕăÕ­ÿÕøîÚæñ ƗƛƗ æõÖä 

- ÿÜõÕÚČĈóä­îÚĂì­Ú­îãæÈ ĂÚÂóäØČóÚČĈóä­îÚ ĂË­ßæòÈÈóÚĂÚÂóäÖ­âëúÈâóÂ ÂóäÜäòÛÿÅäøćîÈØČó
ÚČĈóîù¬ÚĂì­âöîùÔìáúâõĀæñĀäÈÚČĈóĂì­Ú­îãæÈ ÉñæÕÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ ƗƛƟ ÂõāæÂäòâÖ¬îÜö ìäøîÂóäÌòÂ
Ý­óĂÚÚČĈóÿãĆÚÉñæÕÅóä°ÛîÚăÕîîÂăÌÕ° ăÕ­Üöæñ ƘƘƝ ÂõāæÂäòâ 

- ĂË­ìæîÕăàÖñÿÂöãÛ ÜäñìãòÕÂè¬óìæîÕÙääâÕó ƚ ÿØ¬ó ĂË­ÈóÚÚóÚÂè¬ó ƞ ÿØ¬ó ĀÖ¬æñ
ìæîÕË¬èãæÕÂóäÜæ¬îãÂ®óÌÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ ƚ,ƛƖƖ ÂõāæÂäòâ ìæîÕăàÙääâÕóÿÜæöćãÚßæòÈÈóÚ
Ú­îãÂè¬ó ƗƖ% ăÜÿÜĆÚĀëÈăà ë¬èÚØöćÿìæøî×úÂÿÜæöćãÚăÜÿÜĆÚÅèóâä­îÚÿØ¬óÂòÛëúÎßæòÈÈóÚÿÜæ¬ó ą 
âóÂÂè¬ó ƟƖ% 

- ×îÕÜæòĉÂÿÅäøćîÈĂË­ăàà­ó ÿßäóñãòÈÅÈÂõÚßæòÈÈóÚâóÂĀâ­ÉñÜõÕĀæ­è ÕòÈÚòĈÚÅèä×îÕÜæòĉÂ
āØäØòéÚ° ëÿÖäõāî ÅîâßõèÿÖîä° ăâāÅäÿèà ðæð ÿâøćîăâ¬ĂË­ìäøîÿëöãÛÜæòĉÂÿÃ­óÂòÛĀÝÈÿëöãÛÜæòĉÂØöćÅîãÜõÕ
ëèõØÌ°ăè­ÿëâî ÿâøćîăâ¬ĂË­ĀæñÅèä×îÕÜæòĉÂØöćËóä°ÉāØäéòßØ°âøî×øîĀæñ MP3 ÿâøćîăàÿÖĆâĀæ­è 

- ĂË­Öú­ÿãĆÚĀÛÛ Ƙ ÜäñÖú ÃÚóÕÅèóâÉù ƚƖƖ æõÖä ÖòĈÈîùÔìáúâõØöć ƙ · ƛ îÈéó Āæñ -ƗƝ - -Ɨƛ 
îÈéóĂÚË¬îÈĀË¬ĀÃĆÈ âöÜäñëõØÙõáóßĂÚÂóäÜäñìãòÕăàâóÂØöćëùÕ 

- ÿÜõÕĀîä°Øöć Ƙƛ îÈéó îùÔìáúâõÖČćóÂè¬óÚöĈĂË­ßæòÈÈóÚÿßõćâÃ÷ĈÚ ƛ · ƗƖ% 
- ĂË­ĀæĆÜØĆîÜÉîĀÛÚ ÜäñìãòÕăàâóÂÂè¬óÅîâßõèÿÖîä°ÖòĈÈāÖ®ñ×÷È ƛ ÿØ¬ó ĂË­screen server 

ĀæñìâèÕëĀÖÚÛóãÕ°ăâ¬ăÕ­Ë¬èãÜäñìãòÕăà ßæòÈÈóÚØöćÿëöãăÜÿØ¬óÂòÛÌøĈîÅîâßõèÿÖîä°Ăìâ¬ăÕ­ Ɨ ÿÅäøćîÈ 
ĀæñßäõĈÚÿÖîä°ÿæÿÌîä°ÜäñìãòÕßæòÈÈóÚâóÂÂè¬óîõÈÅ°ÿÉĆØ 

- ßÂ×ùÈÝ­óăÜËĆîÜÜõĈÈĀØÚÂóäĂË­×ùÈßæóëÖõÂ ĀÖ¬æñÜöØòćèāæÂØõĈÈ×÷ÈßæóëÖõÂÉóÂÌùÜÿÜîä°
âóÿÂĆÖìæóãĀëÚæ­óÚĂÛ îã¬óæøâè¬ó æÕÃãñÿØ¬óÂòÛæÕÂóäÜæ¬îãÂ®óÌÅóä°ÛîÚăÕîîÂăÌÕ° 



 ƗƜƞ 

- Ăë¬ÿëøĈîÝ­óÞ­óãîîä°ĀÂÚõÅ ĀæñĂË­ÿÅäøćîÈĂË­äöăÌÿÅõæ ìäøîÚČóÂæòÛâóĂË­Ăìâ¬ăÕ­ ìæöÂÿæöćãÈ
ÝæõÖáòÔÒ°ØöćâöÛääÉùáòÔÒ°âóÂ ÿßöãÈĀÅ¬æÕÃãñÃîÈÅùÔÿîÈ ƗƖ% ÉñæÕÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ ƛƚƛ 
ÂõāæÂäòâÖ¬îÜö 

- ÜæúÂÖ­Úăâ­ ÿßäóñÖ­Úăâ­ Ɨ Ö­ÚÕúÕÌòÛÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ Ɨ ÖòÚ ÖæîÕîóãùÃòã ĀæñäÕ
ÚČĈóË¬èÈÿË­ó ĀæñÂæóÈÅøÚ Ü­îÈÂòÚÂóääñÿìã 

- ÂõÚÿÚøĈîëòÖè°Ăì­Ú­îãæÈ ÿßäóñÂóäÝæõÖÿÚøĈîëòÖè°ĂË­ßæòÈÈóÚĀæñØäòßãóÂäâóÂÂè¬óÂóä
ÜæúÂßøËĀæñÙòÎßøË Ɨƞ% ÃîÈÂ®óÌÿäøîÚÂäñÉÂâóÉóÂîùÖëóìÂääâÜéùëòÖè° ÅùÔăâ¬Ö­îÈÿÜĆÚâòÈëèõäòÖõÂĆăÕ­
ÿßøćîØöćÉñëä­óÈÅèóâÿÜæöćãÚĀÜæÈ æîÈăâ¬ÂõÚÿÚøĈîëòÖè°ëòÜÕóì°æñÅäòĈÈ ÉñæÕÂóäÜæ¬îãÂ®óÌÿäøîÚÂäñÉÂăÕ­
âìóéóæ 

- ÿÕõÚĀØÚÃòÛ ßóìÚñĂË­ÚČĈóâòÚ×÷ÈÅä÷ćÈìÚ÷ćÈÃîÈāæÂ ĀæñÜæ¬îãÂ®óÌÿäøîÚÂäñÉÂØöć Ɨ ĂÚ ƚ 
ë¬èÚ ÂóäØõĈÈä×ăè­ØöćÛ­óÚĀâ­ÿßöãÈëòÜÕóì°æñ Ɨ èòÚ ëóâóä×ÜäñìãòÕÚČĈóâòÚĀæñÂóäÜæ¬îãÂ®óÌÿäøîÚ
ÂäñÉÂăÕ­âóÂâóãáóãĂÚ Ɨ Üö æîÈÿÕõÚ ÃöćÉòÂäãóÚ ÚòćÈä×ÂòÛÅÚîøćÚ ìäøîÚòćÈä×ÿâæ°ìäøîä×ăàà­óĀØÚ ìäøî
æîÈÕúè¬óÅùÔëóâóä×ØČóÈóÚØöćÛ­óÚ āÕãÖ¬îÅîâßõèÿÖîä°ÿÃ­óÂòÛÿÅäøîÃ¬óãÃîÈÛäõêòØëòÜÕóì°æñÅäòĈÈăÕ­
ìäøîăâ¬ 

- ÿËĆÅæâãóÈ Ăì­ĀÚ¬ĂÉè¬óãóÈä×ëúÛæâĀÚ¬ÚÂóäÃòÛä×āÕãØöćæâãóÈâöæâÚ­îã îóÉØČóĂì­
ÿÜæøîÈÚČĈóâòÚÃ÷ĈÚăÕ­×÷È ƙ% ÉóÂÜÂÖõ ÚČĈóâòÚØùÂ ą ĀÂææîÚØöćÜäñìãòÕăÕ­ÉñæÕÅóä°ÛîÚăÕîîÂăÌÕ°ăÕ­ Ɵ 
ÂõāæÂäòâ ãóÈØöćëúÛæâăâ¬ßîÉñĂË­ÚČĈóâòÚăÕ­ĂÚäñãñØóÈëòĈÚæÈ ƛ% 

- æÕ ĂË­ÌČĈó ĀæñäöăÌÿÅõæĂì­âóÂÃ÷ĈÚ æÕÃãñÃîÈÛ­óÚÅùÔĂì­ăÕ­Åä÷ćÈìÚ÷ćÈÉñË¬èãæÕ
Åóä°ÛîÚăÕîîÂăÌÕ°ăÕ­×÷È Ɨæ­óÚÂõāæÂäòâÖ¬îÜö 
 ëČóÅòÎØöćëùÕ Ö­îÈÖòĈÈĂÉĀÚ¬èĀÚ¬è¬óÉñË¬èãìãùÕāæÂä­îÚ ĀæñÖ­îÈĂË­ßæòÈÈóÚîã¬óÈâöÜäñëõØÙõáóß
ĀæñÿæøîÂĂË­ßæòÈÈóÚëñîóÕ 
 
 
 
 
 
 
 
 
 
 



 ƗƜƟ 

ĂÛÈóÚ ÿäøćîÈ āæÂ ÛääãóÂóé ÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ  ëõćÈĀèÕæ­îâĀæñØäòßãóÂäÙääâËóÖõ 
Ɨ. ÿìÖùÂóäÔ°ÂóäÿÂõÕ ́ÛõĉÂĀÛÈÅ°µ âöæòÂêÔñîã¬óÈăä 

ÖîÛ¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
Ƙ. āæÂĂË­ÿèæó ìâùÚäîÛÕèÈîóØõÖã°ÿÜĆÚèÈāÅÉäÂöćèòÚ 

ÖîÛ¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
ƙ. ë¬èÚÜäñÂîÛÃîÈāæÂ âöÂöćîã¬óÈ îñăäÛ­óÈ 

ÖîÛ¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦ 
4. ÿÜæøîÂāæÂ (Crust) ÜäñÂîÛÕ­èãîñăäÛ­óÈ 

ÖîÛ¦.................................................................................................................................... 
ƛ. ËòĈÚĀâÚÿØõæ (Mantle ìäøî Earth's mantle) âöæòÂêÔñÿÜĆÚîã¬óÈăä 

ÖîÛ¦.................................................................................................................................... 
Ɯ. ĀÂ¬ÚāæÂĀÛ¬ÈăÕ­îîÂÿÜĆÚÂöćËòĈÚăÕ­ĀÂ¬îñăäÛ­óÈ 

ÖîÛ¦.................................................................................................................... 
7. ĀÝ¬ÚãúÿäÿÌöãÚÅäîÛÅæùâØèöÜîñăäÛ­óÈ 

ÖîÛ¦.................................................................................................................................... 
ƞ. ÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂÚòĈÚâöëóÿìÖùâóÉóÂîñăä 

ÖîÛ¦.................................................................................................................................... 
Ɵ. ÛääãóÂóéâöë¬èÚÜäñÂîÛîñăäÛ­óÈ 

ÖîÛ¦.................................................................................................................................... 
ƗƖ. ØČóăâ ā́îāÌÚµ (Ozone) É÷ÈÿÜĆÚÂ®óÌØöćëČóÅòÎâóÂÖ¬îâÚùêã° 

ÖîÛ¦.................................................................................................................................... 
ƗƗ. Ìö ÿîà Ìö (CFC) ÚČóâóĂË­ĂÚîùÖëóìÂääâÜäñÿáØĂÕÛ­óÈ ĀæñâöÝæÂäñØÛÂòÛāæÂîã¬óÈăä 

ÖîÛ¦¦................................................................................................................................ 
ƗƘ. ÉÈîÙõÛóãëáóßÛääãóÂóéĂÚËòĈÚāØäāßëÿàöãä° Āæñ ăîāîāÚëÿàöãä° âóßîëòÈÿÃÜ 

ÖîÛ¦¦................................................................................................................................ 
Ɨƙ. âóÖäóèòÕ 40 îÈéóÿÌæÿÌöãë ( ) ÿØ¬óÂòÛ îÈéóÿÅæèõÚ (K) 

ÖîÛ¦.................................................................................................................................... 
Ɨƚ. âóÖäóèòÕ 25 îÈéóÿÌæÿÌöãë ( ) ÂöćîÈéóàóÿäÚăïÖ° ( ) 

ÖîÛ¦.................................................................................................................................... 
Ɨƛ. ÉÈîÙõÛóãÅèóâëČóÅòÎÃîÈÂäñĀëÚČĈóîù¬Ú ĀæñÂäñĀëÚČĈóÿãĆÚØöćâöÖ¬îåÕúÂóæ 

ÖîÛ¦.................................................................................................................................... 

http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%9B%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%81%E0%B9%82%E0%B8%A5%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%A1%E0%B8%99%E0%B9%80%E0%B8%97%E0%B8%B4%E0%B8%A5
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%A2%E0%B8%B9%E0%B9%80%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%A7%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B8%9F%E0%B8%B2%E0%B9%80%E0%B8%A3%E0%B8%99%E0%B9%84%E0%B8%AE%E0%B8%95%E0%B9%8C


 ƗƝƖ 

ƗƜ. ÿâÇäñÕòÛëúÈ âöÂöćËÚõÕ îñăäÛ­óÈ 
ÖîÛ¦.................................................................................................................................... 

ƗƝ. ÉÈîÙõÛóãæòÂêÔñÃîÈÂóäÿÂõÕ ́ÞÚµ(Rain) âóßîëòÈÿÃÜ 
ÖîÛ¦.................................................................................................................................... 

Ɨƞ. æâ(Wind) ÿÂõÕÉóÂëóÿìÖùîñăäÛ­óÈ 
ÖîÛ¦.................................................................................................................................... 

ƗƟ. ÞÚÂäÕ ÿÂõÕÉóÂÂ®óÌËÚõÕĂÕÛ­óÈ âöĀìæ¬ÈĂÕîùÖëóìÂääâÿÜĆÚÖ­ÚÿìÖù ĀæñÅèóâÿëöãìóãÉóÂ 
     ÞÚÂäÕÿÂõÕăÕ­îã¬óÈăä 

ÖîÛ¦.................................................................................................................................... 
ƘƖ. ÉÈîÙõÛóãæòÂêÔñÃîÈ ǽâØñÿæµ (Sea Breeze) Āæñ ǽâÛÂµ (Land Breeze)  

ÖîÛ¦.................................................................................................................................... 
ƘƗ. æâáúÿÃóĀæñæâìùÛÿÃó ÿÜĆÚæâËÚõÕĂÕ Āæñ ÿÂõÕĂÚÿèæóĂÕÛ­óÈ 

ÖîÛ¦.................................................................................................................................... 
22.  ´æâÖñÿáóµ ßòÕÉóÂØõéĂÕăÜãòÈØõéĂÕ  ÉóÂÛäõÿèÔĂÕÿÃ­óëú¬ÛäõÿèÔĂÕ ĀæñÿÂõÕĂÚË¬èÈÿÕøîÚĂÕ 

ÖîÛ¦.................................................................................................................................... 
Ƙƙ. Ăì­ãÂÖòèîã¬óÈØäòßãóÂäÙääâËóÖõÜäñÿáØĂË­Āæ­èăâ¬ìâÕëõĈÚâó 6 îã¬óÈ 

ÖîÛ¦.................................................................................................................................... 
Ƙƚ. Ăì­ãÂÖòèîã¬óÈØäòßãóÂäÙääâËóÖõìæòÂØöćëČóÅòÎÃîÈāæÂ ĀæñÃîÈÜäñÿØéăØã âó 5 îã¬óÈ 

ÖîÛ¦.................................................................................................................................... 
Ƙƛ. Ăì­ãÂÖòèîã¬óÈëõćÈĀèÕæ­îâØóÈèòÓÚÙääâ ìäøîëõćÈĀèÕæ­îâÜäñÕõêÑ° ìäøîâÚùêã°ÿëäõâëä­óÈ 
      Ã÷ĈÚâó 10 îã¬óÈ 

ÖîÛ¦.................................................................................................................................... 
ƘƜ. Ăì­îÙõÛóãÜòÎìóÃîÈØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ âóßîëòÈÿÃÜ 

ÖîÛ¦.................................................................................................................................... 
ƘƝ. Ăì­îÙõÛóãÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ âóßîëòÈÿÃÜ 

ÖîÛ¦.................................................................................................................................... 
Ƙƞ. ÂóäßòÓÚóÅùÔáóßÜäñËóËÚ Āæñ ÂóäĂË­âóÖäÂóäØóÈëòÈÅâĀæñÂÏìâóã ÿßøćîÂóäîÚùäòÂê° 
     ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĀÖÂÖ¬óÈÂòÚîã¬óÈăä ÉÈîÙõÛóã 

ÖîÛ¦.................................................................................................................................... 
ƘƟ. ÂóäßòÓÚó ÂòÛ ÂóäîÚùäòÂê° ĀÖÂÖ¬óÈÂòÚîã¬óÈăä 

ÖîÛ¦.................................................................................................................................... 



 ƗƝƗ 

ÿÊæãĂÛÈóÚ ÿäøćîÈ āæÂ ÛääãóÂóé ÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ  ëõćÈĀèÕæ­îâĀæñØäòßãóÂäÙääâËóÖõ 
Ɨ. ÿìÖùÂóäÔ°ÂóäÿÂõÕ ́ÛõĉÂĀÛÈÅ°µ âöæòÂêÔñîã¬óÈăä 

ÖîÛ¦ÛõĉÂĀÛÈÅ° ÿÂõÕÉóÂ ÂóäØöćÞù¬ÚÂ®óËĂÚîèÂóéâóäèâÖòèÂòÚÿÜĆÚèÈÞù¬ÚÂ®óË āÕãâöÂóäîòÕĀÚ¬Ú
ÂòÚÉÚØČóĂì­âöÅèóâìÚóĀÚ¬ÚĀæñâöîùÔìáúâõëúÈ  ÿâøćî×÷ÈÃöÕìÚ÷ćÈÉ÷ÈØČóĂì­ÿÂõÕÂóääñÿÛõÕÉóÂĂÉÂæóÈ ØČóĂì­
ÿÂõÕÿÜĆÚÕóèÿÅäóñì°Ú­îãÖ¬óÈ ą âóÂâóãìæóãä­îãæ­óÚÕèÈ¦. 
Ƙ. āæÂĂË­ÿèæó ìâùÚäîÛÕèÈîóØõÖã°ÿÜĆÚèÈāÅÉäÂöćèòÚ 

ÖîÛ¦ƙƜƛ.Ƙƛ èòÚ¦. 
ƙ. ë¬èÚÜäñÂîÛÃîÈāæÂ âöÂöćîã¬óÈ îñăäÛ­óÈ 

ÖîÛ¦ƙ îã¬óÈ Åøî ÿÜæøîÂāæÂ  ĀâÚÿØõæĀæñĀÂ¬ÚāæÂ¦.  
4. ÿÜæøîÂāæÂ (Crust) ÜäñÂîÛÕ­èãîñăäÛ­óÈ 

ÖîÛ¦ĀÝ¬ÚÕõÚ ĀÝ¬ÚÚČĈó¦. 
ƛ. ËòĈÚĀâÚÿØõæ (Mantle ìäøî Earth's mantle) âöæòÂêÔñÿÜĆÚîã¬óÈăä 

ÖîÛ¦îãú¬äñìè¬óÈÿÜæøîÂāæÂÂòÛĀÂ¬ÚāæÂ âöÛóÈë¬èÚØöćâöë×óÚñìæîâÿìæè ÿäöãÂè¬ó ìõÚìÚøÕ 
(magma) âöÅèóâä­îÚëúÈâóÂ¦. 
Ɯ. ĀÂ¬ÚāæÂĀÛ¬ÈăÕ­îîÂÿÜĆÚÂöćËòĈÚăÕ­ĀÂ¬îñăäÛ­óÈ 

ÖîÛ¦âö Ƙ ËòĈÚ 
Ɨ.ËòĈÚÚîÂ ÿÜĆÚÙóÖùÿìæĆÂĀæñÚõÂÿÂõæØöćìæîâæñæóãâöÅèóâä­îÚëúÈ 
Ƙ.ËòĈÚĂÚ îãú¬ÖäÈĂÉÂæóÈ âöÅèóâÂÕÕòÚîã¬óÈâìóéóæ¦. 

7. ĀÝ¬ÚãúÿäÿÌöãÚÅäîÛÅæùâØèöÜîñăäÛ­óÈ 
ÖîÛ¦ØèöÜÿîÿËöãĀæñØèöÜãùāäÜ¦. 

ƞ. ÂóäÿÅæøćîÚØöćÃîÈĀÝ¬ÚÿÜæøîÂāæÂÚòĈÚâöëóÿìÖùâóÉóÂîñăä 
ÖîÛ¦ÂóääèâÖòèĀæñÂóäĀÖÂÖòèÃîÈØèöÜ¦. 

Ɵ. ÛääãóÂóéâöë¬èÚÜäñÂîÛîñăäÛ­óÈ 
ÖîÛ¦ĀÂ®ëÖ¬óÈ ą ÿË¬Ú N2 ,O2 ,CO2 ,Ar , Þù¬ÚæñîîÈĀæñĀÂ®ëîøćÚ ą¦. 

ƗƖ. ØČóăâ ā́îāÌÚµ (Ozone) É÷ÈÿÜĆÚÂ®óÌØöćëČóÅòÎâóÂÖ¬îâÚùêã° 
ÖîÛ¦ÿßäóñË¬èãÕúÕÂæøÚäòÈëö UV ĀæñäòÈëöÖ¬óÈØöćâóÉóÂÕèÈîóØõÖã°  Ăì­ÖÂæÈâóëú¬ßøĈÚāæÂ

Ú­îãæÈ  ØČóĂì­ÝõèìÚòÈăâ¬ăìâ­ÿÂäöãâ¦. 
ƗƗ. Ìö ÿîà Ìö (CFC) ÚČóâóĂË­ĂÚîùÖëóìÂääâÜäñÿáØĂÕÛ­óÈ ĀæñâöÝæÂäñØÛÂòÛāæÂîã¬óÈăä 

ÖîÛ¦âóÉóÂîùÖëóìÂääâßæóëÖõÂ  ÂóäØČóÅèóâÿãĆÚ ÂóäØČóāàâ ðæð ë¬ÈÝæÂäñØÛÖ¬îāæÂ 
Åøî ØČóĂì­ËòĈÚāîāÌÚÿÂõÕäúäòćèìäøîäúāìè¬ ØČóĂì­äòÈëö UV ëóâóä×ÿÃ­óëú¬ßøĈÚāæÂăÕ­âóÂãõćÈÃ÷ĈÚ ÿÜĆÚëóÿìÖùØČó
Ăì­ÿÂõÕÜäóÂÏÂóäÔ°ÿäøîÚÂäñÉÂ ¦. 

http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%9B%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%81%E0%B9%82%E0%B8%A5%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%A1%E0%B8%99%E0%B9%80%E0%B8%97%E0%B8%B4%E0%B8%A5
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%9C%E0%B9%88%E0%B8%99%E0%B8%A2%E0%B8%B9%E0%B9%80%E0%B8%A3%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%99&action=edit&redlink=1


 ƗƝƘ 

ƗƘ. ÉÈîÙõÛóãëáóßÛääãóÂóéĂÚËòĈÚāØäāßëÿàöãä° Āæñ ăîāîāÚëÿàöãä° âóßîëòÈÿÃÜ 
ÖîÛ¦ËòĈÚāØäāàëÿßöãä° ÿÜĆÚËòĈÚÛääãóÂóéØöćÖõÕÂòÛÝõèāæÂÿÜĆÚËòĈÚØöćâö ăîÚČĈó ÿâÇ ìâîÂ 
ËòĈÚăîāîāßäëÿàöãä° ÉñÿÜĆÚËòĈÚÛääãóÂóéĂÚæČóÕòÛØöć ƚ ÚòÛÉóÂÝõèāæÂ ËòĈÚÚöĈâöîóÂóéÿÛóÛóÈ

âóÂ¦. 
Ɨƙ. âóÖäóèòÕ 40 îÈéóÿÌæÿÌöãë ( ) ÿØ¬óÂòÛ îÈéóÿÅæèõÚ (K) 

ÖîÛ¦  K  = + 273.15  
                       K = 40 + 273.15   

K  = 313.15 îÈéóÿÅæèõÚ (K)  ¦. 
Ɨƚ. âóÖäóèòÕ 25 îÈéóÿÌæÿÌöãë ( ) ÂöćîÈéóàóÿäÚăïÖ° ( )  

ÖîÛ¦ F = 
5

9  (  + 32)  

F = 
5

9  (25 + 32)  

F  = 
5

9  (57)  

F  =
5

579x  

F  = 
5

513 

F  = 102.6 ¦. 
Ɨƛ. ÉÈîÙõÛóãÅèóâëČóÅòÎÃîÈÂäñĀëÚČĈóîù¬Ú ĀæñÂäñĀëÚČĈóÿãĆÚØöćâöÖ¬îåÕúÂóæ 

ÖîÛ¦ ÂóäĀëÚČĈóîù¬ÚĀæñÂäñĀëÚČĈóÿãĆÚ  ÉñÚČóßóîóÂóéä­îÚĀæñîóÂóéìÚóèâó  ØČóĂì­ÿÂõÕÂóä
ÿÜæöćãÚĀÜæÈÖóâåÕúÂóæ ×­óÂäñĀëÚČĈóîù¬ÚĀæñÂäñĀëÚČĈóÿãĆÚÿÂõÕÅèóâÝõÕÜÂÖõÉñë¬ÈÝæĂì­îóÂóéØòćèāæÂ
ÿÂõÕÂóäÝõÕÿßöĈãÚăÜ¦. 
ƗƜ. ÿâÇäñÕòÛëúÈ âöÂöćËÚõÕ îñăäÛ­óÈ 

ÖîÛ¦ âö ƙ ËÚõÕ ăÕ­ĀÂ¬ ÿÌîä°āäÅõèâúæòë ÿÌîä°äòëĀæñÿÌîä°āäëÿÖäÖòë¦. 
ƗƝ. ÉÈîÙõÛóãæòÂêÔñÃîÈÂóäÿÂõÕ ́ÞÚµ(Rain) âóßîëòÈÿÃÜ 

ÖîÛ¦ ÞÚÿÂõÕÉóÂæñîîÈÚČĈóĂÚÂ­îÚÿâÇÌ÷ćÈÿãĆÚÉòÕ ÿâøćîăîÚČĈóÂæòćÚÿÜĆÚæñîîÈÚČĈóÿÂóñÂòÛâóÂÃ÷ĈÚ 
ØČóĂì­âöÚČĈóìÚòÂâóÂÃ÷ĈÚÉÚÿÂóñÂòÚăâ¬ăìèÉ÷ÈÖÂæÈâóÿÜĆÚÚČĈóÞÚÖóâĀäÈÕ÷ÈÕúÕÃîÈāæÂ¦. 
Ɨƞ. æâ(Wind) ÿÂõÕÉóÂëóÿìÖùîñăäÛ­óÈ 

ÖîÛ¦ ÅèóâĀÖÂÖ¬óÈÃîÈîùÔìáúâõĀæñÅèóâĀÖÂÖ¬óÈÃîÈìã¬îâÅèóâÂÕîóÂóé¦. 
ƗƟ. ÞÚÂäÕ ÿÂõÕÉóÂÂ®óÌËÚõÕĂÕÛ­óÈ âöĀìæ¬ÈĂÕîùÖëóìÂääâÿÜĆÚÖ­ÚÿìÖù ĀæñÅèóâÿëöãìóãÉóÂÞÚÂäÕ 
ÿÂõÕăÕ­îã¬óÈăä 

http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%A7%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%A7%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B8%9F%E0%B8%B2%E0%B9%80%E0%B8%A3%E0%B8%99%E0%B9%84%E0%B8%AE%E0%B8%95%E0%B9%8C


 ƗƝƙ 

ÖîÛ¦ ÿÂõÕÉóÂÂ®óËÌòæÿàîä°ăÕîîÂăÌÕ°ĀæñăÚāÖäÿÉÚîîÂăÌÕ° âóÉóÂîùÖëóìÂääâÂóäÝæõÖ
ăàà­ó  ãóÚßóìÚñ  ÿâøćîëóäÿìæ¬óÚöĈÂäñÉóãæÈëú¬Āìæ¬ÈÚČĈóĀæñäñÿìãÿÜĆÚăî ÿÂõÕÂóääèâÖòèÂòÚÂòÛÂ­îÚ
ÿâÇ ÿâøćîÞÚÖÂæÈâóÉ÷ÈÂæóãÿÜĆÚÞÚÂäÕ  Ì÷ćÈëä­óÈÅèóâÿëöãìóãĀÂ¬Ö­Úăâ­ ßøËĀæñëòÖè° ØČóĂì­ăâ¬ëóâóä×
ÕČóäÈËöèõÖîãú¬ăÕ­äèâ×÷ÈîóÅóäëõćÈÜæúÂëä­óÈÕ­èã¦. 
ƘƖ. ÉÈîÙõÛóãæòÂêÔñÃîÈ ǽâØñÿæµ (Sea Breeze) Āæñ ǽâÛÂµ (Land Breeze)  

ÖîÛ¦æâØñÿæÉñßòÕÿÃ­óËóãÞòćÈĂÚÿèæóÂæóÈèòÚ  ÿÚøćîÈÉóÂÖîÚÂæóÈèòÚßøĈÚÕõÚÉñä­îÚÂè¬óßøĈÚ
ÚČĈó ØČóĂì­îóÂóéÛÚßøĈÚÕõÚãÂÖòèÃ÷ĈÚ  îóÂóéÉóÂØñÿæÉ÷ÈÿÃ­óĀØÚØöć  ë¬èÚæâÛÂÉñßòÕÉóÂÞòćÈÿÃ­óëú¬Øñÿæ  
ĂÚÿèæóÂæóÈÅøÚ  ÿßäóñÂæóÈÅøÚßøĈÚÚČĈóÉñâöîùÔìáúâõëúÈÂè¬óßøĈÚÕõÚ  îóÂóéÉóÂßøĈÚÕõÚÿÃ­ăÜĀØÚØöć... 
ƘƗ. æâáúÿÃóĀæñæâìùÛÿÃó ÿÜĆÚæâËÚõÕĂÕ Āæñ ÿÂõÕĂÚÿèæóĂÕÛ­óÈ 

ÖîÛ¦æâáúÿÃóĀæñæâìùÛÿÃóÿÜĆÚæâÜäñÉČóèòÚ  æâìùÛÿÃóÿÂõÕĂÚÿèæóÂæóÈèòÚ ÉñßòÕÉóÂæ¬óÈ
Ã÷ĈÚëú¬ßøĈÚÛÚÿÃó  ë¬èÚæâáúÿÃóÉñÿÂõÕĂÚÿèæóÂæóÈÅøÚ ÉñßòÕÉóÂãîÕÿÃóæÈëú¬ìùÛÿÃó¦. 
ƘƘ. ǽâÖñÿáóµ ßòÕÉóÂØõéĂÕăÜãòÈØõéĂÕ  ÉóÂÛäõÿèÔĂÕÿÃ­óëú¬ÛäõÿèÔĂÕ ĀæñÿÂõÕĂÚË¬èÈÿÕøîÚĂÕ 

ÖîÛ¦æâÖñÿáóÿÜĆÚæâØ­îÈ×õćÚĂÚăØã ÉñßòÕÉóÂØõéĂÖ­ăÜëú¬ØõéÿìÚøî Åøî ßòÕÉóÂî¬óèăØãÿÃ­óëú¬
áóÅÂæóÈÖîÚæ¬óÈÿÂõÕĂÚË¬èÈÿÕøîÚÂùâáóßòÚÙ°×÷ÈÿÕøîÚÿâêóãÚ  ÿäöãÂè¬ó æâè¬óè¦. 
Ƙƙ. Ăì­ãÂÖòèîã¬óÈØäòßãóÂäÙääâËóÖõÜäñÿáØĂË­Āæ­èăâ¬ìâÕëõĈÚâó 6 îã¬óÈ 

ÖîÛ¦ĀëÈĀÕÕ  ÂäñĀëæâ  Þù¬Ú  ÕõÚ  ÚČĈó  îóÂóé¦. 
Ƙƚ. Ăì­ãÂÖòèîã¬óÈØäòßãóÂäÙääâËóÖõìæòÂØöćëČóÅòÎÃîÈāæÂ ĀæñÃîÈÜäñÿØéăØã âó 5 îã¬óÈ 

ÖîÛ¦ÚČĈó ÕõÚ Ü¬óăâ­ ëòÖè°Ü¬ó Āä¬ÙóÖù¦. 
Ƙƛ. Ăì­ãÂÖòèîã¬óÈëõćÈĀèÕæ­îâØóÈèòÓÚÙääâ ìäøîëõćÈĀèÕæ­îâÜäñÕõêÑ° ìäøîâÚùêã°ÿëäõâëä­óÈÃ÷ĈÚ  
      âó 10 îã¬óÈ 

ÖîÛ¦ÿÅäøćîÈÉòÂä ÿÅäøćîÈãÚÖ° ä×ãÚÖ° ßòÕæâ āØäØòéÚ° èõØãù ÞÚÿØöãâ Û­óÚÿäøîÚ ÿÃøćîÚ 
āÛäóÔë×óÚ¦. 
ƘƜ. Ăì­îÙõÛóãÜòÎìóÃîÈØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ âóßîëòÈÿÃÜ 

ÖîÛ¦ÜòÎìóÃîÈØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ ÿÂõÕÉóÂÂóäßòÓÚóØóÈÕ­óÚÿØÅāÚāæãö
îã¬óÈäèÕÿäĆè  Ì÷ćÈâöÿØÅāÚāæãöìæóãÜäñÿáØØöćâÚùêã°ÚČóăÜĂË­ĂÚÂóäÿëóĀëèÈìóØäòßãóÂä Ü¬óăâ­ ÚČĈó Āä¬
ÙóÖù ĂÚÕõÚĀæñĀìæ¬ÈÚČĈóîîÂâóĂË­îã¬óÈàù¬âÿàøîãÉÚØČóĂì­ÙääâËóÖõÿëöãëâÕùæ 
ƘƝ. Ăì­îÙõÛóãÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ âóßîëòÈÿÃÜ 

ÖîÛ¦ÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâÿÜĆÚÂóäĂË­ØäòßãóÂäÙääâËóÖõîã¬óÈ
ËóÎÊæóÕ Âæ¬óèÅøî ĂË­ĂÚÜäõâóÔÚ­îã ĀÖ¬ÚČóâóĂË­Ăì­ăÕ­ÜäñāãËÚ°ëúÈëùÕìäøîØČóĂì­Åù­âÅ¬óÚòĈÚÿîÈ 
Ƙƞ. ÂóäßòÓÚóÅùÔáóßÜäñËóËÚ Āæñ ÂóäĂË­âóÖäÂóäØóÈëòÈÅâĀæñÂÏìâóã ÿßøćîÂóäîÚùäòÂê°
ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâĀÖÂÖ¬óÈÂòÚîã¬óÈăä ÉÈîÙõÛóã 



 ƗƝƚ 

ÖîÛ¦ÂóäßòÓÚóÅùÔáóßÜäñËóËÚ  ÿÜĆÚÂóäë¬Èÿëäõâ ëÚòÛëÚùÚĂì­ÅÚâöÅèóâäú­ÅèóâÿÃ­óĂÉ
ĀæñÖäñìÚòÂ×÷ÈÜäñāãËÚ°ÃîÈÂóäîÚùäòÂê°ØäòßãóÂäÙääâËóÖõĀæñëõćÈĀèÕæ­îâ  ë¬èÚÂóäĂË­âóÖäÂóä
ØóÈëòÈÅâĀæñÂÏìâóãÿÜĆÚÂóäîîÂäñÿÛöãÛĀæñÂÏìâóãĂì­âöÝæÛòÈÅòÛĂË­  ÿßøćîĂì­ÅÚÜÐõÛòÖõÖóâ ×­óăâ¬
ÜÐõÛòÖõÖóâĂì­×øîè¬óÝõÕÂÏìâóãĀæñäñÿÛöãÛØöćèóÈăè­¦. 
ƘƟ. ÂóäßòÓÚó ÂòÛ ÂóäîÚùäòÂê° ĀÖÂÖ¬óÈÂòÚîã¬óÈăä 

ÖîÛ¦ÂóäßòÓÚóÅøî ÂóäØČóĂì­ÿÉäõÎÃ÷ĈÚ ë¬èÚÂóäîÚùäòÂê° Åøî ÂóäĂË­ØäòßãóÂäîã¬óÈâö
ÜäñëõØÙõáóß 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ƗƝƛ 

ĀÛÛÞ÷ÂìòÕØ­óãÛØØöć Ɯ 

ÉÈÿæøîÂÅČóÖîÛØöć×úÂÖ­îÈØöćëùÕÿßöãÈ Ɨ Ã­î āÕãØČóÿÅäøćîÈìâóã   ³  ÂòÛÃ­îØöćÿæøîÂ 

1. āÅäÈëä­óÈÃîÈāæÂĀÛ¬ÈÿÜĆÚÂöćËòĈÚ 

Â. 2 ËòĈÚ 

Ã. 3 ËòĈÚ 

Å. 4 ËòĈÚ 

È. 5 ËòĈÚ 

2. ë¬èÚĂÕØöćîãú¬ËòĈÚÚîÂëùÕÃîÈāæÂ     

Â. ÿÜæøîÂāæÂ 

Ã. ĀÂ¬ÚāæÂ 

Å. ĀâÚÿØõæ 

È. ÃòĈèāæÂ 

3. ÜäóÂÐÂóäÔ°ØöćĀÝ¬ÚÿÜæøîÂāæÂÿÂõÕÂóäëòćÚëñÿØøîÚ ÿÚøćîÈâóÉóÂÂóäÿæøćîÚÖòèÃîÈĀÝ¬ÚÿÜæøîÂ

āæÂ ÅøîÜäóÂÐÂóäÔ°ĂÕ 

Â. ÜÐõÂõäõãóÿäøîÚÂäñÉÂ 

Ã. áúÿÃóăàäñÿÛõÕ 

Å. ĀÝ¬ÚÕõÚăìè 

È. ÕõÚ×æ¬â 

4. ëóÿìÖùëČóÅòÎØöćØČóĂì­ÿÂõÕëáóßâæßõêØóÈîóÂóéĂÚÂäùÈÿØßâìóÚÅäÅøîîñăä 

Â. ÂóäÉäóÉäØöćÖõÕÃòÕâóÂ 

Ã. āäÈÈóÚîùÖëóìÂääâÖ¬óÈą 

Å. îóÅóäÛ­óÚÿäøîÚ ĀæñÖ÷ÂëúÈą 

È. ÂóäĂË­āàâĀæñ×ùÈßæóëÖõÂĂë¬îóìóä 

 

 

 

 



 ƗƝƜ 

5. ÿÅäøćîÈâøîØöćĂË­èòÕÅèóâÂÕîóÂóéÅøî ÿÅäøćîÈâøîîñăä 

Â. ÿØîä°âîâõÿÖîä° 

Ã. ăïāÂäâõÿÖîä° 

Å. ÛóäîâõÿÖîä° 

È. éäæâ 

6. ÿÅäøćîÈâøîØöćĂË­ÖäèÉëîÛÅèóâÿäĆèÃîÈÂäñĀëæâ ÅøîÿÅäøćîÈâøîîñăä 

Â. ÛóäîâõÿÖîä° 

Ã. ăïāÂäâõÿÖîä° 

Å. ÿØîä°āââõÿÖîä° 

È. ĀîÚÚõâîâõÿÖîä° 

7. ÿìÖùÂóäÔ°ĂÕØČóĂì­ÿÂõÕÜäóÂÐÂóäÔ°à­óä­îÈ à­óĀæÛ Āæñà­óÝ¬ó 
Â. ÞÚÖÂ 
Ã. ÚČĈóØ¬èâ 
Å. ĀÝ¬ÚÕõÚăìè 
È. ÜäóÂÐÂóäÔ°ÿäøîÚÂäñÉÂ 

8. ÜäóÂÐÂóäÔ°ĂÕØöćÉČóÿÜĆÚÖ¬îÂóäÕČóäÈËöèõÖÃîÈâÚùêã°âóÂ 
Â. ÞÚ 
Ã. à­óÝ¬ó 
Å. à­óä­îÈ 
È. à­óĀæÛ 

9. ÿäóÉñË¬èãäòÂêóëáóßĀèÕæ­îâØóÈÙääâËóÖõăÕ­îã¬óÈăä  

Â. ăâ¬Ç¬óëòÖè°ĂÚèòÚßäñ 

Ã. ăâ¬ĂË­ÚČĈóĂÚĀâ¬ÚČĈóæČóÅæîÈ 

Å. ăâ¬ÿæöĈãÈëòÖè°ĂÚÛäõÿèÔÛ­óÚ 

È. ăâ¬ØõĈÈÃãñæÈĂÚĀâ¬ÚČĈóæČóÅæîÈ 

 

 

 

 



 ƗƝƝ 

10. Ã­îĂÕìâóã×÷ÈÂäñÛèÚÂóääöăÌÿÅõæ 

Â. èòëÕùĂË­Āæ­è --> Ãóã 

Ã. èòëÕùĂË­Āæ­è --> ÿÝóØČóæóã 

Å. èòëÕùĂË­Āæ­è --> ØČóÅèóâëñîóÕ --> ĂË­Ăìâ¬ 

È. èòëÕùĂË­Āæ­è --> ÂäñÛèÚÂóäÝæõÖ --> èòëÕùĂìâ¬ 

 
ÿÊæãĀÛÛØÕëîÛÛØØöć 6 ÿäøćîÈäñÛÛÚõÿèéÚ° 
1. Ã Ƙ. Â ƙ. Å ƚ. Â ƛ. Å Ɯ. È Ɲ. Â ƞ. Â    9. È ƗƖ. È 
 
 
 

 
 



 ƗƝƞ 

ÛØØöć  7 
ëóäĀæñÂóäÉČóĀÚÂëóä 

ëóäñëČóÅòÎ 
ëâÛòÖõØóÈÂóãáóßĀæñëâÛòÖõØóÈÿÅâö  ÅèóâĀÖÂÖ¬óÈ  ĀæñÉČóĀÚÂÙóÖù  ëóäÜäñÂîÛ  

ëóäæñæóã  ĀæñëóäÝëâ  ÉČóĀÚÂëóäāÕãĂË­ÿÚøĈîëóäĀæñë×óÚñÿÜĆÚÿÂÔÒ°ăÕ­ 
 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 
 îÙõÛóãÿÂöćãèÂòÛëâÛòÖõØóÈÂóãáóßĀæñØóÈÿÅâöÃîÈëóä  ÂóäÉČóĀÚÂ  ëóä  ÂäÕ  ÿÛë  ÙóÖù  
ëóäÜäñÂîÛ  ëóäæñæóãĀæñÃîÈÝëâĀæñĂË­ëóäĀæñÝæõÖáòÔÒ°ĂÚ ËöèõÖÜäñÉČóèòÚăÕ­îã¬óÈ×úÂÖ­îÈĀæñ
ÜæîÕáòãÖ¬îËöèõÖ 
 
ÃîÛÃ¬óãÿÚøĈîìó 
 ÿäøćîÈØöć 1 ëâÛòÖõÃîÈëóä ĀæñÿÂÔÒ°ĂÚÂóäÉČóĀÚÂëóä 
 ÿäøćîÈØöć Ƙ ëâÛòÖõÃîÈÙóÖù  ëóäÜäñÂîÛ  ëóäæñæóã  ëóäÝëâ 
 
 
 
 
 
 
 



 ƗƝƟ 

ÿäøćîÈØöć  1 ëâÛòÖõÃîÈëóä ĀæñÿÂÔÒ°ĂÚÂóäÉČóĀÚÂëóä   
ëâÛòÖõÃîÈëóä  ìâóã×÷È  æòÂêÔñÿÊßóñÖòèÃîÈëóä ÿË¬Ú ÿÚøĈîëóä ëö ÂæõćÚ äë ÂóäÚČóăàà­ó  Âóä

æñæóãÚČĈó ÉùÕÿÕøîÕ ÉùÕìæîâÿìæè  ÅèóâÿÜĆÚÂäÕ · ÿÛë  ÿÜĆÚÖ­Ú ëóäĀÖ¬æñËÚõÕâöëâÛòÖõÿÊßóñÖòèØöć
ĀÖÂÖ¬óÈÂòÚ  ĀÛ¬ÈÿÜĆÚ  2  ÜäñÿáØÅøî 

1.  ëâÛòÖõØóÈÂóãáóßÃîÈëóä  ÿÜĆÚëâÛòÖõÃîÈëóäØöćëóâóä×ëòÈÿÂÖăÕ­È¬óã  ÿßøćîÛîÂæòÂêÔñÃîÈ
ëóäîã¬óÈÅä¬óè ą ăÕ­ĀÂ¬  ë×óÚñ  ÅèóâĀÃĆÈ   Åèóâî¬îÚ  ëö  ÂæõćÚ  æòÂêÔñÝæ÷Â  ÅèóâìÚóĀÚ¬ÚìäøîÿÜĆÚ
ëâÛòÖõØöćîóÉÖäèÉëîÛăÕ­āÕãØČóÂóäØÕæîÈîã¬óÈÈ¬óã ą ăÕ­ĀÂ¬  ÂóäæñæóãÚČĈó ÂóäìóÉùÕÿÕøîÕ ÂóäìóÉùÕ
ìæîâÿìæè  ìäøîÉùÕÿãøîÂĀÃĆÈ  ÂóäÚČóăàà­ó  ÂóäìóÅèóâ×¬èÈÉČóÿßóñ  ÂóäìóÅèóâä­îÚĀÞÈ   

2.  ëâÛòÖõØóÈÿÅâö ìâóã×÷È ëâÛòÖõÿÊßóñÖòèÃîÈëóäØöćÿÂöćãèÃ­îÈÂòÛÂóäÿÂõÕÜÐõÂõäõãóÿÅâö ÿË¬Ú Âóä
ÿÂõÕëóäĂìâ¬ ÂóäëæóãÖòèĂì­ăÕ­ëóäĂìâ¬ ÂóäÿÝóăìâ­ ÂóääñÿÛõÕ ĀæñÂóäÿÂõÕëÚõâÃîÈāæìñ ÿÜĆÚÖ­Ú  

 ÿÂÔÒ°ĂÚÂóäÉČóĀÚÂëóä   
 ĂÚÂóäé÷ÂêóÿäøćîÈëóä ÉČóÿÜĆÚÖ­îÈĀÛ¬ÈëóäîîÂÿÜĆÚìâèÕìâú¬  ÿßøćîĂì­È¬óãÖ¬îÂóäÉÕÉČóëóä  
āÕãØòćèăÜÚõãâĂË­ëâÛòÖõØóÈÂóãáóßÕ­óÚĂÕÕ­óÚìÚ÷ćÈÃîÈëóäÿÜĆÚÿÂÔÒ°ĂÚÂóäÉČóĀÚÂëóäÌ÷ćÈâöìæóãÿÂÔÒ°
Õ­èãÂòÚ ÿË¬Ú 

1.ĂË­ë×óÚñÿÜĆÚÿÂÔÒ°  ÉñĀÛ¬ÈëóäîîÂăÕ­ÿÜĆÚ 3  Âæù¬â Åøî 
1.1 ÃîÈĀÃĆÈ ( solid )  ìâóã×÷ÈëóäØöćâöæòÂêÔñäúÜä¬óÈăâ¬ÿÜæöćãÚĀÜæÈ ĀæñâöäúÜä¬óÈ

ÿÊßóñÖòè  ÿÚøćîÈÉóÂîÚùáóÅĂÚÃîÈĀÃĆÈÉòÕÿäöãÈËõÕÖõÕÂòÚĀæñîòÕĀÚ¬Úîã¬óÈâöäñÿÛöãÛăâ¬âöÂóäÿÅæøćîÚØöćìäøî
ÿÅæøćîÚØöćăÕ­       Ú­îãâóÂ ăâ¬ëóâóä×ØñæùÝ¬óÚăÕ­Āæñăâ¬ëóâóä×ÛöÛìäøîØČóĂì­ÿæĆÂæÈăÕ­  ÿË¬Ú  ăâ­  ìõÚ  
ÿìæĆÂ  ØîÈÅČó  ÕõÚ      Øäóã  ßæóëÖõÂ  ÂäñÕóê  ÿÜĆÚÖ­Ú 

1.2 ÃîÈÿìæè ( liquid )  ìâóã×÷ÈëóäØöćâöæòÂêÔñăìæăÕ­  âöäúÜä¬óÈÖóâáóËÚñØöćÛääÉù 
ÿÚøćîÈÉóÂîÚùáóÅĂÚÃîÈÿìæèîãú¬ì¬óÈÂòÚâóÂÂè¬óÃîÈĀÃĆÈ  îÚùáóÅăâ¬ã÷ÕÖõÕÂòÚÉ÷Èëóâóä×ÿÅæøćîÚØöćăÕ­ĂÚ
äñãñĂÂæ­ ĀæñâöĀäÈÕ÷ÈÕúÕÌ÷ćÈÂòÚĀæñÂòÚ âöÜäõâóÖäÅÈØöć  ëóâóä×ØñæùÝ¬óÚăÕ­  ÿË¬Ú  ÚČĈó  ĀîæÂîïîæ° ÚČĈóâòÚ
ßøË  ÚČĈóâòÚÿÛÚÌõÚ  ÿÜĆÚÖ­Ú 

1.3 ĀÂ®ë  ( gas ) ìâóã×÷ÈëóäØöćæòÂêÔñàù­ÈÂäñÉóãÿÖĆâáóËÚñØöćÛääÉù  ÿÚøćîÈÉóÂîÚùáóÅÃîÈ
ĀÂ®ëîãú¬ì¬óÈÂòÚâóÂ  âößæòÈÈóÚĂÚÂóäÿÅæøćîÚØöćîã¬óÈäèÕÿäĆèăÜăÕ­ĂÚØùÂØõéØóÈÖæîÕÿèæó  É÷ÈâöĀäÈÕ÷ÈÕúÕ
äñìè¬óÈîÚùáóÅÚ­îãâóÂ ëóâóä×ØñæùÝ¬óÚăÕ­È¬óã  ĀæñÛöÛîòÕĂì­ÿæĆÂæÈăÕ­È¬óã  ÿË¬Ú  îóÂóé  ĀÂ®ëîîÂÌõÿÉÚ  
ĀÂ®ëìùÈÖ­â  ÿÜĆÚÖ­Ú 

2.ĂË­ÅèóâÿÜĆÚāæìñÿÜĆÚÿÂÔÒ°  ĀÛ¬ÈăÕ­ÿÜĆÚ 3 Âæù¬â Åøî 
2.1 āæìñ ( metal)  
2.2 îāæìñ ( non-metal ) 
2.3 Â÷ćÈāæìñ ( metaliod ) 



 ƗƞƖ 

 
3.ĂË­ÂóäæñæóãÚČĈóÿÜĆÚÿÂÔÒ°  ĀÛ¬ÈăÕ­ 2 Âæù¬â Åøî  

           3.1 ëóäØöćæñæóãÚČĈó  
           3.2 ëóäØöćăâ¬æñæóãÚČĈó 
        4.ĂË­ÿÚøĈîëóäÿÜĆÚÿÂÔÒ°  ĀÛ¬ÈîîÂÿÜĆÚ 2  Âæù¬â Åøî  
           4.1 ëóäÿÚøĈîÿÕöãè ( homogeneous substance )  
                4.2 ëóäÿÚøĈîÝëâ ( heterogeneous substance ) 
 
 
 
 



 ƗƞƗ 

ÿäøćîÈØöć Ƙ ëâÛòÖõÃîÈÙóÖù  ëóäÜäñÂîÛ  ëóäæñæóã  ëóäÝëâ 
ÙóÖù (Element) ìâóã×÷È ëóäÛäõëùØÙõċØöćâöîÈÅ°ÜäñÂîÛîã¬óÈÿÕöãè ÙóÖùăâ¬ëóâóä×ÉñÚČóâó

ĀãÂëæóãĂì­ÂæóãÿÜĆÚëóäîøćÚāÕãèõÙöÂóäØóÈÿÅâö ÙóÖùâöØòĈÈë×óÚñØöćÿÜĆÚÃîÈĀÃĆÈ ÿË¬Ú ÙóÖùëòÈÂñëö(Zn) 
ÖñÂòćè(Pb) ÿÈõÚ (Ag) ĀæñÕöÛùÂ (Sn) , ÿÜĆÚÃîÈÿìæè ÿË¬Ú ÜäîØ (Hg) ÿÜĆÚÂ®óÌ ÿË¬Ú ăÚāÖäÿÉÚ (N2) 
ïöÿæöãâ (He) îîÂÌõÿÉÚ (O2) ăïāÕäÿÉÚ (H2) ÿÜĆÚÖ­Ú 

ëóäÜäñÂîÛ (compound) ìâóã×÷È ë́óäÛäõëùØÙõċÿÚøĈîÿÕöãèØöćÿÂõÕÉóÂÙóÖùÖòĈÈĀÖ¬ëîÈËÚõÕÃ÷ĈÚăÜ
ÿÜĆÚîÈÅ°ÜäñÂîÛµ ëóäÜäñÂîÛÿÂõÕÉóÂÂóääèâÖòèÃîÈÙóÖùāÕãèõÙöÂóäØóÈÿÅâö ëóâóä×ĀãÂëæóãĂì­
ÿÂõÕÿÜĆÚëóäĂìâ¬ìäøîÂæòÛÅøÚÿÜĆÚÙóÖùÿÕõâăÕ­ ëóäÜäñÂîÛÉñâöëâÛòÖõÿÊßóñÖòèØöćĀÖÂÖ¬óÈÉóÂÙóÖùÿÕõâ 
ÿË¬Ú ÚČĈó âöëúÖäÿÅâöÿÜĆÚ H2O ÚČĈóÿÜĆÚëóäÜäñÂîÛØöćÿÂõÕÉóÂÙóÖùăïāÕäÿÉÚ(H) ĀæñîîÂÌõÿÉÚ (O) ĀÖ¬âö
ëâÛòÖõĀÖÂÖ¬óÈÉóÂăïāÕäÿÉÚĀæñîîÂÌõÿÉÚ ÚČĈóÖóæØäóãÜäñÂîÛÕ­èãÙóÖùÅóä°ÛîÚ ( C ),ăïāÕäÿÉÚ 
(H) ,ĀæñîîÂÌõÿÉÚ (O) ÿÜĆÚÖ­Ú 

ëóäæñæóã (solution) ìâóã×÷È ëóäÿÚøĈîÿÕöãèØöćăâ¬ÛäõëùØÙõċ ÿÂõÕÉóÂëóäÖòĈÈĀÖ¬ 2 ËÚõÕÃ÷ĈÚăÜâó
äèâÂòÚ 

ëóäÝëâ ìâóã×÷È  ëóäØöćâöîÈÅ°ÜäñÂîÛáóãĂÚĀÖÂÖ¬óÈÂòÚ ìäøîëóäØöćÿÚøĈîăâ¬ÿìâøîÚÂòÚØùÂ
ë¬èÚ ÿË¬Ú ßäõÂÿÂæøî ÅîÚÂäöÖ ÕõÚìäøîîóÉÿÜĆÚëóäÖòĈÈĀÖ¬ëîÈËÚõÕÃ÷ĈÚăÜÝëâÂòÚîãú¬  āÕãØöćëóäÿìæ¬óÚöĈãòÈ
âöëâÛòÖõÿìâøîÚÿÕõâĀæñëóâóä×ĀãÂîîÂÉóÂÂòÚăÕ­āÕãèõÙöÈ¬óãą 
 



 ƗƞƘ 

ĀÛÛÞ÷ÂìòÕØ­óãÛØØöć Ɲ 

ÅČóËöĈĀÉÈ ÉÈÿæøîÂÅČóÖîÛØöćÅõÕè¬ó×úÂÖ­îÈØöćëùÕÿßöãÈÅČóÖîÛÿÕöãèĂÚĀÖ¬æñÃ­î 
       1) Ã­îĂÕăâ¬ĂË¬ëëóä 
            Â. ÿÂæøîĀÂÈĂë¬æÈĂÚîóìóä 
            Ã. ÿëöãÈÃîÈëùÚòÃìîÚ 
            Å. ÚČĈóĀÂÈÂČóæòÈÿÕøîÕ 
            È. ëóãăàØöćØČóÉóÂßæóëÖõÂ 

       2) ØîÈÿìæøîÈÉòÕÿÜĆÚëóäÜäñÿáØĂÕ 
            Â. ÙóÖù 
            Ã. ëóäÜäñÂîÛ 
            Å. ëóäæñæóã 
            È. ëóäÿÚøĈîÝëâ 
       3) Ã­îĂÕÖ¬îăÜÚöĈÿÜĆÚÅèóâìâóãÃîÈëóäÜäñÂîÛ 
            Â. āâÿæÂùæÃîÈëóäÜäñÂîÛÕ­èãÙóÖù 2 îñÖîâÃ÷ĈÚăÜ 
            Ã. ëóäØöćÙóÖùÿÜĆÚËÚõÕÿÕöãèÂòÚ 
            Å. ëóäØöćÿÂõÕÉóÂÙóÖù 2 ËÚõÕÃ÷ĈÚăÜâóäèâÂòÚ 
            È. ÝæõÖáòÔÒ°ØöćăÕ­ÉóÂÂóäØČóÜÐõÂõäõãóÂòÚÃîÈëóä 2 ËÚõÕ 

       4) Ã­îÅèóâÖ¬îăÜÚöĈÃ­îĂÕ×úÂÖ­îÈ 
            Â. ëóäæñæóãØùÂËÚõÕÿÜĆÚëóäÛäõëùØÙõċ 
            Ã. ëóäÛäõëùØÙõċÛóÈËÚõÕÿÜĆÚëóäÿÚøĈîÿÕöãè 
            Å. ëóäÜäñÂîÛØùÂËÚõÕÿÜĆÚëóäÿÚøĈîÿÕöãè 
            È. ÙóÖùÛóÈËÚõÕÿÜĆÚëóäÿÚøĈîÿÕöãè 
        5) ×­óÉòÕ ÿìæĆÂ ÚČĈóÿËøćîâ ĀæñëóäæñæóãÂäÕÌòæàõèäõÂ Ăì­îãú¬ĂÚÂæù¬âÿÕöãèÂòÚ ÉñÖ­îÈ 
             ĂË­îñăäÿÜĆÚÿÂÔÒ°ĂÚÂóäÉòÕ  
             Â. ÂóäÚČóăàà­ó 
             Ã. Âóäæñæóã 
             Å. ÂóäÿÜĆÚëóäÿÚøĈîÿÕöãèÂòÚ 
             È. ëâÛòÖõÿÜĆÚÂäÕ-ÿÛë                      

                                              
 



 Ɨƞƙ 

6) èõÙöÂóäÂæòćÚÚČĈóĂì­ÛäõëùØÙõċĀÛÛÙääâÕóÉñăâ¬ÿìâóñëâ ÿâøćîÚČóâóĂË­ÂòÛîñăä 
                  Â. ÚČĈóØñÿæ 
                  Ã. ÚČĈóÅæîÈ 
                  Å. ÚČĈóÝëâĀîæÂîïîæ° 
                  È. ëóäæñæóãāßĀØëÿÌöãâÅæîăäÕ° 

        7) ÂóäĀãÂÚČĈóâòÚÕõÛë¬èÚĂìÎ¬îóéòãèõÙöÂóäĀÛÛĂÕ  
                  Â. ÂóäëòÚÕóÜ 

    Ã. ÂóäÂæòćÚæČóÕòÛë¬èÚ 
                  Å. ÂóäÖÂÖñÂîÚæČóÕòÛë¬èÚ 
                  È. ÂóäëæóãÖòèÕ­èãÅèóâä­îÚ 

8) ÂäÕĂÚÃ­îĂÕÿÜĆÚÂäÕîõÚØäöã°ØòĈÈìâÕ  
                   Â. ÚČĈóâñÃóâ ÂäÕăïāÕäÅæîäõÂ 
                    Ã. ÚČĈóâñÚóè ÂäÕăÚÖäõÂ 
                   Å. ÂäÕĀîÌõÖõÂ ÚČĈóâñÚóè 
                   È. ÚČĈóâñÃóâ ÂäÕÌòæàõèäõÂ 

9) ëóäĂÕÖ¬îăÜÚöĈâöëáóßÿÜĆÚÿÛë ØòĈÈìâÕ 
                   Â. ÚČĈóâñÚóè ÚČĈóîòÕæâ 
                   Ã. ÚČĈóâñÃóâ ÚČĈóÿÂæøî 

      Å. ëóäæñæóãÝÈÌòÂàîÂ ÚČĈóÃöĈÿ×­ó 
                   È. ëóäæñæóããóëöàòÚ ÚČĈóãóæ­óÈÉóÚ 
            10) ëÛú¬ÿÂõÕÉóÂÜÐõÂõäõãóÿÅâöäñìè¬óÈëõćÈĂÕ 
                   Â. ĀËâßúÂòÛÚČĈóâòÚßøË 
                   Ã. ÂäÕÂòÛăÃâòÚëòÖè° 
                   Å. ăÃâòÚëòÖè°ÂòÛÚČĈóÃöĈÿ×­ó 
                   È. ăâ¬âöÃ­îĂÕ×úÂ 
 
 
 
 
 



 Ɨƞƚ 

ÿÊæãĀÛÛØÕëîÛÛØØöć Ɲ ÿäøćîÈëóäĀæñÂóäÉČóĀÚÂëóä  
1. Ã 
2.  Â 
3.  Å 
4.  Å 
5.  Â 
6.  È 
7.  Ã 
8.  Â 
9.  Å 
10.  È 



 Ɨƞƛ 

ÛØØöć  8 
ÙóÖùĀæñëóäÜäñÂîÛ 

ëóäñëČóÅòÎ 
 ÉČóĀÚÂÙóÖù    ëóäÜäñÂîÛ    āæìñ     îāæìñ    ĀæñāæìñÂ÷ćÈāæìñ    ÛîÂÝæÂäñØÛØöćÿÂõÕ
ÉóÂÙóÖùÂòââòÚÖäòÈëö   îÙõÛóãÂóäÿÂõÕëóäÜäñÂîÛ   ÛîÂÙóÖùĀæñëóäÜäñÂîÛØöćĂË­ĂÚËöèõÖÜäñÉČóèòÚ 
 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 
 îÙõÛóãÿÂöćãèÂòÛëâÛòÖõØóÈÂóãáóßĀæñØóÈÿÅâöÃîÈëóä  ÂóäÉČóĀÚÂ  ëóä  ÂäÕ  ÿÛë   ÙóÖù  
ëóäÜäñÂîÛ  ëóäæñæóãĀæñÃîÈÝëâĀæñĂË­ëóäĀæñÝæõÖáòÔÒ°ĂÚ ËöèõÖÜäñÉČóèòÚăÕ­îã¬óÈ×úÂÖ­îÈĀæñ
ÜæîÕáòãÖ¬îËöèõÖ 
 
ÃîÛÃ¬óãÿÚøĈîìó 
 ÿäøćîÈØöć 1 ÅèóâìâóãĀæñëâÛòÖõÃîÈÙóÖù  ÂòââòÚÖäòÈëö 
 ÿäøćîÈØöć 2 ëâÛòÖõÃîÈāæìñ  îāæìñ  ĀæñÂ÷ćÈāæìñ 
 ÿäøćîÈØöć 3 ÙóÖùÂòââòÚÖäòÈëö 
 ÿäøćîÈØöć 4 ëóäÜäñÂîÛ 
 
 



 ƗƞƜ 

ÿäøćîÈØöć 1 ÅèóâìâóãĀæñëâÛòÖõÃîÈÙóÖù  ÂòââòÚÖäòÈëö 
 

ÂòââòÚÖáóßäòÈëö (Ionizing Radiation) 
1.  ÂòââòÚÖáóßäòÈëö (Radioactivity)  ìâóã×÷È  äòÈëöØöćĀÝ¬îîÂâóăÕ­ÿîÈÉóÂÙóÖùÛóÈËÚõÕ 
2.  ÙóÖùÂòââòÚÖäòÈëö  ìâóã×÷È ÙóÖùØöćâöĂÚÙääâËóÖõØöćĀÝ¬äòÈëöîîÂâóăÕ­ÿîÈ 
3.  ÿïÚäöć ÿÛÅÿÅîÿäæ  ÚòÂàõëõÂë°ËóèÞäòćÈÿéë ÿÜĆÚÝú­Å­ÚßÛÂòââòÚÖáóßäòÈëöāÕãÛòÈÿîõÎ ĂÚÃÔñØöć

ØČóÂóäèõÿÅäóñì°ÿÂöćãèÂòÛäòÈëöÿîÂÌ°  ÂòââòÚÖáóßäòÈëöâöëâÛòÖõĀÖÂÖ¬óÈÉóÂäòÈëöÿîÂÌ° Åøî âöÅèóâÿÃ­âÚ­îã
Âè¬óäòÈëöÿîÂÌ°  ÂóäĀÝ¬äòÈëöÿÂõÕÃ÷ĈÚîã¬óÈÖ¬îÿÚøćîÈÖæîÕÿèæó 

 4.  äòÈëö ÿÜĆÚÜäóÂÐÂóäÔ°ÙääâËóÖõ  ÛóÈËÚõÕÿÜĆÚÅæøćÚĀâ¬ÿìæĆÂăàà­ó ÿË¬Ú äòÈëöÿîÂÌ°  äòÈëöîùæ
ÖäóăèāîÿæÖ  äòÈëöîõÚàäóÿäÕ  ÛóÈîã¬óÈÿÜĆÚîÚùáóÅ  ÿË¬ÚäòÈëöØöćÿÂõÕÉóÂîÚùáóÅîõÿæÅÖäîÚ  äòÈëöØöćăÕ­ÉóÂ
ÙóÖùÂòââòÚÖäòÈëöâö 3 ËÚõÕ Åøî  äòÈëöĀîæàó  äòÈëöÿÛÖó  ĀæñäòÈëöĀÂââó 

ËÚõÕÃîÈÂòââòÚÖáóßäòÈëö   ÂòââòÚÖáóßäòÈëöâö 3 ËÚõÕ  Åøî  
1) äòÈëöĀîæàó (alpha, a) Åøî ÚõèÿÅæöãëÃîÈîñÖîâÙóÖùïöÿæöãâ 2

4He âöÜäñÉùăàà­ó +2 âöâèæâóÂ 
ÅèóâÿäĆèÖČćó îČóÚóÉØñæùØñæèÈÚ­îã  âößæòÈÈóÚëúÈâóÂØČóĂì­ÿÂõÕÂóäĀÖÂÖòèÿÜĆÚîõîîÚăÕ­ÕöØöćëùÕ 

2) äòÈëöÿÛÖ­ó (Beta, b) âö 2 ËÚõÕ Åøî îõÿæÅÖäîÚ 0e-1 (ÜäñÉùæÛ) Āæñ āàÌõÖäîÚ  0e+1 (ÜäñÉù
ÛèÂ) âöÅèóâÿäĆèëúÈâóÂĂÂæ­ÿÅöãÈÂòÛÅèóâÿäĆèĀëÈ 

3) äòÈëöĀÂââó (gamma, g) Åøî äòÈëöØöćăâ¬âöÜäñÉùăàà­ó ìâóã×÷È āàÖîÚìäøîÅèîÚÖòâÃîÈĀëÈ 
âöîČóÚóÉĂÚÂóäØñæùØñæèÈăÕ­ëúÈâóÂ  ăâ¬ÿÛöćãÈÿÛÚĂÚëÚóâĀâ¬ÿìæĆÂĀæñëÚóâăàà­ó  ÿÜĆÚÅæøćÚ
Āâ¬ÿìæĆÂăàà­óØöćâöÅèóâ×öćëúÈÂè¬óäòÈëöÿîÂÌ° 

ÅùÔëâÛòÖõÃîÈÂòââòÚÖáóßäòÈëö 
1. ÿÕõÚØóÈÿÜĆÚÿë­ÚÖäÈ 
2. ÛóÈËÚõÕÿÂõÕÂóäÿæöĈãèÿÛÚÿâøćîÝ¬óÚëÚóâĀâ¬ÿìæĆÂĀæñëÚóâăàà­ó ÿË¬Ú a, b 
3. âöîČóÚóÉĂÚÂóäØñæùëóäÖ¬óÈą ăÕ­Õö 
4. ÿâøćîÝ¬óÚëóäÖ¬óÈąÉñëúÎÿëöãßæòÈÈóÚăÜāÕãÂóäØČóĂì­ëóäÚòĈÚĀÖÂÖòèÿÜĆÚîõîîÚ Ì÷ćÈîõîîÚ

ÿìæ¬óÚòĈÚÉñÂ¬îĂì­ÿÂõÕÜäóÂÐÂóäÔ°îøćÚą ÿË¬Ú ÜÐõÂõäõãóÿÅâö ÿÂõÕäîãÕČóÛÚàõæ°â×¬óãäúÜ 
5. ÂóäÿÜæöćãÚëáóßÚõèÿÅæöãë 

5.1. ÂóäĀÝ¬ÂòââòÚÖáóßäòÈëö ÿÜĆÚÝæâóÉóÂÂóäÿÜæöćãÚĀÜæÈÚõèÿÅæöãë ÿâøćîÚõèÿÅæöãë
ÜæÕÜæ¬îãäòÈëöîîÂâóÚõèÿÅæöãëÿîÈÉñÿÜæöćãÚëáóßÿÜĆÚÚõèÿÅæöãëÃîÈÙóÖùĂìâ¬ 

5.2. ÂóäĀÝ¬äòÈëöĀîæàó a ÚõèÿÅæöãëÃîÈÙóÖùÿÕõâÉñÿÜæöćãÚăÜāÕãØöćâèæ ĀæñÚõèÿÅæöãë
ÿÕõâæÕæÈÿØ¬óÂòÛâèæÃîÈîÚùáóÅĀîæàó 

5.3. ÂóäĀÝ¬äòÈëöÿÛÖó b ÜäñÉùăàà­óÃîÈÚõèÿÅæöãëĂìâ¬ÉñÿßõćâìäøîæÕæÈ 1 e ìÚ¬èã 



 ƗƞƝ 

5.4. äòÈëöĀÂââó g ÿÂõÕÉóÂÂóäÿÜæöćãÚäñÕòÛßæòÈÈóÚÃîÈÚõèÿÅæöãë Éñăâ¬âöÂóä
ÿÜæöćãÚĀÜæÈÿæÃâèæĀæñÿæÃîñÖîâÃîÈÚõèÿÅæöãëØöćĀÝ¬äòÈëöĀÂââóîîÂâó                                    

ËÚõÕĀæñîòÚÖäóãÉóÂÂòââòÚÖáóßäòÈëö 
1.  äòÈëöĀÂââó âöîČóÚóÉÂóäØñæùØñæèÈâóÂĀæñëóâóä×ØČóæóãÿÚøĈîÿãøćîÃîÈä¬óÈÂóãăÕ­ 
2.  äòÈëöĀîæàóĀæñäòÈëöÿÛÖ­ó ÿÜĆÚäòÈëöØöćâöîÚùáóÅëóâóä×ØČóæóãÿÚøĈîÿãøćîăÕ­Õö ×÷ÈĀâ­ÉñâöîČóÚóÉ

ÂóäØñæùØñæèÈÿØ¬óÂòÛäòÈëöĀÂââó ĀÖ¬×­óìóÂäòÈëöËÚõÕÚöĈăÜÞòÈÛäõÿèÔÿÚøĈîÿãøćîÃîÈä¬óÈÂóãĀæ­è ÂĆâöîČóÚóÉ
ÂóäØČóæóãăâ¬Āß­äòÈëöĀÂââó 

3.  äòÈëöÿîĆÂÌ° ëóâóä×Üæ¬îãÜäñÉùăàà­óĀäÈëúÈĂÚØöćëùÎÎóÂóé îòÚÖäóãîóÉÉñÿÂõÕÃ÷ĈÚ ×­óìóÂ
äòÈëöÿîĆÂÌ°äòćèăìæîîÂÉóÂÿÅäøćîÈâøîĀæñîîÂëú¬ÛääãóÂóé ëòâÝòëÂòÛäòÈëöÿîĆÂÌ°âóÂÿÂõÚăÜ ÿË¬Ú ÉóÂìæîÕ
ÿîĆÂÌ°ÿäã°ÂĆÉñÿÂõÕāäÅÝõèìÚòÈØöćâøî âöæòÂêÔñìãóÛ ÝõèìÚòÈĀì­ÈâöæòÂêÔñÅæ­óãìúÕ Āì­ÈĀæñÿæĆÛìòÂÈ¬óã 
×­óëòâÝòëăÜÚóÚ ą ÿÃ­ó ÂäñÕúÂÂĆÉñ×úÂØČóæóã 

4.  äòÈëöØöćëóâóä×âîÈÿìĆÚĀæñäòÈëöîòæÖäóăèāîÿæÖìäøîäòÈëöÿìÚøîâ¬èÈ äòÈëöËÚõÕÚöĈÉñăâ¬Øñæù 
ØñæèÈÝ¬óÚËòĈÚĂÖ­ÝõèìÚòÈ äòÈëöîòæÖäóăèāîÿæÖÉñâöîòÚÖäóãäùÚĀäÈÂè¬óäòÈëöîõÚàäóÿäÕ ĀæñÉñØČóĂì­
ÝõèìÚòÈăìâ­ÿÂäöãâ ĀæñØČóîòÚÖäóãÖ¬îÿæÚÌ°Öó ÅÚØòćè ą ăÜÉñăÕ­äòÛäòÈëöîòæÖäóăèāîÿæÖÉóÂ
ĀëÈîóØõÖã° ÊñÚòĈÚÅÚØöćØČóÈóÚÂæóÈĀëÈîóØõÖã°ĀÝÕÂæ­óÖõÕÖ¬îÂòÚÿÜĆÚäñãñÿèæóÚóÚ āîÂóëØöćÉñÿÜĆÚ
ÿÚøĈîÈîÂÖóâÛäõÿèÔÝõèìÚòÈØöć×úÂĀëÈĀÕÕĂÚØöćëùÕÂĆÉñÂæóãÿÜĆÚÿÚøĈîä­óãìäøîâñÿäĆÈăÕ­ äòÈëö
îòæÖäóăèāîÿæÖÉñâöîòÚÖäóãÖ¬îÝõèìÚòÈâóÂÃ÷ĈÚ ×­óìóÂÝõèìÚòÈÃîÈÿäóăÜëòâÝòëÂòÛëóäÿÅâöÛóÈîã¬óÈ 
ÿË¬Ú ÅäöāÌæ Ì÷ćÈÿÜĆÚëóäÿÅâöØöćâöÅèóâăèÖ¬îĀëÈîóØõÖã°âóÂ   

 
 
 
 
 
 
 
 
 
 
 
 
 



 Ɨƞƞ 

ÿäøćîÈØöć 2 ëâÛòÖõÃîÈāæìñ  îāæìñ  ĀæñāæìñÂ÷ćÈîāæìñ 
 

ÙóÖùāæìñ (metal) ÉñÿÜĆÚÙóÖùØöćâöë×óÚñÿÜĆÚÃîÈĀÃĆÈ (ãÂÿè­ÚÜäîØ ØöćÿÜĆÚÃîÈÿìæè ) âöÝõèØöćâòÚ
èóè  ÚČóÅèóâä­îÚ Āæñăàà­óăÕ­Õö âöÉùÕÿÕøîÕĀæñÉùÕìæîâÿìæèëúÈ (Ë¬èÈîùÔìáúâõäñìè¬óÈÉùÕìæîâÿìæè
ÂòÛÉùÕÿÕøîÕÉñÖ¬óÈÂòÚâóÂ) ăÕ­ĀÂ¬ āÌÿÕöãâ (Na), ÿìæĆÂ (Fe) , ĀÅæÿÌöãâ (Ca) , ÜäîØ (Hg), îñæúâõÿÚöãâ 
(Al), ĀâÂÚöÿÌöãâ (Mg) , ëòÈÂñëö (Zn) , ÕöÛùÂ (Sn) ðæð 

ÙóÖùîāæìñ âöăÕ­ØòĈÈëóâë×óÚñ ëâÛòÖõë¬èÚĂìÎ¬ÉñÖäÈÃ­óâÂòÛāæìñ ÿË¬Ú Ýõèăâ¬âòÚèóè ăâ¬ÚČó
ăàà­ó     ăâ¬ÚČóÅèóâä­îÚ ÉùÕÿÕøîÕĀæñÉùÕìæîâÿìæèÖČćó ÿÜĆÚÖ­Ú ăÕ­ĀÂ¬ Åóä°ÛîÚ( C ) , àîëàîäòë (P) ,
ÂČóâñ×òÚ (S) āÛäâöÚ (Br), îîÂÌõÿÉÚ (O2) ăïāÕäÿÉÚ (H2), ÅæîäöÚ (Cl2) , àæúîîäöÚ (F2) ÿÜĆÚÖ­Ú 

1. âöØòĈÈ  3 ë×óÚñ Åøî 
   ÃîÈĀÃĆÈÿË¬Ú Åóä°ÛîÚ  ( C )  ÂČóâñ×òÚ  (S ) 
   ÃîÈÿìæè ÿË¬Ú āÛäâöÚ (  ) 
   Â®óË ÿË¬Ú   ăïāÕäÿÉÚ  ( )  îîÂÌõÿÉÚ ( )  

2. âöÉùÕÿÕøîÕĀæñÉùÕìæîâÿìæèÖČćó  ãÂÿè­ÚĀÂäăàÖ° 
3. ÿÜäóñ ĀÖÂÈ¬óã ÖöÿÜĆÚĀÝ¬ÚìäøîÕ÷ÈÿÜĆÚÿë­Úăâ¬ăÕ­ 
4. ăâ¬ÚČóăàà­óĀæñÅèóâä­îÚ ãÂÿè­ÚĀÂäăàÖ° 
5.  âöÅèóâĀÖÂÖ¬óÈÃîÈîùÔìáúâõäñìè¬óÈÉùÕÿÕøîÕ ĀæñÉùÕìæîâÿìæèĀÅÛ 
6. ÿÅóñăâ¬âöÿëöãÈÂòÈèóÚ 
7.  Ýõèăâ¬âòÚèóè 
8. âöÅèóâìÚóĀÚ¬ÚÖČćó 
9.  âöÅ¬ó EN  ëúÈ  É÷ÈäòÛîõÿæĆÂÖäîÚăÕ­È¬óãÿÂõÕÿÜĆÚăîîîÚæÛ ÿË¬Ú        
 ÙóÖùÂ÷ćÈāæìñ (metalloid) ăÕ­ĀÂ¬ āÛäîÚ (B) , ÌõæõÅîÚ ( Si) , ÿÜĆÚÖ­Ú 

ìâóãÿìÖù 

Â. ÙóÖùÂ÷ćÈāæìñ ×­óĂË­ÂóäÚČóăàà­óÿÜĆÚÿÂÔÒ° Éñìâóã×÷È ÙóÖùØöćÚČóăàà­óăÕ­ÿæĆÂÚ­îãØöćîùÔìáúâõ
ÜÂÖõ ĀÖ¬ØöćîùÔìáúâõëúÈÃ÷ĈÚÉñÚČóăàà­óăÕ­âóÂÃ÷ĈÚ ÿË¬Ú ÙóÖùāÛäîÚ , ÌõæõÅîÚ ,ÿÉîä°âóÿÚöãâ , 

îóä°ÿÌÚõÂ 

Ã. ÙóÖùÂ÷ćÈāæìñ ×­óĂË­ëâÛòÖõÃîÈîîÂăÌÕ°ÿÜĆÚÿÂÔÒ° Éñìâóã×÷È ÙóÖùØöćÿÂõÕÿÜĆÚîîÂăÌÕ°Āæ­èØČó
ÜÐõÂõäõãóăÕ­ØòĈÈÂäÕĀÂ¬ĀæñÿÛëĀÂ¬ ÿË¬Ú ÙóÖùÿÛäõæÿæöãâ , îñæúâõÿÚöãâ , ĀÂæÿæöãâ , ÕöÛùÂ , 

ĀæñÖñÂòćè 
 
 
 



 ƗƞƟ 

ÿäøćîÈØöć 3 ÙóÖùÂòââòÚÖäòÈëö 
ÙóÖùÂòââòÚÖäòÈëö ìâóã×÷È ÙóÖùØöćâöëâÛòÖõĂÚÂóäĀÝ¬äòÈëö ëóâóä×ĀÝ¬äòÈëöĀæñÂæóãÿÜĆÚîñÖîâ

ÃîÈÙóÖùîøćÚăÕ­äòÈëöØöćÿÜæ¬ÈîîÂâóÉñâöîãú¬ 3 ËÚõÕ ÕòÈÚöĈ 
1. äòÈëöĀîæàó âöëòÎæòÂêÔ°ÚõèÿÅæöãä°ÿÜĆÚ ÛóÈÅäòĈÈîóÉÿäöãÂè¬ó îÚùáóÅĀîæàó ĀæñĂË­

ëòÎæòÂêÔ°ÿÜĆÚ  äòÈëöĀîæàóÿÜĆÚÚõèÿÅæöãëÃîÈÙóÖùïöÿæöãâ  Ì÷ćÈÜäñÂîÛÕ­èã   2 āÜäÖîÚ  Āæñ  2  
ÚõèÖäîÚÉ÷ÈâöÜäñÉùăàà­óÿÜĆÚ +2 âöâèæ 4.00276 amu äòÈëöĀîæàóîČóÚóÉØñæùØñæèÈÖČćó ăâ¬ëóâóä×Øñæù
Ý¬óÚĀÝ¬ÚÂäñÕóê ìäøîāæìñÛóÈą ăÕ­ ĀæñÿÚøćîÈÉóÂâöÜäñÉùÛèÂ ÿâøćîîãú¬ĂÚëÚóâăàà­óÉ÷ÈÿÛöćãÈÿÛÚăÜ
ØóÈÃòĈèæÛ ÿâøćîèõćÈÝ¬óÚîóÂóéîóÉÉñØČóĂì­îóÂóéĀÖÂÖòèÿÜĆÚăîîîÚăÕ­ 

2. äòÈëöÛöÖó ÛóÈÅäòĈÈÿäöãÂè¬óîÚùáóÅÛöÖó ĂË­ëòÎæòÂêÔ°ÿÜĆÚ b ìäøî   äòÈëöÛöÖó âöëâÛòÖõÿìâøîÚ
îõÿæĆÂÖäîÚ Åøî âöÜäñÉùăàà­ó -1 âöâèæÿØ¬óÂòÛ 0.000540 amu ÿØ¬óÂòÛâèæÃîÈîõÿæĆÂÖäîÚ äòÈëöÛöÖóâö
îČóÚóÉĂÚÂóäØñæùØñæèÈëúÈÂè¬óäòÈëöĀîæàóÜäñâóÔ 100 ÿØ¬ó âöÅèóâÿäĆèĂÚÂóäÿÅæøćîÚØöćĂÂæ­ÿÅöãÈÂòÛ
ĀëÈ ÿÚøćîÈÉóÂâöÜäñÉùæÛÉ÷ÈÿÛöćãÈÿÛÚăÜØóÈÃòĈèÛèÂ ÿâøćîîãú¬ĂÚëÚóâăàà­ó 

3. äòÈëöĀÂââó ĂË­ëòÎæòÂêÔ°   g   äòÈëöĀÂââóÿÜĆÚÅæøćÚĀâ¬ÿìæĆÂăàà­óØöćâöÅèóâãóèÅæøćÚëòĈÚâóÂ   
ÅøîÜäñâóÔ 0.001-1.5 pm ăâ¬âöâèæĀæñăâ¬âöÜäñÉù âöîČóÚóÉØñæùØñæèÈëúÈëùÕ ëóâóä×ØñæùÝ¬óÚëõćÈÂöÕ
ÃèóÈăÕ­ÿÜĆÚîã¬óÈÕö ÕòÈÚòĈÚèòÖ×ùØöćÉñÂòĈÚäòÈëöĀÂäââóăÕ­ ÉñÖ­îÈâöÅèóâìÚóĀÚ¬ÚĀæñÅèóâìÚóâóÂ
ßîØöćÉñÂòĈÚäòÈëöăÕ­ ÿÚøćîÈÉóÂăâ¬âöÜäñÉùăàà­ó É÷Èăâ¬ÿÛöćãÈÿÛÚĂÚëÚóâăàà­ó 

ÜäñāãËÚ°ÃîÈÙóÖùÂòââòÚÖäòÈëö 
1. ØČóÿÖóÜÐõÂäÔ°ÜäâóÔú  ØČóāäÈÈóÚăàà­óßæòÈÈóÚÜäâóÔú  ĀæñÿäøîÕČóÚČĈóÜäâóÔú 
2. ĂË­ëä­óÈÙóÖùĂìâ¬ìæòÈãúÿäÿÚöãâ ëä­óÈÃ÷ĈÚāÕããõÈÚõèÿÅæöãëÃîÈÙóÖùìÚòÂÕ­èãîÚùáóÅĀîæàó    
ìäøîÕ­èã   ÚõèÿÅæöãëîøćÚą  ØöćÅ¬îÚÃ­óÈìÚòÂ  ĀæñâößæòÈÈóÚëúÈ 

3.  ĂË­é÷ÂêóÂæăÂÃîÈÜÐõÂõäõãóÿÅâö  ÿË¬Ú  ÂóäÿÂõÕÜÐõÂõäõãóÃîÈÿîëÿØîä° 
4.  ĂË­ĂÚÂóäìóÜäõâóÔèõÿÅäóñì° 
5.  ĂË­ĂÚÂóäìóîóãùÃîÈÌóÂëõćÈâöËöèõÖ 
6.  ÂóääòÂêóāäÅ ÿË¬Ú âñÿäĆÈ  
āØêÃîÈÙóÖùÂòââòÚÖäòÈëö 

×­óä¬óÈÂóãăÕ­äòÛÉñØČóĂì­āâÿæÂùæáóãĂÚÿÌææ°ÿÂõÕÂóäÿÜæöćãÚĀÜæÈ  ăâ¬ëóâóä×ØČóÈóÚÖóâÜÂÖõ
ăÕ­ ×­óÿÜĆÚÿÌææ°ØöćÿÂöćãèÃ­îÈÂòÛÂóä×¬óãØîÕæòÂêÔñÂĆÉñÿÂõÕÂóäÝ¬óÿìæ¬ó ÿâøćîÿÃ­óăÜĂÚä¬óÈÂóãÉñăÜëñëâ
ĂÚÂäñÕúÂ   ĀëÈîÚùáóÅĀîæàóØöćÿÜæ¬ÈîîÂâóÉñăÜØČóæóãÿÌææ°ØöćØČóìÚ­óØöćÝæõÖÿâĆÕÿæøîÕĀÕÈ  ØČóĂì­ÿÂõÕ
âñÿäĆÈĂÚÿâĆÕÿæøîÕăÕ­ 

 



 ƗƟƖ 

ÿäøćîÈØöć 4 ëóäÜäñÂîÛ 
ëóäÜäñÂîÛ (compound) ìâóã×÷È ë́óäÛäõëùØÙõċÿÚøĈîÿÕöãèØöćÿÂõÕÉóÂÙóÖùÖòĈÈĀÖ¬ëîÈËÚõÕÃ÷ĈÚăÜ

ÿÜĆÚîÈÅ°ÜäñÂîÛµ ëóäÜäñÂîÛÿÂõÕÉóÂÂóääèâÖòèÃîÈÙóÖùāÕãèõÙöÂóäØóÈÿÅâö ëóâóä×ĀãÂëæóãĂì­
ÿÂõÕÿÜĆÚëóäĂìâ¬ìäøîÂæòÛÅøÚÿÜĆÚÙóÖùÿÕõâăÕ­ ëóäÜäñÂîÛÉñâöëâÛòÖõÿÊßóñÖòèØöćĀÖÂÖ¬óÈÉóÂÙóÖùÿÕõâ 
ÿË¬Ú ÚČĈó âöëúÖäÿÅâöÿÜĆÚ H2O ÚČĈóÿÜĆÚëóäÜäñÂîÛØöćÿÂõÕÉóÂÙóÖùăïāÕäÿÉÚ(H) ĀæñîîÂÌõÿÉÚ (O) ĀÖ¬âö
ëâÛòÖõĀÖÂÖ¬óÈÉóÂăïāÕäÿÉÚĀæñîîÂÌõÿÉÚ ÚČĈóÖóæØäóãÜäñÂîÛÕ­èãÙóÖùÅóä°ÛîÚ ( C ),ăïāÕäÿÉÚ 
(H) ,ĀæñîîÂÌõÿÉÚ (O) ÿÜĆÚÖ­Ú 
-  ÂóäÿÂõÕëóäÜäñÂîÛ 

ëóäÜäñÂîÛÿÂõÕÉóÂÂóäëä­óÈßòÚÙñÿÅâöäñìè¬óÈîñÖîâÃîÈÙóÖùÖ¬óÈËÚõÕÂòÚ    āÕãÂóä
ĀæÂÿÜæöćãÚîÚùáóÅâúæÑóÚáóãĂÚîñÖîâ ÂóääèâÖòèÃîÈÙóÖùÿÜĆÚëóäÜäñÂîÛÚòĈÚ ÿÜĆÚØöćÚ¬óëÈëòãè¬ó 
ëóäÜäñÂîÛØöćÿÂõÕÃ÷ĈÚÚòĈÚâöëâÛòÖõØöćĀÖÂÖ¬óÈÂòÚăÜ  ĀæñĀÖÂÖ¬óÈăÜāÕãëõĈÚÿËõÈÉóÂëâÛòÖõÃîÈÙóÖùÿÕõâØöć
ÿÜĆÚîÈÅ°ÜäñÂîÛ ÿË¬Ú 

ÚČĈóÖóæØäóã ÿÜĆÚëóäÜäñÂîÛØöćÿÂõÕÉóÂÙóÖùÅóä°ÛîÚ (C) ăïāÕäÿÉÚ (H) ĀæñîîÂÌõÿÉÚ (O)  
   ÚČĈó ÿÜĆÚëóäÜäñÂîÛØöćÿÂõÕÉóÂÙóÖùăïāÕäÿÉÚ (H) ĀæñîîÂÌõÿÉÚ (O) ÕòÈáóß  

 

 
 

áóßĀëÕÈ ÂóääèâÖòèÃîÈÙóÖùÿÜĆÚëóäÜäñÂîÛ (ÚČĈó) 
 
- ÙóÖùĀæñëóäĂÚËöèõÖÜäñÉČóèòÚ 

1.  ëóäÜäùÈĀÖ¬Èîóìóä ìâóã×÷È ëóäÜäùÈäëîóìóäĂË­Ăë¬ĂÚîóìóäÿßøćîØČóĂì­îóìóäâöäëÕöÃ÷ĈÚ 
ÿË¬Ú ÚČĈóÖóæ ÚČĈóÜæó ÚČĈóë­âëóãËú ÚČĈóâñÚóè ÌîëâñÿÃøîÿØé ĀæñĂì­äëËóÖõÖ¬óÈą ÿË¬Ú 

-  ÚČĈóÖóæ   Ăì­äëìèóÚ  
-  ÿÂæøî   ÚČĈóÜæó Ăì­äëÿÅĆâ  
-  ÚČĈóë­âëóãËú ÚČĈóâñÚóè ÌîëâñÿÃøîÿØé Ăì­äëÿÜäöĈãè 

 
 
 



 ƗƟƗ 

2.  ëóäØČóÅèóâëñîóÕ   ÜäñÿáØÃîÈëóäØČóÅèóâëñîóÕ  ĀÛ¬ÈÖóâÂóäÿÂõÕ ăÕ­ 2 ÜäñÿáØ Åøî  
1) ăÕ­ÉóÂÂóäëòÈÿÅäóñì° ÿË¬Ú ÚČĈóãóæ­óÈÉóÚ ëÛú¬Â­îÚ ëÛú¬ÿìæè ĀËâßúëäñÝâ 

ÝÈÌòÂàîÂ ëóäØČóÅèóâëñîóÕßøĈÚÿÜĆÚÖ­Ú 
 

                      
 
                       2) ăÕ­ÉóÂÙääâËóÖõ ÿË¬Ú ÚČĈóâñÂäúÕ âñÃóâÿÜöãÂ ÿÂæøî ÿÜĆÚÖ­Ú    
 

                         
 
                    áóßĀëÕÈ ëóäØČóÅèóâëñîóÕØöćăÕ­ÉóÂÙääâËóÖõ (âñÂäúÕ âñÚóè âñÃóâÿÜöãÂ ÿÂæøî) 
 

ÂóäĀÛ¬ÈÖóâèòÖ×ùÜäñëÈÅ°ĂÚÂóäĂË­ÈóÚÿÜĆÚÿÂÔÒ° ĀÛ¬ÈîîÂăÕ­ÿÜĆÚ 4 ÜäñÿáØ Åøî 
1. ëóäÜäñÿáØØČóÅèóâëñîóÕä¬óÈÂóã ăÕ­ĀÂ¬ ëÛú¬ ĀËâßúëäñÝâ ÿÜĆÚÖ­Ú 
2. ëóäÜäñÿáØØČóÅèóâëñîóÕÿëøĈîÝ­ó ăÕ­ĀÂ¬ ëóäÌòÂàîÂËÚõÕÖ¬óÈą 
3. ëóäÜäñÿáØØČóÅèóâëñîóÕáóËÚñ ăÕ­ĀÂ¬ ÚČĈóãóæ­óÈÉóÚ ÿÜĆÚÖ­Ú 
4. ëóäÜäñÿáØØČóÅèóâëñîóÕì­îÈÚČĈó ăÕ­ĀÂ¬ ëóäØČóÅèóâëñîóÕì­îÈÚČĈóØòĈÈËÚõÕÝÈĀæñËÚõÕÿìæè 

 
 

 
 
 
 



 ƗƟƘ 

ĀÛÛÞ÷ÂìòÕØ­óãÛØØöć ƞ 
ÅČóËöĈĀÉÈ : Ã­îëîÛâöØòĈÈìâÕ 10 Ã­îĂì­ÿæøîÂÅČóÖîÛØöć×úÂÖ­îÈØöćëùÕÿßöãÈÅČóÖîÛÿÕöãè  

1. îÚùáóÅØöćÿæĆÂØöćëùÕÃîÈëëóäÿäöãÂè¬óîñăä 
         Â. ÙóÖù  Ã. îñÖîâ 
  Å.āâÿæÂùæ 
  È.ëóäÜäñÂîÛ 

2.Ã­îĂÕ×úÂÖ­îÈ  
Â.  ĂÚáóèñÜÂÖõ ÙóÖùâöăÕ­ØòĈÈ 3 ë×óÚñ 
Ã.  ÙóÖùëóâóä×ĀãÂÿÜĆÚîÈÅ°ÜäñÂîÛã¬îãăÕ­îöÂ 
Å.  ÙóÖùîóÉÿÜĆÚëóäÿÚøĈîÿÕöãèÂòÚ ìäøîëóäÿÚøĈîÝëâÂĆăÕ­ 
È.  ÙóÖùëîÈËÚõÕÃ÷ĈÚăÜâóÝëâÂòÚ Ö­îÈăÕ­ëóäÜäñÂîÛÿëâî 

3. Ã­îĂÕÿÜĆÚÙóÖùØòĈÈìâÕ  
Â.  ÿìæĆÂ   îóÂóé  ØîÈÅČó 
Ã.  ăïāÕäÿÉÚ  Åóä°ÛîÚ  ÚõÿÂõæ 
Å.  ÂČóâñ×òÚ  Õ¬óÈØòÛØõâ  ÜäîØ 
È.  ßæèÈ  ÜäîØ   ĀîæÂîïîæ° 

4. Ã­îĂÕÖ¬îăÜÚöĈ ÉòÕÿÜĆÚÙóÖùØòĈÈìâÕ  
Â.  CO2    NO2    O2    H2  
Ã.  Mg      N2      Br2    O2 
Å.  K        Mg     Be     CO 
È.  H2O    He      Na     Cl2 

5. Ã­îĂÕÿÜĆÚëòÎæòÂêÔ°ÃîÈÙóÖùØîÈÅČó  
Â.  Au 
Ã.  Ag 
Å.  Cu 
È.  Ga 
 
 
 
 

6. ÙóÖùĂÚÃ­îĂÕ ÿÜĆÚāæìñØòĈÈìâÕ 



 ƗƟƙ 

Â.  Li    Al    P 
Ã.  Al    B    Zi 
Å.  Zn    Ag    Na  
È.  Na    Mg    C 

ÉÈßõÉóäÔóÃ­îâúæÖ¬îăÜÚöĈĀæ­èÖîÛÅČó×óâÃ­î 7-8  
ÙóÖù A âöëâÛòÖõÚČóăàà­óăÕ­, ÝõèÿÜĆÚâòÚèóè 
ÙóÖù B âöëâÛòÖõÚČóăàà­óăâ¬ăÕ­, ÿÜäóñ  
ÙóÖù C âöëâÛòÖõÚČóăàà­óăÕ­, ÿÜäóñ  
ÙóÖù D âöëâÛòÖõÚČóăàà­óăâ¬ăÕ­, âöë×óÚñÂ®óÌ  

7. ÙóÖùĂÕÿÜĆÚāæìñ  
Â.  A 
Ã.  B 
Å.  C 
È.  D 

8. ÙóÖùĂÕÿÜĆÚÂ÷ćÈāæìñ  
Â.  A 
Ã.  B 
Å.  C 
È.  D 

9. āâÿæÂùæÃîÈ H3PO4 ÂòÛ C2H6O âöÉČóÚèÚîñÖîâĀÖÂÖ¬óÈÂòÚÂöćîñÖîâ  
Â.  1  îñÖîâ 
Ã.  2  îñÖîâ 
Å.  3  îñÖîâ 
È.  4  îñÖîâ 

10. îÚùáóÅâúæÑóÚÃîÈÙóÖù ÅøîÃ­îĂÕ  
Â.  āÜäÖîÚ ĀæñîõÿæĆÂÖäîÚ 
Ã.  āÜäÖîÚ ĀæñÚõèÖäîÚ 
Å.  ÚõèÖäîÚ ĀæñîõÿæĆÂÖäîÚ 
È.  āÜäÖîÚ ÚõèÖäîÚ ĀæñîõÿæĆÂÖäîÚ 



 ƗƟƚ 

ÿÊæãĀÛÛØÕëîÛÛØØöć 8 ÿäøćîÈ ÙóÖùĀæñëóäÜäñÂîÛ 
1. Ã 
2.  Â 
3.  Ã 
4.  Å 
5.  Å 
6.  Å 
7.  Â 
8.  Å 
9.  Â 
10.  È 



 ƗƟƛ 

ÛØØöć  9 
ëóäæñæóã 

ëóäñëČóÅòÎ 
 ëâÛòÖõĀæñîÈÅ°ÜäñÂîÛÃîÈëóäæñæóã     ÜòÉÉòãØöćâöÝæÖ¬îÂóäæñæóãÃîÈëóä       ìóÅèóâ
ÿÃ­âÃ­ÚÃîÈëóäæñæóã  ÿÖäöãâëóäæñæóãÛóÈËÚõÕ  ÉČóĀÚÂÂäÕ  ÿÛëĀæñÿÂæøî  ÖäèÉëîÛÅèóâÿÜĆÚÂäÕ 
ÿÛë  ÃîÈëóäăÕ­  ÂóäĂË­ÂäÕ ÿÛë  ÛóÈËÚõÕĂÚËöèõÖăÕ­ 
 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 
 îÙõÛóãÿÂöćãèÂòÛëâÛòÖõØóÈÂóãáóßĀæñØóÈÿÅâöÃîÈëóä  ÂóäÉČóĀÚÂ  ëóä  ÂäÕ  ÿÛë   ÙóÖù  
ëóäÜäñÂîÛ  ëóäæñæóãĀæñÃîÈÝëâĀæñĂË­ëóäĀæñÝæõÖáòÔÒ°ĂÚ ËöèõÖÜäñÉČóèòÚăÕ­îã¬óÈ×úÂÖ­îÈĀæñ
ÜæîÕáòãÖ¬îËöèõÖ 
 
ÃîÛÃ¬óãÿÚøĈîìó 
 ÿäøćîÈØöć 1 ëóäæñæóã 
 ÿäøćîÈØöć 2 ÂäÕ · ÿÛë 
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ÿäøćîÈØöć 1 ëóäæñæóã 
 1.1  ëâÛòÖõÃîÈëóäæñæóã  ĀæñîÈÅ°ÜäñÂîÛÃîÈëóäæñæóã 
 ëâÛòÖõÃîÈëóäæñæóã   
ÿâøćîÿÖõâÖòè×úÂæñæóãæÈĂÚÖòèØČóæñæóãÉñăÕ­ëóäæñæóãÿÂõÕÃ÷ĈÚ ĂÚÚöĈâöÝæØČóĂì­ëâÛòÖõØóÈÂóãáóßÃîÈ   
ÖòèØČóæñæóãÛäõëùØÙ°ÿÜæöćãÚĀÜæÈăÜ ÅèóâĀÖÂÖ¬óÈØóÈÂóãáóßÃîÈëóäæñæóãÂòÛÖòèØČóæñæóãÛäõëùØÙõċ 
ÿäöãÂè¬ó ëâÛòÖõÅîææõÿÂÖöà ëâÛòÖõÅîææõÿÂÖöàÃ÷ĈÚîãú¬ÂòÛÉČóÚèÚîÚùáóÅ ìäøîÉČóÚèÚāâÿæÂùæÃîÈÖòè×úÂ
æñæóãĂÚëóäæñæóã ăâ¬Ã÷ĈÚîãú¬ÂòÛËÚõÕÃîÈÖòè×úÂæñæóãëóäæñæóãØöćâöëâÛòÖõÅîææõÿÂÖöàÖ­îÈÿÜĆÚ
ëóäæñæóãÚîÚîõÿæĆÂāÖäăæØ° Ì÷ćÈăâ¬ĀÖÂÖòèÿÜĆÚăîîîÚĂÚëóäæñæóã ĀæñÖòè×úÂæñæóãÖ­îÈÿÜĆÚëóäØöć
äñÿìãăÕ­ãóÂëâÛòÖõÅîææõÿÂÖöàÃîÈëóäæñæóãÿÜĆÚëâÛòÖõØöćÿÂöćãèÃ­îÈÂòÛÅèóâÕòÚăî, ÉùÕÿÕøîÕ, ÉùÕÿãøîÂ
ĀÃĆÈ ĀæñÅèóâÕòÚîîëāâÌõë ÕòÈÚöĈ 

1. ÅèóâÕòÚăîÃîÈëóäæñæóãÖČćóÂè¬óÅèóâÕòÚăîÃîÈÖòèØČóæñæóãÛäõëùØÙõċ 
2. ÉùÕÿÕøîÕÃîÈëóäæñæóãëúÈÂè¬óÉùÕÿÕøîÕÃîÈÖòèØČóæñæóãÛäõëùØÙõċ 
3. ÉùÕÿãøîÂĀÃĆÈÃîÈëóäæñæóãÖČćóÂè¬óÉùÕÿãøîÂĀÃĆÈÃîÈÖòèØČóæñæóãÛäõëùØÙõċ 
4. ĀëÕÈÅèóâÕòÚîîëāâÌõë  

îÈÅ°ÜäñÂîÛÃîÈëóäæñæóã 
1. ÖòèØČóæñæóã (solvent) ìâóã×÷È ëóäØöćâöÅèóâëóâóä× ĂÚÂóäØČóĂì­ëóäÖ¬óÈą æñæóãăÕ­ 

āÕãăâ¬ØČóÜÐõÂõäõãóÿÅâöÂòÛëóäÚòĈÚ 
2. Öòèæñæóã (solute) ìâóã×÷È ëóäØöć×úÂÖòèØČóæñæóãæñæóãĂì­ÂäñÉóãîîÂăÜØòćèĂÚÖòèØČó

æñæóãāÕãăâ¬ØČóÜÐõÂõäõãóÿÅâöÖ¬îÂòÚ 
 1.2  Åèóâëóâóä×ĂÚÂóäæñæóãÃîÈëóä 

Åèóâëóâóä×ĂÚÂóäæñæóãÃîÈëóäËÚõÕìÚ÷ćÈĂÚëóäîöÂËÚõÕìÚ÷ćÈÚòĈÚëóâóä×ìóăÕ­ÉóÂ
îòÖäóë¬èÚäñìè¬óÈÖòè×úÂæñæóã ÂòÛÖòèØČóæñæóã ìäøî îòÖäóë¬èÚäñìè¬óÈÖòè×úÂæñæóã ÂòÛëóäæñæóã ĂÚ
ëáóèñØöćëóäæñæóãÚòĈÚÿÜĆÚëóäæñæóãîõćâÖòè Ì÷ćÈëóâóä×ÛîÂÿÜĆÚÅèóâìÚóĀÚ¬ÚëúÈëùÕÃîÈëóäæñæóã
ÚòĈÚăÕ­îöÂÕ­èãÌ÷ćÈÃ÷ĈÚîãú¬ÂòÛÜòÉÉòãìæóãÜäñÂóä ÿË¬Ú ĀäÈäñìè¬óÈāâÿæÂùæÃîÈÖòèØČóæñæóãÂòÛÖòè×úÂ
æñæóã îùÔìáúâõ ÅèóâÕòÚ ĀæñÜòÉÉòãîøćÚą 

 
 
 
 
 

 

http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%A3%E0%B8%87%E0%B8%A3%E0%B8%B0%E0%B8%AB%E0%B8%A7%E0%B9%88%E0%B8%B2%E0%B8%87%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
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1.3  ÜòÉÉòãØöćâöÝæÖ¬îÂóäæñæóãÃîÈëóä 
 ËÚõÕÃîÈëóä             îùÔìáúâõ               ÅèóâÕòÚ 

Åèóâëóâóä×ĂÚÂóäæñæóãÃîÈëóä(Solubility)Ã÷ĈÚîãú¬ÂòÛ 
  ËÚõÕÃîÈëóä ÿË¬Ú āÌÿÕöãâÅæîăäÕ°(Nacl) ĀÖ¬ÛóÈËÚõÕÿâøćîîùÔìáúâõÿßõćâÃ÷ĈÚÂĆÉñâö

Åèóâëóâóä×ĂÚÂóäæñæóãæÕæÈ ÿË¬Ú Â®óÌØùÂËÚõÕ ĀÅæÿÌöãâāÅäÿâÖ( )  
  ÅèóâÕòÚ ĂÚÂäÔöØöćÂ®óÌæñæóãĂÚÃîÈÿìæè ×­óÅèóâÕòÚëúÈÂ®óÌÉñæñæóãăÕ­Õö ÿË¬Ú Â®óÌ

Åóä°ÛîÚăÕîîÂăÌÅ°æñæóãĂÚÚČĈóîòÕæâ ×­óÿäóÿßõćâÅèóâÕòÚÜäõâóÔÂ®óÌÅóä°ÛîÚăÕîîÂăÌÅ°ØöćæñæóãĂÚ
ÚČĈóÉñÿßõćâÃ÷ĈÚ ĀÖ¬×­óÿäóÿÜõÕÞóÃèÕ(æÕÅèóâÕòÚ) ÉñØČóĂì­Â®óÌÅóä°ÛîÚăÕîîÂăÌÅ°ìÚöÉóÂÃîÈÿìæè ÚòćÚ
ÅøîÂ®óÌæñæóãăÕ­Ú­îãæÈ  

1.4  ÅèóâÿÃ­âÃ­ÚÃîÈëóäæñæóã   
ÅèóâÿÃ­âÃ­ÚÃîÈëóäæñæóãÿÜĆÚÅ¬óØöćÛîÂĂì­ØäóÛè¬óĂÚëóäæñæóãìÚ÷ćÈą âöÜäõâóÔÖòè×úÂ

æñæóãÉČóÚèÚÿØ¬óăìä¬ ĀæñÂóäÛîÂÅèóâÿÃ­âÃ­ÚÃîÈëóäæñæóã ëóâóä×ÛîÂăÕ­ìæóãèõÙöÕòÈÚöĈ 
1. ä­îãæñ ĀÛ¬ÈîîÂăÕ­ÿÜĆÚ 3 æòÂêÔñ Åøî 

1.1 ä­îãæñāÕãâèæÖ¬îâèæìäøîÿäöãÂëòĈÚ ą è¬óä­îãæñāÕãâèæ ÿÜĆÚìÚ¬èãØöćÛîÂâèæÃîÈÖòè
×úÂæñæóãØöćâöîãú¬ĂÚëóäæñæóã 100 ìÚ¬èãâèæÿÕöãèÂòÚ (Âäòâ ÂõāæÂäòâ) ÿË¬Ú ëóäæñæóã
ãúÿäöãÿÃ­âÃ­Úä­îãæñ 25 āÕãâèæ ìâóãÅèóâè¬ó ĂÚëóäæñæóããúÿäöã 100 Âäòâ âöãúÿäöã
æñæóãîãú¬ 25 Âäòâ ìäøîĂÚëóäæñæóããúÿäöã 100 ÂõāæÂäòâ âöãúÿäöãæñæóãîãú¬ 25 ÂõāæÂäòâ 

 
 

1.2 ä­îãæñāÕãÜäõâóÖäÖ¬îÜäõâóÖäìäøîÿäöãÂëòĈÚą è¬ó ä­îãæñāÕãÜäõâóÖä ÿÜĆÚìÚ¬èãØöć
ÛîÂÜäõâóÖäÃîÈÖòè×úÂæñæóãØöćâöîãú¬ĂÚëóäæñæóã 100 ìÚ¬èãÜäõâóÖäÿÕöãèÂòÚ 
(æúÂÛóéÂ°ÿÌÚÖõÿâÖä (cm3) æúÂÛóéÂ°ÿÕÌõÿâÖä (dm3) ìäøîæõÖä) ÿË¬Ú ëóäæñæóãÿîØó
ÚîæĂÚÚČĈóÿÃ­âÃ­Úä­îãæñ 20 āÕãÜäõâóÖä ìâóãÅèóâè¬óĂÚëóäæñæóã 100 cm3 âöÿîØó
Úîææñæóãîãú¬ 20 cm3 ÿÜĆÚÖ­Ú 

 
 

1.3 ä­îãæñāÕãâèæÖ¬îÜäõâóÖä ÿÜĆÚìÚ¬èãØöćÛîÂâèæÃîÈÖòè×úÂæñæóãØöćâöîãú¬ĂÚ
ëóäæñæóã 100 ìÚ¬èãÜäõâóÖä (ìÚ¬èãÃîÈâèæĀæñÃîÈÜäõâóÖäÉñÖ­îÈëîÕÅæ­îÈÂòÚ 
ÿË¬Ú ÂäòâÖ¬îæúÂÛóéÂ°ÿÌĆÚÖõÿâÖä (g/cm3) ÂõāæÂäòâÖ¬îæúÂÛóéÂ°ÿÕÌõÿâÖä (kg/dm3) ÿÜĆÚ
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Ö­Ú) ÿË¬Ú ëóäæñæóãÂæúāÅëÿÃ­âÃ­Úä­îãæñ 30 āÕãâèæÖ¬îÜäõâóÖä ìâóãÅèóâè¬ó ĂÚ
ëóäæñæóã 100 cm3 âöÂæúāÅëæñæóãîãú¬ 30 Âäòâ ìäøîĂÚëóäæñæóã 100 dm3 âöÂæúāÅë
æñæóãîãú¬ 30 ÂõāæÂäòâ 

 
 

2. āâæÖ¬îæúÂÛóéÂ°ÿÕÌõÿâÖä ìäøî āâæóäõÖö (mol/dm3 or Molarity)  
ÿÚøćîÈÉóÂ 1 æúÂÛóéÂ°ÿÕÌõÿâÖäâöÅ¬óÿØ¬óÂòÛ 1 æõÖä É÷ÈîÚùāæâĂì­ĂË­āâæÖ¬îæõÖä (mol/l) ìäøî
ÿäöãÂè¬ó āâæóä° (Molar) ĂË­ëòÎæòÂêÔ° ´Mµ ìÚ¬èãÚöĈÛîÂĂì­ØäóÛè¬óĂÚëóäæñæóã 1 dm3 âö
Öòè×úÂæñæóãîãú¬Âöćāâæ ÿË¬Ú ëóäæñæóãāÌÿÕöãâÅæîăäÖ°ÿÃ­âÃ­Ú 0.5 mol/dm3 (0.5 M) 
ìâóãÅèóâè¬óĂÚëóäæñæóã 1 dm3 âöāÌÿÕöãâÅæîăäÖ°æñæóãîãú¬ 0.5 mol  

3. āâæÖ¬îÂõāæÂäòâìäøîāâĀææõÖö (mol/kg molality) ìÚ¬èãÚöĈîóÉÿäöãÂè¬ó āâĀææ (Molal)           
ĂË­ëòÎæòÂêÔ° ´mµ ÿÜĆÚìÚ¬èãÅèóâÿÃ­âÃ­ÚØöćÛîÂĂì­ØäóÛè¬óĂÚÖòèØČóæñæóã 1 ÂõāæÂäòâ 
(kg) âöÖòè×úÂæñæóã æñæóãîãú¬Âöćāâæ ÿË¬Ú ëóäæñæóãÂæúāÅëÿÃ­âÃ­Ú 2 mol/kg ìäøî 2 m 
ìâóãÅèóâè¬óâöÂæúāÅë     2 mol æñæóãĂÚÚČĈó 1 kg 
ìâóãÿìÖù ëóäæñæóãìÚ÷ćÈą ×­óăâ¬äñÛùËÚõÕÃîÈÖòèØČóæñæóã ĀëÕÈè¬óâöÚČĈóÿÜĆÚÖòèØČóæñæóã 

4. ë¬èÚĂÚæ­óÚë¬èÚ (ppm) ÿÜĆÚìÚ¬èãÅèóâÿÃ­âÃ­ÚØöćÛîÂĂì­Øäóãè¬óĂÚëóäæñæóã 1 æ­óÚë¬èÚ
âöÖòè×úÂæñæóã æñæóãîãú¬Âöćë¬èÚ   ÿË¬Ú   ĂÚîóÂóéâöÂ®óÌÅóä°ÛîÚâîÚîîÂăÌÖ° (CO)    0.1 
ppm ìâóãÅèóâè¬óĂÚîóÂóé 1 æ­óÚë¬èÚ âö CO îãú¬ 0.1 ë¬èÚ (ÿË¬Ú îóÂóé 1 æ­óÚæúÂÛóéÂ°
ÿÌĆÚÖõÿâÖä âö CO 0.1 æúÂÛóéÂ°ÿÌÚÖõÿâÖä) 

5. ÿéêë¬èÚāâæ (mole fraction) ÿÜĆÚìÚ¬èãØöćĀëÕÈëòÕë¬èÚāÕãÉČóÚèÚāâæÃîÈëóäØöćÿÜĆÚ
îÈÅ°ÜäñÂîÛĂÚëóäæñæóãÖ¬îÉČóÚèÚāâæäèâÃîÈëóäØùÂËÚõÕĂÚëóäæñæóã 

1.5  ÂóäÿÖäöãâëóäæñæóã 
ë¬èÚâóÂĂÚÂóäØÕæîÈØóÈÿÅâöâòÂĂË­ëóäæñæóãØöćÿÜĆÚÃîÈÿìæè É÷ÈÚõãâÿÖäöãâëóäĂì­îãú¬ĂÚäúÜÃîÈ
ëóäæñæóã 

1. ÿÅäøćîÈâøîØöćĂË­ĂÚÂóäÿÖäöãâëóäæñæóã 
1.1) ÿÅäøćîÈËòćÈëóä ÚõãâĂË­ËòćÈÚČĈóìÚòÂÃîÈëóäØöćÿÜĆÚÃîÈĀÃĆÈ ĀæñâöÅèóâæñÿîöãÕ×÷ÈØéÚõãâ 
ÖČóĀìÚ¬ÈØöć 4 

1.2) îùÜÂäÔ°èòÕÜäõâóÖä ăÕ­ĀÂ¬ ÂäñÛîÂÖèÈ ÜõÿÜÖ ÚõèÿäÖ ÃèÕäúÜËâßú¬ ĀæñÃèÕèòÕÜäõâóÖä 
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2.  èõÙöÂóäÿÖäöãâëóäæñæóã 
2.1) ÿÖäöãâÉóÂëóäÛäõëùØÙõċâöÃòĈÚÖîÚÅøî 

1. ÅČóÚèÔìóÜäõâóÔëóäØöćĂË­ĂÚÂóäÿÖäöãâ 
2. ËòćÈëóäÖóâÉČóÚèÚĂë¬ÛöÂÿÂîä°Āæ­èÿÖõâÚČĈóÂæòćÚÿæĆÂÚ­îã ÅÚÉÚæñæóã 
3. ÚČóëóäæñæóãĂÚÛöÂÿÂîä°äõÚĂë¬ÃèÕèòÕÜäõâóÖäÖóâÉČóÚèÚØöćÖ­îÈÂóä 
4. ÿØÚČĈóØöæñÚ­îã ÿßøćîæ­óÈëóäĂÚÛöÂÿÂîä°ÿÖõâæÈĂÚÃèÕèòÕÜäõâóÖäìæóã ą ÅäòĈÈ 
5. ĂË­ìæîÕìãÕÚČĈóÂæòćÚÛöÛæÈĂÚÃèÕèòÕÜäõâóÖäÉÚăÕ­ÜäõâóÖäÖäÈÖóâÖ­îÈÂóä 
6. ÜõÕÉùÂĀæ­èÿÃã¬óĂì­ëóäæñæóãÿÃ­óÂòÚ 
7. ÿÂĆÛëóäæñæóãĂÚÃèÕØöćÿìâóñëâìäøîäñÛùËÚõÕ ëúÖäëóäÅèóâÿÃ­âÃ­Ú ĀæñèòÚØöć
ÿÖäöãâ 

2.2) ÿÖäöãâÉóÂëóäæñæóã âöÃòĈÚÖîÚÕòÈÚöĈ 
1. ÅČóÚèÔìóÜäõâóÖäëóäØöćĂË­ĂÚÂóäÿÖäöãâ 
2. ÖèÈëóäæñæóãÕ­èãÜõÿÜÖÖóâÉČóÚèÚ Ăë¬ÛöÂÿÂîä°ÿÖõâÚČĈóÿæĆÂÚ­îãÉóÂÚòĈÚäõÚĂë¬ÃèÕèòÕ
ÜäõâóÖäÖóâÃÚóÕØöćÖ­îÈÂóä 

3. ÿØÚČĈóÂæòćÚØöæñÚ­îã ÿßøćîæ­óÈëóäĂÚÛöÂÿÂîä°ÿÖõâæÈĂÚÃèÕèòÕÜäõâóÖäìæóã ąÅäòĈÈ 
4. ĂË­ìæîÕÕúÕÚČĈóÂæòćÚÛöÛæÈĂÚÃèÕèòÕÜäõâóÖäăÕ­ÜäõâóÖäÖäÈÖóâÖ­îÈÂóä 
5. ÜõÕÉùÂĀæ­èÿÃã¬óĂì­ëóäæñæóãÿÃ­óÂòÚ 
6. ÿÂĆÛëóäæñæóãĂÚÃèÕØöćÿìâóñëâ ßä­îâäñÛùËÚõÕ ëúÖäëóä ÅèóâÿÃ­âÃ­ÚĀæñèòÚØöć
ÿÖäöãâ 
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ÿäøćîÈØöć 2  ÂäÕ · ÿÛë  
2.1  ÅèóâìâóãĀæñëâÛòÖõÃîÈÂäÕ · ÿÛë  ĀæñÿÂæøî 
ÂäÕ (Acid) Åøî ëóäÜäñÂîÛØöćâöÙóÖùăïāÕäÿÉÚ(H) ÿÜĆÚîÈÅ°ÜäñÂîÛ ĀæñîñÖîâÃîÈ H 

îñÖîâĂì­āæìñ ìäøî ìâú¬ÙóÖùØöćÿØöãÛÿØ¬óāæìñØöćăÕ­ ĀæñÿâøćîÂäÕæñæóãÚČĈó ÉñĀÖÂÖòèĂì­ăïāÕäÿÉÚîõ
îîÚ 
ÅùÔëâÛòÖõÃîÈÂäÕ 

1. âöÙóÖùăïāÕäÿÉÚÿÜĆÚîÈÅ°ÜäñÂîÛ 
2. âöäëÿÜäöĈãè 
3. ØČóÜÐõÂõäõãóÂòÛāæìñ ÿË¬Ú ëòÈÂñëö ĀâÂÚöÿÌöãâ ØîÈĀÕÈ ÕöÛùÂ ĀæñîñæúâõÿÚöãâ ÉñăÕ­ĀÂ®ë
ăïāÕäÿÉÚ 

4. ØČóÜÐõÂõäõãóÂòÛìõÚÜúÚÌ÷ćÈÿÜĆÚëóäÜäñÂîÛĀÅæÿÌöãâÅóä°ÛîÿÚÖ ìõÚÜúÚë÷ÂÂä¬îÚ ăÕ­ĀÂ®ë
Åóä°ÛîÚăÕîîÂăÌÕ° ØČóĂì­ÚČĈóÜúÚĂëÃù¬Ú 

5. ÿÜæöćãÚëöÂäñÕóêæõÖâòëÉóÂëöÚČĈóÿÈõÚÿÜĆÚëöĀÕÈ  
6. ØČóÜÐõÂõäõãóÂòÛÿÛëăÕ­ÿÂæøîĀæñÚČĈó ÿË¬Ú ÂäÕÿÂæøîØČóÜÐõÂõäõãóÂòÛāÌÕóĀÝÕÿÝóìäøî
āÌÿÕöãâăïÕäîÂăÌÕ°Ì÷ćÈÿÜĆÚÿÛë ăÕ­ÿÂæøîāÌÿÕöãâÅæîăäÕ°ìäøîÿÂæøîĀÂÈ 

7. ëóäæñæóãÂäÕØùÂËÚõÕÚČóăàà­óăÕ­Õö ÿßäóñÂäÕëóâóä×ĀÖÂÖòèĂì­ăïāÕäÿÉÚăîîîÚ 
8. ÂäÕâöåØÙõċĂÚÂóäÂòÕÂä¬îÚëóäÖ¬óÈąăÕ­āÕãÿÊßóñÿÚøĈîÿãøćîÃîÈëõćÈâöËöèõÖ ×­óÂäÕ×úÂÝõèìÚòÈ
ÉñØČóĂì­ÝõèìÚòÈăìâ­ ÜèÕĀëÛÜèÕä­îÚ ×­óÂäÕ×úÂÿë­ÚĂãÃîÈÿëøĈîÝ­ó ÿë­ÚĂãÉñ×úÂÂòÕÂä¬îÚ
Ăì­ăìâ­ăÕ­ ÚîÂÉóÂÚöĈÂäÕãòÈØČóæóãÿÚøĈîăâ­ ÂäñÕóê ĀæñßæóëÖõÂÛóÈËÚõÕăÕ­Õ­èã 

 

ÿÛë (Base) Åøî ëóäæñæóãÚČĈóĀæ­èĀÖÂÖòèĂì­ăïÕäîÂăÌÕ°ăîîîÚ (OH-) îîÂâó ÿâøćîØČó
ÜÐõÂõäõãóÂòÛÂäÕÉñăÕ­ÿÂæøîÂòÛÚČĈó ìäøîăÕ­ÿÂæøîîã¬óÈÿÕöãè 
ÅùÔëâÛòÖõÃîÈÿÛë 

1. ÿÜæöćãÚëöÂäñÕóêæõÖâòëÉóÂëöĀÕÈÿÜĆÚëöÚČĈóÿÈõÚ 
2. ØČóÜÐõÂõäõãóÂòÛĀîâāâÿÚöãâăÚÿÖäÖ ÉñĂì­ĀÂ®ëĀîâāâÿÚöã âöÂæõćÚÊùÚ 
3. ØČóÜÐõÂõäõãóÂòÛÚČĈóâòÚìäøîăÃâòÚăÕ­ëÛú¬ 
4. ØČóÜÐõÂõäõãóÂòÛāæìñÛóÈËÚõÕ 
5. æøćÚÅæ­óãëÛú¬ 
6. ØČóÜÐõÂõäõãóÂòÛÂäÕăÕ­ÿÂæøîĀæñÚČĈó ÿË¬Ú ëóäæñæóãāÌÕóăà (āÌÿÕöãâăïÕäîÂăÌÕ°) ØČó
ÜÐõÂõäõãóÂòÛÂäÕÿÂæøî (ÂäÕăïāÕäÅæîäõÂ) ăÕ­ÿÂæøîāÌÿÕöãâÅæîăäÕ° ìäøîÿÂæøîĀÂÈØöćĂË­
ÜäùÈîóìóä ÚîÂÉóÂÚöĈāÌÕóăàãòÈëóâóä×ØČóÜÐõÂõäõãóÂòÛÂäÕăÃâòÚ ăÕ­ÿÂæøîāÌÿÕöãâÃîÈ
ÂäÕăÃâòÚ ìäøîØöćÿäöãÂè¬ó ëÛú¬  



 ƘƖƗ 

 
ÿÂæøî (salt)   ÅùÔëâÛòÖõØòćèăÜÃîÈÿÂæøî 
1. ë¬èÚâóÂâöæòÂêÔñÿÜĆÚÝæ÷ÂëöÃóè ÿË¬Ú  NaCl ĀÖ¬âöìæóãËÚõÕØöćâöëö ÿË¬Ú 
ëöâ¬èÈ ăÕ­ĀÂ¬     Õ¬óÈØòÛØõâ(āÜĀÖëÿÌöãâÿÜîä°ĀâÈÂóÿÚÖ) KMnO4 
ëöÚČĈóÿÈõÚ ăÕ­ĀÂ¬     ÉùÚëö(ÅîÜÿÜîä°ÌòæÿàÖ) CuSO4.5H2O 
ëöë­â        ăÕ­ĀÂ¬     āÜĀÖëÿÌöãâāÅäÿâÖ KCr2O7 
ëöÿÃöãè      ăÕ­ĀÂ¬     ăîîîÚ(II)ÌòæÿàÖ FeSO4.7H2O 

2. âöìæóãäë ÿË¬Ú 
äëÿÅĆâ ăÕ­ĀÂ¬     ÿÂæøîĀÂÈ(āÌÿÕöãâÅæîăäÕ°) NaCl 
äëÞóÕ ăÕ­ĀÂ¬     ëóäë­â K2SO4.Al2(SO4)3.24H2O 
äëÃâ ăÕ­ĀÂ¬     āÜĀÖëÿÌöãâÅæîăäÕ° , ĀâÂÚöÿÌöãâÌòæÿàÖ KCl, Mg SO4.7H2O 

3. ÚČóăàà­óăÕ­ (îõÿæĆÂāÖäăæØ° : electrolyte) 
4. ÿâøćîæñæóãÚČĈó îóÉĀëÕÈëâÛòÖõÿÜĆÚÂäÕ ÿÛë ìäøî ÂæóÈÂĆăÕ­ 
5. ăâ¬ÂòÕÂä¬îÚĀÂ­èĀæñÿÌîäóâõÂ 

 

2.2  ÅèóâÿÜĆÚÂäÕ · ÿÛëÃîÈëóä 
ÅèóâÿÜĆÚÂäÕ-ÿÛë ÃîÈëóäÿâøćîØÕëîÛÂòÛÂäñÕóêæõÖâòë ÉñßÛÂóäÿÜæöćãÚĀÜæÈÕòÈÚöĈ 

1. ÿÜæöćãÚëöÂäñÕóêæõÖâòëÉóÂëöÚČĈóÿÈõÚÿÜĆÚëöĀÕÈ ĀÖ¬ëöĀÕÈăâ¬ÿÜæöćãÚ ëóäâöÅùÔëâÛòÖõÿÜĆÚÂäÕ 
2. ÿÜæöćãÚëöÂäñÕóêæõÖâòëÉóÂĀÕÈÿÜĆÚëöÚČĈóÿÈõÚ ĀÖ¬ëöÚČĈóÿÈõÚăâ¬ÿÜæöćãÚ ëóäâöÅùÔëâÛòÖõÿÜĆÚÿÛë 
3. ÂäñÕóêæõÖâòëØòĈÈëîÈëöăâ¬ÿÜæöćãÚĀÜæÈ ëóäâöÅùÔëâÛòÖõÿÜĆÚÂæóÈ 

ÅèóâÿÜĆÚÂäÕ-ÿÛë ÃîÈëóäÿâøćîØÕëîÛÂòÛëóäæñæóãàöÚîæ°àØóæöÚ ÉñßÛÂóäÿÜæöćãÚĀÜæÈ
ÕòÈÚöĈ 

1. ëóäæñæóãàöÚîæ°àØóæöÚÿÜæöćãÚëöÿÜĆÚëöËâßúâ¬èÈ ëóäÚòĈÚâöëâÛòÖõÿÜĆÚÿÛë 
2. ëóäæñæóãàöÚîæ°àØóæöÚĂëăâ¬âöëö ëóäÚòĈÚîóÉÿÜĆÚÂäÕìäøîÿÜĆÚÂæóÈÂĆăÕ­ 

ÅèóâÿÜĆÚÂäÕ-ÿÛë ÃîÈëóäÿâøćîØÕëîÛÂòÛãúÚõÿèîä°ÌòæîõÚÕõÿÅÿÖîä° ÉñßÛÂóäÿÜæöćãÚĀÜæÈÕòÈÚöĈ 
1. Å¬ó pH âöÅ¬óÚ­îãÂè¬ó 7 ëóäæñæóãÿÜĆÚÂäÕ  
2. Å¬ó pH âöÅ¬óâóÂÂè¬ó 7 ëóäæñæóãÿÜĆÚÿÛë 
3. Å¬ó pH âöÅ¬óÿØ¬óÂòÛ 7 ëóäæñæóãÿÜĆÚÂæóÈ  



 ƘƖƘ 

 
 
 
 2.3 ÂäÕ · ÿÛë ÃîÈëóäĂÚËöèõÖÜäñÉČóèòÚ 

ëóäæñæóãÂäÕ · ÿÛëĂÚËöèõÖÜäñÉČóèòÚâöîãú¬âóÂâóã Ì÷ćÈëóâóä×ÉČóĀÚÂăÕ­ÕòÈÚöĈ    
1.  ëóäÜäñÿáØØČóÅèóâëñîóÕ  

- ÛóÈËÚõÕÂĆâöëâÛòÖõÿÜĆÚÿÛë ÿË¬Ú ëÛú¬ ÝÈÌòÂàîÂ ÚČĈóãóæ­óÈÉóÚ  
- ÛóÈËÚõÕâöëâÛòÖõÿÜĆÚÂäÕ   ÿË¬Ú ÚČĈóãóæ­óÈ ì­îÈÚČĈó ĀæñÿÅäøćîÈëùÃáòÔÒ°    

2.  ëóäØöćĂË­ØóÈÂóäÿÂêÖä ăÕ­ĀÂ¬ Üù̄ã  
- ÛóÈËÚõÕÂĆâöëâÛòÖõÿÜĆÚÿÛë ÿË¬Ú ãúÿäöã  
- ÛóÈËÚõÕâöëâÛòÖõÿÜĆÚÂäÕ ÿË¬Ú ĀîâāâÿÚöãâÅæîăäÅ°  
- ÛóÈËÚõÕâöëâÛòÖõÿÜĆÚÂæóÈ ÿË¬Ú āßĀØëÿÌöãâăÚÿÖäÖ    

3. ëóäÜäùÈĀÖ¬Èîóìóä  
- ÛóÈËÚõÕÂĆâöëâÛòÖõÿÜĆÚÿÛë ÿË¬Ú ÚČĈóÜúÚĂë ÚČĈóÃöĈÿ×­ó  
- ÛóÈËÚõÕâöëâÛòÖõÿÜĆÚÂäÕ ÿË¬Ú ÚČĈóë­âëóãËú ÚČĈóâñÚóè ÚČĈóâñÃóâ  
- ÛóÈËÚõÕâöëâÛòÖõÿÜĆÚÂæóÈ ÿË¬Ú ÝÈËúäë ÿÂæøîĀÂÈ ÚČĈóÖóæØäóã ðæð    

4. ãóäòÂêóāäÅ  
- ÛóÈËÚõÕÂĆâöëâÛòÖõÿÜĆÚÿÛë ÿË¬Ú ãóĀîëăßäõÚ èõÖóâõÚÌö  
- ÛóÈËÚõÕâöëâÛòÖõÿÜĆÚÂäÕ ÿË¬Ú ãóæÕÂäÕ ãóÙóÖù    

5. ÿÅäøćîÈëČóîóÈ  
- ÛóÈËÚõÕâöëâÛòÖõÿÜĆÚÂæóÈ ÿË¬Ú ÚČĈóìîâ ëÿÜäã°ÊöÕÝâ ãóäòÂêóëõèÞ­ó  

 
 
 
 



 ƘƖƙ 

  2.4 ÂäÔöé÷ÂêóÂäÕ · ÿÛë ØöćâöÝæÖ¬îÅùÔëâÛòÖõÃîÈÕõÚ 

ÅèóâÿÜĆÚÂäÕ-ÿÛëÃîÈÕõÚ  
ÅèóâÿÜĆÚÂäÕ-ÿÛëÃîÈÕõÚ ìâóã×÷È ÜäõâóÔÃîÈăïāÕäÿÉÚØöćâöîãú¬ĂÚÕõÚ ÅèóâÿÜĆÚ

ÂäÕ-ÿÛë ÂČóìÚÕÅ¬óÿÜĆÚÖòèÿæÃÖòĈÈĀÖ¬ 1-14 ÿäöãÂÅ¬óÖòèÿæÃÚöĈè¬óÅ¬ó pH āÕãÉòÕè¬ó 
ëóäæñæóãĂÕØöćâöÅ¬ó pH Ú­îãÂè¬ó 7 ëóäæñæóãÚòĈÚâöëâÛòÖõÿÜĆÚÂäÕ 
ëóäæñæóãĂÕØöćâöÅ¬ó pH âóÂÂè¬ó 7 ëóäæñæóãÚòĈÚâöëâÛòÖõÿÜĆÚÿÛë 
ëóäæñæóãĂÕØöćâöÅ¬ó pH ÿØ¬óÂòÛ 7 ëóäæñæóãÚòĈÚâöëâÛòÖõÿÜĆÚÂæóÈ 
èõÙöØÕëîÛÅèóâÿÜĆÚÂäÕ-ÿÛëâöèõÙöØÕëîÛăÕ­ÕòÈÚöĈ 
1. ĂË­ÂäñÕóêæõÖâòëëöÚČĈóÿÈõÚìäøîëöĀÕÈ āÕãÚČóÂäñÕóêæõÖâòëØÕëîÛÂòÛëóäØöćëÈëòã 

×­óÿÜĆÚÂäÕÉñÿÜæöćãÚÂäñÕóêæõÖâòëëöÚČĈóÿÈõÚÿÜĆÚëöĀÕÈ Āæñ×­óÿÜĆÚÿÛëÉñÿÜæöćãÚÂäñÕóêæõÖâòë
ëöĀÕÈÿÜĆÚëöÚČĈóÿÈõÚ 

2. ĂË­ÂäñÕóêãúÚõÿèîä°ĀÌæîõÚÕõÿÅÿÖîä° āÕãÚČóÂäñÕóêãúÚõÿèĀÌæîõÚÕõÿÅÿÖîä°ØÕëîÛ
ÂòÛëóäĀæ­èÚČóăÜÿØöãÛÂòÛĀÝ¬ÚëöØöćÃ­óÈÂæ¬îÈ 

3. ĂË­ÚČĈóãóÖäèÉëîÛÅèóâÿÜĆÚÂäÕ-ÿÛë ÿË¬Ú ëóäæñæóãÛäîâăØâîæÛæúÉñĂì­ëöà­ó
î¬îÚĂÚëóäæñæóãØöćâö pH âóÂÂè¬ó 7 ĀæñĂì­ëöÿìæøîÈĂÚëóäæñæóãØöćâö pH Ú­îãÂè¬ó 7 

 
 

 
 
 
 

äúÜĀëÕÈÂäñÕóêæõÖâòëĀæñãúÚõÿèîä°ÌòæîõÚÕõÿÅÿÖîä° 
 
 

 
 

 



 ƘƖƚ 

 
 
 
 
 
 
 
 

 
 
äúÜĀëÕÈÂóäÿÜæöćãÚëöÃîÈÂäñÕóêãúÚõÿèîä°ÌòæîõÚÕõÿÅÿÖîä° 

 
ÜòÉÉòãìäøîëóÿìÖùØöćØČóĂì­ÕõÚÿÜĆÚÂäÕ ăÕ­ĀÂ¬ ÂóäÿÚ¬óÿÜøćîãÃîÈëóäîõÚØäöã°ĂÚÕõÚ ÂóäĂë¬

Üù̄ãÿÅâöÛóÈËÚõÕ ëóäØöćÜæ¬îãÉóÂāäÈÈóÚîùÖëóìÂääâÛóÈÜäñÿáØ 
ÜòÉÉòãØöćØČóĂì­ÕõÚÿÜĆÚÿÛë ăÕ­ĀÂ¬ ÂóäĂë¬ÜúÚÃóè (ĀÅæÿÌöãâăïÕäîÂăÌÕ°) 

ÅèóâÿÜĆÚÂäÕ-ÿÛëÃîÈÕõÚÚòĈÚâöÝæÖ¬îÂóäÿÉäõÎÿÖõÛāÖÃîÈßøË ßøËĀÖ¬æñËÚõÕÿÉäõÎÿÖõÛāÖăÕ­Õö
ĂÚÕõÚØöćâöÅ¬ó pH ØöćÿìâóñĀÂ¬ßøËÚòĈÚą ×­óëáóß pH ăâ¬ÿìâóñëâØČóĂì­ßøËÛóÈËÚõÕăâ¬ëóâóä×
ÕúÕÌ÷âĀä¬ÙóÖùØöćÖ­îÈÂóäØöćâöĂÚ ÕõÚăÜĂË­ÜäñāãËÚ°ăÕ­ 

ÂóäĀÂ­ăÃÜäòÛÜäùÈÕõÚ 
ÕõÚÿÜĆÚÂäÕ ĀÂ­ăÃăÕ­āÕãÂóäÿÖõâÜúÚÃóè ìäøîÕõÚâóä°æ 
ÕõÚÿÜĆÚÿÛëĀÂ­ăÃăÕ­āÕãÂóäÿÖõâĀîâāâÿÚöãâÌòæÿàÖ ìäøîÝÈÂČóâñ×òÚ 

 
 
 
 
 
 
 
 
 
 



 ƘƖƛ 

Åèóâäú­ÿßõćâÿÖõâ 
îõÚÕõÿÅÿÖîä°ÉóÂÙääâËóÖõ Åøî ëóäÙääâËóÖõØöćëÂòÕăÕ­ÉóÂë¬èÚÖ¬óÈą ÃîÈßøË ëóâóä×ĂË­ÿßøćî

ÖäèÉëîÛÅèóâÿÜĆÚÂäÕ-ÿÛëÃîÈëóäæñæóãăÕ­  
 

ÖóäóÈĀëÕÈË¬èÈÂóäÿÜæöćãÚëöÃîÈîõÚÕõÿÅÿÖîä°ÉóÂÙääâËóÖõÛóÈËÚõÕ 
ËÚõÕÃîÈßøË  Ë¬èÈ pH ØöćÿÜæöćãÚëö ëöØöćâöÂóäÿÜæöćãÚĀÜæÈ 
îòÎËòÚ 
ÂùìæóÛ 
ÂäñÿÉöĉãÛ 
ËÈāÅ 
ÛóÚăâ¬äú­āäã 
ÕóèÿäøîÈ  
ÝÂóÂäîÈ 

1-3  
3-4  
6-7  
6-7  
8-9  
9-10  
10-11 

ĀÕÈ-â¬èÈ 
Ëâßú-ăâ¬âöëö 
ĀÕÈ- ÿÃöãè 
Ëâßú-ÿÃöãè 
ĀÕÈ-â¬èÈ 
ăâ¬âöëö-ÿìæøîÈ 
ăâ¬âöëö-ÿìæøîÈ 

           

ÂóäĂË­îõÚÕõÿÅÿÖîä°ĂÚÂóäØÕëîÛìóÅ¬ó pH ÃîÈëóäæñæóãÚòĈÚÉñØäóÛÅ¬ó pH āÕãÜäñâóÔ
ÿØ¬óÚòĈÚ ×­óÖ­îÈÂóäØäóÛÅ¬ó pH ØöćĀØ­ÉäõÈÉñÖ­îÈĂË­ÿÅäøćîÈâøîèòÕ pH ØöćÿäöãÂè¬ó "ßöÿîËâõÿÖîä° (pH meter)" 
Ì÷ćÈÿÜĆÚÿÅäøćîÈâøîØöćëóâóä×ÖäèÉèòÕÅ¬ó pH ÃîÈëóäæñæóãăÕ­ÿÜĆÚÿèæóÚóÚÖõÕÖ¬îÂòÚ ØČóĂì­ÖäèÉëîÛÂóä
ÿÜæöćãÚĀÜæÈÅèóâÿÜĆÚÂäÕ-ÿÛëÃîÈëóäæñæóãăÕ­ ĀæñÅ¬ó pH Øöćî¬óÚăÕ­ÉñâöÅèóâæñÿîöãÕâóÂÂè¬óÂóäĂË­
îõÚÕõÿÅÿÖîä° 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ƘƖƜ 

ĀÛÛÞ÷ÂìòÕØ­óãÛØØöć Ɵ 
ÅČóËöĈĀÉÈ : Ã­îëîÛâöØòĈÈìâÕ 10 Ã­îĂì­ÿæøîÂÅČóÖîÛØöć×úÂÖ­îÈØöćëùÕÿßöãÈÅČóÖîÛÿÕöãè  
1.Ã­îĂÕÂæ¬óè×÷ÈëóäæñæóãăÕ­×úÂÖ­îÈ 

Â.ëóäØöćâöÿÚøĈîëóäÿìâøîÚÂòÚÖæîÕØùÂë¬èÚ 
Ã.ëóäØöćâöÿÚøĈîëóäâîÈÕúĂëăâ¬âöëöÂæõćÚĀæñäë 
Å.ëóäØöćăâ¬ÛäõëùØÙõċÿÂõÕÉóÂëóäÛäõëùØÙõċÖòĈÈĀÖ¬ 2 ËÚõÕÝëâÂòÚ 
È.ëóäØöćâöÉùÕìæîÕÿìæèÖČćóÂè¬ó 100 îÈéóÿÌæÿÌöãë 

2.Ã­îĂÕÝõÕÿÂöćãèÂòÛÖòèØČóæñæóã 
Â.ëóäØöćâöÜäõâóÔâóÂÂè¬ó 
Ã.ëóäØöćâöë×óÚñÿÕöãèÂòÛëóäñæñæóã 
Å.ëóäØöćâöë×óÚñÿÜĆÚÃîÈÿìæèÿØ¬óÚòĈÚ 
È.ëóäØöćâöë×óÚñÿÜĆÚÃîÈĀÃĆÈ ÃîÈÿìæè ĀæñÂ®óÌ 

3.Öòè×úÂæñæóãÅøîîñăä 
Â.ëóäØöćâöÜäõâóÔÚ­îãÂè¬ó 
Ã.ëóäØöćâöë×óÚñÿÕöãèÂòÛëóäæñæóã 
Å.ëóäØöćâöë×óÚñÿÜĆÚÃîÈÿìæèÿØ¬óÚòĈÚ 
È.ëóäØöćâöÅèóâìÚóĀÚ¬ÚÚ­îãÂè¬óëóäæñæóã 

4.ëóä A ëóâóä×æñæóãĂÚÚČĈóăÕ­ 15 Âäòâ ĀÖ¬ÿâøćîÚČóăÜÖ­â ëóä A æñæóãăÕ­ÿßõćâÃ÷ĈÚÿÜĆÚ 25 Âäòâ 
ĀæñÂĆăâ¬ëóâóä×æñæóãăÕ­îöÂ ÿäóÿäöãÂëóäîñăä    

Â.ëóäæñæóãîõćâÖòè 
Ã.ëóäæñæóãÿÃ­âÃ­Ú 
Å.ëóäæñæóãÿÉøîÉóÈ 
È.ëóäæñæóãăâ¬îõćâÖòè 

5.ÂäñÛèÚÂóäĂÕÿäöãÂè¬ó ÂóäÖÂÝæ÷Â 
Â.ÂóäĀãÂÖòèÃîÈÖòè×úÂæñæóãîîÂÉóÂëóäæñæóãîõćâÖòè 
Ã.ÂóäĀãÂÖòèÃîÈÖòè×úÂæñæóãîîÂÉóÂëóäæñæóãÿÃ­âÃ­Ú 
Å.ÂóäĀãÂÖòèÃîÈÖòèØČóæñæóãîîÂÉóÂëóäæñæóãîõćâÖòè 
È.ÂóäĀãÂÖòèÃîÈÖòèØČóæñæóãîîÂÉóÂëóäæñæóãÿÃ­âÃ­Ú 

 
 

 



 ƘƖƝ 

6. ÅèóâĀÖÂÖ¬óÈÃîÈëóäÂòÛëóäÛäõëùØÙõċÅøîÃ­îĂÕ 
Â.ëóäæñæóãâöÜäõâóÖäâóÂÂè¬óëóäÛäõëùØÙõċ 
Ã.ëóäæñæóãâöÉùÕÿÕøîÕăâ¬ÅÈØöć ëóäÛäõëùØÙõċâöÉùÕÿÕøîÕÅÈØöć 
Å.ëóäæñæóãâöÉùÕÿÕøîÕÅÈØöć ëóäÛäõëùØÙõċâöÉùÕÿÕøîÕăâ¬ÅÈØöć 
È.ëóäæñæóãâöÉùÕÿãøîÂĀÃĆÈÅÈØöć ëóäÛäõëùØÙõċâöÉùÕÿãøîÂĀÃĆÈăâ¬ÅÈØöć 

7. Ã­îĂÕÖ­îÈĂË­ÖòèØČóæñæóãÖ¬óÈÉóÂßèÂ 
Â.ÚČĈóÖóæ 
Ã.ÿËæĀæĆÂ 
Å.ÿÂæøîĀÂÈ 
È.ëöÝëâîóìóä 

8. Ã­îĂÕăâ¬ë¬ÈÝæÖ¬îÅèóâëóâóä×ĂÚÂóäæñæóãÃîÈëóä 
Â.ÅèóâÕòÚ 
Ã.îùÔìáúâõ 
Å.ÅèóâìÚóĀÚ¬Ú 
È.ËÚõÕÃîÈÖòèØČóæñæóãĀæñÖòè×úÂæñæóã 

9. ĀîæÂîïîæ° 80% āÕãÜäõâóÖä âöÅèóâìâóãÖäÈÂòÛÃ­îĂÕ 
Â.ëóäæñæóãÚòĈÚ 100 cm3 âöÿîØõæĀîæÂîïîæ°îãú¬ 80 cm3 
Ã.ëóäæñæóãÚòĈÚ 100 Âäòâ âöÿîØõæĀîæÂîïîæ°îãú¬ 80 Âäòâ 
Å.ëóäæñæóãÚòĈÚ 100 cm3 âöÿîØõæĀîæÂîïîæ°îãú¬ 80 Âäòâ 
È.ëóäæñæóãÚòĈÚ 100 ÂäòââöÿîØõæĀîæÂîïîæ°îãú¬ 80 cm3 

10. Ã­îĂÕÉòÕÿÜĆÚÂóäßõëúÉÚ°è¬óëóä x ÂòÛëóä y âöÅèóâëóâóä×ĂÚÂóäæñæóãĂÚÃîÈÿìæè z ăÕ­ÕöÂè¬óÂòÚ 
Â.ĂË­ÃîÈÿìæè Z ÜäõâóÔÿØ¬óÂòÚØöćîùÔìáúâõÿÕöãèÂòÚ 
Ã. ĂË­ÃîÈÿìæè Z ÜäõâóÔÿØ¬óÂòÚØöćîùÔìáúâõÖ¬óÈÂòÚ 
Å.ĂË­ëóä x Āæñ y ÜäõâóÔÿØ¬óÂòÚØöćîùÔìáúâõÖ¬óÈÂòÚ 
È.ĂË­ëóä x Āæñ y ÜäõâóÔÿØ¬óÂòÚØöćîùÔìáúâõÿÕöãèÂòÚ 

 
 
 
 
 
 



 ƘƖƞ 

ÿÊæãĀÛÛØÕëîÛÛØØöć Ɵ ÿäøćîÈëóäæñæóã 
1.  Â 
2.  Å 
3.  Â 
4.  Â 
5.  Å 
6.  Ã 
7.  Ã 
8.  Â 
9.  Â 
10.  È 

 
 
 
 
 
 



 ƘƖƟ 

ÛØØöć ƗƖ 
ëóäĀæñÝæõÖáòÔÒ°ĂÚËöèõÖ 

ëóäñëČóÅòÎ 
 ÅèóâìâóãÃîÈ ëóä ÝæõÖáòÔÒ° ÅùÔëâÛòÖõÃîÈëóäÜäñÿáØÖ¬óÈ ą ăÕ­ĀÂ¬ ëóäîóìóä ëóäÜäùÈ
ĀÖ¬È ëóäÜÚÿÜøĈîÚ ëóäÿÉøîÜÚ ëóäßõê ëóäëòÈÿÅäóñì° ÜäñāãËÚ°ÃîÈëóäĀæñÝæõÖáòÔÒ°ĂÚ
ËöèõÖÜäñÉČóèòÚ ÂóäÿæøîÂĂË­ëóäĀæñÝæõÖáòÔÒ°îã¬óÈÜæîÕáòãÝæÂäñØÛĀæñāØêØöćÿÂõÕÉóÂÂóäĂË­ëóä
ĀæñÝæõÖáòÔÒ°Ö¬îËöèõÖĀæñëõćÈĀèÕæ­îâ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãëóäĀæñëóäëòÈÿÅäóñì°ăÕ­ 
2. îÙõÛóãÂóäĂË­ëóäĀæñÝæõÖáòÔÒ°ÃîÈëóäÛóÈËÚõÕĂÚËöèõÖÜäñÉČóèòÚĀæñÿæøîÂĂË­ăÕ­ 
3. îÙõÛóãÝæÂäñØÛØöćÿÂõÕÉóÂÂóäĂË­ëóä ĀæñÝæõÖáòÔÒ°ØöćâöÖ¬îËöèõÖĀæñëõćÈĀèÕæ­îâ 

ÃîÛÃ¬óãÿÚøĈîìó 
1. ëóäĀæñÅùÔëâÛòÖõÃîÈëóä 
2. ëóäëòÈÿÅäóñì° 
3. ëóäĀæñÝæõÖáòÔÒ°ĂÚËöèõÖ 
4. ÂóäÿæøîÂĂË­ëóäĀæñÝæõÖáòÔÒ°ĂÚËöèõÖ 
5. ÝæÂäñØÛØöćÿÂõÕÉóÂÂóäĂË­ëóäĀæñÝæõÖáòÔÒ°Ö¬îËöèõÖĀæñëõćÈĀèÕæ­îâ 



 ƘƗƖ 

ÿäøćîÈØöć Ɨ  ëóäĀæñÅùÔëâÛòÖõÃîÈëóä 
ëóäñëČóÅòÎ 
 ÅèóâìâóãÃîÈëóä ÅùÔëâÛòÖõÃîÈëóäÜäñÿáØÖ¬óÈ ą ăÕ­ĀÂ¬ ëóäîóìóä ëóäÜäùÈĀÖ¬È ëóä
ÜÚÿÜøĈîÚ ëóäÿÉøîÜÚ ëóäßõê ëóäëòÈÿÅäóñì° ÅùÔëâÛòÖõĀæñÜäñāãËÚ°ÃîÈëóä ÝæõÖáòÔÒ°ĂÚ
ËöèõÖÜäñÉČóèòÚ ÂóäÿæøîÂĂË­ëóäîã¬óÈÜæîÕáòãĂÚËöèõÖ ĀæñÝæÂäñØÛØöćÿÂõÕÉóÂÂóäĂË­ëóäÖ¬îËöèõÖĀæñ
ëõćÈĀèÕæ­îâ 
ÅèóâìâóãÃîÈëóäĀæñÝæõÖáòÔÒ° 
 ëóä  ìâóã×÷È  ëõćÈØöćâöÖòèÖÚ  âöâèæìäøîÚČĈóìÚòÂ Ö­îÈÂóäØöćîãú¬Āæñëóâóä×ëòâÝòëăÕ­ ÿË¬Ú  ÕõÚ 
ìõÚ îóÂóé ßøË ĀæñëòÖè°  ØùÂëõćÈØùÂîã¬óÈâØöćîãú¬äîÛą Öòèÿäó  ÉòÕÿÜĆÚëóäØòĈÈëõĈÚ  ëóäĀÖ¬æñËÚõÕâöëâÛòÖõ
ĀÖÂÖ¬óÈÂòÚ  ĀÖ¬ëóâóä×ÿÜæöćãÚĀÜæÈë×óÚñăÕ­  

ÂóäØöćëóäâöëâÛòÖõĀÖÂÖ¬óÈÂòÚ  ĀæñâöëâÛòÖõĀÖÂÖ¬óÈÂòÚ  ĀæñâöÅèóâëóâóä×ĂÚÂóä
ÿÜæöćãÚĀÜæÈë×óÚñăÕ­ĀÖÂÖ¬óÈÂòÚÚöĈ  ×øîè¬óÿÜĆÚæòÂêÔñÿÊßóñÃîÈëóäĀÖ¬æñËÚõÕ  ÕòÈÚòĈÚÉ÷ÈâöÂóäĂË­
ÿÂÔÒ°ÂóäßõÉóäÔóĀæñîÙõÛóãëâÛòÖõÃîÈëóäâóÉòÕÉČóĀÚÂëóä  ĀæñâöÂóäØÕëîÛëâÛòÖõÃîÈëóäÿßøćî
ßõëúÉÚ°è¬óëóäÚòĈÚÿÜĆÚëóäËÚõÕĂÕ  ÿßäóñìóÂîóéòãĀÖ¬ÂóäëòÈÿÂÖìäøîâîÈÿìĆÚÿßöãÈîã¬óÈÿÕöãèĂÚÛóÈÅäòĈÈ
ÂĆăâ¬ëóâóä×ÉñÖòÕëõÚăÕ­ĀÚ¬ÚîÚ 

ÝæõÖáòÔÒ°  (Product)  ìâóã×÷È  ëõćÈØöćÿëÚîÃóãĂì­ÂòÛÖæóÕ  ëóâóä×ÖîÛëÚîÈÅèóâÖ­îÈÂóä
ÃîÈæúÂÅ­óÂæù¬âÿÜ­óìâóãăÕ­  ÝæõÖáòÔÒ°ØöćÿëÚîÃóãîóÉÉñëòâÝòëăÕ­ìäøîëòâÝòëăâ¬ăÕ­  ØòĈÈÚöĈäèâ×÷È  ëõÚÅ­ó  
ÛäõÂóä  ë×óÚØöć  îÈÅ°Âä  ÛùÅÅæ  ìäøîÅèóâÅõÕ 

 
 
 
 
 
 

äúÜáóß ÝæõÖáòÔÒ°ØöćĂË­ĂÚËöèõÖÜäñÉČóèòÚ 
 

Ɨ.Ɨ ëóäîóìóä (nutrients) ìäøîāáËÚóëóä  
 âöÝú­Ăì­Åèóâìâóãăè­ÕòÈÚöĈ èöÚòë Āæñ ×ÚîâÃèòÎ (2541) îÙõÛóãè¬ó ëóäîóìóä ìâóã×÷È 
ëóäÜäñÂîÛÿÅâö ìäøîĀä¬ÙóÖùØöćâöîãú¬ĂÚîóìóäËÚõÕÖ¬óÈą Øöćä¬óÈÂóãÖ­îÈÂóä  ëõäõßòÚÙù°  (2542) îÙõÛóãè¬ó 
ëóäîóìóä ìâóã×÷È  ë¬èÚÜäñÂîÛØöćÿÜĆÚëóäÿÅâöØöćâöîãú¬ĂÚîóìóä ÿâøćîÛäõāáÅÿÃ­óăÜĀæ­èä¬óÈÂóãëóâóä×
ÚČóăÜĂË­ÜäñāãËÚ°ăÕ­ āÕãÅóä°āÛăïÿÕäÖ ăÃâòÚ āÜäÖöÚ ÿÜĆÚëóäîóìóäØöćä¬óÈÂóãÖ­îÈÂóäÜäõâóÔâóÂ 



 ƘƗƗ 

ĀæñÿÜĆÚëóäîóìóäØöćĂì­ßæòÈÈóÚĀÂ¬ä¬óÈÂóã ÿäöãÂ  ´macronutrients µ  ë¬èÚèõÖóâõÚ ĀæñÿÂæøîĀä¬ÿÜĆÚ
ëóäîóìóäØöćä¬óÈÂóãÖ­îÈÂóäÚ­îã Āæñăâ¬Ăì­ßæòÈÈóÚ ÿäöãÂ ́micronutrientsµ ÿëóèÚöã° (2544) îÙõÛóãè¬ó 
ëóäîóìóä ìâóã×÷È ëóäÿÅâöØöćâöîãú¬ĂÚîóìóä âö 6 ËÚõÕ Åøî 
 Ɨ. Åóä°āÛăïÿÕäÖ  Ƙ. āÜäÖöÚ  

 ƙ. ăÃâòÚ  ƚ. èõÖóâõÚ 

 ƛ. ÿÂæøîĀä¬ Ɯ. ÚČĈó  
ëóäîóìóäĀÖ¬æñßèÂØČóìÚ­óØöćîã¬óÈĂÕîã¬óÈìÚ÷ćÈ ìäøîìæóãîã¬óÈ  èõÚòã ĀæñÅÔñ (2545) 

îÙõÛóãè¬ó ëóäîóìóä ìâóã×÷È  ëóäÿÅâöØöćßÛĂÚîóìóä ÿÜĆÚëóäØöćâöÅèóâëČóÅòÎÖ¬îÂäñÛèÚÂóäÃîÈËöèõÖ  
ëäùÜ  ëóäîóìóä ìäøîāáËÚëóä ìâóã×÷È ëóäÿÅâöØöćâöîãú¬ĂÚîóìóä âö 6 ËÚõÕ ÿÜĆÚëóäØöćâöÅèóâëČóÅòÎÖ¬î
ÂäñÛèÚÂóäØČóÈóÚÃîÈä¬óÈÂóã āÕãĀÛ¬ÈëóäîóìóäØöćä¬óÈÂóãÖ­îÈÂóäÿÜĆÚ ëóäîóìóäØöćÖ­îÈÂóäĂÚ
ÜäõâóÔâóÂ ìäøîëóäîóìóäØöćĂì­ßæòÈÈóÚ ìäøîéòßØ°ëâòãĂìâ¬ÿäöãÂ ëóäîóìóäâìáóÅăÕ­ĀÂ¬ 
Åóä°āÛăïÿÕäÖ ăÃâòÚ ĀæñāÜäÖöÚ Ì÷ćÈØČóìÚ­óØöćĂì­ßæòÈÈóÚ Āæñÿëäõâëä­óÈÿÚøĈîÿãøćîĂÚä¬óÈÂóã  
ëóäîóìóäØöćÖ­îÈÂóäĂÚÜäõâóÔÚ­îã ìäøî ëóäîóìóäØöćăâ¬Ăì­ßæòÈÈóÚ ìäøîëóäîóìóäÉùæáóÅ ăÕ­ĀÂ¬  
èõÖóâõÚ ĀæñÿÂæøîĀä¬ ë¬èÚÚČĈóÿÜĆÚëóäîóìóäØöćăâ¬Ăì­ßæòÈÈóÚĀÖ¬Ë¬èãëÚòÛëÚùÚÂóäØČóÈóÚÃîÈä¬óÈÂóãÌ÷ćÈ
ÉñÃóÕăâ¬ăÕ­ ØöćÝú­ÿÃöãÚëäùÜè¬óÚČĈó Åøî ëóäîóìóäÖòèìÚ÷ćÈØòĈÈÚöĈ ÿßäóñÚČĈó ÿÜĆÚëóäÿÅâöËÚõÕìÚ÷ćÈØöćîãú¬ĂÚ
îóìóäØùÂËÚõÕâóÂÚ­îãÃ÷ĈÚîãú¬ÂòÛËÚõÕÃîÈîóìóä  
 ÂóäĀÛ¬ÈÜäñÿáØÃîÈëóäîóìóä ĀÛ¬ÈăÕ­  (èöÚòë Āæñ×ÚîâÃèòÎ, ƘƛƚƗ)  ÕòÈÚöĈ 

1.ëóäîóìóäØöćä¬óÈÂóãÖ­îÈÂóäĂÚÜäõâóÔâóÂ ăÕ­ĀÂ¬ ëóäîóìóä Åóä°āÛăïÿÕäÖ ăÃâòÚ Āæñ
āÜäÖöÚ Ì÷ćÈØČóìÚ­óØöćĂì­ßæòÈÈóÚ Āæñÿëäõâëä­óÈÿÚøĈîÿãøćî 

2.ëóäîóìóäØöćä¬óÈÂóãÖ­îÈÂóäĂÚÜäõâóÔÚ­îãăÕ­ĀÂ¬ èõÖóâõÚ ĀæñÿÂæøîĀä¬ ä¬óÈÂóãÖ­îÈÂóäëóä
ÿìæ¬óÚöĈÿßøćîÂČóìÚÕ ĀæñÅèÛÅùâÂäñÛèÚÂóäØČóÈóÚÃîÈä¬óÈÂóãÿßøćîÕČóäÈăè­Ì÷ćÈëùÃáóßØöćÕö  
 3.ÚČĈóÿÜĆÚë¬èÚÜäñÂîÛØöćëČóÅòÎĂÚÂóäëÚòÛëÚùÚÂóäØČóÈóÚÃîÈëóäîóìóäØòĈÈìâÕĂÚ
ÂäñÛèÚÂóäØČóÈóÚÃîÈëõćÈâöËöèõÖ 
  

1.2  ëóäÜäùÈĀÖ¬È 
 ëóäÜäùÈĀÖ¬Èîóìóä ìâóã×÷È ëóäÜäùÈäëîóìóäĂË­Ăë¬ĂÚîóìóäÿßøćîØČóĂì­îóìóäâöäëÕöÃ÷ĈÚ ÿË¬Ú 
ÚČĈóÖóæ ÚČĈóÜæó ÚČĈóë­âëóãËú ÚČĈóâñÚóè ÌîëâñÿÃøîÿØé ĀæñĂì­äëËóÖõÖ¬óÈą ÕòÈäúÜ 
 
  
 
 
              äúÜáóß ëóäÜäùÈĀÖ¬Èäëîóìóä 



 ƘƗƘ 

 
 
èõÙöÂóäÂóäÖäèÉëîÛ ÝÈËúäë  
 ÿÚøćîÈÉóÂÝÈËúäëÿÜĆÚèòÖ×ùØöćëòÈÿÅäóñì°Ã÷ĈÚâó  ÂóäÖäèÉëîÛÝÈËúäëîóÉØČóăÕ­āÕãÂóäëòÈÿÂÖ
æòÂêÔñáóãÚîÂ ĀÖ¬ĂÚÛóÈÅäòĈÈÂĆÿÜĆÚÂóäãóÂĂÚÂóäëòÈÿÂÖ  èõÙöØöćÕöØöćëùÕÖ­îÈÖäèÉëîÛāÕãèõÙöØóÈÿÅâöÌ÷ćÈ
âöèõÙöÂóäÕòÈÚöĈ 

1. ÂóäÿÝó  āÕãÂóäÚČóÝÈËúäë ÜäñâóÔ  1 Ë­îÚËó  Ăë¬æÈË­îÚāæìñÿÝóÛÚÿÜæèăàĂì­ăìâ­Āæ­è
ëòÈÿÂÖ  ×­óÿÜĆÚÝÈËúäëĀØ­Éñăìâ­ÿÜĆÚëöÕČó  ĀÖ¬×­óÿÜĆÚÝÈËúäëØöćâöëóäîøćÚÿÉøîÜÚÉñÿÜĆÚëöÃóè 

2. ÖäèÉëîÛÕ­èãÂäñÕóêÃâõĈÚ  Ì÷ćÈÿÖäöãâāÕãÂóäÿîóÝÈÃâõĈÚÜäñâóÔ  1  Ë­îÚËó  æñæóãĂÚ 
ĀîæÂîïîæ°ìäøîÚČĈó  10 Ë­îÚËó  ÉñăÕ­ëóäëöÿìæøîÈ  ÉóÂÚòĈÚÉù¬âÂäñÕóêëöÃóèìäøîÝ­óÃóèæÈĂÚëóäëóä 
ëöÿìæøîÈ ÚČóăÜÝ÷ćÈĂì­Āì­ÈÉñăÕ­ÂäñÕóêÃâõĈÚìäøîÝ­óÃâõĈÚ  ÂóäÖäèÉëîÛØČóăÕ­āÕãÂóäæñæóãÝÈËúäëĂÚ 
ÚČĈóëñîóÕ ÉóÂÚòĈÚÉù¬âÂäñÕóêÃâõĈÚìäøîÝ­óÃâõĈÚæÈăÜßîÿÜöãÂ  ëòÈÿÂÖÂóäÔ°ÿÜæöćãÚëö  ×­óÿÜĆÚÝÈËúäëØöćâö
ëóäîøćÚÿÉøîÜÚÉñÿÜæöćãÚÉóÂëöÿìæøîÈÿÜĆÚëöĀÕÈ ĀÖ¬×­óăâ¬ÿÜæöćãÚëöÿÜĆÚÝÈËúäëĀØ­ 

3. ÖäèÉÕ­èãÚČĈóãóÜúÚÃóèÝëâÚČĈóë­âëóãËú  ÂóäÿÖäöãâÚČĈóãóÜúÚÃóè  ØČóăÕ­āÕãÿîóÜúÚÃóèÅä÷ćÈ
Ë­îÚËó æñæóã ĂÚÚČĈóë­âëóãËú  1  Ë­îÚËó  ÅÚĂì­æñæóãÖòĈÈØõĈÈăè­Ăì­ÖÂÖñÂîÚ  ÉñăÕ­ë¬èÚØöćÿÜĆÚÚČĈó
Ăë  ÅøîÚČĈóãóÜúÚÃóè  ÂóäÖäèÉëîÛØČóăÕ­āÕãÂóäÿîóÝÈËúäëâóÜäñâóÔ  1 Ë­îÚËó  æñæóãĂÚÚČĈó  ÿØ
ÚČĈóãóÜúÚÃóèæÈăÜ 1 Ë­îÚËó  ëòÈÿÂÖÂóäÔ°ÿÜæöćãÚĀÜæÈ  ×­óÿÜĆÚÝÈËúäëĀØ­Éñăâ¬âöÖñÂîÚëöÃóè  ĀÖ¬×­ó
ÿÜĆÚÝÈËúäëØöćâöëóäîøćÚÿÉøîÜÚÉñâöÖñÂîÚëöÃóè 

 

 
 
  

ÂóäÖäèÉëîÛÚČĈóÜæó âöèõÙöÂóäØÕëîÛÕòÈÚöĈ 
1.ìãÕÚČĈóÜæóæÈăÜÛÚ×¬óÚØöćÂČóæòÈÖõÕăà ăÕ­ÂæõćÚÜæóăìâ­ÉñÿÜĆÚÚČĈóÜæóĀØ­ ×­óăâ¬âöÂæõćÚÿÜĆÚ 

ÚČĈóÜæóÜæîâ  
2.ÚČóâóÖòĈÈØõĈÈăè­Āæ­èÕúÂóäÖÂÖñÂîÚ ×­óÿÜĆÚÚČĈóÜæóĀØ­Éñăâ¬ÖÂÖñÂîÚ ĀÖ­×­óÿÜĆÚÚČĈóÜæóÜæîâ 

ÉñÖÂÖñÂîÚ 
3.ÂóäÂäîÈāÕãÂóäÚČóÚČĈóÜæóâóÂäîÈÕ­èãÂäñÕóêÂäîÈ ×­óÂäñÕóêÂäîÈăâ¬ÿÜæöćãÚëöÿÜĆÚÚČĈóÜæó

ĀØ­ ĀÖ¬×­óÂäñÕóêÂäîÈÿÜæöćãÚëö ÿÜĆÚÚČĈóÜæóÜæîâ 
 
 
 

ÂõÉÂääâÂóäÿäöãÚäú­Øöć 1 

ÂõÉÂääâÂóäÿäöãÚäú­Øöć 2 



 ƘƗƙ 

 
 
ÂóäÖäèÉëîÛÚČĈóë­âëóãËú  âöèõÙö ÕòÈÚöĈ 

1.ÂóäÕâÂæõćÚ×­óÿÜĆÚÚČĈóë­âëóãËúĀØ­ÉñâöÂæõćÚìîâØöćÿÂõÕÉóÂÂóäìâòÂÙòÎßøËìäøîÝæăâ­  ×­óÿÜĆÚ 
ÚČĈóë­âëóãËúÜæîâ ÉñâöÂæõćÚÊùÚĀëÛÉâúÂ  

2. ØÕëîÛÂòÛÝòÂĂÛÛóÈ  ÿË¬Ú ĂÛÝòÂËö  ÚČóæÈăÜĀË¬æÈĂÚÚČĈóë­âëóãËúÜäñâóÔ  30-45 ÚóØö  ×­ó
ßÛè¬óĂÛÝòÂËöăâ¬ÿìöćãèÿÜĆÚÚČĈóë­âëóãËúĀØ­  ĀÖ¬×­óĂÛÝòÂËöÿìöćãèÿÜĆÚÚČĈóë­âëóãËúÜæîâ 

3.ØÕëîÛĂË­ÿÉĆÚÿØöãÚăèāîÿæÖ  ( Gentian  Violet )  ìäøîØöćÿäóäú­ÉòÂÂòÚËøćî  ãóâñâ¬èÈ  ÚČóăÜ
ÝëâÂòÛÚČĈóĂì­ÿÉøîÉóÈ ÉóÂÚòĈÚÚČóăÜìãÕæÈĂÚÚČĈóë­âëóãËúĀØ­  ĀÖ¬×­óÿÜæöćãÚÿÜĆÚëöÿÃöãèìäøîëöÚČĈóÿÈõÚî¬îÚ 
ąÿÜĆÚÚČĈóë­âëóãËúÜæîâ 
 

1.3 ëóäÜÚÿÜøĈîÚ 

 ëóäÜÚÿÜøĈîÚ (Contaminants) ìâóã×÷È ëóäØöćÜÚÿÜøĈîÚÂòÛîóìóäāÕãăâ¬ÖòĈÈĂÉ ĀÖ¬ÿÜĆÚÝæÌ÷ćÈ
ÿÂõÕÉóÂÂäñÛèÚÂóäÝæõÖ ÂääâèõÙöÂóäÝæõÖ āäÈÈóÚìäøîë×óÚØöćÝæõÖ ÂóäÕúĀæäòÂêó ëõćÈÜÚÿÜøĈîÚîóìóä
ăâ¬è¬óÉñâöîãú¬ÖóâÙääâËóÖõìäøîâÚùêã°ëä­óÈÃ÷ĈÚÚöĈ ìóÂÉČóĀÚÂÖóâÅùÔëâÛòÖõÃîÈëóä  ÉñĀÛ¬ÈăÕ­  Ē 
ÜäñÿáØ Åøî 
    - ëõćÈâöËöèõÖ (ÛòÅÿÖäö  ÿËøĈîäó ÿÜĆÚÖ­Ú)  
 - ëóäÿÅâö (ëóäÂČóÉòÕĀâæÈ āæìñ ëóäßõêØöćÉùæõÚØäöã°ëä­óÈÃ÷ĈÚ ÿÜĆÚÖ­Ú)  
 - ëóäÂòââòÚÖäòÈëö 
  

1.4 ëóäÿÉøîÜÚ 
 ëóäÿÉøîÜÚ  ìâóã×÷È ëóäØöćÿÖõâæÈăÜÿßøćîÿßõćâÅùÔæòÂêÔñÕ­óÚ ëö ÂæõćÚ äë ÃîÈîóìóä Ăì­âö
æòÂêÔñĂÂæ­ÿÅöãÈÙääâËóÖõ îóÉâöÅùÔÅ¬óØóÈāáËÚóÂóä ìäøîăâ¬ÂĆăÕ­ ÿÜĆÚëóäØöćÖòĈÈĂÉÿÖõâæÈĂÚîóìóä
ăÕ­ĀÂ¬ ëóäÜäùÈĀÖ¬Èëö ëóäÜäùÈĀÖ¬ÈÂæõćÚ ÿË¬Ú ëöã­îâÝ­ó 
 
 
 
 
 

äúÜáóßëóäÿÉøîÜÚĂÚîóìóä 
ëóÿìÖù ØöćÖ­îÈĂë¬èòÖ×ùÿÉøîÜÚîóìóäæÈăÜÂĆÿßøćîèòÖ×ùÜäñëÈÅ°ØóÈÕ­óÚÿØÅāÚāæãöÂóäÝæõÖ ÂóäÿÖäöãâ
èòÖ×ùÕõÛ Āæñ ÂóäĀÜääúÜ ÂóäÛääÉù ÂóäÃÚë¬È ÂóäÿÂĆÛäòÂêóîóìóä Āæñ âöÝæìäøîîóÉâöÝæØóÈÖäÈìäøî

ÂõÉÂääâÂóäÿäöãÚäú­Øöć 3 



 ƘƗƚ 

ØóÈî­îâ ØČóĂì­ëóäÚòĈÚìäøîÝæõÖÝæßæîãăÕ­ÃîÈëóäÚòĈÚÂæóãÿÜĆÚë¬èÚÜäñÂîÛÃîÈîóìóäÚòĈÚ ìäøî  
âöÝæÖ¬îÅùÔæòÂêÔñÃîÈîóìóäÚòĈÚ ĀÖ¬ăâ¬äèâ×÷È ëóäÜÚÿÜøĈîÚ  ìäøî ëóäØöćÿÖõâæÈăÜÿßøćîÜäòÛÜäùÈÅùÔÅ¬ó
ØóÈîóìóäÃîÈîóìóä āÕãØöćÂóäĂË­èòÖ×ùÿÉøîÜÚîóìóäÖ­îÈâõăÕ­âöÿÉÖÚóìæîÂæèÈÝú­ÛäõāáÅ ìäøîÜõÕÛòÈ
ÂóäĂË­èòÖ×ùÕõÛØöćâöÅùÔáóßăâ¬Õö ìäøîÂóäÝæõÖØöćâöÂóäëùÃóáõÛóæăâ¬×úÂÖ­îÈĀæñÖ­îÈăâ¬ØČóĂì­ÅùÔÅ¬óØóÈ
îóìóäæÕæÈÕ­èã 
 

1.5 ëóäßõê   
ëóäßõê ìâóã×÷È  ëóäØöćÿÜĆÚîòÚÖäóãÖ¬îëõćÈâöËöèõÖ ĀæñØäòßã°ëõÚëóäßõêÌ÷ćÈâöìäøîÿÂõÕÃ÷ĈÚĂÚ

ëõćÈĀèÕæ­îâäîÛÖòèÿäóØöćÿÃ­óâóÜñÜÚìäøîÜÚÿÜøĈîÚîóìóä Āæ­èÂ¬îĂì­ÿÂõÕîóÂóäßõêĀÂ¬Ýú­ÛäõāáÅ
ÚòĈÚ ÉČóĀÚÂÖóâĀìæ¬ÈØöćâóăÕ­ÿÜĆÚ 3 ÜäñÿáØÅøî 

1. ëóäßõêØöćâöîãú¬ÖóâÙääâËóÖõ ĂÚë¬èÚÜäñÂîÛÃîÈîóìóäÌ÷ćÈÉñßÛîãú¬ĂÚßøËĀæñ
ëòÖè° ëõćÈÿìæ¬óÚöĈÉñâöāØêÖ¬îâÚùêã°ÂĆÕ­èã Åèóâăâ¬äú­ ìäøîäú­ÿØ¬óăâ¬×÷ÈÂóäÔ° ăÜÿÂĆÛÿîóîóìóäØöćÿÜĆÚßõêâó
ÛäõāáÅ  ÿË¬Ú  ßõêÉóÂÿìĆÕÛóÈËÚõÕ  æúÂÿÚöãÈ  ĀâÈÕóØñÿæÿÜĆÚßõê ëóäßõêĂÚìòèâòÚëČóÜñìæòÈÕõÛ  ÿÜĆÚ
Ö­Ú 
  

 
 

 
                   

äúÜáóß ĀëÕÈÖòèîã¬óÈëóäßõêØöćâöîãú¬ĂÚÙääâËóÖõ 
 

   2. ëóäßõêØöćÿÂõÕÉóÂÂóäÜÚÿÜøĈîÚĂÚîóìóäÖóâÙääâËóÖõ  ëóäßõêØöćâóÉóÂÉùæõÚØäöã°Ì÷ćÈ
âö  2  ÜäñÿáØĂìÎ¬  Åøî îòÚÖäóãØöćÿÂõÕÉóÂÖòèÉùæõÚØäöã°ĀæñîòÚÖäóãØöćÿÂõÕÉóÂëóäßõêØöćÉùæõÚØäöã°ëä­óÈÃ÷ĈÚ                                            
ÉùæõÚØäöã°ØöćØČóĂì­ÿÂõÕßõêÿÚøćîÈÉóÂÖòèÃîÈâòÚÿîÈ  âöîãú¬  5  ßèÂ  ăÕ­ĀÂ¬ 

1. ĀÛÅØöÿäöã  ÿË¬Ú Salmonella  Shigella  Vibrio 
2. äó  ÿË¬Ú  Aspergillus  Penicillin  fusarum  Rhizopus 
3. āÜäāÖÌòè  ÿË¬Ú  Entamoeba histolytica 
4. ßóäóëõÖ  ÿË¬Ú  Trichinosis  Tapeworms 
5. ăèäòë  ÿË¬Ú   Poliovirus  Hepatitis  Virus 

 
 
                                                                                           äúÜáóß  ĀëÕÈÖòèîã¬óÈÉùæõÚØäöã° 



 ƘƗƛ 

              ÉùæõÚØäöã°ØöćØČóĂì­ÿÂõÕßõêáòãîòÚÿÚøćîÈâóÉóÂëóäßõêØöćëä­óÈÃ÷ĈÚĂÚÃÔñØöćÉùæõÚØäöã°ÚòĈÚÿÉäõÎÿÖõÛāÖ
Āæ­èÜæ¬îãØõĈÈăè­ĂÚîóìóä âöØòĈÈëóäßõêÃîÈĀÛÅØöÿäöã  ĀæñÃîÈÿËøĈîäó  ëóäßõêØöćëČóÅòÎØöćßÛ ăÕ­ĀÂ¬
ëóäßõêØöćÿÂõÕÉóÂ Clostridium botulinum  ÿÜĆÚÉùæõÚØäöã°ØöćÿÜĆÚëóÿìÖùĂì­ÿÂõÕßõêĂÚîóìóäÂäñǕîÈĀæñ
ëóäßõêÉóÂÿËøĈîäó  ØöćÿäöãÂè¬ó  Alflatoxin âòÂÉñßÛĂÚßøËÖñÂúæ×òćè  āÕãÿÊßóñ×òćèæõëÈĀæñÝæõÖáòÔÒ°ÉóÂ
×òćèæõëÈ  ăÕ­ĀÂ¬  ×òćèÂäñÉÂ  ÃÚâÖù®ÛÖòĉÛ  ÚČĈóâòÚ  ×òćèæõëÈ  ÿÜĆÚÖ­Ú 

3. ßõêØöćÿÂõÕÉóÂëóäÿÅâö Ì÷ćÈÜñÜÚâóÂòÛîóìóä  ăÕ­ĀÂ¬  ëóäìÚú  ĀæñāÌÿÕöãâ
àæúîîăäÕ° Øöćâöîãú¬ĂÚãóÇ¬óĀâæÈ  ìäøîãóÇ¬óèòËßøËÖ¬óÈą ëČóìäòÛãóÇ¬óĀâæÈÌ÷ćÈĂË­âóÂÿÂõÚăÜìäøîÿÂĆÛ
ßøËÝæÿäĆèÂè¬óÂČóìÚÕÿâøćîÂõÚÝòÂÝæăâ­ÿÃ­óăÜÉñØČóĂì­ä¬óÈÂóãëñëâßõê  ĀæñÿÜĆÚëóÿìÖùØČóĂì­ÿÂõÕâñÿäĆÈ
ăÕ­  ëČóìäòÛßõêÉóÂëóäÜæîâÜÚĀæñëóäÜäùÈĀÖ¬ÈîóìóäăÕ­Âæ¬óèĀæ­è   
 
 
 
 
                       

äúÜáóß Öòèîã¬óÈîóìóäØöćÂ¬îĂì­ÿÂõÕëóäßõêëñëâĂÚä¬óÈÂóã 
ÖóäóÈĀëÕÈÖòèîã¬óÈëóäßõêØöćÜÚâóÂòÛîóìóäĀæñîóÂóäÃîÈÝú­ØöćăÕ­äòÛëóäßõê 

ËÚõÕÃîÈāæìñ îóÂóä 
ÖñÂòćè ( Lead) -  äñãñĀäÂä¬óÈÂóãî¬îÚÿßæöã  ÿÛøćîîóìóä  ÜèÕéöäêñ  āæìõÖÉóÈ 

-  äñãñØöćëîÈ ÿÜĆÚîòâßóÖÖóâĀÃÚÃó  ëâîÈăâ¬ÜÂÖõ  ËòÂÂäñÖùÂ   
    ÿß­îÅæòćÈ  ìâÕëÖõ 

ĀÅÕÿâöãâ ( Cadmium ) -  Ø­îÈÿÕõÚ  ăîìîÛ  ÿìÚøćîãÈ¬óã  āæìõÖÉóÈ  ÂäñÕúÂÝù  ÖòÛßõÂóä  ăÖßõÂóä 
ÜäîØ ( Mercury ) -  ÜèÕéöäêñ  èõÈÿèöãÚéöäêñ  âøîëòćÚ ÚîÚăâ¬ìæòÛ  âöîóÂóäØóÈÜäñëóØ  

   äñÛÛØóÈÿÕõÚîóìóäĀæñÂóäØČóÈóÚÃîÈăÖÝõÕÜÂÖõ 
āÅäÿâöãâ ( Chromium ) -  ÿèöãÚéöäêñ ÿÂõÕĀÝæØöćÉâúÂ ÜîÕ ØóÈÿÕõÚîóìóä ÿÛøćîîóìóä  

   ÅæøćÚăë­ îóÿÉöãÚ ìâÕëÖõ âöîòÚÖäóãÖ¬îÖòÛ  ĀæñăÖ îóÉÿëöãËöèõÖăÕ­ 
   ÿÚøćîÈÉóÂÜòëëóèñÿÜĆÚßõê 

ëóäìÚú ( Arsenic ) -  âöîóÂóäØóÈÝõèìÚòÈ  ÖóîòÂÿëÛ  ÿë­ÚÜäñëóØîòÂÿëÛ  ÜèÕéöäêñ  
   èõÈÿèöãÚ  âöîóÂóäØóÈëâîÈ  ÖòÛĀæñăÖßõÂóä  

ßæèÈ ( Antimony ) -  îóÿÉöãÚÛ¬îã ą  ×¬óãîùÉÉóäñÿÜĆÚÚČĈó  âößõêÖ¬îÖòÛîã¬óÈäùÚĀäÈ 
ÿÌÿäÿÚöãâ ( Selemium) -  âöîóÂóäÜèÕéöäêñÛäõÿèÔìÚ­óÝóÂ  ÖÂĂÉÈ¬óã  æõĈÚÿÜĆÚÞ­ó  

   ÝõèìÚòÈîòÂÿëÛ  î¬îÚÿßæöã  ÖòÛ×úÂØČóæóã 



 ƘƗƜ 

ÿäøćîÈØöć Ƙ  ëóäëòÈÿÅäóñì°   
ëóäëòÈÿÅäóñì° (synthetic substance) 
ëóäØöćăÕ­ÉóÂÜÐõÂõäõãóÿÅâöÚČóâóĂË­ÜäñāãËÚ°ÿßøćîØÕĀØÚëóäÉóÂÙääâËóÖõÌ÷ćÈîóÉâöÜäõâóÔăâ¬

ÿßöãÈßî ìäøîÅùÔáóßăâ¬ÿìâóñëâ  
 
 
 
 
 

äúÜáóß  ëóäëòÈÿÅäóñì°ØöćăÕ­ÉóÂÙääâËóÖõ 
 
ëóäëòÈÿÅäóñì°  Åøî  ëóäØöćâÚùêã°é÷ÂêóÅ­ÚÅè­óèõÉòãÉóÂÙääâËóÖõÉÚÅõÕè¬óäú­ ĀæñÿÃ­óĂÉĂÚëõćÈÚòĈÚ

îã¬óÈ×¬îÈĀØ­ëóâóä×ëòÈÿÅäóñì°ëä­óÈëóäÚòĈÚÃ÷ĈÚâóØÕĀØÚ Âóäëä­óÈÃîÈÙääâËóÖõ ÖæîÕÉÚâöÂóä
ÕòÕĀÜæÈÖ¬îÿÖõâāÅäÈëä­óÈÛóÈÜäñÂóäĂì­ÿÜĆÚÖóâØöćÖÚÖ­îÈÂóä āÕãîóÉăâ¬ÅČóÚ÷È×÷ÈÝæÂäñØÛÖ¬îëâÕùæ
ÃîÈÙääâËóÖõáóãĂÖ­ÂÏÿÂÔÒ°ÂóäÿÂõÕÃ÷ĈÚ ÖòĈÈîãú¬ĀæñÕòÛăÜāÕãëòâßòÚÙ°ÂòÛâõÖõÃîÈËöèõÖÉõÖèõÎÎóÔÃîÈ
âõÖõÃîÈÂóæÿèæóĂÚ ÙääâËóÖõ Ì÷ćÈÂ¬îĂì­ÿÂõÕÂóääÛÂèÚÂÏÿÂÔÒ°ÂóäÅèÛÅùâëâÕùæÃîÈÙääâËóÖõāÕã
ÜÂÖõ ÿË¬Ú ÂóäëòÈÿÅäóñì°āßæõÿâîä°ìæóãËÚõÕØöćØÚØóÚÖ¬îÂóäã¬îãëæóãĂÚëáóèñĀèÕæ­îâÜÂÖõ ÃîÈ
ÙääâËóÖõĂÚÜòÉÉùÛòÚ ÂóäÖòÕÖ¬îßòÚÙùÂääâßøË ĀæñëòÖè°Ăì­ÝõÕÿßöĈãÚÉóÂèõèòÓÚóÂóäÜòÉÉùÛòÚāÕãăâ¬
ÅČóÚ÷È×÷ÈÅèóâÿìâóñëâ ëâÕùæĂÚÂóæÜòÉÉùÛòÚ āÕãâù¬ÈëÚîÈÖ¬îÖòÔìóÂõÿæëÅèóâÿÂ¬ÈÂæ­óÃîÈÖÚÿîÈÿÜĆÚ
ëóÿìÖùĂì­ÿÂõÕÂóäëúÎßòÚÙù° ÃîÈßøË ĀæñëòÖè°ìæóãËÚõÕÉóÂÂóäĀØäÂĀÌÈèõ×öÜÂÖõÃîÈÙääâËóÖõ ÿË¬Ú 
ÂóäÖòÕÖ¬îÿîóëóäßòÚÙù°ÂääâÃîÈĀÛÅØöÿäöãăÜĂë¬ăè­ĂÚßøËÖäñÂúæÞ­óã Āæ­èÉÕëõØÙõÛòÖäÿÜĆÚßòÚÙù°ßøËÃîÈ
ÖÚÿîÈÿäöãÂè¬óÞ­óã BTĂÚÃÔñÿÕöãèÂòÚÿßøćîÿÜĆÚÂóäÜÂÜ­îÈÂóäæñÿâõÕëõØÙõÛòÖäÃîÈÖÚ ìäøîîóÉÿÉÖÚó
ØČóæóãÞ­óãÙääâËóÖõĂì­ëúÎßòÚÙù°ìèòÈÂóäÝúÂÃóÕ ÂóäÜæúÂÞ­óãÉ÷ÈÖòÕÖ¬îãöÚë°Ăì­Þ¬óã BT ÿÜĆÚìâòÚāÕã
ăâ¬ăÕ­âöÂóäÜ­îÈÂòÚÂóäÜÚÿÜøĈîÚãöÚë° BT ÉóÂÂóäÝëâÿÂëäÃîÈĀâæÈĂì­ÿÜĆÚìâòÚĂÚäù¬ÚÖ¬îâó ìäøîãöÚë° 
BTÃîÈĀÛÅØöÿäöãîóÉÂäñÖù­ÚĂì­Þ­óã BT ëä­óÈëóäßõêØČóæóãĀâæÈĂÚÙääâËóÖõ ÉÚÂäñØÛì¬èÈāÌ¬Åèóâ
ëâÕùæÃîÈĀâæÈĂÚÙääâËóÖõÉÚÿÂõÕÂóäëúÎßòÚÙù°ÃîÈßøËÖäñÂúæ Þ­óãĀæñĀâæÈĂÚÙääâËóÖõăÕ­  
        ÉñÿìĆÚăÕ­è¬óÂóäÿÂõÕÃ÷ĈÚÃîÈëóäëòÈÿÅäóñì° ìäøîÂóäëòÈÿÅäóñì°ëä­óÈëääßëõćÈØöćÝõÕÿßöĈãÚÉóÂ
ÙääâËóÖõāÕããòÈÃóÕÅèóâÖäñìÚòÂ ĂÚÅèóâæñÿîöãÕî¬îÚ ÌòÛÌ­îÚ æ÷ÂÌ÷ĈÈĂÚëâÕùæÃîÈÙääâËóÖõîóÉ
Â¬îĂì­ÿÂõÕìóãÚñáòãĀÂ¬ÙääâËóÖõ ĀæñëõćÈĀèÕæ­îâÿÂõÚÂè¬óÉñĀÂ­ăÃÿãöãèãóăÕ­ĂÚÜòÉÉùÛòÚâÚùêã°ßÛè¬ó
îòÖäóÂóäëúÎ ÿÝ¬óßòÚÙù°ÃîÈëõćÈâöËöèõÖĂÚÙääâËóÖõÿßõćâÃ÷ĈÚ ĂÚîòÖäóØöćÚ¬óÖÂĂÉÅèóâìæóÂìæóãØóÈËöèáóß
ØöćÿëøćîâØäùÕìÕìóãăÜ ã¬îâìæöÂăâ¬ß­ÚØöćÉñÂäñØÛÖ¬îÂóäÕČóäÈîãú¬ÃîÈÿÝ¬óßòÚÙù°âÚùêã°ÿË¬ÚÿÕöãèÂòÛÂóä ÿÂõÕ



 ƘƗƝ 

āäÅîùÛòÖõĂìâ¬ØòĈÈìæóã ÿË¬Ú ăÃ­ìèòÕÌóä° ÿîÕë° ăÃ­ìèòÕÚÂ ĀæñîøćÚą ĀæñāäÅÅèóâÿëøćîâÉóÂÂóäÿëöãëâÕùæ
ÃîÈä¬óÈÂóãÉóÂÝæÂäñØÛÃîÈëóäÿÅâöëòÈÿÅäóñì° Ì÷ćÈÂäñØÛÖ¬îëõćÈĀèÕæ­îâÂäñØÛÖ¬îëâÕùæÃîÈÙóÖù
ĂÚä¬óÈÂóã ÿË¬Ú āäÅÿÛóìèóÚ ăÃâòÚĂÚÿæøîÕ āäÅăÖ Āæñ ÖòÛèóãÉóÂÂóäØČóÈóÚìÚòÂ ĂÚÂóäÃÉòÕëóä
ĀÜæÂÜæîâÖ¬óÈąØöćäÛÂèÚëâÕùæÃîÈä¬óÈÂóãāÕãÿÊßóñāäÅáúâõĀß­ ÿìæ¬óÚöĈæ­èÚÿÂõÕÉóÂÝæÂääâØöćâÚùêã°
ĀØäÂĀØäÈëâÕùæÃîÈÙääâËóÖõĂì­ÿëöãăÜØòĈÈëõĈÚ  
 

ëóäëòÈÿÅäóñì°ØöćâöëâÛòÖõÅæ­óãïîä°āâÚ   
ëóäëòÈÿÅäóñì°ØöćâöÅùÔëâÛòÖõÿìâøîÚîîÂÌõÚ ëòÈÿÅäóñì°ÿßøćîĂË­ÜäñāãËÚ°ØóÈÂóäÿÂêÖä ëČóìäòÛ

ĂË­ÿä¬ÈäóÂÃîÈÂõćÈÖîÚìäøîÂõćÈÜòÂËČó Ë¬èãĂÚÂóäÿÜæöćãÚÿßéÕîÂÛóÈËÚõÕ Ë¬èãĂì­ÝæÖõÕâóÂÃ÷ĈÚ Ü­îÈÂòÚ
Âóää¬èÈÃîÈÝæ ëóäëòÈÿÅäóñì°ÿìæ¬óÚöĈ ăÕ­ĀÂ¬ 

- IBA (indolebutylic acid )  
- NAA (naphtaleneacetic acid )  
- 2, 4 - D (2-4 dichlorophenoxyacetic acid) 
ëóäëòÈÿÅäóñì° 2, 4-D ÚČóăÜĂË­ĂÚèÈÂóäØìóäĂÚëÈÅäóâÿèöãÕÚóâ ĂË­āÜäãĂë¬Ö­Úăâ­ĂÚÜ¬ó

ÿßøćîĂì­ĂÛä¬èÈ ÉñăÕ­ÿìĆÚáúâõÜäñÿØé ĂÚÜ¬óăÕ­ËòÕÃ÷ĈÚ ëóäëòÈÿÅäóñì°ØöćâöÅùÔëâÛòÖõÿìâøîÚăÌāØăÅÚõÚ 
ÚõãâÚČóâóĂË­ÂäñÖù­ÚÂóäÿÉäõÎÃîÈÖóßøË Ë¬èãäòÂêóÅèóâëÕ ÃîÈăâ­ÖòÕÕîÂĂì­îãú¬ăÕ­ÚóÚ ăÕ­ĀÂ¬ 

- BA (6-benzylamino purine)  
- PBA (tetrahydropyranyl benzyladenine)  
ëóäëòÈÿÅäóñì°ØöćâöÅùÔëâÛòÖõÿìâøîÚÿîØõæöÚ ăÕ­ĀÂ¬ 
- ëóäÿîØõàîÚ (ethephon, 2-chloroethyl phosphonic acid ) ÚČóâóĂË­ÿßõćâÝæÝæõÖÃîÈÚČĈó

ãóÈßóäó  
- ëóä Tria ĂË­ÿä¬ÈÂóäÿÉäõÎÿÖõÛāÖÃîÈßøË ÜäñÿáØÃ­óè ë­â ãó 

 
 
 
 
 



 ƘƗƞ 

 

 
 
   ÜÐõÂõäõãóëñÜîÚÚõàõÿÅËòÚ (ÂóäÿÖäöãâëÛú¬) 
   ÉùÕÜäñëÈÅ°ÂóäÿäöãÚäú­ 

1. ØČóÂóäØÕæîÈÿÖäöãâëÛú¬ăÕ­ 
2. îÙõÛóãĀæñÿÃöãÚëâÂóäĀëÕÈÜÐõÂõäõãóÚČĈóâòÚßøËÂòÛëóäæñæóã NaOH ăÕ­ 

    îùÜÂäÔ° 
              1. ×­èãÂäñÿÛøĈîÈÃÚóÕÿë­ÚÝ¬óéúÚã°ÂæóÈ 8 cm   1 ĂÛ 
              2. ÃèÕäúÜÂäèãÃÚóÕ 100 cm3     1 ĂÛ 
              3. ÛõÂÿÂîä°ÃÚóÕ 250 cm3      1 ĂÛ 
              4. ÂäñÛîÂÖèÈÃÚóÕ 10 cm3     1 ĂÛ 
              5. ĀØ¬ÈĀÂ­èÅÚ       1 îòÚ 
              6. ÉùÂãóÈÜõÕÃèÕäúÜÂäèãÃÚóÕ 100 cm3    1 îòÚ 
              7. ÖñÿÂöãÈĀîæÂîïîæ°ßä­îâØöćÂòĈÚæâ    1 ËùÕ 
ëóäÿÅâö 

1. ÚČĈóâòÚßøË 3 cm3 (ÚČĈóâòÚâñÂîÂìäøîÚČĈóâòÚâñßä­óè) 
2. ëóäæñæóã NaOH  2.5 mod/dm3 ÉČóÚèÚ 5 cm3 
3. ÚČĈó 20 cm3 

 
æČóÕòÛÃòĈÚÖîÚÂóäÜÐõÛòÖõ 

1. ÝëâÚČĈóâòÚâñÂîÂ 3 cm3 ÂòÛëóäæñæóã NaOH  2.5 mod/dm3 ÉČóÚèÚ 5 cm3 ĂÚ×­èã
ÂäñÿÛøĈîÈĂì­Åèóâä­îÚĀæñÅÚÖæîÕÿèæóÉÚëóäĂÚ×­èãÂäñÿÛøĈîÈÿÂøîÛĀì­ÈÖòĈÈØõĈÈăè­Ăì­ÿãĆÚ ëòÈÿÂÖÂóä
ÿÜæöćãÚĀÜæÈØöćÿÂõÕÃ÷ĈÚĀæñÛòÚØ÷ÂÝæ 

2. ĀÛ¬ÈëóäÉóÂÃ­î 1 ÉČóÚèÚÿæĆÂÚ­îãĂë¬æÈĂÚÃèÕäúÜÂäèãĀæ­èÿÖõâÚČĈóæÈăÜ 5 cm3 ÜõÕÉùÂĀæ­è
ÿÃã¬ó 
ÛòÚØ÷ÂÝæÂóäØÕæîÈ 

ëóäØöćăÕ­ÉñâöëöÿìæøîÈî¬îÚÜÚÚČĈóÖóæ âöÂæõćÚÅæ­óãëÛú¬ ÿâøćîÿÖõâÚČĈóæÈăÜĀæ­èÿÃã¬ó ßÛè¬ó ÿÂõÕàîÈ 
ëäùÜĀæñîáõÜäóãÝæ   

ëóäØöćÿÂõÕÉóÂÜÐõÂõäõãóäñìè¬óÈÚČĈóâòÚâñÂîÂÂòÛëóäæñæóãāÌÿÕöãâăïÕäîÂăÌÕ° (NaOH) Åøî 
ëÛú¬ 

ÂõÉÂääâÂóäÿäöãÚäú­Øöć 1 



 ƘƗƟ 

ÿäøćîÈØöć 3  ëóäĀæñÝæõÖáòÔÒ°ØöćĂË­ĂÚËöèõÖ 
ëóäÿÅâöĂÚËöèõÖÜäñÉČóèòÚ  
         ĂÚËöèõÖÜäñÉČóèòÚ ÿäóÉñÖ­îÈÿÂöćãèÃ­îÈÂòÛëóäìæóãËÚõÕ Ì÷ćÈâöæòÂêÔñĀÖÂÖ¬óÈÂòÚ ëóäØöćĂË­ĂÚ
ËöèõÖÜäñÉČóèòÚÉñâöëóäÿÅâöÿÜĆÚîÈÅ°ÜäñÂîÛ Ì÷ćÈëóâóä×ÉČóĀÚÂÿÜĆÚëóäëòÈÿÅäóñì°ĀæñëóäÙääâËóÖõ 
ÿË¬Ú ëóäÜäùÈäëîóìóä ëóäĀÖ¬Èëöîóìóä ëóäØČóÅèóâëñîóÕ ëóäÂČóÉòÕĀâæÈĀæñëóäÂČóÉòÕéòÖäúßøË ÿÜĆÚ
Ö­Ú ĂÚÂóäÉČóĀÚÂëóäÿÅâöÿÜĆÚßèÂą ÚòĈÚÿäóĂË­èòÖ×ùÜäñëÈÅ°ĂÚÂóäĂË­ÿÜĆÚÿÂÔÒ°ÂóäÉČóĀÚÂ ÕòÈ
äóãæñÿîöãÕÖ¬îăÜÚöĈ 
ÝæõÖáòÔÒ°ØČóÅèóâëñîóÕÅîâßõèÿÖîä° (Computer Cleaners) 

ØöćâöÉČóìÚ¬óãÿÜĆÚë¬èÚÝëâÃîÈîñæõàóÖõÂăïāÕäÅóä°ÛîÚìæóã ą ËÚõÕ (aliphatic 
hydrocarbon)35 % îñæõàóÖõÂăïāÕäÅóä°ÛîÚÚöĈÿÜĆÚë¬èÚÜäñÂîÛìæòÂÃîÈÝæõÖáòÔÒ°ØöćĂË­ĂÚ
ËöèõÖÜäñÉČóèòÚìæóãËÚõÕ ÿË¬Ú ÚČĈóâòÚëÚ ĀÂ®ëāÌæöÚ ëöÚČĈóâòÚÿÜĆÚÖ­Ú ÅùÔëâÛòÖõÃîÈîñæõàóÖõÂ
ăïāÕäÅóä°ÛîÚÅøîăèăàăÕ­ îñæõàóÖõÂăïāÕäÅóä°ÛîÚë¬èÚĂìÎ¬ ìóÂëòâÝòëÌČĈó ą ØČóĂì­ÝõèìÚòÈĀì­È 
ÿÚøćîÈÉóÂâòÚëóâóä×æñæóãăÃâòÚØöćÝõèìÚòÈăÕ­Õö Ì÷ćÈîóÉØČóĂì­ÝõèìÚòÈÿÂõÕîóÂóäĀß­ÿË¬ÚÿÜĆÚÝøćÚĀÕÈ ÅòÚ 
ÿÜĆÚÖù¬âßîÈ ÿÜĆÚĀÝæäñÛâ àÂËČĈó ÖÂëñÿÂĆÕ ĀæñîñæõàóÖõÂăïāÕäÅóä°ÛîÚÛóÈËÚõÕ ÿË¬Ú n-hexane ãòÈ
ÿÜĆÚëóäßõêØöćãòÛãòĈÈìäøîØČóæóãÿÚøĈîÿãøćîÃîÈäñÛÛÜäñëóØ ìóÂëúÕăîäñÿìãÿÃ­óăÜÿÜĆÚÿèæóÚóÚîã¬óÈ
Ö¬îÿÚøćîÈ ÂóäăÕ­äòÛëóäØòĈÈĀÛÛäñãñëòĈÚĂÚÜäõâóÔâóÂìäøîÖ¬îÿÚøćîÈĂÚäñãñãóèØČóĂì­âöÜòÎìóÕ­óÚ
ëùÃáóß ÿË¬Ú ÂóäÂÕäñÛÛÜäñëóØë¬èÚÂæóÈ ìòèĂÉæ­âÿìæè ìâÕëÖõ āÅâ¬ó ĀæñîóÉ×÷ÈÖóãăÕ­ ÕòÈÚòĈÚĂÚ
ÂóäĂË­ëóäßõêËÚõÕÚöĈÿÜĆÚÜäñÉČóÅèäâöÿÅäøćîÈÜ­îÈÂòÚÂóäìóãĂÉ ĀæñĂË­ĂÚØöćâöîóÂóé×¬óãÿØăÕ­Õö 
ìæöÂÿæöćãÈÂóäĂË­ĂÚØöćÜõÕ ÿË¬Ú ì­îÈÜäòÛîóÂóé ìäøîĂÚâùâîòÛîóÂóé ĀæñÅèäëèâ×ùÈâøîÕ­èã 
ÝæõÖáòÔÒ°ÿßõćâÅèóâËù¬âËøĈÚÃîÈÝõèìÚòÈ (Moisturizer) 

ÜÂÖõÝõèìÚòÈÉñâöÂóäÜÂÜ­îÈÂóäëúÎÿëöãÚČĈóÖóâÙääâËóÖõîãú¬Āæ­è āÕãâöÝõèìÚòÈ ÃöĈăÅæ Ì÷ćÈÿÜĆÚ
ĀÝ¬ÚĂëÅæùâÝõèîãú¬ ÚîÂÉóÂÚòĈÚãòÈâöÚČĈóâòÚìæ¬îÿæöĈãÈÝõèìÚòÈÌ÷ćÈË¬èãÿÂĆÛÅèóâËù¬âËøĈÚÃîÈÝõèăè­îöÂËòĈÚìÚ÷ćÈ 
ĀÖ¬ÛóÈÅÚìäøîÛóÈë×óÚÂóäÔ° ÿË¬Ú āäÅìÚòÈĀì­ÈÉóÂßòÚÙùÂääâ ÂóäËČóäñæ­óÈÿÂõÚÅèóâÉČóÿÜĆÚ ìäøîĂÚ
áóèñîóÂóéĀì­ÈĂÚåÕúìÚóè ìäøîÂóäØČóÈóÚĂÚì­îÈÜäòÛîóÂóé ÚČĈóÉñäñÿìãÉóÂÝõèìÚòÈÿßõćââóÂÃ÷ĈÚ 
ÝæõÖáòÔÒ°ÿßõćâÿßøćîÅèóâËù¬âËøĈÚÉ÷ÈÿÜĆÚØöćÚõãâ ÉÚÂæóãÿÜĆÚÅèóâÉČóÿÜĆÚÃ÷ĈÚâó æòÂêÔñÃîÈÝæõÖáòÔÒ°âöØòĈÈ
ËÚõÕÅäöâ āæËòÚÃù¬Ú āæËòćÚĂë ÿÉæ ëÿÜäã° ìæòÂÂóäØČóÈóÚÃîÈâòÚÂĆÅøî ÿßøćîĂì­ÝõèìÚòÈâöÅèóâËù¬âËøĈÚ
ÿßõćâÃ÷ĈÚ îÈÅ°ÜäñÂîÛâöØòĈÈëóäË¬èãÿßõćâÚČĈóĂÚËòĈÚÝõèìÚòÈ ÿË¬Ú ÂäÕîñâõāÚ āÌÿÕöãâßöÌöÿî (Sodium 
Pyrrolidone Carboxylic Acid) āßæõÿßÜăØÕ° ãúÿäöã ĀæÅÿÖÖ ÿÜĆÚÖ­Ú ë¬èÚëóäÜ­îÈÂòÚÂóääñÿìãÃîÈÚČĈó
ÉóÂËòĈÚÝõèÂĆÿÜĆÚßèÂÚČĈóâòÚĀæñÃöĈÝ÷ĈÈ ăÃëòÖè° ÌõæõāÅÚ ÛóÈÝæõÖáòÔÒ°ÉñÿÖõâëóäÕúÕÅèóâËøĈÚÉóÂ
ÛääãóÂóéÿßøćîÜ­îÈÂòÚÂóääñÿìãÃîÈÚČĈóÉóÂÿÚøĈîÅäöâ ÿË¬Ú ÂæöÿÌîäöÚ ÚČĈóÝ÷ĈÈ ÂäÕĀæÅÖõÂ 
 



 ƘƘƖ 

ÿî ÿîË ÿî (AHA) ÂòÛÅèóâÈóâÛÚĂÛìÚ­ó 
AHA ã¬îâóÉóÂ Alpha Hydroxyl Acids âöëääßÅùÔØöćÂæ¬óèÃèòÎè¬óÿÜĆÚëóäË¬èãæÕäõĈèäîãÉùÕÕ¬óÈ

ÕČóÛÚÝõèìÚòÈăÕ­ É÷ÈĂË­ÝëâÂòÛÅäöâĀæñāæËòćÚ ÿÅäøćîÈëČóîóÈØöćâö AHA ÿÜĆÚë¬èÚÜäñÂîÛ×úÂÉòÕĂÚÂæù¬â
ÿÕöãèÂòÛëóäÿÅâöëČóìäòÛæîÂÝõè Ì÷ćÈĂË­ÈóÚÂòÚĂÚìâú¬ĀßØã°ÝõèìÚòÈĀæñéòæãÂääâßæóëÖõÂ AHA ØöćĂË­ÂòÚ
âóÂÅøî ÂäÕăÂæāÅæõÂ ĀæñÂäÕĀæÂÖõÂ ĀÖ¬ãòÈâöìæóãËÚõÕØöćĂË­ÿÜĆÚë¬èÚÜäñÂîÛ āÕãÜÂÖõØöćèóÈÖæóÕâö
ÅèóâÿÃ­âÃ­Úä­îãæñ 10 ìäøîÚ­îãÂè¬óÚòĈÚ ĀÖ¬ĂÚÂäÔöÃîÈÝú­ÿËöćãèËóÎÕ­óÚÝõèìÚòÈëóâóä×ĂË­ăÕ­×÷ÈäñÕòÛ
ÅèóâÿÃ­âÃ­Úä­îãæñ 20 -30 ìäøîëúÈÂè¬óÚòĈÚ AHA ÉòÕîãú¬ĂÚÝæõÖáòÔÒ°Øöćăâ¬ĂË¬ÿÅäøćîÈëČóîóÈØòćèăÜ ĀÖ¬îãú¬
ĂÚìâèÕÃîÈÿèËëČóîóÈ (Cosmeceutical) ÖóâîÈÅ°ÂóäîóìóäĀæñãóĀì¬ÈëìäòÑîÿâäõÂó (FDA) Ì÷ćÈĂì­
ÅèóâëÚĂÉÿÜĆÚßõÿéê ÿÚøćîÈÉóÂ AHA ăâ¬ÿìâøîÚÿÅäøćîÈëČóîóÈØòćèăÜ ĀÖ¬âòÚÌ÷âÝ¬óÚÿÃ­óăÜĂÚËòĈÚÝõèìÚòÈ
ăÕ­ ĀæñìóÂÿÃ­âÃ­ÚßîÂĆÉñæîÂÝõè Ì÷ćÈÿÂõÕÝæĂÚØóÈæÛÅøîØČóĂì­ÿÌæÝõèÿëøćîâÿäĆèÃ÷ĈÚ ĀæñãòÈØČóĂì­ÝõèìÚòÈ
ËòĈÚÚîÂÛóÈæÈÕ­èã Ýú­ĂË­ÝæõÖáòÔÒ°Øöćâö AHA ÉČóÚèÚìÚ÷ćÈ ĂË­Āæ­èßÛè¬óÝõèÃîÈÖÚăèÖ¬îĀëÈîóØõÖã°âóÂ
Ã÷ĈÚ ìäøîĀß­ĀÕÕÚòćÚÿîÈ ÂóäØÕæîÈĂË­ÂäÕăÂæāÅæõÂÿÃ­âÃ­ÚĀæñÖ¬îÿÚøćîÈ ÉñßÛîóÂóäÝõèĀÕÈĀæñØÚÖ¬î
ĀëÈãúèöăÕ­Ú­îãæÈ îÈÅ°ÂóäØöćÕúĀæÅèóâÜæîÕáòãÃîÈÝú­ÛäõāáÅ ăÕ­ëäùÜÝæĂÚÂóäĂË­ AHA îã¬óÈÜæîÕáòã 
Ăì­âöÅèóâÿÃ­âÃ­Úăâ¬ÿÂõÚä­îãæñ 10 ĀæñÿâøćîÝëâßä­îâĂË­ÉñÖ­îÈâöÅ¬óÅèóâÿÜĆÚÂäÕ-Õ¬óÈăâ¬ÖČćóÂè¬ó 3.5 
ÚîÂÉóÂÚòĈÚÝæõÖáòÔÒ°ÚòĈÚãòÈÖ­îÈâöë¬èÚÝëâØöćË¬èãæÕäñÕòÛÅèóâăèÖ¬îĀëÈĀÕÕ ìäøîâöëóäÂòÚĀÕÕ ìäøî
âöÃ­îÅèóâĀÚñÚČóĂì­ĂË­ÅèÛÅú¬ÂòÛÝæõÖáòÔÒ°ëČóìäòÛÂòÚĀÕÕ ×­óîãóÂØäóÛè¬óÝæõÖáòÔÒ°ØöćĂË­îãú¬âö AHA 
ìäøîăâ¬æîÈî¬óÚÊæóÂÕú ĀæñâîÈìóËøćîëóäÿÅâöÖ¬îăÜÚöĈ  

- ÂäÕăÂæāÅæõÂ (Glycolic acid)  
- ÂäÕĀæÅÖõÂ (Lactic acid)  
- ÂäÕăÂæāÅæõÂĀæñĀîâāâÿÚöãâăÂæāÅÿæÖ (Glycolic acid and Ammonium glycolate)  
- ÂäÕîòæàóăïÕäîÂÌöÅóāßäæõÂ (Alphahydroxy caprylic acid)  
- ÂäÕÝæăâ­äèâ (Mixed fruit acid)  
- ÂäÕÝæăâ­ëóâîã¬óÈ (Triple fruit acid) 
- ÂäÕÝæăâ­ËÚõÕăÖäîòæàóăïÕäîÂÌö (Tri-alpha hydroxyl fruit acid)  
- ëóäëÂòÕÉóÂÚČĈóÖóæî­îã (Sugar cane extract)  

 



 ƘƘƗ 

ÝæõÖáòÔÒ°ÂČóÉòÕëõćÈîùÕÖòÚ 
  

 
 
 

 
ÂóäÿÂõÕëõćÈîùÕÖòÚĂÚØ¬îāÕãÿÊßóñØ¬îÚČĈóØõĈÈÉóÂî¬óÈæ­óÈËóâ ë¬èÚìÚ÷ćÈÿÂõÕÉóÂăÃâòÚ ÉóÂÿéê

îóìóäĀÃĆÈÖòèÿÂóñîãú¬ĂÚØ¬î ëóäÿÅâöØöćĂË­ÿÜĆÚÝæõÖáòÔÒ°ÂČóÉòÕëõćÈîùÕÖòÚë¬èÚĂìÎ¬ÅøîāÌÿÕöãâăïÕäîÂ
ăÌÕ° ìäøî āÌÕóăà (sodium hydroxide) Ì÷ćÈâöØòĈÈËÚõÕÝÈìäøîÿâĆÕ ĀæñËÚõÕÚČĈó ÅèóâÿÃ­âÃ­ÚÃîÈØòĈÈ 2 
ËÚõÕÉñĀÖÂÖ¬óÈÂòÚ ËÚõÕÝÈÉñâöÅèóâÿÃ­âÃ­ÚÃîÈāÌÿÕöãâăïÕäîÂăÌÕ° ÜäñâóÔ 50% āÕãÚČĈóìÚòÂ 
ĂÚÃÔñØöćËÚõÕÚČĈóÉñâöÅèóâÿÃ­âÃ­ÚÜäñâóÔ 25% āÕãÚČĈóìÚòÂāÌÿÕöãâăïÕäîÂăÌÕ° ÉñØČóÜÐõÂõäõãóÂòÛ
ëõćÈîùÕÖòÚÜäñÿáØăÃâòÚÂæóãÿÜĆÚëóäØöćæñæóãÚČĈóăÕ­  

āÌÿÕöãâăïÕäîÂăÌÕ° âöÅèóâÿÜĆÚßõêâóÂ ÿßäóñåØÙõċÂòÕÂä¬îÚ ÂóäëòâÝòëØóÈÝõèìÚòÈØČóĂì­ÿÂõÕ
ĀÝæăìâ­ ÂóäëòâÝòë×úÂÖóâöåØÙõċÂòÕÂä¬îÚ ØČóĂì­ÿÂõÕÂóääñÅóãÿÅøîÈîã¬óÈäùÚĀäÈ ÿÜĆÚĀÝæĀëÛăìâ­ îóÉ
ØČóĂì­âîÈăâ¬ÿìĆÚĀæñ×÷ÈÃòĈÚÖóÛîÕăÕ­ ÂóäìóãĂÉÿîóÞù¬ÚìäøîæñîîÈÃîÈëóäîóÉØČóĂì­ÿÂõÕÂóääñÅóã
ÿÅøîÈÿæĆÂÚ­îãÃîÈØóÈÿÕõÚìóãĂÉë¬èÚÛÚăÜÉÚ×÷ÈäñÅóãÿÅøîÈîã¬óÈäùÚĀäÈ ØòĈÈÚöĈÃ÷ĈÚîãú¬ÂòÛÜäõâóÔÃîÈ
ÂóäăÕ­äòÛëóä îóÂóäîóÉâöÂóäÉóâ ÿÉĆÛÅî âöÚČĈóâúÂ ÿÂõÕÂóäìÕÿÂäĆÈÃîÈÂæ­óâÿÚøĈî îòÂÿëÛ ÂóäÛèâÚČĈóØöć
×ùÈæâ ĀæñÿÂõÕîóÂóäÛèâÚČĈóØöćÜîÕ ÂóäÂæøÚìäøîÂõÚØČóĂì­ÿÂõÕÂóäăìâ­îã¬óÈäùÚĀäÈÃîÈÜóÂ Åî Āæñ
Ë¬îÈØ­îÈ ØČóĂì­ÿÚøĈîÿãøćîÿÜĆÚĀÝæäùÚĀäÈĀæñîóÉÖóãăÕ­ îóÂóäãòÈäèâ×÷ÈÿæøîÕîîÂĂÚË¬îÈØ­îÈ îóÿÉöãÚ 
Ø­îÈÿëöã ÅèóâÕòÚÿæøîÕÖČćó ÂóäÜÑâßãóÛóæÅèäæ­óÈÛäõÿèÔØöćăÕ­äòÛëóäÕ­èãÚČĈóîã¬óÈÚ­îã 15 ÚóØö 
āÌÿÕöãâăïÕäîÂăÌÕ°ÿâøćîæñæóãĂÚÚČĈóÉñĂì­Åèóâä­îÚëúÈÉÚîóÉÿÕøîÕÂäñÿÕĆÚÿÜĆÚîòÚÖäóãăÕ­ ĀæñãòÈØČó
Ăì­ÿÂõÕæñîîÈØöćâöÂæõćÚÊùÚĀæñäñÅóãÿÅøîÈâóÂ ì­óâÝëâìäøîĂË­ä¬èâÂòÛÝæõÖáòÔÒ°ØöćâöëâÛòÖõÿÜĆÚÂäÕ 
ÕòÈÚòĈÚì­óâÝëâÚČĈóãóæ­óÈì­îÈÚČĈóÌ÷ćÈâöåØÙõċÿÜĆÚÂäÕ ÿßäóñāÌÿÕöãâăïÕäîÂăÌÕ°âöåØÙõċÿÜĆÚÿÛëÌ÷ćÈ 
ÿÂõÕÜÐõÂõäõãóäùÚĀäÈĀæñØČóĂì­ëóäìâÕÜäñëõØÙõáóß ÅèóâÿÜĆÚÕ¬óÈÃîÈāÌÿÕöãâăïÕäîÂăÌÕ° âöÝæ Ö¬îßö
ÿîËìäøîÅèóâÿÜĆÚÂäÕÕ¬óÈÃîÈëõćÈĀèÕæ­îâÉÚ ØČóĂì­ëõćÈâöËöèõÖÚČĈóÖóãăÕ­ ì­óâØõĈÈæÈëú¬Āìæ¬ÈÚČĈó ÚČĈóÿëöã 
ìäøîÕõÚ ØóÈØöćÕöÉ÷ÈÅèäìæöÂÿæöćãÈĂË­ÝæõÖáòÔÒ°ÂČóÉòÕëõćÈîùÕÖòÚÜäñÿáØÚöĈ ìóÂÉČóÿÜĆÚÅèäĂË­āÌÿÕöãâăïÕä
îÂăÌÕ° îã¬óÈäñâòÕäñèòÈ ăâ¬ëòâÝòëëóäāÕãÖäÈ ÅèäĂë¬×ùÈâøî ĀæñĂË­ëóäĂì­ìâÕáóãĂÚÅäòĈÈÿÕöãè Âóä
ÿÂĆÛäòÂêóÅèäÿÂĆÛĂì­âõÕËõÕ ĀæñÜõÕÞóĂì­ëÚõØÿÚøćîÈÉóÂāÌÿÕöãâăïÕäîÂăÌÕ°ÕúÕÅèóâËøĈÚĀæñ
Åóä°ÛîÚăÕîîÂăÌÕ°ÉóÂîóÂóéăÕ­ÕöâóÂ ØČóĂì­ÜäñëõØÙõáóßæÕæÈ 
 



 ƘƘƘ 

ÝæõÖáòÔÒ°ăæ¬ãùÈ (Insect Repellents) 
ÝæõÖáòÔÒ°ăæ¬ãùÈ (Insect Repellents) ØöćĂË­ÂòÚâöëóäÿÅâöØöćÿÜĆÚëóäîîÂåØÙõċÅøî DEET, ăÕÿâØõæ ßØó

ÿæÖ (dimethyl phthalate) Āæñ ÿîØõæÛõèØõæîÿÌÖõæóâõāÚ āßäßõāÚÿîÖ (ethyl butylacetylamino propionate) 
ÝæõÖáòÔÒ°ăæ¬ãùÈâöìæóãäúÜĀÛÛ ØòĈÈĀÛÛëÿÜäã° æúÂÂæõĈÈ (roll on) āæËòćÚØóÂòÚãùÈ ĀæñĀÜ­ÈØóÖòè DEET ìäøî 
diethyltoluamide ÿÜĆÚëóäîîÂåØÙõċØöćÚõãâĂË­âóÂ ÿÜĆÚßõêĀÛÛÿÊöãÛßæòÚăâ¬âóÂÚòÂ ×­óëòâÝòëØóÈ
ÝõèìÚòÈÂ¬îĂì­ÿÂõÕÂóääñÅóãÿÅøîÈÖ¬îÝõèìÚòÈĀæñÖó ìóÂëúÕÕâÃ­óăÜ ØČóĂì­ÿÂõÕÂóääñÅóãÿÅøîÈØöćĀÝ¬Úÿãøćî
ÿâøîÂĀæñØóÈÿÕõÚìóãĂÉë¬èÚÛÚ ĀæñÂóäăÕ­äòÛëóäÿÜĆÚÿèæóÚóÚîóÉÂ¬îĂì­ÿÂõÕîóÂóäĀß­ăÕ­ ĂÚÂóä
ØÕæîÈÂòÛìÚúÂóäăÕ­äòÛëóäĀÛÛÿäøĈîäòÈÉñÂ¬îĂì­ÿÂõÕÂóäÂæóãßòÚÙù°ĀæñâöÝæÖ¬îØóäÂĂÚÅääá° Åèóâ
ÿÃ­âÃ­ÚÃîÈ DEET ĂÚÝæõÖáòÔÒ°ăæ¬ãùÈîãú¬äñìè¬óÈ 5-25% āÕãÚČĈóìÚòÂ ÜäõâóÔ % ØöćâóÂÃ÷ĈÚăâ¬ăÕ­
ìâóã×÷ÈÜäñëõØÙõáóßĂÚÂóäăæ¬ãùÈÉñâóÂÃ÷ĈÚ ĀÖ¬ìâóã×÷ÈäñãñÿèæóĂÚÂóäÜ­îÈÂòÚãùÈÚóÚÃ÷ĈÚ ÿË¬ÚØöć 6% 
ÉñÜ­îÈÂòÚãùÈăÕ­ 2 ËòćèāâÈ ĂÚÃÔñØöć 20% ÉñÜ­îÈÂòÚãùÈăÕ­ 4 ËòćèāâÈ dimethyl phthalate âöÅèóâÿÜĆÚßõê
ÜóÚÂæóÈ îóÉØČóĂì­ÿÂõÕÂóääñÅóãÿÅøîÈÿË¬ÚÿÕöãèÂòÛ DEET Āæ­èãòÈÂÕäñÛÛÜäñëóØë¬èÚÂæóÈ äÛÂèÚ
äñÛÛØóÈÿÕõÚîóìóä ØČóîòÚÖäóãÖ¬îăÖ âöÅèóâÿëöćãÈØČóĂì­ÿÂõÕÂóäßõÂóäĀÖ¬ÂČóÿÚõÕÃîÈØóäÂĂÚÅääá°âö
ÅèóâÿÜĆÚßõêÿæĆÂÚ­îãÖ¬îëõćÈâöËöèõÖĂÚÚČĈó āÕãÿÊßóñÂòÛÜæó Ethyl butylacetylamino propionate âöÅèóâ
ÿÜĆÚßõêÜóÚÂæóÈ Â¬îĂì­ÿÂõÕÂóääñÅóãÿÅøîÈÖó ÚîÂÉóÂĂË­ăæ¬ãùÈĀæ­è Ethyl butylacetylamino 
propionate âöÜäñëõØÙõáóßĂÚÂóäăæ¬âÕ ĀâæÈèòÚ ĀâÈâùâ ÿìĆÛ ìâòÕîöÂÕ­èã ÝæõÖáòÔÒ°ăæ¬ãùÈë¬èÚĂìÎ¬âö
ÝæÂ¬îÂóäÂæóãßòÚÙù°ìóÂĂË­îã¬óÈÖ¬îÿÚøćîÈ ÕòÈÚòĈÚÅèäĂË­ÿâøćîÉČóÿÜĆÚÿØ¬óÚòĈÚĀæñÅèäĂË­îã¬óÈäñâòÕäñèòÈ... 

ÅČóĀÚñÚČóĂÚÂóäĂË­  
- ăâ¬ÅèäĂË­ØóÝõèìÚòÈØöćâöÿëøĈîÝ­óÜÂÜõÕîãú¬  
- îã¬óØóÛäõÿèÔØöćâöÛóÕĀÝæìäøîäîãÝøćÚÅòÚ  
- îã¬óØóÛäõÿèÔÕèÈÖó ÜóÂ ×­óĂË­ĀÛÛëÿÜäã°Ăì­ÊöÕëÿÜäã°æÈÛÚâøîÂ¬îÚĀæ­èÉ÷ÈØóØöćĂÛìÚ­ó 

îã¬óÊöÕëÿÜäã°ÿÃ­óØöćĂÛìÚ­óāÕãÖäÈ  
- ì­óâÿÕĆÂĂË­ÝæõÖáòÔÒ°Õ­èãÖòèÿîÈ ÅèäØóÛÚâøîÂ¬îÚĀæ­èÉ÷ÈØóĂì­ÿÕĆÂ îã¬óÊöÕìäøîÿØæÈÛÚâøî

ÃîÈÿÕĆÂ  
- ĂË­ĂÚÜäõâóÔØöćÿßöãÈßîëČóìäòÛÜÂÜ­îÈÝõè ăâ¬ÉČóÿÜĆÚÖ­îÈØóĂì­ìÚóÿßäóñăâ¬Ë¬èãÿßõćâ

ÜäñëõØÙõáóßĂÚÂóäăæ¬ãùÈ 
- ×­óĂË­Āæ­èÿÂõÕÝøćÚìäøîÿÂõÕÝæÃ­óÈÿÅöãÈ Åèäæ­óÈîîÂÕ­èãÚČĈóëÛú¬ Āæ­èăÜßÛĀßØã°ßä­îâÂòÛÚČó

ÝæõÖáòÔÒ°ăÜÕ­èã  
- ÈÕĂË­ĂÚëÖäöâöÅääá°  
 
 



 ƘƘƙ 

æúÂÿìâĆÚ (Mothball) 
æúÂÿìâĆÚØöćÿäóÅù­ÚÿÅãâöæòÂêÔñÿÜĆÚÂ­îÚÂæâëöÃóèÃÚóÕÿë­ÚÝ¬óéúÚã°ÂæóÈÜäñâóÔ 1 ÿÌÚÖõÿâÖä 

ÿîóăè­Ăë¬ĂÚÖú­ÿëøĈîÝ­óìäøîÖú­ÿÂĆÛäîÈÿØ­óÿßøćîäñÈòÛÂæõćÚĀæñÜ­îÈÂòÚĀâæÈÂòÕĀØñ ÿßäóñæúÂÿìâĆÚĂì­ăîØöćâö
ÂæõćÚîîÂâóÉóÂëóäÿÅâöØöćÿÜĆÚÃîÈĀÃĆÈ ÿäöãÂè¬óäñÿìõÕîîÂâó (×­óăîîîÂâóÉóÂÃîÈÿìæè ÿäöãÂè¬ó äñÿìã) 
ëóäÿÅâöØöćâöÂæõćÚĀæñäñÿìõÕăÕ­ÚČóâóĂË­ØČóæúÂÿìâĆÚ ăÕ­ĀÂ¬ ĀÚßÙóæöÚ (Naphthalene) ÿÜĆÚÝæ÷ÂëöÃóè ĀÃĆÈ 
Āæñëóâóä×äñÿìõÕÿÜĆÚăîăÕ­È¬óã ìóÂÂõÚìäøîÂæøÚÿÃ­óăÜØČóĂì­âöîóÂóäÜèÕéöäêñ ÅæøćÚăë­ îóÿÉöãÚ â÷Ú
ÈÈ äñÅóãÿÅøîÈÖ¬îÂäñÿßóñîóìóäĀæñæČóăë­ ÂóäăÕ­äòÛÿÃ­óăÜĂÚÜäõâóÔØöćâóÂîóÉØČóæóãÿÌæÿâĆÕÿæøîÕ
ĀÕÈ ÂóäìóãĂÉÿÃ­óăÜÉñØČóĂì­ÿÉĆÛÅî ăî ÜèÕéöäêñ ĀæñÅæøćÚăë­ ÂóäëòâÝòëØóÈÝõèìÚòÈØČóĂì­ÿÂõÕÂóä
äñÅóãÿÅøîÈÜèÕĀëÛÜèÕä­îÚ ëóäÚöĈëóâóä×ÕúÕÌ÷âÝ¬óÚÝõèìÚòÈĀæñØČóĂì­ÿÜĆÚîòÚÖäóãăÕ­ ÂóäëòâÝòë×úÂ
ÖóØČóĂì­ÜèÕÖó ĀæñëóãÖóßä¬óâòè ãòÈâöîöÂëóäìÚ÷ćÈØöćÚČóâóĂË­ĀØÚĀÚßÙóæöÚ Åøî p-Dichlorobenzene 
(1,4- Dichlorobenzene ìäøî p-DCB) âöëâÛòÖõëóâóä×äñÿìõÕÂæóãÿÜĆÚăîîã¬óÈË­óą ĀæñăîÃîÈâòÚÉñØČó
ìÚ­óØöćÕòÛÂæõćÚ ìäøîÇ¬óĀâæÈßõêÃîÈ p-Dichlorobenzene Åæ­óãąĀÚßÙóæöÚ âöÅèóâÿÜĆÚßõêâóÂ 
(www.wikipedia.org) ëóäÿÅâöØöćĂË­ØČóæúÂÿìâĆÚîöÂËÚõÕìÚ÷ćÈÅøî ĀÅâÿßîä° ìäøî ÂóäÛäú (Camphor; 
1,7,7-trimethylnorcamphor) âöÅèóâÿÜĆÚßõêâóÂ ×­óìóãĂÉÿÃ­óăÜÂ¬îĂì­ÿÂõÕÂóääñÅóãÿÅøîÈÖ¬îØóÈÿÕõÚ
ìóãĂÉ ăî ìóãĂÉ×öć âöÝæÖ¬îäñÛÛÜäñëóØÿÜĆÚăÕ­ÖòĈÈĀÖ¬â÷ÚÈÈÉÚ×÷ÈËòÂ Ã÷ĈÚîãú¬ÂòÛÜäõâóÔĀæñäñãñÿèæó
ØöćăÕ­äòÛëóä ÂóäÂæøÚìäøîÂõÚÿÃ­óăÜÂ¬îĂì­ÿÂõÕÂóääñÅóãÿÅøîÈÖ¬îØóÈÿÕõÚîóìóä ÿÂõÕîóÂóäÅæøćÚăë­ 
îóÿÉöãÚ Ø­îÈÿëöã îóÉØČóĂì­ÜèÕéöäêñ ÿÜĆÚæâ ÂóäëòâÝòëØóÈÝõèìÚòÈÂ¬îĂì­ÿÂõÕîóÂóäÿÜĆÚÝøćÚĀÕÈ ÅòÚ Āæñ
ÿÉĆÛ ëóâóä×ÕúÕÌ÷âÝ¬óÚÝõèìÚòÈăÕ­îã¬óÈäèÕÿäĆè ×­óăÕ­äòÛëóäÿÜĆÚÿèæóÚóÚîóÉØČóæóãÖòÛĀæñăÖ ÅÚØöćâö
îóÂóäÝõÕÜÂÖõØóÈäñÛÛÜäñëóØìäøîÿÜĆÚāäÅÿÂöćãèÂòÛÖòÛîãú¬Āæ­èÉñăÕ­äòÛÝæÂäñØÛÖ¬îëóäÚöĈăÕ­È¬óã  

îã¬óÈăäÂĆÖóâ ÂóäĂË­æúÂÿìâĆÚÖóâÜÂÖõăâ¬ăÕ­Ăì­îòÚÖäóãÿË¬Úè¬óÚöĈ ÿßäóñâòÚÅ¬îãąäñÿìõÕĂì­ăî
îîÂâó ÿäóăâ¬ăÕ­ăÜëúÕÕâĀäÈą ìäøîëòâÝòëÚóÚą ëõćÈØöćÅèääñâòÕäñèòÈÅøîÿÂĆÛĂì­ß­ÚâøîÿÕĆÂ ØöćîóÉÿæ¬Ú
ìäøîìãõÛăÜĂë¬ÜóÂăÕ­... 
 

ÚČĈóãóÃòÕßøĈÚĀæñÿàîä°ÚõÿÉîä° 

ÚČĈóãóÃòÕßøĈÚĀæñÿàîä°ÚõÿÉîä° âòÂâöë¬èÚÝëâÃîÈëóäÿÅâöìæòÂ ą îãú¬ 2-3 ËÚõÕÅøî ăÕÿîÙõæöÚ             
ăÂæÅîæ (Diethylene Glycol) ÚČĈóâòÚÜõāÖäÿæöãâ ĀæñăÚāÖäÿÛÚÌöÚ ØòĈÈìâÕÿÜĆÚëóäăèăàĀæñĂì­                
ăîäñÿìã ĀÖ¬ë¬èÚĂìÎ¬Åøî 2 ËÚõÕĀäÂ ë¬èÚăÚāÖäÿÛÚÌöÚâöÚ­îã ăÕÿîÙõæöÚăÂæÅîæĀæñÚČĈóâòÚ
ÜõāÖäÿæöãâØČóìÚ­óØöćÿÜĆÚÖòèØČóæñæóãÅèóâÿÜĆÚßõêÃîÈØòĈÈëîÈÖòèÚöĈăâ¬äùÚĀäÈĀæñăâ¬âößõêÿÊöãÛßæòÚ 
ÚîÂÉóÂÂæøÚÂõÚÿÃ­óăÜ îòÚÖäóãÉ÷Èîãú¬ØöćÅèóâăèăàĀæñăîäñÿìãØöćîóÉëúÕÕâÿÃ­óăÜäñãñãóè ĀÖ¬ÿâøćîâòÚ
âóîãú¬ĂÚÛ­óÚÿäóÂĆÖ­îÈäñèòÈÿÕĆÂÂõÚÿÃ­óăÜÿØ¬óÚòĈÚ ×­óÂæøÚÂõÚÿÃ­óăÜÉñâöîóÂóäÅæøćÚăë­ îóÿÉöãÚ Ø­îÈä¬èÈ 
Ö­îÈĂì­Ýú­Ü¬èãÕøćâÚČĈóâóÂ ą æ­èÈÅîĂì­îóÿÉöãÚĀæ­èë¬ÈĀßØã° ëČóìäòÛăÚāÖäÿÛÚÌöÚØöćîóÉÿÜĆÚë¬èÚÝëâîãú¬
ÚòĈÚ Õ­èãÖòèÃîÈâòÚÿîÈÉñâößõêâóÂÂè¬ó ÿßäóñÿâøćîëúÕÕâìäøîÌ÷âÌòÛÿÃ­óÝõèìÚòÈÿÜĆÚÿèæóÚóÚ ÉñÿÜĆÚßõê

http://www.wikipedia.org/


 ƘƘƚ 

Ö¬îÿâĆÕÿæøîÕ îóÂóääùÚĀäÈîóÉ×÷ÈÃòĈÚÜèÕéöäêñ ËößÉäÿÖ­Úăâ¬ÿÜĆÚÉòÈìèñ ÅèóâÕòÚÿæøîÕæÕæÈ ìóãĂÉ
æČóÛóÂ ÿÂõÕîóÂóäÖòèÿÃöãè ĀæñäñÛÛë¬èÚÂæóÈÝõÕÜÂÖõ ÿâøćîÿÂõÕăàăìâ­Ăì­ĂË­āàâëČóìäòÛÕòÛăà ìäøîÝÈ
ÿÅâö ìäøîÅóä°ÛîÚăÕîîÂăÌÕ°ÕòÛăàăÕ­ ĀÖ¬×­óÚČĈóãóÜäõâóÔăâ¬âóÂÂĆĂË­ÚČĈóăÕ­ Âóä×úÂÝõèìÚòÈăâ¬âö
îòÚÖäóãâóÂÚòÂÿßöãÈĀÖ¬æ­óÈîîÂØòÚØöÕ­èãÚČĈóâóÂą ØöćëČóÅòÎăâ¬ÅèäÜæ¬îãăÚāÖäÿÛÚÌöÚ ëú¬ëõćÈĀèÕæ­îâ 

ÂóäØöćÿäóÖ­îÈß÷ćÈßóÚČĈóãóÖ¬óÈą ÖòĈÈĀÖ¬ÚČĈóãóÃòÕßøĈÚì­îÈÚČĈóØòĈÈÂäÕĀæñÕ¬óÈ Āæ­èãòÈÚČĈóãóÃòÕ
ÿàîä°ÚõÿÉîä°îöÂ Ú¬óÉñìãùÕÅõÕè¬óâöÅèóâÉČóÿÜĆÚëòÂÿßöãÈĂÕ æÕæÈăÕ­ìäøîăâ¬ îóÉìóëõćÈîøćÚØÕĀØÚÂĆăÕ­ 
ÿË¬ÚîóÉĂË­ÚČĈóâòÚÝëâÚČĈóâñÚóè (2:1) ÃòÕÿàîä°ÚõÿÉîä°ĀØÚ ìäøî×­óØ¬îÖòÚæîÈĂË­èõÙöØñæèÈØ¬îìäøîæ­óÈ
Õ­èãÚČĈóä­îÚ Â¬îÚìòÚăÜĂË­āÌÿÕöãâăïÕäîÂăÌÕ° ìäøîĀØÚØöćÉñĂË­ÚČĈóãóæ­óÈì­îÈÚČĈóØöćÿÜĆÚÂäÕăïāÕäÅæî
æõÂ îóÉĂË­ĀÅ¬ÚČĈóÝëâÝÈÌòÂàîÂĀæ­èÃòÕÕ­èãĀÜäÈÂĆăÕ­ ìäøî×­óîã¬óÈî¬îÚ ą ÂĆìòÚăÜĂË­ÝÈàú (āÌÿÕöãâăÛ
Åóä°ÛîÿÚÖ) ĀØÚ ÕòÈÚòĈÚÂ¬îÚÉñÌøĈîÚČĈóãóØČóÅèóâëñîóÕĂÕ ą âóĂË­ ìãùÕÅõÕ×÷ÈëõćÈĀèÕæ­îâëòÂÚõÕ áòã
ĂÂæ­ÖòèÂĆîóÉæÕæÈÕ­èã 
 

āàâßæóëÖõÂ 
āàâßæóëÖõÂØöćÿäóĂË­ÂòÚĀßä¬ìæóãØùÂèòÚÚöĈ ÿäöãÂîöÂîã¬óÈìÚ÷ćÈè¬ó āßæõëăÖäöÚāàâ ìäøîëăÖ

āäāàâ âöæòÂêÔñÿÜĆÚÿÚøĈîßîÈ ÿÜĆÚÿâĆÕÂæâÿÛöãÕîòÕÂòÚĀÚ¬Úîãú¬ĂÚĀÝ¬Úāàâ ĀÃĆÈĀäÈ ãøÕìãù¬ÚăÕ­ ĂË­âöÕ
ÖòÕĀÖ¬ÈăÕ­ ÿÛó ĀæñäóÅóăâ¬ĀßÈ É÷ÈÚõãâĂË­ÿÜĆÚìöÛì¬îÂòÚÂäñÿØøîÚ ÂòÚÅèóâä­îÚ ĂË­ÿÜĆÚáóËÚñĂë¬
îóìóä ë¬èÚËÚõÕÿÛóâöÅèóâìÚóĀÚ¬ÚÚ­îã ÚõãâĂË­ÿÜĆÚèòëÕùÖÂĀÖ¬ÈÿèØö ĀæñßèÈìäöÕ āàâØČóĂì­
ËöèõÖÜäñÉČóèòÚÃîÈÿäóëñÕèÂëÛóãÃ÷ĈÚÂĆÉäõÈ ĀÖ¬âòÚÂĆÿÜĆÚÖòèëä­óÈÜòÎìóâæáóèñîã¬óÈâóÂ ÿßäóñâòÚăâ¬
ÿÚ¬óÿÜøćîãìäøîã¬îãëæóãÖóâÙääâËóÖõ āàâĂË­Āæ­èÉñ×úÂØõĈÈæÈ×òÈÃãñ ÅèóâØöćâòÚâöÃÚóÕĂìÎ¬ ÿÛó Āæñ
ÂõÚØöć ÂóäÿÂĆÛäèÛäèâÃãñÉ÷Èëä­óÈÜòÎìóĂì­ÂòÛÿØéÛóæ ÿßäóñâòÚÿÃ­óăÜîùÕÖòÚÖóâØ¬îäñÛóãÚČĈó Āæñ
ØČóæóãØòéÚöãáóßîöÂØòĈÈãòÈÖ­îÈĂË­ÿÖóÿÝóßõÿéê É÷ÈÉñÂČóÉòÕăÕ­ É÷ÈÅèäìæöÂÿæöćãÈÂóäĂË­ ÚîÂÉóÂÚòĈÚÿâøćîÿÝó
ØČóæóãâòÚãòÈÜæ¬îãÂ®óÌÌöÿîàÌöÌ÷ćÈÿÖõâæÈăÜĂÚÂäñÛèÚÂóäÝæõÖØČóĂì­ÿÂõÕÂóäßîÈÖòè Â®óÌÚöĈÿÜĆÚÖòè
ØČóæóãËòĈÚāîāÌÚÃîÈÛääãóÂóé ëóÿìÖùÃîÈÜäóÂÐÂóäÔ°āæÂä­îÚîòÚÿÚøćîÈâóÉóÂÂ®óÌÿäøîÚÂäñÉÂ 
ÕòÈÚòĈÚ ÿäóÅèäË¬èãÂòÚæÕÂóäĂË­āàâÿßøćîëõćÈĀèÕæ­îâØöćÿäóîóéòãîãú¬   
(Øöćâó : http://www.chemtrack.org) 
 



 ƘƘƛ 

 
 
ëÛú¬ ÝÈÌòÂàîÂ ĀæñĀËâßúØČóÅèóâëñîóÕăÕ­îã¬óÈăä 
ÉùÕÜäñëÈÅ° 
 Ɨ.ØÕæîÈÿÜäöãÛÿØöãÛĀæñëäùÜÿÂöćãèÂòÛÂóäæñæóãÃîÈÚČĈóâòÚßøËĂÚÚČĈó Â¬îÚĀæñìæòÈÿÖõâëóäØČó
ÅèóâëñîóÕÛóÈËÚõÕăÕ­ 
 2.îÙõÛóãëóÿìÖùØöćëÛú¬ ÝÈÌòÂàîÂ ĀæñĀËâßú ëóâóä×ĂË­ØČóÅèóâëñîóÕăÕ­ 
îùÜÂäÔ° 

Ɨ.ÚČĈóâòÚßøË     ƛ cm3 
2.ÚČĈóëÛú¬      ƙ cm3 
ƙ.ëóäæñæóãÝÈÌòÂàîÂ    ƙ cm3 
ƚ.ëóäæñæóãĀËâßú    ƙ cm3 
ƛ.ÚČĈóÂæòćÚ     ƛƖ cm3 
Ɯ.ìæîÕØÕæîÈÃÚóÕÂæóÈ   ƚ ìæîÕ 
Ɲ.ØöćÖòĈÈìæîÕØÕæîÈ    Ɨ îòÚ 
ƞ.ÂäñÛîÂÊöÕãóÃÚóÕ ƛ  cm3   1 îòÚ 
Ɵ.ìæîÕìãÕ     Ɨ îòÚ 
ƗƖ.ÛöÂÿÂîä°ÃÚóÕ ƛƖ  cm3   4 ĂÛ 

 
èõÙöÂóäØÕæîÈ 

Ɨ.ĂË­ÂäñÛîÂÊöÕãóÕúÕÚČĈóÂæòćÚØöćÿÖÚöãâăè­Ăë¬æÈăÜĂÚìæîÕØÕæîÈØòĈÈ ƚ ìæîÕ ìæîÕæñ ƙ cm3 
Ƙ.ĂË­ìæîÕìãÕÕúÕÚČĈóâòÚßøË Āæ­èÚČóăÜìãÕĂë¬ìæîÕØÕæîÈØòĈÈ ƚ ìæîÕ ìæîÕæñ ƙ ìãÕ 

ëòÈÿÂÖÂóäÿÜæöćãÚĀÜæÈĀæñÛòÚØ÷ÂÝæ 
ƙ.ÚČóìæîÕØÕæîÈØöć Ɨ âóÿÃã¬óÚóÚÜäñâóÔ ƘƖ èõÚóØö Āæ­èÚČóăÜÖòĈÈØõĈÈăè­ĂÚØöćÖòĈÈìæîÕØÕæîÈ 

ëòÈÿÂÖÂóäÿÜæöćãÚĀÜæÈĀæñÛòÚØ÷ÂÝæ 
ƚ.ĂË­ÂäñÛîÂÊöÕãóÕúÕÚČĈóëÛú¬ØöćÿÖäöãâăè­ ÿÖõâæÈăÜĂÚìæîÕØÕæîÈØöć Ƙ ÜäõâóÔ  Ɨ  cm3  
ÉóÂÚòĈÚÚČóìæîÕØÕæîÈâóÿÃã¬óÜäñâóÔ ƘƖ èõÚóØö Āæ­èÚČóăÜÖòĈÈØõĈÈăè­ĂÚØöćÖòĈÈìæîÕØÕæîÈ 

ëòÈÿÂÖÂóäÿÜæöćãÚĀÜæÈĀæñÛòÚØ÷ÂÝæ 
ƛ.ÕČóÿÚõÚÂóäÿË¬ÚÿÕöãèÂòÛÃ­î ƚ ĀÖ¬ÉñĂË­ëóäæñæóãÝÈÌòÂàîÂĀæñĀËâßú ĀØÚÚČĈóëÛú¬ ÖóâæČóÕòÛ 
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 ƘƘƜ 

ÖóäóÈÛòÚØ÷ÂÝæÂóäØÕæîÈ 
 

ÂóäØÕæîÈ ÝæÂóäØÕæîÈ 
Ɨ.ÿÖõâÚČĈóâòÚßøËæÈĂÚÚČĈó âöìãÕÚČĈóâòÚìãÕÿæĆÂ ą ĀØäÂăÜĂÚÚČĈó ĀæñÿâøćîØõĈÈ

ăÜÚóÚ ą ÚČĈóâòÚÉñĀãÂîîÂÉóÂÚČĈóÿÜĆÚËòĈÚÿìĆÚăÕ­
ËòÕÿÉÚ 

Ƙ.ÿÖõâÚČĈóëÛú¬æÈĂÚÚČĈóØöćâöÚČĈóâòÚßøËîãú¬ ăÕ­ëóäæñæóãÃù¬ÚÃóè ăâ¬âöÚČĈóâòÚÿìæøîîãú¬ 
3.ÿÖõâëóäæñæóãÝÈÌòÂàîÂæÈĂÚÚČĈóØöćâöÚČĈóâòÚßøË
îãú¬ 

ăÕ­ëóäæñæóãÃù¬ÚÃóè ăâ¬âöÚČĈóâòÚÿìæøîîãú¬ 

ƚ.ÿÖõâëóäæñæóãĀËâßúæÈĂÚÚČĈóØöćâöÚČĈóâòÚßøËîãú¬ ăÕ­ëóäæñæóãÃù¬ÚÃóè ăâ¬âöÚČĈóâòÚÿìæøîîãú¬ 
 
ëäùÜÝæÂóäØÕæîÈ 

ÿâøćîÿÖõâÚČĈóâòÚßøËæÈĂÚÚČĈóìæòÈÉóÂÿÃã¬óĀæñÖòĈÈØõĈÈăè­   âöìãÕÚČĈóâòÚìãÕÿæĆÂ ą ĀØäÂăÜĂÚÚČĈó 
ĀæñÿâøćîØõĈÈăÜÚóÚ ą ÚČĈóâòÚÉñĀãÂîîÂÉóÂÚČĈóÿÜĆÚËòĈÚÿìĆÚăÕ­ËòÕÿÉÚ  ĀÖ¬ÿâøćîÿÖõâÚČĈóëÛú¬ ëóäæñæóã
ÝÈÌòÂàîÂ ëóäæñæóãĀËâßú æÈĂÚÚČĈóØöćâöÚČĈóâòÚßøËîãú¬ ìæòÈÉóÂÿÃã¬óĀæñÖòĈÈØõĈÈăè­   ßÛè¬ó ăÕ­ëóäæñæóã
Ãù¬ÚÃóè ăâ¬âöÚČĈóâòÚÿìæøîîãú¬  ÉóÂÂóäØÕæîÈÚöĈĀëÕÈĂì­ÿìĆÚè¬ó ÚČĈóëÛú¬ ëóäæñæóãÝÈÌòÂàîÂ ëóäæñæóã
ĀËâßú Ë¬èãØČóĂì­ÚČĈóâòÚæñæóãÚČĈóăÕ­ 



 ƘƘƝ 

ÿäøćîÈØöć 4  ÂóäÿæøîÂĂË­ëóäĂÚËöèõÖ 
ëóäÿÅâöĂÚËöèõÖÜäñÉČóèòÚ 

      ØùÂÅäòèÿäøîÚÉČóÿÜĆÚÖ­îÈĂË­ÝæõÖáòÔÒ°Ö¬óÈąØöćâöëóäÿÅâöÿÜĆÚë¬èÚÜäñÂîÛ Ì÷ćÈăÕ­ĀÂ¬ ÝæõÖáòÔÒ°ØČó
ÅèóâëñîóÕì­îÈÚČĈó ÝæõÖáòÔÒ°ØöćĂË­ĂÚì­îÈÅäòè ÝæõÖáòÔÒ°ØöćĂË­ë¬èÚÛùÅÅæ ìäøîĀâ­ĀÖ¬ãóÇ¬óĀâæÈ ÿÜĆÚ
Ö­Ú ÅùÔÿÅãìãùÕÅõÕëòÂÚõÕÛ­óÈăìâè¬óÝæõÖáòÔÒ°Ö¬óÈąØöćĂË­áóãĂÚÛ­óÚÿìæ¬óÚöĈÜäñÂîÛÕ­èãëóäÿÅâöÛóÈ
ËÚõÕØöćÿÜĆÚîòÚÖäóãÖ¬îëâóËõÂĂÚÅäîÛÅäòèĀæñëòÖè°ÿæöĈãÈØöćÅùÔäòÂ āÕã×­óÚČóăÜĂË­ ÿÂĆÛ ìäøîØČóæóãØõĈÈ 
îã¬óÈăâ¬×úÂèõÙö îóÉÿÜĆÚîòÚÖäóãÖ¬îëùÃáóß ĀæñëõćÈĀèÕæ­îâ ìäøîîóÉÖõÕăàØČóæóãØäòßã°ëõÚÃîÈÅùÔăÕ­ 
îã¬óÈăäÂĆÖóâ ×­óÿäóäú­ÉòÂĂË­ ÿÂĆÛ ĀæñØõĈÈÝæõÖáòÔÒ°ÿìæ¬óÚöĈîã¬óÈ×úÂèõÙö ÿäóÂĆÉñëóâóä×Ü­îÈÂòÚîòÚÖäóãØöć
îóÉÿÂõÕÃ÷ĈÚăÕ­ĀæñĂË­ÝæõÖáòÔÒ°ÿìæ¬óÚöĈăÕ­îã¬óÈÜæîÕáòã 

ØČóăâëóäÿÅâöØöćĂË­áóãĂÚÛ­óÚÉ÷ÈÿÜĆÚîòÚÖäóã 
ÝæõÖáòÔÒ°ëóäÿÅâöØöćĂË­áóãĂÚÛ­óÚâöîòÚÖäóã āÕãîã¬óÈÚ­îãâöÅùÔëâÛòÖõÃ­îĂÕÃ­îìÚ÷ćÈÕòÈÚöĈ ÿÜĆÚ

ßõê ÂòÕÂä¬îÚ ÖõÕăàăÕ­ ìäøîØČóÜÐõÂõäõãóØöćäùÚĀäÈăÕ­ ÝæõÖáòÔÒ°ØöćâöëóäÿÅâöØöćÿÜĆÚîòÚÖäóãÿÜĆÚ
ë¬èÚÜäñÂîÛ ăÕ­ĀÂ¬ ÚČĈóãóØČóÅèóâëñîóÕØòćèăÜ ãóÇ¬óĀâæÈ ëÿÜäã°ËÚõÕÖ¬óÈą ÚČĈóãóÃÉòÕÅäóÛăÃâòÚ ÚČĈó
âòÚÿËøĈîÿßæõÈ ëöĀæñÝæõÖáòÔÒ°Øöć×úÂØóëöâóĀæ­è ĀÛÖÿÖîäö Āæñìâ÷Â ÝæõÖáòÔÒ°ĀæñëóäÿÅâöÖ¬óÈąÿìæ¬óÚöĈ
ë¬èÚâóÂ×­óăÕ­äòÛìäøîëòâÝòëĂÚÜäõâóÔØöćÚ­îãÅÈăâ¬Â¬îĂì­ÿÂõÕîòÚÖäóãâóÂÚòÂ ĀÖ¬×­óăÕ­äòÛìäøîëòâÝòëĂÚ
ÜäõâóÔØöćâóÂ ìäøîĂÚÂäÔöîùÛòÖõÿìÖù ÿË¬Ú ëóäÿÅâöìÂäÕä¬óÈÂóã ìäøîäòćèîîÂÉóÂáóËÚñÛääÉù ÂĆîóÉØČó
Ăì­ÿÂõÕîòÚÖäóã×÷ÈËöèõÖăÕ­  
  ëõćÈØöćÅèäÜÐõÛòÖõÿßøćîĂì­Û­óÚÃîÈÅùÔÜæîÕáòã 

1. ÉòÕÿÂĆÛÝæõÖáòÔÒ°Ö¬óÈąăè­ĂÚØöćØöćĀì­ÈĀæñÿãĆÚ ì¬óÈÉóÂÅèóâä­îÚ ÉòÕèóÈÛÚßøĈÚìäøîËòĈÚØöć
âòćÚÅÈ ĀæñÿÂĆÛĂì­ÿÜĆÚäñÛÛ ÅèäĀãÂÿÂĆÛÝæõÖáòÔÒ°ØöćâöåØÙõċÂòÕÂä¬îÚ ÖõÕăàăÕ­ ØČóÜÐõÂõäõãóØöćäùÚĀäÈăÕ­ 
ìäøîÿÜĆÚßõê ăè­ÛÚËòĈÚÖ¬óÈìóÂ ĀæñØČóÅèóâÅù­ÚÿÅãÂòÛÝæõÖáòÔÒ°ĀÖ¬æñËÚõÕ ÅèäÉÕÉČóĂì­ăÕ­è¬óÿÂĆÛăè­Øöć
ăìÚ ĀæñĀÖ¬æñÝæõÖáòÔÒ°âöèòÖ×ùÜäñëÈÅ°ĂÚÂóäĂË­îã¬óÈăä ÿâøćîĂË­ÿëäĆÉĀæ­èÅèäÚČóâóÿÂĆÛăè­ØöćÿÕõâØòÚØö 
ĀæñÖäèÉĂì­ĀÚ¬ĂÉè¬óáóËÚñØùÂËõĈÚâöÞóÜõÕØöćĀÚ¬ÚìÚó ÝæõÖáòÔÒ°ÛóÈËÚõÕîóÉÿÜĆÚîòÚÖäóãăÕ­âóÂÂè¬óØöć
ÅùÔÅõÕ ÝæõÖáòÔÒ°ÿìæ¬óÚöĈăÕ­ĀÂ¬ 

- ÝæõÖáòÔÒ°ØČóÅèóâëñîóÕáóãĂÚÛ­óÚ ÿË¬Ú ÚČĈóãóÿËĆÕÂäñÉÂ ĀîâāâÿÚöã ÚČĈóãóÇ¬óÿËøĈî ÚČĈóãóØČó
ÅèóâëñîóÕßäâ ÚČĈóãóÃòÕÿàîä°ÚõÿÉîä° äèâØòĈÈëÿÜäã°ÜäòÛîóÂóé ÿÜĆÚÖ­Ú 

- ÝæõÖáòÔÒ°ÌòÂÝ­ó ÿË¬Ú ÝÈÌòÂàîÂ ÚČĈóãóÜäòÛÝ­óÚù¬â ÚČĈóãóàîÂëöÝ­ó ÿÜĆÚÖ­Ú 
- ÝæõÖáòÔÒ°ÿßøćîëùÃáóßĀæñÅèóâÈóâ ÿË¬Ú ëÿÜäã°Ăë¬Ýâ ÚČĈóãóØóÿæĆÛ ÚČĈóãóæ­óÈÿæĆÛ ÚČĈóãóÂČóÉòÕ

ÃÚ ÚČĈóãóã­îâÝâ ÿÅäøćîÈëČóîóÈîøćÚą ÿÜĆÚÖ­Ú 
- ÝæõÖáòÔÒ°ØöćĂË­ĂÚëèÚ ÿË¬Ú Üù̄ã ãóÂČóÉòÕèòËßøË ãóÇ¬óĀâæÈ ÿÜĆÚÖ­Ú 
- ÝæõÖáòÔÒ°ÿßøćîÂóäÛČóäùÈäòÂêóÛ­óÚ ÿË¬Ú ëöØóÛ­óÚ Âóè ÚČĈóãóÂòÚÌ÷â ÚČĈóâòÚæ­óÈëö ÿÜĆÚÖ­Ú 



 ƘƘƞ 

- ÝæõÖáòÔÒ°ëČóìäòÛä×ãÚÖ° ÿË¬Ú ÚČĈóâòÚÿËøĈîÿßæõÈ ÚČĈóâòÚÿÛäÅ ÚČĈóâòÚÿÅäøćîÈ ÚČĈóãóæ­óÈä× ÚČĈóãóÃòÕÿÈó ÿÜĆÚÖ­Ú 
2. ÝæõÖáòÔÒ°ëóäÿÅâöØùÂËÚõÕÖ­îÈâöÊæóÂĀæñÖ­îÈî¬óÚÊæóÂÂ¬îÚĂË­ÈóÚØùÂÅäòĈÈ ÝæõÖáòÔÒ°ØöćÿÜĆÚ

îòÚÖäóãÅèäÖ­îÈĂË­Õ­èãÅèóâäñâòÕäñèòÈ î¬óÚÊæóÂĀæñØČóÖóâèõÙöĂË­îã¬óÈ×úÂÖ­îÈäîÛÅîÛ āÕãÿÊßóñ
îã¬óÈãõćÈ ×­óÊæóÂâöÅČóè¬ó ́îòÚÖäóã (DANGER)µ, ´ëóäßõê (POISON)µ, ´ÅČóÿÖøîÚ (WARNING)µ, ìäøî 
Ã́­îÅèääñèòÈ (CAUTION)µ āÕãâöäóãæñÿîöãÕîÙõÛóãăÕ­ÕòÈÚöĈ 

- îòÚÖäóã (DANGER) ĀëÕÈĂì­ÿìĆÚè¬óÅèäĂË­ÝæõÖáòÔÒ°Õ­èãÅèóâäñâòÕäñèòÈÿßõćââóÂÃ÷ĈÚÿÜĆÚ
ßõÿéê ëóäÿÅâöØöćăâ¬ăÕ­×úÂØČóĂì­ÿÉøîÉóÈ ÿâøćîëòâÝòë×úÂÂòÛÖóìäøîÝõèìÚòÈāÕãăâ¬ăÕ­ÖòĈÈĂÉ îóÉØČóĂì­ÿÚøĈîÿãøćî
ÛäõÿèÔÚòĈÚ×úÂÂòÕØČóæóã ìäøîëóäÛóÈîã¬óÈîóÉÖõÕăàăÕ­×­óëòâÝòëÂòÛÿÜæèăà 

- ëóäßõê (POISON) Åøî ëóäØöćØČóĂì­ÿÜĆÚîòÚÖäóã ìäøî ØČóĂì­ÿëöãËöèõÖ ×­ó×úÂÕúÕÌ÷âÿÃ­óëú¬ä¬óÈÂóã
ØóÈÝõèìÚòÈ äòÛÜäñØóÚ ìäøî ëúÕÕâ ÅČóÚöĈÿÜĆÚÿÜĆÚÃ­îÿÖøîÚ×÷ÈîòÚÖäóãØöćäùÚĀäÈØöćëùÕ 

- ÿÜĆÚßõê (TOXIC) ìâóã×÷È ÿÜĆÚîòÚÖäóã ØČóĂì­îèòãèñÖ¬óÈąØČóìÚ­óØöćÝõÕÜÂÖõăÜ ìäøî ØČóĂì­
ÿëöãËöèõÖăÕ­ ×­ó×úÂÕúÕÌ÷âÿÃ­óëú¬ä¬óÈÂóãØóÈÝõèìÚòÈ äòÛÜäñØóÚ ìäøî ëúÕÕâ 

- ëóäÂ¬îÅèóâäñÅóãÿÅøîÈ (IRRITANT) ìâóã×÷È ëóäØöćØČóĂì­ÿÂõÕÅèóâäñÅóãÿÅøîÈ ìäøîîóÂóä
ÛèâÖ¬îÝõèìÚòÈ Öó ÿãøćîÛù ĀæñäñÛÛØóÈÿÕõÚìóãĂÉ 

- ÖõÕăàăÕ­ (FLAMMABLE ìäøî COMBUSTIBLE) ìâóã×÷È ëóâóä×ÖõÕăàăÕ­È¬óã Āæñâö
ĀÚèāÚ­âØöćÉñÿÝóăìâ­ăÕ­îã¬óÈäèÕÿäĆè 

- ëóäÂòÕÂä¬îÚ (CORROSIVE) ìâóã×÷È ëóäÿÅâö ìäøîăîäñÿìãÃîÈëóäÿÅâöÚòĈÚëóâóä×ØČóĂì­
èòëÕù×úÂÂòÕÂä¬îÚ Ýù ìäøîëõćÈâöËöèõÖ×úÂØČóæóãăÕ­ 

3. ÿæøîÂÌøĈîÝæõÖáòÔÒ°ÿØ¬óØöćÖ­îÈÂóäĂË­ÿØ¬óÚòĈÚ îã¬óÌøĈîëõćÈØöćăâ¬Ö­îÈÂóäĂË­ ÿßäóñÿëâøîÚÂòÛÿÜĆÚ
ÂóäÿÂĆÛëóäßõêăè­ĂÂæ­ÖòèāÕãăâ¬ÉČóÿÜĆÚ ßãóãóâĂË­ÝæõÖáòÔÒ°Øöćâöîãú¬ÿÕõâĂì­ìâÕÂ¬îÚÌøĈîâóÿßõćâ ×­óâöÃîÈ
ØöćăâÉČóÿÜĆÚÖ­îÈĂË­Āæ­èÿìæøîîãú¬ ÅèäÛäõÉóÅĂì­ÂòÛÝú­ØöćÖ­îÈÂóäĂË­Ö¬îăÜ ìäøîăâ¬ÂĆÅèäÿÂĆÛĀæñØČóÊæóÂĂì­
Õö āÕãÿÊßóñîã¬óÈãõćÈÿâøćîÊæóÂĂÂæ­ìæùÕìäøîÊöÂÃóÕ ĀæñÅèäØõĈÈÝæõÖáòÔÒ°ØöćÿÂ¬óâóÂą Ì÷ćÈăâ¬ÅèäÚČóâóĂË­
îöÂÖ¬îăÜ 

4. ÿÂĆÛĂì­ăÂæÉóÂÿÕĆÂ ëóäØČóÅèóâëñîóÕ ìäøî ëóäÿÅâöØöćĂË­áóãĂÚÛ­óÚîóÉØČóĂì­ÿÜĆÚîòÚÖäóã
×÷ÈĀÂ¬ËöèõÖ ÅèäÿÂĆÛĂÚÖú­ØöćÿÕĆÂÿîøĈîâăâ¬×÷È îóÉæĆîÅÖú­Õ­èã×­óÉČóÿÜĆÚ ëîÚÿÕĆÂąĂÚÛ­óÚĂì­ØäóÛ×÷ÈîòÚÖäóã
ÉóÂëóäÿÅâö ÚîÂÉóÂÚöĈ ÅèäÉÕÿÛîä°āØäéòßØ°ÊùÂÿÊõÚăè­ĂÂæ­ÂòÛāØäéòßØ° ÿÛîä°āØäéòßØ°ÿìæ¬óÚöĈ ăÕ­ĀÂ¬ 
ÿÛîä°ä×ßãóÛóæìäøîāäÈßãóÛóæØöćĂÂæ­Û­óÚ ë×óÚöÕòÛÿßæõÈ ë×óÚöÖČóäèÉ ìÚ¬èãÈóÚØöćØČóìÚ­óØöćÿÂöćãèÂòÛ
ÂóäÅèÛÅùâëóäßõê ĀæñĀßØã°ÜäñÉČóÖòè 

5. ăâ¬ÅèäÿÂĆÛëóäÿÅâöÜñÜÚÂòÛîóìóä ØòĈÈÚöĈÿÚøćîÈÉóÂëóäÿÅâöîóÉìÂìäøîâöăîäñÿìãØČóĂì­
ÜÚÿÜøĈîÚÂòÛîóìóäăÕ­ ĀæñÿâøćîĂË­ÝæõÖáòÔÒ°ëóäÿÅâöÿëäĆÉĀæ­èÅèäæ­óÈâøîĂì­ëñîóÕØùÂÅäòĈÈ 



 ƘƘƟ 

6. ăâ¬ÅèäÿÂĆÛÃîÈÿìæèìäøîÂ®óÌØöćÖõÕăàăÕ­ăè­ĂÚÛ­óÚ ÚČĈóâòÚÿËøĈîÿßæõÈëČóìäòÛä×ãÚÖ°ìäøî×òÈ
ÛääÉùÂ®óÌ×­óëóâóä×ØČóăÕ­ăâ¬ÅèäÚČóâóÿÂĆÛăè­áóãĂÚÛ­óÚ ×òÈÛääÉùÂ®óÌÅèäÿÂĆÛăè­ÚîÂÛ­óÚĂÚÛäõÿèÔ
ĂÖ­ä¬âÿÈóØöćâöîóÂóé×¬óãÿØăÕ­ëñÕèÂ Ö­îÈăâ¬ÿÂĆÛÃîÈÿìæèìäøîÂ®óÌØöćÖõÕăàăÕ­ăè­ĂÂæ­ÂòÛĀìæ¬ÈÃîÈÅèóâ
ä­îÚìäøîÿÜæèăà ĀæñÿÂĆÛăè­ĂÚáóËÚñÛääÉùÕòĈÈÿÕõâìäøîáóËÚñØöćăÕ­äòÛÂóääòÛäîÈĀæ­èÿØ¬óÚòĈÚ 

7. ÿÂĆÛëóäÿÅâöăè­ĂÚáóËÚñÛääÉùÕòĈÈÿÕõâÿØ¬óÚòĈÚ ăâ¬ÅèäÿÜæöćãÚ×¬óãëóäÿÅâöØöćĂË­áóãĂÚÛ­óÚæÈĂÚ
áóËÚñËÚõÕîøćÚą ãÂÿè­ÚáóËÚñØöćÖõÕÊæóÂăè­îã¬óÈÿìâóñëâĀæñÿÃ­óÂòÚăÕ­ÂòÛëóäÿÅâöÚòĈÚąāÕãăâ¬ØČóĂì­
ÿÂõÕÂóääòćèÌ÷â ÚîÂÉóÂÚöĈ ăâ¬ÅèäÿÜæöćãÚ×¬óãëóäÿÅâöæÈĂÚáóËÚñØöćĂË­ëČóìäòÛÛääÉùîóìóä ÿË¬Ú ÃèÕÚČĈó
îòÕæâ ÂäñǕ îÈÚâ ÃèÕÚâ ÿÜĆÚÖ­Ú ÿßøćîÜ­îÈÂòÚÝú­Øöćäú­ÿØ¬óăâ¬×÷ÈÂóäÔ°ÚČóăÜäòÛÜäñØóÚ 

8. ÝæõÖáòÔÒ°ìæóãËÚõÕëóâóä×ÚČóăÜĀÜääúÜÿßøćîÚČóÂæòÛâóĂË­Ăìâ¬ăÕ­ ÿßøćîæÕÜäõâóÔëóäÿÅâöØöć
ÿÜĆÚßõêĂÚëõćÈĀèÕæ­îâ 

9. ĂË­ÝæõÖáòÔÒ°îøćÚąØöćâöîòÚÖäóãÚ­îãÂè¬óØÕĀØÚëČóìäòÛÈóÚÛ­óÚØòćèąăÜ Öòèîã¬óÈÿË¬Ú ëóâóä×
ĂË­ÝÈàú ĀæñÚČĈóë­âëóãËúÿØæÈĂÚØ¬îäñÛóãÚČĈó ÿßøćîÜ­îÈÂòÚÂóäîùÕÖòÚăÕ­ 

10. ØõĈÈÝæõÖáòÔÒ°ĀæñáóËÚñÛääÉùĂì­×úÂÖ­îÈÿìâóñëâ ăâ¬ÿØÝæõÖáòÔÒ°æÈĂÚÕõÚìäøîĂÚØ¬îäñÛóã
ÚČĈóØõĈÈ ÝæõÖáòÔÒ°ìæóãËÚõÕăâ¬ÅèäØõĈÈæÈĂÚ×òÈÃãñìäøîÿØæÈĂÚā×ë­èâ Åèäî¬óÚÊæóÂÿßøćîØäóÛèõÙöÂóä
ØõĈÈØöćÿìâóñëâÖóâÅČóĀÚñÚČóÃîÈÝú­ÝæõÖ 
 
ØČóîã¬óÈăäĂì­ÜæîÕáòãÃÔñĂË­ëóäÿÅâö 
1. ÿæøîÂĂË­ÝæõÖáòÔÒ°Øöćăâ¬ÿÜĆÚßõêĀØÚ 
2. î¬óÚÊæóÂĀæñÜÐõÛòÖõÖóâèõÙöÂóäĂË­ØùÂÅäòĈÈ 
3. ëèâ×ùÈâøîĀæñÿëøĈîÅæùâØùÂÅäòĈÈ ×­óÝæõÖáòÔÒ°ëóâóä×ØČóĂì­ÿÂõÕîòÚÖäóãăÕ­āÕãÂóäëòâÝòëÖ¬î

ÝõèìÚòÈ 
4. ëèâĀè¬ÚÖóÜ­îÈÂòÚëóäÿÅâö ×­óÝæõÖáòÔÒ°ëóâóä×ØČóĂì­ÿÂõÕîòÚÖäóãÖ¬îÖó 
5. ì­óâëèâÅîÚĀØÅÿæÚë°ÿâøćîĂË­ÖòèØČóæñæóãîõÚØäöã° ÿË¬Ú ØõÚÿÚîä° ÿÜĆÚÖ­Ú 
6. ìãùÕĂË­ÝæõÖáòÔÒ°ØòÚØö×­óäú­ë÷ÂèõÈÿèöãÚ ÜèÕØ­îÈ ÅæøćÚăë­ îóÿÉöãÚ ìäøîÜèÕéöäêñ 
7. ÅèäĂË­ÝæõÖáòÔÒ°ëóäÿÅâöĂÚØöćØöćâöîóÂóé×¬óãÿØăÕ­ëñÕèÂ ×­óÿÜĆÚăÜăÕ­ÅèäĂË­ÝæõÖáòÔÒ°ĂÚØöćāæ¬ÈĀÉ­È 
8. ì­óâëúÛÛùìäöćÿâøćîĂË­ÝæõÖáòÔÒ°Øöćëóâóä×ÖõÕăàăÕ­ 
9. ì­óâÝëâÝæõÖáòÔÒ°ëóäÿÅâöÿîÈ ÿÚøćîÈÉóÂëóäÿÅâöÛóÈËÚõÕîóÉØČóÜÐõÂõäõãóÖ¬îÂòÚ ÿÂõÕÿÜĆÚăî

ÅèòÚßõêìäøîîóÉäñÿÛõÕăÕ­ 
10. ßÛĀßØã°ØòÚØö×­óëÈëòãè¬óăÕ­äòÛëóäßõêìäøîăÕ­äòÛîòÚÖäóãÿâøćîëòâÝòëÂòÛëóäÿÅâöØöćĂË­áóãĂÚÛ­óÚ 

(Øöćâó: http://oldweb.pharm.su.ac.th/Chemistry-in-Life/index2.html) 

http://oldweb.pharm.su.ac.th/Chemistry-in-Life/index2.html


 ƘƙƖ 

 
  
 
ØÕëîÛÅèóâÿÜĆÚÂäÕ-ÿÛë ÃîÈëóäØöćĂË­ĂÚËöèõÖÜäñÉČóèòÚ 
ÉùÕÜäñëÈÅ° 
 Ɨ.ÉČóĀÚÂëóäØöćĂË­ĂÚÛ­óÚāÕãĂË­ĀæñëâÛòÖõÅèóâÿÜĆÚÂäÕ-ÿÛë ÿÜĆÚÿÂÔÒ°ăÕ­ 
 Ƙ.ØÕëîÛĀæñëäùÜëâÛòÖõÃîÈëóäÿâøćîØČóÜÐõÂõäõãóÂòÛÂäñÕóêæõÖâòëăÕ­ 
îùÜÂäÔ° 
 Ɨ.ÚČĈóîòÕæâ     ƛ  cm3 

 2.ÚČĈóë­âëóãËú     ƛ  cm3 
 ƙ.ÚČĈóëÛú¬      ƛ  cm3 
 ƚ.ëóäæñæóããóëöàòÚ    ƛ  cm3 
 ƛ.ÿÂæøîĀÂÈ     ƛ  cm3 
 Ɯ.ìæîÕØÕæîÈ     ƛ ìæîÕ 
 Ɲ.ĀØ¬ÈĀÂ­èÅÚ     Ɨ ìæîÕ 
 ƞ.ØöćÖòĈÈìæîÕØÕæîÈ    Ɨ îòÚ 
 Ɵ.ÂäñÕóêæõÖâòëëöĀÕÈĀæñëöÚČĈóÿÈõÚ  ƗƖ ĀÝ¬Ú 
èõÙöÂóäØÕæîÈ 
 Ɨ.ÖòÕÂäñÕóêæõÖâòëëöÚČĈóÿÈõÚĀæñëöĀÕÈ ÃÚóÕ Ɨ ÿÌÚÖõÿâÖä x Ɩ.ƛ ÿÌÚÖõÿâÖä èóÈăè­ÛÚÂäñÕóê
ÃóèÿÜĆÚÅú¬ ą âöäñãñì¬óÈÂòÚßîëâÅèä 
 Ƙ.ĂË­ĀØ¬ÈĀÂ­èÅÚÉù¬âæÈĂÚÚČĈóîòÕæâ Āæ­èÚČóâóĀÖñÂäñÕóêæõÖâòëëöÚČĈóÿÈõÚĀæñëöĀÕÈØöćèóÈÛÚ
ÂäñÕóêÃóè ëòÈÿÂÖÂóäÿÜæöćãÚĀÜæÈØöćÿÂõÕÃ÷ĈÚ Āæ­èÛòÚØ÷ÂÝæ 
 ƙ.ÕČóÿÚõÚÂóäÿË¬ÚÿÕöãèÂòÛÃ­î Ƙ ĀÖ¬ĂË­ÚČĈóë­âëóãËú  ÚČĈóëÛú¬ ëóäæñæóããóëöàòÚ ĀæñÿÂæøîĀÂÈ 
ßä­îâØòĈÈÛòÚØ÷ÂÝæÂóäØÕæîÈ 
ìâóãÿìÖù 
 Ɨ.Ö­îÈæ­óÈĀØ¬ÈĀÂ­èĂì­ëñîóÕĀæñÿËĆÕĂì­Āì­ÈÂ¬îÚÚČóâóØÕëîÛëóäĀÖ¬æñËÚõÕ 
 Ƙ.ëóäæñæóãØùÂËÚõÕÖ­îÈØõĈÈĂì­ÖÂÖñÂîÚĀæñäõÚÿîóÿÊßóñëóäæñæóãĂë ą Ăë¬ìæîÕØÕæîÈ
ăè­ 

ÂõÉÂääâÂóäÿäöãÚäú­Øöć 1 



 ƘƙƗ 

ÖóäóÈÛòÚØ÷ÂÝæÂóäØÕæîÈ 
 
ëóä 

ÝæÂóäØÕëîÛÂòÛÂäñÕóêæõÖâòë 

ëöÚČĈóÿÈõÚ ëöĀÕÈ 
ÚČĈóîòÕæâ ÿÜæöćãÚÿÜĆÚëöĀÕÈ - 
ÚČĈóë­âëóãËú ÿÜæöćãÚÿÜĆÚëöĀÕÈ - 
ÚČĈóëÛú¬ - ÿÜæöćãÚÿÜĆÚëöÚČĈóÿÈõÚ 
ëóäæñæóããóëöàòÚ - ÿÜæöćãÚÿÜĆÚëöÚČĈóÿÈõÚ 
ÿÂæøîĀÂÈ - - 
 
ëäùÜÝæÂóäØÕæîÈ 
 ëóâóä×ÉČóĀÚÂëóäæñæóãāÕãĂË­ëâÛòÖõÃîÈëóäØöćØČóĂì­ÂäñÕóêæõÖâòëÿÜæöćãÚëöâóÿÜĆÚÿÂÔÒ°
āÕã 
 Ɨ.ëóäØöćÿÜæöćãÚëöÂäñÕóêæõÖâòëÉóÂëöÚČĈóÿÈõÚÿÜĆÚëöĀÕÈ ÉòÕè¬óâöëâÛòÖõÿÜĆÚÂäÕ ăÕ­ĀÂ¬ ÚČĈóîòÕæâ  
ÚČĈóë­âëóãËú 
 Ƙ.ëóäØöćÿÜæöćãÚëöÂäñÕóêæõÖâòëÉóÂëöĀÕÈÿÜĆÚëöÚČĈóÿÈõÚ ÉòÕè¬óâöëâÛòÖõÿÜĆÚÿÛë ăÕ­ĀÂ¬ ÚČĈóëÛú¬ 
ëóäæñæóããóëöàòÚ 
 ƙ.ëóäØöćăâ¬ÿÜæöćãÚëöÂäñÕóêæõÖâòë ÉòÕè¬óâöëâÛòÖõÿÜĆÚÂæóÈ 



 ƘƙƘ 

ÿäøćîÈØöć 5  ÝæÂäñØÛØöćÿÂõÕÉóÂóäĂË­ëóäÖ¬îËöèõÖĀæñëõćÈĀèÕæ­îâ  
  ÜòÎìóâæßõêØóÈëõćÈĀèÕæ­îâ ÖæîÕÉÚĀÚèØóÈÂóäÜ­îÈÂòÚĀÂ­ăÃØöćÕö ÜòÎìóëõćÈĀèÕæ­îâØöć
âÚùêã°ÂČóæòÈÜäñëÛîãú¬ĂÚÜòÉÉùÛòÚØöćëČóÅòÎ ăÕ­ĀÂ¬ ÜòÎìóÂóäæÕæÈÃîÈØäòßãóÂäÙääâËóÖõ ÜòÎìó
ëóäßõê ĀæñÜòÎìóÃîÈäñÛÛÚõÿèé Ì÷ćÈÜòÎìóØöćëČóÅòÎÿìæ¬óÚöĈâóÉóÂÜòÎìóã¬îãąìæóãÜòÎìó ÿË¬Ú âæßõê
ØóÈÚČĈó âæßõêØóÈîóÂóé âæßõêØóÈÿëöãÈ ÃãñâúæÞîãĀæñëõćÈÜÐõÂúæ ÿÜĆÚÖ­Ú ÜòÎìóÿìæ¬óÚöĈ×­óăâ¬äöÛ
Ü­îÈÂòÚĀÂ­ăÃ îóÉë¬ÈÝæÂäñØÛÖ¬îèõèòÓÚóÂóäÃîÈëõćÈâöËöèõÖăÕ­ Ì÷ćÈÂóäÜ­îÈÂòÚĀÂ­ăÃÜòÎìóëõćÈĀèÕæ­îâ
ÿÜĆÚìÚ­óØöćÃîÈØùÂÅÚØöćÉñÖ­îÈË¬èãÂòÚ  
 

âæßõêØóÈëõćÈĀèÕæ­îâ  
ëõćÈĀèÕæ­îâÖ¬óÈą ÿË¬Ú ÚČĈó îóÂóé ÕõÚ ÿÜĆÚÖ­Ú âöÅèóâÉČóÿÜĆÚÖ¬îÂóäÕČóäÈËöèõÖÃîÈâÚùêã° âÚùêã°

ÉČóÿÜĆÚÖ­îÈĂË­ÜäñāãËÚ°ÉóÂØäòßãóÂäÙääâËóÖõÿìæ¬óÚöĈâóÂâóã ĀÖ¬ÂóäĂË­ÜäñāãËÚ°āÕãăâ¬ÅČóÚ÷È×÷È
ÝæÂäñØÛØöćÉñÿÂõÕÃ÷ĈÚØČóĂì­ÿÂõÕâæßõêÃ÷ĈÚĂÚëõćÈĀèÕæ­îâÚòĈÚą  

âæßõêØóÈëõćÈĀèÕæ­îâ ìâóã×÷È ëáóèñØöćëõćÈĀèÕæ­îâÖóâÙääâËóÖõ×úÂÜñÜÚìäøîÜÚÿÜøĈîÚÕ­èã
ëõćÈëÂÜäÂ ëõćÈĀÜæÂÜæîâ ìäøîëóäâæßõê ØČóĂì­âöæòÂêÔñìäøîëâÛòÖõĀÖÂÖ¬óÈăÜÉóÂÿÕõâìäøîÉóÂ
ÙääâËóÖõ āÕãÿÜæöćãÚĀÜæÈăÜĂÚØóÈØöćÿæèæÈ ãòÈÝæĂì­ĂË­ÜäñāãËÚ°ăÕ­Ú­îãìäøîĂË­ÜäñāãËÚ°ăâ¬ăÕ­ÿæã 
ĀæñâöÝæÿëöãÖ¬îëùÃáóß âæßõêØóÈëõćÈĀèÕæ­îâØöćëČóÅòÎ ăÕ­ĀÂ¬ âæßõêØóÈÚČĈó âæßõêØóÈîóÂóé âæßõê
ØóÈÿëöãÈ ĀæñâæßõêØöćÿÂõÕÉóÂÃãñâúæÞîãĀæñëõćÈÜÐõÂúæ  

 

âæßõêØóÈÚČĈó  
âæßõêØóÈÚČĈó (Water pollution) ÿÜĆÚÜòÎìóëõćÈĀèÕæ­îâØöćëČóÅòÎØöćëùÕÜòÎìóìÚ÷ćÈÃîÈÜäñÿØé

ÿâøćîÿÜäöãÛÿØöãÛÂòÛÜòÎìóâæßõêîøćÚąÜòÎìóâæßõêØóÈÚČĈóâòÂÿÂõÕÂòÛÿâøîÈĂìÎ¬ąĀìæ¬ÈÚČĈóØöćëČóÅòÎÃîÈ
ÜäñÿØé×úÂÜÚÿÜøĈîÚÕ­èãëõćÈëÂÜäÂĀæñëóäâæßõêÖ¬óÈąØČóĂì­ăâ¬ëóâóä×ĂË­ÜäñāãËÚ°ÉóÂĀìæ¬ÈÚČĈóăÕ­
ÿÖĆâØöć Ì÷ćÈë¬ÈÝæÂäñØÛÖ¬îÅùÔáóßËöèõÖĀæñÂóäßòÓÚóØóÈÿéäêÑÂõÉĀæñëòÈÅâ  

ëóÿìÖùÃîÈÂóäÿÂõÕâæßõêØóÈÚČĈó ë¬èÚĂìÎ¬ÿÂõÕÉóÂÚČĈóØõĈÈÉóÂØöćîãú¬îóéòã Ì÷ćÈâòÂÉñâöëóäîõÚØäöã°
ÜÚÿÜøĈîÚâóÕ­èã ÚČĈóØõĈÈÕòÈÂæ¬óèâòÂÿÜĆÚëóÿìÖùÃîÈÂóäØöćÚČĈóâöëöÕČó ĀæñâöÂæõćÚÿÚ¬óÿìâĆÚ ÚČĈóØöćâöëóäßõê
ÖÂÅ­óÈîãú¬ ÿË¬Ú ÚČĈóÉóÂĀìæ¬ÈÿÂêÖäÂääâØöćâöÜù̄ãĀæñãóÂČóÉòÕéòÖäúßøË ÚČĈóØõĈÈØöćâöāæìñìÚòÂÜÚÿÜøĈîÚÉóÂ
āäÈÈóÚîùÖëóìÂääâ ÿÜĆÚÖ­Ú ëóäÿìæ¬óÚöĈÉñ×úëñëâĂÚèÈāÅÉäāÌ¬îóìóäÃîÈëòÖè°ÚČĈó ĀæñâöÝæÖ¬îâÚùêã°
áóãìæòÈ  
 

ÝæÂäñØÛÉóÂâæßõêØóÈÚČĈó  
ÚČĈóØöćîãú¬ĂÚäñÕòÛäùÚĀäÈ Ì÷ćÈÜäñËóËÚØòćèăÜ ÿäöãÂè¬ó ÚČĈóÿëöã âöæòÂêÔñØöćÿìĆÚăÕ­ËòÕÿÉÚ ÅøîÖñÂîÚÃù¬ÚÃ­Ú ëö
ÕČóÅæČĈó ë¬ÈÂæõćÚÿÚ¬óÿìâĆÚ Â¬îĂì­ÿÂõÕÅèóâäČóÅóÎÖ¬îËùâËÚ ĀæñîóÉâöàîÈæîãîãú¬ÿìÚøîÚČĈóÿÜĆÚÉČóÚèÚâóÂ 



 Ƙƙƙ 

îã¬óÈăäÂĆÖóâ æòÂêÔñÃîÈÚČĈóÿëöãÛóÈÅäòĈÈÿäóîóÉâîÈăâ¬ÿìĆÚÂĆăÕ­ ×­óÚČĈóÚòĈÚÜÚÿÜøĈîÚÕ­èãëóäßõê ÿË¬Ú ãó
ÜäóÛéòÖäú ìäøîãóÇ¬óĀâæÈ Āä¬ÙóÖù ÿÜĆÚÖ­Ú  
 

  ÚČĈóØöćÿÜĆÚâæßõêÉñâöÝæÂäñØÛÖ¬îÂóäÕČóäÈËöèõÖÃîÈëõćÈâöËöèõÖîã¬óÈÿìĆÚăÕ­ËòÕÂè¬ó ÜòÎìó
ëõćÈĀèÕæ­îâîøćÚąÿßäóñÂ¬îĂì­ÿÂõÕÝæÿëöãìóãìæóãÜäñÂóä Ì÷ćÈëóâóä×ëäùÜăÕ­ÕòÈÚöĈ  

1. ÝæÂäñØÛØóÈÕ­óÚëóÙóäÔëùÃ  
2. ÝæÂäñØÛØóÈÕ­óÚÿéäêÑÂõÉ  
3. ÝæÂäñØÛØóÈÕ­óÚëòÈÅâ  

 

ĀÚèØóÈÂóäÜ­îÈÂòÚĀÂ­ăÃÜòÎìóâæßõêØóÈÚČĈó  
1. ÂóäÛČóÛòÕÚČĈóÿëöã  
2. ÂóäÂČóÉòÕÃãñâúæÞîãĀæñëõćÈÜÐõÂúæ  
3. ÂóäĂì­Âóäé÷ÂêóĀæñÅèóâÿÃ­óĂÉÿÂöćãèÂòÛÜòÎìóâæßõêØóÈÚČĈóĀÂ¬ÜäñËóËÚ  
4. ÂóäĂË­ÂÏìâóã âóÖäÂóä ĀæñÃ­îÛòÈÅòÛ  
5. Âóäé÷ÂêóèõÉòãÅùÔáóßÚČĈóĀæñëČóäèÉĀìæ¬ÈØöćäñÛóãÚČĈóÿëöãæÈëú¬Āâ¬ÚČĈó  



 Ƙƙƚ 

 
 
 

ÅČóëòćÈ ÉÈÖîÛÅČó×óâìäøîÿÖõâË¬îÈè¬óÈÕ­èãÅČóìäøîÃ­îÅèóâëòĈÚą  
1. âæßõêØóÈÚČĈó ìâóã×÷È îñăä 
ÖîÛ           

  2. âæßõêØóÈÚČĈóØöćÿâøîÈĂìÎ¬ ÿË¬Ú ÂäùÈÿØß ÿËöãÈĂìâ¬ ÿÜĆÚÖ­Ú ÂČóæòÈÿÝËõÎîãú¬ĂÚÜòÉÉùÛòÚë¬èÚĂìÎ¬
ÿÂõÕÉóÂëóÿìÖùĂÕ  

ÖîÛ           
  3. ëóÿìÖùëČóÅòÎØöćØČóĂì­ÿÂõÕÜòÎìóâæßõêØóÈÚČĈó ăÕ­ĀÂ¬ îñăäÛ­óÈ 

ÖîÛ           
4. ÃîÈÿëöãÉóÂĀìæ¬ÈËùâËÚë¬èÚâóÂÉñîãú¬ĂÚäúÜÃîÈ ëóäÜäñÿáØĂÕ 
ÖîÛ           

  5. ÃîÈÿëöãØöćÜæ¬îãÉóÂāäÈÈóÚîùÖëóìÂääâÉñâöæòÂêÔñĀÖÂÖ¬óÈÂòÚăÜÃ÷ĈÚîãú¬ÂòÛîñăä 
ÖîÛ           

  6. ÚČĈóØöćÿÜĆÚâæßõêâöæòÂêÔñØöćÿìĆÚăÕ­ËòÕÿÉÚ Åøî îñăä 
ÖîÛ           
 
7. ÚČĈóÿëöãë¬ÈÝæÂäñØÛÖ¬îÂóäÛäõāáÅîóìóä ØČóĂì­ÿÂõÕÜòÎìóëùÃáóßāÕãÖäÈÖ¬îâÚùêã°ÉòÕÿÜĆÚ 
ÝæÂäñØÛØóÈÕ­óÚĂÕÛ­óÈ  
ÖîÛ           

  8. ÂóäĀÂ­ăÃÜòÎìóâæßõêØóÈÚČĈóØöćăÕ­Ýæ ĀæñÿÜĆÚÂóäĀÂ­ăÃÜòÎìóØöćÖ­ÚÿìÖù Åøî îñăä 
ÖîÛ           

 
ĀÚèÅČóÖîÛÂõÉÂääâÂóäÿäöãÚäú­Øöć 1  

Ã­îØöć 1. Āìæ¬ÈÚČĈóØöć×úÂÜÚÿÜøĈîÚÕ­èãëõćÈëÂÜäÂĀæñëóäâæßõêÖ¬óÈąØČóĂì­ăâ¬ëóâóä×ĂË­
ÜäñāãËÚ°ÉóÂĀìæ¬ÈÚČĈóăÕ­ÿÖĆâØöć  

Ã­îØöć Ƙ. ë¬èÚĂìÎ¬ÿÂõÕÉóÂÚČĈóØõĈÈÉóÂØöćîãú¬îóéòã  
Ã­îØöć 3.  
             1. ÃîÈÿëöãÉóÂĀìæ¬ÈËùâËÚ 
             2. ÃîÈÿëöãÉóÂāäÈÈóÚîùÖëóìÂääâ  
             3. ÃîÈÿëöãÉóÂÂõÉÂääâØóÈÂóäÿÂêÖä  

ÂõÉÂääâÂóäÿäöãÚäú­Øöć 1 



 Ƙƙƛ 

4. ëóäâæßõêîøćÚąØöćăâ¬âöĀìæ¬ÈÂČóÿÚõÕĀÚ¬ÚîÚ  
Ã­îØöć 4. ëóäîõÚØäöã° ÿË¬Ú ÿéêîóìóä ëÛú¬ ÝÈÌòÂàîÂ îùÉÉóäñ Üòëëóèñ ÿÜĆÚÖ­Ú  
Ã­îØöć 5. ÜäñÿáØĀæñËÚõÕÃîÈāäÈÈóÚîùÖëóìÂääâ  
Ã­îØöć 6. ÅøîÖñÂîÚÃù¬ÚÃ­Ú ëöÕČóÅæČĈó ë¬ÈÂæõćÚÿÚ¬óÿìâĆÚ  
Ã­îØöć 7. ÝæÂäñØÛØóÈÕ­óÚëóÙóäÔëùÃ  
Ã­îØöć 8. ÂóäĂì­Âóäé÷ÂêóĀæñÅèóâÿÃ­óĂÉÿÂöćãèÂòÛÜòÎìóâæßõêØóÈÚČĈóĀÂ¬ÜäñËóËÚ  

 

âæßõêØóÈîóÂóé  
  ë¬èÚĂìÎ¬ÿÂõÕÉóÂÅèòÚÃîÈãóÚßóìÚñĀæñÉóÂāäÈÈóÚîùÖëóìÂääâ ÅèòÚÕòÈÂæ¬óèâöÝæÖ¬î
ëùÃáóßÃîÈâÚùêã°āÕãÖäÈ ÅèòÚÉóÂāäÈÈóÚîùÖëóìÂääâÛóÈĀì¬ÈØöćâö Â®óÌÌòæÿàîä°ăÕîîÂăÌÕ°ìäøî
ăÚāÖäÿÉÚîîÂăÌÕ° ÿÜĆÚîÈÅ°ÜäñÂîÛ ÿâøćîäèâÂòÛæñîîÈÚČĈóĂÚîóÂóé ÉñÂæóãÿÜĆÚëóäæñæóãÂäÕ
ÌòæàõèäõÂìäøîÂäÕăÚÖäõÂ ÂæóãÿÜĆÚÞÚÂäÕ ÖÂæÈâóîòÚÿÜĆÚîòÚÖäóãÖ¬îëõćÈâöËöèõÖĀæñãòÈØČóĂì­
ëõćÈÂ¬îëä­óÈÿÂõÕÂóäë÷ÂÂä¬îÚăÕ­ ë×óÚØöćÂČóæòÈÜäñëÛÜòÎìóÂòÛâæßõêØóÈîóÂóéÿìæ¬óÚöĈ ÉñâöÝæÂäñØÛ
Ö¬îëùÃáóßÃîÈâÚùêã°ÿÜĆÚîã¬óÈâóÂ āÕãÉñâöÝæÖ¬îäñÛÛØóÈÿÕõÚìóãĂÉ îóÉØČóĂì­ÿÂõÕāäÅáúâõĀß­ āäÅ
ØäèÈîÂ ÿãøćîÛùÖóîòÂÿëÛ ĀæñÿÜĆÚîòÚÖäóãÖ¬îÿÕĆÂĂÚÅääá°ÖæîÕÉÚÿëöãËöèõÖăÕ­  

ÜäóÂÐÂóäÔ°ÿäøîÚÂäñÉÂ (Green house effect)  
ÿÜĆÚÜäóÂÐÂóäÔ°ØöćØČóĂì­āæÂâöîùÔìáúâõëúÈÃ÷ĈÚ Ì÷ćÈÉñâöÝæÂäñØÛÖ¬îáúâõîóÂóéØòćèāæÂîã¬óÈØöćăâ¬

ÿÅãÜäóÂÐâóÂ¬îÚ āÕãÚòÂèõØãóéóëÖä°ăÕ­ÜäñâóÔÂóäăè­è¬óØöćÛäõÿèÔÿìÚøîÿë­ÚéúÚã°ëúÖäÃ÷ĈÚăÜ åÕú
ìÚóèÉñëòĈÚÃ÷ĈÚĀæñâöÅèóâËøĈÚâóÂ ë¬èÚåÕúä­îÚÉñãóèÚóÚÃ÷ĈÚîóÉØČóĂì­ßøĈÚÕõÚÛóÈĀì¬ÈÛÚāæÂ
ÂæóãÿÜĆÚØñÿæØäóã ĀæñĂÚÿÃÖä­îÚîóÉÉñâößóãùÛ¬îãÅäòĈÈĀæñäùÚĀäÈ ÛäõÿèÔÃòĈèāæÂÅèóâä­îÚë¬ÈÝæ
āÕãÖäÈÖ¬îÂóäæñæóãÃîÈìõâñÿÜĆÚÿìÖù Ăì­ÜäõâóÔÚČĈóĂÚØñÿæÿßõćâÃ÷ĈÚ âöÝæÖ¬îÂóäÿÂõÕîùØÂáòã 
ÚîÂÉóÂÚöĈãòÈë¬ÈÝæÂäñØÛÖ¬îßøËĀæñëòÖè° ÿÂõÕÂóäÿÜæöćãÚĀÜæÈØČóĂì­ÜóÂĂÛßøËÜõÕăâ¬ëóâóä×äòÛÂ®óÌ
Åóä°ÛîÚăÕîîÂăÌÕ°ĀæñăîÚČĈóăÕ­ÂóäëòÈÿÅäóñì°Õ­èãĀëÈæÕæÈ ëòÖè°ÛóÈËÚõÕîóÉăÕ­äòÛÅèóâ
ÂäñØÛÂäñÿØøîÚÖ¬îÿÚøĈîÿãøćîÖó ÝõèìÚòÈ ĀæñÿÜĆÚÿìÖùĂì­ëúÎßòÚÙù°ăÕ­ĂÚØöćëùÕ  

ëóäÅæîāäàæúîîāäÅóä°ÛîÚ(CFC) âöËøćîØóÈÂóäÅ­óè¬ó àäöîîÚ(Freon) àäöîîÚĂË­ĂÚÂóä
îùÖëóìÂääâìæóãÜäñÿáØ ÿË¬Ú ĂË­ÿÜĆÚëóäØČóÅèóâÿãĆÚĂÚÖú­ÿãĆÚ ÿÅäøćîÈÜäòÛîóÂóé ĂË­ÿÜĆÚÂ®óÌÃòÛÕòÚ
ĂÚÝæõÖáòÔÒ°ëÿÜäã° ÿÜĆÚë¬èÚÝëâĂÚÂóäÝæõÖāàâ ĂË­ÂòÛÿÅäøćîÈëČóîóÈ ĂË­ÂòÛÝæõÖáòÔÒ°ØöćâöĀîæÂîïîîæ° 
ĂË­ÿÜĆÚÖòèØČóæñæóãĀæñØČóÅèóâëñîóÕĂË­ÿÜĆÚÊÚèÚăàà­óĀæñĂË­ÿÜĆÚëóäÕòÛÿßæõÈÿÜĆÚÖ­Ú  
 



 ƘƙƜ 

 
 
 
ÅČóëòćÈ ÉÈÖîÛÅČó×óâìäøîÿÖõâË¬îÈè¬óÈÕ­èãÅČóìäøîÃ­îÅèóâëòĈÚą  

1. âæßõêØóÈîóÂóé ìâóã×÷È         
  2. ëõćÈØöćÿÜĆÚâæßõêØöćÜæ¬îãîîÂÉóÂØ¬îăîÿëöãä×ãÚÖ° ăÕ­ĀÂ¬      
  3. ÝæÂäñØÛÃîÈâæßõêØóÈîóÂóéËÚõÕÿÊöãÛßæòÚØöćâöÖ¬îâÚùêã° Åøî     
  4. Öòèîã¬óÈÝæÂäñØÛÖ¬îßøËÉóÂâæßõêØóÈîóÂóé ÿË¬Ú      
  5. Â®óÌëČóÅòÎØöćØČóĂì­ÿÂõÕÜäóÂÐÂóäÔ°ÞÚÂäÕ Åøî       
  6. ÿâøćîÂ®óÌÉóÂÃ­î 5 ×úÂĀëÈĀÕÕÉñäèâÖòèÂòÛîîÂÌõÿÉÚĂÚîóÂóéÿÂõÕÜÐõÂõäõãóÿÅâöÂæóãÿÜĆÚ  

ëóä         
Ɲ. ÅČó×óâ ÝæÂäñØÛÃîÈÞÚÂäÕØöćâöÖ¬îëõćÈâöËöèõÖ Åøî      
8. ÅČó×óâ Â®óÌØöćëČóÅòÎØöćØČóìÚ­óØöćì¬îìù­âāæÂ Ì÷ćÈÿÜäöãÛÿìâøîÚÂòÛÂäñÉÂÃîÈÿäøîÚÂäñÉÂ    

ăÕ­ĀÂ¬                 ×­óÂ®óÌÿìæ¬óÚöĈâöÜäõâóÔÿßõćââóÂÃ÷ĈÚĂÚÛääãóÂóéÝæØöćÉñ
ÿÂõÕÃ÷ĈÚÖóââóÅøî       

 

ĀÚèÅČóÖîÛÂõÉÂääâÖîÚØöć 2  
Ã­îØöć 1. ëáóèñØöćîóÂóéÖóâÙääâËóÖõ×úÂÜÚÿÜøĈîÚìäøîÿÉøîÜÚÕ­èãëõćÈĀÜæÂÜæîâ ØČóĂì­îÈÅ°ÜäñÂîÛ

ë¬èÚĂÕë¬èÚìÚ÷ćÈÿÜæöćãÚĀÜæÈăÜĀæñÿëøćîâāØäâæÈ Â¬îĂì­ÿÂõÕÝæÂäñØÛÖ¬îâÚùêã° ëòÖè° ßøË ĀæñëõćÈĀèÕæ­îâîøćÚą  
Ã­îØöć 2. Þù¬ÚæñîîÈ ÿÃâ¬óÅèòÚ Â®óÌÅóä°ÛîÚâîÚîÂăÌÕ° ëóäÖñÂòćè ăÚāÖäÿÉÚîîÂăÌÕ° Ìòæÿàîä° 

ăÕîîÂăÌÕ° ăïāÕäÅóä°ÛîÚ ĀæñÅóä°ÛîÚăÕîîÂăÌÕ°  
Ã­îØöć 3. ÿÂõÕÉóÂÂóäëúÕìóãĂÉÿîóëóäßõêĂÚîóÂóéØöćâöÅèóâÿÃ­âÃ­ÚëúÈÿÃ­óăÜ ØČóĂì­ÿÂõÕÝæÿëöãÖ¬î

äñÛÛØóÈÿÕõÚìóãĂÉ ìòèĂÉ ÜîÕ ĀæñØČóĂì­ÖóâĂÚØöćëùÕ  
Ã­îØöć 4. ØČóĂì­ßøËăâ¬ÿÉäõÎÿÖõÛāÖ ÝæÝæõÖæÕæÈ ëöÃîÈÖ­Úăâ­ĀæñĂÛÿÜæöćãÚĀÜæÈăÜ ØČóĂì­Âóä

ëòÈÿÅäóñì°Õ­èãĀëÈĀæñÂóäìóãĂÉÃîÈßøËÿëøćîâæÈ  
Ã­îØöć 5. Â®óÌÌòæÿàîä°ăÕîîÂăÌÕ°ĀæñÂ®óÌăÚāÖäÿÉÚîîÂăÌÕ°  
Ã­îØöć 6. ÂäÕÌòæàúäõÂ(ÂäÕÂČóâñ×òÚ)ĀæñÂäÕăÚÖäõÂ  
Ã­îØöć 7. ÉñăÜØČóæóãāÌ¬îóìóäÖóâÙääâËóÖõØöćëČóÅòÎÃîÈâÚùêã° ÅøîÖ­Úăâ­ĀæñÜ¬óăâ­  
Ã­îØöć 8. ÅæîāäàæúîîāäÅóä°ÛîÚ(CFC) ăÚÖäòëîîÂăÌÕ° âöÿØÚ Åóä°ÛîÚăÕîîÂăÌÕ° āîāÌÚ ĀæñăîÚČĈó 

 
 
 

ÂõÉÂääâÂóäÿäöãÚäú­Øöć 2 



 ƘƙƝ 

âæßõêØóÈÿëöãÈ  
ëõćÈØöćÿÜĆÚÖ­ÚÿìÖùØöćØČóĂì­ÿÂõÕÿëöãÈÕòÈÉÚÿÜĆÚîòÚÖäóãÖ¬îâÚùêã°ÚòĈÚâöìæóãÜäñÂóä ÿË¬Ú ÿëöãÈî÷ÂØ÷ÂØöć 

ÿÂõÕÉóÂÿÅäøćîÈãÚÖ°ÖóâØ­îÈ×ÚÚ āÕãÿÊßóñ×ÚÚØöćâöÜòÎìóÿäøćîÈÂóäÉóäÉäÖõÕÃòÕ ÿëöãÈÿÅäøćîÈÛõÚ 
ÿëöãÈÕÚÖäö ĂÚÕõëāÂ­ÿØÅ ÿëöãÈÿßæÈÉóÂÌóèÕ°îñÿÛ­óØ° ÿëöãÈÿÅäøćîÈÉòÂäÃîÈāäÈÈóÚ ÿëöãÈÿÅäøćîÈÃãóãÿëöãÈ
ÉóÂÈóÚËùâËÚÖ¬óÈą ÚîÂÉóÂÚöĈãòÈâöÿëöãÈÉóÂîøćÚąîöÂØöćîãú¬ĂÚëõćÈĀèÕæ­îâîòÚÿÜĆÚÿëöãÈØöćăâ¬ß÷ÈÜäñëÈÅ°
ĀæñâöÿëöãÈÕòÈÿÂõÚÿìÖù      äñÕòÛÿëöãÈÜÂÖõØöćăâ¬ÿÜĆÚîòÚÖäóãÖ¬îÂóäăÕ­ãõÚÃîÈÅÚÉñîãú¬ĂÚäñÕòÛăâ¬ÿÂõÚ 80 
· 85 ÿÕÌõÿÛæ ĀæñäñÕòÛÿëöãÈĂÚäñÕòÛÜÂÖõÙääâÕóÅèäăâ¬ÿÂõÚ 50 · 70 ÿÕÌõÿÛæ ĀÖ¬äñÕòÛÿëöãÈĂÚÕõëāÂ­
ÿØÅ     ÿÊæöćãÜäñâóÔ 90 · 100 ÿÕÌõÿÛæ ÚòÛè¬óÿÜĆÚîòÚÖäóãîã¬óÈâóÂÖ¬îëùÃáóß āÕãÿÊßóñÌóèÕ°îñ
ÿÛóØ° ÿÜĆÚÂóäÚČóÿîóÿÅäøćîÈàòÈĀÚÛÜäñÂÛăè­ÂòÛìúÖæîÕÿèæó Āæñ×­óâöÿëöãÈäÛÂèÚÂĆÉñÿÜõÕÿëöãÈÕòÈ
ÿßõćâÃ÷ĈÚ ÿÜĆÚÂóäÿßõćâäñÕòÛÅæøćÚÿëöãÈĂì­âöÝæÖ¬îäñÛÛÜäñëóØìúāÕãÖäÈ Â¬îĂì­ÿÂõÕÂóäëúÎÿëöãÂóäăÕ­ãõÚ 
ÿÜĆÚîòÚÖäóãÖ¬îÿãøćîĀÂ­èìúîóÉâöÝæØČóĂì­ÿÂõÕîóÂóäìúìÚèÂÿâøćîâöîóãùâóÂÃ÷ĈÚĀæñÿÂõÕÜòÎìóìúÖ÷ÈăÕ­ĂÚ
ØöćëùÕ  

ÃãñâúæÞîãĀæñëõćÈÜÐõÂúæ  
  ë¬èÚĂìÎ¬ÿÜĆÚÂóäÂäñØČóÃîÈâÚùêã° ÿË¬Ú ÂóäØõĈÈÃãñâúæÞîãæÈÛÚ×ÚÚ Āâ¬ÚČĈó æČóÅæîÈ 
ËóãìóÕ ìäøîÖóâë×óÚØöćëóÙóäÔñÖ¬óÈą ÂóäÜæúÂëä­óÈ ÂóäÖõÕÜ­óãāÇêÔóÂóäÿÕõÚëóãăàà­óØöćăâ¬ÿÜĆÚ
äñÿÛöãÛ ÂóäÜæ¬îãÚČĈóÿëöãìäøîÅèòÚÃîÈāäÈÈóÚîùÖëóìÂääâ ëõćÈÿìæ¬óÚöĈ×øîè¬óÿÜĆÚÂóäÂäñØČóØöćÂ¬îĂì­ÿÂõÕ
âæßõêØóÈØòéÚóÂóäÿßäóñØČóĂì­ÅèóâëèãÈóâÃîÈë×óÚØöćÖ¬óÈąÖ­îÈëúÎÿëöãăÜ  



 Ƙƙƞ 

 
 
 ÅČóëòćÈ ÉÈÖîÛÅČó×óâìäøîÿÖõâË¬îÈè¬óÈÕ­èãÅČóìäøîÃ­îÅèóâëòĈÚą  

1. ëáóèñØöćÿëöãÈÕòÈÿÂõÚăÜ Ì÷ćÈÅÚÿäóăâ¬ÜäñëÈÅ°ØöćÉñăÕ­ãõÚ ĀæñÂ¬îĂì­ÿÂõÕÅèóâäČóÅóÎ ìäøîÿÜĆÚ 
    îòÚÖäóãÖ¬îâÚùêã° ÿäöãÂè¬ó         

  2. äñÕòÛÿëöãÈØöćÿÜĆÚîòÚÖäóãÖ¬îÂóäăÕ­ãõÚÃîÈâÚùêã°Éñîãú¬ĂÚäñÕòÛ     
  3. ÿëöãÈäÛÂèÚĂÚËùâËÚë¬èÚâóÂÿÂõÕÉóÂ        
  4. ëóÿìÖùÖóâÙääâËóÖõØöćØČóĂì­ÿÂõÕâæßõêØóÈÿëöãÈ ăÕ­ĀÂ¬      
  5. ÝæÂäñØÛÃîÈâæßõêØóÈÿëöãÈØöćâöÖ¬îëùÃáóßîÚóâòã ÿË¬Ú                
  6. ĀÚèØóÈÜ­îÈÂòÚĀÂ­ăÃâæßõêØóÈÿëöãÈØöćëČóÅòÎăÕ­ĀÂ¬      
  7. ÃãñâúæÞîãĀæñëõćÈÜÐõÂúæ ÿÜĆÚÜòÎìóëõćÈĀèÕæ­îâØöćâòÂÿÂõÕÃ÷ĈÚĂÚÿÃÖ    
  8. ÜòÎìóÖ¬óÈąØöćÿÂõÕÉóÂÜòÎìóÃãñâúæÞîãĀæñëõćÈÜÐõÂúæ ăÕ­ĀÂ¬     
ĀÚèÅČóÖîÛÂõÉÂääâÖîÚØöć 3  

Ã­îØöć 1. âæßõêØóÈÿëöãÈ  
Ã­îØöć 2. 85 ÿÕÌõÿÛæ  
Ã­îØöć 3. ÂõÉÂääâìäøîÂóäÂäñØČóÃîÈâÚùêã° ÿË¬Ú ÿëöãÈÉóÂÿÅäøćîÈÃãóãÿëöãÈÖóâë×óÚØöćÖ¬óÈą

ÿëöãÈÉóÂîú¬Ì¬îâä×ãÚÖ° ÿëöãÈÉóÂÿÅäøćîÈÉòÂä ÿÅäøćîÈãÚÖ°ØöćÚČóâóÖõÕÖòĈÈĂÚāîÂóëÖ¬óÈą ÿëöãÈÉóÂ
ãóÚßóìÚñ  

Ã­îØöć 4. à­óĀæÛ à­óÝ¬ó à­óä­îÈ  
Ã­îØöć 5. ØČóĂì­ÿÂõÕāäÅÅèóâÕòÚāæìõÖëúÈ āäÅÂäñÿßóñ āäÅìòèĂÉÛóÈËÚõÕ  
Ã­îØöć 6.  

1. ÂóäĂì­Âóäé÷ÂêóĀæñÜäñËóëòâßòÚÙ°  
2. ÂóäĂË­âóÖäÂóäØóÈÂÏìâóãĀæñÂÏäñÿÛöãÛÖ¬óÈ ą ÛòÈÅòÛ  
3. ÂóäÂČóìÚÕÿÃÖÂóäĂË­ØöćÕõÚìäøîÂČóìÚÕÝòÈÿâøîÈ  
4. ÂóäÿÜæöćãÚĀÜæÈÂäñÛèÚÂóäÝæõÖìäøîĂË­ÿÅäøćîÈÉòÂäÿÅäøćîÈãÚÖ°ØöćØòÚëâòã  
5. ÂóäĂË­îùÜÂäÔ°Ü­îÈÂòÚÿëöãÈ  

Ã­îØöć 7. ĂÚËùâËÚĂìÎ¬ąìäøîÿâøîÈĂìÎ¬ ÿË¬Ú ÂäùÈÿØßâìóÚÅä ÿËöãÈĂìâ¬ ÚÅääóËëöâó ÿÜĆÚÖ­Ú  
Ã­îØöć 8. 

1. ØČóĂì­ÿÂõÕÂæõćÚÿìâĆÚ  
2. ÿÜĆÚĀìæ¬ÈîóìóäĀæñĀìæ¬ÈÿßóñßòÚÙù°ÃîÈëòÖè°ÚČóāäÅËÚõÕÖ¬óÈ ą ÿË¬ÚãùÈ ĀâæÈèòÚ 

ĀâæÈëóÛ  

ÂõÉÂääâÂóäÿäöãÚäú­Øöć 3 



 ƘƙƟ 

3. ØČóĂì­ßøĈÚØöćÛäõÿèÔÚòĈÚëÂÜäÂÃóÕÅèóâëèãÈóâĀæñÅèóâÿÜĆÚäñÿÛöãÛ  
4. ØČóĂì­Āìæ¬ÈÚČĈóëÂÜäÂĀæñÿÂõÕÂóäÿÚ¬óÿëöã  
5. ØČóĂì­ÿÂõÕÅèóâëÂÜäÂĀÂ¬ÛääãóÂóé 



 ƘƚƖ 

ÛØØöć ƗƗ 
 ĀäÈĀæñÂóäĂË­ÜäñāãËÚ° 

 
ëóäñëČóÅòÎ 
 ĀäÈÿÜĆÚÜäõâóÔØöćâöÃÚóÕĀæñØõéØóÈ âöÝæÂäñØÛÖ¬îèòÖ×ù Āæñëóâóä×ÚČóâóÜäñãùÂÖ°ĂË­ĂÚ
ËöèõÖÜäñÉČóèòÚăÕ­ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. äñÛùÜäñÿáØĀæñÅèóâìâóãÃîÈĀäÈÜäñÿáØÖ¬óÈą ăÕ­ 
2. îÙõÛóãÂóäÂäñØČóÃîÈĀäÈĀæñāâÿâÚÖ°ÃîÈĀäÈăÕ­ 
3. äñÛùÜäñāãËÚ°ÃîÈĀäÈĂÚËöèõÖÜäñÉČóèòÚăÕ­ 
4. ÂóäìóÅ¬óĀæñÝæÂäñØÛÃîÈĀäÈĀæñāâÿâÚÖ°ăÕ­ 
5. ĂË­Åèóâäú­ÿäøćîÈāâÿâÚÖ°ĂÚËöèõÖÜäñÉČóèòÚăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
 ÿäøćîÈØöć  1  ĀäÈ 
 ÿäøćîÈØöć  2 āâÿâÚÖ° 
 
 
 
 
 
 
 
 
 
 
 



 ƘƚƗ 

ÿäøćîÈØöć Ɨ ĀäÈ 
ĀäÈ (Force) Åøî îČóÚóÉîã¬óÈìÚ÷ćÈØöćÂäñØČóìäøîßãóãóâÂäñØČóÖ¬îèòÖ×ùĂì­ÿÜæöćãÚëáóèñ ĀäÈ

ÿÜĆÚÜäõâóÔÿèÂÿÖîä°ĀæñâöìÚ¬èãÿÜĆÚÚõèÖòÚ 
 ÝæÃîÈĀäÈØČóĂì­èòÖ×ùÿÜæöćãÚĀÜæÈ ÕòÈÚöĈ 

1. ÿÜæöćãÚäúÜØäÈ 
2. ÿÜæöćãÚëáóßÂóäÿÅæøćîÚØöć ÿË¬Ú ÂóäÿÅæøćîÚØöćÿäĆèÃ÷ĈÚ ÂóäÿÅæøćîÚØöćË­óæÈ ÂóäìãùÕÚõćÈ ìäøî 

ÿÜæöćãÚØõéØóÈ 
ÜäõâóÔĂÚØóÈèõØãóéóëÖä°âö Ƙ ÜäõâóÔÕ­èãÂòÚ ÕòÈÚöĈ 
1. ÜäõâóÔÿèÂÿÖîä° (Vector quantity) ÿÜĆÚÜäõâóÔØöćâöØòĈÈÃÚóÕĀæñØõéØóÈ ÿË¬Ú ÚČĈóìÚòÂ ĀäÈ  

ÅèóâÿäĆè ÿÜĆÚÖ­Ú 
2. ÜäõâóÔëÿÂææóä° (Scalar quantity) ÿÜĆÚÜäõâóÔØöćâöĀÖ¬ÃÚóÕîã¬óÈÿÕöãè ÿË¬Ú îùÔìáúâõ ÿèæó  

îòÖäóÿäĆè âèæ ÿÜĆÚÖ­Ú 
ÂóäÿÃöãÚÜäõâóÔÿèÂÿÖîä° ÿÃöãÚĀØÚÕ­èãÿë­ÚÖäÈØöćâöìòèæúÂéäÂČóÂòÛ ÅèóâãóèÃîÈÿë­ÚÖäÈĀØÚ 

ÃÚóÕÃîÈÿèÂÿÖîä° ĀæñìòèæúÂéäĀØÚØõéØóÈÃîÈÿèÂÿÖîä° ÂóäÿÃöãÚëòÎæòÂêÔ°ÃîÈĀäÈ ÿÃöãÚăÕ­ìæóã
äúÜĀÛÛ ÿË¬Ú ÿèÂÿÖîä° A ÿÃöãÚĀØÚÕ­èãëòÎæòÂêÔ° A  Öòèîã¬óÈÿË¬Ú 

Â) ÿèÂÿÖîä° A ăÜØóÈØõéÖñèòÚîîÂ  ÿÃöãÚĀØÚÕ­èã     
Ã) ÿèÂÿÖîä° A ăÜØóÈØõéÖñèòÚÖÂ     ÿÃöãÚĀØÚÕ­èã     

ĀäÈæòßÙ°ÃîÈĀäÈ  (Resultant force) Åøî ÝæäèâÃîÈĀäÈìæóãĀäÈØöćÂäñØČóÖ¬îèòÖ×ù   
ÂóäìóĀäÈæòßÙ°ØČóăÕ­ Ƙ èõÙö Åøî 

1. ÿâøćîĀäÈã¬îãØöćÂäñØČóÖ¬îèòÖ×ùâöØõéØóÈÿÕöãèÂòÚ ÃÚóÕÃîÈĀäÈæòßÙ°ÉñăÕ­ÉóÂÂóäÚČóÃÚóÕÃîÈĀäÈã¬îãÖ¬óÈą 
âóäèâÂòÚ 

 
 

 
ÉóÂäúÜĀäÈæòßÙ° (F) = F1 +  F2 = 30 + 20 = 50 ÚõèÖòÚ 

 

 
 
 

30 N 

20 N 

A 

A 

F 1 

F 2 



 ƘƚƘ 

2.ÿâøćîĀäÈØöćÂäñØČóÖ¬îèòÖ×ù âöØõéØóÈÖäÈÂòÚÃ­óâ ĀäÈæòßÙ°âöÃÚóÕÿØ¬óÂòÛÝæÖ¬óÈÃîÈÃÚóÕÃîÈĀäÈã¬îãØöć
ÂäñØČóÖ¬îèòÖ×ù ĀæñâöØõéØóÈăÜØóÈÿÕöãèÂòÛØõéØóÈÃîÈĀäÈØöćâöÃÚóÕâóÂÂè¬ó 
 

 

 
ÉóÂäúÜ ÃÚóÕĀäÈæòßÙ°ÿØ¬óÂòÛ 30 · 20 = 10 ÚõèÖòÚ 
 

Öòèîã¬óÈØöć Ɨ  ĀäÈ ƛ ÚõèÖòÚ ĀæñĀäÈ Ɲ ÚõèÖòÚ ÂäñØČóĂÚØõéØóÈÿÕöãèÂòÚ ĀäÈæòßÙ°âöÃÚóÕÿØ¬óĂÕ 
 
 
 

 

 
(ƛ) + (Ɲ) = +12 ÚõèÖòÚ 

ÖîÛ ĀäÈæòßÙ°âöÃÚóÕ ƗƘ ÚõèÖòÚ âöØõéØóÈăÜØóÈÃèó     
 
Öòèîã¬óÈØöć Ƙ ĀäÈÃÚóÕ ƚ ÚõèÖòÚ ĀæñĀäÈ Ɯ ÚõèÖòÚ ÂäñØČóĂÚØõéØóÈÖäÈÂòÚÃ­óâ ĀäÈæòßÙ°âöÃÚóÕÿØ¬óÂòÛ
ÿØ¬óĂÕ 
 
 
 
 
  (+6) +(-4) = 6 · 4 = 2 ÚõèÖòÚ 

ĀäÈæòßÙ°âöÃÚóÕ   Ƙ ÚõèÖòÚ âöØõéØóÈăÜØóÈÃèó     
ĀÛÛÞ÷ÂìòÕ 
Ăì­ÖîÛÅČó×óâÖ¬îăÜÚöĈ 
1. ĀäÈâöÅèóâìâóãè¬óîã¬óÈăä 
2. ÜäõâóÔÿèÂÿÖîä°Åøîîñăä 
3. ÂČóìÚÕĂì­ĀäÈ Ɯ ÚõèÖòÚ ĀæñĀäÈ ƗƖ ÚõèÖòÚÂäñØČóĂÚØõéØóÈÿÕöãèÂòÚ ĀäÈæòßÙ°âöÅ¬óÿØ¬óĂÕ 

 

7 N 
5 N 

20 N 30 N 

6 ÚõèÖòÚ 4 ÚõèÖòÚ 

A 



 Ƙƚƙ 

4. ĀäÈ Ƙ ĀäÈâöÅ¬ó Ƙ Āæñ ƚ ÚõèÖòÚ ÂäñØČóĂÚØõéØóÈÖäÈÃ­óâÂòÚ ĀäÈæòßÙ°âöÅ¬óÿØ¬óĂÕ 
5. ÉóÂäúÜ 
 
 
 
 
 

 ĀäÈæòßÙ°âöÅ¬óÿØ¬óĂÕ 
 ØõéØóÈăÜØóÈĂÕ 
 
ÝæÃîÈĀäÈæòßÙ°Ö¬îÂóäÿÅæøćîÚØöćÃîÈèòÖ×ù 

1. ÿâøćîâöĀäÈ Ƙ ĀäÈ âöÃÚóÕÿØ¬óÂòÚâóÂäñØČóÖ¬îèòÖ×ùĂÚØõéØóÈÿÕöãèÂòÚ ä×ÉñÿÅæøćîÚØöćăÜÖóâ 
ØõéØóÈÃîÈĀäÈØòĈÈëîÈ 

2. ×­óâöĀäÈ Ƙ ĀäÈâöÃÚóÕÿØ¬óÂòÚâóÂäñØČóÖ¬îèòÖ×ùĂÚØõéØóÈÖäÈÂòÚÃ­óâ ØČóĂì­ĀäÈæòßÙ°âöÅ¬ó 
ÿØ¬óÂòÛéúÚã° (Ɩ) èòÖ×ùÉñìãùÕÚõćÈ ÿßäóñĀäÈØòĈÈëîÈëâÕùæÂòÚ 

3. ×­óâöĀäÈ Ƙ ĀäÈ âöÃÚóÕÖ¬óÈÂòÚ ÂäñØČóĂÚØõéØóÈÖäÈÂòÚÃ­óâ ÝæØöćÿÂõÕØČóĂì­èòÖ×ùÿÅæøćîÚØöćăÜ 
ÖóâØõéØóÈÃîÈĀäÈâóÂ 
 
ËÚõÕÃîÈĀäÈ 
 ĀäÈĂÚÙääâËóÖõâöìæóãËÚõÕ ÿË¬Ú ĀäÈÂæ ĀäÈÝæòÂ ĀäÈāÚ­â×¬èÈ ĀÖ¬ĂÚØóÈàõëõÂë°ĀÛ¬ÈÜäñÿáØ
ÃîÈĀäÈîîÂÿÜĆÚ ƚ ËÚõÕ ÕòÈÚöĈ 

1. ĀäÈÕ÷ÈÕúÕäñìè¬óÈâèæ ìâóã×÷È ĀäÈÕ÷ÈÕúÕØöćÿÂõÕÉóÂâèæëóäØöćîãú¬ĂÂæ­ÂòÚ ÿË¬Ú ĀäÈÕ÷ÈÕúÕ
ÃîÈāæÂØöćÕ÷ÈÕúÕèòÖ×ùÿÃ­óëú¬éúÚã°ÂæóÈÃîÈāæÂ ìäøîĀäÈÕ÷ÈÕúÕäñìè¬óÈâèæèòÖ×ùØöćîãú¬ĂÂæ­ÂòÚ 
ÿÜĆÚÖ­Ú 

2. ĀäÈĀâ¬ÿìæĆÂ ÿÜĆÚĀäÈØöćÿÂõÕÃ÷ĈÚäñìè¬óÈÃòĈèĀâ¬ÿìæĆÂØöćîãú¬ì¬óÈÂòÚĂÚäñãñăâ¬ăÂæâóÂ āÕãÉñ
ÿÜĆÚĀäÈÂäñØČóÌ÷ćÈÂòÚĀæñÂòÚ 

3. ĀäÈăàà­ó ìâóã×÷È ĀäÈÕ÷ÈÕúÕ ìäøîÝæòÂÂòÚØöćÿÂõÕÉóÂÜäñÉùăàà­ó Ƙ ËÚõÕ Åøî ÜäñÉùÛèÂ (+) 
ĀæñÜäñÉùæÛ (-)  ÜäñÉùăàà­óÉñîîÂĀäÈÂäñØČóÌ÷ćÈÂòÚĀæñÂòÚ ×­óÿÜĆÚÜäñÉùăàà­óËÚõÕ
ÿÕöãèÂòÚÉñÝæòÂÂòÚ ×­óÿÜĆÚÜäñÉùăàà­óÖ¬óÈËÚõÕÂòÚÉñÕúÕÂòÚ 

4. ĀäÈÚõèÿÅæöãä° ìâóã×÷È ĀäÈØöćÿÂõÕÉóÂĀäÈØöćã÷ÕÿìÚöćãèîÚùáóÅĂÚÚõèÿÅæöãëÃîÈîñÖîâĂì­îãú¬
ä¬èâÂòÚ Ì÷ćÈÿÜĆÚĀäÈØöćâöÅ¬óâìóéóæâóÂ 

ƚ  N 6 N 



 Ƙƚƚ 

5. ĀäÈÿëöãÕØóÚ ìâóã×÷È ĀäÈØöćÿÂõÕÃ÷ĈÚäñìè¬óÈÝõèØòĈÈëîÈÃîÈèòÖ×ù âö Ƙ ÜäñÿáØ Åøî 
ĀäÈÿëöãÕØóÚë×õÖ Åøî ĀäÈÿëöãÕØóÚØöćÿÂõÕÃ÷ĈÚäñìè¬óÈÝõèëòâÝòëÃîÈèòÖ×ù ÿâøćîâöĀäÈÂäñØČóÖ¬î

èòÖ×ùĀæ­èèòÖ×ùÿÅæøćîÚØöć 
ĀäÈÿëöãÕØóÚÉæÚ° Åøî ĀäÈÿëöãÕØóÚØöćÿÂõÕÃ÷ĈÚäñìè¬óÈÝõèëòâÝòëÃîÈèòÖ×ù ÿâøćîâöĀäÈâóÂäñØČóÖ¬î

èòÖ×ùĀæ­èèòÖ×ùÿÅæøćîÚØöć 
 
ĀäÈÿëöãÕØóÚ 

ÅèóâìâóãÃîÈĀäÈÿëöãÕØóÚ (Friction force) ìâóã×÷È ĀäÈØöćßãóãóâÖ­óÚÂóäÿÅæøćîÚØöćÃîÈ
èòÖ×ù ÿÂõÕØöćÝõèëòâÝòëÃîÈèòÖ×ù âöØõéØóÈÖäÈÂòÚÃ­óâÂòÛØõéÃîÈĀäÈØöćÂäñØČóÂòÛèòÖ×ù ìäøîÿÜĆÚĀäÈØöćÿÂõÕÃ÷ĈÚ
ÿâøćîèòÖ×ùìÚ÷ćÈßãóãóâÿÅæøćîÚØöć ìäøîÂČóæòÈÿÅæøćîÚØöćăÜÛÚÝõèÃîÈîöÂèòÖ×ùìÚ÷ćÈ ÿÚøćîÈÉóÂâöĀäÈâóÂäñØČó  

âöæòÂêÔñëČóÅòÎ ÕòÈÚöĈ 
1. ÿÂõÕÃ÷ĈÚäñìè¬óÈÝõèëòâÝòëÃîÈèòÖ×ù 
2. âöØõéØóÈÖäÈÂòÚÃ­óâÂòÛØõéØóÈØöćèòÖ×ùÿÅæøćîÚØöćìäøîÖäÈÃ­óâØõéØóÈÃîÈĀäÈØöćßãóãóâØČóĂì­èòÖ×ù
ÿÅæøćîÚØöćÕòÈäúÜ 

 

äúÜĀëÕÈæòÂêÔñÃîÈĀäÈÿëöãÕØóÚ 

×­óèóÈ A îãú¬ÛÚèòÖ×ù B îîÂĀäÈ æóÂèòÖ×ù èòÖ×ù A ÉñÿÅæøćîÚØöćìäøîăâ¬ÂĆÖóâ ÉñâöĀäÈÿëöãÕØóÚ
ÿÂõÕÃ÷ĈÚäñìè¬óÈÝõèÃîÈ A Āæñ B ĀäÈÿëöãÕØóÚâöØõéØóÈÖäÈÂòÚÃ­óâÂòÛĀäÈ  ØöćßãóãóâÖ¬îÖ­óÚÂóä
ÿÅæøćîÚØöć ÃîÈ A 

ÜäñÿáØÃîÈĀäÈÿëöãÕØóÚ 
ĀäÈÿëöãÕØóÚâö 2 ÜäñÿáØ Åøî 
1. ĀäÈÿëöãÕØóÚë×õÖ (static friction) Åøî ĀäÈÿëöãÕØóÚØöćÿÂõÕÃ÷ĈÚäñìè¬óÈÝõèëòâÝòëÃîÈèòÖ×ù ĂÚ
ëáóèñØöćèòÖ×ùăÕ­äòÛĀäÈÂäñØČóĀæ­èîãú¬ÚõćÈ 
2. ĀäÈÿëöãÕØóÚÉæÚ° (kinetic friction) Åøî ĀäÈÿëöãÕØóÚØöćÿÂõÕÃ÷ĈÚäñìè¬óÈÝõèëòâÝòëÃîÈèòÖ×ù 
ĂÚëáóèñØöćèòÖ×ùăÕ­äòÛĀäÈÂäñØČóĀæ­èÿÂõÕÂóäÿÅæøćîÚØöćÕ­èãÅèóâÿäĆèÅÈØöć 

 



 Ƙƚƛ 

ÜòÉÉòãØöćâöÝæÖ¬îĀäÈÿëöãÕØóÚ 
ĀäÈÿëöãÕØóÚäñìè¬óÈÝõèëòâÝòëÉñâöÅ¬óâóÂìäøîÚ­îãÃ÷ĈÚîãú¬ÂòÛëõćÈÖ¬îăÜÚöĈ 
1. ĀäÈÂÕÖòĈÈÊóÂÂòÛÝõèëòâÝòë ×­óĀäÈÂÕÖòèÊóÂÂòÛÝõèëòâÝòëâóÂÉñÿÂõÕĀäÈÿëöãÕØóÚâóÂ ×­ó
ĀäÈÂÕÖòĈÈÊóÂÂòÛÝõèëòâÝòëÚ­îãÉñÿÂõÕĀäÈÿëöãÕØóÚÚ­îã ÕòÈäúÜ 

 

äúÜ Â ĀäÈÿëöãÕØóÚÚ­îã äúÜ Ã ĀäÈÿëöãÕØóÚâóÂ 

2. æòÂêÔñÃîÈÝõèëòâÝòë ×­óÝõèëòâÝòëìãóÛ ÃäùÃäñÉñÿÂõÕĀäÈÿëöãÕØóÚâóÂ ÕòÈäúÜ Â ë¬èÚ
ÝõèëòâÝòëÿäöãÛæøćÚÉñÿÂõÕĀäÈÿëöãÕØóÚÚ­îãÕòÈäúÜ Ã 

 

äúÜ Â ĀäÈÿëöãÕØóÚâóÂ äúÜ Ã ĀäÈÿëöãÕØóÚÚ­îã 

3. ËÚõÕÃîÈÝõèëòâÝòë ÿË¬Ú ÅîÚÂäöÖÂòÛÿìæĆÂ ÿìæĆÂÂòÛăâ­ ÉñÿìĆÚè¬óÝõèëòâÝòëĀÖ¬æñÅú¬ âöÅèóâ
ìãóÛ ÃäùÃäñ ìäøîÿäöãÛæøćÚ ÿÜĆÚâòÚĀÖÂÖ¬óÈÂòÚ ØČóĂì­ÿÂõÕĀäÈÿëöãÕØóÚăâ¬ÿØ¬óÂòÚ 

ÂóäæÕĀäÈÿëöãÕØóÚ 
ÂóäæÕĀäÈÿëöãÕØóÚëóâóä×ØČóăÕ­ìæóãèõÙö ÕòÈÚöĈ 
1. ÂóäĂË­ÚČĈóâòÚìæ¬îæøćÚìäøîÉóäñÛö 
2. ÂóäĂË­äñÛÛæúÂÜøÚ 
3. ÂóäĂË­îùÜÂäÔ°Ö¬óÈą ÿË¬Ú ÖæòÛæúÂÜøÚ 
4. ÂóäîîÂĀÛÛäúÜä¬óÈÃîÈãóÚßóìÚñĂì­ÿßäöãèæâØČóĂì­æÕĀäÈÿëöãÕØóÚ 

 



 ƘƚƜ 

ÂóäÿßõćâĀäÈÿëöãÕØóÚ 
ÂóäÿßõćâĀäÈÿëöãÕØóÚĂÚÕ­óÚÅèóâÜæîÕáòãÃîÈâÚùêã° ÿË¬Ú 
1. ãóÈä×ãÚÖ°âöÕîÂãóÈÿÜĆÚæèÕæóã âöèòÖ×ùÜäñëÈÅ°ÿßøćîÿßõćâĀäÈÿëöãÕØóÚäñìè¬óÈæ­îÂòÛ×ÚÚ                 
2. ÂóäìãùÕä×Ö­îÈÿßõćâĀäÈÿëöãÕØóÚØöćÿÛäÂ ÿßøćîìãùÕìäøîØČóĂì­ä×Āæ¬ÚË­óæÈ 
3. äîÈÿØ­óÛäõÿèÔßøĈÚÖ­îÈâöæèÕæóã ÿßøćîÿßõćâĀäÈÿëöãÕØóÚØČóĂì­ÿèæóÿÕõÚăâ¬æøćÚìÂæ­âăÕ­È¬óã                    
4. ÂóäÜúßøĈÚì­îÈÚČĈóÅèäĂË­ÂäñÿÛøĈîÈØöćâöÝõèÃäùÃäñ ÿßøćîË¬èãÿßõćâĀäÈÿëöãÕØóÚ ÿèæóÿÜöãÂÚČĈóÉñăÕ­
ăâ¬æøćÚæ­â  

ëâÛòÖõÃîÈĀäÈÿëöãÕØóÚ 
1. ĀäÈÿëöãÕØóÚâöÅ¬óÿÜĆÚéúÚã° ÿâøćîèòÖ×ùăâ¬âöĀäÈáóãÚîÂâóÂäñØČó 
2. ÃÔñØöćâöĀäÈáóãÚîÂâóÂäñØČóÖ¬îèòÖ×ù ĀæñèòÖ×ùãòÈăâ¬ÿÅæøćîÚØöć ĀäÈÿëöãÕØóÚØöćÿÂõÕÃ÷ĈÚâö
ÃÚóÕÖ¬óÈą ÂòÚ ÖóâÃÚóÕÃîÈĀäÈØöćâóÂäñØČó ĀæñĀäÈÿëöãÕØóÚØöćâöÅ¬óâóÂØöćëùÕÅøî ĀäÈÿëöãÕ
ØóÚë×õÖ ÿÜĆÚĀäÈÿëöãÕØóÚØöćÿÂõÕÃ÷ĈÚÿâøćîèòÖ×ùÿäõćâÿÅæøćîÚØöć 
3. ĀäÈÿëöãÕØóÚâöØõéØóÈÖäÈÂòÚÃ­óâÂòÛÂóäÿÅæøćîÚØöćÃîÈèòÖ×ù 
4. ĀäÈÿëöãÕØóÚë×õÖâöÅ¬óëúÈÂè¬óĀäÈÿëöãÕØóÚÉæÚ°ÿæĆÂÚ­îã 
5. ĀäÈÿëöãÕØóÚÉñâöÅ¬óâóÂìäøîÚ­îãÃ÷ĈÚîãú¬ÂòÛæòÂêÔñÃîÈÝõèëòâÝòë ÝõèëòâÝòëìãóÛìäøî
ÃäùÃäñÉñâöĀäÈÿëöãÕØóÚâóÂÂè¬óÝõèÿäöãÛĀæñæøćÚ 
6. ĀäÈÿëöãÕØóÚÃ÷ĈÚîãú¬ÂòÛÚČĈóìÚòÂìäøîĀäÈÂÕÃîÈèòÖ×ùØöćÂÕæÈÛÚßøĈÚ ×­óÚČĈóìÚòÂìäøîĀäÈÂÕ
âóÂĀäÈÿëöãÕØóÚÂĆÉñâóÂÃ÷ĈÚÕ­èã 
7. ĀäÈÿëöãÕØóÚăâ¬Ã÷ĈÚîãú¬ÂòÛÃÚóÕìäøîßøĈÚØöćÃîÈÝõèëòâÝòë 

ÜäñāãËÚ°ÉóÂĀäÈÿëöãÕØóÚ 
1. ÜäñāãËÚ°ÉóÂÂóäÿßõćâĀäÈÿëöãÕØóÚ 

              ÂóäÝæõÖÚĆîÖĀæñÖñÜúĂì­âöÿÂæöãè ÿßøćîÿßõćâĀäÈÿëöãÕØóÚØČóĂì­âöĀäÈã÷ÕÿìÚöćãèâóÂÃ÷ĈÚ 
              ãóÈä×ãÚÖ° ØČóÿÜĆÚæèÕæóãØöćÿäöãÂè¬óÕîÂãóÈ ÿßøćîË¬èãĂì­ãóÈÿÂóñ×ÚÚăÕ­ÕöÃ÷ĈÚ ÃÔñØöćä×
Āæ¬ÚăÜÛÚ×ÚÚ Ü­îÈÂòÚÂóäæøćÚă×æîîÂÚîÂ×ÚÚ 
              ÂóäØČóĂì­ßøĈÚâöÅèóâÃäùÃäñ ÿßäóñÉñË¬èãĂì­ÿÕõÚăÕ­îã¬óÈÜæîÕáòãăâ¬æøćÚ  
ßøĈÚäîÈÿØ­ó ÝæõÖāÕãĂË­èòëÕùØöćÿßõćâĀäÈÿëöãÕØóÚäñìè¬óÈßøĈÚÂòÛäîÈÿØ­ó ÿßøćîÂóäØäÈÖòè ĀæñÿÅæøćîÚăìè 
ăÕ­ëñÕèÂÃ÷ĈÚ  

2. ÜäñāãËÚ°ÉóÂÂóäæÕĀäÈÿëöãÕØóÚ 
              Ë¬èãæÕÂóäÿëöãÕëöÃîÈÃ­îÖ¬îÃîÈâÚùêã° ÃÔñØöćâöÂóäÿÅæøćîÚăìè ăÕ­ĀÂ¬ âöëóäìæ¬îæøćÚĂÚ 
ëâîÈ ĀæñăÃëòÚìæòÈ 



 ƘƚƝ 

             æúÂëúÛĀæñÂäñÛîÂëúÛÃîÈÿÅäøćîÈÉòÂäÂæ Ì÷ćÈÉñÿëöãÕëöÂòÚÖæîÕÿèæó ÂĆÉñĂË­ 
ÚČĈóâòÚÿÅäøćîÈ ìäøîÚČĈóâòÚìæ¬îæøćÚ Ë¬èãæÕĀäÈÿëöãÕØóÚ 
            ÂóäĂË­ëóä ßöØöÿîàîö (PTFE : Poly Tetra Fluoro Ethylene) Ì÷ćÈâöËøćîØóÈÂóäÅ­óè¬ó        
ÿØàæîÚ ÊóãÛÚáóËÚñ ÿßøćîĂì­ÿÂõÕÅèóâæøćÚ āÕãăâ¬Ö­îÈØČóÂóäîòÕÊöÕÕ­èãëóäìæ¬îæøćÚ   
 
 



 Ƙƚƞ 

ÿäøćîÈØöć Ƙ āâÿâÚÖ° 
 āâÿâÚÖ° (Moment) ìâóã×÷È ÝæÃîÈĀäÈØöćÂäñØČóÖ¬îèòÖ×ùìâùÚăÜäîÛÉùÕÅÈØöć Ì÷ćÈÿäöãÂè¬óÉùÕ
àòæÅòâ (Fulcrum)  
 Å¬óÃîÈāâÿâÚÖ° ìóăÕ­ÉóÂÝæÅúÔÃîÈĀäÈØöćâóÂäñØČóÂòÛäñãñØöćèòÕÉóÂÉùÕàòæÅäòââóÖòĈÈÊóÂÂòÛ
ĀÚèĀäÈ ÕòÈëúÖä     M = F x S   ìäøî 

 

ØõéØóÈÃîÈāâÿâÚÖ° âö 2 ØõéØóÈ Åøî 
1. āâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó        
 ÅóÚ A B âöÉùÕìâùÚØöć F âöĀäÈâóÂäñØČóØöćÜæóãÅóÚ A ÉñÿÂõÕāâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó 

 

 
2. āâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó 
            ÅóÚ A B âöÉùÕìâùÚØöć F âöĀäÈâóÂäñØČóØöćÜæóãÅóÚ B ÉñÿÂõÕāâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó 

 

 

äúÜĀëÕÈØõéØóÈÃîÈāâÿâÚÖ° 

 

ÉóÂáóß F ÿÜĆÚÉùÕìâùÚ ÿîóèòÖ×ù W èóÈăè­ØöćÜæóãÅóÚÃ­óÈìÚ÷ćÈ îîÂĀäÈÂÕØöćÜæóãÅóÚîöÂÃ­óÈ
ìÚ÷ćÈ ÿßøćîĂì­ăâ­îãú¬ĂÚĀÚèäñÕòÛßîÕö  

F 

F 



 ƘƚƟ 

              āâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó = WxL2 (ÚõèÖòÚ-ÿâÖä) 
              āâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó = ExL1 (ÚõèÖòÚ-ÿâÖä)     
  

ÂÏÃîÈāâÿâÚÖ°         
 ÿâøćîèòÖ×ùìÚ÷ćÈ×úÂÂäñØČóÕ­èãĀäÈìæóãĀäÈ Āæ­èØČóĂì­èòÖ×ùÚòĈÚîãú¬ĂÚëáóèñëâÕùæ (ăâ¬
ÿÅæøćîÚØöćĀæñăâ¬ìâùÚ) ÉñăÕ­è¬ó 
              ÝæäèâÃîÈāâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó = ÝæäèâÃîÈāâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó 

ÅóÚ 
ìæòÂÂóäÃîÈāâÿâÚÖ° ÿäóÚČóâóĂË­ÂòÛîùÜÂäÔ°ØöćÿäöãÂè¬ó ÅóÚ (lever) ìäøîÅóÚÕöÕÅóÚÈòÕ ÅóÚÿÜĆÚ
ÿÅäøćîÈÂæËÚõÕìÚ÷ćÈØöćĂË­ÕöÕÈòÕèòÖ×ùĂì­ÿÅæøćîÚØöćäîÛÉùÕìâÕ (fulcrum) âöæòÂêÔñÿÜĆÚĀØ¬Èãóè ìæòÂÂóä
ØČóÈóÚÃîÈÅóÚĂË­ìæòÂÃîÈāâÿâÚÖ° 

 

äúÜĀëÕÈæòÂêÔñÃîÈÅóÚ 

 ×­óāÉØã°ăâ¬ÂČóìÚÕÚČĈóìÚòÂÅóÚâóĂì­ĀëÕÈè¬óÅóÚăâ¬âöÚČĈóìÚòÂ  ÉóÂäúÜ ÂČóìÚÕĂì­ 
  W =  ĀäÈÅèóâÖ­óÚØóÚ ìäøîÚČĈóìÚòÂÃîÈèòÖ×ù    
   E  =  ĀäÈÅèóâßãóãóâ  ìäøîĀäÈØöćÂäñØČóÖ¬îÅóÚ  
    a   =      äñãñÖòĈÈÊóÂÉóÂÉùÕìâùÚ×÷ÈĀäÈÖ­óÚØóÚ  
     b  =      äñãñØóÈÖòĈÈÊóÂÉóÂÉùÕìâùÚ×÷ÈĀäÈßãóãóâ 

 āÕãâö F (Fulcrum)  ÿÜĆÚÉùÕìâùÚìäøîÉùÕàòæÂäòâ  
ÿâøćîÅóÚîãú¬ĂÚáóèñëâÕùæ    āâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó =  āâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó  
                 W x a = E x b 

 

 

 



 ƘƛƖ 

ÂóäÉČóĀÚÂÅóÚ ÅóÚÉČóĀÚÂăÕ­ 3 ÜäñÿáØìäøî 3 îòÚÕòÛÕòÈÚöĈ 
1. ÅóÚîòÚÕòÛØöć 1 ÿÜĆÚÅóÚØöćâöÉùÕ (F) îãú¬äñìè¬óÈĀäÈÅèóâßãóãóâ (E) ĀæñĀäÈÅèóâÖ­óÚØóÚ (W) ÿË¬Ú 
ÂääăÂäÖòÕÝ­ó ÂääăÂäÖòÕÿæĆÛ ÅöâÖòÕæèÕ ÿäøîĀÉè ăâ­ÂäñÕÂ ÿÜĆÚÖ­Ú 

 

äúÜĀëÕÈÅóÚîòÚÕòÛ 1 

2. ÅóÚîòÚÕòÛ 2 ÿÜĆÚÅóÚØöćâöĀäÈÅèóâÖ­óÚØóÚ (W) îãú¬äñìè¬óÈĀäÈÅèóâßãóãóâ (E) ĀæñÉùÕìâùÚ (F) 
ÿË¬Ú ØöćÿÜõÕÃèÕÚČĈóîòÕæâ ä×ÿÃĆÚØäóã ØöćÖòÕÂäñÕóê ÿÜĆÚÖ­Ú 

 

äúÜĀëÕÈÅóÚîòÚÕòÛ 2 



 ƘƛƗ 

3. ÅóÚîòÚÕòÛØöć 3 ÿÜĆÚÅóÚØöćâöĀäÈÅèóâßãóãóâ (E) îãú¬äñìè¬óÈĀäÈÅèóâÖ­óÚØóÚ (W) ĀæñÉùÕìâùÚ (F) 
ÿË¬Ú ÖñÿÂöãÛ ÅöâÅöÛ×¬óÚ ĀìÚÛ ÿÜĆÚÖ­Ú 

 

äúÜĀëÕÈÅóÚîòÚÕòÛ 3 

ÂóäÝ¬îÚĀäÈÃîÈÅóÚ ÉñâöÅ¬óâóÂìäøîÚ­îãāÕãÕúÉóÂäñãñ E ×÷È F Āæñ W è¬ó×­óäñãñ EF ãóèìäøîëòĈÚ
Âè¬óäñãñ WF ×­óĂÚÂäÔöØöćãóèÂè¬óÂĆÉñË¬èãÝ¬îÚĀäÈ ×­óëòĈÚÂè¬óÂĆÉñăâ¬Ý¬îÚĀäÈ 

ìæòÂÂóäĀæñÃòĈÚÖîÚÂóäÅČóÚèÔÿäøćîÈÅóÚĀæñāâÿâÚÖ°                       
Ɨ. èóÕäúÜÅóÚ ßä­îâÂòÛĀëÕÈÖČóĀìÚ¬ÈÃîÈĀäÈØöćÂäñØČóÛÚÅóÚØòĈÈìâÕ  
2. ìóÖČóĀìÚ¬ÈÃîÈÉùÕìâùÚìäøîÉùÕàòæÅäòâ ×­óăâ¬âöĂì­ëââÖõÃ÷ĈÚ     
ƙ. ×­óāÉØã°ăâ¬ÛîÂÚČĈóìÚòÂÃîÈÅóÚâóĂì­ ÿäóăâ¬Ö­îÈÅõÕÚČĈóìÚòÂÃîÈÅóÚĀæñ ×øîè¬ó ÅóÚâö
ÃÚóÕëâČćóÿëâîÂòÚÖæîÕ 
4. ×­óāÉØã°ÛîÂÚČĈóìÚòÂÅóÚâóĂì­Ö­îÈÅõÕÚČĈóìÚòÂÅóÚÕ­èã āÕã×øîè¬óÚČĈóìÚòÂÃîÈÅóÚÉñîãú¬ÉùÕ
Â÷ćÈÂæóÈÅóÚÿëâî 
5. ÿâøćîÅóÚîãú¬ĂÚëáóèñëâÕùæ āâÿâÚÖ°ØèÚÿÃĆâÚóíõÂóÿØ¬óÂòÛāâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó 
6. āâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó ìäøîāâÿâÚÖ°ÖóâÿÃĆâÚóíõÂóâöÅ¬óÿØ¬óÂòÛ ÝæÛèÂÃîÈāâÿâÚÖ°ã¬îãĀÖ¬
æñËÚõÕ 
 

 

 



 ƘƛƘ 

Öòèîã¬óÈÂóäÅČóÚèÔÿäøćîÈāâÿâÚÖƕ°  
Öòèîã¬óÈØöć 1 ÅóÚîòÚìÚ÷ćÈÿÛóâóÂâöÚČĈóìÚòÂ 300  ÚõèÖòÚĀÃèÚØöćÜæóãÅóÚÃ­óÈìÚ÷ćÈ Āæñîãú¬ì¬óÈÉùÕìâùÚ 1 
ÿâÖä ÉÈìóè¬óÉñÖ­îÈĀÃèÚÚČĈóìÚòÂ 150 ÚõèÖòÚ ØóÈÕ­óÚÖäÈÂòÚÃ­óâØöćĂÕÅóÚÉ÷ÈÉñëâÕùæ 

èõÙöØČó     ëââùÖõĂì­ĀÃèÚÚČĈóìÚòÂ 150 ÚõèÖòÚ ì¬óÈÉóÂÉùÕìâùÚF =  x ÿâÖä( ÅõÕāâÿâÚÖ°ØöćÉùÕ F)    

1. èóÕäúÜĀëÕÈĀÚèØóÈÃîÈĀäÈØöćÂäñØČóÛÚÅóÚØòĈÈìâÕ 

 

 

Ƙ.  Ăì­ F ÿÜĆÚÉùÕìâùÚ ìóÅ¬óāâÿâÚÖ°ÖóâĀæñāâÿâÚÖ°ØèÚ     
   āâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó  =  ƗƛƖ x (X) = 150 X ÚõèÖòÚ-ÿâÖä   
  āâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó  =  Ɨ x (300) =  300    ÚõèÖòÚ-ÿâÖä   

ƙ.  ĂË­ÂÏÃîÈāâÿâÚÖ°        
               āâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó  =  āâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó   
           ƗƛƖ X  =  300      
    X         = 300/150  =  2  ÿâÖä    
   ÖîÛÖ­îÈĀÃèÚÚČĈóìÚòÂ 150 ÚõèÖòÚ ì¬óÈÉóÂÉùÕìâùÚ  Ƙ  ÿâÖä    

B A 

1 X 
150 N 



 Ƙƛƙ 

Öòèîã¬óÈØöć 2 ÅóÚãóè 6 ÿâÖä ìÚòÂ ƗƛƖ ÚõèÖòÚ ĂË­ÈòÕÂ­îÚìõÚÌ÷ćÈìÚòÂ ƙƖ00 ÚõèÖòÚ āÕãèóÈĂì­ÉùÕìâùÚîãú¬
ì¬óÈÉóÂÂ­îÚìõÚ 1 ÿâÖä ÉÈìóè¬ó ÉñÖ­îÈîîÂĀäÈØöćÜæóãÅóÚÿßøćîÈòÕÂ­îÚìõÚÿØ¬óăä 

 

 

èõÙöØČó ëââÖõĂì­îîÂĀäÈØöćÉùÕ B = X ÚõèÖòÚ  ĀæñÅõÕāâÿâÚÖ°ØöćÉùÕ F 
            āâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó =  āâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó     
       (X x 5) + (200 x 2)  =  1 x 3000     
                     ƛX + 400    =  3000      
          5X            =  3000 · 400 = 2600    
          X              =  3600/5  = 720 
ÖîÛ Ö­îÈîîÂĀäÈßãóãóâ = 720 ÚõèÖòÚ  

Öòèîã¬óÈØöć ƙ ăâ­ÂäñÕóÚìÂãóè ƛ ÿâÖä Úóã Â. ìÚòÂ ƚƖƖ ÚõèÖòÚ ãøÚîãú¬ØöćÜæóã A  ë¬èÚÚóã Ã. ìÚòÂ ƜƖƖ 
ÚõèÖòÚ ãøÚîãú¬ØöćÜæóã B îãóÂØäóÛè¬óÉñÖ­îÈèóÈÉùÕìâùÚăè­ØöćĂÕ ÅóÚÉ÷ÈÉñëâÕùæ 

èõÙöØČó 

ëââùÖõĂì­ÉùÕìâùÚîãú¬ì¬óÈÉóÂÚóã Â.  X  ÿâÖä      
  āâÿâÚÖ°ÖóâÿÃĆâÚóíõÂó  =  āâÿâÚÖ°ØèÚÿÃĆâÚóíõÂó   
       ƜƖƖ (ƛ- X)    =  400 x X     
       6(5-X)          =  4X      
                   30 · 6X         = 4X      
             30          = 10X      
              X          = 3        
                                                

F 
A 

B 1  N 2 3 

200 N 



 Ƙƛƚ 

ÖîÛ   ÉùÕìâùÚîãú¬ì¬óÈÉóÂ Úóã Â.  ƙ  ÿâÖä    

ÂóäĂË­āâÿâÚÖ°ĂÚËöèõÖÜäñÉČóèòÚ        
  Åèóâäú­ÿÂöćãèÂòÛÿäøćîÈÃîÈāâÿâÚÖ° ëóâóä×ÚČóăÜĂË­ĂÚËöèõÖÜäñÉČóèòÚĂÚÕ­óÚÖ¬óÈą 
âóÂâóã  ÿË¬Ú Âóäÿæ¬ÚÂäñÕóÚìÂ ÂóäìóÛÃîÈ ÖäóËòćÈÉöÚ ÂóäĀÃèÚāâÛóã ØöćÿÜõÕÃèÕ ä×ÿÃĆÚ Åöâ ØöćÖòÕ
ÂäñÕóê ÿÜĆÚÖ­Ú ìäøîĂÚÂóäĂË­ÿËøîÂìäøîëæõÈã÷ÕÅóÚÿßøćîèóÈÅóÚãøćÚîîÂâóÉóÂÂČóĀßÈ  

ĀÛÛÞ÷ÂìòÕ 

1. ÉÈÖîÛÅČó×óâÖ¬îăÜÚöĈ                     
Ɨ.Ɨ  ĀäÈ ìâóã×÷Èîñăä                   
Ɨ.Ƙ  ÝæØöćÿÂõÕÉóÂÂóäÂäñØČóÃîÈĀäÈâöîñăäÛ­óÈ                     
Ɨ.ƙ  ĀäÈâöìÚ¬èãÿÜĆÚîñăä                                              
Ɨ.ƚ  ĀäÈÿëöãÕØóÚÅøîîñăä                                              
Ɨ.ƛ ãóÚßóìÚñØöćĂË­ĂÚÜòÉÉùÛòÚØùÂËÚõÕÖ­îÈâöæ­îÿßøćîîñăä                                 
1.6 æ­îä×âöÖæòÛæúÂÜøÚ æ­î ĀæñĂë¬ÚČĈóâòÚìæ¬îæøćÚ ÿßøćîîñăä                 
Ɨ.Ɲ ĀäÈÿëöãÕØóÚâöÅ¬óâóÂìäøîÚ­îãÃ÷ĈÚîãú¬ÂòÛîñăä                
Ɨ.ƞ ÚòÂÿØÚÚõëÖöæúÂÿØÚÚõëîã¬óÈĀäÈ ÃÔñØöćæúÂÿØÚÚõëÂČóæòÈÿÅæøćîÚØöćîãú¬ĂÚîóÂóé âöĀäÈĂÕÛ­óÈ
âóÂäñØČóÖ¬îæúÂÿØÚÚõë                                                 
Ɨ.Ɵ ×­óÿäóãøÚËòćÈÚČĈóìÚòÂĂÂæ­ą ÂòÛāÖ®ñ Āæ­èĂË­âøîÂÕÛÚāÖ®ñăè­ Å¬óØöćî¬óÚăÕ­ÉóÂÿÅäøćîÈËòćÈÚČĈóìÚòÂ
ÉñÿßõćâÃ÷ĈÚìäøîæÕæÈ ÿßäóñÿìÖùĂÕ                                                                                                 
Ɨ.ƗƖ āâÿâÚÖ° Åøî îñăä âöÂöćËÚõÕ 

2. ÅóÚãóè ƙ ÿâÖä ĂË­ÈòÕèòÖ×ùìÚòÂ ƚƖƖ ÚõèÖòÚ āÕãèóÈĂì­ÉùÕìâùÚîãú¬ì¬óÈèòÖ×ù  0.5  ÿâÖä ÉÈìóè¬ó
ÉñÖ­îÈîîÂĀäÈØöćÜæóãÅóÚîöÂÃ­óÈìÚ÷ćÈÿØ¬óăä ÅóÚÉ÷ÈÉñëâÕùæ (ĀëÕÈèõÙöØČó)   



 Ƙƛƛ 

ÛØØöć ƗƘ 
ÈóÚĀæñßæòÈÈóÚ 

ëóäñëČóÅòÎ 
 ÅèóâìâóãÃîÈÈóÚĀæñßæòÈÈóÚ äúÜÃîÈßæòÈÈóÚÜäñÿáØÖ¬óÈ ą ßæòÈÈóÚăàà­ó ÂÏÃîÈāîì°â 
ÂóäÖ¬îèÈÉäÅèóâÖ­óÚØóÚĀÛÛÖ¬óÈ ą ÂóäÅČóÚèÔìóÅ¬óÅèóâÖ­óÚØóÚ ÂóäĂË­ÜäñāãËÚ°ÉóÂăàà­óĂÚ
ËöèõÖÜäñÉČóèòÚ ĀæñÂóäîÚùäòÂê°ßæòÈÈóÚăàà­ó ĀëÈĀæñÅùÔëâÛòÖõÃîÈëóä ÿæÚë°ËÚõÕÖ¬óÈ ą ÜäñāãËÚ°
ĀæñāØêÃîÈĀäÈÖ¬îËöèõÖ Āìæ¬ÈÂČóÿÚõÚÃîÈßæòÈÈóÚÅèóâä­îÚ ÂóäÚČóÅèóâä­îÚăÜĂË­ÜäñāãËÚ° 
ßæòÈÈóÚØÕĀØÚ 
ÝæÂóäÿäöãÚäú­ØöćÅóÕìèòÈ 

1. îÙõÛóãÅèóâìâóãÃîÈÈóÚĀæñßæòÈÈóÚĂÚäúÜĀÛÛÖ¬óÈ ą ăÕ­ 
2. Ö¬îèÈÉäăàà­óîã¬óÈÈ¬óãăÕ­ 
3. ĂË­ÂÏÃîÈāîì°âĂÚÂóäÅČóÚèÔăÕ­ 
4. ÛîÂèõÙöÂóäîÚùäòÂê°ĀæñÜäñìãòÕßæòÈÈóÚăÕ­ 
5. îÙõÛóãëâÛòÖõÃîÈĀëÈ ßæòÈÈóÚÅèóâä­îÚ ĀæñÚČóăÜĂË­ÜäñāãËÚ°ĂÚËöèõÖÜäñÉČóèòÚăÕ­ 
6. îÙõÛóãßæòÈÈóÚØÕĀØÚĀæñÿæøîÂĂË­ăÕ­ 

ÃîÛÃ¬óãÿÚøĈîìó 
ÿäøćîÈØöć  Ɨ  ÅèóâìâóãÃîÈÈóÚĀæñßæòÈÈóÚ 
ÿäøćîÈØöć  Ƙ  äúÜÃîÈßæòÈÈóÚÜäñÿáØÖ¬óÈ ą 
ÿäøćîÈØöć  ƙ  ăàà­ó 
ÿäøćîÈØöć  ƚ  ĀëÈ 

 



 ƘƛƜ 

ÿäøćîÈØöć Ɨ  ÅèóâìâóãÃîÈÈóÚĀæñßæòÈÈóÚ 
1.1  ÈóÚ (work) 
ÅČóè¬ó ́ÈóÚµ îóÉâöÅèóâìâóãØöćĀÖÂÖ¬óÈÂòÚăÜ ÿË¬Ú ÅùÔØČóÈóÚìäøîãòÈ ÈóÚìÚòÂăìâ ? ØČóÈóÚ

Û­óÚÂòÚÿ×îñ ÿìæ¬óÚöĈÿÜĆÚÖ­Ú ĀÖ¬ÂóäØČóÈóÚÿìæ¬óÚöĈĂÚØóÈèõØãóéóëÖä°ăâ¬×øîè¬óÿÜĆÚÈóÚ ÂóäØČóÈóÚ
ĂÚØóÈèõØãóéóëÖä°ÿÜĆÚÈóÚØöćăÕ­ÉóÂÂóäîîÂĀäÈÿßøćîØČóĂì­èòÖ×ùÿÅæøćîÚØöćĂÚØõéØóÈÃîÈĀäÈØöćÂäñØČóÂòÛ
èòÖ×ùÚòĈÚ ÕòÈáóß 

 
 

 
 ÅÚãÂÃîÈÉóÂßøĈÚăÜăè­Øöćä×ÂäñÛñ                             ÅÚìæóãÅÚË¬èãÂòÚÿÃĆÚä×ØöćÖõÕìæ¬â 

ÈóÚĂÚËöèõÖÜäñÉČóèòÚ 
 

W = F x S   ¦¦¦¦¦¦¦¦ (1) 
ÿâøćîÂČóìÚÕĂì­ 

W  ÿÜĆÚÈóÚØöćØČóĂì­âöìÚ¬èãÿÜĆÚÉúæ (Joule : J) ìäøîÚõèÖòÚ - ÿâÖä(Newton · metre : N.m) 
F   ÿÜĆÚĀäÈØöćÂäñØČóÂòÛèòÖ×ùâöìÚ¬èãÿÜĆÚÚõèÖòÚ (Newton : N) 
S  ÿÜĆÚäñãñØóÈØöćèòÖ×ùÿÅæøćîÚØöćăÜÖóâØóÈÃîÈĀäÈØöćÂäñØČóÂòÛèòÖ×ùâöìÚ¬èãÿÜĆÚÿâÖä(Metre : m) 
1.2  ßæòÈÈóÚ (Energy) 
ĂÚËöèõÖÜäñÉČóèòÚÃîÈÿäóâòÂăÕ­ãõÚÅČóè¬óßæòÈÈóÚîãú¬Û¬îãą Öòèîã¬óÈÿË¬Ú ÿäóăÕ­ßæòÈÈóÚÉóÂ

îóìóä      Āìæ¬ÈßæòÈÈóÚâöîãú¬ìæóãËÚõÕØöćëóâóä×ØČóĂì­āæÂÿäóÿÂõÕÂóäØČóÈóÚ ĀæñìóÂé÷ÂêóèõÿÅäóñì°
ĂÚÿËõÈæ÷ÂĀæ­èÉñßÛè¬óĀìæ¬ÈÖ­ÚÖîÃîÈßæòÈÈóÚØöćĂË­ØČóÈóÚĂÚËöèõÖÜäñÉČóèòÚë¬èÚĂìÎ¬ÂĆæ­èÚâóÉóÂ
ßæòÈÈóÚîòÚâìóéóæØöćĀÝ¬ÉóÂÕèÈîóØõÖã°âóëú¬āæÂÿäóÚöćÿîÈ      ßæòÈÈóÚÉóÂÕèÈîóØõÖã°ÚöĈÚîÂÉóÂÉóÂÉñ
ëóâóä×ĂË­ÜäñāãËÚ°ÉóÂĀëÈĀæñÅèóâä­îÚĂÚÂóäØČóÈóÚāÕãÖäÈ ÿË¬Ú ÂóäĂì­ĀëÈëè¬óÈ ÂóäĂì­Åèóâ
ä­îÚÅèóâîÛîù¬Ú ÂóäÖóÂĀì­ÈÖ¬óÈ ą Āæ­èÂĆãòÈÂ¬îĂì­ÿÂõÕĀìæ¬ÈßæòÈÈóÚîøćÚ ą îöÂâóÂâóã ÿË¬Ú  

-  ßæòÈÈóÚæâ ĂÚäúÜÃîÈßæòÈÈóÚÉæÚ°ÃîÈæâ 



 ƘƛƝ 

- ßæòÈÈóÚÚČĈó ĂÚäúÜÃîÈßæòÈÈóÚéòÂã°ÃîÈÚČĈóÞÚØöćÖÂæÈâó Āæñ×úÂÂòÂÿÂĆÛăè­ĂÚØöćëúÈ 
- ßæòÈÈóÚâìóëâùØä ĂÚäúÜÃîÈßæòÈÈóÚÉæÚ°ÃîÈÅæøćÚĀæñÂäñĀëÚČĈóĀæñßæòÈÈóÚ
Åèóâä­îÚĂÚÚČĈóÃîÈâìóëâùØä 

- ßæòÈÈóÚËöèâèæ ĂÚäúÜÃîÈßæòÈÈóÚÿÅâöÃîÈËöèâèæ 
- ßæòÈÈóÚàîëÌõæ ĂÚäúÜÃîÈßæòÈÈóÚÿÅâöÃîÈ×¬óÚìõÚ ÚČĈóâòÚ ĀæñÂ®óÌÙääâËóÖõ 
Āìæ¬ÈßæòÈÈóÚÕòÈÂæ¬óèÚöĈîóÉÂæ¬óèÿÜĆÚîöÂÚòãè¬óÿÜĆÚĀìæ¬ÈßæòÈÈóÚØóÈî­îâÃîÈ
ÕèÈîóØõÖã°ÂĆăÕ­  

 



 Ƙƛƞ 

ÿäøćîÈØöć Ƙ  äúÜÃîÈßæòÈÈóÚÜäñÿáØÖ¬óÈ ą 
ßæòÈÈóÚØöćÿäóĂË­ÂòÚîãú¬ÚòĈÚîãú¬ĂÚìæóãäúÜĀÛÛÕ­èãÂòÚ ÿË¬Ú ÿäóĂË­ßæòÈÈóÚÿÅâö ØöćăÕ­ÉóÂ

ëóäîóìóäĂÚä¬óÈÂóãØČóÈóÚãÂèòÖ×ùÖ¬óÈą ÂóäØČóĂì­èòÖ×ùÿÅæøćîÚØöćăÜÿäöãÂè¬ó ØČóĂì­èòÖ×ùÿÂõÕßæòÈÈóÚÂæ 
ÿäóĂË­ßæòÈÈóÚÅèóâä­îÚ ĂÚÂóäìùÈìóîóìóäĂì­ÅèóâîÛîù¬ÚĀæñØČóĂì­ÿÅäøćîÈÉòÂäăîÚČĈóÿÂõÕßæòÈÈóÚÂæ 
ßæòÈÈóÚĀëÈ Ë¬èãĂì­ÖóÿäóâîÈÿìĆÚëõćÈÖ¬óÈąäîÛÖòèăÕ­ ÂóäØöćÿäóăÕ­ãõÚÿëöãÈ ĀæñÿäóĂË­ßæòÈÈóÚăàà­óÂòÛ
ÿÅäøćîÈĂË­ăàà­óÖ¬óÈą  
äúÜĀÛÛÃîÈßæòÈÈóÚÉòÕÿÜĆÚ 2 Âæù¬â Åøî ßæòÈÈóÚØöćØČóÈóÚăÕ­ ĀæñßæòÈÈóÚØöćÿÂĆÛëñëâăè­ 

- ßæòÈÈóÚØöćÿÂĆÛëñëâăè­ ÿË¬Ú ßæòÈÈóÚÿÅâö ßæòÈÈóÚéòÂã° ßæòÈÈóÚÚõèÿÅæöãä° 
- ßæòÈÈóÚØöćØČóÈóÚăÕ­ ÅøîßæòÈÈóÚØöćăÕ­ÉóÂÂõÉÂääâÖ¬óÈą ÿË¬Ú ßæòÈÈóÚÅèóâä­îÚ 
ßæòÈÈóÚĀëÈ ßæòÈÈóÚÅèóâä­îÚ ßæòÈÈóÚĀëÈëè¬óÈ ßæòÈÈóÚÿëöãÈ ßæòÈÈóÚÉæÚ° 

- ßæòÈÈóÚÈóÚĂÚäúÜîøćÚ ą ÿË¬Ú ßæòÈÈóÚËöèâèæ 
 

ßæòÈÈóÚØöćÿÂĆÛëñëâăè­  
            ßæòÈÈóÚØöćÿÂĆÛëñëâăè­ĂÚëëóäëóâóä×ĀÛ¬ÈăÕ­  ÿË¬Ú 

- ßæòÈÈóÚÿÅâö 
- ßæòÈÈóÚÚõèÿÅæöãä° 
- ßæòÈÈóÚéòÂã° 

ßæòÈÈóÚéòÂã° 
        ßæòÈÈóÚéòÂã°ÿÜĆÚßæòÈÈóÚÃîÈèòÖ×ùÿÚøćîÈÉóÂÖČóĀìÚ¬ÈĂÚëÚóâÃîÈĀäÈ ÿÚøćîÈÉóÂÖ­îÈØČóÈóÚ
ÉóÂÖČóĀìÚ¬ÈìÚ÷ćÈßæòÈÈóÚéòÂã°ÿÜĆÚßæòÈÈóÚØöćÉòÕÿÜĆÚßæòÈÈóÚØöćëñëâăè­ âö 2 ËÚõÕ Åøî ßæòÈÈóÚéòÂã°
ÿÚøćîÈÉóÂĀäÈāÚ­â×¬èÈÃîÈāæÂ ĀæñßæòÈÈóÚéòÂã°ØöćăÕ­ÉóÂèòÖ×ùØöćãøÕìãù¬Ú 

ßæòÈÈóÚéòÂã°āÚ­â×¬èÈ 
ßæòÈÈóÚéòÂã°ØöćÃ÷ĈÚîãú¬ÂòÛÖČóĀìÚ¬È ìóÂèòÖ×ùîãú¬ÛäõÿèÔßøĈÚÝõèāæÂØöćâöĀäÈÕ÷ÈÕúÕÃîÈāæÂ ìäøî

ëÚóâÅèóâāÚ­â×¬èÈÃîÈāæÂ ßæòÈÈóÚéòÂã°Øöćîãú¬ØöćëúÈÌ÷ćÈÿÂõÕÃ÷ĈÚÿÚøćîÈÉóÂĀäÈāÚ­â×¬èÈÃîÈāæÂØöćÂäñØČó
Ö¬îèòÖ×ù ×­óÿäóãÂèòÖ×ùâèæ  m Ăì­ëúÈÃ÷ĈÚĂÚĀÚèÕõćÈÉóÂßøĈÚÕõÚÿÜĆÚäñãñ  h  āÕãØöćèòÖ×ùÿÅæøćîÚØöćÕ­èã
ÅèóâÿäĆèÅÈÖòèĀæ­è ÿäóÉñÖ­îÈîîÂĀäÈ  F  ÃÚóÕìÚ÷ćÈØöćâöÃÚóÕÿØ¬óÂòÛÃÚóÕÃîÈÚČĈóìÚòÂÃîÈèòÖ×ù  mg É÷È
Éñëóâóä×ãÂèòÖ×ùÃ÷ĈÚăÕ­ ÖóâÖ­îÈÂóä ßæòÈÈóÚéòÂã°āÚ­â×¬èÈÉñăÕ­ÖóâëâÂóä     ¦. (2) 

 
 
 



 ƘƛƟ 

ßæòÈÈóÚéòÂã°ãøÕìãù¬Ú 
            Åøî ßæòÈÈóÚØöćëñëâîãú¬ĂÚëÜäõÈìäøîèòÖ×ùãøÕìãù¬ÚîøćÚą ÃÔñØöćãøÕÖòèîîÂÉóÂÖČóĀìÚ¬ÈëâÕùæ ĂÚ
ÂóäîîÂĀäÈÕ÷ÈëÜäõÈ ÿÜĆÚäñãñ  x ÉñÿÂõÕÈóÚÿÂõÕÃ÷ĈÚ ÜäõâóÔÈóÚØöćÿÂõÕÃ÷ĈÚĂÚÂóäÕ÷ÈëÜäõÈ ÉñÿÂõÕ
ßæòÈÈóÚéòÂã°ãøÕìãù¬Ú  
  ×­óÂČóìÚÕĂì­   ĀØÚÕ­èãßæòÈÈóÚéòÂã°ãøÕìãù¬Ú ÉñăÕ­ÖóâëâÂóä 

       ¦¦¦¦¦¦¦¦ (3) 
   

ÿâøćî     ÿÜĆÚÅ¬óÅÈÖòèÃîÈëÜäõÈ  
 

Öòèîã¬óÈÂóäÅČóÚèÔ     ä×ãÚÖ°ÅÚÚòćÈ 4 ÅÚ āÕãÚòćÈÃ­óÈìÚ­ó 2 ÅÚ ĀæñÃ­óÈìæòÈ 2 ÅÚ ĀÖ¬æñÅÚâöâèæ 80 
ÂõāæÂäòâ ëÜäõÈØöćāË­ÅîòßØòĈÈ 4 Öòè×úÂÂÕæÈÿÜĆÚäñãñ 3 ÿÌÚÖõÿâÖä îãóÂØäóÛè¬óÅ¬óÅÈÖòèÃîÈëÜäõÈĀæñ
ßæòÈÈóÚéòÂã°ãøÕìãù¬ÚĂÚëÜäõÈĀÖ¬æñÖòèâöÅ¬óÿØ¬óăä  
èõÙöØČó  ìóÅ¬óÅÈÖòèÃîÈëÜäõÈ 
 

 ÉóÂ          Āæñ        
      

     

     

       ÚõèÖòÚ ÿâÖä 
 

ìóÅ¬óßæòÈÈóÚéòÂã°āÚ­â×¬èÈ 
 

    

                                     
                          Éúæ 

 



 ƘƜƖ 

ßæòÈÈóÚÚõèÿÅæöãä° 
              ÂóäÿÂõÕÜÐõÂõäõãóÚõèÿÅæöãä°ÚòĈÚÖ­îÈîóéòãĀä¬ÙóÖùÛóÈîã¬óÈ ÿË¬Ú Āä¬ãúÿäÿÚöãâ ÙóÖùÕõèÿØîä°ÿäöãâ ÿÜĆÚ
ÿËøĈîÿßæõÈÌ÷ćÈîóÉ×øîăÕ­è¬óÿÜĆÚĀìæ¬ÈßæòÈÈóÚØöćâöÖ­ÚÂČóÿÚõÕÉóÂāæÂÿäóÚöĈ ÚòÂèõØãóéóëÖä°Ýú­āÕ¬ÈÕòÈ îòæÿÛõä°Ö 
ăîÚ°ëăÖÚ° (Albert Einstein) Ýú­ÅõÕÅ­ÚëúÖäàõëõÂë°Ã÷ĈÚÿÜĆÚÅÚĀäÂØöćè¬óÕ­èãâèæëóäëóâóä×ĀÜæÈÿÜĆÚ
ßæòÈÈóÚ ĀæñßæòÈÈóÚ () ØöćÿÂõÕÃ÷ĈÚâöÜäõâóÔÿØ¬óÂòÛ () ØöćìóãăÜÉóÂÂóäÜÐõÂõäõãóÅúÔÕ­èãÅèóâÿäĆè
ĀëÈ () ãÂÂČóæòÈ 2 ÖóâëúÖØóÈàõëõÂë°ÕòÈÚöĈ 
        ¦¦¦¦¦¦¦¦ (4) 
ÿÜĆÚØöćØäóÛÂòÚĀæ­èè¬óĀëÈÿÕõÚØóÈÿäĆèâóÂ ą (   ÿâÖäÖ¬îèõÚóØö) ĀæñÿâøćîãõćÈãÂÂČóæòÈ

ëîÈĀæ­èßæòÈÈóÚØöćĂì­îîÂâóĂÚäúÜÃîÈÅèóâä­îÚĀæñĀëÈÚòĈÚÉ÷ÈâöÜäõâóÔâìóéóæâóÂ      ÂóäÜÐõÂõäõãó
ÚõèÿÅæöãä°âöîãú¬ 2 ÜäñÿáØ Åøî ĀÛÛàõËËòÚ (Fission) Āæñ àõèËòÚ (Fusion) 

ßæòÈÈóÚÿÅâö 
      ÉòÕÿÜĆÚßæòÈÈóÚØöćÿÂĆÛëñëâăè­ĂÚëëóäÖ¬óÈą ÿË¬Ú îóìóä ĀæñÿËøĈîÿßæõÈ ßæòÈÈóÚÿÅâöëóâóä×
ÿÜæöćãÚÿÜĆÚßæòÈÈóÚäúÜîøćÚăÕ­ ÿË¬Ú îóìóäØöćÿäóäòÛÜäñØóÚÿÃ­óăÜĂÚä¬óÈÂóãÚòĈÚëóâóä×ÿÜæöćãÚÿÜĆÚ
ßæòÈÈóÚÿÅâö ăè­ĂË­ÜäñāãËÚ°ëČóìäòÛîèòãèñÖ¬óÈ ą ĂÚä¬óÈÂóãăÕ­ 

ßæòÈÈóÚØöćØČóÈóÚăÕ­ 
          Åøî ßæòÈÈóÚØöćăÕ­ÉóÂÂóäØČóÂõÉÂääâÖ¬óÈ ą Ăì­ăÕ­ßæòÈÈóÚîîÂâóìæóãäúÜĀÛÛÿË¬Ú 

- ßæòÈÈóÚÅèóâä­îÚ 
- ßæòÈÈóÚĀëÈ 
- ßæòÈÈóÚÿëöãÈ 
- ßæòÈÈóÚîõÿæĆÂØäîÚõÂë° 
- ßæòÈÈóÚÉæÚ°  

ßæòÈÈóÚÅèóâä­îÚ 
  ßæòÈÈóÚÅèóâä­îÚØöćăÕ­ÉóÂÂóäÿÝóăìâ­ ÉóÂÿÖóßæòÈÈóÚÅèóâä­îÚÿäóëóâóä×äú­ë÷ÂăÕ­ ßæòÈÈóÚ
Åèóâä­îÚØöćĂìÎ¬ØöćëùÕÅøîÕèÈîóØõÖã°ÉòÕÿÜĆÚÿìæ¬ÈßæòÈÈóÚÅèóâä­îÚØöćĂìÎ¬ØöćëùÕ 

ßæòÈÈóÚÿëöãÈ 
        ßæòÈÈóÚÿëöãÈÿÜĆÚßæòÈÈóÚäúÜìÚ÷ćÈØöćÿÂõÕÉóÂÂóäëòćÚëñÿØøîÚ ÿäóëóâóä×ăÕ­ãõÚăÕ­ ÅøîÿÜĆÚ
ßæòÈÈóÚäúÜìÚ÷ćÈØöćëČóÅòÎāÕãâÚùêã° ÿßäóñÿäóĂË­ÿëöãÈĂÚÂóäëøćîëóä ìäøîĀâ­ĀÖ¬ëòÖè° ìäøîßøËÛóÈËÚõÕÉñ
ĂË­ÿëöãÈĂÚÂóäë¬ÈëòÎÎóÔÿË¬Ú ßæòÈÈóÚÿëöãÈØöćăÕ­ÉóÂßúÕÅùãÂòÚ ßæòÈÈóÚÿëöãÈØöćăÕ­ÉóÂÿÅäøćîÈÕÚÖäö ÿÜĆÚ
Ö­Ú 

 
 



 ƘƜƗ 

ßæòÈÈóÚĀëÈ 
          ìæîÕăàà­óĂì­ßæòÈÈóÚĀëÈĀÂ¬ÿäó ÕèÈîóØõÖã°ÿÜĆÚîöÂĀìæ¬ÈìÚ÷ćÈØöćÿÜĆÚßæòÈÈóÚÈóÚĀëÈëè¬óÈ
ØČóĂì­ÿäóëóâóä×âîÈÿìĆÚëõćÈÖ¬óÈ ą ăÕ­ ×­óÜäóéÉóÂßæòÈÈóÚĀëÈÿäóÉñîãú¬ĂÚÅèóââøÕ  

ßæòÈÈóÚîõÿæĆÂØäîÚõÂë° 
ßæòÈÈóÚÜäñÿáØìÚ÷ćÈØöćØČóĂì­ÅîâßõèÿÖîä°ØČóÈóÚ ÿÜĆÚÜäñÿáØÃîÈßæòÈÈóÚØöćĂË­ăÕ­îã¬óÈâóÂ

ĀæñÿÜĆÚßæòÈÈóÚØöćĂË­ăÕ­îã¬óÈÖ¬îÿÚøćîÈ 
ßæòÈÈóÚÉæÚƕ° 

       èòÖ×ùØùÂËÚõÕØöćÿÅæøćîÚØöćăÕ­æ­èÚĀÖ¬âößæòÈÈóÚÉæÚ° èòÖ×ùØöćÿÅæøćîÚØöćăÕ­îã¬óÈäèÕÿäĆèĀëÕÈè¬óâö
ßæòÈÈóÚÉæÚ°âóÂ Öòèîã¬óÈÿË¬Ú ÂóäÃòÛä×ãÚÖ°ăÕ­ÿäĆèÉñâößæòÈÈóÚÉæÚ°âóÂÚòĈÚÿîÈ 

 
ÂóäìóÅ¬óßæòÈÈóÚÉæÚ°ÃîÈÚòÂÿæ¬ÚëÂöÝú­ÚöĈ  ÉñìóăÕ­ÉóÂëâÂóä ×­óÿÃóÿÅæøćîÚØöć Õ­èã

ÅèóâÿäĆè  v  Āæñâöâèæ  m  ÉñìóßæòÈÈóÚÉæÚ°îãú¬ĂÚäúÜ 

        ¦¦¦¦¦¦¦¦ (5) 
 

 Öòèîã¬óÈÂóäÅČóÚèÔ ä×ãÚÖ°ÅòÚìÚ÷ćÈÿÅæøćîÚØöćÕ­èãÅèóâÿäĆè 72 ÂõāæÿâÖäÖ¬îËòćèāâÈ×­óÿä¬ÈĂì­âöÅèóâÿäĆè 
72 ÂõāæÿâÖäÖ¬îËòćèāâÈ ßæòÈÈóÚÉæÚ°ÃîÈä×ãÚÖ°ÅòÚÚöĈÿÅæøćîÚØöćÕ­èãßæòÈÈóÚÉæÚ°ØöćÿÜæöćãÚĀÜæÈÿØ¬óĂÕ 

                          èõÙöØČó                ÉóÂëúÖä                     

                  ßæòÈÈóÚÉæÚ°Â¬îÚÂóäÿÜæöćãÚ                        
                                                                                            Éúæ 

                 ßæòÈÈóÚÉæÚ°ìæòÈÈóÚÿÜæöćãÚĀÜæÈ              
                                                                                              Éúæ 
 ÿßäóñÊñÚòĈÚßæòÈÈóÚÉæÚ°ØöćÿÜæöćãÚÿØ¬óÂòÛ   ßæòÈÈóÚÉæÚ°ìæòÈÂóäÿÜæöćãÚ - ßæòÈÈóÚÉæÚ°Â¬îÚÂóäÿÜæöćãÚ 
                                                                                             =  
                                                                                                Éúæ     
               ßæòÈÈóÚÉæÚ°ØöćÿÜæöćãÚĀÜæÈ                 Éúæ                   ÖîÛ 

 
ßæòÈÈóÚäúÜĀÛÛîøćÚ ą   
Āìæ¬ÈßæòÈÈóÚâöîãú¬ìæóãËÚõÕØöćëóâóä×ØČóĂì­āæÂÿäóÿÂõÕÂóäØČóÈóÚ ĀæñìóÂé÷ÂêóèõÿÅäóñì°ĂÚ

ÿËõÈæ÷ÂĀæ­èÉñßÛè¬óĀìæ¬ÈÖ­ÚÖîÃîÈßæòÈÈóÚØöćĂË­ØČóÈóÚĂÚËöèõÖÜäñÉČóèòÚë¬èÚĂìÎ¬ÂĆæ­èÚâóÉóÂ



 ƘƜƘ 

ßæòÈÈóÚîòÚâìóéóæØöćĀÝ¬ÉóÂÕèÈîóØõÖã°âóëú¬āæÂÿäóÚöćÿîÈ      ßæòÈÈóÚÉóÂÕèÈîóØõÖã°ÚöĈÚîÂÉóÂÉóÂÉñ
ëóâóä×ĂË­ÜäñāãËÚ°ÉóÂĀëÈĀæñÅèóâä­îÚĂÚÂóäØČóÈóÚāÕãÖäÈ ÿË¬Ú ÂóäĂì­ĀëÈëè¬óÈ ÂóäĂì­Åèóâ
ä­îÚÅèóâîÛîù¬Ú ÂóäÖóÂĀì­ÈÖ¬óÈ ą Āæ­èÂĆãòÈÂ¬îĂì­ÿÂõÕĀìæ¬ÈßæòÈÈóÚîøćÚ ą îöÂâóÂâóã ÿË¬Ú  

-  ßæòÈÈóÚæâ ĂÚäúÜÃîÈßæòÈÈóÚÉæÚ°ÃîÈæâ 
-  ßæòÈÈóÚÚČĈó ĂÚäúÜÃîÈßæòÈÈóÚéòÂã°ÃîÈÚČĈóÞÚØöćÖÂæÈâó Āæñ×úÂÂòÂÿÂĆÛăè­ĂÚØöćëúÈ 
- ßæòÈÈóÚâìóëâùØä ĂÚäúÜÃîÈßæòÈÈóÚÉæÚ°ÃîÈÅæøćÚĀæñÂäñĀëÚČĈóĀæñßæòÈÈóÚ
Åèóâä­îÚĂÚÚČĈóÃîÈâìóëâùØä 

- ßæòÈÈóÚËöèâèæ ĂÚäúÜÃîÈßæòÈÈóÚÿÅâöÃîÈËöèâèæ 
- ßæòÈÈóÚàîëÌõæ ĂÚäúÜÃîÈßæòÈÈóÚÿÅâöÃîÈ×¬óÚìõÚ ÚČĈóâòÚ ĀæñÂ®óÌÙääâËóÖõ 
Āìæ¬ÈßæòÈÈóÚÕòÈÂæ¬óèÚöĈîóÉÂæ¬óèÿÜĆÚîöÂÚòãè¬óÿÜĆÚĀìæ¬ÈßæòÈÈóÚØóÈî­îâÃîÈÕèÈ
îóØõÖã°ÂĆăÕ­   

ßæòÈÈóÚÚČĈóÃ÷ĈÚÚČĈóæÈ 
ßæòÈÈóÚÚČĈóÃ÷ĈÚÚČĈóæÈØöćÿÂõÕÃ÷ĈÚĂÚâìóëâùØäăÕ­ÉòÕĀãÂîîÂÉóÂĀìæ¬ÈßæòÈÈóÚâìóëâùØäîøćÚ ąØöć

ăÕ­Âæ¬óèăè­Ã­óÈÖ­Ú ÿÚøćîÈÉóÂĀìæ¬ÈßæòÈÈóÚĂÚâìóëâùØäÚöĈâöëóÿìÖùâóÉóÂĀäÈÕ÷ÈÕúÕÃîÈÕèÈÉòÚØä°
âóÂÂè¬óÕèÈîóØõÖã°ĀæñÿÜĆÚĀìæ¬ÈßæòÈÈóÚÿÕöãèØöćÿÂõÕÉóÂÕèÈÉòÚØä°ÿÜĆÚìæòÂĀæñâöîõØÙõßæ×÷ÈāæÂÿäó
ÚöĈ      ÜäóÂÐÂóäÔ°ÚČĈóÃ÷ĈÚÚČĈóæÈÚöĈÿÂõÕÃ÷ĈÚÿâøćîÕèÈîóØõÖã° āæÂ ĀæñÕèÈÉòÚØä°āÅÉäâóîãú¬ĂÚĀÚèÿÕöãèÂòÚ 
ĀäÈÕ÷ÈÕúÕÃîÈÕèÈÉòÚØä°Ì÷ćÈîãú¬ĂÂæ­āæÂÿäóâóÂÂè¬óÚòĈÚÉñÕ÷ÈĂì­ÚČĈóÖóâÛäõÿèÔÿÃÖéúÚã°ëúÖäĂÚâìóëâùØä
ëúÈÃ÷ĈÚ ĀæñÿâøćîÂóäāÅÉäÚöĈØČóĂì­ÕèÈÉòÚØä°ÖòĈÈÊóÂÂòÛÕèÈîóØõÖã°ÂĆÉñØČóĂì­ÚČĈóÛäõÿèÔéúÚã°ëúÖäÚöĈæÕæÈ 
èÈÉäÂóäÃ÷ĈÚæÈÃîÈÚČĈóĂÚâìóëâùØäÚöĈÂĆÉñëîÕÅæ­îÈäñãñÿèæóÂóäāÅÉäÃîÈÕèÈÉòÚØä°äîÛāæÂÿäóÚöĈ
ÿîÈÌ÷ćÈÉñëòÈÿÂÖăÕ­è¬óÚČĈóÉñÃ÷ĈÚëúÈÿâøćîĂÂæ­èòÚÃ­óÈÃ÷ĈÚĀæñÃ­óÈĀäâÖóâÜÐõØõÚÉòÚØäÅÖõ      ÅèóâĀÖÂÖ¬óÈ
ÃîÈÚČĈóØñÿæäñìè¬óÈË¬èÈØöćÃ÷ĈÚëúÈĀæñË¬èÈØöćÖČćó×øîăÕ­è¬óÿÜĆÚßæòÈÈóÚéòÂã°îòÚìÚ÷ćÈØöćëóâóä×ÚČóâóĂË­
ÜäñāãËÚ°ăÕ­ 

ßæòÈÈóÚæâ  
      âöëóÿìÖùĂìÎ¬âóÉóÂÅèóâä­îÚØöćĀÝ¬ÉóÂÕèÈîóØõÖã°ëú¬āæÂÿäóĂì­ÂòÛîóÂóéăâ¬ÿØ¬óÿØöãâÂòÚ ØČóĂì­
îóÂóéä­îÚØöćÿÛóÂè¬óæîãÃ÷ĈÚĀæñîóÂóéÿãĆÚØöćìÚòÂÂè¬óæîãÿÃ­óâóĀØÚØöć ÿË¬Ú îóÂóéĂÂæ­ÛäõÿèÔéúÚã°ëúÖä
Éñä­îÚÂè¬óîóÂóéĂÂæ­ÛäõÿèÔÃòĈèāæÂîóÂóéØöćÿÛóÂè¬óÉñæîãÖòèÃ÷ĈÚÃÔñØöćîóÂóéìÚòÂÂè¬óÉñÿÅæøćîÚÿÃ­ó
âóĀØÚØöć 

 æâÿÜĆÚÜäóÂÐÂóäÔ°ØóÈÙääâËóÖõ Ì÷ćÈÿÂõÕÉóÂÅèóâĀÖÂÖ¬óÈÃîÈîùÔìáúâõ ÅèóâÂÕÕòÚÃîÈ
ÛääãóÂóéĀæñĀäÈÉóÂÂóäìâùÚÃîÈāæÂ ëõćÈÿìæ¬óÚöĈÿÜĆÚÜòÉÉòãØöćÂ¬îĂì­ÿÂõÕÅèóâÿäĆèæâĀæñÂČóæòÈæâ ÿÜĆÚ
ØöćãîâäòÛāÕãØòćèăÜè¬óæâÿÜĆÚßæòÈÈóÚäúÜìÚ÷ćÈØöćâöîãú¬ĂÚÖòèÿîÈ Ì÷ćÈĂÚÛóÈÅäòĈÈĀäÈØöćÿÂõÕÉóÂæâîóÉØČóĂì­
Û­óÚÿäøîÚØöćîãú¬îóéòãßòÈØæóãÖ­Úăâ­ìòÂāÅ¬ÚæÈ ëõćÈÃîÈèòÖ×ùÖ¬óÈą æ­âìäøîÜæõèæîãăÜÖóâæâ ðæð ĂÚ



 ƘƜƙ 

ÜòÉÉùÛòÚâÚùêã°É÷ÈăÕ­Ăì­ÅèóâëČóÅòÎĀæñÚČóßæòÈÈóÚÉóÂæââóĂË­ÜäñāãËÚ°âóÂÃ÷ĈÚ ÿÚøćîÈÉóÂßæòÈÈóÚæâ
âöîãú¬āÕãØòćèăÜ ăâ¬Ö­îÈÌøĈîìó ÿÜĆÚßæòÈÈóÚØöćëñîóÕăâ¬Â¬îĂì­ÿÂõÕîòÚÖäóãÖ¬îëáóßĀèÕæ­îâ Āæñëóâóä×
ÚČóâóĂË­ÜäñāãËÚ°ăÕ­îã¬óÈăâ¬äú­ÉòÂìâÕëõĈÚ 

ßæòÈÈóÚâìóëâùØä 
- ßæòÈÈóÚÅæøćÚâöëóÿìÖùĂìÎ¬âóÉóÂÚČĈóÛÚÝõèâìóëâùØä×úÂßòÕÕ­èãßæòÈÈóÚæâÉÚ
ÿÂõÕÂóäÿÅæøćîÚăìèÿÜĆÚÅæøćÚ 

- ßæòÈÈóÚÂäñĀëÚČĈóÿÜĆÚæòÂêÔñÿÕöãèÂòÛæâĀÖÂÖ¬óÈÂòÚÖäÈØöćĀØÚØöćÉñÿÜĆÚîóÂóéÂĆ
ÿÜĆÚÚČĈóĂÚâìóëâùØäĀØÚ 

- ßæòÈÈóÚÅèóâä­îÚĂÚâìóëâùØäÿÂõÕÉóÂÛäõÿèÔÝõèÚČĈóÃîÈâìóëâùØäØöćăÕ­äòÛÅèóâ
ä­îÚÉóÂÕèÈîóØõÖã° (ØöćÜäñâóÔãöćëõÛÂè¬óîÈéóÿÌæÿÌöãë) Ì÷ćÈÉñä­îÚÂè¬óÚČĈóë¬èÚØöć
æ÷ÂæÈăÜ    (ØöćÚČĈóæ÷ÂÜäñâóÔ 1 ÂõāæÿâÖä âöîùÔìáúâõÜäñâóÔ 4 îÈéóÿÌæÿÌöãë) 
ÅèóâĀÖÂÖ¬óÈÃîÈîùÔìáúâõÿË¬ÚÚöĈ×øîăÕ­è¬óÿÜĆÚĀìæ¬ÈßæòÈÈóÚËÚõÕìÚ÷ćÈÿË¬ÚÂòÚ 

 
ßæòÈÈóÚàîëÌõæ 
 ÿËøĈîÿßæõÈàîëÌõæÿÂõÕÉóÂÂóäã¬îãëæóãÃîÈëõćÈâöËöèõÖáóãĂÖ­ëõćÈĀèÕæ­îâØöćÿìâóñëâ ÿâøćîßøËĀæñ

ëòÖè°ëâòãÕ÷ÂÕČóÛääß° (ãùÅăÕāÚÿëóä°) ÿëöãËöèõÖæÈÉñ×úÂã¬îãëæóãĀæñØòÛ×âÂòÚÿÜĆÚËòĈÚ ąîãú¬ĂÖ­ÕõÚìäøî
ĂÖ­ßõáß Ì÷ćÈĂË­ÿèæóìæóãæ­óÚÜöÂè¬óØöćÉñÿÜæöćãÚÌóÂÿìæ¬óÚöĈĂì­ÂæóãÿÜĆÚÿËøĈîÿßæõÈàîëÌõæØöćäú­ÉòÂÂòÚØòćèăÜ
Åøî×¬óÚìõÚÚČĈóâòÚ ĀæñÂ®óÌÙääâËóÖõ 

ÖóâØöćăÕ­Âæ¬óèăè­ĂÚìòèÃ­îØöćĀæ­èè¬óëõćÈâöËöèõÖÂĆÿÜĆÚĀìæ¬ÈÂòÂÿÂĆÛÃîÈßæòÈÈóÚÉóÂÕèÈîóØõÖã° 
äúÜĀÛÛìÚ÷ćÈ ÕòÈÚòĈÚ ßæòÈÈóÚàîëÌõæÚöĈÂĆ×øîè¬óÿÜĆÚĀìæ¬ÈÂòÂÿÂĆÛØöćÿÂõÕÃ÷ĈÚìæóãæ­óÚÜöÂ¬îÚ ÃîÈëõćÈâöËöèõÖ
ĂÚãùÅÚòĈÚ 

ßæòÈÈóÚÿìæ¬óÚöĈÉñ×úÂÜæÕÜæ¬îãîîÂâóăÕ­ìäøîÿîóâóĂË­ØČóÈóÚăÕ­ÂĆâöîãú¬èõÙöÿÕöãèÿØ¬óÚòĈÚÅøîÂóä
ÿÝóăìâ­ Ì÷ćÈÉñØČóĂì­Åóä°ÛîÚĀæñ ăïāÕäÿÉÚØöćîãú¬ĂÚÿËøĈîÿßæõÈäèâÂòÛîîÂÌõÿÉÚĂÚîóÂóéÿÜĆÚ 
Åóä°ÛîÚăÕîîÂăÌÕ° ĀæñÚČĈóÚîÂÉóÂÚöĈãòÈâöëóäîøćÚ ą îòÚÿÜĆÚîÈÅ°ÜäñÂîÛÃîÈëõćÈâöËöèõÖØöćÿÉøîÜÚîãú¬ĂÚ
ÿËøĈîÿßæõÈîöÂ ÿË¬Ú Ìòæÿàîä°ĀæñăÚāÖäÿÉÚ ÂĆÉñ×úÂÜæÕÜæ¬îãîîÂâóÿÜĆÚÂ®óÌÌòæÿàîä°îîÂăÌÕ° (SOX) 
ĀæñăÚāÖäÿÉÚîîÂăÌÕ° - (NOX) ÿâøćîØČóÜÐõÂõäõãóÂòÛîîÂÌõÿÉÚĂÚîóÂóé 

ßæòÈÈóÚăàà­ó 
ßæòÈÈóÚăàà­óÚòÛè¬óÿÜĆÚßæòÈÈóÚØöćëČóÅòÎĀæñâÚùêã°ÚČóâóĂË­âóÂØöćëùÕ ÚòÛĀÖ¬ Øîâòë Āîæèó 

ÿîÕõëòÚ ÜäñÕõêÑ°ìæîÕăàëČóÿäĆÉÿâøćîÜö ß.é. 2422 Āæ­è ÿØÅāÚāæãöÕ­óÚÿÅäøćîÈĂË­ăàà­óăÕ­âöÂóäßòÓÚó
îã¬óÈäèÕÿäĆè ÕòÈØöćÿìĆÚăÕ­äîÛÖòèĂÚØùÂèòÚÚöĈ ÿÅäøćîÈĂË­ÿìæ¬óÚöĈĂË­ÿÜæöćãÚßæòÈÈóÚăàà­óăÜÿÜĆÚßæòÈÈóÚäúÜ
îøćÚ 



 ƘƜƚ 

ëõćÈØöćÚČóßæòÈÈóÚăàà­óÉóÂĀìæ¬ÈÂČóÿÚõÕßæòÈÈóÚăàà­óăÜãòÈÿÅäøćîÈĂË­ăàà­óĂÚÛ­óÚĀæñāäÈÈóÚ
îùÖëóìÂääâ ÂĆÅøî ÂäñĀëăàà­ó ÿäóë¬ÈÂäñĀëăàà­óăÜãòÈØöćÖ¬óÈąăÕ­āÕãÝ¬óÚÂäñĀëăàà­óăÜÖóâ
ëóãăàà­óÌ÷ćÈØČóÕ­èãëóä ØöćãîâĂì­ÂäñĀëăàà­óÝ¬óÚăÕ­    

ßæòÈÈóÚËöèâèæ 
      ßøËØòĈÈìæóãĂÚāæÂÿäóÂ¬îÿÂõÕÃ÷ĈÚâóăÕ­æ­èÚĀÖ¬îóéòãßæòÈÈóÚÉóÂÕèÈîóØõÖã° ßøËØČóìÚ­óØöć
ÿÜæöćãÚßæòÈÈóÚĀëÈîóØõÖã°Āæ­èÿÂĆÛëñëâăè­ÿßøćîÂóäÕČóäÈËößĀæñÿÜĆÚë¬èÚÜäñÂîÛëČóÅòÎØöćÂ¬îĂì­ÿÂõÕ
ÂóäÿÉäõÎÿÖõÛāÖÖóâë¬èÚÖ¬óÈ ą ÃîÈßøË ÿË¬Ú äóÂ æČóÖ­Ú ĂÛ ÕîÂăâ­ ĀæñÝæ ÃÛèÚÂóäëČóÅòÎØöćÿÂĆÛ
ëñëâßæòÈÈóÚĀëÈîóØõÖã°ÚöĈÿäöãÂÂòÚè¬óÂäñÛèÚÂóäëòÈÿÅäóñì°ĀëÈāÕãîóéòãëóäÅæîāäàõææ° 
(Chlorophyll) ÛÚßøËëöÿÃöãèØöćØČóÖòèÿëâøîÚÿÜĆÚāäÈÈóÚÿæĆÂ ÕúÕÂ®óÌÅóä°ÛîÚăÕîîÂăÌÕ° ( ) ÉóÂ
îóÂóé ĀæñÚČĈó ( ) ÉóÂÕõÚâóØČóÜÐõÂõäõãóÂòÚĀæ­èÝæõÖÿÜĆÚëóäÜäñÂîÛÂæù¬âìÚ÷ćÈÃ÷ĈÚâó ÿË¬Ú ÚČĈóÖóæ 
ĀÜ­È ĀæñÿÌææúāæë Ì÷ćÈÿäöãÂäèâ ą è¬óÅóä°āÛăïÿÕäÖ (Carbohydrate) ßæòÈÈóÚĀëÈîóØõÖã°ÚöĈÉñ×úÂëñëâ
ĂÚäúÜĀÛÛÃîÈßòÚÙÿÅâö (Chemicalbonds) ÃîÈëóäÜäñÂîÛÿìæ¬óÚöĈ 
           ëòÖè°ØòĈÈìæóãâöØòĈÈÂõÚßøËĀæñëòÖè° âÚùêã°ÂõÚßøË ĀæñëòÖè°ÂóäÂõÚÂòÚÿÜĆÚØîÕ ą (ì¬èÈāÌ¬îóìóä) 
ÃîÈëõćÈâöËöèõÖ ØČóĂì­âöÂóä×¬óãØîÕßæòÈÈóÚÿÅâöÉóÂßøËăÜëú¬ëòÖè°ĀæñëõćÈâöËöèõÖîøćÚ ą Ì÷ćÈîóÉÂæ¬óèāÕã
ëäùÜÅøî ÂóäØČóÈóÚÃîÈëõćÈâöËöèõÖāÕãßøĈÚÑóÚæ­èÚîóéòãßæòÈÈóÚÉóÂÕèÈîóØõÖã°ĀæñÂóäÿÉäõÎÿÖõÛāÖÃîÈ
ëõćÈâöËöèõÖÂĆÿÜĆÚĀìæ¬ÈëñëâßæòÈÈóÚØöćăÕ­äòÛÉóÂÕèÈîóØõÖã°îöÂÿË¬ÚÂòÚ 
          ßæòÈÈóÚËöèâèæÂĆ Åøî ßæòÈÈóÚØöćëñëâîãú¬ĂÚëõćÈâöËöèõÖØöćëóâóä×ÚČóâóĂË­ØČóÈóÚăÕ­ ÿË¬Ú Ö­Úăâ­ ÂõćÈ
ăâ­ ìäøîÿéêèòëÕùÉóÂÂóäÿÂêÖäìäøîîùÖëóìÂääâ ÿË¬Ú ĀÂæÛ àóÈ ËóÚî­îã ÃöĈÿæøćîã ÿéêăâ­ ÿÜæøîÂăâ­ âúæ
ëòÖè° äèâØòĈÈÃîÈÿìæøîìäøîÃãñÉóÂÅäòèÿäøîÚâÚùêã ƕ°ÿäóăÕ­ĂË­ßæòÈÈóÚÉóÂËöèâèæâóÿÜĆÚÿèæóÚóÚĀæ­è
ÉÚ×÷ÈÜòÉÉùÛòÚÂĆãòÈâöÂóäÚČĈóâóĂË­ÜäñāãËÚ°ĂÚëòÕë¬èÚØöćăâ¬Ú­îãÿæãāÕãÿÊßóñÜäñÿØéØöćÂČóæòÈßòÓÚóîã¬óÈ
Û­óÚÿäóÖóâËÚÛØÂĆãòÈâöÂóäĂË­ăâ­àøÚìäøî×¬óÚĂÚÂóäìùÈìóîóìóä 
 

ßæòÈÈóÚØÕĀØÚ 
ßæòÈÈóÚØÕĀØÚ ìâóã×÷È ßæòÈÈóÚØöćÚČóâóĂË­ĀØÚÚČĈóâòÚÿËøĈîÿßæõÈ ëóâóä×ĀÛ¬ÈÖóâĀìæ¬ÈØöć

ăÕ­âóÂÿÜĆÚ 2 ÜäñÿáØ Åøî ßæòÈÈóÚØÕĀØÚÉóÂĀìæ¬ÈØöćĂË­Āæ­èìâÕăÜ îóÉÿäöãÂè¬ó ßæòÈÈóÚëõĈÚÿÜæøîÈ 
ăÕ­ĀÂ¬ ×¬óÚìõÚ Â®óÌÙääâËóÖõ ÚõèÿÅæöãä° ìõÚÚČĈóâòÚ ĀæñØäóãÚČĈóâòÚ ÿÜĆÚÖ­Ú ĀæñßæòÈÈóÚØÕĀØÚîöÂ
ÜäñÿáØìÚ÷ćÈÿÜĆÚĀìæ¬ÈßæòÈÈóÚØöćĂË­Āæ­èëóâóä×ìâùÚÿèöãÚâóĂË­ăÕ­îöÂ ÿäöãÂè¬ó ßæòÈÈóÚìâùÚÿèöãÚ 
ăÕ­ĀÂ¬ ĀëÈîóØõÖã° æâ Ëöèâèæ ÚČĈó ĀæñăïāÕäÿÉÚ ÿÜĆÚÖ­Ú Ì÷ćÈĂÚØöćÚöĈÉñÃîÂæ¬óè×÷ÈÿÊßóñéòÂãáóß Āæñ
ë×óÚáóßÂóäĂË­ÜäñāãËÚ°ÃîÈßæòÈÈóÚØÕĀØÚ   Âóäé÷ÂêóĀæñßòÓÚóßæòÈÈóÚØÕĀØÚÿÜĆÚÂóäé÷Âêó 
Å­ÚÅè­ó ØÕëîÛ ßòÓÚó ĀæñëóÙõÖ ÖæîÕÉÚë¬ÈÿëäõâĀæñÿÝãĀßä¬ßæòÈÈóÚØÕĀØÚ Ì÷ćÈÿÜĆÚßæòÈÈóÚØöć
ëñîóÕ ăâ¬âöÝæÂäñØÛÖ¬îëõćÈĀèÕæ­îâ ĀæñÿÜĆÚĀìæ¬ÈßæòÈÈóÚØöćâöîãú¬ĂÚØ­îÈ×õćÚ ÿË¬Ú ßæòÈÈóÚæâ 
ĀëÈîóØõÖã° Ëöèâèæ ĀæñîøćÚą ÿßøćîĂì­âöÂóäÝæõÖ ĀæñÂóäĂË­ÜäñāãËÚ°îã¬óÈĀßä¬ìæóã âöÜäñëõØÙõáóß 



 ƘƜƛ 

ĀæñâöÅèóâÿìâóñëâØòĈÈØóÈÕ­óÚÿØÅÚõÅ ÿéäêÑÂõÉ ĀæñëòÈÅâ ëČóìäòÛÝú­ĂË­ĂÚÿâøîÈ ĀæñËÚÛØ Ì÷ćÈĂÚ
Âóäé÷Âêó Å­ÚÅè­ó ĀæñßòÓÚóßæòÈÈóÚØÕĀØÚÕòÈÂæ¬óè ãòÈäèâ×÷ÈÂóäßòÓÚóÿÅäøćîÈâøî ÿÅäøćîÈĂË­ Āæñ
îùÜÂäÔ°ÿßøćîÂóäĂË­ÈóÚâöÜäñëõØÙõáóßëúÈëùÕÕ­èã ÈóÚé÷Âêó ĀæñßòÓÚóßæòÈÈóÚØÕĀØÚ ÿÜĆÚë¬èÚìÚ÷ćÈ
ÃîÈĀÝÚÈóÚßòÓÚóßæòÈÈóÚØÕĀØÚ Ì÷ćÈâöāÅäÈÂóäØöćÿÂöćãèÃ­îÈāÕãÖäÈáóãĂÖ­ĀÝÚÈóÚÚöĈÅøî āÅäÈÂóä
é÷ÂêóèõÉòãÕ­óÚßæòÈÈóÚ ĀæñâöÅèóâÿËøćîâāãÈÂòÛĀÝÚÈóÚßòÓÚóËÚÛØĂÚāÅäÈÂóäÉòÕÖòĈÈäñÛÛÝæõÖ
ăàà­óÜäñÉùĀÛÖÿÖîäöćÕ­èãÿÌææ°ĀëÈîóØõÖã°ëČóìäòÛìâú¬Û­óÚËÚÛØØöćăâ¬âöăàà­ó āÕãÈóÚé÷Âêó ĀæñßòÓÚó
ßæòÈÈóÚØÕĀØÚÉñÿÜĆÚÈóÚÜäñÉČóØöćâöæòÂêÔñÂóäÕČóÿÚõÚÈóÚÃîÈÂõÉÂääâÖ¬óÈą ĂÚÿËõÈÂè­óÈÿßøćî
ëÚòÛëÚùÚÂóäßòÓÚóÿØÅāÚāæãößæòÈÈóÚØÕĀØÚ ØòĈÈĂÚÕ­óÚèõËóÂóäÿËõÈØåêÏö ĀæñîùÜÂäÔ°ÿÅäøćîÈâøî
ØÕæîÈ ĀæñÂóäØÕëîÛ äèâ×÷ÈÂóäë¬ÈÿëäõâĀæñÿÝãĀßä¬ Ì÷ćÈÉñÿÜĆÚÂóäëÚòÛëÚùÚ ĀæñäîÈäòÛÅèóâ
ßä­îâĂÚÂóäÉòÕÖòĈÈāÅäÈÂóäĂìâ¬ą ĂÚāÅäÈÂóäé÷ÂêóèõÉòãÕ­óÚßæòÈÈóÚĀæñāÅäÈÂóäîøćÚą ØöćÿÂöćãèÃ­îÈ 
ÿË¬Ú Âóäé÷ÂêóÅ­ÚÅè­óÿÛøĈîÈÖ­Ú ÂóäÖõÕÖóâÅèóâÂ­óèìÚ­óĀæñä¬èââøîÜäñëóÚÈóÚÂòÛìÚ¬èãÈóÚØöć
ÿÂöćãèÃ­îÈĂÚÂóäßòÓÚóÖ­ÚĀÛÛ ØÕëîÛ èõÿÅäóñì° ĀæñÜäñÿâõÚÅèóâÿìâóñëâÿÛøĈîÈÖ­Ú ĀæñÿÜĆÚÈóÚ
ë¬ÈÿëäõâÂóäßòÓÚóāÅäÈÂóäØöćÂČóæòÈÕČóÿÚõÚÂóäĂì­âöÅèóâëâÛúäÔ°ãõćÈÃ÷ĈÚ ÖæîÕÉÚëÚòÛëÚùÚĂì­āÅäÈÂóä
ØöćÿëäĆÉëõĈÚĀæ­èăÕ­ÚČóÝæăÜÕČóÿÚõÚÂóäë¬Èÿëäõâ ĀæñÿÝãĀßä¬ĀæñÂóäĂË­ÜäñāãËÚ°îã¬óÈÿìâóñëâÖ¬îăÜ 

 
 



 ƘƜƜ 

ÿäøćîÈØöć ƙ  ăàà­ó 
3.1 ßæòÈÈóÚăàà­ó 
             ÿÂõÕÉóÂÂóäÿÅæøćîÚØöćÃîÈîõÿæĆÂÖäîÚÉóÂÉùÕìÚ÷ćÈăÜãòÈîöÂÉùÕìÚ÷ćÈáóãĂÚÖòèÚČóăàà­óÂóäÿÅæøćîÚØöć
ÃîÈîõÿæĆÂÖäîÚ  ÿäöãÂè¬ó  ÂäñĀëăàà­ó Electrical Current Ì÷ćÈÿÂõÕÉóÂÂóäÚČóèòÖ×ùØöćâöÜäñÉùăàà­ó
Ö¬óÈÂòÚÚČóâóèóÈăè­ĂÂæ­ÂòÚāÕãÉñĂË­ÖòèÚČóØóÈăàà­ó Åøî ØîÈĀÕÈ ÂóäÿÅæøćîÚØöćÃîÈîõÿæĆÂÖäîÚÉñ
ÿÅæøćîÚØöćÉóÂèòÖ×ùØöćâöÜäñÉùăàà­óÛèÂăÜãòÈèòÖ×ù ØöćâöÜäñÉùăàà­óæÛâöìÚ¬èãÿÜĆÚ Ampere îòÂêäã¬îÅøî ́ A 
 ́

 
 

 
  

äúÜÂóäÿÅæøćîÚØöćÃîÈîõÿæĆÂÖäîÚĂÚÖòèÚČóăàà­ó 
 
 
 
 
 
 
 
 



 ƘƜƝ 

ÂäñĀëăàà­óëóâóä×ĀÛ¬ÈîîÂăÕ­ÿÜĆÚ 2 ËÚõÕ 
1. ăàà­óÂäñĀëÖäÈ  (Direct Current)   ÿÜĆÚÂäñĀëăàà­óØöćÿÂõÕÉóÂÂóäÿÅæøćîÚØöćÃîÈ

îõÿæĆÂÖäîÚÉóÂĀìæ¬ÈÉ¬óãăàà­óăÜãòÈîùÜÂäÔ°ăàà­óĂÕąăÕ­ÿßöãÈØõéØóÈÿÕöãè ëČóìäòÛĀìæ¬ÈÉ¬óãăàà­óÚòĈÚ 
âóÉóÂÿÌææ°ÜÑâáúâõÅøî×¬óÚăàÊóã ìäøîÿÌææ°ØùÖõãáúâõÅøî ĀÛÖÿÖîä°äöć ìäøîÿÅäøćîÈÂČóÿÚõÕăàà­óÂäñĀëÖäÈ 

 
 äúÜĀÛÖÿÖîä°äöćìäøîÿÅäøćîÈÂČóÿÚõÕăàà­óÂäñĀëÖäÈ 

 
2. ăàà­óÂäñĀëëæòÛ  (Alternating Current) ÿÜĆÚÂäñĀëăàà­óØöćÿÂõÕÉóÂÂóäÿÅæøćîÚØöćÃîÈ

îõÿæĆÂÖäîÚÉóÂĀìæ¬ÈÉ¬óãăàăÜãòÈîùÜÂäÔ°ăàà­óĂÕąāÕãâöÂóäÿÅæøćîÚØöćÂæòÛăÜÂæòÛâóÖæîÕÿèæó 
ëČóìäòÛĀìæ¬ÈÉ¬óãăàÚòĈÚâóÉóÂÿÅäøćîÈÂČóÿÚõÕăàà­óÂäñĀëëæòÛËÚõÕìÚ÷ćÈÿàëìäøîÿÅäøćîÈÂČóÿÚõÕăàà­ó
ÂäñĀëëæòÛËÚõÕëóâÿàë  

 
äúÜØöć   ÿÅäøćîÈÂČóÿÚõÕăàà­óÂäñĀëëæòÛ 

 
ĀäÈÕòÚăàà­ó (Voltage)  ÿÜĆÚĀäÈØöćØČóĂì­îõÿæĆÂÖäîÚÿÂõÕÂóäÿÅæøćîÚØöć ìäøîĀäÈØöćØČóĂì­ÿÂõÕÂóä

ăìæÃîÈăàà­óāÕãĀäÈÕòÚăàà­óØöćâöäñÕòÛÖ¬óÈÂòÚÉñâöÜäõâóÔăàà­óëúÈÿÚøćîÈÉóÂÜäõâóÔÜäñÉùăàà­óØòĈÈ
ëîÈÕ­óÚâöÅèóâĀÖÂÖ¬óÈÂòÚ ØČóĂì­ÿÂõÕÂóäÿÅæøćîÚØöćÃîÈîõÿæĆÂÖäîÚ āÕãØòćè ąăÜĀæ­èĀäÈÕòÚăàà­óØöćÖÂ
Åä¬îâîùÜÂäÔ°ăàà­óĀÖ¬æñÖòèáóãĂÚèÈÉäăàà­óìäøîĀäÈÕòÚăàà­óÃîÈĀìæ¬ÈÉ¬óãăàà­ó ÉñĂË­ìÚ¬èãÃîÈ
ĀäÈÕòÚăàà­óÉñĂË­ÖòèîòÂêä V ÖòèĂìÎ¬ÙääâÕó ÉñĀØÚÅČóè¬ó Volt Ì÷ćÈÿÜĆÚìÚ¬èãèòÕÃîÈĀäÈÕòÚăàà­ó 

 
 



 ƘƜƞ 

                      
äúÜÂóäÿÅæøćîÚØöćÃîÈîõÿæĆÂÖäîÚÉóÂéòÂã°ëúÈăÜéòÂã°ÖČćó 

 
ÅèóâÖ­óÚØóÚăàà­ó (Resistance) ÿÜĆÚÂóäÖ¬îÖ­óÚÂóäăìæÃîÈÂäñĀëăàà­óÃîÈèòÖ×ùÌ÷ćÈÉñâö

Å¬óâóÂìäøîÅ¬óÚ­îãÉñÃ÷ĈÚîãú¬ÂòÛËÚõÕÃîÈèòÖ×ùÚòĈÚą ÅèóâÖ­óÚØóÚÉñâöìÚ¬èãèòÕÿÜĆÚ āîì°â ĀæñÉñĂË­
ëòÎæòÂêÔ°ÿÜĆÚ (Ohms)  

 ÖòèÚČóăàà­ó (Conductors) èòÖ×ùØöćÂäñĀëăàà­óëóâóä×ăìæÝ¬óÚăÕ­āÕãÈ¬óãìäøîèòÖ×ùØöćâöÅèóâ
Ö­óÚØóÚÖČćó ÿË¬ÚØîÈĀÕÈ îæúâõÿÚöãâ ØîÈ ĀæñÿÈõÚ Ì÷ćÈÿÜĆÚÖòèÚČóăàà­óØöćÕöØöćëùÕ Å¬óÅèóâÚČóăàà­óÉñâö
ëòÎæòÂêÔ°ÿÜĆÚ G ĀæñâöìÚ¬èãÿÜĆÚ ÌöÿâÚë° (S) āÕãâöëúÖäÂóäÅČóÚèÔÕòÈÚöĈ 

 
G = 1/R  ¦¦¦¦¦¦¦¦ (6) 

Öòèîã¬óÈ 
èòÖ×ùËÚõÕìÚ÷ćÈâöÅ¬óÅèóâÖ­óÚØóÚăàà­ó 25 āîì°â ÉÈÅČóÚèÔìóÅ¬óÅèóâÚČóăàà­óÃîÈèòÖ×ùËÚõÕÚöĈâöÅ¬óÿÜĆÚ
ÿØ¬óăä 

ÉóÂëúÖä    G = 1/R 
ĀØÚÅ¬ó    G = 1/25 
ÅČóÖîÛ    G = 40 mS 

            
 ÊÚèÚăàà­ó (Insulators) èòÖ×ùØöćÌ÷ćÈăâ¬ãîâĂì­ÂäñĀëăàà­óăìæÝ¬óÚăÜăÕ­ ìäøîèòÖ×ùØöćâöÅèóâ
Ö­óÚØóÚăàà­óëúÈ Ì÷ćÈëóâóä×Ö­óÚØóÚÂóäăìæÃîÈÂäñĀëăÕ­ ÿË¬Ú ăâÂ­ó ĀÂ­è ĀæñßæóëÖõÂ 
 



 ƘƜƟ 

3.2 ÂÏÃîÈāîì°â 
 ÂäñĀëăàà­óØöćăìæĂÚèÈÉäăàà­óăÕ­ÚòĈÚ ÿÂõÕÉóÂĀäÈÕòÚăàà­óØöćÉ¬óãĂì­ÂòÛèÈÉäĀæñÜäõâóÔ

ÂäñĀëăàà­óáóãĂÚèÈÉäÉñ×úÂÉČóÂòÕāÕãÅèóâÖ­óÚØóÚăàà­óáóãĂÚèÈÉäăàà­óÚòĈÚą ÕòÈÚòĈÚ

ÜäõâóÔÂäñĀëăàà­óáóãĂÚèÈÉäÉñÃ÷ĈÚîãú¬ÂòÛĀäÈÕòÚăàà­óĀæñÅ¬óÅèóâÖ­óÚØóÚÃîÈèÈÉä Ì÷ćÈèÈÉä

ÚöĈ×úÂÅ­ÚßÛÕ­èã George Simon Ohm ÿÜĆÚÚòÂàõëõÂë°ËóèÿãîäâòÚĀæñÚČóîîÂâóÿÝãĀßä¬ĂÚÜö Å.é.

1826 Ì÷ćÈèÈÉäÚöĈÿäöãÂè¬ó ÂÏÃîÈāîì°â Âæ¬óèè¬óÂäñĀëăàà­óØöćăìæĂÚèÈÉäÉñĀÜäÝòÚÖäÈÂòÛ

ĀäÈÕòÚăàà­óĀæñĀÜäÝÂÝòÚÂòÛÅ¬óÅèóâÖ­óÚØóÚăàà­ó āÕãÿÃöãÚÅèóâëòâßòÚÙ°ăÕ­ÕòÈÚöĈ 

 

 

                                        ĀîâĀÜä°     ¦¦ (7) 

Öòèîã¬óÈ 
             ÉÈÅČóÚèÚìóÅ¬óÜäõâóÔÂäñĀëăàà­óÃîÈèÈÉäăàà­óØöćâöĀäÈÕòÚăàà­óÃÚóÕ 50 āèæÖ° ĀæñâöÅ¬ó
ÅèóâÖ­óÚØóÚÃîÈèÈÉäÿØ¬óÂòÛ 5āîì°â  
                èõÙöØČó 

ÉóÂëúÖä      

   ĀØÚÅ¬ó 

                             

                             
 
 
 
 
 



 ƘƝƖ 

ÂõÉÂääâÂóäÿäöãÚäú­ÿäøćîÈ  ÂóäØÕæîÈÂÏÃîÈāîì°â 
îùÜÂäÔ°ØÕæîÈ 

1. ÿÅäøćîÈÉ¬óãăàà­óÂäñĀëÖäÈÜäòÛÅ¬óăÕ­ Ɩ.ƙƖ V 
2. âòæÖõâõÿÖîä° 
3. ÖòèÖ­óÚØóÚÃÚóÕÖ¬óÈ ą ÉČóÚèÚ ƙ Öòè 
4. ëóãăà 

ÂóäØÕæîÈ 

 
äúÜØöć  ĀëÕÈÂóäÖ¬îèÈÉäÿßøćîßõëúÉÚ°ÂÏÃîÈāîì°â 

 
1. ÚČóÖòèÖ­óÚØóÚ Āìæ¬ÈÉ¬óãăàà­óÂäñĀëÖäÈØöćÜäòÛÅ¬óăÕ­ Ö¬îèÈÉäÕòÈäúÜ 
2. ÜäòÛÅ¬óāèæÖ°ØöćĀìæ¬ÈÉ¬óãăà ÜäñâóÔ ƛ Å¬ó ĀæñĀÖ¬æñÅäòĈÈØöćÜäòÛÅ¬óāèæÖ° Ăì­èòÕÅ¬óÂäñĀëăà
ØöćăìæÝ¬óÚèÈÉä ÛòÚØ÷ÂÝæÂóäØÕæîÈ 

3. ìóÅ¬óäñìè¬óÈ 
V
I

 

4. ÚČóÅ¬óØöćăÕ­ăÜÿÃöãÚÂäóàäñìè¬óÈ V ÂòÛ I  
5. ìóÅ¬óÅèóâËòÚ ÿÜäöãÛÿØöãÛÂòÛÅ¬óØöćăÕ­ĂÚÃ­î ƙ ÿÜäöãÛÿØöãÛÖòèÖ­óÚØóÚĀæñØČóÂóäØÕæîÈ
ÿË¬ÚÿÕöãèÂòÚÂòÛÃ­î Ɨ · ƚ 

 
ÅČó×óâ 

 Å¬ó 
V
I
 ØöćØÕæîÈăÕ­ÿÜĆÚăÜÖóâÂÏÃîÈāîì°âìäøîăâ¬ ÿßäóñÿìÖùĂÕ 

 
 
 
 
 
 



 ƘƝƗ 

3.3 ÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛÖ¬óÈ ą  
         ÂóäÖ¬îÅèóâÖ­óÚØóÚ  ìâóã×÷È  ÂóäÚČóÿîóÅèóâÖ­óÚØóÚìæóãą  ÖòèâóÖ¬îäèâÂòÚĂÚäñìè¬óÈÉùÕ
ëîÈÉùÕÌ÷ćÈĂÚÛØÚöĈÉñÂæ¬óè×÷ÈÂóäÖ¬îÅèóâÖ­óÚØóÚĂÚæòÂêÔñ Ö¬óÈą  ÂòÚāÕãÖòĈÈĀÖ¬ÂóäÖ¬îÅèóâ
Ö­óÚØóÚĀÛÛîÚùÂäâ   ÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛÃÚóÚĀæñÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛÝëâ ÚîÂÉóÂÚöĈ
æòÂêÔñÃîÈÖòèîã¬óÈÖ¬óÈ ą ØöćÿäóÉñßÛĂÚ ÛØÚöĈÚòĈÚë¬èÚĂìÎ¬Āæ­èÉñĀÚñÚČó×÷ÈèõÙöÂóäßõÉóäÔóĀæñ
èõÙöÂóäÅČóÚèÔØöćÈ¬óã ą ÿßøćîĂì­äèÕÿäĆèØöćëùÕÿØ¬óØöćÉñÂäñØČóăÕ­ØòĈÈÚöĈÂĆÿßøćîĂì­ÿÜĆÚĀÚèØóÈĂÚÂóäÚČóăÜĂË­
ĂÚÂóäÅČóÚèÔÿÂöćãèÂòÛèÈÉäăàà­óØöćÜäñÂîÛÕ­èãÅèóâÖ­óÚØóÚìæóã ą    ÖòèØöćÖ¬îÂòÚĂÚæòÂêÔñãù¬ÈãóÂ
ĀæñÌòÛÌ­îÚăÕ­îã¬óÈ×úÂÖ­îÈäèÕÿäĆèĀæñâöÅèóââòćÚĂÉĂÚÂóäĀÂ­ÜòÎìóāÉØã°ÿÂöćãèÂòÛèÈÉäăàà­óāÕãØòćèą 
ăÜ 
 
ÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛîÚùÂäâ 
         ÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛîÚùÂäâ ìâóã×÷È   ÂóäÚČóÿîóÅèóâÖ­óÚØóÚâóÖ¬îÿäöãÈÂòÚāÕãĂì­ Üæóã
ëóãÃîÈÅèóâÖ­óÚØóÚÖòèØöćëîÈÖ¬îÿËøćîâÂòÛÜæóãÃîÈÅèóâÖ­óÚØóÚÖòèØöćëóâ ×­óìóÂè¬óâöÅèóâÖ­óÚØóÚ
ÖòèØöćëöćìäøîÖòèÖ¬î ą ăÜ  ÂĆÚČóâóÖ¬îÿäöãÈÂòÚăÜÿäøćîã ą   ÿÜĆÚæòÂêÔñĂÚĀÛÛæúÂāÌ¬Ì÷ćÈÿäóëóâóä×ØöćÉñ
ÿÃ­óĂÉăÕ­È¬óã  āÕãÂóäßõÉóäÔóÉóÂ 
 
 
 

                                                  äúÜÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛîÚùÂäâ 
 
ÉóÂäúÜÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛîÚùÂäâ  ÉñăÕ­ 
                                            Rt = R1 + R2 + R3 
    ĂÚØöćÚöĈ  
                                            Rt = ÅèóâÖ­óÚØóÚäèâìäøîÅèóâÖ­óÚØóÚØòĈÈìâÕ 
                              R1 , R2 , R3 = ÅèóâÖ­óÚØóÚã¬îã 
 
 
 
 



 ƘƝƘ 

ÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛÃÚóÚ 
         ÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛÃÚóÚ  ìâóã×÷È  ÂóäÚČóÿîóÅèóâÖ­óÚØóÚìæóã ą ÖòèâóÖ¬îÿËøćîâÂòÚĂì­
îãú¬ĂÚäñìè¬óÈÉùÕ 2 ÉùÕ   āÕãĂì­ÜæóãÕ­óÚìÚ÷ćÈÃîÈÅèóâÖ­óÚØóÚØùÂ ą ÖòèâóÖ¬îäèâÂòÚØöćÉùÕ ą ìÚ÷ćÈ 
ĀæñĂì­ÜæóãîöÂÕ­óÚìÚ÷ćÈÃîÈÅèóâÖ­óÚØóÚØùÂ ą ÖòèâóÖ¬îäèâÂòÚîöÂØöćÉùÕìÚ÷ćÈ ą Ì÷ćÈßõÉóäÔóăÕ­îã¬óÈ
ËòÕÿÉÚÉóÂ äúÜÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛÃÚóÚ 
 
 
 
 
 
 
 
                                                       äúÜÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛÃÚóÚ 
  ÉóÂäúÜÂóäÖ¬îÅèóâÖ­óÚØóÚĀÛÛÃÚóÚÉñăÕ­ 
                                     1/Rt  =  (1/R1+1/R2+1/R3) 
                                              =  (R2R3+R1R3+R1R2)/(R1R2R3) 
ÕòÈÚòĈÚ    Rt  =  (R1R2R3)/(R2R3+R1R3+R1R2) 
ĂÚØöćÚöĈ Rt = ÅèóâÖ­óÚØóÚäèâ ìäøîÅèóâÖ­óÚØóÚØòĈÈìâÕ R1,R2,R3 = ÅèóâÖ­óÚØóÚã¬îã 

Ã­îëòÈÿÂÖ ÿâøćîÅèóâÖ­óÚØóÚ 2 ÖòèÖ¬îÃÚóÚÂòÚĀæñâöÅ¬óÿØ¬óÂòÚÂóäÅČóÚèÔìóÅ¬óÅèóâÖ­óÚØóÚ
äèâĂì­ĂË­Å¬óÅèóâÖ­óÚØóÚÖòèĂÕÖòèìÚ÷ćÈÿÜĆÚÖòèÖòĈÈ(ÿßäóñâöÅ¬óÿØ¬óÂòÚ)Āæ­èìóäÕ­èãÉČóÚèÚÃîÈÅèóâ
Ö­óÚØóÚÅøî  2 ĂÚæòÂêÔñØČóÚîÈÿÕöãèÂòÚ  ×­óìóÂè¬óâöÅèóâÖ­óÚØóÚØòĈÈìâÕ  n  ÖòèÖ¬îÃÚóÚÂòÚĀæñĀÖ¬
æñÖòèâöÅ¬óÿØ¬ó ą ÂòÚĀæ­èÿâøćîÅČóÚèÔìóÅ¬óÅèóâÖ­óÚØóÚäèâ ÂĆĂì­ĂË­Å¬óÃîÈÅèóâÖ­óÚØóÚÖòèĂÕÖòèìÚ÷ćÈ
ÿÜĆÚÖòèÖòĈÈĀæ­èìóäÕ­èãÉČóÚèÚÃîÈÖòèÖ­óÚØóÚ Åøî n 
 
èÈÉäĀÛÛÝëâ 

                èÈÉäăàà­óĀÛÛÝëâ ÅøîèÈÉäØöćÜäñÂîÛÕ­èãèÈÉäîÚùÂäâ ( Series Circuit )ĀæñèÈÉäÃÚóÚ               
( Parallel  Circuit ) ã¬îãą îãú¬ĂÚèÈÉäĂìÎ¬ÿÕöãèÂòÚ ÕòÈÚòĈÚĂÚÂóäÅČóÚèÔÿßøćîèõÿÅäóñì°ìóÅ¬óÜäõâóÔØóÈ
ăàà­óÖ¬óÈą ÿË¬Ú ÂäñĀëăàà­ó ( Current ) ĀäÈÕòÚăàà­ó  ( Voltage ) ĀæñÅ¬óÅèóâÖ­óÚØóÚäèâ É÷ÈÖ­îÈ
ĂË­Åèóâäú­ÉóÂèÈÉäăàà­óĀÛÛîÚùÂäâ  èÈÉäăàà­óĀÛÛÃÚóÚ ĀæñÂÏÃîÈāîì°â  ( Ohm³s  Law ) 
èÈÉäăàà­óĀÛÛÝëâ āÕãØòćèăÜÉñâöîãú¬ 2 æòÂêÔñ Åøî ĀÛÛîÚùÂäâ · ÃÚóÚ (Series -Parallel) ĀæñĀÛÛ
ÃÚóÚ · îÚùÂäâ (Parallel · Series )  ÕòÈäúÜ èÈÉäăàà­óÂäñĀëÖäÈĀÛÛÝëâ (îÚùÂäâ · ÃÚóÚ) 



 ƘƝƙ 

 
 
 
 
 
 
 
 

 

 
  äúÜèÈÉäăàà­óÂäñĀëÖäÈĀÛÛÝëâ (îÚùÂäâ · ÃÚóÚ) 

              ÂóäìóÅ¬óÅèóâÖ­óÚØóÚäèâ ( RT ) É÷ÈÖ­îÈìóÅ¬óÅèóâÖ­óÚØóÚäèâ ( RT2 )  äñìè¬óÈÖòèÖ­óÚØóÚ
ÖòèØöć  2 ĀæñÅèóâÖ­óÚØóÚÖòèØöć 3 ĀÛÛèÈÉäÃÚóÚÂ¬îÚ ÉóÂÚòĈÚÉ÷ÈÚČóÅ¬óÅèóâÖ­óÚØóÚäèâ ( RT2 ) âó
äèâÂòÛÅ¬óÅèóâÖ­óÚØóÚÖòèØöć 1 ( RT1 )  ĀÛÛèÈÉäăàà­óîÚùÂäâ ( Series Circuit ) ĂÚÂóäìóÅ¬ó
ÂäñĀëăàà­ó  ( Current )  ĀæñĀäÈÕòÚăàà­ó  ( Voltage )Ăì­ìóÅ¬óĂÚèÈÉäāÕãĂË­æòÂêÔñĀæñèõÙöÂóä
ÿÕöãèÂòÚ ÂòÛèÈÉäîÚùÂäâ  èÈÉäÃÚóÚÕòÈØöćÝ¬óÚâóāÕãĂì­ìóÅ¬óÖ¬óÈąĂÚèÈÉääèâ ÂĆÉñăÕ­Å¬óÖ¬óÈąÖóâØöć
Ö­îÈÂóä 
 

3.4 ÂóäÅČóÚèÔìóÅ¬óÅèóâÖ­óÚØóÚ 
 èÈÉäîÚùÂäâ ĀæñèÈÉäÃÚóÚ  
 ÖòèÖ­óÚØóÚØöćÖ¬îĀÛÛÃÚóÚ ÉñâöÅèóâÖ¬óÈéòÂã°ÿØ¬óÂòÚØùÂÖòè ÿäóÉ÷ÈìóÅèóâÖ­óÚØóÚØöćëââúæ ( R 
eq ) ÿëâøîÚè¬óâöÖòèÖ­óÚØóÚÿßöãÈÖòèÿÕöãè ăÕ­ÕòÈÚöĈ  
 

 
 
 
 

ÿäóëóâóä×ĀØÚÖòèÖ­óÚØóÚØöćÖ¬îÃÚóÚÂòÚ Õ­èãÿë­ÚÖäÈ 2 ÿë­Ú " || " ăÕ­ ëČóìäòÛÖòèÖ­óÚØóÚ 2 Öòè ÿäóÉñ
ÿÃöãÚÕòÈÚöĈ  

 
 

 



 ƘƝƚ 

ÂäñĀëăàà­óØöćăìæÝ¬óÚÖòèÖ­óÚØóÚĀÛÛîÚùÂäâÉñÿØ¬óÂòÚÿëâî ĀÖ¬ÅèóâÖ¬óÈéòÂã°ÃîÈÖòèÖ­óÚØóÚĀÖ¬æñ
ÖòèÉñăâ¬ÿØ¬óÂòÚ ÕòÈÚòĈÚ ÅèóâÖ¬óÈéòÂã°ØòĈÈìâÕÉ÷ÈÿØ¬óÂòÛÝæäèâÃîÈÅèóâÖ¬óÈéòÂã° ÿäóÉ÷ÈìóÅèóâÖ­óÚØóÚ
ăÕ­ÿØ¬óÂòÛ  

 
 

ÖòèÖ­óÚØóÚØöćÖ¬îĀÛÛÃÚóÚĀæñĀÛÛîÚùÂäâ äèâÂòÚÚòĈÚ ÿäóëóâóä×ĀÛ¬ÈÿÜĆÚë¬èÚÿæĆÂąÂ¬îÚ Āæ­è
ÅČóÚèÔÅèóâÖ­óÚØóÚØöæñë¬èÚăÕ­ ÕòÈÖòèîã¬óÈÚöĈ  

 
 
 

ÖòèÖ­óÚØóÚĀÛÛ 4 Ā×Ûëö  

 ÖòèÖ­óÚØóÚĀÛÛ 4 Ā×ÛëƕöÚòĈÚÿÜĆÚĀÛÛØöćÚõãâĂË­âóÂØöćëùÕ āÕãÉñâöĀ×ÛëöäñÛóãÿÜĆÚÿë­Ú 4 
ÿë­ÚäîÛÖòèÖ­óÚØóÚ āÕãÅ¬óÖòèÿæÃÃîÈ 2 Ā×ÛĀäÂÉñÿÜĆÚ Å¬óëîÈìæòÂĀäÂÃîÈÅèóâÖ­óÚØóÚ Ā×ÛØöć 3 
ÿÜĆÚÖòèÅúÔ Āæñ Ā×ÛØöć 4 ÿÜĆÚÅ¬ó ÃîÛÿÃÖÅèóâÿÛöćãÈÿÛÚ Ì÷ćÈâöÅ¬óÿÜĆÚ 2% , 5% , ìäøî 10%  
Å¬óÃîÈäìòëëöÖóââóÖäÑóÚ EIA EIA-RS- 279  

ëö Ā×Û 1 Ā×Û 2 
Ā×Û 3 

( ÖòèÅúÔ) 
Ā×Û 4 

( ÃîÛÿÃÖÅèóâÿÛöćãÈÿÛÚ) 
ëòâÜäñëõØÙõċÃîÈîùÔìáúâõ 

ÕČó 0 0 ?10 0   
ÚČĈóÖóæ 1 1 ?10 1 ?1% (F) 100 ppm 
ĀÕÈ 2 2 ?10 2 ?2% (G) 50 ppm 
ë­â 3 3 ?10 3  15 ppm 
ÿìæøîÈ 4 4 ?10 4  25 ppm 
ÿÃöãè 5 5 ?10 5 ?0.5% (D)  
ÚČĈóÿÈõÚ 6 6 ?10 6 ?0.25% (C)  
â¬èÈ 7 7 ?10 7 ?0.1% (B)  
ÿØó 8 8 ?10 8 ?0.05% (A)  
Ãóè 9 9 ?10 9   
ØîÈ   ?0.1 ?5% (J)  
ÿÈõÚ   ?0.01 ?10% (K)  
ăâ¬âöëö    ?20% (M)  

ìâóãÿìÖù : ëöĀÕÈ ×÷È â¬èÈ ÿÜĆÚëöäù­È āÕãØöćëöĀÕÈÿÜĆÚëößæòÈÈóÚÖČćó Āæñ ëöâ¬èÈÿÜĆÚëößæòÈÈóÚëúÈ 



 ƘƝƛ 

Å¬óØöćß÷ÈÜäñëÈÅ° 
 ÖòèÖ­óÚØóÚâóÖäÑóÚØöćÝæõÖ âöÅ¬óÖòĈÈĀÖ¬âõææõāîì°â ÉÚ×÷È ÂõÂñāîì°â Ì÷ćÈĂÚË¬èÈÚöĈ ÉñâöÿßöãÈÛóÈ
Å¬óØöćÿäöãÂè¬ó Å¬óØöćß÷È ÜäñëÈÅ° ÿØ¬óÚòĈÚØöć×úÂÝæõÖ ĀæñÖòèØäóÚÌõëÿÖîä°ØöćÿÜĆÚîùÜÂäÔ°ĀãÂĂÚØ­îÈÖæóÕ
ÿìæ¬óÚöĈÚòĈÚ ĂÚØóÈÜÐõÛòÖõĀæ­èăâ¬ăÕ­âöÅ¬óÖóâ îùÕâÅÖõ ÕòÈÚòĈÚÉ÷ÈâöÂóääñÛùÃîÛÿÃÖÃîÈ ÂóäÿÛöćãÈÿÛÚÉóÂ
Å¬óØöćäñÛùăè­ āÕãÂóäĂË­Ā×ÛëöĀ×ÛëùÕØ­óã  
ÖòèÖ­óÚØóÚĀÛÛâö 5 Ā×Ûëö  

 5 Ā×ÛëöÚòĈÚÜÂÖõĂË­ëČóìäòÛÖòèÖ­óÚØóÚØöćâöÅèóâĀâ¬ÚãČóëúÈ (āÕãâöÅ¬óÃîÛÿÃÖÃîÈÅèóâ
ÿÛöćãÈÿÛÚ 1%, 0.5%, 0.25% , 0.1%) Ā×Ûëö 3 Ā×ÛĀäÂÚòĈÚĂË­äñÛùÅ¬óÅèóâÖ­óÚØóÚ Ā×ÛØöć 4 ĂË­äñÛù
Å¬óÖòèÅúÔ Āæñ Ā×ÛØöć 5 ĂË­äñÛùÃîÛÿÃÖÃîÈÅèóâ ÿÛöćãÈÿÛÚ ë¬èÚÖòèÖ­óÚØóÚĀÛÛ 5 Ā×ÛëöØöćâöÅèóâ
Āâ¬ÚãČóÜÂÖõ âößÛăÕ­ĂÚÖòèÖ­óÚØóÚäù¬ÚÿÂ¬ó ìäøî ÖòèÖ­óÚØóÚĀÛÛßõÿéê Ì÷ćÈÅ¬óÃîÛÿÃÖÃîÈÅèóâÿÛöćãÈÿÛÚ 
Éñîãú¬ĂÚÖČóĀìÚ¬ÈÜÂÖõÅøî Ā×ÛØöć 4 ë¬èÚĀ×ÛØöć 5 ÚòĈÚĂË­ÛîÂÅ¬óëòâÜäñëõØÙõċÃîÈîùÔìáúâõ  
 

ÖòèÖ­óÚØóÚĀÛÛ SMT  

 ÖòèÖ­óÚØóÚĀÛÛÜäñÂÛÝõèìÚ­ó äñÛùÅ¬óÅèóâÖ­óÚØóÚÕ­èãäìòëÖòèÿæÃ āÕãÖòèÖ­óÚØóÚ SMT 
ÅèóâĀâ¬ÚãČóÜÂÖõ ÉñäñÛùÕ­èãäìòëÿæÃ 3 ìæòÂ ëîÈìæòÂĀäÂÛîÂÅ¬óëîÈìæòÂĀäÂÃîÈÅèóâÖ­óÚØóÚ 
Āæñ ìæòÂØöć 3 ÅøîÅ¬óÿæÃãÂÂČóæòÈÃîÈ 10 Öòèîã¬óÈÿË¬Ú "472" ĂË­ìâóã×÷È "47" ÿÜĆÚÅ¬óëîÈìæòÂĀäÂÃîÈÅ¬ó
ÅèóâÖ­óÚØóÚ ÅúÔÕ­èã 10 ãÂÂČóæòÈëîÈ āîì°â ë¬èÚÖòèÖ­óÚØóÚ SMT Åèóâ
Āâ¬ÚãČóëúÈ ÉñĂË­äìòëÿæÃ 4 ìæòÂ āÕãØöć 3 ìæòÂĀäÂÛîÂÅ¬óëóâìæòÂĀäÂÃîÈÅèóâÖ­óÚØóÚ Āæñ ìæòÂØöć 
4 ÅøîÅ¬óÿæÃãÂÂČóæòÈÃîÈ 10 
 

ÂóäèòÕÖòèÖ­óÚØóÚ  

 ÖòèÖ­óÚØóÚÂĆÅøîÖòèÚČóØöćÿæèăÕ­ ìäøîĂÚØóÈÂæòÛÂòÚÖòèÚČóØöÕöìäøîÖòèÚČóëâÛúäÔ° ÿË¬Ú ÌúÿÜîä°
ÅîÚÕòÂÿÖîä° Éñăâ¬âöÅ¬óÅèóâÖ­óÚØóÚÿæã ÕòÈÚòĈÚ ×­óÖ­îÈÂóäØÕëîÛÿÅäøćîÈâøîèòÕÃîÈÿäóè¬ó âöÅ¬ó
ÿØöćãÈÖäÈ ĂÚÂóäèòÕâóÂÚ­îãÿØ¬óĂÕ ÿäóëóâóä×ØÕëîÛ ăÕ­āÕãÂóäÚČóÿÅäøćîÈâøîèòÕÃîÈÿäóăÜèòÕÖòèÚČóØöćâö
Å¬óÅèóâÖ­óÚØóÚ éúÚã°āîì°â ÿÅäøćîÈâøîØöćÚČóăÜèòÕÉñÖ­îÈèòÕÅ¬óăÕ­ÿØ¬óÂòÛ éúÚã°āîì°âØùÂ ã¬óÚèòÕ (äúÜØöć 1) 
ÖòèÚČóØöćÕöØöćëùÕìäøîÖòèÚČóØöć Å¬îÚÃ­óÈÕö ÉČóÿÜĆÚâóÂëČóìäòÛèÈÉäîõÿæĆÂØäîÚõÂë°ØòćèăÜ ĂÚÈóÚ
îõÿæĆÂØäîÚõÂë°ÉñĂË­îùÜÂäÔ°Øöćäú­ÉòÂÂòÚĂÚËøćîè¬ó āîì°ââõÿÖîä° ÿÜĆÚÿÅäøćîÈâøîØöćĂË­ÖäèÉëîÛÅ¬óÅèóâ
Ö­óÚØóÚÃîÈÖòèÖ­óÚØóÚ  
 
 



 ƘƝƜ 

 
 

 
 
 
 
 

äúÜØöć Ɨ ×­óÿäóèòÕÅèóâÖ­óÚØóÚÃîÈÖòèÚČóØöćÕöÉñăâ¬âöÅèóâÖ­óÚØóÚÅøîèòÕăÕ­éúÚã°āîì°â 
 



 ƘƝƝ 

ÂõÉÂääâÂóäØÕæîÈ ÿäøćîÈ ÖòèÖ­óÚØóÚ 
èòÖ×ùÜäñëÈÅ° 

1. ÿÃ­óĂÉìæòÂÂóäî¬óÚÅ¬óëöÖòèÖ­óÚØóÚăàà­ó 
2. ëóâóä×î¬óÚÅ¬óëöÉóÂÖòèÖ­óÚØóÚăàà­óăÕ­îã¬óÈ×úÂÖ­îÈ 

îùÜÂäÔ°ØöćĂË­ĂÚÂóäØÕæîÈ 
1. ÖòèÖ­óÚØóÚÅ¬óÖ¬óÈą 

 

 

 

ØÕæîÈ 
1.ÉóÂÖòèÖ­óÚØóÚëö ÚČĈóÖóæ ëö ĀÕÈ ëö ë­â Āæ­èî¬óÚÅ¬óÖ­óÚØóÚ Â¬îÚØÕæîÈ (Öòèîã¬óÈ) 
    î¬óÚÅ¬óÅèóâÖ­óÚØóÚÕ­èãÖÚÿîÈăÕ­Ýæ  =  ....................... āîì°â 
2.Ăì­ÿæøîÂÖòèÖ­óÚØóÚØöćÉòÕÿÖäöãâĂì­ĀæñÚČóăÜØČóÂóäØÕæîÈæÈÖóâÖóäóÈ 
3. ÉóÂÖóäóÈÕ­óÚæ¬óÈĂì­ÿÃöãÚëöĂÚĀÖ¬æñĀ×ÛëöÿßøćîĂì­ăÕ­Å¬óÅèóâÖ­óÚØóÚÖóâÂČóìÚÕ ĀæñĂì­æÈâøîÜÐõÛòÖõ 
    ÿÜæöćãÚÅ¬óëöÖóâØöćÿÃöãÚăè­ÿßøćîÕúÝæÿØöãÛÂòÛØöćÿÃöãÚăè­ 
 

  ëöĀ×ÛëöØöć 1  ëöĀ×ÛëöØöć 2  ëöĀ×ÛëöØöć 3  
30 āîì°â        
45 āîì°â        
53 āîì°â        
330 āîì°â       
680 āîì°â        
940 āîì°â        
1.2 Âõāæāîì°â       
3.5 Âõāæāîì°â       
120 Âõāæāîì°â       
480 Âõāæāîì°â        
1000 Âõāæāîì°â        
1200 Âõāæāîì°â       

 

 

ÖòèÖ­óÚØóÚăàà­ó(Resistor) 



 ƘƝƞ 

3.5 ăàà­óĂÚËöèõÖÜäñÉČóèòÚ 
 

               ăàà­óÿÜĆÚëõćÈØöćÉČóÿÜĆÚĀæñâöîõØÙõßæâóÂ
ĂÚËöèõÖÜäñÉČóèòÚÃîÈÿäóÖòĈÈĀÖ¬ÿÂõÕÉÚÂäñØòćÈÖóã 
ÿäóëóâóä×ÚČóăàà­óâóĂË­ÜäñāãËÚ°ĂÚÕ­óÚÖ¬óÈą
ÿË¬Ú Õ­óÚĀëÈëè¬óÈ Õ­óÚÅèóâä­îÚ Õ­óÚßæòÈÈóÚ 
Õ­óÚÿëöãÈ ÿÜĆÚÖ­Ú ĀæñÂóäĂË­ÜäñāãËÚ°ÉóÂăàà­óÂĆ
Ö­îÈĂË­îã¬óÈäñâòÕäñèòÈ Ö­îÈÿäöãÚäú­ÂóäĂË­Øöć×úÂèõÙö 

Ö­îÈäú­èõÙöÂóäÜ­îÈÂòÚØöć×úÂÖ­îÈ ĂÚØöćÚöĈÉñÃîÂæ¬óè×÷ÈÜäñÿáØÃîÈăàà­ó ĀæñîùÜÂäÔ°ăàà­óĂÚ
ËöèõÖÜäñÉČóèòÚØöćÅèäÉñäú­ÉòÂ  
 

ăàà­óĂÚËöèõÖÜäñÉČóèòÚØöćÅèääú­ÉòÂ 
Ɨ.ÿâÚëèõÖË° (Main Switch) ìäøîëèõÖË°ÜäñÙóÚ ÿÜĆÚîùÜÂäÔ°ìæòÂØöćĂË­ëČóìäòÛ ÖòÕÖ¬îèÈÉäÃîÈ

ëóãÿâÚ ÿÃ­óîóÅóä ÂòÛëóãáóãĂÚ ØòĈÈìâÕ ÿÜĆÚîùÜÂäÔ°ëòÛÜæÕ èÈÉäăàà­óÖòèĀäÂ ×òÕÉóÂÿÅäøćîÈèòÕ
ìÚ¬èãăàà­ó (âõÿÖîä°) ÃîÈÂóäÚČóăàà­ó ÿÃ­óâóĂÚÛ­óÚ ÿâÚëèõËÖ°ÜäñÂîÛÕ­èã ÿÅäøćîÈÜæÕèÈÉä 
(Disconnecting Means) ĀæñÿÅäøćîÈÜ­îÈÂòÚÂäñĀëÿÂõÚ (Overcurrent Protective Device) ìÚ­óØöćÃîÈÿâÚ
ëèõÖË° Åøî ÅîãÅèÛÅùâÂóäĂË­ăàà­ó Ăì­ÿÂõÕÅèóâÜæîÕáòã ĂÚÂäÔöØöć ÿÂõÕÂäñĀëăàà­óÿÂõÚ ìäøî ÿÂõÕ
ăàà­óæòÕèÈÉä ÿäóëóâóä×ëòÛìäøîÜæÕîîÂăÕ­ØòÚØö ÿßøćîÖòÕăâ¬Ăì­ÂäñĀëăàà­óăìæÿÃ­óâóãòÈîóÅóä  

Ƙ.ÿÛäÂÿÂîä° (ÿÌîä°ÂõÖÿÛäÂÿÂîä°) ìäøî ëèõËÖ°îòÖāÚâòÖõ ìâóã×÷È îùÜÂäÔ°Øöćëóâóä×ĂË­ëòÛ ìäøî
ÜæÕèÈÉäăàà­óăÕ­āÕãîòÖāÚâòÖõ āÕãÂäñĀëæòÕèÈÉäÚòĈÚ Ö­îÈăâ¬ÿÂõÚÃÚóÕßõÂòÕ ĂÚÂóäÖòÕÂäñĀë
æòÕèÈÉäÃîÈÿÅäøćîÈ (IC)  

ƙ. àõèë° ÿÜĆÚîùÜÂäÔ°Ü­îÈÂòÚ ÂäñĀëăàà­óÿÂõÚËÚõÕìÚ÷ćÈ āÕãÉñÖòÕèÈÉäăàà­óîòÖāÚâòÖõ ÿâøćîâö
ÂäñĀëăàà­óăìæÿÂõÚÅ¬óØöćÂČóìÚÕ Āæñÿâøćîàõèë°ØČóÈóÚĀæ­è ÉñÖ­îÈÿÜæöćãÚàõèë°Ăìâ¬ ÃÚóÕßõÂòÕÂóäÖòÕ
ÂäñĀëæòÕèÈÉä (IC) ÃîÈàõèë°Ö­îÈăâ¬ÖČćóÂè¬óÃÚóÕÂäñĀëæòÕèÈÉäØöćÝ¬óÚàõèë°  

ƚ. ÿÅäøćîÈÖòÕăàäòćè ìâóã×÷È ëèõËÖ°îòÖāÚâòÖõØöćëóâóä×ÜæÕèÈÉäăÕ­îã¬óÈäèÕÿäĆè áóãĂÚäñãñÿèæóØöć
ÂČóìÚÕ ÿâøćîâöÂäñĀëăàà­óäòćèăìææÈÕõÚĂÚÜäõâóÔØöćâóÂÂè¬óÅ¬óØöćÂČóìÚÕăè­ ÿÅäøćîÈÖòÕăàäòćèâòÂÉñĂË­
ÿÜĆÚîùÜÂäÔ°Ü­îÈÂòÚÿëäõâÂòÛäñÛÛëóãÕõÚ ÿßøćîÜ­îÈÂòÚîòÚÖäóãÉóÂăàà­óÕúÕ ÂäÔöÿÅäøćîÈĂË­ăàà­óØöćĂË­âö
ăàäòćèÿÂõÕÃ÷ĈÚ  

ƛ. ëóãÕõÚ Åøîëóãăàÿë­ÚØöćâöăè­ÿßøćîĂì­ÿÂõÕÅèóâÜæîÕáòãÖ¬îÂóäĂË­ăàà­ó ÜæóãÕ­óÚìÚ÷ćÈÃîÈ
ëóãÕõÚ ÉñÖ­îÈâöÂóäÖ¬îæÈÕõÚ ë¬èÚÜæóãîöÂÕ­óÚìÚ÷ćÈ ÉñÖ¬îÿÃ­óÂòÛèòÖ×ùìäøîÿÅäøćîÈĂË­ăàà­ó ØöćÖ­îÈÂóäĂì­
âöéòÂã°ăàà­óÿÜĆÚéúÚã°ÿØ¬óÂòÛßøĈÚÕõÚ  



 ƘƝƟ 

Ɯ. ÿÖ­óäòÛ ìäøîÜæòĉÂÖòèÿâöã Åøî ÃòĈèäòÛëČóìäòÛìòèÿëöãÛ ÉóÂÿÅäøćîÈĂË­ăàà­ó ÜÂÖõÿÖ­óäòÛÉñÖõÕÖòĈÈîãú¬
ÂòÛØöć ÿË¬Ú ÖõÕîãú¬ÂòÛÝÚòÈîóÅóä ÿÜĆÚÖ­Ú  

Ɲ. ÿÖ­óÿëöãÛ ìäøîÜæòĉÂÖòèÝú­ Åøî ÃòĈèìäøîìòèÿëöãÛÉóÂÿÅäøćîÈĂË­ăàà­óÿßøćîÿëöãÛÿÃ­óÂòÛÿÖ­óäòÛ ØČóĂì­
ëóâóä×ĂË­ÿÅäøćîÈĂË­ăàà­óÚòĈÚăÕ­  

ƞ. ÿÅäøćîÈĂË­ăàà­óÜäñÿáØ Ɨ ìâóã×÷È ÿÅäøćîÈĂË­ăàà­óØòćèăÜØöćâöÅèóâìÚóÃîÈÊÚèÚăàà­ó
ÿßöãÈßî ëČóìäòÛÂóäĂË­ÈóÚÜÂÖõÿØ¬óÚòĈÚ āÕãâòÂâöÿÜæøîÂÚîÂ ÃîÈÿÅäøćîÈĂË­ăàà­óØČóÕ­èãāæìñ 
ÿÅäøćîÈĂË­ăàà­óÜäñÿáØÚöĈ Ýú­ÝæõÖÉČóÿÜĆÚÉñÖ­îÈâöÂóäÖ¬îëóãÕõÚÃîÈîùÜÂäÔ°ăàà­óÿÃ­óÂòÛë¬èÚØöćÿÜĆÚāæìñ
ÚòĈÚ ÿßøćîĂì­ëóâóä×Ö¬îæÈÕõÚâóãòÈÖú­ÿâÚëèõËÖ° āÕãÝ¬óÚØóÈÃòĈèëóãÕõÚÃîÈÿÖ­óÿëöãÛ-ÿÖ­óäòÛ  

Ɵ. ÿÅäøćîÈĂË­ăàà­óÜäñÿáØ Ƙ ìâóã×÷È ÿÅäøćîÈĂË­ăàà­óØöćâöÂóäìù­âÊÚèÚ ë¬èÚØöćâöăàà­ó Õ­èã
ÊÚèÚØöćâöÅèóâìÚóÿÜĆÚ Ƙ ÿØ¬óÃîÈÅèóâìÚóØöćĂË­ëČóìäòÛÿÅäøćîÈĂË­ăàà­óØòćèą ăÜ ÿÅäøćîÈĂË­ăàà­ó
ÜäñÿáØÚöĈăâ¬ÉČóÿÜĆÚÖ­îÈÖ¬îëóãÕõÚ  

ƗƖ. ÿÅäøćîÈĂË­ăàà­óÜäñÿáØ ƙ ìâóã×÷È ÿÅäøćîÈĂË­ăàà­óØöćĂË­ÂòÛĀäÈÕòÚăàà­óÂäñĀëëæòÛăâ¬ÿÂõÚ 
ƛƖ āèæÖ° ÿÅäøćîÈĂË­ăàà­óÜäñÿáØÚöĈăâ¬Ö­îÈâöëóãÕõÚ 

 
 

  ÂóäÜ­îÈÂòÚîòÚÖäóãÉóÂăàà­óĀæñÂóäË¬èãÿìæøîÝú­ÜäñëÛîòÚÖäóãÉóÂăàà­ó    
1. ÂóäÜ­îÈÂòÚîòÚÖäóãÉóÂăàà­ó   

              ëóãăàà­óĀæñÿÅäøćîÈĂË­ăàà­óÖóâÜÂÖõÉñÖ­îÈâöÊÚèÚìù­â Āæñâö
ÂóäÖ¬îëóãîã¬óÈ×úÂÖ­îÈĀæñĀÃĆÈĀäÈ ÿâøćîĂË­ăàà­óÿÜĆÚäñãñÿèæóÚóÚ 
ÊÚèÚăàà­óîóÉËČóäùÕÊöÂÃóÕ äîãÖ¬îìæèâ ìäøîìæùÕăÕ­ ÿâøćîÝú­ĂË­ăàà­ó
ëòâÝòëë¬èÚØöćÿÜĆÚāæìñÉñÿÂõÕÂäñĀëăàà­óÝ¬óÚä¬óÈÂóãæÈÕõÚîòÚÖäóã×÷È
ÿëöãËöèõÖăÕ­ É÷ÈÅèäÜ­îÈÂòÚÿÛøĈîÈÖ­Ú ÕòÈÚöĈÅøî 

      Ɨ. ÖäèÉÕúÊÚèÚ äîãÖ¬î ÃîÈëóãăàà­óÂ¬îÚĂË­ÈóÚ 
             Ƙ. ĂË­ăÃÅèÈÃòÚäîãÖ¬îëóãăàà­óÂòÛîùÜÂäÔ°Ăì­ĀÚ¬Úîãú¬ĂÚëáóßÕößä­îâØöćÉñĂË­ÈóÚ 
Ƙ.   ÂóäÜÑâßãóÛóæĀæñÂóäÿÅæøćîÚã­óãÝú­ÜäñëÛîòÚÖäóãÉóÂăàà­ó  
              ÂóäÖ¬îëóãÕõÚ Åøî ÂóäÖ¬îëóãăàà­óÃÚóÕØöćÿìâóñëâÉóÂÿÜæøîÂāæìñÃîÈîùÜÂäÔ°ăàà­óìäøî
ÿÅäøćîÈĂË­ăàà­óÚòĈÚæÈëú¬ÕõÚ ÿßøćîĂì­ÂäñĀëØöćäòćèîîÂâóăìææÈëú¬ÕõÚ ØČóĂì­Ýú­ĂË­ăàà­óÜæîÕáòãÉóÂÂóä×úÂ
ÂäñĀëăàà­ó  
ƙ.ÂóäÖ¬îëóãÕõÚĀæñÖ¬îîùÜÂäÔ°Ü­îÈÂòÚÂäñĀëăàà­óäòćè  

 îùÜÂäÔ°ÂóäÜ­îÈÂòÚÂäñĀëăàà­óäòćè   ÂóäÿÂõÕÂäñĀëăàà­óäòćèĂÚäñÛÛÉČóìÚ¬óãăàà­óØòćèăÜÚòĈÚ 
âöāîÂóëÿÂõÕÃ÷ĈÚăÕ­ÿÚøćîÈÉóÂÂóäĂË­ÈóÚ ÅèóâÿëøćîâÃîÈÊÚèÚÖóâîóãùÂóäĂË­ÈóÚĀæñîùÛòÖõÿìÖùÖ¬óÈ ąØöć



 ƘƞƖ 

îóÉÉñÿÂõÕÃ÷ĈÚăÕ­ ÂäñĀëăàà­óäòćè ĀæñÂóäÿÂõÕÂäñĀëăàà­óæòÕèÈÉä (short circuit) ÚòĈÚ ăâ¬âöÝú­ĂÕØäóÛ
æ¬èÈìÚ­óăÕ­ É÷ÈÉČóÿÜĆÚØöćÉñÖ­îÈâöîùÜÂäÔ°ØöćĂË­ÿÜĆÚÿÅäøćîÈÛîÂÿìÖùÖ¬óÈ ą ăè­ ĀæñØČóÂóäÖòÕèÈÉäăàà­ó
Â¬îÚØöćÉñÿÜĆÚîòÚÖäóã èõéèÂäÅõÕèõÙöÜ­îÈÂòÚăàà­óäòćèăè­ Ƙ èõÙö Åøî 
     èõÙöØöć Ɨ Åøî ÂóäÖ¬îëóãÕõÚ  
 ÿâøćîÂäñĀëăàà­óäòćèăìææÈÕõÚâöÜäõâóÔâóÂßî ØČóĂì­ÿÅäøćîÈÖòÕèÈÉäØČóÈóÚÖòÕèÈÉä
ÂäñĀëăàà­óĂÚèÈÉäÚòĈÚîîÂăÜ ØČóĂì­ăâ¬âöÂäñĀëăàà­ó  
     èõÙöØöć Ƙ ĂË­ÿÅäøćîÈÜ­îÈÂòÚÂäñĀëăàà­óäòćè 
                 āÕãîóéòãìæòÂÂóäÃîÈÂóäÿìÚöćãèÚČóăàà­óĂÚìâ­îĀÜæÈăàà­óĂÚëáóèñÜÂÖõÂäñĀëăàà­ó
ăìæÿÃ­ó ĀæñăìæîîÂÉóÂîùÜÂäÔ°ăàà­óĂÚèÈÉäÿØ¬óÂòÚ ÿë­ÚĀäÈĀâ¬ÿìæĆÂØöćÿÂõÕÃ÷ĈÚĂÚĀÂÚÿìæĆÂÉóÂ
ÃÕæèÕÜÑâáúâõØòĈÈëîÈÃÕÿØ¬óÂòÚ É÷ÈìòÂæ­óÈÂòÚìâÕ ÂäñĀëăàà­óĂÚÃÕæèÕØùÖõãáúâõăâ¬âö ÿâøćî
ÂäñĀëăàà­óäòćèÿÂõÕÃ÷ĈÚ ëóãăàà­óØòĈÈëîÈâöÂäñĀëăìæăâ¬ÿØ¬óÂòÚ ØČóĂì­ÿÂõÕÿë­ÚĀäÈĀâ¬ÿìæĆÂĂÚĀÂÚ
ÿìæĆÂÿìÚöćãèÚČóăàà­óÃ÷ĈÚĂÚÃÕæèÕØùÖõãáúâõë¬ÈëòÎÎóÔăÜØČóĂì­ÖòÕèÈÉäăàà­óîîÂ            
               Ýú­ÜäñëÛîòÚÖäóãÉóÂÂäñĀëăàà­óÉñÿÂõÕîóÂóäëõĈÚëÖõ (shock) Ýú­Øöćîãú¬Ã­óÈÿÅöãÈìäøîÝú­ØöćßÛ
ÿìÖùÂóäÔ°ÉñÖ­îÈäöÛË¬èãÿìæøîîã¬óÈ×úÂèõÙö ÕòÈÚöĈ             
             ÃòĈÚĀäÂ ÖòÕèÈÉäÂäñĀëăàà­óîîÂāÕãÿäĆè ÃòĈÚëîÈĀãÂÝú­Ü¬èãîîÂÕ­èãÂóäĂË­ÊÚèÚ ÿË¬Ú ëóããóÈ 
Ý­óĀì­È ìäøîÂõćÈăâ­Āì­ÈÅæ­îÈÕ÷ÈÝú­Ü¬èãîîÂÉóÂëóãăà ì­óâĂË­âøîÉòÛāÕãÿÕĆÕÃóÕ ×­óÝú­Ü¬èãăâ¬ìóãĂÉĂì­äöÛ
Ë¬èãìóãĂÉÕ­èãÂóäÉòÛÝú­Ü¬èãÚîÚäóÛăÜÂòÛßøĈÚ ãÂéöäêñĂì­ìÈóãÃ÷ĈÚÿæĆÂÚ­îãÛöÛÉâúÂ ßä­îâÿÜ¬óæâÿÃ­ó
ÜóÂÿÜĆÚäñãñą āÕãÿÜ¬óĂì­ĀäÈĀæñÿäĆè ÜäñâóÔÚóØöæñ ƗƖ ÅäòĈÈ ÉÚÿìĆÚØäèÈîÂÂäñÿßøćîâ ØČóÖ¬îăÜ
ÿäøćîãąĀæ­èäöÛÚČóë¬ÈāäÈßãóÛóæ ØČóÂóäßãóÛóæāÕãÂóäĂì­îîÂÌõÿÉÚË¬èãĂÚÂóäìóãĂÉ ĀæñÚèÕìòèĂÉ
Õ­èã    
3.6 ÂóäîÚùäòÂê°ßæòÈÈóÚăàà­ó 

ÂóäîÚùäòÂê°ßæòÈÈóÚ  

ÅèóâìâóãÃîÈÂóäîÚùäòÂê°ßæòÈÈóÚ   ÅøîÂóäÝæõÖĀæñÂóäĂË­ßæòÈÈóÚîã¬óÈâöÜäñëõØÙõáóß
ĀæñÜäñìãòÕ ÂóäîÚùäòÂê°ßæòÈÈóÚÚîÂÉóÂÉñË¬èãæÕÜäõâóÔÂóäĂË­ßæòÈÈóÚ Ì÷ćÈÿÜĆÚÂóäÜäñìãòÕ 
Å¬óĂË­É¬óãĂÚÂõÉÂóäĀæ­è ãòÈÉñË¬èãæÕÜòÎìóëõćÈĀèÕæ­îâØöćÿÂõÕÉóÂĀìæ¬ÈØöćĂË­ĀæñÝæõÖßæòÈÈóÚÕ­èã  

 ÂóäîÚùäòÂê°ßæòÈÈóÚ Åøîîñăä  ÂóäîÚùäòÂê°ßæòÈÈóÚ ÿÜĆÚèòÖ×ùÜäñëÈÅ°ìæòÂáóãĂÖ­
ßäñäóËÛòÎÎòÖõÂóäë¬ÈÿëäõâÂóäîÚùäòÂê°ßæòÈÈóÚ ß.é.Ƙƛƙƛ ØöćÂČóìÚÕĂì­Âæù¬âÿÜ­óìâóãÅøî îóÅóäÅèÛÅùâ
ĀæñāäÈÈóÚÅèÛÅùâ Ö­îÈÉòÕÿÖäöãâāÅäÈëä­óÈßøĈÚÑóÚ ÿË¬Ú Ã­îâúæ ÛùÅæóÂä ĀÝÚÈóÚ ÿÜĆÚÖ­Ú ÿßøćîÚČóăÜëú¬
ÂóäîÚùäòÂê°ßæòÈÈóÚÖóâÂÏìâóãĀæñÂõÉÂääâÂóäîÚùäòÂê°ßæòÈÈóÚÚöĈãòÈĂË­ÿÜĆÚÂäîÛĀæñĀÚèØóÈÜÐõÛòÖõ
ĂÚÂóäÜäòÛÜäùÈÜäñëõØÙõáóßÂóäĂË­ßæòÈÈóÚĂì­ÕöãõćÈÃ÷ĈÚ  

 



 ƘƞƗ 

ÂóäîÚùäòÂê°ßæòÈÈóÚÖóâÂÏìâóãÖ­îÈØČóîñăäÛ­óÈ  
ßäñäóËÛòÎÎòÖõÂóäë¬ÈÿëäõâÂóäîÚùäòÂê°ßæòÈÈóÚ ß.é.Ƙƛƙƛ ăÕ­ÂČóìÚÕĂì­Ýú­ØöćÿÉ­óÃîÈîóÅóä

ÅèÛÅùâĀæñāäÈÈóÚÅèÛÅùâ âöìÚ­óØöćÕČóÿÚõÚÂóäîÚùäòÂê°ßæòÈÈóÚĂÚÿäøćîÈÕòÈÖ¬îăÜÚöĈ  
1. ÉòÕĂì­âöÝú­äòÛÝõÕËîÛÕ­óÚßæòÈÈóÚîã¬óÈÚ­îã Ɨ ÅÚ ÜäñÉČó Ô îóÅóä ÅèÛÅùâĀæñāäÈÈóÚ

ÅèÛÅùâĀÖ¬æñĀì¬È  
2. ÕČóÿÚõÚÂóäîÚùäòÂê°ßæòÈÈóÚĂì­ÿÜĆÚăÜÖóââóÖäÑóÚØöćÂČóìÚÕăè­  
3. ë¬ÈÃ­îâúæÿÂöćãèÂòÛÂóäÝæõÖÂóäĂË­ßæòÈÈóÚĀæñÂóäîÚùäòÂê°ßæòÈÈóÚ Ăì­ĀÂ¬ÂäâßòÓÚóĀæñ

ë¬ÈÿëäõâßæòÈÈóÚ  
4. ÛòÚØ÷ÂÃ­îâúæÂóäĂË­ßæòÈÈóÚ ÂóäÖõÕÖòĈÈìäøîÿÜæöćãÚĀÜæÈÿÅäøćîÈÉòÂä ìäøîîùÜÂäÔ°ØöćâöÝæ

Ö¬îÂóäĂË­ßæòÈÈóÚĀæñÂóäîÚùäòÂê°ßæòÈÈóÚ  
5. ÂČóìÚÕÿÜ­óìâóãĀæñĀÝÚîÚùäòÂê°ßæòÈÈóÚë¬ÈĂì­ÂäâßòÓÚóĀæñ ë¬ÈÿëäõâßæòÈÈóÚ  
6. ÖäèÉëîÛĀæñèõÿÅäóñì°ÂóäÜÐõÛòÖõÖóâÿÜ­óìâóãĀæñĀÝÚ ÂóäîÚùäòÂê°ßæòÈÈóÚ  
äóãæñÿîöãÕĀæñèõÙöÜÐõÛòÖõÖ¬óÈą ĂÚÃ­î Ƙ ×÷ÈÃ­î Ɯ ÉñÜäñÂóéîîÂÿÜĆÚÂÏÂäñØäèÈ āÕãăÕ­

ëäùÜëóäñëČóÅòÎăè­ĂÚìòèÃ­î ÿäøćîÈ ÃòĈÚÖîÚÂóäÕČóÿÚõÚÂóäîÚùäòÂê°ßæòÈÈóÚÖóâÂÏìâóã ÃòĈÚÖîÚØöćÉñÚČó
ÅùÔăÜëú¬ÅèóâëČóÿäĆÉĂÚÂóäîÚùäòÂê°ßæòÈÈóÚĀæñ×úÂÖ­îÈÖóâÃ­îÂČóìÚÕĂÚÂÏìâóã  
  

èõÙöÂóäîÚùäòÂê°ßæòÈÈóÚăàà­ó 
 āÕãØòćèăÜ "ÿÅäøćîÈĂË­ăàà­ó" áóãĂÚÛ­óÚâòÂâöÂóäĂË­ßæòÈÈóÚëúÈĀØÛØùÂËÚõÕ ÕòÈÚòĈÚÝú­ĂË­Åèä
Ö­îÈâöÅèóâäú­ ĀæñØäóÛ×÷ÈèõÙöÂóäĂË­ăàà­óîã¬óÈâöÜäñëõØÙõáóß ÿßøćîæÕÅ¬óăàà­óáóã ĂÚÛ­óÚæÈ ĀæñæÕ
ÜòÎìóĂÚÿäøćîÈÂóäĂË­ßæòÈÈóÚîã¬óÈÝõÕèõÙöÕ­èã ÿîÂëóäÚöĈÉñÃîÂæ¬óè×÷ÈÿÅäøćîÈĂË­ăàà­óÛóÈËÚõÕØöćãòÈăâ¬ăÕ­
ÉòÕØČóÿÜĆÚÿîÂëóäÿÝãĀßä¬âó Â¬îÚìÚ­óÚöĈ 
 

ÿÅäøćîÈØČóÚČĈóîù¬Úăàà­ó 

  
 
 
 
 
 
 
 
 



 ƘƞƘ 

ÂóäĂË­îã¬óÈÜäñìãòÕßæòÈÈóÚĀæñ×úÂèõÙö 
1. ÅèäßõÉóäÔóÿæøîÂÿÅäøćîÈØČóÚČĈóîù¬ÚĂì­ÿìâóñëâÂòÛÂóäĂË­ÿÜĆÚìæòÂ ÿË¬Ú Ö­îÈÂóä ĂË­ÚČĈóîù¬Úÿßøćî

îóÛÚČĈóÿØ¬óÚòĈÚÂĆÅèäÉñÖõÕÖòĈÈËÚõÕØČóÚČĈóîù¬ÚăÕ­ÉùÕÿÕöãè 
2. ÅèäÿæøîÂĂË­ÞòÂÛòèËÚõÕÜäñìãòÕÚČĈó (Water Efficient Showerhead) ÿßäóñ ëóâóä×  ÜäñìãòÕ

ÚČĈóăÕ­×÷Èä­îãæñ 25-75 
3. ÅèäÿæøîÂĂË­ÿÅäøćîÈØČóÚČĈóîù¬ÚØöćâö×òÈÚČĈóáóãĂÚÖòèÿÅäøćîÈĀæñâöÊÚèÚìù­â ÿßäóñ ëóâóä×æÕÂóäĂË­

ßæòÈÈóÚăÕ­ä­îãæñ 10-20 
4. ÅèäìæöÂÿæöćãÈÂóäĂË­ÿÅäøćîÈØČóÚČĈóîù¬Úăàà­óËÚõÕØöćăâ¬âö×òÈÚČĈóáóãĂÚÿßäóñÉñØČóĂì­ëõĈÚ ÿÜæøîÈÂóä

ĂË­ßæòÈÈóÚ 
5.  ÜõÕèóæ°èÚČĈóĀæñëèõÖÌ°ØòÚØöÿâøćîÿæõÂĂË­ÈóÚ 

āØäØòéÚ° 
ÂóäÿæøîÂĂË­îã¬óÈ×úÂèõÙöĀæñÜäñìãòÕßæòÈÈóÚ 
1. ÂóäÿæøîÂĂË­āØäØòéÚ°ÅèäÅČóÚ÷È×÷ÈÅèóâÖ­îÈÂóäĂË­ÈóÚ āÕãßõÉóäÔóÉóÂÃÚóÕĀæñÂóäĂË­ÂČóæòÈăàà­ó 
2. āØäØòéÚ°ëöäñÛÛÿÕöãèÂòÚĀÖ¬ÃÚóÕÖ¬óÈÂòÚ ÉñĂË­ßæòÈÈóÚÖ¬óÈÂòÚÕ­èã Âæ¬óèÅøî āØäØòéÚ°ëöØöćâöÃÚóÕ
ĂìÎ¬ĀæñâöäóÅóĀßÈÂè¬ó ÉñĂË­ÂČóæòÈăàâóÂÂè¬óāØäØòéÚ°ëö ÃÚóÕÿæĆÂ ÿË¬Ú 
     -   äñÛÛØòćèăÜ ÃÚóÕ 16 ÚõĈè ÉñÿëöãÅ¬óăàà­óâóÂÂè¬ó ÃÚóÕ 14 ÚõĈè ä­îãæñ 5 ìäøî 
     -    ÃÚóÕ 20 ÚõĈè ÉñÿëöãÅ¬óăàà­óâóÂÂè¬ó ÃÚóÕ 14 ÚõĈè ä­îãæñ 30 
     -    äñÛÛäöāâØÅîÚāØäæ ÃÚóÕ 16 ÚõĈè ÉñÿëöãÅ¬óăàà­óâóÂÂè¬ó ÃÚóÕ 14 ÚõĈè ä­îãæñ5 
     - ìäøîÃÚóÕ 20 ÚõĈè ÉñÿëöãÅ¬óăàà­óâóÂÂè¬ó ÃÚóÕ 14 ÚõĈè ä­îãæñ 34 
     - āØäØòéÚ°ëöØöćâöäñÛÛäöāâØÅîÚāØäæÉñĂË­ăàà­óâóÂÂè¬óāØäØòéÚ°ëöäñÛÛØòćèăÜ ØöćâöÃÚóÕ
ÿÕöãèÂòÚ ÿË¬Ú 
     - āØäØòéÚ°ëöÃÚóÕ 16 ÚõĈè äñÛÛäöāâØÅîÚāØäæÿëöãÅ¬óăàà­óâóÂÂè¬óäñÛÛÙääâÕó ä­îãæñ 5 
     - āØäØòéÚ°ëöÃÚóÕ 20 ÚõĈè äñÛÛäöāâØÅîÚāØäæÿëöãÅ¬óăàà­óâóÂÂè¬óäñÛÛÙääâÕó ä­îãæñ 18 

3.  îã¬óÿëöãÛÜæòĉÂØõĈÈăè­ ÿßäóñāØäØòéÚ°Éñâöăàà­óìæ¬îÿæöĈãÈäñÛÛáóãĂÚîãú¬ÖæîÕÿèæó ÚîÂÉóÂÚòĈÚ
îóÉÂ¬îĂì­ÿÂõÕîòÚÖäóãĂÚÃÔñØöćà­óĀæÛăÕ­ 

4.  ÜõÕÿâøćîăâ¬âöÅÚÕú ìäøîÖòĈÈÿèæóÜõÕāØäØòéÚ°āÕãîòÖāÚâòÖõ ÿßøćîË¬èãÜäñìãòÕ ăàà­ó 
5. ăâ¬ÅèäÿëöãÛÜæòĉÂÿÅäøćîÈÿæ¬ÚèõÕöāîĂÚÃÔñØöćãòÈăâ¬Ö­îÈÂóäĂË­ ÿßäóñÿÅäøćîÈÿæ¬ÚèõÕöāî ÉñØČóÈóÚîãú¬
ÖæîÕÿèæó É÷ÈØČóĂì­ÿëöãÅ¬óăàà­óāÕãăâ¬ÉČóÿÜĆÚ 

6. ßõÉóäÔóÿæøîÂÕúäóãÂóäÿîóăè­æ¬èÈìÚ­ó ÕúÿÊßóñäóãÂóäØöćÿæøîÂÖóâË¬èÈÿèæóÚòĈÚąìóÂÕúäóãÂóä
ÿÕöãèÂòÚÅèäÿÜõÕāØäØòéÚ°ÿßöãÈÿÅäøćîÈÿÕöãè 
 
 



 Ƙƞƙ 

ßòÕæâ 

   
 
 

 
 
 
 
ÂóäĂË­îã¬óÈÜäñìãòÕßæòÈÈóÚĀæñ×úÂèõÙö  
ßòÕæâÖòĈÈāÖ®ñÉñâöäóÅóÖČćóÂè¬óßòÕæâÖòĈÈßøĈÚ ĀæñĂË­ßæòÈÈóÚăàà­óÖČćóÂè¬ó ØòĈÈÚöĈÿßäóñ âöÃÚóÕ

âîÿÖîä°ĀæñÂČóæòÈăàÖČćóÂè¬ó ĀÖ¬ßòÕæâÖòĈÈßøĈÚÉñĂì­æââóÂÂè¬ó ÕòÈÚòĈÚĂÚÂóäÿæøîÂĂË­ É÷ÈâöÃ­îØöćÅèäßõÉóäÔó
ÕòÈÚöĈ 

1. ßõÉóäÔóÖóâÅèóâÖ­îÈÂóäĀæñë×óÚØöćØöćĂË­  ÿË¬Ú ×­óĂË­ÿßöãÈÅÚÿÕöãè ìäøî ăâ¬ÿÂõÚ 2 ÅÚ 
ÅèäĂË­ßòÕæâÖòĈÈāÖ®ñ 

2. îã¬óÿëöãÛÜæòĉÂØõĈÈăè­ āÕãÿÊßóñßòÕæâØöćâöäñÛÛäöāâØÅîÚāØäæ ÿßäóñÉñâö ăàà­óăìæ
ÿÃ­óÖæîÕÿèæó ÿßøćîìæ¬îÿæöĈãÈîùÜÂäÔ°îõÿæĆÂØäîÚõÂë° 

3. ÅèäÿæøîÂĂË­ÅèóâĀäÈìäøîÅèóâÿäĆèÃîÈæâĂì­ÿìâóñëâÂòÛÅèóâÖ­îÈÂóäĀæñë×óÚ Øöć 
ÿßäóñìóÂÅèóâĀäÈÃîÈæââóÂÃ÷ĈÚÉñĂË­ăàà­óâóÂÃ÷ĈÚ  

4. ÿâøćîăâ¬Ö­îÈÂóäĂË­ßòÕæâÅèääöÛÜõÕ ÿßøćîĂì­âîÿÖîä°ăÕ­âöÂóäßòÂĀæñăâ¬ÿëøćîâëáóß ÿäĆè
ÿÂõÚăÜ 

5. ÅèäèóÈßòÕæâĂÚØöćâöîóÂóé×¬óãÿØëñÕèÂ ÿßäóñßòÕæâĂË­ìæòÂÂóäÕúÕîóÂóéÉóÂ ÛäõÿèÔ
äîÛą ØóÈÕ­óÚìæòÈÃîÈÖòèĂÛßòÕ Āæ­èÜæ¬îãîîÂëú¬Õ­óÚìÚ­ó ÿË¬Ú ×­óîóÂóéÛäõÿèÔäîÛ ßòÕæâîòÛËøĈÚ ÂĆ
ÉñăÕ­ĂÚæòÂêÔñæâä­îÚĀæñîòÛËøĈÚÿË¬ÚÂòÚ ÚîÂÉóÂÚöĈâîÿÖîä°ãòÈäñÛóãÅèóâ ä­îÚăÕ­ÕöÃ÷ĈÚ ăâ¬
ÿëøćîâëáóßÿäĆèÿÂõÚăÜ 
 
 
 
 
 
 
 



 Ƙƞƚ 

ÂäñÖõÂÚČĈóä­îÚăàà­ó 
ÂóäĂË­îã¬óÈÜäñìãòÕßæòÈÈóÚĀæñ×úÂèõÙö 

1. ÅèäÿæøîÂÌøĈîäù¬ÚØöćâöÊÚèÚÂòÚÅèóâä­îÚØöćâöÜäñëõØÙõáóß 
2. Ăë¬ÚČĈóĂì­ßîÿìâóñÂòÛÅèóâÖ­îÈÂóäìäøîăâ¬ëúÈÂè¬óäñÕòÛØöćÂČóìÚÕăè­ ÿßäóñÚîÂÉóÂ ăâ¬
ÜäñìãòÕßæòÈÈóÚãòÈÂ¬îĂì­ÿÂõÕÅèóâÿëöãìóãÖ¬îÂäñÖõÂ 

3. äñèòÈîã¬óĂì­ÚČĈóĀì­ÈìäøîÜæ¬îãĂì­äñÕòÛÚČĈóÖČćóÂè¬óÃöÕÂČóìÚÕ ÿßäóñÿâøćîÚČĈóĀì­È ÉñØČóĂì­ÿÂõÕ
ăàà­óæòÕèÈÉäĂÚÂäñÖõÂÚČĈóä­îÚ ÿÜĆÚîòÚÖäóãîã¬óÈãõćÈ 

4. ×îÕÜæòĉÂÿâøćîÿæõÂĂË­ÚČĈóä­îÚĀæ­è ÿßøćîæÕÂóäëõĈÚÿÜæøîÈßæòÈÈóÚ ăâ¬ÅèäÿëöãÛÜæòĉÂ ÖæîÕÿèæó 
×­óăâ¬Ö­îÈÂóäĂË­ÚČĈóĀæ­è ĀÖ¬×­óìóÂâöÅèóâÖ­îÈÂóäĂË­ÚČĈóä­îÚÿÜĆÚäñãñą ÖõÕÖ¬îÂòÚ ÿË¬Ú ĂÚ
ë×óÚØöćØČóÈóÚÛóÈĀì¬ÈØöćâöÚČĈóä­îÚăè­ëČóìäòÛÿÖäöãâÿÅäøćîÈÕøćâÖ­îÚäòÛĀÃÂÂĆăâ¬ÅèäÕ÷È ÜæòĉÂ
îîÂÛ¬îãą ÿßäóñØùÂÅäòĈÈÿâøćîÕ÷ÈÜæòĉÂîîÂîùÔìáúâõÃîÈÚČĈóÉñÅ¬îãą æÕæÈ ÂäñÖõÂÚČĈóä­îÚ ăâ¬
ëóâóä×ÿÂĆÛÅèóâä­îÚăÕ­ÚóÚ ÿâøćîÉñĂË­ÈóÚĂìâ¬ÂĆÖ­îÈÿëöãÛÜæòĉÂĀæñÿäõćâØČóÂóäÖ­âÚČĈóĂìâ¬ 
ÿÜĆÚÂóëõĈÚÿÜæøîÈßæòÈÈóÚ 

5. ăâ¬ÅèäÿëöãÛÜæòĉÂÖæîÕÿèæó ×­óăâ¬Ö­îÈÂóäĂË­ÚČĈóä­îÚĀæ­è 
6. îã¬óÚČóëõćÈĂÕą âóÜõÕË¬îÈăîÚČĈóîîÂ 
7. ÖäèÉëîÛÂóäØČóÈóÚÃîÈîùÜÂäÔ°ÅèÛÅùâîùÔìáúâõĂì­îãú¬ĂÚëáóßĂË­ÈóÚăÕ­ÿëâî 
8. ăâ¬ÅèäÖòĈÈăè­ĂÚì­îÈØöćâöÂóäÜäòÛîóÂóé  

ÿÅäøćîÈÕúÕÞù¬Ú 
ÂóäĂË­îã¬óÈÜäñìãòÕßæòÈÈóÚĀæñ×úÂèõÙö 
 1.  ÅèäÿæøîÂÃÚóÕÃîÈÿÅäøćîÈÖóâÅèóâÉČóÿÜĆÚĂÚÂóäĂË­ÈóÚ 

2. èòëÕùØöćÿÜĆÚßäâìäøîÝ­óÌ÷ćÈÞù¬Úëóâóä×ÿÂóñîã¬óÈĀÚ¬ÚìÚó ÅèäĂË­ÿÅäøćîÈØöćâöÃÚóÕ ÂČóæòÈăàà­ó
âóÂ (Heavy Duty) ë¬èÚÛ­óÚÿäøîÚØöćÿÜĆÚßøĈÚăâ­ ßøĈÚÜúÚ ìäøîìõÚî¬îÚØöćÈ¬óãÖ¬îÂóä ØČóÅèóâ
ëñîóÕ ÿßäóñÞù¬ÚæñîîÈăâ¬ÿÂóñÖõÕĀÚ¬Ú ÅèäĂË­ÿÅäøćîÈÕúÕÞù¬ÚØöćâöÂČóæòÈăàà­óÖČćó Ì÷ćÈ
Éñăâ¬ëõĈÚÿÜæøîÈÂóäĂË­ăàà­ó 

3. ÅèäìâòćÚ×îÕÖòèÂäîÈìäøîÖñĀÂäÈÕòÂÞù¬ÚîîÂâóØČóÅèóâëñîóÕ ÿßäóñ×­óÿÂõÕ 
ÂóäîùÕÖòÚ ÚîÂÉóÂÉñØČóĂì­æÕÜäñëõØÙõáóßÂóäÕúÕ ÕúÕÞù¬Úăâ¬ÿÖĆâØöć Āæñÿßõćâÿèæó
ÂóäÕúÕÞù¬Ú ÿÜĆÚÂóäÿßõćâÜäõâóÔÂóäĂË­ăàà­óÃîÈâîÿÖîä°ØöćÖ­îÈØČóÈóÚìÚòÂĀæñ
îóÉăìâ­ăÕ­ 

4. ÅèäĂË­ĂÚì­îÈØöćâöîóÂóé×¬óãÿØăÕ­Õö ÿßøćîÿÜĆÚÂóääñÛóãÅèóâä­îÚÃîÈÖòèâîÿÖîä° 



 Ƙƞƛ 

5. ăâ¬ÅèäĂË­ÕúÕèòëÕùØöćâöë¬èÚÜäñÂîÛÃîÈÚČĈó ÅèóâËøĈÚ ĀæñÃîÈÿìæèÖ¬óÈą äèâØòĈÈëõćÈ ÃîÈØöćâö
Åâ ĀæñÃîÈØöćÂČóæòÈÖõÕăà ÿË¬Ú ĂÛâöÕāÂÚ Ûùìäöć ÿÜĆÚÖ­Ú ÿßäóñîóÉÂ¬îĂì­ÿÂõÕîòÚÖäóã Ö¬î
ë¬èÚÜäñÂîÛÖ¬óÈą 

6. ÅèäìâòćÚ×îÕ×ùÈÝ­óìäøîÂæ¬îÈÿÂĆÛÞù¬ÚîîÂâóÿØØõĈÈ îã¬óĂì­ëñëâÉÚÿÖĆâ ÿßäóñ âîÿÖîä°Ö­îÈ
ØČóÈóÚìÚòÂÃ÷ĈÚ îóÉØČóĂì­âîÿÖîä°ăìâ­ăÕ­ ĀæñãòÈØČóĂì­ÂóäĂË­ăàà­óëõĈÚÿÜæøîÈÃ÷ĈÚ 

7. ĂË­ìòèÕúÕÞù¬ÚĂì­ÿìâóñÂòÛæòÂêÔñÞù¬Úìäøîë×óÚØöć ÿË¬Ú ìòèÕúÕËÚõÕÜóÂÜæóã ĀìæâÉñĂË­ÂòÛ
ÛäõÿèÔØöćÿÜĆÚÌîÂÿæĆÂą ìòèÕúÕØöćĀÜäÈ ĂË­ÂòÛāÅâăà ÿßÕóÚ ÂäîÛäúÜ ÿÜĆÚÖ­Ú ×­óĂË­ÝõÕ
ÜäñÿáØ ÉñØČóĂì­ÜäñëõØÙõáóßÂóäÕúÕæÕæÈ ëõĈÚÿÜæøîÈßæòÈÈóÚăàà­ó 

8. Â¬îÚÕúÕÞù¬ÚÅèäÖäèÉëîÛÃ­îÖ¬îÃîÈØ¬îÕúÕìäøîËõĈÚë¬èÚÖ¬óÈą Ăì­ĀÚ¬Ú 
âõÊñÚòĈÚ îóÉÿÂõÕÂóääòćèÃîÈîóÂóé ÜäñëõØÙõáóßÃîÈÿÅäøćîÈÉñæÕæÈ 
ĀæñâîÿÖîä°îóÉØČóÈóÚìÚòÂĀæñăìâ­ăÕ­ 
 

ÿÅäøćîÈÜäòÛîóÂóé 
ÂóäĂË­îã¬óÈÜäñìãòÕßæòÈÈóÚĀæñ×úÂèõÙö 

1. ÂóäÿæøîÂÃÚóÕÿÅäøćîÈÜäòÛîóÂóéØöćÿìâóñëâ    ÃÚóÕÃîÈÿÅäøćîÈÜäòÛîóÂóéØöćĂË­ØČó
ÅèóâÿãĆÚĂì­ĀÂ¬ì­îÈÖ¬óÈą áóãĂÚÛ­óÚ āÕãÿÊæöćã ÅèóâëúÈÃîÈì­îÈ āÕãØòćèăÜØöć 2.5-3 
ÿâÖä îóÉÜäñâóÔÅä¬óèą ÉóÂÅ¬óÖ¬îăÜÚöĈ 
     -  ì­îÈäòÛĀÃÂ ì­îÈîóìóä ÜäñâóÔ 15 Öä.â./ÖòÚÅèóâÿãĆÚ 
     -  ì­îÈÚîÚØöćÿßÕóÚì­îÈÿÜĆÚìæòÈÅó ÜäñâóÔ 20 Öä.â./ÖòÚÅèóâÿãĆÚ 
     -  ì­îÈÚîÚØöćÿßÕóÚì­îÈÿÜĆÚßøĈÚÃîÈîöÂËòĈÚìÚ÷ćÈ ÜäñâóÔ 23 Öä.â./ÖòÚÅèóâÿãĆÚ 

2. ÂóäÿæøîÂÌøĈîÿÅäøćîÈÜäòÛîóÂóé 
     -  ÅèäÿæøîÂÌøĈîÿÅäøćîÈØöćâöÿÅäøćîÈìâóãÂóäÅ­óÿÜĆÚØöćäú­ÉòÂØòćèăÜ ÿßäóñÿÜĆÚÿÅäøćîÈØöćâö 
ÅùÔáóßëóâóä×ÿËøćî×øîÜäõâóÔÅèóâÿãĆÚĀæñßõÉóäÔóÂóäëõĈÚÿÜæøîÈßæòÈÈóÚăàà­óÃîÈ
Öòè ÿÅäøćîÈØöćÜäóÂÐîãú¬ĂÚĀÅÖÖóæĆîÅÝú­ÝæõÖÿÜĆÚëČóÅòÎ 
     -  ìóÂÿÅäøćîÈØöćÖ­îÈÂóäÌøĈîâöÃÚóÕăâ¬ÿÂõÚ 25,000 ÛöØöãú/Ëâ. Åèä
ÿæøîÂÿÅäøćîÈØöć Ý¬óÚÂóääòÛäîÈÂóäĂË­ßæòÈÈóÚăàà­óìâóãÿæÃ 5 Ì÷ćÈ
ĀëÕÈè¬óÿÜĆÚÿÅäøćîÈØöćâöÜäñëõØÙõáóßëúÈ ÜäñìãòÕßæòÈÈóÚăàà­ó āÕãâö
ÊæóÂÜõÕØöćÖòèÿÅäøćîÈĂì­ÿìĆÚăÕ­îã¬óÈËòÕÿÉÚ 
     -  ×­óÖ­îÈÂóäÌøĈîÿÅäøćîÈÜäòÛîóÂóéØöćâöÃÚóÕĂìÎ¬Âè¬ó 25,000 ÛöØöãú/Ëâ.Ăì­ÿæøîÂ 
ÿÅäøćîÈØöćâöÂóäĂË­ăàăâ¬ÿÂõÚ 1.40 ÂõāæèòÖÖ°Ö¬î 1 ÖòÚÅèóâÿãĆÚìäøîâöÅ¬ó EER (Energy 
Efficiency Ratio) ăâ¬Ú­îãÂè¬ó 8.6 ÛöØöãú Ëâ./èòÖÖ° āÕãÕúÉóÂĀÅÖÖóæĆîÅÝú­ÝæõÖ 



 ƘƞƜ 

3. ÂóäĂË­ÈóÚÿÅäøćîÈÜäòÛîóÂóé 
      ÂóäĂË­ÈóÚÿÅäøćîÈÜäòÛîóÂóéîã¬óÈ×úÂÖ­îÈ Ë¬èãĂì­

ÿÅäøćîÈØČóÈóÚîã¬óÈâöÜäñëõØÙõáóß ĀæñÜäñìãòÕ
ßæòÈÈóÚăàà­ó ëóâóä×ØČóāÕãèõÙöÂóäÕòÈÖ¬îăÜÚöĈ 
     -   ÜäòÛÖòĈÈîùÔìáúâõÃîÈì­îÈĂì­ÿìâóñëâ 
ì­îÈäòÛĀÃÂ ì­îÈÚòćÈÿæ¬Ú    Āæñì­îÈîóìóä îóÉÖòĈÈ

îùÔìáúâõăâ¬Ăì­ÖČćóÂè¬ó 25 ƕČ C ëČóìäòÛì­îÈÚîÚÚòĈÚîóÉÖòĈÈîùÔìáúâõ
ëúÈÂè¬óÚöĈăÕ­ ØòĈÈÚöĈÿßäóñä¬óÈÂóãâÚùêã°ÃÔñìæòÛâõăÕ­ÿÅæøćîÚăìè 
îöÂØòĈÈÂóäÅóãÿìÈøćîÂĆæÕæÈ ìóÂÜäòÛîùÔìáúâõ ÿÜĆÚ 26-28 ƕČ C ÂĆ
ăâ¬ØČóĂì­äú­ë÷Âä­îÚÿÂõÚăÜ ĀÖ¬ÉñË¬èãæÕÂóäĂË­ăàà­óăÕ­ÜäñâóÔä­îãæñ 15-20 
     -  ÜõÕÿÅäøćîÈÜäòÛîóÂóéØùÂÅäòĈÈØöćÿæõÂĂË­ÈóÚ ìóÂëóâóä×ØäóÛÿèæóØöć
ĀÚ¬ÚîÚ ÅèäÖòĈÈÿèæóÂóäØČóÈóÚÃîÈÖòèÿÅäøćîÈăè­æ¬èÈìÚ­ó ÿßøćîĂì­ÿÅäøćîÈìãùÕÿîÈ
āÕãîòÖāÚâòÖõ 
     -   îã¬óÚČóëõćÈÃîÈăÜÂöÕÃèóÈØóÈæâÿÃ­óĀæñæâîîÂÃîÈÅîÚÿÕÚÌõćÈãúÚõÖÉñ
ØČóĂì­ ÿÅäøćîÈäñÛóãÅèóâä­îÚăâ¬îîÂ ĀæñÖ­îÈØČóÈóÚìÚòÂâóÂÃ÷ĈÚ 
     -  îã¬óÚČóäúÜáóßìäøîëõćÈÃîÈăÜÃèóÈØóÈæâÿÃ­óĀæñæâîîÂ
ÃîÈĀàÚÅîãæ°ãúÚõÖ Éñ ØČóĂì­ì­îÈăâ¬ÿãĆÚ 
     -  ÅèäÿÜõÕìæîÕăàĀæñîùÜÂäÔ°ăàà­óÖ¬óÈą áóãĂÚì­îÈÿÊßóñ
ÿØ¬óØöćÉČóÿÜĆÚÖ¬îÂóä ĂË­ÈóÚÿØ¬óÚòĈÚ ĀæñÜõÕØùÂÅäòĈÈÿâøćîĂË­ÈóÚÿëäĆÉ 
ÿßäóñìæîÕăàĀæñîùÜÂäÔ°ăàà­óÛóÈËÚõÕÃÔñ ÿÜõÕĂË­ÈóÚ Éñâö
Åèóâä­îÚîîÂâóØČóĂì­îùÔìáúâõĂÚì­îÈëúÈÃ÷ĈÚ 
     -   ìæöÂÿæöćãÈÂóäÚČóÿÅäøćîÈÅäòè ìäøîáóËÚñØöćâöÝõèìÚ­óä­îÚÉòÕ ÿË¬Ú ÿÖóăàà­ó ÂñØñä­îÚ  
ìâ­îÖ­âÚČĈó ìâ­îÖ­âëùÂöĈ ÿÃ­óăÜĂÚì­îÈØöćâöÂóäÜäòÛîóÂóé ÅèäÜäùÈîóìóäĂÚÅäòè Āæ­èÉ÷ÈÚČóÿÃ­ó

âóäòÛÜäñØóÚáóãĂÚì­îÈ 
     -  ĂÚË¬èÈÿèæóØöćăâ¬ĂË­ì­îÈìäøîÂ¬îÚÿÜõÕ
ÿÅäøćîÈÜäòÛîóÂóéëòÂ 2 ËòćèāâÈ ÅèäÿÜõÕ ÜäñÖúìÚ­óÖ¬óÈ
ØõĈÈăè­ÿßøćîĂì­îóÂóéÛäõëùØÙõċáóãÚîÂÿÃ­óăÜĀØÚØöćîóÂóé
ÿÂ¬óĂÚì­îÈ ÉñË¬èãæÕÂæõćÚÖ¬óÈ ą Ăì­Ú­îãæÈāÕãăâ¬

ÉČóÿÜĆÚÖ­îÈÿÜõÕßòÕæâäñÛóãîóÂóé Ì÷ćÈÉñØČóĂì­ÿÅäøćîÈÜäòÛ îóÂóéØČóÈóÚìÚòÂÃ÷ĈÚ 
    



 ƘƞƝ 

  -   ÅèäÜõÕÜäñÖú ìÚ­óÖ¬óÈĂì­ëÚõØÃÔñĂË­ÈóÚÿÅäøćîÈÜäòÛîóÂóé ÿßøćîÜ­îÈÂòÚâõĂì­ 
îóÂóéä­îÚÉóÂáóãÚîÂÿÃ­óâó îòÚÉñØČóĂì­ÿÅäøćîÈÖ­îÈØČóÈóÚâóÂÃ÷ĈÚ 
  -  ăâ¬ÅèäÜæúÂÖ­Úăâ­ ìäøîÖóÂÝ­óáóãĂÚì­îÈØöćâöÿÅäøćîÈÜäòÛîóÂóéÿßäóñÅèóâËøĈÚ ÉóÂ
ëõćÈÿìæ¬óÚöĈÉñØČóĂì­ÿÅäøćîÈÖ­îÈØČóÈóÚìÚòÂÃ÷ĈÚ 

ÿÅäøćîÈÜäòÛîóÂóé 
ÂóäĂË­îã¬óÈÜäñìãòÕßæòÈÈóÚĀæñ×úÂèõÙö 

     - ÜõÕăàÿâøćîăâ¬ĂË­ÈóÚÿÜĆÚÿèæóÚóÚÂè¬ó 15 ÚóØö ÉñË¬èãÜäñìãòÕăà āÕãăâ¬âöÝæ ÂäñØÛÖ¬îîóãùÂóä
ĂË­ÈóÚÃîÈîùÜÂäÔ° ÿË¬Ú ĂÚË¬èÈßòÂÿØöćãÈÃîÈëČóÚòÂÈóÚ ĂÚì­îÈÿäöãÚ ë¬èÚ ÖóâÛ­óÚ ÿË¬Ú ĂÚì­îÈÚČĈó ĂÚ
Åäòè ÿÜĆÚÖ­Ú 
     - ÿÜõÕ ÜõÕăà āÕãîòÖāÚâòÖõ āÕãĂË­îùÜÂäÔ°ÖòĈÈÿèæóìäøîëòćÈÉóÂäñÛÛÅèÛÅùâ îòÖāÚâòÖõ Ì÷ćÈÉñË¬èã
Ü­îÈÂòÚÂóäæøâÜõÕăàìæòÈÿæõÂÈóÚĂÚîóÅóäëČóÚòÂÈóÚ ìäøîëòćÈÜõÕăà ÛäõÿèÔäñÿÛöãÈØóÈÿÕõÚĂÚāäÈĀäâ 
ÿÜĆÚÖ­Ú 
     - ĂË­îùÜÂäÔ°ÖäèÉÉòÛÅèóâÿÅæøćîÚăìè (Occupancy Sensor) ÿìâóñÂòÛì­îÈ ÜäñËùâ ì­îÈÿäöãÚ Āæñ
ì­îÈØČóÈóÚë¬èÚÖòè āÕãØòćèăÜâö 2 ËÚõÕ Åøî îõÚàäóÿäÕ ĀæñîòæÖä­ó āÌÚõÅ 

 

 
 
 
 
 
 
 
 
 
 
 

ÖóäóÈâóÖäÑóÚÅèóâëè¬óÈ (âóÖäÑóÚ IES) 

æòÂêÔñßøĈÚØöćĂË­ÈóÚ Åèóâëè¬óÈ (æòÂÌ°) 
ßøĈÚØöćØČóÈóÚØòćèăÜ  300-700 
ßøĈÚØöćë¬èÚÂæóÈ ØóÈÿÕõÚ  100-200 
ì­îÈÿäöãÚ  300-500 
ä­óÚÅ­ó / éúÚã°ÂóäÅ­ó  300-750 
āäÈĀäâ :  ÛäõÿèÔØóÈÿÕõÚ 300 
  ì­îÈÅäòè 500 
  ì­îÈßòÂ ì­îÈÚČĈó  100-300 
āäÈßãóÛóæ :  ÛäõÿèÔØòćèăÜ  100-300 
  ì­îÈÖäèÉäòÂêó 500-1,000 
Û­óÚØöćîãú¬îóéòã :  ì­îÈÚîÚ 50 
  ìòèÿÖöãÈ  200 
  ì­îÈÚČĈó 100-500 
  ì­îÈÚòćÈÿæ¬Ú  100-500 
  ÛäõÿèÔÛòÚăÕ 100 
  ì­îÈÅäòè  300-500 



 Ƙƞƞ 

ÿäøćîÈØöć ƚ  ĀëÈ 
3.7 ĀëÈ  ĀæñÅùÔëâÛòÖõÃîÈĀëÈ 
ĀëÈë¬èÚĂìÎ¬ØöćÿäóăÕ­äòÛâóÉóÂÕèÈîóØõÖã° ÿÜĆÚĀìæ¬È ÂČóÿÚõÕĀëÈØöćÿÂõÕÃ÷ĈÚÿîÈÖóâÙääâËóÖõ ë¬èÚ

ĀëÈÉóÂ ÕèÈÉòÚØä°ØöćÿäóÿìĆÚĂÚÿèæóÅČćóÅøÚ ÿÜĆÚĀëÈÉóÂÕèÈ îóØõÖã°ÖÂÂäñØÛÝõèÕèÈÉòÚØä° Āæ­èëñØ­îÚ
âóãòÈāæÂ ÚîÂÉóÂĀìæ¬ÈÂČóÿÚõÕĀëÈĂÚÙääâËóÖõĀæ­è ãòÈâöĀìæ¬ÈÂČóÿÚõÕĀëÈØöćâÚùêã°ëä­óÈÃ÷ĈÚ ÿË¬Ú 
ìæîÕăà ÖñÿÂöãÈ ÿØöãÚăÃ ÿÜĆÚÖ­Ú ĀëÈâöÜäñāãËÚ°ĀæñÿÜĆÚëõćÈÉČóÿÜĆÚÖ¬îëõćÈâöËöèõÖ  

 
 

 ÿâøćîÉùÕÿØöãÚăÃĂÚì­îÈâøÕ ÿäóÉñÿìĆÚÿÜæèÿØöãÚăÃëè¬óÈ ÿÚøćîÈÉóÂĀëÈÉóÂÿÜæè ÿØöãÚăÃâóÿÃ­ó
Öó ë¬èÚëõćÈÃîÈîøćÚą ĂÚì­îÈØöćÿäóÿìĆÚăÕ­ ÿÜĆÚÿßäóñĀëÈÉóÂÿÜæè ÿØöãÚăÃăÜÖÂÂäñØÛëõćÈÃîÈÚòĈÚą 
Āæ­èëñØ­îÚâóÿÃ­óÖó ĀëÈØöćÿÅæøćîÚØöćâóÿÃ­óÖóìäøîÿÅæøćîÚØöćăÜÛäõÿèÔĂÕą ÂĆÖóâÉñÿÅæøćîÚØöćĂÚĀÚè
ÿë­ÚÖäÈ ÿË¬Ú ×­óĂì­ĀëÈÝ¬óÚäú ÛÚÂäñÕóêĀÃĆÈ Ē ĀÝ¬Ú ×­óË¬îÈÃîÈäúÛÚÂäñÕóêĀÃĆÈăâ¬îãú¬ÛÚĀÚè
ÿÕöãèÂòÚ ÉñâîÈăâ¬ÿìĆÚÿÜæèÿØöãÚĀæñ ìæòÈÉóÂÜäòÛĀÚèË¬îÈØòĈÈëóâĂì­îãú¬ĂÚĀÚèÿÕöãèÂòÚĀæ­è ëòÈÿÂÖ
ăÕ­è¬ó×­óä­îãÿËøîÂ ĀæñÕ÷ÈÿËøîÂÿÜĆÚÿë­ÚÖäÈÿÕöãèÂòÚăÕ­ ÉñâîÈÿìĆÚÿÜæèÿØöãÚăÃ ĀëÕÈè¬ó "ĀëÈÿÅæøćîÚØöć 
ÿÜĆÚÿë­ÚÖäÈ"ÿäóëóâóä×ÿÃöãÚÿë­ÚÖäÈĀØÚæČóĀëÈÚöĈăÕ­ ĀæñÿäöãÂÿë­ÚÖäÈÚöĈè¬ó äòÈëöÃîÈĀëÈ ÂóäÿÃöãÚ
ÿë­ÚÖäÈĀØÚäòÈëöÃîÈĀëÈÚöĈ ĂË­ÿë­ÚÖäÈØöćâöìòèæúÂéäÂČóÂòÛÿë­ÚÖäÈÚòĈÚ āÕãÿë­ÚÖäÈĀëÕÈæČóĀëÈÿæĆÂą 
ĀæñìòèæúÂéäĀëÕÈØõéÂóäÿÅæøćîÚØöć Âæ¬óèÅøî ìòèæúÂéäËöĈăÜØóÈĂÕ ĀëÕÈè¬óĀëÈÿÅæøćîÚØöćăÜØóÈÚòĈÚ 
 

ÂóäâîÈÿìĆÚèòÖ×ùĂÕą Ö­îÈâöĀëÈÉóÂèòÖ×ùâóÿÃ­óÖó Ì÷ćÈĀÛ¬ÈăÕ­ÿÜĆÚ 2 ÂäÔöÅøî 
1. ÿâøćîèòÖ×ùÚòĈÚâöĀëÈëè¬óÈĂÚÖòèÿîÈ ÉñâöĀëÈëè¬óÈÉóÂèòÖ×ùÿÃ­óÖóāÕãÖäÈ 
2. èòÖ×ùÚòĈÚăâ¬âöĀëÈëè¬óÈĂÚÖòèÿîÈ Ö­îÈâöĀëÈÉóÂĀìæ¬ÈÂČóÿÚõÕĀëÈîøćÚÂäñØÛèòÖ×ùÚòĈÚ Āæ­è

ëñØ­îÚÿÃ­óÖóÿâøćîĀëÈÿÅæøćîÚØöćăÜÂäñØÛèòÖ×ùÖ¬óÈą èòÖ×ùÛóÈËÚõÕĀëÈÝ¬óÚăÜăÕ­ ĀÖ¬èòÖ×ùÛóÈËÚõÕĀëÈ
Ý¬óÚăÜăâ¬ăÕ­       ÿäóîóÉĀÛ¬ÈèòÖ×ùÖóâÜäõâóÔĀëÈĀæñæòÂêÔñØöćĀëÈÝ¬óÚèòÖ×ùăÕ­ 3 ÜäñÿáØÕòÈÚöĈ 

1. èòÖ×ùāÜä¬ÈĂë  ìâóã×÷ÈèòÖ×ùØöćĀëÈÝ¬óÚăÕ­ìâÕìäøîÿÂøîÛìâÕîã¬óÈÿÜĆÚäñÿÛöãÛ ÿäóÉ÷Èëóâóä×
âîÈÝ¬óÚèòÖ×ùāÜä¬ÈĂë ĀæñâîÈÿìĆÚèòÖ×ùØöćîãú¬îöÂÃ­óÈìÚ÷ćÈăÕ­îã¬óÈËòÕÿÉÚ èòÖ×ùāÜä¬ÈĂëâöìæóãËÚõÕ ÿË¬Ú 
îóÂóé ÂäñÉÂĂë ĀÂ­èĂë¬ÚČĈó ĀæñĀÝ¬ÚßæóëÖõÂĂë ÿÜĆÚÖ­Ú 



 ƘƞƟ 

2. èòÖ×ùāÜä¬ÈĀëÈ  ìâóã×÷È èòÖ×ùØöćĀëÈÝ¬óÚăÕ­îã¬óÈăâ¬ÿÜĆÚäñÿÛöãÛ ÿâøćîÿäóâîÈÝ¬óÚèòÖ×ùāÜä¬È
ĀëÈ É÷ÈÿìĆÚèòÖ×ùîöÂÕ­óÚìÚ÷ćÈăâ¬ËòÕÿÉÚ ÿË¬Ú ÂäñÕóêËùÛÚČĈóâòÚ ÂäñÉÂÞ­ó ÂäñÕóêăÃìäøîÂäñÕóêæîÂ
æóã ĀæñìâîÂ ÿÜĆÚÖ­Ú 

3. èòÖ×ùØ÷ÛĀëÈ ìâóã×÷È èòÖ×ùØöćĀëÈÝ¬óÚăÜăâ¬ăÕ­ ÿË¬ÚÝ­ó ĀÝ¬Úăâ­ ĀÝ¬ÚîñæúâõÿÚöãâ ĀÝ¬ÚëòÈÂñëö 
ÂäñÕóêìÚó ÿìæĆÂ ĀæñØîÈĀÕÈ ÿÜĆÚÖ­Ú 
 ÕòÈØöćăÕ­ÿäöãÚâóĀæ­èĀëÈ ÿÜĆÚÅæøćÚĀâ¬ÿìæĆÂăàà­ó ëóâóä×ÿÅæøćîÚØöćăÕ­āÕãăâ¬Ö­îÈîóéòãÖòèÂæóÈ 
ĀæñâöÂóäÿÅæøćîÚØöćĀÚèÿë­ÚÖäÈĂÚÖòèÂæóÈËÚõÕîøćÚ ą ÉñÿÅæøćîÚØöćÝ¬óÚÖòèÂæóÈĀÖ¬æñËÚõÕÕ­èãÅèóâÿäĆè
ăâ¬ÿØ¬óÂòÚ ÖòèÂæóÈĂÕâöÅèóâìÚóĀÚ¬ÚâóÂĀëÈÉñÿÅæøćîÚØöćÝ¬óÚÖòèÂæóÈÚòĈÚÕ­èãÅèóâÿäĆèÚ­îã ×­óĀëÈ
ÿÅæøćîÚØöćÝ¬óÚăâ¬ăÕ­ÂĆÿÜĆÚÿßäóñèòÖ×ùâöÂóäÕúÕÂæøÚ ëñØ­îÚĀëÈ ìäøîÂóäĀØäÂëîÕÃîÈĀëÈ ÚòĈÚÅøî 
ÅùÔëâÛòÖõÃîÈĀëÈØöćÉñÂæ¬óèĂÚìÚ¬èãÚöĈ       
 
ÅùÔëâÛòÖõÃîÈĀëÈ 

ÅùÔëâÛòÖõÖ¬óÈą ÃîÈĀëÈĀÖ¬æñÅùÔëâÛòÖõÚòĈÚ ÿäóëóâóä×ÚČóìæòÂÂóäâóĂË­ÜäñāãËÚ°ăÕ­ìæóã
îã¬óÈ ÿË¬Ú ÅùÔëâÛòÖõÃîÈÂóäëñØ­îÚĀëÈÃîÈèòÖ×ù ÿäóÚČóâóĂË­ĂÚÂóäîîÂĀÛÛĀÝ¬ÚëñØ­îÚĀëÈÃîÈ
āÅâăà ÂóäìòÂÿìÃîÈĀëÈÚČó âóîîÂĀÛÛĀÝ¬ÚÜõÕìÚ­óāÅâăà Ì÷ćÈÿÜĆÚÂäñÉÂ ìäøîßæóëÖõÂÿßøćîÛòÈÅòÛ
ØõéØóÈÃîÈĀëÈăà ØöćîîÂÉóÂāÅâăÜĂÚØõéØöćÖ­îÈÂóä ÂóäÂäñÉóãÖòèÃîÈæČóĀëÈÿâøćîÂäñØÛÖòèÂæóÈÿäó
ÚČóâóĂË­ÜäñāãËÚ° ÿË¬ÚĂË­ĀÝ¬ÚßæóëÖõÂĂëÜõÕÕèÈāÅâÿßøćîæÕÅèóâÉ­óÉóÂìæîÕăà Ö¬óÈ ą ÂóäÕúÕÂæøÚ
ĀëÈ ÿäóÚČóâóØČó ÿÖóîÛßæòÈÈóÚĀëÈîóØõÖã°ÿÅäøćîÈÖ­âßæòÈÈóÚĀëÈ ĀæñÂóäĀØäÂëîÕÃîÈĀëÈ ÚČóâóĂË­
ÜäñāãËÚ°ĂÚÂæ­îÈ×¬óãäúÜ ÿÅäøćîÈÊóãáóßÖ¬óÈ ą ÉñÿìĆÚè¬óÅùÔëâÛòÖõĀëÈÕòÈÂæ¬óèÂĆăÕ­ÚČóâóĂË­ĂÚ
ËöèõÖÜäñÉČóèòÚÃîÈâÚùêã°ÿäóØòĈÈÚòĈÚ   
 
ÂóäëñØ­îÚĀëÈ(Reflection) 

ÂóäëñØ­îÚĀëÈ ìâóã×÷È ÂóäØöćĀëÈăÜÂäñØÛÂòÛÖòèÂæóÈĀæ­èëñØ­îÚăÜĂÚØõéØóÈîøćÚìäøî
ëñØ­îÚÂæòÛâóØõéØóÈÿÕõâÂóäëñØ­îÚÃîÈĀëÈÚòĈÚÃ÷ĈÚîãú¬ÂòÛßøĈÚÝõèÃîÈèòÖ×ùÕ­èãè¬óÿäöãÛìäøîìãóÛ
āÕãØòćèăÜßøĈÚÝõèØöćÿäöãÛĀæñâòÚÉñØČóĂì­âùâÃîÈĀëÈØöćÖÂÂäñØÛâöÅ¬óÿØ¬óÂòÛâùâëñØ­îÚÖČóĀìÚ¬ÈØöćĀëÈ
ÖÂÂäñØÛÂòÛĀëÈëñØ­îÚÛÚßøĈÚÝõèÉñÿÜĆÚÖČóĀìÚ¬ÈÿÕöãèÂòÚÕòÈäúÜ Â. æòÂêÔñÃîÈèòÖ×ùÕòÈÂæ¬óè ÿË¬Ú 
îæúâõÿÚöãâÃòÕÿÈóÿìæĆÂËùÛāÅäÿâöãâ ØîÈ ÿÈõÚĀæñÂäñÉÂÿÈóÿÜĆÚÖ­Ú ĀÖ¬×­óìóÂèòÖ×ùâöÝõèìãóÛ ĀëÈ
ëñØ­îÚÂĆÉñâöæòÂêÔñÂäñÉóãÂòÚÕòÈäúÜ Ã. ÿË¬Ú ÝÚòÈÊóÛÜúÚÂäñÕóêÃóè āÕãØòćèăÜèòÖ×ùë¬èÚĂìÎ¬Éñ
ÿÜĆÚĀÛÛÝëâÃ÷ĈÚîãú¬ÂòÛÝõèÚòĈÚâöÅèóââòÚìäøîìãóÛâóÂÂè¬ó ÉñÿìĆÚÂóäëñØ­îÚĀëÈăÕ­ÉóÂäúÜ  Â. Āæñ
äúÜ  Ã. 



 ƘƟƖ 

 
äúÜ Â.ÂóäëñØ­îÚĀëÈÛÚèòÖ×ùÝõèÿäöãÛ äúÜ Ã. ÂóäëñØ­îÚĀëÈÝõèÃäùÃäñ  

 
    ÂÏÂóäëñØ­îÚĀëÈ 
          1. äòÈëöÖÂÂäñØÛ ÿë­ÚÜÂÖõĀæñäòÈëöëñØ­îÚã¬îâîãú¬ÛÚßøĈÚäñÚóÛÿÕöãèÂòÚ 
          2. âùâĂÚÂóäÖÂÂäñØÛã¬îâāÖÿØ¬óÂòÛâùâëñØ­îÚ 
   ÂóäìòÂÿìÃîÈĀëÈ (Refraction)  
       ÂóäìòÂÿì ìâóã×÷È ÂóäØöćĀëÈÿÅæøćîÚØöćÝ¬óÚÖòèÂæóÈìÚ÷ćÈăÜãòÈîöÂÖòèÂæóÈìÚ÷ćÈØČóĂì­ĀÚèæČóĀëÈÿÂõÕ
ÂóäÿÛöćãÈÿÛÚăÜÉóÂĀÚèÿÕõâ ÿË¬Ú ĀëÈÝ¬óÚÉóÂîóÂóéăÜãòÈÚČĈó ÕòÈĀëÕÈĂÚäúÜ 

  
äúÜĀëÕÈæòÂêÔñÂóäÿÂõÕìòÂÿìÃîÈĀëÈ 

 
       ëõćÈØöćÅèäØäóÛÿÂöćãèÂòÛÂóäìòÂÿìÃîÈĀëÈ 
            - Åèóâ×öćÃîÈĀëÈãòÈÅÈÿØ¬óÿÕõâ ë¬èÚÅèóâãóèÅæøćÚ ĀæñÅèóâÿäĆèÃîÈĀëÈÉñăâ¬ÿØ¬óÿÕõâ 
            - ØõéØóÈÂóäÿÅæøćîÚØöćÃîÈĀëÈÉñîãú¬ĂÚĀÚèÿÕõâ×­óĀëÈÖÂÖòĈÈÊóÂÂòÛÝõèäîãÖ¬îÃîÈÖòèÂæóÈÉñăâ¬
îãú¬ĂÚ 
ĀÚèÿÕõâ ×­óĀëÈăâ¬ÖÂÖòĈÈÊóÂÂòÛÝõèäîãÖ¬îÃîÈÖòèÂæóÈ 
       Öòèîã¬óÈÂóäĂË­ÜäñāãËÚ°ÃîÈÂóäìòÂÿìÃîÈĀëÈ ÿË¬Ú ĀÝ¬ÚÜõÕìÚ­óāÅâăà Ì÷ćÈÿÜĆÚÂäñÉÂìäøî
ßæóëÖõÂ ÿßøćîÛòÈÅòÛØõéØóÈÃîÈĀëÈăàØöćîîÂÉóÂāÅâăÜĂÚØõéØóÈØöćÖ­îÈÂóä ÉñÿìĆÚè¬óĀëÈÉóÂ



 ƘƟƗ 

ìæîÕăàÉñÂäñÉóãăÜãòÈØùÂØõéØóÈäîÛìæîÕăàĀÖ¬ÿâøćîÝ¬óÚĀÝ¬ÚÜõÕìÚ­óāÅâăàĀæ­è ĀëÈÉñâöØõéØóÈ
ÿÕöãèÂòÚ ÿË¬ÚăàìÚ­óä×ãÚÖ° ä×âîÿÖîä°ăÌÕ° ÕòÈäúÜ 

 
ĀëÈØöćÝ¬óÚāÅâăàà­óìÚ­óä×ãÚÖ°âöØõéØóÈÿÕöãèÂòÚ 

 
ÂóäÂäñÉóãĀëÈ (Diffusion)  

 
         ÂóäÂäñÉóãĀëÈ ìâóã×÷È ĀëÈÃóèÌ÷ćÈÜäñÂîÛÕ­èãĀëÈìæóãÅèóâ×öćÖÂÂäñØÛÜäõÌ÷âĀæ­èØČó
Ăì­ÿÂõÕÂóäìòÂÿìÃîÈĀëÈ 2 ÅäòĈÈ (ØöćÝõèäîãÖ¬îÃîÈÜäõÌ÷â ØòĈÈÃóÿÃ­ó ĀæñÃóîîÂ) ØČóĂì­ĀëÈëöÖ¬óÈ ą ĀãÂ
îîÂÉóÂÂòÚîã¬óÈÿÜĆÚäñÿÛöãÛÿäöãÈÖóâÅèóâãóèÅæøćÚĀæñÅèóâ×öć ØöćÿäóÿäöãÂè¬ó ëÿÜÂÖäòâ (Spectrum)  
       äù­ÈÂõÚÚČĈó ÿÜĆÚÂóäÂäñÉóãÃîÈĀëÈ ÿÂõÕÉóÂĀëÈÃóèìòÂÿìÝ¬óÚÝõèÃîÈæñîîÈÚČĈó ØČóĂì­ĀëÈëöÖ¬óÈ 
ą ÂäñÉóãîîÂÉóÂÂòÚĀæ­èÿÂõÕÂóäëñØ­îÚÂæòÛìâÕØöćÝõèÕ­óÚìæòÈÃîÈæñîîÈÚČĈóĀæ­èìòÂÿìîîÂëú¬îóÂóé 
ØČóĂì­ĀëÈÃóèÂäñÉóãîîÂÿÜĆÚĀëÈëöÖ¬óÈ ą ÂòÚ ĀëÈÉñÂäñÉóãÖòèîîÂÿâøćîÂäñØÛ×úÂÝõèÃîÈÖòèÂæóÈ ÿäó
ĂË­ÜäñāãËÚ°ÉóÂÂóäÂäñÉóãÖòèÃîÈæČóĀëÈ ÿâøćîÂäñØÛÖòèÂæóÈÚöĈ ÿË¬Ú ĂË­ĀÝ¬ÚßæóëÖõÂĂëÜõÕÕèÈāÅâ
ÿßøćîæÕÅèóâÉ­óÉóÂìæîÕăàìäøî āÅâăàËÚõÕÜõÕĀÛÛÖ¬óÈ ą 



 ƘƟƘ 

 
áóßäù­ÈÂõÚÚČĈó 

ÂóäØñæùÝ¬óÚ (Transmission)  
       ÂóäØñæùÝ¬óÚ ìâóã×÷ÈÂóäØöćĀëÈßù¬ÈËÚÖòèÂæóÈĀæ­èØñæùÝ¬óÚâòÚîîÂăÜîöÂÕ­óÚìÚ÷ćÈ āÕãØöć
Åèóâ×öćăâ¬ÿÜæöćãÚĀÜæÈèòÖ×ùØöćâöÅùÔëâÛòÖõÂóäØñæùÝ¬óÚăÕ­ ÿË¬Ú ÂäñÉÂ Ýæ÷ÂÅäõëÖòæ ßæóëÖõÂĂë ÚČĈóĀæñ
ÃîÈÿìæèÖ¬óÈ ą 
ÂóäÕúÕÂæøÚ (Absorption)  
      ÂóäÕúÕÂæøÚ ìâóã×÷È ÂóäØöćĀëÈ×úÂÕúÕÂæøÚìóãÿÃ­óăÜĂÚÖòèÂæóÈØòćèăÜÿâøćîâößæòÈÈóÚĀëÈ×úÂ
ÕúÕÂæøÚìóãÿÃ­óăÜĂÚèòÖ×ùĂÕ ąÿË¬Ú ÿÖóîÛßæòÈÈóÚĀëÈîóØõÖã° ÿÅäøćîÈÖ­âÚČĈóßæòÈÈóÚĀëÈ ĀæñãòÈÚČó
ÅùÔëâÛòÖõÃîÈÂóäÕúÕÂæøÚĀëÈâóĂË­ĂÚËöèõÖÜäñÉČóèòÚ ÿË¬Ú ÂóäÿæøîÂëèâĂë¬ÿëøĈîÝ­óëöÃóèÉñÕúÕĀëÈÚ­îã
Âè¬óëöÕČó ÉñÿìĆÚăÕ­è¬óÿèæóĂë¬ÿëøĈîÝ­óëöÕČó îãú¬ÂæóÈĀÕÕÉñØČóĂì­ä­îÚâóÂÂè¬óëöÃóè 
 
ÂóäĀØäÂëîÕ (Interference)  
       ÂóäĀØäÂëîÕ ìâóã×÷È ÂóäØöćĀÚèĀëÈÉČóÚèÚ 2 ÿë­ÚäèâÖòèÂòÚĂÚØõéØóÈÿÕöãèÂòÚ ìäøîìòÂæ­óÈ
ÂòÚ ìóÂÿÜĆÚÂóääèâÂòÚ ÃîÈĀëÈØöćâöØõéØóÈÿÕöãèÂòÚ ÂĆÉñØČóĂì­ĀëÈâöÅèóâëè¬óÈâóÂÃ÷ĈÚ ĀÖ¬ĂÚØóÈ
ÖäÈÂòÚÃ­óâ×­óìòÂæ­óÈÂòÚ ĀëÈÂĆÉñëè¬óÈÚ­îãæÕ ÂóäĂË­ÜäñāãËÚ°ÉóÂÂóäëîÕĀØäÂÃîÈĀëÈ ÿË¬Ú Âæ­îÈ
×¬óãäúÜÿÅäøćîÈÊóãáóßÖ¬óÈ ą ĀæñÂóäæÕĀëÈÉóÂÂóäëñØ­îÚ ë¬èÚĂÚÈóÚÂóäë¬îÈëè¬óÈ ÉñĂË­ĂÚÂóä
ëñØ­îÚÉóÂĀÝ¬ÚëñØ­îÚĀëÈ 
 
3.8 ÿæÚë° 
ÂóäÿÂõÕáóßÉóÂÂäñÉÂÿÈóĀæñÿæÚë°  
 ÂäñÉÂÿÈóäóÛ Åøî ÂäñÉÂĀÛÚäóÛ Ì÷ćÈâöÕ­óÚìÚ÷ćÈëñØ­îÚĀëÈ ÕòÈÚòĈÚáóßØöćÿÂõÕÃ÷ĈÚÉ÷ÈÿÜĆÚ
áóßÿëâøîÚ îãú¬ìæòÈÂäñÉÂ âöäñãñáóßÿØ¬óÂòÛäñãñèòÖ×ù ĀæñÃÚóÕáóßÿØ¬óÂòÛÃÚóÕèòÖ×ù áóßØöćăÕ­Éñ
ÂæòÛÕ­óÚÂòÚÉóÂÃèóÿÜĆÚÌ­óãÃîÈèòÖ×ùÉäõÈ  
 



 ƘƟƙ 

 

 
     
    äúÜĀëÕÈÂóäÿÂõÕáóßÉóÂÂäñÉÂÿÈóäóÛ 
 
ÂóäìóÉČóÚèÚáóßØöćÿÂõÕÉóÂÂäñÉÂÿÈóäóÛ 2 ÛóÚ èóÈØČóâùâÂòÚ ìóăÕ­ÉóÂëúÖä 

 
ÂČóìÚÕĂì­ 
  n  = ÉČóÚèÚáóßØöćâîÈÿìĆÚ 
   = âùâØöćÂäñÉÂÿÈóäóÛ 2 ÛóÚèóÈØČóâùâÖ¬îÂòÚ 
×­óÝææòßÙ° n ØöćăÕ­ăâ¬æÈÖòè Ăì­ÜòÕÿéêÃ÷ĈÚÿÜĆÚìÚ÷ćÈăÕ­ 
 
Öòèîã¬óÈØöć 1 ÂäñÉÂÿÈóäóÛ 2 ÛóÚ èóÈÚČóâùâ 60 îÈéóÖ¬îÂòÚ ÉÈìóÉČóÚèÚáóßØöćÿÂõÕÃ÷ĈÚ 
èõÙöÅõÕ ÉóÂëúÖä  

 
                =  5  
               =  5 áóß 
ÉČóÚèÚáóßØöćÿÂõÕÉóÂÂäñÉÂÿÈóäóÛ 2 ÛóÚèóÈØČóâùâÖ¬îÂòÚÿØ¬óÂòÛ ƛ áóß ÖîÛ 

 
ÂäñÉÂÿÈóÝõèāÅ­ÈØäÈÂæâ 
ÂäñÉÂÿÈóÝõèāÅ­ÈØäÈÂæâ âöîãú¬ 2 ËÚõÕ Åøî ÂäñÉÂÿè­óĀæñÂäñÉÂÚúÚ  
 1. ÂäñÉÂÿè­ó Åøî ÂäñÉÂØöćĂË­ÝõèāÅ­Èÿè­óÿÜĆÚÝõèëñØ­îÚĀëÈ ìäøîÂäñÉÂÿÈóØöćäòÈëöÖÂÂäñØÛĀæñ
äòÈëöëñØ­îÚîãú¬Õ­óÚÿÕöãèÂòÛÉùÕéúÚã°ÂæóÈÅèóâāÅ­È ÕòÈäúÜ  


