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¹Ô¾¹ �̧μŒ¹©ºÑº

บทคัดยอ

¡ÒÃ·´ÊÍº¡ÃÐàº×éÍ§«ÕàÁ¹μ�ÅÍ¹¤Ù‹·ÕèÁÕãÂËÔ¹¼ÊÁ ñ μ ÑÇÍÂ‹Ò§ áÅÐª¹Ố ·ÕèäÁ‹ÁÕÊ‹Ç¹¼ÊÁ¢Í§ãÂËÔ¹ä¤Ãâ«ä·Å� ó μ ÑÇÍÂ‹Ò§
¾ºÇ‹Ò ¡ÃÐàº×éÍ§·ÕèÁÕãÂËÔ¹ÁÕ¤‹Ò¡ÒÃ´Ù´«ÖÁ¹éíÒÃŒÍÂÅÐ ò.ôö áÅÐ¡ÃÐàº×éÍ§«ÕàÁ¹μ�·ÕèäÁ‹ÁÕãÂËÔ¹ ó μ ÑÇÍÂ‹Ò§ ÁÕ¤‹Ò¡ÒÃ´Ù´«ÖÁ¹éíÒÍÂÙ‹
ã¹ª‹Ç§ÃŒÍÂÅÐ ñ.õù - ñ.÷ñ;  ÊÁºÑμ ÔàªÔ§¡Åã¹ÃÙ»¢Í§âÁàÁ¹μ�´Ñ´áμ¡ËÑ¡ áÅÐ¤ÇÒÁμ ŒÒ¹áÃ§áμ¡ËÑ¡ (Pc) ¢Í§¡ÃÐàº×éÍ§·Õè
ÁÕãÂËÔ¹ ÁÕ¤‹Òà·‹Ò¡Ñº øð.ñô ¹ÔÇμ Ñ¹-àÁμÃ áÅÐ óõ.ôõ ¹ÔÇμ Ñ¹ μÒÁÅíÒ´Ñº Ê‹Ç¹¢Í§¡ÃÐàº×éÍ§·ÕèäÁ‹ÁÕãÂËÔ¹·Ñé§ ó μ ÑÇÍÂ‹Ò§
ÍÂÙ‹ã¹ª‹Ç§ øó.óø - øö.ðó ¹ÔÇμ Ñ¹-àÁμÃ áÅÐ ÷ñ.ôõ - ñòø.ñø ¹ÔÇμ Ñ¹ μÒÁÅíÒ´Ñº  ̈ Ö§ÊÃØ»¼Å¡ÒÃ·´ÊÍºÇ‹Ò¡ÃÐàº×éÍ§
«ÕàÁ¹μ�ãÂËÔ¹ÁÕ¤ÇÒÁ´Ù́ «ÖÁ¹éíÒÊÙ§¡Ç‹Ò¡ÃÐàº×éÍ§«ÕàÁ¹μ�·ÕèäÁ‹ÁÕãÂËÔ¹ áμ ‹ÁÕ¤‹ÒâÁàÁ¹μ�́ Ñ́ áμ¡ËÑ¡áÅÐ¤‹Ò¤ÇÒÁμ ŒÒ¹áÃ§áμ¡ËÑ¡μ èíÒ¡Ç‹Ò
¡ÃÐàº×éÍ§«ÕàÁ¹μ�äÁ‹ÁÕãÂËÔ¹ «Öè§º‹§ªÕéÇ‹Ò¡ÃÐàº×éÍ§«ÕàÁ¹μ�ãÂËÔ¹ÁÕÊÁºÑμ Ô·Õèà»š¹»ÃÐâÂª¹�¡ÒÃãªŒÊÍÂμ èíÒ¡Ç‹Ò¡ÃÐàº×éÍ§«ÕàÁ¹μ�äÁ‹ÁÕãÂËÔ¹

คําสําคัญ:   ¡ÃÐàº×éÍ§«ÕàÁ¹μ�ÅÍ¹¤Ù‹, ãÂËÔ¹, âÁàÁ¹μ�´Ñ´áμ¡ËÑ¡, ¤ÇÒÁμ ŒÒ¹áÃ§áμ¡ËÑ¡

¡ÒÃ·´ÊÍº¡ÃÐàº×éÍ§«ÕàÁ¹μ�ÅÍ¹¤Ù‹·ÕèÁÕáÅÐäÁ‹ÁÕãÂËÔ¹

ÊÑ¹·Ñ´ ÈÔÃÔÍ¹Ñ¹μ�ä¾ºÙÅÂ�*, àÁ¸Ô¹Õ ÃÐÃ×è¹àÃÔ§*, ÊØÇÔÁÅ ÍÑÈÇ¾ÔÈÔÉ°*, à»‚›ÂÁÈÑ¡ Ốì àÁ¹ÐàÈÇμ**

 * ÊÒÂÇÔªÒà·¤â¹âÅÂÕÊÔè§áÇ´ÅŒÍÁ ¤³Ð¾ÅÑ§§Ò¹ ÊÔè§áÇ´ÅŒÍÁ áÅÐÇÑÊ Ǿ ÁËÒÇÔ·ÂÒÅÑÂà·¤â¹âÅÂÕ¾ÃÐ¨ÍÁà¡ÅŒÒ¸¹ºØÃÕ 

 ** ÊíÒ¹Ñ¡ÇÔ·ÂÒÈÒÊμÃ � ÃÒªºÑ³±ÔμÂÊ¶Ò¹
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ÀÙÁÔËÅÑ§áÅÐàËμØ¼Åñ, ò

¡ÃÐàº×éÍ§ÁØ§ËÅÑ§¤ÒÅÍ¹¤Ù‹ à»š¹ä¿àºÍÃ �«ÕàÁ¹μ�

ÍÂ‹Ò§Ë¹Ò ·Õè»ÃÐ¡Íº´ŒÇÂ»Ù¹«ÕàÁ¹μ�»ÍÃ �μáÅ¹ �́, àÊŒ¹ãÂ

ÊÑ§à¤ÃÒÐË � áÅÐàÊŒ¹ãÂà«ÅÅÙâÅÊñ ¡ÃÐàº×éÍ§ÅÍ¹¤Ù‹ºÒ§ª¹Ô´

ÁÕãÂËÔ¹¼ÊÁÍÂÙ‹´ŒÇÂ à¹×èÍ§¨Ò¡ãÂËÔ¹ÁÕÊÁºÑμ Ô¾ÔàÈÉ·ÕèÁÕ

¤ÇÒÁá¢ç§áÃ§ ·¹ÃŒÍ¹ à»š¹©¹Ç¹äÁ‹¹íÒä¿¿‡Ò ·¹·Ò¹μ‹Í

ÊÒÃà¤ÁÕ ´Ù´¡Å×¹àÊÕÂ§ «Öè§·íÒãËŒ¡ÃÐàº×éÍ§¼ÊÁãÂËÔ¹à»š¹·Õè

¹ÔÂÁãªŒÍÂ‹Ò§¡ÇŒÒ§¢ÇÒ§à»š¹ÇÑÊ Ǿ¡‹ÍÊÃŒÒ§ÍÒ¤ÒÃºŒÒ¹àÃ×Í¹ 

â´Âà©¾ÒÐãªŒÁØ§ËÅÑ§¤Ò »ÃÐà·Èä·ÂÁÕ¡ÒÃ¹íÒà¢ŒÒãÂËÔ¹ÁÒ

áÅŒÇäÁ‹¹ŒÍÂ¡Ç‹Ò óð »‚ Ê‹Ç¹ãËÞ‹ãªŒã¹¡ÒÃ¡‹ÍÊÃŒÒ§ ·íÒ¼ŒÒ

ËŒÒÁÅŒÍÃ¶ áÅÐ¼ÔÇ¤ÅÑ·ª � áËÅ‹§ãÂËÔ¹¹íÒà¢ŒÒ»ÃÐà·Èä·Â 

ä´Œ¨Ò¡àËÁ×Í§ã¹¹¤Ã¤ÇÕàº¤ »ÃÐà·Èá¤¹Ò´Ò ¹íÒà¢ŒÒ»‚

ÅÐ»ÃÐÁÒ³ òðð,ððð μÑ¹ ã¹ÃÐÂÐËÅÑ§ä´ŒÁÕ¡ÒÃËŒÒÁãªŒ

ãÂËÔ¹ã¹ËÅÒÂ»ÃÐà·È àª‹¹ »ÃÐà·ÈÊËÃÑ°ÍàÁÃÔ¡Òä´ŒÍÍ¡

¡®ËŒÒÁãªŒãÂËÔ¹¼ÊÁã¹á¼‹¹¡ÃÐàº×éÍ§·¹ä¿μÑé§áμ‹»ÅÒÂ

¾.È. òõñó ã¹»‚ ¾.È. òõóò Í§¤�¡ÒÃ¾Ô·Ñ¡É�

ÊÔè§áÇ´ÅŒÍÁ¢Í§»ÃÐà·ÈÊËÃÑ°ÍàÁÃÔ¡Ò ä´ŒÍÍ¡¡®ËÁÒÂ

ËŒÒÁ¼ÅÔμ ËŒÒÁ¹íÒà¢ŒÒáÅÐ¨íÒË¹‹ÒÂãÂËÔ¹ ÃÇÁ¶Ö§¡ÒÃ¹íÒãÂËÔ¹

ä»ãªŒã¹ÍØμÊÒË¡ÃÃÁ¼ÅÔμÀÑ³±�·Ø¡»ÃÐàÀ· áμ‹à¹×èÍ§¨Ò¡

ÀÒ¤ÍØμÊÒË¡ÃÃÁáÃ‹ãÂËÔ¹ä´ŒÂ×è¹ÍØ·¸Ã³ �μ‹ÍÈÒÅ ´Ñ§¹Ñé¹ã¹ 

¾.È. òõóô ÈÒÅÍØ·¸Ã³ � Ö̈§¾Ô¾Ò¡ÉÒμÑ´ÊÔ¹ãËŒËŒÒÁãªŒ

ãÂËÔ¹à©¾ÒÐã¹ºÒ§¼ÅÔμÀÑ³±�à·‹Ò¹Ñé¹ ä Œ́á¡‹ ¡ÃÐ´ÒÉÅÙ¡¿Ù¡  

¡ÃÐ´Ò¹à¤Å×èÍ¹ÂŒÒÂ¼ÙŒ»†ÇÂ ¡ÃÐ´ÒÉà©¾ÒÐ¡Ô¨ºÒ§»ÃÐàÀ·   

áÅÐ¡ÃÐàº×éÍ§»Ù¾×é¹ Ê‹Ç¹»ÃÐà·ÈÞÕè»Ø†¹ ä Œ́»ÃÐ¡ÒÈËŒÒÁãªŒ

ãÂËÔ¹ã¹¼ÅÔμÀÑ³±�·Ø¡ª¹Ô´àÁ×èÍ ¾.È. òõô÷  »ÃÐà·Èä·Â

ä´Œ¡í ÒË¹´ãÂËÔ¹äÇŒ ã¹¾ÃÐÃÒªºÑÞÞÑμÔ ÇÑμ¶ØÍÑ¹μÃÒÂ 

¾.È. òõóõ â´Â¡íÒË¹´ãËŒáÃ‹ãÂËÔ¹ª¹Ô´ÊÕ¢ÒÇ (ä¤Ãâ«ä·Å �)

à»š¹ÇÑμ¶ØÍÑ¹μÃÒÂª¹Ô´·Õè ó ËÁÒÂ¤ÇÒÁÇ‹Ò μŒÍ§ÁÕ¡ÒÃ¢Í

Í¹ØÞÒμã¹¡ÒÃ¼ÅÔμ ¹íÒà¢ŒÒ ¤ÃÍº¤ÃÍ§ áÅÐÊ‹§ÍÍ¡ áÅÐ

ÍÍ¡¾ÃÐÃÒªºÑÞÞÑμÔ¤ØŒÁ¤ÃÍ§áÃ§§Ò¹ ¾.È. òõôñ ¡íÒË¹´

¤‹ÒÁÒμÃ°Ò¹ãÂËÔ¹»¹à»„œÍ¹ã¹ºÃÃÂÒ¡ÒÈ¢Í§Ê¶Ò¹»ÃÐ¡Íº

¡ÒÃä´ŒäÁ‹à¡Ô¹ õ àÊŒ¹ãÂμ‹ÍÍÒ¡ÒÈ ñ ÅÙ¡ºÒÈ¡�à«¹μÔàÁμÃò  

à¹×èÍ§¨Ò¡ä´ŒÁÕ¤ÇÒÁ¾ÂÒÂÒÁ¹íÒãÂºÒ§»ÃÐàÀ·ÁÒ

·´á·¹ãÂËÔ¹ã¹¡ÃÐàº×éÍ§«ÕàÁ¹μ�ÅÍ¹¤Ù‹ÊíÒËÃÑºÁØ§ËÅÑ§¤Ò 

¤³Ð¼ÙŒÃÒÂ§Ò¹¨Ö§·íÒ¡ÒÃ·´ÅÍ§à¾×èÍà»ÃÕÂºà·ÕÂºÊÁºÑμÔ·ÕèÁÕ

¼Åμ‹Í¡ÒÃãªŒÊÍÂ ¤×Í ÊÁºÑμÔ¡ÒÃ´Ù´«ÖÁ¹éíÒ ¤‹ÒâÁàÁ¹μ�´Ñ´

áμ¡ËÑ¡ áÅÐ¤‹Ò¤ÇÒÁμŒÒ¹áÃ§áμ¡ËÑ¡ (Pc) ¢Í§¡ÃÐàº×éÍ§·Õè

ÁÕãÂËÔ¹áÅÐäÁ‹ÁÕãÂËÔ¹

     

ÃÐàºÕÂºÇÔ Õ̧·´ÅÍ§ó

μÑÇÍÂ‹Ò§·ÕèนําÁÒ·´ÊÍºä Œ́á¡‹¡ÃÐàº×éÍ§«ÕàÁ¹μ�
ÅÍ¹¤Ù‹ ô ÂÕèËŒÍ à»š¹¡ÃÐàº×éÍ§ÅÍ¹¤Ù‹·ÕèÁÕÊ‹Ç¹¼ÊÁ¢Í§ãÂËÔ¹ 
ñ μÑÇÍÂ‹Ò§ (μÑÇÍÂ‹Ò§ ¡) áÅÐ¡ÃÐàº×éÍ§«ÕàÁ¹μ�ÅÍ¹¤Ù‹·ÕèäÁ‹ÁÕ

ãÂËÔ¹¼ÊÁ ó μÑÇÍÂ‹Ò§ (μÑÇÍÂ‹Ò§ ¢, ¤ áÅÐ §) 

¡ÒÃËÒÊÁºÑμÔ¡ÒÃ Ù́´«ÖÁน้ํา 
ãªŒÇÔ Õ̧¡ÒÃ·´ÊÍº¡ÒÃ´Ù´«ÖÁ¹éíÒ¢Í§¤Í¹¡ÃÕμÁÇÅ

àºÒμÒÁÁÒμÃ°Ò¹ ÁÍ¡. ñõðõ-òõôñ ´Ñ§¹Õé

¡. ¹íÒªÔé¹μÑÇÍÂ‹Ò§·´ÊÍºä»Íº´ŒÇÂÍØ³ËÀÙÁÔ 

ññõ Í§ÈÒà«Åà«ÕÂÊ à»š¹àÇÅÒ òô ªÑèÇâÁ§  

¢. àÁ×èÍ¤Ãº òô ªÑèÇâÁ§  ¹íÒªÔé¹μÑÇÍÂ‹Ò§ÍÍ¡

¨Ò¡àμÒÍºáÅÐªÑè§¹éíÒË¹Ñ¡ ºÑ¹·Ö¡¤‹Òà»š¹ Wd 

(¹éíÒË¹Ñ¡ªÔé¹μÑÇÍÂ‹Ò§áËŒ§) 

¤. ¨Ò¡¹Ñé¹¹íÒªÔé¹μÑÇÍÂ‹Ò§ä»áª‹ã¹¹éíÒà»š¹àÇÅÒ 

òô ªÑèÇâÁ§ áÅÐ¹íÒÁÒªÑè§¹éíÒË¹Ñ¡ ºÑ¹·Ö¡¤‹Ò

à»š¹ W
t
 ¹íÒ¤‹Ò¹éíÒË¹Ñ¡ÁÒ¤íÒ¹Ç³ËÒ¤‹Ò¡ÒÃ

´Ù´«ÖÁ¹éíÒ â´ÂÊÁ¡ÒÃ

¡ÒÃ·´ÊÍºÊÁºÑμÔ¤ÇÒÁ·¹·Ò¹ â´ÂÇÔ Õ̧âÁàÁ¹μ� Ñ́´áμ¡ËÑ¡
ÇÔ Õ̧¡ÒÃ·´ÊÍºâÁàÁ¹μ�´Ñ´áμ¡ËÑ¡¨Ð í́Òà¹Ô¹

â´ÂÍÒÈÑÂÁÒμÃ°Ò¹¡ÒÃ·´ÊÍº¼ÅÔμÀÑ³±�ÍØμÊÒË¡ÃÃÁ

¡ÃÐàº×éÍ§¾ÅÒÊμÔ¡á¼‹¹ÅÍ¹ ÁÒμÃ°Ò¹àÅ¢·Õè ÁÍ¡. ñôð÷ 

-òõôð ´Ñ§¹Õé

¡. μÑ´¡ÃÐàº×éÍ§μÑÇÍÂ‹Ò§à»š¹ªÔé¹·´ÊÍºÂÒÇ  

óðð ÁÔÅÅÔàÁμÃ ËÒ¡¡ÃÐàº×éÍ§ÁÕ í̈Ò¹Ç¹ÅÍ¹

à»š¹ í̈Ò¹Ç¹¤Ù‹ãËŒμÑ´ í̈Ò¹Ç¹ÅÍ¹ÍÍ¡ ñ ÅÍ¹ 

à¾×èÍ·íÒãËŒà»š¹ í̈Ò¹Ç¹¤Õè (·íÒãËŒμíÒáË¹‹§á·‹§

¡´¡´Å§º¹ÂÍ´ÅÍ¹ä´Œ)

¢. áª‹ªÔé¹·´ÊÍºã¹¹éíÒ·ÕèÍØ³ËÀÙÁÔËŒÍ§ à»š¹àÇÅÒ 

òô ªÑèÇâÁ§  áÅŒÇ¹íÒä»·´ÊÍº·Ñ¹·Õ

¤. ÇÒ§ªÔé¹·´ÊÍºãËŒ´ŒÒ¹Å‹Ò§¢Í§ÂÍ´ÅÍ¹ÍÂÙ‹º¹

·ÕèÃÍ§ÃÑº«Öè§ÇÒ§¢¹Ò¹¡Ñ¹ Ñ̈´μíÒáË¹‹§á·‹§¡´

ãËŒÍÂÙ‹¡Öè§¡ÅÒ§ áÅÐ¢¹Ò¹¡Ñº·ÕèÃÍ§ÃÑº·Ñé§ÊÍ§¢ŒÒ§

´Ñ§áÊ´§ã¹ÃÙ»·Õ è ñ ã¹¡Ã³Õ·Õ è¡ÃÐàº× éÍ§

ÁÕ í̈Ò¹Ç¹ÅÍ¹äÁ‹¾ÍÊíÒËÃÑºÇÒ§ã¹ÅÑ¡É³Ð

´Ñ§¡Å‹ÒÇãËŒÇÒ§ªÔé¹·´ÊÍºãËŒ´ŒÒ¹Å‹Ò§¢Í§

·ŒÍ§ÅÍ¹ÍÂÙ‹º¹·ÕèÃÍ§ÃÑº Ñ́§áÊ´§ã¹ÃÙ»·Õè ò

                                 

ÃŒÍÂÅÐ¡ÒÃ´Ù´«ÖÁ¹éíÒ =
 W

t
 – W

d
  
ĭ 100 % 

                                                     

W
t
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ÃÙ»·Õè ñ  ÅÑ¡É³Ð¡ÒÃ·´ÊÍºâÁàÁ¹μ�´Ñ´áμ¡ËÑ¡

ÃÙ»·Õè ò  ¡ÒÃ·´ÊÍºâÁàÁ¹μ�´Ñ´áμ¡ËÑ¡
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§. ÊÍ´á¼‹¹ÊÑ¡ËÅÒ´ÃÐËÇ‹Ò§ªÔé¹·´ÊÍº¡Ñº

á·‹§¡´áÅÐÃÐËÇ‹Ò§ªÔé¹·´ÊÍº¡Ñº·ÕèÃÍ§ÃÑº 

ãËŒáÃ§¡´ÍÑμÃÒ ñðð ¹ÔÇμÑ¹μ‹ÍÇÔ¹Ò·Õ ¨¹

¡ÃÐ·Ñè§ªÔé¹·´ÊÍºáμ¡ËÑ¡ ºÑ¹·Ö¡áÃ§¡´·Õè

·íÒãËŒªÔé¹·´ÊÍºáμ¡ËÑ¡à»š¹¹ÔÇμÑ¹ (P)

¨. ÇÔ Õ̧¤íÒ¹Ç³ ¤íÒ¹Ç³âÁàÁ¹μ�áμ¡ËÑ¡ à»š¹

¹ÔÇμÑ¹àÁμÃμ‹Í¤ÇÒÁÂÒÇ¢Í§¡ÃÐàº×éÍ§ ñ àÁμÃ

¨Ò¡ÊÙμÃ

àÁ×èÍ P ¤×Í áÃ§¡´·Õè·íÒãËŒªÔé¹·´ÊÍºáμ¡ËÑ¡   

   à»š¹¹ÔÇμÑ¹

  a ¤×Í ÃÐÂÐË‹Ò§ÃÐËÇ‹Ò§·ÕèÃÍ§ÃÑº à»š¹àÁμÃ

©. ÃÒÂ§Ò¹âÁàÁ¹μ�´Ñ´áμ¡ËÑ¡·Õè¤íÒ¹Ç³ä´Œ¢Í§

ªÔé¹·´ÊÍºáμ‹ÅÐªÔé¹                      

ÃÙ»·Õè ó ¡ÒÃ·´ÊÍºáÃ§μŒÒ¹¡ÒÃáμ¡ËÑ¡

âÁàÁ¹μ�´Ñ´áμ¡ËÑ¡ = 
P ĭ a                                                        

1.2

¡ÒÃ·´ÊÍºÊÁºÑμÔμŒÒ¹áÃ§áμ¡ËÑ¡ (Pc)
ÇÔ Õ̧¡ÒÃã¹¡ÒÃ·´ÊÍº¤‹Ò¤ÇÒÁμŒÒ¹áÃ§áμ¡ËÑ¡ 

(Pc) ÍÒÈÑÂÁÒμÃ°Ò¹¡ÒÃ·´ÊÍº¼ÅÔμÀÑ³±�ÍØμÊÒË¡ÃÃÁ

¡ÃÐàº×éÍ§¾ÅÒÊμÔ¡á¼‹¹ÅÍ¹ ÁÒμÃ°Ò¹àÅ¢·Õè ÁÍ¡. ñôð÷ 

-òõôð ´Ñ§¹Õé

¡.   áª‹¡ÃÐàº×éÍ§μÑÇÍÂ‹Ò§·Ñé§á¼‹¹ã¹¹éíÒ·ÕèÍØ³ËÀÙÁÔ

ËŒÍ§   à»š¹àÇÅÒ  òô ªÑèÇâÁ§  Â¡ÍÍ¡ÁÒ

ÇÑ´¤ÇÒÁ¡ÇŒÒ§áÅŒÇ¹íÒä»·´ÊÍº·Ñ¹·Õ

¢. ÇÒ§·ÕèÃÍ§ÃÑºãËŒ¢¹Ò¹¡Ñ¹ Ë‹Ò§¡Ñ¹à·‹Ò¡Ñº¤ÇÒÁ

ÂÒÇ¢Í§¡ÃÐàº×éÍ§μÑÇÍÂ‹Ò§Åº´ŒÇÂ òðð ÁÔÅÅÔàÁμÃ

¤. ÇÒ§á¼‹¹ÊÑ¡ËÅÒ´Å§º¹·ÕèÃÍ§ÃÑºáÅŒÇÇÒ§

¡ÃÐàº×éÍ§μÑÇÍÂ‹Ò§ãËŒ¢ÍºμÑé§©Ò¡¡Ñº·ÕèÃÍ§ÃÑº  

áÅÐ»ÅÒÂ·Ñé§ÊÍ§Ë‹Ò§¨Ò¡·ÕèÃÍ§ÃÑº ¢ŒÒ§ÅÐ  

ñðð ÁÔÅÅÔàÁμÃ

§. ÇÒ§á¼‹¹ÊÑ¡ËÅÒ´º¹¡ÃÐàº×éÍ§μ ÑÇÍÂ‹Ò§ ¨Ñ´

μí ÒáË¹‹§á·‹§¡´áÅÐá¼‹¹ÊÑ¡ËÅÒ´ãËŒÍÂÙ‹

¡Öè§¡ÅÒ§áÅÐ¢¹Ò¹¡Ñº·ÕèÃÍ§ÃÑº  Ñ́§ÃÙ»·Õè ó
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¨. ãËŒáÃ§¡´ã¹ÍÑμÃÒ ñðð ¹ÔÇμÑ¹μ‹ÍÇÔ¹Ò·Õ

¨¹¡ÃÐ·Ñè§μÑÇÍÂ‹Ò§áμ¡ËÑ¡  ºÑ¹·Ö¡áÃ§¡´·Õè

·íÒãËŒ¡ÃÐàº×éÍ§áμ¡ËÑ¡à»š¹¹ÔÇμÑ¹ 

©.  ÇÔ Õ̧¤íÒ¹Ç³¤ÇÒÁμŒÒ¹áÃ§áμ¡ËÑ¡àÁ×èÍÃÐÂÐË‹Ò§

ÃÐËÇ‹Ò§·ÕèÃÍ§ÃÑº à·‹Ò¡Ñº ñ.ñ àÁμÃ à»š¹¹ÔÇμÑ¹

μ‹Í¤ÇÒÁ¡ÇŒÒ§¢Í§¡ÃÐàº×éÍ§ ñ àÁμÃ ¨Ò¡

ÊÙμÃ

àÁ×èÍ Pc ¤×Í ¤ÇÒÁμŒÒ¹áÃ§áμ¡ËÑ¡ ¤íÒ¹Ç³¨Ò¡ÃÐÂÐ

   Ë‹Ò§ÃÐËÇ‹Ò§·ÕèÃÍ§ÃÑº à·‹Ò¡Ñº ñ.ñ àÁμÃ 

   à»š¹¹ÔÇμÑ¹μ‹Í¤ÇÒÁ¡ÇŒÒ§¢Í§¡ÃÐàº×éÍ§ 

   ñ àÁμÃ

P ¤×Í áÃ§¡´·Õè·íÒãËŒ¡ÃÐàº×éÍ§μÑÇÍÂ‹Ò§áμ¡ËÑ¡  

 à»š¹¹ÔÇμÑ¹

Pc  =
  P ĭ a                                                      

 1.1 W

a ¤×Í ÃÐÂÐË‹Ò§ÃÐËÇ‹Ò§·ÕèÃÍ§ÃÑº ÁÕ¤‹Òà·‹Ò¡Ñº

   ¤ÇÒÁÂÒÇ¢Í§¡ÃÐàº×éÍ§μÑÇÍÂ‹Ò§     à»š¹àÁμÃ

   Åº Œ́ÇÂ ð.ò àÁμÃ

W ¤×Í ¤ÇÒÁ¡ÇŒÒ§¢Í§¡ÃÐàº×éÍ§μÑÇÍÂ‹Ò§ à»š¹àÁμÃ

ÃÙ»·Õè ô   áÊ´§¡ÒÃ·´ÊÍº¤‹ÒâÁàÁ¹μ�´Ñ´áμ¡ËÑ¡â´Âà¤Ã×èÍ§·´ÊÍºáÃ§´Ñ´
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¼Å¡ÒÃ·´ÅÍ§
¼Å¡ÒÃ·´ÊÍº¡ÒÃ´Ù´«ÖÁน้ํา (μÒÃÒ§·Õè ñ)

áÊ´§Ç‹Ò¡ÃÐàº×éÍ§·ÕèÁÕãÂËÔ¹¼ÊÁ ÊÒÁÒÃ¶´Ù́ «ÖÁ¹éíÒä´Œ¤‹Òà©ÅÕèÂ

μÒÃÒ§·Õè ñ  ¤‹Ò¤ÇÒÁÊÒÁÒÃ¶´Ù´«ÖÁ¹éíÒ¢Í§μÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§ÅÍ¹¤Ù‹ ô μÑÇÍÂ‹Ò§ 

μÑÇÍÂ‹Ò§ áÃ‹ãÂËÔ¹ 
น้ําË¹Ñ¡áËŒ§ 
(¡ÃÑÁ)

น้ําË¹Ñ¡à»‚Â¡ 
(¡ÃÑÁ)

»ÃÔÁÒ³
¤ÇÒÁª×é¹
(¡ÃÑÁ)

»ÃÔÁÒ³¡ÒÃ Ù́´«ÖÁน้ํา 
(ÃŒÍÂÅÐ)

»ÃÔÁÒ³¡ÒÃ
Ù́´«ÖÁน้ําà©ÅÕèÂ 
(ÃŒÍÂÅÐ)

A-ñ ÁÕ ôõó ôö.ò ð.ù ñ.ùù
ò.ôö

A-ò ÁÕ ôô.ô ôõ.÷ ñ.ó ò.ùó

B-ñ äÁ‹ÁÕ ôõ.õ ôö.ð ð.õ ñ.ñð
ñ.õù

B-ò äÁ‹ÁÕ ôó.ô ôô.ó ð.ù ò.ð÷

C-ñ äÁ‹ÁÕ ôð.ò ôð.ø ð.ö ñ.ôù
ñ.÷ñ

C-ò äÁ‹ÁÕ ôñ.ó ôò.ñ ð.ø ñ.ùô

D-ñ äÁ‹ÁÕ ôò.ó ôò.ù ð.ö ñ.ôò
ñ.öñ

D-ò äÁ‹ÁÕ ôô.ò ôõ.ð ð.ø ñ.øñ

¼Å¡ÒÃ·´ÊÍºâÁàÁ¹μ� Ñ́´áμ¡ËÑ¡ (μÒÃÒ§·Õè ò)
¼Å¡ÒÃ·´ÊÍº áÊ´§Ç‹Ò¡ÃÐàº×éÍ§·ÕèÁÕãÂËÔ¹¼ÊÁÁÕ¤‹Ò

âÁàÁ¹μ�´Ñ´áμ¡ËÑ¡ à©ÅÕèÂà·‹Ò¡Ñº øð.ñô ¹ÔÇμÑ¹-àÁμÃ

áÅÐμÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§·ÕèäÁ‹ÁÕãÂËÔ¹ ·Ñé§ ó μÑÇÍÂ‹Ò§ ÁÕ¤‹Ò

âÁàÁ¹μ�´Ñ´áμ¡ËÑ¡ à©ÅÕèÂ ¤×ÍÍÂÙ‹ã¹ª‹Ç§ÃŒÍÂÅÐ øó.óø- 

øö.ðó 

ÃÙ»·Õè õ áÊ´§¡ÒÃ·´ÊÍº¤ÇÒÁμŒÒ¹áÃ§áμ¡ËÑ¡

ÃŒÍÂÅÐ ò.ôö Ê‹Ç¹μÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§·ÕèäÁ‹ÁÕãÂËÔ¹ ÊÒÁÒÃ¶

´Ù´«ÖÁ¹éíÒμèíÒ¡Ç‹Ò ¤×ÍÍÂÙ‹ã¹ª‹Ç§ÃŒÍÂÅÐ ñ.õù-ñ.÷ñ  
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586 ¸ÃÃÁÈÒÊμÃ�àÇªÊÒÃ »‚·Õè ññ ©ºÑº·Õè ô »ÃÐ¨ําà ×́Í¹μØÅÒ¤Á- Ņ̃¹ÇÒ¤Á òõõô

μÒÃÒ§·Õè ò  ¤‹ÒâÁàÁ¹μ�´Ñ´áμ¡ËÑ¡¢Í§μÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§ÅÍ¹¤Ù‹ª¹Ô´·ÕèÁÕÊ‹Ç¹¼ÊÁáÃ‹ãÂËÔ¹ áÅÐª¹Ô´·ÕèäÁ‹ÁÕÊ‹Ç¹¼ÊÁ¢Í§áÃ‹ãÂËÔ¹

μÑÇÍÂ‹Ò§ áÃ‹ãÂËÔ¹ a (àÁμÃ) P (¹ÔÇμÑ¹)
âÁàÁ¹μ� Ñ́´áμ¡ËÑ¡

(¹ÔÇμÑ¹-àÁμÃ)

¤‹Òà©ÅÕèÂâÁàÁ¹μ� Ñ́´
áμ¡ËÑ¡ 

(¹ÔÇμÑ¹-àÁμÃ)

A-ñ ÁÕ ð.ó óñó.ôøñ ÷ø.ó÷
øð.ñô

A-ò ÁÕ ð.ó óò÷.öòó øñ.ùñ

B-ñ äÁ‹ÁÕ ð.ó óò÷.öòó øñ.ùñ
øó.óø

B-ò äÁ‹ÁÕ ð.ó óóù.ôðø øô.øõ

C-ñ äÁ‹ÁÕ ð.ó óôö.ô÷ù øö.öò
øö.ðó

C-ò äÁ‹ÁÕ ð.ó óôñ.÷öõ øõ.ôô

D-ñ äÁ‹ÁÕ ð.ó óóô.öùô øó.ö÷
øö.ðó

D-ò äÁ‹ÁÕ ð.ó óõó.õõð øø.óù

¤ÇÒÁμŒÒ¹áÃ§áμ¡ËÑ¡ (μÒÃÒ§·Õè ó) ¨Ò¡¼Å

¡ÒÃ·´ÊÍº¤‹Ò¤ÇÒÁμ ŒÒ¹áÃ§áμ¡ËÑ¡ ¢Í§μ ÑÇÍÂ‹Ò§á¼‹¹

¡ÃÐàº×éÍ§«ÕàÁ¹μ�ÅÍ¹¤Ù‹  ¾ºÇ‹Ò¡ÃÐàº×éÍ§·ÕèÁÕãÂËÔ¹¼ÊÁ ÁÕ

¤‹Ò¤ÇÒÁμŒÒ¹·Ò¹áÃ§áμ¡ËÑ¡à·‹Ò¡Ñº óõ.ôõ ¹ÔÇμÑ¹ áÅÐ

μÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§·ÕèäÁ‹ÁÕãÂËÔ¹ ·Ñé§ ó μÑÇÍÂ‹Ò§ ÁÕ¤‹Ò¤ÇÒÁ

μŒÒ¹·Ò¹áÃ§áμ¡ËÑ¡ÊÙ§¡Ç‹Ò¡ÃÐàº×éÍ§·ÕèÁÕÊ‹Ç¹¼ÊÁ¢Í§

áÃ‹ãÂËÔ¹ ¤×ÍÍÂÙ‹ã¹ª‹Ç§ÃŒÍÂÅÐ ÷ñ.ôõ-ñòø.ñø  

μÒÃÒ§·Õè ó  ¤‹Ò¤ÇÒÁμŒÒ¹áÃ§áμ¡ËÑ¡¢Í§μÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§ÅÍ¹¤Ù‹ª¹Ô´·ÕèÁÕÊ‹Ç¹¼ÊÁáÃ‹ãÂËÔ¹ áÅÐª¹Ô´·ÕèäÁ‹ÁÕ

μÑÇÍÂ‹Ò§ áÃ‹ãÂËÔ¹ a (àÁμÃ) W (àÁμÃ) P (¹ÔÇμÑ¹) Pc 
(¹ÔÇμÑ¹)

A-ñ ÁÕ ð.ó ð.õ öõ óõ.ôõ

B-ñ äÁ‹ÁÕ ð.ó ð.õ ñóñ ÷ñ.ôõ

C-ñ äÁ‹ÁÕ ð.ó ð.õ ñøô ñðð.óö

D-ñ äÁ‹ÁÕ ð.ó ð.õ òóõ ñòø.ñø

ÊÃØ»áÅÐÇÔ¨ÒÃ³�
¨Ò¡¼Å¡ÒÃÈÖ¡ÉÒ¤‹Ò¡ÒÃ´Ù´«ÖÁ¹éíÒ¢Í§μÑÇÍÂ‹Ò§

¡ÃÐàº×éÍ§ÅÍ¹¤Ù‹ í̈Ò¹Ç¹ ô μÑÇÍÂ‹Ò§ áÊ´§Ç‹Ò¡ÃÐàº×éÍ§

·ÕèÁÕãÂËÔ¹¼ÊÁÁÕ¤‹Ò¡ÒÃ´Ù´«ÖÁ¹éíÒÁÒ¡¡Ç‹Ò¡ÃÐàº×éÍ§·ÕèäÁ‹ÁÕ

ãÂËÔ¹·Ø¡ÂÕèËŒÍ·Õè¹íÒÁÒ·íÒ¡ÒÃ·´ÊÍº «Öè§¡ÃÐàº×éÍ§ÁØ§ËÅÑ§¤Ò

·Õè´Õ¤ÇÃ¨ÐÁÕ¤‹Ò¡ÒÃ´Ù´«ÖÁ¹éíÒ·Õè¹ŒÍÂà¹×èÍ§¨Ò¡¡ÒÃãªŒ§Ò¹¢Í§

¡ÃÐàº×éÍ§ÁØ§ËÅÑ§¤ÒËÒ¡ÁÕ¡ÒÃ´Ù´«ÖÁ¹éíÒÁÒ¡ ÍÒ¨·íÒãËŒ

â¤Ã§ÊÃŒÒ§¢Í§ËÅÑ§¤ÒμŒÍ§ÃÑº¹éíÒË¹Ñ¡ÁÒ¡¢Öé¹ ã¹ª‹Ç§Ä´Ù½¹  

ÍÂ‹Ò§äÃ¡çμÒÁ ¤‹Ò¡ÒÃ´Ù´«ÖÁ¹éíÒ¢Í§μÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§·Ñé§ ô 

μÑÇÍÂ‹Ò§¡çÂÑ§ÍÂÙ‹ã¹à¡³±�·ÕèμèíÒÁÒ¡¤×ÍäÁ‹´Ù´«ÖÁ¹éíÒÁÒ¡¹Ñ¡ Ö̈§

äÁ‹¹‹Ò¨Ðà»š¹»̃ÞËÒàÁ×èÍ¹íÒ¡ÃÐàº×éÍ§ª¹Ô´¹Ñé¹ä»ãªŒ§Ò¹ 

¨Ò¡¼Å¡ÒÃÈÖ¡ÉÒ¤‹ÒâÁàÁ¹μ�´Ñ´áμ¡ËÑ¡ áÅÐ¤‹Ò

¤ÇÒÁμŒÒ¹áÃ§áμ¡ËÑ¡ (Pc) áÊ´§Ç‹ÒμÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§·Õè

580-587.indd   586580-587.indd   586 19/1/2555   2:39:5419/1/2555   2:39:54



Thammasat Medical Journal, Vol. 11 No. 4, October-December 2011 587

ÁÕãÂËÔ¹¼ÊÁ ÁÕ¤‹ÒâÁàÁ¹μ�´Ñ´áμ¡ËÑ¡áÅÐ¤‹Ò¤ÇÒÁμŒÒ¹áÃ§

áμ¡ËÑ¡ (Pc) ¹ŒÍÂ¡Ç‹ÒμÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§·ÕèäÁ‹ÁÕãÂËÔ¹·Ñé§ ó 

ÂÕèËŒÍ·Õè·íÒ¡ÒÃ·´ÊÍº ÁÕ¤‹ÒμèíÒ¡Ç‹ÒμÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§·ÕèäÁ‹ÁÕ

Ê‹Ç¹¼ÊÁ¢Í§áÃ‹ãÂËÔ¹¶Ö§ ò-ô à·‹Ò  â´Â·ÑèÇä»¡ÃÐàº×éÍ§

ÁØ§ËÅÑ§¤Ò·Õè´Õ¤ÇÃ¨ÐÁÕ¤‹ÒâÁàÁ¹μ�´Ñ´áμ¡ËÑ¡ áÅÐ¤‹Ò¤ÇÒÁ

μŒÒ¹áÃ§áμ¡ËÑ¡ (Pc) ·ÕèÊÙ§ «Öè§à»š¹¡ÒÃªÕéÇ‹Ò¡ÃÐàº×éÍ§ª¹Ô´

¹Ñé¹ÁÕ¤ÇÒÁ¤§·¹ áÅÐÂÒ¡μ‹Í¡ÒÃáμ¡ËÑ¡ ÁÕ¢ŒÍÊÑ§à¡μÇ‹Ò

ÂÑ§äÁ‹ÁÕ¡ÒÃ¡íÒË¹´ÁÒμÃ°Ò¹¢Í§¡ÃÐàº×éÍ§ÁØ§ËÅÑ§¤Ò

ÅÍ¹¤Ù‹¡çäÁ‹ä´Œ¡íÒË¹´¤‹ÒÁÒμÃ°Ò¹´Ñ§¡Å‹ÒÇäÇŒ ¹Í¡¨Ò¡

¹Õé ¡ÒÃ·´ÊÍº¤ÃÑé§¹Õé à»š¹à¾ÕÂ§¡ÒÃÊØ‹Á·´ÊÍº¡ÃÐàº×éÍ§ÁØ§

ËÅÑ§¤Ò·ÕèÁÕãÂËÔ¹¼ÊÁ ñ μÑÇÍÂ‹Ò§ áÅÐ¡ÃÐàº×éÍ§ÁØ§ËÅÑ§¤Ò

·ÕèäÁ‹ÁÕãÂËÔ¹ ó μÑÇÍÂ‹Ò§ â´ÂäÁ‹·ÃÒºÇ‹ÒμÑÇÍÂ‹Ò§¡ÃÐàº×éÍ§

·ÕèäÁ‹ÁÕãÂËÔ¹¹Ñé¹ÁÕÊ‹Ç¹¼ÊÁÍÐäÃºŒÒ§ Ö̈§äÁ‹ÊÒÁÒÃ¶ÊÃØ»ä´Œ

Ç‹Ò ¡ÃÐàº×éÍ§ª¹Ô´ã´ Ṍ¡Ç‹Òª¹Ô´ã´ áÅÐ¢Íá¹Ð¹íÒÇ‹Ò·Ò§¡ÒÃ

·ÕèÃÑº¼Ô´ªÍº¤ÇÃ¡íÒË¹´¤‹ÒÁÒμÃ°Ò¹¢Í§·Õèà»š¹ÊÁºÑμÔ¾×é¹

°Ò¹¢Í§¡ÃÐàº×éÍ§ÁØ§ËÅÑ§¤Ò àª‹¹ ¤‹ÒâÁàÁ¹μ�´Ñ´áμ¡ËÑ¡ ¤‹Ò

¤ÇÒÁμŒÒ¹áÃ§áμ¡ËÑ¡ (Pc) áÅÐ¤‹Ò¡ÒÃ´Ù´«ÖÁ¹éíÒ  

¡ÔμμÔ¡ÃÃÁ»ÃÐ¡ÒÈ
§ Ò¹ÇÔ Ñ̈ Â ¹Õé ä ´Œ ÃÑ º ¡ Ò ÃÊ¹Ñ ºÊ¹Ø ¹ ¨ Ò¡º ÃÔ ÉÑ ·

¡ÃÐàº×éÍ§âÍÌÒÃ áÅÐ¤íÒá¹Ð¹íÒ¨Ò¡ÈÒÊμÃÒ¨ÒÃÂ �à¡ÕÂÃμ Ô¤Ø³

´Ã. ¹ÒÂá¾·Â �ÊÁªÑÂ ºÇÃ¡Ôμμ Ô

àÍ¡ÊÒÃÍŒÒ§ÍÔ§
ñ. ¡ÃÐàº×éÍ§¡ÃÐ´ÒÉä·Â ¨íÒ¡Ñ´. ¢ŒÍÁÙÅ¼ÅÔμÀÑ³± �áÅÐ

¡ÒÃãªŒ§Ò¹¡ÃÐàº×éÍ§ÅÍ¹¤Ù‹; òõõô. [ÍÍ¹äÅ¹�].

à¢ŒÒ¶Ö§ä´Œ¨Ò¡: http://www.siamfi brecement.

com/romantile-dataproduct.php (ÇÑ¹·Õè¤Œ¹¢ŒÍÁÙÅ 

ñð ÊÔ§ËÒ¤Á òõõô).

ò. ÈÙ¹Â�¢ŒÍÁÙÅ ÊíÒ¹Ñ¡§Ò¹¡Í§·Ø¹Ê¹ÑºÊ¹Ø¹¡ÒÃÊÃŒÒ§àÊÃÔÁ

ÊØ¢ÀÒ¾. ¤ÇÒÁÃÙŒà¾×èÍ¼ÙŒºÃÔâÀ¤ àËμØ¼Å·ÕèμŒÍ§Â¡àÅÔ¡

áÅÐ¡ÒÃãªŒáÅÐ¤ÇÒÁà¢ŒÒã¨¼Ô´à¡ÕèÂÇ¡ÑºáÃ‹ãÂËÔ¹ª¹Ô´

ä¤Ãâ«ä·Å �; òõõò. [ÍÍ¹äÅ¹�]. à¢ŒÒ¶Ö§ä´Œ¨Ò¡:  

http://info.thaihealth.or.th/library/hot/12429  

(ÇÑ¹·Õè¤Œ¹¢ŒÍÁÙÅ ñð ÊÔ§ËÒ¤Á òõõô).

ó. »ÃÐ¡ÒÈ¡ÃÐ·ÃÇ§ÍØμÊÒË¡ÃÃÁ ©ºÑº·Õè òòóó  

(¾.È. òõôð) ÍÍ¡μÒÁ¤ÇÒÁã¹¾ÃÐÃÒªºÑÞÞÑμÔ

ÁÒμÃ°Ò¹¼ÅÔμÀÑ³±�ÍØμÊÒË¡ÃÃÁ ¾.È. òõññ àÃ×èÍ§

¡íÒË¹´ÁÒμÃ°Ò¹¼ÅÔμÀÑ³±�ÍØμÊÒË¡ÃÃÁ¡ÃÐàº×éÍ§

«ÕàÁ¹μ�àÊŒ¹ãÂá¼‹¹ÅÍ¹.

Abstract

Property Tests on Cement-based Corrugated Roofi ng Tiles, with and without Asbestos
Suntud Sirianuntapiboon*, Methinee Rarunroung*, Suwimol Asavapisit*, Piamsak Menasveta**

 * Department of Environmental Technology, School of Energy Environment and Materials, King Mongkut’s University 

  of Technology Thonburi

 ** The Academy of Science, The Royal Institute

Testing on one sample of asbestos-based and three samples of asbestos-free corrugated roofi ng tiles

disclosed that the water absorption of sample with asbestos was 2.46 per cent and the asbestos-free samples were 

between 1.59 and 1.71 per cent; for mechanical properties by means of modulus of rupture and rupture resistance 

for roofi ng sheet sample with asbestos were 80.14 N-m and 35.45 N, respectively, while the modulus of rupture 

of the three asbestos-free samples was ranged from 83.38 to 86.03 N-m and from 71.45 to 128.18 N for rupture 

resistance.

Key words: corrugated roofi ng sheet, asbestos, modulus of rupture, rupture resistance
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