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วัสดุคอมโพสิตหรือวัสดุผสม

ผศ.ดร.สินติพีร เอมมณี 

(Composite Materials)

Ó¹ÃÒ¡¡Ò¨§ÒéÃÊèÕ·Ø´ÊÑÇÍ×¤µÔÊ¾âÁÍ¤Ø´ÊÑÇ   ÒèÇ¡¡ÒÁØ´ÊÑÇÒÍà
      ¤ÒÀËÁºÑ´ÐÃ¹ã¹Ñ¡ÁÇÃÁÊ¼ÒÁ )esahp( Ê¿àÍ×ÃË´Ô¹ª 2

Ó·Íè×¾à¡ÑÅËì¤§ÊÐÃ»Ø¶µÑÇÕÁÂ´â )elacs cipocsorcam(  èÕ·Ø´ÊÑÇéËã
ÇÑµÁÇÃÃÒ¡§èÖ« ¹éµ§éÑµØ´ÊÑÇÒèÇ¡¡ÒÁì¹ªÂâÐÃ»ÕÁÐÅáÕ´ÔµÑºÁÊÕÁÒÁé´ä

¡Ñ¹¢Í§ÇÑÊ´Øµ‹Ò§æ ã¹ÇÑÊ´Ø¤ÍÁâ¾ÊÔµÂÑ§ÊÒÁÒÃ¶áÂ¡áÂÐÍÍ¡¨Ò¡
Íé×¹à¹ç»àèÁäèÕ·Ø´ÊÑÇ¹ç»àÑ́¨§Ö¨µÔÊ¾âÁÍ¤Ø´ÊÑÇ¹éÑ¹§Ñ ́é´äÒèÅ»àÒµÂÇé´¹Ñ¡
§Í¢Ñ́µ¾ÒÀ§Í¢§ÒèÂÍÇÑµ )lairetam suoenegoreteh( ¹Ñ¡ÇÂÕ´à
 §Íè×¹àÍèµÍé×¹àØ´ÊÑÇÂÇé´»äºÍ¡ÐÃ»§èÖ« 1 èÕ·»ÙÃ¹ãéÇä§´ÊáµÔÊ¾âÁÍ¤Ø´ÊÑÇ
 ro suounitnocsid(§Íè×¹àÍèµèÁäÍé×¹àØ´ÊÑÇ )esahp suounitnoc(
 )esahp laicafretni( ÊÑ¼ÁÑÊÇÔ¼èÕ·Ø´ÊÑÇÐÅá )esahp esrepsid
 ¹Ñ¡ÂÇé´Òé¢à§Íè×¹àÍèµèÁäÐÅá§Íè×¹àÍèµØ´ÊÑÇ§Í¢Íé×¹à¹ÒÊÐÃ»ÂÇèªÍè×¾à

ÇÑÊ´ØËÅÒ¡ËÅÒÂ»ÃÐàÀ·à¡Ô´¨Ò¡¡ÒÃÃÇÁ¡Ñ¹¢Í§ÇÑÊ´ØÁÒ¡¡Ç‹Ò 2 
 )elacs cipocsorcim( ¤ÒÀÅØ¨ºÑ´ÐÃ¹ã´Ô¡à¹Ñ¡ÁÇÃÃÒ¡èµá ´Ô¹ª

ÓèÁÊ§ÒèÂÍ¹Ñ¡ÇÂÕ´àÍé×¹à¹ç»àÁÇÃ§èÖ« )yolla( ÁÊ¼ÐËÅâ¹èªà ÒàÊÁÍ 
Ó¨¶ÃÒÁÒÊèÁä§Ö ̈)suoenegomoh(   ÒèÅ»àÒµÂÇé´¹Ñ¡¡Ò¨¡ÍÍ¡¹á

¹Í×ÁÊàºÂÕÃ»à§Ö¨µÔÊ¾âÁÍ¤Ø´ÊÑÇ¹ã æ§Òèµ´Ô¹ªØ´ÊÑÇ§Í¢¹Ñ¡ÁÇÃÃÒ¡

ººá¡ÍÍÃÒ¡ºÑÃé´äèÕ·µÔÊ¾âÁÍ¤§Í¢Ø´ÊÑÇÔµÑºÁÊ Ôµ¡»Â´â
Ó¨èÁäç¡ÐÅá ¹Ñ¡ æÁÍéÃ¾¹éÖ¢´Ô¡àé´äèÁäéÕ¹ÒèÅËà¹éÖ¢Õ´éËã  à»š¹µŒÍ§à»š¹àª‹¹

¹èªà¹Ñ¡§éÂá´Ñ¢èÕ·¹Òé´¹ã´Ô¡à¨ÒÍ§ÒèÂÍ§ÒºØ´ÊÑÇ§Í¢ÔµÑºÁÊÐÒÃ¾à ¹éÑ¹
¡ÒÃà»š¹¹ÓÒ §Ò·¹Ç¹©¹ç»àÃÒ¡ºÑ¡¹éÖ¢´Ô¡àèÁäÐ¨¡ÑÁÕ´é´ä¹ÍéÃÁÒÇ¤

ÔµÑºÁÊÕÁèÕ·µÔÊ¾âÁÍ¤Ø´ÊÑÇ§ÒéÃÊÃÒ¡Í×¤»äÇèÑ·Â´âÃÒ¡¡ÑÅË Õ´èÕ·Òé¿¿ä

Ø´ÊÑÇéËãÍè×¾àØ´ÊÑÇ§Í¢ºÑ´ÐÃ¹ã¹éÖ¢´Ô¡àèÕ·ÁÃÃ¡ÇÈÔÇ§Ò·ººá¡ÍÍÃÒ¡
ÔµÑºÁÊÕÁÍ×ÃË ¹éµ§éÑµØ´ÊÑÇ§Í¢ÔµÑºÁÊ¡Ò¨´ØÊèÕ·Õ´èÕ·ÔµÑºÁÊÕÁµÔÊ¾âÁÍ¤

Ó¹èÕ·ÁÔ´à§éÑ´Ø´ÊÑÇ¹ãº¾èÁäèÕ·¹éÖ¢ÁèÔ¾àèÕ·ÉÈàÔ¾  ÁÒ¼ÊÁ¡Ñ¹àÅÂ ÊÁºÑµÔ¢Í§
ÇÑÊ´Ø¤ÍÁâ¾ÊÔµ·Õè´Õ¢Öé¹¨Ò¡¡ÒÃ¼ÊÁ¢Í§ÇÑÊ´ØµÑé§µŒ¹ ä´Œá¡‹ ¤ÇÒÁ
á¢ç§áÃ§ ¤ÇÒÁá¢ç§µÖ§ ¤ÇÒÁµŒÒ¹·Ò¹¡ÒÃ¼Ø¡Ã‹Í¹ (corrosion 

 )ecnatsiser raew( ÍÃË¡ÖÊÃÒ¡¹Ò·¹ÒéµÁÒÇ¤ )ecnatsiser
èÕ·ÔÁÙÀË³ØÍÍèµ§Í¹ÊºÍµÃÒ¡ )eugitaf( ÒéÅÃÒ¡¹Ò·¹ÒéµÁÒÇ¤

ËÅÒ¡ËÅÒÂ (temperature dependent behavior) ¡ÒÃ¹Ó 
alusni ro ytivitcudnoc lamreht( ¹ÍéÃÁÒÇ¤¹Ç¹©¹ç»àÍ×ÃË -

tion) ¡ÒÃ¹Ó  ytivitcudnoc lacirtcele( Òé¿¿ä¹Ç¹©¹ç»àÍ×ÃË
        )noitalusni citsuoca( §ÂÕÊà¹Ç¹©¹ç»àÃÒ¡ )noitalusni ro

Óé¹Ò  noitarbiv( ¹Í×·àÐÊ¹èÑÊÁÒÇ¤§Çè¹ËÃÒ¡ )thgiew( ¡Ñ¹Ë
 )gnilaeh fles( ÂÒËÂÕÊàÁÒÇ¤¡Ò¨§ÍàÇÑµÁ«áÁÍè«ÃÒ¡ )gnipmad

¤ÇÒÁ·¹·Ò¹µ‹Í¡ÒÃáµ¡ (fracture toughness) ¡ÒÃ»ÃÑº
ÂÒËÂÕÊàÁÒÇ¤ºÑ¨¨ÇÃµÃÒ¡ )gnihprom epahs( §ÒèÃ»ÙÃ¹ÂèÕÅ»à

¹éµ¹ç»à ÁÒ§ÂÇÊÁÒÇ¤ÐÅá )gnirotinom htlaeh( Ø´ÊÑÇÍé×¹à¹ã

µÔÊ¾âÁÍ¤Ø´ÊÑÇ¹ãỐ¹ª§ÍÊØ´ÊÑÇ§Í¢ÇÑµÁÇÃÃÒ¡§Í¢§ÒèÂÍÇÑµ 1 èÕ·»ÙÃ

Ó¨èÕ·Ð³É¡ÑÅ³Ø¤ÐÅá  à¾ÒÐ¡Ñº¡ÒÃãªŒ§Ò¹´ŒÒ¹Ë¹Öè§æ áÁŒÇ‹Òá¹Çâ¹ŒÁ
·èÕ·§Ò·ÈÔ·¹ã»äÐ¨µÔÊ¾âÁÍ¤Ø´ÊÑÇººá¡ÍÍÃÒ¡ ÓãËŒÇÑÊ´ØÁÕÊÁºÑµÔ

Ó·ÐÅáÂÒÅË¡ÒÅËÁÒÇ¤ÕÁèÕ·  Ë¹ŒÒ·ÕèËÅÒÂÍÂ‹Ò§ã¹àÇÅÒà´ÕÂÇ¡Ñ¹ 
¹éÖ¢§èÔÂ¡ÒÁ )lanoitcnufitlum(

มหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี

รไะออืคติสพโมอคุดสัว

§Íè×¹àÍèµÍé×¹àØ´ÊÑÇ
ÇÑµÂÒ¨ÐÃ¡Íé×¹àØ´ÊÑÇ

 ÊÑ¼ÁÑÊÇÔ¼§ÒèÇËÐÃØ´ÊÑÇ
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ติสพโมอคุดสัวงอขทภเะรปงบแราก

                   ¹é×¾Ø´ÊÑÇÂÇé´ºÍÃÁÍéÅ )elcitrap( æ¡çÅà´Ò¹¢¹è¼á¹ç»àÍ×ÃË

ÇÑÊ´Ø¤ÍÁâ¾ÊÔµÊÒÁÒÃ¶áº‹§áÂ¡ä´ŒµÒÁÅÑ¡É³Ð·Ò§
Ó¹èÕ·Ø´ÊÑÇ§Í¢§ÒèÃ»ÙÃÐÅá¾ÒÀÂÒ¡   èÕ·»ÙÃ¹ã§´ÊáèÕ·ÁÒµ ¹Ñ¡ÁÊ¼ÒÁ

]1[ éÕ¹§Ñ´é´ä 1

1) decrofnier-rebif( Âã¹éÊàÂÇé´§ÃáÁÔÃÊàµÔÊ¾âÁÍ¤Ø´ÊÑÇ  
 Âã¹éÊàÕÁ§èÖ« )etisopmoc suorbif Í×ÃË lairetam etisopmoc
 )tnemecrofnier( §Ãá§ç¢áÁÒÇ¤ÁÔÃÊàÃÒ¡¹ãéªãèÕ·Ø´ÊÑÇ¹ç»à )rebif(

§´Êá§Ñ ́¹Ñ¡ÂÇé´Òé¢àÂã¹éÊà¹ÒÊÐÃ»ÇÑµ¹ç»à )xirtam( ¹é×¾Ø´ÊÑÇÕÁÐÅá
)¡( 2 èÕ·»ÙÃ

µ¹àÔÁÒÅÍ×ÃË ¹éÑª¹ç»à¹Ñ¡¹Íé«ººáµÔÊ¾âÁÍ¤Ø´ÊÑÇ )2        
(laminated composite material) »ÃÐ¡Íºä»´ŒÇÂ¡ÒÃÇÒ§

)¢( 2 èÕ·»ÙÃ§´Êá§Ñ´  æ¹éÑª¹ç»à´Ô¹ªÂÒÅËØ´ÊÑÇ§Í¢¹Ñ¡¹Íé«

3) ÇÑÊ´Ø¤ÍÁâ¾ÊÔµàÊÃÔÁáÃ§´ŒÇÂÍ¹ØÀÒ¤ (particulate 
composite material) ÁÕÇÑÊ´ØàÊÃÔÁáÃ§à»š¹ÅÑ¡É³Ðà»š¹¡ŒÍ¹

)¤( 2 èÕ·»ÙÃ§´Êá§Ñ´

¹éµ§Òé¢·ÀàÐÃ»ÁÒÊ§éÑ·µÔÊ¾âÁÍ¤Ø´ÊÑÇ§Í¢¹Ñ¡ÁÊ¼ÃÒ¡ )4

]2[ æ§Òèµ·ÀàÐÃ»µÔÊ¾âÁÍ¤Ø´ÊÑÇ 2 èÕ·»ÙÃ

( ก ) ( ข ) ( ค )

èµá ¹éµ§Òé¢¹ãµÔÊ¾âÁÍ¤Ø´ÊÑÇ§Í¢·ÀàÐÃ»§èºáÃÒ¡ÕÁÐ¨ÒèÇéÁá
Ó¹ÃÒ¡»äÇèÑ·Â´â  »ä§Ò·Ç¹áÕÁÐ¨µÔÊ¾âÁÍ¤Ø´ÊÑÇ¹ç»à¹Ñ¡ÁÊ¼ÒÁØ´ÊÑÇ

ÁÒÇ¤ÐÅáÔµÑºÁÊÕÁÐ¨¡ÑÁ´Ô¹ªÐÅèµá¹éµ§éÑµØ´ÊÑÇÐÅá ¹Ñ¡ÂÒéÅ¤§Ò·¹ã
Ó·Ố¹ªÐÅèµáØ´ÊÑÇ¡Ò¨§Íè×¹à ¹Ñ¡§Òèµ¡µáèÕ·¹è´à´´â  ¡µá æÂÍèÂèÕ·Òé¹Ë

¾âÁÍ¤Ø´ÊÑÇ§Í¢ÁÇÃÔµÑºÁÊé´äéËãÍè×¾à¹Ñ¡ÐÅá¹Ñ¡§èÖ«ÁÔÃÊà§èÊèµá ¹Ñ¡§Òèµ
ÕÁÐ¨µ¹àÔÁÒÅ¹ã¹éÑª§ÒºÍ×ÃË¤ÒÀØ¹ÍÍ×ÃËÂã¹éÊà ¹èªà ÃÒ¡§ÍéµÁÒµµÔÊ

Ó·Íè×¾à æ¹è×Í¹éÑªÍ×ÃË¹é×¾Ø´ÊÑÇÒèÇ¡¡ÒÁØ´ÊÑÇ§Í¢§Ãá§ç¢áÁÒÇ¤  èÕ·Òé¹Ë

Ó·ÐÃ¡ÒÁèÕ·§ÃáÐÃÒÀºÑÃ   æ¹è×Í¹éÑªÍ×ÃË¹é×¾Ø´ÊÑÇÕÁÂ´â ¡Í¹ÂÒÀ¡Ò¨
Ó·§ÃáºÑÃèÕ·Ø´ÊÑÇéËã¹ÒÊÐÃ»ÇÑµ¹ç»à   ¾ÒÀÔ¸·ÔÊÐÃ»ÕÁ§ÒèÂÍ¹Ñ¡ÁÇèÃ¹Ò§

Ø´ÊÑÇ§Í¢ÔµÑºÁÊºÑ¡èÙÂÍ¹éÖ¢Ð¨µÔÊ¾âÁÍ¤Ø´ÊÑÇ§Í¢ÔµÑºÁÊÁÇÃ¾ÒÀ¹ã
Ó¹èÕ·Ø´ÊÑÇ§Í¢µÔ³¤Ò¢Ãà§Ò·§ÒèÃ»ÙÃÐ³É¡ÑÅ ¹Ñ¡ºÍ¡ÐÃ»ÒÁèÕ·  ÁÒ

ÓèÁÊÁÒÇ¤ ¹Ñ¡ºÍ¡ÐÃ»  àÊÁÍ¢Í§¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§ÇÑÊ´ØàÊÃÔÁ
Ó¹èÕ·Ø´ÊÑÇ§Í¢³ÒÁÔÃ»Â´â¹ÇèÊÑ́ÊÐÅá §Ãá  Ố¹ªÐÅèµá¹Ñ¡ºÍ¡ÐÃ»ÒÁ

ยในสเยวดงรแมิรสเติสพโมอคุดสัว

 ¡ÍºÐÃ¡§Ã·§ÒèÃ»ÙÃ¹ç»àéËãµÔÅ¼èÕ·Ø´ÊÑÇ¹ç»à )rebif( Âã¹éÊà
â´ÂÁÕ¢¹Ò´¢Í§Ë¹ŒÒµÑ´àÅç¡¡Ç‹Ò¢¹Ò´´ŒÒ¹¤ÇÒÁÂÒÇÁÒ¡æ ÊÁºÑµÔ

ÒèÇ¡§ÙÊ§Öµ§ç¢áÁÒÇ¤ÐÅá§Ãá§ç¢áÁÒÇ¤ÕÁÍ×¤Âã¹éÊà§Í¢¹è´à´´âèÕ·
                 ÒèÇ¡èÞËãÃµÒÁÔÃ»ÕÁÐÅá¹Ñµ§Ã·§ÒèÃ»ÙÃÕÁèÕ·¹Ñ¡ÇÂÕ´à´Ô¹ªØ´ÊÑÇ

¹é¤àÁÒÇ¤ºÑÃé́äÍè×Áà¡ÑË¡µáÃÒ¡Ố¡àÐÔ̈µ¡»Çé¡á¹è¼á ¹èªà §ÒèÂÍÇÑµ¡Â
¹ãµÔÅ¼ÃÒ¡¡Ò¨é´äèÕ·Çé¡áÂã¹éÊàèµá aPM 02 ³ÒÁÐÃ»´Ò¹¢§Ö́
 008,4–000,3 §Çèª¹ãèÙÂÍ§Ö´§ÃáºÑÃ§Ãá§ç¢áÁÒÇ¤ÕÁÐ¨¹Ò§§Ãâ

¹ç»à´Ò¹¢ÁØ¤ºÇ¤ÃÒ¡ÕÁèÕ·ÃÒ¡ÔµÑºÔ¯»§ÍéË¹ãµÔÅ¼èÕ·Âã¹éÊàÐÅá aPM
èÕ·Âã¹éÊà§Í¢Å¼ØµËà aPM 000,7 §Ö¶é´ä§Ö´¹é¤àÁÒÇ¤ºÑÃÐ¨Õ´§ÒèÂÍ
Ø´ÊÑÇÂÇè¹Ë¹ãèÙÂÍ¹Íè«¹éÑ¹èÞËã´Ò¹¢ÕÁèÕ·Ø´ÊÑÇÒèÇ¡§ÙÊ§Ãá§ç¢áÁÒÇ¤ÕÁ
 èÕ·»ÙÃ¹ã§´Êá§Ñ´ì¡ÈÒº¡ÙÅ§Ã·Ð³É¡ÑÅÕÁèÕ· )tinu cisab( ¹Ò°¹é×¾

§Í¢¹Ò°¹é×¾Ø´ÊÑÇÂÇè¹Ë§Í¢ÁØÁÕÁèÕ·ÒèÇé´äÒ³ÃÒ¨Ô¾¶ÃÒÁÒÊèÕ·Â´â  3
ÅØ¡ÅàÁâÐÅáÁÍµÐÍ§èÖ« ÅØ¡ÅàÁâÍ×ÃËÁÍµÐÍÂÇé´»äºÍ¡ÐÃ»Ø´ÊÑÇ

 ÕÁ¤à§Ò·Ð¸¹Ñ¾§Í¢§Ãá¡Òé̈´ä¹Ñ¡ÇÂÕ´àØ´ÊÑÇÍé×¹à¹ç»à¹Ñ¡ÍèµÁÍè×ªàéÕ¹ÒèÅËà
ÂÍé¹Òè¤ÕÁÐÅá§Ò·ÈÔ·§Òº¹ãǾÊèÕ·¡ÒÁÒè¤ÕÁÐ¨Ð¸¹Ñ¾§Í¢§Ãá§ç¢áÁÒÇ¤
§Í¢§Ãá§ç¢áÁÒÇ¤Òè¤Í×¤§èÖ¹ËÂÑ¹¡ÕÍ¹ãÇÒèÅ¡Í×ÃË æ¹è×Í§Ò·ÈÔ·¹ãÒèÇ¡
 lanoitcerid( §Ò·ÈÔ·ºÑ¡èÙÂÍ¹éÖ¢èÕ·ÔµÑºÁÊ¹ç»àØ´ÊÑÇ§Í¢¹Ò°¹é×¾ÂÇè¹Ë
 æ§èÖ¹Ë§Ò·ÈÔ·¹ã§ÙÊÒè¤ÕÁèÕ·Ø´ÊÑÇ§Í¢ÔµÑºÁÊÒè¤¹éÑ¹§Ñ ́)ecnedneped

ÓèµÒè¤ÕÁèÕ·Ø´ÊÑÇ§Í¢ÔµÑºÁÊÒè¤ºÑ¡ÁÍéÃ¾ÒÁÐ¨  §ÒèÂÍ æ¹è×Í§Ò·ÈÔ·¹ãÒèÇ¡
    Ø´ÊÑÇÂÇè¹Ë¹ã æ¹è×Í·ÀàÐÃ»Ø´ÊÑÇ§Í¢ÔµÑºÁÊ ÍÁÊàé´äèÁä§ÂèÕÅà¡ÕÅË

¾×é¹°Ò¹ àª‹¹¤ ‹Ò¡ÒÃ¹Ó ä¿¿‡ÒËÃ×Í¡ÒÃ¹Ó ¤ÇÒÁÃŒÍ¹¡çà»š¹ÊÁºÑµÔ·Õè
¹Ñ¡¹èªàÂÇé´§Ò·ÈÔ·ºÑ¡èÙÂÍ¹éÖ¢

      Ø´ÊÑÇÂÇè¹Ë èÞËã´Ò¹¢¹éÔª¹ç»àèÕ·Ø´ÊÑÇµÔÅ¼ÃÒ¡ÕÁèÕ·Ð³¢¹ã
ÃµÒÁÔÃ»¹ãºÂÕºàÐÃ¹ç»àèÁäÐÅáÁèØÊÐ³É¡ÑÅ¹ã¹Ñ¡ÇÑµ§ÂÕÃàÐ¨¹Ò°¹é×¾

       §Ö¨ÁÇÃ¾ÒÀ¹ãØ´ÊÑÇ§Í¢ÔµÑºÁÊ 4 èÕ·»ÙÃ¹ã§´Êá§Ñ´Ø´ÊÑÇ§Í¢ ºÑ¡§Ãá§ç¢áÁÒÇ¤ÕÁèÕ·§Ò·ÈÔ·§ÒèÇËÐÃÂèÕÅ©àÃÒ¡¹ç»à¹Í×ÁÊàºÂÕÃ»à
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Íá¹ÍèÍ¹Òé´§Ò·»äÒè¤ÕÁÐ¨Áé¹âÇ¹áÕÁÐÅá Íá¹ÍèÍÁÒÇ¤ÕÁèÕ·§Ò·ÈÔ·
ÕÁèÕ·§Ò·ÈÔ·¹ãÇÑµ§ÂÕÃàÃÒ¡¹ã§Íè×¹àÍèµèÁäÁÒÇ¤¡Ò¨§Íè×¹àÒèÇ¡¡ÒÁ

Ó·éÕ¹ÂèÕÅ©àÃÒ¡  §Ãá§ç¢áÁÒÇ¤  èÞËã¹éÔªººáµÔÅ¼èÕ·Ø´ÊÑÇ§Í¢ÔµÑºÁÊéËã
)ciportosi( ¡Ô»Ã·â«âÍäÔµÑºÁÊ¹ç»àÍ×ÃË§Ò·ÈÔ·¡Ø·¹Ñ¡Òè·àÒè¤ÕÁ

ÂÇè¹Ë§ÂÕÃàÃÒ¡¹ã§èÖ¹ËÃÒ¡¹ÇºÐÃ¡¹ç»à§Ö¨Âã¹éÊàµÔÅ¼ÃÒ¡
ÁÒµ§Ò·ÈÔ·¹ãèÙÂÍ§ÙÊ§Öµ§ç¢áÐÅá§Ãá§ç¢áÁÒÇ¤ÕÁèÕ·ÈÔ·éËãØ´ÊÑÇ§Í¢
ÁÒµ§Ò·ÈÔ·¹ãÕ´èÕ·ÔµÑºÁÊÕÁÂã¹éÊàéËãÍè×¾à Âã¹éÊà§Í¢ÇÒÂÁÒÇ¤
»ÙÃÁÒµ§ÒÇ¢Ç¹áÁÒµ§Ò·ÈÔ·¹ãÍá¹ÍèÍèÕ·ÔµÑºÁÊÕÁÐÅá ÇÒÂÁÒÇ¤

Ó·§èÖ« 5 èÕ·  ãËŒÊÁºÑµÔ¢Í§àÊŒ¹ãÂÁÕ¤‹ÒäÁ‹à·‹Ò¡Ñ¹·Ø¡·ÔÈ·Ò§ËÃ×Íà»š¹
´Ò¹¢ÕÁèÕ·Âã¹éÊàÐÒ¾©àÂ´â )ciportosina( ¡Ô»Ã·â«âÍä¹ÍáÔµÑºÁÊ
¹éÊà´Ò¹¢§Í¢Òè·à 001–01 ÇÒÂ( ¹éÑ¹ )reksihw( ìÃÍ¡àÊÔÇÍ×ÃË¹éÑÊ
§ÙÊ¨ÒÍÐÅá¡ÒÁ§ÙÊ§Öµ§ç¢áÁÒÇ¤ÐÅá§Ãá§ç¢áÁÒÇ¤ÕÁ )§ÒÅ¡ìÂ¹ÙÈ¹Òè¼

ã¡ÅŒà¤ÕÂ§¡Ñº¤ÇÒÁ á¢ç§áÃ§áÅÐá¢ç§µÖ§·Ò§·ÄÉ¯ÕËÃ×Í·Ò§ÍØ´Á¤µÔ 
       )ssenffits laciteroeht dna htgnerts laciteroeht(

Õ´§ÒèÂÍÐÇÒÀÊÁØ¤ºÇ¤èÕ·µÔÅ¼¹ÇºÐÃ¡¹Òè¼Òé¶

]3[ ¹Ò°¹é×¾Ø´ÊÑÇÂÇè¹Ë 3 èÕ·»ÙÃ

]3[ èÞËã´Ò¹¢¹éÔª¹ç»àØ´ÊÑÇ¹ãÁèØÊººá¹Ò°¹é×¾Ø´ÊÑÇÂÇè¹Ë§Í¢ÇÑµ§ÂÕÃàÃÒ¡ 4 èÕ·»ÙÃ

]3[ Âã¹éÊàÇ¹áÁÒµ§Ãá§ç¢áèÕ·§Ò·ÈÔ·¹ã¹Ò°¹é×¾Ø´ÊÑÇÂÇè¹Ë§Í¢ÇÑµ§ÂÕÃàÃÒ¡ 5 èÕ·»ÙÃ

Íá¹ÍèÍÐ¸¹Ñ¾§Ò·ÈÔ·

§Ãá§ç¢áÐ¸¹Ñ¾§Ò·ÈÔ·

Íá¹ÍèÍÐ¸¹Ñ¾§Ò·ÈÔ·



4

ตารางที่ 1 สมบัติของเสนใยและเสนลวดโลหะ [4]

ÂÇè¹ËÍèµÃÒ¡¡Ò¨¹éÖ¢ÇÒÂéËãÂã¹éÊàµÔÅ¼ÃÒ¡Õ´ç¡Ãä§ÒèÂÍ
Ó·Ð¨¹éÖ¢¡ÒÁéËã¹Ò°¹é×¾Ø´ÊÑÇ  Óèµ´Å§Ãá§ç¢áÁÒÇ¤éËã  ¡Ò¨§Íè×¹à §Å

¹Íè×Å¤àÃÒ¡ ¹èªà ¹éÖ¢§ÙÊÁèÔ¾àÐ¨Ø´ÊÑÇ¹ã¹»Í×¨à§èÔÊÐÅáì³ÃÙºÁÊèÁäÁÒÇ¤
¢Í§ÍÐµÍÁ (dislocation) ËÃ×Í¡ÒÃ¢Ò´ËÒÂä»¢Í§ÍÐµÍÁã¹

¹ã¹Íé×»à¹»¹è×ÍØµÒ¸ÕÁÃÒ¡Í×ÃË )rebif etihparG( ì·¿äÒÃ¡Âã¹éÊà
Ó·éÕ¹ÒèÅËàØµËàÒÊ )rebif dimarA( ´ÔÁÐÃÒÍÂã¹éÊà  ãËŒàÊŒ¹ãÂ¢¹Ò´

ÔµÑºÁÊÐÅá §Ãá§ç¢áÁÒÇ¤ÕÁèÞËã´Ò¹¢ÃµÒÁÔÃ»ÕÁèÕ·Ø´ÊÑÇÍ×ÃË ÇÒÂ
´ŒÒ¹Í×è¹æ ¹ŒÍÂ¡Ç‹Ò·Õè¤ÇÃÁÕã¹ÃÐ´ÑºË¹‹ÇÂ¾×é¹°Ò¹ áÅÐ¶Ö§áÁŒÇ‹Ò

Ó¹Íè×Áàèµá Õ´èÕ·ÔµÑºÁÊÕÁÐ¨ìÃÍ¡àÊÔÇÍ×ÃË¹éÑÊÂã¹éÊà Òä»ãªŒ§Ò¹¨ÐäÁ‹
èÕ·´Ò¹¢¡Ò¨§Íè×¹àé´ä¹é×¾Ø´ÊÑÇ¹ãÇÑµ§ÒÇÃÒ¡§Ò·ÈÔ·ÁØ¤ºÇ¤¶ÃÒÁÒÊ

Ó·ÐÅáÁèØÊººá¹ç»àÂã¹éÊà§Í¢ÇÑµ§ÒÇÃÒ¡ÕÁ§Ö¨ ¹éÑÊ                  Ø´ÊÑÇ§Í¢ÔµÑºÁÊéËã
Í×ÃË¡Ô»Ã·â«âÍä¹ç»àÔµÑºÁÊÕÁ¹éÑÊÂã¹éÊà§Í¢ÁÊ¼¹ÇèÊÕÁèÕ·µÔÊ¾âÁÍ¤

´ØÊèÕ·¹ã§Ò·ÈÔ·¡Ø·¹Ñ¡¹Í×ÁËà

¶ÃÒÁÒÊÐ¨ÇÒÂ´Ò¹¢ÕÁèÕ·Âã¹éÊà ÇéÅá¹Ñ¡ºÂÕ·àºÂÕÃ»àÍè×Áà
¤Çº¤ØÁ·ÔÈ·Ò§¡ÒÃÇÒ§µÑÇ¢Í§àÊŒ¹ãÂä´ŒáÅÐ¹Ó »ÙÃ¹ÂèÕÅ»àºÑÃ»ÒÁ
áººâ´Â¡ÒÃ¹Ó  )evaew( ¹ÒÊ )wot( Âã¹éÊàÁèØÅ¡¹ç»à¹Ñ¡ÁÇÃÒÁ

Ó· ÂÒè§é´ä æ§Òèµ§Ã·»ÙÃÍ×ÃË¹è×¼¹ç»àéËã )diarb( Í·¡Ñ¶Í×ÃË          éËã
ä´ŒÃÑº¤ÇÒÁ¹ÔÂÁã¹¡ÒÃ¹Ó ÁÒà»š¹ÇÑÊ´ØàÊÃÔÁáÃ§ã¹ÇÑÊ´Ø¤ÍÁâ¾ÊÔµ 
ËÒ¡áµ‹¡ÒÃ¹Ó àÊŒ¹ãÂÁÒãªŒ§Ò¹·Ò§ÇÔÈÇ¡ÃÃÁ ¨Ó à»š¹µŒÍ§ÁÕ¡ÒÃ
·´ÊÍºàÊŒ¹ãÂ¨Ó Òè¤ÕÁÂã¹éÊà§Í¢§Ãá§ç¢áÁÒÇ¤ ¡Ò¨§Íè×¹à¡ÒÁ¹Ç¹

ÇÒèÅ¡é´äèÕ·§ÒèÂÍØ´ÊÑÇ§Í¢ì³ÃÙºÁÊèÁäÁÒÇ¤¡Ò¨§Íè×¹à¹Ñ¡§Òèµ¡µá
Ó¹èÕ·Âã¹éÊà§Í¢ÔµÑºÁÊ§Í¢ÅÙÁÍé¢ ¹éµ§Òé¢ÒÁ  ÁÒãªŒã¹¡ÒÃÍÍ¡áºº

¹ç»àÒÁÔµÔ¶Ê§Ò·ÇÑµÂÒ¨ÐÃ¡ÃÒ¡ìËÐÒÃ¤àÔÇÃÒ¡¹Òè¼èÕ·ÅÙÁÍé¢¹ç»à§Íéµ
Õ´§ÒèÂÍ

§´ÊáÂã¹éÊà§Í¢§Öµ§ç¢áÁÒÇ¤ÐÅá§Ãá§ç¢áÁÒÇ¤§Í¢§ÒèÂÍÇÑµ
´Ô¹ªÐËÅâ§Í¢ÔµÑºÁÊÒÍàÁÇÃé´äéÕ¹§ÒÃÒµ¹ãØ´ÊÑÇÂ´â 1 èÕ·§ÒÃÒµ¹ãéÇä
 ¡çÅËàÐÅá ÁÂÕ·à·à·ä ÁÂÕ¹àÔÁÙÅÍ ¹èªà´ÇÅ¹éÊà§Í¢Ð³É¡ÑÅ¹ã æ§Òèµ

§ç¢áÁÒÇ¤Òè¤§´Êá§ÑÂ 1 èÕ·§ÒÃÒµéÕ¹¡Ò¨¡Í¹ ÂÇé´ºÂÕ·àºÂÕÃ»àÒÁ
§èºÍè×¾à æ¹éÑ¹Ø´ÊÑÇ§Í¢¹è¹áÒ¹ËÁÒÇ¤ÂÇè¹ËÍèµ§Öµ§ç¢áÁÒÇ¤ÐÅá§Ãá

Óé¹ÂÇè¹ËÍèµØ´ÊÑÇ§Í¢Ð¹¶ÃÃÁÊ§Ö¶éÕª  ÐÅá ¹Ñ¡Òè·àÃµÒÁÔÃ»ÕÁÍè×Áà¡Ñ¹Ë
§Í¢¹ÇèÊ¹éÔª§Í¢¡Ñ¹Ë´ÅÍè×¾àéªãìµ¡ØÂÐÃ»ÃÒ¡§ÃµÂ´âÅ¼ÕÁèÕ·Òè¤¹ç»à

ÇÑÊ´Øä´Œà»š¹ÍÂ‹Ò§´Õ ÍÂ‹Ò§äÃ¡çµÒÁ¡ÒÃà»ÃÕÂºà·ÕÂºàÊŒ¹ÅÇ´âÅËÐ
é´äÁÒÇ¤§Ö¶¡Íº§èº¶ÃÒÁÒÊèÁä¨ÒÍµÔÊ¾âÁÍ¤Ø´ÊÑÇºÑ¡éªãèÕ·Âã¹éÊàºÑ¡

§ÑÂÂã¹éÊà¡Ò¨§Íè×¹à é´ä§ÔÃ¨é·á§ÒèÂÍØ´ÊÑÇ§ÒèÇËÐÃºÂÕÃ»àÂÕÊàºÂÕÃ»à
Ó¹¶ÃÒÁÒÊèÁä  Ð³É¡ÑÅ¹ãèÙÂÍÐËÅâ´ÇÅ¹éÊàèÕ·Ð³¢¹ãÕ·¹Ñ·é´ä¹Ò§éªã»ä

Ó¹ÁÍéÃ¾èÕ·§ÒéÃÊ§Ã¤â§Í¢  ä»ãªŒ§Ò¹áÅŒÇ

ÁÒÇ¤Ç¹á¹ãÇ¹á¹ã§Ö´§ÃáºÑÃ¶ÃÒÁÒÊÕ´é´äÒÁµÔÅ¼èÕ·Âã¹éÊà
Ó¨§Ö¨Âã¹éÊà¹Ò§éªãÃÒ¡¹éÑ¹§Ñ´ ¡ÒÁé´äÂã¹éÊàÇÒÂ  à»š¹µŒÍ§ÇÒ§á¹Ç

Ó·ÐÃ¡ÒÁèÕ·§ÃáºÑ¡ÇÂÕ´àÇ¹á¹ãèÙÂÍéËãÂã¹éÊà  áÅÐ·ÔÈ·Ò§¢Í§àÊŒ¹ãÂ
ÂÒ¨ÐÃ¡¡Í¹ÂÒÀ¡Ò¨§ÃáéËãÍè×¾à §ÃáºÑÃèÕ·Ð³¢¹ã»ä¹ÂèÕÅ»àèÁä§Íéµ
§Í¢ÇÑµÁÇÃÃÒ¡§Í¢Ð³É¡ÑÅéÕ¹¡Ò¨¡Í¹ èÕ·Áçµà§ÒèÂÍé´äÂã¹éÊàèÙÊÒé¢à
ÐÅá¡Í¹ÂÒÀ¡Ò¨§Ãá´Í·ÂÒè¶ÃÒ¡ÍèµÅ¼ÕÁç¡¹Ñ¡ÂÇé´èÙÂÍÂã¹éÊà
¹Ò°¹é×¾¡äÅ¡§´Êá 6 èÕ·»ÙÃ ÂÇé´Âã¹éÊà¹Ò§éªãÃÒ¡¹ã¡Ç´ÐÊÁÒÇ¤

ã¹¡ÒÃ¶‹ÒÂ·Í´áÃ§´Ö§ F èÕ·¹é×¾Ø´ÊÑÇÕÁèÕ·Âã¹éÊàèÙÊÒé¢à¡Í¹ÂÒÀ¡Ò¨
 )¡( 6 èÕ·»ÙÃÂ´â ºÍÃÁÍéÅèÙÂÍÒèÇ¡ÂÍé¹§Ãá§ç¢áÐÅáÇÑµ¹ÍèÍÁÒÇ¤ÕÁ
 emulov evitatneserper( ¹·áÇÑµÃµÒÁÔÃ»¹ÇèÊ¹éÔª»ÙÃ¹ç»à

Ó·¹é×¾Ø´ÊÑÇ ºÍÃèÙÂÍÁéØË¹é×¾Ø´ÊÑÇÕÁèÕ·¹éÊà§èÖ¹ËÂã¹éÊà§Í¢ )tnemele
Ó·ÐÃ¡ÒÁèÕ·§Ãá´Í·ÂÒè¶èÕ·Òé¹Ë  §Ò·¹Òè¼Âã¹éÊàèÙÊÒé¢à¡Í¹ÂÒÀ¡Ò¨

  ¹Í×©à¹é¤àÁÒÇ¤ ¹é×¾Ø´ÊÑÇºÑ¡Âã¹éÊà§Í¢¡Í¹¹Òé´ÊÑ¼ÁÑÊÇÔ¼§ÒèÇËÐÃ    
¹é¤àÁÒÇ¤ 6 »ÙÃ¹ã¹·áÇÑµÃµÒÁÔÃ»¹ÇèÊ¹éÔª§Í¢´Ñµ¾ÒÀ¹ã§´Êá§Ñ´

Ó¹ÇÂèÕ¹ËàéÕ¹¹Í×©à  ¹é¤àÁÒÇ¤ Âã¹éÊà¹ãÂÒÀ   )¢( §Ö´¹é¤àÁÒÇ¤´Ô¡àéËã
à©×Í¹¨ÐÁÕ¤‹ÒÊÙ§ÁÒ¡ ³ µÓ ¡Í¹ÂÒÀ§ÃáÕÁèÕ·³ÇàÔÃººÑ¡éÅ¡ã§è¹Ëá
ÁÒ¡ÃÐ·Ó ¹ÍµèÕ·ÂÍé¹Òè¤ÕÁÂã¹éÊà§Í¢Ñ́µÒé¹Ë¹ã§Ö´¹é¤àÁÒÇ¤èÕ·Ð³¢¹ã
»ÅÒÂ ¢Í§àÊŒ¹ãÂ áµ‹

ุดสัว
นนแานหมาวค

Weight density
ρ

 (kN/m3)

งึดงรแง็ขแมาวค
Tensile strength

1
Fσ (GPa)

งึดงึตงรแง็ขแมาวค
Tensile stiffness

1E  (GPa)

1
Fσ

ρ  
(km)

1E
ρ

(Mm)

ÁÂÕ¹àÔÁÙÅÍ

ÁÂÕ¹à·à·ä

¡çÅËà

 E ´Ô¹ªÇé¡áÂã¹éÊà

S ´Ô¹ªÇé¡áÂã¹éÊà

¹ÍºìÃÒ¤Âã¹éÊà

ÁÂÕÅàÅÕÃÍºàÂã¹éÊà

àÊŒ¹ãÂâºÃÍ¹

àÊŒ¹ãÂ¡ÃÒä¿·�

26.3

46.1

76.6

25.0

24.4

13.8

18.2

25.2

13.8

0.62

1.9

4.1

3.4

4.8

1.7

1.7

3.4

1.7

24

41

54

136

197

123

93

137

123

73

115

207

72

86

190

300

400

250

2.8

2.5

2.7

2.9

3.5

14

16

16

18

1
Fσ
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Ó·ÃÒ¡¡äÅ¡ÐÅáÂã¹éÊà¹ãÐÒ´à§è¡âÃÒ¡´Ô¡àÃÒ¡ 7 èÕ·»ÙÃ  ¹é×¾Ø´ÊÑÇ§Í¢¹Ò§

Çé¡áÂã¹éÊàÂÇé´§ÃáÁÔÃÊàÕ«¡Íç¾ÕÍµÔÊ¾âÁÍ¤Ø´ÊÑÇ§Í¢§ÒÇ¢´Ñµ¾ÒÀ 8 èÕ·»ÙÃ

¹Í×ÁÊà§ÔÃ»Ê

( ก ) ( ข )

1
Fσ 1

Fσ

Ó·¹é×¾Ø´ÊÑÇ¡Ò¨¡Í¹  §ÃáÍ×ÃË§Ö´§Ãá´Í·ÂÒè¶ÃÒ¡¹ãèÕ·Òé¹Ë
§è¡âÃÒ¡´Ô¡àÃÒ¡¹Ñ¡§Íé»ÐÅá ¹ãÂÒÀÂã¹éÊàèÙÊ¡Í¹ÂÒÀ¹ã¡Ò¨´¡

Ó·§ÑÂ¹é×¾Ø´ÊÑÇ ÇéÅáÂã¹éÊà§Í¢ÐÒ´à  ÁÒÇ¤ÕÁÂã¹éÊà§Í¢ÇÑµ§ÂÕÃàÃÒ¡éËã
ÓèÁÊ¹Ñ¡¹Ò¹¢Ç¹á¹ãèÙÂÍ ÃÂÕ¶Êà Ò §Å»á¹ÂèÕÅ»àÃÒ¡ÕÁèÁäÐÅá ÍÁÊà

·ÔÈ·Ò§ÍÂ‹Ò§à»š¹¹ÑÂÊÓ Ó·ÐÃ¡ÒÁèÕ·¡Í¹ÂÒÀ§ÃáéµãÂÒÀÞÑ¤  ËÅÒ¡
¡Ò©§éÑµÇ¹á¹ã§ÒÇ¢´Ñµ¾ÒÀ§ÒèÂÍÇÑµ¹ç»à 8 èÕ·»ÙÃ ·ÀàÐÃ»ÂÒÅË
ÂÇé´§ÃáÁÔÃÊàèÕ«¡Íç¾ÕÍ¹ç»à¹é×¾Ø´ÊÑÇÕÁèÕ·µÔÊ¾âÁÍ¤Ø´ÊÑÇ§Í¢Âã¹éÊà
  ´ÒÃ¡§ÍèÊººá¹ÍÃµ¡çÅàÔÍì¹ÈÃÃ·ÅØ¨§ÍéÅ¡¡Ò¨ÂÒè¶èÕ·Çé¡áÂã¹éÊà

Áé¢àÒ·àÕÊ Çé¡áÂã¹éÊà§Í¢´ÑµÒé¹Ë¹ç»àÁÅ¡§Ç»ÙÃ¹ÍèÍÒ·àÕÊèÕ·¹é×¾Â´â
ÓṌÊÒ§àèÕ·¹é×¾ÐÅá èÕ«¡Íç¾ÕÍ¹é×¾ǾÊÑÇ§Ö¶§´ÊáÂã¹éÊàºÍÃÁÍéÅèÕ·  §ÒèÃ»ÙÃÕÁèÕ·

¾âÁÍ¤Ø´ÊÑÇ¹ãèÙÂÍÇÑµ¡Ã·áèÕ·ÈÒ¡ÒÍ§Í¢§ÒèÇ§Íèª§Ö¶§´ÊáÔµ¡»èÁä
¹Òè¼¹éÊàÒèÇéËã§´Êá§ÑÂ 8 èÕ·»ÙÃ µÔÅ¼ÃÒ¡¹ÇºÐÃ¡¹ã¹éÖ¢´Ô¡àèÕ·µÔÊ

ÈÙ¹Â�¡ÅÒ§¢Í§àÊŒ¹ãÂá¡ŒÇÁÕ¢¹Ò´àÅç¡ÁÒ¡»ÃÐÁÒ³ 15 äÁ¤ÃÍ¹ 
¹éÇà¡Â µÔÊ¾âÁÍ¤Ø´ÊÑÇ§Í¢´ÑµÒé¹Ë¹ãèÕ·¡Ø·ºÍ×¡àèÙÂÍÇÑµÂÒ¨ÐÃ¡ÐÅá
 Âã¹éÊàÕÁèÁäÐÅá¡ÒÁ¹Ñ¡ÁÇÃèÙÂÍÕ«¡Íç¾ÕÍ§Í¢Íé×¹àÕÁèÕ·³ÇàÔÃº§Òº¹ã

³ µÓ ¾âÁÍ¤Ø´ÊÑÇ§Í¢ÔµÑºÁÊ§èÖ« )noiger hcir niser( ¹éÑ¹§è¹Ëá
Óèµ´ÅÒè¤ÕÁÐ¨µÔÊ  ÐÅá ¡ÒÁØ´ÊÑÇÍé×¹à¹ãèÙÂÍ¹é×¾Ø´ÊÑÇÕÁèÕ·³ÇàÔÃºÕÁÒé¶§Å

Í×ÃËÂã¹éÊàºÑ¡¡Ò©§éÑµÇ¹á¹ã´¡Í×ÃË§Ö´§Ãá´Í·ÂÒè¶ÃÒ¡ÕÁÍè×Áà
Âã¹éÊà¡ÕÍ§ÑÂ»ä§èÖ¹ËÂã¹éÊàèÙÊÒé¢à¹Òè¼Ð¨§ÃáÁÒ¹Ê¹éÊà Âã¹éÊà§ÒÇ¢
§ÃµÂÅàÂã¹éÊàÒé¢à¹Òè¼èÁäÐ¨ÐÅá Âã¹éÊà§ÒèÇËÐÃÊÑ¼ÁÑÊÇÔ¼§Ò·§èÖ¹Ë

µÓ  ÇÂÕ´à§ÒèÂÍ¹é×¾Ø´ÊÑÇ§Í¢Íé×¹àèµáÕÁÍ×ÃË¹Ñ¡§Ö¶ÍèµèÁäÂã¹éÊàèÕ·§è¹Ëá
¡ÒÁ§ÒèÂÍÅ¼ÕÁç¡¹ÒÊÐÃ»ÁÍè×ªàØ´ÊÑÇ§Í¢§Ãá§ç¢áÁÒÇ¤éÕ¹¡Ò¨¡Í¹
 ¹é×¾Ø´ÊÑÇÐÅáÂã¹éÊà§ÒèÇËÐÃ§ÃáÂÒè¶§èÊÃÒ¡§Í¢¾ÒÀÔ¸·ÔÊÐÃ»Íèµ

§ÃáÁÔÃÊàèÕ·µÔÊ¾âÁÍ¤Ø´ÊÑÇÇéÅáÁÇÃ¾ÒÀ¹ãÒ³ÃÒ¨Ô¾Íè×Áà¹ã¹éÑ¹§Ñ´
ÐÅá Âã¹éÊàÇ¹áÁÒµ§Ò·ÈÔ·¹ãÕ´èÕ·Å¡§Ò·ÔµÑºÁÊÕÁÐ¨ÇÒÂÂã¹éÊàÂÇé´
Âã¹éÊàºÑ¡¡Ò©§éÑµÇ¹áÁÒµ§Ò·ÈÔ·¹ã¡ÒÁÒèÇ¡ÂÍéè́Õ·Å¡§Ò·ÔµÑºÁÊÕÁ
 èÕ·»ÙÃ¹ãéÇä§´Êá§Ñ ́)noitcerid esrevsnart( Âã¹éÊà§ÒÇ¢Ç¹áÍ×ÃË
ÔµÑºÁÊÕÁç¡ÇÒÂÂã¹éÊàÂÇé´§ÃáÁÔÃÊàèÕ·µÔÊ¾âÁÍ¤Ø´ÊÑÇéÕ¹¡Ò¨¡Í¹ )¡( 9
ÔµÑºÁÊºÑ¡ºÂÕ·àÍè×ÁàÕ´èÁäèÕ· )¢( 9 èÕ·»ÙÃ¹ã¹Í×©à§Ãá¹ÒéµÃÒ¡¹ãÅ¡§Ò·

Ó·é´äèÁäÂã¹éÊà¡Ò¨§Íè×¹àÂÇé´Âã¹éÊàÇ¹áÁÒµ§Ò·ÈÔ·¹ãÅ¡§Ò·  èÕ·Òé¹Ë
Ó·ÐÃ¡ÒÁèÕ·§ÃáºÑÃÃÒ¡¹ã  éÕ¹ÒèÅËàÕ³Ã¡¹ã§èÖ« §ÃµÂ´â¡Í¹ÂÒÀ¡Ò¨

Ø´ÊÑÇÐÅáÂã¹éÊà§ÒèÇËÐÃÇÂèÕ¹Ëà×́ÂÃÒ¡ÐÅá¹é×¾Ø´ÊÑÇ§Í¢§Ãá§ç¢áÁÒÇ¤
ÓÊèÕ·ÂÑ¨¨Ñ»¹ç»àÐ¨¹é×¾  Ó¡ÃÒ¡¹ã§èÔÂ§ÒèÂÍÞÑ¤  Ë¹´ÊÁºÑµÔ·Ò§¡Å¢Í§

ÇÒÂÂã¹éÊàÕÁèÕ·µÔÊ¾âÁÍ¤Ø´ÊÑÇéªãÃÒ¡éËãÅ¼ØµËà¹ç»àÐÅá µÔÊ¾âÁÍ¤Ø´ÊÑÇ
Íè×¾à )¢( 2 èÕ·»ÙÃ¹ã§´Êá§Ñ ́µ¹àÔÁÒÅ¹ç»à¹éÑªæÂÒÅË¹Ñ¡¹Íé«§ÒÇÃÒ¡ÕÁ
Ó·ÐÃ¡ÒÁèÕ·§Ãá§Í¢§Ò·ÈÔ·ÁÒµÇÑµ§ÒÇÃÒ¡ÕÁ æ§Òèµ¹éÑª¹ãÂã¹éÊàéËã  

ÍÂ‹Ò§àËÁÒÐÊÁáÅÐ·Ó ÁèÔ¾àÁÇÃ¾ÒÀ¹ãµÔÊ¾âÁÍ¤Ø´ÊÑÇ§Í¢ÔµÑºÁÊéËã
ÂÇé´§ÃáÁÔÃÊàèÕ·µÔÊ¾âÁÍ¤Ø´ÊÑÇ§Í¢ÔµÑºÁÊÒèÇéÁáÕ´ç¡Ãä§ÒèÂÍ ¹éÖ¢§ÙÊ

ÓèµÒè¤ÕÁÐ¨Âã¹éÊà  ÁÒÇ¤Òè¤ Âã¹éÊà§Í¢ÇÒÂÁÒµÇ¹áèªãèÁäèÕ·§Ò·ÈÔ·¹ã
Ó¨§Ãá§ç¢á  Íèµ§Ãá§ç¢áÁÒÇ¤Òè¤Í×ÃË )htgnerts cificeps( ÐÒ¾à

Ó¨§Öµ§ç¢áÁÒÇ¤Òè¤ÐÅá ¹è¹áÒ¹ËÁÒÇ¤  à¾ÒÐ (specific stiffness) 
§ÃáÁÔÃÊàµÔÊ¾âÁÍ¤Ø´ÊÑÇ§Í¢¹è¹áÒ¹ËÁÒÇ¤Íèµ§Öµ§ç¢áÁÒÇ¤Òè¤Í×ÃË
 ¹Ñ¡ÇÂÕ´àÍé×¹à¹ç»àèÕ·Ø´ÊÑÇºÑ¡ºÂÕ·àÍè×Áà§ÙÊèÕ·Òè¤ÕÁ§ÑÂç¡ÇÒÂÂã¹éÊàÂÇé´

Ó·§Ö¨ èÞËã¹ÇèÊ )lairetam suoenegomoh(  Óé¹´Å¶ÃÒÁÒÊéËã  
é´äµÔÊ¾âÁÍ¤Ø´ÊÑÇ¡Ò¨µÔÅ¼èÕ·ÁÃÃ¡ÇÈÔÇ§Ò·§ÒéÃÊ§Ã¤â§Í¢¡Ñ¹Ë
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