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การเติบโตของการใชเหล็กกลาความแข็งแรงสูงในอุตสาหกรรมยานยนต

ศรัณยา กึ่งกลาง, รศ.ดร. วิทูร อุทัยแสงสุข 

(Growth of advanced high strength steel in automotive industry)

ÓÊèÕ·Ø´ÊÑÇ¹ç»àÒéÅ¡¡çÅËà  ÒÁìµ¹Â¹ÒÂ¹ÇèÊ¹éÔªµÔÅ¼ÃÒ¡¹ãÞÑ¤
¹ÑºØ¨¨Ñ»§Ö¶¹¨ÒÁÂÍè×ÃàµÕ´Íèµá§éÑµÒ¹²Ñ¾¡Ù¶é´äÐÅá Õ» 001 ÒèÇ¡¹Ò¹
 ÒÂ·ÔÇÐËÅâ¹Òé´¹ã§éÑ·æèÁËãÁÃÃ¡µÑÇ¹¹ç»à´Ô¡à §Íè×¹àÍèµ§ÒèÂÍ

Íèµ§Í¹ÊºÍµÍè×¾à »ÙÃ¹éÖ¢ÃÒ¡¹ÇºÐÃ¡§Ö¶ÁÇÃ µÔÅ¼ÃÒ¡¹ÇºÐÃ¡
§ç¢áÁÒÇ¤ÒéÅ¡¡çÅËà¹ÑºØ¨¨Ñ» ÁÃÃ¡ËÒÊµØÍ¤ÒÀ§Í¢ÃÒ¡§ÍéµÁÒÇ¤
ÒéÅ¡¡çÅËà ÇéÅá 3 ¹èÑªÃàÍ¹à¹¨à §Ö¶ÒÁ¹¨Ò¹²Ñ¾ÐÅáÂÑÔ̈Ç¡Ù¶é´ä§ÙÊ§Ãá

Â´â æ¹è×Í·ÀàÐÃ»Ø´ÊÑÇºÑ¡¹Ñ¢§è¢áÃÒ¡¹ã¾ÒÀÂ¡ÑÈÁèÔ¾àÍè×¾à
Óé¹´ÅÃÒ¡§Í¢§Íè×Ãà¹ç´àÐÃ»¹ã§èÔÂ§ÒèÂÍÐÒ¾©à  ÁÒÇ¤ÒéÅ¡¡çÅËà ¡Ñ¹Ë

ÇÑµ×́ÂÃÒ¡Òè¤ÐÅá§Ãá§ç¢áÁÒÇ¤Òè¤ÕÁéËãÒ¹²Ñ¾§èØÁ¡Ù¶é´ä§Ö¨§ÙÊ§Ãá§ç¢á
èÕ· 1 èÕ·»ÙÃ§Í¢ÁØÁ§Âá·¹éÊàÇ¹áÁÒµ§´Êá§Ñ ́¹Ñ¡ æÁÍéÃ¾¹éÖ¢¡ÒÁ§ÙÊèÕ·

margaid ananab ÒèÇ¡ÂÕÃà¡ÑÁÒéÅ¡¡çÅËàÁÃÃ¡ËÒÊµØÍ¹ã

´ØÊ§ÙÊ§Ãá§ç¢áÁÒÇ¤Òè¤ºÑ¡´×ÂÃÒ¡ìµ¹ç«àìÃÍ»à§ÒèÇËÐÃì¸¹Ñ¾ÁÑÊÁÒÇ¤ 1 èÕ·»ÙÃ
]1[ æ§Òèµ·ÀàÐÃ»ÒéÅ¡¡çÅËà§Í¢

ÕÁ ÁÂèÕÂàÕ´èÕ·»ÙÃ¹éÖ¢ÃÒ¡¹ã¶ÃÒÁÒÊÁÒÇ¤ÐÅá§Ãá§ç¢áÁÒÇ¤ÕÁéÕ¹ÁèØÅ¡
ÓèµèÕ·µÔÅ¼ÃÒ¡¹ã¹Ø·¹éµ  ÕÁèÁäÐÅá é´äèÕ·Å¡§Ò·ÔµÑºÁÊºÑ¡ºÂÕ·àÍè×Áà 

¹éÔªÁÃÃ¡ËÒÊµØÍ¹ã ¹è×Í´Ô¹ªÒéÅ¡¡çÅËàºÑ¡´ÔµÁÍè×ªàÃÒ¡§Íè×ÃàÒËÞÑ»
Ó¹¡Ù¶é´ä 3 ¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËà ìµ¹Â¹ÒÂ¹ÇèÊ  ìÂªÔ³Ò¾§Ôªà¹ãéªãÒÁ

ÇéÅáÂÍéÃºÂÕÃàèÕ·¹ç»à

งูสงรแง็ขแมาวคาลกก็ลหเงอขทภเะรป
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 Ò¹²Ñ¾¡Ù¶éÕ¹¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËà
Óèµ¹ÍºìÃÒ¤ÒéÅ¡¡çÅËà¡Ò¨ÒÁ  ¡çÅËà§Í¢§Ãá§ç¢áÁÒÇ¤ÁèÔ¾àÃÒ¡ÕÁ§èÖ« 

¹Ò°¹é×¾§Ãá§ç¢áÁÒÇ¤ÁèÔ¾àÃÒ¡¡äÅ¡éªãÍ×ÃËÂÍÅÅÑÍÁÔµàÃÒ¡ÂÇé´
¡Ñ¨éÙÃéÕ¹ÁèØÅ¡ÒéÅ¡¡çÅËà )noitatipicerP( ¹Í¡Ðµ¡µÃÒ¡ ¹èªà æ¹è×Í

ÓèµÁÊ¼ÒéÅ¡¡çÅËà§Í¢Íè×ª¹ã¹Ñ¡   htgnerts hgiH( §ÙÊ§Ãá§ç¢áÁÒÇ¤
¹éÖ¢§ÙÊ§Ãá§ç¢áÁÒÇ¤ÕÁèÕ·ÒéÅ¡¡çÅËà¹ç»à§èÖ« )ALSH ,leets yolla wol

ÓèµèÕ·ÇÑµ×́ÂÃÒ¡Òè¤ÕÁ§¤§ÑÂèµá»äÇèÑ·ÒéÅ¡¡çÅËàÒèÇ¡  éÕ¹ÁèØÅ¡¡çÅËà¹éÑ¹§Ñ ́
 : leets esahp lauD( Ê¿à§ÍÊÒéÅ¡¡çÅËà¹ç»à»äÍèµÒ¹²Ñ¾¡Ù¶§Ö¨
 yticitsalp decudni-noitamrofsnarT( PIRT ÒéÅ¡¡çÅËà )PD

ÐÅá )PC : leets xelpmoC( Ê¿àÂÒÅËÒéÅ¡¡çÅËà )PIRT : leets
 )SM : leets citisnetraM( ¤ÔµÔ«¹·àìÃÒÁÒéÅ¡¡çÅËà

 ÒéÅ¡¡çÅËàÍ×¤éÕ¹¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËà
 yticitsalp decudni-gninniwT( PIWT ÒéÅ¡¡çÅËà§Í¢ÁèØÅ¡¹ã

ÂÇé´¹éÖ¢Ò¹²Ñ¾¡Ù¶é´äÂ´â ¤ÔµÔ¹¹·àÊÍÍÁÔ¹ÊéÃäÒéÅ¡¡çÅËàÐÅá )leets
Ó· §ÙÊèÕ·³ÒÁÔÃ»¹ãÂÍÅÅÑÍÁÔµàÃÒ¡  ÇÑµ´×ÂÃÒ¡ÐÅá§Ãá§ç¢áÁÒÇ¤éËã

èÁä§ÑÂéÕ¹ÁèØÅ¡ÒéÅ¡¡çÅËàÁÒµç¡Ãä§ÒèÂÍ ¡ÒÁ§ÒèÂÍ¹éÖ¢§ÙÊÁèÔ¾à¡çÅËà§Í¢
Ó¹¡Ù¶  ¡Ò¨§Íè×¹à ¡Ñ¹ÂÒÅËèÃ¾á§ÒèÂÍìµ¹Â¹ÒÂÁÃÃ¡ËÒÊµØÍ¹ãéªãÒÁ

¹è×Í´Ã¡à¡çÅËàºÑ¡´ÔµÁÍè×ªàÃÒ¡Íèµ¡ÒÂÐÅá§ÙÊ§Òé¢¹Íè¤Ò¤ÒÃÕÁ

 ÕÁéËãÒ¹²Ñ¾¡Ù¶éÕ¹¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËà
Ò¤ÒÃ¹Ø·¹éµ§Íè×Ãà§Ö¶Ò³ÃÒÔ̈¾Â´â§ÙÊèÕ·ÇÑµ×́ÂÃÒ¡ÐÅá§Ãá§ç¢áÁÒÇ¤
ÒéÅ¡¡çÅËàéªãÃÒ¡ ÂÇé´¹è×Í´Ã¡à¡çÅËàºÑ¡ỐµÁÍè×ªàÃÒ¡ÐÅáÂÍÅÅÑÍ§Í¢
§Ãá§ç¢áÁÒÇ¤ÕÁèÕ·¹ÇèÊ¹éÔªµÔÅ¼¶ÃÒÁÒÊµ¤Ò¹Í¹ãéËãÅ¼§èÊÐ¨éÕ¹ÁèØÅ¡

Óé¹´ÅÃÒ¡§Ö¶ÁÇÃ §ÅÂÍé¹»ÙÃ¹éÖ¢ÃÒ¡¹ãÒËÞÑ»ÕÁ ¹éÖ¢ÁèÔ¾à  Ë¹Ñ¡¢Í§
â¤Ã§ÊÃŒÒ§Ã¶ä´ŒÍÂ‹Ò§ÁÒ¡ â´ÂÍÒ¨·Ó »ÙÃ¹ÂèÕÅ»àºÑÃ»ÃÒ¡ÂÇé´é´ä

ÒÅÇà¹ã§Å¹ÇèÊ¹éÔª§Í¢Ò¹ËÁÒÇ¤´ÅÐÅá¹éÖ¢¡ÒÁé´ä§ÃáºÑÃéËã§ÒèÃ
ÂÒÅËèÃ¾áéÕ¹ÁèØÅ¡ÒéÅ¡¡çÅËàéªãÃÒ¡éËãÍè×¾àÁÒµç¡Ãä§ÒèÂÍèµá ¹Ñ¡ÇÂÕ´à
Íè×¾à»äÍèµæ§Òèµ¤Ô¹¤·àÒ¹²Ñ¾§Íéµ§¤§ÑÂÒéÅ¡¡çÅËàµÔÅ¼éÙ¼¹éÖ¢¡ÒÁ

¹ÓÒ »äÕÁ¤à§Ò·ÁÊ¼¹ÇèÊ³ÒÁÔÃ»´ÅÃÒ¡èµá§éÑµ µÔÅ¼ÃÒ¡¹ãéªãÒÁ
Ó·ÃÒ¡¹ÍéÃÁÒÇ¤§Ò·¾ÒÀ³Ø¤§ØÃ»ºÑÃ»ÃÒ¡¹ÇºÐÃ¡§Ö¶¹¨   (Heat 

æèÁËãººá )tnemtaert

ÁÂÔ¹éÕ¹ 3 ¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËàìµ¹Â¹ÒÂÁÃÃ¡ËÒÊµØÍ¹ã
¹Ó ¹éÔª Í×¤ 2 èÕ·»ÙÃ¹ã§´Êá§Ñ´§ÃáºÑÃ§ÒéÃÊ§Ã¤â¹ÇèÊ¹éÔª¹ç»àµÔÅ¼ÒÁ

¹ÇèÊ¹éÔª¹ç»à§èÖ« liar raer ÐÅá rallip B ,rallip A ,sliar tnorf ¹ÇèÊ
Ó¨ÐÅá¹Íé«ºÑ«èÕ·§ÒèÃ»ÙÃÕÁèÕ·  ÓÂ¹èÁá§ÒèÂÍººáÁÒµé´äéËã»ÙÃ¹éÖ¢§Íéµ¹ç»à   

ÁÒÇ¤ ¹èªà é´äéÇäæ¹éÑ¹¹ÇèÊ¹éÔª§Í¢æ§Òèµ¾ÒÀ¶ÃÃÁÊ§¤¶ÃÒÁÒÊéËãÍè×¾à
ÃÒ¡¡Ò¨¹Ò§§ÑÅ¾ºÑ«Ù́´ÃÒ¡ÐÅá §ÃáºÑÃÃÒ¡¹ã¶ÃÒÁÒÊÁÒÇ¤ §èÃ¡á
ÒéÅ¡¡çÅËà¹ç»à§Ö ̈3 ¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËà ¹éÑ¹§Ñ ́¹éµ¹ç»à ¡·áÐÃ¡

ÇÒèÅ¡§Ñ´ÃÒ¡§ÍéµÁÒÇ¤ºÑ¡ÁÊÐÒÁËàèÕ·

]2[ §ÙÊ§Ãá§ç¢áÁÒÇ¤ÒéÅ¡¡çÅËà¡Ò¨µÔÅ¼èÕ·ìµ¹Â¶Ã§Ñ¶ÇÑµ¹ã§ÃáºÑÃ§ÒéÃÊ§Ã¤â 2 èÕ·»ÙÃ

เจนเนอเรชั่นที่ 1

เจนเนอเรชั่นที่ 2

เจนเนอเรชั่นที่ 3

นางชใราก
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§Í¢»ÙÃ¹éÖ¢ÃÒ¡¹ã¶ÃÒÁÒÊÁÒÇ¤¹ÔÁàÐÃ»ÃÒ¡¹ÑºØ¨¨Ñ»¹ã
Ó·¶ÃÒÁÒÊ¹è¼á¡çÅËà  Ó¨ÃÒ¡Â´âé´ä  §Ò·ÃÒ¡ÕÔ̧ÇÂÇé´»ÙÃ¹éÖ¢ÃÒ¡§ÍÅ

ä¿ä¹·�ÍÔÅÔàÁ¹µ� (Finite Element: FE simulation) Ã‹ÇÁ¡Ñº
§Ò·ÐÒ¾©à EF ÁÃ¡áÃ»â¹ãéªãÕÁèÕ· DLF ¾ÒÀ¹¼áèµá DLF ¾ÒÀ¹¼á
ÂÑÈÒÍ§èÖ« ]3[ releeK §Í¢ÃÒ¡ÁÊÃÒ¡¡Ò¨§ÒéÃÊ¡Ù¶Ð¨èÞËã¹ÇèÊ
 eulav-n Òè¤ ¹éÑ¹Òè·àØ´ÊÑÇ§Í¢Ò¹ËÁÒÇ¤ÐÅá eulav-n Òè¤§ÂÕ¾à

¶ÃÒÁÒÊ ÐËÅâ§Í¢¹éÖ¢ÇÑµ§ç¢áÃÒ¡¹ã¶ÃÒÁÒÊÁÒÇ¤§Ö¶¡ÍºèÕ·Òè¤¹ç»à
Ó·§Ö ̈Ø´ÊÑÇ§Í¢´ÂÕÃ¤àÁÒÇ¤-¹é¤àÁÒÇ¤¿ÒÃ¡¡Ò¨é´äÒË  ¾ÒÀ¹¼áéËã

¨áÞØ¡¹ç»àØ´ÊÑÇÁÃÃ¡ÔµÄ¾ºÑ¡ÇÂèÕ¡à¨ãÒé¢àÁÒÇ¤ÐÅáéÙÃÁÒÇ¤
ÊÓ ¤ÑÞã¹¡ÒÃ¹Ó àËÅç¡¡ÅŒÒ¤ÇÒÁá¢ç§áÃ§ÊÙ§ÁÒãªŒ ´Ñ§¹Ñé¹ºÃÔÉÑ·¼ÙŒ

¹ãèµá¹éÑ¹Òè·àæèÁËã·ÀàÐÃ»ÒéÅ¡¡çÅËàÒ¹²Ñ¾è¤á§ÂÕ¾àèÁä§Ö¨¡çÅËàµÔÅ¼
Ó¹é´ä§ÑÂç¡¹Ñ¡ÇÂÕ´àÐ³¢  ÐÒÁËàèÕ·Ø´ÊÑÇÁÃÃ¡ÔµÄ¾¹ÔÁàÐÃ»ÃÒ¡ÕÔ̧ÇÍ¹Êà

ÓÊÂÇèªÍè×¾àÁÊ  æèÁËã¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËà»ÙÃ¹éÖ¢ÃÒ¡ìËÐÒÃ¤àÔÇºÑÃË
éÕ¹§Ñ´é´ä æÇÒèÃ¤ÂÒºÔ¸Í¶ÃÒÁÒÊÇÒèÅ¡§Ñ´æ§ÒèµÃÒ¡Õ¸ÔÇ§èÖ« ÂÇé´¡ÕÍ

งอขมวรยดโปูรนึขรากนใถรามาสมาวคดัวราก
วัสดุ (Global formability) ÁÒÇ¤¹ÔÁàÐÃ»ÃÒ¡¹ç»àéÕ¹ÃÒ¡Õ¸ÔÇ 

´Õ¢¹Ô¡à»ÙÃ¹éÖ¢¡Ù¶Ø´ÊÑÇÍè×Áà ¡ÖÅ»ÙÃ¹éÖ¢¡ÒÅÃÒ¡¹ãØ´ÊÑÇ§Í¢¶ÃÒÁÒÊ
¨Ó Ó·Ð¨ éÕ¹´Ñ¡  ÐÅáÇÑµ´Í¤ÃÒ¡´Ô¡à §Å´Å¹Ò§¹éÔª§Í¢Ò¹ËÁÒÇ¤éËã

»ÙÃ¹éÖ¢ÃÒ¡¹ã¶ÃÒÁÒÊÁÒÇ¤ÇéÅáÔµ¡»Â´â§èÖ« ÂÒËÂÕÊà´Ò¢¡Õ©ÃÒ¡

â´ÂÃÇÁ¢Í§ÇÑÊ´ØÊÒÁÒÃ¶ÇÔà¤ÃÒÐË�ä´Œ´ŒÇÂ á¼¹ÀÒ¾¢Õ´¨Ó ¡Ñ´¡ÒÃ
Å¼¹ÔÁàÐÃ»Ð¨éÕ¹¾ÒÀ¹¼á )DLF ,margaid timil gnimroF( »ÙÃ¹éÖ¢
¹ã¹è¼á¡çÅËà§Í¢ºÒ¹ÐÃÇ¹á¹ã´ÂÕÃ¤àÁÒÇ¤Òè¤§Í¢ÇÑµÂÒ¨ÐÃ¡ÃÒ¡
´ÂÕÃ¤àÁÒÇ¤Òè¤§Í¢ÇÑµÂÒ¨ÐÃ¡ÃÒ¡Å¼§ÒèÂÍÇÑµ »ÙÃ¹éÖ¢ÃÒ¡§ÒèÇËÐÃ
ºÑ¡ºÂÕ·à 087 ´Ã¡à 3 ¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËà§Í¢»ÙÃ¹éÖ¢ÃÒ¡§ÑÅË
é´ä¹çËàÐ ̈)2(3 èÕ·»ÙÃ¹ã§´Êá »äÇèÑ· 095 ´Ã¡àÊ¿à§ÍÊÒéÅ¡¡çÅËà§Í¢

´ÂÕÃ¤àÁÒÇ¤Òè¤§Í¢ÇÑµÂÒ¨ÐÃ¡ÃÒ¡éËã 3 ¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËàÒèÇ
ÓèÁÊèÕ·»ÙÃ¹éÖ¢ÃÒ¡§ÑÅË¹Ò§¹éÔª§Í¢  èÕ·Ê¿à§ÍÊÒéÅ¡¡çÅËàÒèÇ¡¡ÒÁÍÁÊà

Ó·§Ö¨ ¹ÑºØ¨¨Ñ»¹ãèÙÂÍ¹Ñ¡éªã  ÕÁ 087 ´Ã¡à 3 ¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËàéËã
 095 ´Ã¡àÊ¿à§ÍÊÒéÅ¡¡çÅËàÒèÇ¡Õ´èÕ·»ÙÃ¹éÖ¢ÃÒ¡¹ã¶ÃÒÁÒÊÁÒÇ¤

§ÙÊ§Ãá§ç¢áÁÒÇ¤ÕÁÐ¨ 087 ´Ã¡à 3 ¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËàÒèÇéÁá
)1(3 èÕ·»ÙÃ¹ã§´Êá§Ñ´ 095 ´Ã¡àÊ¿à§ÍÊÒéÅ¡¡çÅËàÒèÇ¡

Òè¤§Í¢ÇÑµÂÒ¨ÐÃ¡ÃÒ¡ )2( ´ÂÕÃ¤àÁÒÇ¤-¹é¤àÁÒÇ¤§ÒèÇËÐÃì¸¹Ñ¾ÁÑÊÁÒÇ¤¿ÒÃ¡ )1( 3 èÕ·»ÙÃ
]2[ ÁÔ´àººáÊ¿à§ÍÊÒéÅ¡¡çÅËàºÑ¡ºÂÕ·àºÂÕÃ»à 3 ¹èÑªÃàÍ¹à¹¨àÒéÅ¡¡çÅËà§Í¢´ÂÕÃ¤àÁÒÇ¤

Ó¨Ṍ¢  Ó·¶ÃÒÁÒÊèÁäéÕ¹ÒèÅËà»ÙÃ¹éÖ¢ÃÒ¡Ñ́¡  §Í¢»ÙÃ¹éÖ¢ÃÒ¡µ¢àºÍ¢ÂÒ¹
ÓÂ¹èÁá§ÒèÂÍé´äæèÁËã´Ã¡àÒéÅ¡¡çÅËà  Ó¨Ṍ¢¾ÒÀ¹¼áé´äéËãÍè×¾à  ÃÒ¡Ñ́¡

¹è¼áÐËÅâØ´ÊÑÇºÍÊ´·§Íéµ§Ö¨¹éÖ¢¡ÒÁ§Íéµ¡Ù¶èÕ·ÒéÅ¡¡çÅËà§Í¢»ÙÃ¹éÖ¢
 èÕ·»ÙÃ¹ã§´Êá§Ñ´ amizakaN ººá»ÙÃ¹éÖ¢ÃÒ¡ºÍÊ´·ÃÒ¡ÂÇé´æ¹éÑ¹
ìËÐÒÃ¤àÔÇÁÃ¡áÃ»âÂÇé´¹Ò§¹éÔª¹º¹éÖ¢Ố¡àèÕ·´ÂÕÃ¤àÁÒÇ¤Òè¤Ñ́ÇÐÅá 4

Ó¹§Ö¨¹éÑ¹¡Ò¨ §Ò·ÐÒ¾©à   DLF ¾ÒÀ¹¼á¹ç»à§ÒéÃÊÒÁ´ÁË§éÑ·é´äèÕ·Òè¤
¹éÖ¢

)kcabgnirpS( นางนิชงอขบัลกวัตดีดราก   ÒéÅ¡¡çÅËà
Óèµ¹ÍºìÃÒ¤ÒéÅ¡¡çÅËà¡Ò¨ÒÁÒ¹²Ñ¾¡Ù¶éÕ¹¹èÑªÃàÍ¹à¹¨à  ÁèÔ¾àÃÒ¡ÕÁ§èÖ« 

ÁèÔ¾àÃÒ¡¡äÅ¡éªãÍ×ÃËÂÍÅÅÑÍÁÔµàÃÒ¡ÂÇé´¡çÅËà§Í¢§Ãá§ç¢áÁÒÇ¤
 )noitatipicerP( ¹Í¡Ðµ¡µÃÒ¡ ¹èªà æ¹è×Í¹Ò°¹é×¾§Ãá§ç¢áÁÒÇ¤

ÓèµÁÊ¼ÒéÅ¡¡çÅËà§Í¢Íè×ª¹ã¹Ñ¡¡Ñ¨éÙÃéÕ¹ÁèØÅ¡ÒéÅ¡¡çÅËà  ¤ÇÒÁá¢ç§áÃ§
ÒéÅ¡¡çÅËà¹ç»à§èÖ« )ALSH ,leets yolla wol htgnerts hgiH( §ÙÊ

ÇÑµ×́ÂÃÒ¡Òè¤ÕÁ§¤§ÑÂèµá»äÇèÑ·ÒéÅ¡¡çÅËàÒèÇ¡¹éÖ¢§ÙÊ§Ãá§ç¢áÁÒÇ¤ÕÁèÕ·
ÓèµèÕ·   Ê¿à§ÍÊÒéÅ¡¡çÅËà¹ç»à»äÍèµÒ¹²Ñ¾¡Ù¶§Ö¨éÕ¹ÁèØÅ¡¡çÅËà¹éÑ¹§Ñ´ 

amrofsnarT( PIRT ÒéÅ¡¡çÅËà )PD : leets esahp lauD( -
 Ê¿àÂÒÅËÒéÅ¡¡çÅËà )PIRT : leets yticitsalp decudni-noit
 citisnetraM( ¤ÔµÔ«¹·àìÃÒÁÒéÅ¡¡çÅËàÐÅá )PC : leets xelpmoC(

steel : MS)

งูสงรแง็ขแมาวคาลกก็ลหเงอขุดสัวมรรกิตฤพนิมเะรปรากีธิว
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Ó¨´Õ¢¾ÒÀ¹¼á§ÒéÃÊÃÒ¡ÐÅá amizakaN ºÍÊ´·ÃÒ¡ 4 èÕ·»ÙÃ  »ÙÃ¹éÖ¢ÃÒ¡´Ñ¡
Ø´ÊÑÇ§Í¢»ÙÃ¹ÂèÕÅ»àÃÒ¡ìËÐÒÃ¤àÔÇÁÃ¡áÃ»âéªãÂ´â

งอขดุจะาพฉเปูรนึขรากนใถรามาสมาวคดัวราก
)ytilibamrof lacoL( ุดสัว  ÓÊéªãéÕ¹ÃÒ¡ÕÔ̧Ç  ÁÒÇ¤¹ÔÁàÐÃ»ÃÒ¡ºÑÃË

¶ÃÒÁÒÊ§èÖ« Ø´ÊÑÇ§Í¢ºÍ¢èÕ·´Ò¢¡Õ©ÃÒ¡¹Ò·¹ÒéµÃÒ¡¹ã¶ÃÒÁÒÊ
·Ó ä´Œâ´Â¡ÒÃ·´ÊÍº¢ÂÒÂÃÙ (Hole expansion test) ¡ÒÃ

¹Òè¼ÂÇÃ¡§Ã·»ÙÃ hcnup ´¡ÃÒ¡ÂÇé´»ÙÃ¹éÖ¢ÃÒ¡¹ç»àéÕ¹ºÍÊ´·
³ÇàÔÃº¹º¹éÖ¢¡µáÂÍÃ´Ô¡à§èÑ·ÐÃ¡¹¨¹Íè¡éÇäÁÂÕÃµàèÕ·¹Ò§¹éÔª§Í¢ÙÃ

Ó¤ÃÒ¡Â´âÙÃ§Í¢´Ò¹¢ÂÒÂ¢ÃÒ¡Ñ́Ç§Ö¨¹éÑ¹¡Ò ̈ÙÃºÍ¢  ¹Ç³¨Ò¡¡ÒÃ
ÂÍÃ´Ô¡à¹Íè¡´Ø¨§Ö¶¹¨ÙÃ§Í¢§ÒÅ¡ìÂ¹ÙÈ¹Òè¼¹éÊà´Ò¹¢§Í¢¹éÖ¢ÁèÔ¾à
¶ÃÒÁÒÊÁÒÇ¤ÕÁØ´ÊÑÇÒèÇ§´Êá§ÙÊÒè¤ÕÁÙÃ´Ò¹¢ÂÒÂ¢ÃÒ¡Òè¤Òé¶ ¹éÖ¢¡µá
Ø´ÊÑÇ§Í¢éÕ¹¶ÃÒÁÒÊÁÒÇ¤Òè¤éÕ¹¡Ò¨¡Í¹ §ÙÊèÕ·´Ø¨ÐÒ¾©à»ÙÃ¹éÖ¢ÃÒ¡¹ã

)ytilibadneB( ปูรนึขดัดรากนใถรามาสมาวค  ¹ç»à
ÓÊèÕ·Òè¤¹ã§èÖ¹Ë  ¤ÑÞÊÓ §Í¢»ÙÃ¹éÖ¢ÃÒ¡ÁÃÃ¡ÔµÄ¾¹ÔÁàÐÃ»ÃÒ¡ºÑÃË

ÁÒÇ¤ÐÅáÁÇÃÂ´â»ÙÃ¹éÖ¢ÃÒ¡¹ã¶ÃÒÁÒÊÁÒÇ¤Ò³ÃÒÔ̈¾Ð¨Â´â Ø´ÊÑÇ
 ¹Ñ¡ÂÇéé́ÇäØ´ÊÑÇ§Í¢Ǿ¨ÐÒ¾©à»ÙÃ¹éÖ¢ÃÒ¡¹ã¶ÃÒÁÒÊ ความสามารถ

)ytilibadneb hctertS( งึดงรแตใยาภดัดรากนใ  ÊÒÁÒÃ¶
´Ò¹¢ÕÁÈÑÃÕÁèÕ·¹Ò§¹éÔª»ÙÃ¹éÖ¢ÃÒ¡¹ãØ´ÊÑÇ§Í¢¶ÃÒÁÒÊÁÒÇ¤¹ÔÁàÐÃ»éªã

ÃÒ¡§Í¢¹Íµ¹éÑ¢¹ãÑ́µºÍ¢èÕ·§ç¢áÁÒÇ¤ÁèÔ¾àÃÒ¡ÂÇéé́´äÂªà´ª¶ÃÒÁÒÊ
Óµ§ÒÇÃÒ¡¹èªà ¹Ò§¹éÔªÑ́µ  ÓÊÂÒ´§Í¢§è¹Ëá  ÃÒ¡ ÁÊÐÒÁËàèÕ·Ñ́µºÑÃË

¡Ó  §Í¢§ÒèÃ»ÙÃ ¹Í×©à´ÑµÃÒ¡ÁØÁ§ÒÇÃÒ¡ ecnaraelc eid Òè¤´¹Ë
èµáÂÒè§èÕ·ºÍÊ´·ÃÒ¡¹ç»àÙÃÂÒÂ¢ºÍÊ´·ÃÒ¡ ÁÒµç¡Ãä§ÒèÂÍ hcnup

ÓÊ 2 èÕ·ÃÒ¡Õ¸ÔÇ ¡ÒÁ§Òé¢¹Íè¤èÙÂÍ¹Íè×Å¤à´ÒÅ¤ÁÒÇ¤ÕÁ§ÑÂç¡  ÃÒ¡ºÑÃË
Òè¤Ñ́ÇÃÒ¡Í×¤ Ø´ÊÑÇ§Í¢Ǿ¨ÐÒ¾©à»ÙÃ¹éÖ¢ÃÒ¡¹ã¶ÃÒÁÒÊÁÒÇ¤¹ÔÁàÐÃ»
¹Í¹è¹áÁÒÇ¤ÕÁèÕ·Òè¤¹ç»à§èÖ« Ø´ÊÑÇ§Í¢¡ÑË¡µáǾ ̈³ §ÔÃ¨´ÂÕÃ¤àÁÒÇ¤
ÁÒÇ¤ÒÉ¡ÖÈÍè×¾à§Ö´§ÃáºÍÊ´·¹Ò§¹éÔªéªãÐ¨éÕ¹ÃÒ¡Õ¸ÔÇÂ´â ÒèÇ¡¡ÒÁ
ÇÑµ´Í¤ÃÒ¡´Ô¡à§ÑÅËØ´ÊÑÇ§Í¢¡ÑË¡µáÃÒ¡¹Ò·¹ÒéµÃÒ¡¹ã¶ÃÒÁÒÊ

 ì¾ÁÔ¾èÁá§Í¢ daeb ward ¹Òè¼Ø´ÊÑÇ§Ö´ÃÒ¡ºÑ¡§ÖÅ¤ÂÒéÅ¤§èÖ« é´äæ¡çÅà
¤‹Ò¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ´Ñ´ÀÒÂãµŒáÃ§´Ö§¨ÐãªŒÊÓ ËÃÑº¡ÒÃ»ÃÐàÁÔ¹

»ÙÃººá¡ÍÍÃÒ¡¹ãéªãÐÅáæ¡çÅàÕÁÈÑÃÕÁèÕ·³ÇàÔÃº¹ã»ÙÃ¹éÖ¢ÃÒ¡µ¢àºÍ¢
é´ä¹Ò§¹éÔª§Í¢ºÑÅ¡ÇÑµ´Õ´ÃÒ¡ÁØ¤ºÇ¤Íè×¾à daeb §Í¢§ÒèÃ
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แหลงที่มา :

)margaid ecnaH( ซนาฮพาภนผแ  èÕ·èÁËãÍ×Á§Íè×Ã¤à¹ç»à
ÓÊéªã  Â´â §ÙÊ§Ãá§ç¢áÁÒÇ¤ÒéÅ¡¡çÅËà§Í¢»ÙÃ¹éÖ¢ÃÒ¡¹ÔÁàÐÃ»ÃÒ¡ºÑÃË

ÇÑµ×́ÂÃÒ¡Òè¤§ÒèÇËÐÃ¹ÒÊ¼ÁÊ¼èÕ·ÅÙÁÍé¢¹ç»àì«¹ÒÎ¾ÒÀ¹¼á¹ãÅÙÁÍé¢
ÓèÁÊ  àÊÁÍ (Uniform elongation) áÅÐ¤‹Ò¤ÇÒÁà¤ÃÕÂ´áµ¡ËÑ¡ 

 5 èÕ·»ÙÃ¹ã§´Êá§Ñ ́¹Ñ¡ÂÇé´Òé¢àØ´ÊÑÇ§Í¢ )noitagnole erutcarF(
ºÑ¡ÁÊÐÒÁËàéËãæ§Òèµ´Ã¡àÒéÅ¡¡çÅËàéªã¡Í×ÅàÃÒ¡¹ãÂÇèªÐé̈Õ¹¾ÒÀ¹¼á

 ì¾ÁÔ¾èÁáººá¡ÍÍÃÒ¡¹ãÒËÞÑ»¢äé¡áÂÇèª¶ÃÒÁÒÊ§ÑÂÐÅá»ÙÃ¹éÖ¢ÃÒ¡
¹ãèÙÂÍèÕ·Ø´ÊÑÇ¡Í×ÅàÃÇ¤ ¹Ò§¹éÔªºÍ¢§Í¢¡µáÃÒ¡´Ô¡à¹Ò§¹éÔªÒé¶Â´â

µÓ ÇÑµ´Í¤ÃÒ¡ºÑ¡ÇÂèÕ¡àÒËÞÑ»´Ô¡àÒé¶èµá ¾ÒÀ¹¼á¹ã¹éÖ¢§ÙÊèÕ·§è¹Ëá
¡Í×ÅàÂ´âé´ä¢äé¡á¶ÃÒÁÒÊ¹Ò§¹éÔª§Í¢Ò¹ËÁÒÇ¤§Í¢§Å´ÅÃÒ¡Í×ÃË

ÓµÕÁèÕ·Ø´ÊÑÇéªã  ¹éÖ¢¡ÒÁ¾ÒÀ¹¼á§Í¢Í×ÁÒÇ¢§Ò·»ä§è¹Ëá

]2[ ì«¹ÒÎ¾ÒÀ¹¼á§ÒèÂÍÇÑµ 5 èÕ·»ÙÃ
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