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º·¹íÒ

¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰ÍÒÈÑÂ¡ÒÃÊÑºà»ÅÕèÂ¹â¤Ã§ÊÃ‰Ò§¢Í§µÑÇ¤Çº¤ØÁÍÂˆÒ§ÃÇ´àÃçÇ ÃÐËÇˆÒ§¡®¡ÒÃ
¤Çº¤ØÁÁÒ¡¡ÇˆÒË¹Öè§áºº à¾×èÍ·íÒãË‰ÃÐºº¤Çº¤ØÁÁÕàÊ¶ÕÂÃÀÒ¾ ¢‰Í´Õ¢Í§¡ÒÃ¤Çº¤ØÁª¹Ô´¹Õé¤×Í ÃÐºº
¤Çº¤ØÁ¨ÐÅÙˆà¢‰ÒÊÙˆ¤ˆÒà»„ÒËÁÒÂä´‰ÃÇ´àÃçÇ áÅÐÊÒÁÒÃ¶¢¨Ñ´¼Å¢Í§¤ÇÒÁäÁˆá¹ˆ¹Í¹áººÊÍ´¤Å‰Í§à§×èÍ¹ä¢
¡ÒÃà¢‰Ò¤ÙˆãË‰ËÁ´ä»ä´‰ ¡®¡ÒÃ¤Çº¤ØÁ¨Ð¶Ù¡ÍÍ¡áººà¾×èÍ¡íÒË¹´ãË‰ÊÑÒ³¤Çº¤ØÁ¢ÑºÊ¶Ò¹Ð¢Í§ÃÐºº
à¢‰ÒÊÙˆ¾×é¹¼ÔÇÊÅÑº áÅÐà¤Å×èÍ¹·ÕèÅ×è¹äËÅä»º¹¾×é¹¼ÔÇÊÅÑº¹Ñé¹ ã¹ºÒ§¤ÃÑé§àÃÕÂ¡¡ÒÃ¤Çº¤ØÁª¹Ô´¹ÕéÇˆÒ¡ÒÃ¤Çº
¤ØÁÅ×è¹äËÅ (sliding mode control) ã¹¢³Ð·ÕèÊ¶Ò¹Ð¢Í§ÃÐºº¡íÒÅÑ§à¤Å×èÍ¹·ÕèÅ×è¹äËÅº¹¾×é¹¼ÔÇÊÅÑº
(switching surface) ¡®¡ÒÃ¤Çº¤ØÁ¨ÐÊÑºà»ÅÕèÂ¹â¤Ã§ÊÃ‰Ò§ä»ÁÒÍÂˆÒ§ÃÇ´àÃçÇ ·íÒãË‰à¡Ô´ÊÑÒ³¤ÇÒÁ¶ÕèÊÙ§
à¢‰ÒÊÙˆÃÐºº (chattering) â´ÂÊÑÒ³¤Çº¤ØÁ¹ÕéÍÒ¨ä»¡ÃÐµØ‰¹ÃÐººÍÑ¹´ÑºÊÙ§·ÕèäÁˆä´‰¹íÒÁÒÍÍ¡áººËÃ×Í¶Ù¡
»ÃÐÁÒ³äÇ‰ ·íÒãË‰¼Å¡ÒÃ¤Çº¤ØÁäÁˆà»“¹ä»µÒÁµ‰Í§¡ÒÃ áµˆ¶‰Òãª‰¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒ
äÁˆµˆÍà¹×èÍ§ÁÒ¤Çº¤ØÁÃÐºº ÊÑÒ³¤Çº¤ØÁ¹Õé¨Ð¶Ù¡¤§¤ˆÒäÇ‰ã¹ªˆÇ§¤Òº¡ÒÃ¤Çº¤ØÁ àÁ×èÍàÃÒ¡íÒË¹´¤ÇÒÁ¶Õè
ã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁãË‰µíèÒÅ§ ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§·Õèà¢‰ÒÊÙˆÃÐºº¡ç¨ÐÁÕ¤ˆÒµíèÒÅ§ä´‰

»’¨¨ØºÑ¹á¢¹ËØˆ¹Â¹µŒáººÍˆÍ¹µÑÇ ä´‰ÃÑº¤ÇÒÁÊ¹ã¨¹íÒÁÒãª‰á·¹á¢¹ËØˆ¹Â¹µŒáººá¢ç§à¡Ãç§ÁÒ¡¢Öé¹
à¹×èÍ§¨Ò¡ÁÕ¹íéÒË¹Ñ¡àºÒ à¤Å×èÍ¹·ÕèàÃçÇ áÅÐãª‰¾ÅÑ§§Ò¹ã¹¡ÒÃ¢Ñºà¤Å×èÍ¹¹‰ÍÂ áµˆàÁ×èÍà»ÅÕèÂ¹
ÁÇÅÀÒÃÐËÃ×ÍÃÐÂÐ¢Í§ÁÇÅÀÒÃÐ ¾ºÇˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¹Õéà»“¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò
¤Ùˆ ·íÒãË‰äÁˆÊÒÁÒÃ¶¢¨Ñ´¤ÇÒÁäÁˆá¹ˆ¹Í¹´Ñ§¡ÅˆÒÇâ´Â¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áºº·ÑèÇæä»ä´‰ ´Ñ§¹Ñé¹
¨Ö§¾Ô¨ÒÃ³Ò¢Íºà¢µàÊ¶ÕÂÃÀÒ¾¢Í§ÃÐºº·Õèà¡Ô´¨Ò¡¤ÇÒÁäÁˆá¹ˆ¹Í¹´‰ÇÂ ÊÑÒ³¤Çº¤ØÁ¢Í§¡ÒÃ¤Çº
¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰¨Ðãª‰¡ÒÃ»„Í¹¡ÅÑºÊ¶Ò¹Ð·Ñé§ËÁ´¢Í§ÃÐºº «Öè§äÁˆÊÒÁÒÃ¶ÇÑ´ä´‰·Ñé§ËÁ´¨Ò¡ÃÐºº
á¢¹¡ÅáººÍˆÍ¹µÑÇ ã¹¡ÒÃÍÍ¡áºº¨Ö§ãª‰µÑÇÊÑ§à¡µÊ¶Ò¹Ðà¾×èÍÊÃ‰Ò§Ê¶Ò¹ÐãË‰¡ÑºµÑÇ¤Çº¤ØÁ ¶‰Ò¤ÇÒÁ¶Õè
ã¹¡ÒÃÇÑ´¤ˆÒÊÑÒ³ãË‰µÑÇÊÑ§à¡µÊ¶Ò¹ÐÁÕ¤ˆÒÁÒ¡ ¨Ð·íÒãË‰µÑÇÊÑ§à¡µÊÃ‰Ò§Ê¶Ò¹Ð¢Í§ÃÐººä´‰¶Ù¡µ‰Í§ÁÒ¡
¢Öé¹ ´Ñ§¹Ñé¹ã¹¡ÒÃÍÍ¡áºº¨Ð¡íÒË¹´ãË‰¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³¢Í§µÑÇÊÑ§à¡µÁÒ¡¡ÇˆÒ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§
ÊÑÒ³¤Çº¤ØÁ

1.1 §Ò¹ÇÔ¨ÑÂ·Õè¼ˆÒ¹ÁÒ

¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰ÃÔàÃÔèÁâ´Â¹Ñ¡ÇÔ¨ÑÂªÒÇÊËÀÒ¾â«àÇÕÂµã¹ÂØ¤ 1950 áÅÐä´‰¾Ñ²¹ÒÇÔ¸Õ¡ÒÃÍÍ¡
áººàÃ×èÍÂÁÒ ·Ñé§ÊíÒËÃÑºÃÐººàªÔ§àÊ‰¹ ÃÐººäÁˆàªÔ§àÊ‰¹ ÃÐººËÅÒÂÍÔ¹¾ØµËÅÒÂàÍÒ·Œ¾Øµ áÅÐÃÐººàÇÅÒ
äÁˆµˆÍà¹×èÍ§ à»“¹µ‰¹ ¢‰Í´Õ·Õèà´ˆ¹ªÑ´¢Í§¡ÒÃ¤Çº¤ØÁª¹Ô´¹Õé¤×ÍãË‰¼ÅµÍº·ÕèÃÇ´àÃçÇ áÅÐÊÒÁÒÃ¶¢¨Ñ´¤ÇÒÁ
äÁˆá¹ˆ¹Í¹àªÔ§¾ÒÃÒÁÔàµÍÃŒ (ËÃ×Í¤ÇÒÁäÁˆá¹ˆ¹Í¹áººÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ) ÍÍ¡ä´‰ÍÂˆÒ§ÊÁºÙÃ³Œ
[1, 2] ã¹¢³Ð·ÕèÊ¶Ò¹Ð¢Í§ÃÐºº¡íÒÅÑ§Å×è¹äËÅº¹¾×é¹¼ÔÇÊÅÑº µÑÇ¤Çº¤ØÁ¨ÐÊÑºà»ÅÕèÂ¹â¤Ã§ÊÃ‰Ò§ÃÇ´àÃçÇ ·íÒ
ãË‰à¡Ô´ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§à¢‰ÒÊÙˆÃÐºº ¨Ò¡§Ò¹ÇÔ¨ÑÂ·Õè¼ˆÒ¹ÁÒä´‰ÁÕ¡ÒÃàÊ¹ÍÇÔ¸Õá¡‰ä¢â´Â ¡ÒÃ»ÃÐÁÒ³
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¿’§¡ŒªÑ¹ÊÅÑºãË‰µˆÍà¹×èÍ§ [3, 4] â´Â¨Ðãª‰¿’§¡ŒªÑ¹ÍÔèÁµÑÇ (saturation function) à¢‰ÒÁÒá·¹¡ÒÃà»ÅÕèÂ¹á»Å§
áºº¢Ñé¹ (step function) ÇÔ¸Õ¹Õé¨ÐÊÒÁÒÃ¶ªˆÇÂá¡‰»’ËÒÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§ä´‰ áµˆ¨ÐäÁˆ·íÒãË‰à¡Ô´¡ÒÃ
Å×è¹äËÅº¹¾×é¹¼ÔÇÊÅÑº à¾ÃÒÐ¶‰Òãª‰¿’§¡ŒªÑ¹ÊÅÑº·ÕèÁÕ¤ÇÒÁµˆÍà¹×èÍ§¨Ðà¡Ô´¢Íºà¢µ¡ÒÃÅ×è¹äËÅÃÍº¾×é¹¼ÔÇÊÅÑº
(boundary layer) ¢Öé¹á·¹ àÁ×èÍ¹íÒ¡ÒÃ¤Çº¤ØÁä»»ÃÐÂØ¡µŒãª‰¨ÃÔ§ ¼Å¡ÒÃ¤Çº¤ØÁÍÒ¨ÁÕ¡ÒÃá¡Çˆ§ÍÂÙˆã¹
¢Íºà¢µ¡ÒÃÅ×è¹äËÅ´‰ÇÂ¤ÇÒÁ¶ÕèµíèÒà¹×èÍ§¨Ò¡¾ÅÇÑµ·ÕèäÁˆä´‰ÍÍ¡áººËÃ×Í¶Ù¡»ÃÐÁÒ³äÇ‰ µˆÍÁÒ Richter áÅÐ
Misawa [13] ä´‰¾ÔÊÙ¨¹ŒÇˆÒÀÒÂã¹¢Íºà¢µ¡ÒÃÅ×è¹äËÅÁÕàÊ¶ÕÂÃÀÒ¾ áÅÐä´‰àÊ¹ÍãË‰ãª‰µÑÇ¡ÃÍ§ÊÑÒ³Í‰Ò§
ÍÔ§ ( ��� Generator) à¾×èÍÅ´¡ÒÃ¡ÃÐªÒ¡ÊÑÒ³¤Çº¤ØÁã¹ªˆÇ§¼ÅµÍºÊ¹Í§ªÑèÇ¤ÃÙˆ

ÇÔ¸Õ¡ÒÃá¡‰»’ËÒÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§ÍÕ¡ÇÔ¸ÕË¹Öè§¤×Í ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹
ä´‰â´ÂÍÒÈÑÂ¡®¡ÒÃà¢‰Ò¶Ö§ àÊ¹Íâ´Â Gao áÅÐ Hung [5] ¡®¡ÒÃà¢‰Ò¶Ö§¹Õé¨ÐªˆÇÂãË‰¼Ù‰ÍÍ¡áºº
ÊÒÁÒÃ¶¡íÒË¹´ÅÑ¡É³Ð¡ÒÃÅÙˆà¢‰Ò¾×é¹¼ÔÇÊÅÑºä´‰§ˆÒÂ áÅÐÃÑº»ÃÐ¡Ñ¹¡ÒÃ·íÒãË‰Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ
¾×é¹¼ÔÇÊÅÑºä´‰ã¹àÇÅÒ¨íÒ¡Ñ´ ã¹µÍ¹·‰ÒÂä´‰ÁÕ¡ÒÃ¨íÒÅÍ§ÍÍ¡áººµÑÇ¤Çº¤ØÁãË‰¡ÑºÃÐººá¢¹ËØˆ¹áººá¢ç§
á¡Ãç§ÊÍ§¢‰ÍµˆÍ «Öè§à»“¹ÃÐººäÁˆàªÔ§àÊ‰¹ ¨Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇˆÒ¡ÒÃ¡íÒË¹´ÅÑ¡É³Ð¡ÒÃÅÙˆà¢‰Ò¾×é¹¼ÔÇÊÅÑº
¨ÐÊˆ§¼ÅµˆÍ¢¹Ò´¢Í§ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§ ´Ñ§¹Ñé¹ã¹¡ÒÃÍÍ¡áºº¨ÐÊÒÁÒÃ¶ËÅÕ¡àÅÕèÂ§ÊÑÒ³¤Çº
¤ØÁ¤ÇÒÁ¶ÕèÊÙ§ä´‰¨Ò¡¡ÒÃ¡íÒË¹´¾ÒÃÒÁÔàµÍÃŒ¢Í§¡®¡ÒÃà¢‰Ò¶Ö§ÍÕ¡´‰ÇÂ

Gao áÅÐ¤³Ð ä´‰¾Ñ²¹Ò¡®¡ÒÃà¢‰Ò¶Ö§à¾×èÍ¹íÒÁÒ»ÃÐÂØ¡µŒãª‰¡Ñº¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áºº
àÇÅÒäÁˆµˆÍà¹×èÍ§ [6] ÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§ ÊÑÒ³¤Çº¤ØÁ¨Ð¶Ù¡
¤§¤ˆÒäÇ‰µÅÍ´¤Òº¡ÒÃ¤Çº¤ØÁ ·íÒãË‰äÁˆÊÒÁÒÃ¶¢ÑºÊ¶Ò¹Ð¢Í§ÃÐººãË‰à¤Å×èÍ¹·ÕèÅ×è¹äËÅÍÂÙˆº¹¾×é¹¼ÔÇÊÅÑºä´‰
µÅÍ´àÇÅÒ Gao ¨Ö§ä´‰¡íÒË¹´ÅÑ¡É³Ð¡ÒÃÅ×è¹äËÅº¹¾×é¹¼ÔÇÊÅÑº¢Í§ÃÐººàÇÅÒäÁˆµˆÍà¹×èÍ§¢Öé¹ àÃÕÂ¡ÇˆÒ
¡ÒÃÅ×è¹äËÅáººà¤Çä« (quasi sliding mode) â´Âã¹·Ø¡æ¤Òº¡ÒÃ¤Çº¤ØÁÊ¶Ò¹Ð¢Í§ÃÐºº¨Ðà¤Å×èÍ¹·Õè
¢‰ÒÁ¾×é¹¼ÔÇÊÅÑºä»ÁÒã¹¢Íºà¢µ¨íÒ¡Ñ´ áÅ‰Çà¤Å×èÍ¹·ÕèÅÙˆà¢‰ÒÊÙˆ¨Ø´ÊÁ´ØÅ ¢‰Í´Õ¢Í§¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã
¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§¤×Í ÊÒÁÒÃ¶ËÅÕ¡àÅÕèÂ§¡ÒÃÁÕÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§à¢‰ÒÊÙˆÃÐººä´‰ËÒ¡¼Ù‰ÍÍ¡
áºº¡íÒË¹´ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁäÁˆÊÙ§¨¹à¡Ô¹ä»

Hagiwara áÅÐ Araki ä´‰àÊ¹Í¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹Ð¢Í§ÃÐººâ´Â¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ÍÂˆÒ§ÃÇ´
àÃçÇ [7] â´Âã¹¤Òº¡ÒÃ¤Çº¤ØÁË¹Öè§ÃÍº ¨ÐÁÕ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ËÅÒÂæ¤ÃÑé§ à¾×èÍ¹íÒÁÒ¤íÒ¹Ç³
ËÒÊ¶Ò¹Ð¢Í§ÃÐºº µˆÍÁÒ Saaj áÅÐ¤³Ð [9] ä´‰¹íÒ¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹Ðª¹Ô´¹ÕéÁÒ»ÃÐÂØ¡µŒãª‰
¡Ñº¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§ ¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹Ðâ´ÂÇÔ¸Õ¹Õé ¨ÐäÁˆÁÕ¾ÅÇÑµã¹
¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹Ð (ãª‰ÊˆÇ¹¡ÅÑºàÁµÃÔ¡«Œ¤Ù³à¾ÕÂ§¤ÃÑé§à´ÕÂÇ) ªˆÇÂãË‰Å´¤ÇÒÁ«Ñº«‰Í¹â´ÂÃÇÁ¢Í§µÑÇ¤Çº
¤ØÁ ã¹¡ÒÃ¨íÒÅÍ§ ÃÐººÊÒÁÒÃ¶à¤Å×èÍ¹·Õèà¢‰ÒÊÙ§¨Ø´ÊÁ´ØÅä´‰ÃÇ´àÃçÇ áÅÐÊÒÁÒÃ¶¢¨Ñ´¼Å¨Ò¡¤ÇÒÁäÁˆ
á¹ˆ¹Í¹áººÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤ÙˆãË‰ËÁ´ä»ä´‰ ÍÂˆÒ§äÃ¡çµÒÁ ¶‰ÒÃÐºº·Õè·íÒ¡ÒÃÍÍ¡áººÁÕ¨íÒ¹Ç¹
Ê¶Ò¹ÐÁÒ¡ ¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹Ðâ´ÂÇÔ¸Õ¹Õé¨íÒà»“¹µ‰Í§ãª‰¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³¤ˆÍ¹¢‰Ò§ÁÒ¡ (àÁ×èÍà»ÃÕÂº
à·ÕÂº¡Ñº¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ) áÅÐ¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹Ðâ´ÂÇÔ¸Õ¹ÕéäÁˆàËÁÒÐ·Õè¨íÒä»»ÃÐÂØ¡µŒãª‰
¡ÑºÃÐºº¨ÃÔ§ à¾ÃÒÐµÑÇ»ÃÐÁÒ³Ê¶Ò¹Ðâ´ÂÇÔ¸Õ¹Õé¨ÐäÁˆÊÒÁÒÃ¶¡ÃÍ§ÊÑÒ³Ãº¡Ç¹áººÊØˆÁ¨Ò¡à¤Ã×èÍ§Á×Í
ÇÑ´ÍÍ¡ä´‰ ·íÒãË‰¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹Ð¼Ô´¾ÅÒ´áÅÐÍÒ¨Êˆ§¼ÅãË‰ÃÐºº¢Ò´àÊ¶ÕÂÃÀÒ¾ä´‰

µˆÍÁÒ Furuta áÅÐ Pan [10, 11] ä´‰àÊ¹ÍãË‰ãª‰à«¡àµÍÃŒÅ×è¹äËÅ á·¹¾×é¹¼ÔÇÊÅÑº ã¹
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¡ÒÃÍÍ¡áººÊíÒËÃÑºÃÐººàÇÅÒµˆÍà¹×èÍ§ ¨ÐÊÒÁÒÃ¶áºˆ§»ÃÔÀÙÁÔÊ¶Ò¹ÐÍÍ¡à»“¹ÊÍ§ÊˆÇ¹¤×Í ÊˆÇ¹·ÕèàÊ¶ÕÂÃ
(¹ÍÃŒÁ¢Í§Ê¶Ò¹ÐÊÒÁÒÃ¶Å´Å§ä´‰â´ÂäÁˆµ‰Í§ÁÕÊÑÒ³¤Çº¤ØÁ) áÅÐÊˆÇ¹·ÕèäÁˆàÊ¶ÕÂÃ (µ‰Í§ÁÕÊÑÒ³¤Çº
¤ØÁ ¨Ö§¨Ð·íÒãË‰ãË‰¹ÍÃŒÁ¢Í§Ê¶Ò¹ÐÅ´Å§ä´‰) àÁ×èÍÊ¶Ò¹Ð¢Í§ÃÐººÍÂÙˆã¹ÊˆÇ¹·ÕèàÊ¶ÕÂÃ ¢¹Ò´¹ÍÃŒÁ¢Í§
Ê¶Ò¹Ð¨ÐÁÕ¤ˆÒÅ´Å§ä´‰â´ÂäÁˆµ‰Í§ÁÕÊÑÒ³¤Çº¤ØÁÃÐºº áÅÐàÁ×èÍã´¡çµÒÁ·ÕèÊ¶Ò¹Ðà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆÊˆÇ¹·ÕèäÁˆ
àÊ¶ÕÂÃ ¨ÐÁÕÊÑÒ³¤Çº¤ØÁ¢ÑºãË‰Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆÊˆÇ¹·ÕèàÊ¶ÕÂÃÍÕ¡¤ÃÑé§ à¾×èÍËÅÕ¡àÅÕèÂ§¼Å
¢Í§ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§ Furuta áÅÐ Pan ä´‰¡íÒË¹´ãË‰ÁÕà«¡àµÍÃŒÊˆÇ¹ã¹áÅÐà«¡àµÍÃŒÊˆÇ¹¹Í¡¢Öé¹
â´Â¡íÒË¹´ãË‰ÁÕÊÑÒ³¤Çº¤ØÁÃÐººàÁ×èÍÊ¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·Õè¾‰¹¨Ò¡à«¡àµÍÃŒÊˆÇ¹¹Í¡áÅ‰Ç áÅÐ
ÊÑÒ³¤Çº¤ØÁ¹Õé¨Ð¢ÑºÊ¶Ò¹Ð¢Í§ÃÐºº¨¹¡ÃÐ·Ñè§Ê¶Ò¹Ðà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆà«¡àµÍÃŒÊˆÇ¹ã¹ ÊíÒËÃÑº¡ÒÃ
¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§â´Âà«¡àµÍÃŒÅ×è¹äËÅ ¡ç¨Ðãª‰ËÅÑ¡¡ÒÃà´ÕÂÇ¡Ñ¹¡Ñº¡ÒÃÍÍ¡
áºº¢Í§ÃÐººàÇÅÒµˆÍà¹×èÍ§ áµˆ¨ÐäÁˆÁÕ¡ÒÃ¡íÒË¹´à«¡àµÍÃŒÊˆÇ¹ã¹áÅÐÊˆÇ¹¹Í¡ à¾ÃÒÐ¨ÐäÁˆÁÕ»’ËÒ¨Ò¡
ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§¡Ñº¡ÒÃ¤Çº¤ØÁáººàÇÅÒäÁˆµˆÍà¹×èÍ§ ¡ÒÃ¨íÒÅÍ§ÃÐººä´‰¹íÒ¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§
¡ÅˆÒÇä»à»ÃÕÂºà·ÕÂº¡Ñº¡ÒÃ¤Çº¤ØÁáººàËÁÒÐÊÁ·ÕèÊØ´¡íÒÅÑ§ÊÍ§ (Linear Quadratic Control) ¼Å¡ÒÃ
¨íÒÅÍ§áÊ´§ãË‰àËç¹ÇˆÒ ¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰ª¹Ô´¹ÕéÊÒÁÒÃ¶¢ÑºãË‰Ê¶Ò¹Ðà¤Å×èÍ¹·Õè¶Ö§¨Ø´ÊÁ´ØÅä´‰
ÃÇ´àÃçÇ¡ÇˆÒ â´Â·Õèãª‰ÊÑÒ³¤Çº¤ØÁ¹‰ÍÂ¡ÇˆÒ

1.2 ¢Íºà¢µÇÔ·ÂÒ¹Ô¾¹¸Œ

1. ÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰·Õèãª‰µÑÇÊÑ§à¡µÊ¶Ò¹ÐÃÇ´àÃçÇÊíÒËÃÑºá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍ
à´ÕÂÇ·ÕèÁÕ
¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§¡Ñºà§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ

2. ¹íÒµÑÇ¤Çº¤ØÁ·Õè·íÒ¡ÒÃÍÍ¡áººä»»ÃÐÂØ¡µŒãª‰¡ÑºÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ

1.3 ¢Ñé¹µÍ¹¡ÒÃ´íÒà¹Ô¹§Ò¹

1. ÈÖ¡ÉÒ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰â´Âãª‰¡®¡ÒÃà¢‰Ò¶Ö§

2. ÈÖ¡ÉÒ¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Ñé§áººÊÍ´¤Å‰Í§áÅÐäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢
¡ÒÃà¢‰Ò¤Ùˆ

3. ÇÔà¤ÃÒÐËŒ¢Íºà¢µàÊ¶ÕÂÃÀÒ¾àÁ×èÍÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ

4. ÈÖ¡ÉÒÇÔ¸Õ¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹ÐáººÊØˆÁÊÑÒ³¢ÒÍÍ¡ÍÂˆÒ§ÃÇ´àÃçÇà»ÃÕÂºà·ÕÂº¡Ñº¡ÒÃãª‰µÑÇÊÑ§à¡µÊ¶Ò¹Ð

5. ÈÖ¡ÉÒªØ´·´ÅÍ§á¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ áÅÐ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹µˆÍÃÐºº

6. ÈÖ¡ÉÒÇÔ¸Õ¡ÒÃà¢ÕÂ¹â»Ãá¡ÃÁÀÒÉÒ«Õ áÅÐ¡ÒÃ·íÒ§Ò¹¢Í§¡ÒÃŒ´àª×èÍÁµˆÍ

7. ·´ÅÍ§¤Çº¤ØÁªØ´·´ÅÍ§á¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ â´Â¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰

8. ÊÃØ»§Ò¹ÇÔ¨ÑÂ·Õè·íÒ áÅÐ¢‰Í´Õ¢‰ÍàÊÕÂ¢Í§µÑÇ¤Çº¤ØÁ·ÕèàÊ¹Í¢Öé¹
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1.4 »ÃÐâÂª¹Œ·Õè¤Ò´ÇˆÒ¨Ðä´‰ÃÑº

1. ÇÔ¸ÕÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰ÊíÒËÃÑºÃÐºº·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§¡Ñºà§×èÍ¹
ä¢¡ÒÃà¢‰Ò¤Ùˆ

2. µÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰â´Âãª‰¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ÍÂˆÒ§ÃÇ´àÃçÇÊíÒËÃÑºªØ´·´ÅÍ§á¢¹¡ÅÍˆÍ¹
µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§¡Ñºà§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ

1.5 â¤Ã§ÊÃ‰Ò§ÇÔ·ÂÒ¹Ô¾¹¸Œ

ÇÔ·ÂÒ¹Ô¾¹¸Œ©ºÑº¹Õé ä´‰áºˆ§ÍÍ¡à»“¹ 7 º· ´Ñ§¹Õé

º··Õè 1 ¡ÅˆÒÇ¶Ö§º·¹íÒ ¤ÇÒÁà»“¹ÁÒáÅÐ¤ÇÒÁÊíÒ¤Ñ¢Í§»’ËÒ ¢Íºà¢µÇÔ·ÂÒ¹Ô¾¹¸Œ ¢Ñé¹µÍ¹¡ÒÃ
´íÒà¹Ô¹§Ò¹ áÅÐ»ÃÐâÂª¹Œ·Õè¤Ò´ÇˆÒ¨Ðä´‰ÃÑº

º··Õè 2 ¾Ô¨ÒÃ³Òáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§ÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ

º··Õè 3 ¡ÅˆÒÇ¶Ö§ª¹Ô´¢Í§¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡Ñº¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰ áÅÐÇÔà¤ÃÒÐËŒ¤ÇÒÁ
äÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡ÑºÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰Íµ̂Íà ṌÂÇ

º··Õè 4 Í¸ÔºÒÂÇÔ¸Õ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰â´Âãª‰¡®¡ÒÃà¢‰Ò¶Ö§ áÅÐµÑÇÊÑ§à¡µÊ¶Ò¹Ð

º··Õè 5 áÊ´§¡ÒÃ¾ÔÊÙ¨¹ŒàÊ¶ÕÂÃÀÒ¾àÁ×èÍÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ

º··Õè 6 áÊ´§ÇÔ¸Õ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰ÊíÒËÃÑºÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ
áÅÐ¼Å¡ÒÃ·´ÅÍ§

º··Õè 7 º·ÊÃØ» áÅÐ¢‰ÍàÊ¹Íá¹Ð



º··Õè 2

áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§á¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ

ÃÐººá¢¹ËØˆ¹Â¹µŒáººÍˆÍ¹µÑÇ¢‰ÍµˆÍà´ÕÂÇ»ÃÐ¡Íº´‰ÇÂ¤Ò¹áººÍˆÍ¹µÑÇ â´Â»ÅÒÂ´‰Ò¹Ë¹Öè§»ÅÒÂ¨ÐµˆÍÍÂÙˆ
¡ÑºÁÍàµÍÃŒáÅÐ¡Å‰Í§ÇÑ´áÊ§ ÊˆÇ¹ÍÕ¡´‰Ò¹Ë¹Öè§µˆÍ¡ÑºáËÅˆ§¡íÒà¹Ô´áÊ§ ÊÑÒ³¢ÒÍÍ¡·ÕèÇÑ´ä´‰¨Ò¡ÃÐºº
¤×Í ÁØÁ·Õèá¡¹ÁÍàµÍÃŒ áÅÐÃÐÂÐàºÕèÂ§àº¹¢Í§»ÅÒÂá¢¹¡Å ÊÑÒ³¤Çº¤ØÁÃÐºº¤×Í áÃ§´Ñ¹ä¿¿„Ò·Õè»„Í¹
ãË‰¡ÑºÁÍàµÍÃŒ·Õèá¡¹ËÁØ¹ ´Ñ§ÃÙ»·Õè 2.1

PSfrag replacements

¡Å‰Í§ÇÑ´áÊ§

¤Ò¹áººÍˆÍ¹µÑÇ

áËÅˆ§¡íÒà¹Ô´áÊ§

ÁÍàµÍÃŒ

ÃÙ»·Õè 2.1: á¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ

2.1 ÅÑ¡É³Ð¤Ø³ÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾¢Í§ÃÐºº

ã¹¡ÒÃËÒáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ ¨Ð¡íÒË¹´¤Ø³ÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾¢Í§ÃÐººá¢¹ËØˆ¹Â¹µŒ´Ñ§¹Õé

� ¤Ò¹ÁÕ¾×é¹·ÕèË¹‰ÒµÑ´¤§·ÕèµÅÍ´á¹Ç¤ÇÒÁÂÒÇ

� ¤ˆÒ¤ÇÒÁË¹Òá¹ˆ¹ÁÇÅµˆÍ¤ÇÒÁÂÒÇáÅÐ¤ˆÒ¤ÇÒÁÂ×´ËÂØˆ¹ÁÕ¤ˆÒ¤§·ÕèµÅÍ´á¹Ç¤ÇÒÁÂÒÇ à¹×èÍ§¨Ò¡·íÒ
¨Ò¡ÇÑÊ´Øª¹Ô´à´ÕÂÇ¡Ñ¹

� ÅÐàÅÂ¼Å¢Í§áÃ§à©×Í¹áÅÐ¤ÇÒÁà©×èÍÂàªÔ§¡ÒÃËÁØ¹ à¹×èÍ§¨Ò¡¶×ÍÇˆÒ¤ÇÒÁ¡Ç‰Ò§áÅÐ¤ÇÒÁË¹Ò¢Í§
¤Ò¹ÁÕ¤ˆÒ¹‰ÍÂàÁ×èÍà·ÕÂº¡Ñº¤ÇÒÁÂÒÇ

� ÁÇÅ·Õè»ÅÒÂ¤Ò¹¶×ÍÇˆÒà»“¹ÁÇÅáºº¨Ø´
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2.2 ¡ÒÃËÒáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ

à¹×èÍ§¨Ò¡áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ·Õèãª‰ºÃÃÂÒÂ¾ÄµÔ¡ÃÃÁ¡ÒÃà¤Å×èÍ¹·Õè¢Í§á¢¹ËØˆ¹Â¹µŒ ÍÂÙˆã¹ÃÙ»ÊÁ¡ÒÃ
àªÔ§Í¹Ø¾Ñ¹¸ŒÂˆÍÂ «Öè§¶‰ÒÁÍ§ã¹»ÃÔÀÙÁÔÊ¶Ò¹ÐáÅ‰Ç¨Ðà»“¹ÃÐººÁÔµÔÍ¹Ñ¹µŒ ·íÒãË‰ÂÒ¡µˆÍ¡ÒÃÍÍ¡áººµÑÇ¤Çº
¤ØÁ ´Ñ§¹Ñé¹àÃÒ¨Ð»ÃÐÁÒ³áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒãË‰ÍÂÙˆã¹ÃÙ»¢Í§ÃÐººÁÔµÔ¨íÒ¡Ñ´¡ˆÍ¹ áÅ‰Ç¨Ö§ÍÍ¡
áººµÑÇ¤Çº¤ØÁ¡Ñºáºº¨íÒÅÍ§¹Õé ·Ñé§¹Õé¡ÒÃ»ÃÐÁÒ³¨Ðµ‰Í§ÅÐàÍÕÂ´à¾ÕÂ§¾Í´‰ÇÂ à¾×èÍãË‰ä´‰¼Å¡ÒÃ·´ÅÍ§
·Õè´Õ áºº¨íÒÅÍ§·Õè¨Ðãª‰ã¹¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéä´‰ÁÒ¨Ò¡ [15] â´ÂÇÔ¸ÕªÔé¹»ÃÐ¡ÍºÍÑ¹µÐ
ÇÔ¸Õ¹ÕéÁÕ¢‰Í´Õ¤×Í µÑÇá»ÃÊ¶Ò¹Ð·Ø¡µÑÇ¨ÐÁÕ¤ÇÒÁËÁÒÂã¹·Ò§¡ÒÂÀÒ¾ ÍÂˆÒ§äÃ¡çµÒÁ¢‰ÍàÊÕÂ¤×Í¨ÐäÁˆÊÒÁÒÃ¶
áÊ´§Í§¤Œ»ÃÐ¡Íº¤ÇÒÁ¶Õè¸ÃÃÁªÒµÔ¢Í§á¢¹¡Åä´‰

¾Ô¨ÒÃ³Òá¢¹ËØˆ¹Â¹µŒà»“¹ � ·ˆÍ¹ ´Ñ§ÃÙ»·Õè 2.2

PSfrag replacements
Node 


Node
��� 


�� � �� �
�

ÃÙ»·Õè 2.2: ¾Ô¡Ñ´·Ñé§ËÁ´·Õèà»“¹Ê¶Ò¹Ð¢Í§áºº¨íÒÅÍ§

ãË‰ � ¤×ÍÁØÁ·ÕèËÁØ¹ä»¢Í§á¡¹ËÁØ¹�
	 ¤×ÍâÁàÁ¹µŒ¤ÇÒÁà©×èÍÂ¢Í§á¡¹ËÁØ¹áÅÐÁÍàµÍÃŒ� ¤×Í¤ÇÒÁÂÒÇ¢Í§á¢¹ËØˆ¹Â¹µŒ��
=

 � � 9 �� ����� �����
àÁ×èÍÁÍàµÍÃŒà¤Å×èÍ¹·Õè¨Ðä´‰¾ÅÑ§§Ò¹¨Å¹Œ¢Í§á¡¹ËÁØ¹¤×Í �� �
	��� � áÅÐªÔé¹ÊˆÇ¹·ˆÍ¹·Õè � ¨Ðà¤Å×èÍ¹·Õèä»

à»“¹ÃÐÂÐ·Ò§ � � � � 
 � �� � � 
 �� ´Ñ§¹Ñé¹¾ÅÑ§§Ò¹¨Å¹ŒáÅÐ¾ÅÑ§§Ò¹ÈÑ¡ÂŒ·Ñé§ËÁ´¢Í§á¢¹ËØˆ¹Â¹µŒ¤×Í� � 

9

 ��	��� � ��� �� � �� ��! �#"$%� �� � �� ��! �& � 

9 � � "' � (2.1)

àÁ×èÍ "$ áÅÐ "' ¤×ÍàÁµÃÔ¡«ŒÁÇÅáÅÐàÁµÃÔ¡«Œ¤ÇÒÁá¢ç§µÖ§µÒÁÅíÒ´Ñº áÅÐ � ¤×ÍÃÐÂÐ·Õè»ÅÒÂ¢Í§á¢¹¡Å
à¤Å×èÍ¹·Õèä»¨Ò¡¨Ø´ÊÁ´ØÅ ¡íÒË¹´ãË‰¾ÅÇÑµ¢Í§ÃÐººà»“¹ � áÅÐ � � ¨Ò¡ÅÒ¡ÃÍ§à¨ÕÂ¹ (Lagrangian) ¢Í§
ÃÐºº ( � �*)+& ¨Ðä´‰ÊÁ¡ÒÃ¾ÅÇÑµ¢Í§ÃÐºº´Ñ§¹Õé,,.-0/ , (, �21 ) , (, � � � �
	3� �� � "$ ��  54� � �� � "$ 4� � �76,,8-0/ , (, �� � 1 ) , (, �� � � "$ �� 4� � "$ 4� � � "' � � � �

(2.2)
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¾Ô¨ÒÃ³Ò¾ÅÇÑµ¢Í§ÁÍàµÍÃŒ â´ÂÁÕÊÑÒ³à¢‰Òà»“¹áÃ§´Ñ¹ä¿¿„Ò ã¹·Õè¹ÕéÁÍàµÍÃŒ·Õèãª‰à»“¹ÁÍàµÍÃŒ¡ÃÐáÊµÃ§
áºº¤Çº¤ØÁ´‰ÇÂÍÒÃŒàÁà¨ÍÃŒ ¶‰Ò¤Ô´ÇˆÒ¤ÇÒÁàË¹ÕèÂÇ¹íÒÍÒÃŒàÁà¨ÍÃŒÁÕ¤ˆÒ¹‰ÍÂ¨¹ÊÒÁÒÃ¶ÅÐàÅÂä´‰ ¨Ðä´‰� � ��� ���*� '�� '	� ��6 � '�
 '	� ��� � ) ' 
 ' � ' ��� � �� � '�
 '	�� � � (2.3)

â´Â·Õè � ¤×Í áÃ§´Ñ¹à¢‰ÒÁÍàµÍÃŒ� � ¤×Í ¡ÃÐáÊÍÒÃŒàÁà¨ÍÃŒ��� ¤×Í ¤ÇÒÁµ‰Ò¹·Ò¹ÍÒÃŒàÁà¨ÍÃŒ'�
 ¤×Í ¤ˆÒ¤§µÑÇ¢Í§áÃ§ºÔ´' � ¤×Í ¤ˆÒ¤§µÑÇ¢Í§áÃ§à¤Å×èÍ¹ä¿¿„ÒÂ‰Í¹¡ÅÑº'	� ¤×Í ÍÑµÃÒÊˆÇ¹à¡ÕÂÃŒ
¡íÒË¹´ãË‰ �� ¤×Í � 	 � �� � "$ ��$ ¤×Í "$ ��
¨Ò¡ÊÁ¡ÒÃ (2.2) áÅÐ (2.3) ÊÒÁÒÃ¶¨Ñ´ÃÙ»ãËÁˆä´‰´Ñ§¹Õé� �� $ �$ "$ � � 4� 4� � � �

����������������� �
� � � � �� �� � � � �

� �
� "' � � � � � � � � � � � �� �

� � � (2.4)

¡íÒË¹´ãË‰�  � $ �$ "$ �! � �#"$% �  � ) $ � "$  � $   � )   �� $ � � "$ ) $   �� $ �   �) "$  � $ � �� ) $ � "$  � $   � � "$ ) $   �� $ �   � &(')+*� �
� ,- . �

(2.5)

´Ñ§¹Ñé¹¨Ò¡ÊÁ¡ÒÃ (2.4) áÅÐ (2.5) ¨Ðä´‰ÇˆÒ� 4� 4� � � � '�
 '/� ' ��� � �
� �- � � � �� �� � � � �

� , "'
� . "' � � � � � � � '�
 '��� � �

� - � �
ËÃ×Í

"$$$$%
�� �� �4� 4� �
&('''') � "$$$$$%

� � ��0 � 
 � �10 �
� � ��0 � �  � 0 �
� ) , "' ) � � �2������� � � � �10 �
� )3. "' ) ����� � ����� � - � �10 �

&(''''') "$$$$%
� � ��� �� � &('''')

� ' 
 ' ���� "$$$$%
�
� ��0 �
� - &('''') �

´Ñ§¹Ñé¹¨Ðä´‰ÊÁ¡ÒÃÊ¶Ò¹Ð·ÕèÍÂÙˆã¹ÃÙ»áºº �3 � 4�3 �65879 � :?3
â´Â·Õè 3 = ; � � � �� �� �=< � ¤×ÍàÇ¡àµÍÃŒ¢Í§µÑÇá»ÃÊ¶Ò¹Ð9 ¤×ÍµíÒáË¹ˆ§¢Í§»ÅÒÂá¢¹ËØˆ¹Â¹µŒ� ¤×ÍÁØÁ¢Í§ÁÍàµÍÃŒ â´Â¤Ô´¨Ò¡¾Ô¡Ñ´·ˆÍ¹áÃ¡� � ¤×ÍÃÐÂÐ·Õèàº¹ä»¨Ò¡á¡¹ÁÍàµÍÃŒ¢Í§áµˆÅÐ·ˆÍ¹
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4 �
"$$$$$$%
� � ��0 � 
 � ��0 �
� � ��0 � �  � 0 �
�   �� $ � � "$ ) $   �� $   � "' ) � �� ) $ � "$  � $   � � � ��������� � � ��0 �
� ) � "$ ) $   �� $ �   � � �� ) $ � "$ $   � ��������������� � ��0 �

& '''''')
5 �

"$$$$$$%
�

� � 0 �� � � �� � � �� ) $ � "$  � $   �) ����� ���� "$  � $7� �� ) $ � "$  � $   �
&('''''')

: � ; 
 � �10 �  � �� � ��0 � � � <
2.3 ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§áºº¨íÒÅÍ§

¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇÊíÒËÃÑºáºº¨íÒÅÍ§·Õèãª‰ã¹§Ò¹ÇÔ¨ÑÂ ´Ñ§¹Õé

� ÁÍ´ÙÅÑÊ¢Í§ÂÑ§ � �09������ 
�������!  �
� âÁàÁ¹µŒ¤ÇÒÁà©×èÍÂàªÔ§¾×é¹·ÕèË¹‰ÒµÑ´¢Í§á¢¹ËØˆ¹Â¹µŒ  � ��� 9�9
	�� 
��  ��� !�
� ÁÇÅµˆÍË¹ˆÇÂ¤ÇÒÁÂÒÇ¢Í§á¢¹ËØˆ¹Â¹µŒ � �0���1
<�<+< (*)�!  �
� âÁàÁ¹µŒ¤ÇÒÁà©×èÍÂ¢Í§á¡¹Êˆ§¡íÒÅÑ§áÅÐ¡Å‰Í§àÁ×èÍÁÍ§¨Ò¡´‰Ò¹âËÅ´ � 	 �09�� 
�  � (�)+! �
� ¤ÇÒÁÂÒÇ¢Í§á¢¹ËØˆ¹Â¹µŒ (à»ÅÕèÂ¹á»Å§ä´‰) � ����� �� !
� ÁÇÅ¢Í§ËÅÍ´ä¿áÅÐâËÅ´ (à»ÅÕèÂ¹á»Å§ä´‰) $ �����1
� (*)

� ¤ˆÒ¤§·ÕèáÃ§ºÔ´·Õèá¡¹âÃàµÍÃŒ '/
 ��� � 	���� 
��  � ��!��  �
� ¤ˆÒ¤§·ÕèáÃ§´Ñ¹ back emf

' � ��� � 	���� 
��  �����
� ÍÑµÃÒ¡ÒÃ·´ÃÍº¢Í§à¡ÕÂÃŒ ' � �����
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¤ÇÒÁäÁˆá¹ˆ¹Í¹¢Í§ÃÐººáÅÐà§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ

»’¨¨ØºÑ¹ä´‰ÁÕ¡ÒÃ¹íÒ·ÄÉ®Õ¤Çº¤ØÁä»»ÃÐÂØ¡µŒãª‰¡Ñº§Ò¹¤Çº¤ØÁÁÒ¡ÁÒÂ ÊÔè§·ÕèËÅÕ¡àÅÕèÂ§äÁˆä´‰àÁ×èÍ¹íÒµÑÇ¤Çº
¤ØÁä»ãª‰§Ò¹¨ÃÔ§¤×Í¤ÇÒÁäÁˆá¹ˆ¹Í¹µˆÒ§æ·ÕèÍÒ¨à¡Ô´¢Öé¹¡ÑºÃÐºº ¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰¨Ðáºˆ§
¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡ÑºÃÐººÍÍ¡à»“¹ÊÍ§ª¹Ô´¤×Í ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ
áÅÐ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ

3.1 à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ

¨Ò¡§Ò¹ÇÔ¨ÑÂ·Õè¼ˆÒ¹ÁÒ ¢‰Í´Õ·Õèà´ˆ¹ªÑ´¢Í§¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰¤×ÍÊÒÁÒÃ¶¢¨Ñ´¤ÇÒÁäÁˆá¹ˆ¹Í¹
áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤ÙˆÍÍ¡ä´‰ÍÂˆÒ§ÊÁºÙÃ³Œ

¹ÔÂÒÁ 3.1 ¾Ô¨ÒÃ³Ò¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡ÑºÃÐºº·ÕèÁÕÊÁ¡ÒÃÊ¶Ò¹ÐáÊ´§´Ñ§¹Õé�3�� � 4 ��� 4 
 3 �6587 � � � - 
 (3.1)

àÁ×èÍ � 4 áÅÐ � � - 
 ¤×Í¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡ÑºÃÐººà¹×èÍ§¨Ò¡ ¤ÇÒÁ¼Ô´¾ÅÒ´¢Í§áºº¨íÒÅÍ§ áÅÐ
ÊÑÒ³Ãº¡Ç¹¨Ò¡ÀÒÂ¹Í¡ µÒÁÅíÒ´Ñº ¤ÇÒÁäÁˆá¹ˆ¹Í¹´Ñ§¡ÅˆÒÇ¨ÐÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ¡çµˆÍàÁ×èÍ

� 4 � 5�� "4 áÅÐ � � - 
 � 5�� "� � - 
 (3.2)

àÁ×èÍ "4 áÅÐ "� � - 
 à»“¹àÇ¡àµÍÃŒËÃ×Í¤ˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹ã´æ ·ÕèÁÕÁÔµÔàËÁÒÐÊÁ
¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰¨ÐÊÒÁÒÃ¶¢¨Ñ´¤ÇÒÁäÁˆá¹ˆ¹Í¹à©¾ÒÐáººÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò

¤Ùˆä´‰à·ˆÒ¹Ñé¹ à§×èÍ¹ä¢´Ñ§¡ÅˆÒÇ ÁÔä´‰à»“¹à§×èÍ¹ä¢·Õèà¢‰Á§Ç´ÁÒ¡àÊÕÂ¨¹·íÒãË‰äÁˆÊÒÁÒÃ¶ãª‰¡ÒÃ¤Çº¤ØÁª¹Ô´¹Õé
¡ÑºÃÐººã´æä´‰àÅÂ à¾ÃÒÐÃÐºº·Ò§¡ÅÊˆÇ¹ÁÒ¡¨ÐÁÕÊÁ¡ÒÃ¾ÅÇÑµáÊ´§´Ñ§¹Õé9����  � � � � �  � 9����  

� � � �� � � � � �9 � �	� 9 � 7 (3.3)

àÁ×èÍ 9 à»“¹¾ÅÇÑµ¢Í§ÃÐºº áÅÐ 7 à»“¹ÊÑÒ³¤Çº¤ØÁÃÐºº àÁ×èÍ¾Ô¨ÒÃ³Ò¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹µˆÍ
¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐºº ��
 � ���.�&� � �� � � ) 
 ¨Ðä´‰9 ���  � � � � � �  � ��� � �  � 
 9 ���  

� � � � �� � � � � ��� � � 
 �9 � � � � ��� � � 
 9 � 7 ��� 7
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àÁ×èÍ¡íÒË¹´ãË‰ 9 � 3 � ¨ÐÊÒÁÒÃ¶à¢ÕÂ¹à»“¹ÊÁ¡ÒÃÊ¶Ò¹ÐÃÙ»áºººÑÑµÔ¤Çº¤ØÁä´‰´Ñ§¹Õé
"$$$$$$$%
�3 ��3 �
...�3 �  ��3 �

& ''''''') �
"$$$$$$$%

� 
 � � � � �
� � . . . � �

� � � � � � 
) � � � ��� � � 
 ) � � � ��� � � 
 � � � ) � � �  � ��� � �  � 
 ) � � �  � � � � �  � 

& ''''''')
"$$$$$$$%
3 �
3 �
...

3 �  �3 �

& ''''''')
� "$$$$$$$%

�
�
...

�



& ''''''')
� 7 � � 7 


"$$$$$$$%
�3 ��3 �
...�3 �  ��3 �

&(''''''') �

"$$$$$$$$%
� 
 � �� � �
� � . . . � �
...

...

� � � �� � 
) �	� ) � � � �� ) � �  � ) � �  �
&('''''''')
"$$$$$$$%
3 �
3 �
...

3 �  �3 �

&(''''''')
� "$$$$$$$%

�
�
...

�
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� "$$$$$$$%
� � �� � � �
� � �� � � �
...

...
...

...

� � �� � � �) � �	� ) � � � �� � ) � � �  � ) � � �  �
&(''''''')
"$$$$$$$%
3 �
3 �
...

3 �  �3 �

&(''''''')
� "$$$$$$$%

�
�
...

�



&(''''''')
� 7

ËÃ×Í �3 � - 
 � 4�3 � - 
 ��5 7 � - 
 ��� 4�3 � - 
 �65 � 7 � - 
�3 � - 
 � 4�3 � - 
 ��5 7 � - 
 �65 � � "4 3 � - 
 � � 7 � - 
 
 (3.4)

â´Â·Õè
� "40� � ) � � � ) � � � � �� ) � � �  � ) � � �  � �¨Ò¡ (3.4) ¨ÐàËç¹ÇˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹·ÕèÍÒ¨à¡Ô´¢Öé¹¡ÑºÃÐºº (3.3) ¹Ñé¹¨ÐÍÂÙˆã¹ ���15�� ËÃ×ÍÊÍ´¤Å‰Í§à§×èÍ¹ä¢

¡ÒÃà¢‰Ò¤ÙˆàÊÁÍ áÅÐ¨ÐÊÒÁÒÃ¶¢¨Ñ´¤ÇÒÁäÁˆá¹ˆ¹Í¹àËÅˆÒ¹Ñé¹ãË‰ËÁ´ä»´‰ÇÂ¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰
[5] ¾Ô¨ÒÃ³ÒÊÑÒ³¤Çº¤ØÁ7 � - 
 � ) � 2 5 
  � � 2�4�3 � - 
 � 2 � 4�3 � - 
 � 2 5 � 7 � - 
 � (3.5)

â´Â·Õè 243 � � ¤×Í¾×é¹¼ÔÇÊÅÑº àÁ×èÍá·¹ÊÑÒ³¤Çº¤ØÁ (3.5) ã¹ÃÐºº·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººÊÍ´¤Å‰Í§
à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ (3.4) ¨Ðä´‰ �3 � - 
 � � 4 ) 5 � 2 5 
  � 2�4 
 3 � - 
 (3.6)
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¨Ò¡ÊÁ¡ÒÃ (3.6) ¨ÐàËç¹ä´‰ÇˆÒ ËÒ¡ÍÍ¡áººãË‰àÁµÃÔ¡«Œ 4 ) 5 � 2 5 
  � 2�4 àÊ¶ÕÂÃ ÃÐºº»„Í¹¡ÅÑº¨ÐÁÕàÊ¶ÕÂÃÀÒ¾
ÍÂˆÒ§äÃ¡çµÒÁ ÂÑ§ÁÕÃÐººã¹·Ò§»¯ÔºÑµÔºÒ§ª¹Ô´·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§¡Ñºà§×èÍ¹ä¢¡ÒÃ

à¢‰Ò¤Ùˆ áÊ´§â´ÂÊÁ¡ÒÃÊ¶Ò¹Ð´Ñ§¹Õé �3 � - 
 � � 4 � � 4 
 3 � - 
 �65 � 7 � - 
 � � 7 

â´Â·Õè � 4��� � � 5 
 àÁ×èÍá·¹ÊÑÒ³¤Çº¤ØÁ (3.5) Å§ä»ã¹ÃÐºº¨Ðä´‰�3 � - 
 � �3/� � 4 ) 5 � 2 5 
  � 2�4 
 3 � - 
 � � � 4 ) 5 � 2 5 
  � 2 � 4 
 3 � - 
 (3.7)

¨Ò¡ÊÁ¡ÒÃ (3.7) àËç¹ä´‰ÇˆÒ ¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰äÁˆÊÒÁÒÃ¶¢¨Ñ´¤ÇÒÁäÁˆá¹ˆ¹Í¹àËÅˆÒ¹ÕéãË‰ËÁ´
ä»ä´‰ àÁ×èÍ¤ÇÒÁäÁˆá¹ˆ¹Í¹àËÅˆÒ¹Õéà¢‰Òä»ÊÙˆÊ¶Ò¹Ð¢Í§ÃÐºº ¨Ð·íÒãË‰Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·ÕèÍÍ¡¨Ò¡¨Ø´
ÊÁ´ØÅ ÍÂˆÒ§äÃ¡çµÒÁ ËÒ¡µÑÇ¤Çº¤ØÁÁÕàÊ¶ÕÂÃÀÒ¾ ¡ç¨ÐÊÒÁÒÃ¶¢ÑºÊ¶Ò¹Ð¢Í§ÊÁ´ØÅãË‰à¢‰ÒÊÙˆ¨Ø´ÊÁ´ØÅä´‰
ÍÕ¡¤ÃÑé§ ·íÒãË‰Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·ÕèÍÂÙˆã¹¢Íºà¢µ¨íÒ¡Ñ´ (¢Öé¹ÍÂÙˆ¡Ñº¢¹Ò´¢Í§¤ÇÒÁäÁˆá¹ˆ¹Í¹) à¡Ô´à»“¹
¢Íºà¢µàÊ¶ÕÂÃÀÒ¾¢Öé¹

3.2 ÇÔà¤ÃÒÐËŒ¤ÇÒÁäÁˆá¹ˆ¹Í¹¢Í§ÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ

ã¹¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ¹Ñé¹àÅ×Í¡áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒâ´ÂÇÔ¸ÕÃÐàºÕÂºªÔé¹ÍÑ¹µÐâ´ÂÁÍ§á¢¹ËØˆ¹Â¹µŒ
à»“¹Ë¹Öè§·ˆÍ¹ [15] à¹×èÍ§¨Ò¡µÑÇá»ÃÊ¶Ò¹Ð¢Í§áºº¨íÒÅÍ§ª¹Ô´¹Õé¨ÐÁÕ¤ÇÒÁËÁÒÂ·Ò§¡ÒÂÀÒ¾·Ø¡µÑÇ
ÊÁ¡ÒÃÊ¶Ò¹Ð¢Í§ÃÐººáÊ´§´Ñ§¹Õé �3 � 4�3 �65879 � :?3 (3.8)

â´Â·Õè
3 � � ��� �� �� � �� ¤×Í ÁØÁ¢Í§ÁÍàµÍÃŒ (àÃà´ÕÂ¹)

� ¤×Í ÃÐÂÐàºÕèÂ§·Õè»ÅÒÂá¢¹¡Å (àÁµÃ)9 ¤×Í µíÒáË¹ˆ§àªÔ§ÁØÁ¢Í§âËÅ´ (àÃà´ÕÂ¹)7 ¤×Í áÃ§´Ñ¹·Õèà¢‰ÒÁÍàµÍÃŒ (âÇÅ·Œ)
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4 �
"$$$$%
� � 
 �
� � � 

� ' � �  	 )�' �� ' �� �  	 � � �
� )�' �  	 � $ � � 
 � $  	 � ' �� ' �� �  	 � � �

&('''')5 � ; � � '��3'	� �  	 � � ) � '�� '	� �  	 � � < �: �


 < � � ) � �

9 � � � �
�' � < � �

�$ �
���

��9�� $
� / 
��  � � � ) �&�  � ��

�
1 � $��

¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐºº·ÕèÊÀÒÇÐ¡ÒÃ·íÒ§Ò¹»Ã¡µÔáÊ´§´Ñ§¹Õé

� ¤ÇÒÁÂÒÇ¢Í§á¢¹ËØˆ¹Â¹µŒ � �0��� �� m

� ÃÐÂÐÁÇÅÀÒÃÐ (à»ÅÕèÂ¹á»Å§ä´‰) ���0��� �� m

� ÁÇÅ¢Í§ËÅÍ´ä¿áÅÐÁÇÅÀÒÃÐ (à»ÅÕèÂ¹á»Å§ä´‰) $ % �0���1
� kg

� ÁÇÅ¢Í§¤Ò¹ $ �.�&� ��	 kg

� ÁÍ´ÙÅÑÊ¢Í§ÂÑ§ � �09������ 
�� � Nm  �
� âÁàÁ¹µŒ¤ÇÒÁà©×èÍÂàªÔ§¾×è¹·ÕèË¹‰ÒµÑ´¢Í§á¢¹ËØˆ¹Â¹µŒ  � ��� 9�9
	�� 
��  ��� m 

� âÁàÁ¹µŒ¤ÇÒÁà©×èÍÂ¢Í§ÁÍàµÍÃŒ  	 ����� ���+< � kg �m � � s �
� ¤ÇÒÁµ‰Ò¹·Ò¹¢Í§¢´ÅÇ´âÃàµÍÃŒ � ���09 � 	��
� ¤ˆÒ¤§·ÕèáÃ§ºÔ´¢Í§á¡¹âÃàµÍÃŒ ' � ���*� 	 ��� 
� � N �m/A

� ÍÑµÃÒ·´ÃÍº¢Í§à¡ÕÂÃŒ ' � �����

d
m

mt

Ih

l

p

ÃÙ»·Õè 3.1: á¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ (ÁØÁÊÙ§)
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á¢¹ËØˆ¹Â¹µŒÁÕÅÑ¡É³Ð´Ñ§ÃÙ»·Õè 3.1 ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡ÑºÃÐºº¤×Í ÁÇÅÀÒÃÐ � $ % 
 à»ÅÕèÂ¹
á»Å§ÍÂÙˆÃÐËÇˆÒ§ ��� �+ ) ���1
� ¡ÔâÅ¡ÃÑÁ áÅÐµíÒáË¹ˆ§¢Í§ÁÇÅÀÒÃÐ � ��
 à»ÅÕèÂ¹á»Å§ÍÂÙˆÃÐËÇˆÒ§ ��� <�� ) ��� �� 
àÁµÃ ¼Å¨Ò¡¤ÇÒÁäÁˆá¹ˆ¹Í¹´Ñ§¡ÅˆÒÇ¨Ð·íÒãË‰ÊÁÒªÔ¡µÑÇ·Õè � <�� 9 
 áÅÐ � �&� 9 
 ¢Í§àÁµÃÔ¡«Œ 4 à»ÅÕèÂ¹
á»Å§ä» àÁ×èÍ¾Ô¨ÒÃ³ÒÃˆÇÁ¡ÑºàÁµÃÔ¡«Œ 5 ¨ÐàËç¹ä´‰ÇˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡ÑºÃÐººàÇÅÒµˆÍà¹×èÍ§¹ÕéäÁˆ
ÊÍ´¤Å‰Í§¡Ñºà§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ áÅÐàÁ×èÍ¼Ù‰ÍÍ¡áºº¤Çº¤ØÁáººÃÐººàÇÅÒäÁˆµˆÍà¹×èÍ§ ¨ÐÊˆ§¼ÅãË‰à¡Ô´¤ÇÒÁ
äÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ´‰ÇÂ [14] ´Ñ§¹Ñé¹µÑÇ¤Çº¤ØÁ¨ÐäÁˆÊÒÁÒÃ¶¢¨Ñ´¤ÇÒÁäÁˆá¹ˆ
¹Í¹ãË‰ËÁ´ä» ËÒ¡ãª‰¡ÒÃ¤Çº¤ØÁáºº¹Õé µ‰Í§ÂÍÁãË‰Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·Õèä´‰ÍÂÙˆã¹¢Íºà¢µ¨íÒ¡Ñ´ «Öè§
µ‰Í§ÁÕ¡ÒÃ¾Ô¨ÒÃ³Ò¢Íºà¢µàÊ¶ÕÂÃÀÒ¾¢Í§¡ÒÃ¤Çº¤ØÁ´‰ÇÂ
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¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰

¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰¨Ðáºˆ§¡ÒÃ¤Çº¤ØÁÍÍ¡ä´‰ 3 ÊˆÇ¹¤×Í ÊˆÇ¹¡ÒÃà¢‰Ò¶Ö§ ÊˆÇ¹¡ÒÃÅ×è¹äËÅ
áÅÐÊˆÇ¹ÊÀÒÇÐ¤§µÑÇ àÁ×èÍÊ¶Ò¹Ð¢Í§ÃÐººàÃÔèÁµ‰¹·Õè¨Ø´ã´æº¹»ÃÔÀÙÁÔÊ¶Ò¹Ð ¨ÐÁÕÊÑÒ³¤Çº¤ØÁ¢ÑºãË‰
Ê¶Ò¹Ð¹Ñé¹æà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ¾×é¹¼ÔÇÊÅÑº àÃÒàÃÕÂ¡¡ÒÃ·íÒ§Ò¹ÊˆÇ¹¹ÕéÇˆÒ ÊˆÇ¹¡ÒÃà¢‰Ò¶Ö§ ËÅÑ§¨Ò¡¹Ñé¹µÑÇ¤Çº
¤ØÁ¨ÐÊÑºà»ÅÕèÂ¹â¤Ã§ÊÃ‰Ò§ÍÂˆÒ§ÃÇ´àÃçÇ à¾×èÍãË‰Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·ÕèÅ×è¹äËÅä»º¹¾×é¹¼ÔÇÊÅÑºà¢‰ÒÊÙˆ¨Ø´
ÊÁ´ØÅ àÃÕÂ¡¡ÒÃ·íÒ§Ò¹ÊˆÇ¹¹ÕéÇˆÒ ÊˆÇ¹¡ÒÃÅ×è¹äËÅ áÅÐµÑÇ¤Çº¤ØÁ¨ÐÂÑ§¤§ÊÑºà»ÅÕèÂ¹â¤Ã§ÊÃ‰Ò§ÍÂÙˆàªˆ¹
¹Ñé¹ à¾×èÍãË‰Ê¶Ò¹Ð¢Í§ÃÐºº¤§ÍÂÙˆº¹¨Ø´ÊÁ´ØÅ àÃÕÂ¡¡ÒÃ·íÒ§Ò¹ÊˆÇ¹¹ÕéÇˆÒ ÊˆÇ¹ÊÀÒÇÐ¤§µÑÇ ¨Ò¡¡ÒÃ
·íÒ§Ò¹¢Í§ÊˆÇ¹¡ÒÃÅ×è¹äËÅ¹ÕéàÍ§ µÑÇ¤Çº¤ØÁ¨ÐÊÑºà»ÅÕèÂ¹â¤Ã§ÊÃ‰Ò§ÍÂˆÒ§ÃÇ´àÃçÇ ·íÒãË‰à¡Ô´ÊÑÒ³¤Çº
¤ØÁ¤ÇÒÁ¶ÕèÊÙ§à¢‰ÒÊÙˆÃÐºº ã¹§Ò¹ÍÍ¡áººµÑÇ¤Çº¤ØÁ ¼Ù‰ÍÍ¡áººÁÑ¡¨Ð¨íÒÅÍ§ÍÍ¡áººµÑÇ¤Çº¤ØÁ¡Ñºáºº
¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¡ˆÍ¹ «Öè§ÁÑ¡¨ÐÍ¸ÔºÒÂ¾ÅÇÑµµˆÒ§æ¢Í§ÃÐººä´‰äÁˆ¤Ãº¶‰Ç¹ áÅÐàÁ×èÍ¼Ù‰ÍÍ¡áºº¹íÒ
µÑÇ¤Çº¤ØÁ¹Õéä»ãª‰¡ÑºÃÐºº¨ÃÔ§ ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§¹Õé ÍÒ¨¨Ðä»¡ÃÐµØ‰¹ÃÐººÍÑ¹´ÑºÊÙ§·ÕèäÁˆä´‰ÍÍ¡
áººËÃ×Í¶Ù¡»ÃÐÁÒ³äÇ‰ Êˆ§¼ÅãË‰ÃÐººÁÕ¼Å¡ÒÃ¤Çº¤ØÁäÁˆà»“¹ä»µÒÁµ‰Í§¡ÒÃ ËÃ×ÍÍÒ¨¢Ò´àÊ¶ÕÂÃÀÒ¾ä´‰
ÃÙ»·Õè 4.1 áÊ´§¡ÒÃµÍºÊ¹Í§·Õè¤ÇÒÁ¶ÕèµˆÒ§æ¢Í§ÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ â´Âà»ÃÕÂºà·ÕÂº
ÃÐËÇˆÒ§áºº¨íÒÅÍ§·Õè»ÃÐÁÒ³á¢¹ËØˆ¹Â¹µŒà»“¹ 1 áÅÐ 3 ·ˆÍ¹
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ÃÙ»·Õè 4.1: ¡ÃÒ¿âºà´à»ÃÕÂºà·ÕÂºáºº¨íÒÅÍ§ÃÐºº·Õè»ÃÐÁÒ³á¢¹¡Åà»“¹ 1 áÅÐ 3 ·ˆÍ¹
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¨Ò¡ÃÙ»¨ÐàËç¹ÇˆÒ ¡ÒÃËÒáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ·ÕèÅÐàÍÕÂ´¢Öé¹ (»ÃÐÁÒ³á¢¹ËØˆ¹Â¹µŒà»“¹ 3

·ˆÍ¹) ¨ÐÁÕâËÁ´·ÕèµÍºÊ¹Í§µˆÍ¤ÇÒÁ¶ÕèÊÙ§à¾ÔèÁ¢Öé¹ÁÒ´‰ÇÂ ´Ñ§¹Ñé¹ ¼Ù‰ÍÍ¡áºº¨Ö§äÁˆ¤ÇÃÍÍ¡áººãË‰ÊÑÒ³
¤Çº¤ØÁÁÕ¤ÇÒÁ¶ÕèÊÙ§¨¹à¡Ô¹ä»

ã¹§Ò¹ÇÔ¨ÑÂ·Õè¼ˆÒ¹ÁÒ¡çä´‰ÁÕ¡ÒÃàÊ¹ÍÇÔ¸Õ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁà¾×èÍá¡‰ä¢»’ËÒ´Ñ§¡ÅˆÒÇ [3, 4, 5,

11] ÍÂˆÒ§äÃ¡ç´Õ ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§ÊÒÁÒÃ¶à¡Ô´ä´‰¡Ñº¡ÒÃ¤Çº¤ØÁÃÐººàÇÅÒµˆÍà¹×èÍ§à·ˆÒ¹Ñé¹ áµˆ¨Ð
äÁˆà¡Ô´¡Ñº¡ÒÃ¤Çº¤ØÁáººàÇÅÒäÁˆµˆÍà¹×èÍ§ â´Âà©¾ÒÐ¡Ñº¡ÒÃ¤Çº¤ØÁ´‰ÇÂ¤ÇÒÁ¶ÕèµíèÒ ´Ñ§¹Ñé¹ã¹§Ò¹ÇÔ¨ÑÂ¤ÃÑé§
¹Õé¨Ö§àÅ×Í¡ãª‰µÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§

4.1 ¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§

¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áºˆ§ÍÍ¡à»“¹ 2 ÊˆÇ¹¤×Í ¡ÒÃÍÍ¡áºº¾×é¹¼ÔÇÊÅÑº áÅÐ¡ÒÃ
ÍÍ¡áºº¡®¡ÒÃ¤Çº¤ØÁ
¾Ô¨ÒÃ³ÒÃÐººàÇÅÒµˆÍà¹×èÍ§äÁˆá»Ã¼Ñ¹µÒÁàÇÅÒ·ÕèáÊ´§â´ÂÊÁ¡ÒÃÊ¶Ò¹Ð´Ñ§¹Õé�3 � - 
 � 4�3 � - 
 ��5 7 � - 
9 � - 
 � :?3 � - 
 (4.1)

â´Â·Õè 4 ��� � 0 � � 5 ��� � 0 � áÅÐ : ��� �10 � àÁ×èÍÊØˆÁÃÐºº (4.1) ´‰ÇÂÍÑµÃÒÊØˆÁ 6 ¨Ðä´‰ÊÁ¡ÒÃÊ¶Ò¹ÐÃÐºº
àÇÅÒäÁˆµˆÍà¹×èÍ§ ´Ñ§¹Õé

3 � � � 
 � � �"3 � ��� ��� 7 � ���9 � ��� � :?3 � ��� (4.2)

ÊÁÁØµÔ°Ò¹àº×éÍ§µ‰¹ã¹¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ¤×Í ¡íÒË¹´ãË‰¤Ùˆ � � � � 
 ÊÒÁÒÃ¶¤Çº¤ØÁä´‰ áÅÐ¤Ùˆ � :?��� 

ÊÒÁÒÃ¶ÊÑ§à¡µä´‰

4.1.1 ¡ÒÃÍÍ¡áºº¾×é¹¼ÔÇÊÅÑº

¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰·ÑèÇä»¨Ð¡íÒË¹´¾×é¹¼ÔÇÊÅÑº ´Ñ§¹Õé

��� ��� �.243 � �*� � � 2 � ����� 2 � � "$$% 3 �...
3 �

&('') �.� (4.3)

¾×é¹¼ÔÇÊÅÑº¨Ðáºˆ§»ÃÔÀÙÁÔÊ¶Ò¹ÐÍÍ¡à»“¹ÊˆÇ¹æ ´Ñ§ÃÙ»·Õè 4.2 à¾×èÍ¡íÒË¹´ÊÑÒ³¤Çº¤ØÁ ã¹¡ÒÃÍÍ¡áºº
¾×é¹¼ÔÇÊÅÑº 2 ¨Ð·íÒ¡ÒÃá»Å§¤Å‰ÒÂãË‰ÃÐºº (4.2) ´Ñ§¹Õé�3 � ��� � � 3 � ��� (4.4)

à¾×èÍãË‰ÃÐººÁÕÃÙ»áººÊÁ¡ÒÃÊ¶Ò¹Ð´Ñ§¹Õé�3 � � � 
 � � � �3 � ��� � � 7 � ��� (4.5)
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PSfrag replacements
3 �

3 ���� ��� �.�

��� ����� �

��� ����� �

ÃÙ»·Õè 4.2: ¾×é¹¼ÔÇÊÅÑº ��� ���

â´Â·Õè

� �
�
� � � � � �
� � � � � � � � � �

"$$$$$%
�
...

�



&(''''') � �3 � ��� � � �3 � � ����3 � � ��� �
àÁ×èÍ � � � áÅÐ �3 � � ��� à»“¹»ÃÔÁÒ³Êà¡ÅÒÃŒ ´Ñ§¹Ñé¹¨Ðä´‰¾×é¹¼ÔÇÊÅÑºáÊ´§´Ñ§¹Õé

��� ��� � 2 �  � �3 � ��� ������ ��� � � "2 
 �
� �3 � � ����3 � � ��� � ��� (4.6)

¨Ñ´ÃÙ»ÊÁ¡ÒÃ·Õè (4.5) áÅÐ (4.6) ãËÁˆ ¨Ðä´‰�3 � � � � 
 � � � � � �3 � � ��� � � � � �3 � � ��� (4.7)�3 � � ��� � ) "2 �3 � � �*� (4.8)

àÁ×èÍá·¹ÊÁ¡ÒÃ (4.8) Å§ã¹ (4.7) áÅ‰Ç ¨Ðä´‰ÃÐººÅ´ÍÑ¹´ÑºáÊ´§â´ÂÊÁ¡ÒÃÊ¶Ò¹Ð´Ñ§¹Õé�3 � � � � 
 � � � � � � ) � � � "2 
 3 � � ��� (4.9)

¨Ò¡ÊÁ¡ÒÃ (4.9) ¨ÐàËç¹ä´‰ÇˆÒ àÃÒÊÒÁÒÃ¶ÇÒ§¢ÑéÇ¢Í§ÊˆÇ¹¡ÒÃÅ×è¹äËÅ¢Í§ÃÐººä´‰¶‰Ò¤Ùˆ � � � � � � � � 
 ÊÒÁÒÃ¶
¤Çº¤ØÁä´‰ ËÃ×Íà·ÕÂºà·ˆÒ¡Ñº¤Ùˆ ( � � � ) ÊÒÁÒÃ¶¤Çº¤ØÁä´‰¹Ñè¹àÍ§ ·Ñé§¹Õé ¢ÑéÇ¢Í§¡ÒÃÅ×è¹äËÅ¨Ð¡íÒË¹´
¤ÇÒÁàÃçÇ¢Í§Ê¶Ò¹Ð¢³Ðà¤Å×èÍ¹·ÕèÅ×è¹äËÅº¹¾×é¹¼ÔÇÊÅÑºà¢‰ÒÊÙˆ¨Ø´ÊÁ´ØÅ

4.1.2 ¡ÒÃÍÍ¡áºº¡®¡ÒÃ¤Çº¤ØÁ

¾×é¹¼ÔÇÊÅÑº¨ÐÁÕË¹‰Ò·Õèã¹¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§µÑÇ¤Çº¤ØÁ µÒÁ¡®¡ÒÃ¤Çº¤ØÁ àªˆ¹

7 � 3�
 � �� � 7 � àÁ×èÍ �+� ����� �7  àÁ×èÍ ��� ����� �
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¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§¨ÐäÁˆ¡ˆÍ»’ËÒÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§ à¹×èÍ§
¨Ò¡ÊÑÒ³¤Çº¤ØÁ¨Ð¶Ù¡¤§¤ˆÒäÇ‰ã¹ªˆÇ§¤Çº¡ÒÃ¤Çº¤ØÁ «Öè§´‰ÇÂ¨Ø´¹ÕéàÍ§ ¨Ð·íÒãË‰ÂÒ¡µˆÍ¡ÒÃÍÍ¡áººµÑÇ
¤Çº¤ØÁ·ÕèÊÒÁÒÃ¶¢ÑºãË‰Ê¶Ò¹Ð¢Í§ÃÐººÅ×è¹äËÅÍÂÙˆº¹¾×é¹¼ÔÇÊÅÑºä´‰µÅÍ´àÇÅÒ ´Ñ§¹Ñé¹ Gao ¨Ö§ä´‰¹ÔÂÒÁ
¡ÒÃÅ×è¹äËÅ¢Í§¡ÒÃ¤Çº¤ØÁáººàÇÅÒäÁˆµˆÍà¹×èÍ§¢Öé¹

¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§¨ÐÊÍ´¤Å‰Í§¡Ñºà§×èÍ¹ä¢µˆÍä»¹Õé [6]

1. Ê¶Ò¹Ð¢Í§ÃÐººÊÒÁÒÃ¶à¢‰Ò¶Ö§¾×é¹¼ÔÇÊÅÑºä´‰ã¹àÇÅÒ¨íÒ¡Ñ´ã¹·Ø¡æ¨Ø´àÃÔèÁµ‰¹

2. àÁ×èÍÊ¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·Õè¢‰ÒÁ¾×é¹¼ÔÇÊÅÑº¤ÃÑé§áÃ¡áÅ‰Ç ¨Ðà¤Å×èÍ¹·Õè¢‰ÒÁ¾×é¹¼ÔÇÊÅÑº¡ÅÑºä»ÁÒÍÕ¡
·Ø¡æ¤Òº¡ÒÃÊØˆÁ

3. ã¹ÃÐËÇˆÒ§¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¾×é¹¼ÔÇÊÅÑºä»ÁÒ ¢¹Ò´¢Í§ ��� ¨ÐÁÕ¤ˆÒÍÂÙˆã¹¢Íºà¢µ¨íÒ¡Ñ´

PSfrag replacements

3 �

3 ���� ��� �0�

ÃÙ»·Õè 4.3: ·Ò§à´Ô¹Ê¶Ò¹Ð¢Í§¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§

¹ÔÂÒÁ 4.1 ¡íÒË¹´ãË‰Ê¶Ò¹Ð¢Í§ÃÐºº·Õèà¤Å×èÍ¹äËÇÊÍ´¤Å‰Í§¡Ñºà§×èÍ¹ä¢·Õè 2 áÅÐ 3 ¤×Í ¡ÒÃÅ×è¹äËÅáºº
à¤Çä« áÅÐàÃÕÂ¡¢Íºà¢µ·Õè¨íÒ¡Ñ´¢¹Ò´¢Í§ � � ÇˆÒ ¢Íºà¢µ¡ÒÃÅ×è¹äËÅà¤Çä« (Quasi Sliding Mode Band)

´Ñ§¹Õé
� 3 � )�� � ��� �*��� � � (4.10)

â´Â·Õè 9 � ¤×Í¤ÇÒÁ¡Ç‰Ò§¢Í§¢Íºà¢µà¤Çä«

ã¹¡ÒÃÍÍ¡áºº¡®¡ÒÃ¤Çº¤ØÁ¨Ðãª‰¡®¡ÒÃà¢‰Ò¶Ö§ÁÒªˆÇÂã¹¡ÒÃÍÍ¡áºº à¾×èÍãË‰ÊÒÁÒÃ¶¡íÒË¹´
ÅÑ¡É³Ð¡ÒÃà¤Å×èÍ¹äËÅ¢Í§ÊˆÇ¹¡ÒÃà¢‰Ò¶Ö§ä´‰§ˆÒÂ áÅÐÊ¶Ò¹Ð¢Í§ÃÐºº¨Ò¡¨Ø´àÃÔèÁµ‰¹ã´æ ¨ÐÊÒÁÒÃ¶
à¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ¾×é¹¼ÔÇÊÅÑºä´‰ã¹àÇÅÒ¨íÒ¡Ñ´ ¡®¡ÒÃà¢‰Ò¶Ö§¢Í§¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆ
µˆÍà¹×èÍ§ áÊ´§´Ñ§¹Õé

��� � � 
 � ) ��� ��� � ) � 6 ��� ��� )�� 6 � ) � � ��� �*� 
 (4.11)

¡®¡ÒÃà¢‰Ò¶Ö§¨Ð¡íÒË¹´ÅÑ¡É³Ð¡ÒÃà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ¾×é¹¼ÔÇÊÅÑº¢Í§Ê¶Ò¹ÐÃÐºº ËÒ¡¡íÒË¹´ãË‰ � ÁÕ¤ˆÒÁÒ¡
áÅ‰Ç ÂÔè§Ê¶Ò¹ÐÃÐººÍÂÙˆä¡Å¡ç¨ÐÂÔè§à¤Å×èÍ¹·Õèà¢‰ÒËÒ¾×é¹¼ÔÇÊÅÑºä´‰ÃÇ´àÃçÇ áµˆ¶‰Ò¡íÒË¹´ãË‰ � ÁÕ¢¹Ò´ãËˆ
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ÁÒ¡à¡Ô¹ä» ¨Ð·íÒãË‰ãª‰ÊÑÒ³¤Çº¤ØÁã¹¡ÒÃ¤Çº¤ØÁªÑèÇ¤ÃÙˆÁÕ¤ˆÒÊÙ§ (äÁˆ¤ÇÃÍÍ¡áººãË‰¢¹Ò´¢Í§ÊÑÒ³
¤Çº¤ØÁÁÕ¤ˆÒÊÙ§à¡Ô´¤ÇÒÁÊÒÁÒÃ¶¢Í§µÑÇ¢ÑºàÃ‰Ò) áÅÐ¤ˆÒ � ¨Ð¡íÒË¹´¤ÇÒÁ¡Ç‰Ò§¢Íºà¢µ¡ÒÃÅ×è¹äËÅà¤Çä«
¶‰Ò¡íÒË¹´ãË‰ � ÁÕ¤ˆÒÁÒ¡ ¨Ð·íÒãË‰¢Íºà¢µ¡ÒÃÅ×è¹äËÅà¤Çä«¡Ç‰Ò§ à»“¹¼ÅãË‰¼Å¡ÒÃ¤Çº¤ØÁá¡Çˆ§ áµˆËÒ¡
¡íÒË¹´ãË‰¹‰ÍÂà¡Ô¹ä» Ê¶Ò¹Ð¨Ðà¤Å×èÍ¹·Õè¶Ö§¾×é¹¼ÔÇÊÅÑºª‰Ò (Ê¶Ò¹Ð¨ÐäÁˆÊÒÁÒÃ¶à¤Å×èÍ¹·Õè¢‰ÒÁ¾×é¹¼ÔÇÊÅÑº
ä´‰ËÒ¡ � �.� ) ã¹¡ÒÃÍÍ¡áºº¨Ö§µ‰Í§¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡®¡ÒÃà¢‰Ò¶Ö§ãË‰àËÁÒÐÊÁ´‰ÇÂ

àÁ×èÍ¨Ñ´ÃÙ»ÊÁ¡ÒÃ·Õè (4.11) ãËÁˆ ¨Ðä´‰

��� � � 
 � � � 
 ) � 6 
 ��� ��� )�� 6 � ) �	� ��� ��� 
 (4.12)

à§×èÍ¹ä¢¡ÒÃÅ×è¹äËÇáººà¤Çä«¡íÒË¹´äÇ‰ÇˆÒ Ê¶Ò¹Ð¢Í§ÃÐºº¨Ðµ‰Í§à¤Å×èÍ¹·Õè¢‰ÒÁ¾×é¹¼ÔÇÊÅÑºä»ÁÒ·Ø¡æ¤Òº
¡ÒÃ¤Çº¤ØÁ ËÃ×Í ��� ��� ¨Ðµ‰Í§à»ÅÕèÂ¹à¤Ã×èÍ§ËÁÒÂã¹·Ø¡æ¤Òº¶Ñ´ä» ( ��� � � 
 � ) ´Ñ§¹Ñé¹

� 
 ) � 6 
 ��� �*� � � 6 � ) � � �+� ��� 

� � ��� �*� � � � � 6


 ) � 6 (4.13)

¨Ò¡ÊÁ¡ÒÃ (4.13) àËç¹ä´‰ÇˆÒ ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·Õè¡íÒË¹´ã¹¡®¡ÒÃà¢‰Ò¶Ö§áÅÐ¤Òº¡ÒÃÊØˆÁ ¨Ð¡íÒË¹´¢¹Ò´
¤ÇÒÁË¹Ò¢Íºà¢µà¤Çä«´‰ÇÂ

àÁ×èÍ¡íÒË¹´ãË‰ÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ áÊ´§â´ÂÊÁ¡ÒÃÊ¶Ò¹Ð
´Ñ§¹Õé

3 � � � 
 � � �"3 � ��� � � 7 � ��� ��� �"3 � ��� � � � ��� (4.14)

¾Ô¨ÒÃ³Ò¡®¡ÒÃà¢‰Ò¶Ö§ (4.11) ÃˆÇÁ¡ÑºÊÁ¡ÒÃµˆÍä»¹Õé

�+� � � 
 � �0243 � � � 
 � ��2 � �"3 � ��� ��� 7 � ��� � � �"3 � ��� � � � ��� 
 (4.15)

¨Ðä´‰¡®¡ÒÃ¤Çº¤ØÁ´Ñ§¹Õé 7 � �*� � � 3 � �*� ��� � ) �	� ��� ��� 
 ����� 3 � ��� � � � � ��� (4.16)

â´Â·Õè

� � ) � 2 � 
  � � 2 � ) 2� � � 6�2 
 (4.17)

� � ) � 2 � 
  � � 6 (4.18)

��� � ) � 2 � 
  � 2 � � (4.19)

� � � ) � 2 � 
  � 2@� � ��� (4.20)

áµˆ¡®¡ÒÃ¤Çº¤ØÁ´Ñ§ÊÁ¡ÒÃ·Õè (4.16) ¹Õé ÂÑ§äÁˆÊÒÁÒÃ¶¹íÒä»ãª‰ã¹¡ÒÃ¤Çº¤ØÁä´‰ à¹×èÍ§¨Ò¡ã¹¡ÒÃ»ÃÐÂØ¡µŒãª‰
§Ò¹¨ÃÔ§ ¨ÐäÁˆÊÒÁÒÃ¶ÇÑ´¤ˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡ÑºÃÐºº ((4.19) áÅÐ (4.20)) à¾×èÍãª‰ã¹¡ÒÃ¤íÒ¹Ç³
à»“¹ÊÑÒ³¤Çº¤ØÁãË‰¡ÑºÃÐººä´‰ ´Ñ§¹Ñé¹àÃÒ¨Ð¡íÒË¹´ÊÑÒ³¤Çº¤ØÁãËÁˆ´Ñ§¹Õé7 � ��� � � 3 � ��� ��� � ) �	� ��� ��� 
 � "�	� 3 � ��� � "� � (4.21)
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â´Âãª‰ÊÁÁØµÔ°Ò¹ÇˆÒ ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹ã¹ÃÐºº¨ÐÁÕ¤ˆÒ¨íÒ¡Ñ´
� ��� � � � ��� áÅÐ � ��� � � � � �

àÁ×èÍ¾Ô¨ÒÃ³Ò¡®¡ÒÃà¢‰Ò¶Ö§ (4.11), ÊÁ¡ÒÃ (4.14) áÅÐ (4.21) ¨Ðä´‰

�+� � � 
 � ) ��� ��� � ) � 6 ��� �*� )�� 6 � ) � � �+� ��� 
 � ����) "��� � � � ) "� �
à¾×èÍãË‰à¡Ô´¡ÒÃÅ×è¹äËÅáººà¤Çä« (Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ¾×é¹¼ÔÇÊÅÑº ��� ��� � � ) àÁ×èÍ ��� ��� � �
ÍÑµÃÒ¡ÒÃà»ÅÕèÂ¹á»Å§¿’§¡ŒªÑ¹ÊÅÑºµ‰Í§ÁÕ¤ˆÒ¹‰ÍÂ¡ÇˆÒ � áÅÐàÁ×èÍ ��� ��� � � ÍÑµÃÒ¡ÒÃà»ÅÕèÂ¹á»Å§¿’§¡ŒªÑ¹
ÊÅÑºµ‰Í§ÁÒ¤ˆÒÁÒ¡¡ÇˆÒ � ´Ñ§¹Ñé¹¨Ð¾Ô¨ÒÃ³Ò¡ÒÃàÅ×Í¡ÊˆÇ¹¤ÇÒÁäÁˆá¹ˆ¹Í¹ã¹ÊÑÒ³¤Çº¤ØÁä´‰´Ñ§¹Õé

àÁ×èÍ �+� ����� � ãË‰ "��� � � � áÅÐ "� � � � �
àÁ×èÍ �+� ����� � ãË‰ "� � � � � áÅÐ "� � �0� � (4.22)

¶‰Ò¡íÒË¹´ãË‰
� � � � � � � �9 � � � � � � )�� �9
� � � � � � � �

9 � � � � � � ) � �
9

¨ÐÊÒÁÒÃ¶à¢ÕÂ¹à§×èÍ¹ä¢ã¹¡ÒÃàÅ×Í¡¤ˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹ (4.22) ä´‰´Ñ§¹Õé"� � � � � � � � � ) � � ��� ��� 
"� � � � � � � � � ) � � ��� ��� 

´Ñ§¹Ñé¹ ¨Ðä´‰¡®¡ÒÃ¤Çº¤ØÁãËÁˆ´Ñ§¹Õé7 � ��� � � 3 � ��� ��� � ) � � ��� �*� 
 � � � 3 � ��� � � � � � � � 3 � ��� � � � 
 � ) � � ��� �*� 
 (4.23)

4.2 ¡ÒÃÍÍ¡áººµÑÇÊÑ§à¡µÊ¶Ò¹Ð

¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰¹Ñé¹¨íÒà»“¹µ‰Í§ãª‰¡ÒÃ»„Í¹¡ÅÑºÊ¶Ò¹Ð·Ñé§ËÁ´¢Í§ÃÐºº áµˆÃÐººã¹·Ò§»¯ÔºÑµÔ
ÊˆÇ¹ÁÒ¡¨ÐäÁˆÊÒÁÒÃ¶ÇÑ´Ê¶Ò¹Ð·Ñé§ËÁ´¢Í§ÃÐººä´‰â´ÂµÃ§ ¨Ö§µ‰Í§ãª‰µÑÇÊÑ§à¡µÊ¶Ò¹Ðã¹¡ÒÃÊÃ‰Ò§Ê¶Ò¹Ð
¢Í§ÃÐºº ¢‰Í´Õ¢Í§µÑÇÊÑ§à¡µÊ¶Ò¹Ð¤×Í ¨ÐÊÒÁÒÃ¶¡ÃÍ§ÊÑÒ³Ãº¡Ç¹áººÊØˆÁÍÍ¡ä´‰ «Öè§ÁÑ¡¨Ðà¡Ô´¢Öé¹
ÍÂÙˆàÊÁÍæ¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ¨Ò¡ÊÁ¡ÒÃÊ¶Ò¹Ð¢Í§ÃÐººàÇÅÒäÁˆµˆÍà¹×èÍ§

3 � � � 
 � � �"3 � ��� ��� 7 � ��� (4.24)9 � ��� � :?3 � ���
¡íÒË¹´ãË‰ �3 ¤×ÍÊ¶Ò¹Ð·ÕèÊÃ‰Ò§¢Öé¹à¾×èÍ»ÃÐÁÒ³Ê¶Ò¹Ð¨ÃÔ§¢Í§ÃÐºº 3�3 � � � 
 � � �"3 � ��� ��� 7 � ��� (4.25)

â´ÂÃÐºº¹Õé¨Ðãª‰ÊÑÒ³¤Çº¤ØÁà´ÕÂÇ¡ÑºÃÐºº (4.24) ¶‰Òáºº¨íÒÅÍ§ � áÅÐ � ¶Ù¡µ‰Í§ áÅÐÊ¶Ò¹Ð�3 ÁÕ¤ˆÒàÃÔèÁµ‰¹à´ÕÂÇ¡Ñ¹¡ÑºÊ¶Ò¹Ð 3 Ê¶Ò¹Ð¢Í§ÃÐºº (4.25) ¨ÐÁÕ¤ˆÒà·ˆÒ¡Ñ¹¡ÑºÊ¶Ò¹Ð¢Í§ÃÐºº (4.24)
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àÊÁÍ áµˆÍÂˆÒ§äÃ¡çµÒÁ àÃÒäÁˆÊÒÁÒÃ¶ËÒ¤ˆÒàÃÔèÁµ‰¹·Ñé§ËÁ´·Õè¶Ø¡µ‰Í§¢Í§ÃÐººä´‰ áÅÐËÒ¡à¡Ô´¤ÇÒÁ¼Ô´
¾ÅÒ´ã¹áºº¨íÒÅÍ§áÅ‰Ç ¡Ã³Õà´ÕÂÇ·ÕèÊ¶Ò¹Ð �3 ¨ÐÊÒÁÒÃ¶à¤Å×èÍ¹·Õèà¢‰ÒÊÙˆÊ¶Ò¹Ð 3 ä´‰¤×Í ÃÐºº (4.24) ¨Ð
µ‰Í§ÁÕàÊ¶ÕÂÃÀÒ¾

ÊÃ‰Ò§ÃÐºº·Õèãª‰ÊÑ§à¡µÊ¶Ò¹Ð¢Í§ÃÐºº¢Öé¹ÁÒãËÁˆ â´ÂÃÇÁ¤ˆÒ¤ÇÒÁáµ¡µˆÒ§ÃÐËÇˆÒ§ÊÑÒ³¢ÒÍÍ¡
·ÕèÇÑ´ä´‰¡ÑºÊÑÒ³¢ÒÍÍ¡·Õè»ÃÐÁÒ³äÇ‰ � 9 ) : �3 
 à¢‰Ò¡ÑºÊ¶Ò¹Ð �3 ´‰ÇÂ ´Ñ§¹Õé�3 � � � 
 � � �"3 � ��� � � 7 � ��� � ' � 94� ��� ) : �3 � ��� 
 (4.26)

àÁ×èÍ K ¤×ÍàÁµÃÔ¡«Œ¤§·Õè¢¹Ò´àËÁÒÐÊÁ ÊÑ§à¡µÇˆÒÊˆÇ¹»„Í¹¡ÅÑº ' � 9 � �*� ) : �3 � ��� 
 ¨ÐÁÕ¤ˆÒà»“¹ � àÁ×èÍ
ÊÑÒ³¢ÒÍÍ¡¢Í§ÃÐººÊÑ§à¡µÁÕ¤ˆÒà·ˆÒ¡ÑºÃÐºº¨ÃÔ§ (ËÃ×ÍÊ¶Ò¹Ð¢Í§ÃÐººÊÑ§à¡µÁÕ¤ˆÒà·ˆÒ¡ÑºÃÐºº¨ÃÔ§)
ã¹¡ÒÃ¡íÒË¹´¤ˆÒàÁµÃÔ¡«Œ ' ·ÕèàËÁÒÐÊÁ ¨Ð¾Ô¨ÒÃ³Ò¤ˆÒ¼Ô´¾ÅÒ´¨Ò¡¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹ÐÃÐºº´Ñ§¹Õé

"3���3 ) �3
ÅºÊÁ¡ÒÃ (4.24) ´‰ÇÂÊÁ¡ÒÃ (4.26) ¨Ðä´‰

"3 � � � 
 � � �"3 � ��� ) ' � 94� ��� ) : �3 � ��� 
;� � � ) ' : 
 "3 � ��� (4.27)

à¾×èÍãË‰¤ÇÒÁ¼Ô´¾ÅÒ´¨Ò¡¡ÒÃÊÑ§à¡µÊ¶Ò¹ÐÅ´Å§ ¼Ù‰ÍÍ¡áºº¨Ðµ‰Í§¡íÒË¹´¤ˆÒàÁµÃÔ¡«Œ ' ·Õè·íÒãË‰ � ) ' :
ÁÕàÊ¶ÕÂÃÀÒ¾ (¨ÐÊÒÁÒÃ¶¡ÃÐ·íÒä´‰¡çµˆÍàÁ×èÍ¤Ùˆ � � � � 
 ÊÒÁÒÃ¶ÊÑ§à¡µä´‰)

ÃÐººã¹·Ò§»¯ÔºÑµÔÊˆÇ¹ÁÒ¡¨ÐÁÕÊÑÒ³Ãº¡Ç¹¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´à»“¹áººÊØˆÁ ´Ñ§¹Õé94� ��� � :?3 � ��� � �4� �*�
´Ñ§¹Ñé¹ã¹§Ò¹ÇÔ¨ÑÂ¹Õé¨ÐàÅ×Í¡ãª‰µÑÇ¡ÃÍ§¤ÒÅÁÒ¹à»“¹µÑÇÊÑ§à¡µÊ¶Ò¹Ð à¹×èÍ§¨Ò¡ÊÒÁÒÃ¶¡ÃÍ§ÊÑÒ³Ãº¡Ç¹
´Ñ§¡ÅˆÒÇÍÍ¡ä´‰ ·íÒãË‰¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹Ð¶Ù¡µ‰Í§ÁÒ¡¢Öé¹â´Â¡íÒË¹´¤ˆÒàÁµÃÔ¡«Œ ' ´Ñ§¹Õé' ����:�� : � �6�����  � :�� �
â´Â·Õè � à»“¹àÁµÃÔ¡«Œ¡Öè§ºÇ¡á¹ˆ¹Í¹ä´‰¨Ò¡¡ÒÃá¡‰ÊÁ¡ÒÃÃÔ¤¤ÒµÔ

� � � � � � �	��� ) � � � : � � :�� : � ���
� �  � :�� �
â´Â·Õè ��� à»“¹àÁµÃÔ¡«Œ¡Öè§ºÇ¡á¹ˆ¹Í¹ áÅÐ ��� à»“¹àÁµÃÔ¡«ŒºÇ¡á¹ˆ¹Í¹¢¹Ò´àËÁÒÐÊÁ
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¡ÒÃ¾ÔÊÙ¨¹Œ¢Íºà¢µàÊ¶ÕÂÃÀÒ¾à¹×èÍ§¨Ò¡¤ÇÒÁäÁˆá¹ˆ¹Í¹

à¹×èÍ§¨Ò¡ÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ·Õèãª‰ã¹§Ò¹ÇÔ¨ÑÂ¹Õé ÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹
ä¢¡ÒÃà¢‰Ò¤Ùˆ µÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§·ÕèÍÍ¡áºº¨ÐäÁˆÊÒÁÒÃ¶¢¨Ñ´¤ÇÒÁäÁˆá¹ˆ¹Í¹¹ÕéãË‰ËÁ´ä»ä ‰́ ´‰ÇÂÊÁÁØµÔ
°Ò¹·ÕèÇˆÒ ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡ÑºÃÐººÁÕ¤ˆÒ¨íÒ¡Ñ´ ´Ñ§¹Ñé¹¨ÐÊÒÁÒÃ¶¾Ô¨ÒÃ³Ò¢Íºà¢µàÊ¶ÕÂÃÀÒ¾¢Í§
¡ÒÃ¤Çº¤ØÁä´‰´Ñ§¹Õé

5.1 º·¾ÔÊÙ¨¹Œ¢Íºà¢µàÊ¶ÕÂÃÀÒ¾

¨Ò¡ÊÁ¡ÒÃÊ¶Ò¹Ð¢Í§ÃÐºº·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ

3 � � � 
 � � �"3 � ��� � � 7 � ��� ��� �"3 � ��� � � � ��� (5.1)

áÅÐ¡®¡ÒÃ¤Çº¤ØÁ·Õèä´‰¨Ò¡ËÑÇ¢‰Í¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ7 � ��� � � 3 � ��� ��� � ) �	� ��� ��� 
 � "�	� 3 � ��� � "� � (5.2)

á·¹ÊÑÒ³¤Çº¤ØÁ (5.2) Å§ã¹ (5.1) ¨Ðä´‰

3 � � � 
 � � / � ) � � 2 � 
  � 2 / � )  � � 6  � � 6� � ��� �*� � �  1 1 3 � ���� � � � ) � � 2 � 
  � 2 � "�  3 � �*� � � � � ��� ) � � 2 � 
  � 2 "� � ���  
àÁ×èÍáÂ¡ÊˆÇ¹¤ÇÒÁäÁˆá¹ˆ¹Í¹ÍÍ¡ ¨ÐÊÒÁÒÃ¶à¢ÕÂ¹ãË‰ÍÂÙˆã¹ÃÙ»ÍÂˆÒ§§ˆÒÂä´‰´Ñ§¹Õé

3 � � � 
 � � � ��� 3 � ��� � "� � 3 � � 
 (5.3)

â´Â·Õè

� ��� � � ) � � 2 � 
  � 2 / � )  � � 6  � � 6� � ��� ��� � �  1"� � 3 � � 
 � � � � ) � � 2 � 
  � 2 � "�  �3 � ��� ��� � � ��� ) � � 2 � 
  � 2 "� � ���  
º·µÑé§ 5.1 ¶‰ÒàÁµÃÔ¡«Œ¨µØÃÑÊ � ÁÕ � � � ( �,
 áÅ‰Ç

��� � �  ) � 
���
 ) �
�
��� � � � 


·ÄÉ®Õº· 5.1 ËÒ¡¾×é¹¼ÔÇÊÅÑº 2 ¶Ù¡ÍÍ¡áººâ´ÂÇÔ¸Õã¹µÍ¹·Õè 4.1.1 áÅÐ¡íÒË¹´ãË‰

�
	 � �  ) � � 2 � 
  � 2  � (5.4)

áÅ‰Ç¤ˆÒà¨ÒÐ¨§¢Í§ � 	 ¤×Í¤ˆÒà¨ÒÐ¨§ã¹¡ÒÃÍÍ¡áºº¾×é¹¼ÔÇÊÅÑºáÅÐ � [12]
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¾ÔÊÙ¨¹Œ ¨Ò¡ÊÁ¡ÒÃ·Õè (5.4) ¨ÐàËç¹ä´‰ÇˆÒ¼ÅÃÇÁ·Ò§àÊ‰¹·ÐáÂ§ÁØÁ¢Í§ � � 2 � 
  � 2 à·ˆÒ¡Ñº 
 ´Ñ§¹Ñé¹
� � � � � 	 
 � ��� � �  ) � � 2 � 
  � 2 
 ��� � � � 
 � � 
 ) 
 
 ��� � � � 
"�.�

áÊ´§ÇˆÒ � 	 ¨ÐÁÕ¤ˆÒà¨ÒÐ¨§à·ˆÒ¡Ñº � ÍÂˆÒ§¹‰ÍÂË¹Öè§µÑÇ áÅÐ¨Ò¡¡ÒÃÍÍ¡áººÊˆÇ¹Å×è¹äËÅã¹ÊˆÇ¹·Õè 4.1.1

ÍÍ¡áºº·Õè ��� ��� ��� ´Ñ§¹Ñé¹ ¾Ô¨ÒÃ³Ò¡ÒÃÅ×è¹äËÅ¢Í§ÃÐºº·Õè ��� ��� �0�

�+� ��� � ��� � � 
 � � �

2 �"3 � ��� � 2 � 7 � ��� � �7 � � ��� � ) � 2 � 
  � 2 �"3 � ���
àÁ×èÍá·¹ÊÑÒ³¤Çº¤ØÁ 7 � � ��� Å§ã¹ÊÁ¡ÒÃÊ¶Ò¹Ð¨Ðä´‰

3 � � � 
 � � �  ) � � 2 � 
  � 2 � �"3 � ���
´Ñ§¹Ñé¹ËÒ¡¾×é¹¼ÔÇÊÅÑº 2 ä´‰¶Ù¡ÍÍ¡áººã¹µÍ¹·Õè 3.1 ¨Ðä´‰ÇˆÒ¢ÑéÇ¢Í§ � 	 ¡ç¤×Í¢ÑéÇ¢Í§¡ÒÃÍÍ¡áººÊˆÇ¹Å×è¹
äËÅ´‰ÇÂ �

·ÄÉ®Õº· 5.2 ¡íÒË¹´ãË‰ �6��
 ) � 6 ) � 6� � �+� ��� � � ¨Ò¡ (5.3) ¨Ðä´‰

� ����� � ) � � 2 � 
  � 2 � � ) �  
 � � 	 � � � � 2 � 
  � 2
â´Â¤ˆÒà¨ÒÐ¨§¢Í§ � ��� ¤×Í ¤ˆÒ � áÅÐ¤ˆÒà¨ÒÐ¨§¢Í§ � 	 ·Ø¡µÑÇ ¹Í¡¨Ò¡µÑÇ·Õèà·ˆÒ¡Ñº � (¤ˆÒà¨ÒÐ¨§·Õèãª‰ã¹
¡ÒÃÍÍ¡áºº¾×é¹¼ÔÇÊÅÑº 2 ) ´Ñ§·Õè¡ÅˆÒÇäÇ‰ã¹·ÄÉ®Õº··Õè 5.1

¾ÔÊÙ¨¹Œ ¾Ô¨ÒÃ³Ò

��� � � � ��� ) �  
 � ��� � � �  ) � � 2 � 
  � 2 
 � � � � � 2 � 
  � 2 ) �  

� ��� � �  ) � � 2 � 
  � 2 
 ��� � � � ) �  
 ���

´Ñ§¹Ñé¹ � à»“¹¤ˆÒà¨ÒÐ¨§¢Í§ ����� â´Â � ¨ÐÁÕàÊ¶ÕÂÃÀÒ¾àÁ×èÍ
� �
�
� � �

�
�
�
�

�
�
�
� 

) � 6 ) � 6� � �+� ��� � �

�
�
�
�

�
�
�
�
� 


¨Ò¡ (4.13) ¢¹Ò´ � � ��� ��� � � � � àÊÁÍ ´Ñ§¹Ñé¹ 
 ) � 6 � � ´‰ÇÂ ¨Ö§·íÒãË‰ � � 

µˆÍä»¾Ô¨ÒÃ³Ò ) 
 � � �,
 ) � 6 ) � 6� � ��� ��� � �

� � ��� ��� � � � � 6
9 ) � 6 (5.5)

´Ñ§¹Ñé¹ � ¨ÐÁÕàÊ¶ÕÂÃÀÒ¾ (Ê¶Ò¹Ð¨Ðà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ¾×é¹¼ÔÇÊÅÑº) àÁ×èÍÊÍ´¤Å‰Í§¡Ñº (5.5)
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¡íÒË¹´ãË‰ � ��� 
 áÅÐ � ��� 
 ¤×ÍÊÁ¡ÒÃ¤Ø³ÅÑ¡É³Ð¢Í§ � 	 áÅÐ ����� µÒÁÅíÒ´Ñº ¨Ò¡·ÄÉ®Õº··Õè 5.1

¨Ðä´‰ � ��� 
"� � � ��� 
 àÁ×èÍ � ��� 
 ÁÕÍÑ¹´Ñº
� ) 
 ¨ÐàËç¹ä´‰ÇˆÒ

� ��� 
;� � � � � � 	 ) �  

á·¹¤ˆÒ � � � ��� ¨Ðä´‰

� � � ��� 
 � ��� � � � 	 ) � ��� 
;� � � � � ) � � � 2 � 
  � 
 2 
"���
´Ñ§¹Ñé¹

� � � ��� 
;� � ��� � � � ��� 
;�.�
àÁµÃÔ¡«Œ � ��� ÊÍ´¤Å‰Í§¡ÑºÊÁ¡ÒÃ¤Ø³ÅÑ¡É³Ð¢Í§ � 	 áÅÐ � � � ��� 
-�7� ¡íÒË¹´ãË‰ � ��� ÁÕ¤ˆÒà¨ÒÐ¨§äÁˆ«íéÒ
¡Ñ¹ÍÂˆÒ§¹‰ÍÂ

� ) 
 µÑÇ ´Ñ§¹Ñé¹ � ��� 
;� �� � ��� 
 à»“¹µÑÇ»ÃÐ¡Íº¢Í§ � ��� 
 (¤ˆÒà¨ÒÐ¨§·Ø¡µÑÇÂ¡àÇ‰¹ � ¢Í§ � 	
à»“¹¤ˆÒà¨ÒÐ¨§¢Í§ ����� ´‰ÇÂ) �

·ÄÉ®Õº· 5.3 ¶‰Ò � � "� � � ��� � 3 � - 
 áÅ‰ÇÃÐºº·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹ (5.3) ¨ÐÁÕ¼Å¡ÒÃ¤Çº¤ØÁÍÂÙˆã¹¢Íºà¢µ
¨íÒ¡Ñ´

¾ÔÊÙ¨¹Œ ¡íÒË¹´¿’§¡ŒªÑ¹àÅÕÂ¾Ùâ¹¿ & � ��� ��3 � � �*�	� 3 � ���
¾Ô¨ÒÃ³ÒÍÑµÃÒ¡ÒÃà»ÅÕèÂ¹á»Å§¾ÅÑ§§Ò¹& � � � 
 � ) & � ��� � 3 � � � � 
 �	� 3 � � � 
 � ) 3 � � �*�	� 3 � ���

� 3 � � ��� � � ��� � � ��� 3 � ��� � 3 � � �*�	� 3 � ��� � 9 "� � � 3>� � 
 � � ��� 3 � ��� � "� � � 3>� � 
 � "� � 3>� � 

� ) 3 � � ��� � 3 � ��� � 9 "� � � 3>� � 
 � � ��� 3 � ��� � "� � � 3>� � 
 � "� � 3>� � 


¨Ò¡·ÄÉ®Õº··Õè 5.2 àÁµÃÔ¡«Œ � ��� ÁÕàÊ¶ÕÂÃÀÒ¾ ·íÒãË‰ÁÕàÁµÃÔ¡«ŒºÇ¡á¹ˆ¹Í¹ � à»“¹¼Åà©ÅÂ¢Í§ÊÁ¡ÒÃ
àÅÕÂ¾Ùâ¹¿ � � ��� � � ��� � � � ) � ÊíÒËÃÑºàÁµÃÔ¡«ŒºÇ¡á¹ˆ¹Í¹ � ã´æ ´Ñ§¹Ñé¹& � � � 
 � ) & � ��� � ) � � 
 � � � 
 � � 3 � � � � 9 � � � � � � � � 3 � ��� � � � � � � � � � � (5.6)

à¹×èÍ§¨Ò¡ � �

 �
� � 
 � � ·íÒãË‰ÍÑµÃÒ¡ÒÃà»ÅÕèÂ¹á»Å§¿’§¡ŒªÑ¹àÅÕÂ¾Ùâ¹¿Å´Å§ÊíÒËÃÑº·Ø¡ªˆÇ§¡ÒÃÊØˆÁ·Õè 3 � �*� �5 � ��
 
 àÁ×èÍ 5 � ��
 
 à»“¹¤ÍÁ¾ÅÕàÁ¹µŒ¢Í§·Ã§¡ÅÁ 5 ��
 
 ÁÕ¨Ø´ÈÙ¹ÂŒ¡ÅÒ§·Õè � ÃÑÈÁÕ 
 �0! �� ��� � � � � 
 àÁ×èÍ � �

áÅÐ � � à»“¹ÃÒ¡¢Í§¾ËØ¹ÒÁ (5.6)
�

¾Ô¨ÒÃ³Òà¾ÔèÁàµÔÁ ¨Ò¡à§×èÍ¹ä¢¢Íºà¢µàÊ¶ÕÂÃÀÒ¾ (5.5) áÅÐà§×èÍ¹ä¢¢Íºà¢µ¡ÒÃÅ×è¹äËÅáººà¤Ç
ä« (4.13) ¨Ð¡Ô¹ºÃÔàÇ³º¹»ÃÔÀÙÁÔÊ¶Ò¹Ð´Ñ§ÃÙ»·Õè 5.1 ¨Ò¡¢Íºà¢µ´Ñ§¡ÅˆÒÇ áÅÐ¡ÒÃÍÍ¡áºº¡®¡ÒÃà¢‰Ò¶Ö§
ãË‰¿’§¡ŒªÑ¹ÊÅÑº ��� 3 � ÊÅÑºà¤Ã×èÍ§ËÁÒÂ·Ø¡æ¤Òº¡ÒÃÊØˆÁ ·íÒãË‰Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·Õè¢‰ÒÁ¾×é¹¼ÔÇÊÅÑºä»
ÁÒ à¡Ô´à»“¹¡ÒÃÅ×è¹äËÅáººà¤Çä«¢Öé¹
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PSfrag replacements

3 �

3 ���� ��� ���

Unstable Region

Quasi Sliding Mode Band

ÃÙ»·Õè 5.1: ·Ò§à´Ô¹Ê¶Ò¹Ð¢Í§¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§



º··Õè 6

»ÃÐÂØ¡µŒãª‰¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰¡ÑºÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº
¢‰ÍµˆÍà´ÕÂÇ

ã¹º·¹Õé¨Ð¡ÅˆÒÇ¶Ö§¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰ÊíÒËÃÑºÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ
¡ÒÃ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰¹Ñé¹¨íÒà»“¹µ‰Í§ãª‰¡ÒÃ»„Í¹¡ÅÑºÊ¶Ò¹Ð·Ñé§ËÁ´¢Í§ÃÐºº «Öè§äÁˆÊÒÁÒÃ¶ÇÑ´
·Ñé§ËÁ´ä´‰¨Ò¡ªØ´·´ÅÍ§ÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ·Õèãª‰ã¹§Ò¹ÇÔ¨ÑÂ¹Õé ´Ñ§¹Ñé¹¨Ö§µ‰Í§ÁÕ¡ÒÃÍÍ¡áºº
µÑÇÊÑ§à¡µÊ¶Ò¹ÐãË‰¡ÑºµÑÇ¤Çº¤ØÁ´‰ÇÂ á¼¹¼Ñ§ã¹¡ÒÃ¤Çº¤ØÁáÊ´§´Ñ§ÃÙ»·Õè 6.1

PSfrag replacements

Reference

7

9

�3

ZOH

Sampler

� � � 


VSC Observer

ÃÙ»·Õè 6.1: á¼¹¼Ñ§¡ÒÃ¤Çº¤ØÁÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ

µÑÇÊÑ§à¡µÊ¶Ò¹Ð¨ÐÊØˆÁÊÑÒ³¢ÒÍÍ¡¨Ò¡ÃÐººá¢¹ËØˆ¹Â¹µŒ´‰ÇÂÍÑµÃÒÊØˆÁ �*� áÅ‰ÇÊˆ§¤ˆÒÊ¶Ò¹Ð¢Í§
ÃÐºº·ÕèÊÑ§à¡µä´‰ÁÒãË‰¡ÑºµÑÇ¤Çº¤ØÁ ¨Ò¡¹Ñé¹µÑÇ¤Çº¤ØÁ¨Ðà»ÃÕÂºà·ÕÂºÊ¶Ò¹Ð·Õèä´‰ÁÒ¡ÑºÊÑÒ³Í‰Ò§ÍÔ§
áÅ‰ÇÊÃ‰Ò§ÊÑÒ³¤Çº¤ØÁà¢‰ÒÊÙˆÃÐºº â´ÂÊˆ§¼ˆÒ¹µÑÇ¤§¤ˆÒÍÑ¹´ÑºÈÙ¹ÂŒ (Zero Order Hold) ·ÕèÁÕÍÑµÃÒ¡ÒÃ¤§
¤ˆÒÊÑÒ³ �5� ã¹¡ÒÃ¤Çº¤ØÁáººàÇÅÒäÁˆµˆÍà¹×èÍ§â´Â·ÑèÇä» ¼Ù‰ÍÍ¡áººµÑÇ¤Çº¤ØÁÁÑ¡¨Ð¡íÒË¹´ãË‰ÍÑµÃÒ
¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ � � áÅÐÍÑµÃÒã¹¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ � � ÁÕ¤ˆÒà·ˆÒ¡Ñ¹ àªˆ¹ËÒ¡¼Ù‰ÍÍ¡áºº
¡íÒË¹´ãª‰¤ÇÒÁ¶Õèã¹¡ÒÃ¤Çº¤ØÁãË‰ÊÙ§¢Öé¹ (·Ñé§¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁáÅÐ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡) ¡ç¨Ð·íÒµÑÇ
ÊØˆÁÊÑÒ³ä´‰ÃÑº¢‰ÍÁÙÅÁÒ¡¢Öé¹ ·íÒãË‰¡ÒÃÊÑ§à¡µÊ¶Ò¹Ð¶Ù¡µ‰Í§ÂÔè§¢Öé¹ áµˆã¹¢³Ðà´ÕÂÇ¡Ñ¹ µÑÇ¤Çº¤ØÁ¡ç¨ÐÊˆ§
ÊÑÒ³´‰ÇÂ¤ÇÒÁ¶ÕèÊÙ§ ·Ñé§¹ÕéÍÒ¨ä»¡ÃÐµØ‰¹ÃÐººÍÑ¹´ÑºÊÙ§·ÕèäÁˆä´‰ÍÍ¡áººËÃ×Í»ÃÐÁÒ³äÇ‰ ·íÒãË‰ä´‰¼ÅµÍº
Ê¹Í§äÁˆà»“¹ä»µÒÁµ‰Í§¡ÒÃËÃ×ÍÍÒ¨¢Ò´àÊ¶ÕÂÃÀÒ¾ä´‰

ã¹·Ò§¡ÅÑº¡Ñ¹ ËÒ¡¼Ù‰ÍÍ¡áºº¡íÒË¹´ãª‰¤ÇÒÁ¶Õèã¹¡ÒÃ¤Çº¤ØÁãË‰µíèÒÅ§ (·Ñé§¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ
áÅÐ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡) ¨ÐÊÒÁÒÃ¶ªˆÇÂ¨íÒ¡Ñ´¤ÇÒÁ¶ÕèÊÙ§ÊØ´·Õè¨Ðà¢‰ÒÊÙˆÃÐººãË‰ÁÕ¤ˆÒµíèÒÅ§ä´‰ áµˆ·Ò§´‰Ò¹
µÑÇÊÑ§à¡µÊ¶Ò¹Ð àÁ×èÍÊØˆÁÊÑÒ³¢ÒÍÍ¡´‰ÇÂ¤ÇÒÁ¶ÕèµíèÒÅ§¡ç¨Ðä´‰¢‰ÍÁÙÅã¹¡ÒÃÊÑ§à¡µÊ¶Ò¹Ð¹‰ÍÂÅ§ ·íÒãË‰
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PSfrag replacements
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ÃÙ»·Õè 6.2: á¼¹¼Ñ§¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁáÅÐ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
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ÃÙ»·Õè 6.3: ÊÑÒ³¤Çº¤ØÁ¢Í§ÃÐººàÇÅÒµˆÍà¹×èÍ§ («‰ÒÂ) áÅÐÃÐººàÇÅÒäÁˆµˆÍà¹×èÍ§ (¢ÇÒ)

¡ÒÃ»ÃÐÁÒ³Ê¶Ò¹ÐäÁˆ´Õà·ˆÒ·Õè¤ÇÃ àÁ×èÍ¹íÒÊ¶Ò¹Ð´Ñ§¡ÅˆÒÇä»ãª‰ÊÃ‰Ò§ÊÑÒ³¤Çº¤ØÁÃÐºº ÍÒ¨·íÒãË‰¼Å
¡ÒÃ¤Çº¤ØÁ·ÕèäÁˆ´Õ (µÑÇ¤Çº¤ØÁäÁˆÊÒÁÒÃ¶·íÒ§Ò¹ä´‰ÍÂˆÒ§àµçÁ»ÃÐÊÔ·¸ÔÀÒ¾) ã¹§Ò¹ÇÔ¨ÑÂ¤ÃÑé§¹Õé¨Ö§ä´‰¹íÒ¢‰Í
´Õ¢Í§¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡´‰ÇÂ¤ÇÒÁ¶Õè·ÕèÊÙ§¢Öé¹áÅÐ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ´‰ÇÂ¤ÇÒÁ¶Õè·ÕèµíèÒÅ§ÁÒÃÇÁ¡Ñ¹

ã¹¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ ¢Ñé¹áÃ¡¨Ð·´ÅÍ§ãª‰¡Ñºáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§ÃÐººá¢¹ËØˆ¹Â¹µŒ
¡ˆÍ¹ àÁ×èÍä´‰¼Å¨íÒÅÍ§¡ÒÃ¤Çº¤ØÁ·Õè¹ˆÒ¾Íã¨áÅ‰Ç¨Ö§¹íÒµÑÇ¤Çº¤ØÁ¹Ñé¹æä»·´ÅÍ§ãª‰¡ÑºÃÐºº¨ÃÔ§ ã¹¡ÒÃ·´
ÅÍ§¨Ð¡íÒË¹´¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¢Öé¹¡ÑºÃÐºº¤×Í ¡ÒÃà»ÅÕèÂ¹¢¹Ò´¢Í§ÁÇÅÀÒÃÐ·ÕèµÔ´ÍÂÙˆ·Õèá¢¹ËØˆ¹Â¹µŒ
¨Ò¡ 0.10 ¡ÔâÅ¡ÃÑÁ ä»à»“¹ 0.05 ¡ÔâÅ¡ÃÑÁ áÅÐà»ÅÕèÂ¹á»Å§ÃÐÂÐ¢Í§ÁÇÅÀÒÃÐ¨Ò¡ 0.45 àÁµÃ ä»à»“¹ 0.30

àÁµÃ



27

6.1 ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁÊíÒËÃÑºá¢¹ËØˆ¹Â¹µŒ µÍ¹·Õè 1

ã¹¡ÒÃ¨íÒÅÍ§ÍÍ¡áººµÑÇ¤Çº¤ØÁãË‰¡ÑºÃÐºº ¨Ðãª‰áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ·Õèä´‰¨Ò¡ÇÔ¸ÕÃÐàºÕÂºªÔé¹ÍÑ¹µÐ
â´Â»ÃÐÁÒ³á¢¹ËØˆ¹Â¹µŒà»“¹ 1 ·ˆÍ¹ á¢¹ËØˆ¹Â¹µŒÁÕÁÇÅÀÒÃÐË¹Ñ¡ 0.10 ¡ÔâÅ¡ÃÑÁ µÔ´ÍÂÙˆ·ÕèÃÐÂÐ 0.45

àÁµÃ ¨Ò¡ÊÁ¡ÒÃÊ¶Ò¹Ð¢Í§áºº¨íÒÅÍ§ (3.8) ¨Ðä´‰

�3 �
"$$$$%
� � 
 �
� � � 

� 9�
�� �&
 ) 9 ��� 9�� �
� ) <+9 �*� � � 
 9 � �59 �

& '''') 3 � "$$$$%
�
�
 �9 � 	+ ) 9�<�� 	 � & '''')

7
(6.1)

9 � � 
 9 � 9�9 � � � 3

â´Â·Õè 3 � � ��� �� �� � �� ¤×Í ÁØÁ¢Í§ÁÍàµÍÃŒ (àÃà´ÕÂ¹)

� ¤×Í ÃÐÂÐàºÕèÂ§·Õè»ÅÒÂá¢¹¡Å (àÁµÃ)9 ¤×Í µíÒáË¹ˆ§àªÔ§ÁØÁ¢Í§âËÅ´ (àÃà´ÕÂ¹)7 ¤×Í áÃ§´Ñ¹·Õèà¢‰ÒÁÍàµÍÃŒ (âÇÅ·Œ)
ã¹¡ÒÃÍÍ¡áºº¨Ðà»ÃÕÂºà·ÕÂº¡ÒÃ¤Çº¤ØÁ´‰ÇÂÍÑµÃÒ¡ÒÃÊØˆÁáÅÐÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ´Ñ§¹Õé ´Ñ§¹Ñé¹

µÒÃÒ§·Õè 6.1: ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁáÅÐ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³¤Çº¤ØÁ (ÊÀÒÇÐÃÐºº»Ã¡µÔ)

¡Ã³Õ·Õè ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� ÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ ���
1.1 
�� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 
� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
1.2 9 ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 9 ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
1.3 9 ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 
� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ

¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áÅÐµÑÇÊÑ§à¡µÊ¶Ò¹Ð ¨Ðáºˆ§ÍÍ¡à»“¹ÊÍ§¤ÇÒÁ¶Õè áÅÐã¹¡ÒÃ
ÍÍ¡áººµÑÇ¤Çº¤ØÁáµˆÅÐ¤ÇÒÁ¶Õè¨Ð¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒà¾×èÍãË‰ä´‰µÑÇ¤Çº¤ØÁ·Õèãª‰¢¹Ò´ÊÑÒ³¤Çº¤ØÁã¡Å‰
à¤ÕÂ§¡Ñ¹´‰ÇÂ

� ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ � � � 
�� ÃÍºµˆÍÇÔ¹Ò·Õ ã¹¡ÒÃÍÍ¡áºº ¨ÐÊØˆÁÃÐºº (6.1) ´‰ÇÂ
¤ÇÒÁ¶Õèà·ˆÒ¡ÑºÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ ÊÁ¡ÒÃÊ¶Ò¹ÐÃÐººàÇÅÒäÁˆµˆÍà¹×èÍ§áÊ´§´Ñ§¹Õé

3 � � � 
 � �
"$$$$%

 
+�'
  �&� ��� �&� �� 
� �&� 9 � �&� ��9 �&� ���
� 
�
+� �� �&� < � 
+�'
  
� )

�&� <+� �&� 9�< �&� 9 �

&('''') 3 � ��� � "$$$$%
�&�'
��) ��� �5�

+�'
�) ��� ��9 &('''')

7 � �*� (6.2)

94� ��� � � 
 9 � 9�9 � � � 3 � ���

ã¹¡ÒÃÍÍ¡áºº¨Ð¡íÒË¹´¢ÑéÇ¡ÒÃÅ×è¹äËÅ¢Í§ÃÐºº¤×Í � �&� �* �� ���  	 � �"��� ��� � ·íÒãË‰ä´‰¾×é¹¼ÔÇÊÅÑº

2 � � 
�� �+9 ) <&� � � ��� � � 
�� �5� �
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áÅÐ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡®¡ÒÃà¢‰Ò¶Ö§´Ñ§¹Õé

��� � � 
 � � 9 ��� ��� � ��� ����
 � ) � � �+� ��� 

à¾×èÍËÒ¢Íºà¢µàÊ¶ÕÂÃÀÒ¾ã¹¡Ã³Õ·ÕèÃÐºº·Õ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ ¨Ò¡
ÊÁ¡ÒÃ¾ËØ¹ÒÁ (5.6) ¡íÒË¹´ãË‰àÁµÃÔ¡«Œ � ����� ����
1 ´Ñ§¹Ñé¹¨Ðá¡‰ÊÁ¡ÒÃàÅÕÂ¾Ùâ¹¿ËÒàÁµÃÔ¡«Œ � ä´‰

� �
"$$$$%

�&� �&
�9 ) ��� ����
 ) ��� ��� �
) �&� �&
�) �&� �+��
 ��� ���+9 ��� ��� �
) �&� �+��<) �&� �+� � ��� ��� � ���1
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á·¹¤ˆÒÅ§ã¹ÊÁ¡ÒÃ (5.6) ¨Ðä´‰¢Íºà¢µàÊ¶ÕÂÃÀÒ¾´Ñ§¹Õé) ��� ����
 � � 3 � � � � 95<&� � � 
 � � 3 � � � 
��
	&� � � �
¨Ðä´‰¤ˆÒÃÒ¡¢Í§ÊÁ¡ÒÃ � � �795�+��<&�  áÅÐ � � � ) � � ��< � 9 áµˆà¹×èÍ§¨Ò¡ � � 3 � � � � ´Ñ§¹Ñé¹¨Ðä´‰ÇˆÒÃÐºº
¨ÐÁÕàÊ¶ÕÂÃÀÒ¾àÁ×èÍ � � 3 � � � 95�+�+<��  

� ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³ � � � 
� ÃÍºµˆÍÇÔ¹Ò·Õ ¡íÒË¹´ãË‰¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ÁÕ¤ÇÒÁäÁˆá¹ˆ
¹Í¹¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ´Ñ§¹Õé 9 � ��� �+:?3 � ��� � �4� ���
¨Ò¡¡ÒÃ·´ÅÍ§ËÒ¤ˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ã¹ªØ´·´ÅÍ§¾ºÇˆÒà»“¹ÊÑÒ³áººÊØˆÁ ÁÕ
¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹´Ñ§¹Õé �

�
�
� � � ��� 
����&� �&
 à¾×èÍ¡ÃÍ§ÊÑÒ³Ãº¡Ç¹´Ñ§¡ÅˆÒÇÍÍ¡ ¨Ö§ãª‰µÑÇ¡ÃÍ§¤ÒÅŒ

ÁÒ¹à»“¹µÑÇÊÑ§à¡µÊ¶Ò¹ÐÃÐºº µÑÇÊÑ§à¡µÁÕâ¤Ã§ÊÃ‰Ò§´Ñ§ÊÁ¡ÒÃ (4.26) ¤ˆÒàÁµÃÔ¡«Œ ' ËÒä´‰¨Ò¡
¡ÒÃá¡‰ÊÁ¡ÒÃÃÔ¤¤ÒµÔ

� � � � � � � � � ) � � � : � � :�� : � �6� � �  � :�� �
â´Â·Õè � áÅÐ � ä´‰¨Ò¡ÃÐºº (6.2),

� � � : � �
�
�
� �4� �*� 
 : áÅÐ � � ��
 ¨Ðä´‰¤ˆÒàÁµÃÔ¡«Œ ' ´Ñ§¹Õé' � � :�� : � �6� � �  � :�� � � � �&� 9 � ��� ��
 �&� �5� ��� � � �
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� ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 9 ÃÍºµˆÍÇÔ¹Ò·Õ ã¹¡ÒÃÍÍ¡áºº ¨ÐÊØˆÁÃÐºº (6.1) ´‰ÇÂ
¤ÇÒÁ¶Õèà·ˆÒ¡ÑºÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ ÊÁ¡ÒÃÊ¶Ò¹ÐÃÐººàÇÅÒäÁˆµˆÍà¹×èÍ§áÊ´§´Ñ§¹Õé

3 � � � 
 � �
"$$$$%

 �&� 9�
 �&� 9�< �&� �+�
� ) �&� ��� �&� �&
 �&� �&

� ) 9��'
�� �&�'
� �&� 9�

� �&� 	�	 ) �&� ��� ) �&� ��� &('''') 3

� ��� � "$$$$%
�&�  ��) �&� �&


+� 	&

�&� � �

&('''') 7 � ��� (6.3)

9 � ��� � � 
 9 � 9�9 � � � 3 � ���

ã¹¡ÒÃÍÍ¡áºº¨Ð¡íÒË¹´¢ÑéÇ¡ÒÃÅ×è¹äËÅ·Ñé§ËÁ´¢Í§ÃÐººäÇ‰·Õè � ·íÒãË‰ä´‰¾×é¹¼ÔÇÊÅÑº

2 � � 
�� � � �&� �+< ��� 9 	 �&� � � �

áÅÐ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡®¡ÒÃà¢‰Ò¶Ö§´Ñ§¹Õé
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 � � ��� �*� � ��� ����
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à¾×èÍËÒ¢Íºà¢µàÊ¶ÕÂÃÀÒ¾ã¹¡Ã³Õ·ÕèÃÐºº·Õ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ ¨Ò¡
ÊÁ¡ÒÃ¾ËØ¹ÒÁ (5.6) ¡íÒË¹´ãË‰àÁµÃÔ¡«Œ � ����� ����
1 ´Ñ§¹Ñé¹¨Ðá¡‰ÊÁ¡ÒÃàÅÕÂ¾Ùâ¹¿ËÒàÁµÃÔ¡«Œ � ä´‰
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 � � 3 � � � � �&� 9
	+9 � � 3 � � � 9�� � 	+ � �
¨Ðä´‰¤ˆÒÃÒ¡¢Í§ÊÁ¡ÒÃ � � �09 ����� � 9 áÅÐ � � � ) � � � � � áµˆà¹×èÍ§¨Ò¡ � � 3 � � � � ´Ñ§¹Ñé¹¨Ðä´‰ÇˆÒÃÐºº¨Ð
ÁÕàÊ¶ÕÂÃÀÒ¾àÁ×èÍ � � 3 � � � 9��5��� � 9

� ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³ ��� � 9 ÃÍºµˆÍÇÔ¹Ò·Õ ¡íÒË¹´ãË‰¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ÁÕ¤ÇÒÁäÁˆá¹ˆ
¹Í¹¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ´Ñ§¹Õé 9 � ��� �+:?3 � ��� � �4� ���
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¨Ò¡¡ÒÃ·´ÅÍ§ËÒ¤ˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ã¹ªØ´·´ÅÍ§¾ºÇˆÒà»“¹ÊÑÒ³áººÊØˆÁ ÁÕ
¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹´Ñ§¹Õé �

�
�
� � � ��� 
����&� �&
 à¾×èÍ¡ÃÍ§ÊÑÒ³Ãº¡Ç¹´Ñ§¡ÅˆÒÇÍÍ¡ ¨Ö§ãª‰µÑÇ¡ÃÍ§¤ÒÅŒ

ÁÒ¹à»“¹µÑÇÊÑ§à¡µÊ¶Ò¹ÐÃÐºº µÑÇÊÑ§à¡µÁÕâ¤Ã§ÊÃ‰Ò§´Ñ§ÊÁ¡ÒÃ (4.26) ¤ˆÒàÁµÃÔ¡«Œ ' ËÒä´‰¨Ò¡
¡ÒÃá¡‰ÊÁ¡ÒÃÃÔ¤¤ÒµÔ

� � � � � � � ��� ) � � � : � � :�� : � �6�
� �  � :�� �
â´Â·Õè � áÅÐ � ä´‰¨Ò¡ÃÐºº (6.3),

� � � : � �
�
�
� �4� �*� 
 : áÅÐ �
� ��
 ¨Ðä´‰¤ˆÒàÁµÃÔ¡«Œ ' ´Ñ§¹Õé' � � :�� : � ���
� �  � :�� � � � ���1
� ) ��� ��
 ) ��� 95� �&� ��	 �

6.2 ¼Å¡ÒÃ¨íÒÅÍ§¤Çº¤ØÁÃÐººá¢¹ËØˆ¹Â¹µŒ µÍ¹·Õè 1

¨Ò¡·Õèä´‰ÍÍ¡áººµÑÇ¤Çº¤ØÁäÇ‰ã¹ËÑÇ¢‰Í 6.1 ã¹ËÑÇ¢‰Í¹Õé¨Ð¹íÒµÑÇ¤Çº¤ØÁ´Ñ§¡ÅˆÒÇÁÒ¨íÒÅÍ§ÃÐººá¢¹ËØˆ¹
Â¹µŒ·ÕèÊÀÒÇÐ»Ã¡µÔ (ÁÇÅÀÒÃÐ ���1
� ¡ÔâÅ¡ÃÑÁ áÅÐÃÐÂÐÁÇÅ¶ÒÃÐ �&� �* àÁµÃ) ´‰ÇÂ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§
ÊÑÒ³¤Çº¤ØÁáÅÐ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ ´Ñ§µÒÃÒ§·Õè 6.1 ä´‰¼Å¡ÒÃ¨íÒÅÍ§ÃÐºº´Ñ§µˆÍä»¹Õé
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� ¡Ã³Õ·Õè 1.1 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 
�� ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
�����7
� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕÊÀÒÇÐ»Ã¡µÔ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.4, 6.5 áÅÐ 6.6
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ÃÙ»·Õè 6.6: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�GIH*JLK�M�N
O�P�Q�H�R2K�M�N�O�P*Q5S�KTN=U V'W�X#Q
Y#Z�K�N�U$M�N!['\
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� ¡Ã³Õ·Õè 1.2 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 9 ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
������9 ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕÊÀÒÇÐ»Ã¡µÔ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.7, 6.8 áÅÐ 6.9
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 #"��T�=�>�3�!%�&
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ÃÙ»·Õè 6.8: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (*)L+���.�/*0�(�12+���.�/*0�4�+6-=7 8'9�:#0
;#<�+6-�7$,�-�?'@
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ÃÙ»·Õè 6.9: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�G H J�K���O�P�Q�H�R2K���O�P�Q�S�K6N=U V'W X�Q
Y#Z�K6N�U$M�N!['\
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� ¡Ã³Õ·Õè 1.3 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 9 ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
�����7
� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕÊÀÒÇÐ»Ã¡µÔ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.10, 6.11 áÅÐ 6.12
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ÃÙ»·Õè 6.11: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (*)L+���.�/*0�(�12+�,3-!.�/*054�+6-�7 8�9�:�0
;�<5+6-=7>,3-�?'@
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ÃÙ»·Õè 6.12: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�G H J�K���O�P�Q�H�R2K�M�N�O�P*Q5S�KTN=U V'W�X#Q
Y#Z�K�N�U$M�N!['\
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àÁ×èÍà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ·´ÅÍ§¡Ã³Õ·Õè 1.1 (ÍÑµÃÒ¡ÒÃ»„Í¹ÊÑÒ³¤Çº¤ØÁ 
� ÃÍºµˆÍÇÔ¹Ò·Õ) ¡Ñº
¡Ã³Õ·Õè 1.3 (ÍÑµÃÒ¡ÒÃ»„Í¹ÊÑÒ³¤Çº¤ØÁ 9 ÃÍºµˆÍÇÔ¹Ò·Õ) ¨ÐàËç¹ä´‰ÇˆÒµÑÇ¤Çº¤ØÁ·Ñé§ÊÍ§ÊÃ‰Ò§ÊÑÒ³
¤Çº¤ØÁ¢¹Ò´ã¡Å‰à¤ÕÂ§¡Ñ¹ áÅÐ·íÒãË‰Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ¤ˆÒÍ‰Ò§ÍÔ§ (ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ 9� 
Í§ÈÒ) ä´‰ã¹àÇÅÒã¡Å‰à¤ÕÂ§¡Ñ¹ áÊ´§ãË‰àËç¹ÇˆÒ¶Ö§áÁ‰¨ÐÅ´¤ÇÒÁ¶Õèã¹¡ÒÃ»„Í¹ÊÑÒ³¤Çº¤ØÁãË‰ÁÕ¤ˆÒµíèÒÅ§
ÃÐºº¡çÂÑ§ÁÕàÊ¶ÕÂÃÀÒ¾áÅÐÊÒÁÒÃ¶ãË‰¼ÅµÍºÊ¹Í§·Õè´Õä´‰ àÁ×èÍ¾Ô¨ÒÃ³ÒÊÑÒ³¤Çº¤ØÁ¢Í§¡Ã³Õ·Õè 1.1

à·ÕÂº¡Ñº¡Ã³Õ·Õè 1.3 ¨Ð¾ºÇˆÒÊÑÒ³¤Çº¤ØÁ¢Í§¡Ã³Õ·Õè 1.1 ÊÑè¹ ·íÒãË‰»ÅÒÂá¢¹¡Åá¡Çˆ§
¾Ô¨ÒÃ³Ò¼Å¡ÒÃ·´ÅÍ§¡Ã³Õ·Õè 1.2 à»ÃÕÂºà·ÕÂº¡Ñº¡Ã³Õ·Õè 1.3 ¨ÐàËç¹ä´‰ÇˆÒ ¼Å¡ÒÃ¤Çº¤ØÁ¢Í§¡Ã³Õ

·Õè 1.2 ÊÒÁÒÃ¶à¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ¤ˆÒÍ‰Ò§ÍÔ§ä´‰ª‰Ò¡ÇˆÒ¡Ã³Õ·Õè 1.3 ·Ñé§æ·Õè·Ñé§ÊÍ§¡Ã³ÕÁÕÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ
à·ˆÒ¡Ñ¹ ·Ñé§¹Õéà¹×èÍ§¨Ò¡¡Ã³Õ·Õè 1.2 ÁÕÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³ ( 9 ÃÍºµˆÍÇÔ¹Ò·Õ) ·ÕèµíèÒ¡ÇˆÒ¡Ã³Õ·Õè 1.3 ( 
� ÃÍºµˆÍ
ÇÔ¹Ò·Õ) àÁ×èÍ¾Ô¨ÒÃ³Ò¿’§¡ŒªÑ¹¾×é¹¼ÔÇÊÅÑº 243 � ��� ¢Í§¡Ã³Õ·Õè 1.2 ¨Ð¾ºÇˆÒ¤ˆÒ¿’§¡ŒªÑ¹¾×é¹¼ÔÇÊÅÑº·Õè»ÃÐÁÒ³
ä´‰ÁÕ¤ÇÒÁ¼Ô´¾ÅÒ´ä»¨Ò¡¤ˆÒ¿’§¡ŒªÑ¹¾×é¹¼ÔÇÊÅÑº¨ÃÔ§ ËÃ×ÍÊÑ§à¡µÊ¶Ò¹Ð¢Í§ÃÐºº¼Ô´¾ÅÒ´¹Ñè¹àÍ§ Êˆ§¼ÅãË‰
µÑÇ¤Çº¤ØÁ·íÒ§Ò¹ä´‰äÁˆàµçÁ»ÃÐÊÔ·¸ÔÀÒ¾

µˆÍä»¨Ð·´ÅÍ§¹íÒµÑÇ¤Çº¤ØÁµÑÇà´ÔÁ¹Õéä»¨íÒÅÍ§¤Çº¤ØÁÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰Íµ̂Íà´ÕÂÇ·ÕèÁÕ¤ÇÒÁ
äÁˆá¹ˆ¹Í¹ ¤×Í ÁÇÅÀÒÃÐà»ÅÕèÂ¹á»Å§¨Ò¡ ���1
� ä»à»“¹ ��� �+ ¡ÔâÅ¡ÃÑÁ áÅÐÃÐÂÐÁÇÅÀÒÃÐ¨Ò¡ �&� �* ä»à»“¹
�&� <+� àÁµÃ â´Âãª‰¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ áÅÐ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡´Ñ§µÒÃÒ§·Õè 6.2

µÒÃÒ§·Õè 6.2: ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁáÅÐ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³¤Çº¤ØÁ (ÊÀÒÇÐÃÐººÁÕ¤ÇÒÁ
äÁˆá¹ˆ¹Í¹)

¡Ã³Õ·Õè ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ � � ÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ � �
1.4 
�� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 
� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
1.5 9 ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 9 ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
1.6 9 ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 
� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
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� ¡Ã³Õ·Õè 1.4 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 
�� ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
�����7
� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.13, 6.14 áÅÐ 6.15
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	��*���� ������	���5���T��� �*�!��
 �� ����� ����%'&
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ÃÙ»·Õè 6.14: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (�)�+�,3-�.�/�0
( 12+�,�-
.�/�054 +6-=7 ��-�:�0
;�� +�-�7 -�9�?'@
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ÃÙ»·Õè 6.15: ¿’§¡ŒªÑ¹ÊÅÑº ACBID F'GIH JLK�M3N!O�P*Q�H�R K M3N
O�P�QIS�K�N�U �*N!X�Q
Y�� K�N�U N�W�['\
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� ¡Ã³Õ·Õè 1.5 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 9 ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
������9 ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.16, 6.17 áÅÐ 6.18
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ÃÙ»·Õè 6.16: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) ����� ��	������� � ��	��*5���T�=� ������! �� �T�=� ��� %'&
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ÃÙ»·Õè 6.17: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (*)�+���.�/�0
( 12+���.�/�0I4�+�-�7 �*-!:�0�; � +6-�7 -�9�?'@
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ÃÙ»·Õè 6.18: ¿’§¡ŒªÑ¹ÊÅÑº ACBID F�G H*J�K ��O�P*Q�H�R K ��O�P*Q5S�K6N�U �*N!X�Q
Y � KTN=U N�W�[�\
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� ¡Ã³Õ·Õè 1.6 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 9 ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
�����7
� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.19, 6.20 áÅÐ 6.21
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ÃÙ»·Õè 6.19: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) �*�L����	��*���� ���3�!	��*5���6��� �*�!��
 � �6�=� ����%�&
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ÃÙ»·Õè 6.20: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (�)�+���.�/*0�(�1 +�,�-�.�/�054�+T-�7 �*-!:�0
;�� +�-�7 -�9�?'@
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ÃÙ»·Õè 6.21: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�G H*J�K���O�P*Q�H�R K�M3N�O�P*Q5S�K6N�U �*N!X�Q
Y � K�N�U N�W�['\
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µÒÃÒ§·Õè 6.3: ÊÃØ»¼Å¡ÒÃ¤Çº¤ØÁÃÐºº·ÕèÀÒÇÐ¡ÒÃ·íÒ§Ò¹µˆÒ§æ µÍ¹·Õè 1

¡Ã³Õ·Õè �5� (Hz) ��� (Hz) $ (¡ÔâÅ¡ÃÑÁ)
�

(àÁµÃ) -
� (ÇÔ¹Ò·Õ) 7

����� (âÇÅµŒ) � � � � 3 � ��� ) �3 � ��� � � 
 � �
1.1 
�� 
�� �&�'
�� ��� �� <&�'
 �&�  �< ��� ��
+
 �

1.2 9 9 �&�'
�� ��� �� 
���� � �&� � � ��� �+ ���
1.3 9 
�� �&�'
�� ��� �� <&� 9 �&� � � ��� ��
���
1.4 
�� 
�� �&� �� ��� <��  ��'
 �&�  + ��� �5�+�� 
1.5 9 9 �&� �� ��� <�� � 
�&� � �&� � � ��� � ��	 �
1.6 9 
�� �&� �� ��� <��  �� � �&� � � ��� �5����


¤ˆÒà©ÅÕèÂ¡ÒÃÊÑ§à¡µÊ¶Ò¹Ð¼Ô´¾ÅÒ´ � � � � 3 � �*� ) �3 � ��� � � 
 � � ¢Í§·Ø¡¡Ã³Õ ¨ÐÊØˆÁÊ¶Ò¹Ð¨ÃÔ§áÅÐÊ¶Ò¹Ð·Õè
ÊÑ§à¡µä´‰´‰ÇÂ¤ÇÒÁ¶Õè 
�� ÃÍºµˆÍÇÔ¹Ò·Õ µÑé§áµˆàÇÅÒ � ¶Ö§ 95� ÇÔ¹Ò·Õ â´Â � ¤×Í¨íÒ¹Ç¹¤ÃÑé§·ÕèÊØˆÁ

¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§ÃÐºº ªÕéãË‰àËç¹ÇˆÒàÁ×èÍÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆà¡Ô´
¢Öé¹¡ÑºÃÐºº µÑÇ¤Çº¤ØÁ¨ÐÂÑ§ÊÒÁÒÃ¶¤Çº¤ØÁÃÐººãË‰ÁÕàÊ¶ÕÂÃÀÒ¾ä´‰ â´Â¼Å¡ÒÃ¤Çº¤ØÁ¢Í§ÃÐºº·ÕèÁÕ
¤ÇÒÁäÁˆá¹ˆ¹Í¹ (¡Ã³Õ·Õè 1.4, 1.5 áÅÐ 1.6) Ê¶Ò¹Ð¢Í§ÃÐºº¨Ðà¤Å×èÍ¹·ÕèÊÙˆ¤ˆÒÍ‰Ò§ÍÔ§ä´‰ª‰Ò¡ÇˆÒÃÐºº·Õè
ÊÀÒÇÐ»Ã¡µÔ (¡Ã³Õ·Õè 1.1, 1.2 áÅÐ 1.3)

¨Ò¡¼Å¡ÒÃ·´ÅÍ§µÍ¹·Õè 1 áÊ´§ãË‰àËç¹¢‰Í´Õ¢Í§¡ÒÃ¤Çº¤ØÁ´‰ÇÂ¤ÇÒÁ¶ÕèµíèÒáÅÐ¡ÒÃÊØˆÁÊÑÒ³¢Ò
ÍÍ¡´‰ÇÂ¤ÇÒÁ¶ÕèÊÙ§ ÍÂˆÒ§äÃ¡çµÒÁ àÁ×èÍ·´ÅÍ§¹íÒµÑÇ¤Çº¤ØÁ¹Õéä»ãª‰¡ÑºÃÐºº¨ÃÔ§¾ºÇˆÒ»ÅÒÂ¢Í§á¢¹ËØˆ¹
Â¹µŒá¡Çˆ§´‰ÇÂ¤ÇÒÁ¶ÕèµíèÒ à¹×èÍ§¨Ò¡¤ÇÒÁ¶Õè·ÕèÍÍ¡áººã¹µÍ¹·Õè 1 ¹ÕéÁÕ¤ˆÒµíèÒà¡Ô¹ä» ´Ñ§¹Ñé¹¨Ð¾Ô¨ÒÃ³ÒÍÍ¡
áººµÑÇ¤Çº¤ØÁ·Õè¤ˆÒ¤ÇÒÁ¶ÕèÊÙ§¢Öé¹ã¹µÍ¹·Õè 2

6.3 ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁÊíÒËÃÑºá¢¹ËØˆ¹Â¹µŒ µÍ¹·Õè 2

ÊíÒËÃÑº¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁÊíÒËÃÑºá¢¹ËØˆ¹Â¹µŒµÍ¹·Õè 2 ¹Õé ÂÑ§¤§ãª‰áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ·Õèä´‰
¨Ò¡ÇÔ¸ÕÃÐàºÕÂºªÔé¹ÍÑ¹µÐâ´Â»ÃÐÁÒ³á¢¹ËØˆ¹Â¹µŒà»“¹ 
 ·ˆÍ¹ áµˆ¨Ð¾Ô¨ÒÃ³Òà»ÅÕèÂ¹ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³
¤Çº¤ØÁáÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³ãË‰ÁÕ¤ˆÒÊÙ§¢Öé¹¨Ò¡¡ÒÃ·´ÅÍ§ã¹µÍ¹·Õè 1 µÒÃÒ§áÊ´§ÍÑµÃÒ¡ÒÃÊˆ§
ÊÑÒ³¤Çº¤ØÁáÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡áÊ´§´Ñ§µÒÃÒ§µˆÍä»¹Õé â´Â¨Ð¨íÒÅÍ§ã¹·íÒ¹Í§à´ÕÂÇ¡Ñº
µÍ¹·Õè 1 ¤×Í ÍÍ¡áººµÑÇ¤Çº¤ØÁáÅÐ¨íÒÅÍ§¤Çº¤ØÁÃÐºº·ÕèÊÀÒÇÐ»Ã¡µÔáÅÐÃÐºº·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹

µÒÃÒ§·Õè 6.4: ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁáÅÐ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³¤Çº¤ØÁ (ÊÀÒÇÐÃÐºº»Ã¡µÔ)

¡Ã³Õ·Õè ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ � � ÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ � �
2.1 
���� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 
��� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
2.2 95� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 9�� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
2.3 95� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 
��� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
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� ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+��� 
���� ÃÍºµˆÍÇÔ¹Ò·Õ ã¹¡ÒÃÍÍ¡áºº ¨ÐÊØˆÁÃÐºº (6.1) ´‰ÇÂ
¤ÇÒÁ¶Õèà·ˆÒ¡ÑºÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ ÊÁ¡ÒÃÊ¶Ò¹ÐÃÐººàÇÅÒäÁˆµˆÍà¹×èÍ§áÊ´§´Ñ§¹Õé

3 � � � 
 � �
"$$$$%

 ��� �+9 � ��� ��� � �
� ��� � �+ ��� ���&
 �&� �&
�
�  � < ��< ��� �5 + �&� ��9 �
� ) 9 � � �  ���1
�
�� �&� � �+ 

&('''') 3 � �*� � "$$$$%
��� ����9) ��� ���&

��� �� �) ��� 95�� &('''')

7 � ��� (6.4)

9 � �*� � � 
 9�� 9+9�9 � � � 3 � ���

ã¹¡ÒÃÍÍ¡áºº¨Ð¡íÒË¹´¢ÑéÇ¡ÒÃÅ×è¹äËÅ¢Í§ÃÐºº¤×Í � �&� � � � ����� � � � �-��� � �5� � ·íÒãË‰ä´‰¾×é¹¼ÔÇÊÅÑº

2 � � <�	�� 	��� ) �&
+� 9 � � 
+
�� <��+9 9���� � 
 �

áÅÐ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡®¡ÒÃà¢‰Ò¶Ö§´Ñ§¹Õé

��� � � 
 � � 	 �+� ��� � ���1
 � ) �	� ��� ��� 

à¾×èÍËÒ¢Íºà¢µàÊ¶ÕÂÃÀÒ¾ã¹¡Ã³Õ·ÕèÃÐºº·Õ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ ¨Ò¡
ÊÁ¡ÒÃ¾ËØ¹ÒÁ (5.6) ¡íÒË¹´ãË‰àÁµÃÔ¡«Œ � ����� ����
1 ´Ñ§¹Ñé¹¨Ðá¡‰ÊÁ¡ÒÃàÅÕÂ¾Ùâ¹¿ËÒàÁµÃÔ¡«Œ � ä´‰

� �
"$$$$%

�&� ��� � 	 ) ��� ����9 ) �&� �� 5� ) ���1
�
 �) ��� ���+9 ��� ����� �&�'
+
< ) ��� �+ 5�) �&� ��� ��� ���1
�
�< <&�'
 9 �
) 
��  
<) ���1
�
 � ) ��� �+ �� ) 
+�  �
< �&� � � 	

&('''')
¨Ò¡¹Ñé¹¡íÒË¹´¢¹Ò´¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§ÃÐÂÐÁÇÅÀÒÃÐä»à»“¹ 0.30 àÁµÃ
áÅÐ¢¹Ò´ÁÇÅÀÒÃÐä»à»“¹ 0.05 ¡ÔâÅ¡ÃÑÁ ¡ç¨Ðä´‰àÁµÃÔ¡«Œ¤ÇÒÁäÁˆá¹ˆ¹Í¹ "�

"� � "$$$$%
� ) ��� � ��< ) 
�� ��	� � 
�  � ��� ) �&� �+��

� ��� �5�+� �*� <�<+<�� 
�  � ��� �&� �+��

� ) 
�<�� �  �
 ) ��� ���+< ) �&� �����
� �*� � � � ��� ����9 �&� �+< �

& '''')
á·¹¤ˆÒÅ§ã¹ÊÁ¡ÒÃ (5.6) ¨Ðä´‰¢Íºà¢µàÊ¶ÕÂÃÀÒ¾´Ñ§¹Õé) ��� ����
 � � 3 � � � � 
�9+ � �+9 � � 3 � � � � � �*�  � � �
¨Ðä´‰¤ˆÒÃÒ¡¢Í§ÊÁ¡ÒÃ � � � 
�� 9� �� 
� � ��� áÅÐ � � � ) �*� � � � 9 áµˆà¹×èÍ§¨Ò¡ � � 3 � � � � ´Ñ§¹Ñé¹¨Ðä´‰ÇˆÒ
ÃÐºº¨ÐÁÕàÊ¶ÕÂÃÀÒ¾àÁ×èÍ � � 3 � � � 
+� 9+ � 
�� � ���

� ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³ ��� � 
��� ÃÍºµˆÍÇÔ¹Ò·Õ ¡íÒË¹´ãË‰¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ÁÕ¤ÇÒÁäÁˆá¹ˆ
¹Í¹¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ´Ñ§¹Õé 9 � ��� �+:?3 � ��� � �4� ���



40

¨Ò¡¡ÒÃ·´ÅÍ§ËÒ¤ˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ã¹ªØ´·´ÅÍ§¾ºÇˆÒà»“¹ÊÑÒ³áººÊØˆÁ ÁÕ
¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹´Ñ§¹Õé �

�
�
� � � ��� 
����&� �&
 à¾×èÍ¡ÃÍ§ÊÑÒ³Ãº¡Ç¹´Ñ§¡ÅˆÒÇÍÍ¡ ¨Ö§ãª‰µÑÇ¡ÃÍ§¤ÒÅŒ

ÁÒ¹à»“¹µÑÇÊÑ§à¡µÊ¶Ò¹ÐÃÐºº µÑÇÊÑ§à¡µÁÕâ¤Ã§ÊÃ‰Ò§´Ñ§ÊÁ¡ÒÃ (4.26) ¤ˆÒàÁµÃÔ¡«Œ ' ËÒä´‰¨Ò¡
¡ÒÃá¡‰ÊÁ¡ÒÃÃÔ¤¤ÒµÔ

� � � � � � � ��� ) � � � : � � :�� : � �6�
� �  � :�� �
â´Â·Õè � áÅÐ � ä´‰¨Ò¡ÃÐºº (6.4),

� � � : � �
�
�
� �4� �*� 
 : áÅÐ �
� ��
 ¨Ðä´‰¤ˆÒàÁµÃÔ¡«Œ ' ´Ñ§¹Õé' � � :�� : � �6�
� �  � :�� � � � �&� � ��� �&�'
  �9 
+� �* 
 ) �&� �&
� �

� ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ � � � 9�� ÃÍºµˆÍÇÔ¹Ò·Õ ã¹¡ÒÃÍÍ¡áºº ¨ÐÊØˆÁÃÐºº (6.1) ´‰ÇÂ
¤ÇÒÁ¶Õèà·ˆÒ¡ÑºÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ ÊÁ¡ÒÃÊ¶Ò¹ÐÃÐººàÇÅÒäÁˆµˆÍà¹×èÍ§áÊ´§´Ñ§¹Õé

3 � � � 
 � �
"$$$$%

 ��� ��� � ��� �+9 � �&� �+� �

� ��� �59 � ��� ��
�� �&� ���� 
� 
�&� �+�5� ��� <+9+ �&� � � �

� )
��� 	�
 	 ��� 9 �  �&� ��9 �
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7 � ��� (6.5)
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 9�� 9+9�9 � � � 3 � ���
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 9 	�� � �+< �

áÅÐ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡®¡ÒÃà¢‰Ò¶Ö§´Ñ§¹Õé
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 � �.� �+� ��� � ���1
 � ) �	� ��� ��� 

à¾×èÍËÒ¢Íºà¢µàÊ¶ÕÂÃÀÒ¾ã¹¡Ã³Õ·ÕèÃÐºº·Õ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ ¨Ò¡
ÊÁ¡ÒÃ¾ËØ¹ÒÁ (5.6) ¡íÒË¹´ãË‰àÁµÃÔ¡«Œ � ����� ����
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á·¹¤ˆÒÅ§ã¹ÊÁ¡ÒÃ (5.6) ¨Ðä´‰¢Íºà¢µàÊ¶ÕÂÃÀÒ¾´Ñ§¹Õé) �&� �+��
 � � 3 � � � � 
�� �
�5< � � � 3 � � � �&� � �595<&
 � �
¨Ðä´‰¤ˆÒÃÒ¡¢Í§ÊÁ¡ÒÃ � � ��
 �
���&� � áÅÐ � � � ) ���  �� � � 	 áµˆà¹×èÍ§¨Ò¡ � � 3 � � � � ´Ñ§¹Ñé¹¨Ðä´‰ÇˆÒÃÐºº
¨ÐÁÕàÊ¶ÕÂÃÀÒ¾àÁ×èÍ � � 3 � � � 
 �
���&� �

� ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³ ���/� 95� ÃÍºµˆÍÇÔ¹Ò·Õ ¡íÒË¹´ãË‰¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ÁÕ¤ÇÒÁäÁˆá¹ˆ
¹Í¹¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ´Ñ§¹Õé 9 � ��� �+:?3 � ��� � �4� ���
¨Ò¡¡ÒÃ·´ÅÍ§ËÒ¤ˆÒ¤ÇÒÁäÁˆá¹ˆ¹Í¹·Õèà¡Ô´¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ã¹ªØ´·´ÅÍ§¾ºÇˆÒà»“¹ÊÑÒ³áººÊØˆÁ ÁÕ
¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹´Ñ§¹Õé �

�
�
� � � ��� 
����&� �&
 à¾×èÍ¡ÃÍ§ÊÑÒ³Ãº¡Ç¹´Ñ§¡ÅˆÒÇÍÍ¡ ¨Ö§ãª‰µÑÇ¡ÃÍ§¤ÒÅŒ

ÁÒ¹à»“¹µÑÇÊÑ§à¡µÊ¶Ò¹ÐÃÐºº µÑÇÊÑ§à¡µÁÕâ¤Ã§ÊÃ‰Ò§´Ñ§ÊÁ¡ÒÃ (4.26) ¤ˆÒàÁµÃÔ¡«Œ ' ËÒä´‰¨Ò¡
¡ÒÃá¡‰ÊÁ¡ÒÃÃÔ¤¤ÒµÔ

� � � � � � � ��� ) � � � : � � :�� : � �6�
� �  � :�� �
â´Â·Õè � áÅÐ � ä´‰¨Ò¡ÃÐºº (6.3),

� � � : � �
�
�
� �4� �*� 
 : áÅÐ �
� ��
 ¨Ðä´‰¤ˆÒàÁµÃÔ¡«Œ ' ´Ñ§¹Õé' � � :�� : � �6�
� �  � :�� � � � �&� 9+9 	 �&� ��	+ 
+� 	��59 ) 
+� 9���
 �

6.4 ¼Å¡ÒÃ¨íÒÅÍ§¤Çº¤ØÁÃÐººá¢¹ËØˆ¹Â¹µŒ µÍ¹·Õè 2

ã¹¡ÒÃ¨íÒÅÍ§ÃÐºº¨Ð¹íÒµÑÇ¤Çº¤ØÁ·ÕèÍÍ¡áººã¹ËÑ¢‰Í·ÕèáÅ‰ÇÁÒãª‰¡Ñºáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ â´Âà»ÅÕèÂ¹
¤ˆÒ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁáÅÐ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³µÒÁ¤ˆÒã¹µÒÃÒ§·Õè 6.4 ä´‰¼Å¡ÒÃ¨íÒÅÍ§
ÃÐºº´Ñ§µˆÍä»¹Õé
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� ¡Ã³Õ·Õè 2.1 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ ���/� 
�+� ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
�����7
�+� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕÊÀÒÇÐ»Ã¡µÔ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.22, 6.23 áÅÐ 6.24
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ÃÙ»·Õè 6.22: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) ���������*��	��*���� ���3�*��	���I������� ������
 #"��T�=�>�3�!%�&
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ÃÙ»·Õè 6.23: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (*)�+�,�-�-!.�/*0�(�1 +�,3-*-!.�/�0�4�+6-=7 8'9 :�0�;#<5+6-�7$,�-!?'@
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ÃÙ»·Õè 6.24: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�G�H*J�K M3N*N�O�P�Q�H�R K M�N�N�O�P�QIS�K�N�U V�W�X�Q�Y�Z KTN=U>M3N![�\
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� ¡Ã³Õ·Õè 2.2 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 9�� ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
������95� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕÊÀÒÇÐ»Ã¡µÔ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.25, 6.26 áÅÐ 6.27
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ÃÙ»·Õè 6.25: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) ���L��� �
	��*���� ���*�!	��*5���6��� ������
 �"5�6�=�>�3��%'&
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ÃÙ»·Õè 6.26: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (*)�+�� -
.�/*0�(�1 +��*-�.�/*054�+6-�7 8�9�:�0
;�<5+6-=7>,3-!?�@
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ÃÙ»·Õè 6.27: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�GIH*J�K�� N�O�P�Q�H�R K � N
O�P*Q5S K�N�U V�W�X�Q
Y�Z5K6N=U>M3N�['\
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� ¡Ã³Õ·Õè 2.3 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 9�� ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
�����7
�+� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕÊÀÒÇÐ»Ã¡µÔ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.28, 6.29 áÅÐ 6.30
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	����������������	��*5� ����� ������
 �"5�6�=�>�3�!%�&
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ÃÙ»·Õè 6.29: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (*)�+�� -
.�/*0�(�12+�,3-*-�.�/�0I4�+�-�7 8�9�:�0
;#<�+T-=7>,3-�?'@
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ÃÙ»·Õè 6.30: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�GIH*JLK�� N
O�P�Q�H�R2K�M�N�N�O�P*Q�S�K�N�U V�W�X�Q
Y�Z5KTN=U>M3N�['\
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ã¹¡ÒÃ¨íÒÅÍ§ÃÐººµÍ¹·Õè 2 ¹Õéä´‰·´ÅÍ§à¾ÔèÁ¤ÇÒÁ¶Õèã¹¡ÒÃ¤Çº¤ØÁ¢Öé¹¨Ò¡¡ÒÃ¨íÒÅÍ§µÍ¹·Õè 1 ¼Å
¡ÒÃ¨íÒÅÍ§·Õèä´‰ÂÑ§¤§ªÕéãË‰àËç¹¶Ö§¢‰Í´Õã¹¡ÒÃÊØˆÁÊÑÒ³ãË‰ª‰ÒÅ§ ¤×Í·íÒãË‰ÁØÁ¢Í§»ÅÒÂá¢¹ËØˆ¹Â¹µŒá¡Çˆ§
¹‰ÍÂ (¾Ô¨ÒÃ³ÒÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ¡Ã³Õ·Õè 2.1 ¨Ðá¡Çˆ§ÁÒ¡¡ÇˆÒ¢Í§¡Ã³Õ 2.2 áÅÐ 2.3 à¹×èÍ§¨Ò¡
ãª‰¤ÇÒÁ¶Õèã¹¡ÒÃ¤Çº¤ØÁÁÒ¡¡ÇˆÒ) áÅÐ¢‰Í´Õã¹¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ãË‰ÊÙ§¢Öé¹à¾×èÍÊÑ§à¡µÊ¶Ò¹Ð (¾Ô¨ÒÃ³Ò
¿’§¡ŒªÑ¹ÊÅÑº ��� ��� ¢Í§¡Ã³Õ·Õè 2.2 ¨ÐÁÕ¤ˆÒ¼Ô´¾ÅÒ´ÁÒ¡ÇˆÒ¡Ã³Õ 2.1 áÅÐ 2.3 à¹×èÍ§¨Ò¡ãª‰ÍÑµÃÒ¡ÒÃÊØˆÁ
ÊÑÒ³¢ÒÍÍ¡¹‰ÍÂ¡ÇˆÒ ·íÒãË‰µÑÇ¤Çº¤ØÁ·íÒ§Ò¹ä´‰äÁˆàµçÁ»ÃÐÊÔ·¸ÔÀÒ¾)

µˆÍä»¨Ð¨íÒÅÍ§¡ÒÃ¤Çº¤ØÁâ´Â¹íÒµÑÇ¤Çº¤ØÁµÑÇ¹Õé ä»¨íÒÅÍ§¤Çº¤ØÁÃÐººá¢¹¡ÅÍˆÍ¹µÑÇ·ÕèÁÕ¤ÇÒÁ
äÁˆá¹ˆ¹Í¹ ¤×Í¢¹Ò´¢Í§ÁÇÅÀÒÃÐà»ÅÕèÂ¹á»Å§¨Ò¡ ���1
� ¡ÔâÅ¡ÃÑÁ ä»à»“¹ ��� �+ ¡ÔâÅ¡ÃÑÁ áÅÐÃÐÂÐ
¢Í§ÁÇÅÀÒÃÐà»ÅÕèÂ¹á»Å§¨Ò¡ �&� �* àÁµÃ ä»à»“¹ �&� <+� àÁµÃ â´Â¨Ð¨íÒÅÍ§à»ÅÕèÂ¹ÍÑµÃÒã¹¡ÒÃÊˆ§ÊÑÒ³
¤Çº¤ØÁáÅÐÍÑµÃÒã¹¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ÁÕ¤ˆÒ´Ñ§µÒÃÒ§·Õè 6.5 ¨Ðä´‰¼Å¡ÒÃ¨íÒÅÍ§ÃÐºº´Ñ§µÒÃÒ§·Õè 6.5

µÒÃÒ§·Õè 6.5: ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁáÅÐ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³¤Çº¤ØÁ (ÊÀÒÇÐÃÐººÁÕ¤ÇÒÁ
äÁˆá¹ˆ¹Í¹)

¡Ã³Õ·Õè ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ � � ÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ � �
2.4 
���� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 
��� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
2.5 95� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 9�� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
2.6 95� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ 
��� ¤ÃÑé§µˆÍÇÔ¹Ò·Õ
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� ¡Ã³Õ·Õè 2.4 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ ���/� 
�+� ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
�����7
�+� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.31, 6.32 áÅÐ 6.33
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ÃÙ»·Õè 6.31: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) ���������*��	��*���� ���3�*��	���I������� �*�!��
 #"��T�=� ����%�&
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ÃÙ»·Õè 6.32: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (*)�+�,�-�-!.�/*0�(�1 +�,3-*-!.�/�0�4�+6-=7 ��-�:�0�;#<5+6-�7 -�9�?'@
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ÃÙ»·Õè 6.33: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�G�H*J�K M3N*N�O�P�Q�H�R K M�N�N�O�P�QIS�K�N�U �*N!X�Q�Y�Z KTN=U N�W�[�\
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� ¡Ã³Õ·Õè 2.5 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 9�� ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
������95� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.34, 6.35 áÅÐ 6.36
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ÃÙ»·Õè 6.34: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) ���L��� �
	��*���� ���*�!	��*5���6��� �*�!��
 �"5�6�=� ��� %'&
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ÃÙ»·Õè 6.35: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (*)�+�� -
.�/*0�(�1 +��*-�.�/*054�+6-�7 �*-!:�0
;�<5+6-=7 -�9�?�@
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ÃÙ»·Õè 6.36: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�GIH*J�K�� N�O�P�Q�H�R K � N
O�P*Q5S K�N�U �*N!X�Q
Y�Z5K6N=U N�W ['\



48

� ¡Ã³Õ·Õè 2.6 ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ �+� � 9�� ÃÍºµˆÍÇÔ¹Ò·Õ áÅÐÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡
�����7
�+� ÃÍºµˆÍÇÔ¹Ò·Õ ÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 6.37, 6.38 áÅÐ 6.39
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ÃÙ»·Õè 6.37: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) ������� �
	����������������	��*5� ����� �*�!��
 �"5�6�=� ����%�&
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ÃÙ»·Õè 6.38: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) (*)�+�� -
.�/*0�(�12+�,3-*-�.�/�0I4�+�-�7 �*-!:�0
;#<�+T-=7 -�9!?'@
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ÃÙ»·Õè 6.39: ¿’§¡ŒªÑ¹ÊÅÑº ACBED F�GIH*JLK�� N
O�P�Q�H�R2K�M�N�N�O�P*Q�S�K�N�U �*N!X�Q
Y�Z5KTN=U N�W ['\
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µÒÃÒ§·Õè 6.6: ÊÃØ»¼Å¡ÒÃ¨íÒÅÍ§¤Çº¤ØÁÃÐºº·ÕèÀÒÇÐ¡ÒÃ·íÒ§Ò¹µˆÒ§æ µÍ¹·Õè 2

¡Ã³Õ·Õè �5� (Hz) ��� (Hz) $ (¡ÔâÅ¡ÃÑÁ)
�

(àÁµÃ) -
� (ÇÔ¹Ò·Õ) 7

����� (âÇÅµŒ) � � � � 3 � ��� ) �3 � ��� � � 
 � �
2.1 
���� 
���� �&�'
�� ��� �� 
+� 9 
+� �� ��� �+9+ � 
2.2 9�� 9�� �&�'
�� ��� �� <&�'
 9�� 9�
 ��� �5� � 

2.3 9�� 
���� �&�'
�� ��� �� 9�� � 
+� 9 � ��� �+9
	�

2.4 
���� 
���� �&� �� ��� <�� <&� � 
+� �� ��� �+ �<+ 
2.5 9�� 9�� �&� �� ��� <�� 	&�'
 9�� 	+< ��� � ��	��
2.6 9�� 
���� �&� �� ��� <��  ��'
 
+� 9 � ��� �5�* �

¤ˆÒà©ÅÕèÂ¡ÒÃÊÑ§à¡µÊ¶Ò¹Ð¼Ô´¾ÅÒ´ � � � � 3 � �*� ) �3 � ��� � � 
 � � ¢Í§·Ø¡¡Ã³Õ ¨ÐÊØˆÁÊ¶Ò¹Ð¨ÃÔ§áÅÐÊ¶Ò¹Ð·Õè
ÊÑ§à¡µä´‰´‰ÇÂ¤ÇÒÁ¶Õè 
���� ÃÍºµˆÍÇÔ¹Ò·Õ µÑé§áµˆàÇÅÒ � ¶Ö§ 95� ÇÔ¹Ò·Õ â´Â � ¤×Í¨íÒ¹Ç¹¤ÃÑé§·ÕèÊØˆÁ

¨Ò¡¼Å¡ÒÃ·´ÅÍ§áÊ´§ãË‰àËç¹ÇˆÒ ¶Ö§áÁ‰ÃÐºº¨ÐÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃ
à¢‰Ò¤Ùˆ¡çµÒÁ (¡Ã³Õ·Õè 2.4, 2.5 áÅÐ 2.6) ÃÐºº¤Çº¤ØÁ¡çÂÑ§¤§ÁÕàÊ¶ÕÂÃÀÒ¾ àÁ×èÍ¾Ô¨ÒÃ³Ò¼Å¡ÒÃ·´
ÅÍ§¡Ã³Õ·Õè 2.2 áÅÐ 2.3 ·Ñé§¤Ùˆãª‰ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁà·ˆÒ¡Ñ¹ ¡Ã³Õ·Õè 2.3 ãª‰ÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢Ò
ÍÍ¡ÁÒ¡¡ÇˆÒ ÊÃØ»ä´‰ÇˆÒ¶‰ÒÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢Í§µÑÇÊÑ§à¡µÁÕ¤ˆÒÊÙ§¨Ð·íÒãË‰¡ÒÃÊÑ§à¡µÊ¶Ò¹Ð¶Ù¡µ‰Í§ÁÒ¡
¢Öé¹ ÊíÒËÃÑº¡Ã³Õ·Õè 2.1 «Öè§ãª‰ÍÑµÃÒ¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡à·ˆÒ¡Ñ¹¡Ñº¡Ã³Õ·Õè 2.3 áµˆã¹¼Å¡ÒÃ·´ÅÍ§¡ÅÑº
ãË‰¤ˆÒ¼Ô´¾ÅÒ´¡ÒÃÊÑ§à¡µÊ¶Ò¹ÐÁÒ¡¡ÇˆÒà¹×èÍ§¨Ò¡¡Ã³Õ·Õè 2.1 ÁÕÍÑµÃÒ¡ÒÃÊˆ§ÊÑ³Ò³¤Çº¤ØÁÊÙ§¡ÇˆÒ (àÁ×èÍ
ÊÑÒ³¤Çº¤ØÁà»ÅÕèÂ¹á»Å§ Ê¶Ò¹Ð¢Í§ÃÐºº¡ç¨Ðà¤Å×èÍ¹·Õè ÍÒ¨·íÒãË‰¡ÒÃÊÑ§à¡µÊ¶Ò¹Ð¼Ô´¾ÅÒ´ä´‰) ¨Ò¡
¡ÒÃ·´ÅÍ§¾ºÇˆÒ¤ˆÒ¼Ô´¾ÅÒ´¡ÒÃÊÑ§à¡µÊ¶Ò¹Ð¢Í§¡Ã³Õ·Õè 2.4 ÁÕ¤ˆÒÊÙ§¡ÇˆÒ¡Ã³ÕÍ×è¹æÁÒ¡ à¹×èÍ§¨Ò¡µÑÇ¤Çº
¤ØÁ·ÕèÍÍ¡áººÁÕ¤ÇÒÁ¼Ô´¾ÅÒ´ã¹áºº¨íÒÅÍ§ÁÒ¡ áÅÐÊÑÒ³¤Çº¤ØÁÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ºˆÍÂ ¨ÐÊˆ§¼ÅãË‰
ÁÕ¡ÒÃ»ÃÐÁÒ³¼Ô´¾ÅÒ´ÁÒ¡¢Öé¹

¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§¤Çº¤ØÁÃÐºº¾ºÇˆÒ µÑÇ¤Çº¤ØÁÊÒÁÒÃ¶¤Çº¤ØÁÃÐººä´‰´Õ µˆÍä»¨Ð¹íÒµÑÇ¤Çº¤ØÁ
´Ñ§¡ÅˆÒÇä»·´ÅÍ§¤Çº¤ØÁÃÐººá¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ áµˆà¹×èÍ§¨Ò¡ªÖ´·´ÅÍ§á¢¹¡ÅÍˆÍ¹µÑÇ
áºº¢‰ÍµˆÍà´ÕÂÇ·Õèãª‰ã¹§Ò¹ÇÔ¨ÑÂ¤ÃÑé§¹ÕéÁÕáÃ§àÊÕÂ´·Ò¹µ‰Ò¹¡ÒÃËÁØ¹ à·ÕÂºà»“¹ÊÑÒ³áÃ§´Ñ¹¢Í§ÁÍàµÍÃŒ
ä´‰»ÃÐÁÒ³ �?��� 9 âÇÅµŒ ´Ñ§¹Ñé¹ã¹â»Ãá¡ÃÁ¤Çº¤ØÁ¨Ö§ÁÕ¡ÒÃãÊˆ¿’§¡ŒªÑ¹ÊˆÇ¹¡ÅÑº¢Íºà¢µäÃ‰¼ÅµÍºÊ¹Í§
(inverse deadzone) ¡íÒË¹´´Ñ§¹Õé � 
 � � � �&� 9 � � ���	� � � 

àÁ×èÍ � ¤×ÍáÃ§´Ñ¹ä¿¿„Ò·Õèä´‰¨Ò¡¡®¡ÒÃ¤Çº¤ØÁ, � 
 ¤×ÍáÃ§´Ñ¹ä¿¿„Ò·Õè»„Í¹ãË‰ÁÍàµÍÃŒ¢Ñºá¡¹á¢¹ËØˆ¹Â¹µŒ
áÅÐ � ¤×Í¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¡íÒË¹´¤ÇÒÁªÑ¹ ã¹¡ÒÃ·´ÅÍ§¤ÃÑé§¹Õé¡íÒË¹´ãË‰ � � 
 ¿’§¡ŒªÑ¹ ������� �  
 áÊ´§
´Ñ§¹Õé
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ÃÙ»·Õè 6.40: ¿’§¡ŒªÑ¹ � � ���	� 3�


6.5 ¼Å¡ÒÃ·´ÅÍ§¤Çº¤ØÁÃÐººá¢¹ËØˆ¹Â¹µŒ

à¹×èÍ§¨Ò¡¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ 9 ÃÍºµˆÍÇÔ¹Ò·Õ ·ÕèÍÍ¡áººäÇ‰ã¹µÍ¹·Õè 1 ¹Ñé¹ÁÕ¤ˆÒµíèÒà¡Ô¹ä»
àÁ×èÍ¹íÒµÑÇ¤Çº¤ØÁä»ãª‰¤Çº¤ØÁÃÐºº¨ÃÔ§ ¨Ð·íÒãË‰»ÅÒÂá¢¹ËØˆ¹Â¹µŒá¡Çˆ§ ´Ñ§¹Ñé¹ã¹¡ÒÃ·´ÅÍ§¨Ð¡íÒË¹´
¤ˆÒ¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁãË‰ÁÕ¤ˆÒÊÙ§¢Öé¹ ´Ñ§·ÕèÍÍ¡áººäÇ‰ã¹µÍ¹·Õè 2 ¤ÇÒÁ¶Õè·Õèãª‰ã¹¡ÒÃÊˆ§
ÊÑÒ³¤Çº¤ØÁáÅÐ¤ÇÒÁ¶Õèã¹¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ÁÕ¤ˆÒ´Ñ§µÒÃÒ§µˆÍä»¹Õé

µÒÃÒ§·Õè 6.7: µÒÃÒ§¡ÒÃ¡ÒÃ·´ÅÍ§¤Çº¤ØÁÃÐººá¢¹ËØˆ¹Â¹µŒ
¡Ã³Õ·Õè � � (Hz) � � (Hz) $ (¡ÔâÅ¡ÃÑÁ)

�
(àÁµÃ)

3.1 
��� 
��� ���1
� ��� �� 
3.2 95� 95� ���1
� ��� �� 
3.3 95� 
��� ���1
� ��� �� 
3.4 
� 
��� ���1
� ��� �� 
3.5 
��� 
��� ��� �+ ��� <��
3.6 95� 95� ��� �+ ��� <��
3.7 95� 
��� ��� �+ ��� <��
3.8 
� 
��� ��� �+ ��� <��

â´Âã¹¡ÒÃ¤Çº¤ØÁÃÐºº¨ÃÔ§¨Ð¹íÒµÑÇ¤Çº¤ØÁ·Õèä´‰ÍÍ¡áººäÇ‰áµˆÅÐ¤ÇÒÁ¶Õè¨Ò¡¡ÒÃ¨íÒÅÍ§ÃÐººµÍ¹·Õè
1 áÅÐµÍ¹·Õè 2 ä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§µˆÍä»¹Õé
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� ¡Ã³Õ·Õè 3.1 àÁ×èÍ¤Çº¤ØÁÃÐºº´‰ÇÂ �+�6� 
���� ÃÍºµˆÍÇÔ¹Ò·Õ, ÍÑµÃÒÊØˆÁÊÑÒ³ÍÍ¡ �+� � 
�+� ÃÍºµˆÍ
ÇÔ¹Ò·Õ, ÃÐÂÐÁÇÅÀÒÃÐ �#�0�&� �* àÁµÃ áÅÐÁÇÅÀÒÃÐ $ % � �&�'
�� ¡ÔâÅ¡ÃÑÁ ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»
·Õè 6.41 áÅÐ 6.42
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y[
k]

ÃÙ»·Õè 6.41: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) �+�	�,
���-������������
����-���+� ���0��� �� "!#��$/%8�.�&�'
���(�)

0 2 4 6 8 10 12 14 16 18 20
−3
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−1

0
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Time (sec)

u[
k]

ÃÙ»·Õè 6.42: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) � � �,
�+��������� � ��
����������8�����&� �* ;!#�-$ % �����1
��(*)
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� ¡Ã³Õ·Õè 3.2 àÁ×èÍ¤Çº¤ØÁÃÐºº´‰ÇÂ ���#� 95� ÃÍºµˆÍÇÔ¹Ò·Õ, ÍÑµÃÒÊØˆÁÊÑÒ³ÍÍ¡ �+� � 9�� ÃÍºµˆÍ
ÇÔ¹Ò·Õ, ÃÐÂÐÁÇÅÀÒÃÐ �#�0�&� �* àÁµÃ áÅÐÁÇÅÀÒÃÐ $ % � �&�'
�� ¡ÔâÅ¡ÃÑÁ ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»
·Õè 6.43 áÅÐ 6.44

0 2 4 6 8 10 12 14 16 18 20
−30

−20

−10

0

10

20

30

Time (sec)

y[
k]

ÃÙ»·Õè 6.43: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) �+�	� 95�-���������:�095��������� ���&� �* "!/��$/%8�0���1
��(*)

0 2 4 6 8 10 12 14 16 18 20
−3

−2

−1

0

1

2

3

Time (sec)

u[
k]

ÃÙ»·Õè 6.44: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) � � � 95��������� � �09��-������������� �� "!#��$ % ���&�'
���(�)
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� ¡Ã³Õ·Õè 3.3 àÁ×èÍ¤Çº¤ØÁÃÐºº´‰ÇÂ ��� � 95� ÃÍºµˆÍÇÔ¹Ò·Õ, ÍÑµÃÒÊØˆÁÊÑÒ³ÍÍ¡ �+�	� 
�+� ÃÍºµˆÍ
ÇÔ¹Ò·Õ, ÃÐÂÐÁÇÅÀÒÃÐ �#�0�&� �* àÁµÃ áÅÐÁÇÅÀÒÃÐ $ % � �&�'
�� ¡ÔâÅ¡ÃÑÁ ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»
·Õè 6.45 áÅÐ 6.46

0 2 4 6 8 10 12 14 16 18 20
−30

−20
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Time (sec)

y[
k]

ÃÙ»·Õè 6.45: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) �+�	��9������+���5�:�,
�+�������8���0��� �� "!#��$�%��.���1
��(*)

0 2 4 6 8 10 12 14 16 18 20
−3

−2

−1

0

1
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Time (sec)

u[
k]

ÃÙ»·Õè 6.46: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) � � �095��������� � ��
����-���+� ���0��� �� "!#��$ % �.�&�'
��-(*)
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� ¡Ã³Õ·Õè 3.4 àÁ×èÍ¤Çº¤ØÁÃÐºº´‰ÇÂ ��� � 
� ÃÍºµˆÍÇÔ¹Ò·Õ, ÍÑµÃÒÊØˆÁÊÑÒ³ÍÍ¡ �+�	� 
�+� ÃÍºµˆÍ
ÇÔ¹Ò·Õ, ÃÐÂÐÁÇÅÀÒÃÐ �#�0�&� �* àÁµÃ áÅÐÁÇÅÀÒÃÐ $ % � �&�'
�� ¡ÔâÅ¡ÃÑÁ ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»
·Õè 6.47 áÅÐ 6.48
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ÃÙ»·Õè 6.47: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) �+�	�7
������+���5�:�,
�+�������8���0��� �� "!#��$�%��.���1
��(*)

0 2 4 6 8 10 12 14 16 18 20
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k]

ÃÙ»·Õè 6.48: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) � � ��
��������� � ��
����-���+� ���0��� �� "!#��$ % �.�&�'
��-(*)
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� ¡Ã³Õ·Õè 3.5 àÁ×èÍ¤Çº¤ØÁÃÐºº´‰ÇÂ �+�6� 
���� ÃÍºµˆÍÇÔ¹Ò·Õ, ÍÑµÃÒÊØˆÁÊÑÒ³ÍÍ¡ �+� � 
�+� ÃÍºµˆÍ
ÇÔ¹Ò·Õ, ÃÐÂÐÁÇÅÀÒÃÐ �#�0�&� <+� àÁµÃ áÅÐÁÇÅÀÒÃÐ $ % � �&� �� ¡ÔâÅ¡ÃÑÁ ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»
·Õè 6.49 áÅÐ 6.50
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ÃÙ»·Õè 6.49: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) � � �,
���-������� � ��
����-���+� ���0��� <���!#��$ % �.�&� �� "(�)
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u[
k]

ÃÙ»·Õè 6.50: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) ���	�,
�+��������������
����������8�����&� <+�"!#�-$/%������ �+ "(*)
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� ¡Ã³Õ·Õè 3.6 àÁ×èÍ¤Çº¤ØÁÃÐºº´‰ÇÂ ���#� 95� ÃÍºµˆÍÇÔ¹Ò·Õ, ÍÑµÃÒÊØˆÁÊÑÒ³ÍÍ¡ �+� � 9�� ÃÍºµˆÍ
ÇÔ¹Ò·Õ, ÃÐÂÐÁÇÅÀÒÃÐ �#�0�&� <+� àÁµÃ áÅÐÁÇÅÀÒÃÐ $ % � �&� �� ¡ÔâÅ¡ÃÑÁ ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»
·Õè 6.51 áÅÐ 6.52
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ÃÙ»·Õè 6.51: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) � � � 95�-������� � �095��������� ���&� <+��!/��$ % �0��� �+ "(*)
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ÃÙ»·Õè 6.52: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) ���	� 95�������������09��-������������� <���!#��$�%����&� �� "(�)
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� ¡Ã³Õ·Õè 3.7 àÁ×èÍ¤Çº¤ØÁÃÐºº´‰ÇÂ ��� � 95� ÃÍºµˆÍÇÔ¹Ò·Õ, ÍÑµÃÒÊØˆÁÊÑÒ³ÍÍ¡ �+�	� 
�+� ÃÍºµˆÍ
ÇÔ¹Ò·Õ, ÃÐÂÐÁÇÅÀÒÃÐ �#�0�&� <+� àÁµÃ áÅÐÁÇÅÀÒÃÐ $ % � �&� �� ¡ÔâÅ¡ÃÑÁ ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»
·Õè 6.53 áÅÐ 6.54
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ÃÙ»·Õè 6.53: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) � � ��9������+��� � �,
�+�������8���0��� <���!#��$ % �.��� �+ "(*)
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k]

ÃÙ»·Õè 6.54: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) ���	�095�����������:��
����-���+� ���0��� <���!#��$/%8�.�&� �� �(*)
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� ¡Ã³Õ·Õè 3.8 àÁ×èÍ¤Çº¤ØÁÃÐºº´‰ÇÂ ��� � 
� ÃÍºµˆÍÇÔ¹Ò·Õ, ÍÑµÃÒÊØˆÁÊÑÒ³ÍÍ¡ �+�	� 
�+� ÃÍºµˆÍ
ÇÔ¹Ò·Õ, ÃÐÂÐÁÇÅÀÒÃÐ �#�0�&� <+� àÁµÃ áÅÐÁÇÅÀÒÃÐ $ % � �&� �� ¡ÔâÅ¡ÃÑÁ ¨Ðä´‰¼Å¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»
·Õè 6.55 áÅÐ 6.56
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ÃÙ»·Õè 6.55: ÁØÁ·Õè»ÅÒÂá¢¹ËØˆ¹Â¹µŒ (Í§ÈÒ) � � �7
������+��� � �,
�+�������8���0��� <���!#��$ % �.��� �+ "(*)
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k]

ÃÙ»·Õè 6.56: ÊÑÒ³¤Çº¤ØÁ (âÇÅ·Œ) ���	��
�����������:��
����-���+� ���0��� <���!#��$/%8�.�&� �� �(*)
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µÒÃÒ§·Õè 6.8: ÊÃØ»¼Å¡ÒÃ·´ÅÍ§¤Çº¤ØÁÃÐºº·ÕèÀÒÇÐ¡ÒÃ·íÒ§Ò¹µˆÒ§æ µÍ¹·Õè 2
¡Ã³Õ·Õè �5� (Hz) �5� (Hz) $ (¡ÔâÅ¡ÃÑÁ)

�
(àÁµÃ) -

� (ÇÔ¹Ò·Õ) 7
��� � (âÇÅµŒ)

3.1 
��� 
��� ���1
� �&� �* 9 � < 9 � 95<
3.2 95� 95� ���1
� �&� �* 9 � 	 9 � � 	
3.3 95� 
��� ���1
� �&� �* 9 � < 9 � 	 �
3.4 
� 
��� ���1
� �&� �* 9 � 	 
�� 	 �
3.5 
��� 
��� ��� �+ �&� <+� 9 � 	 9 � �59
3.6 95� 95� ��� �+ �&� <+� 	�� 9 9 � 	�<
3.7 95� 
��� ��� �+ �&� <+� 9 � � 9 � 	�<
3.8 
� 
��� ��� �+ �&� <+� <�� < 
��1
 �

¨Ò¡¡ÒÃ¤Çº¤ØÁÃÐººá¢¹ËØˆ¹Â¹µŒ¨ÃÔ§¾ºÇˆÒ ¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰¹Ñé¹ÊÍ´¤Å‰Í§¡Ñº¼Å¡ÒÃ¨íÒÅÍ§ÃÐºº
Â¡àÇ‰¹¡Ã³Õ·Õè¤Çº¤ØÁ´‰ÇÂ¤ÇÒÁ¶Õè 10 ÃÍºµˆÍÇÔ¹Ò·Õ (¡Ã³Õ 3.4 áÅÐ 3.8) â´Â»ÅÒÂ¢Í§á¢¹ËØˆ¹Â¹µŒ¨Ð
ÁÕ¡ÒÃÊÑè¹´‰ÇÂ¤ÇÒÁ¶Õèà·ˆÒ¡Ñº¤ÇÒÁ¶Õèã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁ à¹×èÍ§¨Ò¡ÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁµíèÒà¡Ô¹
ä» ÊˆÇ¹ã¹¡Ã³ÕÍ×è¹æã¹Ê¶ÒÇÐ»Ã¡µÔµÑÇ¤Çº¤ØÁÊÒÁÒÃ¶¢ÑºãË‰»ÅÒÂá¢¹ËØˆ¹Â¹µŒà¤Å×èÍ¹·Õèä»ÂÑ§¤ˆÒÍ‰Ò§ÍÔ§ä´‰
¡Ã³Õ·Õè 3.2 ¨Ðãª‰àÇÅÒã¹¡ÒÃà¤Å×èÍ¹·Õèä»ÂÑ§¤ˆÒÍ‰Ò§ÍÔ§¹Ò¹¡ÇˆÒ¡Ã³ÕÍ×è¹æ (¡Ã³Õ·Õè 3.1 áÅÐ 3.3) àÅç¡¹‰ÍÂ
àÁ×èÍ¾Ô¨Ò³Ò¼Å¡ÒÃ¤Çº¤ØÁÃÐºº·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ (¡Ã³Õ·Õè 3.5, 3.6

áÅÐ 3.7) ¾ºÇˆÒµÑÇ¤Çº¤ØÁ¨ÐÂÑ§¤§ÊÒÁÒÃ¶¤Çº¤ØÁÊ¶Ò¹Ð¢Í§ÃÐººãË‰à¤Å×èÍ¹·Õèä»ÂÑ§¤ˆÒÍ‰Ò§ÍÔ§ä´‰ áµˆ¨Ðãª‰
àÇÅÒã¹¡ÒÃà¤Å×èÍ¹·Õèä»ÂÑ§¤ˆÒÍ‰Ò§ÍÔ§¹Ò¹¡ÇˆÒ¡Ã³ÕÃÐºº·ÕèÊÀÒÇÐ»Ã¡µÔ (¡Ã³Õ·Õè 3.1, 3.2 áÅÐ 3.3) áÅÐ
ÊÑ§à¡µÇˆÒàÁ×èÍàÁ×èÍÊØˆÁÊÑÒ³¢ÒÍÍ¡´‰ÇÂ¤ÇÒÁ¶Õè 20 ÃÍºµˆÍÇÔ¹Ò·ÕáÅÐÃÐººÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹¡Ã³Õ·Õè 3.6

ãª‰àÇÅÒã¹¡ÒÃà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ¤ˆÒÍ‰Ò§ÍÔ§¹Ò¹¡ÇˆÒÃÐººÊÀÒÇÐ»Ã¡µÔ¡Ã³Õ·Õè 3.2 ÁÒ¡
¨Ò¡¡ÒÃ·´ÅÍ§ÍÍ¡áºº¾ÒÃÒÁÔàµÍÃŒ¢Í§¿’§¡ŒªÑ¹ÊˆÇ¹¡ÅÑº¢Íºà¢µäÃ‰¼ÅµÍºÊ¹Í§ (inverse dead-

zone) à¾×èÍá¡‰»’ËÒ¤ÇÒÁ½–´¢Í§ÃÐººá¢¹ËØˆ¹Â¹µŒ� 
 � � � �&� 9 � � ���	� � � 

¾ºÇˆÒäÁˆ¤ÇÃ¡íÒË¹´¤ˆÒ¤ÇÒÁªÑ¹ � ÁÒ¡¨¹à¡Ô¹ä» à¾ÃÒÐ¨Ð·íÒãË‰Ê¶Ò¹Ð¢Í§ÃÐººã¹ÊˆÇ¹¡ÒÃÅ×è¹äËÅäÁˆÅÙˆ
à¢‰ÒÊÙˆ¨Ø´ÊÁ´ØÅ
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6.6 ¡Ã³Õ¾ÔàÈÉ ÈÖ¡ÉÒ¼Å¨Ò¡ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§

à¾×èÍÈÖ¡ÉÒ¼Å¨Ò¡ÊÑÒ³¤ÇÒÁ¶ÕèÊÙ§·ÕèÍÒ¨ä»¡ÃÐµØ‰¹ÃÐººÍÑ¹´ÑºÊÙ§·ÕèäÁˆä´‰ÍÍ¡áººËÃ×Í»ÃÐÁÒ³äÇ‰¢Í§ÃÐºº
¨ÃÔ§ â´Âã¹¡ÒÃÍÍ¡áºº¨Ð¾Ô¨ÒÃ³Ò¤ÇÒÁ¶Õèãã¹¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁÃÐºº �*�#� 
�� áÅÐ ���#� 9�� ÃÍº
µˆÍÇÔ¹Ò·Õ â´Â¨Ð·´ÅÍ§ÍÍ¡áººµÑÇ¤Çº¤ØÁÊíÒËÃÑºáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§á¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰Í
µˆÍà´ÕÂÇ·Õè»ÃÐÁÒ³á¢¹ËØˆ¹¡Åà»“¹ 
 áÅÐ < ·ˆÍ¹ ¨Ðä´‰Ê¶Ò¹Ð¢Í§ÃÐºº¢¹Ò´ � áÅÐ � Ê¶Ò¹Ð µÒÁÅíÒ´Ñº
ÊÁ¡ÒÃÊ¶Ò¹Ð¢Í§ÃÐººáÊ´§´Ñ§¹Õé (àÁ×èÍ»ÃÐÁÒ³á¢¹¡ÅÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇà»“¹ � ·ˆÍ¹) [15]�3 � - 
 � 4�3 � - 
 ��5 7 � - 
9 � - 
 � :?3 � - 
 � 3 � - 
;� � � � �� �� � �
â´Â·Õè 9 ¤×Í µíÒáË¹ˆ§»ÅÒÂá¢¹¡Å áÅÐ � ¡Ñº � ÁÕ¢¹Ò´ 
 � 
 áÅÐ � � 
 µÒÁÅíÒ´Ñº áÅÐ

4 �

"$$$$$$$$$$$$%

� � �10 � 
 � ��0 �
� � �10 � �  � 0 �
�


�� $ � "% "$ ) $ $ ��� &)  � "' ) ���
�
� 
 �� $ � "% "$ ) $ $ ��� &)  � $ � 
��

� ��
��

' �
�

' ���
�

�

� ) "% "$ ) $ $ ��� &)  � "' 
�� "% "$ ) $ $ ��� &)  � $ ' �� ' ���
�

�

& '''''''''''')

5 �

"$$$$$$$$$$$$%

�
� � 0 ����

�
� 
 �� $ � "% "$ ) $ $ � � &)  � $ � 
 �

� ��
��

'
�

' ��
�

) 
 � "% "$ ) $ $ � � &)  � $ ' � ' ��
�

&('''''''''''')
: � ; 
 � �10 �  � �� � ��0 � � � <
â´Â·Õè �

� ¤×Í ¤ÇÒÁµ‰Ò¹·Ò¹ÍÒÃŒàÁà¨ÍÃŒ'
� ¤×Í ¤ˆÒ¤§µÑÇ¢Í§áÃ§ºÔ´«Öè§à·ˆÒ¡Ñº¤ˆÒ¤§µÑÇ¢Í§áÃ§à¤Å×èÍ¹ä¿¿„ÒÂ‰Í¹¡ÅÑº' � ¤×Í ÍÑµÃÒÊˆÇ¹à¡ÕÂÃŒ

áÅÐ¡íÒË¹´ãË‰ �� �+�� � �� � "$ ��$ � "$ ��
àÁ×èÍá·¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒµˆÒ§æ¡íÒË¹´ãË‰ÁÇÅÀÒÃÐÁÕ¢¹Ò´ �&�'
 ¡ÔâÅ¡ÃÑÁ áÅÐÃÐÂÐÁÇÅÀÒÃÐ ��� �� 

àÁµÃ â´Â»ÃÐÁÒ³á¢¹¡Åà»“¹ 
 áÅÐ < ·ˆÍ¹ ·íÒä»ÇÒ´¡ÃÒ¿âºà´ (Bode plot) à»ÃÕÂºà·ÕÂº¡Ñ¹¨ÐàËç¹ÇˆÒ
ÃÐººá¢¹¡ÅÍˆÍ¹µÑÇ¨ÐµÍºÊ¹Í§µˆÍÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§ ´Ñ§ÃÙ»·Õè (6.57)
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ÃÙ»·Õè 6.57: ¡ÃÒ¿âºà´à»ÃÕÂºà·ÕÂºáºº¨íÒÅÍ§ÃÐºº·Õè»ÃÐÁÒ³á¢¹¡Åà»“¹ 
 áÅÐ < ·ˆÍ¹

¨Ò¡ÃÙ»¾ºÇˆÒáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ·Õè»ÃÐÁÒ³ÃÐººá¢¹ËØˆ¹Â¹µŒà»“¹ < ·ˆÍ¹¨ÐÁÕÊˆÇ¹·ÕèµÍº
Ê¹Í§µˆÍÊÑÒ³¤ÇÒÁ¶ÕèÊÙ§»ÃÒ¡¯¢Öé¹ÁÒ ËÃ×Í¡ÅˆÒÇä´‰ÇˆÒ¡ÒÃ»ÃÐÁÒ³á¢¹ËØˆ¹Â¹µŒà»“¹ 
 ·ˆÍ¹¹Ñé¹ ä´‰ÅÐ
àÅÂÃÐººÍÑ¹´ÑºÊÙ§´Ñ§¡ÅˆÒÇàÍÒäÇ‰

µˆÍä»¨Ðà»“¹¡ÒÃ¨íÒÅÍ§ÃÐººá¢¹ËØˆ¹Â¹µŒáÂ¡à»“¹¡Ã³ÕµˆÒ§æà¾×èÍÈÖ¡ÉÒ¼Å¨Ò¡ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶Õè
ÊÙ§ ´Ñ§µÒÃÒ§µˆÍä»¹Õé

µÒÃÒ§·Õè 6.9: ¡ÒÃ¨íÒÅÍ§ÃÐºº·Õè¤ÇÒÁ¶Õèã¹¡ÒÃ¤Çº¤ØÁµˆÒ§æ
¡Ã³Õ·Õè �5� (ÃÍºµˆÍÇÔ¹Ò·Õ) »ÃÐÁÒ³á¢¹¡Åà»“¹ (·ˆÍ¹) ÃÐººÍÑ¹´Ñº

4.1 
�� 1 4

4.2 
�� 3 8

4.3 9�� 1 4

4.4 9�� 3 8
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� ¡Ã³Õ·Õè 4.1 ¡íÒË¹´¤Òº¡ÒÃ¤Çº¤ØÁ ����� 
� ÃÍºµˆÍÇÔ¹Ò·Õ ¤Çº¤ØÁÃÐºº·Õè»ÃÐÁÒ³á¢¹¡ÅÍˆÍ¹µÑÇ
áºº¢‰ÍµˆÍà´ÕÂÇà»“¹ 
 ·ˆÍ¹ (ÃÐººÍÑ¹´Ñº � ) áÊ´§´Ñ§ÃÙ»·Õè (6.58) áÅÐ (6.59)
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ÃÙ»·Õè 6.58: ÊÑÒ³¤Çº¤ØÁÃÐºº �+�	�7
�� ÃÍºµˆÍÇÔ¹Ò·Õ, Ê¶Ò¹Ð¢Í§ÃÐºº = �
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ÃÙ»·Õè 6.59: ÁØÁ·Õè»ÅÒÂá¢¹¡Å � � �7
�� ÃÍºµˆÍÇÔ¹Ò·Õ, Ê¶Ò¹Ð¢Í§ÃÐºº = �
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� ¡Ã³Õ·Õè 4.2 ¡íÒË¹´¤Òº¡ÒÃ¤Çº¤ØÁ ����� 
� ÃÍºµˆÍÇÔ¹Ò·Õ ¤Çº¤ØÁÃÐºº·Õè»ÃÐÁÒ³á¢¹¡ÅÍˆÍ¹µÑÇ
áºº¢‰ÍµˆÍà´ÕÂÇà»“¹ < ·ˆÍ¹ (ÃÐººÍÑ¹´Ñº � ) áÊ´§´Ñ§ÃÙ»·Õè (6.60) áÅÐ (6.61)
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ÃÙ»·Õè 6.60: ÊÑÒ³¤Çº¤ØÁÃÐºº �+�	�7
�� ÃÍºµˆÍÇÔ¹Ò·Õ, Ê¶Ò¹Ð¢Í§ÃÐºº = �
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ÃÙ»·Õè 6.61: ÁØÁ·Õè»ÅÒÂá¢¹¡Å � � �7
�� ÃÍºµˆÍÇÔ¹Ò·Õ, Ê¶Ò¹Ð¢Í§ÃÐºº = �
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¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§ÃÐºº·Õè¤Òº¡ÒÃ¤Çº¤ØÁ �+� � 
� ÇÔ¹Ò·Õ ÂÑ§äÁˆàËç¹¼Å¨Ò¡ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶Õè
ÊÙ§·Ñé§ã¹ÃÐººÍÑ¹´Ñº � áÅÐÃÐººÍÑ¹´Ñº � ´Ñ§¹Ñé¹¨Ö§·´ÅÍ§¨íÒÅÍ§ÃÐºº´‰ÇÂÍÑµÃÒ¤Çº¤ØÁ·ÕèÊÙ§¢Öé¹ ( � � ��95�
ÃÍºµˆÍÇÔ¹Ò·Õ)

� ¡Ã³Õ·Õè 4.3 ¡íÒË¹´¤Òº¡ÒÃ¤Çº¤ØÁ ����� 95� ÃÍºµˆÍÇÔ¹Ò·Õ ¤Çº¤ØÁÃÐºº·Õè»ÃÐÁÒ³á¢¹¡ÅÍˆÍ¹µÑÇ
áºº¢‰ÍµˆÍà´ÕÂÇà»“¹ 
 ·ˆÍ¹ (ÃÐººÍÑ¹´Ñº � ) áÊ´§´Ñ§ÃÙ»·Õè (6.62) áÅÐ (6.63)
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ÃÙ»·Õè 6.62: ÊÑÒ³¤Çº¤ØÁÃÐºº � � ��9�� ÃÍºµˆÍÇÔ¹Ò·Õ, Ê¶Ò¹Ð¢Í§ÃÐºº = �
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ÃÙ»·Õè 6.63: ÁØÁ·Õè»ÅÒÂá¢¹¡Å � � ��9�� ÃÍºµˆÍÇÔ¹Ò·Õ, Ê¶Ò¹Ð¢Í§ÃÐºº = �
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� ¡Ã³Õ·Õè 4.4 ¡íÒË¹´¤Òº¡ÒÃ¤Çº¤ØÁ ����� 95� ÃÍºµˆÍÇÔ¹Ò·Õ ¤Çº¤ØÁÃÐºº·Õè»ÃÐÁÒ³á¢¹¡ÅÍˆÍ¹µÑÇ
áºº¢‰ÍµˆÍà´ÕÂÇà»“¹ < ·ˆÍ¹ (ÃÐººÍÑ¹´Ñº � ) áÊ´§´Ñ§ÃÙ»·Õè (6.64) áÅÐ (6.65)
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ÃÙ»·Õè 6.64: ÊÑÒ³¤Çº¤ØÁÃÐºº �+�	��9�� ÃÍºµˆÍÇÔ¹Ò·Õ, Ê¶Ò¹Ð¢Í§ÃÐºº = �
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ÃÙ»·Õè 6.65: ÁØÁ·Õè»ÅÒÂá¢¹¡Å ���	��9�� ÃÍºµˆÍÇÔ¹Ò·Õ, Ê¶Ò¹Ð¢Í§ÃÐºº = �
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µÒÃÒ§·Õè 6.10: áÊ´§¤ÇÒÁ¼Ô´¾ÅÒ´¢Í§ÊÑÒ³¢ÒÍÍ¡·ÕèÊ¶ÒÇÐÍÂÙˆµÑÇ
¡Ã³Õ·Õè � � (ÃÍºµˆÍÇÔ¹Ò·Õ) ¨íÒ¹Ç¹·ˆÍ¹ ÃÐººÍÑ¹´Ñº 7

����� (âÇÅµŒ) � � 9 � ) 9�� 
 � � - � �  �
�9 

4.1 
�� 
 � ��� ��< ��� ���+��� �

4.2 
�� < � ��� � � ��� ���+�+9� 
4.3 9�� 
 �  � ��� ��� ���+�5�+�
4.4 9�� < � 9 � � 
 ��� ����	
	�


¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§ÊÃØ»¼Åä´‰´Ñ§µÒÃÒ§·Õè (6.10) ¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§àËç¹ä´‰ÇˆÒ·ÕèÊ¶ÒÇÐÍÂÙˆµÑÇ (
- �

�  �
�9 
 ÇÔ¹Ò·Õ) »ÅÒÂ¢Í§á¢¹¡ÅÍˆÍ¹µÑÇ¨Ðà¡Ô´¡ÒÃÊÑè¹ÁÒ¡¢Öé¹àÁ×èÍÊÑÒ³¤Çº¤ØÁÁÕ¤ÇÒÁ¶ÕèÊÙ§¢Öé¹ (¨Ò¡
���.� 
� ä»à»“¹ �5�.� 9�� ÃÍºµˆÍÇÔ¹Ò·Õ) áÅÐÂÔè§Êˆ§¼ÅÁÒ¡àÁ×èÍÃÐººÁÕÍÑ¹´ÑºÊÙ§¢Öé¹ (¨Ò¡ÃÐººÍÑ¹´Ñº
� ä»à»“¹ÍÑ¹´Ñº � ) ´Ñ§¹Ñé¹¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁÊíÒËÃÑº¹íÒä»ãª‰§Ò¹¨ÃÔ§¨Ö§¤ÇÃ¤íÒ¹Ö§¶Ö§¤ÇÒÁ¶Õè·Õèãª‰ã¹¡ÒÃ
¤Çº¤ØÁ´‰ÇÂ ¤ÇÃãË‰ÁÕ¤ˆÒäÁˆÊÙ§à¡Ô¹ä» à¾×èÍËÅÕ¡àÅÕèÂ§¼ÅµÍºÊ¹Í§¨Ò¡ÃÐººÍÑ¹´ÑºÊÙ§·ÕèäÁˆä´‰ÍÍ¡áººËÃ×Í
»ÃÐÁÒ³äÇ‰



º··Õè 7

º·ÊÃØ»áÅÐ¢‰ÍàÊ¹Íá¹Ð

7.1 º·ÊÃØ»

ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé ä´‰àÊ¹Í¡ÒÃãª‰µÑÇ¤Çº¤ØÁâ¤Ã§ÊÃ‰Ò§á»Ã¼Ñ¹ä´‰áººàÇÅÒäÁˆµˆÍà¹×èÍ§¤Çº¤ØÁÃÐººá¢¹¡Å
ÍˆÍ¹µÑÇáºº¢‰ÍµˆÍà´ÕÂÇ ¨Ò¡§Ò¹ÇÔ¨ÑÂ·Õè¼ˆÒ¹ÁÒä´‰àÊ¹ÍãË‰ãª‰¡ÒÃ¤Çº¤ØÁª¹Ô´¹Õéä´‰¡ÑºÃÐºº·ÕèÁÕ¤ÇÒÁá¹ˆ
¹Í¹áººÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆà·ˆÒ¹Ñé¹ áµˆ¨Ò¡º¹¾ÔÊÙ¨¹Œ¢Íºà¢µàÊ¶ÕÂÃÀÒ¾ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé ä´‰
¾ÔÊÙ¨¹ŒÇˆÒµÑÇ¤Çº¤ØÁ¹ÕéÊÒÁÒÃ¶ãª‰ä´‰¡ÑºÃÐºº·ÕèÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ ‰́ÇÂ â´Â
¨Ðà¡Ô´à»“¹¢Íºà¢µàÊ¶ÕÂÃÀÒ¾¢Öé¹ ã¹¡ÒÃÍÍ¡áºº ä´‰·´ÅÍ§¤Çº¤ØÁÃÐººá¢¹ËØˆ¹Â¹µŒ·Ñé§·ÕèÊÀÒÇÐ¡ÒÃ
·íÒ§Ò¹»Ã¡µÔáÅÐÊÀÒÇÐÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ ¨Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇˆÒµÑÇ
¤Çº¤ØÁÊÒÁÒÃ¶¢ÑºãË‰Ê¶Ò¹Ð¢Í§ÃÐººà¤Å×èÍ¹·Õèä»ÂÑ§¤ˆÒÍ‰Ò§ÍÔ§ä´‰¶Ö§áÁ‰ÃÐºº¨ÐÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹áººäÁˆÊÍ´
¤Å‰Í§à§×èÍ¹ä¢¡ÒÃà¢‰Ò¤Ùˆ áÅÐä´‰·´ÅÍ§ÍÍ¡áººµÑÇ¤Çº¤ØÁ·ÕèÁÕÍÑµÃÒ¡ÒÃÊˆ§ÊÑÒ³¤Çº¤ØÁáÅÐÍÑµÃÒ¡ÒÃ
ÊØˆÁÊÑÒ³¤Çº¤ØÁµˆÒ§æ¡Ñ¹ ¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§áÅÐ·´ÅÍ§¤Çº¤ØÁÊÃØ»ä´‰ÇˆÒ ¶‰ÒµÑÇÊÑ§à¡µÊ¶Ò¹ÐÁÕÍÑµÃÒ
¡ÒÃÊØˆÁÊÑÒ³¢ÒÍÍ¡ÁÒ¡¢Öé¹¡ç¨ÐÊÒÁÒÃ¶ÊÑ§à¡µÊ¶Ò¹Ðä´‰´Õ¢Öé¹ àÁ×èÍ¹íÒÊ¶Ò¹Ð·Õè»ÃÐÁÒ³ä´‰¹Õéä»ÍÍ¡áºº
ÊÑÒ³¤Çº¤ØÁ¨Ð·íÒãË‰µÑÇ¤Çº¤ØÁÊÒÁÒÃ¶·íÒ§Ò¹ä´‰àµçÁ»ÃÐÊÔ·¸ÔÀÒ¾ÂÔè§¢Öé¹ áÅÐ¶‰Ò¡íÒË¹´¤ÇÒÁ¶Õèã¹¡ÒÃ
Êˆ§ÊÑÒ³¤Çº¤ØÁãË‰µíèÒÅ§¨ÐªˆÇÂÅ´¼Å¨Ò¡ÊÑÒ³¤Çº¤ØÁ¤ÇÒÁ¶ÕèÊÙ§ (chattering) ä´‰ â´ÂàÁ×èÍÅ´¤ÇÒÁ¶Õè
ã¹¡ÒÃ¤Çº¤ØÁÅ§ÁÒáÅ‰Ç¨ÐÂÑ§¤§ãË‰¼Å¡ÒÃ¤Çº¤ØÁ (àÇÅÒà¢‰Ò¶Ö§¤ˆÒÍ‰Ò§ÍÔ§) ã¡Å‰à¤ÕÂ§¡Ñ¹ÍÂÙˆ

7.2 ¢‰ÍàÊ¹Íá¹Ðã¹§Ò¹ÇÔ¨ÑÂ¹Õé

¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§¤Çº¤ØÁ·Õè¤ÇÒÁ¶ÕèµˆÒ§æ¾ºÇˆÒµÑÇ¤Çº¤ØÁÊÒÁÒÃ¶¤Çº¤ØÁãË‰Ê¶Ò¹Ðà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆ¤ˆÒÍ‰Ò§ÍÔ§ä´‰
´Õ áµˆàÁ×èÍ¹íÒµÑÇ¤Çº¤ØÁÁÒ»ÃÐÂØ¡µŒãª‰¨ÃÔ§¾ºÇˆÒã¹ºÒ§¤ÇÒÁ¶Õè¡ÒÃ¤Çº¤ØÁ µÑÇ¤Çº¤ØÁ¨Ð¢ÑºãË‰Ê¶Ò¹Ð¢Í§
ÃÐººãË‰à¤Å×èÍ¹·Õèä»ÊÙˆ¤ˆÒÍ‰Ò§ÍÔ§·Ñé§ÊÍ§ ( �:9+ Í§ÈÒ) äÁˆä´‰µÃ§µÒÁµ‰Í§¡ÒÃ à¹×èÍ§¨Ò¡¡ÒÃ¤Çº¤ØÁ·Õè
ãª‰¡ÒÃ»„Í¹¡ÅÑºÊ¶Ò¹Ð¨ÐÁÕ¤ˆÒÊÑÒ³µíèÒàÁ×èÍÊ¶Ò¹Ðà¤Å×èÍ¹·Õèà¢‰Òã¡Å‰¤ˆÒÍ‰Ò§ÍÔ§ ·íÒãË‰¤ˆÒÊÑÒ³¤Çº¤ØÁ¹Õé
äÁˆÊÒÁÒÃ¶àÍÒª¹Ð¼Å¨Ò¡áÃ§àÊÕÂ´·Ò¹ä´‰ (¼Å¨Ò¡áÃ§àÊÕÂ´·Ò¹·Ò§´‰Ò¹ºÇ¡áÅÐ´‰Ò¹ÅºÁÕ¤ˆÒäÁˆà·ˆÒ¡Ñ¹)

¨Ö§¤ÇÃÁÕ¡ÒÃá¡‰»’ËÒ·Õèá¢¹ËØˆ¹Â¹µŒãË‰ÁÕ¤ÇÒÁ½–´Å´Å§
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