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An optimum fuzzy supervisory PI controller using hierarchical genetic algorithms is developed for

controlling the top and bottom product quality of a nonlinear, multi-input multi-output binary distillation

column when the disturbace enters the column in the form of the changes in feed flow rate. Two

conventional PI controllers, one for the bottom product composition and another for the top product

composition, are used together in the control scheme. Hierarchical genetic algorithms are used to derive

the optimal number and shape of membership function and fuzzy rules of a fuzzy system that adapts

the parameters of the PI controllers. The simulation and real-time implementation results show the

effectiveness of the proposed method.
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2.14 ¼ÅµÍº·Ñé§ÊÍ§¡Ã³ÕàÁ×èÍà»ÃÕÂºà·ÕÂº¡ÑºÇÔ¸Õ Åstr��m áÅÐ H��gglund . . . . . . . . . . . . . . . . . . 21

2.15 ÊÑ
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º··Õè 1

º·¹íÒ

¡ÒÃ¡ÅÑè¹à»“¹¡ÃÐºÇ¹¡ÒÃáÂ¡ÊÒÃ¼ÊÁ·ÕèÊíÒ¤Ñ
ã¹ÍØµÊÒË¡ÃÃÁà¤ÁÕáÅÐ»”âµÃàÅÕÂÁÍÂ̂Ò§Ë¹Öè§ à¹×èÍ§
¨Ò¡ËÍ¡ÅÑè¹à»“¹Í§¤Œ»ÃÐ¡ÍºËÅÑ¡ã¹âÃ§§Ò¹à¤ÁÕáÅÐâÃ§¡ÅÑè¹¹íéÒÁÑ¹ ÍÕ¡·Ñé§¤ˆÒãª‰¨ˆÒÂã¹¡ÒÃÅ§·Ø¹áÅÐ¡ÒÃ´íÒ
à¹Ô¹¡ÒÃã¹¡ÒÃ¡ÅÑè¹¡çÁÕÁÙÅ¤ˆÒÊÙ§ ´Ñ§¹Ñé¹ÃÐºº¤Çº¤ØÁ¡ÒÃ¡ÅÑè¹ËÃ×Í¡ÒÃ·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹ Ö̈§ í̈Òà»“¹µ‰Í§
ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ áÅÐÁÕ¤ÇÒÁàª×èÍ¶×Íä´‰à¾×èÍãË‰à¡Ô´»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§ã¹¡ÒÃ¡ÅÑè¹ ÍÕ¡·Ñé§ÂÑ§à»“¹¡ÒÃà¾ÔèÁ¤ÇÒÁ
»ÅÍ´ÀÑÂáÅÐ»ÃÐËÂÑ´¤ˆÒãª‰¨ˆÒÂÍÕ¡´‰ÇÂ

´‰ÇÂÅÑ¡É³ÐÊÁºÑµÔ¢Í§ËÍ¡ÅÑè¹·Õèà»“¹ÃÐººËÅÒÂÊÑ

Ò³à¢‰ÒËÅÒÂÊÑ

Ò³ÍÍ¡ (Multi-Input-Multi-

Output: MIMO) ÁÕ¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹ÊÙ§ ÁÕ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¤Çº¤ØÁ (Interaction) ÁÕ¡ÒÃÃº
¡Ç¹ÃÐºº ·íÒãË‰¡ÒÃ¤Çº¤ØÁ¡ÒÃ·íÒ§Ò¹ËÍ¡ÅÑè¹ÁÕ¤ÇÒÁÊÅÑº«Ñº«‰Í¹ Ö̈§à»“¹»’
ËÒ·Õè¹ˆÒÊ¹ã¨áÅÐ·‰Ò·ÒÂ
ÁÒ¡ÍÂˆÒ§Ë¹Öè§ Ê̂Ç¹µÑÇ¤Çº¤ØÁ·Õè¹ÔÂÁãª‰ã¹ÍØµÊÒË¡ÃÃÁâ´Â·ÑèÇä»¤×ÍµÑÇ¤Çº¤ØÁáºº¾ÕäÍ (Proportional-

Integral: PI) áÅÐ¾ÕäÍ´Õ (Proportional-Integral-Derivative: PID) à¹×èÍ§¨Ò¡ÁÕâ¤Ã§ÊÃ‰Ò§µÑÇ¤Çº¤ØÁ·Õè§̂ÒÂ
µˆÍ¡ÒÃ·íÒ¤ÇÒÁà¢‰Òã¨¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃ áÅÐãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÂÍÁÃÑºä´‰ áµˆ¡çÁÕ¢‰Í í̈Ò¡Ñ´ã¹á§̂·Õèµ‰Í§ÍÒÈÑÂ
»ÃÐÊº¡ÒÃ³Œ¤ÇÒÁªíÒ¹Ò
¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃã¹¡ÒÃ»ÃÑº Ù̈¹¾ÒÃÒÁÔàµÍÃŒ â´Âà©¾ÒÐã¹ÃÐººËÅÒÂÊÑ

Ò³
à¢‰ÒËÅÒÂÊÑ

Ò³ÍÍ¡

¨Ò¡»’
ËÒ´Ñ§¡Å̂ÒÇ Ö̈§à¡Ô´á¹Ç¤Ô´ã¹¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁáºº¾ÕäÍ·Õè¡íÒ¡Ñº´ÙáÅ´‰ÇÂµÃÃ¡ÈÒÊµÃŒ
¿’««Õ «Öè§äÁˆ¨íÒà»“¹µ‰Í§ÍÒÈÑÂ¼Ù‰»¯ÔºÑµÔ¡ÒÃã¹¡ÒÃ»ÃÑº Ù̈¹µÑÇ¤Çº¤ØÁ â´ÂµÃÃ¡ÈÒÊµÃŒ¿’««Õà»“¹ÇÔ¸ÕË¹Öè§·Õè
ÊÒÁÒÃ¶¼¹Ç¡¤ÇÒÁªíÒ¹Ò
áÅÐ¡ÒÃãª‰àËµØ¼Å¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃà¢‰Ò¡ÑºÃÐºº¤Çº¤ØÁä´‰ â´ÂÍÒÈÑÂ¡ÒÃÍ‰Ò§
àËµØ¼ÅáººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃÊÃ‰Ò§ÊÑ

Ò³ÍÍ¡¨Ò¡ÊÑ

Ò³à¢‰ÒµˆÒ§æ ´‰ÇÂÁØˆ§ËÇÑ§ãË‰¡Åä¡¡ÒÃÊÃ‰Ò§
ÊÑ

Ò³ÍÍ¡àÅÕÂ¹áºº¡ÒÃµÑ´ÊÔ¹ã¨¢Í§Á¹ØÉÂŒ ÍÕ¡·Ñé§ÂÑ§ÁÕ¢‰Í´ÕµÃ§·ÕèäÁˆµ‰Í§ÍÒÈÑÂáºº í̈ÒÅÍ§·Ò§
¤³ÔµÈÒÊµÃŒ¢Í§¡ÃÐºÇ¹¡ÒÃ·Õè¶Ù¡µ‰Í§áÁˆ¹ÂíÒ¹Ñ¡ áµˆÍÂˆÒ§äÃ¡çµÒÁ¡ÒÃËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®
·ÕèàËÁÒÐÊÁµˆÍ¡ÃÐºÇ¹¡ÒÃË¹Öè§æ ÂÑ§äÁˆÁÕÇÔ¸Õ·Õèá¹ˆ¹Í¹ã¹¡ÒÃ¡íÒË¹´ ¨íÒà»“¹µ‰Í§ÍÒÈÑÂ»ÃÐÊº¡ÒÃ³ŒáÅÐ
·Ñ¡ÉÐ¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃ³Œ ã¹¡ÒÃ»ÃÑº Ù̈¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡® «Öè§à»“¹ä»ã¹ÅÑ¡É³ÐÅÍ§¼Ô´ÅÍ§
¶Ù¡ (Trial-and-Error) ¨¹¡ÃÐ·Ñè§ä´‰¼Å¡ÒÃ¤Çº¤ØÁà»“¹·Õè¹ˆÒ¾Íã¨ à¾×èÍ¡íÒ Ñ̈´»’
ËÒ´Ñ§¡Å̂ÒÇ Harmifar áÅÐ
McCormick [12] ä´‰á¹Ð¹íÒÇÔ¸Õ¡ÒÃ¤‰¹ËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁ «Öè§¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§
¾Ñ¹¸Ø¡ÃÃÁà»“¹·Ò§àÅ×Í¡·Õèä´‰ÃÑº¤ÇÒÁÊ¹ã¨ÍÂˆÒ§ÁÒ¡ à¹×èÍ§¨Ò¡ÁÕ¢‰Í´ÕàË¹×Í¡ÇˆÒÇÔ¸ÕÍ×è¹æ àª̂¹ äÁ̂µ‰Í§ÍÒÈÑÂ
¢‰ÍÁÙÅàªÔ§Í¹Ø¾Ñ¹¸Œ à»“¹¡ÒÃ¤‰¹ËÒáºº¢¹Ò¹ ä´‰¤íÒµÍº·Õèà»“¹ Ø̈´àËÁÒÐÊÁÃÇÁ ÊÒÁÒÃ¶á¡‰»’
ËÒ·ÕèÁÕ¿’§¡Œ
ªÑ¹ Ø̈´»ÃÐÊ§¤ŒËÅÒÂ¿’§¡ŒªÑ¹ä´‰ à»“¹µ‰¹

ÍÂˆÒ§äÃ¡çµÒÁÇÔ¸Õ¹ÕéÂÑ§ÁÕ¢‰Í´‰ÍÂ à¹×èÍ§¨Ò¡ËÒ¡â¤ÃâÁâ«ÁÁÕ¤ÇÒÁÂÒÇÁÒ¡ËÃ×ÍÁÕ í̈Ò¹Ç¹»ÃÐªÒ¡ÃÁÒ¡
·íÒãË‰ãª‰àÇÅÒã¹¡ÒÃ¤‰¹ËÒ¹Ò¹ ÍÕ¡·Ñé§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®·Õè·íÒãË‰à¡³±ŒÊÁÃÃ¶¹ÐÁÕ¤ˆÒàËÁÒÐÊÁ
ÂÑ§äÁˆãªˆà«µ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®·ÕèÁÕ í̈Ò¹Ç¹¹‰ÍÂ·ÕèÊØ´ ¨Ò¡àËµØ¼Å´Ñ§¡Å̂ÒÇ Man Tang áÅÐ
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Kwong [1] ä´‰á¹Ð¹íÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ (Hierarchical Genetic Algorithms: HGA) «Öè§
ÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃá¡‰»’
ËÒ·Ò§â·¾ÍâÅÂÕ¢Í§ÃÐºº«Öè§ÁÕ¢‰Í´Õ´Ñ§¹Õé

� ÊÒÁÒÃ¶ãË‰¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡® ·ÕèàËÁÒÐÊÁáÅÐÁÕ í̈Ò¹Ç¹¹‰ÍÂ·ÕèÊØ´

� ÁÕâ¤Ã§ÊÃ‰Ò§áººÂ×´ËÂØˆ¹ ¡Å̂ÒÇ¤×Í äÁˆ¨íÒà»“¹µ‰Í§ÁÕâ¤Ã§ÊÃ‰Ò§µÒÂµÑÇËÃ×Í¡íÒË¹´äÇ‰¡ˆÍ¹

� ÁÕ¢Ñé¹µÍ¹·Õè§̂ÒÂáÅÐ¤ˆÒºíÒÃØ§ÃÑ¡ÉÒÁÕÃÒ¤Ò¶Ù¡

¨Ò¡·Õèä´‰¡Å̂ÒÇÁÒ·Ñé§ËÁ´¢‰Ò§µ‰¹ ¡ÒÃ¤Çº¤ØÁ¡ÒÃ·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹´‰ÇÂµÑÇ¤Çº¤ØÁ¾ÕäÍ ·Õè»ÃÑº Ù̈¹
¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂµÃÃ¡ÈÒÊµÃŒ¿’««Õ â´Âãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ã¹¡ÒÃ¤‰¹ËÒ¿’§¡ŒªÑ¹
ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁ·ÕèÊØ´ Ö̈§¹ˆÒÊ¹ã¨áÅÐ·íÒ¡ÒÃÈÖ¡ÉÒã¹ÃÒÂÅÐàÍÕÂ´ ãË‰ÁÒ¡ÂÔè§¢Öé¹

1.1 ¤ÇÒÁà»“¹ÁÒáÅÐ¤ÇÒÁÊíÒ¤Ñ
¢Í§»’
ËÒ

´Ñ§·Õèä´‰¡Å̂ÒÇã¹¢‰Ò§µ‰¹áÅ‰ÇÇˆÒ µÑÇ¤Çº¤ØÁ¾ÕäÍáÅÐ¾ÕäÍ´Õ«Öè§à»“¹·Õè¹ÔÂÁãª‰ã¹ÍØµÊÒË¡ÃÃÁ ÁÕ¢‰Í í̈Ò¡Ñ´
ã¹á§̂·Õèµ‰Í§ÍÒÈÑÂ¤ÇÒÁªíÒ¹Ò
áÅÐ»ÃÐÊº¡ÒÃ³Œ¢Í§¼Ù‰»®ÔºÑµÔ§Ò¹ã¹¡ÒÃ»ÃÑº Ù̈¹¾ÒÃÒÁÔàµÍÃŒ ¡ÒÃãª‰µÑÇ¤Çº
¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂµÃÃ¡ÈÒÊµÃŒ¿’««Õ Ö̈§à»“¹·Ò§àÅ×Í¡Ë¹Öè§ ·ÕèÁÕ¢‰Í´ÕµÃ§·ÕèäÁˆµ‰Í§ÍÒÈÑÂáºº¨íÒÅÍ§·Ò§
¤³ÔµÈÒÊµÃŒ·Õè¶Ù¡µ‰Í§áÁˆ¹ÂíÒ¹Ñ¡áµˆÍÒÈÑÂ°Ò¹¤ÇÒÁÃÙ‰áÅÐ¢‰ÍÁÙÅ¢Í§ÃÐºº«Öè§ä´‰¨Ò¡¡ÒÃ·´ÊÍº áÅÐà¡çº¢‰Í
ÁÙÅ¨Ò¡ÃÐººËÃ×Í¨Ò¡¤ÇÒÁÃÙ‰ ¤ÇÒÁªíÒ¹Ò
áÅÐ»ÃÐÊº¡ÒÃ³Œ¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃÁÒÍÍ¡áººÃÐºº¤Çº¤ØÁ â´Â
ÁÕ§Ò¹ÇÔ¨ÑÂËÅÒÂº·¤ÇÒÁ àÊ¹ÍÇÔ¸Õ¡ÒÃ»ÃÑº Ù̈¹¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍáÅÐ¾ÕäÍ´Õ àª̂¹

� Z. Y. Zhao, S. Isaka áÅÐ M. Tomizuka [4] àÊ¹Í¡ÒÃ¾Ñ²¹Ò¡ÒÃ¡íÒË¹´ÍÑµÃÒ¢ÂÒÂ¢Í§
µÑÇ¤Çº¤ØÁ¾ÕäÍ´Õ â´Âãª‰µÃÃ¡ÈÒÊµÃŒ¿’««Õ «Öè§ãª‰¤ˆÒ¼Ô´¾ÅÒ´ (Error) áÅÐÍÑµÃÒ¤ˆÒ¼Ô´¾ÅÒ´ (Rate

of error) à»“¹ÊÑ

Ò³¢Òà¢‰ÒáÅÐÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ´Õà»“¹ÊÑ

Ò³¢ÒÍÍ¡ ¢Í§ÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««Õ µÒÁÅíÒ´Ñº ¼Å¡ÒÃ¨íÒÅÍ§ÃÐººáÊ´§ãË‰àËç¹ÇˆÒµÑÇ¤Çº¤ØÁª¹Ô´¹Õé ÊÒÁÒÃ¶ãË‰¼Å
¡ÒÃ¤Çº¤ØÁ·Õè´Õ¡ÇˆÒ¡ÒÃ»ÃÑº Ù̈¹¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ¢Í§ Ziegler-Nichols áÅÐÇÔ¸Õ¢Í§ Kitamori

� D. Pruessmann, B. Krause áÅÐ C. V. Altrock [5] ä´‰»ÃÐÂØ¡µŒãª‰§Ò¹¡ÒÃ¤Çº¤ØÁáºº¡íÒ¡Ñº
´ÙáÅ´‰ÇÂ¿’««Õ¡ÑºâÃ§ Ñ̈¡Ã¶̂Ò¹ËÔ¹ «Öè§ãª‰ã¹¡ÒÃÃÑ¡ÉÒ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººãË‰ÍÂÙˆã¹ÂˆÒ¹àËÁÒÐÊÁ
ã¹¢³Ð·Õè¤Ø³ÀÒ¾¶̂Ò¹ËÔ¹ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ ¨Ò¡¡ÒÃµÃÇ¨¨Ñº¡ÒÃà»ÅÕèÂ¹á»Å§¹Õé µÑÇ¤Çº¤ØÁáºº
¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·íÒ¡ÒÃ»ÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººãË‰ÍÂÙˆã¹ÂˆÒ¹àËÁÒÐÊÁ «Öè§ãË‰¼Å¡ÒÃ¤Çº¤ØÁ
·Õè´Õ¡ÇˆÒ¡ÒÃ¤Çº¤ØÁ´‰ÇÂ¼Ù‰»®ÔºÑµÔ§Ò¹

� P. P. Bonissone, V. Badami, K. H. Chaing, P. S. Khedkar, K. W. Mar-

celle áÅÐ M. J. Schutten [6] ä´‰»ÃÐÂØ¡µŒãª‰§Ò¹¡ÒÃ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ¡Ñº¡ÒÃ
¤Çº¤ØÁà¤Ã×èÍ§Â¹µŒ¡Ñ§ËÑ¹á¡ŠÊ (Recuperative turboshaft engine control) áÅÐ¡ÒÃà´Ô¹à¤Ã×èÍ§
¢Í§¡Ñ§ËÑ¹äÍ¹íéÒ (Steam turbine startup) ÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁà¤Ã×èÍ§Â¹µŒ¡Ñ§ËÑ¹á¡ŠÊ»ÃÐ¡Íº´‰ÇÂ
µÑÇ¤Çº¤ØÁ 2 ÃÐ´Ñº¤×Í µÑÇ¤Çº¤ØÁÃÐ´ÑºÅ̂Ò§«Öè§¤×ÍµÑÇ¤Çº¤ØÁ¾ÕäÍ «Öè§¤Çº¤ØÁ¡ÒÃäËÅ¢Í§àª×éÍ
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à¾ÅÔ§ (Fuel flow) áÅÐ¾×é¹·Õè¢Í§ËÑÇ©Õ´ (Nozzle area ) áÅÐµÑÇ¤Çº¤ØÁÃÐ´Ñºº¹«Öè§¤×ÍµÑÇàÅ×Í¡
âËÁ´ (Mode selector) «Öè§·íÒË¹‰Ò·ÕèàÅ×Í¡ãª‰µÑÇ¤Çº¤ØÁÃÐ´ÑºÅ̂Ò§µÒÁâËÁ´¡ÒÃ·íÒ§Ò¹ÍÕ¡ªÑé¹Ë¹Öè§
«Öè§µˆÍÁÒä´‰ãª‰µÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁ 2 ¡Ã³Õ ¡Ã³ÕáÃ¡ãª‰¡íÒ¡Ñº´ÙáÅã¹¡ÒÃàÅ×Í¡µÑÇ¤Çº
¤ØÁÃÐ´ÑºÅ̂Ò§á·¹µÑÇàÅ×Í¡âËÁ´ áÅÐÍÕ¡¡Ã³Õ¤×Í·Ñé§·íÒË¹‰Ò·Õè¡íÒ¡Ñº´ÙáÅá·¹µÑÇàÅ×Í¡âËÁ´áÅÐãª‰á·¹
µÑÇ¤Çº¤ØÁÃÐ´ÑºÅ̂Ò§´‰ÇÂ ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§áÊ´§ãË‰àËç¹ÇˆÒ¡ÒÃãª‰µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õã¹·Ñé§ÊÍ§¡Ã³Õ
·íÒãË‰ÊÔé¹à»Å×Í§àª×éÍà¾ÅÔ§¹‰ÍÂÅ§áÅÐÁÕÊÁÃÃ¶¹Ð´Õ¢Öé¹ã¹¡Ã³Õ·ÕèÊÍ§ ÊíÒËÃÑº¡ÒÃà´Ô¹à¤Ã×èÍ§¢Í§¡Ñ§ËÑ¹
äÍ¹íéÒ¹Ñé¹ ãª‰Ë¹ˆÇÂ¡íÒ¡Ñº´ÙáÅ¿’««Õ¡íÒ¡Ñº´ÙáÅá·¹¼Ù‰»¯ÔºÑµÔ§Ò¹ â´ÂÃÑºÊÑ

Ò³¢ÒÍÍ¡¨Ò¡µÑÇ¤Çº
¤ØÁ¾ÕäÍ·Õèãª‰ã¹¡ÒÃÃÑ¡ÉÒÃÐ´Ñº ÍØ³ËÀÙÁÔ ¤ÇÒÁàÃçÇ ¤ÇÒÁà¤ÃÕÂ´áÅÐÇÒÅŒÇÃÐºÒÂ¹íéÒ¢Í§ÃÐºº¤Çº
á¹ˆ¹¢Í§¡Ñ§ËÑ¹äÍ¹íéÒ ÁÒ·íÒ¡ÒÃ¶̂Ç§¹íéÒË¹Ñ¡ã¹áµˆÅÐÊÑ

Ò³áÅ‰Ç¡íÒË¹´ÊÑ

Ò³¤Çº¤ØÁ ¨Ò¡¼Å¡ÒÃ
¨íÒÅÍ§¾ºÇˆÒãª‰àÇÅÒã¹¡ÒÃà¢‰ÒÊÙˆÍØ³ËÀÙÁÔ·Õèµ‰Í§¡ÒÃ¹‰ÍÂ

� A. Visioli [7] ä´‰àÊ¹Í¡ÒÃà»ÃÕÂºà·ÕÂºÇÔ¸Õ»ÃÑº Ù̈¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ´ÕÇÔ¸ÕµˆÒ§æ ´‰ÇÂ
µÃÃ¡ÈÒÊµÃŒ¿’««Õ àªˆ¹ÇÔ¸Õ incremental fuzzy expert PID control (IFE) , fuzzy self-tuning of a

single parameter (SSP), fuzzy gain scheduling (FGS) áÅÐ fuzzy setpoint weighting (FSW) à»“¹
µ‰¹ â´Âä´‰·íÒ¡ÒÃ í̈ÒÅÍ§¡ÑºÃÐºº·´ÊÍº 6 ÃÐººµˆÒ§æ¡Ñ¹ ¼Å¡ÒÃ í̈ÒÅÍ§áÊ´§ãË‰àËç¹ÇˆÒÇÔ¸Õ fuzzy

setpoint weighting ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾¡ÇˆÒÇÔ¸ÕÍ×è¹æ ¡Å̂ÒÇ¤×ÍÁÕÊÁÃÃ¶¹Ð¢Í§¼ÅµÍº·Õè´ÕÊíÒËÃÑº»’
ËÒ¤ˆÒ
Í‰Ò§ÍÔ§áÅÐ¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹

¨Ò¡·Õè¡Å̂ÒÇÁÒ¢‰Ò§µ‰¹ àËç¹ä´‰ÇˆÒ¡ÒÃ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ ä´‰ÃÑº¡ÒÃÂÍÁÃÑºÁÒ¡¢Öé¹ã¹
¡ÒÃ¤Çº¤ØÁÃÐºº â´Âà©¾ÒÐÍÂˆÒ§ÂÔè§ÃÐºº·ÕèäÁˆà»“¹àªÔ§àÊ‰¹ÊÙ§ äÁˆÊÒÁÒÃ¶ÊÃ‰Ò§áºº í̈ÒÅÍ§ä´‰§̂ÒÂ áµˆÍÂˆÒ§
äÃ¡çµÒÁ¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁ¡Ñº¡ÃÐºÇ¹¡ÒÃË¹Öè§æ ÂÑ§äÁˆÁÕÇÔ¸Õ¡ÒÃ·Õèá¹ˆ
¹Í¹ ã¹¡ÒÃá¡‰»’
ËÒ¹Õéä´‰ÁÕ¹Ñ¡ÇÔ¨ÑÂËÅÒÂ·̂Ò¹¤Ô´ÇÔ¸Õã¹¡ÒÃ¤‰¹ËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ áÅÐ°Ò¹¡®·ÕèàËÁÒÐ
ÊÁ ã¹ÇÔ¸Õ¡ÒÃ¤‰¹ËÒ¤ˆÒàËÁÒÐÊÁµˆÒ§æ ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁà»“¹ÇÔ¸ÕË¹Öè§·Õèà»“¹·ÕèÂÍÁÃÑº â´ÂÁÕËÅÒÂº·
¤ÇÒÁ·Õè¹íÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁÁÒ¤‰¹ËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®

� P. Wang áÅÐ D. P. Kwok [8] àÊ¹Í¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁà»“¹¡Åä¡ ã¹¡ÒÃ»ÃÑº»ÃØ§°Ò¹¡®¢Í§
µÑÇ¤Çº¤ØÁ¾ÕäÍ´Õ¿’««Õ (Fuzzy PID controller) à¾×èÍãË‰ä´‰¡ÒÃ¤Çº¤ØÁ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ â´Âä´‰¨íÒÅÍ§
¡ÑºÃÐººáÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ¼Å¡ÒÃ í̈ÒÅÍ§ä´‰¾ÔÊÙ¨¹ŒÇˆÒ ÊÒÁÒÃ¶ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ¡ÇˆÒ¡ÒÃ»ÃÑº
¨Ù¹¾ÕäÍ´Õáºº»¡µÔ

� C. L. Karr áÅÐ E. J. Gentry [9] àÊ¹Íà·¤¹Ô¤¡ÒÃ»ÃÑºµÑÇ¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««Õ ´‰ÇÂ¢Ñé¹µÍ¹
ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ «Öè§¹íÒÁÒ»ÃÐÂØ¡µŒãª‰¡Ñº¡ÒÃ¤Çº¤ØÁ¤ˆÒ¾ÕàÍª (pH) ã¹ÍØµÊÒË¡ÃÃÁà¤ÁÕ â´Âãª‰¢Ñé¹
µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁàÅ×Í¡¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡·ÕèàËÁÒÐÊÁÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁ ¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§ªÕé
ÇˆÒµÑÇ¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««Õ·ÕèÁÕ¡ÒÃ»ÃÑº Ù̈¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡´‰ÇÂ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ ãË‰
ÊÁÃÃ¶¹Ð·Õè´Õ¡ÇˆÒµÑÇ¤Çº¤ØÁáººµÃÃ¡ÈÒÊµÃŒ¿’««Õ»¡µÔà»“¹ÍÂˆÒ§ÁÒ¡

� E. Nakamura áÅÐ N. Kehtarnavaz [10] àÊ¹Í¡ÒÃ»ÃÑº Ù̈¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§µÑÇ¤Çº¤ØÁ
µÃÃ¡ÈÒÊµÃŒ¿’««Õ ´‰ÇÂà·¤¹Ô¤¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁàªÔ§àÅ¢ «Öè§ÁÕ 3 ÇÔ¸Õ¤×Í ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ
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ÇÔ¸ÕàªÔ§«‰Í¹ (Complex method) áÅÐ Simulated annealing (SA) â´ÂËÒ¤ˆÒàËÁÒÐÊÁ¢Í§¾ÒÃÒÁÔàµÍÃŒ
¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ «Öè§·íÒãË‰¤ˆÒ´ÃÃª¹ÕÊÁÃÃ¶¹ÐÁÕ¤ˆÒµíèÒÊØ´ áÅÐä´‰·íÒ¡ÒÃ í̈ÒÅÍ§¡ÑºÃÐºº¤Çº
¤ØÁÂÒ¹¢Ñºà¤Å×èÍ¹µÔ´µÒÁÍÑµâ¹ÁÑµÔ ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§¾ºÇˆÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¸Ø¡ÃÃÁãË‰¤ˆÒàËÁÒÐÊÁ·Õè
´Õ·ÕèÊØ´ áÅÐÇÔ¸ÕàªÔ§«‰Í¹ãª‰àÇÅÒ¡ÒÃ¤íÒ¹Ç¹¹‰ÍÂ·ÕèÊØ´ ÍÂˆÒ§äÃ¡çµÒÁ¼Å·Õèä´‰äÁˆ¤ÃÍº¤ÅØÁÊíÒËÃÑº¡Ã³Õ
ÃÐººÍ×è¹æ

� H. J. Cho, K. B. Cho áÅÐ B. H. Wang [11] àÊ¹Í¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁã¹¡ÒÃ»ÃÑº¡¯¢Í§
â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁáººäÎºÃÔ´¾ÕäÍ´Õ-¿’««Õ (Fuzzy-PID hybrid control) «Öè§à»“¹¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ
¡ÒÃ»ÃÑº»ÃØ§ÊÁÃÃ¶¹Ð¢Í§¡ÒÃ»ÃÑº Ù̈¹µÑÇ¤Çº¤ØÁ¾ÕäÍ´Õ â´Âãª‰¡ÒÃ¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õã¹ 2 ÅÑ¡É³Ð
¤×Í ¡ÒÃ´Ñ´á»Å§¤ˆÒÍ‰Ò§ÍÔ§áÅÐ¡ÒÃ´Ñ´á»Å§¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ´Õ â´Âãª‰¢Ñé¹µÍ¹ÇÔ¸Õ
·Ò§¾Ñ¹¸Ø¡ÃÃÁã¹¡ÒÃ»ÃÑº¡®¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ·Õèãª‰¡íÒ¡Ñº´ÙáÅ ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§¡ÑºÃÐºº
·ÕèÁÕ¡ÒÃË¹ˆÇ§àÇÅÒ à»ÃÕÂºà·ÕÂº¡Ñº¡ÒÃ»ÃÑº Ù̈¹µÑÇ¤Çº¤ØÁ¾ÕäÍ´Õã¹ 3 ÇÔ¸Õ ¤×Í ÇÔ¸Õ Ziegler-Nichols ÇÔ¸Õ
»ÃÑº Ù̈¹â´Â¼Ù‰»¯ÔºÑµÔ§Ò¹ áÅÐ¡ÒÃ»ÃÑº Ù̈¹´‰ÇÂ¿’««Õ ¼Å¡ÒÃ í̈ÒÅÍ§áÊ´§ãË‰àËç¹ÇˆÒ¡ÒÃ»ÃÑº Ù̈¹´‰ÇÂ¿’«
«ÕÁÕàÇÅÒà¢‰Ò·ÕèàÃçÇ·ÕèÊØ´ áÅÐÁÕ¡ÒÃ¾Øˆ§à¡Ô¹µíèÒ·ÕèÊØ´

� A. Harmaifar áÅÐ E. McCormick [12] ä´‰àÊ¹Í¡ÒÃÍÍ¡áºº»ÃÑº Ù̈¹¾Ã‰ÍÁ¡Ñ¹·Ñé§¿’§¡ŒªÑ¹ÀÒÇÐ
ÊÁÒªÔ¡áÅÐà«µ¡®¿’««Õ ´‰ÇÂ¡ÒÃãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ «Öè§Å´»’
ËÒ¡ÒÃàËÁÒÐÊÁà©¾ÒÐà«µ
¡®áÃ¡ â´Âä´‰»ÃÐÂØ¡µŒãª‰¡ÑºÊÍ§»’
ËÒ¤×Í »’
ËÒÈÙ¹ÂŒ¶ˆÇ§¢Í§¾ÒË¹Ð 2 Å‰Í (Cart-centering prob-

lem) áÅÐÃÐºº¡ÒÃ¶ÍÂ¢Í§Ã¶ºÃÃ·Ø¡ (Truck backing system) «Öè§¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§áÊ´§ãË‰àËç¹ÇˆÒ
¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ ÊÒÁÒÃ¶ÍÍ¡áººãË‰µÑÇ¤Çº¤ØÁÁÕ¤ÇÒÁ¤§·¹ «Öè§ÊÒÁÒÃ¶·íÒ§Ò¹ã¹Â̂Ò¹¾Ò
ÃÒÁÔàµÍÃŒ·Õè¡Ç‰Ò§

� S. Pratishthananda, T. Chatthana-anan áÅÐ W. Glankwamdee [13] ä´‰àÊ¹Í¡ÒÃãª‰ÃÐºº¤Çº¤ØÁ
áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ «Öè§ãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁã¹¡ÒÃ¤‰¹ËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹
¡®·ÕèàËÁÒÐÊÁ â´Âä´‰¹íÒÁÒ»ÃÐÂØ¡µŒãª‰¡ÑºÃÐººáÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ã¹¡ÒÃ¨íÒÅÍ§ä´‰·íÒ¡ÒÃà»ÃÕÂº
à·ÕÂº¡ÑºµÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè»ÃÑº Ù̈¹´‰ÇÂÇÔ¸Õ Ziegler-Nichols ¼Å¡ÒÃ í̈ÒÅÍ§ªÕéãË‰àËç¹ÇˆÒÃÐºº¤Çº¤ØÁ
áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂµÃÃ¡ÈÒÊµÃŒ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ÁÕ¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ¡ÇˆÒàÁ×èÍ¾ÒÃÒÁÔàµÍÃŒ¢Í§
à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹à¡Ô´¡ÒÃà»ÅÕèÂ¹á»Å§

áÁ‰ÇˆÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ¨Ðä´‰ÃÑº¤ÇÒÁ¹ÔÂÁ ã¹¡ÒÃ¹íÒÁÒ¤‰¹ËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹
¡® ÍÂˆÒ§äÃ¡çµÒÁÇÔ¸Õ¹ÕéÂÑ§ÁÕ¢‰Í´‰ÍÂ ¡Å̂ÒÇ¤×Íãª‰àÇÅÒã¹¡ÒÃ¤‰¹ËÒ¹Ò¹áÅÐµ‰Í§¡íÒË¹´ í̈Ò¹Ç¹¢Í§¿’§¡ŒªÑ¹
ÀÒÇÐÊÁÒªÔ¡áÅÐ í̈Ò¹Ç¹°Ò¹¡®·ÕèµÒÂµÑÇ Ö̈§·íÒãË‰äÁˆä´‰¨íÒ¹Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®·Õè¹‰ÍÂ·ÕèÊØ´
á¹Ç·Ò§¡ÒÃá¡‰»’
ËÒ¹Õé¤×Í ¡ÒÃãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ «Öè§ä´‰ÃÔàÃÔèÁ¢Öé¹ã¹µ‰¹·ÈÇÃÃÉ·Õè
1990 â´ÂÁÕ¡ÒÃÇÔ¨ÑÂáÅÐ»ÃÐÂØ¡µŒãª‰§Ò¹´Ñ§¹Õé

� K. F. Man áÅÐ K. S. Tang [14] àÊ¹Í¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáÅÐ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ
´ÑºªÑé¹ ·ÕèàËÁÒÐÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁáÅÐ¡ÒÃ»ÃÐÁÇÅ¼ÅÊÑ

Ò³
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� K. F. Man, K. S. Tang áÅÐ D. W. Gu [15] ¹íÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ä»»ÃÐÂØ¡µŒ
ãª‰§Ò¹¡ÑºÃÐºº¤Çº¤ØÁàÍªÍÔ¹¿”¹ÔµÕé (��) áÅÐÇÔ¸ÕÍÊÁ¡ÒÃ (Method of inequalities ) â´Â¹íÒ¢Ñé¹µÍ¹
ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ÁÒ¤‰¹ËÒ¿’§¡ŒªÑ¹¶̂Ç§¹íéÒË¹Ñ¡ «Öè§·íÒ¡ÒÃ¤‰¹ËÒ·Ñé§ÍÑ¹´ÑºáÅÐ¤ˆÒÊÑÁ»ÃÐ
ÊÔ·¸Ô·ÕèàËÁÒÐÊÁ¢Í§µÑÇª´àªÂ¡̂Í¹ (Precompensator) áÅÐµÑÇª´àªÂËÅÑ§ (Postcompensator) áÅÐä´‰
·íÒ¡ÒÃÍÍ¡áººáÅÐ í̈ÒÅÍ§¼Å¡ÑºÃÐººËÍ¡ÅÑè¹ «Öè§¼Å¡ÒÃ í̈ÒÅÍ§à»“¹·Õè¹ˆÒ¾Íã¨à¹×èÍ§¨Ò¡¼ÅµÍºÍÂÙˆ
ã¹ÂˆÒ¹·Õè¡íÒË¹´

� K. T. Ko, K. F. Man áÅÐ K. S. Tang [16] ¹íÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ä»
»ÃÐÂØ¡µŒãª‰§Ò¹¡ÑºÃÐººà¤Ã×Í¢̂ÒÂÊ×èÍÊÒÃ¢‰ÍÁÙÅ «Öè§à»“¹ÃÐººÊ×èÍÊÒÃ¢‰ÍÁÙÅ´‰ÇÂ¤Å×è¹äÁâ¤ÃàÇ¿ â´Â
µ‰Í§¡ÒÃÅ´¡íÒÅÑ§ÊÙ
àÊÕÂÃÐËÇˆÒ§·Ò§ (Path losses) ·Õèà¡Ô´¢Öé¹ÃÐËÇˆÒ§»ÅÒÂ·Ò§ (Terminal) áÅÐ
Ê¶Ò¹Õ°Ò¹ (Based-station) ´‰ÇÂ¡ÒÃãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ã¹¡ÒÃËÒ í̈Ò¹Ç¹áÅÐ
µíÒáË¹ˆ§¢Í§Ê¶Ò¹Õ°Ò¹·ÕèàËÁÒÐÊÁ áÅÐ·íÒ¡ÒÃ í̈ÒÅÍ§¡ÑºÃÐººÊ×èÍÊÒÃ¢‰ÍÁÙÅ¢Í§âÃ§¾ÂÒºÒÅË¹Öè§ã¹
ÎˆÍ§¡§ ¼Å¡ÒÃ í̈ÒÅÍ§¾ºÇˆÒÊÒÁÒÃ¶ãË‰¨íÒ¹Ç¹Ê¶Ò¹Õ°Ò¹·Õè¹‰ÍÂ·ÕèÊØ´ ¢³Ð·ÕèÂÑ§ãË‰¡ÒÃÊÙ
àÊÕÂÃÐËÇˆÒ§
·Ò§µíèÒÍÕ¡´‰ÇÂ

� K. S. Tang, K. F. Man, S. Kwong áÅÐ Z. F. Liu [17] ãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´Ñº
ªÑé¹ ã¹¡ÒÃÍÍ¡áººµÑÇ¡ÃÍ§àªÔ§àÅ¢ (Digital filter) â´Âà»“¹¡ÒÃËÒ·Ñé§â¤Ã§ÊÃ‰Ò§áÅÐ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
·ÕèàËÁÒÐÊÁ¢Í§µÑÇ¡ÃÍ§ «Öè§â¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹»ÃÐ¡Íºä»´‰ÇÂ ÂÕ¹¤Çº¤ØÁ«Öè§¡íÒË¹´ÍÑ¹´ÑºáÅÐ
â¤Ã§ÊÃ‰Ò§¢Í§µÑÇ¡ÃÍ§ áÅÐÂÕ¹¾ÒÃÒÁÔàµÍÃŒ¡íÒË¹´¤ˆÒÊÑÁ»ÃÐÊÔ·¸Ô¢Í§µÑÇ¡ÃÍ§ ¨Ò¡¹Ñé¹ä´‰·íÒ¡ÒÃÍÍ¡
áººáÅÐ¨íÒÅÍ§¡ÑºµÑÇ¡ÃÍ§áººµˆÒ§æ àªˆ¹ µÑÇ¡ÃÍ§¼ˆÒ¹¤ÇÒÁ¶ÕèµíèÒ (Low-pass filter) µÑÇ¡ÃÍ§¼ˆÒ¹
¤ÇÒÁ¶ÕèÊÙ§ (High-pass filter) à»“¹µ‰¹ à»ÃÕÂºà·ÕÂº¡ÑºÇÔ¸ÕÍÍ¡áººáºº´Ñé§à´ÔÁ ¼Å¡ÒÃ¨íÒÅÍ§¾ºÇˆÒÁÕ
ÊÁÃÃ¶¹Ðà»“¹ä»µÒÁ·Õè¡íÒË¹´ áÅÐÂÑ§ÁÕÍÑ¹´ÑºµíèÒ¡ÇˆÒ¡ÒÃÍÍ¡áººáºº´Ñé§à´ÔÁ

� K. S. Tang, K. F. Man áÅÐ Robert. S. H. Istepanian [18] àÊ¹Í¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁàÍªÍÔ¹¿”¹ÔµÕé
áººàËÁÒÐÊÁ (Optimal �� controller) ÊíÒËÃÑºÃÐºº»¯ÔºÑµÔ¡ÒÃ·Ò§ä¡Å (Teleoperation) ·Õèãª‰ã¹ Ø̈Å
ÈÑÅÂ¡ÃÃÁ (Microsurgery) ËÃ×Í¡ÒÃ¼ˆÒµÑ´ÃÐ´Ñº·ÕèàÅç¡ÁÒ¡ â´Âãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´Ñº
ªÑé¹¤‰¹ËÒ·Ñé§â¤Ã§ÊÃ‰Ò§áÅÐ¤ˆÒÊÑÁ»ÃÐÊÔ·¸Ô¢Í§µÑÇ¤Çº¤ØÁ ¼Å¡ÒÃ í̈ÒÅÍ§ªÕéÇˆÒµÑÇ¤Çº¤ØÁ·Õèä´‰ÊÒÁÒÃ¶ãË‰
ÊÁÃÃ¶¹Ð·Õèµ‰Í§¡ÒÃ

� G. G. Yen áÅÐ H. Lu [19] àÊ¹ÍÇÔ¸Õ¡ÒÃÍÍ¡áººâ¤Ã§¢ˆÒÂ»ÃÐÊÒ· (Neural network) ´‰ÇÂ
¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ â´Â¨Ð·íÒ¡ÒÃ¤‰¹ËÒ·Ñé§ í̈Ò¹Ç¹»ÃÐÊÒ· ¨íÒ¹Ç¹ªÑé¹á½§áÅÐ¤ˆÒ
¾ÒÃÒÁÔàµÍÃŒ(¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡áÅÐäºáÍÊ)·ÕèàËÁÒÐÊÁ «Öè§ã¹â¤ÃâÁâ«Á¨ÐÁÕÂÕ¹¶Ö§ 3 ÃÐ´Ñº áÅÐä´‰·íÒ
¡ÒÃ í̈ÒÅÍ§¼Å¡ÒÃÍÍ¡áºº â´Âà»ÃÕÂºà·ÕÂºÃÐËÇˆÒ§â¤Ã§¢̂ÒÂ»ÃÐÊÒ·áºº¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ
áººÅíÒ´ÑºªÑé¹¡Ñºáºº back-propagation ¾ºÇˆÒÇÔ¸ÕáÃ¡ãË‰ÊÁÃÃ¶¹ÐáÅÐâ·¾ÍâÅÂÕ·Õè´Õ¡ÇˆÒ ¡Å̂ÒÇ¤×Í
ãË‰¼ÅÃÇÁ¤ˆÒ¼Ô´¾ÅÒ´¡íÒÅÑ§ÊÍ§ (Sum Squared Error: SSE) ·Õè¹‰ÍÂ¡ÇˆÒÍÕ¡·Ñé§ÁÕ í̈Ò¹Ç¹ªÑé¹áÅÐ í̈Ò¹Ç¹
»ÃÐÊÒ··Õè¹‰ÍÂ¡ÇˆÒ´‰ÇÂ
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� T. M. Chan, S. Kwong, K. F. Man áÅÐ K. S. Tang [20] àÊ¹Í¡ÒÃËÒ¤ˆÒ¹‰ÍÂ·ÕèÊØ´¢Í§ÃÒ¤ÒÃÐºº
ÃÇÁ (Total system cost) ¢Í§à¤Ã×Í¢ˆÒÂºÃÔ¡ÒÃÊ×èÍÊÒÃÊ̂Ç¹ºØ¤¤Å (Personal Communication Services:

PCS) ã¹ÃÐººà«ÅÅÙÅÒÃŒ â´ÂËÒ¨íÒ¹Ç¹·ÕèàËÁÒÐÊÁã¹¡ÒÃµÔ´µÑé§¢Í§Ë¹ˆÇÂºÃÔ¡ÒÃ¡ÅÒ§ (PCX) áÅÐµÑÇ
¤Çº¤ØÁÊ¶Ò¹Õ°Ò¹ (BSC) «Öè§·íÒãË‰ä´‰ÃÒ¤ÒÃÇÁ¢Í§ÃÐººµíèÒ·ÕèÊØ´ ¼Å¡ÒÃÍÍ¡áººÊÒÁÒÃ¶·íÒãË‰ÃÒ¤Ò
ÃÇÁ¢Í§ÃÐººÅ´Å§àÁ×èÍà»ÃÕÂºà·ÕÂº¡ÑºÇÔ¸ÕÍ×è¹æ

� A. R. Abdelaziz, A. E. Habachi [21] àÊ¹Í¡ÒÃãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ
´ÑºªÑé¹ã¹¡ÒÃÍÍ¡áºº¡ÒÃÇÒ§ÊÇÔµ«Œ selectionalizing ÊíÒËÃÑºÃÐººÊÒÂÊ̂§ (Distribution sys-

tem) â´Â·íÒ¡ÒÃ¤‰¹ËÒ í̈Ò¹Ç¹ÊÇÔµ«ŒáÅÐ·ÕèµÑé§¢Í§ÊÇÔµ«Œ·ÕèàËÁÒÐÊÁà¾×èÍãË‰ÁÕ¤ˆÒãª‰¨ˆÒÂã¹¡ÒÃÅ§·Ø¹áÅÐ
¡ÒÃºíÒÃØ§ÃÑ¡ÉÒµíèÒ·ÕèÊØ´ â´Âä´‰ãË‰µÑÇÍÂˆÒ§¡ÒÃÍÍ¡áºº¡ÑºÃÐºº·´ÊÍº ¨Ò¡¡ÒÃÍÍ¡áººÊÒÁÒÃ¶ãË‰
¨íÒ¹Ç¹áÅÐ·ÕèµÑé§ÊÇÔµ«Œ·ÕèàËÁÒÐÊÁ

� C. Wang, Y. C. Soh, H. Wang áÅÐ H. Wang [22] àÊ¹Í¡ÒÃ»ÃÐÂØ¡µŒãª‰¢Ñé¹µÍ¹ÇÔ¸Õ
·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ã¹¡ÒÃÇÒ§¼Ñ§·Ò§à Ố¹¼ˆÒ¹ÊÔè§¡Õ´¢ÇÒ§áººÊ¶ÔµÂŒ¢Í§ËØˆ¹Â¹µŒ â´Â¤‰¹ËÒ
·Ò§à´Ô¹·ÕèÊÑé¹·ÕèÊØ´´‰ÇÂ¡ÒÃãª‰â¤Ã§ÊÃ‰Ò§â¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹ ã¹¡ÒÃ¤‰¹ËÒ·Ñé§ÅíÒ´Ñº¢Í§ÊÔè§¡Õ´¢ÇÒ§
·ÕèËØˆ¹Â¹µŒ¼ˆÒ¹áÅÐÅÑ¡É³Ð¡ÒÃ¼ˆÒ¹ÊÔè§¡Õ´¢ÇÒ§ ¨Ò¡¡ÒÃÇÒ§¼Ñ§´‰ÇÂÇÔ¸Õ¹Õé¾ºÇˆÒãË‰¤íÒµÍº·ÕèÁÕ¤Ø³ÀÒ¾·Õè
´Õã¹àÇÅÒ·ÕèàËÁÒÐÊÁ

·Õè¼ˆÒ¹ÁÒ¢‰Ò§µ‰¹à»“¹¡ÒÃ»ÃÐÂØ¡µŒãª‰§Ò¹´‰Ò¹Í×è¹æ ¢Í§¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ã¹
Ê̂Ç¹¢Í§¡ÒÃ¹íÒÁÒ»ÃÐÂØ¡µŒãª‰¡ÑºÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÕº·¤ÇÒÁÇÔ¨ÑÂ´Ñ§µˆÍä»¹Õé

� K. S. Tang, K. F. Man, Z. F. Liu áÅÐ S. Kwong [23] ¹íÒàÊ¹Í¡ÒÃãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§
¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ã¹¡ÒÃ»ÃÑº¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®¢Í§µÑÇ¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’«
«Õ ¡Å̂ÒÇ¤×Í ·íÒ¡ÒÃ¤‰¹ËÒ í̈Ò¹Ç¹à«µ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ¾ÒÃÒÁÔàµÍÃŒ¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡·Õè
¾Ã‰ÍÁ¡ÑºËÒ°Ò¹¡®·ÕèàËÁÒÐÊÁ·ÕèÊØ´ à¾×èÍãË‰ä´‰µÑÇ¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´

� J. Y. Ke, K. S. Tang, K. F. Man áÅÐ P. C. K. Luk [24] àÊ¹Í¡ÒÃ»ÃÐÂØ¡µŒãª‰µÑÇ¤Çº¤ØÁ
µÃÃ¡ÈÒÊµÃŒ¿’««Õ ·ÕèÁÕ¡ÒÃ»ÃÑº¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®´‰ÇÂ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ
´ÑºªÑé¹ ¡ÑºµÑÇ¤Çº¤ØÁÊíÒËÃÑºâÃ§ Ñ̈¡Ã¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂŒ â´ÂËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ (·Ñé§ í̈Ò¹Ç¹áÅÐ
¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ) áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁ ¨Ò¡¡ÒÃ í̈ÒÅÍ§¾ºÇˆÒÊÒÁÒÃ¶Å´¢¹Ò´à«µÂ̂ÍÂ¿’««Õ¢³Ð·Õè
ÂÑ§¤§ÃÑ¡ÉÒÊÁÃÃ¶¹Ð·Õè´Õ¢Í§ÃÐºº (ÊÒÁÒÃ¶µÔ´µÒÁ¤ˆÒÍ‰Ò§ÍÔ§ä´‰)

� G. Xijin, Z. Young áÅÐ G. Dunwei [25] àÊ¹Í¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡
¢Í§ÃÐºº¤Çº¤ØÁ¿’««Õáºº Takagi-Sugeno ´‰ÇÂ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ â´Â¡ÒÃ
¤‰¹ËÒ¤ˆÒàËÁÒÐÊÁ¢Í§¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áººà¡ÒÊŒà«ÕÂ¹ áÅÐä´‰·íÒ¡ÒÃ í̈ÒÅÍ§
¡ÑºÃÐººÍÑ¹´ÑºÊÍ§à¾×èÍà»ÃÕÂºà·ÕÂº¼Å¡ÑºÃÐºº·ÕèäÁˆä´‰ÁÕ¡ÒÃÅ´ í̈Ò¹Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ «Öè§¾º
ÇˆÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁÊÒÁÒÃ¶ãË‰¼ÅµÍº·Õè´Õ¡ÇˆÒ (¤ˆÒ¾Øˆ§à¡Ô¹µíèÒ¡ÇˆÒáÅÐàÇÅÒà¢‰Ò·Õè·ÕèÂÍÁÃÑºä´‰)
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¨Ò¡·Õè¡Å̂ÒÇÁÒ·Ñé§ËÁ´ã¹¢‰Ò§µ‰¹ ªÕéãË‰àËç¹¤ÇÒÁà»“¹ä»ä´‰ã¹¡ÒÃãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ
´ÑºªÑé¹ ã¹ÍÍ¡áººµÑÇ¡íÒ¡Ñº´ÙáÅ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ¾ÕäÍ

ã¹§Ò¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¨ÐÈÖ¡ÉÒ¤ÇÒÁà»“¹ä»ä´‰ ã¹¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ ·Õè
ãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ã¹¡ÒÃ¤‰¹ËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡® ÁÒ·íÒ¡ÒÃ¤Çº¤ØÁ
¡ÒÃ·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ â´ÂÍÍ¡áººãË‰µÑÇ¤Çº¤ØÁÊÒÁÒÃ¶¤Çº¤ØÁ¤Ø³ÀÒ¾ÊÒÃ¼ÅÔµ
ÀÑ³±Œ·ÕèÂÍ´ËÍ ãË‰ÁÕ¤ÇÒÁºÃÔÊØ·¸Ôìà»“¹ä»µÒÁ·Õè¡íÒË¹´ àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè
¡ÅÒ§ËÍ

1.2 ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§ÇÔ·ÂÒ¹Ô¾¹¸Œ

ÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéÁÕÇÑµ¶Ø»ÃÐÊ§¤Œà¾×èÍÍÍ¡áººµÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ ÊíÒËÃÑº¤Çº¤ØÁ
ÃÐººËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ â´Âãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ªˆÇÂã¹¡ÒÃËÒ¿’§¡ŒªÑ¹
ÀÒÇÐÊÁÒªÔ¡áÅÐà«µ¢Í§°Ò¹¡®·ÕèàËÁÒÐÊÁ·ÕèÊØ´

1.3 ¢Íºà¢µÇÔ·ÂÒ¹Ô¾¹¸Œ

1. ÍÍ¡áººµÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂµÃÃ¡ÈÒÊµÃŒ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ÊíÒËÃÑºËÍ¡ÅÑè¹áÂ¡
ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ â´Âãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹¤‰¹ËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹
¡®·ÕèàËÁÒÐÊÁ

2. ¹íÒÃÐºº¤Çº¤ØÁ·Õèä´‰ÁÒ·´ÊÍº¡ÒÃ¤Çº¤ØÁâ´Â¡ÒÃ í̈ÒÅÍ§ÃÐºº´‰ÇÂ¤ÍÁ¾ÔÇàµÍÃŒ

3. ·´ÊÍºµÑÇ¤Çº¤ØÁ¡ÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´·Õèãª‰ã¹Ë‰Í§»¯ÔºÑµ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ «Öè§à»“¹
¢Í§ºÃÔÉÑ· Armfield ÃØˆ¹ UOP3CC â´Âà¡³±Œ·Õèãª‰¾Ô¨ÒÃ³Ò¤×Í ¡ÒÃÅ´¼Å¢Í§ÊÑ

Ò³Ãº¡Ç¹ «Öè§¤×Í
¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò¢Í§ËÍ¡ÅÑè¹ áÅÐàÊ¶ÕÂÃÀÒ¾¢Í§ÃÐººµÅÍ´ÃÐÂÐàÇÅÒã¹¡ÒÃ
´íÒà¹Ô¹¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹

1.4 â¤Ã§ÊÃ‰Ò§ÇÔ·ÂÒ¹Ô¾¹¸Œ

1. ÈÖ¡ÉÒÅÑ¡É³Ð·Ò§¡ÒÂÀÒ¾¢Í§ËÍ¡ÅÑè¹ ÃÇÁä»¶Ö§â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹

2. ÈÖ¡ÉÒµÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¨Ð¹íÒÁÒ»ÃÐÂØ¡µŒãª‰¡ÑºËÍ¡ÅÑè¹

3. ÈÖ¡ÉÒµÃÃ¡ÈÒÊµÃŒ¿’««Õ à¾×èÍãª‰à»“¹µÑÇ¤Çº¤ØÁÃÍ§ã¹¡ÒÃ¡íÒ¡Ñº´ÙáÅµÑÇ¤Çº¤ØÁ¾ÕäÍ

4. ÈÖ¡ÉÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ à¾×èÍ¹íÒÁÒãª‰¤‰¹ËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®·Õè
àËÁÒÐÊÁ

5. ÍÍ¡áººµÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ´‰ÇÂ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ áÅÐÈÖ¡ÉÒ¼Å¡ÒÃ¤Çº
¤ØÁ ´‰ÇÂ¡ÒÃ¨íÒÅÍ§¡Ñºáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§ËÍ¡ÅÑè¹
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6. ÊÃ‰Ò§µÑÇ¤Çº¤ØÁÊíÒËÃÑºãª‰¡ÑºËÍ¡ÅÑè¹¨ÃÔ§ã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂ

7. ÊÃØ»¼ÅáÅÐÇÔà¤ÃÒÐËŒ¼Å à¾×èÍËÒ¢‰Í´Õ ¢‰ÍàÊÕÂ áÅÐ¢‰Í í̈Ò¡Ñ´¢Í§µÑÇ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·Õè
àËÁÒÐÊÁ·ÕèÊØ´ÊíÒËÃÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´



º··Õè 2

¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹ Ø̧¡ÃÃÁáººÅíÒ Ñ́ºªÑé¹

¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ (Hierarchical Genetic Algorithms: HGA) [1] à»“¹ÃÙ»
áººË¹Öè§¢Í§¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ «Öè§ÁÕ¡ÒÃ¾Ñ²¹Òâ¤Ã§ÊÃ‰Ò§ãË‰ÁÕ¤ÇÒÁÂ×´ËÂØˆ¹ÂÔè§¢Öé¹ â´Â·ÕèÂÑ§¤§¼ˆÒ¹
¡ÃÐºÇ¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁËÅÑ¡·ÕèÊíÒ¤Ñ
àªˆ¹à´ÕÂÇ¡Ñº¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ»¡µÔ ÊÔè§·Õèáµ¡µˆÒ§¡Ñ¹¤×Í ÃÙ»
áºº¢Í§â¤ÃâÁâ«Á·ÕèÁÕÅÑ¡É³Ð¤Çº¤ØÁ¡Ñ¹à»“¹ÅíÒ´ÑºªÑé¹

2.1 ÃÙ»áººâ¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹

á¹Ç¤Ô´â¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹ÊÒÁÒÃ¶¾Ô¨ÒÃ³Òä´‰àªˆ¹à´ÕÂÇ¡Ñº´ÕàÍç¹àÍ (DNA) ã¹â¤ÃâÁâ«ÁÊÔè§ÁÕ
ªÕÇÔµ ¡Å̂ÒÇ¤×Íã¹´ÕàÍç¹àÍ»ÃÐ¡Íº´‰ÇÂ¡ÅØˆÁÂÕ¹ 2 ¨íÒ¾Ç¡ ¤×Í ÂÕ¹â¤Ã§ÊÃ‰Ò§ (Structural genes) áÅÐÅíÒ´Ñº
¡ÒÃ Ñ̈´àÃÕÂ§ (Regulatory sequenes) â´Â¡ÅØˆÁÂÕ¹ÅíÒ´Ñº¡ÒÃ Ñ̈´àÃÕÂ§¨ÐÁÕË¹‰Ò·Õè¤Çº¤ØÁ¡ÒÃáÊ´§ÍÍ¡·Ò§¾Ñ¹¸Ø
¡ÃÃÁ¢Í§¡ÅØˆÁÂÕ¹â¤Ã§ÊÃ‰Ò§ «Öè§ºÃÃ Ø̈¢‰ÍÁÙÅ·Ò§¾Ñ¹¸Ø¡ÃÃÁäÇ‰ àªˆ¹à´ÕÂÇ¡Ñºâ¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹ ¡Å̂ÒÇ
¤×Í»ÃÐ¡Íºä»´‰ÇÂÂÕ¹ 2 ¨íÒ¾Ç¡ ¨íÒ¾Ç¡áÃ¡¤×Í¡ÅØˆÁÂÕ¹¾ÒÃÒÁÔàµÍÃŒ (Parametric genes) à»“¹Ê̂Ç¹à¡çº
¾ÒÃÒÁÔàµÍÃŒµˆÒ§æ «Öè§à·ÕÂºä´‰¡ÑºÂÕ¹â¤Ã§ÊÃ‰Ò§ã¹´ÕàÍç¹àÍ Ê̂Ç¹ÂÕ¹ í̈Ò¾Ç¡·ÕèÊÍ§¤×Í ÂÕ¹¤Çº¤ØÁ (Control

genes) à»“¹Ê̂Ç¹ÃÐºØ¡ÒÃàÅ×Í¡ãª‰¾ÒÃÒÁÔàµÍÃŒ¢Í§ÂÕ¹¾ÒÃÒÁÔàµÍÃŒ «Öè§à·ÕÂºä´‰¡ÑºÅíÒ´Ñº¡ÒÃ Ñ̈´àÃÕÂ§ã¹´ÕàÍç¹
àÍ ã¹ÃÙ»áºº·ÑèÇä»ÁÕÂÕ¹¤Çº¤ØÁä´‰ËÅÒÂÃÐ´Ñºã¹â¤Ã§ÊÃ‰Ò§â¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹ ´Ñ§áÊ´§ã¹ÃÙ»·Õè 2.1

Chromosome

2nd level
control gene

1st level
control gene parametric gene

ÃÙ»·Õè 2.1: ÃÙ»áºº·ÑèÇä»¢Í§â¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹

ã¹ÅÑ¡É³Ðâ¤ÃâÁâ«Áàª̂¹¹Õé ¡ÅØˆÁÂÕ¹ÁÕ¡ÒÃ¤Çº¤ØÁ¡Ñ¹à»“¹ÅíÒ´ÑºªÑé¹ â´Â·Õè¡ÒÃ·íÒ§Ò¹¢Í§ÂÕ¹¾ÒÃÒ
ÁÔàµÍÃŒ¶Ù¡ÊÑè§¡ÒÃâ´ÂÂÕ¹¤Çº¤ØÁÃÐ´ÑºáÃ¡ (First-level control gene) «Öè§¶Ù¡¡íÒË¹´¡ÒÃ·íÒ§Ò¹´‰ÇÂÂÕ¹¤Çº
¤ØÁÅíÒ´Ñº·ÕèÊÍ§ (Second-level control gene) ÍÕ¡·Í´Ë¹Öè§áÅÐà»“¹àªˆ¹¹Õéà»“¹ªÑé¹æ ä»

ÊíÒËÃÑºÂÕ¹¤Çº¤ØÁ·ÕèÁÕË¹‰Ò·Õè¡íÒË¹´Ê¶Ò¹Ð¡ÒÃ·íÒ§Ò¹¢Í§ÂÕ¹¾ÒÃÒÁÔàµÍÃŒ ¡ÒÃ¡íÒË¹´Ê¶Ò¹Ð·íÒ§Ò¹
ãª‰à¾ÕÂ§¨íÒ¹Ç¹àµçÁ 1 áÅÐ 0 à·̂Ò¹Ñé¹ â´Â¨íÒ¹Ç¹àµçÁ 1 à»“¹¡ÒÃÃÐºØÇˆÒÁÕÊ¶Ò¹Ð·íÒ§Ò¹ Ê̂Ç¹ 0 à»“¹¡ÒÃ
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ÃÐºØÇˆÒÁÕÊ¶Ò¹ÐäÁ̂·íÒ§Ò¹ ã¹¡Ã³ÕÃÐºØÊ¶Ò¹Ð¡ÒÃ·íÒ§Ò¹à»“¹ 1 ÂÕ¹¾ÒÃÒÁÔàµÍÃŒÁÕ¡ÒÃ·íÒ§Ò¹à©¾ÒÐ¡ÅØˆÁÂÕ¹
·ÕèÂÕ¹¤Çº¤ÇºÃÐºØÊ¶Ò¹Ð¡ÒÃ·íÒ§Ò¹à·ˆÒ¹Ñé¹ Ê̂Ç¹Ê¶Ò¹Ð¡ÒÃ·íÒ§Ò¹ 0 ÂÕ¹¾ÒÃÒÁÔàµÍÃŒ¡ÅØˆÁ·ÕèÂÕ¹¤Çº¤ØÁÃÐºØ
Ê¶Ò¹Ð¹Õé¨ÐäÁˆÁÕ¡ÒÃ·íÒ§Ò¹à¡Ô´¢Öé¹àÅÂ àËç¹ä´‰ÇˆÒâ¤ÃâÁâ«Á·ÕèÁÕâ¤Ã§ÊÃ‰Ò§áººÅíÒ´ÑºªÑé¹¹ÕéºÃÃ Ø̈¢‰ÍÁÙÅäÇ‰ÁÒ¡
¡ÇˆÒâ¤ÃâÁâ«Á·Õèà»“¹â¤Ã§ÊÃ‰Ò§¾Ñ¹¸Ø¡ÃÃÁáººà´ÔÁ

ÅÑ¡É³ÐáÊ´§ÍÍ¡ (Phenotype) ¢Í§â¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹äÁˆµÒÂµÑÇËÃ×ÍÁÕ¡ÒÃ¡íÒË¹´äÇ‰¡ˆÍ¹ «Öè§
áµ¡µˆÒ§¨Ò¡â¤ÃâÁâ«Ááºº¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáºº´Ñé§à´ÔÁ á¹Ç¤Ô´¹ÕéáÊ´§´Ñ§ÃÙ»·Õè 2.2 ¨Ò¡ÃÙ»à»“¹
â¤ÃâÁâ«Á·ÕèÁÕÂÕ¹¤Çº¤ØÁ 6 ºÔµ áÅÐÁÕÂÕ¹¾ÒÃÒÁÔàµÍÃŒ¨íÒ¹Ç¹¨ÃÔ§ 6 µÑÇ àËç¹ä´‰ÇˆÒâ¤ÃâÁâ«Á �� ÁÕ
ÂÕ¹¾ÒÃÒÁÔàµÍÃŒ·ÕèÍÂÙˆã¹Ê¶Ò¹Ð·íÒ§Ò¹ 4 µÑÇáÅÐâ¤ÃâÁâ«Á �� ÁÕÂÕ¹¾ÒÃÒÁÔàµÍÃŒ·ÕèÍÂÙˆã¹Ê¶Ò¹Ð·íÒ§Ò¹
2 µÑÇ«Öè§à»“¹ÅÑ¡É³Ð·ÕèáÊ´§ÍÍ¡¢Í§â¤ÃâÁâ«Á·ÕèµˆÒ§¡Ñ¹ÀÒÂãµ‰ÊÙµÃâ¤ÃâÁâ«Ááººà´ÕÂÇ¡Ñ¹ ã¹¢Ñé¹µÍ¹¡ÒÃ
ËÒ¤ˆÒàËÁÒÐÊÁ ¡ÃÐºÇ¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´Ñº¢Ñé¹¤‰¹ËÒ¤ÇÒÁÂÒÇ¢Í§â¤ÃâÁâ«Á (¨íÒ¹Ç¹ÂÕ¹¾ÒÃÒ
ÁÔàµÍÃŒ·Õè·íÒ§Ò¹) ·Õèà»“¹ä»ä´‰¨¹¡ÃÐ·Ñè§ä´‰ÇÑµ¶Ø»ÃÐÊ§¤ŒµÒÁµ‰Í§¡ÒÃ

0 1 1 1 0 1 3 1 5 6 8 2

1 0 0 0 1 0 3 1 5 6 8 2

X   = ( 1,5,6,2)A

X   = (3,8)B

ÃÙ»·Õè 2.2: ÅÑ¡É³Ð·ÕèáÊ´§ÍÍ¡¢Í§â¤ÃâÁâ«Á·ÕèµˆÒ§¡Ñ¹

2.2 ¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ

¡ÃÐºÇ¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹¹Ñé¹ÂÑ§¤§»ÃÐ¡Íºä»´‰ÇÂ ¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ
àªˆ¹à´ÕÂÇ¡Ñº¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáºº´Ñé§à´ÔÁ¹Ñè¹¤×Í ¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒ ¡ÒÃ¶̂ÒÂ·Í´¾Ñ¹¸ØŒ áÅÐ
¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ ¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒÁÕËÅÒÂÇÔ¸Õ ã¹·Ò§» Ô̄ºÑµÔ¹ÔÂÁãª‰áººÇ§Å‰ÍÃÙàÅçµ ¡ÒÃ¶ˆÒÂ·Í´¾Ñ¹¸ØŒáÅÐ
¡ÅÒÂ¾Ñ¹¸ØŒ¡ÃÐ·íÒáÂ¡¡Ñ¹ÃÐËÇˆÒ§ÂÕ¹¤Çº¤ØÁáÅÐÂÕ¹¾ÒÃÒÁÔàµÍÃŒ ¡ÒÃ´íÒà¹Ô¹¡ÒÃã´æ µˆÍ¡ÅØˆÁÂÕ¹¤Çº¤ØÁ
Ê̂§¼Å¡ÒÃà»ÅÕèÂ¹á»Å§ÊÙˆÂÕ¹ÃÐ´ÑºÅ̂Ò§ã¹â¤ÃâÁâ«Á ¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ¾×é¹°Ò¹ÊíÒËÃÑº¢Ñé¹µÍ¹ÇÔ¸Õ
·Ò§¾Ñ¹¸Ø¡ÃÃÁáºº´Ñé§à´ÔÁ ä´‰Í¸ÔºÒÂäÇ‰ã¹ÀÒ¤¼¹Ç¡

2.3 ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ÊíÒËÃÑºµÑÇ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ
·ÕèàËÁÒÐÊÁ·ÕèÊØ´

µÑÇ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««ÕÁÕÅÑ¡É³Ðà»“¹µÑÇ¤Çº¤ØÁ·ÕèÁÕËÅÒÂÃÐ´Ñº ¡Å̂ÒÇ¤×ÍÁÕµÑÇ¤Çº¤ØÁ
ËÅÑ¡áÅÐµÑÇ¤Çº¤ØÁÃÍ§ â´Â·ÑèÇä»µÑÇ¤Çº¤ØÁËÅÑ¡ËÃ×ÍµÑÇ¤Çº¤ØÁÃÐ´ÑºÅ̂Ò§·íÒË¹‰Ò·Õè¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃâ´Â
µÃ§áÅÐà»“¹µÑÇ¤Çº¤ØÁ·ÕèÁÕâ¤Ã§ÊÃ‰Ò§·Õè§̂ÒÂäÁ̂«Ñº«‰Í¹ Ê̂Ç¹µÑÇ¤Çº¤ØÁÃÍ§ËÃ×ÍµÑÇ¤Çº¤ØÁÃÐ´Ñºº¹ÁÕË¹‰Ò
·Õèã¹¡ÒÃ¡íÒ¡Ñº´ÙáÅµÑÇ¤Çº¤ØÁËÅÑ¡ÍÕ¡·Í´Ë¹Öè§ ã¹ÅÑ¡É³Ðàª̂¹¹Õé¤Å‰ÒÂ¡ÑºÃÐºº¤Çº¤ØÁáºº»ÃÑºµÑÇ·ÑèÇä»
ÊíÒËÃÑºÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéµÑÇ¤Çº¤ØÁËÅÑ¡·ÕèàÅ×Í¡ãª‰¹Ñé¹à»“¹µÑÇ¤Çº¤ØÁ¾ÕäÍ à¹×èÍ§¨Ò¡ÁÕâ¤Ã§ÊÃ‰Ò§·Õè§̂ÒÂáÅÐ»ÃÐ¡Ñ¹
àÊ¶ÕÂÃÀÒ¾ÃÐºº ÍÕ¡·Ñé§ÂÑ§à»“¹µÑÇ¤Çº¤ØÁ·ÕèÁÕ¤ÇÒÁ¤§·¹ã¹ÂˆÒ¹¡ÒÃ·íÒ§Ò¹·Õè¡Ç‰Ò§ ã¹¡ÒÃ¡ÒÃ»ÃÑº Ù̈¹¤ˆÒ¾Ò
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ÃÙ»·Õè 2.3: µÑÇ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´â´Âãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹

ÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ »ÃÑº Ù̈¹´‰ÇÂµÃÃ¡ÈÒÊµÃŒ¿’««Õ«Öè§·íÒË¹‰Ò·Õèà»“¹µÑÇ¤Çº¤ØÁ
ÃÍ§ áÅÐà¾×èÍãË‰µÑÇ¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÕâ¤Ã§ÊÃ‰Ò§·ÕèÂ×´ËÂØˆ¹áÅÐÁÕà«µ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐà«µ
¡®·Õè¹‰ÍÂ·ÕèÊØ´ Ö̈§ãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ã¹¡ÒÃ¤‰¹ËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®
´Ñ§áÊ´§â¤Ã§ÊÃ‰Ò§ä´‰´Ñ§ÃÙ»·Õè 2.3

¨Ò¡ÃÙ»·Õè 2.3 ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ÁÕË¹‰Ò·ÕèËÒâ¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’«
«Õ«Öè§¤×Í ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡® ¨¹¡ÃÐ·Ñè§ä´‰â¤Ã§ÊÃ‰Ò§·ÕèàËÁÒÐÊÁáÅÐ¤§â¤Ã§ÊÃ‰Ò§¹ÕéäÇ‰µÅÍ´
àÁ×èÍä´‰â¤Ã§ÊÃ‰Ò§áÅ‰ÇÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õãª‰â¤Ã§ÊÃ‰Ò§¹Õé ã¹¡ÒÃ»ÃÑº Ù̈¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒÊíÒËÃÑºµÑÇ¤Çº
¤ØÁ¾ÕäÍàÁ×èÍÁÕ¡ÒÃÃº¡Ç¹ÃÐººà¡Ô´¢Öé¹ áÅÐàÁ×èÍÃÐººÍÂÙˆã¹ÊÀÒÇÐ¤§µÑÇ¨ÐäÁˆÁÕ¡ÒÃ»ÃÑº Ù̈¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
�� áÅÐ ��

2.3.1 ¡ÒÃà¢‰ÒÃËÑÊ¾Ñ¹ Ø̧¡ÃÃÁáººÅíÒ Ñ́ºªÑé¹ÊíÒËÃÑºÃÐºº¿’««Õ

¡ÒÃà¢‰ÒÃËÑÊ¾Ñ¹¸Ø¡ÃÃÁã¹»’
ËÒ·ÑèÇä»¹Ñé¹ ¨Ð¹íÒµÑÇá»Ã¢Í§»’
ËÒ·Õèµ‰Í§¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁÁÒ·íÒ
¡ÒÃà¢‰ÒÃËÑÊã¹ÃÙ»áººâ¤ÃâÁâ«Á «Öè§ã¹·Õè¹Õéµ‰Í§¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¢Í§â¤Ã§ÊÃ‰Ò§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
«Öè§ä´‰á¡̂ ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®¿’««Õ ´Ñ§¹Ñé¹ Ö̈§µ‰Í§¹íÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ
¾ÒÃÒÁÔàµÍÃŒ¢Í§°Ò¹¡®ÁÒà¢‰ÒÃËÑÊã¹ÃÙ»¢Í§â¤ÃâÁâ«Á «Öè§ÁÕÃÙ»áººáµ¡µˆÒ§¡Ñ¹ÊíÒËÃÑºâ¤ÃâÁâ«Á¿’§¡ŒªÑ¹
ÀÒÇÐÊÁÒªÔ¡áÅÐâ¤ÃâÁâ«Á°Ò¹¡®

à¹×èÍ§¨Ò¡â¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹áº̂§ÂÕ¹ÍÍ¡à»“¹ 2 ¡ÅØˆÁ «Öè§¤×ÍÂÕ¹¤Çº¤ØÁ (��) áÅÐÂÕ¹¾Ò
ÃÒÁÔàµÍÃŒ (��) â´Â·ÕèÂÕ¹¤Çº¤ØÁ¹Õéà»“¹àÅ¢°Ò¹ÊÍ§à¾×èÍ·íÒË¹‰Ò·ÕèÃÐºØÊ¶Ò¹Ð¡ÒÃ·íÒ§Ò¹¢Í§¿’§¡ŒªÑ¹ÀÒÇÐ
ÊÁÒªÔ¡ Ê̂Ç¹ÂÕ¹¾ÒÃÒÁÔàµÍÃŒÍÂÙˆã¹ÃÙ»¢Í§¨íÒ¹Ç¹¨ÃÔ§à¾×èÍ·íÒË¹‰Ò·ÕèáÊ´§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ «Öè§áÊ´§ä´‰
´Ñ§ÃÙ»·Õè 2.4 ¨Ò¡à«µ¿’««Õ¢Òà¢‰Ò«Öè§¤×Í¤ˆÒ¼Ô´¾ÅÒ´ (Error: �) áÅÐÍÑµÃÒ¤ˆÒ¼Ô´¾ÅÒ´ (Error rate: ��) áÅÐ
à«µ¿’««Õ¢ÒÍÍ¡«Öè§¤×Í ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÇÒ§â¤Ã§ÊÃ‰Ò§¢Í§â¤ÃâÁâ«ÁáººÅíÒ´Ñº
ªÑé¹ â´Â¡íÒË¹´ÂÕ¹¾ÒÃÒÁÔàµÍÃŒ �� ¢Í§â¤ÃâÁâ«Á¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ä´‰´Ñ§ÊÁ¡ÒÃ·Õè 2.1

�� � ����� � �
�
�	 � �

�
��� ��� � �

�

� � �

�

	 � �

�

� � 	

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



��

�� � 

��

�	 � 

��

�� � ��� � 
��

�� � 

��

�	 � 
��

�� � Æ��

�� � Æ��

�	 � Æ��

�� � ��� � Æ��

� � Æ��

	 � Æ��

� � (2.1)
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1a 1c

1 2 n

na nb nc

control genes (z   )   c parameter genes (z   )  p

na nb nc2a 2b 2c1b 1c1a

1b

ÃÙ»·Õè 2.4: â¤Ã§ÊÃ‰Ò§â¤ÃâÁâ«ÁáººÅíÒ´ÑºªÑé¹¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡

àÁ×èÍ �, �,  áÅÐ � à»“¹ í̈Ò¹Ç¹à«µ¿’««ÕÂ̂ÍÂ·ÕèÁÒ¡·ÕèÊØ´¢Í§ �, ��, �� áÅÐ �� µÒÁÅíÒ´Ñº ¡ÒÃ
¡íÒË¹´¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««ÕÂˆÍÂà»“¹´Ñ§¹Õé

� ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««ÕÂˆÍÂ¢Òà¢‰Ò � ÅíÒ´Ñº·Õè � ¡íÒË¹´â´Â¤ˆÒ ����� ���	� ����
� ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««ÕÂˆÍÂ¢Òà¢‰Ò �� ÅíÒ´Ñº·Õè � ¡íÒË¹´â´Â¤ˆÒ 	���� � 	���	 � 	����

� ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««ÕÂˆÍÂ¢ÒÍÍ¡ �� ÅíÒ´Ñº·Õè � ¡íÒË¹´â´Â¤ˆÒ 
��

�� � 

��

�	 � 

��

��

� ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««ÕÂˆÍÂ¢ÒÍÍ¡ �� ÅíÒ´Ñº·Õè � ¡íÒË¹´â´Â¤ˆÒ Æ��

�� � Æ��

�	 � Æ��

��

ÊíÒËÃÑº¡ÒÃ¡íÒË¹´â¤ÃâÁâ«Á°Ò¹¡®¿’««Õ ¾ºÇˆÒ í̈Ò¹Ç¹¡®¿’««Õ¢Öé¹ÍÂÙˆ¡Ñº í̈Ò¹Ç¹à«µ¿’««ÕÂˆÍÂ¢Ò
à¢‰Ò � áÅÐ �� «Öè§ã¹·Õè¹Õé¨íÒ¹Ç¹à«µ¿’««ÕÂˆÍÂ¢Òà¢‰ÒÁÕ í̈Ò¹Ç¹äÁˆá¹ˆ¹Í¹¢Öé¹ÍÂÙˆ¡Ñº¡ÒÃÃÐºØÊ¶Ò¹Ð·íÒ§Ò¹
¢Í§ÂÕ¹¤Çº¤ØÁ ´Ñ§¹Ñé¹â¤ÃâÁâ«Á°Ò¹¡®¿’««Õ Ö̈§áº̂§à»“¹¡ÅØˆÁæ â´ÂãË‰ÊÍ´¤Å‰Í§¡Ñº¡ÒÃÃÐºØÊ¶Ò¹Ð·íÒ§Ò¹
¢Í§ÂÕ¹¤Çº¤ØÁ ¶‰ÒãË‰à«µ¿’««ÕÂ̂ÍÂ¢Í§ �, ��, �� áÅÐ �� ·ÕèÃÐºØÊ¶Ò¹ÐÇˆÒ·íÒ§Ò¹¨íÒ¹Ç¹ �, �, � áÅÐ
� à«µµÒÁÅíÒ´Ñº ´Ñ§¹Ñé¹ÊÒÁÒÃ¶áÊ´§°Ò¹¡®¿’««Õã¹ÃÙ»áººµÒÃÒ§ «Öè§áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§à«µ¿’«
«Õ¢Òà¢‰Ò �, �� áÅÐà«µ¿’««Õ¢ÒÍÍ¡ �� áÅÐ �� ä´‰´Ñ§µÒÃÒ§·Õè 2.1

µÒÃÒ§·Õè 2.1: (a) µÒÃÒ§¡®áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ �, �� áÅÐ �� (b) µÒÃÒ§¡®áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸Œ
ÃÐËÇˆÒ§ �, �� áÅÐ ��

(a) (b)

�� �� � � � �� � � � ��

�� �� �� � � � ��

�� �� �� � � � ��
...

. . .

�� � � � �� � � �
...

. . .

�� �� � � � ��

�� �� � � � �� � � � ��

�� �� �� � � � ��

�� �� �� � � � ��
...

. . .

�� � � � �� � � �
...

. . .

�� �� � � � ��

¨Ò¡µÒÃÒ§¡®¿’««ÕÊÒÁÒÃ¶ÇÒ§â¤Ã§ÊÃ‰Ò§â¤ÃâÁâ«Á°Ò¹¡® ã¹ÃÙ»àÁµÃÔ¡«Œâ¤ÃâÁâ«Á ��������

ÊíÒËÃÑºà«µ¿’««Õ¢ÒÍÍ¡ �� áÅÐàÁµÃÔ¡«Œâ¤ÃâÁâ«Á �������� ÊíÒËÃÑºà«µ¿’««Õ¢ÒÍÍ¡ �� «Öè§à»“¹
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àÁµÃÔ¡«Œ·ÕèÁÕÊÁÒªÔ¡à»“¹ í̈Ò¹Ç¹¨ÃÔ§ÁÕÁÔµÔ � � �� � áÅÐ � � �� � µÒÁÅíÒ´Ñº áÊ´§´Ñ§ÊÁ¡ÒÃ·Õè (2.2) áÅÐ
(2.3)

�������� � ����� � ���� � ��� �	 �� 	 �� � 	 �� (2.2)

�������� � ����� � ���� � ��� �	 �� 	 �� � 	 �� (2.3)

â´Âã¹áµˆÅÐÊÁÒªÔ¡¢Í§àÁµÃÔ¡«Œâ¤ÃâÁâ«Á°Ò¹¡®¤×Í ¡®¿’««ÕáµˆÅÐ¡® «Öè§ÊÁÒªÔ¡µÑÇ·Õè � 
 � ÊÒÁÒÃ¶
à¢ÕÂ¹à»“¹¡®ä´‰´Ñ§¹Õé

��� : If � is �� and �� is �� then �� is �� and �� is ��

â´Â·Õè ��, �� , �� áÅÐ �� ¤×ÍµÑÇá»ÃàªÔ§ÀÒÉÒ (Linguistic variables) àªˆ¹ large ËÃ×Í small à»“¹µ‰¹ «Öè§ãª‰
ºÍ¡¤Ø³ÅÑ¡É³Ð¢Í§à«µ¿’««ÕÂˆÍÂ �, ��, �� áÅÐ ��

µÑÇÍÂˆÒ§àªˆ¹ àÁµÃÔ¡«Œâ¤ÃâÁâ«Á �������� �

�
� �

� 


�
áÅÐ �������� �

�
� 



 �

�
«Öè§ÁÕ � � 
� � �


� � � 
 áÅÐ � � � ÊÒÁÒÃ¶¹íÒÁÒà¢ÕÂ¹à»“¹¡®¿’««Õä´‰´Ñ§¹Õé

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

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

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

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

2.3.2 ¡ÒÃ¡íÒË¹´¢¹Ò´»ÃÐªÒ¡Ã

¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ µ‰Í§ÁÕ¡ÒÃàÅ×Í¡â¤ÃâÁâ«ÁÁÒ í̈Ò¹Ç¹Ë¹Öè§à¾×èÍÁÒ´íÒà¹Ô¹¡ÒÃ·Ò§
¾Ñ¹¸Ø¡ÃÃÁ ¡ÅØˆÁâ¤ÃâÁâ«ÁËÃ×Í¡ÅØˆÁ¤íÒµÍº·ÕèàÅ×Í¡¢Öé¹ÁÒ¹ÕéàÃÕÂ¡ÇˆÒ »ÃÐªÒ¡Ã (Population) ã¹¢Ñé¹µÍ¹
ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹¹Ñé¹ »ÃÐªÒ¡Ã¶Ù¡à¡çºäÇ‰ã¹Ë¹ˆÇÂà¡çº»ÃÐªÒ¡Ã (Population pools) â´Â
·Õè¡ÅØˆÁâ¤ÃâÁâ«ÁÀÒÇÐÊÁÒªÔ¡¶Ù¡à¡çºäÇ‰ã¹Ë¹ˆÇÂ»ÃÐªÒ¡Ã � ¢³Ð·Õèâ¤ÃâÁâ«Á°Ò¹¡®¿’««Õ¶Ù¡à¡çºäÇ‰ã¹
Ë¹ˆÇÂà¡çº»ÃÐªÒ¡Ã � ã¹Ë¹ˆÇÂà¡çº»ÃÐªÒ¡Ã � áº̂§»ÃÐªÒ¡ÃÍÍ¡à»“¹¡ÅØˆÁÂˆÍÂ ���������� ´Ñ§ÊÁ¡ÒÃ
·Õè 2.4

� � ���������� � ���������� � � ���������� � ���������� � � ���������� � ���������� � � � � ��
������ (2.4)

â´Â·Õè

���������� � ���������� �  ��� �� � � � �� � � � �� � � � �� �� (2.5)

·Õè«Öè§ ���������� à»“¹¡ÅØˆÁâ¤ÃâÁâ«Á·Õè¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ÃÐºØÊ¶Ò¹Ð·íÒ§Ò¹ à»“¹ í̈Ò¹Ç¹ �, �, � áÅÐ � à«µ
¢Í§à«µ¿’««ÕÂ̂ÍÂ �, ��, �� áÅÐ �� µÒÁÅíÒ´Ñº ´Ñ§¹Ñé¹ í̈Ò¹Ç¹ÁÒ¡·ÕèÊØ´¢Í§¡ÅØˆÁ»ÃÐªÒ¡ÃÂˆÍÂã¹ � ÁÕ
¨íÒ¹Ç¹ ��
 ��� ��
 ��� �
 ��� �� 
 �� ¡ÅØˆÁ ÍÒ¨¡íÒË¹´ í̈Ò¹Ç¹ÊÁÒªÔ¡ (¨íÒ¹Ç¹â¤ÃâÁâ«Á) ã¹áµˆ
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ÅÐ¡ÅØˆÁÂˆÍÂãË‰äÁˆà¡Ô¹ í̈Ò¹Ç¹  â¤ÃâÁâ«Á â´ÂÁÒ¡ÁÕ¤ˆÒ»ÃÐÁÒ³ 3-5 â¤ÃâÁâ«Á [23] ´Ñ§¹Ñé¹ Ö̈§ÁÕ»ÃÐªÒ¡Ã
ã¹Ë¹ˆÇÂà¡çº»ÃÐªÒ¡Ã � äÁˆà¡Ô¹  �! â¤ÃâÁâ«Á àÁ×èÍ ! à»“¹ í̈Ò¹Ç¹¡ÅØˆÁ·ÕèÁÒ¡·ÕèÊØ´·Õèà»“¹ä»ä´‰

ÊíÒËÃÑº»ÃÐªÒ¡Ã¢Í§à«µ¡®¿’««Õ à¾×èÍãË‰»ÃÐËÂÑ´Ë¹ˆÇÂ¤ÇÒÁ¨íÒ ÁÕà¾ÕÂ§Ë¹Öè§â¤ÃâÁâ«Áã¹áµˆÅÐ
¡ÅØˆÁÂˆÍÂ ���������� «Öè§ �, �, � áÅÐ � ¤×Í í̈Ò¹Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡·ÕèÃÐºØÊ¶Ò¹Ð·íÒ§Ò¹¢Í§à«µ¿’««Õ
ÂˆÍÂ �, ��, �� áÅÐ �� µÒÁÅíÒ´Ñº ´Ñ§¹Ñé¹ã¹Ë¹ˆÇÂà¡çº»ÃÐªÒ¡Ã � ÁÕ»ÃÐªÒ¡ÃÃÇÁ·ÕèÁÒ¡·ÕèÊØ´à·̂Ò¡Ñº
��
 ��� ��
 ��� �
 ��� �� 
 �� â¤ÃâÁâ«Á

2.3.3 ¡ÒÃ í́Òà¹Ô¹¡ÒÃ·Ò§¾Ñ¹ Ø̧¡ÃÃÁÊíÒËÃÑºâ¤ÃâÁâ«ÁÀÒÇÐÊÁÒªÔ¡áÅÐâ¤ÃâÁâ«Á°Ò¹¡®

´Ñ§·Õèä´‰¡Å̂ÒÇäÇ‰áÅ‰ÇÇˆÒà¾×èÍãË‰â¤Ã§ÊÃ‰Ò§â¤ÃâÁâ«Á¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ÁÕÅÑ¡É³ÐáÊ´§ÍÍ¡·ÕèäÁˆ
µÒÂµÑÇ à¹×èÍ§¨Ò¡ÁÕ¡ÒÃÃÐºØÊ¶Ò¹Ð¡ÒÃ·íÒ§Ò¹¢Í§ÂÕ¹¾ÒÃÒÁÔàµÍÃŒâ´ÂÂÕ¹¤Çº¤ØÁ ´Ñ§¹Ñé¹â¤ÃâÁâ«Á·ÕèÁÕ
ÂÕ¹ÊÍ§»ÃÐàÀ·ã¹â¤ÃâÁâ«Áà´ÕÂÇ¹Ñé¹ÁÕ¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ·Õèáµ¡µˆÒ§¡Ñ¹ã¹áµ̂ÅÐ»ÃÐàÀ· ÊíÒËÃÑº
¡ÒÃ¶̂ÒÂ·Í´¾Ñ¹¸ØŒãª‰¡ÒÃ´íÒà¹Ô¹¡ÒÃ¶ˆÒÂ·Í´¾Ñ¹¸ØŒáºº¨Ø´à´ÕÂÇ â´Â¡ÃÐ·íÒáÂ¡¡Ñ¹ã¹ÂÕ¹¤Çº¤ØÁáÅÐÂÕ¹¾Ò
ÃÒÁÔàµÍÃŒ¢Í§â¤ÃâÁâ«Á¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ «Öè§ã¹¢Ñé¹µÍ¹¡ÒÃ¶ˆÒÂ·Í´¾Ñ¹¸ØŒ¡ÃÐ·íÒ´‰ÇÂ¤ÇÒÁ¹ˆÒ¨Ðà»“¹¤ˆÒ
Ë¹Öè§ ã¹Ê̂Ç¹â¤ÃâÁâ«Á°Ò¹¡®¿’««ÕäÁˆÁÕ¡ÒÃ´íÒà¹Ô¹¡ÒÃ¶ˆÒÂ·Í´¾Ñ¹¸ØŒà¹×èÍ§¨Ò¡ãª‰à¾ÕÂ§â¤ÃâÁâ«Áà´ÕÂÇµ̂Í
Ë¹Öè§¡ÅØˆÁÂˆÍÂ¢Í§â¤ÃâÁâ«Á¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡

ÊíÒËÃÑº¢Ñé¹µÍ¹¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ¢Í§â¤ÃâÁâ«Á¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ ÂÕ¹¤Çº¤ØÁ«Öè§à»“¹àÅ¢°Ò¹ÊÍ§ãª‰
¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒáºººÔµ (Bit mutation) â´Âà»ÅÕèÂ¹¨Ò¡ í̈Ò¹Ç¹ 1 à»“¹ 0 ËÃ×Í ¨Ò¡ 0 à»“¹ 1 â´Â¡ÃÐ·íÒ´‰ÇÂ
¤ÇÒÁ¹ˆÒ¨Ðà»“¹ã¹¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒà»“¹ "� «Öè§à»“¹¤ˆÒ¹‰ÍÂ Ê̂Ç¹ÂÕ¹¾ÒÃÒÁÔàµÍÃŒ«Öè§à»“¹ í̈Ò¹Ç¹¨ÃÔ§ãª‰¡ÒÃ¡ÅÒÂ
¾Ñ¹¸ØŒáººÊØˆÁ (Random mutation) «Öè§áÊ´§ä´‰´Ñ§¹Õé

# � # � $�%� &� (2.6)

â´Â·Õè # ¤×ÍÂÕ¹¤ˆÒ¨ÃÔ§, $ ¤×Í¿’§¡ŒªÑ¹ÊØˆÁ (Random function) «Öè§ÍÒ¨à»“¹¡ÒÃ¡ÃÐ¨ÒÂáººà¡ÒÊŒà«ÕÂ¹ËÃ×Í
áºº»¡µÔ, % áÅÐ & ¤×Í¤ˆÒà©ÅÕèÂáÅÐ¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹¢Í§¿’§¡ŒªÑ¹ÊØˆÁµÒÁÅíÒ´Ñº

ÊíÒËÃÑºâ¤ÃâÁâ«Á°Ò¹¡®¿’««Õãª‰¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒáºº¾ÔàÈÉ ·ÕèàÃÕÂ¡ÇˆÒ¡ÒÃ´íÒà¹Ô¹¡ÒÃà´Åµ‰Ò (Delta

operation) [1] «Öè§·íÒ¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒã¹áµˆÅÐÊÁÒªÔ¡¢Í§àÁµÃÔ¡«Œâ¤ÃâÁâ«Á´Ñ§¹Õé

���� � ���������� (2.7)

â´Â·Õè �� áÅÐ �� ÁÕ¤ˆÒà·̂Ò¡Ñº 1 ËÃ×Í 
� «Öè§¡ÃÐºÇ¹¡ÒÃ¹Õé¡ÃÐ·íÒ´‰ÇÂ¤ÇÒÁ¹ˆÒ¨Ðà»“¹à·̂Ò¡Ñº 0.01 [23]

´‰ÇÂÇÔ¸Õ¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒáºº¾ÔàÈÉ¹ÕéÊÒÁÒÃ¶·íÒãË‰ËÒ°Ò¹¡®·ÕèàËÁÒÐÊÁä´‰
ËÅÑ§¨Ò¡¼ˆÒ¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ ¡ÒÃáÅ¡à»ÅÕèÂ¹¾Ñ¹¸ØŒáÅÐ¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒáÅ‰Ç â¤ÃâÁâ«Á

¿’§¡ŒªÑ¹ÀÒÐÊÁÒªÔ¡áÅÐ°Ò¹¡®·Ø¡â¤ÃâÁâ«Á ¶Ù¡¹íÒÁÒ¤íÒ¹Ç¹¤ˆÒ¤ÇÒÁàËÁÒÐÊÁ (Fitness evoluation) à¾×èÍ
ãª‰ã¹¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒ â¤ÃâÁâ«Á·Ñé§ÊÍ§ª¹Ô´¶Ù¡¶Í´ÃËÑÊ à¾×èÍÊÃ‰Ò§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®¢Í§
µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õ ¨Ò¡¹Ñé¹¹íÒä»ãª‰¤Çº¤ØÁÃÐººáÅÐ¤íÒ¹Ç¹¤ˆÒ¤ÇÒÁàËÁÒÐÊÁ¨Ò¡¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁ
(Fitness function: ' ) â´ÂÊÑÁ¾Ñ¹¸ŒÍÂˆÒ§ã´ÍÂ̂Ò§Ë¹Öè§¡Ñº¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œ (Ojective function: �) ¢Í§ÃÐºº
ËÅÑ§¨Ò¡¹Ñé¹·íÒ¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒ â´ÂÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéàÅ×Í¡ÇÔ¸Õ¡ÒÃ¤Ñ´àÅ×Í¡µÒÁÇ§Å‰ÍÃÙàÅçµ (Roulette Wheel
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Selection) [1, 3] à¹×èÍ§¨Ò¡à¢‰Òã¨ä´‰§̂ÒÂ áÅÐÊÒÁÒÃ¶¤Ñ´àÅ×Í¡â¤ÃâÁâ«Á·ÕèÁÕ¤ˆÒ¤ÇÒÁàËÁÒÐÊÁÊÙ§ä´‰ÍÂˆÒ§¶Ù¡
µ‰Í§

ÍÂˆÒ§äÃ¡çµÒÁâ¤ÃâÁâ«Á¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡·Õè¼ˆÒ¹¡ÃÐºÇ¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁáÅ‰Ç ÍÒ¨·íÒãË‰
ä´‰¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡·Õè¼Ô´¾ÅÒ´à¡Ô´¢Öé¹ ¡Å̂ÒÇ¤×ÍãË‰¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡·ÕèäÁˆµÃ§¡Ñº¤ÇÒÁà»“¹¨ÃÔ§â´ÂäÁˆ
ÊÍ´¤Å‰Í§à§×èÍ¹ä¢ ���� ( ���	 ( ���� áÅÐ ���� ( �������� ´Ñ§¹Ñé¹ Ö̈§àÅ×Í¡â¤ÃâÁâ«Á¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡
à©¾ÒÐ·ÕèµÃÇ¨ÊÍºÇˆÒãË‰¾ÒÃÒÁÔàµÍÃŒ·Õè¶Ù¡µ‰Í§áÅ‰Çà·̂Ò¹Ñé¹ ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ÊÃØ»¢Ñé¹
µÍ¹ä´‰´Ñ§ÃÙ»·Õè 2.5

Crossover and Mutation
(Membership chromosome)

Selection Membership
chromosomes   from

New Membership
Chromosome, z

Determine the number of
active fuzzy subsets

(w,x,y and z) for fuzzy set
E,    E, K  , K I P

 Mutation
(Rule base chromosome)

Formulate the
Membership Functions

Fitness Evaluation

,
Check whether insert z  and

                              into        and(w,x,y)H (w,x,z)B

Start

Initialize a random
membership chromosomes

YES

NO

Select the appropriate
fuzzy Rule Chromosome

      ,             from(w,x,z)B(w,x,y)H

J

Calculation of   J
from fuzzy system

End

Select solution from
and

ÃÙ»·Õè 2.5: ÅíÒ´Ñº¢Ñé¹µÍ¹¢Í§¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹
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2.4 ¡ÒÃ í̈ÒÅÍ§ÃÐºº¤Çº¤ØÁà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

¨Ò¡ËÅÑ¡¡ÒÃ¾×é¹°Ò¹à¡ÕèÂÇ¡Ñº¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹·Õèä´‰¡Å̂ÒÇäÇ‰áÅ‰Çã¹¢‰Ò§µ‰¹ ã¹
Ê̂Ç¹¹Õé¹íÒàÊ¹ÍµÑÇÍÂˆÒ§¡ÒÃãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ã¹¡ÒÃËÒâ¤Ã§ÊÃ‰Ò§¢Í§ÃÐºº¿’««Õ·Õè
àËÁÒÐÊÁ·ÕèÊØ´ «Öè§ãª‰à»“¹µÑÇ¤Çº¤ØÁÃÍ§·Õè·íÒË¹‰Ò·Õè¡íÒ¡Ñº´ÙáÅµÑÇ¤Çº¤ØÁ¾ÕäÍáÊ´§ä´‰´Ñ§ÃÙ»·Õè 2.3 â´Â·íÒ¡ÒÃ
¨íÒÅÍ§¡ÑºÃÐººáÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ (Heat exchanger) «Öè§à»“¹ÃÐººÍÑ¹´ÑºË¹Öè§·ÕèÁÕ¡ÒÃË¹ˆÇ§àÇÅÒáÅÐà»“¹
ÃÐººË¹Öè§ÊÑ

Ò³à¢‰ÒË¹Öè§ÊÑ

Ò³ÍÍ¡ (SISO) â´Â¾Ô¨ÒÃ³Ò¡ÒÃ¤Çº¤ØÁÃÐººã¹»’
ËÒ¡ÒÃà»ÅÕèÂ¹á»Å§
¤ˆÒÍ‰Ò§ÍÔ§

2.4.1 ÅÑ¡É³Ð¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹áÅÐáºº í̈ÒÅÍ§

Bridge
circuit

Thyrister
unit

Shutter

Process
To

Ti , Fi    Inlet

HeaterBlower

Power input
Temperature
 measurement

Detector

ÃÙ»·Õè 2.6: à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ÁÕâ¤Ã§ÊÃ‰Ò§´Ñ§ÃÙ»·Õè 2.6 â´Â»ÃÐ¡Íºä»´‰ÇÂ¾Ñ´ÅÁ (Blower) ·Õè·íÒ
§Ò¹´‰ÇÂ¤ÇÒÁàÃçÇ¤§·Õè ÁÕË¹‰Ò·Õè´Ù´ÍÒ¡ÒÈãË‰à¢‰Òä»ËÁØ¹àÇÕÂ¹ÀÒÂã¹·̂Í¹íÒÍÒ¡ÒÈ ÊÒÁÒÃ¶¤Çº¤ØÁ»ÃÔÁÒ³
ÍÒ¡ÒÈ·ÕèäËÅà¢‰Ò´‰ÇÂ¡ÒÃ»ÃÑºÁˆÒ¹»”´à»”´ (Shutter) ÍÒ¡ÒÈ·Õè¼ˆÒ¹à¢‰Òä»ã¹·̂Í¼ˆÒ¹à¤Ã×èÍ§·íÒ¤ÇÒÁÃ‰Í¹ «Öè§ÁÕ
ä·ÃÕÊàµÍÃŒà»“¹µÑÇ¢ÑºàÃ‰Ò áÅÐÊÃ‰Ò§¡íÒÅÑ§§Ò¹ãË‰á¡̂à¤Ã×èÍ§·íÒ¤ÇÒÁÃ‰Í¹µÒÁ¡ÒÃ¡ÃÐµØ‰¹¢Í§ÊÑ

Ò³¤Çº¤ØÁ
¨Ò¡¹Ñé¹ÍÒ¡ÒÈÃ‰Í¹äËÅä»ÂÑ§»ÅÒÂ·̂Í áÅÐ·íÒ¡ÒÃÇÑ´ÍØ³ËÀÙÁÔ·Õè»ÅÒÂ·̂Í´‰ÇÂÍØ»¡Ã³ŒÇÑ´ÍØ³ËÀÙÁÔ ÍØ³ËÀÙÁÔ·Õè
ÇÑ´ä´‰¼ˆÒ¹Ç§¨ÃºÃÔ´ Œ̈à¾×èÍà»ÅÕèÂ¹à»“¹ÊÑ

Ò³áÃ§´Ñ¹ä¿¿„Ò à¾×èÍ¹íÒä»ãª‰ã¹¡ÒÃ¤Çº¤ØÁµˆÍä»

à¹×èÍ§¨Ò¡ÍØ»¡Ã³ŒÇÑ´ÍØ³ËÀÙÁÔµÔ´ÍÂÙˆ·Õè»ÅÒÂ·̂Í Ö̈§·íÒãË‰à¡Ô´»ÃÒ¡¯¡ÒÃË¹ˆÇ§àÇÅÒà¹×èÍ§¨Ò¡¡ÒÃà´Ô¹
·Ò§ (Transportation lag) ¡Å̂ÒÇ¤×Í ÍÒ¡ÒÈãª‰àÇÅÒà´Ô¹·Ò§¨Ò¡»ÅÒÂ·ˆÍ´‰Ò¹Ë¹Öè§ÁÒÂÑ§ÍØ»¡Ã³ŒµÃÇ¨
ÇÑ´ÍØ³ËÀÙÁÔà»“¹àÇÅÒ ) ÇÔ¹Ò·Õ ·íÒãË‰àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ¢Òà¢‰Ò ÂÑ§äÁˆÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§
ÍØ³ËÀÙÁÔ¢ÒÍÍ¡·Õè»ÅÒÂ·ˆÍ¨¹¡ÃÐ·Ñè§àÇÅÒ ) ÇÔ¹Ò·ÕµˆÍÁÒ »ÃÒ¡¯¡ÒÃàªˆ¹¹ÕéÊ̂§¼ÅãË‰¤Çº¤ØÁä´‰ÂÒ¡ ÍÕ¡·Ñé§
¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÍÑµÃÒ¡ÒÃäËÅ¢Í§ÍÒ¡ÒÈÂÑ§Ê̂§¼ÅµˆÍ¾ÅÇÑµ¢Í§ÃÐººÍÕ¡´‰ÇÂ ¹Í¡¨Ò¡¹Õéà¤Ã×èÍ§áÅ¡
à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¡çÁÕÅÑ¡É³Ð¤ÇÒÁäÁ̂à»“¹àªÔ§àÊ‰¹ã¹ÊÀÒÇÐÍÂÙˆµÑÇ ´Ñ§¹Ñé¹ÃÐºº¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾¤ÇÃ
ÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ÀÙÁÔ¢ÒÍÍ¡ä´‰ áÁ‰ÇˆÒÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒÍ‰Ò§ÍÔ§ËÃ×ÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
¢Í§ÃÐºº «Öè§¡ÒÃãª‰µÑÇ¤Çº¤ØÁ¾ÕäÍ¡çÊÒÁÒÃ¶·íÒ¡ÒÃ¤Çº¤ØÁä´‰´Õ áµˆ¨íÒà»“¹µ‰Í§ÁÕ¡ÒÃ»ÃÑºà»ÅÕèÂ¹¤ˆÒ¾ÒÃÒ
ÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ ´Ñ§¹Ñé¹¡ÒÃãª‰µÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè»ÃÑº Ù̈¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ Ö̈§
ÁÕ¤ÇÒÁàËÁÒÐÊÁ¡Ñºà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁ
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Ã‰Í¹·Õèãª‰ã¹¡ÒÃ í̈ÒÅÍ§ÃÐºº à»“¹ÃÐºº·Õè»ÃÐÁÒ³à»“¹ÍÑ¹´ÑºË¹Öè§·ÕèÁÕ¡ÒÃË¹ˆÇ§àÇÅÒ â´ÂÍ‰Ò§ÍÔ§¨Ò¡ [8]

«Öè§áÊ´§ä´‰´Ñ§¹Õé

*�+� �
���������

����+� �
(2.8)

â´Â·Õè ÊÑ

Ò³à¢‰Òà»“¹áÃ§´Ñ¹ä¿¿„Ò (âÇÅµŒ) áÅÐÊÑ

Ò³ÍÍ¡¤×ÍÍØ³ËÀÙÁÔ·Õè»ÅÒÂ·̂Í (Í§ÈÒà«Åà«ÕÂÊ)

2.4.2 ¡ÒÃ í̈ÒÅÍ§ÃÐºº¤Çº¤ØÁà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

ã¹¡ÒÃ í̈ÒÅÍ§ÃÐºº¾Ô¨ÒÃ³Ò¡ÒÃ¤Çº¤ØÁã¹»’
ËÒ¡ÒÃà»ÅÕèÂ¹ÊÑ

Ò³Í‰Ò§ÍÔ§ â´Â¡íÒË¹´ãË‰ÁÕ¡ÒÃ
à»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ¢ÒÍÍ¡ã¹ÇÔ¹Ò·Õ·Õè 6 ¨Ò¡ 20 Í§ÈÒà«Åà«ÕÂÊ à¾ÔèÁ¢Öé¹à»“¹ 60 Í§ÈÒà«Åà«ÕÂÊ áÅÐÅ´
ÍØ³ËÀÙÁÔÅ§ÊÙˆ 20 Í§ÈÒà«Åà«ÕÂÊ ·ÕèàÇÅÒÇÔ¹Ò·Õ·Õè 12 ÊíÒËÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒµˆÒ§æ ·Õèãª‰ã¹¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ
à»“¹´Ñ§¹Õé

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

– � � �
��� ��	 áÅÐ �� � �
����� ����	

– �� � ������ ���	 áÅÐ �� � ���
� ���	

– ãª‰ Minimum Inference Engine

– ãª‰ Center Average Defuzzifier

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒÊíÒËÃÑº¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹

– ¡íÒË¹´ãË‰¢¹Ò´à«µ¿’««ÕÂ̂ÍÂ¢Òà¢‰Ò � áÅÐ �� ÁÒ¡·ÕèÊØ´äÁˆà¡Ô¹ 5 à«µ áÅÐà«µ¿’««ÕÂ̂ÍÂ¢Ò
ÍÍ¡ �� áÅÐ �� ¨íÒ¹Ç¹¤§·Õè 2 à«µ ¹Ñè¹¤×Í � � � � � áÅÐ  � � � 


– ·íÒ¡ÒÃ¤‰¹ËÒà»“¹ í̈Ò¹Ç¹ 25 ÃØˆ¹
– ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒÍ×è¹æ áÊ´§ä´‰´Ñ§µÒÃÒ§·Õè 2.2

µÒÃÒ§·Õè 2.2: ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ HGA: ¡Ã³Õà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹
â¤ÃâÁâ«ÁÀÒÇÐÊÁÒªÔ¡ â¤ÃâÁâ«Á

ÂÕ¹¤Çº¤ØÁ ÂÕ¹¾ÒÃÒÁÔàµÍÃŒ °Ò¹¡®
¡ÒÃà¢‰ÒÃËÑÊ àÅ¢°Ò¹ÊÍ§ í̈Ò¹Ç¹¨ÃÔ§ í̈Ò¹Ç¹àµçÁ
¢¹Ò´»ÃÐªÒ¡Ã 20 20 16

í̈Ò¹Ç¹¾ˆÍáÁˆ 2 2

¡ÒÃ¶ˆÒÂ·Í´¾Ñ¹ Ø̧Œ áººË¹Öè§ Ø̈´ áººË¹Öè§ Ø̈´ -

¤ÇÒÁ¹̂Ò¨Ðà»“¹ 0.9 0.9 -

¡ÒÃ¡ÅÒÂ¾Ñ¹ Ø̧Œ ¡ÅÒÂ¾Ñ¹ Ø̧ŒáºººÔµ ¡ÅÒÂ¾Ñ¹ Ø̧ŒáººÊØˆÁ ¡ÒÃ í́Òà¹Ô¹¡ÒÃà´Åµ‰Ò
¤ÇÒÁ¹̂Ò¨Ðà»“¹ 0.01 0.01 0.01

¤Ñ´àÅ×Í¡µÒÁ¡ÒÃ
¡ÒÃ¤Ñ´àÅ×Í¡ Ç§Å‰ÍÃÙàÅçµ ÃÐºØÊ¶Ò¹Ð

â´ÂÂÕ¹¤Çº¤ØÁ
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ÊíÒËÃÑº¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤ŒáÅÐ¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁ (Fitness function: ' ) ·Õèãª‰ã¹¡ÒÃ¤‰¹ËÒáº̂§
à»“¹ 2 ¡Ã³Õ·Õèà»“¹·Õè¹ÔÂÁÊíÒËÃÑº»’
ËÒ¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒÍ‰Ò§ÍÔ§áºº¢Ñé¹ áÅÐ»’
ËÒ¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³Ãº
¡Ç¹ «Öè§¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁàÅ×Í¡ãË‰ÁÕÅÑ¡É³Ðà»“¹¤ˆÒ¼¡¼Ñ¹¡Ñº¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œ «Öè§ Wang [8] ä´‰á¹Ð
¹íÒÇˆÒ¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁã¹ÅÑ¡É³Ð¹Õé à¾ÔèÁ¤ÇÒÁäÇµˆÍ¡ÒÃ¤Ñ´àÅ×Í¡â¤ÃâÁâ«Á·ÕèÁÕ¤ˆÒ¤ÇÒÁàËÁÒÐÊÁÊÙ§æ
áµˆÅÐ¡Ã³ÕÁÕÃÒÂÅÐàÍÕÂ´´Ñ§¹Õé

� ¡Ã³Õ·Õè 1 àÅ×Í¡¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œáºº¼ÅÃÇÁ¢Í§¤ˆÒ¼Ô´¾ÅÒ´Â¡¡íÒÅÑ§ÊÍ§´Ñ§ÊÁ¡ÒÃ·Õè (2.9) áÅÐ
àÅ×Í¡¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁ áÊ´§´Ñ§ÊÁ¡ÒÃ·Õè (2.10)

�� �

��
�	�

��� (2.9)

'� �
��


��
(2.10)

� ¡Ã³Õ·Õè 2 àÅ×Í¡¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œáºº¼ÅÃÇÁ¤ˆÒÊÑÁºÙÃ³Œ¢Í§¤ˆÒ¼Ô´¾ÅÒ´´Ñ§ÊÁ¡ÒÃ·Õè (2.11) áÅÐ
àÅ×Í¡¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁ áÊ´§´Ñ§ÊÁ¡ÒÃ·Õè (2.12)

�� �

��
�	�

���� (2.11)

'� �
���

��
(2.12)

â´Â·Õè �� ¤×Í ¤ˆÒ¼Ô´¾ÅÒ´·Õè¤Òº¡ÒÃÊØˆÁ·Õè �

2.4.3 ¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº

¨Ò¡¤ˆÒ¾ÒÃÒÁÔàµÍÃŒµˆÒ§æ ·Õèä´‰¡Å̂ÒÇã¹ËÑÇ¢‰Í·ÕèáÅ‰Ç¹íÒÁÒ¤‰¹ËÒâ¤Ã§ÊÃ‰Ò§¿’««Õ áÅÐ¨Ò¡â¤Ã§
ÊÃ‰Ò§¿’««Õ·Õèä´‰¹íÒÁÒ·íÒ¡ÒÃ í̈ÒÅÍ§¡Ñºà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ áÅÐ¹íÒ¼ÅµÍº·Õèä´‰ÁÒ·íÒ¡ÒÃà»ÃÕÂºà·ÕÂº
¡Ñº¼ÅµÍº·Õèä´‰¨Ò¡¡ÒÃ¤Çº¤ØÁ´‰ÇÂµÑÇ¤Çº¤ØÁ¾ÕäÍ ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ¢Í§ Åstr��m áÅÐ
H��gglund [27] à¾×èÍà»ÃÕÂºà·ÕÂºÊÁÃÃ¶¹Ð¢Í§¼ÅµÍº

¨Ò¡¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¨íÒ¹Ç¹ 25 ÃØˆ¹ áÅÐ·íÒ¡ÒÃàÅ×Í¡â¤Ã§ÊÃ‰Ò§¿’««Õ·ÕèãË‰¤ˆÒ¤ÇÒÁàËÁÒÐÊÁÊÙ§·Õè
ÊØ´ ¨Ò¡¡Ã³Õ·Õè 1 «Öè§ãª‰¤ˆÒ¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤ŒáÅÐ¤ˆÒ¤ÇÒÁàËÁÒÐÊÁà»“¹ �� áÅÐ '� µÒÁÅíÒ´Ñº ¾ºÇˆÒä´‰
â¤Ã§ÊÃ‰Ò§¢Í§ÃÐºº¿’««Õ ·ÕèÁÕ í̈Ò¹Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Òà¢‰Ò � áÅÐ �� ¨íÒ¹Ç¹ 4 à«µà·̂Ò¡Ñ¹ áÅÐÁÕÃÙ»
ÃˆÒ§áÊ´§ä´‰´Ñ§ÃÙ»·Õè 2.7 áÅÐÃÙ»·Õè 2.8 Ê̂Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢ÒÍÍ¡ �� áÅÐ �� ÁÕ í̈Ò¹Ç¹ 2 à«µáÅÐÁÕ
ÃÙ»ÃˆÒ§´Ñ§ÃÙ»·Õè 2.9(a) áÅÐ 2.9(b) ÊíÒËÃÑº¡®¿’««Õ·ÕèàËÁÒÐÊÁ ¢Í§à«µ¿’««Õ¢ÒÍÍ¡·Ñé§ÊÍ§áÊ´§ã¹µÒÃÒ§·Õè
2.4(a) áÅÐ 2.4(b)

ÊíÒËÃÑº¡Ã³Õ·Õè 2 «Öè§ãª‰¤ˆÒ¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤ŒáÅÐ¤ˆÒ¤ÇÒÁàËÁÒÐÊÁà»“¹ �� áÅÐ '� µÒÁÅíÒ´Ñº ¾º
ÇˆÒä´‰â¤Ã§ÊÃ‰Ò§¢Í§ÃÐºº¿’««Õ ·ÕèÁÕ í̈Ò¹Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Òà¢‰Ò � áÅÐ �� ¨íÒ¹Ç¹ 3 à«µáÅÐ 2 à«µ
µÒÁÅíÒ´Ñº áÅÐÁÕÃÙ»ÃˆÒ§áÊ´§ä´‰´Ñ§ÃÙ»·Õè 2.10 áÅÐÃÙ»·Õè 2.11 Ê̂Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢ÒÍÍ¡ �� áÅÐ ��

ÁÕ í̈Ò¹Ç¹ 2 à«µáÅÐÁÕÃÙ»ÃˆÒ§´Ñ§ÃÙ»·Õè 2.12(a) áÅÐ (b) ÊíÒËÃÑº¡®¿’««Õ·ÕèàËÁÒÐÊÁ ¢Í§à«µ¿’««Õ¢ÒÍÍ¡·Ñé§
ÊÍ§áÊ´§ã¹µÒÃÒ§·Õè 2.4(a) áÅÐ (b)
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ÃÙ»·Õè 2.7: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò �: ¡Ã³Õ ��
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ÃÙ»·Õè 2.8: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò ��: ¡Ã³Õ ��

0.3 0.3 0.40.20.20.10.06

U1 U2 V1

(b)

0

1
V2

(a)
0.5

ÃÙ»·Õè 2.9: (a) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ �� (b) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ �� : ¡Ã³Õ ��

µÒÃÒ§·Õè 2.3: (a) µÒÃÒ§¡®ÊíÒËÃÑº �� (b) µÒÃÒ§¡®ÊíÒËÃÑº �� : ¡Ã³Õ ��
(a) (b)

��

�� �� �� ��

�� �� �� �� ��

� �� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

��

�� �� �� ��

�� �� �� �� ��

� �� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

àÁ×èÍ¹íÒ¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´ã¹áµˆÅÐÃØˆ¹¢Í§·Ñé§ÊÍ§¡Ã³ÕÁÒÇÒ´¡ÃÒ¿ áÊ´§ä´‰´Ñ§ÃÙ»·Õè 2.13 «Öè§ÊÑ§
à¡µØÇˆÒÁÕ¡ÒÃÅ´Å§¢Í§¤ˆÒ Ø̈´»ÃÐÊ§¤Œã¹áµˆÅÐÃØˆ¹ ÊíÒËÃÑº¼ÅµÍº¢Í§ÍØ³ËÀÙÁÔáÅÐÊÑ

Ò³¤Çº¤ØÁ·Ñé§ÊÍ§
¡Ã³Õ àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¼ÅµÍº·Õèä´‰¨Ò¡¡ÒÃ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ Åstr��m áÅÐ H��gglund áÊ´§
ä´‰´Ñ§ÃÙ»·Õè 2.14 áÅÐÃÙ»·Õè 2.15 µÒÁÅíÒ´Ñº «Öè§¼ÅµÍº¢Í§¡Ã³Õ·Õè 1 ÁÕàÇÅÒ¢Ò¢Öé¹ (Rise time) ÊÑé¹·ÕèÊØ´ Ê̂Ç¹
¡Ã³Õ·Õè 2 ÁÕàÇÅÒà¢‰Ò·Õè (Settling time) ÊÑé¹·ÕèÊØ´áÅÐ¤ˆÒ¾Øˆ§à¡Ô¹ (Overshoot) µíèÒ·ÕèÊØ´´‰ÇÂ ÍÂˆÒ§äÃ¡çµÒÁ·Ñé§ÊÍ§
¡Ã³ÕãË‰¤ˆÒ¾Øˆ§à¡Ô¹µíèÒ¡ÇˆÒÇÔ¸Õ Åstr��m áÅÐ H��gglund áÅÐàÁ×èÍ¾Ô¨ÒÃ³Ò·ÕèÊÑ

Ò³¤Çº¤ØÁ ¾ºÇˆÒ¡Ã³Õ·Õè 1 ãª‰
ÊÑ

Ò³¤Çº¤ØÁã¡Å‰à¤ÕÂ§¡ÑºÇÔ¸Õ Åstr��m áÅÐ H��gglund Ê̂Ç¹¡Ã³Õ·Õè 2 ãª‰ÊÑ

Ò³¤Çº¤ØÁµíèÒ·ÕèÊØ´
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ÃÙ»·Õè 2.10: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò �: ¡Ã³Õ ��
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ÃÙ»·Õè 2.11: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò ��: ¡Ã³Õ ��

0.3 0.40.2 0.50.20.10.06 0.3

U1 U2 V1 V2
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(a) (b)

ÃÙ»·Õè 2.12: (a) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ �� (b) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ �� : ¡Ã³Õ ��

µÒÃÒ§·Õè 2.4: (a) µÒÃÒ§¡®ÊíÒËÃÑº �� (b) µÒÃÒ§¡®ÊíÒËÃÑº �� : ¡Ã³Õ ��
(a) (b)
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ÃÙ»·Õè 2.13: ¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´ã¹áµˆÅÐÃØˆ¹¢Í§·Ñé§ÊÍ§¡Ã³Õ
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ÃÙ»·Õè 2.14: ¼ÅµÍº·Ñé§ÊÍ§¡Ã³ÕàÁ×èÍà»ÃÕÂºà·ÕÂº¡ÑºÇÔ¸Õ Åstr��m áÅÐ H��gglund
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ÃÙ»·Õè 2.15: ÊÑ

Ò³¤Çº¤ØÁ·Ñé§ÊÍ§¡Ã³ÕàÁ×èÍà»ÃÕÂºà·ÕÂº¡ÑºÇÔ¸Õ Åstr��m áÅÐ H��gglund

¹Í¡¨Ò¡¹Õé àÁ×èÍ¾Ô¨ÒÃ³Ò¡Ã³Õ·Õèà¡Ô´¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ ¢Í§áºº í̈ÒÅÍ§à¤Ã×èÍ§áÅ¡
à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ â´Â·Õè¤ˆÒ¤§·Õè·Ò§àÇÅÒà»ÅÕèÂ¹¨Ò¡ 0.33 ÇÔ¹Ò·Õ à»“¹ 0.6 ÇÔ¹Ò·Õ µÑÇ¤Çº¤ØÁ¾ÕäÍáºº
¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·Õèä´‰áÅÐµÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ Åstr��m áÅÐ H��gglund ãË‰
¼Å¡ÒÃ¤Çº¤ØÁ áÊ´§´Ñ§ÃÙ»·Õè 2.16 áÅÐ 2.17 ¨Ò¡¼Å¡ÒÃ¤Çº¤ØÁ àËç¹ä´‰ÇˆÒµÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´Ù
áÅ´‰ÇÂ¿’««Õ·Ñé§ÊÍ§¡Ã³Õ ÊÒÁÒÃ¶ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ¡ÇˆÒµÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ
Åstr��m áÅÐ H��gglund ¡Å̂ÒÇ¤×Í µÑÇ¤Çº¤ØÁã¹¡Ã³Õ·Õè 1 ãË‰àÇÅÒ¢Ò¢Öé¹ àÇÅÒà¢‰Ò·Õè áÅÐ¤ˆÒ¾Øˆ§à¡Ô¹µíèÒ·ÕèÊØ´
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ÃÙ»·Õè 2.16: ¼ÅµÍº·Ñé§ÊÍ§¡Ã³ÕàÁ×èÍà»ÃÕÂºà·ÕÂº¡ÑºÇÔ¸Õ Åstr��m áÅÐ H��gglund ã¹¡Ã³Õ·Õèà¡Ô´¡ÒÃà»ÅÕèÂ¹
á»Å§¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐºº
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ÃÙ»·Õè 2.17: ÊÑ

Ò³¤Çº¤ØÁ·Ñé§ÊÍ§¡Ã³ÕàÁ×èÍà»ÃÕÂºà·ÕÂº¡ÑºÇÔ¸Õ Åstr��m áÅÐ H��gglund ã¹¡Ã³Õ·Õèà¡Ô´¡ÒÃ
à»ÅÕèÂ¹á»Å§¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐºº

Ê̂Ç¹ã¹¡Ã³Õ 2 ¡çÂÑ§ãË‰àÇÅÒà¢‰Ò·Õè áÅÐ¤ˆÒ¾Øˆ§à¡Ô¹µíèÒ¡ÇˆÒ¼ÅµÍº¨Ò¡µÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
´‰ÇÂÇÔ¸Õ Åstr��m áÅÐ H��gglund ÍÕ¡·Ñé§àÁ×èÍ¾Ô¨ÒÃ³ÒÊÑ

Ò³¤Çº¤ØÁ ¾ºÇˆÒµÑÇ¤Çº¤ØÁ¡Ã³Õ·Õè 1 ãª‰ÊÑ

Ò³
¤Çº¤ØÁã¡Å‰à¤ÕÂ§¡Ñº¡Ã³ÕµÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ Åstr��m áÅÐ H��gglund Ê̂Ç¹¡Ã³Õ
·Õè 2 ãª‰ÊÑ

Ò³¤Çº¤ØÁµíèÒ·ÕèÊØ´
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2.5 ÊÃØ»

ã¹º·¹Õéä´‰¹íÒàÊ¹Í¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ «Öè§ÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃËÒ í̈Ò¹Ç¹
¾Ã‰ÍÁ´‰ÇÂÃÙ»ÃˆÒ§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐËÒ°Ò¹¡®·ÕèàËÁÒÐÊÁ áÅÐä´‰áÊ´§µÑÇÍÂˆÒ§¡ÒÃÍÍ¡áººµÑÇ¤Çº
¤ØÁ¾ÕäÍ·Õè¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐºº¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ÊíÒËÃÑºà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ â´Âä´‰ãª‰¢Ñé¹µÍ¹
ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ËÒâ¤Ã§ÊÃ‰Ò§·ÕèàËÁÒÐÊÁ¢Í§µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õ ·Õèãª‰»ÃÑº Ù̈¹µÑÇ¤Çº¤ØÁ¾Õ
äÍ â´Âä´‰¾Ô¨ÒÃ³Òã¹»’
ËÒ¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒÍ‰Ò§ÍÔ§ áÅÐãª‰¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œã¹¡ÒÃ¤‰¹ËÒ 2 ¿’§¡ŒªÑ¹
·Õèáµ¡µˆÒ§¡Ñ¹ä´‰á¡̂ ¼ÅÃÇÁ¢Í§¤ˆÒ¼Ô´¾ÅÒ´Â¡¡íÒÅÑ§ÊÍ§ (��) áÅÐ¼ÅÃÇÁ¢Í§¤ˆÒÊÑÁºÙÃ³Œ¢Í§¤ˆÒ¼Ô´¾ÅÒ´
(��) «Öè§¨Ò¡¡ÒÃ¤‰¹ËÒ¤ˆÒàËÁÒÐÊÁ¨íÒ¹Ç¹ 25 ÃØˆ¹ ¾ºÇˆÒâ¤Ã§ÊÃ‰Ò§µÃÃ¡ÈÒÊµÃŒ¿’««Õ·Õèä´‰ÁÕ í̈Ò¹Ç¹¿’§¡Œ
ªÑ¹ÀÒÇÐÊÁÒªÔ¡ áÅÐ°Ò¹¡®¢¹Ò´àÅç¡Å§·Ñé§ÊÍ§¡Ã³Õ àÁ×èÍà»ÃÕÂºà·ÕÂº¼ÅµÍº·Õèä´‰·Ñé§ÊÍ§¡Ã³Õ ¡Ñº¼ÅµÍº
¨Ò¡µÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ Åstr��m-H��gglund ¾ºÇˆÒµÑÇ¤Çº¤ØÁ·Õèä´‰·Ñé§ÊÍ§¡Ã³Õ
ãË‰¼ÅµÍº·Õè´Õ¡ÇˆÒ àÁ×èÍ¾Ô¨ÒÃ³Ò¡Ã³Õ·Õèà¡Ô´¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐºº ¾ºÇˆÒµÑÇ¤Çº¤ØÁ·Ñé§
ÊÍ§¡Ã³ÕÂÑ§ÊÒÁÒÃ¶ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ¡ÇˆÒä´‰ ÍÂˆÒ§äÃ¡çµÒÁ¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œ·Õèáµ¡µˆÒ§¡Ñ¹ ·íÒãË‰ä´‰
â¤Ã§ÊÃ‰Ò§¢Í§µÑÇ¤Çº¤ØÁáÅÐ¼ÅµÍº·Õèáµ¡µˆÒ§¡Ñ¹ ·Ñé§¹Õé¡ÒÃàÅ×Í¡¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œ¢Öé¹ÍÂÙˆ¡Ñº¤ÇÒÁàËÁÒÐ
ÊÁ¢Í§áµˆÅÐ»’
ËÒ
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µÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº Ù́áÅ ‰́ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´
ÊíÒËÃÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

ËÍ¡ÅÑè¹«Öè§à»“¹¡ÃÐºÇ¹¡ÒÃ¾×é¹°Ò¹ã¹ÍØµÊÒË¡ÃÃÁà¤ÁÕ·ÑèÇä» à»“¹ÃÐºº·ÕèÁÕ»’
ËÒ´‰Ò¹¡ÒÃ¤Çº
¤ØÁÁÒ¡ à¹×èÍ§¨Ò¡à»“¹ÃÐººËÅÒÂÊÑ

Ò³à¢‰ÒËÅÒÂÊÑ

Ò³ÍÍ¡ (Multi-input-Multi-output: MIMO)

ÁÕ¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹ (Nonlinear) áÅÐÁÕ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¤Çº¤ØÁ (Loop interaction) ã¹
ÍØµÊÒË¡ÃÃÁ¡ÒÃ¡ÅÑè¹·ÑèÇä» ãª‰µÑÇ¤Çº¤ØÁ¾ÕäÍËÃ×Í¾ÕäÍ´Õã¹¡ÒÃ¤Çº¤ØÁ »’
ËÒ´Ñ§¡Å̂ÒÇ Ö̈§·íÒãË‰¡ÒÃ»ÃÑº
¨Ù¹µÑÇ¤Çº¤ØÁâ´Â¼Ù‰»¯ÔºÑµÔ§Ò¹·íÒä´‰ÂÒ¡ µ‰Í§ÍÒÈÑÂàÇÅÒáÅÐ»ÃÐÊº¡ÒÃ³Œ ´Ñ§¹Ñé¹á¹Ç¤Ô´¡ÒÃãª‰µÑÇ¡íÒ¡Ñº´Ù
áÅ¿’««Õ·ÕèàËÁÒÐÊÁ»ÃÑº Ù̈¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ á·¹¼Ù‰»®ÔºÑµÔ§Ò¹ Ö̈§à»“¹á¹Ç·Ò§·Õè¹ˆÒÊ¹ã¨

¨Ò¡¡ÒÃãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ã¹¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒ¡Ñº´ÙáÅ´‰ÇÂ
¿’««Õ áÅÐµÑÇÍÂˆÒ§¡ÒÃ¤Çº¤ØÁà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ´‰ÇÂµÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õáºº
àËÁÒÐÊÁ·ÕèÊØ´ã¹º··Õè 2 áÊ´§ãË‰àËç¹ÇˆÒÊÒÁÒÃ¶¤Çº¤ØÁÃÐººË¹Öè§ÊÑ

Ò³à¢‰ÒË¹Öè§ÊÑ

Ò³ÍÍ¡ä´‰à»“¹
ÍÂˆÒ§´Õ ã¹º·¹Õéä´‰¹íÒµÑÇ¤Çº¤ØÁ´Ñ§¡Å̂ÒÇ ÁÒ»ÃÐÂØ¡µãª‰¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ â´Âä´‰ÍÍ¡
áººµÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ÊíÒËÃÑº¡ÒÃ í̈ÒÅÍ§ÃÐºº·ÕèËÑÇ¢‰Í 3.1 áÅÐ·íÒ¡ÒÃ·´ÅÍ§¤Çº¤ØÁ¨ÃÔ§
¡ÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»®ÔºÑµÔ¡ÒÃÃÐºº¤Çº¤ØÁã¹ËÑÇ¢‰Í 3.2

3.1 ¡ÒÃ í̈ÒÅÍ§ÃÐºº¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´
3.1.1 â¤Ã§ÊÃ‰Ò§¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

â¤Ã§ÊÃ‰Ò§¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´·Õèãª‰ã¹¡ÒÃ í̈ÒÅÍ§áÊ´§´Ñ§ÃÙ»·Õè 3.1 ã¹¡ÒÃ¡ÅÑè¹µÒÁ
â¤Ã§ÊÃ‰Ò§¹Õé ÊÒÃ¼ÊÁ·Õèµ‰Í§¡ÒÃ¡ÅÑè¹ºÃÃ Ø̈ÍÂÙˆÀÒÂã¹ËÁ‰Íµ‰Á«íéÒ (Reboiler) «Öè§ÍÂÙˆµÍ¹Å̂Ò§¢Í§ËÍ¡ÅÑè¹
¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹àÃÔèÁ¨Ò¡ ÊÒÃ¼ÊÁ·ÕèÍÂÙˆã¹ËÁ‰Íµ‰ÁáÅÐÊÒÃ·Õè»„Í¹à¢‰ÒÁÒ¡ÅÒ§ËÍä´‰ÃÑº¤ÇÒÁÃ‰Í¹¨Ò¡µÑÇ·íÒ
¤ÇÒÁÃ‰Í¹ àÁ×èÍÊÒÃ¼ÊÁÁÕÍØ³ËÀÙÁÔÊÙ§¾Í ÊÒÃ·ÕèÁÕ Ø̈´à´×Í´µíèÒà¡Ô´¡ÒÃÃÐàËÂ¡ÅÒÂà»“¹äÍ äÍ¢Í§ÊÒÃ¼ÊÁ¹Õé
¼ˆÒ¹ä»ÂÑ§ªÑé¹ (Trays) µˆÒ§æ ¢Í§ËÍ¡ÅÑè¹ áÅÐà¡Ô´¡ÒÃ¡ÅÑè¹ÅíÒ´ÑºÊ̂Ç¹ÀÒÂã¹áµˆÅÐªÑé¹ â´ÂäÍ¢Í§ÊÒÃ·Õè
ÍÍ¡¨Ò¡ªÑé¹º¹ÊØ´¢Í§ËÍ ÁÕ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ·ÕèÁÕ Ø̈´à´×Í´µíèÒ¡ÇˆÒÍÂÙˆã¹»ÃÔÁÒ³ÁÒ¡ ¢³Ðà´ÕÂÇ¡Ñ¹ÀÒÂ
ã¹ËÁ‰Íµ‰Á«íéÒÁÕ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ·ÕèÁÕ Ø̈´à´×Í´ÊÙ§¡ÇˆÒÁÒ¡¢Öé¹àÃ×èÍÂæ äÍ¢Í§ÊÒÃ·ÕèÁÕ Ø̈´à´×Í´µíèÒÍÍ¡¨Ò¡
ÂÍ´ËÍáÅÐ¼ˆÒ¹à¤Ã×èÍ§¤Çºá¹ˆ¹«Öè§ÁÕ¹íéÒà»“¹ÊÒÃ¶̂ÒÂà·¤ÇÒÁÃ‰Í¹ ¤Çºá¹ˆ¹à»“¹¢Í§àËÅÇ·ÕèÁÕ¤ÇÒÁºÃÔÊØ·¸Ôì
ÊÙ§ «Öè§àÃÕÂ¡ÇˆÒÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍ ¨Ò¡¹Ñé¹¼ˆÒ¹ä»ÂÑ§ÇÒÅŒÇ»„Í¹¡ÅÑºÊÒÃÂÍ´ËÍ ÇÒÅŒÇ¹ÕéÊÒÁÒÃ¶¤Çº¤ØÁ
ãË‰ÊÒÃ¼ÅÔµÀÑ³±Œ·Õèä´‰ äËÅ¡ÅÑºà¢‰Òä»ÂÑ§ÂÍ´ËÍºÒ§Ê̂Ç¹ àÃÕÂ¡ÇˆÒ¡ÒÃ»„Í¹¡ÅÑºÂÍ´ËÍ à¾×èÍ»ÃÐâÂª¹Œã¹
¡ÒÃ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍ áÅÐÇÒÅŒÇÊÒÁÒÃ¶¤Çº¤ØÁãË‰ÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍºÒ§
Ê̂Ç¹äËÅÍÍ¡ÊÙˆÀÒª¹Ðà¡çºÊÒÃ¼ÅÔµÀÑ³±Œ àÁ×èÍ¾Ô¨ÒÃ³Ò·ÕèËÁ‰Íµ‰Á«íéÒ ÁÕ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ·ÕèÁÕ Ø̈´à´×Í´µíèÒ
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ÃÙ»·Õè 3.1: â¤Ã§ÊÃ‰Ò§¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

Å´Å§ä»àÃ×èÍÂæ ¢Í§àËÅÇ·Õèä´‰¨Ò¡ËÁ‰Íµ‰Á«íéÒàÃÕÂ¡ÇˆÒ ÊÒÃ¼ÅÔµÀÑ³±Œ°Ò¹ËÍ «Öè§ºÒ§Ê̂Ç¹ä´‰¶Ù¡¹íÒä»»„Í¹
¡ÅÑºà¢‰Ò·Õè°Ò¹ËÍ à¾×èÍ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±Œ°Ò¹ËÍ

¨Ø´»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¤×Í ¡ÒÃ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµ
ÀÑ³±ŒÂÍ´ËÍ (Top composition: ��) áÅÐËÃ×ÍÊÒÃ¼ÅÔµÀÑ³±Œ°Ò¹ËÍ (Bottom composition: ��) ãË‰à»“¹ä»
µÒÁ¤ˆÒ·Õè¡íÒË¹´äÇ‰ ¶‰ÒËÒ¡ÁÕ¤ÇÒÁà¢‰Á¢‰¹¹‰ÍÂËÃ×ÍÁÒ¡¡ÇˆÒ·Õè¡íÒË¹´ ÊÒÃ¼ÅÔµÀÑ³±Œ¨ÐäÁˆä´‰¤Ø³ÀÒ¾ à»“¹
¡ÒÃà¾ÔèÁµ‰¹·Ø¹à¹×èÍ§¨Ò¡¡ÒÃÊÔé¹à»Å×Í§¾ÅÑ§§Ò¹áÅÐÇÑµ¶Ø´Ôº

ã¹¡ÒÃ¤Çº¤ØÁ¤ˆÒ �� áÅÐ �� ¹Ñé¹µÑÇá»ÃÍÔÊÃÐ·Õèãª‰¤Çº¤ØÁ¢Öé¹ÍÂÙˆ¡Ñºâ¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁ«Öè§ÁÕ
ä´‰ËÅÒÂâ¤Ã§ÊÃ‰Ò§ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéãª‰â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁáºº LV ÅÑ¡É³Ðâ¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁáºº
¹Õé ¤×Íãª‰ÍÑµÃÒ¡ÒÃ»„Í¹¡ÅÑºÊÒÃ·ÕèÂÍ´ËÍ (Reflux rate: �) áÅÐÍÑµÃÒ¡ÒÃµ‰Á«íéÒ (Reboiler rate: � )

¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍáÅÐ°Ò¹ËÍµÒÁÅíÒ´Ñº ã¹¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹áººµˆÍà¹×èÍ§¹Ñé¹
ÁÕ¡ÒÃ»„Í¹ÊÒÃÇÑµ¶Ø´Ôºà¢‰Ò·Õè¡ÅÒ§ËÍ «Öè§ã¹ÀÒÇÐ»¡µÔ·Õè¨Ø´·íÒ§Ò¹¢Í§¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹ ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ
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à¢‰ÒËÍ (Feed rate: ' ) áÅÐ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ·Õè»„Í¹ (Feed composition: �) ¹Ñé¹ÁÕ¤ˆÒ¤§·Õè «Öè§ËÒ¡ÁÕ¡ÒÃ
à»ÅÕèÂ¹á»Å§ (·Ñé§ÍÑµÃÒ¡ÒÃ»„Í¹áÅÐ¤ÇÒÁà¢‰Á¢‰¹) ¶×Íà»“¹¡ÒÃÃº¡Ç¹ÃÐºº (Disturbance)

3.1.2 áºº í̈ÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ·Õèãª‰ ¤×Íáºº í̈ÒÅÍ§ËÍ¡ÅÑè¹¢Í§ Luyben [28] «Öè§¾Ô¨ÒÃ³Òà»“¹ÃÐºº
áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ã¹ÍØ´Á¤µÔ ·ÕèÁÕ¡ÒÃÃÐàËÂÊÑÁ¾Ñ·¸Œ (Relative Volatility) ¤§·ÕèµÅÍ´·Ñé§ËÍ ÊÁ¡ÒÃÍÂ̂Ò§
§̂ÒÂ¢Í§ÊÁ´ØÅäÍ-¢Í§àËÅÇà»“¹´Ñ§¹Õé

�� �
���

� � ��
 ����
(3.1)

â´Â·Õè �� ¤×Í Í§¤Œ»ÃÐ¡ÍºÊÒÃã¹ÊÒÃ¼ÊÁÊ¶Ò¹Ð¢Í§àËÅÇ
�� ¤×Í Í§¤Œ»ÃÐ¡ÍºÊÒÃã¹ÊÒÃ¼ÊÁÊ¶Ò¹Ð¢Í§àËÅÇ
� ¤×Í ¤ˆÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¡ÅÒÂà»“¹äÍÊÑÁ¾Ñ·¸Œ

ã¹¡ÒÃ¾Ô¨ÒÃ³Òáºº í̈ÒÅÍ§áÂ¡ä´‰à»“¹Ê̂Ç¹´Ñ§¹Õé àÁ×èÍ¾Ô¨ÒÃ³Ò·Õèà¤Ã×èÍ§¤Çºá¹ˆ¹áÅÐà¤Ã×èÍ§»„Í¹àÇÕÂ¹
ÃÍº (Reflux drum) äÍ¨Ò¡ÂÍ´ËÍªÑé¹ ,� ÅÍÂ¢Öé¹´‰ÇÂÍÑµÃÒ � âÁÅ/¹Ò·Õ «Öè§à»“¹ÍÑµÃÒ¡ÒÃäËÅ
·ÕèÊÁÁµÔãË‰à·̂Ò¡Ñ¹·Ø¡ªÑé¹¢Í§ËÍ (à¹×èÍ§¨Ò¡ÅÐàÅÂ»ÃÔÁÒ³äÍ·Õèµ¡¤‰Ò§ã¹áµˆÅÐªÑé¹) ¼ˆÒ¹à¤Ã×èÍ§¤Çºá¹ˆ¹áÅÐ
¤Çºá¹ˆ¹à»“¹¢Í§àËÅÇäËÅÊÙˆà¤Ã×èÍ§»„Í¹àÇÕÂ¹ÃÍº (ÅÐàÅÂàÇÅÒã¹¡ÒÃà´Ô¹·Ò§¨Ò¡ÂÍ´ËÍä»ÂÑ§à¤Ã×èÍ§»„Í¹
àÇÕÂ¹ÃÍº) ÊÁÁµÔÇˆÒ¢Í§àËÅÇÀÒÂã¹à¤Ã×èÍ§»„Í¹àÇÕÂ¹ÃÍº¼ÊÁ¡Ñ¹ÍÂˆÒ§ÊÁºÙÃ³ŒÁÕ¤ÇÒÁà¢‰Á¢‰¹ �� áÅÐÁÕ
¨íÒ¹Ç¹ !� âÁÅ ¢Í§àËÅÇÊˆÇ¹Ë¹Öè§¶Ù¡»„Í¹¡ÅÑºÁÒÂÑ§ÂÍ´ËÍ ‰́ÇÂÍÑµÃÒ � âÁÅ/¹Ò·Õ áÅÐÍÕ¡Ê̂Ç¹¶Ù¡¶̂ÒÂ
ÍÍ¡ä»à»“¹¼ÅÔµÀÑ³±Œ´‰ÇÂÍÑµÃÒ � âÁÅ/¹Ò·Õ ´Ñ§¹Ñé¹àÁ×èÍÅÐàÅÂ¾ÅÇÑµ¢Í§à¤Ã×èÍ§»„Í¹àÇÕÂ¹ÃÍº ÊÒÁÒÃ¶
áÊ´§ÊÁ¡ÒÃÍ¹Ø¾Ñ¹¸Œ ä´‰´Ñ§ÊÁ¡ÒÃ·Õè (3.2) áÅÐ (3.3) µÒÁÅíÒ´Ñº

� � � 
� (3.2)

!�

-��
-.

� � ��� 
 � �� (3.3)

àÁ×èÍ¾Ô¨ÒÃ³Ò·Õè°Ò¹ËÍ â´ÂÊÁÁµÔÇˆÒ¢Í§àËÅÇã¹ËÁ‰Íµ‰Á«íéÒ¼ÊÁ¡Ñ¹ÍÂˆÒ§ÊÁºÙÃ³Œâ´ÂÁÕ¤ÇÒÁà¢‰Á¢‰¹ ��

áÅÐÁÕ í̈Ò¹Ç¹ !� âÁÅ ¼ÅÔµÀÑ³±Œ°Ò¹ËÍÊ̂Ç¹Ë¹Öè§¶Ù¡Ê̂§ÍÍ¡ÀÒÂ¹Í¡´‰ÇÂÍÑµÃÒ � âÁÅ/¹Ò·Õ Ê̂Ç¹äÍ
¨Ò¡¡ÒÃµ‰ÁÁÕ¤ÇÒÁà¢‰Á¢‰¹ �� ÅÍÂÊÙˆªÑé¹ÊÙ§¡ÇˆÒ´‰ÇÂÍÑµÃÒ � âÁÅ/¹Ò·Õ ´Ñ§¹Ñé¹àÁ×èÍÅÐàÅÂ¾ÅÇÑµ¢Í§ËÁ‰Íµ‰Á
«íéÒ ÊÒÁÒÃ¶áÊ´§ÊÁ¡ÒÃÍ¹Ø¾Ñ¹¸Œä´‰´Ñ§ÊÁ¡ÒÃ (3.4) áÅÐ (3.5) µÒÁÅíÒ´Ñº

� � /� 
 � (3.4)

!�

-��
-.

� /��� 
 � �� 
��� (3.5)
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ã¹áµˆÅÐªÑé¹¢Í§µÑÇËÍÁÕ¢Í§àËÅÇ«Öè§¼ÊÁ¡Ñ¹ÍÂˆÒ§ÊÁºÙÃ³Œ¨íÒ¹Ç¹ !� áÅÐÁÕ¤ÇÒÁà¢‰Á¢‰¹ �� ´Ñ§¹Ñé¹
ä´‰ÊÁ¡ÒÃÍ¹Ø¾Ñ¹¸Œ ã¹áµˆÅÐªÑé¹´Ñ§¹Õé

-!�

-.
� '� � /��� 
 /� (3.6)

-

-.
�!���� � '��� � /������� � � ���� 
 /��� 
 � �� (3.7)

/� � /� � �!� 
!��0	 (3.8)

â´Â·Õè '� ÁÕ¤ˆÒäÁˆà»“¹ÈÙ¹ÂŒÍÂÙˆà¾ÕÂ§ªÑé¹à´ÕÂÇ¤×Í ªÑé¹ ,� «Öè§à»“¹ªÑé¹·Õè·íÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò Ê̂Ç¹ /� áÅÐ
!� ¤×Í¤ˆÒàÃÔèÁµ‰¹Ê¶Ò¹Ð¤§µÑÇ (initial steady-state) áÅÐ 	 ¤×Í ¤ˆÒ¤§·Õè «Öè§ÊÑÁ¾Ñ¹¸Œ¡Ñº¢Í§àËÅÇº¹¶Ò´

áºº¨íÒÅÍ§¢‰Ò§µ‰¹à»“¹ÃÐººäÁˆàªÔ§àÊ‰¹ ã¹¡ÒÃ í̈ÒÅÍ§µ‰Í§·íÒãË‰à»“¹àªÔ§àÊ‰¹ÃÍº Ø̈´·íÒ§Ò¹ â´ÂÁÕ Ø̈´
·íÒ§Ò¹áÅÐ¤ˆÒ¤§·ÕèµˆÒ§æ ´Ñ§µÒÃÒ§·Õè 3.1 áÅÐ¡íÒË¹´ãË‰ËÍ¡ÅÑè¹ÁÕ·Ñé§ËÁ´ 20 ªÑé¹ ÁÕ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò·Õè
ªÑé¹·Õè 10

µÒÃÒ§·Õè 3.1: ¨Ø´·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

¨Ø´·íÒ§Ò¹Í×è¹æ ¤ÇÒÁà¢‰Á¢‰¹·Õè¨Ø´·íÒ§Ò¹
�� = 0.98 ªÑé¹·Õè ��

�� = 0.02 Bottoms 0.02

� = 0.5 1 0.035

� = 50 (lb-mol)/min 2 0.05719

� = 50 (lb-mol)/min 3 0.08885

� = 178.01 (lb-mol)/min 4 0.1318

� = 128.01 (lb-mol)/min 5 0.18622

' = 100 (lb-mol)/min 6 0.24951

!� = 10 (lb-mol)/min 7 0.31618

8 0.37948

¤ˆÒ¤§·Õè 9 0.43391

10 0.47688

,� = 20 11 0.51526

,� = 10 12 0.56295

!� = 100 (lb-mol)/min 13 0.61896

!� = 100 (lb-mol)/min 14 0.68052

	 = 0.1 min 15 0.74345

� = 2 16 0.80319

17 0.85603

18 0.89995

19 0.93458

20 0.96079

Distillate 0.98
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3.1.3 ¡ÒÃ í̈ÒÅÍ§ÃÐºº¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

¡ÒÃËÒ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁÊíÒËÃÑºÃÐºº¿’««Õ ä´‰¡ÃÐ·íÒã¹·Ñé§ÊÍ§Ç§ÃÍº
¤Çº¤ØÁ áµˆà¹×èÍ§¨Ò¡ÁÕ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¤Çº¤ØÁ ´Ñ§¹Ñé¹ Ö̈§ËÒ¤ˆÒàËÁÒÐÊÁ·ÕÅÐÇ§ÃÍº ¡Å̂ÒÇ¤×Í
àÁ×èÍ·íÒ¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁã¹Ç§ÃÍºº¹ Ç§ÃÍºÅ̂Ò§ãª‰à¾ÕÂ§µÑÇ¤Çº¤ØÁ¾ÕäÍ ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ
Ziegler-Nichol «Öè§à»“¹µÑÇ¤Çº¤ØÁ·ÕèãË‰¼ÅµÍº·ÕèÂÍÁÃÑºä´‰ áÅÐãª‰ÇÔ¸Õà´ÕÂÇ¡Ñ¹¹Õéã¹¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁÇ§ÃÍº
Å̂Ò§ ¼Å·Õèä´‰¨Ò¡¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¢Í§áµˆÅÐÇ§ÃÍº¤Çº¤ØÁ ¹íÒÁÒ¤Çº¤ØÁ¾Ã‰ÍÁ¡Ñ¹ÊÍ§Ç§ÃÍºà¾×èÍà»ÃÕÂº
à·ÕÂºÊÁÃÃ¶¹Ðã¹¡ÒÃ¤Çº¤ØÁ ´Ñ§¹Ñé¹áÂ¡à»“¹¡Ã³Õä´‰´Ñ§µÒÃÒ§·Õè 3.2

µÒÃÒ§·Õè 3.2: ¡Ã³ÕµˆÒ§æ ã¹¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ
¡Ã³Õ·Õè Ç§ÃÍºÂÍ´ËÍ Ç§ÃÍº°Ò¹ËÍ

1 ãª‰µÑÇ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ ãª‰µÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
¿’««ÕáººàËÁÒÐÊÁ·ÕèÊØ´ ´‰ÇÂÇÔ¸Õ Ziegler-Nichol

2 ãª‰µÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ ãª‰µÑÇ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ
´‰ÇÂÇÔ¸Õ Ziegler-Nichol ¿’««ÕáººàËÁÒÐÊÁ·ÕèÊØ´

3 ãª‰µÑÇ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ ãª‰µÑÇ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ
¿’««ÕáººàËÁÒÐÊÁ·ÕèÊØ´ ¿’««ÕáººàËÁÒÐÊÁ·ÕèÊØ´

ã¹¡ÒÃÈÖ¡ÉÒÊÁÃÃ¶¹Ðã¹¡ÒÃ¤Çº¤ØÁ ä´‰¾Ô¨ÒÃ³Ò»’
ËÒ¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ ã¹·Õè¹Õé¡íÒË¹´ãË‰
¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍà»“¹ÊÑ

Ò³Ãº¡Ç¹ ¨Ò¡º·¤ÇÒÁ [29, 30] ä´‰¡íÒË¹´
¢¹Ò´¢Í§¡ÒÃà»ÅÕèÂ¹á»Å§ ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃäÇ‰ÃÐËÇˆÒ§ 10 ¶Ö§ 20% ¢Í§¤ˆÒ·Õè¨Ø´·íÒ§Ò¹ ´Ñ§¹Ñé¹ã¹ÇÔ·ÂÒ
¹Ô¾¹¸Œ¹Õé ä´‰ãª‰¡ÒÃà»ÅÕèÂ¹á»Å§à¾ÔèÁ¢Öé¹áÅÐÅ´Å§ 10% ¢Í§¤ˆÒ·Õè¨Ø´·íÒ§Ò¹ â´Âà¾ÔèÁÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò
¨Ò¡ 100 lb-mol/min à»“¹ 110 lb-mol/min ·ÕèàÇÅÒ¹Ò·Õ·Õè 20 áÅÐà»ÅÕèÂ¹ä»à»“¹ 90 lb-mol/min ·Õè¹Ò·Õ·Õè 150

ÊíÒËÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒµˆÒ§æ ·Õèãª‰ã¹¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁà»“¹´Ñ§¹Õé

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

– � � �
����� ����	 áÅÐ �� � �
���� ���	

– Ç§ÃÍº¤Çº¤ØÁÂÍ´ËÍ: �� � ����� ����	 áÅÐ �� � ����� ����	

– Ç§ÃÍº¤Çº¤ØÁ°Ò¹ËÍ: �� � ������ 
���	 áÅÐ �� � �
��� ���	

– ãª‰ Minimum inference engine áÅÐ Center average defuzzifier

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒÊíÒËÃÑº¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹

– ¡íÒË¹´ãË‰¢¹Ò´à«µ¿’««ÕÂ̂ÍÂ¢Òà¢‰Ò � áÅÐ �� ÁÒ¡·ÕèÊØ´äÁˆà¡Ô¹ 5 à«µ áÅÐà«µ¿’««ÕÂ̂ÍÂ¢Ò
ÍÍ¡ �� áÅÐ �� ¨íÒ¹Ç¹¤§·Õè 2 à«µ ¹Ñè¹¤×Í � � � � � áÅÐ  � � � 


– ·íÒ¡ÒÃ¤‰¹ËÒà»“¹ í̈Ò¹Ç¹ 15 ÃØˆ¹
– ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒÍ×è¹æ áÊ´§ä´‰´Ñ§µÒÃÒ§·Õè 3.3
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µÒÃÒ§·Õè 3.3: ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ HGA: ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

â¤ÃâÁâ«ÁÀÒÇÐÊÁÒªÔ¡ â¤ÃâÁâ«Á
ÂÕ¹¤Çº¤ØÁ ÂÕ¹¾ÒÃÒÁÔàµÍÃŒ °Ò¹¡®

¡ÒÃà¢‰ÒÃËÑÊ àÅ¢°Ò¹ÊÍ§ ¨íÒ¹Ç¹¨ÃÔ§ ¨íÒ¹Ç¹àµçÁ
¢¹Ò´»ÃÐªÒ¡Ã 20 20 16

¨íÒ¹Ç¹¾̂ÍáÁˆ 2 2

¡ÒÃ¶̂ÒÂ·Í´¾Ñ¹¸ØŒ áººË¹Öè§ Ø̈´ áººË¹Öè§ Ø̈´ -

¤ÇÒÁ¹ˆÒ¨Ðà»“¹ 0.9 0.9 -

¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ ¡ÅÒÂ¾Ñ¹¸ØŒáºººÔµ ¡ÅÒÂ¾Ñ¹¸ØŒáººÊØˆÁ ¡ÒÃ´íÒà¹Ô¹¡ÒÃà´Åµ‰Ò
¤ÇÒÁ¹ˆÒ¨Ðà»“¹ 0.01 0.01 0.01

¤Ñ´àÅ×Í¡µÒÁ¡ÒÃ
¡ÒÃ¤Ñ´àÅ×Í¡ Ç§Å‰ÍÃÙàÅçµ ÃÐºØÊ¶Ò¹Ð

â´ÂÂÕ¹¤Çº¤ØÁ

ÊíÒËÃÑº¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤ŒáÅÐ¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁ àÅ×Í¡àªˆ¹à´ÕÂÇ¡ÑºµÑÇÍÂˆÒ§¡ÒÃ í̈ÒÅÍ§¡ÑºÃÐºº
áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ áÊ´§ä´‰´Ñ§ÊÁ¡ÒÃ (3.9) áÅÐ (3.10)

� �
��
�	�

��� (3.9)

' �
���

�
(3.10)

â´Â·Õè �� ¤×Í ¤ˆÒ¼Ô´¾ÅÒ´·Õè¤Òº¡ÒÃÊØˆÁ·Õè �

3.1.4 ¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº

¡Ã³Õ·Õè 1

5 10 15
2.8

3

3.2

3.4

3.6

3.8
x 10

−4

Generation

O
bj

ec
tiv

e 
va

lu
e 

 (
J 1)

ÃÙ»·Õè 3.2: ¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´ã¹áµˆÅÐÃØˆ¹: ¡Ã³Õ·Õè 1

¨Ò¡¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¨íÒ¹Ç¹ 15 ÃØˆ¹ ÊÒÁÒÃ¶áÊ´§¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´ã¹áµˆÅÐÃØˆ¹ä´‰´Ñ§ÃÙ» 3.2

àÁ×èÍ·íÒ¡ÒÃàÅ×Í¡â¤Ã§ÊÃ‰Ò§¿’««Õ·ÕèãË‰¤ˆÒ¤ÇÒÁàËÁÒÐÊÁÊÙ§·ÕèÊØ´ ¾ºÇˆÒä´‰â¤Ã§ÊÃ‰Ò§¢Í§ÃÐºº¿’««ÕÊíÒËÃÑºÇ§
ÃÍº¤Çº¤ØÁÂÍ´ËÍ ·ÕèÁÕ í̈Ò¹Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Òà¢‰Ò � áÅÐ �� ¨íÒ¹Ç¹ 3 áÅÐ 2 à«µ µÒÁÅíÒ´Ñº
áÅÐÁÕÃÙ»ÃˆÒ§áÊ´§ä´‰´Ñ§ÃÙ»·Õè 3.3 áÅÐÃÙ»·Õè 3.4 Ê̂Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢ÒÍÍ¡ �� áÅÐ �� ÁÕ í̈Ò¹Ç¹
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-1 0.80.2 0.4 0.60 1 x 10-0.8 -0.6 -0.4 -0.2
-2

E1 E2 E3

0

1

ÃÙ»·Õè 3.3: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò �: ¡Ã³Õ·Õè 1

-1 0.80.2 0.4 0.60 1 x 10-0.8 -0.6 -0.4 -0.2
-1

D1 D2

0

1

ÃÙ»·Õè 3.4: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò ��: ¡Ã³Õ·Õè 1

15001300 800100 10001100900700500 600

U1 U2 V1 V2

0

1

(a) (b)
200 400

ÃÙ»·Õè 3.5: (a) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ �� (b) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ �� : ¡Ã³Õ·Õè 1

µÒÃÒ§·Õè 3.4: (a) µÒÃÒ§¡®ÊíÒËÃÑº �� (b) µÒÃÒ§¡®ÊíÒËÃÑº �� : ¡Ã³Õ·Õè 1
(a) (b)

��

�� ��

�� �� ��

� �� �� ��

�� �� ��

��

�� ��

�� �� ��

� �� �� ��

�� �� ��

2 à«µ áÅÐÁÕÃÙ»ÃˆÒ§´Ñ§ÃÙ»·Õè 3.5(a) áÅÐ (b) ÊíÒËÃÑº¡®¿’««Õ·ÕèàËÁÒÐÊÁ ¢Í§à«µ¿’««Õ¢ÒÍÍ¡·Ñé§ÊÍ§áÊ´§
ã¹µÒÃÒ§·Õè 3.4(a) áÅÐ (b) ÃÐºº¿’««ÕáººàËÁÒÐÊÁ´Ñ§¡Å̂ÒÇàÁ×èÍ¹íÒä»¡íÒ¡Ñº´ÙáÅ ãË‰¼ÅµÍºÇ§ÃÍºÂÍ´ËÍ
áÅÐÇ§ÃÍº°Ò¹ËÍ´Ñ§ÃÙ» 3.6 Ê̂Ç¹ÊÑ

Ò³¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ»ÃÒ¡¯´Ñ§ÃÙ»·Õè 3.7

¨Ò¡¼ÅµÍº·Õèä´‰ àÁ×èÍ¾Ô¨ÒÃ³ÒÇ§ÃÍºÂÍ´ËÍ«Öè§·íÒ¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ
°Ò¹¡® à»ÃÕÂºà·ÕÂº¡Ñº¼ÅµÍº¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ minimum ISTSE

[27] ¾ºÇˆÒÁÕ¢¹Ò´¢Í§¼Å¨Ò¡ÊÑ

Ò³Ãº¡Ç¹àÅç¡¡ÇˆÒàÅç¡¹‰ÍÂ ÍÕ¡·Ñé§ÂÑ§ÊÒÁÒÃ¶¡íÒ Ñ̈´ä´‰ã¹àÇÅÒ·ÕèÊÑé¹¡ÇˆÒ
ÍÕ¡´‰ÇÂ àÁ×èÍ¾Ô¨ÒÃ³ÒÊÑ

Ò³¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍ ¾ºÇˆÒ¼ÅµÍº¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ
´‰ÇÂ¿’««ÕÁÕ¢¹Ò´ãË
̂¡ÇˆÒàÅç¡¹‰ÍÂã¹ªˆÇ§àÇÅÒªÑèÇ¤ÃÙˆ
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ÃÙ»·Õè 3.6: ¼ÅµÍºÇ§»”´¢Í§Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ: ¡Ã³Õ·Õè 1
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ÃÙ»·Õè 3.7: ÊÑ

Ò³¤Çº¤ØÁ¢Í§Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ: ¡Ã³Õ·Õè 1
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ÃÙ»·Õè 3.8: ÍÑµÃÒ¢ÂÒÂ �� áÅÐ �� : ¡Ã³Õ·Õè 1

¾Ô¨ÒÃ³ÒÇ§ÃÍº°Ò¹ËÍ «Öè§ãª‰µÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ Ziegler-Nichol ¾ºÇˆÒ
ÂÑ§¤§ãË‰¼Å·Õè´Õ¡ÇˆÒµÑÇ¤Çº¤ØÁáºº Minimum ISTSE â´ÂÁÕ¢¹Ò´¼Å¢Í§ÊÑ

Ò³Ãº¡Ç¹¹‰ÍÂ¡ÇˆÒ áÅÐàÇÅÒ
à¢‰Ò·ÕèÊÑé¹¡ÇˆÒÁÒ¡ ÍÂˆÒ§äÃ¡çµÒÁã¹¡Ã³Õ·Õè 1 ¹ÕéäÁˆä´‰ãË‰¤ÇÒÁÊ¹ã¨¡ÑºÇ§ÃÍº¹Õé Ê̂Ç¹¤ˆÒÍÑµÃÒ¢ÂÒÂ ��

áÅÐ �� ·Õèä´‰¨Ò¡µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««ÕáÊ´§ä´‰´Ñ§ÃÙ» 3.8 ÊÑ§à¡µÇˆÒÁÕ¡ÒÃ»ÃÑº Ù̈¹¤ˆÒÍÑµÃÒ¢ÂÒÂà©¾ÒÐàÁ×èÍÁÕ
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ÃÙ»·Õè 3.9: ¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´ã¹áµˆÅÐÃØˆ¹: ¡Ã³Õ·Õè 1

ã¹¡Ã³Õ·Õè 2 ËÅÑ§¨Ò¡ËÒ¤ˆÒàËÁÒÐÊÁáÅ‰Ç ä´‰¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´ã¹áµˆÅÐÃØˆ¹´Ñ§ÃÙ» 3.9 áÅÐä´‰â¤Ã§
ÊÃ‰Ò§¢Í§ÃÐºº¿’««ÕÊíÒËÃÑº¡íÒ¡Ñº´ÙáÅÇ§ÃÍº°Ò¹ËÍ ·ÕèÁÕ í̈Ò¹Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Òà¢‰Ò � áÅÐ ��

¨íÒ¹Ç¹ 3 áÅÐ 2 à«µ µÒÁÅíÒ´Ñº áÅÐÁÕÃÙ»ÃˆÒ§áÊ´§ä´‰´Ñ§ÃÙ»·Õè 3.10 áÅÐÃÙ»·Õè 3.11 Ê̂Ç¹¿’§¡ŒªÑ¹ÀÒÇÐ
ÊÁÒªÔ¡¢ÒÍÍ¡ �� áÅÐ �� ÁÕ í̈Ò¹Ç¹ 2 à«µ áÅÐÁÕÃÙ»ÃˆÒ§´Ñ§ÃÙ»·Õè 3.12(a) áÅÐ (b) ÊíÒËÃÑº¡®¿’««Õ·Õè
àËÁÒÐÊÁ ¢Í§à«µ¿’««Õ¢ÒÍÍ¡·Ñé§ÊÍ§áÊ´§ã¹µÒÃÒ§·Õè 3.7(a) áÅÐ (b) ÃÐºº¿’««ÕáººàËÁÒÐÊÁ´Ñ§¡Å̂ÒÇ
àÁ×èÍ¹íÒä»¡íÒ¡Ñº´ÙáÅ ãË‰¼ÅµÍºÇ§ÃÍºÂÍ´ËÍáÅÐÇ§ÃÍº°Ò¹ËÍ´Ñ§ÃÙ» 3.13 Ê̂Ç¹ÊÑ

Ò³¤Çº¤ØÁ·Ñé§ÊÍ§Ç§
ÃÍº»ÃÒ¡¯´Ñ§ÃÙ»·Õè 3.14



33

-1 0.80.2 0.4 0.60 1 x 10-0.8 -0.6 -0.4 -0.2
-2

E1 E2 E3

0

1

ÃÙ»·Õè 3.10: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò �: ¡Ã³Õ·Õè 2

-1 0.80.2 0.4 0.60 1 x 10-0.8 -0.6 -0.4 -0.2
-1

D1 D2

0

1

ÃÙ»·Õè 3.11: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò ��: ¡Ã³Õ·Õè 2

20001800 800500300 9001600140012001000 700

U1 U2 V1 V2

0

1

(a) (b)
400 600

ÃÙ»·Õè 3.12: (a) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ �� (b) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ �� : ¡Ã³Õ·Õè 2

µÒÃÒ§·Õè 3.5: (a) µÒÃÒ§¡®ÊíÒËÃÑº �� (b) µÒÃÒ§¡®ÊíÒËÃÑº �� : ¡Ã³Õ·Õè 2
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àÁ×èÍ¾Ô¨ÒÃ³Ò¼ÅµÍºÇ§ÃÍº°Ò¹ËÍ ·Õè·íÒ¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®
à»ÃÕÂºà·ÕÂº¡Ñº¼ÅµÍº¨Ò¡µÑÇ¤Çº¤ØÁ¾ÕäÍ ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ minimum ISTSE ¾ºÇˆÒÁÕ
¢¹Ò´¢Í§¼Å¨Ò¡ÊÑ

Ò³Ãº¡Ç¹ÊÙ§ÊØ´à¡×Íºà·̂Ò¡Ñ¹ áµˆÊÒÁÒÃ¶¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ã¹àÇÅÒ·ÕèÊÑé¹¡ÇˆÒàªˆ¹
à´ÕÂÇ¡Ñºã¹¡Ã³Õ·Õè 1 áÅÐàÁ×èÍ¾Ô¨ÒÃ³ÒÊÑ

Ò³¤Çº¤ØÁã¹Ç§ÃÍº°Ò¹ËÍ ¾ºÇˆÒ¼ÅµÍº¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ
áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««ÕÁÕ¢¹Ò´ãË
̂¡ÇˆÒàÅç¡¹‰ÍÂã¹ªˆÇ§àÇÅÒªÑèÇ¤ÃÙˆ
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ÃÙ»·Õè 3.14: ÊÑ

Ò³¤Çº¤ØÁ¢Í§Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ: ¡Ã³Õ·Õè 2
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ÃÙ»·Õè 3.15: ÍÑµÃÒ¢ÂÒÂ �� áÅÐ �� : ¡Ã³Õ·Õè 2

¡Ã³Õ·Õè 3
¡Ã³Õ·Õè 3 ¹íÒµÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ·ÕèËÒä´‰ã¹¡Ã³Õ·Õè 1 áÅÐ 2 ¢‰Ò§µ‰¹ ÁÒ·íÒ¡ÒÃ

¤Çº¤ØÁã¹·Ñé§ÊÍ§Ç§ÃÍº ¼Å¡ÒÃ¤Çº¤ØÁã¹Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍáÊ´§ä´‰´Ñ§ÃÙ»·Õè 3.16 áÅÐÁÕÊÑ

Ò³
¤Çº¤ØÁáÊ´§´Ñ§ÃÙ» 3.17 ¨Ò¡¼Å¡ÒÃ¤Çº¤ØÁ¾ºÇˆÒ ¡ÒÃ¤Çº¤ØÁ·Õèãª‰µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õ·ÕèàËÁÒÐÊÁÁÒ»ÃÑº
¨Ù¹µÑÇ¤Çº¤ØÁ¾ÕäÍ·Ñé§ÊÍ§Ç§ÃÍº¹Ñé¹ãË‰¼Å·Õè´Õ¡ÇˆÒ µÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ minimum

ISTSE ã¹·Ñé§ÊÍ§Ç§ÃÍº ÊÑ§à¡µÇˆÒÇ§ÃÍºÂÍ´ËÍÁÕ¼ÅµÍº·Õè´Õ·ÕèÊØ´ã¹ÊÒÁ¡Ã³Õ ã¹¢³Ð·ÕèÇ§ÃÍº°Ò¹ËÍãË‰
¼Å·Õè´‰ÍÂ¡ÇˆÒ¡Ã³Õ·Õè 2 à¹×èÍ§¨Ò¡¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¹Ñè¹àÍ§ Ê̂Ç¹¤ˆÒ �� áÅÐ �� áÊ´§»ÃÒ¡¯´Ñ§ÃÙ»
3.18 áÅÐ 3.19 µÒÁÅíÒ´Ñº
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3.1.5 ÊÃØ»¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº

µÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ´‰ÇÂ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´Ñº
ªÑé¹ ·Õèä´‰·íÒ¡ÒÃ í̈ÒÅÍ§¡ÑºÃÐººËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¹Õé à»“¹á¹Ç¤Ô´ã¹¡ÒÃ¤Çº¤ØÁ ÊíÒËÃÑºÃÐºº
ËÅÒÂÊÑ

Ò³à¢‰ÒËÅÒÂÊÑ

Ò³ÍÍ¡ ·ÕèÁÕÊÁÃÃ¶¹ÐÊÙ§ã¹¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ µÑÇ¤Çº¤ØÁ¾ÕäÍáºº
¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ´‰ÇÂ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ãË‰¼ÅµÍº·Õè´Õ¡ÇˆÒµÑÇ¤Çº
¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ minimum ISTSE àÁ×èÍãª‰·ÕÅÐÇ§ÃÍº¤Çº¤ØÁáÅÐ·Ñé§ÊÍ§Ç§ÃÍº¤Çº
¤ØÁ ´Ñ§¹Ñé¹ã¹Ê̂Ç¹µˆÍä»´íÒà¹Ô¹¡ÒÃ·´ÅÍ§àªˆ¹à´ÕÂÇ¡Ñ¹ ÊíÒËÃÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ã¹Ë‰Í§»¯ÔºÑµÔ
¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ

3.2 ¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹¢Í§Ë‰Í§» Ô̄ºÑµÔ¡ÒÃÇÔ Ñ̈ÂÃÐºº¤Çº¤ØÁ

ËÅÑ§¨Ò¡ä´‰·íÒ¡ÒÃ í̈ÒÅÍ§ÃÐºº â´Âãª‰µÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ´‰ÇÂ
¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ¤Çº¤ØÁËÍ¡ÅÑè¹ã¹ÍØ´Á¤µÔáÅ‰Ç ã¹Ê̂Ç¹¹Õéä´‰·íÒ¡ÒÃ¾Ñ²¹ÒµÑÇ¤Çº
¤ØÁÊíÒËÃÑºËÍ¡ÅÑè¹¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂ¤Çº¤ØÁ «Öè§à»“¹ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ áÅÐÁÕâ¤Ã§ÊÃ‰Ò§
¡ÒÃ¤Çº¤ØÁàªˆ¹à´ÕÂÇ¡Ñ¹ à»“¹ËÍ¡ÅÑè¹·Õè¨íÒÅÍ§¨Ò¡ËÍ¡ÅÑè¹ã¹ÍØµÊÒË¡ÃÃÁ µÑÇ¤Çº¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ
´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ´‰ÇÂ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ¾Ñ²¹Ò´‰ÇÂÀÒÉÒ«ÕáÅÐ·íÒ§Ò¹
º¹¤ÍÁ¾ÔÇàµÍÃŒÊ̂Ç¹ºØ¤¤Å «Öè§àª×èÍÁµˆÍ¼ˆÒ¹á¼ˆ¹Ç§¨ÃÍÔ¹¾ØµàÍÒ·Œ¾Øµà¢‰Ò¡ÑºË¹ˆÇÂ¤Çº¤ØÁËÅÑ¡¢Í§ËÍ¡ÅÑè¹
â´ÂË¹ˆÇÂ¤Çº¤ØÁËÅÑ¡ä´‰àª×èÍÁµˆÍ¡ÒÃ¤Çº¤ØÁ¡ÑºËÍ¡ÅÑè¹ÍÂ̂Ò§¤Ãº¶‰Ç¹ ÃÒÂÅÐàÍÕÂ´ã¹¡ÒÃàª×èÍÁµˆÍÍ‰Ò§ÍÔ§
¨Ò¡ [31] ÍÂˆÒ§äÃ¡çµÒÁ ¡̂Í¹¡ÅˆÒÇ¶Ö§µÑÇ¤Çº¤ØÁÊíÒËÃÑºËÍ¡ÅÑè¹¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ ¨Ð
Í¸ÔºÒÂÃÒÂÅÐàÍÕÂ´â¤Ã§ÊÃ‰Ò§ËÍ¡ÅÑè¹¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂ¤Çº¤ØÁàÊÕÂ¡ˆÍ¹

3.2.1 â¤Ã§ÊÃ‰Ò§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ UOP3CC

ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´·Õèãª‰ã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ à»“¹ËÍ¡ÅÑè¹ÃØˆ¹ UOP3CC

¼ÅÔµâ´ÂºÃÔÉÑ· Armfield ÁÕá¼¹ÀÒ¾â¤Ã§ÊÃ‰Ò§´Ñ§ÃÙ» 3.20 Í¸ÔºÒÂÊ̂Ç¹»ÃÐ¡Íºä´‰´Ñ§¹Õé µÑÇËÍÁÕ í̈Ò¹Ç¹ªÑé¹
·Ñé§ËÁ´ 8 ªÑé¹ ·íÒ¨Ò¡á¡‰ÇáÅÐáº̂§à»“¹ 2 Ê̂Ç¹ áµˆÅÐÊ̂Ç¹»ÃÐ¡Íº´‰ÇÂªÑé¹ 4 ªÑé¹ ·ÕèÊ̂Ç¹¡ÅÒ§ÃÐËÇˆÒ§ªÑé¹·Õè
4 áÅÐªÑé¹·Õè 5 à»“¹ªˆÍ§»„Í¹ÊÒÃ¼ÊÁ«Öè§ÊÙºÊÒÃà¢‰Ò´‰ÇÂÁÍàµÍÃŒ¨Ò¡ÀÒª¹Ðà¡çºÊÒÃ¼ÊÁ·ÕèÊ̂Ç¹¡ÅÒ§¢Í§ËÍ
´‰Ò¹Å̂Ò§ËÍà»“¹ËÁ‰Íµ‰Á«íéÒ¢¹Ò´ºÃÃ Ø̈ÊÒÃ 12 ÅÔµÃ ãª‰¾ÅÑ§§Ò¹ä¿¿„Ò¢¹Ò´ 0
1.5 ¡ÔâÅÇÑµµŒ ã¹¡ÒÃÊÃ‰Ò§
¤ÇÒÁÃ‰Í¹ Ê̂Ç¹Å̂Ò§¢Í§ËÁ‰Íµ‰ÁÁÕÇÒÅŒÇÃÐºÒÂÊÒÃÍÍ¡ä»ÂÑ§ÀÒª¹Ðà¡çº¼ÅÔµÀÑ³±Œ°Ò¹ËÍ·ÕèÁÕ¢¹Ò´¤ÇÒÁ Ø̈
5 ÅÔµÃ â´Â¼ˆÒ¹µÑÇáÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹«Öè§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¡ÑºÊÒÃ¼ÊÁ¡̂Í¹¶Ù¡»„Í¹·Õè¡ÅÒ§ËÍ ¹Í¡
¨Ò¡¹Õé·ÕèËÁ‰Íµ‰Á«íéÒÂÑ§ÁÕÍØ»¡Ã³ŒÇÑ´ÃÐ´Ñº¢Í§àËÅÇÍÕ¡´‰ÇÂ

Ê̂Ç¹º¹¢Í§µÑÇËÍµÔ´µˆÍ¡Ñºà¤Ã×èÍ§¤Çºá¹̂¹ «Öè§ÁÕ¹íéÒäËÅàÇÕÂ¹à¾×èÍ¡ÒÃ¤Çºá¹ˆ¹ â´ÂÁÕÍØ»¡Ã³ŒÇÑ´
ÍÑµÃÒ¡ÒÃäËÅ¢Í§¹íéÒª¹Ô´ÅÙ¡ÅÍÂ áÅÐÁÕÇÒÅŒÇ»ÃÑºÍÑµÃÒ¡ÒÃäËÅ«Öè§»ÃÑºä´‰µÑé§áµˆ 0
4.4 ÅÔµÃµˆÍ¹Ò·Õ
¢Í§àËÅÇ·Õèä´‰¨Ò¡ÒÃ¤Çºá¹ˆ¹äËÅÁÒÊÐÊÁ·ÕèÀÒª¹Ð¾Ñ¡ÊÒÃ «Öè§ÁÕÇÒÅŒÇ»Å̂ÍÂ¢Í§àËÅÇÍÍ¡ÂÑ§ÇÒÅŒÇÊÒÁ·Ò§
ª¹Ô´â«ÅÔ¹ÍÂ´Œ à¾×èÍ¤Çº¤ØÁÍÑµÃÒ¡ÒÃ»„Í¹¡ÅÑº·ÕèÂÍ´ËÍ áÅÐÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃÊÙˆÀÒª¹Ðà¡çº¼ÅÔµÀÑ³±Œ
ÂÍ´ËÍ ·ÕèÀÒª¹Ðà¡çº¼ÅÔµÀÑ³±ŒÂÍ´ËÍÁÕÇÒÅŒÇ»Å̂ÍÂÊÒÃ¡ÅÑºÊÙˆËÁ‰Íµ‰Á«íéÒ
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ÃÙ»·Õè 3.20: á¼¹ÀÒ¾â¤Ã§ÊÃ‰Ò§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ÃØˆ¹ UOP3CC

Ê̂Ç¹»ÃÐ¡ÍºËÅÑ¡¢Í§ËÍ¡ÅÑè¹¢‰Ò§µ‰¹ ÁÕ¡ÒÃµÔ´µÑé§ÍØ»¡Ã³ŒÇÑ´ÍØ³ËÀÙÁÔª¹Ô´¤Ùˆ¤Çº¤ÇÒÁÃ‰Í¹ â´Â·ÕèµÔ´
µÑé§äÇ‰ 14 µíÒáË¹ˆ§¤×Í T1–T14 ÊíÒËÃÑºµÑÇËÍµÔ´µÑé§äÇ‰·Ø¡ªÑé¹·Ñé§ËÁ´ 8 µíÒáË¹ˆ§¤×Í T1
T8 Ê̂Ç¹
T9
T14 µÔ´µÑé§·ÕèËÁ‰Íµ‰Á«íéÒ ·Ò§à¢‰ÒáÅÐ·Ò§ÍÍ¡¢Í§à¤Ã×èÍ§¤Çºá¹ˆ¹ µíÒáË¹ˆ§»„Í¹ÊÒÃ¡ÅÑºÂÍ´ËÍ áÅÐ
µíÒáË¹ˆ§»„Í¹ÊÒÃà¢‰Ò¡ÅÒ§ËÍµÒÁÅíÒ´Ñº ¹Í¡¨Ò¡¹ÕéÂÑ§ÁÕÍØ»¡Ã³ŒÇÑ´¤ÇÒÁ´Ñ¹¤ÃˆÍÁµÑÇËÍª¹Ô´ÁÒâ¹ÁÔàµÍÃŒ
µÔ´µÑé§äÇ‰ÍÕ¡´‰ÇÂ Ê̂Ç¹»ÃÐ¡ÍºÂˆÍÂÍ×è¹æ áÅÐËÁÒÂàÅ¢·Õè»ÃÒ¡¯ã¹ÃÙ» 3.20 ÊÒÁÒÃ¶ÈÖ¡ÉÒä´‰¨Ò¡ [31]
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3.2.2 µÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº Ù́áÅ ‰́ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ÊíÒËÃÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ UOP3CC

µÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ÊíÒËÃÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´
¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ ¾Ñ²¹Ò¢Öé¹´‰ÇÂÀÒÉÒ«Õ·Õè·íÒ§Ò¹º¹ÃÐºº»®ÔºÑµÔ¡ÒÃ´ÍÊ (Dos op-

erating system) µÑÇ¤Çº¤ØÁ¾ÕäÍà»“¹áººàªÔ§àÅ¢ áÅÐÊ̂Ç¹µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õ·íÒ¡ÒÃ¤Çº¤ØÁã¹àÇÅÒ¨ÃÔ§
Ê̂Ç¹¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹¾Ñ²¹Ò¢Öé¹´‰ÇÂâ»Ãá¡ÃÁ MATLAB áÅÐ·íÒ¡ÒÃ¤‰¹ËÒ¤ˆÒàËÁÒÐ
ÊÁáºº off-line â»Ãá¡ÃÁ¤Çº¤ØÁ´Ñ§¡Å̂ÒÇ·íÒ§Ò¹º¹¤ÍÁ¾ÔÇàµÍÃŒÊ̂Ç¹ºØ¤¤Å «Öè§àª×èÍÁµˆÍ¡ÑºË¹ˆÇÂ
¤Çº¤ØÁËÅÑ¡¢Í§ËÍ¡ÅÑè¹ â»Ãá¡ÃÁ¤Çº¤ØÁÊÑè§§Ò¹¼ˆÒ¹Ç§¨Ãàª×èÍÁµˆÍÃÐËÇˆÒ§¤ÍÁ¾ÔÇàµÍÃŒ¡ÑºË¹ˆÇÂ¤Çº¤ØÁ
ËÅÑ¡ ·Õè·íÒË¹‰Ò·ÕèÃÑºÊÑ

Ò³ÍØ³ËÀÙÁÔ¨Ò¡ËÍ¡ÅÑè¹à¾×èÍá»Å§à»“¹ÊÑ

Ò³àªÔ§àÅ¢ Êˆ§µˆÍä»ÂÑ§â»Ãá¡ÃÁ
¤Çº¤ØÁ áÅÐá»Å§ÊÑ

Ò³¤Çº¤ØÁ¨Ò¡¤ÍÁ¾ÔÇàµÍÃŒà»“¹ÊÑ

Ò³Í¹ÒÅçÍ¡áÅ‰ÇÊ̂§ä»¤Çº¤ØÁÍØ»¡Ã³Œ¤Çº
¤ØÁËÍ¡ÅÑè¹ àªˆ¹ ËÁ‰Íµ‰Á«íéÒ áÅÐÇÒÅŒÇ»„Í¹¡ÅÑºÊÒÃ·ÕèÂÍ´ËÍ

ÇÑµ¶Ø»ÃÐÊ§¤ŒËÅÑ¡¢Í§¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹¤×Í ¡ÒÃ¤Çº¤ØÁ¤Ø³ÀÒ¾¢Í§ÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍ áÅÐ
·Õè°Ò¹ËÍ ãË‰ÁÕ¤ÇÒÁà¢‰Á¢‰¹µÒÁ·Õè¡íÒË¹´ àÁ×èÍÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍà¡Ô´¡ÒÃà»ÅÕèÂ¹á»Å§ ¡ÒÃ
ËÒ¤ˆÒàËÁÒÐÊÁ¢Í§µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õ ¡ÃÐ·íÒàªˆ¹à´ÕÂÇ¡Ñº¡ÒÃ í̈ÒÅÍ§ÃÐºº ¡Å̂ÒÇ¤×Í ·íÒ¡ÒÃËÒ¤ˆÒàËÁÒÐ
ÊÁ·ÕÅÐÇ§ÃÍº â´ÂÇ§ÃÍº·ÕèÁÔä´‰ËÒ¤ˆÒàËÁÒÐÊÁ¤Çº¤ØÁ´‰ÇÂµÑÇ¤Çº¤ØÁ¾ÕäÍ ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂ
ÇÔ¸Õ Ziegler-Nichols ´Ñ§¹Ñé¹áº̂§à»“¹¡ÒÃ·´ÅÍ§Â̂ÍÂµÒÁµÒÃÒ§·Õè 3.2 àªˆ¹¡Ñ¹ ã¹¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹ µ‰Í§¡ÒÃ
¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍ·Õè 91% â´Â»ÃÔÁÒµÃ áµ̂à¹×èÍ§¨Ò¡¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµ
ÀÑ³±ŒÂÍ´ËÍáÅÐ°Ò¹ËÍ á»Ã¼Ñ¹â´ÂµÃ§¡ÑºÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍ·Õè¤ÇÒÁ´Ñ¹¤§·ÕèµÒÁÅíÒ´Ñº ´Ñ§
¹Ñé¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÂÍ´ËÍáÅÐ°Ò¹ËÍ Ö̈§à»“¹¡ÒÃ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹·Ò§Í‰ÍÁ ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéàÅ×Í¡
¤Çº¤ØÁÍØ³ËÀÙÁÔá·¹¤ÇÒÁà¢‰Á¢‰¹ ¤ˆÒ·ÕèÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¤ÇÒÁà¢‰Á¢‰¹áººäÎâ´ÃÁÔàµÍÃŒ áÅÐ¨Ò¡
ÍØ»¡Ã³ŒÇÑ´Í×è¹æ ¹íÒÁÒ¡íÒË¹´ Ø̈´·íÒ§Ò¹ä´‰µÒÁµÒÃÒ§·Õè 3.6

µÒÃÒ§·Õè 3.6: ¨Ø´·íÒ§Ò¹·Õè¡íÒË¹´¢Öé¹
¼ÅÔµÀÑ³±ŒÂÍ´ËÍ ÊÒÃ·Õè»„Í¹¡ÅÒ§ËÍ ¼ÅÔµÀÑ³±Œ°Ò¹ËÍ

¤ÇÒÁà¢‰Á¢‰¹ (%) 91 40 20

ÍØ³ËÀÙÁÔ (Í§ÈÒà«Åà«ÕÂÊ) 82.0 55 85.3

ã¹¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹ ¡íÒË¹´ãË‰ÊÒÃµÑé§µ‰¹ã¹ËÁ‰Íµ‰Á«íéÒÁÕ¤ÇÒÁà¢‰Á¢‰¹ 25% â´Â»ÃÔÁÒµÃ ÊÒÃ·Õè
»„Í¹à¢‰Ò¡ÅÒ§ËÍ«Öè§ÁÕ¤ÇÒÁà¢‰Á¢‰¹ 40% â´Â»ÃÔÁÒµÃ ¶Ù¡»„Í¹´‰ÇÂÍÑµÃÒ 30 ÁÔÅÅÔÅÔµÃµˆÍ¹Ò·Õ ã¹ÊÀÒÇÐ
»¡µÔ áÅÐÃº¡Ç¹ÃÐºº´‰ÇÂ¡ÒÃà¾ÔèÁÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà»“¹ 50 ÁÔÅÅÔÅÔµÃµˆÍ¹Ò·Õ ·Õè¹Ò·Õ·Õè 60 áÅÐÅ´Å§ÁÒ
ÊÙˆ¤ˆÒ»¡µÔ·Õè¹Ò·Õ·Õè 80 ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒµˆÒ§æ ÊíÒËÃÑº¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ°Ò¹¡®
ÁÕÃÒÂÅÐàÍÕÂ´´Ñ§¹Õé
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� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

– � � �
�� �	 áÅÐ �� � �
��� ��	

– Ç§ÃÍº¤Çº¤ØÁÂÍ´ËÍ: �� � ��� �	 áÅÐ �� � ��� �	

– Ç§ÃÍº¤Çº¤ØÁ°Ò¹ËÍ: �� � ��� �	 áÅÐ �� � ��� ���	

– ãª‰ Minimum inference engine áÅÐ Center average defuzzifier

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒÊíÒËÃÑº¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹

– ¡íÒË¹´ãË‰¢¹Ò´à«µ¿’««ÕÂ̂ÍÂ¢Òà¢‰Ò � áÅÐ �� ÁÒ¡·ÕèÊØ´äÁˆà¡Ô¹ 5 à«µ áÅÐà«µ¿’««ÕÂ̂ÍÂ¢Ò
ÍÍ¡ �� áÅÐ �� ¨íÒ¹Ç¹¤§·Õè 2 à«µ ¹Ñè¹¤×Í � � � � � áÅÐ  � � � 


– ·íÒ¡ÒÃ¤‰¹ËÒà»“¹ í̈Ò¹Ç¹ 15 ÃØˆ¹
– ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒÍ×è¹æ áÊ´§ä´‰´Ñ§µÒÃÒ§·Õè 3.7

µÒÃÒ§·Õè 3.7: ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ HGA: ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ UOP3CC

â¤ÃâÁâ«ÁÀÒÇÐÊÁÒªÔ¡ â¤ÃâÁâ«Á
ÂÕ¹¤Çº¤ØÁ ÂÕ¹¾ÒÃÒÁÔàµÍÃŒ °Ò¹¡®

¡ÒÃà¢‰ÒÃËÑÊ àÅ¢°Ò¹ÊÍ§ ¨íÒ¹Ç¹¨ÃÔ§ ¨íÒ¹Ç¹àµçÁ
¢¹Ò´»ÃÐªÒ¡Ã 12 12 16

¨íÒ¹Ç¹¾̂ÍáÁˆ 2 2

¡ÒÃ¶̂ÒÂ·Í´¾Ñ¹¸ØŒ áººË¹Öè§ Ø̈´ áººË¹Öè§ Ø̈´ -

¤ÇÒÁ¹ˆÒ¨Ðà»“¹ 0.9 0.9 -

¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ ¡ÅÒÂ¾Ñ¹¸ØŒáºººÔµ ¡ÅÒÂ¾Ñ¹¸ØŒáººÊØˆÁ ¡ÒÃ´íÒà¹Ô¹¡ÒÃà´Åµ‰Ò
¤ÇÒÁ¹ˆÒ¨Ðà»“¹ 0.01 0.01 0.01

¤Ñ´àÅ×Í¡µÒÁ¡ÒÃ
¡ÒÃ¤Ñ´àÅ×Í¡ Ç§Å‰ÍÃÙàÅçµ ÃÐºØÊ¶Ò¹Ð

â´ÂÂÕ¹¤Çº¤ØÁ

ÊíÒËÃÑº¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁ àÅ×Í¡à»“¹ÊÑ´Ê̂Ç¹¡ÅÑº¡Ñº¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œ â´Â·Õè¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œ
àÅ×Í¡à»“¹¼ÅÃÇÁ¢Í§¤ˆÒ¼Ô´¾ÅÒ´Â¡¡íÒÅÑ§ÊÍ§ «Öè§à»“¹¿’§¡ŒªÑ¹·ÕèàËÁÒÐÊíÒËÃÑº»’
ËÒ¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³Ãº
¡Ç¹ áÊ´§ä´‰´Ñ§ÊÁ¡ÒÃ·Õè (3.11) áÅÐ (3.12)

� �

��
�	�

��� (3.11)

' �
���

�
(3.12)

â´Â·Õè �� ¤×Í ¤ˆÒ¼Ô´¾ÅÒ´·Õè¤Òº¡ÒÃÊØˆÁ·Õè �
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à¹×èÍ§¨Ò¡¡ÒÃã¹¡ÒÃ·´ÅÍ§·Ø¡¡Ã³Õ ¼ÅµÍº·Õèä´‰¹íÒÁÒà»ÃÕÂºà·ÕÂº¡Ñº¼ÅµÍº¨Ò¡µÑÇ¤Çº¤ØÁ¾ÕäÍ ·Õè
¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·Ñé§ÊÍ§Ç§ÃÍº¤Çº¤ØÁ´‰ÇÂÇÔ¸Õ Ziegler-Nichols ´Ñ§¹Ñé¹ Ö̈§·íÒ¡ÒÃ¤Çº¤ØÁ´‰ÇÂÇÔ¸Õ¹Õé¡ˆÍ¹
ÊíÒËÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ·Ñé§ÊÍ§Ç§ÃÍº ·ÕèËÒ´‰ÇÂ¨Ò¡ÇÔ¸Õ Ziegler-Nichols

áºº¼ÅµÍº¢Í§ÃÐººÇ§à»”´ áÊ´§¤ˆÒä´‰´Ñ§¹Õé

µÒÃÒ§·Õè 3.8: ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒµÑÇ¤Çº¤ØÁ¾ÕäÍ·Õèä´‰¨Ò¡ÇÔ¸Õ Ziegler-Nichols

¾ÒÃÒÁÔàµÍÃŒ Ç§ÃÍºÂÍ´ËÍ Ç§ÃÍº°Ò¹ËÍ
�� 2.667 0.718

�� 2.690 0.240

¼ÅµÍº¢Í§ÍØ³ËÀÙÁÔ T1 áÅÐ T8 ·Õèä´‰¨Ò¡¡ÒÃ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ´‰ÇÂÇÔ¸Õ
Ziegler-Nichols áÊ´§ä´‰´Ñ§ÃÙ»·Õè 3.21 Ê̂Ç¹ÊÑ

Ò³¤Çº¤ØÁ¢Í§·Ñé§ÊÍ§Ç§ÃÍºáÊ´§ä´‰ ´Ñ§ÃÙ» 3.22 ¨Ò¡
¼Å¡ÒÃ¤Çº¤ØÁàËç¹ä´‰ÇˆÒ µÑÇ¤Çº¤ØÁ¾ÕäÍÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔÂÍ´ËÍáÅÐ°Ò¹ËÍãË‰ÍÂÙˆã¹¤̂Ò·Õè¡íÒË¹´
ä´‰ áÅÐÊÒÁÒÃ¶¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ä´‰´‰ÇÂ áµˆÂÑ§¶×ÍÇˆÒ¼ÅµÍº·Õèä´‰äÁˆ´Õ¹Ñ¡ à¹×èÍ§¨Ò¡ÂÑ§ÁÕ¡ÒÃá¡Çˆ§
ÍØ³ËÀÙÁÔã¹ÂˆÒ¹·Õè¡Ç‰Ò§ àÁ×èÍà¾ÔèÁËÃ×ÍÅ´ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ·Õè¡ÅÒ§ËÍ ÍØ³ËÀÙÁÔÂÍ´ËÍáÅÐ°Ò¹ËÍ¨Ðá¡Çˆ§
ÁÒ¡¢Öé¹ ÍÂˆÒ§äÃ¡çµÒÁäÁˆÊÒÁÒÃ¶ÊÑ§à¡µä´‰ªÑ´à¨¹¹Ñ¡ à¹×èÍ§¨Ò¡ÁÕ¡ÒÃá¡Çˆ§¢Í§ÊÑ

Ò³¤ˆÍ¹¢‰Ò§ÁÒ¡
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ÃÙ»·Õè 3.21: ¼ÅµÍºÇ§»”´¢Í§Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ: ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ Ziegler-Nichols
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ÃÙ»·Õè 3.22: ÊÑ

Ò³¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ: ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ Ziegler-Nichols

¡ÒÃ·´ÅÍ§·Õè1
ã¹¡ÒÃ·´ÅÍ§·Õè 1 ¨Ò¡¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¨íÒ¹Ç¹ 15 ÃØˆ¹ ÊÒÁÒÃ¶áÊ´§¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´ã¹áµˆ

ÅÐÃØˆ¹ä´‰´Ñ§ÃÙ» 3.23 àÁ×èÍ·íÒ¡ÒÃàÅ×Í¡â¤Ã§ÊÃ‰Ò§¿’««Õ·ÕèãË‰¤ˆÒ¤ÇÒÁàËÁÒÐÊÁÊÙ§·ÕèÊØ´ ¾ºÇˆÒä´‰â¤Ã§ÊÃ‰Ò§¢Í§
ÃÐºº¿’««ÕÊíÒËÃÑºÇ§ÃÍº¤Çº¤ØÁÂÍ´ËÍ ·ÕèÁÕ í̈Ò¹Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Òà¢‰Ò � áÅÐ �� ¨íÒ¹Ç¹ 3 à«µ
à·̂Ò¡Ñ¹ ÁÕÃÙ»ÃˆÒ§áÊ´§ä´‰´Ñ§ÃÙ»·Õè 3.24 áÅÐÃÙ»·Õè 3.25 Ê̂Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢ÒÍÍ¡ �� áÅÐ �� ÁÕ
¨íÒ¹Ç¹ 2 à«µ áÅÐÁÕÃÙ»ÃˆÒ§´Ñ§ÃÙ»·Õè 3.26(a) áÅÐ (b) ÊíÒËÃÑº¡®¿’««Õ·ÕèàËÁÒÐÊÁ ¢Í§à«µ¿’««Õ¢ÒÍÍ¡·Ñé§
ÊÍ§áÊ´§ã¹µÒÃÒ§·Õè 3.9(a) áÅÐ (b) ÃÐºº¿’««Õ´Ñ§¡Å̂ÒÇàÁ×èÍ¹íÒä»¡íÒ¡Ñº´ÙáÅ ãË‰¼ÅµÍºÇ§ÃÍºÂÍ´ËÍáÅÐ
Ç§ÃÍº°Ò¹ËÍ´Ñ§ÃÙ» 3.27 Ê̂Ç¹ÊÑ

Ò³¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ»ÃÒ¡¯´Ñ§ÃÙ»·Õè 3.28 ÊíÒËÃÑº¤ˆÒ
�� áÅÐ �� Ç§ÃÍºÂÍ´ËÍáÊ´§ä´‰´Ñ§ÃÙ» 3.29
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ÃÙ»·Õè 3.23: ¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´ã¹áµˆÅÐÃØˆ¹: ¡ÒÃ·´ÅÍ§·Õè 1



43

-3.0 1.0 2.00-2.0 -1.0

E1 E2 E3

0

1

3.0

ÃÙ»·Õè 3.24: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò �: ¡ÒÃ·´ÅÍ§·Õè 1
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ÃÙ»·Õè 3.25: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò ��: ¡ÒÃ·´ÅÍ§·Õè 1

5.04.0 2.00 3.03.02.01.00
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ÃÙ»·Õè 3.26: (a) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§ �� (b) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§ �� : ¡ÒÃ·´ÅÍ§·Õè 1

µÒÃÒ§·Õè 3.9: (a) µÒÃÒ§¡®ÊíÒËÃÑº �� (b) µÒÃÒ§¡®ÊíÒËÃÑº �� : ¡ÒÃ·´ÅÍ§·Õè 1
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àÁ×èÍ¾Ô¨ÒÃ³ÒÇ§ÃÍºÂÍ´ËÍ«Öè§¤Çº¤ØÁ´‰ÇÂ µÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´
¾ºÇˆÒÊÒÁÒÃ¶¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ä´‰áÅÐãË‰¼ÅµÍº·Õè´Õ â´ÂÁÕ¡ÒÃá¡Çˆ§¢Í§ÊÑ

Ò³¹‰ÍÂ¡ÇˆÒ àÁ×èÍà»ÃÕÂº
à·ÕÂº¡Ñº¡Ã³Õ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·Ñé§ÊÍ§Ç§ÃÍº¤Çº¤ØÁ´‰ÇÂÇÔ¸Õ Ziegler-Nichols àÁ×èÍ¾Ô¨ÒÃ³ÒÊÑ

Ò³
¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍ ÊÑ§à¡µÇˆÒÍÑµÃÒ¡ÒÃ»„Í¹¡ÅÑº·ÕèÂÍ´ËÍÅ´Å§ ¢³Ð·ÕèÇ§ÃÍº°Ò¹ËÍÍÑµÃÒ¡ÒÃµ‰Á«íéÒ
¨ÐÁÕ¤ˆÒÁÒ¡¢Öé¹àÁ×èÍ»„Í¹ÊÑ

Ò³Ãº¡Ç¹ ·Õèà»“¹àªˆ¹¹Õéà¾×èÍ·Õè¨Ðª´àªÂÍØ³ËÀÙÁÔ·ÕèÅ´Å§¢Í§·Ñé§Ç§ÃÍºÂÍ´ËÍ
áÅÐ°Ò¹ËÍ ÍÂ̂Ò§äÃ¡çµÒÁ ÊÑ§à¡µÇˆÒ·ÕèÇ§ÃÍº°Ò¹ËÍÍØ³ËÀÙÁÔ T8 ÊÑ

Ò³¤ˆÍ¹¢‰Ò§àÃÕÂº´‰ÇÂàªˆ¹¡Ñ¹ ·Ñé§
¹Õéà¹×èÍ§¨Ò¡ÊÑ

Ò³ T1 ·ÕèÇ§ÃÍºÂÍ´ËÍ¤ˆÍ¹¢‰Ò§àÃÕÂº¨Ö§·íÒãË‰¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¹‰ÍÂÊÑ

Ò³ T8

¨Ö§àÃÕÂº´‰ÇÂ



44

40 50 60 70 80 90 100
79

80

81

82

83

84

85

Time (min)

T
1 

(C
el

ci
us

)

40 50 60 70 80 90 100
82.3

83.3

84.3

85.3

86.3

87.3

88.3

Time (min)

T
8 

(C
el

ci
us

)

ÃÙ»·Õè 3.27: ¼ÅµÍºÇ§»”´¢Í§Ç§ÃÍºÂÍ´ËÍ (T1) áÅÐ°Ò¹ËÍ (T8): ¡ÒÃ·´ÅÍ§·Õè 1

40 50 60 70 80 90 100
0

2

4

6

8

10

Time (min)

R
ef

lu
x 

ra
te

 (
se

c)

40 50 60 70 80 90 100
0

0.2

0.4

0.6

0.8

1

Time (min)

R
eb

oi
le

r 
ra

te
 (

ki
lo

−
w

at
t)

ÃÙ»·Õè 3.28: ÊÑ

Ò³¤Çº¤ØÁ¢Í§Ç§ÃÍºÂÍ´ËÍ (T1) áÅÐ°Ò¹ËÍ (T8): ¡ÒÃ·´ÅÍ§·Õè 1
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ÃÙ»·Õè 3.29: ÍÑµÃÒ¢ÂÒÂ �� áÅÐ �� : ¡ÒÃ·´ÅÍ§·Õè 1

¡ÒÃ·´ÅÍ§·Õè 2
¡ÒÃ·´ÅÍ§·Õè 2 ¨Ò¡¡ÒÃËÒ¤ˆÒàËÁÒÐÊÁ¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ áÅÐ°Ò¹¡®¢Í§Ç§ÃÍº¤Çº¤ØÁ

°Ò¹ËÍ ÊÒÁÒÃ¶áÊ´§¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´¢Í§áµˆÅÐÃÍº´Ñ§ÃÙ»·Õè 3.30 àÁ×èÍ·íÒ¡ÒÃàÅ×Í¡â¤Ã§ÊÃ‰Ò§¿’««Õ·Õè
ãË‰¤ˆÒ¤ÇÒÁàËÁÒÐÊÁÊÙ§·ÕèÊØ´ ¾ºÇˆÒä´‰â¤Ã§ÊÃ‰Ò§¢Í§ÃÐºº¿’««ÕÊíÒËÃÑºÇ§ÃÍº¤Çº¤ØÁ°Ò¹ËÍ ·ÕèÁÕ í̈Ò¹Ç¹
¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Òà¢‰Ò � áÅÐ �� ¨íÒ¹Ç¹ 3 áÅÐ 4 à«µµÒÁÅíÒ´Ñº ÁÕÃÙ»ÃˆÒ§áÊ´§ä´‰´Ñ§ÃÙ»·Õè 3.31 áÅÐ
ÃÙ»·Õè 3.32 Ê̂Ç¹¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢ÒÍÍ¡ �� áÅÐ �� ÁÕ í̈Ò¹Ç¹ 2 à«µ áÅÐÁÕÃÙ»ÃˆÒ§´Ñ§ÃÙ»·Õè 3.33(a) áÅÐ
(b) ÊíÒËÃÑº¡®¿’««Õ·ÕèàËÁÒÐÊÁ ¢Í§à«µ¿’««Õ¢ÒÍÍ¡·Ñé§ÊÍ§áÊ´§ã¹µÒÃÒ§·Õè 3.10(a) áÅÐ (b) ÃÐºº¿’««Õ´Ñ§
¡Å̂ÒÇàÁ×èÍ¹íÒä»¡íÒ¡Ñº´ÙáÅ ¨ÐãË‰¼ÅµÍºÇ§ÃÍºÂÍ´ËÍáÅÐÇ§ÃÍº°Ò¹ËÍ´Ñ§ÃÙ» 3.34 Ê̂Ç¹ÊÑ

Ò³¤Çº¤ØÁ
Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ»ÃÒ¡¯´Ñ§ÃÙ»·Õè 3.35 ÊíÒËÃÑº¤ˆÒ �� áÅÐ �� Ç§ÃÍºÂÍ´ËÍáÊ´§ä´‰´Ñ§ÃÙ» 3.36
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ÃÙ»·Õè 3.30: ¤ˆÒ Ø̈´»ÃÐÊ§¤Œ·Õè´Õ·ÕèÊØ´ã¹áµˆÅÐÃØˆ¹: ¡ÒÃ·´ÅÍ§·Õè 2
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ÃÙ»·Õè 3.32: ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§à«µ¿’««Õ¢Òà¢‰Ò ��: ¡ÒÃ·´ÅÍ§·Õè 2
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ÃÙ»·Õè 3.33: (a) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§ �� (b) ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡¢Í§ �� : ¡ÒÃ·´ÅÍ§·Õè 2

µÒÃÒ§·Õè 3.10: (a) µÒÃÒ§¡®ÊíÒËÃÑº �� (b) µÒÃÒ§¡®ÊíÒËÃÑº �� : ¡ÒÃ·´ÅÍ§·Õè 2
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¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§Ç§ÃÍº°Ò¹ËÍ «Öè§¤Çº¤ØÁ´‰ÇÂµÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐ
ÊÁ·ÕèÊØ´ ¾ºÇˆÒÁÕ¼ÅµÍº·Õè´Õ¡ÇˆÒ¼ÅµÍº¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·Ñé§ 2 Ç§ÃÍº´‰ÇÂÇÔ¸Õ
Ziegler-Nichols àËç¹ä´‰ªÑ´ÇˆÒ¹Í¡¨Ò¡¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ä´‰áÅ‰Ç ÂÑ§ÁÕ¢¹Ò´¡ÒÃá¡Çˆ§¢Í§ÊÑ

Ò³ T8 ·Õè
¹‰ÍÂ¡ÇˆÒÁÒ¡ «Öè§·íÒãË‰¡ÒÃ¡ÃÐ·íÒµˆÍÇ§ÃÍºÂÍ´ËÍ¹‰ÍÂÅ§ ´Ñ§¹Ñé¹Ç§ÃÍºÂÍ´ËÍ Ö̈§¤Çº¤ØÁä´‰´Õ´‰ÇÂ Ê̂Ç¹
ÊÑ

Ò³¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍ«Öè§¤×ÍÍÑµÃÒ¡ÒÃµ‰Á«íéÒ ÊÑ§à¡µÇˆÒãª‰¹‰ÍÂ¡ÇˆÒ¡Ã³Õ¡ÒÃ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
´‰ÇÂÇÔ¸Õ Ziegler-Nichols áÅÐ¡ÒÃ·´ÅÍ§·Õè 1 Ç§ÃÍº°Ò¹ËÍÁÒ¡ àªˆ¹à´ÕÂÇ¡Ñºã¹¡ÒÃ·´ÅÍ§·Õè 1 Ç§ÃÍºÂÍ´
ËÍ
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ÃÙ»·Õè 3.35: ÊÑ

Ò³¤Çº¤ØÁ¢Í§Ç§ÃÍºÂÍ´ËÍ (T1) áÅÐ°Ò¹ËÍ (T8): ¡ÒÃ·´ÅÍ§·Õè 2
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ÃÙ»·Õè 3.36: ÍÑµÃÒ¢ÂÒÂ �� áÅÐ �� : ¡ÒÃ·´ÅÍ§·Õè 2

¡ÒÃ·´ÅÍ§·Õè 3
¡ÒÃ·´ÅÍ§·Õè 3 ¹íÒµÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ·Ñé§Ç§ÃÍºÂÍ´ËÍáÅÐÇ§

ÃÍºÃÍº°Ò¹ËÍ ÁÒ¤Çº¤ØÁ¾Ã‰ÍÁ¡Ñ¹·Ñé§ÊÍ§Ç§ÃÍº ¼ÅµÍºÇ§ÃÍºÂÍ´ËÍáÅÐÇ§ÃÍº°Ò¹ËÍáÊ´§´Ñ§ÃÙ»
3.37 Ê̂Ç¹ÊÑ

Ò³¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ»ÃÒ¡¯´Ñ§ÃÙ»·Õè 3.38 ÊíÒËÃÑº¤ˆÒ �� áÅÐ �� Ç§ÃÍº
ÂÍ´ËÍáÅÐ°Ò¹ËÍáÊ´§ä´‰´Ñ§ÃÙ» 3.39 áÅÐ 3.40 µÒÁÅíÒ´Ñº

¼Å·Õèä´‰¾ºÇˆÒ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««ÕàËÁÒÐÊÁ·ÕèÊØ´ ãË‰¡ÒÃ¤Çº¤ØÁ·Õè´Õ·Ñé§ÊÍ§
Ç§ÃÍº â´ÂÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ T1 ¢Í§Ç§ÃÍºÂÍ´ËÍáÅÐ T8 ¢Í§Ç§ÃÍº°Ò¹ËÍ ãË‰ÍÂÙˆã¹¤ˆÒ·Õè
¡íÒË¹´ä´‰à»“¹ÍÂˆÒ§´Õ áÅÐà¹×èÍ§¨Ò¡ÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍº°Ò¹ËÍä´‰´Õ ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº
·ÕèÁÕµˆÍÇ§ÃÍºÂÍ´ËÍ Ö̈§¹‰ÍÂ ´Ñ§¹Ñé¹ÍØ³ÀÙÁÔÂÍ´ËÍ Ö̈§àÃÕÂº¡ÇˆÒã¹¡ÒÃ·´ÅÍ§·Õè 2 ´‰ÇÂ àÁ×èÍà»ÃÕÂºà·ÕÂº
¼Å·Ø¡¡ÒÃ·´ÅÍ§ àËç¹ä´‰ªÑ´ÇˆÒ¡ÒÃ·´ÅÍ§¹ÕéãË‰¼Å·Õè´Õ·Ñé§ÊÍ§Ç§ÃÍº¤Çº¤ØÁ ÁÔãª̂à¾ÕÂ§á¤ˆÇ§ÃÍºã´Ç§ÃÍº
Ë¹Öè§ áÅÐàÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¼ÅµÍº¨Ò¡¡ÒÃ·´ÅÍ§¹Õé ¡Ñº¼ÅµÍº·Õèä´‰¨Ò¡µÑÇ¤Çº¤ØÁ¾ÕäÍ ·Õè¡íÒË¹´¤ˆÒ¾Ò
ÃÒÁÔàµÍÃŒ·Ñé§ÊÍ§Ç§ÃÍº´‰ÇÂÇÔ¸Õ Ziegler-Nichols ¾ºÇˆÒÁÕ¼ÅµÍº·Õè´Õ¡ÇˆÒÍÂˆÒ§àËç¹ä´‰ªÑ´·Ñé§ÊÍ§Ç§ÃÍº¤Çº
¤ØÁ

ÊíÒËÃÑºÊÑ

Ò³¤Çº¤ØÁ·Ñé§ÊÍ§Ç§ÃÍºÊÍ´¤Å‰Í§¡Ñº¼ÅµÍº·Õèä´‰ ÊÑ§à¡µÇˆÒÁÕ¡ÒÃÅ´Å§¢Í§ÍÑµÒ¡ÒÃ
»„Í¹¡ÅÑºÊÒÃ·ÕèÂÍ´ËÍ áÅÐÁÕ¡ÒÃà¾ÔèÁ¢Öé¹¢Í§ÍÑµÃÒ¡ÒÃµ‰Á«íéÒ·Õè°Ò¹ËÍ ³ àÇÅÒ·ÕèÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ
¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ à¾×èÍª´àªÂ¡ÒÃÅ´Å§¢Í§·Ñé§ÍØ³ËÀÙÁÔÂÍ´ËÍáÅÐ°Ò¹ËÍ ÍÂˆÒ§äÃ¡çµÒÁÊÑ

Ò³
¤Çº¤ØÁ·Õè°Ò¹ËÍ äÁˆÊÒÁÒÃ¶ÊÑ§à¡µ¡ÒÃà»ÅÕèÂ¹á»Å§ä´‰ªÑ´à¨¹¹Ñ¡ ¹Í¡¨Ò¡¹Õé·Ñé§ÊÍ§Ç§ÃÍºÂÑ§ãª‰ÊÑ

Ò³
¤Çº¤ØÁ¹‰ÍÂ¡ÇˆÒ·Ø¡¡ÒÃ·´ÅÍ§ÍÂ̂Ò§àËç¹ä´‰ªÑ´´‰ÇÂ
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ÃÙ»·Õè 3.40: ÍÑµÃÒ¢ÂÒÂ �� áÅÐ �� ¢Í§Ç§ÃÍº°Ò¹ËÍ: ¡ÒÃ·´ÅÍ§·Õè 3
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3.3 ÊÃØ»

ã¹º·¹Õéä´‰¡Å̂ÒÇ¶Ö§ ¡ÒÃÍÍ¡áººÃÐºº¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ÊíÒËÃÑº
ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ â´Âãª‰¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáºº
ÅíÒ´ÑºªÑé¹ ã¹Ê̂Ç¹¡ÒÃ¨íÒÅÍ§ÃÐºº¾Ô¨ÒÃ³ÒÊÁÃÃ¶¹Ð¢Í§µÑÇ¤Çº¤ØÁã¹¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ áÅÐ·íÒ
¡ÒÃËÒµÑÇ¤Çº¤ØÁ·ÕèàËÁÒÐÊÁ·ÕÅÐÇ§ÃÍº áÅÐ¹íÒµÑÇ¤Çº¤ØÁ·Õèä´‰ÁÒ¤Çº¤ØÁ·Ñé§ÊÍ§Ç§ÃÍº ¼Å¡ÒÃ í̈ÒÅÍ§
ÃÐºº ¾ºÇˆÒµÑÇ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ÊÒÁÒÃ¶¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹ãË‰ÍÂÙˆã¹
¤ˆÒ·Õè¡íÒË¹´ àÁ×èÍÊÑ

Ò³Ãº¡Ç¹ä´‰à»“¹ÍÂˆÒ§´Õ àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¼ÅµÍº·Õèä´‰¨Ò¡µÑÇ¤Çº¤ØÁ¾ÕäÍ´Õ·Õè
¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·Ñé§ÊÍ§Ç§ÃÍº¤Çº¤ØÁ´‰ÇÂÇÔ¸Õ minimum ISTSE ¾ºÇˆÒÊÒÁÒÃ¶¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹
ä´‰ÃÇ´àÃçÇ¡ÇˆÒÍÂˆÒ§àËç¹ä´‰ªÑ´·Ñé§ÊÍ§Ç§ÃÍº ã¹Ê̂Ç¹¢Í§¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§
»®ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ â´Â·íÒ¡ÒÃËÒµÑÇ¤Çº¤ØÁ·ÕèàËÁÒÐÊÁ·ÕÅÐÇ§ÃÍº áÅÐ¾Ô¨ÒÃ³ÒÊÁÃÃ¶¹Ð¢Í§
µÑÇ¤Çº¤ØÁã¹¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹àª̂¹à´ÕÂÇ¡Ñ¹ ¼Å¡ÒÃ¤Çº¤ØÁªÕéãË‰àËç¹ÇˆÒ àÁ×èÍãª‰µÑÇ¤Çº¤ØÁ¾ÕäÍáºº
¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´·Ñé§ÊÍ§Ç§ÃÍº ÊÒÁÒÃ¶¤Çº¤ØÁ¤ÇÒÁºÃÔÊØ·¸Ôì¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍ
áÅÐ°Ò¹ËÍ àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍä´‰à»“¹ÍÂˆÒ§´Õ àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¼Å
¡ÒÃ¤Çº¤ØÁ´‰ÇÂµÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·Ñé§ÊÍ§Ç§ÃÍº´‰ÇÂÇÔ¸Õ Ziegler-Nichols àËç¹ä´‰ÇˆÒÁÕ
¼ÅµÍº·Õè´Õ¡ÇˆÒÍÂˆÒ§àËç¹ä´‰ªÑ´·Ñé§ÊÍ§Ç§ÃÍº ¢³Ð·ÕèÂÑ§ãª‰ÊÑ

Ò³¤Çº¤ØÁ¹‰ÍÂ·ÕèÊØ´ÍÕ¡´‰ÇÂ



º··Õè 4

º·ÊÃØ»áÅÐ¢‰ÍàÊ¹Íá¹Ð

4.1 º·ÊÃØ»

ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéä´‰¹íÒàÊ¹Í¡ÒÃ¾Ñ²¹Ò¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐ
ÊÁ·ÕèÊØ´ ÊíÒËÃÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ´‰ÇÂ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ à¹×èÍ§¨Ò¡
µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õáºº´Ñ§à´ÔÁ ·Õè·íÒË¹‰Ò·Õè»ÃÑº Ù̈¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ¾ÕäÍ äÁˆÁÕÇÔ¸Õ¡íÒË¹´â¤Ã§
ÊÃ‰Ò§·Õèá¹ˆ¹Í¹¢Í§µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õ«Öè§¤×Í ¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡áÅÐ¡®¿’««Õ µ‰Í§ÍÒÈÑÂ¤ÇÒÁªíÒ¹Ò
áÅÐ
¡ÒÃÅÍ§¼Ô´ÅÍ§¶Ù¡ã¹¡ÒÃ¡íÒË¹´ ´Ñ§¹Ñ¹ Ö̈§ä´‰¹íÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ «Öè§à»“¹ÇÔ¸Õ¤‰¹ËÒ¤ˆÒ
àËÁÒÐÊÁÇÔ¸ÕË¹Öè§ ÁÒËÒ·Ñé§ í̈Ò¹Ç¹áÅÐÃÙ»ÃˆÒ§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ µÅÍ´¨¹°Ò¹¡®·ÕèàËÁÒÐÊÁÊíÒËÃÑº
ÃÐºº¿’««Õ

¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇˆÒ¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ÊÒÁÒÃ¶¤‰¹ËÒ í̈Ò¹Ç¹áÅÐÃÙ»ÃˆÒ§ µÅÍ´
¨¹°Ò¹¡®·ÕèàËÁÒÐÊÁä´‰à»“¹ÍÂˆÒ§´Õ â´Âã¹º··Õè 2 ä´‰¹íÒàÊ¹Í¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹
ã¹¡ÒÃËÒ¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹ÀÒÇÐÊÁÒªÔ¡ áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁ µÑÇÍÂˆÒ§¡ÒÃ í̈ÒÅÍ§ÃÐºº
áÊ´§ãË‰àËç¹ÇˆÒ µÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèáººàËÁÒÐÊÁ·ÕèÊØ´·ÕèÍÍ¡áºº´‰ÇÂÇÔ¸Õ¹Õé ÊÒÁÒÃ¶
¤Çº¤ØÁà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ «Öè§à»“¹ÃÐººË¹Öè§ÊÑ

Ò³à¢‰ÒË¹Öè§ÊÑ

Ò³ÍÍ¡ä´‰à»“¹ÍÂˆÒ§´Õ â´Â
ä´‰¾Ô¨ÒÃ³ÒÊÁÃÃ¶¹Ð¢Í§µÑÇ¤Çº¤ØÁã¹¡ÒÃµÒÁÃÍÂÊÑ

Ò³Í‰Ò§ÍÔ§áºº¢Ñé¹ áÅÐãª‰¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œã¹
2 ¡Ã³Õ¤×Í ¼ÅÃÇÁ¢Í§¤ˆÒ¼Ô´¾ÅÒ´Â¡¡íÒÅÑ§ÊÍ§ áÅÐ¼ÅÃÇÁ¢Í§¤ˆÒÊÑÁºÙÃ³Œ¢Í§¤ˆÒ¼Ô´¾ÅÒ´ à»ÃÕÂº
à·ÕÂº¼Å¡ÒÃ¤Çº¤ØÁ·Ñé§ÊÍ§¡Ã³Õ¡Ñº¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰¨Ò¡µÑÇ¤Çº¤ØÁ¾ÕäÍ ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ
Åstr��m-H��gglund «Öè§·Ñé§ÊÍ§¡Ã³ÕãË‰¼ÅµÍº·Õè´Õ¡ÇˆÒÍÂˆÒ§àËç¹ä´‰ªÑ´ áÅÐàÁ×èÍ¾Ô¨ÒÃ³Ò¡Ã³Õ·Õèà¡Ô´¡ÒÃà»ÅÕèÂ¹
á»Å§¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐºº ¾ºÇˆÒµÑÇ¤Çº¤ØÁ·Ñé§ÊÍ§¡Ã³ÕÂÑ§ÊÒÁÒÃ¶ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ¡ÇˆÒä´‰

à¾×èÍÈÖ¡ÉÒ¤ÇÒÁà»“¹ä»ä´‰ã¹¡ÒÃ»ÃÐÂØ¡µŒãª‰ã¹ÍØµÊÒË¡ÃÃÁ Ö̈§àÅ×Í¡ËÍ¡ÅÑè¹«Öè§à»“¹¡ÃÐºÇ¹¡ÒÃ¾×é¹
°Ò¹·Ò§ÍØµÊÒË¡ÃÃÁà¤ÁÕà»“¹¡Ã³ÕÈÖ¡ÉÒ ã¹º··Õè 3 ä´‰·íÒ¡ÒÃ í̈ÒÅÍ§ÃÐººâ´Âä´‰ËÒ¤ˆÒàËÁÒÐÊÁ¢Í§µÑÇ
¡íÒ¡Ñº´ÙáÅ¿’««Õ·ÕÅÐÇ§ÃÍº¤Çº¤ØÁ áÅÐãª‰¼Å·ÕèËÒä´‰·íÒ¡ÒÃ¤Çº¤ØÁ·Ñé§ÊÍ§Ç§ÃÍº¾Ã‰ÍÁ¡Ñ¹ ã¹¡ÒÃ í̈ÒÅÍ§
¾Ô¨ÒÃ³ÒÊÁÃÃ¶¹Ð¢Í§µÑÇ¤Çº¤ØÁã¹¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ ¼Å¡ÒÃ í̈ÒÅÍ§ªÕéãË‰àËç¹ÇˆÒ ¹Í¡¨Ò¡µÑÇ¤Çº
¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·ÕèÊØ´ ÊÒÁÒÃ¶¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍ
áÅÐ°Ò¹ËÍãË‰ÁÕ¤ÇÒÁºÃÔÊØ·¸Ôìä´‰à»“¹ÍÂˆÒ§´ÕáÅ‰Ç ÂÑ§ÊÒÁÒÃ¶¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ä´‰ÍÂˆÒ§ÃÇ´àÃçÇÍÕ¡´‰ÇÂ
àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¼Å¡ÒÃ¤Çº¤ØÁ¨Ò¡µÑÇ¤Çº¤ØÁ¾ÕäÍ·Õè¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ´‰ÇÂÇÔ¸Õ minimum ISTSE

«Öè§à»“¹¡®¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÇÔ¸ÕË¹Öè§ ¾ºÇˆÒãË‰¼Å¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³¤Çº¤ØÁ·Õè´Õ¡ÇˆÒÁÒ¡
Ê̂Ç¹ÊØ´·‰ÒÂ¢Í§º··Õè 3 ¤×Í¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ¾ÕäÍáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ¿’««Õ·ÕèàËÁÒÐÊÁ·Õè

ÊØ´ ÊíÒËÃÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ «Öè§ã¹¡ÒÃÍÍ¡áººä´‰
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ËÒ¤ˆÒàËÁÒÐÊÁ¢Í§µÑÇ¡íÒ¡Ñº´ÙáÅ¿’««Õ·ÕÅÐÇ§ÃÍº¤Çº¤ØÁ áÅÐ¾Ô¨ÒÃ³ÒÊÁÃÃ¶¹Ð¢Í§µÑÇ¤Çº¤ØÁÊíÒËÃÑº
¡ÒÃ¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹àª̂¹à´ÕÂÇ¡Ñ¹ ¼Å¡ÒÃ·´ÅÍ§¤Çº¤ØÁÊÍ´¤Å‰Í§¡Ñº¡ÒÃ í̈ÒÅÍ§ÃÐºº ¡Å̂ÒÇ¤×Í
ÊÒÁÒÃ¶ÃÑ¡ÉÒ¤ÇÒÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍä´‰à»“¹ÍÂˆÒ§´Õ áÅÐÊÒÁÒÃ¶¡íÒ Ñ̈´ÊÑ

Ò³Ãº¡Ç¹ä´‰ÍÂˆÒ§
ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÍÕ¡´‰ÇÂ

4.2 ¢‰ÍàÊ¹Íá¹Ðã¹§Ò¹ÇÔ Ñ̈Â¹Õé

ÊíÒËÃÑº»’
ËÒ·Õèà¡Ô´¢Öé¹ã¹§Ò¹ÇÔ¨ÑÂ¹Õé Ê̂Ç¹ãË
̂à»“¹»’
ËÒ·Õèà¡Ô´¨Ò¡¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁä»»ÃÐÂØ¡µŒãª‰
¨ÃÔ§ «Öè§ÁÕ»’
ËÒáÅÐ¢‰ÍàÊ¹Íá¹Ð·ÕèÊíÒ¤Ñ
´Ñ§¹Õé

1. à¹×èÍ§¨Ò¡ã¹¡ÃÐºÇ¹¡ÒÃ¢Í§¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´ÑºªÑé¹ µ‰Í§ËÒ¤ˆÒ¤ÇÒÁàËÁÒÐÊÁ«Öè§ÁÑ¡
ãª‰à»“¹¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§¤ˆÒ¼Ô´¾ÅÒ´ ¨Ö§µ‰Í§¤íÒ¹Ç¹¨Ò¡¼ÅµÍº¢Í§ÃÐºº ã¹¡Ã³Õ¢Í§¡ÒÃ·´ÅÍ§¡Ñº
ÃÐºº¨ÃÔ§ ËÒ¡ÃÐººÁÕª̂Ç§àÇÅÒà¢‰Ò·Õè¹Ò¹¨Ð·íÒãË‰¡ÃÐºÇ¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁãª‰àÇÅÒ¹Ò¹´‰ÇÂ

2. ¹Í¡¨Ò¡àÇÅÒà¢‰Ò·Õè¢Í§ÃÐºº·ÕèÁÕ¼ÅµˆÍàÇÅÒã¹¡ÒÃËÒ¤‰¹ËÒ¤ˆÒàËÁÒÐÊÁáÅ‰Ç ¨íÒ¹Ç¹â¤ÃâÁâ«ÁáÅÐ
¨íÒ¹Ç¹ÃØˆ¹¢Í§¡ÃÐºÇ¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ ¡çÁÕ¼Åàª̂¹à´ÕÂÇ¡Ñ¹ Ö̈§¤ÇÃàÅ×Í¡ãË‰ÁÕ¤ÇÒÁàËÁÒÐÊÁ¡Ñº
ÃÐºº·Õè¨Ð¹íÒä»ãª‰

3. ÊíÒËÃÑºá¹Ç·Ò§¡ÒÃá¡‰ä¢»’
ËÒ¢‰Ò§µ‰¹ ¤×Í ¡ÒÃËÒ¢Ñé¹µÍ¹ÇÔ¸Õã¹¡ÒÃÅ´ í̈Ò¹Ç¹»ÃÐªÒ¡ÃáÅÐ¨íÒ¹Ç¹
ÃØˆ¹ã¹¡ÒÃ¤‰¹ËÒ àªˆ¹ ¡ÒÃãª‰ÇÔ¸Õ¿’««Õ¤ÅÑÊàµÍÃÔ§ [32, 33, 34] ã¹¡ÒÃ¾Ñ²¹ÒÇÔ¸Õ¢Ñé¹µÍ¹·Ò§¾Ñ¹¸Ø¡ÃÃÁ
áººÅíÒ´ÑºªÑé¹à»“¹µ‰¹
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ÀÒ¤¼¹Ç¡ ¡

¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹ Ø̧¡ÃÃÁ

¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ (Genertic Algorithms: GAs) à»“¹ÇÔ¸Õ·Õèãª‰ã¹¡ÒÃËÒ¤ˆÒàËÁÒÐ
ÊÁ «Öè§ÁÕ°Ò¹ÃÒ¡ÁÒ¨Ò¡¡Åä¡¡ÒÃ¤Ñ´àÅ×Í¡áÅÐ¡ÃÐºÇ¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁµÒÁ¸ÃÃÁªÒµÔ â´ÂàÅÕÂ¹áºº
ÇÔÇÑ²¹Ò¡ÒÃ¢Í§ÊÔè§ÁÕªÕÇÔµã¹¸ÃÃÁªÒµÔ ¡Å̂ÒÇ¤×Í¼Ù‰·Õèá¢ç§áÃ§ÂˆÍÁÁÕâÍ¡ÒÊÍÂÙˆÃÍ´ÊÙ§¡ÇˆÒ ·íÒãË‰ÁÕâÍ¡ÒÊã¹
¡ÒÃ¶̂ÒÂ·Í´â¤Ã§ÊÃ‰Ò§·Ò§¾Ñ¹¸Ø¡ÃÃÁä»ÊÙˆÅÙ¡ËÅÒ¹ÁÒ¡¡ÇˆÒ â´ÂÅÑ¡É³Ðà´ˆ¹·Õè·íÒãË‰¼Ù‰á¢ç§áÃ§¡ÇˆÒ¹Ñé¹ÁÕªÕÇÔµ
ÃÍ´¨Ð»ÃÒ¡®ÍÂÙˆã¹ªˆÇ§ÍÒÂØ¶Ñ´ä»

Holland [2] ä´‰¹íÒàÊ¹ÍËÅÑ¡¡ÒÃàº×éÍ§µ‰¹¢Í§ GAs áÅÐºØ¡àºÔ¡§Ò¹´‰Ò¹¹ÕéÁÒ»ÃÐÂØ¡µŒãª‰§Ò¹´‰Ò¹
ÇÔ·ÂÒÈÒÊµÃŒáÅÐÇÔÈÇ¡ÃÃÁã¹»• ¤.È. 1970 ¨¹¡ÃÐ·Ñè§»’¨ Ø̈ºÑ¹ GAs ä´‰ÃÑº¤ÇÒÁ¹ÔÂÁÊÙ§¢Öé¹à»“¹ÍÂˆÒ§ÁÒ¡
à¹×èÍ§¨Ò¡ÁÕ¤ÇÒÁ§̂ÒÂáµˆãË‰»ÃÐÊÔ·¸ÔÀÒ¾·Õè´Õ ¹Í¡¨Ò¡¹ÕéÂÑ§à»“¹¡ÃÐºÇ¹¡ÒÃ·ÕèäÁˆä´‰ãª‰¢‰ÍÁÙÅ·Ò§¤³ÔµÈÒÊµÃŒ
àªˆ¹ ÇÔ¸Õá¡Ãà´ÕÂ¹ ã¹¡ÒÃ¤‰¹ËÒ Ø̈´àËÁÒÐÊÁ¨Ò¡¡ÒÃÇÔÇÑ²¹Ò¡ÒÃ¨Ò¡ÃØˆ¹Ë¹Öè§ä»ÊÙˆÍÕ¡ÃØˆ¹Ë¹Öè§

¡.1 ¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ

à¹×èÍ§¨Ò¡¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁãª‰ËÅÑ¡¡ÒÃ·íÒ§Ò¹¨Ò¡¡Åä¡¡ÒÃÍÂÙˆÃÍ´¢Í§ÊÔè§ÁÕªÕÇÔµ «Öè§¼Ù‰
á¢ç§áÃ§¡ÇˆÒ¨ÐÁÕâÍ¡ÒÊã¹¡ÒÃÊ×º·Í´¾Ñ¹¸ØŒÁÒ¡¡ÇˆÒ ËÁÒÂ¤ÇÒÁÇˆÒã¹¡ÃÐºÇ¹¡ÒÃ¤‰¹ËÒ¤íÒµÍº ¤íÒµÍº
¢Í§»’
ËÒ·ÕèÁÕÅÑ¡É³Ðà¢‰Áá¢ç§ËÃ×ÍÁÕ¤ˆÒ¤ÇÒÁàËÁÒÐÊÁÊÙ§¶Ù¡¶̂ÒÂ·Í´ÅÑ¡É³Ðä»ÂÑ§¤íÒµÍºÃØˆ¹¶Ñ´ä» ·íÒãË‰
¤íÒµÍº¢Í§»’
ËÒ´Õ¢Öé¹àÃ×èÍÂæ ¨¹ã¡Å‰à¤ÕÂ§¼Åà©ÅÂ¨ÃÔ§ ¨Ò¡á¹Ç¤Ô´´Ñ§¡Å̂ÒÇàÁ×èÍ í̈ÒÅÍ§¡ÃÐºÇ¹¡ÒÃ·Ò§
¸ÃÃÁªÒµÔÁÒÊÙˆ¡ÃÐºÇ¹¡ÒÃ·Ò§¤³ÔµÈÒÊµÃŒ ·íÒä´‰â´Â¡ÒÃ¡íÒË¹´¤íÒµÍº¢Í§»’
ËÒ¢Öé¹ÁÒ í̈Ò¹Ç¹Ë¹Öè§´‰ÇÂ
¡ÒÃÊØˆÁ ªØ´¤íÒµÍº¹ÕéàÃÕÂ¡ÇˆÒ »ÃÐªÒ¡Ã ¨Ò¡¹Ñé¹à¢‰ÒÃËÑÊ¡ÅØˆÁ¤íÒµÍºàËÅ̂Ò¹Ñé¹à»“¹ªØ´ÍÑ¡¢ÃÐ«Öè§àÃÕÂ¡¤íÒµÍº
·Õèà¢‰ÒÃËÑÊáÅ‰ÇÇˆÒ â¤ÃâÁâ«Á (Chromosome) â´ÂÍÑ¡¢ÃÐÀÒÂã¹â¤ÃâÁâ«Á àÃÕÂ¡ÇˆÒ ÂÕ¹ (Genes) ¨Ò¡¹Ñé¹¹íÒ
»ÃÐªÒ¡ÃÁÒ¤íÒ¹Ç¹¤ˆÒ¤ÇÒÁàËÁÒÐÊÁ (Fitness value) à¾×èÍãª‰à»“¹à¡³±Œã¹¡ÒÃàÅ×Í¡¤íÒµÍº·Õè´Õ·ÕèÊØ´ã¹áµˆ
ÅÐÃØˆ¹ ¨Ò¡¹Ñé¹¼ˆÒ¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁËÅÑ¡·ÕèÊíÒ¤Ñ
´Ñ§¹Õé

1. ¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒ (Selection)

2. ¡ÒÃ¶̂ÒÂ·Í´¾Ñ¹¸ØŒ (Crossover)

3. ¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ (Mutation)

àÁ×èÍ¼ˆÒ¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁáÅ‰Ç »ÃÐªÒ¡ÃàËÅ̂Ò¹Ñé¹¶×ÍÇˆÒà»“¹»ÃÐªÒ¡ÃÃØˆ¹ãËÁˆ áÅÐ¹íÒ
ä»¤íÒ¹Ç¹¤ˆÒ¤ÇÒÁàËÁÒÐÊÁ áÅÐ¼ˆÒ¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁã¹ÃÍºµˆÍä» «Öè§¡ÃÐºÇ¹¡ÒÃ·Ñé§ËÁ´
ÊÒÁÒÃ¶ÊÃØ»à»“¹á¼¹ÀÒ¾ä´‰´Ñ§ÃÙ»·Õè ¡.1
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Start

Initialize Chromosomes

Fitness Evaluation

Select Chromosomes

Crossover and Mutation

Stopping
criterion
satisfy ?

NO

YES
Stop

ÃÙ»·Õè ¡.1: á¼¹ÀÒ¾ÇÑ® Ñ̈¡Ã¡ÒÃ·íÒ§Ò¹¢Í§¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁ

¡.2 ¡ÒÃà¢‰ÒÃËÑÊ (Coding)

ã¹¡ÒÃ Ñ̈´ÃÙ»áºº¢Í§»’
ËÒà¾×èÍ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ ËÅÑ§¨Ò¡ÊØˆÁªØ´¤íÒµÍºáÅ‰Ç¤ˆÒ¢Í§¤íÒ
µÍºËÃ×ÍµÑÇá»Ã¶Ù¡à¢‰ÒÃËÑÊãË‰ÁÕÅÑ¡É³Ð¤Å‰ÒÂâ¤ÃâÁâ«Á ¡ÅˆÒÇ¤×Í ÁÕÅÑ¡É³Ðà»“¹àÊ‰¹ÂÒÇ ÁÕ¤ÇÒÁÂÒÇ·Õè
ÊÒÁÒÃ¶¡íÒË¹´ä´‰ â´Âã¹áµˆÅÐâ¤ÃâÁâ«Á»ÃÐ¡Íºä»´‰ÇÂà«µ¢Í§¾ÒÃÒÁÔàµÍÃŒ·ÕèàÃÕÂ¡ÇˆÒ ÂÕ¹ ¡ÒÃà¢‰ÒÃËÑÊ
ÁÕä´‰ËÅÒÂÃÙ»áºº àªˆ¹ ¡ÒÃà¢‰ÒÃËÑÊ´‰ÇÂàÅ¢°Ò¹ÊÍ§ (Binary coding) ¡ÒÃà¢‰ÒÃËÑÊà¡ÃÂŒ (Gray coding) ¡ÒÃ
à¢‰ÒÃËÑÊ´‰ÇÂ í̈Ò¹Ç¹¨ÃÔ§ (Real-value coding) ÊíÒËÃÑº¡ÒÃà¢‰ÒÃËÑÊ´‰ÇÂàÅ¢°Ò¹ÊÍ§áÊ´§ä´‰´Ñ§ÃÙ»·Õè ¡.2 «Öè§
ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÀÒÂã¹â¤ÃâÁâ«Áä´‰à¾ÕÂ§ 2 ¤ˆÒ¤×Í 0 ¡Ñº 1 ¨Ò¡ÃÙ» ¡.2 à»“¹¡ÒÃãª‰àÅ¢°Ò¹ÊÍ§á·¹
µÑÇá»Ã 3 µÑÇ ¤×Í ��� �� áÅÐ �� â´Â·Õè 6, 11 áÅÐ 3 ¤×Í¤ˆÒ¢Í§µÑÇá»Ã ��� �� áÅÐ �� µÒÁÅíÒ´Ñº

0 1 1 0 1 0 1 1 0 0 1 1

x  = 61 x  = 112 x  = 33

Chromosome

ÃÙ»·Õè ¡.2: ¡ÒÃà¢‰ÒÃËÑÊ´‰ÇÂàÅ¢°Ò¹ÊÍ§¢Í§µÑÇá»Ã 3 µÑÇ

¡ÒÃàÅ×Í¡¤ÇÒÁÂÒÇ¢Í§áµˆÅÐâ¤ÃâÁâ«ÁÍÒ¨¢Öé¹ÍÂÙˆ¡Ñº¢Íºà¢µ¢Í§¤íÒµÍºáµˆÅÐµÑÇà»“¹à·̂Òã´ ËÃ×Í
¢Öé¹ÍÂÙˆ¡Ñº¤ÇÒÁµ‰Í§¡ÒÃ¤ÇÒÁÅÐàÍÕÂ´ÊÙ§ÁÒ¡¹‰ÍÂà¾ÕÂ§ã´ ¶‰Òâ¤ÃâÁâ«ÁÁÕ¤ÇÒÁÂÒÇÁÒ¡ (ÁÕ í̈Ò¹Ç¹ÂÕ¹ÁÒ¡)
¨ÐãË‰¤ÇÒÁÅÐàÍÕÂ´ÊÙ§ àª̂¹à´ÕÂÇ¡Ñºã¹¡Ã³Õ¢Í§¡ÒÃàÅ×Í¡ í̈Ò¹Ç¹â¤ÃâÁâ«Á (»ÃÐªÒ¡Ã) ËÒ¡ÁÕ í̈Ò¹Ç¹ÁÒ¡
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·íÒãË‰¤íÒµÍºÊÒÁÒÃ¶ÅÙˆà¢‰ÒÊÙˆ¼Åà©Âä´‰ÀÒÂã¹äÁ̂¡ÕèÃØˆ¹ áµˆÇˆÒã¹¡ÒÃ¡íÒà¹Ô´áµˆÅÐÃØˆ¹ãª‰àÇÅÒ¹Ò¹

¡.3 ¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒ (Selection)

ã¹¢Ñé¹µÍ¹¹Õéà»“¹¢Ñé¹µÍ¹¡ÒÃ¤Ñ´àÅ×Í¡â¤ÃâÁâ«Á «Öè§à»“¹µ‰¹áººËÃ×Í¾̂ÍáÁ̂ (Parents) ¢Í§ªˆÇ§ÍÒÂØ
¶Ñ´ä» â´Â·ÕèËÅÑ¡¡ÒÃàÅ×Í¡¹Ñé¹à»“¹¡ÒÃàÅ×Í¡áººÊØˆÁ áÅÐâÍ¡ÒÊã¹¡ÒÃ¶Ù¡àÅ×Í¡¢Í§â¤ÃâÁâ«Á¹Ñé¹ÁÒ¡ËÃ×Í
¹‰ÍÂ¢Öé¹ÍÂÙˆ¡Ñº¤ˆÒ¤ÇÒÁàËÁÒÐÊÁ¢Í§â¤ÃâÁâ«ÁµÑÇ¹Ñé¹ ã¹ÅÑ¡É³Ð¹Õé·íÒãË‰¤ˆÒà©ÅÕèÂ¢Í§¤ˆÒ¤ÇÒÁàËÁÒÐÊÁâ´Â
ÃÇÁ¢Í§ÃØˆ¹¶Ñ´ä»ÁÕ¤ˆÒÊÙ§¢Öé¹ ¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒÁÕËÅÒÂÇÔ¸Õ ã¹·Ò§» Ô̄ºÑµÔãª‰ÇÔ¸Õ·ÕèàÃÕÂ¡ÇˆÒ ¡ÒÃ¤Ñ´àÅ×Í¡µÒÁÇ§
Å‰ÍÃÙàÅçµ (Roulette Wheel Selection)

5 1

2

3
4

ÃÙ»·Õè ¡.3: ¡ÒÃàÅ×Í¡µÒÁÇ§Å‰ÍÃÙàÅçµ

¡ÒÃ¤Ñ´àÅ×Í¡µÒÁÇ§Å‰ÍÃÙàÅçµ à»“¹ÇÔ¸Õ¡ÒÃàÅ×Í¡·Õè¤ˆÍ¹¢‰Ò§§̂ÒÂÁÕËÅÑ¡¡ÒÃ¤×Í àÃÔèÁ¨Ò¡ÊÃ‰Ò§Ç§Å‰ÍÃÙàÅçµ·Õè
ÁÕ¤ÇÒÁ¡Ç‰Ò§ã¹áµˆÅÐªˆÍ§äÁˆà·̂Ò¡Ñ¹«Öè§¢Öé¹ÍÂÙˆ¡Ñº¤ˆÒ¤ÇÒÁàËÁÒÐÊÁ¢Í§â¤ÃâÁâ«Á ¡Å̂ÒÇ¤×Í¶‰Ò¤ˆÒ¤ÇÒÁàËÁÒÐ
ÊÁÁÕ¤ˆÒÁÒ¡ªˆÍ§¨ÐÁÕ¢¹Ò´¡Ç‰Ò§´Ñ§áÊ´§ä´‰´Ñ§ÃÙ»·Õè ¡.3 «Öè§à»“¹µÑÇÍÂˆÒ§¢Í§¡ÒÃáº̂§ªˆÍ§¢Í§»ÃÐªÒ¡Ã·ÕèÁÕ
â¤ÃâÁâ«Á í̈Ò¹Ç¹ 5 µÑÇ â´Ââ¤ÃâÁâ«ÁµÑÇ·ÕèÊÕè ÁÕ¤ˆÒ¤ÇÒÁàËÁÒÐÊÁÁÒ¡·ÕèÊØ´ ÃÍ§Å§ÁÒà»“¹â¤ÃâÁâ«ÁµÑÇ·Õè
ÊÍ§à»“¹µ‰¹ ¨Ò¡¹Ñé¹·íÒ¡ÒÃ¡íÒË¹´ Ø̈´µÑÇªÕéµíÒáË¹ˆ§«Öè§äÁˆÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ (Fixed point) áÅ‰Ç·íÒ¡ÒÃËÁØ¹
Ç§Å‰ÍÃÙàÅçµ àÁ×èÍÇ§Å‰ÍÃÙàÅçµËÂØ´ËÁØ¹áÅ‰Ç·íÒ¡ÒÃàÅ×Í¡ÅÑ¡É³Ð¢Í§¤íÒµÍº·ÕèÁÕµÑÇªÕéµíÒáË¹̂§ªÕéÍÂÙˆ ·íÒàªˆ¹¹Õé¨¹
¡ÃÐ·Ñè§ä´‰¨íÒ¹Ç¹»ÃÐªÒ¡Ã¤ÃºµÒÁ¨íÒ¹Ç¹·Õè¡íÒË¹´äÇ‰

¡.4 ¡ÒÃ¶ˆÒÂ·Í´¾Ñ¹¸ØŒ (Crossover)

ã¹¢Ñé¹µÍ¹¹Õéà»“¹¡ÒÃ¶ˆÒÂ·Í´ÃÙ»áºº¢Í§â¤ÃâÁâ«Á¨Ò¡ª̂Ç§ÍÒÂØË¹Öè§ä»ÂÑ§ÍÕ¡ªˆÇ§ÍÒÂØË¹Öè§ ¡Å̂ÒÇ
¤×Í·íÒ¡ÒÃ¡ÒÃáÅ¡à»ÅÕèÂ¹¡ÅØˆÁÂÕ¹â´Â·íÒ¡ÒÃÊØˆÁâ¤ÃâÁâ«Á 2 µÑÇÁÒà»“¹â¤ÃâÁâ«Á¾̂ÍáÁ̂ (ÊØˆÁ¨Ò¡
â¤ÃâÁâ«Á ·Õè¶Ù¡àÅ×Í¡¨Ò¡¡ÒÃ´íÒà¹Ô¹¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒ) áÅ‰Ç·íÒ¡ÒÃáÅ¡à»ÅÕèÂ¹¡ÅØˆÁÂÕ¹«Öè§¡Ñ¹áÅÐ¡Ñ¹ ³
µíÒáË¹ˆ§·Õè¶Ù¡ÊØˆÁàÅ×Í¡ ã¹¢Ñé¹µÍ¹¹ÕéàÃÒ¨Ðä´‰â¤ÃâÁâ«Á·Õèà»“¹ÅÙ¡ËÅÒ¹ (Off-spring) «Öè§ÇÔ¸Õ·Õè§̂ÒÂ·ÕèÊØ´¤×Íãª‰
¡ÒÃ¶̂ÒÂ·Í´¾Ñ¹¸ØŒáºº¨Ø´à´ÕÂÇ (One-point crossover) áÊ´§´Ñ§ÃÙ»·Õè ¡.4 àËç¹ä´‰ÇˆÒâ¤ÃâÁâ«Á·Õèà»“¹ÅÙ¡ËÅÒ¹
ÁÕÅÑ¡É³Ð¤íÒµÍº¢Í§â¤ÃâÁâ«Á·Õèà»“¹¾̂ÍáÁ̂ ¹Í¡¨Ò¡¡ÒÃ¶̂ÒÂ·Í´¾Ñ¹¸ØŒáºº¨Ø´à´ÕÂÇáÅ‰ÇÂÑ§ÁÕ¡ÒÃ¶̂ÒÂ·Í´
¾Ñ¹¸ØŒáººËÅÒÂ Ø̈´ (Multi-point crossover) ÍÕ¡´‰ÇÂáÊ´§´Ñ§ÃÙ»·Õè ¡.5 «Öè§ãË‰»ÃÐÊÔ·¸ÔÀÒ¾·Õè´Õ¡ÇˆÒ ¡ÒÃ´íÒ
à¹Ô¹¡ÒÃ¶ˆÒÂ·Í´¾Ñ¹¸ØŒ¹Õéà¡Ô´¢Öé¹´‰ÇÂ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹ (Crossover probability) à·̂Ò¡Ñº � â´Â·ÑèÇä»ÁÕ¤ˆÒ
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Crossover

Parents Offspring

crossover point

ÃÙ»·Õè ¡.4: ¡ÒÃ¶̂ÒÂ·Í´¾Ñ¹¸ØŒáºº¨Ø´à´ÕÂÇ

Crossover

Parents Offspring

crossover point

ÃÙ»·Õè ¡.5: ¡ÒÃ¶̂ÒÂ·Í´¾Ñ¹¸ØŒáººËÅÒÂ Ø̈´

»ÃÐÁÒ³ ���
 ��� [1]

¡.5 ¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ (Mutation)

¨Ò¡¡ÒÃ´íÒà¹Ô¹¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒáÅÐ¡ÒÃ´íÒà¹Ô¹¡ÒÃ¶ˆÒÂ·Í´¾Ñ¹¸ØŒáÅ‰Ç¹Ñé¹ ÂÑ§äÁˆà¾ÕÂ§¾Í·Õè¨Ð·íÒãË‰
â¤ÃâÁâ«ÁÅÙ¡ËÅÒ¹·Õèä´‰¹Ñé¹ ÁÕÅÑ¡É³ÐËÅÒ¡ËÅÒÂã¹·Ø¡ÃØˆ¹ í̈Òà»“¹µ‰Í§ÁÕ¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ¢Í§â¤ÃâÁâ«Á «Öè§
·íÒãË‰¡ÃÐºÇ¹¡ÒÃ¤‰¹ËÒäÁˆÅÙˆà¢‰Òä»µÔ´ÍÂÙˆ·Õè¨Ø´àËÁÒÐÊÁà©¾ÒÐ·Õè (Local optima) à¹×èÍ§¨Ò¡àÁ×èÍà¡Ô´¡ÒÃ¡
ÅÒÂ¾Ñ¹¸ØŒ·íÒãË‰¤íÒµÍºà¡Ô´¡ÒÃ¡ÃÐâ´´ä»ÂÑ§¢Íºà¢µ¡ÒÃ¤‰¹ËÒÍ×è¹«Öè§¹íÒä»ÊÙˆ¤íÒµÍº·Õèà»“¹ Ø̈´àËÁÒÐÊÁÃÇÁ ã¹
¡Ã³Õ·Õèãª‰â¤ÃâÁâ«Á·Õèà¢‰ÒÃËÑÊ´‰ÇÂàÅ¢°Ò¹ÊÍ§¹Ñé¹ ¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ¤×Í¡ÒÃà»ÅÕèÂ¹¨Ò¡Ê¶Ò¹Ð 1 à»“¹ 0 ËÃ×Í
¨Ò¡ 0 ä»à»“¹ 1 ´Ñ§áÊ´§´Ñ§ÃÙ»·Õè ¡.6 à¹×èÍ§¨Ò¡ºÒ§¤ÃÑé§¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒÍÒ¨à»“¹¡ÒÃ·íÒÅÒÂâÍ¡ÒÊ·Õè¨Ð¾º
¨Ø´àËÁÒÐÊÁ à¹×èÍ§¨Ò¡àÁ×èÍà¡Ô´¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ¢³Ð¤íÒµÍº¡íÒÅÑ§ÅÙˆà¢‰ÒÊÙˆ¤ˆÒàËÁÒÐÊÁ ¤íÒµÍºÍÒ¨¨Ð¡ÃÐâ´´
ä»ÂÑ§¤ˆÒÍ×è¹æä´‰ ´Ñ§¹Ñé¹¤ÇÒÁ¹ˆÒ¨Ðà»“¹¢Í§¡ÒÃ´íÒà¹Ô¹¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒ¹Õé¤ÇÃÍÂÙˆ·Õè¤ˆÒ 
 µíèÒæ â´Â·ÑèÇä»ÁÕ¤ˆÒ
ÍÂÙˆÃÒÇ �
 ��� [1]

1 0 1 . . . 1

1 0 0 . . . 1

Original Chromosome

New Chromosome

ÃÙ»·Õè ¡.6: ¡ÒÃ¡ÅÒÂ¾Ñ¹¸ØŒã¹µíÒáË¹ˆ§·ÕèÊÒÁ

àÁ×èÍ¼ˆÒ¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ·Ñé§ÊÒÁáÅ‰Ç ¶×Íä´‰ÇˆÒ¡íÒà¹Ô´â¤ÃâÁâ«ÁÃØˆ¹µˆÍä»ÍÂˆÒ§ÊÁºÙÃ³Œ
áµˆâ¤ÃâÁâ«ÁÃØˆ¹ãËÁˆ·Õèä´‰¹Õé ÂÑ§äÁˆÊÒÁÒÃ¶ãË‰¢‰ÍÁÙÅà¡ÕèÂÇ¡Ñº»’
ËÒ·ÕèàÃÒµ‰Í§¡ÒÃá¡‰ µ‰Í§·íÒ¡ÒÃ¶Í´ÃËÑÊ
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â¤ÃâÁâ«ÁàÊÕÂ¡̂Í¹ àÁ×èÍ·íÒ¡ÒÃ¶Í´ÃËÑÊÍÍ¡ÁÒà»“¹¤íÒµÍº·íÒãË‰·ÃÒº¶Ö§¤ˆÒ¤ÇÒÁàËÁÒÐÊÁ â´Â·Õè¤ˆÒ¤ÇÒÁ
àËÁÒÐÊÁ¹Õéà»“¹µÑÇÊÐ·‰Í¹¶Ö§¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ´íÒÃ§à¼ˆÒ¾Ñ¹¸ØŒ¢Í§â¤ÃâÁâ«ÁáµˆÅÐµÑÇ «Öè§¹íÒä»à»“¹à¡³±Œ
ã¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ¤Ñ´àÅ×Í¡¾Ñ¹¸ØŒÍÕ¡¤ÃÑé§ ¡ÒÃ´íÒà¹Ô¹¡ÒÃ·Ò§¾Ñ¹¸Ø¡ÃÃÁ´íÒÃ§à»“¹ÇÑ® Ñ̈¡Ãàª̂¹¹Õé¨¹¡ÃÐ·Ñè§ÊÍ´
¤Å‰Í§¡Ñºà§×èÍ¹ä¢ºÒ§ÍÂˆÒ§àªˆ¹ ÊÃ‰Ò§ í̈Ò¹Ç¹ÃØˆ¹ä´‰µÒÁ í̈Ò¹Ç¹·Õè¡íÒË¹´ËÃ×ÍÊ̂Ç¹àºÕèÂ§àº¹à©ÅÕèÂ¢Í§»ÃÐªÒ
¡ÃäÁ̂à¡Ô¹¢Íºà¢µ·Õè¡íÒË¹´ à»“¹µ‰¹

¡.6 ¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁ (Fitness function)

ã¹¡ÒÃ´íÒà¹Ô¹¡ÒÃàÅ×Í¡»ÃÐªÒ¡Ã¹Ñé¹ µ‰Í§àÅ×Í¡â¤ÃâÁâ«Á·ÕèÁÕá¹Çâ¹‰Áà»“¹¤íÒµÍº¢Í§»’
ËÒÁÒ¡
·ÕèÊØ´ ¡Å̂ÒÇ¤×ÍàÅ×Í¡â¤ÃâÁâ«Á·ÕèãË‰¤ˆÒ¤ÇÒÁàËÁÒÐÊÁÁÒ¡ â´Â¤ˆÒ¤ÇÒÁá¢ç§áÃ§à»“¹¤ˆÒ·Õèãª‰ªÕéÇÑ´¤ÇÒÁà¢‰Ò
ã¡Å‰¤íÒµÍº¢Í§»’
ËÒ ËÃ×Íà»“¹¤ˆÒªÕéÇÑ´¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ´íÒÃ§à¼ˆÒ¾Ñ¹¸ØŒ¢Í§â¤ÃâÁâ«Á¹Ñè¹àÍ§ ¤ˆÒ¤ÇÒÁ
àËÁÒÐÊÁ¤íÒ¹Ç¹ä´‰¨Ò¡¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁ «Öè§ÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÍÂˆÒ§Ë¹Öè§ÍÂˆÒ§ã´¡Ñº¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œ
(Objective function: �) ¢Öé¹ÍÂÙˆ¡ÑºáµˆÅÐ»’
ËÒ â´Â·ÑèÇä»ÁÑ¡à»“¹¤ÇÒÁÊÑÁ¾Ñ¹¸Œáºº¼¡¼Ñ¹à¹×èÍ§¨Ò¡ã¹»’
ËÒ
»¡µÔ¹Ñé¹µ‰Í§¡ÒÃËÒ¤ˆÒµíèÒÊØ´¢Í§¿’§¡ŒªÑ¹ Ø̈´»ÃÐÊ§¤Œ áµˆã¹¢Ñé¹µÍ¹ÇÔ¸Õ·Ò§¾Ñ¹¸Ø¡ÃÃÁãª‰¡ÒÃËÒ¤ˆÒÊÙ§·ÕèÊØ´¢Í§
¿’§¡ŒªÑ¹¤ÇÒÁàËÁÒÐÊÁ
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