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º··Õè 1

º·¹íÒ

1.1 ¤ÇÒÁà»“¹ÁÒ

»’¨ Ø̈ºÑ¹à·¤â¹âÅÂÕ¡ÒÃÊ×èÍÊÒÃäÃ‰ÊÒÂä´‰à¢‰ÒÁÒÁÕº·ºÒ·ÊíÒ¤Ñ­ã¹ªÕÇÔμ»ÃÐ í̈ÒÇÑ¹ à¹×èÍ§´‰ÇÂ¤ÇÒÁÊÐ´Ç¡
·Õèä´‰¨Ò¡¤ÇÒÁÂ×´ËÂØˆ¹¢Í§Ê¶Ò¹·Õèãª‰§Ò¹ áÅÐ¡ÒÃãª‰§Ò¹¢³Ðà¤Å×èÍ¹·Õè μÅÍ´¨¹¾×é¹·ÕèãË‰ºÃÔ¡ÒÃ·Õè¤ÃÍº
¤ÅØÁÍÂˆÒ§¡Ç‰Ò§¢ÇÒ§ ÂÔè§¡ÇˆÒ¹Ñé¹à·¤â¹âÅÂÕ¡ÒÃÊ×èÍÊÒÃáººäÃ‰ÊÒÂÂÑ§ä´‰ÃÑº¡ÒÃ¾Ñ²¹ÒÍÂˆÒ§μˆÍà¹×èÍ§ à¾×èÍãË‰
ÊÒÁÒÃ¶ÃÍ§ÃÑºÃÙ»áºº¢Í§ºÃÔ¡ÒÃ·ÕèËÅÒ¡ËÅÒÂ¾Ã‰ÍÁ·Ñé§»ÃÔÁÒ³·ÃÒ¿¿”¡·Õèà¾ÔèÁ¢Öé¹ã¹»’¨ Ø̈ºÑ¹áÅÐã¹Í¹Ò¤μ
ä´‰ÍÂˆÒ§ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ Ë¹Öè§ã¹à·¤â¹âÅÂÕ¡ÒÃÊ×èÍÊÒÃäÃ‰ÊÒÂ·Õèä´‰ÃÑº¤ÇÒÁ¹ÔÂÁÍÂ̂Ò§á¾ÃˆËÅÒÂã¹»’¨ Ø̈ºÑ¹¨¹
àÊÁ×Í¹à»“¹ÍÕ¡Ë¹Öè§»’¨ Ñ̈Âã¹¡ÒÃ´íÒÃ§ªÕÇÔμ¢Í§Á¹ØÉÂŒ ¤×Í¡ÒÃÊ×èÍÊÒÃ¼ˆÒ¹â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·Œà¤Å×èÍ¹·Õè à¹×èÍ§
¨Ò¡¤ÇÒÁÊÐ´Ç¡ã¹¡ÒÃãª‰§Ò¹ ¤ÇÒÁ¤ÃÍº¤ÅØÁ¢Í§ÊÑ­­Ò³à¤Ã×Í¢ˆÒÂ áÅÐÍÑμÃÒ¤ˆÒãª‰ºÃÔ¡ÒÃ·Õè¤¹·ÑèÇä»
à¢‰Ò¶Ö§ä´‰ ¨¹·íÒãË‰»ÃÔÁÒ³¼Ù‰ãª‰â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·Œà¤Å×èÍ¹·ÕèÁÕá¹Çâ¹‰Áà¾ÔèÁ¢Öé¹ÍÂˆÒ§μˆÍà¹×èÍ§ à¹×èÍ§´‰ÇÂàËμØ
¼Å´Ñ§¡Å̂ÒÇÂˆÍÁÊ̂§¼ÅãË‰»ÃÔÁÒ³·ÃÒ¿¿”¡·ÕèÊ×èÍÊÒÃº¹â¤Ã§¢̂ÒÂà¾ÔèÁ¢Öé¹´‰ÇÂàªˆ¹¡Ñ¹ ÍÂˆÒ§äÃ¡çμÒÁâ¤Ã§¢ˆÒÂ
â·ÃÈÑ¾·Œà¤Å×èÍ¹·Õè·ÕèãË‰ºÃÔ¡ÒÃÍÂÙˆ ³ »’¨ Ø̈ºÑ¹ÁÕ¢¹Ò´¤ÇÒÁ Ø̈ (capacity) ¨íÒ¡Ñ´ ´Ñ§¹Ñé¹¶‰ÒÁÕ¤ÇÒÁμ‰Í§¡ÒÃãª‰
â¤Ã§¢ˆÒÂÁÒ¡à¡Ô¹¡ÇˆÒ·Õè¢¹Ò´¤ÇÒÁ Ø̈¢Í§â¤Ã§¢ˆÒÂ¨ÐÊÒÁÒÃ¶ÃÍ§ÃÑºä´‰ ÂˆÍÁÊ̂§¼ÅãË‰â¤Ã§¢ˆÒÂäÁ̂ÊÒÁÒÃ¶
μÍºÊ¹Í§¡ÒÃãË‰ºÃÔ¡ÒÃä´‰ÍÂˆÒ§ÁÕ¤Ø³ÀÒ¾

¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ (Quality of Service, QoS) à»“¹μÑÇªÕéÇÑ´ÃÐ´Ñº¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃã¹â¤Ã§
¢ˆÒÂ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃä´‰ÃÑº «Öè§¶Ù¡¡íÒË¹´à»“¹¾ÒÃÒÁÔàμÍÃŒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ (QoS parameters) μÑÇÍÂˆÒ§
àªˆ¹ ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ (call blocking probability), ¡ÒÃ»ÃÐàÁÔ¹¤Ø³ÀÒ¾àÊÕÂ§¾Ù´·Õèä´‰ÃÑº
(Perceptual Evaluation of Speech Quality, PESQ), ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ¶Ù¡Â¡àÅÔ¡ (call dropping)

à»“¹μ‰¹ à¾×èÍáÊ´§¶Ö§»ÃÐÊÔ·¸ÔÀÒ¾¢Í§â¤Ã§¢ˆÒÂ·ÕèÃÍ§ÃÑº¡ÒÃãË‰ºÃÔ¡ÒÃ áÅÐãª‰à»“¹μÑÇ¡íÒË¹´ÁÒμÃ°Ò¹¢Ñé¹
μíèÒÊíÒËÃÑº¤ÇÒÁ¾Ö§¾Íã¨¢Í§¼Ù‰ãª‰ºÃÔ¡ÒÃμˆÍºÃÔ¡ÒÃ·Õèä´‰ÃÑº «Öè§¤ˆÒ´Ñ§¡Å̂ÒÇ¨Ð¶Ù¡ãª‰ã¹¡ÒÃ·íÒ¢‰Íμ¡Å§·Ò§¡ÒÃ
¤‰ÒÃÐËÇˆÒ§¼Ù‰ãª‰ºÃÔ¡ÒÃáÅÐ¼Ù‰ãË‰ºÃÔ¡ÒÃ (Service Level Agreement, SLA) à¾×èÍ¡íÒË¹´ÃÐ´Ñº¤Ø³ÀÒ¾¡ÒÃ
ãË‰ºÃÔ¡ÒÃ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃ¾Ö§ä´‰ÃÑº¨Ò¡¼Ù‰ãË‰ºÃÔ¡ÒÃ Ê̂§¼ÅãË‰ÁÕ¤ÇÒÁ í̈Òà»“¹·Õè¨Ðμ‰Í§ÁÕ¡ÒÃÇÑ´μÃÇ¨ÊÍº¤Ø³ÀÒ¾
¡ÒÃãË‰ºÃÔ¡ÒÃ áÅÐ¤Çº¤ØÁ¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃãË‰à»“¹ä»μÒÁà¡³±Œ·Õè¡íÒË¹´äÇ‰ÃÐËÇˆÒ§¼Ù‰ãË‰ºÃÔ¡ÒÃáÅÐ
¼Ù‰ãª‰ºÃÔ¡ÒÃ

¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ (call blocking probability) à»“¹Ë¹Öè§ã¹¾ÒÃÒÁÔàμÍÃŒ¤Ø³ÀÒ¾
¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÊ̂§¼Å¡ÃÐ·ºμˆÍ¤ÇÒÁ¾Ö§¾Íã¨¢Í§¼Ù‰ãª‰ºÃÔ¡ÒÃ·ÕèÁÕμˆÍºÃÔ¡ÒÃâ´ÂμÃ§ «Öè§áÊ´§¶Ö§âÍ¡ÒÊ·Õè¡ÒÃ
Ã‰Í§¢Íãª‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸ à¹×èÍ§¨Ò¡â¤Ã§¢̂ÒÂÁÕ¤ÇÒÁ Ø̈äÁˆà¾ÕÂ§¾Í·Õè¨ÐÃÍ§ÃÑº¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ´Ñ§¡Å̂ÒÇ
Ê̂§¼ÅãË‰¼Ù‰ãª‰ºÃÔ¡ÒÃäÁˆÊÒÁÒÃ¶ãª‰ºÃÔ¡ÒÃ´Ñ§¡Å̂ÒÇä´‰ §Ò¹ÇÔ¨ÑÂ·Õè¼ˆÒ¹ÁÒä´‰ÇÔà¤ÃÒÐËŒ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹ã¹¡ÒÃ
ÇÑ´¤ÇÒÁ¤Ñº¤Ñè§¢Í§¡ÒÃàÃÕÂ¡ (call congestion) ¢Í§¤ˆÒ·Õèä´‰¨Ò¡¡ÒÃÇÑ´¡Ñº¤ˆÒ·Ò§·ÄÉ®Õ â´Â§Ò¹
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ÇÔ¨ÑÂ [1] ä´‰·íÒ¡ÒÃÇÔà¤ÃÒÐËŒ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹º¹â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·ŒáººÍÂÙˆ¡Ñº·ÕèàÁ×èÍ·ÃÒ¿¿”¡¢Òà¢‰Òà»“¹
áººàÍ¡¾Ñ¹¸Œ (homogeneous input) áÅÐ§Ò¹ÇÔ¨ÑÂ [2] ·íÒ¡ÒÃÇÔà¤ÃÒÐËŒàÁ×èÍ·ÃÒ¿¿”¡¢Òà¢‰Òà»“¹áººÇÔÇÔ¸
¾Ñ¹¸ØŒ (heterogeneous input) º¹â¤Ã§¢ˆÒÂ ISDN áμˆ·ÇˆÒ§Ò¹ÇÔ¨ÑÂ·Ñé§ÊÍ§à»“¹¡ÒÃÇÔà¤ÃÒÐËŒ¤ÇÒÁ¤ÅÒ´
à¤Å×èÍ¹ÍÑ¹à¹ÕèÍ§ÁÒ¡¨Ò¡¡ÒÃÇÑ´·ÕèäÁˆÁÕ¡ÒÃÃº¡Ç¹ÃÐºº (non-intrusive measurement) «Öè§à»“¹¡ÒÃÇÔà¤ÃÒÐËŒ
¢‰ÍÁÙÅ·Ò§Ê¶ÔμÔ¨Ò¡ÍØ»¡Ã³ŒÀÒÂã¹â¤Ã§¢ˆÒÂ áÅÐÁÕ¤ÇÒÁ¨íÒà»“¹μ‰Í§·ÃÒº¢‰ÍÁÙÅÀÒÂã¹â¤Ã§¢ˆÒÂ àªˆ¹ ¤ÇÒÁ
¨Ø¢Í§â¤Ã§¢ˆÒÂ (capacity) áÅÐ»ÃÔÁÒ³·ÃÒ¿¿”¡·Õèμ‰Í§¡ÒÃãª‰â¤Ã§¢ˆÒÂ à»“¹μ‰¹ Ê̂§¼ÅãË‰ÊÒÁÒÃ¶·íÒä´‰ã¹
Ç§ í̈Ò¡Ñ´à©¾ÒÐà ‰̈Ò¢Í§â¤Ã§¢̂ÒÂáÅÐºÃÔ¡ÒÃà·̂Ò¹Ñé¹ ¡ÒÃÇÑ´ÍÕ¡ÃÙ»áººË¹Öè§·ÕèÁÕ¤ÇÒÁ¹ˆÒÊ¹ã¨¤×Í¡ÒÃÇÑ´áºº
ÁÕ¡ÒÃÃº¡Ç¹ (intrusive measurement) à¾ÃÒÐà»“¹¡ÒÃÇÑ´ÍÕ¡ÃÙ»áºº·ÕèäÁˆà©¾ÒÐà¨‰Ò¢Í§â¤Ã§¢̂ÒÂºÃÔ¡ÒÃà·̂Ò
¹Ñé¹·ÕèÊÒÁÒÃ¶·íÒä´‰ «Öè§¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹¹Õéà»“¹¡ÒÃÇÑ´¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¨Ò¡·ÃÒ¿¿”¡·ÕèÊÃ‰Ò§
¢Öé¹à¾×èÍ í̈ÒÅÍ§¡ÒÃãª‰§Ò¹¢Í§¼Ù‰ãª‰ºÃÔ¡ÒÃ·ÑèÇä» áÅÐà¹×èÍ§¨Ò¡ÁÕ¡ÒÃÊÃ‰Ò§·ÃÒ¿¿”¡Ê̂§¼ÅãË‰¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰
ºÃÔ¡ÒÃ·ÕèÇÑ´ä´‰ÁÕ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹

§Ò¹ÇÔ¨ÑÂ·ÕèÁÕ¤ÇÒÁà¡ÕèÂÇ¢‰Í§¡Ñº¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹ÁÕÇÑμ¶Ø»ÃÐÊ§¤Œ à¾×èÍ¾Ô¨ÒÃ³Ò¶Ö§¤ÇÒÁ¤ÅÒ´
à¤Å×èÍ¹ã¹¡ÒÃÇÑ´¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ áÅÐ¾Ñ²¹Ò»ÃÑº»ÃØ§à¾×èÍà¾ÔèÁ¤ÇÒÁáÁ̂¹ÂíÒã¹¡ÒÃÇÑ´ ã¹ÃÐ´Ñº
¢Í§á¾ç¤à¡çμº¹àÊ‰¹·Ò§¨Ò¡μ‰¹·Ò§¶Ö§»ÅÒÂ·Ò§ (end-to-end path) [3] áÅÐ [4], º¹â¤Ã§¢ˆÒÂËÅÑ¡
(core network) [5] º¹â¤Ã§ÊÃ‰Ò§¾×é¹°Ò¹ÊíÒËÃÑº·ÃÒ¿¿”¡áººÁÑÅμÔ¤ÒÊμŒ (multicast-based infrastruc-

ture) [6] áÅÐä´‰ÁÕ¤ÇÒÁ¾ÂÒÂÒÁ·Õè¨ÐÅ´¡ÒÃÃº¡Ç¹ÃÐººà¹×èÍ§¨Ò¡·ÃÒ¿¿”¡·ÕèÊÃ‰Ò§â´Âà¤Ã×èÍ§Á×ÍÇÑ´ â´Â
¡ÒÃ¾Ô¨ÒÃ³ÒμíÒáË¹ˆ§ã¹¡ÒÃμÔ´μÑé§à¤Ã×èÍ§Á×ÍÇÑ´ º¹â¤Ã§¢ˆÒÂ IP-telephony [7] ¹Í¡¨Ò¡¹Ñé¹§Ò¹ÇÔ¨ÑÂ
[3], [5] ä´‰áÊ´§¡ÒÃÇÔà¤ÃÒÐËŒàªÔ§¤³ÔμÈÒÊμÃŒ«Öè§ÊÒÁÒÃ¶Í¸ÔºÒÂ¶Ö§¡ÒÃ»ÃÐÁÒ³¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ
â´ÂÇÔ¸Õ¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹ÁÕ¡ÒÃ¾Ô¨ÒÃ³ÒàÊ¹ÍÇÔ¸Õ¡ÒÃ»ÃÐÁÒ³àÇÅÒ»ÃÐÇÔ§à©ÅÕèÂ (mean delay) â´Â
àÊ¹Í¡ÃÐºÇ¹¡ÒÃÇÑ´ãËÁˆ«Öè§à»“¹¡ÒÃÃÇÁ·Ñé§¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹áÅÐäÁ̂ÁÕ¡ÒÃÃº¡Ç¹ à¾×èÍÊÒÁÒÃ¶ÇÑ´
¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃμÒÁ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃáμˆÅÐÃÒÂ¨Ðä´‰ÃÑº¨ÃÔ§ äÁˆÇˆÒ¨Ðà»“¹ ¼Ù‰ãª‰·ÑèÇä» Í§¤Œ¡Ã ËÃ×ÍμÒÁáμˆ
ÅÐâ»Ãá¡ÃÁ»ÃÐÂØ¡μŒ (application) ä´‰ áÅÐ¡ÒÃ»ÃÐÁÒ³¤ˆÒàÇÅÒ»ÃÐÇÔ§à©ÅÕèÂ¢Í§á¾ç¤à¡çμá¶Ç¤ÍÂ (queue

packet) [5], [6] ä´‰ÁÕ¤ÇÒÁ¾ÂÒÂÒÁÇÔà¤ÃÒÐËŒ¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹à¾ÔèÁÁÒ¡¢Öé¹ â´Â¨ÐãË‰¤ÇÒÁÊ¹ã¨
¶Ö§¡ÒÃÇÑ´ã¹ÃÐ´Ñº¢Í§á¾ç¤à¡çμº¹àÊ‰¹·Ò§¨Ò¡μ‰¹·Ò§¶Ö§»ÅÒÂ·Ò§ º¹â¤Ã§¢ˆÒÂËÅÑ¡ áÅÐº¹â¤Ã§ÊÃ‰Ò§¾×é¹
°Ò¹ÊíÒËÃÑº·ÃÒ¿¿”¡áººÁÑÅμÔ¤ÒÊμŒ

§Ò¹ÇÔ¨ÑÂ·Õèä´‰¡Å̂Ò§¶Ö§ã¹¢‰Ò§μ‰¹ ÁÕ¡ÒÃÇÔà¤ÃÒÐËŒ¶Ö§¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹ã¹¡ÒÃÇÑ´¤ÇÒÁ¤Ñº¤Ñè§¢Í§¡ÒÃ
àÃÕÂ¡ ´‰ÇÂÇÔ¸Õ¡ÒÃÇÑ´áººäÁˆÁÕ¡ÒÃÃº¡Ç¹à·̂Ò¹Ñé¹ áÅÐ·Ñé§¹Õé¨Ðà»“¹»ÃÐâÂª¹ŒÍÂˆÒ§ÂÔè§ËÒ¡ ÁÕ¡ÒÃÈÖ¡ÉÒ
¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹ã¹¡ÒÃÇÑ´¤ˆÒ¤ÇÒÁ¤Ñº¤Ñè§¢Í§¡ÒÃàÃÕÂ¡´‰ÇÂÇÔ¸Õ¡ÒÃáººÁÕ¡ÒÃÃº¡Ç¹ ¾Ã‰ÍÁ·Ñé§ ·íÒ¡ÒÃ
ÇÔà¤ÃÒÐËŒà¾×èÍÅ´¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹·Õèà¡Ô´¢Öé¹ã¹¡ÒÃÇÑ´´‰ÇÂÇÔ¸ÕáººÁÕ¡ÒÃÃº¡Ç¹ ÇÔ·ÂÒ¹Ô¾¹¸Œ©ºÑº¹ÕéÁØˆ§ÈÖ¡ÉÒ
¡ÒÃÇÑ´¤ÇÒÁ¤Ñº¤Ñè§¢Í§¡ÒÃàÃÕÂ¡â´Âãª‰ÇÔ¸Õ¡ÒÃÇÑ´ ¾ÒÃÒÁÔàμÍÃŒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¤×Í ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè
¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ ¡ÒÃÈÖ¡ÉÒã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéÁØˆ§»ÃÑº»ÃØ§¤ÇÒÁ¶Ù¡μ‰Í§ã¹¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹ â´Âãª‰
ÇÔ¸Õ¡ÒÃ·Ò§¤³ÔμÈÒÊμÃŒ¾Ô¨ÒÃ³ÒËÒμÑÇ¤Ù³»ÃÑºá¡‰ (corrective factor) à¾×èÍá¡‰ä¢¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃ
àÃÕÂ¡¶Ù¡»¯ÔàÊ¸·ÕèÇÑ´ä´‰ãË‰ÁÕ¤ÇÒÁ¶Ù¡μ‰Í§ÁÒ¡ÂÔè§¢Öé¹
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1.2 ÇÑμ¶Ø»ÃÐÊ§¤Œ¢Í§ÇÔ·ÂÒ¹Ô¾¹¸Œ

à¾×èÍ»ÃÑº»ÃØ§ÇÔ¸ÕÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃº¹â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·Œà¤Å×èÍ¹·Õè«Öè§ä´‰¨Ò¡¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº
¡Ç¹ (intrusive measurement) â´Âãª‰ÇÔ¸Õ¡ÒÃ·Ò§¤³ÔμÈÒÊμÃŒ ã¹¡ÒÃ»ÃÑºá¡‰ãË‰¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÇÑ´
ä´‰ÁÕ¤ÇÒÁ¶Ù¡μ‰Í§ÂÔè§¢Öé¹

1.3 ¢Íºà¢μ¢Í§ÇÔ·ÂÒ¹Ô¾¹¸Œ

1. àÊ¹Í¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒ â´ÂÁÕÇÑμ¶Ø»ÃÐÊ§¤Œà¾×èÍÅ´¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹ã¹¡ÒÃÇÑ´¤ÇÒÁ¹ˆÒ
¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸´‰ÇÂÇÔ¸Õ¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹ ÍÍ¡ÁÒã¹ÃÙ»áºº¢Í§μÑÇ¤Ù³»ÃÑºá¡‰ ·Ñé§
ã¹¡Ã³Õ·ÕèÃÐººÁÕ áÅÐäÁˆÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ

2. à¢ÕÂ¹â»Ãá¡ÃÁ·íÒ¡ÒÃ í̈ÒÅÍ§ÃÐºº à¾×èÍ·´ÊÍº¶Ö§ÃÐÂÐàÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡º¹â¤Ã§¢ˆÒÂ
â·ÃÈÑ¾·Œà¤Å×èÍ¹·Õè «Öè§ÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§ μˆÍ¡ÒÃ¹íÒä»ãª‰¨ÃÔ§«Öè§ÁÕÃÐÂÐàÇÅÒ¡ÒÃãª‰
ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡º¹â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·Œà¤Å×èÍ¹·Õè «Öè§ÃÐÂÐàÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáºº
äÎà»ÍÃŒàÍÍÃŒáÅ§ áÅÐÅÑ¡É³Ð¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´·ÕèÁÕáººá¼¹¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ·Õè¡íÒË¹´
á¹ˆ¹Í¹ (deterministic) ÃÇÁ¶Ö§·íÒ¡ÒÃÇÔà¤ÃÒÐËŒ¼Å¡ÃÐ·º¨Ò¡¡ÒÃ·ÕèÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³
ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ ´‰ÇÂâ»Ãá¡ÃÁ í̈ÒÅÍ§ÃÐºº·Õè¾Ñ²¹Ò¢Öé¹

1.4 ¢Ñé¹μÍ¹¡ÒÃ í́Òà¹Ô¹§Ò¹

1. ÈÖ¡ÉÒ¤‰¹¤Ç‰Ò§Ò¹ÇÔ¨ÑÂ·Õèà¡ÕèÂÇ¢‰Í§ ¾Ã‰ÍÁ·Ñé§¤ÇÒÁÃÙ‰áÅÐ·ÄÉ®Õ¾×é¹°Ò¹·Õè¨íÒà»“¹μ‰Í§ãª‰

2. ·íÒ¡ÒÃÇÔà¤ÃÒÐËŒáÅÐ¡íÒË¹´ÃÙ»áºº¢Í§»’­ËÒ

3. ¾Ô¨ÒÃ³ÒËÒμÑÇ¤Ù³»ÃÑºá¡‰´‰ÇÂÇÔ¸Õ¡ÒÃ·Ò§¤³ÔμÈÒÊμÃŒ à¾×èÍ¹íÒÁÒ»ÃÑºá¡‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õèä´‰¨Ò¡
¡ÒÃÇÑ´ãË‰ÁÕ¤ÇÒÁ¶Ù¡μ‰Í§ÂÔè§¢Õé¹

4. à¢ÕÂ¹â»Ãá¡ÃÁ¤ÍÁ¾ÔÇàμÍÃŒ¨íÒÅÍ§ÃÐºº à¾×èÍ·ÕèÇÔà¤ÃÒÐËŒ¤ÇÒÁ¶Ù¡μ‰Í§ÍÑ¹à¹×èÍ§ÁÒ¨Ò¡¡ÒÃ»ÃÐÂØ¡μŒ
ãª‰μÑÇ¤Ù³»ÃÑºá¡‰

5. ÊÃØ»ÇÔà¤ÃÒÐËŒ¼Å·Õèä´‰ áÅÐÃÇºÃÇÁ¢‰ÍÁÙÅ·Ñé§ËÁ´¾Ã‰ÍÁ·Ñé§ Ñ̈´·íÒÇÔ·ÂÒ¹Ô¾¹¸Œ©ºÑºÊÁºÙÃ³Œ

1.5 »ÃÐâÂª¹Œ·Õè¤Ò´Ç̂Ò¨Ðä´‰ÃÑº

ä´‰¤ˆÒμÑÇ¤Ù³»ÃÑºá¡‰â´Â¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒ â´Â·ÕèÊÒÁÒÃ¶¹íÒä»»ÃÐÂØ¡μŒãª‰ã¹¡ÒÃ·´ÊÍº
¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¢³Ðà¤Å×èÍ¹·Õè«Öè§à»“¹Ë¹Öè§ã¹¡ÒÃÇÑ´áººÃº¡Ç¹ â´ÂÁÕÇÑμ¶Ø»ÃÐÊ§¤Œà¾×èÍ·íÒ¡ÒÃ»ÃÑº
á¡‰¤ˆÒ ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ ·Õèä´‰¨Ò¡¡ÒÃÇÑ´´‰ÇÂÇÔ¸Õ´Ñ§¡Å̂ÒÇ ÁÕ¤ˆÒ·Õè¶Ù¡μ‰Í§àÊÁ×Í¹ã¹¡Ã³Õ
·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´



º··Õè 2

·ÄÉ®ÕáÅÐ¤ÇÒÁÃÙ‰¾×é¹°Ò¹

2.1 ¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ

¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ (QoS measurement) à»“¹·Õè¹ÔÂÁ¡Ñ¹â´Â·ÑèÇä» â´ÂÁÕÇÑμ¶Ø»ÃÐÊ§¤Œà¾×èÍ
μÃÇ¨ÊÍº¤ÇÒÁ¾Ö§¾Íã¨¢Í§¼Ù‰ãª‰ºÃÔ¡ÒÃμˆÍºÃÔ¡ÒÃ·Õèä´‰ÃÑº áÅÐμÃÇ¨ÊÍºÇˆÒ¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃà»“¹ä»
μÒÁà¡³±Œ·Õèä´‰¡íÒË¹´äÇ‰ËÃ×ÍäÁˆ «Öè§¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃÊÒÁÒÃ¶áº̂§ÍÍ¡ä´‰ 2 »ÃÐàÀ· [8], [9]

´Ñ§ÃÙ»·Õè 2.1

ÃÙ»·Õè 2.1: ¡ÒÃáº̂§»ÃÐàÀ·¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ

1. ¡ÒÃÇÑ´àªÔ§¹ÒÁ¸ÃÃÁ (subjective measurement) à»“¹¡ÒÃ»ÃÐàÁÔ¹àªÔ§ Ô̈μÇÔ·ÂÒ¶Ö§¤ÇÒÁ¤Ò´ËÇÑ§¢Í§¼Ù‰
ãª‰ºÃÔ¡ÒÃμˆÍºÃÔ¡ÒÃ·Õèä´‰ÃÑºáÅÐ¤ÇÒÁ¾Ö§¾Íã¨ã¹¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·Õè¼Ù‰ãª‰ä´‰ÃÑº à¾×èÍãË‰ÊÒÁÒÃ¶ÇÑ´
áÅÐà»ÃÕÂºà·ÕÂºä´‰ ¡ÒÃÍÍ¡ÊíÒÃÇ¨à¾×èÍÃÑº¤ÇÒÁ¤Ô´àËç¹áÅÐ¤ÇÒÁ¾Ö§¾Íã¨¢Í§¡ÒÃãª‰ºÃÔ¡ÒÃ â´Â
ÍÒ¨μ‰Í§ÍÒÈÑÂμÑÇªÕéÇÑ´·ÕèÊÒÁÒÃ¶ªˆÇÂ»ÃÐàÁÔ¹¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃã¹àªÔ§»ÃÔÁÒ³ àªˆ¹ Mean

Opinion Score (MOS)

2. ¡ÒÃÇÑ´àªÔ§ÇÑμ¶ØÇÔÊÑÂ (objective measurement) à»“¹¡ÒÃ»ÃÐàÁÔ¹¶Ö§»ÃÐÊÔ·¸ÔÀÒ¾¢Í§â¤Ã§¢̂ÒÂ·ÕèÃÍ§
ÃÑººÃÔ¡ÒÃàËÅ̂Ò¹Ñé¹â´ÂÍÒÈÑÂ¾ÒÃÒÁÔàμÍÃŒ¢Í§â¤Ã§¢ˆÒÂ·Õèà©¾ÒÐà¨ÒÐ¨§ «Öè§áÊ´§¤Ø³ÅÑ¡É³Ð¢Í§â¤Ã§
¢ˆÒÂ·Õèáμ¡μˆÒ§¡Ñ¹ÍÍ¡ä»àªˆ¹ ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸, ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ
¶Ù¡Â¡àÅÔ¡ ËÃ×Í ÃÐÂÐàÇÅÒã¹¡ÒÃàª×èÍÁμˆÍ¡ÒÃàÃÕÂ¡ (call setup time) à»“¹μ‰¹ «Öè§ÊÒÁÒÃ¶
·íÒ¡ÒÃÇÑ´ã¹àªÔ§»ÃÔÁÒ³â´Âà¤Ã×èÍ§Á×ÍÇÑ´·ÕèàËÁÒÐÊÁ áÅÐ¡ÒÃÇÑ´áºº¹ÕéÊÒÁÒÃ¶·íÒä´‰º¹·ÃÒ¿¿”¡¨ÃÔ§
ËÃ×Íº¹·ÃÒ¿¿”¡·ÕèÁÕ¡ÒÃÊÃ‰Ò§¢Öé¹ «Öè§¡ÒÃÇÑ´áººÇÑμ¶ØÇÔÊÑÂÊÒÁÒÃ¶áº̂§ÍÍ¡à»“¹ 2 ª¹Ô´ ä´‰á¡̂
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� ¡ÒÃÇÑ´áººäÁˆÃº¡Ç¹ (non-intrusive measurement) ËÃ×ÍÍÒ¨¶Ù¡àÃÕÂ¡ÇˆÒ¡ÒÃÇÑ´áºº¾ÒÊ«Õ¾
(passive measurement) μÒÁÅÑ¡É³Ð¢Í§ÍØ»¡Ã³ŒμÃÇ¨ÇÑ´ (probe) ·ÕèäÁˆÁÕ¡ÒÃÊÃ‰Ò§·ÃÒ¿¿”¡à¢‰Ò
ÊÙˆÃÐºº ¡ÒÃÇÑ´áºº¹Õé¨Ð·íÒ¡ÒÃÇÑ´º¹·ÃÒ¿¿”¡¨ÃÔ§¢Í§¼Ù‰ãª‰ºÃÔ¡ÒÃ â´ÂÁÕ¡ÒÃ¹íÒÍØ»¡Ã³Œä»
μÔ´μÑé§à¾ÔèÁàμÔÁã¹â¤Ã§¢ˆÒÂ ³ Ø̈´àª×èÍÁμˆÍÃÐËÇˆÒ§â¤Ã§¢̂ÒÂÂˆÍÂã¹â¤Ã§¢ˆÒÂ ËÃ×Í¨Ø´ÃÇÁ
¢Í§·ÃÒ¿¿”¡ã¹â¤Ã§¢ˆÒÂ àªˆ¹ à¡μàÇÂŒÃÐËÇˆÒ§»ÃÐà·È (international gateway) â´Â·ÕèÍØ»¡Ã³Œ´Ñ§
¡Å̂ÒÇμ‰Í§äÁˆà¢‰Òä»á·Ã¡á·Ã§ËÃ×ÍÃº¡Ç¹·ÃÒ¿¿”¡áÅÐà¤Ã×èÍ§Á×Íã´æ¢Í§¼Ù‰ãª‰ºÃÔ¡ÒÃã¹â¤Ã§¢ˆÒÂ
ËÃ×ÍÊÒÁÒÃ¶·íÒâ´Â¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§Ê¶ÔμÔ¨Ò¡¢‰ÍÁÙÅ¢Í§ÍØ»¡Ã³Œã¹â¤Ã§¢ˆÒÂ à¾×èÍÇÔà¤ÃÒÐËŒ¤ˆÒ
¾ÒÃÒÁÔàμÍÃŒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·Õèμ‰Í§¡ÒÃ à¹×èÍ§¨Ò¡ÁÕ¤ÇÒÁ¨íÒà»“¹μ‰Í§μÔ´μÑé§ÍØ»¡Ã³ŒÀÒÂã¹
â¤Ã§¢ˆÒÂËÃ×ÍÍÒÈÑÂ¢‰ÍÁÙÅ¨Ò¡ÀÒÂã¹â¤Ã§¢ˆÒÂÁÒ·íÒ¡ÒÃÇÔà¤ÃÒÐËŒ¹ÕéàÍ§ Ê̂§¼ÅãË‰¼Ù‰·ÕèÊÒÁÒÃ¶·íÒ
¡ÒÃÇÑ´´‰ÇÂÇÔ¸Õ¹Õéä´‰¨ÐÍÂÙˆã¹Ç§ í̈Ò¡Ñ´à©¾ÒÐà ‰̈Ò¢Í§â¤Ã§¢̂ÒÂáÅÐºÃÔ¡ÒÃ [10] ËÃ×Í¼Ù‰ä´‰ÃÑºÍ¹Ø­Òμ
¨Ò¡à ‰̈Ò¢Í§â¤Ã§¢̂ÒÂáÅÐºÃÔ¡ÒÃà·̂Ò¹Ñé¹

� ¡ÒÃÇÑ´áººÃº¡Ç¹ (intrusive measurement) ËÃ×ÍÍÒ¨¶Ù¡àÃÕÂ¡ÇˆÒ¡ÒÃÇÑ´áººáÍç¤·Õ¿ (ac-

tive measurement) μÒÁÅÑ¡É³Ð¡ÒÃ·íÒ§Ò¹¢Í§ÍØ»¡Ã³ŒμÃÇ¨ÇÑ´·ÕèÁÕ¡ÒÃÊÃ‰Ò§·ÃÒ¿¿”¡à¢‰ÒÊÙˆ
ÃÐºº ¡ÒÃÇÑ´áºº¹Õé¨Ð·íÒ¡ÒÃÇÔà¤ÃÒÐËŒº¹·ÃÒ¿¿”¡àÊÁ×Í¹·Õè¶Ù¡ÊÃ‰Ò§¢Öé¹ (artificially gen-

erated traffic) Ê̂§¼ÅãË‰ÊÒÁÒÃ¶ÇÑ´¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃä´‰àËÁ×Í¹¡Ñº·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃä´‰ÃÑº
¨ÃÔ§ áÅÐÂÑ§ÊÒÁÒÃ¶·íÒ¡ÒÃÇÑ´¾ÒÃÒÁÔàμÍÃŒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèËÅÒ¡ËÅÒÂ à¾ÃÒÐÊÒÁÒÃ¶
»ÃÑºà»ÅÕèÂ¹·ÃÒ¿¿”¡·ÕèÊÃ‰Ò§¢Öé¹ãË‰àËÁÒÐÊÁ¡Ñº¾ÒÃÒÁÔàμÍÃŒ·Õèμ‰Í§¡ÒÃÇÑ´ä´‰ ´Ñ§¹Ñé¹¾ÒÃÒÁÔàμÍÃŒ
º¹â¤Ã§¢ˆÒÂÊ̂Ç¹ãË­̂ÊÒÁÒÃ¶·íÒ¡ÒÃÇÑ´´‰ÇÂÇÔ¸Õ¹Õéä´‰ ¡ÒÃÇÑ´´‰ÇÂÇÔ¸Õ¡ÒÃ¹ÕéäÁˆÁÕ¤ÇÒÁ í̈Òà»“¹μ‰Í§
μÔ´μÑé§ÍØ»¡Ã³Œà¾ÔèÁàμÔÁËÃ×ÍÍÒÈÑÂ¢‰ÍÁÙÅÀÒÂã¹â¤Ã§¢ˆÒÂ«Öè§Ê̂§¼ÅãË‰äÁˆÇˆÒ ¼Ù‰ãË‰ºÃÔ¡ÒÃ ¼Ù‰ÃÑº
ºÃÔ¡ÒÃ ËÃ×Í¼Ù‰¡íÒ¡Ñº´ÙáÅ¡çÊÒÁÒÃ¶´íÒà¹Ô¹¡ÒÃä´‰ áμˆ·ÇˆÒà¹×èÍ§¨Ò¡ÁÕ¡ÒÃÊÃ‰Ò§·ÃÒ¿¿”¡à¢‰ÒÊÙˆ
ÃÐºº ÂˆÍÁÍÒ¨Ê̂§¼ÅãË‰¤ˆÒ¾ÒÃÒÁÔàμÍÃŒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÇÑ´ä´‰ ÁÕ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹ä»
¨Ò¡ÃÐ´Ñº¤Ø³ÀÒ¾ºÃÔ¡ÒÃ·Õè¼Ù‰ãª‰μÒÁ»¡μÔ¨Ðä´‰ÃÑº

2.2 ¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¢³Ðà¤Å×èÍ¹·Õè

¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¢³Ðà¤Å×èÍ¹·Õè (drive-test) à»“¹Ë¹Öè§ã¹¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹ÃÐºº ·Õè
ä´‰ÃÑº¤ÇÒÁ¹ÔÂÁÍÂ̂Ò§ÊÙ§ã¹»’¨ Ø̈ºÑ¹ [11] - [12] â´ÂÁÕÇÑμ¶Ø»ÃÐÊ§¤Œà¾×èÍÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¢Í§ºÃÔ¡ÒÃ
·Ò§àÊÕÂ§¼ˆÒ¹â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·Œà¤Å×èÍ¹·ÕèμÒÁ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃä´‰ÃÑºã¹Ê¶Ò¹·ÕèáÅÐàÇÅÒ·Õèà©¾ÒÐà¨ÒÐ¨§ ¡ÒÃÇÑ´
áºº¹ÕéÊÒÁÒÃ¶·íÒä´‰â´Â ¡ÒÃ¢ÑºÂÒ¹¾ÒË¹Ð·Õè·íÒ¡ÒÃμÔ´μÑé§à¤Ã×èÍ§Á×ÍÇÑ´ áÅÐÃÐºººÍ¡μíÒáË¹ˆ§º¹¾×é¹
¼ÔÇâÅ¡ (Global Positioning System, GPS) à¾×èÍãª‰ã¹¡ÒÃÃÐºØμíÒáË¹ˆ§·Õè·íÒ¡ÒÃÇÑ´ áÅÐã¹ÃÐËÇˆÒ§
·ÕèÂÒ¹¾ÒË¹Ðà¤Å×èÍ¹·Õè à¤Ã×èÍ§Á×ÍÇÑ´¨Ð·íÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ·Ò§àÊÕÂ§¼ˆÒ¹â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·Œà¤Å×èÍ¹·Õèä»
ÂÑ§â·ÃÈÑ¾·Œ¾×é¹°Ò¹áººÍÂÙˆ¡Ñº·Õè«Öè§ Ñ̈´àμÃÕÂÁäÇ‰à©¾ÒÐÊíÒËÃÑº¡ÒÃÇÑ´ [13] ´Ñ§ÃÙ»·Õè 2.2

¨Ò¡¹Ñé¹ÍØ»¡Ã³ŒÇÑ´¨ÐºÑ¹·Ö¡¾ÒÃÒÁÔàμÍÃŒ·Õèä´‰ÃÑº¨Ò¡ãË‰ºÃÔ¡ÒÃ¨Ò¡ÃÐºº àª̂¹ í̈Ò¹Ç¹¤ÃÑé§·ÕèàÃÕÂ¡
ÊíÒàÃç¨ (successful calls) ¨íÒ¹Ç¹¤ÃÑé§·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ (blocked calls) ¨íÒ¹Ç¹¤ÃÑé§·Õè¡ÒÃãË‰
ºÃÔ¡ÒÃ¶Ù¡Â¡àÅÔ¡ (dropped calls) ¤ÇÒÁáÃ§¢Í§ÊÑ­­Ò³ ÃÇÁ¶Ö§ÁÕ¡ÒÃà»ÃÕÂºà·ÕÂº¤Ø³ÀÒ¾àÊÕÂ§·Õèä´‰
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ÃÙ»·Õè 2.2: ¡ÒÃ·´ÊÍº¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¢³Ðà¤Å×èÍ¹·Õèº¹â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·Œà¤Å×èÍ¹·Õè

ÃÑº¨Ò¡ºÃÔ¡ÒÃà·ÕÂº¡Ñº¤Ø³ÀÒ¾àÊÕÂ§μ‰¹©ºÑº ¨Ò¡¹Ñé¹à¤Ã×èÍ§Á×ÍÇÑ´¨Ð·íÒ¡ÒÃÊ̂§¢‰ÍÁÙÅàËÅ̂Ò¹Õé ¼ˆÒ¹â¤Ã§¢ˆÒÂ
â·ÃÈÑ¾·Œà¤Å×èÍ¹·Õèã¹ÃÙ»áºº¢Í§¢‰ÍÁÙÅä»ÂÑ§à¤Ã×èÍ§ºÃÔ¡ÒÃ (server) «Öè§·íÒ§Ò¹´‰Ò¹¡ÒÃÇÔà¤ÃÒÐËŒ¢‰ÍÁÙÅà¾×èÍ
ÃÇºÃÇÁ áÅÐ¹íÒàÊ¹Í¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃÍÍ¡ÁÒã¹àªÔ§»ÃÔÁÒ³

¡ÒÃÇÑ´áºº¹Õéà»“¹¡ÒÃÇÑ´ã¹ÃÐ´Ñº¢Í§¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ «Öè§ÊÒÁÒÃ¶¹íÒä»ãª‰ä´‰¡Ñºâ·ÃÈÑ¾·Œà¤Å×èÍ¹
·Õè·Ø¡ÂØ¤ ËÃ×Íã¹à·¤â¹âÅÂÕäÃ‰ÊÒÂÍ×è¹ æ ·ÕèÍÂÙˆã¹ÃÐ´Ñº¢Í§¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ´‰Ò¹àÊÕÂ§ μÑÇÍÂˆÒ§¾ÒÃÒÁÔàμÍÃŒ
¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ ·ÕèÊÒÁÒÃ¶·íÒ¡ÒÃÇÑ´ä´‰â´Â¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¢³Ðà¤Å×èÍ¹·ÕèÁÕ´Ñ§¹Õé

� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ (call blocking probability) ËÁÒÂ¶Ö§ âÍ¡ÒÊ·Õè¡ÒÃàÃÕÂ¡¢Íãª‰
ºÃÔ¡ÒÃ¨Ð¶Ù¡»¯ÔàÊ¸ «Öè§ÊÒÁÒÃ¶ÇÑ´áÅÐ¤íÒ¹Ç³ä´‰â´Â ÍÑμÃÒÊ̂Ç¹ÃÐËÇˆÒ§ í̈Ò¹Ç¹¤ÃÑé§·Õè¶Ù¡»¯ÔàÊ¸¡ÒÃ
ãË‰ºÃÔ¡ÒÃμˆÍ í̈Ò¹Ç¹¤ÃÑé§¡ÒÃ¢Íãª‰ºÃÔ¡ÒÃ·Ñé§ËÁ´

� ¡ÒÃ»ÃÐàÁÔ¹¤Ø³ÀÒ¾àÊÕÂ§¾Ù´·Õèä´‰ÃÑº (Perceptual Evaluation of Speech Quality, PESQ) ÊÒÁÒÃ¶
ÇÑ´ä´‰â´Â¡ÒÃà»ÃÕÂºà·ÕÂº¤Ø³ÀÒ¾àÊÕÂ§μ‰¹©ºÑº¡Ñº¤Ø³ÀÒ¾àÊÕÂ§·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃä´‰ÃÑº â´Â¾Ô¨ÒÃ³Ò¶Ö§
¤Ø³ÀÒ¾¢Í§àÊÕÂ§·ÕèÅ´Å§à»“¹ÊíÒ¤Ñ­ â´ÂÍÒ¨¨Ð´‰ÇÂËÅÒ¡ËÅÒÂÊÒàËμØ àªˆ¹ àÇÅÒ»ÃÐÇÔ§ (delay)

¤ÇÒÁà»ÅÕèÂ¹á»Å§¢Í§àÇÅÒ»ÃÐÇÔ§ (jitter) ËÃ×ÍàÊÕÂ§Ãº¡Ç¹ (noise) à»“¹μ‰¹

� ÃÐÂÐàÇÅÒã¹¡ÒÃàª×èÍÁμˆÍ¡ÒÃàÃÕÂ¡ (call setup time) ËÁÒÂ¶Ö§ ÃÐÂÐàÇÅÒμÑé§áμˆ·íÒ¡ÒÃàÃÕÂ¡¢Íãª‰
ºÃÔ¡ÒÃ¨¹ä´‰ÃÑººÃÔ¡ÒÃ

� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ¶Ù¡Â¡àÅÔ¡ (call dropping probability) ËÁÒÂ¶Ö§ ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃ
ãª‰ºÃÔ¡ÒÃ¨ÐÊÔé¹ÊØ´Å§ÍÑ¹à¹ÕèÍ§ÁÒ¨Ò¡¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁà«ÅÅŒÂˆÍÂã¹â¤Ã§¢ˆÒÂ

� ¤ÇÒÁáÃ§¢Í§ÊÑ­­Ò³ (signal strength) à»“¹¾ÒÃÒÁÔàμÍÃŒ·ÕèáÊ´§¶Ö§»ÃÐÊÔ·¸ÔÀÒ¾¢Í§â¤Ã§¢ˆÒÂ ã¹
ÃÐ´Ñº¡ÒÂÀÒ¾â´ÂËÁÒÂ¶Ö§ÃÐ´Ñº¢Í§ÊÑ­­Ò³·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃ¨Ðä´‰ÃÑº
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2.3 ÇÔ¸Õ¡ÒÃÇÔà¤ÃÒÐËŒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡» Ô̄àÊ¸
2.3.1 ÊÙμÃ¢Í§àÍÍÃŒáÅ§

ã¹·Ò§ÇÔÈÇ¡ÃÃÁ·ÃÒ¿¿”¡â·Ã¤Á¹Ò¤Á ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ ¶×Íä´‰ÇˆÒà»“¹¾ÒÃÒ
ÁÔàμÍÃŒ·Õèãª‰ªÕéÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÊíÒ¤Ñ­ â´Âà©¾ÒÐã¹ÃÐºº·Õèâ¤Ã§ÊÃ‰Ò§ÊÒÁÒÃ¶μÑ´ÊÔ¹ã¨μÍºÃÑºËÃ×Í
»¯ÔàÊ¸¡ÒÃàÃÕÂ¡μÒÁà§×èÍ¹ä¢¢Í§ÃÐºº·ÕèÁÕ¤ÇÒÁ Ø̈¨íÒ¡Ñ´ ã¹·Ò§·ÄÉ®Õ¡ÒÃ¤íÒ¹Ç³¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡
¶Ù¡»¯ÔàÊ¸¹Ñé¹ÊÒÁÒÃ¶·íÒä´‰â´Â ÊÙμÃ¢Í§àÍÍÃŒáÅ§ (Erlang’s loss formula) ´Ñ§ÊÃØ»ÃÐºº·Õè¾Ô¨ÒÃ³Òä´‰ã¹
ÃÙ»·Õè 2.3 ÃÐººÍ‰Ò§ÍÔ§ã¹·Õè¹Õé»ÃÐ¡Íº´‰ÇÂÊÇÔμªŒË¹Öè§μÑÇ·íÒË¹‰Ò·ÕèμÍºÃÑºËÃ×Í» Ô̄àÊ¸¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ
¢Í§·ÃÒ¿¿”¡¨Ò¡¼Ù‰ãª‰ «Öè§μ‰Í§¡ÒÃàª×èÍÁμˆÍà¢‰ÒÊÙˆâ¤Ã§¢ˆÒÂ·ÕèÁÕ¤ÇÒÁ Ø̈¢Í§ÊÑ­­Ò³ í̈Ò¡Ñ´ ·Ñé§¹Õé·ÃÒ¿¿”¡·Õè·íÒ
¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¨Ð¶Ù¡»¯ÔàÊ¸¡ÒÃà¢‰Òãª‰â¤Ã§¢ˆÒÂ¡çμˆÍàÁ×èÍªˆÍ§ÊÑ­­Ò³ã¹â¤Ã§¢ˆÒÂ¶Ù¡ãª‰àμçÁ

ÃÙ»·Õè 2.3: ÃÐººÍ‰Ò§ÍÔ§ÊíÒËÃÑºÃÐºº·ÕèÁÕ¤ÇÒÁ Ø̈¨íÒ¡Ñ´áÅÐäÁˆÁÕºÑ¿à¿ÍÃŒ

ÊÙμÃ¢Í§àÍÍÃŒáÅ§ÁÕ¾×é¹°Ò¹¡ÒÃÇÔà¤ÃÒÐËŒâ´Âãª‰ Continuous Time Markov Chain (CTMC) «Öè§ÁÕ¡ÒÃ
¡íÒË¹´ãË‰»ÃÔÁÒ³·ÃÒ¿¿”¡ ·ÕèÁÕ¤ÇÒÁμ‰Í§¡ÒÃà¢‰Òãª‰â¤Ã§¢ˆÒÂÁÕ¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§
(Poisson distribution process) ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍ¨ÐÁÕÃÐÂÐàÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ (holding time) ·ÕèÁÕ
¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§ (exponential) ÊÑ­¡Ã³Œ (notations) ·ÕèÊíÒ¤Ñ­ÊíÒËÃÑº¡ÒÃÇÔà¤ÃÒÐËŒÁÕ´Ñ§μˆÍ
ä»¹Õé

� � ���»ÃÔÁÒ³·ÃÒ¿¿”¡·Õèμ‰Í§¡ÒÃãª‰ÃÐºº (àÍÍÃŒáÅ§)
� ÍÑμÃÒ¡ÒÃà¢‰ÒÁÒ¢Íãª‰ÃÐºº
��� ÃÐÂÐàÇÅÒ¡ÒÃ¢Íãª‰ºÃÔ¡ÒÃà©ÅÕèÂ
���� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆ·ÕèÊ¶Ò¹Ð � ·ÕèÊÀÒÇÐÍÂÙˆμÑÇ (steady state)

� ¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³·Õè¡íÒÅÑ§¶Ù¡ãª‰
� ¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³·Ñé§ËÁ´¢Í§ÃÐºº
� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸

¨Ò¡ÃÐººÍ‰Ò§ÍÔ§ÊÒÁÒÃ¶¾Ô¨ÒÃ³Òá¼¹ÀÒ¾Ê¶Ò¹Ð (state diagram) ä´‰´Ñ§ÃÙ»·Õè 2.4 â´ÂÁÕ¹ÔÂÒÁÇˆÒÃÐººÍÂÙˆ
ã¹Ê¶Ò¹Ð � ÊíÒËÃÑº¤ˆÒ � � �	 �	 
 
 
 	 � àÁ×èÍÁÕªˆÍ§ÊÑ­­Ò³ � ªˆÍ§ÊÑ­­Ò³¡íÒÅÑ§¶Ù¡ãª‰§Ò¹ ¨Ò¡ÃÙ»·Õè
2.4 ÊÒÁÒÃ¶¾Ô¨ÒÃ³ÒËÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆ·ÕèÊ¶Ò¹Ðã´æ ´‰ÇÂ local balance equation «Öè§¨Ðä´‰ÇˆÒ
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ÃÙ»·Õè 2.4: á¼¹ÀÒ¾áÊ´§Ê¶Ò¹Ð¢Í§ÃÐºº·ÕèÁÕ¤ÇÒÁ Ø̈¨íÒ¡Ñ´áÅÐäÁˆÁÕºÑ¿à¿ÍÃŒ

¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆ·ÕèÊ¶Ò¹Ð � (¹Ñè¹¤×Í ÁÕ¼Ù‰ãª‰ � ¤¹ ÍÂÙˆã¹ÃÐºº) ÊÒÁÒÃ¶¤íÒ¹Ç³ä´‰¨Ò¡ [14]

���� �

��

��
��
���

��

��

áÅÐàÁ×èÍÃÐººÍÂÙˆ·ÕèÊ¶Ò¹Ð ��� ¨Ðä´‰

���� �

��

� �
��
���

��

��

¾ºÇˆÒÃÐººÍÂÙˆã¹Ê¶Ò¹ÐÍÔèÁμÑÇ äÁˆÊÒÁÒÃ¶ÃÍ§ÃÑº¡ÒÃ¢Íãª‰ºÃÔ¡ÒÃä´‰ÍÕ¡ ¨¹¡ÃÐ·Ñè§ÁÕ·ÃÒ¿¿”¡ÍÍ¡¨Ò¡
ÃÐºº ËÃ×ÍÊÔé¹ÊØ´¡ÒÃãª‰ºÃÔ¡ÒÃ

2.3.2 ¤ÇÒÁ¤Ñº¤Ñè§àªÔ§àÇÅÒáÅÐ¤ÇÒÁ¤Ñº¤Ñè§àªÔ§¡ÒÃàÃÕÂ¡

¨Ò¡ÊÙμÃ¢Í§àÍÍÃŒáÅ§ ���� ¤×Í¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèàÁ×èÍ·íÒ¡ÒÃÊíÒÃÇ¨ªˆÍ§ÊÑ­­Ò³ ³ àÇÅÒã´æ
¾ºÇˆÒªˆÍ§ÊÑ­­Ò³¹Ñé¹ÍÂÙˆã¹ÊÀÒÇÐÍÔèÁμÑÇ (saturation) à¹×èÍ§¨Ò¡ÁÕ¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³àμçÁ¤ÇÒÁ Ø̈·ÕèÁÕ Ê̂§
¼ÅãË‰äÁˆÊÒÁÒÃ¶ÃÍ§ÃÑº¡ÒÃãª‰ºÃÔ¡ÒÃä´‰ÍÕ¡ áÅÐ¨Ò¡¤Ø³ÊÁºÑμÔàÍÍÃŒâ¡´Ô¡ (ergodic property) «Öè§¨Ðä´‰ÇˆÒ
���� à»“¹ÊÑ´Ê̂Ç¹¢Í§àÇÅÒ·ÕèªˆÍ§ÊÑ­­Ò³¨ÐÍÂÙˆã¹Ê¶Ò¹ÐÍÔèÁμÑÇ ´Ñ§¹Ñé¹ ���� ¤×Í¤ÇÒÁ¤Ñº¤Ñè§àªÔ§àÇÅÒ (time

congestion, �� )

áμˆâ´Â·ÑèÇä»áÅ‰Çã¹·Ò§»¯ÔºÑμÔ¤ÇÒÁ¤Ñº¤Ñè§àªÔ§¡ÒÃàÃÕÂ¡ (call congestion, ��) ËÃ×ÍÍÑμÃÒ
Ê̂Ç¹¢Í§¡ÒÃàÃÕÂ¡·ÕèäÁˆÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃä´‰à¹×èÍ§¨Ò¡ÃÐººÍÂÙˆã¹Ê¶Ò¹ÐÍÔèÁμÑÇ μˆÍ¡ÒÃ¨íÒ¹Ç¹¡ÒÃàÃÕÂ¡
ãª‰¡ÒÃ·Ñé§ËÁ´ «Öè§¤ˆÒ´Ñ§¡Å̂ÒÇä´‰ÃÑº¤ÇÒÁÊ¹ã¨¨Ò¡·Ñé§¼Ù‰ãË‰ºÃÔ¡ÒÃ ¼Ù‰¡íÒ¡Ñº´ÙáÅ áÅÐ¼Ù‰ãª‰ºÃÔ¡ÒÃÁÒ¡¡ÇˆÒ
¤ÇÒÁ¤Ñº¤Ñè§àªÔ§àÇÅÒ àÁ×èÍ·ÃÒ¿¿”¡·Õèà¢‰ÒÁÒ¢Íãª‰ºÃÔ¡ÒÃ·ÕèÁÕÅÑ¡É³Ðà»“¹»’ÇÊŒ«§ «Öè§ÅÑ¡É³Ð·ÕèÊíÒ¤Ñ­¢Í§¡ÒÃ
àÃÕÂ¡ãª‰ºÃÔ¡ÒÃáºº»’ÇÊŒ«§¤×Í ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¹Ñé¹äÁˆ¢Öé¹¡ÑºÊ¶Ò¹Ð¢Í§ªˆÍ§ÊÑ­­Ò³ ´Ñ§¹Ñé¹¨Ðä´‰ÇˆÒ
àÁ×èÍ¾Ô¨ÒÃ³Ò¤ÇÒÁ¤Ñº¤Ñè§àªÔ§àÇÅÒ

�� �
�����

�

������
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àÁ×èÍ � ÁÕ¤ˆÒÁÒ¡
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�����
(2.1)

(2.2)

áÅÐàÁ×èÍ � �� �

�
�����
�

����

�

��

� �
��
���

��

��

� �
��

��
� 


�

����

�� � ���
�

��

� �
��
���

��

��

�

��

� �
��
���

��

��

´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÊÃØ»ä´‰ÇˆÒ
���� � �� � ��

2.4 ¡ÒÃ¡Ñ¹ª̂Í§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ

â´Â·ÑèÇä»áÅ‰Çà¾×èÍãË‰ÊÒÁÒÃ¶¤ÃÍº¤ÅØÁ¾×é¹·ÕèãË‰ºÃÔ¡ÒÃä´‰ÍÂˆÒ§¡Ç‰Ò§¢ÇÒ§áÅÐ·ÑèÇ¶Ö§ ´Ñ§¹Ñé¹â¤Ã§¢ˆÒÂ
â·ÃÈÑ¾·Œà¤Å×èÍ¹·Õè¨Ð¶Ù¡áº̂§ÍÍ¡à»“¹à«ÅÅŒÂˆÍÂ æ â´Â·ÕèáμˆÅÐà«ÅÅŒ¨ÐÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³ í̈Ò¡Ñ´«Öè§·íÒË¹‰Ò
·ÕèÃÍ§ÃÑº¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¨Ò¡¼Ù‰ãª‰ºÃÔ¡ÒÃ·ÕèÍÂÙˆÀÒÂã¹à«ÅÅŒ ´Ñ§¹Ñé¹ã¹·Ò§»¯ÔºÑμÔáÅ‰Ç¼Ù‰ãª‰ºÃÔ¡ÒÃâ¤Ã§¢ˆÒÂ
¨ÐÁÕ¡ÒÃà¤Å×èÍ¹·Õèã¹¢³Ð·Õè¡íÒÅÑ§ãª‰ºÃÔ¡ÒÃª̂Í§ÊÑ­­Ò³ÍÂÙˆ´Ñ§ÃÙ»·Õè 2.5 àÁ×èÍ¼Ù‰ãª‰ºÃÔ¡ÒÃÁÕ¡ÒÃãª‰ºÃÔ¡ÒÃà»“¹
àÇÅÒ¹Ò¹¡ÇˆÒªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃ¹Ñé¹ÍÂÙˆã¹à«ÅÅŒ¢Í§μ¹ ¨ÐÊ̂§¼ÅãË‰ÃÐºº¨Ðμ‰Í§ÁÕ¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ
à¾×èÍ·íÒ¡ÒÃ¢Íãª‰ªˆÍ§ÊÑ­­Ò³¢Í§à«ÅÅŒ·ÕèÍÂÙˆ¶Ñ´ä»

àÁ×èÍ·íÒ¡ÒÃ¾Ô¨ÒÃ³Òâ´ÂÁØÁÁÍ§¢Í§à«ÅÅŒ·Õè 2 ÊÒÁÒÃ¶¾Ô¨ÒÃ³Òä´‰´Ñ§ÃÙ»·Õè 2.6 â´ÂàÊÁ×Í¹
ÁÕ·ÃÒ¿¿”¡·Õèμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃª̂Í§ÊÑ­­Ò³ÊÍ§ª¹Ô´´‰ÇÂ¡Ñ¹¤×Í ·ÃÒ¿¿”¡·Õèà¡Ô´¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ
áÅÐ·ÃÒ¿¿”¡·Õèà¡Ô´¨Ò¡¼Ù‰ãª‰ºÃÔ¡ÒÃ»¡μÔ àÁ×èÍ·ÃÒ¿¿”¡·Õèà¡Ô´¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒäÁˆÊÒÁÒÃ¶¢Íãª‰ºÃÔ¡ÒÃ
ä´‰¨Ð·íÒãË‰¡ÒÃãª‰ºÃÔ¡ÒÃ¢Í§¼Ù‰ãª‰ºÃÔ¡ÒÃ¹Ñé¹ÊÔé¹ÊØ´Å§ áÅÐàÁ×èÍäÁˆÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃä´‰ Ê̂§¼ÅãË‰¡ÒÃãª‰
ºÃÔ¡ÒÃÊÔé¹ÊØ´Å§ã¹¢³Ð·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃ¡íÒÅÑ§ãª‰ºÃÔ¡ÒÃÍÂÙˆÂˆÍÁÊ̂§¼Å·Ò§´‰Ò¹¤ÇÒÁÃÙ‰ÊÖ¡á¡̂¼Ù‰ãª‰ºÃÔ¡ÒÃÁÒ¡¡ÇˆÒã¹
¡Ã³Õ·Õè¶Ù¡»¯ÔàÊ¸¡ÒÃãª‰ºÃÔ¡ÒÃμÑé§áμˆàÃÔèÁ·íÒ¡ÒÃ¢Íãª‰ºÃÔ¡ÒÃ ´Ñ§¹Ñé¹¨ÐÁÕ¡ÒÃãË‰¤ÇÒÁÊíÒ¤Ñ­á¡̂·ÃÒ¿¿”¡·ÕèÁÕ
¡ÒÃ·íÒáÍ¹´ŒâÍàÇÍÃŒÁÒ¡¡ÇˆÒ·ÃÒ¿¿”¡ãËÁ̂·Õèà¢‰ÒÁÒ¢Íãª‰ºÃÔ¡ÒÃãËÁ̂ â´Â¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³äÇ‰ÊíÒËÃÑº¡ÒÃ
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ÃÙ»·Õè 2.5: á¼¹ÀÒ¾ í̈ÒÅÍ§¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ

ÃÙ»·Õè 2.6: ÃÐººÍ‰Ò§ÍÔ§ÊíÒËÃÑºÃÐºº·ÕèÁÕ¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ

·íÒáÎ¹´ŒâÍàÇÍÃŒ «Öè§ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ©ºÑº¹Õé ãË‰¤ÇÒÁÊ¹ã¨¡ÑºÇÔ¸Õ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³à¾×èÍãË‰¤ÇÒÁÊíÒ¤Ñ­á¡̂
áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ 2 ÇÔ¸Õ´‰ÇÂ¡Ñ¹¤×Í ¹âººÒÂ¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³ (channel reservation policy) áÅÐ
¹âÂºÒÂ¢Õ´áº̂§ (thresold policy)

2.4.1 ¹âººÒÂ¢Õ´áº̂§

¹âÂºÒÂ¢Õ´áº̂§ËÃ×Í threshold policy à»“¹ÍÕ¡¹âÂºÒÂ·ÕèãË‰¤ÇÒÁÊíÒ¤Ñ­¡ÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÁÒ¡
¡ÇˆÒ·ÃÒ¿¿”¡»¡μÔàªˆ¹¡Ñ¹ ·ÇˆÒ¨ÐμˆÒ§¡Ñº¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³ â´ÂàÁ×èÍã¹ÃÐººÁÕ í̈Ò¹Ç¹ªˆÍ§
ÊÑ­­Ò³ � ªˆÍ§ÊÑ­­Ò³ áÅÐä´‰·íÒ¡ÒÃÊíÒÃÍ§ªˆÍ§ÊÑ­­Ò³äÇ‰ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡à»“¹ í̈Ò¹Ç¹

 ªˆÍ§ÊÑ­­Ò³ â´Â·ÃÒ¿¿”¡»¡μÔ·Õè·íÒ¡ÒÃ¢ÍàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ (¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ·Õè·íÒ¡ÒÃàÃÕÂ¡ÀÒÂã¹à«ÅÅŒ
¹Ñé¹) ¨ÐÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃä´‰¡çμˆÍàÁ×èÍ ÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³·Õè¶Ù¡ãª‰â´Â·ÃÒ¿¿”¡»¡μÔ¹Ñé¹¹‰ÍÂ¡ÇˆÒ ��


ªˆÍ§ÊÑ­­Ò³ (à©¾ÒÐ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ·Õèà¡Ô´¢Öé¹ÀÒÂã¹à«ÅÅŒà·̂Ò¹Ñé¹) áμˆ·ÇˆÒ·ÃÒ¿¿”¡ãËÁ̂·Õèà¡Ô´¨Ò¡¡ÒÃ
·íÒáÎ¹´ŒâÍàÇÍÃŒ¨ÐÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃä´‰·Ñé§ � ªˆÍ§ÊÑ­­Ò³ [16]

à¾×èÍ·íÒ¡ÒÃÇÔà¤ÃÒÐËŒ¶Ö§¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ áÅÐ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÊÒÂËÅØ´à¹×èÍ§
¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ´‰ÇÂ CTMC ¨Ö§ÁÕ¡ÒÃ¡íÒË¹´ãË‰·ÃÒ¿¿”¡ ·ÕèÁÕ¤ÇÒÁμ‰Í§¡ÒÃà¢‰Òãª‰â¤Ã§¢ˆÒÂÁÕ
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¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§ (Poisson process) ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍ¨ÐÁÕÃÐÂÐàÇÅÒ
¡ÒÃãª‰ºÃÔ¡ÒÃ (holding time) ·ÕèÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§ (exponential) ÊÑ­¡Ã³Œ (notations) ·Õè
ÊíÒ¤Ñ­ÊíÒËÃÑº¡ÒÃÇÔà¤ÃÒÐËŒÁÕ´Ñ§μˆÍä»¹Õé

�� � �����»ÃÔÁÒ³·ÃÒ¿¿”¡ãËÁ̂·Õèμ‰Í§¡ÒÃãª‰ÃÐºº (àÍÍÃŒáÅ§)
�� � �����»ÃÔÁÒ³áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡·Õèμ‰Í§¡ÒÃãª‰ÃÐºº (àÍÍÃŒáÅ§)
�� ÍÑμÃÒ¡ÒÃà¢‰ÒÁÒ¢Íãª‰ÃÐºº¢Í§·ÃÒ¿¿”¡ãËÁ̂
�� ÍÑμÃÒ¡ÒÃà¢‰ÒÁÒ¢Íãª‰ÃÐºº¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
���� ÃÐÂÐàÇÅÒ¡ÒÃ¢Íãª‰ºÃÔ¡ÒÃà©ÅÕèÂ¢Í§·ÃÒ¿¿”¡ãËÁ̂
���� ÃÐÂÐàÇÅÒ¡ÒÃ¢Íãª‰ºÃÔ¡ÒÃà©ÅÕèÂ ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
���	 �� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆã¹Ê¶Ò¹Ð·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔÍÂÙˆã¹ÃÐºº � ªˆÍ§ÊÑ­­Ò³

áÅÐÁÕáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ � ªˆÍ§ÊÑ­­Ò³ ·ÕèÊÀÒÇÐÍÂÙˆμÑÇ (steady state)

� ¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³·Ñé§ËÁ´¢Í§ÃÐºº

 ¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³·Õè¡Ñ¹äÇ‰ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
�� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸
�� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÊÒÂËÅØ´à¹×èÍ§¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ

ÊÒÁÒÃ¶¾Ô¨ÒÃ³Òá¼¹ÀÒ¾Ê¶Ò¹Ð ä ‰́´Ñ§ÃÙ»·Õè 2.7 â´ÂÁÕ¹ÔÂÒÁÇˆÒÃÐººÍÂÙˆã¹Ê¶Ò¹Ð ��	 �� ÊíÒËÃÑº¤ˆÒ
� � �	 �	 
 
 
 	 � � 
 áÅÐ ÊíÒËÃÑº¤ˆÒ � � �	 �	 
 
 
 	 � àÁ×èÍÁÕªˆÍ§ÊÑ­­Ò³ � ªˆÍ§ÊÑ­­Ò³¡íÒÅÑ§¶Ù¡ãª‰§Ò¹
´‰ÇÂ·ÃÒ¿¿”¡»¡μÔ áÅÐ � ªˆÍ§ÊÑ­­Ò³¡íÒÅÑ§¶Ù¡ãª‰§Ò¹´‰ÇÂáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ áÅÐÊÒÁÒÃ¶¾Ô¨ÒÃ³ÒËÒ
¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆ·ÕèÊ¶Ò¹Ð ��	 �� ã´æ ´‰ÇÂ local balance equation ¨Ðä´‰ÇˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè
ÃÐºº¨ÐÍÂÙˆ·ÕèÊ¶Ò¹Ð ��	 ��

���	 �� �

����
�
�

����
����
����

�����
����

����
���

����
���

¨Ò¡¢‰Í¡íÒË¹´¹âººÒÂ¢Õ´áº̂§·Õè¡íÒË¹´ÇˆÒ·ÃÒ¿¿”¡»¡μÔ¨Ðãª‰ªˆÍ§ÊÑ­­Ò³ä´‰á¤ˆ � � 
 ªˆÍ§ÊÑ­­Ò³ áÅÐ
áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ ãª‰ä´‰·Ñé§ � ªˆÍ§ÊÑ­­Ò³ ´Ñ§¹Ñé¹¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¨Ò¡·ÃÒ¿¿”¡»¡μÔ¶Ù¡
»¯ÔàÊ¸ ����

�� �

�����

�� � 
��

��
	��

�	�
��

�

��

����

���
�

�� � ���

�
�
����

����
����

�����
����

����
���

����
���

(2.3)

áÅÐ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãª‰ºÃÔ¡ÒÃ¶Ù¡Â¡àÅÔ¡à¹×èÍ§¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ ����

�� �

��

��

���
�

�� � ���

�
�
����

����
����

�����
����

����
���

����
���

(2.4)
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2.4.2 ¹âººÒÂ¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³

¹âÂºÒÂ¡ÒÃ¨Í§ª̂Í§ÊÑ­­Ò³ (channel reservation policy) ¨ÐãË‰¤ÇÒÁÊíÒ¤Ñ­¡Ñº¡ÒÃàÃÕÂ¡¢Íãª‰
ºÃÔ¡ÒÃ¨Ò¡áÎ¹ Œ́âÍàÇÍÃŒ·ÃÒ¿¿”¡ ÁÒ¡¡ÇˆÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¨Ò¡·ÃÒ¿¿”¡»¡μÔ â´ÂÊÁÁØμÔÇˆÒã¹ÃÐºº
ÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³ � ªˆÍ§ÊÑ­­Ò³áÅÐä´‰·íÒ¡ÒÃÊíÒÃÍ§äÇ‰ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡à»“¹ í̈Ò¹Ç¹ 


ªˆÍ§ÊÑ­­Ò³ â´Â¨Ðä´‰ÇˆÒ·ÃÒ¿¿”¡»¡μÔ·Õè·íÒ¡ÒÃ¢ÍàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¼̂Ò¹â¤Ã§¢ˆÒÂ (¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ·Õè·íÒ
¡ÒÃàÃÕÂ¡ÀÒÂã¹à«ÅÅŒ¹Ñé¹) ¨ÐÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃä´‰¡çμˆÍàÁ×èÍ ÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³·Õè¶Ù¡ãª‰·Ñé§ËÁ´¹‰ÍÂ
¡ÇˆÒ � � 
 ªˆÍ§ÊÑ­­Ò³ (â´ÂäÁˆ¾Ô¨ÒÃ³ÒÇˆÒ·ÃÒ¿¿”¡ã´ãª‰ºÃÔ¡ÒÃÍÂÙˆº‰Ò§) áμˆ·ÇˆÒ·ÃÒ¿¿”¡ãËÁ̂·Õèà¡Ô´¨Ò¡
¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ¨ÐÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃä´‰·Ñé§ � ªˆÍ§ÊÑ­­Ò³ [15]

à¾×èÍ·íÒ¡ÒÃÇÔà¤ÃÒÐËŒ¶Ö§¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ áÅÐ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ
¶Ù¡Â¡àÅÔ¡ à¹×èÍ§¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ´‰ÇÂ CTMC «Öè§ÁÕ¡ÒÃ¡íÒË¹´ãË‰»ÃÔÁÒ³·ÃÒ¿¿”¡ ·ÕèÁÕ¤ÇÒÁ
μ‰Í§¡ÒÃà¢‰Òãª‰â¤Ã§¢ˆÒÂÁÕ¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§ (Poisson process) ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº
¡ÒÃàª×èÍÁμˆÍ¨ÐÁÕÃÐÂÐàÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ (holding time) ·ÕèÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§ (exponen-

tial) ÊÑ­¡Ã³Œ (notations) ·ÕèÊíÒ¤Ñ­ÊíÒËÃÑº¡ÒÃÇÔà¤ÃÒÐËŒÁÕ´Ñ§μˆÍä»¹Õé
�� ÍÑμÃÒ¡ÒÃà¢‰ÒÁÒ¢Íãª‰ÃÐºº¢Í§·ÃÒ¿¿”¡ãËÁ̂
�� ÍÑμÃÒ¡ÒÃà¢‰ÒÁÒ¢Íãª‰ÃÐºº¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
��� ÃÐÂÐàÇÅÒ¡ÒÃ¢Íãª‰ºÃÔ¡ÒÃà©ÅÕèÂ¢Í§·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
����¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆã¹Ê¶Ò¹Ð·ÕèÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³¶Ù¡ãª‰ � ªˆÍ§ÊÑ­­Ò³
� ¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³·Ñé§ËÁ´¢Í§ÃÐºº

 ¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³·Õè¡Ñ¹äÇ‰ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
�� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸
�� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÊÒÂËÅØ´à¹×èÍ§¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ

áÅÐ¡íÒË¹´ãË‰ � � �� � �� àÁ×èÍ �� � �� ´Ñ§¹Ñé¹ÊÒÁÒÃ¶¾Ô¨ÒÃ³Òá¼¹ÀÒ¾Ê¶Ò¹Ð ä ‰́´Ñ§ÃÙ»·Õè 2.8 â´ÂÁÕ
¹ÔÂÒÁÇˆÒÃÐººÍÂÙˆã¹Ê¶Ò¹Ð ��� ÊíÒËÃÑº¤ˆÒ � � �	 �	 
 
 
 	 � àÁ×èÍÁÕªˆÍ§ÊÑ­­Ò³ � ªˆÍ§ÊÑ­­Ò³¡íÒÅÑ§¶Ù¡ãª‰
§Ò¹

¨Ò¡ÃÙ»·Õè2.8 ÊÒÁÒÃ¶¾Ô¨ÒÃ³ÒËÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆ·ÕèÊ¶Ò¹Ðã´æ ´‰ÇÂ local balance equa-

tion «Öè§¨Ðä´‰ÇˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆ·ÕèÊ¶Ò¹Ð � (¹Ñè¹¤×Í ÁÕ¼Ù‰ãª‰ � ¤¹ ÍÂÙˆã¹ÃÐºº)

���� �

���������������
��������������

��

��
����
���

��

��
�

��
�������

����������

��

� � � � � �� � 
�

����������

��
����
���

��

��
�

��
�������

����������

��

� �� � 
� � � � �

àÁ×èÍ � � ��� áÅÐâ´Â¹âººÒÂ¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³ ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔÀÒÂã¹à«ÅÅŒ¨Ð
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äÁˆÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃª̂Í§ÊÑ­­Ò³ä´‰àÁ×èÍÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³·Õè¶Ù¡ãª‰§Ò¹à¡Ô¹ � � 
 ªˆÍ§ÊÑ­­Ò³ ´Ñ§
¹Ñé¹¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸ÊíÒËÃÑº·ÃÒ¿¿”¡»¡μÔ ����
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áÅÐà¹×èÍ§¨Ò¡áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÊÒÁÒÃ¶ãª‰§Ò¹ªˆÍ§ÊÑ­­Ò³ä´‰·Ñé§ � ªˆÍ§ÊÑ­­Ò³ ´Ñ§¹Ñé¹¤ÇÒÁ
¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ¶Ù¡Â¡àÅÔ¡à¹×èÍ§¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ ����
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2.5 ª̂Ç§àÇÅÒ¤ÃÍº¤ÃÍ§ª̂Í§ÊÑ­­Ò³

ªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³ (Channel holding time) ¤×Í ªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃ¤ÃÍº¤ÃÍ§ªˆÍ§
ÊÑ­­Ò³ËÅÑ§¨Ò¡¡ÒÃàÃÕÂ¡ÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³ä´‰ â´Â·ÑèÇä»áÅ‰ÇàÁ×èÍ¼Ù‰ãª‰ºÃÔ¡ÒÃäÁ̂ÁÕ¡ÒÃ
à¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ ä´‰ÇˆÒªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ÊÑ­­Ò³¨ÐÁÕ¤ˆÒà·̂Ò¡ÑºªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ (Call holding

time) áμˆàÁ×èÍ¼Ù‰ãª‰ºÃÔ¡ÒÃã¹ÃÐººÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ ¾ºÇˆÒªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³¹Ñé¹
¢Öé¹¡Ñº ªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ áÅÐªˆÇ§àÇÅÒ·Õè¼Ù‰ºÃÔ¡ÒÃãª‰ÍÂÙˆã¹à«ÅÅŒ (Cell residence time) â´ÂªˆÇ§àÇÅÒ
ãª‰ºÃÔ¡ÒÃËÁÒÂ¶Ö§ ªˆÇ§àÇÅÒ·Ñé§ËÁ´·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃãª‰ºÃÔ¡ÒÃ¨Ò¡â¤Ã§¢̂ÒÂ ¹ÑºμÑé§áμˆàÃÔèÁãª‰ºÃÔ¡ÒÃ¨¹¶Ö§ÊÔé¹ÊØ´
¡ÒÃãª‰ºÃÔ¡ÒÃ â´Â·ÕèÍÒ¨¨ÐÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒËÃ×ÍäÁˆ¢‰ÒÁ¼ˆÒ¹¡çä´‰ Ê̂Ç¹ªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆ
ã¹à«ÅÅŒ ¤×Íª̂Ç§àÇÅÒ¹ÑºμÑé§áμˆ¼Ù‰ãª‰ºÃÔ¡ÒÃà¤Å×èÍ¹·Õèà¢‰ÒÊÙˆà«ÅÅŒ ¨¹¡ÃÐ·Ñè§à¤Å×èÍ¹·ÕèÍÍ¡¨Ò¡à«ÅÅŒ¹Ñé¹ áÅÐ¶‰Ò¼Ù‰
ãª‰ºÃÔ¡ÒÃ·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃâ¤Ã§¢ˆÒÂ ¼Ù‰ãª‰ºÃÔ¡ÒÃμ‰Í§ãª‰ºÃÔ¡ÒÃ¼̂Ò¹ªˆÍ§ÊÑ­­Ò³¢Í§à«ÅÅŒ´Ñ§¡Å̂ÒÇ áÅÐ
àÁ×èÍ¼Ù‰ãª‰ºÃÔ¡ÒÃμ‰Í§¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹â¤Ã§¢ˆÒÂ μ‰Í§ÁÕ¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒà¾×èÍà¢‰Òãª‰ªˆÍ§ÊÑ­­Ò³¨Ò¡
à«ÅÅŒ·ÕèμÔ´¡Ñ¹«Öè§¼Ù‰ãª‰ºÃÔ¡ÒÃμ‰Í§¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹ä»

¨Ò¡ÃÙ»·Õè 2.9 ÊÒÁÒÃ¶¾Ô¨ÒÃ³Òä´‰ÇˆÒàÁ×èÍ¼Ù‰ãª‰ºÃÔ¡ÒÃÀÒÂã¹ÃÐººäÁˆÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ
¡Å̂ÒÇ¤×ÍÁÕ¡ÒÃàÃÔèÁμ‰¹ãª‰ºÃÔ¡ÒÃáÅÐÊÔé¹ÊØ´¡ÒÃãª‰ºÃÔ¡ÒÃÀÒÂã¹à«ÅÅŒà´ÕÂÇ ´Ñ§¹Ñé¹ªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§
ÊÑ­­Ò³ÁÕ¤ˆÒà·̂Ò¡ÑºªˆÇ§àÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ áμˆËÒ¡¼Ù‰ãª‰ºÃÔ¡ÒÃÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ´Ñ§ÃÙ»·Õè 2.10

ËÒ¡·íÒ¡ÒÃ¾Ô¨Ò³Òâ´ÂÁØÁÁÍ§¢Í§à«ÅÅŒ·Õè 1 ÊÒÁÒÃ¶ÇÔà¤ÃÒÐËŒä´‰ÇˆÒ ¼Ù‰ãª‰ã¹ÃÐºº·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ
³ àÇÅÒã´æ áÅÐäÁˆÊÒÁÒÃ¶ÊÔé¹ÊØ´¡ÒÃãª‰ºÃÔ¡ÒÃä´‰ÀÒÂã¹à«ÅÅŒ·Õè 1 Ê̂§¼ÅãË‰ªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃ¤ÃÍº
¤ÃÍ§ªˆÍ§ÊÑ­­Ò³¢Í§à«ÅÅŒ·Õè 1 à·̂Ò¡ÑºªˆÇ§àÇÅÒ¤§àËÅ×Í·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹à«ÅÅŒ ¡Å̂ÒÇ¤×Í ª̂Ç§àÇÅÒ
ÃÐËÇˆÒ§·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃ·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃÀÒÂã¹à«ÅÅŒ·Õè 1 ¨¹¡ÃÐ·Ñè§ ¼Ù‰ãª‰ºÃÔ¡ÒÃÃÒÂ¹Ñé¹à¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹
à«ÅÅŒ·Õè 1 áÅÐ¶‰Ò¼Ù‰ãª‰¡ÒÃÃÒÂ´Ñ§¡Å̂ÒÇÊÒÁÒÃ¶à¢‰ÒÁÒãª‰ºÃÔ¡ÒÃ¨Ò¡à«ÅÅŒ·Õè 2 ä´‰ áÅÐäÁˆÊÒÁÒÃ¶ÊÔé¹ÊØ´
¡ÒÃãª‰ºÃÔ¡ÒÃÀÒÂã¹à«ÅÅŒ·Õè 2 àÁ×èÍ·íÒ¡ÒÃ¾Ô¨ÒÃ³Òã¹ÁØÁÁÍ§¢Í§à«ÅÅŒ·Õè 2 ¾ºÇˆÒªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃ
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ÃÒÂ´Ñ§¡Å̂ÒÇ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³¢Í§à«ÅÅŒ·Õè 2 à·̂Ò¡Ñº ªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹à«ÅÅŒ·Õè 2 áÅÐ
ËÒ¡·íÒ¡ÒÃ¾Ô¨ÒÃ³ÒªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÃÒÂ´Ñ§¡Å̂ÒÇ¤ÃÍº¤ÃÍ§ª̂Í§ÊÑ­­Ò³¢Í§à«ÅÅŒ 3 ¾ºÇˆÒ ªˆÇ§
àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³¢Í§à«ÅÅŒ·Õè 3 ÁÕ¤ˆÒà·̂Ò¡Ñº ªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ¤§àËÅ×Í ¡Å̂ÒÇ¤×Í ª̂Ç§
àÇÅÒμÑé§áμˆ¼Ù‰ãª‰ºÃÔ¡ÒÃÃÒÂ´Ñ§¡Å̂ÒÇàÃÔèÁãª‰ºÃÔ¡ÒÃª̂Í§ÊÑ­­Ò³¢Í§à«ÅÅŒ·Õè 3 ¨¹¡ÃÐ·Ñè§¼Ù‰ãª‰ºÃÔ¡ÒÃ´Ñ§¡Å̂ÒÇ
ÊÔé¹ÊØ´¡ÒÃãª‰ºÃÔ¡ÒÃ áÅÐ¨Ò¡¤ÇÒÁÊÑÁ¾Ñ¹¸Œ´Ñ§¡Å̂ÒÇÊÒÁÒÃ¶¾Ô¨Ò³Ò ª̂Ç§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³·Ñé§
ÊíÒËÃÑº·ÃÒ¿¿”¡»¡μÔ áÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ ä´‰´Ñ§ÊÁ¡ÒÃ·Õè 2.3 áÅÐ 2.4 μÒÁÅíÒ´Ñº [18]

�� � 	
���	�	� (2.5)

�� � 	
���		 � � (2.6)

àÁ×èÍ
��ªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³¢Í§·ÃÒ¿¿”¡»¡μÔ
�� ªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
� ªˆÇ§àÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ
�	ªˆÇ§àÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ¤§àËÅ×Í
� ªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹à«ÅÅŒ
�	 ªˆÇ§àÇÅÒ¤§àËÅ×Í·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹à«ÅÅŒ

ã¹¡ÒÃ¾Ô¨ÒÃ³ÒªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ áÅÐªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹à«ÅÅŒ ¹Ñé¹ËÒ¡¡íÒË¹´ãË‰ÁÕ¡ÒÃ
¡ÃÐ¨ÒÂμÑÇáººàÅÔ¡ªÕé¡íÒÅÑ§·Õèà»“¹ÍÔÊÃÐμˆÍ¡Ñ¹¨Ð Ê̂§¼ÅãË‰ªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³ÁÕ¡ÒÃ¡ÃÐ¨ÒÂ
μÑÇáººàÅ¢ªÕé¡íÒÅÑ§ ÍÂˆÒ§äÃ¡çμÒÁä´‰ÁÕ¡ÒÃ·´ÊÍºáÅÐ¾ºÇˆÒ ªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ÊÑ­­Ò³ã¹â¤Ã§¢ˆÒÂ
â·ÃÈÑ¾·Œà¤Å×èÍ¹·ÕèäÁˆä´‰ÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§ [21] ¾Ã‰ÍÁ·Ñé§ÂÑ§àÊ¹ÍÇˆÒ ¡ÒÃ¡ÃÐ¨ÒÂμÑÇ
áººàÍÍÃŒáÅ§ãË‰¤ˆÒ¡ÒÃ»ÃÐÁÒ³·Õè´Õ¡ÇˆÒ ¹Ñºà»“¹ Ø̈´àÃÔèÁãË‰à¡Ô´¤ÇÒÁÊ¹ã¨à¡ÕèÂÇ¡Ñº¡ÒÃ»ÃÐÁÒ³¤ˆÒªˆÇ§àÇÅÒ
·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹à«ÅÅŒ´‰ÇÂ¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§¢‰ÍÁÙÅáººμˆÒ§ æ ·ÕèäÁˆãªˆ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§
áÅÐÊíÒËÃÑºÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¨Ðãª‰¡ÃÐ¨ÒÂμÑÇáººäÎà»ÍÃŒàÍÍÃŒáÅ§ (hyper-Erlang distribution) à»“¹¡ÒÃ
¡ÃÐ¨ÒÂμÑÇÊíÒËÃÑºªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹à«ÅÅŒ [18]

¡ÒÃ¡ÃÐ¨ÒÂμÑÇ¢Í§¢‰ÍÁÙÅáººäÎà»ÍÃŒàÍÍÃŒáÅ§ÁÕ¿’§¡ŒªÑè¹¤ÇÒÁË¹Òá¹ˆ¹¢Í§¤ÇÒÁ¹ˆÒ¨Ðà»“¹ (proba-

bility density function) ´Ñ§¹Õé [20]
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ÃÙ»·Õè 2.7: á¼¹ÀÒ¾áÊ´§Ê¶Ò¹Ð¢Í§ÃÐºº·ÕèÁÕ¹âººÒÂ¢Õ´áº̂§

ÃÙ»·Õè 2.8: á¼¹ÀÒ¾áÊ´§Ê¶Ò¹Ð¢Í§ÃÐºº·ÕèÁÕ¹âººÒÂ¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³
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ÃÙ»·Õè 2.9: á¼¹ÀÒ¾ í̈ÒÅÍ§¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ àÁ×èÍ¼Ù‰ãª‰·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃáÅÐÊÔé¹ÊØ´¡ÒÃãª‰
ºÃÔ¡ÒÃÀÒÂã¹à«ÅÅŒà´ÕÂÇ

ÃÙ»·Õè 2.10: á¼¹ÀÒ¾ í̈ÒÅÍ§¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ àÁ×èÍ¼Ù‰ãª‰·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ áÅÐäÁ̂ÊÒÁÒÃ¶ÊÔé¹
ÊØ´¡ÒÃãª‰ºÃÔ¡ÒÃÀÒÂã¹à«ÅÅŒà´ÕÂÇ



º··Õè 3

¡ÒÃÇÔà¤ÃÒÐËŒμÑÇ¤Ù³»ÃÑºá¡‰

¡ÒÃÇÑ´¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸´‰ÇÂÇÔ¸Õ¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃáººÃº¡Ç¹ ¹Ñé¹
ÁÕ·ÃÒ¿¿”¡ ¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´à¢‰ÒÊÙˆÃÐººà¾ÔèÁàμÔÁ¹Í¡àË¹×Í¨Ò¡»ÃÔÁÒ³·ÃÒ¿¿”¡·Õè¶Ù¡ÊÃ‰Ò§â´Â¼Ù‰ãª‰ºÃÔ¡ÒÃ
»¡μÔ â´ÂÊ̂§¼ÅãË‰ÁÕ»ÃÔÁÒ³·ÃÒ¿¿”¡μ‰Í§¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ¨Ò¡ÃÐººÁÒ¡à¡Ô¹¡ÇˆÒ¤ÇÒÁà»“¹¨ÃÔ§ ´Ñ§¹Ñé¹
ÍÒ¨Ê̂§¼ÅãË‰¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÇÑ´ä´‰â´ÂÇÔ¸Õ¡ÒÃ´Ñ§¡Å̂ÒÇÁÕ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹ ¹Í¡¨Ò¡¹Ñé¹¡ÒÃÇÑ´
¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ´‰ÇÂÇÔ¸Õ¹Õé ¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÇÑ´ä´‰àÊÁ×Í¹à»“¹¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¢Í§¼Ù‰
ãª‰ºÃÔ¡ÒÃà¾ÕÂ§ÃÒÂà´ÕÂÇÁÔãª̂¤ˆÒà©ÅÕèÂ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃ·Ñé§ËÁ´ä´‰ÃÑº

ã¹º·¹Õé¨Ö§ÁØˆ§¹íÒàÊ¹Í¡ÒÃÇÔà¤ÃÒÐËŒμÑÇ¤Ù³»ÃÑºá¡‰ (corrective factor) ÊíÒËÃÑº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè
¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸·ÕèÊÒÁÒÃ¶ÇÑ´ä´‰â´Âà¤Ã×èÍ§Á×ÍÇÑ´ à¾×èÍ»ÃÑºá¡‰ãË‰¤ˆÒ´Ñ§¡Å̂ÒÇÊÒÁÒÃ¶»ÃÐÁÒ³ ¤ˆÒ¤ÇÒÁ
¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔã¹ÃÐºº·ÕèäÁˆÁÕ¡ÒÃÃº¡Ç¹¹Ñé¹ ãË‰ÁÕ¤ÇÒÁ¶Ù¡μ‰Í§áÁˆ¹ÂíÒÁÒ¡ÂÔè§
¢Öé¹ ·Ñé§ã¹¡Ã³Õ·ÕèÃÐººäÁˆÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ áÅÐ¡Ã³Õ·ÕèÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§
ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ

3.1 ¡Ã³ÕäÁˆÁÕ¡ÒÃ¡Ñ¹ª̂Í§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ

¡ÒÃÇÑ´¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸´‰ÇÂÇÔ¸Õ¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹¹Ñé¹ ÁÕÇÑμ¶Ø»ÃÐÊ§¤Œ
à¾×èÍ·íÒ¡ÒÃ»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐºº·ÕèäÁˆÁÕ¡ÒÃÇÑ´ «Öè§ÊÒÁÒÃ¶
¾Ô¨ÒÃ³ÒÃÙ»áººÍ‰Ò§ÍÔ§ä´‰´Ñ§ÃÙ»·Õè 3.1 áÅÐÃÙ»·Õè 3.2 ÊíÒËÃÑºÃÐººâ¤Ã§¢ˆÒÂ·ÕèÁÕ¡ÒÃÇÑ´ ·ÃÒ¿¿”¡·ÕèÁÕ
¤ÇÒÁμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃÊÒÁÒÃ¶áº̂§ä´‰à»“¹ 2 ª¹Ô´¤×Í ·ÃÒ¿¿”¡¨Ò¡¼Ù‰ãª‰»¡μÔ (normal offered traf-

fic) áÅÐ·ÃÒ¿¿”¡·ÕèÊÃ‰Ò§¢Öé¹â´Âà¤Ã×èÍ§Á×ÍÇÑ´ (intrusive offered traffic) «Öè§·ÃÒ¿¿”¡·Ñé§ÊÍ§ª¹Ô´¹Ñé¹μ‰Í§ãª‰
ªˆÍ§ÊÑ­­Ò³¢Í§â¤Ã§¢ˆÒÂ·ÕèÁÕ í̈Ò¹Ç¹¨íÒ¡Ñ´ÃˆÇÁ¡Ñ¹ àÁ×èÍäÁˆÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³à¾ÕÂ§¾ÍÊíÒËÃÑº¡ÒÃàÃÕÂ¡
ãª‰ºÃÔ¡ÒÃ¨Ò¡·ÃÒ¿¿”¡¹Ñé¹ æ ¡ÒÃàÃÕÂ¡´Ñ§¡Å̂ÒÇ¡ç¨Ð¶Ù¡»¯ÔàÊ¸

ÃÙ»·Õè 3.1: ÃÙ»áººÍ‰Ò§ÍÔ§¢Í§ÃÐºº·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔà·̂Ò¹Ñé¹â´ÂäÁˆÁÕ·ÃÒ¿¿”¡¢Í§à¤Ã×èÍ§Á×ÍÇÑ´
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ÃÙ»·Õè 3.2: ÃÙ»áººÍ‰Ò§ÍÔ§¢Í§ÃÐºº·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔáÅÐ·ÃÒ¿¿”¡¢Í§à¤Ã×èÍ§Á×ÍÇÑ´

à¾×èÍ¾Ô¨ÒÃ³Ò»’­ËÒáºº CTMC àªˆ¹à´ÕÂÇ¡ÑºÊÙμÃ¢Í§àÍÍÃŒáÅ§ ã¹·Õè¹Õé¨Ö§¡íÒË¹´ãË‰â¤Ã§¢ˆÒÂÁÕ
ÅÑ¡É³Ðà»“¹ÃÐºº·ÕèÁÕ¤ÇÒÁ Ø̈¨íÒ¡Ñ´áÅÐäÁˆÁÕºÑ¿à¿ÍÃŒ ¡íÒË¹´ãË‰·ÃÒ¿¿”¡¨Ò¡¼Ù‰ãª‰ºÃÔ¡ÒÃ·ÑèÇä» ÁÕ¡ÃÐºÇ¹
¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§ (Poisson process) ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍÁÕÃÐÂÐàÇÅÒ¡ÒÃãª‰
ºÃÔ¡ÒÃ (holding time) ·ÕèÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§ (exponential) áÅÐãË‰·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§
Á×ÍÇÑ´à»“¹ÅÑ¡É³Ðà»“¹áººà»”´»”´ (On/Off model) [19] «Öè§àÇÅÒ¤§Ê¶Ò¹Ð (state sojourn time)

ÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§ áÅÐ¹Í¡¨Ò¡¹Ñé¹¡íÒË¹´ãË‰·íÒ¡ÒÃÇÑ´áºº¡ÒÃ·´ÊÍº¤Ø³ÀÒ¾¡ÒÃãË‰
ºÃÔ¡ÒÃ¢³Ðà¤Å×èÍ¹·Õè¹Ñé¹ÁÕÍØ»¡Ã³Œ·íÒ¡ÒÃÇÑ´à¾ÕÂ§Ë¹Öè§ªØ´ à¾×èÍãË‰»ÃÔÁÒ³·ÃÒ¿¿”¡·Õè¶Ù¡ÊÃ‰Ò§â´Âà¤Ã×èÍ§Á×Í
ÇÑ´äÁˆÁÒ¡à¡Ô¹ä» ¡íÒË¹´ÊÑ­¡Ã³Œ (notation) ÊíÒËÃÑº¡ÒÃÇÔà¤ÃÒÐËŒμÒÁÃÙ»áººÍ‰Ò§ÍÔ§ã¹ÃÙ»·Õè 3.2 ´Ñ§μˆÍä»¹Õé

�� ÍÑμÃÒà©ÅÕèÂ¢Í§¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡»¡μÔ·Õèμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃ
�
 ÍÑμÃÒà©ÅÕèÂ¢Í§¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
���� àÇÅÒà©ÅÕèÂã¹¡ÒÃãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡»¡μÔ·Õèμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃ
���
 àÇÅÒà©ÅÕèÂã¹¡ÒÃãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
�� � �����»ÃÔÁÒ³·ÃÒ¿¿”¡»¡μÔ·Õèμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃ (àÍÍÃŒáÅ§)
� ¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³ÁÒ¡·ÕèÊØ´·Õè·ÃÒ¿¿”¡»¡μÔ·Õèμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃÊÒÁÒÃ¶à¢‰Òãª‰§Ò¹ä´‰
� ¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³ÁÒ¡·ÕèÊØ´·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´à¢‰Òãª‰§Ò¹ä´‰ «Öè§ã¹·Õè¹ÕéÁÕ¤ˆÒà·̂Ò¡Ñº 1

���� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹ã¹ÊÀÒÇÐÍÂÙˆμÑÇ·ÕèÁÕªˆÍ§ÊÑ­­Ò³¶Ù¡ãª‰§Ò¹ í̈Ò¹Ç¹ � ªˆÍ§
ÊíÒËÃÑºÃÐººÃÙ»·Õè 3.1

���	�� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹ã¹ÊÀÒÇÐÍÂÙˆμÑÇ·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔãª‰ªˆÍ§ÊÑ­­Ò³ í̈Ò¹Ç¹ � ªˆÍ§ÊÑ­­Ò³
áÅÐ·ÃÒ¿¿”¡ ¨Ò¡¡ÒÃÇÑ´ãª‰ªˆÍ§ÊÑ­­Ò³à»“¹ í̈Ò¹Ç¹ � ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºÃÐººã¹ÃÙ»·Õè 3.2

¨Ò¡ÃÙ»áººÍ‰Ò§ÍÔ§μÒÁÃÙ»·Õè 3.1 áÅÐ 3.2 ¨ÐÊÒÁÒÃ¶à¢ÕÂ¹á¼¹ÀÒ¾¡ÒÃà»ÅÕèÂ¹Ê¶Ò¹Ð¢Í§ CTMC ä´‰´Ñ§ÃÙ»
·Õè 3.3 áÅÐ 3.4 μÒÁÅíÒ´Ñº

¨Ò¡á¼¹ÀÒ¾áÊ´§Ê¶Ò¹Ðã¹ÃÙ»·Õè 3.3 à¹×èÍ§¨Ò¡à»“¹¡Ã³Õ·Õè»ÃÐ¡Íº´‰ÇÂ·ÃÒ¿¿”¡¨Ò¡¼Ù‰ãª‰¨ÃÔ§à·̂Ò
¹Ñé¹ Ö̈§¾Ô¨ÒÃ³ÒãË‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐººäÁ̂ä´‰·íÒ¡ÒÃÇÑ´ ���� «Öè§
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ÃÙ»·Õè 3.3: á¼¹ÀÒ¾Ê¶Ò¹Ð¢Í§ÃÐºº·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔà·̂Ò¹Ñé¹â´ÂäÁˆÁÕ·ÃÒ¿¿”¡¢Í§à¤Ã×èÍ§Á×ÍÇÑ´

ÃÙ»·Õè 3.4: á¼¹ÀÒ¾Ê¶Ò¹Ð¢Í§ÃÐºº·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔáÅÐ·ÃÒ¿¿”¡¢Í§à¤Ã×èÍ§Á×ÍÇÑ´

à»“¹¤ˆÒ·Õèμ‰Í§¡ÒÃÇÑ´ áÅÐ¨Ò¡ÊÙμÃ¢Í§àÍÍÃŒáÅ§ ä´‰ÇˆÒ

���� � �� �

���
� �

��
���

���
��


 (3.1)

¨Ò¡ (3.1) ËÒ¡μ‰Í§¡ÒÃ»ÃÐàÁÔ¹¤ˆÒ ���� ¨Ð¾ºÇˆÒ � áÅÐ �� äÁˆÊÒÁÒÃ¶·ÃÒº¤ˆÒä´‰ ´Ñ§¹Ñé¹ Ö̈§»ÃÐÁÒ³
¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐººäÁ̂ä´‰·íÒ¡ÒÃÇÑ´ ¨Ò¡¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃ
àÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ���
�

�� � ���
 (3.2)

àÁ×èÍ � ¤×ÍμÑÇ¤Ù³»ÃÑºá¡‰
á¼¹ÀÒ¾Ê¶Ò¹ÐÃÙ»·Õè 3.4 áÊ´§ãË‰àËç¹ÇˆÒ ¤ÇÒÁ¤Ñº¤Ñè§àªÔ§àÇÅÒ¢Í§·ÃÒ¿¿”¡»¡μÔã¹ÃÐºº·ÕèÁÕ¡ÒÃ

ÇÑ´ ����� à·̂Ò¡Ñº ���	 �� � ��� � �	 �� áÅÐà¹×èÍ§¨Ò¡ÊíÒËÃÑº·ÃÒ¿¿”¡»¡μÔ¡ÒÃ¢Íà¢‰Òãª‰ºÃÔ¡ÒÃÁÕÅÑ¡É³Ð
à»“¹»’ÇÊŒ«§«Öè§¡ÒÃ¢Íà¢‰Òãª‰ºÃÔ¡ÒÃ¨ÐäÁˆ¢Öé¹ÍÂÙˆ¡ÑºÊ¶Ò¹Ð¢Í§ÃÐºº´Ñ§¹Ñé¹¤ˆÒ¤ÇÒÁ¤Ñº¤Ñè§àªÔ§¡ÒÃàÃÕÂ¡ �����

ËÃ×Í¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔã¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ ��� � ��� � ���	 ���

��� � �	 �� ¹Í¡¨Ò¡¹Õé¡ÒÃÁÕà¤Ã×èÍ§Á×ÍÇÑ´à¾ÕÂ§Ë¹Öè§ªØ´Ê̂§¼ÅãË‰·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÊÒÁÒÃ¶ãª‰ªˆÍ§
ÊÑ­­Ò³ä´‰Ë¹Öè§ªˆÍ§ÊÑ­­Ò³à·̂Ò¹Ñé¹ àÁ×èÍÃÐºº·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔáÅÐ·ÃÒ¿¿”¡¢Í§à¤Ã×èÍ§Á×ÍÇÑ´ÍÂÙˆã¹Ê¶Ò¹Ð
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�� � �	 �� ¨ÐäÁˆÊÒÁÒÃ¶ÁÕ¡ÒÃàÃÕÂ¡¢Íà¢‰Òãª‰ÃÐºº¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ä´‰ÍÕ¡ ´Ñ§¹Ñé¹¤ÇÒÁ¤Ñº¤Ñè§àªÔ§àÇÅÒ
¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ���
� à·̂Ò¡Ñº ���	 �� áÅÐâ´Âãª‰ local balance equation ¨Ðä´‰ÇˆÒ
(áÊ´§¡ÒÃ¾ÔÊÙ¨¹Œã¹ÀÒ¤¼¹Ç¡ ¡.)

��
 � ���	 �� �

���
� �

��
����

����
���

� �


����
����

����
���

àÁ×èÍ �
 � �
��
 ÍÂˆÒ§äÃ¡çμÒÁ¡ÒÃà¢‰ÒÁÒ¢Íãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´«Öè§¢Öé¹ÍÂÙˆ¡ÑºÊ¶Ò¹Ð
¢Í§ÃÐººÊ̂§¼ÅãË‰¤ˆÒ¤ÇÒÁ¤Ñº¤Ñè§àªÔ§¡ÒÃàÃÕÂ¡ÍÒ¨äÁ̂à·̂Ò¡Ñº¤ˆÒ¤ÇÒÁ¤Ñèº¤Ñè§àªÔ§àÇÅÒ â´Â¤ˆÒ¤ÇÒÁ¤Ñº¤Ñè§àªÔ§
¡ÒÃàÃÕÂ¡ÊÒÁÒÃ¶ËÒä´‰¨Ò¡ ÍÑμÃÒÊ̂Ç¹¢Í§¨íÒ¹Ç¹¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ·Õèà¢‰ÒÁÒã¹¢³Ð·ÕèÃÐººÍÂÙˆã¹Ê¶Ò¹Ð
ÍÂÙˆμÑÇμˆÍ í̈Ò¹Ç¹¡ÒÃàÃÕÂ¡·Ñé§ËÁ´ ¨Ò¡ÊÁ¡ÒÃ·Õè (2.1)

��
 �
��
�
�

�����

���	���
��� � ��

áμˆ¨Ò¡ÃÙ»·Õè 3.4 àËç¹ä´‰ÇˆÒ àÁ×èÍÃÐººÍÂÙˆã¹Ê¶Ò¹Ð·Õè·ÃÒ¿¿”¡ã¹à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³ à¤Ã×èÍ§
Á×ÍÇÑ´¨ÐäÁˆÊÒÁÒÃ¶·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃä´‰ÍÕ¡ à¹×èÍ§¨Ò¡¡ÒÃÁÕà¤Ã×èÍ§Á×ÍÇÑ´à¾ÕÂ§Ë¹Öè§ªØ´

��
 �
��
�
�

�

���	 ���


�
��
�

�

���	 ��

�

���
� �

��
����

����
���

� �


����
����

����
���

��

��

�
�
��

��
����

����
���

� �


����
����

����
���

��
 �

���
� �

��

��

�
�
��

(3.3)

¨Ò¡ÊÁ¡ÒÃ (3.1) áÅÐ (3.3) ¾ºÇˆÒàÁ×èÍ¾Ô¨ÒÃ³ÒμÑÇ¤Ù³»ÃÑºá¡‰´Ñ§ÊÁ¡ÒÃ (3.2) ä´‰ÇˆÒã¹¡Ã³Õ´Ñ§¡Å̂ÒÇ
μÑÇ¤Ù³»ÃÑºá¡‰ÁÕ¤ˆÒà·̂Ò¡Ñº 1 ¹Ñè¹¤×Í ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¹Ñé¹
ÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ã¹¡Ã³Õ·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰ÍÂˆÒ§¶Ù¡μ‰Í§
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3.2 ¡Ã³ÕÁÕ¡ÒÃ¡Ñ¹ª̂Í§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§

¾Ô¨ÒÃ³ÒÃÐºº·ÕèÁÕ¡ÒÃãË‰¤ÇÒÁÊíÒ¤Ñ­¡Ñº·ÃÒ¿¿”¡·ÕèÁÒ¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒÁÒ¡¡ÇˆÒ·ÃÒ¿¿”¡»¡μÔ
·Õè·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃª̂Í§ÊÑ­­Ò³ÀÒÂã¹à«ÅÅŒ¹Ñé¹â´Âãª‰¹âÂºÒÂ¢Õ´áº̂§ ¡íÒË¹´ãË‰ÃÐººÁÕ � ªˆÍ§
ÊÑ­­Ò³áÅÐ¨Í§äÇ‰ 
 ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ ¨Ðä´‰ÇˆÒ·ÃÒ¿¿”¡»¡μÔ·Õè·íÒ¡ÒÃàÃÕÂ¡ãª‰
ºÃÔ¡ÒÃÀÒÂã¹à«ÅÅŒ¹Ñé¹ÊÒÁÒÃ¶ãª‰ªˆÍ§ÊÑ­­Ò³ä´‰ ��
 ªˆÍ§ÊÑ­­Ò³ áμˆ·ÇˆÒáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÊÒÁÒÃ¶
à¢‰Òãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³ä´‰·Ñé§ � ªˆÍ§ÊÑ­­Ò³ ÃÐºº¹ÕéÊÒÁÒÃ¶ÇÔà¤ÃÒÐËŒä´‰â´ÂÁÕÃÒÂÅÐàÍÕÂ´ã¹ËÑÇ
¢‰Í·Õè 2.3 â´Â¨Ò¡ÊÁ¡ÒÃ (2.2) ¾ºÇˆÒàÁ×èÍμ‰Í§¡ÒÃ»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸º¹ÃÐºº
·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ ���� äÁˆÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒä´‰â´ÂμÃ§ à¾ÃÒÐà¹×èÍ§¨Ò¡μÑÇá»Ã·ÕèäÁˆ·ÃÒº¤ˆÒ ´Ñ§¹Ñé¹ Ö̈§
»ÃÐÁÒ³¨Ò¡¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ���
�

�� � ���
 (3.4)

àÁ×èÍ � ¤×ÍμÑÇ¤Ù³»ÃÑºá¡‰
ÃÙ»·Õè 3.5 áÊ´§áºº¨íÒÅÍ§¢Í§ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃáººÃº¡Ç¹ ã¹¡Ã³Õ·Õèà¤Ã×èÍ§

Á×ÍÇÑ´äÁˆÁÕ¡ÒÃà¤Å×èÍ¹·Õè ¨ÐÊÒÁÒÃ¶¾Ô¨ÒÃ³Ò·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´àÊÁ×Í¹·ÃÒ¿¿”¡·Õè·íÒ¡ÒÃàÃÕÂ¡ãª‰
ºÃÔ¡ÒÃãËÁ̂ÀÒÂã¹à«ÅÅŒ¹Ñé¹ ´Ñ§¹Ñé¹·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃä´‰ � � 
 ªˆÍ§ÊÑ­­Ò³
àªˆ¹à´ÕÂÇ¡Ñº·ÃÒ¿¿”¡»¡μÔ

ÃÙ»·Õè 3.5: ÃÙ»áººÍ‰Ò§ÍÔ§¢Í§ÃÐººÃÐºº·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔ áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡áÅÐ·ÃÒ¿¿”¡¢Í§à¤Ã×èÍ§
Á×ÍÇÑ´

à¾×èÍ¾Ô¨ÒÃ³Ò»’­ËÒáºº CTMC àªˆ¹à´ÕÂÇ¡Ñº¡Ã³ÕäÁˆÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ ã¹·Õè¹Õé¨Ö§¡íÒË¹´
ãË‰â¤Ã§¢ˆÒÂÁÕÅÑ¡É³Ðà»“¹ÃÐºº·ÕèÁÕ¤ÇÒÁ Ø̈¨íÒ¡Ñ´áÅÐäÁˆÁÕºÑ¿à¿ÍÃŒ ¡íÒË¹´ãË‰·ÃÒ¿¿”¡¨Ò¡¼Ù‰ãª‰ºÃÔ¡ÒÃ·ÑèÇä»
ÁÕ¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§ ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍ¨ÐÁÕÃÐÂÐàÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ·Õè
ÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§ áÅÐãË‰·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´à»“¹ÅÑ¡É³Ðà»“¹áººà»”´»”´ «Öè§
àÇÅÒ¤§Ê¶Ò¹ÐÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§ ¹Í¡¨Ò¡¹Ñé¹¡íÒË¹´ãË‰ÁÕÍØ»¡Ã³Œ·íÒ¡ÒÃÇÑ´à¾ÕÂ§Ë¹Öè§
ªØ´ áÅÐÁÕ¡ÒÃ¡íÒË¹´ÊÑ­¡Ã³Œ (notation) ÊíÒËÃÑº¡ÒÃÇÔà¤ÃÒÐËŒμÒÁÃÙ»áººÍ‰Ò§ÍÔ§ã¹ÃÙ»·Õè 3.5 ´Ñ§μˆÍä»
¹Õé
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�� ÍÑμÃÒà©ÅÕèÂ¢Í§¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡»¡μÔ·Õèμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃ
�� ÍÑμÃÒà©ÅÕèÂ¢Í§¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡¨Ò¡áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
�
 ÍÑμÃÒà©ÅÕèÂ¢Í§¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
���� àÇÅÒà©ÅÕèÂã¹¡ÒÃãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡»¡μÔ·Õèμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃ
���� àÇÅÒà©ÅÕèÂã¹¡ÒÃãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡¨Ò¡áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
���
 àÇÅÒà©ÅÕèÂã¹¡ÒÃãª‰ºÃÔ¡ÒÃ¢Í§¡ÒÃàÃÕÂ¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
�� � �����»ÃÔÁÒ³·ÃÒ¿¿”¡»¡μÔ·Õèμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃ (àÍÍÃŒáÅ§)
�� � �����»ÃÔÁÒ³·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´·Õèμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃ (àÍÍÃŒáÅ§)
���	 �� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹ã¹ÊÀÒÇÐÍÂÙˆμÑÇ·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔ ãª‰ªˆÍ§ÊÑ­­Ò³ í̈Ò¹Ç¹ � ªˆÍ§ÊÑ­­Ò³

áÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ ¨Ò¡¡ÒÃÇÑ´ãª‰ªˆÍ§ÊÑ­­Ò³à»“¹ í̈Ò¹Ç¹ � ªˆÍ§ÊÑ­­Ò³
���	 �	�� ¤ÇÒÁ¹ˆÒ¨Ðà»“¹ã¹ÊÀÒÇÐÍÂÙˆμÑÇ·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔãª‰ªˆÍ§ÊÑ­­Ò³ í̈Ò¹Ç¹ � ªˆÍ§ÊÑ­­Ò³

¨Ò¡áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ªˆÍ§ÊÑ­­Ò³à»“¹ í̈Ò¹Ç¹ � ªˆÍ§ÊÑ­­Ò³
áÅÐ¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ � ªˆÍ§ÊÑ­­Ò³

ÊÒÁÒÃ¶¾Ô¨ÒÃ³Òá¼¹ÀÒ¾Ê¶Ò¹Ð (state diagram) ä´‰´Ñ§ÃÙ»·Õè 3.6 áÅÐ 3.7 â´ÂÁÕ¹ÔÂÒÁÇˆÒÃÐºº
ÍÂÙˆã¹Ê¶Ò¹Ð ��	 �	�� ÊíÒËÃÑº¤ˆÒ � � �	 �	 
 
 
 	 � � 
 ÊíÒËÃÑº¤ˆÒ � � �	 �	 
 
 
 	 � áÅÐ � � �	 �

àÁ×èÍÁÕªˆÍ§ÊÑ­­Ò³ � ªˆÍ§ÊÑ­­Ò³¡íÒÅÑ§¶Ù¡ãª‰§Ò¹´‰ÇÂ·ÃÒ¿¿”¡»¡μÔ � ªˆÍ§ÊÑ­­Ò³¡íÒÅÑ§¶Ù¡ãª‰§Ò¹
´‰ÇÂáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ áÅÐ � ªˆÍ§ÊÑ­­Ò³¡íÒÅÑ§¶Ù¡ãª‰§Ò¹´‰ÇÂ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ÊÒÁÒÃ¶
¾Ô¨ÒÃ³ÒËÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆ·ÕèÊ¶Ò¹Ð ��	 �	�� ã´æ ´‰ÇÂ local balance equation ¨Ðä´‰ÇˆÒ¤ÇÒÁ
¹ˆÒ¨Ðà»“¹·ÕèÃÐºº¨ÐÍÂÙˆ·ÕèÊ¶Ò¹Ð ��	 �	�� («Öè§áÊ´§¡ÒÃ¾ÔÊÙ¨¹ŒäÇ‰ã¹ÀÒ¤¼¹Ç¡ ¢.)
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áÅÐ¤ÇÒÁ¤Ñº¤Ñè§·Ò§àÇÅÒÊíÒËÃÑºà¤Ã×èÍ§Á×ÍÇÑ´ ��
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ÊíÒËÃÑº·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕÍÑμÃÒ¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ¢Öé¹ÍÂÙˆ¡ÑºÊ¶Ò¹Ð¢Í§ÃÐºº¡Å̂ÒÇ¤×Í àÁ×èÍ
¡ÒÃàÃÕÂ¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃ¢Í§ªˆÍ§ÊÑ­­Ò³ä´‰áÅ‰Ç ¾ºÇˆÒà¤Ã×èÍ§Á×ÍÇÑ´¨ÐäÁˆÊÒÁÒÃ¶
àÃÕÂ¡à¢‰Òãª‰ºÃÔ¡ÒÃä´‰ ¨¹¡ÃÐ·Ñè§¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¹Ñé¹ÊÔé¹ÊØ´Å§·Ñé§¹Õéà»“¹¼Åà¹×èÍ§ÁÒ¡¨Ò¡¡ÒÃÁÕÍØ»¡Ã³ŒÇÑ´
à¾ÕÂ§ 1 ªØ´ ´Ñ§¹Ñé¹ÊÒÁÒÃ¶¾Ô¨ÒÃ³ÒËÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ÊíÒËÃÑº·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§
Á×ÍÇÑ´ ���
� ¨Ò¡

��
 �
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�������

���	 �	���
��� � ��

áμˆ¨Ò¡ÃÙ»·Õè 3.4 àËç¹ä´‰ÇˆÒ àÁ×èÍÃÐººÍÂÙˆã¹Ê¶Ò¹Ð·Õè·ÃÒ¿¿”¡ã¹à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³ à¤Ã×èÍ§
Á×ÍÇÑ´¨ÐäÁˆÊÒÁÒÃ¶·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃä´‰ÍÕ¡ à¹×èÍ§¨Ò¡¡ÒÃÁÕà¤Ã×èÍ§Á×ÍÇÑ´à¾ÕÂ§Ë¹Öè§ªØ´
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(3.5)

¨Ò¡ÊÁ¡ÒÃ (2.2) áÅÐ (3.5) ¾ºÇˆÒàÁ×èÍ¾Ô¨ÒÃ³ÒμÑÇ¤Ù³»ÃÑºá¡‰´Ñ§ÊÁ¡ÒÃ (3.4) ä´‰ÇˆÒã¹¡Ã³Õ´Ñ§¡Å̂ÒÇμÑÇ¤Ù³
»ÃÑºá¡‰ÁÕ¤ˆÒà·̂Ò¡Ñº 1
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¨Ò¡¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒ ·Ñé§ã¹¡Ã³Õ·ÕèÃÐººäÁ̂ÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ áÅÐã¹¡Ã³Õ·ÕèÁÕ¡ÒÃ
¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§¾ºÇˆÒ μÑÇ¤Ù³»ÃÑºá¡‰ÁÕ¤ˆÒà·̂Ò¡Ñº 1 ´Ñ§¹Ñé¹
ËÁÒÂ¤ÇÒÁÇˆÒ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰â´Â¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹¹Ñé¹ ÊÒÁÒÃ¶
»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰ ·Ñé§¹ÕéÍÂÙˆº¹ÊÁÁØμÔ
°Ò¹·ÕèÇˆÒâ¤Ã§¢ˆÒÂÁÕÅÑ¡É³Ðà»“¹ÃÐºº·ÕèÁÕ¤ÇÒÁ Ø̈¨íÒ¡Ñ´áÅÐäÁˆÁÕºÑ¿à¿ÍÃŒ ·ÃÒ¿¿”¡¨Ò¡¼Ù‰ãª‰ºÃÔ¡ÒÃ·ÑèÇä»ÁÕ
¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§ ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍ¨ÐÁÕÃÐÂÐàÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ·ÕèÁÕ
¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§ áÅÐãË‰·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´à¾ÕÂ§Ë¹Öè§ªØ´·ÕèÁÕÅÑ¡É³Ðà»“¹áººà»”´
»”´ «Öè§àÇÅÒ¤§Ê¶Ò¹ÐÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§ ã¹º··Õè 4 ¨ÐÇÔà¤ÃÒÐËŒã¹¡Ã³Õ«Öè§»¯ºÑμÔÁÒ¡ÂÔè§
¢Öé¹ ¤×Í àÁ×èÍ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕÅÑ¡É³Ð¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ·Õè¡íÒË¹´á¹ˆ¹Í¹ àÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§
ÊÑ­­Ò³ÊíÒËÃÑº·ÃÒ¿¿”¡ª¹Ô´áÎ¹´ŒâÍàÇÍÃŒ´‰ÇÂ¹âÂºÒÂ¨Í§ªˆÍ§ÊÑ­­Ò³ áÅÐàÁ×èÍ¼Ù‰ãª‰§Ò¹ÁÕ¡ÒÃà¤Å×èÍ¹·Õè
¢‰ÒÁà«ÅÅŒ
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ÃÙ»·Õè 3.6: á¼¹ÀÒ¾áÊ´§Ê¶Ò¹Ð¢Í§ÃÐººÃÐºº·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔ áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡áÅÐ·ÃÒ¿¿”¡¢Í§
à¤Ã×èÍ§Á×ÍÇÑ´ àÁ×èÍ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´äÁˆÁÕ¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³



26

ÃÙ»·Õè 3.7: á¼¹ÀÒ¾áÊ´§Ê¶Ò¹Ð¢Í§ÃÐººÃÐºº·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔ áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡áÅÐ·ÃÒ¿¿”¡¢Í§
à¤Ã×èÍ§Á×ÍÇÑ´ àÁ×èÍ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³



º··Õè 4

¡ÒÃ í̈ÒÅÍ§ÃÐºº

º··Õè 3 ä´‰áÊ´§¡ÒÃÇÔà¤ÃÒÐËŒμÑÇ¤Ù³»ÃÑºá¡‰à¾×èÍ»ÃÑºá¡‰¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸·Õèä´‰
¨Ò¡¡ÒÃÇÑ´áºº¡ÒÃÃº¡Ç¹ ãË‰ÁÕ¤ˆÒà·̂Ò¡Ñº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰·ÑèÇä»ã¹¡Ã³Õ·Õè
ÃÐººäÁˆä´‰·íÒ¡ÒÃÇÑ´·Ñé§ã¹¡Ã³Õ·ÕèäÁˆÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ áÅÐ¡Ã³ÕÁÕ¡ÒÃ¡Ñ¹
ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ́ ‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ ´Ñ§¹Ñé¹¡ÒÃ¨íÒÅÍ§ÃÐºº·Ò§¤ÍÁ¾ÔÇàμÍÃŒ â´Â
¨íÒÅÍ§¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃâ¤Ã§¢ˆÒÂ¢Í§·ÃÒ¿¿”¡ª¹Ô´μˆÒ§ æ μÒÁÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃáÅÐªˆÇ§àÇÅÒãª‰
¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³à©ÅÕèÂã¹áμˆÅÐ¡Ã³ÕÈÖ¡ÉÒ ´‰ÇÂâ»Ãá¡ÃÁ MATLAB º¹ÊÍ§ÇÑμ¶Ø»ÃÐÊ§¤Œ ¤×Í à¾×èÍ
Â×¹ÂÑ¹¤ÇÒÁ¶Ù¡μ‰Í§¢Í§¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒã¹º··Õè 3 áÅÐà¾×èÍ·íÒ¡ÒÃÈÖ¡ÉÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ
¹íÒä»ãª‰¢Í§μÑÇ¤Ù³»ÃÑºá¡‰àÁ×èÍÁÕ»’¨ Ñ̈ÂÍ×è¹ã¹ÃÐºº ´Ñ§¡Ã³ÕàËÅ̂Ò¹Õé

� ¡Ã³Õ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¡ÒÃ¡íÒË¹´áººá¼¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ·Õèá¹ˆ¹Í¹

� ¡Ã³Õ·ÕèÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³

� ¡Ã³Õ·Õè¼Ù‰ãª‰ã¹ÃÐººÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ

4.1 ¡Ã³ÕäÁˆÁÕ¡ÒÃ¡Ñ¹ª̂Í§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ

¡ÒÃ í̈ÒÅÍ§ÃÐººã¹¡Ã³Õ¹Õé ÁÕÇÑμ¶Ø»ÃÐÊ§¤Œà¾×èÍÂ×¹ÂÑ¹¤ÇÒÁ¶Ù¡μ‰Í§¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒã¹
¡Ã³Õ·ÕèÃÐººäÁˆÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒã¹ËÑÇ¢‰Í·Õè 3.1 ´Ñ§¹Ñé¹ Ö̈§ í̈ÒÅÍ§ÃÐºº·Ò§
¤ÍÁ¾ÔÇàμÍÃŒÁÕ¢‰Í¡íÒË¹´à´ÕÂÇ¡Ñ¹¡Ñº¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒ´Ñ§¹Õé ·ÃÒ¿¿”¡»¡μÔÁÕ¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰
ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§ áÅÐ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍ¨ÐÁÕÃÐÂÐàÇÅÒ¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇ
áººàÅ¢ªÕé¡íÒÅÑ§ ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕÅÑ¡É³Ðà»“¹áººà»”´»”´ ¡Å̂ÒÇ¤×ÍàÁ×èÍ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§
Á×ÍÇÑ´ÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³ä´‰áÅ‰Ç ¨ÐäÁˆÊÒÁÒÃ¶·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃä´‰ÍÕ¡ ¨¹¡ÃÐ·Ñè§
ÊÔé¹ÊØ´¡ÒÃ¤ÃÍº¤ÃÍ§ª̂Í§ÊÑ­­Ò³«Öè§àÇÅÒ¤§Ê¶Ò¹ÐÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§ áÅÐ¡ÒÃàÃÕÂ¡¢Íãª‰
ºÃÔ¡ÒÃ¶Ù¡»®ÔàÊ¸à¡Ô´¨Ò¡äÁˆÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³à¾ÕÂ§¾Í·Õè¨ÐãË‰ºÃÔ¡ÒÃà·̂Ò¹Ñé¹ «Öè§ä´‰¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº
´Ñ§μˆÍä»¹Õé

ã¹ÃÙ»·Õè 4.1 à»“¹¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡ª¹Ô´μˆÒ§ æ
º¹ÃÐºº·ÕèäÁˆÁÕ¡ÒÃÇÑ´áÅÐÁÕ¡ÒÃÇÑ´ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ â´Â
¡íÒË¹´ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¤ˆÒà·̂Ò¡Ñº 1 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ àÇÅÒà©ÅÕèÂ
·Õè·ÃÒ¿¿”¡»¡μÔáÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 áÅÐ 0.5 ¹Ò·Õ μÒÁÅíÒ´Ñº º¹ÃÐºº·Õè
ÁÕ¤ÇÒÁ Ø̈ 8 ªˆÍ§ÊÑ­­Ò³ ä´‰ÇˆÒàÁ×èÍÃÐººÁÕ¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ
¶Ù¡»¯ÔàÊ¸·ÕèÇÑ´ä´‰¨Ò¡ÍØ»¡Ã³ŒÇÑ´ ¨ÐÁÕ¤ˆÒà·̂Ò¡Ñº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔã¹
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ÃÙ»·Õè 4.1: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººã¹¡Ã³ÕäÁ̂ÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹
ÍÑμÃÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ

ÃÙ»·Õè 4.2: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººã¹¡Ã³ÕäÁ̂ÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹
ÍÑμÃÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
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ÃÙ»·Õè 4.3: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººã¹¡Ã³ÕäÁ̂ÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹
¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³ã¹ÃÐºº

¡Ã³Õ·ÕèäÁˆÁÕ¡ÒÃÇÑ´μÅÍ´¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃà©ÅÕèÂ¢Í§¼Ù‰ãª‰»¡μÔ áμˆ¼Å¨Ò¡¡ÒÃÃº¡Ç¹
¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ Ê̂§¼ÅãË‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔã¹ÃÐºº·Õè
ÁÕ¡ÒÃÇÑ´ÊÙ§¢Öé¹ ¹Ñè¹¤×ÍàÁ×èÍÃÐººÁÕ¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹à¡Ô´¢Öé¹ ¨ÐÊ̂§¼ÅãË‰¼Ù‰ãª‰»¡μÔã¹ÃÐººä´‰ÃÑº¼Å
¡ÃÐ·º¨Ò¡¡ÒÃ·ÕèÁÕ»ÃÔÁÒ³·ÃÒ¿¿”¡ã¹ÃÐººÁÒ¡¡ÇˆÒã¹¡Ã³Õ·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´

ÃÙ»·Õè 4.2 à»“¹¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡ª¹Ô´μˆÒ§ æ º¹
ÃÐºº·ÕèäÁˆÁÕ¡ÒÃÇÑ´áÅÐÁÕ¡ÒÃÇÑ´ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§
Á×ÍÇÑ´ â´Â¡íÒË¹´ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ 6 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔ
áÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 áÅÐ 0.5 ¹Ò·Õ μÒÁÅíÒ´Ñº º¹ÃÐºº·ÕèÁÕ
¤ÇÒÁ¨Ø 8 ªˆÍ§ÊÑ­­Ò³ áÊ´§ãË‰àËç¹ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃ¢Íãª‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸·ÕèÇÑ´ä´‰¨Ò¡
ÍØ»¡Ã³ŒÇÑ´ ÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔã¹¡Ã³Õ·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´
ä´‰ â´ÂäÁˆ¢Öé¹¡ÑºÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ áμˆàÁ×èÍÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ
¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ»ÃÔÁÒ³à¾ÔèÁªÖé¹ ¨ÐÊ̂§¼Å¡ÃÐ·ºμˆÍ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸
¢Í§¼Ù‰ãª‰»¡μÔã¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ÁÒ¡¢Öé¹à·̂Ò¹Ñé¹

ÃÙ»·Õè 4.3 à»“¹¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡ª¹Ô´μˆÒ§ æ º¹
ÃÐºº·ÕèäÁˆÁÕ¡ÒÃÇÑ´áÅÐÁÕ¡ÒÃÇÑ´ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹¢¹Ò´¤ÇÒÁ Ø̈¢Í§ÃÐººâ´Â¡íÒË¹´ÍÑμÃÒ¡ÒÃàÃÕÂ¡
ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔáÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ 6 áÅÐ 1 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·ÕμÒÁÅíÒ´Ñº àÇÅÒ
à©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔáÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 áÅÐ 0.5 ¹Ò·Õ μÒÁÅíÒ´Ñº ÊÒÁÒÃ¶
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ÇÔà¤ÃÒÐËŒä´‰ÇˆÒàÁ×èÍ»ÃÔÁÒ³ªˆÍ§ÊÑ­­Ò³à¾ÔèÁÁÒ¡¢Öé¹ ¨ÐÊ̂§¼ÅãË‰¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ÁÕ¤ˆÒ
Å´Å§ÊíÒËÃÑº·ÃÒ¿¿”¡·Ø¡»ÃÐàÀ· ·Ñé§º¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´áÅÐÃÐºº·ÕèäÁˆÁÕ¡ÒÃÇÑ´ ¹Í¡¨Ò¡¹Ñé¹àÁ×èÍ»ÃÔÁÒ³
ªˆÍ§ÊÑ­­Ò³à¾ÔèÁ¢Öé¹ÂÑ§¾ºÇˆÒ äÁˆÇˆÒªˆÍ§ÊÑ­­Ò³¨ÐÁÕ¢¹Ò´à·̂Òã´ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸
·ÕèÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÂÑ§ÁÕ¤ˆÒà·̂Ò¡Ñº ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔã¹ÃÐºº·ÕèäÁˆä´‰
·íÒ¡ÒÃÇÑ´

´Ñ§¹Ñé¹¨Ò¡ÃÙ»·Õè 4.1–4.3 ÊÒÁÒÃ¶ÊÃØ»ä´‰ÇˆÒ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰â´Â
à¤Ã×èÍ§Á×ÍÇÑ´ÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔã¹ÃÐºº·ÕèäÁˆÁÕ¡ÒÃÇÑ´
ä´‰ ´Ñ§¹Ñé¹ËÒ¡¾Ô¨Ò³ÒμÑÇ¤Ù³»ÃÑºá¡‰ã¹¡Ã³Õ´Ñ§¡Å̂ÒÇáÅ‰Ç ¾ºÇˆÒáμˆ¤Ù³»ÃÑºá¡‰¤ÇÃÁÕ¤ˆÒà·̂Ò¡Ñº 1 àªˆ¹à´ÕÂÇ
¡Ñº¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒã¹ËÑÇ¢‰Í·Õè 3.1

4.2 ¡Ã³ÕÁÕ¡ÒÃ¡Ñ¹ª̂Í§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ́ ‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§

¡ÒÃ í̈ÒÅÍ§ÃÐººã¹¡Ã³Õ¹Õé ÁÕÇÑμ¶Ø»ÃÐÊ§¤Œà¾×èÍÂ×¹ÂÑ¹¤ÇÒÁ¶Ù¡μ‰Í§¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒã¹
¡Ã³Õ·ÕèÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ́ ‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ã¹ËÑÇ¢‰Í·Õè 3.2 ´Ñ§¹Ñé¹
¨Ö§ í̈ÒÅÍ§ÃÐººâ´ÂÁÕ¢‰Í¡íÒË¹´à´ÕÂÇ¡Ñº¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒã¹Ë‰Ç¢‰Í·Õè 3.2 ´Ñ§¹Õé ·ÃÒ¿¿”¡»¡μÔ
áÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÁÕ¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§ ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍ¨Ð
ÁÕÃÐÂÐàÇÅÒ¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§ ã¹¢³Ð·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕÅÑ¡É³Ð
à»“¹âÁà´Åà»”´»”´ ¡Å̂ÒÇ¤×ÍàÁ×èÍ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³ä´‰áÅ‰Ç¨Ð
äÁˆÊÒÁÒÃ¶·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃä´‰ÍÕ¡¨¹¡ÃÐ·Ñè§ÊÔé¹ÊØ´¡ÒÃ¤ÃÍº¤ÃÍ§ª̂Í§ÊÑ­­Ò³ «Öè§àÇÅÒ¤§Ê¶Ò¹ÐÁÕ¡ÒÃ
¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§ º¹ÃÐºº·ÕèÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³¤§·Õè«Öè§ÁÕ¡ÒÃãª‰¹âÂºÒÂ¢Õ´áº̂§¡ÒÃ¡Ñ¹ªˆÍ§
ÊÑ­­Ò³äÇ‰à»“¹¤ˆÒ¤§·Õè áÅÐ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¨Ð¶Ù¡»®ÔàÊ¸à¹×èÍ§¨Ò¡äÁ̂ÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³à¾ÕÂ§¾Í
·Õè¨ÐãË‰ºÃÔ¡ÒÃà·̂Ò¹Ñé¹

¼Å¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡μˆÒ§ æ ã¹ÃÐºº·Ñé§·ÕèÁÕ¡ÒÃ
ÇÑ´ áÅÐäÁˆÁÕ¡ÒÃÇÑ´ â´Â·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ à©ÅÕèÂ¢Í§·ÃÒ¿¿”¡»¡μÔ º¹ÃÐºº·Õè
ÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³à·̂Ò¡Ñº 8 áÅÐ·íÒ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³äÇ‰ 2 ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ ´Ñ§ÃÙ»
·Õè 4.4 â´ÂÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ áÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¤ˆÒ¤§·Õè à·̂Ò
¡Ñº 2 áÅÐ 1 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·ÕμÒÁÅíÒ´Ñº àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃ
à·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐàÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 0.5 ¹Ò·Õ ÊÒÁÒÃ¶¾Ô¨ÒÃ³Òä´‰
ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¤ˆÒà·̂Ò¡Ñº ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè
¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ μÅÍ´·Ø¡ªˆÇ§ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§
¼Ù‰ãª‰»¡μÔ ¹Í¡¨Ò¡¹Ñé¹¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ÁÕ¤ˆÒÊÙ§
¡ÇˆÒº¹ÃÐºº·ÕèäÁˆÁÕ¡ÒÃÇÑ´ áÅÐ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ¶Ù¡Â¡àÅÔ¡ à¹×èÍ§¨Ò¡¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒäÁˆ
ÊíÒàÃç¨º¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ ÁÕ¤ˆÒÊÙ§¡ÇˆÒº¹ÃÐºº·ÕèäÁˆÁÕ¡ÒÃÇÑ´àªˆ¹¡Ñ¹ ·Ñé§¹Õéà¹×èÍ§¨Ò¡ä´‰ÃÑº¼Å¡ÃÐ·º¨Ò¡¡ÒÃ
·ÕèÁÕ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ã¹ÃÐºº

ÃÙ»·Õè 4.6 áÊ´§¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡μˆÒ§ æ ã¹
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ÃÙ»·Õè 4.4: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ àÁ×èÍ·íÒ
¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ

ÃÙ»·Õè 4.5: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ àÁ×èÍ·íÒ
¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
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ÃÙ»·Õè 4.6: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ àÁ×èÍ·íÒ
¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´

ÃÙ»·Õè 4.7: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ àÁ×èÍ·íÒ
¡ÒÃ»ÃÑºà»ÅÕèÂ¹¢¹Ò´ªˆÍ§ÊÑ­­Ò³
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ÃÐºº·Ñé§·ÕèäÁˆÁÕ¡ÒÃÇÑ´áÅÐÁÕ¡ÒÃÇÑ´ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§
Á×ÍÇÑ´ º¹ÃÐºº·ÕèÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³à·̂Ò¡Ñº 8 áÅÐ·íÒ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³äÇ‰ 2 ªˆÍ§ÊÑ­­Ò³
´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ â´ÂÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ áÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡à·̂Ò¡Ñº
4 áÅÐ 2 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·ÕμÒÁÅíÒ´Ñº àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃ
à·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐàÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 0.5 ¹Ò·Õ ¾Ô¨ÒÃ³Òä´‰
ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸·ÕèÇÑ´â´Âà¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¤ˆÒà·̂Ò¡Ñº ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡
¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ ¹Í¡¨Ò¡¹Ñé¹·Ñé§¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸
¢Í§·ÃÒ¿¿”¡»¡μÔ áÅÐ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡º¹ÃÐºº·ÕèÁÕ¡ÒÃ
ÇÑ´¨ÐÁÕ¤ˆÒÊÙ§¢Öé¹ àÁ×èÍÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¤ˆÒà¾ÔèÁ¢Ñé¹ ·Ñé§¹Õéà»“¹¼Åà¹×èÍ§
¨Ò¡¡ÒÃÁÕ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´à¢‰ÒÁÒãª‰ªˆÍ§ÊÑ­­Ò³à¾ÔèÁÁÒ¡¢Öé¹

ÃÙ»·Õè 4.5 áÊ´§¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡μˆÒ§ æ
ã¹ÃÐºº·Ñé§·ÕèäÁˆÁÕ¡ÒÃÇÑ´áÅÐÁÕ¡ÒÃÇÑ´ àÁ×èÍ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
º¹ÃÐºº·ÕèÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³à·̂Ò¡Ñº 8 áÅÐ·íÒ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³äÇ‰ 2 ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ
¢Õ´áº̂§ â´ÂÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ áÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ à·̂Ò¡Ñº 4 áÅÐ
1 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·ÕμÒÁÅíÒ´Ñº àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1

¹Ò·Õ áÅÐàÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 0.5 ¹Ò·Õ ¾Ô¨ÒÃ³Òä´‰ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ
¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸·Õèä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÂÑ§¤§ÁÕ¤ˆÒà·̂Ò¡Ñº ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸
¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèäÁˆÁÕ¡ÒÃÇÑ´àªˆ¹¡Ñ¹

àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹¢¹Ò´¤ÇÒÁ¨Ø¢Í§ÃÐºº´Ñ§ÃÙ»·Õè 4.7 â´Â¡íÒË¹´ãË‰ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ
¢Í§·ÃÒ¿¿”¡»¡μÔ áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ áÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ à·̂Ò¡Ñº 4, 2 áÅÐ 1 ¡ÒÃàÃÕÂ¡
μˆÍ¹Ò·ÕμÒÁÅíÒ´Ñº àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐàÇÅÒ
à©ÅÕèÂ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 0.5 ¹Ò·Õ àÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ
¢Õ´áº̂§äÇ‰Ã‰ÍÂÅÐ 25 ¢Í§¢¹Ò´¤ÇÒÁ Ø̈ ¨Ò¡¼Å¡ÒÃà»ÃÕèÂºà·ÕÂº¾Ô¨ÒÃ³Òä´‰ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡
¶Ù¡»¯ÔàÊ¸·Õèä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÂÑ§¤§ÁÕ¤ˆÒà·̂Ò¡Ñº ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔ
º¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´

¨Ò¡ÃÙ»·Õè 4.4–4.7 ÊÒÁÒÃ¶ÊÃØ»ä´‰ÇˆÒàÁ×èÍÃÐººÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³¤§·ÕèáÅÐÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³
äÇ‰à»“¹ í̈Ò¹Ç¹¤§·Õè´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù»»¯ÔàÊ¸·ÕèÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ
¤ˆÒà·̂Ò¡Ñº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ã¹·Ø¡ ¡Ã³Õ
¹Í¡¨Ò¡¹Ñé¹¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸·Ñé§¢Í§·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ º¹
ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´¨ÐÁÕ¤ˆÒÊÙ§¡ÇˆÒ¡Ã³Õº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ ·Ñé§¹Õéà¹×èÍ§¨Ò¡»ÃÔÁÒ³·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§
Á×ÍÇÑ´Ê̂§¼ÅãË‰»ÃÔÁÒ³·ÃÒ¿¿”¡â´ÂÃÇÁã¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ÁÕ¤ˆÒÊÙ§¡ÇˆÒ»ÃÔÁÒ³·ÃÒ¿¿”¡â´ÂÃÇÁ¢Í§ÃÐºº·Õè
äÁˆä´‰·íÒ¡ÒÃÇÑ´ Ê̂§¼ÅãË‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡·Ñé§ÊÍ§ª¹Ô´ÊÙ§¢Öé¹ ¹Í¡¨Ò¡
¹Ñé¹¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ ÁÕ¤ˆÒ¹‰ÍÂ¡ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹¢Í§
·ÃÒ¿¿”¡»¡μÔ áÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ·Ñé§¹Õéà»“¹¼ÅÁÒ¡¡¨Ò¡ãª‰¹âÂºÒÂ¢Õ´áº̂§¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³
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äÇ‰ ¡Å̂ÒÇ¤×Íã¹¡ÒÃ¨íÒÅÍ§ÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³äÇ‰Ã‰ÍÂÅÐ 25 ¢Í§¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³·Ñé§ËÁ´ ¹Ñè¹
¤×Í áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³ä´‰·Ñé§ËÁ´ áμˆ·ÃÒ¿¿”¡¨Òà¤Ã×èÍ§Á×ÍÇÑ´
ÊÒÁÒÃ¶à¢‰Òãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³ä´‰à¾ÕÂ§Ã‰ÍÂÅÐ 75 ¢Í§¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³·Ñé§ËÁ´ à»“¹àËμØãË‰¤ˆÒ
¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡·Ñé§ÊÍ§»ÃÐàÀ·ÁÕ¤ˆÒÊÙ§¡ÇˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ
¶Ù¡Â¡àÅÔ¡¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ ËÒ¡·íÒ¡ÒÃ¾Ô¨ÒÃ³ÒμÑÇ¤Ù³»ÃÑºá¡‰¾ºÇˆÒ μÑÇ¤Ù³»ÃÑºá¡‰ã¹¡Ã³Õ´Ñ§
¡Å̂ÒÇ¤ÇÃ·Õè¤ˆÒà·̂Ò¡Ñº 1 àªˆ¹à´ÕÂÇ¡Ñº¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒã¹ËÑÇ¢‰Í·Õè 3.2

4.3 ¡Ã³Õ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¡ÒÃ¡íÒË¹´áººá¼¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ·Õèá¹ˆ¹Í¹

à¹×èÍ§¨Ò¡ã¹·Ò§» Ô̄ºÑμÔ ¡ÒÃ·´ÊÍº¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¢³Ðà¤Å×èÍ¹·Õè¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¨Ò¡à¤Ã×èÍ§
Á×ÍÇÑ´à¾×èÍ·íÒ¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¹Ñé¹¨ÐÁÕÅÑ¡É³Ð¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ·ÕèÁÕ¡ÒÃ¡íÒË¹´á¹ˆ¹Í¹ ¡Å̂ÒÇ
¤×Í ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¹Ñé¹ÁÕ¡ÒÃ¡íÒË¹´ªˆÇ§àÇÅÒã¹¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³·Õèá¹ˆ¹Í¹ áÅÐàÁ×èÍÊÔé¹ÊØ´
¡ÒÃãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³áÅ‰Ç¨Ðμ‰Í§·íÒ¡ÒÃàÇ‰¹¡̂Í¹·Õè¨Ð·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃã¹¤ÃÑé§μˆÍä» à»“¹ªˆÇ§
àÇÅÒ·Õè¶Ù¡¡íÒË¹´äÇ‰ÍÂˆÒ§á¹ˆ¹Í¹ÍÕ¡àªˆ¹¡Ñ¹

´Ñ§¹Ñé¹¡ÒÃ¨íÒÅÍ§ÃÐºº¹ÕéÍÂÙˆº¹¢‰Í¡íÒË¹´·ÕèÇˆÒ·ÃÒ¿¿”¡»¡μÔ áÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÁÕ¡ÒÃà¢‰Ò
ãª‰ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§ áÅÐ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍ¨ÐÁÕÃÐÂÐàÇÅÒ¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÁÕ¡ÒÃ¡ÃÐ¨ÒÂ
μÑÇáººàÅ¢ªÕé¡íÒÅÑ§ ã¹¢³Ð·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¨ÐÁÕ¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰ªˆÍ§ÊÑ­­Ò³áººá¼¹·Õèá¹ˆ
¹Í¹ áÅÐÁÕªˆÇ§àÇÅÒ¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³à»“¹¤ˆÒ¤§·Õè ÃÇÁ¶Ö§àÁ×èÍÊÔé¹ÊØ´¡ÒÃãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³áÅ‰Ç
¨Ðμ‰Í§·íÒ¡ÒÃàÇ‰¹¡̂Í¹·íÒ¡ÒÃàÃÕÂ¡¤ÃÑé§μˆÍä»à»“¹¤ˆÒ¤§·Õèàªˆ¹¡Ñ¹

ÃÙ»·Õè 4.8 áÊ´§¼Å¡ÃÐ·ºÍÑ¹à¹×èÍ§¨Ò¡¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ
º¹ÃÐºº·ÕèäÁˆÁÕáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ áÅÐ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ í̈Ò¹Ç¹ªˆÍ§
ÊÑ­­Ò³ã¹ÃÐººà·̂Ò¡Ñº 8 àÁ×èÍ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕªˆÍ§àÇÅÒãª‰ªˆÍ§ÊÑ­­Ò³à·̂Ò¡Ñº 2 ¹Ò·Õ áÅÐ
¾Ñ¡ 15 ÇÔ¹Ò·Õ áÅÐª̂Ç§àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººä´‰ÇˆÒ
áÁ‰ÇˆÒ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¨ÐÁÕ¡ÒÃ¡íÒË¹´áººá¼¹¡ÒÃãª‰ºÃÔ¡ÒÃ·Õèá¹ˆ¹Í¹ ÅÑ¡É³Ð¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ
äÁˆä´‰ÁÕÅÑ¡É³Ðà»“¹»’ÇÊŒ«§ áÅÐªˆÇ§àÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³äÁˆÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§
¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃãË‰ºÃÔ¡ÒÃ¶Ù¡»¯ÔàÊ¸ «Öè§ÊÒÁÒÃ¶ÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¹Ñé¹ ÂÑ§¤§ÊÒÁÒÃ¶·íÒ¡ÒÃ
»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔ º¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰ áÁ‰¡ÃÐ·Ñè§
ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¨Ðà»ÅÕèÂ¹á»Å§ä» «Öè§¨ÐÊ̂§¼ÅãË‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹
·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·Ñé§ÃÐººÊÙ§¢Öé¹à·̂Ò¹Ñé¹

ÃÙ»·Õè 4.9 áÊ´§¼Å¢Í§¡ÒÃ»ÃÑºà»ÅÕèÂ¹ªˆÇ§àÇÅÒãª‰ªˆÍ§ÊÑ­­Ò³¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
àÁ×èÍÃÐºº·ÕèäÁˆÁÕáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡áÅÐ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ í̈Ò¹Ç¹ªˆÍ§
ÊÑ­­Ò³ã¹ÃÐººà·̂Ò¡Ñº 8 ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¨Ò¡·ÃÒ¿¿”¡»¡μÔÁÕ¤ˆÒà·̂Ò¡Ñº 6 ¡ÒÃàÃÕÂ¡μˆÍ
¹Ò·Õ ªˆÇ§àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐª̂Ç§¡ÒÃ¾Ñ¡¡̂Í¹·Õè·íÒ¡ÒÃàÃÕÂ¡ãª‰
ºÃÔ¡ÒÃ¤ÃÑé§μˆÍä»¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ à·̂Ò¡Ñº 15 ÇÔ¹Ò·Õ ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº´Ñ§¡Å̂ÒÇ
¾ºÇˆÒ¶Ö§áÁ‰¡ÒÃÁÕ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ªˆÇ§ãª‰ªˆÍ§ÊÑ­­Ò³¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹ ·Õè
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¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸·ÕèÊÒÁÒÃ¶ÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ÂÑ§ÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡
»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰ áμˆàÁ×èÍªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§
Á×ÍÇÑ´ÁÕ¤ˆÒà¾ÔèÁ¢Öé¹ ËÁÒÂ¶Ö§ªˆÇ§àÇÅÒ·ÕèªˆÍ§ÊÑ­­Ò³ ¹Ñé¹¶Ù¡¤ÃÍº¤ÃÍ§ äÁ̂ÊÒÁÒÃ¶ÃÍ§ÃÑº¡ÒÃàÃÕÂ¡ãª‰
ºÃÔ¡ÒÃ¨Ò¡·ÃÒ¿¿”¡Í×è¹æà¾ÔèÁ¢Öé¹´‰ÇÂàªˆ¹¡Ñ¹ Ê̂§¼ÅãË‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡
»¡μÔº¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ÁÕ¤ÇÒÁÊÙ§¢Öé¹´‰ÇÂ

¨Ò¡¹Ñé¹ÃÙ»·Õè 4.10 áÊ´§¼Å¢Í§¡ÒÃà»ÅÕèÂ¹á»Å§¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³ àÁ×èÍÍÑμÃÒ¡ÒÃãª‰ºÃÔ¡ÒÃà©ÅÕèÂ
¢Í§·ÃÒ¿¿”¡»¡μÔà·̂Ò¡Ñº 6 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ ªˆÇ§àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐ
ªˆÇ§àÇÅÒ¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´à·̂Ò¡Ñº 2 ¹Ò·Õ áÅÐ¾Ñ¡ 15 ÇÔ¹Ò·Õ ¨Ò¡¼Å
¡ÒÃ í̈ÒÅÍ§ÃÐºº¾ºÇˆÒàÁ×èÍ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³à»ÅÕèÂ¹á»Å§ä» Ê̂§¼ÅãË‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡
»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡·Ø¡»ÃÐàÀ·º¹ÃÐººÁÕ¤ÇÒÁÅ´μíèÒÅ§ áμˆ·ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸
«Öè§ÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ÂÑ§¤§ÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔ
º¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰àªˆ¹¡Ñ¹

¨Ò¡ÃÙ»·Õè 4.8–4.10 ÊÒÁÒÃ¶ÊÃØ»ä´‰ÇˆÒ ¶Ö§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¨ÐÁÕÅÑ¡É³Ð¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ
à»“¹áººá¼¹·Õè¡íÒË¹´á¹ˆ¹Í¹ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ ¡çÂÑ§
ÊÒÁÒÃ¶ »ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔ º¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰
´Ñ§¹Ñé¹ËÒ¡¾Ô¨ÒÃ³ÒμÑÇ¤Ù³»ÃÑºá¡‰ÊíÒËÃÑº¡Ã³Õ´Ñ§¡Å̂ÒÇáÅ‰Ç ¾ºÇˆÒ¤ˆÒμÑÇ¤Ù³»ÃÑºá¡‰¤ÇÃ·Õè¨ÐÁÕ¤ˆÒà·̂Ò¡Ñº 1

ÃÙ»·Õè 4.8: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐºº·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¡ÒÃ¡íÒË¹´ªˆÇ§àÇÅÒ·Õè
á¹ˆ¹Í¹ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ
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ÃÙ»·Õè 4.9: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐºº·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¡ÒÃ¡íÒË¹´ªˆÇ§àÇÅÒ·Õè
á¹ˆ¹Í¹ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ

ÃÙ»·Õè 4.10: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐºº·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´¡ÒÃ¡íÒË¹´ªˆÇ§àÇÅÒ·Õè
á¹ˆ¹Í¹ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³
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4.4 ¡Ã³ÕÁÕ¡ÒÃ¡Ñ¹ª̂Í§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ́ ‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ª̂Í§ÊÑ­­Ò³

¡ÒÃ í̈ÒÅÍ§ÃÐºº¹ÕéÍÂÙˆº¹¢‰Í¡íÒË¹´·ÕèÇˆÒ·ÃÒ¿¿”¡»¡μÔÁÕ¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃà»“¹áºº»’ÇÊŒ«Í§
áÅÐ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍ¨ÐÁÕÃÐÂÐàÇÅÒ¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§ ã¹¢³Ð
·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕÅÑ¡É³Ðà»“¹âÁà´Åà»”´»”´ ¡Å̂ÒÇ¤×ÍàÁ×èÍ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÊÒÁÒÃ¶
à¢‰Òãª‰ºÃÔ¡ÒÃ¨Ò¡ªˆÍ§ÊÑ­­Ò³ä´‰áÅ‰Ç¨ÐäÁˆÊÒÁÒÃ¶·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃä´‰ÍÕ¡ ¨¹¡ÃÐ·Ñè§ÊÔé¹ÊØ´¡ÒÃ¤ÃÍº
¤ÃÍ§ ª̂Í§ÊÑ­­Ò³ «Öè§àÇÅÒ¤§Ê¶Ò¹ÐÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§ ÅÑ¡É³Ð¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ
¢Í§·ÃÒ¿¿”¡»¡μÔÁÕÅÑ¡É³Ðà»“¹»’ÇÊŒ«§ áÅÐª̂Ç§àÇÅÒ¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³ÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººàÅ¢ªÕé¡íÒÅÑ§
º¹ÃÐºº·ÕèÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³¤§·Õè áÅÐÁÕ¡ÒÃ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³

ÃÙ»·Õè 4.11 áÊ´§¼Å¢Í§¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ º¹ÃÐºº
·ÕèÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³¤§·Õè«Öè§ÁÕ¢¹Ò´à·ˆÒ¡Ñº 8 áÅÐÁÕ¡ÒÃ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§
ÊÑ­­Ò³äÇ‰ 2 ªˆÍ§ÊÑ­­Ò³ àÁ×èÍ·ÃÒ¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¡ÒÃ
àÃÕÂ¡μˆÍ¹Ò·Õ ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡à·̂Ò¡Ñº 2 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ àÇÅÒà©ÅÕèÂ
·Õè·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐàÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×Í
ÇÑ´ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 0.5 ¹Ò·Õ ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº´Ñ§¡Å̂ÒÇ ¾ºÇˆÒàÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹à»Å§ÍÑμÃÒ¡ÒÃàÃÕÂ¡
ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ ¾ºÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸·ÕèÊÒÁÒÃ¶ÇÑ´ä´‰â´Âà¤Ã×èÍ§Á×ÍÇÑ´
ÁÕ¤ˆÒÁÒ¡¡ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèäÁˆ·íÒ¡ÒÃÇÑ´ä´‰ áÅÐÁÕà¢‰Ò
ã¡Å‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ «Öè§ÁÕ¤ˆÒÁÒ¡¡ÇˆÒ¤ÇÒÁ¹ˆÒ
¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔàÁ×èÍäÁˆä´‰·íÒ¡ÒÃÇÑ´ à¾ÃÒÐ»ÃÔÁÒ³·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
Ê̂§¼ÅãË‰ÁÕ»ÃÔÁÒ³ ·ÃÒ¿¿”¡ÃÇÁ·ÕèÁÕ¤ÇÒÁμ‰Í§¡ÒÃãª‰ºÃÔ¡ÒÃ¨Ò¡ÃÐººÁÕ¤ˆÒÊÙ§¢Öé¹

ÃÙ»·Õè 4.12 áÊ´§¼Å¢Í§¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ º¹
ÃÐºº·ÕèÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³¤§·Õè«Öè§ÁÕ¢¹Ò´à·ˆÒ¡Ñº 8 áÅÐÁÕ¡ÒÃ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§
ªˆÍ§ÊÑ­­Ò³äÇ‰ 2 ªˆÍ§ÊÑ­­Ò³ àÁ×èÍ·ÃÒ¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¡ÒÃàÃÕÂ¡
μˆÍ¹Ò·Õ ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔà·̂Ò¡Ñº 4 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔ
áÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐàÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃ
à·̂Ò¡Ñº 0.5 ¹Ò·Õ ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº ¾ºÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰â´Âà¤Ã×èÍ§
Á×ÍÇÑ´ äÁ̂ÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔàÁ×èÍäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰
áμˆ·ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰¹Ñé¹ à¢‰Òã¡Å‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸
¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ «Öè§ÁÕ¤ˆÒÊÙ§¡ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰
·íÒ¡ÒÃÇÑ´

ÃÙ»·Õè 4.13 áÊ´§¼Å¢Í§¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ º¹
ÃÐºº·ÕèÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³¤§·Õè«Öè§ÁÕ¢¹Ò´à·ˆÒ¡Ñº 8 áÅÐÁÕ¡ÒÃ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§
ªˆÍ§ÊÑ­­Ò³äÇ‰ 2 ªˆÍ§ÊÑ­­Ò³ àÁ×èÍáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÁÕÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 2 ¡ÒÃàÃÕÂ¡
μˆÍ¹Ò·Õ ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔà·̂Ò¡Ñº 4 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔ
áÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐàÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃ
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à·̂Ò¡Ñº 0.5 ¹Ò·Õ ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº ¾ºÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰â´Âà¤Ã×èÍ§
Á×ÍÇÑ´ äÁ̂ÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔàÁ×èÍäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰
áμˆ·ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰¹Ñé¹ à¢‰Òã¡Å‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸
¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ «Öè§ÁÕ¤ˆÒÊÙ§¡ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰
·íÒ¡ÒÃÇÑ´àªˆ¹à´ÕÂÇ¡Ñº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº¡̂Í¹Ë¹‰Ò¹Õé

ÃÙ»·Õè 4.14 áÊ´§¼Å¢Í§¡ÒÃ»ÃÑºà»ÅÕèÂ¹ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³¢Í§ÃÐºº áÅÐÁÕ¡ÒÃ¡ÒÃ¡Ñ¹ªˆÍ§
ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³«Öè§¡Ñ¹äÇ‰Ã‰ÍÂÅÐ 25 ¢Í§¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³ àÁ×èÍÍÑμÃÒ¡ÒÃàÃÕÂ¡
ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡ »¡μÔà·̂Ò¡Ñº 4 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
»¡μÔà·̂Ò¡Ñº 2 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·ÕÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¤ˆÒà·̂Ò¡Ñº 1 ¡ÒÃ
àÃÕÂ¡μˆÍ¹Ò·Õ àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐàÇÅÒ
à©ÅÕèÂ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 0.5 ¹Ò·Õ ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº ¾ºÇˆÒ¤ˆÒ¤ÇÒÁ
¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰â´Âà¤Ã×èÍ§Á×ÍÇÑ´ äÁˆÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡
¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔàÁ×èÍäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰ áμˆ·ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰
¹Ñé¹ à¢‰Òã¡Å‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ «Öè§ÁÕ¤ˆÒÊÙ§¡ÇˆÒ¤ˆÒ
¤ÇÒÁ¹ˆÒ¨Ðà»“¹¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´

ÃÙ»·Õè 4.11– 4.14 ÊÒÁÒÃ¶ÊÃØ»ä´‰ÇˆÒ àÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§
ÊÑ­­Ò³ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸·ÕèÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ äÁ̂ÊÒÁÒÃ¶»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ
¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔàÁ×èÍäÁˆä´‰·íÒ¡ÒÃÇÑ´ä´‰ áμˆ·ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡
¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰¹Ñé¹ ã¡Å‰à¤ÕÂ§¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèÁÕ¡ÒÃ
ÇÑ´ «Öè§ÁÕ¤ˆÒÊÙ§¡ÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹¢Í§·ÃÒ¿¿”¡»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ Ê̂§¼ÅãË‰àÁ×èÍ·íÒ¡ÒÃ¾Ô¨Ò
³ÒμÑÇ¤Ù³»ÃÑºá¡‰ä´‰ÇˆÒ¤ˆÒμÑÇ¤Ù³»ÃÑºá¡‰¤ÇÃÁÕ¤ˆÒ¹‰ÍÂ¡ÇˆÒ 1
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ÃÙ»·Õè 4.11: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§
ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ

ÃÙ»·Õè 4.12: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§
ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
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ÃÙ»·Õè 4.13: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§
ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´

ÃÙ»·Õè 4.14: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§
ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹¢¹Ò´ªˆÍ§ÊÑ­­Ò³



41

4.5 ¡Ã³Õ·Õè¼Ù‰ãª‰ã¹ÃÐººÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼̂Ò¹à«ÅÅŒ

¡ÒÃ í̈ÒÅÍ§ÃÐºº¹ÕéÁÕÇÑμ¶Ø»ÃÐÊ§¤Œà¾×èÍ·´ÊÍº¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¹íÒμÑÇ¤Ù³»ÃÑºá¡‰ä»ãª‰ àÁ×èÍÃÐºº
ÁÕªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³à»ÅÕèÂ¹á»Å§ä»à¹×èÍ§¨Ò¡¼Ù‰ãª‰ã¹ÃÐººÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ â´Â
·ÕèªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³¨ÐÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹à«ÅÅŒ áÅÐª̂Ç§àÇÅÒ
ãª‰ºÃÔ¡ÒÃμÒÁÊÁ¡ÒÃ (2.3) ÊíÒËÃÑº·ÃÒ¿¿”¡»¡μÔ·Õè·íÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃÀÒÂã¹à«ÅÅŒ¹Ñé¹áÅÐμÒÁÊÁ¡ÒÃ
(2.4) ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡

´Ñ§¹Ñé¹¡ÒÃ¨íÒÅÍ§ÃÐºº¹Õé ·íÒ¡ÒÃ í̈ÒÅÍ§ÃÐººÍÂÙˆº¹¢‰Í¡íÒË¹´·ÕèÇˆÒ·ÃÒ¿¿”¡¨Ò¡¼Ù‰ãª‰ºÃÔ¡ÒÃ»¡μÔ áÅÐ
áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÁÕ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃáºº»’ÇÊŒ«Í§ áÅÐÁÕªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³àªˆ¹à´ÕÂÇ
¡Ñº [17] «Öè§¡íÒË¹´ãË‰ªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººäÎà»ÍÃŒàÍÍÃŒáÅ§ (�=2, ��=0.1, ��=0.9,

�� = 1, �� = 1, ��=5/2, ��=3/2) «Öè§ÁÕ¿’§¡ŒªÑ¹¤ÇÒÁË¹Òá¹ˆ¹¢Í§¤ÇÒÁ¹ˆÒ¨Ðà»“¹μÒÁÊÁ¡ÒÃ
(2.5) áÅÐª̂Ç§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹à«ÅÅŒÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººá¡ÁÁÒ (�����  ��������=4, �!� �

 ��������=4/1.5) â´ÂÍØ»¡Ã³ŒÇÑ´ÁÕà¾ÕÂ§Ë¹Öè§ªØ´«Öè§äÁˆÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁà«ÅÅŒ áÅÐÁÕÅÑ¡É³Ð¡ÒÃà¢‰Ò
ãª‰ºÃÔ¡ÒÃ·Õè¡íÒË¹´äÇ‰á¹ˆ¹Í¹ ÃÇÁ·Ñé§ªˆÇ§àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³áÅÐªˆÇ§àÇÅÒ·ÕèàÇ‰¹¡̂Í¹·íÒ¡ÒÃàÃÕÂ¡
¤ÃÑé§μˆÍä»à»“¹¤ˆÒ¤§·Õè«Öè§¡íÒË¹´äÇ‰á¹ˆ¹Í¹ º¹ÃÐºº·ÕèÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³¤§·ÕèáÅÐÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³
ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§à»“¹ í̈Ò¹Ç¹¤§·Õè â´Â·Õè¡ÒÃãË‰àÃÕÂ¡¶Ù¡»¯ÔàÊ¸¨Ðà¡Ô´¢Öé¹
à¹×èÍ§¨Ò¡äÁ̂ÁÕ í̈Ò¹Ç¹ªˆÍ§ÊÑ­­Ò³à¾ÕÂ§¾Í·Õè¨ÐãË‰ºÃÔ¡ÒÃ·ÃÒ¿¿”¡¹Ñé¹ æ à·̂Ò¹Ñé¹

ÃÙ»·Õè 4.15 à»“¹¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»ÃÐàÀ·μˆÒ§æ
ã¹ÃÐºº·ÕèÁÕ¢¹Ò´ 8 ªˆÍ§ÊÑ­­Ò³áÅÐ·íÒ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡´‰ÇÂ¹âÂºÒÂ
¢Õ´áº̂§äÇ‰ 2 ªˆÍ§ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ áÅÐÍÑμÃÒ
¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡à·̂Ò¡Ñº 2 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ áÅÐàÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔ
áÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ ¹Í¡¨Ò¡¹Ñé¹ ¡íÒË¹´ãË‰·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕ
áººá¼¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ·Õèá¹ˆ¹Í¹ â´ÂÁÕªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ 2 ¹Ò·Õ áÅÐ¾Ñ¡ 15 ÇÔ¹Ò·Õ¨Ò¡¼Å¡ÒÃ
¨íÒÅÍ§ÃÐººáÊ´§ãË‰àËç¹ÇˆÒ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÊÒÁÒÃ¶ÇÑ´ä´‰â´Âà¤Ã×èÍ§Á×ÍÇÑ´¹Ñé¹ÁÕ
¤ˆÒà·̂Ò¡Ñº ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´μÅÍ´·Ø¡ªˆÇ§¡ÒÃ
»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ

ÃÙ»·Õè 4.16 à»“¹¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»ÃÐàÀ·μˆÒ§æ
ã¹ÃÐºº·ÕèÁÕ¢¹Ò´ 8 ªˆÍ§ÊÑ­­Ò³áÅÐ·íÒ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡´‰ÇÂ¹âÂºÒÂ
¢Õ´áº̂§äÇ‰ 2 ªˆÍ§ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ àÁ×èÍ
ÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ·ÃÒ¿¿”¡»¡μÔà·̂Ò¡Ñº 4 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ àÇÅÒà©ÅÕèÂ·Õè·ÃÒ¿¿”¡»¡μÔãª‰ºÃÔ¡ÒÃà·̂Ò
¡Ñº 1 ¹Ò·Õ áÅÐàÇÅÒà©ÅÕèÂ·ÕèáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×Í
ÇÑ´ÁÕáººá¼¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ·Õèá¹ˆ¹Í¹ â´ÂÁÕªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ 2 ¹Ò·Õ áÅÐ¾Ñ¡ 15 ÇÔ¹Ò·Õ¨Ò¡¼Å¡ÒÃ
¨íÒÅÍ§ÃÐººáÊ´§ãË‰àËç¹ÇˆÒ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÊÒÁÒÃ¶ÇÑ´ä´‰â´Âà¤Ã×èÍ§Á×ÍÇÑ´¹Ñé¹ÁÕ
¤ˆÒà·̂Ò¡Ñº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´
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ÃÙ»·Õè 4.17 à»“¹¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»ÃÐàÀ·μˆÒ§æ
ã¹ÃÐºº·ÕèÁÕ¢¹Ò´ 8 ªˆÍ§ÊÑ­­Ò³áÅÐ·íÒ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡´‰ÇÂ¹âÂºÒÂ
¢Õ´áº̂§äÇ‰ 2 ªˆÍ§ÊÑ­­Ò³ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
â´Â·ÕèªˆÇ§àÇÅÒ¾Ñ¡à·̂Ò¡Ñº 15 ÇÔ¹Ò·ÕàÁ×èÍÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ·ÃÒ¿¿”¡»¡μÔà·̂Ò¡Ñº 4 ¡ÒÃàÃÕÂ¡
μˆÍ¹Ò·Õ áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÁÕÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 2 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ àÇÅÒà©ÅÕèÂ
·Õè·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººáÊ´§ãË‰àËç¹
ÇˆÒ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÊÒÁÒÃ¶ÇÑ´ä´‰â´Âà¤Ã×èÍ§Á×ÍÇÑ´¹Ñé¹ÁÕ¤ˆÒà·̂Ò¡Ñº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ð
à»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´

ÃÙ»·Õè 4.18 à»“¹¡ÒÃà»ÃÕÂºà·ÕÂº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»ÃÐàÀ·μˆÒ§æ
ã¹ÃÐººàÁ×èÍÁÕ¡ÒÃ»ÃÑºà»ÅÕèÂ¹¢¹Ò´ªˆÍ§ÊÑ­­Ò³ áÅÐ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§äÇ‰Ã‰ÍÂÅÐ 25 ¢Í§¨íÒ¹Ç¹ªˆÍ§ÊÑ­­Ò³ àÁ×èÍÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ·ÃÒ¿¿”¡»¡μÔà·̂Ò
¡Ñº 4 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ÁÕÍÑμÃÒ¡ÒÃàÃÕÂ¡ãª‰ºÃÔ¡ÒÃ 2 ¡ÒÃàÃÕÂ¡μˆÍ¹Ò·Õ àÇÅÒà©ÅÕèÂ
·Õè·ÃÒ¿¿”¡»¡μÔáÅÐáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡ãª‰ºÃÔ¡ÒÃà·̂Ò¡Ñº 1 ¹Ò·Õ áÅÐ·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕáºº
á¼¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃ·Õèá¹ˆ¹Í¹ â´ÂÁÕªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃ 2 ¹Ò·Õ áÅÐ¾Ñ¡ 15 ÇÔ¹Ò·Õ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº
áÊ´§ãË‰àËç¹ÇˆÒ ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÊÒÁÒÃ¶ÇÑ´ä´‰â´Âà¤Ã×èÍ§Á×ÍÇÑ´¹Ñé¹ÁÕ¤ˆÒà·̂Ò¡Ñº¤ˆÒ
¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐºº·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´

¨Ò¡ÃÙ»·Õè 4.15–4.18 ÊÒÁÒÃ¶ÊÃØ»ä´‰ÇˆÒ àÁ×èÍ¼Ù‰ãª‰ã¹ÃÐººÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ â´Â
ÁÕ¡ÒÃ¡íÒË¹´ãË‰ªˆÇ§àÇÅÒãª‰ºÃÔ¡ÒÃÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººäÎà»ÍÃŒàÍÍÃŒáÅ§ áÅÐªˆÇ§àÇÅÒ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃÍÂÙˆã¹
à«ÅÅŒÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇáººá¡ÁÁÒ ¾ºÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÇÑ´ä´‰¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
ÁÕ¤ˆÒà·̂Ò¡Ñº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔã¹¡Ã³Õ·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ ´Ñ§¹Ñé¹àÁ×èÍ
¾Ô¨ÒÃ³ÒμÑÇ¤Ù³»ÃÑºá¡‰ÊíÒËÃÑº¡Ã³Õ´Ñ§¡Å̂ÒÇáÅ‰Ç μÑÇ¤Ù³»ÃÑºá¡‰¤ÇÃÁÕ¤ˆÒà·̂Ò¡Ñº 1
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ÃÙ»·Õè 4.15: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍ¼Ù‰ãª‰ã¹ÃÐººÁÕ¡ÒÃà¤Å×èÍ¹·Õè àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹
ÍÑμÃÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¢Í§·ÃÒ¿¿”¡»¡μÔ

ÃÙ»·Õè 4.16: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍ¼Ù‰ãª‰ã¹ÃÐººÁÕ¡ÒÃà¤Å×èÍ¹·Õè àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹
ÍÑμÃÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
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ÃÙ»·Õè 4.17: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍ¼Ù‰ãª‰ã¹ÃÐººÁÕ¡ÒÃà¤Å×èÍ¹·Õè àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹ªˆÇ§
àÇÅÒ¤ÃÍº¤ÃÍ§ªˆÍ§ÊÑ­­Ò³¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´

ÃÙ»·Õè 4.18: ¡ÒÃà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ í̈ÒÅÍ§ÃÐººàÁ×èÍ¼Ù‰ãª‰ã¹ÃÐººÁÕ¡ÒÃà¤Å×èÍ¹·Õè àÁ×èÍ·íÒ¡ÒÃ»ÃÑºà»ÅÕèÂ¹
ÍÑμÃÒ¡ÒÃàÃÕÂ¡¢Íãª‰ºÃÔ¡ÒÃ¢Í§áÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡
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¨Ò¡¡ÒÃÇÔà¤ÃÒÐËŒ´‰ÇÂμÑÇ¤Ù³»ÃÑºá¡‰ã¹·Ø¡¡Ã³ÕÈÖ¡ÉÒ ÊÒÁÒÃ¶ÊÃØ»¼Å¡ÒÃÇÔà¤ÃÒÐËŒμÑÇ¤Ù³»ÃÑºá¡‰·Ñé§
ã¹¡Ã³Õ¡ÒÃÇÔà¤ÃÒÐËŒàªÔ§¤³ÔμÈÒÊμÃŒ áÅÐ¤ˆÒ·Ò§Ê¶ÔμÔ¢Í§μÑÇ¤Ù³»ÃÑºá¡‰·Õèä´‰¨Ò¡¡ÒÃ í̈ÒÅÍ§ÃÐººã¹áμ̂ÅÐ
¡Ã³ÕÈÖ¡ÉÒ ä´‰´Ñ§μÒÃÒ§·Õè 4.1 «Öè§ÊÒÁÒÃ¶ÊÃØ»ä´‰ÇˆÒ ã¹¡ÒÃÇÔà¤ÃÒÐËŒμÑÇ¤Ù³»ÃÑºá¡‰´‰ÇÂ¡ÒÃ¨íÒÅÍ§ÃÐºº
ã¹¡Ã³ÕÈÖ¡ÉÒ¾ºÇˆÒ μÑÇ¤Ù³»ÃÑºá¡‰ÁÕ¤ˆÒà·̂Ò¡Ñº 1 Â¡àÇ‰¹ã¹¡Ã³Õ·ÕèÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³´‰ÇÂ¹âÂºÒÂ
¨Í§ªˆÍ§ÊÑ­­Ò³ «Öè§¨ÐÁÕ¤ˆÒμÑÇ¤Ø³»ÃÑºá¡‰¹‰ÍÂ¡ÇˆÒ 1

μÒÃÒ§·Õè 4.1: μÒÃÒ§ÊÃØ»μÑÇ¤Ù³»ÃÑºá¡‰ã¹¡Ã³ÕÈÖ¡ÉÒμˆÒ§ æ

¡Ã³ÕÈÖ¡ÉÒ ¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒ ¡ÒÃÇÔà¤ÃÒÐËŒ´‰ÇÂ¡ÒÃ¨íÒÅÍ§ÃÐºº
¤ˆÒà©ÅÕèÂ ¤ˆÒÁÒ¡·ÕèÊØ´ ¤ˆÒ¹‰ÍÂ·ÕèÊØ´

¡Ã³ÕÃÐººäÁ̂ÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ � �
���� �
���� �
����

¡Ã³ÕÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ � �
���� �
���� �
����

´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§
¡Ã³Õà¤Ã×èÍ§Á×ÍÇÑ´ÁÕ¡ÒÃ¡íÒË¹´ - �
���� �
���� �
����

ÅÑ¡É³Ð¡ÒÃãª‰ºÃÔ¡ÒÃ·Õèá¹ˆ¹Í¹
¡Ã³ÕÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ - 0.9784 �
���� �
����

´‰ÇÂ¹âÂºÒÂ¨Í§ªˆÍ§ÊÑ­­Ò³
¡Ã³Õ·Õè¼Ù‰ãª‰ã¹ÃÐºº - �
���� �
���� �
����

ÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢‰ÒÁ¼ˆÒ¹à«ÅÅŒ



º··Õè 5

º·ÊÃØ»áÅÐ¢‰ÍàÊ¹Íá¹Ð

5.1 º·ÊÃØ»

¡ÒÃ¤Çº¤ØÁ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃº¹â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·Œà¤Å×èÍ¹·Õè ãË‰à»“¹ä»μÒÁ¢‰Íμ¡Å§ÃÐËÇˆÒ§¼Ù‰ãË‰
ºÃÔ¡ÒÃáÅÐ¼Ù‰ãª‰ºÃÔ¡ÒÃ ËÃ×ÍμÒÁ¢‰ÍºÑ§¤Ñº¢Í§¼Ù‰¡íÒ¡Ñº´ÙáÅ ÊÔè§·Õèμ‰Í§·íÒà»“¹ÍÑ¹´ÑºáÃ¡¤×Í ¡ÒÃμÃÇ¨
ÊÍº¤ˆÒ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·Õè¼Ù‰ãª‰ºÃÔ¡ÒÃä´‰ÃÑº¨ÃÔ§ ¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃáººÁÕ¡ÒÃÃº¡Ç¹à»“¹
ÇÔ¸Õ¡ÒÃË¹Öè§·ÕèÁÕ Ø̈´à´ˆ¹¤×Í ¼Ù‰·Õè·íÒ¡ÒÃÇÑ´´‰ÇÂÇÔ¸Õ´Ñ§¡Å̂ÒÇäÁˆ¨íÒà»“¹μ‰Í§à»“¹à ‰̈Ò¢Í§â¤Ã§¢̂ÒÂËÃ×Í¼Ù‰ãË‰ºÃÔ¡ÒÃ
´Ñ§¹Ñé¹·íÒãË‰¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ´‰ÇÂÇÔ¸Õ¹ÕéÊÒÁÒÃ¶·íÒä´‰â´ÂÍ§¤Œ¡ÃÍÔÊÃÐ ¼Ù‰¡íÒ¡Ñº´ÙáÅ ËÃ×Í¼Ù‰ãË‰
ºÃÔ¡ÒÃÃÒÂÍ×è¹ à¹×èÍ§´‰ÇÂ¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ´‰ÇÂÇÔ¸Õ¹Õéà»“¹¡ÒÃà¾ÔèÁ·ÃÒ¿¿”¡à¢‰Òä»Ãº¡Ç¹ÃÐºº
¡ÒÃãª‰§Ò¹¨ÃÔ§ «Öè§à»“¹ÊÒàËμØãË‰à¡Ô´¢‰ÍÊ§ÊÑÂã¹¤ÇÒÁ¶Ù¡μ‰Í§¢Í§¼Å¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ ´Ñ§¹Ñé¹
ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¨Ö§ä´‰ÈÖ¡ÉÒ»’­ËÒ´Ñ§¡Å̂ÒÇ à¾×èÍÇÔà¤ÃÒÐËŒ¼Å¡ÃÐ·º·Õèà¡Ô´¨Ò¡¡ÒÃÃº¡Ç¹ÃÐººáÅÐ»ÃÑºá¡‰ãË‰
¼Å¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ·Õèä´‰¨Ò¡¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹ãË‰ÁÕ¤ÇÒÁ¶Ù¡μ‰Í§ÁÒ¡ÂÔè§¢Öé¹ ¤ˆÒ¤Ø³ÀÒ¾
¡ÒÃãË‰ºÃÔ¡ÒÃ·ÕèÊ¹ã¨¤×Í ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ «Öè§ä´‰·íÒ¡ÒÃÇÑ´¼ˆÒ¹ÇÔ¸Õ¡ÒÃÇÑ´áººÁÕ¡ÒÃ
Ãº¡Ç¹ ËÃ×Í¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃ¢³Ðà¤Å×èÍ¹·Õè â´Â·íÒ¡ÒÃÇÔà¤ÃÒÐËŒμÑÇ¤Ù³»ÃÑºá¡‰ à¾×èÍ¹íÒÁÒ»ÃÑº
á¡‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§·íÒ¡ÒÃÇÑ´´‰ÇÂÇÔ¸Õ¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹ ãË‰ÁÕ¤ˆÒà·̂Ò¡Ñº¤ˆÒ
¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸·Õè¼Ù‰ãª‰»¡μÔä´‰ÃÑº ã¹¡Ã³Õ·ÕèÃÐººäÁ̂ä´‰·íÒ¡ÒÃÇÑ´´‰ÇÂ¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§
¤³ÔμÈÒÊμÃŒ ¾Ã‰ÍÁ·Ñé§ÇÔà¤ÃÒÐËŒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¹íÒä»ãª‰¨ÃÔ§´‰ÇÂ¡ÒÃ¨íÒÅÍ§ÃÐºº·Ò§¤ÍÁ¾ÔÇàμÍÃŒ

¡ÒÃÇÔà¤ÃÒÐËŒμÑÇ¤Ù³»ÃÑºá¡‰´‰ÇÂÇÔ¸Õ¡ÒÃ·Ò§¤³ÔμÈÒÊμÃŒ·íÒ¡ÒÃÇÔà¤ÃÒÐËŒã¹ÊÍ§¡Ã³Õ¤×Í ¡Ã³Õ·ÕèÃÐºº
äÁˆÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒáÎ¹´ŒâÍàÇÍÃŒ áÅÐ¡Ã³Õ·ÕèÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑº¡ÒÃ·íÒ
áÎ¹´ŒâÍàÇÍÃŒ´‰ÇÂ¹âÂºÒÂ¢Õ´áº̂§ áÅÐ¨Ò¡¡ÒÃÇÔà¤ÃÒÐËŒ¾ºÇˆÒ·Ñé§ÊÍ§¡Ã³ÕÁÕμÑÇ¤Ù³»ÃÑºá¡‰à·̂Ò¡Ñº 1 ¡Å̂ÒÇ
¤×Í¤ˆÒ¤ÇÒÁ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸«Öè§ÊÒÁÒÃ¶ÇÑ´ä´‰â´Âà¤Ã×èÍ§Á×ÍÇÑ´ «Öè§ÁÕ¡ÒÃ¡íÒË¹´ãË‰ÁÕÅÑ¡É³Ðà»“¹
âÁà´Åà»”´»”´ áÅÐÁÕà¤Ã×èÍ§Á×ÍÇÑ´à¾ÕÂ§ 1 ªØ´ ÊÒÁÒÃ¶·íÒ¡ÒÃÇÑ´áÅÐ»ÃÐÁÒ³¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡
¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰ã¹¡Ã³Õ·ÕèÃÐººäÁˆÁÕ¡ÒÃÇÑ´ä´‰ ·Ñé§¹Õéâ´ÂÁÕÊÁÁØμÔ°Ò¹ËÅÑ¡¤×Íâ¤Ã§¢ˆÒÂÁÕÅÑ¡É³Ðà»“¹ÃÐºº
·ÕèÁÕ¤ÇÒÁ Ø̈¨íÒ¡Ñ´áÅÐäÁˆÁÕºÑ¿à¿ÍÃŒ ·ÃÒ¿¿”¡¨Ò¡¼Ù‰ãª‰ºÃÔ¡ÒÃ·ÑèÇä»ã¹ÃÐººÁÕ¡ÃÐºÇ¹¡ÒÃà¢‰Òãª‰ºÃÔ¡ÒÃà»“¹
áºº»’ÇÊŒ«Í§ ¡ÒÃàÃÕÂ¡·Õèä´‰ÃÑº¡ÒÃàª×èÍÁμˆÍ¨ÐÁÕÃÐÂÐàÇÅÒ¡ÒÃãª‰ºÃÔ¡ÒÃ·ÕèÁÕ¡ÒÃ¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé
¡íÒÅÑ§ áÅÐãË‰·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´à¾ÕÂ§Ë¹Öè§ªØ´·ÕèÁÕÅÑ¡É³Ðà»“¹áººà»”´»”´ «Öè§àÇÅÒ¤§Ê¶Ò¹ÐÁÕ¡ÒÃ
¡ÃÐ¨ÒÂμÑÇà»“¹áººàÅ¢ªÕé¡íÒÅÑ§

¡ÒÃ í̈ÒÅÍ§ÃÐººÁÕÇÑμ¶Ø»ÃÐÊ§¤Œà¾×èÍÂ×¹ÂÑ¹¤ÇÒÁ¶Ù¡μ‰Í§¢Í§¡ÒÃÇÔà¤ÃÒÐËŒ·Ò§¤³ÔμÈÒÊμÃŒ·Ñé§ÊÍ§¡Ã³Õ
áÅÐ·íÒ¡ÒÃÈÖ¡ÉÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃãª‰§Ò¹¢Í§μÑÇ¤Ù³»ÃÑºá¡‰ ã¹¡Ã³Õ·Õè·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÁÕÅÑ¡É³Ð
¡ÒÃãª‰ºÃÔ¡ÒÃ·Õè¡íÒË¹´á¹ˆ¹Í¹ ¡Ã³Õ·ÕèÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡´‰ÇÂ¹âÂºÒÂ
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¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³ áÅÐ¡Ã³Õ·ÕèªˆÇ§àÇÅÒ¡ÒÃãª‰ªˆÍ§ÊÑ­­Ò³ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§à¹×èÍ§¨Ò¡¼Ù‰ãª‰ã¹ÃÐººÁÕ
¡ÒÃà¤Å×èÍ¹·Õè ¨Ò¡¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº¾ºÇˆÒμÑÇ¤Ù³»ÃÑºá¡‰ÁÕ¤ˆÒà·̂Ò¡Ñº 1 Â¡àÇ‰¹ã¹¡Ã³Õ·ÕèÁÕ¡ÒÃ¡Ñ¹ªˆÍ§
ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡´‰ÇÂ¹âÂºÒÂ¡ÒÃ¨Í§ªˆÍ§ÊÑ­­Ò³«Õè§μÑÇ¤Ù³»ÃÑºá¡‰ÁÕ¤ˆÒ¹‰ÍÂ¡ÇˆÒ 1

¼Å§Ò¹ÇÔ¨ÑÂ·Õèä´‰ÃÑº¡ÒÃμÕ¾ÔÁ¾Œä´‰¹íÒàÊ¹Í¡ÒÃÇÔà¤ÃÒÐËŒμÑÇ¤Ù³»ÃÑºá¡‰´‰ÇÂÇÔ¸Õ¡ÒÃ·Ò§¤³ÔμÈÒÊμÃŒ â´Â
¾ºÇˆÒ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ (¤ÇÒÁ¤Ñº¤Ñè§àªÔ§àÇÅÒ) ÁÕ¤ˆÒ
¹‰ÍÂ¡ÇˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡»¡μÔàÁ×èÍäÁˆä´‰·íÒ¡ÒÃÇÑ´ Ê̂§¼ÅãË‰μÑÇ¤Ù³»ÃÑºá¡‰
ÁÕ¤ˆÒÁÒ¡¡ÇˆÒ 1 áμˆÍÂˆÒ§äÃμÒÁ¾ºÇˆÒ àÁ×èÍ¾Ô¨ÒÃ³Ò¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§·ÃÒ¿¿”¡¨Ò¡
à¤Ã×èÍ§Á×ÍÇÑ´ (¤Ñº¤Ñè§àªÔ§¡ÒÃàÃÕÂ¡) ¾ºÇˆÒÁÕ¤ˆÒà·̂Ò¡Ñº¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸àÁ×èÍäÁˆä´‰·íÒ
¡ÒÃÇÑ´ ´Ñ§¹Ñé¹àÁ×èÍ·íÒ¡ÒÃ¾Ô¨ÒÃ³ÒμÑÇ¤Ù³»ÃÑºá¡‰ ¾ºÇˆÒ¤ÇÃÁÕ¤ˆÒà·̂Ò¡Ñº 1 Â¡àÇ‰¹¡Ã³ÕàÁ×èÍÃÐººÁÕ¡ÒÃ
¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡´‰ÇÂ¹âÂºÒÂ¨Í§ªˆÍ§ÊÑ­­Ò³ ´Ñ§¹Ñé¹ÇÔ¸Õ·Õèáμ¡μˆÒ§¡Ñ¹ã¹¡ÒÃ
ÇÑ´áÅÐá»Å¤ÇÒÁËÁÒÂ¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸ à¾×èÍáÊ´§¶Ö§ÃÐ´Ñº¤ÇÒÁ¤Ñº¤Ñè§áÅÐ¤Ø³ÀÒ¾
¡ÒÃãË‰ºÃÔ¡ÒÃº¹â¤Ã§¢ˆÒÂâ·ÃÈÑ¾·Œà¤Å×èÍ¹·Õè ÂˆÍÁÊ̂§ãË‰¡ÒÃá»Å¤ÇÒÁËÁÒÂàÁ×èÍ¹íÒä»ãª‰ã¹·Ò§» Ô̄ºÑμÔà»ÅÕèÂ¹
á»Å§ä»´‰ÇÂ

5.2 ¢‰ÍàÊ¹Íá¹Ð

1. ¨Ò¡¡ÒÃÈÖ¡ÉÒÃÐºº·ÕèÁÕ¡ÒÃÇÑ´¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸áººÁÕ¡ÒÃÃº¡Ç¹¾ºÇˆÒ àÁ×èÍ
ÃÐººÁÕ¡ÒÃÇÑ´ Ê̂§¼ÅãË‰¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸¢Í§¼Ù‰ãª‰»¡μÔº¹ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´ ÁÕ
¤ˆÒÊÙ§¡ÇˆÒã¹¡Ã³Õ·ÕèäÁˆä´‰·íÒ¡ÒÃÇÑ´ «Öè§à»“¹¼ÅÁÒ¡¨Ò¡¡ÒÃ·ÕèÁÕ»ÃÔÁÒ³·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´à¾ÔèÁ
à¢‰ÒÁÒã¹ÃÐºº ´Ñ§¹Ñé¹¤ÇÃÁÕ¡ÒÃ¤Çº¤ØÁ¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃãË‰ÁÕ¤ˆÒäÁˆà¡Ô¹ÁÒμÃ°Ò¹ã¹¢³Ð·Õè·íÒ¡ÒÃ
ÇÑ´´‰ÇÂ à¾×èÍäÁˆãË‰¼Ù‰ãª‰·ÑèÇä»ä´‰ÃÑº¼Å¡ÃÐ·ºÁÒ¡à¡Ô¹ä»¨Ò¡¡ÒÃÁÕ»ÃÔÁÒ³·ÃÒ¿¿”¡¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
à¾ÔèÁà¢‰ÒÁÒã¹ÃÐºº

2. ¨Ò¡¡ÒÃÈÖ¡ÉÒÃÐºº·ÕèÁÕ¡ÒÃÇÑ´¤ˆÒ¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè¡ÒÃàÃÕÂ¡¶Ù¡»¯ÔàÊ¸áººÁÕ¡ÒÃÃº¡Ç¹ ‰́ÇÂÇÔ¸Õ¡ÒÃ
¨íÒÅÍ§ÃÐºº¾ºÇˆÒ àÁ×èÍÃÐººÁÕ¡ÒÃ¡Ñ¹ªˆÍ§ÊÑ­­Ò³ÊíÒËÃÑºáÎ¹´ŒâÍàÇÍÃŒ·ÃÒ¿¿”¡áÅ‰Ç μÑÇ¤Ù³»ÃÑº
á¡‰¤ÇÃÁÕ¤ˆÒ¹‰ÍÂ¡ÇˆÒ 1 ´Ñ§¹Ñé¹ËÒ¡ÁÕ¡ÒÃÈÖ¡ÉÒ¶Ö§μÑÇ¤Ù³»ÃÑºá¡‰º¹¢‰Í¡íÒË¹´´Ñ§¡Å̂ÒÇà¾ÔèÁàμÔÁ´‰ÇÂÇÔ¸Õ
¡ÒÃ·Ò§¤³ÔμÈÒÊμÃŒ¨Ðà»“¹»ÃÐâÂ¹ªŒÍÂˆÒ§ÂÔè§

3. à¹×èÍ§¨Ò¡¡ÒÃà»ÅÕèÂ¹¢Í§à·¤â¹âÅÂÕÊ̂§¼ÅãË‰ã¹Í¹Ò¤μ¡ÒÃãË‰ºÃÔ¡ÒÃ·Ò§àÊÕÂ§ ¨ÐÁÕ¡ÒÃÊ×èÍÊÒÃ¢‰ÍÁÙÅ
º¹â¤Ã§¢ˆÒÂ·ÕèÁÕ¡ÒÃÊ×èÍÊÒÃáººá¾ç¤à¡çμ ´Ñ§¹Ñé¹ËÒ¡ÁÕ¡ÒÃÈÖ¡ÉÒ¶Ö§¡ÒÃÇÑ´¤Ø³ÀÒ¾¡ÒÃãË‰ºÃÔ¡ÒÃã¹
ÃÐ´Ñº¢Í§¡ÒÃãË‰ºÃÔ¡ÒÃ·Ò§àÊÕÂ§ º¹â¤Ã§¢ˆÒÂ·ÕèÁÕ¡ÒÃÊ×èÍÊÒÃ¢‰ÍÁÙÅà»“¹áººá¾ç¤à¡çμμˆÍä» ¨ÐÊ̂§¼Å
»ÃÐâÂ¹ªŒÍÂˆÒ§ÂÔè§ã¹Í¹Ò¤μ
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¡ÒÃ¾ÔÊÙ¨¹Œ¤ˆÒ¤ÇÒÁ¤Ñº¤Ñè§àªÔ§àÇÅÒ¢Í§ÃÐºº·ÕèÁÕ¡ÒÃÇÑ´áººÁÕ¡ÒÃÃº¡Ç¹
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¨Ò¡á¼¹ÀÒ¾áÊ´§Ê¶Ò¹Ð¢Í§¢Í§ÃÐºº·ÕèÁÕ·ÃÒ¿¿”¡»¡μÔáÅÐ·ÃÒ¿¿”¡¢Í§à¤Ã×èÍ§Á×ÍÇÑ´ã¹ÃÙ»·Õè 3.4
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¨Ò¡¤ÇÒÁÊÑÁ¾Ñ¹¸Œ´‰Ò¹º¹ àÁ×èÍ·íÒ¡ÒÃá·¹¤ˆÒ¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§ ���	�� ã¹ÃÙ»¢Í§ ���	 �� ä´‰ÇˆÒ
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Abstract— In this paper, we addressed the problem of im-
proving call-based QoS measurement accuracy with the fo-
cus on call blocking probability as monitored via the active
measurement or test drives in cellular-type networks. The
system has been modelled as continuous time Markov chains
with necessary assumption of Poisson traffics for both actual
load and injected or intrusive load. With a product-form
solution, a convenient formula has been derived to map the
value of call blocking probability as seen by the intrusive
traffic to the true value of call blocking probability of actual
traffic in the non-intrusive system. With the derived corrective
factor, QoS measurement can be accurately measured and
regulated. Consequently, the cellular-type networks so widely
used for wide-area, mobile communication platforms of ITS
can be better engineered and hopefully become a dependable
foundation for ongoing as well as future ITS developments.

I. INTRODUCTION

Recently, Intelligent Transportation Systems (ITS) have
been deployed in several metropolitan areas, such as New
York City, London, Tokyo and Bangkok, for providing
roadway information, reporting traveling time and avoid-
ing traffic congestion. Important ITS functions, including
Variable Message Signs (VMS), Highway Advisory Radio,
CCTV and automatic vehicle detections, together provide
comprehensive transport information for traffic congestion
analysis [1]. The road-traffic information between vehicles
and ITS road-side equipments or the informed messages
which are sent to motorists from an ITS information center
are nowadays facilitated by wireless network technologies,
e.g. Wi-Fi, mobile ad hoc network and cellular-type net-
works. Due to wide coverage area and mobility support of
cellular-type networks, most of those information are directly
reported in data messages and calls [2]. Growing popularity
of ITS applications may therefore result in the increase of
both data and call traffics. And hence, the perceived quality
of service (QoS) may be affected.

In order to promote mutual benefits between ITS and
cellular-type networks, the level of QoS in the cellular-
type networks must be maintained. Therefore, cellular-type
network providers need to pay attention to their network
QoS, e.g. jitter, delay, Perceptual Evaluation of Speech
Quality (PESQ), call dropping probability and call blocking
probability. Any attempts to provoke a good level of QoS for
these cellular-type systems, so widely used for wide-area,
mobile communication platforms of ITS, can undeniably

make such systems become a dependable foundation for
ongoing as well as future ITS developments. To control the
QoS, first one needs to measure it. In this regard, one can
categorize the QoS measurement into passive measurement
and active measurement [3]. A passive measurement is the
system monitoring technique that utilises long-term statistics,
typically using internal system log files to analyse key
performance indices of the system. This technique requires
background knowledge of signalling and the data collection
from all relevant network units. In contrast to the passive
measurement, an active measurement does not require any
internal information of the measured network. Moreover,
with the active measurement technique, network engineers
can perform self-monitoring of one’s own system as well
as the other provider’s systems by injecting the generated
traffic into the measured system. For this reason, the active
measurement is also referred to as “intrusive measurement”.

In conventional practices of active measurement, the sys-
tem performance is estimated by the measured QoS as
perceived by the injected traffic only. The challenge is how
the results can be interpreted. There have been many works
on accuracy of active measurement e.g., [3], [4], [5], [6],
[7]. These previous works focus on the packet measurement
from end-to-end paths, [3], [4] and [5] in the core network,
and [6] in multicast-based infrastructure, while [7] attempts
to minimize probing overhead from active measurement in
IP telephony by adjusting the placement of measurement
devices. However, relatively few have proposed an in-depth
mathematical model that could enlighten the system prop-
erties of the performance estimation in active measurement.
In particular, the work in [3] has attempted to estimate the
mean delay by combining the passive and active monitoring
while [5] has presented a mathematical analysis to estimate
mean delay in packet queue. These mathematical approaches
nevertheless are not applicable in the active measurement at
the time scale of call dynamics, which is of our interest.

This paper focuses on the problem of the system perfor-
mance in the call level, as a complement to previous packet-
level analyses. The analysis at this call level is in fact highly
critical because of the very scarce resources via wireless
channels. Further, the impact of an injected test call traffic to
the overall system state is marginally higher than an injected
test packet. For this reason, it is most likely that the measured
QoS parameter from the test call traffic would deviate much



from the actual value that one wants to estimate. And without
proper interpretation, one may get the wrong perception of
system QoS. In fact, as to be shown in this paper, the
measurable QoS provides only the underestimation of the
actual value, contrasting to the belief that the injected traffic
could cause an overestimation. Therefore, the objective of
this work is to find an analytical approach to correct such
errors. In particular, based on a standard system assumption
with a product-form solution, we herein derive a formula
that can be used to map from the value perceived by the
test traffic to the actual value as normally experienced in the
system without the test traffic. All analysis is aimed at the
estimation of call blocking probability, i.e., in the time scale
of call dynamics.

The rest of this paper is organized as follows. Section
II presents the active measurement methodology. Then, the
mathematical analysis is proposed in Section III. The nu-
merical results are shown to verify the accuracy of the
active measurement in Section IV. In Section V, the paper is
concluded.

II. A CTIVE MEASUREMENTMETHODOLOGY

In this paper, we focus on the call-level active measure-
ment which is practically used in cellular system and referred
to asdrive test. A drive-test is carried out by driving a car
equipped with the measurement devices including Global
Positioning System (GPS) to identify the testing location as
shown in Fig. 1. The measurement device generates traffic
into the cellular system by making a call via the cellular
network to the dedicated port in Public Switching Telephone
Network (PSTN). Then, the processing server equipped with
the telephone line accepts the call and processes the system
QoS of the generated traffic such as call blocking probability,
delay, delay variation, PESQ, call dropping and call setup
time. An Active measurement is often used to test the
network QoS in the locations with low signal strength or
low network performance.

However, the direct interpretation of results from the active
measurement may be incorrect because of two reasons. First,
obtained QoS is only intrusive traffic monitoring, which is
generated by measurement devices. Second, intrusive traffic
increases the overall offered traffic to be higher than usual
and hence the overall QoS level may be shifted. In this paper,
a mathematical analysis is proposed to correct the measurable
QoS to be the actual values without intrusive measurement.

III. PROPOSED MATHEMATICAL ANALYSIS

A. System Analysis

As an early investigation, in this paper, let us model the
cellular system without a channel reservation and customer
retrials. Without channel reservation to give higher priority
to hand-off calls, both new and hand-off call arrivals may
be considered as a single stream of calls. An arriving call is
blocked only when the system capacity is fully occupied, i.e.,
all the channels have been seized when the call arrives. And
once blocked, the call is immediately lost, i.e., no buffering
effect due to call retrial or redial behaviors. Fig. 2 represents

Fig. 1. Drive-test architecture in cellular system

the model of normal cellular system, and Fig. 3 illustrates
the model of active measurement.

Fig. 2. Cellular system without intrusive measurement.

Fig. 3. Cellular system with intrusive measurement.

In Figs. 2 and 3, the proposed analysis assumes the
knowledge of only the parameters including intrusive offered
traffic and call blocking probability of intrusive traffic. All
the other parameters are treated as unknown, namely, actual
offered traffic, call blocking probability of actual traffic and
the system capacity. Such assumption is very minimal and
makes the analysis applicable to the drive test of not only
one’s own system, but also any other systems of which
knowledge is limited. From Figs. 2 and 3, the aim of
analysis can be stated as how to map from the call blocking
probability of intrusive traffic in Fig. 3 to the call blocking
probability of actual traffic in Fig. 2, given the same value
settings of actual offered traffic and system capacity in both
figures.



B. Mathematical Formulation

First, consider the state diagrams of non-intrusive and
intrusive systems under the assumption of one measurement
device. The device generates traffic as an ON/OFF Poisson
source with exponentially distributed holding time. The state
diagrams of the non-intrusive system is shown in Fig. 4, and
the intrusive system is shown in Fig. 5, where necessary
traffic conditions have been assumed to construct the system
state model as continuous time Markov chains (CTMCs).
Throughout analysis, the follow notations are adopted:

Fig. 4. State diagram of non-intrusive model.

Fig. 5. State diagram of measurement system with one measurement unit.

λa Poisson arrival rate of actual traffic.
λi Poisson arrival rate of intrusive traffic.
1/µa mean holding time of actual traffic.
1/µi mean holding time of intrusive traffic.
ρa = λa/µaactual offered traffic (Erlangs).
ρi = λi/µi intrusive offered traffic (Erlangs).
N maximum number of channels occupied

by actual traffic.
M maximum number of channels occupied

by intrusive traffic (hereM is set to 1
due to only one test drive unit).

π(n) steady state probability of havingn busy
channels for the non-intrusive model.

π(m,n) steady state probability of havingm busy
channels of actual traffic andn busy channels
of intrusive traffic for the intrusive model.

As we can easily seen in Fig. 4,π(N) is the call blocking
probability of an actual traffic in non-intrusive system. and
hence thetrue value that we want to estimate in the active
measurement via the intrusive system. From the Erlang loss
formula [8],

π(N) =
ρN

a

N !
N∑

t=0

ρt
a

t!

. (1)

From (1), bothρa andN are assumed unknown to the drive
tester. In Fig. 5, note importantly that only one channel can
be occupied by the intrusive traffic. And since we assume
that there is only one measurement device to generate the
intrusive traffic, there is no further call arrival from the
measurement device when the system state is(1, N − 1).
Consequently, the obtained call blocking probability of in-
trusive traffic in Fig. 5 becomesπ(0, N), while the call
blocking probability of actual traffic in Fig. 5 is increased to
π(0, N) + π(1, N − 1). For this measurable call blocking
probability π(0, N), solving the local balance equations
straightforwardly for the CTMC of Fig. 5 gives

π(0, N) =
ρN

a

N !
N∑

t=0

ρt
a

t! + ρi

N−1∑
k=0

ρk
a

k!

.

One now wants to relateπ(N) andπ(0, N) by first writing

π(0, N) =
ρN

a

N !
N∑

t=0

ρt
a

t! + ρi

N−1∑
k=0

ρk
a

k!


N∑

t=0

ρt
a

t!

N∑
t=0

ρt
a

t!

 . (2)

SubstitutingπN from (1) into (2), one can obtain

π(0, N) = π(N)


N∑

t=0

ρt
a

t!

N∑
t=0

ρt
a

t! + ρi

N−1∑
k=0

ρk
a

k!

 . (3)



Fig. 6. Numerical result when system capacity is 8 channels and intrusive
offered traffic is 0.5 Erlangs with the corrective factor.

Consider the term

N∑
t=0

ρt
a

t! +ρi

N−1∑
k=0

ρk
a

k!

N∑
i=0

ρt
a

t!

in (3).

N∑
t=0

ρt
a

t! + ρi

N−1∑
k=0

ρk
a

k!

N∑
t=0

ρt
a

t!

=

1 + ρa + ρ2
a

2! + ... + ρN
a

N !
n∑

t=0

ρt
a

t!



+

ρi + ρiρa + ρi
ρ2

a

2! + ... + ρi
ρ(N−1)

a

(N−1)!
n∑

t=0

ρt
a

t!



=

N∑
t=0

ρt
a

t! + ρi

N∑
t=0

ρt
a

t! − ρi
ρN

a

N !

n∑
t=0

ρt
a

t!

= 1 + ρi − ρiπ(N). (4)

Then, substituting (4) into (3) yields

π(0, N) =
π(N)

1 + ρi − ρiπ(N)

Hence,

π(N) =
(

ρi + 1
1 + π(0, N)ρi

)
π(0, N). (5)

Finally, we can define
(

ρi+1
1+π(0,N)ρi

)
as the wanted corrective

factor, which is greater than one for all possible case.
Therefore, it can also be concluded that the measurable call
blocking probability from drive-test isunderestimated.

Fig. 7. Error characteristic of the active measurement without the corrective
factor.

IV. NUMERICAL RESULT

Numerical analysis in this section is used to exemplify
the previous mathematical analysis. MATLAB programs has
been constructed for two models: the model in Fig. 2 which
represents a single class system, and the model in Fig.
3 which represents a two dimensional system. The total
channel capacity of the two models is set to be 8 channels.
The obtained results of call blocking probability (CBP) are
shown in Figs. 6 and 7.

Figs. 6 and 7 confirm our mathematical analysis in the
following important points. Firstly, for intrusive model of call
blocking probability measurement, with one measurement
device as typically done in practice, the call blocking proba-
bility as seen by the injected (intrusive) trafficunderestimates
the true value of call blocking probability despite the increase
of overall offered load due to injected traffic. Secondly,
Fig. 7 depicts that such errors are significant especially
with moderate to heavy loading conditions. And finally, the
derived formula for corrective factor can be used accurately
to map from the obtained call blocking probability value
of active measurement to the true value of call blocking
probability before the intrusive traffic has been injected. And
since only minimal assumptions have been used in obtaining
this corrective formula, one may expect such analysis to be
a useful tool in practice

V. CONCLUSIONS

In this paper, we addressed the problem of improving call-
based QoS measurement accuracy with the focus on call
blocking probability as monitored via the active measurement
or test drives in cellular-type networks. At this early stage of
investigations, the system has been modelled as continuous
time Markov chains with necessary assumption of Poisson
traffics for both actual load and injected or intrusive load.
With a product-form solution, a convenient formula has been
derived to map the value of call blocking probability as seen
by the intrusive traffic to the true value of call blocking



probability of actual traffic in the non-intrusive system.
With the derived corrective factor, conventional interpretation
of active measurement would surprisingly result in only
lower bound which underestimates the true value of call
blocking probability in the system, which renders its value
inapplicable to many important engineering practices such as
for system dimensioning or benchmarking. To complete our
investigations on active measurement issues, we currently
investigate the effect of assumptions used in the current
analysis, namely, the channel reservation as well as the call
hand-off or retrial models and future worthy results will be
presented in forthcoming papers.
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