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Reaction to fire of fire-retarded rigid PUR foams and two types of metal faced rigid polyurethane
foam core sandwich panel was evaluated by using cone calorimeter test method. The tests were car-
ried out in various radiative heat fluxes from 15 to 75 kW/m2. The radiation rate effect on reaction to
fire parameters, including time to ignition (TTI), peak of heat release rate (PRHR), total heat release
(THR), average heat release rate (Av.RHR) and average heat of combustion (Av.EHC) was investi-
gated. The phenomenon of char forming, when the foam is exposed to heat, leads to the formation of
a protective layer on the surface of foam and hence no direct relation exists between Av.RHR and
average specific mass loss rate (Av.Spec.MLR) of foam with increased radiation rate. In addition, the
increased PRHR with foam density was also very smooth. The relation between TTI and heat flux was
investigated for the foam and its corresponding correlation has been achieved with a specified densi-
ty. Fire hazard assessment of foams and sandwitch panels was carried out by adopting Petrella and
Richardson fire risk classification methods. The assessment results showed that rigid PUR foam and
PUR sandwich panels may have a high contribution to bring the room to critical flashover condition,
but the risk is intermediate from the viewpoint of fire endurance. The reasons of these risk levels are
attributed to a very short TTI, relative high PRHR and an intermediate amount of THR. Decrease in
foam density reduces heat release but it shows no significant effect on reducing flashover hazard.
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kc‹±…ÿ �éþ|üõ°{†ó ô ŸõŽ ‹éõÉ °… ‹† …¶}×†¬û …² ¬…¬û|ø†ÿ ì±…›Ð

ìÛ†ü·ú Þ±¬ Þú ‹±…ÿ …üò ðõÑ ŸõŽ ¤~ô¬…_ 002 ‹±…‹± üà �éþ|üõ°{†ó

¶©• ‹† Ÿã†èþ 3m/gk04 …¶•. ‹ñ†‹±…üò ìþ|{õ…ó {¿õ° Þ±¬€ …üò

�†°…ì}±ø† {† Ÿú ¤~ ¬° Þ†ø¼ ²ì†ó …Ö±ô²½ �éþ|üõ°{†ó ¶©• ìõö÷±

ø·}ñ~. ‹†ü~ {õ›ú Þ±¬€ ìÏ†¬èú )5( ‹±…ÿ …¶×ñœþ ‹† ì»©¿†– Öý³üßþ ô

Þñ~¶õ²ÿ ì»©À ‹ú ¬¶• „ì~û …¶•.

°ø•ü¼ â±ì•

º~– °ø†ü¼ â±ì†ÿ ð†ºþ …² ¶ṏ}ò ì†¬û€ ìùî|{±üò �†°…ì}± …°²ü†‹þ

°Ö}†° ¬° ‹±…‹± „{¼ {éÛþ ìþ|ºõ¬ ]02€|8[. ÆŒÜ ¬…¬û|ø†ÿ ›~ôë3€ ‹†

…Ö³…ü¼ º~– {†‹¼€ ¤~…Þ±̃ º~– °ø†ü¼ â±ì† )RHRP( ¬° …¶×ñ�€

‹ú|Æõ° ì±{� …Ö³…ü¼ ìþ|ü†‹~ ô …² 2m/Wk241 ²ü± {†‹¼ 53 ‹ú

2m/Wk603 ²ü± {†‹¼ 2m/Wk57 ìþ|°¶~. ²ì†ó °¶ý~ó ‹ú RHRP|

‹±…ÿ ø± ¶ú „²ìõðú )¬° {†‹¼|ø†ÿ 53€05 ô 2m/Wk57( üß·†ó )s01

�̧ …² º±ôÑ „²ìõó( °« ¬…¬û …¶•.  |

øí†ó|Æõ° Þú ¬° ºßê 6 ¬ü~û ìþ|ºõ¬€ °ôð~ …Ö³…ü¼ RHRP| ¬° …÷±

…Ö³…ü¼ º~– â±ì†ÿ ‹±̈õ°¬€ …èãõÿ {Û±üŒ†_ ì»©¿þ ð»†ó ìþ|¬ø~€ …ì†

°…‹Çú ìý†ðãýò º~– °ø†ü¼ â±ì† )RHR.vA( ‹† …Ö³…ü¼ {†‹¼ )ü† ¬ì†ÿ

„²ìõó( …üò Æõ° ðý·• ô ðõ¶†ð†{þ ¬ü~û ìþ|ºõ¬ )ºßê 7(. Âíò …üò Þú

�̧ …² …Ö³…ü¼ ð·Œ}†_ ¶±üÐ€ ìÛ~…° „ó {Û±üŒ†_ ÷†‹• …¶•. …üò ìõÂõÑ ‹ú

¬èýê {»ßýê ²Ò†ë °ôÿ �éþ|üõ°{†ó Ú†‹ê {õ›ýú …¶•.  |

�

ºßê 5 -°…‹Çú Îß̧ ìœ¯ô° …Ö±ô²½ ‹±…ÿ …¶×ñ� ¶©• RUP| ‹†

º~– {†‹¼ â±ì†üþ.

qt/1 i  0/0135= )7( 
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¤~…Þ±̃ º~– °ø†ü¼ â±ì† ¬° øí†ó …ô…üê „²ìõó€ {Û±üŒ†_ ‹çÖ†¾éú

�̧ …² …Ö±ô²½ °« ìþ|¬ø~. ‹ñ†‹±…üò€ øñõ² ²Ò†ë Ÿñ~…ðþ °ôÿ ¶Ç¦

{»ßýê ð»~û ô ì³…¤í• ̈†¾þ ‹ú ô›õ¬ ðíþ|„ô°¬. ‹ú øíýò ¬èýê ¬°

°ôð~ …Ö³…ü»þ …üò �†°…ì}± ‹† …Ö³…ü¼ â±ì†ÿ ‹±̈õ°¬€ ðõ¶†ðþ °«

ðíþ|¬ø~. …ì† ‹† ‹ý»}± º~ó ²ì†ó „²ìõó ô {»ßýê ²Ò†ë °ôÿ ¶Ç¦€

ô…Þñ¼|ø† ¬Ÿ†° …̈}çë º~û ô °ø†ü¼ â±ì† ðíþ|{õ…ð~ ‹† º~– ÚŒéþ

…¬…ìú ü†‹~. ‹ñ†‹±…üò ‹ú Îé• …üò ì³…¤í•|ø†ÿ Öý³üßþ ô ðõ¶†ð†{þ Þú ¬°

Ö±…üñ~ ¶ṏ}ò °« ìþ|¬ø~€ …èãõÿ ̈†Á …Ö³…ü¼ ‹±…ÿ ìý†ðãýò º~–

°ø†ü¼ â±ì† )Þú ðú ÖÛÈ ‹ú è¥Ë†– …ôèýú ‹éßú ‹ú Þê Ö±…üñ~ ¶ṏ}ò

ô…‹·}ú …¶•( ì»†ø~û ðíþ|ºõ¬.

¬°‹†°û Þê °ø†ü¼ â±ì† ðý³  ìÛ†¬ü± ‹ú ¬¶• „ì~û ¬° {†‹¼|ø†ÿ 05 ô

2m/Wk57€ ‹±…‹± ‹† üà|¬üã± )ìÏ†¬ë  2m/JM|1/22( ô ð³¬üà ‹ú Î~¬ ‹ú

¬¶• „ì~û ¬° {†‹¼ 2m/Wk|53 …¶•. Îé• …üò ìõÂõÑ ðý³ ¶ṏ}ò

›±ï „²ìõðú {Û±üŒ†_ ‹ú Æõ° Þ†ìê )‹† ¬° ðË± ¬…º}ò °Ö}†° ̈†Á �éþ|üõ°{†ó

¶©•( …¶• Þú …èŒ}ú ²ì†ó „²ìõó ì}×†ô– …¶• ô ¬° {†‹¼ Þí}± ¬° ²ì†ó

Æõæðþ|{±ÿ °« ìþ|¬ø~. allereteP]4[ ðý³ ð»†ó ¬…¬û …¶• Þú ‹† …Ö³…ü¼

º~– â±ì†ÿ {†‹»þ€ º†̈À ìýê ‹ú â±â±Ö}ãþ )Þú ô…‹·}ú ‹ú ¤~…Þ±̃

º~– °ø†ü¼ â±ì†¶•( ìþ|{õ…ð~ ‹ú º~– …Ö³…ü¼ ü†‹~€ …ì† ìÛ~…° Þê

°ø†ü¼ â±ì† ð·Œ}†_ ÷†‹• ìþ|ì†ð~. ¬° ô…ÚÐ …÷± …¾éþ …Ö³…ü¼ º~– {†‹¼€

Þõ{†û º~ó ²ì†ó …Ö±ô²½ ô …Ö³…ü¼ �†°…ì}±ø†ÿ º~– °ø†ü¼

â±ì†¶•.

ð}†ü� º~– °ø†ü¼ â±ì† ‹±…ÿ ¬üõ…°û|ø† ðý³ ¬° ºßê 8 ð»†ó ¬…¬û º~û

…¶•. °ôð~ …Ö³…ü»þ º~– °ø†ü¼ â±ì† ‹± ¤·� º†° {†‹»þ ‹† º~–

Þí}±ÿ ð·Œ• ‹ú …¶×ñ� ì»†ø~û ìþ|ºõ¬. ìÛ†ü·ú ð}†ü� ›~ôë|ø†ÿ 2 ô3

‹±…ÿ {†‹¼ 2m/Wk|57 ð»†ó ìþ|¬ø~ Þú ô›õ¬ ô°Ý Öõæ¬ÿ ¬° ¬üõ…°û

¶†ð~ôü¡þ€ ‹†Î™ Þ†ø¼ ¤~ô¬ 02 ¬°¾~ ¬° ¤~…Þ±̃ º~– °ø†ü¼

â±ì† º~û …¶•. …üò …÷± ¬° {†‹¼|ø†ÿ Þî ‹ý»}± …¶•€ ‹ú Æõ°ÿ Þú …üò

Þ†ø¼ ¬° {†‹¼ 2m/Wk53 ‹ý¼ …² 06 ¬°¾~ …¶•. …ì†€ ¬°‹†°û ìý†ðãýò

º~– °ø†ü¼ â±ì† )ºßê 9( ü† Þê °ø†ü¼ â±ì†€ Ÿñýò ìõÂõÎþ ¾~Ý

ðíþ|Þñ~. …¤}í†æ_ ‹ú ¬èýê …üò Þú ¬° ðù†ü• ›±ï ð·Œ}†_ üß·†ðþ ‹ú Æõ°

Þ†ìê )ü† ì»†‹ú( ¶ṏ}ú ô â±ì†ÿ ð·Œ}†_ üß·†ðþ „²…¬ º~û …¶•. …øíý•

…üò ìõÂõÑ ¬° {×·ý± ̈Ç±�̄ü±ÿ …¶×ñ� ô ¬üõ…°û ¶†ð~ôü¡þ �éþ|üõ°{†ó

¬° „{¼|¶õ²ÿ …¶•. ô°Ý Öõæ¬ÿ ‹†Î™ ìþ|ºõ¬ {† ̈Ç± º~– ¤±üÜ

{† ¤~ô¬ÿ )‹·}ú ‹ú º±…üÈ( Þ†ø¼ ü†‹~. …ì† ¬° ðù†ü•€ â±ì†üþ Þú ‹ú

¶†ì†ðú …Â†Öú ìþ|ºõ¬€ ìþ|{õ…ð~ üß·†ó ‹†º~. …èŒ}ú …üò â±ì† ¬° ¬üõ…°û ¬°

²ì†ó Æõæðþ|{±ÿ ð·Œ• ‹ú …¶×ñ� „²…¬ ìþ|ºõ¬. ¬° …üò ‹†°û ¬°

‹©¼|ø†ÿ ‹Ï~ÿ ìÛ†èú ‹ý»}± ‹¥™ ìþ|ºõ¬.

¬° ìœíõÎú …ôë€ ðíõðú|ø†ÿ 1-PWS| ô 2-PWS| ¬Ÿ†° …Ö±ô²½

ð»~ð~. …² …üò|°ô€ RHRP| „ðù† ‹·ý†° Þî ô …¾õæ_ ‹† ¾×± {×†ô– Ÿñ~…ðþ

ð~…°¬ ô RHRPT| ðý³ ‹±…ÿ „ðù† Ÿñ~…ó ìÏñþ|¬…° ðý·•. ðíõðú

3-PWS| ¬° 2m/Wk53 „²ìõó º~û ô ²ì†ó …Ö±ô²½ „ó s54 ‹õ¬û

…¶•. º~– °ø†ü¼ â±ì† ‹±…ÿ „ó …ð~á ‹õ¬ ô ¬°ð}ýœú RHRPT| ðý³

‹±…ÿ „ó ð·Œ}†_ ¬…°…ÿ {†‡̈ý± …¶•. ‹† …Ö³…ü¼ {†‹¼ ‹±…ÿ 4-PWS| ²ì†ó

…Ö±ô²½ Þõ{†û º~û€ º~– ¶ṏ}ò …Ö³…ü¼ ô RHRPT| ðý³ Þ†ø¼ ü†Ö}ú

ºßê 7 -°…‹Çú RHR.vA| …¶×ñ� RUP| ‹† º~– {†‹¼ â±ì†.ºßê 8 -°…‹Çú RHRP| ‹† º~– {†‹¼ â±ì† ‹±…ÿ ¬üõ…°û|ø†ÿ �éþ|üõ°{†ó

)ìœíõÎú|ø†ÿ 1 ô 2(.

ºßê 9 -°…‹Çú RHR.vA| ‹† º~– {†‹¼ â±ì† ‹±…ÿ ¬üõ…°û|ø†ÿ

�éþ|üõ°{†ó )ìœíõÎú|ø†ÿ 1 ô 2(.
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…¶•. …üò ìõÂõÑ ‹±…ÿ ìœíõÎú ¬ôï ðý³ ¾†¬Ý …¶• ô ‹ú øíýò ¬èýê

‹±…ÿ 6-PWS| ðý³ RHRPT| ‹ý»}±ÿ ì»†ø~û ìþ|ºõ¬.

nihccehC|]5[€ …ðõ…Ñ …¶×ñ� ¶©• RUP| ‹† Þñ~¶õ²Þññ~û|ø†ÿ

ì©}éØ °… ‹±°¶þ Þ±¬û …¶•. Â©†ì• „²ìõðú|ø† mm52 ô ì¥~ô¬û

Ÿã†èþ 3m/gk|54-04 ‹õ¬û …¶•. ¬° ð}†ü� …°…ú̂ º~û {õ¶È …üò

�µôø¼|â±€ ‹±…ÿ …¶×ñ� ¶©• RUP| …² ðõÑ ìÏíõèþ ²ü± {†‹¼

2m/Wk|04€ ìÛ~…° RHRP| ‹±…‹± ‹† 2m/Wk|492 ¬° ²ì†ó s|41 ô ‹±…ÿ ¬ô

ðõÑ …¶×ñ� ¶©• Þñ~¶õ²º~û 2m/Wk|261 ¬° ²ì†ó s|21 ô 2m/Wk|322

¬° ²ì†ó s|01 ‹õ¬û …¶•. ìÛ†¬ü± ¬…¬û º~û {õ¶È nihccehC‹† ð}†ü� …üò

�µôø¼ ìÇ†‹Û• ¬…°¬. …ì† ìÛ†¬ü± RHRP| Þú ‹±…ÿ ¬üõ…°û|ø†ÿ

¶†ð~ôü¡þ �éþ|üõ°{†ó ¶©• {õ¶È  wohC|]2[ â³…°½ º~û …¶•€

‹ý»}± …² ìÛ†¬ü± ‹ú ¬¶• „ì~û Þ†° ÖÏéþ …¶• Þú „ó °… ìþ |{õ…ó ‹ú ¬°

ìÏ±Å ‹õ¬ó èŒú|ø†ÿ ¬üõ…°û )…¶×ñ� RUP( ¬° „²ìõó|ø†ÿ wohC| ü†

ì}×†ô– ‹õ¬ó Þñ~¶õ²ÿ ðíõðú|ø† ð·Œ• ¬…¬.  |

â±ì•ÿ ìõö÷± ¶õ¨}ò  |

ìÛ†¬ü± ìý†ðãýò â±ì†ÿ ìõö÷± ¶ṏ}ò ¬° …¶×ñ� ìÓ³û€ ‹ú °Ö}†° …¶×ñ�

¶©• RUP| ¬° ‹±…‹± „{¼ ì±‹õÉ …¶• ô ¬° Îýò ¤†ë ‹ú º±…üÈ „²ìõó

ðý³ ‹·}ãþ ¬…°¬. ìý†ðãýò â±ì†ÿ ìõö÷± ¶ṏ}ò ‹±…ÿ …¶×ñ� ¬° {±…²

2m/Wk|52 ð·Œ• ‹ú ¶†ü± {±…²ø† ìÛ~…°ÿ Þí}± …¶• Þú ‹ú Îé•

Þí}±‹õ¬ó ìÛ~…° ô…Þñ¼|ø†ÿ …¤}±…Ý ¬° …üò {±…² {†‹»þ …¶•. ‹† ‹†æ

°Ö}ò {±…² {†‹»þ€ ìÛ~…° â±ì†ÿ ìõö÷± ¶ṏ}ò …Ö³…ü¼ ìþ|ü†‹~€ …ì† ‹±…ÿ

{±…²ø†ÿ ì©}éØ {Û±üŒ†_ ÷†‹• …¶• )‹† ì}õ¶È ìÏ†¬ë 2m/JM86/81(. …üò

ìõÂõÑ ‹† {õ›ú ‹ú ìÛ~…° ìý†ðãýò º~– Þ†ø¼ ›±ï ‹±…ÿ ðíõðú|ø† ¬°

{±…²ø†ÿ ì©}éØ Ú†‹ê {õ›ýú …¶•. ‹† ô›õ¬ …Ö³…ü¼ º~– {†‹¼ â±ì†üþ

ô ¬ì†ÿ „²ìõó€ ìý†ðãýò º~– Þ†ø¼ ›±ï ôüµû ¬° {†‹¼|ø†ÿ 53 {†

2m/Wk57€ {Û±üŒ†_ ÷†‹• ô ¤~ô¬  s2m/g|7/3 …¶•. …üò ìõÂõÑ ‹ú ¬èýê

°Ö}†° ²Ò†ë º~ó �éþ|üõ°{†ó ¶©• Ú†‹ê {õ›ýú …¶•.  |

²Ò†ë º~ó ‹†Î™ ì¥~ô¬ º~ó Þ†ø¼ ›±ï ¤}þ ‹† …Ö³…ü¼ ¬ì† º~û ô

ìÛ~…° „ó °… ¬° ìý†ðãýò ì»©¿þ ì¥~ô¬ ìþ|Þñ~. ‹±…ÿ ìÛ†ü·ú€ …Î~…¬ ‹ú

¬¶• „ì~û ‹±…ÿ â±ì†ÿ ìõö÷± ¶ṏ}ò Þí}± …² ìÛ†¬ü± ì±‹õÉ ‹ú

�éþ|…¶}ý±ó …ðŒ·†É ü†Ö}ú …¶• Þú {õ¶È ‹©}ý†°ÿ ô øíß†°…ó â³…°½

º~û …¶• ]22€12[. …üò ìõÂõÑ ìþ|{õ…ð~ ‹ú ¬èýê {×†ô– ì†øý• …üò ¬ô

ì†¬û Î†üÜ ‹†º~. ‹ú …üò {±{ý� Þú �éþ|…¶}ý±ó …ðŒ·†É ü†Ö}ú ‹çÖ†¾éú �̧

…² Ú±…° â±Ö}ò ¬° ìÏ±Å „{¼€ ®ôŽ ìþ|ºõ¬ ô ‹ú °…¤}þ {† …ð}ù†

ìþ|¶õ²¬€ …ì† ¶Ç¦ �éþ|üõ°{†ó �̧ …² º±ôÑ Ö±…üñ~ ¶ṏ}ò€ ²Ò†èþ º~û

ô …² æüú|ø†ÿ ²ü±üò ì¥†ÖË• ìþ|Þñ~.

ƒ÷± ̃ã•èþ ƒ¶×ñ� ìÓ³û

ð}†ü� „²ìõó ‹±…ÿ …¶×ñ�|ø†ÿ ¶©• RUP| Þñ~ ¶õ² º~û ‹† Ÿã†èþ|ø†ÿ

ì©}éØ ¬° ì¥~ô¬ûö 3m/gk55 -02 ¬° {±…² {†‹»þ 2m/Wk53 ¬° ›~ôë

4 …°…̂ú º~û …¶•. Â©†ì• „²ìõðú|ø† ì»†‹ú ô ¤~ô¬ mm1±04  ‹õ¬.

ð}†ü� ð»†ó ìþ|¬øñ~ Þú ‹† ô›õ¬ {Óýý± Ÿã†èþ ðíõðú|ø†ÿ …¶×ñ�€ ²ì†ó

…Ö±ô²½ „ðù† ÷†‹• ô ¤~ô¬ s5 …¶•. °¶ý~ó ‹ú RHRP| ðý³ ‹±…ÿ {í†ï

„²ìõðú|ø† {Û±üŒ†_ ¬° ‹†²û ²ì†ðþ s|21-01 °« ìþ|¬ø~. …ì†€ ‹† …Ö³…ü¼ Ÿã†èþ

ô ¬° ð}ýœú …Ö³…ü¼ ›±ï ¶ṏ}ñþ€ °ôð~ …Ö³…ü»þ ¬° RHRP| ìÇ†‹Ü ºßê

01 ì»†ø~û ìþ|ºõ¬€ ø± Ÿñ~ …üò °ôð~ ̈ýéþ ì¥·õ¹ ô Ú†‹ê {õ›ú

ðý·•. ‹ú Îçôû º~– Þ†ø¼ ›±ï )RLM cepS.vA( ¬° {í†ï „²ìõðú|ø†

ì»†‹ú ‹† üà|¬üã± …¶• Þú ¬° �þ „ó ìÛ~…° â±ì†ÿ ìõö÷± ¶ṏ}ò ðý³ ¬°

Ÿã†èþ|ø†ÿ ì©}éØ {Û±üŒ†_ ì»†‹ú …¶•. ¬° ºßê 11 ìñ¥ñþ Þê °ø†ü¼

â±ì†ÿ ð†ºþ …² ¶ṏ}ò …¶×ñ�|ø†ÿ RUP| ‹± ¤·� Ÿã†èþ …°…̂ú º~û

…¶•. øí†ó|Æõ° Þú ì»†ø~û ìþ|ºõ¬€ °ôð~ …Ö³…ü¼ ¬° …üò ¤†è• Þ†ìç_

ì¥·õ¹ …¶•€ ²ü±… ‹† …Ö³…ü¼ Ÿã†èþ ô …Ö³…ü¼ ›±ï ¶ṏ}ñþ ²ì†ó

ºÏéú|ô°ÿ Æõæðþ|{± º~û ô Þê â±ì†üþ Þú Æþ Ö±…üñ~ ¶ṏ}ò „²…¬

ìþ|ºõ¬€ ðý³ …Ö³…ü¼ ìþ|ü†‹~.  |

ƒ°²ü•þ̂ ̈Ç±

°ô½|ø†ÿ ì©}é×þ ‹±…ÿ …°²ü†‹þ ̈Ç± ¤±üÜ ìõ…¬ ô ì¿†è¦ ô›õ¬ ¬…°¬.

›~ôë 4 -�†°…ì}±ø†ÿ „{¼ ‹±…ÿ …¶×ñ� ¶©•  RUP| ‹† Ÿã†èþ|ø†ÿ

ì©}éØ ¬° {±…² {†‹»þ 2m/Wk53. 
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°Ö}†° …¶×ñ� ¶©• �éþ üõ°{†ó ô¬üõ…°û|ø†ÿ ¶†ð~ôü¡þ �éþ|üõ°{†ðþ Öé³�õ½ ¬° ‹±…‹± „{¼ ô ... ¶Ïý~ ‹©}ý†°ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 3€ ìƒƒ±¬…¬ ƒƒ ºƒƒùƒƒ±üƒõ° 8831 

ìÏíõæ_ ø~Ù …² …üò °ô½|ø† {Ïýýò ̈Ç± ìõ…¬ …² ðË± ì»†°Þ• „ðù† ¬°

â·}±½ „{¼|¶õ²ÿ …¶•. ø± Ÿú üà ì†¬û ¶†¬û|{± ì»}Ïê ºõ¬ ü†

â±ì†ÿ ‹ý»}±ÿ „²…¬ Þñ~€ ̈Ç± â·}±½ „{¼|¶õ²ÿ °… …Ö³…ü¼ ìþ|¬ø~.

‹±̈þ …² …üò °ô½|ø† ì†ðñ~ °ô½ �ý»ñù†¬ÿ mörtshciW| ô

nossnaröG]32[ ðý†² ‹ú …ìß†ð†– „²ì†ü»ã†øþ ìÛý†¹ ‹³°å ¬…°¬. ‹±…ÿ

°ô½ ÆŒÛú|‹ñ~ÿ …°ô�†üþ ðý³ Þú ì¿†è¦ °… ‹± …¶†¹ °Ö}†° ô…Þñ»þ „ðù† ¬°

‹±…‹± „{¼ ‹ú ÆŒÛ†– A{† F| ÆŒÛú|‹ñ~ÿ ìþ|Þñ~€ ðý†² ‹ú Ÿñ~ ¬¶}ã†û

„²ì†ü»ã†øþ …¶•. ¬° …üò ÆŒÛú|‹ñ~ÿ€ â±ôû A| ð»†ó|â± ìõ…¬ ô ì¿†è¦

Òý±ìõö÷± ¬° „{¼|¶õ²ÿ ô â±ôû F| ð»†ó|â± ‹~{±üò ¬¶}ú ‹† ô…Þñ¼

Òý±Ú†‹ê ÚŒõë ¬° ‹±…‹± „{¼ )ü† ìõ…¬ „²ì†ü¼ ð»~û(  …¶•.

nosdrahciR]42[ ‹± …¶†¹ ð}†ü� â±ì†¶ñ� ì©±ôÆþ ô ‹† …¶}×†¬û …²

¬ô �†°…ì}± ¤~…Þ±̃ º~– °ø†ü¼ â±ì† ô Þê °ø†ü¼ â±ì† ¬° nim51

…‹}~…ÿ „²ìõó ²ü± {†‹¼ 2m/Wk|05 € ÆŒÛú|‹ñ~ÿ ²ü± °… …°…̂ú Þ±¬û …¶•:

ÆŒÛú 1 -ìõ…¬ÿ Þú ²ü± {†‹¼ 2m/Wk|05 ¬° ì~– nim51 ‹ú ìÛ~…°

2m/Wk|5  ü† Þí}± â±ì† „²…¬ ìþ|Þññ~ ô ¤~…Þ±̃ º~– â±ì†ÿ „²…¬ º~û

…² „ðù† ðý³ 2m/Wk|01 …¶•. …üò ÆŒÛú {Û±üŒ†_ ð»†ó|â± ì¿†è¦ Òý±Ú†‹ê

¶ṏ}ò …¶•.

ÆŒÛú 2 -ìõ…¬ÿ Þú ²ü± {†‹¼ 2m/Wk|05 ¬° ì~– nim51€ Þê â±ì†ÿ

„²…¬ º~û …² „ðù†  ‹±…‹± ‹† 2m/JM|52  ô ¤~…Þ±̃ º~– â±ì†ÿ „²…¬ º~û ðý³

2m/Wk|001 ‹†º~.   |

ÆŒÛú 3 -Þê â±ì†ÿ „²…¬ º~û 2m/JM|05 ü† Þí}± ô ¤~…Þ±̃ º~–

â±ì†ÿ „²…¬ º~û 2m/Wk|051 …¶•.

ÆŒÛú 4 -Þê â±ì†ÿ „²…¬ º~û ¤~…Þ±̃  2m/JM|001 ô ¤~…Þ±̃ º~– „ó

2m/Wk|003 …¶•.

ÆŒÛú 5 -Þê â±ì†ÿ „²…¬ º~û ‹ý¼ …² 2m/JM|001 ô ¤~…Þ±̃ º~– „ó

‹ý¼ …² 2m/Wk|003 …¶•.  |

ìõ…¬ ÆŒÛ†– 4 ô 5 ›³ô ìõ…¬ ̈Ç±ð†á ô ̈ýéþ ̈Ç±ð†á {»©ýÀ ¬…¬û

ìþ|ºõð~ ô ìÏíõæ_ ÆŒÜ ìÛ±°…– ¶†̈}í†ðþ ‹±…ÿ …¶}×†¬û …² Ÿñýò

ìõ…¬ÿ ‹†ü~ …² üà æüú �õº¼ ì¥†ÖË•|Þññ~û ì†ðñ~ üà æüú {©}ú â¡þ

‹† Â©†ì• ¤~…Úê mm5/21  …¶}×†¬û Þ±¬.

{ç½|ø†ÿ ²ü†¬ÿ ‹±…ÿ …üœ†¬ …°{Œ†É ‹ýò ¬…¬û|ø†ÿ „²ì†ü¼|ø†ÿ ìÛý†¹

ÞõŸà ‹† „²ìõó|ø†ÿ ìÛý†¹ ‹³°å ô ðý³  …°²ü†‹þ ̈Ç± â·}±½ „{¼|¶õ²ÿ

‹± …¶†¹ „ó …ðœ†ï º~û …¶•. …² ›íéú ì×ý~{±üò „ðù†€ …üœ†¬ …°{Œ†É ‹ýò ð}†ü�

â±ì†üþ „²ìõó|ø†ÿ ìÛý†¹ ÞõŸà ‹† ðÛÇú |â±â±Ö}ãþ …¶•. ðÛÇú

â±â±Ö}ãþ€ ²ì†ðþ …¶• Þú Þê …{†Ý „²ìõó )¬° …‹Ï†¬ m|6/3 * 4/2 * 4/2(

…² ºÏéú|ø†ÿ „{¼ �±º~û ô ºÏéú|ø† …² ‹†²ºõÿ …{†Ý „²ìõó ‹ý±ôó

ìþ|²ð~. ‹±…ÿ …üœ†¬ …üò …°{Œ†É …² �†°…ì}±ø†ÿ ì©}é×þ ðËý± Þê °ø†ü¼

â±ì†€ º~– °ø†ü¼ â±ì† ü† ²ì†ó …Ö±ô²½ …¶}×†¬û º~û …¶•. ‹±̈þ …²

�µôø¼|ø† ð»†ó ìþ|¬ø~ Þú Ÿã†èþ ì†¬û ðý³ ‹†ü~ ¬° ìÏ†¬æ– ¬° ðË±

â±Ö}ú ºõ¬ |]8[.

namts
..
Oô muabssuN |]8[ …°{Œ†É ‹ýò �†°…ì}±ø† °… ‹±°¶þ ô

ìÏ†¬æ{þ ‹± …üò …¶†¹ …°…̂ú Þ±¬û|…ð~. …ì† namts
..
Oô sidiratnasT|]9[

ìÏ†¬èú ì³‹õ° °… …¾ç§ ô ìÏ†¬èú )6( °… …°…̂ú Þ±¬ð~ Þú ¬° „ó ²ì†ó

…Ö±ô²½€ Þê °ø†ü¼ â±ì† ô Ÿã†èþ ‹ú Îñõ…ó �†°…ì}±ø†ÿ ìõö÷± ¬°

ì¥†¶Œú ²ì†ó â±â±Ö}ãþ ¶±…¶±ÿ ¬° ðË± â±Ö}ú º~û|…ð~:

Þú ¬° „ó  oft| ²ì†ó â±â±Ö}ãþ ¶±…¶±ÿ )s(| ¬° „²ìõó …¶}†ð~…°¬ „{¼

…{†Ý ¬° ìÛý†¹ Þ†ìê€ 05ITT| ²ì†ó …Ö±ô²½ )s(| ¬° 2m/Wk|05 €|

Ÿã†èþ ì}õ¶È ðíõðú  )3m/gk(|ô 003RHT| Þê °ø†ü¼ â±ì† )2m/JM(|

¬° s|003 �̧ …² …Ö±ô²½ ¬° 2m/Wk|05  …¶•.

‹±°¶þ ø†ÿ ‹±̈þ �µôø¼|â±…ó ðý³ ð»†ó ¬…¬û …¶•€ ‹ú Îé• ð·Œ•

ì·}Ûýî Ÿã†èþ ô °¶†ð†üþ â±ì†üþ€ ðý†² ‹ú ô…°¬ Þ±¬ó ø± ¬ôÿ „ðù† ¬°

ì~ë ø† ðý·• ]52[.

�

ºßê 11 -…÷± Ÿã†èþ …¶×ñ� RUP| °ôÿ RHT.

ºßê 01 -…÷± Ÿã†èþ …¶×ñ� RUP| °ôÿ RHRP|.
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°Ö}†° …¶×ñ� ¶©• �éþ üõ°{†ó ô¬üõ…°û|ø†ÿ ¶†ð~ôü¡þ �éþ|üõ°{†ðþ Öé³�õ½ ¬° ‹±…‹± „{¼ ô ...¶Ïý~ ‹©}ý†°ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 3€ ìƒƒ±¬…¬ ƒƒ ºƒƒùƒƒ±üƒõ° 8831 192

üßþ …² �†°…ì}±ø†ÿ ìùî …°…̂ú º~û€ ð·Œ• ¤~…Þ±̃ º~– °ø†ü¼ â±ì†

‹ú ²ì†ó …Ö±ô²½ …¶• Þú ‹ú Îñõ…ó º†̈À ìýê ‹ú â±â±Ö}ãþ ‹ú ºßê

²ü± {Ï±üØ º~û …¶• |]2[:

)01(ITT/RHRP = x

ø± Ÿú ìÛ~…° ¤~…Þ±̃ º~– °ø†ü¼ â±ì† ‹ý»}± ô ²ì†ó …Ö±ô²½ Þõ{†û {±

‹†º~€ ìÛ~…° x| ‹³°å|{± …¶• ô …¤}í†ë °¶ý~ó ‹ú ðÛÇú â±â±Ö}ãþ ¬°

„{¼ ¶õ²ÿ ‹ý»}± …¶•. allereteP]4[ …üò ìõÂõÑ  °… ‹±…ÿ {Ï~…¬ ²ü†¬ÿ

…² ìõ…¬ ‹±°¶þ Þ±¬ ô ‹ú …üò ð}ýœú °¶ý~ Þú …â± Ÿú ìýê ‹ú â±â±Ö}ãþ

¶±…¶±ÿ )x( �†°…ì}± ì×ý~ÿ ‹±…ÿ …°²ü†‹þ °Ö}†° ¬° ‹±…‹± „{¼ üà ì†¬û ¬°

ìÛý†¹ Þ†ìê …¶•€ …ì† …üò �†°…ì}± ð†ÚÀ …¶• ô ‹†ü~ RHT| °… ðý³ ¬° ðË±

â±Ö•. ²ü±… ì†¬û|…ÿ ‹† RHT| Þî€ ¬° ðù†ü• …ð±ÿ́ ²ü†¬ÿ °… ô…°¬

„{¼|¶õ²ÿ ðíþ|Þñ~ ô ‹±Îß̧.  |

¬° ›~ôë 5€ ìÛý†¹ …°…̂ú º~û {õ¶È allereteP| ‹±…ÿ ¬°›ú|‹ñ~ÿ

ìõ…¬ …² ðË± ìýê ‹ú â±â±Ö}ãþ ð»†ó ¬…¬û º~û …¶•€ wohC]2[  ðý³ ¬°

‹±°¶þ|ø†ÿ ̈õ¬ …² „ó …¶}×†¬û Þ±¬û …¶•. ÆŒÛú 5 ¬° °ô½

nosdrahciR| ‹† ‹~{±üò ÆŒÛú ¬° °ô½ allereteP| ìÇ†‹Û• ¬…°¬ ô …² …üò

ðË± üà|¬üã± °… {†üý~ ìþ|Þññ~. …ì†€ ¬° ÆŒÛ†– ìý†ðþ ‹ú ðË± ìþ|„ü~ Þú

°ô½ nosdrahciR| Þíþ ¬ÚýÜ|{± …¶•.

‹† {õ›ú ‹ú ð}†ü� ‹ú ¬¶• „ì~û ¬° …üò �µôø¼€ …°²ü†‹þ ̈Ç± â·}±½

„{¼|¶õ²ÿ ‹±…ÿ ìõ…¬ „²ìõó º~û ÆŒÜ °ô½|ø†ÿ nosdrahciR| ô

allereteP| …ðœ†ï º~ Þú ð}†ü� „ó ¬° °¬üØ|ø†ÿ „̈± ›~ôë|ø†ÿ 1 {† 4

„ì~û …¶•. ð}†ü� ð»†ó ìþ|¬ø~ Þú ìÛ~…° x| ¬° …¶×ñ� ¶©• RUP| ¬°

{†‹¼|ø†ÿ ‹ý¼ …² 2m/Wk52 ²ü†¬ …¶• ô ‹ú ôüµû ¬° {†‹¼|ø†ÿ ‹ý»}± …²

2m/Wk05 € ìÛ~…° x| ‹ý¼ …² 001 …¶• Þú ‹ú ¬èýê ²ì†ó …Ö±ô²½ ‹·ý†°

Þõ{†û ô RHRP| ð·Œ}†_ ²ü†¬ …¶•. ‹ñ†‹±…üò€ {í†üê …üò ì†¬û ‹ú â±â±Ö}ãþ

²ü†¬ …¶•. …ì†€ ¬° øíýò ìÛý†¹ ‹† {õ›ú ‹ú …üò Þú ìÛ~…° RHT| …¶×ñ�

¤~ô¬ 2m/JM|02 …¶•€ ÆŒÛú ̈Ç± …¶×ñ� …² ðË± RHT€ ì}õ¶È …°²ü†‹þ

ìþ|ºõ¬. ‹ú …üò ìÏñþ Þú …¶×ñ� RUP| „²ì†ü¼ º~û€ ̈Ç± ²ü†¬ÿ …² ðË±

°¶ý~ó …{†Ý ‹ú ¤†è• â±â±Ö}ãþ …üœ†¬ ìþ|Þñ~ ô …² ðË± Þê â±ì†üþ Þú

¬° „{¼|¶õ²ÿ ‹ú ì»†°Þ• ìþ|â̄…°¬€ º±…üÈ ì}õ¶Çþ ¬…°¬. …¶×ñ�

¶©• RUP| Þñ~¶õ² º~û ìõ°¬ …¶}×†¬û ¬° ìÓ³û ¬üõ…°û€ ÆŒÜ °ô½

nosdrahciR| ðý³ ¬° ÆŒÛú 4 Ú±…° ìþ|âý±¬ Þú ›³ô ìõ…¬ ̈Ç±ð†á

{»©ýÀ ¬…¬û ìþ|ºõ¬ ô ÆŒÜ ìÛ±°…– ¶†̈}í†ó ‹±…ÿ Þ†°‹±¬ „ó ‹†ü~ …²

æüú �õº¼ ì¥†ÖË• Þññ~û …¶}×†¬û Þ±¬.  |

ìÛ~…° x| ‹±…ÿ ø± ¬ô ðõÑ ¬üõ…°û ¶†ð~ôü¡þ ²ü± {±…² {†‹»þ 2m/Wk 52

¬° ì¥~ô¬û 0/1-1/0 Ú±…° ¬…°¬ Þú ð»†ó|¬øñ~û ìýê Þî ‹ú â±â±Ö}ãþ

¶±…¶±ÿ …¶•. ‹±…ÿ ¬üõ…°û|ø†ÿ ìœíõÎú 1 ²ü± {†‹¼ â±ì†üþ 2m/Wk53

ðý³ ¬°›ú ìýê ‹ú â±â±Ö}ãþ ¶±…¶±ÿ Þî …¶•. …ì†€ ‹±…ÿ ¬üõ…°û|ø†ÿ

ìœíõÎú 2 ²ü± øíýò {†‹¼€ ¬°›ú ì}õ¶È ‹ú ¬¶• „ì~.  |

¬° {±…²ø†ÿ {†‹»þ ‹ý¼ …² 2m/Wk57-05 ìýê ‹ú â±â±Ö}ãþ

¶±…¶±ÿ ¬° ø± ¬ô ðõÑ ¬üõ…°û€ ì}õ¶È …°²ü†‹þ º~. ìÛ~…° RHT¬°

¬üõ…°û|ø†ÿ ìœíõÎú1€ ¬° ì¥~ô¬û 2m/JM01-0/1 …¶• ô ¬° ð}ýœú Þî

¨Ç± …°²ü†‹þ ìþ|ºõ¬. ‹±…ÿ ¬üõ…°û|ø†ÿ ìœíõÎú 2€ RHT| ÖÛÈ ¬° {†‹¼

2m/Wk|52 ¬° …üò ì¥~ô¬û Ú±…° ¬…°¬ ô Þî ̈Ç± …°²ü†‹þ ìþ|ºõ¬.

¬üõ…°û|ø†ÿ ìœíõÎú 1 ²ü± {†‹¼|ø†ÿ â±ì†üþ 2m/Wk57-05 ô

¬üõ…°û|ø†ÿ ìœíõÎú 2 ²ü± {†‹¼ â±ì†üþ 2m/Wk57-53 ‹† ̈Ç± ì}õ¶È

…°²ü†‹þ ìþ|ºõð~. ‹ñ†‹±…üò ìþ|{õ…ó â×•€ ¬üõ…°û|ø†ÿ ¶†ð~ôü¡þ

�éþ|üõ°{†ó ¶©• )‹† ø± ¬ô ðõÑ ¬°›ú Þñ~¶õ²ÿ „²ìõó º~û( ¬° º±…üÈ

„{¼|¶õ²ÿ ô…ÚÏþ ¬° …{†Ý )Þú ìþ|{õ…ó …ð}Ë†° {†‹¼|ø†ÿ 2m/Wk05 °…

¬…º•(€ ̈Ç± ì}õ¶Çþ øî ‹±…ÿ °¶ý~ó …{†Ý ‹ú º±…üÈ â±â±Ö}ãþ ô øî

…² ðË± ì»†°Þ• â±ì†üþ ¬° „{¼|¶õ²ÿ ¬…°ð~.  |

ìÛ†ü·ú ð}†ü� ‹† ‹±°¶þ|ø†ÿ wohC| ðý³ ð»†ó ìþ|¬ø~€ ìÛ~…° x| ‹ú

¬¶• „ì~û ¬° ¤†è• …¶}×†¬û …² Ú†Ž ðãú|¬…°ð~û )ü† ‹ú ÎŒ†°{þ ¬° ìÏ±Å

ðŒõ¬ó …¶×ñ� ìÓ³û( ‹·ý†° Þí}± …¶•. {¥éýê Þ†°‹±¬ÿ ìõÂõÑ …üò …¶•

Þú ¬° ¾õ°– ̈íý~âþ ¬üõ…°û|ø†ÿ ¶†ð~ôü¡þ �éþ|üõ°{†ó ü† {Óýý± ºßê

èŒú|ø†ÿ „ðù† ¤ýò „{¼|¶õ²ÿ€ ì»†°Þ• ¬üõ…°û|ø† ¬° â·}±½

„{¼|¶õ²ÿ ìþ|{õ…ð~ ‹ú º~– {Óýý± Þ±¬û ô ôÂÏý• ‹~{±ÿ °… ¬° …{†Ý

…üœ†¬ Þñ~. …üò ìõÂõÑ ‹†ü~ ¬° º±…üÈ ð¿� ü† ì¥†ÖË• ¬üõ…°û|ø† ¬°

‹±…‹± „{¼ ‹ú ºßê ›~ÿ ¬° ðË± â±Ö}ú ºõ¬. …â±Ÿú ¬° ÆŒÛú|‹ñ~ÿ

nosdrahciR| ‹±…ÿ ¬üõ…°û|ø†ÿ ¶†ð~ôü¡þ ìœíõÎú|ø†ÿ 1 ô 2€ ‹ú {±{ý�

ÆŒÛ†– 2 ô 3 ‹ú ¬¶• „ì~û …¶•. …ì†€ øíýò {¥éýê °… ‹†ü~ ‹±…ÿ „ó ðý³

ì~ðË± ¬…º•.

‹±…ÿ ¬üõ…°û|ø†ÿ ìœíõÎú 2€ ¬…¬û|ø†ÿ „²ìõó ²ü± 2m/Wk05)‹ú ìñËõ°

…¶}×†¬û …² „ó ¬° °ô½ ÆŒÛú|‹ñ~ÿ ‹ú °ô½ nosdrahciR( ¬° ¬¶}±¹

ðŒõ¬. …ì† ‹† {õ›ú ‹ú ¬…¬û|ø†ÿ ¤†¾ê ¬° {±…²ø†ÿ {†‹»þ 53 ô 2m/Wk57

›~ôë 5 - ì±²‹ñ~ÿ ìõ…¬ ‹± …¶†¹ �†°…ì}±ø†ÿ x| ô RHT]|4[.

…°²ü†‹þ ̈Ç±

)ð·Œ• ‹ú RHT(  

RHT

)2m/JM( 

…°²ü†‹þ ̈Ç±

)ð·Œ• ‹ú x(

x

)s2m/Wk( 

¨ýéþ Þî

Þî

ì}õ¶È

²ü†¬

0/1-1/0

01-0/1

001-01

001 ‹ú ‹†æ

Þî

ì}õ¶È

²ü†¬

-
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-
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 3€ ìƒƒ±¬…¬ ƒƒ ºƒƒùƒƒ±üƒõ° 8831 

Ö±Å ‹± …üò º~ Þú ¬…¬û|ø†ÿ 2m/Wk05 ‹ýò …üò ¬ô {±…² Ú±…° ìþ|âý±ð~

Þú ‹† {õ›ú ‹ú ð}†ü� ì±‹õÉ ‹ú ¬üõ…°û|ø†ÿ ìœíõÎú 1€ Ö±Âþ ìñÇÛþ ‹ú

ðË± ìþ|°¶~.  |

�†°…ì}± x| ì¥†¶Œú º~û ‹±…ÿ …¶×ñ�|ø†ÿ RUP| ‹† Ÿã†èþ|ø†ÿ ì©}éØ

²ü± {†‹¼ 2m/Wk53€ ìýê ²ü†¬ ‹ú â±â±Ö}ãþ ¶±…¶±ÿ °… ð»†ó ìþ|¬ø~

Þú ‹† …Ö³…ü¼ Ÿã†èþ …¶×ñ�€ …Ö³…ü¼ ìþ|ü†‹~. ìÛ~…° RHT| ‹±…ÿ ‹ý»}±üò

Ÿã†èþ ²ü± …üò {†‹¼ â±ì†üþ ‹ú 2m/JM93 ìþ|°¶~ ô ÆŒÜ ìÛý†¹

allereteP€ ̈Ç± „ó ‹† ¬°›ú ì}õ¶È …°²ü†‹þ ìþ|ºõ¬. ‹† …üò ô›õ¬€ ‹†

ìÛ†ü·ú ìÛ†¬ü± x| ¬° ›~ôë|ø†ÿ 3 ô 4 ¬ü~û ìþ|ºõ¬ Þú …÷± º~– {†‹¼
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