
T
he steps taken in designing a loop reactor for bulk propylene polymeriza-

tion are discussed. The roles played by several parameters like particle

growth factor, catalyst activity and solid fraction on reactor volume at dif-

ferent operating conditions are investigated. At first, based on a fixed production

capacity and specific rate of catalyst, reactor volume is determined. Next, the length

and diameter of loop reactor are determined according to the critical velocity and

heat transfer limitations. An optimum reactor diameter is selected such that the sum

of investment and operating costs are reduced and reactor dimensions for construc-

tion are practically feasible. By widening the difference between coolant and reactor

temperatures, the estimated reactor diameter increases and the length of reactor is

decreased. On the other hand, when the slurry flow rate increases, there will be a

need for higher pump power and increase in the operating cost.
loop reactor,

polymerization,

propylene,

design,

effective parameters.

A B S T R A C T

Key Words:

Effective Parameters in the Design of a Loop
Reactor for Bulk Propylene Polymerization with

Z-N Catalyst

H. Abedini*1, M. Shahrokhi2, and M. Emami1

(1) Iran Polymer and Petrochemical Institute, P.O. Box: 14965-115, Tehran, Iran.

(2) Chemical and Petroleum Engineering Department, Sharif University of Technology,

P.O. Box: 11365-9465, Tehran, Iran.

Received 14 July 2009, accepted 8 September 2009

(*)To whom correspondence should be addressed.
E-mail: h.abedini@ippi.ac.ir

Iranian Journal of Polymer
Science and Technology

Vol. 22, No. 4, 309-321

October-November 2009

ISSN: 1016-3255

Available in: http://jips.ippi.ac.ir

Archive of SID

www.SID.ir



¤·ýò Î†‹~üñþ*|1€ ì¥í~ º†ø±̈þ2€ ìù±¶† …ì†ìþ1

1 -| {ù±…ó€ �µôø»ã†û �éýí± ô �}±ôºýíþ …ü±…ó€ ¾ñ~ôÝ �·}þ 511-56941

2 -| {ù±…ó€ ¬…ð»ã†û ¾ñÏ}þ º±üØ€ ¬…ð»ß~û ìùñ~¶þ ºýíþ ô ð×•€ ¾ñ~ôÝ �·}þ 5649-56311

¬°ü†Ö•: 32/4/88€ �̄ü±½: 71/6/88

‹±°¶þ �†°…ì}±ø†ÿ ìõö÷± ‹± Æ±…¤þ °…Þ}õ° ¤éÛõÿ ¬°

�éýí±º~ó {õ¬û �±ô�ýéò ‹† Þ†{†èý³ô° ²üãé± -ð†{†

°…Þ}õ° ¤éÛõÿ€

�éýí±º~ó€

�±ô�ýéò€

Æ±…¤þ€

�†°…ì}±ø†ÿ ìõö÷± 

Ÿßý~û

ô…́û||ø†ÿ Þéý~ÿ 

ìœéú Îéõï ô {ßñõèõÿ́ �éýí±€

¶†ë ‹ý·• ô ¬ôï€ ºí†°û 4€

¾×¥ú 123-903€ 8831

5523-6101 : NSSI 

¬° …üò ìÛ†èú€ ì±…¤ê Æ±…¤þ Ö±…üñ~ÿ °…Þ}õ° ¤éÛõÿ ìÇ†èÏú º~û …¶•. …÷± �†°…ì}±ø†üþ ðËý± Î†ìê °º~

ô°ô¬ÿ€ Î†ìê °º~ ̈±ô›þ€ ÖÏ†èý• Þ†{†èý³ô° ô ›³Š ¤œíþ ›†ì~ ¬° ¬ôÒ†Ž ‹± ¤œî °…Þ}õ° ¬° º±…üÈ

Îíéý†{þ ì©}éØ ‹±…ÿ ìÛ~…° {õèý~ ÷†‹• ‹±°¶þ ô‹¥™ º~û …¶•.  …‹}~… ¤œî °…Þ}õ° ‹±¤·� ìÛ~…° {õèý~

�éýí± ô ¶±Î• ôüµû {õèý~ �éþ|�±ô�ýéò ‹± …¶†¹ ðõÑ Þ†{†èý³ô° ìÏýò ìþ|ºõ¬. ¶�̧€ Æõë ô ÚÇ±

ìñ†¶� °…Þ}õ° ¤éÛõÿ ‹† {õ›ú ‹ú ì¥~ô¬ü•|ø†ÿ …ð}Û†ë â±ì† ô ¶±Î• ‹¥±…ðþ ‹ú ¬¶• ìþ„ü~. ÚÇ±

°…Þ}õ° ‹†ü~ Æõ°ÿ …ð}©†Ž ºõ¬ Þú ìœíõÑ ø³üñú|ø†ÿ …ôèýú ô Îíéý†{þ€ {† ¤~ …ìß†ó Þ†ø¼ ü†‹~ ô …² Æ±Öþ

…‹Ï†¬ ‹ú ¬¶• „ì~û …² è¥†Í øñ~¶þ ô ÖÃ†ÿ ìõ°¬ ðý†² ‹±…ÿ ð¿� ìÏÛõë ‹†º~. ø± Ÿú …̈}çÙ ‹ýò

¬ì†ÿ °…Þ}õ° ô ¬ì†ÿ ¶ý†ë Ÿã†èñ~û ‹ý»}± ‹†º~€ ÚÇ± ‹ú ¬¶• „ì~û ‹ý»}± …¶• ô Æõë °…Þ}õ° Þ†ø¼

ìþ|ü†‹~. …² ¶õÿ ¬üã±€ ¶±Î• ¤œíþ ¶ý†ë ¬° ¤†ë â±¬½ …Ö³…ü¼ ô ¬° ð}ýœú {õ…ó �í‘ ô ø³üñú

Îíéý†{þ …Ö³…ü¼ ìþ|ü†‹~.  |

Ú��ê ¬¶}±¹ ¬° ð»�ðþ:ri.ca.ippi.spij//:ptth

*ì·‰õë ìß†{Œ†–€ �ý†ï|ðã†°:

ri.ca.ippi@inideba.h

Archive of SID

www.SID.ir



311

‹±°¶þ �†°…ì}±ø†ÿ ìõö÷± ‹± Æ±…¤þ °…Þ}õ° ¤éÛõÿ ¬° �éýí±º~ó {õ¬û �±ô�ýéò ‹† Þ†{†èý³ô°... ¤·ýò Î†‹~üñþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 4€ ìƒƒùƒƒ± ƒƒ „‹ƒƒ†ó 8831 

ìÛ~ìú

¬° ¶†ë 9691 ìýç¬ÿ€ …ôèýò °…Þ}õ° ¤éÛõÿ| {õ¶È º±Þ• Öýéý�̧ ‹ú

¾ñÏ• Î±Âú º~ ]|1[|. ø~Ù …¾éþ …² Æ±…¤þ …üò °…Þ}õ°ø† ÒéŒú ‹±

ì»ßç– ìÏíõë °…Þ}õ°ø†ÿ øî|²ó|¬…°€  ðËý± Ÿ·Œñ~âþ �éýí± ‹ú

¬üõ…°û|ø†ÿ °…Þ}õ° ô øî|²ó ô ðý³ ÂÏØ ¬° …ð}Û†ë â±ì† ‹õ¬û …¶• ]|2[|. 

…ì±ô²û …² °…Þ}õ°ø†ÿ ¤éÛõÿ ‹ú Æõ° â·}±¬û ‹±…ÿ �éýí±º~ó �±ô�ýéò

¬° Ö±…üñ~ø†ÿ ¬ôÒ†‹þ€ {õ¬û ]4€3[| ô ðý³ Ö†²â†²ÿ ]|5 [| ‹ú ºßê ¾ñÏ}þ ô

{œ†°ÿ …¶}×†¬û ìþ|ºõ¬. øî|…Þñõó€ ‹ý¼ …²05 ¬°¾~ �éþ|�±ô�ýéò ¶ñ}³ÿ

‹ú ô¶ýéú Þ†{†èý³ô°ø†ÿ ²üãé± -ð†{† ¬° °…Þ}õ°ø†ÿ ¤éÛõÿ {õèý~ ìþ|ºõ¬

]|6[. °…Þ}õ°¤éÛõÿ ¬ôÒ†‹þ ‹ú Æõ° …¶†¶þ üà ¶†ì†ðú èõèú|…ÿ ¬…°…ÿ

øî|²ó ‹±…ÿ ‹ú ¤±Þ• ¬°„ô°¬ó ¬ôÒ†Ž …¶•. …üò °…Þ}õ° ‹ú Æõ°

Îíõìþ ¬…°…ÿ ¶Ç¦ ìÛÇÏþ üßñõ…̈• …¶•€ …ì† ¬° ‹±̈þ Æ±…¤þ|ø†

{Óýý±…– ›³üþ ¬° ¶Ç¦ ìÛÇÐ …Îí†ë º~û …¶• ]|7[|. °…Þ}õ°ø†ÿ ¤éÛõÿ

ìÏíõæ_ ‹ú ºßê O| ü† ø± „°…ü¼ …² ¶†ì†ðú|ø†ÿ èõèú|…ÿ ‹ú ºßê üà ¤éÛú

¬ô{†üþ …¶•. ºßê 1 ðí†üþ …² üà °…Þ}õ° ¤éÛõÿ °… ð»†ó ìþ|¬ø~.

…̈}çÉ ¬° °…Þ}õ°ø†ÿ ¤éÛõÿ ‹ú Þíà Ÿ±̈¼ ¶±üÐ ®°…– …üœ†¬

ìþ|ºõ¬. ‹±…ÿ {ÏéýÜ ì~…ôï ®°…–€ ‹†ü~ …èãõÿ ›±ü†ó ¬…̈ê °…Þ}õ° ¬°

ð†¤ýú ìÓ»õ½ ‹†º~. Ÿñýò ¶±Î• ²ü†¬ Ÿ±̈¼ ‹ú øí±…û ð·Œ• ²ü†¬

Æõë °…Þ}õ° ‹ú ÚÇ±€ …ð}Û†ë â±ì† °… „¶†ó Þ±¬û ô ¶±Î• {õèý~ °… ð·Œ• ‹ú

¶†ü± °…Þ}õ°ø† …Ö³…ü¼ ìþ|¬ø~ ]|9€8[.  |

…¶}×†¬û …² Þ†{†èý³ô°ø†ÿ Þ±ôÿ ºßê€ ‹† {õ²üÐ ‹†°üà …ð~…²û ®°…– ‹ú

øí±…û ¶±Î• ²ü†¬ Ÿ±̈¼ ìõ…¬  ¬…̈ê °…Þ}õ°€ ìõ›� ›éõâý±ÿ …²

…üœ†¬ …ð·~…¬ ¬° °…Þ}õ° ìþ|ºõ¬ ]|01[|. �ý¼|°Ö•|ø†ÿ ¤†¾ê ¬° …Ö³…ü¼

‹†²¬øþ Þ†{†èý³ô°ø†ÿ ²üãé± -ð†{† ô ðý³ ‹ùŒõ¬ ºßê|ºñ†¶þ ®°…–€

…øíý• ì±¤éú �ý¼|�éýí±º~ó °… ‹ý¼ …² �ý¼ Þ±¬û …¶•.

�ý¼|�éýí±º~ó ÎŒ†°– …² üà ì±¤éú �éýí±º~ó ¬° º±…üÈ ìçüî  )¬ì† ü†

ÒéË• Þí}± ìõðõì±( �ý¼ …² �éýí±º~ó …¾éþ …¶• ]|11[|.

ÖÏ†èý• Þ†{†èý³ô° ¬° ì±…¤ê …ôèýú �éýí±º~ó€ ¤~…Þ±̃ ìÛ~…° ô …² ¶Ç¦

¨†°›þ Þ†{†èý³ô° ¬°Þí}±üò ìÛ~…° …¶•. Ÿñýò º±…üÇþ ìþ|{õ…ð~ ìñœ±

‹ú  …Ö³…ü¼ ‹ý¼ …² ¤~ ¬ì†ÿ ®°…– ô ¤}þ Òý±ÖÏ†ë º~ó Þ†{†èý³ô° ºõ¬.

º±…üÈ Þñ}±ë º~û ¬° °…Þ}õ° �ý¼|�éýí±º~ó ¶Œ� ìþ|ºõ¬€ ¶Ç¦ ®°…–

�ý¼ …² ô°ô¬  ‹ú °…Þ}õ° …¾éþ …Ö³…ü¼ ü†‹~. øî|Ÿñýò€ º±…üÈ ì³‹õ°

ìõ›� °º~ ®°…– Þ†{†èý³ô° ¬° º±…üÈ Þñ}±ë º~û ô ‹~ôó ºß·• ü†

‹~ôó …üœ†¬ �õ¬° ô ¤×Ì ºßê Þ±ôÿ „ðù† ìþ|ºõ¬ ]|31€21[|.  …ð~…²û

¬°º•|®°…– ô°ô¬ÿ ‹ú °…Þ}õ° …¾éþ€ ‹·}ãþ ‹ú ºßê|ºñ†¶þ Þ†{†èý³ô°

)ð¥õû ºß·• Þ†{†èý³ô°(€ ÖÏ†èý• „ó ô ²ì†ó …Ú†ì• ¬°º• ®°…– ¬°

°…Þ}õ° �ý¼|�éýí±º~ó ¬…°¬ ]31€21[|. …ð~…²û ®°…– ¬° ø± ‹©¼ …²

°…Þ}õ°¤éÛõÿ ‹ýò …ð~…²û ®°…– ô°ô¬ÿ ô ̈±ô›þ …² °…Þ}õ° …¶•.

ÒéË• ®°…– øñã†ï ô°ô¬ ‹ú °…Þ}õ° ¬° ìÛ†ü·ú ‹†  ÒéË• ›†ì~ Þéþ

°…Þ}õ° ‹·ý†° Þî …¶•. °ô½ Þ†° …°…̂ú º~û ‹±…ÿ Æ±…¤þ °…Þ}õ° ¤éÛõÿ

¬° …üò ìÛ†èú€ º†ìê ø± ¬ô ¤†è}þ …¶• Þú Þ†{†èý³ô° …² üà °…Þ}õ°

�ý¼|�éýí±º~ó ü† …² ì©³ó ®̈ý±û ‹ú Îñõ…ó ̈õ°…á ‹ú ¬…̈ê °…Þ}õ° ô…°¬

ìþ|ºõ¬. Î†ìê °º~ ®°…– >C<Þú ¬° …üò ‹©¼ ‹ú Îñõ…ó üà ì}Óý±

Ö±…üñ~ÿ ¬° ðË± â±Ö}ú º~û …¶•€ ‹ú ºßê ð·Œ• ‹ýò ºÏ†Ñ ¬°º•

®°…–  ¬° ø± ²ì†ó ô ºÏ†Ñ ®°…– �†üú Þ†{†èý³ô° …ôèýú {Ï±üØ ìþ|ºõ¬.

¬° …üò ìÛ†èú€ …‹}~… üà °ô½ Þ†° ›†ìÐ ‹±…ÿ Æ±…¤þ °…Þ}õ° ¤éÛõÿ …°…̂ú

º~û ô ¶�̧ …÷± �†°…ì}±ø†üþ ðËý± Î†ìê °º~ ô°ô¬ÿ€ Î†ìê °º~ ̈±ô›þ€

ÖÏ†èý• Þ†{†èý³ô° ô ›³Š ¤œíþ ›†ì~ ¬° ¬ôÒ†Ž ‹± ¤œî °…Þ}õ° ¬°

º±…üÈ Îíéý†{þ ì©}éØ ‹±…ÿ ìÛ~…° {õèý~ ÷†‹• ‹±°¶þ ô ‹¥™ º~û …¶•.

¬° …ð}ù† …÷± �†°…ì}±ø†ÿ ìõö÷± ‹± Æõë ô ÚÇ± °…Þ}õ° ‹±°¶þ º~û …¶•.

…¶†¹ ðË±ÿ

°…‹Çú ‹ýò ¶±Î• {õèý~ ô ‹†²¬û ‹† ì»©¿†– Þ†{†èý³ô°

�†°…ì}±ø† ô ì}Óý±ø†ÿ ì©}é×þ ‹± Þ†°…üþ °…Þ}õ° …÷± â̄…°ð~ Þú „÷†° ‹±̈þ ºßê 1 -ðí†üþ …² üà °…Þ}õ° ¤éÛõÿ. |

Archive of SID

www.SID.ir



‹±°¶þ �†°…ì}±ø†ÿ ìõö÷± ‹± Æ±…¤þ °…Þ}õ° ¤éÛõÿ ¬° �éýí±º~ó {õ¬û �±ô�ýéò ‹† Þ†{†èý³ô°...¤·ýò Î†‹~üñþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 4€ ìƒƒùƒƒ± ƒƒ „‹ƒƒ†ó 8831 312

…² „ðù† ðËý± ÖÏ†èý• Þ†{†èý³ô°€ ›³Š ¤œíþ ›†ì~ ô …ð~…²û ¬°º•|®°…–

°ôÿ ìÛ~…° {õèý~ ‹ý¼ …² ¶†ü±Îõ…ìê …¶•. ‹ñ†‹±…üò ¬° …üò ‹©¼€ °ô…‹È

…üò ì}Óý±ø† ‹† ‹†²¬û Þ†{†èý³ô°€ ìÛ~…° {õèý~ ô …ð~…²û ðù†üþ ô ²ì†ó …Ú†ì•

®°…– ì}õ¶È Þú  ‹† ¤œî °…Þ}õ° …°{Œ†É ¬…°ð~€  ‹±°¶þ ô …°²ü†‹þ º~û

…¶•.  |

°…‹Çú {õèý~ �éýí± )h/pgk(PP| ‹† ¶±Î• ôüµû {õèý~ �éýí±

)h3m/pgk(pR‹ú ºßê ²ü± {Ï±üØ ìþ|ºõ¬:

Þú ¬° „ó rV¤œî °…Þ}õ° …¶•. ¶±Î• ôüµû ô…Þñ¼ pR‹ú ºßê ²ü±

‹ý†ó ìþ|ºõ¬ ]|8[|:  |

Þú ¬° …üò ìÏ†¬èú€ p| ìý³…ó ÖÏ†èý• Þ†{†èý³ô° )ìÛ~…° �éýí± {õèý~ÿ ‹ú …²…ÿ

ô…¤~ ô²ó Þ†{†èý³ô° ¬° ô…¤~ ²ì†ó( ôK|ìÛ~…° ì}õ¶È ô²ó Þ†{†èý³ô°

)̈±ô›þ °…Þ}õ°( ‹ú …²…ÿ ¤œî °…Þ}õ° …¶•. ‹ú ìñËõ° ‹±Ú±…°ÿ …°{Œ†É

‹ýò ›³Š ¤œíþ ›†ì~sf ôK€ ÒéË• ì}õ¶È Þ†{†èý³ô° ¬° ¬°º•

®°…–€ X€ ‹ú ºßê {†‹Ïþ …² ¤œî ì}õ¶È ¬°º• ®°…–€ Vô ¤œî

®°…– …ôèýú Þ†{†èý³ô°€ cV| ¬° ðË± â±Ö}ú ìþ|ºõ¬. ìÏ†¬æ– …üò Þíý•|ø†

‹ú ºßê ²ü± …¶• ]|8[|:  |

…ð~…²û ¬°º• ®°…– ìþ|{õ…ð~ ‹† …¶}×†¬û …² Î†ìê °º~>C<ì¥†¶Œú ºõ¬.

Î†ìê °º~ ®°…–>C<Þú ¬° …üò ‹©¼ ‹ú Îñõ…ó üà ì}Óý± Ö±…üñ~ÿ ¬°

ðË± â±Ö}ú º~û …¶•€ ‹ú ºßê ð·Œ• ‹ýò ºÏ†Ñ ¬°º• ®°…– ¬° ø±

²ì†ó ô ºÏ†Ñ ®°…– �†üú -Þ†{†èý³ô° …ôèýú {Ï±üØ ìþ|ºõ¬. ìÛ†¬ü±>C<¬°

ô°ô¬ÿ °…Þ}õ° Þú ¬° …üò ‹©¼ …¶}×†¬û ìþ|ºõ¬€ ¬° ì¥~ô¬û ‹ýò

1=e>C<)‹~ôó �ý¼|�éýí±º~ó( ô1>>C<)‹† �ý¼|�éýí±º~ó( Ú±…°

¬…°¬. |…â± ìÛ~…° ì}õ¶È>C<| ¬° ̈±ô›þ °…Þ}õ° ‹ú Îñõ…ó Î†ìê °º~

¬° üà ®°û ‹† ¤œîV{Ï±üØ ºõ¬€ ìþ|{õ…ó ðõº• ]|8[:|

¶�̧ {õèý~ �éýí±€ pP| ô ¶±Î• ôüµû ô…Þñ¼€ pR‹ú ºßê ìÏ†¬æ–)7(

ô )8( ‹ý†ó ìþ|ºõ¬:

‹†²¬û Þ†{†èý³ô°€ Y)ô²ó �éýí± ¬° ô…¤~ ô²ó Þ†{†èý³ô°( ‹±…ÿ üà ¬°º•

®°û ‹ú ºßê ²ü± {Ï±üØ ìþ|ºõ¬]|8[|:  |

Þú M|ô c‹ú {±{ý� Ÿã†èþ ¬°º• ®°û ô ®°û Þ†{†èý³ô°�†üú …¶•. …â±

ìÏ†¬èú )9( ‹±…ÿ ̈±ô›þ °…Þ}õ° …¶}×†¬û ºõ¬€ ‹†²¬û Þ†{†èý³ô° ì¥¿õë

…² ìÏ†¬èú )01( ì¥†¶Œú ìþ|ºõ¬:

…â± Ö±Å ºõ¬ Þú øý¢ Î†ìê °º~ÿ ¬° °…Þ}õ° …² ìÛ~…° „ó ¬° ̈±ô›þ

ðý·•€ ìÛ~…° ì}õ¶È ‹±…ÿ ‹†²¬û °…Þ}õ° ‹ú ºßê ²ü± ‹ú ¬¶• ìþ„ü~:

…² ¤ê ìÏ†¬èú )11( ¬…°üî:

Ÿñ†ó Ÿú {õ²üÐ …ð~…²û ®°…– ¬° °…Þ}õ°€ ‹† üà ®°û ìñ×±¬ ‹† ¤œîVô

Î†ìê °º~>C<| ›†ÿ|â³üò ºõ¬€ ‹† {õ›ú ‹ú ìÏ†¬æ– )21( ô )01( ìÏ†¬èú

ρ ρ

1MC
Y

c

3
o

o −
ρ

ρ〉〈
= )01( 

∫
∫

〉〈

〉〈

〉〈

〉〈

〉〈

〉〈
=

o

e

o

e

C

C

C

C

Cd

CYd
Y

)11( 

1]]2
e

C2
o

C][
e

C
o

C[[
4

Y
c

M −〉〈+〉〈〉〈+〉〈
ρ

ρ
= )21( 

V/VX ccρ= )3( 

rV
r

V r
Vdv

V

∫
=

)4( 

XfK
s

= )5( 

3
c

3
M

3
Mcc

CR)
3

4
(

R)
3

4
(

X
〉〈

ρ
=

π

πρ
= )6( 

3
rcs

rsp
C

Vpf
VXpfP

〉〈

ρ
== )7( 

3
cs

sp
C

pf
XpfR

〉〈

ρ
== )8( 

1
C

Y
c

M
3

−
ρ

ρ〉〈
= )9( 

rPP VRP = )1( 

KpR
p

= )2( 

Archive of SID

www.SID.ir



313

‹±°¶þ �†°…ì}±ø†ÿ ìõö÷± ‹± Æ±…¤þ °…Þ}õ° ¤éÛõÿ ¬° �éýí±º~ó {õ¬û �±ô�ýéò ‹† Þ†{†èý³ô°... ¤·ýò Î†‹~üñþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 4€ ìƒƒùƒƒ± ƒƒ „‹ƒƒ†ó 8831 

²ü± ‹ú ¬¶• ìþ„ü~ ]|8[:|

�̧ …² ì·†ôÿ Ú±…°¬…¬ó ìÏ†¬æ– )11( ô)21(€ ìÏ†¬èú|…ÿ  ‹±…ÿ Î†ìê °º~

ì}õ¶È ô ìÛ†¬ü± „ó ¬° ô°ô¬ÿ ô ̈±ô›þ °…Þ}õ° ‹ú ¬¶• ìþ„ü~ )‹†

Ö±Å ìÛ†¬ü± ÷†‹• ‹±…ÿ cô m(:

…â± …üò ÎŒ†°– ¬° ìÏ†¬èú )8( ›†ÿ|â³üò ºõ¬€ ìÏ†¬èú|…ÿ ‹ú ¬¶• ìþ„ü~

Þú ¬° „ó rVü† PR‹ú Îñõ…ó {†‹Ïþ …² …ð~…²û ®°û ¬° ô°ô¬ÿ ô ̈±ô›þ

°…Þ}õ° ̈õ…ø~ ‹õ¬:

ìÇ†‹Ü ‹† ìÏ†¬èú)71(€ ²ì†ó …Ú†ì• ì}õ¶È ®°…– ¬° °…Þ}õ° ‹ú ÖÏ†èý• ô

‹†²¬û Þ†{†èý³ô° ‹·}ãþ ¬…°¬ ]8[|:  |

‹†ü~ {õ›ú ¬…º• Þú ‹±…ÿ Ö±…üñ~ø†ÿ ¤†ôÿ �ý¼|�éýí±º~ó€ 0 > eY|

…¶•€ ¬° ¤†èþ Þú …â± ¬° Ö±…üñ~ ì±‹õÉ€ �ý¼|�éýí±º~ó °« ð~ø~€ ìÛ~…°

0= eY| …¶•. …̈}çÙ ‹ýò oYô eY€ ìÛ~…° �éýí± {»ßýê º~û ¬° ô…¤~

ô²ó Þ†{†èý³ô° …¶•. …â± …ð~…²û ®°…– ̈±ô›þ …² °…Þ}õ° ‹³°å ô …ð~…²û

®°…– ô°ô¬ÿ ‹ú „ó ÞõŸà ‹†º~€ ²ì†ó …Ú†ì• ®°…– ¬° ¬…̈ê °…Þ}õ°

Æõæðþ ìþ|ºõ¬ ]|41[.

¶±Î• ‹¥±…ðþ

¬° …ð}Û†ë ¬ôÒ†Ž ‹†ü~ ìÇí‰ò º~€ ¬ôÒ†Ž {ú|ð»ýò ð»~û ô ì†ðÏþ ‹±…ÿ

¤±Þ• ¬ôÒ†Ž ¬° ¬°ôó èõèú|ø† ô›õ¬ ð~…º}ú ‹†º~. …üò …Æíýñ†ó ‹†

ì¥†¶Œú ¶±Î• ‹¥±…ðþ ¬°ôó èõèú|ø† ô º±…üÈ Îíéý†{þ ‹ý¼ …² „ó ‹ú

¬¶• ìþ„ü~. {Û±üŒ†_ ¶±Î• ¤±Þ• ¬ôÒ†Ž ‹†ü~ 5/1 {† 2 ‹±…‹± ¶±Î•

‹¥±…ðþ ‹†º~. ‹±…ÿ ì¥†¶Œú ¶±Î• ‹¥±…ðþ …‹}~… ‹†ü~ ›³Š ¤œíþ ›†ì~

°… ì»©À Þ±¬. ¬° ì±…›Ð ìõ°¬ …¶}×†¬û ìÏíõæ_ ›³Š ¤œíþ ›†ì~€03

¬°¾~ ‹±…ÿ ì¥†¶Œú ¶±Î• ‹¥±…ðþ ¬° ðË± â±Ö}ú ìþ|ºõ¬ ]|71-51[.

¶±Î• ‹¥±…ðþ …² ìÏ†¬èú )81( ‹ú ¬¶• ìþ„ü~:

ìÛ~…° 
eR

*N‹ý†ó|Þññ~û Î~¬ °üñõè~² ‹ùŒõ¬ ü†Ö}ú …¶• Þú ‹ú ºßê ²ü±

{Ï±üØ ìþ|ºõ¬:

sd| ÚÇ±ô  s|Ÿã†èþ ¬°º• ®°…– �éýí±ÿ ¬° ¬ôÒ†Ž …¶•.rDÚÇ±

°…Þ}õ°€l|Ÿã†èþ ì†üÐ ô ls||â±…ð±ôÿ ¬ôÒ†Ž …¶•. �†°…ì}± sð·Œ•

Ÿã†èþ ›†ì~ ‹ú ì†üÐ)l/|s|= s( …¶•. x�†°…ì}±ÿ ì±‹õÉ ‹ú …Ò}»†½

›±ü†ó ‹õ¬û ô ìÏíõæ_ ð³¬üà ‹ú 1 …¶• )9/0{†1(.

ì¥†¶Œú ìÛ~…° …ð}Û†ë â±ì†

‹ú ìñËõ° ›éõâý±ÿ …² …Ö³…ü¼ ‹ý¼ …² ¤~ ¬ì†ÿ ì¥ýÈ ô…Þñ¼€ ‹†ü~

â±ì†ÿ �éýí±º~ó ‹† ¶±Î• ð·Œ}†_ Þ†Öþ …² ì¥ýÈ ̈†°ž ºõ¬. ¤†è• �†ü†

Þú ¬° „ó ¬ì†ÿ °…Þ}õ° ÷†‹• ðãú ¬…º}ú ìþ|ºõ¬€ …² ‹±…‹±ÿ ¶±Î• {õèý~

â±ì†ÿ ¤†¾ê …² ô…Þñ¼ ‹† ¶±Î• …ð}Û†ë â±ì† ‹ú ô¶ýéú ¶ý†ë Ÿã†èñ~û

…¶•. ð·Œ• Æõë ‹ú ÚÇ± °…Þ}õ° ‹·}ãþ ‹ú ¶±Î• {õèý~ â±ì† ô ¶±Î•

¨±ôž â±ì† ‹ú …²…ÿ ô…¤~ ¶Ç¦  ́…Þ• ¬° ô…¤~ ²ì†ó ¬…°¬. Þê â±ì†ÿ

ô…Þñ¼ ‹†ü~ ‹† ìÛ~…° â±ì†ÿ ìñ}Ûê º~û ‹±…‹± ‹†º~:  |

Â±ü� …ð}Û†ë â±ì†ÿ Þéþ ¬°ôðþ ‹ú Þíà ìÏ†¬èú )12( ì¥†¶Œú ìþ|ºõ¬

]51€8[|:  |

ρ ρ

μ ρ

ρ

ρ ρ

]]CC][CC[[

pf4
R 2

e
2
oeo

cs
p

〉〈+〉〈〉〈+〉〈

ρ
= )61( 

p

YY
t eo

R
−

= )71( 

3.009.0*
Re

N
r

s

3564.0
s

1536.0
ssc

x378.0)
D

d
(

)f1(f)1s(dg*85.1v

−

−−=
)81( 

sl

slr )1s(gdD*
Re

N
μ

−ρ
= )91( 

rrir
2
rp LDTUH)4/LDR( πΔ=Δπ )02( 

oso

si

Slmsteel

siio

i

i

hA

A

Ak

A)rr(

h

1

1
 U

+
−

+
=

)
A

A
ln(

AA
A

si

so

siso
slm

−
=

)12( 

1MC
Y

c

3

−
ρ

ρ〉〈
= )31( 

]]CC][CC[[
4

1
C 2

e
2
oeo

3 〉〈+〉〈〉〈+〉〈=〉〈 )41( 

cs

2
e

2
oeop

r
pf4

]CC[]CC[P
V

ρ

〉〈+〉〈〉〈+〉〈
= )51( 

Archive of SID

www.SID.ir



‹±°¶þ �†°…ì}±ø†ÿ ìõö÷± ‹± Æ±…¤þ °…Þ}õ° ¤éÛõÿ ¬° �éýí±º~ó {õ¬û �±ô�ýéò ‹† Þ†{†èý³ô°...¤·ýò Î†‹~üñþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 4€ ìƒƒùƒƒ± ƒƒ „‹ƒƒ†ó 8831 314

Â±ü� …ð}Û†ë â±ì†üþ ›³þ̂ ́…Þ• …² ìÏ†¬èú )22( ‹ú ¬¶• ìþ„ü~:

eRN ôrPN‹ú {±{ý� Î~¬ °üñõè~² ô �±…ð}ê ‹±…ÿ Æ±Ù ́…Þ• ‹õ¬û ô ‹ú

ºßê ²ü± {Ï±üØ ìþ|ºõ¬:

‹±…ÿ ì¥†¶Œú Â±ü� …ð}Û†ë â±ì†ÿ ›³üþ Æ±Ù °…Þ}õ° …² ì»©¿†–

Öý³üßþ ›±ü†ó ¬ôÒ†Ž ô ÚÇ± ¬…̈éþ èõèú °…Þ}õ° …¶}×†¬û ìþ|ºõ¬ ]51[:

eRNô rPN‹ú {±{ý� Î~¬ °üñõè~² ô �±…ð}ê ‹±…ÿ Æ±Ù °…Þ}õ° ‹õ¬û ô ‹ú

ºßê ²ü± {Ï±üØ ìþ|ºõ¬:

Ÿã†èþ€ â±ì†ÿ ôüµû€ Â±ü� °¶†ð¼ â±ì† ô ̈õ…Á Ÿ·Œñ~âþ ¬ôÒ†Ž

) �éýí± ›†ì~ + ì†üÐ ( °… ìþ|{õ…ó ‹† …¶}×†¬û …² ̈õ…Á ì†üÐ ô ›†ì~  …²

ìÏ†¬æ– ²ü±‹ú ¬¶• „ô°¬:  |

sf|›³Š ¤œíþ  ›†ì~ ¬° Ö†² ¬ôÒ†Ž …¶•.

sW|›³Š ô²ðþ ›†ì~ ¬° ¬ôÒ†Ž …¶•.

Æ±…¤þ üà °…Þ}õ° ¤éÛõÿ º†ìê ì±…¤ê ²ü± …¶•:

1 -…‹}~… ‹† ¬…º}ò ìÛ~…° {õèý~ �éýí±€ )h/Pgk( PP| ü† Ê±Öý• {õèý~ ô

¶±Î• ôüµû {õèý~ �éþ|�±ô�ýéò )h3m/Pgk( pR|€ ¤œî …² ìÏ†¬èú )1(

ì¥†¶Œú ìþ|ºõ¬. ¬° ¤†è• ð~…º}ò ¶±Î• ôüµû {õèý~ �éþ|�±ô�ýéò€

pRô ¬…º}ò ¬…¬û|ø†ÿ Î†ìê °º~ ô°ô¬ÿ€ Î†ìê °º~ ̈±ô›þ€

ÖÏ†èý• Þ†{†èý³ô°€ Ÿã†èþ Þ†{†èý³ô° ô ›³Š ¤œíþ ›†ì~ ¬° ¬ôÒ†Ž

…² ìÏ†¬èú )51( ‹±…ÿ ì¥†¶Œú ¤œî °…Þ}õ° …¶}×†¬û ìþ|ºõ¬.

2 -‹±…ÿ ì¥†¶Œ†– Â±…ü� …ð}Û†ë â±ì†ÿ °…Þ}õ° ¤éÛõÿ ô ¶±Î•

‹¥±…ðþ )cV(  ðý†² ‹ú ì»©¿†– ̈õ…Á Öý³üßþ ¬ôÒ†Ž …¶•. …²

ìÏ†¬æ– )82( {† )13( ì»©¿†– ¬ôÒ†Ž …² °ôÿ ̈õ…Á ì†üÐ ô

›†ì~ ¬ôÒ†Ž ‹ú ¬¶• ìþ„ü~.

3 -ÚÇ±ÿ ‹±…ÿ °…Þ}õ° Ö±Å ìþ|ºõ¬ ô ¶�̧ …² ìÏ†¬æ– )81( ô )91(€

cV ì¥†¶ú ìþ|ºõ¬.

4 -¶±Î• ¶ý†ë ¬° ¬…̈ê °…Þ}õ° ¤éÛõÿ 5/1 {† 2 ‹±…‹± cV ¬° ðË± â±Ö}ú

ìþ|ºõ¬.  |

5 -‹† ¬…º}ò ̈õ…Á ¶ý†ë ¬ôÒ†Ž€ …Î~…¬ ‹~ôó ‹Ï~eRN ôrPN‹±…ÿ

Æ±Ù °…Þ}õ° ì¥†¶Œú ìþ|ºõ¬.  |

6 -‹± …¶†¹ {ñ¼ ô ›ņ̃ èõèú ìÛ~…° Â©†ì• °…Þ}õ° …² ìÏ†¬æ–

ìß†ðýßþ ì±‹õÉ ðËý± ìÏ†¬èú )23( ì¥†¶Œú ìþ|ºõ¬:

¬° …üò ìÏ†¬èú P| Ö»†° °…Þ}õ°€ E| ‹†²¬û ›õ½€ c| Â©†ì• ì±‹õÉ ‹ú

¨õ°¬âþ ìœ†² ô S| {ñ¼ Öé³ …¶•.

7 -‹† ¬…º}ò ìÛ~…° â±ì†ÿ {õèý~ÿ ô TΔ| ¶ý†ë Ÿã†èñ~û€ ¶±Î• ¤œíþ

„Ž „ó ‹ú ¬¶• „ì~û ô ‹† ¬° ðË± â±Ö}ò ¶±Î• ìñ†¶� ‹±…ÿ „Ž ¬°

´…Þ•)5/1 {† s/m|2( € Â©†ì• ́…Þ• ‹ú ¬¶• ìþ„ü~.  |

8 -eRN ôrPN‹±…ÿ Æ±Ù ́…Þ• ì¥†¶Œú ìþ|ºõ¬.

9 -Â±…ü� …ð}Û†ë â±ì†ÿ ih€ ohô U…² ìÏ†¬æ–)12( {† )72( ì¥†¶Œú

ìþ|ºõ¬.  |

⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟⎠

⎞
⎜⎜⎝

⎛
+

μ

μ

=

r

e
14.0

wall

bulk

0.33
Pr

0.8
Re

w

e0

D

D
*5.31

)(N )0.027(N
k

Dh

ji

2
ji

2
jo

e
D

)D()D(
D

−
=

)22( 

w

wee
Re

vD
N

μ

ρ
= )32( 

w

wPw
Pr

k

C
N

μ
= )42( 

14.0

wall

bulk
PrRe

sl

i )(33.0)N(8.0)N(*027.0
k

Drh

μ

μ
= )52( 

sl

slir
Re

vD
N

μ

ρ
= )62( 

sl

slPsl
Pr

k

C
N

μ
= )72( 

slsslssl *)f1(*f ρ−+ρ=ρ )82( 

lPssPsslP C*)w1(C*wC −+= )92( 

)kk(*fkk2

)kk(*f2kk2
kk

slssl

slssl
lsl −−+

−−+
= )03( 

)
f609.01

f5.2
exp(

s

s
lsl −

μ=μ )13( 

c
P6.0ES

)2/D(P
t r +

−
= )23( 

Archive of SID

www.SID.ir



315

‹±°¶þ �†°…ì}±ø†ÿ ìõö÷± ‹± Æ±…¤þ °…Þ}õ° ¤éÛõÿ ¬° �éýí±º~ó {õ¬û �±ô�ýéò ‹† Þ†{†èý³ô°... ¤·ýò Î†‹~üñþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 4€ ìƒƒùƒƒ± ƒƒ „‹ƒƒ†ó 8831 

01 -…² ìÏ†¬èú )02( Æõë °…Þ}õ° ì¥†¶Œú ìþ|ºõ¬.  |

11 -‹† ¬…º}ò ÚÇ± ô Æõë °…Þ}õ° ¤œî ì¥†¶Œú ô ‹† ¤œî °…Þ}õ°€ Þú ¬°

‹ñ~ 1 ‹ú ¬¶• „ì~û€ ìÛ†ü·ú ìþ|ºõ¬.

|¬° ¤†è• {×†ô– Ö†¤¼€ ÚÇ± ¬üã±ÿ ¤~¹ ²¬û ô ì¥†¶Œ†– …²

ì±¤éú 3 {ß±…° ìþ|ºõ¬. ð¥õû ¶Ïþ ô ̈Ç† ‹ú …üò ºßê …¶• Þú ‹† {õ›ú

‹ú ¤œî ì¥†¶Œú º~û ¬° Ú·í• 1 ô Æõë °…Þ}õ° ì¥†¶Œú º~û ÚÇ±

›~ü~ ‹ú ¬¶• ìþ„ü~ ôì¥†¶Œ†– …² ì±¤éú 3 {ß±…° ìþ|ºõ¬.

‹±…¶†¹ …èãõ°ü}î ‹†æ ‹±ð†ìú|…ÿ {ùýú ô ¬ô °…Þ}õ° ¾ñÏ}þ Þú ¬…¬û|ø†ÿ

„ó ìõ›õ¬ …¶•€ Æ±…¤þ º~û …¶•. ð}†ü� Æ±…¤þ ‹±…ÿ ¬ô °…Þ}õ°

¾ñÏ}þ ì©}éØ ¬° ›~ôë 1 „ô°¬û º~û …¶•. …‹Ï†¬ ì¥†¶Œú º~û ‹† …‹Ï†¬

°…Þ}õ°ø†ÿ ìõ›õ¬ ¾ñÏ}þ ìÛ†ü·ú º~û ô ð}†ü� ¬° ›~ôë 2 ð»†ó ¬…¬û

º~û …¶•. øí†ó Æõ° Þú ì»†ø~û ìþ|ºõ¬€ …‹Ï†¬ ì¥†¶Œú º~û ‹† …‹Ï†¬

°…Þ}õ°ø†ÿ ìõ›õ¬  {Û±üŒ† üßþ …¶• ô ¤~…Þ±̃ ̈Ç†ÿ ð·Œþ Æ±…¤þ

…èãõ°ü}î …°…̂ú º~û 2 ¬°¾~ …¶•. ¬ì†ÿ „Ž ô°ô¬ÿ ô ̈±ô›þ …²

°…Þ}õ° ðý³ ‹ú Îñõ…ó üà �†°…ì}± Æ±…¤þ ¬° …̈}ý†° Æ±…§ …¶•. øí†ó|Æõ°

Þú ¬° ›~ôë 1 ì»©À …¶•€ ‹±…ÿ °…Þ}õ° ¾ñÏ}þ 1 ‹ú ¬èýê ÖÏ†èý• ²ü†¬

Þ†{†èý³ô° ô ìÛ~…° {õèý~ ‹ý»}± …² „Ž ̈ñà|Þò Co53-72 ‹±…ÿ ¶±ì†ü¼

…¶}×†¬û º~û …¶• ]|81[|. ¬° °…Þ}õ° ¾ñÏ}þ 2 …² ¶†ì†ðú ̈ñà|Þò ‹·}ú ¬°

›~ôë 1 -ì»©¿†– ô …‹Ï†¬ ¤†¾ê …² Æ±…¤þ ¬ô °…Þ}õ°¤éÛõÿ ¾ñÏ}þ.

°…Þ}õ°2

|)�}±ôºýíþ …°…á (

°…Þ}õ° ¾ñÏ}þ1

]|81[
Þíý•

0006

841|

5/0

4/8891|

07|

14|

64|

14/4|

00/4133|

26/6|

5/1|

613/0|

77/074|

45/04|

9306/0|

56/141|

63/30301

52/612

34/0|

4/8891|

57|

72|

53|

44/4|

98/0965

66/6

5/1|

223/0|

74/314|

56/74|

5706/0

44/461

¶±Î• {õèý~   )h/PPgk(

¶±Î• ¤œíþ ôüµû ô…Þñ¼ )htcaer
3m/PPgk(

ì}õ¶È ›³Š ô²ðþ ›†ì~ ¬ …̈ê °…Þ}õ°

â±ì†ÿ ô…Þñ¼ )PPgk/Jk(

¬ì†ÿ °…Þ}õ° )Co(

¬ì†ÿ ¶ý†ë Ÿã†èñ~û ¬° ô°ô¬ÿ )Co(

¬ì†ÿ ¶ý†ë Ÿã†èñ~û ¬° ̈±ô›þ )Co(

¶±Î• ‹¥±…ðþ )s/m(

â±ì†ÿ {õèý~ÿ  )s/Jk(

¶±Î• ¬ôÒ†Ž ¬…̈ê °…Þ}õ° )s/m(

¶±Î• „Ž ¶±¬ )s/m(

ºÏ†Ñ ̈†°›þ °…Þ}õ° )m(

Â±ü� …ð}Û†ë  â±ì†ÿ Þéþ ‹±¤·� ¶Ç¦ ¬…̈éþ)K2m/W(

¤œî °…Þ}õ°)3m(

ÚÇ± °…Þ}õ°   )m(

Æõë °…Þ}õ° )m(

°…Þ}õ°2|)�}±ôºýíþ …°…á ( °…Þ}õ° ¾ñÏ}þ1 ]|81[
Þíý•

¬°¾~ ̈Ç† ¾ñÏ}þ ìõ›õ¬ Æ±…¤þ ¬°¾~ ̈Ç† ¾ñÏ}þ ìõ›õ¬ Æ±…¤þ

10/0

9/0-|

2

5/04

6906/0|

8/831|

45/04

9306/0|

56/141

2/0

43/0-

56/0

75/74

6906/0

73/361

56/74

5706/0|

44/461

¤œî °…Þ}õ°)3m(

ÚÇ± °…Þ}õ° )m|(

Æõë °…Þ}õ°)m(

›~ôë 2 -ìÛ†ü·ú …‹Ï†¬  ¤†¾ê …² Æ±…¤þ ¬ô °…Þ}õ°¤éÛõÿ ‹† …‹Ï†¬ ¾ñÏ}þ ìõ›õ¬.

Archive of SID

www.SID.ir



‹±°¶þ �†°…ì}±ø†ÿ ìõö÷± ‹± Æ±…¤þ °…Þ}õ° ¤éÛõÿ ¬° �éýí±º~ó {õ¬û �±ô�ýéò ‹† Þ†{†èý³ô°...¤·ýò Î†‹~üñþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 4€ ìƒƒùƒƒ± ƒƒ „‹ƒƒ†ó 8831 316

ì¥~ô¬û ¬ì†üþ C
o64-14 …¶}×†¬û º~û …¶•. ø± Ÿú …̈}çÙ ¬ì†ÿ

°…Þ}õ° ô ¶ý†ë Ÿã†èñ~û ‹ý»}± ‹†º~€ ÚÇ± ‹ú ¬¶• „ì~û …Ö³…ü¼ ô Æõë

°…Þ}õ° Þ†ø¼ ìþ|ü†‹~. …² Æ±Öþ€ ¶±Î• ¤œíþ ¶ý†ë ¬° ¤†ë Ÿ±̈¼

‹ý»}± ìþ|ºõ¬ )Ÿõó ‹†ü~ ¶±Î• ¬ôÒ†Ž ‹ý¼ …² ¶±Î• ‹¥±…ðþ ‹†º~(

ô¬° ð}ýœú {õ…ó �í‘ °…Þ}õ°€ …Ö³…ü¼ ìþ|ü†‹~.  |

{œ³üú ô {¥éýê …÷± �†°…ì}±ø†ÿ ¶ýñ}ýßþ °ôÿ ¤œî °…Þ}õ°

›³Š ¤œíþ ›†ì~€ sf€ �†°…ì}± ìùíþ …¶• Þú ¤œî °…Þ}õ° ‹† „ó ð·Œ•

Îß̧ ¬…°¬ )ìÏ†¬èú |51(. ì¥~ô¬û {Óýý±…– …üò �†°…ì}± ¬° °…Þ}õ°ø†ÿ

¬ôÒ†‹þ …² 52/0 {† 4/0 …¶• ô ‹† {õ›ú ‹ú ì¥~ô¬ü•|ø†ÿ ¬üñ†ìýà ¶ý†ë

›±ü†ó ¬ôÒ†Ž ‹ý¼ …² 6/0 ìíßò ðý·•. ²ü±…€ …èãõÿ ¶ý†ë ¬ôÒ†Ž

°…Þ}õ° ‹†ü~ ¬° ì¥~ô¬û ›±ü†ó „º×}ú ‹†º~. ¬° …¬…ìú …÷± �†°…ì}±ø†ÿ

ì©}éØ ‹± ¤œî ì¥†¶Œú º~û °…Þ}õ° ‹±°¶þ º~û …¶•. ¬° …üò|›†

Ö±Å ìþ|ºõ¬€ ìÛ~…° {õèý~ ÷†‹• ô ‹±…‹± h/gk0006 ‹†º~. ºßê 2 ¤œî

°…Þ}õ° ‹± ¤·� ìÛ†¬ü± ì©}éØ ÖÏ†èý• Þ†{†èý³ô° ô ¤œî ›³Š ›†ì~ ô

…ð~…²û …ôèýú ¬°º• ®°…– °… ð»†ó ìþ|¬ø~. Ö±Å ìþ|ºõ¬€ ‹±…ÿ {í†ï

¨ÇõÉ Î†ìê °º~ ̈±ô›þ 05 ‹†º~. ¤œî|ø†ÿ ì»†‹ú ìíßò …¶• ‹†

{±Þý� ì}×†ô– …² ÖÏ†èý• Þ†{†èý³ô° ô ›³Š ›†ì~ ô Â±ü� °º~ ®°…–

ô°ô¬ÿ ‹ú ¬¶• „ü~. øí†ó Æõ° Þú ¬° ºßê 2 ¬ü~û ìþ|ºõ¬€ ‹† …Ö³…ü¼

›³Š ¤œíþ �éýí±€ ¤œî °…Þ}õ° ìõ°¬ ðý†² ‹±…ÿ üà ìÛ~…° {õèý~

ºßê 2 -…÷± ÖÏ†èý• Þ†{†èý³ô° ô ¤œî ›³Š ›†ì~ ô …ð~…²û …ôèýú ®°…– ‹± ¤œî ì¥†¶Œú º~û °…Þ}õ°.  |

ºßê 3 -…÷± �ý¼|�éýí±º~ó ‹± ¤œî °…Þ}õ°.

ºßê 4 -¤œî °…Þ}õ° ìõ°¬ ðý†² ‹± ¤·� ìÛ†¬ü± ì}×†ô– ®°…– �éýí±

¨±ô›þ ‹† ìÛ†¬ü± ì©}éØ ÖÏ†èý• Þ†{†èý³ô° ô ¤œî ›³Š ›†ì~.
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ì»©À€ Þ†ø¼ ìþ|ü†‹~. ¤~ ‹†æÿ ›³Š ¤œíþ ›†ì~ ‹ú ô¶ýéú …èãõÿ

›±ü†ó ¶ý†ë ìÏýò ìþ|ºõ¬. ›³Š ¤œíþ ›†ì~ ‹ý»}± …² 6/0 ìþ|{õ…ð~

‹†Î™ ÖÛ~…ó {ÏéýÜ ô ¬° ð}ýœú º±…üÈ øî|²¬ó ð†Þ†Öþ ºõ¬. …Ö³ôó ‹±…üò€

…â± …Ö³…ü¼ ›³Š ¤œíþ ›†ì~ ̈ýéþ ²ü†¬ ‹†º~€ °¶ý~ó ‹ú ¤±Þ•

üßñõ…̈• ô ìñ†¶� ‹±…ÿ ›†ì~  ì»ßê ìþ|ºõ¬ ô ‹ñ†‹±…üò …ð}Û†ë â±ì† ¬°

…üò ðõÑ °…Þ}õ°ø† Þî ìþ|ºõ¬.

ºßê 3 …÷± �ý¼|�éýí±º~ó ‹± ¤œî °…Þ}õ° ìõ°¬ ðý†² °… ‹±…ÿ {õèý~

h/gk|0006 �éþ|�±ô�ýéò ð»†ó ìþ|¬ø~. ‹±…ÿ ¶†¬û|¶†²ÿ ðíõ¬…°ø†

‹±¤·� ìÛ†¬ü± ì©}é×þ …² sfp°¶î º~û …¶•. |‹±…ÿ Î†ìê °º~

¨±ô›þ ÷†‹• 05 ìþ|{õ…ó ì»†ø~û Þ±¬€ ø± Ÿú ìÛ~…° Î†ìê °º~ ¬°

ô°ô¬ÿ ‹ý»}± ‹†º~ ü† ‹ú ÎŒ†°{þ �ý¼|�éýí±º~ó ‹ý»}± …ðœ†ï ºõ¬€ ¤œî

ì¥†¶Œú º~û °…Þ}õ° ‹ý»}± ìþ|ºõ¬. ¬° ø± ¤†ë€ …÷± Î†ìê °º~ ô°ô¬ÿ

‹±…ÿ Î†ìê|ø†ÿ °º~ ̈±ô›þ ²ü†¬ ð†Ÿý³ …¶•€ ²ü±… ›íéú2
o>C<| ¬°

¾õ°– Þ·± ìÏ†¬èú )51( {Ïýýò|Þññ~û …¶•. ¤œî °…Þ}õ° ìõ°¬ ðý†²

‹±¤·� …ð~…²û|ø†ÿ ì}×†ô– ®°…– �éýí± ̈±ô›þ ‹† ìÛ†¬ü± ì©}éØ

ÖÏ†èý• Þ†{†èý³ô° ô ¤œî ›³Š ›†ì~ ¬° ºßê 4 „ô°¬û º~û …¶•. ¬° …üò

ºßê 41 = e>C<Ö±Å º~û …¶•. …üò ð}†ü� ‹·ý†°ìùî|…ð~€ Ÿ±… Þú

…Ö³…ü¼ …ð~…²û ®°…– ì¥¿õë ðù†üþ ì·}é³ï …Ö³…ü¼ ¤œî °…Þ}õ° …¶•.  

…÷± …ð~…²û|ø†ÿ …ôèýú ô ðù†üþ ®°…– ‹± ¤œî ì¥†¶Œú º~û °…Þ}õ° ¬°

ºßê 5 ð»†ó ¬…¬û º~û …¶•. ¬° ìÏ†¬èú )51(€ ¬° ¾õ°– Þ·± ø±

…Ö³…ü»þ ¬° ìÛ~…° Î†ìê °º~ ̈±ô›þ ô ô°ô¬ÿ |‹†Î™ …Ö³…ü¼ ¤œî

ìõ°¬ ðý†² ìþ|ºõ¬ ô …²„ó ›† Þú øíý»ú Î†ìê °º~ ̈±ô›þ ‹³°å|{± …²

Î†ìê °º~ ô°ô¬ÿ |…¶•€ …÷± „ó ‹ý»}± …¶•.

ºßê 6 {Óýý±…– ¤œî °…Þ}õ° ‹† {Óýý±…– ‹†²¬û Þ†{†èý³ô° °… ð»†ó

ìþ|¬ø~. ð}†ü� ð»†ó ìþ|¬ø~ Þú ðíþ|{õ…ó ‹† Þí}±üò ¤œî °…Þ}õ° ìõ°¬

ðý†² ‹ú ‹ý»}±üò ‹†²¬û Þ†{†èý³ô° °¶ý~. ‹±…ÿ °¶ý~ó ‹ú ‹†²¬û ‹ý»}± ‹†ü~

®°…– ðù†üþ ‹³°å|{± {õèý~ Þ±¬ Þú ¬° …üò ¤†è• ¤œî °…Þ}õ° ìõ°¬ ðý†²

²ü†¬ ìþ|ºõ¬. ‹ú Æõ° …¶†¶þ …üò ôüµâþ ìùî )‹†²¬û ‹ý»}± ì·}é³ï {õèý~

®°…– °ü³{± …¶•( ‹ú Îé• ô…‹·}ãþ ‹†²¬û ‹† {õ…ó ¶õï Î†ìê °º~

¨±ô›þ 0>C<| …¶•. ¤œî °…Þ}õ° ‹† {õ…ó ¶õï Î†ìê °º~ ì}õ¶È ðý³

ð·Œ• ì·}Ûýî ¬…°¬ ô …üò Î†ìê °º~ ì}õ¶È ðý³ ‹ú ðõ‹ú ̈õ¬ {†‹Ð

Ÿñ~›íéú|…ÿ ¬°›ú 3 …² Î†ìê °º~ ‹ý±ôðþ …¶• )ìÏ†¬æ– 51-21(. ‹ú

¬èýê ô…‹·}ãþ º~ü~ ¤œî °…Þ}õ° ô ‹†²¬û ̈±ô›þ  ‹ú Î†ìê °º~

¨±ô›þ€ …ð~…²û ®°…– ì¥¿õë ì}Óý± ìùíþ ‹±…ÿ Æ±…¤þ °…Þ}õ°

¤éÛõÿ …¶• Þú ìÛ~…° ìñ†¶� „ó °… {ñù† …² °…û ‹±°¶þ ì·†ê̂ …Ú}¿†¬ÿ

ìþ|{õ…ó ‹ú ¬¶• „ô°¬. …² „ó ›† Þú ìÛ~…°ÿ …² Þ†{†èý³ô° {³°üÜ º~û ‹ú

°…Þ}õ° ¬° ì¥¿õë ‹†Úþ ìþ|ì†ð~ ô Úýí• „ó øî ð·Œ}† ²ü†¬ …¶•€ ìÏíõæ_

‹ú ¤~…Úê °¶†ð~ó ìÛ~…° Þ†{†èý³ô° ¬° ‹ý»}±üò ‹†²¬û ì¥¿õë ìíßò

…¶•. ‹ñ†‹±…üò€ ‹†ü~ ‹ýò ¤œî °…Þ}õ° ô ‹†²¬û Þ†{†èý³ô° ‹ùýñú|¶†²ÿ

…Ú}¿†¬ÿ …ðœ†ï ºõ¬.

ìÇ†èÏ†– ì³‹õ° …÷± �†°…ì}±ø†ÿ Îíéý†{þ ðËý± sf|€ >C<| € 0>C<|€  0Y|ô

P°… °ôÿ ¤œî °…Þ}õ° ¬° ìÛ~…° ÷†‹• {õèý~ ð»†ó ìþ|¬ø~. ‹±°¶þ|ø†ÿ

ü†¬ º~û ‹† Ö±Å Ú†‹éý• Þ†ìê °…Þ}õ° ¬° ¬ÖÐ â±ì†ÿ {õèý~ º~û …¶•.

‹±°¶þ …÷± �†°…ì}±ø†ÿ ì¥ýÈ ‹± Æõë ô ÚÇ± °…Þ}õ° …ð}©†‹þ ¬° ‹©¼

‹Ï~ÿ ‹±°¶þ ìþ|ºõ¬.  |

…÷± �†°…ì}±ø†ÿ ìõ÷± ‹± Æõë ô ÚÇ± °…Þ}õ°

øí†ó|Æõ° Þú ¬° ì±…¤ê Æ±…¤þ °…Þ}õ° ‹ý†ó º~€ …‹}~… ‹† ¬…º}ò ìÛ~…°

{õèý~ �éýí± )h/pgk( PP| ü† Ê±Öý• {õèý~ ô ¶±Î• ôüµû {õèý~

�éþ|�±ô�ýéò )h3m/pgk( pR|€ ¤œî °…Þ}õ° …² ìÏ†¬èú )1( ì¥†¶Œú

ìþ|ºõ¬. ¬° ¤†è• ð~…º}ò ¶±Î• ôüµû {õèý~ �éþ|�±ô�ýéò€ pRô ¬…º}ò

¬…¬û|ø†ÿ Î†ìê °º~ ô°ô¬ÿ€ Î†ìê °º~ ̈±ô›þ€ ÖÏ†èý• Þ†{†èý³ô°€

Ÿã†èþ Þ†{†èý³ô° ô ›³Š ¤œíþ ›†ì~ ¬° ¬ôÒ†Ž ‹±…ÿ ì¥†¶Œú ¤œî

°…Þ}õ° …² ìÏ†¬èú )51( …¶}×†¬û ìþ|ºõ¬. ¬° ‹©¼ �ý¼€ …÷± …üò �†°…ì}±ø†

ºßê 5 -…÷± …ð~…²û …ôèýú ô ðù†üþ ®°…– ‹± ¤œî °…Þ}õ°.
ºßê 6 -…°{Œ†É ¤œî °…Þ}õ° ìõ°¬ ðý†² ‹† ‹†²¬û Þ†{†èý³ô°.
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ðËý± Î†ìê °º~ ô°ô¬ÿ€ Î†ìê °º~ ̈±ô›þ€ ÖÏ†èý• Þ†{†èý³ô° ô ›³Š

¤œíþ ›†ì~ ¬° ¬ôÒ†Ž ‹± ¤œî ì¥†¶Œú º~û °…Þ}õ° ‹± ìÛ~…° {õèý~

÷†‹• ‹±°¶þ ô ‹¥™ º~. …² „ó ›† Þú º±…üÈ ‹ùýñú ¬ì† ô Ö»†° °…Þ}õ°

{õ¶È ¶†²ð~û Þ†{†èý³ô° ì»©À º~û ô ÷†‹• …¶•€ {ñù† �†°…ì}±Îíéþ

‹±…ÿ {Ïýýò Æõë ô ÚÇ± ìñ†¶� ‹† {õ›ú ‹ú ì¥~ô¬ü•|ø†ÿ …ð}Û†ë â±ì† ô

¶±Î• ‹¥±…ðþ€ ¬ì†ÿ ¶ý†ë Ÿã†èñ~û …¶•. ‹ú ¬èýê üßñõ…̈}þ ¬ì† ¬°

{í†ï ðÛ†É °…Þ}õ° Ö±Å ìþ|ºõ¬€ ¤~…Þ±̃ {Óýý±…– ¬ì†ÿ ¶ý†ë Ÿã†èñ~û

C
o5 ‹†º~. ¬° ‹±°¶þ ‹ú Îíê „ì~û Ö±Å ìþ|º~€ ìÛ~…° {õèý~ �éýí±€

¶±Î• ôüµû {õèý~ �éþ|�±ô�ýéò ô ¤œî °…Þ}õ° ¬° {í†ï Æ±…¤þ|ø†ÿ

ì©}éØ ÷†‹• …¶• ô Æõë ô ÚÇ± °…Þ}õ° {Óýý± ìþ|Þñ~. ¬° ºßê|ø†ÿ 7 {†

01 {Óýý±…– ÚÇ± °…Þ}õ° ô Æõë „ó€ ô²ó ‹~ðú °…Þ}õ°€ ¶±Î• ¤œíþ

¬ôÒ†Ž ¬° ¬°ôó °…Þ}õ°€ Â±ü� …ð}Û†ë â±ì†ÿ Þéþ ô Â©†ì• °…Þ}õ°

‹± ¤·� ìý†ðãýò ¬ì†ÿ ¶ý†ë Ÿã†èñ~û ‹±…ÿ üà °…Þ}õ° ¾ñÏ}þ {õèý~

h/gk|0006 �éþ|�±ô�ýéò ‹† ¤œî 3m|5/04 °¶î º~û …¶•. …² ºßê 7

ì»©À …¶•€ ø± Ÿú ¬ì†ÿ ¶ý†ë Ÿã†èñ~û ‹ý»}± ‹†º~€ ÚÇ± ‹ú ¬¶•

„ì~û Þí}± …¶•€ ôèþ Æõë °…Þ}õ° …Ö³…ü¼ ìþ|ü†‹~. …Ö³…ü¼ ‹ý¼ …² ¤~

Æõë °…Þ}õ° …² è¥†Í ¶†̈• ô ÖÃ†ÿ ìõ°¬ ðý†² ‹±…ÿ ð¿�€ ì»ßç{þ

…üœ†¬ ìþ|Þñ~. øî|Ÿñýò€ ô²ó „èý†́ ìõ°¬ ðý†² ‹±…ÿ ¶†̈•

°…Þ}õ°)ºßê8( ‹ú º~– …Ö³…ü¼ ìþ|ü†‹~. ‹† Þ†ø¼ ¬ì†ÿ ¶ý†ë Ÿã†èñ~û€

ÚÇ± °…Þ}õ° …Ö³…ü¼ ü†Ö}ú ô Æõë ô ô²ó °…Þ}õ° ü† ‹ú ÎŒ†°{þ ¬üã± ø³üñú

°…Þ}õ° Þ†ø¼ ìþ|ü†‹~. …² Æ±Öþ€ ¶±Î• ¤œíþ ¶ý†ë ¬° ¤†ë â±¬½

ìÇ†‹Ü ºßê 8 …Ö³…ü¼ ìþ|ü†‹~ )Ÿõó ‹†ü~ ¶±Î• ¬ôÒ†Ž ‹ý¼ …²

¶±Î• ‹¥±…ðþ ‹†º~( ô ¬° ð}ýœú {õ…ó �í‘ °…Þ}õ° ü† ø³üñú|ø†ÿ Îíéý†{þ

…Ö³…ü¼ ìþ|ü†‹~. ‹† …Ö³…ü¼ ¬ì†ÿ ¶ý†ë Ÿã†èñ~û ôÞ†ø¼ ÚÇ± °…Þ}õ°

ìõ°¬ ðý†²€ Â±ü� …ð}Û†ë â±ì†ÿ Þéþ ìÇ†‹Ü ºßê 9 ‹ý»}± ìþ|ºõ¬€ ôèþ

…üò …Ö³…ü¼ ¬° …ð}ù†ÿ ìñ¥ñþ …ð~á ‹õ¬û ô ²ü†¬ ìõö÷± ðý·•. ¬° ºßê 01

ð»†ó ¬…¬û º~û …¶•€ ‹† …Ö³…ü¼ ¬ì†ÿ ¶ý†ë Ÿã†èñ~û Â©†ì• ‹~ðú

°…Þ}õ° Þ†ø¼ ìþ|ü†‹~. ²ü±…€ ÚÇ± °…Þ}õ° Þ†ø¼ ü†Ö}ú …¶•€ ‹† …üò ô›õ¬

‹ú ¬èýê …Ö³…ü¼ ²ü†¬ Æõë€  ô²ó ‹~ðú °…Þ}õ° …Ö³…ü¼ ìþ|ü†‹~.

¬° ›~ôë 3 {Óýý±…– ÚÇ±€ Æõë€ ô²ó °…Þ}õ°€ ¶±Î• ¤œíþ ¬ôÒ†Ž

¬°ôó °…Þ}õ°€ Â±ü� …ð}Û†ë â±ì†ÿ Þéþ ô Â©†ì• °…Þ}õ° ‹± ¤·�

¬ì†ÿ „Ž ô°ô¬ÿ ô̈±ô›þ ́…Þ• ‹±…ÿ °…Þ}õ° ¾ñÏ}þ ì³‹õ° „ô°¬û

º~û …¶•. ‹† {õ›ú ‹ú   ºßê|ø†ÿ 7 {† 01 ì»©À ìþ|ºõ¬ Þú ‹†ü~ ÚÇ±

ºßê 7 -{Óýý±…– ÚÇ± ô Æõë °…Þ}õ° ‹± ¤·� ìý†ðãýò ¬ì†ÿ ¶ý†ë

Ÿã†èñ~û.

ºßê 8 -{Óýý±…– ô²ó ‹~ðú °…Þ}õ° ô ¶±Î• ¤œíþ ¬ôÒ†Ž ¬°ôó

°…Þ}õ° ‹± ¤·�  ìý†ðãýò ¬ì†ÿ ¶ý†ë Ÿã†èñ~û.

ºßê 9 -{Óýý±…– Â±ü� …ð}Û†ë â±ì†ÿ Þéþ ‹± ¤·� ìý†ðãýò ¬ì†ÿ

¶ý†ë Ÿã†èñ~û. |

ºßê 01 -{Óýý±…– Â©†ì• ‹~ðú °…Þ}õ° ‹± ¤·� ìý†ðãýò ¬ì†ÿ ¶ý†ë

Ÿã†èñ~û.
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Æõ°ÿ …ð}©†Ž ºõ¬ Þú ìœíõÑ ø³üñú|ø†ÿ …ôèýú ô Îíéý†{þ {† ¤~ …ìß†ó

Þ†ø¼ ü†‹~. ô…² Æ±Öþ€ …‹Ï†¬ ‹ú ¬¶• „ì~û …² è¥†Í øñ~¶þ ô ÖÃ†ÿ

ìõ°¬ ðý†² ‹±…ÿ ð¿� ìÏÛõë ‹†º~. ‹ú ¬èýê …üò|Þú ÚÇ± °…Þ}õ° ¤éÛõÿ

…¾õæ_ Þî …¶• ô ¬° ì¥~ô¬û èõèú|ø†ÿ ¾ñÏ}þ °…ü� …¶•€ ‹†ü~ ÚÇ±ÿ

…ð}©†Ž ºõ¬ Þú ìÇ†‹Ü ‹† …ð~…²û|ø†ÿ …¶}†ð~…°¬ èõèú|ø†ÿ ìõ›õ¬ ‹õ¬û ô

ðý†² ‹ú Æ±…¤þ ô ¶†̈• ôüµû ðŒ†º~. ¬° …üò ¤†è• ‹±…ÿ °…Þ}õ° ¾ñÏ}þ

ì³‹õ° ìÇ†‹Ü ºßê|ø†ÿ 7 ô 8 ¬ì†ÿ ‹ùýñú ¶ý†ë ¬° ́…Þ•  ‹ýò 14 {†  Co64

…¶• )ì¥ê {çÚþ ¬ô ìñ¥ñþ( ô èõèú|…ÿ ‹† ÚÇ± m 16/0 )hcni42( ìñ†¶�

…¶•.

ð}ýœú|âý±ÿ

¬° º±…üÈ Îíéý†{þ ì©}éØ ô ìÛ~…° {õèý~ ÷†‹•€ …÷± �†°…ì}±ø†üþ ðËý±

Î†ìê °º~ ô°ô¬ÿ€ Î†ìê °º~ ̈±ô›þ€ ÖÏ†èý• Þ†{†èý³ô° ô ›³Š

¤œíþ ›†ì~ ¬° ¬ôÒ†Ž ‹± ¤œî °…Þ}õ° ¤éÛõÿ ‹±°¶þ ô ‹¥™ º~û

…¶•. ¤œî °…Þ}õ° ‹† ¬° ðË±â±Ö}ò ìÛ~…° {õèý~ �éýí± ô ¶±Î• ôüµû

{õèý~ �éþ|�±ô�ýéò ‹± …¶†¹ ðõÑ Þ†{†èý³ô°€ ìÏýò ìþ|ºõ¬. ð}†ü� Æ±…¤þ

ð»†ó ìþ|¬ø~ ‹† …Ö³…ü¼ ›³Š ¤œíþ �éýí±€ ¤œî °…Þ}õ° ìõ°¬ ðý†² ‹±…ÿ

üà ìÛ~…° {õèý~ ì»©À Þ†ø¼ ìþ|ü†‹~. ð}ýœú ¬üã± …üò Þú ø± Ÿú

ìÛ~…° Î†ìê °º~ ¬° ô°ô¬ÿ ‹ý»}± ‹†º~ ü† ‹ú ÎŒ†°{þ �ý¼|�éýí±º~ó

‹ý»}± …ðœ†ï ºõ¬€ ¤œî ì¥†¶Œú º~û °…Þ}õ° ‹±…ÿ °¶ý~ó ‹ú ìÛ~…° {õèý~

ì»©À ‹ý»}± ìþ|ºõ¬. øî|Ÿñýò€ ø± …Ö³…ü¼ ¬° ìÛ~…° Î†ìê °º~

¨±ô›þ ðý³ |‹†Î™ …²¬ü†¬ ¤œî ìõ°¬ ðý†² º~û ô …² „ó|›† Þú øíý»ú

Î†ìê °º~ ̈±ô›þ ‹ý¼ …² Î†ìê °º~ ô°ô¬ÿ |…¶•€ …÷± „ó ‹ý»}± …¶•.

ð}†ü� ð»†ó ìþ|¬ø~€ ðíþ|{õ…ó Âíò Þ†ø¼ ¤œî °…Þ}õ° ìõ°¬ ðý†² ‹±…ÿ

°¶ý~ó ‹ú ìÛ~…° {õèý~ ì»©À ‹ú ‹ý»}±üò ‹†²¬øþ Þ†{†èý³ô° ¬¶•

ü†Ö• . ‹±…ÿ °¶ý~ó ‹ú ‹†²¬û ‹ý»}± ‹†ü~ ®°…– ðù†üþ ‹³°å|{± {õèý~ Þ±¬

Þú ¬° …üò ¤†è• ¤œî °…Þ}õ° ìõ°¬ ðý†² …Ö³…ü¼ ìþ|ü†‹~.

| Æõë ô ÚÇ± ìñ†¶� °…Þ}õ° ¤éÛõÿ ‹† {õ›ú ‹ú ì¥~ô¬ü•|ø†ÿ …ð}Û†ë

â±ì† ô ¶±Î• ‹¥±…ðþ ‹ú ¬¶• ìþ„ü~. ð}†ü� ðí†ü†ó|â± „ó …¶• ÚÇ±

°…Þ}õ° ‹†ü~ Æõ°ÿ …ð}©†Ž ºõ¬ Þú ìœíõÑ ø³üñú|ø†ÿ …ôèýú ô Îíéý†{þ {†

¤~ …ìß†ó Þ†ø¼ ü†‹~. …² Æ±Öþ€ …‹Ï†¬ ‹ú ¬¶• „ì~û …² è¥†Í øñ~¶þ ô

ÖÃ†ÿ ìõ°¬ ðý†² ‹±…ÿ ð¿� ìÏÛõë ‹†º~. ø± Ÿú …̈}çÙ ¬ì†ÿ ‹ýò

°…Þ}õ° ô ¶ý†ë Ÿã†èñ~û ‹ý»}± ‹†º~€ ÚÇ± ‹ú ¬¶• „ì~û ‹ý»}± …¶• ô

Æõë °…Þ}õ° Þ†ø¼ ìþ|ü†‹~. ôèþ …² Æ±Öþ€ ¶±Î• ¤œíþ ¶ý†ë ¬° ¤†ë

Ÿ±̈¼ …Ö³…ü¼ ìþ|ü†‹~ )Ÿõó ‹†ü~ ¶±Î• ¬ôÒ†Ž ‹ý¼ …² ¶±Î•

‹¥±…ðþ ‹†º~( ô ¬° ð}ýœú {õ…ó �í‘ °…Þ}õ° ô ø³üñú Îíéý†{þ …Ö³…ü¼

ìþ|ü†‹~.  |

…̈}¿†°…–

isA| ¶Ç¦ ¬…̈éþ °…Þ}õ°€ 2m|

osA| ¶Ç¦ ̈†°›þ °…Þ}õ°€ 2m|

lpC| â±ì†ÿ ôüµû ì†üÐ€Co
gk/Jk|

¬ì†ÿ ̈ñà Þò ¬° ô°ô¬ÿ- ̈±ô›þ )Co(|
Þíý•

65-|15 05-|54 64-|14 04-|53 23-|72

0006|

841|

45/04

83/0|

17/063

03/5|

06/0|

92/274

50/21|

83/28

0006|

841|

45/04|

25/0|

21/491|

21/6|

82/1|

34/074

92/31|

54/66

0006|

841|

45/04

06/0|

56/141

95/6|

98/1|

01/764

90/41|

90/06

0006|

841|

45/04

37/0|

76/69

12/7|

20/3

25/064

42/51|

26/35

0006|

841|

45/04|

98/0|

99/46

19/7|

49/4|

24/054

86/61

90/84

¶±Î• {õèý~   )h/ppgk(

¶±Î• ôüµû ô…Þñ¼ )h3m/ PPgk(

¤œî °…Þ}õ° )3m(

ÚÇ± °…Þ}õ° )m(|

Æõë °…Þ}õ° )m(

¶±Î• ¬ôÒ†Ž ¬…̈ê °…Þ}õ° )s/m(

¶±Î• ¤œíþ ¬ôÒ†Ž ¬…̈ê °…Þ}õ°  )s/3m(

Â±ü� …ð}Û†ë â±ì†ÿ Þéþ)K2m/W(

Â©†ì• ‹~ðú °…Þ}õ° )mm(

ô²ó °…Þ}õ° )not(

›~ôë 3 -{Óýý±…– ì»©¿†– °…Þ}õ° ‹± ¤·� ¬ì†ÿ „Ž ô°ô¬ÿ ô̈±ô›þ ́…Þ• ‹±…ÿ °…Þ}õ° ¾ñÏ}þ ‹† Ê±Öý• {õèý~ h/gk| 0006  �éþ|�±ô�ýéò. 
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spC| â±ì†ÿ ôüµû ›†ì~€ Co
gk/Jk|

lspC| â±ì†ÿ ôüµû ¬ôÒ†Ž€ Co
gk/Jk|

>C<| Î†ìê °º~ ¬°º• ®°…–€  ‹~ôó ‹Ï~

e>C<| Î†ìê °º~ ¬°º• ®°…– ¬° ô°ô¬ÿ °…Þ}õ°€ ‹~ôó ‹Ï~

o>C<| Î†ìê |°º~ ¬°º•|®°…– ¬° ̈±ô›þ °…Þ}õ°€ ‹~ôó ‹Ï~

>C<| ì}õ¶È Î†ìê °º~ ®°…– ¬° °…Þ}õ°€ ‹~ôó ‹Ï~  |

rDÚÇ± °…Þ}õ°€ m|

sd ÚÇ± ¬°º• ®°…– �éýí±ÿ ¬° ¬ôÒ†Ž€ m|

sf|ì}õ¶È ›³Š ¤œíþ ›†ì~ ¬° °…Þ}õ°€ tcaer
3m/dilos

3m|

ih|Â±ü� …ð}Û†ë â±ì† ‹±¤·� ¶Ç¦ ¬…̈éþ °…Þ}õ°€ K2m/W|

0h|Â±ü� …ð}Û†ë â±ì† ‹±¤·� ¶Ç¦ ̈†°›þ °…Þ}õ°€ K2m/W|

HΔ| â±ì†ÿ ô…Þñ¼ ‹ú …²…ÿ ô…¤~ �éýí±€ PPgk/Jk|

lk Â±ü� °¶†ð¼ â±ì†ÿ ì†üÐ€ Km/W|

sk|Â±ü� °¶†ð¼ â±ì†ÿ ›†ì~€ Km/W|

lsk|Â±ü� °¶†ð¼ â±ì†ÿ ¬ôÒ†Ž€ Km/W|

K|ì}õ¶È ÒéË• ô²ðþ Þ†{†èý³ô° ¬°ôó °…Þ}õ°€ tcaer
3m/tacgk|

rL| Æõë °…Þ}õ°€ m|

eRN| Î~¬ °üñõè~²€ ‹~ôó ‹Ï~  |

rPN| Î~¬ �±…ð}ê€ ‹~ôó ‹Ï~

P| ÖÏ†èý• Þ†{†èý³ô°€ h tac gk/pp gk|

pP¶±Î• {õèý~ �éýí±€  h/pp gk|

pR| ¶±Î• ¤œíþ ôüµû ô…Þñ¼€ htcaer
3m/PPgk|

ir|ºÏ†Ñ ¬…̈éþ€ m|

0r|ºÏ†Ñ ̈†°›þ€ m|

Rt|ì}õ¶È ²ì†ó …Ú†ì• ®°…– ¬° °…Þ}õ°€ h|

tcaerT| ¬ì†ÿ ì¥ýÈ ô…Þñ¼€ K|

tnaloocT| ¬ì†ÿ ¶ý†ë Ÿã†èñ~û€  K|

tU| Â±ü� …ð}Û†ë â±ì†ÿ Þéþ ‹ýò °…Þ}õ° ô ́…Þ•€  K2m/W|

cV|¶±Î• ‹¥±…ðþ€ s/m|

eV¶±Î• Ÿ±̈¼ ¶ý†ë Ÿã†èñ~û€ s/m|

iV¶±Î• Ÿ±̈¼ ìõ…¬ ¬…̈ê °…Þ}õ°€ s/m|

V| ¤œî üà ¬°º• ®°û€ 3m

V| ¤œî üà ¬°º• ®°û ‹† …ð~…²û>|C<€ 3m|

cV| ¤œî …ôèýú ®°û Þ†{†èý³ô°€ 3m|

rV| ¤œî °…Þ}õ°€  3m|

sw|›³Š ô²ðþ ›†ì~ ¬° ¬ôÒ†Ž  |

X|ÒéË• Þ†{†èý³ô° ¬°ôó üà ¬°º• ®°û€  pmgk/tacgk

Y‹†²¬øþ Þ†{†èý³ô°€tacgk/PPgk|

Y|ì}õ¶È ‹†²¬øþ Þ†{†èý³ô° ¬° °…Þ}õ°€   tacgk/PPgk|

eY| ‹†²¬øþ Þ†{†èý³ô° ¬° ®°…– ô°ô¬ÿ€   tacgk/PPgk|

oY| ‹†²¬øþ Þ†{†èý³ô° ¬° ®°…– ì¥¿õë€   tacgk/PPgk|

M|Ÿã†èþ ¬°º• ®°û€ 3m/gk|

l|Ÿã†èþ ì†üÐ€ 3m/gk|

c|Ÿã†èþ ®°û Þ†{†èý³ô° �†üú€ 3m/gk|

s|Ÿã†èþ ¬°º• ®°…– �éýí±ÿ ¬° ¬ôÒ†Ž€ 3m/gk|

ls|Ÿã†èþ ¬ôÒ†Ž€ 3m/gk|

HΔ|â±ì†ÿ ô…Þñ¼€  Jk|

ls||â±…ð±ôÿ ¬ôÒ†Ž€ sm/gk|

φ|›³Š ¤œíþ ›†ì~ ¬° Ö†² ¬ôÒ†Ž 

μ

ρ

ρ

ρ

ρ

ρ
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