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ndustrial production of thermoset composite components involves the applica-

tion of a vacuum bagging and autoclave pressure to minimize void percentage,

usually to less than 5%. Phenolic resin systems generate water as a reaction by-

product via condensation reactions during curing at elevated temperatures. In this

paper, vacuum bagging and simple manufactured autoclave curing systems are used

for manufacturing of asbestos/phenolic composites and the effects of processing con-

ditions on manufactured composites are investigated. The traditional single-vacuum-

bag process is unable to manage the volatiles effectively, resulting in inferior lami-

nates having voids. The autoclave process cure cycle (temperature/pressure profiles)

for the selected composite system is designed to emit volatiles during curing reac-

tions effectively and produce composites with low void contents and excellent

mechanical properties. Laminate consolidation quality is characterized by optical

photomicrography for the cross-sections and measurements of void content and

mechanical properties. The void content of phenolic composites as opposed to other

composites increases as pressure increases up to 3 bar and it is then decreased beyond

it. A product of 124% lower void content, 13% higher density, 24% higher flexural

strength and 27% higher flexural modulus can be fabricated in composites obtained

by autoclave processing. 
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ìÏíõèþ ìễ …�õÞ·þ Æþ ô…Þñ¼ �©• ì¥¿õæ– Ö±…° {õèý~ ðíþ|Þññ~.
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²ü±Þõðý† ‹† Ÿã†èþ 3mc/g9/5 ¶†̈• º±Þ• cimarec naiteH| …¶}±…èý†

‹±…ÿ ¶†̈• Þ†ì�õ²ü• …¶}×†¬û º~. …² ¬ô ¾×¥ú Öõæ¬ÿ ‹† °ôÞ¼

{×éõðþ ‹ú …‹Ï†¬ mc02*02 ‹ú Îñõ…ó Ú†è�€ ‹±…ÿ {ùýú Þý·ú ̈çŠ …² Öýéî

¶ýéýßõðþ º±Þ• cavoreA€ …² Öýéî {×éõðþ º±Þ• cavoreA| ‹ú

Â©†ì• m|5/0 ‹ú Îñõ…ó Öýéî ›~…Þññ~û ô …² �†°Ÿú �éþ|…¶}± º±Þ•

ecurps tfarcriA| ‹ú Îñõ…ó �†°Ÿú ›†®Ž °²üò …Â†Öþ …¶}×†¬û º~.

�†°Ÿú|ø†ÿ �ñŒú ð·õ² ‹† …¶}×†¬û …² Úéî ìõ ô Òé}à ¬¶}þ „Ò»}ú|¶†²ÿ

º~.

¬¶}ã†û|ø†

Â©†ì• ¾×¥†– Þ†ì�õ²ü}þ ¶†̈}ú º~û€ ‹† …¶}×†¬û …² üà ¬¶}ã†û

Â©†ì•|¶ñ� Ö±…¾õ– º±Þ• retemoclE| ì~ë 654 ôŸã†èþ Ê†ø±ÿ

Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ÆŒÜ …¶}†ð~…°¬ 297D MTSA|€ ‹ú °ô½

ºñ†ô°¶†²ÿ …ð~…²û|âý±ÿ º~ ]51[. „²ìõó {Ïýýò ¶©}þ Þ†ì�õ²ü•|ø†

ÆŒÜ …¶}†ð~…°¬0422DMTSA ]61[ ô ‹ú ô¶ýéú ¶©}þ|¶ñ� ¶õ²ðþ ì~ë

ºõ°D| )D erohS( º±Þ• xeR| „ì±üß† ô ‹±°¶þ ¶ýñ}ýà �©• °²üò

°²ôë ‹ú ô¶ýéú â±ì†¶ñœþ �õü»þ {×†Âéþ )CSD(| ô ‹† …¶}×†¬û …²

¬¶}ã†û 019 tnopuD€ ‹±…¶†¹ …¶}†ð~…°¬ 9621E MTSA]71[ ¬° ›õ

ðý}±ôó́ ô ‹† ¶±Î• nim/C
o01 …ðœ†ï º~. ìÛ~…° ¤Œ†Ž Þ†ì�õ²ü•|ø†ÿ

¶†̈}ú º~û ‹† …¶}×†¬û …² …¶}†ð~…°¬ 4372 D MTSA]81[ ì¥†¶Œú º~.

„²ìõó ̈í¼ ìÇ†‹Ü …¶}†ð~…°¬ 097D MTSA| ô ‹ú °ô½ ¶ú ðÛÇú|…ÿ ‹†

…¶}×†¬û …² ¬¶}ã†û P&H| „èí†ðþ ì~ë05 …ðœ†ï â±Ö•. {¿†ôü±

ìýß±ô¶ßõ’ ðõ°ÿ ‹† …¶}×†¬û …² ìýß±ô¶ßõ’ „èí†ðþ M0004MD

akiL| {ùýú º~. …² üà â±ï|̈†ðú „²ì†ü»ã†øþ ¶†̈• º±Þ• sueareH|

„èí†ó€ ‹ú Îñõ…ó ìñŒÐ â±ì†üþ …{õÞçô ‹±…ÿ �©• Þ†ì�õ²ü•|ø† …¶}×†¬û

º~.

°ô½|ø†

„Ò»}ú|¶†²ÿ �†°Ÿú|ø†ÿ �ñŒú ð·õ²

¬° …üò ì±¤éú 3 æüú …² �†°Ÿú|ø†ÿ �ñŒú ð·õ² AAA| ‹ú …‹Ï†¬ mc02*02

‹±ü~û ô ‹ú ¬Ú• {õ²üò º~. ¶�̧€ �†°Ÿú|ø† ‹† ì©éõÉ °²üò Öñõèþ 2/008 LI|

ô �±Þññ~û ²ü±Þõðý†€ Þú �ý»}± ‹† øî|²ó ì©éõÉ º~û|…ð~€ ‹ú Þíà Úéî ìõ

ô Òé}à ¬¶}þ „Ò»}ú|¶†²ÿ º~. ð·Œ• …èý†Ù€ °²üò ô �±Þññ~û ‹ú {±{ý�

05 € 34 ô 7%  ‹õ¬.  |

�ý¼|�©• �ý¼„Ò»}ú|ø†  ¬° â±ï|̈†ðú

‹±…ÿ {Ïýýò º±…üÈ �ý¼|�©• °²üò …² °ô½|ø†ÿ ì©}é×þ ìþ|{õ…ó

…¶}×†¬û Þ±¬. ¬° …üò �µôø¼€ …² …ÆçÎ†– „²ìõó â±ì†¶ñœþ �õü»þ

{×†Âéþ …¶}×†¬û º~. øí†ó|Æõ° Þú ¬° â±ì†ðã†º• ºßê1 Ú†‹ê ì»†ø~û

…¶•€ �©• °²üò 2/008 LI| …² ¬ì†ÿ ¤~ô¬ C
o011 ‹ú {~°ü� „Ò†²

ìþ|ºõ¬ ô {† ¬ì†ÿ ¤~ô¬ Co081 …¬…ìú ìþ|ü†‹~. ‹ý»}±üò ¶±Î• �©• ¬°

ì¥~ô¬û ¬ì†üþ C
o561 …{×†Ý ìþ|…Ö}~. ‹ú øíýò ¬èýê ì¥~ô¬û ¬ì†üþ

C
o011-001 ¬ì†ÿ ìñ†¶� ‹±…ÿ �ý¼|�©• �ý¼„Ò»}ú|ø† ô ¬ì†ÿ  Co561

‹ú Îñõ…ó ¬ì†ÿ �©• ðù†üþ °²üò 2/008 LI| …ð}©†Ž º~ ]02€ 91[.  |

¶†̈• Þ†ì�õ²ü• ‹† Ö±…üñ~ Ú†è�|âý±ÿ Þý·ú ̈çŠ

º±…üÈ Ö±…üñ~ÿ ø± ðõÑ °²üò Öñõèþ ìñ¥¿± ‹ú Ö±¬ …¶•. …² …üò °ô€ ‹±…ÿ

ø± ðõÑ °²üò ‹†ü~ º±…üÈ Ö±…üñ~ ‹ú Æõ° ›~…â†ðú ‹±°¶þ ºõ¬ ô

μ
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‹±°¶þ …÷± Þý·ú ̈çŠ {ñù† ô ¶†ì†ðú �©• …{õÞçô ‹± ̈õ…Á Öý³üßþ ô ìß†ðýßþ Þ†ì�õ²ü• ø†ÿ Öñõèþ ìý±…¶~ ìý±²…�õ° ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 6€ ‹ùíò -…¶×ñ~ 9831 

‹ùýñú|{±üò „ðù† ìÏýò ºõ¬. ‹±…ÿ �©• …üò Þ†ì�õ²ü•|ø† ‹ú °ô½

Ú†è�|âý±ÿ ‹† Þý·ú ̈çŠ€ ‹± …¶†¹ ð}†ü� CSD| °²üò °²ôë üà Ÿ±̈ú

¬ô�éú ¬ì†üþ )ì±¤éú {õÚØ ô ì±¤éú �©•( ô øî|Ÿñýò ðíõ¬…° …Îí†ë

ç̈Š ¬° ðË± â±Ö}ú º~. º±…üÈ Ö±…üñ~ ìễ ¬ì†ÿ {õÚØ€ ¬ì† ô ²ì†ó ¬°

ì±¤éú �©•€ Ö»†° ̈çŠ ô ²ì†ó …Îí†ë „ó ìùî|{±üò �†°…ì}±ø†ÿ …÷±â̄…°

‹± Þý×ý• ô ̈õ…Á ìß†ðýßþ Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û …² °…û Ö±…üñ~

�©• Þý·ú ̈çŠ …¶• Þú ‹±…ÿ ø± ðõÑ °²üò ô �ý¼ „Ò»}ú ̈†Á ‹†ü~

‹ú ºßê {œ±‹þ ìÏýò ºõ¬ ]02€91[. ‹±…ÿ ‹±°¶þ …÷± º±…üÈ Ö±…üñ~ ‹±

¨õ…Á ôÞý×ý• Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ¬ô º±…üÈ Ö±…üñ~ Aô B|

…ð}©†Ž º~. ‹±…ÿ ø± ¬ô º±…üÈ Ö±…üñ~€ Ÿ±̈ú �©• ‹ú ºßê üà ðýí±«

¬ì†ÿ ¬ô�éú|…ÿ Þú ¬° ›~ôë1 „ì~û …¶•€ …ð}©†Ž º~. …‹}~… ¬ì†ÿ

â±ï|̈†ðú ‹† ¶±Î• nim/Co5  ‹ú ¬ì†ÿ Co021 )¬ì†ÿ {õÚØ( °¶ý~ ô ‹ú

ì~– nim06 )ì~– ²ì†ó {õÚØ( ¬° …üò ¬ì† ‹†Úþ ì†ð~. �̧ …² …üò ì~–

¬ì†ÿ â±ï|̈†ðú ‹† ¶±Î• nim/Co2 ‹ú ¬ì†ÿ Co561 °¶ý~. ìœíõÎú ‹ú

ì~– h 1 ¬° …üò ¬ì† ‹†Úþ ì†ð~ {† °²üò Öñõèþ ‹ú Æõ° Þ†ìê �©• ºõ¬.

Ÿ±̈ú �©• ‹ú Þ†° °Ö}ú ‹±…ÿ �©• Þ†ì�õ²ü• ‹ú Æõ° ðí†üþ ¬° ºßê2

ð»†ó ¬…¬û º~û …¶•. ‹±…ÿ ‹±°¶þ {ß±…°�̄ü±ÿ ÚÇÏ†– ¶†̈}ú º~û

‹±…ÿ ø± º±…üÈ Ö±…üñ~€ 5 ÚÇÏú ‹ú Æõ° ìœ³… {ùýú º~.

¶†̈• Þ†ì�õ²ü• ‹† Ö±…üñ~ …{õÞçô

¬° …üò °ô½€ �ý¼„Ò»}ú|ø†üþ Þú ¬°ôó Þý·ú Ú±…° â±Ö}ú ô „ì†¬û �©•

‹ú °ô½ Þý·ú ̈çŠ ø·}ñ~€ ¬…̈ê üà ì¥×Ëú Öõæ¬ÿ ì·}Û± ¬°

â±ï|̈†ðú Ú±…° â±Ö}ñ~. Þý·ú ¬° ¬…̈ê üà ì¥×Ëú Öõæ¬ÿ Ú±…° â±Ö• Þú

‹† ¬ô ¬°�õ½ Þ†ìç ‹·}ú ô „Ž|‹ñ~ÿ º~û ‹õ¬. ¬° üßþ …² ¬°�õ½|ø†

ì·ý±ÿ ‹±…ÿ …Îí†ë Ö»†° øõ… ‹ú ¬…̈ê …{õÞçô ô ¬° ¬°�õ½ ¬üã±

ì·ý±ÿ ‹±…ÿ …Îí†ë ̈çŠ ‹ú Þý·ú ¬…̈ê …{õÞçô …üœ†¬ º~. èõèú|ø†üþ …²

›ņ̃ Öõæ¬ ²ðä|ð³ó ‹† ìÛ†ôì• ¬ì†üþ ô Ö»†°ÿ ²ü†¬ ‹±…ÿ …Îí†ë Ö»†°

ô ̈çŠ ‹ú Þ†° °Ö•. ¬° ºßê3€ …{õÞçô èõèú|…ÿ ‹ú øí±…û ¬°ü¡ú ̈çŠ ô

Ö»†° ð»†ó ¬…¬û º~û …¶•. ¬°�õºþ Þú º†ìê ¬°ü¡ú Ö»†° …¶• ‹ú

ô¶ýéú üà Öçð� „Ž|‹ñ~ÿ º~û øíý»ú ‹ú ì¥×Ëú Ÿ·Œý~û ô ì}¿ê

…¶•. ¬°�õ½ º†ìê èõèú ̈çŠ Ú†‹ê ‹†² ô ‹·}ú º~ó ‹õ¬û ô ‹† ô…º±

¶ýéýßõðþ „Ž|‹ñ~ÿ ìþ|ºõ¬. …² ºý±ø†ÿ ôüµû Þú ‹ú ¶±Î• ‹†² ô ‹·}ú ô

‹ú ̈õ‹þ „Ž|‹ñ~ÿ ìþ|ºõð~€ ‹ú Îñõ…ó ºý±ø†ÿ ̈çŠ ô Ö»†° …¶}×†¬û

ºßê 1 -â±ì†ðã†º• CSD| °²üò °²ôë ‹† ¶±Î• â±ì†¬øþ nim/ C
o01.

ºßê 2 -ðíõ¬…° Ÿ±̈ú  �©• Þ†ì�õ²ü• Öñõèþ -�ñŒú ð·õ² …² °…û Ö±…üñ~

Þý·ú ̈çŠ.

›~ôë 1-º±…üÈ Ö±…üñ~ …ð}©†Ž º~û ¬° ¶†̈• Þ†ì�õ²ü•|ø† …² °…û

Ö±…üñ~ �©• Þý·ú ̈çŠ.

*ì~– ²ì†ó ¬° ø± üà …² ì±…¤ê nim06 …ð}©†Ž º~.

Ÿ±̈ú �©• ðù†üþ*

¬ì† )Co(|

²ì†ó �ý¼|�©•

)nim(|

¬ì†ÿ �ý¼ �©•

)Co(
º±…üÈ Ö±…üñ~

561

561

021

021

51

02

001

001

A

B

ºßê 3 -ì¥×Ëú Öõæ¬ÿ ‹ú øí±…û ¬°ü¡ú|ø†ÿ ̈çŠ ô Ö»†°.



‹±°¶þ …÷± Þý·ú ̈çŠ {ñù† ô ¶†ì†ðú �©• …{õÞçô ‹± ̈õ…Á Öý³üßþ ô ìß†ðýßþ Þ†ì�õ²ü• ø†ÿ Öñõèþìý±…¶~ ìý±²…�õ° ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 6€ ‹ùíò -…¶×ñ~ 9831 514

º~. ¶†ì†ðú …{õÞçô ¶†̈}ú º~û Ú†‹éý• {¥íê rab8 Ö»†° °… ¬…º• ô

‹±…ÿ „ó Þú Ö»†° …{õÞçô …² ìÛ~…° Ö»†° ìÏýò º~û ‹ý»}± ð»õ¬€ ¬° ì·ý±

èõèú ø† üà {ñËýî|Þññ~û Ö»†° {ÏŒýú º~.  |

¬° °ô½ …{õÞçô …² øí†ó Ÿ±̈ú �©• ‹ú Þ†° °Ö}ú ‹±…ÿ ðíõðú|ø†ÿ A|

ô B| …¶}×†¬û º~. ‹† …üò {×†ô– Þú ‹†ü~ ¬° ì±¤éú|…ÿ …² „ó Ÿ±̈ú€ Ö»†°

ìÏýñþ ‹ú ¬…̈ê ì¥×Ëú …Îí†ë ºõ¬. ìÛ~…° Ö»†° …Îí†èþ ‹±…ÿ ø± ðõÑ

°²üò ô �ý¼„Ò»}ú|ø†ÿ „ó ‹†ü~ ‹ú Æõ° {œ±‹þ ô …² °ô½ „²ìõó ô ̈Ç†

ìÏýò ºõ¬. ‹† …üò Þú °ô½ ì³‹õ° ²ì†ó|‹± …¶•€ ôèþ …Òé� ‹ù}±üò ð}ýœú

…² „ó ¤†¾ê ìþ|ºõ¬ ]12[. ‹±…ÿ °²üò °²ôë 2/008 LI| ‹† Þ†°ø†ÿ {œ±‹þ

Þú …ðœ†ï º~€ ‹ù}±üò ¬ì†ÿ …Îí†ë Ö»†° øí†ó ¬ì†ÿ {õÚØ )Co021( ‹ú Þ†°

°Ö}ú ¬° Ö±…üñ~ Þý·ú ̈çŠ ô ²ì†ó …Îí†ë ̈çŠ nim51€ �̧ …² ‹†Úþ|ì†ð~ó

�ý¼„Ò»}ú|ø† ¬° ¬ì†ÿ {õÚØ€ …ð}©†Ž º~. ‹±…ÿ ‹±°¶þ …÷± Ö»†°€ 5

º±…üÈ Ö±…üñ~ ìÇ†‹Ü ›~ôë2 …ð}©†Ž º~ Þú ¬° „ðù† Ö»†° …² rab5-1

{Óýý± ìþ|Þ±¬. ‹±…ÿ ø± º±…üÈ Ö±…üñ~ 5 ðíõðú ›~…â†ðú ¶†̈}ú º~.

ð}†ü� ô ‹¥™

�ý¼|�©• �ý¼„Ò»}ú|ø†  ¬° â±ï|̈†ðú

‹±…ÿ �ý¼|�©• �ý¼„Ò»}ú|ø†€ ‹†ü~ ì~– ²ì†ó ‹ùýñú ‹†Úþ|ì†ð~ó

�ý¼„Ò»}ú|ø† ¬…̈ê â±ï|̈†ðú Co001 ðý³ ìÏýò ºõ¬. ‹±…ÿ �ý¼|�©•

�ý¼„Ò»}ú|ø†ÿ °²üò °²ôë 2/008 LI| ì~– ²ì†ó|ø†ÿ 5€ 01€ 51€ 02€ 52 ô

nim03 …ð}©†Ž º~. ‹±°¶þ|ø†ÿ Þý×þ )Ÿ·Œñ~âþ ô …ðÏÇ†Ù|�̄ü±ÿ(

�ý¼„Ò»}ú|ø†ÿ {ùýú º~û ¬° ¬ì†ø†ÿ ü†¬ º~û ð»†ó ¬…¬€ ²ì†ó|ø†ÿ 51 ô

nim02 ‹ù}±üò ²ì†ó ‹±…ÿ �ý¼|�©• �ý¼„Ò»}ú|ø†ÿ °²üò °²ôë 2/008 LI

…¶•. ‹ñ†‹±…üò€ ¬° …¬…ìú Æ±§ „²ì†ü¼|ø†ÿ {ßíýéþ {ñù† °ôÿ ðíõðú|ø†ÿ

‹† ²ì†ó �ý¼|�©• 51 ô nim02 …ðœ†ï º~.  |

¶†̈• Þ†ì�õ²ü• ‹† Ö±…üñ~ Ú†è�|âý±ÿ Þý·ú ̈çŠ

ð}†ü� ¤†¾ê …² „²ìõó|ø†ÿ {Ïýýò ̈õ…Á Öý³üßþ Þ†ì�õ²ü•|ø†ÿ

¶†̈}ú º~û ‹† ¬ô º±…üÈ Ö±…üñ~ A| ô B| ¬° ›~ôë3 „ì~û …¶•.

øí†ó|Æõ° Þú ì»†ø~û ìþ|ºõ¬€ ð}†ü� ‹ú ¬¶• „ì~û ‹±…ÿ ø± ¬ô º±…üÈ

Ö±…üñ~ ‹† øî ì»†‹ù• ̈ýéþ ²ü†¬ÿ ¬…°ð~. Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û€ ‹†

…üò Þú ¶©}þ ̈õ‹þ ¬…°ð~€ ôèþ ¬…°…ÿ Ÿã†èþ Þíþ ø·}ñ~ ô ¤Œ†Ž

‹†Úþ|ì†ð~û ²ü†¬ÿ ¬° „ðù† ì»†ø~û ìþ|ºõ¬.  |

¶†̈• Þ†ì�õ²ü• ‹† Ö±…üñ~ …{õÞçô

ð}†ü� ¤†¾ê …² …ð~…²û|âý±ÿ Â©†ì•€ Ÿã†èþ€ ¶©}þ ô ìÛ~…° ¤Œ†Ž

Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ‹† Ö±…üñ~ …{õÞçô ‹ú {±{ý� ¬° ºßê|ø†ÿ 4 {†

7 „ì~û …¶•. øí†ó|Æõ° Þú ¬° ºßê4 ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ Ö»†°

Â©†ì• Þ†ø¼ ìþ|ü†‹~. …üò Þ†ø¼ Â©†ì• ‹ý»}± ¬° ì¥~ô¬û 1 {† rab

4 Ÿ»î|âý± …¶•. ‹ú Æõ°ÿ Þú  ôÚ}þ Ö»†° …² 1 ‹ú rab5 …Ö³…ü¼ ìþ|ü†‹~€

Þ†ø¼ Â©†ì• ¤~ô¬ 84% …¶•. ôèþ ¬° …Ö³…ü¼ Ö»†° …² 4 ‹ú rab5€

Þ†ø¼ Â©†ì• ÖÛÈ ¤~ô¬ 5% …¶•. ¶©}þ Þ†ì�õ²ü•|ø† ¬° ¤†è}þ Þú

Æþ Ÿ±̈ú �©• …èý†Ù „ó …² °²üò ̈†èþ ð»~û ‹†º~€ ÖÛÈ ‹ú ¶©}þ

¶Ç¦ „ó ‹±ìþ|â±¬¬ ô ¶©}þ …üò ÚÇÏ†– ‹ý¼ …² øíú ‹ú ìÛ~…° �ý¼|°Ö•

ô…Þñ¼ �©• °²üò „ó ì±‹õÉ ìþ|ºõ¬. ºßê5 ð»†ó ìþ|¬ø~€ …Ö³…ü¼

Ö»†° ¬° ì¥~ô¬û ìõ°¬ ‹±°¶þ ¬° ¶ýñ}ýà �©• …üò ðõÑ °²üò|ø† ‹þ|…÷±

…¶•. ¬° ºßê6 ì»†ø~û ìþ|ºõ¬€ Ÿã†èþ Þ†ì�õ²ü•|ø† ðý³ ‹† …²¬ü†¬

Ö»†° …Ö³…ü¼ ìþ|ü†‹~. …üò …²¬ü†¬ Ÿã†èþ ôÚ}þ Ö»†° …² 1 ‹ú rab5 …Ö³…ü¼

›~ôë 2-º±…üÈ Ö±…üñ~ …ð}©†Ž º~û ‹±…ÿ ‹±°¶þ …÷± Ö»†° ‹± Ö±…üñ~.

²ì†ó …Îí†ë Ö»†°

)nim(

¬ì†ÿ …Îí†ë

Ö»†°)Co(

Ö»†° …Îí†èþ

)rab(

º±…üÈ

Ö±…üñ~

51

51|

51|

51|

51

021

021|

021|

021|

021

1

2

3

4

5

1E

2E

3E

4E

5E

›~ôë 3-ð}†ü�¨õ…Á Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ‹† º±…üÈ Ö±…üñ~ |A| ô B.

ìÛ~…°¤Œ†Ž )%( Ÿã†èþ )3mc/g( ¶©}þ )D erohS( ºñ†¶ú ÚÇÏú

51

41

41

51

61

51

61

51

61

61

41

51

55/1

84/1

05/1

15/1

65/1

25/1

25/1

35/1

54/1

15/1

15/1

05/1

3±98

3±88

3±58

3±58

3±09

3±78

3±09

3±88

3±88

3±98

3±68

3±88

1A

2A

3A

4A

5A

ìý†ðãýò

1B

2B

3B

4B

5B

ìý†ðãýò



515

‹±°¶þ …÷± Þý·ú ̈çŠ {ñù† ô ¶†ì†ðú �©• …{õÞçô ‹± ̈õ…Á Öý³üßþ ô ìß†ðýßþ Þ†ì�õ²ü• ø†ÿ Öñõèþ ìý±…¶~ ìý±²…�õ° ô øíß†°…ó
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ìþ|ü†‹~€ ¤~ô¬ 11% …¶•. …ì† ¬° …²¬ü†¬ Ö»†° …² 4 ‹ú rab5€ …Ö³…ü¼ Ÿã†èþ

ÖÛÈ ¤~ô¬ 1% …¶•.  |

ºßê7 {Óýý±…– ìÛ~…° ¤Œ†Ž ð·Œ• ‹ú Ö»†° …{õÞçô °… ð»†ó ìþ|¬ø~.

¬° …üò ºßê ðíõ¬…° Þ†ì�õ²ü•|ø†ÿ ìÏíõèþ ¶†̈}ú º~û …² °²üò|ø†üþ

Þú ¬° ¤ýò ô…Þñ¼|ø†ÿ �©• ì¥¿õæ– Ö±…° {õèý~ ðíþ|Þññ~€ ðý³ ð»†ó

¬…¬û º~û …¶•. ‹ú Æõ° Þéþ€ ìÛ~…° ¤Œ†Ž ‹† …Ö³…ü¼ Ö»†° ¶†̈•

Þ†ì�õ²ü•|ø† Þ†ø¼ ìþ|ü†‹~. Ÿ±… Þú ¬° Âíò ì±¤éú {õÚØ€ ìÛ~…°

‹ý»}±ÿ …² øõ…ÿ ì¥Œõ¹ º~û ̈†°ž º~û ô …² °º~ …ð~…²û ¤Œ†Ž ‹ú

ìÛ~…° ²ü†¬ÿ ›éõâý±ÿ ìþ|ºõ¬ ]12[. ìÛ~…° ¤Œ†Ž Þ†ì�õ²ü• Öñõèþ -

…èý†Ù �ñŒú ð·õ² °Ö}†° ì}×†ô{þ ð·Œ• ‹ú Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û …²

°²üò|ø†ÿ ìÏíõèþ ð»†ó ìþ|¬ø~ Þú ìþ|{õ…ð~ ‹ú ¬æüê ²ü± ‹†º~:

-|øñã†ìþ Þú Ö»†° …{õÞçô …Îí†ë ðíþ|ºõ¬ ô ÖÛÈ Ö»†° ð†ºþ …² …Îí†ë

ç̈Š ô›õ¬ ¬…°¬€ ìÛ~…° ¤Œ†Ž ²ü†¬ÿ ‹ú ô›õ¬ ìþ|„ü~€ Ÿ±… Þú Æþ

ì±¤éú ²ì†ó {õÚØ ìÛ~…° ̈±ôž øõ…ÿ ì¥Œõ¹ º~û Þ†Öþ ðý·• ô ‹ú

Îé• Ö»†° Þî ¤Œ†Ž|ø† °º~ ìþ|Þññ~.  |

-|ôÚ}þ Ö»†° …{õÞçô …² ìÛ~…° ì»©¿þ ‹ý»}± ìþ|ºõ¬€ ìÛ~…° ¤Œ†Ž ðý³

…Ö³…ü¼ ìþ|ü†‹~. ²ü±…€ °…û|ø†ÿ ̈±ôž â†²ø†ÿ {õèý~ º~û ¬° ¤ýò

ô…Þñ¼ �©• °²üò Öñõèþ€ ‹ú ¬èýê Ö»±¬âþ ²ü†¬ …èý†Ù ¬° Ö»†°ø†ÿ

²ü†¬ ì·~ô¬ ìþ|ºõð~. ¬° ¤†èþ Þú …ð}Ë†° ìþ|°ô¬ ‹† …Ö³…ü¼ Ö»†°

…{õÞçô€ …² °º~ …ð~…²û ®°…– ›éõâý±ÿ º~û ô ìÛ~…° ¤Œ†Ž Þ†ø¼

ü†‹~.  …² „ó ›† Þú ì¥¿õæ– â†²ÿ �̧ …² º±ôÑ ô…Þñ¼ �©• {õèý~

ìþ|ºõð~€ ̈±ôž ì¥¿õæ– â†²ÿ {õèý~ º~û ‹±̈çÙ ̈±ôž

¤Œ†Ž|ø†ÿ ‹ú ô›õ¬ „ì~û �ý¼ …² ì±¤éú �©•€ ‹ú ô¶ýéú ì·~ô¬ º~ó

ºßê 4 -ðíõ¬…° {Óýý±…– Â©†ì• Þ†ì�õ²ü• ‹± ¤·� Ö»†° …{õÞçô.

ºßê 5 -ðíõ¬…° {Óýý±…– ¶©}þ Þ†ì�õ²ü• ‹± ¤·� Ö»†° …{õÞçô.

ºßê 6 -ðíõ¬…° {Óýý±…– Ÿã†èþ Þ†ì�õ²ü• ‹± ¤·� Ö»†° …{õÞçô.

ºßê 7 -ðíõ¬…° {Óýý±…– ìÛ~…° ¤Œ†Ž Þ†ì�õ²ü• ‹± ¤·� Ö»†°

…{õÞçô.
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ì·ý±ø†ÿ ̈±ô›þ {¥• {†÷ý± Ú±…° ìþ|âý±¬.   |

…ð~…²û|âý±ÿ Â©†ì•€ Ÿã†èþ ô ìÛ~…° ¤Œ†Ž Þ†ì�õ²ü• Öñõèþ -

…èý†Ù �ñŒú ð·õ² ð»†ó ìþ|¬ø~€ Â©†ì• ô Ÿã†èþ ‹† Ö»±¬âþ ¤†¾ê …²

Ö»†° …{õÞçô ì}ñ†¶� …¶•. ¬° ¤†èþ Þú ìÛ~…° ¤Œ†Ž {† üà Ö»†° ìÏýò

‹† …Ö³…ü¼ Ö»†° Þ†ø¼ ìþ|ü†‹~€ ôèþ �̧ …² …üò Ö»†°€ ìÛ~…° ¤Œ†Ž

…Ö³…ü¼ ìþ|ü†‹~. ð}†ü� ð»†ó ¬…¬€ Ö»†° ‹ùýñú ‹±…ÿ ¶†̈• Þ†ì�õ²ü• °²üò

°²ôë 2/008 LI| -…èý†Ù �ñŒú ð·õ² ¤~ô¬ rab3 …¶•.

‹±…ÿ ‹±°¶þ ô ìÛ†ü·ú …¶}¥ß†ï ̈í»þ Þ†ì�õ²ü•|ø†ÿ Öñõèþ -…èý†Ù

�ñŒú ð·õ² {ùýú º~û ‹† …¶}×†¬û …² °ô½ �©• Þý·ú ̈çŠ ô …{õÞçô€

Þ†ì�õ²ü•|ø†üþ ‹† º±…üÈ Ö±…üñ~ A| ô C| ¶†̈}ú º~ð~ Þú ðíõ¬…° Ÿ±̈ú

¬ì†üþ ô Ö»†°ÿ „ðù† ‹ú {±{ý� ¬° ºßê|ø†ÿ 2 ô 8  ð»†ó ¬…¬û º~û …¶•.

°ôÿ Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û „²ìõó ̈í¼ ¶ú ðÛÇú|…ÿ …ðœ†ï º~ Þú

ð}†ü� …üò „²ìõó ¬° ›~ôë4  „ì~û …¶•. ð}†ü� ð»†ó ìþ|¬ø~€ …¶}¥ß†ï ô

ì~ôë ̈í»þ Þ†ì�õ²ü• ¶†̈}ú º~û …² °…û Ö±…üñ~ …{õÞçô  )C(| ‹† Ö»†°

rab3 ð·Œ• ‹ú Þ†ì�õ²ü• ¶†̈}ú º~û ‹† °ô½ Þý·ú ̈çŠ )A(| ‹ú {±{ý�

42 ô 72% ‹ý»}± …¶•. ðß}ú ìùî Þ†ø¼ Ú†‹ê ìç¤Ëú ìÛ~…° …ð¥±…Ù

ìÏý†° …¶}¥ß†ï ̈í»þ ðíõðú|ø†ÿ ¶†̈}ú º~û ‹† °ô½ …{õÞçô ð·Œ• ‹ú

Þý·ú ̈çŠ …¶•. ìùî|{±üò ¬èýê …üò Þ†ø¼ �±…Þñ~âþ ð}†ü�€ Þ†ø¼

Ú†‹ê {õ›ú ìÛ~…° ¤Œ†Ž ô {ß±…°�̄ü±ÿ ðíõðú ø†ÿ ¶†̈}ú º~û ‹† Ö±…üñ~

…{õÞçô …¶•. ð}†ü� ¤†¾ê ‹† ð}†ü� …¶}¥ß†ï ô ì~ôë ̈í»þ

Þ†ì�õ²ü•|ø†ÿ Öñõèþ -�ñŒú ð·õ²¶†̈}ú º~û ‹† …¶}×†¬û …² Ö±…üñ~ �±¹

â±ï ô Ö»†° rab021 Þ†ìç_  Ú†‹ê ìÛ†ü·ú …¶• Þú {õ¶È ‹ù»}þ ô

øíß†°…ó ‹ú ¬¶• „ì~û …¶• ]22[.  |

ð}†ü� ̈õ…Á Öý³üßþ Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ¬° º±…üÈ Ö±…üñ~ C|

¬° ›~ôë5 „ì~û …¶•. ð}†ü� ð»†ó ìþ|¬ø~€ Þ†ì�õ²ü•|ø†ÿ {õèý~ º~û

Âíò ¬…º}ò ¶©}þ ìñ†¶�€ Ÿã†èþ „ðù† ‹ú3mc/g7/1 …Ö³…ü¼ ô ìÛ~…°

¤Œ†Ž|ø†ÿ ‹†Úþ|ì†ð~û {† 7/6% Þ†ø¼ ü†Ö}ú …¶•.

¬° ºßê9 {¿†ôü± ìýß±ô¶ßõ’ ðõ°ÿ ¬ô ðíõðú ¶†̈}ú º~û ¬°

º±…üÈ Ö±…üñ~ A| ô C| ð»†ó ¬…¬û º~û …¶•.  ìÛ~…° ²ü†¬ ¤Œ†Ž ‹†Úþ|ì†ð~û

¬° Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ‹† Ö±…üñ~ Þý·ú ̈çŠ {ñù† ì»†ø~û ìþ|ºõ¬

)ºßê9 -…èØ(.  ìñ†ÆÜ ‹ýò æüú|ø†ÿ …èý†Ù€ Þú Ò†èŒ†_ Òñþ …² °²üò|…ð~€

ð·Œ• ‹ú ìñ†ÆÜ �õºý~û …² …èý†Ù ‹ú Æõ° ôüµû|…ÿ ìÛ~…° ¤Œ†Ž ‹ý»}±ÿ

¬…°ð~. „ºß†°… ì»†ø~û ìþ|ºõ¬€ Ö±…üñ~ Þý·ú ̈çŠ {ñù†€ ‹†²¬û ìñ†¶Œþ

ð~…°¬. ¬° Þ†ì�õ²ü• ¶†̈}ú º~û ‹† …üò Ö±…üñ~ ðú {ñù† ìÛ~…° °²üò

‹†Úþ|ì†ð~û ìõ°¬ ðË±€ ‹éßú ‹ú Æõ° ôüµû ìÛ~…° ¤Œ†Ž ‹†Úþ|ì†ð~û ðý³

ì»ßê„Ö±üò …¶•. ¬° ºßê9 -Ž ì»†ø~û ìþ|ºõ¬€ ìÛ~…° ¤Œ†Ž ‹†Úþ

ì†ð~û ¬° Þ†ì�õ²ü• ¶†̈}ú º~û …² °…û Ö±…üñ~ …{õÞçô ð·Œ• ‹ú Ö±…üñ~

Þý·ú ̈çŠ {ñù† ‹·ý†° Þí}± º~û …¶•.  |

üßþ …² Þ†°‹±¬ø†ÿ …¾éþ Þ†ì�õ²ü•|ø†ÿ Öñõèþ -�ñŒú ð·õ² ¬° ¾ñ†üÐ

øõ…ÖÃ† ‹ú ôüµû Ö~…ºõð~û|ø† ô ‹~ðú ÖÃ†�ýí†ø†ÿ ‹±â»•|�̄ü± ‹ú ›õ

ºßê 8 -ðíõ¬…° Ÿ±̈ú  �©• Þ†ì�õ²ü• Öñõèþ -�ñŒú ð·õ²…² °…û Ö±…üñ~

…{õÞçô.

ì~ôë

¨í»þ

)aPG( A

…¶}¥ß†ï

¨í»þ

)aPM( A

ì~ôë

¨í»þ

)aPG( C

…¶}¥ß†ï

¨í»þ

)aPM( C

ºí†°û ðíõðú

25/5

21/5

03/6

25/5

26/4

64/5

26/0

03/26

74/76

20/75

91/55

19/06

85/06

08/4

79/6

54/7

02/6

59/6

01/7

39/6

64/0

21/57

48/57

14/47

23/57

19/47

21/57

15/0

1

2

3

4

5

ìý†ðãýò

…ð¥±…Ù ìÏý†°

›~ôë 4-ð}†ü� ̈õ…Á ̈í»þ Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û …² °…û

|º±…üÈ Ö±…üñ~ A| ô C.

›~ôë 5-ð}†ü� ̈õ…Á Þ†ì�õ²ü• ø†ÿ ¶†̈}ú º~û ‹† º±…üÈ Ö±…üñ~ C.|

ìÛ~…°¤Œ†Ž )%( Ÿã†èþ )3mc/g( ¶©}þ )D erohS( ºñ†¶ú ÚÇÏú

4/6|

1/7|

5/6|

7/7|

1/6|

7/6

86/1

46/1

27/1

37/1

37/1

07/1

3±29

3±29|

3±39|

3±88|

3±09|

3±19

1C

2C

3C

4C

5C

ìý†ðãýò
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…¶•. ô›õ¬ ¤~ô¬ 01% ¤Œ†Ž ‹±…ÿ Þ†ø¼ Â±ü� ð×õ® â±ì† ô °¶†ð†üþ

â±ì†üþ Þ†ì�õ²ü•|ø†ÿ Ö~…ºõð~û ‹ú Þ†° °Ö}ú ¬° ìõ{õ° ìõºà€ ‹ú ôüµû

¬° Ú·í• ô…â±…ÿ ºý�õ°û Þú ¬ì†ÿ ºÏéú ¤~ô¬ Co0003 …¶•€ æ²ï

…¶•. …² Æ±Öþ€ Ö~…ºõð~û|ø†ÿ ‹ú Þ†° °Ö}ú ¬° ‹~ðú ÖÃ†�ýí†ø†ÿ

‹±â»•|�̄ü± ‹ú ›õ ‹†ü~ ìÛ~…° ¤Œ†Ž ‹ùýñú|…ÿ ¬…º}ú ‹†ºñ~ {† Âíò

Þ†ø¼ °¶†ð†üþ â±ì†üþ ô ì¥†ÖË• …² ‹~ðú Öé³ÿ ¬° ‹±…‹± ¬ì†ÿ Co0003€

…² …¶}¥ß†ï ìß†ðýßþ ²ü†¬ÿ ðý³ ‹±̈õ°¬…° ‹†ºñ~ ô ¬° ‹±…‹± ðý±ôø†ÿ

‹±ºþ ô …¾Çß†á º~ü~ ‹ú ô›õ¬ „ì~û ¬° ¤ýò ô°ô¬  ‹ú ›õ ‹ú ̈õ‹þ

ìÛ†ôì• Þññ~ ]32[. ‹ñ†‹±…üò€ ‹† …¶}×†¬û …² Ö±…üñ~ Þý·ú ̈çŠ ô …{õÞçô

ìþ|{õ…ó ìÛ~…° ‹ùýñú ¤Œ†Ž ìõ°¬ ðý†² Þ†ì�õ²ü•|ø† °… Þñ}±ë Þ±¬ ô …² „ðù†

‹±…ÿ ¶†̈• Ö~…ºõð~û|ø†€ ¶�±ø† ô Î†üÜ|ø†ÿ â±ì†üþ ìõ°¬ ðý†² ¬°

¾ñ†üÐ øõ…ÖÃ† ô ðý±ôâ†û|ø†ÿ â±ì†üþ …¶}×†¬û Þ±¬ ]32€41€21[.

ð}ýœú|âý±ÿ

‹±…ÿ ¶†̈• ðíõðú|ø†ÿ „²ì†ü»ã†øþ ô ¬°á ì×†øýî …¾éþ ô Îíéþ

Ö±…üñ~ …{õÞçô ô …ðœ†ï „²ìõó|ø†ÿ „²ì†ü»ã†øþ °ôÿ Þ†ì�õ²ü•|ø†ÿ

¶†̈}ú º~û üà ¶†ì†ðú …{õÞçô ¶†¬û Æ±…¤þ ô ¶†̈}ú º~. {¿†ôü±

ìýß±ô¶ßõ’ ðõ°ÿ ¶Ç¦ ìÛÇ¦ Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ‹ú ̈õ‹þ

ð»†ó ¬…¬ Þú ìÛ~…° ô ÚÇ± ¤Œ†Ž Þ†ì�õ²ü•|ø†ÿ {ùýú º~û ‹† Ö±…üñ~

…{õÞçô ð·Œ• ‹ú Þý·ú ̈çŠ ‹ú Æõ° Ú†‹ê {õ›ùþ Þ†ø¼ ü†Ö}ú …¶•.

Ÿã†èþ Þ†ì�õ²ü•|ø†ÿ Öñõèþ -�ñŒú ð·õ² ¶†̈}ú º~û ‹† Ö±…üñ~ …{õÞçô

{† 31% ‹ý»}± ô ìÛ~…° ¤Œ†Ž|ø†ÿ ‹†Úþ|ì†ð~û ¬° „ðù† {† 421% Þí}± …²

Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ‹† Ö±…üñ~ Þý·ú ̈çŠ {ñù†¶•. ‹±°¶þ

…¶}¥ß†ï ̈í»þ Þ†ì�õ²ü•|ø† ðý³ ð»†ó ¬…¬€ …¶}¥ß†ï ô ì~ôë ̈í»þ

Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ‹† Ö±…üñ~ …{õÞçô ‹ú {±{ý� 42 ô 72% ‹ý»}±  …²

Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ‹† Ö±…üñ~ Þý·ú ̈çŠ …¶•. ìÛ~…° ¤Œ†Ž

Þ†ì�õ²ü•|ø†ÿ Öñõèþ ‹† …Ö³…ü¼ Ö»†° {† rab3 Þ†ø¼ ìþ|ü†‹~€ ôèþ �̧

…² „ó ‹† …Ö³…ü¼ Ö»†° ìÛ~…° ¤Œ†Ž …Ö³…ü¼ ìþ|ü†‹~.

Ú~°¬…ðþ

…² �µôø»ß~û ìùñ~¶þ ¶†²ì†ó ÖÃ†üþ …ü±…ó ‹ú ¬èýê ¤í†ü• ì†èþ ô …²

„Ú†ü†ó ¬Þ}± …¤í~°Â† ‹ù±…ìý†ó ô ìùñ~¹ „²…¬ Þ†Þ·õð~ÿ ‹ú ¬èýê

ì»†ô°û ô øíß†°ÿ ¬° …ðœ†ï …üò �µôø¼ Ú~°¬…ðþ ìþ|ºõ¬.

ºßê 9 -°ü³ðã†°Þ†ì�õ²ü• ¶†̈}ú º~û ‹† Ö±…üñ~: )…èØ( Þý·ú ̈çŠ

)x|001( ô )Ž( …{õÞçô )x|001(.
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