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Hemicellulose of Southern Yellow Pine wood spices was extracted by pressurized hot water at three
different temperatures: 140°C, 155°C and 170°C. Compounding with PP (polypropylene) was per-
formed by extrusion after preparing wood flour and sieving to determine its mesh size. The ratio of
wood to polymer was 50:50 based on oven-dry weight of wood flour. All extraction treatments and
control samples were compounded under two sets of conditions, without and with 2% MAPP as cou-
pling agent. Injection molding was used to make tensile test samples (dogbone) from the pellets
made by extrusion. Thermal properties of wood-plastic composites were studied by TGA and DSC
while the thermal stability of pretreated wood flours, PP and MAPP were studied by TGA as well.
The greater weight loss of wood materials was an indication that higher treatment temperature
increases the extractability of hemicellulose. The removal of hemicellulose by extraction improves
thermal stability of wood flour, especially for extraction at 170°C. Wood-plastic composites made
from extracted fibers at 170°C showed the highest thermal stability. Coupling agent did not have a
significant effect on thermal stability but it improved the degree of crystallinity of the composites.
Surface roughness of wood fiber increased after treatment. Extraction of hemicellulose increased the
degree of crystallinity but it was not significant except for samples from treated wood flour at 170°C
and with MAPP. 
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¬¶}ã†û Ú†è�|âý±ÿ {³°üÛþ  reffehS| ¶†̈• itannicniC| „ì±üß†€

…Þ·}±ô¬° ¬ô�ý¡þ øî|¶õâ±¬ ztirtsieL| ì~ë 72 ORCIM€ ¬¶}ã†û

{œ³üú â±ì†ô²ó|¶ñœþ 1 siryP| ¶†̈•  remlE nikreP| ô ìýß±ô¶ßõ’

…èß}±ôó ÎŒõ°ÿ ssireZ| ì~ë   5251 DE| ¶†̈• „ì±üß† ‹ú Þ†° â±Ö}ú º~.

°ô½|ø†

…¶}©±…ž øíþ|¶éõèõ² ô „ì†¬û|¶†²ÿ „°¬ ŸõŽ

…² {±…ºú ø†ÿ ŸõŽ Þ†ž ²°¬  ).pps suniP(| ‹† Â©†ì• {Û±üŒþ mm |7/0

…¶}×†¬û ô øíþ|¶éõèõ² „ðù† ‹† °ô½ „Ž ¬…Õ ²ü± Ö»†° …¶}©±…ž º~. ¬°

…üò °ô½€ „Ž ô ìõ…¬ èýãñõ¶éõèõ²ÿ ‹† ð·Œ• 02 ‹ú 1 ¬° ¬üä �©• ‹ú

ì~– nim|06 ¬° ¶ú ¶Ç¦ ¬ì†üþ 041€ 551 ôCo071 )‹ú Îñõ…ó Î†ìê ì}Óý±(

ô ²ü± Ö»†° â±ì†¬øþ º~ð~. Ö»†° ¬…̈ê ¬üä �©• ‹† …Ö³…ü¼ ¬ì† …Ö³…ü¼

ìþ|ü†Ö•. Ö»†° ¤~…Þ±̃ ¬° ¬ì†ø†ÿ ìõ°¬ ðË± ¬° ›~ôë 1 …°…̂ú º~û|…ð~.

�̧ …² �†ü†ó Îíê„ô°ÿ â±ì†üþ€ {±…ºú|ø† ¬° „Ž º·}ú º~û ô ¬° øõ…ÿ

„²…¬ ô �̧ …² „ó ¬° â±ï|̈†ðú ‹† ¬ì†ÿ Co07 ‹ú ì~– h| 84 ̈»à º~ð~.

¬°¾~ Þ†ø¼ ô²ó {±…ºú|ø† ‹† {õ›ú ‹ú ô²ó ̈»à „ðù† �ý¼ ô �̧ …²

Îíê„ô°ÿ ì¥†¶Œú º~. {±…ºú|ø†ÿ ̈»à º~û ‹ú ô¶ýéú „¶ý†Ž {ýÓú|…ÿ

‹ú „°¬ ŸõŽ {Œ~üê ô ‹† …èà|ø†ÿ 001 ô 04 ì¼ Ò±‹†ë º~ð~. „°¬ ŸõŽ

‹†Úþ|ì†ð~û ‹† …ð~…²û ìñ†¶� ‹ú ì~– h| 21 ¬° â±ï|̈†ðú ‹† ¬ì†ÿ Co2±301

Þ†ìç_ ̈»à ô ‹±…ÿ ¶†̈• Þ†ì�õ²ü• ‹ú Þ†° â±Ö}ú º~.

|

Ö±…üñ~ …̈}çÉ ô {³°üÜ

{±Þý� ðíõðú|ø†ÿ Îíê„ô°ÿ º~û ì©}éØ ô Îçî̂ …̈}¿†°ÿ „ðù† ¬°

›~ôë 2 …°…ú̂ º~û …¶•. „°¬ ŸõŽ ô ¬…ðú|ø†ÿ �éþ|�±ô�ýéò ¬°

…Þ·}±ô¬° ¬ô�ý¡þ øî|¶õâ±¬ ‹† ÚÇ± mm72 ô ‹† ð·Œ• ÚÇ± ‹ú Æõë 1 ‹ú

04 ì©éõÉ º~ð~. ð·Œ• …̈}çÉ „°¬ ŸõŽ ‹ú �éýí±05/05 ‹õ¬ )‹± ìŒñ†ÿ

ô²ó ̈»à „°¬ ŸõŽ(. ¬ì†ÿ …̈}çÉ ¬° Æõë …Þ·}±ô¬° …² 081 {†

Co591€ ¬ì†ÿ ¤~ü~û Co081 ô ¶±Î• Ÿ±̈¼ �ý¢ mpr03 ‹õ¬. ìõ…¬

ì©éõÉ º~û °º}ú|…ÿ ºßê �̧ …² ̈±ôž …² …Þ·}±ô¬°€ ¬° „Ž ÒõÆú|ô°

º~ð~ {† ̈ñà ºõð~ ô ‹ú Þíà üà ¬¶}ã†û ¬…ðú|¶†² ‹ú ¬…ðú {Œ~üê º~ð~.

¬…ðú|ø†ÿ ¶†̈}ú º~û ¬° â±ï|̈†ðú ‹† ¬ì†ÿ Co2±301 ‹ú ì~– h21 ̈»à

ô ¶�̧ ðíõðú|ø†ÿ „²ìõó Þ»¼ ìÇ†‹Ü …¶}†ð~…°¬ 836D MTSA| ‹ú

ô¶ýéú ¬¶}ã†û Ú†è�|âý±ÿ {³°üÛþ ¶†̈}ú º~ð~. ¬ì†ÿ ì¥×Ëú …̈}çÉ

Co091 ô ¬ì†ÿ Ú†è�  Co531 ‹õ¬.

›~ôë 1 -Þ†ø¼ ô²ó ìõ…¬ Ÿõ‹þ ¬° ¶Çõ§ ì©}éØ Îíê„ô°ÿ.

Þ†ø¼ ô²ó  )%( Ö»†° ¤~…Þ±̃ )aPK( ¬ì† ) Co(

2/8|

7/71|

6/42

382|

384|

717

041

551

071

›~ôë 2 -{±Þý� ðíõðú|ø†ÿ ì©}éØ.

ŸõŽ -�ç¶}ýà „°¬ ŸõŽ

„°¬ ŸõŽ+ PP
º†ø~ )‹~ôó Îíê„ô°ÿ(

„°¬ ŸõŽ +PP|+ PPAM

„°¬ ŸõŽ+ PP
Îíê„ô°ÿ º~û ¬° Co041

„°¬ ŸõŽ + PP|+ PPAM

„°¬ ŸõŽ+PP
Îíê„ô°ÿ º~û ¬° Co551

„°¬ ŸõŽ+PP|+ PPAM

„°¬ ŸõŽ+PP
Îíê„ô°ÿ º~û ¬° Co071

„°¬ ŸõŽ+PP|+ PPAM
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„²ìõó AAGGTT|

„²ìõó AGT| ‹±…ÿ ‹ú ¬¶• „ô°¬ó …÷± â±ì†¬øþ ô ðý³ ì†¬û ›×•|Þññ~û ‹±

�†ü~…°ÿ â±ì†üþ „°¬ ŸõŽ ô Þ†ì�õ²ü• ¬° 4 {ß±…° ‹±…ÿ ø± ðíõðú …ðœ†ï

º~. Îçôû ‹± „°¬ ŸõŽ ô Þ†ì�õ²ü•€ ðíõðú|ø†üþ …² PP| ô PPAM| ðý³

‹±…ÿ ìÛ†ü·ú ‹† „ðù† „²ì†ü¼ º~ð~.

‹±…ÿ …ðœ†ï …üò „²ìõó ðíõðú|ø†üþ ‹† ô²ó ‹ýò 5 {†  gm7  …² ìõ…¬ ìõ°¬

ðË± {ùýú ô ¬° ¬¶}ã†û AGT| Ú±…° ¬…¬û º~. ðíõðú|ø† …² ¬ì†ÿ 52 {† Co008

ô ‹† ¶±Î• nim/Co02 â±ï º~ð~. …üò „²ìõó ¬° ìœ†ô°– â†² ðý}±ôó́

…ðœ†ï º~ {† …² …Þ·†ü¼ ìõ…¬ ›éõâý±ÿ ºõ¬. Þ†ø¼ ô²ó ðíõðú ¬° Æõë

²ì†ó â±ì†¬øþ ÷Œ• ô ¶±Î• Þ†ø¼ „ó ðý³ ‹† …¶}×†¬û …² ðíõ¬…° GTD

)cirtemivargomreht evitavired( ô ð±ï|…Ö³…° ¬¶}ã†û  ì¥†¶Œú º~.

‹±°¶þ ̈õ…Á â±ì†üþ ‹ú °ô½ CCSSDD|

‹±…ÿ …ðœ†ï …üò „²ìõó ðíõðú|ø†üþ ‹ú ô²ó gm9-7  …² ðíõðú|ø†ÿ Þ»¼

›~… ô ¬° 4 {ß±…° ‹±…ÿ ø± ðíõðú …ðœ†ï º~. ðíõðú|ø† ¬° ì¥×Ëú|ø†ÿ

„èõìýñýíþ ÞõŸà ‹ú Þíà �±¹ ¬¶}þ Ö»±¬û ô ¶�̧ ¬° ¬¶}ã†û

CSD| Ú±…° ¬…¬û º~ð~. â±ì†¬øþ ‹ú ºßê ð†øî|¬ì† ô ‹ú ìÛ~…° nim/Co|01

‹ú {±{ý� ²ü± …ðœ†ï º~:

- â±ì†¬øþ …² 52 {† Co002€  |

- â±ì†¬øþ ¬° ¬ì†ÿ Co002 ‹ú ì~– nim01 ‹±…ÿ …² ‹ýò ‹±¬ó ¶†‹Ûú

â±ì†¬øþ …ôèýú€   |

- ̈ñà Þ±¬ó …² ¬ì†ÿ 002 {† Co52 ô  |

- â±ì†¬øþ ¬ô‹†°û …² ¬ì†ÿ 52 {† Co002.

¬…¬û|ø†ÿ …ôèýò ¶±ì†ü¼ ô ¬ôìýò ì±¤éú â±ì†¬øþ ‹±…ÿ {¥éýê ð}†ü�

…¶}×†¬û º~ð~. ¬ì†ÿ ®ôŽ )mT(|€ „ð}†è�þ ®ôŽ )mHΔ(|€ ¬ì†ÿ ‹éõ°üñãþ

)cT(€| „ð}†è�þ ‹éõ°üñãþ )cHΔ(| ô ¬°›ú ‹éõ°üñãþ )cX(| …² °ôÿ ðíõ¬…°ø†

ì¥†¶Œú º~ð~. |¬°›ú |‹éõ°üñãþ )cX(|‹ú Þíà ìÏ†¬èú )1( ì¥†¶Œú º~ ]|8[:|

Þú ¬° „ó mHΔ| „ð}†è�þ ®ôŽ ðíõðú€ *mHΔ„ð}†è�þ ®ôŽ ðíõðú PP

¾~¬°¾~ |‹éõ° )Þú g/J|091 ¬° ðË± â±Ö}ú º~( ô W¬°¾~ ô²ðþ �éýí±

¬° Þ†ì�õ²ü• …¶•.

‹±°¶þ ºßê|ºñ†¶þ …èý†Ù ŸõŽ ‹† MMEESS|

ðíõðú|ø†üþ …² …èý†Ù Îíê„ô°ÿ º~û ô ð»~û ‹±…ÿ ìÇ†èÏú ºßê|ºñ†¶þ

¶Ç¦ …èý†Ù °ôÿ ðõ…° Ÿ·� Þ±‹ò Ú±…° ¬…¬û ô ‹† æüú|…ÿ …² Æç �õº¼

¬…¬û º~. {¿†ôü± ‹ú Þíà ìýß±ô¶ßõ’ …èß}±ôó ÎŒõ°ÿ ¬° ôè}†́ Vk2

‹±¬…º• º~ð~.

|

ð}†ü�  ô‹¥™

Þ†ø¼ ô²ó ìõ…¬ Ÿõ‹þ �̧ …² …¶}©±…ž øíþ|¶éõèõ²

‹† {õ›ú ‹ú ¤Ù̄ øíþ|¶éõèõ²ø†€ ô²ó ìõ…¬ Ÿõ‹þ Þ†ø¼ ü†Ö• Þú

¬°¾~ Þ†ø¼ ô²ó „ðù† ¬° Îíê„ô°ÿ|ø†ÿ ì©}éØ ¬° ›~ôë 2 …°…̂ú

º~û …¶•. ‹† {õ›ú ‹ú …üò Þú øíþ|¶éõèõ² ð†�†ü~…°{±üò ì†¬û �éýí±ÿ

ŸõŽ …¶•€ ìþ|{õ…ó â×• Þú ¤Ù̄ øíþ|¶éõèõ² Î†ìê …¾éþ Þ†ø¼

ô²ó „ó …¶•. øí†ó|Æõ°Þú ›~ôë2 ð»†ó ìþ|¬ø~€ ¬° ¬ì†ÿ Co071

‹ý»}±üò Þ†ø¼ ô²ó °« ¬…¬û …¶• )42%(€ ‹† {õ›ú ‹ú …üò Þú ìÛ~…°

øíþ|¶éõèõ² ¶õ²ðþ ‹±â†ó ¤~ô¬ 52 ¬°¾~ …¶•€ ‹ñ†‹±…üò ìþ|{õ…ó

â×• Þú ‹©¼ ‹ý»}± øíþ|¶éõèõ²ø† ¬° …üò ¬ì† …² ŸõŽ ̈†°ž º~û|…ð~

]|81[|. „Ž ¬…Õ ìñœ± ‹ú ›~… º~ó â±ôû|ø†ÿ …¶}ýê øíþ|¶éõèõ² ô {»ßýê

…¶}ýà …¶ý~ ô ¶†ü± …¶ý~ø†ÿ „èþ ìþ|ºõ¬ ]|51[|. …¶ý~ø†ÿ {»ßýê º~û ô

øî|Ÿñýò „Ž Þú ¬° ¬ì†ÿ ‹†æ ì†ðñ~  …¶ý~ Îíê ìþ|Þñ~€ ‹ú Îñõ…ó

Þ†{†èý³ô° Îíê Þ±¬û ô ‹†Î™ …Ö³…ü¼ „Ž|Þ†Ö• øíþ|¶éõèõ² …² °…û

ºß·}ò �ýõð~ø†ÿ âéýßõ²ü~ÿ ¬° øíþ|¶éõèõ²€ {»ßýê Úñ~ø†ÿ

ìõðõì± ô {õèý~…– ›†ðŒþ  ìþ|ºõð~ ]|61€51[|. ¬ì†ÿ ‹†æ{± ‹†Î™ …Ö³…ü¼

Ö»†° ô ¬° ð}ýœú …Ö³…ü¼ ð×õ® „Ž ¬…Õ ô …¶ý~ø†ÿ „èþ ‹ú ¬…̈ê ¬üõ…°û

¶éõë|ø† ô …Ö³…ü¼ „Ž|Þ†Ö• ô {©±ü� øíþ ¶éõèõ² ìþ|ºõ¬.

�†ü~…°ÿ â±ì†üþ

¬°¾~ Þ†ø¼ ô²ó ðíõðú|ø†ÿ „°¬ ŸõŽ ¬° ¶Çõ§ ì©}éØ Îíê„ô°ÿ

â±ì†üþ ¬° ºßê 1 …°…̂ú º~û …¶•. øí†ó|Æõ° Þú ¬ü~û  ìþ|ºõ¬€ {œ³üú

„°¬ ŸõŽ …² ¬ì†ÿ ¤~ô¬ Co022 º±ôÑ ô {† ¬ì†ÿ ¤~ô¬ Co005 {œ³üú

„ó {Û±üŒ†_ Þ†ìê ô ̈†Þ·}± ‹†Úþ ìþ|ì†ð~. øíþ|¶éõèõ² Þí}±üò �†ü~…°ÿ °…

¬° ‹±…‹± â±ì† ¬…°¬ ô {œ³üú „ó …² ¬ì†ÿ Co522 º±ôÑ ìþ|ºõ¬€ �̧ …²

øíþ|¶éõèõ² ‹ú {±{ý� ¶éõèõ² ô èýãñýò {©±ü� ìþ|ºõð~ ]|8[|. {œ³üú

èýãñýò …² ¶éõèõ² ²ô¬{± „Ò†² ìþ|ºõ¬ )¬ì†ÿ º±ôÑ {œ³üú èýãñýò Co002

ô ‹±…ÿ ¶éõèõ² ¤~ô¬ Co573 …¶•(. …ì†€ Ÿõó èýãñýò ìÛ†ôì• ‹ý»}±ÿ

¬° ‹±…‹± â±ì† ð»†ó ìþ|¬ø~€ ¶±Î• {©±ü� „ó Þí}± …² ¶éõèõ² …¶•

]|8[|. ¬èýê …üò °Ö}†° ¬° èýãñýò {©±ü� ‹±̈þ �ýõð~ø†ÿ ð·Œ}† ÂÏýØ

â±ôû|ø†ÿ „èßýéþ ì}¿ê ‹ú ¤éÛú|ø†ÿ „°ôì†{ýà „ó ¬° ¬ì†ø†ÿ �†üýò

…¶•€ ¬° ¤†èþ Þú �ýõð~ø†ÿ Úõÿ ¬° ¤éÛú|ø†ÿ „°ôì†{ýà „ó ¬° ¬ì†ø†ÿ

‹†æ{± {©±ü� ìþ|ºõ¬. ‹ú …üò ¬èýê „ó °… ìÛ†ôï|{±üò {±Þý� ŸõŽ

ìþ|¶†²¬ ]|02€91[|. {œ³üú ¶éõèõ² ìñœ± ‹ú {õèý~ â†²ø†ÿ Ö±…° ìþ|ºõ¬€

100
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ôèþ {œ³üú èýãñýò ìñœ± ‹ú {õèý~ ÚÇ±…ó ô ²Ò†ë ìþ|ºõ¬ ]|8[|.  |

ðíõ¬…° AGTì±‹õÉ ‹ú Îíê„ô°ÿ|ø†ÿ ì©}éØ ð»†ó ìþ|¬ø~ Þú ‹†

…Ö³…ü¼ ìÛ~…° ¤Ù̄ øíþ|¶éõèõ² �†ü~…°ÿ â±ì†üþ „°¬ ŸõŽ …Ö³…ü¼

ìþ|ü†‹~. …̈}çÙ ‹ýò �†ü~…°ÿ â±ì†üþ ðíõðú º†ø~ ô ðíõðú Îíê„ô°ÿ

º~û ¬° ¬ì†ÿ Co071€ Þú {Û±üŒ†_ ‹~ôó øíþ|¶éõèõ² …¶•€ ì»ùõ¬{±

…¶•. ìñ¥ñþ GTD)ºßê 1 Ž( ð»†ó ìþ|¬ø~€ ¶±Î• Þ†ø¼ ô²ó

ðíõðú ‹~ôó øíþ|¶éõèõ² ¬° ì±…¤ê …‹}~…üþ â±ì†¬øþ ô ¤}þ {† ¬ì†ÿ

¤~ô¬ Co024 Þí}± …² ðíõðú º†ø~ …¶•. …üò ìõÂõÑ ð»†ó ìþ|¬ø~€ ‹†

¤Ù̄ øíþ|¶éõèõ² ô …Ö³…ü¼ ¬°¾~ èýãñýò ô ¶éõèõ² ¬° ìÛ~…° ô²ó

ì»©À „°¬ ŸõŽ �†ü~…°ÿ â±ì†üþ „ó ðý³ ‹ý»}± ìþ|ºõ¬. ¬°ºßê|ø†ÿ

GTD| ¬° ¬ì†ÿ ¤~ô¬ Co093 ìñ¥ñþ ì±‹õÉ ‹ú ðíõðú º†ø~ ){† ¤~ô¬ÿ

ðíõðú Îíê„ô°ÿ º~û ¬° Co041( Þ†ø»þ ¬° ¶±Î• {©±ü� ð»†ó

ìþ|¬ø~€ ¬° ¤†èþ Þú ¬° ðíõðú Îíê„ô°ÿ º~û ¬° Co071 …üò {Óýý± ¬°

ìñ¥ñþ ¬ü~û ðíþ|ºõ¬. …üò {Óýý± ‹ú ¬èýê �†ü†ó {œ³üú øíþ|¶éõèõ² ô „Ò†²

{œ³üú ¶éõèõ² …¶• Þú ìÛ†ôï|{± …¶• ô ¬° ¬ì†ÿ ‹†æ{±ÿ …{×†Ý ìþ|…Ö}~

]|12[|. …üò {Óýý± ¬° ìñ¥ñþ GTD| ì±‹õÉ ‹ú ðíõðú Îíê„ô°ÿ º~û ¬°

Co071 ‹† {õ›ú ‹ú ¤Ù̄ {Û±üŒ†_ Þ†ìê øíþ|¶éõèõ² ¬ü~û ðíþ|ºõ¬.

‹±…ÿ ‹±°¶þ ¬ÚýÜ|{± ìÛ~…° {©±ü� â±ì†üþ ¬° ¬ì†ø†ÿ ì©}éØ€

¬°¾~ Þ†ø¼ ô²ó „°¬ ŸõŽ ¬° ¬ì†ø†ÿ ì©}éØ ¬° ›~ôë 3 „ô°¬û

º~û …¶•. ¬° „Ò†² {©±ü� â±ì†üþ ¬° ¬ì†ÿ Co562 ðíõðú º†ø~ 5

¬°¾~ ô²ó ̈õ¬ °… …² ¬¶• ìþ|¬ø~. ‹±…ÿ ¬¶•|ü†‹þ ‹ú ìÛ~…° ì»†‹ú

Þ†ø¼ ô²ó€ ¬ì†ø†ÿ ‹ú {±{ý� 82€ 13 ô Co64 ‹†æ{± …² ðíõðú Þñ}±ë ‹±…ÿ

ðíõðú|ø†ÿ Îíê„ô°ÿ º~û ¬° 041€ 551 ô Co071 ðý†² …¶•. {† 03 ¬°¾~

Þ†ø¼ ô²ó …̈}çÙ ‹ýò ðíõðú|ø†ÿ Îíê„ô°ÿ º~û Ú†‹ê {õ›ú …¶•€

ôèþ �̧ …² „ó ‹† {õ›ú ‹ú º±ôÑ {©±ü� ¶éõèõ² ô �†ü†ó ü†Ö}ò

øíþ|¶éõèõ² …̈}çÙ ‹ýò ðíõðú|ø† Þî ìþ|ºõ¬ )‹ú ôüµû ðíõðú º†ø~ ô

ðíõðú|ø†ÿ Îíê„ô°ÿ º~û ¬° 041 ô Co551( ôèþ ðíõðú Îíê„ô°ÿ º~û

¬° Co071 {† …ð}ù† …̈}çÙ ìÏñþ|¬…°ÿ ‹† ¶†ü± ðíõðú|ø† ð»†ó ìþ|¬ø~.  |

ô›õ¬ �ýõð~ø†ÿ øý~°ô´ðþ Ö±…ô…ó ¬° ¶†̈}†° ¶éõèõ² Þú ìõ›�

ìþ|ºõ¬€ …ð±ÿ́ â±ì†üþ ¬° ‹ýò �ýõð~ø†ÿ ²ü†¬ÿ �©¼ ºõ¬€ ¬èýê …¾éþ

ìÛ†ôì• â±ì†üþ ²ü†¬ „ó …¶• ]|11[|. ¬° ìÇ†èÏ†– ì±‹õÉ ‹ú Îíê„ô°ÿ

…èý†Ù ŸõŽ ‹† ‹©†° ²ü± Ö»†°€ ‹† {õ›ú ‹ú …÷± ì»†‹ú ‹± ¤Ù̄

øíþ|¶éõèõ² ìþ|{õ…ð~ Ú†‹ê ìÛ†ü·ú ‹† …üò Îíê„ô°ÿ ‹†º~. ÷†‹• º~û

…¶• Þú ¬°¾~ èýãñýò �̧ …² Îíê„ô°ÿ …Ö³…ü¼ ìþ|ü†‹~ ô …üò …Ö³…ü¼

Î†ìê …¾éþ …Ö³…ü¼ ìÛ†ôì• â±ì†üþ ìõ…¬ èýãñõ¶éõèõ²ÿ ¬° ¬ì†ø†ÿ

‹†æ¶• ]22[|. ¬° ðíõðú Îíê„ô°ÿ º~û ¬° Co071 ðý³ ‹† {õ›ú ‹ú ‹ý»}±üò

Þ†ø¼ ô²ó ô ¤Ù̄ øíþ|¶éõèõ² �̧ …² Îíê„ô°ÿ ìþ|{õ…ó „ó °… ¬…°…ÿ

‹ý»}±üò ¬°¾~ èýãñýò ô ¶éõèõ² ¬…ð·• ô ‹ý»}± ‹õ¬ó ¬ì†ÿ {©±ü� „ó

°… ð·Œ• ‹ú ¶†ü± ðíõðú|ø†ÿ ¬° ¶Çõ§ ²ü†¬ Þ†ø¼ ô²ó {õ›ýú Þ±¬.

…Ö³…ü¼ èýãñýò ¬° ìõ…¬ èýãñõ¶éõèõ²ÿ€ …èý†Ù èýãñõ¶éõèõ²ÿ °… ¬° ‹±…‹±

…Þ·†ü¼ ¤ýò {©±ü� â±ì†üþ ìÛ†ôï ìþ|¶†²¬ )‹ú ¬èýê ¶†̈}†°

„°ôì†{ýà èýãñýò( Þú ìþ|{õ…ð~ ¬° …Ö³…ü¼ ìÛ†ôì• â±ì†üþ …èý†Ù ¬°

ºßê 1 -ìñ¥ñþ: )…èØ( AGTô )Ž( GTD„°¬ ŸõŽ ¬° ðíõðú|ø†ÿ

Îíê|„ô°ÿ º~û ì©}éØ )›ù• �ýß†ó Þ†ø¼ ¶±Î• {©±ü� …² ðíõðú

Îíê„ô°ÿ ð»~û ‹ú Îíê„ô°ÿ º~û °… ‹† …Ö³…ü¼ ¬ì† ð»†ó ìþ|¬ø~(. 

)…èØ(

)Ž(

›~ôë 3 -¬ì† )Co( ¬° ¬°¾~ø†ÿ ì©}éØ Þ†ø¼ ô²ó „°¬ ŸõŽ

ðíõðú|ø†ÿ ì©}éØ ¬° „²ìõó AGT. 
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ìœ†ô°– …Þ·ýµó ðý³ ìõö÷± ‹†º~  ]|12[|.  |

ìñ¥ñþ|ø†ÿ AGT| ì±‹õÉ ‹ú Þ†ì�õ²ü•|ø†ÿ ‹~ôó  PPAM)ºßê 2 -

…èØ( ô Þ†ì�õ²ü•|ø†ÿ ¤†ôÿ PPAM)ºßê 2-ž( {Óýý± ¬° �†ü~…°ÿ

â±ì†üþ Þ†ì�õ²ü•|ø† °… ‹±…ÿ …¶}×†¬û …² �±Þññ~û|ø†ÿ Îíê„ô°ÿ|º~û

ð»†ó ìþ|¬ø~. ¬° ìñ¥ñþ|ø†ÿ ì±‹õÉ ‹ú Þ†ì�õ²ü•|ø† ¬ô ì±¤éú ¬°

Þ†ø¼ ô²ó ¬ü~û ìþ|ºõ¬. ì±¤éú …ôë Þú …² ¬ì†ÿ ¤~ô¬ 052 {† Co005 °…

¬° ‹±ìþ|âý±¬€ ì±‹õÉ ‹ú „°¬ ŸõŽ ô ì±¤éú ¬ôï Þú …² ¬ì†ÿ ¤~ô¬ 005

{† Co056 …¶•€ ì±‹õÉ ‹ú {©±ü� â±ì†üþ �éýí± …¶• Þú �†ü~…°ÿ

â±ì†üþ ‹ý»}±ÿ ð·Œ• ‹ú ŸõŽ ¬…°¬.

¬° ºßê 3 ì»†ø~û ìþ|ºõ¬ Þú PP| …² ¬ì†ÿ ¤~ô¬Co004 º±ôÑ ‹ú

{œ³üú ìþ|Þñ~ ô {† ¬ì†ÿ Co056 {œ³üú „ó Þ†ìê ìþ|ºõ¬. �†ü~…°ÿ â±ì†üþ

PPAM| ‹ý»}± …² PP| …¶•. …ì†€ ‹† {õ›ú ‹ú ¬°¾~ Þî …¶}×†¬û …² „ó ¬°

Þ†ì�õ²ü•|ø† )2 ¬°¾~ ô²ó Þê Þ†ì�õ²ü•( …̈}çÙ Ú†‹ê {õ›ùþ ‹ýò

�†ü~…°ÿ â±ì†üþ ðíõðú|ø†ÿ ¬…°…ÿ PPAM| ô ðíõðú|ø†ÿ ‹~ôó PPAM|

ì»†ø~û ðíþ|ºõ¬.

ìñ¥ñþ|ø†ÿ GTD| ì±‹õÉ ‹ú Þ†ì�õ²ü•|ø† )ºßê|ø†ÿ 2 -Ž ô ž(

ð»†ó ìþ|¬ø~€ …̈}çÙ ‹ýò �†ü~…°ÿ â±ì†üþ Þ†ì�õ²ü•|ø† ì±‹õÉ ‹ú

ì±¤éú …ôë {©±ü� â±ì†üþ )‹©¼ ì±‹õÉ ‹ú ŸõŽ( …¶•. ‹ú ¬èýê

¤Ù̄ øíþ|¶éõèõ² ¬°„°¬ ŸõŽ€ ‹©¼ …‹}~…üþ ìñ¥ñþ ì±‹õÉ ‹ú

{©±ü� ŸõŽ ¬° ðíõðú Îíê„ô°ÿ º~û ¬° Co071 ¬° ìÛ†ü·ú ‹† ðíõðú

Þñ}±ë ô ¶†ü± ðíõðú|ø† ¶±Î• Þ†ø¼ ô²ó Þí}± ô ¬° ð}ýœú �†ü~…°ÿ

â±ì†üþ ‹ý»}±ÿ ¬…°¬.  |

…̈}çÙ ‹†°²{± ‹ýò ðíõðú º†ø~ ô ðíõðú Îíê„ô°ÿ º~û ¬° ¬ì†ÿ

Co071 ‹†Î™ º~û …¶• {† {œ³üú â±ì†üþ Þ†ì�õ²ü• Þñ~{± ô ¬° ¬ì†ÿ

‹†æ{±ÿ …ðœ†ï ºõ¬. ‹† {õ›ú ‹ú …üò Þú …̈}çÙ ‹ýò ðíõðú|ø† )‹ú ôüµû ‹ýò

ðíõðú º†ø~ ô ðíõðú|ø†ÿ Îíê„ô°ÿ º~û ¬° 041 ô Co551( Þî …¶•€

ºßê 2 -)…èØ( ô)Ž( AGT| ô )ž( ô )¬( GTD| Þ†ì�õ²ü•|ø† ¬° Îíê„ô°ÿ|ø†ÿ ì©}éØ )ºßê|ø†ÿ …èØ ôŽ ì±‹õÉ ‹ú ðíõðú|ø†ÿ ‹~ôó PPAM| ô

ºßê|ø†ÿ ž ô ¬  ì±‹õÉ ‹ú ðíõðú|ø†ÿ ¤†ôÿ PPAM| …¶•(.
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‹±…ÿ ìÛ†ü·ú ‹ù}± ð}†ü� ¬°¾~ Þ†ø¼ ô²ó Þ†ì�õ²ü•|ø† ¬° ¬ì†ø†ÿ

ì©}éØ ¬° ›~ôë 4 „ô°¬û º~û|…ð~. ðíõðú Îíê„ô°ÿ º~û ¬° Co041 ¬°

ø± ¬ô ðõÑ Þ†ì�õ²ü• …̈}çÖþ ‹† ðíõðú º†ø~ ð»†ó ðíþ|¬ø~. ø± Ÿñ~

º±ôÑ {©±ü� â±ì†üþ ðíõðú Îíê„ô°ÿ º~û ¬° Co551 )5 ¬°¾~

Þ†ø¼ ô²ó( ¬° ¬ì†üþ ‹†æ{± …² ðíõðú º†ø~ …¶•€ ôèþ �̧ …² 01 ¬°¾~

Þ†ø¼ ô²ó …̈}çÙ „ó ‹† ðíõðú º†ø~ ð†Ÿý³ ìþ|ºõ¬ )¬° ø± ¬ô ðõÑ

Þ†ì�õ²ü•(.

¬ì†ÿ ìõ°¬ ðý†² ‹±…ÿ {©±ü� ðíõðú Îíê„ô°ÿ º~û ¬° Co071 ¬° 5 ô

01 ¬°¾~ Þ†ø¼ ô²ó ¬° ø± ¬ô ðíõðú ¬…°…ÿ PPAM| ô ‹~ôó PPAM|

¤~ô¬ Co52 ‹ý»}± …² ðíõðú º†ø~ …¶•. ¬° {í†ï Þ†ì�õ²ü•|ø† 05 ¬°¾~

Þ†ø¼ ô²ó ô ‹ý»}± …² „ó ¬° ¬ì†ÿ {Û±üŒ†_ üß·†ó …{×†Ý ìþ|…Ö}~ Þú ‹ú ¬èýê

Þ†ø¼ ‹©¼ Ÿõ‹þ ô Ò†è� º~ó …÷± �éýí± ‹± {©±ü� …¶•. ‹ý»}± ‹õ¬ó

�†ü~…°ÿ â±ì†üþ „°¬ ŸõŽ ðíõðú Îíê„ô°ÿ º~û ¬° Co071 ð·Œ• ‹ú

¶†ü± ðíõðú|ø† ‹ú ¬èýê ¬°¾~ ²ü†¬ èýãñýò ô ¶éõèõ² …¶• Þú Î†ìê …¾éþ

…Ö³…ü¼ ìÛ†ôì• â±ì†üþ Þ†ì�õ²ü• ¶†̈}ú º~û …² …üò ðíõðú …¶•. …÷±

èýãñýò ‹± …Ö³…ü¼ ìÛ†ôì• â±ì†üþ Þ†ì�õ²ü•|ø† ¬° ìÇ†èÏ†– ì©}éØ

ð»†ó ¬…¬û º~û …¶• ô ¬èýê „ó ô›õ¬ ¶†̈}†° „°ôì†{ýà ¬° èýãñýò …¶•

Þú ìÛ†ôì• ²ü†¬ÿ ¬° ‹±…‹± â±ì† ¬…°¬ ô ‹†Î™ …Ö³…ü¼ ìÛ†ôì• â±ì†üþ

Þ†ì�õ²ü• ìþ|ºõ¬]|42€32[|.  |

ð}†ü� CCSSDD|

ð}†ü� ‹±°¶þ ̈õ…Á â±ì†üþ Þ†ì�õ²ü•|ø† )ð†ºþ …² …ð~…²û|âý±ÿ CSD(

¬° ›~ôë 5 …°…̂ú º~û …¶•. {œ³üú ô…°ü†ð̧ ô „²ìõó ¬…ðßò …̈}çÙ

ìÏñþ|¬…°ÿ )10/0<P( °… ‹ýò ìÛ~…° ‹éõ°üñãþ ðíõðú|ø†ÿ ì©}éØ ð»†ó

¬…¬ð~. ‹± …¶†¹ ð}†ü� „²ìõó ¬…ðßò ‹ýò ìÛ~…° ‹éõ°üñãþ ðíõðú|ø†ÿ ‹~ôó

ì†¬û ›×•|Þññ~û …̈}çÙ ìÏñþ|¬…°ÿ ì»†ø~û ðíþ|ºõ¬€ ø± Ÿñ~ ìÛ~…°

‹éõ°üñãþ �̧ …² ¤Ù̄ øíþ|¶éõèõ² …ð~Þþ …Ö³…ü¼ ìþ|ü†‹~. …Ö³ô¬ó ì†¬û

›×•|Þññ~û ‹†Î™ …Ö³…ü¼ ìÏñþ|¬…° ‹éõ°üñãþ ð·Œ• ‹ú ðíõðú|ø†ÿ ‹~ôó

ì†¬û ›×•|Þññ~û º~ )¬° {í†ï ðíõðú|ø†(. ðíõðú Îíê„ô°ÿ º~û ¬° Co071

ô ¬…°…ÿ ì†¬û ›×•|Þññ~û Þú ‹ý»}±üò ìÛ~…° ‹éõ°üñãþ °… ¬…°¬€ …̈}çÙ

ìÏñþ|¬…°ÿ ‹† {í†ï ðíõðú|ø† ð»†ó ¬…¬. ºßê|ø†ÿ 4 ô 5 …̈}çÙ ‹ýò

¨õ…Á â±ì†üþ ðíõðú Þñ}±ë ô ðíõðú Îíê„ô°ÿ º~û ¬° Co071 ¬…°…ÿ

ì†¬û ›×• Þññ~û °… ð»†ó ìþ|¬ø~ Þú ì»ùõ¬{± …² ¶†ü± ðíõðú|ø† ø·}ñ~.    |

|øñã†ìþ Þú �éýí± ì̄…Ž ¬° ìœ†ô°– ¶Ç¦ ̈†°›þ ‹† Ú†‹éý• …üœ†¬

ø·}ú|ø†ÿ ‹éõ°ÿ Ú±…° âý±¬€ ¬° ¶Ç¦ …èý†Ù ‹éõ°ø† ¬° ›ù• ºÏ†Îþ …²

ºßê 3 -ìñ¥ñþ AGT| ì±‹õÉ ‹úPP| ôPPAM.

›~ôë 4 -¬ì† )Co( ¬° ¬°¾~ø†ÿ ì©}éØ Þ†ø¼ ô²ó Þ†ì�õ²ü•|ø† ¬°

ðíõðú|ø†ÿ ì©}éØ ¬° „²ìõó AGT. 
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¶Ç¦ „ó °º~ Þ±¬û ô ‹†Î™ {»ßýê æüú|…ÿ ‹éõ°ÿ ¬° …Æ±…Ù …èý†Ù

ìþ|ºõ¬ ]52[|. …èý†Ù èýãñõ¶éõèõ²ÿ ô ¶Ç¦ „ðù† ðý³ ‹ú Îñõ…ó Î†ìê

…üœ†¬Þññ~û ø·}ú|ø†ÿ ‹éõ° ÿ Îíê ìþ|Þññ~ ô ¬° {í†¹ ‹† �éýí±ø†ÿ

ðýíú|‹éõ°ÿ ‹†Î™ {»ßýê …üò æüú ìþ|ºõð~ ]|52€71€1[.

|ìÇ†èÏ†– ²ü†¬ÿ ¬° ‹†°û Ÿãõðãþ {»ßýê …üò æüú ô …÷± „ó ‹± ̈õ…Á

Þ†ì�õ²ü•|ø† …ðœ†ï º~û …¶• ]|62€52€71€1[|. ìÛ~…° {»ßýê …üò æüú ‹ú

Îõ…ìê ²ü†¬ÿ …² ›íéú {±Þý� ºýíý†üþ ô ºßê|ºñ†¶þ ¶Ç¦  …èý†Ù

‹·}ãþ ¬…°¬ ]|52€1[|. ‹ú Æõ° Þéþ ìþ|{õ…ó â×•€ ø±Ÿú ¶Ç¦ …èý†Ù ²‹±{±

‹†º~€ ìÛ~…° {»ßýê …üò æüú ‹ý»}± …¶•. ¬° ‹ýò �éýí±ø†ÿ ìõ…¬

èýãñõ¶éõèõ²ÿ€ ¶éõèõ² ìÛ~…° {»ßýê …üò æüú °… …Ö³…ü¼ ìþ|¬ø~ ô

èýãñýò ô øíþ|¶éõèõ² ðÛ»þ ‹†²¬…°ð~û °… ¬° {»ßýê …üò æüú ¬…°ð~

]|62€52[|. ‹ý»}± ‹õ¬ó ì~ôë Þ»·†ó ô …¶}¥ß†ï ‹±ºþ ô Þ»»þ ¬° …üò

æüú ð·Œ• ‹ú ¶†ü± ‹©¼|ø†ÿ �éýí± ìþ|{õ…ð~ ‹†Î™  ‹ùŒõ¬ ̈õ…Á

ìß†ðýßþ Þ†ì�õ²ü•|ø† ºõ¬ ]|72[|. …¤}í†ë ìþ|°ô¬ {»ßýê …üò æüú€ …² °…û

…üœ†¬ ‹±øî|Þñ¼|ø†ÿ ÷†ðõüú ì†ðñ~ �ýõð~ ô…ð~°ô…ȩ̀ ‹†Î™ Ÿ·Œñ~âþ

‹ù}± ¬° ð†¤ýú ¶Ç¦ ì»}±á€ ‹ùŒõ¬ …ð}Û†ë {ñ¼ …² ²ìýñú ‹ú …èý†Ù ô …Ö³…ü¼

¨õ…Á ìß†ðýßþ Þ†ì�õ²ü• ºõ¬ ]82€71[|. …ð~…²û ô ìÛ~…° ‹éõ°ø† ‹±

¨õ…Á ìß†ðýßþ Þ†ì�õ²ü• …÷± ¬…°¬ ô …Ö³…ü¼ „ðù† ìþ|{õ…ð~ ð»†ðú

¶†²â†°ÿ ô Ÿ·Œñ~âþ ‹ù}± …èý†Ù ô ì†¬û �éýí±ÿ ô ‹ùŒõ¬ ̈õ…Á

ìß†ðýßþ ‹†º~ ]52€71€1[|.
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ø·}ú|ø†ÿ ‹éõ°ÿ ô …Ö³…ü¼ ‹éõ°ø† ¬° …Æ±…Ù …èý†Ù ô …²¬ü†¬ ¬°›ú

‹éõ°üñãþ �éýí± º~û …¶•. ¬° ìÇ†èÏ†–  repraH| ô ttocloW€ niY| ô

øíß†°…ó  ô eeL| ô øíß†°…ó  ðý³ ‹ú ðÛ¼ ì†¬û ›×•|Þññ~û ‹± …Ö³…ü¼

¬°›ú ‹éõ°üñãþ …² °…û …Ö³…ü¼ Ú†‹éý• …üœ†¬ ø·}ú|ø†ÿ ‹éõ°ÿ ¬° …èý†Ù

…º†°û º~û …¶• ]|92€62€1[|.  |

…Ö³…ü¼ ¬°›ú ‹éõ°üñãþ øñã†ï …¶}×†¬û …² ì†¬û ›×•|Þññ~û  ìþ|{õ…ð~ ‹ú

…üò ¬èýê ‹†º~ Þú ìõèßõë|ø†ÿ ì†¬û ¶†²â†°Þññ~û …² °…û …Ö³…ü¼ …{¿†æ–

ìß†ðýßþ ô ¤}þ ºýíý†üþ )‹ýò â±ôû|ø†ÿ …ðý~°ü~ ì†¬û ›×•|Þññ~û ô
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