
W
ater born poly(styrene-butyl acrylate)/clay nanocomposite latexes were

synthesized by a novel initiating system of activators generated by

electron transfer (AGET) in a system of atom transfer radical polymer-

ization (ATRP). Initially, the clay was swelled in a mixture of styrene, butyl acrylate,

and hexadecane. The mixture was then sonicated to obtain a stable miniemulsion. To

synthesize poly(styrene-butyl acrylate)/clay nanocomposite latexes, the reducing

agent (ascorbic acid) was added dropwise to the reactor (to reduce termination reac-

tions). Particle size and particle size distribution of resulting nanocomposite latexes

were determined by dynamic light scattering (DLS). These latex particles were pro-

duced with diameters in the size range of 138-171 nm. In addition, the increase in

clay content led to increased particles size. Number and weight-average molecular

weights of the resultant copolymer nanocomposites and their molecular weight dis-

tributions were determined by gel permeation chromatography. The narrow molecu-

lar weight distribution of the nanocomposites is an indication of a successful ATRP

which was accomplished in miniemulsion formation. Using 1H NMR, copolymers

were characterized and the mol ratios of monomers in copolymer composition were

calculated. X-Ray diffraction and transmission electron microscopy results showed

the mixed intercalated and exfoliated morphologies of nanocomposites in which

homogeneous distributions of clay layers in the polymer matrix have been achieved.
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‹† °ô½ PRTA| â³…°½ Þ±¬û|…ð~ ]92[. …ì† {†Þñõó€ â³…°ºþ ¬° ²ìýñú {ùýú

æ{ß̧ ð†ðõÞ†ì�õ²ü• �éýí± -¨†á|°¹ ‹ú °ô½ �éýí±º~ó °…¬üß†èþ

…ð}Û†ë …{î ¬° ¶†ì†ðú °ü³…ìõè·ýõó …°…̂ú ð»~û …¶•.

…Ö³ôó ‹± {õ²üÐ ìñ†¶� ð†ðõæüú|ø†ÿ ̈†á|°¹ ¬° ‹·}± �éýí±ÿ

ð†ðõÞ†ì�õ²ü•|ø†€ ìþ|{õ…ó ̈õ…Á ‹·}± �éýí± °… ‹† …¶}×†¬û …² °ô½|ø†ÿ

�éýí±º~ó °…¬üß†èþ ²ð~û ‹ùŒõ¬ ‹©»ý~. ‹† …¶}×†¬û …² °ô½ �éýí±º~ó

°…¬üß†èþ …ð}Û†ë …{î ¶ñ}³ �éýí±ø†üþ ‹† ô²ó ìõèßõèþ Þñ}±ë º~û€

º†̈À �±…Þñ~âþ Þî )Þí}± …² 5/1( ô Þõ�éýí±ø†üþ ‹† {±Þý� üßñõ…̈•

)‹ú Îé• Þ†ø¼ ô…Þñ¼|ø†ÿ �†ü†ó( …ìß†ó|�̄ü± …¶•. {õ²üÐ ô²ó

ìõèßõèþ )IDP( Þî ‹·}± �éýí± …÷± Ö±…ô…ðþ ‹± ̈õ…Á ð†ðõÞ†ì�õ²ü•

¬…°¬. ‹ú Æõ° ì˜†ë€ �éýí±ÿ ‹† {õ²üÐ ô²ó ìõèßõèþ Þî€ ‹ú Îé• ì»†‹ú

‹õ¬ó Æõë ²ðœý±ø†ÿ �éýí±ÿ „ó ̈õ…Á â±ì†üþ ‹ù}±ÿ ð»†ó ìþ|¬ø~.

²ü±… ¬° �éýí±ø†ÿ ‹† IDP| ²ü†¬€ ‹† …Ö³…ü¼ ¬ì† …‹}~… ²ðœý±ø†ÿ ÞõŸà

{©±ü� ìþ|ºõð~ ô {©±ü� ²ðœý±ø†ÿ ‹³°å|{± °… „¶†ó ìþ|Þññ~.

æ{ß̧ „‹þ ð†ðõÞ†ì�õ²ü•|ø†ÿ �éýí± -¨†á °¹ Þú {† Þñõó ¬°

ì¥ýÈ|ø†ÿ �±…Þñ~û ¶ñ}³ º~û|…ð~€ …Þ±̃…_ ‹† °ô½ �éýí±º~ó °…¬üß†ë „²…¬

‹ú ¬¶• „ì~û …¶•. �éýí±ø†ÿ ¶ñ}³ º~û ‹† …üò °ô½ �éýí±ø†üþ ‹†

º†̈À �±…Þñ~âþ ²ü†¬ ô ô²ó ìõèßõèþ Þñ}±ë ð»~û ø·}ñ~. ‹ú Æõ°

ì˜†ë€ gnoT| ô øíß†°…ó ð†ðõÞ†ì�õ²ü• �éþ|…¶}ý±ó -̈†á|°¶þ °… ¶ñ}³

Þ±¬ð~ Þú º†̈À �±…Þñ~âþ ‹·}± �éýí±ÿ „ó ¬° ì¥~ô¬û 6/5-3/6 ‹õ¬

]31[. ‹ñ†‹±…üò ¬° Þ†° �µôø»þ ¤†Â±€ ‹† {±Þý� °ô½ �éýí±º~ó

Æ±§ 1 -¶†² ôÞ†° ÖÏ†ë|Þññ~û {õèý~ º~û ‹† …ð}Û†ë …èß}±ôó ‹±…ÿ �éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î.
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô  Ÿù†°ï€ ºí†°û 1€ Ö±ô°¬üò -…°¬üŒù»• 0931 

°…¬üß†èþ …ð}Û†ë …{î ô �éýí±º~ó °ü³…ìõè·ýõðþ€ …ìß†ó ¶ñ}³

ð†ðõÞ†ì�õ²ü• �éýí± -̈†á|°¹ ‹† ‹·}± �éýí± ¬…°…ÿ º†̈À �±…Þñ~âþ

Þî ô ô²ó ìõèßõèþ Þñ}±ë º~û Ö±…øî º~. øî|Ÿñýò€ ‹±…ÿ …ôèýò ‹†° ¶ñ}³

®°…– ð†ðõÞ†ì�õ²ü• �éþ)…¶}ý±ó -Þõ -‹õ{ýê„Þ±üç–( -¨†á|°¹ ‹†

°ô½ PRTA TEGA| ¬° ¶†ì†ðú °ü³…ìõè·ýõó ô ‹±°¶þ ̈õ…Á ô

ì»©¿†– „ó â³…°½ º~û …¶•. ¬° …üò °ô½ ²ð~û€ �†ü~…°ÿ æ{ß̧

Î†ìê ìùíþ …¶•. ìñ†¶�|{±üò â³üñú ‹ú Îñõ…ó Î†ìê ÖÏ†ë ¶Ç¥þ€ Î†ìê

ÖÏ†ë ¶Ç¥þ Þ†{ýõðþ ¶}ýê {±ÿ|ì}ýê|„ìõðýõï|‹±ìý~ )BATC(| …¶• Þú

�†ü~…°ÿ Þéõüý~ÿ °… ¬° ¬ì†ÿ ‹†æ )‹±̈çÙ ð†�†ü~…°ÿ Î†ìê ÖÏ†ë

¶Ç¥þ Òý±üõðþ ì†ðñ~ 89jirB| ¬° ¬ì†ø†ÿ ‹†æ( Ö±…øî ìþ|Þñ~ ô ðý³

ì³…¤í}þ ‹±…ÿ Þ†{†èý³ô° PRTA| ð~…°¬ ]03[. Î†ìê ìùî ¬üã±€ …ð}©†Ž

èýã†ð~ ìñ†¶� ‹±…ÿ ¶†ì†ðú �±…Þñ~û ì†ðñ~ °ü³…ìõè·ýõó …üò …¶• Þú ‹†ü~

èýã†ð~ ‹ú ìÛ~…° ìñ†¶� „Ž|â±ü³ ‹†º~ {† …² ÚÇ±û °ü³…ìõè·ýõó Þú ì¥ê

ô…Þñ¼ …¶•€ ̈†°ž ð»õ¬. ‹~üò ìñËõ° ¬° �µôø¼ ¤†Â±€ …² èýã†ð~

‹·ý†° „Ž â±ü³  ypbNd)4€4 -¬ÿ )5 -ðõðýê( -4 €4 -‹þ|�ý±ü~üò(

…¶}×†¬û º~û …¶•. ‹† {õ›ú ‹ú …üò Þú „¶ßõ°‹ýà …¶ý~ Î†ìê Þ†øñ~û

Úõÿ …¶•€ …üò …¶ý~ ÚÇ±û ÚÇ±û ‹ú °…Þ}õ° …Â†Öú º~ {† ÒéË•

°…¬üß†ë|ø†ÿ {õèý~ º~û ô ô…Þñ¼|ø†ÿ �†ü†ó ‹ú Þí}±üò ìÛ~…° ‹±¶~.

{œ±‹þ

ìõ…¬

…¶}ý±ó )hcirdlA€ 99%( ô ‹õ{ýê|„Þ±üç– )hcirdlA€ 99%( …² ¶}õó

�±º~û ‹† „èõìýñ† ‹±…ÿ ¤Ù̄ ‹†²¬…°ð~û ÎŒõ° ¬…¬û º~ð~.  ‹±…ÿ ¤Ù̄ „Ž

ìõ›õ¬ ¬° ¶†̈}†° ̈†á|°¹ )stcudorP yalC nrehtuoS,B03etisiolC(€

…üò ̈†á ‹ú ì~– Ÿñ~ ¶†Î• ¬° â±ï|̈†ðú ̈çŠ ¬° ¬ì†ÿ Co04 Ú±…°

â±Ö•. ì̧  )II(|‹±ìý~ )2rBuC|€ 79%(€ 4€ 4- ¬ÿ )5- ðõðýê(- |4 €4-

‹þ|�ý±ü~üò )ypbNd|€99%(€ …{ýê „è×†‹±ìõ…ü³ô‹õ{ý±…– )BiBE|€ 79%(€

„¶ßõ°‹ýà …¶ý~ )99%(€ øã³…¬Þ†ó )DH|€ 99%( ô {}±…øý~°ôÖõ°…ó

)FHT( øíãþ ì¥¿õë hcirdlA| ô ¶}ýê|{±ÿ|ì}ýê|„ìõðýõï|‹±ìý~

)BATC€ 99%( ì¥¿õë kcreM ‹~ôó ̈†èÀ|¶†²ÿ …¶}×†¬û º~ð~.

¬¶}ã†û|ø†

‹±…ÿ …ð~…²û|âý±ÿ ì}õ¶È Î~¬ÿ ô ô²ðþ ô²ó ìõèßõèþ Þõ�éýí±ø† ô

{õ²üÐ „ó °ðä|ðã†° ́ë {±…ô…ÿ 0002sretaW€ CPG€ ‹±…ÿ …ð~…²û|âý±ÿ

ÚÇ± ®°…– ô ÚÇ±û|ø†ÿ °ü³…ìõè·ýõó ô {õ²üÐ …ð~…²û „ðù†  ¬¶}ã†û

�±…Þñ~âþ ðõ° èý³° 09SZ rezisateZ onaN nrevlaM ,SLD| ¶†̈•

…ðãé·}†ó€ ‹±…ÿ {ùýú °ü³…ìõè·ýõó ¬¶}ã†û Ö±…¾õ– Þ†ôð~û|¬…°€ zHk02€

dh0001PIU rehcsleiH| ¶†̈• „èí†ó€ ‹±…ÿ ºñ†¶†üþ {±Þý� ºýíý†üþ

Þõ�éýí± ô {Ïýýò ¬°¾~ ìõèþ ìõðõì±ø† ÆýØ|¶ñ� °²ôð†ð̧ ìÓñ†Æý·þ

ø·}ú rekurB| ô ‹±…ÿ ‹±¬…º• …èãõø†ÿ �±…½ �±{õ X|)DRX( ̈†á

°¹€ �éþ)…¶}ý±ó -Þõ -‹õ{ýê „Þ±üç–( ô ð†ðõÞ†ì�õ²ü•|ø† �±…½|¶ñ�

spilihP| ¶†̈• ́…�ò ‹ú Þ†° â±Ö}ú º~.

ìýß±ô¶ßõ’ …èß}±ôó ÎŒõ°ÿ 021ME spilihP| Þú ‹† ôè}†́ º}†Ž

ü†Ö}ú Vk|08 Þ†° ìþ|Þ±¬€ ‹ú Þ†° â±Ö}ú º~. ðíõðú ð†ðõÞ†ì�õ²ü• ‹†

Â©†ì• mn001€ ‹ú ô¶ýéú ¬¶}ã†ûemotorcimartlUì~ë 3UMO

{ùýú º~.

°ô½|ø†

{ùýú °ü³…ìõè·ýõó

¬° {ùýú °ü³…ìõè·ýõó ðíõðú ‹~ôó ̈†á|°¹€ ìõðõì±ø† ô øã³…¬Þ†ó ‹±…ÿ

ì~{þ øî ̈õ°¬ð~ ô ¬° {ùýú ð†ðõÞ†ì�õ²ü•|ø† ì©éõÉ ìõðõì±ø† )…¶}ý±ó ô

‹õ{ýê „Þ±üç–(€ øã³…¬Þ†ó ô ̈†á|°¹ )B03etisiolC( ‹ú ì~– h42

øî ̈õ°¬. ¶�̧€ 2rBuC| ô ypbNd| ¬° ¬ì†ÿ ì¥ýÈ ‹ú ì©éõÉ ÚŒéþ

…Â†Öú º~ ô ì¥éõèþ øíãò ‹ú °ðä ¶Œ³ ){»ßýê Þ†{†èý³ô°

ypbNd2/)II(uC( ‹ú ¬¶• „ì~. �̧ …² …üò ì±¤éú€ „Ò†²â± )BiBE( ‹ú

ì¥éõë …Â†Öú º~. ‹ú Æõ° øî|²ì†ó€ ì¥éõë „‹þ ‹† ¤ê Þ±¬ó ìÛ~…°

ì»©¿þ …² Î†ìê ÖÏ†ë ¶Ç¥þ Þ†{ýõðþ )BATC( ¬° „Ž {ùýú º~. ¶�̧

øí±…û ‹† øî ²¬ó º~ü~€ Ö†² „èþ ‹ú „°…ìþ ‹ú Ö†² „‹þ ¬° ì~– nim03…Â†Öú

º~. ¬° ðù†ü•€ °ü³…ìõè·ýõó �†ü~…° ‹† …¶}×†¬û …² …ìõ…ž Ö±…¾õ– ‹† ‹·†ì~

zHk|02 ô {õ…ó 58% ‹ú ì~– nim61€ ¬° ¤í†ï „Ž ô üª ‹±…ÿ ›éõâý±ÿ

…² º±ôÑ â±ì†üþ �éýí±º~ó ‹ú ¬¶• „ì~.

Þõ�éýí±º~ó …¶}ý±ó ô ‹õ{ýê|„Þ±üç– ‹ú °ô½ PPRRTTAA  TTEEGGAA| ¬° ì¥ýÈ

°ü³…ìõè·ýõó

°ü³|…ìõè·ýõó ‹ú ¬¶• „ì~û Öõ°…_ ‹ú °…Þ}õ° ºý»ú|…ÿ ¬ô›~…°û ¶ú ¬ø†ðú

ìœù³ ‹ú Ÿã†èñ~û€ ô°ô¬ÿ â†² ðý}±ôó́ ô üà ¬ø†ðú ‹† ¬°�õ½ æ¶}ýßþ€

…ð}Û†ë ¬…¬û º~. �̧ …² …üò Þú â†² ðý}±ôó́ ‹ú ì~– nim03 ‹ú °…Þ}õ°

ô…°¬ º~€ ¬ì†ÿ ô…Þñ¼ {† Co09 …Ö³…ü¼ ü†Ö• ô 3/1 …² ì¥éõë „‹þ Þ†øñ~û

)„¶ßõ°‹ýà …¶ý~( ‹ú „°…ìþ ‹ú ì~– nim51 ‹±…ÿ º±ôÑ �éýí±º~ó ‹ú

°…Þ}õ° …Â†Öú º~. °ðä ì¥éõë …² ¶Œ³ ‹ú Úùõû|…ÿ Þî|°ðä {Óýý± ü†Ö• Þú

ð»†ðú {Œ~üê Þ†{†èý³ô° )II(uC| ‹ú )I(uC| …¶•. ‹†Úþ|ì†ð~û ì¥éõë Þ†øñ~û

Æþ h2 ÚÇ±û ÚÇ±û ‹ú ì¥ýÈ ô…Þñ¼ …Â†Öú º~. ¬° …ð}ù†ÿ ô…Þñ¼€
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô  Ÿù†°ï€ ºí†°û 1€ Ö±ô°¬üò -…°¬üŒù»• 0931 60

Þõ�éýí±º~ó ‹† Ú±…° â±Ö}ò ì¥éõë °ü³…ìõè·ýõó ¬° ¤í†ï „Ž ô üª ô ¬°

ìœ†ô°– øõ… ì}õÚØ º~. ›~ôë1 Ö±ìõë|‹ñ~ÿ ìõ…¬ …¶}×†¬û º~û Æþ

�éýí±º~ó °… ð»†ó ìþ|¬ø~.

¤Ù̄ Þ†{†èý³ô° ô ̈†á|°¹

‹±…ÿ ¤Ù̄ Þ†{†èý³ô°€ ðíõðú|ø† ¬° ¤çë {}±…øý~°ôÖõ°…ó ¤ê ô …² üà

¶}õó �±º~û ‹† „èõìýñýî …Þ·ý~ ÎŒõ° ¬…¬û º~ð~. ¬° ðíõðú|ø†ÿ ¤†ôÿ

¨†á|°¹€ ‹©»þ …² ̈†á|°¹ ðý³ Îçôû ‹± Þ†{†èý³ô° ¬° ¶}õó „èõìýñýî

…Þ·ý~ ‹†Úþ ì†ð~ Þú ‹±…ÿ ¤Ù̄ …üò ‹†Úþ|ì†ð~û€ ðíõðú|ø† …² ¾†Öþ  

m|2/0 ÎŒõ° ¬…¬û º~ð~.

{Ïýýò ì»©¿†–

ìÛ~…° {Œ~üê ìõðõì± ‹† °ô½ ô²ó|¶ñœþ ìÏýò º~. ì}õ¶È Î~¬ÿ ô

ô²ðþ ô²ó ìõèßõèþ Þõ�éýí±ø† ô {õ²üÐ „ó ‹† °ô½ °ðä|ðã†°ÿ ́ë

{±…ô…üþ ‹† „ºß†°¶†²ÿ ‹± …¶†¹ º†̈À ºß·• ì»©À º~.

¶}õó|ø†ÿ …¶}×†¬û º~û ‹ú Æõ° ì}õ…èþ ‹ú øî ô¾ê º~ð~ )
o

A00001€ 
o

A0001€ 
o

A005€ m|01 legLP(. …² ì†¬û ì±›Ð �éþ|…¶}ý±ó …¶}†ð~…°¬ ô

¤çë {}±…øý~°ôÖõ°…ó ‹† ¶±Î• nim/L1 …¶}×†¬û º~. …ð~…²û ÚÇ±

®°…– ô ÚÇ±û|ø†ÿ °ü³…ìõè·ýõó ô {õ²üÐ …ð~…²û „ðù† ‹† ¬¶}ã†û �±…Þñ~âþ

ðõ° èý³°  ‹† ²…ôüú �±…Þñ~âþ 1/671 …ð~…²û|âý±ÿ º~. ÚÇ± â³…°½ º~û€

…ð~…²û ì}õ¶È ®°û ‹± …¶†¹ º~– -ô²ó )egareva-z( ®°…– …¶• ô

¤†¾ê ì}õ¶È ¬ô ì±{Œú …ð~…²û|âý±ÿ …¶• Þú ìÛ~…° ̈Ç†ÿ ¬¶}ã†û Þí}±

…² 3% {©íýò ²¬û º~. ìÛ†¬ü± º†̈À �±…Þñ~âþ )IDP( â³…°½ º~û€ ‹ú

ô¶ýéú ¬¶}ã†û ‹ú ¬¶• „ì~û …¶• ô ‹ú „ó º†̈À �±…Þñ~âþ nrevlaM|

â×}ú ìþ|ºõ¬. ÚÇ± ìý†ðãýò ÚÇ±û|ø† ô ®°…– ‹† …¶}×†¬û …² ìÏ†¬èú …¶}õÞ̧

-…ð»}ýò )ìÏ†¬èú 1( ì¥†¶Œú º~:

Þú ¬° …üò ìÏ†¬èú€ )H(d| ÚÇ± øý~°ô¬üñ†ìýà€ D| ÷†‹• Â±ü� ð×õ®€  k

÷†‹• ‹õè}³ìò€ T| ¬ì†ÿ ìÇéÜ ô |â±…ð±ôÿ ì¥ýÈ …¶•. ‹±…ÿ

…ð~…²û|âý±ÿ ÚÇ± ®°…–€ …‹}~… ðíõðú|ø†ÿ °ü³…ìõè·ýõó ‹† ì¥éõë „‹þ

Î†ìê ÖÏ†ë ¶Ç¥þ ‹† øí†ó ÒéË}þ Þú ‹±…ÿ {ùýú °ü³…ìõè·ýõó …ôèýú ‹ú Þ†°

°Ö}ú ‹õ¬€ ‹±…ÿ ›éõâý±ÿ …² …÷± °Ú• °ôÿ …ð~…²û ®°…–€ °ÚýÜ º~ð~. {ùýú

°ü³…ìõè·ýõó ‹† …¶}×†¬û …² ¬¶}ã†û Ö±…¾õ– Þ†ôð~û|¬…° …ðœ†ï º~. {±Þý�

Þõ�éýí± ô {Œ~üê ›³üþ ø± üà …² ìõðõì±ø† ‹† …¶}×†¬û …² °ô½

ÆýØ|¶ñœþ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú )RMN( ‹±…ÿ ðíõðú �éýí±

¨»à º~û ô ðíõðú|ø†ÿ …¶}©±…ž º~û …² ð†ðõÞ†ì�õ²ü•|ø† ‹ú ¬¶•

„ì~. …‹}~…€ ðíõðú|ø† ¬° ¤çë Þé±ôÖ±ï ¬ô{±üî|¬…° )3lCDC( ¤ê º~ð~.

¶�̧€ ÆýØ „ðù† ‹† ¬¶}ã†û ÆýØ|¶ñ� RMN H1| ‹† ‹·†ì~ zHM003

›íÐ|„ô°ÿ º~. 

‹ú …²…ÿ ø± ðíõðú {Ï~…¬ 01 �õü¼ ‹† {†‡̈ý± ²ì†ðþ s|1 …ðœ†ï º~. …èãõø†ÿ

�±…½ �±{õ X|)DRX( ̈†á|°¹€ �éþ|)…¶}ý±ó -Þõ -‹õ{ýê|„Þ±üç–( ô

ð†ðõÞ†ì�õ²ü•|ø† ¬° ì¥~ô¬û ²…ôüú 01-2 ¬°›ú ô ‹† …¶}×†¬û …² �±…½ �±{õ

X| ‹† Æõë ìõž mn60451/0 ¬° ¬ì†ÿ ì¥ýÈ ‹ú ¬¶• „ì~. ôè}†́ ô ›±ü†ó

¬¶}ã†û ‹ú {±{ý� ‹±…‹± ‹† Vk04 ô Am03 {ñËýî º~. ðõÑ �±…½|¶ñ�

0481WP| ô ²ì†ó ‹ú …²…ÿ ø± ì±¤éú  s|2/0  ‹õ¬. ‹†²{†Ž Ö†¾éú â†è±ÿ

)100d(| ¬° ðíõðú|ø† …² ìÏ†¬èú ‹±å )ìÏ†¬èú 2(€ ‹ú Þíà  ²ô…ü†ÿ ‹ú ¬¶•

„ì~û ¬° ì¥~ô¬û |01-2 ¬°›ú ì¥†¶Œú º~:

Þú ¬° …üò ìÏ†¬èú€ | Æõë ìõž �±{õ K uC)mn60451/0(€ θ| ²…ôüú

‹±̈õ°¬ �±{õ X| ô n| ¬°›ú �±…½ …¶•. {õ²üÐ ð†ðõ®°…– ̈†á|°¹ ¬°

²ìýñú �éýí±ÿ ‹† …¶}×†¬û …² ìýß±ô¶ßõ’ …èß}±ôðþ ÎŒõ°ÿ Þú ‹† ôè}†́

º}†Ž ü†Ö}ú Vk08 Þ†° ìþ|Þ±¬€ ì»†ø~û º~. ðíõðú ð†ðõÞ†ì�õ²ü• ‹†

Â©†ì• mn001€ ‹ú ô¶ýéú ¬¶}ã†û emotorcimartlU{ùýú º~.
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â±Ö}ú|…ð~ )®°…– ̈†á|°¹ ‹† …‹Ï†¬ ‹³°å|{± …² …ð~…²û ®°…– æ{ß̧( ðý³
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Ò†è� {± …¶• ô ð»†ó ìþ|¬ø~ Þú ø± ÚÇ±û ìõðõì± ‹ú üà ®°û �éýí± {Œ~üê
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¬…°ð~ )…ðÏÇ†Ù|�̄ü±ÿ Þî(€ ²ì†ó „¶†ü¼ 1T| Þí}± …² ìõèßõë|ø†ÿ
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‹† Â±Ž Þ±¬ó {Œ~üê Þéþ ø± üà …² ðíõðú|ø† ¬° ð·Œ• ìõèþ ìõðõì±ø†ÿ

…¶}ý±ó ô ‹õ{ýê„Þ±üç–€ ìþ|{õ…ó {Œ~üê ø± üà …² ìõðõì±ø† °… ðý³

ì¥†¶Œú Þ±¬. ð}†ü� ¤†¾ê …² …üò ì¥†¶Œ†– ¬° ›~ôë4 „ì~û …¶•.

¬° ›~ôë4 Þ†ø¼ {Œ~üê ø± üà …² ìõðõì±ø†ÿ …¶}ý±ó ô ‹õ{ýê

„Þ±üç–€ ‹† …Ö³…ü¼ ¬°¾~ ̈†á °¹ ð»†ó ¬…¬û º~û …¶•. ‹† …Ö³…ü¼

¬°¾~ ̈†á|°¹€ {Œ~üê Þéþ ìõðõì± Þ†ø¼ ìþ|ü†‹~. ‹† …Ö³…ü¼ ¬°¾~

¨†á|°¹€ ð·Œ• ìõèþ …¶}ý±ó ¬° Þõ�éýí± …Ö³…ü¼ ü†Ö}ú ô ð·Œ• ìõèþ

‹õ{ýê „Þ±üç– Þ†ø¼ ìþ|ü†‹~. ìÛ~…° ‹õ{ýê|„Þ±üç– ¬° ̈õ°…á

ô°ô¬ÿ 03% ô …¶}ý±ó 07% ìõèþ …¶•€ …ì† {±Þý� Þõ�éýí± ¬° ðíõðú

BSPº†ìê 06% …¶}ý±ó ô 03% ‹õ{ýê„Þ±üç– …¶•. ¬èýê {Óýý± …üò

ìÛ~…°€ ‹ú ð·Œ• ÖÏ†èý• ìõðõì±ø† ‹·}ãþ ¬…°¬. ð·Œ• ÖÏ†èý• …¶}ý±ó

)8/0 =1r( ð·Œ• ‹ú ‹õ{ýê„Þ±üç– )2/0 =2r( ‹ý»}± …¶• ]73[. ‹ñ†‹±…üò ¬°

…‹}~…ÿ �éýí±º~ó€ ²ðœý± Þõ�éýí± {õèý~ º~û …² …¶}ý±ó Òñþ|{± …¶•. ‹†

…¬…ìú �éýí±º~ó ô Þí}± º~ó ÒéË• …¶}ý±ó€ ¬°¾~ ìõðõì±

‹õ{ýê|„Þ±üç– ¬° {±Þý� Þõ�éýí± ‹ý»}± ìþ|ºõ¬ ]83[. ‹ñ†‹±…üò ‹†

…Ö³…ü¼ ¬°¾~ ̈†á|°¹ ô Þ†ø¼ {Œ~üê ìõðõì±€ ¬°¾~ ìõèþ …¶}ý±ó

¬° ²ðœý± Þõ�éýí± …Ö³…ü¼ ìþ|ü†‹~. ¬° ðíõðú 2NBSP| Þú ¬°¾~ {Œ~üê

ìõðõì± …² ‹Ûýú ðíõðú|ø† Þí}± …¶•€ ¬°¾~ ìõèþ …¶}ý±ó ‹ý»}± …² ¶†ü±

ðíõðú|ø†¶•.

ìÛ~…° �±…Þñ¼ ô ºßê|ºñ†¶þ ¾×¥†– ̈†á|°¹ ¬° æ{ß̧|ø† ‹†

DRXô MET| ‹±°¶þ º~. …èãõø†ÿ �±…½ �±{õ X| ̈†á|°¹€

�éþ)…¶}ý±ó -Þõ -‹õ{ýê„°üç–( ô ð†ðõÞ†ì�õ²ü•|ø†ÿ „ó ¬° ºßê4

ð»†ó ¬…¬û º~û …¶•. ¬° …èãõÿ DRX€ ‹†²{†Ž �±{õ  X| ð†ºþ …² ¾×¥ú

100d| ¬° ̈†á|°¹€ ì±‹õÉ ‹ú Öõ…¾ê â†è±ÿ ̈†á|°¹ …¶• ô ìþ|{õ…ó

›~ôë 4-ð·Œ• ìõèþ ìõðõø†ÿ …¶}ý±ó ô ‹õ{ýê „Þ±üç– ô ¬°¾~

{Œ~üê „ðù† ¬° ðíõðú|ø†ÿ Þõ�éýí± ̈†èÀ ô ð†ðõÞ†ì�õ²ü• „ó.

¬°¾~ {Œ~üê ìõðõì±ø† ¬°¾~ ìõèþ ìõðõì±ø†
ðíõðú|ø†
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Þ†ìê …² ‹ýò ð±Ö}ú …¶•. üà �ýà �±…½ ¬° ²…ôüú 2 ‹±…‹± 23/5  ¬°›ú ‹±…ÿ

¨†á|°¹ ì»†ø~û ìþ|ºõ¬ Þú ‹† …¶}×†¬û …² ìÏ†¬èú ‹±å€ ì±‹õÉ ‹ú Ö†¾éú

‹ýò|¾×¥ú|…ÿ mn56/1 …¶•. 

‹† …Ö³…ü¼ ¬°¾~ ̈†á|°¹ ¬° ð†ðõÞ†ì�õ²ü•|ø†ÿ 1NBSP| ô

2NBSP€ �ýà ì±‹õÉ ‹ú Öõ…¾ê â†è±ÿ ‹ú ²ô…ü†ÿ Þí}±€ ‹ú {±{ý�

‹ú 28/4 ô 48/4 ¬°›ú ›†‹ú|›† º~û …¶• Þú ð»†ó ìþ|¬ø~€ ¶†̈}†°

…ôèýú ̈†á|°¹ {† ¤~ÿ …² ‹ýò °Ö}ú …¶•. …ì†€ æüú|ø†ÿ ̈†á|°¹
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¨†á|°¹ ì»ßê|{± ô ¶†̈}†° æüú|…ÿ ìñËî Ò†è� ìþ|ºõ¬. ‹†

Þ†ø¼ ¬°¾~ ̈†á|°¹ {† 5/0% ¬° ðíõðú 5.0NBSP€ üà �ýà

‹·ý†° �ùò ‹† º~– ÂÏýØ Ê†ø± ìþ|ºõ¬. …üò �ýà �ùò ð»†ó

ìþ|¬ø~€ ¾×¥†– ̈†á|°¹ {† ¤~ ²ü†¬ÿ …² üà|¬üã± ›~…

º~û|…ð~€ ôèþ Öõ…¾ê „ðù† ‹ú Æõ° Þ†ìê …² ‹ýò ð±Ö}ú …¶•. ‹ñ†‹±…üò€

ìþ|{õ…ó â×•€ ‹©»þ …² ð†ðõæüú|ø†ÿ ̈†á|°¹ ¬° ²ìýñú �éýí±ÿ …²

øî ›~… º~û|…ð~ ô ‹©»þ …² „ðù† ‹ú ºßê ›~… ð»~û …² üà|¬üã±

‹†Úþ ì†ð~û|…ð~. …² …üò|°ô€ ºßê|ºñ†¶þ æüú|ø†ÿ ̈†á|°¹ ¬° ²ìýñú

Þõ�éýí± ðíõðú 5.0NBSP| {±ÞýŒþ …² ºßê|ºñ†¶þ ô°Úú|…ÿ ô

æüú|…ÿ ìñËî …¶•. 

ô²ó ìõèßõèþ �éýí±ø†ÿ ¶ñ}³ º~û ‹† PRTA| Þî …¶• ô ²ðœý±ø†ÿ
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¶†ü± �ýà|ø† Þú ¬° …èãõÿ DRX| ¬ü~û ìþ|ºõ¬€ ì±‹õÉ ‹ú ¶†̈}†° ìñËî

{œíÐ ü†Ö}ú Î†ìê ÖÏ†ë ¶Ç¥þ ô øã³…¬Þ†ó ¬° ìœ†ô°– �éþ)…¶}ý±ó -
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…¶• ð†ºþ …² ô›õ¬ ®°…– Þ±ôÿ ºßê ¬° ¶†ì†ðú °ü³…ìõè·ýõó ‹†º~.

‹±…ÿ {†‡üý~ ¶†̈}†° ‹ú ¬¶• „ì~û …² DRX|„²ìõó  MET| …ðœ†ï º~. …²

„ó ›† Þú æüú|ø†ÿ ¶ýéýß†– ̈†á|°¹ …èß}±ôó °… …² ̈õ¬ ÎŒõ°
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{±ÞýŒþ …² ¶†̈}†° æüú|…ÿ ìñËî ô ô°Úú|…ÿ ¬° „ó ¬ü~û ìþ|ºõ¬. 

¬° …Þ±̃ ìñ†‹Ð …² °ô½ �éýí±º~ó °…¬üß†ë „²…¬ ‹±…ÿ ¶ñ}³

ð†ðõÞ†ì�õ²ü•|ø†ÿ �éýí± -̈†á|°¹ …¶}×†¬û º~û …¶• Þú �éýí±ø†üþ ‹†

ô²ó ìõèßõèþ ²ü†¬ {õèý~ ìþ|Þññ~. …² …üò °ô ¬° Ÿñýò º±…üÇþ€ …â±

ìõðõì± øî ‹† ¶Ç¦ ̈†á °¹ ‹±øî|Þñ¼ ìñ†¶Œþ ¬…º}ú ‹†º~€ Ö±…üñ~

ºßê 4 -ðíõ¬…° DRX| �éþ)…¶}ý±ó -Þõ -‹õ{ýê„Þ±üç–( ô

ð†ðõÞ†ì�õü•|ø†ÿ „ó.

ºßê 5 -{¿†ôü± MET| ðíõðú 5/0NBSP.
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