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Novel citric acid modified starch-carboxy methyl cellulose (CMC)-montmorillonite (MMT) bio-
nanocomposite films were prepared by casting method and the effect of MMT on the structural and
physical properties of the starch-CMC biocomposites was studied. X-ray diffraction test showed that
strong polar interactions between the hydroxyl groups present in the starch and CMC chains and in
the silicate layers led to intercalation of biopolymer chains into MMT layers galleries. The water
vapor permeability decreased from 2.44 to 1.13×10-7 g/mhPa as the MMT percentage increased from
0 to 7%. At the level of 7% MMT, the composite films showed the highest ultimate tensile strength
(27.55 MPa) and lowest strain-to-break (18.25%). The DSC tests showed that, the temperature posi-
tion of the melting peak increased from 221.5°C to 243.0°C as MMT content increased from 1 to 7
%, but the glass transition decreased and gradually disappeared.
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¨»à º~ó€ Öýéî �ýõ¶}ú ô º×†Ù ð»†¶}ú -CMC|- ̈†á|°¹€ …² ¶Ç¦

¶ýñþ °ü©}ú|â±ÿ ›~… º~. |

Œ²ìõó �±ƒ½ �±{õ   XX|

‹ú ìñËõ° ìÇ†èÏú °ü³¶†̈}†° Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• ô ‹±…ÿ {Ïýýò

ð¥õû �±…Þñ¼ æüú|ø†ÿ ̈†á|°¹ ¬° ¶†̈}†° ²ü·•|�éýí±€ …² „²ìõó

�±…½ �±{õ X| …¶}×†¬û º~.

‹±…ÿ …ðœ†ï „²ìõó€ ìõè~ �±{õ X| ¬° Vk04 ô Am04 {ñËýî º~ ô

ðíõðú|ø† ¬° ìÏ±Å �±{õ X| ‹† Æõë ìõž mn|9351/0 Ú±…° â±Ö}ñ~.

�±{õø†ÿ ‹†²{†‹»þ …² ðíõðú€ ¬° ¬ì†ÿ ì¥ýÈ ô ¬° ì¥~ô¬û ²…ôüú
o02-1=�2| ›íÐ „ô°ÿ ô ðíõ¬…° ì±‹õÉ ‹ú º~– ‹†²{†‹¼ „ðù† °¶î º~.

¶±Î• …ðœ†ï „²ìõó nim/|o1 ô …ð~…²û â†ï|ø† o50/0 ‹õ¬.

ƒð~ƒ²û|âý±ÿ ¶±Î€ ƒð}Û•ë ̂©•° Œ™

¶±Î• …ð}Û†ë ‹©†° „Ž ìÇ†‹Ü °ô½ 69E MTSA …ð~…²û|âý±ÿ º~|]11[.

‹±…ÿ …üò Þ†°€ Ê±ôÙ ºý»ú|…ÿ ôüµû|…ÿ ‹† ÚÇ± mc2 ô …°{×†Ñ mc5/4 ‹ú

Þ†° â±Ö}ú º~. °ôÿ ¬°�õ½ …üò Ê±Ù|ø† ìñ×̄ÿ ‹ú ÚÇ± mm8 Ú±…° ¬…°¬

Þú ÚÇÏú|…ÿ …² Öýéî ìõ°¬ „²ìõó ¬° …üò ‹©¼ Ú±…° ìþ|âý±¬. g3 Þé·ýî

¶õè×†– Þú Hp| ìÏ†¬ë ¾×± …üœ†¬ ìþ|Þñ~ ¬° ¬…̈ê Ê±Ù|ø† Ú±…° ¬…¬û

º~. …‹}~… Öýéî|ø† ¬° °Æõ‹• ð·Œþ 55 ¬°¾~ Þú ‹† …¶}×†¬û …² Þé·ýî

ðý}±ü• …üœ†¬ º~û ‹õ¬€ ‹ú ì~– h42 º±…üÈ|¬øþ º~ð~ ô ¶�̧ ÚÇÏú|…ÿ

…² Öýéî ‹±ü~û º~ ô °ôÿ ¬°�õ½ Ê±Ù ºý»ú|…ÿ Ú±…° â±Ö• ô °ôÿ „ó

‹·}ú º~.

Ê±ôÙ ºý»ú|…ÿ øí±…û ‹† ì¥}õü†– „ðù† {õ²üò º~ð~ ô ¬°ôó ̈»ß†ðú

¤†ôÿ ì¥éõë ¶ý±º~û �}†¶ýî|¶õè×†– Ú±…° â±Ö}ñ~. �}†¶ýî ¶õè×†–

¶ý±º~û ¬° ¬ì†ÿ Co52€ °Æõ‹• ð·Œþ 79 ¬°¾~ …üœ†¬ ìþ|Þñ~.

¨»ß†ðú ¬° ¬°ôó „ðßõ‹†{õ° Co1±52 Ú±…° â±Ö• ô ‹ú ì~– Ÿù†° °ô²

ø± Ÿñ~ ¶†Î• üà ì±{Œú Ê±ôÙ {õ²üò º~ð~.   |

ìÛ~…° ‹©†° „Ž …ð}Û†ë ü†Ö}ú …² Öýéî|ø†€ …² °ôÿ …Ö³…ü¼ ô²ó Ê±Ù|ø†

ìÏýò º~. ìñ¥ñþ …Ö³…ü¼ ô²ó Ê±Ù|ø† ‹† â̄º• ²ì†ó °¶î ô �̧ …²

ì¥†¶Œú ‹±â»• ̈Çþ€ ºý� ̈È ¤†¾ê ì¥†¶Œú º~.

…² {Û·ýî Þ±¬ó ºý� ̈È ì±‹õÉ ‹ú ø± Ê±Ù€ ‹ú ¶Ç¦ Þê Öýéî Þú ¬°

ìÏ±Å …ð}Û†ë ‹©†° „Ž Ú±…° ¬…º•€ ¶±Î• …ð}Û†ë ‹©†° „Ž

)RTVW ,etar noissimsnart ropav retaw( ‹ú ¬¶• „ì~. ¶�̧ ‹†

…¶}×†¬û …² ìÏ†¬èú )1(€ ð×õ®�̄ü±ÿ ð·Œ• ‹ú ‹©†° „Ž

)PVW ,ytilibaemrep ropav retaw(| ì¥†¶Œú º~:
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{ùýú ô ‹±°¶þ ̈õ…Á Öý³üßþ  |Öýéî Þ†ì�õ²ü}þ ²ü·•|{©±ü�|�̄ü± ð»†¶}ú - CCMMCC| ...ø†¬ÿ …èí†¶þ 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 228

¬° …üò ìÏ†¬èú X| Â©†ì• Öýéî )m(€ P| Ö»†° ‹©†° „Ž ̈†èÀ ¬° Co52

)aP(€ 1R| °Æõ‹• ð·Œþ ¬° ̈»ß†ðú )79 ¬°¾~( ô 2R| ¬°¾~ °Æõ‹•

ð·Œþ ¬° ¬…̈ê Ê±Ù ºý»ú|…ÿ …¶•. …üò „²ìõó ‹±…ÿ ø± üà …² ðíõðú|ø†

¶ú ì±{Œú {ß±…° º~.

ƒð~ƒ²û|âý±ÿ ̈õƒÁ ìß•ðýßþ

…¶}¥ß†ï Þ»»þ ðù†üþ ô Þ±ð¼ {† ºß·• Öýéî|ø† ‹† …¶}×†¬û …² ¬¶}ã†û

„²ìõó ìß†ðýßþ ô ÆŒÜ …¶}†ð~…°¬ 19-288D MTSA]21[ …ð~…²û|âý±ÿ

º~. …‹}~… ðíõðú|ø† ‹ú ì~– h42 ¬° °Æõ‹• ð·Œþ 55 ¬°¾~ º±…üÈ|¬øþ

º~ð~. ¶�̧€ ¶ú ðíõðú …² ø± üà …² Öýéî|ø† ‹ú ºßê ¬ìŒê ‹† …‹Ï†¬

mc|5/0*8 ‹±ü~û º~ ô ¬° ‹ýò ¬ô Öà ¬¶}ã†û Ú±…° â±Ö•. Ö†¾éú …ôèýú

‹ýò ¬ô Öà ô ¶±Î• ¤±Þ• Öà ‹†æüþ ‹ú {±{ý� mm|05 ô nim/mm|5

{Ïýýò ô ¬…¬û|ø† ‹ú Þíà °…ü†ðú ÷Œ• º~.

ƒð~ƒ²û|âý±ÿ ̈õƒÁ â±ì•üþ

¨õ…Á â±ì†üþ |ðíõðú|ø† ‹ú ô¶ýéú â±ì†¶ñ� �õü»þ {×†Âéþ …ð~…²û|âý±ÿ

º~. Þ†èýŒ±û Þ±¬ó ¬¶}ã†û ‹† …üñ~üî ô ðÛ±û …ðœ†ï º~. …² Ê±Ù „èõìýñýíþ

¨†èþ ‹ú Îñõ…ó ì±›Ð ô ›õ ðý}±ôó́ …¶}×†¬û º~. ðíõðú ‹† ô²ó {Û±üŒþ

g3/0 ‹† ¶±Î• nim/Co01 ¬° â·}±û ¬ì†üþ 03 {† Co052 �õü¼ º~ð~. …²

°ôÿ ¬ì†ðã†º• ‹ú ¬¶• „ì~û€ ¬ì†ø†ÿ ®ôŽ ô …ð}Û†ë ºý»ú|…ÿ ìÏýò

º~. ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ‹ú Îñõ…ó ðÛÇú ìý†ðú ‹ýò º±ôÑ ô �†ü†ó {Óýý±…–

ìñ¥ñþ ¬° ›±ü†ó â±ì†üþ ¬° ðË± â±Ö}ú º~.

|

{¥éýê Œì•°ÿ

{í†ï „²ìõó|ø† ¶ú ì±{Œú {ß±…° ô ¬° Ú†è� Æ±§ Þ†ìç_ {¿†¬Öþ …ðœ†ï

º~ð~. {¥éýê ô …°²ü†‹þ )AVONA( ‹† …¶}×†¬û …² ì~ë ̈Çþ M.L.G| ô

ð±ï|…Ö³…° „ì†°ÿ 5.11 SSPS| ¬° ¶Ç¦ …¤}í†ë 5 ¬°¾~ )50/0<p( ô

„²ìõó Ÿñ~¬…ìñú|…ÿ ¬…ðßò ‹±…ÿ {†‡üý~ ô›õ¬ …̈}çÙ ‹ýò ìý†ðãýò|ø†

…ðœ†ï º~.  |

ð}•ü� ô ̂¥’

Œ²ìõó �±ƒ½ �±{õ  XX|

‹ú ìñËõ° ìÇ†èÏú ð¥õû �±…Þñ¼ ̈†á|°¹ ¬° ¶†̈}†° Öýéî ð»†¶}ú€ …²

„²ìõó DRX| …¶}×†¬û º~. ºßê 1 ìñ¥ñþ|ø†ÿ DRX| ðíõðú|ø†ÿ ì©}éØ

°… ð»†ó ìþ|¬ø~. øñã†ìþ Þú ̈†á|°¹ ‹† …ìõ…ž Ö±…¾õ– Îíê„ô°ÿ

ìþ|ºõ¬€ �ýà �±…½ )100( …² 34/7 ‹ú 40/6 ìñ}Ûê ìþ|ºõ¬. ÆŒÜ Ú†ðõó

‹±…å )=|�nisd2( Ö†¾éú ‹ýò æüú|ø† ¬° ̈†á|°¹ ÆŒýÏþ ô ̈†á|°¹

Îíê„ô°ÿ º~û ‹† …ìõ…ž Ö±…¾õ–€ ‹ú  {±{ý� 81/1 ô mn64/1 …¶•. …üò

…ì± ð»†ó ìþ|¬ø~€ Îíê„ô°ÿ ‹† …ìõ…ž Ö±…¾õ–€ ¬° …Ö³…ü¼ Ö†¾éú ‹ýò

æüú|ø†ÿ ̈†á|°¹ ì×ý~ …¶• ô ‹~üò {±{ý� ìþ|{õ…ð~ ‹ú ð×õ® ¶±üÐ|{± ô

°…¤•|{± ²ðœý±ø†ÿ ð»†¶}ú ¬° ÖÃ†ÿ ‹ýò …üò æüú|ø† Þíà Þñ~. ¬°

Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•€ �ýà �±…½TMM| ¬° ²ô…ü†ÿ Þí}±ÿ

Ê†ø± º~û …¶• ô Ÿñ†ó Þú ì»†ø~û ìþ|ºõ¬€ ¬° øíú ÒéË•|ø†ÿ

TMM€ …üò Þ†ø¼ {Û±üŒ†_ ‹ú üà …ð~…²û ‹õ¬û …¶•. ¬° øíú Öýéî|ø†ÿ

²ü·•|ð†ðõÞ†ì�õ²ü•€ ¬° ¤~ô¬ 52/5 �ýßþ Ê†ø± ìþ|ºõ¬ Þú ‹±…‹± ‹†

Ö†¾éú mn96/1 …¶•. …üò ð}†ü� ð»†ó ìþ|¬ø~ Þú ²ðœý±ø†ÿ ø± ¬ô

²ü·•|�éýí± ð»†¶}ú ô CMC| ìþ|{õ…ðñ~ ô…°¬ ÖÃ†ÿ ‹ýò æüú|ø†ÿ



ºßê 1 -ìñ¥ñþ ø†ÿ …èãõÿ �±…½ �±{õ  X| ðíõðú|ø†ÿ �õ¬° ̈†á|°¹ ô

Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•.
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{ùýú ô ‹±°¶þ ̈õ…Á Öý³üßþ  |Öýéî Þ†ì�õ²ü}þ ²ü·•|{©±ü�|�̄ü± ð»†¶}ú - CCMMCC| ... ø†¬ÿ …èí†¶þ 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 

¨†á|°¹ ºõð~€ …ì† ð¥õû �±…Þñ¼€ ‹ú ºßê  ‹ýò|æüú|…ÿ º~ó …¶• ô

…̈}çÉ ô°Úú|…ÿ º~û ¤†¾ê ðíþ|ºõ¬.

ð¥õû …̈}çÉ ̈†á|°¹ ô �éýí±€ ‹ú Îõ…ìê ²ü†¬ÿ ‹·}ãþ ¬…°¬.

ìùî|{±üò Îõ…ìê ô²ó ìõèßõèþ �éýí± ô ‹±øî|Þñ¼|ø†ÿ ‹ýò ̈†á °¹ ô

²ðœý±ø†ÿ �éýí± ]31[ …¶•.

‹±øî|Þñ¼|ø†ÿ Úõÿ ‹ýò â±ôû|ø†ÿ øý~°ôÞ·ýê ð»†¶}ú€ â±ôû|ø†ÿ

øý~°ôÞ·ýê ô Þ±‹õÞ·ýê CMC| ô â±ôû|ø†ÿ øý~°ôÞ·ýê ̈†á °¹€

‹ú ð×õ® ô �±…Þñ¼ ²ðœý±ø†ÿ …üò ¬ô ²ü·•|�éýí± ¬° ‹ýò æüú ø†ÿ ̈†á

°¹ Þíà ìþ|Þñ~ ] 41[. …ì† Ÿñýò ‹ú ðË± ìþ|°¶~€ ô²ó ìõèßõèþ ²ü†¬

²ü·•|�éýí±€ ì†ðÐ …² �±…Þñ¼ Þ†ìê ô ô°Úú|…ÿ º~ó ̈†á|°¹ º~û …¶•.

²ðœý±ø†ÿ ô…¤~ ð»†¶}ú€ ¤†è• ̈Çþ ¬…°ð~ ô …ð~…²û ìõðõì±ø†ÿ „ó

¤~ô¬ mn55/0 …¶• ]51[. …üò …ð~…²û€ {Û±üŒ†_ ‹±…‹± ‹† …̈}çÙ Ö†¾éú ‹ýò

æüú|ø† ¬° ̈†á|°¹ ÆŒýÏþ ô Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• …¶•. ¬°

ð}ýœú€ …üò …¤}í†ë ô›õ¬ ¬…°¬€ {ñù† ‹©¼|ø†üþ …² ²ü·•|�éýí± Þú …²

²ðœý±ÿ ô…¤~ {»ßýê º~û|…ð~€ ‹ú ÖÃ†ÿ ‹ýò æüú|ø† ð×õ® Þññ~. ø±Ÿñ~ Þú

‹±…ÿ ¶†̈}†° Öýéî|ø†ÿ ð†ðõÞ†ì�õ²ü• ¤†¾ê …² ð»†¶}ú ̈†èÀ ô

¨†á|°¹€ �±…Þñ¼ ‹ýò|æüú|…ÿ ðý³ â³…°½ º~û …¶• ]61€9[€ …ì†€ ‹±̈þ …²

�µôø¼|â±…ó …º†°û Þ±¬û|…ð~€ ¬° ¤†è• ô›õ¬ ¶†²â†°ÿ ‹ýò ð»†¶}ú ô

¨†á|°¹ …ð}©†Ž º~û€ �±…Þñ¼ ô°Úú|…ÿ …ìß†ó|�̄ü± …¶• ]02-71[.

‹ñ†‹±…üò€ ¬èýê …üœ†¬ ¤†è• ‹ýò|æüú|…ÿ ¬° …üò �µôø¼ °… ìþ|{õ…ó ‹ú ô›õ¬

¶ý}±üà …¶ý~ ô CMC| ð·Œ• ¬…¬.

…üœ†¬ …{¿†æ– Î±Âþ ‹ú ô¶ýéú ¶ý}±üà …¶ý~ ô {»ßýê �ýõð~ø†ÿ

øý~°ô´ðþ Úõÿ|{± ô ‹ý»}± ¬° ‹ýò ²ðœý±ø†ÿ ð»†¶}ú ¬° …÷± ô›õ¬ ¶ý}±üà

…¶ý~ ô CMC|€ �ýõ¶}ãþ ô üà|�†°Ÿãþ ‹ýò ²ðœý±ø†ÿ ð»†¶}ú °… …Ö³…ü¼

ìþ|¬ø~ ô ‹† Þ†ø¼ „²…¬ÿ ô {¥±á …üò ²ðœý±ø†€ ì†ðÐ …² ð×õ® Þ†ìê „ðù† ¬°

‹ýò æüú|ø†ÿ ̈†á|°¹ ô ¬° ð}ýœú �±…Þñ¼ ô°Úú|…ÿ …üò æüú|ø† ìþ|ºõ¬.

‹±…ÿ {†‡üý~ …üò Ö±Âýú€ Öýéî ð†ðõÞ†ì�õ²ü}þ ì±Þ� …² ð»†¶}ú ô ̈†á|°¹

{õèý~ º~ Þú ¬° „ó …² ¶ý}±üà …¶ý~ ô CMC| …¶}×†¬û ð»~û ‹õ¬.

øí†ó|Æõ° Þú ¬° ºßê 1 ì»©À …¶• )ð»†¶}ú ̈†èÀ€ 5 ¬°¾~

TMM(€ ¬° …èãõÿ �±…½ …üò Öýéî€ øý¢ ðõÑ �ýßþ ì»†ø~û ðíþ|ºõ¬. Î~ï

Êùõ° �ýà€ ð»†ó|¬øñ~û …üò ðß}ú …¶• Þú …̈}çÉ ð»†¶}ú ô ̈†á|°¹ ¬°

…üò ðõÑ Öýéî€ …² ðõÑ ô°Úú|…ÿ ‹õ¬û …¶•. ¶ý}±üà …¶ý~ ‹† …üœ†¬ …{¿†æ–

Î±Âþ ô CMC| ‹† ‹±Ú±…°ÿ �ýõð~ø†ÿ øý~°ô´ðþ Úõÿ€ …² ð×õ® „²…¬…ðú ô

�±…Þñ¼ Þ†ìê ô üßñõ…̈• ²ðœý±ø†ÿ ð»†¶}ú ¬° ‹ýò æüú|ø†ÿ ̈†á|°¹

ô …üœ†¬ ¤†è• �±…Þñ¼ ìÇéõŽ ô°Úú|…ÿ ìí†ðÏ• ìþ|Þññ~.

ð×õ®�̄ü±ÿ ð·–€ ̂ú ̂©•° Œ™      |

ìõ…¬ ‹·}ú|‹ñ~ÿ ‹†ü~ {† ¤~ …ìß†ó€ ¤~…Úê ð×õ®�̄ü±ÿ ð·Œ• ‹ú ‹©†° „Ž

°… ¬…º}ú ‹†ºñ~ {† …² {Œ†¬ë °Æõ‹• ‹ýò ì¥ýÈ ô ì†¬û Ò̄…üþ ìí†ðÏ• ºõ¬.

øí†ó|Æõ° Þú ¬° ºßê 2 ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ ìÛ~…° ̈†á|°¹€

ð×õ®�̄ü±ÿ Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• Þ†ø¼ ìþ|ü†‹~. ð×õ®�̄ü±ÿ

‹±…ÿ ðíõðú º†ø~ )Öýéî ‹~ôó TMM(€  aPhm/g|7-01*44/2 ‹õ¬ Þú ¬°

Öýéî|ø†ÿ ¬…°…ÿ 1 ô 3 ¬°¾~ TMM€ ‹ú {±{ý� ‹ú 93/2 ô aPhm/g7-01*96/1

Þ†ø¼ ü†Ö•. ¬° ÒéË• 7 ¬°¾~ TMM€ Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•€

Þí}±üò ð×õ®�̄ü±ÿ °… ð»†ó ¬…¬ð~ )aPhm/g7-01*31/1(. Þ†ø¼

ð×õ®�̄ü±ÿ ‹† …Ö³…ü¼ ìÛ~…° TMM€ ‹† ð}†ü� ìÇ†èÏ†– ¶†ü±

�µôø¼|â±…ó€ ¬° ‹†°û …÷± ̈†á|°¹ °ôÿ ð×õ®�̄ü±ÿ Öýéî ð†ðõÞ†ì�õ²ü•

ð»†¶}ú ìÇ†‹Û• ¬…°¬ ]12€41[.

ð}†ü� ì»†‹ùþ ¬°‹†°û …÷± ̈†á|°¹ °ôÿ ð×õ®�̄ü±ÿ Öýéî �éþ|æÞ}ýà

…¶ý~ ]22[€ �éþ|…¶}ý±ó ]32[€ Öýéî …ü³ôèú �±ô{‰ýò „Ž �ñý± ]42[ ô Öýéî|ø†ÿ

ð†ðõÞ†ì�õ²ü• ¤†¾ê …² �ß}ýò ]52[ ô Þý}õ¶†ó]62[ â³…°½ º~û …¶•. …÷±

¨†á|°¹ ¬° Þ†ø¼ ð×õ®�̄ü±ÿ Öýéî ð»†¶}ú °… ìþ|{õ…ó ‹ú …üò {±{ý�

{õ›ýú Þ±¬ Þú ô›õ¬ æüú|ø†ÿ ̈†á|°¹ ¬° ¶†̈}†° ²ü·•|�éýí±€ ‹†Î™

…üœ†¬ ì·ý±ø†ÿ ²üã³…å ô �±�ý¢ ô ̈íþ ‹±…ÿ ð×õ® ìõèßõë ø†ÿ ‹©†° „Ž

ìþ|ºõ¬. ¬° ô…ÚÐ ‹† ô›õ¬ ̈†á|°¹€ ìõèßõë|ø†ÿ ‹©†° „Ž ‹±…ÿ ÎŒõ° …²

Öýéî€ ‹†ü~ ì·ý± Æõæðþ|{± ô �ý¡ý~û|{±ÿ °… Æþ Þññ~ ô øíýò ì·‰éú ‹†Î™

Þ†ø¼ ¶±Î• …ð}Û†ë ô ð×õ® ìõèßõë|ø†ÿ ‹©†° „Ž ìþ|ºõ¬ ]72[.

ṏƒÁ ìß•ðýßþ

ºßê 3 …÷± ìÛ~…° TMM| °… °ôÿ …¶}¥ß†ï Þ»»þ ðù†üþ ô Þ±ð¼ {†

ºß·• Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• ð»†ó ìþ|¬ø~. ‹† …Ö³ô¬ó 3 ô 7

¬°¾~ TMM€ ‹ú {±{ý� ¬ô ô ¶ú ‹±…‹± …Ö³…ü¼ ¬° ìÛ~…° …¶}¥ß†ï

Þ»»þ ðù†üþ ì»†ø~û º~. ‹† …Ö³…ü¼ ÒéË• TMM| …² ¾×± ‹ú 7€

ºßê 2 -…÷± ìÛ~…° ̈†á|°¹ °ôÿ ð×õ®�̄ü±ÿ ‹©†° „Ž ¬° Öýéî

²ü·•|ð†ðõÞ†ì�õ²ü• ð»†¶}ú -Þ±‹õÞ·þ ì}ýê ¶éõèõ² -¨†á|°¹

)¤±ôÙ ð†ì»†‹ú ð»†ó|¬øñ~û ô›õ¬ …̈}çÙ ¬° ¶Ç¦ 5 ¬°¾~ …¶•(.  |
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…¶}¥ß†ï Þ»»þ ðù†üþ ‹ú Æõ° ìÏñþ|¬…°ÿ …² 38/9 ‹ú aPM55/72

…Ö³…ü¼ ü†Ö• ô Þ±ð¼ {† ºß·• …² 25/36 ‹ú 52/81 ¬°¾~ °¶ý~.

�µôø¼|â±…ó ¬üã±ÿ ðý³ ð}†ü� ì»†‹ùþ °… ¬° ‹†°û …Ö³…ü¼ …¶}¥ß†ï

Þ»»þ Öýéî ð†ðõÞ†ì�õ²ü• ð»†¶}ú ¬° …÷± …Ö³…ü¼ ìÛ†¬ü± ̈†á|°¹

â³…°½ Þ±¬û|…ð~ ]82€02€81€61€9[. øî|Ÿñýò€ ¬° ‹†°û …÷± ̈†á|°¹ °ôÿ

¨õ…Á ìß†ðýßþ Öýéî|ø†ÿ ²ü·•|{©±ü�|�̄ü± �ß}ýò ]52[€ Þý}õ¶†ó

]62[ ô „â†°² ]92[ ðý³ ð}†ü� ì»†‹ùþ â³…°½ º~û …¶•. ìùî|{±üò ¬èýê

‹±…ÿ {Ûõü• ìÛ†ôì• ìß†ðýßþ ¬° …÷± …Ö³ô¬ó ̈†á|°¹€ ‹±Ú±…°ÿ

�ýõð~ø†ÿ ‹ýò ¶Ç¥þ Úõÿ|{± ô ‹ý»}± ‹ýò ²ðœý±ø†ÿ ð»†¶}ú€ CMC| ô

æüú|ø†ÿ �±…Þñ~û ̈†á|°¹ …¶•.

¬° Æõë Ö±…üñ~ {õèý~ ô ̈»à|Þ±¬ó Öýéî|ø†€ �ýõð~ø†ÿ øý~°ô´ðþ

…ôèýú ‹ýò ìõèßõë|ø†ÿ ð»†¶}ú ‹† �ýõð~ø†ÿ øý~°ô´ðþ {»ßýê º~û ‹ýò

â±ôû|ø†ÿ øý~°ôÞ·ýê ð»†¶}ú€ â±ôû|ø†ÿ øý~°ôÞ·ýê ô Þ±‹õÞ·ýê

CMC| ô â±ôû|ø†ÿ øý~°ôÞ·ýê ̈†á|°¹ ›†ÿ|â³üò º~û ô {»ßýê

Ÿñýò �ýõð~ø†ÿ øý~°ô´ðþ Úõÿ ¬° ¶Ç¦ ô¶ýÐ€ ‹†Î™ …Ö³…ü¼ ìÛ†ôì•

ìß†ðýßþ ô Þ†ø¼ …ðÏÇ†Ù|�̄ü±ÿ Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•

ìþ|ºõ¬. ‹ú ÎŒ†°– ¬üã±€ æüú|ø†ÿ ¨†á|°¹ ‹ú Îñõ…ó ì†¬û

…¶}¥ß†ï|¬øñ~û ìß†ðýßþ Îíê Þ±¬û ô ‹† …Ö³…ü¼ …{¿†æ– ô ¬° ð}ýœú

…Ö³…ü¼ �ýõ¶}ãþ ‹ýò ²ðœý±ø†ÿ ²ü·•|�éýí±€ …¶}¥ß†ï Þ»»þ °…

…Ö³…ü¼ ô Þ±ð¼ ü† …ðÏÇ†Ù|�̄ü±ÿ °… Þ†ø¼ ìþ|¬øñ~.  |

ṏƒÁ â±ì•üþ

ìÏíõæ_ ¬° ¬ì†ðã†º• CSD| �éýí±ø†ÿ ðýíú|‹éõ°ÿ ðËý± ð»†¶}ú€ ¬ô ðõÑ

…ð}Û†ë Ö†² ì»†ø~û ìþ|ºõ¬: …ð}Û†ë Ö†² ì±{Œú …ôë ü† Êùõ° �ýà â±ì†âý± Þú

ì±‹õÉ ‹ú ®ôŽ ðõ…¤þ ‹éõ°ÿ …¶• ô …ð}Û†ë Ö†² ì±{Œú ¬ôï ü† …ð}Û†ë

ºý»ú|…ÿ Þú ì±‹õÉ ‹ú …ð}Û†ë ºý»ú|…ÿ ðõ…¤þ ‹þ|ºßê …¶•.

ºßê 4 ìñ¥ñþ|ø†ÿ CSD| Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• °… ð»†ó

ìþ|¬ø~. Öýéî ð»†¶}ú ¬…°…ÿ 01 ¬°¾~ CMC| ô 01 ¬°¾~ ¶ý}±üà …¶ý~€

üà �ýà ®ôŽ ¬° ¬ì†ÿ Co7/191 ð»†ó ìþ|¬ø~ Þú ì±‹õÉ ‹ú ®ôŽ ðõ…¤þ

‹éõ°ÿ {»ßýê º~û Æþ �~ü~û ‹±â»• …¶•. …ì† øí†ó|Æõ° Þú ¬° ºßê 4

ð»†ó ¬…¬û º~û …¶•€ ‹† …Ö³ô¬ó TMM€ ¬ì†ÿ ®ôŽ Öýéî|ø†ÿ

²ü·•|ð†ðõÞ†ì�õ²ü• …Ö³…ü¼ ìþ|ü†‹~. ‹† …Ö³ô¬ó ìÛ~…° ̈†á|°¹ …² 1 ‹ú 7

¬°¾~€ �ýà ®ôŽ Öýéî ø† …² 5/122 ‹ú Co0/342 ìñ}Ûê ìþ|ºõ¬. …Ö³…ü¼

¬ì†ÿ ®ôŽ Öýéî|ø† ð»†ó ìþ|¬ø~ Þú …Ö³ô¬ó ̈†á|°¹ ‹ú {»ßýê ðõ…¤þ

‹éõ°ÿ ‹ý»}± ìñœ± º~û ô {¥±á ²ðœý±ø†ÿ „ìýéõ�ß}ýò °… Þ†ø¼ ìþ|¬ø~.

¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ )gT( Öýéî ²ü·•|Þ†ì�õ²ü• ð»†¶}ú - CMC€ ¬°

¤~ô¬ Co1/261 ‹õ¬. ‹† …Ö³ô¬ó 1 ¬°¾~ TMM€ gT| ‹ú Co7/961 …Ö³…ü¼

ü†Ö•. …ì†€ ô¶Ï• ì¥~ô¬û …ð}Û†ë ºý»ú|…ÿ Þí}± …² Öýéî Ö†Ú~ TMM| ‹õ¬.

ºßê 3 -…÷± ìÛ~…° ̈†á|°¹ ‹± …¶}¥ß†ï Þ»»þ ðù†üþ ô Þ±ð¼ {†

ºß·• Öýéî ²ü·•|ð†ðõÞ†ì�õ²ü• ð»†¶}ú -Þ±‹õÞ·þ ì}ýê ¶éõèõ² -

¨†á|°¹ )¤±ôÙ ð†ì»†‹ú ð»†ó|¬øñ~û ô›õ¬ …̈}çÙ ¬° ¶Ç¦ 5

¬°¾~ …¶•(.

)|…èØ(

)Ž(

ºßê 4 -ìñ¥ñþ|ø†ÿ CSD| Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• ¤†ôÿ

¬°¾~ø†ÿ ì©}éØ ̈†á|°¹.

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir


231

{ùýú ô ‹±°¶þ ̈õ…Á Öý³üßþ  |Öýéî Þ†ì�õ²ü}þ ²ü·•|{©±ü�|�̄ü± ð»†¶}ú - CCMMCC| ... ø†¬ÿ …èí†¶þ 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 

…Ö³…ü¼ gT| ð»†ó ìþ|¬ø~€ ̈†á|°¹ ¬° ðõ…¤þ ‹þ|ºßê ðý³ ¶†̈}†°

Ö»±¬û ô ìñ·œíþ °… {»ßýê ìþ|¬ø~. …Ö³…ü¼ {Ï~…¬ ô º~– �ýõð~ø†€

‹†Î™ Þ†ø¼ {¥±á ²ðœý±ø† º~û ô gT| …Ö³…ü¼ ìþ|ü†‹~. ‹† …Ö³…ü¼

ìÛ~…° TMM€ �~ü~û …ð}Û†ë ºý»ú|…ÿ ‹ú {~°ü� ð†�~ü~ º~û ô ¬°

¬ì†ðã†º• Öýéî|ø†ÿ ¤†ôÿ 5 ô 7 ¬°¾~ TMM€ �~ü~û …ð}Û†ë ºý»ú|…ÿ

ì»†ø~û ðíþ|ºõ¬. ø±Ÿú ìÛ~…° ðËî|ü†Ö}ãþ ¬° ‹ýò ²ðœý±ø†ÿ �éýí±

‹ý»}± ‹†º~€ ìÛ~…° ðõ…¤þ ‹éõ°ÿ ¬° „ó �éýí± ²ü†¬{± …¶•.

æüú|ø†ÿ ̈†á|°¹ ‹† Ú±…°â±Ö}ò ¬° ‹ýò °º}ú|ø†ÿ ð»†¶}ú ô {»ßýê

�ýõð~ ‹† „ðù†€ ‹ú …Ö³…ü¼ …ð·œ†ï ¶†̈}†°ÿ ¬° ‹ýò ²ðœý±ø† Þíà ìþ|Þññ~.

‹ú ÎŒ†°– ¬üã±€ ¬° …÷± …Ö³ô¬ó ̈†á|°¹€ ðõ…¤þ ‹þ|ºßê ‹ú ðõ…¤þ

‹éõ°ÿ {Œ~üê º~û ô ¬° ð}ýœú ‹ú {~°ü� …² ì¥~ô¬û ð†¤ýú …ð}Û†ë ºý»ú|…ÿ

Þî º~û ô ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ …Ö³…ü¼ ìþ|ü†‹~ ]03[. ‹ñ†‹±…üò€ ìÛ†ü·ú

{Óýý±…– ¬ì†ÿ ®ôŽ ô ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ð»†ó ìþ|¬ø~€ ð×õ®

æüú|ø†ÿ TMM| ¬° ÖÃ†ÿ ‹ýò ²ðœý±ø†ÿ ð»†¶}ú|…ÿ€ ¬° ðõ…¤þ

‹þ|ºßê …{×†Ý …Ö}†¬û …¶•. Ú±…°â±Ö}ò æüú|ø†ÿ ̈†á|°¹ ¬° ‹ýò

²ðœý±ø†ÿ ð»†¶}ú ô ‹±Ú±…°ÿ �ýõð~ ‹† „ðù† ‹†Î™ …Ö³…ü¼ ðËî ô …ð·œ†ï

¶†̈}†°ÿ ¬° ðõ…¤þ ‹þ ºßê º~û ô ‹†Î™ {Œ~üê „ðù† ‹ú ‹©¼|ø†ÿ

‹éõ°ÿ ìþ|ºõ¬ ô ¬°›ú ‹éõ°üñãþ ô ¬° ð}ýœú ¬ì†|ø†ÿ ®ôŽ ô …ð}Û†ë

ºý»ú|…ÿ Öýéî|ø† …Ö³…ü¼ ü†Ö}ú ô ì¥~ô¬û …ð}Û†ë ºý»ú|…ÿ „ðù† Þ†ø¼

ìþ|ü†‹~.   

ð}ýœú|âý±ÿ

Öýéî ²ü·•|ð†ðõÞ†ì�õ²ü• ›~ü~ …² {±Þý� ð»†¶}ú …¾ç§ º~û-CMC|-

¨†á|°¹ {õèý~ º~ ô …÷± ìÛ~…° ̈†á °¹ ‹± ôüµâþ|ø†ÿ ¶†̈}†°ÿ ô

¨õ…Á Öý³üßþ …üò Öýéî€ ìÇ†èÏú º~. „²ìõó DRX| ð»†ó ¬…¬ Þú �±…Þñ¼

¨†á °¹ ¬° Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•€ ‹ú ºßê ‹ýò|æüú|…ÿ …¶•.

¬°¤†èþ Þú ¬° Öýéî ð†ðõÞ†ì�õ²ü• ð»†¶}ú )¬° ¤†è• Î~ï …¶}×†¬û …²

¶ý}±üà …¶ý~ ô CMC(€ æüú|ø†ÿ ̈†á|°¹ ‹ú ºßê Þ†ìê ô ‹ú ¤†è•

ô°Úú|…ÿ ¬° ²ìýñú ²ü·•|�éýí± ð»†¶}ú �±…Þñ~û ìþ|ºõð~. …Ö³…ü¼ ìÛ~…°

¨†á|°¹€ ð×õ®�̄ü±ÿ Öýéî ð»†¶}ú-CMC| ð·Œ• ‹ú ‹©†° „Ž °… ðý³

Þ†ø¼ ¬…¬. ð×õ®�̄ü±ÿ ð·Œ• ‹ú ‹©†° ‹±…ÿ ðíõðú º†ø~ )Öýéî ‹~ôó

TMM( aPhm/g7-01*44/2 ‹õ¬ Þú ¬° Öýéî  ¤†ôÿ 7 ¬°¾~ TMM€ ‹ú

aPhm/g|7-01*31/1 Þ†ø¼ ü†Ö•. øî|Ÿñýò€ ÒéË• ̈†á|°¹ …÷±

ìÏñþ|¬…°ÿ °ôÿ ̈õ…Á ìß†ðýßþ Öýéî ð»†¶}ú ¬…º•. ‹† …Ö³ô¬ó 3 ô 7

¬°¾~ TMM€ ‹ú {±{ý� ¬ô ô ¶ú ‹±…‹± …Ö³…ü¼ ¬° ìÛ~…° …¶}¥ß†ï

Þ»»þ ðù†üþ ì»†ø~û º~ ô …ðÏÇ†Ù|�̄ü±ÿ Öýéî|ø† ðý³ ‹ú|Æõ° ìÏñþ|¬…°ÿ

Þ†ø¼ ü†Ö•. ‹† …Ö³…ü¼ ìÛ~…° ̈†á|°¹€ ¬ì†ÿ ®ôŽ Öýéî|ø† …Ö³…ü¼

ü†Ö• ô ì¥~ô¬û …ð}Û†ë ºý»ú|…ÿ€ Þí}± º~. …üò ð}†ü� ð»†ó ¬…¬ Þú

‹±øî|Þñ¼ æüú|ø†ÿ ̈†á|°¹ ‹† ²ðœý±ø†ÿ ð»†¶}ú€ ¬° ðõ…¤þ ‹þ|ºßê

°« ¬…¬û ô ‹ú â·}±½ ðõ…¤þ ‹éõ°ÿ ìñœ± ìþ|ºõ¬. 
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