
N
anocomposite vulcunizates based on styrene-butadiene rubber (SBR),

organoclay and a conventional sulfur curing system were prepared by

melt blending process in an internal mixer. In order to study the effects of

the type of interfacial compatibilizer on the properties of SBR and clay nanoparticles,

three types of compatibilizers, maleic anhydride grafted ethylene-propylene diene

rubber (EPDM-g-MAH), acrylonitrile-butadiene rubber (NBR) and epoxidized natu-

ral rubber (ENR50) have been used. The nanocomposites have been compared

together from view point of their curing behavior, rheological and mechanical prop-

erties. The developed microstructure and dynamics of the macromolecular chains in

proximity of the clay nanolayers have been characterized using X-ray diffraction

(XRD), scanning electron microscopy (SEM), and melt rheo-mechanical spec-

troscopy (RMS). Curing behavior of the prepared nanocomposites has been evaluat-

ed using a rubber curing rheometer. EPDM-g-MAH and ENR50 showed to enhance

the interactions between SBR chains into clay tactoids much stronger than NBR as a

compatibilizer. These were consistent with the dynamic mechanical thermal analysis

(DMTA) data as well as macroscale mechanical properties tested on the samples.
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�±¹ ¬…Õ Ö»†°ÿ øý~°ôèýà ì~ë nilloC.rD P002P| ¶†̈• „èí†ó€

¬¶}ã†û Þ»¼ ì~ë 002awiH| ¶†̈• …ü±…ó€ ¬¶}ã†û  DRX| ì~ë

spilihP¶†̈• øéñ~€ ¬¶}ã†û {œ³üú ¬üñ†ìýßþ -ìß†ðýßþ â±ì†üþ

notirT-ATMD| ì~ë0002cetirT¶†̈• …ðãé·}†ó ô ìýß±ô¶ßõ’

…èß}±ôó|�õü»þ )MES( ì~ë ygolonhceT nores 0012-SIA¶†̈•

Þ±û ‹ú Þ†° â±Ö}ú º~.

°ô½|ø†

„ìý©}ú|¶†²ÿ ô {ùýú ð†ðõÞ†ì�õ²ü•  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û

‹ú ìñËõ° {ùýú ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü•€ …² Ö±…üñ~ …̈}çÉ ì̄…Ž ¬°

ì©éõÉ|Þò ¬…̈éþ ‹† �ý¢ ì~ë ‹ñŒõ°ÿ  ‹† ¬ô ¶±Î• ì}×†ô– 04 ô

mpr|09  )nim8  ‹† ¬ô° 04 ô nim6  ‹† ¬ô°09 (|€ ¬ì†ÿ …ôèýú Co|07 ô ²ì†ó

Þéþ nim41 …¶}×†¬û º~. …‹}~…€ æ¶}ýà RBS| ‹ú øí±…û ¶†²â†°Þññ~û ¬°

ì©éõÉ Þò °ü©}ú º~û {† â»}†ô° ¬¶}ã†û ‹ú ¤†è• �†ü~…° ‹±¶~€ ¶�̧

ð†ðõ°¹ ô ìõ…¬ …Ö³ô¬ðþ ‹ú ›³Š ìõ…¬ �©• )¬° ›~ôë 1( …Â†Öú º~.

øî|Ÿñýò€ ‹ú ìñËõ° ôôèß†ð¼ „ìý©}ú|ø†ÿ {ùýú º~û …² üà ¶†ì†ðú �©•

âõâ±¬ÿ …¶}×†¬û º~. ‹±…ÿ …üò ìñËõ°€ ¶†ì†ðú ôôèß†ð¼ ‹† …Ö³ô¬ó ìõ…¬

�©• ‹† „¶ý†Ž ¬ô Òé}ßþ „²ì†ü»ã†øþ ‹† ¬ì†ÿ …ôèýú Co05-04ô ì~–

²ì†ó  nim5-4 …ðœ†ï º~. ìÛ~…° ð†ðõ°¹ ÷†‹•€ 7 ¬°¾~ ô²ðþ ô ð·Œ•

ô²ðþ ð†ðõ°¹ …¾ç§ º~û ‹ú ¶†²â†° Þññ~û 1 ‹ú 1 …ð}©†Ž º~.     |

Ÿãõðãþ ì»©¿ú �©• ð†ðõÞ†ì�õ²ü•|ø†ÿ RBS -ð†ðõ°¹ ¬°

¬ì†ÿ Co551 ‹±…¶†¹ …¶}†ð~…°¬ 9825 MTSA| ‹† …¶}×†¬û …² °õ̂ì}±

�©• æ¶}ýà …°²ü†‹þ º~. ‹† …¶}×†¬û …² ìñ¥ñþ â»}†ô° ‹±¤·� ²ì†ó ‹ú

¬¶• „ì~û€ ²ì†ó ‹±º}ãþ )2t(€ ²ì†ó �©• ‹ùýñú )09t(€ ‹ý»ýñú ô Þíýñú

â»}†ô° ì¥†¶Œú ô ìõ°¬ ìÇ†èÏú Ú±…° â±Ö•.

‹±…ÿ {ùýú ðíõðú ‹±…ÿ „²ìõó Þ»¼€ ¾×¥†{þ ‹ú Â©†ì• mm2 …²

ðíõðú|ø† ¬° ¬ì†ÿ Co551 ‹± …¶†¹ ²ì†ó �©• ‹ùýñú€ ‹† �±¹ ¬…Õ Ö»†°ÿ

øý~°ôèýà {ùýú º~. ¾×¥†– ôôèß†ðý~û ‹ú ºßê ¬ìŒê ‹±ü~û º~û ô

‹±…ÿ …°²ü†‹þ ìß†ðýßþ ‹† …¶}×†¬û ¬¶}ã†û Þ»¼ ‹† ¶±Î•

nim/mm|005 ÆŒÜ …¶}†ð~…°¬ 39-214MTSA| ìõ°¬ „²ìõó Ú±…° â±Ö•.

¬°›ú ‹ýò æüú|…ÿ º~ó ®°…– ð†ðõ°¹ ‹† …¶}×†¬û …² ¬¶}ã†û  DRX| ‹† �±{õ

kuC)Æõë ìõž mn650451/0=| (ìõ°¬ …°²ü†‹þ Ú±…° â±Ö•. ‹† …¶}×†¬û

…² Ú†ðõó ‹±…å )θ2nisd2=| (Ö†¾éú ‹ýò ¾×¥†– ð†ðõ°¹ ì¥†¶Œú º~.

ðíõðú|ø† ‹† ¶±Î• 1-s20/0 ‹ýò o21-1= θ2 �±¬…²½ º~û …¶•.

λ

λ α

›~ôë 1 -ìõ…¬ …¶}×†¬û º~û ¬° {ùýú ð†ðõÞ†ì�õ²ü•.

*Ú·í• ð·Œ• ‹ú 001 Ú·í• æ¶}ýà.

ìÛ~…°)*rhp( ì†¬û

001|

5|

5/1|

3/1|

2/2

æ¶}ýà …¶}ý±ó -‹õ{†¬ÿ|…ó|

°ôÿ …Þ·ý~ |

…¶}‰†°üà …¶ý~|

º}†Ž|¬øñ~û|

âõâ±¬

Archive of SID

www.SID.ir



69

‹±°¶þ …÷± ðõÑ ¶†²â†°Þññ~û ‹± ̈õ…Á ð†ðõÞ†ì�õ²ü•|ø†ÿ �†üú …æ¶}õì±  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û ìý}±… {õÞéþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 1€ Ö±ô°¬üò ƒƒ …°¬üŒù»• 9831 

ì~ôë ®̈ý±û )'E( ô Â±ü� …{çÙ ìß†ðýßþ )nat( ‹ú Îñõ…ó {†‹Ïþ …²

¬ì† ‹±…ÿ ðíõðú|ø†ÿ �©• º~û ‹† …¶}×†¬û ¬¶}ã†û {œ³üú ¬üñ†ìýßþ -

ìß†ðýßþ â±ì†üþ …ð~…²û|âý±ÿ º~. …üò „²ìõó ¬° ºýõû Þ»»þ ¬° ‹·†ì~

zH1 ¬° ì¥~¬û ¬ì† 001 -  {† Co001 + …ðœ†ï º~.

°Ö}†° °õ̂èõ´üßþ ì̄…Ž ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• �©• ð»~û ‹ú

Þíà ¬¶}ã†û  002SU acisyhP raaP)¶†̈• Þ»õ° …{±ü¼( ‹†

¾×¥†– ìõ…²ÿ ‹† ÚÇ± mm52 ¬° ¬ì†ÿ Co|061 …ð~…²û|âý±ÿ º~. ‹†

…¶}×†¬û …² „²ìõó �õü¼ Þ±ð¼ ð†¤ýú â±…ð±ôÞ»·†ó ̈Çþ )1%( …ð}©†Ž

º~. ‹† …ðœ†ï „²ìõó �õü¼ ‹·†ì~€ â±…ð±ôÿ ì©}éÈ )*| ( ô ì~ôë

Þ»·†ðþ ì̄…Ž )'G( …ð~…²û|âý±ÿ º~.

¶Ç¦ ºß·• ôôèß†ðý~û|ø† ‹† …¶}×†¬û …² ìýß±ô¶ßõ’ …èß}±ôðþ ¬°

ôè}†́ Vk|02 ìõ°¬ ìÇ†èÏú Ú±…° â±Ö•. üà æüú ð†²á Æç °ôÿ ¶Çõ§

ºß·• ðíõðú|ø† �õº¼ ¬…¬û º~ {† ì†ðÐ …² ‹†°¬…° º~ó …èß}±ô…¶}†{ýà

¤ýò „²ì†ü¼ ºõ¬ Þú …üò Îíê ‹ú ô¶ýéú ¬¶}ã†û  hcetimE| ì~ë  0267-CS|

¶†̈• …ðãé·}†ó …ðœ†ï º~.

ð}†ü� ô ‹¥™

°Ö}†° ôôèß†ð¼ ðíõðú|ø†

…÷± ô›õ¬ ¶†²â†°Þññ~û|ø†ÿ 05RNE€ HAM--MDPE ô RBN| ‹±

°Ö}†° ôôèß†ð¼ |ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ {ùýú º~û ¬° ºßê|ø†ÿ 1 ô 2

ð»†ó ¬…¬û º~û …¶•. ‹ú Æõ° Þéþ€ ‹ý»ýñú ô Þíýñú â»}†ô° ¬° ìñ¥ñþ

°õ̂ì}± �©• ‹ú {±{ý� ‹† ì~ôë ô â±…ð±ôÿ ì†¬û ì±{ŒÈ ø·}ñ~ ô {×†ô–

…üò ¬ô Þíý• ðý³ ¬° …°{Œ†É Òý±ì·}Ûýî ‹† Ÿã†èþ …{¿†æ– Î±Âþ ºŒßú

ôôèß†ð¼ …¶•.

øí†ó|Æõ° Þú ¬° ºßê 1 ìç¤Ëú ìþ|ºõ¬€ …Ö³…ü¼ ¶†²â†°Þññ~û|ø† ‹ú

„ìý©}ú RBS| ô ð†ðõ°¹ ‹†Î™ …Ö³…ü¼ ¬° ‹ý»ýñú  ô Þíýñú â»}†ô° ô

øî|Ÿñýò  {×†ô– ¬° ‹ý»ýñú  ô Þíýñú â»}†ô° º~û Þú …üò …Ö³…ü¼ ¬° ðíõðú

‹† ¶†²â†° Þññ~û HAM--MDPE| ô 05RNE| ‹ý»}± …¶•. …üò …Ö³…ü¼

ìþ|{õ…ð~ üà ð»†ðú Òý±ì·}Ûýî ‹±…ÿ ‹ùŒõ¬ ¬° °Ö}†° ‹ýò|æüú|…ÿ º~ó -

ô°Úú|…ÿ º~ó ô Ÿ·Œñ~âþ ‹ýò ¶Ç¥þ ̈õŽ ô RBS| ô ð†ðõ°¹ ¬°

¤Ãõ° …üò ¶†²â†° Þññ~û|ø† ‹†º~. ‹†ü~ ì}̄Þ± º~€ â±ôû|ø†ÿ …ðý~°ü~ ô

…�õÞ·þ ¶†²â†° Þññ~û|ø† ðý³ ìþ|{õ…ð~ …² °…û ô…Þñ¼ ‹† Îõ…ìê „ìýñþ ¬°

ð†ðõ°¹ …¾ç§|º~û °ôÿ Ö±…üñ~ ÖÏ†ë|¶†²ÿ -…{¿†ë Î±Âþ …÷±â̄…°

‹†º~. …üò …ì± ìþ|{õ…ð~ ‹†Î™ {Óýý± ¬°Ÿã†èþ ºŒßú …{¿†æ– Î±Âþ ô

�±…Þñ¼ ð†ðõ°¹ ºõ¬ Þú ø± ¬ô …üò Îõ…ìê °ôÿ ¶×}þ ð†ðõÞ†ì�õ²ü•

…÷±â̄…° …¶•. …â± Ÿú ô›õ¬ ¶†²â†°Þññ~û ‹ú {ñù†üþ ðý³ ìíßò …¶• ¬°

…Ö³…ü¼ …{¿†æ– Î±Âþ ¶ùî ¬…º}ú ‹†º~.  |

¬° ºßê 2 ìç¤Ëú ìþ|ºõ¬€ …Ö³…ü¼ ð†ðõ°¹ …¾ç§ º~û ‹ú …æ¶}õì±

RBS| ‹†Î™ …Ö• º~ü~ ¬° ²ì†ó ‹±º}ãþ ô �©• ‹ùýñú º~û Þú …üò °Ö}†° ‹ú …÷±

º}†Ž|¬øñ~âþ …¾ç§ Þññ~û ¶Ç¥þ ¬° ¶†̈}†° ð†ðõ°¹ ð·Œ• ¬…¬û ìþ|ºõ¬.

Ÿñýò °Ö}†°ÿ {õ¶È ¶†ü± �µôø¼|â±…ó ðý³ â³…°½ º~û …¶• ]72€32[. …²

Æ±Öþ€ …Ö³…ü¼ ¬ô ì†¬û RBN| ô 05RNE‹ú „ìý©}ú  æ¶}ýà RBS| ô ð†ðõ°¹

‹†Î™ Þ†ø¼ ‹ý»}± ¬° …üò ¬ô ²ì†ó º~û …¶• Þú ìþ|{õ…ð~ì±‹õÉ ‹ú ÚÇŒý•

‹ý»}± …üò ¬ô ì†¬û ð·Œ• ‹ú HAM--MDPE| ‹†º~. …² ¬ô ðíõ¬…° ì³‹õ°

ìþ|{õ…ó ð}ýœú â±Ö• Þú â±ôû|ø†ÿ ÚÇŒþ ¬° 05RNE| ô RBN‹†Î™ ÖÏ†ë

º~ó …{¿†ë ¬ôâ†ðú º~û ô ²ì†ó ¬¶•|ü†‹þ ‹ú …{î âõâ±¬ ô º±ôÑ ôôèß†ð¼

ô ¬° ð}ýœú �©• ‹ùýñú °… Þ†ø¼ ¬…¬û|…ð~. …üò …÷± Þ†ø¼ ²ì†ó ‹±º}ãþ ô

�©• ‹ùýñú ¬° ‹†°û ¶†²â†°Þññ~û 05RNE| ¬° ð†ðõÞ†ì�õ²ü• ‹± �†üú RN|-

g

g

g

η

δ

ºÞê 1 -‹ý»ýñú ô Þíýñú â»}†ô° ô {×†Âê …üò ¬ôâ»}†ô° ¬° ì±¤éú

ôôèß†ð¼ ‹±…ÿ „ìý©}ú RBS| Ö†Ú~ ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ

ð†ðõÞ†ì�õ²ü• CO/RBS| ¶†²â†° º~û ô ¶†²â†° ð»~û.

ºßê 2 -ìÛ†ü·ú ²ì†ó|ø†ÿ ‹±º}ãþ ô �©• ‹ùýñú ‹±…ÿ „ìý©}ú  RBS|

Ö†Ú~ ø± ðõÑ �±Þññ~û ô ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• CO/RBS¶†²â†° º~û

ô ¶†²â†° ð»~û.
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‹±°¶þ …÷± ðõÑ ¶†²â†°Þññ~û ‹± ̈õ…Á ð†ðõÞ†ì�õ²ü•|ø†ÿ �†üú …æ¶}õì±  RRBBSS|- ð†ðõ°¹ …¾ç§ º~û ìý}±… {õÞéþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 1€ Ö±ô°¬üò ƒƒ …°¬üŒù»• 9831 70

ð†ðõ°¹ …¾ç§ º~û  ðý³ ì»†ø~û º~û …¶• ]22[.

�±…Þñ¼ ð†ðõ°¹ …¾ç§ º~û

¬° ºßê 3 …èãõÿ DRX| ð†ðõ°¹ …¾ç§ º~û€ ðíõðú æ¶}ýà ‹†

ð†ðõ°¹ ¶†²â†° ð»~û ô øî Ÿñýò ¶ú ðíõðú ¶†²â†°º~û ð»†ó ¬…¬û º~û

…¶•. A51 etisiolC| üà �ýà �ùò ¬° o437/2=θ2 ð»†ó ìþ|¬ø~ Þú

ìÇ†‹Ü ‹† Ö†¾éú ‹ýò|æüú|…ÿ mn 22/3=100d| …¶•. ð†ðõÞ†ì�õ²ü•

¶†²â†°ð»~û ¬…°…ÿ üà �ýà ‹†°üà ô {ñ~ ¬° o3/2=θ2 ìÇ†‹Ü ‹† Ö†¾éú

‹ýò æüú|…ÿ mn| 928/3 …¶•. …¶}×†¬û …² RBN| ‹ú Îñõ…ó ¶†²â†°Þññ~û

‹†Î™ ›†‹ú|›†üþ Þíþ ¬° �ýà|ø† ¬° ðõ…¤þ ì©}éØ ð·Œ• ‹ú ðíõðú

¶†²â†° ð»~û º~û …¶•.

ô›õ¬ MDPE| ì†è‰ýà|¬…° ¬° ðíõðú �ýà �ùñþ ¬° ð†¤ýú o051/2=θ|2

ìÏ†¬ë ‹† Ö†¾éú ‹ýò æüú|…ÿ mn501/4 …üœ†¬ Þ±¬û ô ðíõðú ¶†²â†° º~û ‹†

05RNE�ýßþ ¬° o591/2=θ2  ô ìÇ†‹Ü ‹† Ö†¾éú ‹ýò æüú|…ÿ mn120/4 °…

ð»†ó ìþ|¬ø~ Þú ð»†ó|â± ‹ýò æüú|…ÿ º~ó ‹ý»}± ð†ðõæüú|ø† ô {õ²üÐ

üßñõ…̈•|{± „ðù† ¬° ðíõðú|ø†ÿ ¶†²â†°º~û ‹† HAM--MDPE| ô

05RNE| …¶•. …² Æ±Öþ€ �ýà|ø†ÿ ìõ›õ¬ ¬° ²ô…ü†ÿ ¤~ô¬ 2 ô 4 ¬°›ú

¬° …üò ðíõðú|ø† ðý³ ‹ú ¶í• ²ô…ü†ÿ Þí}± ›†‹ú|›† º~û ô …² º~– „ðù† ðý³

Þ†¶}ú º~û …¶•. ‹ú ÎŒ†°– ¬üã±€ …Ö³ô¬ó …üò ìõ…¬ ‹ú Îñõ…ó

¶†²â†°Þññ~û ‹ú RBS| ‹†Î™ „¶†ó º~ó ð×õ® ²ðœý±ø† ‹ú ¬…̈ê

ð†ðõæüú|ø† º~û|…ð~. …ì†€ ‹ú ìÏñ†ÿ …üò ðý·• Þú {œíÐ ¾×¥†– Þ†ìç_ …²

‹ýò °Ö}ú …¶•. ‹±…ÿ ¬°á ‹ý»}± °Ö}†° ðíõðú|ø† ¶†ü± ̈õ…Á ì†ðñ~

¨õ…Á ìß†ðýßþ ô °õ̂èõ´üßþ  ðíõðú|ø† ìÇ†èÏú º~.  |

ìýß±ô¶ßõ’ …èß}±ôðþ …² ¶Çõ§ ºß·•

ºßê 4 ) …èØ {† ž( °ü³ðã†° MES| …² ¶Ç¦ ºß·• Þ»»þ ðíõðú|ø†ÿ

ôôèß†ðý~û ¶†²â†°ð»~û ô ¶†²â†°º~û °… ð»†ó ìþ|¬ø~. ì»†ø~û

ìþ|ºõ¬€ ‹† …Ö³ô¬ó ¶†²â†°Þññ~û€ ¶Çõ§ ºß·• ¬° ìÛ†ü·ú ‹† ðíõðú

ôôèß†ðý~û ¶†²â†°ð»~û ²‹±{± º~û Þú ð»†ó|â± °Ö}†° ºß·• ºßññ~û

…¶•. ¬° ¤†èþ Þú ðíõðú ¶†²â†°ð»~û ¶Ç¦ ºß·• ¾†Ù ¬…°¬ Þú

ð»†ó|â± …ð±ÿ́ Ÿ·Œñ~âþ Þî ‹±…ÿ ºß·• …¶•. °Ö}†° ì»†‹ùþ ‹±…ÿ

ð†ðõÞ†ì�õ²ü• RN|- ð†ðõ°¹ …¾ç§ º~û  ðý³ â³…°½ º~û …¶• ]22[.

…üò °Ö}†° °… ìþ|{õ…ó ‹ú …Ö³…ü¼ Ÿ·Œñ~âþ ‹ýò|¶Ç¥þ ‹ýò ð†ðõæüú|ø†ÿ

ð†ðõ°¹ �±…Þñ~û º~û ô ²ìýñú RBS| ð·Œ• ¬…¬ Þú ‹†Î™ ›éõâý±ÿ …²

{í±Þ³ {ñ¼ ¬° ²ìýñú º~û ô ìþ|{õ…ð~ ð»†ðú ‹ùŒõ¬ ¶†²â†°ÿ ô ‹ñ†‹±…üò

‹±øî|Þñ¼ ‹ýò æ¶}ýà RBS| ô ¾×¥†– ð†ðõ°¹ ‹†º~. …èŒ}ú ¬°›ú

²‹±ÿ ¬° ðíõðú|ø†ÿ ¤†ôÿ ¬ô ¶†²â†° Þññ~û HAM--MDPE

|ô|05RNEð·Œ• ‹ú RBN| ‹ý»}± …¶•.

°õ̂èõÿ́ ì̄…Ž

‹ú ìñËõ° {Ïýýò ð†¤ýú â±…ð±ô Þ»·†ó ̈Çþ€ „²ìõó �õü¼ Þ±ð¼ °ôÿ

ðíõðú RBS|- ð†ðõ°¹ …ðœ†ï º~ )ºßê 5 (. ìÇ†‹Ü ºßê 5€ Þ±ð¼ 1% ¬°

…üò ìñÇÛú Ú±…° ìþ|âý±¬ Þú ¬° …üò Þ±ð¼ °Ö}†° °õ̂èõ´üßþ ì̄…Ž

ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü• ìõ°¬ …°²ü†‹þ Ú±…° â±Ö•.

ºßê|ø†ÿ 6 ô 7 …÷± ¶±Î• ‹±½ )‹·†ì~( °ôÿ â±…ð±ôÿ ì©}éÈ

ô ì~ôë ®̈ý±û ‹±ºþ )'G(| ‹±…ÿ ðíõðú|ø†ÿ �©• ð»~û RBS|

�±ð»~û ô RBS|-ð†ðõ°¹ ¶†²â†°º~û ô ð»~û °… ð»†ó ìþ|¬øñ~. ‹†

…Ö³…ü¼ ø± ¶ú ¶†²â†°Þññ~û€ â±…ð±ôÿ ì©}éÈ …Ö³…ü¼ ü†Ö}ú …¶• )ºßê

6(. øí†ó|Æõ° Þú ìç¤Ëú ìþ|ºõ¬€ ðíõðú|ø†ÿ ¤†ôÿ ¬ô ¶†²â†°Þññ~û

HAM--MDPEô 05RNE¬° {í†ï ‹·†ì~ø† ¬…°…ÿ â±…ð±ôÿ ì̄…Ž

‹ý»}± ø·}ñ~. øî|Ÿñýò€ ì~ôë ®̈ý±û ‹±ºþ ¬° ðíõðú|ø†ÿ ¤†ôÿ …üò ¬ô

¶†²â†°Þññ~û ¬° ‹·†ì~ø†ÿ Þî {Û±üŒ†_ ì·}Ûê …² ‹·†ì~ º~û …¶• Þú

‹ý†ó|â±{»ßýê ºŒßú ‹ýò ð†ðõ°¹ …¶• )ºßê 7(. …üò °Ö}†° °… ìþ|{õ…ó ‹ú

…÷± ¶†²â†°Þññ~âþ ô ‹ñ†‹±…üò ¬°›ú ‹ý»}± ‹ýò|æüú|…ÿ º~ó ²ðœý±ø†ÿ
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