
C
rosslinked poly(acrylic acid)s were prepared using two types of crosslink-

er by precipitation polymerization method in a binary organic solvent.

N,N’-methylenebisacrylamide (MBA) and polyethylene glycol dimethacry-

late (PEGDMA-330) were used as low-molecular weight and long-chain crosslink-

ers, respectively. The effect of various types of crosslinkers on polymer characteris-

tics (i.e., gel content, equilibrium swelling, glass transition temperature, and rheo-

logical properties) was investigated. Maximum amount of viscosity was obtained by

using long-chain crosslinker. The Flory-Rehner equation and rubber elasticity theo-

ry were used to discuss the network structure of polymer. It was observed that, the

glass transition temperature (Tg) of the synthesized polymer containing PEGDMA-

330 is higher than that of polymer containing MBA. Apparent and rotational viscos-

ity were used to determine the optimal crosslinker type. In addition, the consistency

coefficient (m) and flow behavior index (n) parameter of Ostwald equation were

investigated as well.

precipitation

polymerization,

poly(acrylicacid),

polyethylene glycol

dimethacrylate,

methylenebisacrylamide,

rheology

A B S T R A C T

Key Words:

Crosslinkers of Different Types in Precipitation
Polymerization of Acrylic Acid

H. Eshaghi1, G. Bagheri Marandi*1, H. Boohendi2, M.J. Zohuriaan-Mehr2, and

K. Kabiri2

1. Department of Chemistry, Islamic Azad University, Karaj Branch, P.O. Box: 31485-313, Karaj, Iran

2. Iran Polymer and Petrochemical Institute, P.O. Box: 14965-115, Tehran, Iran

Received 8 December 2009, accepted 3 May 2010

(*)To whom correspondence should be addressed.
E-mail: marandi@kiau.ac.ir

Iranian Journal of Polymer
Science and Technology

Vol. 23, No. 1, 75-84

April-May 2010

ISSN: 1016-3255

Available in: http://jips.ippi.ac.ir



ø†›± …¶¥†Úþ1€ Òçï ‹†Ú±ÿ ì±ð~ÿ1*€ ¤·ýò ‹õøñ~ÿ2€ ì¥í~ ›çë Êùõ°ü†ó|ìù±2€ Þõ°ô½ ÞŒý±ÿ2

1-Þ±ž€ ¬…ð»ã†û „²…¬ …¶çìþ€ ô…¤~ Þ±ž€ ¬…ð»ß~û Îéõï€ â±ôû ºýíþ€ ¾ñ~ôÝ �·}þ313-58413

2 -{ù±…ó€ �µôø»ã†û �éýí± ô �}±ôºýíþ …ü±…ó€ ¾ñ~ôÝ �·}þ 511- 56941

¬°ü†Ö•: 71/9/88€ �̄ü±½: 31/2/98  |

‹±°¶þ …÷± |ðõÑ ºŒßú|¶†² ¬° �éýí±º~ó °¶õ‹þ „Þ±üéýà …¶ý~

�éýí±º~ó °¶õ‹þ€

�éþ|„Þ±üéýà …¶ý~€

�éþ|…{ýéò âéýßõë ¬ÿ|ì}†Þ±üç–€

ì}ýéò ‹ý̧ „Þ±üê „ìý~€

°õ̂èõÿ́

Ÿßý~û

ô…́û||ø†ÿ Þéý~ÿ 

ìœéú Îéõï ô {ßñõèõÿ́ �éýí±€

¶†ë ‹ý·• ô ¶õï€ ºí†°û 1€

¾×¥ú 48-57€ 9831

5523-6101 : NSSI 

|¬° …üò �µôø¼€ ¬ô ðõÑ �éþ|„Þ±üéýà …¶ý~ ºŒßú|…ÿ º~û ‹† ¬ô ðõÑ ºŒßú|¶†² ‹ú °ô½ �éýí±º~ó °¶õ‹þ

{ùýú º~. ‹±…ÿ {ùýú �éýí± …² üà ºŒßú|¶†² ‹éñ~²ðœý± )|�éþ …{ýéò âéýßõë ¬ÿ ì}†Þ±üç–€  033-AMDGEP(|

ô üà ºŒßú|¶†² ÞõŸà ìõèßõë )|ì}ýéò ‹ý̧ „Þ±üê „ìý~€ ABM(| …¶}×†¬û ô ìÛ†ü·ú ‹ýò …üò ¬ô ºŒßú|¶†²

ô …÷± „ðù† °ôÿ ̈õ…Á {õ°ìþ€ ìÛ~…° ÒéË•|¬øñ~âþ€ °Ö}†° â±ì†üþ ô °õ̂èõ´üßþ ‹±°¶þ º~. ìÛ~…° ́ë

‹ú ¬¶• „ì~û ‹±…ÿ �éýí± ¶ñ}³ º~û ‹† ºŒßú|¶†² ABM| ‹ý»}± ‹õ¬. ðíõðú ¶ñ}³ º~û ‹† ºŒßú|¶†²

‹éñ~²ðœý± …Ö³…ü¼ Ê±Öý• ›Ž̄ ¤çë °… ð»†ó ìþ|¬ø~. …üò ìÇ†è� ‹ý»}± ‹õ¬ó ìÛ~…° â±…ð±ôÿ °… ‹±…ÿ

�éýí± ¶ñ}³ º~û ‹† ºŒßú|¶†² 033-AMDGEP| {†‡üý~ ìþ|Þñ~. cM| ì¥†¶Œú º~û ‹† …¶}×†¬û …² ìÏ†¬èú

Öéõ°ÿ -°ð± ô ðË±üú Þ»·†ðþ -Þ»·†ðþ ð»†ó ìþ|¬ø~ Þú ABM| ô…Þñ¼|�̄ü±ÿ ‹ý»}±ÿ ¬…º}ú …¶•.

¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ‹±…ÿ �éýí±{ùýú  º~û ‹† 033-AMDGEP| ‹ý»}± ô ‹± ̈çÙ …ð}Ë†° gT| ðíõðú ¶ñ}³

º~û ‹† ºŒßú|¶†² ÞõŸà ìõèßõë ð·Œ• ‹ú �éýí± ̈Çþ Þí}± …¶•. ‹±°¶þ|ø†ÿ °õ̂èõ´üßþ …Ö³…ü¼

â±…ð±ôÿ ô …Ö³…ü¼ ð·Œþ ì~ôë  ®̈ý±û ‹± ¤·� ‹·†ì~ °… ‹±…ÿ �éýí± ¶ñ}³ º~û ‹† ºŒßú ¶†² ‹éñ~²ðœý±

ð»†ó ìþ|¬ø~. â±…ð±ôÿ Ê†ø±ÿ ô â±…ð±ôÿ ð†ºþ …² °õ̂èõÿ́ ð»†ó ìþ|¬ø~€ ºŒßú|¶†² ‹éñ~²ðœý± …²

ðË± ÒéË•|¬øñ~âþ ‹ù}± …¶•.

Ú��ê ¬¶}±¹ ¬° ð»�ðþ:ri.ca.ippi.spij//:ptth

*ì·‰õë ìß†{Œ†–€ �ý†ï|ðã†°:

ri.uaik@idnaram



77

‹±°¶þ …÷± |ðõÑ ºŒßú|¶†² ¬° �éýí±º~ó °¶õ‹þ „Þ±üéýà …¶ý~ ø†›± …¶¥†Úþ 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 

ìÛ~ìú

Ö±…üñ~ �éýí±º~ó °¶õ‹þ üßþ …² …ðõ…Ñ �éýí±º~ó ðýíú øíãò …¶• Þú

¬° „Ò†² {í†ï …›³…ÿ ô…Þñ¼ ¬° ¤çë …ð¥çë|�̄ü± ‹õ¬û ô ì©éõÆþ

øíãò ô {à|Ö†² ì»†ø~û ìþ|ºõ¬€ ¬° ¤†èþ Þú �̧ …² Ö±…üñ~ �éýí±º~ó€

�éýí± ‹ú ¬¶• „ì~û ¬° ¤çë °¶õŽ  ìþ|Þñ~ ô ¬° …ð}ù†ÿ ô…Þñ¼

ì©éõÉ ‹ú ¤†è• ¬ô Ö†² ô›õ¬ ¬…°¬ ]2€1[. �éýí±ø†ÿ „Þ±üéýßþ °¶õ‹þ ¬°

²ìýñú|ø†ÿ ì©}éØ ‹ú Îñõ…ó è©}ú|¶†²€ �†ü~…°Þññ~û  …ìõè·ýõðþ€ Ÿ·� ô

ÒéË•|¬øñ~û|ø† Þ†°‹±¬ Ö±…ô…ðþ ¬…°ð~ ]1[. ¬° ¶†ë|ø†ÿ …̈ý±€

ÒéË•|¬øñ~û|ø† Þ†°‹±¬ÿ|{±üò ìõ…¬ ¬° ¾ñ†üÐ ºýíý†üþ ‹ú ôüµû ¾ñ†üÐ

„°…ü»þ -‹ù~…º}þ ô ¬…°ôüþ ø·}ñ~. …² …üò|°ô€ {ùýú ô ¶ñ}³

ÒéË•|¬øñ~û|ø† {õ›ú °ô² …Ö³ôðþ °… ‹ú ̈õ¬ ›é� Þ±¬û|…ð~.

�éýí±º~ó °¶õ‹þ „Þ±üéýà …¶ý~€ ì}†Þ±üéýà …¶ý~ ô Þõ�éýí±ø†ÿ

„Þ±üéýßþ ¬° ì¥ýÈ|ø†ÿ „èþ ì©}éØ …² ÚŒýê …¶}õðý}±üê ]4€3[€ …{†ðõë

]5[€ {õèõò̂ ]4[ ô …{ýê|…¶}†– ]7€6[ ‹ú Æõ° â·}±¬û|…ÿ …ðœ†ï º~û|…ð~.

øî|Ÿñýò€ ºŒßú|¶†²ø†ÿ ì©}é×þ ì†ðñ~ …{ýéò âéýßõë ¬ÿ ì}†Þ±üç– ]3[

¬ÿ|ôüñýê|‹ñ³ó ]4[€ „èýê �ñ}† …°ü}±ü}õë ]7€6[ ô �ñ}† …°ü}±ü}õë|{±ÿ „Þ±üç–

]7€6[ ¬° {ùýú ÒéË•|¬øñ~û|ø† …¶}×†¬û º~û|…ð~. ¬° ‹ý»}± ìÇ†èÏ†– �ý»ýò

ìÛ~…° ô²ó ìõèßõèþ ô Îõ…ìê ìõö÷± ‹± °ôð~ …Ö³…ü»þ „ó ‹±°¶þ º~û

…¶• ]8€2[.   |

ìÇ†èÏ†{þ ðý³ °ôÿ ‹±°¶þ °Ö}†° â±ì†üþ �éýí±ø†ÿ „Þ±üéýßþ °¶õ‹þ

…ðœ†ï º~û …¶• Þú °ôð~ø†ÿ ì}×†ô{þ °… â³…°½ Þ±¬û|…ð~. strebaR| ô

øíß†°…ó ]9[ ð»†ó ¬…¬ð~€ ¬° �éþ|„Þ±üéýà …¶ý~ ºŒßú|…ÿ º~û ‹† {}±…„èýê

�ñ}†…°ü}±ü}õë …{± )4EPA(€ ‹† …Ö³…ü¼ ÒéË• ºŒßú|¶†²€ ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ �éýí± Þ†ø¼ ìþ|ü†‹~. …² ¶õÿ ¬üã±€ sappaP| ô øíß†°…ó ]7€6[

�éþ|„Þ±üéýà ºŒßú|…ÿ º~û ‹† Ÿñ~ ðõÑ ºŒßú|¶†² ¶ñ}³ Þ±¬û  ô ‹ú …üò

ð}ýœú °¶ý~ð~ Þú ‹† …Ö³…ü¼ ÒéË• ºŒßú|¶†² ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±

…Ö³…ü¼ ìþ|ü†‹~.

{†Þñõó Þ†°ø†ÿ �µôø»þ ì¥~ô¬ÿ ¬° ²ìýñú ̈õ…Á ìß†ðýßþ ô

…¶}¥ß†ï ́ë �éýí±ø†ÿ ºŒßú|…ÿ „Þ±üéýßþ …ðœ†ï º~û …¶•. ¬° ‹ý»}±

ìõ…°¬€ ̈õ…Á ìß†ðýßþ Þ±‹õ�ê|ø† ‹±°¶þ º~û ô Þí}± ‹ú �éþ|„Þ±üéýà

¶ñ}³ º~û {õ›ú º~û …¶•. Þ±‹õ�ê|ø† ¬° ô…ÚÐ �éþ|„Þ±üéýà|ø†ÿ

ºŒßú|…ÿ º~û ‹† „èýê ¶†Þ†°ô² ø·}ñ~ Þú ‹ú °ô½ �éýí±º~ó °¶õ‹þ ¶ñ}³

ìþ|ºõð~€ ¬…°…ÿ ô²ó ìõèßõèþ ²ü†¬ ô ‹ú ºßê ®°…– ¶×ý~ ‹·ý†° °ü³…ð~ ô

¬° ¾ñÏ• …² ìÏ±ôÙ {±üò ÒéË•|¬øñ~û|ø† ‹ú ºí†° ìþ|°ôð~ ]11€01[.

eaNô trahcieR| ]21[ …÷± ÒéË• ºŒßú|¶†² °… °ôÿ â±…ð±ôÿ€ ì~ôë

®̈ý±û ô ì~ôë …{çÙ …² Þõ�éýí± °¶õ‹þ �éþ|„Þ±üéýà …¶ý~ -

ôüñýê|…¶}†– ìÇ†èÏú Þ±¬ð~.

|Ú†‹ê ®Þ± …¶•€ …¶}×†¬û …² ºŒßú|¶†² ‹éñ~²ðœý± ¬° �éýí±º~ó °¶õ‹þ

{Û±üŒ†_ ð†¬° …¶•. ¬° Âíò€ ‹±°¶þ ¨õ…Á )°õ̂èõÿ́ ô

ÒéË•|¬øñ~âþ( ô ìÛ†ü·ú ‹ýò ¬ô ðõÑ ºŒßú|¶†² ‹éñ~²ðœý± ‹† ÞõŸà

ìõèßõë …ðœ†ï ð»~û …¶•. ‹ñ†‹±…üò ¬° …üò �µôø¼ ̈õ…Á {õ°ìþ€

ÒéË•|¬øñ~âþ€ °Ö}†° â±ì†üþ ô °õ̂èõ´üßþ �éýí± „Þ±üéýà …¶ý~

°¶õ‹þ ¶ñ}³ º~û ‹† ¬ô ðõÑ ºŒßú|¶†² ‹éñ~²ðœý± )�éþ|…{ýéò âéýßõë

¬ÿ|ì}ýê|ì}†Þ±üç–€ 033-AMDGEP( ô ÞõŸà ìõèßõë )ì}ýéò

‹ý̧|„Þ±üê|„ìý~€ ABM(| ìÇ†èÏú º~û …¶•.

{œ±‹þ

ìõ…¬

ìõðõì± „Þ±üéýà …¶ý~ )AA€ ì¥¿õë º±Þ• losaS( ‹ú °ô½ {ÛÇý± ¬°

ç̈Š ̈†èÀ|¶†²ÿ º~. ì}ýéò|‹ý̧|„Þ±üê|„ìý~ )ABM€ hcirdlA( ô

�éþ|…{ýéò âéýßõë ¬ÿ|ì}ýê|ì}†Þ±üç– ‹† ô²ó ìõèßõèþ 033

)033-AMDGEP€ hcirdlA( ‹~ôó ̈†èÀ|¶†²ÿ …¶}×†¬û º~ð~.

2€2- „²ô ‹ý̧ …ü³ô‹õ{ý±ôðý}±üê )NBIA€ hcirdlA( ‹ú Îñõ…ó „Ò†²â± �̧

…² ̈†èÀ|¶†²ÿ ‹† °ô½ {Œéõ° ¬° …{†ðõë ìõ°¬ …¶}×†¬û Ú±…° â±Ö•.

…{ýê|…¶}†– ô øã³…ó ð±ì†ë )kcreM( ‹ú Îñõ…ó ¤çë ô

¶~üî|øý~°ôÞ·ý~ )kcreM( ‹±…ÿ ̈ñþ̃|¶†²ÿ …¶}×†¬û º~ð~.

¬¶}ã†û|ø†

¬° …üò Æ±§€ ¬¶}ã†û â±…ð±ôÿ|¶ñ� ì~ë R ratS ocsiV| …² º±Þ•

atceleS| …¶�†ðý†€ â±ì†¶ñ� �õü»þ {×†Âéþ)CSD( ì~ë aiaM 3F-002|

¶†̈• º±Þ• hcszteN| „èí†ó ô °õ̂ì}± ì~ë 003RCM| ¶†̈•

º±Þ• SMR| „èí†ó ‹±…ÿ …ðœ†ï „²ìõó|ø†ÿ ¬¶}ã†øþ ‹ú Þ†° â±Ö}ú º~.

|

°ô½ ø†

¬° …üò �µôø¼€ �éþ|„Þ±üéýà ºŒßú|…ÿ º~û )AAP(| Æþ ¬ô ô…Þñ¼

�éýí±º~ó °¶õ‹þ ìœ³… ¶ñ}³ º~. ¬° {ùýú …üò �éýí± …² ¬ô ðõÑ ºŒßú|¶†²

ì}ýéò|‹ý̧|„Þ±üê|„ìý~ ô �éþ|…{ýéò|âéýßõë|¬ÿ|ì}ýê|ì}†Þ±üç– …¶}×†¬û

º~.

ì©éõÉ g01 „Þ±üéýà …¶ý~ ô ð·Œ•|ø†ÿ ìõèþ ì©}éØ …² ¬ô

ºŒßú|¶†² ABMô AMDGEP‹ú Lm001 …{ýê|…¶}†– -ð±ì†ë|øã³…ó

)‹ú ð·Œ•1:1( ¬° °…Þ}õ° ºý»ú|…ÿ …Ö³ô¬û º~. �̧ …² …üò Þú ì©éõÉ



‹±°¶þ …÷± |ðõÑ ºŒßú|¶†² ¬° �éýí±º~ó °¶õ‹þ „Þ±üéýà …¶ý~ø†›± …¶¥†Úþ 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 78

ô…Þñ¼ ‹ú ¬ì†ÿ Co56 °¶ý~€ ì¥éõë „Ò†²â± )g|1/0 NBIA| ¬°  Lm2

…{ýê …¶}†–( ‹ú ¶†ì†ðú …Â†Öú º~. ì~– ²ì†ó ô…Þñ¼ h 3 ‹õ¬. ¬° �†ü†ó

ô…Þñ¼ ì©éõÉ ¬ôÖ†²ÿ ô ð†øíãñþ …² �éýí± ¶ñ}³ º~û ô ì©éõÉ

¤çë|ø† ì»†ø~û º~. �éýí± ‹† Þ†Ò̄ ¾†Öþ ô ÚýØ ›~…Þññ~û …² ì©éõÉ

›~… º~û ô °¶õŽ ¤†¾ê ‹ú ì~– h4 ‹ú ìñËõ° ̈»à º~ó ô °¶†ð~ó

„ó ‹ú ô²ó ÷†‹• ¬° â±ï ̈†ðú ̈çŠ ¬° ¬ì†ÿ ì¥ýÈ Ú±…° ¬…¬û º~.

ìÇ†‹Ü ‹† ð}†ü� ‹ú ¬¶• „ì~û …² ‹ùýñú|¶†²ÿ Ö±…üñ~ ¬ô �éýí±€ ìÛ~…°

lomm6/1 …² ºŒßú|¶†² ‹±…ÿ �éþ|„Þ±üéýà|…¶ý~ ºŒßú|…ÿ º~û ‹† ì}ýéò

‹ý̧|„Þ±üê „ìý~ ô ìÛ~…° lomm2/3 …² ºŒßú|¶†² ‹±…ÿ �éþ|„Þ±üéýà …¶ý~

ºŒßú|…ÿ º~û ‹† �éþ|…{ýéò âéýßõë ¬ÿ|ì}ýê|ì}†Þ±üç– …ð}©†Ž º~ {†

‹±°¶þ|ø†ÿ æ²ï °ôÿ „ðù† …ðœ†ï ºõ¬.

ºßê 1 ìñ¥ñþ â±…ð±ôÿ ‹± ¤·� ÒéË• ºŒßú|¶†² ‹±…ÿ ø± ¬ô�éýí±

¶ñ}³ º~û …¶•. …üò ìñ¥ñþ€ ÒéË• ‹ùýñú ø± üà …² ºŒßú|¶†²ø† °… ‹±…ÿ

�éýí±ø†ÿ ¤†¾ê ð»†ó ìþ|¬ø~. ¬° …üò ºßê ì»†ø~û ìþ|ºõ¬€ ‹†

…Ö³…ü¼ ÒéË• ºŒßú|¶†²€ â±…ð±ôÿ …‹}~… …Ö³…ü¼ ô ¶�̧ Þ†ø¼ ìþ|ü†‹~.

…Ö³…ü¼ ÒéË• ºŒßú|¶†² ¶Œ� …Ö³…ü¼ ì¥}õ…ÿ ́ë ô Þ†ø¼ {õ°ï

ìþ|ºõ¬. …Ö³…ü¼ ì¥}õ…ÿ ́ë ¬° ›ù• …Ö³…ü¼ â±…ð±ôÿ …¶• ô ®°…–

�éýí± øñõ² Ú†‹éý• ›Ž̄ ¤çë ô …Ö³…ü¼ ¤œî øý~°ô¬üñ†ìýßþ °…

¬…°ð~. ‹ñ†‹±…üò€ ®°…– ¬° ì¥ýÈ ¤çë ‹ú Æõ° Þ†ìê �©¼ ìþ|ºõð~ ô ¬°

ðù†ü• â±…ð±ôÿ  ì¥éõë …Ö³…ü¼ ìþ|ü†‹~ ]31[. …Ö³…ü¼ ‹ý¼ …² üà ¤~

ìÏýò …² ºŒßú|¶†² ¶Œ� …²¬ü†¬ Ÿã†èþ …{¿†ë|ø†ÿ Î±Âþ ô Þ†ø¼   cM

ìþ|ºõ¬ )Þ†ø¼ ¤×±û|ø†ÿ ð×õ® „Ž( ô ¶Œ� Þ†ø¼ Ú†‹ê {õ›ú ¬° ìÛ~…°

›Ž̄ ¤çë ìþ|ºõ¬. ¬° ô…ÚÐ ºŒßú �éýí± ‹·ý†° ì}±…Þî …¶• ô ®°…–

ðíþ|{õ…ðñ~ ¬° ¤çë ‹ú Æõ° Þ†ìê ‹†² ºõð~. ‹ñ†‹±…üò€ â±…ð±ôÿ ì¥éõë

Þ†ø¼ ìþ|ü†‹~. ¬° …üò ¤†è• �éýí± …² ì~ë ®°…– Þ±ôÿ ¶©•

)edom erehps drah dekcap ylesolc eht(| �ý±ôÿ ìþ|Þñ~ ]21[.

{Ïýýò ì¥}õ…ÿ ́ë

‹±…ÿ ‹ú ¬¶• „ô°¬ó ì¥}õ…ÿ ́ë …‹}~… g1 ðíõðú {õ²üò º~û ¬° Lm05

…{†ðõë ‹ú ì~– h84 Ú±…° ¬…¬û º~. ¶�̧€ ðíõðú ¾†Ù º~û ¬° â±ï|̈†ðú

¬° ¬ì†ÿ Co05 ‹ú ì~– h4 Ú±…° â±Ö}ú ô ‹ú Æõ° ìœ~¬ {õ²üò º~. ìÛ~…°

ë́ …² ð·Œ• ô²ó ‹†Úþ|ì†ð~û ‹ú ô²ó …ôèýú ‹ú Þíà ìÏ†¬èú )1( ‹ú ¬¶• „ì~:

Þú ¬° …üò ìÏ†¬èú 1W| ô²ó ðíõðú ̈»à …ôèýú ô 2W| ô²ó ðíõðú ̈»à

ðù†üþ …¶•.

…ð~…²û|âý±ÿ {õ°ï  |

…² °ô½ ì±Þ³â±ü³ ‹±…ÿ ¶ñœ¼ Ê±Öý• {õ°ï �éýí±ø†ÿ ¶ñ}³ º~û

…¶}×†¬û º~. g2/0 …² ðíõðú ¬° Lm|03 …{†ðõë ‹ú ì~– h1 Ú±…° ¬…¬û º~.

¶�̧€ ‹ú ì~– nim|03 ‹† ¬ô° mpr|0005 ¤çë …² ðíõðú ì}õ°ï º~û

›~…¶†²ÿ º~. �̧ …² ¾†Ù Þ±¬ó ðíõðú …² ð·Œ• ô²ó ‹†Úþ|ì†ð~û ‹ú

ô²ó …ôèýú ìÛ~…° {õ°ï ‹ú Þíà ìÏ†¬èú )2( ‹ú ¬¶• „ì~:

|Þú ¬° …üò ìÏ†¬èú€ 1Wô²ó ðíõðú ̈»à …ôèýú ô 2Wô²ó ðíõðú �̧ …²

{õ°ï …¶•.

„²ìõó â±…ð±ôÿ|¶ñœþ

‹±…ÿ …ð~…²û|âý±ÿ ìÛ~…° â±…ð±ôÿ ðíõðú|ø†€ g1 �éýí± {ùýú º~û ¬° Lm

001 „Ž ìÛÇ± °ü©}ú º~ ô ¶�̧ ì¥éõë ¶õ¬01%| ‹ú {~°ü� {† Hp| ‹±…‹±

7  ‹ú ì¥éõë …Â†Öú º~. Hpì¥éõë ìõ°¬ ðË± ‹ú ô¶ýéú Þ†Ò̄ Hp|

¶ñœý~û º~. â±…ð±ôÿ Ê†ø±ÿ ì¥éõë ¤†¾ê ‹ú ô¶ýéú â±…ð±ôÿ|¶ñ� ô

‹† …ð}©†Ž …¶�ýñ~ë ìñ†¶� ¬° ¬ì†ÿ ì¥ýÈ …ð~…²|û|âý±ÿ º~.

„²ìõó °õ̂èõ´üßþ  |

…² °õ̂ì}± ¬…°…ÿ ¾×¥†– ìõ…²ÿ ‹±…ÿ {Ïýýò ̈õ…Á â±…ð±ôÞ»·†ðþ

…¶}×†¬û º~. ‹~üò ìñËõ° ðíõðú|ø†ÿ ì}õ°ï ‹† ÒéË• 01% |{ùýú º~. ¬°

ì¥~ô¬û ‹±½ Þ»»þ002%-1 ô ‹·†ì~ zH| 001-1 ¬° ¬ì†ÿ Co52 ìÛ†¬ü±

ì~ôë ®̈ý±û)'G( ô …{çÙ )"G( ðíõðú|ø† â³…°½ º~. ºßê 1 -…÷± ÒéË• ºŒßú|¶†² °ôÿ â±…ð±ôÿ Ê†ø±ÿ ‹±…ÿ ì»©À

Þ±¬ó ìÛ~…° ‹ùýñú �éþ|„Þ±üéýà {ùýú º~û ‹† 033-AMDGEP| ô ABM.
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‹±°¶þ …÷± |ðõÑ ºŒßú|¶†² ¬° �éýí±º~ó °¶õ‹þ „Þ±üéýà …¶ý~ ø†›± …¶¥†Úþ 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 

â±ì†¶ñœþ �õü»þ {×†Âéþ ) CCSSDD(|

‹±…ÿ ‹±°¶þ °Ö}†° â±ì†üþ )¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ )gT(| ô ìÛ†ôì•

â±ì†üþ( �éýí±ø†€ ðíõðú|ø†üþ Þú ›³Š …ð¥çë|�̄ü± „ðù† ̈†°ž º~€ ‹ú Þ†°

‹±¬û º~. …üò „²ìõó ‹ú Þíà â±ì†¶ñ� ¬° ¬ì†ÿ ‹ýò 52 {† Co051 ô ‹†

¶±Î• â±ì†¬øþ nim/C
o01 ²ü± ›õ ðý}±ôó́ …ðœ†ï º~.

ð}†ü� ô ‹¥™

ºßê 2 ð»†ó ìþ|¬ø~€ ìÛ~…° ́ë ðíõðú 033-AMDGEP| Þí}±…² ìÛ~…°

ë́ ðíõðú ABM…¶•. …Ö³…ü¼ ìÛ~…° ́ë ‹ú Ÿã†èþ …{¿†ë Î±Âþ ð·Œ•

¬…¬û º~û  …¶•. �éýí± ‹† ìÛ~…° …{¿†ë ‹ý»}± ¬…°…ÿ ìÛ~…° ́ë ‹ý»}± ô ¶ê

Þí}± …¶• ]41[ .  …üò ºßê âõü†ÿ …üò ô…ÚÏý• …¶• Þú �éýí± ¶ñ}³ º~û

‹† ºŒßú|¶†² ÞõŸà ìõèßõë ¬…°…ÿ …{¿†ë Î±Âþ ‹ý»}±ÿ …² �éýí± ¶ñ}³

º~û ‹† ºŒßú ¶†² ‹éñ~ ²ðœý± …¶•. ìÛ†ü·ú ð·Œ• ô…Þñ¼|�̄ü±ÿ ‹ýò …üò

¬ô ðõÑ ºŒßú|¶†² ð»†ó ìþ|¬ø~€ ð·Œ• ô…Þñ¼|�̄ü±ÿ ABM‹ý»}± …²

033-AMDGEP| …¶•. ø± Ÿú Î~¬ ì±‹õÉ ‹ú ð·Œ• ô…Þñ¼|�̄ü±ÿ

‹³°å|{± ‹†º~€ {í†üê ìõðõì± ‹±…ÿ ô…Þñ¼|ø†ÿ øíõ�éýí±º~ó ‹ý»}±

…¶•. ¬° ›~ôë 1 ð·Œ• ô…Þñ¼|�̄ü±ÿ ìõðõì±ø†ÿ „Þ±üê|„ìý~ ô

ì}†Þ±üéýà …¶ý~ ‹ú ¬¶• „ì~û ¬° ¶†ü± ìÛ†æ–€ ð»†ó ¬…¬û º~û …¶•

]61€51[. …² Æ±Ù ¬üã±€ 033-AMDGEP| ‹ú Îñõ…ó üà ‹éñ~²ðœý±

…¤}í†ë ð×õ® Þí}± ¬° ‹ýò ²ðœý±ø†ÿ �éýí±ÿ ¬…°¬. ‹ñ†‹±…üò€ ¬ô Î†ìê ü†¬

º~û ¶Œ� ìþ|ºõð~€ �éýí± ¶ñ}³ º~û ‹† ºŒßú|¶†² ÞõŸà ìõèßõë

¬…°…ÿ ¶†̈}†° �éýí±ÿ ‹† Ÿã†èþ …{¿†ë Î±Âþ ‹ý»}± ‹†º~. ¬° ô…ÚÐ …üò

ºŒßú|¶†² ‹ý»}± ‹ú Îñõ…ó …{¿†|ë|¬øñ~û Î±Âþ Îíê Þ±¬û ô ‹ñ†‹±…üò

¬…°…ÿ ìÛ~…° ́ë ‹ý»}±ÿ ̈õ…ø~ ‹õ¬.

ºßê 3 {õ°ï ø± ¬ô ðõÑ �éýí± °¶õ‹þ ¶ñ}³ º~û °… ‹± ¤·� ìÛ~…°

ºŒßú|¶†²ø† ð»†ó ìþ|¬ø~. {õ°ï ‹† …Ö³…ü¼ ÒéË• ºŒßú|¶†² ‹ú Æõ°

ðí†üþ Þ†ø¼ ìþ|ü†‹~ Þú °Ö}†° Ú†‹ê …ð}Ë†°ÿ …¶•. ¤·†¶ý• {õ°ï ‹ú

ìÛ†¬ü± Þî ºŒßú|¶†² ²ü†¬ …¶•. ‹ñ†‹±…üò€ ¬° ÒéË•|ø†ÿ Þî {Óýý±…–

{õ°ï ô…Â¦|{± …¶•. …ì†€ ‹† …²¬ü†¬ ÒéË• ºŒßú|¶†² ô…‹·}ãþ {õ°ï ‹ú „ó

Þ†ø¼ ìþ|ü†‹~ ô ‹ú üà ¤†è• ̈Çþ …ÖÛþ ð³¬üà ìþ|ºõ¬. Þ†ø¼ {õ°ï

‹ú …²…ÿ …Ö³…ü¼ ÒéË• ºŒßú|¶†² ð†ºþ …² …Ö³…ü¼ Ÿã†èþ ºŒßú )Þ†ø¼

cM( ô …Ö³…ü¼ ðý±ôÿ Þ»·†ó …¶• ]81€71[. ‹ñ†‹±…üò€ Ú†‹éý• ð×õ® ¤çë

Þ†ø¼ ìþ|ü†‹~. …ì† øíõ…°û …Ö³ôó ‹± ðý±ôÿ Þ»·†ó Îõ…ìê ¬üã± ¤ýò

ð×õ® …÷± ìþ|â̄…°ð~ )Îõ…ìéþ øî Ÿõó ‹±øî|Þñ¼ �éýí± -¤çë ô ô›õ¬

â±ôû|ø†ÿ Î†ìéþ ¤çë|¬ô¶• ¬° �éýí±( Þú …üò Îõ…ìê øñõ² {í†üê

›Ž̄ ¤çë ô {õ°ï ¬° �éýí± °… �~ü~ ìþ|„ô°ð~ ô …›†²û ðíþ|¬øñ~ Ú†‹éý•

ð×õ® ‹ý¼ …² üà ¤~ÿ Þ†ø¼ ü†‹~. ‹ñ†‹±…üò ¬° ÒéË•|ø†ÿ ²ü†¬

ºŒßú|¶†² ìñ¥ñþ ‹ú ºßê ̈È …ÖÛþ ¬° ìþ|„ü~ ]81[.

ðß}ú Ú†‹ê ìç¤Ëú ¬üã±€ ¬°‹†°û …üò ºßê ‹ý»}± ‹õ¬ó ìÛ~…° {õ°ï

ðíõðú ¶ñ}³ º~û ‹† 033-AMDGEP| …¶•. …üò °Ö}†° ‹ú ¬æüê ì©}éØ

²ü± Ú†‹ê {õ›ýú …¶•:  |

ºßê2 -…÷± ÒéË• ºŒßú|¶†² °ôÿ ì¥}õ…ÿ ́ë ‹±…ÿ �éþ|„Þ±üéýà {ùýú

º~û ‹† 033-AMDGEP| ô ABM.

›~ôë 1 -ð·Œ• ô…Þñ¼|�̄ü±ÿ ìõðõì±ø†.

)AA( 2r
1r

ìõðõì±
MA AAM

82/0

37/0 

40/0
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-

5/0
AA

ºßê 3 -…÷± ÒéË• ºŒßú|¶†² °ôÿ Ê±Öý• {õ°ï ‹±…ÿ �éþ„Þ±üéýà

¶ñ}³º~û ‹† 033-AMDGEP| ô ABM.|



‹±°¶þ …÷± |ðõÑ ºŒßú|¶†² ¬° �éýí±º~ó °¶õ‹þ „Þ±üéýà …¶ý~ø†›± …¶¥†Úþ 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 80

-Þî ‹õ¬ó ð·Œ• ô…Þñ¼|�̄ü±ÿ ºŒßú|¶†² ‹éñ~²ðœý± Þú ¶Œ� Þ†ø¼

Ÿã†èþ …{¿†æ– Î±Âþ ìþ|ºõ¬.  |

-‹éñ~ ‹õ¬ó Æõë ²ðœý± 033-AMDGEP€ Þú ¶Œ� Þ†ø¼ …¤}í†ë

ð×õ® …üò ºŒßú|¶†² ‹ýò ²ðœý±ø†ÿ �éýí±ÿ ô ¬° ð}ýœú Þ†ø¼ ô…Þñ¼ ‹†

²ðœý±ø†ÿ �éýí±ÿ ìþ|ºõ¬. …üò ìœíõÎú Îõ…ìê ¶Œ� …üœ†¬ ¤×±û|ø†ÿ

‹³°å|{± ¬° ‹ýò ¶†̈}†° ºŒßú �éýí±ÿ º~û …¶•. ¬° ô…ÚÐ �éýí± ºŒßú|…ÿ

º~û ‹† ºŒßú|¶†² ‹éñ~²ðœý± ¬…°…ÿ Ÿã†èþ ºŒßú|…ÿ Þí}±ÿ …¶• Þú …üò

ìõÂõÑ ¶Œ� …Ö³…ü¼ {õ°ï …¶• )…üò ìÇé� ‹ú ô¶ýéú ºßê 2 ðý³ {†‡üý~

º~û …¶•(.  |

- øî|Ÿñýò€ ô›õ¬ â±ôû|ø†ÿ Þ±‹õÞ·ýéýà …¶ý~ ¬° ¶†̈}†° ºŒßú|¶†²

033-AMDGEP| ‹†Î™ …Ö³…ü¼ �ýõð~ øý~°ô´ðþ ð·Œ• ‹ú â±ôû|ø†ÿ

„ìý~ÿ ðõÑ ¬ôï ð·Œ• ‹ú ¶†̈}†° ºŒßú|¶†² ABM| ìþ|ºõ¬. ‹ñ†‹±…üò€

…ìß†ó {»ßýê �ýõð~ øý~°ô´ðþ ‹ýò ¤çë )…èßê( ô �éýí± …Ö³…ü¼ ü†Ö}ú Þú

…üò ì·‰éú ¶Œ� …Ö³…ü¼ {õ°ï ìþ|ºõ¬.

‹† …¶}×†¬û …² ìÏ†¬èú Öéõ°ÿ -°ð± ô²ó ìõèßõèþ ‹ýò ¬ô …{¿†ë Î±Âþ

)cM( ì¥†¶Œú ìþ|ºõ¬ ]7[:

Þú ¬° …üò
n

MìÏ†¬èú ì}õ¶È ô²ó ìõèßõèþ �éýí± ̈Çþ )ì¥†¶Œú º~û ‹ú

ô¶ýéú â±…ð±ôÿ|¶ñ� „‹éùõ¬ )lom/g 00059(€ V¤œî ì©¿õÁ �éýí±

)3mc/g 17/0(€ 1V| ¤œî ìõèþ …{†ðõë )3mc/lom 3/85(€ V�†°…ì}± ‹±øî

Þñ¼ �éýí± -¤çë Öéõ°ÿ )5/0( ô s2V| Þ·± ¤œíþ �éýí± �̧ …² {õ°ï

ìÏ±Öþ ìþ|ºõ¬. ‹±…ÿ ì¥†¶Œú s2V| …² ìÏ†¬èú )4( …¶}×†¬û ìþ|ºõ¬ ]7[:

Þú ¬° …üò ìÏ†¬èú  sW|€ dW|€| d| ô HOtE| ‹ú {±{ý� ô²ó �éýí± ì}õ°ï€ ô²ó

�éýí± ̈»à€ Ÿã†èþ �éýí±)3mc/g 14/1( ô Ÿã†èþ …{†ðõë )3mc/g 987/0(

…¶•. ìÛ~…° cMì¥†¶Œú º~û ‹±…ÿ øíú ðíõðú|ø† ¬° ºßê 4 „ô°¬û º~û

…¶• ]7[.

‹† {õ›ú ‹ú ºßê 4 øí†ó Æõ°Þú …ð}Ë†° ìþ|°Ö•€ ‹† …Ö³…ü¼ ÒéË•

ºŒßú|¶†²€ ìÛ~…° cMÞ†ø¼ ô ìÛ~…° Ÿã†èþ …{¿†ë Î±Âþ )cM/1(

…Ö³…ü¼ ü†Ö}ú …¶• ô Þ†ø¼ cM¬°{Ç†‹Ü ‹† °ôð~ Þ†ø»þ {õ°ï ô ‹ý†ó|â±

ìÛ~…° ô…Þñ¼|�̄ü±ÿ …¶•. ðß}ú Ú†‹ê {õ›ú ¬üã± ¬° …üò ›~ôë ‹ý»}±

‹õ¬ó cMì±‹õÉ ‹ú ºŒßú ¶†² ‹éñ~²ðœý± …¶• Þú ‹† ¬æüê â×}ú º~û

)…Ö³…ü¼ ð·Œ• ô…Þñ¼|�̄ü±ÿ ôÞ†ø¼ …¤}í†ë ð×õ®( Ú†‹ê {õ›ýú …¶•.

â±…ð±ôÿ Ê†ø±ÿ …ð~…²û|âý±ÿ º~û …² ø± ¬ô ðíõðú ¬° ºßê 5 ð»†ó ¬…¬û

º~û …¶•. ø± ¬ô ìñ¥ñþ ‹ú ºßê ô…Â¥þ ð»†ó ìþ ¬øñ~ Þú �éýí± ¶ñ}³

º~û ¬…°…ÿ ̈†¾ý• ºŒú|�ç¶}ýà …¶• ]91[. ðß}ú ¬üã± ¬° …üò ºßê ‹ý»}±

‹õ¬ó  â±…ð±ôÿ ì±‹õÉ ‹ú �éýí± ¶ñ}³ º~û ‹† ºŒßú|¶†² ‹éñ~²ðœý± …¶•. …üò

ì»†ø~û °… ìþ|{õ…ó …üò Æõ° {õ›ýú Þ±¬ Þú ‹ú ¬èýê Þ†ø¼ Ÿã†èþ ºŒßú|…ÿ

º~ó ô …Ö³…ü¼ cM¬° ð}ýœú …ìß†ó ‹±øî|Þñ¼ ¤çë -�éýí± ‹ý»}± Ö±…øî

ìþ|ºõ¬ Þú …üò …ì± ‹†Î™ …Ö³…ü¼ ð×õ® „Ž ¬° �éýí± ô ¬° ð}ýœú …Ö³…ü¼

¤œî øý~°ô¬üñ†ìýßþ �éýí± ìþ|ºõ¬. ô…Â¦ …¶• Þú …Ö³…ü¼ ¤œî

øý~°ô¬üñ†ìýßþ ¶Œ� …Ö³…ü¼ â±…ð±ôÿ ðíõðú ìõ°¬ ðË± ìþ|ºõ¬ ]31[.   |

›~ôë 2 ì±‹õÉ ‹ú ̈õ…Á â±ì†üþ �éýí±ø†ÿ ¶ñ}³ º~û …¶•. ¬ì†ÿ
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ºßê 4 -{Óýý±…–  ‹± ¤·� ÒéË• ºŒßú|¶†².

ºßê 5 -…÷± …ðõ…Ñ ºŒßú|¶†² °ôÿ â±…ð±ôÿ Ê†ø±ÿ …² �éýí± ¶ñ}³ º~û ‹†

ABM| ô AMDGEP.
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‹±°¶þ …÷± |ðõÑ ºŒßú|¶†² ¬° �éýí±º~ó °¶õ‹þ „Þ±üéýà …¶ý~ ø†›± …¶¥†Úþ 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 

…ð}Û†ë ºý»ú|…ÿ �éþ|„Þ±üéýà ¶ñ}³ º~û ‹† ABM| ¤~ô¬ C|o921 …¶• Þú

ð·Œ• �éýí± ̈Çþ ¶ñ}³ º~û )C|o231( Þí}± …¶•. ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ

�éþ„Þ±üéýà ¶ñ}³ º~û ‹† 033-AMDGEP| ¤~ô¬ Co641 …¶•. Ú†‹ê

…ð}Ë†° …¶• Þú ‹† …Ö³…ü¼ ÒéË• ºŒßú|¶†² ‹ú ¬èýê …Ö³…ü¼ …¶}¥ß†ï

¶†̈}†° �éýí±€ gT…Ö³…ü¼ ü†‹~. …üò ìÇé� ¬°‹†°û ðíõðú ¶ñ}³ º~û ‹†

ºŒßú|¶†² ‹éñ~²ðœý± ðý³ ¾†¬Ý …¶•. 033-AMDGEP| ‹† …üœ†¬

…{¿†æ– Î±Âþ ¶Œ� …Ö³…ü¼ …¶}¥ß†ï �éýí± º~û …¶• ô …² Æ±Ù

¬üã± ‹ú ¬èýê ¬…º}ò �ýõð~ øý~°ô´ðþ ‹ý»}±€ ìÛ†ôì• â±ì†üþ ‹ý»}±ÿ

¬…°¬ ]02€7€6[.

…ì†€ ¬° ðíõðú {ùýú º~û ‹† ABM| ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ‹± ̈çÙ …ð}Ë†°

ð»†ó ¬…¬û º~û …¶•. Þ†ø¼ gT| ì±‹õÉ ‹ú …üò ðíõðú °… ‹~üò {±{ý�

ìþ|{õ…ó {õ›ýú Þ±¬ Þú ABM| ‹ú ¬èýê ¬…º}ò ô…Þñ¼|�̄ü±ÿ ‹ý»}± …Ö³ôó

‹± …üò  Þú ‹ú Îñõ…ó …{¿†ë|¬øñ~û Î±Âþ Îíê ìþ|Þñ~ {† ¤~ÿ ðý³ º†̈ú

›†ðŒþ …üœ†¬ Þ±¬û …¶• Þú ô›õ¬ º†̈ú ›†ðŒþ ðý³ ‹†Î™ …ðÏÇ†Ù|�̄ü±ÿ

�éýí± º~û ô Î†ìê Þ†ø¼ gT| ì¥·õŽ ìþ|ºõ¬ ]9[.

ì~ôë ®̈ý±û ‹±¤·� Þ±ð¼ ‹±…ÿ ¬ô ðõÑ �éýí± ¬° ºßê 6  ð»†ó ¬…¬û

º~û …¶•. ì~ôë ®̈ý±û �éýí± ºŒßú|…ÿ Þú ¬° „ó …² ºŒßú|¶†²

033-AMDGEP…¶}×†¬û º~û ‹ý»}± …² ðíõðú ¶ñ}³ º~û ‹† ÞõŸà

ìõèßõë ABM| …¶•. …üò °Ö}†° ‹~üò {±{ý� {õ›ýú ìþ|ºõ¬ Þú Ÿõó

�éýí± ¶ñ}³ º~û ‹† ºŒßú|¶†² ABM| ‹ú ¬èýê ¬…º}ò º†̈ú ›†ðŒþ€ �éýí±

…ðÏÇ†Ù|�̄ü±{±ÿ …¶•€ ¬° ð}ýœú ì~ôë ®̈ý±û ‹± ¤·� Þ±ð¼ ì±‹õÉ

‹ú …üò ðíõðú ð·Œ• ‹ú ðíõðú ¶ñ}³ º~û ‹† 033-AMDGEPÞ†ø¼

ìþ|ü†‹~ ]12[. ¬° …üò ºßê ‹† …Ö³…ü¼ Þ±ð¼ …‹}~… 'G| ÷†‹• ô ¶�̧ …Ö•
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