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Long-chain diacrylate crosslinkers based on linear α,ω-diols were synthesized and characterized
using FTIR and 1H NMR spectroscopy. The highest reaction yield (99.5%) was due to polyethylene
glycol diacrylate 1000 (PEGDA-1000). Then, kaolin-containing poly(potassium acrylate-acrylic
acid) superabsorbent composites and kaolin-free counterparts were synthesized using PEGDA-1000.
The effect of the crosslinker concentration on swelling, rheological and thermo-mechanical proper-
ties was investigated. Absorption capacity of the composite hydrogels (having ~38% kaolin) was
unexpectedly higher than that of kaolin-free hydrogels. This was attributed to an interfering effect of
kaolin during the polymerization. Glass transition temperature was increased with crosslinker con-
centration enhancement and addition of kaolin up to about 10oC and 28oC, respectively. Making such
K-containing superabsorbents may be taken as an effective action to achieve more durable and
cheaper superabsorbents for agricultural uses.
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¶�̧€ ðíõðú|ø†ÿ ̈»à º~û ‹ú Þíà „¶ý†Ž Ÿß»þ ̈±¬ ô ¬…ðú|‹ñ~ÿ

º~ð~.

…ð~…²û|âý±ÿ {õ°ï

…² °ô½ ì}~…ôë ìõ¶õï ‹ú °ô½ Þý·ú Ÿ†ÿ ]8€ 5€ 1[ ‹±…ÿ ¶ñœ¼

Ê±Öý• {õ°ï ðíõðú|ø†ÿ …‹±›†®Ž )…ð~…²û ®°…–€ ì¼ 06-04( …¶}×†¬û

º~. ̈Ç†ÿ …üò °ô½ 3±¬°¾~ ìÏýò º~û …¶•.

ð}†ü� ô ‹¥™  |

¶ñ}³ ô ºñ†¶†üþ ºŒßú|¶†²ø†

ºŒßú|¶†²ø†ÿ {ùýú º~û€ ¬° ô…ÚÐ ¬ÿ|…¶}±ø†ÿ „èý×†{ýà ¤†¾ê …²

ô…Þñ¼ {±…Þíþ Þ±‹õÞ·ýéýà …¶ý~ )„Þ±üéýà …¶ý~( ô …èßê ¬ôÎ†ìéþ

)¬üõë|ø†ÿ ì©}éØ( ¬° ìœ†ô°– Þ†{†èý³ô° …¶ý~ÿ )¶õè×õ°üà …¶ý~(

ø·}ñ~. …¶}±ÿ º~ó€ ô…Þñ»þ {Ï†¬èþ …¶• ô ‹±…ÿ …üò Þú ô…Þñ¼ ‹ú

Æ±Ù ì¥¿õë �ý¼|°Ö• Þñ~€ „Ž ì}±…Þî º~û ‹†ü~ …² ì¥ýÈ ô…Þñ¼

¨†°ž ºõ¬. …üò Þ†° ‹ú Æõ° ìÏíõë …² °…û …üœ†¬ ì©éõÉ „²õ̂{±ô’ „Ž

‹† üà ¤çë „èþ ìñ†¶� ){õèõò̂( …ðœ†ï ìþ|ºõ¬. ‹~üò|{±{ý�€

¬ÿ|…¶}±ø†ÿ „Þ±üç{þ ‹† ‹†²¬û ²ü†¬ {ùýú º~ð~:

ìÛ†¬ü± ¬üõë€ º±…üÈ ô…Þñ¼ ô ‹†²¬û {ùýú ºŒßú|¶†²ø†ÿ ¬ÿ„Þ±üç{þ ¬°

›~ôë 1 ̈ç¾ú º~û …¶•.  |

�̧ …² {ùýú ô {©éýÀ ¬ÿ|…¶}±ø†ÿ „Þ±üç{þ€ ¶†̈}†° ºýíý†üþ „ðù†

)‹ú ›³ ¬ô ìõ°¬( ‹ú ô¶ýéú °ô½|ø†ÿ  ÆýØ|¶ñœþ ì}~…ôë€ ºñ†¶†üþ ô

{†‡üý~ º~. ¬° ÆýØ|ø†ÿ RITF|€ �ýà º~ü~ ô º†̈À ì±‹õÉ ‹ú …°{Ï†½

Þ»»þ Þ±‹õðýê …¶}±ÿ ¬° ¤~ô¬ 1-mc6271-0271 Ê†ø± ìþ|ºõ¬

)›~ôë 1€ ºßê 1(. Êùõ° …üò �ýà øí±…û ‹† ð†�~ü~º~ó Þ†ìê �ýà �ùò ô

º~ü~ ì±‹õÉ ‹ú HO| …èßéþ€ ¬…ë ‹± …ðœ†ï  Þ†ìê ô…Þñ¼ …¶•. ¬°

HO-R-OH + HOOC-HC=C2H2

2HC=CH-COO-R-OOC-HC=C2H

,01)2HC( ,6)2HC( ,5)2HC( ,4)2HC( = R

0001-GPP ,0001-GEP ,004-GEP ,002-GEP 

{õèõò̂€ 4OS2H

‹†²°ô…ðþ€ O2H-
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ÆýØ|ø†ÿ RMN H1| ðý³ �ýà|ø†ÿ ìõ°¬ …ð}Ë†° ¬° ¶†̈}†° ¬ÿ|…¶}± Ê†ø±

º~ð~ ô �ýà ì±‹õÉ ‹ú �±ô{õó …¶ý~ÿ ¬° ‹†æÿ mpp01 ì»†ø~û ð»~

)›~ôë 1€ ºßê 2( Þú ìõöü~ ¶†̈}†° ìõ°¬ ðË± ‹±…ÿ ø± {±Þý� ô ̈éõÁ

²ü†¬ „ðù†¶•. ºßê|ø†ÿ 1 ô 2 ‹ú {±{ý� ðíõðú|…ÿ …² ÆýØ|ø†ÿ RITF| ô

RMN H1|)ì±‹õÉ ‹ú �éþ|…{ýéò âéýßõë ¬ÿ|„Þ±üç– 0001( °… ð»†ó

ìþ|¬ø~. â×}ñþ …¶•€ ÖÛÈ ºŒßú|¶†²ø†ÿ ìŒ}ñþ ‹± �éþ|…{ýéò âéýßõë

)GEP( ô �éþ|�±ô�ýéò âéýßõë )GPP( ¬° „Ž …ð¥çë|�̄ü±ð~ ô ‹Ûýú ¬°

„Ž ¤ê ðíþ|ºõð~. ‹ú ¬èýê „Ž|¬ô¶}þ º~ü~ {±ÞýŒ†– ð†ï|‹±¬û€ „ðù† ‹ú

¶±Î• °Æõ‹• øõ… °… ›Ž̄ ìþ|Þññ~. ‹ñ†‹±…üò€ ¬° ÆýØ|ø†ÿ ²ü±Ú±ì³€

�ýà ÞõŸßþ ¬° ð†¤ýú ¤~ô¬  1-mc0053 ¬ü~û ìþ|ºõ¬ Þú ì±‹õÉ ‹ú

â±ôû øý~°ôÞ·ýê „Ž …¶• )¬° ÆýØ|ø†ÿ RMN| ðý³€ �ýà {ý³ÿ ¬°

¤~ô¬ 3/7 Ê†ø± ìþ|ºõ¬ Þú ì±‹õÉ ‹ú 3lCHC| ìõ›õ¬ ¬°¤çë 3lCDC|

…¶• Þú ‹± …÷± {Œ†¬ë �±ô{õó ‹† °Æõ‹• øõ… …üœ†¬ º~û …¶•(.

¬° ÆýØ RMN H1| ì±‹õÉ ‹ú ¬ÿ„Þ±üç–|ø†ÿ ìŒ}ñþ ‹± GEP|€ …Ö³ôó

‹± �ýà|ø†ÿ ì±‹õÉ ‹ú �±ô{õó|ø†ÿ „Þ±üç{þ ‹† ›×•|º~ó|ø†ÿ ì»©¿ú

¨õ¬ ¬° ðõ…¤þ 57/5€ 1/6 ô mpp |73/6€ �ýà|ø†ÿ â±ôû|ø†ÿ ì}ýéñþ Þú ‹ú

Æõ° ì·}Ûýî ‹ú …Þ·ýµó …¶}±ÿ ì}¿ê|…ð~€ ô…�õºý~û º~û ô ¬° ð†¤ýú

mpp 2/4 Ê†ø± ìþ|ºõð~. �ýà|ø†ÿ ì}ýéò …ð}ù†üþ ì}¿ê ‹ú …Þ·ýµó …{±ÿ

›~ôë 1 -ìÛ†¬ü± ¬üõë ô º±…üÈ ô…Þñ¼ ‹±…ÿ {ùýú ºŒßú ¶†²ø†ÿ ¬ÿ „Þ±üç{þ ô ìùî|{±üò ì»©¿†– ºñ†¶†üþ Æý×þ „ðù†.

ì»©¿†– Æý×þ
‹†²¬û

)%(

¬°¾~ Þ†{†èý³ô° ô

²ì†ó ‹†²°ô…ðþ

)nim(

¬üõë
ºŒßú ¶†²

¬ÿ„Þ±üç{þ

RITF: |)Þ±‹õðýê(1-mc 4271

)mpp( RMN: 4/6 ô 9/5 )ì}ýéò|…ôè×ýñþ(€ 1/6 )ì}ýò …ôè×ýñþ(€ 2/4 )ì}ýéò ì}¿ê ‹ú …¶}±(€

8/1 )¶†ü± ì}ýéò|ø†(

2/59 5/0€ 021 1€4- ‹õ{†ó|¬üõë ADDB

ƒƒƒƒƒƒƒ 2/59 5/0€ 081 1€5- �ñ}†ó|¬üõë ADDP

RITF: |)Þ±‹õðýê( 1-mc 6271

)mpp( RMN: 4/6 ô 9/5 )ì}ýéò|…ôè×ýñþ(€ 1/6 )ì}ýò …ôè×ýñþ(€ 2/4 )ì}ýéò ì}¿ê ‹ú …¶}±(€

5/1 )¶†ü± ì}ýéò|ø†(

7/59 5/0€ 081 1€6- øã³…ó|¬üõë ADDH

ƒƒƒƒƒƒƒ 5/89 5/0€ 071 1€01- ¬Þ†ó|¬üõë ADDD

RITF: |)Þ±‹õðýê( 1-mc 2271

)mpp( RMN: |73/6 ô 57/5 )ì}ýéò|…ôè×ýñþ(€ 1/6 )ì}ýò …ôè×ýñþ(€ 2/4 )ì}ýéò ì}¿ê ‹ú

…¶}±(€ 7/3 )¶†ü± ì}ýéò|ø†(

4/69 2€ 051 002GEP 002-ADGEP

RITF: |)Þ±‹õðýê( 1-mc |2271

)mpp( RMN: ºŒýú 002-ADGEP
9/77 5/1€ 031 004GEP 004-ADGEP

RITF: |)Þ±‹õðýê( 1-mc |2271

)mpp( RMN: ºŒýú 002-ADGEP
5/99 5/2€ 051 0001GEP 0001-ADGEP

RITF: |)Þ±‹õðýê( 1-mc 4271

)mpp( RMN: |3/6 ô 7/5 )ì}ýéò …ôè×ýñþ(€ 0/6 )ì}ýò …ôè×ýñþ(€ 2/1 )ì}ýê|ø†ÿ ìœ†ô°

…¶}±(€ 30/1 )¶†ü± ì}ýê|ø†ÿ ô¶È ²ðœý±(€ 3/4 )ì}ýéò ì}¿ê ‹ú …¶}±(€ 70/3 )ì}ýéò

ìœ†ô° …¶}±(€ 3/3 )¶†ü± ì}ýéò|ø†ÿ ô¶È ²ðœý±(€ 59/4 )ì}ýò …ð}ù†üþ ì}¿ê ‹ú …¶}±(€

3/4 )ì}ýò ìœ†ô° …¶}±(€ 4/3 )¶†ü± ì}ýò|ø†ÿ ô¶È ²ðœý±(

4/69
5/2€ 071 0001GPP 0001-ADGPP
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ô �ýà|ø†ÿ ¶†ü± ì}ýéò|ø†ÿ ô¶È ²ðœý± ðý³ ‹ú {±{ý� ¬° ì¥~ô¬û 7/3 ô

mpp 6/3  Ê†ø± ìþ|ºõð~ )›~ôë 1(.

{ùýú ô ̈õ…Á øý~°ôë́|ø†

ºßê 3 °Ö}†° �éýí±º~ó °… ‹ú ºßê ðýî|°« ¬ì† -²ì†ó Æþ ¶ñ}³ �}†¶ýî

„Þ±üç– -„Þ±üéýà …¶ý~ ‹† …¶}×†¬û …² ºŒßú|¶†² 0001-ADGEPð»†ó

ìþ|¬ø~. ¬ô ð†¤ýú ì}×†ô– ¬° …üò ºßê ì»†ø~û ìþ|ºõ¬. ¬ì† ¬° ð†¤ýú

…ôë ‹ú „°…ìþ ‹† …Ö³…ü¼ ²ì†ó€ ²ü†¬ ìþ|ºõ¬. …üò ð†¤ýú {† ì±¤éú ́ë|º~ó

)s|06( …¬…ìú ìþ|ü†‹~. �̧ …² ́ë º~ó€ ¬ì† ‹ú ¶±Î• ‹† …Ö³…ü¼ ²ì†ó ²ü†¬

ìþ|ºõ¬ Þú �~ü~û|…ÿ ì}~…ôë ¬° �éýí±º~ó ºŒßú|…ÿ …¶• ]2[. …² ðÛÇú

ë́|º~ó ‹ú ‹Ï~€ …² ìÛ~…° ô…Þñ¼|ø†ÿ …̈}}†ï ‹ú ôüµû …² °…û {·ùýî

ð†ì}ñ†¶� Þ†¶}ú ìþ|ºõ¬ ô �éýí±º~ó ²ðœý±ÿ ¬° Îýò ºŒßú|…ÿ º~ó€ ‹†

º~– ‹ý»}±ÿ …¬…ìú ìþ|ü†‹~ ô ºŒßú °º~ ìþ|Þñ~. ¬° ðíõðú|ø†ÿ

Þ†ì�õ²ü}þ€ ‹ú Æõ° Îí~û  ¬°¾~ ²ü†¬ÿ …² Þ†õ̂èò )83%( …¶}×†¬û º~€ {†

…Ö³ôó ‹± …¤}í†ë ¬¶•|ü†‹þ ‹ú ̈õ…Á {õ°ìþ ô ìß†ðýßþ ‹ù}±€ ‹ú Þ†ø¼

Úýí• {í†ï º~û ì¥¿õë …‹±›†®Ž ðý³ ìñœ± ºõ¬. ²ü±…€ …¶}×†¬û …² ìÛ†¬ü±

…ð~á ìõ…¬ ìÏ~ðþ )„ó Æõ° Þú ì}~…ôë|{± …¶•€ ìç̃ ²ü± 7 ¬°¾~(€ ‹† …üò

Þú ìþ|{õ…ð~ ìõ›� ‹ùŒõ¬ Ú†‹ê ìç¤Ëú ̈õ…Á ìß†ðýßþ ºõ¬€ …ì† ‹†Î™

…Ö• Úýí• ì¥¿õë ðíþ|ºõ¬ ô ì»ßê …¾éþ€ üÏñþ â±…ðþ ì¥¿õë€

øî|Ÿñ†ó ‹†Úþ ìþ|ì†ð~.

�ý¼ …² ‹±°¶þ ̈õ…Á {õ°ìþ€ ðß†{þ Ÿñ~ ¬° ‹†°û ¬æüê ̈ñþ̃|¶†²ÿ

Þ†õ̂èò)g( ºŒßú|¶†² 0001-ADGEP)g(| ðíõðú

-

-

-

-

-

-

-

-

03

03

03

03

03

03

510/0

30/0|

540/0|

60/0|

21/0|

42/0|

63/0|

84/0|

20/0

30/0

840/0

60/0

80/0

21/0

1 -¹

2 -¹

3 -¹

4 -¹

5 -¹

6 -¹

7 -¹

8 -¹

1 -á

2 -á

3 -á

4 -á

5 -á

6 -á

›~ôë 2 -ìÛ†¬ü± ºŒßú|¶†² ô Þ†õ̂èò ¬° {ùýú øý~°ôë́|ø†ÿ Þ†ì�õ²ü}þ

ô Òý±Þ†ì�õ²ü}þ ‹± �†üú �éþ)�}†¶ýî „Þ±üç– -„Þ±üéýà …¶ý~(.

ºßê 1 -ÆýØ RITF| ì»}Ü ¬ÿ„Þ±üç– �éþ|…{ýéò âéýßõë 0001.

ºßê 3 -ðýî|°« |¬ì† -²ì†ó ‹±…ÿ ¶ñ}³ øý~°ôë́ �éþ)�}†¶ýî|„Þ±üç–(

ºŒßú|…ÿ º~û ‹† 0001-ADGEP.

ºßê 2 -ÆýØ RMN H1| ì»}Ü ¬ÿ „Þ±üç– �éþ|…{ýéò âéýßõë 0001.
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›³üþ „Þ±üéýà …¶ý~ ‹ú ô¶ýéú ‹†² ô ðõÑ ‹†² ìõ°¬ …¶}×†¬û€ º†ü†ó {õ›ú

…¶•. ø~Ù …¾éþ ̈ñþ̃ Þ±¬ó „Þ±üéýà …¶ý~ ‹† ‹†²ø†üþ ðËý± ¶õ¬ ü†

�}†¹€ …üœ†¬ Ú~°– {×ßýà â±ôû|ø†ÿ Î†ìéþ ¬° øý~°ôë́ ô …üœ†¬

‹±øî|Þñ¼|ø†ÿ üõðþ …¶• Þú ¶Œ� …Ö³…ü¼ ‹·ý†° ²ü†¬ {õ°ï øý~°ôë́

¬° ì¥ýÈ „‹þ ìþ|ºõ¬. Îé• ¬üã± …üò …¶• Þú ô›õ¬ â±ôû|ø†ÿ …¶ý~

ÂÏýØ ô ðíà „ó ¬° ¶†̈}†° øý~°ôë́€ ì¥ýÈ ̈ñþ̃ ô ‹†Ö±ÿ ) 7 =Hp(

°… {†‡ìýò ô {Ãíýò ìþ|Þñ~. ¬° …üò °…¶}† ðõÑ ‹†²€ …÷±ÿ ‹± ̈õ…Á {õ°ìþ

ðíþ|â̄…°¬ ô â³…°ºþ øî ¬° …üò ²ìýñú ì»†ø~û ð»~û …¶•.  |

…² ¬ü~ Þ†°‹±¬ÿ€ ¬° Þ†°‹±¬ø†ÿ Þ»†ô°²ÿ …‹±›†®Ž|ø†€ ì†ðñ~ �}†¶ýî

üßþ …² ¶ú ì†¬û Ò̄…üþ …¾éþ âý†û …¶•€ …‹±›†®Ž …Ö³ôó ‹± ¤×Ì „Ž€ ¬°

ðÛ¼  {Ó̄üú|…ÿ âý†û ðý³ º±Þ• ìþ|Þñ~. ‹ñ†‹±…üò€ ‹ú ›†ÿ ¶õ¬ )Þú â±Ÿú

…°²…ó|{± …¶•€ …ì† ¶~üî ìõ›õ¬ ¬° „ó ‹†Î™ …Ö³…ü¼ ºõ°ÿ ̈†á

ìþ|ºõ¬ ô ìÃ± …¶•( …² �}†¹ ‹±…ÿ ̈ñþ̃|¶†²ÿ ìõðõì± …¶}×†¬û

ìþ|ºõ¬. ¬° Âíò€ ›±ï …{íþ �}†¶ýî …² ¶~üî ‹ý»}± …¶•. ‹ñ†‹±…üò ¬°

¶Ç¦ {õèý~ ¬° ìÛý†¹ ¾ñÏ}þ€ …Ú}¿†¬ÿ|{± …¶•. ¬° Þ†°‹±¬ø†ÿ

‹ù~…º}þ ‹ú Îé• …°²…ó|{± ‹õ¬ó ¶õ¬€ …² …üò ì†¬û ‹±…ÿ ̈ñþ̃|¶†²ÿ

…¶}×†¬û ìþ|ºõ¬.

¨õ…Á {õ°ìþ

ºßê 4 {õ°ï ¬° „Ž ìÛÇ± ô ì¥éõë ðíßþ ‹± ¤·� ìÛ~…° ºŒßú|¶†²

‹éñ~ ²ðœý± 0001-ADGEP| °… ð»†ó ìþ|¬ø~. Ê±Öý• ›Ž̄ „Ž ‹ú

ô¶ýéú ì¥¿õë ‹ú ¬¶• „ì~û ‹† …¶}×†¬û …² Þí}±üò ìÛ~…° ºŒßú|¶†²

g/g006 …¶•. {õ°ï ‹† …Ö³…ü¼ ìÛ~…° ºŒßú|¶†² ‹ú Æõ° ðí†üþ Þ†ø¼

ìþ|ü†‹~ Þú °Ö}†°ÿ Ú†‹ê …ð}Ë†° ô ºñ†̈}ú º~û …¶•. …üò °Ö}†° ð»†ó

ìþ|¬ø~ Þú ¤·†¶ý• {õ°ï ‹ú ÒéË• ºŒßú|¶†² ¬° ìÛ†¬ü± Þî ºŒßú|¶†²

‹·ý†° ²ü†¬ …¶•. ‹† …²¬ü†¬ ÒéË• ºŒßú|¶†²€ ô…‹·}ãþ {õ°ï ‹ú ìÛ~…° „ó

‹ú º~– Þ†ø¼ ìþ|ü†‹~ ô ‹ú üà ¤†è• ̈Çþ …ÖÛþ ìþ|°¶~. °Ö}†° ðí†üþ

{õ°ï ‹† ÒéË• ºŒßú|¶†² ¬° ºŒßú|¶†² ÞõŸà ìõèßõë ì}ýéò

‹ý̧„Þ±üê„ìý~ )ABM( ô ‹õ{†ó ¬üõë ¬ÿ„Þ±üç– )ADDB( ¬°

øý~°ôë́ …‹±›†®Ž �éþ|�}†¶ýî „Þ±üç– â³…°½ º~û …¶• ]|2[|. ðÛÇú

ÂÏØ ºŒßú|¶†² ABM| {©±ü� „ó øñã†ï ̈»à|º~ó øý~°ôë́ ¬°

â±ï|̈†ðú ‹ú ôüµû ¬° ¬ì†ø†ÿ ‹†æ{± …² ¬ì†ÿ ì¥ýÈ …¶•. ‹ú {†²âþ

�†ü~…°ÿ ºŒßú|¶†² ‹éñ~ ²ðœý± ‹± �†üú �éþ|…{ýéò âéýßõë ¬ÿ|ì}†Þ±üç–

)AMDGEP( øñã†ï Ö±…üñ~ ̈»à º~ó ðý³ ‹±°¶þ ô ìÏéõï º~û …¶•

Þú …üò ºŒßú|¶†²€ øý~°ôë́|ø†üþ °… ‹† �†ü~…°ÿ â±ì†üþ ô „Ž|Þ†Ö}þ Ú†‹ê

{õ›ùþ ‹ú ¬¶• ìþ|¬ø~ ô ¬ô…ï ‹ý»}±ÿ ¬° ìÛ†ü·ú ‹† øý~°ôë́|ø†ÿ

¤†¾ê …² ºŒßú|¶†² ì}~…ôë ì}ýéò ‹ý̧ „Þ±üê„ìý~ ¬…°¬ ]|3[.|

{õ°ï ¬° ì¥éõë ðíßþ ¬° Þí}±üò ô ‹ý»}±üò ÒéË• ºŒßú|¶†² ‹ú

{±{ý� 85 ô g/g23 …¶• )ºßê 4(. Þ†ø¼ …̈}çÙ Ö»†° …¶í³ÿ ‹ýò

Ö†² ́ë ô Ö†² ì¥éõë ¬èýê …üò …Ö• {õ°ï ²ü†¬ …¶•. …üò °Ö}†° {†‹Ð ðõÑ

ºŒßú ¶†² ðý·• ô ¬° øý~°ôë́|ø†ÿ ‹± �†üú „Þ±üéýà …¶ý~ ‹† º~– ²ü†¬

ì»†ø~û ìþ|ºõ¬ ]|2[|. Þ†ø¼ ô…‹·}ãþ {õ°ï ‹ú ÒéË• ºŒßú|¶†² ¬°

ì¥éõë ðíßþ ‹† º~– ‹ý»}±ÿ ì»†ø~û ìþ|ºõ¬. ¬° ÒéË•|ø†ÿ ²ü†¬

ºŒßú|¶†²€ {õ°ï ¬° ¤~ô¬ g/g33 ÷†‹• ìþ|ì†ð~. ‹ú ÎŒ†°– ¬üã± ìþ|{õ…ó

â×• Þú {õ°ï€ ¬° Ÿã†èþ|ø†ÿ ºŒßú ²ü†¬€ Îíç_ ì·}Ûê …² ÒéË•

ºŒßú|¶†² ìþ|ºõ¬. °Ö}†° ðí†üþ Þ†ø¼ º~ü~ {õ°ï ‹ú …²…ÿ …Ö³…ü¼

ÒéË• ºŒßú|¶†² ô Î~ï ô…‹·}ãþ Ê†ø±ÿ {õ°ï ‹ú ÒéË• ²ü†¬

ºŒßú|¶†²€ �~ü~û|…ÿ Þ†ìç_ ºñ†̈}ú º~û …¶•. {õ°ï ºŒßú �éýí±ÿ€ {¥•

{†÷ý± Ÿù†° Î†ìê Îí~û …¶• ]8€ 1[:  |

-ðý±ôø†ÿ Þ»·†ó ºŒßú€  |

-‹±øî Þñ¼|ø†ÿ �éýí±- ¤çë€  |

-‹±øî|Þñ¼|ø†ÿ …èß}±ô¶}†{ýà üõó|ø†ÿ ì·}Û± ‹± ²ðœý± ô

-ðý±ôø†ÿ üõðþ ì¥ýÈ Þú ‹†Î™ …̈}çÙ Ö»†° …¶í³ÿ ‹ýò ¬°ôó ô

‹ý±ôó ºŒßú ìþ|ºõ¬.

Þ†ø¼ º~ü~ {õ°ï ‹ú …²…ÿ …Ö³…ü¼ ÒéË• ºŒßú|¶†²€ ‹ú Îé• …²¬ü†¬

Î†ìê …ôë )ðý±ôø†ÿ Þ»·†ó( ¬° …²…ÿ ‹ý»}± º~ó Ÿã†èþ ºŒßú …¶•. …ì†

…² üà ¤~ ‹ý»}±€ {õ°ï ‹ú ¤†è• …ÖÛþ ð³¬üà ô {Û±üŒ†_ ì·}Ûê …² ÒéË•

ºŒßú|¶†² ìþ|ºõ¬. ²ü±…€ Îõ…ìê ¬üã± ðý³ ¬° ¤†ë Îíê Þ±¬ó ø·}ñ~.

²ðœý± �éýí± ¤†ôÿ â±ôû|ø†ÿ ‹·ý†° „Ž|¬ô¶• ô üõðþ …¶•€ ‹ñ†‹±…üò

øñõ² {í†üê º~ü~ ‹ú ›Ž̄ „Ž ô {õ°ï ¬…°¬ ô …›†²û ðíþ|¬ø~ {õ°ï ‹ý¼

…² ¤~ Þ†ø¼ ü†‹~.

ºßê 5 {õ°ï ¬° øý~°ôë́|ø†ÿ Þ†ì�õ²ü}þ °… ‹± ¤·� ìÛ~…°

ºßê 4 -{Óýý±…– {õ°ï ¬° „Ž ìÛÇ± ô ì¥éõë ðíßþ ‹±…ÿ …‹±›†®Ž

Òý±Þ†ì�õ²ü}þ {ùýú º~û ‹† …¶}×†¬û …² ºŒßú|¶†² 0001-ADGEP. 
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ºŒßú|¶†²ø†ÿ ¬ÿ„Þ±üç{þ ‹éñ~²ðœý± ô …¶}×†¬û …² …{¿†æ– Î±Âþ GGEEPP| ¬°…‹±›†®Ž|ø†ÿ... Þõ°ô½ ÞŒý±ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 2€ ̈ƒƒ±¬…¬ -{ƒƒýƒƒ± 8831 

ºŒßú|¶†² ð»†ó ìþ|¬ø~. ¬° …üò ›† ðý³ ‹† …Ö³…ü¼ ìÛ~…° ºŒßú|¶†²€ {õ°ï

Þ†ø¼ ìþ|ü†‹~ ô °ôð~ …üò Þ†ø¼ ðí†üþ ðý·•. …² ¶õÿ ¬üã±€ ‹± ̈çÙ

…ð}Ë†°€ ðíõðú|ø†ÿ Þ†ì�õ²ü}þ ¬° ìÛ†ü·ú ‹† ðíõðú|ø†ÿ Ö†Ú~ ̈†á|°¹

)ºßê 4( {õ°ï ‹ý»}±ÿ ¬…°ð~. …ð}Ë†° ìþ|°Ö• ô›õ¬ ›³Š ìÏ~ðþ€ ̈ýéþ

‹ý»}± ¶Œ� Þ†ø¼ {õ°ï ºõ¬. ²ü±…€ …ôæ_ …¤}í†ë …ðœ†ï ô…Þñ¼|ø†ÿ

…¶}±ÿ|º~ó ‹ýò â±ôû|ø†ÿ Þ±‹õÞ·ýéýà …¶ý~ ì}ÏéÜ ‹ú „Þ±üéýà …¶ý~ ô

â±ôû|ø†ÿ øý~°ôÞ·ýê ¶Ç¦ Þ†õ̂èò ô›õ¬ ¬…°¬. ‹ñ†‹±…üò€ …üœ†¬

…{¿†æ– Î±Âþ …Â†Öþ ‹†Î™ Þ†ø¼ {õ°ï ìþ|ºõ¬. ìõè×†ó ÚŒç_ ôÚõÑ

Ÿñýò ô…Þñ¼|ø†üþ °… ‹ú Þíà ÆýØ|¶ñœþ …÷Œ†– Þ±¬û|…ð~ ]|5[|.  |

÷†ðý†_ ìÛ~…° „Ž|¬ô¶}þ Þ†õ̂èò ‹·ý†° Þí}± …² Þõ�éýí± „Þ±üéýà …¶ý~ ô

ðíà „ó …¶•. ¬° ð}ýœú …Ö³ô¬ó ìÛ~…° ²ü†¬ÿ …² „ó )83 ¬°¾~( ‹ú �éýí±

‹†ü~ ‹ú Þ†ø¼ {õ°ï ìñ}ùþ ºõ¬. …ì† ¬° Þñ†° �~ü~û|ø†ÿ �ý¼ â×}ú€ ‹ú ðË±

ìþ|°¶~ �~ü~û ¶õìþ ðý³ ô›õ¬ ¬…°¬ Þú ¬° ›ù• Îß̧ ¬ô ¬èýê â×}ú

º~û Îíê ìþ|Þñ~ ô ‹†Î™ ìþ|ºõ¬ {õ°ï ¬° ðíõðú|ø†ÿ Þ†ì�õ²ü}þ ‹ý»}±

…² ðíõðú|ø†ÿ Òý±Þ†ì�õ²ü}þ ‹†º~. …² „ó ›† Þú ìÛ~…° Þ†õ̂èò …¶}×†¬û º~û

¬° {ùýú …üò …‹±›†®Ž|ø† ‹·ý†° ²ü†¬ …¶•€ øñã†ï Ö±…üñ~ �éýí±º~ó€

Þ†õ̂èò Âíò …üò Þú ‹†Î™ …Ö³…ü¼ º~ü~ â±…ð±ôÿ ì¥ýÈ ô…Þñ¼

ìþ|ºõ¬€ ðÛ¼ Î†ìê …̈}çë °… ¬° ‹±…‹± �ý¼|°Ö• ô…Þñ¼ …ü×† ìþ|Þñ~ )…²

ð×õ® ºŒßú|¶†² ‹ú ¬°ôó ºŒßú ¤ýò �éýí±º~ó ›éõâý±ÿ ìþ|Þñ~(. ¬°

ð}ýœú ìÛ~…°ÿ …² ºŒßú|¶†² ô…°¬ ô…Þñ¼ ðíþ|ºõ¬ ô Ÿã†èþ …{¿†æ–

Î±Âþ€ Þí}± …² øí}†ÿ Òý±Þ†ì�õ²ü}þ …¶•.

›Ž̄ Öý³üßþ ìõèßõë|ø†ÿ Î†ìê ºŒßú|¶†² ‹± ¶Ç¦ ®°…– Þ†õ̂èò

ðý³ ìþ|{õ…ð~ ¬èýê …¤}í†èþ ¬üã±ÿ ‹±…ÿ Þ†ø¼ Ÿã†èþ ºŒßú ô …Ö³…ü¼

{õ°ï ‹†º~. ‹ñ†‹± …üò€ ¬° øý~°ôë́ ìÇ†èÏú º~û ¬° …üò �µôø¼€ ø± ¶ú

�~ü~û ‹ú Æõ° øî ²ì†ó °ôÿ ìþ|¬ø~. ôèþ Î†ìê ¶õï ‹± ¬ô Î†ìê �ý»ýò

Þú ¶Œ� Þ†ø¼ {õ°ï ìþ|ºõð~ ÒéŒú Þ±¬û ô ‹±…üñ~ …÷± „ðù†€ ‹ú ºßê

…Ö³…ü¼ {õ°ï )¬° ìÛ†ü·ú ‹† ðíõðú|ø†ÿ Ö†Ú~ ̈†á °¹( Ê†ø± ìþ|ºõ¬.

°ôð~ Þ†ø»þ Òý±ðí†üþ {õ°ï ¬° ºßê 5 °… ìþ|{õ…ó ‹† ìœíõÎú øíýò „÷†°

ì©}éØ ¬° ðíõðú Þ†ì�õ²ü}þ ì±‹õÉ ¬…ð·•. ¬° …üò ›† ðíõ¬…° {õ°ï -

ÒéË• ºŒßú|¶†²€ ðú {ñù† ‹ú ºßê ì}~…ôë „ó€ üÏñþ ðí†üþ€ ºŒýú ðý·• ô

{Û±üŒ†_ ̈Çþ …¶•€ ‹éßú ºý� „ó ðý³ Þñ~ …¶•. âõüþ Î†ìéþ ¬° Þ†° …¶•

Þú ¬° ‹±…‹± …Ö³…ü¼ Ÿã†èþ ºŒßú ìÛ†ôì• ìþ|Þñ~. …üò Î†ìê øí†ó …¶•

Þú �ý»}± ‹ú „ó …º†°û º~ ô ‹ú ð¥õÿ ‹ú ¬°¾~ ²ü†¬ ®°…– ìÏ~ðþ ¬°

ì¥ýÈ ô…Þñ¼ �éýí±º~ó ì±‹õÉ ìþ|ºõ¬.

¨õ…Á â±ì†üþ ¬üñ†ìýßþ -ìß†ðýßþ

â±ì†ðã†º•|ø†ÿ ATMD| ‹±…ÿ ¬ô ðíõðú …‹±›†®Ž Òý±Þ†ì�õ²ü}þ ô üà

ðíõðú Þ†ì�õ²ü}þ ¬° ºßê 6 ð»†ó ¬…¬û º~û …¶•. ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ

‹±…ÿ ðíõðú 2- ¹ Þú ìÛ~…° ºŒßú|¶†² ¬° „ó Þî …¶•€ Co69 …¶•.

…Ö³…ü¼ ìÛ~…° ºŒßú|¶†² )ðíõðú 8-¹( ¶Œ� …Ö³…ü¼ ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ ‹ú Co601 ìþ|ºõ¬ Þú ìþ|{õ…ó „ó °… ‹ú …Ö³…ü¼ Ÿã†èþ ºŒßú ô

¬° ð}ýœú Þ†ø¼ {¥±á ²ðœý±ø† ì±‹õÉ ¬…ð·•.  |

¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ‹±…ÿ ðíõðú Þ†ì�õ²ü}þ 2-á€ ‹†² øî ‹ú ìÛ~…°

Ú†‹ê ìç¤Ëú|…ÿ …Ö³…ü¼ ìþ|ü†‹~ ô ‹ú Co421 ìþ|°¶~ Þú 82 ¬°›ú …²

ðíõðú Òý±Þ†ì�õ²ü}þ ì}ñ†Ê± ‹† „ó ‹ý»}± …¶•. ®°…– ìÏ~ðþ Þ†õ̂èò ¬°

…‹±›†®Ž Þ†ì�õ²ü}þ ìþ|{õ…ð~ ¶Œ� Þ†ø¼ {¥±á ²ðœý±ø†ÿ �éýí±ÿ

ºõ¬ ô ¬° ð}ýœú ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ€ ‹ú º~– …Ö³…ü¼ ìþ|ü†‹~. Ÿñýò

…Ö³…ü»þ ¬° �éýí±ø†ÿ Þ†ì�õ²ü}þ ü† ð†ðõÞ†ì�õ²ü}þ ‹† …¶}×†¬û …² ìõ…¬

ìÏ~ðþ â³…°½ º~û …¶•. ‹ú Îñõ…ó ì˜†ë€ …Ö³…ü¼ Co02 ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ ‹±…ÿ …�õÞ·þ °²üò -¬ÿ|…{ýê {õèõò̂ ¬ÿ„ìýò ¬° 5 ¬°¾~

¨†á °¹ â³…°½ º~û …¶•. Îé• „ó °… ‹ú ¬…ï …Ö}†¬ó ²ðœý±ø†ÿ

�éýí±ÿ ‹ýò æüú|ø†ÿ ̈†á °¹ ð·Œ• ¬…¬û|…ð~ ]11[. …ì†€ ‹ý»}± …Ö³…ü¼

¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ¬° �éýí±ø†ÿ …�õÞ·þ -„Þ±üç– ô üõ°{†ó -

„Þ±üç– ¬° ìœ†ô°– ̈†á °¹ °… ‹ú …Ö³…ü¼ Ÿã†èþ …{¿†æ– Î±Âþ

°‹È ¬…¬û|…ð~. ̈†á °¹ ìþ|{õ…ð~ ðÛ¼ ºŒßú|¶†² °… …ü×† Þñ~€ ¬° ð}ýœú

Ÿã†èþ …{¿†æ– Î±Âþ ¬° �éýí± Þ†ì�õ²ü}þ …Ö³…ü¼ ìþ|ü†‹~ ]|21[|. ¬°

�éþ)„Þ±üéýà …¶ý~ -Þ†õ̂èò(€ …üœ†¬ ô…Þñ¼|ø†ÿ …¶}±ÿ|º~ó ‹ýò

â±ôû|ø†ÿ øý~°ôÞ·ýê ¶Ç¦ ®°…– Þ†õ̂èò ô Þ±‹õÞ·ýê „Þ±üéà …¶ý~

]|5[| ìþ|{õ…ð~ ¶Œ� …Ö³…ü¼ Ÿã†èþ …{¿†æ– Î±Âþ ô ¬° ð}ýœú ì»†ø~û

…Ö³…ü¼ 82 ¬°›ú|…ÿ ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ¬° ìÛ†ü·ú ‹† ðíõðú

Òý±Þ†ì�õ²ü}þ øí}†ÿ „ó ‹†º~.  |

‹± …¶†¹ ºßê 6 -…èØ€ ì~ôë ðíõðú Òý±Þ†ì�õ²ü}þ  2 -¹ ¬° Co051€ ºßê 5 -{Óýý±…– {õ°ï ¬° „Ž ìÛÇ± ‹±…ÿ …‹±›†®Ž Þ†ì�õ²ü}þ {ùýú º~û

‹† …¶}×†¬û …² ºŒßú|¶†² 0001-ADGEP.  |



‹±…‹± aP801×|28/1 …¶•. …üò ì~ôë€ ‹ñ† ‹± ¬æüê �ý¼|â×}ú€ ¬° ðíõðú

…‹±›†®Ž Þ†ì�õ²ü}þ ì}ñ†Ê± )ºßê 6 -ž(€ ‹ú Æõ° Ú†‹ê ìç¤Ëú|…ÿ

…Ö³…ü¼ ìþ|ü†‹~ ô ‹ú aP801×14/4 ìþ|°¶~. º†ü†ó ®Þ± …¶•€ ¬°

ðíõ¬…°ø†ÿ naT€ …Ö³ôó ‹± �ýà ì±‹õÉ ‹ú …ð}Û†ë Þú ¬° ð†¤ýú ¤~ô¬

¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ Ê†ø± º~û …¶•€ �ýà ÞõŸßþ )ì±‹õÉ ‹ú …ð}Û†ë

ô…ÚÐ ¬° ð†¤ýú ¬ì†üþ ¤~ô¬C
o03-52( ì±‹õÉ ‹ú {¥±á â±ôû|ø†ÿ ›†ðŒþ

Þ±‹õÞ·ýç– ðý³ ì»†ø~û ìþ|ºõ¬ Þú ‹ú …²…ÿ {Óýý±…– ¬°¾~ ºŒßú|¶†²

ô ‹õ¬ ü† ðŒõ¬ Þ†õ̂èò€ ›†‹ú|›†üþ Ÿñ~…ðþ ð»†ó ðíþ|¬ø~. …üò ì»†ø~û ¬…ë

‹± …üò …¶• Þú …Ö³…ü¼ ¬ì†€ ‹ý»}± ‹†Î™ {¥±á ²ðœý±ø† ìþ|ºõ¬ ){Óýý±

¬° …ð}Û†ë( ô …÷± Ú†‹ê {õ›ùþ ‹± {¥±á â±ôû|ø†ÿ ›†ðŒþ ¬° …üò

ºŒßú|ø†ÿ �éýí±ÿ ð~…°¬.

¨õ…Á °õ̂èõ´üßþ

ì~ôë ®̈ý±û ‹± ¤·� ‹·†ì~ ²…ôüú|…ÿ ‹±…ÿ ¬ô ðíõðú Òý±Þ†ì�õ²ü}þ ‹†

ìÛ†¬ü± ì©}éØ ºŒßú|¶†² ¬° ºßê 7 -…èØ ð»†ó ¬…¬û º~û …¶•. ì~ôë

®̈ý±û ðíõðú 2-¹ Þú ìÛ~…° ºŒßú|¶†² Þí}±ÿ ¬° {ùýú „ó …¶}×†¬û º~û

…¶•€ ‹·ý†° Þí}± …² ðíõðú 8 -¹ …¶•. ‹ú Îñõ…ó ì˜†ë€ ì~ôë ®̈ý±û ¬°

‹·†ì~ ²…ôüú|…ÿ 1-s 6/13 ‹±…ÿ …üò ¬ô ðíõðú ‹ú {±{ý� 565 ôaP 0901

δ

ºŒßú|¶†²ø†ÿ ¬ÿ„Þ±üç{þ ‹éñ~²ðœý± ô …¶}×†¬û …² …{¿†æ– Î±Âþ GGEEPP| ¬°…‹±›†®Ž|ø†ÿ...Þõ°ô½ ÞŒý±ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 2€ ̈ƒƒ±¬…¬ -{ƒƒýƒƒ± 8831 114

Tan δ

)…èØ(

Tan δ

)Ž(

Tan δ

)ž(

ºßê 6 -â±ì†ðã†º• â±ì†üþ ¬üñ†ìýßþ -ìß†ðýßþ ðíõðú|ø†ÿ ì©}éØ:

)…èØ( ðíõðú 2 -¹€ )Ž( ðíõðú 8 -¹ ô )ž( ðíõðú 2 -á.

)…èØ(

)Ž(

ºßê 7 -ì~ôë ®̈ý±û ‹±¤·� ‹·†ì~ ²…ôüú|…ÿ ‹±…ÿ ðíõðú|ø†ÿ

…‹±›†®Ž: )…èØ( Òý±Þ†ì�õ²ü}þ ô )Ž( |Þ†ì�õ²ü}þ.
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ºŒßú|¶†²ø†ÿ ¬ÿ„Þ±üç{þ ‹éñ~²ðœý± ô …¶}×†¬û …² …{¿†æ– Î±Âþ GGEEPP| ¬°…‹±›†®Ž|ø†ÿ... Þõ°ô½ ÞŒý±ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 2€ ̈ƒƒ±¬…¬ -{ƒƒýƒƒ± 8831 

…¶•. ì~ôë ®̈ý±û ‹† ô²ó ìõèßõèþ ‹ýò ¬ô …{¿†ë Î±Âþ ð·Œ• Îß̧

¬…°¬. …Ö³…ü¼ ìÛ~…° ºŒßú|¶†² ‹†Î™ Þ†ø¼ ô²ó ìõèßõèþ ‹ýò ¬ô …{¿†ë

Î±Âþ ô ¬° ð}ýœú …Ö³…ü¼ ì~ôë ®̈ý±û ìþ|ºõ¬.  |

ºßê 7 -Ž ì~ôë ®̈ý±û ‹± ¤·� ‹·†ì~ ²…ôüú|…ÿ °… ‹±…ÿ ðíõðú|ø†ÿ

Þ†ì�õ²ü}þ ð»†ó ìþ|¬ø~. ¬° …üò ›† ðý³€ ‹† …Ö³…ü¼ ìÛ~…° ºŒßú|¶†² …²

ðíõðú 2 -á ‹ú 5 -á ì~ôë ®̈ý±û …Ö³…ü¼ ìþ|ü†‹~. ðß}ú Ú†‹ê ìç¤Ëú€

Þí}± ‹õ¬ó ì~ôë ®̈ý±û ðíõðú Þ†ì�õ²ü}þ …² ðíõðú Òý±Þ†ì�õ²ü}þ ì}ñ†Ê±

‹† „ó …¶•. ‹ú Îñõ…ó ì˜†ë€ ì~ôë ®̈ý±û ðíõðú 2-¹ ô 2-á ¬° ‹·†ì~

²…ôüú|…ÿ 1-s 6/13 ‹ú {±{ý� 565 ôaP 133 …¶•. ‹ú ÎŒ†°– ¬üã±€ Þ†ø¼

24 ¬°¾~ÿ ì~ôë ®̈ý±û ðíõðú Þ†ì�õ²ü}þ ¬° ìÛ†ü·ú ‹† ðíõðú Ö†Ú~

Þ†õ̂èò ì»†ø~û ìþ|ºõ¬. øí†ó|Æõ° Þú �ý¼|{± ðý³ ‹ý†ó º~€ ¬°¾~ ²ü†¬

®°…– ìÏ~ðþ€ ¬° �ý¼|°Ö• ô…Þñ¼ �éýí±º~ó …̈}çë …üœ†¬ ìþ|Þñ~ ô

Âíò …Ö³…ü¼ â±…ð±ôÿ ì¥ýÈ ô…Þñ¼€ ìþ|{õ…ð~ ìõ›� Þ†ø¼ ìÛ~…°

ºŒßú|¶†² ô…Þñ¼ Þ±¬û ºõ¬. ¬° ð}ýœú ô²ó ìõèßõèþ ‹ýò ¬ô …{¿†ë

Î±Âþ ì}õ…èþ …Ö³…ü¼ ìþ|ü†‹~ Þú ‹ú ìÏñ†ÿ Þ†ø¼ Ÿã†èþ ºŒßú …¶•.

Þ†ø¼ Ÿã†èþ ºŒßú ìñœ± ‹ú Þ†ø¼ ì~ôë ®̈ý±û ìþ|ºõ¬.
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