
Amodified technique is designed to prepare aligned nanofibers to chal-
lenge the existing limitations in collecting methods of nanofibers
such as, thickness of collected layer, alignment and productivity of

nanofibers. Collecting and simultaneously heating of the aligned nanofibers
were carried out by using a rotating drum fixed on top of syringe needles and
applying hot air flow. This electrospinning set up can facilitate heating of the
nanofiber in electrospinning zone (distance between two syringe needles).
Polyacrylonitrile (PAN) nanofibers were electrospun from its 14 wt% solu-
tion in dimethylformamide (DMF) under practical conditions. The above
method resulted in low rupture rates and increased maximum take up speed
for two collections. The obtained results from angular power spectrum analy-
sis showed better fiber alignment with increasing take up speed, although
SEM studies demonstrated wider diameters of nanofibers being produced by
the modified method. The glass transition temperature (Tg) of all the pre-
pared samples were between 70oC and 90oC. The recorded spectra from FTIR
were close to common PAN fibers with peaks at 2240 cm-1 (CN stretch),
2920 cm-1 (CH2 bend), 1450 cm-1 (CH stretch) and 1730 cm-1 (CO stretch)
wavenumbers. The diffraction patterns obtained from WAXD technique
show also an equatorial peak in 2θ = 17o for PAN nanofibers. Our quantita-
tive analysis of WAXD and FTIR diagrams have revealed positive effects by
the modified method on crystallization degree of nanofibers produced at
higher take up speeds.      
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{¿†ôü± ‹±…ÿ {¥éýê ìÛ~…° ìõ…²ÿ ‹õ¬ó ð†ðõ…èý†Ù ð·Œ• ‹ú °…¶}†ÿ

Ÿ±̈¼ Òé}à ›íÐ|Þññ~û ìõ°¬ …¶}×†¬û Ú±…° â±Ö•. ¬ì†ÿ {Œ~üê

ºý»ú|…ÿ ð†ðõ…èý†Ù NAP| …èß}±ô°ü·þ º~û ‹ú ô¶ýéú â±ì†¶ñ� �õü»þ

{×†Âéþ )CSD( ì~ë E4/4V0102| …ð~…²û|âý±ÿ º~. ‹±…ÿ ‹±°¶þ

¶†̈}†° ºýíý†üþ ð†ðõ…èý†ÙNAP| ô …÷± ¬ì†ÿ {Œ~üê ºý»ú|…ÿ °ôÿ „ó …²

ÆýØ|¶ñ� ²ü±Ú±ì³ )RITF(  ì~ë 001seireS-BM nemoB| ¶†̈•

º±Þ• nuarB & namtraH| Þ»õ° Þ†ð†¬… …¶}×†¬û º~. ìÛ~…° ‹éõ°üñãþ

ð†ðõ…èý†Ù {ùýú º~û ‹ú ô¶ýéú ¬¶}ã†û �±…½ �±{õ X| ì~ë 7781WP|

¶†̈• º±Þ• spilihP‹±°¶þ º~.  |

°ô½|ø†

{ùýú ð†ðõ…èý†Ù ìõ…²ÿ ô …Îí†ë â±ì† °ôÿ „ðù†

¬° …üò ìÇ†èÏú€ …² ¬ô °ô½ ›~…â†ðú ‹±…ÿ {õèý~ ð†ðõ…èý†Ù ìõ…²ÿ ô ‹ú

Æõ° øî|²ì†ó â±ì† ¬…¬ó „ðù† …¶}×†¬û º~ . ¬° °ô½ …ôë€ Þú ¬° ºßê 1

ð»†ó ¬…¬û º~û …¶• ]9€8[ ¬ô ¶õ²ó …èß}±ô°ü·þ °ô‹ú|°ôÿ øî Ú±…°

â±Ö}ú ô ø±üà ‹ú ôè}†́ÿ ‹† ÚÇ� ì©†èØ üà ¬üã± ô¾ê ìþ|ºõð~. ‹†

…Îí†ë ôè}†́ ‹ú ì¥éõë …èß}±ô°ü·þ FMD/NAP€ ›±ü†ó �éýí±ÿ …² ø±

üà …² ¶õ²ó|ø† ̈†°ž º~û ô ð†øî|ð†ï ‹õ¬ó ‹†°ø†ÿ …èß}±üßþ °ôÿ „ðù†

‹†Î™ ›Ž̄ „ðù† ‹ú üà ¬üã± ìþ|ºõ¬. ¬° Ö†¾éú  ‹ýò ¬ô ¶õ²ó

…èß}±ô°ü·þ€ …üò ¬ô ›±ü†ó �éýí±ÿ ‹ú üà ¬üã± °¶ý~û ô �̧ …² {©éýú

…èß}±üßþ ‹ú ºßê {õ¬û …èý†Ù ¬° ìþ|„üñ~. ‹† Þ»ý~ó …üò {õ¬û ‹ú ô¶ýéú

üà ìýéú ð†°¶†ð† ‹ú ¶í• Òé}à ›íÐ|Þññ~û Ÿ±̈†ó€ ìþ|{õ…ó ð†ðõ…èý†Ù

ìõ…²ÿ {õèý~ Þ±¬. ¬° …üò ¶†ì†ðú ‹±…ÿ â±ì† ¬…¬ó ð†ðõ…èý†Ù€ ¬° ¤~ Ö†¾ê

¶õ²ó …èß}±ô°ü·þ ô Òé}à ›íÐ|Þññ~û …² üà ô¶ýéú â±ì†¬øñ~û …¶}×†¬û

º~ Þú â±ì†ÿ æ²ï ¬° ²ì†ó ÎŒõ° ð†ðõ…èý†Ù …² ¬…̈ê „ó ‹ú ð†ðõ…èý†Ù

…Îí†ë ìþ|ºõ¬. ¬ì†ÿ ¬…̈éþ â±ï|Þò ð³¬üà ‹ú ¬ì†ÿ {Œ~üê ºý»ú|…ÿ

ð†ðõ…èý†Ù �éþ|„Þ±üéõðý}±üê …èß}±ô°ü·þ º~û …¶• ô ¬° Ö†¾éú mc8 …²

¶õ²ó …èß}±ô°ü·þ Ú±…° â±Ö}ú …¶•.

¬° °ô½ ¬ôï€ Òé}à ›íÐ|Þññ~û ‹ú ºßê Îíõ¬ÿ Ú±…° â±Ö}ú ô ¬° ²ü±

ìñÇÛú …èß}±ô°ü·þ )Ö†¾éú ‹ýò ¬ô ¶õ²ó …èß}±ô°ü·þ( üà â±ï|Þò Ú±…°

¬…¬û º~û …¶• )ºßê 2(. ìÛ~…° â±ì†ÿ …Îí†èþ °ôÿ ›±ü†ó ð†ðõ…èý†Ù

Æõ°ÿ {ñËýî º~û …¶• Þú ¬ì† ¬° ¤~ ô¶È ¬ô ¶õ²ó …èß}±ô°ü·þ

ð³¬üà ‹ú ¬ì†ÿ {Œ~üê ºý»ú|…ÿ ð†ðõ…èý†Ù NAP| …èß}±ô°ü·þ º~û ‹†º~.

ðÛ¼ ô¶ýéú â±ï|Þò ¬° …üò ¶†ì†ðú …Ö³ôó ‹± …Îí†ë â±ì†€ …üœ†¬ ‹·}±ÿ …²

›±ü†ó øõ…ÿ â±ï ‹±…ÿ ¤±Þ• ›±ü†ó …èý†Ù ô …{¿†ë „ó ‹ú Òé}à

›íÐ|Þññ~û øñã†ï �†°âþ ð†ðõ…èý†Ù …¶•. ¶†²ôÞ†° …üœ†¬ ›±ü†ó øõ…ÿ

â±ï ‹ú …üò {±{ý� …¶• Þú øõ…ÿ ¶±¬ …² ì¥ê {ÏŒýú º~û ¬° �†üýò ì¥×Ëú

ºßê 1 -{õèý~ ð†ðõ…èý†Ù ìõ…²ÿ ‹† …¶}×†¬û …² ¬ô ¶õ²ó …èß}±ô°ü·þ ô

üà Òé}à ›íÐ|Þññ~û ô ð¥õû â±ì† ¬…¬ó „ó.ºßê 2 -°ô½ ›~ü~ …°…üú º~û ‹±…ÿ {õèý~ {õèý~ ð†ðõ…èý†Ù ìõ…²ÿ.
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‹±°¶þ ̈õ…Á °ü³¶†̈}†°ÿ ð†ðõ…èý†Ù ìõ…²ÿ �éþ|„Þ±üéõðý}±üê ›íÐ|„ô°ÿ º~û ‹† …¶}×†¬û …² ... ìù~ÿ ¾~°›ù†ðþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 

Î†üÜ ô…°¬ º~û ô �̧ …² â±ï º~ó ‹ú ô¶ýéú â±ï|Þò€ ‹† {õ›ú ‹ú Þî ‹õ¬ó

Ÿã†èþ øõ…ÿ â±ï€ üà ›±ü†ó øõ…üþ øî|°Ö}þ ‹ú ¶í• ‹†æ ‹ú ô›õ¬

ìþ„ü~. …üò ›±ü†ó øî|°Ö}þ ðÛ¼ Þíßþ ¬° ¤±Þ• ‹ú ¶í• ‹†æÿ ¬¶}ú

ð†ðõ…èý†Ù ô …üœ†¬ �ýõð~ ‹ú øñã†ï �†°âþ ›±ü†ó …èý†Ù ¬…°¬. …¶}×†¬û …²

ì¥×Ëú Î†üÜ ô Ú±…° ¬…¬ó ¶õ²ó|ø†ÿ …èß}±ô°ü·þ ô â±ï|Þò ¬° ¬…̈ê

„ó€ Îçôû ‹± ìœ³… Þ±¬ó ¶†ì†ðú …èß}±ô°ü·þ ‹†Î™ Þñ}±ë ‹ý»}± ›±ü†ó

øõ…ÿ â±ï ðý³ ìþ|ºõ¬. ¬° …üò ¶†ì†ðú Ö†¾éú â±ï|Þò …² ¶õ²ó

…èß}±ô°ü·þ mc01 …¶•.

‹±…ÿ ‹±°¶þ ̈õ…Á ð†ðõ…èý†Ù {õèý~ º~û ¬° ¶†ì†ðú|ø†ÿ ‹±¬…º•€

º±…üÈ ®Þ± º~û ¬° ›~ôë 1 ‹ú ìñËõ° {ùýú ð†ðõ…èý†Ù ìõ…²ÿ NAP| ‹ú Þ†°

â±Ö}ú º~. æ²ï ‹ú ®Þ± …¶•€ ¬° ¶†ì†ðú ‹±¬…º• Îíõ¬ÿ …² ¬ô ¶±Î•

¨Çþ Òé}à ›íÐ|Þññ~û ‹ú ìÛ~…° 5/95 ô nim/m5/411 ‹±…ÿ ‹±¬…º•

ð†ðõ…èý†Ù …¶}×†¬û º~.

…ð~…²û|âý±ÿ {Ï~…¬ �†°âþ ð†ðõ…èý†Ù

‹±…ÿ …ð~…²û|âý±ÿ {Ï~…¬ �†°âþ ð†ðõ…èý†Ù€ ¬ô ¶†ì†ðú ‹±¬…º• …ÖÛþ ô

Îíõ¬ÿ ‹ú ì~– ²ì†ó nim51  ‹† Ÿ»î ²ü± ðË± Ú±…° â±Ö• ô {Ï~…¬

�†°âþ ›±ü†ó …èý†Ù ºí†°½ º~. ¬° ø± ‹†° �†°âþ€ ›±ü†ó …èý†Ù {õèý~ÿ

¬° ¤~ Ö†¾ê ¬ô ¶õ²ó …èß}±ô°ü·þ ‹ú ¤†è• {õ¬û …èý†Ù ¬° „ì~û ô Îíê

�ýõð~ …èý†Ù ‹ú Òé}à ›íÐ|Þññ~û ‹ú Æõ° ¬¶}þ )‹ú ô¶ýéú üà ìýéú

ð†°¶†ð†( …ðœ†ï º~. º†ü†ó ®Þ± …¶•€ ¬° ¶†ì†ðú ‹±¬…º• Îíõ¬ÿ …°…üú

º~û ¬° …üò �µôø¼€ Îíê �ýõð~ ‹ú ô¶ýéú ›±ü†ó øõ…ÿ â±ï …ðœ†ï º~û

…¶•€ ìã± ¬° ìõ…ÚÏþ Þú „º×}ãþ ›±ü†ó …èý†Ù ‹ú …ð~…²û|…ÿ ‹†º~ Þú ‹ú

ô¶ýéú ›±ü†ó øî|°Ö}þ °ô ‹ú ‹†æ Ú†‹ê Þñ}±ë ðŒ†º~.    |

…ð~…²û|âý±ÿ ÚÇ± ð†ðõ…èý†Ù

‹±…ÿ …ð~…²û|âý±ÿ ÚÇ± ð†ðõ…èý†Ù ô ‹±°¶þ ºßê|ºñ†¶þ „ðù†€ ð†ðõ…èý†Ù

…èß}±ô°ü·þ º~û …² ì¥éõë �éýí±ÿ FMD/NAP¬° ¶†ì†ðú|ø†ÿ

‹±¬…º• ì©}éØ °ôÿ ô°Úú|ø†ÿ „èõìýñýíþ ›íÐ|„ô°ÿ º~û ô �̧ …²

�õº¼|¬øþ ‹† Æç€ ¬° ‹³°å|ðí†üþ 0005 ìÇ†èÏú º~ð~. ¬° ø± üà …²

ðíõðú|ø† {Ï~…¬ 001 ÚÇ± ‹ú ô¶ýéú ð±ï|…Ö³…° pohsotohp…ð~…²û|âý±ÿ ô

ìý†ðãýò „ó â³…°½ º~û …¶•.  |

…ð~…²û|âý±ÿ ìÛ~…° ìõ…²ÿ ‹õ¬ó

‹±…ÿ …ð~…²û|âý±ÿ ìÛ~…° ìõ…²ÿ ‹õ¬ó ð†ðõ…èý†Ù€ …² ð†ðõ…èý†Ù ›íÐ|„ô°ÿ

º~û °ôÿ æìê ‹† ‹³°å|ðí†üþ 0001 Îß̧ â±Ö}ú º~. Îß̧|ø†ÿ â±Ö}ú

º~û ¬° …‹Ï†¬ lexip×lexip084×046 ‹õ¬ ô ¬° º±…üÈ üß·†ó ‹ú ¬¶•

„ì~. Îß̧|ø†ÿ {ùýú º~û ‹† …¶}×†¬û …² ð±ï|…Ö³…° baltaM| ¬° ì¥ýÈ

�±¬…²½ {¿õü± ìÇ†èÏú º~ ô ‹† …¶}×†¬û …² ÆýØ ²…ôüú|…ÿ {õ…ó ìÛ~…°

ìõ…²ÿ ‹õ¬ó ð†ðõ…èý†Ù …ð~…²û|âý±ÿ º~. {Ï~…¬ 01 Îß̧ ¬° ø± ¶±Î•

‹±¬…º• ìÇ†èÏú º~.

|…ð~…²û|âý±ÿ ¬ì†ÿ {Œ~üê ºý»ú|…ÿ

…ð~…²û|âý±ÿ ¬ì†ÿ {Œ~üê ºý»ú|…ÿ ðíõðú|ø†ÿ „²ì†ü»þ ¬° º±…üÈ ®Þ±

º~û ¬° ›~ôë 1 {ùýú º~û ô ‹† …¶}×†¬û …² ¬¶}ã†û CSD| ìÛ~…° ¬ì†ÿ

{Œ~üê ºý»ú|…ÿ ¬° ¶ú ðÛÇú ¤~ �†üýò€ ¤~ ô¶È ô ¤~ ‹†æ ‹ú ¬¶• „ì~.

¶±Î• â±ì†¬øþ ¬° Æõë „²ì†ü¼ CSD€ nim/C
o01 {ñËýî º~.

‹±°¶þ ¶†̈}†° ºýíý†üþ

‹±…ÿ ‹±°¶þ …÷± â±ì† °ôÿ ¶†̈}†° ºýíý†üþ ð†ðõ…èý†Ù NAPô {œ³üú

Þíþ ‹† …¶}×†¬û …² º†̈À ‹éõ°üñãþ 0422A/0371A)ð·Œ• ì·†¤• ²ü±

ìñ¥ñþ ¬° Î~¬ ìõ›þ 1-mc 0371 )ì±‹õÉ ‹ú â±ôû Þ±‹õðýê€ O=C( ‹ú

¶Ç¦ ²ü± ìñ¥ñþ ¬° Î~¬ ìõ›þ 1-mc 0422 )ì±‹õÉ ‹ú â±ôû ðý}±üê€

N_=C|( Þú {õ¶È nisuaC| ô øíß†°…ó …°…üú º~û ]01[€ ÆýØ ø†ÿ RITF|

¬° ì¥~ô¬û 1-mc 0053-004 ‹†  nim/nacs12 ‹±…ÿ ¶ú ðíõðú {ùýú º~û

¬° ¶†ì†ðú|ø†ÿ ‹±¬…º• ì©}éØ€ ÷Œ• º~. °…‹Çú º†̈À ì³‹õ° ‹† ¬°›ú

‹éõ°üñãþ ‹ú …üò {±{ý� …¶• Þú ‹† …Ö³…ü¼ …üò º†̈À€ ¬°›ú ‹éõ°üñãþ

Þ†ø¼ ìþ|ü†‹~. ¬° ‹±°¶þ {Óýý±�̄ü±ÿ ¶†̈}†° ºýíý†üþ€ ð¥õû {Óýý±

›~ôë 1 -º±…üÈ Þ†°‹±¬ÿ ‹±…ÿ {õèý~ ð†ðõ…èý†Ù NAP| ¬° ¶†ì†ðú|ø†ÿ ì©}éØ.

Ö†¾éú ‹ýò ¶õ²ó ô

Òé}à ›íÐ|Þññ~û

)mc(|

Ö†¾éú ¬ô ¶± ¶õ²ó

…èß}±ô°ü·þ )mc(|

ìÛ~…° {Ó̄üú

ì¥éõë )h/Lm(

ôè}†́

…Îí†èþ

)Vk(

ÒéË•

ì¥éõë

)%tw(

¶±Î•

‹±¬…º•

)nim/m(

ðõÑ ¶†ì†ðú  ‹±¬…º•
Þ~

ðíõðú

02 31 392/0 11 41

5/95

5/95

5/411

‹±¬…º• …ÖÛþ

‹±¬…º• Îíõ¬ÿ

‹±¬…º• Îíõ¬ÿ

H

6/2V

5V
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 276

�ýà|ø†ÿ º†̈À ¬° …÷± …Îí†ë â±ì† ìÇ†èÏú º~û …¶•.

…ð~…²û|âý±ÿ ìÛ~…° ‹éõ°üñãþ ð†ðõ…èý†Ù

¬° ìÇ†èÏú �±…½ �±{õ X€ ðíõðú|ø†ÿ ‹ú ¬¶• „ì~û ‹±…ÿ ø± Þ~…ï …²

¶†ì†ðú|ø†ÿ ‹±¬…º• ‹ú ºßê ðíõðú|ø†ÿ èý×þ ‹±°¶þ º~ð~. ìÛ~…° Æõë

ìõž ‹±…ÿ �±{õÿ {†‹¼aKuC€
o
A 5045/1 ‹õ¬û ô ðíõ¬…°ø†ÿ �±…½ �±{õ

X)ðíõ¬…° º~– ‹± ¤·� ²…ôüú θ2( ‹† ¬°›ú �õü¼ 40/0 ‹ú ¬¶•

„ì~ð~. ‹±…ÿ ‹ú ¬¶• „ô°¬ó ìõÚÏý• �ýà|ø† ô ì·†¤• ðõ…¤þ ‹éõ°ÿ ô

‹þ|ºßê …² ð±ï|…Ö³…° tifkaePô …Îí†ë {†‹Ð naissuaG| …¶}×†¬û º~.

ð}†ü� ô ‹¥™  |

ð}†ü� ‹ú ¬¶• „ì~û ‹±…ÿ ìÛ~…° �†°âþ ô ìÛ†ü·ú „ðù† )›~ôë 2( ð»†ó

ìþ|¬ø~€ °ô½ …°…üú º~û ¬° …üò �µôø¼€ …÷± Ú†‹ê ìç¤Ëú|…ÿ ‹± …Ö³…ü¼

‹†²¬û {õèý~ ð†ðõ…èý†Ù ¬…°¬ ô ìÛ~…° �†°âþ ð†ðõ…èý†Ù °… Þ†ø¼ ¬…¬û …¶•.

…Ö³ôó ‹± …üò ¬° °ô½ ‹±¬…º• Îíõ¬ÿ€ ‹ý»}± ¶±Î• ›íÐ„ô°ÿ

ð†ðõ…èý†Ù ðý³ {Û±üŒ†_ {† ¬ô ‹±…‹± ¤†è• ‹±¬…º• …ÖÛþ …Ö³…ü¼ �ý~… Þ±¬û

…¶• Þú ìþ|{õ…ð~ ¬° …Ö³…ü¼ Þ»¼ ìõö÷± ô…°¬ º~û ‹± ð†ðõ…èý†Ù ¤ýò

{õèý~ …÷±â̄…° ‹†º~.  |

‹±°¶þ ÚÇ± ô ºßê ºñ†¶þ ð†ðõ…èý†Ù

ºßê 3 {¿†ôü± MES| ‹ú ¬¶• „ì~û …² ð†ðõ…èý†Ù NAP| {õèý~ º~û °… ¬°

º±…üÈ ì©}éØ ð»†ó ìþ|¬ø~. øí†ó|Æõ° Þú ¬° …üò {¿†ôü± ì»©À

…¶•€ ð†ðõ…èý†Ù {õèý~ º~û ¬° ¶†ì†ðú|ø†ÿ ì©}éØ …² üßñõ…̈}þ ÚÇ±

¨õ‹þ ‹±̈õ°¬…°ð~ Þú Â±ü� {Óýý±…– ‹ú ¬¶• „ì~û ‹±…ÿ ìý†ðãýò ÚÇ±

ð†ðõ…èý†Ù )›~ôë 3( ðý³ øíýò ìÇé� °… ð»†ó ìþ|¬ø~. ìÛ†ü·ú ‹ýò

ìý†ðãýò ÚÇ± ð†ðõ…èý†Ù ô ð}†ü� {œ³üú ô…°ü†ð̧ üà Æ±Öþ |)â±ôû|‹ñ~ÿ

„²ìõó ¬…ðßò( ¬° ›~ôë 3 ì»©À ìþ|Þñ~ Þú ð†ðõ…èý†Ù {õèý~ º~û ¬°

¶†ì†ðú ‹±¬…º• Îíõ¬ÿ …² Ê±…Ö• Þí}±ÿ ‹±̈õ°¬…°ð~€ …ì† …² è¥†Í

›~ôë 2 -ìÛ~…° �†°âþ ð†ðõ…èý†Ù ¬° ¶†ì†ðú|ø†ÿ ‹±¬…º• ì©}éØ. 

{Ï~…¬ �†°âþ ›±ü†ó

…èý†Ù ¬° nim 51

¶±Î• ‹±¬…º•

)nim/m(
ðõÑ ¶†ì†ðú  ‹±¬…º•

9

‹~ôó �†°âþ

3

5/95

5/95

5/411

‹±¬…º• …ÖÛþ

‹±¬…º• Îíõ¬ÿ

‹±¬…º• Îíõ¬ÿ

ºßê 3 -{¿†ôü± MES| …² ð†ðõ…èý†Ù NAP| ‹† ‹³°å|ðí†üþ 0005: )…èØ(

¶†ì†ðú ‹±¬…º• …ÖÛþ ‹† ¶±Î• ̈Çþ nim/m5/95€ )Ž( ¶†ì†ðú

‹±¬…º• Îíõ¬ÿ ‹† ¶±Î• ̈Çþ nim/m5/95 ô )ž(  ¶†ì†ðú ‹±¬…º•

Îíõ¬ÿ ‹† ¶±Î• ̈Çþ nim/m5/411.

)…èØ(

)Ž(

)ž(
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 

üßñõ…̈}þ ÚÇ± ìþ|{õ…ó â×• Þú ð†ðõ…èý†Ù {õèý~ º~û ¬° ø± ¶ú ¤†è•

{×†ô– Ú†‹ê ìç¤Ëú|…ÿ ð~…°ð~ )ºßê 4(. …² ìý†ó Îõ…ìê …÷±â̄…° ‹± ÚÇ±

ð†ðõ…èý†Ù€ ‹ú ðË± ìþ|°¶~€ ìÛ~…° Þ»¼ …Îí†èþ °ôÿ ð†ðõ…èý†Ù ô ¶±Î•

{Œ©ý± ¤çë …² ðÛ¼ ‹±›·}ú|{±ÿ ‹±̈õ°¬…° ‹†ºñ~. ‹† {õ›ú ‹ú üß·†ó

‹õ¬ó �†°…ì}±ø†ÿ …èß}±ô°ü·þ ô ‹±¬…º• ¬° ¬ô ¶†ì†ðú ìÇ†èÏú º~û

ìþ|{õ…ó â×• Þú Þ»¼|ø†ÿ ð†ºþ …² ¬…ÖÏú ‹ýò ‹†°ø†ÿ …èß}±üßþ€ ìý~…ó

…èß}±üßþ …Îí†èþ ô ‹±¬…º• ìß†ðýßþ °ôÿ ›±ü†ó ð†ðõ…èý†Ù ÷†‹• ‹õ¬û ô

ðíþ|{õ…ð~ …÷± Ú†‹ê ìç¤Ëú|…ÿ ¬° ‹ú ô›õ¬ „ì~ó ð}†ü� ‹ú ¬¶• „ì~û

¬…º}ú ‹†º~. ‹ñ†‹±…üò€ …̈}çÙ ‹ýò Ê±…Ö• ð†ðõ…èý†Ù {õèý~ º~û ¬° ¬ô

¶†ì†ðú ì³‹õ° °… ìþ|{õ…ó ¬°‹†°û ¶±Î• {Œ©ý± ¤çë ô ð¥õû â±ì† ¬…¬ó

›±ü†ó …èý†Ù ¬…ð·•. ‹† {õ›ú ‹ú …üò Þú ¬° ¶†ì†ðú ‹±¬…º• Îíõ¬ÿ€

â±ï|Þò ¬° ²ü± ìñÇÛú …èß}±ô°ü·þ Ú±…° â±Ö}ú€ …üœ†¬ â±ì† ¬° …üò ð†¤ýú

‹†Î™ {Œ©ý± ¶±üÐ|{± ¤çë ô ¬° ð}ýœú ‹†æ °Ö}ò ¶©}þ ̈í»þ ›±ü†ó

�éýí±ÿ ̈†°ž º~û …² ðõá ¶õ²ó …èß}±ô°ü·þ ìþ|ºõ¬. …üò ì·‰éú °ôÿ

Þ»¼|ø†ÿ ð†ºþ …² ð†�†ü~…°ÿ ̈í»þ ô ¤±Þ• ºçÚþ ›±ü†ó �éýí±ÿ

Þú ðÛ¼ ìùíþ ¬° Þ†ø¼ ÚÇ± ›±ü†ó …èß}±ô°ü·þ ¬…°¬€ …÷± â̄…º}ú ô ¬°

ð}ýœú Ê±…Ö• ð†ðõ…èý†Ù {õèý~ÿ Þí}± ìþ|ºõ¬.

‹±°¶þ ìÛ~…°  ìõ…²ÿ ‹õ¬ó ð†ðõ…èý†Ù

¬° ºßê 5 ðíõðú|…ÿ …² Îß̧|ø†ÿ â±Ö}ú º~û ‹† …¶}×†¬û …² ìýß±ô¶ßõ’

ðõ°ÿ ô ðíõ¬…° ÆýØ ²…ôüú|…ÿ {õ…ó ‹ú ¬¶• „ì~û …² …üò Îß̧ ‹±…ÿ

‹±°¶þ ìÛ~…° ìõ…²ÿ ‹õ¬ó ð†ðõ…èý†Ù ð»†ó ¬…¬û º~û …¶•. ¬° ðíõ¬…°

›~ôë 3 -ð}†ü� ‹ú ¬¶• „ì~û ‹±…ÿ ìý†ðãýò ÚÇ± ð†ðõ…èý†Ù ‹ú øí±…û

„²ìõó ¬…ðßò ‹† ¬°¾~ …Æíýñ†ó 59% )¬¶}ú|ø†ÿ „ì†°ÿ ð»†ó ¬…¬û º~û ‹†

¤±ôÙ üß·†ó …̈}çÙ Ú†‹ê ìç¤Ëú|…ÿ ‹† üà ¬üã± ð~…°ð~(.

â±ôû|‹ñ~ÿ

¬…ðßò

Â±ü� {Óýý±…–

)%VC(
ds±x ìý†ðãýò {Ï~…¬

¬¶}ú

„ì†°ÿ

A

A

B

3/01

2/01

3/9

24±114

83±804

83±963

114

804|

963

001

001|

001

6/2V

5V|

H

ºßê 4 -ìý†ðãýò ÚÇ± ð†ðõ…èý†Ù NAP ¬° ¶†ì†ðú|ø†ÿ ‹±¬…º• …ÖÛþ

)H(€ ‹±¬…º• Îíõ¬ÿ ‹† ¶±Î• ̈Çþ nim/m5/95 )6/2 V( ô ‹±¬…º•

Îíõ¬ÿ ‹† ¶±Î• ̈Çþ nim/m5/411 )5 V(.

ºßê 5 -)…èØ( Îß̧ â±Ö}ú º~û ‹† …¶}×†¬û …² ìýß±ô¶ßõ’ ðõ°ÿ ‹†

‹³°å|ðí†üþ 0001 …² ð†ðõ…èý†Ù ›íÐ|„ô°ÿ º~û ¬° ¶†ì†ðú ‹±¬…º• …ÖÛþ ô

)Ž( ÆýØ ²…ôüú|…ÿ {õ…ó ‹ú ¬¶• „ì~û …² „ó.

)…èØ(

)Ž(
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ÆýØ ²…ôüú|…ÿ {õ…ó€ ì¥õ° X| ì±‹õÉ ‹ú ²ô…ü†ÿ {ß±…°�̄ü±ÿ ð†ðõ…èý†Ù ô

ì¥õ° Y| º~– ð±ì†ë º~û …¶• Þú ‹ú ºßê ð·Œ• º~– ÆýØ ²…ôüú|…ÿ

{õ…ó ‹ú ìý†ðãýò º~– ÆýØ {õ…ó Öõ°üú ì}ñ†Ê± „ó {Ï±üØ ìþ|ºõ¬ ] 11[.

æ²ï ‹ú ®Þ± …¶•€ Þíý• …¶}×†¬û º~û ‹±…ÿ …ð~…²û|âý±ÿ ìÛ~…° ìõ…²ÿ

‹õ¬ó€ ‹† ¬° ðË± â±Ö}ò ‹†²û|ø†ÿ ¤õë ²…ôüú 09 ¬°›ú )°…¶}†ÿ Ÿ±̈¼

Òé}à ›íÐ|Þññ~û( ô  ‹ú ¬¶• „ô°¬ó ð·Œ• ¶Ç¦ ²ü± ìñ¥ñþ ¬° …üò ‹†²û

‹ú Þê ¶Ç¦ ²ü± ìñ¥ñþ ¤†¾ê º~û …¶•. ð}†ü� ‹ú ¬¶• „ì~û …² ‹±°¶þ

{¿õü± ð†ðõ…èý†Ù {õèý~ º~û ¬° ¶†ì†ðú|ø†ÿ ì©}éØ ‹±¬…º• )ºßê 6( ô

øî|Ÿñýò …ðœ†ï {œ³üú ô…°ü†ð̧ üà Æ±Öþ )AVONA( °ôÿ „ðù† ð»†ó

ìþ|¬ø~ Þú …̈}çÙ ìÏñþ|¬…°ÿ ‹ýò ìÛ~…° ìõ…²ÿ ‹õ¬ó ð†ðõ…èý†Ù ô›õ¬

¬…°¬ )›~ôë 4(. ‹† ìÛ†ü·ú ìÛ~…° ìõ…²ÿ ‹õ¬ó ð†ðõ…èý†Ù {õèý~ º~û ¬°

¶†ì†ðú ‹±¬…º• Îíõ¬ÿ øí†ó|Æõ° Þú …ð}Ë†° ìþ|°Ö•€ ‹† …Ö³…ü¼ ¶±Î•

¨Çþ Òé}à ›íÐ|Þññ~û ìÛ~…° ìõ…²ÿ ‹õ¬ó ðý³ …Ö³…ü¼ ü†Ö}ú …¶•. …üò

…ì± ìþ|{õ…ð~ ¬° …°{Œ†É ‹† …Ö³…ü¼ Þ»¼ ìõö÷± ô…°¬ º~û ‹± ›±ü†ó

ð†ðõ…èý†Ù ô Þ†ø¼ …ð¥±…Ù ì·ý± ¤±Þ• „ó ð·Œ• ‹ú °…¶}†ÿ Ÿ±̈¼

Òé}à ›íÐ|Þññ~û€ øí±…û ‹† …Ö³…ü¼ ¶±Î• ‹±¬…º• ‹†º~€ ‹ú Æõ°ÿ Þú

¬° ¶†ü± �µôø¼|ø†ÿ …ðœ†ï º~û ðý³ ‹ú …üò ìõÂõÑ …º†°û º~û …¶•

]9€3[. …² Æ±Ù ¬üã±€ ¬° ¶±Î• ‹±¬…º• nim/m5/95 ‹ýò ¬ô ¶†ì†ðú

‹±¬…º• ì}×†ô–€ ìÛ~…° ìõ…²ÿ ‹õ¬ó ð†ðõ…èý†Ù {õèý~ º~û ¬° ¶†ì†ðú

‹±¬…º• …ÖÛþ ¬° …üò ‹†°û ìþ|{õ…ó â×•€ ‹† {õ›ú ‹ú üß·†ó ‹õ¬ó ¶±Î•

‹±¬…º• ô Þ»¼ ð†ºþ …² „ó€ ô›õ¬ ›±ü†ó øõ…ÿ â±ï ¬° ¶†ì†ðú

‹±¬…º• Îíõ¬ÿ ‹± ð¥õû ›íÐ º~ó ð†ðõ…èý†Ù °ôÿ Òé}à Ÿ±̈†ó …÷±

â̄…º}ú ô ìñœ± ‹ú …ð¥±…Ù ì·ý± ¤±Þ• ›±ü†ó …èý†Ù …² ð†¤ýú

…èß}±ô°ü·þ ‹ú ¶í• ð†¤ýú ‹±¬…º• …² °…¶}†ÿ Ÿ±̈¼ Òé}à

›íÐ|Þññ~û ìþ|ºõ¬. ‹ñ†‹±…üò€ ¬° ¶†ì†ðú ‹±¬…º• Îíõ¬ÿ€ ¬°

¶±Î•|ø†ÿ Þî ‹±¬…º•€ ô›õ¬ ›±ü†ó øõ…ÿ â±ï …÷± ìñ×þ °ôÿ ìÛ~…°

ìõ…²ÿ ‹õ¬ó ìþ|â̄…°¬ Þú ‹±…ÿ °ÖÐ „ó ìþ|{õ…ó ¶±Î• ‹±¬…º• ô ¬°

ð}ýœú Þ»¼ ìß†ðýßþ ¤†¾ê …² „ó °… …Ö³…ü¼ ¬…¬ )øí†ó|Æõ° Þú ¬°

ðíõðú ›íÐ|„ô°ÿ º~û ¬° ¶±Î• ‹±¬…º• nim/m5/411 ì»†ø~û º~(.

ìÇ†èÏú  CCSSDD|

ºßê 7 �ýà|ø†ÿ …ôèýú ‹ú ô›õ¬ „ì~û ¬° ðíõ¬…° CSD| ‹±…ÿ ðíõðú|ø†ÿ

{ùýú º~û ¬° º±…üÈ Þ†°‹±¬ÿ °… ð»†ó ìþ|¬ø~. �ýà …ôèýú ¬° ðíõ¬…°

CSD| ì±‹õÉ ‹ú …ð}Û†ë ðõÑ ¬ôï ü† ¬ì†ÿ {Œ~üê ºý»ú|…ÿ �éýí± )gT( …¶•

Þú ìÏíõæ_ ¬ì†ÿ ¤~ ô¶È „ó ‹ú Îñõ…ó ¬ì†ÿ gT¬° ðË± â±Ö}ú ìþ|ºõ¬.

øí†ó|Æõ° Þú ¬° ºßê ì»©À …¶•€ ¬ì†ÿ gT| ‹±…ÿ {í†ï ðíõðú|ø† ¬°

ì¥~ô¬û 07 {† C
o|09 Ú±…° ¬…°¬. ‹† {õ›ú ‹ú …üò Þú „²…¬ÿ ¤±Þ•

²ðœý±ø†ÿ ìõèßõèþ ¬° ¬ì†ø†ÿ ‹†æ{± …² ¬ì†ÿ {Œ~üê ºý»ú|…ÿ …Ö³…ü¼

ìþ|ü†‹~ ]21[€ ¬° …üò �µôø¼ â±ì† ¬…¬ó ô ìÇ†èÏú ¶†̈}†° ¬…̈éþ

ð†ðõ…èý†Ù€ ¬° ¬ì†ÿ Co001 …ðœ†ï º~.

ìÇ†èÏú RRIITTFF|

¬° ºßê 8 ð}†ü� ‹ú ¬¶• „ì~û …² RITF| ð»†ó ¬…¬û º~û …¶•. øí†ó|Æõ°

Þú ¬° …üò ºßê ì»©À …¶•€ ¬° {í†ï ÆýØ|ø†ÿ ‹ú ¬¶• „ì~û€

�ýà|ø†üþ ¬° Î~¬ø†ÿ ìõ›þ 1-mc0422 )ì±‹õÉ ‹ú â±ôû ðý}±üê€

N_=C(€ 1-mc0292 )ì±‹õÉ ‹ú â±ôû 2HC(€ 1-mc0541 )ì±‹õÉ ‹ú â±ôû

HC|( ô 1-mc0371 )ì±‹õÉ ‹ú â±ôû Þ±‹õðýê€ O=C( ¬ü~û ìþ|ºõ¬ Þú ‹†

…ÆçÎ†– ‹ú ¬¶• „ì~û …² ìÇ†èÏ†– ¬üã±…ó ¬°‹†°û NAP| {Ç†‹Ü ¬…°¬

]51-31[. …ÆçÎ†– ‹ú ¬¶• „ì~û …² ìÛ†æ– ]51€31[ ¬° …°{Œ†É ‹† ð¥õû

{Óýý± �ýà|ø† ¬° …÷± …ðœ†ï Îíéý†– â±ì†üþ °ôÿ …èý†Ù NAP| ¬° ›~ôë 5

‹ú ºßê ̈ç¾ú „ô°¬û º~û …¶•. ‹±°¶þ …üò �ýà|ø†ÿ º†̈À ¬° {í†ï

ºßê 6 -ìÛ~…° ìõ…²ÿ ‹õ¬ó ð†ðõ…èý†Ù ¬° ¶†ì†ðú|ø†ÿ ‹±¬…º• …ÖÛþ )H(€

‹±¬…º• Îíõ¬ÿ ‹† ¶±Î• ̈Çþ nim/m5/95 )6/2 V( ô ‹±¬…º•

Îíõ¬ÿ ‹† ¶±Î• ̈Çþ nim/m5/411 )5 V(.

›~ôë 4 -ð}†ü� {œ³üú ô…°ü†ð̧ üà Æ±Öþ ‹±…ÿ ìÛ~…° ìõ…²ÿ ‹õ¬ó

ð†ðõ…èý†Ù ‹† ¬°¾~ …Æíýñ†ó 59% )¬¶}ú|ø†ÿ „ì†°ÿ ð»†ó ¬…¬û º~û ‹†

¤±ôÙ üß·†ó …̈}çÙ Ú†‹ê ìç¤Ëú|…ÿ ‹† üà ¬üã± ð~…°ð~(.

â±ôû|‹ñ~ÿ ¬…ðßò ìý†ðãýò)%( …ð¥±…Ù ìÏý†° {Ï~…¬ ¬¶}ú „ì†°ÿ

A

A

B

6/53

13

9/71

8/6|

5|

4/2

11

11

11

5V

H

6/2V
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 

ÆýØ|ø†ÿ ‹ú ¬¶• „ì~û ð»†ó ìþ|¬ø~€ {Óýý±…– Îí~û|…ÿ ¬° º~– ô

ìõÚÏý• …üò �ýà|ø† ‹ú ô›õ¬ ðý†ì~û …¶•. ‹ñ†‹±…üò ìþ|{õ…ó â×•€

ð†ðõ…èý†Ù NAP| {õèý~ |º~û ¬° ¶†ì†ðú|ø†ÿ ‹±¬…º• …ÖÛþ ô Îíõ¬ÿ

{×†ô– Ú†‹ê ìç¤Ëú|…ÿ …² è¥†Í ¶†̈}†° ºýíý†üþ ð~…°ð~. ‹ú ÎŒ†°–

¬üã±€ ð¥õû â±ì† ¬…¬ó ð†ðõ…èý†Ù ¬° ¬ì†ÿ ð³¬üà ‹ú ¬ì†ÿ {Œ~üê ºý»ú|…ÿ

)Co001~|( …÷± Ú†‹ê {õ›ùþ °ôÿ ¶†̈}†° ºýíý†üþ ð†ðõ…èý†Ù ð~…º}ú …¶•.

ìÛ†ü·ú ìÛ†¬ü± ‹ú ¬¶• „ì~û ‹±…ÿ º†̈À ‹éõ°üñãþ )›~ôë 6(€

…̈}çÙ Ú†‹ê ìç¤Ëú|…ÿ °… ‹±…ÿ ðíõðú|ø†ÿ {ùýú º~û ¬° º±…üÈ

Þ†°‹±¬ÿ ð»†ó ðíþ|¬ø~. …â± Ÿú ‹† ¬° ðË± â±Ö}ò …üò Þú º†̈À ì³‹õ°

°…‹Çú Îß̧ ‹† ìÛ~…° ‹éõ°üñãþ ¬…°¬€ ‹ú Æõ° ðË±ÿ ìþ|{õ…ó â×•€ ðíõðú

{ùýú º~û ¬° ¶†ì†ðú ‹±¬…º• Îíõ¬ÿ )¶±Î• ̈Çþ nim/m5/95( …²

¬°›ú ‹éõ°üñãþ ‹ý»}±ÿ ð·Œ• ‹ú ¶†ü± ðíõðú|ø† ‹±̈õ°¬…° …¶•.  |

ìÇ†èÏú �±…½ �±{õ  XX  ))DDXXAAWW((

‹±…ÿ ‹±°¶þ ¬ÚýÜ|{± ìÛ~…° ‹éõ°üñãþ ð†ðõ…èý†Ù NAP| ô …÷± ðõÑ ¶†ì†ðú

‹±¬…º• °ôÿ „ó€ …² °ô½ �±…½ �±{õ X| …¶}×†¬û º~. ¬° ðíõ¬…°ø†ÿ

�±…½ ‹ú ¬¶• „ì~û ‹±…ÿ ð†ðõ…èý†Ù NAP)ºßê 9(€ üà �ýà …¾éþ ¬°

71=θ2 ì»†ø~û º~ Þú …² „ó ‹ú Îñõ…ó �ýà …¾éþ …¶}õ…üþ ü†¬ ìþ|Þññ~

]51€31€6€3[. ¶†ü± �ýà|ø†ÿ ìõ›õ¬ ¬° θ2 ‹±…‹± 5/22 ô 5/83 …Òé� ¬°

ìõ…°¬ÿ ì»†ø~û ìþ|ºõ¬ Þú ‹±…ÿ {ùýú NAP| …² FMD| …¶}×†¬û ºõ¬ ]31[.

¬° ›~ôë 7€ …ÆçÎ†– ì±‹õÉ ‹ú �ýà|ø† ô ¬°¾~ ‹éõ°üñãþ ‹ú ¬¶•

„ì~û ‹±…ÿ ð†ðõ…èý†Ù NAP| {ùýú º~û ¬° ¶†ì†ðú|ø†ÿ ‹±¬…º• ì©}éØ

ºßê 7 -ð}†ü� ‹ú ¬¶• „ì~û …² ìÇ†èÏú CSD| ‹±…ÿ ð†ðõ…èý†Ù NAP| {ùýú

º~û ¬° ¶†ì†ðú|ø†ÿ ‹±¬…º• …ÖÛþ )H(€ ‹±¬…º• Îíõ¬ÿ ‹† ¶±Î•

¨Çþ nim/m5/95 )6/2 V( ô ‹±¬…º• Îíõ¬ÿ ‹† ¶±Î• ̈Çþ

nim/m5/411 )5 V(.

ºßê 8-  ÆýØ|ø†ÿ RITF| ð†ðõ…èý†Ù NAP| ¬° ¶†ì†ðú|ø†ÿ ‹±¬…º•

ì©}éØ: )…èØ( ‹±¬…º• …ÖÛþ ‹† ¶±Î• ̈Çþ nim/m5/95€ )Ž(

‹±¬…º• Îíõ¬ÿ ‹† ¶±Î• ̈Çþ nim/m5/95 ô )ž(  ‹±¬…º• Îíõ¬ÿ

‹† ¶±Î• ̈Çþ nim/m5/411.

›~ôë 5 -ð¥õû {Óýý± �ýà|ø†ÿ º†̈À �éþ|„Þ±üéõ ðý}±üê ¬° …÷± …Îí†ë

â±ì†.

ð¥õû {Óýý± ‹† …Ö³…ü¼ ¬ì† â±ôû Î†ìéþ

ì±‹õÉ

�ýà º†̈À ‹± ¤·�

Î~¬ ìõ›þ )1-mc(

Þ†ø¼ ²ü†¬ ¬°º~– �ýà

Þ†ø¼ ²ü†¬ ¬° º~– �ýà

Ê†ø± º~ó �ýà

Þ†ø¼ º~– �ýà

Þ†ø¼ º~– �ýà

Ê†ø± º~ó �ýà

Ê†ø± º~ó �ýà

N_=C

2HC

=C-CN

HC

O=C

N=C,C=C

H-C=C

3422

0492

0022

0541

5271-0571

0851-0061

018

0422A/0371A 0422A 0371A Þ~ ðíõðú

116/1

093/1

084/1

932/0

517/0

937/0

583/0

499/0

490/1

H

6/2V

5V

›~ôë 6 -º†̈À ‹éõ°üñãþ ‹ú ¬¶• „ì~û ‹±…ÿ ðíõðú|ø†ÿ {ùýú º~û ¬°

º±…üÈ Þ†°‹±¬ÿ.
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ð»†ó ¬…¬û º~û …¶•. ð}†ü� ‹ú ¬¶• „ì~û ð»†ó ìþ|¬ø~€ ð†ðõ…èý†Ù {õèý~

º~û ¬° ¶†ì†ðú ‹±¬…º• Îíõ¬ÿ ‹† ¶±Î• ̈Çþ  nim/m|5/95€ ‹ý»}±üò

ìÛ~…° ‹éõ°üñãþ °… ¬° ‹ýò ¶†ü± ðíõðú|ø† ¬…°ð~. Îé• …üò ì·‰éú °… ìþ|{õ…ó

¬° ðÛ¼ øî|²ì†ó …Îí†ë Þ»¼ ô â±ì† °ôÿ ›±ü†ó …èý†Ù ›·•| ô ›õÞ±¬.
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