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Photooxidation as an important process, which significantly affects the service life of the polypropy-
lene products, has been the subject of much theoretical and experimental study. Pigments used often
change the light stabilities of polypropylene. Out-door applications of pigmented polypropylene are
now increasingly developed in products such as artificial grass. The aim of this work is to examine
the effect of photo-oxidation on the structure of isotactic polypropylene (iPP) in film and filament
forms, where phthalocyanine pigment is used. For production of films and filaments, iPP granules
with MFI 25 g/10min were used, with and without phthalocyanine pigment. Samples were exposed
to xenon lamp for various time lengths. The extent of the changes in chemical and structural param-
eters was examined by differential scanning calorimetry, Fourier transform infrared spectroscopy
and wide angle x-ray diffraction. The results show that carbonyl and hydroperoxide indices increase
during the exposure to the radiation. The changes in melting points of the samples were not signifi-
cant after irradiation process. The effects of phthalocyanine pigment in the photooxidation of film
and filament were different. Crystalline fractions of the non-pigmented filament samples decreased
during the irradiation time while increased in film samples. Build up of hydroperoxide and carbonyl
group in filament was higher than in film samples; that could be due to the differences in structural
parameters. Crystallinity variations during photooxidation are related to the nucleation effect of the
pigment, chemical crystallization and phase transformation.
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…ð}©†Ž ô ‹ú Þ†° â±Ö}ú º~. ¶†̈}†° ºýíý†üþ °ðã~…ðú ìõ°¬ …¶}×†¬û ¬°

ºßê 1 „ì~û …¶•.

¬¶}ã†û|ø†

¬° …üò �µôø¼€ ¬¶}ã†û …̈}çÉ gnidnuopmoC rednebarB| ¶†̈•

„èí†ó€ ¬¶}ã†û rednirG-iniM€ …Þ·}±ô¬° „²ì†ü»ã†øþ EML saltA€

�±¹ ¬…Õ CNI sciluardyH anedasaP ,sserP I.H.P|€  ¬¶}ã†û

°ü·ñ~âþ ì̄…Ž  CNI  cossA & semaJ xelA€ ¬¶}ã†û �±{õ¬øþ

0003-iC saltA| € â±ì†¶ñ� {×†Âê �õü»þ remlE nikrePì~ë 7CSD€

ÆýØ|¶ñ� ²ü±Ú±ì³ 074 suxeN| ô ¬¶}ã†û {×±Ý �±{õ X CNI

tnemurtsnI INMO‹ú Þ†° â±Ö}ú º~.

°ô½|ø†

�̧ …² {õ²üò �õ¬° �éþ|�±ô�ýéò€ °ðã~…ðú ô �†ü~…°Þññ~û|ø† ¬° ¬°¾~ø†ÿ

ô²ðþ ì»©À€ …̈}çÉ Þ†ìê �éýí± ô …Ö³ô¬ðþ|ø† ‹ú ô¶ýéú ¬¶}ã†û

…̈}çÉ ¬° ¬ì†ÿ C°012 ô ì~– ²ì†ó nim7€ ¤†¾ê º~. ¶�̧€ …²

ì©éõÉ ¤†¾ê ¬° ô²ó|ø†ÿ ì·†ôÿ ô ‹ú °ô½ �±¹ ¬…Õ ¬° ¬ì†ÿ

C°081 Öýéî|ø†ÿ �éþ|�±ô�ýéò ‹ú Â©†ì• {Û±üŒþ m051  {ùýú º~ð~.

‹±…ÿ {õèý~ �õ¬° …² ¬…ðú|ø†ÿ �éþ|�±ô�ýéò {œ†°ÿ€ ¬¶}ã†û rednirG-iniM|

‹† …ð~…²û °ô²ðú  mm1 ‹ú Þ†° â±Ö}ú º~. ‹ú ¬èýê „ó Þú …ð~…²û ¬…ðú

�éþ|�±ô�ýéò ‹ý¼ …² ¶†ü± …Ö³ô¬ðþ|ø† ‹õ¬ ô …̈}çÉ Þ†ìê …ðœ†ï ðíþ|º~€

…² Æ±Öþ Ö±…øî ðíõ¬ó ì·}±‹¡þ Þú ¤†ôÿ …Ö³ô¬ðþ|ø†ÿ ìõ°¬ ðË± ‹†º~

ìý·± ðŒõ¬. ‹ñ†‹±…üò€ ÚŒê …² {ùýú Öýéî ü† °º}ú€ ¬…ðú �éþ|�±ô�ýéò ‹ú �õ¬°

{Œ~üê º~ {† ‹±…ÿ {ùýú ¬…ðú|ø†ÿ °ðãþ ‹ú Þ†° °ô¬.

‹±…ÿ …̈}çÉ øíãò �éýí± ‹† ¶†ü± …Ö³ô¬ðþ|ø† …² …Þ·}±ô¬°

„²ì†ü»ã†øþ …¶}×†¬û º~. ¬ì†ÿ {ýÓú Ÿ±̈ñ~û )rotor(ô …Þ·}±ô¬° °ôÿ

C
o032€ ÚÇ± °ô²ðú mm4 ô ¶±Î• {ýÓú Ÿ±̈ñ~û mpr001-09 {ñËýî

º~. ¤~ô¬ g01 …² �éýí± ô ¶†ü± …Ö³ô¬ðþ|ø† Þú ìÛ†¬ü± „ðù† ¬° ›~ôë 1

„ì~û …¶•€ �̧ …² …üò Þú ‹† üà|¬üã± ì©éõÉ º~ð~ ¬° ¬…̈ê …ðŒ†°û °ü©}ú

º~ ô ‹† Ö»†° ìýéú|…ÿ ‹ú ¬…̈ê …Þ·}±ô¬° ø~…ü• º~ð~. ì̄…Ž �éýí±

¨±ô›þ …² °ô²ðú ‹† üà �ņ̃ ‹ú ¬°ôó Ê±Ù „‹þ ø~…ü• º~û ô ¶±¬

â±¬ü~.  |

¬…ðú|ø†ÿ °ðãþ {ùýú º~û …² ì±¤éú ÚŒê ¬° ìÛ†¬ü± ì·†ôÿ  {õ²üò º~ð~

)‹±…ÿ ¤×Ì º±…üÈ üß·†ó …üò Þ†° ‹±…ÿ {õèý~ ¬…ðú|ø†ÿ Òý±°ðãþ ðý³

…ðœ†ï º~(. ‹† …¶}×†¬û …² Öýéî|ø†ÿ {×éõó ›~…Þññ~û ô ¬¶}ã†û �±¹ ¬…Õ

µ

563

²ø±… …¤í~ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 6€ ‹ƒùƒíƒò -…¶ƒ×ƒñƒ~ 6831 

ìÛ†ü·ú {Óýý±…– ºýíý†üþ ¤†¾ê …² ðõ° …Þ·†ü¼ Öýéî ô °º}ú|ø†ÿ �éþ|�±ô�ýéò ¬…°…ÿ °ðã~…ðú ...

ºßê1-¶†̈}†° ºýíý†üþ °ðã~…ðú ‹ú Þ†° â±Ö}ú º~û .

)5991 ,8164 egap ,3 .loV ,xednI oroloC(

›~ôë 1-ì»©¿†– ðíõðú|ø†ÿ Öýéî ô °º}ú �éþ|�±ô�ýéò ì¥}õÿ

°ðã~…ðú Ö}†èõ¶ý†ðýò.

°º}ú Öýéî
ìÛ~…° °ðã~…ðú )%(

ðí±û 63 °º}ú )¬ðý±( Â©†ì•  (µm)
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Þú ¬ì†ÿ ¾×¥†– ¬…Õ „ó °ôÿ Co081 {ñËýî º~û ‹õ¬€ ðíõðú ‹ú ì~–

nim6 â±ï º~. ‹†  …{í†ï …üò ²ì†ó ô ‹† …Ö³…ü¼ ðý±ô {† bl|0005 ðíõðú|ø†

�±¹ º~û ô ¶�̧ ¾×¥†– ¬…Õ …² øî ›~… ô ðíõðú ¬…̈ê Öýéî {×éõó

¬°ôó ¤í†ï ì¥}õÿ „Ž Co2±52 ‹ú ìñËõ°¤¿õë Öýéî �éþ|�±ô�ýéò

ðýíú|‹éõ°ÿ ¶±¬ º~. Þ†ø¼ ²ì†ó ¶±¬ Þ±¬ó …ìß†ó ‹ý»}±ÿ °… ‹±…ÿ

{»ßýê ‹éõ°ø† ‹ú �éýí± ìþ|¬ø~. Öýéî|ø†ÿ {ùýú º~û  ¬…°…ÿ Â©†ì•

{Û±üŒþ m|061 ô ì·†¤• 2mc|5*21 ‹õ¬ð~ ô ‹±…ÿ „²ì†ü¼|ø†ÿ

�±{õ¬øþ ìõ°¬ …¶}×†¬û Ú±…° â±Ö}ñ~.

°º}ú|ø†ÿ °ðãþ ô Òý±°ðãþ �éþ|�±ô�ýéò ¬° ð·Œ•|ø†ÿ ìñ†¶� …²

ì·}±‹¢ |{ùýú  º~û ‹ú °ô½ â×}ú º~û ô ¬…ðú �éþ|�±ô�ýéò ‹† …¶}×†¬û …²

¬¶}ã†û °ü·ñ~âþ ì̄…Ž Þú °ü·ñ~û „ó ¬…°…ÿ 63 °ô²ðú ‹õ¬ ‹† ¶±Î•

nim/m|003 ô ‹~ôó …Îí†ë Þ»¼ {õèý~ º~ð~.

�±{õ¬øþ ðíõðú|ø†

ðíõðú|ø†ÿ Öýéî ô …èý†Ù °º}ú|…ÿ �éþ|�±ô�ýéò ‹±…ÿ �±{õ¬øþ ‹† VU| ²ü±

æì‘ ²ðõó ô ‹† …¶}×†¬û …² ¾†Öþ S‹±…ÿ ¬…º}ò º~– ‹ý»ýñú {†‹¼ ¬°

mn|043 ]12[ ¬° ¬¶}ã†û  �±{õ¬øþ Ú±…° â±Ö}ñ~. ðíõðú|ø†ÿ Öýéî ü† …èý†Ù

°º}ú|…ÿ �éþ|�±ô�ýéò ¬° Ú†Ž|ø†ÿ ôüµû|…ÿ ¬° ²ì†ó|ø†ÿ ì}õ…èþ ‹±…ÿ

…ð~…²û|âý±ÿ ̈õ…Á „ðù† ‹ú {ñ†ôŽ ¬° ¬¶}ã†û Ú±…° â±Ö}ú ô �±{õ¬øþ

º~ð~. ¬ì†ÿ ¬…̈ê ¬¶}ã†û Co53 ô °Æõ‹• ð·Œþ05 ¬°¾~ ‹õ¬. ø± h743

�±{õ¬øþ ²ü± æì‘ ²ðõó ¬° º±…üÈ â×}ú º~û ìÏ†¬ë 1 ¶†ë �±{õ¬øþ ¬°

º±…üÈ „Ž ô øõ…üþ Öéõ°ü~…  ]22[ ô ¬° ²ü± ðõ° ̈õ°ºý~ …¶•.

â±ì†¶ñœþ �õü»þ {×†Âéþ

‹±…ÿ …ð~…²û|âý±ÿ ¬°¾~ ‹éõ°üñãþ ô ¬ì†ÿ ®ôŽ Öýéî|ø† ô °º}ú|ø†ÿ

�éþ|�±ô�ýéò€ â±ì†¶ñ� �õü»þ {×†Âéþ Þú ‹ú ô¶ýéú …üñ~üî Þ†èýŒ±û º~û

‹õ¬ ‹ú Þ†° â±Ö}ú º~. ðíõðú|ø† ‹ýò gm5-3 {õ²üò º~û ô ¬° {»}à

„èõìýñýíþ )ôüµû ðíõðú|ø†ÿ Òý±Ö±…°( ‹ú ºßê Þ�·õë �±¹ º~ð~.

ì¥~ô¬û ¬ì†üþ …² ¬ì†ÿ 05- {† Co012 ‹õ¬.  â±ì†¬øþ �̧ …²  nim1 {õÚØ

¬° ¬ì†ÿ  Co05-€ ‹† ¶±Î• â±ì†ü¼ nim/Co03| …ðœ†ï º~. „ð}†è�þ ®ôŽ

ô ¬ì†ÿ ®ôŽ ðíõðú|ø† ‹† …üò „²ì†ü¼ ‹ú ¬¶• „ì~ ô …² ìÏ†¬èú )1( ‹† ìÏéõï

‹õ¬ó „ð}†è�þ ðíõðú ìõ°¬ „²ì†ü¼ ô „ð}†è�þ ðíõðú 001 ¬°¾~ ‹éõ°ÿ€

¬°¾~ ‹éõ°üñãþ ðíõðú|ø† ì¥†¶Œú º~. „ð}†è�þ ðíõðú 001 ¬°¾~ ‹éõ°ÿ

�éþ|�±ô�ýéò ¬° ì±…›Ð g/J 012| ®Þ± º~û …¶• ]32[:

¬° …üò ìÏ†¬èú   CH∆| „ð}†è�þ ðíõðú 001 ¬°¾~ ‹éõ°ÿ …¶•.  |

�±…½ �±{õ XX| ‹† ²…ôüú ‹†²   |

¬¶}ã†û �±…½ �±{õ X| ¬° º±…üÈ ôè}†́  Vk|03 ô  Am|02€ ¾†Öþ  aKuC| ô ¬°

Æõë ìõž  
o
A|45/1 ¬° ì¥~ô¬û ²…ôüú �±…½ 03-01 = |θ2 ¬°›ú€ ‹±…ÿ {Ïýýò

¶†̈}†° ‹éõ°ÿ ‹ú Þ†° °Ö•.  …‹Ï†¬ ‹éõ° …² ìÏ†¬èú º±° ìÏýò º~  ]52-32[:

)2(                                                                                                     θsoc/|9/0 = L| 

Þú ¬° „ó L| …‹Ï†¬ ‹éõ°€Æõë ìõž€�ùñ†ÿ ð¿Ø ‹ý»ýñú º~– ô θ

²…ôüú �±…½ …¶•.

¬° ì±›Ð ]62[ ì¥ÛÛ†ó ‹±…ÿ …ð~…²û|âý±ÿ ìÛ~…° „°…ü¼ ü†Ö}ãþ ô ðËî

¬° ô…¤~ø†ÿ ‹éõ°ÿ ðõÑ…² ìÏ†¬èú )3( …¶}×†¬û Þ±¬û|…ð~:

Þú ¬° „ó 011A| ‹ý†ðã± º†̈À ðËî  ô…¤~ø†ÿ ‹éõ°ÿ ðõÑô 011I€

111I€ 131Iô 140I| ‹ú {±{ý� º~– ›Ž̄ ¬° ²…ôüú|ø†ÿ �±…½ )θ2( ‹±…‹±

41€ 12€ 22 ô 2/42 ¬°›ú …¶•.

øí¡ñýò€ ìÛ~…° ð·Œþ ü† º†̈À ô…¤~ø†ÿ ‹éõ°ÿ ðõÑ

)øã³…âõð†ë( ‹† {õ›ú ‹ú ì±…›Ð ]62€42[ …² ìÏ†¬èú )4( ì¥†¶Œú º~:

Þú ¬° „ó B| ‹ý†ðã± º†̈À ‹éõ°ø† ‹† ô…¤~ ‹éõ°ÿ ðõÑ øã³…âõð†ë ô

011I|€ 031I€ 040I| ô BI‹ú {±{ý� º~– ›Ž̄ ¬° ²…ôüú|ø†ÿ �±…½ )θ2(

‹±…‹± 41€ 71€ 5/71 ô 1/61 ¬°›ú …¶•.

ÆýØ|¶ñœþ

‹±…ÿ …ð~…²û|âý±ÿ {Óýý±…– ºýíý†üþ ô ¶ñœ¼ ìÛ~…° ô ðõÑ ì¥¿õæ–

¤†¾ê …² ðõ° …Þ·†ü¼€ ÆýØ ²ü±Ú±ì³ ðíõðú|ø†ÿ Öýéî ô °º}ú

�éþ|�±ô�ýéò �±{õ ¬ü~û ¬° ìñ†‹Ð ðõ°ÿ ì©}éØ€ ¬° º±…üÈ ²ü±¤†¾ê º~:  

1-ðíõðú|ø†ÿ Öýéî �éþ|�±ô�ýéò ‹ú …‹Ï†¬ mm5*02 ‹±ü~û º~ ô ¬° Ú†Ž

ì©¿õÁ ðíõðú|ø†ÿ Öýéî ‹ú Æõ° ì·}Ûýî ¬° ìÏ±Å ðõ° ²ü± Ú±ì³ Ú±…°

â±Ö•.  ÆýØ ðíõðú|ø† ¬° ì¥~ô¬û 1-mc0004 -004| ‹±¬…º• º~.

2- ‹±…ÿ ðíõðú|ø†ÿ °º}ú �éþ|�±ô�ýéò€ °º}ú|…ÿ …² „ðù† ìõ…²ÿ øî€

°ôÿ ‹éõ° ́°ì†ðýî Ú±…° â±Ö• Þú …² ›ù• ¬üã± ‹éõ° ́°ì†ðýî ²ü± ðõ°

²ü±Ú±ì³ Ú±…° ¬…º• )‹éõ° ́°ì†ðýî ‹†æ{± …² Î~¬ ìõ›þ 1-mc007 ›¯‹þ

ð~…°¬(. ÆýØ ðíõðú|ø† ¬° ì¥~ô¬û 1-mc0004- 007| ‹±¬…º• º~.

ÆýØ|¶ñ� ²ü± Ú±ì³ ‹† Ú~°– {×ßýà  1-mc4€ ì}õ¶È 23 �õü¼ °…
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 6€ ‹ƒùƒíƒò -…¶ƒ×ƒñƒ~ 6831 564

ìÛ†ü·ú {Óýý±…– ºýíý†üþ ¤†¾ê …² ðõ° …Þ·†ü¼ Öýéî ô °º}ú|ø†ÿ �éþ|�±ô�ýéò ¬…°…ÿ °ðã~…ðú ...²ø±… …¤í~ÿ ô øíß†°…ó
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ì»©À ìþ|Þñ~.

‹±…ÿ …ð~…²û|âý±ÿ ìÛ~…° ðõ°{©±ü� ¬° ðíõðú|ø†ÿ �±{õ¬ü~û ìÛ~…°

›Ž̄ â±ôû|ø†ÿ Þ±‹õðýê ô øý~°ô�±ôÞ·ý~ ¬° „ðù† …ð~…²û|âý±ÿ º~.

ð†¤ýú ›Ž̄ ì±‹õÉ ‹ú â±ôû|ø†ÿ Þ±‹õðýê ¬° ì¥~ô¬û 1-mc0581-4561

ô ‹ý»ýñú „ó ¬° 1-mc0171 Ê†ø± ìþ|ºõ¬. ð†¤ýú ›Ž̄ ì±‹õÉ ‹ú

â±ôû|ø†ÿ øý~°ô�±ôÞ·ý~ ¬° ì¥~ô¬û 1-mc0063-0523 ô ‹ý»ýñú

›Ž̄ …üò â±ôû|ø† ¬° 1-mc0043| …¶•. ‹† {õ›ú ‹ú …üò Þú ›Ž̄

â±ôû|ø†ÿ ì}ýê ¬° Æõë ô…Þñ¼|ø†ÿ …Þ·†ü¼ ÷†‹• …¶•€ ‹ñ†‹±…üò ‹±…ÿ

ð±ì†ë Þ±¬ó€ ð·Œ• ›Ž̄ ¬° ðõ…¤þ â×}ú º~û ‹ú ìÛ~…° ›Ž̄ ¬°

ð†¤ýú  1-mc0572-7962| )ì±‹õÉ ‹ú ›Ž̄ â±ôû ø†ÿ ì}ýê(  ì¥†¶Œú

º~. ¬° ÆýØ ²ü±Ú±ì³ ìÛ~…° ›Ž̄ ¬° 1-mc899 ‹ú ›Ž̄ â±ôû|ø†ÿ

Þ†ìç_ ‹éõ°ÿ ð·Œ• ¬…¬û ìþ|ºõ¬€ ¬° ¤†èþ Þú ›Ž̄ ¬° 1-mc479 ‹ú

›Ž̄ â±ôû|ø†ÿ ‹þ|ºßê ô ‹éõ°ÿ ‹† øî ð·Œ• ¬…¬û ìþ|ºõ¬. ð·Œ• …üò

¬ô ìÛ~…° ‹±…ÿ {Ïýýò {Œéõ° ð·Œþ ü† ðËî ‹éõ°ÿ ‹ú Þ†° ìþ|°ô¬ ]72€62€42[:

)5(                                                             1-mc479A/1-mc 899A=  º†̈À {Œéõ…°

ð}†ü� ô ‹¥™

{Óýý±…– ‹éõ°üñãþ   |

ºßê 2 ð}†ü� „²ì†ü¼|ø†ÿ â±ì†¶ñœþ �õü»þ {×†Âéþ )¬°¾~ ‹éõ°üñãþ(

°… ‹±…ÿ Öýéî|ø†ÿ �éþ �±ô�ýéò ð»†ó ìþ|¬ø~. ¬°¾~ ‹éõ°üñãþ ðíõðú|ø†ÿ

Öýéî °ðãþ …² Öýéî Òý±°ðãþ ‹ý»}± …¶•.|‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ ¬° …‹}~…

¬°¾~ ‹éõ°üñãþ ðíõðú|ø†ÿ °ðãþ ô Òý±°ðãþ Þ†ø¼ ð·Œþ ð»†ó

ìþ|¬ø~€ …ì† ‹† Æõæðþ|{± º~ó ²ì†ó �±{õ¬øþ ¬°¾~ ‹éõ°üñãþ ðíõðú

Òý±°ðãþ  ²ü†¬{±  º~û …¶•. ¬°¾~ ‹éõ°üñãþ …ð~…²û|âý±ÿ º~û ‹±…ÿ

ðíõðú|ø†ÿ °º}ú ¬° ºßê 3 ð»†ó ¬…¬û º~û …¶•. ¬°¾~ ‹éõ°üñãþ

ðíõðú|ø†ÿ °º}ú  ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ ¬° ‹ý»}± ðíõðú|ø† Þ†ø¼ ü†Ö}ú

…¶•. ¬° ìÛ†ü·ú ‹† ðíõðú|ø†ÿ Öýéî€  ¬° ðíõðú|ø†ÿ °º}ú ÚŒê …² �±{õ¬øþ

ðíõðú ‹† ÒéË• Þí}± °ðã~…ðú ¬…°…ÿ ‹ý»}±üò ¬°¾~ ‹éõ°üñãþ …¶•.

¬°¾~ ‹éõ°üñãþ ¬° ðíõðú ì¥}õÿ 5/0 ¬°¾~ °ðã~…ðú „‹þ ÚŒê ô ‹Ï~ …²

�±{õ¬øþ ô ¬° …ð}ù†ÿ „²ì†ü¼|ø† Þí}± …² ¶†ü± ðíõðú|ø† ‹õ¬û …¶• ô ¬°¾~

‹éõ°üñãþ …üò ðíõðú ¬° {í†ï ²ì†ó|ø†ÿ …ð~…²û|âý±ÿ Þí}± …² ¬ô ðíõðú ¬üã±

‹õ¬û …¶•. ‹ú Þ†°âý±ÿ °ðã~…ðú ¬° ¶†̈}†° ì¥¿õë ô ¬°¾~ ‹éõ°üñãþ

…÷± ìþ|â̄…°¬ ô {Œéõ° ‹± ̈õ…Á ðù†üþ ì¥¿õë ìõö÷± …¶• ]52[. ¬° …÷±

ðõ°{©±ü� �éýí± ô Þõ{†û º~ó ²ðœý±ø†ÿ �éýí±ÿ ü† …Ö³…ü¼ �ýõð~ø†ÿ

Î±Âþ€ ìÛ~…° ô …ð~…²û ‹éõ°ø† {Óýý± ìþ|Þñ~. ‹ñ†‹±…üò øí†ó|Æõ° Þú …ð}Ë†°

ìþ|°Ö•€ ‹éõ°üñãþ ô ¬ì†ÿ ®ôŽ �éýí± ì¥}õÿ °ðã~…ðú {Óýý± Þ±¬.  |

º†̈À {Œéõ° ü† ¬°›ú ðËî  Þú …² ÆýØ|ø†ÿ ²ü± Ú±ì³ ì¥†¶Œú º~û ¬°

ºßê 4 ‹±…ÿ ðíõðú|ø†ÿ Öýéî ô ¬° ºßê 5 ‹±…ÿ ðíõðú|ø†ÿ °º}ú

�éþ|�±ô�ýéò „ì~û …¶•. ¬° Öýéî|ø†ÿ �éþ|�±ô�ýéò ‹ú Æõ° ð·Œþ …Ö³…ü¼

º†̈À {Œéõ° ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ ì»†ø~û ìþ|ºõ¬. ¬° ²ì†ó|ø†ÿ

…‹}~…üþ �±{õ¬øþ ô ÚŒê …² „ó º†̈À {Œéõ° ¬° ðíõðú|ø†ÿ °ðãþ {Û±üŒ†_

üß·†ó …¶•€ …ì† ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ Îçôû ‹± …Ö³…ü¼ ¬° º†̈À

{Œéõ° ìÛ~…° „ó  ¬° ðíõðú|ø†ÿ °ðãþ ‹ú Æõ° Ú†‹ê ìç¤Ëú|…ÿ {Óýý± ü†Ö}ú

…¶•. …ì†€ ¬° ðíõðú|ø†ÿ °º}ú �éþ|�±ô�ýéò º†̈À {Œéõ° ðíõðú ‹þ|°ðä

‹† …Ö³…ü¼ �±{õ¬øþ ¶Œ� …Ö³…ü¼  ¬°›ú ðËî  º~û …¶•. …¾çó|²…¬û ô

øíß†° ðõ°{©±ü� ìñ·õ›†– ‹þ|‹†Ö• �éþ|�±ô�ýéò °… ²ü± æì‘  VUT

‹† Æõë ìõž Þî )mn452( ‹±°¶þ ô °ôð~  …Ö³…ü»þ ì»†‹ùþ °… ‹±…ÿ
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ºßê 2-¬°¾~ ‹éõ°üñãþ ¬° ðíõðú|ø†ÿ Öýéî �éþ|�±ô�ýéò ¬° ²ì†ó|ø†ÿ

ì©}éØ �±{õ¬øþ.

ºßê 3-¬°¾~ ‹éõ°üñãþ ¬° °º}ú|ø†ÿ �éþ|�±ô�ýéò ¬° ²ì†ó|ø†ÿ

ì©}éØ �±{õ¬øþ.
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ìÛ†ü·ú {Óýý±…– ºýíý†üþ ¤†¾ê …² ðõ° …Þ·†ü¼ Öýéî ô °º}ú|ø†ÿ �éþ|�±ô�ýéò ¬…°…ÿ °ðã~…ðú ...²ø±… …¤í~ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 6€ ‹ƒùƒíƒò -…¶ƒ×ƒñƒ~ 6831 566

º†̈À {Œéõ° ¬° ðíõðú|ø†ÿ �±{õ¬ü~û â³…°½ Þ±¬û|…ð~ ]82[|.  |

øí†ó|Æõ° Þú ¬° ºßê 2 ìç¤Ëú ìþ|ºõ¬€ ¬° ðíõðú|ø†ÿ Öýéî ¬°¾~

‹éõ°üñãþ ‹† ²ì†ó �±{õ¬øþ ¬° ¬ô ðíõðú °ðãþ …Ö³…ü¼ ü†Ö}ú€ �̧ …² ¤~ô¬

h|002 �±{õ¬øþ Þ†ø¼ ô ìœ~¬… ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ ìÛ~…° ‹éõ°üñãþ

…Ö³…ü¼ ü†Ö}ú …¶•. …üò °Ö}†° °… ìþ|{õ…ó ‹ú ¬ô …÷± ìùî ºß·• ²ðœý±

�éýí±€ {»ßýê â±ôû|ø†ÿ …Þ·†ü¼ Þ±‹õðýê ô ¶†ü± ð†̈†è¿þ|ø† ô øí¡ñýò

°Ú†‹• ‹ýò …Ö³ô¬ðþ|ø†ÿ ìõ›õ¬ ð·Œ• ¬…¬. ¬° …¬…ìú ð»†ó ¬…¬û ìþ|ºõ¬ Þú

ðõ°…Þ·†ü¼ ô ºß·• ²ðœý±ø†ÿ ìõèßõèþ Þú ìñœ± ‹ú Þõ{†û º~ó Æõë

²ðœý± ìþ|ºõ¬€ ¬° …‹}~…ÿ ²ì†ó �±{õ¬øþ Î†ìê ìùíþ …¶• Þú ¶Œ�

…Ö³…ü¼ ‹éõ°üñãþ ìþ|ºõ¬. …ì† �̧ …² …Ö³…ü¼ ²ì†ó �±{õ¬øþ {Ï~…¬ ²ü†¬ÿ

…² ²ðœý±ø† {©±ü� º~û ô �ýõð~ø†ÿ Î±Âþ Þú ¬° ì¥ê °…¬üß†ë|ø†ÿ

„²…¬ {»ßýê º~û|…ð~€ {Œéõ° °… ‹† ì»ßê ìõ…›ú ìþ|Þññ~. ¬° �éýí± {©±ü�

º~û€ {Ï~…¬ ²ðœý±ø†ÿ Þõ{†û Þú ̈†°ž …² ðõ…¤þ ‹éõ°ÿ ‹õ¬û ô Ú†‹ê

‹éõ°ÿ º~ó ø·}ñ~€ ²ü†¬ …¶•€ ‹ñ†‹±…üò {Œéõ° ºýíý†üþ ‹† …Ö³…ü¼

ìõèßõë|ø†ÿ Þõ{†û ð†ºþ …² …Þ·†ü¼ ìþ|{õ…ð~ …Ö³…ü¼ ü†‹~ ]52[€ …ì† …²

Æ±Öþ  ‹ú øî ̈õ°¬ó ðËî ¶†̈}†°ÿ ìÛ~…° {Œéõ° °… Þ†ø¼ ìþ|¬ø~.

�±{õ¬øþ ¶Œ� {¥±á ²ðœý±ø†€ …ð}Û†ë Ö†² ‹éõ°ÿ ‹}† ‹ú „è×† ô ‹ú øî

¨õ°¬ó ðËî ¶†̈}†°ÿ ìþ|ºõ¬. …² …üò °ô€ {Œéõ° ð†ºþ …² ðõ°…Þ·†ü¼

)ºß·• ²ðœý± �éýí± ô {»ßýê â±ôû|ø†ÿ …Þ·†ü¼( ‹ú ºßê|ø†ÿ

ì©}é×þ {Óýý± ìþ|Þñ~. ²ü±… ø·}ú|â̄…°ÿ {¥• …÷± â±ôû|ø†ÿ  ºýíý†üþ

)Þ±‹õðýê€ øý~°ô�±ôÞ·ý~€ °ðã~…ðú|ø† ô �†ü~…°Þññ~û|ø†( Ú±…° ìþ|âý±¬ ô

¶±Î• ø·}ú|â̄…°ÿ ô °º~ Îõ…ìê â×}ú º~û ì}×†ô– …¶•. {Óýý± ¬°

ÚÇŒý• â±ôû|ø† ô ÒéË• „ðù†€ ¶±Î• ø·}ú|â̄…°ÿ °… {Óýý± ìþ|¬ø~.

‹ñ†‹±…üò ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ€ â±ôû|ø†ÿ …Þ·†ü¼ …Ö³…ü¼ ìþ|ü†‹ñ~€

…ì†  °ðã~…ðú ìõ›õ¬ ‹ú Îñõ…ó Î†ìê ø·}ú|â̄…° …÷± ìùíþ °… ‹± °ôð~ {Œéõ°

ð†ºþ …² ðõ°…Þ·†ü¼ ìþ|â̄…°¬. ‹ú Æõ°ÿ Þú ¬° ðíõðú|ø†ÿ  Öýéî ô ðý³

°º}ú �éþ|�±ô�ýéò ì»†ø~û º~€ ¬° …‹}~…ÿ ²ì†ó �±{õ¬øþ {Œéõ° ‹ú º~–

Þ†ø¼ ü†Ö}ú ô ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ ¬°¾~ ‹éõ°üñãþ ðíõðú|ø† ðý³

‹ý»}± º~û …¶•. üÏñþ ¬° …‹}~…ÿ ²ì†ó �±{õ¬øþ ô›õ¬ °ðã~…ðú|ø† ‹ú

Îñõ…ó ì†ðÏþ ¬° ºß·• ²ðœý± ìõèßõèþ ‹õ¬û …¶•.

|

ðõÑ ô …ð~…²û ô…¤~ø†ÿ ‹éõ°ÿ  |

°ðã~…ðú Ö}†èõ¶ý†ðýò ¬…°…ÿ Ú†‹éý• ø·}ú|â̄…°ÿ ‹±…ÿ ‹éõ°ø†ÿ  ðõÑ

…¶• ]92[. ‹±ô¬… ]03[ ¬° {¥ÛýÛ†– ̈õ¬ Þú °ôÿ …÷± °ðã~…ðú Ö}†èõ¶ý†ðýò

¬° ¶†̈}†° …èý†Ù �éþ|�±ô�ýéò …ðœ†ï ¬…¬€ â³…°½ Þ±¬û …¶• Þú  …Ö³…ü¼

¬ì†ÿ °ü·ñ~âþ ô „°…ü¼ ü†Ö}ãþ ¶Œ� Þ†ø¼ ‹éõ°ø†ÿ ðõÑìþ|ºõ¬.

{Ï~…¬ ‹éõ°ø†ÿ øã³…âõð†ë )ðõÑ(  ô „°…ü¼|ü†Ö}ãþ ‹éõ°ø†ÿ  ðõÑ…²

°ôºþ Þú ÚŒç_ º±§ ¬…¬û º~€ ì¥†¶Œú â±¬ü~. ¬° ›~ôë|ø†ÿ 2 ô 3

α β

β

α

ºßê4-º†̈À {Œéõ° ¬° Öýéî|ø†ÿ �éþ|�±ô�ýéò …ð~…²û|âý±ÿ º~û …²

ÆýØ|ø†ÿ ²ü±Ú±ì³ ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.

ºßê 5-º†̈À {Œéõ° °º}ú|ø†ÿ �éþ|�±ô�ýéò …ð~…²û|âý±ÿ º~û …²

ÆýØ|ø†ÿ ²ü±Ú±ì³ ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.

›~ôë 2-º†̈À „°…ü¼|ü†Ö}ãþ ¬° ‹éõ°ø†ÿ ðõÑ¬° Öýéî|ø†ÿ �éþ|�±ô�ýéò ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ. α

274 453-213 632-022 811-101 0
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671/0
072/0
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ìÛ†¬ü± …ð~…²û|âý±ÿ º~û „°…ü¼ ü†Ö}ãþ ‹éõ°ø†ÿ ðõÑ‹±…ÿ ðíõðú|ø†ÿ

Öýéî ô °º}ú ð»†ó ¬…¬û º~û …¶•.  ð}†ü� ì±‹õÉ  ‹ú …ð~…²û|âý±ÿ {Ï~…¬

‹éõ°ø†ÿ øã³…âõð†ë ¬° ðíõðú|ø†ÿ Öýéî ô °º}ú �éþ|�±ô�ýéò ¬°

›~ôë|ø†ÿ 4 ô 5  „ô°¬û º~û …¶•. ð}†ü� ›~ôë|ø†ÿ 2 ô 4 ð»†ó

ìþ|¬ø~ Þú „°…ü¼|ü†Ö}ãþ Öýéî|ø†ÿ °ðãþ �éþ|�±ô�ýéò ÚŒê …² �±{õ¬øþ

‹ý»}± …² ðíõðú|ø†ÿ Òý±°ðãþ …¶• ô ¤}þ ¬° ²ì†ó|ø†ÿ …‹}~…üþ �±{õ¬øþ

ðý³ „°…ü¼|ü†Ö}ãþ ‹éõ°ø† ¬° Öýéî|ø†ÿ °ðãþ ‹ý»}± …¶•. øí¡ñýò€ ¬°

²ì†ó|ø†ÿ …‹}~…üþ �±{õ¬øþ {Ï~…¬ ‹éõ°ø†ÿ øã³…âõð†ë Öýéî ì¥}õÿ 5/0

¬°¾~ °ðã~…ðú Þí}± …² ðíõðú|ø†ÿ Òý±°ðãþ …¶•. �±{õ¬øþ ¶Œ�

…Ö³…ü¼ ‹éõ°ø†ÿ ðõÑ ‹}† º~û …¶•. ¬° ìõ°¬ °º}ú|ø†ÿ �éþ|�±ô�ýéò€

„°…ü¼|ü†Ö}ãþ ô…¤~ø†ÿ ‹éõ°ÿ ¬° ²ì†ó|ø†ÿ …‹}~…üþ �±{õ¬øþ ¬° ðíõðú

Òý±°ðãþ ‹ý»}± …¶•€ …ì† ‹† �±{õ¬øþ „°…ü¼|ü†Ö}ãþ „ðù† …Ö³…ü¼ ü†Ö}ú ô

…² °º}ú Òý±°ðãþ ‹ý»}± …¶• )›~ôë 3(. Æõæðþ º~ó �±{õ¬øþ ¶Œ�

Þ†ø¼ „°…ü¼|ü†Ö}ãþ ‹éõ°ø† ¬° °º}ú ì¥}õÿ 1/0 ¬°¾~ °ðã~…ðú ô

…Ö³…ü¼ ›³þ̂ „°…ü¼|ü†Ö}ãþ ‹éõ°ÿ ¬ô  ðíõðú ¬üã± º~û …¶•.

°ðã~…ðú|ø†ÿ Ö}†èõ¶ý†ðýò {í†üê ‹ú {œíÐ ¬…°ð~ ]92[€ …¤}í†æ_ Ÿõó øñã†ï

{õèý~ Öýéî …Îí†ë Ö»†° ¬° ²ì†ó Þí}±ÿ …{×†Ý ìþ|…Ö}~€ ‹ñ†‹±…üò {œíÐ

°ðã~…ðú|ø† ¬° {¥±á ²ðœý±ø†ÿ ìõèßõèþ ìí†ðÏ• ô ì¥~ô¬ü• …üœ†¬

ìþ|Þñ~€ Þú ¬° ð}ýœú „°…ü¼|ü†Ö}ãþ ‹éõ°ø† ¬° ðíõðú|ø†ÿ Öýéî Þí}± …²

ðíõðú|ø†ÿ °º}ú °ðãþ …¶•. øí¡ñýò€ ¬°¾~ ‹éõ°üñãþ ðíõðú °º}ú

ì¥}õÿ ìÛ~…° ‹ý»}± °ðã~…ðú ÚŒê …² �±{õ¬øþ Þí}± …² ðíõðú ì¥}õÿ 1/0

¬°¾~ °ðã~…ðú ‹õ¬ Þú º†ü~ {í†üê ‹ú {œíÐ °ðã~…ðú ¶Œ� „ó º~û …¶•.  

øí†ó|Æõ° Þú ›~ôë 5  ð»†ó ìþ|¬ø~ ¬° …‹}~… ô ÚŒê …² �±{õ¬øþ

‹éõ°ø†ÿ ðõÑ¬° °º}ú Òý±°ðãþ ‹ý¼ …² ¬ô ðíõðú ¬üã± …¶•.

�±{õ¬øþ ô …Ö³…ü¼ ²ì†ó �±{õ¬øþ ìõ›� Þ†ø¼ ìÛ~…° ‹éõ°ø†ÿ ðõÑ

¬° °º}ú �éþ �±ô�ýéò Ö†Ú~ °ðã~…ðú ô ðíõðú ì¥}õÿ 5/0 ¬°¾~ °ðã~…ðú

º~û …¶•.

…ð~…²û|âý±ÿ ìÛ~…° ‹éõ°ø†ÿ ðõÑð»†ó ìþ|¬ø~ Þú Îçôû ‹± …÷±

…Ö³ô¬ðþ|ø† ¬° ‹éõ°ÿ º~ó€ {†‹¼ ô º±…üÈ {õèý~ ðý³ ¬°ºßê|âý±ÿ …ðõ…Ñ

‹éõ°ø† ìõö÷±ð~. ÆŒÜ ð}†ü� {¥ÛýÛ†– ‹±ô¬… ]03[ …ð}Ë†° ìþ|°ô¬€ ‹éõ°ø†ÿ

ðõÑ¬° °º}ú �éþ �±ô�ýéò ‹ú ¬èýê „°…ü¼|ü†Ö}ãþ ô ¬ì†ÿ ‹ý»}± {õèý~€

Þí}± …² ðíõðú Öýéî ‹†º~. …üò ð}ýœú ¬° ðíõðú|ø†ÿ �±{õð~ü~û ¤†¾ê º~€

…ì† ‹† �±{õ¬øþ ô …Ö³…ü¼ ²ì†ó �±{õ¬øþ ‹ú ¬èýê …ð}Û†ë|ø†ÿ Ö†² ‹éõ°ÿ ‹}†

‹ú „è×† ô …̈}çÙ ¬° ¶†̈}†° ¬…̈éþ Öýéî ô °º}ú  ‹† üà|¬üã± Þú °ôÿ

{¥±á ²ðœý±ø† …÷± ìþ|â̄…°¬€ °Ö}†°ø†ÿ ì}×†ô– ì»†ø~û º~. …ð}Û†ë Ö†²

‹éõ°ÿ ‹}† ‹ú „è×† ¬° …÷± ®ôŽ ìõÂÏþ ‹éõ°ø†ÿ€ {Œéõ° ìœ~¬ „ðù† ‹ú

‹éõ°ø†ÿô ðËî|âý±ÿ ìœ~¬ æüú|ø†ÿ {†ð©õ°¬û ðõÑ‹ú ¬…̈ê

‹éõ°ø†ÿ ðõÑ…{×†Ý ìþ|…Ö}~. øí¡ñýò€ ì»†°Þ• °ðã~…ðú ¬° {õèý~

‹éõ°ø†ÿô ðý³ …Ö³…ü¼ ‹éõ°ø†ÿ¬° …÷± …Ö³…ü¼ ²ì†ó �±{õ¬øþ ‹±…ÿ

¶ñœ¼ {Óýý±…– ‹éõ°ÿ ‹†ü~ ¬° ðË± â±Ö}ú ºõð~. ‹† Æõæðþ º~ó ²ì†ó

�±{õ¬øþ …ð}Û†ë|ø†ÿ Ö†² ‹éõ°ÿ ô …üœ†¬ ‹éõ°ø†ÿ ðõÑ…{×†Ý ìþ|…Ö}~.

…ì† {Œ~üê Ö†² ‹éõ°ÿ ‹}† ‹ú „è×† Ò†è� …¶• Þú ìç¤Ëú ìþ|ºõ¬€ ‹† …Ö³…ü¼

²ì†ó  �±{õ¬øþ ¬° ø± ¬ô ðíõðú Öýéî ô °º}ú ìÛ~…° ‹éõ°ø†ÿ ðõÑ

Þ†ø¼ ü†Ö}ú …¶•.

β

β

β α

α

β α

β

β

β

β

β

α
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›~ôë 4-º†̈À „°…ü¼|ü†Ö}ãþ ‹éõ°ø†ÿ ðõÑ øã³…âõð†ë¬° Öýéî|ø†ÿ �éþ|�±ô�ýéò ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ. (β)

274 453-213 632-022 811-101 0
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›~ôë 5-º†̈À „°…ü¼|ü†Ö}ãþ ‹éõ°ø†ÿ ðõÑ øã³…âõð†ë¬°

°º}ú|ø†ÿ �éþ|�±ô�ýéò ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.

(β)
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ìÛ~…° °ðã~…ðú )%(

013/0
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›~ôë3-º†̈À „°…ü¼|ü†Ö}ãþ ¬° ‹éõ°ø†ÿ ðõÑ¬° °º}ú|ø†ÿ

�éþ|�±ô�ýéò ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.

α
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ìÛ~…° °ðã~…ðú )%(
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ìÛ†ü·ú {Óýý±…– ºýíý†üþ ¤†¾ê …² ðõ° …Þ·†ü¼ Öýéî ô °º}ú|ø†ÿ �éþ|�±ô�ýéò ¬…°…ÿ °ðã~…ðú ...²ø±… …¤í~ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 6€ ‹ƒùƒíƒò -…¶ƒ×ƒñƒ~ 6831 568

…ð~…²û ‹éõ°Ÿú|ø† ¬° °º}ú|ø† ô Öýéî|ø†ÿ �éþ|�±ô�ýéò …² °ôºþ Þú ÚŒç_

º±§ ¬…¬û º~€ ì¥†¶Œú â±¬ü~. ð}†ü� …üò …ð~…²û|âý±ÿ|ø† ¬° ›~ôë|ø†ÿ 6

ô 7 „ô°¬û º~û …¶•. ¬° ì±…›Ð ì©}éØ ‹±…ÿ ºñ†¶†üþ ðõÑ ‹éõ°ø† ‹ú

Þíà …èãõø†ÿ �±…½ �±{õ X| ¾×¥†– ìùî ì±‹õÉ ‹ú ‹éõ°ø†ÿ ðõÑ

¬° ²ô…ü†ÿ o12€ 22€ 5/81€ 41 = θ2€ ¾×¥†– ‹éõ°ÿ ðõÑ¬° ²…ôüú
o61=θ2 ô ‹éõ°ø†ÿ ðõÑ¬° o5/91-02  = θ2 â³…°½ º~û …¶• ]72[. γ

β

α

›~ôë 6-…‹Ï†¬ ‹éõ° Öýéî|ø†ÿ �éþ|�±ô�ýéò|¬° ²…ôüú|ø†ÿ �±…½ ì}×†ô– ‹± ¤·� „ðã·}±ôï.

²…ôüú �±…½ θ2 )¬°›ú( 
ì~– �±{õ¬øþ )h( ðíõðú

32-12 12-5/91 5/91-71 71-5/51 5/51-41

95

8

77

96

59

-

722

301-922

311

831-001

-

144

581

421

786

661

79

56

801

99

0

811

022

733

1/0¬°¾~

°ðã~…ðú

65

67

36

09

891

661

981-311

962

151

-

981-211

162

781-602

023

871

01

341

78

021-301

98

0

811

022

733

5/0¬°¾~

°ðã~…ðú

08-25

65

75

75

95

701-79

79

68

99

79

102-37

661

29

411

69

301-98

202

071

-

411

292-301

663

601

99

79

0

811

022

733

024

¨†èÀ

²…ôüú �±…½ θ2 )¬°›ú( 
ì~– �±{õ¬øþ )h( ðíõðú

32-12 12-5/91 5/91-71 71-5/51 5/51-41

95

04

11

-

-

33

52

-

92

-

79-71

71

92

36

93

0

101

733

1/0¬°¾~

°ðã~…ðú

25

22

14

04

78

85

18

-

962

35

87

48

901

57

08

86

19

531

411

201

0

811

022

733

5/0¬°¾~

°ðã~…ðú

19-92

51

-

92

-

-

22

-

-

301

12

02

81

06-41

38

62

66

-

21

34

0

811

022

733

¨†èÀ

›~ôë 7-…‹Ï†¬ ‹éõ° °º}ú|ø†ÿ �éþ|�±ô�ýéò|¬° ²…ôüú|ø†ÿ �±…½ ì}×†ô– ‹± ¤·� „ðã·}±ôï.
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ìÛ†ü·ú {Óýý±…– ºýíý†üþ ¤†¾ê …² ðõ° …Þ·†ü¼ Öýéî ô °º}ú|ø†ÿ �éþ|�±ô�ýéò ¬…°…ÿ °ðã~…ðú ... ²ø±… …¤í~ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 6€ ‹ƒùƒíƒò -…¶ƒ×ƒñƒ~ 6831 

ìÛ†ü·ú …ð~…²û ‹éõ°Ÿú|ø†  ‹±…ÿ °º}ú ô Öýéî �éþ|�±ô�ýéò ð»†ó ìþ|¬ø~

Þú …ð~…²û ‹éõ°ø†ÿ Öýéî �éþ|�±ô�ýéò ð·Œ• ‹ú °º}ú ‹³°â}± ‹õ¬û …¶•.

…¤}í†æ_ …Îí†ë Ö»†° ô ¶±¬ Þ±¬ó ‹±…ÿ {õèý~ Öýéî|ø†ÿ �éþ|�±ô�ýéò

Ö±¾• ‹ý»}± ô º±…üÈ ìÇéõŽ|{±ÿ °… ‹±…ÿ {»ßýê ‹éõ° Ö±…øî Þ±¬û

…¶•. Î~ï …Îí†ë Þ»¼ ¬° {õèý~ °º}ú|ø†ÿ Þ»ý~û ð»~û �éþ|�±ô�ýéò ô

¶±Î• Þî ¶±¬ Þ±¬ó )¬° øõ…( º±…üÈ °… ‹±…ÿ {õ¶Ïú ð†¤ýú ‹þ|ºßê

Ö±…øî Þ±¬û …¶•.  |

¬° �µôø»þ ]03[ Þú °ôÿ …÷± Îõ…ìê {õèý~ ‹± ̈õ…Á …èý†Ù

�éþ|�±ô�ýéò …ðœ†ï â±Ö•€ ì»©À º~ Þú  ¬° …èý†Ù °ðãþ �éþ|�±ô�ýéò

Þú ‹† ¶±Î• nim/m001 {õèý~ º~û|…ð~€ ¶†̈}†° âõü¡ú|…ÿ {»ßýê

ìþ|ºõ¬ Þú ì¥}õÿ {Ï~…¬ ²ü†¬ÿ âõü¡ú|ø†ÿ °ü³ …¶•.  ¬° ¤†èþ Þú ¬°

…èý†Ù Òý±°ðãþ âõü¡ú|ø† ‹† …ð~…²û ¬°º•|{± {»ßýê ìþ|â±¬¬. ð}†ü�

…ð~…²û|âý±ÿ|ø†ÿ …ðœ†ï º~û ¬° …üò �µôø¼ ð»†ó ¬…¬ Þú …ð~…²û ‹éõ°ø†ÿ

°º}ú �éþ|�±ô�ýéò Òý±°ðãþ …² °º}ú|ø†ÿ °ðãþ ÞõŸß}± …¶•. ¬°

ðíõðú|ø†ÿ °º}ú {Ï~…¬ ¾×¥†– ‹éõ°ÿ ‹† …Ö³…ü¼ ÒéË• °ðã~…ðú

…Ö³…ü¼ ü†Ö}ú …¶•. …¤}í†æ_ {í†üê °ðã~…ðú Ö}†èõ¶ý†ðýò ‹ú {œíÐ ô

¶±Î• ‹ý»}± {õèý~ ìñœ± ‹ú …üò  …̈}çÙ º~û …¶•. Ÿñ†ó Þú ì»†ø~û

º~ ¬° º±…üÈ üß·†ó {õèý~€ Ê±…Ö• °º}ú ì¥}õÿ 5/0 ¬°¾~ °ðã~…ðú

Þí}± …² ¬ô ðíõðú ¬üã± …¶•.

¬° Öýéî|ø†ÿ �éþ|�±ô�ýéò  ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ ‹éõ°ø†ÿ ¾×¥†–

)003( o61 = θ2 ‹³°â}± º~û …ð~. …ð~…²û ‹éõ°ø†ÿ ¾×¥†– )011(€ o41= θ2

¬° ðíõðú Öýéî �éþ|�±ô�ýéò ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ ‹³°â}± º~û …¶•.

…ð~…²û ‹éõ°ø†ÿ ðíõðú|ø†ÿ ì¥}õÿ °ðã~…ðú …² ¶†ü± ðíõðú|ø† ‹ý»}± …¶•.

¬° øíú ðíõðú|ø†ÿ Öýéî …Ö³…ü¼ �±{õ¬øþ ìñœ± ‹ú Þ†ø¼ …ð~…²û ‹éõ°ø†

º~û …¶•. …ð~…²û ‹éõ°ø† ¬° ðíõðú|ø†ÿ ì¥}õÿ °ðã~…ðú ÚŒê …² �±{õ¬øþ

‹³°â}± …² ðíõðú Ö†Ú~ °ðã~…ðú …¶•.

°ôð~ ì}×†ô– ì»†ø~û º~û ¬° {Óýý±…– ‹éõ°üñãþ ðíõðú|ø†ÿ Öýéî ô

°º}ú �éþ �±ô�ýéò ‹ú ¬èýê {×†ô– ¬° …‹Ï†¬ ‹éõ°ø†ÿ Öýéî ô °º}ú ô Ê±…Ö•

„ðù†¶• Þú ð†ºþ …² {×†ô– ¬° º±…üÈ {õèý~ „ðù†¶•€ ¬° ºßê|ø†ÿ 6 {† 9

…èãõø†ÿ �±…½ �±{õ X| ðíõðú|ø†ÿ Öýéî ô °º}ú ð»†ó ¬…¬û º~û …¶•. ¬°

ºßê|ø†ÿ ð»†ó ¬…¬û º~û {×†ô– ¬° {Ï~…¬ ¾×¥†– ‹éõ°ÿ ðíõðú|ø†ÿ

Öýéî ô °º}ú ð·Œ• ‹ú üà|¬üã± ô ðý³ ¬° ðíõðú|ø†ÿ ‹† ÒéË• °ðã~…ðú

ì©}éØ Þ†ìç_ ì»©À …¶•. {Ï~…¬ ¾×¥†– ‹éõ°ÿ ¬° °º}ú|ø†ÿ Þ»ý~û

ð»~û Þí}±  …¶• Þú ‹ý†ðã± ‹éõ°üñãþ Þí}± ô ô›õ¬ ‹éõ°ø†ÿ ð†ÚÀ …¶•.

{Óýý±…– â±ì†üþ

øí†ó|Æõ° Þú  ¬° ºßê|ø†ÿ 2 ô 3 ìç¤Ëú º~€ ¬°¾~ ‹éõ°üñãþ

ðíõðú|ø†ÿ Öýéî ô °º}ú �éþ|�±ô�ýéò ì¥}õÿ °ðã~…ðú ¬° …÷± ðõ°…Þ·†ü¼

Þ†ø¼ ü†Ö•€ ¬° ¤†èþ Þú ¬°  ð}†ü� ºßê 01 ì±‹õÉ ‹ú ¬ì†ÿ ®ôŽ

ðíõðú|ø†ÿ Öýéî Þ†ø¼ Ÿñ~…ðþ ì»†ø~û ð»~. ð}†ü� ìõ›õ¬ ¬° ºßê 01

ð»†ó ìþ|¬ø~ Þú ¬° ðíõðú Òý±°ðãþ �±{õ¬øþ ìñœ± ‹ú …Ö³…ü¼ ¬ì†ÿ

®ôŽ º~û€ …ì† ‹† Æõæðþ º~ó �±{õ¬øþ �̧  …² h003 ¬ì†ÿ ®ôŽ

Þ†ø¼ ü†Ö}ú …¶• Þú ìõöü~ {©±ü� ²ðœý±ø†ÿ �éýí±ÿ …¶•. ¬°

ðíõðú|ø†ÿ °ðãþ ¬ì†ÿ ®ôŽ ¬° ²ì†ó|ø†ÿ …‹}~…üþ �±{õ¬øþ {Óýý±…–

›³üþ °… ð»†ó ìþ|¬ø~ ô ‹†  Æõæðþ|{± º~ó ²ì†ó �±{õ¬øþ �̧ …²  h|003

¬ì†ÿ ®ôŽ ðíõðú ì¥}õÿ 1/0 ¬°¾~ °ðã~…ðú Þ†ø¼ ü†Ö}ú …¶•. Þ†ø¼

¬ì†ÿ ®ôŽ ¬° ðíõðú Öýéî Òý±°ðãþ ¬° �†ü†ó ²ì†ó �±{õ¬øþ Ú†‹ê ìç¤Ëú

…¶•. ¬° ¤†èþ Þú ‹±…ÿ …üò ðíõðú …Ö³…ü¼ Ú†‹ê ìç¤Ëú º†̈À {Œéõ° ô

¬°¾~ ‹éõ°üñãþ �̧ …²  h|274 �±{õ¬øþ ì»†ø~û º~. ¬ì†ÿ ®ôŽ ‹±…ÿ

ºßê 6-…èãõÿ �±…½ �±{õ Xðíõðú °º}ú �éþ|�±ô�ýéò ì¥}õÿ 1/0 ¬°¾~

°ðã~…ðú ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.

ºßê7-…èãõÿ �±…½ �±{õ Xðíõðú °º}ú �éþ|�±ô�ýéò ì¥}õÿ 5/0

¬°¾~ °ðã~…ðú ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.
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ìÛ†ü·ú {Óýý±…– ºýíý†üþ ¤†¾ê …² ðõ° …Þ·†ü¼ Öýéî ô °º}ú|ø†ÿ �éþ|�±ô�ýéò ¬…°…ÿ °ðã~…ðú ...²ø±… …¤í~ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 6€ ‹ƒùƒíƒò -…¶ƒ×ƒñƒ~ 6831 570

ðíõðú|ø†ÿ °º}ú �éþ|�±ô�ýéò Þú ÚŒê ô ‹Ï~ …² �±{õ¬øþ ‹ú ô¶ýéú CSD

{Ïýýò º~û ¬° ºßê 11 ð»†ó ¬…¬û º~û …¶•. ¬° °º}ú|ø†ÿ �éþ|�±ô�ýéò

…Ö³ô¬ó 5/0 ¬°¾~ °ðã~…ðú ¶Œ� …Ö³…ü¼ ¬ì†ÿ ®ôŽ º~û …¶• Þú ‹†

…Ö³…ü¼ ²ì†ó �±{õ¬øþ ¬ì†ÿ ®ôŽ …Ö³…ü¼ ü†Ö}ú ô  �̧ …² Æõæðþ º~ó

²ì†ó �±{õ¬øþ ¬° ø± ¶ú  ðíõðú ¬ì†ÿ ®ôŽ Þ†ø¼ ü†Ö}ú …¶•. ìÛ†ü·ú

ºßê 3 ô ›~ôë 5 ð»†ó ìþ|¬ø~ Þú ÚŒê …² �±{õ¬øþ ðíõðú ì¥}õÿ 1/0

¬°¾~ °ðã~…ðú ¬…°…ÿ ¬°¾~ ‹éõ°üñãþ ‹ý»}± ô {Ï~…¬ ‹éõ°ø†ÿ

‹ý»}±ÿ ð·Œ• ‹ú ðíõðú ì¥}õÿ 5/0 ¬°¾~ °ðã~…ðú …¶•.  ¬ì†ÿ ®ôŽ€

ì±‹õÉ ‹ú ®ôŽ  º~ó ‹éõ°ø†¶• Þú Ÿõó ‹éõ°ø†ÿ ðõÑ¬ì†ÿ ®ôŽ

Þí}±ÿ ð·Œ• ‹ú ‹éõ°ø†ÿ  ðõÑ¬…°ð~€ Þí}± ‹õ¬ó ¬ì†ÿ ®ôŽ °º}ú

ì¥}õÿ 1/0 ¬°¾~ °ðã~…ðú ð·Œ• ‹ú ðíõðú ì¥}õÿ 5/0 ¬°¾~ °ðã~…ðú ‹†

…üò ¬èýê  {õ›ýú ìþ|ºõ¬. …² …üò °ô€ �̧ …² �±{õ¬øþ °ôð~ÿ ì}×†ô– ¬°

¬ì†ÿ ®ôŽ ðíõðú ø† ì»†ø~û º~û …¶•.  ìÛ†ü·ú ›~ôë ø†ÿ 4 ô 5 ‹†

ºßê|ø†ÿ 01 ô 11  ð»†ó ìþ|¬ø~ Þú ø± ›† ìÛ~…° ‹éõ°ø†ÿÞ†ø¼

ü†Ö}ú ¬ì†ÿ ®ôŽ …Ö³…ü¼ ü†Ö}ú …¶• Þú ²ü†¬{± º~ó ¬ì†ÿ ®ôŽ ‹ú ¬èýê

…Ö³…ü¼ ‹éõ°ø†ÿüÏñþ …ð}Û†ë Ö†² ‹}† ‹ú „è×† …¶•.

Þ†ø¼ ¬ì†ÿ ®ôŽ ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ ð†ºþ …² ô…Þñ¼|ø†ÿ

…Þ·†ü¼ ¬° ¶Ç¦ ‹éõ° …¶• Þú ìñœ± ‹ú …Ö³…ü¼ …ð±ÿ́ „²…¬ ¶Ç¥þ

‹éõ°ø† ìþ|ºõ¬.  øí†ó Æõ° Þú â×}ú º~û …¶• ]52€3-1[  ‹©¼|ø†ÿ

‹éõ°ÿ …² �ý»±ôÿ ðõ°{©±ü� ìí†ðÏ• ìþ|Þññ~€ ²ü±… {©±ü� ¬° ðõ…¤þ

‹þ|ºßê …{×†Ý ìþ …Ö}~ ô ¬° ð}ýœú ðíõðú|ø†üþ Þú …² …‹}~… ¬…°…ÿ  ¬°¾~

‹éõ°üñãþ ‹ý»}±ÿ ‹õ¬û|…ð~€ ‹†ü~ Þí}± {©±ü� ºõð~. ‹éõ°ø†üþ Þú ¬° …÷±

ðõ°…Þ·†ü¼ ‹ú ô›õ¬ ìþ|„üñ~€ ‹ú ¬èýê ð†ÚÀ ‹õ¬ó ¶†̈}†°º†ó ìÏíõæ_

¬ì†ÿ ®ôŽ Þí}±ÿ ð·Œ• ‹ú ‹éõ°ø†ÿ …ôèýú ¬…°ð~. ìÛ~…° ‹éõ°ø†ÿ ð†ÚÀ

‹† ²ì†ó �±{õ¬øþ …Ö³…ü¼ ìþ|ü†‹~ )…ð}Û†ë|ø†ÿ Ö†² ‹éõ°ÿ º†ü~ ¶Œ�

{»ßýê ‹éõ°ø†ÿ ›~ü~ ºõð~( ô ‹éõ°ø†ÿ {»ßýê º~û ¬ì†ÿ ®ôŽ

Þí}±ÿ ¬…°ð~.

α

β

α

β

β

ºßê 01-{Óýý±…– ¬ì†ÿ ®ôŽ Öýéî|ø†ÿ �éþ|�±ô�ýéò ì¥}õÿ °ðã~…ðú ¬°

²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.

ºßê 11-{Óýý±…– ¬ì†ÿ ®ôŽ °º}ú|ø†ÿ �éþ|�±ô�ýéò ì¥}õÿ °ðã~…ðú

¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.

ºßê 8-…èãõÿ �±…½ �±{õ Xðíõðú Öýéî �éþ|�±ô�ýéò ì¥}õÿ 1/0 ¬°¾~

°ðã~…ðú ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.

ºßê 9-…èãõÿ �±…½ �±{õ Xðíõðú Öýéî �éþ|�±ô�ýéò ì¥}õÿ 5/0 ¬°¾~

°ðã~…ðú ¬° ²ì†ó|ø†ÿ ì©}éØ �±{õ¬øþ.
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ìÛ†ü·ú {Óýý±…– ºýíý†üþ ¤†¾ê …² ðõ° …Þ·†ü¼ Öýéî ô °º}ú|ø†ÿ �éþ|�±ô�ýéò ¬…°…ÿ °ðã~…ðú ... ²ø±… …¤í~ÿ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 6€ ‹ƒùƒíƒò -…¶ƒ×ƒñƒ~ 6831 

{Óýý±…– ºýíý†üþ

ðõ°…Þ·†ü¼ �éþ �±ô�ýéò ¬° …÷± �±{õ¬øþ ‹ú ô¶ýéú ðõ° ̈õ°ºý~ ìñœ± ‹ú

ô…Þñ¼|ø†ÿ …Þ·†ü¼ ¬° �éýí± ìþ|ºõ¬. …üò ô…Þñ¼ ø† ²ðœý±ÿ ‹õ¬û ô ‹†

{»ßýê °…¬üß†ë|ø†ÿ „²…¬ ô â±ôû|ø†ÿ …Þ·†ü¼ ðËý± øý~°ô�±ôÞ·ý~ ô

Þ±‹õðýê ¶Œ� Þ†ø¼ ̈õ…Á Öý³üßþ �éýí± ìþ|ºõð~. ¬° {»ßýê ô

{·±üÐ ô…Þñ¼|ø†ÿ …Þ·†ü¼ Îõ…ìê ì}Ï~¬ÿ ìõö÷±ð~. ô›õ¬ …Ö³ô¬ðþ|ø†

¬° ¾õ°– ›Ž̄ ðõ° ìþ|{õ…ð~ ô…Þñ¼|ø†ÿ ðõ°…Þ·†ü¼ °… ì}õÚØ Þ±¬û

ü† ‹ú {†‡̈ý± ‹ý†ð~…²¬. ìÇ†èÏ†– ‹·ý†° ²ü†¬ÿ ¬° ìõ°¬ ô…Þñ¼|ø†ÿ

ðõ°…Þ·†ü¼ ô ¶†² ô Þ†° „ðù† ¬° º±…üÈ ì©}éØ ðõ°…Þ·†ü¼ ô

ðõ°{©±ü� …ðœ†ï º~û …¶• ]13[.

ºßê|ø†ÿ 21 ô 31 ì±‹õÉ ‹ú {Óýý±…– â±ôû|ø†ÿ …Þ·†ü¼ )Þ±‹õðýê ô

øý~°ô�±ôÞ·ý~( ¬° ðíõðú|ø†ÿ Öýéî �éþ|�±ô�ýéò€ ð»†ó ìþ|¬ø~ Þú

…¶}×†¬û …² °ðã~…ðú Ö}†èõ¶ý†ðýò ‹ú {ñù†üþ ð}õ…ð·}ú �†ü~…°ÿ ðõ°ÿ °… ‹±…ÿ

Öýéî|ø†ÿ �éþ|�±ô�ýéò Ö±…øî Þñ~. ¬° …‹}~… ô ÚŒê …² �±{õ¬øþ â±ôû|ø†ÿ

…Þ·†ü¼ ¬° ðíõðú Òý±°ðãþ ‹ý»}± …¶•€ …ì† ‹† …Ö³…ü¼ ²ì†ó �±{õ¬øþ

{Ï~…¬ â±ôû|ø†ÿ …Þ·†ü¼ ¬° ðíõðú|ø†ÿ °ðãþ …Ö³…ü¼ ‹ý»}±ÿ ð»†ó

ìþ|¬ø~. ‹ýò ¬ô ðíõðú °ðãþ …¶}×†¬û …² °ðã~…ðú ‹† ÒéË• ‹ý»}± …÷±

�†ü~…°Þññ~âþ ð·Œþ °… ð»†ó ìþ|¬ø~. ¬° �µôø¼|ø†ÿ ÚŒéþ ‹ú …÷±

�†ü~…°Þññ~âþ °ðã~…ðú Ö}†èõ¶ý†ðýò ‹ú øí±…û �†ü~…° Þññ~û|ø†ÿ ðõ°ÿ ðõÑ

„ìýñþ ¬° ðõ° …Þ·†ü¼ �éþ|�±ô�ýéò …º†°û º~û ‹õ¬ ]91[. ¬° …üò �µôø¼€

¬° Òý†Ž �†ü~…°Þññ~û ðõ°ÿ ÒéË• ‹ý»}± °ðã~…ðú ¬…°…ÿ …÷±

�†ü~…°Þññ~âþ ‹ù}±ÿ …¶•. ‹ý»}± ‹õ¬ó ¬°¾~ ‹éõ°üñãþ ¬° ðíõðú Öýéî

ì¥}õÿ ÒéË• ‹ý»}± °ðã~…ðú€ �ý»±ôÿ ô…Þñ¼|ø†ÿ …Þ·†ü¼ °… ¬°

ðõ…¤þ ‹þ|ºßê üÏñþ {õèý~ °…¬üß†ë �éýí± ô {»ßýê â±ôû|ø†ÿ

øý~°ô�±ôÞ·ý~ °… ¬° ì¥ê °…¬üß†ë {»ßýê º~û ì¥~ô¬ Þ±¬û …¶•€ ‹ú
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