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n this research, the tacticity and microstructure of polyvinyl chloride (PVC)

were studied through back bone methylene and methine carbons and protons

splitting by carbon (13C NMR), proton (1H NMR) and two-dimensional (2D

NMR) nulear magnetic resonance spectroscopy in deuterated tetrahydrofuran.

Polyvinyl chloride was synthesized by emulsion polymerization of vinyl chloride

(VCM) under pressure to about %90 conversion with %45 solid content at 60�C. The

assignments of all stereosequences were done at tetrad and pentad levels of methyl-

ene and methine carbons of the polyvinyl chloride respectively, using by 13C liquid

NMR. Bernoullian and first-order Markov statistics models were calculated and the

results are compared with the experimental NMR results. It was shown that

Bernoullian and first-order Markov statistics fit almost equal for the assigned meth-

ylene and methine carbons and that the probability of meso addition (Pmm) value in

polyvinyl chloride chains was calculated to be 0.447. 1H NMR of PVC was assigned

via heteronuclear multiple quantum coherence technique (HMQC) for methylene and

methine groups at triad sequence levels. Finally, by increasing the NMR acquisition

temperature from 20 to 50oC higher resolution in methylene and methine carbons

were achieved. In this case, the atactic sequence peaks splitted more than isotactic

and syndiotactic sequence peaks. 
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03 ¬°›ú€ ²ì†ó {†‡̈ý± s01 € ²ì†ó …Þ}·†Ž )emit noitisiuqca(|s95/1 ô

{Ï~…¬ 4 �õü¼ …ðœ†ï º~û …¶•. ‹ú øíýò {±{ý� ì»©¿†– „²ìõó|ø†

‹±…ÿ ÆýØ|ø†ÿ RMN C31‹† ²…ôüú Öéý‘ 09 ¬°›ú€ ²ì†ó {†‡̈ý± s|2€

²ì†ó …Þ}·†Ž s|95/1€ {Ï~…¬ 00002 �õü¼ ô …² ‹±ð†ìú �†ȩ̀ ô…›×• º~ó

¬°ô…²û|…ÿ )etag rewop(| …¶}×†¬û º~û …¶•.

‹±…ÿ …ðœ†ï ÆýØ|âý±ÿ ¬ô‹Ï~ÿ …² °ô½ …°{Œ†É Þõ…ð}õìþ Ÿñ~â†ðú

ø·}ú|ø†ÿ ð†øíãò )ecnerehoc mutnauq elpitlum raelcunoreteh(|

‹† ‹±ð†ìú �†ȩ̀ …¶}†ð~…°¬ fqpgcqmh| …¶}×†¬û º~û …¶•. ÆýØ|ø† ‹† 652

¬…¬û …² ‹Ï~ 1F| ô 4201 ¬…¬û …² ‹Ï~  2F| ‹† 051 �õü¼ ô ²ì†ó {†‡̈ý± s5/1

â±Ö}ú º~û …¶•.  |

ð}†ü� ô ‹¥™

¬° …üò �µôø¼€ …‹}~… ð}†ü� ‹±°¶þ º~û ‹ú Þíà RMN C31| °ôÿ

�éþ|ôüñýê|Þé±ü~ ¶ñ}³ÿ ‹ú °ô½ …ìõè·ýõðþ …°²ü†‹þ º~. …¾õæ_ ‹ú ¬èýê

ôÂõ§ ‹ù}± ô �ùñ†ÿ �õü¼ ô¶ýÐ|{±€ ¬° …Þ±̃ ìÇ†èÏ†– °ü³¶†̈}†° …² „ó

…¶}×†¬û ìþ|ºõ¬. ‹ù±û|âý±ÿ …² ÆýØ|ø†ÿ RMN C31‹†Î™ ìþ|ºõ¬€

{õ²üÐ {õ…èþ|ø†ÿ Ÿñ~{†üþ °… ¬° �éþ|ôüñýê|Þé±ü~ ‹ú °…¤}þ ìÇ†èÏú Þ±¬. 

ºßê 1 ÆýØ RMN C31| �éþ|ôüñýê|Þé±ü~ …¶• Þú ¬ô ðõÑ Þ±‹ò ¬°

„ó ¬ü~û ìþ|ºõ¬. Þ±‹ò|ì}ýéò ¬° ð†¤ýú ìý~…ó ‹†æ ô Þ±‹ò ì}ýò ¬° ð†¤ýú

ìý~…ó �†üýò …² ²ðœý± …¾éþ ¬ü~û ìþ|ºõð~. ¬ô Þ±‹ò ì}ýò ô ì}ýéò …²

²ðœý± …¾éþ ‹ú {±{ý� ºß†Ö• {õ…èþ|ø†ÿ Ÿù†° ô �ñ�|{†üþ ¬…°ð~ Þú

ìþ|{õ…ó ìÇ†èÏ†– ðËî ÖÃ†üþ °… °ôÿ „ðù† …ðœ†ï ¬…¬. âí†°½ {õ…èþ|ø†ÿ

Þ±‹ò ì}ýò ô ì}ýéò ‹±â±Ö}ú …² âí†°½ uiLô øíß†°…ó ]51[€ odnEô

øíß†°½ ]81[ ô illenoTô øíß†°…ó ]02[ …¶• Þú „ðù† ðý³ ÆýØ|âý±ÿ

¨õ¬ °… ‹ú ô¶ýéú ¬¶}ã†û|ø†üþ ‹† Ú~°– ìÓñ†Æý·þ ì}×†ô– …ðœ†ï ¬…¬û ô

ºß†Ö• ì»†‹ùþ ¬° ø± ¬ô Þ±‹ò ì»†ø~û Þ±¬û|…ð~. …â± Ÿú ¬°

�µôø¼|ø†ÿ ì©}éØ ®Þ± º~û Ú~°– ¬¶}ã†û ìÓñ†Æý·þ€ ðõÑ ¤çë

¬ô{±üî|¬…° ô ¬ì†ÿ „²ìõó ì}×†ô– …¶• ô ‹†Î™ ºß†Ö}ãþ ü† øî|�õº†ðþ

‹±̈þ �ýà|ø† º~û …¶•€ ôèþ {Û·ýî|‹ñ~ÿ Þéþ �ýà|ø† Þ†ìç_ ì»†‹ú

üà|¬üã± …¶• ô ìþ|{õ…ó …² „ðù† ¬° âí†°½ �ýà|ø† …¶}×†¬û Þ±¬.

ÆýØ RRMMNN  CC3311| Þ±‹ò ì}ýò

Þ±‹ò ì}ýò …² ²ðœý± …¾éþ �éþ|ôüñýê|Þé±ü~€ Þ±‹ò ð†ì}Û†°ó …¶• ô ‹ú

Îé• {õ²üÐ ô „°…ü¼ ì}×†ô– â±ôû „ôü³…ó ‹ú „ó ìþ|{õ…ð~ „°…ü¼ ì}×†ô–

ÖÃ†üþ ¬…º}ú ‹†º~. ºßê 2 ÆýØ â·}±¬û RMN C31| Þ±‹ò ì}ýò ¬°

¤çë {}±…øý~°ô Öõ°…ó …¶• Þú ¬° ¬ì†ÿ Co02  ÆýØ|âý±ÿ …ðœ†ï º~û

…¶•. øí†ó|Æõ° Þú ¬° ºßê 2 ¬ü~û ìþ|ºõ¬€ ºß†Ö• …üò Þ±‹ò ¬°

ºßê 1 -ÆýØ ô…›×• º~û …² �±ô{õó RMN C31| �éþ|ôüñýê|Þé±ü~ ¬°

¤çë {}±… øý~°ôÖõ°…ó ¬ô{±üî|¬…° ¬° ¬ì†ÿ Co02.
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‹±°¶þ °ü³¶†̈}†° �éþ|ôüñýê Þé±ü~ ‹ú ô¶ýéú °ô½|ø†ÿ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú üà ô ¬ô ‹Ï~ÿ Ö±ºý~ Âý†üþ€ ¶ý~ ìù±¬…¬ ›éýéý†ó

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

ì¥~ô¬û mpp3/45 {† mpp9/65 ¬…°…ÿ º¼ º†̈ú ìœ³…¶• Þú …²

è¥†Í „ì†°ÿ ¬…°…ÿ {õ²üÐ {õ…èþ|ø†ÿ �ñ� {†üþ …¶•. ºß†Ö•|ø†ÿ ¶í•

°…¶• �ýà ‹ý»}± º†ìê {õ…èþ|ø†ÿ ì³ô ô ºß†Ö•|ø†ÿ ¶í• Ÿ‘ �ýà

‹ý»}± º†ìê {õ…èþ|ø†ÿ °…¶íýà …¶•. ‹ú ‹ý†ó ¬üã±€ º†̈ú|ø†ÿ 1€ 2 ô 3

‹©¼|ø†ÿ {à|ðËî€ º†̈ú|ø†ÿ 4 ô 5 ‹©¼|ø†ÿ ‹þ|ðËî ô º†̈ú 6

‹©¼ øî|ðËî ²ðœý± �éþ|ôüñýê|Þé±ü~ °… ð»†ó ìþ|¬ø~. ›~ôë 1 ðý³

…°{Œ†É ‹ýò {õ…èþ|ø†ÿ ì»†ø~û º~û€ ›†‹ú|›†üþ ºýíý†üþ€ …ð~…²û|âý±ÿ

¶Çõ§ ²ü±ìñ¥ñþ ‹ú øí±…û ì¥†¶Œ†– „ì†°ÿ ¬ô ì~ë ‹±ðõèþ ô ì†°ÞõÙ

ì±{Œú …ôë °… ‹±…ÿ Þ±‹ò ì}ýò ð»†ó ìþ|¬ø~.  |

¬° ìŒ†¤™ „ì†°ÿ …¤}í†ë ô›õ¬ {õ…èþ|ø†ÿ ì³ô )mP(| ô °…¶íýà )rP(|

‹ú Þíà ¬ô ìÏ†¬èú )1( ô )2( {Ï±üØ ìþ|ºõ¬. ¬° …üò ›† {õ…èþ|ø†ÿ

¶ú|{†üþ mm|€ rm| ô rr| ‹ú {±{ý� ìŒýò ‹©¼|ø†ÿ {à|ðËî€ ‹þ|ðËî ô

øî|ðËî ²ðœý± �éýí± …¶•:  |

)1(                                                                                 2/)rm + mm2( = mP||

)2(                                                                    2/)rm + rr2( = mP - 1 = rP

…°{Œ†É ‹ýò {õ…èþ|ø†ÿ ¶ú {†üþ ô �ñ� {†üþ ðý³ ‹ú Þíà ìÏ†¬èú|ø†ÿ )3( {†

)5( ‹ú ¬¶• ìþ„üñ~ Þú ‹ú ô…¶Çú …üò ìÏ†¬æ– ¬° ðù†ü• ìþ|{õ…ó …²

…ð~…²û|âý±ÿ Þíþ {õ…èþ|ø†ÿ �ñ� {†üþ€ …¤}í†ë ô›õ¬ {õ…èþ ì³ô )mP(|

¬°ôó ²ðœý± °… ìÏýò Þ±¬:  |

)3(                                                       rmmr + rmmm + mmmm = mm

)4(                                                rrmr + mrmr + rrmm + mrmm = rm

)5(                                                                          rrrr + rrrm + mrrm = rr

‹† …ð~…²û|âý±ÿ ¶Çõ§ ²ü± ìñ¥ñþ {õ…èþ|ø† ¬° ºßê 2 ô …¶}×†¬û …²

ìÏ†¬æ– )1( {† )5( ìþ|{õ…ó ìÛ~…° mP| °… ‹±…ÿ �éþ|ôüñýê|Þé±ü~ ì¥†¶Œú

Þ±¬. ìÇ†‹Ü ì¥†¶Œ†– …ðœ†ï º~û€ ìÛ~…° …¤}í†ë ô›õ¬ {õ…èþ ì³ô ‹±…‹±

744/0 …¶• Þú ð»†ó ìþ|¬ø~€ ¶ùî {õ…èþ|ø†ÿ °…¶íýà ð·Œ• ‹ú ì³ô

Þíþ ‹ý»}± …¶• ô �éýí± ¤†¾ê º~û ›³Š ¬¶}ú �éýí±ø†ÿ ‹þ|ðËî ‹ú

ºí†° ìþ|°ô¬. ¬° ¤†è• ‹þ|ðËî …ü~û„ë ìÛ~…° mP| ‹±…‹± 5/0 …¶• ]23[ ô

ìÛ~…° ì¥†¶Œú º~û ð»†ó ìþ|¬ø~€ �éýí± ‹ú ¬¶• „ì~û ð³¬üà ‹ú ‹þ|ðËî

…ü~û„ë …¶•. …¾õæ_ ¬° �éýí±ø†ÿ ôüñýéþ Þú ‹ú °ô½ °…¬üß†èþ „²…¬ ¶ñ}³

º~û|…ð~€ ìÛ~…° {õ…èþ °…¶íýà Þíþ ‹ý»}± …² {õ…èþ ì³ô …¶•. Îé• …üò

ºßê 2 -ÆýØ â·}±¬û ô…›×• º~û …² �±ô{õó RMN C31| Þ±‹ò ì}ýò

�éþ|ôüñýê Þé±ü~ ¬° ¤çë {}±…øý~°ôÖõ°…ó ¬ô{±üî|¬…° ¬° ¬ì†ÿ Co02.

›~ôë 1 -ð}†ü� {õ²üÐ {õ…èþ|ø†ÿ �ñ�|{†üþ Þ±‹ò ì}ýò �éþ|ôüñýê|Þé±ü~.

ì¥†¶Œ†{þ

)ì†°ÞõÙ ì±{Œú …ôë(

ì¥†¶Œ†{þ

)‹±ðõèþ(

…ð~…²|û|âý±ÿ

º~û

›†‹ú|›†üþ

ºýíý†üþ )mpp(
âí†°½

ºí†°û

�ýà

1060/0

7101/0

0340/0

4963/0

8411/0

0113/0

1160/0

8990/0

9930/0

2273/0

2221/0

8503/0

6970/0

9780/0

3730/0

2224/0

9160/0

1113/0

526/45

317/45

738/45

906/55

647/55

626/65

rmmr

rmmm

mmmm

rrmr + rrmm + mrmm

mrmr

rr

1

2

3

4

5

6



‹±°¶þ °ü³¶†̈}†° �éþ|ôüñýê Þé±ü~ ‹ú ô¶ýéú °ô½|ø†ÿ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú üà ô ¬ô ‹Ï~ÿÖ±ºý~ Âý†üþ€ ¶ý~ ìù±¬…¬ ›éýéý†ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 316

…¶• Þú ìí†ðÏ• ÖÃ†üþ â±ôû|ø†ÿ „ôü³…ó ‹†Î™ ìþ|ºõ¬ {† …üò â±ôû|ø†

…² è¥†Í ÖÃ†üþ …² øî ¬ô°{± ºõð~ ô ¤†è• °…¶íýà °… ‹ú ̈õ¬ ‹ãý±ð~.

‹† …Ö³…ü¼ ¬ì†ÿ �éýí±º~ó ]33[ ô …¶}×†¬û …² ìõ…¬ ‹† ÚÇŒý• ì}×†ô–

ìþ|{õ…ó {Óýý± ¬° ðËî ÖÃ†üþ °… …Îí†ë Þ±¬.  |

…Ö³ôó ‹± ì¥†¶Œú ìÛ~…° ü† …¤}í†ë ô›õ¬ {õ…èþ|ø†ÿ ì³ô ô °…¶íýà€

ìþ|{õ…ó ì¥†¶Œ†{þ ‹±…ÿ …ð~…²û|âý±ÿ Æõë ì}õ¶È {õ…èþ|ø†ÿ ì³ô )mN(|

ô °…¶íýà )rN(| …ðœ†ï ¬…¬ Þú …² ìÏ†¬æ– )6( {† )7( ‹ú ¬¶• ìþ„üñ~:  |

)6(                                                                              rm/)rm + mm2( = mN

)7(                                                                                    rm/)rm + rr2( = rN

¤†ë ‹† {õ›ú ‹ú ìÏ†¬æ– )6( ô )7( ô …¶}×†¬û …² ìÏ†¬æ– )3( {† )5(

ìþ|{õ…ó Æõë ì}õ¶È {õ…èþ|ø†ÿ ì³ô ô °…¶íýà °… ‹ú ¬¶• „ô°¬.

‹ñ†‹±…üò€ �̧ …² ì¥†¶Œ†– Æõë ì}õ¶È {õ…èþ|ø†ÿ ì³ô ô °…¶íýà ‹ú

{±{ý� ‹±…‹± 648/1 ô 582/2 ‹ú ¬¶• ìþ„ü~. …² è¥†Í ðË±ÿ€ ôÚ}þ �éýí±ÿ

‹þ|ðËî …ü~û„ë …¶• Þú ìÛ~…° Æõë ì}õ¶È {õ…èþ|ø†ÿ ì³ô ô °…¶íýà „ó

‹±…‹± 2 ‹†º~ ]23[ ô ìÛ†¬ü± ‹ú ¬¶• „ì~û ðý³ ð»†ó ìþ|¬ø~€ �éýí± ¶ñ}³

º~û {Û±üŒ†_ ‹ú �éýí± ‹þ|ðËî ð³¬üà …¶•.  

…Ö³ôó ‹± Æõë ì}õ¶È ô …¤}í†ë ô›õ¬ {õ…èþ|ø†ÿ ì³ô ô °…¶íýà€

„°…ü¼ ìõðõì±ø† ¬°ôó ²ðœý± �éýí± ìþ|{õ…ð~ ìÇ†‹Ü üßþ …² ¬ô ì~ë

ºñ†̈}ú º~û ‹±ðõèþ ü† ì†°ÞõÙ ‹†º~. ¬° ì~ë ‹±ðõèþ …Â†Öú º~ó

ìõðõì± ‹ú ²ðœý± ¬° ¤†ë °º~ ¬° ôÂÏý• ì³ô ü† °…¶íýà …°{Œ†Æþ ‹ú

{†°ü©¡ú ìõðõì±ø†ÿ ÚŒéþ ð~…°¬ ô ì·}Ûê …¶•. …ì†€ ¬° ‹±̈þ ìõ…°¬

…Â†Öú º~ó ìõðõì± ‹ú ²ðœý± ¬° ¤†ë °º~ ¬° ôÂÏý• ì³ô ô °…¶íýà

…°{Œ†É ‹ú ôÂÏý• ô {†°ü©¡ú ìõðõì± ÚŒéþ ¬…°¬ ô …² ì~ë ì†°ÞõÙ ì±{Œú

…ôë �ý±ôÿ ìþ|Þñ~. ì~ë „ì†°ÿ ì†°ÞõÙ ì±{Œú …ôë …² ìÏ†¬æ– )8( ô )9(

Ú†‹ê ì¥†¶Œú|…ð~:

)8(                                              )rm + mm2( / rm = m/mP - 1 =r/mP

)9(                                                        )rm + rr2( / rm = r/rP - 1 = m/rP

Þú ¬° …üò ›† ‹ú Æõ° ì˜†ë r/mP| üÏñþ …¤}í†ë …Â†Öú º~ó ìõðõì± ‹ú

ºßê °…¶íýà …¶•€ ‹ú Æõ°ÿ Þú ìõðõì± ÚŒéþ ‹ú ºßê ì³ô ô…°¬ º~û

…¶•. ‹±…ÿ ì˜†ë€ ìÏ†¬æ– ‹±ðõèþ ô ì†°ÞõÙ ì±{Œú …ôë ‹±…ÿ {õ…èþ

�ñ�|{†üþ mmrm| ‹ú {±{ý� rP
3
mP2ô  m/mP m/rP r/mP mP2¨õ…ø~

‹õ¬. ‹±…ÿ …üò Þú ì»©À ºõ¬ ¬…¬û|ø†ÿ {œ±‹þ ‹† üßþ …² ì~ë|ø† …ðÇŒ†Ý

¬…°¬€ ìþ|{õ…ó …ð¥±…Ù ìÏý†° ¬…¬û|ø†ÿ {œ±‹þ ø± üà …² ì~ë|ø† °…

ì¥†¶Œú ô ìÛ~…° …ðÇŒ†Ý °… ¶ñœý~.

ÆýØ RRMMNN  CC3311Þ±‹ò ì}ýéò

Þ±‹ò ì}ýéò …² ²ðœý± …¾éþ �éþ|ôüñýê|Þé±ü~ ð·Œ• ‹ú Þ±‹ò ì}ýò ¬°

ìý~…ó ìÓñ†Æý·þ ‹†æ{± Ê†ø± º~û ô ‹ú Îé• {õ²üÐ ô „°…ü¼ ì}×†ô–

â±ôû „ôü³…ó …Æ±…Ù „ó€ ìþ|{õ…ð~ „°…ü¼ ì}×†ô– ÖÃ†üþ ¬…º}ú ‹†º~.

ºßê 3 ÆýØ â·}±¬û RMN C31| Þ±‹ò ì}ýéò ¬° ¤çë {}±… øý~°ôÖõ°…ó

¬ô{±üî|¬…° …¶• Þú ¬° ¬ì†ÿ Co02 …ðœ†ï º~û …¶•. øí†ó|Æõ° Þú ¬°

ºßê 3 ¬ü~û ìþ|ºõ¬€ ºß†Ö• …üò Þ±‹ò ¬° ì¥~ô¬û mpp7/34 {†

mpp|9/54 ¬…°…ÿ �ñ� º†̈ú ô …² è¥†Í „ì†°ÿ ¬…°…ÿ {õ²üÐ {õ…èþ|ø†ÿ

Ÿù†°{†üþ )dartet(| …¶•. ºß†Ö•|ø†ÿ ìý~…ó ìÓñ†Æý·þ ‹†æ ‹ý»}±

º†ìê {õ…èþ|ø†ÿ ì³ô ô ºß†Ö•|ø†ÿ ìý~…ó ìÓñ†Æý·þ �†üýò ‹ý»}± º†ìê

{õ…èþ|ø†ÿ °…¶íýà …¶•. ›~ôë 2 ðý³ …°{Œ†É ‹ýò {õ…èþ|ø†ÿ ì»†ø~û

º~û€ ›†‹ú|›†üþ ºýíý†üþ€ …ð~…²û|âý±ÿ ¶Çõ§ ²ü± ìñ¥ñþ ‹ú øí±…û

ì¥†¶Œ†– „ì†°ÿ ¬ô ì~ë ‹±ðõèþ ô ì†°ÞõÙ ì±{Œú …ôë °… ‹±…ÿ Þ±‹ò

ì}ýéò ð»†ó ìþ|¬ø~.

‹±…ÿ {ÇŒýÜ ¬…¬û|ø†ÿ {œ±‹þ ‹† ø± üà …² ì~ë|ø†ÿ ‹±ðõèþ ô ì†°ÞõÙ

ì±{Œú …ôë ìþ|{õ…ó …² …ð¥±…Ù ìÏý†° …¶}×†¬û Þ±¬ Þú ìœíõÑ ì±‹Ð

…̈}çÙ ‹ýò ìÛ†¬ü± ì»†ø~û º~û ô ì¥†¶Œ†{þ )2> d <(| {Û·ýî ‹±

{Ï~…¬ ¬…¬û|ø†¶•. ìÛ~…° …ð¥±…Ù ìÏý†° ‹±…ÿ Þ±‹ò|ø†ÿ ðõÑ ì}ýéò ô ì}ýò

°… ìþ|{õ…ó ¬° ›~ôë 3 ì»†ø~û Þ±¬.

‹± �†üú ð}†ü� ›~ôë 3 ø± ¬ô ì~ë ‹±ðõèþ ô ì†°ÞõÙ ì±{Œú …ôë {Û±üŒ†_ ‹ú

ºßê 3 -ÆýØ â·}±¬û ô…›×• º~û …² �±ô{õó RMN C31| Þ±‹ò ì}ýéò

�éþ ôüñýê Þé±ü~ ¬° ¤çë {}±…øý~°ôÖõ°…ó ¬ô{±üî|¬…°  ¬° ¬ì†ÿ Co02.
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‹±°¶þ °ü³¶†̈}†° �éþ|ôüñýê Þé±ü~ ‹ú ô¶ýéú °ô½|ø†ÿ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú üà ô ¬ô ‹Ï~ÿ Ö±ºý~ Âý†üþ€ ¶ý~ ìù±¬…¬ ›éýéý†ó

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

üà ìÛ~…° …ð¥±…Ù ìÏý†° ¬…º}ú€ ‹ñ†‹±…üò ðíþ|{õ…ó …Êù†° ðË± Ú†ÆÏþ

¬°‹†°û „°…ü¼ ìõðõì±ø† ¬°ôó ²ðœý± ¬…º•. ‹ñ†‹±…üò ‹† {õ›ú ‹ú ð}†ü� ‹ú

¬¶• „ì~û ¬° ›~ôë 3 ô ôÂõ§ ô {×ßýà ‹ù}± {õ…èþ|ø†€ ‹ú ð}†ü� Þ±‹ò

ì}ýò ‹±…ÿ ì¥†¶Œ†– ‹ý»}± ìþ|{õ…ó …Î}í†¬ Þ±¬. ‹† …üò Ö±Å ìþ|{õ…ó

…®Î†ó ¬…º•€ „°…ü¼ ²ðœý±ø†ÿ �éþ|ôüñýê|Þé±ü~ …² ø± ¬ô ì~ë ‹±ðõèþ ô

ì†°ÞõÙ ì±{Œú …ôë {Û±üŒ†_ ‹ú üà ìÛ~…° {ŒÏý• ìþ|Þñ~. …üò ¬° ¤†èþ …¶•

Þú uiL| ô øíß†°…ó ð}†ü� {œ±‹þ ̈õ¬ °… {ñù† ‹† ì~ë ‹±ðõèþ ìÇ†‹Û• ¬…¬û

ô {ÇŒýÜ Ú†‹ê ÚŒõèþ °… â³…°½ Þ±¬û|…ð~ ]51[.

…÷± ¬ì†ÿ ÆýØ|âý±ÿ ¬° {¥éýê Þ±‹ò|ø†ÿ ì}ýò ô ì}ýéò

…â± ¬ì†ÿ ÆýØ|âý±ÿ ‹ú Þíà ¬¶}ã†û RMN| …Ö³…ü¼ ü†‹~€ ôÂõ§

‹ùŒõ¬ ü†Ö}ú ô {Ï~…¬ �ýà|ø†ÿ ›Ž̄ …Ö³…ü¼ ìþ|ü†‹~. ºßê 4 ÆýØ|ø†ÿ

RMN C31 |ð†¤ýú Þ±‹ò|ø†ÿ ì}ýò ô ì}ýéò …² �éþ|ôüñýê|Þé±ü~ °… ¬° ¬ì†ÿ

C
o05 ð»†ó ìþ|¬ø~.

øí†ó Æõ° Þú …² ºßê 4 ìþ|{õ…ó ì»†ø~û Þ±¬€ {Ï~…¬ �ýà|ø†ÿ Þ±‹ò

ì}ýò ‹† …Ö³…ü¼ ¬ì†ÿ „²ìõó …² 6 ‹ú 8 �ýà ô {Ï~…¬ �ýà|ø†ÿ Þ±‹ò ì}ýéò

…² 5 ‹ú 8 �ýà …Ö³…ü¼ ìþ|ü†‹~. ‹ñ†‹±…üò ìþ|{õ…ó ð}ýœú â±Ö•€ ¬° ¬ì†ÿ

C
o05 {õ…èþ|ø†ÿ øî|ðËî …² Þ±‹ò|ø†ÿ ì}ýò ô ì}ýéò ‹ý»}± …² ‹©¼|ø†ÿ

{à|ðËî ¬° ìÏ±Å ºß†Ö• Ú±…° ìþ|âý±ð~ Þú ¬° ¬ì†ÿ �†üýò …üò

›~ôë 2 -ð}†ü� {õ²üÐ {õ…èþ|ø†ÿ Ÿù†°{†üþ Þ±‹ò ì}ýéò �éþ|ôüñýê Þé±ü~.

ì¥†¶Œ†{þ

)ì†°ÞõÙ ì±{Œú …ôë(

ì¥†¶Œ†{þ

)‹±ðõèþ(

…ð~…²|û|âý±ÿ

º~û

›†‹ú|›†üþ

ºýíý†üþ )mpp(
âí†°½

ºí†°û

�ýà

9390/0

9501/0

0222/0

2272/0

0603/0

3980/0

5011/0

0122/0

4372/0

8503/0

4141/0

0380/0

3902/0

6632/0

7923/0

162/44

993/44

716/44

117/44

316/54

mmm

mrm

rmm

mrr

rmr + rrr

1

2

3

4

5

›~ôë 3 -ìÛ†¬ü± …ð¥±…Ù ìÏý†° ì~ë|ø† ô ¬…¬û|ø†ÿ {œ±‹þ ‹±…ÿ

Þ±‹ò|ø†ÿ ì}ýò ô ì}ýéò …² �éþ|ôüñýê Þé±ü~.

…ð¥±…Ù ìÏý†°
ðõÑ Þ±‹ò

ì†°ÞõÙ ì±{Œú …ôë ‹±ðõèþ

3-01 ×0/1

4-01 ×5/9

3-01 ×1/1

3-01 ×1/1

ì}ýò )enihtem(|

ì}ýéò )enelyhtem(

ºßê 4 -ÆýØ â·}±¬û ô…›×• º~û …² �±ô{õó RMN C31| Þ±‹ò|ø†ÿ:

)…èØ( ì}ýéò ô )Ž( ì}ýò �éþ|ôüñýê|Þé±ü~ ¬° ¤çë {}±…øý~°ôÖõ°…ó

¬ô{±üî|¬…° ¬° ¬ì†ÿC
o05.

)…èØ(

)Ž(



‹±°¶þ °ü³¶†̈}†° �éþ|ôüñýê Þé±ü~ ‹ú ô¶ýéú °ô½|ø†ÿ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú üà ô ¬ô ‹Ï~ÿ Ö±ºý~ Âý†üþ€ ¶ý~ ìù±¬…¬ ›éýéý†ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 318

ºß†Ö• ¬ü~û ðíþ|º~. …² Æ±Öþ€ ‹©¼|ø†ÿ {à|ðËî …² Þ±‹ò ì}ýéò Þú

¬° ¬ì†ÿ �†üýò ‹† ‹©¼|ø†ÿ ‹þ|ðËî øî|�õº†ðþ ¬…º}ú€ ¬° ¬ì†ÿ ‹†æÿ

„²ìõó Þ†ìç_ {×ßýà º~û ô ôÂõ§ ̈õ‹þ ¬…°¬. …¾õæ_ …Ö³…ü¼ ¬ì† ¶Œ�

…²¬ü†¬ {¥±á ÚÇÏ†– ²ðœý± ¬°ôó ¤çë º~û ô ²ì†ó „¶†ü¼ ø·}ú|ø†ÿ

‹±…ðãý©}ú °… …Ö³…ü¼ ìþ|¬ø~. ‹ñ†‹±…üò€ ‹† …Ö³…ü¼ ²ì†ó „¶†ü¼ �ùñ†ÿ

ðýíú ðõ…° �ýà|ø† Þ†ø¼ ü†Ö}ú ô ôÂõ§ {õ…èþ|ø† …Ö³…ü¼ ìþ|ü†‹~. ¬°

ð}ýœú {Ï~…¬ º†̈ú|ø† ‹† …Ö³…ü¼ ¬ì†ÿ ÆýØ|âý±ÿ ‹ý»}± ìþ|ºõ¬.

øí†ó|Æõ° Þú ¬° ì±…›Ð ‹ú „ó …º†°û º~û ]23[ {õ…èþ|ø†ÿ Ÿù†°{†üþ …²

è¥†Í ðË±ÿ ¬…°…ÿ 6 º†̈ú ô {õ…èþ|ø†ÿ �ñ� {†üþ ¬…°…ÿ 01 º†̈ú|…ð~.

‹ñ†‹±…üò€ ‹† ì»†ø~û 8 º†̈ú ¬° ð†¤ýú Þ±‹ò ì}ýéò ìþ|{õ…ó ð}ýœú â±Ö•€

‹±̈þ …² º†̈ú|ø†ÿ Ÿù†°{†üþ ºß†Ö}ú º~û ô ‹ú {õ…èþ|ø†ÿ º¼|{†üþ

)daxeh( {Œ~üê º~û|…ð~ ô ‹±̈þ …² º†̈ú|ø†ÿ Ÿù†°{†üþ ºß†Ö}ú ð»~û ô

øî|�õº†ðþ ¬…°ð~. üßþ …² ¬æüéþ Þú ‹±̈þ …² �ýà|ø† ºß†Ö}ú ô ‹±̈þ

ºß†Ö}ú ðíþ|ºõð~€ º~– „ðù†¶•. ‹~üò|ìÏñþ Þú ‹† …Ö³…ü¼ ¬ì†ÿ „²ìõó

RMN€ ‹ú Îé• Þî ‹õ¬ó ìÛ~…° º~– ð†¤ýú {à|ðËî )mm( ºß†Ö• ¬°

„ó ¬ü~û ðíþ|ºõ¬€ ôèþ ¬° ðõ…¤þ øî|ðËî ô ‹þ|ðËî �ýà|ø† ºß†Ö}ú

º~û|…ð~. {í†ï �ýà|ø† ô �ý»ñù†¬ °ü³¶†̈}†° {õ…èþ|ø†ÿ �ñ� ô º¼|{†üþ „ó

°… ìþ|{õ…ó øí±…û ‹† ì¥†¶Œ†– „ì†°ÿ ¬° ›~ôë 4 ì»†ø~û Þ±¬.

ìÇ†‹Ü ð}†ü� ›~ôë 4€ ì¥†¶Œ†– ì~ë „ì†°ÿ ô ð}†ü� {œ±‹þ ‹±…ÿ ø±

ø»• ¬…¬û Þ±‹ò|ø†ÿ ì}ýéò ô ì}ýò …ð¥±…Ù ìÏý†°ÿ ‹³°å|{± …² ¤†è•

ÚŒéþ ¬…°ð~ ô ð»†ó|¬øñ~û „ó …¶• Þú {õ…èþ|ø†ÿ ì©}éØ �éþ|ôüñýê|Þé±ü~

¬° ¤çë {}±…øý~°ô Öõ°…ó ¬ô{±üî|¬…° ¬…°…ÿ ²ì†ó „¶†ü¼ ì}×†ô– …¶•

ô …ð}©†Ž âí†°½ ìþ|{õ…ð~ ì}×†ô–|{± …² �µôø¼|ø†ÿ ¶†ü± �µôø»ã±…ó

…ðœ†ï ºõ¬. ¬° ¤†èþ Þú ¬° Þ†° illenoT| ô øíß†°…ó ]02[€ ÆýØ|âý±ÿ ¬°

¤çë 1€2€4- {±ÿ Þé±ô ‹ñ³ó ô ¬° ¬ì†ÿ Co021 …ðœ†ï â±Ö}ú ô ºß†Ö•

º¼ º†̈ú|…ÿ ì»†ø~û º~. ‹ñ†‹±…üò€ ðõÑ ¤çë ¬ô{±üî|¬…° …ð}©†‹þ ðý³

ìþ|{õ…ð~ …÷± Ú†‹ê {õ›ùþ °ôÿ âí†°½ �ýà|ø† ¬…º}ú ‹†º~. …üò ¬° ¤†èþ

…¶• Þú arumawaK| ô øíß†°…ó ]43[  ðý³ ‹ú ð}†ü� ì»†‹ùþ °ôÿ

�éþ|…¶}ý±ó ¬¶• ü†Ö}ñ~ ô ðõÑ âí†°½ Þ±‹ò ðõÑ Ÿù†°ï ¤éÛú ‹ñ³ðþ ¬°

¤çë|ø†ÿ Þé±ôÖ±ï ¬ô{±üî|¬…° ô 1€2- ¬ÿ|Þé±ô‹ñ³ó ¬ô{±üî|¬…° Þ†ìç_

ì}×†ô– …¶•. ‹ñ†‹±…üò€ ìþ|{õ…ó …üò …ð}Ë†° °… ¬…º• Þú �éþ|ôüñýê|Þé±ü~

¬° ¤çë {}±…øý~°ôÖõ°…ó ¬ô{±üî|¬…° ¬…°…ÿ âí†°½ {õ…èþ|ø†ÿ ì}×†ô{þ

…¶• ô ‹† ¶†ü± â³…°½|ø† Þú ¬° ¶†ü± ¤çë|ø†ÿ ¬ô{±üî|¬…° …ðœ†ï º~û

ì}í†ü³ …¶•. ðß}ú ¤†³̂ …øíý• ¬°‹†°û ºß†Ö• Þ±‹ò ì}ýéò ô …÷± ¬ì†ÿ

„²ìõó Þú ð}†ü� „ó ¬° ›~ôë 4 ¬ü~û ìþ|ºõ¬€ ì±‹õÉ ‹ú ºß†Ö• {õ…èþ

Ÿù†°{†üþ ‹ú {õ…èþ º¼|{†üþ …¶• Þú {ñù† ¬° ðõ…¤þ ‹þ|ðËî …{×†Ý …Ö}†¬û

…¶•. øí†ó|Æõ° Þú …º†°û º~€ ¶†̈}†° �éþ|ôüñýê|Þé±ü~ ¶ñ}³ º~û Þú

ì}í†üê ‹ú ¶†̈}†° ‹þ|ðËî Þ†ìê …¶•€ ¶Œ� º~û ðõ…¤þ ‹þ|ðËî ÆýØ

Þ±‹ò ì}ýéò Þú ¬…°…ÿ º~– ‹ý»}±ÿ ø·}ñ~€ ¬Ÿ†° ºß†Ö}ãþ ‹ý»}±ÿ

ºõð~. …üò ðõ…¤þ ¬° ›~ôë 4 ‹† ºí†°û �ýà|ø†ÿ 4 {† 6 Ú†‹ê ì»†ø~û

…¶• ô ðõ…¤þ {à|ðËî ô øî|ðËî ¬…°…ÿ {õ…èþ|ø†ÿ Ÿù†°{†üþ ‹õ¬û ô ‹ú

{õ…èþ|ø†ÿ º¼|{†üþ {Œ~üê ð»~û|…ð~. …üò …ð}Ë†° ô›õ¬ ¬…°¬€

�éþ|ôüñýê|Þé±ü~ {à|ðËî ü† øî|ðËî ‹± …÷± ¬ì†ÿ „²ìõó ‹ú ¬èýê ²ü†¬ ‹õ¬ó

º~– �ýà|ø†ÿ ì±{ŒÈ€ ‹ý»}± …² ðõÑ ‹þ|ðËî ¬Ÿ†° ºß†Ö}ãþ ºõð~.

…°{Œ†É ø·}ú|ø†ÿ ð†øíãò â±ôû ì}ýò ¬° RRMMNN  DD22

‹ú Þíà °ô½|ø†ÿ ¬ô‹Ï~ÿ ô …°{Œ†É ø·}ú|ø†ÿ ð†øíãò �±ô{õó ô

Þ±‹ò ì†ðñ~ °ô½ ô…‹·}ãþ Þíý• ìÃ†ÎØ ø·}ú|ø†ÿ ð†øíãò

)CQMH(| ìþ|{õ…ó ôÂÏý• ºß†Ö•|ø†ÿ �±ô{õó ô Þ±‹ò â±ôû ì}ýò °…

ì»©À Þ±¬ ô …°{Œ†É „ðù† °… ð»†ó ¬…¬. ¬° °ô½ CQMH| {ñù† …°{Œ†É

›~ôë 4 -ð}†ü� {õ²üÐ {õ…èþ|ø†ÿ �ñ�|{†üþ Þ±‹ò ì}ýò ô {õ…èþ|ø†ÿ º¼|{†üþ Þ±‹ò ì}ýéò �éþ|ôüñýê Þé±ü~ ÆýØ|âý±ÿ º~û ¬° ¬ì†ÿ Co05.

Þ±‹ò ì}ýéò Þ±‹ò ì}ýò ºí†°û

�ýàì¥†¶Œ†{þ )‹±ðõèþ( …ð~…²|û|âý±ÿ º~û âí†°½ ì¥†¶Œ†{þ )‹±ðõèþ( …ð~…²|û|âý±ÿ º~û âí†°½

3980/0

5011/0

0122/0

2151/0

6760/0

6450/0

7631/0

1961/0

7180/0

2950/0

2451/0

4161/0

8131/0

8460/0

1071/0

8671/0

mmm

mrm

rmm

mmrrr + rmrrr

rmrrm

mmrrm

rmr

rrr

1160/0

8890/0

9930/0

0122/0

2151/0

2221/0

7442/0

1160/0

0660/0

2490/0

5930/0

7692/0

8590/0

2590/0

2581/0

4721/0

rmmr

rmmm

mmmm

mrmm + rrmm

rrmr

mrmr

rrrr + rrrm

mrrm

1

2

3

4

5

6

7
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‹±°¶þ °ü³¶†̈}†° �éþ|ôüñýê Þé±ü~ ‹ú ô¶ýéú °ô½|ø†ÿ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú üà ô ¬ô ‹Ï~ÿ Ö±ºý~ Âý†üþ€ ¶ý~ ìù±¬…¬ ›éýéý†ó

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

ì·}Ûýî Þ±‹ò ô �±ô{õó|ø†ÿ ì}¿ê ‹ú „ó ‹±°¶þ ìþ|ºõ¬ ô …÷±

�±ô{õó|ø†ÿ â±ôû|ø†ÿ øí·†üú °… ìþ|{õ…ó ¤Ù̄ Þ±¬. ºßê 5 ÆýØ

¬ô‹Ï~ÿ ø·}ú|ø†ÿ ð†øíãò CQMH| ‹±…ÿ |�éþ|ôüñýê|Þé±ü~ °… ¬° ¬ì†ÿ

C
o02 ð»†ó ìþ|¬ø~. øí†ó|Æõ° Þú …² ºßê 5 ìþ|{õ…ó ì»†ø~û Þ±¬€

…°{Œ†É ø·}ú|ø†ÿ �±ô{õó ô Þ±‹ò â±ôû ì}ýò ¬…°…ÿ ¶ú ð†¤ýú ìœ³… …² øî

…¶•. …² …{¿†ë …üò ðõ…¤þ ‹ú ºß†Ö•|ø†ÿ �±ô{õó ô Þ±‹ò€ {õ…èþ|ø†ÿ

{à|ðËî )mm(|€ ‹þ|ðËî )rm(| ô øî|ðËî )rr(| Ú†‹ê ºñ†¶†üþ|…ð~. ‹ñ†‹±…üò€

‹† ºñ†¶†üþ {õ…èþ|ø†ÿ ¶ú|{†üþ �±ô{õó ì}ýò ìþ|{õ…ó ì¥†¶Œ†– æ²ï °…

‹±…ÿ …ð~…²û|âý±ÿ ìÛ~…° {õ…èþ ì³ô ô °…¶íýà ‹ú Æõ° ìœ³… …ðœ†ï ¬…¬

]53[.  |

ÆýØ RRMMNN  HH11�éþ|ôüñýê|Þé±ü~

�±ô{õó|ø†ÿ ì}ýéò …² ²ðœý± …¾éþ �éþ|ôüñýê|Þé±ü~ ðý³ ð·Œ• ‹ú �±ô{õó

ì}ýò ¬° ìý~…ó ìÓñ†Æý·þ ‹†æ{± Ê†ø± º~û ô ‹ú Îé• {õ²üÐ ô „°…ü¼

ì}×†ô– â±ôû „ôü³…ó …Æ±…Ù „ó …¶• Þú ìþ|{õ…ð~ „°…ü¼ ì}×†ô– ÖÃ†üþ

¬…º}ú ‹†º~. ºßê 6 ÆýØ RMN H1| �éþ|ôüñýê|Þé±ü~ ¬° ¤çë

{}±…øý~°ô Öõ°…ó ¬ô{±üî|¬…° …¶• Þú ¬° ¬ì†ÿ Co02 ÆýØ|âý±ÿ …ðœ†ï

º~û …¶•. øí†ó|Æõ° Þú ¬° ºßê 6 ¬ü~û ìþ|ºõ¬€ �±ô{õó|ø†ÿ ì}ýéò ô

ì}ýò ‹ú {±{ý� ¬° ì¥~ô¬û|ø†ÿ mpp5/2 - 0/2 ô mpp7/4 - 2/4 ô �ýà

„Ž ìõ›õ¬ ¬° ì©éõÉ ðíõðú ô ¤çë ¬ô{±üî|¬…° ¬° mpp7/2 Ú†‹ê

ì»†ø~û|…ð~. øí†ó|Æõ° Þú …º†°û º~€ �±ô{õó â±ôû ì}ýò °… ìþ|{õ…ó ‹ú

Æõ° ì»©À ‹ú ¶ú ð†¤ýú ìœ³… {Û·ýî Þ±¬ Þú …² è¥†Í „ì†°ÿ ¬…°…ÿ

{õ²üÐ {õ…èþ|ø†ÿ ¶ú|{†üþ …¶•. ºß†Ö•|ø†ÿ ìý~…ó ìÓñ†Æý·þ ‹†æÿ

�ýà ‹ý»}± º†ìê {õ…èþ|ø†ÿ ì³ô ô ºß†Ö•|ø†ÿ ìý~…ó ìÓñ†Æý·þ �†üýò

�ýà ‹ý»}± º†ìê {õ…èþ|ø†ÿ °…¶íýà …¶•. ›~ôë 5 ðý³ …°{Œ†É ‹ýò

{õ…èþ|ø†ÿ ì»†ø~û º~û€ ›†‹ú|›†üþ ºýíý†üþ€ …ð~…²û|âý±ÿ ¶Çõ§

²ü±ìñ¥ñþ ‹ú øí±…û ì¥†¶Œ†– „ì†°ÿ ì~ë ‹±ðõèþ °… ‹±…ÿ �±ô{õó ì}ýò

ð»†ó ìþ|¬ø~.

øí†ó|Æõ° Þú …² ›~ôë 5 ìþ|{õ…ó ð}ýœú â±Ö•€ ÆýØ RMN H1| ðý³

øí†ðñ~ ÆýØ Þ±‹ò Ú†‹éý• ì¥†¶Œú {õ…èþ|ø†ÿ øî|ðËî€ ‹þ|ðËî ô {à|ðËî

°… ¬…°¬ ô ìþ|{õ…ó ìÛ~…° …¤}í†ë ô›õ¬ {õ…èþ ì³ô °… ì¥†¶Œú Þ±¬€ ‹† …üò

{×†ô– Þú ìÛ~…° ºß†Ö• ¬° ÆýØ �±ô{õó Þí}± …² ÆýØ Þ±‹ò …¶•.

‹ñ†‹±…üò€ ‹† …¶}×†¬û …² ìÏ†¬æ– )1( ô)2( ìþ|{õ…ó ‹ú Æõ° ›~…â†ðú ìÛ~…°

…¤}í†ë ô›õ¬ {õ…èþ ì³ô ¬°ôó ²ðœý± °… ì¥†¶Œú Þ±¬ Þú 734/0 ‹ú ¬¶•

ìþ„ü~. …üò …ìß†ó ô›õ¬ ¬…°¬ Þú …² �±ô{õó ì}ýéò ðý³ ìÛ~…° …¤}í†ë ô›õ¬

{õ…èþ ì³ô °… …ð~…²û|âý±ÿ Þ±¬ Þú ¬° ºßê 6 ‹† m| ô r| ì»©À º~û …¶•.

¬°¤ÛýÛ• ºß†Ö• �±ô{õó ì}ýéò °… ìþ|{õ…ó ‹ú ºßê {õ…èþ|ø†ÿ ¬ô{†üþ

)dayd(| ¬° ðË± â±Ö}ú ô …² …ð~…²û|âý±ÿ ¶Çõ§ ²ü±ìñ¥ñþ ‹ú Æõ° ì·}Ûýî

ºßê 5 -ÆýØ â·}±¬û CQMH| â±ôû ì}ýò �éþ|ôüñýê Þé±ü~ ¬° ¤çë

{}±…øý~°ôÖõ°…ó ¬ô{±üî|¬…°  ¬° ¬ì†ÿ  Co02.

›~ôë 5 -ð}†ü� {õ²üÐ {õ…èþ|ø†ÿ ¶ú|{†üþ �±ô{õó ì}ýò |�éþ|ôüñýê|Þé±ü~.

ì¥†¶Œ†{þ

)‹±ðõèþ(
…ð~…²|û|âý±ÿ º~û

›†‹ú|›†üþ

ºýíý†üþ )mpp(
âí†°½
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