
T
he glass transition temperature of several PVAc(1)-b-poly(MA-co-MMA)

(2) terpolymers with different fractions of methyl acrylate (MA) and methyl

methacrylate (MMA) repeating units in random copolymer (block 2) were

calculated with Barton, Kwei and topological equations. The calculation was on the

basis of the correlation between the fraction of repeating units in random copolymers

and theoretical equations and linear correlation of topological index of VAc, MA and

MMA atomic structures in topological equations. The experimental values of the

glass transition temperature of block 2 show a positive deviation from linearity in

both Barton and Kwei theoretically calculated values. Therefore, agreement between

the theoretical and experimental values were reached with summation of the effects

of sequence distributions in random copolymer (R, calculated with 1H NMR and sta-

tistical methods) to the linear theoretical data in Barton equation and the effect of

interactions between the copolymer chains in Kwei equation (q = 14.9). The glass

transition temperature of 308 K was calculated for PVAc block with topological

equation and it was near to the experimental value (310 K). Furthermore, the calcu-

lated glass transition temperatures of the block 2 with linear method were consider-

ably close to the experimentally obtained data and increased with mole fraction of

MMA in random copolymer. 

topology,

glass transition tempera-

ture, theoretical model,

methyl acrylate,

methyl methacrylate

A B S T R A C T

Key Words:

Structure/Glass Transition Temperature Relationship
of PVAc-b-poly(MA-co-MMA) Terpolymers with

Theoretical and Topological Methods

M.R. Rostami Daronkola* and M.A. Semsarzadeh 

Polymer Engineering Group, Faculty of Engineering, Tarbiat Modares University,

P.O. Box: 14115-143, Tehran, Iran

Received 6 January 2010, accepted 19 May 2010

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

Iranian Journal of Polymer
Science and Technology

Vol. 23, No. 2, 133-144

June-July 2010

ISSN: 1016-3255

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



…°{Œ†É ¶†̈}†° ‹† ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±ø†ÿ ¶ú â†ðú

ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– - ÚÇÏú - )ì}ýê „Þ±üç– - Þõ - ì}ýê

ì}†Þ±üç–( ‹† °ô½|ø†ÿ ðË±ÿ ô {õ�õèõ´üßþ

ì¥í~ °Â† °¶}íþ ¬°ôðßç*€ ì¥í~ Îéþ ¶í·†°²…¬û   |

{ù±…ó€ ¬…ð»ã†û {±‹ý• ì~°¹€ ¬…ð»ß~û Öñþ ô ìùñ~¶þ€ ‹©¼ ìùñ~¶þ ºýíþ€ â±ôû ìùñ~¶þ �éýí±€ ¾ñ~ôÝ �·}þ 341-51141

¬°ü†Ö•: 61/01/88€ �̄ü±½: 92/2/98 

{õ�õèõÿ́€

¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ€|

ì~ë ðË±ÿ€

ì}ýê„Þ±üç–€

ì}ýê|ì}†Þ±üç–

Ÿßý~û

ô…́û||ø†ÿ Þéý~ÿ 

ìœéú Îéõï ô {ßñõèõÿ́ �éýí±€

¶†ë ‹ý·• ô ¶õï€ ºí†°û 2€

¾×¥ú 441-331€ 9831

5523-6101 : NSSI 

¬ì†ø†ÿ …ð}Û†ë ºý»ú|…ÿ ðË±ÿ ‹† …¶}×†¬û …² ìÏ†¬æ– ‹†°{õó )notraB(€ Þõüþ )iewK( ô {õ�õèõ´üßþ ‹±…ÿ

…ðõ…Ñ �éýí±ø†ÿ ¶ú|â†ðú ÚÇÏú|…ÿ€ �éþ|ôüñýê|…¶}†–)…ôë( - ÚÇÏú - )ì}ýê„Þ±üç– - Þõ - ì}ýê|ì}†Þ±üç–(

)¬ôï(€ ‹† Þ·±ø†ÿ ìõèþ ô ô²ðþ ì©}éØ …² ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí± …{×†Úþ )ÚÇÏú ¬ôï(

ì¥†¶Œú º~ð~. ìŒñ†ÿ ì¥†¶Œ†–€ …°{Œ†É ìý†ó ìÏ†¬æ– ðË±ÿ ‹† Þ·± ô…¤~ø†ÿ {ß±…°ÿ Þõ�éýí±ø†ÿ

…{×†Úþ ô …°{Œ†É ̈Çþ ìý†ó º†̈À|ø†ÿ {õ�õèõ´üßþ ì±{ŒÈ ‹† ¶†̈}†°ø†ÿ …{íþ ô…¤~ø†ÿ ôüñýê|…¶}†–€

ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ¬° ìÏ†¬æ– {õ�õèõ´üßþ ‹õ¬. ð}†ü� {œ±‹þ ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ÚÇÏú

¬ôï …² {Óýý±…– ðË±ÿ ¤†¾ê …² ìÏ†¬æ– ‹†°{õó ô Þõüþ …ð¥±…Ù ì˜Œ• ¬…º•. ‹ñ†‹±…üò€ ‹† …Ö³ô¬ó …÷±

ð¥õû {õ²üÐ ô…¤~ø†ÿ {ß±…°ÿ Þõ�éýí± )ìÛ†¬ü± R| ‹† °ô½|ø†ÿ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú øý~°ôó́ ô

„ì†°ÿ ‹ú ¬¶• ìþ„ü~( ¬° ìÏ†¬èú ‹†°{õó ô …÷± ‹±øî|Þñ¼|ø†ÿ ìý†ó ²ðœý±ø† )ìÛ~…° 9/41 ‹±…ÿ q( ¬°

ìÏ†¬èú Þõüþ€ {Óýý±…– ðË±ÿ ‹ú ºßê ìñ¥ñþ ‹† ¬…¬û|ø†ÿ {œ±‹þ ìñÇŒÜ º~ð~. ‹† °ô½ {õ�õèõ´üßþ ¬ì†ÿ

…ð}Û†ë  ºý»ú|…ÿ K803 ‹±…ÿ ÚÇÏú �éþ|ôüñýê|…¶}†– ‹ú ¬¶• „ì~ Þú ‹ú ìÛ~…° {œ±‹þ K013 ð³¬üà ‹õ¬.

…Ö³ôó ‹± …üò€ ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ‹ú ¬¶• „ì~û ‹±…ÿ ÚÇÏú ¬ôï ‹† °ô½ ̈Çþ {† ¤~ô¬ÿ ‹ú ¬…¬û|ø†ÿ

{œ±‹þ ð³¬üà ‹õ¬ ô ‹† Þ·± ìõèþ ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí± …{×†Úþ€ …üò ìÛ†¬ü± …Ö³…ü¼ ü†Ö}ñ~.

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

*ì·‰õë ìß†{Œ†–€ �ý†ï|ðã†°:

ri.ca.seradom@imatsor_rm



135

…°{Œ†É ¶†̈}†° ‹† ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±ø†ÿ ¶ú â†ðú ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– - ÚÇÏú... ì¥í~ °Â† °¶}íþ ¬°ôðßç|€ ì¥í~ Îéþ ¶í·†°²…¬û

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 2€ ̈ƒ±¬…¬ ƒƒ {ƒƒýƒƒ± 9831 

ìÛ~ìú

�ý¼|‹ýñþ ̈õ…Á Öý³üßþ ô ìß†ðýßþ …² °…û ‹±Ú±…°ÿ …°{Œ†É ¬ÚýÜ ìý†ó

¶†̈}†° ºýíý†üþ …ðõ…Ñ �éýí±ø† ‹† ̈õ…Á ðù†üþ „ðù† ]|2€1[| ‹ú ôüµû ̈õ…Á

â±ì†üþ€ üßþ …² ìõÂõÎ†– ìùî �µôø»þ ¬° ¬ðý†¶• Þú ìŒ¥™

›~ü~ÿ …² Æ±…¤þ �éýí±ø† ‹† ¶†̈}†°ÿ ¶†¬û ü† ì±Þ� ô ‹† Þ†°‹±¬ø†ÿ

ôüµû °… Ö±…øî Þ±¬û …¶• ]4-1[.|

‹±̈þ …² ̈õ…Á Öý³üßþ ðù†üþ �éýí±ø† ‹·}ãþ ‹ú ºßê|ºñ†¶þ

¶†̈}†°ÿ „ðù† ¬…°¬. ‹ñ†‹±…üò ðõÑ€ {Ï~…¬ ô ð¥õû Ú±…° â±Ö}ò ô…¤~ø†ÿ

{ß±…°ÿ ¬° Æõë ²ðœý± �éýí±€ {õ²üÐ ô …ð~…²û ²ðœý±ø†€ ›ù•|âý±ÿ ü†

ð¥õû Ú±…° â±Ö}ò ²ðœý±ø† ô {õ�õèõÿ́ „ðù† °ôÿ ºßê|ºñ†¶þ ¶Ç¦ ô

{õ¬û �éýí± …÷± Ú†‹ê {õ›ùþ ¬…°¬ ]5€3[.|

¬° Þ†°‹±¬ø†ÿ ›~ü~ Öñþ€ ̈õ…Á �éýí± ‹† …¶}×†¬û …² Æ±…¤þ ¬°º•

ìõèßõë ‹ú ì±¤éú �ý¼|‹ýñþ ìþ|°¶~. …üò �ý¼|‹ýñþ …² °…û ‹±Ú±…°ÿ …°{Œ†É

Þíþ ìý†ó ¶†̈}†° ¬°º• ìõèßõë ô ̈õ…Á ðù†üþ �éýí± …ìß†ó|�̄ü±

ìþ|ºõ¬. ‹ú Æõ°ÿ Þú …ð}©†Ž �éýí± ¬° Þ†°‹±¬ø†ÿ �ý¼|°Ö}ú ‹ú

ì±¤éú|…ÿ ìùî ô ô¶ýÐ|{± …² Þ†°…üþ ìþ|°¶~ ô …°{Œ†É æ²ï ìý†ó

ì»©¿ú|ø†ÿ ì©}éØ ¶†̈}†°ø†ÿ ìõèßõèþ ô {õ�õèõÿ́ �ýß±û �éýí±€

â±ôû ›†ðŒþ ü† ô…¤~ {ß±…°ÿ �éýí± ô �†°…ì}±ø†ÿ øñ~¶þ ¬° ¬°º•

ìõèßõë ô ‹±øî|Þñ¼|ø†ÿ ‹ýò ²ðœý±ø†ÿ ¬°º• ìõèßõë ‹† ̈õ…Á

ðù†üþ ‹±°¶þ ìþ|ºõ¬ ]3€1[|. �ý¼|‹ýñþ ̈õ…Á Öý³üßþ )¤œî

ô…ð~°ô…è·þ€ ÎŒõ°¬øþ€ ¤œî ìõèþ ô Ÿã†èþ(€ ̈õ…Á â±ì†üþ )¬ì†ÿ

…ð}Û†ë  ºý»ú|…ÿ€ ¬ì†ÿ ®ôŽ€ Ê±Öý• â±ì†üþ€ °¶†ð†üþ â±ì†üþ ô Â±ü�

ð×õ® â±ì†üþ(€ ̈õ…Á {±ìõ¬üñ†ìýßþ )Ÿã†èþ …ð±ÿ́ Ÿ·Œñ~âþ€ �†°…ì}±

…ð¥çë|�̄ü±ÿ ô {ñ¼ ¶Ç¥þ(€ ̈õ…Á …èß}±üßþ ô ðõ°ÿ )÷†‹•

¬ÿ|…èß}±üà ô Â±ü� ºß·•(€ ̈õ…Á ìß†ðýßþ )ì~ôë ô ì~ôë {õ¬û

ô ð·Œ• �õ…¶õó( ô °üõèõ´üßþ )â±…ð±ôÿ ®…{þ ô â±…ð±ôÿ ‹±ºþ ¾×±(

…² ›íéú ìõ…°¬ Ú†‹ê ì¥†¶Œú|…ð~ ]1[|. 

¬° ‹±°¶þ ̈õ…Á â±ì†üþ€ …² ìŒ†¤™ ðË±ÿ {õ�õèõ´üßþ ‹± ìŒñ†ÿ

¶†̈}†° ¬°º•|ìõèßõë|ø† ‹±…ÿ ì¥†¶Œú ô {¥éýê ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ

�éýí±ø† …¶}×†¬û º~û …¶• ]01-6[|. …üò ìÏ†¬æ– ‹±…ÿ ì¥†¶Œú ¬ì†ÿ

…ð}Û†ë  ºý»ú|…ÿ Þõ�éýí±ø†ÿ ÚÇÏú|…ÿ …ì}³…ž|�̄ü±€ Þõ�éýí±ø†ÿ …{×†Úþ ô

„ìý³û ¬ô ðõÑ �éýí± ì}×†ô– ‹ú Þ†° °Ö}ú …¶•. ikuzuSô øíß†°…ó ¬ì†ÿ

…ð}Û†ë  ºý»ú|…ÿ Þõ�éýí±ø†ÿ ÚÇÏú|…ÿ ô …{×†Úþ …ì}³…ž|�̄ü± °… ‹† …¶}×†¬û

…² ìÏ†¬èú ‹†°{õó ‹±°¶þ Þ±¬û|…ð~. ¬° …üò ‹±°¶þ€ ìÛ†¬ü± ÷†‹• R| ì¥†¶Œú

º~ Þú ì×ùõï ð¥õû {õ²üÐ ô…¤~ø†ÿ {ß±…°ÿ Þõ�éýí± …{×†Úþ …¶}ý±ó ‹†

ì}ýê …¶}ý±ó °… ¬…°¬. ¬° …¬…ìú€ ìÛ~…° ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ Þõ�éýí± üà

¬° ìý†ó€ 21gT€ ‹±…‹± K1/604 ‹ú ¬¶• „ì~ Þú °ôð~ {Óýý±…– Òý±̈Çþ

¬…¬û|ø†ÿ {œ±‹þ ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ Þõ�éýí±ø†ÿ …{×†Úþ °… ‹† ¬…¬û|ø†ÿ

ðË±ÿ Ú†‹ê …ðÇŒ†Ý ¶†̈}ú …¶• ]|6[|. ouKô øíß†°…ó …÷± {±Þý�

ìõðõì±ø† ¬° ̈õ°…á °… °ôÿ Þ·± ìõèþ ô…¤~ø†ÿ {ß±…°ÿ ¬° Þõ�éýí±

…{×†Úþ ì}ýê|ì}†Þ±üç– ‹† ì}†Þ±üê „ìý~ ‹±°¶þ ô ìÛ†¬ü± ÷†‹• R| °…

ì¥†¶Œú Þ±¬û|…ð~ Þú ð¥õû {õ²üÐ ô…¤~ø†ÿ {ß±…°ÿ Þõ�éýí± °… ð»†ó

ìþ|¬ø~]|7[|. ¶�̧€ ‹† …¶}×†¬û …² ìÏ†¬èú ›†ð·õó ô ‹± ìŒñ†ÿ Þ·± ô²ðþ

ô…¤~ø†ÿ {ß±…°ÿ ¬° Þõ�éýí± ô …÷± „ðù†€ ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ

Þõ�éýí±ø†ÿ …{×†Úþ ‹† Þ·± ô²ðþ ì©}éØ …² ô…¤~ø†ÿ {ß±…°ÿ ü†¬º~û

ì¥†¶Œú º~û …¶•. oiruaeM]|8[| …ì}³…ž �̄ü±ÿ ô ‹±øî|Þñ¼|ø†ÿ

ìõ›õ¬ ¬° „ìý³û �éþ|æÞ}ý~ ô �éþ|ôüñýê Öñõë °… °ôÿ ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ …üò {±Þý� ‹† …¶}×†¬û …² ìÏ†¬èú Þõüþ ‹±°¶þ Þ±¬û …¶•. ôÿ

ð»†ó ¬…¬€ {ñù† ‹† {õ›ú ‹ú º±É ìÛ~…° ÷†‹• q€ Þú ð»†ó|¬øñ~û

‹±øî|Þñ¼|ø†ÿ ôüµû ìý†ó ²ðœý±ø†¶•€ ìþ|{õ…ó {Óýý±…– ¬…¬û|ø†ÿ

ðË±ÿ ¤†¾ê °… ‹† ¬…¬û|ø†ÿ Òý±̈Çþ {œ±‹þ ìñÇŒÜ ¶†̈•. ¬° ‹±°¶þ

eeLô øíß†°…ó ]|9[| Þõ�éýí±ø†ÿ ÚÇÏú|…ÿ ìõ°¬ {õ›ú Ú±…° â±Ö}ú …¶•.

¬° Þõ�éýí± ÚÇÏú|…ÿ 2 -ôüñýê �ý±ü~üò ‹† …{ýéò …Þ·ý~ ì»†ø~û º~ Þú ‹†

…Ö³…ü¼ Þ·± ô²ðþ �éþ|ôüñýê �ý±ü~üò ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ „ìý³û …Ö³…ü¼

ìþ|ü†‹~ ô ¬…¬û|ø†ÿ {œ±‹þ …² °ôð~ ̈Çþ ðË±ÿ …ð¥±…Ù ì˜Œ• ìþ|ü†‹ñ~.

‹ñ†‹±…üò€ ‹† …Îí†ë ìÛ~…° ÷†‹• ‹±øî|Þñ¼ q| ¬° ìÏ†¬èú Þõüþ ô ‹† ì¥†¶Œú

…üò ÷†‹• )ìÛ~…° ÷†‹• 021( ¬ì†ø†ÿ …ð}Û†ë  ºý»ú|…ÿ ì¥†¶Œú º~û Þú …üò

ìÛ†¬ü± ‹† Þ·± ô²ðþ �éþ|ôüñýê �ý±ü~üò ‹ú ºßê Òý±̈Çþ {Óýý± Þ±¬û ô

ìñÇŒÜ ‹± ¬…¬û|ø†ÿ {œ±‹þ …¶•.      |

¬° ì¥†¶Œú ̈õ…Á Öý³üßþ �éýí±ø† ì~ë|ø†ÿ {õ�õèõ´üßþ ð»†ó ¬…¬û

º~û€ °ô½ „ì†°ÿ üßþ …² °ô½|ø†ÿ ìñ†¶� ‹±…ÿ ‹±Ú±…°ÿ …°{Œ†É

¨Çþ ìý†ó {õ�õèõÿ́ ¶†̈}†° ºýíý†üþ ô…¤~ø†ÿ {ß±…°ÿ �éýí±ø†ÿ

¶ñ}³ÿ ‹† ̈õ…Á ðù†üþ �éýí±ø†¶•. ¬° �µôø¼|ø†ÿ …ðœ†ï º~û

ì¥†¶Œú ̈õ…Á ì©}éØ ¬° …¶}×†¬û …² Æ±…¤þ ¬°º•|ìõèßõë|ø† ‹†

{õ�õèõÿ́ „ðù† Ú†‹ê …¶}×†¬û …¶• ]|41-11[|. sanaraMô øíß†°…ó …²

º†̈À|ø†ÿ {õ�õèõ´üßþ ‹±…ÿ ‹ùýñú|¶†²ÿ Æ±…¤þ …ðõ…Ñ �éýí±ø†ÿ

¶ñ}³ÿ …¶}×†¬û Þ±¬û|…ð~. ð}†ü� ð»†ó ìþ|¬ø~€ ìÛ†¬ü± ‹ùýñú …² ̈õ…Á

Ê†ø±ÿ ì†ðñ~ Ê±Öý• â±ì†üþ€ Ÿã†èþ …ð±ÿ́ Ÿ·Œñ~âþ€ ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ€ Â±ü� ºß·• ô ÷†‹• ¬ÿ|…èß}±üà …² °…û ìÏ†¬èú ̈Çþ …²

¶†̈}†° ô…¤~ {ß±…°ÿ �éýí± ô ̈õ…Á ‹ý†ó º~û ‹±…ÿ …ðõ…Ñ �éýí±ø† ‹ú

¬¶• ìþ„ü~ ]11[|. ¬° ‹±°¶þ ¶†̈}†°ÿ �éþ|…{ýéò ¬ü~û º~€ ̈Çþ ü†

º†̈ú|…ÿ ‹õ¬ó ²ðœý±ø† …÷± °üõèõ´üßþ ìñ†¶Œþ °ôÿ …ð±ÿ́ ÖÏ†ë|¶†²ÿ

›±ü†ó â±…ð±ô€ ð·Œ• â±…ð±ôÿ ®…{þ �éþ|…{ýéò º†̈ú|…ÿ ‹ú ̈Çþ ‹† ô²ó

ìõèßõèþ ì»†‹ú ô â±…ð±ôÿ ‹±ºþ ¾×± ¬…º}ú …¶• ]|31[|. ìÛ†¬ü± Â±ü�

ºß·• ô ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ …ðõ…Ñ �éýí±ø†ÿ ̈Çþ …² °…û ì¥†¶Œú

º†̈À|ø†ÿ {õ�õèõ´üßþ ô…¤~ø†ÿ ìõðõì±ÿ ¬° �éýí±ø†ÿ ¶ñ}³ÿ ¬°



…°{Œ†É ¶†̈}†° ‹† ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±ø†ÿ ¶ú â†ðú ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– - ÚÇÏú...ì¥í~ °Â† °¶}íþ ¬°ôðßç|€ ì¥í~ Îéþ ¶í·†°²…¬û

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 2€ ̈ƒ±¬…¬ ƒƒ {ƒƒýƒƒ± 9831 136

‹±Ú±…°ÿ …°{Œ†É ̈Çþ ‹† ̈õ…Á ü†¬º~û ì¥†¶Œú º~û …¶•. ð}†ü�

ðí†ü†ó|â± ð³¬üßþ ìÛ†¬ü± ‹ú ¬¶• „ì~û …² °ô½|ø†ÿ ðË±ÿ ‹† ¬…¬û|ø†ÿ

{œ±‹þ ‹õ¬ ô …ð¥±…Ù Þíþ ð»†ó ¬…¬ ]|41[|. ìÏ†¬æ– ðË±ÿ ô {õ�õèõ´üßþ

…ìß†ó ì¥†¶Œú ‹±̈þ ÷†‹•|ø† °… ¬° �ý¼|‹ýñþ ̈õ…Á â±ì†üþ …ðõ…Ñ

�éýí±ø† …ìß†ó|�̄ü± ¶†̈}ú …¶•. ‹±…ÿ ì˜†ë€ °ôð~ {Óýý±…– ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ ¬° …ðõ…Ñ Þõ�éýí±ø†ÿ …{×†Úþ ‹† Þ·± ìõèþ ìõðõì±ø†ÿ ìõ›õ¬

¬° ô…¤~ {ß±…°ÿ ‹† ø± ¬ô °ô½ ðË±ÿ ô {õ�õèõ´üßþ Ú†‹ê ì¥†¶Œú …¶•.

¬° …üò �µôø¼€ …² ìÏ†¬æ– ðË±ÿ Þõüþ ô ‹†°{õó ‹±…ÿ ì¥†¶Œú °ôð~

{Óýý±…– ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ …ðõ…Ñ Þõ�éýí±ø†ÿ …{×†Úþ ì}ýê„Þ±üç– ô

ì}ýê|ì}†Þ±üç– )ÚÇÏú ¬ôï( …¶}×†¬û º~û …¶•. ìÛ†¬ü± ÷†‹•|ø†ÿ ì±‹õÉ

‹ú ‹±øî|Þñ¼ ìý†ó ²ðœý±ø† ¬° ìÏ†¬èú Þõüþ )q( ô …÷± {õ²üÐ ô…¤~ø†ÿ

{ß±…°ÿ )R( ‹† ¬ô °ô½ „ì†°ÿ ô ÆýØ|¶ñœþ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú

øý~°ôó́ ¬° ìÏ†¬èú ‹†°{õó ì¥†¶Œú ô {Óýý±…– ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ

ðË±ÿ ‹† ¬…¬û|ø†ÿ {œ±‹þ ìÛ†ü·ú º~û …¶•. øî|Ÿñýò€ …ðÇŒ†Ý …üò ð}†ü�

‹±°¶þ º~û …¶•. ¬° …¬…ìú ‹† …¶}×†¬û …² ìÏ†¬æ– ̈Çþ {õ�õèõ´üßþ

ì±‹õÉ ‹ú ¶†̈}†° �éýí±ø†ÿ ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– )ÚÇÏú …ôë( ô

Þõ�éýí±ø†ÿ …{×†Úþ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– )ÚÇÏú ¬ôï( ‹†

Þ·±ø†ÿ ìõèþ ì©}éØ …² …üò ¬ô ô…¤~€ ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ

ì¥†¶Œú º~û …¶•. ›·• ô ›õÿ ìñ†‹Ð ð»†ó ìþ|¬ø~€ {†Þñõó Þ†°ÿ ì»†‹ú

…üò �µôø¼ ‹±…ÿ �éýí±ø†ÿ ¶ú|â†ðú ÚÇÏú|…ÿ ì³‹õ° …ðœ†ï ð»~û …¶•.

{œ±‹þ

…ðõ…Ñ �éýí±ø†ÿ ÚÇÏú|…ÿ Þú º†ìê ÚÇÏú �éþ|ôüñýê|…¶}†– )ÚÇÏú …ôë( ô

ÚÇÏú Þõ�éýí± …{×†Úþ �éþ|ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– )ÚÇÏú ¬ôï(

…¶•€ ‹† Ö±…üñ~ �éýí±º~ó °…¬üß†èþ …ð}Û†ë …{î )PRTA( ô ¬°º• „Ò†²â±

�éþ|ôüñýê|…¶}†– ¬° ì¥ýÈ {õ¬û ô ¬ì†ÿ Co08 ¶ñ}³ º~ð~ ]|71€51[|. ‹†

{Óýý± Þ·± ìõèþ ì}ýê|ì}†Þ±üç– ¬° ̈õ°…á€ …² ¾×± {† üà€ ¶ú ðõÑ

�éýí± ¶ú|â†ðú ÚÇÏú|…ÿ ‹† Þ·±ø†ÿ ìõèþ ì©}éØ …² ì}ýê|ì}†Þ±üç– ¬°

ÚÇÏú ¬ôï ô ¬ô ðõÑ Þõ�éýí± ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– ‹† ì}ýê„Þ±üç– ô

ì}ýê|ì}†Þ±üç– ¶†̈}ú º~. ð}†ü� ì±‹õÉ ‹ú ºñ†¶†üþ ¶†̈}†°ÿ )Þ·±

ìõèþ Þõ�éýí±ø†ÿ …{×†Úþ( ô ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ÚÇÏú|ø† ¬° ›~ôë1

„ì~û …¶• ]|71-51[|.  |

¬° …üò �µôø¼€ ºñ†¶†üþ ¶†̈}†°ÿ �éýí±ø†ÿ ¶ú|â†ðú ÚÇÏú|…ÿ ¶ñ}³

º~û ‹† ÆýØ|¶ñ� °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú øý~°ôó́ ¶†̈• rekurB|

ì~ë ECNAVA 004XRD€zHM 004| …ðœ†ï º~ ]|71€51[|. …² ð}†ü�

¶†̈}†°ÿ ¤†¾ê ‹±…ÿ ì¥†¶Œú ð¥õû {õ²üÐ ô…¤~ø†ÿ {ß±…°ÿ

ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí±ø†ÿ ÚÇÏú|…ÿ …¶}×†¬û º~ ]|6[|.

ìÏ†¬æ– ðË±ÿ ‹±…ÿ ì¥†¶Œú ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ

‹± …¶†¹ ðË±üú|ø†ÿ ìõ›õ¬€ …² ìÏ†¬æ– ‹†°{õó ô Þõüþ ‹±…ÿ ì¥†¶Œú ô

{¥éýê ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ …¶}×†¬û º~. ¬° ìÏ†¬èú ‹†°{õó ¬ì†ÿ

…ð}Û†ë ºý»ú|…ÿ Þõ�éýí± )gT( ‹ú Æõ° ̈Çþ ‹† Þ·± ìõèþ ô…¤~ø†ÿ

{ß±…°ÿ ìõ›õ¬ ¬° Þõ�éýí± )1mô 2m( ô ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ

øíõ�éýí±ø†ÿ ô…¤~ø†ÿ ìõ›õ¬ ¬° Þõ�éýí± )1gT| ô 2gT( {Óýý± ìþ|Þñ~

)ìÏ†¬èú 1(. ‹©¼ ¬ôï …üò ìÏ†¬èú ì±‹õÉ ‹ú ÷†‹•|ø†ÿ€ R| ô 21gT| …¶•

Þú ‹ú {±{ý� ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ì}õ¶È ¬ô øíõ�éýí± )K133  ‹±

…¶†¹ ¬…¬û|ø†ÿ ›~ôë1(€ ì»©¿ú {õ²üÐ ô…¤~ø†ÿ {ß±…°ÿ ìõ›õ¬ ¬°

„ó ô ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ Þõ�éýí± üà ¬° ìý†ó ì}ýê„Þ±üç– ô

›~ôë 1 -ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ÚÇÏú Þõ�éýí± …{×†Úþ )ÚÇÏú ¬ôï( ì}ýê„Þ±üç– )1( ô ì}ýê|ì}†Þ±üç– )2( ¬° Þ·±ø†ÿ ì©}éØ ìõèþ ô ô²ðþ Þõ�éýí± ]|71-51[.

)1( ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ‹† °ô½ CSD| ô ¶±Î• â±ì†¬øþ nim/Co01 ¬° ›õ ðý}±ôó́ ô ì¥~ô¬û ¬ì†üþ  K|324-372  ô ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ÚÇÏú …ôë )�éþ|ôüñýê|…¶}†–( ¬° ì¥~ô¬û

K113- 903  ‹ú ¬¶• „ì~û …¶• ]61[.|

1)K( gT

Þ·± ô²ðþ ¬° ÚÇÏú ¬ôï Þ·± ìõèþ ¬° ÚÇÏú ¬ôï

Þõ�éýí±ø†ÿ ÚÇÏú|…ÿ ðíõðúì}ýê|ì}†Þ±üç–

)2w(

ì}ýê|„Þ±üç–

)1w(

ì}ýê|ì}†Þ±üç–

)2m(

ì}ýê|„Þ±üç–

)1m(

182

223|

053|

463|

183

0|

393/0|

456/0|

267/0

1

1

706/0

643/0

832/0

0

0

853/0

916/0|

337/0|

1

1

246/0

183/0|

762/0

0

�éþ|ôüñýê|…¶}†– -ÚÇÏú -ì}ýê „Þ±üç–

�éþ|ôüñýê|…¶}†– -ÚÇÏú -�éþ )ì}ýê|„Þ±üç– -Þõ -ì}ýê|ì}†Þ±üç–(

�éþ|ôüñýê|…¶}†– -ÚÇÏú -�éþ )ì}ýê|„Þ±üç– -Þõ -ì}ýê|ì}†Þ±üç–(

�éþ|ôüñýê|…¶}†– -ÚÇÏú -�éþ )ì}ýê|„Þ±üç– -Þõ -ì}ýê|ì}†Þ±üç–(

�éþ|ôüñýê|…¶}†– -ÚÇÏú -ì}ýê|ì}†Þ±üç–

1

2

3

4

5



137

…°{Œ†É ¶†̈}†° ‹† ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±ø†ÿ ¶ú â†ðú ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– - ÚÇÏú... ì¥í~ °Â† °¶}íþ ¬°ôðßç|€ ì¥í~ Îéþ ¶í·†°²…¬û

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 2€ ̈ƒ±¬…¬ ƒƒ {ƒƒýƒƒ± 9831 

ì}ýê|ì}†Þ±üç– …¶•. …² „ó ›† Þú ¬° Îíê ìÛ~…° ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ

Þõ�éýí± üà ¬° ìý†ó …² ìÛ~…° ì}õ¶È ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ¬ô øíõ�éýí±

‹ý»}± …¶•€ {×†Âê …üò ìÛ~…° ¬° ìÛ~…° …÷± {õ²üÐ ô…¤~ø†ÿ {ß±…°ÿ

ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí± Þú ‹† {Óýý± Þ·± ìõèþ …üò

¬ô ô…¤~ ¬° ̈õ°…á {Óýý± ìþ|Þñ~€ …÷± …ð¥±…Ù {Óýý±…– ðË±ÿ ô {œ±‹þ

¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ Þõ�éýí± …{×†Úþ °… {Ï~üê ìþ|Þñ~ ]|6[|.  |

ìÛ~…° ì±‹õÉ ‹ú …÷± ð¥õû {õ²üÐ ô…¤~ø†ÿ {ß±…°ÿ )R( ¬° Þõ�éýí± …{×†Úþ

ì}ýê„Þ±üç– ‹† ì}ýê|ì}†Þ±üç– ‹† {õ›ú ‹ú ìÏ†¬èú )2( ô…‹·}ú ‹ú ð·Œ•

ÖÏ†èý• ô Þ·±ø†ÿ ìõèþ …üò ¬ô ô…¤~ ¬° Þõ�éýí± …{×†Úþ …¶•:    |

ìÛ†¬ü± Þ·± ìõèþ …üò ¬ô ô…¤~ {ß±…°ÿ ¬° Þõ�éýí±ø†ÿ …{×†Úþ ¬° ›~ôë1

„ì~û …¶•. ìÛ†¬ü± ð·Œ• ÖÏ†èý• ¬ô ô…¤~ {ß±…°ÿ ì}ýê „Þ±üç– )1r( ô

ì}ýê ì}†Þ±üç– )2r( ‹† …¶}×†¬û …² °ô½ Þéò {õ¬ô¹ {õ¶Ïú ü†Ö}ú ô

{õ¶È øíýò â±ôû �µôø»þ ‹ú {±{ý� ìÛ†¬ü± 4250/2 ô 6673/0 ‹ú ¬¶•

„ì~û …¶• ]81[.

¬° ìÏ†¬èú Þõüþ )3( …°{Œ†É ̈Çþ ìý†ó Þ·± ô²ðþ )1w ô 2w( ¬ô ›³Š

ìõ›õ¬ ¬° Þõ�éýí±€ ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ø± øíõ�éýí± )1gT| ô 2gT( ô

¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ Þõ�éýí± ðù†üþ )gT( ô›õ¬ ¬…°¬. ¬° …üò ìÏ†¬èú€ k|

ô q| ÷†‹•|ø†ÿ {ÇŒýÜ ø·}ñ~ ô ìÛ~…° q| ì×ùõï …÷± ‹±øî Þñ¼ ìý†ó

²ðœý±ø† °… ¬…°¬ ]|8[|. ìÛ~…° k| ¬° ìõ…°¬ÿ€ Þú …ð¥±…Ù ¬…¬û|ø†ÿ {œ±‹þ …²

¨Çþ ‹õ¬ó ì}Û†°ó ‹†º~€ ‹±…‹± 1 …¶• ô ¬° ¶†ü± ìõ…°¬ ô…‹·}ú ‹ú ðõÑ

{Óýý±…– …¶•:

ìÛ~…° ÷†‹•|ø†ÿ ü†¬º~û …² °…û …ðÇŒ†Ý ìÏ†¬èú Þõüþ ‹† ¬…¬û|ø†ÿ {œ±‹þ

ìõ›õ¬ ‹±…ÿ Þõ�éýí±ø† ‹ú ¬¶• ìþ„ü~.

ìÏ†¬æ– {õ�õèõ´üßþ ‹±…ÿ ì¥†¶Œú ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ

…¶}×†¬û …² ìÏ†¬æ– {õ�õèõ´üßþ ‹±…ÿ ‹±Ú±…°Þ±¬ó …°{Œ†É ìý†ó

�†°…ì}±ø†ÿ ¶†̈}†°ÿ ¬° ô…¤~ {ß±…°ÿ€ „÷†° øñ~¶þ ô ‹±øî|Þñ¼ ìý†ó

²ðœý±ø† ‹† ̈õ…Á ì~ ðË± …¶•. ‹±…ÿ ì˜†ë€ ìÛ~…° ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ

üà ²ðœý± �éýí± ô…‹·}ú ‹ú �†°…ì}±ø†üþ Ÿõó ðõÑ ô {Ï~…¬ …{î|ø†ÿ ìõ›õ¬

¬° ô…¤~ {ß±…°ÿ ô °…û Ÿý~ì†ó …{î|ø†€ ¬°›ú „²…¬ÿ ‹±…ÿ Ÿ±̈¼

�ýõð~ø†ÿ ìõ›õ¬€ ðõÑ …¶}©çÙ|ø†ÿ ìõ›õ¬ ¬° ô…¤~ {ß±…°ÿ ô

‹±øî|Þñ¼|ø†ÿ ìý†ó ²ðœý±ø†¶• ]|41[|. ‹±…ÿ ì¥†¶Œú ìÛ†¬ü± ¬ì†ÿ

…ð}Û†ë ºý»ú|…ÿ ‹† ìÏ†¬æ– {õ�õèõ´üßþ€ …°{Œ†É ̈Çþ ìý†ó ÷†‹•|ø†ÿ

¶†̈}†°ÿ€  gTN| ô N| Þú ‹ú {±{ý� ô…‹·}ú ‹ú ðõÑ …{î|ø† ô Ÿý~ì†ó „ðù† ¬°

Æõë ²ðœý± …¾éþ ô ô…¤~ø†ÿ {ß±…°ÿ …¶•€ …÷± ‹±øî|Þñ¼|ø†ÿ ìý†ó

²ðœý±ø† )Ÿã†èþ …ð±ÿ́ Ÿ·Œñ~âþ€( ô ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±

ìõ°¬ ðË± ô›õ¬ ¬…°¬ )ìÏ†¬èú 4( ]|1[| Þú ‹ú {×¿ýê ì×ùõï ô °ô½ ì¥†¶Œú

…üò|¬ô ÷†‹• {õÂý¦ ¬…¬û ìþ|ºõ¬.  |

¬° …¬…ìú€ ‹±…ÿ ì¥†¶Œú ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ Þõ�éýí±ø†ÿ …{×†Úþ )gT(

…² ‹©¼ ¬ôï ìÏ†¬èú )4( )igT im=gT( …¶}×†¬û ìþ|ºõ¬. ¬° …üò ìÏ†¬èú

…°{Œ†É ̈Çþ ìý†ó ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ‹ú ¬¶• „ì~û ‹† °ô½

{õ�õèõ´üßþ ‹±…ÿ øíõ�éýí±ø†ÿ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç–

)2-1= i ,igT( ‹† {Óýý± Þ·± ìõèþ …üò ¬ô ô…¤~ ¬° Þõ�éýí± …{×†Úþ )im( ô

ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ‹ú ¬¶• „ì~û ‹±…ÿ Þõ�éýí±ø† ô›õ¬ ¬…°¬ ]1[:

÷†‹•|ø†ÿ Î~¬ÿ ìõ›õ¬ ¬° …üò ìÏ†¬èú ô ìÏ†¬æ– )5( ô )8(  ìõ›õ¬ ¬°

…¬…ìú …üò ìÛ†èú …² ¤ê Î~¬ÿ ìÏ†¬æ– ̈Çþ ‹±…ÿ ‹±Ú±…°ÿ …°{Œ†É

�†°…ì}±ø†ÿ ¶†̈}†°ÿ ‹† ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ )4(€ Ÿã†èþ …ð±ÿ́

Ÿ·Œñ~âþ )5( ô ¤œî ìõèþ )8( ‹±…ÿ …ðõ…Ñ �éýí±ø† )¤~ô¬ 002-051

�éýí± ¶ñ}³ÿ ì»†‹ú( ‹ú ¬¶• „ì~û …¶• ]|1[|. ÷†‹•€ �†°…ì}±

…ð¥çë|�̄ü±ÿ �éýí± ¶ñ}³ÿ ‹±°¶þ º~û …¶• Þú ¬° …üò �µôø¼ ‹†

°ô½ {õ�õèõ´üßþ ‹ú ¬¶• ìþ„ü~.  |

ìÛ†¬ü± ÷õ…‹• gTN| ‹±…ÿ ø± �éýí±€ ô…‹·}ú ‹ú �†°…ì}±ø†ÿ ¶†̈}†°ÿ ô

ô…‹·}ú ‹ú {Ï~…¬ ¬°›ú „²…¬ÿ Ÿ±̈¼ ¬° Æõë ²ðœý± …¾éþ€ â±ôû|ø†ÿ

›†ðŒþ Þú °ôÿ ¶×}þ ²ðœý± …÷± ¬…°ð~ ô …÷± …¶}©çÙ|ø†ÿ ìõ›õ¬ °ôÿ

²ðœý± …¾éþ …¶•. …üò ìÛ†¬ü± ‹±…ÿ �éþ|ôüñýê|…¶}†– ô ì}ýê„Þ±üç– ‹†

¶†̈}†° ô…¤~ {ß±…°ÿ ì»†‹ú ‹±…‹± …¶• ô ‹±…ÿ ì}ýê|ì}†Þ±üç– ‹ú ¬èýê

…÷± â±ôû ì}ýê ‹ý»}± …¶• )›~ôë2( ]|1[|.  |

ìÛ~…° ÷†‹• N| ¬° …°{Œ†É ‹† ¶†̈}†° ô…¤~ {ß±…°ÿ �éýí± …¶• ô ìÛ~…°

„ó ‹±…‹± {Ï~…¬ …{î|ø†ÿ ìõ›õ¬ ‹ú Òý± …² …{î øý~°ôó́ ¬° ô…¤~ {ß±…°ÿ

�éýí± ì~ ðË± …¶•. ìÛ†¬ü± ÷†‹•|ø†ÿ N| ô gTN| ‹ú ¬¶• „ì~û ‹±…ÿ

δ

∑
i

δ
2

)(

).(Rmm

2g1g
g

g12g2g21g1g

Τ+Τ
=Τ

Τ−Τ+Τ⋅+Τ⋅=Τ
)1(

5.0
2121

21

))1r.r.(m.m.41(1

m.m.4
R

−++
= )2(

21
1

2g21g1
g wwq

2wkw

wkw
⋅⋅+

⋅+

Τ⋅⋅+Τ⋅
=Τ )3(

giig

Tg
gi

i
m

N

N
68.3163.50.351

Τ×∑=Τ

×+δ×+=Τ )4(



…°{Œ†É ¶†̈}†° ‹† ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±ø†ÿ ¶ú â†ðú ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– - ÚÇÏú...ì¥í~ °Â† °¶}íþ ¬°ôðßç|€ ì¥í~ Îéþ ¶í·†°²…¬û

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 2€ ̈ƒ±¬…¬ ƒƒ {ƒƒýƒƒ± 9831 138

�éþ|ôüñýê|…¶}†–€ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ¬° ›~ôë2 „ì~û

…¶•. |

‹±…ÿ ì¥†¶Œú ìÛ~…° ¬° ìÏ†¬èú )4(€ …‹}~… …² ìÏ†¬èú ôó|Þ±ôèò

)neleverK naV(  Ÿã†èþ …ð±ÿ́ Ÿ·Œñ~âþ )ìÏ†¬èú )5(( ì¥†¶Œú

ìþ|ºõ¬ ]|1[|. ¬° …üò ìÏ†¬èú€ ìÛ~…° Ÿã†èþ …ð±ÿ́ Ÿ·Œñ~âþ ‹ú ºßê

¨Çþ ‹† º†̈À|ø†ÿ {õ�õèõ´üßþ ¬°›ú ¾×± )|ô( ô ¬°›ú üà

)| ô( ì±{ŒÈ …¶•. ìÛ†¬ü± º†̈À|ø†ÿ {õ�õèõ´üßþ ¬°›ú ¾×±

ô üà ‹† ìÏ†¬æ– )6( ô )7( ‹ú ¬¶• ìþ„üñ~ ]|11[|. øî|Ÿñýò€ ìÛ~…° ÷†‹•

HKVN€ Þú üà Â±ü� {¿¥ý¦ ¶†̈}†°ÿ …¶•€ ‹±…ÿ �éþ|ôüñýê|…¶}†–€

ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ¾×± …¶• ]|1[|. …² „ó ›† Þú ìÛ~…° ÷†‹•

{¿¥ý¦ ô…‹·}ú ‹ú {Ï~…¬ …{î|ø† ô â±ôû|ø†ÿ ºýíý†üþ ôüµû ì†ðñ~ âõâ±¬€

¶õè×õó€ ¶ý†ðý~€ Þ±‹õÞ·ýéýà …¶ý~ ô ¤éÛú|ø†ÿ „°ôì†{ýà …¶• ]|1[|€

‹±…ÿ ô…¤~ø†ÿ {ß±…°ÿ  ‹±°¶þ º~û ìÛ~…° ÷†‹• ‹ý†ó º~û ¾×± …¶•.

ìÛ†¬ü± º†̈À|ø†ÿ ¶†̈}†°ÿ ‹±…ÿ ô…¤~ø†ÿ {ß±…°ÿ �éþ|ôüñýê|…¶}†–€

ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ‹† ìÏ†¬æ– )6( ô )7( ‹ú ¬¶• „ì~û …¶•

]|11[| Þú ð}†ü� ¬° ›~ôë2 ìç¤Ëú ìþ|ºõ¬. …üò º†̈À|ø† ‹± …¶†¹

ìœíõÑ …÷± ðõÑ …{î|ø† ô �ýõð~ø†ÿ ìõ›õ¬ ¬° ô…¤~ {ß±…°ÿ �éýí± ìÏýò

ìþ|ºõð~. ¬°›ú|ø†ÿ ¾×± ô üà …² …üò º†̈À|ø† ‹ú {±{ý� ð»†ó|¬øñ~û

¶†̈}†° …èß}±ôðþ ø± …{î Òý±øý~°ôó́ ô �ýõð~ ìý†ó ¬ô …{î …¶•: 

¬° …üò ìÏ†¬æ–€ ψô vψ| ‹ú {±{ý� ì»©¿ú ¶†̈}†°ÿ …{î|ø† ø·}ñ~ Þú

¬° ðõÑ vψ€ …Ö³ôó ‹± ì»©¿ú€ …÷± ²ôž üõó|ø† ô �ýõð~ø†ÿ ¬ôâ†ðú ðý³

ìõö÷± …¶•. …üò ìÛ†¬ü± ¬° ì±…›Ð ì¥†¶Œú º~û ô ìõ›õ¬…ð~ ]|11[|. iô j ðý³

ì±‹õÉ ‹ú ºí†°û …{î ‹±°¶þ º~û ¬° ô…¤~ {ß±…°ÿ …¶•.  |

‹±…ÿ ì˜†ë€ ¬° ô…¤~ {ß±…°ÿ �éþ|ì}ýê„Þ±üç– ìÇ†‹Ü Æ±§1

â±ôû|ø†ÿ ì©}éØ ºí†°û|â̄…°ÿ º~ð~. ìÛ†¬ü± º†̈À|ø†ÿ ¬°›ú ¾×±

|ô| ‹† …¶}×†¬û …² ìÛ†¬ü± ìÏéõï ψô vψ| …² …üò 6 â±ôû ‹ý†ó º~û ô

ìÏ†¬èú )6( ‹ú ¬¶• ìþ„üñ~. ‹ú Æõ° ì»†‹ú øíýò Ö±…üñ~ ‹† {õ›ú ‹ú ìÏ†¬èú

)7( ‹±…ÿ ì¥†¶Œú º†̈À|ø†ÿ ¬°›ú üà | ô| …¶}×†¬û ìþ|ºõ¬.

°…û ì¥†¶Œ†– ô ¬…¬û|ø†ÿ …¶}×†¬û º~û ô ìÛ†¬ü± ¤†¾ê ‹±…ÿ º†̈À|ø†

¬° …¬…ìú „ì~û …¶•.

‹±…ÿ ì¥†¶ŒúgTN| …² ›íéú|ø†ÿ ¶†̈}†°ÿ Þú ô…‹·}ú ‹ú ¬°›ú „²…¬ÿ

Ÿ±̈¼ ¬° Æõë ²ðœý± …¾éþ ô â±ô|û|ø†ÿ ›†ðŒþ ìõö÷± ‹± ¶×}þ ²ðœý±

ô …÷± …¶}©çÙ|ø†ÿ ìõ›õ¬ °ôÿ ²ðœý± …¾éþ …¶}×†¬û ìþ|ºõ¬. ìÛ†¬ü±

ì±‹õÉ ‹ú „÷†° ¶†̈}†°ÿ ü†¬º~û ¬° ì±›Ð ìõ›õ¬ …¶• ]|1[|. ¬° …üò

›~ôë€ ìÛ†¬ü± € |€| ô| º†̈À|ø†ÿ {õ�õèõ´üßþ ì±{ŒÈ

‹† ¶†̈}†° ô…¤~ {ß±…°ÿ �éýí±ø†ÿ ¶ñ}³ÿ ø·}ñ~ ô ‹† {Óýý± ðõÑ �ýõð~ ô

…{î|ø†ÿ ìõ›õ¬ ¬° ô…¤~ {ß±…°ÿ {Óýý± ìþ|Þññ~. …² °…û ¬…¬û|ø†ÿ ì±›Ð

]|11[|€ ‹±…ÿ �éþ|ì}ýê„Þ±üç– Þú â±ôû|ø†ÿ ìõ›õ¬ ¬° ô…¤~ {ß±…°ÿ „ó

ìÇ†‹Ü Æ±§1€ -2HC-|€ <HC-|€ =C>|€ -O-|€ 3HCô O=| …² 1 {† 6

ºí†°û|â̄…°ÿ º~û …¶•€ ìÛ†¬ü± viψô vjψ‹±…ÿ 6-1 = j,i| ‹±…ÿ 6 â±ôû

ì³‹õ° ‹ú {±{ý� 2€ 3€ 3€ 2€ 1 ô 1 …¶•. …üò ìÛ†¬ü± iψô jψ| ‹±…ÿ 6-1 = j,i|

‹±…ÿ 6 â±ôû ü†¬º~û ‹ú {±{ý� 2€ 3€ 4€ 6€ 1 ô 6 …¶• ]|11[|. …üò ì¥†¶Œ†–

‹±…ÿ ô…¤~ø†ÿ ì}ýê|ì}†Þ±üç– ô ôüñýê|…¶}†– ‹† øíýò °ô½ Ú†‹ê

…ðœ†ï …¶•. ‹± ìŒñ†ÿ ìÏ†¬æ– )6( ô )7( ìþ|{õ…ó ðõº•: |

1χV 1χ 0χV 0χ

1χV 1χ

0χV 0χ

1χV 1χ

0χV 0χ

δ

›~ôë 2 -ìÛ†¬ü± ÷†‹•|ø† ô º†̈À|ø†ÿ {õ�õèõ´üßþ �éýí±ø†ÿ ̈Çþ

ì}ýê„Þ±üç–€ ì}ýê|ì}†Þ±üç– ô ôüñýê|…¶}†–.

1χV 1χ 0χV 0χ gTN N �éýí± ̈Çþ

7129/1

6372/2

4069/1

5248/2

5881/3

7787/2

106/3

6325/4

106/3

9865/4

6194/5

9865/4

82-

12-

82-

6

7

6

�éþ|ì}ýê|„Þ±üç–

�éþ|ì}ýê|ì}†Þ±üç–

�éþ|ôüñýê|…¶}†–

VKH

coh

N2.1018)v112(

8.9072)0v0(9.10570)
mole

J
(E

×+χ−χ×

×+χ−χ×= )5(

Æ±§ 1 -¶†̈}†° ô…¤~ {ß±…°ÿ ì}ýê„Þ±üç–.

∑∑
ψ

χ
ψ

=χ =
v

i

v0

i

0 1
&

1 )6(

∑∑
ψψ

χ
ψψ

=χ
××

=
vv

i

v

i j

1

j

1 1
&

1 )7(

=
ψ×ψ

+

=

==
ψ

ψ×ψ
+

ψ×ψ

+
ψ×ψ

+
ψ×ψ

+
ψ×ψ

∑ =
ψ×ψ

+++++=

∑

∑∑

χ

χ
=

12

6

1i i

1

1

63

1

54

1

43

1

32

1

21

1

)j,i(

11

5689.4
1

1

1

1

2

1

3

1

3

1

2

10

ji



139

…°{Œ†É ¶†̈}†° ‹† ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±ø†ÿ ¶ú â†ðú ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– - ÚÇÏú... ì¥í~ °Â† °¶}íþ ¬°ôðßç|€ ì¥í~ Îéþ ¶í·†°²…¬û

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 2€ ̈ƒ±¬…¬ ƒƒ {ƒƒýƒƒ± 9831 

¬° …¬…ìú æ²ï …¶• Þú ìÛ†¬ü± ¤œî ìõèþ ‹±…ÿ �éþ|ôüñýê|…¶}†–€

ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ì¥†¶Œú ºõð~. ìÏ†¬èú )8( …°{Œ†É ̈Çþ

ìý†ó º†̈À|ø†ÿ {õ�õèõ´üßþ °… ‹† ¤œî ìõèþ ‹ý†ó ìþ|Þñ~:       |

ð}†ü� ì±‹õÉ ‹ú ¬…¬û|ø†ÿ Ÿã†èþ …ð±ÿ́ Ÿ·Œñ~âþ ô ¤œî ìõèþ ¤†¾ê

‹† ìÏ†¬æ– )7( ô )8( ‹±…ÿ ì¥†¶Œú �†°…ì}± …ð¥çë|�̄ü±ÿ )ìÏ†¬èú )9((

…¶}×†¬û ìþ|ºõ¬:   |

¬° ›~ôë3 ìÛ†¬ü± Ÿã†èþ …ð±ÿ́ Ÿ·Œñ~âþ€ ¤œî ìõèþ ô �†°…ì}±

…ð¥çë|�̄ü±ÿ ‹±…ÿ �éþ|ôüñýê|…¶}†–€ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç–

‹ú ¬¶• „ì~û …¶•. 

‹† {õ›ú ‹ú ìÛ†¬ü± ì»©À …² �†°…ì}± …ð¥çë|�̄ü±ÿ ¬° ›~ôë3€

ìÛ†¬ü± N| ô gTN¬° ›~ôë2 ô ìÏ†¬èú )4( ìþ|{õ…ó ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ ÚÇÏú|ø†ÿ �éþ|ôüñýê|…¶}†– ô Þõ�éýí± …{×†Úþ ì}ýê„Þ±üç– ‹†

ì}ýê|ì}†Þ±üç– °… ‹ú ¬¶• „ô°¬.

ð}†ü� ô ‹¥™

¬° ›~ôë1 ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ÚÇÏú �éþ|ôüñýê|…¶}†– )ÚÇÏú …ôë(

‹† …¶}×†¬û …² °ô½ â±ì†¶ñœþ �õü»þ {×†Âéþ ¬° ì¥~ô¬û K|113- 903

‹ú ¬¶• „ì~. ¬° …üò �µôø¼€ ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ Þõ�éýí±

…{×†Úþ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– )ÚÇÏú ¬ôï( ‹† Þ·± ìõèþ|ø†ÿ 1-0

…² ô…¤~ {ß±…°ÿ ì}ýê|ì}†Þ±üç– ‹† ìÏ†¬æ– ðË±ÿ ‹†°{õó€ Þõüþ ô

{õ�õèõ´üßþ ì¥†¶Œú ìþ|ºõð~.

|‹±…ÿ ì¥†¶Œú ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ‹† ìÏ†¬èú ‹†°{õó æ²ï …¶•

Þú ìÛ†¬ü± R| ìÏéõï ‹†º~. ¬° Þ†° ¤†Â±€ …² ¬ô °ô½ Þú üßþ ì¥†¶Œú

ì·}Ûýî ‹† ÆýØ|¶ñœþ RMN H1| …¶• ô ¬üã±ÿ ì¥†¶Œú ‹† ìÏ†¬èú )2(

)‹† {õ›ú ‹ú ìÛ†¬ü± ð·Œ• ô…Þñ¼|�̄ü±ÿ ì}ýê„Þ±üç– ô

ì}ýê|ì}†Þ±üç–( ‹±…ÿ ì¥†¶Œú …üò ÷†‹• …¶}×†¬û º~û …¶•.

‹±…ÿ ì¥†¶Œú ‹† °ô½ …ôë ‹±…ÿ ì˜†ë ¬° ºßê1 ÆýØ ì±‹õÉ ‹ú ðíõðú

4 �éýí± ¶ú|â†ðú ÚÇÏú|…ÿ ‹† ì»©¿†– ìõ›õ¬ ¬° ›~ôë1 „ì~û …¶•

]|91[|. ¬° …üò ºßê€ ‹† {õ›ú ‹ú �ýà|ø†ÿ ì»©¿ú ìõðõì±ø†ÿ

ôüñýê|…¶}†–€ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– {Ï~…¬ ô…¤~ø†ÿ {ß±…°ÿ

v1693912.211542819.8

v0798697.9064277.3)
mole

3cm
(iV

χ×+χ×

−χ×+χ×= )8(

›~ôë 3 -ìÛ†¬ü± Ÿã†èþ …ð±ÿ́ Ÿ·Œñ~âþ€ ¤œî ìõèþ ô �†°…ì}±

…ð¥çë|�̄ü±ÿ ‹ú ¬¶• „ì~û ‹±…ÿ �éýí±ø†ÿ ̈Çþ ì}ýê„Þ±üç–€ ì}ýê

ì}†Þ±üç– ô  ôüñýê|…¶}†–.

5/0)Lm/J(δ )elom/Lm(iV )elom/J(hocE �éýí± ̈Çþ

6/81

7/71

9/71

3/96

4/68

6/07

21932

79962

76522

�éþ|ì}ýê|„Þ±üç–

�éþ|ì}ýê|ì}†Þ±üç–

�éþ|ôüñýê|…¶}†–

5.0

i

coh5.0

V

E
)

cc

J
( ⎟⎟⎠

⎞
⎜⎜⎝

⎛
=δ

)9(

ºßê 1 -ÆýØ|¶ñœþ °²ôð†ð̧ ìÓñ†Æý·þ ø·}ú øý~°ôó́ ‹±…ÿ �éýí±

¶ú|â†ðú ÚÇÏú|…ÿ �éþ)ôüñýê|…¶}†– -ÚÇÏú -ì}ýê„Þ±üç–( ðíõðú 4

ìõ›õ¬ ¬° ›~ôë|ø†ÿ 1 ô 4 ]91[.

9217.1
23

1

64

1

16

1

64

1

43

1

32

1

111

1111

601.3
6

1

1

1

6

1

4

1

3

1

2

11

8425.2
23

1

13

1

12

1

23

1

33

1

32

1

v
1

v
2

v
6

v
3

v
5

v
4

v
4

v
3

v
3

v
2

v
2

v
1

)j,i(
v

j
v

i

v1

6

1i i
v

v0

∑

∑∑

∑∑

∑

=
×

+
×

+
×

+
×

+
×

+
×

=
ψ×ψ

+
ψ×ψ

+
ψ×ψ

+
ψ×ψ

+
ψ×ψ

+
ψ×ψ

=
ψ×ψ

=χ

=+++++=
ψ

=χ

=
×

+
×

+
×

+
×

+
×

+
×

=



…°{Œ†É ¶†̈}†° ‹† ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±ø†ÿ ¶ú â†ðú ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– - ÚÇÏú...ì¥í~ °Â† °¶}íþ ¬°ôðßç|€ ì¥í~ Îéþ ¶í·†°²…¬û

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 2€ ̈ƒ±¬…¬ ƒƒ {ƒƒýƒƒ± 9831 140

…üò ìõðõì±ø† ¬° ²ðœý± �éýí± ¶ú|â†ðú ÚÇÏú|…ÿ ‹±°¶þ ìþ|ºõ¬.

�ýà|ø†ÿ ìõ›õ¬ ¬° ð†¤ýú mpp1/1-7/0 ì±‹õÉ ‹ú øý~°ôó́ â±ôû ì}ýê

)I( …² ìõðõì± ì}ýê|ì}†Þ±üç– ¬° ô…¤~ {ß±…°ÿ  ü† ¬° …ð}ù†ÿ ²ðœý± �éýí±

¶ú|â†ðú ÚÇÏú|…ÿ …¶•  ]|12-91[.|

�ýà|ø†ÿ ì}ÏéÜ ‹ú øý~°ôó́ â±ôû ì}ýò ìõðõì± ì}ýê„Þ±üç– ¬°

ô…¤~ {ß±…°ÿ ô …ð}ù†ÿ ²ðœý± �éýí± ¶ú|â†ðú ÚÇÏú|…ÿ ¬° ›†‹ú|›†üþ|ø†ÿ

ºýíý†üþ ‹ú {±{ý� ¤~ô¬ 3/2 )a( ô mpp2/4 )b( Ú±…° ¬…°ð~ ]22€71[|.

øý~°ôó́ ì}ýéò ô…¤~ ôüñýê|…¶}†– ¬° …‹}~…ÿ ²ðœý± �éýí± ¶ú|â†ðú

ÚÇÏú|…ÿ )c( ¬° ›†‹ú|›†üþ ºýíý†üþ mpp1/4-4 ¬ü~û ìþ|ºõ¬ Þú º~–

¶†ü± øý~°ôó́|ø† ð·Œ• ‹ú „ó ð±ì†ë ìþ|ºõð~. ‹± …¶†¹ º~–

�ýà|ø†ÿ ì»©¿ú ô…¤~ø†ÿ {ß±…°ÿ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç–
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‹ú ¬¶• „ì~û ‹†: )…èØ( °ô½ …ôë ô )Ž(  °ô½ ¬ôï ìõ›õ¬ ¬° ›~ôë 4.

)…èØ(

)Ž(
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 2€ ̈ƒ±¬…¬ ƒƒ {ƒƒýƒƒ± 9831 

¬° ºßê2 …èØ€ {Óýý±…– ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ÚÇÏú ¬ôï ì±‹õÉ ‹ú

Þõ�éýí± …{×†Úþ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ‹± ¤·� R| ì¥†¶Œú

º~û ‹† °ô½ …ôë „ì~û …¶•. øí†ó|Æõ° Þú ¬ü~û ìþ|ºõ¬€ {Óýý±…– ‹ú

ºßê ìñ¥ñþ Þ†ø»þ …¶• ô ¬° ðýíú …ôë ìÛ~…° ÷†‹• R| {† 573/0 …Ö³…ü¼

ô ¬° ðýíú ¬ôï {† ìÛ~…° ¾×± Þ†ø¼ ìþ|ü†‹~.

¬° …üò ºßê€ ‹† °¶î ̈È °…¶• …² ì¥õ° Î±Å|ø†€ …² ì}õ¶È ¬ì†ÿ

…ð}Û†ë  ºý»ú|…ÿ �éýí±ø†ÿ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– )K133(€ ‹ú

ðÛÇú ÎÇØ ìñ¥ñþ {Óýý±…– ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ‹±¤·� R| ô …ì}~…¬

È̈ {† ì¥õ° Î±Å|ø†€ ðÛÇú K413  ¤†¾ê ìþ|ºõ¬ Þú ìÏ†¬ë ìÛ~…°

¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ Þõ�éýí± üà ¬° ìý†ó )21gT( …¶•.

¬° …¬…ìú€ ‹† …¶}×†¬û …² ìÛ†¬ü± R| ì¥†¶Œú º~û ‹† °ô½ ¬ôï€ {Óýý±…–

¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ÚÇÏú ¬ôï Þõ�éýí± …{×†Úþ ì}ýê„Þ±üç– ô

ì}ýê|ì}†Þ±üç– ‹± ¤·� R| „ì~û …¶• )ºßê 2 Ž(. øí†ó Æõ° Þú

ìç¤Ëú ìþ|ºõ¬€ {Óýý±…– ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ {œ±‹þ ‹† …Ö³…ü¼ ìÛ~…°

R| {† 5/0 Þ†ø»þ ô ¶�̧ ‹† Þ†ø¼ ìÛ~…° …üò ÷†‹• {† ¾×± ì}Û†°ó ‹†

¤†è• â×}ú º~û Þ†ø¼ ìþ|ü†‹~. ì†ðñ~ ÚŒê€ ¬° …üò ¤†è• ðý³ …â± ̈È

°…¶}þ …² ì¥õ° Î±Å|ø† …² ìÛ~…° ì}õ¶È ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ

�éþ|ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç–€ {† ðÛÇú ÎÇØ ìñ¥ñþ {Óýý±…–

¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ Þõ�éýí± …{×†Úþ ‹± ¤·� ÷†‹• R| °¶î ºõ¬ ô …üò

È̈ …¬…ìú ¬…¬û ºõ¬€ ì¥õ° Î±Å|ø† °… ¬° ìÛ~…°21gT| ¤~ô¬ K843

ÚÇÐ ìþ|Þñ~.

¬° ºßê3€ ‹† …¶}×†¬û …² ìÏ†¬èú ‹†°{õó )1( ô ‹± …¶†¹ ìÛ†¬ü± ¤†¾ê ‹†

¬ô °ô½ ì³‹õ° ‹±…ÿ ÷†‹•|ø†ÿ R| ô 21gT€ {Óýý±…– ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ ðË±ÿ ô {œ±‹þ Þõ�éýí±ø†ÿ …{×†Úþ ‹† Þ·± ìõèþ ì©}éØ …²

ì}ýê|ì}†Þ±üç– ìÛ†ü·ú º~|û|…ð~. ìç¤Ëú ìþ|ºõ¬€ ¬° ¤†è}þ Þú ¬°

ìÏ†¬èú ðË±ÿ ‹†°{õó )1(€ ìÛ~…° ÷†‹• R| ìÏ†¬ë ‹† ¾×± ‹†º~€ °ôð~

{Óýý±…– ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ Þõ�éýí±ø†ÿ …{×†Úþ ì}ýê„Þ±üç– ô

ì}ýê|ì}†Þ±üç– ‹† …Ö³…ü¼ Þ·± ìõèþ ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí± ‹ú

Æõ° ̈Çþ …Ö³…ü¼ ìþ|ü†‹~. ð}†ü� {œ±‹þ ðý³ ‹ú ºßê Òý±̈Çþ …¶• ô

ìÛ†¬ü± ‹ý»}±ÿ ð·Œ• ‹ú °ôð~ {Óýý±…– ðË±ÿ ¬…°ð~. …ì†€ ‹† …Îí†ë ìÛ†¬ü±

÷†‹•|ø†ÿ R| ¤†¾ê …² ø± ¬ô °ô½ ìõ›õ¬ ¬° ›~ôë4 ô ìÛ†¬ü± 21gT|

¤†¾ê …² ºßê3€ Þú ‹ú {±{ý� ¬° …°{Œ†É ‹† {õ²üÐ ô…¤~ø†ÿ {ß±…°ÿ

ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí± …{×†Úþ ô ìÛ~…° ¬ì†ÿ …ð}Û†ë

ºý»ú|…ÿ üà ¬° ìý†ó ø·}ñ~€ {Óýý±…– ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ

Þõ�éýí±ø†ÿ …{×†Úþ ¤†¾ê …² ø± ¬ô ‹©¼ …² ¬…¬û|ø†ÿ ðË±ÿ ‹ý†ó º~û

ì»†‹ú ô ‹ú ºßê ìñ¥ñþ …¶• ô ‹ú Æõ° {Û±üŒþ ìñÇŒÜ ‹± ð}†ü� {œ±‹þ

…¶• ]|6[|.  |

‹± …¶†¹ ìÏ†¬èú Þõüþ )ìÏ†¬èú 3( {Óýý±…– ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ‹ú

ºßê ̈Çþ ô ìñ¥ñþ ‹±…ÿ ¶ú ðíõðú …² �éýí±ø†ÿ ¶ú|â†ðú ÚÇÏú|…ÿ ô ¬ô

ðíõðú Þõ�éýí± ÚÇÏú|…ÿ ›~ôë1 ‹† ìÛ†¬ü± {œ±‹þ ìÛ†ü·ú º~û|…ð~ )ºßê4(.

øí†ó Æõ° Þú ¬ü~û ìþ|ºõ¬€ øñã†ìþ Þú ìÏ†¬èú ðË±ÿ ‹† ìÛ†¬ü± ÷†‹•|ø†ÿ

k| ô q‹ú {±{ý� 1 )‹ú ¬èýê …ð¥±…Ù ì}Û†°ó ¬…¬|û|ø†ÿ {œ±‹þ …² °ôð~ ̈Çþ

ðË±ÿ(  ô ¾×± ¶†¬û|¶†²ÿ º~û …¶•€ {Óýý±…– ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ

ðË±ÿ Þõ�éýí±ø†ÿ …{×†Úþ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ‹† …Ö³…ü¼

ºßê 3 -{Óýý±…– ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ )( {œ±‹þ ô  ðË±ÿ ¤†¾ê …²

ìÏ†¬èú ðË±ÿ ‹†°{õó: ) -( ìÛ~…° ÷†‹• 0=R| ô)...( ìÛ†¬ü± R| ‹ú ¬¶• „ì~û

¬° ›~ôë 4 ô ìÛ†¬ü± 21gT| ¤†¾ê …² ºßê 3 ‹† {Óýý±…– Þ·± ìõèþ

ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí± …{×†Úþ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç–. 

ºßê 4 -{Óýý±…– ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ )( {œ±‹þ ô ðË±ÿ ¤†¾ê …²

ìÏ†¬èú ðË±ÿ Þõüþ: )...( ìÛ†¬ü± 1 = k| ô 0 = q| ô )-( ìÛ†¬ü± 1 =kô 9/41 = q

|)ìñ¥ñþ �ýõ¶}ú( ‹† {Óýý±…– Þ·± ô²ðþ ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí±

…{×†Úþ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç–.  |
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…°{Œ†É ¶†̈}†° ‹† ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ �éýí±ø†ÿ ¶ú â†ðú ÚÇÏú|…ÿ �éþ|ôüñýê|…¶}†– - ÚÇÏú...ì¥í~ °Â† °¶}íþ ¬°ôðßç|€ ì¥í~ Îéþ ¶í·†°²…¬û

Þ·± ô²ðþ ì}ýê|ì}†Þ±üç– )2m( ¬° Þõ�éýí± …² K182 ¬° ì}ýê„Þ±üç–

‹ú ìÛ~…° K183 ¬° ì}ýê|ì}†Þ±üç– ‹ú Æõ° ̈Çþ …Ö³…ü¼ ìþ|ü†‹~. …üò

ìõÂõÑ ‹ú ¬èýê ¶©• ‹õ¬ó ô…¤~ {ß±…°ÿ ì}ýê|ì}†Þ±üç– ô ð±ï ‹õ¬ó

ô…¤~ {ß±…°ÿ ì}ýê„Þ±üç– …¶•. øî|Ÿñýò ¬° …üò ºßê ìÛ~…°ÿ

…ð¥±…Ù ì˜Œ• ìý†ó ð}†ü� {œ±‹þ ô ðË±ÿ ¬ü~û ìþ|ºõ¬.  |

‹ñ†‹±…üò€ …÷± ‹±øî|Þñ¼ ìý†ó ²ðœý±ø†ÿ Þõ�éýí± …{×†Úþ Þú ‹† ÷†‹• q¬°

ìÏ†¬èú )3( ‹ý†ó ìþ|ºõ¬€ ìñËõ° ô …² ðÛ†É {œ±‹þ üà ìñ¥ñþ ‹† ìÏ†¬èú

¬°›ú ¬ôï °¶î ìþ|ºõ¬ )ºßê4(. ‹† {õ›ú ‹ú …ð¥±…Ù ì}Û†°ó ¬…¬û|ø†ÿ

{œ±‹þ …² {Óýý±…– ̈Çþ ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ Þõ�éýí±ø† ìÛ~…° k| ‹±…‹±

‹† 1 ¬°ðË± â±Ö}ú º~û …¶•. ‹† {õ›ú ‹ú {õ…ÖÜ ̈õŽ ìý†ó ¬…¬û|ø†ÿ ðË±ÿ ô

{œ±‹þ ô ‹± ìŒñ†ÿ ìÏ†¬èú ¬°›ú ¬ôï ‹ú ¬¶• „ì~û€ ìÛ~…° ÷†‹• q| ‹±…‹±

9/41 …¶•. …üò ìÛ~…° ì}†÷± …² ‹±øî|Þñ¼|ø†ÿ ìý†ó ²ðœý±ø†ÿ Þõ�éýí±

ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– …¶• ]9€8[.

‹† …¶}×†¬û …² ìÏ†¬èú {õ�õèõ´üßþ )4( ìõ›õ¬ ¬° ‹©¼ {œ±‹þ -ðË±ÿ

ô ¬…¬û|ø†ÿ ìõ°¬ ðý†² ìõ›õ¬ ¬° ›~ôë|ø†ÿ2 ô 3€ ìÛ†¬ü± ðË±ÿ ¬ì†ÿ

…ð}Û†ë  ºý»ú|…ÿ ‹±…ÿ �éþ|ôüñýê|…¶}†–€ ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç–

‹ú {±{ý� 803€ 803 ô K653 ‹ú ¬¶• „ì~û|…ð~.  |

ìÛ†¬ü± {œ±‹þ …üò �éýí±ø† ‹± …¶†¹ ¬…¬û|ø†ÿ ›~ôë1 ‹ú {±{ý� 013€

182 ô K|183 ø·}ñ~ ]|61[|. ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ÚÇÏú|ø†ÿ

�éþ|ôüñýê|…¶}†– ô Þõ�éýí±ø†ÿ …{×†Úþ ü†¬º~û ¤†¾ê …² °ô½

â±ì†¶ñœþ �õü»þ {×†Âéþ ¬° ì±›Ð ]|61[| ð»†ó ¬…¬€ …üò ¬ô ÚÇÏú ¬…°…ÿ

¬ì†ø†ÿ …ð}Û†ë ¬° ì¥~ô¬û ¬ì†üþ Þ†ìç_ ìœ³… ‹õ¬û ô °ôÿ øî …÷±ÿ ð~…°ð~

]|61[| ô ÖÛÈ Þ·± ìõèþ ü† ô²ðþ ô…¤~ø†ÿ {ß±…°ÿ ì}ýê„Þ±üç– ô

ì}ýê|ì}†Þ±üç– °ôÿ ìÛ~…° ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ Þõ�éýí± …{×†Úþ …÷±

¬…°¬.  |

ìÛ†¬ü± ðË±ÿ ô {œ±‹þ ‹±…ÿ ÚÇÏú �éþ|ôüñýê|…¶}†– ì»†‹ú ø·}ñ~. …üò

ìÛ†¬ü± ‹±…ÿ �éþ|ì}ýê„Þ±üç– ô ì}ýê|ì}†Þ±üç– ìÛ~…°ÿ …ð¥±…Ù ¬…°ð~.

¬èýê …üò …ì±€ …÷± Ÿý~ì†ó â±ôû|ø†ÿ ìõ›õ¬ ¬° ô…¤~ø†ÿ {ß±…°ÿ …üò ¬ô

�éýí± ô …÷± „°…ü¼|ìñ~ÿ ìõ›õ¬ ¬° �éþ ì}ýê|ì}†Þ±üç– …¶• Þú ¬°

ìÏ†¬èú {õ�õèõ´üßþ )4( ðý†ì~û …¶•. �µôø¼|ø†ÿ „üñ~û …üò â±ôû

�µôø»þ ¬° ›ù• …¾ç§ …üò ìÏ†¬æ– ô …¶}×†¬û …² º†̈À|ø†ÿ

{õ�õèõ´üßþ …¾ç§ º~û ô {õ¶Ïú ü†Ö}ú ‹±…ÿ …ðÇŒ†Ý ‹ý»}± ¬…¬û|ø†ÿ

{œ±‹þ ô {õ�õèõ´üßþ …¶•.  |

¬° …¬…ìú€ ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ðË±ÿ ‹±…ÿ Þõ�éýí±ø†ÿ …{×†Úþ ‹†

…¶}×†¬û …² ìÛ†¬ü± ‹ú ¬¶• „ì~û ô ‹©¼ ¬ôï ìÏ†¬èú )4(€ )igT im=gT(€

ì¥†¶Œú ô ‹† ìÛ†¬ü± {œ±‹þ ìÛ†ü·ú º~û|…ð~ )ºßê5(. øí†ó|Æõ° Þú

ìç¤Ëú ìþ|ºõ¬€ ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ðË±ÿ {õ�õèõ´üßþ ô

{œ±‹þ ÚÇÏú Þõ�éýí± …{×†Úþ )ÚÇÏú ¬ôï( ‹† …²¬ü†¬ Þ·± ìõèþ

ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí± …Ö³…ü¼ ìþ|ü†‹~ ô ìý†ó ¬…¬û|ø†ÿ {œ±‹þ ô

ðË±ÿ ìÛ~…°ÿ …ð¥±…Ù ô›õ¬ ¬…°¬. …ð¥±…Ù ìõ›õ¬ ìý†ó ¬…¬û|ø†ÿ

{œ±‹þ ô ðË±ÿ …Ö³ôó ‹± ìõ…°¬ â×}ú º~û ‹ú ¬èýê …÷± ð¥õû {õ²üÐ

ô…¤~ø†ÿ {ß±…°ÿ ¬° ²ðœý± Þõ�éýí± …{×†Úþ …¶• ]1[.|

ð}ýœú|âý±ÿ

‹±Ú±…°ÿ …°{Œ†É ìý†ó ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ì¥†¶Œú º~û ‹†

ìÏ†¬æ– ðË±ÿ ô °ô½|ø†ÿ ¶†̈}†°ÿ ){õ�õèõ´üßþ€ øñ~¶þ ô

Î†ìéý•|ø†ÿ ìõ›õ¬ ¬° ô…¤~ {ß±…°ÿ( ‹† ìÛ†¬ü± {œ±‹þ …ðõ…Ñ

Þõ�éýí±ø†ÿ ÚÇÏú|…ÿ …ìß†ó �ý¼|âõüþ ìñ†¶� ̈õ…Á â±ì†üþ „ðù† ô

Æ±…¤þ ìñ†¶� ÚÇÏú|ø†ÿ ì}ñõÑ ‹† Ú†‹éý•|ø†ÿ ì©}éØ °… …üœ†¬ ìþ|Þñ~.

…¶}×†¬û …² ø± ¬ô ðõÑ °ô½ ðË±ÿ ‹†°{õó ‹± ìŒñ†ÿ …÷± Þ·± ìõèþ

ô…¤~ø†ÿ {ß±…°ÿ ô ð¥õû {õ²üÐ „ðù† ô Þõüþ ‹± ìŒñ†ÿ …÷± Þ·± ô²ðþ

ô…¤~ø†ÿ {ß±…°ÿ ô ¬° ðË± â±Ö}ò ‹±øî|Þñ¼|ø†ÿ ìý†ó ²ðœý±ø†€ …ìß†ó

�ý¼|‹ýñþ ¬ÚýÜ {Óýý±…– ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ Þõ�éýí±ø†ÿ …{×†Úþ )ÚÇÏú

¬ôï( °… ìùý† ìþ|Þñ~.

‹† …¶}×†¬û …² ìÏ†¬æ– ô ¬…¬û|ø†ÿ {õ�õèõ´üßþ€ Þú ²ü± …÷± ¶†̈}†° ô

Î†ìéý•|ø†ÿ ìõ›õ¬ ¬° ô…¤~ {ß±…°ÿ ô Ÿã†èþ …ð±ÿ́ Ÿ·Œñ~âþ ìý†ó

²ðœý±ø† ‹ú ¬¶• ìþ„ü~€ ìÛ†¬ü± ðË±ÿ ô {œ±‹þ ¤†¾ê ‹±…ÿ ÚÇÏú|ø†ÿ

∑
i

ºßê 5 -ìÛ†¬ü± ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ )( {œ±‹þ ô )( ðË±ÿ

{õ�õèõ´üßþ ‹ú ¬¶• „ì~û ‹† ìÏ†¬èú )4( ô ¬…¬û|ø†ÿ ›~ôë|ø†ÿ 2 ô 3€

‹±¤·� Þ·± ìõèþ ì}ýê ì}†Þ±üç– ¬° Þõ�éýí± …{×†Úþ ì}ýê„Þ±üç– ô

ì}ýê|ì}†Þ±üç–.
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 2€ ̈ƒ±¬…¬ ƒƒ {ƒƒýƒƒ± 9831 

�éþ|ôüñýê|…¶}†– )ÚÇÏú …ôë( ô Þõ�éýí± …{×†Úþ ì}ýê„Þ±üç– ô

ì}ýê|ì}†Þ±üç– )ÚÇÏú ¬ôï( ð³¬üà ‹ú øî …¶• ô ‹† Þ·± ìõèþ ô…¤~

{ß±…°ÿ ì}ýê|ì}†Þ±üç– ¬° Þõ�éýí± …{×†Úþ …Ö³…ü¼ ìþ|ü†‹ñ~.

…̈}¿†°…–

w Þ·± ô²ðþ

m Þ·± ìõèþ

gT ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ Þõ�éýí± 

gT ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ ì}õ¶È

21,gT ¬ì†ÿ …ð}Û†ë ºý»ú …ÿ Þõ�éýí± üà ¬°ìý†ó 

igT ¬ì†ÿ …ð}Û†ë  ºý»ú|…ÿ øíõ�éýí±  

gTN ìÛ~…° ÷†‹• ô…‹·}ú ‹ú �†°…ì}±ø†ÿ ¶†̈}†°ÿ 

N {Ï~…¬ …{î|ø†ÿ Òý± …² øý~°ôó́ ¬° ô…¤~ {ß±…°ÿ �éýí± 

�†°…ì}± …ð¥çë|�̄ü±ÿ �éýí± ¶ñ}³ÿ 

º†̈À {õ�õèõ´üßþ …² ¬°›ú ¾×± ‹±…ÿ ðõÑ …{î ìõ›õ¬ ¬° ô…¤~

{ß±…°ÿ 

|º†̈À {õ�õèõ´üßþ …² ¬°›ú ¾×± ‹±…ÿ ðõÑ …{î ìõ›õ¬ ¬° ô…¤~

{ß±…°ÿ ô …÷± ð†›õ° …{î 
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