
T
o describe the rheological behavior of polymer blends using emulsion-

based (Palierne theory) as well as micromechanical models (Coran

approach), two immiscible polymeric blend systems of poly(trimethylene

terephthalate) (PTT)/polyamide-12 (PA12) and PTT/polyethylene (PE) having dif-

ferent levels of molecular interactions were investigated as model systems. The

role of interfacial interactions, viscosity ratio, composition, and shear rate were

also explored with respect to the aforementioned theories. For both systems no rea-

sonable agreement was noticed between the experimental data and Palierne model

predictions, which was related to high viscosity ratio and high dispersed phase con-

tent. Nevertheless, the PTT/PE blend, having almost a zero interfacial thickness

due to the absence of intermolecular interaction, exhibited a seemingly better cor-

relation with experimental data compared to PTT/PA12 system. Moreover a better

agreement between experimental and theoretical data was obtained in the blend

where the viscosity of dispersed phase was higher than that of matrix. Also, in both

model systems, the values predicted from Palierne were closer to empirical data at

higher frequencies most likely due to breakdown in physical network structure.

Coran analysis due to its micromechanical origin could give outputs in good agree-

ment with the experimental results in both model systems.
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ì~ë|ø†ÿ °õ̂èõ´üßþ …°…̂ú º~û …² ìõ…¬ ²ü± …¶}×†¬û º~û …¶•:   |

�éþ|…¶}±„°ôì†{ýà �éþ|{±ÿ|ì}ýéò {±Ö}†æ– )TTP(| ‹† ð†ï {œ†°ÿ

ARRETROC{ùýú º~û …² º±Þ•  slacimehC llehS€ âõðú 002PC| ‹†

Ÿã†èþ 3mc/g|33/1 ô â±…ð±ôÿ ®…{þ  g/Lm9/0€ �éþ„ìý~ 21 )21AP(| ‹† ð†ï

{œ†°ÿ ®dimalirG52L| ì¥¿õë º±Þ• EIMEHC-SME‹† Ÿã†èþ

3mc/g|20/1 ô ì}†èõ¶ò �éþ|…{ýéò ¶Œà ̈Çþ€ EPDLL-m|€  ðõÑ

AC3201 DEECXE| …² º±Þ• lacimehC libomnoxxE| …üò �éýí± ‹†

Þ†{†èý³ô° ì}†èõ¶ñþ {ùýú º~û …¶• Þú º†̈À ›±ü†ó ì̄…Ž „ó ‹± …¶†¹

…¶}†ð~…°¬ 8321DMTSA|€  nim01/g| 1 ô Ÿã†èþ „ó 3mc/g 329/0 ‹õ¬.

¬¶}ã†û|ø† ô °ô½|ø†

„ìý©}ú|ø†ÿ �éþ|{±ÿ|ì}ýéò|{±Ö}†æ– - �éþ„ìý~ 21 ô �éþ|{±ÿ||ì}ýéò

{±Ö}†æ– - �éþ|…{ýéò ¶Œà ̈Çþ ‹† …¶}×†¬û …² „ìý©}ú|¶†² …² ðõÑ ¬ô�ý¡þ

‹† ð†ï ACAD| ¶†̈• º±Þ• stnemurtsnI ACAD| ¬° ¬ì†ÿ Co032€

¶±Î• mpr001 ô ¬° ì~– ²ì†ó nim|01 {ùýú º~ð~. Ÿ±̈¼ �ý¢|ø†ÿ

…üò „ìý©}ú|¶†² ‹ú ºßê øî|›ù• ô „°…ü¼ �ý¢|ø† ðý³ ‹ú ºßê ºý�|¬…°

)derepat(| ¬° Æõë ¬¶}ã†û …¶•€ …üò ð¥õû Ú±…°âý±ÿ �ý¢|ø†€ Þ†°…üþ

¬¶}ã†û °… ¬° …Îí†ë üà {ñ¼ ì}Óý± ô ìõö÷± ¬° Æõë …̈}çÉ …Ö³…ü¼

ìþ|¬ø~. �ý¼ …² …ðœ†ï Îíéý†– …̈}çÉ€ …›³…ÿ ̈†èÀ ¬° ¬ì†ÿ Co08

‹ú ì~– h|42 ¬° â±ï|̈†ðú ²ü± ›õ ̈ñþ̃ ‹ú ¬Ú• ̈»à º~ð~ {† {©±ü�

¤†¾ê …² ô›õ¬ °Æõ‹• ‹ú ¤~…Úê ‹±¶~. …üò ì·‰éú ‹ú ôüµû ‹±…ÿ

�éþ„ìý~ 21 ›~ÿ …¶•.  |

…ð~…²û|âý±ÿ|ø†ÿ °õ̂èõ´üßþ ‹† …¶}×†¬û …² °õ̂ì}± ®SERA| ¶†̈•
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º±Þ• cifitneicS cirtemoehR| …ðœ†ï º~. …üò °õ̂ì}± …² ðõÑ ¾×¥†–

ìõ…²ÿ ‹† °ô½  …ð~…²û|âý±ÿ ðõ¶†ðþ )¬üñ†ìýßþ( ô ÚÇ± ¾×¥†– mm52

‹õ¬. ‹±…ÿ …ðœ†ï …üò „²ì†ü¼€ ðíõðú|ø† ‹ú ºßê ¬…ðú|ø†ÿ ›†ì~ ¬° ÖÃ†ÿ

‹ýò ¬ô ¾×¥ú °õ̂ì}± ‹† ¬ø†ðú mm55/0 Ú±…° ¬…¬û º~ð~. ðíõðú|ø† ¬° …‹}~…

¬° ìÏ±Å „²ìõó �õü¼ Þ±ð¼ Ú±…° â±Ö}ñ~ {† ð†¤ýú ôü·ßõ…æ¶}ýà

¨Çþ ‹±…ÿ ø± ðíõðú ìÏýò ºõ¬€ ¶�̧ …ð~…²û|âý±ÿ|ø† ‹ú ºßê �õü¼

‹·†ì~ …ðœ†ï º~. ð†¤ýú ôü·ßõ…æ¶}ýà ̈Çþ ð†¤ýú|…ÿ …² Þ±ð¼ …¶•

Þú ¬° ì¥~ô¬û „ó€ �†¶ª ¶†ì†ðú ‹ú Æõ° ̈Çþ ‹†Úþ ìþ|ì†ð~. ‹·†ì~ ¬°

ì¥~ô¬û s/dar001-1/0 ‹±°¶þ º~û …¶•.  |

‹±…ÿ ‹±°¶þ ºßê|ºñ†¶þ€ ðíõðú|ø† ¬° ðý}±ôó́ ì†üÐ ºß·}ú ô ‹ú

Þíà|æüú|…ÿ ð†²á …² Æç �õº†ð~û º~ð~. ¶�̧€ ¶Çõ§ ºß·• ‹ú

Þíà ìýß±ô¶ßõ’ …èß}±ôó|�õü»þ )MES(| ðõÑ 063-S| ¶†̈•

º±Þ• stnemurtsnI egdirbmaC| ì»†ø~û ô ‹ú Þíà ð±ï|…Ö³…° ôüµû

ì±‹õÉ ‹ú øíýò ¬¶}ã†û {¥éýê º~. ‹ú ìñËõ° {Ïýýò …ð~…²û ®°…– Ö†²

�±…Þñ~û …² MES| ‹ú Îñõ…ó …‹³…° ì»†ø~û ì·}Ûýî …¶}×†¬û º~. øî|Ÿñýò€ ‹†

…¶}×†¬û …² ð±ï|…Ö³…° ìñ†¶� �±¬…²½|â± {¿õü± )erawtfos sisylana egami(

Þú ìÏíõæ_ ‹ú ¬¶}ã†û MES| ì}¿ê …¶•€ ìþ|{õ…ó ÚÇ± ®°…– Ö†² �±…Þñ~û

°… ì¥†¶Œú Þ±¬ ô {õ²üÐ �±…Þñ~âþ „ðù† °… ðý³  ‹ú ¬¶• „ô°¬.

ð}†ü� ô ‹¥™

…°²ü†‹þ  °Ö}†° °õ̂èõ´üßþ ‹† ì~ë �†èý±ó

‹ú ìñËõ° …°²ü†‹þ °Ö}†° °õ̂èõ´üßþ ¶†ì†ðú �éýí±ÿ ‹ú Þíà ì~ë �†èý±ó

ðý†² ‹ú ¬°ü†Ö• …ÆçÎ†– ºßê|ºñ†¶þ „ó ¶†ì†ðú ‹ú Þíà MES| ô

{¥éýê „ó ‹ú Þíà ð±ï|…Ö³…° �±¬…²½|â± {¿õü± …¶•.

ð}†ü� {¿†ôü± ì±‹õÉ ‹ú ºßê|ºñ†¶þ ¶Ç¦ ºß·• ðíõðú|ø†ÿ

21AP/TTP| ð»†ó ìþ|¬ø~€ …üò ¶†ì†ðú ¬…°…ÿ ºßê|ºñ†¶þ …² ðõÑ

ÚÇ±û|…ÿ …¶• Þú ¬æè• ‹± …ì}³…ž|ð†�̄ü± ‹õ¬ó ¶†ì†ðú ¬…°¬. øî|Ÿñýò

ð}†ü� ð»†ó ìþ|¬ø~€ …ð~…²û ®°…– ¬°  Ö†² Òñþ …² 21AP‹ú Æõ° ì}õ¶È

ð·Œ• ‹ú ¶†ì†ðú Ö†² Òñþ …² TTP| ÞõŸà|{± …¶•. Îé• „ó ‹ú ð·Œ•

â±…ð±ôÿ „ìý©}ú|ø† ‹†² ìþ|â±¬¬. …² „ó|›† Þú …ÆçÎ†– …üò ‹©¼ ¬°

›†ÿ ¬üã± â³…°½ º~û …¶• )›~ôë 1( …² {ß±…° „ó ̈õ¬…°ÿ ìþ|ºõ¬

]|51[. ¬° ðíõðú|…ÿ Þú �éþ„ìý~  Ö†² �ýõ¶}ú …¶•€ ð·Œ• â±…ð±ôÿ Ö†²

�±…Þñ~û ‹ú Ö†² �ýõ¶}ú Þí}± …¶•€ ‹ñ†‹±…üò ðý±ôø†ÿ â±…ð±ô ‹ú ðý±ôø†ÿ

‹ýò ¶Ç¥þ Ò†è� º~û ô ºß·• ÚÇ±û|ø† ‹ú ¶ùõè• …ðœ†ï ìþ|ºõ¬. ¬°

¤†èþ|Þú ¬° ðíõðú|…ÿ Þú �éþ|…¶}± )TTP(| Ö†² �ýõ¶}ú …¶•€ ð·Œ• â±…ð±ôÿ

‹ý»}± …² 1 º~û ô ºß·• ÚÇ±û|ø†ÿ �éþ„ìý~21 ‹ú ¶©}þ °« ìþ|¬ø~.

ºÏ†Ñ ì}õ¶È Î~¬ÿ ®°…– Ö†² �±…Þñ~û€ dR€ ¬° ¬°¾~ø†ÿ ì©}éØ ‹±

…¶†¹ ð±ï|…Ö³…° �±¬…²½|â± {¿õü± ¬¶}ã†û MES| ‹ú ¬¶• „ì~û ô ìÛ†¬ü±

„ó ¬° ›~ôë 1 ¬…¬û º~û …¶• )®°…– {à …ð~…²û|…ÿ Ö±Å º~û|…ð~(. …²

ìÛ†ü·ú …Î~…¬ ì±‹õÉ ‹ú ºÏ†Ñ ì}õ¶È Î~¬ÿ ®°…– Ö†² �±…Þñ~û ìþ|{õ…ó

¬°ü†Ö• Þú …ð~…²û ®°…– ¬° ¶†ì†ðú|…ÿ Þú Ö†² �éþ„ìý~21 {»ßýê Ö†²

�ýõ¶}ú ìþ|¬ø~€ ÞõŸà|{± …¶•€ ð·Œ• ‹ú ¶†ì†ðú ì»†‹ùþ Þú ¬° „ó

TTP| Ö†² �ýõ¶}ú …¶• ]|51[.

ð}†ü� ®Þ± º~û ¬° …üò ‹©¼ ¬° …°{Œ†É ‹† …÷± {±Þý� ¬°¾~ ô ð·Œ•

â±…ð±ôÿ Ö†²ø† ‹± ºßê ºñ†¶þ„ìý©}ú|ø†ÿ  21AP/TTP| ‹† ð}†ü� ¤†¾ê

…² ìÇ†èÏ†– �µôø¼|â±…ðþ øî|Ÿõó ayiarahD]12[|€ soimaS]22[| ô

uoihC|]32[ øî|̈õ…ðþ ¬…°¬ Þú ¬° ²ìýñú ‹±°¶þ …÷± …üò ¶ú Î†ìê ‹±

ì»©¿ú|ø†ÿ ºßê|ºñ†¶þ °ôÿ „ìý©}ú|ø†ÿ ì»†‹ú )6AP/TBP€

6AP/TEP ô 6€ 6AP/TBP( â³…°½ Þ±¬û|…ð~.

�̧ …² ‹ú ¬¶• „ô°¬ó …ÆçÎ†– …ð~…²û ®°…– Ö†² �±…Þñ~û ô {õ²üÐ

®°…– „ó ‹ú Þíà ¬…¬û|ø†ÿ ºßê|ºñ†¶þ ô øî|Ÿñýò …ÆçÎ†–

°õ̂èõ´üßþ �éþ|{±ÿ|ì}ýéò|{±Ö}†æ– -�éþ„ìý~21€ {ÇŒýÜ …üò ¬…¬û|ø† ‹†

ì~ë ì³‹õ° ‹ú Þíà ð±ï|…Ö³…° ®baltaM| …ðœ†ï º~. ð}†ü� ‹ù}±üò {ÇŒýÜ

¬° ºßê|ø†ÿ 1 ô 2 ‹±…ÿ ¬ô {±Þý� ¬°¾~ ì©}éØ „ì~û …¶•. æ²ï ‹ú

{õÂý¦ …¶•€ ‹±…ÿ …ðœ†ï ì¥†¶Œ†– ¬° ¤~ô¬ 05 ®°û ¬° ø± °ü³ðíõ¬…°

ìõ°¬ ‹±°¶þ Ú±…° â±Ö•.   |

¬° ºßê 1 ð}†ü� ¤†¾ê …² ì~ë �†èý±ó ‹ú øí±…û ¬…¬û|ø†ÿ {œ±‹þ ‹±…ÿ

„ìý©}ú 57/52 21AP/TTP| ð»†ó ¬…¬û º~û …¶•. øí†ó|Æõ° Þú ì»†ø~û

ìþ|ºõ¬€ {ÇŒýÜ ̈õ‹þ ìý†ó ¬…¬û|ø† ‹ú ¬¶• ðíþ„ü~€ ìã± ¬° ‹·†ì~ø†ÿ

²ü†¬ Þú ¬èýê „ó ºß·• ºŒßú|ø†ÿ Öý³üßþ ìõèßõë|ø† ¬° {ñ¼|ø†ÿ ²ü†¬

…¶•. ìñËõ° …² ºŒßú|ø†ÿ ‹ýò ìõèßõèþ øí†ó ºŒßú|ø†ÿ Öý³üßþ ìõÚ•

{»ßýê º~û ‹ú ¬èýê „÷†° ðý±ôø†ÿ ‹ýò ìõèßõèþ  …¶• Þú ¬° ô…ÚÐ º†ìê

�ýõð~ø†ÿ øý~°ô´ðþ€ ‹±øî|Þñ¼|ø†ÿ ¬ôÚÇŒþ -¬ôÚÇŒþ€ ‹±øî|Þñ¼|ø†ÿ

noseeKô ðý±ôø†ÿ æð~ó …¶•. Þ†ìç_ ì¥}íê …¶•€ ²ü± ðý±ôø†ÿ

›~ôë 1 -ì»©¿ú|ø†ÿ ºßê|ºñ†¶þ ðíõðú|ø†ÿ 21AP/TTP|.

ð·Œ• â±…ð±ôÿ Ö†²

�±…Þñ~û ‹ú �ýõ¶}ú ¬°

º~– ‹±½ ¾×±

ºÏ†Ñ ì}õ¶È

Î~¬ÿdR)m(μ
›³Š ¤œíþ

dϕ

ðíõðú

21AP/TTP

09/41|

70/0

74/0

14/0

350/0

202/0

52/57

57/52
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‹±ºþ€ ‹ú ôüµû ¬° {ñ¼|ø†ÿ ²ü†¬€ ºŒßú|ø†ÿ ì³‹õ° ºß·}ú º~û ô ¬°

ð}ýœú …÷± ì˜Œ• Ö¿ê ì»}±á ¬° {Ûõü• ì~ôë „ìý³û€ …² ‹ýò ‹±ô¬. …² „ó

›† Þú …ð¥±…Ù ‹ýò ¬…¬û|ø†ÿ {œ±‹þ ô ¬…¬û|ø†ÿ ¤†¾ê …² ì~ë �†èý±ó

ð†ºþ …² Ö¿ê ì»}±á …¶•€ ‹ñ†‹±…üò ºß·}ú º~ó ºŒßú|ø† ‹†Î™ øî

¨õ…ðþ ‹ù}± ‹ýò ¬…¬û|ø†ÿ {œ±‹þ ô ¬…¬û|ø†ÿ ¤†¾ê …² ì~ë �†èý±ó ‹ú ôüµû

¬° ðõ…¤þ ¶±Î•|ø†ÿ ‹±ºþ ²ü†¬ ìþ|ºõ¬.   |

¬° ºßê 2 ð}†ü� ì±‹õÉ ‹ú {±Þý� ¬°¾~ 52/57 ì»†ø~û ìþ|ºõ¬ Þú

ð·Œ• ‹ú 57/52 …² {ÇŒýÜ ‹ù}±ÿ ‹±̈õ°¬…° …¶•. ¬° ‹ÏÃþ …² ì±…›Ð ®Þ±

º~û …¶•€ ‹ú Þíà ì~ë �†èý±ó ðíþ|{õ…ó °õ̂èõÿ́ ¶†ì†ðú|ø†ÿ ¤†ôÿ

‹ý¼ …² 01% ô²ðþ ›³Š �±…Þñ~û ‹ú Æõ° Ú†‹ê ÚŒõë ì~ë Þ±¬ ]|42€02[|.

‹ñ†‹±…üò€ Î~ï {õ…ð†üþ …üò ì~ë ¬° ð»†ó ¬…¬ó °Ö}†° °õ̂èõ´üßþ

¶†ì†ðú|ø†ÿ 52/57 21AP/TTP| ô 57/52 21AP/TTP| ìþ|{õ…ð~ ‹ú …üò

ìÇé� ì±‹õÉ ºõ¬. {õÂý¦ …üò ðß}ú Â±ô°ÿ …¶• Þú ¬ü~û º~û …üò

ì~ë ‹±…ÿ ¶†ì†ðú|ø†üþ ‹ù}± ›õ…Ž ìþ|¬ø~ Þú ¬° „ó â±…ð±ôÿ …›³…

ð³¬üà ‹ú üà ¬üã± …¶•. ‹ú ÎŒ†°– ¬üã±€ ð·Œ• â±…ð±ôÿ …›³… …̈}çÙ

²ü†¬ÿ {† 1 ð~…°¬ ]|52€22[|. ¬° ¶†ì†ðú|ø†ÿ ‹† …̈}çÙ â±…ð±ôÿ ²ü†¬ ‹ýò

…›³…€ ‹ú Þíà …üò ì~ë ðíþ|{õ…ó ‹ú °Ö}†° ¶†ì†ðú °… ‹ú Æõ° ¾¥ý¦

�ý¼|‹ýñþ Þ±¬ ]|62[|.  |

Ê†ø±…_ ì~ë �†èý±ó ¬° ¶†ì†ðú|ø†üþ Þú ð·Œ• â±…ð±ôÿ ¬° „ðù† ‹ý»}± …² 1

…¶• )52/57 21AP/TTP( ›õ…‹þ ð·Œ}†_ ð³¬üà|{± ‹ú ¬…¬û|ø†ÿ {œ±‹þ

…°…ú̂ ìþ|¬ø~. …üò …ì± …² ìÛ†ü·ú ðíõ¬…°ø†ÿ ì±‹õÉ ‹ú ¬ô ¶†ì†ðú

52/57 21AP/TTP| ô 57/52 21AP/TTP| ðý³ „ºß†° ìþ|ºõ¬. ‹† ¬Ú•

¬° ìñ¥ñþ|ø†ÿ ì±‹õÉ ‹ú ì~ë ìþ|{õ…ó ¬°ü†Ö• Þú ¬° ‹·†ì~ø†ÿ Þî üà

ð†¤ýú {Û±üŒ†_ ì·Ç¦ �~ü~…° ìþ|ºõ¬. …üò °Ö}†°€ ì»©¿ú ì~ë �†èý±ó …¶•

ô ¬° ¤ÛýÛ• ‹ú …üò ðß}ú ‹†² ìþ|â±¬¬ Þú ìñ¥ñþ ì~ôë ‹±ºþ ‹·ý†°ÿ …²

…ìõè·ýõó|ø†ÿ �éýí±ÿ ¬° ‹·†ì~ø†ÿ Þî€ ‹©»þ {Û±üŒ†_ ì·Ç¦ ð»†ó

ìþ|¬ø~ Þú ‹ú �~ü~û|ø†ÿ ‹ýò ¶Ç¥þ ì±‹õÉ ìþ|ºõ¬. ì}†¶×†ðú ¬° …üò

Þ†°€ ‹ú ¬èýê ì¥~ô¬ü•|ø†ÿ ìõ›õ¬ ¬° ¬¶}ã†û °õ̂ì}±€ ‹·†ì~ø†ÿ Þí}±

…² s/dar1/0 ‹±°¶þ ð»~û|…ð~. ‹ñ†‹±…üò€ ðíþ|{õ…ó ‹ú Æõ° ¬ÚýÜ€ …¤}í†ë

ô›õ¬ Ÿñýò ð†¤ýú ̈†¾þ °… ¬°…üò ì¥~ô¬û ¬° „ìý©}ú ìõ°¬ ‹¥™ ð†¬ü~û

â±Ö•. ‹±…ÿ ‹±°¶þ Þ†°…üþ ì~ë �†èý±ó ¬° …°²ü†‹þ °Ö}†° °õ̂èõ´üßþ

„ìý©}ú|ø†ÿ �éýí±ÿ€ „ìý©}ú �éþ|{±ÿ|ì}ýéò|{±Ö}†æ– -�éþ|…{ýéò

)EP/TTP(| ðý³ ìÇ†èÏú º~. ‹ú Æõ° ì»†‹ú ÚÇ± ®°…– Ö†² �±…Þñ~û ô ›³Š

¤œíþ „ðù† ¬° …üò ¶†ì†ðú ðý³ ‹ú ¬¶• „ì~ Þú ð}†ü� „ó  ¬° ›~ôë 2 „ô°¬û

ω (rad/s)

ºßê 1 -ìÛ†ü·ú ¬…¬û|ø†ÿ {œ±‹þ ì~ôë ‹±ºþ ®̈ý±û ‹† ¬…¬û|ø†ÿ ¤†¾ê

…² ì~ë �†èý±ó ‹±…ÿ ¶†ì†ðú ‹† ²ìýñú �éþ„ìý~ 21 )57/52   21AP/TTP(.

ω (rad/s)

ºßê 2 -ìÛ†ü·ú ¬…¬û|ø†ÿ {œ±‹þ ì~ôë ‹±ºþ ®̈ý±û ‹† ¬…¬û|ø†ÿ ¤†¾ê

…² ì~ë �†èý±ó ‹±…ÿ ¶†ì†ðú ‹† ²ìýñú TTP)52/57 21AP/TTP(.|

›~ôë 2 -ì»©¿ú|ø†ÿ ºßê|ºñ†¶þ ðíõðú|ø†ÿ EP/TTP.

ð·Œ• â±…ð±ôÿ Ö†²

�±…Þñ~û ‹ú ²ìýñú ¬°

º~– ‹±½ ¾×±

ºÏ†Ñ ì}õ¶È

Î~¬ÿdR)m(μ
›³Š ¤œíþ

dϕ

ðíõðú

EP/TTP

3/15|

20/0

99/0

33/0

23/0

91/0

52/57

57/52
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º~û …¶•.  |

�̧ …² ‹ú ¬¶• „ô°¬ó …ÆçÎ†– …ð~…²û ®°…– Ö†² �±…Þñ~û ‹ú Þíà
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ìÛ†ü·ú ‹† ì~ë �ý»ýò€ {ÇŒýÜ ‹·ý†° ̈õ‹þ ‹† ¬…¬û|ø†ÿ {œ±‹þ ð»†ó
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Ÿñýò °ôð~ÿ øî ì»†ø~û ìþ|ºõ¬. æ²ï ‹ú {õÂý¦ …¶•€ ‹±…ÿ {±Þý�

¬°¾~ ¬üã± )57/52( ‹ú ¬èýê „ó Þú Ö†² ‹† ì~ôë ‹ý»}± Ö†² �ýõ¶}ú …¶• ô

ìÛ~…° f| ‹³°å|{± …² 1 ìþ|ºõ¬€ ðíþ|{õ…ó …² …üò ì~ë …¶}×†¬û Þ±¬. …â± Ÿú
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‹ú Æõ° ì»†‹ú ‹±…ÿ ¶†ì†ðú  52/57 EP/TTP| ì~ë Þõ°…ó {õ…ÖÜ ̈õ‹þ

‹† ¬…¬û|ø†ÿ {œ±‹þ ð»†ó ìþ|¬ø~ Þú ¬° ºßê 6 ð»†ó ¬…¬û º~û …¶•.

ºßê 3 -ìÛ†ü·ú ¬…¬û|ø†ÿ {œ±‹þ ì~ôë ‹±ºþ ®̈ý±û ‹† ¬…¬û|ø†ÿ ¤†¾ê

…² ì~ë �†èý±ó ‹±…ÿ ¶†ì†ðú ‹† ²ìýñú  EP)57/52 EP/TTP(.

ω (rad/s)

ω (rad/s)

ºßê 4 -ìÛ†ü·ú ¬…¬û|ø†ÿ {œ±‹þ ì~ôë ‹±ºþ ®̈ý±û ‹† ¬…¬û|ø†ÿ ¤†¾ê

…² ì~ë �†èý±ó ‹±…ÿ ¶†ì†ðú ‹† ²ìýñú  TTP)52/57 EP/TTP(.

ºßê5 -ìÛ†ü·ú ¬…¬û|ø†ÿ {œ±‹þ ì~ôë ‹±ºþ ®̈ý±û ‹† ¬…¬û|ø†ÿ ¤†¾ê

…² ì~ë Þõ°…ó ‹±…ÿ ¶†ì†ðú )|52/57 21AP/TTP(|.

ω (rad/s)
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