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Abstract
Considering the importance of the resonance phenomenon in buildings and the numbers in the

world  of this phenomenon and the fact that this phenomenon isn't considered yet in Kerman province,
in this paper the earthquake resonance frequency range is calculated for the regions of Golbaf and
Sirch, located in Kerman province, using 23 records of earthquakes that happened between 1981 and
2000. The results have been generalized for the whole province. 

After providing above accelerograms, a program has been written for the calculating power spectra
and its smoothed curve, based on Canai-Tajimi model and its correctness checked by comparing avail-
able power spectra. The program read records respectively, and at first it calculated and exhibited total
energy and power of earthquake at the end of ground motion in any frequency between zero and 25
hertz, and finally exhibited smoothed power spectra model assuming linear relationship with two
neighbor points of accelerograms and direct solving of movement equations. Through all accelero-
grams 18 records were related to Golbaf and 5 records were related to Sirch and all of them had max-
imum acceleration of more than 0.05g.Resonance frequency range has been specified by earning the
amount of central frequency and shape factor parameters for all the records. This range was calculat-
ed between 3.43 and 8.76 hertz. By generalization of the calculated result, to the whole province, one
can say that the structures which have a main frequency range of 3.43 to 8.76 hertz increase the dam-
age of the earthquakes. Therefore, in structural designing, the main frequency of that range should be
avoided by changing the structural mass or rigidity. 

Key words: central frequency, Kanai-Tajimi, Power spectral density, resonance frequency, shape factor 
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{~…ôï ²è³èú {Ïýýò ìþ|ºõ¬. °…‹Çú|ÿ 4 …ð±ÿ́ Þê ̂ô °…‹Çú|ÿ 5 {õ…ó Þê

¶ý·}î {à ¬°›ú|ÿ „²…¬ÿ ‹~ôó ìý±…üþ °… ì¥†¶Œú ìþ|Þññ~. ¬°

{¿õü± 3€ º}†Ž|ðã†º• ì±‹õÉ ‹ú ²è³èú|ÿ ¶†ë 0631 âéŒ†Ù ô ¬°

{¿õü±4 Ÿã†èþ Æý×þ {õ…ó …üò ²è³èú€ ð»†ó ¬…¬û º~û|…ð~.

Ÿã†èþ|ø†ÿ Æý×þ |{õ…ó ¤}þ ¬° ì¥~ô¬û|ø†ÿ Ö±Þ†ð·þ ÞõŸà

ì¥í~̂°Â� ̈·±ôÿ ì»ý³ÿ: {Ïýýò ì¥~ô¬û|ÿ Ö±Þ�ð̧ {»~ü~ ¶�̈}í�ó|ø� ¬° ²è³èú|ø�ÿ âé��Ù ô ¶ý±£

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë �ù�°ï - ºí�°û|ÿ �ôë̂ 32

�~ôë 1 - �ÆçÎ�
 ì±�õÉ �ú º}��|ðã�º�|ø�ÿ ÷�� º~û|ÿ âé��Ù ô ¶ý±£
 ¶�ë|ø�ÿ 1891 {� 0002 ìýç¬ÿ �� ¤~�̂Þ�± º}�� �ý¼ �²g50/0

�ņ̃ ²ì�ó ìñ�Ð �³°âþ ì±Þ³ ìùé±²û ²ì�ó ôÚõÑ {�°üª ôÚõÑ ì©}¿�
 �Ó±�Öý�üþ ºí�°û|ÿ  ð�ï �ü·}ã�û °¬üØ 

²ìýò ÷�ðýú â³�°½ mb MS MN E N h:m:s d-m-y E N °Þõ°¬

III-A 25/41 ISC 9/4 3/4 58/75 68/92 84:80:31 12/60/1891 27/25 88/92 6-2711 âé��Ù 1 

III-A 60/95 ISC 9/5 0/7 77/75 99/92 32:22:71 82/70/1891 27/25 88/92 5-6711 âé��Ù 2 

III-A 24/01 82/70/1891 27/25 88/92 71-6711 âé��Ù 3 

47/31 ISC 9/3 06/75 01/03 91:02:50 03/80/1891 27/25 88/92 12-6711 âé��Ù 4 

III-A 7 ISC 5/4 55/75 00/03 94:73:00 13/60/1891 27/25 88/92 32-6711 âé��Ù 5 

III-A 68/21 ISC 6/4 9/3 88/75 69/92 44:55:20 30/80/1891 27/25 88/92 92-6711 âé��Ù 6 

III-A 68/31 ISC 8/4 0/4 17/75 30/03 74:71:40 80/80/1891 27/25 88/92 1-3811 âé��Ù 7 

III-A 6 ISC 6/4 86/75 24/03 03:33:70 62/90/1891 27/25 88/92 8-3811 âé��Ù 8 

III-A 60/71 ISC 2/5 6/4 87/75 09/92 04:21:90 41/01/1891 27/25 88/92 01-3811 âé��Ù 9 

III-A 5/6 ISC 7/4 87/75 38/92 42:03:32 52/20/2891 27/25 88/92 3-1911 âé��Ù 01 

III-A 87/71 ISC 5/4 18/75 99/92 53:73:10 82/20/3891 27/25 88/92 00211 âé��Ù 11 

III-B 20/9 ISC 7/4 15/75 36/03 13:53:31 82/60/5891 65/75 91/03 8621 ¶ý±£ 21 

III-B 6 ISC 6/4 76/75 99/92 32:34:31 1/80/7891 65/75 91/03 1-7031 ¶ý±£ 31 

III-A 11 ISC 9/4 45/75 72/03 33:32:10 30/21/8891 27/25 88/92 6331 âé��Ù 41 

III-A 62/22 ISC 5/5 7/5 27/75 88/92 50:91:40 02/11/9891 27/25 88/92 1-6431 âé��Ù 51 

III-B 85/81 ISC 5/5 7/5 27/75 88/92 50:91:40 02/11/9891 65/75 91/03 4-7431 ¶ý±£ 61 

III-B 66/7 NEIC 6/4 84/75 91/03 83:83:61 01/20/2991 65/75 91/03 5241 ¶ý±£ 71 

III-A 40/32 52:41:22 41/30/8991 27/25 88/92 8-2781 âé��Ù 81 

III-A 6/52 NEIC 4/4 35/75 87/92 84:85:70 82/30/8991 27/25 88/92 7-4781 âé��Ù 91 

III-A 23/42 24:41:50 30/40/8991 27/25 88/92 9-4781 âé��Ù 02 

III-A 23/42 74:50:81 82/50/8991 27/25 88/92 1-6512 âé��Ù 12 

III-A 40/32 91:85:11 13/50/8991 27/25 88/92 2-6512 âé��Ù 22 

40/32 62:62:51 20/11/0002 65/75 91/03 2-3052 âé��Ù 32 

{¿õü± 2- º}��|ðã�º� ²è³èú �� {Óýý±�
 ̈Çþ º}�� �ýò ðÛ�É ì}õ�èþ )�±âþ

6731(
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¬…°…ÿ ðõ¶†ð†– ²ü†¬ÿ ø·}ñ~ ô ìÛ~…° ¬ÚýÛþ ð»†ó ðíþ|¬øñ~. ‹ñ†‹±…üò

‹† …¶}×†¬û …² ì~ë|ø†ÿ ì©}éØ …²Ÿã†èþ Æý×þ {õ…ó ìý†ðãýò|âý±ÿ

Þ±¬û ô Ÿã†èþ Æý×þ {õ…ó ¾†Ù º~û ¤†¾ê ìþ|ºõ¬. ‹±…ÿ ¾†Ù

Þ±¬ó Ÿã†èþ Æý×þ {õ…ó …² üà {†‹Ð °ü†Âþ øí†øñä ‹† …¾õë

…°{Ï†º†– {¿†¬Öþ …¶}×†¬û ìþ|ºõ¬. �µôø»ã±…ó ì~ë|ø†ÿ ì©}éØ

°ü†Âþ °… ‹±…ÿ ‹ú ¬¶•|„ô°¬ó Ÿã†èþ Æý×þ {õ…ó ¾†Ù º~û …°…̂ú

ðíõ¬û|…ð~. ‹õè}ýò )0691 nitoloB(€ ‹†°ºýò )0691 nietsraB(ô

…üñã†° ô …üñã†° )9691 ragneyI  ragneyI( ¬ô ì~ë ì©}éØ ‹±…ÿ Ÿã†èþ

Æý×þ {õ…ó …°…̂ú ðíõ¬ð~. ì~ë ðõü³ ¶×ý~ ô Þ†ð†üþ- {†›ýíþ ðý³ ¬ô ì~ë

¬üã± ø·}ñ~ )0691 imijaT(. ‹ú ¬èýê Ú†‹éý• ‹†æÿ ì~ë Þ†ð†üþ-

{†›ýíþ ¬° „ð†èý³ …¤}í†æ{þ ¶†²û|ø†€ {õèý~ º}†Ž|ðã†º•|ø†ÿ

ì¿ñõÎþ ô ô›õ¬ ¶ú �†°…ì}±ÿ Þú …² „ð†èý³ °Þõ°¬ø†ÿ ²è³èú ‹ú ¬¶•

ìþ|„üñ~€ …üò ì~ë ìùî|{±üò ô �±Þ†°‹±¬{±üò ì~ë {†‹Ð Ÿã†èþ Æý×þ

{õ…ó ‹ú ºí†° ìþ|°ô¬. ¬° …üò {¥ÛýÜ …² …üò ì~ë ‹±…ÿ {Ïýýò

�†°…ì}±ø†ÿ è±²û|…ÿ ̈†á|ø†ÿ ìñ†ÆÜ ¶ý±£ ô âéŒ†Ù …¶}×†¬û º~

)‹±âþ 7731(. ºßê Þéþ̂ …üò ì~ë ¬° {¿õü± 5 ð»†ó ¬…¬û º~û …¶•:

¬° …üò ì~ë Ö±Å ‹± …üò …¶• Þú ìõž ²è³èú …² ‹†æ{±üò æüú|ÿ|

¨†á ¬° ¶Ç¦ ²ìýò ÎŒõ° ìþ|Þñ~ ô ‹ú …üò æüú Þú øí†ðñ~ üà ¶ý·}î

{à ¬°›ú|ÿ „²…¬ÿ ¬° ðË± â±Ö}ú ìþ|ºõ¬ {Óýý±ìß†ó {ßýú|â†øþ ô…°¬

ìþ|Þñ~. ¬° {¿õü± 6 æüú|ÿ ¶Ç¥þ ̈†á ì~ë|¶†²ÿ º~û …¶•:

¬° ¾õ°{þ|Þú æüú|ÿ ̈†á ìÇ†‹Ü {¿õü± 6 ‹ú ¾õ°– üà ¶ý·}î

{à ¬°›ú|ÿ „²…¬ÿ ¬° ðË± â±Ö}ú ºõ¬€ �†¶ª „ó °… ‹† …¶}×†¬û …² Â±‹ú

‹ú ¬¶• „ô°¬û ô °…‹Çú|ÿ …üò ì~ë …² {‰õ°ÿ …°{Ï†º†– {¿†¬Öþ ‹ú

¾õ°– ²ü± ‹ú ¬¶• ìþ|„ü~ )‹±âþ 7731 ô ì¥±² 9731(:

21- 

°…‹Çú|ÿ| ÖõÝ {†‹Ð Ÿã†èþ Æý×þ {õ…ó Þ†ð†üþ- {†›ýíþ ìþ|‹†º~. ¬°

…üò ì~ë …â± ̈†Þþ Þú ìõž ²è³èú …² „ó ÎŒõ° ìþ|Þñ~ {ñù† üà æüú

Ö±Å ºõ¬ Þú °ôÿ ‹·}± ¶ñãþ Ú±…° ¬…°¬€‹ý†ðã±|Ö±Þ†ð̧

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë �ù�°ï - ºí�°û|ÿ �ôë̂42

ì¥í~̂°Â� ̈·±ôÿ ì»ý³ÿ: {Ïýýò ì¥~ô¬û|ÿ Ö±Þ�ð̧ {»~ü~ ¶�̈}í�ó|ø� ¬° ²è³èú|ø�ÿ âé��Ù ô ¶ý±£

{¿õü± 3- º}��|ðã�º� °¬üØ 2 �² �~ôë 1 �� �ý»ýñú|ÿ º}�� 2s/mc8472 

{¿õü± 4- �ã�èþ Æý×þ {õ�ó ì±�õÉ �ú º}��|ðã�º� °¬üØ 2 �² �~ôë 1

{¿õü± 5- {¿õü± Þéþ ì~ë Þ�ð�üþ- {��ýíþ )�±âþ 7731(

{¿õü± 6- ¶ý·}î {à ¬°�ú 	²�¬ÿ
 æüú ¶Ç¥þ ̈�á )�±âþ 7731(
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ÆŒýÏþ æüú|ÿ ̈†á€ �†°…ì}±ð»†ðã± ð·Œ• ìý±…üþ ô ‹ý†ðã±

�ùñ†ÿ ì¥}õ…ÿ Ö±Þ†ð·þ ¤±Þ• ̈†á ô �†°…ì}± 0Gð»†ðã± º~^–

…èÛ†Š ¬° ‹·}± ¶ñãþ ìþ|‹†º~. °ô½ ìñ†¶� ‹±…ÿ ‹ú ¬¶• „ô°¬ó

�†°…ì}±ø†ÿ ô…°ü†ð̧ …èÛ†Š€ Ö±Þ†ð̧ ì±Þ³ÿ ô Â±ü� ºßê€ °ô½

â»}†ô°ø†ÿ Æý×þ …¶• Þú ‹± …¶†¹ Ÿã†èþ Æý×þ {õ…ó ô…ÚÏþ ô

°ô…‹È …°…̂ú º~û {õ¶È̂ �õèã±…ðõ )9691 onargluP(ô „‹éõ{ý³

)9691 zitwolbA(ì¥†¶Œú ô ì·†ôÿ Ú±…° ¬…¬û ìþ|ºõð~. …² {·†ôÿ

„ó|ø† �†°…ì}±ø†ÿ ì~ë Þ†ð†üþ {†›ýíþ ‹ú ¬¶• ̈õ…øñ~ „ì~. ô…°ü†ð̧

…èÛ†Š ¤±Þ• ‹±…¶†¹ Ÿã†èþ Æý×þ {õ…ó ‹ú ¾õ°– ²ü± ‹ú ¬¶•

ìþ|„ü~:

31- 

‹† {õ›ú̂ ‹ú °…‹Çú|ÿ ÖõÝ ô…°ü†ð̧ …èÛ†Š ‹±…ÿ ì~ë Þ†ð†üþ {†›ýíþ

ÎŒ†°– …¶• …²:

41- 

¬ôì̂ýò â»}†ô° Æý×þ ‹ú ¾õ°– ²ü± {Ï±üØ ìþ|ºõ¬:

51- 

‹±…üò …¶†¹ Ö±Þ†ð̧ ì±Þ³ÿ ‹ú ¾õ°– ²ü± ‹ú ¬¶• ìþ|„ü~ :

61- 

…üò �†°…ì}± ‹ý†ðã± ì¥ê ̂{í±Þ³ ›±ï Æý×þ ¬° Æõë ì¥õ° Ö±Þ†ð̧

ìþ|‹†º~. …ôè̂ýò â»}†ô° Æý×þ ðý³ …² °…‹Çú|ÿ| ²ü± ‹ú ¬¶• ìþ|„ü~: 

71- 

Ÿñýò Â±ü� ºßê…² °…‹Çú|ÿ ²ü± ì¥†¶Œú ìþ|ºõ¬:

81- 

ìÇ†‹Ü {¿õü± 7 �†°…ì}±�ùñ†ÿ {†‹Ð Ÿã†èþ Æý×þ {õ…ó ¤õë

Ö±Þ†ð̧ ì±Þ³ÿ ô ðõÑ ì¥}õ…ÿ Ö±Þ†ð·þ ¤±Þ• ô ¶†̈}†° ²ìýò °…

ð»†ó ìþ|¬ø~.

°ô…‹È ²ü± °… ‹±…ÿ ì¥†¶Œú|ÿ â»}†ô°ø†ÿ Æý×þ {õ…ó Þ†ð†üþ-

{†›ýíþ {õ¶È̂ �õèã±…ðõ )9691 onargluP(ô „‹éõ{ý³ zitwolbA(€

)9691 ‹±â±Ö}ú …² æÿ )2891 iaL(…°…̂ú â±¬ü~:

91- 

02- 

12- 

Þú ¬° „ó: 

‹±…ÿ ì¥†¶Œú|ÿ �†°…ì}±ø†ÿ ì~ë Þ†ð†üþ- {†›ýíþ ô ÆýØ {õ…ó

¾†Ù º~û€ �†°…ì}±ø†ÿ °ô½ â»}†ô°ø†ÿ Æý×þ                          ‹† …¶}×†¬û

…² Ö±ìõë|ø†ÿ 31€ 51€ ô 71 ô øí¡ñýò 91€ 02 ô 12 ›~…â†ðú ì¥†¶Œú ô

ì·†ôÿ Ú±…° ¬…¬û ìþ|ºõð~. �ùñ†ÿ ìÏ±Ö̂þ º~û {õ¶È̂ �†°…ì}± Â±ü�

ºßê ¬° ìñ¥ñþ Ÿã†èþ Æý×þ {õ…ó ‹ú Îñõ…ó �ùñ†ÿ ‹†ð~ Ö±Þ†ð·þ

{»~ü~ ìñËõ° ìþ|ºõ¬. ¤†¾ê Â±Ž �†°…ì}± Â±ü� ºßê ¬° �†°…ì}±

Ö±Þ†ð̧ ì±Þ³ÿ ‹†²û|ÿ Ö±Þ†ð·þ °… ¬° ÚŒê ô ‹Ï~ …² Ö±Þ†ð̧ ì±Þ³ÿ

ì»©À̂ ìþ|Þñ~. …üò ‹†²û|ÿ Ö±Þ†ð·þ ‹† ¤†ºýú|ÿ …Æíýñ†ó ìñ†¶Œþ

ì¥~ô¬û|ÿ Ö±Þ†ð̧ {»~ü~ ¬° ¶†²û °… ð»†ó ìþ|¬ø~. ‹ñ†‹±…üò ¬…ìñú|ÿ

ì¥í~̂°Â� ̈·±ôÿ ì»ý³ÿ: {Ïýýò ì¥~ô¬û|ÿ Ö±Þ�ð̧ {»~ü~ ¶�̈}í�ó|ø� ¬° ²è³èú|ø�ÿ âé��Ù ô ¶ý±£

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë �ù�°ï - ºí�°û|ÿ �ôë̂ 52
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�†ˆýò ô ‹†æÿ …üò ì¥~ô¬û ‹ú ¾õ°– ²ü± ì¥†¶Œú ìþ|ºõ¬:

72- ¬…ìñú|ÿ �†üýò:                         

82- ¬…ìñú|ÿ ‹†æ:                          

‹±…¶†¹ {¥ÛýÛ†– æÿ )2891 iaL(€ …°{Œ†É ‹ýò Ö±Þ†ð̧ ì±Þ³ÿ

‹† �±üõ¬ Ò†è� ¤±Þ• )PT(‹ú ¾õ°– ®üê …°…̂ú º~û …¶•

)̈·±ôÿ 3831(:

92-‹ñ†‹±…üò ìþ|{õ…ó ¬…ìñú|ÿ ‹†æ ô �†ˆýò �±üõ¬ Ò†è�

¤±Þ• ]2pT ,1pT[ ô øí¡ñýò ¬…ìñú|ÿ ‹†æ ô �†ˆýò Ö±Þ†ð̧ {»~ü~

¶†²û ]2F,1F[  °… ‹ú ¾õ°– ®üê ì¥†¶Œú ðíõ¬: 

03- 

23- 

33-  

33--  üü††ÖÖ}}úú||øø††

‹ú ìñËõ° ì¥†¶Œú|ÿ Ÿã†èþ Æý×þ {õ…ó ø± º}†Ž|ðã†º• ô ¾†Ù

º~û|ÿ „ó ‹±ð†ìú|…ÿ {õ¶^È ìõ‡è^Ø ‹ú ²‹†ó Ö±{±ó ðõº}ú º~. …üò ‹±ð†ìú

º}†Ž|ðã†º• ìõ°¬ ðË± ô ì~–̂ {~…ôï „ó °… …² Ö†üê ìÏ±Ö̂þ º~û

ìþ|̈õ…ð~. ¶�̧ ‹±ð†ìú ‹† {Óýý± ¬…¬ó Ö±Þ†ð̧ ¶†²û ¬° üà ¤éÛú€ …²

500/0 ø±{³ {† 52 ø±{³ ‹† â†ï|ø†ÿ 500/0 ø±{³ ‹ú …²…ÿ ø± Ö±Þ†ð̧ ¬°

{í†ï ì~–̂ º}†Ž|ðã†º• ‹† …¶}×†¬û …² ìÏ†¬æ– 8 ô11 ¶±Î• ô {Óýý±

ìß†ó ¶†²û|ÿ {à ¬°›ú|ÿ „²…¬ÿ °… ì¥†¶Œú ìþ|Þñ~ ô …ð±ÿ́ ô {õ…ó

ô°ô¬ÿ ‹ú …üò ¶†²û °… ¬° �†ü†ó ì~–̂ º}†Ž|ðã†º• …² ìÏ†¬èú|ÿ 4 ô 5

ì¥†¶Œú ìþ|ðí†ü~. �̧ …² �†ü†ó …üò ¤éÛú ‹ú …²…ÿ ø± Ö±Þ†ð̧ ¬° ‹†²û|ÿ

Ö±Þ†ð·þ ¾×± {† 52 ø±{³ Þú ì¥~ô¬û|ÿ Ö±Þ†ð̧ ÆŒýÏþ ¶†²û|ø† ðý³

ø·•€ ìÛ†¬ü± {õ…ó ô°ô¬ÿ ‹ú ¶†²û ‹ú ¬¶• ìþ|„ü~ Þú ‹† {±¶ýî …üò

¬ô ìÛ~…° ð·Œ• ‹ú øî€ Ÿã†èþ Æý×þ {õ…ó º}†Ž|ðã†º• ì³‹õ°

¤†¾ê ìþ|ºõ¬. ‹±ð†ìú ‹±…ÿ ¾†Ù Þ±¬ó Ÿã†èþ Æý×þ {õ…ó ‹± …¶†¹

ì~ë Þ†ð†üþ- {†›ýíþ …² °ô½ â»}†ô°ø†ÿ Æý×þ …¶}×†¬û ìþ|Þñ~ ô ¬°

ø± Ö±Þ†ð̧ ìÛ†¬ü± Ÿã†èþ Æý×þ {õ…ó ¾†Ù º~û °… ì¥†¶Œú ô …°…̂ú

ìþ|Þñ~. ‹†{õ›ú̂ ‹ú …üñßú …°…̂ú|ÿ Þéý̂ú|ÿ …ºß†ë Ÿã†èþ Æý×þ {õ…ó ¬°

…üò ìÛ†èú ìÛ~ô° ðíþ|‹†º~€ ìý†ðãýò ÆýØ|ø†ÿ ì̄Þõ° ¬°{¿†ôü± 8 ô 9

ð»†ó ¬…¬û º~û …¶•.

¬° ›~ôë 2 ìÛ†¬ü± ì¥†¶Œú º~û {õ¶È̂ ‹±ð†ìú|…ÿ º†ìê ìÛ†¬ü±

�†°…ì}±ø†ÿ ì~ë Þ†ð†üþ- {†›ýíþ üÏñþ º~–̂ ¤±Þ• ²ìýò)0G(€

Ö±Þ†ð̧ Ò†è� ²ìýò€ ìý±…üþ Ò†è� ²ìýòô ðý³ ìÛ†¬ü±

�†°…ì}±ø†ÿ°ô½ â»}†ô°ø†ÿ Æý×þ üÏñþ Ö±Þ†ð̧ ì±Þ³ÿ€

Â±ü� ºßêô ô…°ü†ð̧ …èÛ†‹±…ÿÞéýú|ÿ °Þõ°¬ø†ÿ ÷Œ•

º~û|ÿ âéŒ†Ù ô ¶ý±£ …°…̂ú º~û …¶•. Ÿñ†ð¡ú ¬° ›~ôë 2 ì»†ø~û

ìþ|ºõ¬ ‹±…ÿ º¼ °Þõ°¬ …² °Þõ°¬ø†ÿ ìõ°¬ ‹±°̂¶þ€ …ðÇŒ†Ý ‹ýò

Ÿã†èþ Æý×þ {õ…ó ô ì~ë Þ†ð†üþ- {†›ýíþ ¾õ°– ðã±Ö}ú …¶•€ …ì†̂

�†°…ì}±ø†ÿ ìõ°¬ ðý†² ‹±…ÿ ì¥†¶Œú|ÿ ¬…ìñú|ÿ Ö±Þ†ð̧ {»~ü~ üÏñþ

Ö±Þ†ð̧ ì±Þ³ÿ ô Â±ü� ºßê ‹±…ÿ Þéý̂ú|ÿ °Þõ°¬ø† ‹ú ¬¶•

„ì~û|…ð~. øí†ó|Æõ° Þú ¬° Ö±ìõë|ø†ÿ 23 ô 33 ð»†ó ¬…¬û º~€ ‹†²û|ÿ

Ö±Þ†ð̧ {»~ü~ °… ìþ|{õ…ó ‹†²û|ÿ ]2F,1F[ ¬° ðË± â±Ö•€ ‹ñ†‹±…üò ‹ú

ìñËõ° ì¥†¶Œú|ÿ …üò ‹†²û ¬° ›~ôë 3€ ‹†²û|ÿ Ö±Þ†ð·þ

‹±…ÿ {à {à °Þõ°¬ø† ì¥†¶Œú º~û ô ¬° ðù†ü• …² ¤~ ̂�†üýò ô ‹†æÿ

…üò ì¥~ô¬û ìý†ðãýò|âý±ÿ º~û …¶•.

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë �ù�°ï - ºí�°û|ÿ �ôë̂62

ì¥í~̂°Â� ̈·±ôÿ ì»ý³ÿ: {Ïýýò ì¥~ô¬û|ÿ Ö±Þ�ð̧ {»~ü~ ¶�̈}í�ó|ø� ¬° ²è³èú|ø�ÿ âé��Ù ô ¶ý±£

 ( )δωωδω −=− 1. ccc

 ( )δωωδω +=+ 1. ccc

 ( )cω
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( )δω

π
+

=
1

2
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1

1
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2

1

PT
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( )δω

π
−
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1

2
2

c
PT 13-

{¿õü± 8- ìý�ðãýò �ã�èþ ø�ÿ Æý×þ {õ�ó 32 °Þõ°¬ ÷�� º~û ¬° âé��Ù ô
¶ý±£

{¿õü± 9- ìý�ðãýò �ã�èþ|ø�ÿ Æý×þ {õ�ó ¾�Ù º~û 32 °Þõ°¬ ÷�� º~û ¬°

âé��Ù ô ¶ý±£ �� �¶}×�¬û �² ì~ë Þ�ð�üþ- {��ýíþ

 ( )gω( )gξ

( )Cω

( )δσ2

( ) ( )[ ]δωδω +− 1,1 cc



44--  ‹‹¥¥™™

…èÛ†¬ì·þ ô øíß†°…ó )8891 ,.la teismadahglE( �̧ …²

ìÇ†èÏ†– ²ü†¬ ‹± °ôÿ Ö±Þ†ð̧ ì±Þ³ÿ ²ìýò€ ìÛ~…° …üò �†°…ì}± °…

‹±…ÿ ̈†á|ø†ÿ „‹±Ö}þ 67/52 °…¬ü†ó ‹± ÷†ðýú ‹ú ¬¶• „ô°¬ð~. ‹†

¶©•|{± º~ó ̈†á ìÛ~…° …üò �†°…ì}± …Ö³…ü¼ ìþ|ü†‹~€ ‹ú Æõ°ÿ Þú

ìý†ðãýò „ó ‹±…ÿ æüú|ÿ ¶ñãþ ¤~ô¬ 43 °…¬ü†ó ‹± ÷†ðýú ‹ú ¬¶• „ì~.

›ņ̃ æüú|ÿ ¶Ç¥þ ̈†á ¬° ìñ†ÆÜ âéŒ†Ù ô ¶ý±£ …² æüú|ø†ÿ

¶ñãþ {»ßýê º~û …¶•€ Ÿ±… Þú ìý†ðãýò ìÛ†¬ü± …üò �†°…ì}± 3/83

°…¬ü†ó ‹± ÷†ðýú ìþ|‹†º~ )›~ôë 2(.

…² ìÇ†èÏú|ÿ ìÛ†¬ü± �†°…ì}±¬° ›~ôë 2 Þú �ùñ†ÿ ‹†ð~

Ö±Þ†ð·þ ì~ë Þ†ð†üþ- {†›ýíþ °… ð»†ó ìþ|¬ø~ ¬ü~û ìþ|ºõ¬ Þú

Î±üÄ|{±üò ‹†ð~ Ö±Þ†ð·þ °… °Þõ°¬ âéŒ†Ù )5-6711( ô ‹†°üß}±üò ‹†ð~

Ö±Þ†ð·þ °… °Þõ°¬ âéŒ†Ù )2-6512( ¬…°… ìþ|‹†ºñ~. …üò ‹~üò ìÏñþ

…¶• Þú ¬° ²è³èú ‹† ºí†°û|ÿ °Þõ°¬ )5-6711(€ ÆýØ ô¶ýÐ|{±ÿ …²

…ðõ…Ñ ¶†²û|ø† ‹† {Ï~…¬ ÆŒÛ†– ô ¶©}þ|ø†ÿ ì©}éØ€ ‹ú ¬èýê ›Ž̄

…ð±ÿ́ ²ü†¬€ ²ô¬{± …² ¶†ü± ¶†²û|ø† „¶ý� ¬ü~û|…ð~€ ôèþ ¬° ìõ°¬ ²è³èú

‹† ºí†°û|ÿ °Þõ°¬ )2-6512( ‹ú ¬èýê ‹†ð~ Ö±Þ†ð·þ ‹†°üà ¬…ìñú|ÿ

ì¥~ô¬{±ÿ …²¶†²û|ø† ¬Ÿ†° „¶ý� º~û|…ð~. ìÇ†‹Ü Ö±ìõë 31 �†°…ì}±

‹±…‹± ‹† ¶Ç¦ ²ü±ìñ¥ñþ Ÿã†èþ Æý×þ {õ…ó ô ¬° ô…ÚÐ ‹±…‹± ‹† {õ…ó

Þê ¤±Þ• ìþ|‹†º~. ‹ý»}±üò {õ…ó Þê °… ²è³èú|ÿ âéŒ†Ù ‹† ºí†°û|ÿ

°Þõ°¬ )5-6711( ¬…°¬ ô ‹ú …üò ìÏñþ …¶• Þú …üò ²è³èú ‹ý»}±üò ìý³…ó

…ð±ÿ́ „²…¬ º~û ¬° ô…¤~ ²ì†ó °… ¬…º}ú ô ‹ú øíýò ¬èýê ¶±Î•

ì¥í~̂°Â� ̈·±ôÿ ì»ý³ÿ: {Ïýýò ì¥~ô¬û|ÿ Ö±Þ�ð̧ {»~ü~ ¶�̈}í�ó|ø� ¬° ²è³èú|ø�ÿ âé��Ù ô ¶ý±£

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë �ù�°ï - ºí�°û|ÿ �ôë̂ 72

G0(cm2/sec4)
gω

gξ σ2(cm2/sec4)
δ gω ì¥ê ̂ôÚõÑ ²è³èú ºí�°û|ÿ°Þõ°¬  °¬üØ 

81/2 66/8 69/0 04/33 5/0 46/33 âé��Ù 6-2711 1 

64/62 65/22 42/0 6/6612 36/0 53/42 âé��Ù 5-6711 2 

12/3 41/6 79/0 58/43 35/0 65/92 âé��Ù 71-6711 3 

99/0 28/42 09/0 32/44 45/0 53/44 âé��Ù 12-6711 4 

- - - 36/19 74/0 86/15 âé��Ù 32-6711 5 

37/3 80/81 98/0 74/121 04/0 78/04 âé��Ù 92-6711 6 

4/6 80/8 29/0 25/29 54/0 55/13 âé��Ù 1-3811 7 

2/5 29/71 78/0 58/861 13/0 2/04 âé��Ù 8-3811 8 

21/37 87/4 39/0 13/326 35/0 94/52 âé��Ù 01-3811 9 

74/1 88/82 01/0 8/933 44/0 55/82 âé��Ù 3-1911 01 

10/1 67/61 21/0 22/411 94/0 71 âé��Ù 00211 11 

85/0 49/23 99/0 56/33 05/0 9/74 ¶ý±£ 8621 21 

- - - 53/45 84/0 10/46 ¶ý±£ 1-7031 31 

72/0 2/03 80/0 91/28 93/0 8/92 âé��Ù 6331 41 

65/61 63/41 51/0 6/9921 45/0 79/41 âé��Ù 1-6431 51 

72/1 3/32 71/0 93/441 55/0 28/32 ¶ý±£ 4-7431 61 

62/0 69/04 60/0 38/931 53/0 11/04 ¶ý±£ 5241 71 

- - - 75/4 04/0 55/15 âé��Ù 8-2781 81 

60/0 - - 36/24 34/0 27/05 âé��Ù 7-4781 91 

30/0 89/92 70/0 29/91 93/0 6/92 âé��Ù 9-4781 02 

- 27/63 01/0 74/9 34/0 98/53 âé��Ù 1-6512 12 

- - - 64/22 82/0 94/06 âé��Ù 2-6512 22 

- - 76/3 73/0 19/46 âé��Ù 2-3052 32 

Red/SecRed/Sec

�~ôë2- ìÛ�¬ü± ��°�ì}±ø�ÿ °ô½ â»}�ô°ø�ÿ Æý×þ ô ì~ë Þ�ð�üþ- {��ýíþ �±�ÿ 32 °Þõ°¬ ²è³èú|ÿ âé��Ù ô ¶ý±£

δ

σ2



„¶ý�|¬ü~âþ ¶†²û|ø† ¬° …üò ìñÇÛú ‹ú ¬èýê ›Ž̄ …ð±ÿ́ ‹ý»}± {õ¶È̂

¶†²û|ø† ¬° ô…¤~ ²ì†ó€ ð·Œ• ‹ú ¶†ü± ²è³èú|ø†ÿ ìõ°¬ ‹±°̂¶þ ‹ý»}±

‹õ¬û …¶•. 

�†°…ì}±ø†ÿ ìý±…üþ ô Ö±Þ†ð̧ Ò†è� ²ìýòô ðý³ �†°…ì}±

)0G(�†°…ì}±ø†ÿ ì~ë Þ†ð†üþ- {†›ýíþ ø·}ñ~€ Þú ‹±°̂¶þ ô ìÛ†ü·ú|ÿ

ìÛ†¬ü± ø± üà …² „ó|ø† ‹† øî ð}†üœþ °… ¬° ‹± ̈õ…ø~ ¬…º• Þú Þ†°‹±¬

¨†Á ̈̂õ¬ °… ¬…º}ú ô ðý†² ‹ú {‰õ°ÿ€ ‹¥™ ô ‹±°̂¶þ ‹ý»}± ¬…°¬. 

55--  ðð}}ýýœœúú||ââýý±±ÿÿ

‹±…¶†¹ ð}†ü� …°…̂ú º~û ¬° ›~ôë 3 ô ‹† …¶}×†¬û …² Ö±ìõë|ø†ÿ

03 {† 33 ìþ|{õ…ó ì¥~ô¬û|ÿ Ö±Þ†ð̧ {»~ü~ ô �±üõ¬ Ò†è� ¤±Þ•

¶†²û|ø†ÿ ô…ÚÐ ¬° âéŒ†Ù ô ¶ý±£ °… ‹ú ¾õ°– ²ü± ì¥†¶Œú ðíõ¬:

¤~ ̂‹†æÿ �±üõ¬ Ò†è� ¤±Þ• 

¤~ ̂�†ˆýò �±üõ¬ Ò†è� ¤±Þ• 

¤~ ̂�†ˆýò Ö±Þ†ð̧ {»~ü~ 

¤~ ̂‹†æÿ Ö±Þ†ð̧ {»~ü~ 

ìÇ†‹Ü ì¥†¶Œ†– ÖõÝ ‹† ¬° ðË± â±Ö}ò ¤†ºýú|ÿ …Æíýñ†ó

ìñ†¶Œþ€ º†ü~ ‹}õ…ó â×• ¶†̈}í†ó|ø†ÿ ¶†̈}ú º~û ¬° âéŒ†Ù ü†

¶ý±£ Þú ¬…°…ÿ Ö±Þ†ð̧ …¾éþ ¬° ì¥~ô¬ûÿ 43/3 …èþ67/8 ø±{³ ü†

�±üõ¬ …¾éþ ¬° ì¥~ô¬û|ÿ 11/0 …èþ 92/0 ÷†ðýú ‹†ºñ~€ ¬° ìÏ±Å ̈Ç±

…üœ†¬ �~ü~û|ÿ {»~ü~ ø·}ñ~. º~ü~{±üò ̈Ç± ‹±…ÿ ¶†̈}í†ó|ø†üþ ‹†

�±üõ¬ …¾éþ 61/0 ÷†ðýú ü† Ö±Þ†ð̧ …¾éþ 1/6 ø±{³ Þú ì±Þ³ ‹†²û|ø†ÿ

ì̄Þõ° ø·}ñ~ ô›õ¬ ¬…°¬. ¬° ìõ°¬ ¶†̈}í†ó|ø†üþ ‹† …°{×†Ñ üà {† ¬û

ÆŒÛú �±üõ¬ …¾éþ ¶†̈}í†ó {Û±üŒ†_ ‹±…‹± 1/0 {Ï~…¬ ÆŒÛ†– …¶• ô ‹†

{õ›ú̂ ‹ú ì¥~ô¬û|ÿ �±üõ¬ ‹ú ¬¶• „ì~û ‹±…ÿ {»~ü~ º†ü~ ‹}õ…ó â×•

¨Ç± {»~ü~ ‹±…ÿ ¶†̈}í†ó|ø†ÿ üà {† ¶ú ÆŒÛú ²ü†¬ ô ‹±…ÿ

¶†̈}í†ó|ø†ÿ ¬ô ÆŒÛú ¤~^…Þ±̃ …¶•.

‹† {õ›^ú ‹ú �ùñú|‹ñ~ÿ è±²û|…ÿ …ü±…ó€ …¶}†ó Þ±ì†ó ô…ÚÐ ¬° ð†¤ýú|ÿ

…ü±…ó ì±Þ³ÿ€ …² ðË± ì¥}õ…ÿ Ö±Þ†ð·þ ¤±Þ• ô ºŒ†ø• æüú|ø†ÿ

²ìýò ¬° {í†ìþ ðÛ†É ¬…°…ÿ º±…üÈ {Û±üŒ†_ üß·†ó ìþ|‹†º~ ô ð}†ü� ‹ú

¬¶• „ì~û ‹±…ÿ ìñ†ÆÜ âéŒ†Ù ô ¶ý±£ °… ìþ|{õ…ó ¤~^…Úê ‹ú Þê^ …¶}†ó

Þ±ì†ó {Ïíýî ¬…¬ )‹±‹±ü†ó 6531 ô ìùñ~¶ýò ì»†ô° {ù±…ó �†¬ü± 6731(.

ðË± ‹ú …üñßú Ö±Þ†ð̧ …°{Ï†½ ø± ¶†̈}í†ó …°{Œ†É ì·}Ûýî ‹† ›±ï

ô ¶©}þ ¶†²û ¬…°¬ ‹ú Îñõ…ó üà ð}ýœú|ÿ Îíéþ …² …üò ìÛ†èú º†ü~

‹}õ…ó Ÿñýò {õ¾ýú Þ±¬ Þú ¬° ¾õ°{þ Þú ¬° …üò …¶}†ó ¶†²û|…ÿ ¬°

¤†ë Æ±…̂¤þ ‹†º~ ‹†ü~ ¬Ú•̂ Þ±¬ Þú Ö±Þ†ð̧ ü† �±üõ¬ …¾éþ ¶†²û ¬°

ì¥~ô¬û|ÿ ̈Ç± …üœ†¬ �~ü~û|ÿ {»~ü~ )11/0 …èþ 92/0 ÷†ðýú ü† 34/3

…èþ67/8 ø±{³( Ú±…° ðãý±¬ ô Ÿñ†ð¡ú ‹ú …Ú}Ã†ÿ ôÂÏý• ¶†²û Ÿñýò

…{×†̂Úþ …Ö}†¬ ‹†ü~ ‹† {Óýý±¬…¬ó ›±ï ü† ¶©}þ ¶†²û Ö±Þ†ð̧ …¾éþ ¶†²û

°…{Óýý± ¬…¬.

66--  {{»»ßß^^±±  ôô  ÚÚ~~°°¬¬……ððþþ

…üò ìÛ†èú Æ±§ {¥ÛýÛ†{þ …ðœ†ï º~û {õ¶È̂ ìõ‡èØ̂ ‹† Îñõ…ó "{Ïýýò

Ö±Þ†ð̧ ¶†̈}í†ó|ø†ÿ ¬° ìÏ±Å ̈Ç± …üœ†¬ �~ü~û|ÿ {»~ü~ ü†

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë �ù�°ï - ºí�°û|ÿ �ôë̂82

ì¥í~̂°Â� ̈·±ôÿ ì»ý³ÿ: {Ïýýò ì¥~ô¬û|ÿ Ö±Þ�ð̧ {»~ü~ ¶�̈}í�ó|ø� ¬° ²è³èú|ø�ÿ âé��Ù ô ¶ý±£

�~ôë 3- ì¥�¶�ú|ÿ ��²û|ÿ Ö±Þ�ð·þ {»~ü~ �±�ÿ ¶�²û|ø�ÿ ô�ÚÐ ¬° âé��Ù ô ¶ý±£

gω
gω 1+δ 1−δ δ

gω ì¥ê ̂ôÚõÑ ²è³èú ºí�°û|ÿ°Þõ°¬  °¬üØ 

81/2 66/8 5/1 5/0 05/0 46/33 âé��Ù 6-2711 1 

64/62 65/22 1/36 73 36 42/53 âé��Ù 5-6711 2 

12/3 41/6 35/1 74/0 35/0 65/92 âé��Ù 71-6711 3 

99/0 28/42 1/45 64 45 44/53 âé��Ù 12-6711 4 

- - 74/1 35/0 74/0 86/15 âé��Ù 32-6711 5 

37/3 80/81 1/4 6 04 04/78 âé��Ù 92-6711 6 

4/6 80/8 54/1 55/0 54/0 55/13 âé��Ù 1-3811 7 

2/5 29/71 1/13 96 13 04/2 âé��Ù 8-3811 8 

21/37 87/4 35/1 74/0 35/0 94/52 âé��Ù 01-3811 9 

74/1 88/82 44/1 65/0 44/0 55/82 âé��Ù 3-1911 01 

10/1 67/61 94/1 15/0 94/0 71 âé��Ù 00211 11 

85/0 49/23 5/1 5/0 05/0 9/74 ¶ý±£ 8621 21 

- - 84/1 25/0 84/0 10/46 ¶ý±£ 1-7031 31 

72/0 2/03 93/1 16/0 93/0 8/92 âé��Ù 6331 41 

65/61 63/41 45/1 64/0 45/0 79/41 âé��Ù 1-6431 51 

72/1 3/32 55/1 54/0 55/0 28/32 ¶ý±£ 4-7431 61 

62/0 69/04 53/1 56/0 53/0 11/04 ¶ý±£ 5241 71 

- - 4/1 6/0 04/0 55/15 âé��Ù 8-2781 81 

60/0 - 34/1 75/0 34/0 27/05 âé��Ù 7-4781 91 

30/0 89/92 93/1 16/0 93/0 6/92 âé��Ù 9-4781 02 

- 27/63 34/1 75/0 34/0 98/53 âé��Ù 1-6512 12 

- - 82/1 27/0 82/0 94/06 âé��Ù 2-6512 22 

- 73/1 36/0 73/0 19/46 âé��Ù 2-3052 32 

SecTP 29.0
55.21

2
1 == π

SecTP 11.0
06.55

2
2 == π
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f
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1
1 ==

(1−δ 1+δ 
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f
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2
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( )gg ξω ,



›Ž̄ ¤~…̂Þ±̃ ìý³…ó …ð±ÿ́ ¬° ²è³èú|ø†ÿ âéŒ†Ù ô ¶ý±£ ‹† …¶}×†¬û …²

ÆýØ {õ…ó ô ì~ë Þ†ð†üþ-{†›ýíþ" ¬…ð»ã†û „²…¬ …¶çìþ ô…¤~ ‹±¬¶ý±

‹õ¬û ô ‹† ¤í†ü• ì†èþ …üò ô…¤~ ¬…ð»ã†øþ …ðœ†ï º~û …¶•. ‹ñ†‹±…üò

æ²ï ìþ|¬…ðî …² øíß†°ÿ ô ì·†Î~– Þéý̂ú|ÿ …Ö±…¬ÿ Þú ‹ñ~û °… ¬° {ùýú̂

ô {~ôüò …üò Æ±§ {¥ÛýÛ†{þ ü†°ÿ Þ±¬û|…ð~€ {»ß±̂ ô Ú~°¬…ðþ ðí†üî. 

ìì±±……››ÐÐ
�±�±ü�ó
 ï.
 6531
"�µôø¼ ô ‹±^°¶þ è±²û-²ìýò ¶†̈• )¶†ü³ìõ{ß}õðýà( …ü±…ó"€
ô²…°– ¾ñ†üÐ ô ìÏ†¬ó€ ¶†²ì†ó {¥ÛýÛ†– ²ìýò|ºñ†¶þ ô …Þ}»†Ö†– ìÏ~ðþ Þ»õ°€
â³…°½ ºí†°û|ÿ 012 :4-402.

�±âþ
 «.
 6731
"‹±^°¶þ ÆýØ {õ…ó ¬° ìùñ~¶þ ²è³èú ô {ùý^ú|ÿ ÆýØ {õ…ó

²è³èú|ø†ÿ …ü±…ó"€ Ö¿éñ†ìú|ÿ …ðœíò ìùñ~¶ýò …ü±…ó )…¶†¹( € {à ºí†°û: 23-34.

�±âþ
 «.
 7731
"{õ…‹Ð Ÿã†èþ Æý×þ {õ…ó€ Æ±§ ô Þ†°‹±¬ „ó|ø† ¬° ìùñ~¶þ ²è³èú"€

Ö¿éñ†ìú|ÿ …ðœíò ìùñ~¶þ …ü±…ó )…¶†¹(: 01-02. 

¨·±ôÿ
 ï. °.
 3831
"‹±°̂¶þ °ô½|ø†ÿ …üœ†¬ º}†Ž|ðã†º•|ø†ÿ ì¿ñõÎþ

›ù• {¥éýê {†°ü©¡ú|ÿ ²ì†ðþ ô …°…̂ú|ÿ º}†Ž|ðã†º• ì¿ñõÎþ ‹±…ÿ ð†¤ýú|ÿ

…ü±…ó ì±Þ³ÿ" € �†ü†ó|ð†ìú|ÿ Þ†°ºñ†¶þ …°º~€ ¬…ð»ã†û ‹ýò|…èíééþ …ì†ï ̈íýñþ€

¬…ð»ß~û|ÿ Öñþ€ â±ôû ìùñ~¶þ Îí±…ó€ 612Á.

°ìÃþ
 §. °.
 6731
"¬…¬û|ø†ÿ �†üú|ÿ º}†Ž|ðã†º•|ø†ÿ ºŒßú|ÿ º}†Ž|ðã†°ÿ

Þ»õ°"€ …ð}»†°…– ì±Þ³ {¥ÛýÛ†– ¶†̈}í†ó ô ì·ßò€ 811Á.

Î�¬èþ
 §.
5731
"ìùñ~¶þ ²è³èú"€ …ð}»†°…– Þ}†‹×±ôºþ ¬ø©~…€ Ÿ†’ º»î: 54-

63.

ì¥±²
 �
 �èÛ�¬ì·þ
 Ù.
 9731
"²è³èú ô ÆýØ|ø†ÿ �†¶ª: Ö¿ê ¬ôï̂€ øñ~‹õá

Æ±…̂¤þ è±²û|…ÿ"€ ì}±›î: …ôºà ¶±…üþ€ …ð}»†°…– ì±Þ³ ð»± ¬…ð»ã†øþ: 07 -071 .

ìùñ~¶ýò ì»�ô° {ù±�ó ��¬ü±
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