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ˆ§£žŸ¤¨¥¨©ª«Ÿž ª£¢Ÿž ¯Ÿ¥§Ÿ§ä£å æ Š ±Ÿž• ®Ÿ §Ÿ Ÿç£§¨©ª«Ÿž
ç£§Ÿ¡Ÿž ¯Ÿ¢Ÿå¥Ÿ Ÿž¨©¢

± è•žŸ Ÿ ¨©ª«Ÿž

Œ•§Ÿ¡Ÿž é£¡ŸäŸ  §£¤ž•¡Ÿ¡Ÿž ¦•§¨©ª«¨©žž£ • ê¨¡§¨ 
â.‹. ë£å¨©¬£¡«Ÿž

‘Ÿè§¨žŸ¡Ÿž ìžêé•¢Ÿ¤¨¥ž£ í §£¤ž•¡Ÿ¡Ÿž ¦•§¨©ª«¨©žž£ • ê¨¡§¨ 
“.—. ‘¨é¨¥«Ÿž

§£¤ž•¡Ÿ¡Ÿž ¦•§¨©ª«¨©žž£ • ª£¡žŸ­¨©
ˆ.“. ˆî¨©¥§Ÿ¢«Ÿž

ˆîŸïŸ§Ÿ  ¡Ÿð¢Ÿ¡£ ç¨©ª«¨©ží •• Œˆˆ “£¤Ÿž•¡Ÿ«• •ž¥§•§¨©§

‘Ÿè§çŸž¨©ª«¨©žì ¡Ÿ«ŸžŸå¨© æ 2013ª. ¯¨©å•¥• 15-•ž, ñŸ¢ì 15 -•ž,
®Ÿ §Ÿ Ÿç£§¨©ª«Ÿž ± è•žŸ Ÿ ¨©ª«Ÿž ç£§Ÿ¡Ÿž ¯Ÿ¢Ÿå¥Ÿ Ÿž•ž ¡•°

Š ±Ÿž•

<<®Ÿ §Ÿ Ÿç£§¨©ª«¨©ž ± è•žŸ Ÿ ¨©ª«¨©ž>> 030¢Ÿ¥žŸ¦•§Ÿ¡Ÿž ¤¨ ¯ ê•
¦¨ ­¨é
ž•¥§¨©¢,

ë…•-•

¯Ÿ¥°£¨äí 0009,ò.Š ±Ÿž, Ž£ «Ÿž ó. 105:
¯£§±«Ÿå

ˆ§£žŸ¤¨¥¨©ª«Ÿžì ¡Ÿ £å• æ ­Ÿž¨ªŸžŸå Š•’‘•-• ¦•§Ÿ¡Ÿž ¦ ŸêŸ Ÿž¨©¢ ¯£§±«Ÿå
0079, f.Š ±Ÿž, “Ÿî• ó. 17/1: ¯Ÿ¥°£¨ä

€£é¢Ÿ¦• ž ŸîŸòäŸ­ æ 2013ª. ¯¨©ž•¥• 14-•ž:

“Ÿ¥žŸ¦•§Ÿ¡Ÿž ¤¨ ¯ ê• ¦•§Ÿ¡Ÿž òŸ §¨©éŸ ,
®Ÿ §Ÿ Ÿç£§¨©ª«Ÿž ª£¡žŸ­¨©

Ž.€. ëŸ ¥£é«Ÿž

¶ÐÞÓÎÆÏÏÐÑÒÓÔÆÆØôàÐÑõÎÐÕÓ à·ÑÐàÓÕÏ×ÖÞôÖÏØÎÓÑÏÒàÐÕÕÖÞØÕÆàÐÑÏÆÒÐÒÐÓÑßÆÒÐ×ÒØÑö Æ
ÏÒÑÖÆÒÐÜÝÏÒàÓ

´ÓØÙÕöÚÑØ×ÖàÖÎÆÒÐÜÝ:
ÎÖ×ÒÖÑ ÒÐßÕÆÙÐÏ×ÆßÕÓØ×

º÷ÆÔÆÓÜÝÕöÐ ÖÛÛÖÕÐÕÒö:
¾ÐÜØøÐ×ãÕù.¹.

ÎÖ×ÒÖÑ ÒÐßÕÆÙÐÏ×ÆßÕÓØ×
ÊÖôÖÏãÕM.3.

×ÓÕÎÆÎÓÒ ÒÐßÕÆÙÐÏ×ÆßÕÓØ×
»ÑØÏÒÓÞãÕA.M.

¹ÐÎØúÓãÖÑôÓÕÆÌÓÔÆã: ³ÕÏÒÆÒØÒ²ÐßÓÕÆ×Ǽ»´ »»
¿ÓúÆÒÓ ÏÖÏÒÖÆÒÏã15 ÆûÜã2013ô. à15* ÙÓÏÖà ÕÓ ÌÓÏÐÎÓÕÆÆÏÛÐÔÆÓÜÆÌÆÑÖàÓÕÕÖôÖÏÖàÐÒÓ 030
"»ÑßÆÒÐ×ÒØÑÓÆ ÏÒÑÖÆÒÐÜÝÏÒàÖ"¹»½ ¸» ÛÑÆ·ÑÐàÓÕÏ×ÖÞôÖÏØÎÓÑÏÒàÐÕÕÖÞØÕÆàÐÑÏÆÒÐÒÐ
ÓÑßÆÒÐ×ÒØÑö ÆÏÒÑÖÆÒÐÜÝÏÒàÓ, ÛÖÓÎÑÐÏØ:0009, ô.·ÑÐàÓÕ, ØÜ.¶ÐÑãÕÓ105.Ï ÎÆÏÏÐÑÒÓÔÆÐÚ ÞÖõÕÖÖÌÕÓ×ÖÞÆÒÝÏã àÕÓØÙÕÖÚøÆøÜÆÖÒÐ×Ð·Â¼»µ, ÛÖ 0079, r.
ØÜ.Mapa17/1.

ÓÎÑÐÏØ: ·ÑÐàÓÕ,

»àÒÖÑÐ÷ÐÑÓÒ ÑÓÌÖÏÜÓÕ14 ÆûÕã2013r.
¼ÙÐÕöÚÏÐ×ÑÐÒÓÑÝÏÛÐÔÆÓÜÆÌÆÑÖàÓÕÕÖôÖ ÏÖàÐÒ
×ÓÕÎÆÎÓÒÓÑßÆÒÐ×ÒØÑö

¾ÓÑÏÐôãÕT.C.

ˆ’•ˆŽˆ‰ü• œ‰ý•ˆ‰…†ƒ ë‰…†„

ˆè¤Ÿ§Ÿžò• Ÿ ê¯Ÿ¡Ÿž¨©ª«¨©ž ‚¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­ ¬Ÿ Ÿ¡ŸçŸ§
¯Ÿ¢Ÿ¡Ÿ ¦£ ì §£¤ž•¡Ÿ«• §Ÿ ¬£  ¬žŸ¦ŸäŸîž£ • ¡Ÿî¨©«°ž£ • ¯Ÿ®Ÿ¤Ÿ¡• ¯Ÿžê•ç¨é
§Ÿ  £ •° £ž: ý Ÿžò åŸ«ž ¡• Ÿî¨©ª«¨©ž £ž ¦§£å Ÿ ê«¨©žŸ¬£ Ÿ¡Ÿž, òŸéŸòŸ°•Ÿ¡Ÿž,
¯•ê ¨§£¤ž•¡Ÿ¡Ÿž, ®ŸžŸçŸ ¯Ÿ«•ž è•žŸ Ÿ ¨©ª«¨©ž¨©¢, žŸäŸè•ž¨©ª«Ÿž, ¢£ò£žŸè•ž¨©ª«Ÿž,
•žòžŸª•îŸè•ž¨©ª«Ÿž ¢£ï: ‚¨éŸä¨  ¡Ÿî¨©°äŸ­òž£ • žŸ¤Ÿ¦­¢Ÿž ñŸ¢ŸžŸ¡ ¡Ÿ ±¨ 
žèŸžŸ¡¨©ª«¨©ž ¨©ž• §Ÿ ¬£  Ÿè¤Ÿ§ŸžòŸ«•ž çŸ«¢Ÿžž£ ¨©¢ ê Ÿž° ¯Ÿ¢Ÿ¡¨é¢Ÿž•
¨©¥¨©¢žŸ¥• ¨©ª«¨©žì, ¯ŸèäŸ ¡Ÿ«•ž ž¨  ¢¨ê£åž£ • ¥§£é­¨©¢ì, ñŸ¢ŸžŸ¡Ÿ¡•° ¢£ª¨êž£ •
¡• Ÿî¨©¢ì ± ¢èŸ¡¨©¢ì:

ˆîŸžþžŸ¡• ¯£§Ÿò ò ¨©ª«¨©ž £ž ž£ ¡Ÿ«Ÿ°ž¨©¢ ¡¨éŸä¨  ¥Ÿå£ • ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿž
¯Ÿ °£ ì, ¨ ¨ž° èž¨ ¯•ä ¡Ÿ £å• æ æŸç£¥ ¢£­Ÿ°ž£å ê Ÿž° Ÿ¢ ¨©ª«Ÿž, ¡¨è§¨©ª«Ÿž ±
¡Ÿ«¨©ž¨©ª«Ÿž ¬ž¨©ªŸ¦ £ ì ŸçŸ¯¨ä£å¨ä ž«¨©ª• ŸîŸä£å §ž§£¥¨©¢ì:

ˆîŸä£å ¢£­ Ÿ ê«¨©žŸä£§¨©ª«Ÿž ¡Ÿ £å• æ ¯Ÿ¥ž£å, £ ¬ ¡Ÿî¨©°äŸ­òž£ ì çŸ§ Ÿ¥§äŸ­
£ž ¡¨¢ç¨ð•°•¨ž ž«¨©ª£ •° (‚‰/: šŸ¢ŸžŸ¡Ÿ¡•° §£¤ž•¡Ÿ«• ¬žŸ¦ŸäŸîž£ ¨©¢ Ÿ«ê ž«¨©ª£ •
¡• Ÿî¨©¢ì çŸ«¢ŸžŸä¨ äŸ­ æ¢• èŸ ò ¡Ÿ ±¨  ŸîŸä£å¨©ª«¨©žž£ ¨ä Ÿ §Ÿê ¨©ª«¨©ž¨©¢
ÿ¦§Ÿ¦¨ ­ä¨é ŸäŸžêŸ¡Ÿž ž«¨©ª£ • ž¡Ÿ§¢Ÿ¢¬: ‚¨¢ç¨ð•§ž£ • ¯•¢žŸ¡Ÿž ŸîŸä£å¨©ª«¨©žž£ ž
£ží £ ¡Ÿ Ÿ¡£°¨©ª«¨©žì, ¡¨î¨ð•¨ž ê•¢Ÿ°¡¨©ž¨©ª«¨©žì, ¯ Ÿ¡Ÿ«¨©ž¨©ª«¨©žì, ¬Ÿ þ  §£¥Ÿ¡Ÿ Ÿ 
Ÿ¢ ¨©ª«¨©žì ± ¡¨è§¨©ª«¨©žì, ž«¨©ª• ± ¡¨ž¥§ ¨©¡°•Ÿ«• ¢•ŸñŸ¢ŸžŸ¡«Ÿ ¥§£é­¢Ÿž
¯žŸ Ÿä¨ ¨©ª«¨©žì, ¨ ¨ž° èž¨ ¯•ä ¯žŸ Ÿä¨  æ êŸîž¨©¢ æŸç£¥ žäŸð£°ž£å ¡Ÿî¨©°äŸ­ò• ¡è•îì
¢•ŸñŸ¢ŸžŸ¡ ŸçŸ¯¨ä£å¨ä ž Ÿ ¬Ÿ þ  ¡ ¨é¨©žŸ¡¨©ª«¨©žì:

’•žŸ Ÿ ¨©ª«¨©ž¨©¢ ¡¨¢ç¨ð•§ž£ ì ¯Ÿžê£¥ £ž ¦Ÿå•¥ ¨ ç£¥ ž¨ , ¯£îŸž¡Ÿ Ÿ«•ž,
Ÿ«åìž§ ŸžòŸ«•ž ž«¨©ª£ : ‚‰-•° çŸ§ Ÿ¥§¨©¢ £ž å¨©¥ŸªŸóŸž° §Ÿž•òž£ , ç ¨ � •åž£ 
çŸ§¨©¯Ÿžž£ • ¯Ÿ¢Ÿ , ï Ÿ¢Ÿ§Ÿ¡Ÿ Ÿ ¢Ÿž ± ¡¨«¨©é¨© ¤¨é¨äŸ¡ž£ , Ÿä§¨®ŸžŸçŸ ¯Ÿ«•ž
¡Ÿ¢¨© ïž£ • £ ª±£¡£å• ¢Ÿ¥£  ± Ÿ«åž:

‹£ ì žèäŸ­¨ä æ ¬Ÿ°Ÿ§ ä¨©¢ ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­ •ð¨§ ¨ç Ÿž¯Ÿ¢Ÿ¥£î ± ‚‰-•°
çŸ§ Ÿ¥§äŸ­ ¬Ÿð¢Ÿè£ § ¥Ÿå£ •í ì¥§ Ÿ¢ ¨©ª«Ÿž ± ¡Ÿ«¨©ž¨©ª«Ÿž ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿž
¯Ÿ °£ •ž žä• äŸ­ ž£ ¡Ÿ Ÿ§£žŸ¤¨¥Ÿ¡Ÿž Ÿè¤Ÿ§Ÿžò• Ÿ ê•Ÿ¡Ÿž¨©ª«¨©žì:

ˆè¤Ÿ§Ÿžò• žçŸ§Ÿ¡ì: ˆ§£žŸ¤¨¥¨©ª«Ÿž žçŸ§Ÿ¡ž æ ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä
¨©ñ£éŸ°äŸ­ Ÿž¯Ÿ¢Ÿ¥£î •ð¨§ ¨ç ± ‚‰-•° çŸ§ Ÿ¥§äŸ­ è£ §Ÿä¨  ¥Ÿå£ • Ÿ¢ ¨©ª«Ÿž,
¡Ÿ«¨©ž¨©ª«Ÿž ¯Ÿ °£ • ¨©¥¨©¢žŸ¥• ¨©ª«¨©žì, ¡Ÿî¨©°äŸ­ò• ÿç§•¢Ÿå £ ¡ Ÿ �ŸóŸ¡Ÿž ±
� •ð•¡Ÿ¡Ÿž çŸ Ÿ¢£§ £ • ¨ ¨è¨©¢ì, ¨ ¨žò ŸçŸ¯¨ä¨©¢ £ž ž Ÿ ŸîŸä£åŸ¦¨©«ž
¡ ¨é¨©žŸ¡¨©ª«¨©žìí åŸ«žŸ¡Ÿž ­î¢Ÿž, •ž �ç£¥ žŸ± ¥Ÿå• ¢•ï•ž ¯Ÿ ª¨©ª«¨©ž¨©¢ ¦¨ ­¨é ¥£é¢¨é
¨©ñ£ • ê£çò£ ¨©¢:

Šåž£å¨ä ŸîŸïŸê äŸ­ žçŸ§Ÿ¡•° Ÿ§£žŸ¤¨¥¨©ª«¨©ž¨©¢ òžžŸ ¡ä£å £ž ¯£§±«Ÿå
¤žê• ž£ ì.

à Ÿžä£ ï £ ¡Ÿ , çŸ ¬£ Ÿ¬Ÿ  §£éŸê äŸ­ ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­, £îŸè£ §
¥Ÿå• ÿç§•¢Ÿå žŸ¤Ÿ¦­¨©¢ì åŸ«žŸ¡Ÿž ­î¢Ÿž ê£çò¨©¢, £ ¬ ¥Ÿå• è£ §£ ì ± ¡¨é£ ì
çŸ§ Ÿ¥§äŸ­ £ž §Ÿ ¬£  •ð¨§ ¨ç ž«¨©ª£ •°,

‚‰-•° çŸ§ Ÿ¥§äŸ­ Ÿžä£ ï £ ¡Ÿ , çŸ ¬£ Ÿ¬Ÿ  §£éŸê äŸ­ ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä
¨©ñ£éŸ°äŸ­, è£ §Ÿä¨  ¥Ÿå• ÿç§•¢Ÿå � •ð•¡Ÿ¡Ÿž ± £ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ • ¨ ¨è¨©¢ì,
¨ ¨žò åŸ«žŸ¡Ÿž ­î¢Ÿž ê£çò¨©¢ ŸçŸ¯îä¨©¢ £ž ž Ÿ ŸîŸä£åŸ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žì,

¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­ ¨©ééŸž¡«¨©ž è£ §Ÿä¨  Ÿž•ð¨§ ¨ç ¥Ÿå£ • ­î¢Ÿž
¤žê• ž£ • ¨©¥¨©¢žŸ¥• ¨©ª«¨©žž Ÿ«ž ê£çò£ ¨©¢, £ ¬ ¡¨é£ ì §£éŸê äŸ­ £ží ®Ÿ¡Ÿ§Ÿ«•ž
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£ð £ •° ¢£¡¨©¢, £ ¡¨© ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ¨©¢, ªî• �ò• ¢£ï§£é¨©¢: ˆ«ê ¤žê• ž£ ¨©¢ ¨ ¨èä¨©¢ £ž
¡Ÿî¨©°äŸ­ò• ÿç§•¢Ÿå £ ¡ Ÿ �ŸóŸ¡Ÿž ± � •ð•¡Ÿ¡Ÿž çŸ Ÿ¢£§ £ ì, ¨ ¨žò ¯Ÿ¥§Ÿ§¨©ž ¡èî•¨© ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ • ê£çò¨©¢ ŸçŸ¯¨ä¨©¢ £ž ä£ ï•ž•¥ ŸîŸä£åŸ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žì,

¡¨éŸä¨  ¨©ééŸž¡«¨©ž ¥Ÿå• ¡Ÿ«¨©ž¨©ª«Ÿž ¤žê• ž£ • ¨©¥¨©¢žŸ¥• ¨©ª«¨©žì, £ ¬ ¥Ÿåì¯ŸäŸòäŸ­ æ ¢•ï•ž ¯Ÿ ª¨©ª«Ÿž ž¡Ÿ§¢Ÿ¢¬ ¯Ÿ¢Ÿ �Ÿó êŸ¥Ÿä¨ äŸ­ è£ §£ •°, ¨ ¨žò • £ž°
¯£ ª•ž ¡Ÿð¢äŸ­ £ž ¥Ÿå• ¦å¤Ÿä¨  ŸîŸž°òž£ • ž¡Ÿ§¢Ÿ¢¬ ¯Ÿ¢Ÿ �Ÿó ¯Ÿï¨ êŸ¬Ÿ 
êŸ¥Ÿä¨ äŸ­ ¡¨¢ç¨ð•°•¨ž ž«¨©ª• §Ÿ  Ÿ¡Ÿž è£ §£ •°, £ ¬ ¡¨é£ ì §£éŸê äŸ­ £ží
®Ÿ¡Ÿ§Ÿ«•ž £ð £ •° ¢£¡¨©¢, ¥Ÿå• ªî• �ò• ¢£ï§£é¨©¢, £ ¡¨© ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ¨©¢,

à ¡Ÿ«¨©ž¨©ª«Ÿž ¤žê• ž£ ¨©¢ ¡ •§•¡Ÿ¡Ÿž ¬£îžäŸ­ò• ŸîŸä£åŸ¦¨©«ž Ÿ ñ£òž ŸçŸ¯¨ä¨é
¡Ÿî¨©°äŸ­ò• ÿç§•¢Ÿå £ ¡ Ÿ �ŸóŸ¡Ÿž ± � •ð•¡Ÿ¡Ÿž çŸ Ÿ¢£§ £ • ¨ ¨è¨©¢ží ŸîŸž°
ó¨ó¨¤£å¨© ž Ÿ ¡è•îž ¨© ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ ì:

•£§Ÿð¨§¨©ª«¨©žž£ • ¡Ÿ§Ÿ ¢Ÿž ¢£ª¨éž£ ì: ˆè¤Ÿ§Ÿžò¨©¢ ž£ ¡Ÿ«Ÿ°äŸ­
¤žê• ž£ ¨©¢, ¯Ÿèä• Ÿîž£å¨ä Ÿ«ž, ¨  ¯ŸèäŸ ¡ž£ • ñŸ¢ŸžŸ¡ ¡¨¢ç¨ð•§ž£ •° çŸ§ Ÿ¥§äŸ­
¬Ÿ Ÿ¡ŸçŸ§ ¡Ÿî¨©°äŸ­òž£ ì ¢¨ê£åŸä¨ ä¨©¢ £ž ¨ ç£¥ è£ §Ÿä¨  Ÿž•ð¨§ ¨ç, ÿ¦§Ÿ¦¨ ­äŸ­£ž €.ˆ. •Ÿ¢¬Ÿ þ¨©¢«Ÿž• Ÿž•ð¨§ ¨ç è£ §Ÿä¨  ¥Ÿå£ • §£¥¨©ª«Ÿž ¯•¢žŸ¡Ÿž
¯ŸäŸ¥Ÿ ¨©¢ž£ ž ¨© Ÿîž � ¨©ª«¨©žž£ ì: “Ÿ¥žŸä¨  ê£çò¨©¢ Ÿ«ê ¯ŸäŸ¥Ÿ ¨©¢ž£ ž ÿ¦§Ÿ¦¨ ­äŸ­£ž žŸ± •ð¨§ ¨ç Ÿž¯Ÿ¢Ÿ¥£î è£ §Ÿä¨  ¥Ÿå£ • ¯ŸèäŸ ¡ž£ • ñŸ¢ŸžŸ¡:

‚¨éŸä¨  ¥Ÿå£ • Ÿ¢ ¨©ª«Ÿž ¯Ÿ °£ ž ¨©¥¨©žŸ¥• £å•¥ ÿ¦§Ÿ¦¨ ­ä£å £ž ¡¨¢ç¨ð•§ž£ •
¯Ÿ¢Ÿ  ¡• Ÿîä¨é Ÿ¢ ¨©ª«Ÿž �ŸóŸž•èž£ ì, •¥¡ ê Ÿž° ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿž ¯Ÿ¢Ÿ í ¨ �¦­Ÿ«•ž ­ Ÿ¦ Ÿä¨ ¢Ÿž ¢£ª¨êž£ •° ¢£¡ìí ê£� ¨ ¢Ÿ°ä¨é ¬Ÿð¢Ÿž•¥§• ¢£ª¨êì:

•£§Ÿð¨§¨©ª«Ÿž ªäŸ«•ž ¯ŸèäŸ ¡ž£ ì ¡Ÿ§Ÿ ä£å £ž � Wolfram Mathematica7",
13"­ Ÿ¦ £ • ÿ¦§Ÿ¦¨ ­¢Ÿ¢¬:

"MathCad

ˆè¤Ÿ§Ÿžò•_ ¦•§Ÿ¡Ÿž ž¨ ¨©«ªì: ‚Ÿ§Ÿ äŸ­ ¨©¥¨©¢žŸ¥• ¨©ª«¨©žž£ • Ÿ ê«¨©žò¨©¢
¥§Ÿ°äŸ­ ¦•§Ÿ¡Ÿž ž¨ ¨©«ªž£ • ê ¨©«ªž£ ž £ž.

¨ ¨èä£å £ž ¡Ÿî¨©°äŸ­ò• £ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ ì, ¨ ¨žò ¯Ÿ¥§Ÿ§¨©ž
ê£çò¨©¢ ŸçŸ¯îä¨©¢ £ž ž Ÿ ŸîŸä£åŸ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žì ¡Ÿ¢ ¡¨è§¨©ª«¨©žì: •£§Ÿð¨©îäŸ­

¡èî•

¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­, §Ÿ ¬£  ž«¨©ª£ •° çŸ§ Ÿ¥§äŸ­ £îŸè£ § Ÿžä£ ï £ ¡Ÿ 
¥Ÿå• åŸ«žŸ¡Ÿž ­î¢Ÿž ¤žê• ì,

¨ ¨èäŸ­ £ž ‚‰-•° çŸ§ Ÿ¥§äŸ­ Ÿžä£ ï £ ¡Ÿ , çŸ ¬£ Ÿ¬Ÿ  §£éŸê äŸ­
¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­, è£ §Ÿä¨  ¥Ÿ«• ÿç§•¢Ÿå � •ð•¡Ÿ¡Ÿž ± £ ¡ Ÿ �ŸóŸ¡Ÿž
çŸ Ÿ¢£§ £ ì, ¨ ¨žò åŸ«žŸ¡Ÿž ­î¢Ÿž ê£çò¨©¢ ŸçŸ¯¨ä¨©¢ £ž ž Ÿ ŸîŸä£åŸ¦¨©«ž
¡ ¨é¨©žŸ¡¨©ª«¨©žì,

à ¨©¥¨©¢žŸ¥• äŸ­ £ž ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­ ¨©ééŸž¡«¨©ž è£ §Ÿä¨ 
¡î¢ç¨ð•§Ÿ«•ž ¥Ÿå£ • ­î¢Ÿž ± ¡Ÿ«¨©ž¨©ª«Ÿž ¤žê• ž£ ž Ÿ«ž ê£çò£ ¨©¢, £ ¬ ¡¨é£ ì
§£éŸê äŸ­ £ž ®Ÿ¡Ÿ§Ÿ«•ž £ð £ •° ¢£¡¨©¢, £ ¡¨© ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ¨©¢, ªî• �ò• ¢£ï§£é¨©¢:
… ¨èäŸ­ £ž ¡Ÿî¨©°äŸ­ò• ÿç§•¢Ÿå çŸ Ÿ¢£§ £ ì •Ÿå• è£ §£ • ± ¡¨é£ • �Ÿó£ ì, ‚‰-•
êŸ¥Ÿä¨ ¢Ÿž Ÿž¡«¨©žž£ ì/, ¨ ¨žò ŸçŸ¯¨ä¨©¢ £ž ž Ÿ ŸîŸä£åŸ¦¨©«ž åŸ«žŸ¡Ÿž ¬£î• ±
¡ •§•¡Ÿ¡Ÿž åŸ ¢Ÿž Ÿ ñ£òž£ ìí ¯Ÿ¥§Ÿ§¨©ž ¡èî• ¨© ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ • ê£çò¨©¢,

à °¨©«°æ§ äŸ­, ¨  ¡¨é£ • êŸ¥Ÿä¨ ¢Ÿž ê•§Ÿ ¡äŸ­ ¬¨å¨  ê£çò£ ¨©¢ ¥Ÿå• ± ¡¨é£ •
£ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ •, •ž �ç£¥ žŸ± ¥Ÿå• è£ §£ ¨©¢ ¡¨¢ç¨ð•§• êŸ¥Ÿä¨ ¢Ÿž
ÿç§•¢Ÿå ìž§ ¨©ª«Ÿ¢¬ ¡Ÿ £å• ǣŸ¥ž£å ¡ ¨é¨©žŸ¡¨©ª«Ÿž æŸ¡Ÿž ¢£­Ÿ°¢Ÿž, ìžê ¨ ¨©¢í
åŸäŸ¦¨©«ž §Ÿ ¬£ Ÿ¡ æ¥Ÿå• £ ¡¨© ŸðŸ§ £ð £ ¨©¢ ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°¨©¢ì:

€§Ÿ°äŸ­ Ÿ ê«¨©žòž£ • Ÿ ñŸžŸ¯ŸäŸ§¨©ª«¨©žì: ˆè¤Ÿ§Ÿžò¨©¢ ¥§Ÿ°äŸ­
Ÿ ê«¨©žòž£ • Ÿ ñŸžŸ¯ŸäŸ§¨©ª«¨©žì ¯•¢žŸä¨ ä¨©¢ æè£ §Ÿä¨  Ÿž•ð¨§ ¨ç ¥Ÿå£ • êŸ¥Ÿ¡Ÿž
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§£¥¨©ª«Ÿž ¡• Ÿî¢Ÿ¢¬, Ÿ¢ ¨©ª«Ÿž ± ¡Ÿ«¨©ž¨©ª«Ÿž, •ž �ç£¥ žŸ± ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿž
¤žê• ž£ • å¨©­¢Ÿž ®è¦ •§ ¢£ª¨êž£ •, ‚‰-• Ÿ¢ ¨©ª«Ÿž �ŸóŸž•èž£ •, ¨ � ¦­Ÿ«•ž
­ Ÿ¦ Ÿä¨ ¢Ÿž Ÿå¦¨ •ª¢• ÿ¦§Ÿ¦¨ ­¢Ÿ¢¬, ¨ ¨ž° ¯ŸäŸ¥§•¨©ª«¨©žì °¨©«° æ§ ä£å ¥Ÿå£ • ±
ªŸéŸžªž£ • §£¥¨©ª«Ÿž ¬Ÿð¢Ÿª•ä ¤žê• ž£ • å¨©­¢Ÿž ÿ •žŸ¡ž£ ¨ä:

ˆè¤Ÿ§Ÿžòž ¦¨ ­žŸ¡Ÿž žèŸžŸ ˆ§£žŸ¤¨¥¨©ª«Ÿž ¢£ï å¨©­äŸ­ £ží •ð¨§ ¨ç ±
¡¨¢ç¨ð•°•îž ž«¨©ª£ •° çŸ§ Ÿ¥§äŸ­ ¥Ÿå£ • åŸ äŸ­Ÿê£ � ¨ ¢Ÿ°•¨ž ä•®Ÿ¡• ± ¡Ÿ«¨©ž¨©ª«Ÿž
¯£§Ÿð¨§¢Ÿžì ä£ Ÿ¬£ ¨é ¢• èŸ ò ¤žê• ž£ : €§Ÿ°äŸ­ Ÿ ê«¨©žòž£ • ä£ å¨©­¨©ª«¨©žì ¡Ÿ ¨é æ
ÿ¦§Ÿ¦¨ ­ä£å ¡ ¨é ¡¨ž¥§ ¨©¡°•Ÿž£ • ¬Ÿ Ÿ¡ŸçŸ§ §Ÿ  £ • ¯ŸèäŸ ¡ž£ ¨©¢:
“Ÿ¥žŸä¨ Ÿç£¥, ê Ÿžò ¡Ÿ ¨é £ž ¡• Ÿîä£å ¡Ÿ¢ ïŸè•ž¨©ª«Ÿž, ¡¨¢ç¨ð•§Ÿ«•ž ¥£žêä• � -
çŸž£åž£ • çŸ§ Ÿ¥§¢Ÿž, ¡¨éŸä¨  ­Ÿ­¡£ • ± °Ÿž¡ŸçŸ§¨é ¡¨ž¥§ ¨©¡°•Ÿž£ • žŸ¤Ÿ¦­¢Ÿž
ñŸ¢ŸžŸ¡: ‰£ ¡Ÿ«¨©¢¥ §£¤ž•¡Ÿ«• ŸîŸïìžªŸ°ž ŸçŸ¯¨ää¨©¢ æ ž¨  ž«¨©ª£ • ±

¡¨ž¥§ ¨©¡°•Ÿž£ • ¡• Ÿî¢Ÿ¢¬: ˆ«êç•¥• ž«¨©ª æª£å•¡ž£ ¨ä ¨©ñ£éŸ°äŸ­ ç¨å•¢£ ì, ¨ •°
çŸ§ Ÿ¥§¨©¢ £ž ðŸžŸðŸž ¡¨ž¥§ ¨©¡§•ä §Ÿ  £ : ý Ÿž° £ ¡ Ÿ �ŸóŸ¡Ÿž ± � •ð•¡Ÿ¡Ÿž
çŸ Ÿ¢£§ £ • ÿç§•¢Ÿå ìž§ ¨©ª«¨©žì ¯žŸ Ÿä¨ ¨©ª«¨©ž æìžþ£î¨©¢ ¥§£é­£å žäŸðŸ¦¨©«ž ¡èî¨ä
¡¨ž¥§ ¨©¡°•Ÿž£ , ¨ ¨žò ŸîŸä£åŸ¦¨©«ž¥ ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž¨©¢ £ž ä£ ï•žž£ •¥ èŸ¯Ÿ¦¨ ­¢Ÿž
ž£ ¡Ÿ çŸ«¢Ÿžž£ •ž:

ˆè¤Ÿ§Ÿžò• ó¨ þŸ¯ŸäŸž¨©ª«¨©žì: ˆ§£žŸ¤¨¥¨©ª«Ÿž ¯•¢žŸ¡Ÿž Ÿ ê«¨©žòž£ ì
ï£¡¨©°ä£å £ž.

à ¢•ïŸð¦Ÿ«•ž ¦•§Ÿ§£¤ž•¡Ÿ¡Ÿž ¡¨ž � £ Ÿž¥¨©¢ (� •Ÿ §Ÿ Ÿç£§¨©ª«¨©ž ±
è•žŸ Ÿ ¨©ª«¨©ž-Ÿ ê• ¯•¢žŸ¤žê• ž£ >>, � £ ¢¨©¡, 2008ª.),

Š ±Ÿž• ®Ÿ §Ÿ Ÿç£§¨©ª«Ÿž ± è•žŸ Ÿ ¨©ª«Ÿž ç£§Ÿ¡Ÿž ¯Ÿ¢Ÿå¥Ÿ Ÿž•
ê¨¡§¨ Ÿž§ž£ • ± Ÿ¥ç• Ÿž§ž£ • ¦•§Ÿñ¨é¨ä¨©¢ (� £ ¢¨©¡, 2009ª.),

£ •§Ÿ¥Ÿ ê ¦•§žŸ¡Ÿžž£ • ¢•ïŸð¦Ÿ«•ž êç ¨°-¦•§Ÿñ¨é¨ä¨©¢ (ˆéŸäžŸþ¨ , 2009ª.),
•• Œˆˆ-• “£¤Ÿž•¡Ÿ«• •ž¥§•§¨©§• <<ˆå•òŸ«•ž ç ¨°£¥ž£ >> ¦•§Ÿ¡Ÿž ¥£¢•žŸ ¨©¢

(2013ª.),
Š ±Ÿž• ®Ÿ §Ÿ Ÿç£§¨©ª«Ÿž ± è•žŸ Ÿ ¨©ª«Ÿž ç£§Ÿ¡Ÿž ¯Ÿ¢Ÿå¥Ÿ Ÿž•

è•žŸ Ÿ Ÿ¡Ÿž ¢£¤Ÿž•¡Ÿ«•, ž«¨©ª£ • ê•¢Ÿê ¨©ª«Ÿž, §£¥Ÿ¡Ÿž ¢£¤Ÿž•¡Ÿ«• Ÿ¢¬•¨žž£ •
¯Ÿ¢Ÿ§£é ž•¥§¨©¢ (2013ª.):

‘Ÿè§çŸž¨©ª«Ÿž ž£ ¡Ÿ«Ÿ°ä¨é ¯•¢žŸ¡Ÿž ¨ ¨©
ŽŸ ¬£  ž«¨©ª£ •° çŸ§ Ÿ¥§äŸ­ £îŸè£ § ± ‚‰-•° çŸ§ Ÿ¥§äŸ­ ¬Ÿð¢Ÿè£ §

¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­ Ÿžä£ ï £ ¡Ÿ  ¥Ÿå• åŸ«žŸ¡Ÿž ­î¢Ÿž ¤žê• ž£ • å¨©­¨©¢ì:
œ¥§ Ÿ¢ ¨©ª«Ÿž �ŸóŸž•è•í ¢£­Ÿ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žž ¨© ¡¨è§¨©ª«¨©žž ŸçŸ¯¨ä¨é
£ ¡ Ÿ �ŸóŸ¡Ÿž ± � •ð•¡Ÿ¡Ÿž çŸ Ÿ¢£§ £ • ¨ ¨è¨©¢ì:

‚¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­ ¨©ééŸž¡«¨©ž è£ §Ÿä¨  ¡¨¢ç¨ð•§Ÿ«•ž ¥Ÿå£ •
­î¢Ÿž ± ¡Ÿ«¨©ž¨©ª«Ÿž ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿž ¤žê• ž£ • ê äŸ­òì ± å¨©­¨©¢ì Ÿ«ž ê£çò£ ¨©¢,
£ ¬ ¡¨é£ ì §£éŸê äŸ­ £ží ®Ÿ¡Ÿ§Ÿ«•ž £ð £ •° ¢£¡¨©¢, £ ¡¨© ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ¨©¢, ªî• �ò•
¢£ï§£é¨©¢:

‚Ÿî¨©°äŸ­ò• ÿç§•¢Ÿå çŸ Ÿ¢£§ £ • •Ÿå• è£ §£ • ± ¡¨é£ • �Ÿó£ ì, ‚‰-•
êŸ¥Ÿä¨ ¢Ÿž Ÿž¡«¨©žž£ ì/ ¨ ¨è¨©¢ì, ¨ ¨žò ŸçŸ¯¨ä¨©¢ £ž ž Ÿ ¢£­Ÿ¦¨©«ž åŸ«žŸ¡Ÿž ¬£î• ±
¡ •§•¡Ÿ¡Ÿž åŸ ¢Ÿž Ÿ ñ£òž£ ì ¯Ÿ¥§Ÿ§¨©ž ¡èî• ¨© ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ • ê£çò¨©¢:

a œ¥§ Ÿ¢ ¨©ª«Ÿž ± ì¥§ ¡Ÿ«¨©ž¨©ª«Ÿž ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿž ¤žê• ž£ ¨©¢ ¥Ÿå• ¡¨é£ •
§£éŸê ¢Ÿž §Ÿ ¬£  ê£çò£ • ¯Ÿ¢Ÿ  ¥§Ÿ°äŸ­ Ÿ ê«¨©žòž£ • ¯Ÿ¢£¢Ÿ§Ÿ¡Ÿž ä£ å¨©­¨©ª«¨©žì:

• ŸçŸ Ÿ¡¨©¢ž£ ì: ˆ§£žŸ¤¨¥¨©ª«Ÿž Ÿ ê«¨©žòž£ ì ± ¯•¢žŸ¡Ÿž ê ¨©«ªž£ ì
Ÿ §Ÿ°¨åä£å £ž 8 ¯¨êäŸ­ž£ ¨©¢, ¨ ¨žò žèäŸ­ £ž ¯ Ÿ§Ÿ Ÿ¡äŸ­ Ÿè¤Ÿ§Ÿžòž£ • °Ÿž¡¨©¢:
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ˆî£žŸ¤¨¥¨©ª«Ÿž ¡Ÿî¨©°äŸ­ò ­ŸäŸåì: ˆ§£žŸ¤¨¥¨©ª«¨©žì ¡Ÿð¢äŸ­ æ ž£ Ÿ-
­¨©ª«¨©ž•°, � ¨ ¥ ¦å¤•°, ìžê¯Ÿž¨©  £ð Ÿ¡Ÿ°¨©ª«¨©žž£ •°, 122 Ÿž¨©ž ÿ¦§Ÿ¦¨ ­äŸ­
¦ Ÿ¡Ÿž¨©ª«Ÿž °Ÿž¡•° ± ž£ ê ¢Ÿž Ÿ¡§•°: ˆè¤Ÿ§Ÿžòì ¬Ÿé¡Ÿ°Ÿ­ æ123æï•°í ž£ Ÿî£å¨ä 27
Ÿé«¨©¥Ÿ¡ ± 41ž¡Ÿ :

ˆ’•ˆŽˆ‰ü• •ˆ“ˆ � …Žë…‹ˆ‰ýˆ‚…†„‡…†‰œ

ˆîŸï•ž ¦å¤¨©¢ ž£ ¡Ÿ«Ÿ°äŸ­ æŸ§£žŸ¤¨¥¨©ª«Ÿž ª£¢Ÿ«•ž ä£ Ÿ¬£ ¨é Ÿè¤Ÿ§Ÿžòž£ •
¯Ÿ¢Ÿî¨§ Ÿ¡žŸ ¡ì, òžžŸ ¡äŸ­ £ž •ð¨§ ¨ç ± Ÿž•ð¨§ ¨ç è£ §Ÿä¨  ¥Ÿå£ •
åŸ äŸ­Ÿê£ � ¨ ¢Ÿ°•¨ž ä•®Ÿ¡•, ¡Ÿ«¨©ž¨©ª«Ÿž ± ê Ÿž° ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿžì žä• äŸ­
Ÿè¤Ÿ§Ÿžòž£ ì: ••¢žŸä¨ ä¨©¢ æŸ§£žŸ¤¨¥¨©ª«¨©ž¨©¢ ¡Ÿ§Ÿ äŸ­ •ð¨§ ¨ç ± ‚‰-•°
çŸ§ Ÿ¥§äŸ­ ¡¨éŸä¨  è£ §Ÿä¨  ¥Ÿå£ • ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿžì ä£ Ÿ¬£ ¨é
¯£§Ÿð¨§¨©ª«¨©žž£ • Ÿž¯ Ÿñ£è§¨©ª«¨©žì: •Ÿèä• Ÿîž£å¨ä, ¨  ¡¨¢ç¨ð•°•¨ž ž«¨©ª£ •°
çŸ§ Ÿ¥§äŸ­ ¥Ÿå£ ì ¢¨ê£åŸä¨ ä¨©¢ £ž ¨ ç£¥ Ÿž•ð¨§ ¨ç è£ §Ÿä¨ , Ÿ«¥§£é ¬£ ä¨©¢ £ž €.ˆ
•Ÿ¢¬Ÿ þ¨©¢«Ÿž• Ÿž•ð¨§ ¨ç ¥Ÿå£ • ¯•¢žŸ¡Ÿž ¯ŸäŸ¥Ÿ ¨©¢ž£ ž ¨© Ÿîž � ¨©ª«¨©žž£ ì, ¨ ¨žò
ÿ¦§Ÿ¦¨ ­ä¨©¢ £ž Ÿè¤Ÿ§Ÿžò¨©¢í ¡¨éŸä¨  è£ §Ÿä¨  ¥Ÿå£ • ¯ŸèäŸ ¡• ñŸ¢ŸžŸ¡:
•Ÿ¢ŸçŸ§Ÿ¥¤ŸžŸ¬Ÿ  ž£ ¡Ÿ«Ÿ°äŸ­ £ž Ÿè¤Ÿ§Ÿžò• žçŸ§Ÿ¡ì ± ¤žê• ž£ ì:

Š ¡ ¨ ê ¦å¤¨©¢ ê•§Ÿ ¡ä¨©¢ £ž ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­ Ÿžä£ ï £ ¡Ÿ Ÿž¯Ÿ¢Ÿ¥£î •ð¨§ ¨ç ± ¡¨¢ç¨ð•°•¨ž ž«¨©ª•° çŸ§ Ÿ¥§äŸ­ è£ §Ÿä¨  ¥Ÿå£ •í ì¥§
Ÿ¢ ¨©ª«Ÿž, ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿž ¤žê• ž£ ì:

2.1 £žªŸ¦å¤¨©¢ ê•§Ÿ ¡ä¨©¢ æ Š åŸ«ž¨©ª«Ÿ¢¬± ¯ ¯Ÿ¥§¨©ª«Ÿ¢¬ Ÿžä£ ï £ ¡Ÿ 
¨©ééŸž¡«¨©ž ¥Ÿå, ¨ ž ŸðŸ§ ¯£žäŸ­ æ Ø=0± y=b £ ¡Ÿ«žŸ¡Ÿž £ð £ ¨ä, ¢•¢«Ÿž°•° a
¯£îŸä¨ ¨©ª«Ÿž ä Ÿ ¨©ñ£éŸ°äŸ­ æåŸ«žŸ¡Ÿž ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ± ¬£îžŸä¨ äŸ­ æq(y)
åŸ«žŸ¡Ÿž ¬£îžäŸ­ò¨ä (ž¡.1): ŠžªŸê ä¨©¢ æ, ¨  ¥Ÿåì ¡Ÿð¢äŸ­ æ z=0¢•ï•ž ¢Ÿ¡£ ±¨©«ª•
ž¡Ÿ§¢Ÿ¢¬ ¯Ÿ¢Ÿ �Ÿó êŸ¥Ÿä¨ äŸ­ £ £ò è£ §£ •°, ìžê ¨ ¨©¢ è£ §£ ì ± ¡¨è§¨©ª«Ÿž ¡¨é£ ì
çŸ§ Ÿ¥§äŸ­ £ž §Ÿ ¬£  •ð¨§ ¨ç ž«¨©ª£ •°: •žê•  æê ä¨©¢ ¡¨ž¥§ ¨©¡°•Ÿ«• § äŸ­
¯Ÿ¥§Ÿ§¨©ž ¡èî• ê£çò¨©¢ ¨ ¨è£å ÿç§•¢Ÿå £ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ ì, ¨ ¨žò ŸçŸ¯¨ä¨©¢£ž ž Ÿ ŸîŸä£åŸ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žì ¡Ÿ¢ ¡¨è§¨©ª«¨©žì:

Ay

¯/2

¯/2
5

2

‰¡.1ŠîŸè£ § ¡¨éŸä¨  ¥Ÿå• ¯ŸèäŸ ¡Ÿ«•ž ¥¤£¢Ÿž

y=0± y=b ¡¨é¢£ • ä Ÿ £ð Ÿ«•ž ± x=0 ¦­• ä Ÿ ¯Ÿ¢Ÿ �Ÿó¨©ª«Ÿž çŸ«¢Ÿžž£ •ž

6

¬ŸäŸ Ÿ ¨é ¥Ÿå• ­¨äŸ­ ¢•ï•ž ¢Ÿ¡£ ±¨©«ª• ¯ŸäŸ¥Ÿ ¢Ÿž

(1)
å¨©­¨©¢ì ž£ ¡Ÿ«Ÿ°ä¨©¢ ǣ £§±«Ÿå §£¥ò¨ä.

AxchAxx+ BxxshZxxsin ly, (2)
k=I

¨ §£é Ÿ-ž ¥Ÿå• ®¡äŸ­òž æ,ð -ž ì¥§ � ¨© «£• èŸ ò• 96)¬£îžäŸ­ò• � ¨©ž¡°•Ÿ«• ä£ å¨©­¢Ÿž

¦¨ ­Ÿ¡•°ž£ ž £ž, D= £îŸè£ § ¥Ÿå• ¦åŸžŸ«•ž ¡¨è§¨©ª«¨©žž æ,

E(s)
(s=1122), ± E(2),v(2)-ž ¥Ÿå• Ÿ §Ÿò•ž ± ¢•ï•ž è£ §£ • ž«¨©ª£ •1-

ŸîŸþ¦Ÿ¡Ÿž ¬ž¨©ªŸ¦ £ ž £ž, ¯,= þ2, ± ¹× ¦¨ ­Ÿ¡•°ž£ ì ¨ ¨èä¨©¢ ¥Ÿå• ¡¨é£ •

ä Ÿ ¯£ž¢Ÿž çŸ«¢Ÿžž£ •°.

= 0, Dow a
Îß Î×Ó 2 ÎØ4 -

£ ¬ x=2, (3)

¨ §£é · -ì ¡¨é• ž«¨©ª• ŸîŸþ¦Ÿ¡Ÿž¨©ª«Ÿž ¢¨ê¨©åž æ,J,-ì ¡¨é• ŸîŸž°òŸ«•ž •ž£ °•Ÿ«•

¢¨¢£ž§ì:
€Ÿå• è£ §£ ¨©¢ ± ¡¨è§¨©ª«Ÿž ¡¨ åŸ ¨©¢ž£ ì ¨ ¨èä¨©¢ £ž ¯£§±«Ÿå ¬ŸžŸþ±£ ¨ä.

= +v(s) (s==,2), O,=-E,z
Îx2 ÎØ2 ) ÎØ2 Îx2 ÎØ2

€Ÿå• «¨© ŸòŸž �«¨©  è£ §• ± ¡¨è§¨©ª«Ÿž ¡¨é• Ÿ¢ ¨©ª«Ÿž çŸ«¢Ÿžž£ •°

max (*))+(%) (s= 1,2),maxor<<.,

¨ ¨èä¨©¢ £ž ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž Ÿ¢£žŸ¢£­ ª¨©«åŸ§ £å• ¬£îžäŸ­ò• qos=qos/R, (s=112),

gor ¬£ äŸ­ Ÿ ñ£òž£ ì:

ˆ«¥§£é ð.-ží ¬£îžäŸ­ò• ¢£­Ÿ¦¨©«ž Ÿ ñ£òž æ,Res± R, -ì ¯Ÿ¢ŸçŸ§Ÿ¥¤ŸžŸ¬Ÿ 

¥Ÿå• è£ §£ • ± ¡¨é£ • ž«¨©ª£ • ¯ŸèäŸ ¡Ÿ«•ž ê•¢Ÿê ¨©ª«¨©žž£ ž £ž:

‚Ÿî¨©°äŸ­ò• ä Ÿ ¦¨ ­¨é ¬£ äŸ­ ¬£îžäŸ­ò• ª¨©«åŸ§ £å• Ÿ ñ£òì ¡å•ž•.

go= min go1>9029or): (4)
€Ÿå• Ÿ¢£žŸ¢£­ ®¡äŸ­òì wo = max w± ª¨©«åŸ§ £å• ¬£îžäŸ­òì (4) � ¨©ž¡°•Ÿž£  £ží ž Ÿ

×Ø

£ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ •° wo =wo/x), =q.(i), ¨ §£é x=(A,,a,6,),),A,-ì ¡¨é•

åŸ«žŸ¡Ÿž ¯Ÿ§¨©«ª• ¢Ÿ¡£ £¥ž æ:

‚¨ž¥§ ¨©¡°•Ÿ«• § äŸ­ ¯Ÿ¥§Ÿ§¨©ž ¡èî• ê£çò¨©¢ ž Ÿ ÿç§•¢Ÿå £ ¡ Ÿ �ŸóŸ¡Ÿž

x=(A,,a,6,,6,)çŸ Ÿ¢£§ £ • ¨ ¨è¨©¢ì, ¨ ¨žò ŸçŸ¯¨ä¨©¢ £ž wo ®¡äŸ­ò• ó¨ò Ÿ¦¨©«ž ¡Ÿ¢ go

ª¨©«åŸ§ £å• ¬£îžäŸ­ò• ¢£­Ÿ¦¨©«ž Ÿ ñ£òì ¬£ ä¨©¢ æ¯£§±«Ÿå ¨ � ¦­Ÿ«•ž ­ Ÿ¦ Ÿä¨ ¢Ÿž
¤žê •ž.

¦§ž£å. W = min Wo ¡Ÿ¢ Q=max oo, x=(A,,a,6,5,) (5)
¯£§±«Ÿå ¥Ÿ¯¢ŸžŸóŸ¡¨©¢ž£ • ê£çò¨©¢í
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A,y,+2ab,y,+2ab,y,-hay,=0, (6)
<0.2Š, (7)

ˆ«¥§£é (6) ¥Ÿ¯¢ŸžŸóŸ¡¨©¢ì ¯£§±¨©¢ æ¡Ÿî¨©°äŸ­ò• ¡èî• ¯Ÿ¥§Ÿ§¨©ž å•ž£å¨©
çŸ«¢Ÿž•°, •¥¡ (7)¥Ÿ¯¢ŸžŸóŸ¡¨©¢ž£ ì çŸ«¢ŸžŸä¨ äŸ­ £ž ¥Ÿå£ • ± ¯£­Ÿžž£ • êŸ¥Ÿ¡Ÿž
§£¥¨©ª«Ÿž ¡• Ÿî¢Ÿž ¥Ÿ¯¢Ÿžž£ ¨ä:

(5)-(7)¤žê• ì å¨©­ä¨©¢æê£� ¨ ¢Ÿ°ä¨é ¬Ÿð¢Ÿž•¥§• ¢£ª¨ê¨äí ¨©é•é óž§ ¢Ÿž ¢£ª¨ê•
¯Ÿ¢Ÿê ¨©ª«Ÿ¢¬í ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž ¯¨­ ¥Ÿå• ho ¯Ÿ¥§¨©ª«Ÿž ± ¥Ÿå• è£ §£ • ± ¡¨è§¨©ª«Ÿž
¡¨é• ž«¨©ª•¬ž¨©ªŸ¦ £ • ¯Ÿ¢Ÿ :

„äŸ«•ž ¯ŸèäŸ ¡ž£ ì ¡Ÿ§Ÿ äŸ­ £ž Ÿ«ž ê£çò£ • ¯Ÿ¢Ÿ , £ ¬ ¡¨ž¥§ ¨©¡°•Ÿ«•
¡¨è§¨©ª«Ÿž ¡¨é£ ì • Ÿ¡ŸžŸ°äŸ­ £ž £ ¡§Ÿä Ÿ«•ž ¯Ÿ§¨©«ª• ¦åŸžäŸ­ ç¨éçŸ§•°, ¥Ÿå•
Ÿ §Ÿò•ž è£ §£ • ž«¨©ªì ç¨éçŸ§ æ,¢•ï•ž è£ §•žìí ¬£§¨ž: œžê¨©žä¨©¢â, ¨  ¡¨é£ •
¬Ÿ þ ¨©ª«¨©žì ¯ŸäŸ¥Ÿ  æ ¥Ÿå• ìžê¯Ÿž¨©  ¯ =¯ ¯Ÿ¥§¨©ª«Ÿžì: ‰«¨©ª£ • ¯Ÿ¢Ÿ  ìžê¨©žäŸ­ £ž
¯£§±«Ÿå ¬ž¨©ªŸ¦ £ ì. ç¨éçŸ§• ¯Ÿ¢Ÿ í E=2-10 “‘Ÿ, v=0.25,R=210 “‘Ÿ, 1=78.5 ‚‰/¢3,
¬£§¨ž• ¯Ÿ¢Ÿ í E=2-104“‘Ÿ, v=0.17, R=10“‘Ÿ, ¼= 22¡‰/¢3:ý•§Ÿ ¡ä¨©¢ £ž ê£çò£ ,
£ ¬ h, = h, /b= 0.03,0004,b=4¢,¯,=¯, b=0004 (I Ne16);0.05(I Ne20);0.06
(I Ne 24);0.075(I Ne30):

•ž �ç£¥ °¨©«° £ž §Ÿå•¥ ¯ŸèäŸ ¡ž£ • Ÿ ê«¨©žòž£ ì, ê•§Ÿ ¡ä¨é ¡¨ž¥§ ¨©¡°•Ÿ«•
¡¨éŸä¨ ¢Ÿž ê£çò¨©¢ ®¡äŸ­òž£ ì ¢•±ž¨©«ž ¡èî• ¯¨­ ¥Ÿå• ¯Ÿ¢£¢Ÿ§ ¡Ÿ ¨é £ž žäŸð£å ¢•ž �±15%,•¥¡ ¡ ¨é¨©žŸ¡¨©ª«¨©žì Ÿ®£å¢•ž �± 120%:

2.2 £žªŸ¦å¤¨©¢ ê•§Ÿ ¡ä¨©¢ æ¯ ¯Ÿ¥§¨©ª«Ÿž £ ¡Ÿ  ¨©ééŸž¡«¨©ž ¥Ÿå, ¨ ž ŸðŸ§ ¯£žäŸ­
æy=0,y=b£ð £ ¨©¢ ± ¨©ñ£éŸ°äŸ­ ǣŸäŸ¥Ÿ  a ¯£îŸä¨ ¨©ª«Ÿž ä Ÿ §£éŸê äŸ­
¨©ééŸž¡«¨©ž ¯Ÿ§¨©«ª¨ä ¡îè§¨©ª«Ÿž ¡¨é£ ¨ä åŸ«žŸ¡Ÿž ¬£îžäŸ­ò• Ÿðê£°¨©ª«Ÿž ê£çò¨©¢
(ž¡.2):

2n+1

¯,

êŸ¥Ÿä¨ äŸ­ ¯=2 ­¨© +X­, ¯Ÿ¥§¨©ª«Ÿž è£ §£ •°, ¨ ¨žò çŸ§ Ÿ¥§äŸ­ £ž ‚‰-•

§Ÿ  Ÿ¡Ÿž è£ ©î£ • ¯£ ªŸ¡Ÿž êŸ¥Ÿä¨ äŸ­¨©ª«Ÿž ®ŸžŸçŸ ¯¨ä x ŸîŸž°ò• ž¡Ÿ§¢Ÿ¢¬

(s=1,2,...,++1)Ÿž¡«Ÿž §Ÿ¡, •¥¡ ¡¨é¨©¢ è£ §£ ì êŸ¥Ÿä¨ äŸ­ £ž ØŸîŸž°ò• ¨©éé¨©ª«Ÿ¢¬

(ž¡. 3):
‚¨é£ • ¢•ï± ¯ŸäŸ¥Ÿ  ¯£îŸä¨ ¨©ª«Ÿž çŸ§®Ÿî¨ä ê•§Ÿ ¡ä¨©¢ æ¥Ÿå• ­¨¢Ÿž ¤žê• ì

0<xa/2§£éŸ¢Ÿ¥¨©¢, ¨ ì ¬£ ä¨©¢ æž Ÿ w(x,y) ®¡äŸ­ò• ¨ ¨è¢Ÿžì ­îäŸ­ ¢•ï•ž ¯Ÿ ª¨©ª«Ÿž

ê• � £ £ž°•Ÿå ¯ŸäŸ¥Ÿ ¨©¢•°

D. Î-w +2(D,
ÎÓw

+ D,Îx ÎØÒ= (8)

± £ð Ÿ«•ž çŸ«¢Ÿžž£ •°

w=0,
ÎØ2

=0, £ ¬ Ø=0,y=b, (9)

ow =0, x=0,=0, £ ¬ (10)

=0, 2D.1 = R x=a/2:
Îß ÎØ+ " £ ¬ (11),

ˆ«¥§£é Dik -ž ¥Ÿå• ¡¨è§¨©ª«¨©žž£ ž £ž, ¨ ¨žò ¨ ¨èä¨©¢ £ž ¯£§±«Ÿå ¬ŸžŸþ±¨ä.

2[Dx= (i,k=1,2,6), (12)3[
¨ §£é ¯¨© =­¨©«,̄ , = ¹6)-ž ‚‰-• s - ê è£ §• ŸîŸþ¦Ÿ¡Ÿž ¬ž¨©ªŸ¦ £ ž £ž ¥Ÿå•

¦å¤Ÿä¨  £ ¡ Ÿ �ŸóŸ¡Ÿž ¨©éé¨©ª«¨©žž£ ¨ä, ¨ ¨žò ¨ ¨èä¨©¢ £ž ž Ÿ ¦å¤Ÿä¨  � •ð•¡Ÿ¡Ÿž
¨©éé¨©ª«¨©žž£ •ž ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž ¬ž¨©ªŸ¦ £ • ¢•ï¨°¨äí ¯Ÿ«§ž• ç§§¢Ÿž ¬ŸžŸþ±£ ¨ä,

B=ECh,/12-ì ¡¨é• ¡¨è§¨©ª«¨©žž æ ì¥§ ­î¢Ÿž, -ž ¡¨é• åŸ«žŸ¡Ÿž ¯Ÿ§¨©«ª• ¢Ÿ¡£ £¥ž æ:

‚Ÿ¤äŸ­ (D,=D,+2D6)¢£­¨©ª«¨©ž•° (9) çŸ«¢Ÿžž£ •ž ¬ŸäŸ Ÿ ¨é (8)
¯ŸäŸ¥Ÿ ¢Ÿž å¨©­¨©¢ì ž£ ¡Ÿ«Ÿ°ä¨©¢ æ¯£§±«Ÿå §£¥ò¨ä.

£ ¬ D<0, w(x,y) =% D,224 sin ly, (13)
k=

oh

‰¡.2‚¨žç¨ð•°•¨ž ž«¨©ª•° ç
Ÿžä£ ï £ ¡Ÿ  è£ §Ÿä¨  ¡¨éŸä¨  ¥Ÿå•

¯ŸèäŸ ¡Ÿ«•ž ¥¤£¢Ÿž

ŠžªŸê ä¨©¢ æ,¨  ¥Ÿåì ¡Ÿð¢äŸ­ æ¢•ï•ž

8

‰¡.3 €Ÿå• óŸª£ª• ¡Ÿî¨©°äŸ­ò•
± §Ÿ  Ÿ¡Ÿž è£ §£ •

êŸ¥Ÿä¨ ¨©ª«Ÿž ¥¤£¢Ÿž£ ì

¢Ÿ¡£ ±¨©«ª• ž¡Ÿ§¢Ÿ¢¬ 2n+] ¯Ÿ¢Ÿ �Ÿó

£ ¬ D=0,w(x,y)=% +C,chanAx+.xcha,Ax+ sin y, (14)
k=i

£ ¬ D>0, w(x,y)=%
k=I

sin lyy (15)

ˆ«¥§£é ð¨-ží ì¥§ � ¨© «£• èŸ ò• q(y)=q())/q ¬£ äŸ­ ¬£îžäŸ­ò• � ¨©ž¡°•Ÿ«•

ä£ å¨©­¢Ÿž ¦¨ ­Ÿ¡•°ž£ ž £ž, 9(y) ¬£îžäŸ­ò• ¢£­Ÿ¦¨©«ž Ÿ ñ£òì,

D,
2D, - , ¹, = =
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Cx(i=1,2,3)̄Ÿ¥§Ÿ§¨©žž£ • Ÿ ñ£òž£ ì ¨ ¨èä¨©¢ £ž (10) ± (11) çŸ«¢Ÿžž£ •°:

ˆ¢ ¨©ª«Ÿž çŸ«¢Ÿžì ¥Ÿå• è£ §£ • ŸîŸä£å ä§Ÿž¦Ÿä¨  ¡£§£ • ¯Ÿ¢Ÿ  ìžê¨©žä¨©¢ æ
¯£§±«Ÿå §£¥ò¨ä.

(only +(oiz)2
I R, ) R, ) To ) R? (16)

¨ §£é R,,R,-ì ± ¶Ö-ží ‚‰-• ¯ŸèäŸ ¡Ÿ«•ž ê•¢Ÿê ¨©ª«¨©žž£ ž £ží ì¥§ þ¦¢Ÿž /¥£é¢¢Ÿž/ ±
¥Ÿ¯ò•, oil, 612-ì åŸ ¨©¢ž£ ž £ž ¥Ÿå• s- ê è£ §¨©¢í ‚‰-• §Ÿ  Ÿ¡Ÿž è£ §£ •
êŸ¥Ÿä¨ ¢Ÿž ¨©éé¨©ª«¨©žž£ ¨ä, ¨ ¨žò ¨ ¨èä¨©¢ £ž ¯£§±«Ÿå ¬ŸžŸþ±£ ¨ä.

= B,zes, Of== (17)
¨ §£é ell, er2, efè-ì ¥Ÿå• s- ê è£ §• ê£� ¨ ¢Ÿ°•Ÿž£ ž £ž ‚‰-• §Ÿ  Ÿ¡Ÿž è£ §£ •
êŸ¥Ÿä¨ ¢Ÿž ¨©éé¨©ª«¨©žž£ ¨ä, ¨ ¨žò Ÿ §Ÿ¯Ÿ«§ä¨©¢ £ž ± ± ØŸîŸž°òž£ • ¨©éé¨©ª«Ÿ¢¬Ðß,
ÐØ, ê£� ¨ ¢Ÿ°•Ÿž£ • ¢•ï¨°¨ä ç§§¢Ÿž ¬ŸžŸþ±£ ¨ä:

‚¨è§¨©ª«Ÿž ¡¨é• Ÿ¢ ¨©ª«Ÿž çŸ«¢Ÿžž æ.

6)-R <0, ¨ §£éí Or=-E2Azwi
ÎØ? x=a/2 : (18)

(17) ± (18) çŸ«¢Ÿžž£ •° ¨ ¨èä¨©¢ £ž ¬£îžäŸ­òž£ • ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž qos=qos/R,
(s=1,2,...,n+1)± qor =qor/R,¬£ äŸ­ Ÿ ñ£òž£ ì: „¨©«åŸ§ £å• ¬£ äŸ­ ¬£îžäŸ­òì ¨ ¨èä¨©¢ æ
¯£§±«Ÿå çŸ«¢Ÿž•°.

q,==min gos,-9or): (19)
‚Ÿî¨©°äŸ­ò• òŸè• çŸ¯çŸž¢Ÿž ê£çò¨©¢ ž Ÿ ŸîŸä£åŸ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žž

ŸçŸ¯¨ä¨é h,a ÿç§•¢Ÿå çŸ Ÿ¢£§ £ • ¨ ¨è¢Ÿž ¤žê• ì ¯Ÿž¦¨©¢ ǣ £§±«Ÿå ¨ � ¦­Ÿ«•ž
­ Ÿ¦ Ÿä¨ ¢Ÿž ¤žê •ž.

¨ ¨è£åí Q=maxqo,
× (20)

¡¨ž¥§ ¨©¡°•Ÿ«• ¯Ÿ¥§Ÿ§¨©ž òŸè• çŸ«¢Ÿž• ± ¥Ÿå£ • êŸ¥Ÿ¡Ÿž §£¥¨©ª«Ÿž ¡• Ÿî¢Ÿž
¥Ÿ¯¢Ÿžž£ ¨äí çŸ«¢ŸžŸä¨ äŸ­ ¥Ÿ¯¢ŸžŸóŸ¡¨©¢ž£ • ê£çò¨©¢:

•žê• ì å¨©­ä¨©¢ æ ê£� ¨ ¢Ÿ°ä¨é ¬Ÿð¢Ÿž•¥§• ¢£ª¨ê¨äí ¨©é•é óž§ ¢Ÿž ¢£ª¨ê•
¯Ÿ¢Ÿê ¨©ª«Ÿ¢¬:

„äŸ«•ž ¯ŸèäŸ ¡ž£ ì ¬£ äŸ­ £ž £îŸè£ § ¡¨ž¥§ ¨©¡°•Ÿ«• ¯Ÿ¢Ÿ , £ ¬
t=alb=0.5,1.0, ho = h /b=0.015,0.02,0.03, Ÿ«ž ê£çò¨©¢, £ ¬ åŸ«žŸ¡Ÿž ¬£îžäŸ­òì
ó¨ó¨¤ä¨©¢ æ q(y)=qsinmy/b ÿ £žò¨ä: … ç£¥ ž«¨©ª ä£ °ä£å æ ‚‰í ¯£§±«Ÿå ¬£ äŸ­
¬ž¨©ªŸ¦ £ ¨ä. I B', =.0164;B?, / B?, =.11;¹66 / D? =.0572;G2/G;=1; =0.9875;
Gx =0.1572;6à2/om= 0.4033;TàÖ/6à.=0.2637:

… ¨èäŸ­ £ž ÿ, h= llb, =­//, 62=­,|¯, @1, ÿç§•¢Ÿå çŸ Ÿ¢£§ £ • ±
¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž ¬£îžäŸ­ò• �Ÿó¨ ¨è• �ž£ • Ÿ ñ£òž£ ì: •ŸèäŸ ¡ž£ • Ÿ ê«¨©žòž£ ì
¬£ äŸ­ £ž Ÿé. 1-¨©¢:ˆ«¥§£é ¯Ÿ¢£¢Ÿ§¨©ª«Ÿž ¯Ÿ¢Ÿ  ¬£ äŸ­ £ž žŸ± ž¨©«žòŸè• ¯¨­ ¥Ÿå•
¬£îžäŸ­ò• Ÿ ñ£òž£ ì:
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ˆé«¨©¥Ÿ¡ 1
ˆîŸä£åŸ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª ¡Ÿî¨©°äŸ­ò• ÿç§•¢Ÿå çŸ Ÿ¢£§ £ ì

æ ho ¯, � 2 2-103 Q. 103
0.015 0.2 0.115 0.0102 0.50 0.898 0.376

0.5 0.020 0.2 0.135 0.0134 0.50 00 1.569 0.668
0.030 0.2 0.170 0.0198 0.28 0.22 900 3.299 1.504
0.015 0.2 0.110 0.0129 0.50 0.439 0.376

1.0 0.020 0.2 0.130 0.0171 0.50 0.7799 0.668
0.030 0.2 0.165 0.0254 0.26 0.24 90 1.697 1.504

•ž �ç£¥ ¯£§±¨©¢ æ Ÿé«¨©¥Ÿ¡ 1-•°, è£ §Ÿä¨  ¥Ÿå• çŸ§ Ÿ¥§¨©¢ì ¬£ ¨©¢ æ
¡ ¨é¨©žŸ¡¨©ª«Ÿž ¨ ¨èŸ¡• ¢£­Ÿ°¢Ÿž ¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¯Ÿ¥§ ¥Ÿå• ê£çò¨©¢ (h,=0.030),•¥¡

Ÿä£å• ¬Ÿ Ÿ¡ ¥Ÿå£ • ê£çò¨©¢ (h,==.015,0.020) ŸîŸä£å ÿç§•¢Ÿå £ž ¥§Ÿ°ä¨©¢ ¢•Ÿè£ §

¥Ÿå£ ì: •Ÿ¢£¢Ÿ§¨©ª«¨©žì ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž ¯¨­ ¥Ÿå£ • ¯£§ °¨©«°æ§Ÿå•¥, ¨  ¡¨éŸä¨ ¨©¢ì
¬£ ¨©¢ æ¡ ¨é¨©žŸ¡¨©ª«Ÿž ð¦Ÿå• ¢£­Ÿ°¢Ÿž, £ ¬ ¡¨é£ ì ¢¨§ £ž êŸ¥Ÿä¨ äŸ­, •¥¡ ¡¨é£ • ¢•ï±
¯£îŸä¨ ¨©ª«¨©žì ¢£­ŸžŸå¨© ê£çò¨©¢ ¡ ¨é¨©žŸ¡¨©ª«Ÿž Ÿ®ì ó¨ò Ÿž¨©¢ æí¢¨§£žŸå¨ä Ÿžä£ ï
£ ¡Ÿ  ¯¨­ ¥Ÿå• ¡ ¨é¨©žŸ¡¨©ª«Ÿžì:

ˆ§£žŸ¤¨¥¨©ª«Ÿž ¢£ï 5=0.5,ho =.020ê£çò• ¯Ÿ¢Ÿ  ¬£ äŸ­ £ž ¡¨éŸä¨  ¥Ÿå•

ÿç§•¢Ÿå žŸ¤Ÿ¦­• ®¡äŸ­òž£ •, ­î¨é ± ¨å¨ ¨é ¢î¢£ž§ž£ •, ¡§ ¨é ¨©ñ£ • æç«¨© ž£ ì:
Š  ¨ ê ¦å¤¨©¢ ¨©¥¨©¢žŸ¥• ä¨©¢ £ž ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­ ¡¨¢ç¨ð•°•¨ž

ž«¨©ª•° çŸ§ Ÿ¥§äŸ­ ¨©ééŸž¡«¨©ž è£ §Ÿä¨  ¥Ÿå£ • ÿç§•¢Ÿå žŸ¤Ÿ¦­¢Ÿž ¤žê• ž£ ì
åŸ«žŸ¡Ÿž ­î¢Ÿž ê£çò¨©¢:

3.1 £žªŸ¦å¤¨©¢ ê•§Ÿ ¡ä¨©¢ æa,b,h �Ÿó£ ¨ä è£ §Ÿä¨  ¨©ééŸž¡«¨©ž ¥Ÿå, ¨ ž ŸðŸ§
¯£žäŸ­ æ£ ¡¨© ¯Ÿžê•çŸ¡Ÿ° y=0,y=b£ ¡Ÿ«žŸ¡Ÿž £ð £ ¨©¢, åŸ«žŸ¡Ÿž £ð £ •° ¢£¡ì

x=0-ž ŸðŸ§ æ¡Ÿ¢ ¯¨êŸ¡Ÿç¨ £ž Ÿ¢ Ÿ°äŸ­, •¥¡ ¢«¨©¥ìí ß=Ó-ž̈©ñ£éŸ°äŸ­ æ oh xh.xx
�Ÿó£ ¨ä ¡¨è§¨©ª«Ÿž ¡¨é¨ä: €Ÿå• ä Ÿ ¦¨ ­¨©¢ æq()) •ž§£ž¥•ä¨©ª«Ÿž åŸ«žŸ¡Ÿž ¬£î:

œžê¨©žä¨©¢ æ, ¨  ¥Ÿåì çŸ§ Ÿ¥§äŸ­ æ¢•ï•ž ¢Ÿ¡£ ±¨©«ª• ž¡Ÿ§¢Ÿ¢¬ ¯Ÿ¢Ÿ �Ÿó
êŸ¥Ÿä¨ äŸ­ ¯Ÿ¥§¨©ª«Ÿž 2n+1 è£ §£ •°, ìžê ¨ ¨©¢ «¨© ŸòŸž �«¨© è£ §ì ¯ŸäŸòäŸ­ æ

¡¨¢ç¨ð•°•¨ž ž«¨©ª• §Ÿ  Ÿ¡Ÿž ÿ ª¨§ ¨ç è£ §£ •°, ¨ ¨žò êŸ¥Ÿä¨ äŸ­ £ž ¯Ÿï¨ êŸ¬Ÿ  +÷,
Ÿž¡«Ÿž §Ÿ¡ ºß ŸîŸž°ò• ž¡Ÿ§¢Ÿ¢¬ (ž¡.2), •¥¡ ¡¨é¨©¢ è£ §£ ì ¡¨é¢ž¨ ¨èäŸ­ £ž
ŸîŸž°ò• ¨©éé¨©ª«Ÿ¢¬:

‚¨ž¥§ ¨©¡°•Ÿ«• Ÿžó¨ó¨¤ òŸè•í æb(h, -h)= ah,(h. -¯,)±§ äŸ­ ¦Ÿ¬Ÿ •§Ÿ«•ž s=alb
�Ÿó£ • ê£çò¨©¢ Ÿ¢ ¨©ª«Ÿž çŸ«¢Ÿž•° ¨ ¨èä¨©¢ £ž ž Ÿ ¢£­Ÿ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žž
ŸçŸ¯îä¨é ÿç§•¢Ÿå çŸ Ÿ¢£§ £ ì:

€Ÿå• ­îäŸ­ ¢•ï•ž ¯Ÿ ª¨©ª«Ÿž (8) ê• � £ £ž°•Ÿå ¯ŸäŸ¥Ÿ ¢Ÿžì ± y=b
£ ¡Ÿ«žŸ¡Ÿž ¡¨é¢£ • ä Ÿ ¯¨êŸ¡ŸçŸ«•ž Ÿ¢ Ÿ°¢Ÿž çŸ«¢Ÿžž£ •ž ¬ŸäŸ Ÿ ¨é w(x,y)
®¡äŸ­òž£ • � ¨©ž¡°•Ÿž, ¡Ÿ¤äŸ­ D=D,--D,DD, (D,=D,+2D6)Ÿ ñ£ò•°, ž£ ¡Ÿ«Ÿ°ä¨©¢ æ

(13)-(15)§£¥ò¨ä, ¨ §£é Ci((i=l,2,3)¯Ÿ¥§Ÿ§¨©žž£ • Ÿ ñ£òž£ ì ¨ ¨èä¨©¢ £ž ¯£§±«Ÿå £ð Ÿ«•ž

çŸ«¢Ÿžž£ •°.
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w=0, =0,£ ¬ x=0 (þŸ¤ £ð ì ŸðŸ§ ¯£žäŸ­ æ), (21)

+D.2­Ÿ =0, D. +(DI2 +4D6)- =0,ÎØô Î×Ó ÎßÎØ? £ ¬ x=0 (þŸ¤ £ð ì ŸðŸ§ æ), (22)

Ï +D,
ÎßÎØ? ÎØ2 à ÎØ* Îx +(DI +4D6)

ÎßÎØ2
£ ¬ x=a: (23)

ˆ«¥§£é ìžê¨©žäŸ­ £ž ¯£§±«Ÿå žèŸžŸ¡¨©¢ž£ ì. B= Eoh" /12-ž¡¨é• ¡¨è§¨©ª«¨©žž æíì¥§
­î¢Ÿž, A= ht2 -ž ¡¨é• åŸ«žŸ¡Ÿž ¯Ÿ§¨©«ª• ¢Ÿ¡£ £¥ž æ,·-ž ¡¨é• ž«¨©ª• ŸîŸþ¦Ÿ¡Ÿž¨©ª«Ÿž
¢¨ê¨©åž æ,µ-ž ¡¨é• ¡¨è§¨©ª«¨©žž æí ì¥§ ¨å¨ ¢Ÿž, ¨ ì ¨ ¨èä¨©¢ æ ¯£§±«Ÿå ¬ŸžŸþ±

B=d2[1_64 GisC=Gz3oh", d=a
[3 1,3,...n

G13, -ž ¡¨é• ž«¨©ª• ¥Ÿ¯ò• ¢¨é¨©åž£ ž £ž xoz ± yoz ¯Ÿ ª¨©ª«¨©žž£ ¨©¢:
‚Ÿî¨©°äŸ­ò• ŸîŸä£åŸ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žž ŸçŸ¯¨ä¨é ÿç§•¢Ÿå

çŸ Ÿ¢£§ £ • ¨ ¨è¨©¢ì ¬£ ä¨©¢ æ(20) ¨ � ¦­Ÿ«•ž ­ Ÿ¦ Ÿä¨ ¢Ÿž ¤žê •ž, ¨ ì å¨©­ä¨©¢ æ
ê£� ¨ ¢Ÿ°ä¨é ¬Ÿð¢Ÿž•¥§• ¢£ª¨ê¨äí ¨©é•é óž§ ¢Ÿž ¢£ª¨ê• ¯Ÿ¢Ÿê ¨©ª«Ÿ¢¬:

„äŸ«•ž ¯ŸèäŸ ¡ž£ ¨ä ¬£ äŸ­ Ÿé«¨©¥Ÿ¡ž£ ž ¨© ¦ Ÿ � •¡ž£ ì ª¨©«å £ž §Ÿå•¥
£ð Ÿ¡Ÿ°ž£å¨©, ¨  ‚‰-•° çŸ§ Ÿ¥§äŸ­ ¨©ééŸž¡«¨©ž ¥Ÿå• ¡ ¨é¨©žŸ¡¨©ª«¨©žì ¢£­Ÿ°ž£å¨©
žçŸ§Ÿ¡¨ä, ¡¨éŸä¨ ¨©¢ì Ÿï £ð ¨©¢ ¬£ ¨©¢ æð¦Ÿå• Ÿ ê«¨©žò•í Ÿ«ž ê£çò¨©¢, £ ¬ ¥Ÿå• þŸ¤ £ð ì
¯¨êŸ¡Ÿç¨ £ž Ÿ¢ Ÿ°äŸ­ æ, ìžê ¨ ¨©¢ Ÿ«êŸ ê«¨©žòž Ÿä£å• ¢£­ æ¥§Ÿ°ä¨©¢ ¡¨è§¨©ª«Ÿž ¡¨é• ±
¥Ÿå•, •ž �ç£¥ žŸ± ž Ÿ è£ §£ • �Ÿó£ • ± ‚‰-• êŸ¥Ÿä¨ ¢Ÿž ÿç§•¢Ÿå ìž§ ¨©ª«Ÿž ê£çò¨©¢:
ˆ«ž ê£çò¨©¢, £ ¬ ¥Ÿå• þŸ¤ £ð ž ŸðŸ§ æ, ä£ ï•ž•¥ ¡¨éŸä¨ ¨©¢ì ð¦Ÿå• Ÿ ê«¨©žò• � • ¬£ ¨©¢, ¨ •
çŸ§®Ÿî¨ä Ÿ«êç•¥• ¥Ÿå£ ì žçŸ§Ÿ¡Ÿ¯Ÿ ¢Ÿ  æçŸ§ Ÿ¥§£å ¯¨­ ± ¢•Ÿè£ §:

3.2£žªŸ¦å¤¨©¢ ê•§Ÿ ¡ä¨©¢ æ y=0±y=b ¡¨é¢£ ¨ä ŸðŸ§ ¯£žäŸ­ ¡¨¢ç¨ð•°•¨ž ž«¨©ª•°
çŸ§ Ÿ¥§äŸ­ è£ §Ÿä¨  ¨©ééŸž¡«¨©ž a, b,¯ �Ÿó£ ¨ä ¥Ÿå• ­î¢Ÿž ¤žê• ì, £ ¬ žŸ ªî• �ò•
¢£ï§£é¨©¢ (x=0) ¨©ñ£éŸ°äŸ­ æ oh, xh, ¯Ÿ§¨©«ª¨ä ¨©ééŸž¡«¨©ž ¡¨è§¨©ª«Ÿž ¡¨é¨ä, •¥¡
x=+a/2åŸ«žŸ¡Ÿž £ð £ ž ŸðŸ§ £ž: €Ÿå• óŸª£ª• ¡Ÿî¨©°äŸ­òì ± è£ §£ ¨©¢ ¡¨¢ç¨ð•§•
êŸ¥Ÿä¨ äŸ­¨©ª«¨©žì ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž¨©¢ £ž žŸ¤¨ ê ¤žê •ž:

•Ÿ¥§Ÿ§¨©ž ¡èî• æb(h, - M)= ch,(h,--ha)± § äŸ­ E=alb ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ •
ê£çò¨©¢ ¨ ¨èä¨©¢ £ž ¡Ÿî¨©°äŸ­ò• ÿç§•¢Ÿå 5s,q.,h,,çŸ Ÿ¢£§ £ ì, ¨ ¨žò Ÿ¢ ¨©ª«Ÿž
çŸ«¢Ÿž•° ŸçŸ¯îä¨©¢ £ž ž Ÿ ¢£­Ÿ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žì (q):

•ž �ç£¥ žŸ¤¨ ê ¤žê ¨©¢, (8)ê• � £ £ž°•Ÿå ¯ŸäŸ¥Ÿ ¨©¢ì ± y=0,y=b¡¨é¢£ • ä Ÿ
¯¨êŸ¡ŸçŸ«•ž çŸ«¢Ÿžž£ •ž ¬ŸäŸ Ÿ ¨é w(x,y) ®¡äŸ­òž£ • � ¨©ž¡°•Ÿž ž£ ¡Ÿ«Ÿ°ä¨©¢ £ž
(13)-(15)§£¥ò¨ä, ¨ §£é Cx((===,2,3,4)̄ Ÿ¥§Ÿ§¨©žž£ • Ÿ ñ£òž£ ž ¨ ¨èä¨©¢ £ž ¯£§±«Ÿå
£ð Ÿ«•ž çŸ«¢Ÿžž£ •°.

-2D,Îß Î×Ó ÎØ4 >
£ ¬ x=0, (24)

D ­Ÿ
=0, Di ÎŸÎx2 ÎØ? +(D,24D0) axay=0, £ ¬ x=a/2: (25)
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… ¨è£å¨ä åŸ ¨©¢ž£ ì ¥Ÿå• è£ §£ ¨©¢ ¨© ¡¨é£ ¨©¢ ± ¬ŸäŸ Ÿ £å¨ä ä§Ÿž¦Ÿä¨  ¡£§£ ¨©¢
¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž Ÿ¢ ¨©ª«Ÿž çŸ«¢Ÿžž£ •ží ¡Ÿî¨©°äŸ­ò• ŸîŸä£åŸ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žž
ŸçŸ¯¨ä¨é ÿç§•¢Ÿå çŸ Ÿ¢£§ £ • ¨ ¨è¨©¢ì ¬£ ä¨©¢ æ(20) ¨ � ¦­Ÿ«•ž
­ Ÿ¦ Ÿä¨ ¢Ÿž ¤žê •ž, ¨ ì å¨©­ä¨©¢ æê£� ¨ ¢Ÿ°ä¨é ¬Ÿð¢Ÿž•¥§• ¢£ª¨ê¨äí ¨©é•é óž§ ¢Ÿž
¢£ª¨ê• ¯Ÿ¢Ÿê ¨©ª«Ÿ¢¬:

ˆ§£žŸ¤¨¥¨©ª«Ÿž ¢£ï ªäŸ«•ž ¯ŸèäŸ ¡ž£ ¨ä ¬£ äŸ­ Ÿé«¨©¥Ÿ¡•° ¨© ¦ Ÿ � •¡ž£ •°
¯£§±¨©¢ æ,̈   ¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¡Ÿ ® ¥Ÿå£ • ¯Ÿ¢Ÿ  (E=0.5),ÿç§•¢Ÿå žŸ¤Ÿ¦•­ì ¥§Ÿ°ä¨©¢ æ
¢•Ÿè£ § ¡¨éŸä¨  ¡¨ž¥§ ¨©¡°•Ÿ«• ê£çò¨©¢: ˆä£å• £ ¡Ÿ  ¥Ÿå£ • ¯Ÿ¢Ÿ  = 1.0)ÿç§•¢Ÿå £ž
¥§Ÿ°ä¨©¢ £îŸè£ § ¥Ÿå£ ì, ìžê ¨ ¨©¢ ž£ ò•ž ± Ÿ §Ÿò•ž è£ §£ • ìžê¯Ÿž¨©  ¯Ÿ¥§¨©ª«¨©žž£ ž
¥§Ÿ°ä¨©¢ £ž ¢¨§Ÿä¨ Ÿç£¥ ¯ŸäŸ¥Ÿ : “•±ž¨©«ž ñŸ¢ŸžŸ¡ ¡¨ž¥§ ¨©¡°•Ÿ«• Ÿžó¨ó¨¤ òŸè•
ê£çò¨©¢ ¥Ÿå• ¨©ñ£éŸ°¨©¢ì ¡¨è§¨©ª«Ÿž ¡¨é¨ä ¬£ ¨©¢ æž Ÿ ¡ ¨é¨©žŸ¡¨©ª«Ÿž ð¦Ÿå• ¢£­Ÿ°¢Ÿž
¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¡Ÿ ® ¥Ÿå£ • ê£çò¨©¢:

3.3£žªŸ¦å¤¨©¢ £žªŸê ä¨©¢ æ,̈  a,b,h,�Ÿó£ ¨ä ¡¨¢ç¨ð•°•îž ž«¨©ª•° çŸ§ Ÿ¥§äŸ­
è£ §Ÿä¨  ¨©ééŸž¡«¨©ž ¥Ÿåž ŸðŸ§ ¯£žäŸ­ æ £ ¡¨© ¯Ÿžê•çŸ¡Ÿ° Ø=0,y=b £ ¡Ÿ«žŸ¡Ÿž
£ð £ ¨©¢ ± ŸîŸþ¦Ÿ¡Ÿž ¯£žäŸ­ æoh,xh.xb �Ÿó£ ¨ä ¡¨è§¨©ª«Ÿž ¡¨é£ • ä Ÿ x=+a/2
£ð £ ¨©¢: €Ÿå• ä Ÿ ¦¨ ­¨©¢ æ 96))•ž§£ž¥•ä¨©ª«Ÿž åŸ«žŸ¡Ÿž ¬£î: €Ÿå• óŸª£ª• ¡Ÿî¨©°äŸ­òì
± è£ §£ ¨©¢ ¡¨¢ç¨ð•§• êŸ¥Ÿä¨ äŸ­¨©ª«¨©žì ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž¨©¢ £ž ž¡. 3-•ž:

‚¨ž¥§ ¨©¡°•Ÿ«• Ÿžó¨ó¨¤ òŸè• æb(ha_¯)= 2at,(h, - h)± § äŸ­ ¦Ÿ¬Ÿ •§Ÿ«•ž s=alb
�Ÿó£ • ê£çò¨©¢, Ÿ¢ ¨©ª«Ÿž çŸ«¢Ÿž•° ¨ ¨èä¨©¢ £ž ž Ÿ ¢£­Ÿ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žž
ŸçŸ¯¨ä¨é ÿç§•¢Ÿå ¯,, çŸ Ÿ¢£§ £ ì:

ˆ«¥§£é ž¨©«žç£¥, (8) ê• � £ £ž°•Ÿå ¯ŸäŸ¥Ÿ ¢Ÿžì ± y=0y=b ¡¨é¢£ • ä Ÿ
¯¨êŸ¡ŸçŸ«•ž çŸ«¢Ÿžž£ •ž ¬ŸäŸ Ÿ ¨é w(x,y) ®¡äŸ­òž£ • � ¨©ž¡°•Ÿž ž£ ¡Ÿ«Ÿ°ä¨©¢ æ (13)-
(15) §£¥ò¨ä, ¨ §£é Cx(i=1,2,4)̄ Ÿ¥§Ÿ§¨©žž£ • Ÿ ñ£òž£ ž ¨ ¨èä¨©¢ £ž ¯£§±«Ÿå £ð Ÿ«•ž
çŸ«¢Ÿžž£ •°,

­Ÿ =0, =0, x=0,Îß £ ¬ (26)

Ï ­Ÿ
+D, ¹ ­Ÿ

=Du
ÎŸ

ÎßÎØ? ÎØ2 > ÎØ4 +4D6)
ÎßÎØ? ,

£ ¬ x= 2: (27)

… ¨è£å¨ä åŸ ¨©¢ž£ ì ¥Ÿå• è£ §£ ¨©¢ ± ¡¨é£ ¨©¢, •ž �ç£¥ žŸ± ¬ŸäŸ Ÿ £å¨ä Ÿ¢ ¨©ª«Ÿž
çŸ«¢Ÿžž£ •ží ¡Ÿî¨©°äŸ­ò• ŸîŸä£åŸ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žž ŸçŸ¯¨ä¨é ÿç§•¢Ÿå
çŸ Ÿ¢£§ £ • ¨ ¨è¨©¢ì ¬£ ä¨©¢ æ(20) ¨ � ¦­Ÿ«•ž ­ Ÿ¦ Ÿä¨ ¢Ÿž ¤žê •ž, ¨ ì å¨©­ä¨©¢ æ
ê£� ¨ ¢Ÿ°ä¨é ¬Ÿð¢Ÿž•¥§• ¢£ª¨ê¨äí ¨©é•é óž§ ¢Ÿž ¢£ª¨ê• ¯Ÿ¢Ÿê ¨©ª«Ÿ¢¬:

•ž �ç£¥ ¯£§±¨©¢ æŸ§£žŸ¤¨¥¨©ª«Ÿž ¢£ï ¬£ äŸ­ ªäŸ«•ž ¯ŸèäŸ ¡ž£ •° ¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ 
¡Ÿ ® ± ¬Ÿ Ÿ¡ ¥Ÿå£ • ¯Ÿ¢Ÿ  (5=055,ho =0005,0.020)ÿç§•¢Ÿå žŸ¤Ÿ¦•­ì ¥§Ÿ°ä¨©¢ æ
¢•Ÿè£ § ¡¨éŸä¨  ¡¨ž¥§ ¨©¡°•Ÿ«• ê£çò¨©¢: ˆä£å• ¯Ÿ¥§ (ho =0.03)± £ ¡Ÿ  ¥Ÿå£ • (5=1.0)
¯Ÿ¢Ÿ  ÿç§•¢Ÿå £ž ¥§Ÿ°ä¨©¢ £îŸè£ § ¡¨éŸä¨  ¥Ÿå£ ì: “•±ž¨©«ž ñŸ¢ŸžŸ¡, ¡¨ž¥§ ¨©¡°•Ÿ«•
Ÿžó¨ó¨¤ òŸè• ê£çò¨©¢ ¥Ÿå• ¨©ñ£éŸ°¨©¢ì ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¬£ ¨©¢ æž Ÿ ¡ ¨é¨©žŸ¡¨©ª«Ÿž
ð¦Ÿå• ¢£­Ÿ°¢Ÿží ¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¡Ÿ ® ¥Ÿå£ • ê£çò¨©¢:

3.4 £žªŸ¦å¤¨©¢ ¬£ äŸ­ æ£  ¨ ê ¦å¤¨©¢ ¡¨é£ • êŸ¥Ÿä¨ ¢Ÿž £ £ò ê£çò£ • ¯Ÿ¢Ÿ 
¥§Ÿ°äŸ­ Ÿ ê«¨©žòž£ • ¯Ÿ¢£¢Ÿ§Ÿ¡Ÿž ä£ å¨©­¨©ª«¨©žì: ‚Ÿ§Ÿ äŸ­ ªäŸ«•ž ¯ŸèäŸ ¡ž£ ì
¯žŸ Ÿä¨ ¨©ª«¨©ž £ž §Ÿå•¥ ì¥§ ¡¨é£ • êŸ¥Ÿä¨ ¢Ÿž, ¨ ¨è£å åŸäŸ¦¨©«ž žŸ¤Ÿ¦•­ì, ¨ •
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ê£çò¨©¢ ¡Ÿî¨©°äŸ­ò• ¡ ¨é¨©žŸ¡¨©ª«¨©žž ¥§Ÿ°ä¨©¢ æŸ¢£žŸ¢£­ì: ˆé«¨©¥Ÿ¡ 2-¨©¢¬£ äŸ­ £ž
¡¨é£ • êŸ¥Ÿä¨ ¢Ÿž §Ÿ ¬£  ê£çò£ • ¯Ÿ¢Ÿ  ÿç§•¢Ÿå žŸ¤Ÿ¦­£ •ž ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž¨é
¬£ äŸ­ ª¨©«åŸ§ £å• ¬£îžäŸ­ò• Ÿ ñ£òž£ ì: ˆ«¥§£é ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž¨©¢ æŸ«ž
ê£çò•ž, £ ¬ ¡¨éì §£éŸê äŸ­ æ¥Ÿå• ¢£¡ £ð ¨©¢, •¥¡ ¢«¨©¥£ð ì ¯¨êŸ¡Ÿç¨ £ž Ÿ¢ Ÿ°äŸ­ æ,
—è-ìí £ ¬ ¡¨éì §£éŸê äŸ­ æ¥Ÿå• ¢£¡ £ð ¨©¢, •¥¡ ¢«¨©¥£ð ì ŸðŸ§ æ,—,-ì £ ¬ ¡¨éì
§£éŸê äŸ­ æ ¥Ÿå•¢£ï§£é¨©¢, •¥¡ ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ì ŸðŸ§ £ž, £ ¬ ¡¨é£ ì §£éŸê äŸ­
£ž ¥Ÿå• £ ¡¨© ŸðŸ§ £ð £ ¨©¢: •Ÿ¢£¢Ÿ§¨©ª«Ÿž ¯Ÿ¢Ÿ  Ÿ«¥§£é ¬£ äŸ­ £ž ž¨©«ž¡èî• ¯¨­ ¥Ÿå•

¡ ¨é¨©žŸ¡¨©ª«Ÿž çŸ Ÿ¢£§ £ ì, £ ¬ ž Ÿ ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ž ŸðŸ§ £ž: -

ˆé«¨©¥Ÿ¡ 2
ë£îžäŸ­ò• Ÿ ñ£òž£ ì ¡¨é£ • êŸ¥Ÿä¨ ¢Ÿž §Ÿ ¬£  ê£çò£ ¨©¢

ho 92-103 2:-103 2.-103 -103
0.015 0.936 0.401 0.747 0.818 0.360

0.5 0.020 1.611 0.686 1.282 1.348 0.641
0.030 3.455 1.464 2.730 2.712 1.441
0.015 0.447 0.349 0.386 0.393 0.349

1.0 0.020 0.788 0.620 0.672 0.683 0.620
0.030 1.731 1.396 1.462 1.483 1.396

ˆé«¨©¥Ÿ¡•° ¯£§±¨©¢ æ, ¨  ê•§Ÿ ¡äŸ­ ê£çò£ •° ŸîŸä£å ¢£­ ¡ ¨é¨©žŸ¡¨©ª«¨©žì
¥§Ÿ°ä¨©¢ æŸ«ž ê£çò¨©¢, £ ¬ ¥Ÿå• ®Ÿ¡Ÿ§Ÿ«•ž £ð £ •° ¢£¡ì ¯¨êŸ¡Ÿç¨ £ž Ÿ¢ Ÿ°äŸ­ æ,•¥¡
¢«¨©¥ž¨©ñ£éŸ°äŸ­ æ¡¨é¨ä (0)) ýŸ ¬Ÿ°Ÿ§ ä¨©¢ æž Ÿž¨ä, ¨  ¥Ÿå• þŸ¤ £ð • Ÿ¢ Ÿ°¨©¢ì
¯Ÿ¢Ÿ ñ£ò æå Ÿ°¨©°• � §£éŸê äŸ­í ì¥§ ­î¢Ÿž, ¬Ÿ°Ÿ þŸ¡ ¡¨è§ þ¨é•ž, ¨ ì ± ¬£ ¨©¢ æ¥Ÿå•
¡ ¨é¨©žŸ¡¨©ª«Ÿž ð¦Ÿå• ¢£­Ÿ°¢Ÿž: “•±ž¨©«ž ¡èî•, ŸðŸ§ ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ¨ä ¡¨éŸä¨  ¥Ÿå£ •
¡ ¨é¨©žŸ¡¨©ª«¨©žž£ • (›,, ¯Ÿ¢£¢Ÿ§¨©ª«¨©žì °¨©«° æ§Ÿå•¥, ¨  Ÿ¢£žŸ¢£­
¡ ¨é¨©žŸ¡¨©ª«¨©žìí —. -ì, ¥§Ÿ°ä¨©¢ Ÿ«ž ê£çò¨©¢, £ ¬ ¡¨é£ ì §£éŸê äŸ­ £ž ¥Ÿå• ŸðŸ§
®Ÿ¡Ÿ§Ÿ«•ž £ð £ ¨©¢, •¥¡ Ÿ¢£žŸó¨ò ì ¢£¡ £ð ¨©¢í ¡¨é• §£éŸê ¢Ÿž ê£çò¨©¢: “•±ž¨©«ž
ñŸ¢ŸžŸ¡, Ÿ«¥ ¦å¤¨©¢ ¥§Ÿ°äŸ­ Ÿ ê«¨©žòž£ ì óŸ¥§¨©¢ £ž, ¨  ¡¨é£ • êŸ¥Ÿä¨ ¢Ÿž
ê•§Ÿ ¡äŸ­ ¬¨å¨  ê£çò£ ¨©¢ ¥Ÿå• ± ¡¨é£ • £ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ •, •ž �ç£¥ žŸ±
è£ §£ ¨©¢ ¡¨¢ç¨ð•§• êŸ¥Ÿä¨ ¢Ÿž ÿç§•¢Ÿå ìž§ ¨©ª«Ÿ¢¬ ¡Ÿ £å• ǣŸ¥ž£å ¡ ¨é¨©žŸ¡¨©ª«Ÿž
æŸ¡Ÿž ¢£­Ÿ°¢Ÿžì:

•¨  ¨ ê ¦å¤¨©¢ ê•§Ÿ ¡ä¨©¢ £ž ¨©ééŸž¡«¨©ž ¥Ÿå• ¡Ÿ«¨©ž¨©ª«Ÿž ¤žê• ž£ ì, £ ¬ ¥Ÿåì
¯ŸäŸòäŸ­ æ¢•ï•ž ¯Ÿ ª¨©ª«Ÿž ž¡Ÿ§¢Ÿ¢¬ ¯Ÿ¢Ÿ �Ÿó êŸ¥Ÿä¨ äŸ­ è£ §£ •°, ¨ ¨žò • £ž°
¯£ ª•ž ¡Ÿð¢äŸ­ £ž ¥Ÿå• ¦å¤Ÿä¨  ŸîŸž°òž£ • ž¡Ÿ§¢Ÿ¢¬ ¯Ÿ¢Ÿ �Ÿó, ¯Ÿï¨ êŸ¬Ÿ 
§£éŸê äŸ­ ¡¨¢ç¨ð•°•¨ž ž«¨©ª• §Ÿ  Ÿ¡Ÿž è£ §£ •° (ž¡. 3):

ŠžªŸê ä¨©¢ æ,¨  ¥Ÿåì £ ¡¨© ¯Ÿžê•çŸ¡Ÿ°, ŸðŸ§ ¯£žäŸ­ ¡¨é¢£ ¨ä ¥£é¢äŸ­ æ
¯ŸäŸ¥Ÿ Ÿ �Ÿó ¬Ÿè¤äŸ­ ¬£î¨ä, •¥¡ åŸ«žŸ¡Ÿž ¨©éé¨©ª«Ÿ¢¬ Ÿ«ž ¨ ¨èŸ¡• §£éŸ¢Ÿ¥£ ¨©¢
¨©ñ£éŸ°äŸ­ æž¨©«žž«¨©ª•° çŸ§ Ÿ¥§äŸ­ ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä:

4.1 £žªŸ¦å¤¨©¢ ê•§Ÿ ¡ä¨©¢ æ2a,b,h �Ÿó£ ¨ä ¬Ÿð¢Ÿè£ § ¨©ééŸž¡¨©ž ¥Ÿå•
¡Ÿ«¨©ž¨©ª«Ÿž ¤žê• ì, £ ¬ ¥Ÿåì Ø=0± y=b ŸðŸ§ ¯£žäŸ­ £ð £ ¨ä ¬£îžŸä¨ äŸ­ æ
¯ŸäŸ¥Ÿ Ÿ �Ÿó ¬Ÿè¤äŸ­ ÿ •ž§£ž¥•ä¨©ª«Ÿž ¥£é¢¨é ¬£î¨ä, ®Ÿ¡Ÿ§Ÿ«•ž £ð £ •° ¢£¡ì x=0
ŸðŸ§ æ, •¥¡ ¢«¨©¥ìí x=2a¨©ñ£éŸ°äŸ­ æ �Ÿó£ ¨ä ¡¨è§¨©ª«Ÿž ¡¨é¨ä:
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•žê•  ê ä¨©¢, Ÿžó¨ó¨¤ ª¨éž£å¨ä ¡Ÿî¨©°äŸ­ò• ¡è•îž ¨© æ==2a+ah,)lb
¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ ìí ¨ ¨è£å ž Ÿ ÿç§•¢Ÿå £ ¡ Ÿ �ŸóŸ¡Ÿž ± � •ð•¡Ÿ¡Ÿž ¯,5.,qs,a,h,
(s=1,2,...,n+1)çŸ Ÿ¢£§ £ ì, ¨ ¨žò ŸçŸ¯¨ä¨©¢ £ž ÿ ¡ •§•¡Ÿ¡Ÿž ¬£î• ¢£­Ÿ¦¨©«ž Ÿ ñ£òì:
ˆ«¥•žòží çŸ¯Ÿžïä¨©¢ æ,çŸ¯çŸž£å¨ä ¡Ÿî¨©°äŸ­ò• ¡è•îì, Ÿ¢¬¨éï ž«¨©ªì
¢•ï± ± êŸ¥Ÿä¨ £å ¡¨¢ç¨ð•§ì ¥Ÿå• è£ §£ ¨©¢ Ÿ«žç£¥, ¨  ¡ •§•¡Ÿ¡Ÿž

¬Ÿè¤£å ¥Ÿå• ¨© ¡¨é•

¢£­Ÿ¦¨©«žì:
¬£îžäŸ­òì å•ž•

‚Ÿî¨©°äŸ­ò• ¡èî• ¯Ÿ¥§Ÿ§¨©ž¨©ª«Ÿž çŸ«¢Ÿžì ¥§Ÿ°ä¨©¢ æ ¯Ÿ¥§Ÿ§¨©ží ho
¯Ÿ¥§¨©ª«Ÿž ¥Ÿå• ± ž¨©«ž ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ ¨ä çŸ§ Ÿ¥§äŸ­ ¡¨éŸä¨  ¡Ÿî¨©°äŸ­ò•
¡è•îž£ • (­ŸäŸåž£ •) ¯ŸäŸ¥Ÿ ¨©ª«Ÿž çŸ«¢Ÿž•° æ--blh,--h)=ah,(h,--h):

“•ï•ž ¢Ÿ¡£ ±¨©«ª• ž¡Ÿ§¢Ÿ¢¬ ¯Ÿ¢Ÿ �Ÿó êŸ¥Ÿä¨ äŸ­ ÿ ª¨§ ¨ç è£ §£ •°¥Ÿå• ¡Ÿ«¨©ž¨©ª«Ÿž ¯ŸäŸ¥Ÿ ¨©¢ì
¯ŸäŸòäŸ­

D, Î4w Î+w
Îx4 +D,2

ÎØ4 ÎØ2 =0 (28)
± y=0,y=b£ ¡Ÿ«žŸ¡Ÿž ¡¨é¢£ • ä Ÿ ¯¨êŸ¡ŸçŸ«•ž çŸ«¢Ÿžž£ •ž ¬ŸäŸ Ÿ ¨é Ÿ(x,y)
®¡äŸ­òž£ • � ¨©ž¡°•Ÿž, ¡Ÿ¤äŸ­ km Am =mm/b) ¦¨ ­Ÿ¡°• Ÿ ñ£ò•°,
ž£ ¡Ÿ«Ÿ°ä¨©¢ æ ¯£§±«Ÿå §£¥ò¨ä.

1.
sinyzinxs)sinimy,£ ¬ km >1, (29)

¨ §£é =
D; +D.D,((".1)+D ID +D,D,((".-1)-D

Di -
2.

£ ¬ km <1 (30)

¨ §£éí = D,
+

D, D, (D, +IlD.) Di = IlD.)
3. w=(Cm £ ¬ km= (31)

¨ §£éí u=.22,/D, :
€Ÿå• x=0±x=2a¡¨é¢£ • ä Ÿ: £ð Ÿ«•ž çŸ«¢Ÿžž£ •í

A'w
= 0,D,

ÎØ2
+(D,+4D6)ÎßÎØÒ= Ö, £ ¬ x=0, (32)

µ =Di -+D, ¹ +6AG'w =D +(D,ÎØ4 ÎØô +4D6) ÎxÎØÒ, £ ¬ x=2a (33)

¬ŸäŸ Ÿ ¨©¢ž ŸîŸï•ž £ ¡¨© ê£çò£ ¨©¢ ¬£ ¨©¢ æµin (i=1,2,3,¦¨ ­Ÿ¡•°ž£ • ž¡Ÿ§¢Ÿ¢¬
¦­Ÿ«•ž ¯Ÿ¢Ÿ¥£î ¯ŸäŸ¥Ÿ ¨©¢ž£ • ¯Ÿ¢Ÿ¡Ÿ ¦•ž, ¨ • ¨ � ð ¨«Ÿ¡Ÿž å¨©­¢Ÿž ¦¨«¨©ª«Ÿž
çŸ«¢Ÿž•° km ¦¨ ­Ÿ¡°• ž¡Ÿ§¢Ÿ¢¬ ¥§Ÿ°ä¨©¢ £ž ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž § Ÿž¥°£žê£ž§
¯ŸäŸ¥Ÿ ¨©¢ž£  (£  ¨ ê ê£çò¨©¢ km=1): ‚ •§•¡Ÿ¡Ÿž ¬£îžäŸ­òì ¨ ¨èä¨©¢ æ ¯£§±«Ÿå
¬ŸžŸþ±¨ä.

= km
¯ (34)
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‚Ÿî¨©°äŸ­ò• § äŸ­ ¡èî• ± ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ • ê£çò¨©¢ ¯,5,,ps,a,h,(s=1,2....n+1)
çŸ Ÿ¢£§ £ • ÿç§•¢Ÿå Ÿ ñ£òž£ • ¨ ¨è¨©¢ì, ¨ ¨žò ¡ŸçŸ¯¨ä£ž ó¨ò Ÿ¦¨©«ž ¡ •§•¡Ÿ¡Ÿž
¬£î• ¢£­Ÿ¦¨©«ž Ÿ ñ£òì, ¬£ ä¨©¢ æ¯£§±«Ÿå ¤žê •ž.
¨ ¨è£åí

max minoc, (s=122....,++1), (35)
¡¨ž¥§ ¨©¡°•Ÿ«• ¯Ÿ¥§Ÿ§¨©ž òŸè• çŸ«¢Ÿž• ± ¥Ÿå£ • êŸ¥Ÿ¡Ÿž §£¥¨©ª«Ÿž ¡• Ÿî¢Ÿž
¥Ÿ¯¢Ÿžž£ ¨ä çŸ«¢ŸžŸä¨ äŸ­ ¥Ÿ¯¢ŸžŸóŸ¡¨©¢ž£ • ê£çò¨©¢:

•ž �ç£¥ žŸ¤¨ ê ¦å¤¨©¢, ¤žê• ì å¨©­ä¨©¢ æê£� ¨ ¢Ÿ°ä¨é ¬Ÿð¢Ÿž•¥§• ¢£ª¨ê¨äí ¨©é•é
óž§ ¢Ÿž ¢£ª¨ê• ¯Ÿ¢Ÿê ¨©ª«Ÿ¢¬:

„äŸ«•ž ¯ŸèäŸ ¡ž£ ì ¬£ äŸ­ £ž ¢•Ÿè£ § ± £îŸè£ § ¡Ÿî¨©°äŸ­ò• ¯Ÿ¢Ÿ , £ ¬
æ= 0.5,1, 2,ho =hall=00055,0.02,0.03:… ç£¥ ž«¨©ª ìž§ äŸ­ æ ¡¨¢ç¨ð•°•¨ž ž«¨©ªí¯£§±«Ÿå

¬£ äŸ­ ¬ž¨©ªŸ¦ £ ¨ä. Biz =00096, ¹66 = ¹66 =00029,
G23/Gi3=1,E =E//, = 0.995,Gz3=663/B"=00097:

•ž �ç£¥ °¨©«°£ž §Ÿå•¥ ¯ŸèäŸ ¡ž£ • Ÿ ê«¨©žòž£ ì, ¡¨¢ç¨ð•°•¨ž ž«¨©ª•° çŸ§ Ÿ¥§äŸ­
¥Ÿå• £ð £ •° ¢£¡¨©¢ ¡¨è§¨©ª«Ÿž ¡¨é¨ä ¨©ñ£éŸ°¨©¢ì ¬£ ¨©¢ æí̄ ¨­ ¢•Ÿè£ § ¥Ÿå• ž¡Ÿ§¢Ÿ¢¬,
¡ •§•¡Ÿ¡Ÿž åŸ ¢Ÿž æŸ¡Ÿž Ÿ®•:

‰¡. 4-¨©¢ ¬£ äŸ­ £ž ho =0.02 ê£çò¨©¢ â==022,1 ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ ¨ä
¡Ÿî¨©°äŸ­òž£ • ¯Ÿ¢Ÿ  ÿç§•¢Ÿå �Ÿó£ • ¥Ÿå• ¡ •§•¡Ÿ¡Ÿž åŸ ¢Ÿž ¦ Ÿ � •¡ž£ ì ¡Ÿ¤äŸ­
¡¨¢ç¨ð•°•¨ž ž«¨©ª• êŸ¥Ÿä¨ ¢Ÿž Ÿž¡«¨©ž•°:

æ=1
Ï 000

a.oooas

0.0002
0,000

1.0001

1000 0.00010

¨©g(rad) _((rad)

‰¡.4 >-• ¡Ÿ¤äŸ­¨©ª«Ÿž ¦ Ÿ � •¡ž£ ì ÷ Ÿž¡«¨©ž•°

Œ Ÿ � •¡ž£ •° ¯£§±¨©¢ æ,̈   ¡Ÿî¨©°äŸ­ò• § äŸ­ £ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ •
ê£çò¨©¢ ¡¨¢ç¨ð•§• êŸ¥Ÿä¨ ¨©ª«¨©žž æŸç£¥ æŸðê¨©¢ ¡ •§•¡Ÿ¡Ÿž ¬£î• Ÿ ñ£ò• ä Ÿ /Ÿ®ì
¡Ÿð¢¨©¢ æ1.5-•° 6 Ÿž¦Ÿ¢/:

4.2 £žªŸ¦å¤¨©¢ ê•§Ÿ ¡ä¨©¢ æ 2a,b,h �Ÿó£ ¨ä ¬Ÿð¢Ÿè£ § ¨©ééŸž¡«¨©ž ¥Ÿå•
¡Ÿ«¨©ž¨©ª«Ÿž ¤žê• ì, £ ¬ ¥Ÿåì y=0 ± y=b ŸðŸ§ ¯£žäŸ­ £ð £ ¨ä ¬£îžŸä¨ äŸ­ æ
¯ŸäŸ¥Ÿ Ÿ �Ÿó ¬Ÿè¤äŸ­ ÿ •ž§£ž¥•ä¨©ª«Ÿž ¥£é¢¨é ¬£î¨ä, ¢«¨©¥£ ¡¨© x=ta£ð £ ž ŸðŸ§
£ž, •¥¡ ªî• �ò• ¢£ï§£é¨©¢í x=0,¥Ÿ«ž ¨©ñ£éŸ°äŸ­ æ �Ÿó£ ¨ä ¡¨è§¨©ª«Ÿž ¡¨é¨ä:

€Ÿå• ¡Ÿ«¨©ž¨©ª«Ÿž ¯ŸäŸ¥Ÿ ¢Ÿžì ± y=0,y=b£ ¡Ÿ«žŸ¡Ÿž ¡¨é¢£ • ä Ÿ ¯¨êŸ¡ŸçŸ«•ž
Ÿ¢ Ÿ°¢Ÿž çŸ«¢Ÿžž£ •ž ¬ŸäŸ Ÿ ¨é Ÿ(x,y) ®¡äŸ­òž£ • � ¨©ž¡°•Ÿž, ¡Ÿ¤äŸ­ km

(k"=ch/D,12?,A = mm/b) ¦¨ ­Ÿ¡°• Ÿ ñ£ò•°, ž£ ¡Ÿ«Ÿ°ä¨©¢ æ(29)-(31)§£¥ò¨ä:

ˆ«¥§£é ®¡äŸ­òž£ • � ¨©ž¡°•Ÿ«• Ÿ §Ÿ¯Ÿ«§¨©ª«Ÿž ¢£ï µ, (i=1,2,3,4)¦¨ ­Ÿ¡•°ž£ ì
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¨ ¨èä¨©¢ £ž ¯£§±«Ÿå £ð Ÿ«•ž çŸ«¢Ÿžž£ •°.
¯Ÿ¢Ÿ �Ÿó¨©ª«Ÿž çŸ«¢Ÿžž£  (¡Ÿ«¨©ž¨©ª«Ÿž ¡¨ ¥§• ¯Ÿ¢Ÿ �Ÿó þ±• ê£çò¨©¢)í

­Ÿ =0, ¹ Î4w
Îß ÎØ4 ÎØ2 £ ¬ x=0, (36)

- ¯Ÿ¡Ÿ¯Ÿ¢Ÿ �Ÿó¨©ª«Ÿž çŸ«¢Ÿžž£  (¡Ÿ«¨©ž¨©ª«Ÿž ¡¨ ¥§• ¯Ÿ¡Ÿ¯Ÿ¢Ÿ �Ÿó þ±•
ê£çò¨©¢)í

x=0,ÎßÎØ2 Îx2, £ ¬ (37)

ŸðŸ§ £ð • çŸ«¢Ÿžž£ 

Dil +Diz = ›,
ÎÓ

+(D, = 0,Îx2 ÎØô ,+466) ÎxÎØ" £ ¬ x=a: (38)

ˆ«ê çŸ«¢Ÿžž£ • ¬ŸäŸ Ÿ ¨©¢ì ¡Ÿ«¨©ž¨©ª«Ÿž ¡¨ ¥§• ¯Ÿ¢Ÿ �Ÿó ± ¯Ÿ¡Ÿ¯Ÿ¢Ÿ �Ÿó
þ±£ • ê£çò¨©¢, £ ¬ km >1± km <1,¬£ ¨©¢ ǣ Ÿ¢Ÿ¥£î ¯ŸäŸ¥Ÿ ¨©¢ž£ • ¯Ÿ¢Ÿ¡Ÿ ¦£ •, ¨ ¨ž° ¨ �
ð ¨«Ÿ¡Ÿž å¨©­¢Ÿž ¦¨«¨©ª«Ÿž çŸ«¢Ÿž•° km ¦¨ ­Ÿ¡°• ž¡Ÿ§¢Ÿ¢¬ ¥§Ÿ°ä¨©¢ £ž
¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž § Ÿž¥°£žê£ž§ ¯ŸäŸ¥Ÿ ¨©¢ž£ : ‚ •§•¡Ÿ¡Ÿž ¬£îžäŸ­òì ¨ ¨èä¨©¢ æ(34)
¬ŸžŸþ±¨ä:

‚Ÿî¨©°äŸ­ò• § äŸ­ ¡èî• ± ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ • ê£çò¨©¢ ¯,5.,qs,a,h,(s=1,2,...,n+1)
�Ÿó¨ ¨è• �ž£ • ÿç§•¢Ÿå Ÿ ñ£òž£ • ¨ ¨è¨©¢ì, ¨ ¨žò ŸçŸ¯¨ä¨©¢ £ží ì¥§ m •, ó¨ò Ÿ¦¨©«ž
¡ •§•¡Ÿ¡Ÿž ¬£î• ¢£­Ÿ¦¨©«ž Ÿ ñ£òì, ¬£ ä¨©¢ æ(35) ¨� ¦­Ÿ«•ž ­ Ÿ¦ Ÿä¨ ¢Ÿž ¤žê •ž, ¨ ì
å¨©­ä¨©¢ æê£� ¨ ¢Ÿ°ä¨é ¬Ÿð¢Ÿž•¥§• ¢£ª¨ê¨ä:

‰Ÿ¤¨ ê ¤žê ¨©¢ ê•§Ÿ ¡äŸ­ ¢Ÿ¥žŸä¨  ê£çò£ • ¯Ÿ¢Ÿ  ¡Ÿ§Ÿ äŸ­ ªäŸ«•ž
¯ŸèäŸ ¡ž£ • ¯•¢Ÿž ä Ÿ Ÿ§£žŸ¤¨¥¨©ª«¨©ž¨©¢ ¬£ äŸ­ Ÿé«¨©¥Ÿ¡ž£ •° ± ¦ Ÿ � •¡ž£ •° ¯£§±¨©¢
æ, ¨  ¡¨è§¨©ª«Ÿž ¡¨é¨ä ¨©ñ£éŸ°äŸ­ ¥Ÿå• ÿç§•¢Ÿå žŸ¤Ÿ¦•­ì ¥§Ÿ°ä¨©¢ æ ¢•Ÿè£ § ¥Ÿå•
ê£çò¨©¢: ‚¨éŸä¨  ¥Ÿå• ¡ •§•¡Ÿ¡Ÿž åŸ ¨©¢ì ¯Ÿ¢£¢Ÿ§Ÿ­ ¢•±ž¨©«ž ¡èî• ¯¨­ ¥Ÿå• ¯£§ æŸç£¥
Ÿ®¨©¢ æ¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¡Ÿ ® ¥Ÿå£ • ê£çò¨©¢, ¢Ÿ¥žŸä¨ Ÿç£¥, £ ¬ 5=0.25,Ÿ«ž Ÿ®¨©¢ æ
¢¨§Ÿä¨ Ÿç£¥ 10Ÿž¦Ÿ¢, æ=0.5ê£çò¨©¢í 3 Ÿž¦Ÿ¢, æ=1.0ê£çò¨©¢í 1.4Ÿž¦Ÿ¢, •¥¡ æ==.0
ê£çò¨©¢ Ÿ®ì ¡Ÿð¢¨©¢ æìžêŸ¢£žì 5%: ˆ«¥ç•¥¨ä, ÿç§•¢Ÿå ¡¨éŸä¨  ¥Ÿå• žŸ¤Ÿ¦­¨©¢ì
¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¡Ÿ ® ¥Ÿå£ • ê£çò¨©¢ ¬£ ¨©¢ æ¡ •§•¡Ÿ¡Ÿž åŸ ¢Ÿž ð¦Ÿå• ¢£­Ÿ°¢Ÿž, •¥¡
£ ¡Ÿ  ¥Ÿå£ ¨©¢ ¡¨é• Ÿðê£°¨©ª«¨©žžŸžžèŸž æ:

“•±ž¨©«ž ñŸ¢ŸžŸ¡ ¯ŸèäŸ ¡ž£ ì °¨©«° £ž §Ÿå•¥, ¨  ¡Ÿî¨©°äŸ­ò• § äŸ­
£ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ • ê£çò¨©¢, ¡¨¢ç¨ð•§• êŸ¥Ÿä¨ ¨©ª«¨©žì Ÿž¡«¨©žì/ æŸç£¥
Ÿðê¨©¢ æ¡ •§•¡Ÿ¡Ÿž ¬£î• Ÿ ñ£ò• ä Ÿ /Ÿ®ì ¡Ÿð¢¨©¢ æ 1.5-6 Ÿž¦Ÿ¢/, •¥¡ è£ §Ÿä¨  ¥Ÿå£ •
¯ŸèäŸ ¡ì ¦¨ ­žŸ¡Ÿž¨ £ž ¬£ ä¨©¢ æ¢•Ÿè£ § ¥Ÿå£ •ž, òŸž• ¨  è£ §Ÿä¨ ¢Ÿž Ÿðê£°¨©ª«¨©žì
ó¨ò  æ:

‰¡. 5-¨©¢ ¬£ äŸ­ £ž ho =0.02 ê£çò¨©¢ æ= 2.25, 1.0¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ ¨ä
¡Ÿî¨©°äŸ­òž£ • ¯Ÿ¢Ÿ  ÿç§•¢Ÿå �Ÿó£ • ¥Ÿå• ¡Ÿ«¨©ž¨©ª«Ÿž ¡¨ ¥§• þ±£ •ž
¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž 0<<a§£éŸ¢Ÿ¥¨©¢ ®¡äŸ­òž£ • ¦ Ÿ � •¡ž£ ì ìžê¨©ž£å¨ä x=a £ð ¨©¢
w=w/h, =1:

Œ Ÿ � •¡ž£ •° £ ±¨©¢ æ,̈  ¬¨å¨  ê£çò£ ¨©¢ ¡Ÿî¨©°äŸ­ò• ¢£­Ÿ¦¨©«ž ®¡äŸ­òž ¥§Ÿ°ä¨©¢
æŸðŸ§ £ð ¨©¢, •¥¡ ¡Ÿ«¨©ž¨©ª«Ÿž ¡¨ ¨©¥§ì §£é• ¨©ž£ž¨©¢¯Ÿ¡Ÿ¯Ÿ¢Ÿ �Ÿó þ±¨ä:
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‰¡.5 €Ÿå• ¡Ÿ«¨©ž¨©ª«Ÿž ¡¨ ¥§• þ±£ ì, £ ¬ Ÿ/æ=0.25,¬/E=1.0

4.3£žªŸ¦å¤¨©¢ ê•§Ÿ ¡ä¨©¢ æ‚‰-•° çŸ§ Ÿ¥§äŸ­ ¬Ÿð¢Ÿè£ § 2a,b,h �Ÿó£ ¨ä
¨©ééŸž¡«¨©ž ¥Ÿå• ¡Ÿ«¨©ž¨©ª«¨©žì, £ ¬ ¥Ÿåì £ ¡¨© ŸðŸ§ ¯£žäŸ­ y=0,y=b £ð £ ¨ä
¬£îžŸä¨ äŸ­ æ ¯ŸäŸ¥Ÿ Ÿ �Ÿó ¬Ÿè¤äŸ­ ÿ ¥£é¢¨é ¬£î¨ä, •¥¡ x=+ ŸðŸ§ £ð £ ¨ä
¨©ñ£éŸ°äŸ­ æ ot, xh, ¯Ÿ§¨©«ª• ¨©ééŸž¡«¨©ž ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä:

ˆ«¥§£é ¥Ÿå• ¡Ÿ«¨©ž¨©ª«Ÿž ¯ŸäŸ¥Ÿ ¢Ÿžì, ± y=0,==£ ¡Ÿ«žŸ¡Ÿž ¡¨é¢£ • ä Ÿ

¯¨êŸ¡ŸçŸ«•ž Ÿ¢ Ÿ°¢Ÿž çŸ«¢Ÿžž£ •ž ¬ŸäŸ Ÿ ¨é w(x,y) ®¡äŸ­òž£ • � ¨©ž¡°•Ÿž, ¡Ÿ¤äŸ­
km ¦¨ ­Ÿ¡°• Ÿ ñ£ò•°, ž£ ¡Ÿ«Ÿ°ä¨©¢ æ (29)-(31)§£¥ò¨ä, ¨ §£é (i=1,2,3,4)¦¨ ­Ÿ¡•°ž£ ì
¨ ¨èä¨©¢ £ž ¯£§±«Ÿå £ð Ÿ«•ž çŸ«¢Ÿžž£ •°.

¯Ÿ¢Ÿ �Ÿó¨©ª«Ÿž çŸ«¢Ÿžž£  (¡Ÿ«¨©ž¨©ª«Ÿž ¡¨ ¥§• ¯Ÿ¢Ÿ �Ÿó þ±• ê£çò¨©¢)í
­Ÿ

Îß
=0, £ ¬ x=0, (39)

¯Ÿ¡Ÿ¯Ÿ¢Ÿ �Ÿó¨©ª«Ÿž çŸ«¢Ÿžž£  (¡Ÿ«¨©ž¨©ª«Ÿž ¡¨ ¥§• ¯Ÿ¡Ÿ¯Ÿ¢Ÿ �Ÿó þ±•
ê£çò¨©¢)í

w=0, Îx2 =0, £ ¬ x=0, (40)

¡¨è§¨©ª«Ÿž ¡¨é• ä Ÿ ¯£ž¢Ÿž çŸ«¢Ÿžž£ í

¹ Î4w
+ A =Dit

ÎØ+ ÎØ2 ÎßÎØ?

=DI +D? £ ¬ÎßÎØ2 (41)

ˆ«ê çŸ«¢Ÿžž£ • ¬ŸäŸ Ÿ ¨©¢ì ž¨©«žç£¥ ¬£ ¨©¢ æ km ¦¨ ­Ÿ¡°• ž¡Ÿ§¢Ÿ¢¬
¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž § Ÿž¥°£žê£ž§ ¯ŸäŸ¥Ÿ ¨©¢ž£ •, •¥¡ ¡ •§•¡Ÿ¡Ÿž ¬£îžäŸ­òì ¨ ¨èä¨©¢ æ
(34)¬ŸžŸþ±¨ä: ‚Ÿî¨©°äŸ­ò• ¯,5.,p,a,h, (s=1,2,...,n+1)ÿç§•¢Ÿå çŸ Ÿ¢£§ £ • ¨ ¨è¨©¢ì,
¬£ ä¨©¢ æ(35) ¨� ¦­Ÿ«•ž ­ Ÿ¦ Ÿä¨ ¢Ÿž ¤žê •ž, ¨ ì å¨©­ä¨©¢æê£� ¨ ¢Ÿ°ä¨é ¬Ÿð¢Ÿž•¥§•
¢£ª¨ê¨ä:

„äŸ«•ž ¯ŸèäŸ ¡ž£ ì °¨©«°£ž §Ÿå•¥, ¨  ê•§Ÿ ¡ä¨é ¤žê ¨©¢ ¥Ÿå• ¡ •§•¡Ÿ¡Ÿž åŸ ¢Ÿž
¢£­¨©ª«Ÿž ä Ÿ æŸ¡Ÿž Ÿðê£°¨©ª«¨©ž æ¦¨ ­¨©¢ ¡¨¢ç¨ð•§• êŸ¥Ÿä¨ ¨©ª«¨©žì çŸ Ÿ¢£§ ì/,
•¥¡ è£ §Ÿä¨ ¢Ÿž Ÿðê£°¨©ª«¨©žì ó¨ò  æ: • §Ÿ ¬£ ¨©ª«¨©ž žŸ¤¨ ê ¤žê • Ÿ«¥§£é
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¡Ÿ«¨©ž¨©ª«Ÿž ¡¨ ¨©¥§ì §£é• æ̈ ©ž£ž¨©¢¯Ÿ¢Ÿ �Ÿó þ±¨ä:
4.4£žªŸ¦å¤¨©¢ ¬£ ä¨©¢ æ � ¨  ¨ ê ¦å¤¨©¢ ê•§Ÿ ¡ŸäŸ­ ¤žê• ž£ • ¯Ÿ¢Ÿ  ¥§Ÿ°äŸ­

Ÿ ê«¨©žòž£ • ¯Ÿ¢£¢Ÿ§Ÿ¡Ÿž ä£ å¨©­¨©ª«¨©žì: ˆ«¥§£é, ¡¨é£ • êŸ¥Ÿä¨ ¢Ÿž §Ÿ ¬£  ê£çò£ •
¯Ÿ¢Ÿ  ¬£ äŸ­ ÿç§•¢Ÿå žŸ¤Ÿ¦­£ •ž ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž¨é ¡ •§•¡Ÿ¡Ÿž åŸ ¨©¢ž£ •
Ÿ ñ£òž£ • Ÿé«¨©¥Ÿ¡•° ¯£§±¨©¢ æ,¨  ¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¡Ÿ ® ± ¢•ï•ž £ ¡Ÿ ¨©ª«Ÿž ¥Ÿå£ •
ê£çò¨©¢ åŸäŸ¦¨©«ž §Ÿ ¬£ Ÿ¡ æ ¯Ÿžê•¥Ÿž¨©¢ ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°¨©¢ì ¥Ÿå• £ ¡¨©
ŸðŸ§ £ð £ ¨©¢: “•±ž¨©«ž ñŸ¢ŸžŸ¡, •ž �ç£¥ °¨©«°£ž §Ÿå•¥ ¥§Ÿ°äŸ­ Ÿ ê«¨©žòž£ ì, ¡¨é£ •
êŸ¥ä¨ ¢Ÿž ê•§Ÿ ¡äŸ­ ¬¨å¨  ê£çò£ ¨©¢í ¥Ÿå• ± ¡¨é£ • £ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ •,
•ž �ç£¥ žŸ± ¥Ÿå¨©¢ ¡¨¢ç¨ð•§• êŸ¥Ÿä¨ ¢Ÿž ÿç§•¢Ÿå ìž§ ¨©ª«Ÿ¢¬ ¡Ÿ £å• æ¯Ÿ¥ž£å
¡ •§•¡Ÿ¡Ÿž ¬£îžäŸ­¨©ª«Ÿž æŸ¡Ÿž ¢£­Ÿ°¢Ÿž, ìžê ¨ ¨©¢ ¡¨è§¨©ª«Ÿž ¡¨é¨ä ¨©ñ£éŸ°äŸ­ ¥Ÿå•
ÿç§•¢Ÿå žŸ¤Ÿ¦•­ì ¯•¢žŸ¡Ÿž¨©¢ ¥§Ÿ°ä¨©¢ æ ¢•Ÿè£ § ¥Ÿå• ê£çò¨©¢:

œ‰ý•ˆ‰…†ƒ Š—ƒˆ‚ˆ˜…†„‡…†‰‰

1. •£§Ÿð¨§äŸ­ æ§Ÿ ¬£  ž«¨©¬£ •° çŸ§ Ÿ¥§äŸ­ £îŸè£ § ± ‚‰-•° çŸ§ Ÿ¥§äŸ­
¬Ÿð¢Ÿè£ §, ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­, Ÿžä£ ï £ ¡Ÿ  ¥Ÿå£ • åŸ«žŸ¡Ÿž ­î¢Ÿž
¤žê• ž£ • å¨©­¨©¢ì: œ¥§ Ÿ¢ ¨©ª«Ÿž �ŸóŸž•è•í ¨ ¨èäŸ­ £ž ¢£­Ÿ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žž ¨©
¡¨è§¨©ª«¨©žž ŸçŸ¯¨ä¨é £ ¡ Ÿ �ŸóŸ¡Ÿž ± � •ð•¡Ÿ¡Ÿž çŸ Ÿ¢£§ £ ì:

2. ˜¨©«° æ§ äŸ­, ¨  £îŸè£ §, §Ÿ ¬£  •ð¨§ ¨ç ž«¨©ª£ •° çŸ§ Ÿ¥§äŸ­, •ž �ç£¥ žŸ±
¡¨¢ç¨ð•§Ÿ«•ž ¡¨éŸä¨ , è£ §Ÿä¨  ¥Ÿå£ • çŸ§ Ÿ¥§¨©¢ì ¬£ ¨©¢ æ ¡Ÿî¨©°äŸ­ò•
¡ ¨é¨©žŸ¡¨©ª«Ÿž ð¦Ÿå• ¢£­Ÿ°¢Ÿž: •Ÿ¢ŸþŸ«ž ªäŸ«•ž ¯ŸèäŸ ¡ž£ • Ÿ ê«¨©žòž£ •í
¡¨¢ç¨ð•§Ÿ«•ž ¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¯Ÿ¥§ ¥Ÿå£ • ê£çò¨©¢ ŸîŸä£å ÿç§•¢Ÿå £ž ¥§Ÿ°ä¨©¢ £îŸè£ §
¥Ÿå£ ì, •¥¡ ¬Ÿ Ÿ¡ ¥Ÿå£ • ê£çò¨©¢í ¢•Ÿè£ §£ ì: “•±ž¨©«ž ñŸ¢ŸžŸ¡, ¯Ÿ¢ŸçŸ§Ÿ¥¤Ÿž ¯¨­
¥Ÿå£ • ¯£§ ¯Ÿ¢£¢Ÿ§¨©ª«¨©žì °¨©«°æ§Ÿå•¥, ¨  ¡¨éŸä¨ ¨©¢ì ¬£ ¨©¢ æ¡ ¨é¨©žŸ¡¨©ª«Ÿž ð¦Ÿå•
¢£­Ÿ°¢Ÿž, £ ¬ ¡¨é£ ž • Ÿ  ¢¨§ £ž êŸ¥Ÿä¨ äŸ­, •¥¡ ê Ÿž° ¢•ï± ¯£îŸä¨ ¨©ª«Ÿž ¢£­Ÿ°¢Ÿž
ê£çò¨©¢ ¡ ¨é¨©žŸ¡¨©ª«Ÿž Ÿ®ì ó¨ò Ÿž¨©¢ æí ¢¨§£žŸå¨ä Ÿžä£ ï £ ¡Ÿ  ¯¨­ ¥Ÿå•
¡ ¨é¨©žŸ¡¨©ª«Ÿžì:

3. …©¥¨©¢žŸ¥• äŸ­ £ž ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°äŸ­ ¨©ééŸž¡«¨©ž è£ §Ÿä¨ 
¡¨¢ç¨ð•§Ÿ«•ž ¥Ÿå£ • ­î¢Ÿž ¤žê• ž£ ž Ÿ«ž ê£çò£ ¨©¢, £ ¬ ¡¨é£ ì §£éŸê äŸ­ £ží
®Ÿ¡Ÿ§Ÿ«•ž £ð £ •° ¢£¡¨©¢, £ ¡¨© ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ¨©¢, ªî• �ò• ¢£ï§£é¨©¢: … ¨èäŸ­ £ž
¡Ÿî¨©°äŸ­ò• ÿç§•¢Ÿå çŸ Ÿ¢£§ £ ì •Ÿå• è£ §£ • ± ¡¨é£ • �Ÿó£ ì, ‚‰-• êŸ¥Ÿä¨ ¢Ÿž
Ÿž¡«¨©žž£ ì/, ¨ ¨žò ŸçŸ¯¨ä¨©¢ £ž ž Ÿ ¢£­Ÿ¦¨©«ž ¡ ¨é¨©žŸ¡¨©ª«¨©žì ¯Ÿ¥§Ÿ§¨©ž ¡èî• ¨©
¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ • ê£çò¨©¢:

4. •ŸèäŸ ¡ž£ • Ÿ ê«¨©žòž£ ì ¬£ ¨©¢ £ž Ÿ«ž £ð Ÿ¡Ÿ°¨©ª«Ÿžì, ¨  ‚‰-•° çŸ§ Ÿ¥§äŸ­
¨©ééŸž¡«¨©ž ¥Ÿå• Ÿï £ð • ¡¨éŸä¨ ¨©¢ì ž Ÿ ¡ ¨é¨©žŸ¡¨©ª«¨©žì ¢£­Ÿ°ž£å¨© žçŸ§Ÿ¡¨ä, ð¦Ÿå•
Ÿ ê«¨©žò• æ¬£ ¨©¢ Ÿ«ž ê£çò¨©¢, £ ¬ ¥Ÿå• þŸ¤ £ð ì ¯¨êŸ¡Ÿç¨ £ž Ÿ¢ Ÿ°äŸ­ æ,ìžê ¨ ¨©¢ Ÿ«ê
Ÿ ê«¨©žòž Ÿä£å• æŸ¡Ÿž ¥§Ÿ°ä¨©¢ ¡¨è§¨©ª«Ÿž ¡¨é• ± ¥Ÿå•, •ž �ç£¥ žŸ± ž Ÿ è£ §£ • �Ÿó£ •
± ‚‰-• êŸ¥Ÿä¨ ¢Ÿž ÿç§•¢Ÿå ìž§ ¨©ª«Ÿž ê£çò¨©¢: ˆ«ž ê£çò¨©¢, £ ¬ ¥Ÿå• þŸ¤ £ð ž ŸðŸ§ æ,
ž Ÿ ¡¨éŸä¨ ¨©¢ì ð¦Ÿå• Ÿ ê«¨©žò• � • ¬£ ¨©¢, ¨ • çŸ§®Ÿî¨ä Ÿ«êç•¥• ¥Ÿå£ ì
žçŸ§Ÿ¡Ÿ¯Ÿ ¢Ÿ  æ çŸ§ Ÿ¥§£å ¯¨­ ± ¢•Ÿè£ §:

5. ˜¨©«° æ§ äŸ­, ¨  ¥Ÿå• £ ¡¨© ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ¨©¢ ± ªî• �ò• ¢£ï§£é¨©¢ ¡¨éŸä¨ ¢Ÿž
ê£çò£ ¨©¢ ¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¡Ÿ ® ¥Ÿå£ • ¯Ÿ¢Ÿ  ÿç§•¢Ÿå žŸ¤Ÿ¦•­ží ì¥§ Ÿ¢ ¨©ª«Ÿž,
¥§Ÿ°ä¨©¢ æ¢•Ÿè£ § ¡¨éŸä¨  ¡¨ž¥§ ¨©¡°•Ÿ«• ê£çò¨©¢, •¥¡ £ ¡Ÿ  ¥Ÿå£ • ¯Ÿ¢Ÿ  ÿç§•¢Ÿå £ž
¥§Ÿ°ä¨©¢ £îŸè£ § ¥Ÿå£ ì:
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6. €§Ÿ°äŸ­ Ÿ ê«¨©žòž£ • ä£ å¨©­¨©ª«¨©žì °¨©«° æ§ä£å, ¨  ¡¨é£ • êŸ¥Ÿä¨ ¢Ÿž
ê•§Ÿ ¡äŸ­ ¬¨å¨  ê£çò£ ¨©¢ ¥Ÿå• ± ¡¨é£ • £ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ •, •ž �ç£¥ žŸ± ¥Ÿå•
è£ §Ÿä¨ ¢Ÿž ± è£ §£ ¨©¢ ¡¨¢ç¨ð•§• êŸ¥Ÿä¨ ¢Ÿž ÿç§•¢Ÿå ìž§ ¨©ª«Ÿ¢¬ ¡Ÿ £å• ǣ Ÿ¥ž£å
¡ ¨é¨©žŸ¡¨©ª«Ÿž æŸ¡Ÿž ¢£­Ÿ°¢Ÿž, ìžê ¨ ¨©¢ åŸäŸ¦¨©«ž §Ÿ ¬£ Ÿ¡ ǣŸ¢Ÿ ä¨©¢ ¥Ÿå• £ ¡¨©
ŸðŸ§ £ð £ ¨©¢ ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°¨©¢ì:

7. ”¨©­ä£å £ž ¡¨éŸä¨ , ¨©ééŸž¡«¨©ž è£ §Ÿä¨  ¡¨¢ç¨ð•§Ÿ«•ž ¥Ÿå£ • ÿç§•¢Ÿå
žŸ¤Ÿ¦­¢Ÿž ¤žê• ž£ ží ì¥§ ¡Ÿ«¨©ž¨©ª«Ÿž, £ ¬ ¡¨è§¨©ª«Ÿž ¡¨é£ ì §£éŸê äŸ­ £ží ¥Ÿå•
®Ÿ¡Ÿ§Ÿ«•ž £ð £ •° ¢£¡¨©¢, ªî• �ò• ¢£ï§£é¨©¢, £ ¡¨© ®Ÿ¡Ÿ§Ÿ«•ž £ð £ ¨©¢: … ¨èä£å £ž
¡Ÿî¨©°äŸ­ò• ÿç§•¢Ÿå £ ¡ Ÿ �ŸóŸ¡Ÿž ± � •ð•¡Ÿ¡Ÿž çŸ Ÿ¢£§ £ ì, ¨ ¨žò ž Ÿ Ÿžó¨ó¨¤
¡èî• ¨© ¦Ÿ¬Ÿ •§Ÿ«•ž �Ÿó£ • ê£çò¨©¢ ŸçŸ¯¨ä¨©¢ £ž ¡ •§•¡Ÿ¡Ÿž ¬£îžäŸ­ò• ¢£­Ÿ¦¨©«ž
Ÿ ñ£òì:

8. •ŸèäŸ ¡ž£ ¨ä £ð Ÿ¡Ÿ°ä£å æ,̈   ¡¨é£ • §£éŸê ¢Ÿž ê•§Ÿ ¡äŸ­ ¬¨å¨  ê£çò£ ¨©¢
¥Ÿå• ± ¡¨é£ • £ ¡ Ÿ �ŸóŸ¡Ÿž çŸ Ÿ¢£§ £ •, •ž �ç£¥ žŸ± ¥Ÿå¨©¢¡¨¢ç¨ð•§• êŸ¥Ÿä¨ ¢Ÿž

ÿç§•¢Ÿå ìž§ ¨©ª«Ÿ¢¬ ¡Ÿ £å• æ¯Ÿ¥ž£å ¡ •§•¡Ÿ¡Ÿž ¬£îžäŸ­¨©ª«Ÿž æŸ¡Ÿž ¢£­Ÿ°¢Ÿž,
¢•ž �ê£î ¥Ÿå• è£ §Ÿä¨ ¨©¢ž Ÿ«ê ¢£­¨©ª«Ÿž ä Ÿ ð¦Ÿå• Ÿðê£°¨©ª«¨©ž � • ¦¨ ­¨©¢: “•±ž¨©«ž
ñŸ¢ŸžŸ¡ °¨©«° æ§ ä£å, ¨  ¯Ÿ¢£¢Ÿ§Ÿ¬Ÿ  ¡Ÿ ® ± ¢•ï•ž £ ¡Ÿ ¨©ª«Ÿž ¥Ÿå£ • ê£çò¨©¢
åŸäŸ¦¨©«ž §Ÿ ¬£ Ÿ¡ æ¯Ÿ¢Ÿ ä¨©¢ ¡¨è§¨©ª«Ÿž ¡¨é£ ¨ä ¨©ñ£éŸ°¨©¢ì ¥Ÿå• £ ¡¨© ŸðŸ§
£ð £ ¨©¢:

ˆ§£žŸ¤¨¥¨©ª«Ÿž ¯•¢žŸ¡Ÿž ê ¨©«ªž£ ì ± Ÿ ê«¨©žòž£ ì ¯ Ÿ§Ÿ Ÿ¡äŸ­ £ž ¯£§±«Ÿå
Ÿè¤Ÿ§Ÿžòž£ ¨©¢

1. ¾ÐÜØøÐ×ãÕù.¹., ½ÓÌÓÑãÕ×.ß.,ÊÖôÖÏãÕA.Â.ºÛÒÆÞÆÌÓÔÆãÛÓÑÓÞÐÒÑÖàÑÐøÑÆÏÒÖÚÛÜÓÏÒÆÕ×ÆÆÌ
×ÖÞÛÖÌÆÔÆÖÕÕÖôÖÞÓÒÐÑÆÓÜÓÛÖ×ÑÆÒÐÑÆûØÏÒÖÚÙÆàÖÏÒÆ//¾ûÜÜÐÒÐÕÝÏÒÑÖÆÒÐÜÐÚ»ÑÞÐÕÆÆ.·ÑÐàÓÕ,
2007.N22-23.Ï 44-48.

2. ½ÓÌÓÑãÕ×.ß. ºÛÒÆÞÆÌÓÔÆãÛÖØÏÒÖÚÙÆàÖÏÒÆÞÕÖôÖÏÜÖÚÕÖÚÛÜÓÏÒÆÕ×ÆÆÌ×ÖÞÛÖÌÆÔÆÖÕÕÖôÖ

ÞÓÒÐÑÆÓÜÓ,ØÏÆÜÐÕÕÖÚÑÐøÑÖÞõÐÏÒ×ÖÏÒÆ1ICø.ÕÓØÙÕ.ÒÑ.·Â¼»µ. ·p., 2008.T. III (33). C.87-90.
3. ½ÓÌÓÑãÕ×.ß.,ÊÖôÖÏãÕA.Â.ÊÑÖÙÕÖÏÒÝÆõÐÏÒ×ÖÏÒÝÎÜÆÕÕÖÚÒÑÐßÏÜÖÚÕÖÚÛÜÓÏÒÆÕ×Æ,ØÏÆÜÐÕÕÖÚ

ÛÐÑÆÖÎÆÙÐÏ×ÆÑÓÏÛÖÜÖõÐÕÕöÞÆÑÐøÑÓÞÆõÐÏÒ×ÖÏÒÆI/³ÌàÐÏÒÆã·Â¼»µ (²ÐõÎ. ×ÖÕ÷."»ÑßÆÒÐ×ÒØÑÓ
ÆÏÒÑÖÆÒÐÜÝÏÒàÖ -Ó×ÒØÓÜÝÕöÐÛÑÖøÜÐÞö",15-18Ö×Ò.2008,·ÑÐàÓÕ-ÃõÐÑÞØ×,Ïø. ÎÖ×ÜÓÎÖà).·ÑÐàÓÕ,
2008.¶.3. 150-153.
4. ½ÓÌÓÑãÕ×.ß.,ÊÖôÖÏãÕA.Â. ºÛÒÆÞÓÜÝÕÖÐÛÑÖÐ×ÒÆÑÖàÓÕÆÐÑÐøÑÆÏÒÖÚÏÜÖÆÏÒÖÚÛÜÓÏÒÆÕ×ÆÆÌ
×ÖÞÛÖÌÆÔÆÖÕÕÖôÖÞÓÒÐÑÆÓÜÓÛÖ×ÑÆÒÐÑÆû ØÏÒÖÚÙÆàÖÏÒÆI/³ÌàÐÏÒÆã·Â¼»µ. 2009. N1. C.75-79.
5. ½ÓÌÓÑãÕ×.ß.¼ÏÒÖÚÙÆàÖÏÒÝÏÜÖÆÏÒÖÚÑÐøÑÆÏÒÖÚÛÜÓÏÒÆÕ×ÆÆÌ ×ÖÞÛÖÌÆÔÆÖÕÕÖôÖÞÓÒÐÑÆÓÜÓ
II³ÌàÐÏÒÆã·Â¼»µ. 2009.N2. Ï. 42-46.

6. ½ÓÌÓÑãÕ×.ß. ºÛÒÆÞÆÌÓÔÆãÛÖÛÑÖÙÕÖÏÒÆÏÜÖÆÏÒÖÚÛÑãÞÖØôÖÜÝÕÖÚÑÐøÑÆÏÒÖÚÛÜÓÏÒÆÕ×ÆÆÌ
×ÖÞÛÖÌÆÔÆÖÕÕÖôÖÞÓÒÐÑÆÓÜÓI ³ÌàÐÏÒÆã·Â¼»µ (½ÖÕ÷.ÓÏÛÆÑ.ÆÎÖ×Ò.,15-18 Ö×Ò.2009,·ÑÐàÓÕ-

ÃõÐÑÞØ×).·ÑÐàÓÕ,2009. µ.154-159.

7. ÃÓÑøÆÕãÕ».3., ½ÓÌÓÑãÕ×.ß. ÊÑÖÙÕÖÏÒÝÑÐøÑÆÏÒÖÚÎÜÆÕÕÖÚÞÕÖôÖÏÜÖÚÕÖÚÛÜÓÏÒÆÕ×ÆÆÌ
×ÖÞÛÖÌÆÔÆÖÕÕÖôÖÞÓÒÐÑÆÓÜÓI/MexÓÕÆ×Ó2009:Tp. ÞÐõÎ. � ×ÖÜö-×ÖÕ÷.²ºÇºÃ ØÙÐÕ.·p.: ³ÌÎ-àÖ

·Â¼»µ, 2009.Ï. 198-202.
8. ½ÓÌÓÑãÕ×.ß.,½ÖÏãÕ ´.»., ÊÖôÖÏãÕ ».Â.³ÌôÆø ÖÑÒÖÒÑÖÛÕÖÚÏÜÖÆÏÒÖÚÛÑãÞÖØôÖÜÝÕÖÚÛÜÓÏÒÆÕ×Æ,
ØÏÆÜÐÕÕÖÚÑÐøÑÖÞõÐÏÒ×ÖÏÒÆ.IÇÊÖÖÜÜÐÞöÛÑÖÙÕÖÏÒÆ� ÜÐÞÐÕÒÖà×ÖÕÏÒÑØ×ÔÆÚÛÖÎ ÎÐÚÏÒàÆÐÞ
ÕÓôÑØÌÖ×ÆÑÓøÖÙÆßÏÑÐÎ:µø. ÕÓØÙÕ.ÒÑ.µÓÑÓÒÖàÏ×ÆÚôÖÏ.ÒÐß. ØÕÆà.µÓÑÓÒÖà,2011.C.117-122.
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ºÊ¶³²»ÇÈ´º· Ê¸º·½¶³¸º¹»´³ ¼µ³Ç·Ç´ÄÅ ¸·¾¸»²³ Ë·µ¶½ºµ¶³
µÇºÁµ¶ÄÅ ÊÇ»µ¶³´. ³¿Âº¶º¹Ç·´´ÄÅ ³¿ ³¿º¶¸ºÊ´ÄÅ ³ »´³¿º¶¸ºÊ´ÄÅ

²»¶·¸³»Çº¹

¸·¿ 	 ²·

¶ÖÕ×ÖÏÒÐÕÕöÐÏÆÏÒÐÞö,ØÏÆÜÐÕÕöÐÑÐøÑÓÞÆõÐÏÒ×ÖÏÒÆ,ãàÜãûÒÏã ÖÎÕÆÞÆÌ ÕÓÆøÖÜÐÐ
ÑÓÏÛÑÖÏÒÑÓÕÐÕÕöß×ÖÕÏÒÑØ×ÒÆàÕöß� ÜÐÞÐÕÒÖà,àÏÒÑÐÙÓûúÆßÏãÑÓÌÜÆÙÕößÖøÜÓÏÒãßÒÐßÕÆ×Æ.ºÕÆ
ÛÖÜØÙÆÜÆ� ÆÑÖ×ÖÐÛÑÆÞÐÕÐÕÆÐà ôÑÓõÎÓÕÏ×ÖÞ,ÛÑÖÞö� ÜÐÕÕÖÞ,ôÆÎÑÖÒÐßÕÆÙÐÏ×ÖÞ,ÎÖÑÖõÕÖ-
ÒÑÓÕÏÛÖÑÒÕÖÞÏÒÑÖÆÒÐÜÝÏÒàÐ,ÞÓ� ÆÕÖÏÒÑÖÐÕÆÆ,ÏØÎÖÏÒÑÖÐÕÆÆ,ÏÓÞÖÜÐÒÖÏÒÑÖÐÕÆÆ.

ÊÑÆÛÑÖÐ×ÒÆÑÖàÓÕÆÆÑÐøÑÆÏÒöß×ÖÕÏÒÑØ×ÔÆÚàÓõÕÖÐÌÕÓÙÐÕÆÐÆÞÐÐÒÆßàÏÐÏÒÖÑÖÕÕÐÐ
ÆÌØÙÐÕÆÐÏ ØÙÐÒÖÞØÏÜÖàÆÚÑÓøÖÒö,ÏÖÌÎÓÕÆÐÕÖàößÑÓÏÙÐÒÕößÞÖÎÐÜÐÚ,ÑÓÌÑÓøÖÒ×ÓÛÑÆÞÐÕÐÕÆÐ
ÏÖàÑÐÞÐÕÕößÞÐÒÖÎÖàÑÓÏÙÐÒÓ.ºÏÖøöÚ ÆÕÒÐÑÐÏÛÑÐÎÏÒÓàÜãûÒàÖÛÑÖÏö ÖÛÒÆÞÓÜÝÕÖôÖ
ÛÑÖÐ×ÒÆÑÖàÓÕÆãÑÐøÑÆÏÒößÛÜÓÏÒÆÕ,øÜÓôÖÎÓÑãÙÐÞØÞÖõÕÖ ÌÕÓÙÆÒÐÜÝÕÖØàÐÜÆÙÆÒÝÆß
ßÓÑÓ×ÒÐÑÆÏÒÆ×ÆÛÑÖÙÕÖÏÒÆ,õÐÏÒ×ÖÏÒÆÆØÏÒÖÚÙÆàÖÏÒÆ,ÖøÐÏÛÐÙÆàÓãÞÓ×ÏÆÞÓÜÝÕØû� ×ÖÕÖÞÆû
ÞÓÒÐÑÆÓÜÓ.ÊÑÆ� ÒÖÞøÖÜÝ� ÐôÖ� ÷÷Ð×ÒÓÞÖõÕÖÎÖøÆÒÝÏãÛØÒÐÞÆÌôÖÒÖàÜÐÕÆã×ÖÕÏÒÑØ×ÔÆÚÆÌ
×ÖÞÛÖÌÆÔÆÖÕÕößÞÓÒÐÑÆÓÜÖà(½²). ³ÏÛÖÜÝÌÖàÓÕÆÐ� ÒÆßÞÓÒÐÑÆÓÜÖàÖøØÏÜÖàÜÐÕÖÑãÎÖÞ Æß
ÛÑÐÆÞØúÐÏÒàÛÖ ÏÑÓàÕÐÕÆûÏ ÛÑÆÞÐÕãÐÞöÞÆà ÛÑÖÆÌàÖÎÏÒàÐÒÑÓÎÆÔÆÖÕÕöÞÆÞÓÒÐÑÆÓÜÓÞÆ.
ºÏÕÖàÕöÞÆ ÛÑÐÆÞØúÐÏÒàÓÞÆ×ÖÞÛÖÌÆÒÖàãàÜãûÒÏã ÆßÎÖÜôÖàÐÙÕÖÏÒÝ,×ÖÑÑÖÌÆÐÏÒÖÚ×ÖÏÒÝ,
ÖôÕÐÏÒÖÚ×ÖÏÒÝ,àöÏÖ×ÆÐØÎÐÜÝÕöÐÛÑÖÙÕÖÏÒÝÆõÐÏÒ×ÖÏÒÝ,àÖÌÞÖõÕÖÏÒÝÖÎÕÖàÑÐÞÐÕÕÖôÖÏÖÌÎÓÕÆã
ÞÓÒÐÑÆÓÜÓÆ×ÖÕÏÒÑØ×ÔÆÆ,øÜÓôÖÎÓÑã×ÖÒÖÑöÞÏÒÓÕÖàÆÒÏãàÖÌÞÖõÕöÞÏØúÐÏÒàÐÕÕÖØÞÐÕÝ� ÆÒÝàÐÏ
×ÖÕÏÒÑØ×ÔÆÆÏ ÖÎÕÖàÑÐÞÐÕÕöÞÖøÐÏÛÐÙÐÕÆÐÞÐÐàöÏÖ×ÖÚÕÐÏØúÐÚÏÛÖÏÖøÕÖÏÒÆ.

ÏÒÑÖÆÒÐÜÝÏÒàÐ×ÖÞÛÖÌÆÒöÀ¹ÇÀ 	 ¶µÀ ÕÖàöÞÆÛÐÑÏÛÐ×ÒÆàÕöÞÆÞÓÒÐÑÆÓÜÓÞÆ.³Ì ÕÆß
ÆÌôÖÒÓàÜÆàÓûÒÛÑÖÌÑÓÙÕöÐ×ÑÖàÜÆ,Ö×ÖÕÕöÐÛÑÖ÷ÆÜÆ,ÒÑØøöÎÜã àÖÎÖÏÕÓøõÐÕÆãÆ×ÓÕÓÜÆÌÓÔÆÆ,
ÛÑÖÐÌõÆÐÙÓÏÒÆÓàÒÖÎÖÑÖõÕößÞÖÏÒÖà Æ Ò.Î.

¹ö � ÐÏ×ÓÌÓÕÕöÞÖø
 ãÏÕãÐÒÏãÓ×ÒØÓÜÝÕÖÏÒÝÕÓÏÒÖãúÐÚÎÆÏÏÐÑÒÓÔÆÖÕÕÖÚÑÓøÖÒö,ÔÐÜÝû
×ÖÒÖÑÖÚãàÜãÐÒÏãÆÏÏÜÐÎÖàÓÕÆÐàÖÛÑÖÏÖàÖÛÒÆÞÓÜÝÕÖôÖÛÑÖÐ×ÒÆÑÖàÓÕÆãÑÐøÑÆÏÒößÞÕÖôÖÏÜÖÚÕöß,
ÆÌÖÒÑÖÛÕößÕÐÖÎÕÖÑÖÎÕößÆ ×ÖÞÛÖÌÆÒÕößÛÜÓÏÒÆÕÛÖ×ÑÆÒÐÑÆãÞÛÑÖÙÕÖÏÒÆÆ ØÏÒÖÚÙÆàÖÏÒÆ.

µÖÖÒàÐÒÏÒàÐÕÕÖÏ ÛÖÏÒÓàÜÐÕÕÖÚÔÐÜÝûà ÑÓøÖÒÐÑÐ� ÐÕöÏÜÐÎØûúÆÐ ÌÓÎÓÙÆ:
à ÖÛÒÆÞÓÜÝÕÖÐÛÑÖÐ×ÒÆÑÖàÓÕÆÐøÐÏ×ÖÕÐÙÕÖÎÜÆÕÕÖÚ ØÏÆÜÐÕÕÖÚÛÐÑÆÖÎÆÙÐÏ×Æ

ÑÓÏÛÖÜÖõÐÕÕöÞÆÑÐøÑÓÞÆõÐÏÒ×ÖÏÒÆÒÑÐßÏÜÖÚÕÖÚÛÜÓÏÒÆÕ×ÆÛÑÆÛÖÛÐÑÐÙÕÖÞÆÌôÆøÐ,×ÖôÎÓÏÜÖÆ
ÛÜÓÏÒÆÕ×Æ ÆÑÐøÑÓÆÌôÖÒÖàÜÐÕöÆÌÑÓÌÜÆÙÕößÆÌÖÒÑÖÛÕößÞÓÒÐÑÆÓÜÖà;

à ÖÛÑÐÎÐÜÐÕÆÐÖÛÒÆÞÓÜÝÕößôÐÖÞÐÒÑÆÙÐÏ×ÆßÆ÷ÆÌÆÙÐÏ×ÆßÛÓÑÓÞÐÒÑÖàÏÜÖÆÏÒÖÚ,ØÏÆÜÐÕÕÖÚ
ÛÐÑÆÖÎÆÙÐÏ×ÆÑÓÏÛÖÜÖõÐÕÕöÞÆÑÐøÑÓÞÆõÐÏÒ×ÖÏÒÆÛÜÓÏÒÆÕ×Æ,ÆÌôÖÒÖàÜÐÕÕÖÚÆÌ×Þ, ×ÖÒÖÑöÐÛÑÆ
ÛÖÛÐÑÐÙÕÖÞÆÌôÆøÐÖøÐÏÛÐÙÆàÓûÒÐÐÞÓ×ÏÆÞÓÜÝÕöÐõÐÏÒ×ÖÏÒÝÆÕÐÏØúØûÏÛÖÏÖøÕÖÏÒÝ:

ÆÏÏÜÐÎÖàÓÕÆÐÌÓÎÓÙÆÌôÆøÓÛÑãÞÖØôÖÜÝÕößÏÜÖÆÏÒößÓÕÆÌÖÒÑÖÛÕößÛÜÓÏÒÆÕ,ØÏÆÜÐÕÕöß
ÑÐøÑÓÞÆõÐÏÒ×ÖÏÒÆÏÜØÙÓãß,×ÖôÎÓÑÐøÑÓÑÓÏÛÖÜÖõÐÕö:ÕÓÖÎÕÖÞÆÌÒÖÑÔÐàöß×ÑÓÐàÛÜÓÏÒÆÕ×Æ,ÕÓ
ÎàØß ÒÖÑÔÐàöß×ÑÓãß,à ÏÐÑÐÎÆÕÐÛÑÖÜÐÒÓ.à � ÒÆßÌÓÎÓÙÓßÖÛÑÐÎÐÜãûÒÏãÖÛÒÆÞÓÜÝÕöÐ
ôÐÖÞÐÒÑÆÙÐÏ×ÆÐÆ÷ÆÌÆÙÐÏ×ÆÐÛÓÑÓÞÐÒÑö×ÖÕÏÒÑØ×ÔÆÆ,×ÖÒÖÑöÐÛÑÆÛÖÏÒÖãÕÕÖÞàÐÏÐ ôÓøÓÑÆÒÕöß
ÑÓÌÞÐÑÓßÖøÐÏÛÐÙÆàÓûÒÐÐÞÓ×ÏÆÞÓÜÝÕØûÕÐÏØúØûÏÛÖÏÖøÕÖÏÒÝ;

à ÆÌØÙÐÕÆÐàÖÛÑÖÏÖàØÏÒÖÚÙÆàÖÏÒÆÑÐøÑÆÏÒÖÚÛÑãÞÖØôÖÜÝÕÖÚÛÜÓÏÒÆÕ×Æ,×ÖôÎÓÖÕÓÏÖøÑÓÕÓ
ÆÌÏÆÞÞÐÒÑÆÙÕÖÑÓÏÛÖÜÖõÐÕÕößÖÒÕÖÏÆÒÐÜÝÕÖÏÑÐÎÆÕÕÖÚÛÜÖÏ×ÖÏÒÆÏÜÖÐà,×ÖÒÖÑöÐà ÏàÖû ÖÙÐÑÐÎÝ
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ÏÖÏÒÓàÜÐÕöÆÌ � ÜÐÞÐÕÒÓÑÕößÏÜÖÐà×ÖÞÛÖÌÆÔÆÖÕÕÖôÖÞÓÒÐÑÆÓÜÓ,ÑÓÏÛÖÜÖõÐÕÕößÛÖÖÙÐÑÐÎÕÖ
ÏÆÞÞÐÒÑÆÙÕÖÖÒÕÖÏÆÒÐÜÝÕÖôÜÓàÕößÖÏÐÚ ÛÜÓÏÒÆÕ×Æ.¸ÓÏÏÞÓÒÑÆàÓûÒÏãÏÜØÙÓÆ,×ÖôÎÓÑÐøÑÓ
ÑÓÏÛÖÜÖõÐÕö:ÕÓÖÎÕÖÞÆÌÒÖÑÔÐàöß×ÑÓÐàÛÜÓÏÒÆÕ×Æ,à ÏÐÑÐÎÆÕÐÛÑÖÜÐÒÓ,ÕÓÎàØßÒÖÑÔÐàöß×ÑÓãß;

à à ÌÓÎÓÙÓßØÏÒÖÚÙÆàÖÏÒÆÖÛÑÐÎÐÜÐÕÆÐÖÛÒÆÞÓÜÝÕößôÐÖÞÐÒÑÆÙÐÏ×ÆßÆ ÷ÆÌÆÙÐÏ×Æß
ÛÓÑÓÞÐÒÑÖà×ÖÕÏÒÑØ×ÔÆÆ,×ÖÒÖÑöÐÛÑÆÛÖÏÒÖãÕÕÖÞàÐÏÐÆôÓøÓÑÆÒÕößÑÓÌÞÐÑÓßÖøÐÏÛÐÙÆàÓûÒ
ÞÓ×ÏÆÞÓÜÝÕÖÐÌÕÓÙÐÕÆÐ×ÑÆÒÆÙÐÏ×ÖÚÕÓôÑØÌ×Æ.

ÃÆÏÏÐÑÒÓÔÆãÏÖÏÒÖÆÒÆÌààÐÎÐÕÆã,ÙÐÒöÑÐßôÜÓà,ÖøúÆßàöàÖÎÖàÆÏÛÆÏ×ÓÆÏÛÖÜÝÌÖàÓÕÕÖÚ
ÜÆÒÐÑÓÒØÑö.

¹ ÛÐÑàÖÚôÜÓàÐÛÑÆàÖÎãÒÏãÖøÌÖÑÑÓøÖÒ,º¶´ºµÀ � ³ÅµÀ × ÒÐÞÐÎÆÏÏÐÑÒÓÔÆÆ,ÖÏÕÖàÕöÐ
ØÑÓàÕÐÕÆãÆ ÏÖÖÒÕÖ� ÐÕÆãÒÐÖÑÆÆÆÌôÆøÓÓÕÆÌÖÒÑÖÛÕößÛÜÓÏÒÆÕ,ÎÓûÒÏã ÔÐÜÆÆ ÌÓÎÓÙÆ
ÎÆÏÏÐÑÒÓÔÆÖÕÕÖÚÑÓøÖÒö.

¹Ö àÒÖÑÖÚôÜÓàÐÑÓÏÏÞÓÒÑÆàÓûÒÏãÌÓÎÓÙÆÛÖÛÐÑÐÙÕÖôÖÆÌôÆøÓøÐÏ×ÖÕÐÙÕÖÃÇ³´´ÄÅ
ÏÜÖÆÏÒößÑÐøÑÆÏÒößÛÜÓÏÒÆÕ,ÆÌôÖÒÖàÜÐÕÕößÆÌ ÑÓÌÜÆÙÕößÆÌÖÒÑÖÛÕößÆ ×ÖÞÛÖÌÆÔÆÖÕÕöß
ÞÓÒÐÑÆÓÜÖà.ÊÑÆÕÆÞÓãàÖàÕÆÞÓÕÆÐ,ÙÒÖÎÜÆÕÕöÐÏÒÖÑÖÕöÛÜÓÏÒÆÕ×Æ� ÓÑÕÆÑÕÖÖÛÐÑÒö,a
ÛÖÛÐÑÐÙÕöÐÑÐøÑÓÑÓÏÛÖÜÖõÐÕöÕÓÖÎÆÕÓ×ÖàÖÞÑÓÏÏÒÖãÕÆÆÎÑØô ÖÒÎÑØôÓ,ÖÛÑÐÎÐÜãûÒÏã
ÖÛÒÆÞÓÜÝÕöÐôÐÖÞÐÒÑÆÙÐÏ×ÆÐÆ ÷ÆÌÆÙÐÏ×ÆÐÛÓÑÓÞÐÒÑö×ÖÕÏÒÑØ×ÔÆÆ,ÖøÐÏÛÐÙÆàÓûúÆÐÐÐ
ÞÓ×ÏÆÞÓÜÝÕØûÛÑÖÙÕÖÏÒÝÆõÐÏÒ×ÖÏÒÝ.´Ó ÖÏÕÖàÐÛÖÜØÙÐÕÕößÑÐÌØÜÝÒÓÒÖàÛÖ×ÓÌÓÕÖ,ÙÒÖØÏÆÜÐÕÆÐÑÐøÑÓÞÆõÐÏÒ×ÖÏÒÆÒÑÐßÏÜÖÚÕößÛÜÓÏÒÆÕ,ÆÌôÖÒÖàÜÐÕÕößÆÌÑÓÌÜÆÙÕößÞÓÒÐÑÆÓÜÖà,a ÒÓ×õÐ
ÏÜÖÆÏÒößÛÜÓÏÒÆÕ,ÆÌôÖÒÖàÜÐÕÕößÆÌ½², ÛÑÆàÖÎÆÒ× ÌÕÓÙÆÒÐÜÝÕÖÞØØàÐÜÆÙÐÕÆûÕÐÏØúÐÚ
ÏÛÖÏÖøÕÖÏÒÆ.ÊÑÆÙÐÞ� ÒÖØàÐÜÆÙÐÕÆÐÒÐÞÌÕÓÙÆÒÐÜÝÕÐÐ,ÙÐÞøÜÆõÐÑÓÏÛÖÜÖõÐÕöÎÑØô× ÎÑØôØÑÐøÑÓ
õÐÏÒ×ÖÏÒÆ.

¹ ÒÑÐÒÝÐÚôÜÓàÐÆÏÏÜÐÎÖàÓÕöÌÓÎÓÙÆÆÌôÆøÓÛÑãÞÖØôÖÜÝÕößÏÜÖÆÏÒöß×ÖÞÛÖÌÆÒÕöß
ÛÜÓÏÒÆÕ,ØÏÆÜÐÕÕößÑÐøÑÓÞÆõÐÏÒ×ÖÏÒÆÎÜã ÏÜØÙÓÐà,×ÖôÎÓÑÐøÑÓÑÓÏÛÖÜÖõÐÕö:ÕÓÖÎÕÖÞÆÌ
ÒÖÑÔÐàöß×ÑÓÐàÛÜÓÏÒÆÕ×Æ,ÕÓÎàØßÒÖÑÔÐàöß×ÑÓãß,à ÏÐÑÐÎÆÕÐÛÑÖÜÐÒÓ.ºÛÑÐÎÐÜÐÕöÖÛÒÆÞÓÜÝÕöÐ
ÛÓÑÓÞÐÒÑö×ÖÕÏÒÑØ×ÔÆÆ(ÑÓÌÞÐÑöÏÜÖÐàÆÑÐøÐÑ,ØôÜöØ×ÜÓÎ×Æ×ÖÞÛÖÌÆÒÓ),×ÖÒÖÑöÐÛÑÆ
ÛÖÏÒÖãÕÕÖÞàÐÏÐÆôÓøÓÑÆÒÕößÑÓÌÞÐÑÓß,ÖøÐÏÛÐÙÆàÓûÒÐÐÞÓ×ÏÆÞÓÜÝÕØûÕÐÏØúØûÏÛÖÏÖøÕÖÏÒÝ.
¸ÓÏÙÐÒö ÛÖ×ÓÌöàÓûÒ,ÙÒÖÖÛÒÆÞÓÜÝÕöÚàöøÖÑÛÓÑÓÞÐÒÑÖà×ÖÕÏÒÑØ×ÔÆÆàÖ àÏÐß ÏÜØÙÓãß
ÑÓÏÛÖÜÖõÐÕÆãÑÐøÐÑÛÑÆàÖÎÆÒ× ÌÕÓÙÆÒÐÜÝÕÖÞØØàÐÜÆÙÐÕÆûÐÐÕÐÏØúÐÚÏÛÖÏÖøÕÖÏÒÆ,ÛÑÆÙÐÞÎÜã
ÏÑÓàÕÆÒÐÜÝÕÖ×ÖÑÖÒ×ÆßÛÜÓÏÒÆÕÖÛÒÆÞÓÜÝÕöÞÆãàÜãûÒÏãÖÎÕÖÏÜÖÚÕöÐÛÜÓÏÒÆÕ×Æ,Ó ÎÜã ÎÜÆÕÕöß -
ôÑÐßÏÜÖÚÕöÐ.µÑÓàÕÆÒÐÜÝÕöÚÓÕÓÜÆÌÛÖÜØÙÐÕÕößÑÐÌØÜÝÒÓÒÖàÛÖ×ÓÌöàÓÐÒ,ÙÒÖÕÓÆÜØÙ� ÆÞ
àÓÑÆÓÕÒÖÞÑÓÏÛÖÜÖõÐÕÆãÑÐøÐÑ,ÛÑÆÕÐÆÌÞÐÕÕÖÞàÐÏÐ×ÖÕÏÒÑØ×ÔÆÆ,ãàÜãÐÒÏãÆßÑÓÏÛÖÜÖõÐÕÆÐÛÖ
ÎàØÞ ÒÖÑÔÐàöÞ×ÑÓãÞÛÜÓÏÒÆÕ×Æ.

ÙÐÒàÐÑÒÖÚôÜÓàÐÎÜã ÑÓÏÏÞÖÒÑÐÕÕößà ÒÑÐÒÝÐÚôÜÓàÐÑÐøÑÆÏÒößÛÜÓÏÒÆÕÆÏÏÜÐÎÖàÓÕö
ÌÓÎÓÙÆÖÛÒÆÞÓÜÝÕÖôÖÛÑÖÐ×ÒÆÑÖàÓÕÆãÛÖ×ÑÆÒÐÑÆûØÏÒÖÚÙÆàÖÏÒÆ.ÊÑÆÕÆÞÓãàÖàÕÆÞÓÕÆÐ,ÙÒÖÕÓ
ÛÑÖÎÖÜÝÕößÏÒÖÑÖÕÓßÛÜÓÏÒÆÕ×ÆÛÖÕÓÛÑÓàÜÐÕÆûÑÐøÐÑÎÐÚÏÒàØûÒÑÓàÕÖÞÐÑÕÖÑÓÏÛÑÐÎÐÜÐÕÕöÐ
ÏõÆÞÓûúÆÐØÏÆÜÆã,ÖÛÑÐÎÐÜãûÒÏãÖÛÒÆÞÓÜÝÕöÐôÐÖÞÐÒÑÆÙÐÏ×ÆÐÆ ÷ÆÌÆÙÐÏ×ÆÐÛÓÑÓÞÐÒÑö
×ÖÕÏÒÑØ×ÔÆÆ,ÖøÐÏÛÐÙÆàÓûúÆÐÛÑÆÐÐÕÐÆÌÞÐÕÕÖÞàÐÏÐ ÕÓÆøÖÜÝ� ÐÐ ÌÕÓÙÐÕÆÐ×ÑÆÒÆÙÐÏ×ÖÚ
ÕÓôÑØÌ×Æ.´Ó ÖÏÕÖàÐÙÆÏÜÐÕÕößÑÓÏÙÐÒÖàÛÖ×ÓÌÓÕÖ,ÙÒÖØàÐÜÆÙÐÕÆÐ ÌÕÓÙÐÕÆã×ÑÆÒÆÙÐÏ×ÖÚÕÓôÑØÌ×Æ,
à ÖÏÕÖàÕÖÞ,ÌÓàÆÏÆÒÖÒÖÛÒÆÞÓÜÝÕÖôÖàöøÖÑÓÑÓÌÞÐÑÖàÑÐøÐÑ ÆØ×ÜÓÎ×Æ×ÖÞÛÖÌÆÒÓàÛÜÓÏÒÆÕ×Ð,à ÒÖ
àÑÐÞã×Ó×ÏÜÖÆÏÒÖÏÒÝÕÓ ÕÐÐÏØúÐÏÒàÐÕÕÖÕÐ àÜÆãÐÒ.¿ÎÐÏÝ ÒÓ×õÐÛÖÜØÙÐÕÖ,ÙÒÖÌÕÓÙÐÕÆÐ
×ÑÆÒÆÙÐÏ×ÖÚÕÓôÑØÌ×Æ,ÛÑÆÕÐÆÌÞÐÕÕÖÞàÐÏÐ ×ÖÕÏÒÑØ×ÔÆÆ,ÛÖÜØÙÓÐÒÏãÕÓÆøÖÜÝ� ÐÚ ÏÜØÙÓÐ
ÑÓÏÛÖÜÖõÐÕÆãÑÐøÐÑ ÛÖÎàØÞÒÖÑÔÐàöÞ×ÑÓãÞÛÜÓÏÒÆÕ×Æ.

ÎÆÏÏÐÑÒÓÔÆÖÕÕÖÚÑÓøÖÒÐÑÐÌØÜÝÒÓÒöÙÆÏÜÖàößÑÓÏÙÐÒÖàÛÑÆàÐÎÐÕöà àÆÎÐ ÒÓøÜÆÔ,
ÛÖÏÒÑÖÐÕö� ÛûÑö ÛÑÖôÆøÖààÕØÒÑÐÕÕÆßÏÆÜ,ÛÑÆàÐÎÐÕöôÑÓ÷Æ×ÆÌÓàÆÏÆÞÖÏÒÐÚ×ÑÆÒÆÙÐÏ×ÖÚ
ÕÓôÑØÌ×ÆÖÒ ØôÜÓ Ø×ÜÓÎ×Æ×ÖÞÛÖÌÆÒÓÆÖÒÕÖ� ÐÕÆÚÏÒÖÑÖÕÛÜÓÏÒÆÕ×Æ.
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OPTIMAL DESIGNOF STRENGTHENEDBY STIFFENINGRIBSLAMINATED PLATES
MADE OF ISOTROPICAND ANISOTROPIC MATERIALS

SUMMARY

Thin-walled systemsstrengthenedby stiffening ribs, are one of the most widespreadstructural
elementsusedin various engineeringfields. They have receivedwide application in civil, industrial,
highway, mechanical.hydraulic engineering,shipbuiiding, aircraft construction.

In designingribbed structuresit is very important to carry out their completestudy and analysis
taking into accountworking conditions, creationof new caiculationmodels.developmentandapplicationof modern methodsof calculation. Problemsrelated to optimal designof ribbed platesareof particular
interest thanks to which it ispossibleto considerablywiden the rangeof their characteristicsof durability,
rigidity andstability, providing the maximum economyof material. In doing sosubstantialeffectcanbe
achievedby manufacturingof structuresfrom compositematerials(CM). Application of thesematerialsis
conditioned by a number of their advantagesin comparisonwith traditional materialsapplied in
manufacture.The basicadvantagesof compositesaretheir durability, corrosionresistance,fire resistance,
high specificdurability and rigidity, possibility of simultaneouscreation of a materialand a structure
thanks to which to becomepossibleessentially to reduceweight of adesign with simultaneous
maintenanceof itshigh bearingcapacity.

Compositesarenew perspectivematerialsin building industry. Transparentroofs,window profiles,
pipesfor water supply andwater drain, driveways of roadbridgesetcare madeof compositematerials.

The aboveargumentationjustifies the choiceof the present thesissubjectaimed at solution of
problemsrelatedto optimal designof ribbed multilayer, isotropic non-uniform andcompositeplatesby
criteria of durability andstability.

According to the objectin view the following problemshavebeensolved:

e optimaldesignof an infinitely long sandwichplatestrengthenedby periodically locatedstiffening
ribsat lateralbendingwhen the plate layersand ribsaremadeof different isotropicmaterials.

- definition of optimai geometricalandphysicalparametersof the layeredplatestrengthenedby
periodically locatedribsmadeof CM which provides itsmaximum rigidity andbearingcapacityat lateral
bending.

" researchof bendproblemsof rectangularlaminatedanisotropic platesstrengthenedby stiffening
ribs in casesthey arelocatedon oneof endedgesof aplate, on two endedges,andat the midspan.In each
of thesecasesoptimal geometricandphysical parametersof the structure aredefined,which at constant
weight andoveralldimensionsprovide itsmaximum bearingcapacity.

- studyingof questionsof stability of aribbed rectangularplate when it is collectedfrom layers
symmetricallyarrangedabout median planewhich in their turn are madeup of elementarylayersof a
compositematerialalternatelyarrangedsymmetrically relative the main axisof the plate.
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in problemsof stability determination of optimum geometricalandphysical parametersof a

structurewhich provide the maximum valueof critical loading atconstantweight andoveralldimensions.

The thesisconsistsof the introduction, four heads,the general conclusionsand the list of the used

literature.

In chapter1 areview of anumber of scientistswork concerningthe subject-matterof the present

thesis;the basicequationsand relationsof the bendingmoment theory of anisotropic plates;the purposes

andproblemsof thestudyhavebeenpresented.

In chapter2 observesthe problemsrelated to lateral bending of infinitely long layeredribbed

plates madeof various isotropic and compositematerials. Accepting that the long sidesof asimply

supportedplate andcross-sectionedges arelocated onidentical distancefrom eachother, the optimum

geometricaland physical parametersof a structure providing its maximum durability and rigidity are

determined.On the basisof the receivedresults it is shown that strengtheningby stiffening ribsof the

three-layerplatesmadeof variousmaterials,and alsothe layeredplatesmadeof CM, leadsto substantial

growth of bearingcapacity,this growth being more significant than when stiffening ribs locatedmore

closelyto eachother.

In chapter3 problemsof concerningthe bending of the rectangular layered compositeplates

strengthenedby stiffening ribsareinvestigatedfor caseswhen edgesarelocated:on oneof endedgesof a

plate, onthe two end edges,at the midspan.Optimum parametersof a design(the sizesof layersand

edges,anglesof laying of acomposite)aredefined. Which at constantweight and overall dimensions

provide its maximum bearingcapacity.Calculationsshow that the optimum choice of parametersof a

structure in all casesof anarrangementof edgesleadsto substantialgrowth of iis bearingability, and for

comparativelyshort platesare optimal singlelayerplates,and for long ones -three-layer.The comparative

analysisof the receivedresultsshowsthat the bestvariant of anarrangementof edges,at invariableweight

of astructureistheir arrangement ontwo endedgesof aplate.

-In chapter4 the problemsof optimum designingby criterion stability for the ridge plates

consideredin the third chapterareinvestigated.Assumingthat on the longitudinal sidesof aplate in a

direction of edgesoperatein regular intervalsdistributedcompressingefforts, aredefined the optimum

geometricalandphysical parametersof adesignproviding at its invariableweight the greatestvalue of

critical loading.On the basisof numerical calculationsit isshown that the increasein value of critical

loading, basically,dependson an optimum choiceof the sizesof edgesanda laying of a compositein a

platewhile lamination essentiallydoesn't influence it. Here isalsoreceived that significanceof critical

loading,at invariableweight of astructure,tums out to be the greatestin caseof an arrangementof edges

on two endedgesof aplate.

In the thesis,resultsof numericalcalculationshavebeentabulateddeflectionsand intemal forces

havebeenplotted,diagramsof dependencieson critical loading areresultedfrom anangleof layingof a

compositeand relationsof thesidesof aplatearepresented.
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